OMCKMIT ABUAIIMOHHBIM TEXHUKYM
uMmenu H.E. ’KykoBckoro
ITonaToBckas O.B.

COOpHHUK KOHCIEKTOB 10 JUCHUIINHE:
«TI/IHOBI)Ie JJIEMECHTBI CUCTEMbI

ABTOMATU3UPOBAHHOI'0 YIIPABJICHHU I
cnenuajgbHocThL 2101

«ABTOMATH3AIIMS TEXHOJIOTHYECKUX
MPOLECCOB B NIPOM3BOICTBE»

r. Omck
2003r.



BBenenue
I/IHd)ODMaHI/IIO BCTABUTH C JMCKCTHI




TI/IHOBBIG DIJIICMCHTEBI CUCTCEM ABTOMATHUUYCCKOI'O ynpaBJ'IeHI/I}I
(CAY)
I'iaBal

JJIeMEHThI CUCTEM AaBTOMATUKH
1.1 ABTOMaTU4ECKHUE CUCTEMBI YIIPABJICHUS

ABTOMAaTUKON Ha3bIBAIOT OTPACiIb HAyKHM M TEXHUKH OXBAThIBAIOUIasi OCHOBHBIE ITPUHIIMIIBI
MOCTPOEHHS YCTPONCTB M CUCTEM BBINOJHSIONIMX CBOM OCHOBHBIEC (DYHKIIMHU O€3 yJacTusi 4eJIOBEKa.

TeneMexaHUKOM HA3bpIBAIOT OTPACIb, OXBATHIBAKOLIAs IPUHLHUIBLI IIOCTPOCHUS YCTPOMWCTB,
npeobpa3yonmx HHGOPMAIUIO B YIPABJSIONIME CUTHAJIBI M TEpeNaloliie MX Ha PAacCTOSHUE II0
JMHUAM CBSI3U JJIS1 U3MEPEHMSI CUTHAIM3ALMN | yIIpaBlieHUs 0e3 yJacTus deloBeKa.

ABTOMAaTHYECKHE CHCTEMbl B 3aBUCUMOCTH OT 00BEMa M XapaKTepa BBIMOJHIEMbIX OINEparuit
IO APA3ACIIAOTC:

- CUCTEMBbI aBTOMAaTUYECKOI0 KOHTPOJIS;

- CUCTEMBI aBTOMAaTUYECKOI'0 PEryaIupoBaHus;

- CUCTEMBI aBTOMAaTUUYECKOIO YIIPABJICHUS;

- ClIe[ALIUe CUCTEMBI,

- CUCTEMBI aBTOMAaTUYECKOM 3aILUTHI;

- aJalTUBHAS CUCTEMA.

1)Cucrema aBromatuueckoro koutpois (CAK)
[IpennazHayeHa A1 KOHTPOJIS Pa3TUYHBIX (PU3UUECKUX BEITUYHMH HEOOXOTUMBIX JUIS YIIPABJICHUS
00BeKTOB. Besikast cuctema cOCTOUT U3 DIIEMEHTOB U y3JI0B.

P Ccy
'Y : L YH
3Y | Y
L» PV
—»  TIC
Puc. 1-1

3V - 3agaromiee yCcTpoiCTBO, OT KOTOPOTO NOCTYNAET YIPABIIAIOMNNA CUTHAIL.

J1 — naTuuk, npeoOpa3yromuil ynpaBsSOIUi CUTHAT B JICKTPUYECKUA.

VY — ycunuTens, yCUIIMBAET C1a0blii CUTHAII JaTYMKA 10 JOCTATOYHOTO 3HAYEHUs, YTOOBI
BO3/JICIICTBOBATh HAa UCTIOJHUTENIBHBIHN 3JIEMEHT.

N5 — HUCHOTHUTENBHBIM HIEMEHT 3TO YCTPOMCTBO, KOTOPOE MPOU3BOAUT OKOHYATEIIbHbIC
omnepalnuu npoiecca. Moxer, oJICTaBJIeH B BUE 4 YCTPOICTB:
- CY — curHanu3upyromiee yCTPOWCTBO, (3BOHOK, CHPEHA, JAMIIOYKa) OIOBEIIAOIIEE O

MpeAeNIbHbIX 3HAYEHUSAX MapaMeTpa;

- VII — yka3siBaromuii mpuodop, ( CTpemoYHbIN Wik MU(POBOK ) KOTOPHIE MOKA3HIBAIOT 3HAUCHUE
JTAHHOTO MapameTpa;

- PY — perynupytomiee ycTpoHWCTBO (CamoOIUCel), YCTPOMCTBO KOTOpoe (PUKCHUPYET 3HAUYCHHUE
JTAHHOTO MapameTpa;

- 1IC — mpubop copTUpPOBKHU, MPHOOP COPTUPYIOIIUNA H3AEITUE B 3aBUCUMOCTH OT 3aJaHHOTO

sgayenus Y.C.



2)Cucrema aBromaTuueckoro peryiauponanus (CAP)

[IpennasHayena Ui MOJAEPKAHUS PErYIMPYEMOM BEIUYMHBI B 33JaHHBIX 3HAYEHUSAX WM IO
3aJaHHOMY 3aKOHY.

X3 AX KAX
3y » OC - VY » HO ; OP
Xo.c. :: X(I)OM.::
AX=X3-Xo.c Puc. 1-2

- OC — BneMeHT CpaBHEHHUS, Ha BXOJ KOTOPOTO MOCTyNaeT 3aJaHHOE 3HadeHHe U X0.C, ITO
(byHKLUS BBIXOAHON BenMuuHbl, B O,C 2 BEeIMYMHBI CPABHUBAIOTCS U OTKJIOHeHHE AX rmepenaeTcs Ha
YCUJIMTENb, UCTIOTHUTENIBHBIN 3IEMEHT U 00BEKT PEryITUPOBAHMUS.

IIepe3 00BEKT peryjimpoBaHusa BbIXOAHASA BCIIMYHHA IMOAACPIKUBACTCSA B HYXHBIX 3HAUCHHUAX,
T.€. KOPPEKTHPYETCH.

3)Cuctema aBToMatrueckoro ynpasieHus (CAY)
HaspiBaeTcss Takasg cucrema, B KOTOPOM OpraHus3anus LEJICHAIPaBICHHBIX JICHUCTBUN
OCYLIECTBIISETCS UCIIOIHUTEIIBHBIM 3JIEMEHTOM, Ha BXOJl KOTOPOTO IOCTYIIAET YIPABIIAOINI CUTHAIL

3y » Y >

ns oy

Puc. 1-3

- OY — 00BEKT yIpaBiieHUs, TOCTYMAIOUINI CUTHAT OT 3a/1al0IIETO YCTPOHCTBA YCUIICHHBIH 1
MOCTYMAIOMINUK HA UCIIOMTHUTEIbHBIN 3JIEMEHT BO3JICHCTBYET Ha OOBEKT YIPaBJICHHUS, TAKUM 00pa3oM,
YTO aBTOMATUYECKH BBIIOJIHAETCA IIPOrpaMMa U3MEHEHUS YIIPABIAIOLIEr0 CUrHaia. Yemoseky
HE00X01MMO pa3paboTaTh NPOrpaMMBbl, KOTOPBIE OyIyT aBTOMAaTHUYECKH YIPABJIATh aBTOMAaTHYECKUM
IIPOLIECCOM IIPU U3MEHEHUU YIIPABIAOILIETO CUTHAJIA.

4)Cnensmas cucrema (C.C)

C.c — aBTOMaTHycCcKas CHUCTCMA, KOTOpad C OHpC,Z[GJICHHOfI TOYHOCTBIO BOCIIPOU3BOAUT
BBIXOIHYIO BCJIMYUHY B 3aBUCUMOCTDH OT BXOHHOﬁ 110 3aKOHY paHEC HC U3BCCTHOMY.

X3 0 Uo KUo .
3V » DC | IIp y » M > OV
Xo.c -?- O prrx i
Puc. 1-4

Ha »snemeHT cpaBHeHMsI MOCTymaeT JBa 3HaueHus (X3) 3aJaHHas BEIUYMHA OT JPYTrOro
TEXHOJIOTHYECKoro mpoiecca u (Xo.c)-310 ¢yHKIus yria moBopoTa (oObekra ympaienus ).B 2.C
noyiyyaeM yroyi paccornacoBanusi <0=X3-Xo.c ¢ mOMOIIbIO TpeodpazoBaTens, mpeoOpasyercs B
HaMpsDKeHHUE OMMOKH, YCHITMBASTCS U UCIIOJIHUTEIBLHBIM JIBUTaTeNleM (M) MepenaeTcsi yroJi moBopoTa



oObekTa yrnpasieHus. @akTuyeckas BeTUUYMHA 00BEKTa YIPABICHHUS B KauecTBE (DYHKIIMU MTOCTOSTHHO
IIOCTYIIAET HA 3JIEMEHT CPaBHEHUS.

1.2 DiiemMeHTHAs 0a3a
1.2.1 Hazuayenue TunoBbIx dJjieMeHTOB CAY

Bce ycrpoiicTBa aBTOMAaTMKH, BBIYMCIUTENIBHOM TEXHMKM M TEJIEMEXAaHUKH COCTOSAT W3
OTJIEJIbHBIX 3JIEMEHTOB.

DJNeMEHT - 3TO KOHCTPYKTUBHO 00OCOOJIEHHAsi 4acTh CXEMbl WMJIM CHUCTEMbI, BBIMOJIHSIOLIAS
OTIpeNieNIeHHYI0 (PYHKLUIO. DIEMEHTOM MOXKET OBITh PErucTp, KOHIEHCATOp, Tpanchopmarop, Mmydra u
T.[1.

DneMeHTHI MOTYT OBITh TACCUBHBIMH U aKTHBHBIMH.

B nmaccuBHBIX 2JIEMEHTAaX OTCYTCTBYET BCIIOMOTATENbHBIA NCTOUHUK 3Heprun BUD, B HUX curHan
Y nmoaydaercs 3a c4eT cursana X;

A B aKTHBHBIX JIEMEHTaX UMEETCSI BCIIOMOraTENIbHbIM MCTOYHUK DHEPIMM — B ITHX 3JIEMEHTax
BXOJIHAsl BEJIMYMHA TOJBKO YIPABIIAET Nepenadeid sHepruu or BUD BbIXOJHON BEIUYHHBL.

Ecnu B maccuBHBIX 2JIEMEHTAX B Pe3YNbTAaTe NOTEPH BHIXOAHON CUTHAJ BCET/Ia MEHBIIIE BXOIHOTO,
TO B AKTUBHBIX JIEMEHTaX BBIXOIHOM CUTHAT MOXKET ObITh M 00JIbIIIE BXOJAHOTO CUTHAJa, T.K. B JAHHOM
3JIEMEHTE BO3MOYKHO YCUJIEHHE CUTHala 3a cuet BUD.

Bennunnsl X 1 'Y MOTYT OBITh 3JIEMEHTAMH U HE JIEMEHTAMHU.

DJIEMEHTBI MOTYT OTJIMYATLCS JPYr OT JApyra (U3MYECKOH NPMPOAOH, NPHUHLMIIOM JEHCTBUS,
CXEMOH BKIIIOYEHMSI, KOHCTPYKLIMEH, CTATUUECKOM XapaKTEepUCTUKOM U T.A.

ITo BbIMONMHAEMBIM (PYHKIMSM BCE TU HJIEMEHTHI aBTOMATHUKH U TEIEMEXaHUKH MOXKHO Pa3ZeUTh
HA: IaTYMKHU, YCUIINTENN, CTAOMIIN3aTOPhI, peile, KOHTAKTOPBI, PACIPEeAeTUTENN, MATHUTHBIE ITyCKaTEeH,
JBUTATENN, MYPTbI, HTHIUKATOPbI, TpeoOpa3oBaTeiln, KOMMYTaTOPhI, CIIELUAIbHBIE Y3JIbl U 3JIEMEHTHI.

B TexHuke oOuYeHb YacTO KOHTPOJb pErylupoBaHHE M THepenadyy (U3NYECKUX BEIUYHUH
OCYIIECTBIISIOT MPH MOMOIIM AJIEKTPOHHBIX CHUTHAJIOB, T.K. TOHH Hanbojee yAOOHBI Uil TOCTPOCHHUS
pa3IMYHbIX aBTOMaTHYECKUX, TEJIEMEXaHNYECKUX U BBIUMCIUTEIbHBIX YCTPOMCTB.

B sTOM ciyyae He 37eKTpUUecKue CUTHAIIBI TPe0Opas3yroTCs B 3JEKTPHUUECKUE.

Jatuuk (mepBUYHBIN mpeoOpazoBaTesnb HWH(OpPMALMKU) — O3TO YCTPOMCTBO, Mpeodpasyroliee
KOHTPOJIUPYEMYIO WM PEryJIHpYeMyI0 BEJIMYMHY B TaKOW BMJ CHUTHaja, KOTOPBIA YH00eH JuIs
BO3JECICTBUSA HA MOCIEIYIOIUE JIEMEHTHI aBTOMATHKH. . .

YcunuteneMm Ha3bIBaeTCs YCTPOICTBO, B KOTOPOM MPOUCXOIUT KOJIMYECTBEHHOE MpeoOpa3oBaHue
(yarle BCEro ycujieHue) BXOIHOTO CUTHAIA.

M3MeHeHne HanpspKeHUs IEKTPOCETH OTPULIATENIBHO CKA3bIBAETCSl HAa DJIEMEHTAX aBTOMATHUKH,
MO3TOMY JUISl TOJYYEHHUS CTaOMIbHBIX HANpPsHKEHUH MEXAY  DJIEKTPOCeTbI0 M YCTPOIMCTBOM
BKJIIOYAIOTCSl CTAOMIIM3ATOPBI HANPSHKEHUA, a ecli TpedyeTcs MOoAepKaTh HEM3MEHEHHbIM 3HaueHHe
TOKa B IIETH, TO MPUMEHSIOTCS CTA0MIN3aTOPhl TOKA. DdekT cTabunuszannuu B 3TUX JIEMEHTAX 3a CUeT
M3MEHEHMsI MapaMeTPOB JIEMEHTOB, BXOAIIMX B CXEMY CTaOMIM3aLUN.

KoMMmyTtaropsl.

K mnepexitoueHHble yCTpOHCTBaM (KOMMYTaTopaM) MOKHO OTHECTH pelie, KOHTAKTOpbl U
MarHUTHBIE ITyCKaTEIH.

Pene — 310 31€MeHTOM, B KOTOPOM IUIaBHOE M3MEHEHHE BXOJHOW BEIMUYMHBI, IpeoOpasyeTcs B
CKa4uK00Opa3HOe U3MEHEHNE BXOIHOM.

KoHTakTopoM (CHJIOBBIM pesie) Ha3bIBAETCs AJIEMEHT MarHUTHOTO pejie, KOTOpOe UMEET MOIIHYIO
KOHTaKTHYIO cucTeMy. Pa3ppiBaeMas KOHTAaKTaMHU MOIIHOCTb Yy KOHTaKTOPOB paBHA HECKOJIBKUM
KujaoBaTTaM. KOHTakTOppl B OCHOBHOM IPHUMEHSIOTCS [UIsl KOMMYTallUU pabouux uemnei
AJIEKTPOIBUTaTEI.

MarHuTHbIi ycKaTeab NPEACTaBIsSeT COO0M KOHTAKTOP CO BCTPOEHHBIM B HETO TEIJIOBBIM pejie
JUIS 3alIUTHI OT neperpy3ok. OH CIyXKUT JUIs JUCTAHIIMOHHOTO YIPaBICHUs TpeX(pa3HbIM aCUHXPOHHBIM
AIIEKTPOIBUTaTENIEM.



HcnonHuTenbHbIE yCTPOICTBA B aBTOMATHKE IPEJHA3HAYEHBI Ul NPUBEACHUS B JIEHCTBHE
(T.e. nnNA TNpPUBOJA) PA3NMUYHBIX PETYIMPYIOIIMX OPraHoB, OKa3bIBAIOIIUMX HEMOCPEACTBEHHOE
BO3/ICUCTBUE Ha OOBEKT YIpaBlieHHs. VICIOJHHUTENbHBIE 3JIEMEHTHl NMPEeoO0pa3yloT HIEKTPUUYECKYIO
BEJIMYMHY B MEXaHUYECKOE MEepEeMEIEHHE, C LIEIbI0 JTOCTHKEHHS BBIXOJHON BEJIMYMHBI 3TOTO OOBEKTa
TpeOyeMoro 3HaYeHHs MAJION U CpeHEH MOIIIHOCTH.

JIBUratenb — 3TO YCTPOMCTBO, B KOTOPOM IPOUCXOJUT MpeoOpa3oBaHUE SHEPIHMHU TOTO HIH
MHOTO BHJIa B MEXAHUUYECKOE NEPEMEILICHUE.

DJNEeKTPOMArHUThl U DJIEKTPOJABUIAaTEIM HCHOJIB3YIOTCS JUIsl NMPeoOpa3oBaHUs 3JIEKTPHUECKOM
JHEPrUM B MEXAHUYECKYIO.

DJNEeKTpOMarHuTHele MY(TBl  MPEICTAaBISAIOT  COOOi - DJIEKTPOMArHUTHl  Pa3IM4YHOMN
KOHCTPYKLMHM, KOTOpbIE NpPEJHA3HA4YEeHbl JUI1 BKIIOYEHUS M OTKIIOYEHHMS MEXaHMUYECKHX,
HEBMATHUYECKUX W TUIPABIMYECKUX Lened. DT My(Thl MO3BOJSIOT OCYIIECTBUTH CIEIJICHHE U
paclLenieHUue BpaIIAOIIUXCs BaJIOB, OTKPHIBAHUE U 3aKPbIBAHUE 33BMKEK, KJIANIAaHOB, BEHTHIIEH U T.II.
YnupaBneHue SICKTPUYECKON MypToi OCYLIECTBJIIETCA C TIOMOLIBIO CHUI'HAjJa YIIPABJICHHUS,
M0/1aBaeéMOT0 Ha OOMOTKY.

MarHuTHble MOIYJATOPHI NpeIHa3HAYEHBbl I MPeoOpa3oBaHMs TOCTOSHHOTO HAIpPsDKEHUS
(uu ToKa) B MPOMOPLMOHAIIEHOE €My IIEPEMEHHOE HaNpsKeHue (MM TOK).

ABTOMAaTHYECKHE BBIKIIOYATEIN OTHOCATCA K TPYIIE 3JEKTPOHHBIX CHJIOBBIX amlapaTos,
KOTOpBIE TpEAHA3HAYEHBl S TMOAKIIOYEHHUS K THTAHUIO CETH MOIIHBIX 3JIEKTPONOTpeOuTeNe.
3aMbIKaHME MX KOHTAKTOB IPOM3BOAMUTCS B PYYHYIO, U 3ALIMINAIOT OHM aBTOMATUYECKH HArpys3Ky OT
NEPETPY3KU 10 TOKY, OTKIIFOYAsl €€ OT CETH.

AmnanoroBo-1u¢poBsie MpeodpazoBaTeNu MPeAHA3HAYECHBI /Il HENPEPHIBHOIO HM3MEHSIOIUXCS
BO BPEMEHHU BEJIMUYMH B COOTBETCTBYIOIME 3HAYEHNE YUCIIOBBIX KOAOB.

LTAII BemmonHstoT o6patHoe 1o cpaBHeHuto ¢ ALIIT npeobpazoBanue.

WNuaukaTopHble yCTPOMCTBA MOJB3YIOTCS B CHCTEMAax AaBTOMATUYECKOTO YIPABJIECHUS Ul
oToOpaskeHHs HH(OPMALHH.

KoMMyTanMoHHbIE 3JIEMEHTHI IPEJHA3HAYEHBI [l BKJIIOUEHUS OTKIIOUEHHUS U MEPEKIIOUEHUS
NIEKTpUUECKUX 1eneil. KommyTanust — 3To BBIIOJHEHHUE 3TUX TPEX ONEpaLHii.

ITpu 0OpaTHBIX CBSI35IX CUTHAI C BBIXOJA MEPEAAETCs Ha €ro BXO/I.

OOpatHas CBsI3b peaqn3yeTcs ¢ IMOMOIIBIO 3JIEMEHTa 0OpaTHOM CBSI3H.

[Ipy monoxuTenbHOW OOpaTHOM CBSA3M BEJIMYMHA CKJIAJbIBAETCS C BXOJAaMH CHrHama (M B
TpaHchopMaTOp MOKET IPUBECTU C CAMOBO30YKIECHHIO).

ITpu oTpunarenbHOil 0OpaTHOM CBSI3M - BBIYUTAETCS M3 BXOJHOTO CUTHala — KOA(MQPHUIMEHT
nepeaayn, - o0paTHas CBsA3b — CTAOUIM3UPYET.

TaxoreHepaTopsl — NpeoOpa3ylOT YACTOTy BpalleHUs poTopa B  MPONOPLUOHATIBHOE
HaIpsDKEHUE.

Bpamatomuecss  Tpanchopmartopsl  npeoOpa3yroT — yroia  HOBOpOTa B HampsiKeHHeE,
IIPONIOPLUOHAIIBHOE CHHYCY WM KOCUHYCY YIJla IOBOPOTA.

da3oBparaTens — K 0OMOTKE CTaTopa BKIIOYACTCA B CUCTEMBbI JABYX MUTAIOIIUX HAIPSKEHUH CO
cnBuroM a3 90° - oOpazyercst KpyroBoe Bpalllarolieecs MoJie; U Ha BBIXOJE — YroJl cABUTa (a3 Mex1y

HanpsHKEHUSIMHU.
CenbCUHBI — NEPEAIOT YIVIOBBIE IIEPEMELICHMSI HA PAcCTOSHUE: UHJIUKATOPHBIA PEXUM — Ha
BBIXOJIE YroJ TOBOpPOTa — TPAaHCPOPMATOPHBIK pEXKUM - Ha BBIXOAEC NPONOPLUOHAIBHBIN

AIIEKTPUYECKUNA CUTHAN — TUu(depeHInaIbHbIi — Ha BBIXOJ€ CyMMa WM Pa3HOCTh JABYX YIJIOB — Yallle B
UHANKAaTOPHOM PEXHUME.

Tpancdopmarop mnpeoOpa3yeT MEepeMEHHBbIH TOK OJHOTO HANpPsDKEHUS B TEPEMEHHBIH TOK
JPYroro HaIpspKEHHUS.

I'enepaToppl MOCTOSTHHOTO TOKA — TO MAIIMHBI, KOTOPBIE UCIOJB3YIOT MPUHIUII IPEBPAICHUS
MEXaHUYECKOM 3HEPTUHU B AIEKTPUYECKYIO.

IlepeMEHHBIN D2IEKTPUYECKUN TOK B DHEPreTHYECKHX DJIEKTPUUECKHMX MLEMsIX  SBISETCS
pe3yinbTaToM BO30YXKJIEHHS B HHMX BBIHY)KJIEHHBIX 3JIEKTPOMAarHUTHBIX KoJjeOaHWM. DTu KojeOaHUs
CO3/Ial0TCs TeHepaTOpaMy EPEMEHHOT0 TOKa, pabOTAIOUIMMHU Ha 3JIEKTPOCTaHIIHAX.

DNeKTpoIBUTaTENb — IPeoOpa3yeT JIEKTPUUECKYIO SJHEPTUI0 B MEXaHUUYECKYIO.



1.2.2¥ caoBHble rpaguyeckre 0003HAYECHUS B JJIEKTPUYECKUX CXeMax

MammnHa acMHHXpOHHas1 Tpexda3Hasi ¢ KOPOTKO3aAMKHYTbIM POTOPOM

Mamuna acHHXpOHHasA TpexgasHas ¢ (a3sHbBIM POTOPOM

ManmHa nNocTOSHHOI'O TOKA:

a) C IIOCJICJOBATCIIbHBIM BO36y)K,H€HI/I€M

0) ¢ mapaJuIeNbHBIM BO30YKICHHEM 5
B) CO CMEIITAHHBIM BO30YKICHHUEM 5
TANNANAN

T') C HE3aBUCUMBIM BO30YXKICHUCM

1Ol

IT) C TOCTOSTHHBIM MarHUTOM —1

Kartynika 3;1eKTpoMexaHH4ecKoro ycTpoicTBa:

a) obmee 0003HAYCHUE

0) c 3ameUIeHHEM IIpU cpabaThIBaHUN |

B) C 3aMCIUICHUEM IIPpU OTITYCKaHUN



T') BJIEKTPOMAarHUTHON MYy THI |

ILauta JICKTPOMAarHuTHas

KoHTaKkT KOMMYTallHOHHOI0 YCTPOIiCcTBA:

a) 3aMBIKAFOIIHN

nnu

0) pa3MBIKarOIINit

B) IEPEKITIOYAIONTHI hnu hnu '

BrIK/II04aTe b KHONMOYHOH HAKUMHOM:

a) C 3aMBbIKalOIIMM KOHTaKTOM

0) ¢ pa3MBIKAFOIIUM KOHTAKTOM

Boikiouareiab TpCXl'IO.]'IIOCHLIfI C 3AaMBIKAIOIIIMMH KOHTAKTaAMHU

KoHTaKT nmyTeBoro BbIK/JII04YaTeIsl (MepeKayaTeIs):

a) 3aMLIKaIOmHﬁ J_
6) pa3MBIKaIOHIHﬁ $



_y _/LL
B) IICPEKITIOYATOIINH Unu

beckOHTAKTHBIE JATYUKH

IIpenoxpannrtens miaapkuii. O6uiee 0003HaYeHNE

Pe3ucrop nocroguubiii — R

Konrakt MYTEBOI'0 BHIKJIIOYATE/IA ¢ TePKOHAMM:

a) 3aMBIKAFOITHI

0) pa3MBIKarOIINit

10 18

/

B) NEPEKITIOYAIONIHI

KongeHcaTop nocTossHHO# eMKOCTH

N\

Konnencarop nepeMeHHO#i eMKOCTH /

JApocceib ¢ peppoOMarHUTHLIM MATHUTONPOBOAOM M

Tpanchopmartop ogHopasHbIi ¢ PepPpOMArHUTHBIM CePACYHHUKOM




Jdwuox — VD

)
dotoguon U

TupucTop TpHOAHBIN, 3aNIMPaeMblil B 00PATHOM HANIPABJICHUH C YIIPABJICHHEM

a) 1o aHoxy

0) o xatoxy W

Konaencarop 3/1eKTpoJuTHYCCKHIT OIS PU30BAHHBII

Karymka nHIyKTHBHOCTH, Apoccesb 0e3 MAarHUTONPOBOAa

VD VR VA Va W

JlaMIa HaKaJIMBAHHUA OCBETUTEIbHASI 1 CHTHAJbHAS

Tpausucrop Tuna p-n-p u n-p-n — VT

JABOMYHBIH JTOrHYECKHH 3JIeMEHT, OCHOBHOE I10J1¢

10



O003HaueHNe BHYTPH OCHOBHOIO I10JIsl B BEpPXHeH ero 4acTu:

nIm 1
41 &
Tpurrep T
Cuerunk CT
I'enepaTop G
OpnoBubGparop S
[ToporoBelii 31eMeHT ﬂ_
Veunurens D

Konmponvnuvie sonpocot:
1) Ilepeuncaure Tunossie aeMeHTsl CAY.
2) TIlo ycnoBHOMY 0003HaUEHHIO ONPEACTUTH TUIIOBOM JIEMEHT.

I'mapa 2
JaTuyuxku

1) Knaccudukarus no cieayromum Mpu3HaKaMm:

1.11lo npuHLHMIlY AEHACTBUS:

1.1.1 ITapamerpuueckue

1.1.2 I'eneparopnbie

[TapameTprueckue JaTYUKU — 3TO JAaTUYUKH, Y KOTOPBIX TApaMETPbl U3MEHSIOTCS 01 AEHUCTBUEM
BHEIIHUX (PaKTOPOB.

I'eneparopuble npeoOpasytoT ¢usuueckue napamerpsl B OJC, TOKM, WM 3JIEKTpUYECKUE
MMITYJIbCHI ONPEIeIEHHON (hOPMBI U aMIUTUTY/IBI.

Otnuuune: reHepaTopHbIe TaTYNKU HEe TPEOYIOT BHEIIHETO HUCTOYHHUKA MUTaHUS.

1.2T1o xapakTepy 3aBUCUMOCTH BBIXOJIHOTO CUTHAJIa OT BXOJIHOTO:

1.2.1 TIlpomopuMoHaJIbHBIE JAaTYMKH, Yy KOTOPBIX BBIXOJHAs BEJIWYMHA  MEHSETCA
IIPONOPLUOHAIBHO BXOJHOM.

1.2.2HenunelHble 1aTYMKH, Y KOTOPBIX BBIXOJHAs BEIMYMHA MEHSAETCSI HEIMHENHO.

1.2.3 PeneiiHble TaTYUKH, Y KOTOPBIX BBIXOHAs BEIMYMHA MEHSIETCSl CKAUKOOOPa3HO.

1.2.4 IMuxknuyeckue JaTYUKH, y KOTOPBIX BBIXOJHAs BEJIUYMHA IEPUOJUUYECKH TOBTOPSIETCSL.

1.2.5 IMmnynbcHBIE, y KOTOPBIX W3MEHEHUE BBIXOJHOW BEJIMUYUHBI BBI3BIBAET MMITYJBCHI YHCIIO
KOTOPBIX IPONOPLIUOHATIBHO K U3MEHEHHIO BXO/IHOM BEINYMHBI.

1.3 ITO cxeme BKIIIOYEHHUS:

1.3.1 IuddepennmansHsie

1.3.2 KomneHcaiuoHHbIe

1.3.3 MocTtoBsie

1.4 Tlo xapakTepy npeoOpa3zoBaHMs CUTHAIA.

1.4.1 DnexTpOKOHTaKTHBIE y KOTOPBIX MEXaHMYEeCKas Cuiia mpeoOpa3yeTcst B IJIEKTPHUYECKHUE
CUTHAJIBL.

1.4.2 HxyKTUBHBIE Y KOTOPBIX U3MEHEHUE MATHUTHOM MPOHULIAEMOCTH BBI3BIBAET U3MEHEHHE
MHIYKTHUBHOCTHU.

1.4.3 dotosnekTpuyecKkre y KOTOPBIX CBETOBBIE CUTHANBI IPEOOPa3yIOTCs B JIEKTPUUYECKHE

1.4.4 TeH3oMerpuueckue y KOTOPBIX M3MEHEHHE MEXAHWYECKON CHJIbI BBI3BIBACT M3MEHEHHE
COINPOTHBJICHUSI.

1.4.5 TunpaBnuueckue y KOTOPBIX MEXaHHWYECKas cuja npeoOpasyeTcss B THAPABIMYECKHIMA
CUTHAJL.
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1.5 Ilo Ha3HAaYEHNIO B aBTOMAaTUYECKUX CUCTEMAX YIIPAaBJICHUS U PETYIUPOBAHMS:
1.5.1 datuuku mytu.

1.5.2 JIaT4uKH TOJIOKEHHUS.

1.5.3 laTunku HanpspKEHHUSL.

1.5.4 CunoBsle naTuuku

1.5.5 laTunku yrioBOro nojoKeHusl.

1.5.6 laTunku yria paccoriiacoBaHusl.

OCHOBHBIE AJIEMEHTHI U CUCTEMBI Pa0OTAIOT B JBYX PEKUMAX:

1) YcraHoBuBIIEeMCS;

2) JluHaMUYECKOM.

1) YcranoBuBIIUMCS (CTaTUYECKUM) PEKMMOM Ha3bIBACTCS PEKUM, NMPH KOTOPOM BXOJHAs U
BBIXOJIHAsl BEJIMYMHBI [IOCTOSIHHBI BO BPEMEHH.

2) JIlnHaMHUYECKUI PeXUM — 3TO PEKUM, B KOTOPOM XOTsI OBl OJIHAa U3 BXOJHBIX HJIM BBIXOJHBIX
BEJIMYUH HE YCTAHOBUJIACH BO BPEMEHHU.

CBolicTBa 3JIEMEHTOB OIIPEIEISIFOTCS C IOMOILBIO Psiia XapaKTEPUCTUK U I1apaMETPOB

XapaKkTepucTUKa — 3TO 3aBUCHUMOCTb OJIHOW BEJIWYHMHBI OT Apyroil (rpaduk), a mapamerp — 3T
BEJIMYMHA XaPAKTEPU3YIOIasi OCHOBHOE CBOMCTBO 3JIEMEHTA.

2.2 CraTuyecKue XapaKTepUCTUKH U MapaMeTpbl 1aTYNKOB

1) CraTuueckoll XapaKTEpUCTHKOM JAaTUMKa Ha3bIBaeTCs rpaduyuecKkas 3aBUCUMOCTb BBIXOHOM
BEJIMYMHBI OT BXOJAHOU. Y=f(X). CraTHueckas XapakTepUCTHKa ONpeaeIsieTCs] TUTIOM AaTYHKa.

2)  UyBCTBUTEIBHOCTH JaT4YMKa — 3TO OTHOIIEHHE INPUPALIEHUS BBIXOJHOW BEJIWYMHBI K
COOTBETCTBYIOLIIEMY U3MEHEHUIO BXOIHOM BeTUUMHBL. S=Ax/Ay;

S — ko3 ureHT nepeayn JaTyNKa.

3) Ilopor 4yBCTBUTENBHOCTH — 3TO MHUHHMMAJIbHOE 3HAUEHHE BXOJHOW BEIMYUHBI, KOTOPOE
BBI3bIBAET U3MEHEHHE BBIXOIHOU. [Iopor 4yBCTBUTENBHOCTH CBSI3aH C 30HOW HEUYBCTBUTEIBHOCTH, T.€.
C 30HOH, B Ipefesnax KOTOPOH NpU HaJM4YMKM BXOAHOIO CHUrHajla Ha BBIXOJAaX JaT4yMKa CHUTHAJ
OTCYTCTBYET.

4) lHepIIMOHHOCTB AaTYMKa — 3TO BpEMs, B TEUEHUE KOTOPOTO BBIXOJHAS BEIUYHMHA IPUHUMAET
3HAUEHHE COOTBETCTBYIOIIEE BXOIHON BEJIMUUHE.

5) JluHamMuYecKHe XapaKTepUCTUKU — 3TO YaCTOTHBIE U TEPEXOTHBIE.

5.1) AMIIIUTYJHO-4aCTOTHAs - 3TO U3MEHEHUE aMIUIUTY bl BBIXOHOTO CUTHAJIa B 3aBUCUMOCTH
OT U3MEHEHUS YaCTOThl BXOIHOTO CHUTHAJIA.

5.2) ®a3a - yacToTHasA - M3MEHEHHUE (hazbl BHIXOJHOTO CUTHAJIA B 3aBUCUMOCTU OT MU3MEHEHUS
4acTOTBI BXOJIHOTO CUTHAJIA.

5.3) IlepexonHast XapaKTepUCTUKAa — 3TO 3aBUCHUMOCTb BBIXOJHON BEIMYUHBI OT BPEMEHHU IpHU
[oJladye Ha BXOJ €AMHUYHOrO curHana. llepexonHas XapakTepucTUKa II03BOJISIET BBISIBUTH
MHEPLHUOHHOCTD JaTYUKA.

2.2.1 CraTuyeckue U IMHAMHYECKHE XAPAKTEPUCTHKHU PEe3UCTUBHBIX
JTATYHKOB

1) Cratuyeckass XapaKT€pUCTHKA 3aBHCUT OT CIOcO0a M3rOTOBJCHMS JAaTYMKAa M CXEMBI €ro
BKJIFOYCHUSI.

Craruuyeckne XapakTEPUCTUKH MOTYT OBITh JIMHEWHbIE W HEJIMHEWHBbIC, HAmpuMmep Yy
UHAYKTUBHBIX W  EMKOCTHBIX JIaTYMKOB CTaTUYECKas XapaKTEepUCTHKA HEIMHEHHas. v
napaMeTpUYecKuX JIaTYMKOB XapaKTEpUCTHKA OcCyllecTBIsercs Koddpouuuentom mnepenaun. C
JUHEHHOW  XapaKTEepUCTHKOW KO3(D(UIMEHT mnepemayd BENIMYMHA IIOCTOSHHAs, a C HEJIMHEHHOMN
BEJIMYMHOMN nepeMeHHas. JInHelHas XapakTepuCcTUKa MPOXOAUT Yepe3 Hauano KOOPAMHAT U UMEET BUJ
NpSIMOM, YroJl HaKJIOHA K MPsIMOM OcH abuuc AJisi KOHKPETHOTO TUIA JATYMKOB BEJIMYMHA MOCTOSTHHAS.

(Puc. 2-1)
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K= Ay/Ax

V=f(x)

Ay

v

AX

Puc. 2-1

Koadduiment nepenaun BenuuuHa pazMepHas. ECu 1aT4uK MMeeT Mopor YyBCTBUTEIBHOCTH,
TO €ro JTUHEHHas XapaKTepUCTHKa OyaeT CMelleHa OT Hayala KOOPAWHAT Ha OTPE30K, PABHBIN MOPOTY
4yBCTBUTEIbHOCTH. (Puc. 2-2)

YA

v

Puc. 2-2

2) Crarnueckasi HOTrpelHOCTb.

N3-3a HETOUHOM TIpagyupoOBKH DJIEMEHTOB B IIPOLIECCE MX M3TOTOBIECHUS TOSABISAETCS
CTaTHYECKasl IOTPEIIHOCTh, KOTOPask IPUBOJIUT K OTKJIIOHEHUIO 3aJaHHOM, «UeaIbHOI» (HOMUHAIBHON)
CTaTUYECKOMN XapaKTEPUCTHKU.

CraTnuyeckasi NOTPEIIHOCTh TAaK)KE€ BO3HUKAET M3-3a U3MEHEHUsI BHYTPEHHUX CBOMCTB 3JIEMEHTa
U BHEIIHUX (aKTOpOB (TOBBILICHHUE BJary, t°).

Crartuueckast XapaKTepUCTHKA MOYKET ObITh a0COJIIOTHOM, OTHOCUTENILHON U MPUBEICHHOM.

2.1 AbcomoTHas MOT'PEIIHOCTD — ATO Pa3HHUIIA MEXKy HOMHUHAIBLHON U (PaKTUUECKON BBIXOTHOM
BEJINYMHBI.

Ay:yHOM'y(baKT~
U UMEET pa3MEPHOCTh BBIXOIHOM BEINYMHBI.

2.2 OrtHocuTeNnbHAas TMOTPEIIHOCTh — 3TO OTHOUIEHHWE aOCOJIOTHOM MOTPEelIHOCTH K

JEUCTBUTEILHOMY 3HAUEHHIO BBIXO/IHOM BETNYMHBI.
8.=Ay/Y¢)aKT ) S.ZAY/y(baKT*lOO%;
U3MEPAETCS B OTHOCUTEIBHBIX €IMHULIAX WIH B %0;

2.3 TlpuBeneHHas MOTPEIIHOCTh — 3TO OTHOIICHHUE aOCOMIOTHOW MOTPEHIHOCTH K Pa3HOCTH
NpeCIbHBIX 3HAYCHUN BBIXOTHOW BEIMYHUHBI.
0=AY/Ymax-Ymin; (100%);
HUMEET Pa3MEPHOCTh WM B OTHOCHUTEIIBHBIX CIUHHIIAX WIH B %0;
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v

J Puc. 2-3

V| —3T0 uaeanbHas CTaTUYECKask XapaKTEPUCTHUKA.

¥ —3T0 cTatnueckas XapakTEpUCTUKA C yUETOM CTaTUYECKOW MTOTPEIIHOCTH.

U3 rpadpuka (Puc.2-3) BUAHO, YTO CTaTHUYECKas MOTPEIIHOCTh YMEHbBIIAET YYBCTBUTEIHHOCTH
natyuka (KodQQHUIUEHT nepeaayn).

3) Junammueckuil pexxum.

B peanpHBIX cHcTeMax aBTOMATHUKU CHUTHAIBI, KaK MPABUJIO, OBIBAIOT HEMOCTOSHHBIE BO
BpeMeHH. J{Jist o1ieHKH paboThl B JMHAMHYECKOM PEKUME HCIIONB3YIOT TUHAMUYECKUE XapaKTePUCTUKHI
(4acTOTHYIO U TEPEXOAHYI0) M JIMHAMMUYECKHI mMapameTp MocTostHHas Bpemenu. IIpouecc mepexona
3JIEMEHTA U3 OJIHOTO YCTAHOBUBIIEIOCS COCTOSHMS B IPYrO€ HA3bIBAETCS NMEPEXOIHBIM MPOLIECCOM, T.€E.
MPOIIECC, MPOTEKAIOIIUA B 3JIEMEHTE NPU HU3MEHEHUM BXOJHOM BenuuuMHbl. OJHUM U3 BaKHBIX
MOKa3aTeNel 1aTyuka SBISIeTCs] €ro AMHAMUYEeCKasi 3aBUCUMOCTD BBIXO/IHOM BEJIMUYHUHBI OT BPEMEHH.

XapakTtep W3MEHEHMUS BBIXOJHOW BEJIMYMHBI 3aBUCUT OT CBOKCTB CaMOI0 JaTyhka M OT
XapakTepa U3MEHEHHUs BXOJIHOM BeanuuHbl. [[o3TOMY /UIsl CpaBHEHUS TMHAMHYECKUX CBOMCTB JAaTUUKOB
HAJI0 M0JIaBaTh HA UX BXO/Ibl, OJJMHAKOBO MEHSIOIIMECS BO BPEMEHU CUTHAIBI.

[TpuHATO MOAAaBaTh BXOJHOM CHTHAJ CKAa4KOOOpPa3HBIM UMIYIBCOM CTAHJAPTHON aMILIUTY/bI
OosbLIeH, YeM IepexoAHOTo Impolecca KOHKpeTHoro aatduka. (Puc.2-4)

A

X4 hY
0,05yyer
E Vycr
e 0,63 yycr !
T >t
> —> —
VYcran|  Ilepexomn. | Jipyroii yer.
PEKUM nporece | PeXHM

Puc.2-4

Peakmus OOJIBIIIMHCTBA DJCMEHTOB Ha W3MEHEHHE BXOJHOI'O CHI'Halia (CK&‘IKOOGP@BHO)
MMPEACTABJIACT coboii 9KCIIOHCHTY. BpeMH OT HaydaJla UBMCHCHHUA BBIXOJHOI'O CUI'HaJIa A0 JOCTHXXCHHUA
uM  63%-0B YCTaAaHOBUBIICTOCA BPCMCHU HA3LIBACTCA MOCTOSIHHOH BpPCMCHHU. Pexxum cuurtaercs
YCTAaHOBUBUINMCH, C€CJIA JEeHUCTBUTENIbHASA BHIXOJHAs BEIWYMHA JOCTUTAET 95% yCT&HOBPIBI.HCfICH
BBIXOJHOM BEJIUYHMHEL.

UeM MeEHBIIIE MOOCTOSHHAS BpEMCHH, TEM MCHBLIIC HepexonHmﬁ nponoecc U TECM MCHBIIC
JJUTCIIBHOCTD TMEPEXOJHOI0 IIpomecca. Taxkum 06pa30M, NEepexXoJHasA XapaKTCPHUCTHUKA I1O3BOJIACT
BbBIABUTb HMHCPHUOHHOCTL  JAaT4YWKaA, T.C. 3alla3JblBAHUC U3MCHCHUIA BBIXOJHOM  BEJIMYHUHBI.
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JluHamMuueckass XapaKTEpUCTHKA, OIMCHIBAIOIIAs IIEPEXOJHOM IpOLEcC Ha3blBaeTCAd IEPEXOIHOMN
XApaKTEPUCTUKOM.

3.1 IlepexoaHble XapaKTEPUCTHKHU 0e3 MHEPIIMOHHOCTH naTyuka (Puc.2-5)
A

V1X1

v
—

Puc.2-5
3.2 TlepexoHas XxapakTepUCTUKa AaTYHKa, 00J1a1al0IIero HHEPIUOHHOCTRIO. (Puc.2-6)

A

XY

v

A

Tyer tyct<3T

Puc. 2-6

Bropoii crioco6 onpenenenus nmocrossHHOM Bo BpemeHu (T) — 310 oTpe3ok Ha ocu abciuce oT
Hayaja KOOPAMHAT J0 TOYKM IEepeceyeHHsl KacaTeJIbHOW NMPOBEICHHON B Hayane KOOPAMHAT K KPUBOM
NepexXOaAHOr0 nponuecca A0 3HaUCHUS YCTAaHOBHUBIICTOCA BXOILHOI71 BCIWMYUHBI.

BpeMH YCTAHOBJICHHA — 3TO BpEMs OT Ha4ajia UBMCHCHHUA BBIXOI[HOI\/'I BCJIMYHHBI 10 JOCTHKCHUA
ero 95% YCTaHOBUBIICCCA BLIXOIIHOI>'I BCJIIMYNHBI, @ 3TO BPpEMSA HA3BIBACTCA AJIUTCIIbHOCTHIO IMIEPCXOAHOTIO
npoiiecca.

MowmeHT BPCMCHH, KOI'Ja BbIXOJHAad BCIIMYMHA NOCTUIaCT 95%, YCTaHOBUBLICTOCA 3HAYCHUS
SBJISICTCSI MOMEHTOM OKOHYAHUS MIEPEX0IHOTO MpoIiecca.

4. KonebarenpHo — 3atyxaromuii mporecc. (Puc.2-7)
2Ay

v
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[Tpu 3TOM MEepeXxoqHOM IPOIECCE BHIXOHAS BEIMYMUHA KOJIEOIETCS OKOJIO YCTaHOBUBIIETOCS
3HAUEHUS C MOCTOsSHHON yacTtoror fp=1/T)

Ty — 310 Mepuo KoaebaHui ¢ HeMpPEPhIBHO YObIBAIOIIEH aMILTUTYIOM, OTHUM UX Hauboee
B)XHBIX JMHAMUYECKUX CBOMCTB SBISIETCS YacTOTAa COOCTBEHHBIX KOJIEOaHUN WM YTI0Bas 4YacToTa Mocie
CKa4K00Opa3HOro BO3JAEHCTBHS ITOCIIE BXOIHONW BEIMYMHBI, BPEMsI YCTAHOBJICHHUS OTIPENIEIIAETCS 3/1€Ch
TaKxKe.

5. Ilepuoanyecku nepexoanoi mpoiecc. (Puc.2-8)
X
X,y —

—
é%
— |

Puc. 2-8

Bxoanas BennurHa U3MEHSETCS NIEPUOIUYECKU, BBIXOHAS UMEET aHAJIOTUYHBIM XapakTep, HO
caBUHYTa 10 (hasze Ha <¢. B 110601 Mpon3BOIbHBI MOMEHT BpeMeHH KpHuBbIe Y U X UMEIOT pa3HOCTh
KOOpPJUHAT 3Ta Pa3HOCTh HA3bIBACTCS A0COTIOTHON JUHAMHYECKON MOTPEIIHOCTHIO. Y OONBIIMHCTBA
3JIEMEHTOB a0COJIIOTHAs TUHAMUYECKask OTPEIIHOCTh MOCTe CKaYKOOOpa3HOTO BO3ACUCTBUS C TEUCHHEM
BPEMEHHU HE OCTACTCS NIOCTOSIHHOM, & CTPEMUTCS K ITIOCTOSIHHOMY JOCTaTOYHO MAJIOMy YCTaHOBUBILIEMYCS
3HAYCHHUIO.

2.2 JIaTYMKH AKTHBHOI'0 CONMPOTHBJICHU S
I[aT‘-II/IKI/I AKTUBHOI'O COHpOTI/IBJICHI/IH HOI[pa?)I[eJI}IIOTC}I Ha:
1. PeocraTHsnle€.

2. TloTeHIIMOMETpUUYECKUE.

3. YroabHbIC.

4. KoHTaKTHEIE.

5. Tenzomerpuueckue.

1. PeoctaTtHble naT4uKH.

OTH AaTYMKH TpeoOpas3yloT BHEUIHEE BO3JICHCTBUE B M3MEHSIOIIMECS COMPOTUBICHHS, MOTYT
OBITh:

1.1 IlpsmMosinHENHBIE.

1.2 Kpyrossie.

KOHCTpYKTHBHO MPECTaBISIOT COO0H KapKac HAMOTaHHOM Ha HETO MPOBOJIOKH M MOJI3YHKA.

Kapkac w#3rotaBnmmBaioT U3 HEMPOBOMAIIETO BBIICPKUBAIOIIETO BBICOKHE TEMIIEPATYPhI
MaTepuana (TeKCTOJHT, Yalle BCEro KepaMuKa), B CEYCHHE KOPIYC MMEET COOTHOIIEHWE CTOPOH He
MeHee yeM 1:4.

Kapkac m3roraBivBaoT B BUJe IMUIMHAPA, TUNIOCKOH MIACTHHBI, a TAaK)Ke B BUAEC CEKTOPA WIIH
KOJIbIIa HA KapKac YKIAJbIBaeTCs OOMOTKAa peocTaTa IUIOTHO BETOK K BETKY WM C ONpEIesIeHHBIM



[IaroM M3 MaTephasia C BBICOKHM YAEJIbHBIM COMPOTHUBICHHEM U C HEOOJBIINM TeMIepaTypHBIM
KOA(PPHUIUEHTOM COMPOTHBIICHHUS (HUXPOM, KOHCTaHTaH, MaHTaHUH).

OOMOTKa peocTaTa MOKPHIBAETCS M30JIMPYIOLIMM BBICOKOTEMIIEPATYpHBIM JakoM. Ha oOMoTke
OCTaeTCsd y4acTOK 03 M30JSLUHM U OH IMOJIUPYETCs, 0 3TOMY YYaCTKy CKOJIB3UT JIBUYKOK CBSI3aHHBIN C
OCBIO YIIPABIICHHUS.

Jlnst TpeHus TMOABKMXKHOTO KOHTAaKTa OH TMOJMPYETCS WIM HM3rOTAaBIMBAETCS M3 MaTepHAalloB
UMEIOINX MaJblii K03 uumeHT TpeHus vamie Bcero rpaduk ¢ foo6aBieHrneM Meau u OpoHssl. B mecto
OeryHka MOKHO HCIOJb30BaTh CUETKY, KOTOpas COCTOMT U3 HECKOJBKUX MPOBOJIOUHBIX COEIMHEHHBIX
napajiesibHO, TPOBOJIOYU COCTOST U3 cepeldpa, IUIaTUHBI C cepeOpoM MM JPYTUX CIUIABOB HAa OCHOBE
OIaropoIHBIX METAJIIOB.

JluameTp U AJMHA CUETOK BHIOMPAETCS TAKOW, 4YTOOBI KOHTAKTHBIC AABJICHHUS UMEIN 3HAYCHUE
okoJ10 9,8%1073 H, Bo Bpemst paboThI 1aTUMKa BO3HUKAET MOMEHT TpeHus Mtp=F*Px*R,

I'ne F- xoaddunuent tpenus 0,2-0,3

Pk - KOHTaKTHOE 1aBJICHUE

R- paguyc cuerunka.

[Ipn mepemMenieHUM METKHM ¢ BUTKa Ha BUTOK (Puc.2-9) cHMMaemoe HampspKeHHE HMeEeT
CTYIEHYAThIM XapakTep, 3HaueHHUEe KOTOPOIrO 3aBHCUT OT BXOJHOTO HANpPSHKEHUS U KOJIMYECTBA BUTKOB.
V3MeHeHrne HanpsHKeHUs MOXKET MPOMCXOUTh MPU MEPEMEIICHNH 1aTYMKa Yepe3 HEKOTOPbIi Yo, 3To
SIBJICHHE HA3bIBACTCSl HEUYBCTBUTEIBHOCTHIO IaTUMKa. JIJI1 yMEHBIICHUSI HEUyBCTBUTEILHOCTH JJaTUMKa
11eJ1Iec000pa3HO YBETHMYUTH YUCIO BUTKOB OOMOTKHM M THAMETpP MPOBOJIAa BBIOMPAThH JI0 CaMbIX JA0JIEH MM.

AU=U/w
Puc. 2-9

HpI/IMCHCHI/ICZ JIuneiinbie PCOCTAaThl HUCHOJIB3YIOTCA B KAUYCCTBC JAaTUWKa ICPCMCILICHUA, a
KpYroBbIl€ B Ka4YC€CTBC JATYMKOB MOBBIMIAOMINX TOYHOCTb PCEOCTATHBIX HOATYHUKOB, OIPCACIACTCA
AUaMCTpOM IPOBOJAA U JIMHEHHBIM pasMEpoM Kapkaca, U COOTBCTCTBYIOT COIPOTHBJICHUIO OJHOTO
BUTKA.

2. HOTeHIII/IOMeTpI/I‘leCKI/Ie JATIYNKHN

OTH aTYUKU MO0 KOHCTPYKIIMH aHAJIOTMYHBI PEOCTAaTHBIM JJaTYMKaM, HO paboTaloT B Ka4eCTBE
JeNTUTENs], I03TOMY OHU JIOJDKHBI 00J1a/1aTh CIeIyIOIUMHI CBOHCTBAMU.

1) Bpicokoe BXOAHOE COINPOTHBIEHHE, YTOOBI MEHbBIIE HarpyXaTb HCTOYHMK HHUTAHUS,
MO3TOMY €r0 M3TrOTaBJIMBAIOT U3 BBICOKOOMHOTO MPOBOJA C MaJlbIM TE€MIEpaTypHbIM KOA(PHHUIMEHTOM
COINPOTUBIIEHUS U MAJIBIM JUAMETPOM B CEUEHHH.

2) OOGnamal0T  BBICOKOW YYBCTBUTEIBHOCTBIO, YE€M MEHBIIE JHAMETP, TeM OoJblie
4yBCTBUTEIBHOCTb.

3) Umeer MUHUMAIbHBIA KOYQPUIUEHT TPEHHUS.

4) Manyio CTyeHYaTOCTb.

5) Manyo 3aBUCHUMOCTb HW3MEHEHMsS CONpPOTHBIEHHUS OT YCIOBUH paboThl (Harpyska,
TeMIIepaTypa, OKpyXarolas cpesia).

6) HeGounpInM nepexoiHbIM COITPOTHBICHUEM B MECTE KOHTAKTa.

7) UmeeT yCTOWYMBOCTH KOHTAKTOB IIPOTHUB KAPO3HU.

8) YcToiunBOCTh KM U3HOCY.
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ComnpoTuBJeHHE AaTYUKA ONPEAEISIETCS 1Mo hopMyIie

R=I*w*p/S;
I'me - nmuHA BUTKA, B M;
(- KOJIUYECTBO BUTKOB;
p- yIeJIbHOE CONMPOTUBIIEHUE TTPOBOa, B OM/MM? ;
S- ceuenue npoBoja, B M?;
Jlyis yBenu4YeHUs] 9yBCTBUTEIBHOCTH M TOYHOCTH JATYMKA OOMOTKH YKJIAJBIBAIOTCS TUIOTHO
BUTOK K BUTKY. B KauecTBe H30JISIIIMM HMCHOJB3YeTCS OKHUCHAsl IUIEHKa Marepuaina, U3 KOTOPOro
W3TOTABIIMBAETCS NATYUK.
[ToTeHuHOMETpUYECKUE TATYUKHU U3TOTABIUBAIOTCS:
a) C OTPAaHMYEHHBIM MEPEMEIICHUEM JIBIKKA U HEOTPAHUUCHHBIM.
0) 1O BBITIOJIHSEMBIM OIEPAIHSIM: 33/IAI0IIUE U MPUHUMAIOIIHE.
B) TI0 XapakTepy BOCIPOU3BeACHUS (DYHKIMN JIMHEHHbIE U HeJIMHEeHHBIE.
I) MO KOJWUYECTBY OTBOJIOB: JBYXOTBOJHBIC, KpPYrOBbIE TPEXOTBOJHBIE, KpPYrOBBIC
YETBIPEXOTBO/IHBIE.

Kopmye A A A

[

|
AT

JIBHKOK Hamortka A

Puc. 2-10 - mpeobpa3oBatens i1 M3MEHEHUS TMHEHHBIX TTepeMEIICHUH.

2.3 CxeMbI BKJIIOYEHHUS JATYUKOB

1) HenarpyxeHHast OIHOTaKTHasl.
Usx l l l
VX
UBBIX.
Usbix = dUBX
0=X/XMax-XMHUH Puc.2-11
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) UBbix

v

Puc. 2-12

Ora cxeMa HMMEeT JIMHEHHYI0 XapaKTEpUCTUKY, 3aBUCHUMOCTb BBIXOJAHOIO HAINPSDKEHHS OT
nepemenieHus (X)

2) HarpyxenHas oqHOTaKTHas

—

by

X |
v UBBIX Ru
v

UBbix=0UBX;

0=X/Xmax-XMuH
Puc. 2-13

UBBIX 4
5 : X

XMUH XMax

Puc. 2-14

Pa3nuna mexnay cxemamu:
HarpyxenHass cxema HCIOJIB3YeTCSl €CIM YIPaBICHHE MAET TOKOM B CXEMax, a He
Harpy>kKeHHasi €CJIM B CXeMaxX UJEeT HalpsHKEHUE.
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3) HarpyxeHHast 1ByXTaKTHasl.

l l Usbix=0UBx/2

Usx 0=X/Xmax-XMuH

A

UBbIX

Puc. 2-15

UBBIX

A
v

Puc. 2-16

[Tepemenienre IBUXEHUS OT CPEIHEW TOYKU B OJHY CTOPOHY JAET OTPULIATEIBHOE 3HAUEHUE
NepeMenieHusi, a B JPYI'yI0 CTOPOHY IMOJOXKHUTEIbHOE. OTH JaTYUKU NPUMEHSIOTCS B KadyecTBe
JIEIUTENIEN HAIPSKEHUS, @ TAKKE B CIEIAIIHUX CUCTEMaX, B KaYECTBE YUYBCTBUTEIBHOIO 3JIEMEHTA B
MECTE CIICKCHHUS.

YroJibHbIE JATYUKHA

Jlatuuku paboTarOT Ha W3MEHEHUE CONPOTHUBIICHUS MO JCHCTBUEM MEXaHWYECKOW CHIIBI.
CocTouT U3 YyroJbHBIX IJIACTHH M Yallle BCero umMeer GopMy HMUIUHIpPA. JJOCTOMHCTBA STUX JTATYUKOB -
COIIPOTUBJICHUE HM3MEHSETCS IUIaBHO, T.€. HE MMEET CTYNEHYATOM XapaKTEPUCTUKUA HA BBIXOJE.
Henocrarok - MexaHU4eCKH O4YEHb XPYIIKHE.

Hx conporuBiieHne NPONOPLHUOHAIBHO ITpUMEHsIeMon cuie Rx~F.
F

F Fu

Puc. 2-17- yrompHbIil 1aTYMK U €70 XapaKTEPUCTUKA
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KoHTakTHBIE JaTYUKHU

DTO NaTYMKH, B KOTOPHIX MEXaHHYECKOE MepeMelleHue Mpeodpa3yercs B 3aMKHYTOE WU
Pa30MKHYTO€ COCTOSIHHE KOHTAKTOB YIPABISIONUX OAHOW WJIM HECKONBKHUMH cxemMamu. OHH UMEIOT
Iy, C TOMOIIBIO KOTOpOTo dukcupyetcs nepemenienue. (Puc.2-18)

) O
D)

I ;

UBBIX

Puc.2-18 - KOHTaKTHBIA JATYHK

[Tpu pa3MbIKaHUM KOHTAKTa aKTUBHOE COMPOTHUBIICHUE ATUYUKA U3MEHSETCS OT OECKOHEUYHOTO
3Ha4YeHUs 10 HauMeHbliero. IIpu pasMblKaHUM KOHTAaKTOB, Ha0OOPOT, OT MEHBIIETO 3HAYEHUS [0
O6eckoHeyHOro. KOHTAaKThI SBISIOTCA CaMbIM Ba)KHBIM 3JEMEHTOM OSTHX JaTyukoB. HanexxHoctes u
TOYHOCTb PaOOTHI KOHTAKTOB B OOJIBIION CTENEHH 3aBUCUT OT MaTepuaa U Ka4yecTBa X U3TOTOBJICHUS,
a TaK)Ke YeM MEHbIIIe MOIIHOCTh, pa3pbiBaeMasi KOHTAKTaMH, TEM BBIIIIE TOYHOCTh pabOTHI KOHTAKTOB. B
KayecTBE MAaTEpUAIOB ISl W3TOTOBJIEHHMS JAaTYMKOB HPUMEHSIOTCA cepeOpo, Boib(pam, 30I0TO,
IUIaTUHA. OTH JATYUKU IIMPOKO IPUMEHSIIOTCS Ui KOHTPOJIL, COPTUPOBKM M CUTHAIU3ALUU O
nepeMenieHuu. JlocTOMHCTBA - IPOCTOTa KOHCTPYKIMH, CPABHUTEIBHO BBICOKAsi TOUHOCTH A0 1-2 MKM.
Henocratok - oOropanue KOHTAaKTOB, IO3TOMY BO3HMKAeT HEOOXOAMMOCTh 3a4yMIIaTh HUX H
peryiaupoBarh.

I[aT‘ll/lKl/l IIYTH A IMOJOKCHUSA
K AaTYrUKaM ITYyTU OTHOCATCA: SJICKTPOKOHTAKTHBIC JATUYNKU, HHAYKTUBHBIC, CMKOCTHBIC.
SHeKTPOKOHTaKTHBIe JaTYUKH

CaMbple  HpoCTbIE  3TO  KOHLEBBIE  BBIKIIOYATENIH,  IYTEBbIE  IEPEKIIIOUYATENN,
MUKPOINEPEKITOYATEIH.
DJNEeKTPOKOHTAKTHBIC JATUYUKU NPEACTABISIIOT COO0H JIBYyXKOHTAKTHYIO MEXaHHYECKYIO
CUCTEMY C OJJHUM YCTOWYHMBBIM IOJI0KEHUEM.
HS

HP

Puc. 2-19 - cxema 351eKTPOKOHTAKTHOTO TaTUHKA.

HS - HopManbHO 3aMKHYTBIM KOHTAKT 0e3 BHEIIHETO BO3ICHCTBUS

HP - HopmanbHO pa30MKHYTBIM KOHTAKT 0e3 BHEIIHETO BO3ICHCTBUS

IIpuHuun nedcTBUs AAaT4MKa OCHOBAH HA TOM YTO MX YCTAaHABIMBAIOT HAa HEMOABUKHBIX
pabounx opraHax B ONPEAEICHHOM TOJOXEHUH, a MABIKyIMe paboune oOpraHbl JIOCTHUIIINE
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OTIPENICICHHOI0 3HA4YeHUs BO3JEHCTBYIOT Ha JaT4YMK BbI3bIBasg €ro cpabaTbiBaHUE (KOIOBBIN
MIEPEKIIIOYATEND).

NHayKTUBHBIE JATYUKH

Bce mHIyKTUBHBIE TaTYMKU PaOOTAIOT HA MHAYKTUBHOM Toke. [IpuHIum neiictBus ocHOBaH Ha
M3MEHEHUH UHYKTUBHOCTHU KATYIIKNA ¢ MarHUTOIIPOBOJOM IIPU IIEPEMELICHUH SKOPSL.

v

Puc. 2-20 - "HIYKTUBHBINA JATUUK U €TI0 XapaKTEPUCTUKA

Ecin nepememiate SIKOpb TO M3MEHSAETCS BO3AYLIHBIM 3a30p, COOTBETCTBEHHO H3MEHSIETCS
MHAYKTUBHOCTh KaTYIIKU. THAYKTUBHOCTH 3aBHCUT OT 3a30pa 00paTHOMPONIOPLUUOHAIBHO.

I=U/Z, tne Z- nonHoe conmpoTUBIEHUE

[=UANR>+X2, rae R- akTHBHOE COIPOTUBIICHUE; X- UHAYKTUBHOE COIIPOTUBIICHUE

X=2nfL, rne f- vacToTa MHUTAIOIIETO HAPSKEHUS

I=K39, rae K- koappuumeHT nponopuroHaibHOCTH

PeanpHas XapaKTepUCTHUKa 3aBUCUT TOJIBKO OT BO3AYIIHOTO 3a30pa U HUMEET HEOOJBLIYIO
HEJIMHEHHOCTh. BOJIBIIMHCTBO MHIYKTUBHBIX JATYMKOB MpEAHA3HAYEHBI I pab0Thl HA OTHOCUTEIILHO
HU3KUX YacToTax HampspkeHus mwurapmed cetu (mo 5000 I'm). Ilpu Oosiee BBICOKMX YacTOTax
3HAYUTEJIBHO PACTYT MOTEPH CTAJIM HA IEpEeMarHu4uBaHUe U PEaKTUBHOE COIIPOTHBIIEHHE OOMOTKH.

JIOCTOMHCTBA: MPOCTOTa KOHCTPYKLIMHU, HAJEKHOCTh, OECKOHTAKTHBI, CPABHUTEILHO OOJIbIIIAs
OTJaBaeMasi MOIIITHOCTb, MOT'YT paboTaTh Ha IEPEMEHHOM TOKE MPOMBIIIJICHHON YacTOTHI.

OHUM HCNONB3YIOTCS B OCHOBHOM JUIsl U3MEPEHUS NEPEMEIICHUM YIJIOBBIX U JIMHEHHBIX, a
TaK)Ke CWIbl JAaBieHus. M3roraBmmBaroTCs € NOJBMKHBIM SKOPEM, C IOABM)KHBIM CEPIACYHUKOM,
IIOBOPOTHBIM SIKOPEM.

EMKoOCTHBIE JATYUKH

[IpencraBisitoT coOO¥ TUIOCKUH KOHAEHCATOp C HW3MEHsieMOd EMKOCThIO. B oTimume ot
MHYKTUBHBIX JIATYUKOB OHHU NMPUMEHSIIOTCS HA MEPEMEHHOM TOKe ¢ 4yacTtoToil Beime 1 kI'n. [TpuHiun
MX JEUCTBHS OCHOBAH HA UBMEHEHUH EMKOCTH MPU NEPEMELICHUH.

C=ES/d4n, rne E- nusnekrpudeckas MpoHUIIAEMOCTh; S- TUIOMIAAb TUIACTUHEI; d- paccTosHuE
MEXK 1y NIJITACTUHAMU.
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S

Puc. 2-21- eMKOCTHOH JaTYHK.

YroObl yBENUYUTh EMKOCTh HEOOXOJMMO YBEIHUYMBATH JUAJIEKTPHUECKYIO MPOHUIIAEMOCTh U

IUIOLAAb IUIACTUHBI, HO YMEHBIIATh PAcCTOSHUE MEXIy IIaCTUHaMHM. B 3aBUCMMOCTH OT 3TOro
M3rOTAaBJIMBAIOTCS JATYUKK PA3JINYHbBIX TUIIOB:
1)C noaBm>KHOM IUIACTUHOW - OJHA W3 IUIACTHH KECTKO 3aKpeIUISeTCs, Apyras IOJBMKHAsS M OHa
CBSI3aHA C BAJIOM MEXaHM3Ma WM 3JIEMEHTOM OIpeNeNEHHOM cucTemsl. [Ipu nepeMeleHun >nemeHTa
110 33JJaHHOMY 3aKOHY IIJJaCTMHA JJaTYMKa IEPEMELIAETCs], COOTBETCTBEHHO U3MEHSSI pPACCTOSHUE MEXKAY
IJIACTUHAMHU U EMKOCTb, & U3MEHEHUE EMKOCTH BbI3bIBAET N3MEHEHNE HAIIPSDKEHNUS Ha BBIXOJIE 1aTYHMKA.
2)C nepeMeHHOH TUIOIMIA/IBI0 TIACTHUH (KOJIMYECTBO IJIACTHH MOKET OBITh Y BCEX Pa3HOE).

<
S
Puc. 2-22

VYV stnx JaTYUKOB OJHAa M3 INNIACTHH KECTKO 3aKpCIlJICHA, a Apyrasd CBsA3aHa C BaJIOM, T.C.
IIOJBHIKHA. HpI/I BpalllCHUH BaJia 1IOJ HCﬁCTBHCM HUCIIOJTHUTCIBHOT'O 3JICMCHTA IMOABHUXKHAA IIJIaCTHHA
MCHACT YIroJl IMOBOpOTa, COOTBCTCTBCHHO YBCJIIMYMUBAA IUIOIIAAb JaTYMUKA. H3roraBnuBaroTcsI C
HCCKOJIbKUMH PACIHOJIOXKCHHBIMU TapaJlJICJIbHO IUIACTUHAMMU. HNmerot IAPOKOC MTPUMCHCHHUC B
PAAUOTCXHUKE U JJId UBMCHCHHS YI'TIOBBIX HGpCMCLLICHHfI.

3) C nepeMeHHOW JUAIEKTPUUECKON MPOHUIIAEMOCTHIO.
CTEepKeHb

Puc. 2-23
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EMKOCTHOWM  JaT4MK ¢  JAWMDJIEKTPUYECKOHW TMPOHUIAEMOCTBIO  IPEACTaBIseT  coOOi
M30JIMPOBAaHHYIO TpyOy, B KOTOPOHl MoMmemiaeTrcs H30JUPOBaHHbIN crepkeHb. CTepkeHb U Tpyda
IIPEACTABIISIIOT AIEKTPOIbI KOHACHCATOPA, KOTOPBIM 3allOIHAETCS ) KUAKOCTBIO, YEM

OoJblIe JKUAKOCTH B KOHJEHcAaTope, TeM Oojblie EMKOCTh. IIpuMeHstoTes 1 n3MepeHus
TOPIOYEro B CamMoJIeTax.

K mnpeumyiiecTBy OaT4yMKOB OTHOCATCS: OOJbILIas YyBCTBUTENBHOCTh W MAlbIi MOMEHT
BpAILCHHUS.

Henocrarku: HenmpuroAnsl Ui paOOThl Ha HU3KUX YacTOTaxX U TPeOYIOT CHELUaTbHOTO
BBICOKOYaCTOTHOI'O I'€HEPATOPA, UMEIOT IIaPA3UTHBIE EMKOCTH.

TepMoaneKTpnquKne JATYNKH

JlaTuuku, y KOTOPBIX M3MEHEHHE TeMIeparypbl mpeoOpasyercss B TepMo 3.a.c. Pabora atux
JaTYMKOB OCHOBAaHa Ha SIBJICHUU TEPMOIJIEKTPHUECKOro 3(p@dekra: ecau COeAUHUTh KOHIBI IBYX
MPOBOAHUKOB M3 PA3HBIX MATCPUAJIOB W IMMOMCCTUTH KOHIBI TECPMOIIApbl B PA3HBIC CPCAbl C PA3HBIMU
TEMIIepaTypaMy, TO Pa3HMIA TEMIIEPAaTyp CIOCOBCTBYET BOBHMKHOBEHHIO TEPMO 3.1.c. UeM Gombire At’,
TeM OoJipiie TepMO 3.14.C. [IpOBOIHMKM HA3BIBAIOTCS TEPMODJICKTPOJAMHU. Martepuaibl, U3 KOTOPBIX
HU3roTaBJIMBAIOTCA IPOBOAHUKHU:

- METaJUIBL: JKeJe30, 30JI0TO, HUKEJIb, ME/lb, KOTICIb.

- CIUIaBBbI: KOH CTaH TaH, HUXPOM, YyI'yH.

- TlonmynpoBOAHMKH: yrojb, KApOOPYHI.

TepMOBHeKTpI/I‘-IeCKI/Ie JaTYUKU COCTOAT U3 [IBYX OJICKTPOJAOB, OJHHW KOHIBI KOTOPBIX
CIIauBAIOTCS, & APYTUE CITYKAT BHIBOJJAMU TEPMOIIAPhI, C KOTOPOI CHUMAETCsl HAIIPSHKCHUE.

Et= C (tz-tl) (1)
C - KO3(hPUIUEHT MPOTIOPIUOHATHHOCTH, 3aBUCSIIHIA OT
t1 MaTEepUaIoB TEPMOIIAPHI;

O t, - TEMIIEPATypa rOPAYEro Crask;
t | - TEMIEpaTypa X0JIOIHbIX KOHIIOB.

Puc. 2-24 — TepMO31EKTpUUECKUN JaTUUK

l'opsAunii cmaii moMem@aercss B KOHTPOJIUPYEMYIO Cpely, & C XOJIOJHBIX KOHIIOB CHUMAaeTCs
3HauUeHHE TEPMO 3.1.C., KOTopas onpeaensercs 1no popmye 1.

Cratuyeckre XapaKTepHCTUKU OOJNBUIMHCTBA TEepMOIap HEIMHEWHble. B 3aBUcHMOCTH OT
MaTepualoB TEPMOIIAPbl MOXKHO CHUMATh I10JIOKUTEIbHBINA WIM OTPULATENbHBINA TOTEHIUAI.

Henocrarku, 0651a1at0T HHEPIUOHHOCTBIO, KOTOPasi H3MEPsAETCs OCTOSIHHOM BPEMEHH, KOTopast
U3MEHSETCA OT AECATHIX 0JIEH CEKYHABI 1O HECKOJIBKUX MUHYT.

Tepmucropst

Tepmucropsl mpeoOpa3yloT U3MEHEHHE TeMIIepaTypbl B U3MEHEHHE CONpPOTHBICHHS. BbiBaroT
JBYX THUIIOB:

- METAJUIMYECKUE;

- IOJYIPOBOJHUKOBBIE.

KoHcTpykiusi natymkoB: TpyOKka, IHCK, IIAap M3 MOJYHPOBOJHUKOBOIO MaTepuayia ¢ Me-
TaJVINYECKUMU BBIBOJIAMHU.
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Memannuueckue mepmucmopsl W3TOTABIUBAIOTCA M3 YUCTBIX METAVIOB C  OOJBIIMM
TeMIEepaTypHbIM KO3()(UIIMEHTOM CONpPOTHUBICHUS (Melnb, IUIaTHHA). JlMama3oH HM3MEPUTENBHBIX
TemmepaTryp TepmucTopoB u3 riatuHsl oT -200 mo +600°C, menubix ot -50 go +150°C. Ilpu Gonee
BBICOKHX TEMIIEpaTypax TEPMUCTOPHI HE NMPHUMEHSAIOTCS, T.K. OHM TEPSIOT TOYHOCTh IpeoOpa3oBaHMS,
CHJIBHO OKHCISIOTCS, M HapyliaeTrcss JUHEWHOCTh XapaKTEPUCTHKU. B 3aBUCMMOCTH OT Ha3HAYCHUS
TEPMHUCTOPHl MMEIOT Pa3Hyl0 KOHCTPYKLHMIO: B BHJIE CIUPATH, KaTyIIKH, HUTH. OHM MOTYT HUMETh
KOHCTPYKIHIO KaK y TEH30/1aTYUKOB.

Henocrarku: uMeroT GOJbIIYI0O HHEPLUOHHOCTD, TOCTOSIHHAS BPEMEHU M3MEHSETCS OT €IMHUIL
710 IECATKOB CEKYH]I, 3aBUCHT OT IPOBOJIa U KOHCTPYKLIUH.

Ilonynpoeoonukogvle mepmucmopsl W3rOTaBIMBAIOTCA U3 OKHUCIOB pa3IUYHBIX METAJUIOB
(Menp, THTaH). VMEIOT OTpPUIATENbHBIA TeMIepaTypHbli Ko3(pdUIMEeHT CcOonpoTHBIEHUS, T.€. C
YBEJIMUEHUEM TEMIIEpPaTyphl COMpPOTHUBICHUE TOJYNPOBOJHUKA YMEHBIIAeTCs. Y MHOTHUX THIIOB
MIOJTYIIPOBOAHUKOBBIX TEPMHUCTOPOB KOd(pduuueHT compoTtuBieHuss B 6 - 10 pa3 Oousblie, yem y
Metaunueckux. Temneparypusiii auana3zoH ot -100 qo +120°C. B cpaBHeHHM ¢ METAIUIMYECKUMHU 3TH
TEH30METpPHI 00J1a/1a10T OO0JIBIICH YyBCTBUTEIBHOCTBIO U MEHBIIIEH HHEPLIUOHHOCTHIO.

Heoocmamku: y3kuil TeMIepaTypHbI [Mala3oH, CWIbHAs HEIMHEMHOCTh CTAaTUYECKOU
XapaKTePUCTUKH, CHIIBHBIA Pa30poC MapaMeTpoB MEXIY OTACTbHBIMU SK3EMIUISIPAMH.

e

4 U _ MEMRNN

D
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-1, ppppabadns /,ﬂyﬂ/Jﬂdé///t//ﬂ/

MEIMIRAN

I l T t > t°
200 50 100

Puc. 2-25 - Tepmucrop

TeH30MeTquec1me JAaTIYUKH

TenzomeTpruyeckue JaTYUKH - 3TO JATYUKHU CTIEUHATBbHON KOHCTPYKIMH, TPEeIHA3HAYCHHBIE JUIS
M3MEPEHUs CTATUYECKUX U IMHAMHUUYECKUX AeopMaIuiil B IeTajsx, U mpeodpasyromye 3TH 1ehopManuu
B U3MEHEHHE CONPOTHUBIICHUS. B OCHOBY pabOThI TEH301aTYUKOB TOJIOKEHO SIBJICHHUE - MAaTEPUAJIbI
MEHSIOT JIEKTPHUECKOE COTPOTUBIICHHUE MOJT ACUCTBUEM MEXaHUYECKOM CHIIBI.

[To KOHCTPYKIIMU TEH30METPUUECKUE TATYNKN OBIBAIOT;

- TIPOBOJIOYHBIE;

- (OIBroBHIC;

- TOJYIPOBOJHUKOBBIE.

IlIposonounvie menzodamuyuky TPEICTABISAIOT COOOH OTPE30K TOHKOM MPOBOJIOKU JTUAMETPOM
or 0,02 go 0,05 MM, 3ur3arooOpa3HO HaKJIECHHOH Ha TOHKYIO OyMaKHYIO WU IUIEHOYHYIO OCHOBY.
CBepxy MpOBOJIOKA TAKXKE 3aKpbITa TOHKOM Oymaroi miu miaéHkou. [y BKIIOUEHHS JaTYMKa B CXEMY K
KOHIIaM MIPOBOJIOKH MTPUIIAUBAIOTCS 2 MEHBIX TPOBOJIA.

T

v

29

Puc. 2-26 — TensoMeTpuueckuil JaT4uK
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Ten3omaTuvky KECTKO 3aKPEIUIIOTCA K HUCHBITBIBAEMOM JAETAIM € IOMOLIBIO TOKOIPOBO-
nsiero kiest. [Ipu coxatum unM pacTsDKEHUU JETaild B HAIIPABJICHUU PACIIONIOKEHMSI IPOBOJIOKU BMECTE C
JeTanbio J1eopMUpPYETCsl TMPOBOJIOKA - W3MEHsETCs e€ JIMHA, MOMEepeUyHOe CEYCHHE MPOBOJIOKU U e
yIEINbHOE COINPOTUBJIEHHE. Bce 3TH mapamMeTpbl COOTBETCTBEHHO HM3MEHSIOT CONPOTHBIICHHME JATUMKA,
KOTOPOE SIBJIAETCS BBIXOJAHOW BEJIMYMHOM TaTYUKA.

JU1 U3rOTOBJIEHUS 3TUX JATYUKOB IPUMEHSAETCS KOHCTAaHTAaHOBAasl UM HUXPOMOBas MPOBOJIOKA,
T.K. OHM O0O0NIafalOT OOJBIIUM yIACTBHBIM CONPOTHUBICHHMEM W HEOOJBIIMM TEMIIEPAaTypPHBIM
KOA((PULIMEHTOM COMPOTUBJICHUS. B MPOMBIIIIIEHHOCTH 3TH JaTYUKU U3rorasiuBaiorcs ¢ R = 50 - 2000
Owm, ¢ 6a30Boii JumHOU 0T 5 710 30 MM U 1,0 HOM paBHBIM 70 30 MA pU HaKJIEHKE HA ACTANH.

ocmouncmea: npocTOoTa KOHCTPYKLUH, Majas TEMIIEpaTypHas 3aBUCUMOCTb, MPAKTUYECKas
0Ee3MHEePIIOHHOCTb.

Heoocmamku: Manasi 4yBCTBUTEIILHOCTD.

Donveosvle damuyuky - 3TO JATUUKH, Yy KOTOPBIX TOKOIPOBOJISALIMM 3JIEMEHTOM SIBISETCS
¢onbra TommuHou 4 - 12mMxM. [To cpaBHEHHIO ¢ IPOBOJIOYHBIMH Y 3TUX AATYMKOB pabOunii TOK yBETUYEH
10 200MA, T.€. UMEIOT MOBBIIIEHHYIO YyBCTBUTEIBHOCTD - JOCTOMHCTBO.

Heoocmamku: Manasi MeXaHUYeCKast IPOYHOCTH, Oombioi TK, BiusiHIEe OCBEIIEHHOCTH.

Ilonynpoeodnuxosvie damuuku. KOHCTPYKTUBHO MPEACTABISIIOT COOOH TUIACTHHY M3 FepMaHUs
WIN KPEMHHS, HAaKJIEeHHYI0 Ha Oymary. [InactuHa cHaO)keHa METaNTMYeCKUMHU BBIBOJAMH, C TIOMOIIBIO
KOTOPBIX JaTYMK BKJIIOYaeTcs B cxemy. HoMuHanbHOE comnpoTuBieHue naTuyuka oOergHO oT 40 1o 1000
Om. TemmnepaTypHblii auamna3oH paborocrnocobHocTH 3akmodaercss or-160° mo+300°C. OcHoBHOe
OTJIMYHE TMOJYIPOBOJHMUKOBOIO JaTYMKa - OOJbIIOE M3MEHEHHE comnpoTuBieHus (1o 50% ot 6a3oBoro
3Ha4yeHus1) mpu Jedopmauuu. s 3TUX JaTYMKOB TaKXKe XapaKTepHa BBICOKAs YYBCTBHTEIBHOCTh K
temnepatype B 10 - 20 pa3 Gosblie, 4eM y IpOBOJIOYHBIX.

Hocmouncmea: 601p1110€ 3HAYEHUE BBIXOJHON BEJIMYMHBI, MaJIble pa3Mephl (JJIMHA PEIIETKH OT
3 1o 10 mm), 3HaueHus1 KOAPPHUIMEHTa TEH30UyBCTBUTENLHOCTH B 60 pa3 BhIlIe, YeM Y MMPOBOJIOYHBIX U
(OJIBrOBBIX.

Hedocmamku: wmanas THOKOCTh, HEOONbIIAs MeEXaHWYECKas MPOYHOCTh, HECTAOWIBHOCTH
napaMeTpOB, HEIMHEHHOCTh XapaKTePUCTUKH, OOIBIION pa3dpoc MapaMeTpoB OJHOTHUITHBIX TaTYNKOB.

I'IbesoaneKTquecxue AaTYNKN

Takue naTumku pabOTalOT HA SBICHUU MBE303JEKTPHUUECKOro 3(dexra, KOTOpHIH ObIBaeT
npsMOil 1 0OpaTHBIN.

ITpe302hekT — croCOOHOCTh HEKOTOPBIX MATEPHAIOB HA MOBEPXHOCTAX CBOMX TpaHe moj
JeWCTBUEM MEXaHUYECKON CHIIbI 00Pa30BBIBATH AIIEKTPUUECKUE 3aPSIIbI.

OOpatHblil 11be303PPEKT — CHOCOOHOCTh MEXaHU3MOB MOJ| JCHCTBHEM 3JIEKTPHUECKOTO TIOJIS
MexaHHuecku naepopmupoBaThes. KommdyecTBeHHO 1be303((eKT HM3MepseTcss M OLIEHUBACTCs
IIbE30MOJYJIEM, KOTOPBIM ONpeleNnseT MPONOPLUUOHAIBHOCTE MEXAY IPUIOKEHHOW CWION U
AIIEKTPUYECKUM 3apsi/IOM.

[Tpe3020eKTpUYECKUE JATYUKUA JUII W3MEPEHUH YCHIUN TNpeacTaBiseT co0OW KBapIEeBYIO
IUTACTUHY, C JBYX CTOPOH KOTOPOM HAambUIAETCS WM MPHUKIEUBACTCS TOKOMPOBOIAIIUM KieeM 2
3JIEKTPOJA, C KOTOPBIX CHHMAETCS HANpsDKEHHME. 2 DIEKTPoJa M KBapleBas IUIACTUHA NPEICTaBISIOT
co0Ol KOHJEHCATOpP, HAa BIIEKTPOAAX KOTOPOTOo OO0pa3yroTCs AJEKTPHUECKUE 3apsbl MOJ JeHCTBHEM
HPSMOTO MbE303JIEKTPUIECKOro 3(exra mpu c:xaThM IIACTUHBI CUIO P

P Q=aP

O - TIbE303JIEKTPUYECKUN MOYIIb

ey O Q — snekrpuueckuii 3apsiy

a
UBbIX U@bl)(. = Q =
CO + CM CO + CM
O C, — émKocTh naTumka
T T T Cw — éMKOCTh MOHTaHA
Pwuc. 2-27
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Upux M3MEHSICTCS OT CIUHHIl 10 JECATKOB BOJBT. [IpUMeHseMble MaTepHalibl: KBapi H
TYpMaJIH.

Hocmouncmea: 6€3MHEPLUUOHHOCTb.

[Ipumensiercss s U3MEpEHHs NAaBICHHS, CHIbI, BUOpammu. Ha mpakTHKe COCTaBISIOTCS U3
HECKOJIbKHMX MIacTuH, QX = nQ, rae n — KOJUYECTBO MIIACTHH.

I[pyrne BHUbI JATYUKOB

Ha mpakTuke yacto HEOOX0AMMO U3MEPSIEMYIO BEIMYHHY IPE00Pa30BaTh B AIEKTPUIECKYIO
KakK JIaBJICHHE T'a3a U KUJIKOCTH, HO 3TH ITapaMeTphl HElIb3sl IpeoOpa3oBaTh B OJIUH ITall, [IO3TOMY
NPUMEHSIIOTCS IATYUKH COCTOSILUE U3 IBYX JIEMEHTOB!

1) YyBCTBUTEIBHBII JIEMEHT MPeoOpa3yeT NU3MEPSeMyI0 BEIUYNHY B IPYTYIO
(U3NYECKYIO BEIMUNHY;

2)0JIMH U3 THUIIOB BBIIIEPACCMOTPEHHBIX TaTYMKOB, OH MPEe0oOpa3yeT MPOMEKYTOUHYIO
(bHU3HYECKYIO BEIMYMHY B DJICKTPHUYECKYIO.

I[aT‘lI/IKI/I JaBJICHUSA

[Ipeobpa3yroT gaBiIeHHE KUJIKOCTH WM Ta3a B 3JICKTPUUECKYIO BEIMUUHY. UyBCTBUTEIbHBII
AJIEMEHT ATHX JaTYMKOB IPeoOpasyeT JaBIeHUE CPE/Ibl B IepeMeEIIeHre, KoTopoe mpeodpasyercs
COOTBETCTBYIOLINM JIATYUKOM (PEOCTATHBIN U JIP.) B AJEKTPHUECKYIO BEIMYHHY (CONpOTHUBICHHE). B
Ka4CCTBEC I-IyBCTBI/ITC.IH:HI:IX 3JICMCHTOB y 9TUX JATUYUKOB I/ICHOHB3yeTCH MeM6paHLI nu CI/IJ'H:(I)OHBI.

1) MeMOpaHHBI 1aTYUK

— RBrIX

OL_T0O

Puc. 2-28

Ha xon1ie TpyOomnpoBoia yCTaHABIMBAETCS TaKas IJIACTHHA MeMOpaHa B IIEHTPE KOTOPOi
3aKperJIsieTcsl )KeCTKO JBIKOK oTeHnomerpa. [log naBneHnem raza MmemOpaHa nporudaercs B
[IEHTPE U COOTBETCTBEHHO MEPEMEIIAeT IBUKOK MOTEHIIMOMETpa (MMPOMEXKYTOUHAsI BEJTUYMHA).

2) Cunab(OHHBIN TaTYNK JJIs Ta30B

RBrIX

O | O

Puc. 2-29

JIaHHBIN THI AaTYHKA MIPEJICTABIISAET COO0I TOHKOCTEHHYIO FO(QPUPOBAHHYIO TPYOKY OJIMH
KOHeIl KOTOPOH JKECTKO 3aKpeIIEH C JBIKKOM noTeHimoMerpa. Ilo naBnenuem rasa tpyoka
YBEJIMUUBACT pa3Mepbl U COOTBETCTBEHHO MEPEMEIIAET IBUKOK.
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Puc. 2-30

JIaTYNKH JTHHEHHBIX YCKOPEeHU

Onu peoOpa30BHIBAIOT IMHEHHOE YCKOPEHUE B 3JICKTPUUECKYIO BenuunHy. PaboTy naTunka
paccMOTpUM Ha IpUMEPE aKcelepoMeTpa:

Fu

I
S AW

Puc.2-31

1-9yBCTBUTENBHBIN 3JIEMEHT

2-KBapleBast MJIACTUHA

3-ocHOBaHHE

Ocpb X nepneHauKyspHa MIOCKOCTH KBAaPLIEBOH IUTACTHHBI M HA3bIBAE€TCS OCHIO
YYBCTBUTEIHHOCTH aKCeIepOMETpa. AKCEIepOMETP YCTaHABIUBAETCS Ha 00BEKTE KOTOPBIH IBUKETCSA
¢ yckopenueM A Bnousib ocu Ox. IIpu nBmxeHnn 00beKTa Ha YyBCTBUTEIbHBIN 3JIEMEHT JICHCTBYIOT
JIBE CUJIBIL:

-MHEPIMOHHAS CHJIAa B HAIIPABJICHUH ITPOTHBOIOJIOKHOMY YCKOPEHHUIO U OIIPEeNsieTcs Kak
Fru=ma;

-crJIa TSOKECTH KoTopasi ornpenensercs kak F=mg.

Fp=Fu+F=m(a+g)

Usbix=Kak

AxcenepoMeTp paboTaeT He C YCKOPEHHEM O0BEKTa, a C KaXKyIIUMCSl YCKOPEHUEM.
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Pa3mepHblii npeodpa3zoBareib.

— U3MEPUTEIIbHBIN LITOK

— KopIIyC

— KOHTAKThl (MUKPOMETPOBBIE BUHTBHI)
— KpecTooOpa3Has mpyKuHa
— KOJIOZIKa

— pBIyar

— GapabaHbl

— MOABUXHbBIE KOHTAKTBI

9 — oTcuerHas roj0BKa

10 — xomyTHK

11 — npyxuna

12 — perynupoBouHas raika
13 — HaKOHEYHUK

/11

0NN W

Puc. 2-32

BbIBalOT A5eKTpUYECKUE TaTYUKH (TIPEAETIbHBIE U aMIUIUTYIHBIE), KOTOPBIE KaK U pa3MEpHbIE
IIYTEBBIC, SIBIAIOTCS NATYUKAMU [IEPEMELLICHUMN.

IIpuMEHAIOT OTHO - Y MHOTOIIPEACIIBHBIC JATUYUKH.

IIpumep: ABYX IPENEIBHOIO 1aTYUKA PHIYAKHOTO THIIA.

Cocrout u3 kopimyca (2), B KOTOPOM PacCIOi0KEeHbl U3MEepUTENbHbIHN ITOK (1) B
LMIMHAPUYECKUX BTYJIKAX.

Ha mroke ycranoBieH HakoHeUHUK (13) 1711 KOHTAaKTUPOBAHUS C U3MEPSIEMOM JI€TAJIBIO.

CBepxy B KOpITyce HMEETCSI OTBEPCTUE B KOTOPOE YCTaHABIMBAIOT OTCYETHYIO I'OJIOBKY (9).

[Tono>xeHue CTPENKH OTCUETHOM FOJOBKH PETYIHUPYIOT PEryIupOBOYHOM raiikoii (12) ¢
MHUKpOIIEpeJadeH.

Ha mrroke ycranosiien xomytuk (10) ¢ npyxunoii (11), co3parouuit cuimy usMepeHus.

Ha xomnoaxke (5) ¢ noMouibsio KpecTooopa3zHoi npy>KuHBI (4) yKperuieH pryar (6) ¢ moABUKHBIMHU
KOHTaKTaMH (8).

HacTtpoeuHble KOHTaKThI, 3a1IPECCOBAHHBIE B KOHI[BI MUKPOMETPOBBIX BUHTOB (3), pEryJIupyoT ¢
noMoIeio 6apadanoB (7) C HAHECEHHBIMH Ha HUX JACTICHHUSIMHU.

IIpenen usmepeHus JaTYUKOB COCTABIISIET | MM, ITpe/iesibHAs IOIPEIIHOCTh  IUTKOC — MUHYC 1
MUKPOH (MKM).

2.3 OBIIME CBEJEHUA O TAXOI'EHEPATOPAX

Taxoreneparopbl NpeACTaBIAIOT COOOW AIIEKTPOMEXaHMYECKOE YCTPOWCTBO, Impeolpasyroliee
MEXAHUYECKOE BPALIECHUE B DJIEKTPUUECKUM cUrHayi. OHM HCHOJIB3YIOTCS KaK 3JEKTPUYECKHE NaTUMKH
YIJIOBOM CKOPOCTH M paboTaroT Kak OOBIYHBIE MaJIOMOIIHBIC 3JCKTPUYECKHE MAIIWHBI B PEXKHUME
reHeparopa st BBIpaOOTKU HANpPsHKEHUS, IPOMOPIIMOHAIBHOTO YacTOTE BPALICHHUS.

BbixogHOW curHasn TaxoreHeparopa (2JEKTPUYECKOE HANpsHKEHUE) NPHU  OINpPENEICHHBIX
YCIIOBUAX SIBJISIETCS TMHEWHOM (DYHKIIMEH 4acTOThI BpaIlEHUs €ro Baja. B 3aBUCMMOCTH OT KOHCTPYKLUHU
U COOTBETCTBEHHO BBIXOJHOI'O HANPSXKCHUS TaXOIEHEpPaTOpbl IOAPA3JEIAIOTCS Ha TaxOreHEepaTOpPbI
IIOCTOSTHHOTO U IIEPEMEHHOIO TOKOB.

B cxemax aBTOMAaTMKM ¥ AHAJIOTOBBIX CUYETHO-PEIIAIONIMX YCTPOHCTB HambOoJblIee
pPacIpOCTpaHEHUE IOJIYUYHUIIM TaXOIE€HEPATOPhl MOCTOSIHHOIO, TOKA C HE3aBUCUMBIM 3JIEKTPOMATrHUTHBIM
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BO30Y)XJICHHMEM U TaxOI'eHEepaTopbl IEPEeMEHHOr0 TOKAa, BBIIIOJHEHHBIE 10 CXeMe JBYX(a3HbIX
ACUHXPOHHBIX JIBUTaTelIed C MOJIbIM HEMarHUTHBIM POTOPOM. DTHU TaXOI'€HEPATOPHI UCHOJB3YKOTCS U
pa3IMYHBIX HM3MEPEHUH, A BBOJA MPOM3BOJHOM BBIXOJHOTO CHUTHAja C LENbI0 JAeMI(UPOBAHUSL
CIIEAAIIMX MPHUBOJIOB, JUII BBOJA CHUTHalIa OMIMOKM B CXeMax aBTOMATHYECKUX YCTPOMCTB, Ui
OCYIIECTBIICHH Onepanuii 1udGepeHIMPOBAHUS U UHTETPUPOBAHUS U T. II.

2.3.1 TAXOI'EHEPATOPBI IOCTOSAHHOI'O TOKA

Ecin B MarHuTHOM TOJi€ ¢ MarHUTHOW MHAyKIMEW B pacrnonoxuTe NpOBOJHUK ATHHON [ U
HayaTh BpallaTh €ro ¢ 4acTOTOM N, TO Ha KOHIAX 3TOTo mpoBojHuKa Bo3HuKaeT DJIC B, onpenensemas
BBIPaXKCHUEM

E=MmB*107%,

Ecnun B MarHuTHOE I0JI€ MMOMECTUTH HE OAWH, & HECKOJIBKO IPOBOJHMKOB, T. €. PACIIOJIOKUTh
KaTyIIKy C YMCIOM BUTKOB ®, To D/IC B, BO3HMKaOIYI0 Ha KOHIIAX 3TOM KATYIIKH, MOKHO OIPEJEINUTh
U3 BBIPAXKECHUS

E=mBw*107%.

Ha 5ToM mnpuHIuIe OCHOBaHBI BCE TAXOTCHEPATOPHI IIOCTOSTHHOIO TOKA, IMPUMEHSEMbIE B
aBTOMaTHke. M3 ¢Gopmynbl BHUIAHO, YTO TpPU MOCTOSIHHOM 3HaueHun BenmuunH [, B u o DJIC E
TaxoreHeparopa IpsMO IPONOPLUOHAIBHA YaCTOTE BPALLEHUs €r0 pOTOpa.

Ha puc. 2.33, a npuBeneHa cxemMa KOHCTPYKLHH TaxOreHepaTopa IOCTOSIHHOIO TOKa C
BO30Y)XJICHHEM OT MOCTOSIHHBIX MarHuToB. TaxoreHepaTop MMEET CIIEAYIOIIME OCHOBHBIC Y3Jbl: | —
IIOCTOSIHHBIE MAarHUTBI, PACIIOIAracMble Ha CTaTOPE TAXOI€HEPATOpa U CO3JAI0LME MATHUTHBIN MOTOK D;
2 — UWIMHAPUYECKUN (peppOMarHUTHBIN CepJeUHHK, MPEeIHA3HAYCHHBIN Ui YBEJIMYEHUST MAarHUTHOTO
notoka @ BHYTpHU fKOps; 3 — SIKOpb TaxOreHepaTopa, M3rOTABIMBAEMBbII B BHJIE€ TOHKOCTEHHOI'O
CTaKaH4YMKa U3 M30JSIIMOHHOTO MaTepuana; 4 — 0OMOTKH pOTOpa; 5 — KOJUIEKTOP.

IIpu BpameHuu SKOPs TAXOT€HEPATOPA € YACTOTOM N B DJIEKTPOMArHUTHOM I10JIE C MAarHUTHBIM
notokoM @, co3gaBaeMbIM MOCTOSHHBIMH MarHUTaMU, €O I1€TOK KoyuiekTopa cHumaercst DJ1C B, kotopas
OIIPEIEIAETCS COTIIACHO BBIPAXKEHUIO

EzkECDn.

rzae ko3 durmenT kg HaxXoUTCs 0 U3BECTHOM B AJIEKTPOTEXHUKE (hopMyIie

kE=—pw *107,
27d
:_ AN ' Ussix [ 8 Ry >Ry >R
T 00+
> W22

|7Z] 2 7]
—]
"Nz

i 1 o
o 7000 2000 0d/mun

a) J)
Puc. 2-33 - KoHcTpyKTHBHASI CXeMa TaxOreHepaTopa MOCTOSTHHOTO TOKA (@) M ero BBIXOIHBIE XapaKTepUCcTUukH (0).

3J1eCh P — YHCJIO Tap MOJOCOB (00BIYHO p=1); ® — YUCIIO BUTKOB OOMOTKH sikopst; 2d — qucio
MapajuIeTbHBIX BETBEH OOMOTKH SKOPSL.
Y TaxoreHeparopoB MOCTOSHHOTO TOKA C HE3aBUCHUMBIM AJIEKTPOMATHUTHBIM BO30YKIECHUEM
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MarHUTHBI TIOTOK CO3JaeTcs CIEeNHaIbHOW OOMOTKOW BO30YXKIEHHUS, pacrojiaraeMod Ha IMOJ0cax
craropa. MarHUTHBIN MOTOK, CO3/IaBaeMbIii 0OMOTKOM, OIIpeeNsieTcs U3 BEIPAKECHUS

q)=kcp iB

rie kgy—xo3¢dduiuenT nponopuroHaIbHOCTH; 1,—TOK B 0OMOTKE BO30YKICHUSI.

U3 rpacuka BUAHO, YTO NMPH YBETMUEHUH YaCTOTHI BPALICHHUS 10 ONPEACIEHHOIO MOMEHTA
HaNpsHKEHHUE YBEIIMYMBAETCS IPOTIOPLUOHAIBHO U TOJIBKO MPH OYEHb OOJIBIION YacToTe
XapaKTepUCTUKA TePsET TUHEHHOCTD, @ TAKXKE C YBETMUCHHEM YBEIHMUUBACTCA KPYTH3HA BBIXOHOM
(bopMBI 1 e€ TMHEWHOCTD.

KoHcTpykiusi TaxoreHepaTopoB ¢ BO30YKACHHUEM OT MOCTOSIHHBIX MAarHUTOB MPOIIE, TaK KaK
He TpeOyeT JOMOJHUTEIHLHOTO HCTOYHHUKA MUTAHMS.

Taxozenepamopvi NOCMOAHHO20 MOKA C HE3AGUCUMBIM ITNEKMPOMAZHUNHBIM
6030yxcoenuem Ha pucyHke 2.34

— —» 1
In
R I DB J +
Ru UBBIX
L]
A
n
+ U -

Puc. 2-34 - Dnexrprudeckas cxema

TaxoreneparopaM C HE3aBUCHUMBIM BO30YXIEHHEM OT 3JEKTPOMAarHUTAa MAarHUTHBIA MOTOK
BO30YXIeHHS cO3MaETCsl CHEelMaaIbHOH 0OMOTKOIM BO30OYXKAEHHUS, KOTOpasl pacloiaraeTrcs Ha MOJocax
cTaropa u MarHUTHBIN MOTOK OTIpeeINsAeTCs
®B=K¢IB, rne K¢ - koappuiment nponopuuoHanbHOCTH, IB - TOK BO30YXACHUS.

O/1C omnpenensiercst Kak

E=Ke®Bn

N3 storo Beipaxkenus IJIC cnenyer, uro 3/IC 3aBUCUT HE TOJIBKO OT YAaCTOTHI BpallleHHUs, HO
TaKKe OT  BEJIWYMHBI MAarHUTHOTO TOTOKA, T.€. OT TOKa BO30yxaeHus. IIpu cMeHe HampaBiIeHHS
BpaleHust aKops (haza HampsHKEHUsT MEHSIETCS.

OnHako TaxoreHepaTopbl C HE3aBHCHUMBIM 3JEKTPOMArHUTHBIM BO30YXKICHHEM HMEIOT
0COOEHHOCTh, MO3BOJISIONIYIO HCIOJb30BaTh MX Ui YMHOXKEHHUS JBYX BEJIMYUH, U3 KOTOPBIX OJHA
BBIpAXKaeTCsl TOKOM BO3OYKIEHHs, a Apyras — 4yacToToi Bpamienus. [lpu stom DJIC TtaxoreHepatopa
3aBHCHUT HE TOJBKO OT YaCTOTHI BPALLICHHSI AKOPSI, HO ¥ OT TOKa BO30YXKIEHUSI.

[TpuBenennas ¢opmyna ans onpenenenuss J/IC TaxoreHeparopa crpaBeUIMBa TOJBKO MpPU
X0JIOCTOM XoJie TaxoreHeparopa. Ilpu pabore »xe TaxoreHepaTtopa € CONpPOTHBICHHEM Harpys3Ku,
paBHBIM Ry, HanpsKEHNE HA IIETKAX €ro SKOps ONPEAEISAETCS BBIpaXKEHUEM

U=FE—iR,,
rac
i, =E/R,+R;

R—comnporusienue nenu sxops.
YwMmenbienne HanpsibkeHus U BBI3bIBacTCS €€ M TeM, YTO TOK 1y, MPOTEKAIOMIMA uepe3

0OMOTKY SIKOpsI, CO3/Ja€T MarHUTHBIN IOTOK PEAKIIMU SAKOPSI, KOTOPBIHA 3aBHUCUT KaK OT TOKA 1y, TaK M OT
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YaCTOThI BpalllCHUA 1n:
q)p.ﬂzkp.ﬂ iHna

rze kp ;—Ko3(humenT peakuuu sKopsi.

MarHuTHBI NOTOK pEaKUUH SAKOpsA Pp.; HAIPABIEH BCTPEYHO OCHOBHOMY IIOTOKY U TEM
CaMbIM YMEHBIIACT PE3YAbTHPYIOIIUN MarHUTHBIM MOTOK BO30YXIEHUs TaxoreHeparopa. Iloatomy
CTporas JMHEMHOCTb XapaKTEPUCTHKM TAaXOTE€HEpAaTopa OCTAETCS TOJbKO IPU OTHOCHUTEIBHO
HEOOJBIINX YAaCTOTaX BPALCHUS SKOPS.

Ha puc. 2.33, O mpuBeneHbl BBIXOJHBIC XapakTEpUCTHKH TaxoreHeparopa Uy,x=f(n) mpu
MIOCTOSTHHOM TIOTOKE BO3OYxJeHus: @ ais pa3nuuHbIX 3HaueHuil R,. M3 3TOTO pHicyHKa BHIHO, YTO C
YBEITUYEHUEM YHCIIa 000POTOB SKOPS MPOMOPIMOHAIBHO PACTET U BBIXOJHOE HAIpPSDKEHUE, HO TpHU
OonpmMX 000pOTax JHMHEWHOCTh XapaKTepUCTHK Hapymaerca. Kpome Toro, uem Oojbiue
COIIPOTHUBIJIEHUE HATPY3KH, TeM OOJIbIIIE KPYTH3HA XapaKTEPUCTHKHU U OOJIbIIE €€ TMHEHHOCTD.

[Ipu uactoTe BpamieHHs SKOps, OMU3KOH K HYITIO, BO3HHKAECT 30HAa HEUYBCTBUTEIBHOCTH
TaxoreHepaTopa, B IIpelenax KOTOpPOHl Ha €ro BBIXOJAE OTCYTCTBYET HampsyKeHue. OJTa 30Ha
HEYYBCTBUTEIBHOCTH HA3bIBAETCSI CMELIEHUEM BBIXOJAHON XapaKTEPUCTUKH.

OTHouleHNE NpUpalleHus] HANPS)KEHUST Ha BBIXOJI€ TaXOr€HEepaTopa K MPUPALICHUIO YaCTOThI
€ro BpallleHus1 Ha3biBaroT yaenbHoM DJ[C TaxoreHeparopa. OHa ompenenseTr KpyTU3Hy €ro BBIXOJIHOU
XapaKTEPUCTHKHU.

OnHUM U3 OCHOBHBIX TPEOOBaHMI, MPEIBSIBIAEMBIX K TaXOT€HEPATOpaM, SIBISETCS TOYHOCTh
npeoOpa3oBaHusl MEXAaHHMUECKOTO BpAIIEHUS B HICKTpUYECKUH curHan. [IpuumHamMu morpenrHocten
TaxOreHepaTopa MOCTOSIHHOTO TOKA MOTYT SIBJISITHCSL:

1) B TaxoreHeparopax C IIOCTOSHHBIMH MAarHUTAMH—M3MEHEHHUE MArHUTHOTO IIOTOKa
BCJIEJICTBHE CTAPEHHSI MarHUTA UM TEMIEPaTYPHbIX BO3ACUCTBHM. 711 OOBIYHO MPUMEHSEMBIX CIIJIABOB
yBenudeHue, Temreparypst Ha +10° C mpUBOAUT K yMEHBIIICHUIO MAarHUTHOTO 1oToKa Ha 0,2—0,3%.

Pa3zpaGoTanHble B mocienHee BpeMsl NOCTOSHHBIE MarHUTHI, BBINOJIHEHHBIE M3 Marepuaia
mapku FOHJIK 25 BA, npakTHuecku He 3aBUCAT OT TEMIIEPATYPhl OKPYXKAIOLIEH cpeabl;

2) B TaxoreHepaTopax C OJJEKTPOMarHUTaAMH — H3MEHEHUE COIMPOTHUBICHUS OOMOTKHU
BO30Y)XJIEHHsI B 3aBHCUMOCTH OT OKpY)KaloUledl TemmepaTypbl, a CIel0BaTeNbHO, M H3MEHEHHE
MarHWTHOTO TOTOKa. JIJs yMEHBIIECHHs BIMSHUS TEMIIEPAaTypbl B LEMb OOMOTKH BO30YXKIEHHUS
BKJIIOUYAIOTCS JOTIOJIHUTEIbHBIE CONIPOTUBIIEHUS, HE 3aBUCAIIUE OT TEMIIEPATYphI;

3) B TaxoreHeparopax OO0OMX THIIOB — 3aBUCUMOCTH BBIXOJAHOTO HANPSHKEHHUS OT
COIIPOTHUBJICHUSI HArPY3KU KaK BCIEACTBUE MAJCHUS HAMPSDKEHUS B OOMOTKE €ro SIKOpS U HIETOYHBIX
KOHTAaKTOB, TaK U BCJIE, CTEHE PEAaKLUU SKOPSL.

K HenocratkaMm TaxoreHepaTopoB IOCTOSIHHOI'O TOKa OTHOCHUTCS B IEPBYIO OUEPEb HAINUUE
KOJJIEKTOPA U IIETOK, UMEIOIIMX HECTaOMIbHOE MEPEXOAHOE KOHTAKTHOE CONPOTUBIICHUE. DTO SBJICHHE
BBI3BIBAET HEKOTOPYIO HECTAOMJIBLHOCTH BBIXOJHOTO HAIPSDKEHUS] TaXOTEHEPaTOPOB, a TAKXKE HAINYME
30HBl HEYYBCTBUTEIBHOCTU TPH YACTOTaX BpaIICHUs sKops, OMM3KUX K Hymo. OTeuecTBeHHas
IIPOMBIIIJIEHHOCT, B HACTOSILIEE BpPEMs BBIIYCKAa€T TaxXOr€HEPAaTOpbl KaK C HE3aBUCHUMBIM
BO30Y)XJICHHEM, TaK ¥ BO30YKJICHHEM OT MOCTOSHHBIX MarHUTOB.

2.3.2 TAXOI'EHEPATOPBI IEPEMEHHOI'O TOKA

Taxoreneparopel INEPEMEHHOIO TOKA NOAPA3ACIAIOTCS HAa CUHXPOHHBIE M ACHHXPOHHBIE.
OCHOBHBIM NPEUMYILECTBOM TaXOI€HEPATOPOB IEPEMEHHOTO TOKA SBISETCS OTCYTCTBHE KOJIEKTOpA U
metok. Kpome Toro, Beixognas O/IC y HUX UMeeT CHHYCOMJANbHYIO ()OpMY, UTO Ba)KHO JUII HEKOTOPBIX

CXEM.

32



7=0 z

5 -
S =,

= " £

3
n=27g = - il
S ,
¢ E‘,]l, &

& | &)
Puc. 2.35- KonctpykTBHas cxema cHHXpoHHOro  Puc. 2.36 - KoHcTpyKkTHBHAs cXeMa aCHHXPOHHOTO
TaxoreHepaTopa (a) 1 3aBHCUMOCTb €0 BEIXOJHOTO TaxoreHeparopa (a) U 3aBUCHMOCTb €ro BEIXOAHOTO
HaNpsDKEHUS OT YacTOTHI BpaleHus potopa (0). HaINpPsDKEHUS OT YacTOTHI BpameHus potopa (0).

KoHcTpykTHBHAsE cXeMa CHHXPOHHOIO TaxOreHepaTopa W 3aBUCHUMOCTb €ro BBIXOJHOIO
HaANpsDKEHUS OT 4acTOTHI BpallleHUsl pOTOpa MPUBEAEHBI Ha puc. 2.35, a u 6. TaxoreHepaTop COCTOUT U3
HETOIBIDKHOTO CTaTropa 2, B Ma3zax KOTOPOro pasMmelieHa oOMoTka 3, u sikops 1, mpeacTaBisiomero
cOOOM MarHUT MOCTOSIHHOTO TOKa C HECKOJbKUMHM mojtocamu. Ilpu BparmeHuu sikops (Maruuta) B
obMoTKe cratopa HaBoautcs nepemerHas DJIC. Ora 3/IC umeer cUHYyCOMAANbHYIO (GOpMY, OJTHAKO €€
aMIUTUTYAa U 4acTOTa MPONOPIMOHAIBHBI YacToTe BparieHus skops. U3 puc. 2.35, 6 BUIHO, YTO NpHU
pa3ianuHbIX yactoTax BpameHus (0, n; u 2n;) MEHsIETCS HE TOJIBKO aMIUIMTY/a, HO M 4aCTOTa BHIXOJAHOIO
HaIPSHKEHHUSL.

CUHXpOHHBIH TaxOTe€HEpaTop Ha MPAKTHKE HE IMOJYyYms OOJIBIIOTO PacIpOCTpAaHEHUS H3-3a
HaJIM4us JBYX OCHOBHBIX HEJIOCTATKOB:

1) yacToTa BBIXOITHOTO HANPSKEHUsI €70 HETIOCTOSIHHA, @ U3MEHSETCS B 3aBUCUMOCTH OT YacCTOTHI
BpallleHNUS;

2) ¢a3za BBIXOJHOTO HAIPSKEHHUsI HE 3aBUCUT OT HAIIPABIICHHS BPAILICHHS, T.€. TaXOTEHEPaTOp
HEYYBCTBUTEJIEH K U3MEHEHHIO HAIPABJICHMSI, BPAIlEHHUS.

CHHXpOHHBIE TaxOI€HEpaTOpbl MOXXHO HCIOJB30BaTh JIMIIb B KadeCTBE WHJIMKATOPHBIX
TaxOMETPOB Ul HENOCPEACTBEHHOTO HM3MEPEHMs 4YacTOThl BpalllEHUS DA3JIMYHBIX MEXaHU3MOB. B
CXeMaX  AaBTOMATHKH  BBIXOJHOE  HANpsDKEHHE  TaxoreHeparopa  OOBIYHO  BBIIPAMIISIETCS
IIOJIYTIIPOBOIHUKOBBIM BBIIPSMUTEIEM.

ACUHXpPOHHBIN TaxOreHEpaTop LIMPOKO PACIIPOCTPAHEH, IOTOMY YTO OH HE UMEET HEOCTATKOB,
MPUCYLINX CHUHXPOHHOMY TaxoreHeparopy. KOHCTpyKuMs acHHXpOHHOTO TaxoreHepaTopa MoAo0Ha
KOHCTPYKIUH JIBYX()a3HOTO aCHHXPOHHOTO JIBUTaTeNsi C TOHKOCTEHHBIM POTOPOM.

KoHcTpykTHBHAs cXeéMa AaCHHXPOHHOIO TaxOreHeparopa U 3aBUCUMOCTb €ro BBIXOJHOI'O
HaNpsOKeHUs OT YacTOThl BpallleHHs pOTopa mpHuBeneHsl Ha puc. 2.36, a u 6. Ha cratope 1
PAacIoyIoKeHbI 1B€ OOMOTKHU: MPOAOJIbHAS U TIONEpeYHasi, CABUHYThIE OTHOCUTENIBHO Apyr Apyra Ha 90°.
OnHa u3 0OMOTOK SIBIISIETCSI OOMOTKOM BO30YKIeHMA, apyras — BbIXOAHOH. PoTop 3 Taxoreneparopa
BBIIIOJIHEH B BUJE TOHKOCTEHHOIO CTaKaHa, BpAIAIOLIErocsd MEXJIy BHEIIHMM cTaTtopoM | u
BHYTPEHHUM HEMOJBIXHBIM cTakaHoM 2. OOMOTKa BO30YXKAEHHUS TaxOreHeparopa MHUTaeTcs OT CeTH
MEPEMEHHOT0 TOKa; B BBIXOJHOW 00MoTke HaBogurcs DJ(C mepeMeHHOro TOKa, aMIUIMTyJa KOTOPOM
IIPONOPLIMOHAJIBHA YacTOTE€ BpalleHus portopa, a ydactora JOJIC paBHa yacToTe CETH, NUTAOLIEH
00OMOTKY BO30YXK/I€HUS.

[Ipy wW3MeHeHWM HampaBleHHUs BpalleHUs ¢a3a BBIXOJHOTO HANPSHKEHUS MEHSeTcs Ha
oOparHyIo.

OOMoTKa BO30OYXK/IEHUS, MUTAIOIIAsACS HaNpspkeHueM rnepeMeHHOro Toka U=UaSinmot OT ceTu ¢
4acTOTOM 9, CO3AET MyIbCUPYIOUINI MarHUTHBIN MMOTOK BO30YKICHUS

cDBZCDB max Sinwot,
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OTOT MarHUTHBIA MIOTOK MIEPECEKAET POTOP B HANPABIEHUH, IEPIEHANKYIIPHOM OCU BBIXOJHOMN
ooMoTku. Ilpu HenonmBmwkHOM potope DJIC B BBIXOIHOW OOMOTKEe He HaBoauTcs. [lpu BpareHun
potopa B HeM Haxoautcsi cymmapHas DJ[C, cocrosimas u3 D/]C Tpanchopmanuu, HaBOAUMON MOTOKOM
oOMeTkn Bo30OyxkaeHusi, U u3 DJIC BpaimieHus, BO3ZHUKAIOMIEH 3a CYET IEPEeceUYeHUs] POTOPOM
MarHUTHBIX JUHUH moToka Bo3OyxkaeHus. CymmapHas DJIC co3maeT B KOPOTKO3AMKHYTOM POTOpE
TOKH, KOTOPBIE€ BBI3bIBAIOT MOSBJIECHUE MEPEMEHHOIO MAarHUTHOro noroka @, coBHagarolIero ¢ OChIO
CUTHAJIbHOM (BBIXOJHON) 0OMOTKM TaxoreHeparopa. [lotok @ HaBogut B BbIxoaHOW oOmoTke DJIC,
MPONOPIMOHAIBHYIO YacTOTE BPAIICHUS POTOpa MPH NOCTOSHHOM HAaNpsOKEHUM BO30OYXIeHus, ¢asza
KOTOPOH ompezessieTcs HampaBieHueM BpaiueHus. Takum oOpasoM, Bbixognas JJIC, HaBogumas B
CUTHAJIBHOM 0OMOTKE aCHHXPOHHOTO TaXOTr€HepaTopa, ONpeAessieTCsl BRIpaKEHUEM

EBblxkuBn’

rae k—xoadpdumment nponoprmonanbHoCcTH; Uyz—HanpsikeHHe BO30YXKICHHUS, N—dacToTa
BpallleHUs poTopa.

L%

Puc 2.37 Cxema BKIIOUCHHSI TAXOTEHEPATOpa ISl BHIIOIHEHUS] HHTETPUPOBAHMUS.

W3 puc. 2.36, 6 BUIHO, YTO NPU PA3NUYHBIX 3HAYCHUSX YaCTOThI BPAIICHUS YAaCTOTA BBIXOJHOTO
HaIIPSDKEHUs HE MEHSETCsl, @ MEHAETCS TOJIBKO €ro aMIUIMTYAA.

BaxHbIM mapameTpoM TaxoreHepaTopa SBISETCS TOYHOCTh NMPeoOpa3oBaHUS MEXaHHMYECKOIO
BpalleHUs B DJIEKTPUUYECKUN CUTHAIL. [IorpemHocT aCHHXpOHHOIO TaXOre€HEPaTopa NEPEMEHHOTO TOKA
3aBHCAT OT 3HAYCHUH AMIUIMTYAHBIX U (Pa30BBIX MCKAKEHUH, OT aUana3oHa W3MEHEHHsS YacTOTHI
BpallleHUsT pOTOpa, TEMIIEPATYPHBIX BIIMAHWM, HAJIW4YUSA IIPOU3BOACTBEHHBIX IOTPELIHOCTEN W T.A.
N3meHeHne TeMmiepaTypsl BBI3BIBACT W3MEHEHHUE YAEIBHOI'O COIPOTUBIIEHHUS POTOPA, OT KOTOPOIO
3aBucuT BbIxogHas OJIC. Jlnd yMeHbLIEHUS TEMIEPATypHOM MOIPEIIHOCTH POTOpP  4acTo
M3TOTABIMBAETCS W3 CIEHUAIBHBIX CIUIABOB, HMMEIOIIUMX Majblii TeMIepaTypHbIi Ko3(dduumenr,
HanpuMep M3 MapraHloBHCTOW MEIH, MapraHIOBUCTOrO amtoMHUHHSA, (ocdopucroii Oponssl. Ecnu
OoOMOTKY BO30OYXXACHHS ACHHXPOHHOTO JBYX()a3HOIO TaxoreHepaTopa NHUTAaTh HANpsIKEHUEM
MIOCTOSIHHOTO TOKa, TO Ha BBIXOJHOM e€ro OOMOTKE H3BeIeTCs HalpsDKeHHE NEepEeMEHHOTO TOKa,
IIPONOPLUOHAIBHOE BTOPOM IPOU3BOIHOM OT YIJIa IIOBOPOTA BaJIA, T. €. IPONOPLHUOHATIBHOE YCKOPEHUIO
BpallleHUs Baja.

Kak yxe yka3pIBaJloCh, TaXOI€HEPATOPbI MCIIONb3YIOTCSA B pa3IUYHbIX CXeMax aBTomMaTuku. Ha
puc. 2.37 moka3zaHa cXeMa BKJIIOYEHMsI TaxOrE€HEparopa IIOCTOSHHOTO TOKa Ul BBIIIOJHEHUS
MHTETPUPOBAHUS, TJ€ IPUHATHI cienyromne odo3HaueHus: TI — TaxoreHeparop MoCTOSHHOIO ToKa, /|
— aByx(a3HbIi aCHHXPOHHBIA JABHUraTenb, Y — ycwinTelb. Ha BX0a ycHIHMTENs MOCTYMAeT CUTHAI
NOCTOSIHHOTO TokKa AE, KOTOpeIi sBieTcs pa3HOCTbIO HampshkeHuil mexay curHaiom U u DJIC E,
nocrymnaromei ot taxoreneparopa TI'. YcuneHnslii 1 npeoOpa3oBaHHBIN B HaNpsDKEHUE MTEPEMEHHOTO
Toka ympasistomuil curtan Uy Ha BbIXOJE yCHIHMTENsl OyIeT BpallaTh ACUHXPOHHBIM JIBUTATEIb.
YacTora BpameHus asurarens [l npu 3Tom OyaeT TakoBa, YTO TaXxOI'€HEPaTop, PACIOJIOKEHHBIM Ha ero
Baiy, Oyzaer passuBath DJIC E, paBHyI0 HampspkeHHIO BXOJHOTO curHaia. IIpum 3Tom crpaBeminBo
PaBEHCTBO

AE=U—E=0.

DONEeKTPOABUKYIIAsl CHUJIa TaXOTE€HEPAaTOpa MOCTOSTHHOTO TOKA SIBIISIETCS NMPOM3BOJHOM OT yria
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MMOBOPOTA AKOPA U ONPLCACTIACTCA BBIPAKCHUCM

Bk 9%
dt

rae k — nmocTtosiHHbIN K03 (UIIMEHT, @ — YroJl IOBOPOTa SKOPS.
Ho, xak Obuto ykazaHo, cxema pabortaer TakuMm obOpaszom, uro DJIC E cranoButcs paBHOM
HanpsbkeHuto curnana U. [Toaromy cripaBeiIuBO paBEHCTBO

U4e
dt
NN
a =lIUdt.
k 0

CrnenoBaTenbHO, yrojl MOBOpPOTa Baja TaxoreHepaTopa OyAeT MPOMOPIMOHAICH WHTErpary
BXoAHOro HampspkeHuss U 1o BpemeHu. PaccMOTpeHHast cxeMa Ha3bIBAaeTCS 4YacTO UHMEPUPYIoOuuUM
npUOOOM.

2.4 Bpamaloumecss TpanchopMaTopbl

Bpamatomumcst Tpancpopmaropom (BT) HazpiBaeTcs MHAYKIMOHHAS SJIEKTPHUYECKAsh MallMHA
MEPEMEHHOT0 TOKa, MpeJAHa3HaYeHHas 1S BIpaOOTKH HANPSHKECHUN, POTMOPLUOHANIBHBIX CHHYCY WIIN
KOCHHYCY yIja IOBOpOTa WM HAIpPsDKEHUM, MPONOPLUOHAIBHBIX Yrja MOBOPOTa POTOpa MalluHbI (B
3aBHCUMOCTH OT CXEMBbI BKIIIOUCHHSI OOMOTOK CTaTopa U poTopa).

KoHcrpykTBHO BT BBINONHAIOT B BUE cTaTOpa U pOTOPa ¢ KOHTAKTHBIMU KOJIBLIAMH.

U o

El

E2
Puc. 2-38

Ha cratope u porope momemaroTcsi aBe OOMOTKH, CABHUHYTHIE B IMPOCTPAHCTBE IOJ YIJIOM
paBHbBIM 120°.
MarHuTHble OCH 3TUX OOMOTOK B3aMMHO MEpHEHIUKYIApHb. OaHa U3 OOMOTOK cTaTopa
SIBJIIETCS. OOMOTKOM BO30YXICHHS M MIUTAETCS OT OJTHO(A3HON CeTH EPEMEHHOTO TOKA.
Ecmu npu stom porop BT moBepuyts Ha yron o, To 3JIC HaBomuMmble B OOMOTKax poTopa,
OyAyT MPOMOPIIUOHANBHBI CHHYCY M KOCUHYCY yTJja MOBOPOTa:
E1=Emax * sina,
E2=Emax * cos o,
rne  El, E2 — peiictBytomue 3nauenust 3IC B 0OMOTKe poTOpa;
Emax — wmakcumanpHoe 3HaueHue OJ[C B oOMOTKe poropa (MpU COBMAIACHUH OCEU
00OMOTOK pOTOpa U CTaTopa);
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Maxkcumanpaoe 3Hadenue DJIC (6e3 ydera moTepb) B OOMOTKE pOTOpa OMPEACITSETCS IO
bopmyone
Emax=Wp / We,
rie U — nanpspkenue Bo3Oyxaenus BT;
Wp — uKcI0 BUTKOB B 0OMOTKE pOTOpa;
We - yicio BUTKOB B 0OOMOTKE CTaTOpA.

BT no Ha3HauyeHHIO NIOApaA3IEIAI0TCA Ha:

- CHHYCHO-KOCUHYCHBIE;

- INHEUHEIE;

- IOCTPOUTEIIBHBIE;

- MAacIIITaOHBIE;

- (pasoBpamaTenbHbIE.

B kauecTBe AaTYMKOB yria UCHOJb3ytoTcsi cuHycHo-kocuHycHble BT (CKBT), Tak kak y HHX
3aBHCUMOCTh KOA()(UIIMEHTOB B3aUMOMHAYKIMH OT YIJIa MOBOPOTAa HOCHT XapakTep CHUHYCOUJbI U
KOCHUHYCOM/IBI.

Jluneiinpie BT (JIBT), y HUX 3aBUCUMOCTB KO3(D(UIIMEHTOB B3aUMOMHAYKIIMH OT yria MOBOPOTa
HOCUT JMHEHHBbIN Xapakrep. JIBT npexacraisior co6oit cunycHsie BT, 0OMOTKM KOTOPBIX BKJIFOYAIOT
10 CIELUAJIBLHOM LEIH.

[Toctpoutensusle BT mpuMeHstoT Juis MpeoOpa3oBaHHsl MPSAMOYIOJBHBIX KOOPJIMHAT B
OHMOTOINIpHBIE.

Macmra6usie BT ncnonb3yrorest a1t corjacoBaHMsl MacIiTaboB B KackaJHbIX cxemax ¢ BT. V
HUX Takke, Kak 1 y JIBT, BbIX0/1HOE HaNpspKeHHE MPONIOPLHUOHAIBHO YTy TIOBOPOTa pOoTOpa Ol

CornacoBanue  MacmTaboOB — MPOU3BOAMUTCS  YCTAaHOBKOM  TpeOyemoro ko3 duimenra
TpaHchopMaIM IMyTeM MOBOPOTa POTOPAa HAa COOTBETCTBYIOLIMM yroi o. B TakoMm monoxeHuu poTop
3aCTONIOPUBAETCS.

B 3aBucuMMOCTH OT CXeMbl BKIIIOYEHMS - BBIXOAHBIM curHajoM BT moxer ObITh ammuuTyzaa
NEPEMEHHOT0 HAIPSDKEHUS] WIM yroj caBura ¢a3 Mexay HanpsokeHUsMH. COOTBETCTBEHHO PEXHUM
paboThI Ha3bIBACTCS AMILIUTYAHBIM WM PEKUM (pa3oBparaTes.

B ammmtynHom pexume BT Ha ofHy M3 pOTOPHBIX (MM CTaTOPHBIX) OOMOTOK IOJAETCA
MOCTOSIHHOE T10 aMIUIUTY/Ie HAaNpsKeHHE - HallpsbKeHHEe BO30YKICHUS.

IIpy 5TOM BO3HHMKAET MyJbCUPYIOIIUNA MarHUTHBIM MOTOK, OCh KOTOPOTO COBMAJAET C OCBIO

0OMOTKHM, HAXOAIIEHCS 1101 HAPsHKEHUEM BO30YXKIEHUS.
B pexume ¢azospamarens ucnonb3dytor CKBT. OO6moTku
CTaTopa BKJIKOYAIOTCS B CHUCTEMY JABYX NHUTAIOIIMX HANPSHKEHUH CO
casurom ¢as 90°.
Ul=Umax * sin wt
U2=Umax * cos wt
. bnarogapss ’TOMy BO3HHMKAaeT KpyroBO€ Bpalllarolleecs IMOJIE,
| KOTOpOE MEPEMEIAETCS B IPOCTPAHCTBE C YIIIOBOM YaCTOTOM W.
| ITpu 3TOoM B potopHbix 06MoTKax CKBT unnymupyercs 9/1C,
: MMEIOINasi TaKyIO JK€ YacTOTy, HO CABHMHYTas MO (aze OTHOCUTEIHHO
>< nutatouiero Hanpsbkenus Ul u U2 Ha yrosn ¢ moBopoTa poTopa
| \ CKBT.
;' Ul=Umax * sin (wt+¢@) u U2=Umax * cos (wt+¢)

Taxum o6pazom, B pexume (aszoBpamarenss CKBT spnsercs
JaTYMKOM, IpeoOpa3yloluM Yrojl MOBOpoTa B (a3oBbId yroiu
CUHYCOMJI HAIIPSKEHUS.

Pucynok 2.39
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2.5 JucmaHuuoHHas nepedaya

B ycTpoiicTBax aBTOMaTHKM HEOOXOAMMO MEpeAaBaTh Ha 3HAUUTEIbHBIC PACCTOSHHS JIMHEHHbIE
U YIJIOBBIE MIEPEMEILEHNUS, a TAK)KE BpAIllEHHUE.

B sTux cucremax MexaHHMYEeCKOe IEepeMelIeHHue C IOMOIIbI0 JaTyMKa NpeoOpasyroTcs B
ANEKTPUYECKUI CUTHAJ, KOTOPBIH 10 MPOBOJaM (JIMHUSAM CBSI3H) IIOCTYIAET HA IPUEMHUK.

[Tocnennuii B cBOIO ouepens MpeolOpasyeT AJMEKTPUYECKHH CHTHAJl CHOBA B MEXAaHHUYECKOE
IepeMEIIEHHUE, TPONOPLMOHAIBHOE IEPBOHAYAILHOMY (MCXOAHOMY) MEXAaHUUYECKOMY IepeMelleHnIo. B
TEXHUKE IIMPOKO MPUMEHSIOTCS CUCTEMBI AUCTAHLIMOHHON NEpefaud yrjia Ha NEPEMEHHBIX TOKax,
BBIIIOJIHEHHBIE Ha CEJIbCUHAX.

2.5.1 Cenvcunnole oamuuxu

B ycTpoiicTBax aBTOMaTHKU HEOOXOAUMO TMEepeaBaTh Ha 3HAUUTEIbHbIC PACCTOSIHUE JIMHEHHBIC
U YIJIOBBIE IEpPEMEIEHHUs, a TaKKe BpalleHHMEe. B 3TUX cucTeMax MEXaHHYECKOE IepeMELICHHE
npeobpa3yeTcsi ¢ MOMOIIBIO JaTYMKa B DJIEKTPUYECKUN CHUTHANl 4yepe3 JMHUU CBS3M Ha NPHUEMHUK,
KOTOPBIII B CBOIO oOuepedb NpeoOpazyeT 3JIEKTPUYECKUH CUTHAI B MEXaHMYECKOe IepeMelleHue
IIPONOPLIMOHAIEHO UCXOAHOMY. B 3THX cucTeMax NpUMEHSIOTCS CEIbCUHBI.

CenbCuHBI - 3TO CHELUAIbHbIE WHAYKIHMOHHBIE MHUKPOMAIIMHBI [EPEMEHHOTO TOKA, KOTOpBIE
IIpeIHAa3HAYEHBbI AJIS IEpEAaYl Ha PACCTOSHUE YIJTIOBBIX NIEPEMEIEHUN OJJHOIO MJIM HECKOJIBKMX BaJIOB
MEXaHMUECKH HECBA3aHHBIX MEXY COOOM.

B 3aBucuMocTH OT UX (PYHKIMH CENbCUHBI OPA3ICIISIOTCS:

- cenbcunbl paruuku (CJI);

- cenbcunbl npuemMHuku (CID);

- cenbcunbl Tpanchopmatopsl (CT);

- nupepentupoBanublil cenbeun (JC).

C/J1 npennasHaueH i llepeiauM 3a/1aHHbIX YyIIIOBbIX NepeMelneHuii. Porop C/ noBopaunBaercs
Ha 3aJlaHHbII yroJl aBTOMaTUKU OT MpuBojaa wiu BpyuHyto. CII ucnonb3yeTcs a1 BOCHPOU3BEACHUS
3aganHoro poropom CJI yrmosoro nepememenus. Porop CII Bpamaercs cBOOOJHO U yCTaHABIMBACTCS
B I10JIO)KEHHUE, KOTOPOE COOTBETCTBYET yIIIOBOMY IlepeMelieHuto poropa C/I.

CT cayxdur nns BOCHpPOUW3BENCHHsI yriaoBoro mepemenienus poropa CJI B Bume
MPOMOPIIMOHAILHOTO 3JEKTPUUECKOTO HAMPSIKEHUSI.

JC cinyxuT nns anredpandeckoro CyMMUPOBAHUS YTTIOBBIX MEPEMEIICHUN ABYX MEXaHUYECKU
HECBSI3aHHBIX BAJIOB.

B 3aBucumocTy oT Xapakrepa TOKOCheMa CEIbCUHBI MTOPa3IeIsIOTC:

- KOHTaKTHBIC (KOHTaKTHBIE KobIla U meTkH) (CK);

- OECKOHTAKTHBIE (BpAIAIOIIUNACS INEKTPUYECKUN KOHTAKT 3aMEHSIETCS] BPAIAIoIUMCs

MarHuTHBIM KoHTakTOM) (CB).

B 3aBucuMocCTH OT KOHCTPYKIIUU TIOIPA3ACISIOTCS

- ogro(aznsie (CO);

- Tpexdasusie (C Tp).

CO uMmerT Ha cratope OOMOTKY BO30YXJICHHE KOTOpPOW MUTaeTcs OT OAHO(a3HOW ceTu
MEPEMEHHOTO TOKA.

C Tp mo KOHCTPYKIIMM aHANOTUYHBI TpeX(ha3HbIM aCHHXPOHHBIM JIBUTATENSIM, Y KOTOPBIX Ha
cTaTtope M poTope Tpexda3Hble 0OMOTKH.

OHM MPUMEHSIOTCS B CUCTEMAX «AJIEKTPUUYECKOTO Basiay, TO €CTh MPHU OOJIBIINX MOIIHOCTSIX.

OHu mnpeaHa3Hau€HBl AJI TOJYYEHHsS TOYHOTO CHHXPOHHOTO BpAIICHHS BaJOB JIBUTaTeNen
HAXOSIIUXCS Ha 3HAUUTEIHHOM PAcCTOSTHUE JIPYT OT JApyra.

IIpumeHeHue:

- MOPTaJbHbIC KPAHBI,

- B OCHOBHBIX MEXaHU3Max Pa3BOISIIUX MOCTOB.

CenbCHHBI UMEIOT:

37



- o1HO(a3HyI0 0OMOTKY BO30YX/I€HUs, KOTOPBIN pacrojaraeTcs Ha cTaTope;

- TpexdazHyto 0OMOTKY CHHXPOHHU3AINHU, KOTOPYIO YKJIQJABIBAIOT B Ma3bl pOTOPA.

Kon1p! a3oBbIXx 0OMOTOK BBIBOAST HAa TPH KOHTAKTHBIX KOJIbLIA, PACIOJIOKEHHBIX Ha Bajly U
MIOICOEIMHEHHBIX K BHEIIHEHN LIETIH.

Tpexdaznas 0OMOTKa COCTOUT U3 3 KaTyLIEK CABUHYTHIX OTHOCUTEIBHO JIpyr apyra Ha 120 ° u
COCIMHEHHBIX 3BE3/10M.

CenbcuHbl paboOTAIOT B 2 pexKUMax:

- UHJMKaTOPHOM;

- TpaHC(HOPMATOPHOM.

NHIuKATOPHLIA PeKUM

Cl CII
0B 0B
a /

OTO peXuM, Korja Iapy CelIbCHHOB HCHOJIB3YIOT IJS MEpeladd YIJIOBBIX NEPEMEIEHUN Ha
OosblIe paccTOsIHUS (YKA3bIBAIOIIUN ).

O6motku Bo3Oyxkaeaust (OB) CJ| u CII moakmo4aroT OJHOW W TOW ke OAHO(pa3HOH ceTH
MEPEeMEHHOTO TOKa, a Tpex(a3zHbie OOMOTKH COCIMHEHBI MEKy COOOM MO JIMHUSM CBSI3H.

[Ipunuun nercrBus:

[Tpu 0MHAKOBOM IOJIOKEHUH POTOPA B CEIbCHHAX 110 OTHOLICHHUIO K 0OMOTKaM BO30Y)KJICHHS,
TOK MO OOMOTKaM poTopa He MPOTEKAET, TO €CTh paBHOMEpHOE cocTostHue. [Ipu moBoporte poropa CJJ
Ha 33/1aHHBIN yroa «anbda», I/C B 0OMoTKe 3TOr0 poTopa no otHouienuto k IJIC B oOMoTKax poTopa
CII cnsurarores no aze. [Tox nefictBuem 3Toro ciasura Bo3HuKaeT pazHocTs DJC, KoTopast BHI3bIBAET
IPOTEKaHHE YPaBHUTEIBHOTO TOKA M0 0OMOTKaM POTOPOB.

IIpu B3auMonelicTBuu ToKa poTtopa ¢ nosieM craropa B CII co3gaercs Bpamaromuiics MOMEHT,
nox neiictBueM kotoporo portop CII moBopaumBaeTcs Ha yroa «03TTa» 1O TeX IOp IOKa HE
BOCCTAHOBHTCS Ha TOT )K€ yrojl Ha Kakoil Ob11 moBepHYT poTtop CJ[  (yrois «ambdan=yroa «063TTan).

Ban CII coenuHeH C yCTpOWCTBOM IIOKa3blBAIOIIMM YroJl MOBOPOTa pPOTOPA CEIbCHUHHOIO
JaT4MKa.

B 3TOM pexrMe UCTIONb3YIOTCS: KOHTAKTHBIE M OECKOHTAKTHBIE CEIbCUHBL.

38



TpauchopMaTOPHBINA PEKUM
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B orinnume OT MHAYKIMOHHOIO peXHMa K CETH IEPEMEHHOr0 TOKa IMOIKIIYAETCs TOJIBKO
craropHas oomotka CJI, a oomoTtka CII mojkiroueHa K Harpy3ke, ¢ KOTOpOil CHUMAaeTCsl HalpshKeHHe
IIPONOPLIMOHAJIBHOE YIIIy PacCcOIIacOBaHUS.

[Ipunuun nercrBus:

Ecmu moepuyts porop CJl Ha 3amaHHBIi yron «0eTa», TO MarHUTHBIA MOTOK OOMOTKH
B030yxaeaus uaayuupyer IC B ¢a30BbIX 00MOTKaX pOTOpa CeIbCHHA JIaTUYUKA, KOTOPBIE CO3/AI0T
Toku B oOMoTKax cratopa CII. Ilom ux Bo3melcTBHEM BO3HUKAIOT MAarHUTHBIE MOTOKHU. MarHuTHbBIE
noToku B oaHodaszHoi cratopHoit oomoTke CII unaymupyror 3/1C (E1, E2, E3), a pe3ynpTHpyromas
S/IC Ha 3aKMMax CTaTOPHON OOMOTKH OyJeT OnpeaessIThes:

Usbix=(en'+en”+en””’); UBbix=Umax*cos y

rie  y=P-Pl-yron paccormacoBaHusl.

Ecmn y=0, o UBblx= Umax.

Ecin y=90°, To UBbIx=0.

ITonoxenne poropoB, korza yroa Mexay HUMH paBeH 90 rpagycoB CII Haxomsarcs B
3aTOPMOXXEHHOM COCTOSIHUM W 3TO COCTOsSIHME Oepercsi 3a ucxogHoe. COOTBETCTBEHHO, €CIH, TO
BBIUUTHIBAEM IPOMOPLHUOHAIBHBIN Yrojl paccoryiacoBanusi. TpaHcOpMaTOPHBINA PEKUM NPUMEHSETCS B
CUHXPOHHBIX CJIEJAIINX CUCTEMAX.

Cratuyeckas TOYHOCTh IE€pelaud XapakKTepu3yeTcs CTaTH4YeCKOH omuOKo#, KoTopas
ONPENEIIAETCS YIJIOM PaccoIyIacOBaHUS MEX]y OCSMHU CEJIbCUHA 1aTYMKa U IPUEMHHUKA IIPU OTCYTCTBUH
BpameHus. Crtatuyeckast omumoOKa onpesessieTcss Harpy3koil MOMEHTa Ha Bajly celbCHHA MPUEMHHKA, a
TaKkkKe COOCTBEHHOM TMOTPEIIHOCTBIO CeNbCHHA. JlMHaAMMuyeckass TOYHOCTh XapaKTepH3yeTcs
JUHAMUYECKON OIIMOKOW, KOTOpas OMpEAeNseTcss YIJIOM pacCOIVIaCOBAHUS MEXAY OCSIMHU CebCHHA
JaTyvKa v MpUEeMHUKA MPU BPaICHUH.

bonbiioe BiaMsiHME Ha TOYHOCTH AMCTAHIIMOHHOM IEpenayu OKa3bIBA€T U3MEHEHUE IUTAIOLIErO
HaPSHKCHUSL.
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Auddepennuaibubie celbCHHBI
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Puc. 2-42 - 1-crarop, 2-porop

Wuorpa tpebyeTcs, yToObl MHAWKALMOHHAS Nepeaaya oTpadaTbiBana yrojl paBHbIM CyMMe WIIH
PasHOCTH JBYX 3HAUEHH, B 3TOM CiIydae MPUMEHSIOTCS B KaueCTBE OJHOTO M3 3JIEMEHTOB Iepeladu
nuddepeHInanbHbIi CeNbCUH, KOTOPBIM M0 KOHCTPYKLMU aHAIOTHYEH TpeX (pasHOMY aCHHXPOHHOMY
nasurateno. Y auddQepeHnnanbHOro ceilbCHHA 10 YUCIY BUTKOB PACIOJIOXKEHUIO KaTylleK U
napameTpam 0OMOTKHU CTaTopa U pOTOpPa BBIMOJIHAIOTCS OJUHAKOBBIMU. [l depeHnnanbHblil ceabcuH B
WHIMKALMOHHOM Mepeaydl MCIOJb3YeTCsl KaKk MPUEMHHK, padoTarommid oT AByX aaTtuukoB. Ha Bamy
muddepeHInaIbHOTO CeIbCUHA NPUEMHHMKA paclojiaraeTcsi YCTPOMCTBO C IMOMOINBIO KOTOPOTO
CHUMaeTcsi oTpaboTaHHblil yroi. Tpex ¢aznas oomotka poropa CI1 coeauHsieTcs O JIUHUSAM CBSA3H C
Tpex ¢a3Hoi 0OMOTKO# cTtaTtopa nudepeHINaIbLHOr0 CelIbCUHA MPHUEMHHUKA, a TpeX (azHas oOMOTKa
poropa CJI2 ananmormuHo coenuHsieTcs ¢ Tpex (a3sHoi oOMOTKO# craTopa IuddepeHIaIbHOro
CeNbCHHA MPUEMHUKA.

Ecnu nosepuyts potop CII1 Ha yrou B, a C/I2 Ha yroia o o 4acoBOil CTpPENKH, TO Ha BBIXOIHBIX
obMoTkax umuaynupyercs DJIC, mon neicTBHEM KOTOPOM BO3HUKAIOT TOKHM B OOMOTKax craTopa H
poropa nudQepeHINATBHOTO CeIbCUHA MPUEMHHUKA U COOTBETCTBEHHO BO3HMKAET MArHUTHBIM MOTOK,
KOTOPBII MOBOPauMBAET HA COOTBETCTBYIOLIHME YIJIbI IPOTUB YaCOBOM CTPEIIKH.

B pesynbrare BO3HUKAaeT pe3yJabTUPYIOIIMM MAarHUTHBIA IIOTOK TaK Kak yIJIbl Pa3HbIE U
MIOBOPAYMBAIOT POTOP AU(PPEPeHIINATBHOTO CENbCHHA TPUEMHUKA HA CYMMUPYIOLIUI yroJi, Tak 4ToObI
MarHuTHBIE IOTOKH COBIAJIM 110 HAIIPABJICHHUIO.

CyMMUpOBaHUE YIJIOB TMOJIy4aeTcs, €CIM POTOPBl JATYMKOB IMOBOPAYMBAIOTCS B pa3HbIe
CTOPOHBI, pPa3HOCTh — B OJTHY CTOPOHY.
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CxeMbl BKJIIOYEHHUS CeJILCHHOB
Cxema TMCTaHITMOHHOM MHIYKITMOHHOM Tepeadr Ha OECKOHTAKTHBIX CeNTbCHHAX.
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Puc. 2-43

B cucremMax aBTOMaTHYECKOrO PEryJIMpPOBAaHUS HCIOJB3YIOTCS JMCTAaHIMOHHBIE INEpelayd Ha
CEJIbCUHAX JIBYX TUIIOB:

- UHIYKIIMOHHBIE (CaMO CUHXPOHU3UPYIOLIHUE);

- TpaHc(hopMaTOpHbIE (C BKIIOYCHHEM CETbCUHOB B TPAHC(POPMATOPHOM PEKHME).

Ha pucynke mnpuBeneHa OUCTaHLMOHHAs MWHAYKLUMOHHAs IepeAada IEPEMEHHOI0 TOKa
(cenpcuHHas mepenaya), KOTOpas COCTOMT W3 JABYX DJIEKTPUUYECKU CBSI3aHHBIX U OJUHAKOBBIX I10
KOHCTPYKLIUU CETbCHHOB. POTOpHBIE 0OMOTKH CETTbCUHOB W MTUTAIOTCA OT OO0IIEeH ceTu.

Tpex s1yueBbie CTaTOpHBIE OOMOTKH CEIBCUHOB COEAMHEHBI MEXy COOOM.

ITpu TakoM BKIIIOYEHUH CEIBCHHBI 00J1a/1al0T CBOMCTBOM CaMO YCTaHOBKH.

[lepemeHHBII TOK, CO37/aBa€MBbIii CTATOPOM, IPOHU3BIBAET (a30BbIe OOMOTKH pOTOpa, CO3/aBast B
Hux O/IC nepemMeHHOro TOKa.

HaBonumble B KaxaoM M3 Jyueil craropHoil oOMoTku oaHoro cenbcuHa DJIC paBubl D/IC,
HABOJIMMbIE B COOTBETCTBYIOLIUX JIy4yaX CTaTOPHOM OOMOTKM JAPYrOoro CelbCHHA M HAaIpaBlIEHbl Ha
BcTpeuy. [103TOMy TOKM ¢ COEIMHUTENBHBIX IIPOBOAAX HE IPOTEKAIOT, TAK KAK yroJl paccorjacoBanus ©
MEX]ly OCSIMU JAaTYMKa U IpueMHHKa (O=[-0l) paBeH HYIIO.

[Ipu moBopoTe poTopa CeNbCHHA JaTYMKa BPYUHYIO MM aBTOMAaTHYECKH Ha YroJi [3 paBeHCTBO
O/1C napymaercs.

[TosiBsieTcst pazHocTh anekTpudeckux cuwil: AE=E’-E”, u B cOeIMHUTENBHBIX NPOBOJAX TEYET
ToK i=AE/(ZRo0m+XZo061m),

rie  RoOur— obiiee akTUBHOE CONPOTUBIICHUE LIETIH;

Z00111 — TIOJTHOE COTIPOTUBIICHHUE TIETTH.

OToT TOK B3auMoAeucTBYs c motokoM @0, Co3maBaeMblii pOTOpPHOM OOMOTKOH CeIbCHHA
IIPUEMHMKA, BBI3BIBAET MOSIBJICHUE BPAILIAIOIIEr0 MOMEHTA, 3HAYEHHUE U HAIIPaBJIEHUE KOTOPOTO 3aBUCUT
OT 3HAYEHUS U HATPABJICHUS TOKA 1.

ITox neficTBMEM BpalllalOLIEr0 MOMEHTA POTOP CENbCHHA NPUEMHHUKA MTOBEPHETCS HAa YroJl o U
3aliMeT ToJokeHue, npu kotopoMm paszHocth OJIC AE cHoBa Oyner paBHa HYJIIO U yroia
paccoryiacoBaHusi ® BHOBb CTAaHET PABHBIM HYIIIO.

OCHOBHOI XapaKTEPUCTUKON JUCTAHIIMOHHOW MHIYKIIMOHHOM IEepeladu SIBIAETCS 3aBUCUMOCTD
CTaTUYECKOTO CHHXPOHM3UPYIOIIEr0 MOMEHTA OT YIJla PaccOIacOBaHUS MEXJIYy pOTOpaMH AAaTYMKa U
IIPUEMHHKA B COCTOSIHUU MTOKOSL.

Konmponvnuvie 6onpocwi:

1) HasnaueHue DaTYMKOB.

2) B udeMm pa3HMIIa MEXIY TapaMeTPUYECKUMHU U T€HEPATOPHBIMU JaTYUKaMU ?

3) Kak paboTaeT KOHTaKTHBIN JaTYK?

4) Ilouemy cONpOTHBIIEHHE ITPOBOJIOKH TE€H30IaTYNKOB U3MEHSETCS MpH JieopMmanun?
5) Kakue ObIBatoT TpaHC(hOpPMATOPHBIE AIEKTPOMArHUTHbBIE JATUUKHU ?
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I'naBa 3
Peae
OBIIUE CBEAEHUS Ob DJIEKTPUYECKHUX PEJIE

DJeMeHT, B KOTOPOM IIpU AOCTH)KEHNUHU ONPEEIEHHOIO 3HAUE€HU BXOIHOM BEJTMYMHBI BBIXOIHAS
BEJIMYMHA U3MEHSETCSl CKAUKOM, Ha3bIBAETCS 2/1IEKMPUUECKUM pelle.

Pene sBasioTCA pacnpoCTpaHEHHBIMH JIEMEHTaMH 3JIEKTPOABTOMAaTUKH. OHHM UCIOJIB3YIOTCS B
yCTpOICTBaX aBTOMAaTHYECKOI'O PETYJIUMPOBAHMS M YIPABIEHUS B OCHOBHOM JUISI KOMMYTallMU
JIEKTPUYECKUX LIETIEH.

CylecTBYIOT CUCTEMBI, B KOTOPBIX HACUMTBIBAETCS 10 JAECATKOB ThICAY 3JIEKTPUUECKUX pEIE.
Oco0eHHO MIMPOKO OHHM MPUMEHSIOTCS B TeNE(POHHBIX y3JaX CBs3U. Takoe IMHPOKOE PaclpoCTpaHeHHE
00yCJIOBJICHO BaXKHBIM CBOMCTBOM peJieé — BO3MOYKHOCTBIO YIIPABISATH JOCTATOYHO MOIIHBIMUA TOKaMHU B
MCTIOJHUTENIBHBIX JJIEKTPUYECKUX IeMsIX C MOMOMIbI0 HEOOJBIINX YHIPABISIOMMUX SICKTPUUECKHX
CUTHAJIOB.

OCHOBHBIMU TapaMeTpaMu peJie SBIAIOTCA: MOIIHOCTh cpaOaThIBaHUS; KOMMYTHpyeMas
MOIIHOCTb, KOTOpasi ONPEAEIAETCS TapaMeTpaMu KOHTAKTOB PeJie, MEPEKIIYAIOIINX KOMMYTHPYEMYIO
1eMb, BpeMsi cpabaThIBaHMs M OTITYCKaHUs, T. €. MHTEPBAJI BPEMEHH OT MOMEHTA NOJ[auy YIPABJISIOIIEro
CUTHaja /10 Hayaja BO3JEHCTBUSA pejie Ha KOMMYTHPYEMYIO LIEMb; KOMMYTAallHOHHBIE BO3MOKHOCTH —
HanOOJIbIIIee YHCIIO KOHTAKTHBIX MIPY)KUH; Pa3Mepbl U Macca pelie; HaJeKHOCTb.

[Tpu mpoeKTUPOBAHUU CXEM M MPHOOPOB YUUTHIBAIOTCS BCE YKa3aHHbIC MapaMeTphl M, UCXOS U3
NPEIbABIISIEMBIX TPEOOBAHUH, BHIOUPAETCS TOT UM WHOW THII peJie.

1. B 3aBucuMocTH OT (U3MYECKON NPUPOIBI SBICHHM, Ha KOTOpBIE pelie IMperHa3HAuYEeHO
pearupoBarb, pelie pa3AesaloTCs Ha CIEAYIOLIHE:

- DJIEKTPUYECKUE;

- TemjoBble (OMMETAITUYECKHE);

- MEXaHWYECKUE;

- MAarHUTHBIE;

- onrtudeckue ((hOTOINEKTPUIECKHE).

2. Ilo npuHIMIlYy yCTpOMCTBA BOCIIPUHUMAIOIINUX OPTraHOB 3JIEKTPUUECKUE PEJle ACIATC:

- DIIEKTPOMAarHUTHbIC (HEUTpaIbHBIC);

- MarHUTO3JIEKTPUUYECKUE;

- DJIEKTPOJUHAMHUYECKUE;

- MHAYKLIUOHHBIE;

- DJIEKTPOHHBIE;

- MOJyIPOBOJHHUKOBBIE.

3. MexaHuueckue pene noApasaeisitoTCs:

PE30HAHCHBIE;
IIbE€303JIEKTPUUECKHUE;
MarHUTOCTPUKIIUOHHBIE.
. Ilo mpuHIMIY NeHCTBHUS HCIIOB3YyEeMOT0 MpeoOpa3oBaHusl pesie MoIpa3IeNIoTCs:

- DIIEKTPOMArHUTHBIE( MOCTOSTHHOTO U IEPEMEHHOTO TOKOB);

- DJIEKTPOMAarHUTHbIE MOJISIPU30BAHHBIE;

- MarHUTO3JIEKTPUUYECKUE;

- DJEKTPOHHBIE.

[Iupokoe pacmpocTpaHeHUE pesieé OOYCIOBIEHO HMX BaXKHBIM CBOMCTBOM — BO3MO>KHOCTBIO
YIPaBJIATh JOCTATOYHO MOIIHBIMM TOKAaMHU B HCIIOJHMUTEIBHBIX JJEKTPUUECKUX LENAX C MOMOILBIO
YIPaBJISIONINX IEKTPUUECKUX CUTHAJIOB.

B 3aBucumocTy OT BETMYNHBI KOMMYTHPYEMOW MOIIIHOCTH Pa3IMYaloT:

- pene nus KoMMyTauuu neneid Manoil MontHocty (103A u 100 BT. mocTossHHOTO TOKa MU A0
2A n 250 Br. nepemenHoro toka yactoroi 50-1100 I'my.);

- pene uisi KOMMYTAllMH LIENIeN CpEeHEN MOITHOCTH

I
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3.1 JIEKTPOMATHUTHBIE PEJIE IOCTOAHHOI'O TOKA

DNEeKTpOMarHUTHBIE pejie MOCTOSHHOTO TOKa SIBJIIOTCS HanOosee paclpoCTpaHEHHBIM BHUOM
pesie. OHU NOAPA3AENAIOTCS Ha HEUTpaJIbHbIE U NOJIsIpu30BaHHbIe. [lomsipu30BaHHOE pesie B OTINYHE OT
HEeHTpanbHOro paboTaeT B 3aBUCUMOCTH OT MOJIIPHOCTH MPHIIOKEHHOTO HAIPSKEHUSL.

o]

1 Nn

Puc 3-1- KOHCprKTI/IBHLIG CXCMbI JJICKTPOMArHUTHBIX PCJIC MOCTOAHHOT'O TOKA.
a — HOBOPOTHOC, 0 — C BTSKHBIM SAKOPEM; B — A3BIYKOBOI'O THIIA.

Pene, koTOpoe KOMMYTHPYET OTHOCHTEIBHO OOJIBIINE MOIIIHOCTH, Ha3bIBACTCS KOHTAKTOPOM.

ITo xapakTepy JBUXKEHUS SKOPSI OCHOBHBIE THUIIBI PEJI€ AEIATCS HA TPU TPYIIIbL: 1) MOBOPOTHBIE;
2) ¢ BTSIKHBIM SIKOpEM; 3) sSI3bIYKOBOTO THUIIA.

Ha puc. 3-1, a npuBeneHa cxemMa KOHCTPYKLUUHU HOBOPOMHO20 3IJ1EKMPOMAZHUNIHOZ0 peile
MOCTOSIHHOTO TOKa. Pene coctouT u3 MmaraurtonpoBoja 1, cepieunuka 2, 0OMOTKH 3, sikops 4, KOHTAaKTOB
S, IpYXUHBI 6.

Ecnu x oOMOTKe pere MOABECTH YNPAaBISAIOMIMKA CHUTHAN (3JIEKTPUYECKOE HAIPSDKEHHUE), TO 3a
CYET BO3HMKHOBEHMS 3JIEKTPOMArHUTHOM CHIIBI SIKOPb IPUTSHETCS K CEpACUHUKY AJIEKTpoMarHura. B
pe3ysabTaTe 3TOr0 KOHTAKThl pelie 3aMKHyTcd. Eciy  ynpaBisiomuii cUrHajl CHSTb, TO SKOpb
BO3BPATUTCS B MIPEKHEE MOJIOKEHHUE 32 CUET NICHCTBUSA MPYKUHBI, U KOHTAKTHI pejie OyayT pa30MKHYTHI.

[Tpunuun neiictBus pene ¢ emaxcuvim akopem (puc. 3-1, 6), Tak k€ Kak U TOBOPOTHBIX,
OCHOBAH Ha MPUTSDKEHUH SIKOPs 1 K CepACUHMKY 2 3JIEKTPOMAarHuTa, Ha 0OMOTKY 3 KOTOPOTO MOJaeTcs
ynpasistonil curtan. Ilpm 3ToM noxHMMaeTcss MOABM)KHAs KOHTAKTHas NEpeMbluka 4, 3aMblKas
KOHTakThl 5. [Ipy CHATUM ynpaBIsAIOLIEr0 CUTHAJIA SIKOPb MO AEHCTBUEM CUJIBI TSKECTH OITyCKAeTCs Ha
yHnopsl 6, pa3MbIKasi KOHTAKTHI 5.

OpHolf M3 pa3HOBUAHOCTEN pelle SBJIAECTCA MHUHHMATIOPHOE pejie A3bIYK06020 MUna, WIN
repkoHsl (puc. 3-1, B). KoHTakThI 2 3TOT0 pesne npencTaBisioT coO00i 1Be TUIACTHHBI,

) A w4
Icp LTrap
Torn Ien
& ~~< ¢t
i) . torn
a) |- (¥4 d")

Puc 3.2- XapakTepucTuku pene: a — 3JIeKTpoMeXxaHudeckas; 0 — BpeMeHHasl.

MIOMEUICHHbIE BHYTPU FepMETH3UPOBAHHOTO OayuioHa 1, HAOJIHEHHOTO MHEPTHHIM razoMm. [lpu
[0J1aue yNpaBJISIIOIIET0 CUTHAjda Ha OOMOTKY 3 3TOro pese €ro KOHTAaKThl 3aMblIKatoTCsl. CTEKIISTHHBIM
OaiioH UMeeT JUIMHYy npubausutTensHo 15—20 MM, a nuamerp 5 mM. Pene criocoOHO KOMMYTHPOBATh
MOIIIHOCTH 0Ko0J10 20 BT.

Pene s3b1YKOBOTO THIIA MUMEET MPEUMYILECTBA 0 CPABHEHUIO C JIBYMS MPEIBIAYIIMMUA TUIAMH
pene 1o rabapuTaM, ObICTPOJCHCTBUIO M HA/ICKHOCTH.
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OOBIYHO I CEpACYHUKOB M MAarHUTONPOBOIOB pejie MCIOJB3YIOTCS MaTepHajbl ¢ OOJIbLION
MarauTHOM MPOHUIACMOCTBIO, YalllC BCCI'O MATKAA JICKTPOTCXHUYCCKAA CTAJIb.
Cuia MPUTSKCHUSA SIKOPA PEJIC 3aBUCUT OT €r0 KOHCTPYKTHBHBIX MApaMETPOB MU OMPCACIIACTCA
o hopmyie
. 2
. (0,47iw)’ S 1
~ )
8 5’

r7e 1 — TOK, IPOTEKAIOUNI B 0OMOTKE pejie; ® — YHCIO BUTKOB OOMOTKE pelne; S — ceueHue
MarHuTONPOBOAA; O — BO3IYIIHBIN 3a30p.

N3 paccMoTpeHHOW (GOpMyIBl CIIEAyeT, YTO CWIa NPUTSDKEHUS SKOps MpONOpLHUOHATbHA
KBaJlpaTy HaMarHMYMBAIOLIEH CHIIBI (CJIE0BATEIbHO, HE 3aBUCUT OT HaIIpaBJIEHUs TOKA, IPOTEKAIOIIETO
10 0OMOTKe) U 00paTHO MPOMOPIIUOHAIBHA BO3AYITHOMY 3a30pY 0.

3aBUCUMOCTb JJIEKTPOMEXAHUUYECKON CHJIbl, ACUCTBYIOIIEH Ha SKOpb, OT €ro IOJOKEHUs
HA3BIBACTCS JJleKmpomexanuueckou xapakmepucmuxoi pene F=f (), koTopas mpencraBieHa Ha puc.
3-2, a. I3 XxapakTepUCTUKH BUJIHO, YTO YEM MEHBIIIE BO3AYIIHBIN 3a30p, TeM OOJIbILIE CHJIA IPUTSKEHUS
SAKOpS K CEPICYHUKY pEIIE.

Karymika pene umeer aktuBHoe conpoTtusieHue R u unayktuBHocTh L. Ecniu moaxmrounts pene
K HCTOYHHKY HANPsHKEHHS, TO B OOMOTKE pejie BO3HUKHET MEePEX0JHBIN MPOLecC, KOTOPBIA MOKET ObITh
onucal TudQepeHInaIbHbBIM YpaBHCHHEM

di
di

U=Ri+L

r7ie i — TOK B 0OMOTKe pele; L — HHIyKTHBHOCTh OOMOTKH MIPU OTITYIIIEHHOM SIKOpPE.
Pesynbrar pemieHus ypaBHEHUs JaeT 3aKOH HapacTaHUs TOKA MPU BKIFOUEHUU HAMPSHKCHUS HA
0OMOTKY pere:

i=1/(1-e"),

rne [=U/R — ycraHoBuBmieecs 3HaueHue Toka, T=L/R — mocTOsIHHAasT BpEeMEHH LEIH.
IIpy OTKJTIOYEHHH HAMNPSIKEHHS TOK B 0OMOTKe pese yoeBaeT mo 3akony i=le”’ i satem craHoBHTCS
PaBHBIM HYIIIO.

I'paduk HapacTaHUs TOKa MPU BKIIOUYEHUH PEJie U CNaja NpU OTKIIOYEHUH MPEICTaBICH

Ha puc. 3-2, 6.

[TpuBenennsie GOpMyIBI TAIOT NPUOTMKEHHYIO KapTUHY HapacTaHHs U Clajia TOKA B KaTyIIKe,
TaK KaK OHM HE YUUTBIBAIOT U3MEHEHUS MHAYKTUBHOCTH L mpu M3MEeHEHUH BO3YIIHOTO 3a30pa 8

Bpemst cpabatbiBaHMs ty, U OTIYCKAaHMUS tor PEIE OMPEAENAIOT ObICTPOAEHCTBHE pElIe.
[TpubnmKeHHO OHM BBIUUCIIAIOTCS IO GOpMyTiaM

I
te,=T1In I— ;

p

t0Tn=T ‘In L 5

omn

3nech tep — TOK cpabaThIBaHUS pere, IPU KOTOPOM SIKOPh pejie HAauMHAET MepeMeIaThes, Loy —
TOK, TIPU KOTOPOM SIKOPh peJe OTXOIUT OT cepaedyHuka, 1'=L'/R, rae L'—uHIYKTHBHOCTh BXOJHOM
LMY IIPU IPUTSHYTOM SIKODE.

Bpems cpabatbiBaHUS tep, U OTIYCKAHUS oy PEJIE MOKHO PETYJIUPOBATh B HEKOTOPBIX Mpeenax,
W3MEHSISl YCTAaHOBUBILIUKCS TOK / ¥ TOCTOSTHHYIO BpeMeHu T.

Jlnist TeneOHHBIX U KOJIOBBIX pelie BpeMs cpabaThIBaHUs COCTaBIAET OT 5 10 50 Mmc.

Bpems cpabGaTbiBaHUs peie MOXKHO YBEIMYUTh MEXaHUUECKUM HITH SJIEKTPHUECKUM CIIOCOOOM.

[Ipu MexaHn4YecKoM crocobe 3aMe/JIeHHE ABHKEHUS SIKOPST MOYKHO MOJTyYUTh 32 CUET BBEJICHHS
B KOHCTPYKLHMIO HPYKUHBI, MHEBMATUYECKOTO, THAPABINYECKOIO HJIM MAarHUTHOTO nemmdepa. Otu
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CIIOCOOBI TIO3BOJISAIOT MOYYUTh BpeMs CpadaThIBaHUS PeJie OT ACCATKOB CEKYH]I U BHIIIIE.

[Tpu snekTpudeckux crmocobax aud0 MIYHTUPYETCS COMPOTUBICHHUEM WM €MKOCTBIO KaTyIKa
perne, 1100 B 0OMOTKY peie BBOAATCS JOMOIHUTEIBHBIE KOPOTKO3aMKHYTHIE BUTKH.

UTtoOBl yMEHBIIUTh HUCKPOOOpa3OBaHME Ha KOHTAKTaX, MPUMEHSIOTCS CICIUATbHEIE
UCKPOTACSIINE IIETIOYKH, COCTOSIINE W3 E€MKOCTH U COMPOTHBICHUSA. OTH IEMOYKH BKIIOYAIOTCS
napajuieTbHO KOHTakTaM. [Ipu pa3MbIKaHHHM KOHTAKTOB pesie eMKOCTh C 3apshKaeTcs WK pa3psKaceTcs
, CJIEJIOBATEIIbHO, HANIPSDKEHUE MEXKy KOHTAKTAMU YMEHBIIIACTCS.

HagexxHocTh paboOThl DIEKTPHUECKOTO pejie B OCHOBHOM OMPENENSIeTCsS HAIeKHOCThIO PabOThI
KOHTaKTOB, KOMMYTHUPYIOIIUX JJIEKTPUYECKHUEe Iermoyku. KOHTaKThl JODKHBI Ha/IexkHO, O0e3 BUOpaiuwy,
3aMBIKATh M Pa3MbBIKATh 3JEKTPUUECKUE LIEMH OMPESICHHON MOIIHOCTH 0€3 moaropaHus, odecrneanBas
TEM CaMbIM MaJjoe TIEPEX0JHOE COTIPOTHBIICHNE.

Haubonee TsHKembIM peXUMOM pabOThl KOHTAKTOB SIBISIETCS Pa3phbiB IENE MOCTOSIHHOTO TOKa
(0ocobeHHO OOJIBIION MOIHOCTH), TaK Kak MPH STOM Ha KOHTAKTaX BO3HUKAET U TOJNCPKHUBACTCS
ANIEKTpUYECKast IyTa.

IHossipn3oBaHHOE 1eKTPOMArHUTHOE peJe (puc.3-3)
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Puc. 3-3

[Tonsipu30BaHHBIE JEKTPOMATHUTHBIE peie OTIMYAIOTCS OT HEHTPANbHBIX pesie COCOOHOCTHIO
pearupoBarb Ha IOJSPHOCTb YIPABJLIIOLWIETO CUTHaJa. MaruurtHas LeNnb MOJSIPU30BAHHOIO pelle
muddepenunanbHoro tuna (puc. 3-3, a) uMmeer noctossHHbIA MarHuT 1. [onspusyromuii MarHUTHBINA
noToK @y MPOXOIUT MO SKOPIO 2, pa3BeTBIIsieTCs Ha J1Ba MoToka @ u @, B BO3AYIIHBIX 3a30pax O; U 02
U 3aMbIKaeTca Mo cepacyHuky 4. Jlnsg yBenuueHUs OBICTPONEHCTBHS peie CepIevYHUK coOpaH u3
JIMCTOBOM 3JIEKTPOTEXHUYECKOH cTalu. SIKOph Takke coOpaH M3 ABYX IUIACTUHOK JIEKTPOTEXHUUYECKOM
CTaJIM W TIOABEIIEH Ha CTalbHOW npyxuHKe. IloTtox ympaBneHus @, co3maercs ABYyMs
HaMarHU4MBAIOIIMMU OOMOTKAaMU 5, pacrioioKeHHBIMU Ha CEpICUHUKE.

KonTakTtHas cucrema 3 pene uMeeT OAMH MEPEKIIOYAOIMNA  KOHTakT. llonoxenue
HEIOBUKHBIX KOHTAKTOB MOKHO PETYJIUPOBATh, U3MEHSS HACTPOUKY pEIIe.

Ecnu B 0OMOTKax TOK OTCYTCTBYET, TO TOJ ACHCTBUEM CHJIBI MPUTSHKEHHS, CO3AAaHHON MOTOKOM
@, AKOPb MOXKET HAXOAUTHCS B OJJHOM U3 KpalHUX ITOJIOKEHUM, HAIIpUMEDP B JIEBOM, KaK ITOKa3aHO HA
puc. 3-3, a.

[Toroxu ®@; u @, 0OpaTHO MPONOPLUUOHATBHBI BEIMYMHE BO3AYLIHBIX 3a30POB 01 M Oy MEXKIY
SIKOPEM U COOTBETCTBYIOIUM IIOJIIOCOM CEpACYHMKA. B cpeHeM HEUTpaIbHOM  IOJIOKEHUU ITOTOKHU
®; u @, 0IMHAKOBBL, U CHJIBI MPUTSKEHUS SKOPS K 000MM MoOjtocaM cepaeuHuka paBHbl: Fi=F,.
OpHako 3TO IPOMEXKYTOUHOE IOJIOKEHHE CepleYHHMKa HeycToluuBo. [Ipu cMmelieHun sikops BJIEBO
notok @, ycunupaercs, a motok @, ocnabeBaeT U MPOUCXOAUT COOTBETCTBYIOIIEE IepepacnpeiesieHue
CUJIBI IPUTSDKEHUS MEX Y IontocaMu: Fi>F,.

JleWicTBUE TOKA yNpaBJICHUS 3aBUCUT OT €ro MOJSPHOCTH. [ MepeKtoueHus pesie HeoOX0 UM
TOK, KOTOPBIM CO3JaET B 3a30p€ MarHUTHBIN MOTOK Py, COBNAJAIOLINN 10 HAIIPABJICHUIO C TOTOKOM D5.
Tok oOparHOW NOJSAPHOCTH YCHIUT NMOTOK d; M HpUBEAET TOJIBKO K YBEIUYEHHUIO KOHTAKTHOTO
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Ha)KaTus.

Jlnst cpabateiBaHus perne MoTok Py NOoKeH IPEeBbICUTh MaKCUMaJIbHOE 3HaueHue notoka @ mpu
MUHHMAaJILHOM 3HaUYEHHH 3330Pa .

[Io wmepe paBWXKeHHs SKOpsS BIpaBO 3a30p O; yBenuuuBaercs, MOoTok P; u ero
IIPOTUBOJCUCTBYIOIIEE BIUSHHUE YMEHBIIAKOTCA. B CcpelHeM IOJI0KEHUM HACTYNAeT IUHAMHYECKOE
paBHOBECHE, IIOCIIE YEro BO3pocnii NOTOK D) co31aeT AOMOIHUTEIBHYIO CUITY, YCKOPSIOILYIO IKOPb.

HamaranumBarorast cuia, KOTopasi o0ecnedrnBaeT cpadaTbIBaHUE perte, ONpeAeIsieTcs mo popmysie

®0
0,478

N=lo~= X,

T. €. HAMarHWYMBAIOIIas cujia cpabaThIBaHUS MPOIMOPIHUOHAIBHA TTOTOKY TOCTOSIHHOTO MarHUTa
@D ¥ CMEILIEHUIO SIKOPS X, KOTJa OH MPUTSHYT K SIPMY.

B mnossipuzoBaHHOM pesie MOJIOKEHHUE KOHTAKTOB MOKHO pPEryiupoBaTb. OJTO MOBBIIIACT
OBICTPOJICICTBYE MOJISIPU30BAHHBIX pene. [[nsi Bo3BpaTa KOHTAKTHOW CHCTEMBI B HAYAJIbHOE TIOJIOKEHHE
HEO0OXOIMMO OTSTh M3MEHHUTH TOJSPHOCTH TOKA B yIpaBistomied ooMotke. [lonsipusoBaHHOE pere,
HMMEIOIIeEe TaKyl0 HACTPOMKY, HAa3bIBAETCS JIBYXMO3ULUMOHHBIM. OHO MEPEeKIIoYaeTcsl MoJ JAeHCTBUEM
Pa3HOMOJSIPHBIX HMITYJIBCOB, TPUYEM TMOCIAE MPEKpalleHUs: JEUCTBHUS YIPABISIOUIETO HMITYJIbCa
KOHTAKTHAasi CUCTEMA Pelie HEe BO3BPAILIAETCSA B HCXOJAHOE COCTOSTHUE.

B BYXMO3MIIMOHHBIX TOJSPHU30BAHHBIX pelie C TpeodliajaHheM OJMH W3 HEMOJABUKHBIX
KOHTaKTOB BBIJIBUHYT 3a HelTpanbHyto JuHUIO (puc. 3-3, 0). Takoe pene pearupyer Ha yIpaBIISFOIIAE
MMIYJIbChl TOJIBKO OMPENEJICHHON MOJISIPHOCTH M BO3BpPAILA€TCd B HMCXOAHOE IIOJIOXKEHHUE, KOrja
YOPABISIOMUNA UMITYIIBC CHSIT.

KOMMYTATOPBI PYYHOI'O YIIPABJIEHUA

KoMMyrannoHHas annaparypa — yCTpOWCTBa, ITpeIHA3HAYEHHbIE 1JIs1 BKJIIOUEHUS, OTKIFOUEHUs
U TEPEKIIOUYEHUS AIIEKTPUUYECKUX Ierneid — ObIBaeT Py4YHOTO, AUCTAHIMOHHOTO M aBTOMAaTHYECKOTO
yIipaBlieHHs. Annaparypa - py4yHOro ynpaBieHHs padOTaeT OT HEMOCPEICTBEHHOTO BO3/CHCTBUS Ha €€
Opranel  ymopaBJeHHA. AmnmapaTypa JIUCTaHUMOHHOTO YOpaBieHHs paboTaeT  BO3JEHCTBHEM
3JIEKTPOMAarHUTHBIX CHUJI Ha €€ IPUBOJHBIE AJIEMEHTHI. ANnaparypy py4yHOro YIPaBJIEHUS [0 CBOEMY
HA3HAUYEHUIO W UCIOJB30BAHUIO MOAPA3ACIAIOT: s KOMMYTAllMM CHJIOBBIX Ieneid (0OMOTOK
AIIEKTPOJBHUraTeNei, 3JIeKTPOMAarHUTOB, TpaHC(HOPMATOPOB, HarpeBaTesieil U T. M. TOKONPUEMHUKOB) U
UIE KOMMYTallUM Ienei ympaBieHus: (OOMOTOK peseifHO-KOHTAKTHOM —ammaparypbl, YCTPOWCTB
KOHTPOJIS, pEryJupoBaHUS W CUTHaiIM3anuu). Takoe paszzgeneHue OOYCIOBIEHO pPa3IUYHBIMU
3HAQYECHUSIMU TOKOB U HAIPsDKCHUM B KOMMYTHMPYEMBIX LEIAX, 4TO, B CBOK O4Yepelb, BIMSACT HA
KOHCTPYKTUBHOE MCIIOJHEHUE U rabapuTHBIE pa3Mephl allnapaTos.

Bce ammapaTsl pyyHOro ympaBieHHs O00S3aTEbHO MMEIOT CIEIYIOLINE Y3JIbl: HEMOJBUIKHbIC
KOHTAKThI, MMOJBUHbIE KOHTAaKTbl M OpraH ymnpasieHus. Kpome 3TOro oHM MOTYyT UMEThH 3JIEMEHTHI
¢buKcanuu, yrorameHus, MOHTaXxa u T. 1.

[Tockonbky  paboTOCNOCOOHOCTH  JIFOOOH ~ KOMMYTAallMOHHOW  ammaparypbl  (pYy4HOTO,
JUCTAHIIMOHHOTO M aBTOMATHYECKOT'O YIIPAaBJIEHUS) 3aBUCHUT OT HAJEKHOH paboOThl KOHTAKTOB,
PacCMOTPUM IIPOLECCHI, IPOTEKAIOIIKE B DJIEKTPUYECKUX LEIAX IIPU UX 3aMBIKAaHUU U Pa3MbIKAHUU.

SJIEKTPUHYECKHUE KOHTAKTBI

DNEKTPUYECKUH KOHTAaKT—MECTO IEepexoJa TOKAa M3 OJHOM TOKOBEIyLIEW AeTanu B APYryIo.
KOHCTPYKTHBHO KOMMYTHUPYIOIIMHA KOHTAKT BBINOJHSIOT B BHUJE KOHTAaKTHOTO Y3J1a, COCTOSIIErO U3
HECKOJIbKUX KOHTaKTOB-ieTaied. OOBIYHO KOHTAKTHBIM Y3€] HMMEET MOJBWXHBIA M HEMOJBMKHBIN
KOHTAKThl, XOTs MOCIEIHUI TaKK€ MOXKET UMETh HEKOTOPOE MEPEMEILEHUE, CBA3AHHOE C YIPYTUMHU U
TEeMIepaTypHbIMU JeOopMalUsIMU AIIEMEHTOB KOMMYTHpYIOLIEro ammapara. Ha pucyHke a, mokasaH
MOCTUKOBBIA KOHTAKTHBIN y3€ll, 00pa3yIouii 1Ba CTHIKOBBIX AJIEKTPUYECKHX KOHTaKTa. OH COCTOMT U3
HETO/IBI)KHBIX KOHTAKTOB 4, MOJBMKHOTO KOHTAKTa 3, HAKMMHOM NpPYKUHBI 2 U IITOKa 1, KOTOpBIH
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IepeMEacTCss ¢ IOMOIUBI0 IPUBOJHOIO MEXaHM3Ma KOMMYTAllMOHHOrO ammapara. I[loaBuKHBIN
KOHTAKT  CAMOYCTAHABJIMBACTCS  OTHOCHUTEIIBHO  HEMOJABM)KHOIO  KOHTakTa. 10  MO3BOJIIET
KOMIICHCUPOBATh HETOYHOCTH U3TOTOBJICHUS U U3HOC ACTAICH.

Haumensbiiee paccrosiaue X, MEXIy MOABMKHONW M HETOJBIKHOW JETalsIMU, 00pa3yroIIuMH
KOHTAKTHBIM y3€l, Ha3pIBalOT PacTBOPOM KOHTAakToB. IIpu cBoeM IBMXKEHMM IITOK | C MOABMKHBIM
KOHTAaKTOM 3 IMEPEMEILIAETCsl HAa BEIUYHMHY X, COIPUKOCHOBEHHUS KOHTAaKTHBIX MoBepxHocTell. Cymma
pactBopa X, npoBana X, COCTABJISIET XOJ KOHTAaKTa, KOTOPBIA OIpPEAEsAeT IOJHOE IEPEMEIICHUE
IIPUBOJHOIO MEXaHU3MA.

Ha pucynke 6, n300pakeH pplYaKHbI KOHTAKTHBINA y3€J1, COCTOSIINN U3 ABYX IUIOCKUX IMPYKHUH,
00pa3yIOIMX HEMOABUKHBIN 2 ¥ MOJIBUKHBIN 3 KOHTAKTHI. [IpyKHHBI )KeCTKO 3aKpEeIUIeHbl B OCHOBAHUU
U3 H30JLILMOHHOIO Marepuana. HemonsuikHas KOHTAaKTHAs IPY)KMHA II0J JEHCTBUEM JKECTKOU
IUIACTUHBI | HAXOIUTCA B M30THYTOM COCTOSIHUH, YTO OOECIeYrBaeT HayaJlbHOE KOHTAKTHOE Ha)KaTHe.
IlepemelieHue KOHTAKTOB NMPOUCXOIUT 101 AelicTBUEM ynopa 4. [locie Toro Kak noJBUKHBIA KOHTAKT
3 mepemMecTUTCs Ha BEIMYUHY PACTBOPA KOHTAKTOB X, MPOM30MIET KacaHHE KOHTAKTOB, 00€ MpPyXHHBI
MOJIy4aT JOIMOJIHUTENbHBIA HpOTrMd Ha BEIMYMHY IpoBaja KOHTAKTOB X, Ilpu 3TOM BO3HHMKaeT
NPOCKaNb3bIBaHUE (MPUTHUPAHHE) KOHTAKTOB, KOTOPOE HEOOXOAMMO Ui yHaJeHHUs IbUIM M IUICHKU
OKHCJIOB U MX MOBEpXHOCTH. Ha 3TOM mpuMepe MOXHO yOeauThCsl B HEKOTOPOH YCIOBHOCTH T€PMHUHA
«HEMOABWKHBIM KOHTAKT.

Tpetuil BHJI KOHTAKTHOTO Y3J1a MpPEJICTaBIsET COOOH pPBIYaXHBI KOHTAaKT C IIAPHUPHBIM
3aKperuieHueM (pHcC. B), COCTOSIIIUI M3 HEMOJBIKHOTO 3 M TMOJABIXHOTO 2 KOHTakToB. Ilociemnuii
LIAPHUPHO YCTaHOBJIEH HAa MPUBOJHOM pbluare | . KoHTakTHOE Ha)kaThe OCyHIECTBIISETCS C MIOMOILBIO
NpeaBapUTeNIbHO CKAaTOW NpykuHbl 4. Takas KOHCTPYKLHUS OOecleurnBaeT 3aMbIKaHHE KOHTAKTOB C
[IPOCKAJIb3bIBAHUEM U IIEPEKATHIBAHUEM.

B Hauvase nmoABMKHBIA KOHTAKT MEepeMeIlaeTcs Ha BEIMYUHY pacTBOpa KOHTAKTOB (00b14HO 8-20
MM) , IOBOPAYMBasiCh BOKPYT LIEHTpa O J0 CONMPHUKOCHOBEHMS KOHTAKTOB B TOUke A. 3aTeM MPHUBOIHON
pblyar 1 moBopaunBaeTCsl Ha JIOTIOJIHUTENBHBIA YTOJI, CBSI3aHHBIA C MPOBAJIOM KOHTAKTOB (2-3 MM) .
Ilocie »TOro NOIBMKHBIM KOHTAaKT BMECTE C pblYaroM | cOBepIIaeT CIIO0KHOE JIBUJKEHUE,
IIOBOpPAYMBAsICh OJHOBPEMEHHO BOKpYr LeHTpoB O; u O,. B pesynpraTe NOABMKHBIA KOHTAKT
MIEPEKATHIBACTCSA 110 HEIMOABUKHOMY. B 3aMKHYTOM IOJI05KEHUY KOHTAaKTUPOBAHUE IIPOUCXOAUT B TOYKE
B. D10 cnocoOcTByeT pa3pylIeHHIO IJICHKH OKHCIOB M IEepeMeIaeT 3JCKTPUYECKUH KOHTAaKT IO
paboueil MOBEPXHOCTH B 30HY TOYKH B , HEMOABEPraroUIyIOCS 3JEKTPUYECKON 3PPO3UU B MOMEHT
pasMbIKaHUsl KOHTaKkTa. Oco00i pa3sHOBUAHOCTbIO KOHTAKTHBIX Y3JIOB SIBJISIFOTCS MArHUTOYIIPABJIsIEMbIe
repMETU3UPOBAHHBIE KOHTAKThl (repkoHsl). Ilpocreiimuii repkon (puc.3-4) npezacraiser coOoi
MUHHATIOPHYIO 3amlasHHyl0 Koj0y | , B KOTOpYyIO BHasHBI JIB€ IUIOCKME KOHTAKTHbIE MPYKUHBI 2.
IIpy>KMHBI BBIIOJIHEHB! U3 MAarHUTOMSATKOM CTalld U CIyXKaT OJHOBPEMEHHO MarHUTONpoBoAoM. Eciu
IIOMECTHTh T€PKOH B MAarHUTHOE MOJ€, CO3JaHHOE OOMOTKOM MM MOCTOSIHHBIM MarHUTOM, MpPY>KUHBI
HAMarHU4YUBalOTCI W [OJ JCHCTBUEM CHJIBI DJIEKTPOMArHUTHOIO IPUTSKEHUS 3aMBIKAIOT
NEKTpUUECKylo uenb. [locime MCYe3HOBEHMS MArHUTHOIO IO KOHTAKThl PAa3MBIKAIOTCS 3a CYET

YIPYTrOCTH IPYKHUH.
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Puc. 3-4
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3.2 QJIEKTPOMATHUTHBIE PEJIE IEPEMEHHOI'O TOKA

Pene nepemMeHHOro TOKa COCTOUT U3 TAKUX K€ JIETAIEH, YTO U peJie OCTOSTHHOTO Toka. OTinune
3aKJIK0YACTCs B TOM, YTO CEPACYHHUK, APMO M SKOPb 3TOr0 peje H3rOTaBIMBAIOTCA U3 JIMCTOBOU
JIEKTPOTEXHUYECKOM CTaJIM C LIEJIBI0 YMEHBIIEHU I0TEPh HA TUCTEPE3UC U BUXPEBBIE TOKHU.

Tak Kak AaxkTUBHOE COIPOTHBIICHUE KATYIIKH pEJIE€ 3HAYUTEIbHO MEHBIIEC WHIYKTUBHOI'O
COIIPOTHUBJICHUS], TO AKTUBHBIM COIIPOTHBIICHUEM MOXKHO MpeHeOpeub. CrienoBaTenbHo, HanpspkeHue U,
MPUKJIAIbIBaEMOE K KaTyIIKe pene, ypapHoBemruBaercss 3{C caMOMHIyKIMU B 0OMOTKE:

U=E,;=4,44fo®*10°®,

rae f— dactora nepeMeHHOro Toka; @ — MarHUTHBIN MOTOK; (>—YHCII0 BUTKOB KaTYIIKU peJie,
OTKyZa

U*107*

0418

W3 stoii popMyssl BUJHO, YTO MArHUTHBIM IMOTOK HE 3aBUCUT OT MarHUTHOTO COMPOTHUBIICHUS
BO3JyIIHOTO 3a3opa R,, a cienoBarenbHO, M OT pa3Mepa BO3AYyIMIHOro 3asopa. Ilostomy
AJIEKTPOMEXAHNUECKAs XapaKTEPUCTHKA peie OyAeT UMETh BUJ MPSMOH, MapajuleIbHON OCH abCIuCC.

[Tpu nepeMeHHOM HaAMarHWUYHMBAIOIIEM TOKE CHUJIa IPUTSHKEHUS OYIeT MEHATHCS 110 3aKOHY

)
F=F naxsin“t,

1€ Frax—aMIumMTyna cuiibl DPUTSKEHUS.

[TyremM mpoCTEHIINX TPUTOHOMETPUYECKUX MpeoOpa3oBaHui 3TOi (HOPMYIIBI MOKHO MOKA3aTh,
YTO Ccuja TNPUTSHKEHHUsS M3MEHSETCsl OT HyjlIs 10 MakcuMyma ¢ JBOMHOM uactotoil. Korma cuna
NIPUTSDKEHUS paBHA HYJICBOMY 3HAUCHUIO, NPYXKUHA CTPEMUTCA OTTAHYTH SIKOPb Haszal, IMO3TOMY
MIPOUCXOIUT BUOpAIs SKOPA M JaXKe UCKPEHUE KOHTAKTOB, MOBTOPSIOIIEECS C YacTOTON WM3MEHEHHUs
CUJIbI IpUTsKeHus F.

Jlnst ycTpaHeHHsI TaHHOTO SBJICHHUS pelieé U3TOTOBISIOTCS JTUOO ¢ JABYyMsS OOMOTKamH, OO C
JOTIOTHATEIHHOU KOPOTKO3AMKHYTOM 0OMOTKOM.

Ha npakTuke yaie npuMeHseTcst apyrasi KOHCTPYKLMS pesie IepeMeHHOoro Toka. Ilosroc takoro
pene pazaBoeH. Ha oHy 13 NOJOBHH HACAKUBAETCS KOPOTKO3AMKHYTBIA MEIHbIN BUTOK (puC. 3-5, a).

MaruutHeii noTtok @ y KOHILIA CEpJACYHMKA Pa3BETBIIETCA 4YacTh NOTOKa D) MPOXOIUT
MIOJIOBHHY CEepJCUYHUKA C KOPOTKO3aMKHYTOM MeITHOM 0OMOTKOM, a Ipyras yacTtb noroka @ nmpoxoaur
yepe3 CBOOOJHYIO TOJOBHHY. OTH TOTOKH CABHUHYTHI 1O (pa3e OTHOCHUTENIBHO Jpyr JApyra Ha
OIIPENEIICHHBIN YTOJL.

Casur mo ¢aze MpOMCXOAUT BCIEACTBHE TOro, 4ro moTok @, nHaBoaut OJIC u B MenHOM
KOPOTKO3aMKHYTOM BUTKe. Clie10BaTENbHO, B HEM BO3HUKAET TOK, KOTOPBI B CBOIO OYEPENb CO3JACT
TaKK€ MarHUTHBIN MTOTOK.

B pesynbratre MarHUTHbIM NOTOK @, OTCTAaET Ha HEKOTOPbIA yros or noroka @;. Ilosromy
CyMMapHasi cuja NpUTsDKeHMs: F, neiicTByromias Ha sSKOpb, HUKOIZa HE PaBHA HYJIIO NPU HAJIUYUU
HaIIpsDKEHUs Ha KaTyIIKe B CBS3M C TEM, 4TO KOrJa OAWH U3 IOTOKOB IIPOXOJUT 4Yepe3 Hylb, APYIOU
UMEET OTIPE/ICTICHHOE 3HAYeHUE, OCTABIIAS SIKOPh MPUTAHYTHIM (puc. 3-5, 0).
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Puc. 3-5 - KoHCTpyKTHBHAs cXxeMa pelie IEPEMEHHOro TOKa ¢ pa3IBOCHHBIM MOJOCOM () U rpaduK CUIT
MIPUTSDKEHUS. B MATHUTOINIPOBOAaX pere (0).

3JICKTpOMaFHI/ITHI:IC pciic ICPpEMECHHOTO TOKA MOJYYUJIXM MCHBIICC paCpOCTpaHCHUC, YCM PCIIC
MNOCTOSIHHOT'O TOK4, HM3-3a MPUCYHIUX UM HCIOCTATKOB!: BI/I6paI_[I/II/I sAKOpA, OOJIBIIION CJIOKHOCTH H
BBICOKOM CTOMMOCTHU IIpU U3roTOBJICHUMH, MEHBIIIESH CHUJIBI TPUTSZKCHUS SIKOPAL.

3.3 MATHUTODJIEKTPUYECKHUE PEJIE

MarHuTosieKTpuyYecKre pesie Mo MPUHLIUIY paboThl U YCTPOIMCTBY B OCHOBHOM aHAJOTHYHBI
OOBIYHBIM MArHUTOIEKTPHUYECKUM DJICKTPOU3MEPUTEIHHBIM MPUOOpaM, OTIMYME 3aKII0YAETCSI B TOM,
YTO BMECTO CTPEJIKH UMEETCS pblyar, Ha KOTOPOM YKPEIUIEH MOIBUKHOU KOHTAKT peEJIe.

Cxema KOHCTpPYKIIMH pelle IpuBeAeHa Ha puc. 3-6. Pamka 1 npu nmpomyckaHuu uepes3 Hee TOKa
[IOBOPAYMBAETCS B MAarHUTHOM I10JI€, CO31aBa€MOM IOJ0caMu 2 U 2' MOCTOAHHOTO MaruuTa. Ha peraare
3, KOTOpBIi MEXaHWYECKHU CBSI3aH C PAMKOM, UMEETCS KOHTAKT 4, KOTOPBIA 3aMBIKAETCSl C OAHUM M3
HENOJBWKHBIX KOHTakTOB 5. Ilpy M3MEHEHHMH NOJSPHOCTH TOKAa paMKa IOBOpPAuYMBAETCA B APYIYIO
CTOPOHY, M 3aMbIKAaeTCsi Jpyras IMapa KOHTakToB. Eciu curHanm cHATb, TO paMKa IOJ JEHCTBHEM
IIPYKMHBI BO3BPAIIAETCS B UCXOAHOE MOJIOKEHUE.

MarHuTosJIeKTpUYeCKHe pesie 0OBIYHO CTaBSTCSA B LIEMHU C TUIABHO MEHSIOIIMMUCS CUTHAJIaMHU,
TaKk Kak /I HUX HEJONyCTUMa YyAapHas Harpy3ka KoHTakToB. OHH sBISIOTCS HauOosee
YYBCTBUTEIBHBIMU CPEIH 3JIEKTPOMEXAaHUYECKUX pelie. MOIIHOCTh cpabaThiBaHUs peiie HeOoJbIas U
cocramser 10 10" BT, mosTOMY OHH HCHONB3YIOTCS B OCHOBHOM JUIS TEPEKIIOUCHHS LENel B
BBICOKOUYBCTBUTENIBHBIX NMpHOOpax u cucreMax. Ecnu peanbHble (u3MdecKue MpOLEecCh YIpaBIeHUs
IIPOTEKAIOT IUIABHO, TO MOJABAaEMOE HAa paMKy pelie HaNpsHKEHUE TakKe H3MeHseTcs miuaBHo. Ilpu
OTIPENICJIECHHOM KPUTHUYECKOM 3HAUEHMM KOHTAKThI pejie IUIaBHO 3aMBIKAIOTCS, a BpeMs cpabaThIBaHUS
pene OJIM3KO K HYJIIO, YTO SIBJISIETCS BEChbMa LIEHHBIM Kau€CTBOM MAarHUTOXJIEKTPUUYECKUX pelie.

5\-.%,{
e

7

Puc. 3-6 - KoHCTpyKTHUBHAsi cXeMa MarHUTORJIEKTPUUECKOTO pelie.

4

Ecnu ympaBnsirommii  CUTHaJI U3MEHSIETCS CKA4KOOOpa3HO, TO BpeMsi cpabaThIBaHUS pelie
ompezensercs mo popmyine
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p
rae k—koaddunueHT nponopuHOHATEHOCTH; (»—YHCIIO BUTKOB peie; [—yCTaHOBUBIIHIACS TOK
B 0OMoTKe pene; I, — Tok cpabaThIBaHU pee.

3.4 TEIIVIOBBIE PEJIE

TennoBbIM penie Ha3bIBACTCS YCTPOMCTBO, CKAYKOOOPA3HO MEPEKII0YAONIEe SICKTPUUECKYIO
Lenb NpU HW3MEHEHUU TEMIIEpaTypbl OKPY)KAIOIIEW Cpeldpl Ha ompezeieHHoe 3HaueHue. OCHOBHBIM
AJIEMEHTOM TEIUIOBBIX peJie ABISETCS JABYXCIOWHAs OMMETaJJIMuecKas IUTACTHUHKA: MEpBBIA CIION U3
MHBapa, BTOPOU — U3 JIATYHHU.

Puc. 3-7 - CxeMbl KOHCTPYKIUU TEIJIOBOTO PEJIE.

[Ipu yBenuueHUH TeMIepaTyphl JATyHHBIA CiI0 1 pacumiupsieTcss W ImiacTHHA 2 M3rudaercs B
CTOpOHY MHBapa. [Ipu 3TOM KOHTaKTHI pene 3aMbikatores (puc. 3-7, a).

bumeramnnueckas I1acTuHA HarpeBAETCsl TAKXKE MPOXOASIIUM YEpE3 Hee DIIEKTPUUECKUM TOKOM
(puc. 3-7, 0). Ilpu KOpPOTKOM 3aMBIKaHMM HArpy3Kd IPOUCXOAMT BO3pACTaHWE TOKA, IUIACTHHA
HarpeBaeTcsl U Pa3MbIKaeT KOHTAKThl. B 3TOM citydae TerioBoe pese paboTaeT Kak pesie MaKCUMaIbHON
3alIUTHI, cpabdaThIBalOIIEe MPU YBEIIMYCHUN TOKA B IICTIH.

Bpewmst cpabaTeiBaHus TEIUIOBBIX peiie OT ¢ 10 HECKOIBKUX MUHYT. DTO 0OBSACHIETCS OOJBIIONHN
TEIUIOBOW MHEPLUEN pere.

TemoBbIe peie UCIOIB3YIOTCS KaK pejie BpEMEHH, TEMIIEPATYPhl U MAKCUMAJIBHOM 3alUTHI.

3.5 9JIEKTPOHHBIE PEJIE

3JI€KTpOMaI‘HI/ITHOC pcic MOCTOAHHOTO TOKa, HMMCIOIICC JOMOJHUTCIBHO B CBOCM COCTAaBC
YCUIIMTCIIb IJIA YCUIJICHU A BXOJHOT'O CUTHAJIA YIIPABJICHHA, HA3BIBACTCA 3JICKTPOHHBIM PEJIC.

~ o+

Puc. 3-8 - [IpuniunuanbsHast cxema 3JIEKTPOHHOTO pelie.

K AJOCTOMHCTBaAM TaKoIo peie OTHOCHUTCA BBICOKas1 YYBCTBUTCIIbBHOCTD, KOTOpas
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00ycCIIOBIMBAETCS HAJIMUYMEM B cXeMme ycumiutens. Perne pearupyer Ha Malible BXOJIHBIC HANPSOKCHUS U
TOKH.

[TpuHIMnIanBHAsE cXeMa JIEKTPOHHOTO pelie n300paxeHa Ha puc. 3-8.

Pene P BBIKIIIOYEHO, €CIIM HET CUTHAJIA HA BXOJE, T.€. TPAH3UCTOP T 3aKPBIT U B KOJUIEKTOPHOM
LIETIX HET TOKaA.

IIpn nopaue HanpsbkeHHs Uz OTpULATENBHOM MOJSPHOCTH BO3HUKACT TOK B Lenu: +E,
AMHUTTEP-KOJUIEKTOp TpaH3ucropa Ti, oomorka pene P;, -E.. CooTBercTBeHHO cpabatbiBaeT pene P,
KOHTaKkThl 1—2 3ambikatoTcs. [locie cHATHS BXOIHOIO HANPSHKEHUs TPaAH3UCTOP 3aKphIBaeTcs U pene Py
BbIKITIOUaeTcs. YToOwl He ObUIO MPoOOs TpaH3UCTOpa, HMapaJIeTbHO 0OMOTKE penie cTaBuTCs auoxa /.
Juon oTkpeiBaercss mox neiictBuem OJ[C caMOMHAYKIMH, BO3HUKaromie B oOMoTke pene P; mpu
3aKpBITUU TPAH3UCTOPA, U IIYHTUPYET OOMOTKY peJie.

3.6 POTOPEJIE

doTtopene Ha3bIBACTCS YCTPOUCTBO, CKAYKOOOPAa3HO MEPEKII0YAIOIIee AIEKTPUUYECKYIO 1IeNb MPH
U3MEHEHHUH OCBEILIEHHOCTH.

B kayecTBe »5IIEMEHTOB, pEAarupylOMIMX HAa OCBEIIEHHOCTb, B (OTOpENE HCIOJIB3YIOTCS
¢dorosnement (poroamnon, ¢ororpansucrop uiau ¢oropesucrop). IlpuHnunuansHas cxema OJIHOTO M3
doTopene nzobpaxena Ha puc. 3-9. Eciu ¢poronuox JI; He ocBeleH, TO TpaH3UCTOP T 3aKpHIT, TaK KakK
BHYTpEHHEE CONpOoTHBIIEHUE []; BEIMKO M TOKOM 0a3bl MOXKHO npeHeOpeus. Perne Py BhIKITIOUEHO.

Puc.3-9 - TlpuanumnmansHas cxema GpoToperne.

[Tpu ocBemenun (HoTOIMOIA €T0 BHYTPEHHEE COMPOTUBICHUE PE3KO YMEHBIIAETCS M BO3HUKAET
ToK B nenu: +Ey, smurrep-6aza tpansucropa, ¢poroauon J[;—E. Tpanzuctop oTkpeiBaercs, peie P;
Bktovaercs. [uon [l mpenoxpaHseT TpaH3UCTOP OT MPOOOSL.

Pene KOHTPOJIsA CKOPOCTH

B cxeMax TOpMOKEHHS POTUBOTOKOM ACUHXPOHHBIX JJIEKTPOABUIATENIEH IIUPOKO IIPUMEHSIOT
MHIYKIIMOHHOE pesie KOHTpoJid ckopocTH (puc. 3-10). C Banom
AIIEKTPOBUraTENs, YTIOBYIO CKOPOCTh KOTOPOTO HEOOX0AUMO
KOHTPOJIMPOBATH, CBS3bIBAIOT BXOAHOU BaJl pelie 5, Ha KOTOpOM
YCTaHOBJIEH LWJIMHIPUYECKUNH NOCTOSHHBIA MarHuT 4. Ilpu
BpAlllCHUN DJIEKTPOJBUTATENSl II0JIE MarHuTa IepeceKaeT
MPOBOJHUKH KOPOTKO3aMKHYTOH OOMOTKH 3 TOBOPOTHOTO
craropa 6. B oOmotke HaBoaurcs D/IC, BennuMHa KOTOPOM
IIPONOPLMOHAIbHA YIIIOBOM CKOPOCTH BpauieHus Bana. [lox ee
BO3/ICUCTBHEM B OOMOTKE IMOSBIISIETCS TOK M BO3HUKACT CHJIA
B3aUMOJICHCTBUS, CTpPEMSILAsCs MOBEpPHYTb cTatop 6 B
CTOpPOHY BpAIlICHUS] MarHUTA.

Puc. 3-10

52



IIpu onpeneneHHON 4acTOTe BpallleHUsl CUJIa BO3pAacTaeT HACTOJIBKO, UYTO YIOP 2, MPEOI0JIeBas
CONPOTHUBIICHUE IUIOCKOW TMPYXKHUHBI, TMEPEeKI0o4aeT KOHTAakThl pene. Pene cHaOXkeHO JByMs
KOHTaKTHBIMM y3J1aMH: 1 ¥ 7, KOTOpBbIE IEPEKIIIOYAOTCS B 3aBUCUMOCTH OT HaIllpaBJICHUS BPAIICHHUS.
NHayKnHOHHOE pesie KOHTPOJII CKOPOCTH MMEET JOBOJIBHO CIIOXKHYIO
KOHCTPYKILMIO M HU3KYIO TOYHOCTh, KOTOpast MOXKET OBITh MPUEMIIEMOi
TOJIBKO Il TPyOBIX CHCTEM yIpaBiieHHs. boiyiee BBICOKas TOYHOCTD
KOHTpOJII ~ CKOPOCTH  MOXET  OBbITh IOJIyueHa C  IOMOIIbIO
TaxoreHeparopa — W3MEPUTEIBHONM MUKPOMAIIVHBI, HANPSIKEHHUE HA
3aKMMax KOTOPOM IMpsMO IPONOPLUOHAIBHO CKOPOCTU BpALLECHHUS.
Taxoreneparopbl HCHOJNB3YIOT B CHCTeMax OOpaTHOW CBSI3U pery-
JUPYEMOTO IPUBOJA C OOJNBIINM JMANA30HOM HM3MEHEHHSI CKOPOCTH, H
II03TOMY

Puc. 3-11

MOTPEUIHOCTh MX COCTaBJSIET BCEro HECKOJBKO MpoleHToB. Hambonbliee pacmpocTpaHeHHe
HUMEIOT TaxoreHepaTopbl MocTosiHHOro Ttoka. Ha puc. 3-11 nokasana cxema pese KOHTPOJsSI CKOPOCTH
anekTpoaBurarens M ¢ npumMeHeHHWeM TaxoreHeparopa (G, B ILeNb SIKOPS KOTOPOTO BKJIFOUEHO
anekTpomaruutHoe pene K u perynupoBounblii peoctar R. Korna HanpsbkeHue Ha 3akMMax sIKOps
TaxoreHepaTopa MPEeBHICUT HAIPsDKEHHE CpabaThIBaHUs, pesie IPOU3BOJNT MEPEKIIOYCHNE BO BHEITHEH
nenu. C yBeJTMYEHHEM COMPOTHBICHHS IIETIH SIKOPS TOYHOCTh PabOTHl cXeMbl MoBbImaeTcs. [loaTomy
MHOT 1A pelie MOAKII0Yal0T K TAXOT€HEPAaTopy Yepe3 NPOMEKYTOUHBIN MOJIYITPOBOIHUKOBBIN yCHIINTEND.
B03MOXXHO Takke HCIIOJIb30BAaHHUE Ul TOM IeNU MOJIYIPOBOJIHUKOBBIX OCCKOHTAKTHBIX MOPOTOBBIX
3JIEMEHTOB, 00JIQIAIONINX CTA0MIBLHBIM HANPSDKEHUEM cpaOaThIBaHUSL.

HanexxHOoCTh paboOThl CXeMBI MOKET OBITh MOBBIIICHA, €CJIM TaXOTE€HEPAaTOP MOCTOSHHOTO TOKA
3aMEHUTh OECKOHTAKTHBIM ACHHXPOHHBIM TaXOT€HEpaTOPOM. ACHHXPOHHBIA TaxXxOreHepaTop HMEeT
MOJIBIA HEMarHUTHBIA POTOp, BBHIMOJHEHHBIA B BUJAE CTakaHa. Ha craTtope pasmelieHbl 1Be 0OMOTKH,
Haxosumecs moxa yriom 90° npyr k npyry. OnHy U3 0OMOTOK BKIIIOYAIOT B CETh NEpeMeHHOro Toka. C
Apyroii OOMOTKM CHHMAIOT CHHYCOMJAIBHOE HAIpPSDKEHUE, MPOIMOPIHOHAIBHOE YacTOTe BpAIICHUS
potopa. YacToTa BEIXOJHOIO HAalpsKEHUS BCETla paBHA 4YacTOTE CETH.

B COBpEMEHHBIX HCIOJHUTENIBHBIX AJIEKTPOJBUraTENIAX IOCTOSIHHOIO TOKAa TaXOreHEepaTop
BCTPaMBaIOT B OJUH KOPIIYC C MAIIMHON M yCTaHaBIMBAIOT HA OJHOM Bajy C OCHOBHBIM JIBUIATEJIEM.
OTO yMEHbIIAET MyJIbCALUU BBIXOJHOIO HAINPSDKEHUS U MOBBIIIAET TOYHOCTD PETYJINPOBAHUS CKOPOCTH.
B oanexrtpomBurarensx cepun  I[IBCT 00bIYHO TPUMEHSIOT
TaxoreHepaTopbl  MOCTOsIHHOro  Toka  tuma  [IT-1 c
AEKTPOMAarHUTHBIM BO30Y)KICHUEM. BbICOKOMOMEHTHBIE
NIEKTPOJBUTATENM IOCTOSIHHOTO TOKa MMEKT BCTPOEHHBIN
TaXOreHEPaTOp ¢ BO30YKJICHHEM OT MOCTOSIHHBIX MarHUTOB.

B Tex ciydasx, Koraa sjaeKkrpoAsBuraresib M MOCTOSIHHOTO
TOKa TaxoreHeparopa HE MMEET, €ro CKOPOCTb MOYHO
KOHTpoaupoBaTh usMmepsss DJC saxops. s 3TOro MCHOIB3YHOT
CXeMy TaxoMeTpuyeckoro mocta (puc. 3-12), KoTopslii 00pazoBaH
nBymsi pesucropamu: R1 m R2, sxkopem R; m noGaBouHbIMH
[IOJIF0OCaMHU MAaIlUHBI Ry BrixonHoe HaIMpPsDKCHUE
TaXxOMETPUUECKOTI0 MOCTa

UBle = UI'U;m-

Puc. 3-12

KOHI{CHC&TOI)HOC pesgie BpeMEHN ¢ UMITYJIBCHBIM IIUTAHUEM

JlanbHelilee yBeNTMYEHUE BBIACPKKH BPEMEHH JIOCTUTAETCs TMHMTAaHUEM KOHJIEHcATopa
UMIYJIbCHBIM HAaIpsDKEHHEM C OOJIBIION CKBAaXHOCTBIO HMMITYyJIbcOB (puc. 3-13, a). Ilpu stom
KpPaTKOBPEMEHHBIE MEPUOJIbI t| U3MEHEHUsI HANpsDKEHUs KOHJEHCATOpa YepelyIOTCsl C JUIMTENIbHBIMU
nepuojaMu BpeMeHn T—t) Korja 3To HanpspKeHHEe OCTaHETCsl HeM3MEHHBIM. B pesyrnbrare BbIIEpIKKa
BPEMEHHU YBEIMUMBACTCS B HECKOJIBKO pa3. [1o100HBIN MPUHIIUT UCIIOIB3YIOT BO MHOTHUX COBPEMEHHBIX
pene BpeMeHH, IMoiydas MpU 3TOM BbLIepKKY Bpemenu 10—20 mun. B cxeme pene (puc. 3-13,0)

53



koHeHcarop Cl 3apsikaercss UMIyJIbCaMH, TeHEPUPYEMBIMU OJIOKMHT — reHepaTtopoM I ¢ wactoToi
50—100 TI'm. JnuTenbHOCTh HUMIOYNIbCOB 3—5  MKC.
KonneHcarop BK/IIOUEH IO MOCTOBOM CXEME, B JIUaroHalIu

Ot ' . N Ny
t KOTOPOI MMEIOTCSI IOPOTOBBIM 3JIEMEHT — MO V,
i
! | i
MM HACTPOEHHBIN Ha 3a/laHHOE HaIlpsDKEHUE
U 111 oy h cpabatrbiBaHUs, KOTOPOE cHUMAaeTcst ¢ aenutenst R2—RI1.
. &2
ptm—
! Ilocne 3apsina xoHAeHcaTopa OUOJ V OTKpBIBAeTCS U
o gepes a3/ICIINTEIbHBIN KOHJIIEHCATO C2 BBIJAET
0 ’
}-[ > YOPaBJISAIOMUNA  HMMIYJIbC Ha  BbIXOAHOM  Tpurrep T,
r -

KOMMYTHUPYIOIIMK  LeNb  AJeKTpomMarHutHoro pene K.

g )

[IpuBeneHHass MOTPEIIHOCTh TMOAOOHBIX pelie MOXKET OBITh

cHmkeHa j0 1,5%.

Puc. 3-13
Pene Bpemenu

DNEKTPUUYECKOE Peie ¢ HOPMUPYEMBIM BPEMEHEM BKIIIOUEHUS MU OTKJIIOYEHHUS HA3bIBAIOT peiie
BpemeHu. [loo0HbIE pene 00eceYnBarOT BBIACPKKY BPEMEHH OT MUJUTUCEKYH/I 10 HECKOJIBKUX YacoB.
Jns  momyueHHst  HEOONBIIMX  BBIACPKEK  BPEeMEHHM  (HECKOJBKHUX  CEKYHJZl)  HCHOJb3YIOT
AJIEKTPOMAarHUTHBIE PEJI€ B COUETAaHUU cO cxemamu (puc. 3-14), 3aMeIsIONMMUA U3MEHEHHUE TOKa B
KaTymke pene. Takue pene BpeMEHHM HE OTIMYAIOTCA CTaOWJIBHOCTBIO, HO OHM HAXOJAAT JOCTaTOYHO
IIMPOK O€ MPUMEHEHHE OJ1aroaapsi CBOeH MpOCTOTe U HEBBICOKON CTOMMOCTH.

B cxeme nHa puc. 3-14, a ana 3ameqyieHus
L E " P ” cpabaThiBaHus MapaienbHo Karymke pene KT noakmouen
¢ m koHaeHcarop C. IIpu 3aMbpIKaHUM YIPaBIISIOIEr0 KOHTAKTa
K 4 K xoHzeHcarop IIyHTHpYyeT OOMOTKY, U TOK B KaTyIIKE
LA AT
fr m HA4YMHAET MIPOTEKATh TOJIBKO MOCIE TOr0, KaK KOHJEHCATOP

[T+ 3apsAaUTCA U €0 COMMPOTUBIICHUC BO3PACTCT.
¢)

Puc. 3-14

JloGaBouHbI pe3ucTop R orpaHnumBaeT HavajdbHOE 3HAYEHHWE TOKa B Lemu. Bce cxeMsl
3aMeJUIEHHs OTIIYCKaHUsl PEJie OCHOBaHbI Ha UCIIOJIBb30BAHUU YHEPIHM, 3aI1ACEHHON B MAarHUTHOM I10JIE
KaTyIIKH JJIs TIOJIEpKaHUs TOKa MOCie pa3phiBa Ienu nuTaHus pene. B cxemax Ha puc. 3-14, 6 u B
nocie pa3MblkaHusl KoHTakTa K ymeHbInaromuiicss MarHUTHbIA noTok HaBoauT DJIC B 0OMOTKe perne,
IO/ AEMCTBUEM KOTOPOM IO LEIU IPOTEKAET TOK Ix. YACPKUBAIOIIUN SKOPb B IPUTAHYTOM COCTOSIHHM.
Cxembl XapaKTepU3YIOTCs JOIOJHUTENBHBIMU MOTEPSMU MOLIHOCTH, BO3HHUKAIOIIMMM B pe3uctope R.
DTOro HEe NPOUCXOAUT B CXEMe, IOKa3aHHOM Ha puc. 3-14, r, B KOTOpPOH IOCIEAOBATEIBHO C
pe3ucTopoM BKIHOYEH auoJ V. [IoaToMy B CTallMOHApHOM PEKUME TOK UEPE3 PE3UCTOP HE MPOTEKAET.
JUis moNydeHus: 3HAYMTENbHOM BBIAEPKKH BPEMEHM pelie JOJKHO OBITh JTOCTaTOYHO MAaCCHUBHBIM,
4TOOBI 00ecreunTh HEOOXO MBI 3ar1ac MarHUTHOM SHEPTHH.

AHaJOrMYHBI OPUHLMII  HUCIOJIB3YETCS B pelie  BPEMEHM IIOCTOSHHOTO TOKa €
AJIEKTPOMArHUTHBIM 3aMEIJICHUEM M JIEMII(PHUPYIOUIeH KOPOTKO3aMKHYTONH 00MOTKO# (puc. 3-15). Ilpu
OTKJIIOYEHUU OOMOTKHM pesie 1 OT ceTH MarHUTHBIN MOTOK B CEPJCUYHHUKE 2 YMEHBUIACTCS. ITO MPUBOAUT
k nosisiennto DJIC B maccuBHOU 1miaitbe 3, oOxBaThiBaromei cepiaeuyHuK. CONPOTUBIEHUE IMIAOBI
OUYEeHb MaJlo, TOITOMY B HEH BO3HHKAET OOJBILION TOK, MOAMArHUYUBAIOIINN ceplieuHuK. B pe3ynbrare
MarHUTHBIA TIOTOK B CEpACYHMKE pelie yObIBaeT 3HAYMTENbHO MEIJICHHEE, SKOph 5 OCTaercs B
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IIPUTSIHYTOM II0JIOXKEHUH U KOHTAKTBI pelie 4 pa3MbIKalOTCs C BbIAEPKKOM Bpemenu 1o 10 c.

CymiecTBYIOT KOHCTPYKIMH pejie BPEMEHH, B KOTOPBIX POJIb KOPOTKO3aMKHYTOM OOMOTKH
BBINIOJIHSAET MEAHAs TWJIb3a, HaJeTas Ha CEpACYHUK. BBIIEpXKKY BpEMEHM pelie pErylnpyroT
M3MEHEHHEM 3a30pa MEXY SIKOPEM U CEPIACYHMKOM WJIM HATSHKEHMEM IPYKUHBI 6. DTO U3MEHSET 3Ha-
YyeHue MmoToka oTmyckaHusi Dy, (puc. 3-15, 0), mpu KOTOPOM HauyMHAETCS IBIKEHHE skops. Ilpu
CHJIBHOM OCNIA0JICHUM TPYXHUHBI OTIYCKaHUE SIKOPS MPOHMCXOJUT Ha MOJIOTOM ydacTke KpuBoi D(t), u
BEJIMYMHA BBIACPKKHM BpPEMEHM CTAaHOBUTCA HEONPEIENIIEHHOW. OTO OrpaHMYMBAacT JUala3oH
pEryJIMpOBaHUs pele.

? BbiaepkKy ~ BpEMEHH  MOJKHO TaKKe
perynupoBaTh IIPUMEHEHUEM CCa)KMBaIOIIEH
‘\ KaTyILKH, co3Jarolen JOTIOJTHUTEIIbHBIN

\ . .
\ pa3MarHM4MBaIOIMKA MarHUTHBIN NMOTOK. B pe3yinb-
L - TaTe MarHUTHBIN MOTOK B CEPJIECYHHUKE YMEHBILIAETCS

~ 1
? o ObicTpee (TpuxoBas KpuBas Ha puc. 3-15, 0) u
o |8
— BBIJIEPKKA BPEMEHU U3MEHSETCS OT t) A0 t).

Puc. 3-15

Jlns monydeHus: OOJIbIIEH BBIACPKKH YBEIWYMBAIOT OOBEM MAarHMUTHOW CHCTEMBI pejie U
MPUMEHSIOT MaTepHallbl C BBICOKOM MAarHUTHOM MPOHMIIAEMOCTHI0. MarHuTOnpoBo penie paboTaeT B
pexume HacbllleHus. [loPTOMy H3MEHEHHEe HaNpsDKEHHs NHUTAHWS [PAKTUYECKH HE BIUSAET Ha
HAYaJbHBI MAarHUTHBIA IMOTOK M, CJIEJOBATEIbHO, HAa CTAOMJIBHOCTb BBIIEPKKH BpeMeHU. OJHaKo
BBbIJIEP)KKa BPEMEHHU CYIIECTBEHHO 3aBUCHT OT W3MEHEHMs TeMIlepaTypbl MIaiObl 3, BIUsIOmEH Ha
ANIEKTPUYECKOE CONPOTUBICHHE M BEIWYMHY IOJAMArHUYMBAIOIIEIO TOKAa. OTO YBEIWYMBACT
MOTpeIHOCTb pene 10 5S—10%.

Hamnune nemndupyromeil KOpOTKO3aMKHYTOW OOMOTKM YBEIWYMBAET BpEMsS IOATOTOBKH,
HE00X0AMMOE JUTS CO3/IaHMsI 3amaca SHEPrul MarHUTHOTO Toiisi. B pene Bpemenu ¢ 00JbIUM 00beMOM
MarHUTHOM CHUCTEMBI OHO MOYKET COCTaBIATH 1 c¢. Pene BpeMeHM C 3JIEKTPOMArHUTHBIM 3aMENJICHUEM
HAIUIM IIMPOKOE IPUMEHEHUE B CXEMaxX IyCKa U TOPMOXKEHUS JIEKTPOABUIaTEIed OCTOSHHOIO TOKa,
JUI KOTOPBIX TOYHOCTb 3TUX peEJ€ BIOJIHE JOCTaTOYHA, & TAKXKE B CXEMax YIPAaBJICHUS MEPEMEHHOTO
TOKa. B 3TOM citydae KaTyllIka pelie BKIIOUAETCS YEPE3 BBIIPSIMUTETD.

Konmponsnwvie éonpocwi:
1)Kakue 3neMeHThl OTHOCATCSA K KOMMYTUPYIOIIUM ?
2) Yem OTAMYAIOTCS KOHTAKTOPBI OT pesne?
3) Hasnauenue mnpenoxpaHHUTENEH.
4) Pa3HOBUAHOCTH 3allIUTHI.
5) B kakue peneiiHO-KOHTaKTHBIE CXEMbI BKJIIOYAOTCSI MATHUTHBIE ITycKaTeIu ?
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I'ntaBsa 4

JJIeMEeHTHI PeJIeiHO-KOHTAKTHOIO YIIPaBJEeHUA U

3aIlUTHI

4.1 Pa3HOBHMIHOCTH KOHTAKTHBIX Y3JIOB

—t— Oy

8)

Puc.4-1 - KoHTaKTHBIC y3IIBI: 8 — MOCTHKOBBIA KOHTAKT; O — PBIYa)KHBIH KOHTAKT C TUIOCKUMU TIPY)KUHAMH; B —
PBIUAXKHBIA KOHTAKT C IPUTHPAHUEM KOHTAKTUPYIOIIKUX MOBEPXHOCTEN; I — TEPKOH.

4.2 KHonka ynpasBJieHUs

D36

P 5
s el
. 4 ‘
SN S
] : Xigl
My
2 Sa
- 6
7
= Y
7
Puc. 4-2

Kuonku ynmpaBneHus —  3TO  anmaparsl,
MOABI)KHBIE KOHTAaKThl KOTOPBIX IMEPEMEIIAIOTCS U
CpabaTpIBalOT TMPU HAKATUM HA TOJKATENb KHOIKH.
KomIuiekT KHOMOK, CMOHTHPOBAHHBIX Ha OOIIEH MmaHenu
(unu B O670KE), IpeicTaBisieT coO00 KHOMIOYHYIO CTAHIIUIO.
Bce wucnonb3yeMble B CXeMax aBTOMAaTUKM —KHOIIKH
YIPaBJICHUS Pa3IMyaloT 110 YUCIY U TUIY KOHTAKTOB (OT 1
10 4 3aMBIKAIOIIMX U Pa3MBIKAIONINX), (opMe TOoJKaTemns
(UMIMHIPUYECKHH, TPSIMOYTOJNBbHBIE M T'PUOOBUIHBIN),

HaJMNUCSAM M IIBETaM TOJKaTeJel, a TaKkxKe 1o

croco0y 3amuThl OT BO3AECHCTBHS OKpYXKAroIIel cpeabl (OTKPBITHIE, 3aKPhITHIC, TEPMETUYHBIC,
B3pBIBOOE30MACHbIE U T. 11.).

He3aBuCHMMO OT KOHCTPYKIMH M Ta0apUTHBIX Pa3MepOB KHOMOK (pHcC. 4-2,) BCE OHH HUMEIOT
HENO/IBWKHBIE KOHTaKThl |M MOJBMHBIE KOHTAKThl 6, NepeMellaeMble C IOMOILIBIO TOJIKaTens 3.
BHemHIOI0 1enh MOJCOEIUHAIOT K KHOIIKE C IOMOIIBI0O BUHTOBBIX 3akMMOB 7. Kopmyc 2 kHONKH
(UKCHPYIOT HA TTAHEJH YIIPaBJICHUS raiikamu 4 u 5.

Knonku ynpasnenus oOmienpomsiiieHHoro npumenenus cepuit KY u KE umerot pasnuunsie
ucnoyiHeHus. Ha oCHOBE 3TUX KHONOK M3rOTaBJIMBAIOT KHOIOYHBIE CTaHLMHU, cojeprkauue oT 1 mo 12
KHOTIOK pa3jW4YHOTO HCIOJHEHHUsS, COOpaHHBIX Ha OOIIed NaHedM WIM B OJHOM KOpIyce C
COOTBETCTBYIOLIEH 3aLIUTOM.
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4.3 Tym0J1epb1

OTH mepeKiIrouaTeNld MpeAHa3HauYeHbl, KaK MPaBHIO, JJs (IaHIIEBOTO MOHTAXa Ha ITaHENX
IyJbTOB yIpaBjieHUs (KOJIBLIO IEpe] IMaHENbI0 M raiika 3a maHenpto). OHM HMMEIOT J1Ba WM TPH
MIOJIOKEHHMSI, 3aMbIKasi IO YeThIpeX Lernel Mpu pa3IMYHbIX KOMOMHaIMAX KoHTakToB. Ha puc. 4.3, a
MOKa3aHO YCTPOoicTBO TymOepa u HanboJiee pacpoCTPaHEHHBIE CXEMbI €T0 HCIIOJIb30BAHUS B KAUECTBE
JBYXIO3ULIMOHHOTO Tepekmoyarens (puc. 4.3, 6) wim Beikmoyarens (puc. 4.3, B). MOCTUKOBBIN
KOHTAaKT, BBIIIOJIHEHHBI B BHJAE TOKOINPOBOJMAILEIO poiMka 1, 3aMblkaeT OJHY M3 JBYX Iap
HETOIBM)KHBIX KOHTAakTOB 2. IlepeximoueHre KOHTaKTOB TyMOJiepa OCYILECTBIISAETCS BO3/ACHCTBHEM Ha
pelyar 3, a yckopeHue cpabaTbhiBaHUs (MIHOBEHHOE JEHCTBHE) 00ecreuuBacTCs IMJIMHAPHUECKON
npyxunoit 4. HomunanbHbli Tok Tym61epoB 1 u 2 A npu Hanpsbkennn 220 B; Macca ux He npeBbIIIacT

30r.
& r rM
J : —OI ! | Pr—
’ : I o
b (I
! <k L *
V4 A =3 - e
a) o 5) 5}
Puc. 4-3
4.4 YCTpPOMCTBO NMAKETHBIX BBIKJIKYATEJEM
o ArnmnaparaMy pyqHOTO YIpPaBJIEHUS SIBIISIOTCS
4 —L 1\ .
3 L TaK)K€ IIAKETHBIE BBIKIIIOYATENM (TIepeKItodarenn). Takoi

3 - BBIKITIOYaTens (puc. 4.4, a) COCTOUT U3 Habopa

M30JIMPOBAHHBIX CEKIMI 1, MIOMEIIEHHBIX MEXIY BEPXHEN

W HIDKHEH CKO68.MI/I, a TaKiKC MEPCKIOYAroICro 1

(UKCHpYIOIEro MexaHu3Ma 2, CMOHTUPOBAHHOTO Ha
IIPUBOJIHOM Baily 3 BMecTe ¢ pykosiTkoi 4. Kaxxaple
CEKIIMU ATOTO BHIKITIOUaTeNs (puc. 4.4, 0) BBITIOJTHEHBI B
BH/JIE IPYXUHSIINX MOJABMXHBIX KOHTAKTOB 1,

HEINOABMKHBIX KOHTAKTOB 2, M30J1ATOpa 3 U UCKPOTacsIIuX

¢bubpoBbIX maiid 4.

Puc. 4-4

Cy1iiecTByeT MHOTO pa3IMYHbIX UCIIOJTHEHUH TAKETHBIX BBIKJIIOYATEIEH, HO BCE OHU UMEIOT
OJIMH MPUHLMUI IEHCTBHA. DTH anmnapaThl pa3INyaloT 110 TabapuUTHBIM pa3MepaM (B 3aBUCUMOCTH OT
HOMMHAIBHOTO padouero Toka oT 10 1o 250 A), konnyecTBy Lenei nian naketos (ot 2 1o 10) u yucmy
(UKCUPOBAHHBIX NOJ0XKEHUH (0T 2 110 6).

ITo KOHCTPYKTUBHOMY MCIIOJIHEHUIO ITAKETHBIE BBIKIIOYATEIN U MEPEKIII0YaTenu AT Ha
3alUIIEHHBIE, 3aKPbIThIE U TepMETHUHBIE. [IakeTHBIE BBIKIIOYATEIN HCIIONB3YIOT B KAUECTBE BBOJHBIX
anmnaparoB (B ceTsax HanpsbkeHueM 10 500 B nepeMeHHOro Toka), CEKIIMOHHBIX BBIKJIFOUATENEH, a TAKKe
nepexiIroyaTeneil it KOMMYTallu 0OMOTOK 3JIEKTPOABHUraTesiei, TpaHchopMaTopoB, HarpeBaTesel u
JOPYTruxX TOKOIPUEMHHUKOB C U3MEHSIOIUMHUCSA CXEMAMU COeIMHEHnI. Takumu anmnapaTtaMi MOKHO
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M3MEHSATh CXEMY MOAKIIIOYECHHUs TpaHCPopmaTopa (3Be31a — TPEYTOJIbHHUK ), IEPEKII0YaTh 0OMOTKH
MHOTOCKOPOCTHOTO aCHHXPOHHOTO 3JIEKTPOABUraTeNsl UM U3MEHATH (a3bl (IIPH €ro PeBEPCHPOBAHUH).

Jlnst 6oiee CIOKHBIX CXEeM MEePEKITIOUEHHsI CUIIOBBIX LIeTiel, HarpuMep, 0OMOTOK
MHOTOCKOPOCTHBIX aCHHXPOHHBIX 3JIEKTPOABUIATEIEH, UCIIONIB3YIOT APYTUe NEPEKIII0UaTeNN;
OapabaHHbIe U TAaKETHO-KynaukoBble. [locieanue sBistoTcss Hanbosee yHUBEPCaTbHBIMU —
KOJIMYECTBO ITOJ0KEHHUI OT 2 A0 5, uncio nemneit A0 48, moMuHanbHEI TOK oT 10 10 63 A. OHu
MIPUTOHBI IJIS1 IEPEKIIIOYSHUS 0OMOTOK MPAKTUYECKH BCEX MHOTOCKOPOCTHBIX aCHHXPOHHBIX
anekTpoBurareneit (Ha 2, 3 u 4 ckopocTn).

HomuHalbHbIN TOK NAKETHBIX BBIKIKOYATENEH SIBISETCS JJINTENBHO JOIYCTUMBIM (110 HATPEBY)
TOKOM; KOMMYTHUPYEMBIE TOKU COCTABIIAIOT (B 3aBUCUMOCTH OT MHAYKTUBHOCTH U COS(Y HArpy3KH) HE
6om1ee 30% ot HOMuHaIBHOTO. [TprueM amns neneit nepemerHoro Toka (mpu cose = 0,5-0,7)
JOMYCTUMBIN OTKJIFOUAEMBIN TOK B 2,5—3 pa3a MeHbIlI€ BKJIIOYaEMOT0, KOTOPBI cooTBETCTBYET ~0,8
HOMMHAJIBHOTO. /{7151 ienei NoCTOSHHOTO TOKA I0OIYCTUMbIE€ TOKU BKIIOYEHHSI paBHbI JOITYCTUMbIM
TOKaM OTKJIIOUEHUSI, HO 3HAYUTEIbHO MEHBIIE NX HOMUHAJIbHBIX 3HAUEHUH (1711 LEeNell ¢ MOCTOSHHON
Bpemenu T = 0,01 ¢ cocraBisier ~0,1 HOMUHAJIBHOTO TOKA IPY HOMUHAJIBHOM HampsbkeHuu). Jpyrumu
CJIOBaMH, KOMMYTAaIUs LETIEH TOCTOSHHOTO TOKA NEPEKIII0YATENIMU IPAKTUUYECKH TOIIYCTUMA TOJIBKO
0e3 Harpy3KkH, a Iernel NepeMeHHOT0 TOKa — MPU 3HAYUTEIHbHOM YMEHBIICHUH KOMMYTHPYEMBIX TOKOB
10 CPAaBHEHUIO C JTIUTENIBHO JIOIYCTUMBIMU 3HaueHUsAMU. [Io3TOMy, KaKk mpaBUIIO, 3T anmapaTbl
KOMMYTHPYIOT CHIIOBBIE IIETIH BXOJIOCTYIO. M TOJIBKO MajIOMOIIHBIE TOTPEOUTENN HHOT 1A
KOMMYTHUPYIOTCSI IAKETHBIMU BBIKJIFOYATEISIMU 1101 TOKOM.

4.5 lllaroBplii HCKATEJIb 1 KOMAHAOANIIIAPAT

B kauecTBe KOMaHAOaMMapara 4acTo MCIOIb3YIOT MIArOBBIM MCKATEIh, YCTPOHUCTBO KOTOPOTO
nokazaHo Ha puc. 4-5. KoHTakTHas cucTeMa IIaroBOro HCKATelIs NpPEACTaBisieT co0oi Habop
HEMOJBIKHBIX KOHTAaKTOB (Mameneid) 1, pacmoioKEeHHBIX MO OKPY:KHOCTH. [lo yamensiMm CKONB3UT
MOJIBIDKHAS IIeTKa 2, KOoTopas 3akperuieHa Ha ocu 3. IlleTka moakimrodyaercs K BHEUIHEH Iiemu C
MOMOIIIBI0 MOABIKHOTO TokomoaBoAa 10. IllaroBoe mepemenieHne METKH OCYIIECTBIISCTCS XPAOBBIM
MEXaHHU3MOM, COCTOSIIIIMM M3 XparoBOTo Koyeca 5, paboueil cobauku 6 u ukcupyromieit codbauku 9.
XpamnoBoii MEXaHH3M HMMEET JJICKTPOMarHUTHbIN mpuBoj 7. Ilpu mongade ympapisiomiero UMIyJbca B
0OMOTKY JIEKTPOMArHUTa SKOPb MPUTATHBACTCS K CEPACUHUKY U MTOBOPAYMBAET XPANoBOe, KOJECO Ha
onuH 3y0. B pe3ynbrare merka nepexoauT ¢ OAHOU JIaMeH Ha JAPYTyI0 U MPOU3BOIUT MEPEKITIOUCHHE
BO BHELIHEH LIETIH.

[laroBsIif KcKaTeTh UMEET HECKOJBKO PS/IOB JIaMeNel U MIEeTOK, YKPETUIEHHBIX Ha OJTHOU OCH.
DTO MO3BOJSET YBEIUYUTh YHUCIO KOMMYTHPYEMBIX
LETIECH.

[ToaBrKHBIE AIIEMEHTHI  IIarOBOTO

HUCKaTCJIs1 MOryT IMEpeMelarbCd TOJIBKO B OJHOM
HalnpaBJICHUH. HOBTOMy BO3BpaT WCTKU B HAYAJIIbHOC

IMOJIOXKCHHUEC BO3MOIXCH TOJIBKO IIOCJIC€ TOI'O, KaK OHa

clenaeT MOJIHBIN 060p0T. Ecnu 4ncio TakToB B LIUKIIE
pa60TBI KOMaHJoalapara MCHbIIC 4YHCJIa naMeHeﬁ,

TO BO3MOXHO YCKOPCHHOC IMCPCMCHICHUC IICTKU B

Ha4YaJIbHOC IIOJIOXKCHUC. I[J'I}I 9TOr0  HUCHOJIB3YIOT

CceualbHbII paa Jamenei 4, B KOTOPOM BCC JIaMCJIH,

Puc. 4-5
KpoMme Hy.]'[CBOfI, QJICKTPUYICCKHU COCAMHCHBI MCKIY CO6OI>’I. HCHB BO3BpaTa IMoOKa3aHa Ha pPHUC.
4.5 mwrpuxoBoii nuHHed. Ona oOpasyerca jamensiMu 4, KaTyIIKOH 3JIEKTPOMarHuTa U €ro
BCIIOMOT'aTCIIbHBIMU PA3MbIKAIOIUMU KOHTAKTaMHU 8.
HpI/I KaxXKI0M Cpa6aTBIBaHI/II/I OJICKTPOMAIrHUTa KOHTAKThI 8 Pa3MbIKAOTCA KW LCIIb BO3BpaTa
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pBerca. KoHTakTel 8 OmsTh 3aMbIKaroTcsd, W T. A. B pesynbrare cobayka 6 mosydaeT MMITYJIbCHOE
JIBUKCHHE C YacTOTOW, OMpeeNsseMOil COOCTBEHHOW YacTOTOW SJIEKTPOMEXaHWYECKOW CHCTEMBI, U
1eTka ObICTPO mepemMeniaercs no jaMersiM 4. Korna meTka goiaeT 10 Hy/IeBO# lamenu, 1Ierb BO3BparTa
pa3MbIKaeTCsl U JBUWKEHHME ILIETKU INpeKkpamaercs. KOHTaKThl 1IAroBbIX MCKATeNEHl paccUMTaHbl Ha
Hebonpme Toku (1o 0,2 A). JInsd KOMMYTallMU CHJIOBBIX IIeTeld MPHUMEHSIOT IIaroBble MCKATENU C
TUPUCTOPHBIMU KIIIOYaMH.

beckoHTakTHBIE KOMaHAOANNapaThl CKOHCTPYUPOBAHbI HA TOM JK€ MPUHLUIE, 4YTO U
KOHTakTHbele. KomaHoammapaT uMeEeT LEHTpPalbHbI Bajl C JUCKAaMH, HA KOTOPBIX YKPEIJIEHBI

2 YOPAaBIAIOLIME  JIEMEHTHl  (KyJlaukW,  JKpaHbl,
ONTUYECKUE 3aCIOHKH U T. 1.). Ilo nmepudepun nuckos
Ha HEIO/IBUKHOM KopIryce YCTaHABIIUBAIOT
YyBCTBUTEJIbHBIE AJIEMEHTHl KOMaHjoamnmapara. B
KAuecTBE IIOCJIEJHUX MCIOJIb3YIOT HWHAYKTUBHBIE,
(borosnekTpuueckue, €MKOCTHbBIE u apyrue
npeobpazoBarenu.  Tak, Hanpumep, Ha  0aze
KOHTakTHOro komaspoanmnapara KA21 Bslmyckaercs
a) OeCKOHTAKTHBIN koMaHtoanmapar Tuna KAS1.

Puc. 4-6

beckoHTakTHass KOMMYyTalus OCYLIECTBIISIETCS I'€HEPATOPHBIMM ITyTEBBIMH BBIKIIOYATEISAMHU,
CXOJHBIMM [0 KOHCTPYKIMH C BbIKIO4arensiMu Tuma bBK, koTopble ycraHaBIuMBalOT BMECTO
MUKpoOIepeKItodareaei 5. VYnpaBieHHE S3TUMHU BBIKIIOYATENIMH IIPOU3BOJUTCS aJOMUHUEBBIMU
CEKTOpaMHU, 3aKPETUIEHHBIMU Ha Baly 7 BMECTO KYyJA4KoB 1.

Ha puc. 4-6, a npuBezieHa cxemMa 0€CKOHTaKTHOTO KOMaH/I0aIlapaTa, BBIIIOJIHEHHOTO Ha 6ase
cenbcHa. OOMOTKY cTaTopa ceiabcuHa W, BKIIIOUatoT B ceTh. HanpsikeHue, Bo3HUKaroIee Ha 00MOTKax
potopa, Beimpsimisgercs auogamu V1 u V2, crinaxuBaerca koHuaeHcatopamu Cl u C2 u uepes
pesucropsl R1 u R2 nomaercs Ha Harpysky. [ToBopot poTtopa cenbcuna usmenset 9/C B ero oOMOTKax,
YTO NPHUBOJUT K M3MEHEHHUIO BBIIPSMIEHHOTO HampsbkeHus. [Ipm moBopore poTopa B IPOTHBOIO-
JIO)KHOM HAIpaBJIEHUU BBIIPAMICHHOE  HANpsDKEHHME MEHSET 3HaK. Takue KOMaHJoammaparsl
IPUMEHSIOT B CHUCTEMax aBTOMATHU3MPOBAHHOIO HIIEKTPONPHUBOJA, T HEOOXOAMMO IMOJAaTh TpPHU
KOMaH/Ipl: MyCK B IPSIMOM M OOpaTHOM HAIIpaBJICHUHM M OCTAHOBKA.

Jns  Oonee dYeTkod  (UKcalluu  AJEKTPONPUBOJA TPH  OCTAHOBKE CO3JAIOT  30HY
HEYYBCTBUTENBHOCTU KOMaHjoamnmnapara. Jljis 3TOro HCHONb3YIOT HEIMHEHHOCTHh BOJIBT-aMIIEPHOM
XapaKTepUCTUKU A1010B V3 u V4, KoTopast BO3HUKAET MPH MalbIX TOKax. I'paduk n3MeHeHUs BBIXOA-
HOTO HampsDKeHUs KOMaHJ0anmnapaTa B (PyHKIMHU yIia HOBOPOTa pOTOpa o MpUBE/eH Ha puc. 4.6, 0.

4.6 IlyTeBble BBIK/JIOYATEH

IlyreBble BBIKIIOYATENM MPEAHA3HAYEHBl Ui IOJIYYCHMS YNPABIAIOLIUMX CUTHAJIOB B
OTIpeNIeIEHHBIX TOYKAaX IYTH MEPEMEIIAIONIEroCcsl OpraHa CTaHKa WM KaKoro-JIMOO BCIIOMOTaTebHOTO
ycrpoiicTBa. [lyTeBoil BBIKIIOYATEIh COCTOMT U3 KOMMYTHPYIOLIETO YCTPOMCTBA, BHIPAOATHIBAIOIIETO
YIPABIIAIOIIMNA HMMILYJIbC IPU MEXAHUYECKOM BO3JIEHCTBUM, W IPUBOJHOIO DJIEMEHTA, KOTOPBIU

nepeaacT IBWKEHHE OT YIPaBJAIOLIEro yIopa

o J o1 i CTaHKa HAa KOMMYTHPYIOUIMH  dleMeHT. B
T A ' AN\, - H 7
=N p LN €KOTOPBIX KOHC HIX IIPUBOJHON DIIEMCHT
—LFpox ——f\rb < JE S P TPy PHBOA
& i \;7 7;/ lr';\V‘ H MOXKET OTCYTCTBOBaTB, nu TOra yHOp
N 1 i e ol lees =
2‘,,—4%1 A A HEINOCPEICTBEHHO B3aUMOJCHUCTBYET c
, ol b g%, B & & 77 &&,  KOMMYTHDYIOILIUM YCTPOICTBOM.
— L s E=’@==—=’ a__%,:_a - B 3aBHCHMOCTH OT THUIIA
8 KOMMYTH €ero CTpolicTBa a3JIM4aroT
o HHE S ympyiouero  yerp p
P~ S L '] KOHTaKTHBIC u OCCKOHTAKTHBIE MyTEBBIC
- = = BBIKJIIOYATEIIH. B KOHTAKTHBIX ITyTEBBIX
E 7 4,
2 : ) BBIKJIIOUATEIISAX KOMMYTALIHS 3JIEKTPUUECKUX
Puc. 4-7
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Hernel OCyHIeCTBISACTCS KOHTAKTHBIM CIIOCOOOM. DT0 HamboJiee MPOCTOM TUM MO3UIIMOHHBIX
annapaToB, UMEIOIINI IIUPOKOE PACTIPOCTPAHEHHUE HA IIPAKTHKE.

ITo npuHLIMITY IEHCTBUS KOHTAKTHBIE ITyTEBBIE BBIKIIOYATEIN pa3AeisaioTcsa Ha Tpu rpynnsl. B
MPOCTEHUIINX BBIKIIIOYATEISIX IPSAMOTO ACUCTBHUS BpeMs CpadaThIBaHHs M KOHTAKTHOE Ha)KaTHE 3aBHCAT
OT MOJIOKEHHUSI U CKOPOCTH YIPABJAIOIIEIO YIOpa M IMPHUBOJHOTO IEMEHTAa Nepekirodarensd. Takue
BBIKJTIOUATEIN MCIOJIB3YIOT TOJIBKO MPH CKOPOCTH IMEpeMelIeHusl y3JIoB craHka Beimie 0,6 m/mMuH. B
BBIKJIIOYATENAX MOJYMTHOBEHHOTO AEWCTBUS IOJOKEHHUE YIPABISAIOUIETO yIOpa ONPENENeT TOJIBKO
BEJIMYMHY KOHTAKTHOTO HAXKaTUs, a CKOPOCTb CpadaThIBaHHUsS OCTACTCS HEU3MEHHON. DTO MO3BOJISET
UCIOJB30BaTh MX TPH CKOpocTsXx mnepememieHuss Bbime 0,3 M/MuH. B camMbIX COBEpIIEHHBIX
BBIKJTIOUATEIISIX MTHOBEHHOTO JICMCTBUS M CKOPOCTh CpabaThIBaHUS U KOHTAKTHOE Ha)KaTHE HE 3aBHUCAT
OT TIOJIOKEHHs YNpaBisIomero ymopa. Takwe BBIKIIOYATENM 00ECHEYUBAIOT KAaueCTBEHHYIO
KOMMYTAIIMIO JIEKTPUYECKHX IIeTIel U 0YeHb MalbIX ckopocTsax — 10 0,01 M/MuH.

PaboTta moABWKHBIX YacTeil MyTeBOTO BBIKIIOYATENs mpsiMoro aercteus cepun BIIK2000
nokaszaHa Ha puc. 4-7, a. Kommyrupymomiee ycTpoHCTBO BBIKIIOYATENS COCTOUT M3 IIACTMAacCOBOTO
mToKa 1, Ha KOTOPOM PAaCIOJIOKEHBI ABa KOHTAKTa MOCTHKOBOTO THUIA, 0OPa3yIOIIUX pa3MbIKaromue 2
U 3aMbIKaloliMe 3 KOHTAaKTHbIE NHapbl. B ma3y mrToka MexAy ABYMS MOCTUKOBBIMH KOHTaKTaMH
HaXOJUTCsS LMIMHApPUYECKas NMpYyXKUHA 5, co3jarolas KOHTaKTHOE Haxkatue.  Bropas npyxuna 4
YCTAHOBJIEHA MEXY IITOKOM U KOPITyCOM ITyTE€BOI'O BBIKIIIOYATENS U IPEeJHA3HAYEeHA ISl CAMOBO3BpaTa
KOMMYTHPYIOILIETO  YCTPOMCTBA B HAayaJIbHOE IIOJIOKEHUE IIOCIE€ IPEKpalleHUs JeUCTBUS
YIPaBJIAIOUIETO yHopa. YNPaBsAOUMi ynop 6, pacroJyioXKEHHbI Ha JBMXKYILEMCS JJIEMEHTE CTAaHKa,
NIEPEMEIIAET TOJKATENIb & C POJUMKOM 7 Ha BEJIWYMHY MPSMOIO XO0Ja B IOJOXKEHHE MPSIMOro
cpabaTeIBaHUs, IPU KOTOPOM MPOUCXOIUT 3aMbIKaHHE KOHTAKTOB 3 BhIKiItoyarens (puc. 4-7, 6). OnHako
B ATOM IIOJIO)KEHUH KOHTAaKTHOE Ha)XaTHe MaJlo U TpeOyeTcs elle HEKOTOPBINA JOMOIHUTENbHBIH X0a b
IUISL TOTO, YTOOBI CXKaTh MPYXHUHY 4 U 00ecrednTh HOMHUHAIBHOE KOHTaKTHOE HakaTue (puc. 4-7, B).
Benuuuna  gOMONHUTENHHOTO XoAa JAODKHA ObITh He MeHee 3—5 mMm. Cymma xoa0B A u b pmaer
MOJIHBIA XOJI MPUBOJHOTO 3JeMeHTa B, KoTopblii  J0mKeH OBITh OOecredeH NepeMeIaronMes
YIIOPOM.

OnucaHHBIi MyTEBOM BBIKIIOYATENb MMEET NMOrpelHoCTh cpabaTtbiBaHus A< +0,05 MmM. Ota
MOTPEUTHOCTH OTPENENIETCs 10 MEePEMELICHNIO0 IPUBOIHOTO JIEMEHTA M JOJDKHA OBITh MepecyrTaHa K
MOTPEUTHOCTH TMO3UIMOHUPOBAHUS Ay y3/1a cTaHka 1o gopmyne A; = Aj/tg a, rae o — yroia HaGeranus
yrnopa. BennunHa yrima a 3aBUCHUT OT CKOPOCTH JBMXKEHHs yrmopa M 00bldHO coctaBiser 40° mpu
CKOpOCTH, MeHbIIel 15 M/mMuH, u 20° ipu Gomnbinelt ckopocTtH. [locie mpoxoa ynpapIisiomero ynopa
IpyXHHa 4 BO3BpAIlacT KOHTAKTHYIO CUCTEMY B HAYAJIbHOE MOJIOKEHHE.

Posk nmpuBOJHOTO A€MEHTA CKOJIB3UT IO 33JHEU MOBEPXHOCTH YIOPA, PACIIOIOKEHHON MO
yriioMm cOeranusi 3 K HampaBieHHIO JBWKeHUs. CHayana BBIOMpaeTcs MPOBaJl HIDKHEH 3aMbIKaroIien
KOHTaKTHOH mapsl. [locie Toro kak mTOK MepeMecTUTCsl Ha BEIMYUHY 00paTHOTO X042 I, B monoxeHun
oOpatHOro cpabaThIBaHUS 3aMKHYTCS pa3MBIKAIOIIME KOHTAKTHl 2. 3aTeM IITOK IMEPEeMECTHTCS Ha
BEJIMYMHY JIOMIOJIHUTEILHOTO 0OpaTHOTO X0/, M MYTeBOW BBIKIIOYATENIb BO3BPATUTCSA B HAYaJIbHOE IO-
JIO’KEHUE.

PazHoCTh monokeHuil mpsMoro M oOpaTHOro cpabaThIBaHUS, U3MEPEHHAs! MO MEePEMEICHUIO
MIPUBOIHOTO 3JIEMEHTAa, orpeenseT AuddepeHuan Xo1a MyTeBOro BEIKIIOYATENs.

Jlnst onpeneneHus yria coeranus 3 1 MOTPENIHOCTH NO3UIIMOHUPOBAHUS MIPH 0OpaTHOM XOJe
LITOKA CYLIECTBYIOT T€ € HOPMBI, UTO U IIPH NPSIMOM XOJI€ IITOKA.

BaxHO OTMETHUTB, YTO TaKTHl PaOOTHI 3aMBIKAIOMIMX M PAa3MbIKAIOIIUX KOHTAKTOB CMELICHBI BO
BpeMeHHU. Pa3MbIKarolye KOHTAKThl Pa3MBIKAIOTCS HECKOJBKO pPaHBIIE, a 3aMBIKAIOTCSA IO3XKE, 4EM
3aMBIKAIOTC M Pa3MBIKAIOTCSI  3aMbIKAIOLIUE
KOHTAakKkThl. Takoil mopsgok paboOThl KOHTAKTOB
Ha3plBalOT mpsMbIM. Ecim  yron @ , TO
CMELICHHUE YIPABJIAIOMUX KOMaH/ 10 IMyTH OyJeT
OJIMHAKOBBIM.

OmgHO M TO K€ KOMMYTHPYIOIIEe
YCTPOMCTBO B  NpeleNlax Cepuu  IYTEBBIX
BBIKJIIOYATEJIEN MOXKET COEAMHATHCS C

a) 8
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Pa3IMYHBIMU PUBOIHBIMH 3J€MEHTaMU, 00pa3ysi HECKOJIBKO HCTIOJIHEHHH.
Hawubouee ynotpeburenbHbIE TPUBOHBIE 3JIEMEHTHI TOKa3aHbl HA puc. 4-8.
IlyTeBble BBIKIIOYATENH C IPUBOJIHBIM 3JIEMEHTOM B BHJIE TOJKATENs (puUC. 4-8, a) HCIOIB3YIOT

JIIsL pa60TBI C TOJIKAKOMIUM YIIOPOM, HAIPABJICHHLIC ABWXCHHUA KOTOPOro COBINAAACT C HAIIPABJICHUCM
ABWIKCHUSA IPpUBOAA.

Bo u3bexaHue MmoJIOMKH BBIKJIIOYATENSI X0/ YIIOpa HE JOJDKEH MPEBBIIATh TOMYCTUMOTO X0/1a
ToJsikarend. Ecnm 3To ycinoBHe HEBBINIOJIHUMO, TO MEX/y YIOPOM M TOJIKAaTeNIeM JOJDKHA OBITh BBeJCHA
ylnpyras MexaHudeckas CBsi3b. [Ipu nepemeneHnn yrpassioliero yrnopa moja yriioM K HallpaBJICHUIO
JBUKEHUS IIPUBOJIHOTO 3JIEMEHTA MCMOJb3YIOT TOJKATENb C POJIMKOM WIH pblUar ¢ poJiMkoM (puc. 4-8,

0, B).

4.7 HyTCBOﬁ BBIKJIIOYATEJIb MTHOBCHHOI'O HeﬁCTBHH H MUKPOBBIK/JIIOYATCIN

Mennennoe BKJIFOUCHHE u
OTKJIFOYEHUE KOHTAKTOB MOKET IPUBECTH K
MOSABJIEHUIO JIOKHBIX CUTHAJIOB, MOCTYNAKOIIUX
B cxemy ynpasienus. Kpome Toro, mpu
MEJICHHOM OTKJIIOUEHHUH BO3MOKHO TIOSIBIICHUE

JJIEKTPUYECKON JyId, NOBBIIIAKOIIEH H3HOC

koHTakToB. Ha puc. 4-9 mnokasan myreBoit

BBIKJIIOYATCJIb MI'HOBCHHOI'O HGI\/’ICTBI/ISI cepun

Puc. 4-9

BK200, B KOTOpOM 3TH HEJOCTATKU B 3HAUUTEIbHON Mepe ycTpaHeHsl. [1yTeBoii BBIKIIIOYATEND
cepun BK200 mmeer meraminueckuii kopmyc 4. HenoaBukHbele KOHTakThl 12 yCTaHOBJIEHBI Ha
KOJIOJKaX, U30JIMPOBAHHBIX OT Kopiyca. IlonBuykHbIe KOHTAKThI 13 pacmnosoeHsl Ha MJacTMacCOBOM
poryare 11. Peruar Mmosxet nmoBopaunBathest Ha ocu 10. Ha Toit sxe ocu pacnonoxena T-oOpa3Has ruianka
6. IlpuBomHOI s1eMEHT BBIKIIOYATeNs (pplyar 2 ¢ poOJMKOM 1) mepemaeT ABMIKEHHE NOBOJKY 3 C
LIApUKOM 8, MOKaThIM IIPY>KMHOH 9.

Korna ynop moBopaumBaer pblyar 2, TMOBOJOK 3, MEpeMEIasch, HAXMMAET HAa OJHY W3
cobauek 7, 0cBOOOXK/1asi TEM CaMbIM ILIaHKY O.

B pesynbrare 3TOro moj neHCTBHMEM NpPYXHMHBI 9 miaHka ¢ ocbto 10 moBopaumBaercs, 4TO
IPUBOAUT K OBICTPOMY IMEPEMELICHUIO MOJBMKHBIX KOHTAaKTOB 13 M MIHOBEHHOMY cpaOaThIBaHUIO
IIyTEBOTO BbIKIItOUaress. [loaBuxkHas cucTemMa BO3BpAIaeTCsl B HAYaIbHOE ITOJI0KEHUE IIPYKUHOU 5.

KOHTaKThI BBIKJIIOUATENSE MOI'YT KOMMYTHPOBATh TOK 6 A IpH HaNpsyKEHUU IIEPEMEHHOTO TOKa
1o 500 B u nocrosiHHOro ToKa 10 220 B. Mexanuueckass H3HOCOCTOMKOCTh IIyTEBOTO BBIKJIIOUATENS 5
MIJIH. IUKJIOB BKIIIOUEHUU-OTKIIOUCHUN.

[[lupokoe mnpuUMEHEHHE B MPOMBIIIJIEHHOCTH HAXOAAT MHUKPOBBIKIIOYATENN, HMEIOIINE

BBICOKYIO HAJIeKHOCTh, HO 00JIafaonife MEHBIIUMH KOMMYTAMOHHBIMH BO3MOXHOCTSIMH T10
CpPaBHEHHMIO C MYTEBBIMHU BBIKJIIOYATEIIMU HOpPMajbHOro ucrnonHenus. Ha puc. 4.10, a u3oOpaxena
KOHCTPYKLUSI MUKpoOBbIKIto4arens cepun MII6000. B mmactmMaccoBoMm kopryce 1 pacnosioskeHbl
HENOJBWKHBIE KOHTakThl 8 M 9, 3aKpeluieHHble Ha MeTauimueckux BTynkax 7 u 10. IloaBmxHbIi
KOHTAaKT 5 pbIYa)KHOTO THIIA BHINIOJHEH B BUJE IUIOCKOM MPYXHUHBI C JBYMS IIPOJOJIBHBIMU IIPOPE3SIMHU.

[IpyxuHa 3aKkperjieHa Ha BTYJIKe 2, a ee KpaliHHWe YacTH YNHMpAroTcs B BUJIKY 5; M3rubasich, OHU U
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00pa3yloT YCTPOMCTBO MIHOBEHHOIO TepekitoueHus. I[IpuBOAHON 31eMEHT MHUKPOBBIKIIOUATEIS]
COCTOUT M3 TOJKaTens 4, KOTOPbI MPOXOAWUT B OTBEPCTHE B KPBIIIKE Kopiyca 6, COCIMHEHHOH ¢
koprycoMm mtudrom 11. HukHsAS dacTh TOJKaTeNsl MMEET LIaCTMAacCOBYIO a0y co chepudeckoi
noBepxHocCThI0. [To Bo3eiicTBHEM yIopa TOJIKATeIh HAKMUMAET Ha CPETHIOI0 YacTh MJIOCKON MPYKHHBI
5, KOTopas B TOJIOXKEHHU NPSAMOro cpalaTbIBaHHsI MTHOBEHHO MEPEXOAUT B JPYroe IMOJOXKEHUE
YCTOMYMBOTO PAaBHOBECHSI, EPEKII0Yasi KOHTAKThl MUKPOBBIKITIOUATEIIS.

BHemnue coefMHEHNsI MUKPOBBIKIIIOUATEINS OCYLIECTBIISIFOTCS Yepe3 KieMMbl 12.

MuKpoBBIKIIIOUATENN KOMMYTHPYIOT NMEpPEMEHHBIH TOK 10 2,5 A mpu Hanpsokenuun 380 B.
Pabounii xox mukpoBbikitoyarenss paseH 0,2 MM, pomonHutenbHbld xoa — 0,1 mm. Ycunme npu
npsaMoM xoze coctasisieT (4—6) H. Ha puc. 4.10, 6 moka3ana cxema MUKpoBBIKITIodarens tuna BII61,
MMEIOLIET0 KOHTAKThl 4 MOCTMKOBOI'O THIIA C JBOMHBIM Pa3pblBOM LIEMH. JTO MO3BOJIAET MPH MAIBIX
rabapuTHBIX ~ pa3Mepax  MHKPOBBIKIIOUATeNss  KOMMYTHPOBaTh  TIEpEMEHHBIE Tok 6 A,
MuKpoBBIKIIIOUATENIb COCTOMT U3 Kopmyca |1,
KOHTaKTHBIX CTOEK 2 €  HENOJBUXHBIMU
KOHTakTaMHU M IIJJaCTMAcCOBOTO ToJIKaTens 3.
MOCTUKOBBII ~ KOHTakT BBIIIOJHEH B  BHUJE
XJIOIarom e MIPYXXUHBI, HMeEIOIIen Ba
YCTOWUYUBBIX TOJOXKeHUA. Ilpu mnepememenun
TOJIKATENs MPYXKUHA BBIIIEIKUBAECT U IPOU3BOAUT
MI'HOBEHHOE IEPEKIIIOUEHNE KOHTAaKTOB. Bo3Bpar
B HAYaJbHOE IIOJIO)KEHHE  OCYIIECTBISAETCS
MIPYKUHOU 5.

a) 0)
Puc.4-10

ABTOMATHYECKHUN BBIKJIYATEIb

[[Iupokoe pacnpocTpaHEHHE B CTAHKOCTPOEHUU MOJIYYWJIM ABTOMATHYECKHUE BBIKIIIOYATEIN
(puc. 4-11). Takoil BBIKIIOYATENb MOKHO BKJIIOYATh M OTKJIKOYATh Bpy4dHy0. IIpu BO3HMKHOBEHMH
HEIOMYCTUMO OOJBIINX TOKOB BBIKJIIOYATEIh OTKIIOYAETCS
aBTOMAaTUYECKU IIOCPEACTBOM TEIUJIOBBIX MJIM TOKOBBIX
pacuenureneil. Korna pykositka 8, ykperuieHHas Ha pblyare
5. moBepHyTa BOKpPYr ocu A 0 molsiokeHue «BKIodeHOY,
pacTsHyTas npyxuHa 6 ynepxkusaeT peiyard 4 u 10 B
MI0JIOKEHHUH, yKa3aHHOM Ha pucyHke. [Ipu sTtom peruar 14
yepe3 mapHup C OaBUT Ha IUIAHKY 3, CKPEIJIEHHYIO C
IJIOCKON MIPY>KMHOMU 2, M yI€P>KUBAET MOBIKHBINA KOHTAKT
1 BO BKIIFOUEHHOM I0JIOKEHUH.

ALmoramudecrkuly  BbliKk /im0 Y9aime ik
j%2

Ecin pykosTky 8 MOBEpHYTh B IOJIO)KEHHE
«OTKIIIOUEHOY, TO MO ACHCTBUEM PaCTAHYTOM NPYKUHBI 6
LIIApHUPOB IEepeMecCTUTCsl BHM3, a peyarn 4 u 10
noBepHyTcs BOKpyr mapHupoB C u E. Paboune KOHTaKTbI
IIpM 3TOM pa3MbIKalOTCs. Pa3MblkaHue M 3aMbIKaHUE

° 3; %%;Ww;;@zgm KOHTAKTOB MPOHCXOJIAT OHCH OBICTPO TOJ JEHCTBHEM
S ey pacTIHyTOM TpYXHHBI 6 M HE 3aBUCSAT OT CKOPOCTH
s- ﬁ;ﬁ%ggﬂﬂﬂpyﬂ/ﬁa oBopoTa pykoATku &8. Korzpa cuia Toka, IPOTEKArOIIEro
[ pena yepe3  HarpeBaTelbHBIM  dyeMeHT %  TeIIoBOTO
13 - Kamgura pacuenuTens, HeAOIMyCTUMO BO3pacTaeT, OMMeTauTHUecKast

T4 — HazpebamesbHell - 3/eMErT,

15 - buremanreckar puomwa TUTACTHHA 15 M3rubaeTcs BpaBo, BaIuK 12

Puc. 4-11
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MOBOpaYMBaeTcs, U 3amienka 11, mpuwkaras Npy>KUHOM K BBICTYITy BaJJUKa OCBOOOXKIAET CKOOY
7, moBopauuBaroryrocst BOKpyr ocu 9. Ilpu stom ckoba 7 u mapuup E cmemarorcs Bmpaso. Ilon
JeWCTBUEM MPYKUHBI IIapHUP B cmemaercs BBepX, u pabounii KoHTakT 1 pasmbikaercsa. To ke camoe
MPOUCXOIUT MPH BTATHBAHUU SIKOPS B KAaTYIIKY 13 GOKOBOr0 MakCHMaJIbHOTO PaCLEUTEIIS.

Ecnu nocie oTKIIIOYeHHS U OCThIBAHUS OMMETAITIMYECKON TUTACTUHKH 15 pYyKOSTKY TOBEPHYTh
B nosioxkenne «OTKIII0UeHO», TO ckoOa 7. 3amenka 1 1u Baimuk 12 BepHYTCS B HCXOHOE MOJIOKECHHUE.

B3ameH pyKOSITKH 1711 MEXaHUYECKOTO YIIPABJIEHUSI aBTOMaTHUECKUMH BBIKIIHOYATEISIMU 4acTO
HCIOJIb3YIOT JBE KHOIIKH, OJJHAa U3 KOTOPBIX MPU Ha)KaTUM BKJIIOYAET ammapar, a Apyras - OTKJIIOYaerT.
OteuecTBEHHAs! MPOMBIIUIEHHOCTh BBIIYCKA€T OJHOIOJIOCHBIE ABTOMATUYECKHE BBIKIHOYATEIN IS
MEPEMEHHOTO TOKa, TPEXIIOJIIOCHBIE Ul TpeX(a3HOro TOKa U JBYXIIOIIOCHBIE JUIS MOCTOSIHHOTO TOKA.
TpexmosioCHBI  aBTOMAaTHYECKUI  BBIKIIOYATENb MOXKET ObITh CHAaOXEH TpeMsl TEeIUIOBBIMHU
pacuenutensimMu. [Ipu HeOONBIIONH TPOIOKUTENBHOM Meperpy3Ke OHU OTKIIIOYAloT anmapat uepes 30-
60 MuH (B 00paTHON 3aBUCHUMOCTH OT CHJIBI TOKa). [Ipu GonbIINX neperpy3Kax TEIIoBble paclenuTeNIn
cpabaThIBaIOT B TEUEHHE HECKOJIBKUX CEKYHI.

AnmnapaTr MOXeT ObITh CHa0XKEH TpeMs AJIEKTPOMArHUTHBIMM PAcLENUTEIIMH MaKCUMaJIbHOM
cwibl ToKa. MX KaTyllku BKJIIOYEHBl [IOCIEIOBAaTEIIbHO C HarpeBaTeIsiMU TEIUIOBBIX pElle.
ONEKTPOMAarHUTHHIE PACLENUTENN NPAKTUYECKH MIHOBEHHO OTKIIIOYAIOT anmnapar Npu CHIE TOKa,
IpeBbIILIAtONIe HOMUHANBHYI0 B 6-10 pa3. Cuiy 3TOro Toka MOYHO peryiupoBaTh. J[isi 3amuTsl
AJIEKTPOJIBUraTeNed NPUMEHSIOT aBTOMAaTHMYECKHUE BBIKIIOYATENM C PACLUEHUTENIIMH MaKCHUMaJIbHOM
CHJIBI TOKa, KOTOpBIE CHAOXEHBI T'HAPABIMYECKAM 3aMeJUIUTeNeM. Takoil 3aMenuTenb He JaeT
BBIKJIIOYATENI0 OTKJIIOYAThCs MO JAECHCTBHUEM IyCKOBOIO TOKa 3JeKTpoABUrarens. I[IpuMeHsaroT Takxke
aBTOMAaTHUYECKUE BBIKIIOYATEIM TOJIBKO C TOKOBBIMM M TOJBKO C TEIJIOBBIMU pPacCLENUTEISAMH.
ABTOMaTHMYECKMM  BBIKJIIOYATEIb MOJET OJHOBPEMEHHO 3aMEHUTb BBOJHBIM  BBIKIIOYATEID,
NPEIOXPAaHUTEIN U TeIioBbIe pene. [IpuMeHeHne aBToMaTHYecKUX BBIKIIIOYATENNel o0ecreynBaeT npu
cpabaThIBaHUU 3AIIUTHl OTKIIOUEHHE BceX Tpex (a3. M3roTOBIAIOT aBTOMAaTHYECKUE BBIKIIOUATENH
TaKkKe M C PpaCHENUTeIIMH MUHHMAJIbHOTO HampspkeHus. OHHM 00ecredrBalOT HYJEBYIO 3alllUTy
YCTaHOBKHM. ABTOMAaTHYECKHE BBIKIIOYATEIN BBIIOJHSIOT B KOpIycaX M3 IUIACTMAcChl, aJlOMUHUS,

YyTyHa.

4.9 KOHTAKTOPbl U MATHUTHbIE NMYCKATEJIN

KoHTakTopb!l npenHa3HaYeHb! ISl KOMMYTAllUU CUJIOBBIX LIENEN AJIEKTPOABUraTeNed U IpYrux
MOIIHBIX MoTpeduTeneii. B 3aBucHMOCTH OT poja KOMMYTHPYEMOI'O TOKa TJIABHOW MU Pa3IuvaroT
KOHTAKTOPbl TOCTOSIHHOTO M TEpPEeMEHHOro Toka. OHM HMMEIOT TJIaBHbIE KOHTAaKThl, CHAO)XEHHBIE
CUCTEMOH JTyroramieHus, 3IeKTPOMarHUTHBINA IPUBOJ] U BCIIOMOTIaTEJIbHBIE KOHTAKTBHI.

Kak mpaBwio, poJ TOka B LIENM YIPAaBIEHUS, KOTOpPas
MUTAET IEKTPOMArHUTHBIM NPUBOJ, COBMAJAET C POAOM TOKa
rnaBHOM uenu. OJHAKO W3BECTHBI Cily4yaW, Korja KaTyIIKH
KOHTAaKTOPOB INEPEMEHHOI0 TOKa IOJIy4aloT NUTaHUE OT LENU
IIOCTOSIHHOTO TOKa.

Cxema KOHTaKTOpa IOCTOSIHHOI'O TOKa IOKa3aHa Ha PHUC.
4.12. KoHTakTHBIH Yy3€l1 pBHIYAKHOTO THUIIA COCTOUT U3
HENOBIDKHOTO 1 u moaBmkHOro 3 KoHTakTOB. Kourtakr 3
LIIAPHUPHO 3aKpeIUIEH Ha pblyare 4, CBS3aHHOM C SKOpPEM
AJIEKTpOMarHuTa 6, U IMpHXaT K HEMY HaXUMHOM MpYyKUHOU 3.
[ToBo TOKA K NOJBM)KHOMY KOHTAKTy OCYILECTBIISICTCS THOKOM
Menuou gerrout 10.

Puc. 4-12

DONEeKTPOMarHUTHBIN NPUBOJ KJIAAHHOIO THUIIA COCTOMUT U3 AJIEKTpOMAarHuTa (cepacyHuka 8 ¢
KaTyIKOH 9) 1 BO3BpaTHOM NPYKUHBI 7.

CepaeuHuk CHaOXXEH TOJIOCHBIM ~ HAKOHEYHMKOM, HEOOXOOUMBIM Ui YBEITHYEHUS
IIOBEPXHOCTHU SIKOPSI, YYaCTBYIOLIEH B CO3/IaHUU JIEKTPOMArHUTHOM CUiIbl NpUTsbKeHUs. KoHcTpykius
KOHTAKTOpa 00ecreynBaeT 3aMbIKaHUE KOHTAKTOB C MPOCKAJIb3bIBAHUEM H NIEPEKATHIBAHUEM.
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JUIsl MHTEHCHUBHOI'O TALICHUS JIEKTPUYECKOU AYrd
KOHTaKTOPbI MIOCTOSTHHOTO TOKa CHa0XaroT
ayroracuTenbHbIMU Kamepamu. Ha puc. 4.13 uzoOpaxena
JyroracuTelbHas Kamepa € Y3KOM IIENbl0 M MarHUTHBIM
nyteeM. llleneBast kamepa oOpazoBaHa AByMs CTeHKaMu 1,
BBINIOJIHEHHBIMU U3 W30JISILIMOHHOTO MaTepuaia. 3a30p MexXay

HUMM CYXXEH JI0 Y3KOi 1esu. Ee mupruHa HECKOJIBKO MEHBIIIE

IMaMeTpa 3JIEKTPUUECKON AYTH.

MarautHoe AyThe HEOOXOaUMO JJisl CO3JaHUs

QJICKTPOAMHAMUYCCKUX CUJI TAllICHUA BHCKTqueCKOﬁ AyTu.

Puc.4-13 - JlyroracutenbpHast Kamepa
C Y3KOH ILENBI0 U MATHUTHBIM JYThEM.

IIpu 3TOM B pe3ynbTare B3auMOJCHCTBHS IEKTPUUYECKOTO U TOKA JYyTHM ¢ MarHUTHBIM TOJEM
nosiBisieTcs cuia F, mox neiicTBueM KOTOPOi Ayra pacTAruBaeTcsl U MEepeMeIIaeTcs B y3KyIO IIeib, I1e
OHa TacHET 3a CYET YCUJIEHHOTO OTBOJIA TeIlla CTeHKaMu Kamepbl. CucTreMa MarHUTHOTO JYThsl COCTOUT
U3 KaTyIIKy 4, BKIIOYCHHOH MOCIEI0BATEIbHO C INIABHBIMM KOHTAKTaMH, U CHA0KEHHOW CepAeYHUKOM
3. Jlns monxBoja MarHUTHOTO IOTOKAa B 00JAacCTh TOPEHUS AIEKTPHUUYECKOW OYyrd HCIOJb3YIOT
(beppoMarHUTHBIC MICYKH 2.

MHorna mNpUMEHSIOT IIeNeBble KaMepbl € 3HUr3arooOpa3sHoOi wIenbio, 00eCleunBaroLIe
YIIYYIIEHHBIN TEIUIOOTBO.

IIpu mocnenoBarenbHOM  BKJIIOYEHHMM KOHTAaKTa M KaTyIIKM  MAarHUTHOTO  JIyThs
AJIEKTPOAMHAMHUYECKUE CHIIBI HE W3MEHSIOT CBOETO HAIlpaBJIEHUS NpU JIIOOOM HampaBiIeHWU Toka | B
IJIABHOW LENH. DTO MO3BOJISIET UCMOIb30BAaTh MAHUTHOE YThE HE TOJIBKO B IETISAX MOCTOSTHHOTO, HO U B
LEMsIX IEPEMEHHOr0 TOKa.

JUi rameHyst 1yru NpUMEHSIOT TakKe KaMephbl ¢ AYTOraCUTENbHOM pemeTkon (cM. puc. 4-13).
JlyroracuTtenpHasi pelieTKa MpeJCcTaBlsieT coOOM MakeT TOHKUX MeTamuueckux Iuactud 2. Ilon
JEUCTBUEM HJICKTPOJAMHAMUYECKUX CHJI, CO3[]aBAEMbIX CHUCTEMOIN MarHUTHOTO AYTbs, 3JEKTpHYECKas
JyTa MonajaeT Ha PEeIleTKy M PBETCsA Ha pAJ KOPOTKUX AYyr. [ImacThHbl MHTEHCUBHO OTBOJAT TEIUIO OT
IyTW M TacsAT €€, HO IUIACTUHBI JYrOoTraCHTEIbHOH peuieTku o0lajaroT 3HAYUTENbHOW TEepPMUYECKON
MHEPLUUOHHOCThIO — TpU OOJIBIION YacToTe BKIIOYEHUH OHHU TmeperpeBaiorcs U 3()(HEeKTUBHOCTH
JAYTOTaIICHHS T1a/1aeT.

MolHble KOHTAKTOPBI IEPEMEHHOTO TOKA UMEIOT IJ1aBHbIC KOHTAKThI, CHA0’KEHHBIE CUCTEMOM
AYTOTallleHUsT — MAarHUTHBIM JyYThb€M M JyTOTacUTENBbHOW KaMepoll ¢ y3KOM MIeNbl0 WU
IYTOTacUTENIbHOW pEHIETKOM, KaK M KOHTAaKTOpbl TOCTOSHHOTO TOKa. KOHCTpYKTHBHOE OTJIMYME
3aKIII0YAETCsl B TOM, YTO KOHTAKTOPBI IIEPEMEHHOT'0 TOKA BBITIOIHIIOT MHOTOTIOIIOCHBIMH; OOBIYHO OHH
UMEIOT TPU TJABHBIX 3aMBIKAIONIUX KOHTAKTa. Bce TpM KOHTAKTHBIX y3/1a paboTaloT OT oOIiero
AJIEKTPOMArHUTHOTO TPUBOJA KIJIAMAHHOTO THIIA, KOTOPBHIH TIOBOpAauyMBaeT Ball KOHTaKkTopa ¢
YCTQHOBJICHHBIMH Ha HEM TMOJABIKHBIMM KOHTakTamMu. Ha ToM 3Ke Baly ycCTaHaBJIMBAIOT
BCIIOMOTATENIbHBIE KOHTAKTHI MOCTHUKOBOrO THMa. KOHTAaKTOpbl HMMEIOT JOCTATOYHO OOJIbIINE
rabapuTHble pa3Mepbl. VX MNpUMEHSAIOT M YOpPaBICHUS AIIEKTPOJBUIATENIIMH  3HAUYUTEIILHON
MOITHOCTH.

Jlnist yBenmueHust cpoka CITy>KObI KOHCTPYKIMSI KOHTAaKTOPOB JIONMYCKAeT CMEHY KOHTAKTOB.

CymiecTByIOT KOMOMHMPOBAHHBIE KOHTAKTOPBI NEPEMEHHOTO TOKAa, B KOTOPBIX MapauleIbHO
IJIAaBHBIM 3aMBIKAIOIIMM KOHTAaKTaM BKJIIOYAIOT JIBa TUPUCTOpa. BO BKIIOUEHHOM IOJIOKEHHHU TOK
INPOXOJMT Yepe3 INIaBHbIe KOHTAKTHI, MOCKOJIbKY THPUCTOPHI HAXOIATCSA B 3aKPHITOM COCTOSIHUU M TOK
He NpoBoAAT. IIpyM pa3sMBIKAHUM KOHTAKTOB CX€Ma YIPaBJIEHUS OTKPBIBAET TUPUCTOPHI, KOTOPHIE
IIYHTUPYIOT IIeNb IJIABHBIX KOHTAKTOB M pPasrpykaloT HUX OT TOKAa OTKJIIOUEHHs, MPErsTCTBYs
BO3HUKHOBEHUIO IEKTpUYeckor qyru. [TocKoabKy THPUCTOPHI pabOTalOT B KPATKOBPEMEHHOM PEXHUME,
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MX HOMUHAJIbHAsl MOIIIHOCTbh HEBEJIMKA, U OHU HE HYXKJAIOTCS B PaAUAaTOPAX OXJIAXKIACHUS.
Haiia npoMbIIIsIeHHOCTh BhIITycKaeT KOMOWHUpoBaHHbIe KOHTakTOpsl Tuna KT64 u KT65 na
HOMMHAJbHBIE TOKHM, mnpeBbimaronme 100 A, BbINOJHEHHbIE Ha 0a3e IIMPOKO PacCIpOCTPAHEHHBIX
koHTakTOpoB KT6000 1 cHaGKXeHHbIE JOTIOTHUTEIBHBIM MOTYIPOBOIHUKOBBIM OJIOKOM.
KommyTanmoHHast ©3HOCOCTOMKOCTh KOMOMHUPOBAHHBIX KOHTAKTOPOB B PEKUME HOPMaJIbHBIX
KOMMYTallUid COCTABJISIET HE MEHee S5 MIH. LUKIOB, a KOMMYTAallMOHHAs1 W3HOCOCTOMKOCTh
MOJIyITPOBOIHUKOBBIX OJIOKOB MMPUMEPHO B 6 pa3 BbINIE. DTO MO3BOJIIET MHOTOKPATHO UCIOJIb30BATh UX
B CHCTEMax yIpaBJICHUS.
JUis ynpaBiaeHHUs 3JIE€KTPOJBUraTENSIMU [IEPEMEHHOIO
TOKa HEOONBIION MOIIHOCTH MPUMEHSIOT MPSIMOXOJ0BBIC
KOHTAKTOPbl C  MOCTUKOBBIMH  KOHTAaKTHBIMU  y3JIaMHU.
1 JIBYKpaTHBIM pa3pblB LENU U OOJETYeHHbIE YCIOBUS TallCHUs
AYyrM  TIEPEMEHHOTO TOKa  IO3BOJIIIOT  O0OHTHCH  06€3
CHELMAJIBHBIX JYTOraCUTEIbHBIX KaMep, YTO CYLIECTBEHHO
H 3 yYMEHbIIIaeT rabapuTHbIE pa3Mepbl KOHTAKTOPOB.
DNeKTPOMAarHUTHBIM MPUBOJ KOHTakTopa (puc. 4.14)
umeetr lI-o0pa3Hblii cepaeyHuK 8 U SKOph 7, COOpaHHBIM U3
B JIMCTOBOM JJIEKTPOTEXHUYECKON crTanu. Ha KpalHHMX momrocax
— ' Cep/IeYHHKA YCTAHOBJICHBI JeMI(EPHbIE KOPOTKO3aMKHYTHIC
BUTKH, NPEAOTBpAIIAIONIMEe BUOPALUIO SIKOPS, CBI3aHHYIO C
3 . nymbcammeit  cmuBl  DNIEKTPOMATHHTHOTO — TIPHTSDKCHESL.
HamaranumBaromass kaTymka 6 BBICTYHAeT 3a IIOJIOCa
CEpAEYHUKA, YTO CO3JAET JOMOJHUTEIbHYIO COJIEHOUAAIbHYIO
CHILY IPUTSKEHUS SIKOPA.

7 A 5 4

Puc. 4-14

SIxopb cBsI3aH € MJIACTMACCOBOM TpaBepCcoOM 5, Ha KOTOPOW YCTaHOBJIEHBI NTOABHKHBIE TJIaBHBIE
KOHTAaKTbl 4 MOCTUKOBOTO THUIIa U HA)KMMHBIE MPY’KUHBI 3, OCYHIECTBIIIOINE KOHTAKTHOE Ha)KaTHE.

HenonBukHble KOHTAKThI 2 YCTAaHOBJIEHBI B INIACTMACCOBOM KOpITyce KOHTakTopa. KoHTakThI
MUMEIOT HAKJIAaJKU U3 METaJUNIOKEpaMUKH. [ J1aBHbIE KOHTAKTHI 3alUIIEHbl KpbIIKOW. [Ipu oTkiItoueHnn
AJIEKTPOMAarHUTHOTO TPUBOJA TpaBepca 5 MEPEMEIIAETCS B HCXOJHOE IIOJOKEHHUE MOJ JEHCTBHEM
BO3BPATHBIX MPYKUH.

[TpsMOX010BbIE KOHTAKTOPBHl OOBIYHO BBIMYCKAIOTCSI MPOMBIIUIEHHOCTbIO B TPEXIOJIOCHOM
ucnoysHeHuu. Ilpm 53TOM TIIaBHBIE 3aMBIKAIOIIME KOHTAKThl — pa3feisiloTCa  IIaCTMAaCCOBBIMU
nepeMbrukamu 1.

Hapssny  co  crnabOTOYHBIMHM ~ TE€pKOHAMH,  CO3JaHbl ~ TepMETHYHbIE  CHJIOBBIE
MarHUTOYINpaBiseMble KOHTAKTbl (T€PCUKOHBI), CIOCOOHBIE KOMMYTHPOBAaTb TOKM B HECKOJIBKO
necaTtkoB ammep. Ha 3Toit ocHOBe ObLiM pa3paboTaHbl KOHTAKTOPHI ISl YIPABJICHUS aCUHXPOHHBIMU
ANIEKTPOABUraTESIMM MOIIHOCTBI0 10 1,1 KBT. I'epcHKOHBI OTIMYAIOTCA YBEIMUYEHHBIM PacTBOPOM
KOHTAkKTOB (70 1,5 MM) M MOBBINIEHHBIM KOHTAaKTHBIM Ha)kaTheM. /[ co3gaHus 3HAYUTEIBHOMN CHIIBI
AJIEKTPOMArHUTHOTO MPUTSHKEHHUSI MCHOJB3YIOT CIEMUAIbHBIA MarHUTOnpoBoj. O61acTh MpUMEHEHUs
JIEKTPOMArHUTHBIX KOHTAKTOPOB JOCTATOYHO IIMPOKA. B MalIMHOCTPOEHNH KOHTAKTOPHI IIEPEMEHHOTO
TOKa MPUMEHSIOT Yalle BCEro Ul YIPABJICHUS aCHHXPOHHBIMU 3JIEKTpOABUIareasiMu. B sTom ciydae
UX Ha3bIBAlOT MAarHUTHBIMHU ITyCKaTeJAMU. MarHuTHBIN ITycKaTelb MpeAcTaBiseT co0oil mpocTenmmii
KOMIUJIEKT ammapaToB JUIsl JUCTAHIIMOHHOTO YIPABJIEHUS JJIEKTPOJBMUraTeNIIMH MU KPOME CaMoro
KOHTaKTOpa 4acTO MMEET KHOIIOYHYIO CTAHIMIO U allapaThl 3alllUThI.

4.10 TEIIJIOBASA 3AIIUTA

[Ipy  He3HauuTeNbHBIX  JUIMTENBHBIX  HEperpy3skax B
ANEKTPOJIBUTATENSAX, JIIEKTPOMArHUTAX U APYTHMX TOKONPUEMHHKAX,
BO3ZHMKAIONIMX MPU BO3PACTAHMH MOMEHTA COTPOTHBIICHUSA Ha paboueM
opraHe MalIWHBl HJIM 3a CUET BHUTKOBBIX 3aMBIKAaHHH B OOMOTKax,
MPOTEKAET TOK, MPEBBILIAOIMIMNA AonycTUMoe 3HaueHne Ha 20—50%.
Takolt pexum pabOThl NPUBOAUT K TeEperpeBy OOMOTOK U
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O—‘—E—l_f\_o aNeKTpojaBurarens  (ammapara) B LEIOM, a  CIEIOBaTelbHO, K

O—~——° NPEXJAEBPEMEHHOMY  BbIXOAy  ero  u3  crpos.  Jas  3ammThl
O—ao AJIEKTPOOOOPYIOBaHUS OT TaKUX TEPerpy3oK CIyKaT TEIUIOBBIE pelle,
KOTOpBbIE TaKKe BKJIIOYAIOT IOCIIEA0BATENIFHO (HEMOCPEICTBEHHO WM 4Yepes3

8) TpaHc(hOopMaTOPHI TOKA) B KOHTPOJIUPYEMYIO LIETIb.
TemoBsie pene paboTalOT B LEMX MEPEMEHHOT0 U MOCTOSHHOTO TO-
Ka. VX HCHONB3yIOT KaK CaMOCTOSATENbHO, TaK M B COCTABE MAarHUTHBIX
A O myckareneil. Ha puc. 4.15, a nokazan npuHLMI AEHCTBUSA TEIUIOBOTO pEIE,
,g KOTOpPO€ COCTOUT M3 HarpeBaTeNbHOrO JJIEMEHTa |, BBIOJHEHHOTO U3
- $*\f MaTepuaia ¢ OOJIBIINM CONPOTUBICHUEM (HUXPOM, (expaib) U BKIOYEHHOTO
B IIeNb HArpy3ku (2JEKTpOJBUTATENS), OMMETAIJIMUECKOW IUIACTUHBI 2,
~ Pa3MBIKAIOIMX KOHTAaKTOB 3, BKIIOYEHHBIX I[IOCJIEA0BATEIbHO B LEMb
Z yhpaBieHusi (3JIEKTpOABUraTelieM) M KHONKM 4 BO3Bpara KOHTAKTOB BO
BKJIIOYEHHOE TOJIOKeHue. JeficTBHe pesie OCHOBAHO Ha JedopManuu
OMMeTaUTMYEeCKON TUIACTUHBI BCIEACTBUE TEIJIOBOTO BO3JEHCTBUS HA

HEe

HArpeBarelbHOrO 3JEMEHTa, 110 KOTOPOMY IPOXOJIUT
pabounii Tok I,. Bpems cpabatbiBaHus pesie 3aBUCHT OT BETUYUHBI TO-
Ka, MPOTEKAIOILEro 110 HarpeBaTeIbHOMY IEMEHTY. B aTom pene npu-
MEHEH KOCBEHHBIH METOJ] HarpeBa OMMETAJTIMYECKOM IIaCTHUHBI,
u3rubaroiencss BCIEICTBUE Pa3HbIX KOA(PQPHUIMEHTOB paCIIUPEHUs
npUMeHsieMbIX MeTaiioB (puc. 4.15, r). bumeraminyeckas miaacTuHa
MOJKET TaKXKe HarpeBaThCsl U MPSAMBIM CIIOCOOOM IyTEM MPOMYCKaHUS
yepe3 Hee TOka Harpy3ku (puc. 4.15, B). B HekoTopeix pene
UCIOJIb3YIOT ~ COYETAaHHE MNPAMOTO M  KOCBEHHOI'O  HAarpeBOB
OMMeTaUTNYeCKON TUIACTHHBI.

Pene u3roToBISAIOT OJTHO-, IBYX- U TPEX(Pa3HOTO UCIOTHEHUS
(tumoB PT, TPB, TPA, TPH, TPII u PTJI) na paznuunsie Toku ot 0,5
1o 600 A.

Puc. 4.15

HomuHanbHbIN TOK KaKIOTO TEIJIOBOTO PENE ABISAETCA €r0 MaKCUMalIbHO AOIYCTUMBIM
TOKOM, @ CMEHHbIE TEIUIOBBIE JIEMEHTBI ITO3BOJISIOT MOJYYUTh I KaKOTO TUIIOpa3Mepa pese oT 4 110
12 HOMMHANBHBIX TOKOB YCTaBKU. [Ipy 3TOM 17151 Ka)A0r0 TEIIOBOTO JIEMEHTA €r0 TOK YCTABKU MOYKET
U3MEHATHCS (YMEHBIIATHCS) CHEIMATbHBIM PETyasITOpOM Ha mepeaHei maHenu pene a0 30% or
HOMUHAJIBHOTO 3HaueHus, a Hekotopble Tumsl pene (TPH) umeror npenen perynuposanus ot 0,75 no
1,251,.

Ha puc. 4.15, 6 noka3aHa KOHCTPYKTHUBHasl CXeMa COBPEMEHHOT'0 TPEXIOIIOCHOTO TEIIOBOIO
pene cepun PTJI, npeanasHaueHHbIX [uis uHAUBHAYyadbHOW 3amutbl (1—200 A) TpexdazHbix
ACHMHXPOHHBIX 3JIEKTpOABHUraTeneil (WM NpUCTPOWKM K MarHuTHBIM nyckarensm cepun IIMJI). Pene
pabotaer ciuenyroumMm oOpasoMm. Tok, mpoTekaromuii 10 TepMol3iaeMeHTam 1, wu3rubaer
OuMeTayUIMYecKHe IUIaCTUHBI 2, CBA3aHHbIE ¢ peiikamu nuddepeHiuana 3, KOTOpble NepeMenaTes B
HanpaslieHUH cTpenku. Kymadok 9 moBopaumBaeTcss U CBOMM BBICTYIIOM &8 IPHUBOJIUT B JIBWKEHHE
KOMIICHCAl[MOHHYIO IUIACTUHY 7; TIpU IEPErpy3Ke YNOp 3allelKd 4 BBICKaIb3bIBACT, a JEp)KaTellb
IIO/IBIKHBIX KOHTAKTOB 5 IepeMelaercs noj aeiucTsueM npyxunbsl 6. Konrakrsl 11 pasmeikarorcs, a
KOHTakThl 10 3amMbIKaroTCA.

B ommmumne or napyrux Tunos pene, B cepun PTJI mpenycMOTpeHbl TemIepaTypHas
KOMIICHCAIlUs, MEXaHU3M YCKOPEHHOro cpabarbiBaHMs IHpu oOpbiBe (a3, JONOJHUTENbHBIE
3aMBIKalOIMe  KOHTAKThI (KpOME Pa3MbIKAIOIINX, UMEIOIIUXCS BO BCEX TEIUIOBBIX pene). TerioBsle
pene, Kak M BCE ammapaThl 3alllUThl, UMEIOT AMIIEPCEKYHJIHYIO XapaKTepUCTUKY THIEepOOIMYECKOrO
Buja. OTHAKO HE3aBUCUMO OT BHJIA 3TOM XapaKTEPUCTHKU BCE TEIUIOBBIE PEJIE NMEIOT T'PAHUYHBIN TOK
I;;=1,21,; u cpabaTbIBalOT Ipu IpeBbllIeHuH Iy, 32 Bpems npumepHo 20 muH. Ilpu sToM neperpysku (5—
6)Iy BeI3bIBAIOT cpabaTeiBaHue pene 3a BpeMst 5—20 ¢, YTo BecbMa BaXXHO AJIS peKHMMa IPSAMOro mycka
AIIEKTpOABUraTeneil 0e3 OTKIIOUEHUs pelle.
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TepMuueckasi CTOMKOCTb TEIUIOBBIX pelle COBPEMEHHBIX TUIOB pocturaeT 181,. Bo3spar peine B
HCXOJIHOE IOJIOKEHHE IMocie cpadaThIBaHUS B HEKOTOPBIX THUMAX pejie MPOU3BOJUTCSA BPYUHYIO HIH
aBTOMaTH4eCKH 3a 1,5—3 MuH mocie cpabaThIBaHUS.

TennoBast 3amura OT NEpErpy30K OTBETCTBEHHBIX OHICKTPUUYECKHX MAIIMH M OOBEKTOB,
OTKJIFOYEHHE KOTOPBIX MPUBOAMUT K ABAPUUHBIM CHUTYyallUsiM, HE MOXKET OBITh HAJIEKHO obOecrieueHa
TEIJIOBBIMHU MJIM UHBIMU allapaTaMy KOCBEHHOI'O JCHCTBUs, T. €. HA OCHOBE IIPEAIIOJIOKEHHUS, YTO TOK,
MPOTEKAIOIUI 0 3alUIaeMOii 0OMOTKE W TEIUIOBOMY pejie, HarpeBaeT MX OJMHAKOBO. Pazmuuus B
TEMIIEpaTypHbIX MapaMeTpax MU yCIOBHUAX UX IKCIUTyaTallUM IPUBOJAUT K PACXOXKJIEHUSAM KPHUBBIX Ha-
rpeBa O0bEeKTa M peje, a CIeloBaTelbHO, K CHIDKEHHIO TOYHOCTH paboThl 3amuThl. [losTomy
OTBETCTBEHHBIC ICKTPUYECKUE MAIIUHBI, HAIIPUMEP DJIEKTPOABUIATEIIM KPYIHBIX KOMIIPECCOPOB U
HACcOCOB, CHA0KalOT BCTPOCHHOM TEIJIOBOM 3aIlUTON B BUJIE JaTYMKA TEMIIEPATypbl, BMOHTUPOBAHHOTO
HEMOCPEACTBEHHO B OOMOTKM M JIPYTHME€ YacTH SJIEKTPOABHUraTeNli W COCIUHEHHOTO C BTOPHYHBIM
nprOOpOM, OTKITIOYAIOLIUM IIETb [0 KOMaHJE 3TOro JaTdhka TeMIieparypbl. Takue ycTpoiicTBa (THIa
ATB2) yxe NIpuMeHS0TCS B 0OTEUECTBEHHOM MAalIMHOCTPOEHUH.

Puc. 4-16 — IlnaBkuil nperoXxpaHUTENb

[pocreiimmmu  anmaparamu, 0OECIICUMBAIONIMMHU 3aLIUTY AJIEKTPOIBHUraTellsi OT Meperpesna,
ABJIAIOTCA TaK Ha3blBaEMble M/IaeéKkue npeodoxpanumenu (puc. 4-16). OTKIIOUEHHE 3IEKTPOABUTATENSL
TUMH NPEJOXPAHUTEISIMU OCYILECTBISAETCA IYTEM pacIljIaBiIeHUs (A yalle MTHOBEHHOI'O MCIapeHHs)
CHELHATbHO PACCUUTAHHOW BCTaBKH B BUJIE KaTMOPOBAHHOW MPOBOJIOKH MJIM METAUIMYECKON MIIACTHHBI.
Haunbonee amurenbHoe BpeMsi MPUMEHSIOT pe3bOOBBIE MpenoXpaHuTenu (mpoOku). s 3amuThl
JBUraTeNeil MOCTOSIHHOTO TOKa M ACMHXPOHHBIX JBUraTeliei ¢ (asHbIM POTOPOM, ITyCKaeMBIX PEOCTATOM,
TUIaBKYIO BCTAaBKY MOJOMPAIOT HA HOMHHAJIBHYIO CUJTY TOKa 3JIeKTpoaBUTaTess. [l KOpOTKO3aMKHYTHIX
ACUHXPOHHBIX JIBUTATENEH BHIOpATh €€ TAKUM 00pa3oM Helb3s, TaK KaK OHA MEPEropuT IO IeHCTBHEM
IIyCKOBOI'O TOKA, IIPEBBILLIAOIIET0 Y 3TUX MIEKTPOABUTaTeIe HOMUHAIBHBIA B 5—7 pas.

IloaToMy Ui aCHMHXPOHHBIX KOPOTKO3aMKHYTBIX [JBUTraTeJell IJIaBKYIH BCTaBKY
BHIOMpAIOT MO CHJIe TOKa, B 2— 2,5 pa3a MeHbIIEH €ro IyCKOBOW BeNMUYMHBL. Bcrneactsue
KPaTKOBPEMEHHOCTH IyCKOBOTO TpoOIlecca 3IEKTPOJIBUTATEeNIed CTAaHKOB BBHIOpaHHAs TaKUM 00pazoM
IIJJaBKass BCTaBKa IpU IIyCKE HE ycneBaeT neperoperb. OAHAKO NMpENoXpaHUTENb ¢ TaKOW IIABKOU
BCTaBKOM HE 3aIlMILAET AIEKTPOABHUIATENb IPU 3HAUYUTEIBHBIX MEPErpy3Kax, TaK KaK HOMHUHAJIbHAS
CHJIa TOKa IUIaBKOM BCTaBKM BJABOE U 0OJie€e MPEBBIIIACT CUITY TOKA AJIEKTPOABHUraTeNsl MpU MOJIHON ero
Harpyske. B 3Tux yclOBHAX NpPENOXpaHUTENb 3alllMINAeT JMIIb IPOBOJA CXEMbl OT KOPOTKHX
3aMbIKaHHM.

Cuua Toka, pu KOTOPOil eperopaer IjiaBkasi BCTaBKa, HAXOAUTCS B 0OpaTHOM 3aBUCUMOCTH OT
BPEMEHM IpOTEKaHUsd Toka. IIpu TOkax KOpPOTKOro 3amMblKaHUs M NPU HEIONYCTUMBIX IEpETrpy3Kax,
IIPUBOIALINX K OCTAHOBKE 3JIEKTPOJBUTATENs], IEPETOPAHUE TUIABKON BCTABKU IPOUCXOJUT AOCTATOYHO
obicTpo. IIpu cune toka, menbuieir 200 % HOMHHAJIBHOW, MJIABKUK MPEIOXPaHUTETb HEJOIYCTUMO
JIOJITO COXPAHSIET LIETIb 3aMKHYTOM.
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Puc. 4-17 - Pe3nrboBoii mpegoxpanurens [T1PC-5

B nensix ynpasieHus MOTYT BO3HHKATh KOPOTKUE 3aMbIKaHUsI, IO9TOMY 3TH LENHU
3aIUIAI0T OTACIBHBIMH TUIABKUMHU MPEAOXPAHUTENSIMU, PACCUNTAHHBIMU Ha HEOOJBIIYIO CHITY TOKA.
B sTHX ciydasx yaiie HCIIONb3YIOT pe3b0oBbIe TUIaBKuE npeaoxpanutenu (puc. 4-17). Ha
IJIACTMAacCOBOM OCHOBAHUHU / yCTAaHOBJICHA BTYJKA 2 U3 JIUCTOBOTO METajlIa ¢ pe3b0oH,
BBINOJIHEHHOH HakaTKoi. Bo BTynky 2 BBepHyTa (hapdopoBas mpodka 3 ¢ yKpersieHHOH B Hei
METaJUINYECKON pe3b00BOil BTYIKOM 4. [Ipu 3TOM 1u1aBKasi BCTaBKa 5, MOMEIIEHHAs! B aTPOHE 0,
BJIO’KEHHOM B NPOOKY 3, 3aMBIKAET LIeMb KOHTPOIUPYEMOro Toka. YToObl 0] BO3/IeHiCTBIEM BUOpAIIHii
npoOKa He MOTJIa OTBEPTHIBATHCSA, Pe3b0a Ha MPOOKE UMEET MOIMEpPEeyYHyro Haceuky. [larpon 6
3aIOJIHAIOT KBApLEBbIM MIECKOM, YTO YCKOPSET raleHue AyTru.

4.11 TOKOBAA 3AIIIUTA

[leperpy3ku, HEUCHPAaBHOCTM U 3aMbIKAHME€ B JJIEKTPUUECKHX CXEMaX NPUBOIAT K
BO3HUKHOBEHHMIO TOKA, MPEBBIIIAONIETO JOMYCTUMbIE 3HAu€HUs. TOK, BOBHHMKAIOIIUNA MPU KOPOTKOM
3aMBIKaHUW B TOKOIIPUEMHUKAX U TPOBOJIaX, MOKET BhI3BaTh Pa3pylIeHuE 0OMOTOK AIEKTPOIBUTATEICH
U amnmapaToB, CBapUBaHUE KOHTAKTOB M NEPETOpaHue MPOBOAOB. [ 3alIUTHI 2IEKTPOOOOPYIOBAHUS H
CXeM aBTOMATHKH UCTOIB3YIOT pa3IUYHbIE annapaThl TOKOBOU 3aIIUThI, 00ECTIEYNBAIOIINE OTKITIOYCHIE
TOKOIIPUEMHHUKOB U LENeW MX MUTAaHUSI NMPU BOSHUKHOBEHHM 4YpE3MEpHBIX TOKOB. [IpocTedmmmu u
HaumOoJee pachpOCTpaHEHHBIMH amnmaparaMyd TaKOUW 3allUuThl SBISIOTCSA IJIaBKHUE MPEIOXPAHUTEIH,
JIEUCTBHE KOTOPBIX OCHOBAHO Ha MEpPEropaHuM IUIaBKOW BCTaBKU. [lo Hell B HOPMAaJbHBIX YCIOBHSX
MpoTeKaeT pabouyuii TOK KOHTPOJIUPYEMOW IIeTH; MPEeIOoXpaHHUTENlb BKIIOYAETCS MOCIEIOBATEIBHO B
3al[UIIAaeMyl0 IIeTb. 3aBUCUMOCTh BpPEMEHU TIeperopaHusi IUIaBKOW BCTaBKH (cpabaThIBaHHE
MIPETIOXPAHUTENS) OT BEIMYMHBI TOKA, MPOTEKAIOIIETO 4Yepe3 MpeloXpaHUTellb, Ha3bIBAIOT 3alIUTHOM,
WJIM aMIIEPCEKYHAHOM XapaKTEPUCTUKON MPEIOXPAHUTEIIS.

HanMenbmmii TOK, Ipy KOTOPOM IUIaBKasi BCTaBKa MPEIOXPAHUTENS €IlE HE MEepPEeropaer mnpu
JUINTENBbHOM paboTe, Ha3bIBAIOT MPAHUYHBIM TOKOM Irp. DTOT TOK AOJDKEH OBITH BO3MOKHO OJM3KUM K
HOMUHAJIBbHOMY TOKY, Ha KOTOpBIM MapKupyercs IUlaBKass BcTaBka. OTHOILIEHHME TPAHUYHOTO TOKA
IUIaBKOM BCTaBKM K HOMUHAIbHOMY TOKY 3amumiaemoit nenu (Irp/1,) 20mkHO ObITH HECKOJIBKO OOJIbIIE
SIUHULIBL.

KpyTuszna ammnepcekyHIHOW XapaKTEpPUCTUKH OTMpeaenseT ObICTpoJeHCTBHE cpabaThIBaHUS
MPEeIOXPAHUTEIS, a CIEA0BATENIbHO, HAJC)KHOCTD 3aILUTHI.

Jlnst 0OBIYHBIX TpenoXpaHuTeNeil oTkiIodeHne 5—10-kpaTHOro ToKa MPOUCXOTUT MPUMEPHO
3a Bpems 0,5—0,1 ¢, a 1,5—2-kpatHbiii Tok—3a 20—50 c. Jlns menoro psaa ammaparoB, 0COOEHHO
MOJIYTIPOBOTHUKOBBIX 3JIEMEHTOB, Takas XapaKTepUCTHKA HEMPHUrOoAHA, MOCKOJBbKY He obOecrednBacT
3alUTHl 3TUX dJeMeHTOB. [loaTomy mns nemel, TpeOyromux OONbIIEro OBICTPOACHCTBHUS 3aIlIWTHI,
CO3/IaHbl CIEIUallbHbIE OBICTpOACHCTBYIOMIKE MpeaoxpanutTenu (Hampumep, cepuu [IHB), xotopsie
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oTkio4aoT 5—10-KpaTHeIid TOK yxe 3a Bpems He 6omee 0,01 ¢, a 1,5—2-kpaTHblii Tok — 32 10 c. Ot
JAHHbIE YCPEIHEHHBIE M 3aBUCAT OT THUMA IPEIOXpPAHUTENS, IUIABKOW BCTaBKM MU TEMIEPATYpPHI

okpyxaromeir  cpeapl.  OJHAKO — aMIEpPCEKyHIHAas  XapaKTEpUCTHKA  OBICTPOJEHCTBYIOMIMX
NpeOXpaHUTENe HMEeT 3HAYUTENBbHO OOJIBIIYIO KPYTU3HY 10 CpPaBHEHUIO C OOBIYHBIMH
IIPEIOXPAHUTEISIMHU.

B HekoTophIX ciydasx TpeOyeTcs, HaoOOpOT, MOBBIIICHHAS WHEPLUUOHHOCTh CpabaThIBaHUS
NPEIOXPAHUTENS], HAIIPUMEP JUISL 3alIUThl ACHHXPOHHOTO 3JIEKTPOJBUTATENs C MPSIMbIM IycKoM. Jls
TaKuX LIeTel UMEIOTCS CelualbHble HHEPIIMOHHbBIE MPEAOXPAHUTENN C ABYMS PA3IMYHBIMU TUIABKUMHU
BCTaBKaMH, YTO 0OYCJIOBIMBACT JABYXYYaCTKOBBIN BUJ aMIEPCEKYHIHON XapaKTEPUCTUKH C Pa3IMIHON
KPYTU3HOU.

B 3aBucumocTH OT Ha3HaYeHMS MpPEJOXpAHUTENCH, UX HOMUHAIBHOTO TOKA W HANpSHKCHUs, a
TaKXKe YCJIOBUH MOHTa)Ka M HKCIUTyaTallud BbIOMpAeTCs OMPEAEICHHBIM TUI NPEAOXPAHUTENS U €ro
ucrnojaHenue. OHAKO HE3aBUCHMO OT THIIA U UCIOJHEHUS BCE MPEJOXPAHUTENN COAepKAT CIeAyIoIne
o0si3aTeNbHbIC 3JIEMEHThI: KOHTAKTHbIE CTOMKH, IUIAaBKYIO BCTAaBKY C MAaTPOHOM, JETalld KPEIUICHUS U
MOHTaXa.

B 3aBucMMOCTH OT Ha3Ha4eHUs U MCIOJHEHHsS TMAaTpPOHbl MpeloXpaHUTedeld ObIBaIOT
pa3bopHbIe U Hepa30OpHbIE, OTKPBITHIE U 3aKPBITHIE (C HAMOJHEHUEM U 0€3 HETO).

Ha puc. 4.18, 6 mokazaH COOTBETCTBEHHO OTKPBITHIA MAaTpPOH.
[TaTpoH cocToUT U3 TPYOKH /, MIIABKUX BCTaBOK 2 M KOHTAKTOB 3. TpyOKky
BBITMOJIHAIOT U3 U30JIALMOHHBIX MaTepuanoB (dapdop, kepamuka, puodpa u
T. 1.), a IUJIaBKUE BCTaBKU—M3 MEJIHOH, IMHKOBOW M CBHUHIOBOH
MIPOBOJIOKH MJIM KaTMOPOBAaHHBIX IJIACTMHOK C MECTHBIM yToHeHHeM. [Ipu
NIeperopaHny IIAaBKOM BCTaBKM BO3HHMKAET JyTa, KOTOpasi TaCUTCS BHYTPH
naTpoHa.

3aKkpbIThle TPEIOXPAHUTETN C HAMOJIHUTENEM  (KBapLEBBIN
MECOK) HMMEIOT HECKOJIbKO MapallieIbHO PabOTAIMUX POBOJOYHBIX
TUTAaBKUX BCTaBOK, W Jyra racuTcs B 3akpbiToM oOweme. [loaTomy, eciu
TpyOUaThle MpeAoOXpaHUTENU OOecrneunBalOT MATPOH OTKIIOUEHHUE B
HHU3KOBOJIBTHBIX IEMSAX TOKHU A0 1 KA, TO 3ackimanHbie 110 50 KA.

Puc.4-18 - OTKpBITHI TATPOH

Jlpyro#i ~ pa3HOBHUAHOCTBIO  SIBISIOTCA ~ MPOOOYHBIE  PEe3b0OBBIE  MPEAOXPAHUTEIU.
[IpenoxpaHuTens COCTOUT U3 MPOOKH, COSAUHSIOMICIHCS MPOBOJAIICH Pe3b0Ol C OJHUM IOIIOCOM, U
BCTaBHOU TPYOKH, ¢ KaTMOpPOBaHHOM MPOBOJIOKOM. IlocieHss uepes3 KOHTAKT MOJKITIOUAeTCs K JPYyromy
MOJIIOCY MCTOYHUKA TOKA. Takue MpeAoXpaHUTENHd, KaK MpPaBWIO, UCIOIb3YIOT B HEOTBETCTBEHHBIX
JeTasIX YIPaBJICHUS U CUTHAIM3AIUY, a TAKKe JUIS 3alUThl BCIOMOIaTEIbHBIX TOKOIPUEMHHUKOB MPH
Tokax ot 6 o 20 A.

B nemsix aBTOMaTUKH ¢ 3NMEKTPOHHBIMU IPUOOpaMu HauOOJIbIIIEe PACIPOCTPAHECHUE MTOTYUHITH
TpyOUaThie CTEKISHHBIC MPEJOXPAHUTENN. B HUX TUTaBKas BCTaBKa B BUE KaTHMOPOBAaHHOW MPOBOJIOKH
MOMEIIIEHA B CTEKISHHYIO TPYOKYy U BIasHa CBOWMH KOHIIAMH B TOKOIPOBOMSIINE KOHTAaKTHHIE
HAKOHEUHUKHU. TakoW CTEKJISIHHbIA MaTpOH BCTAaBJISIOT B KOPIYC NPEIOXpaHUTENS (pa3IMuHbIX
WCIIOJHCHUH ), TJIE COSIMHACTCS CBOMMH HAKOHEYHHUKAMHU C KOHTAKTHBIMHM CTOHKAMH.

Bce npenoxpanurteny, KpoMe MOCIEIHEr0, MMEIOT CMEHHBIE IJIaBKHE BCTaBKU. B mpoOOYHBIX
U CTEKJISTHHBIX MPEAOXPAHUTENSIX MEHSIOTCS IIETUKOM MPOOKH ¥ MaTPOHBI.

Kaxaplii TUI mpeoXpaHuTeNsl U3TOTOBIISIIOT HA OMPEICICHHBI HOMUHATBHBINA HAUOOIBIINUN
TOK, a IJJABKME BCTaBKHM K HEMY JIEJIAlOT HA HECKOJIbKO 3HAYEHHI HOMUHAJIBHOTO TOoKa. Tak, Hanpumep,
MpeIOXpaHUTENlb HA HOMUHAIBHBIA TOK 60 A cHa0GXaroT MJIaBKMMH BCTaBKamu Ha Toku 15, 20, 25, 35,
45 u 60 A, a mpenoxpaHUTeIh HA HOMUHAIBHBIN TOK 6 A cHaO)kaeTcsl BCTaBKaMu Ha TOkH 1, 2,4 u 6 A.

Brei6op mpenoxpaHuTens 3akioyaeTcsl B MOAOOpE €ro TUMAa B 3aBHCHUMOCTH OT TpeOyeMbIX
3HAQYEHUII HOMMHAJIbHBIX HANpsDKEHUST W TOKA, a TaKkKe AaMIEPCEKyHIHOW XapaKTEepPUCTHKU H
KOHCTPYKTUBHOTO HCIIOJIHEHHUS.

[Ipu onpeneneHny TOKOB IJIABKOM BCTaBKH CJIEAYET UCXOAUTh U3 YCIOBUU

IHB ZIH 144 IHB :IH/Ka
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rae I,z — HOMHHAQIBHBIA TOK IIJIaBKOM BCTaBKH; l,— HaWOOJBIIMH MIMTEILHBINA TOK B ILIEIH
Harpy3ku; I, — myckoBoil Tok oanekrponBurarens (dnekrpomarnura); K — koaddunument,
YUUTBIBAIOLIUI YCIIOBUS ITyCKa.

JUis  HOpMajbHBIX YCIOBUM HPAMOrO IIyCKa ACHHXPOHHOTO  KOPOTKO-3aMKHYTOTO
anekrtpoasurarenss K=2,5. Jlng neneil ynpaBiaeHHMs NEPEMEHHOTO TOKa, HE COJAEPXKALIMX TSXKENbIX
KOHTaKTOpOB M 3jeKTpomarHuToB, K~1. [Ipu Hamuuuu annaparoB, TOK BKJIIOUEHHS KOTOPBIX XOTS U

kpatkoBpemeHHo (0,05—0,15 c) nocruraer 10—15-
KpaTHOCTH, K03 ¢urment K= 1,3—1,6.

4 ] '%//\{» y [LnaBKKe NpeJoXPaHUTEM — HPOCTHIE, HO HE

7 COBEPILECHHBIC alIapaThl 3alUThl. MI3MeHeHue ycraBku
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Cpa6aTBIBaHI/Iﬂ BO3MOXHO TOJIBKO CTYHCHYATOC ITIyTCM
iy

g 3aMEeHbl TAaTPOHOB, a PEryJUpOBaHHE BPEMEHHU Cpa-
OaTpiBaHUs (MJIM aMIIEPCEKYHIHOU XapaKTEPUCTUKU)
BOOOILIE HEBO3MOXHO. B 3ToM oTHOmeHun Oonee
COBEpILIEHHBIM  ammapaToM  TOKOBOM  3allUTHI
AIIEKTPUYECKUX TNPUEMHHMKOB U IIeTed  SBISIOTCA

MaKCHMaJbHbIE TOKOBBIE pene (puc. 4-19).

Puc. 4-19

Karymky 1 BKIHOYarOT IOCIIEIOBATENbHO B KOHTPOJIMPYEMYIO LIENb C TOKOM Harpy3ku .
Korna 3T0oT TOK AOCTUTaeT BEIMUYMHBI 33JJAHHOTO TOKa CpabaThIBaHUs, IPU KOTOPOM BJIEKTPOMArHUTHAS
cujia B 3a30pe€ O CTAaHOBHTCS BBIIIE MPOTUBOICHCTBYIOIIEH CHIIBI MIPYKUHBI 12, SKOPh 3 MpUTATUBAETCS
K MOJIIOCHOMY HakoHe4YHMKY 2. [Ipoucxonut pa3mbikaHnue KOHTakToB 10—11 u 3amMblkaHME KOHTaKTOB
6—7. IloaBrxHble KOHTAKTHl 7 U 10 3aKkperneHsl Ha SKOpe 3 ¢ MOMOILIbIO MJIACTMACCOBBIX KOJIOAOK 9.
Cuna HakaTusl B KOHTAKTax CO3/1aeTCs IPYKUHAMU 8.

Tok cpabaTbiBaHUSI AIIEKTPOMArHUTHOTO peJ€ MOXKHO PperyJupoBaTh H3MEHEHHEM YHCIIa
BUTKOB KaTymku |. Cuily HaTsDKEHHs BO3BPAaTHOM IPYKHMHBI 12 M3MEHSIOT ¢ NMOMOLIBIO Talku 5 u
pabouero BO3AYIIHOTO 3a30pa 6, KOTOpBIM YCTaHABIMBAIOT C MOMOIIbIO BUHTAa 4. Jlnama3oH pe-
T'YIMPOBAaHUS TOKA CpabaThIBaHUS TAKUX pelie JOCTHraeT 4eThlpeX M HacTpaumBaeTcs OeccTyleHdYaTo,
YTO BECbMa BAXHO Ui JOCTHIKEHHUS BBICOKOM TOYHOCTH paboTbl. Bpems cpabarsiBanus
AIEKTPOMArHUTHOTO TOKOBOTO pene o0bryHo He npesbimaet 0,03 ¢ npu 1,=2,01y; 1 0,1 ¢ mpu I,=1,31..
Ha TakoMm mnpuHuune paboTaroT M pejle MUHUMAJIbHOIO TOKA, a TaKXe pele MHUHUMAJIBHOTO U
MaKCHUMaJIbHOTO HampsbkeHus. McrnonHuTenbHble KOHTAKThl 3TUX amlnaparoB (B 3aBUCHMOCTH OT THUIIA)
MOTYyT KOMMYTUPOBaTh LENHU YIPaBICHWS, NOCTATOYHBIE I OTKIIOYEHMS PEICHHO-KOHTAKTOPHOM
anmapaTypsl CpeJHEW MOIIHOCTH. Tak, KOHTaKkThl MaKCHUMaJbHBIX TOKOBBIX pene cepuu OT/[-500
KOMMYTHUPYIOT MHIYKTHBHYIO Harpy3ky a0 20 Bt nmoctosnnoro u 100 BA mepemeHHOro TOKOB, a
KOHTakThI pese tuna PT-40 kommyTtupyror cootserctBeHHO 60 BT 1 300 BA.

MakcuMasbHble TOKOBBIE pelie 3JIEKTPOMAarHUTHOTO NMPHHLUIA JEHCTBUS MOTYT paboTarh B
LENAX KaK [IEPEMEHHOT0, TaK U IIOCTOSIHHOTO TOKA.

4.12 HysieBas 3amura

Jns obecnieueHHs HYJIEBOU 3aIIUTHI B cxeMme c HECKOJIbKUMU
KOMaH/IOKOHTPOJIJIEpaMH, TAaKETHBIMU MEPEeKIIoYaTessiMi, TymOnepaMd UM JAPYTMMH  anlaparamu
MPUMEHSIIOT npomexcymounoe pene (puc. 4.20). Ilepen Hauamom pabOTHI CTaHKa HEOOXOIUMO
HaxaTb KHONKY SBI («IloaroroBka mycka») M BKJIIOUHUTH IpoMmexyrouHoe pene KV. Ilpomexy-
TOYHOE peJie 3aMbIKaeT CBOM 3aMbIKamui KOHTAakT /CY» mocie 4Yero KHOMKY SBI/ MOXKHO
oTnycTuTh. IIpy 3amblkaHMM TOro k€ KOHTakTa KV BCs HM)KHSAS 4acTb CXEMbl C KOHTaKTaMu
KOMaHJOKOHTpoJuiepa SM/ u Ipyrux anmnapaToB pydHOTO yIPaBIECHUS U, C KATYIIKAMH KOHTAKTOPOB
OKa3bIBacTCs MOJ HampspkeHueM. [lpu nmajgeHuu HamnpshKeHUs 0 HyJs WU O HEHOPMaJIbHO HU3KHX
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3HAYCHUN KOHTAKT peiie K.V OTKII0YAeT OT CETH BCIO HUXKHIOK 4acTh cXeMbl. Hannuue HanpsxeHus
B LMY YIIPABJICHUS OTMEYAETCsl CUTHAIBHOU 1aMnon HL.

Cnenyer 3aMeTUTh, YTO CUTHAIM3ALM O HAINYUM HANIPSKEHUS B LIENU YIPABIICHUS, a TAKXKeE
O €ero OTCYTCTBUM HMMEET B CTAaHKOCTPOCHHUM OOJbIIOE 3HA4YeHHE. JTO OOBACHSIETCS TEM, UYTO
anmaparsl yIpaBJeHUs TOMEIIEHBI B MIKa(ax YIpaBiIeHUs U B COOCTBEHHBIX KOXKyXaX TaK, YTO pa3pbiBa
LENH OIepaTop BUAECTh HE MOKeT. MayorabapuTHble CUTHAJIBHBIC JIaMIIBl HU3KOTO HANPSKCHMS,
IIPUKPBITHIE KOJIIAYKaMU U3 IIPO3PAYHOM IIACTMACCHl PA3JIMYHOIO LBETA, IIUPOKO UCIIOIB3YIOT TAKKE
JUIsL KOHTPOJISL pa3JIMYHBIX IEPEMEINECHUM IIOJBMKHBIX Y3JI0B CTaHKA, KOHTPOJIA JaBJICHUS B
TUJIPOCUCTEME, HAJIU4Us CMA304YHOI'O0 MaTepuajga B HalpaBJIAOMMUX U T. X. JId CUrHamu3anmuu o
HEHCIPABHOCTSX, BO3HUKAIOUIUX BO BpeMs pabOThl CTaHKA, YacTO IPUMEHSIOT MHTAIOIIMKA CBET
CUTHAJIbHBIX JaMII.

Ecnu Bo BpeMs paboThl aBTOMaTH3MPOBAHHOTO CTaHKa, Hampumep ctanka ¢ UIIY, meperoput
NpeJOXpaHUTENb WM CpadOTaeT TEIIOBOE pejie, TO HEMEIJCHHO TNPEKpAIIaeTCsl 3JIEKTPOCHAOKEHNE
CTaHKa. J[BUKEHUE CTAHKA I10CJIE ITOTO IPOUCXOIUT 110 UHEPLUU U
3aBUCUT OT CIy4alHBIX COYETAaHWM CHUJI MHEPUMM U CHII
5B EE- ) 'E; ! H ¥ CONPOTHUBJICHUSI B LEMSAX TJABHOTO JBWKEHUS M TOAAud. ITO

' :Il"_ | | | TIPUBOJUT K OpaKy JeTajiH, MOJOMKE MHCTPYMEHTa, a HEpelIKo U K

\ MIOJIOMKE CTaHKa. JUIss IpenoTBpallleHMs] aBapUMHON CHUTyaluu
KV HL | HeoGxoaum GBICTpHIl OTBOJ HHCTPYMEHTA B HCXOHOE MOJIOMKEHHE
'@"‘* (BO Bcex ciyyasx, TJ€ 3TO BO3MOXHO). MICTOUHUKOM MMOJOOHBIX
S I_,..--' Ky aBapui, IOMUMO alllapaToB 3allUTHI, YCTaHOBICHHBIX Ha CTaHKE,
D—. ABIIACTCA Takas e amnmaparypa B IHMTAlOLIEd 3JIEKTPOCETH

1 3aBoga. Kpome Toro, aBapuiiHble CUTyallui MOTYT BOSHUKHYTh IIPU

Ky HEHCIIPAaBHOCTU  JIFOOOTO  MHOTO  3JIEMEHTa  BJIEKTPUYECKOTO
SM2 4 oOopynoBanus cranka. I1o 3Toif mpuunHE B aBTOMAaTU3UPOBAHHBIX
- IO i _D_._' CTaHKaX HEOOXOJUMO TPHMEHATh OJIIEKTPUYECKHE armapaThl ¢
! | HauBBICIIMMM TOKa3aTeIsMH HAAEKHOCTH, JOCTUTHYTBIMH K

i
! MOMCHTY HadaJia UX NPpUMCHCHUS.
Puc. 4-20 - Cxema HyneBO 3aILUTEI

ABTOMaTl/I3aHI/Iﬂ IMYCKa KOPOTKO3AMKHYTOIo aCHMHXPOHHOI0 ABHUTIATEIA
nmocpeacreamM pejac BPEMCHHU
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ABTOMATU3ALIMA NYCKA KOPOTKO3AMKHYTOIO ACMHXPOHHOIO AABUrATENA NOCPEACBOM PENE
BPEMEHM
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IIpn HaxaTun Ha kHONKy SB1 Bxitouaercs koHTakTop KMI , rmaBHBIE KOHTaKTOPBI
KOTOpPOTO BKJIIOYAIOT JIEKTPOJBUraTENIb UEpe3 CTATOPHBIM peocTaT. billoK-KOHTAaKT, BKIFOUEHHbIN
napamensHo kHomke SB1,00ecneunBaer camo nuranue kontaktopa KMI1 . [lapannensHo Karymike
KMI1 BxmroueHa karymka pene BpeMeHH KT koropoe B cxemax aBTOMaTH3allMM IIyCKa 4acTo
Ha3bIBalOT pese yckopeHus. [lo ucreuenun BpemeHu BolIepKkH KOHTakT KT 3ambikaercs u
BKJIIOUAET KaTymKy KoHTakropa KM?2 ,riaBHble KOHTAKTOpPbl KOTOPOI'O 3aMBIKAIOT HAaKOPOTKO
CTaTOPHBIN peoCTar.

IIpu HaxaTuu Ha KHONKY SB2 orTkirouarorcsi kaTymku peine Bpemenu KT u
koHTakTop KM2.

PaccmoTpenHas cxema o0Jjierdaer ymnpaBJeHHE ITyCKOBBIM IPOLECCOM U HE JaeT
BO3MOKHOCTH ITyCKa 3JIEKTpOJBMraTelsi 0e3 peocTara BCIEACTBUE HEIOCMOTpA, TAK KaK MpU
HaXaTUM Ha KHONKY SB2 KOHTaKTOpbl OTKJIIOYAIOTCA, U B CXEMY 3JIEKTPOJBUraTENl BBOAMUTCS
IIOJIHOE CONPOTHUBIIEHHE ITyCKOBOI'O pPEOCTara.

Cxema AUHAMHAYCCKOI0 TOPMOKCHHUA ACHHXPOHHOI'O ABHUIaTe/Ifd
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CXEMA ANHAMMNYECKOIO TOPMOXXEHMNA ACUHXPOHHOIO NABUFrATENSA

Jlo Haxatus Ha kHOnKy SB1 pene Bpemenu KT BKIIIOYEHO, M €ro pa3MbIKarOIIUN
KOHTaKT B LIEMM KaTyIIKU TOpMO3HOro koHTakropa KM?2 pazomkHyrt. IIpy Haxatunm Ha KHONKY
SB1 nBuratens BkIrowyaercss B ceTh, a pene KT orkmouaercs. [Ipu Hakatum Ha kHOnky SB2,
koHTakTop KM1 oOTKirodaeTcst ABUraTesb OT CeTH Tpex(azHOro TOKa M CBOMM 3aMbBIKAIOLIMM
KOHTakTOM BKitouaeT KoHTakTtop KM2 u pene Bpemenu KT. Ilo ucreuenuun BpemeHH,
onpeznensseMoro ycraHokoi peine KT, oHo oTkmouaer xoHtaktop KM2.

Cxema BKJIKYEHHUSA 3J1€KTpOMaFHI/ITHOI7[ IVIMTBI
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Karymku onpeneiaeHHbIX NOJIIOCOB 3JIEKTPOMAarHUTHOM IUIMTBI Yallle BCETO COEAUHSIOT
nocsenosarenbHo. Ecnu mepeximoyarenb SA HaxoguTcs B IOJIOKEHHWH, YKA3aHHOM Ha CXEME,
NPUBOAS B JIBIKCHUS IUIUTHI UJIM CTOMA MOKET OBITh BKIIIOYEH JIMIIb NPH BKIIOYEHHBIX
aNIeKTpoMaruHuTax. B 3Tom ciaydae oOMOTKa 3JeKTpOMarHUTHOW miuuThl YH momywyaer mutanue ot
BeinpsamuTens VC, moakitodeHHoe K cetu uepe3 TpaHnchopmarop TV . IlocnenoBarensHo ¢ 3TOU
0o0OMOTKO# BKIItOYeHa KaTymka pene Toka KK, 3ambIkaromuii KOHTakT KOTOPOTO BKIIIOYEH
MOCIeI0BaTebHO ¢ KaTymkoil koHTakropa KM. Ecim BcnencTBue kakoi - muOO aBapuul MUTaHUE
JIEKTPOMAarHUTHOM IIMTHI NpekpaTutcs, pene Toka KK 3amMbIKaromuM KOHTAaKTOM pa3opBET
karymku KM u jaBurarens IUTMTHI WU cTOmMa OTKIOUUTCA. [IpoGoit m3omsiuun 0OMOTKH
AIIEKTPOMArHUTHOM IUIMTHI WIM €€ OTKJIIOYEHHE B JAHHOM cilydae UCKiIroueH. Llemb oOMOTKH
[IOCJI€ OTKJIIOUEHUs IUIUTHI OCTACTCS 3aMKHYTOM Ha BBIIPSAMMTEIb.

%
i

anaBJIeHne JICEKTPOABUTATEC/IAMHA ¢ NPUMCHCHHEM MMPOMCKYTOYHDBIX
peie
ITpoMexyTouHbIE pele MMPOKO MPUMEHSIIOTCS B CTAHKOCTPOCHHMM I PELICHMS
Pa3IMYHBIX 33724 aBTOMATUYECKOTO MJIM TUCTAHIIMOHHOTO YyrpasieHus. [lpumenenune
IIPOMEXYTOUHBIX pPeJie s I10 MapHOTO BKJIFOUYEHHUS TPEX IEKTPOABUIATENIEH BO BCEX BO3MOXKHBIX
KOMOMHAIMSAX KakK I[MOKa3aHO Ha pPUCYHKE.
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CxeMa 3alIMThI INCKTPOABUT ATEC/IA

JUist 3aIIUTHI AJIEKTPOABUraTENs OT pabOTHI B OHO(PA3ZHOM PEeXHME MIPUMEHSIIOT TPEX
nosrocHble TerioBbie pene PTT. Pene PTT cocronut u3 Tpéx OMMETaNIMYeCKUX OHOTIOFOCHBIX
TeIUIoBBIX pene. [Ipu cpabaThiBaHUM KaXKAOTO M3 3TUX pene 3aMbikaercs o0mumii kontakt PTT,
BKJIFOYEHHBIN IOCIEA0BATENIBHO ¢ KaTyIIKOM KOHTAaKTOPa, OTKIIOUEHHE KOTOPOro MPUBEAET K
pa3MbIKaHUIO BeeX TPEX (ha3 anekTpoaBuraress. Peme 0oObIYHO BKITFOYAIOT MOCIEI0BATENBHO C TPEX
(a3HBIM aBTOMATHUECKUM BKIIoyateaeM BA cHaOKEHHBIN TPEX MOIIOCHBIMU 3JIEKTPOMArHUTHBIM
paszienuTeneM, OTKIIOYAIOUIUH LIeNb 3JEKTPOIBUTATEINS MIPU JTF000H pa3HOBUIHOCTH KOPOTKOTO
0IHO(a3HOTO 3aMBIKAHUSI.

Tpéx momocHbIE TEIIIOBOE pejie CHA0KEHO PErynaTopoM Toka cpabaTeiBaHus. OHO
OTPEryJIUPOBAHO TAK, YTO OTKJIFOYAET DJIEKTPOABUIATEIb IIPU BCIKOM PAaCTaTOYHO
IIPOAOJIKUTEIIBHOM TOKE, IIPEBBILIAIOIINMI TOK 3JIEKTPOABUraTelIs IIPU €70 HOMUHAJIBHOW Harpys3Ke.
Eciu no xakoif-m10o aBapuitHON MpUYHHE ABUraTelb IEPEXOJUT Ha OHO(pA3HYI0 paboTy U TOK
OJIHOT'O WJIX TPEX IIPOBOJOB CTAHOBUTCS PAaBHBIM HYIIIO, TO IIPU HEU3MEHHOU HArpy3ke HaBaily, TOK B
IIPOBOJIaX BO3PACTAET, MPEBBIIIACT HOMUHAILHOE 3HAUEHUE U BBI3bIBAET CPAOAThIBAHUE TEIIIOBOTO
perne, KOTOPO€ OTKIIIOYAET JBUTATENb OT CETU. Y TPEX MOJIIOCHBIX TEIUIOBBIX PEJie, pACCYUTAaHHBIE HA
OoubIIMie TOKH, HarpeBaTeIbHbIC AIEMEHTHI BKIIOUEHBI B IIeTIb BTOPHYHBIX 0OMOTOK TPEX
TpaHc(hOPMaTOPOB TOKA, BCTPOCHHBIX B pelie. 3aliThl OT TOKOB KOPOTKOTO 3aMbIKAHHSI TEIIOBOE
pene He oOecrnieunBaet. Takyro 3alIUTY OCYILIECTBIISIET aBTOMAaTHUECKU I BHIKIIIOUATEb.
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Konmponwnuie sonpocet:
1) HasnaueHue cTaOUIM3UPOBAHHBIX YCTPOMCTB IEKTPOTTUTAHMUS.
2) Bupasl cTabUIu3aTopoB.

I'maBa 5
JJEeKTPOMATHUTHBIEC HCNOJHUTEJbHbIE YCTPOHCTBA

3JICKTpOMal"HI/ITBI MHUPOKO MPUMCHAIOT B aBTOMATHU3UPOBAHHBIX YCTPOﬁCTBaX n CcUCTteéMax naJjid
obecrieueHus 6LICTpBIX HpﬂMOJ’IHHCfIHLIX HepCMCIJ_ICHI/Iﬁ Ha OI'PaHUYCHHBIC PpaCCTOSIHUA C
OTpaHUYCHHBIMUA CHJIaMH. Hx HCIIOJIB3YIOT JJIS NEpEMCIICHUA 9JICMCHTOB ruapo- n
HHCBMOO60pyI[OBaHI/ISI, My(bT, noasnreMa 3aJIBUKCK, 3alICIIOK, ITPUBOJA BI/I6p06}IHKepOB nT. I

3JICKTpOMal"HI/ITBI M. O. noapa3aACiICHLI:

A) 10 poAy TOKa Ha 3JICKTPOMAIrHUTEI C MPSAMBIM U IICPEMCHHBIM TOKOM.
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DNEeKTPOMArHUThl C MPSAMBIM TOKOM HPUMEHSIOT JUIs OBICTPOrO MEpeMElIeHHUs TOIBHKHBIX
3JIEMEHTOB CTAaHKOB, I'PY303aXBaTHBIX MPUCIIOCOOICHHH, pa3MbIKaHUSI TOPMO30B MEXaHU3MOB U T. 1. OHH
NpeHa3HAYeHBI JJIs1 KPaTKOBPEMEHHOM paboThl U CLIOCOOHBI Pa3BUBATH 3HAUUTEIbHBIEC YCUIIUS.

3JI€KTpOMaI‘HI/ITBI NEPEMCHHOTO TOK4, KaK IPaBHJIO, Pa3BUBAOT MCHBIIHNC MOIIHOCTH,
MMO2TOMY OHH HCIIOJIB3YIOTCA B MAJIOMOIIHBIX LICIIAX.

b) no cnocoOy aelcTBUs — Ha yAepKUBAIOIIUE U IPUTATHBAOLIHE.

K  ynmepxuBarolmuM  MarHuTaM  OTHOCATCSL  HalpuMep  SJCKTPOMAarHUTHBIE  IUIUTHI
TUIOCKONUTA()OBAHHBIX CTAHKOB, CIY)KalllMe Ui MarHUTHOTO 3aKpeIIeHns 00padaThiBacMbIX JIeTalei.

[TputsAruBaromme 5>JIEKTPOMATHUTBI CIYXXaT JUIS COOOIIEHUS OINpPENEJIEHHOrO  JIBUKEHUS
IOJIBUKHBIM YaCTSIM.

VY ATMHHOXOJOBBIX MAarHUTOB XOA siKopsi gocturaer 150 MM, y KOPOTKOXOJOBBIX XOJ SIKOpS
nJocTturaet 2-4,5 M.

I') mo xapakTepy ABMKEHHS SIKOPS Ha 3JIEKTPOMATHUTHI C TIOCTYNATENbHBIM JBHKCHUEM SKOPS U C
MIOBOPOTHBIM.

JI) mo crocoOy BKIIOUEHHS - Ha AJIEKTPOMArHMUThl C MapajuleJbHBIM U C IOCIEA0BATEIbHBI
BKJIIOYEHHUEM OOMOTKH B MUTAIOIIYIO CETh.

YCTPOﬁCTBO OIlHO(l)a3HOI‘O JJIEKTPOMATrHuTa NEPEMCHHOI0 TOKaA.

IIpn nporekaHuM TOKa 4epe3 KaTyIIKy BO3HMKAET MArHUTHBIM IOTOK, 3aMBIKAIOIIMKICS 4Yepes
CEpJICYHUK, CKIICTIAHHBIA U3 JINCTOB JJIEKTPOTEXHUYECKON CTAIH.

IIpu sTOoM BO3HMKaeT cwia F BTarusaromas sSIKOpb, TOXKE CKJICIAHHBIM W3 JIMCTOBOM CTalH, B
KaTyIIKY.

MarsuTHBIN MOTOK ITOJIHOCTBIO 3aMBIKAETCs YePE3 CEPIACYHUK U SIKOPb.

3aBucumocts cuiel TArn F, pas3BuBaemMoil skopeMm, OT ero kojaa | Ha3bIBAalOT TIATOBOU
XApaKTEPUCTUKOMN IEKTPOMArHUTa.

HauOospiryto  JOMyCTUMYKO — JaHHBIM ~ 2JIEKTPOMAarHUTaM  BEJIMYMHY XOJa  sSIKOpsi U
COOTBETCTBYIOLIYIO €l CUIIY TSATY Ha3bIBalOT HOMUHAJIbHBIMU 3HAYEHUSIMHU X0J1a U CHJIbI DJIEKTPOMATrHUTA.

ITo cnocoOy BO3n1eHCTBHS SKOpPs Ha MEPEMELIAIONIUIl AJIEMEHT CBS3aHHOTO ¢ HUM MEXaHU3Ma
UIEKTPOMATHUTHI IEPEMEHHOIO TOKA PA3ACIIAIOTCS HA TAHYIIHUE U TOJIKAOLIHE.

TsroBast XxapakTepuCcTUKa OHO(A3HOTO AIIEKTPOMAarHUTA MOKa3bIBAeT, YTO M0 Mepe BTATMBAHUS U
YMEHBIIEHHUs BO3AYILIHOTO 3a30pa MEXKy IKOPEM U CEpPACYHMKOM CHJIA TATU BO3PACTAECT U B KOHIIE X0/Ja B
1,5-2 pa3a npeBbllIaeT CUITy TATH B Ha4aje Xo/a.

[Ipu BKJIIOYEHMH 3JIEKTPOMAarHurta 3a3opoB | M/y cepaedHukoM H© sxkopeMm Benuk. Ilo a3rtoi
IIPUYMHE MarHUTHBIA NOTOK M MHAYKTUBHOCTh L karymku mansl. Cae1oBaTeIbHO, MaJ0 U HHIYKTUBHOE
conpotussienue X/=21Ifl. [loatomy cuia Toka rnpu e€ BKIIOUYECHUH BEJIHKA.

Ilocne mnpuTsKEeHUS SKOpA K CEpPACYHUKY HHAYKTUBHOCTb KATYIIKM BO3PAacTacT M CUiIa
yMeHbIaercs B 5-15 pas.

Hepenko 3aBucumocts F=f(1) umeer mapabonnueckuii xapakrep.

[Tpu npumenenuu >m\M ~I HE0OXOIMMO OOECIEUUTh SKOPIO BO3MOXKHOCTh COBEPIIUTH IMOJHBIN
xoa. B mportuBHOM ciydae oO6morka M. 6. Ileperpera yBenuueHHOW cuiioil Toka. s ycTpaHeHHs
BUOpaIil SKOpsi, BO3HUKAIOUIMX BCIIEACTBUE MHUTAHUS KaTYMIKH ~I, IPUMEHSIOT KOPOTKO3aMKHYThIE
nemMudepHbIe BUTKH.

Jns oOecrneyeHuss TapaHTUM TIOJHOTO XOJa SKOPb 4YacTO CBA3BIBAIOT C IEpeMeIlaeMbIM
MEXaHU3MOM-IIPY’)KUHOW. B 2TOM ciy4ae SKOpp MOXKET BTAHYTBCS JO KOHIA XOJa [Jaxe IIpH
3aKJIMHUBAHWUU WM 3a€JaHUU MEXAHU3MOB.

BBINOJIHAIOT 2JIEKTPOMArHUThl IEPEMEHHOTO TOKA, Pa3BUBAIOIINE HOMUHAJIBHYIO CUITy TATU oT 10-
250H; ¢ HoMUHaAIBHBIM X010M sIKOps 5-40MM M HOMMHAJIBHBIM HampsbkeHueM 110B.

OpauH U3 NpUMEPOB NIPUMEHEHUS JIEKTPOMAarHUTOB IIEPEMEHHOIO TOKA B CTAHKOCTPOCHUH MOKET
CILY’)KUTh JICKTPOMEXaHUYECKOE TOPMOKEHHUE MPUBOJIOB cTaHKa (cTp.42 puc.20)-cam-Ho.
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BHCKTPOM AT'HUTDBI NIOCTOAHHOI'0O TOKA

DNEKTPOMArHUTHl MOCTOSIHHOTO TOKa IO CPAaBHEHMIO C 3JIEKTPOMAarHUTaMM IEPEMEHHOTO TOKa
HMEIOT MOBBILIEHHYIO0 HaA&KHOCTh. CllyyaiiHasi OCTaHOBKA MJIM 3aBHCAaHUE SKOPS HE BBI3BIBACT IIEpErpeBa
U BBIXOJ1a U3 CTPOsl KaTyLIKH.

HenocraTkoM 37€KTPOMarHMTOB MOCTOSHHOTO TOKA SIBJISETCA YBEJIMYEHHOE BPEMsI CPAaBHEHMS U
BO3BparTa.

310 OOBACHAETCS TEM UYTO IMPH HW3MEHEHHH CHIbl TOKa OT 0 (3JIEKTPOMArHuT OTKIIOYEH) 0
HOMUHAQJIBHOTO 3HAY€HHsA (DJIEKTPOMArHUT BKIIOYEH) TOK TNPOTEKAIOUIMA 10 KaTyIIKe SBISeTCs
BEJIMYMHON TepeMeHHON u BbI3bIBaeT B Karymke IJ[C caMOMHAYKLIHMH, MNPOTHUBOJEHCTBYIOLLYIO
WU3MEHEHHUIO CUJIBI TOKA.

MuHHMMaNbHBIA 3330p MEXIy CEpJACYHUKOM M JOHICAIINM J0 YIIOpa SKOPEeM — HEOOXOIuM Jyis
oOecrieyeHns pa3MarHMUYMBaHMs MOCIIEe OTKIIOYEHHUS MAarHUTa KaTyIIKH.

BBINOHAIOT 37IEMEHTHI IOCTOSTHHOTO TOKa paspuBatomue F(cumy taru) —4-100H ¢ xonom 5-15 Mmm
OT 3JIEKTPOMAarHUTOB MEPEMEHHOT0 TOKAa OHM OTJIMYAIOTCSA ropas3fo Oobliei 10JiroBe4HoCThio (10 250
MJIH. BKJIFOUEHUI 32 CPOK CITY>KOBI).

DONEeKTPOMAarHuThl IOCTOSHHOTO TOKAa IIMPOKO IPUMEHSIOT JUIsl IEPEMELIEHUS 30J0THUKOB
TUIpOpacipeieNuTeNei rnpaBIndecKiX IPUBOOB MOJAuH.

B oOparHyio CTOpOHY 30JOTHHUK BO3BpAallaeT MpYXHUHA. s PEeBEpCHBHBIX THUIAPABIMUECKUX
IIPUBOJIOB IPUMEHSIOT THAPOPACIPEAEIIUTENN C IBYMS SIIEKTPOMArHUTHBIMH BKJIFOUEHUSAMHU

I-  BBI3BIBAET XOJ BIEPEL;

2-  BBI3BIBACT XOJ HazaJ.

[Tpu oTkIIOYEHHHM 0OOUX HJIEKTPOMATHUTOB NMPYXKHHA BO3BPAILAET 3JIEKTPOMATHUTHI B MCXOTHOE
I0JIOKEHHE U ABMKEHUE THAPONPUBOJA MPEKPAILAETCS.

JJIeKTPOMATHUTHBbIE MY (] THI.

DJEeKTpOMarHuTHbIE MY(THI — MPOMEXKYTOUHbIE SJIEMEHTHl MEXIy MPUBOIHBIM JBUraTENEM U
BEJOMBIM BaJIOM M 00J1a/1asi MEPEMEHHBIM CKOJIbKEHHUEM, MO3BOJISIOT PErylIMpOBaTh YacTOTY BPALICHHS
BBIXOJJHOTO Bajla CHCTEMBI.

3HAuUEHUE CKOJIBKEHUS 3aBUCHUT OT YIPABISIOLIErO HAIPSDKEHUS, IOCTYNAIOMIEr0 Ha BXOJ
AJIEKTPOMArHUTHOH My(TBI € MPEabIAYIIEro 3JeMEHTa CHCTEMbl. DHEprus, 3aTpaduBaeMas B LEMH
yIrpaBlieHHs My(QThl HE3HAuMTENbHA IO CPaBHEHUIO C JHEpruei, nepenaBaeMoil BeJOMOMY Bajly OT
JIBUTATEIIs.

B 3aBucumocTu OT cmocoba co3maHusi NEPEMEHHOTO CKOJIBXKEHHS 3JIEKTPOMArHuTHbIE MY(QTbHI
MO>KHO Pa3/IeIUTh Ha JIBa OCHOBHBIX TUMA: MY(PTHI TPEHUS U MY()ThI CKOJIBKECHUS.

MydTbl TpeHus MoapazaessaioT Ha MY(PTBI CYyXOro TPEHUS M MY(ThI BSI3KOTO TpeHHs. Y My(pT
TPEeHHUsl BPALIAIONIMH MOMEHT Ha BBIXOJHOM Bally CO3MaéTcad MyTEM TPEHHUs, a Y MY(PT CKOJIbKEHHS
BpaIlalOIMii MOMEHT BO3HUKAET B pE3yJbTaTe B3aUMOJEHCTBUS TOKOB, BO3HHUKAIOIIMX B SKOpE, C
BPAIAIOIIUMCS MAaTHUTHBIM [TOTOKOM UHAYKTOpA.

JJIeKTPOMATHUTHBIE MY(]TbI CyX0ro TpeHus.

My¢ra cyxoro TpeHHs MpeICTaBlseT COOOH yCTPOWCTBO, KOTOPOE CBS3BIBAET BEIOMBIM Basl ¢

BaJIOM BCAYIICTO ABUTATCIIA 34 CU€T MO KATHSA SJICKTPOMAriuToOM (I)pI/IKI_[I/IOHHOFO QJICMCHTA.
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11-Benymuii 351€KTPOABUTATEND; 3 / //// /
2,3-1mecTepHy; ;
4,15-ppUKIHOHHBIC TUCKHY; ‘ P ot &
5,12-00MOTKH; g
6,13-371€KTpOMAarHuTHl; X ,
7,11-saxops; ,

8,10-BbIXO/IHbIE IIECTEPHU  BEAYIIErO0 U BEIOMOIO ‘ i

BaJa;

9-BetoMBIIi BaJl. 7
[ecrepuu 2 u 3 BpalaroTcs ¢ NOCTOSTHHON /
CKOPOCTBIO OT BEYLIETO
AJIEKTPOIBUTaTES.

N

Puc. 5-1 - DnexrpomarauTHas Mydra
CyXOT'0 TPEHUS

VYrpasieHue oCyIIecTBISETCS MIPH MOMOIIHU JIEKTPOMarHuToB 6 u 13 Ha 0OMOTKH 5 1 12 KOTOpPBIX
MIOCTYIAOT CUTHAJIBI OT YIPaBJISIIOIIET0 YCTPONCTBA.

[Tpu BkIOYeHUU 31ekTpoMarHuta 13 ero sikoppb 11 momxumaer GpUKIMOHHBIN JUCK 15 K TOpILy
mectepHu 2. mectepHs 10 xEcTko cBs3aHa ¢ sikopeM 11 anexkTpomarHuTa U GPUKLUOHHBIM JHCKOM 15,
MI03TOMY BpallleHHE BEIyIIero Baja 16 BeAyliero sJeKTPOABUraTelsl Yepe3 MIECTEPHIO 2 (PpUKLIMOHHBII
muck 15 u mecrepus 10 nepenaérest K BHIXOAHOMY (BEIOMOMY) Bally.

IIpu oTkimroueHUH 3ekTpomMaruuta 13 nuck 15 oTBoANTCS OT IIECTEPHU 2 IPYKUHOH 14.

s BpamieHust BeoMoro Baina 9 B 0OpaTHYIO CTOPOHY HEOOXOIMMO MOJaTh YHPAaBISIOMIMN
CUTHaJI Ha OOMOTKY 5 3iieKTpoMaruura 6 paboTaeT aHaJIOrMYHO: KOPb 7- TUCK 4 K IIeCTepHH 3, Bpall. 3-
4,7- mect. 8 K BBIX. B. 9- OH Bpalliaercsi B 00paTHYIO CTOPOHY.

JlocTOMHCTBOM 3THX MY(T (CyXOro TpeHHs) SIBISETCS Majiasi MOIIIHOCTh YIIPaBJIEHUS, & OCHOBHBIM
HEZ0CTAaTKOM — HEIUIABHBIN XapaKTep M3MEHEHUS 4acTOThI BPAIllEHUsI BEAOMOI0 Baa.

Cyxue My(Thl IPUMEHSIOT PEUMYIIECTBEHHO I MEePEKIIIOYSHHS CTYIIEHEH CKOPOCTH B MOMEHT
OTHOCHUTENILHO HEIOABH)KHOTO COCTOSIHMSI BPAIIAIOIIUXCS YaCTEH KUHEMATHUECKOH LIETIH.

My¢ThI BA3KOr0 TPeHU .

[TpuHIMT neiicTBUS MY(PT BA3KOTO TPEHUS OCHOBaH Ha 3((EKTe CUEIUICHUS IBYX MOBEPXHOCTEH,
pas3zeseHHbIX 3a30pOM C (DeppOMAarHUTHBIM HAIOJHHUTEIEM, KOTOPBIH HM3MEHSET CBOK BS3KOCThH IO
JICHCTBUEM MAarHUTHOTO MOTOKA.

Ecnu deppomMarHuTHBIN HAMOJHUTEIh MOMECTHTh B MAarHUTHOE TMOJIE, TO CIUCIUICHHE MEKIY
YaCTUI[AMH YBEITMYUBACTCS U OHU JIMIIAIOTCS OTHOCUTEIBHON HEIOIBUXKHOCTH.

HanonHuTe b, MOMEIICHHBIH MEX/1y TTOBEPXHOCTSMH BEAYILECH U BeOMOM yacTei My(dThl, MOXKET
OCYIICCTBUTh MEXJy HHUMH CBs3b. [IpM CO3MaHUM MArHUTHOTO TIOJISI IyTE€M MPONYCKaHUS
AJIEKTPOMArHUTHOTO TOKAa Yepe3 OOMOTKY JJIEKTPOMArHWTa, PAaCHOJOXEHHOTO COOTBETCTBYIOLIMM
obOpazom.

@deppOMarHUTHBI HAMIOJHUTENb TPEACTAaBIsIeT c000W cMech (eppoMarHUTHOTO MaTepuana
(xapOoHMIIBHOE Kee30 ¢ paszMmepamu dactuil ot 0,5 1o 50 MKM) U cMma3bIBarolieil cpeasl (TBepaas Win
JKUJIKAsi OCHOBA) U OOBIYHO HA3bIBAIOT (EPPOMArHUTHON CYCIICH3UEH.

TBepaas ocHOBa — TaJbK, rpaduT, OKUCH IIUHKA; KHUAKAs OCHOBA — >KUIKOCTh, UMEIOIIAs MAIYIO
BA3KOCTh M XUMUYECKH CTOHKYIO OTHOCUTEINBLHO JKeje3a (KEpOCHH, MAIIMHHOE MAaCII0, XJIOPUCTBIA OCH301,
CIIeIMaIbHbIC Maclia).
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1 — xopmyc

4 s 6 7 2 — BeAyIIH AUCK
J ~ 7 b Y, 3 — ympasisitoiast 0OMOTKa
% o o
N pon % 1 4 — BeIOMBII TUCK
L ] 5, 7 — yIIOTHEHUS
777, Hﬁm 6 — GeppoMarHuTHas CMeCh
¥ 2~ __ —__~l\ Bemymas u  BegoMas — 4acTH
AN Y g
L | AT | MPEJCTABISIOT CcO0OHM  cTanbHBIE JHCKH,
Y N\
L - o o
7 J7le/l!l‘-lll ! /} H,I,{,H =, }I{\i},}llnk /p HaCa’XCHHBIC HA BEAYIIMH U BCIOMBIM BAJIbI.
N N \
16 /5 14 3 12 M Vnpasusromass  oOMOTKa — yjIokeHa B
KopITyce.

Puc.5-2 - Mydra Bsi3koro TpeHus

[TpoMexyTOK MEXy BEAYIIUM M BEIOMBIM JUCKaMHU 3ar0JIHEH (peppOMarHUTHOW MAcCO.

Jnist mpeioTBpaIlleHUs BBITEKaHUs peppOMarHuTHOM Macchl My Ta uMeeT yriotHeHus S u 7. [pu
OTCYTCTBHH TOKa B 0OMOTKE yIpaBJICHUH ME€peJaBaeMblii MOMEHT OT BEAYILLIET0 Bajla K BEIOMOMY OUYCHb
MaJl ¥ OIpeJeNsieTcs BA3KUM TpeHueM GeppoMarHuTHoil Maccel. [Ipu nmpoTrekaHuu Toka B 0OMOTKe
YIPABJICHHUs] BOZHUKAET MarHUTHOE IoJIe. B pe3ynprare 3TOro 4acTHILIbI JKejle3a HaMarHM4UBarTCs U
MOSIBJISIFOTCS. CHJIBI CLETIIIEHUS] MKy YaCTULIAMU U IIOBEPXHOCTAMM TUCKOB 2 U 4. B aTOM ciydae ot
BE/YILIEr0 Bajia K BEJOMOMY IIepeaeTcsl 3HAUUTENbHbII MOMEHT. MI3MeHeHneM Toka B 00MOTKe 3 MOKHO
YIPABJIATh CUJIAMM CLEIUICHHUs], a CIEA0BATEIIBHO, PErYJIMPOBATh YaCTOTY BpallCHUS BEJOMOI0 BaJja.
My(hTBI BSI3KOTO TPEHHUSI HIMEIOT TUIaBHYIO 3aBUCUMOCTh IIEPEaBaeMoOro MOMEHTa OT TOKa B
yIpaBiisitoniei ooMoTke. VX MpUMEHSIOT B aBTOMAaTHYECKUX CUCTEMaX PeryaupOBaHUsL.

OcHOBHBIE JOCTOMHCTBA: Majias MOTpeOisieMas MOILIHOCTh CHTHAlla YHPABJICHUSA, XOpPOIIHE
JMHAMUYECKUE CBOWCTBA, MPOSBISIIOMIMECS IpH OOJBIIOM 3HAYEHUH MAKCHUMAIBHOTO YCKOPEHUs
BEJIOMOI'0 Bajla, OTCYTCTBUE TOJYKOB IIPH IIJIJABHOM U3MEHEHHUH YIIPABJIAIOLIErO CUTHANIA.

Henocratku: BO3MOXHOCTH OcelaHUsl (PEppOMArHUTHBIX 4YacTUI] W 3HAYUTeNbHass Macca,
MIPUXOIAIAsACA Ha €IUHULY MOIIHOCTH

My¢ThI CKOJIbKEHHS.

B My(bTaX CKOJIB2)KCHHUA TaK XKC, KaK U B My(bTaX TPCHUSA, MATHUTHOC IIOJIC CO3HAaCTCA
INOCTOSAHHBIM TOKOM. HpI/IHL[I/IH JIehcTBUA Y HUX OJIMOKE K MMPpUHIUITY JIefcTBUSA ACUHXPOHHBIX JIBUTaTeIeH.

1 — Benymuii Ban

—(f/ 2 / 4
e p 2 — UHAYKTOP
é’ﬂ _ /2 3 — oOMoTKa
A / \/ V7 5 4 — gKxopb
/ & ™~ 3 5 — BeJIOMBIii BaJl
Puc.5-3 - Mydra ckonbxeHus 6 — KOHTaKTHBIE KOJIbIIa

My<bTa CKOJIB’KCHHUSA HPCACTaBIISACT coboit ABC HCCBA3AHHBIC MCIKIAY co00ii MexaHUYeCKH
Bpamaromuecsds 4Yactu — HHAYKTOP 2 u SAKOPb 4, I/IHI[yKTOp 3aKpCINIACTCA Ha BCAYHICM BaJIC
QJICKTPOABUTATCIISL W BBIIIOJIHACTCA B BUAC CUCTCMBI IMOJIMCOB, HAa KOTOPLIX PACIIOJIOKCHA oomoTka. OHa

MUTACTCA OT HCTOYHHKA IMOCTOAHHOI'O TOKa 4YCPE3 KOHTAKTHBIC KOJIbLA. HKOpB Myq)TBI MOXET OBITh
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BBITMIOJIHEH B BUJE KOPOTKO3aMKHYTOH OOMOTKH («Oenuybe KOJeco»), MOJOro crakaHa Win B Qopme
MaCCHUBHOI'O POTOpA.

IIpu BpameHun MHAYKTOPA €r0 MarHUTHOE I0JIE MEPECEKAET IKOPb U MHAYKTUPYET B HEM TOKH,
KOTOpPBIE B3aUMOJCUCTBYIOT C MAarHUTHBIM IIOJIEM HMHAYKTOpa. B pesynprare co3maércs Bpalaroniui
MOMEHT, Nepe/laBaeMblii Ha BEIOMBIN Bajd T. €. 32 CYET MArHUTHOM CBSI3M BeNyllas 4acTh (MHIYKTOP)
yBIIEKaeT 3a co00if Beomylo (Ikopb). YacToTa BpalieHus BeOMON yacTu My (Tl OOBIYHO MEHBIIIE, YeM
4acTOTa BpALLEHUs MArHUTHOro mojis. Eciau cKopocTH sSKOpsS M HMHIYKTOpa pPaBHbI, TO BpalllalolIUui
MOMEHT, IepeiaBaeMblii My(pToil OT BeIyIIero Baja K BeJOMOMY paBeH HYIIIO.

JIOCTOMHCTBO MY(T CKOJIBbKEHUS (B OTIIMYHME OT aCHHXPOHHOTO JIBUKEHUS U OT MY(T TPEHHUs)- 3TO
TO, YTO MX BpALJAIOLUIME MOMEHTHl M 4YacTOTa BpALIEHUS JIETKO IMOAJAIOTCS PETYIUPOBAHMUIO IYTEM
M3MEHEHHsI TOKa BO30YKJIEHHsSI MHYKTOpA.

DJNeKTpOMarHuTHbIe My(QTBl OTIMYAIOTCS MPOCTOTOM YNpaBJIeHUS M MajlbIMH rabapuramu.
WX ucnons3yloT A Iycka, TOPMOXKEHUS, PEBEPCUPOBAaHUS U IEPEKIIOUYEHUS CTYNEHEH CKOpPOCTU
KHHEMaTUYEeCKHX LIeTieil CTaHKOB U IJIaBHOM IPUBOJIE U B IPUBOJAX Mojauu. Bpems cpabaTbiBaHus TaKMX
My(T OYeHb Majo, U ATO MO3BOJISET UCHOJIB30BATH X B CIEAYIOIIUX CUCTEMAaX AJICKTPOKOIMHPOBAIBHBIX
cTaHkoB. Yacrora cpabaTeiBaHus My(QT B TAKMX CUCTEMax J0X0auT 10 50 pa3 B ceKyHay U Ooee.

N3roraBnuBaroTcs TaKue JIEKTPOMAarHUTHBIE My THI ObICTpOICHCTBYIOIINE c
MarHUTONIPOBOAALIUMHU JUCKAMUA KOHTAKTHOT'O U OECKOHTAKTHOT'O MCIIOJTHEHHUSI.

Ecnu TpeOyercss mepenaBaTh YBEIMYEHHBII MOMEHT, a OBICTpOJCHCTBHE HECYIIECTBEHHO,
MPUMEHSIOT 3JIEKTPOMAarHUTHBIE MY(QTHI C BBIHECEHHBIMU JUCKaMU B OECKOHTAKTHOM UCTIOJIHEHUH.

BJICKTpOMaFHI/ITHLIe IJIMTHI U CTOJIBI.

Bo Bpems mumdoBaHMS B MECTO  3aKpeIUIAIONIMX  YCTPOMCTB  4acTo  MPHUMEHSIOT
AJIEKTPOMArHUTHBIE CTOJIBI U TUTUTHI C TOPU30HTAIILHON pabodel MOBEPXHOCTHIO.

OJEKTPOMAarHUTHBIMU CTOJIAaMH  Ha3blBalOT BPAIIAIOIIMECS DJIEKTPOMATHUTHBIE YCTPOMNCTBA.
OJEKTPOMarHUTHBIMU ~ IUIMTAaMU  HAa3bIBAIOT  IIOCTYNATEIbHO  IEpEMEUIAaloIIMecs  YCTPOMNCTBA.
OOpabaTbIBacMble CTalbHbIE JETalIM, PACIOJIOKEHHbIE HAa TaKUX CTOJIAX U IJIMTaX YAEP)KUBAIOTCS BO
BpeMst 00pabOTKH CHJIAaMU MarHUTHOTO MPUTSKEHUS.

IIpeumymecrBa:
- DJIEKTPOMATrHUTHOE 3aKPEIIEHUE UMEET NPEUMYLIECTBA 10 CPaBHEHUIO C 3a)KaTUEM B
KyJayKax;

- BKJIIOYas TOK, MOXKHO Cpa3zy 3aKpelnuTb MHOIO JieTajei, pacloJIOKeHHBIX Ha paboueit
IIOBEPXHOCTH;

- IPUMEPOM MOXKET CIIYKUThb IITHU(POBAHUETOPLIOB BTYJIOK MJIM KOJELl OJHOW BBICOTHI;

- TaKKE€ MOXXHO 3aKpENUTh KPYNHYIO J€Tallb, KOTOPYK IIPH MEXAaHUYECKOM 3aKaTUM HYKHO
3aKpEeNUTh BO MHOTMX TOUYKaX;

- NP BJIEKTPOMArHUTHOM 3alleTJICHUH 3arOTOBKM MOXET OBITh JOCTUTHYTa OOJbIIasi TOYHOCTh
o0paboTKH, T. K. JeTajlb IpU HarpeBe B IHpolecce 0O0paOOTKM HE HCHBITHIBAas OOKOBOIO CXKAaTHs
pacimpsercs;

- NP 3JEKTPOMArHUTHOM 3aKpEIUIEHUH MOXKHO 00pabaThiBaTh JETald CO BCEX CTOPOH, KpoMe
IUIOCKOCTH NPUJIETAHUS K TIOBEPXHOCTH.

Jlist mUTaHMs 3JIEKTPOMATrHUTHBIX IUIMT NPUMEHSIOT paBHbIE TOKU HampspbkeHueM 24, 48, 110 u
220 B. IIutaHue »JIEKTPOMArHUTHBIX CTOJIOB U IUIMT NEPEMEHHOMY TOKY HENPHUEMIIEMO BCIEICTBUE
CWJIBHOTO pa3MarHU4MBaIOLIEr0 U HarpeBaroLEero AeUCTBUS BUXPEBBIX TOKOB.
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I-cranbHO# KOpIYC; Puc.5-4 - DnekTpoMarHuTHas AT

2-TIOJIFOCHBIE BBICTYIIBI;

3- KpBIIIKa;

4-yyaTKH pacrosioKEeHHBIE MO OJII0CAMH;

5-mpocioiika 3 HEeMarHUTHOTO MaTepuasa

(cTiIaB CBMHIIA M CYPBMBI, OJIOBSIHHBIE CILIABHI, OpOH3a. . .)

6-KaTyllKa;

7-o0pabarbiBaecMasi 1€Talb.

DJNEeKTpOMarHuTHas IUIMTAa MUMEET CTaJbHOW KOPIIYC, JHUIIE KOTOPOTO CHA0XKEHO IOJIFOCHBIMU
BeicTynnaMu. CBepXy HaJOXK€Ha KpBIIIKa, y KOTOPOM YYaCTKH pAaCIOJIOKEHHBIE 0] TOJIIOCAMH,
OIPEIEIEHHBIMU IPOCIOMKAMU, U3 HEMarHUTHOTO MaTepuaa.

[Ipu mpomyckaHWM TOCTOSHHOTO TOKAa 4Yepe3 KaTyIIKM BCE YYAaCTKH HAapyKHOW IMOBEPXHOCTH
KPBILIKK (3epKajia), OKPY)KEHHBIE HEMarHUTHBIMH HPOCIOMKAMH, SBISIOTCS OJHUM IOJIOCOM, BCS )K€
OCTallbHasl MIOBEPXHOCTH IIUTHI — IPYTUM HOTIOCOM.

OOpabatbiBaeMast AeTallb, MEPEKphIBAIOIIAs B JJIOOOM MECTE€ HEMarHUTHYIO MPOCIIOIKY, 3aMbIKAaeT
MarHUTHYIO €T OJTHOTO U3 MOJIOCOB (2) U MPUTATUBAETCS K pabouell TOBEPXHOCTH IIITUTHI.

Jis 3akperieHns HeOOJIBIION JIeTall PacCTOSIHUE MEXAY IMOJIFCAaMH  KeNaTelIbHO JAeaTh Kak
MO’KHO MEHbIIMM. OZJHAKO 3TO OCYIIECTBUTH TPYIHO, T. K. MEX/Y MOJI0OCaMU JOJDKHBI ObITh pa3MeIleHbl
BUTKM JBYX Karymiek. Ilo 3Tomy Ui 3aKkperuieHus: MEJKHX JeTajedl MPUMEHSIOT 3JeKTPOMarHUTHbIE
IUIUTHI C HECKBO3HBIMHU IPOCJIOHKaMU W3 HEMAarHUTHOTo MaTepuana. Takas IuMTa MMEeT TOJBKO OJIHY
KaTymky. Kopmyc IUIMTBI HakpbIT TOJCTOMH CTaJIbHOM KPBIIKOM ¢ ONM3KO pPacrooKEHHBIMH
napaielbHbIMA KaHaBKaMH, 3aI10JIHEHHBIMH HEMarHUTHBIM MaTepUAJIOM.

[Ipn pa3memieHMM Ha TOBEPXHOCTH IUIUTHI HeOOJbIION aetanu (5) 4acTh CHJIOBBIX JIMHHUN
MarHWTHOTO TOJISI 3aMBIKAeTCsl yepe3 KpbIMKY (3) HUXKe MPOCIOeK, a 4yacTh MX, Oru0as HEMarHUTHYIO
MPOCIIOIKY, MEPEKPHITYIO IETalbIo (5), 3aMbIKaeTcst yepe3 He€, oOecrieunBasi IpUTSKEHUE.

Cuna NpUTSDKEHUS y TaKUX IUIMT 3HAYUTENBHO HKXKE, YeM Yy IUINT, HUMEIOIIUX CKBO3HBIE
NpOCIOMKK. 3amoiHeHue KaHaBOK (4) HEMarHUTHBIM MaTepHajoM HEeoO0XOJWMO, T.K. MHaye KaHaBKU
OyayT 3anoyHATHCS (PeppOMArHUTHOM CTPYKKOH, U CHI1a IPUTSDKEHUS OyZeT yMEHbIIAThCS.

Cuna npUTSHKEHUS AJIEKTPOHHBIX IUTUT B OOJIBIION CTENEHH 3aBUCUT OT MaTepuaia U pa3MepoB
3aKperIieMOl JieTalny, OT Yucia JeTaneil Ha e€ MOBEPXHOCTH, OT IMOJIOKEHHs NEeTald Ha IUIUTE U OT
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KOHCTPYKUUHU TUIHTHI. Cuila MPUTSHKEHNS Y COBPEMEHHBIX 3JIEKTPOMArHUTHBIX TUIMT 3aBUCUT OT Kiacca
TOYHOCTH, Kosebnercs B npeaenax 15-25 H Ha enuHUIly momany.

[Tpu paboTe 3MeKTpOMarHuTHasl IUIMTA HAarPeBAeTCs, a BO BPEMsl BBIKITIOUEHHS OXJIaXIaeTcs. JTO
BBI3BIBACT JIBWKCHHE BO3JyXa Yepe3 3a30pbl, B pe3yjlbTaTe Yero BHYTPh IUIMTHI MOXET IONajaTh
oxXJIaXKIEHHAS )KUIKOCTh. KpoMe Toro, BcieACTBUE pa3IUUHBIX KOAPPHUINEHTOB JTUHEHHOTO pPaCIIMPEHUs
MaTepuasia KOpIyca KpBIIIKM M HEMarHUTHBIX TPOCIOCK BOJM3M MecTa COCIUHEHUS BO3MOKHO
nosiBIeHUEe MHKpoTpeiinH. Ilo 3TOMy mnpu KOHCTPYMPOBAHUHU DIIEKTPOMArHUTHBIX IUIMT Ba)KHO
NPeAyCMOTPETh 3alIUTy KaTyIIeK IUIMTHI OT BO3ACHCTBHS OXJaXJaromeid skuakoctu. s astoro
BHYTPEHHIOIO MOJIOCTD TUIUTHI 3aJIMBAIOT OUTYMOM, @ MHOTJa MUHEPATIbHBIM MACIIOM.

CxeMa BKJIIOUEHHS 3JIEKTPOMArHUTHOM TSI (puc. 24, ctp. 50-51).

Henocratku 31eKTpOMarHUTHBIX IUIAT U CTOJIOB:

A) cuiia mpuKuMa 3aroTOBKM HEJJOCTATOYHA /sl 00pabOTKH JIETaay ¢ OOIBIIMMH MPUITYCKaMU;

b) npu aBapuilHOM mnepepblBE B NUTAHUU OOMOTKM ODJICKTPOMArHUTHBIX IUIUT, JaXe MpU
aBTOHOMHOM OTKJIIOYEHUH JIBUraTelsl MNPUBOJA TIJIABHOTO JBIJKEHHS, BCIEACTBUE CHUJ HHEPIHH
BpAILAIOIIUXCS MAacCe MPUBOA MPOUCXOJIHUT CPBIB JIETATIH C TOBEPXHOCTH TUTUTHI.

B) snexTpoMarHuTHbIE IIUTHI U CTOJIBI TPEOYIOT CIEUANIbHBIX OJJOKOB IUTAHUS.

YacTUYHO JMIIEHBI 3TUX HEIOCTATKOB IUIUTHI C MOCTOSHHBIMU MarHUTaMHu, KOTOpble BCE yale
INPUMEHSIOTCS B CTAHKOCTPOEHHH. Frpyr =16-30H.

B nocnennee BpeMsi Hauanu MPUMEHSATHCS (PEPPUTOBO-KEPAMHUECKUE MOCTOSHHBIE MarHuThl. Mx
IPUMEHSIOT Ha (pe3epHBIX, CTPOTATBHBIX U JPYIHUX CTAHKAX.

Jlnis ynaneHust OCTaTOYHOM HaMarHMUEHHOCTH JieTaleld  yrmoTpeOsioT crielalbHbIe YCTpOicTBa —
JIeMarHeTU3aTophl.

Jlemarnetusarop npeaHa3HaveH JAJs pa3MarHUYMBAHUS JeTalell MacCOBOTO IPOU3BOJICTBA, JIETAIH
KOTOpbIE TpeOyeTcst pa3MarHUTUTh, CKOJIB3SIT IO HAKIIOHHOMY MOCTHKY U3 HEMarHUTHOTO MaTepuaa.

[Ipu 5ToM OHM TNPOXOAAT A/3 BHYTPH KaTyIIKH,

MMUTaeMOM NEPEMCHHBIM TOKOM, u noaBepraschb
NEPpEMArHn4MBaHUI0 ICPEMCHHLBIM TOKOM, TCPACT OCTATOYHYIO
HaMaromn4€HHOCTD.

VHTEeHCUBHOCTD MOJIsE OcllabeBaeT Mo Mepe yJaleHHUs
JBIDKYILEHCS IeTaau OT KaTyIIKH.
JleMarHeTu3aTopsl yCTAHABIMBAIOT HA CTAHKAX.
IIpu pabote wIMM(OBATBHBIX CTAaHKOB

/// /7, HEPEaKo IPUMEHSIOT MArHUTHBIC CENapaTophI (¢punbTpHI).

Puc.5-5
NX wncrnone3yroT Id  OYMCTKM  CMA30YHO-OXJIAXKAAIOMIMX JKUJIKOCTEH OT MEJIKOH
(beppoMarHuTHON CTpYKKU. Takoil cenaparop UMEET poTop, Y KOTOPOTO K METAUTMYECKOMY OCHOBAHUIO,
MOCAKEHHOMY Ha Ha BaJ, NMPUBHHYEHO BOCEMb PSAJOB IOJAKOBOOOPA3HBIX MOCTOSHHBIX MAarHHUTOB.
Kaxxaplii psii MMeeT WEeCTh MarHUTOB. MarHuThl 3aKpbIThl TOHKMM JIMCTOM HEMAarHUTHOIO MeETajlla,
KOTOPBIN 00pa3yeT IIOCKUHI HMIMHAP C MOJI0CaMHU Ha IOBEPXHOCTH.

OTnenbHBIM ANIEKTPOABUraTeNb BpallaeT potop B Oake, yepe3 koropslit mpoxoaut COX. Cnoit
JKUJKOCTH MEXIY CTEHKOH 0aka M MOBEpXHOCTHIO POTOpA MOJBEPraeTcsi BO3ACHCTBIIO MATHUTHOTO TOJIS.
deppoMarHuTHas CTPYXKa NPUTATMBACTCS K MOBEPXHOCTH POTOpa M 3aTEM CUMILACTCA CKpeOKOM B
MOTOK.

[Ipu Takom ¢uibTpoBaHuM BMecTe C¢ ¢eppomarHuTHbiIMH uyactunamu u COX ymansercs 1o
80%HedeppOMarHUTHBIX YaCTHIl, B TOM YHCIie a0pa3uBHBIX.

MarHuTHble  MycKaTenu MpPEACTaBISAIOT COOOW  KOHTAaKTOphl, KOTOpblEe  CIYyXaT  Jjs
JMCTAaHIIMOHHOTO YIpaBJeHUs TPEX(Pa3HbIMU aCHHXPOHHBIMU JIBUTATENIIMU TIEPEMEHHOT'O TOKA.

ITyckaTenu MOKHO pa3/ieNuTh Ha 2 BUJIa: HEPEBEPCUBHBIE U PEBEPCUBHBIE.

JUIs 3aIIMTHI JBUTATENEH OT MEepErpeBa B MarHUTHBIX ITYCKATENAX UCIONIb3YIOTCS TEMJIOBBIE PEJIE,
JIOTIYCKAIOIINE NPOTEKAHNE KPAaTKOBPEMEHHBIX ITYCKOBBIX TOKOB B JIBUTATENSIX, HO Pa3MbIKAIOIINE LENb
NIUTAHUS JABUTaTelIed INpU AJIUTENBHBIX Harpyskax. /s 3amiuTel OT TOKOB KOPOTKOTO 3aMbIKAHUS
IIPUMEHSIOT TUIABKHUE NPEAOXPAHUTEIN.

PaccMoTprM cxeMy peBEpCUBHOIO MAarHUTHOI'O ITyCKaTEIs.
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OTOT IycKaTelb COAEPXKUT 2 KOHTakTopa. OAMH KOHTAKTOp MpEeAHAa3HAuY€H s BKIIIOUEHUS
JIBUTATENs U BPAILLEHUE €T0 0 YaCOBOM CTPEJIKE, BTOPOMl CIYKUT AJIs BKJIIOUEHUS JBUTATENS U BpalLlEHUS
€ro IPOTHUB YaCOBOMU CTPEIIKHU.

Cxema cocToMT M3 2-X YacTel: CMJIOBOM M ynpasisitomieid. K cuaoBoil 4acTu MOKHO OTHECTH:
nsuratens 1, nea terossix pene 1PT u 2PT, ae rpynmsl pabouux kontaktoB 1RKI, 1RK2, 1RK3 u
2RK1, 2RK2,2RK3- xoHTakTel 2 KOHTakTOpOB, KOHTakT II€pBOIO KOHTakTopa U IUIaBKUE
IIPEIOXPaHUTEIH.

a ~ 8 ~ ¢
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Puc.5-6 - Cxema peBepcHBHOTO MarHUTHOTO ITyCKaTeIs

VYnpassionas 4acTe BKIo4aeT B ceds: o0MoTKy K1 mepBoro konrakropa u ooMotky K2 BToporo
KOHTaKTOpa, KOHTakThl KOHTakTopoB K1 uK2; knomounsie BbikmrouaTenu «Ilyckl» m «Ilyck2»- Gmox-
KoHTakThl KOHTaKTOpoB BK1 1 BK2; kHonounslit Beikiitouarens «Crony, koutaktel 1PT u 2PT.

[Tpu nogave HaNpsHKEHUSI OT CETU M HAXKaTUU KHONKHU BhIKItouarens «llyckl» mo nenwu (dasa a-
NpeJOXpaHUTENb- OOMOTKAa KOHTAaKTOpa |- 3aMKHYTBIM KOHTaKT KOHTpoJiEpa 2- KHOIKA BBIKIIIOYATEINb
«Ilyck1»-kHomouHbli BeIKIIOYaTeNnb «CTOm»- 3aMkHyTble KOHTakTOpel 1PT um 2PT TtemnoBsix pene-
npefgoxpanurenb- ¢aza c) noreuér Tok. Konrtakrop K1 cpabareiBaer M ero pabouyne KOHTAKThI
3aMbIKaloTCs, HO KOHTakT K1 pa3Mmbikaercs,, B pe3yabTaTe 4Yero JABUraTelb | MOAKIIOYAETCs K CETH U
HAuMHAeT BpaIlaThCs MO YacoBoil crpenke. [Ipu 3ambikanum Omok — koHTakTa BbKI1 KHOMOYHBIH
BbIKITIouaTenb «Ilyckl» MokeT ObITh OTHYIIEH, T. K. OH OJIOKMPYETCS STUM OJIOK — KOHTAKTOM.

OcTaHoOBKa JBUraTells OCYILECTBISIETCS MYTEM Ha)kaTHsl KHOMOYHOro Bbikmtoudarens Crom. Ilpu
TOM TOK B LI€NH, YKAa3aHHOM BBINIE, Mcue3aeT, skopb KoHTakTopa K1 oTmanmaer, pa3smbikas paboune
koHTakThl 1RK1, 1RK2, 1RK3, 610kkonTakT BK11 3ambikas konTakT K1.

[Tyck nBuraresnst B 0OpaTHYIO0 CTOPOHY NMPOMCXOIUT IyTEM Ha)XKaTHs KHOIOYHOTO BBIKIIHOYATEIIS
«Ilyck2». B 3TOM ciydae nBUrarenb MOAKIIOYAETCS K CETH € MOMOUIbI0 pabounx kKoHTakToB 2RKI,
2RK2, 2RK3 kontaktopa K2. bnokupoBka kHOmo4Horo Bbikiatodarens «Ilyck2» mpoucxomut 3a cuér
3aMblkaHus 0510k — KoHTakTa BK2 konTakropa K2.

B cxemy BkimtoueHsl koHTakTel K1 wm K2, koropble mnpenHa3HaueHbl s HCKIIOYEHUS
OJIHOBpeMEeHHOTO BKItoueHus: koHTakTopoB K1 m K2. Ecam Obl 3TO mpoM30LLIO0, TO BO3HUKIO OBI
KOPOTKOE 3aMbIKaHUE B CETU NIEPEMEHHOTO TOKAa. B cXemy Takyke BKJIIOUEHBI KOHTaKTOPbI TEIIOBBIX peie
1PT u 2PT.

ITpu HOpMaJIbHO HAarpy3Ke Ha ABUTaTeNb 3T KOHTAKTOPHI 3aMKHYTHI. [Ipu neperpyske nBurarens
TEIUIOBBIE pejie cpalaThiBalOT pa3Mbikas cBou KoHTakThl |PT u 2PT, xotopbie B cBOIO ouepenb
NPEepHIBAIOT I0/1a4y HAIpPsDKEHUS OT ceTH Ha oOMOTKy KoHTakropa K1 mmm K2, B pesymprare yero
paboune KOHTAKThl TOTO MJIM MHOTO KOHTaKTOPa Pa3MBIKAIOTCS U JIBUTATENIb OCTAHABIUBACTCS.
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Yceuiaurean

Ycunutenu npenHazHaueHbl I YCHUIICHHUS BBIXOJHOTO CHI'Haja JaTdyuka. DPQPEeKT YCHICHHs I10
MOIITHOCTH JTOCTUTAETCs 32 CYET SHEPTUU BCIIOMOTaTEIbHOTO UCTOYHHKA.

B 3aBucuMocTH OT BHJIa BCHOMOTaTENbHOI'O MUCTOYHHUKA SHEPTHH YCUIIUTEIN MOXHO pa30ouTh Ha
CJICAYIOIINE TPYIIIBL:

- DJIEKTPHYECKHE;

- TUAPaBINYECKUE;

- TIHEBMAaTHYECKUE;

- KOMOMHHMpOBaHHBIE.

Ycunmurenu ACIEITCA Ha OJHOKACKAaJIHBIC U MHOI'OKACKa/IHbIC, a TAKKC HAa YCHIIUTCIIN C O6paTHOI>i
CBSI3bI0 M 0€3 00paTHOM CBS3CH.

Yare NpUMEHSIOTCS YCHIIMTENN 3JIEKTPUYECKHE, KOTOPhIE MOXKHO pa3/eiMTh Ha JBe OOJbIIue
IPYIIIbL:

1) He coneprKaliue MOJABUKHBIX YaCTEH:

- DJIEKTPOHHBIE;

- IOJYIPOBOJHHUKOBBIE;

- MAarHuTHbIE

- TUPATPOHHBIE.

2) cozaeprkalire MoJIBUKHbIE JIEKTPOMArHUTHBIC YACTHU:

K ocHOBHEIM XapaKTCpUCTUKAM YCUIIUTCIIA OTHOCATCS:

- KOO(PPUIUEHT YCUTICHUS;

- MOIIHOCTb, TOTpebsieMast OT BCIIOMOTaTeIbHOTO HCTOYHHUKA TOKA;

- BBIXOJIHAsl MOIIHOCTb;

- K1,

- ObicTpopeiicTBHE (3HaYCHHE TOCTOSSHHOTO BPEMEHH ),

- BXOJIHOE€ U BBIXOJIHOE€ CONPOTHUBJICHUE YCUTUTEIS;

- COOCTBEHHBIE IIIYMbI YCHITUTEIS.

KoaddurmenT ycunenus 1ist 21eKTPOHHBIX YCUITUTENEH MOKa3bIBaeT, BO CKOJIBKO pa3 MOIIHOCTH,
TOK WJIM HalpsDKEHHE Ha BBIXOJ1E O0JIbIIIe COOTBETCTBYIONIUX HA BXO/IE.

Mo1HOCTh, MOTpedIsieMas OT BCIOMOTATEIbHOTO MCTOYHUKA DHEPTUH, BBIXOJHAS MOIIHOCTH U
KII/] onpenensitoT sHEpreTHYECKHE CBOWCTBA yCUIUTeNs. beicTpoaeiicTBIe yeUuIuTeNnei onpeaensercs mno
WX TUHAMHYECKUM XapaKTePUCTHKAM.

BxonHoe WM BBIXOJHOE CONPOTUBICHHE HMEET MECTO TOJBKO B

ANIEKTPOMATHUTHBIX YCWJIHMTENSX. OTH COMPOTUBJICHUS HEOOXOIWMO YCHIMBATh TPU COTJIACOBAHUU
YCUTUTENEH C IPeAblIyIIMMH U MOCIECTYIOIIMMHU JIEMEHTAMU aBTOMAa0-0l CUCTEMBI.

MAarHuTHbIA yCWIHTEIb

MarsuTHEIM YCUIIUTCIIEM Ha3bIBAIOT SJICKTPOMArHuTHOC yCTpOﬁCTBO, YCHIIMBAKOIICC
QJICKTPUYUCCKHUC CUT'HAJIBI. C IIOMOIIIBIO MarHUTHBIX yCHHHTCHGﬁ MOKHO OCYIICCTBUTD:

- CYMMHUPOBAHHE;

- nuddepeHINpOBaHUE;

- HHTCIPpHUPOBAHUC,

- CpaBHCHHUC CUT'HAJIOB;

- CT3.6I/IJ'II/I32[I_[I/IIO HaIps’KCHUA U TOKA U T. O.

B YCUIIUTCIIAX CICAAICTO MPHUBOAA UX NMPHUMCHAKOT B OCHOBHOM B KOHCYHBLIX W HNPCAKOHCYHBIX
KaCckaJaxX MOIIHOT'O YCUJICHUA.

OI[HI/IM N3 BAXHBIX NMPCUMYIICCTB MAIrHUTHOI'O YCHUIIMTCIIA ABJISACTCSA BO3MOXKHOCTDH IMOJIYYCHUSA C
HUX MMOMOUIBIO MPAKTUYCCKU 000 BBIXOHHOﬁ MOIITHOCTH. MarauTHbIe YCHIIUTECIIN 06nana}0T BBICOKUM
KIIZ u 3HaunTeNnbHBIM KO3(QULIMEHTOM yCUIIeHHS IO TOKY U HampspkeHuto. OHM HOpMaJbHO paboTaroT
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Kak IpU HOPMAJIbHBIX YCIIOBUSIX TaK W IPU IOBBIIIEHHOW BIJIA)KHOCTH, MNPHU BBICOKUX M HU3KHX
TeMIlepaTypax, Mpu TPSICKE, BUOpAINH, yIaPHBIX YCKOPEHUSX H T. 1.

Henpuemnemoii 9acThio 100000 MAarHUTHOTO YCUIIUTEINS SBISETCS (DEPPOMArHUTHBIN CEplICYHHK,
KpHUBasi HAMArHUYMBAHUS KOTOPOIO UMEET KPUBOJIMHEWHBIN XapakKkTep.

B cepneunuke MarHuTHOrO yCUIIUTENS BCETIAa IEUCTBYIOT 2 MAarHUTHBIX IMOJISI, OTIIMYAIOIIMXCS 110
4acTOTe, OJHA M3 KOTOPBIX 3aBUCUT OT YacCTOTbl HMCTOYHHMKA IUTAHUSA, a Apyras — OT YaCTOTHI
ycunuBaeMoro curHana. OgHako B OOJBIIMHCTBE ClAydasX 4acToTa ycwiuBaeMoro curHama=0 , T. K.
YCUJIMBAEMBbIN CUTHAJI — 3TO MOCTOSIHHBIN TOK.

PaccmoTpuM paboTy npoccenis, IpeACcTaBIeHHOro Ha puc, 5-7. O6MoTKa ynpasienuss Wy 3Toro
ApOCCest MUTAeTCsl HANPSDKEHUEM ITOCTOSIHHOTO TOKa, a paboyast oOMoTka Wp — HamnpsiKeHHEM
NepeMEeHHOTo ToKa (cM. puc. 5-7, a). [locnenoBatensHo ¢ 00MOTKONH Wp BKIIIOYEHO COIPOTHUBIICHUE

Harpy3ku RH.
[TepemenHbIH TOK, MpOTEKarOMUK 0 00MOTKEe WD,

IH~=U~/Z=U~/(RA2+Xp"2)M/2

3pech U~- nHanpspkeHue nuranus pabodeid oOMOTKH, B;

R- cymmapHOe akTHBHOE CONPOTUBIICHHE HArpy3Ku U 0OMOTKU Wp, OM;
Xp==WL — uHAyKTHBHOE CONPOTHUBIICHHE paboyeil 0OMoTkH, OM;
W-— yriioBas yacTora nuTaromero Hanpspkenus, C-1.

WNuaykTuBHOCTH pabouelt oOMoOTKH, ['H,
L=(4n10”-9*wp”2S/L)m,

rae Wp — 4ucio BUTKOB pabodeld 00MOTKH;

S— myomaae NONepeyHOro CeYeHMs CEpIeUHUKA, M ;

L—nnuna cpenHeil MarHUTHOM JIMHUY, M;

m — MarHuTHas MPOHHUIIAEMOCTh, [ H/M.

U3 popmyrn craeayeT, 4To U3MEHSITh TOK Harpy3KH MOKHO TOJBKO 32 CUET MarHUTHOM
nponunaemMoctu. Ha puc. 5-7, 6 mokasana 3aBUCUMOCTh MarHUTHOM MPOHUIIAEMOCTH U TOKA HArPy3KH

OT TOKa YIIPABJICHH .
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Puc. 5-7 - Cxema npoccens ¢ mogMaraHiauBaHieM (1) U €ro XapaKTepUCTUKH (D)

Henocratkom MY sBriseTcst HajoKeHUE Ha 0OMOTKY YIpPaBJICHUS JOMOIHUTEIBHOM 2. 1. C.,
CO3/1aBa€MOM IIEPEMEHHBIM TOKOM. [[11s1 ycTpaHeHus 3Toro Heaocrarka MY BBINOIHAIOT € ABYMsI
paboyrmMu 0OMOTKAMH.

CxeMmbl U XapaKTEpUCTUKU MarHUTHBIX ycunutenei. Ha puc. 5-8, a npencrasieHa cxema
IIPOCTEHNIIEr0 MarHUTHOTO yCHIUTENS. MY BBINIOJIHEH HA IBYX OJIMHAKOBBIX CEPJICUHMKAX, HA
KaXX/IOM U3 KOTOpBIX HaMOTaHa padouast ooMoTka Wp. OTH 0OMOTKH COEIMHSIOTCS MOCIEI0BATEIBHO
U BCTpeuHo. Takoe coeuHeHne 0OMOTOK HEOOXOIUMO ISl TOTO, YTOOBI SJIEKTPOIBUKYIIIUE CHIIBL,
MHIYIUPOBAHHBIE MATHUTHBIMU IIOTOKAMU

O~(e = -w*(dd/dt)B o6moTKe yrpasiieHuss Wy, OXBaTbIBarolIel 00a cep/ieuHnKa, ObLTH
HaIPaBJIEHbl BCTPEYHO M B3aUMHO KOMIIEHCUPOBAINCH. 3aBUCUMOCTb TOKAa HArpy3KU OT TOKa
yImpaBiieHus (BXOJI-BbIXO/) MOKa3aHa Ha puc. 5-8, 6. Tak Kak XapakTepUCTHKA BXOJI-BBIXO/]
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CUMMETPHYHA OTHOCHTEIBHO OCH OPJIUHAT, T. €. 3aBUCUT OT 3HaKa TOKa B 0OMOTKE yIpaBlIeHUS,
YCUIJIUTEINb HA3bIBAIOT 0 O H O M a K M H bl M, WIA HEPEBEPCUBHBIM.

IIpu OTCYTCTBUM TOKA YIPABJIEHUS B HArpy3Ke NPOTEKAET HEKOTOPHIN HauanbHbIN TOK 10 1
BbIAEIAETCS HadanbHast MoHocTh PO. IIpu nogaue Toka ynpaBiaeHHsI MOLTHOCTb Ha BBIXOJIE
YBEJIMUMBACTCS U CTaHOBUTCS paBHOU PBbIX. KoadduumeHT ycuneHus mo MOIHOCTH ONPEaeIIseTCs
BBIPAKECHUEM

Rp = (PBbIx — PO)/Py
roe PBbIX - MoniHOCTD, BBIIEIsIeMas B Harpy3ke, BT;
Py - momHOCTS ynipaBieHnus, Br.
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Puc.5-8 - TIpocTeimuii MarHUTHBINA yCUIIUTEND!

a - CXema, 0- XapaKTCpUCTHKA

Ecim momaoCTh PBBIX MHOTO G0J1BI1IE MOLTHOCTH PO TO KO3 GUIMEHT yCHIIeHUs TPUOTKEHHO
OTIpeNieNAeTCs] KaK OTHOUICHHUE BBIXOAHON MOIIHOCTH K MOUTHOCTH YIPABICHHUS, T. €.

Rp=PBbI1X/Py
W3 XapaKTepUCTUKHU CIEAYET, YTO HAauOOIbIINUN KOI(PHUIIMEHT YCHIICHUS TI0 TOKY

Ri = (I — 10)/Ty

OyzeT Ha caMOM KpYyTOM ydacTke ab, T. e. - 17151 paboThl ¢ MaKCUMaJIbHBIM K03 (duiimeHToM
yCUIJIEHUS! HEOOXOIMMO XapaKTEPUCTUKY CMECTHTD BIIEBO, J{JIsl 3TOTO CIIY)KUT 0OMOTKA CMEIICHUS WCM,
KOTOpask MUTAETCS MOCTOSIHHBIM HamnpspkeHrneM UcM (0OMOTKa CMEIeHHs Ha IaHHOW CXeMe He yKa-

3aHa).

Jlnst pacuera MarHUTHBIX YCUJIMTEIeH He0OX0AMMO 3HATh XapaKTePUCTUKA MAarHUTHOTO
MaTepuaia cepAeUHUKOB. 11 N3roTOBIEHNSI MArHUTHBIX CEPJICYHUKOB Yallle BCEIO IPUMEHSIOT
JMCTOBYIO TPaHC(HOPMATOPHYIO CTab U NepMasuioi Toamumuoi 0,2—0,5 mm.

Tox B Harpy3ke pearupyer 0JMHaKOBO Ha U3MEHEHHE TOKa YIIPABJIECHUS HE3aBUCUMO OT €ro
noJisipHocTd. OJTHAKO BO MHOTUX CUCTEMaxX aBTOMAaTUKHU M TEIIEMEXaHUKH HEOOXOIUMO HATMUNE TaKUX
yCUIIUTENEH, KOTOpPbIE MIPU OTCYTCTBHHM YIIPABIIAIOLIETO CUTHAJA JaBajii Obl HA BHIXOJE HANpsKECHHUE,
paBHOE HYIIIO, a IPH U3MEHEHUH IOJIIPHOCTH CUTHAJIA ITO-MarHUYHBAHUS 00eCTieunBaIu Obl
ONPOKH/IbIBaHUE (Pa3bl BBIXOAHOTO HAMPSKEHUS.

IIpocreimmii APOCCENbHBIA MArHUTHBIM YCUIIMTEIb HE YIO0BIETBOPSAET

3TUM TpeOOBaHUSAM: TOK B Harpy3Ke UMeeT HayalibHoe 3HadeHue [~0, u ¢a3za ero He 3aBUCUT OT
NOJIIPHOCTU curHaina. [TocTaBieHHbIM TpeOOBAHUSAM YAOBIETBOPSIOT TaK Ha3bIBAEMbIE
mddepeHnanbHble CXeMbl MATHUTHBIX YCUITUTEICH.
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Puc.5-9 - Iuddepennmanpaas cxeMa MarHUTHOTO YCHIIMTENS (@) U €ro XapakTepucTuka (0)

.

Ha puc. 5-9, a npuBenena nuddepeHnnanpHas cxemMa MaraHuTHoro ycunurens. [lpu orcyrcTBun
YIPABJISIIOLIETO CUTHANIA COMPOTUBIICHNUS OOMOTOK JIpOCCEeIeii TepBOTro M BTOPOTO IJIeY BETUKHU, TOKH B
3THX 0OMOTKaX PaBHbI M HampaBieHbl BcTpeuHo. Clie1oBaTeNbHO, TOK B Harpy3ke Ru pasen Hymo. s
CMELICHHSI XapaKTEePUCTUKH B MAarHUTHOM YCHJIMTENIE IPeyCMOTpeHa 0OMOTKa cMetienuss wem. [pu
[10Jja4€ BXOJHOI'0 CUTHajIa ONPEACIICHHON MTOJISIPHOCTU COIPOTUBIIEHUE OJHOrO U3 1ied MY yMeHsb-
IIaeTCsl, B pe3y/bTaTe Yero BO3pacTaeT TOK B pabounx 0OMOTKax 3TOro mieya, Harpumep [1. B atom
cllyyae B Harpy3ke nosiButcs Tox I, = I; — I, koTopsiit OyaeT Bo3pacTarh A0 ONpPEaeIEHHOT o TIpeaesa
IIPONOPLUOHAIBHO BEJIMYUHE BXOJIHOIO CUTHAJIA.

MarauTHble YCUIIMTENN C BHEITHEHN MOJI0KUTEIBbHON 0OOpaTHON CBS3bIO

¢/ o YroObl  yBenMuuTh KO3(pdULMEHT  ycuiIeHUs
MarHuTHOTO YCUITUTEIIS o TOKY  BBOJUTCA
/QH MOJIOKUTEIbHAst 00paTHas CBS3b.
Jlnsg »TOro B IeNb MUTaHUs PabOYUX OOMOTOK
Apoccenst BKIIOYAETCS MOCT M3 IOJYIPOBOJHHUKOBBIX
0 JMOAOB (BBIIPSIMUTEIND). BBHINPSIMICHHBIH TOK MPOXOIUT
Yh ,’f — n“)ﬁ,— yepe3 OOMOTKY OOpaTHOM CBSI3M W, CO3/aBas
{1 L] [IOJAMATrHUYHUBAHUE.
} d S OTO TO3BOJSIET HAa BXOAE YCHIMTENS HUMETh
3HAYUTEJIbHO MEHBIIME CHUTHAJbl, T. €. TIOBBICUTh
KOA(QQUIMEHT yCHIIEHUS MarHuTHoro ycuiurens. Kpome
TOTO, B CiIydyae HEOOXOJMMOCTH B IEIb OOpaTHON CBS3U
MOJKHO BKJIFOUMThH Harpys3Ky 1o HOCTOSSHHOMY TOKY.

o Z,/#o

Puc.5-10 - MarauTHBIH yCHIIUTENb C MOJI0KUTENEHONH 00paTHOH CBSI3bIO

XapaKTepHOﬁ 0COOEHHOCTBIO YCI/IJ'II/ITCJ'IGI\/'I C O6paTHOﬁ CBA3BIO ABJIACTCA TO, YTO IIOCTOSAHHOC
noaMaroHn4ymBaHUuC 34€Ch HO,Z[aéTCH HC OT BHCUIHCI'O MCTOYHHKA, @ OT BBIIPAMUTECIIA, BKIIFOUCHHOTO B
1[enb ¢ 00paTHO CBSI3BIO

Ecin na BXOAC MArHUTHOI'0 YCHUJIUTCIISI HU3MCHUTDH yTIpaBJlHIOU_IHﬁ CHUTHAJI, TO Ha BBIXOAC
HAIMpsOKCHUC HU3MCHHUTCA HC MI'HOBCHHO, a 4Y€pC3 HCKOTOPOC BpPCM:I. CJ’IC,Z[OB&TCJ'IBHO, MarHuTHBIN
YCUIINTECIIb UMECT 3alla3AbIBAHUC, NJIM HHCPUUOHHOCTD IIPU pa60Te.

I/IHCpLII/IOHHOCTB MAarouTHOIO yYCHJIUTCIA 3aBUCUT OT IIApaMCTpPOB U B OCHOBHOM OT
MHAYKTUBHOCTH OOMOTKH yIpaBiieHUs. HIYKTUBHOCTh OOMOTKM YIpPaBJIEHHUsI OJHOTO M3 JApoccernen
UMECT HeHHHeﬁHYIO 3aBUCHUMOCTDB OT TOKa YIIpaBJICHUS.

B nuddepennmansHoil cXxemMe MarHUTHOTO YCHJIMTENS CyMMapHas HMHIYKTUBHOCTb 0O0OUX
,upocceneﬁ JIAJI TPAH3UCTOPOB UMECT NCPEMCHHO — IMOCTOSIHHOC 3HAYCHUEC, T. K. HHIYKTHUBHOCTb OJJHOI'O
us3 I[pOCCCJ'ICﬁ YMCHBIIACTCA TPUMCEPHO Ha CTOJIBKO, Ha CKOJIBKO YBCIWUYUBACTCA HWHAYKTHBHOCTb

JPYroro JIPOCCEs.
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[TocTosiHHAsE BpeMEHH KOJIEOIETCSI OT HECKOJIBKUX MUJUTUCEKYHT (IJ11 MAJIOMOIIIHBIX MarHUTHBIX
yCHJIUTENEN ), 10 HECKOJbKUX CEKYH/I (/1711 MOITHBIX YCUITUTENEH ).

[TonoxxuTenbHyl0 OOpaTHYIO CBSI3b  NPUMEHSIOT OOBIYHO BO  BCEX 3-X  CXeMax:
muddepeHnnanbHoi, MOCTOBON M TpaHC(HOPMATOPHOIA.

Jlis Toro 4TOOBI YMEHBIIUTH Ta0APUTHI U TMOCTOSIHHYIO BPEMEHH MAarHUTHOTO YCHIIUTEIS,
HE0OX0IMMO HAIPSHKCHHSI MUTAHUS C MOBBIIIEHHOW YaCTOTOM WX MUTAHUS.

B mpOoMBIIIIEHHOCTH MIUPOKO PACHPOCTPAHEHBI YCUIUTENIN ¢ YaCTOTOW HANpPSDKEHUS MUTAHUS
400 — 500 I'n (B cienManbHBIX YCTPOMCTBAX HECKOJIBKO KHJIOTEPI). Y BETUYCHHUE YACTOTHI HATPSIKESHUS
MUTAHUS OTPAHIYEHO B OCHOBHOM H3-3a pOCTa MarHUTHBIX MOTEPh B CEPJICUHUKAX.

MarauTHblil yCUIINTENb C OOPaTHON CBSA3bIO MO HAMPSKEHUIO

Harpyska Ry BkiTtoueHa B 0fJHy U3 [uaroHaieil Mocta, 00pa3oBaHHOTO ¢ TOMOIIbIO 10108 J[1-
J14. Hampsbxenue ¢ RH moctynaeT HEmoCpeACTBEHHO Ha MEpPEeMEHHbIH pe3uctop Ry ciyxammuilt ans
peryaupoBku ko3 duimenta oOpaTHON CBSA3U, U HA OOMOTKY Wo.c.

Ioc. B m000¥ mosynepuona HanpsbkeHus U ©MEeT OJHO M TO K€ HalpaBlieHHe. B 3aBHcHMOCTH
oT nonsgpHoctu Uy — MarHUTHBIM yCUJINTENb OyAEeT ¢ MOJOXKUTEIbHON WM OTPULATENbHOM 0OpaTHON
CBSI3bI0.

A1 2

Lo

-+

Puc. 5-11
MarHuTHbBIN YCUIUTENL C BHYTPEHHENH 00paTHOM CBA3BIO C BBIXOJIOM Ha

MePEMEHHBINA TOK

Paboune 0OMOTKU Wy, B yCHIIUTEIIE BKIIOUEHBI TapALIEIbHO.

[Tpunuun pa®oThl: B T€YEHHE OJHOTO MONyNepHoja HanpsokeHus nutanus U, — I, mpoTekaer
yepe3 Harpy3ky Rn, Bempsmurens B2 u mpasyro pabouytro oOMOTKy W, B Teuenunm apyroro
noJsrynepuona Vy, — I, mpoTekaer 4epes JIeByr0 Wy, BeIIpAMuTenb Bl u Harpysky R..

VYipaBiaeHHe TOKOM HArpy3Kd B HAarpy3ke B TEUEHHE KaXkIOro IIOJNylepuoJa 4YacTrora
HanpspkeHus MeHsiercs. [lo pabounm 0OMOTKaM Wp MPOTEKaeT BBINPSAMICHHBIA TOK, KOTOPbIH cO31aéT
B HMX MarHUTHBIA NOTOK OOpaTHOW cBsi3u. Ecny MarHWTHBIA MOTOK OOpaTHOM CBs3M HAampaBiieH
COTJIACHO C MAarHUTHBIM MOTOKOM, TO B cXeMme OyJeT AeHCTBOBATh OTPHUIIATENbHAS MArHUTHAS CBS3b.
s perynupoBku K, .. mapamienbHO wWp NOAKIIOYAIOT IEPEMEHHBIN pe3ucTop Ro.c.
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Puc.5-12 - MarHuTHBIH yCHIIUTENb C BHYTPEHHEIH 00paTHOI CBSA3BIO C BEIXOIOM Ha MepeMEHHBII TOK

MarHuTHbIH yCHIHTEJb ¢ BHYTPEHHEH 00PAaTHOM CBA3bIO, C BBIX00M

Ha IMMOCTOAHHOM TOKE€.

Harpy3ka BkiioyeHa B AMaroHaib MOCTa, 0Opa3oBaHHOTO BeIIpsMuUTensiMu B1-B4 u

pabounmu oomMoTkamu Wp.

Tok B Harpy3ke B 110001 mOIynepuo ] MuTaromero HamnpspkeHust U~ IpoTeKkaeT B 0JJHOM

HaIpaBJICHUU.

(i') (-4'-_)

Maruutseii norok O.C. co3maercs 3a cuer
BBIIIPSIMIIEHHOTO  Toka.  Buyrpennsis O.C. B
MAarHUTHOM YCWJIMTEJIE MOET OBITh BBINIOJHEHA
IyTeM BKJIFOUCHUS BBIIPSIMUTEIIS (nuona)
rnocienoBaresbHo cWp.

B marautHom ycwiutene ¢ BHyrpeHHuM O.C.
pabouass OOMOTKa TakXe BBINOJHSACT U (PyHKIHH
oomotku O.C.

[Ipn momaye Ha cxeMy HaINpPSHKCHHS MMUTAHUS,
no pabodyell Ilenu MOTeYeT BBINPSAMIIEHHBIA TOK IH.,
MOCTOSIHHAs ~ COCTaBJIAIOLIAs ~ KOTOporo  Oyxer
HaMarHU4MBaTh CepACYHMK. JlaHHBIE ycHUIMTENH
NPUMEHSIOTCS B TEX CllydasX, KOrja HeoO0XOIMMO
MOJIy4UTh  OoONbIIMe 3HAaueHUs: Kod(hUIHEHTOB
YCUJICHUS ¥ BBIXOHBIX MOITHOCTEH.

Puc.5-13 - MarHuTHbIN ycuIInTesIb ¢ BHYTpEHHEH 00paTHOM CBA3BIO, C BBIXOIOM Ha MOCTOSIHHOM TOKE

Koumpozzbnbte eonpocol:

1)  HazHaueHue 371€KTPOMAarHuTOB.
2)  Pa3HOBHMJIHOCTH 3JIEKTPOMArHUTHBIX My(]T.
3) Ha3HayeHue 3IeKTPOMAarHUTHBIX MYQT.
4)  HenmocraTKu 3JEKTPOMAarHUTHBIX MYQT.

I'naBa 6

YcrTpoiicTBa JJIEKTPONUTAHUS

B aBTOMaTHKe HCTIONB3YIOTCS HECTAOMIN3UPOBAHHBIE U CTAOMIN3UPOBAHHBIEC HCTOUHUKHU
nuTanud. K HecTaOUIM3MpOBaHHBIM UCTOYHUKAM TMHUTAHUS OTHOCSTCS BBIIPSIMUTENN, COOpAaHHbIE HA
Pa3IMYHBIX CXeMaX, aKKyMYJIATOPbI, TeHEPaTOPhl, TPAHC(POPMATOPHl U T.J. - BCE 3TH YCTPONCTBA

moApoOHO pa3OuparoTCs B IPYTUX AUCHUIIIMHAX: MJIEKTPOTEXHUKA U dJIeKTpoHHuKa. CTa0uiIM3upoBaHHbBIS

HUCTOYHUKHU NUTAaHUA TOAPA3ACIIAOTCA I10 TOKY U 110 HAIPSLKCHUIO, B 3aBUCMMOCTHU OT BHYTPCHHCTO
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COIPOTHUBIIEHUS cTabumn3aropa. CTabmim3aTop Mo TOKY UMEEeT OOJIbIIoe BHYTPEHHEE CONPOTUBIICHHE, a
10 HAIIPSDKEHHIO — OJIM3KOE K HYJIIO.

MHuoroo6pa3ue anmapaToB U 3JIEMEHTOB CXEM 3JIEKTPOABTOMATHUKH, BBIOJHSIOMNX (DYHKIHH
yIpaBjIeHusl, KOHTPOJS M CUTHAIM3ALUHU, 00YCIIOBIMBAET MPUMEHEHHUE Pa3IMYHbIX YCTPOWUCTB MUTAHUS,
OTJIMYAIOIIUXCSI 0 pOAY TOKa (IIOCTOSHHBIM, NEPEMEHHBIM IPOMBIIIJIEHHON M JPYyruX 4YacToT),
HaANPSHKEHUIO, MOIHOCTHA M HEKOTOPBIM IPYTUM IIapaMeTpaM.

Pon Ttoka, mcnosip3yemMoro Juisi MUTAaHMS amnapartoB M YCTPOMCTB B CX€Max AaBTOMATHKH,
OTIPE/ICISIIOT NP MPOESKTUPOBAHUM NMPUHIMITHAIBHOW CXEMbI M BBIOOpE 3JIEMEHTOB IS €€ pealu3aliii.
IIpu 3TOM CTpeMsTCS NMPUMEHSATH annaparbl U JIEMEHThl ¢ OJMHAKOBBIMM 3HAUEHUSMHU HANPSHKEHUS U
poloM Toka. EcTecTBEHHO, 3TO OTHOCHTCS K ammapaTrype, MMEIoIe KaTymku (0OMOTKH) yIpaBlieHus,
BBIIIOJIHSAEMBIE HA OIIPEAEICHHOE HAIpsDKEHME M poJ Toka. KHomku, nepekirouartenu, U T. M., Kak
IIPaBWJIO, IPUTOAHBI JJIs1 UCIIOJIb30BAaHUS B LIETSX C Pa3JINYHBIMU CTAHJIAPTHBIMU HANPSKEHUSAMU.

[TprBOABI COBPEMEHHBIX MAIIMH JOJDKHBI COAEPKaTh YCTPOMCTBA, MpeoOpas3yIolue MUTaolee
HanpsHKeHHe NMPOMBINUIeHHOW 4YacToTel 50 [ B HampspkeHHe, HeoOXoaumoe Ul Lernel ynpaBiIeHUS
IIEPEMEHHOT0 U IIOCTOSIHHOT'O TOKA.

B mensax ynpaBneHHs COBPEMEHHBIX MAIIMH IS MOBBIMICHUSI 0€30MaCHOCTH UCTOJB3YIOT, KaK
npaBuiio, onHodasHoe HampspkeHue 110 B. Tonbko mpocTeiinye cXembl YIpaBieHUs, COAEpIKalIue He
Oomnee naByx ammaparoB M 10 KOHTAaKkTOB, JOMyCKaeTcs MOJIKIIOYaTh HEMNOCPEICTBEHHO K CETH
HanpspkernreM 220 B. IIpu sToM ucnonb3oBanue 01HOM a3kl 1 HYJIEBOTO IPOBOJIA HE IOIMTYCKAEeTCH.

Takum 06pazoM, OCHOBHBIM ammaparoM JUisi 00ecrieueHus MUTaHus LeTell YIpaBIeHHs SBISETCS
TpaHchopMaTop, MOHMKAIOIIUIN HAIPSHKEHNUE CETH /10 BEJIMUMHBI, IPUHATON B CXeMe yIPaBICHHUS.

Kpome cHmKkeHMs HanpspKeHHs, TpaHC(POPMATOPHI B LEMIX YIPABICHUS BBIIOIHIIOT (QYHKIIHIO
raJbBaHUYECKONW Ppa3BSI3KM CUJIOBBIX IIeTIed M CXEeMbl YIpaBJIeHHS. DTO ObIBaeT HEOOXOJIUMBIM IS
MOBBIIIEHUS IOMEX0YCTOMUNBOCTH 3JIEMEHTOB aBTOMATUKH (0COOEHHO 3JIEKTPOHHBIX).

Tpancpopmarop uMeeT OJHY MEPBUUHYIO OOMOTKY, MOJKIIOYAaEMyI0 K CETH, U OJHY WU
HECKOJIbKO BTOPUYHBIX OOMOTOK. ODTH OOMOTKM pa3MeIIaloT Ha oOLIeM 3aMKHYTOM CepAeYHHKE,
COOpaHHOM U3 TOHKHUX JIUCTOB IEKTPOTEXHUUECKOH cTanu. BeIBOIBI MEPBUUHON M BTOPUYHOI OOMOTOK
UMEIOT KJIEMMBI [UIsl TOJKIIOYEHMsS] IIPOBOJOB BHEIIHEIO MOHTaXa. BBIBOABI MaJIOMOLIHBIX
TpaHc(hOopMaTOpOB CHAOXKAIOT JIEIECTKAMHU, K KOTOPBIM MPUITAUBAIOT MOHTAXHBIE TPOBO/IA.

BaxHbIM mapameTpoM TpaHC(HOPMATOPOB SBISETCS TaKXKe HOMHUHAJIbHas MOIIHOCTH (BA),
OT/JaBaeMas €ro BTOpUYHOU 0OMOTKOM (M1l 0OMOTKaMu).

B OonpmMHCTBE cilydaeB MNOHWXKamomue (M pa3felauTerabHble) TpaHCcPOpMaTOpel B IIEMX
YIIpaBJIEHUS SBJIAIOTCS OJHO(A3HBIMU, TOAKIIOYAEMbIMH Ha JIMHEHHOE HANPSKEHHUE CETH.

Onnodasnble TpaHchopMaTopsl yHmpaBieHHUs BbIIycKaioT MouiHocThio oT 0,10 mo 2,5 kBA ¢
Pa3IMYHBIMU CXeMaMU BTOPUYHBIX OOMOTOK.

Jna ueneil mutaHus Tpex(asHBIX BBIIPAMUTENBHBIX YCTPOMCTB MCHOJB3YIOT Tpex(aszHble
NOHMXaromue TpaicopmaTopsl MomHocTh0 0T 0,15 10 2,5 kBA (cepun TT).

ABTOTpaHc(OpMaTophl, HMEIOIIME COBMEIICHHYI0O OOMOTKY, B CX€MaxX YIpPaBJICHHUS He
UCIIOJIb3YIOT, TaK KaK OHM HE€ pa3JeisIIOT TaJIbBAaHUYECKU LENHM HU3KOTO HAINPSDKEHUsT U JIMHEWHOE
HaIPSDKEHUE CETH.

B xauecTBe perynnpyeMoro MCTOYHHMKA IIEPEMEHHOIO TOKA JJIsl YCTPOUCTB 3JIEKTPOABTOMATUKU
INPUMEHSIOT perynupyembie ogHopasHble aBToTpancopmaropsl (tuna JIATP unun PHO), Bkimtouaemslie B
ceth 220 B (110 B) npu HeoOX0uMOCTH MIaBHOTO M3MEHEHHs BbiXoaHOTO HampspkeHus oT 0 10 Uy. OHu
cocTosAT U3 oOmiei OoOMOTKM Ha TOPOUAAIBHOM CEpIEYHUKE U TOJ3YHKOBOTO IEPEKII0YaTes,
KOHTAKTUPYIOIIETO C HEU30JUPOBAaHHBIMM TOPLOBBIMH YacTsIMU OOMOTKH. BTopuuHOe HampspkeHue
CHMMAETCs ¢ KOHIIa OOMOTKM M MOJ3yHKa. Takue anmaparbl UCOIb3YIOT IS [TOJIyYeHUs PeryIupyeMoro
HaNpsDKEHUs IEPEMEHHOTO U IOCTOSIHHOTO TOKa (B TIOCJIEHEM CIIy4ae B KOMILJIEKTE C BBIIPSIMUTEIbHBIMU
Moctamu). IlockolIbKy B 3TUX pEryIMpyeMbIX TpaHcpopmaropax OOMOTKHM BBIOJHSIOT IO
aBTOTPaHC(HOPMATOPHON CXeME M HE UMEIOT AJIEKTPUUYECKOI0 Pa3/ieeHus] MeXAy co00, UX He BKIIIOYAIOT
HEMOCPEJCTBEHHO Ha (a3Hoe (JIMHEHHOE) HampsDKeHHEe, a COEAMHSAIOT CO BTOPUYHOM OOMOTKOM
pa3eaUTeNbHOTO WU MOHWKAIOIIEro TpaHchopmMaTopa.

Tpancpopmaropsl, ycTaHaBIMBaeMble B  CHCTEMax  YIpaBJIECHHUS, MHCHOJB3YIOT  Kak
pasfeNnTeNnbHble W IS MOJYYEHMs] IOHMKEHHOTO HAIpPsDKEHMsS B IEMSIX YNPABIEHUS, MECTHOTO
OCBEILCHNS U CUTHAJIN3aL1H, a TAK)KE JUUISl TUTAHUS BBIIPAMUTEIBHBIX YCTPONCTB.

89



Hexotopbie coBpeMenHble THNBI TpaHcpopmaropoB, Hampumep OCM u TBC, uMeroT cxeMsl
BTOPUYHBIX 0OMOTOK, TIO3BOJISIOIIME COBMECTUTh pa3inyHble (yHKIUK (YIpaBIIEHUS — OCBEICHUS —
CUTHAJIM3AallUU U T. I1.).

HcTouHnKaMu NUTaHUS CXEM M JJEMEHTOB aBTOMATHKM Ha IIOCTOSHHOM TOKE TaKHMX, Kak
6eckoHTakTHbIe BhIKItOUaTenu cepur bBK u KB/I, nornueckue snementsl cepuii T u U, cepBonBurarenu
IIOCTOSIHHOTO TOKA, PEJIe BPEMEHU U Jp. SABIJISIIOTCSA BBIIPSIMUTENbHBIE YCTPOMCTBA, BBINOJHEHHBIE I10
pa3IMYHBIM CXEMaM.

B 3aBucumoctu o1 TpeGoBaHUIl K mapameTpaM BBIIPSAMUTENS (HANPSDKEHUS, TOKA M BETUYUHBI
MyJAbCALMK) TPUMEHSIOT Pa3IMYHbIe CXEMBbl BBIIPSAMUTENIEH — OT MPOCTEHIIEro OJHOMOIYIEPHUOTHOTO
710 TPeX U MEeCTH (ha3HBIX MOCTOBBIX CXEM, 00E€CIIEUUBAIOIINX JOCTATOYHO KAUECTBEHHOE BBIIPSMIICHUE.

B kadecTBe IOJIYIPOBOJHMKOBBIX 3JIEMEHTOB B 3TUX CXEMaX HCIIOJIB3YIOT Pa3JIMYHBIC JTHOJBI
(kpemHeBbIE U repMaHueBblie). CelleHOBbIE 3JIEMEHTHI B YCTPONCTBAX aBTOMATUKHU UCIOJIB3YIOT PEIIKO U3-
3a HU3KUX JOIYCTUMBIX HAIIPSHKEHUM HA OJIMH DJIEMEHT U 3HAYUTENIbHBIX PA3MEPOB, XOTs 110 HAIE)KHOCTU
U [IEpErpy304HbIM I10KA3aTEISAM OHU IIPEBOCXOIAT IPYIUE IOIYIIPOBOJIHUKOBBIE SJIEMEHTHI.

HanexHocTh pabOThI CXeM M 3JIEMEHTOB JIEKTPOABTOMATHKH BO MHOI'OM 3aBHUCHUT OT KauecTBa
MUTAIOIIETO HAIPSDKEHHsI, T. €. OT ero KosiebaHui, W mynbcanuu (opMbl KpuBOW. I3BecTHO, UTO
HOMHHAQJIBHOE 3HA4YEHHE BBIXOJHOTO HANpsDKEHUs TpaHc(opmaropa M BBIIPSIMHUTEIBHOIO YCTPOMCTBa
JOJDKHO COOTBETCTBOBATh HOMMHAJIBHOM Harpyske (Toky). IIpw OTCYTCTBMM MJIM YMEHBIIEHHOM TOKE
Harpy3KH BBIXOJHOE HaNpsDKEHHE TpaHC(HOopMaTopa U BBITPSIMUTEINS MIPEBBIIAET HOMUHAIBHOE 3HAUYCHHE
3a CYET YMEHbIIEHHS BHYTPEHHET0 NaIeHUS HANPsOKEHUs (Ha 0OMOTKAaX M BEHTHIIAX).

[Tanenue HanpspkeHUst HA 0OMOTKaxX TpaHC(HOPMATOPOB YIIPABIECHHS 0OBIYHO HE peBbImaeT 5%.
Uro kacaeTcs naJeHus HAIPsHKEHUS Ha BBIIPSMUTENAX, TO OHO ONPEIEISETCS IPUHATON CXEMOU U TUIIOM
BeHTWIs. Tak, B OOBIYHBIX KPEMHHMEBBIX M T€PMaHMEBBIX TMoJax najeHue HampspkeHus 0,5—1,5 B Ha
OJIUH DJIEMEHT, B TO BpPEMS KakK JUIsl CEJICHOBBIX BBINPAMMTENECH 3Ta BEIWYMHA (B 3aBUCHUMOCTH OT
TUIIOpa3Mepa 3JIeMEHTa) JOCTUTaeT HECKOJIbKUX BOJIBT.

3 Jlist MMUTaHUS
% E = Pa3BETBICHHBIX CXeM C OOJBIIUM
1 141
7 HH[H;HH[”-I B E —__//2 26 YUCIOM aHHapaTOB ITIOCTOSIHHOTI' O
I P == N 38 TOKA WCIOJB3YIOT KOMIUIEKTHBIC
T ] ] N - BBITIPSIMUTEITHHBIC YCTpPOWCTRBA,
: 1 & Ry
i H”H”}l” ':) y 3 - COCTOsIIIHE W3  TpaHchopmaTtopa,
' ' ' * - 3 HaOopa  BeHTWIEH U  JApYrux
A X ox __a '
= EZ.J:EEI%B« vijvz i 3JIEMEHTOB, 00eCIeYnBaroIIUX
o
o * 2,277
> ¢ 7p a § é T¢ 4 ¥ HOPMaJIbHYIO paboty THX
Ve V5 Ve b)) o
a) YCTPOHUCTB.

Puc.6-1 - BempsiMuTebHbIE OJIOKH M CXEMBI MX BKIIIOUEHHS:
a - cepun BIIBT-24 ¢ tpancdopmaropom; 6 — cepuu K402 s
HETIOCPEICTBEHHOTO BKITIOUCHHS

Takue KOMIUJIEKTHbIE OJIOKM MUTAHMS BBITYCKAIOT B Pa3IMYHbBIX MCHOJIHEHUSX OT MPOCTEHIINX
MOCTOBBIX BBINPSAMHUTENCH C TpaHCHOPMATOPOM 10 CJIOXKHBIX YCTPOMCTB C pEryaupyeMbIM H
CTaOMJIM3MPOBAaHHBIM HamnpsikeHueM. Ha puc.6-1, a mokaszan 6ok nuranus cepunt bIIBT-24 ¢ BbIXOgHBIM
HanpsbkeHueM 24 B (HOMUHANBHBINA TOK Harpy3ku 2,5; 4, 6,3; 10; 16; 25 u 40 A), npeaHa3Ha4YCeHHBIA AJs
NUTaHUA OOMOTOK 3JIEKTPOMAarHUTHBIX My(T, OECKOHTAKTHBIX BBIKIIIOYATENEH U JIPYTUX 3JIEMEHTOB, HE
TPeOYIOLINX JKECTKOM cTabnin3aluy HarpspKEeHUs.

JUis nuTaHUS OTHENBHBIX BJIEMEHTOB MOCTOSIHHOTO TOKA, BKIIOYEHHBIX B OOIIYI0 CXeMY
NEPEMEHHOT0  TOKa, CJledyeT NPUMEHSTh  BBIIPSAMUTENbHbIE  Oe3TpaHcpopMaTopHble  OJIOKH,
IpeCTaBisIoImre co00M TMOJbl, COOpaHHbIE M0 MOCTOBOM cxeme B enuHoM Kopmyce. Ha puc. 120, 6
IPUBEJICHBI CXeMa M BHEIIHMM BHUJ BbIIpsAMuUTenbHOro 6soka cepun KI402 na 0aze auddy3noHHBIX
KPEMHHMEBBIX IMO0/I0B. DTU O6J0KH paccunTanbl Ha ToK 0,6 u 1 A npu oOpatHom Hanpsbkenun 600 B.
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CTaﬁnnmaTopm HAIIPsAKCHUA H TOKaA

CraOunu3atopbl - YCTPOHCTBO, € TOMOUIBIO KOTOPOT'O AaBTOMATUYECKU TOIJICPKUBACTCS
3aJJaHHOE COOTHOILIEHUE MEXAY (PaKTHUYECKUM CTAOMIM3UPYEMbIM HANPSHKEHUEM MM TOKOM U OTIOPHBIM.
CraOunm3aTtopbl YCTAaHABJIMBAIOTCS Ha BBIXOJE BBIIPAMUTENS (Tocie (UIbTpa), €ClIH 3JIEKTPOHHOE
YCTPONCTBO, MUTAIOLIEECS OT BBIIPSAMUTENS, HY)KAAE€TCS B CTAOMIN3UPOBAHHOM HANPSHKECHUU WIIH TOKE, T.
€. TAaKOM HAamNpsDKEHUH, KOTOPOE HE M3MEHSETCS B ONpPEICICHHBIX Mpejaeiax MpU U3MEHEHMU Harpy3Ku
WIH KOJICOAHUSX HATIPSDKEHUS CETH.

CraOunu3aTopbl HANPSDKEHHS XapaKTePU3YIOTCS CIIEIYIOIMMH OCHOBHBIMU TTapaMeTPaMMU:

-HOMHUHAJILHBIM HarnpspkeHueM Usx MCTOYHMKA TUTAHUS, TOCTYAIOLINM Ha BXOJI;

- HOMMHAJIbHBIM BBIXO/IHBIM HalpsHKEHUEM, PABHBIM HANPsHKEHUIO Ha Harpyske, Ussix = Uny

- HOMUHAJIBHBIM BBIXOJIHBIM TOKOM [H, TIOCTYIAIOLUM Ha HarpysKy;

- kodpduunentom cradunmzauun Kem = (AUsx/Usx)/

XapaKTEPU3YIOIUM CTa0MIBHOCTh BBIXOAHOT0 HanpsikeHus (rae AUn- abconoTHOE OTKIIOHEHUE
CTa0MJIM3UPOBAHHOTO HANPSDKEHUSI OT HOMUHAIBHOTO, Ugx - abCOIIOTHOE M3MEHEHHUE MTUTAIOIIEr0
HaNpsOHKCHUS);

- BrixonusiM conpotuBiienneM Revix = AUn/Aln (tie Aln - 3T0 U3MEHEHUE TOKa
HArpy3Ku);

- TemnepatypHbiM K03(hdurnenTom Hanpsokerust 0, xapakTepusUpyrONMM CTENEHb
CTaOUIIBHOCTHU BBIXOHOTO HAIMPSKEHHs IPH M3MeHeHuu temieparypsl (0 = AUn/ATc, tne ATc -
U3MEHEHUE TEMIIEPATYPBHI);

- KoadduurenTomM noie3Horo AeHCTBU # - OTHOIIEHUE MOIIHOCTH PH, IOCTyHaromel Ha
Harpy3Ky, kK MomHoct Pgx, mocrymnaroiieii Ha Bxox cradunusaropa (g = Pu/ Pex=(Un/In)/(Usx/I6x))

B mapamerpuueckux crabuiamzaTopax CTaOWINM3alus OCHOBAHA HA CBOMCTBAaX CTaOMIM3aTOPOB
COXPAHSTh IMOCTOSHCTBO HAIPSDKEHUS TPU U3MEHEHUHU TIPOXOJIAIIETO Yepe3 HUX TOKa.

Puc.6-2 - [Tapamerpudeckuii crabuimzaTop

BxonHoe HanpsiKeHMe NIOCTYNaeT Ha Harpy3Ky 4epe3 peryaupyrouuil aneMeHT (puc.6-2) —
pesuctop Rp u Hanpsikenue Ha Helt paBHO Un = UsxRu/(Rp+Ru). Uto0b1 00eCIeunTh MOCTOSHCTBO
HaIIpsDKEHHUs TOCTOSIHCTBO HanpsbkeHus Un nipu Bospacranuu Usx, CONPOTUBIIEHUE pe3ucTopa Rp
JI0JDKHA BO3pacTarsh, a npyu ymeHouieHun Usx — ymenbiaerca. [1pu 3ToM Tok Harpy3ku Iu paBeH TOKy Ip
npoxoasuiemy yepes Rp.

Taxum o6pazom st nognepxkanust Un u In TOCTOSSHHBIMU COTIPOTUBIICHUE pe3ucTopa Rp
JIOJIKHO MEHATHCS B 3aBUCUMOCTH OT U3MEHEHUS BXOIHOrO HanpsbkeHus Ugx. Takumu cBolicTBaMu
o0agaroT mpuOOpsl HEMTMHEWHOM BOJIbTAMIIEPHON XapaKTEPUCTHKOM (Tra30Bble CTAOMIUTPOHBI TICIOIIETO
paspsaa, KpeMHEBbIE CTAOMIIMTPOHBI, a TAKXKE TpaH3UCTOpHI). [lapamerprueckue cTabMIn3aTopsl
MO3BOJISIOT CTAOMIN3UPOBATh HANPSKEHUE OT €IMHUIIBI JI0 IECATKOB U J1a)Ke COTEH BOJIBT, HO TOK
Harpy3ku o0s3aTenbHO J0JKEeH ObITh MEHBIIIE TOKA, IIPOXO/SIIEr0 Yepe3 CTaOUIUTPOH, MHAYe TPU
u3MeHeHnH Ru yxymmuaercs ctabunnzauus Usbix.

KomneHncamonHble cTaOUIN3aTOPhl, B KOTOPBIX ¢ TOMOIIBI0 00OPAaTHOM CBsI3bI0 00paszyeTcs
yIIpaBJIAoLIee BO3ICHCTBUA Ha PETYIUPYIOMUI 3JIEMEHT CPaBHEHHEM BBIXOTHOTO CTA0MIN3UPOBAHHOTO
HaINpsDKeHUS 33JJaHHBIM OTIOPHBIM HalpsKeHUEM, UCTIOIB3YIOTCS B YCTPOMCTBAX U cXeMaxX ¢ OOJIBIIUMHU
TOKaMH U HANpPsDKEHUSIMH 1 00ecTieunBaroT 001b110i ko3 duiment ctabuinzanuu. B kauectse
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KOMIICHCAIMOHHBIX CTAOUIM3aTOPOB MCIIONB3YIOT MOJIYITPOBOAHUKOBBIE MIIN JIAMIIOBBIE CXEMBI,
MPECTABIISAIONINE CXEMY PETr'yIUPOBAHHUS.

Cym1ecTBYIOT TPH OCHOBHBIX THUIIA PETYIUPYIOMIUX 3JIEMEHTOB: MOCIEI0BATENbHBIH,
IIOCJIEA0BATEIIBHBIN C LIYHTOM U IapaJlIe/IbHBIN.

Jlnist aBTOMaTHYECKOTO MOJ/IEPKAHMST HAllPSDKEHHSI TPOMBIIIICHHBIX CETEel OCBEIICHHUS C
JaMITIaM{ HaKaJUBaHUs, IyTOBBIMU, PTYTHBIMHU M JIFOMHUHECHEHTHBIMU JIAMIIAMU IIPH MOBBIIIICHUN
MUTAOIIET0 HANpsDKEHHst 10 286B BoimyckatoTcs TpéxdazHblie MOTYIPOBOIHUKOBBIE CTA0MIN3aTOPbI —
orpanuuuteny. CTabmiIn3aTopsl MOTYT TakKe ObITh UCTIOJIB30BAHbI KAK OECKOHTAKTHBIE BHIKIIIOYATEIN
OCBETUTEIbHOU HAIrPYy3KHU.

Crabunusarop TOKa IpeacTaBisieT coO00N yCHIINTENb ¢ OTPULIATENIbHOW 0OpaTHOM CBSI3BIO MO
TOKY

i [f--—-------------°-°-°7°-°"°7°°°"°°° 1
I Yeunurens |
Usx | | nanpsokenus (K) Ycunutens Toka (S) | !
1 |
i |
L - _____ ____ - __—___—__—__—_———C J U Ru
Scr=KS I
‘_
Ro
M
8] 8
Uon

Puc.6-3 - dyHkunoHanbHas cXxeMa CTadMIN3aTopa TOKa

Crabunusupyemslii Tok Ir ipoxouT yepes3 pesuctop Ro(puc.6-3), Ha KOTOPOM MajJeHue
HaIPSDKEHUS CPABHUBAETCS C OIIOPHBIM HanpskeHueM Uon, NOCTYNAIOMUM OT BHEIIHETO UCTOYHMKA.
Curnai B BUJIE pa3HOCTH HAIPSKEHUM MTOCTYNAET HA BXOJ YCUIUTEIBHON CXEME C TOKOBBIM BBIXOJOM,
COCTOSAIICH U3 yCUIIUTENS HApsKeHUs ¢ Kodpdurmentom ycunurens K n ycuurens Toka ¢ KpyTU3HON
S, KoTOpas xapakTepusyercsi KpyTH3HOU cTadunuzanuu Scm=KS.

HO.HyIIPOBOI[HI/IKOBbIe CTaﬁl/IJII/II}aTOpr HaAIIPpAKCHUSA U TOKA

CraOuiM3aTopbl HAIIPSDKEHUS U TOKA HAXOAAT IMIMPOKOE MPUMEHEHUE B PA3IMUHBIX YCTPOHUCTBAX
aBTOMaTHKU. B oaHMX cioy4asX HMX NOPUMEHSIOT Kak BbICOKOCTAOWJIbHBIE HWCTOYHHUKHM IUTAHUA,
oOecrieunBaroIue HEOOXOJUMYIO HAJEKHOCTh pPadOThl, B JAPYIHX - KaKk HCTOYHHKH 3TAJIOHHOTO
HanpsbkeHusa. llocnenHue HeoOXOAMMBI BO MHOTMX CHCTEMax aBTOMATHYECKOTO peryaupOBaHMS,
U3MEPUTENBbHBIX YCTPOMCTBAX, MPeoOpa3oBaTeIsiX aHaJOTOBBIX BEIMYUH B LU(POBYIO GopMy, B cXemax

QJICKTPUYCCKOTO MOJCINPOBAHHUA U T. /.
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Puc. 6-4 - CtpykTypHas cxema cTabmin3aTopa HalpsOKEHHMS.

[Tpunuun paGoTel cTabMIN3aTOpa HANPSDKEHUS MOXKHO NMPOCIETUTH IO THUIOBOM CTPYKTYpHOU
CXeMe, IPECTABIEHHON Ha pUC. 6-4.

Hanpsiokenue crabunmsupyercs ciaeayromuM o0pa3oM. BelnpsMieHHOe M OTQHIBTPOBAHHOE
HaAIpsDKEHHE OT CETH MEPEMEHHOr0 TOKAa MOAAETCS Yepe3 PEryaupYIOUIUil 2JIEMEHT Ha Harpysky. Yacte
3TOrO HANpPSDKEHUS C HArpy3Kd, CPaBHHUBAETCA C IOCTOSHHBIM CTaOWIM3HPOBAHHBIM HANpsHKEHUEM,
Pa3HOCTb HAINpPSDKEHUM MOJAETCsl Ha YCWINTENb, C BbIXOJAa KOTOPOIO YCWJIEHHBIN CUTHajl MOAAETCS Ha
PEryaupyIOIUi 3JIEMEHT, BO3JCHCTBYS Ha MOCICAHUN TakUM OO0pa3oM, 4YTO CTAOMIM3UPOBAHHOE
HanpspkeHne Ug, NOAIEpKUBAETCS C ONIPENEICHHON TOYHOCTBIO IOCTOSIHHBIM.

Cxema cTabuin3aropa Ha OMH HOMHMHAJ CTa0MIM3UPOBAHHOTO HANPSDKEHUS MPUBEACHA Ha pHC.
6-5.

CraOunu3atop BKIIOYAETCS B CETh MIEPEMEHHOro Toka yepe3 Tpancopmarop. Auonsr 1, 1, u
00MOTKH ®; TpaHchopMaTopa NPEACTABIAIOT co00i BeIIpsAMuUTENs. GUIBTPOM ClTykaT KoHAeHcaTopsl Cy,
C,, C3; perynupyromuM 3J€eMEHTOM — TpaH3uctop T; coBMecTHO ¢ pe3ucropoM R;; ucTtouHukom
CTaOMIM3UPOBAHHOTO (OMOPHOTO) HampsbkeHuss — Oarapes E; ycwiurenem — Tpansuctop Tr ¢
pesuctopamu Ry, R3. Harpyskoit siBisiercs pesucrop R,.

Cxema crabunmszaTopa HampspkeHus palotaer ciemyroummM oOpasom. [Ipennosnoxum, yTo
crabunu3upoBaHHoe HanpsbkeHue Ug, Ha Harpyske Ry 1o kakum n1u6o mpudrHaM BO3pPOCIO OTHOCUTEILHO
CBOET0 YCTaHOBUBILIEroCs 3HA4YEHHMS. OTO NPUBEAET K YyBelIMueHUto Toka [, B pesucrope R, m,
ClIeZIOBaTeNIbHO, K YBEITHMUEHUIO TOKa 0a3bl I Tpansucropa Tr, U cHU3UT TOK Oa3wl I perymupyromero
Tpanzucropa T; (Tak Kak l+Is=const). YMenbienue Toka 0a3bl I BHI30BET CHI)KEHHE SMUTTEPHOTO M
KOJUIEKTOPHOTO TOKOB I, 1 Iy Tpansuctopa T| u TeM caMbIM BOCCTAaHOBUT IPUMEPHO NPEKHEE 3HAUCHUE
HaNpsDKeHWE Ha BBIXOJIE CTaOMIM3aTOpa. AHAIOTUYHO PabOTaeT CTaOMIN3aTOP M NMPH YMEHBIIEHUH €ro
BBIXOJIHOTO HANPSKECHHUS.
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Puc. 6-5 - Cxema cTabunmszaropa HanpspKeHNS
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CrabunusupoBaHHoe (BbIxogHOE) HampspkeHue Uy, cTabuiam3aTopa paBHO OMOPHOMY
HanpsbkeHuIo E.

B kauecTBE HCTOYHMKA ONOPHOTO HANPSDKEHUSI MCIONB3YIOTCA — IOJIYIPOBOJHUKOBBIE
CTaOMIUTPOHBI WU onopHbIe nuosl Tumna J[814B-/1814/1. O6paTHOe HanmpsHKEHHE TaKUX JTMOJI0B PAaBHO
10 - 13 B, MakcuMabHBIM TOK IIPU TOM HaIPSDKEHUU paBeH 25 MA.

[Tpu u3menenun obpatHoro toka ot 0 10 25 MA HampspKeHHEe CTaOMIUTPOHA M3MEHSETCS He
6onee wem Ha 0,1 - 0.15 B. IlooTOMy CTaOMIMTPOHBI C YCHEXOM MHCIIOJB3YIOTCSI B CXeMax
CTa0MIIN3aTOPOB UCTOYHUKOB CTAOMIIN3UPOBAHHOTO (OIIOPHOTO) HATIPSKECHHUS.

B HeKoTOpBIX cxemMax aBTOMATUYECKH TpeOyeTcsl MOIJEepPKUBATh TOK B Harpy3Kke CTaOMJIbHBIM
IIPU U3MEHEHUH HArPY3KH, HAIPUMEpP B JIEKTPOMArHuTax, 3JEKTPOMAarHUTHBIX JaTYhKaX, B KOTOPBIX TOK
MUTAHUS JOJDKEH OBITh MOCTOSHHBIM. {71 3TOr0 NPUMEHSIOTCS ClieUalIbHbIE CTA0MIN3aTOPhl TOKA.

CxeMbl TakuX CTabHIM3aTOPOB TOKA MPUBEICHBI Ha pHc. 6-6, @ u 6.
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Puc. 6-6 - Cxembl cTaOMIIN3aTOPOB TOKA.
@ — ¢ Harpys3Koii B 1enu sMutTepa; 6 — ¢ HArpy3KOi B MU KOJLIEKTOPA.

YCcunuTenu MocTosTHHOTO TOKa B 00eUX cXeMax OJHOKACKaIHbIe, HAarpy3Kka B IepBoii cxeme (puc.
6-6, @) BKIIIOUCHA B LIEMb SMUTTEPA, BO BTOPOii (pHc. 6-6, 6) — B 11e1b KOILIIEKTOPA.

[lepBass cxema mpenacTaBiseT cOOOW OOBIYHBIMA CTAOMIIM3ATOpP HANPSHKEHUS, Y KOTOPOrO B
HWKHEM IIJI€4€ JIEIUTENS CTOUT 3TAJOHHBIN PE3UCTOP Ry, @ B BEPXHEM - HArpy304HOE HAIIPSDKEHUE.

Ha srtanonnom pesucrope R, moanepkuBaeTcs MOCTOSHHOE HANpSIKEHUE C MOMOUIBIO LIENH
oOpaTHOW CBSA3HM, a B IIENIM HArpy3KH MOJJIEPKUBACTCA IOCTOSHHBIA TOK HE3aBHCHUMO OT 3HA4YCHUS
Harpy3Ku.

Bo Bropoii cxeme 3TalloOHHBIM pe3ucTop R, sBIsieTcs Kak OBl CONPOTUBICHUEM HArpy3KH
OoOBIYHOTO cTabMnM3aTopa HANPSHKEHHS, a CONPOTHBICHHE HArpy3KH BKJIIOYEHO IIOCIEI0BATEIbHO C
BHYTPEHHHUM COIIPOTUBJIEHUEM UCTOYHHMKA MUTAHUA Upy;.

B o0enx cxemax yCHIMTENIM MOCTOSIHHOTO TOKAa MHUTAIOTCA OT OTAEIbHBIX  MaJOMOIIHBIX
UCTOYHUKOB NMUTAHUSA Ugyy. [lpuHImnm paboThl mpeacTaBiIeHHBIX CTa0OMIN3aTOPOB TOKA TAKOH ke, KaKk U
CTaOMIIN3aTOPOB HANPSIKECHMUS.

Ilens 0oOpaTHOW CBSI3M C HEKOTOPOW OMPEACTCHHOW OMIMOKOW MOANEPKUBACT MOCTOSHHBIM
sTaioHHOe HanpspkeHue U,,. BBuay Toro, 4ro 3rajoHHOE cONpOTUBIEHHE R, SABISETCS MOCTOSHHBIM,
TOK, IPOXOJAIIHUNA Yepe3 ITO COMPOTHUBIIEHUE, TAK)KE OCTAETCS MOCTOSHHBIM U IIPOXOJUT OJHOBPEMEHHO
yepe3 COMpoTHBIEHUE HAarpy3ku R,. Tpansuctop T; MokeT ObITH COCTaBHBIM.

Konmponwnwie sonpocoi:

1) Ha3zHaueHue HMHIUKATOPHBIX YCTPOMCTB B aBTOMATUKH.
2) Pa3HOBHUAHOCTH HMHIUKATOPHBIX YCTPOICTB.

3) Kak ycTpoeH >XUAKOKPUCTATMYECKUN HHIUKATOP?
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I'naBa 7

beckoHTAKTHOE VIIPABJICHHE

OcHoBHBIE (DyHKIIMHU, KOTOpBIE BRIMONHAIOT CAY': 3amuTa, ynpaBieHne, KOMMYTaIus, KOH-
TPOJIb, PETYJINPOBKA.

DJNEeKTPOMAarHUTHbIE KOHTAKTOPHI U PeJie BHIMOJHAIOT (PYHKIIMM KOMMYTAIIUU AJIEKTPUIECKUX
LIEMeH, a TEIUIOBBIC U AJIEKTPOMArHUTHBIE alapaThl UMEIOT MJIaBKUE BCTAaBKU — (DYHKIIMU 3aIMUTHI.

JlocronHCTBOM KOHTakTHOM annaparypel CAY sBisercs:

- Manoe ocrarouHoe HaNpsKEHUE HA 3aMKHYTBIX KOHTAKTaX, - OTCYTCTBUE TOKOB YTE€UKH, - BbI-
COKasl yJieJIbHasl MOILHOCTb.

Henocrarku:

- HEBBICOKOE OBICTPOJICHCTBHE, - YyBCTBUTEIBHOCTD K BUOPAIIHSIM, - 3JIEKTPOMArHUTHBIE TIO-
MEXH, - INIOXUE IKCIUTYTAllMOHHbIE CBOMCTBA.

Bospacratomue Tpe6oBaHUs K HaZE)KHOCTH, OBICTPOACHCTBUIO U SKOHOMHYHOCTH ITPUBEIH K
HE00X0IMMOCTH HCIIONB30BaTh OECKOHTAKTHBIE 371eMeHThl B CAY:

o Jlornueckue 371€MEHTHI
o DNEKTPOHHBIE KOMMYTaTOPbI
o becKOHTaKTHBIE TyTEBBIE NEPEKIIIOUATENH.

BbeckoHTaKTHbIE JIEMEHTHI Yallle BCEro coOpaHbl Ha TMOJIaX M TPAH3UCTOPAX WIM TUPUCTOpax (U
npezactaBisitoT coboit MC).

Jlornyeckue 3JieMeHThbI

OTH 3JE€MEHTHI MPU M0Ja4€ TEXHUUYECKUX WIIM UHBIX YIPABJISIOUMX CUTHAIIOB MOTYT PE3KO U3-
MEHSTh COTMPOTHUBIICHUE B YIIPABIIEMON IETH, JieJiast €ro WK YPE3BbIYAHO OOJBIINM UM OYCHb MaJIbIM,
3TO AHAJIOTUYHO 3aMBIKAaHUIO WIM Pa3MBIKAHUIO LIENU KOHTAKTHBIM peJie.

J1Jis onMcaHusi CXeM JTUCKPETHOT'O KOHTAKTHOTO WU O€CKOHTAKTHOTO YIPABIEHUS UCTIONHSIOT
CHEIHMAbHBII MaTeMaTHYECKUI arnapar ajareOpsl JJOTUKH, T1e QYHKIUS TIPUMEHSET TOJIbKO IBOUYHbBIE
3HaueHus 1 u 0. 1elcTBUS JIOTMUYECKUX JIEMEHTOB aHAJIOTUYHO JEHCTBUIO PETIEeHHO-KOHTAKTHBIX CXEM.

OksuBaneHTHas cxema UJIM-HE - aTo ecnu 3aMeHUTH 3aMBIKAIOINN KOHTAKT (X) Ha pa3Mbl-
KaroIui.

ITo cpenctBam snementoB U, NJIU, HE MoryT ObITh COOpaHbI TOTUYECKUE CXEMBI, 3aMEHSIOIITNE
Tmo0BIe perieiiHbIe, He NMEIOIINe pPelie BPEMEHH.

DTO BBITEKAET U3 TOTO, YTO BCE PEJICIHBIE CXEMBI COCTABIICHBI U3 MOCIIEI0BATEIbHBIX PA3Iny-
HBIX U NTApaJUIENbHBIX COCIMHEHUN 3aMbIKAIOIINX U PA3MBIKAIOIIUX KOHTAKTOB.

MOIIHOCTB BXOHBIX CUTHAJIOB, HEOOXO0IUMAas JUIsI HOpMaJIbHOU PabOThl OECKOHTAKTHBIX JIOTH-

YECKHUX AJIEMEHTOB, 00bIuHO He TpeBbImaoT 0,01 B; ux BbIxoaHas MOMIHOCTH 00bIYHO He Oombire 0,015
Br.

[Ipu cocTaBieHUU CXEMBI JJOTHYECKOTO YIIPaBIEHUS JIEKTPOMArHUTaMH, 3JIEKTPOMAarHUTHBIMHU
My(TamMu, KOHTAKTOPaMHU U APYTUMHU UCTIOTHUTEIHHBIMHE allapaTaMu He0OX0IUMbI TPOMEKYTOUHBIE
YCWJIMTEINHU, HAIPUMEP TUPUCTOPAMH.

[Ipu cocTaBieHUU CXEMBI JJIOTUYECKOTO YIIPABIEHHUS, MPEIHA3HAYEHHOTO JJIsl TEX XKe IIeNeH,
rpyIia KOHTAaKTOB, BKIIOYEHHBIX MapalljieIbHO, MOXKET ObITh 3aMeHeHa NJIN ¢ 3a3emisromumMu BXOAaMH,
a rpyIia nocjaeqoBaTebHO BKIIOYEHHBIX KOHTAKTOB M.

Onement U-HE sBasiercs yHuBepcanbHbIM (KOMOMHUPYS JIEMEHTHI TOJIBKO OJHOTO BUJIA,

MOYHO CO3/1aTh PAa3JINYHbIE CXEMbl SKBUBAJICHTHBIMU 110 CBOEMY JeicTBHIO dneMeHTamu U, UJIN, HE.
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Cxembl u3 djaementos U-HE
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Puc. 7-1

3TO 03HAYAET, YTO JOObIE pesieiiHbIe cXeMbl, paboTaromire 0e3 BBIACPKKH BPEMEHU MOTYT OBITh
coOpaHbI U3 AIIEMEHTOB OJHOTO U TOTO K€ BHIA.

TakuM ke cBoiictBoM oOnamaeT 3mement UJIM-HE.

Uucnno 31eMeHTOB B CXeMaxX pesIeHHO-KOHTAKTHOTO YIPABJICHHS TOTO K€ 3HAYCHUSI.

B HEKOTOPBIX JIOTHYECKUX CXeMaX MPUXOJAUTCSA IPUMEHSTH B 3-4 pa3a OoJibllie AIEMEHTOB, YeM
B KOHTaKTOpaX.

JlocTonHCTBA:

° Bricokasi HaIeXKHOCTh U TIPOAODKUTENBHBIN CPOK CITY>KOBI KOMIIEHCHUPYIOT.

Henocratku:

° Bosbiiast c10KHOCTB, BBICOKAsi CTOUMOCTD (CUCTEM JIOTUYECKOTO YIIPABJICHHUS).

Brimyckaempie 0€CKOHTAKTHBIE JIOTUYECKUE DIIEMEHTHI OOBIYHO COBMEMIAIOT (PYHKIIUU He-
CKOJIBKHX JIOTHYECKHX 3neMeHToB (Hanpumep, 1, HE, NJIN-HE B oqHOM 31ieMeHTe).

DTO 0Ka3aJI0Ch BO3MOYKHBIM BCJIEJACTBUE MAJIBIX Pa3MEPOB U OTHOCUTEIHHO HEBBICOKOM CTOU-
MOCTH OCHOBHBIX 3JIEMEHTOB PaJAMOTEXHUKH.

[Tpu BCsIKOM MPUMEHEHUH TaKOTO ()YHKIIMOHAIHHOTO JIOTUYECKOTO JIEMEHTA YaCTh €ro BO3-
MO>KHOCTEH 0CTaeTCs HEHCIIOJIb30BaHHOM.

Ecnu y nornueckux anementos M, M-HE ucnonp30BaHbl HE BCE BXOIbI, UX HY’)KHO COCIMHUTH C
OJHHMM U3 UCIOJIF30BaHHBIX BXOIOB.

Cxema YHpaBJdc¢HHUA C ABYX Pa3/IMIHbIX MECT

o [Tpu naxxatun Ha kHonKy [11(I12) Ha Beixoge WJIM nosiBisieTCs CUTHAT,

° Ecnu knonka C1 u C2 He HaXxathl, TO HA BCEX BXOJax 3jemMenTa U npu 3ToM uMeroTcst
CUTHAJIBI.

. Torga BIXOJHOW CUTHAJI 3TOTO 3JIEMEHTA YEPE3 YCUIIUTEIb Y BKIFOYAET KOHTAKTOPOM
KM.

. Tam e cursan OJHOBPEMEHHO NoJaeTcs Ha Tpetul Bxox anementa MJIM — ato naer

BO3MOKHOCTh 00HYNUTH KHOTIKY [11(I12), He BbI3bIBas oTkmouenus knonku Cl u C2, I11 u [12 — kHONIKM
1 B penelHO-KOHTaKTOPHOM CXEME — KOHTAKThl KHOTIOK.

KoMOuHUpYst cXxeMbl COeIMHEHHSI OIMHAKOBBIX JIOTMUECKUX 3JIEMEHTOB, MOKHO MOJIYy4aTh JAeH-
CTBUE, CBOMCTBEHHOE JPYTUM 3JIEMEHTaM.

4 Hcnonb3ys ToIbKO 0auH U3 BxoA0B 31emenTa MJIM — nomydaem cBolicTBa 2JIeMEHTa
«IloBTOpHUTETBY.

Takoe ke neificTBrE MOKHO TOJIY4YUTh, COEANHSAS IPYT C APYroM BCE BBIXO/bI dneMeHTa M.

B aBTOMAaTHKE Takxke MPUMCHAIOT TPAH3UCTOPHBIC JIOTUYCCKUC JICMCHTBI

TpaH3I/ICTOpHLIC CXCMBbI ITPU 3HAYUTCIIBHOM YHCJIC BXOJOB Tpe6y'IOT OOJIBIIIOrO YKCIa TPUOIOB.
boinee skOHOMHUYHBI KOM6I/IHI/Ip0BaHHLIC JAUOJHO-TPAH3UCTOPHBIC CXCMEI. VY4uTeIBass HEAOCTATKH CUCTEM
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OECKOHTAKTHOTO YIpPaBJICHUS HA JJOTMYECKHUX 3JIEMEHTaX, TO OHU MPUMEHSIOTCS TOIBKO IPU OUYCHb
BBICOKHX TPeOOBAHMAX K HAZEKHOCTH U KOPOTKHX IMKIJIaX 00paboTku. B GosbIIMHCTBE CllydaeB
UCTIOJIHAIOT PEJICHHO-KOHTAKTHYIO anmaparypy. AireOpa JOTMKH JaeT BO3SMOXHOCTh pa3padaThiBaTh
CXEMBI PeJIeHHO-KOHTAKTHOTO M OECKOHTAKTHO YIPABJICHUS YHCTO MAaTEMATUYECKUM ITYTEM, UCTIOJb3Ys
s 5Toro OBM 1 mporpaMMuCTOB HajsIexaien kanudukauuu. Yucno cpabaTeIiBaHUN Ha JIOTHYECKHE
AJIEMEHTHI HE BIIUSAIOT.

beckoHTaKTHBIH HyTeBOﬁ MNEPERKIIYATEID
3T0 ycTpoiicTBa, padoTaromue 6€3 MEXaHHYEeCKOTO KOHTAKTa, CYLIECTBYET TPH BUJA ITyTEBBIX

MIEPEKIII0YATEIICH :
L. C MCIIOJIb30BaHUEM U3MEHEHHUS COMTPOTHBIICHUS
2. UCTIOJIB3YIOLINE PE30HAHC TOKA.
3. paboTarolye 1Mo NpUHLUUIY TpaHcopmaropa.

C ncnob30BaHHEM U3MEHEHHS COMPOTHUBJICHUSA

1 o
""'«-.. i 1. mnoaBMIKHBIN AKOPHL

"f—f CepaeuHuK

\ \ 3 3. karymka
2

? 2. TOABHKHBINA

Puc. 7-2
IIpuHLIMD NENCTBUS:
Korna sskopb 3aHUMAET 10JI0KEHNUE HaJl CEPAECYHUKOM, B KaTyILIKE BO3HUKAET UHIYKTUBHOE
COIIPOTHUBIIEHHUE, KOTOPOE BBIBOAUT U3 PABHOBECUS JIIEKTPUUECKHUI MOCT — 3TO SBJISIETCS BXOHBIM

CUTHAJIOM Ha JIOTUYECKUU 3JIEMEHT YIPABJISIIOLLEH LENH.

I/ICHOJII)3yIOHII/Ie PE€30HAHC TOKA

1. mNOABMIKHBIN SIKOPb

. i;’I’. 2. NOABWKHBIH
A 15 cepremnk
\f \3 3. KkojgedaTeJbHbIH
KOHTYP
Puc. 7-3

[Ipunuun nercreus:

Korma sxopb 3aHUMAET MOJI0KEHUE HAJl CEPACUYHUKOM B KOJIeOaTeIbHOM KOHTYpE, CHJia TOKa
JIOCTHUTAeT MaKCUMAaJILHOTO 3HAUECHUS — 3TO SIBJISCTCS BXOJHBIM CUTHAJIOM Ha JIOTHYECKUM DJIEMEHT
YIPABJISOMIETO CUTHAJIA.
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Padoraromue no npuHuuny Tpaicgpopmaropa

L
~7 L5

. AN

3

Puc. 7-4

[Ipunuun nercrBus:

Korna ssikopbs He HaXOUTCsI HaJl CEpACUYHUKOM KaTylIKU 3, HABOAUTCS He3HauuTenbHas JJ1C
10/ IEICTBUEM TOKA KAaTylIKU 4, B MOMEHT, KOI'/1a IKOPb HAXOAUTCA HaJl CEPACYHUKOM KaTYIIKH 3,
HaBoauTcst BropuuHas JJ{C OOIbIIOTo 3HAYCHHSI, KOTOPAs SBJISIETCS. BXOJHBIM CUTHAJIIOM Ha JIOTHYECKUX
3JIEMEHTaX YNpaBJIEHUS.

BecKkOHTAKTHLIN NyTEeBOH nepekayareabr Tuna BK-24

OOBbIYHO OGECKOHTAKTHBIM Ha3bIBAIOT IyTEBbIE MEPEKII0YATENN, padoTatomue 6e3
MEXaHMUYECKOTO KOHTAKTa MEX/1y IEPEKII0UaTeNIeM U MepeMearouMCs Y3JI0M CTaHKa.

Ecnu Takoit nepexitoyaTenb HE UMEET dJIEKTPOKOHTAKTOB U Pa0OTAeT HAa  JIOTMYECKOM
3JIEMEHTE, TO €r0 HA3bIBAIOT OECKOHTAKTHBIM IEPEKITIOYaTEIIeM.

YcrpoiicTBa 3aMEHSAIONIME KOHTAKTHI B OECKOHTAKTHBIX IMYTEBBIX MEPEKIIOYATEIAX.

1)CranbHOi SKOpb MPUKPEIUIEHHBIN K MOABIKHOMY MEXaHUYECKOMY , IIepeMeniaeTcs Hajl
MOJIBIWKHBIM cepiedHuKoM. Korna sikops MpOXoauT Hajl CEpACYHUKOM HHAYKTUBHOE COIIPOTHBIICHHE
HAXOJUTCS HAa HeM , KaTyIIKe JOCTaeTcsi MakcuMyM R1max

Ecnu npu 3TOM HCHOIB30BaHa, HAIPUMEP CXeMa 3JIEKTPUUYECKOT0 MOCTa B OJHO M3 ILJIeY
KOTOPOT'O BKJIIOUEHA KaTyIIKa, TO MOCT BBIXOJUT U3 COCTOSIHHS PAaBHOBECHSI M IIOJJA€TCsl CUTHAII Ha
BKJIIOYEHHUE JIOTUYECKOT'0 3JIEMEHTA UJIH pele.

2)IloaxinroueHne napauiesbHO KaTyllKu eMKocTd C,MOKHO MCIIOJIb30BaTh SIBJICHUE PE30HAHCA
TOKa.

[Tpu npoX0XKaAECHUH STKOPS MUMO CEP/ICUHMKA CHJIa TOKA JOCTUIaeT MUHUMAJIbHOTO 3HAUCHMS.
OTO ABICHHUE UCTIOJIB3YIOT JUIS [TO/1a4H CUTHAJIA HA JIOTHUYECKUH 3JIEMEHT WIIH peie.

3)beckoHTaKTHBIN NepeKiIouaTeNb, cpadaTHIBAIOIINN M0 IPUHIMITY TpaHChOopMaTopa.

Korna sikops ynajaeH MarHuTHBIN MOTOK B CEPACYHHMKE Maj U BO BTOPUYHOM KaTyIIKe
He3HauutTenbpHas DJ1C.

Korna sikopb HaXOAUTCS HaJl CEPACYHUKOM IMOTOK PE3KO BO3PACTACT, BOZHUKAET OOJIbILAs
BropuuHas 3/IC Ha JJIOTHYECKOM 3JIEMEHTE UJIH pefie M01aeTCs CUTHAIL.

Pe3-ii [ =Imax-ecnmu X1=Xc HCKOTOpLIC M3 BBIITYCKACMbIX B HACTOAIIICC BPEML

BIIIT , ucnonp3yronux NpuHIUN TpaHchopMaTopa ,padoTaeT ¢ MOTPEeIIHOCTHIO ,He
npessimaronuii 0,01-0,1mm.
[Tpumep GecKOHTaKTHOTO MyTeBOro nepekmouarens Tuna bBK- 24
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Eciu B xone6aTeIsHOM KOHTYpE, COCTOSIIINN U3 KOHTypHOU 00MoTKH WK 1 koHneHcaropa C ,
BO3HUKHET JIEKTPOMArHuTHBIE KOJIeOaHUs, TO OHU OyIIyT OBICTPO 3aTyXaTh.

ITprunHO 3aTyXaHMUsI SBJISIETCS CONPOTUBIIEHNE IIPOBOIOB KaTyLIKU U KOHTYpa.

YrtoObl 3TH KOJIeOaHHS UMENH TIOCTOSHHYIO aMIUIUTYAY, T.€. ObLIIN HEe3aTyXarolUMH, B
KoJie0aTeIbHBIN KOHTYP B TaKT C €ro KOoJIeOaHUSMH HYKHO BHOCHUTH JOTOJIHHUTEIbHbIE HOPIIMK YHEPTUH.

JU1st 3TOro NeproANYECKH KpaTKOBPEMEHHO OTrHpaeTcst Tpan3uctop VT u konedaTenbHbIN
KOHTYp NPUCOENNHAETCS K CETH MIOCTOSHHOTO TOKa I.

JInist OTKpBIBAHUS TPAH3UCTOPA HCHOJIB3YETCsl 0OMOTKA MOJIOKUTEIBHO 00paTHOI cBsA3u WII.C.

O6mMoTkH WK 1 WIIL.C. TOJDKHBI B OJIMH pa3 HUIMHAPUYECKH (PEPPUTHOTO CepeUHMKa,

[TosToMy n3Menenue Toka B 00MoTke WK BbI3bIBaeT nosisneHue nepemennoit 3/1C 8 Wi.c.

Korna sta DJIC co3maét Ha 6a3e TpaH3UCTOpa OTPUIATENBHYIO MOJISPHOCTH, TpaHCHOpMATOP
OTIIUPACTCS, B KOJIEOATENbHBIA KOHTYpP BBOJUTCS SHEPIHs, HEOOX0uMast JUTsl MOJACPIKKHA B HEM
3aTyXarIluX KoJIeOaHHH.

[Ton6opom conporusnenuit R1 u R2 co3nator Ha 6aze TV nHanpspkenue, 3anuparomiee
tpanchopmatop npu orcyrcrBun IJIC B oOMoTkax Wir.c. IlocienoBaTensHo ¢

Wii.c. BKItoueHa 0OMOTKA ¢ OTPULIATENBLHOU CBsI3bi0 WO.C.

Wo.c. Wn.c Wk
\ | / Ona ynosxeHa B 1a3 (eppUTHOTO cep/iey-

HUKa (2),pacroyio)KEHHOT0 TaK YTO MEXKIY
HUM U TakKuMxke cepaeyHukom (1)
octaercsi OOJIBIION BO3AYIIHBIN 3a00p.
W3menenne cuiel Toka B WK HaBOIUT

DJ1C B oomoTke Wo.c.
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OobmoTka BrimoyeHa Tak uro ee DJIC nanpasiena Hascrpeuy 3C obmoTku Wn.c. u
3HAYUTEJIBHO MPEBBILIACT €€ [0 BETUUMHE.

310 obOecrieunBaeTcsi OONBIINM YHCIOM BUTKOB 0OMOTKH. B pe3ynbpTare COBMECTHO JeiicTBUS
o0enx 0OMOTOK Ha 6aze TpaHzuctopa VT oTpuLAaTETLHOrO MOTEHIIMAIAa HE BOSHUKAET.

[ToaTOMY TpaH3HCTOp OCTAETCs 3alepThIM U B HEM HE BO3HUKAET HE3aTyXalole KojaeOaHusl.

Ecimu mexny konTaktamMu Wk u Wo.c. BBECTH aTIOMUHUEBBIN SKpaH (3) TO UHIYKTUBHAS CBSI3b
MEX]ly TUMHU KaTyIIKaMu ociiabeBaeT u aercTBue 00MOTKH WO.C. pe3K0 YMEHBIIAeTCsl.

ITpu 5TOM BO3HMKAET reHepaIis He3aTyxaoluX KojaeOaHuii B KoJ1e0aTeIbHOM KOHTYpE, B LIETIH
SMUTOPH-KOJIEKTOPHOTO TpaH3ucropa VT nossisercs myJlbCUpyOui [ MOCTOSIHHOrO HalpaBIICHUs], U
KOJIOBOE PEJI€ BKIHOYAETCS.

[Tpu ynaneHuu aJrOMHHHEBOTO SKpaHa FeHepalrs BHOBb MIPEKPAILACTCs.

YacToTta KoneOaHuil (HECKOJIBKO ThICAY repll) MoA0HpaeTcs napaMeTpamMu Kosie0aTeaIbHOro
KOHTYpa.

Bo3HUKHOBEHME FE€HEPALIUU U €€ CPbIB IPOUCXOUT 3a 3-4 neproja 3Toi yactoTsl. JlaHHas
CXeMa yNpoIIeHHasA, peajbHas cXeMa JOTOIHACTCS IeMEHTaMU, 00eCTIeYUBAOIINE YCTOHUUBYIO paboTy
IpU KOJIEOAHUSAX TEMIIEPATYpPhl OKPYKAIOIIEH cpeibl (THPUCTOPAMU, CTAOMIMTPOHAMH BBIIPSMIISIOT
HanpshKeHHue, KOHJCHCATOpaMH).

I1yreBo¥ nepekIoyaTesb UMEET KOPILYC U3 JIMTOrO KarpoHa. J[aHHbIN ITyTeBOW MEPEKIII0YaTellb
LIEJICBOM, BBIITYCKAIOTCS aHAJIOTUYHBIM MEPEKITI0YATEIIMUA TOPIIEBOTO U KPYTOBOTO MCIIOJHEHHUS.

JIOCTOMHCTBA: - BBICOKAsl Ha/IE)KHOCTh

- JI0JITOBEYHOCTD

- ObICTpOICHCTBHE

-BBICOKAsI YacTOTa CpabaThIBaHUs

Heoocmamku: BbICOKasi CTOUMOCTD ITyTEBBIX IIEpEKIItoUaTeNiell Uil yrpaBieHus: OONbIIMMU
MOILHOCTSIMH.

Konmponwvnwie éonpocwi:
1) Hasnauenue nudpo-aHamoroBoro mnpeoopazoBaress.
2) Hasznauenue aHanoro-uudpoBoro npeodpazoBarters.

I'naBa 8 _
NHINKATOPHBIE YCTPOUCTBA

B cucremax aBTOMaTHMKM 4YacTo TpeOyeTcsi HMHIULIMPOBATH JaHHbBIE, JJIsI 3TOTO
NPUMEHSIOTCS WHAMKATOpHBIe ycTpoiicTBa. Camast mpoctas (opmMa HMHIMKAaTOPHOTO YCTpOMCTBa —
CUTHaJIbHAs jamma. Takke BBIBOJ JAHHBIX OCYILECTBISETCS Ha MHIUKATOPHI CUMBOJBHOTO THIA, T
nzo0pakeHue (GopMupyeTcs Ha CBETALIMX KaToJaxX Tra3opa3psaHON JIaMIbl C IMOMOUIbIO TOYEYHBIX
MaTpull, WIK Ha CETMEHTHOE I0JIe, I/le CUMBOJIBI (POPMUPYIOTCS KOMOMHALMEH CBETSIIUXCS TOUYEK WU
CETMEHTOB.

WHuankaTopHbIe YCTPOCTBA OBIBAIOT pa3IMUHbIX THIIOB:

1. HakaJdbHbIE, IPUMEHIETCS HUTh HaKalla, BKIIOUEHHE KOTOPHIX BbI3bIBAET CBEUCHHUE;

2. ra3opaspsiiHble, IIPUHIMI JEHCTBUS OCHOBAaH HAa CBEYEHUHU T'a3-OM CMECHU IOJ ACHCTBUEM
311.110J151. OCHOBHBIM KOMIIOHEHTOM CMECH SIBIISIETCS HEOH C HEOOIbIIUMU 100aBKaMHU aproHa U KpUNTOHa,
camble PKOHOMUYHBIE UHANKATOPBI.

3. CBeTO-IHOJHBIE, B KOTOPBIX HCIOJB3yeTCs H(PQPEKT BUIUMOIO CBEUYECHHUS NPU MPSIMOM
HepeMeIlieHuN p-n Iepexosia B MoiynpoBoaHukax. Mcnoab3yercs Gochun rammus. [oayunnu mupokoe
pacrpocTpaHeHue u3-3a Majioil P noTp., HeOONbIIMX Pa3MEepOB U BBICOKOM HaJeKHOCTH. M3roToBistoTcs
pa3HbIX pa3MepoB, (OpM U IIBETOB U3ITyUECHUSI.

4. XKUAKOKPHCTAJNIMYECKHe, IPUHLIMII JEHCTBUA KOTOPbIX OCHOBaH Ha W3MEHEHHMH
ONTUYECKUX CBOMCTB B HEKOTOPBIX KUJKOCTAX MOJ AEHCTBUEM IEKTPUUYECKOTO MOJIS.

S. JIIOMHHHCUEHTHBIEe, UCIIOJIb3YIOT MaTepuall JIOMHUHODOP.
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HEOHOBAZA JIAMIIA

U [].,

Unpexp Usosn U

Puc. 8-1

[Tpubop cocToWT W3 [ABYX OJIEKTPOJOB, 3aKIIOYCHHBIX B CTEKISHHBIN OalioH,

HaTNoJIHEHHBI HeoHOM. [IpeacraBnsieT coO0il YCTPOWCTBO TIICIOMIETO pa3psiia, pabOTAIOMIET0 B PEKUME
aAHOMAJILHOTO KaTOJHOTO MAaJeHHs, OTPAaHUYCHHOTO 00s3aTelbHO pe3ucTopoM. s TIeromero paspsia
XapaKTEpHO CBEYEHHUE ra3a OKOJIO KaToJa, HATOMHUHAKUIETO TIEHUE TOPSILIETO YIJIs.

HeonoBasg mamna mpuMeHsieTcsl MU CUTHAIM3ALMM IMPU HAJMYMKA HAIPSDKEHHUS U €ro
U3MCHEHHSIX, a TaKkKe i BO3OYXKIeHHS KoyieOaHUl B TeHepaTopax, HE HMEIOMINX PE30HAHCHOTO
KOHTYypa. PaccMOoTpuM Ha mpUMEPHOM CXeME BKJIKOUYEHHUE JIAMIIBI B TEHEPATOPE.

OTa cxXeMa BKIIOYACT HAKOIMMTEIbHBIN U HeIIMHCHHBIN SJICMCHTEL: B KAUCCTBE
HAKOIIUTEJIBHOTO UCIIOIB3YIOT KOHIEHCATOP, HEJIMHEMHOTO — HEOHOBAS JIaMIla, KOTOpas PEryjaupyeT
KOJIMYECTBO YHEPTUHU OT UCTOUYHHUKA K KOHJIEHCATOPY U OT KOHJIEHCATOPA K Harpy3kKe.

PerynupoBKy MOKHO OCYIIECTBIIAT, TaK KaK JJamMIla 3ar0paceTcs U TacHET IIPU Pa3HbIX
3HAUEHUAX HAIPSDKEHUS], aMIUINTY/1a OIPEEIIETCS Xap-0i HEOHOBOM JIaMIIbl, @ 4aCTOTa CBOMCTBAMU
CXEMBbI ¥ 3HAUCHUSIMU HATPSDKCHUH, IPH KOTOPBIX JIaAMIIA 3aT0PAETCS U TaCHET.

Paccmotrpum BAX: npu onpenesieHHOM 3HaUE€HUU HanpspKeHUs: paBHOM UBO3HUK.
BO3HHMKAET pa3psi/ B JaMIle, IpU KOTOPOM TOK CKauKOM Bo3pacraer. IIpu yBennuyeHun HampspKeHus
YBEJIIMYMUBACTCS IUIOTHOCTh TOKA HA KaTOJE U YCUIIMBAETCA IPKOCTh cBeueHMs. [Ipn yMeHbIeHUN
HaAIpPsDKEHUs, TOK CKaukoM mnazaet a0 0, a HanpsbxeHue 10 3Hauka Unpekpai. paspsiza. Bo Becex
razopaspsaaHbix gamnax UBo3H. Oosbie Unpekp., 3T0 00BSICHIETCS CIEAYIOIINM SBICHUEM: Pa3psij
BO3HHUKAET B JIaMII€ B Ia3e HE HACBHIIICHHOM HOHAMHU, a IIPEKPAIaeTCs pa3psl B HOHUPOBAHHOM rase.

HpI/I noaavuec HalpsOKCHUA KOHACHCATOP 3apsiKacTCAa 10 Upo3nuk. B MOMCHT, KOorjaa
HaNps>KCHUC HAa KOHACHCATOPEC PaBHO UBOBH., B JIaMII€ BO3HHUKAET TJICIOIIUI paspsaa u COMpOTUBJICHUEC
HEOHOBOM JIAMIIBI MOHMKACTCA, CJICAOBATCIIbHO, KOHACHCATOP pa3psAKacTCAa 10 Unperam. pa3psaaa. B
HUTOIC MOJIy4acTCAa MpoueCcC MCAJICHHOTO 3apsaia U 6LICTpOFO paspsdaaa. Ha Harpys3kKe HaIlIpsSZKCHHUEC UMECT
TOXE ICPEMCHHOC 3HAUYCHUC.

TPEXDJIEKTPOJHAA MHIAUKATOPHASA JIAMITA

HMmMeeT aHoa ¥ ABa KaToja: I/IHI[I/IKaTopHHﬁ u BCHOMOF&TGJ’IBHHI‘/’I, PAacCoJIOKCHHBIC BHYTPHU
aHoaa.

‘Iepe3 KynoJ OaJsIoHa CBEUYCHHUE raza BUJIHO TOJIBKO OKOJIO MHAWUKATOPHOT'O KaTOJd, TaK KaK
BCIIOMOTaTeIbHBINA KaTo/I 3aKPBIT aHOJAOM. HHI[HKaTOpHLIﬁ KaTO MOAKJIIFOYCH K MUHYCY UCTOYHHKA
qepe3 pe3ucTop, a BCHOMOTAaTEIbHBINA KaTO HCMOCPCACTBCHHO, €CJIM TOAAEM dHOJHOC HAIIPAKECHUC, TO
CBCUCHUC 6yIIeT TOJIBKO Ha BCIIOMOT'aTCJIIbHOM KAaTOAC, IJIA MMOJIYYCHUA CBCUCHUA Ha UHAUKATOPHOM
Karozae, HCO6XOI[I/IMO nogaTb JOMOJHUTCIBHOC YIIPABIAIOMICC HAITPSKCHUEC HA PE3UCTOP HOJAPHOCTHIO
Takoi K€, KaK 1 HAIIPAKCHUEC aHOJHOC, 4TOOBI HanpsKCHUA CYMMUPOBAJIUCE. Torma HAITPpsPKCHUEC Ha
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HHAUKATOPHOM KaTOAC 6yHeT 0O0JIBIIIC YeM Ha BCIIOMOTaTEIIbHOM KaTtoac, U CBCUCHUC Hepe6pac1>IBaeTcs1
Ha I/IHI[I/IKaTOpHI:IfI KaTroa, COOTBETCTBCHHO €0 BUAHO.

") uk
(o)
R2
O

Puc. 8-2
3HAKOBBIE UH/IUKATOPBI TJEIOHIEI'O PA3PAA

BK

—_———— ———— T
2=
| | ITT T

Hudposoit CerMeHTHBIN YcnoBHO-rpaduueckoe n300paxKeHme
Puc. 8-3

Bbanon 3anonHeH HEOHOM, B IIU(P.MHANKATOPE KATOJI BBIIIOJIHEH U3 IPOBOJIOKH B BUJIE
udp, pacnojgokKeHHbIX ApYT Haa apyrom. ITpu nogaye U Mexly aHOJJOM U OIIPEICICHHBIM KaToI0M
BO3ZHUKAET pa3psiji U COOTBETCTBEHHO BO3HUKAET CBEUYEHUE r'a3a OKOJIO Karoaa. TommuHa JMHUAN
CBEUEHHS COCTABISET 1-2 MM OpaH)KE€BO-KPAaCHOTO 11BeTa. AHO 0OBIYHO BBIIIOJIHEH U3 MTPOBOJIOYHON
CeTKU. B cerMeHTHOM MHIMKATOpe CBEUEHHE 3HaKa MOJIy4aeM C IOMOMIbIO ONPeIEIEHHON KOMOUHAIIMH
CETMEHTOB.

CXEMA BKJ/IIOYEHHUSA UPPOBOI'O UHAUKATOPA

£

Puc. 8-4
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Hcnonb3yercs B CUCTEMax CUTHAJIM3ALUU U CBSA3H, KOHTPOJIbHO-U3MEPUTEIIBHBIX AIIapaToB
(cBeroBoe Tab0, MyABTHI YIPABICHUS TUCTIETYEPCKUX ITYHKTOB, Pa3IMYHbIC AaBTOMATHI).

3HAKOBBIE HAKAJIBHBIE BAKYYMHBIE MH/IUKATOPBI

7\,

g
e

Puc.8-5

B Gamnone ¢ BakyyMOM Ha TEIUIOCTOMKON M30JISIIMOHHON TJIaTe PacloioKeHbI U3
BOJIB(PAMOBOI MPOBOJIOKHU (HUTH HAKaIa) CETMEHTHI W M300paskeHne OykB wiu mudp. Bcee cerMeHTs
umeroT 1 BeiBoA. IloaximtoueHrne K MCTOUHUKY MUTaHUS OTPE/IeIeHHOW KOMOWHAIIMYA CETMEHTOB BBI3BIBACT
n300pakeHue 3HaKa WM OYKBBI JKEJITOTro 1BeTa, pu padoueit Temneparype 1200°C. Cpox ciryxObl
10000 u 6osiee gacos.

NuaukaTopbl HA CBETOAMOAAX

: % v
T >
f 1 f
N = >
S .
N 1 ii 1
i Nl R g T

OCHOBHO# 4acThIO CBETOIN0/1a SIBJISIETCS TMOJ C IUIOCKOCTHBIM (hoTonuoioM. Koraa nuon
BKJIIOYAETCS B MMPSIMOM HalpaBlIEHUH, Yepe3 p-N Mepexo/l MPOTeKaeT TOK U BOSHUKAET U3IIyUCHHE,
KoTopoe (poKycCHpyeTcs MIacTMaccoOBOM JIMH30M. MHOTHE CBETOAMOAbI M3TOTABIMBAIOT U3 apCEHU A
rajuus. [locnenoBaresbHO ¢ AM0IaMU BKIIIOYAIOTCS PE3UCTOPBI, KOTOPhIE OTPaHUYMBAIOT TOK 710 20 MA.
CBeTo1Mo/ bl YyBCTBUTEIbHBI K MOJIAPHOCTH HANIPSKEHUS, TOATOMY aHObI OJCOSAUHSIOTCS K «IUTIOCY»,
a KaToJbl K «MUHYCY» (3emiis1). CBeueHue oOpasyercsi KOMOMHALIME CErMEHTOB.

[Tpumep: Ecnu He0OX0UMO BBICUMTATH NECATUUYHYIO HIUDPY «7» - HEOOXOIUMO, YTOOBI
3aMKHYJIUCh KIIIOYH a, B, c«S» - a, ¢, d, f, g «12» wuT. 1.

Tok TEUET OT «3eMJIN» Yepe3 3aMKHYThII KOHTAKT, OTpaHUYUTEIbHBIN pe3uctop, ceeroanoa, AK
OCTaTOK MUTAHUSI.
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JUist akTHBU3AIMU CBETOAMOAHBIX CETMEHTOB HEOOXOAMM MOTEHIMAI «3eMJIsh (CUTHAJI HU3KOT'O
JIOTUYECKOTO YPOBHS).

HeoOxoauMble CUTHAIBI U1 yIIpaBieHUs! pab0oTON CErMEHTHOTO HHANKATOPa, 00eCIIeUnBaIOTCS
cootBercTByonmmu MC. Takas NUC — HazpIBaeTcss HHIMKATOPOM (OpMHUpOBATENIEM. ITOT
(dopmupoBaTe b 0OBIYHO MOMEIIAETCS B OO KOpITyC ¢ Aem(paTopoMm.

BﬂeKTpOJIlOM HHECHCHTHBIC HHANKATOPbI

DEeKTPOTIOMUHECLIEHTHBIE HHANKATOPHI ITpeIHa3HAUCHBI ISl OTOOPAaXKEHHSI PA3InIHOM
uH(pOpMaIMK B CUCTEMaX KOHTPOJISI U yIpaBiieHus. B HUX Ucnonb3yeTcs sBIeHUE
AJIEKTPOTIOMUHECIICHIIUHY, COCTOSIIEH B TOM, YTO HEKOTOPBIE BEIIECTBA CIIOCOOHBI M3Ty4aTh CBET MO
JeWCTBUEM 3JIEKTPOMArHUTHOTO 1oJs. [1o yeTpoHCTBY OHM IpeACTaBISIIOT COOO0M TIOCKUI KOHAEHCATOP.

1
1 ><
0—7L 1 — cTreknsgHHas MIEHKA;
2 2 — npo3payHas IIEHKA
N (a;mexTpon);
3 3 — cII0#1 TUANIEKTPUKA;
\4 \% \Y% \% Vv \% V o
— — — — 4 — METaJUTMYECKHUI 3JIEKTPOI.
.—_ —_— —_— —_— J—
e - = -
4
Puc.8-7

Ha Meramnuyeckuil 3JIeKTpOL HAHECEH CIION JUAIEKTPUKA, COCTOALLErO U3 OPraHUYE€CKOW CMOJIBI
¢ 100aBJIeHHUEM JTIOMUHECLIEHTHOTO MTOPOIIKA, OCHOBY KOTOPOT'O COCTAaBJISIET CYJIb(UT MU CETICHUT
LMHKA.

JloGaBneHue K TIOMUHO(POPY aKTUBATOPA MO3BOJISIET MOIYy4aTh pa3InyuHble IBeTa (KETHIH,
KpacHBIH, roy0oil, 6emnplit). CBET TIOMHUHECHIEHTHOTO CJI0S1 HAKJIAAbIBAaeTCs Ha MPO3PAUHYIO IIEHKY
(271eKTPONIPOBOSIIYIO U BBIIIOJHEHHYIO CIUIONIHOM). [l cOXpaHEeHUs OT BHEITHUX BO3IEHCTBHM CITy>KUT
CTEKJIIHHAA IJIacTHHA. ECIIN K 2JIEeKTpONpoBOiaM IPUIIOKUTE IEPEMEHHOE HAIIPSHDKEHUE, TO MO
JEMCTBUEM DJIEKTPUUYECKOTO MOJIS B CJIOE JUDJIEKTPUKA BO3HUKAET cBeueHUE. [Ipo3paunblii 351€KTpo
0OBIYHO M3rOTABIIMBACTCS U3 OKCHJA 0JI0BA, 3 METAJUIMUYECKUH 3JIeKTpoa umeeT popmy OykB, 1P,
CErMEHTOB. MeTaJUTMUECKHI IEKTPO]I MOXKET OBITh PACTPOBBIM (COCTOSIIMM U3 psifia MMOJI0C) MU
MaTPUYHBIM (C OOJIBIIMM YHCIIOM TOUEUHBIX JIEMEHTOB).

DNEeKTPOIIOMUHECLIEHTHbIE HHAUKATOPBI OBIBAIOT Pa3IMYHBIX TUIIOB U pa3MEPOB, JAIOT
cBeTsIeecs n300paxkeHue Ha TEMHOM (hoHe U TEMHOE N300paXkeHne — Ha ceTsuieMcs ¢poHe. briBator
OJITHOLIBETHBIE 1 MHOTOLIBETHBIE MHIUKATOPHI. /{11 n300pakeHus iudp UCHONIb3YIOTCS MHIUKATOPHI C
CEMBIO U JIEBATHIO CETMEHTaMHU. J[J1s1 X MUTaHUS IPUMEHSIETCS IEPEMEHHOE CHHYCOUJAIbHOE
Hanpspkenue 2208, yactoroit oT 400 1o 1200 ['u. DAeKTpOoIIOMUHECIICHTHBIE HHIUKATOPHI 0(DOPMIISIOTCS
B IIJIACTMACCOBBIE KOpIyca. JInHeliHble pa3Mepbl BBICBEUMBAEMBIX JIEMEHTOB COCTABIISIET OT EAUHMIL 10
JECATKOB MIJIJIMMETPOB U COOTBETCTBEHHO NMPUMEHSETCS TOK OT JECATHIX J0JIel MA 10 AECATKOB MA.
Pabouas temneparypa — ot munyc 40°C no mtoc 50°C. Cpox ciryObl paBeH JecsTKaM ThICSY YacoB.

JlocTonHCTBa: Masiasi noTpediseMast MOIHOCTh IPU BBICOKOW SIPKOCTH CBEUECHHUS; BEICOKAs
MEXaHHUYEeCKasi MPOYHOCTh; OOJIBIION CPOK CIY>KOBI; IUIOCKAsk KOHCTPYKIIHS.

Henocratok — Kak U y MHOTUX IPYTUX THIIOB MHAWKATOPOB, HEOOXOAUMOCTh IPUMEHEHUS
JIOBOJIBHO CJIOJKHBIX CUCTEM YIIPaBJICHHUS.
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)I(I/IIIKOKPI/ICTEIJIJII/I‘ICCKI/IG HHINKATOPLI

KukokpucTaminueckue HHAMKATOPbl OCHOBAHbI HAa UCIIOJb30BaHNUH )KMJIKUX KPUCTAJUIOB,
MPECTABISAIOMNUM COO0H HEKOTOPBIE OPraHUYECKUE KUAKOCTH C YIOPSI0UEHHBIM PACHIOI0KEHUEM
MOJIEKYIL.

Kukne kpucTamibl Ipo3padHbl 7S CBETOBBIX YUY€, HO O] IEHCTBUEM DIEKTPUYECKOIO TOKA
CTPYKTypa MX HapylIaeTcsi, MOJIEKYJIbI paclojaratoTcs 0ecropsa0yHo, U KHUIKOCTh CTAHOBUTCS HE
IIPO3PavYHOMN.

OHU MOTYT UMETh Pa3/INYHbIE KOHCTPYKIIUH.

S N W N
N \a Ms BN
\ [\ [ [ I
5
~ 1,3 — CTEK/ISHHBIC IIJIACTUHEIL,
2 — noJMMEpHas CMOJIa;
2 4 — snekTpon;

5 — KpucTauimueckas >KMIKOCTb;
A, b, B — npo3pauHbie cerMeHTbI
3 ANEKTPO/Ia.

N A

b

Mexnay n1ByMs CTEKIISHHBIMU IUIACTUHAMMU ITIOMELIACTCS )KUAKUN KpucTtaul. Ha HrKHIOO
CTEKJITHHYIO TUIACTUHY HAaHOCUTCSI TOKOTIPOBOISIIMM CI0H 3epKaibHBIM OTOOpaKEHUEM. DIEKTPOIbI
BBITIIOJIHEHBI B BUJIE CETMEHTOB.

Ecnu mexny 351eKTpojaMu HET HaIPsKEHUs, TO CBETOBBIE JIyYH IPOXOAAT Yepe3 IPO3PAYHYIO
KHUJIKOKPHCTAITUYECKYIO IIACTUHY, U U300pakKeHUsS HET Ha CBETJIOM (poHe.

Ecnu nopate HanpspKEHUE MEKY JIEKTPOIaMHU, HAIPUMEP CETMEHT A, TO MOA IEHCTBUEM
IIEKTPUYECKOTO IOJISI IO CErMEHTOM A KpHUCTaInYecKasl )KUJIKOCTh TEPSET MPO3PAUYHOCTh U CBETOBBIE
Jy4H HE MPOXOJIAT JI0 3epKAIbHOM MOBEPXHOCTHU U MOJIydaeM TEMHOE H300pakeHHe Ha CBETIIOM (poHe.

Kuaxokpucramuimyeckue UHANKATOPbl SKOHOMUYHBI. TOK, MOTpeOsieMblil U1 0THOTO CUMBOJIA
HE IPEBBIIIAET OJHOTO MA, JIOJITOBEYHOCTh COCTABIISET AECATKU THICSY YacoB.

JlocTonHCTBa: Manas norpediseMasi MOIIHOCTh; KOMIAKTHOCTh; MEXaHUYECKasi IPOYHOCTH;
IIPOCTOTA KOHCTPYKIUU; JOJITOBEYHOCTD.

Henocratku: HU3K0€ OBICTPOACHCTBHE, T. K. IEPEXO0/1 MOJIEKYIT U3 YIIOPAJOUYECHHOTO COCTOSHUS B
OecnopsI0uHOE U HA0OOPOT COCTABIISET JI0 ABYXCOT MUKPOCEKYH/. [l ynmpaBiaeHHs Hy>KHBI CII0>KHbIE
UHTErPAJILHBIE CXEMBI.

Puc.8-8

Konmponvnwvie éonpocwi:
1) Ha3nauenue y3na mamsTH.
2) Ha3nauenue y3ma CKOpPOCTEil.

I'naBa 9

DJIeKTPOHHbIE KOMMYTATOPbBI
YcTpoiicTBa, BHIOJIHEHHBIE HA OCHOBE BAKyYMHBIX Ta30pa3psaHbIX MPUOOPOB,
o0ecrnevnBaroIne Mo CPeACTBaM BKIIFOUEHUS BBITIOTHIETCS BBIOOP TpeOyeMOil BBIXOAHOW e U
COeTMHEHHOM ¢ Hell BXoaHOH. OHU He pa3phIBAIOT SJEKTPUUECKOM e , YTO MOBBIIIACT UX HAJIC)KHOCTh U
OBICTpOJCICTBHE.
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JlocTonHCTBA:
v O0bvenuHenne GyHKIMNA KOMMYTAIIUU U 3aIIUTHI, TaK KaK KITIOY 3allUIIEH OT
NEeperpy3o0K TOKa U pasMCIICH B Ha4YaJi€ JIMHNUU, CaM CTaAaHOBUWJICA CPCACTBOM eé 3alllUTHI.
BO3MO>KHOCTB JIBYXCTOPOHHEH CBSA3H ¢ IU(PPOBBIMU CUCTEMAMU KOHTPOJIS U

yIpaBJIEHUS.
v BO3MO>KHOCTb IJTABHOTO BKJIIOUEHUS, OTKIIOUEHHSI ITyTeM (pOpMUPOBAHUS MEPEXOTHBIX
TOKOB.
v BO3MOYHOCTb OTKJIFOUEHHS TOKA ITPU KOPOTKOM 3aMbIKaHUH, a TAKKE IIPU aBaApUIHBIX
CUTYaLUsX.

v CUTHAJIM3ALIUS O COCTOSIHUY LITNHBI.

v BO3MO’KHOCTh YMEHBILICHHUS MacChI.

I. DNEKTPOIYy4EBOM KOMMYTATOP.

2. CxeMHBbI€ JJOTHYECKHE (Ha JIEKTpoJIaMIiax, ra30pa3psaaHbIX U nin mpubopos).
3. KommyTaTop aHanoroBbsIX CUTHAJIOB.

DJIEKTPOJIy4eBOH KOMMYTATOP

[TpencraBnser co0o0il 31eKTPOIydeBOil IPHUOOP, KOTOPBINA CITYXKUT JUIsl O€3UHEPIIUOHHOTO
NEePeKITIOUeHUs CTab0TOYHBIX SICKTPUUYECKUX LIeTIeH, 1eHiCTBHE TAKOro KOMMYTAaTOpa OCHOBAHO Ha
YIIPABJICHUH TOJIOKEHUH JIEKTPHUECKOTO JTyda, KOTOPBIA B 3aJaHHO MTOCIE10BaTEIbHOCTH
HaIMpaBJIsIeTCs YIEKTPUUECKUM HIJIM MarHUTHBIM OJIEM Ha U30JMPOBAHHBIE HJIEKTPOIbI, MOAKIIOYEHHBIE K
BHEIIHMM IIETISIM U TIPH 3TOM BHEIIHUMH CUTHAJIAMU MOXET YIPaBIIATh TOKU AJIEKTPUYECKOro JIyya.

Henocratku: CoXKHOCTh KOHCTPYKIIUH, BBICOKAst CTOUMOCTB, MaJIblii CPOK CITY>KOBI.

CxeMHble KOMMYTaTOpPbI U3TOTABIUBAIOTCS Ha OUNOISApHBIX, oaeBbix 1 M/III Tpan3ucTopax,
TPaH3UCTOPHBIE KIIIOYH, BHITIOJHEHHBIE HA OUTOJISIPHBIX TPAH3UCTOPaX UMEIOT HEI0CTATOK HA OTKPBITHIX
TpaH3ucropax. Jist yiajeHus 3Toro HeJJ0CTaTKa B CTPYKTYPY TaKUX KIFOYEH MPECTaBIISIOT J1Ba
BCTPEYHO BKJIIOUEHHBIX TpaH3ucTopa (puc. 9-1).

Upx P . /‘_“‘\\UBH:-:

NI

Uynp

Puc. 9-1

1. Uymnp nonaercs Ha 6a3aBO-KOJUIEKTOPHBIE TIEPEXO/IbI.
2. 3TOT TUI TPAH3UCTOPHOTO KJIIOUYA YALIE BCETO MCIIOJIb3YETCs KaK nepekntodarens Toka M/
C MHIYIIUPOBAHHBIM KaHAJIOM p-THma (puc. 9-2).

1:‘+Un
}

Uynp RH

Puc. 9-2
106



IMepexirouyaresb TOKA. Takoil kackaz (puc. 9-3) npeqHA3HAYCH JUTS IEPEKIIOYECHHS TOKA U3
OJIHOU
1enu B Apyryro. Cxema nepekiroyaresis COCTOUT U3 ABYX UJIEHTUYHBIX YCUIIUTENEH Ha
tpansuctopax VT1 u VT2, cBsa3ansbix smuTTepamu. 11pu n3MeHeHnn HanpsHkeHUs Usx TOK 13 B
SMUTTEPHOMN LIeNN NepeKItoyaeTcs u3 nenu tpansucropa VT'1 B nens tpansuctopa VI2 wm
- HaoOopoT. Ha 6a3y VT2 nogaercst crabuibHOE ONOPHOE
Hanpspbkenue Uon. Hanpsokenue U Ha smutTTepax
NpUOIM3UTENHHO MOBTOPSIET OOJIbIIIEE U3 ABYX
HanpsbkeHu: Uon U ugy . 1Ipu uzx = Uon Toku u
HaIPsHKEHUS B IUIEYaX CXEMbl COOTBETCTBEHHO
OJIMHAKOBEL: Ik = ko =~ 0,5/9; ux1 = uio = Ex -
-0,5I3R «, U>s = Uomn-eg, T11E €, (AeCAThIE 10JI1 BOJIBT) —
HanpsbkeHue Us,, Ha OTKPBITOM 3MUTTEPHOM IIEPEXOLE.
IIpeanonoxkum, uro UBX HAYMHAET BO3pACTaTh OT
3Hauenus Usx = Uomn. IIpu stom Hanpspokenue Us Toxe
yBenuuMBaeTcs, a Tak kak Ug, = Uoa = const, To «b32
YMEHBIIAETCS, T. €. TpaH3ucrtop VT2 HaunHaeT
3anupatbcesl. Eciny cauTarh, 4TO OH 3ampeTcs npu My, = O,
TO 3TO0 IIpousonaer, korga M= Uom, 1. . npu UBx = Uon
+ €,. [locne 3anupanus tpanzucropa VT2 Tok /3
MEPEKIIIOUNTCS B 1Ienb TpaH3ucropa VT1.
Ecin UBX HauMHAaeT yMEHBIIATHCS OT YPOBHS
Uon, To HanpsbkeHne Upy| TOKE YyMEHBIIAETCS, TaK Kak

Puc.9-3

MOTEHIMAJ SMUTTEPOB t/3 3a1aeTcst 00IbIINM ceifyac cTabmIbHbIM HanpsbkenneMm Uon (U3 =
Uon — eg). Korna ut okaxercs paBHbM U, T. €. ipu UBx = Uon— e, Tpansuctop VT1 3ampertcs u Bech
HSMUTTEPHBIN TOK MEPEKIIOYUTCS B 1IEeTIb TpaH3ucTopa V12, 3aMeTuM, 4To Mocie U3MEHEHUS Uyy
TPaH3UCTOPHI B MPOLIECCE NMEPEKITIOYSHHUS YIIPABISAIOTCS CO CTOPOHBI 3MUTTEPOB, T. €. pab0TaIOT KaK
Kackapl ¢ 0011ei 6a30ii.

DJeMEeHThI CXeMBbI ITePEKII0YaTelisl BEIOPAaHbl C TAKUM PacyeToOM, YTOObI HCKIIOUUTh HACHIILIEHUE
TpaH3ucTopoB. OHAKO B JAaHHOM CIIy4ae KOJIJIEKTOPHbIE TOKH TPAH3UCTOPOB OKA3bIBAIOTCS B AKTUBHOM
peKUME JI0CTaTOYHO CTaOMIBHBIMHU.

3710 00BACHSIETCS CTAOMIBHOCTBIO TOKA SMUTTEPOB (/3 = Us/R3 = Uon /R»3), ¢ KoTOpEIM
KOJIJIEKTOPHBIN TOK Ka)KJI0T'0 TPAH3UCTOPa CBsA3aH Kod(dumenrom o (fx = o /3); 3Ha4YSHUsI HOCIIETHETO
KOJIEOTIOTCS HE3HAYUTEIHHO (B ACCATKH pa3 MEHbIIIE, 4eM Kod(hduLueHT B B cxeme ¢ 001mm
AMHUTTEPOM).

Tak kak TpaH3UCTOPBI pabOTAIOT IO cXeMe ¢ 001Iel 0a30i, UX OCTOSHHASI BPEMEHH T, Tp, U3-3a
OTCYTCTBUSI HACBIILICHUS UCKIIIOUAETCS 3aJiepKKa BKIIOUSHUs TpaH3ucTopa. B pesynbrare ObicT-
poJeiicTBHE MepeKitoyaTesst TOKa OKa3bIBAeTCsl 3HAUUTENIBHO BBIIIE, YEM Y KIII0Ua ¢ OOLIMM SMHUTTEPOM.

KOMMYTaTOpLI <<C n BX0/10B HA OJJUH BLIXO0/1>>

Kommyratop (puc.9-4) naét BO3MOKHOCTb MOJKIIOYATh KaHA! Y K pa3HbIM UCTOUYHUKAM
unpopmanuu (D1,D2,D3).Bei6op nprcoennHIeMOro HICTOYHUKA (BX0/1a KOMMYTaTOpa) OCYIECTBISIETCS
CUTHAJIOM Ha ajfipecHoM Bxoje. MHbopmanus Oyaer moctynarh u3 Toro kanana D, Ha snemeHT U
KOTOPOro MOJAETCs pa3pelieHue B BUJE JIOrMUeckoi 1 ¢ oiHOro u3 agpecHsix Bxon0oB Al,A2,A3.
PaccmoTpeHHbIi KOMMYTaTOp BBINOJIHEH HA OTHOM MUKPOCXEME, COJIepKallleil B KOPITyce TPH 3JIE€MEHTa
W, BBIXOJBI KOTOPBIX COEAUHEHBI ¢ BXOAaMU diiemenTa MJIN.

3amavy, aHaJIOTUYHO TOM, KOTOPYIO perraer KoMMyTaTop (puc.9-4.), BEIIOTHSIET
MYJAbTHNJEKCOP- KOMMYTaTop, B KOTOPOM BBIOOD BX0J1a MO €ro HoMmepy (aapecy)
OCYUIECTBJISIETCS JBOUYHBIM KOJIOM.

Ha puc.9-5. npuBeneHa GpyHKIIMOHAIBHAS cCXeMa MyIbTUIIIeKcopa. Tak ke kak cxema puc.9-4,
OH COJEPXKHUT
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|

Puc. 9-4

A3| A7) &
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Puc. 9-5

KOHBIOHKTOPBI, K KOTOPBIM MOAXOAT UH(DOPMAITMOHHBIE TUHUH D ¥ TU3BIOHKTOP, KaXkKIbIi
BxoJ D noakitogaercs K BBIXOy Y 4epe3 COOTBETCTBYIOIIMN KOHBIOHKTOP. OJTHAKO B JaHHOM CiIydae
KOMMYTallUsl OCYIIECTBIIAETCS IPU HAJMUUU HAa KOHBIOHKTOPE TPEX pa3pelIatoNX JIOTHUECKUX €IUHULL
(c Tpéx agpecHbix Bxoa0B ) Al,A2,A3. Takum 00pazom, OCHOBY MYJIbTUILIEKCOPA COCTABIISIET
naemudpaTop, y KOTOPOro JOMOJHUTEIbHBIM BXOJJOM KaX/I0T0 KOHBIOHKTOPA SIBISIETCS
MH(GOPMAIIMOHHBIN BXO/I.

o
i Mux

D?
L3
D4
D5
Dé
D1

| AO]
Al
Al

—QV

1ilritld

g
—

Puc. 9-6
IMOOKJIIFOUECHUEC K

B cootBercTBHY € 3TUM cocTaBiieHa cxema (puc.9-5).JlaHHbli
MYJIBTHILIEKCOP UMeeT BoceMb uHpopMannoHubix (D0-D7) u tpu
aapecHbix (A1-A3) Bxona. Ha anpecHbie BXOIbI MOCTYIAET
TPEXAIEMEHTHBIN IU(PPOBON KO/, MOJTHOE YUCIO KOMOUHAIMA KOTOPOTO
paBHO 23, T.e. BoCbMU. ECcTECTBEHHO 0JI0KUTH, 4TO KO 111 moimken
obecrnieunTh coequHeHne Bhixoaa Y ¢ Bxojgom D7 (111=7), kox 110- ¢
BxosoM D6 (110=6) u 1.14., kox 000- ¢ Bxomom DO.

Kak u B gemmdpatope, a1 pa30I0KUpOBaHHUS KOHBIOHKTOPA €ro
BXO/Ibl HAJI0 COEIMHUTD HEMOCPEICTBEHHO C TEMH aJIPECHBIMU BXOJaMH,
Ha KOTOPBIX MPU JAHHOM KOJI€ IPUCYTCTBYIOT €UHUIIBL, U YEPE3
MHBEPTOPHI - C TEMU BXOJaMH, Ha KOTOPBIX Haxonarcs. Tak, Hanpumep,
Ha BTOPOM cBepXy (Ha pUC.9-5.) KOHBIOHKTOP HETIOCPEICTBEHHO
IIOCTYIaeT CUrHall ¢ BxoAa Al u uepe3 uHBEpTOPHI- € BXO0B A3 1 A2,
4TO IIPU KOJE ajpeca

001 oGecrieunT Ha 3TOM KOHBIOHKTOpE TPH JOrMuecKue 1, T.e.

BBIXOJly MYJIbTUIUIEKcOpa Bxoaa D1. Bxozsl HIbKHEro (puc.9-5.) KOHbIOHKTOpa

Kad adpeco xaroro

Puc. 9-7

COEJIMHEHBI C aIpECHBIMU BXOJaMH HETIOCPEICTBEHHO, YTO IIPU KOJE
anpeca 111 obecrieynT MOAKIIOYEHUE K BBIXOAY MYJIBTUILIEKCOPA
uHpOopMaMOHHOTo BXoa D7.

Kpome npsimoro Ha3HaueHUsI MyJIbTUILUIEKCOP MOXKET
UCIIOJIb30BATHCS VISl MpeoOpa3oBaHus NapallIeIbHOTO KOJIa Ha BXOJax
DO -D7 B nocienoBarenbHbIi KOO Ha BeIXoae. Jlig 3Toro Ko Ha
aZIpECHBIX BXOAAX JIOJKEH HUKINYECKH U3MEHATHCS, IPUHUMAsI BCE
IIOCJIEZIOBATEIbHBIC 3HAUEHHS. Takoe U3MEHEHUE KOJIa MOXKHO
o0ecneynThb, IPUCOEIMHUB K aIPECHBIM BX0JIaM BBIXOJIbl CUETUHKA,
MIOCJIEZIOBATEIBHO N3MEHSIOIErO CBOE COCTOSIHUE MO AEHCTBUEM
MMITYJIbCOB T€HEpaTopa.

Humezpanvuvie mukpocxemvl myromuniexkcopos. Hama
IIPOMBIIIJIEHHOCTD BBIITYCKAET HECKOJIBKO TUIIOB MUKPOCXEMHBIX
MyJabTHILIEKCOpoB. Ha prc.9-6 nmokazaHo ycioBHOE H300pakeHHe
MyJbTUILIEKCOpa (MUKpocxeMa cepun K155), numeromero socemp
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Puc.9-8

MH(pOPMAIIMOHHBIX BXO/I0B, TPH apeCHBIX BX0Ja /Ui Kojaa ¢ Becamu 4,2,1, BXo1 paspeuieHus V
Y JIBa BBIXOJ1a: MPSIMOM U MHBEPCHBIN.
[Tpu nHanuunu Ha BXoje V Joruueckoi 1 MynbTUIIIEKCOp OIOKUPYETCS: Ha MPSIMOM BBIXOJIE
ycTaHaBJIMBaeTCs Jorudeckuii 0 BHE 3aBUCUMOCTHU OT MOTEHIMAIOB Ha MH(POPMALIMOHHBIX BXOJAX.
Hanuune BXxo/a pa3pelieHus mo3BoseT YBEIUIUBATD YHCI0 KOMMYTHPYEMBIX HH()OPMAITHOHHBIX
BX0J10B. Ha puc.9-7 n306paxkxeH coCTaBHON MYJIbTUILIEKCOP, MO3BOJIIONINI COSTUHSITH C BBIXOI0M
KaKIpli 13 16 kananos. [[s aToro crapmuii pa3psaa aipecHoro koaa (st kKomMmyranuu 16 BXo10B OH
JOJKEH OBITh YEThIPEXPa3PSAHBIM) MOACTCSA HA BXObI V HENOCPEACTBEHHO (MynbTHILIEKCOp D1) 1
yepe3 uaBeptop (mynbruriexcop D2). Koasl mepBbix BockMu aapecos (ot 0000 qo 0111) moruueckum 0 B
YEeTBEPTOM paspsiziec uepe3 HHBEPTOP OJOKUPYIOT D2 U OCYIIECTBISIOT KOMMYTAIIMIO MIEPBBIX BOCBMH
kananoB. Kojel, umeromniue B uetBeproM paszpsne 1 (ot 1000 go 1111), 6rnokupyrot D1 u ocyiiecTBisroT
KOMMYTAIIUIO KaHAJIOB OT 8-ro 710 15-ro. Ha 06muii Beixox Y COCTaBHOTO MYNIbTHILIEKCOPa U(POBHIS
CUTHAJIBI JOJDKHBI ocTynaTh ¢ Bbixona DI (Y1) mnum ¢ Beixoga D2 (Y2):Y— Y 1+ Y2- [Ipeobpa3ys 310
BbIpaXeHHe 1o Teopeme ae Moprana, noiyunm Y = Y1 + Y2 = Y1Y2.Coenunenns BbIXOA0B Ha puc. 9-7
COOTBETCTBYIOT 3TOMY BBIpaKE€HUIO. Paciinpenue pa3psaHoCTH MyJIbTUIUIEKCOPOB B 00IIEM cliydae
WJLTIOCTPUPYET pHC. 9-8. 311€Ch «MYJIBTUIIIIEKCOPHOE IEPEBO» COAEPKUT UETHIPE YETHIPEXBXOIOBBIX
myapTuIuiekcopa MUX1—MUX4 ¢ 3anapanneneHHbiMu agpecHbiMU Bxogamu AO, AJ, KOTOpeIMH
OJIHOBPEMEHHO BBIOMPAETCS OJIUH U3 XOJI0B BCEX YETHIPEX 3JIEMEHTOB, a MynbTuIuiekcop MUXS komom
Ha aJpecHbIX Bxoaax A2, A3 BeiOupaet oauH u3 BeIxo 0B YO — Y3. Takum o6pazom
YeThIpeXpa3psiHbIi Ko Ha Bxoaax AO— A3 coelMHSIET ¢ BBIXOJIOM TOJIbKO OAuH U3 16 BxonoB (16 = 24)
DO—DI5.

KOMMyTaTOPLI «C OJHOI'0 BXO0J1a HA N BbLIX0A0B»
Ha puc. 9-9 nzo6paxkeHa cxema KOMMYTaTOpa, O3BOJISIONIETO MOAKIIOYUTh UCTOUHUK
udposoit nHpopmanuu D k pasnsim kananam (Y1, Y2, Y3).

H:;’ 7 Lt Bb160p BBIXOTHOTO KaHaIa OCYIIECTBIISIETCS JTIOTHYecKoi 1 ¢
,%"g’-v 1 [ ———m ‘: i; OJIHOTO U3 aJpeCHBIX BX0A0B Al-A3, akTUBU3HUpYIOLIEN
—t b 2: , COOTBVeTCTByromHﬁ KOHBIOHKTOP.. KomMyTaTop BBINOJIHEH HA
s—aul 3 —il 33 OJIHOM MMKPOCXEME, COJIEPKALIEN B OJTHOM KOPITYCE HECKOJIBKO
P anemMeHToB M.
01D ey 3 . .
14548 Ha puc. 9-9 noxa3zan o0uuii ciayyailt HapaluBaHus
) rg pa3psAAHOCTH IEMYJIBTUILIEKCOPOB. B oTianuune ot cxemsl,
L d - Il peanu3yrolei HapaluBaHue pa3psIHOCTH JeuppaTopoB, B
{ | . cxeme puc. 9-9 na unpopmannonssiii Bxoq D DMX1 noctynaror
D iomriolr norudeckue 1 u 0, B TO BpeMs Kak Ha COOTBETCTBYIOLIUI BXO
o ;_'_;z paspemienuss V DC1 nocTtosiHHO NOJaéTcsi MOTEHIMAN JIOTHYECKOU
A3 il sls 1. KozoMm Ha agpecHbIX BXogax
F174

Puc.9-9
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Al, A0 BeiOupaercst ouH U3 Bbixo 0B DMX1, ¢ KOTOpBIM coeanHsAeTcsl HH(OPMAIIHOHHBIN
BXOJI, a KoJIoM Ha A2, A3-01HOBpEMEHHO BBIOMPAIOTCS YEThIPE OJJHOUMEHHBIX BBIXOIA BCEX YETHIPEX
nemynbTuIiecopoB DMX2-DMXS.
B pesynbrate kogom A0-A3 BbIOMpaeTcs ouH U3 16 BBIXOJI0B, KOTOPBII OKa3bIBACTCS
COEMHEHHBIM ¢ HH(OPMAITMOHHBIM BX0J10M D.
COBOKYIHOCTb MYJABTHILIEKCOP - AEMYJIbTHILICKCOP MO3BOJIIET CKOMMYTHPOBATh JIFO00H BXO
MYJBTUIIIEKCOPA € JTIOOBIM BBIXOJOM JAEMYJIbTUILIIEKCOPA.
AHAJIOTOBBIH KOMMYTATOP ¢ HU(PPOBBIM yHpaBJIeHHUEM
Hepenko B ycTpolicTBax UMEETCSl HECKOJIBKO HCTOUHUKOB aHAJIOTOBBIX CUTHAJIOB, KKl U3
KOTOPBIX JIOJDKEH ObITh COOTBETCTBYIOIIMM 00pa3zoM oOpaboraH. YToObl 00pabOTKy CUTHANIOB
(U1 PKOHOMHH alnapaTHBIX CPEACTB) MOXKHO OBLIO IPOU3BOIUTH MOCIIEI0BATEIBHO,
HCII0JIb3YIOT aHAJIOTOBBIE KOMMYTATOPBI.
AHaOroBblii KOMMYTaTOP COJEPKUT PsIII KIIOUEH, Ha BXOJ KaX/I0TO U3 KOTOPBIX JIEHCTBYET
HanpspKeHHe UCTOUHUKa curHana. [logoOHas cTpykrypa n3o0paxena Ha puc. 2.26. YpapieHHe KI04aMu
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Puc. 9-10
MIPOM3BOIUTCS C BBIXOJOB Jemn(paTtopa, Ha ero BX0O MocTymnaeTr nudposoit kox (puc. 9-10, a).
YcnoBHOE M300pakeHre aHaJI0roBOro KOMMyTaTopa npuBeeHo Ha puc. 9-10, 6.
Jlna komMyTanuu Ha Beixoa iuHuK DO Ha agpecHbIX Bxogax ycraHaBiaubaror kog A0=0, A1=0,
A2=0, nna ananoruuHoro coeguHenus auHun D1-koq AO=1, A1=0, A2=0 u 1. 1. {15 nepuoiuyeckoro
ONpoCa UCTOYHUKOB CUTHAJIOB aJIPECHBIE BXObl KOMMYTATOpa MOJKIIOYAIOT K BBIXO/1aM CUETUYMKA, HA
KOTOPBIX HUKINYECKH U3MEHSETCS KOJ| IIPU NOCTYIUIEHUH BXOHBIX UMITYJIbCOB.

Konmponvuwie eéonpocoi:
1) Ha3snaueHue MarHUTHBIX MOJIYJSITOPOB.
2) Pa3HOBUIHOCTH MAarHUTHBIX MOJYJSTOPOB.
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I'maBa 10
IIpeoOpa3oBaTean

B cucreme aBTOMaTH4eckoro ympasieHHUs, IJe UCIONb3yloTcss D9BM Heo0X0oauMoO MpUMEHSTH
peoOpa3oBaTeIy aHAJIOTOBOM BETMYMHBI B IIM(PPOBOI KO M HAOOOPOT.

Hcnonnaure-
JTBHBIN »  OOBeKT » Jlatumk
AJIEMEHT
A
y
LAII < OBM < AT
Puc. 10-1

OBM BbIpabatbiBaeTcs U(PPOBONH KO M MOCTYHNAeT Ha LM(POAHAIOrOBHIN MpeoOpazoBareb,
rae npeoOpaszytorest 3HaueHuss U WM mepeMelieHue yriia moBopoTa M T. A. AHAJIOroBas BeTMYMHA
MOCTYIAET Ha MCIIOJHUTENIBHBINA 3JIEMEHT U OH YIPABJISIET peabHbIM 00bEKTOM. AHAIOTr0Basi BEJITHUUMHA C
BBIXOJIHOTO 00BEKTa MOCTYMaeT Ha JaTUMK I/Ie MpeoO0pa3oBaTesb HANPSIKEHUS U MOCTYMAeT B aHAJIOT B
udpoBoii mpeoOpazoBatenp. [lonyueHHoe HampspkeHHe (HOPMUPYETCS B TBOMYHBIA KOJ M OTIPABISETCS
Ha OBM. [Ipunuun npeobpazoBanus U B TBOMUHBIN KO
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JlaTaukoM BbIpa0aThIBalOTCA omnpeAenéHHble 3HaueHWss Ux Bech JMana3oH BO3MOMHBIX
3HAYCHUU HANPSDKEHUsS JEMUTCS Ha YpPOBHH. PacTymux Mexay ypoBHSIMU Oepércsi OIMHAKOBBIM U
Ha3bIBACTCSl IIAarOM KBAaHTOBAHUS KaXXJIOMY YPOBHIO COOTBETCTBYIOIIEMY JIBOMYHOMY KOAYy, T. €.
COCTaBJIsIEM TaOIUIly HCTUHHOCTH.

Yucno ypoBHeid Oepércst Kak 21, Te I- pa3psaHocTh Koja. B onpenenéHHbI MOMEHT BpeMEHU
Ha3bIBAIOTCS ONPOCaMH (PUKCUPYET MTHOBEHHO 3HAYCHME HANPSHKCHUS M OTPENEeNsieT COOTBETCTBYIOUIMN
3TOMY HAIpPsDKEHUIO NBOMYHBIM koja. Takum oOpas3om, mpeoOpazoBarenb (GopMUpyeT U mepenaét Koabl
TEXHUYECKUX YpaBHEHUI uiau Hambosee O6mau3kue Kk HeMy Ul B MOMEHTHI OIpoca, 4yeM OoJibllie ypOBHEH
TEM MEHBbIIE [Iar KBAHTOBAHUS U TeM TOYHee MpeoOpa3oBaHue CUTHAJIa CHUMAEeMOTO C IaTYHKA.

Iudpo-anajaorosblii npeodpa3oBareib

Oto nemwudparop npeodpazyronuil uGpoBy0 HHPOPMAIUIO B aHAITIOTOBBIN BRIXOTHON CUTHAI

AHaJOTOBBIN BBIXOJHOM CHTHA M.0. HaNpsDKEHHE, HEMPEPBIBHO N3MEHSIOIIUMCS BHYTPH
WHTEpBaJa

0:3 B.

KOTOPBIA COCTOUT U3 JABYX OJIOKOB: - TPYIIIBI PE3UCTOPOB, 00PA3YIOIINX MTHOBEHHYIO
PE3UCTOPHYIO CXEMY JIECTHUYHOTO THIIA, U onepanruoHHOro yeunuTensi(OY), UCIoIb3yeMoTo B Ka4ecTBe
CYMMUPYIOIIET0 YCUITUTEIIS.

8 4 21
O CBA

Pesucropnas CyMMUPOBaHHEI
cxema
I yCUIIUTEND

Puc. 10-3 - Cxema LIAII 0-3B

Ha3nauenue pe3aucTUBHOM CXeMbI — y4eT BECOBOTO KO3 duIienHTa 11t Hu(POBBIX CUTHAJIOB

Ha Bxomax ITAII:

Bec 1 na Bxone B B 2 paza 6ousbiie Bec 1 Ha Bxone A

Bec 1 na Bxone C B 4 paza 6ombiie Bec | Ha Bxoae A U T. 1.

JUist 3TOH 11eIM MOYKHO MCIIOJIb30BaTh HECKOJIBKO PA3JIMUHBIX CIIOCOO0OB

CoenuHeHUs1 pe3UCTOPOB.

Takue pe3suCTUBHBIE CXEMbl Ha3bIBAIOTCS MHOTO3BEHHBIMHU PE3UCTHUBHBIMH CXEMaMH

JlectHuuHOrO THUNA (PE3UCTUBHBIMU MATPULIAMH)

CyMMUPYIOIIHH YCUIIUTENb B CXEME YCHIIMBACT MOCTYIAOIIEe Ha €T0 BXOJI CUTHAJIBI(C BBIX0/1A
PE3UCTUBHOM CXEMBI) JI0 YPOBHSI COOTBETCTBYIOIIETO 3HAYCHUSMHU BBIXOTHOTO HAIIPSKEHUSI COTIIACHO
TabIUIe UCTUHHOCTHU +

B kauecTBe cymMmmapHOTro ycuiutens 00bIYHO Ucnoib3yercs aHanorosas MC, Ha3-Bas
OTIEPALIMOHHBIM YCHUIIUTENEM (MacITaOUPyEeMBbIM )
BBIXO/THBIM CUTHAJIOM SIBJISICTCS HANPSKEHNUE CYUTHIBAEMOE C BOJIBTMETpA.

OVY- ycunurenu crenuaibHOTO TUIIA XapaKTEPU3YIOTCS COMPOTUBICHUE HU3KUM BBIXOIHBIM
COIPOTHUBIIEHUEM U3MEHSIOIIMMCS B IIMPOKUX Ipeenax KodQPHUIUEeHTOM YCHUIICHUS 110 HANPsHKEHUIO,

BEJIMYUHY KOTOPYIO MO’KHO YCTAaHOBHUTH BHEIIIHUMH PE3UCTOPAMH,

YcnosHoe ['paduueckoe n3obpaxenue:
BBIXOIHBIM CUTHAJIOM SIBJISICTCS HANPSKEHUE CUUTHIBAEMOE C BOJIBTMETpA.
OVY- ycunurenu crenyaibHOTO TUIIA XapaKTEePU3YIOTCSI CONMPOTUBICHUE HU3KUM BBIXOIHBIM
COITPOTHUBIIEHUEM U3MEHSIOIIMMCS B IIUPOKUX Mpeaenax KodQPHUIUEHTOM YCHUIEHUS 110
HaNpsHKEHUIO,
BennunHy KOTOPYIO MOXHO YCTaHOBUTH BHEIIIHUMH PE3UCTOPAMHU .
Ycnosnoe ['paduueckoe n3obpaxenue:
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I/IHBp .BX I/IHBp BX - BBIXO/
imp.ox_

1xkOm Roc +
: S b _||\+\ | I
— Usnix
- u Rsex _
Puc. 10-4
Roc
Ku nosanp = OY cam 1o cebe He UCTIONI-CSI K HEMY
Rax N00aBISAIOTCS 2 PE3UCTOPHI
Tak OY UCNONB3YIOT B KAYECTBE
UBbIX CyMMUPYIOLIETO YCUITUTENS

Ku o wanp =
Usx

K ycunurento OY o4eHb IpocTo 3a7aTh ,BEIOPAB COOTBETCTBYIOIINE OTHOLICHUSICOIPOTUBICHUN
BXOJ pe3uctopa U R o.c

HpunnunuaabHas cxema HHAII (mpocToii)

JB.Bx01 8 4 2 1

—1 Usx \-1 o

[y
[}

[y
.

1 Cym.ycui.

0

0 0 0 1kOM
_ D C J_ B A J_
Ry [:|18,7MI::|R3 |::|R2 Dm Roc
KO 37,5 75 150 +10B
S KOm KOM KOM +

- 0 ° . .
A |: AHaJIOr.
Puc. 10-5 - Pesucropnas cxema —10B BXO

gc

Coctout u3 2 OJIOKOB:

Pesuctopnas cxema coOpaHa Ha pe3ncToOpax

R1, R2, R3, R4;Cymmup.ycunutens Ben-et B cedst OY u Ro. ¢ (pesucrop) Usx =3B,
MPUIIOKEHO K nepekito- jasm D,C,B,A
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Beix. Hanp-ue UBbIX — u3Mepsiercss Bonsrmerpom. OV TpeOyeT HeoObIYHBIM UCTOUHUK
MUTAHUSA C BBIXOJIOM CpeiHel TOuKH, oOecrieunBaronnii nuraromiee Hamnpspkenue +10B u—10B
(IBYX 3HAKOB)

1)Ecnu Bce mepekitouaresid 3aMKHYTh Ha oOmmii mpoBooB (OB), To BX. HanpshkeHue B ((A) =
OB u Usbix = 0

Takoe coCTOsIHuE COOTBETCTBYET CTpPOKE 1 TaGJIUIIbl HCTUHHOCTH.
2) [IpenioxuM Temnepb, 4TO Mbl YCTAHOBUIIHM MIEPEKITIOYATENb A B IMOJI0XKEHUE,

COOTBETCTBYOILIEE |
Torma x OY 6ynet npuinoxeno UBx =3 B ;

PaccuntaeM K03 GHUIMUEHT YCUICHUS MO0 HAPSHKEHUIO OTYYHUBIIETOCS YCUIUTEIS.

Ku 3aBucut ot coxpanenus Roc =10kOm u coxpanenus ReBx = B ganHom ciydau R1 =150 kOwm.
Ku = Roc /Rsx =1000/150.000 = 0,066

Uto6s! nomyuuts UBbix = Ku * Usx = 0,066 *3 =0,2. B

3)[Tomamum Ha BbIxo a6l LIAIT nBoMuHy0 KOoMOuHarmio 0010;

TOIJla yCTAaHOBUM INepekitoyarenu B B nonoxxenue 1, tem cambiM npeasioxxuMm k OY

Usx =3B

Ku = Roc/ Rex = 10000/75000 =0,133

HNurerpupyromee LAII

ALII uHTErpUpyIOIM UMEET JONONTHUTENbHBIH 010K - ['JIMH.

ITpunnun neiictBust paccMoTpuM Ha npumepe Uy, KOTOpo€ NMOCTyHaeT Ha BXoJ A
komnapaTtopa. Ha Bxog B moctymaer HampspkeHHe, KOTOpoe UMeeT (OopMy TPeyroJibHOW BOJHBI
U JuHeNHHO m3MeHserca ot 0 o 7B.

KoMmaparop cpaBHHMBaeT HampsbkeHHe Ha BXxojle A m B u moka HampsbkeHue Ha BXoae A
Oosibllle YeM HampsbkeHue Ha Bxoje B kommyratop dopmupyeT «1» 3a 3TOT HPOMEKYTOK
BPEMEHH, NOKA OTKPBIT 3JeMEHT «M» OH NponyckaeT TpU TAaKTOBBIX MMIIYJIbCa HAa BTOPOH IO
JIeCAThI CYETYMK, TJ€ WUMIIYJIbChl CUHUTAIOTCS W TOJIYYEHHOE YHUCIO HMITYJIBCOB Ipeodpasyercs
B JBOMYHBIM KOJA. DTOT KOJ HHIYLUPYETCS HAa WHIAUKATOPE.

Henocratku: [Ipu OonbImMX 3HAYEHHUAX HANpPSHKEHUsST HEOOXOAMM IPOMEKYTOK BpPEMEHH
OosiblIoN BenuuMHBI (ObIcTpoaelicTBUE HeBbIcOKOE). [Ipy BocbMUpa3psIHOM KOIMPOBAHUU B
HEKOTOPBIX CIy4asX HEOOXOIMMO COCYHTATh KOJMYECTBO HMMITYJIbCOB 255.

AILII ¢ perucTpoM NOCTOSHHOIO PHOJINKEHUS

[TpumensieTcsa npu 60OIBLINX 3HAYEHUSX HANPSHKEHUS.

Hanneiii HAIT BMecTo c4éTurKa UMEET PETUCTpP MOCTOSTHHOTO MPUOIMKEHUS.

[Tpunuun neiictBus paccMoTpuM Ha nnpuMmepe UBXx=7B. JlelCTBUs, onMcaHHbIE OJIOK CXEMOM.
[TepBbrIii mar onucaHHbIi 610K cxeMol GopMHpYeT 3anpoc — HU(POBOI SKBUBAJICHT BO3MOXKHOI
BEJIMYMHBI HANIPsDKEHU. [l 3TOro perucTp NOCTOSHHOIO MPUOIMKEHUS 3achutaeT «1» B caMblii
ctapmuii paspsa. Pesyasrar 1000. JJanssiii nugposoii kox nocrynaet Ha LIAIL, rae npeobpazyercs
B BennunHy U=8B. 8B nocrynaer Ha Bxoj B xomnapaTtopa. Komnapatop cpaBauBaer U7B<8B,
COOTBETCTBEHHO JIOTHYECKUN «0» 3aKpbIBAET 3JIEMEHT & M PETUCTP MOCTOSHHOTO MPUOIIKEHUS
cOpacbiBaet 8 pa3psin B «0», a ycTaHaBIUBAET B pa3ps 4eTBEPOK 1 u popMupyer ABOUUHBIIN KOJ
0100. Ha Beixone LTAIT mb1 iMeeM 4B, KoMITapaTop CpaBHUBAET 7B>4B, hopMUpyeT curHai «1»
OTKPBIBAET 3JIEMEHT & U PEruCTp HOCTOSHHOTO MPUOIMKEHUS OCTaBIIAET B pa3psiike 4eTBEPOK «1» u
JIOTIOJTHUTEBHO B pa3psijie ABOEK YCTaHABIMBAET «1» COOTBETCTBEHHO (POPMUPYETCs IBOMYHBIN KO/
0110. Komnapatop cpaBHUBaeT 7B>0B, 3JIeMEHT & OTKPBIT U PETUCTP MOCTOSHHOIO MPUOIMKEHUS
OCTaBJISIET B paspsijie ABoeK «1» 1 100aBisieT B pa3psia eAUHUL] «1», COOTBETCTBEHHO (hOpMUPYETCS
nBonuHbId kog 0111 — 7B.

[IpsIMOYrOJIBHUKH perucTpa NpuOIMKEeHUsI pOMOBI — AEHCTBUS KOMIIapaTopa.

Tak kaKk B TEXHHUKE Yalle BCTPEUAOTCs HAIPSHKEHUs OOJbIINX BEIUYHH, TO AaHHble ALIT
MOJIyYWJIA LIUPOKOE PacCIpOCTPAHEHUE.
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AUN C PETMCTPOM NMOCTOAHHOIG
1PABMTUHIEHHUA
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KOHEU
Puc. 10-6

ALTI BpemsiumnynbcHoro tuna. [IpuHiun npeodpa3zoBaHus TaKOTO THIA 3aKIFOYACTCS B TOM,
YTO BXO/JHOMY HalpsDKEHHIO £/BX CTaBUTCS B COOTBETCTBUE BPEMEHHOM WHTEPBAIL, AITUTEIHHOCTD
KOTOpOTO mponopuroHaibHa (7BX . DTOT HHTEpBa 3aM0IHIETCS UMITYJIbCAMU CTAOMIHLHOM YacTOTHI.
Yucio ux ¥ npencTaBisieT H(PoBOi SKBUBATICHT MPe00pa3yeMoro HanpsuKEeHUs.

Cxema, peasin3ylolasl yKa3aHHBIM MPUHLIKI, U300paskeHa Ha puc. (a). Immynbe ¢ BpIxoaa
reHeparopa TakToBbIX UMITYIbCOB (I'TH) oOHynseT cueTduK, 3amyckaeT reHepaTop JMHEHHO
u3mensitomerocs Hanpspkenus (I'JIMH) u nepexnrouaeT Tpurrep B coctosinue Q=1. Curnanom Q=1
reHeparop cuetHbix uMnyiabcoB (I'CH) yepe3 Ko-HbIOHKTOP MOAKIIOYAeTCs K cueTunky. Korna
Hapacratouiee Hanpsokenue ['JIMH craner paBHbIM ipeoOpasyemomy Hanpspxenunto UttK, Ha BbIxone
KOMIIapaTopa MOsIBUTCS JIOTUYECKas 1, KoTopasi IEpEKIIOYUT TPUITep B cocTosgHue Q = Qn npepBeT CBA3b
I'CH co cuetunkom. KoJi, ycTaHaBnMBarONIUIiCS HA BBIXOIE CUETUHKA, — IIU(PPOBOIM SKBHUBAJICHT
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aHaJI0roBOM BeanuuHbI (BxoiHOTO HamnpsbkeHus). C nsmenenneM UBX u3MeHsieTcst U Ko/ Ha BBIXOJIE
CYETUHKa.

Bpemennsie auarpammsl Ha pHc. (0) MIUTIOCTPUPYIOT ONMCaHHbIe poliecchl. Ha Bbixose
Tpurrepa GopMupyroTcs «BpeMeHHbIE BOpoTa». Hayano nx coOTBETCTBYET TAKTOBOMY MMITYJIBCY, @ KOHELl
— TMOSABJICHHIO | Ha BBIXOJIE KOMIIapaTopa, Koraa HacTynaeT paBeHcTBO «riauH = UBX. Takum o6pasom,
JUIMTEIIBHOCTh «BPEMEHHBIX BOPOT» IIPONOPLUUOHAIBHA 3HAYEHHUIO BXOJHOIO HalNpshKeHus. «BpemenHbie
BOPOTa» 3aMOJHAIOTCS CUCTHBIMH UMITYJIbCAMU CTAaOUIBHON YaCTOTHI, IOATOMY MX YHCIIO
IIPONOPUUOHAIBHO 3HaYeHu0 UK

Konumponwnuie gonpocwi:
1) Tumnel 6€CKOHTAKTHBIX MYTEBBIX MEPEKIIIOUATENCH.
2) OcHOBHBIE 3JIEMEHTHI OECKOHTAKTHBIX ITYTEBBIX NIEpEKIIrOUaTesneil.
3) Pa3HOBHUAHOCTH aHAJOrOBBIX KOMMYTaTOPOB.

I'nmasa 11
CrnenmajbHbIe y3JbI M 3JIEMEHTbI

Ha MHOTOMO3UIIMOHHBIX CTAaHKaX ¥ aBTOMATUYECKUX JTUHUSX JUIS IPUBOJA CAMOTOPMO3SIIIUXCS
MPUCTIOCOOICHUH, POU3BOIAIIMX 32KUM 3arOTOBOK B SiYEHKaX U CIYTHUKAX, TPUMEHSIOT
aneKkTpoMexanuueckue kioun (puc. 11-1). Ot anexkrpoasuratens 1 qBukeHue depes ABe mapbl 3y0UaThIX
konéc 2 —9 u § — 3 mepenaércst oqHO3YO00H MydTe 5 ¢ 3y0oM 7, KOTOPBIH 3ameriseTcs ¢ 3yoom 4 Ha
KoJiece 3, M Jasiee Ha IIMUH/Eb U HAKUIHYIO TOJI0BKY 6. DToi MydTOl Bas snekTpoaBuraTens 1
CLIETIJISIETCS CO MIMUHACTIEM JIMIIb ITOCIIE TOT0, KaK 3JIEKTPOJIBUTATENb PA3TOHUTCS. DTUM o0Jieryaercs
NPe0I0JIEHNEe MOMEHTA CUJI TPEHHUS TIOKOS, 3HAYUTEIHHO MPEBBIIIAIONIEr0 MOMEHT CHJI TPEHUS IBH)KECHUS.
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Puc.11-1 - KunemaTtnueckas cxema 3JI€KTPOMEXaHUUECKOr0 KII04a

Ha pucynke noka3aHbl LIeTIH YIPaBJIECHUS NEKTPOMEXaHUYECKUM KIt04oM. [Ipu HaxaTuu Ha
kHonky SB1(puc. 11-2, a) TOk mpoxoauT uepe3 Karymky koHtakropa KM1, u snekrpoasurarens
BKIto4aeTcs. Ero 60b110#i mycKOBOM TOK BBI3bIBAeT cpabaTbiBaHue pene Toka KS u pazMbikaHue ero
koHTakTa. Konrakrop KMI1 npu 3T0M He oTKiIt049aercs, Tak kak kHonka SB1 Haxata. Korna HaunHaercs
nporuecc 3axuma, kHonka SB1 otmymena. IIpu HapacTaHuu cuiibl TOKa ABUTATENs 10 ONPENEIEHHOTO
3HaveHus pene KS cpabareiBaer u oTkioyaer KoHTakTop KM1. OTxiM MOKeT ObITh POU3BENEH TPU

HakaThu Ha KHOIKY SB2(puc. 11-2, 6), mpruuéM OH MPOJOIKAETCS JI0 TEX MO, MOKa
KHOIIKA OCTAETCSI HAXKaTOM.
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Puc. 11-2 - Cxemsl ynpaBieHUs 2IEKTPUIECKAM KITFOUOM
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Kovrponnep N0 K.oxurponnep JABM|
BuiuMcAWTENL K;‘Jﬁﬂ'ﬂm H HHAMEAUHH BEOAA - ELEOAA
< Marucrpans
Kourponanep npu- Kourponnep ane- bnox
BOAOE H H3MepH- | . Jlaruuku Nuckpernue =l Tpoasromaruku nMTa-
TenbHoE npeofpa-|™ NYyTH AATYHEH ol HMA
S0BaTENER -|>
CraHok cno
b b
JnexTpogEH- Henonnurens- «, | HCHAWTEAH CHrHa-
Mpueoab rarenu HEE MERARHI- - nos Uny
Mbl

Puc.11-3 - Tunosas cTpykTypHas cxema ycrpoiicrsa UITY

Brrunciurens coctout u3 mukpornporueccopa MIL, ITII3Y nns xpanenus [IMO, O3V, 610ka
npepsiBanuii BIIP u Taiimepa TM, 00beTMHEHHBIX MarkHCTPAIIbIO, SBISIOLICHCS MPOI0JKECHUEM 001Iei
Maructpanu (puc. 11-4). B 3aBucUMOCTH OT NPUHATHIX Pa3MEPOB MEYATHBIX 71T U IPUMEHSIEMON
3JIEMEHTHOH 0a3bl (CTENEeHH MPUMEHAEMBIX MUKPOCXEM) BHIYMCIUTENIb MOKET OBITh BBIIIOJIHEH 100 Ha
OJTHOM TIIaTe, TMO0 HA HECKOJIBKUX IJIaTaxX, COSUHEHHBIX C MAarUCTPANbIO.

M1 nniy 034 ENP ™

Maruwcrpane

Puc. 11-4 - CtpykTypHas cxeMa BBIYHACIUTENSL

Kontpomnep 3Y UM/ (puc. 11-5) ocymiecTBisieT 3anuch U CYUTHIBAHUE HHPOPMAIUH B IIITAT-

Hoe u BHemHee 3Y [IM/I. Ero BBINOMHSIOT, KaK MPaBUIIO, HA OTAECIbHON MeYaTHOM miiare. 3anuch u
cuntbiBanue B 3Y [IM/] mpoucXoauT MoCiIe0oBaTeIbHBIM KOJOM — C K&KJIbIM TAaKTOM 10UT nHpOpMaruu
1pu yactore TakToB nopsiaka 100 kI'n. [ToaTomy naHHbIE, NOCTYNAIOIIKME U3 MaruCTPAIN B NapaJIIIIbBHOM
16- pa3psitHOM KOJzie, uepes 6ok CM CBSA3M ¢ MarucTpalblio, MONajatoT B y3el peoOpa3oBaHus KOJIOB
VII, oTKyna yke B IOCIeN0BaTEIbHOM BUJE 3aniChiBaloTCs B Oydheproe O3V (1o kaxaomy aapecy
O3V 1 6ur). [locne Toro kak B O3Y 3anucan He0OX0AUMBIH 00BEM HH(OPMAIMK — CTPAaHHIIA (HATIpUMED,
1K 6uT), npoucxoaut nocienoparenbHas nepenuch nHpopmanuu u3z O3V B mrarnoe (1 3V M) nnu
BHemHee (B 3Y [IM/]) 3anomuHaroiiee ycTpoicTBo.

[Tpu urenun nunpopmarmu u3 3Y LIM/L tpeGyemast crpanuua (o HoMepy) nepenu-
ceiBaercs B O3V, a orryna uepe3 YIIJ u CM noctynaer B MarucTpaib B apauleIbHOM BUJE.
Opranu3anus OporeccoB 3aluCH U YTEHUS OCYIIEeCTBIsAeTCA 0J10KoM ynpasieHus bY.
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Puc. 11-5 - CtpykTypHast cxeMa KOHTpOoJIIepa Ha HMWIMHAPUYECKUX MAarHUTHBIX IOMEHAX

KoHTposiep npuBooB 1 U3MEpUTENbHBIX NpeoOpa3oBareneil (puc. 11-6) ocymectsiser
yIIpaBJIEHHUE IPUBOAAMHU CTAHKA U CBSI3b C IIYTEBBIMM JaTuMKaMu. PaccunTaHHBI MUKPOIIPOLIECCOPOM
KOJ CKOPOCTH JIBHTATENsl uepe3 Maructpaib M u 6510k cBsi3u ¢ Maructpanbio CM nocTynaer B perucTp
PI', oTkyna uepe3 cxemy ONTpOHHOH ranbBaHnndeckoi passszku OIl mogaéres Ha nuppo-aHaIOrOBBIN
npeobpaszoparens LIAIL. Hanpsixenue Ha BbIXoJie TpeoOpazoBaTess B 3aBUCUMOCTHU OT BEJIMYUHBI
M0/IaBa€MOT0 KOJ/Ia MOXKET OBITh YCTAaHOBJICHO B mpeaenax oT -10 no +10 B. [Ipumensiembie B HacTosIIICE
Bpems 12-pazpsansie LHAIT npu n3amMeHeHnn 1o1aBaeéMoro Ha HUX KOJla Ha €IMHUILYy MJIaIIIEro paspsaga
MEHSIOT BXOJIHOE HamnpspkeHue Ha 5 MB. Hanpsokenue, BeinaBaeMoe Ha LIALI, nponopiimoHansHO
CKOpOCTH JIBUTATeNs: pu HanpsbkeHuu +10 B makcumanbHas yactoTa Bpamenus (mopsaka 1/1000 mun)
B OJIHOM HampasieHud, 1pu -10 B — B npyrom. IIpu HanpsbkeHuH, paBHOM HYIIO, ABUTaTelb CTOMT.

JiBuratenem ympasiseT npuBoa [1P, npencrapnstonuii co0oii ynpaBiasieMblil ) BEIIPSIMUTEb
(0OBIYHO THPUCTOPHBIN), HANPSHKEHUE ¢ KOTOPOTO MUTaeT akopb asuratens JB. Taxoreneparop TT,
3aKpEMJIEHHBINA Ha Baly JIBUraTellsd, pa3BUBAET HANPSKEHUE, IPONIOPLIUOHAIIBHOE YaCTOTE BpPAILlEHUS
JBUTATEJIS, 4 MIOJIAPHOCTD 3TOT0 HAIIPSKEHUS COOTBETCTBYET HAIIPABJICHUIO IBWKCHUA. Y IIPABIIIOLICE
yCcTpoicTBO IpuBoja cpaBHuBaeT Hanpspkenue LIAIL u TT', no pe3ynpraTtam cpaBHEHUS ONpEAEIseT
HE0OX0IMMOE HaIPsHKEHHE Ha SIKOPE U B COOTBETCTBHH C ATHM YCTaHABIMBAeT TpeOyeMyto a3y
3a)KUTaHUSI THPUCTOPOB BBIIPSIMUTEIIS.

Cas3b ¢ myTeBpIMM aTuukamu [1J] ocyiecTBiaseTcs B IeNsX CAEKEHUSI 110 IyTH pexXUMa
paboThI MPUBOJIA, YTO HEOOXOJMMO /ISl B3aUMOCBSI3aHHON PabOThl HECKOJIBKUX MPUBOJIOB 110124 MPH
o0paboTke 3aroToBkH. YcrpoictBo UITY cpaBHMBAET 3a1aHHBIN U pealbHO OTPaOOTaHHBIN KaXKIbIM
IIPUBOJIOM IIYTh 110 KAXKJO0M U3 OCEW KOOpAMHAT U B COOTBETCTBUU ¢ 3TuM uepe3 LIAII perynupyer
CKOPOCTb.
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Puc.11-6 - CtpykTypHas cxema KOHTpOoJuIepa IIPUBOIOB U M3MEPUTEIBHBIX ITpeoOpa3zoBaTenen

‘I)OTOI/IMl'ly.T[])CHI)Ie JATYUKH

HawuOoupiiee pacrpocTpaHeHre B HACTOAIIEE BpeMs MOTYIHIIH (POTOUMITYTbCHBIE KPYTOBbBIE
NaT4YNKH, KHNHEMAaTUYECKU CBS3aHHBIE C XOJOBBIMU BUHTAMH CTaHKOB. [[pyHIMIT AeficTBUS TaKuX
JATYUKOB IT0OKa3aH Ha pUcyHke puc. 11-7,a. OCHOBHBIM y3JI0M JaTUMKa SBJIIETCS BpaLLlAIOLIUICS Ha €ro
BaJly CTEKJISIHHBIM JUCK C HAHECEHHBIMU Ha HEM TEMHBIMU IITPUXAMHU, TAK HA3bIBAEMBIN PACTPOBBIN JUCK
(PJI). Haubounee pacnpoctpanens! Aucku ¢ koiaunuecTBoM mTpuxos 1000 u 2500. MIcTOUHMKOM CUTHAJIOB €
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TaKoro Aatyuka siBistorcs asa poroauona G111 u /12, 3aceeunBaembix yepes P/ ot ceetonmoma C/I.
®J[1 u /12 caBUHYTHI OTHOCUTENBHO APYT APYyra Ha OJHY YETBEPTH L1ara ITPUXOB. B cOOTBETCTBUM C
3THM MOCTYMAIOMHKE 0T (HOTOAMOIa CUTHAIIBI TPH BPALLICHUH JATYHKA CIBUHYTHI OTHOCUTENBHO JPYyT
apyra Ha 90 rpamgycos (puc. 11-7, 6). OxauH U3 3TUX CUTHAJIOB Ha3bIBaeTcst ocHoBHBIM OCH, npyroit —
cMmeEHHBIM CM. MOXHO BBIZIETUTH YEThIPE MOCIICA0BATEILHBIX KOMOMHAIIMU CUTHAJIOB OT AaTYHKOB:
10, 11, 01, 00. IIpu BpamieHun 1ucka B 0OpaTHOM HalpaBJICHUHU — OCIEOBATEIILHOCTh OOpaTHas..

bnnxe Kk eHTpy AKMCKa pacoJIOKEH ell€ OMH (Ha BCIO OKPYKHOCTB) LITPUX, Ha3bIBAEMBIi
HYJb - METKOW. CBSI3aHHBIN C 3TUM IITPUXOM (POTOAMO BBIIAET CUTHAN JIUIIb MPH OJHOM (HYJIEBOM)
II0JIOKEHUHU JaTYUKa. DTOT CUTHAJI UCIOJIBb3YIOT IPY YCTAHOBKE KOOPJAMHAT CTAHKA B UCXOAHOE
COCTOSIHUE.
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Puc.11-7 - Ilpuanun paboTs! GOTOAIEKTPHIECKOTO AaTIHKA

KoHTpoJuiep 3J1eKTPOaBTOMATHKH

KoHTposuiep 31eKTpoaBTOMaTHKH NPEAHA3HAYEH AJIS BBIIOJIHEHMS LIMKJIOB 3JIEKTPOABTOMATUKU
CTaHKa MyTEM BBIZAYM KOMaHJ YIIPABJICHHS HCIIOJHUTEIbHBIM MEXaHU3MaM U 00pabOTKH CUTHAJIOB,
IIOJIy4aeMBbIX OT cTaHKa. KomaHpl, BblJaBacMble Ha UCIIOJIHUTEIbHBIE MeXaHn3Mbl UM cTaHka, CBsI3aHBbl,
IIPEXKE BCErO, C IPOXOKIACHUEM YIIPABIISAIOIEH IporpaMmel — komasasl rpynn T u M. Ilo komangam T
ycrporctso UIIY opraHusyer LMK CMEHBI PEXKYIIEro MHCTPYMEHTA: IIOMCK HY)KHOI'O HHCTPYMEHTA B
MHCTPYMEHTAJIbHOM Mara3uHe CTaHKa, €ro 3aMEeHy B IIINHUHJEIE U Pa3MELICHUE B Mara3uHe 3aMeHEHHOTO
uHCTpyMeHTa. [Tpu 3TOM HE0OX0AMMBI KOMaH/Ibl HA IBUKEHHE CAaMOTO MarasuHa, MaHHUITYJIsTOPA,
MPOU3BOIAIIECTO 3aMEHY, PA3KUM M 32KUM IIMUHAEI U T.I1. Kaxxias U3 3Tux KomaH 1 BeIpabaThIBaeTCs
MHUKPOIPOIIECCOPOM BO BpeMs OTPaOOTKU MM IIPOTPaMM YIIpaBIICHHS 3JIEKTPOABTOMATUKOMN U yepe3
Maructpaib M u 010K cBsi3u ¢ MarucTpanbio CM pa3meniaercs B ONpeaesiEHHOM pa3psie BEIXOIHOTO
peructpa PI'. Curnan noruueckoil emHuUIBI ¢ Kaxkaoro paspsaa PI™ uepes cxemy onTpoHHOI
ragbBaHuueckoil paspszku OIl u ycunurens curianos YC nonaiaer Ha yCWINTENb MOLUTHOCTH YM,
3aIyCKAIOUI UCIIOJIHUTEIbHBIA MEXAHU3M BKIIIOYEHUEM OIIPEAEIEHHOIO 3JIEKTPOABUTATEIIS WU
KJIallaHA TUAPABIMYECKOM CUCTEMBI CTAaHKA. Y CUIIUTENb MOLIHOCTH PACIIOJIAraoT BHE KOHTPOJLIEPA;
noJrydast OT KOHTpOJIJIepa CUrHall cuiioil Toka He 6onee 0,2 A, obecrieunBaeT B Harpy3Kke CUily TOKa 10 2
uinu 5 A npu HanpsbkeHuu +24 B. YM cTposAT Ha MOLIHBIX TPaH3UCTOpaxX, B KauyecTBe YM moryr
MCIOJb30BaThCA pese. [lpu ynpaBieHnn uKiIaMu He0OX0AMMO UMETh HH(POPMALIMIO O BBITIOJHEHUH BbI-
JAHHOM KOMaH/bI. [IJ1s1 3TOr0 UCIOIHUTENIBHBIE MEXAaHU3MbI OCHAIIAKOT CUCTEMOM NUCKPETHBIX TaTYUKOB
JI/1, B KauecTBe KOTOPBIX UCTOJIb3YIOT KOHEUHBIE BHIKIIIOUATENN, OECKOHTAKTHBIE BBIKIIIOYATENH, PEJe
nasneHust. Uupopmanys ot 3TUX JaTYMKOB B BUJE HanpsbkeHus +24 B noctynaer Ha ontpons! OI1
KoHTpoJuiepa u yepe3 CM B Maructpans. Uepes 3TOT ke KOHTPOJUIEP OPraHU3yeTCsl CBA3b CO CTAHOUHBIM
nyiasToM onepatopa CIIO. Kontposep 35eKTpoaBTOMaTHKH COCTOUT OOBIYHO U3 IBYX, TPEX IIAT,
KayKJasi U3 KOTOpbIX UMeeT 32 Beixona u 64 Bxona. KoHTposuiep 21€KTpoaBTOMATHKH, B COCTaB KOTOPOIO
BXOJIUT CBOM MHUKPOIIPOILIECCOP, HA3bIBAIOT MPOrpaMMHUpyeMbIM KOHTpoJuiepoM. Bee ¢pyHKknoHanbHbIe
6moku ycrpoiictBa UITY yepes3 MarucTpaib 00eCreunBalOTCs CTAOMIM3UPOBAHHBIM HANIPSXKEHHEM
6noxom nutanus BII. ITpu Brmtouenuu BII cpa3zy ke popmupyer u BbIIaéT B MarucTpaib CUrHaN 00IIero
cOpoca, KOTOPBIH CTaBUT B MOJIOKEHUE «HOJIb» BCE PETUCTPBI PYHKIIMOHATIBHBIX OJOKOB U
MUKPOIIPOILIECCOPOB.
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Puc.11-8 - CtpykTypHas cxeMa KOHTPOJIEpPA 3JIEKTPOaBTOMATHKH

OnTo3/1eKTPOHHBbIN NPUOOP

B nenax nomexosamumieHHocTy yerpoiicta UIIY ero snexrpuyeckue nenu raaibBaHUYECKH
pas3BsI3aHbI OT AIEKTPUUECKUX Iernel cranka. J{ns ooOMeHa nHpopmalel o CTAaHKOM MPUMEHSIOT
ontpoHs! (puc. 11-9), rae B mepBUUHOM 1ienH, nepeaaroiiel nHPOopMaIrIo, PacloIaraloTcsi HCTOYHUK
cBeta — ceeronuoy CJI, a Bo BropuuHoit — ¢pororpanzucrop OT. Ilox neiictBuem cera Ha 6a3y b
TPaH3UCTOPa OH OTKPBIBAETCS, T.€. IPOIYCKAET TOK 10 LENH dMUTTEP — Kosutekrop O — K.

B aHanoroBsIx MUKpOCXe€Max BEJIMYMHA CUTHAJIA ONPENEISAETCS] YPOBHEM BXOIHOTO (BBIXOIHOTO)
HANPsHKEHHUS. DTU CXEMbI UCIIONB3YIOT B OJIOKaX YIpaBIeHHUS MPUBOAAMU U B OJIOKAX CBSI3U C JaTYUKAMHU,
peoOpa3yoUMMH pa3IndHble PU3NUECKHE BETUYMHBI (CHUITY, PACCTOSIHUE) B AJIEKTPHUUYECKHE CUTHAJIBL. B
aHAJIOTOBBIX LIEMSAX UCIIOJIB3YIOT MUKPOCXEMBI OIIEPALlMOHHBIX yeunuTenel. [Tockonbky B ycTpolicTBax
YITY obpabatsiBaroTcs HUPPOBBIE (TUCKPETHBIC) CUTHAIIBI, IS CBA3H C aHAJOTOBBIMHU IIETISIMU
UCTIOJB3YIOT MUKpOocXeMbl Iudpoananorosbix (L{AIT) u ananoro-mmudpossix (ALIT) npeoGpazoBaTeneii,
npeobpasyromux ko B Hanpspkenue (L{AIT) wiu nanpspkenue B koa (ALIT).
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Puc. 11-9 - OnroanekTpoHHEIH TPHOOp ¢ GOTOTPAH3UCTOPOM

Yerpoiictea UITY, nocTpoeHHbIe Ha 6a3e¢ MUKPOIIPOLIECCOPOB, COCTOSAT U3 ABYX OCHOBHBIX
YacTel — anmapaTHOW U MPorpaMMHOM. AnmapaTHas 4acTh IPEeACTaBiIsieT CO00H (PU3NIECKYIO
peanuzanuio ycrpoiicta UITY. OHa cOCTOUT M3 METAJUIMYECKOTO MBUIE3ANIMIIEHHOTO Kapkaca(lkada) ¢
yCTaHOBJICHHOH B HEM Maructpainsio (puc. 11-3). Maructpans npeactaBisieT cOO0H psif] 3IEKTPHUUECKUX
pa3bEMOB C IMTPOBOIHOM CBSA3BIO MEXKLy HUMH, YCTPOSHHOM TaKMM 00pa30M, YTO KOHTAKTBI BCEX
pa3bEMOB, MMEIOLIUX OJMH U TOT K€ HOMEpP, COeTMHEHBI IPYT ¢ Apyrom. Takum oO6paszom, 11000ii u3
CUTHAJIOB Ha MarucTpajy (Hanpumep, curiai ““ 3anuch’) NoCTynaeT OJHOBPEMEHHO HA BCE Pa3bEMBI.
MarucrpanbHble CUTHAJIbI

MOYKHO Pa3/IeJUTh Ha TPYyINbI (IIKUHBI), TAKUE KaK IIMHA MUTAHUS, IIKHA CUTHAJIOB yIIpaBJie-

HUS, IMHA a7pecoB A U 1MHa JaHHBIX [I. B G0NbIIMHCTBE CiyyaeB MIWHBI aAPECOB U TaHHBIX
o0BbeIMHEeHbI B 0HY IMHY (mmHa A/J]), rae curHaisl agpeca U JaHHBIX UIYT 110 OJHUM IIPOBOJAM, HO
paszienieHbl BO BpeMEeHH (CHauana ajpec, OTOM JaHHbIE). YIIPaBICHUE MarucTpaliblo OCYIECTBISAETCS
MHUKPOIPOIIECCOPOM, OH K€ BBICTABJISIET a/Ipeca, Yepe3 HEro NpOUCXOJUT 0OMEH JTaHHBIMH.

Konmponbuble eonpocsl:

1) HasHauyeHue mMyTeBOro MepeKII0YaTENS.

2) HasHaueHne aBTOMAaTHYECKOTO BBIKIIOYATEIS.
3) Ha3HadeHue 371€KTPOMArHUTHBIX IUIUT CTOJIOB.
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I'naBa 12
MoayasTopbl

MaI‘HI/ITOYI[paBJISIeMLIe KOHTAKTbI. THIIBLI U yCTpOﬁCTBO

B OOBIYHBIX 3JEKTPOMAarHUTHBIX pejie Haubojiee YacTO OTKa3 BO3HUKAET M3-32 KOHTAKTOB,
KOTOpBIE TOJBEPraroTcs BPEIAHBIM BO3JCHCTBUAM OKpYKaIoUled cpenbl (OKUCICHUIO, 3arps3HEHHIO,
Koppo3uu U Jip.). CyIlIeCTBEHHO MOBBICUTH HA&KHOCTD PEe MOXKHO 3a CUET repMETH3alMH KOHTAKTOB.
Tak kak B 3TOM cCllydae HEBO3MOXXHO MEXaHMYECKH CBS3aTh KOHTAKTHBIA y3€N C 3JIEKTPOMAarHUTHBIM
NPUBOAOM, TO HEOOXOOUMO Ui NEepeMElIeHUs] TePMETH3UPOBAHHBIX KOHTAKTOB HCIOJIBb30BAaTh CHJIBI
AJIGKTPOMArHUTHOTO  NPUTSHKeHUs.  KOHTakTHbIE  MIACTMHBI  JUIS  3TOTO  M3TOTOBISIOTCS U3
¢beppoMarauTHOrO Marepuana. Takum oOpa3oM, KOHTAKThI CTAHOBSATCSI MAarHUTOYIIPABIIIEMBIMH.

K MarHuroynpaBisieMbIM OTHOCSATCS 2epKOHbl (T.€. TePMETH3UPOBAHHBIE KOHTAKThl) U eppu bl.
[TpuMeHSIOTCSL OHM Ul TEX JK€ LeNed, YTO U MOILHBIE JEeKTpOMarHuTHele pene. OH M BO3HHUKIU B
pe3ysbTaTe COBEPIICHCTBOBAHUS KOHTAKTHBIX AJIEKTPOMArHUTHBIX YCTPOWCTB M CTPEMIIEHHUS CBECTU K
MUHMMYMY MX HEJOCTATKH: CPABHUTEIILHO HEOOIBIIOM CPoK cirykObl (10 107 cpaGaThiBaHMif), HEBBICOKOE
ObICTpOoaeiicTBHE (IECATKH MUJUIUCEKYH), TOTPEOJICHNE SHEPTHU B TeUEHHE BCETO Mepuoa MPUTHKESHUS
SAKOPSI U1 HEOOXOIUMOCTh MEPHOIMYECKOT0 OOCITY>KUBAHUS.

I'epkon (puc. 12-1,a) mpencraBisger coOoif  BHasHHBIE B CTCKISAHHYIO aMiyny (OayuioH)
nepMajyioeBble  IJIACTUHBI [,  CAy)KallkMe  OJHOBPEMEHHO  TOKOIOJBOJAMH, KOHTAaKTOM H
MarHuTonpoBoioM. [1macTuHbI BriassHbl B aMIylly TaKUM 00pa3oM, YTOObI KOHTAKThI, B KAUY€CTBE KOTOPBIX
UCTOJB3YIOTCS ~ BHYTPEHHHE KOHIbI IUIACTUH, IOKPBITBIE 30J0TOM, paJueM WIH BOJb(paMom,
HaXOJWJIMCh HA HEKOTOPOM PACCTOSIHUU APYT OT JIpYyra, T.€. ObLTH Pa30MKHYTHI.

a) 0) 6)

Puc. 12-1 - I'epkoHBI — TeépMETU3UPOBAHHBIE MATHUTOYIIPABIISEMBIE KOHTAKTHI

K HapyXHBIM KOHLIaM IIJIaCTMH HIPUIAMBAIOT IPOBOJA, CIY)KALIUE s NPUCOEAUHEHUS K
BHEIIHEeW 1enu. EciaM repkoH MOMECTUTh B MAarHUTHOE IIOJ€, CO3/JaHHOE TOKOM B OOMOTKe 2,
OKpPYKalOIUi TePKOH, TO Ha KOHTaKThl OyAeT NeiCTBOBATh dNEKTpoMarHuTHas cuna F,. Ecnu ata cuna
OKa)KeTcsl OoJblIe MPOTHBOACUCTBYIOIIETO YCHWJIMSA YHPYTHUX IUIACTMH, TO TPOU30MIET 3aMbIKaHUE
KOHTAKTOB.

DNEeKTpOMarHuTHas CUjla NPUTSHKEHHUS] KOHTAKTOB ONPEEIIAETCS aHAIOTUYHO CUJIE IPUTSKEHMUS,
JEUCTBYIOLIEH B TI0OOM JIPYrOM 3J€KTPOMAarHUTHOM MEXaHU3Me:

F,=0,5 (Iw)s’ (dG5/ ds)
(1)

IIpuHKMMas 3a30p MEXAY IUNIACTUHAMU IUIOCKOIIAPAIUIEIBbHBIM, MOKHO 3aIIMCAaTh BBIPAXKEHUE IS
IIPOU3BOIHOU IPOBOJUMOCTH:

dGy/do=-bliuyd’
2)
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[Tocne noncranoBku (2) B ypaBHeHue (1) nojryaum

F,=0,5 (Iw)’ bliuy/(1+ ),
(3) tae I — Tok B OOMOTKE; @ - YMCJIO0 BUTKOB; [ — yinHa 0OMOTKU; /; — IEpEeKPBITHE TUTACTUH; b — IupuHa
TUTACTHH.

[Tocne oTkmodyeHWs] OOMOTKM IJIACTHHBI IMOJA ACHCTBUEM CHJI YIIPYTOCTH BO3BpAIIAOTCS B
HCXOJHOE COCTOSTHUE, T.€. KOHTAKThI pa3MbIkatoTcs. ClieloBaTeNlbHO, yAepKaTh KOHTAKT B 3aMKHYTOM COCTOSIHUI
MOJKHO TOJIBKO 32 CUET TIOTPEOIICHHS SHEPTUM OT CETH, YTO SIRJISIETCS] OTHAM W3 HEZIOCTATKOB TepKOHA. | epKOHBI OBIBAIOT
BAKYYMHbIE U TA30HATIOTHEHHBIE, B KOTOPBIX CTEKIITHHAS aMITyJIa 3ari0JIHEHA a30TOM, BOZOPOJIOM T MHEPTHBIM Ta30M.

J1ist yripaBiieHus MarHUTOYIIPABIISIEMbIM KOHTAKTOM MOKHO HCIOJIh30BaTh HE TOJIBKO MAarHUTHOE TOJIe
KaTyIIKd ¢ TOKOM (puc.12-1,a), HO 1 MarHUTHOE T0JI€ TIOCTOSIHHOTO MarHurta (puc.12-1,6). B nocneanem ciydae
cpabaThIBaHE KOHTAKTOB OCYIIIECTBISIETCS B 3aBUCHMOCTH OT B3aFIMHOIO TIEPEMEITICHHS] TePKOHA M TIOCTOSHHOTO
MarHuta 3. VI3MeHeHne MarHMTHOTO TOJisl, BO3JCHCTBYIOILIETO Ha KOHTAKThl, MOXKET OCYIIECTBIISTHCS M 3@ CUET
M3MEHEHHUS ITapaMeTPOB MarHUTHOH IIETIH TIPH TIepeMelleHIH ()eppOMarHUTHOTO 3KpaHa 4 (puc.12-1,6).

BonbImias yacTh ynpaisoIero MarHUTHOTO TIOTOKA BO BCEX CXEMaX FepPKOHOB, M300pKEHHBIX HA pUC. 1,
MPOXOAWT TIO BO3AYXy. Tak Kak BO3MYIIHBIC YYACTKA HMEIOT 3HAUUTEILHOE MAarHWTHOE COTPOTHBICHUE, TO
YyBCTBUTEIILHOCTh YCTPOICTB HAa TePKOHAX CpPaBHUTENBFHO HeBenmka. OHa, HampUMep, HIDKE YyBCTBHTEIHLHOCTH
SIKOPHBIX JIEKTPOMArHUTHBIX PeJie C OMHAKOBHIME KOMMY TAITMOHHBIMHE TTapaMETPaMHL.

JI1 MOBBIIEHMST YyBCTBUTEIBHOCTH HCIIONB3YIOT TEPKOHBI C BHEIIHMM MAarHUTOIPOBOJIOM (puc.12-2).
OnHako, TPH ATOM YBEITMYUBACTCS MHEPIMOHHOCTh. Harmidre BHEITHEro MarHUTONPOBO/IA YBETMYMBACT MATHUTHYIO
MPOBOJIMMOCTh U, CJITIOBATENIbHO, MHIYKTUBHOCTh BCel CUCTeMbl. [IOCTOSHHAs BpeMEHHW TPU 3TOM BO3pPAcTAeT
TIPOTIOPIMOHATHHO  MHAYKTUBHOCTH. KOMOMHMpOBaHHAS KOHCTPYKIWSL, OOBSIMHSIONIAS MArHUTOYIPABISIEMbIC
KOHTAKThl M BHEIIHMH MarHUTONpPOBOJ, Has3biBaloT (eppurom. Hasanme «peppur» OOBSCHAETCS TeM, 4TO
MEPBOHAYATBHO O3TH 3JIEMEHTHI MMENTM MAarHWTONpOBON M3 (epputa. 3areM, MOSBIIMCH KOHCTPYKIMM M C
METAUTMYECKMM MarHUTOMPOBOIOM. TaK Kak Mareprail MAarHATOMPOBOJIA MMEET OCTATOYHYHO HaMarHIMYEeHHOCTh, TO
(eppuT MoCIIe OTKITFOUEHHS 3aTIOMIHACT BOCTIPUHSITYEO HH(POPMALIHFO.

A o A A o A A A S Al ok i A 5 Ao,

e

¢
4
g
‘
A

AL ALY BN

s

A A A AT A

Puc. 12-2 - T'epkoH ¢ BHEIHNM MarHUTONpoBoAoM ((eppur)

TToBBICHTH YYBCTBUTEIBHOCT MOYKHO HE TOJBKO 3@ CUET BHEIIHETO MArHUTOMpPOBOZA, HO U C MOMOIIBIO
TIOJISIPU3YIOLLIETO MOCTOSIHHOTO MarHuTa. B 3ToM citydae yxe HeOObIoi TOK B 0OMOTKE MIPUBOIUT K CPAOATHIBAHHIO
KOHTAaKTOB, €CIIM MarHUTHbIE OOMOTKH M MOCTOSHHOTO MarHMWTa HarpaBlieHbl B OfHY CTOpoHY. C MOMOIIBIO
TIOJIIPU3YIOIIETO MarHUTa MOKHO TOMYYHTh YCTpOMCTBa, paboTarole He Ha 3aMblKaHWE KOHTAaKTOB, a Ha HX
pa3MbIkaHye. MarHUTHBIHA MOTOK MOCTOSIHHOTO MAarHUTA JIOJDKEH ObITh TaKUM, YTOOBI KOHTAKThI IPU OTCYTCTBUM TOKA
B OOMOTKE yNpaBlieHHs ObUTM MPUTSHYTHI Apyr K Apyry. [Ipu momade Toka B OOMOTKY YHpaBiEHUS CO3MAETCS
MAarHATHBINA TIOTOK 0OPATHOrO HAMPABIIEHHS, U TTOJT ISHCTBUEM CHJT YIPYTOCTH KOHTAKTHI Pa3MBIKAIOTCSL.

Pene Ha MarHUTOYNpaBISIEMBIX KOHTAKTaX MOTYT HPOM3BOAMTH HECKOJBKO COTEH CpaldaThIBaHWUM B
CeKyHIy, a obuiee umMciIo cpadaThiBammii MoxeT pocturats 10'2. TIpH 3TOM CONMPOTHBICHHE KOHTAKTHOTO
MEPEXOJA B 3AMKHYTOM COCTOSIHUM MOXKET COCTABIISITH 10" Om, a B PA3OMKHYTOM - 10° - 10" Om. Beimyckaembie
MPOMBIIIUIEHHOCTBIO TEPKOHBI MMetoT Maccy 0,4 —3T.

Tpan3ucTopHbIii MOTYJIATOP

MoaynsTopoM Ha3bIBAaeTCs AIEKTPOHHOE YCTPOMCTBO, peIHA3HAUYCHHOE JUTsl TPeoOpa3oBaHus
HaIpPsHKEHNS TOCTOSIHHOTO TOKA WJIM MEJIEHHO U3MEHSIIOIIETOCs 110 aMIUIUTY/IE HANIPSKEHUS B HAIIps-
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’KEHHE TIEPEMEHHOT0 TOKa, (haza koToporo u3mensercs Ha 180° B 3aBUCUMOCTH OT MOJIIPHOCTH BXOTHOTO
CUT'HAJIA, aMILIUTY/1a IIPOIOPLHUOHAIBHA €70 3HAYEHHUIO, a YaCTOTA PaBHA YAaCTOTE OIIOPHOI'O HAIIPSKCHUS.

MonaynsaTopsl BecbMa XOPOLIO IPUMEHSIOTCS B yCTPOMCTBAaX aBTOMAaTUKU. B yacTHOCTH, UX HC-
MOJIB3YIOT ISl PpeoOpa30BaHusl CUTHAJIOB MTOCTOSIHHOTO TOKA, CHUMAEMBbIX C TATYUKOB CUCTEM
YIPABIICHUS, B HAIIPSHKEHUE IIEPEMEHHOI0 TOKA JUJIS IIOCIIEAYIOLIETO yCuiIeHus. Mcnonb3yroTes Mmoayis-
TOPBI TAKXKE B CXeMaX KOPPEKTUPYIOUIMX LIETIeH CUCTEM aBTOMAaTUKHU, JJIsl TPeoOpa3oBaHMsI HAPSIKESHUs
CTaOMIIN3AIIUH, TTOJTY4aeMOT0 B KOPPEKTUPYIOILEM KOHTYpE B pe3yibTare 1updepeHInpOBaHIS HITH
MHTETPUPOBAHMS MEIJIEHHO U3MEHSIOUXCS HAIIPSIKEHUM IIOCTOSIHHOTO TOKA.

MonynsaTopbl IPUMEHSIOTCS B OIIEPALIMOHHBIX YCHIIUTEIAX AHAJIOIOBBIX CYETHO-PEILIAOIINX
YCTPOWCTB, JUIsl yMEHbILIEHUS Apetida HyIs Ha BBIXOAE YCUIUTEICH.

B xauecTBE OCHOBHOI'O 2JIEMEHTA B HUX UCIIOJIB3YIOTCS IIPEPHIBATEIN B BUJIE MEXaHUYECKUX,
MarHUTHBIX U 3JICKTPOHHBIX YCTPOHCTB. MeXaHNYeCKHMMHU MPEPHIBATENSMU SIBJISIOTCS BUOPATOPHI,
AJIEKTPOHHBIMU — CXEMBbI Ha MOJIyIIPOBOAHUKOBBIX MIPUOOPAX U JIaMIax.

MexaHuuYeCcKHe MEeKTPOMAarHUTHbIE BUOPATOPbI UMEIOT 3HAUUTENbHbIE radapuThl. OHU YyBCTBU-
TEJIbHBI K BUOpanusM. MarHuTHbIE MOAYJISTOPBI Ha BBIXO/€ 00JIaAat0T OCTaTOYHBIM HAIIPSKEHHEM
(opMa KpUBOI UX BBIXOJIHOTO HANpPsHKEHUS! UMEET 3HAUUTeNbHbIC HCKaKeHHs. B cxemax aBTOMaTHKH
4alle BCEro MPUMEHSIOTCS MOAYJIATOPHI HA IOJIYNPOBOAHUKOBBIX JUOAAX U TPAH3UCTOPAX.

Monynstopsl, Tak ke kKak 1 @PBY, noapa3iensroTcs Ha NaCCUBHBIE U aKTHBHBIE.

ITo cBOEH CTPYKTYypE CXEMBI MOAYIATOPOB aHAIOTUYHBI cxeMaMm @BY. TpaH3ucTopsl B TaKUX
cXemax MOTYT paboTaTh KaKk B YCHJIMTEIbHOM, TaK U B KIIFOYEBOM PEXHME.

CxeMa 0JTHOTIOJNTYTIEPUOAHOTO MOAYJISTOPA Ha TPAH3UCTOPAX, pabOTAIONINX B YCUIIUTEILHOM pe-
KUMe, IpuBeieHa Ha puc. 12-3. IIpu BXoJHOM cUrHalie, paBHOM HYJIIO, B KOJIJIEKTOPHBIX LEMAX
TpaH3ucTopoB 7/ u T2 NpoTEeKaroT paBHbIE TOKHU, TaK KaK IIPH MOJIOKUTEIBLHON MOJIyBOJIHE (TLIIOC HA
SMUTTEPE) OMOPHOT0 HAMPSHKEHUS 00a TPaH3UCTOPa OTKPBITEL. OHAKO TOKHU B TpaHchopmaTtope Tp2
HaIIpaBJICHbl BCTPEYHO. B pe3ynbTare Ha BBIXO1€ MOLYIIATOPA HANIPSKEHUE PABHO HYIIIO.

[Tpu nogave Ha BXOJ MOAYJIATOPA MOCTOSHHOTO HAIPSDKEHUS OIMH U3 TPAH3UCTOPOB, HA 6azy
KOTOPOT'0 OyJIeT MPUIOKEH MOJI0KUTEIbHBIN MOTEHIIMAN, 3aKpbIBaeTCs. B pe3ynbraTe B KOJIEKTOPHBIX
LENSIX TPAaH3UCTOPOB IPH TOJIOKUTENIBHBIX ITOIYBOJHAX OMOPHOTO HAaMpsDKEeHUs OyayT NpOoTeKaTh TOKH,
HMMEIOIIME Pa3HOE 3HAYCHUE, U, CIEA0BATEIIBHO, HA BBIXOE BO3HUKACT HANPS)KEHUE IIEPEMEHHOIO TOKA.

AMIUTATY/Ia 3TOTO HANpPsDKEHUs OyAeT MPONOPLUOHATbHA 3HAYSHHIO BXOJHOTO CUTHANA, a a3a
— MOJIAPHOCTHU IIPWJIOKEHHOTO HAIPSKCHUS.

B nanHO# cxeMe TpaH3UCTOPHI TOJHKHBI ObITh C MICHTUYHBIMU [TapaMeTpaMH, TaK Kak B
IPOTHBHOM CITy4ae KOJIJIEKTOPHBIE TOKH MPH OTCYTCTBUU BXOJHOTO CUTHaIa OyAyT HEOIMHAKOBBI, U Ha
BBIX0/I€ BO3HUKHET OCTATOYHOE HAMPSKEHHUE, KOTOPOE YBEIMUYHUBACTCS IIPU MOBBIILIEHUN TEMIIEPATypPhl
OKpYXKaloLEen Cpebl.

Tpo

Uy

Puc.12-3 - Cxema 0JHOITOIYIEPHOAHOTO MOIYJIATOPa Ha TPAH3UCTOPAX, PAOOTAIONINX B YCHIIUTEILHOM PEKUME
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Ha3zHnayeHne MAarHUTHBIX MOAYyJAATOpPOB

MarHuTHbIE MOIYJISITOPBI MIPEIHA3HAYEHBI JUTSI TPe0Opa30BaHUS TOCTOSTHHOTO HAMPSHKCHUS (MK
TOKa) B MPOIMOPIMOHAILHOE €My TMepeMeHHOe HampsbkeHue (Wim Tok). HeoOxomumocTe B TakoM
npeo0pa3oBaHUK BO3HUKACT MPU H3MEPEHHU MAJBbIX CHUTHAJIOB TMOCTOSHHOTO TOKA WIIM HANPSDKEHUS,
KOTOpbIE HE MOTYT OBITh HEMOCPEACTBEHHO IMOJAHBI HA W3MEPUTENbHBIE WM HCIIOJHUTEIbHBIE
yCTpo#CTBa 0€3 MpeABapUTEIBHOIO YCUJICHHA. B TO e BpeMsi HEMOCPEICTBEHHOE YCHUIICEHHWE CUTHAJIOB
MOCTOSTHHOTO TOKA 3JIEKTPOHHBIMU U TOJTYIPOBOJHUKOBBIMU YCUIIUTEISIMUA UMEET CEPhE3HBIN HEIOCTATOK
— HeCTaOMJIBHOCTh HYJIEBOTO CHTHAJIA, TAaK HAa3bIBaeMBIil Apeiid Hyns. B cmyuae mpeoOpa3oBanus cUrHaIa
MOCTOSIHHOTO TOKa B MEPEMEHHBIA MOXKHO 3aMEHHTh HH3KOCTAOWJIBHBIN YCHIIMTENIh MOCTOSHHOTO TOKa
BBICOKOCTA0MIIBHBIM YCHIIUTENIEM MTEPEMEHHOTO TOKA.

Jlns Takoro mpeoOpa3oBaHUS MOXKHO HCIIONIB30BaTh U AJIEKTPOMEXAHHMUYECKOE YCTPOHUCTBO —
BUOponpeoOpazoBaTens. OnHako, HaTMUUE y BUOponpeoOpa3oBaTelis MEePHOAMYECKH PA3MbIKAIOIINUXCS U
3aMBbIKAIOIUXCA KOHTAaKTOB SIBJSETCS NMPUYMHOM €ro CPaBHUTEIBHO HEBBICOKOM HAJIEKHOCTH. Tak Kak
MarHUTHBI MOAYIISATOP HE UMEET KOHTAKTOB, T.€. SIBJISIETCS OECKOHTAKTHBIM JJIEMEHTOM aBTOMATHYECKH,
TO ¥ HaJI&KHOCTH €T0 BBIIIE, YEM Y BUOPOTIpeoOpazoBaTes.

Ilo npuHIMIy AEUCTBUA U YCTPOWCTBY, MarHUTHBIM MOJIYJIATOP HU 4YE€M HE OTJIMYAETCA OT
MarHUuTHOTO ycunuTens. Hago oTMeTuTh, 4To OECKOHTaKTHOE MpeoOpa3oBaHHE MOCTOSIHHOTO TOKa B
MEPEMEHHBIN BBIMIOJIHIIOT U MOIYISATOPHI IPYTHMX THUIIOB, HAIPUMEP MOJIYIMPOBOJAHUKOBBIE (B TOM 4HCIIE
TPaH3UCTOPHBIE).

[To cpaBHEHMIO C MOTYNPOBOJHUKOBBIMHU, OTAEIbHBIE THUIIBI MAarHUTHBIX MOJYJISTOPOB HMEIOT
JYYITyI0 CTaOMIBHOCTh HYJS (0COOEHHO MpH M3MEHEHHH TEeMIIepaTypbl OKpyKaromiei cpensl). Tak xe,
KaK ¥ TMOJIYIMPOBOJHUKOBBIC, MArHUTHBIE MOIYJISTOPEl MOTYT BBIMOJTHATH MpeoOpa3oBaHUE MOCTOSIHHOTO
HaIpsOKEHUS B TMEPEMEHHOE C OJHOBPEMEHHBIM YCHIEHHMEM. MarHuTHble MOIYISTOPHl MPOCTHIMU
crioco0amMu 00ecreynBal0T CyMMHPOBAaHUE OOJBLIOrO YHUCIA CUTHAIOB 0e3 HEOOXOIMMOCTH BBEACHUS
TraJIbBAHUYECKON CBA3U MEXAY HUMHU. [anveanuyeckasn c643b 3aKIIOUYACTCS B HEIOCPEACTBEHHOM
COEIMHEHUH DIIEKTpUUecKuX leneil. OHa mopoii ObIBaeT KpaifHe HeKeNaTeabHOM, MMOCKOJIBbKY MPUBOIUT K
BpPEAHOMY BIIMSHHUIO OJHOTO D3JEMEHTa aBTOMAaTUKKM Ha apyroil. Hambonee cepbE€3HbIl HemoCTaTOK
MarHUTHBIX MOJIYJISITOPOB 0 CPABHEHUIO C TIOTYIPOBOJHUKOBBIMU — 3TO OOJIBIITNE TaOapUTHI U BEC.

JIOBOJIBHO 4acTO KOMOMHHUPYIOT MarHUTHBIA MOAYIATOP C MOJTYIPOBOJAHHKOBBIM YCHIIUTEIEM,
T.€. POEKTUPYIOT MAarHUTHO-TIOJIYIIPOBOJAHUKOBBIE ITpeoOpa3oBareian. B 3TOM ciydyae MOKHO MOJIyYUTh
ONTUMAJIbHOE COOTHOILIEHHWE MEXJIYy TAaKUMU TEXHUYECKUMHU XapaKTEPUCTUKAMHU, KaK TOYHOCTD,
4yBCTBUTEIHHOCTh, KOAPDUIIMEHT YCUIICHUS, BEC, TabapUThl, CTOUMOCTb, HAJEKHOCTD.

MarauTtHble MOAYISITOPBI, TPeTHA3HAYCHHBIE ISl pa0OThI Ha MOCIEAYIONUN 2IEKTPOHHBIN HITH
MOJIYITPOBOTHUKOBBIN KacKaJl yCUIICHUsI, HA3bIBAIOT MATHUTHBIMU YCUIIUTEISIMU HanpsbkeHust. Paznuuaror

MAarHUTHBIE MOJIYJIATOPBI C BHIXOHBIM NIEPEMEHHBIM TOKOM OCHOBHOM M YABOEHHOMN 4aCTOTHI.

MarsuuTHble MOAYJIATOPHLI ¢ BLIXOAHBIM NIEPEMEHHBIM TOKOM OCHOBHOI
4aCTOThbI

B xauecTBe MarHUTHOI'O MOAYJIATOPA C BBIXOJHBIM IIEPEMEHHBIM TOKOM OCHOBHOM 4acTOTHI (T.€.
paBHOM YacTOTE UCTOYHMKA MUTAHUS) MOXKHO HCIIOJIb30BaTh JIFOOYIO U3 CXEM JBYXTAKTHBIX MarHUTHBIX
yeunurenen: auddepeHnnanbHy0, MOCTOBYIO WIH TPaHC(HOPMATOPHYIO.

Bei0op Mexny TOM MM MHON CXeMOW Jenaercs B 3aBUCUMOCTH OT MOIIHOCTHU YIPABJISIOLIETO
CUTHaja ¥ He00X0AUMOro Ko3(UIIMEHTa YCUIICHHS 110 HAIIPSDKEHUIO.

OueBuAHO, YTO HAMOOJIBIINN KOI(DGUIMEHT YCHICHHS MOXKHO MOJYYUTh B TPaHC(HOPMATOPHOU
cXeMe 3a CUET BBINOJIHEHHS] BTOPUYHOH OOMOTKHU C OOJIBIIMM YHUCJIOM BHUTKOB, T.€. KaK ObI C TIOMOIIBIO
HoBbIIIAONIero TpanchopmaTopa. OHAKO MPU 3TOM BO3HUKAIOT, IPEX/IE BCET0, YUCTO TEXHOJIOTUIECKHE
TPYAHOCTH C HAMOTKOM OO0JIBIIIOTO YMCIa BUTKOB Ha HEOOJIBIIOM CEpACYHUKE MAaJIOMOIIHOTO MAarHUTHOTO
ycuJIeHusl. A KpoMe TOro, OCTAHEeTCs MeEHbIE MPOCTPAHCTBA Ul pa3MEIeHUs OOMOTKU YHpaBICHHUS.
Boo6me nokazaHo, 4To MOWIHOCTh YymnpasiieHHs Py cBsi3aHa ¢ miomanpto okHa Qy i OOMOTKH
yIpaBiaeHus: 00paTHO NPONOPLIHMOHATIBHON 3aBUCUMOCTBI0. UeM MeHbllIe MIo1aap okHa Qy TeM Oosblias
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noTpedyeTcsi MOLTHOCTh YIPABJICHUS UL CO3JaHUsl HEOOXOAUMOM HANpPsDKEHHOCTH MAarHUTHOTO T0JIA B
cepaeyHuku. [loaToMy TpaHC(hOPMATOPHYIO CXEMY JBYXTaKTHOTO MAarHHUTHOTO YCHJIMTENS pPeajbHO
IIPUMEHAIOT JUIsi MarHUTHBIX MOJYJISATOPOB IIPU Py>10‘8 Br. IIpu MeHbmux 3HaueHusx Py (mo 10"* Br)
HCIOJb3YIOT MOCTOBYIO M TU(PEepeHIINATBHYIO CXEMbI Kak 00Jiee YyBCTBUTEIIbHBIE.

Jlis monydyeHuss HeoOXoAuMoro ko3(duiueHTa ycHUIeHHs MO HANPSDKEHHIO HCIIONb3YeTCs
OTIENBHBIA BBIXOJHOW TpaHchopmarop 7p2, Kak 3TO mMOKa3aHo Ha puc. 1. [lyis OamaHCUpOBKU HYIs
UCIIONb3yeTCs pe3ucTop Ry, ¢ ABMXkKKa KOTOPOro momaércs HaIpsHKEHUE Ha MEPBUYHYIO OOMOTKY Ip2.
Comnpotusnenue R, BbIOnpaeTcs NpUMEPHO PABHBIM COIMPOTUBIICHHUIO PAOOUUX OOMOTOK ®p.
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Puc. 12-4 - MarauTHblid MOAYJISITOP C BBIXOAHBIM IEPEMEHHBIM TOKOM Ha 4aCTOTE MTUTAHMS

MarauTHbie MOAYJATOPLbI ¢ BLIXOAHBIM NIEPEMEHHBLIM
TOKOM yIlBOCHHOﬁ 4aCTOTHI

IIpy paccMOTpeHHMH MPOLIECCOB, MPOXOJAIIMX B MACATBHOM MAarHUTHOM YCHIHTEINE,
OTMEYANIOCh. YUTO TOK yIpaBJICHHS MOKHO IIPEICTaBUTh KaK CyMMY IIOCTOSHHOM U IIEPEMEHHOU
COCTaBIISIOLIUX, NPUUYEM IEPEMEHHAsS COCTABISIOLIAs M3MEHSETCS C YacTOTOM, BJBOE IPEBBIILIAOLICH
4yacTOTy nuTaHus. Eciau mocTosiHHas cocTaBiisiiolnas oOyCIOBJIEHA YIPaBISIOIIMM cUTHanIoM Iy, To
NepeMEeHHas COCTaBJIAIONIAsi BO3HHMKAET BCJIEACTBHE TpaHCPOpMAalMM TOKAa B LENU HArpy3KH.
Tpaunchopmupyemas uz paboueit 0omotku DJIC nBOHHON YacTOThI UMEET a3y, KOTopas MpH MepeMeHe
MOJIIPHOCTH YIIPABJISIIOLIETO CUTHAIa MEHSETCS Ha 180°. ITpu cusaTum ynpasmstomero currana (I, = 0)
OJIC nBOHHON YacTOTHI SABJISIETCS MOJaya BXOJHOI'O CUTHAIA HA YCHWIIMTENb. 3aMETHUM, YTO KaKue-JInbo
Apyrue NPUYMHBI (HEUIACHTUYHOCTh CEpJCUYHUKOB, HANPUMEP) HE MOTYT MPHUBECTU K BO3HUKHOBEHMIO
OJ1C nBOMHOM 4acTOTHI IPY NUTAHUU YCUIIUTENS CUHYCOUAAIBHBIM HAIIPSDKEHUEM.

O¢dext noseienus DJC nBOMHON YacTOTHI M UCHOJb3YeTCS B MAarHUTHBIX MOJYJISATOpax C
BBIXOJHBIM IIEPEMEHHBIM TOKOM yIBOEHHOH 4acToThl (puc. 1).06MOTKa ymnpaBiieHHs )y B CXEMaxX TaKHX
MOJYJIATOPOB HUCIOJB3YeTCA Kak Uil MoAayd BXOAHOIrO curHana Uy, Tak M g CHSATHUS BBIXOAHOIO
curHasia Ugyx. OJIC ABOWMHOM YacTOTHI BBIAEIAETCS € IOMOIIBIO BBIXOAHOTO TpaHchopmatopa 7p.
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[lepBryHass 0OMOTKa 3TOro TpaHchopMaTOpa MOKET MOAKIIOYATHCS MapalyieIbHO OOMOTKE YIpaBICHUS
oy (puc. 12-5,a) unnu nocienosatenbHo ¢ Hell (puc. 12-5,0). B oboux ciydasx ¢a3a BBIXOJHOTO
HanpskeHnss Uy, m3Mensercs Ha 180° mpu msmenennn momspHocTd Upyy, T.€. CXEMbI SIBISIOTCS
peBepcuBHBIMU. B cxeme ¢ mapamienbHbIM COeAMHEHHEM OOMOTOK (puc. la) MOCTOSHHBIA TOK HE
MOCTYIMAET B MEPBUYHYI0 OOMOTKY BBIXOAHOTrO (0OBIYHO MOBBIMIAtomero) tpanchopmaropa 7p. Ilyts
IIOCTOSIHHOM  COCTaBJIAIOLIEN Toka mperpaxkiaaer konaeHcarop C. HamomHuMm, 4Yro EMKOCTHOE
conpotuBnenue X, = 1/(wC), T.e. A MOCTOSHHOM cocTaBmstomieit (o = 0) EMKOCTHOE COMPOTHBIICHUE
CTpeMUTCsl K OeckoHeYHOCTH. [[poccens L (MHIYKTUBHOE COMPOTHUBICHUE X, = wl) UMEET OYeHb Malloe
COIPOTHUBIICHUE JJIsl CUTHAJIA IMOCTOSIHHOTO TOKa, a JUI TOKa JBOWHOW YacTOTHI MPEACTABISET OOJIbIIOE
conporusieHue. Iloatomy npoccens L NpensTCTBYET NMPOXOKIACHUIO TOKA JBOMHOM 4acTOTHI 4epes
UCTOYHMK BXOJHOTIO CHMrHaja (Hampumep, naTuuk). Kak mnpaBuno, crpemsrcs u3dexaTb 00OpaTHOroO
BO3JECICTBUS MOCIEAYIOLIETO 3JIEMEHTAa B CUCTEME aBTOMATUKU Ha NMPEAbIAYIINN (32 UCKIOYEHHEM TEX
Cclly4yaeB, KOT'/la CO3Jal0TCs 0OpaTHbIE CBS3U CIELUAIBHO).

B cxeme c mocnenoBatenbHbIM coeTMHEHHEM 00MOTOK (puc. 12-5,0) konnencarop C myHTUPYET
HCTOYHUK BXOJIHOTO CHTHANa, MO3TOMY TOK JIBOMHOM YacTOTHI 3aMbIKA€TCs 4epe3 3TOT KOHJAEHCATOP, HE
nomajgas B HCTOYHMK BXOAHOTO cHrHana. CrenuanbHbBIA Jpocceib s oOecrnedeHus pexuMa
BBIHY)KJICHHOTO ITOJIMarHWYMBAaHUS B 3TOH cxeme He TpeOyercs. Ero ponp urpaer nepBuuHas oOMOTKa
Tpanchopmatopa Ip.

Kongencarop C u apoccens L B cXxeMax MAarHUTHOTO MOJYJSATOpPA C BBIXOJAOM Ha yJIBOSHHOM
4acToTe WrpaloT poib ¢(uiabTpa. [is mHOMydeHHS BBICOKOW YYBCTBUTENBHOCTHM W TOYHOCTHU
npeoOpa3oBaHus MPUXOAUTCS HMCIOJIBb30BaTh (PUIBTPHI HAa BXoJE W BbIXoAe. [loaTOMYy MOAYISATOPHI C
BBIXOJHBIM TOKOM YJIBOEHHOM YaCTOTHI OKAa3bIBAIOTCS CJIOKHEE MOIYJIATOPOB C BBIXOJHBIM TOKOM
OCHOBHOH uacToThl. Kpome TOro, oHu mnoTpeOusaioT OoJbLIyl0 MOLIHOCTb, uMeroT Hu3kuih KIIJ u
HeOoubIIoON Ko duumeHT ycuneHus. ['71aBHOE MX JTOCTOMHCTBO — BBICOKash UyBCTBUTEIBHOCTH: OHH
CIOCOGHBI BOCIIPHHHMATh YIIPABIISIONME CUIHATBI MOIIHOCTRIO Beero yumb B 1077 — 10™° Br (pn
UCIIOJIb30BAaHUH BHICOKOKAUECTBEHHBIX MAarHUTHBIX MaTepPHAJIOB).
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Puc. 12-5 - MarautHbie MOIYISTOPBI C BEIXOAHBIM IIEPEMEHHBIM TOKOM YIBOEHHOW YaCTOTHI
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