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Jexuyua 1. BBE/IEHUE

Ilenv 6600mHOLI neKkyuu: paccmompemsv yenvb U 3a0ayu U3y4eHus OUCYUNTIUHBL,
U3Y4UMsb OCHOBHbIE NOHAMUS U UX ONpeOeNeHUsl, CMPYKMYPHYIO CXemy Ad8moMamu3upo-
BAHHO20 31EKMPONPUBOOd, KIACCUPUKAYUIO INeKMPONPUBOO08, KPAMKULL Ucmopuye-
CKUll 0030p U OCHOBHbIE 2MANbL PA3GUMUSL DTIEKMPONPUBOOd.

Heas n 3agaum u3yyeHUs TUCHMILVIMHBI «ABTOMATH3HPOBAHHBIN JJIEKTPO-
NPUBOA». [[enbro N3yUYeHUsT TUCHUILIIUHEI SIBIIsIeTCS (POPMHUPOBAHUE Y CTYJACHTOB 3HAHUM
10 91eKMPOo0OOPYO0BAHUI0 N ABMOMAMUIUPOBAHHBIM JJIeKMPONPUEOOAM, TPUMEHIEMbIM
B COBPEMEHHBIX METAJUIOPEXKYILUX CTAHKAX U aBTOMATUYECKUX JTUHUSAX.

OCHOBHBIMU 3a0auamy AUCUUIUIUHBI SBISIOTCS U3yueHuUe: dICKTPOMEXaHUUECKUX
CBOMCTB 3JIEKTPOJIBUraTesIeil MOCTOSIHHOTO M MEPEMEHHOT0 TOKa; METO/IOB pacyeTa U Bbl-
Oopa PIEeKTPOABHUraTENICH; anmapaToB U CUCTEM YIPABICHUS JIEKTPOIIPUBOIAMU METall-
JIOPEXYIINX CTAHKOB, & TAKXKE OOIIUX BOMPOCOB AIIEKTPOOE30MaCHOCTH.

B pesynbraTte OCBOEHHS NHUCIUIUIMHBI «ABTOMATU3UPOBAHHBIN 3JIEKTPONPHUBOI»
CTYJICHT JOJIKEH

3HATD!

® YCTPOMCTBO, MPUHLINI JEHCTBUSA U JJIEKTPOMEXaHUYECKHE CBOMCTBA JIEKTPOIABU-
raTeJieid MOCTOSIHHOTO U MEPEMEHHOT0 TOKa,;

® CrIoCcOOBI MyCKa, TOPMOXKEHHSI U PEryJIHUpPOBAaHUS CKOPOCTH DJIEKTPOJBUTATEICH
MTOCTOSIHHOTO U MIEPEMEHHOI0 TOKA,;

® KOHTAKTHYI0 M OECKOHTAaKTHYIO armapaTypy, MPUMEHSEMYI0 B CXxemax ympaBlie-
HUS aBTOMATU3UPOBAHHBIMHU 3JIEKTPONPUBOIAMU;

® METO/Ibl pacuéTa HOMHUHAJILHON MOIIHOCTH JICKTPOABUTATEIICH;

® OCHOBHBIE MEPOTPHUSATHS IO MOBBIIIEHUIO AIEKTPOOE30MIACHOCTH,;

YMeTh:

® ONPEEISATh ONTUMAIBHOE MPUAATOUYHOE YUCIIO PEAYKTOPA ISl SJIEKTPOIPUBO/IA;

® PaCCUMUTHIBATH MPUBEJECHHBIE K BAJTy 3JEKTPOJIBUTATEsi MOMEHTBI M CUJIbI COMPO-
TUBJICHUS, MOMEHTHI MHEPLUUU U MACChl JBMXKYIIUXCS YacTe CTaHKOB, MEXaHUYECKHUE
XapaKTEPUCTUKH AJICKTPOIBUTATENICH MMOCTOSHHOTO U IIEPEMEHHOTO TOKA;

® YUTaTh THUIOBBIE JJIEKTPUUECKHE CXEMBbI PEIEHHO-KOHTAKTOPHOTO YIIPABJICHUS
ANEKTPOJBUTATEISIMU TOCTOSTHHOTO U IEPEMEHHOTO TOKa,

® PacCCUMUTHIBATH ITyCKOBBIE U TOPMO3HbBIE COMPOTUBIIEHUS ISl JIEKTPOIBUTATEIIECH.

OcHoBHbIE MOHATHS U UX onpeaenaeHusa. IhHEKTUBHOCTh MPOU3BOJICTBA B 3HA-
YUTEJIBHOW CTENEHU OMNPENENIeTCS CIIOCOOOM MOJIYYEHUS IHepauu, HeOOXOIUMON aiis
BBITIOJIHEHHSI MEXaHUYECKOW padOThl B IPOU3BOACTBEHHBIX Mpoiieccax. Co3gaHue B Ka-
YeCTBE JABUTATEIIS naposoli mawunsl (B3aMEeH TUaApaBIndeckoro asuratenst) B XX B. mo-
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CITy’KUJIO MOIIHBIM TOJYKOM Pa3BHUTHUS MPOMBIIIICHHOTO MPOU3BOICTBA (nosmomy XIX
eex Hazean eexom napa). B XX Beke OCHOBHBIM MCTOYHHKOM MEXaHHMUYECKOW IYHEPTUU
ctajn OoJiee COBEPIICHHBIN AIIEKTPHUUECKUI JIBUTATENb, @ OCHOBHBIM BUIOM MPUBOJIA pa-
00uYMX MAIlIMH B MPOMBIILICHHOM MTPOM3BOJICTBE — AIEKTPUICCKUH MPUBOJ (nosmomy XX
BEK HA38AH BEKOM IIEKIMPUYECMEA).

B nacrosimee Bpemst moutu 100 % snexktpudeckoil sHEpruu MpPOU3BOAUTCS C TO-
MOIIbIO AJIEKTpUUECKUX MaiuH (reneparopo) u 10 90 % ee mOTPEOISIOT TAKKE JICK-
TPUYECKHE MAIIUHBI (IBUraTesM), KOTOPBIC MPEeoOpa3yroT AIEKTPUUCCKYHO SHEPTHIO B
MexaHndeckyro. KpoMe anekTpuyeckoi UCTOIb3yI0TCS U IPYTUe BUBI SHEPTUH U JIBU-
ratejiM Ha UX OCHOBE. mapoBas TypOuHa (B mapoxojax), mapoBas MariuHa (B mapoBo-
3ax), JABMraTeb BHYTPEHHETO cropaHus (B aBTOMOOHIISX).

CoBpeMEHHOE NPOMBILUIEHHOE MPOU3BOJCTBO XapaKTepU3yeTcss OOJbIIMM MHO-
roodpazueM TEXHOJOTUYECKUX MPOILECCOB C MPUMEHEHHEM pPa3IHYHBIX MPOU3BOJCT-
BEHHBIX MAIllMH U MEXaHU3MOB (METa/NIOPEKYIINX CTAHKOB, MPECCOB, MPOKATHBIX CTa-
HOB, KOHBEHEPOB, MOIBEMHBIX KPaHOB, HACOCOB, BEHTWJIATOPOB U 1p.). [Ipouzeoocm-
genHblll mexanusm (MMM paboyas mauwiuna) COCTOMT M3 MHOXKECTBA B3aMMOCBSI3aHHBIX
y3JI0B.

Yro xe moHuMaeTcs noj cioBoM «npugoo»? K. Mapkc B | 1. «Kanurana» Hamnu-
caJl, YTO «BCSAKOE Pa3BUTOE MAIIMHHOE YCTPOWCTBO COCTOUT U3 TPEX CYIIECTBEHHO pa3-
JUYHBIX YaCTEH: MAaIllUHbI-JABUTATENS, MEPEJaTOYHOIO0 MEXaHM3Ma, HaKOHEIl, MAIIuHbI
opyaus Wik paboyeil MalIuHbI».

Ha3HaueHue mepBhIX JBYX YacTell — MPHUBECTH B JIBMKCHHE (BpallarelbHOE HIIN
MOCTYTATEIIbHOC) UCHONHUMENbHbLL Opear PadoUeit MaITUHBI. DTH YaCTH O0BEIUHSIIOT
o0IMM Ha3BaHUEM «npugod». TakuM o0pa3oM, npueodom HA3BIBAIOT MAIIMHHOE YCT-
pOMCTBO, COOOIIAOIIEE ABUKEHUE UCHOTHUMENbHOMY Op2aHy TPOU3BOJCTBEHHON Ma-
IIMHBI U COCTOSAIIEE U3 IBUTATEIS U MEXaHUYECKUX Mepenay.

Hcnonnumensuvim opeanom (MO) pabodeli MaluHbl Ha3bIBACTCS OJIMH M3 €€ y3-
JIOB, KOTOPBII HEMOCPEACTBEHHO BBHIMOIHIET 33JaHHYI0 TEXHOJOTHUYECKYIO OIEpaIuio.
JIsist MHOTHX pabOYHX MAaIlliH XapaKTePHBIM SBISIETCS HAJIMYKME HE OHOTO, a JABYX HIIU
Jake HECKOJBKUX B3aMMOJCHUCTBYIOIIMX HCIOTHUTEIBHBIX OpraHoB. Hampumep, mpu
00paboTKe JeTali Ha TOKAPHOM CTaHKE OHA MPUBOJUTCS BO BpAIICHHWE BOKPYT CBOEH
OCH, a pe3el] MPU 3TOM IEepeMEIIAaeTCss BAOIb JIETAIM U CHUMAeT C Hee CJIOW Meraia
(cTpyxKky). BpaiieHue neTanu oCymiecTBIsIeT MIMHHICIb CTaHKa (3TO MEPBbIA UCIIOJHH-
TENILHBIN OpraH), a MCXaHHU3M I10JIa4M CTaHKa (3TO yXKe BTOPOU MCIOJHUTEIbHBIN OpraH)
MOCTYTATENbHO MepeMeniaeT pesel. TakuM o0pa3oMm, 00a HCTIOIHUTENbHBIX OpraHa, co-
BepIliasi MCXaHUYECKHE JBIDKCHUS (BpallleHUE JETalM W MEPEeMEIICHUE pe3iia), BBIIOJI-
HSIOT 33/IaHHYI0 TEXHOJIOTHYECKyto omnepauuio. [Ipu oOpaboTke MaTepualioB U U3AeIUi
Ha CTaHKax, MPOKATHBIX CTaHaX, Mpeccax HCIOIHUTEIbHBIMA OpraHaMH SIBIISIOTCS
HIMAHACTN, MEXaHU3MBbI MTOJIa4H, CYNIOPTHI, Bajibl, mTammbl U T.1. [lepemenienue TBep-
JBIX MAaTE€pPHAaJIOB, U3/IEINMN, Ta30B, KUAKOCTEH MPOU3BOIUTCS KOHBEHepaMHu, MOIbEMHbI-
MU KpaHaMmH, TU(TaMu, HACOCaMH, BEHTUIIATOPAMH, KOMIIPECCOPaMH.
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MHorre UCHOTHHUTENbHBIC OpraHbl (IIMHH/CIN, MEXaHU3MBI TI0Ja4qH, BaJKU TPO-
KaTHBIX CTAHOB, JICHTHI KOHBEHEPOB H JIp.) TPEOYIOT PeryIupoBaHus cKOpocTH. MHOT 2
BO3HHUKAET HEOOXOAMMOCTh U3MEHSTh U HAIllPaBJIE€HUE JBUKEHUS UCIIOJHUTEIBHOTO Op-
rana (pesepcupoBath €ro). Bo Bpemsi IBUKESHUS UCTIOJTHUTENBHBIA OpraH MPeoI0JIeBacT
CONPOTHUBJIEHUE JBM)KEHHUIO, 00OYCIOBIMBAEMOE CUJIAMU TPEHUS WM MPUTSKEHUS 3EM-
JIY, BO3HUKAIOMIMMH YCUITUSIMHU NP AePOpMalIUsIX MaTEPUAIOB.

Wtak, ajis oCyIlecTBIECHUSI UCTIOJHUTEILHBIM OPraHOM HEOOXOIMMOTO JABUKEHUS
IIPU BBIIIOJIHEHUU TEXHOJIOTUYECKOW OINEpalUH U MPEOJOJICHUS BOZHUKAIOIIUX YCHIIUMA
K HeMy J0JKHa ObITh IIOJIBE/ICHA ONpe/ieNIeHHAs MeXaHUYecKasl SHEPTUsl OT YCTPOICTBA,
KOTOpPOE B COOTBETCTBUHM CO CBOMM Ha3HAYEHUEM IOJYYMJIO HAa3BaHUE npueood. Takum
o0pa3oM, TPUBOJI BHIPAOATHIBAET MEXAHMYECKYIO JHEPTHI0 MyTeM MpeoOpa3oBaHUs
IPYrUX BUJOB DHEPTUH, B 3aBHUCHMOCTH OT KOTOPBIX DPA3IMYAOT THIPABINYECKHUH,
ITHEBMATUYECKUH, DJIEKTPUYECKUN U apyrue Buasl. lIpocrenmmii npusoxn — pyunotu, 3a-
TeM KOHHbIlI (KaK pa3BUTHE PYUYHOTO), Mexanuueckuil (OT BETPSHOTO TBUTATEINS, BOJIS-
HOTO KoJieca, TypOMHBI, TAPOBOI MAIMHBI, IBUTATENSI BHYTPEHHETO cropanus). B Ha-
CTOsIILIEe BpPEeMsl BOJSHBIE U MapOBble TypOMHBI IIMPOKO MPUMEHSIOTCA Ha AJIEKTpUYe-
CKUX CTaHIMIX (THIPABIUYECKUX U TEIUIOBBIX). OIHAKO Ui MPUBOJA PAOOYUX MAIIHH
OCHOBHBIM SIBJISIETCS 271eKMPUYECKull 08ueamensb, Ha OCHOBE KOTOPOI'O CTPOUTCS IJleK-
mponpueoo, a Ha COBPEMEHHOM JTalle pPa3BUTUS TEXHUKU — A8MOMAMUIUPOBAHHbBIU
anexkmponpusoo, notpednsempiii okoso 90 % Bcell BbIpabaThIBaEMON 3IEKTPUUYSCKOM
sHepruu. Takoe MHMPOKOE MPUMEHEHUE AJIEKTPUUYECKOW SHEPrUU U JIIEKTPONPHUBOAA
OOBSICHSIETCS LENBIM PSAOM UX JOCTOMHCTB U NMPEUMYILIECTB [0 CPABHEHUIO C IPYTHUMHU
BHUJIAMH HEPTUH U PUBOJOB!

® BO3MOYKHOCTb I€peNayn 3JIEKTPOIHEPIMH Ha OOJbLIME PACCTOSIHUS C MaJbIMH
NOTEPSAMH;

® 00paTUMOCTBH JIEKTPUUYECKUX MAIINH,

e Bpicokui KII/I;

e OOJIBIIION JMAIa30H MOIIHOCTEH 3JeKTpoABUTaTeeH (0T JoJei BaTT A0 Mera-
BAaTT) U PETYJIMPOBAHUS CKOPOCTH AJIEKTPOIIPUBO/IA;

® J)KECTKOCTh MEXaHWYECKUX XAPAKTEPUCTHUK U JIP.

Dnexkmpuueckum npueooom (I11) Ha3bIBaETCS IICKTPOMEXAHHUECKOE YCTPOUCT-
BO, cooOIIarolIee ABMKEHNE paboyeMy OpraHy MpOU3BOJACTBEHHON MAllIMHBI U COCTOS-
Iee M3 SJCKTPOJBUIATENS C amnmapaTypoid (CHCTEMOi) ynpaBJICHUS M MEXaHUYeCKOM
nepenauu. [[pyrumMu cioBaMu, MOKHO CKa3aTh, YUUTHIBAs pACCMOTPEHHOE BBILIE MOHS-
THE€ MPUBOJA, YTO IAEKMPONPUEOO — 3TO TIPUBOJI, B KOTOPOM B KAUE€CTBE JIBUTATEIIS UC-
NI0JIB3YETCSl HIMEHHO 3JIEKTPUYECKUI ABUTATEIb C allllapaTypoil ero yrpaBieHusI.

Asmomamuszuposannsiii Inekmponpueod (ADII) — 3TO FIEKTPOMEXaHUYECKOE
YCTPOMCTBO, TIPEeIHA3HAYCHHOE JIJISl TIPUBEJCHUSI pabouero opraHa mpou3BOJICTBEHHON
MAIllMHBl U YIIPABICHUS €€ TEXHOJOTMYECKUM IIPOLIECCOM, COCTOSIIEE U3 DIEKTPOIBU-
rarensi, IpeodpazoBaTENIbHOTO, IEPEIATOYHOTO U YIPABISAIONIETO YCTPOCTB. [Ipeobpa-
306amenvHoe ycmpoticmeo (MEKIY IEKTPUIECKON MUTAIONICH CEThIO U 3JICKTPOIBUTA-
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TEJIeM) CIIYXHT JUIsl mpeoOpa3oBaHUS HEH3MEHHBIX IMapaMETPOB AJICKTPOIHEPTHH -
TalOLIEl CETH B NMEPEMEHHBIE B COOTBETCTBHM C YIPABJICHHEM PETYJIUPYEMOTO 3JIEK-
TPOIIPUBOJA, & YNpasisaouiee yCmpoucmeo — s 00ecrnedeHus: ONTUMAIbHOTO YIpaB-
JICHUS 110 ONPEACICHHBIM KPUTEPHUSIM.

B nacTosiiee BpeMsi UCHOJIb3YIOTCSI B OCHOBHOM IOJIYIPOBOJIHUKOBBIE MpPeoOpa-
30BaTeNIbHBIC YCTPOWCTBA (TPAH3UCTOPHBIC, TUPHUCTOPHBIC), KOTOPHIC MPEOOPa3yIOT
TpexdazHoe HanpsHKEHUE MEPEMEHHOTO TOKA MPOMBIIUICHHOW CETH B MOCTOSIHHOE Ha-
npspDKeHUE WM B HANPSDKEHHME TakKe Tpex(azHoe MePEeMEHHOr0 TOKa, HO APYTrod Besu-
YUHBI U IpyTror 4acToThl. COBPEMEHHBI aBTOMAaTU3UPOBAHHBIN 3JIEKTPOIPUBOJT MOKET
MPEACTABIATh COOOM LENBbI KOMIUIEKC DJIEKTPUYECKUX MAIIWH, anmapaTtoB U CUCTEM
ynpasienusi, HanpuMep ADI mpoMbIIIeHHBIX POOOTOB.

Ilon 21ekmpoodopydoeanuem NMOHUMACTCA COBOKYMHOCTBH JJIEKTPOTEXHUUYECKHUX
YCTPOUCTB (MM M3/IEJIHii), B KOTOPBIX IO MPUHIIKITY IEHCTBHS MPHU UX PadOTe npouseo-
oumcs, npeobpaszyemcs, nepedaemcs, pacnpeoeisiemcs, nompeosiemcs JjneKmpuie-
ckas ouepausi. K HUIM OTHOCATCS, HAPUMEP: 3JIEKTPUUYECKUE TE€HEPATOPhl U ABUTATENH,
TpaHcHOPMATOPHI, YIIPABISIEMbIE BBHIITPAMUTENN U MPEeoOpa3oBaTeNId YaCTOThI, BO3YIII-
Heie JIOII u xabenu, 3MeKTpUUECKUE TEYH, DJEKTPUUYECKUE alllapaThl YIpaBiIeHUS U
3alUThl U MHOTHE JIPYTHUE YCTPOICTBA.

B 3aBucumocTH OT ycCiaoBHIl pabOThI AJIEKTPOOOOPYIOBAHUS PA3IUYAIOT — IJ1€K-
mpooodopydosanue ooue2o naznauenusn (OHO BBIMOIHACTCS 0€3 yueTa CrelupUIeCKuX
TpeOOBaHUH Jis OTPEACICHHON 00JIACTH WIJIM OTPACIIA MPOMBINUICHHOCTH) U CHell-
anpHoe I1eKmpoodopyoosanue, KOTOPOE BBHIIOIHAETCS C YUETOM Creu(pUIecKuX Tpe-
OOBaHMI, XapaKTEPHBIX JJII KOHKPETHON 00JIaCTH TPUMEHEHUS, HAIIPUMEp TS IIaxT.

Ilon ynpaenenuem snekmponpueooa NOHUMAETCS HE TOJBKO IIyCK, TOPMOKEHUE,
peBepc, HO U PEryJIMpOBaHUE CKOPOCTH B COOTBETCTBUH C TPEOOBAHUSIMHU TEXHOJIOTHYE-
CKOro mporuecca.

Ilon pezynuposanuem ckopocmu NOHUMAETCS LENEHAIIPABICHHOE €€ N3MEHEHUE
10 BOJIE OIEpaTopa, a TaKKe CPEACTBAMU aBTOMATHKH, B COOTBETCTBHM C TPeOOBaHMUs-
MU TEXHOJIOTHYECKOro Mpoiiecca. Mcrnoib3yloT B OCHOBHOM JJIEKTPUUYECKHE METOMAbI
PEryJIUPOBAHUS CKOPOCTH, KOTOPBIE OCYLIECTBISIOTCS BO3JCHCTBHEM Ha MapaMeTphbl
AIEKTPUUECKON IeNU JBUTATENsl WIM Ha MapamMeTpbl HCTOYHUKOB MUTaHMs. bonee co-
BEPIIECHHBIE CUCTEMBI PETYJIMPOBAHKS CKOPOCTH OCHOBAHbI HA MUCIOJIb30BAHUU 3aMKHY-
TBIX CUCTEM yIIPaBJICHHUS.

Crpykrypnasn cxema ADII. CrpykrypHas cxema ADII npencrasnena Ha puc. 1.1.
DnexkTpudecKkas MOITHOCTh, TOTpedIIsiemMast AIEKTPOIPUBOJOM OT DJECKTPUUYECKON CETH
(OC), B cwioBoit wactu mpeoOpazoBareinbHOro ycrpoiictsa (CIIpY) mpeobpasyercs B
pEryJIMpyEMYIO0 TIO MOKA3aTeNsIM 3JIEKTPUUYECKYI0 MOIIHOCTh, KOTOpas MOABOAMUTCS K
oOMOTKaM ayekTpoaBuraTess. Ha cxeme nBuratens MpeaCcTaBiICH ABYMs dJIeMEHTaMU —
ANIEKTpOMEXaHnYeckuM mpeodOpazoBareneM OMII, mpeoOpa3yromuM 3IEKTPUUYECKYIO
MOIIHOCTh B MEXAHMYECKYI0, U Maccou poropa PJ[, Ha KOTOpyr BO3AEHCTBYET Bpa-
IAIOIIMKA MOMEHT ABUTATeNsi M mpH yriIOBOM CKOPOCTH . MexaHudeckass MOIIHOCTh
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OT POTOpA IEKTPOABUTATENS MEPENAETCS NepenaroyHoMy Mexanusmy [IM, B kotopom
OHa mpeoOpasyercs (MOTYT U3MEHITHCS KaK MOMEHT M YIJIOBask CKOPOCTh, TaK M BUJ
JIBMDKEHUS) U TIEPEIAaeTCs K UCIIOJHUTEIILHOMY OpraHy padodeid MamuHbsl PM.

[IpeobpazoBarensHoe ycrpoiictBo [IpY cocrout u3 cunoroit wactu ClIpV u uH-
dopmanmonnoit yactu (wim cuctemsl ympasienus) UllpY. Madpopmanmonnas 4yactb
MOJIy4aeT KOMaHIHbIE CUTHAJIBI OT 3aal0LIEr0 YCTPOUCTBA U MH(OPMAIUIO O IMapaMeT-
pax COCTOSIHUS DJIEKTPOIPUBOAA U XOJa TEXHOJIOTMUYECKOro IIpouecca OT COOTBETCT-
BYIOIIIMX JATYUKOB OOpaTHBIX cBA3ed. Ha ocHOBaHMUM ATUX NaHHBIX B COOTBETCTBUU C
3aJI0)KCHHBIM aJITOPUTMOM (IIPOrpaMMON) 3/1eCh BBIPA0ATHIBAIOTCS ONPEICICHHbBIC BO3-
nevicteusa Ha CIIpY, a ot Hero u Ha DMII aBurarens, ymnpapisione TakuMm o0pa3oM
JBUKEHHEM MEXAHMYECKOM YaCTHU U XOJI0M TEXHOJIOrMYECKOro npouecca PM.

Kuaccndpukanus siekrponpuBoaos. B ADII ucnons3yroTcst cieayronme cuio-
BBIC U YIIPABJIAIOIINE YCTPOMCTBA:

- DJIEKTPOJBUIaTEIIN PA3JINYHbBIX BUJOB U TUIIOB;

- MEXaHUYECKHE NEPEJaTOYHBIE YyCTPOMCTBA, AIIEKTPOMArHUTHBIE MY THI;

- CUJIOBBIE MPE0OPA30BATENH NEKTPUUECKON SHEPTHH;

- OJIOKM YTIpaBJI€HUs: KHONIKH yNpPaBJIEHUs, KOMaHA0AIIapaThl, peiie, JOTHYeCKue
3JIEMEHTBI, PETYJIATOPHI, YCUIUTEIN, MUKPOIIPOLECCOPHI U YIIPABIIAIOLIME DJIEKTPOHHbIE
MAaIlIVHBI.

oTIC = pemm e e e e e "

mm—————— 1 3JleKTpO£[BI/IraTeJIL 1

¢ Ipy r=------ Foommmmmmmmmm s

' 1 1

Clpy 5| SMII s P (B M > PM

1
1 1 1
1
1

OT 33/1af01LIEero
yCTpoiicTBa

Puc. 1.1. CmpyxmypHas cxema agmomamuzupo8aHHo20 2J1eKmponpueooa

Peanmzanus 31eKTponpuBOIOB BechMa pa3HooOpa3Ha, YTO HAXOIUT OTPAKEHHE B
UX KJIACCU(UKAINU 110 TAKUM OCHOBHBIM KPHTEPHSIM:

1. ITo xapakmepucmuke 0suxceHus PazaNyualOT dJICKTPOIPUBOJILI BpallaTeIbHO-
IO U MOCTYIATEIBHOTO JBUKCHUS, TIPU 3TOM CKOpocTh MO MOKET OBITh peryupyeMoi
WIA HEPETyJIHPYyEeMOM, a caMO JIBIDKEHUE - HEIPEPBIBHBIM WM JTUCKPETHBIM, OJHOHA-
NpPaBJICHHBIM, JIBYHAIpPaBICHHBIM (PEBEPCHUBHBIM) WM BHUOPAIMOHHBIM (BO3BpaTHO-
MOCTYTATECIILHBIM).

2. Ilo xouuecmey ucnonb3yemvix 31eKmpoosuzamesneil pa3indyaroT rPyIInoBOi,
WHIWBUIYAIbHBIN (OJMHOYHBIN) W B3aUMOCBSI3aHHBIA (MHOTOABHUTATENBHBIN). [ pynno-
soti DI xapakTepusyercst TeM, YTO OJUH JBUTATEIh MPUBOJIUT B JIBHKECHUE HECKOJIBKO
MO na onHoit paboueii MamuHe win 1Mo ogHoMy MO Ha HECKOJIBKUX pabOuuX Mallu-
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HaX. Unousudyanvuwiti D11 obecnieunBaeT npmwkenue oxHoro MO paboueit MammHbL
Bzaumocsazannvi 11 npencrasnsier codoi nBa nnu 6onee nHauBUIyanbHbIX O, cBs-
3aHHBIX MEXAY COOOW DJIEKTPUYECKU WJIM MEXaHMYECKH M PabOTaroIIUuX COBMECTHO.
Ecnu nerxenust OI1 cBa3aHbl MEXy cO00 MEXaHUYECKU U PabOTAIOT HA OJIMH OOIIIHIA
BaJl, TO TaKo B3auMoOCBsi3aHHBIA D11 HA3BIBAIOT MHO2008U2ameNbHbIM, @ €CIIH  JIBHKE-
aust D11 cBsi3aHbl MEKIY COOOH AIEKTPUUSCKU (DIEKTPHUUCCKUMU LEMSIMH), TO B3aHMO-
cBsi3aHHbIN DI HA3bIBAIOT 21eKMPUYECKUM BATOM.

3. Ilo éudy cunoeozo npeodpazoeamens pa3inyaoT:

® C YMpaBIA€MbIM WM HEYIPABISEMbIM BBIMPSIMHUTENIEM, KOTOPHIE MPEeoOpa3yroT
HaNPsOKEHUE TIEPEMEHHOTO TOKA B HANPSHKEHUE MTOCTOSIHHOTO (BBIPSAMIICHHOTO) TOKA;

® C HHBEPTOPAMH, BBIMOJHSIOIIUMU 00paTHbIE TPeoOpa30BaHUs HAMPSHKCHUS;

e ¢ npeoOpa3zoBaTeNsiMU YaCTOThl U HANPSKEHUS MEPEMEHHOr0 TOKa, M3MEHSIO-
HIMMH MapaMeTpbl IEPEMEHHOTO TOKA,;

® C UMITYJILCHBIMH TIPe00pa30oBaTEIIMU HAMPSHKEHUS MOCTOSTHHOTO TOKA C pa3jiny-
HBIMH BUJaMHU MOJIYJISIITUN BBIXOJHOTO HAMPSKEHUS.

CoBpeMeHHbIE CUIIOBBIE TPE0OPa30BATEIN BBIMOIHAIOTCS HA MOJIYITPOBOAHUKOBBIX
CHJIOBBIX 3JIeMeHTaX (TpaH3HCTOPaX, TUO0JIaX, THPHCTOPAX).

XoTs KoHKpeTHas peamm3anusg I mMoxker ObIT pazHO0Opa3HO#, oJHAKO padoTa
OIl umeer HEKOTOpBIE OOILIME 3aKOHOMEPHOCTH, CBSI3AHHBIE C MPOLIECCOM MPeodpa3o-
BaHUS SHEPTUHU, C ONPEACICHUEM XapaKTepa MEXaHMYECKOTr0 JBUKECHUS U C €Tr0 YIpaB-
JeHueM. DT U HEKOTOpbIe JIpyrue Bompockl Teopuu DIl paccMmaTpuBaroTcsi B U3ydae-
MOM TpeMETE.

Kpartkuii 0030p ucTopu4yeckoro nyTu pa3BuTus 3JjeKrponpusoga. /[ momy-
YyeHus: MexaHudeckoil sanepruun B XIX B. onroe Bpemsi NpUMEHSUIUCH IMAPOBbIE Malllu-
Hel. KoTen u mapoByo MammHy ycTaHaBIMBAId B OTIEIHLHOM 3JaHUM Ha 3aBOACKOM
nBope. JIBWKeHHe OT MapoBOil MalllMHBI MEPENaBAIOCh B MPOU3BOJACTBEHHOE MHOTO-
ATaXKHOE 3/IaHUE C TOMOIIBI0 PEMEHHBIX WJIM KaHATHBIX Mepenady. BHyTpu npou3BoaCT-
BEHHBIX IOMELICHUM [IBUKEHUE PaCHpeAessuioch IMOCPEICTBOM MHOTOYUCIEHHBIX
TpaHCMHUCCUH. DTO OBUT 06we3a800ckoll naposou npueod. B mambHEWIeM MapoBYIO
MAaIllMHY 3aMEHUJI JIEKTPUUYECKUI ABUTATENb.

Ucropuro pazsutus D11 o0biuHO HaumHaOT oTcYMThHIBaTh ¢ 1938 roma, xorma
pycckuit akagemuk b. C. SIkobu ycranoBui n300pereHHbiil uM B 1834 r. nepBblil 3eK-
TpoaBHTaTEh (3TO OBLT AJICKTPOIBUTATEIH MOCTOSIHHOTO TOKA BPAIIATEIIBEHOTO JIBUKE-
HUS), IUTaeMbIi OT OaTaper raJlbBAHMYECKHUX DJIEMECHTOB, HA HEOOJIBIIIOM KaTepe W CO-
BEPIIWJI €ro MCHbITaTeIbHbIE pelchl ¢ maccaxupamu no Hese. 310 ObLI NEpBHINA Mpu-
MEp peaju3aluMd JJIEKTPUYECKOT0 TMPHUBOJIAa W HOTHUM CaMbiM Obla JIOKa3aHa
BO3MOKHOCTh ITPAKTUYECKOTO MPUMEHEHHUsI 3JIEKTPUUECKOro npuBojia. B nanpHelimem
MOSIBUJIUCH U IPYTHUE MPUMEPHI pealiu3alliu 3IeKTPONPUBOA: B apTUIUICPUMCKUX yCTa-
HOBKax (Ui MX HABEJCHHUS HA I1€JIb), B IIIBEHHBIX MAIIMHKAX, JJIs IEPEMEIICHHUS dJICK-
TPOAOB JyroBoi cBapku. OnHako 0o koHia XIX Beka map v BojJa O0CTaBajuCh OCHOB-
HO CHUJIOHN, MPUBOIUBIIEH B IBUYKEHNE CTAHKA U MEXAHU3MbI B IPOMBIIIIICHHOCTH.
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B 80-x rogax XIX B. ObIJI0 OTKPBITO SIBJCHHE BPAIIAIOLIETOCS MATHUTHOTO TOJIS:
ero uzoobperarensiMu cuutarotTcs ['anuneo @eppapuc — UTANBSIHCKUIN (PU3HUK U IEKTPO-
TEXHUK, KOTOPBIH OTKpbUT 3TO0 siBiieHre B 1885 r., u Hukona Tecna (cepb mo Harwmo-
HasbHOCTH, ¢ 1884 1. xun B CIIA) — 351eKTpo- U paAMOTEXHUK, KOTOPBIA HE3aBHCUMO
ot I'. ®eppapuca onucan B 1888 r. sBneHue Bpamaronierocst Maruutaoro nosisi. B 1891
r. pycckuit urkerep M. O. JlonuBo-/{06poBOSIbCKUIN, UCTIONB3YS ATO SBJICHUE, U300pe
Tpex(a3Hblil ACUHXPOHHBIN JBUraTelb, KOTOPBIN OJaroaapsi CBoel MpOCTOTE U HAJEK-
HOCTH J0 HACTOSILEr0 BPEMEHU IIMPOKO PACIPOCTPAHEH HA MPOMBIIICHHBIX PEATIPH-
ATHAX.

B nacmoawee epema aemomamu3upo6anHHvlil INEKMPONPUEOD AENAEMCA
2/1A6HBIM CPEOCMEOM IIEKMPUPUKAUUU U A6MOMAMUIAUUN PA3ZHOOOPAZHBLIX MEXHO-
J102UYEeCKUX Npoueccos, cO30aHUA 6bICOKONPOU3E00UMEIbHBIX MAUIUH, MEXAHUIMOE
U MexXHON02UYEeCKUX KOMNIIEKCOE.

K oCHOBHBIM HanpaBJIeHUSIM pa3BUTUs coBpeMeHHBIX ADII oTHOCATCS:

- pa3paboTKa U BBITYCK KOMIUIEKTHBIX PEryJUPYEMbIX 3JIEKTPOINPUBOAOB C MC-
MOJIb30BAaHUEM COBPEMEHHBIX CHUJIOBBIX MOJYNPOBOAHUKOBBIX IIpeoOpa3zoBaTeneil, ¢ uc-
MTOJIb30BAHUEM MHUKPOIPOLIECCOPHOTO YIIPABIICHHUS,

- pacumdpeHue 00JIacTU NPUMEHEHHUS] YaCTOTHO-PETYJIHPYEMBIX ACHHXPOHHBIX
AIIEKTPOTIPHBOIOB (0OCOOEHHO C BEKTOPHBIM YIIPABICHUEM);

- npumeHeHne DI1 ¢ HOBBIMH THIIAMH JIBUTATENEH (JTMHEHHBIMH, IATOBBIMHU, BEH-
THJIbHBIMH, BUOPALIMOHHBIMHE, TTOBBIIIEHHOTO OBICTPOICHCTBUS 1 JIP.);

- MIOBBIIIEHUE 3KCIUTYaTallMOHHOM HAJIEKHOCTH, K.II.JI. U IPYTUX IHEPreTUUECKUX
nokaszarenei anekrpoasurareneii 1 ADII Ha UX OCHOBE;

- MOJIFOTOBKAa MH)KEHEPHO-TEXHUYECKUX W HAYYHBIX KaJIpOB, CIOCOOHBIX HPOEK-
TUPOBaTh, CO3/1aBaTh M 'PAMOTHO IKCILTyaTHPOBaTh coBpeMeHHble ADII.

Pemenue 3Tux U psa Ipyrux CBSI3aHHBIX BOIIPOCOB MO 3JIEKTPOOOOPYIOBAHUIO U
ANEKTPONPUBOAAM MO3BOJIUT JIOCTHYL JAIBHEHMIIErO0 TEXHUYECKOrO Iporpecca Ipo-
MBIIIJIEHHOTO TPOU3BO/ICTBA.

OcHoBHBIE 3Tanibl pa3BUTHSA 3JeKTponpuBoaa. I[locie n300peTeHus 31eKTpu-
YECKUX JABUTaTeNIel 00111e€3aBOACKON MapoBOM MPUBOJ ObLI 3aMEHEH HA 2JIeKMPUYECKULL.
Y CTaHOBKY M3 MapoOBOW MAIIMHBI U T€HEpaTOpa dJICKTPUYECKON dHepruu (dJIeKTprue-
CKYIO CTaHIIMIO) CTPOMIIN B CTOPOHE OT 3aBojia (BOJIHM3H peK, pa3paboTok Topda, yrist u
np.), a B 3aBOJCKOM KOpITyCE YCTaHABIMBAIM 3JEKTpoaBHrareib. Ornana HeoOXoau-
MOCTh B MEXaHUYECKO Iepeade IBUKCHMS 4epe3 3aBOJACKUE ABOPHI U CTEHBI KOPILY-
COB. DTO OBLIT 00Ue3a800CKOI 2IEKMPULECKULL NPUBOO.

HeynoOctBa pacnpeneneHuss MEXaHUYECKOM SHEPTUH OT 3JIEKTPOJIBUraTENsl BHYT-
PH 3/1aHUA C IOMOLIBIO0 MEXKYy3TAKHBIX MEXAaHUUECKUX Iepead MOCTyKUIN MPUIMHON
BO3HUKHOBEHUS 2pPYnno6o2o nekmponpusoda. B 3ToM ciydae nmpou3BOJACTBEHHbIE Ma-
IIMHBI pa30MBAJIMCH HA TPYIIIbI, IPUBOJAUMBIE B IBUIKEHHE OTAECIbHBIMU 3JIEKTPOIBUTA-
TEISIMU JOCTATOYHOM MOILHOCTH, a JBUKEHUE K IPOU3BOJACTBEHHBIM MAIlIMHAM B IPYII-
e MOo-NpPEeKHEMY I1EPEJaBajJoCh Yepe3 TpaHCMUCCUU. Takoi MpHuBOJ ObUT HEAKOHOMMY-
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HbIM, IOTOMY YTO OBLIM BEJIHUKHU MOTEPU B TPAHCMHUCCHUSX. ['pynmoBoil 3JIeKTPOIPUBOA
XapaKTEepPEeH IS MIPOMBILUICHHBIX IPEANPUATHNA TOPEBONMOIHOHHON Poccnu.

3areM TpynmnoBOM JEKTPONPUBOJL ObLT 3aMEHEH OOUHOYHBIM IeKMPONPUBOOOM,
B KOTOPOM KaXKIbI CTAaHOK MMEJ OTHAEJIbHBIM JIBUTraTeib. Elie mo3:Ke CTaHKU C He-
CKOJIBKUMHM TOJIBHKHBIMHU y3J1aMU KOMIUIEKTOBAJIUCH OTAECIbHBIMU 3JIEKTPOABUTATEIS-
MU JIS1 KQKJIOTO y3J1a — 3TO OBLIT YK€ MH02008U2amebHbLU IeKMPONPUBOO.

Uucno 3JaeKTpOJBUTATENIEH, YCTAHABIMBAEMBIX HA OJHOM CTaHKE, MOXKET JI0XO-
JIUTh 10 HECKOJIBKUX JECSATKOB. BBICTpOE M TOUYHOE PYYHOE YIIPABICHHUE TAKUMH DJICK-
TpOJABHUTATEISIMH (C TIOMOIIBIO KHOTOK, MEepeKIrovaresiell) sl padovero CTaHOBUTCS
TPYAHBIM, @ UHOTJA U HEMOCWIIbHBIM. 110 3TOM mpuunHe cTanu NpUMEHATb A8MoMamu-
3UPOBAHHBIN MHO2008USAMETIbHBILL DJIeKMPONpU0d, B KOTOPOM YIIPABJICHHUE DIIEKTPO-
aBuraTeasaMu (IyCK, OCTAaHOB, PEBEPC B HYKHOE BpPEeMs M B TPEOYEMBIX COUCTAHUSX)
OCYIIECTBIISIIOT asmomamusupoganuvie cucmemvt ynpaenenus (ACY). B takux ADI1
JUIsL OBICTPOrO, TOYHOTO M HAJEKHOIO YHPABICHHS MUCHOJB3YIOT MOCIEIHUE TOCTHXKE-
HUS 3JIEKTPOABTOMATUKH, AIEKTPOHUKH, MUKPOIPOLIECCOPHOW M MOTYyHPOBOIHUKOBOMN
TEXHUKHU.

ACY o0paiaer cTaHOK B aBTOMAT, JAaeT BO3MOXHOCTh CO3/1aBaThb aBTOMAaTH4e-
ckue nuHuH (TIpU YIPaBICHUH HECKOJIbKUMHU CTaHKaMH, 00€CIECUMBAIONIMMH MOCIIE]I0-
BaTEJIbHYI0 00pabOTKY OJIHOW JeTaiM), YIacTKH, [IEXH M Jake 3aBOjbl-aBTOMaThI. [le-
PEHOC JeTaleil cO CTaHKa Ha CTAaHOK, UX MOJIbEM, CITYCK, IOBOPOT, 3aKaTUE B IPUCIIO-
coOJIEHUM U JApPYTHE OINEpalry MPOU3BOJAT PAa3HOTO POJia MPOMBIIIICHHBIE POOOTHI:
ABTOMATHYECKUE PYJIH, TPAHCHOPTEPHI, MOABEMHUKH, MOBOPOTHBIE CTOJIbI, JIEKTPO-
KJIFOUH, 3JIEKTPOTraiKOBEPTHI U TIP.

Nzyuenue BompocoB aekTpoobopynoBanus ctankoB, ADIl Heo6xoaumMo 1st mo-
HUMaHUS COBPEMEHHBIX CPEJICTB U BO3MOXKHOCTEH B 00JACTH aBTOMATHU3aIlUU COBPE-
MEHHBIX CTAHKOB, aBTOMATHYECKUX JUHUU U 3aBOJIOB. be3 Takux 3HAHUN HENb3s HU
CIPOEKTUPOBATH HOBBIM CTAHOK, HU OOBSICHUTH pabOTy COBPEMEHHOT'O CTaHKa C aBTO-
MaTU3UPOBAHHON CUCTEMOU ymnpasieHus. [losmomy 3nanue eonpocoe Al u 3nek-
mpoooopyo0sanus CMAHKO8 OJisl UHIHCEHEePA-MeXaHUuKa, KOHCMPYUpyoule2o uiu dKc-
NILyamupyowe2o co8pemMeHHble CMAaHKU U agmomamudeckue 1uHuU, 1611emca Heooxo-

OUMBIM.
Pazoen 1. MEXAHUKA 2JIEKTPOIIPUBO/IA

Ienw: usyuumsv 6uobl nepeoamoyHblXx MeXAHUSMOE8 U KUHEeMAMUYECKUe cxembl
9NEeKMPONPUBOO008; MUNbI MEXAHUYECKUX XAPAKMepUucmuK Npou3eo0CMEEHHbIX MeXa-
HU3MO8 U 3JleKmpoosucameriell; NPUHYUnsl npueeoeHuss MOMEHmMOo8 U CUil COnpomueie-
HUsl, MOMEHMO8 UHEePYUU U MACC OBUNCYWUXCS INEMEHMO8 KUHeMAMuU4ecKol cxembl
NEKMPONpUBOOa K 64y 21eKmpoo8uecames,; YpasHeHue epaujamenbHo20 O08UMNCEHUS
NEKMPONpUBOOA; MemoouKy paciema OnmuMAaIbH020 NepeoamodHo20 YUCIA PeOyK-
mopa.
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Jexkyua 2. BU/IbI IIEPE/JATOYHbIX MEXAHU3MOB
H KHHEMATHYECKHE CXEMBI JJIEKTPOIIPHBO/[OB

DJIEKTPUYECKUE, MEXAHUYECKHE M TrabapuTHBIE MapaMeTphbl JJICKTPOJABUTATENIS
B3aUMOCBsI3aHbl. Hamprumep, HOMUHAIbHBIE MOIIHOCTH Py, BpallaroIIuid MOMEHT M,
yTJI0Basi CKOPOCTh poTopa (SIKops) ., Auamerp D wm janmuHa L aKTUBHOW YacTH SKOPS
AJIEKTPUYECKON MAITMHBI CBSI3aHbl COOTHOILICHUSIMU

Py=M, o M,=C.D’L,
rae Cy — K03 OUITMEHT, 3aBUCAIINN OT KOHCTPYKTUBHBIX OCOOCHHOCTEH MaIlIHBI.

N3 51X 3aBUCUMOCTEN CIEAYeT, YTO MPHU 3aJaHHOW MOITHOCTH JJISI YMEHbIIICHUS
rabapuToOB AJIEKTPOBUTATEIIS (DZL) HEO0OXOJIMMO yBEJIUYUBATH €0 YIJIOBYKO CKOPOCTh
®y, OCOOECHHO I MAJIOMOIIHBIX auratener (10 o, = 100...600 paxa/c). A ans pabo-
YUX MAaIIUH 0 TEXHOJIOTUYECKUM YCJIOBHUSM TpeOyeTcs 3HAUYMUTEbHO MEHbIas CKO-
poctb (B 10 u Oonee pas). [loaTromy mist coraacoBaHHMS MEXaHHYECKHX ITapaMETPOB
sIIeKTpoaBHraTeNiss (CKOPOCTH M MOMEHTA) ¢ MEXaHMYECKUMH IapaMeTpaMH padoducii
MAIIIMHBI UCIIONIB3YIOT nepedamounviii mexanusm (IIM), KOTOPBI MOXET U3MEHSATH H
XapakTep JBHKEHUS, TpeoOpasys BpaliaTeabHOE ABUKEHHUE B TOCTYNATEIbHOE.

Ilo xoncmpyKmusHoOMy UCnOIHeHUI0 PA3TUIAIOT cienytomme Buasl [IM (puc. 2.1,
2.2):

1) PEAYKTOPHI,

2) peMeHHbIe (LIeMHBIC) epeIauH;

3) tuna 0apadaH — Tpoc (IIKKB — KaHAT);

4) THTIa BUHT — TaliKa,

5) THUIIAa 3yOUaToe Kojieco — penka,;

6) PBIYKHBIC MEXaHU3MbI (KPHUBOIIUITHO-IIIATYHHBIC U KYJIHCHBIE).

JanuM KpaTkyro XapakTepucTuKy 3tum /M.

Pedykmopbl ipe/icTaBIAIOT cO00# 3y0UaThie mepenaun, 3aKII0UCHHBIC B ¢IMHBIH
kopnyc. 1o uucny 3y6uamsix map oHU OBIBAIOT OAHO-, IBYX-, TPEX-, N-CTYIMIEHYATHIC; 1O
8uUdy 3y0beg — MPSIMO3yOble, KOCO3YOble, YEPBSIUHBIC, N0 UCHOIHEHUI) — TAITUHIpUYe-
CKHE, KOHUYECKUE; HO NpUHyuny oeticmeaus — OObIYHBIE U TUIaHETAPHBIE.

PenykTop xapakTepusyeTcs nepeoamounbim Yuciom |-

j = 0)1/ 0o,
I7Ie 1 — BXOJIHAS YIJIOBasi CKOPOCTh;
7 — BBIXOJIHAS YTJIOBasi CKOPOCTb.
[lepenaToyHoe 4ynCiIO N-CTYNEHYATOrO PEeyKTOpa
J=h1d2 e i,
TI€ J1, J2, .-+ Jn — MEPEAATOUYHBIC YKCIIA OTACIBHBIX CTYIICHEH.

Pemykrop xapakrepusyercst Takxke 6xo0Hou mowHocmvio (no 560 kBt) u makcu-
manvHuiM 661x00HbIM Momenmom (1o 1200 kH-m).

Pemennvie (uenusie) nepedauu XapakTepu3yOTCs IEpeIaTOYHBIM YHCIOM
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j =m / my = Dz/Dl = 22/21,
rae Dy, ) — muameTp umcio 3yObeB BXOHOTO MIKKBA (3BE3I0YKH);
D,, z, — nuameTp 4uciio 3yObeB BHIXOHOIO IIKKMBA (3BE3/I0UKH).

Bxoa

Bxoa f ]_/z1 — = I Dyz)
.3.__.. =X
o’ I I b

; Busixoa
Y o,
2 ) nE | H DL
Z, Buooa

6)

Puc. 2.1. Ilepedamounvie mexanuzmol:
a) pedykmop; 0) pemennas (yennas) nepeoaua; B) nepedava «3ybuamoe Koieco —
petika»; T) nepedaua «karam (mpoc) — 6apaban (wkug)»; 1) nepedaua KBUHM — 2alUKa».

[lepenaun Tuma «3y0uaroe Koyeco — peiika», «oapadan — Tpoc (IIKUB — KaHAT)» U
BUHT — Taiika» MpeoOpas3yroT BpamaTeIbHOS IBIKCHHE B TIOCTYIIATEIHFHOE U XapaKTe-

PU3YIOTCS pAOUyCoOM NPUBEOeHUsL - p = Vlw, m/pan.

Puc. 2.2. Pviuadicnvle nepedamoumnvie MexaHuzmvl: a) KpUSOUWUNHO-ULAMYHHbILL
MexaHusm; 0) KYIUCHBIL MEeXAHUZM.

Kpusowunno-wmamynnwtii mexanuszm (puc. 2.2, a) CIyxurt s npeodpa3oBaHUsI
BpAIATEeIbHOTO JBM)KCHUSI KPUBOIIKMIIA B BO3BPATHO-TIOCTYIATEILHOE JBUKCHUE MOJI-
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3yHa WM, HA000POT, BO3BPATHO-TIOCTYNATEIIFHOTO JIBFKCHHSI TIOJI3YHA BO BpaIlaTelib-
HOE JIBUYKEHHUE KPUBOIIUIIA.

Kynucnotit mexanuszm (puc. 2.2, 6) npeaHasHavyeH Jjis MpeoOpa3oBaHHUs Kada-
TEJIBLHOTO JIBUKEHUSI KYJHUCHI B MOCTYIMATEIbHOE JABUKEHUE TOJI3yHA WJIM, HA00OpOT,
MOCTYNAaTEIBLHOTO JBHXKCHUS MOJI3yHA B KAUaTeIbHOE ABUYKEHHUE KYJIHCHI.

Puiuasicnvie mexanuzmol XapaKTEpU3yIOTCS PaInyCOM MPUBEACHUS P, SBIISIOIIAM-
cs (pyHKIMEH yTIia MOBOPOTa () KPUBOIIIMIIA WITH KYJIHCHI.

KunemaTnyeckue cxeMbl 3JIEKTPONPUBOAOB. MexaHUUeCcKasi 4acTh CTPYKTYp-
HOM cxeMbl DIl BKiIOYaeT B ceOsl Bce MEXaHUYECKH CBSI3aHHBIE MEXKy COOOM NBUXKY-
HIMeCs MHEPIIMOHHBIC MACChl: poTop (sKOps) aurateins, I[IM u pabodee 060pymoBaHHE
TEXHOJIOrMYECKOM ycTaHOBKM. HemocpeacTBEHHOE NMPeACTaBICHUE O ABMXKYIIUXCS Mac-
Cax YCTaHOBKHM M MEXaHUUYECKHUX CBSA3AX MEXIYy HUMU JlaeT KuHeMarudeckas cxema OII.
3HauuT, kuHemamuyeckou cxemou Il kako-TMO0 KOHKPETHOW IPOU3BOJCTBEHHOM yC-
TaHOBKM HAa3bIBACTCS CXeMa MeXaHW4eCKOM dactu Jll co BceMu ABMXKYIIMMUCS WHEP-
IIUOHHBIMA MacCaMU U MEXaHUYECKUMH CBS3SIMH MEXAy HUMHU. KuHemaTuueckue cxe-
Mbl D11 paznooOpaznbl. PaccMoTpuM 1Ba XapakTEepHBIX UX MPUMEpA.

Kunemamuueckan cxema I uenmpooescrnozo eenmunamopa (puc. 2.3). Porop
ANIEKTpOABUTATENS /[ coeMHAETCS ¢ pabOYuM KOJIECOM BEHTHJISTOPA C MOMOIIBIO CO-
equHuTenbHOU MypThl CM. Bee aneMeHThl KHHEMAaTHUYEeCKON CXEMBI IBIXKYTCS C OJTHOM
U TOW XK€ yTJIOBOM CKOpOCThIO . Ha pabGouem kojiece BEHTWIATOpPA pa3BUBAETCS MO-
MEHT COIPOTHUBIICHHS JBUKCHUIO M, ey, 3aBUCSIIUN OT CKOPOCTH Myex (puc. 2.4):

MMex = AMMGX + MB.H. ((DMex / O)B.H)Z;
Opu = (‘OH.I(Bl
rae My, ®y; — HOMUHAJIBHBIC MOMEHT M YTIJI0Basi CKOPOCTb BEHTUJISITOPA,
AM\;cx — MOMEHT MEXaHUYECKHX IOTEPh Ha TPEHHUE B MOIIUITHUKAX paboyero Kose-
ca BEHTWJISTOPA.

“)Mex
Wy
0 AMnex  Megu
Puc. 2.3. Kunemamuueckas Puc. 2.4. Mexanuueckas xapakxmepucmuxa
cxema 8eHmuaamopa II1 senmunamopa

K poropy nBurarens NpWIOKEH 3JIEKTPOMATHUTHBIA MOMEHT asurarens M,, a
TaK’ke MOMEHT MEXaHUYECKUX MOoTeph B JaBuratene AM, oOyclOBICHHBIN CUTIAMU Tpe-
HUS B MOJIIUITHUKAX, U MOMEHT COINPOTUBIIEHUS ABUXKEHUIO M}, CO31aBAEMbI BEHTH-
JATOPOM.
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HomunanbHas yrnoBas CKOpOCTb ABUTATENSA Oy s COBIIANAET C HOMHUHAIBHOU CKO-
POCTBIO BEHTUJISATOPA. DTUM OIPEAEIseTCA MPOCTOTa KUHEMaThuueckoi cxembl OI1.

B npyrux ciiydasx My # Oy, U B KHHEMATUUECKYHO CXEMY BBOJST pa3jInyHbIC
nepeaayn. 3youateie, enHble, GPUKIHMOHHBIC, KIMHOPEMEHHbIC U Op. (cm. puc. 2.1).
Ecnu tpebyeTcsi MexaHMYECKOE PEryJMpOBAaHUE CKOPOCTH, BBOJAT IMEpPEAAyu C Mepe-
MCHHBIM TIepPeIaTOUYHBIM YUCIIOM | (KOpoOKH mepenad, GPUKIMOHHBIC BAPUATOPHI).

Kunemamuueckaa cxema 3nekmponpueooa winunoens mMOKAPHOZ0 CHIAHKA
(puc. 2.5). B atoii cxeme aBmxkeHHe OT 3nekTpoasurarens [l k mmuagenro 11 ¢ 3aro-
TOBKOW 0OpabaTbiBaeMoi JieTanu 3 mepeaaeTcs uepe3 KiuHopeMenHyto nepeaauy KPIT
u kopoOky mepemau KII. Ilepegarounoe 4mciio j MOKET H3MEHSATHCSA CTYIEHYATO 3a
CYeT BBEJICHMS B 3allCTICHUE IIECTEPEH C Pa3IMYHBIM YUCIOM 3yObeB. B pesynbraTe
B3aUMOJICMCTBUSL BPALAIOIICHCS JETal C HENMOJABHXKHBIM PE3LIOM BO3HHUKAET YCHUIIME
pe3anusi F, 1 MOMEHT pe3aHust

MMeX = MZ = FZR31
rae R, — paguyc 3aroToBKH 00padaThIBAEMOI IeTaIH.

B npouecce 06paboTKu 1eTainu yCHUIINEe U MOMEHT PEe3aHusl OCTAIOTCS TOCTOSHHbI-
MU ¥ HE 3aBHUCAT OT YIJIOBOU CKOPOCTH ®; (puc. 2.6). I1oe3HbIii MOMEHT Harpy3Ku Me-
XaHu3Ma M., IPU IOCTOSIHHOM yCUJIUMU pe3aHus F, nponopimonanen paauycy odpabda-
ThIBaeMoO# aeranu R,.

Kpome nosie3Horo momeHnTa Harpy3ku Myex = M,, a Takke MPUI0KEHHOTO K pOTO-
py ABUTATeNs 3JIEKTPOMAarHUTHONO MOMEHTa M M MOMEHTa MoTepb B ABuratene AM Bo
BCEX 3JIEMEHTAX PacCMAaTPUBAEMOM KMHEMATUYECKOW LEINU JEUCTBYIOT CUJIbI TPEHUS: B
MOJIIITUITHUKAX, B 3yOUaThIX 3alleTUICHUSX, B TPYIIUXCSA MOBEPXHOCTIX KIMHOPEMEHHON
nepeaaym.

c"‘JME')(
4
(5]

— ken - oo
My >, <
(2 MZ NNeX
Puc. 2.5. Kunemamuueckas Puc. 2.6. Mexanuueckas
cxema D11 winunoens mokapHozo xapakmepucmuxa
CMAaHKa

MexaHnuyeckue XapaKTePUCTHKH NPOU3BOACTBEHHBIX MEXaHM3MOB M JJIEK-
TpoaBuraresei. [Ipu BeiOOpe aneKTpoABHUraTeNs K MPOU3BOACTBEHHOMY MEXaHU3MY
NPUXOAUTCS YTOYHATH, HACKOJIBKO MEXaHUYECKHUE CBOMCTBA 3JEKTPOJBHUIATENS COOT-
BETCTBYIOT MEXaHMYECKON XapaKTepUCTUKE paboyell MAIlIMHbBI U XapakTepy ee padoThl,
TaK KaK COOTBETCTBUE MEXAHMUYECKUX XAPAKTEPUCTUK 3JIEKTPOJBUraTENs] KOHKPETHOMY
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IPOU3BOJICTBEHHOMY MEXaHU3MY ITO3BOJISIET 00€CIeunuTh HanboJiee BHICOKYIO €r0 IMpo-
W3BOJIUTEIHLHOCTh M SKOHOMUYHYTO PaboTy.

Mexanuueckas (M cmamuueckas) XapaKkmepucmuka NPOU3800CHEEHHO20
MexaHuma NpeCcTaBiIsieT co00il 3aBUCUMOCTh MEXKIY €r0 CKOPOCTHIO U CTAaTHUECKUM
MOMEHTOM COIIPOTHUBJICHHUSI, T.€.

o =Tf(M,).

[Tpon3BOACTBEHHBIE MEXaHU3MBI 00JIAAIOT PA3TUIHBIMU MEXaHUYCCKIMHU XapaK-
tepuctukamu. CyIecTBYeT CIIAyIOIIas SMIHUpHYeckas 00o0IeHHass hopMyia s Me-
XaHUYECKUX XapPaKTEPUCTUK MTPON3BOJCTBEHHBIX MEXaHU3MOB:

MC = I\/IO + (MCH - '\/IO)((D /(DH)Xy
riae Mg — MOMEHT COPOTUBIICHUSI MEXaHU3Ma MPHU YTIIOBOM CKOPOCTH (;
Mo — MOMEHT COTIPOTHBIICHUS TPCHHS B IBHKYIITUXCS YaCTIX MEXaHU3MA,
M¢ i, ®; — HOMUHAJIBHBIC MOMEHT COTPOTUBJICHUSI U CKOPOCTH;
X — TIOKa3aTeNlb CTENEHH, XapaKTepU3yoImuid n3MeHeHne MomeHnTa M, ipu u3me-
HEHHH YIJIOBOW CKOPOCTH .

PasnuyaroT yeThipe OCHOBHBIX BHA (Kilacca, KATErOpPHH) MEXaHHUECKUX XapaKTe-
PHUCTHK ¥ COOTBETCTBEHHO IMPOM3BOJICTBEHHBIX MeXaHU3MOB (puc. 2.7):

1) X =0, M, = const (MOMEHT COITPOTHBJICHUS HE 3aBUCUT OT CKOPOCTH). Takom
MEXaHUYECKOH XapaKTepUCTHKON 00IaIal0T MEXaHU3MBbI, COBEPINAIONINE paOboTy Moabe-
Ma, (POPMOU3MEHEHUSI MaTepualia WK MpeooJieBatonme TpeHue (morbeMHbIC MEXaHU3-
MbI, MCXaHU3MbI MEPEJABMKECHHS U JIp.). MOIIHOCTh TaKUX MEXaHM3MOB BO3pacTaeT JIH-
HEWHO CO CKOPOCThIO;

2) X =1, M; = co (MOMEHT CONPOTHBIICHUS JIMHCHHO 3aBUCHT OT YIJIOBOM
ckopocTH). Takyro XapakTepuCTHKY MOKET UMETh, HAITPUMEp, MPUBOJI TeHepaTopa mocTo-
SHHOTO TOKa, pabOTAal0IIEro Ha MOCTOSHHOE CONMPOTHUBIIEHHE. 37€Ch MOITHOCTh MPOIOp-
ITMOHAJIbHA KBAJ[PaTy CKOPOCTH,

3) X = 2, M¢ = co’. Takoii MEXaHHYECKOI XapaKTePHCTHKON 00Iaaf0T MeXa-
HU3MBI, pa00Ta KOTOPBIX CBOJIUTCS K MPEOJIO0JICHUIO CONMMPOTHRIICHHS BO3IyXa WIIH YKH]I-
KOCTH (BEHTHJISTOPBI, IICHTPOOCIKHBIC HACOCHI, HIEHTPU(YTH, CYIOBbIC BUHTHI U JP.).
MOMEHT CONMPOTHUBIEHUS Y TaKUX MEXAaHU3MOB YaCTO HAa3bIBAIOT GEHMUNAMOPHBIM, a
MEXaHU3MBbl — MEXaHU3MAaMU C BeHMUIAMOPHLIM MOMeHmMOM. MOIIHOCTh TaKUX MeXa-
HU3MOB TIPUMEPHO MIPOMOPIIMOHATIbHA KyOy CKOPOCTH;

4) X = 3, M = c/lo. Takoli MEXaHUYECKOW XapaKTEPHCTUKON 00Jagar0T MO-
TaJKH B METAJLUTyprHYECKON MPOMBINIIICHHOCTH, YJIEKTPOHAKAT B OyMa)KHON MPOMBIIII-
JICHHOCTH, HEKOTOPBIC METAUIOPEXKYIUE CTAaHKH. MOIIHOCTh HA BaIy y TAaKUX MAaIluH
PUOTH3UTEILHO ITOCTOSTHHA.

Mexannuyeckue XapaKTePUCTHKH IJIEKTPOABUIaTeIsl TIPEJICTABIAIOT COO0M 3a-
BHUCHUMOCTbH YTJIOBOH CKOPOCTH ® OT pa3BUBAEMOI0 UM MOMEHTA Ha Baiy, T.e. ® =T (M).

PasznmuyaroT ecTeCTBEHHBIE M HCKYCCTBEHHBIE MEXaHUISCKUE XaPaKTEPUCTUKH DIICK-
TpoaBHTaTens. Ecmecmeennas MeXaHUYeCKas XapaKTEpUCTHKA COOTBETCTBYET paboTe
AJIEKTPOJIBUTATEIS C HOMUHAILHBIME ITapaMeTPpaMy MTPH HOPMATBHOUN CXeMe BKITFOUCHUSI.
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HCK)/CCWZGQHHCZ}Z MCXaHNYCCKAA XaAPaKTCPUCTUKA COOTBCTCTBYCT pa60Te QJICKTpO/ABUT A~
TSI C IMapaMeTpaMi, OTIMYAIONIUMUCA OT HOMHUHAJIbHBIX, HAIIPUMEDP, IIPU BBCACHHUU CO-
IMPOTUBJICHHA, U3SMCHCHHHU IMUTAIOIICTO HAITPAKCHUA, YaCTOThI U AP.

I[J'IH OLCHKN U3MCHCHUA CKOPOCTHU IIPHU U3BMCHCHUU MOMCHTA Ha BaJIy CIYKHUT TakK
Ha3bIBaACMas Hcecmkocmov xapakmepucmuku, KOTopass paBHa OTHOIICHUIO IPHUPAICHHA

MoMeHTa AM K COOTBETCTBYIOIEMY MPUPAILICHUIO CKOPOCTH A® (puc. 2.8):
B=(My=My)/ (02— 1) =AM | Aw.

‘A) A
_ 1) wy
L~
3) % 2)
%)
o MD MC
Puc. 2.7. Mexanuue- Puc. 2.8. K nosc-
CKUe XapaKmepucmuku HEHUIO JcecmKocmu mexa-
NPOU3800CMBEHHBIX Me- HUYECKOU Xapakmepucmuku
XAHU3BMOB NeKmMpoosu2ameis

JIuHeliHple MEXaHUYECKHE XapaKTePUCTUKU HMMEIOT TMOCTOSHHYIO >KE€CTKOCTb, a
KPUBOJIMHEWHBIE — B KOXKJA0M TOYKE CBOK), PABHYIO MEPBOM MPOU3BOJHOM OT MOMEHTA
0 CKOPOCTH, T.€.

f=dM/ do.

EcTecTBeHHBIE MEXaHMYECKHE XapAKTEPUCTHUKH DIICKTPOABUTATEIICH IO CTEIICHU
KECTKOCTH Pa3JIeIISIIOTCS Ha clieaytomme rpymisl (puc. 2.9):

1) abconromuo scecmras xapaxmepucmuxa (maaus 1), IpU KOTOPO# CKOPOCTH
9JICKTPOJIBUTATEIIS MPU U3MECHEHUU Harpy3ku He maMensercs (p = o). K aToi rpymme
OTHOCSITCSI CHHXPOHHBIE JIBUTATEIIH;

2) orcecmras xapakmepucmuxa (TUHAS 2), TIPU KOTOPOH CKOPOCTH 3JICKTPO-
JIBUTATEISI C BO3PACTAHMEM MOMEHTA Harpy3KH YMEHBIIACTCS Ha HEOOBITYIO BETUUYUHY
(B = 40...10). K 2710i1 rpyIime OTHOCATCS aCHHXPOHHBIE JIEKTPOABUraTe/ M (padoTarolime
IPU CKOJILKCHUSAX MEHBIINX KPUTHUECKOTO) W JIBUTATEIHM MOCTOSHHOIO TOKa C mapaj-
JIeTBHBIM (M HE3aBUCHMBIM) BO30YXKICHUEM;

3) mseKas mexanuveckas xapakmepucmuka (muHus 3), TpH KOTOPOH CKO-
POCTB JIEKTPOJIBUTATEIS PE3KO YMEHBIIIACTCS C YBEIIMUSHUEM MOMEHTa Harpys3ku (B <
10). Tako¥ XapaKTepHUCTHKOW 00JaJaeT JBUIaTelb IOCTOSHHOTO TOKa C IOCIEIOBa-
TEJILHBIM BO30YKICHUEM.
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[Ipu coBmecTHOM paboTe 3IEKTPOJIBUraTeNsl C MPOU3BOJICTBEHHBIM MEXaHU3MOM B
YCTAHOBHBIIEMCS PEKHUME BPAIIAIOMIMM MOMEHT JBUTATENSl YPABHOBEIIMBACTCA CTATH-
YECKUM MOMEHTOM COIPOTHUBIJICHUS] MEXaHU3Ma, IPU 3TOM JJICKTPOBUTATENIb pabOTaeT C
ONPEACIICHHON CKOpOCThIO. [Ipn n3MeHeHnn MOMEHTa CONTPOTUBJIEHUS HA BaLy JJIEKTPO-
JIBUTaTelil paBHOBECHE MOMEHTOB HAPYIIAETCS, BO3HUKAET MEPEXOIHBIN MPOLECC, B pe-
3yJbTaTE KOTOPOTO AJIEKTPOIPHUBOJ MNEPEXOJUT B HOBOE YCTAHOBUBLIEECS COCTOSIHHE
(mpu ycroitunBOi paboTe), HO C APYTUMH 3HAYCHUSIMHU MOMEHTA U CKOPOCTH DJICKTPO-
nBurarens. [ ycroiiunBoi paboThl AJIEKTPONPUBOAA B Mpeeiax OMpeneIeHHbIX CKO-
pocTeil 1 MOMEHTOB COINPOTUBIICHUS POU3BOJICTBEHHOTO MEXaHU3Ma TpeOyeTcs, YTOOBI
AJIEKTPOJIBUTATENb 00J1a/1ajl COOTBETCTBYIONIEH MEXaHMYECKOW XapaKTEPUCTUKON. A 3TO
JIOCTUTAETCS BBIOOPOM DIIEKTPOJIBUTATEIIS OMPEICTICHHOTO TUTIA U U3MEHEHHUEM DJICKTPH-
YECKHX [MApaMETPOB €r0 LEIEH.

o)

Tt

3

o M

Puc. 2.9. Mexanuueckue xapakmepucmuxu s1ekmpoosucamereil

Jdexyus 3. PACAETHBIE CXEMblI MEXAHHUYECKOHU YACTH
JJIEKTPOIIPUBO/IA

Mexanunueckas yactb DI MOXET NpeaCTaBIATh CIOXKHYK KHHEMAaTHYECKYIO CXe-
My C OOJIBLIMM YHUCIIOM IBUXKYIIUXCS 3JIEMEHTOB, IIPU ATOM OJHH 3JIEMEHThI COBEpILa-
IOT BpallaTebHOE TBW)KCHUE, IPYTUe — NMOCTynaTelbHoe (HarmpuMep, B MOIbEMHUKAX,
KpaHax, CTPOTAIbHBIX CTaHKaX U Ap.). Kaxkaplil aieMeHT 001agaeT onpeaesieHHOH ynpy-
eocmyio (T.€. IO HArpy3KOH MOXKET AeQOpPMHPOBATHCS), & B COCTUHUTEIBHBIX dJICMEH-
Tax MOTYT OBbITh BO3AYILIHBIE 3a30pbl. 3HAUUT, MexaHuyeckas cxema Il sBrsgercs mHo-
20Macco8oti, ¢ YIpyruMu CBA3SMH U 3a30paMH, PACYET TUHAMUKHU KOTOPOM COCTaBIISIET
OIpeJIeJICHHBIC TPYIHOCTH (HY>KHO MCIOJIb30BATh MPOTPaMMEBI pacueToB Ha DBM).

B umxeHepHbIX pacueTrax, He TpeOyromux O0JbIION TOYHOCTH, B CUCTEMAX C He-
3HAYUTEIBHBIMH YIIPYTOCTSMH DJIEMEHTOB M HEOOJBIIMMHU 3a30pamu (T.e. ¢ OOJIBIION
’KECTKOCTBIO) MPUHUMAIOT OORYUEHUE, YUMO MEXAHUYECKUE CE53U INEMEHMOB SGIIOM-
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¢ abcontomuo dHcecmkumu. IIpyu TakoM AOMYIIEHUN JBHKEHUE OJHOTO AJIEMEHTA JIaeT
TIOJIHYIO UH(OPMAITHIO O ABUKEHUU U IPYTUX IJICMECHTOB.

OOBIYHO B KAYECTBE TAKOTO NMEPBOHAYAILHOTO JJIEMEHTA NMPUHUMAIOT BaJl JBUTA-
tend. Torga pacuerHasi cxeMa MEXaHM3Ma MHOIOMaccoBOM MexaHnmyeckoi yactu OlI
(puc. 3.1, a, 3.2, a) cBOAUTCS K OHOMY OOOOIICHHOMY JKECTKOMY MEXaHUYECKOMY 3Be-
ny (puc. 3.1, 6, 3.2, 6), uMeroIIeMy SKBUBAJICHTHYIO MacCy ¢ MOMEHTOM HHEPIIUH J, yr-
JIOBYIO CKOPOCTb BPAILIEHUS ®, YTOJI TTOBOPOTA (, U HA KOTOPOE 3BEHO JEHCTBYIOT JJICK-
TPOMArHUTHBI MOMEHT JBHrareiass M U CyMMapHbIN NMPUBEIECHHBIN K Baly IBUraTels
CTAaTHYECKUIT MOMEHT CONPOTUBRIICHUS M, (BKJIFOUAIOIIUI BCE MEXaHMYECCKUE MTOTEPH B CH-
cTeMe, B TOM YHCJIC U B JIBUTATEIIC).

IIpuBeaeHne MOMEHTOB CONPOTHBJIECHUS M CHJI, MOMEHTOB HHEPIUM U MACC K
BaJIy JJjiekTpoaBurartens. CHauajga mpuMeM JOMyIIEHUE, YTO MEepPeJaTOYHbIN Mexa-
Hu3M [IM (puc. 3.1, a) uneanbHbBIH, T.e. HE UMEET IMOTEPh SHEPTUH, HE 00J1aaeT MacCOM
¥ OCYIIECTBIISIET TOJIBKO KOJIMYECTBEHHOE MPEe0Opa3oBaHNe MEXaHUYECKOW YHEPTHUH OT
JBUraTelsl K MPOM3BOJCTBEHHOMY MEXaHM3My. Yuer norepb B IIM paccmorpum He-
CKOJIBKO TIO3XKE.

)
il M,
Vs
Moo nM —ﬁ%—ﬁ———
j Ju M o ¢
NV oum 6)
iy
M w

Z

a) M

Puc. 3.1. IIpusedenue mnocomaccosou cucmemvbl K 0OHOMACCOBOU
npu 8paAuaAmMenbHOM OBUNCEHUU MEXAHUMA

a Mc 6
U s
© M %
@ M
|
le R
C=]

a) l P

Puc. 3.2. Ilpusedenue mHo2omaccosoti cucmemvl K 00HOMACCOBOLL
npu NOCMYNAmelbHOM OBUNCEHUU MEXAHUIMA

HpI/IBeI[eHI/Ie CTAaTUYCCKUX MOMCHTOB COIIPOTHBJICHUA K Bally OCYHICCTBJISICTCS U3

YCIIOBHS PaBEHCTBA MEepeiaBaeMOi MOIITHOCTH Ha Jito0oM Bany (cm. puc. 3.1, a):
M. o =M, o,.
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N3 3TOro paBeHCTBa HAXOAUM BBIPAXKEHUE JJISI ONPEAECICHUS TPUBEACHHOIO CTa-
THUYECKOro MoMeHTa M.

M. =M (o, ®) =M, /(0! ®,) =M,/], (3.1)

rae | = o / o, — nepeaaroydoe uucio [IM.

CrenoBaTenbHO, cmamuyecKuii MOMEHm HA 6ajly 3NeKmMpOoOsuzamess npu om-
cymcmeuu nomepsv ¢ IIM pasen momenmy conpomugnenus M, nHa eéany ucnonnu-
menbnozo mexanusma UM, oenennomy na nepeoamounoe uucio | IIM. B 3tom u 3a-
KJIFOYAETCs IPUBEICHUE MOMEHTA CONpoTUBJIeHUA MIM K Bally aleKTpOoABUTATENS.

[Mpu noctynarensHoM nBuxenuu UM (cm. puc. 3.2, a) u JONyIICHUN 00 Uaeab-
HOCTH IE€PENAYU U3 yCIOBHUs PABEHCTBA NEPEIaBAEMON MOIIHOCTH OT 3JIEKTPOJBUTATE-
a5 O/ K HOIHUMAeMOMY Tpy3y UMEEM PAaBEHCTBO

M. o=F.V,
rae M, — S5KBUBAJICHTHBIM CTATUYECKMHA MOMEHT Ha Bainy J/] ogHOMaccoBOM cHC-
temsl (cm. puc. 3.2, 0);
F. — cuna conpoTuBi€eHUsI B YCTAHOBUBILEMCS PEKHUME;
V — nuHeitHas CKOpOCTh Mo beMa rpy3a.
Toraa u3 3TOro paBeHCTBa NOJIy4YaeM
M.=F.V/o=Fp, (3.2)
IZie p — paJlycC MPUBEACHUS TOCTYNATEIbHOIO IBMXKEHUS K BPAIlATEIbHOMY.

3HAUYUT, NPUGEOCHHBLIL K 8AJIY INIEKMPOOGUZAMEA CIAMUYECKUIL MOMEHM Om
CUJIbI CONPOMUGTIEHUA 011 NOCHIYNAMENbHO20 O8UINICCHU NPU UOeAIbHOU hepedaue
pasen cune conpomusenenun ., ymnoscennoit na paouyc npugedenus p.

Teneppb paccMOTPUM NPHUBEJEHUE MOMEHTOB MHEPLIMKM U MAcC K Baly AJIEKTPOABU-
rarens i aunetnvix [IM (j = const, p = const).

[IpuBenenne momeHntoB mHepuun MM k Bany D/l ocymiecTBisieTcsl U3 yCIOBUA,
YTO BEJIMYMHA CYMMapHOTO 3araca KWHETUYECKOM SHEPTrUU CUCTEMBI, TPUBEICHHOU K
Bairy D/1, octaercs Hem3MeHHO# (cM. puc. 3.1):

J o2 =, 02 + I, /2.

N3 3TOro paBeHCTBAa HAXOAUM, YTO CYMMAapHbIi MOMEHT MHEPIMU NPUBEACHHON

CHUCTEMBI
J=J,+dy(0n/ ®)2=3,+3,/j2 =3+,
rae J,, — npuBeaeHHbIN K Basty D1 MmoMeHT unepuuu M.

3HauuT, npueedennviii Kk eéany I/ momenm unepyuu UM npu uoeanvnom IIM
pasern momenmy unepyuu UM, oenennomy na nepedamounoe uuciao INM 6 keadpa-
me:

J, =1

Jliis moctynarensHoro apwkenus UM (cm. puc. 3.2) npuBeeHHEe MOCTYMATEIBHO
JBWKYIIMXCS MacC K BpallaTelIbHOMY JBHMXKEHHUIO Baja D]l OCyIIECTBIISIETCS HA OCHO-
BaHMH PABCHCTBA KMHETHYECKUX DHEPTHI MPUBEICHHON M HCXOHOM (HE IPUBEICHHOI)
CUCTEM:

Jo2 =1, +J5) @2 + mV?/2,
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13 KOTOPOTrO IOJIy4aeM, 4TO
J=d,+Jds+m Vo) =, +Js+mp°=J, +Js+ I,
rJe Jy =m p2,

Jy — mpuBeneHHbIN K Baly DJ[ MOMEHT MHEpPUMHU MOCTYNAaTeNIbHO JBHXKYLIEHCS
Macchl M.

CrnenoBarenbHO, npusedenuslii K eany /] momenm unepuyuu noCmynameibHo
osudicyuienica maccol M pagern nPou38ed0eHuio IMoi Maccvl Ha PAOUyc NPUGEOCHU P
6 Keaopame.

Yder norepr B nepexavax. [lorepu suepruu (momrHoctr) B [IM yduThIBaroT
aByMsi criocobamu: 1) mpubnmxeHHbIM (¢ nomowwio KII/[) n 2) yrounenusiM (nymem
BbIUUCTICHUSL 8CEX COCMABNAIOUWUX nomepb). PaccMOTpUM nepewiil cnocob.

Mexanunueckas gactb D11 (puc. 3.3) BriarodaeT potop D/1, Bpallatonuics ¢ yriio-
BOWM CKOPOCTBIO ® M MPHUIOKEHHBIM MOMEHTOM M, mepenatounblidi Mexanusm [IM c
KII/] 1, ¥ mepe1aToOYHbIM YMCIIOM | M UCTIOJTHUTEIbHBIH MexaHu3M VM, Bpamaroniuics
CO CKOPOCTBIO ®, Y MPUIIOKEHHBIM MOMEHTOM conpoTusiieHus: M,. [Ipu HanpaBienuun
sHepruu ot D/ k UM umeem nBurarenbHbiil pesxxum padotsl JI1, a mpu o6patHOM 1O-
TOKE PHEPIrUuu — TOPMO3HOH. B ycranoBuBIIEMcs pexxume padoTbl I/, KOTOPHINA Mbl U
OyZzeMm paccmaTpuBaTh Uil yuera notepb B [IM, nuwxymuii MomeHnT M Ha Baity D/] pa-
BEH IIPUBEACHHOMY K By CTaTUYECKOMY MOMEHTY M., KOTOPbIA yYUTHIBAET MOMEHT
conporusienuss M, UM u momenT noreps B IIM, T1.. M = M. JIng HarmsigHOCTH 000-
3HauuM M, B nBuratesnbHoM pexkume D1 uepes M.T, a B TopMo3HOM — uepes M. |. Toraa,
VCXO/IS U3 3aKOHA COXPAHEHHUsI SHEPTUH, MOYKHO 3aIIMCaTh PABEHCTBA!

o M M= M, ®, 0112 08ueamenvHozo pexcuma,
M, oy Ny =M.| ® 014 mopmosHnozo pexcuma,
U3 KOTOPBIX CJIEYET, 4TO
M =My o)/ (©n,) =M,/ (jn.) =M, I,
M| =My oynu ! © =Myn,/j=M,
rae M, — moment M, npuBeneHHslii k Bany I/ 6e3 yuera noreps B [IM.

DHeprug JeuratenbHblii pexxum
> by
Sl 3 MM =) WM
LS LS
M @ M, w,

= SHeprus
TopMo3HOH peXum -«

Puc. 3.3. Mexanuueckas uacms s1ekmponpusooa
CnenoBarenbHO, s y4era nmoteps B [IM npu npuBeIeHUN CTATUYECKUX MOMECH-
TOB ¥ cui conpotuBiienuss UM B ¢popmynax (3.1) u (3.2) HEOOX0IMMO B IBUTATEIIBHOM

pexume padbotsl D11 yuects KIIJ 1, B 3HaMeHarelne, a B TOPMO3HOM PEKHUME — B YHUC-
JIUTEIIE, T.C.
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M =M/ ( M) =Fcp/nu
M| =Muna!j =Fcpna

Ho KIIJI n, He siBAsieTcs] MOCTOSHHOW BEJIMYMHOM, OH 3aBUCUT OT KO3 duiimeHTa

3arpy3ku K, u HoMuHaIbHOTO KITJT My ron-

Mo = [/ Mywow + @ (K, =1)] =1,
rae o — Ko3(p(GUIHUEHT TOCTOSHHBIX MOTEPh, KOTOPHIN JI1 HEKOTOPBIX Mepeaay MpuBO-
JTUTCSl B CITPAaBOYHHUKAX.

VYuuThIBas, 4TO JJIsI MHOTHX Tepeaad My, xon ~ 0,8...0,9, B pacueTax MOKHO OpHEH-
tupoBo4HO TipuHATH o0 = 0,07...0,1 u mo npuBenenHot dopmyne paccuuthiBaTh KIIJI
nepegavyu npyu 4acTU4Hou 3arpyske Jl1.

Ilpumep 1. Paccuutarh NPUBEACHHBIN K Bajly JIBUTAaTENsl MOMEHT UHEPLUU AJIEK-
TPONPHUBOAA MEXaHH3Ma MOJbEMa MOCTOBOTO KpaHa. Kunemarnueckas cxema 3J€KTpo-
NpUBOJA MOKa3aHa Ha puc. 3.4. JlaHHbIe KHHEMAaTUYECKOW CXEMBI:

m = 3000 kr; Z1=Z3=15; Zo=74=60; J;=J, + J; = 0,65 kr-m2; J2 =J,, +

J,3= 0,8 kr-m2; J3 = J,u +J6 + Jugp = 9 Kr-M2; Ds = 0,8 M.

Pewienue. PaccuutbiBaeM niepejaTOUHbIC YMCIIa 3y0UaTol nepeaaun:

j1= Zg/ le 60/15= 4, j2= Z4/ Zgz 60/15= 4.

3anuiieM BbIpaXKeHUe JJ1sl IPUBEICHHOTO MOMEHTA UHEPIIMU 3JIEKTPONPUBOIA Me-
XaHU3Ma NoAabemMa

J= 1143231 +331(j1* j2°)+mp?
rae p = Vlio = o Ds/(20) = Ds/(2)).

Haxoaum yncienHoe 3HaueHre NPUBEEHHOTO K Bally JABUTATEIsl MOMEHT UHEPIINHI
3JEKTPONPUBOJIA

J= O,65+O,§/42+ 9/(162)+3000:(0,8/32)%= 2,61 kr-m°.

v

b — — —
i
wp,
o~

Puc. 3.4. Kunemamuueckas cxema 31eKmponpueooa MexaHuzma
noovema MoCmo8o20 Kpana

Ilpumep 2. PaccuutaTh NPUBEIEHHBIN K Bajly JBUIaTelsi MOMEHT MHEPLHU DJIEK-
TPONPHUBOJA POJOJILHO-CTPOTAIbHOIO CTaHKa, KWHEMAaTUYeCKasi cXeMa KOTOPOro mo-
Ka3aHa Ha puc. 3.5.
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Anextpoasurarens /] mmeer MomMeHT HHepiun J; = 2,375 kr-M°. MOMEHTBI HHED-
WU 3y09aThix Konec Z; - Zs ¢ y4eTOM BaJIOB COOTBETCTBEHHO paBHBI: J; = 0,073 KT-M
J, = 0,05 kr-m?; J5 = 0,043 kr-m7; J4 = 0,814 xr-m?%, Js = 0,515 kr-m°. 3y6uatbie Koeca
Zy - Zsumerot uKcia 3yobeB: Zi = 17; Zo = 51; 73 = 19; Z4 = 86; Z5 = 29. Illar 3y6-
gaToro koneca Zs paBeH t, = 34,5 mM. Macca ctosia ¢ oOpabaTeiBaeMOl ACTaIbIO CO-
crasiiset 4400 xr.

=~ .- 3ybuaras peiika cTona

- 22/,

AR
I

il

BN
s il

N

:_-i \-24; J4

Puc. 3.5. Kunemamuueckas cxema 31eKmponpueooa cmoia
NPOOOTLHO-CIMPO2AIbHO20 CIAHKA

Pewenue. OnpepernsieM nepeaTOuHbIC YHCTA!
1= Z,/Z,= 51117 = 3; o= Z4l Z3=86/19 = 4,526; =71 11=3:4,526=13,58.
Haxonum paanyc npuBeneHus

p=Vlie =le = (tu Zs)/(2r7)=(34,5-103 - 29)/(2n-13,58)=1,172-10-2 m/pan.
3anuceiBaeM (GopMyIly sl BBIYMCICHUS MOMEHTA MHEPIUU 3JEKTPONPUBOJIA CTOJIA
B COOTBETCTBUU C KHHEMAaTUYECKOM CXeMOMU puc. 3.9:
3= dntdit (Jo+ Ja)/i 4 (Ja+ Js)/(j % J22)+mp?
B KOTOPYIO ITIOJCTABJIsICM YHMCJICHHBIC NaAHHBIC.
J=2,375+0,073+(0,05+0,043) /3*+(0,814+ 0,515) /13,58 + 4400 -
(1,172:107%)% = 3,07 kr-m°.

Ipumep 3. UlaxtHas nogbemHas nedenka moxanmMaet rpy3 G = 60 000 H (puc. 3.6).
Onpenenuth NMPUBEACHHBIE K Baly SJCKTPOABUTATENs] CyMMapHBIH MOMEHT WHEPIHH
OIl mogbeMHOM eOeNKN M CTaTUYECKUI MOMEHT Harpy3KH, €CJH JIaHbl HOMUHAIbHAS
CKOpOCTh BpalleHusl deKTpoaBurareis N, = 494 o6/muH, Bec kanata G, = 7 800 H, me-
penatouHoe yucio peaykropa j = 11,5, KII/ penykropa n = 0,94, MOMEHT MHEpUIUU
O0apabana b BMecTe ¢ 3y04aThiM KojiecoM 2 J, = 67,5 KF-MZ, MOMEHT UHEPIUHU JIBUTATE-
J1s1 BMecTe ¢ 3y6uathim kosecoM 1 J; = 106 kr-m?, auamerp Gapabana Dg = 3 m.
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Pewenue.
1. OnpenenuM cKOpoCTh noabeMa rpysa Vy,:
V,=nDgn,/(j60)=3,14-3-494/ (11,5 - 60) = 6,75 m/c.

2. OnpenenuM CyMMapHBIM TPUBEAEHHBIM K Baldy JJIEKTPOABUTATENSI MOMEHT

MHEPLHH ITOTbEMHOU JIEOE KU
J=h+L/P+(G+G)/g): (V. ®,) =106 +675/(11,5)*+
+ (60 000 + 7 800) / (9,8) - (6,75 / 51,7)* = 224,1 kr-M?,

rae o, =n N,/ 30=23,14-494 /30 =51,7 pan/c.

[
- H =
ytres

G
Puc. 3.6. Kunemamuueckas cxema noovemHou 1ebeoku

3. [IpuBeieHHBIH K BaTy 3JCKTPOJABUrATEIsI MOMCHT CONTPOTUBIICHHUS HATPY3KH:
MCT:(G-I-GK) ! R6/(Jn):
= (60 000 + 7 800) -1,5/ (11,5 - 0,94) = 9 400 H-m

WK ML =(GC+Gy)/98)-p/n=
= (60 000 + 7 800) /9,8 -6,75/51,7 /0,94 =9 400 H-m.

Jexkuyua 4. YPABHEHHUE BPAIJATE/IBHOI'O /IBUKEHUA
JJIEKTPOIIPUBO/IA

B pabore anexkTponpuBoaa pa3ianvaroT JIBa OCHOBHBIX PEKMMA. yCTAHOBHUBIIIHICS
U NepexoaHblid. B ycmanosuewemcs pesxcume 3neKTpONpuBoO padOTAET ¢ NOCTOSHHOU
CKOpOCThI0. HapyIieHre mocTostHeTBa CKOpOCTH (MpU PETyIMPOBAHUM XO7a TEXHOJIO-
THYECKOro IpoIiecca, N3MEHEHUHU MapaMeTPOB MHUTAOIIETO HAMPSIKCHHS M JIP.) BBI3BI-
BAET 1nepexoO0Hblli pedcuM, B TEUEHUE KOTOPOro CUCTEMa «3JIEKTPOIBUTaTeNb — paboyas
MalllMHa» TIEPEXOIUT B HOBOE YCTAHOBUBILIEECS COCTOSIHUE.

N3yueHnemM TNOBENEHUS DJICKTPONPHUBOAA B MEPEXOJHBIX PEXKUMAX 3aHUMACTCS
OUHAMUKA 3]IeKMPOoNnpueooa, UCTONb3ys ypaBHEHHE IBUXKEHHUS JJIEKTporpuBoaa. Pac-
CMOTpUM JAaHHOE ypaBHeHue. [Ipu pabore anekTponpuBo/ia Mo Harpy3Kou ¢ MOCTOSIH-
HOM CKOPOCTBIO BPAILICHUS BPAIAIOIINNA MOMEHT 3JIEKTpOoABUTaTelst M ypaBHOBEIIMBA-
€TCS CTaTUYECKUM MOMEHTOM COINPOTUBIIEHUS M., TPUIOKEHHBIM K Bajly 3JIEKTPOJBH-
raTesisi CoO CTOPOHbI paboyeil MallluHBI, T.€.
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M=M.. (4.1)

Takolt pexxum pabOTHI ANEKTPOIPUBOA HA3BIBACTCS ycmanosusuwumcs. [lpu Ha-
pyuieHnu paBeHcTBa (4.1) BOZHUKAET JMHAMUYECKHIA MOMEHT M, XapaKTepU3YOIIUii
MEePEeXOHbIN pekuM. [Ipr 3TOM ypaBHEHHE paBHOBECHSI MOMEHTOB UMEET BUJ]

M =M.+ M, (4.2)
rae M — Bpamaromuyii MOMEHT dJIeKTpoaBurarens, H-Mm;

M. — craTn4eCKUi MOMEHT CONIPOTUBIICHUS, IPUBEACHHBIN K BaJly 3JICKTPOIBUTA-
tens, H-wMm;

My — IMHAMUYECKUH MOMEHT, ITPUBEICHHBIN K Bajly dJeKTpoaBuraresns, H:-m.

Paccmotpum moapoOHee oTaelbHbIC cocTaBisionme ypaBHenus (4.2). Bpawaio-
wiutt (WA 91eKmMpoMaSHUMHBIIL) MOMeHm dIEKTPoaABUTaTels M co3gaeTcs B pe3ysbTaTe
B3aUMO/JICMICTBUSI MAarHUTHOTO TOTOKA C TOKOM, ITPOTEKAIOIIUM IO POTOPY WU SIKOPIO
anekTpoaBurarens. Momenum una eany 3nekTpoaBuraresiss M, OTIMYAETCA OT 3JEKTPO-
MAarHUTHOIO MOMEHTa M Ha BEJIIMYMHY MOMEHTA MOTEPH XOJOCTOro Xonaa My, onpene-
JIIEMOTO TPEHUEM B MOJAUIMITHUKAX, IIETOK O KOJUICKTOP WJIX KOJbLA, BEHTUISTOPHBIMHA
MOTEPSAMU U MOTEPSIMU B CTaIU. MOMEHT Ha Bally JIEKTPOABUIATEINS 3aBUCUT OT PEXKU-
Ma paboThI AJIEKTPOIPUBOJIA. B nBUTaTEILHOM peKkrME MOMEHT M|y yMEHBIIIAaeT MOMEHT
Ha Bajly, a B TOPMO3HOM PEXUME yBEIUUYUBaET ero. [loatomy

M, =M £ M,.

Bemnuuna M, cocTtaBiisieT HECKOJIBKO MPOLIEHTOB OT HOMUHAJIBHOTO MOMEHTa M,
HAa BaJly DJICKTPOJIBUTATEIS.

Bpamarommuii MOMEHT 3JEKTPOJABUTATEIISI CUUTACTCS NOAOHCUMENbHBIM, €CIIH OH
HaIlpaBJICH B CTOPOHY JIBMXKCHUS paboyveil MallliHbl, U OmpuyameibHblM — €CIIA MPOTHUB
JIBMOKEHUS (PSIKUM TOPMOXKEHUS).

MoOMEHT cTaTU4ecKoro CONpOTUBIEHUS M. COCTOUT U3 MOMEHTa TO0JIe3HOM pabo-
ThI (HampuMep, MOJIbEM I'py3a) U MOMEHTA TpeHUst M.,, KOTOPBIA YYUTHIBACTCS KOA(-
(ULIMEHTOM MOJIE3HOTO JEUCTBUS MEXaHU3MA.

MoMEHTBI, COOTBETCTBYIOIIUE TIOJIE3HOW paboTe, OBIBAIOT IBYX BHUJIOB. PEAKTHB-
HbIC M aKTHUBHBIC.

Peakmuenvie MoOMeHmbl — 3TO MOMEHTBI, KOTOPbIE BO BCEX CIIy4asiX SIBIIOTCS
TOPMO3SIIIUMH, IPOTUBOACHCTBYIOINMU JABMKEHUIO. K HUM OTHOCSTCS MOMEHTHI pe3a-
HUS, KPYUYEHHUS, ABJICHUSA, CKATUS HEYIPYTHX TEJI U MOMEHTHI TpEeHUsA. PeakTuBHBIC
MOMEHTBI MEHSIFOT CBOM 3HAK MPU U3MEHECHUHU HAIIPABJICHUS BPAILICHUS ITPUBOIA.

Axmuenvle (uiu nomenyuaIbHbIe) MOMEHNMBL — YTO MOMEHTHI OT Beca, CXKaTHS,
PACTSDKEHHS. M CKPYYMBAHUS YIPYTUX Tel. B oTiiMunMe OT peakTUBHBIX aKTUBHBIE MO-
MEHTBI COXPAHAKOT HAMPaBJIICHUE CBOErO JICUCTBUA IPU U3MECHEHHU HAIIPABJICHUS Bpa-
meHus npuBoaa. OHKU MOTYT OBITh HaIlpaBJICHBI KaK IO HAMPABIICHHUIO JIBHKCHUS, TaK U
MPOTUB HEro. AKTHUBHBIE MOMEHTHI, MPEIMSITCTBYIOIINUE IBM)KEHUIO, MPUHUMAIOTCS CO
3HAKOM «MHHYC», a CIIOCOOCTBYIONIHNE IBI>KCHUIO — CO 3HAKOM <ILTFOCY.

Junamuueckuiit momenm OIPEACIACTCS YIIIOBBIM YCKOpeHHEM (3aMejIeHuEM) H
MOMEHTOM HHEPIHUHU CUCTEMBI 3JIEKTPOIPUBO/IA:
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=] d_(D’
dt

rie J — MOMEHT HHEPLHH BCEX ABIKYIUXCS dacTeil, KrM;
dw/dt — yriooe yckopenue (3amemienne), paa/c’;
® — yIJIOBasi CKOPOCTh, pa/c;

My

t — Bpems, c.
[Tpy HOCTOSIHHOM MOMEHTE MHEPIIMK YPAaBHEHUE JBHIKCHHSI SJICKTPOIIPHBOIA
M=M, +] ‘j'j—‘f (4.2)
WIH M-M. = (:i_(: (4.3)

3Hak nepen M, cienoBaTenbHo, U nepea do/dt 3aBUCHT OT COOTHOIIICHUS BEJH-
yuH 1 3HaKoB M u M. Ilpu M > M, npuson yckopsiercsi, dw/dt > 0, M, — noaoxu-
TenbHas BenuunHa. [Ipu M < M, npuBox 3amemnsercs, do/dt < 0, M, — oTpunaTeb-
Has BenuunHa. Korna M = M., yckopeHue WK 3aMeJICHHE OTCYTCTBYeT, T.¢. dw/dt = 0,
My = 0, mpuBOJ pabOTaET B YCTAHOBUBIIEMCS PEXKUME C TIOCTOSTHHON CKOPOCTBIO .

B o0Ormiem Buae ypaBHEHHE ABHXKCHHS dyeKTporpuBoa (4.3) ¢ yu4eToM peXHMOB
pabOTHI 3JIEKTPOABUTATENS K 3HAKOB MOMEHTOB MOYKHO 3aIIHCATh

+ M+ M =399
dt

BpeMms pa3rona u TOpMOKEHUs JIEKTPONpUBOAa. Bpems nepexoaHoro pexxuma
JUIsl HEKOTOPBIX IIPOU3BOJACTBEHHBIX MEXAHU3MOB B 3HAYUTEILHOMN CTEIIEHU ONPEAEIIACT
UX [IPOU3BOJUTENILHOCTb, BIUSET Ha BHIOODP JEKTPOJABUTATENS U T. .

Jliis onpeniesieHust BpeMeHH MepexXoJHOro Mpoliecca HEOOXOUMO PElIUTh ypaBHe-
HUE ABWKEHUS DJIEKTPOIPUBOJA OTHOCUTEIBHO BPEMEHH

dt=J do /(M - M,),
orkyma t=[Jdw/(M-M,).

Jlist pemieHus AaHHOTO YypaBHEHUS HEOOXOAMMO 3HAaTh 3aBUCHUMOCTH MOMEHTA
nsurarens M u MOMEHTa CONPOTUBIICHUA M, OT yIJIOBOM CKOPOCTHU . HacTHBIE cilyyan
ATOM 3aJ1a4y JOJDKHBI YUUTHIBATh 3HAKA MOMEHTOB M IPEIEIIBl HHTETPUPOBAHUS.

ITpu paseone anexkmpoosucamens ¢ MOMOIIBIO IIYCKOBOTO PeOcTaTa MOYKHO NpU-
HATh MOMEHT JIEKTPOJABUTATENS IIOCTOSIHHBIM U PABHBIM:

M = oM, = const,
rae oMy — CpeAHU MOMEHT IIPU IYCKE;
o — KO3 (PULIMEHT, YUYUTHIBAIOINN KPaTHOCTh CPEHErO IMyCKOBOTO MOMEHTA IO OT-
HOIIICHUIO K HOMUHAJIBHOMY MOMEHTY 3JIEKTpOoABUTATENSA M.

JIns ciydast mycka 3J€KTpOABUTATENS U3 HENOABUKHOIO COCTOAHUA ¢ M, = const

u J = const Bpems pazrona

tp:JO)chco/(ocMH—Mc):JcoC/((xl\/IH—MC). (4.4)
0
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[Tpu 3JIEKTPUUECKOM MOPMOIACEHUU INEKMPONPUEOOA YPABHEHUE IBUKEHUS OyIeT
UMETh BUJT
- M- M. =J (do/dt).
W3 3TOr0 ypaBHEHMS CIIEYET, YTO BPEMSI TOPMOKEHHUS 3JIEKTPONPUBOIA

0
t,=—[Jdo/(M +M,).

®¢

[Tpunumas no-npexnemy M = a M, = const, M, = const, J = const, Bpems ToOp-
MOXKEHHUS OT CKOPOCTH ®. 10 0 Oyner

t = JO]Cdm/(aMH M) = Jog/(aM, + M,). (4.5)
0

AnHanm3 Noy4eHHBIX BbIpaXKeHUH I t, U {; IOKa3bIBaeT, 4YTO OJHUM U3 CYILECT-
BEHHBIX (DAKTOPOB, OMPEACISIONINX TUTEIBHOCTh MEPEXOHOTO IMPOIECca, SIBISETCS
MOMEHT MHEpILUHU AeKTponpuBoaa. [lo3ToMy B 31E€KTpONPUBOIaX C YACTHIMU MyCKAMHU
U TOPMOXKEHUSIMU MPUMEHSIOT CHeIUaIbHbIE YJIEKTPOJBUTAaTENI C YMEHBIIICHHBIM JIH1a-
METPOM IPU COOTBETCTBYIOIIEM YUIMHEHUU poTopa (KpaHOBBIC 3JIEKTpOJBHUTraTeNn). B
AIEKTPONPUBOAAX OONBIION MOLIHOCTH BMECTO OJJHOTO JIBUTATENsl yCTaHABIMBAIOT JBa
— KaXIbIil MOJJIOBUHHOW MOIITHOCTH, YTO MO3BOJISIET COKPATUTh BPEMs MEPEXOIHOTO pe-
KUMa B J[Ba pasa.

Bb10op onTHMAaJIBLHOIO NEpPeIaTO4YHOro Yucjaa peaykropa. [lpu npoextupona-
HUU U MOJICPHU3AINH DJIEKTPONPHUBOIa MPUXOJUTCS PelllaTh 3a/1a4y MO BbIOOpPY ONTH-
MaJIbHOTO (HAWBBITOJHEHIIIEr0) MEPEIATOYHOIO YHUCIA PEAYKTOPA Jonr. IIPaKTHUYCCKH
3TO CBOJUTCA K OINPEIEICHUI0 HOMUHAIBHOW CKOPOCTH BPAILECHUS SJIEKTPOJBUIATEIIA.
Ecnm snekTpoaBurarenn oMHAKOBOM MOIITHOCTH, HO C OOJbIIIeli HOMHUHAIBLHON CKOPO-
CTBIO UMEIOT MEHbLIME radapuThl, MACCY U CTOMMOCTb, TO LEJIECO0OPa3HO MCIOJIb30-
BaTh 0OoJyiee OBICTPOXOMHBIC dJEeKTpoABUTATENN. OTHAKO MPU ITOM OKA3bIBAETCS, YTO
PEIYKTOp JIOJDKEH MMETh OOJIbIiee IMepelaTOuYHOe YHCIO (3TO IMOBBIMIAET €ro CTOU-
MOCTB). JIJI 3JCKTPONPHUBOJIOB C PEAKUMHU IMYyCKAMHU BBIOOD jour (MJIM HOMHHAIBHOM
CKOpPOCTH BpAIICHUS JJICKTPOJBUTATEINSI) TPOU3BOJUTCS M3 YCIIOBUS HaumeHvbuiel 06-
wieti CmouMocmu 31eKmpoosuzameins u pedykmopa.

J1J1st 5IeKTPONPUBOJIOB € YACTHIMU ITyCKaMH HanboJIee CYIECTBEHHBIM KpUTEPUEM
SABJISETCS COKpallleHHEe OOLIEr0 BpEeMEHH IIepeEX0IHoro nporecca t, + t; 10 MuUHEMyMa.
PaccMoTpuM onpeaeneHue o, UCXO0/I U3 MHHUMYMa BPEMEHH TIEPEXOIHOTO Ipoiiecca
t..n [IpencTaBumM BpeMsi IEPEXOAHOTO TpoIiecca, UCIoib3ys Beipaxkenus (4.4) u (4.5), B
TaKoOM BUJIE:

ton =t + 1, = (3,8 + Iy / J°) o/ (0 My, — M) +
+ (3.8 + 3,/ ) ool (0 M, + M,). (4.6)
31ech CyMMapHblii MOMEHT MHEPLUU CUCTEMBI 3JEKTPONPUBOJA J, MPUBEIECHHBIN
K BaJly 3JIEKTPOJBUTATENIS, IPEACTABIICH B BUJIE
J=38+J3./
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rre 6 = 1,1...1,3 — ko3hPUIMECHT, YIUTHIBAIOMNI MOMEHT MHEPHIUU peaykropa (Tak
KaK MOMEHT MHEPLIMH PEAYKTOpa B OOJBIIMHCTBE CBOEM HEU3BECTEH, TO €r0 B pacueTrax
npuHuMaroT paBHbM 10...30 % oT MOMeHTa MHEpIIMK PoTOopa DJICKTPOABUTaTENs Jy), T.C.
cocTaBisiromas J,0 — 3T0 CyMMapHbIii MOMEHT MHEPLIMU POTOPA JEKTPOABUraTENs U pe-
TyKTOpa.

[TpuHuMas ®. = ®,, YMHOXUM M pa3aeiuM oba cliaraeMbix BeIpakeHus (4.6) Ha

®y ¥ YUTEM, 4TO
M,®0,=Py M,0,=P: J.00.°=2W,,
Ju (@4 1)% = 3y 02 = 2Wye .
31ech ®,; — HOMMHAJIbHAS YIJIOBasi CKOPOCTh BPALCHUS.
Torna
tn.n =2 (WKI[ + WKM) / ((1 PH _Pc) +
+ 2(Wir + W) / (0 Py + Py), 4.7)
rae Wy , — KHHeTH4YecKasi JHEPTUsl poTopa 3JIEKTPOJABUTATENS C PELYKTOPOM;
W — KHHETHYECKasi SHEPTHsl IBIKYIIMXCS YaCTel MEXaHU3Ma,
P, — HOMHHaJIbHAsE MOUTHOCTb 3JIEKTPOABUTATEIIS;
P. — ctatnyeckas MOIIHOCTb Harpy3Ku Ha Bajly 3JEKTPOIBUTaTEIs.

HomuHnanbHast MOIIHOCTH 3JEKTPOJBUraTENsl ONPEIENSIeTCs] €ro HarpeBOM IpHU
JAHHOM Harpy3kKe M SIBISETCS HEM3MEHHOW BeMMuMHOM. CTaThuyeckas MOILIHOCTh Ha-
Ipy3KH OIpeAessieTcss padoToi, KOTOPYIO JTOJDKEH COBEPIIUTh MCHOIHUTEIBHBIM Mexa-
Hu3M. KuHeTtnueckas sHeprusi MexaHu3ma OmpeeiieTcs ero KoHcTpykuuen. Crnenosa-
TENbHO, CIMHCTBEHHO!N BEIMYMHOM, KOTOPYIO MOXKHO M3MEHSTh B (4.7), sBIsieTCsl KuHe-
tuueckass sHeprusa W, ,. Ilpu munumyme W, Oynem HMeTh MUHUMYM BpEMEHHU
nepexoaHoro mporecca t,,;. Orcroma cieayer MmpocToe IMPaBUiIO ONPEAEIICHUS ONTH-
MaJIbHOTO MEPEAATOYHOTO YUCIIA PEIYKTOpaA: 0Jis1 3a0aHHOU HOMUHATbHOU MowHOoCcmu Py
U3 Kamanoea eblOUPAOM HeCKOIbKO JJleKmpooguzameiell Ha pasHvle HOMUHANIbHbIE CKO-

pocmu U 8bIYUCTAIOM NpousgedeHue ﬂi(’)lei (uma J, j?, Tak KaKk j, =, /o, =const), us

Komopbolx 6bl61/lpaiOm HaumeHnvuiee.
Torna JO]‘IT = O yonr / Oy;.

Ipumep. OnpenenrM ONTUMAILHOE TIEPEIATOYHOE YHCIIO peaykTopa (T.e. HOMU-
HAJIBHYIO 9acTOTY BpAIICHUS AJICKTPOJABUTATEIIsI) U3 YCIOBUS MUHUMYMa OOIIEro Bpe-
MCHH TTyCKa U TOPMOXKEHUs Juisg MexaHu3ma ¢ Ny = 300 06/muH 1 MouiHOoCTHIO P, = 6,8
KBT.

Pewenue. IlpuHrMaeM aCHHXPOHHBIN AIeKTpoABUTaTelb cepuu AO2 (3aKphITOTO,
001yBaeMOro MCHoJHeHHs). birokaiinias HOMHUHAIbHAS MOIIHOCTD 3JIEKTPOJIBHIaTEIIs
no karajory P, = 7,5 kBT. DnekTpoaBuraTeny 3TOl MOIIHOCTH B JAaHHOW CEPUM BBI-
nyckarotcs ¢ N, = 2910, 1460, 970, 725 o6/mun. PemieHue 3agaun CBOAUTCSA K BBIOOPY
OJIHOTO M3 YeThIPEX BO3MOXKHBIX 3JICKTpoJBHUTaTeNnei. KaramoxHbple U pacueTHbIC JTaH-
HbIC TIpUBE/IeHbI B TabuIe 4.1.

o= 3,3.
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Taomuna 4.1

Karanoxuble JaHHBIE PacyeTHbIE JaHHBIE
Tunel 31€ek- P, Ny Ji
TPOJIBUTaTEIs (xBT) (06/muH) | (kr-M2) J J? I j2
AO2-42-2 7,5 2910 0,024 9,7 94,0 2,3
AO2-51-4 7,5 1460 0,06 4,7 21,9 1,3
AO2-52-6 7,5 970 0,11 3,3 10,8 1,19
A0O2-61-8 7,5 725 0,21 2,4 5,8 1,22

Paszoen 2. IJAEKTPOMEXAHUYECKHUE CBOMCTBA
IJIEKTPOJABUI'ATEJIEN

Henw: usyuums mexaHuueckue xapakmepucmuxy 3j1eKmpooguzameinei nepemerHo-
20 U NOCMOAHHO20 MOKA 8 08ULAMENLbHOM U MOPMO3HBIX PENCUMAX pabombvl, a MaKice
CNOCoObI UX NYCKA U Pe2yTUPOBanUs CKOPOCU.

Jexkyusa 5. MEXAHUHYECKHUE XAPAKTEPHCTHKH
SJIEKTPOJBHIATEJIEH IEPEMEHHOI'O TOKA

OcHoBHBbIE TPpeOOBaHUS K 3JIEKTPONPUBOAAM CTaHKOB. [Ipu oOpaboTke nera-
Je Ha METAITIOPEXKYIINX CTaHKaX TpeOyeTcs COXpaHATh 3aJaHHBIE CKOPOCTH Pe3aHUs
u nonayu. OTKIOHEHHE OT BHIOPAHHOTO PEKUMa Pe3aHUs MPUBOANT K YXYAIICHUIO Ka-
yecTBa 00pabOTKH WM YMEHBIICHUIO MPOU3BOAUTENBHOCTU Tpyaa. [loaTomy anexTpo-
IPUBOJI CTaHKA JIOJDKEH COXPaHATh MPUMEPHOE MOCTOSHCTBO CKOPOCTH MPU U3MEHEHU-
X Harpy3KH, BbI3BaHHBIX KOJIEOAHUSIMH MPUITYCKA. DTOMY TPEOOBAHHUIO yIOBIETBOPSIOT
ANEKTPOJBUTATENH C TOCTATOYHO KECTKMMHU MEXaHMUYECKUMHU XapaKTEPUCTUKAMM.

HyxHast ckopocTh pe3anusi CTaHKa 00€CIIeUnBaeTCsl COBMECTHO DJIEKTPOIBUTATE-
JIeM U KMHEMaTU4eCcKO 1enbto cTanka. Eciau TpeOyemas yacToTa BpalieHus! IMHHAEIS
CTaHKa, HanpuMep nutrdosanbHoro, nocratouHo Beauka (1000...3000 06/muH), TO Baid
ANIEKTPOJBUTATENS] MOXKHO CBS3aTh HETMIOCPEACTBEHHO CO MIMUHICIEM. A €CITN K€ HYX-
HA HU3Kas 49acTOTa BPAIICHUS IIMHHIEISA, TO MPUMEHATH 3JIEKTPOJIBUTATEIh C TIOHU-
YKEHHON HOMHHAJIPHOM YaCcTOTOM BpaIlleHHS Heleaecoo0pa3Ho, TaK KakK IPHU 3TOM Macca
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AJIEKTPOJBUTATENSI BO3PACTaCT MPUMEPHO OOpPaTHO MPOMOPIIMOHATEHO HOMHHAIBHON
4acTOTE €ro BpaIllCHUs MPH TOM K€ MOIIHOCTU. Bo3pacTaroT pasmepbl U CTOMMOCTH
aneKkTpoaBuraresia. Takoll NMpUBOJA CTAHOBUTCS KOHCTPYKTHUBHO U KOHOMHWYECKH HE-
npuemsieMbIM. [[03TOMy, Kak MoOKaszall OMNBIT, B CTAHKOCTPOEHUH LIeJeCO00pa3HO HC-
[I0JIb30BAaTh JJIEKTPOJBUTATENIM C OTHOCUTEIIBHO BBICOKOW HOMHWHAIBHOW YacTOTOM
spamenus (1000...3000 06/MuH) U MEXaHHMYECKUMH IepeaadaMu i IMOCIIEeIYIOIIEro
MOHWKEHHUSI YaCTOTHI BPALIEHUS 10 HY>KHOTO 3HAUYCHUSI.

[Ipu HeOOIBIION YacTOTE BpaAICHUS IIMHUHAEIS JIEKTPOJBUTATEIb MOXKET UMETh
pazuyHble HOMUHAIbHBIE YaCTOTHI BpalleHus. YeM ObICTPOXO/IHEE JBUTATENb, TEM OH
MEHbIIIE TI0 TabapuTaM U JICIIEeBIIe, HO TEM CJIOKHEE MEXaHWYeCKasl Tepeiaya OT JIBUTa-
TeNsl K paboueMy opraHy craHka. Jlydiiee perieHue BBHIOMPAIOT M3 SKOHOMHUYECKOTO
CpaBHEHHMS BO3MO>XHBIX BAPUAHTOB. DTO OTHOCHUTCS U K MIPUBOJAM I10JIa4U U BCIIOMOTa-
TeNbHBIX nepeMenieHuid. Ho B OTIenbHBIX ClydasiX B CTAHKOCTPOCHUHU MPUMEHSIOT U
TUXOXOJIHbIE AJIEKTPOABUTATEIN CIEHUAIBHON KOHCTPYKIMH JIJIsi TIOBBILIEHUS KECTKO-
CTH IIepeAauy WIH YIPOIICHUSI KOHCTPYKITUU.

[Ipu HeoOxoaMMOCTH 00paOOTKHU C Pa3IMUYHBIMU CKOPOCTSIMU pe3aHUsl MPUMEHS-
I0T PEryJIMPYyEMBbIN JIEKTPONPUBOJ, KOPOOKH IMepeiad WM UX COYETaHUs B 3aBUCHUMO-
CTH OT PE3YJIbTaTOB SKOHOMUYECKOI0 aHaJIM3a PA3JIMYHbIX BAPUAHTOB.

B HekoTopbix ciiydasx (3JE€KTPOKOMHMPOBATIbHBIE CTAHKH) OOJIBIIOC 3HAYCHHE
MPUOOPETAIOT OUHAMUYECKUe C8OUCMBAa Npusood. OBICTPOJICUCTBUE, CIIOCOOHOCTH
MTHOBEHHO U3MEHSTh YaCTOTY BpAILCHHS U JP.

Y npueooog ecnomozcamenvuvix nepemewjenuii OCHOBHYIO HArpy3Ky COCTaBIISIET
MOMEHT OT CHWJI TPEHHUS, MPHU 3TOM KOID(PUIIMEHT TpEeHUsS MPU TOKOE 3HAYUTEIIHHO
OoJsbIIe, YeM BO BpeMs JIBIKEHHs. [[0aTOMy 37eKTpOonpHBOa OJDKEH 00eCTeunBaTh
JOCTATOYHO OOJIBIION HavalbHBIN (ITyCKOBOW) MOMEHT. ¥ HEKOTOPBIX MPHBOIOB BCIIO-
MOTaTEJIbHBIX NEPEMEIIEHN U MPUBOAOB MMOJIA4Yd HAarpy3Ka KpoMe CHJI TPEHHUs CO31a-
€TCA MPU MOABEME U MACCOM MOJABMKHBIX Y3JIOB CTAHKA. DJIEKTPOJABUTATENIN CTAaHKOB
JOJKHBI OBITh IOCTATOYHO ACIIEBBIMU, JOJITOBEYHBIMU U HAJICKHBIMU B padoTe.

YcTpoiicTBO ACHHXPOHHBIX JIEKTPOABHUIaTeJeid. ACHHXPOHHBIE 3JIEKTPOIBU-
raTejd COCTOSAT M3 JIBYX OCHOBHBIX YacTei:. craropa (HEMOABMI)KHAs 4acTh) M POTOpa
(Bpararoinasics 4acTh). B 3aBUCMMOCTH OT KOHCTPYKIIMH POTOpa OHH JICJISATCS Ha JIBH-
rateim ¢ KOPOTKO3aMKHYTBHIM U ¢ ¢a3HbIM poTopoM. Hanbosee mmupokoe mpuMeHeHUE
nonyuniau A/l ¢ KOpOTKO3aMKHYTBIM POTOPOM, TaK KaK OHU HE MUMEIOT CKOJIb3SIIINX
KOHTAKTOB U SIBJISIFOTCSI CAMBIMU ITPOCTBIMU U JICIIEBBIMU JBUTATEIISIMH.
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Puc. 5.1. Koncmpyxyus acunxponnvix osueameret

Cratop coctout u3 kopmyca 4 (puc. 5.1, a), maruutonpoBojga 1 U 0OMOTKH 2.
Kopryc BBIMONHSIOT B JBHTaTENsSX HEOOIBIIONW MOIIHOCTH JUTBIM M3 YYTyHA, CTau
WM QTFOMUHUEBOTO CIJIaBa, B MOIIHBIX JABUTATENISIX — CBapHBIM. 1o TOopiiam k kopmycy
KPENAT MOAMUITHUKOBBIC MUTHI. MarHUTONPOBO HAOMPAIOT U3 KOJIEI, OTIITAMITOBaH-
HBIX U3 JINCTOBOM AJIEKTPOTEXHUYECKOW cTaimu. Ha BHyTpeHHEH TOBEpXHOCTH MarHUTO-
NIPOBO/Ia UMEIOTCSl Ta3bl, B KOTOPHIC 3aKiaabIBaeTCsi TpexdasHas oOMOTKa cTaTopa,
MIPEICTABIIAIONIAs] COO0M CUMMETPUYHYIO CUCTEMY U3 Tpex oomoTok (a3. Hauana mep-
BOM, BTOpPOH W TpeThei 0OMOTOK a3 obo3zHawaroT cooTBercTBeHHO Cl, C2 m C3, a
koHIBI uX — C4, C5 u C6. BeiBoabsl 00MOTOK (ha3 MPUCOCITUHSIOT K 3aKUMaM KOPOOKH
BBIBOJIOB 3, UTO TIO3BOJISIET COSAMHATHL OOMOTKHM B 3BE3/y WJIH B TPEYTOJLHUK U OJaro-
Japsi TOMY TIOJIKJIFOYATh IBUTATEIh B CETh C PAa3IMYHBIM HanpspkeHreM, Hanpumep 380
nmu 220 B.

B crarope nBurarens ¢ ¢pa3sHBIM POTOPOM Ha OJHOM W3 IOIIMITHUKOBBIX IIUTOB
MMEETCS LIETOYHOE YCTPOMCTBO.

PoTop cocTonT M3 MarHUTONPOBO/A, HAOPAHHOTO M3 JTUCTOBOM DJIEKTPOTEXHHUYC-
CKOM cTanmu, oOMOTKM M Bama. OOMOTKY KOPOTKO3aMKHYTOT'O POTOpa HW3TOTOBIISIOT
OOBIYHO 3aJTUBKOH MarHUTOINPOBOJA POTOPA PACILIABICHHBIM aTIOMHUHUEM, KOTOPBIHA
IIPH 3aI0JHCHHUH 1Ma30B Maruuronposoa 2 (puc. 5.1, 6) obpasyer crepkar 1 0OMOTKH.
OmHOBpPEMEHHO 00pa3yloTCs KOPOTKO3aMBIKAIONINE KOJbIA 4 ¥ BEHTUISIIIHOHHBIC JIO-
natku 3. OOMoTKy 2 dasHoro poropa (puc. 5.1, g) BBEIIOIHSIIOT U30JIMPOBAHHBIM TIPO-
BOJIOM, pacrojlaraéMbiM B Ta3aX MarHUTONPOBOJA, AHAJIOTHYHO OOMOTKE CTaTopa.
Konmpr 06MoTOK (ha3 coemuHsIOT MEXIy coO00M, a Hadana, obo3Hadaembie P1, P2 u P3,
MIPUCOCIUHSIOT K PACTIONOKEHHBIM Ha Baly 3 KOHTAaKTHBIM KojbIam 1.

MexaHnnuyeckue XapakTepPUCTHKU ACHHXPOHHBIX 3JIeKTpoaABHUraTeei. AcuH-
XPOHHBIE AJIEKTPOJIBUTATEN HANUTA MIMPOKOE MPUMEHEHHE B TPOMBINIICHHOCTH OJ1a-
rojiaps MPOCTOTE KOHCTPYKIMH, HAJCKHOCTH U SKOHOMHUYHOCTH B KCIUTyaTalluH, MH-
HUMAJLHOW CTOMMOCTH W BO3MOYKHOCTH TTUTAHUS OT DJICKTPUUECKON CETH MTePEMEHHOTO
TOKaA.
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Cxema aCHHXPOHHOTO JJIEKTPOJIBUTATEINSl C KOPOMKO3AMKHYMbIM POMOPOM TIPU-
BeJieHA Ha pUC. 5.2, a, ¢ gasnvim pomopom — Ha PUC. 5.2, 8, a COOTBETCTBYIOIINEC UM
MEXaHUYECKUE XapAKTEPUCTUKH B IBUTATEIILHOM PEKUME Ha puc. — 9.1, 6 u 2.

Bpamaronmii moment M (H:M) Ha Bany aBuraress, yrioBas CKOpocTh o (pazu/c),
gyacTtoTa BpaieHus N (0o0/mMuH) ero Bajma u MomiHocTh P (BT), pa3BuBaeMbiec JBHUrate-
JIeM, CBSI3aHbl U3BECTHBIMU COOTHOUIECHUSIMU

P=M®»; o=mrnn/30.

VYrnoBasi CKOPOCTh ®; M YacTOTa BPAILICHHS N, MAarHUTHOTO MOJISI CTaTOpa, Ha3bl-
BAEMBbIEC CUHXPOHHBIMU, Oy TYT:

g =2nf,/p;
np=60f/p,
rne fy, p — COOTBETCTBEHHO YacTOTa CETH U YUCIIO Map MOJIFOCOB.

IpuHuMn AelicTBUSA ACHHXPOHHOIO JIEKTPOABUIATE/sl 3aKIIOUacTCS B Clle-
nytorieM. Tpexda3Hblil TOK, MPOTEKAOIINMA 0 0OMOTKE CTaTOpa, CO3/Aa€T BpaIllaoIIeecs
MarHMTHOE I0JIE C YaCTOTOM BparieHus Ny (MK YriIoOBOM CKOPOCTBIO (). DTO TOJIE, Iie-
pecekast oOOMOTKH cTaTopa u poTtopa, unayktupyet B Hux J/[C. DJIC craropa u najaeHue
HANPSDKEHUsI B OOMOTKE CTaTOpa YPaBHOBEIIMBAIOT MPUIIOKEHHOE HAIPSHKEHHUE MUTAI0-
mieit cetu. Ilon peiictBuem DJIC poTopa B 3aMKHYTBIX €ro0 OOMOTKaX MPOTEKAIOT TOKHU.
D11 TOKH (110 3aK0HY JIeHI1a) CTpeMATCS CBOMM MAarHUTHBIM ITOJIEM OCJIa0UTh BhI3BABIIICE
UX MarHUTHOE MoJje cratopa. MexaHHMueckoe B3auMOJCHCTBHE TOKOB POTOpa C Bpa-
HIAFOIIMMCSI MATHUTHBIM TIOJIEM CTATOpPa MPUBOJUT K TOMY, UTO POTOP CTaHET BpaIllaThCs
B Ty )€ CTOPOHY, B KaKyl BpallaeTcs MarHUTHOE ToJie cTaTtopa (B 3TOM MOXHO yOe-

IUThCS, IPUMEHUB NPAGUILO e60LL PYKILL).
2

wd
J~I30Fy w, |

Puc. 5.2. Cxemvl u mexanuueckue xapaxmepucmuku ACUHXPOHHbIX O8ucamenell

OCcoOEHHOCTHIO ACMHXPOHHOTO JABUTATCIIA ABJISICTCA OTCTABAHHUEC POTOpa OT Mar-
HUTHOI'O IIOJISI CTATOPA, KOTOPOEC BBIPAKACTCS CKOJIBKCHUCM.

_wo—ﬁ)_no—n _0)0—(0

S Win S -100% ..

Q%) Ny Q)
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JIBurarenp Ha3bIBACTCSA ACUHXPOHHbIM TIOTOMY, YTO €r0 POTOP BPAILACTCA He CUH-
XpOHHO € BPALAIOIIMMCS MarHUTHBIM IIOJIEM CTaTOpPa: CKOPOCTH POTOPA O HE MOKET
PaBHATBHCS (g , TAK KaK MPU MX PAaBEHCTBE BpalllalOIIEecs I0JIe HE mepecekano Obl 00-
MOTKY pOTOpa, B HEM OTCYTCTBOBAJIM Obl TOKH W POTOP HE UCIBITHIBAT Obl BPALLAOLLIETO
MOMEHTA.

HauGounpiryto MomiHocTh Py, ¢ KOTOpOH MOXKET pabdoTaTh JBUraTeilb B HOpPMAaJlb-
HOM JJI1 HEro PEXHUME, HA3BIBAIOT HOMUHANbHOU MouiHocmblo. COOTBETCTBYIOIINE
ATOW MOUTHOCTH 3HAYEHHS TOKa |y, 4acTOTHI BpamieHus Ny, CKOJbXEHUS S, Ha3bIBAIOT
HOMUHAIbHOIMU 3HAYEHUAMU JAHHBIX BelWYMH. HOMHHaIpHOE CKOJIb)KEHUE acHH-
XPOHHOTO ABHMraTelns coctasisieT 1,5...7 % (MeHbIIne 3HAUYEHUS OTHOCITCS K JIBHraTe-
J15tM OOJIBIICH MOIITHOCTH).

DNEeKTPOMArHUTHBIM Bpalaloliuii MOMEHT aCUHXPOHHOTO JBUraTels, Kak U JIo-
OOl 3JIEKTPUYECKOW MAaIIWHBI, MPOMOPLIUOHAIIEH MarHUTHOMY NMOTOKY @ M aKTUBHOMN
COCTaBJISIONICH BTOPUYHOTO TOKa (TOKa poTOpa)

M = x®l, COSO2,
/i€ K — KOHCTPYKTUBHBIN KO3 (DULIUEHT.

CKOJIBXEHHE S, TPH KOTOPOM MOMEHT JIBUTATENSI UMEET MaKCUMaIbHOE (KPUTH-

4eCKOE) 3HAYCHUE, HA3bIBACTCS KPUMUUECKUM:

S ® Ry X,
rae Ry’ — aktuBHOE conpoTuBiieHHE (pa3bl pOTOpA, MPUBEAECHHOE K YaCTOTE U HANPsKe-
HUIO CTaTopa;

Xy — MHIYKTHBHOE COMPOTHUBIICHUS I KOPOTKOTO 3aMbIKaHus (X, = X; + Xz’\).

BenuunHa KpUTHYECKOTO MOMEHTa M, onpeneisieT Neperpy304Hyto CnocoOHOCTh
IIEKTPOJABUTATENS. Y ACHHXPOHHBIX KOPOTKO3aMKHYTBIX 3JIEKTPOIBUTATEIEH HOP-
MaJIbHOTO HCIOJIHEHHUS KPAaTHOCTb KPUTHYECKOIO MOMEHTa A, =M /M, =18..25, y
JBUraTelIel KPaHOBO-METAJLUIYPrUYECKOU cepun A, =2..35. BenuumHa KpUTUYECKOTO
MOMEHTA MPONOPLHUOHATbHA KBaIpaTy HanpskeHus B cetu U;:

M, =3U,% /(200X ) -

B cetsix npoMBIIUICHHBIX TPEANPUITUN HANIPSKEHUE MOKET U3MEHSTHCS, HAIPU-
Mep, MPU IMYyCKE MOIIHBIX JBUTATENeH, MPU yAAPHBIX HArpy3Kax, XapaKTePHBIX IJif
IPOKaTHBIX cTaHOB. [loaTOMY HanbosbIIas 1onycTUMas eperpy3Ka ¢ y4eToM BO3MOK-
HOCTH CHIKEHHUs HanpsukeHus B cetu Ha 10 % npunumaercs A=0,9°1, .

Vpasnenue mexanuueckoti xapakxmepucmuxu acUHXpOHHO20 3S1E€KMPOOGUSAMEIIS]
nmeeT Bua (ynpowénnan gpopmyna Knocca, 6 komopou akmusHoe conpomusierue 06-
MOMOK cmamopa 08u2ameisi NPUHAMO PAGHBIM HYI0)

M = 2M, [ (s/s + S, /S). (5.1)

[Ipy 5TOM KpUTHYECKOE CKOJBKEHHE S BBIYUCISAETCA YEPE3 HOMUHAIBHOE CKOJIb-

KCHHE Sy U A IO BBIPAKCHHIO S, =S, (A, ++/A> —1).
®opmyoit Kiocca (yTOYHEHHOM WK YIIPOIICHHOW) TOJB3YIOTCS OOBIYHO TPU
YCIIOBHH IIOCTOSIHCTBA NapameTpoB cxeMbl 3aMemieHus AJ[. OgHako B COBpEMEHHBIX
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ACHHXPOHHBIX KOPOTKO3aMKHYTBIX JBUTATENIAX, UMEIOIIMX TIyOOKHEe Ma3bl B POTOPE,
napaMeTpbl U3MEHSIOTCS B JIOCTATOYHO IMHPOKHUX IMpeaesiaXx ¢ M3MEHEHHEM CKOJIbXKe-
aust. [Toaromy dhopmymoit Kitocca MOKHO MOJIB30BATHCS /IS TPUOIMKEHHBIX PACYETOB.
WmeroTcs monyaMnupudeckue Ghopmyiasl, Hanpumep, bopmyiaa K.A.UekyHosa, koTopast
JaeT YIOBICTBOPHUTEIBHBIC PE3YIbTaThl TOJBKO B 00JaCTH CKOJBKEHHH OT KpUTHUE-
ckoro 1o equnumibl. B [1] paccMoTpeHa npenioxkeHHas aBTOPOM METOJIMKA pacdera Me-
XaHUYECKHX XapakTepucThK AJl mpu m3MeHeHHH ckojbkeHus ot 0 mo 2 (mns nBura-
TEJILHOTO PeXHMMa M PeKUMa MPOTHUBOBKIIIOYCHHUS) 110 yTouHEHHOU (opmye Kiocca u
HpEABAPUTEIILHO ONPEICICHHBIM MO0 KAaTaJIOXKHBIM JaHHBIM MapaMeTpaM SKBHBAJICHT-
HOM cxeMbl A/l 7151 HOMMHAIIBHOTO PeXXHMa padOTHI.

B karanmorax oOBIYHO MPHUBOIAT CIICAYIONIUE TEXHHUUECKUE TAHHBIC aCHHXPOH-
Horo asuratess: P, (kBt), n u ng (06/mun), A, u A, =M, /M, (M, — myCKOBOH MOMEHT).
[To 5TUM HaHHBIM MOXKHO OIPEAEIUTHh 3HAUYEHHUS BCEX BEIMYHMH, HEOOXOIMMBIX IS

NPUOJIMIKCHHBIX PACYCTOB U OIPEENICHUs] MeXaHu4eckux xapakrepuctuk mo (5.1), u3

y Ny —N
BBIDOKECHUM: o, =nn, /30, og=n1ny/30, M, =P,lo,; M =\AM,, s,=——0H;

Mo
s, =5, (A, +A -1).

W3 puc. 5.2 BuaHO, 9yTOo BepxHUU (pabouuii) y4acTOK €CTECTBCHHON MexaHHYe-
CKOM XapaKTepUCTUKU oOiamaeT Oosbmioi xecTkocThio B (B = dM/ds). YBenuuenue
COINPOTHBIICHUS B Iienu poropa (puc. 5.2, 2) NPUBOIUT K YBEIWYCHHIO KPUTHIECKOTO
CKOJIb)KEHHUS Si, @ KPUTUYECKUM MOMEHT M O0CTaeTCsi HEU3MEHHbBIM, T. €. )KECTKOCTb HC-
KYCCTBEHHBIX MEXaHUYECKUX XAPAKTEPUCTUK YMEHBIIACTCS C YBEIMYCHUEM aKTUBHOIO
COMPOTHUBJICHUS B LIEMU POTOPA.

AKTHBHOE COIPOTHUBIICHHE (Pa3bl OOMOTKH POTOPA MOXKHO OIPEACIUTH M0 GopMy-
\/§|2H

rae Eoy, |y — cOOTBETCTBEHHO JMHEHHass HomMuHalbHas DJ1C 1 HOMHHAILHBIA TOK 00-

MOTKH poTopa (HaXoAT 10 KaTajiory).

Je

Ilpumep. Paccuntath €CTECTBEHHYIO MEXaHWYCCKYIO (JIJI1 JBUTATEIHLHOTO PEXKH-
Ma) XapaKTEPUCTUKY aCHHXPOHHOTO KOPOTKO3aMKHYTOTO JBHraTes tTumna A2-72-4 ¢ Py
=30 kBt; U, =380 B; n, = 1460 06/Muu; A, = 2.
Pewenue
1. M, =P,lo,=P,/(nn,/30) = 30000 / (r -1460/30) = 205 H-m;
2. M. =N M,=2-205=410 H-m;
3.5, =(ng—n,) / ng = (1500 — 1460) /1500 = 0,0266;

4. S =S, (h +4/2% -1)=0,0266(2+V2* -1)=01;

5. YpaBHEHHE MEXaHUYECKON XapaKTepUCTUKU
M =2M, [ (s/s, + s, /s) =820/ (s/0,1 + 0,1/s);
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6. 3amaBasich 3HaUYEHUSAMU S AJi ABUTaTeabHOro pesknma ot 0 10 1, paccunTteiBaem
COOTBETCTBYIOIIUE MM 3HAaueHHss MoMeHTa M (tabm. 5.1) U CTpouM XapaKTEpUCTHKY
(puc. 5.3).

Tabmuna 5.1
S 0 0,026 | 0,04 |01 |02 |04 |06 |08 |10
n, oo/mun |1500 |1460 1440 |1350 1200|900 |600 [300 |0
M, H-m 0 205 [324 410 |328 |206 |138 |106 |82

ACHHXPOHHBIN JIBUTaTeIb MOXKET padOTaTh B TPeX U3BECTHBIX TOPMO3HBIX PEKU-
Max.

Pekynepamuenoe mopmoosicenue ¢ omoaueil IHEP2UU 6 Cemb MOKHO IOJTYUUTh,
€CJIM K BaJly aCHHXPOHHOTO JIBUTATENsl, TIOJIKIIFOUEHHOTO K CETH, IPHIOKUTH 100aBOY-
HBbIi MOMEHT IO HAIpPaBJICHUIO BPALLEHUS TaKOW BEIMUYMHBI, YTOOBI pOTOp CTal Bpa-
IATHhCSI CO CKOPOCTBIO BBINIE CHHXPOHHOM (0 > o). [Ipu 3TOM CcKONBX)KEHUE OYIeT OT-
pHuIaTenbHbiM S = (g — ®)/mg < 0. B maHHOM cily4ae OTHOCHUTEIIbHOE JBM)KEHHUE IMPO-
BOJAHUKOB pOTOpa B IMOJE CTATOpa IO CPAaBHEHHUIO C JBUTATEIbHBIM PEXUMOM
U3MEHMTCS Ha oOpaTHoe. CienoBaTenbHO, U3MEHUTCs Hanpasiienne J/]C B npoBoaHHU-
Kax pOTOpa U COOTBETCTBEHHO TOK POTOPA, KOTOPBIN, B3aUMOAECUCTBYS C MOJEM CTaTOpa,
CO3/1a€T 3JEKTPOMAarHUTHBIA MOMEHT U OyJET BBIIOJIHATH POJib TOpMO3a. BeipabaTriBae-
Masi IpY 3TOM aKTUBHAs AJIEKTPUYECKash SHEPIUs B OOMOTKE CTaTopa MOCTYIMAET B CETh.
Takoil pexXuM TOPMOKEHHSI MOXKHO MOJIyYUTh, HAIIPUMED, B MOJIBEMHBIX YCTAHOBKAX MPHU
OIyCKaHUU TSKEIIbIX IPY30B, B 3CKAJIATOpPaxX METPO MPHU CHYCKE C OONBIIUM KOJIUYECT-
BOM NACCa)XUPOB U APYIMX YCTAHOBKAX C aKTHBHBIM CTATHUYECKUM MOMEHTOM Ha Bally
AIIEKTpOABUTraTensi. AKTUBHASE MOITHOCTh K TOMY K€ U3MEHSIET 3HAK, T.€. DJIEKTPUUYECKAS
MalirHa paboTaeT reHepaTopoM, Npeodpaszysi KMHETHYECKYIO SHEPTUI0 OT aAKTUBHOI'O
MOMeHTa (OIyCKaIoIIerocs rpy3a H Jp.) B AJIEKTPUYECKYIO M OTJaBast ee B ceTh. [lepexon
paloThl U3 JIBUraTeIbHOIO PEXKUMa B T€HEPATOPHBIN MPOUCXOJUT aBTOMATHUYECKH, IMO-
TOMY MEXAHWYECKUE XAPAKTEPUCTUKH SIBJISIFOTCS IPOAOLDKEHUEM XapaKTEPUCTUK JBUTA-
TEJIILHOTO pexxuma u pacrnoyiaratorcst Bo Il u IV xBagparax (puc. 5.4, nvuHNUM ¢ 1ByMs 3a-
CCUKAMMU).

7 t00 200 Zoo 400 M H-m
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Puc. 5.3. Ecmecmeennas mexanuyeckasn xapakmepucmuxa A/l 6 oeueamenvrnom
pedicume

B pexume mopmorcenuna npomueoskirouenuem poTtop BpPALIAETCS B CTOPOHY,
MPOTHUBOIOJIOKHYIO HAIlPaBJIEHUIO BPAILIEHUS MAarHUTHOTO MOJS CTATOPa, CKOJBXKEHUE
CTaHOBUTCS OOJIbIIIE €IUHHULIBL

S =[og — (—0)]/ vy =1+ o/ v,
U TOK pOTOpa MPEBBIIIAET TOK KOPOTKOTO 3aMbIKaHUSI.

Jlyist orpaHMYeHusl BEIMYHUHBI TOKA B LIEMb POTOPa BBOJAT CTYIIEHb peocTara. Me-
XaHUYECKNE XapaKTEPUCTUKN B JAHHOM PEKHUME TOPMOKEHHUS SIBIISIFOTCS ITPOJIOJKEHUEM
XapaKTEePUCTHK JBHUraTeIbHOrO peskuma (pu S > 1 i o< 0) u pacnonaratores Bo |l u
IV kBagpatax (puc. 5.4, nuHHUM ¢ YeTBIPbMS 3aceukaMu). Takum o0Opa3oM, poTOp JBHUra-
TEJs1, BKJIIFOUEHHOI'O Ha IMOJBEM, BPAIAETCS B IPOTUBOIIOJIOKHYIO CTOPOHY, TaK KaK B
LIeb POTOpPa BBEIEHO OOJIBIIOE COMPOTUBIIEHUE U MOMEHT 3JIEKTPOJIBUraTENsl IOCTUTa-
€T MOMEHTa COTIPOTHUBIICHHUS JIMIIL TIPU OTPHUIATEIBHOM CKOJIbXeHUH (Ha puc. 5.4, To4-
ka b). Takoil pekMM YacTO HCIOJB3YETCS B METAUTYPTHMUYCCKUX KpaHax MpHU CIYCKe
I'PY30B B TOPMO3HOM pPEXUME.

TopMoKeHUE npOomMuUGOBKIIOUEHUEM MOXKET OCYLIECTBIISITHCS PEBEPCOM MarHUTHO-
ro mosis craropa (mepeMeHor mect nByX ¢a3 cratopa). OMHOBPEMEHHO B IIEMb POTOpa
BBOJUTCSl CTYNEHb PEOCTaTa, OrPaHMUYMBAIONIAs TOK M YBEJIMYMBAIOIIAS TOPMO3HOMN
MomeHT. Ha puc. 5.4 nokaszan rpaduk nepexojia aCHHXPOHHOI'O JABUTaTeNsl ¢ (a3HbIM
POTOPOM B pexXUME TOPMOKEHUS npomugoskitouenuem. B Touke 1 nBurarenbHoro pe-
’KUMa OCYIIECTBISIETCS PEBEPC U JBUTATEINb MEPEXOIUT HA pabOTy B TOUKY 2, 10 JUHUU
2—-3 OCYUIECTBIISIETCS UHTEHCUBHOE TOPMOKEHUE npomusoskitouenuem. B Touxe 3 1Bu-
ratejib OCTAHABIIMBAETCS U €ro HEoOXOJUMO OTKIIOYUTH OT CETH, MHAuY€ OH HAYHET
BpaIllaThCsl B TPOTUBOIOJIOKHOM HAMPABICHUU.

B pexume ounamuueckozo mopmoosicenusn 1BUTaTeNb OTKIIFOYAOT OT CETH Iepe-
MEHHOTO TOKa M JBe (ha3bl OOMOTKH CTaTOpa MOJKIIOYAIOT K UICTOYHHUKY MTOCTOSIHHOTO
ToKa. B crarope co3gaercsi HEMOABUKHOE B NMPOCTPAHCTBE MAarHUTHOE MOJIE, KOTOPOE
MHIYKTUPYET B OOMOTKAX BpAallAIOIIErocsi poTopa TOK. B3aumoelcTBre ero ¢ Henoj-
BIKHBIM TI0JIEM CTaTOpa CO3JaeT TOpMO3HON MoMeHT. Ha puc. 5.4 noka3aHbl MexaHU-
YECKHE XAPAKTEPUCTUKH B ATOM PEXHUME MPU PA3NHYHBIX 3HAUYECHUSX CONMPOTUBICHUS
1enu poropa (JIMHUK € TPEMS 3aCEUKaMU).
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Puc. 5.4. Coemewennvie mexanuuecxkue xapakmepucmuxu
ACUHXPOHHOU MAUUHDL

Ha puc. 5.5 npeacrasiena cxeMa OCyIEeCTBIECHUS JUHAMUYECKOTO TOPMOKEHUS C
CaMOBO30Y KJIEHUEM, KOT'/1a JIsl BO30YKIEHUS UCIIONIb3YETCS BBIIPSIMIICHHOE HapsiKe-
HUE OOMOTKH pOTOpa. Y CIIOBUE CAMOBO30Y>K/I€HNS HACTYNAET JIMILb [TPHU ONPEEIICH-

HOM IPaHUYHOM 3HAYCHHUHU YTIIOBON CKOPOCTH ®,,, KOTOPOE 3aBUCHUT OT CyMMapHOTO
conpoTusieHus pasel poropa. Takum oOpasom, B uarepsaie oT 0 10 o, yciosue ca-
MOBO30YJ/ICHHUSI OTCYTCTBYET, a MEXaHU4YeCKas XxapakTepuctuka (puc. 5.5, 6) conana-

€T ¢ 0Chto opauHaT. [Iph © = ®,,, IBUTATENh CAMOBO30YKIAETCSI M €r0 MOMEHT OBICTPO

YBEIIMYUBAETCS O 3HAYEHUSI, ONIPEACIIIEMOr0 MOMEHTOM Harpy3Ku Ha Baidy. Y Benuye-
HHE CONPOTUBJICHUS POTOPHOH LIEHHU IPUBOIMT K BO3PACTaHUIO oy, (puc. 5.5, kpusas 2).

MexaHnueckne XapakKTepUCTUKH UMEIOT JOCTATOYHO BBICOKYIO XKECTKOCTh, YTO IT03BOJIS-
€T [10JIy4aTh HU3KUE YCTOMUMBBIE CKOPOCTHU CIIyCKa rpy30B. JJIOCTOMHCTBOM 3TOr0 pexu-
Ma TOPMOYKEHUS SBJISIETCS SKOHOMHYHOCTb, IOCKOJIBKY MPU CITyCKE I'Py3a SHEPIHs U3 Ce-
TH HE NOTPeOIIAETCS.
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A

Puc. 5.5. Cxema (a) u mexanuueckue xapaxmepucmuxu (6) aCUHXPOHHO2O
ogueamens npu OUHAMUYECKOM MOPMOANCEHUU C CAMOBO30YHCOCHUEM

IIyck acMHXpPOHHBIX JJeKTpoaBHMraresneu. IlyckoBsle CBOMCTBA aCMHXPOHHBIX
nsurateneit (AJl) xapakTepu3yrTcsi KpaTHOCTBIO ITYCKOBOTO MOMEHTA Ay, = My, / Moy ,
KPaTHOCTBIO IyCKOBOTO TOKA Ay = Iy / |0y , @ TAKXKE CIIOKHOCTHIO M AKOHOMHUYHOCTBIO
nycka. HayanbHbll MyCKOBOW TOK NpeBbllIaeT HOMUHAIBbHBIA B 6 — 10 pa3, Tak kak B
MOMEHT ITyCKa CKOPOCTh MEpPeceYeHus] BpallaloluMcs MOJeM MPOBOJAHUKOB pOTOpa U
O/1C potopa umeror HanOosplue 3HaueHus. [1oaToMy TOK poTopa U HHIAYKTHBHO CBSI-
3aHHBII ¢ HUM TOK cTaTopa Bo3pacTyT. Ilo mepe pasrona neuratens 9[C poropa u To-
KU POTOpa U CTaTOpa yMEHbBIIAIOTCS.

[Ipu mycke AJl MeHsieTcsl TakKe UM 4acTOTa TOKa B poTope, KoTopas, kak u IJC
pOTOpa, NPONOPLUUOHAIBHA PA3HOCTU CKOPOCTEW BpalleHUs IOJIs cTaTopa U poropa. B
HavyallbHBIII MOMEHT ITyCKa 4acToTa ToKa B potope f, paBHa dyactoTe Toka B craTope (T.e.
gactote cetu f;). [Ipu pasrone nBuratens dactorta f, yMeHbIIAeTCS B COOTBETCTBUU C
BeipakenueM f;= f;:S. OgHOBpEeMeHHO ¢ YacTOTOW MPOMOPIIMOHANIBHO CKOJBXKCHUIO S
MEHSIETCA U MHAYKTHUBHOE CONPOTUBIEHUE pOTOpa. B HayanbHBIII MOMEHT IycKa MpHU
HaMOOJbIIEM MHIYKTUBHOM COIPOTHUBIIEHUHM POTOpPA OHO NpeodsazaeT HaJl aKTUBHBIM
CONPOTHUBJIIEHUEM U COS (, UMeeT Masioe 3HaueHue. [loaromy, HECMOTpst Ha OOJbIION
IIyCKOBOW TOK, HAYAJIBHBIN ITyCKOBOM MOMEHT A/l Mair.

IIyck A/l ¢ KOPOTKO3aMKHYTBIM POTOPOM OCYILECTBIIIETCSI B OCHOBHOM Heno-
CPEeOCMBEHHbIM BKIIOUEHUEM UX 68 cemb (Imo max Hazvieaembvili RPAMON nyck). boib-
IIOM MYyCKOBOM TOK IIPU PEAKHMX ITyCKaxX HE BBI3BIBAET ONACHOTO IeperpeBa 0OMOTOK,
TaK KaK BpeMs €ro AeUcTBUs He3HAUNTeNbHO. OHAKO MPH IIYCKE MOIIHBIX JIBUTaTeleH,
COM3MEPUMBIX MO MOIIHOCTH C MUTAIOUIUM TpaHC(HOPMATOPOM, B MOMEHT IyCKa Ha-
OJr01aeTCsl PE3K0e CHIKEHUE HAIPSDKEHUS B CETH, KOTOPOE MOXKET HEOIaronpusiTHO
OTpa3uThCs Ha paboTe APYTUX JIEKTPONPUEMHHUKOB.
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Ecnu nuraroniasi cetb HEJOCTATOUHO MOIIHAS, TPUMEHSETCS MyCK aCUHXPOHHBIX
JBUTATENIEH C KOPOTKO3aMKHYTBIM POTOPOM HPU HOHUIHCEHHOM HANPANCEHUU C TTOMO-
b0 peakTopa (MHIyKTHBHAs KaTyiika) L wiu aBroTpanchopmaropa (puc. 5.6). Ipu
PEaKTOPHOM ITyCKE CHaydalla 3aMbIKaeTCs JIUHEHHbIN koHTakTop KM1, a mocne pa3zrona
neurarens — koHtaktop KM2, a KM1 ortkmtouaercs. Ilpu aBTroTpanchopmaropHoM
MyCKe CHayana BKJIo4aroTcs KoHTakTopsl KM1 u KM3, a mocne pa3roHa IBUraress
KM1 v KM3 otkmiouatores, a KOHTakTop KM?2 BKIIIOYaeT IBUraTeb Ha MOJHOE Hamps-

| 5 L

\ M7

@

Puc. 5.6. Cxemvl nycxka A/l ¢ KopomKO3aMKHYMbIM POMOPOM NPU NOHUNCEHHOM
HanpsdiceHuu

[Ipy nOHMKEHUM HANPSHKEHUS Ha IBUTATENIe BO BPEMs ITyCKAa YMEHBIIAETCS ITyC-
KoBOH Tok. HemoctaTkoMm Takoro crioco0a siBJsie€TCS OJJHOBPEMEHHOE YMEHbBIIICHHUE ITyC-
KOBOT'O MOMEHTA, NMPUYEM MPU CHUKECHUU HAMPSDKEHUsI, HAIpUMeEp B 2 pasa, MyCKOBOMH
TOK YMEHBIIIUTCS TaKke B 2 pas3a, a MyCKOBOW MOMEHT — B 4 pa3za. [loatomy myck mnpu
MOHMYKEHHOM HAIpPSKEHUH MOYKHO MPHUMEHSTH TOJIBKO IJI ABUTATENEH, MPUBOASIINX
BO BpallleHHE padouyne MalluHbl, JUIsl KOTOPBIX HE HY’KEH OOJIbIION MyCKOBOW MOMEHT
(eHTpOOEIKHBIE HACOCHI, BEHTHIIATOPHI  JIp. ).

IIyck A/l ¢ ¢pa3ubiM poTropom. {11 orpanrueHus OpOCKOB TOKa U OJHOBPEMEH-
HOTO TMOBBIIIEHUSI TyCKOBOT0 MOMeHTa Myck AJl ¢ ¢a3HbIM pOTOpPOM, OCOOEHHO Cpej-
Hel ¥ OOJIBIION MOIIHOCTH, OCYIIECTBIIAECTCS Yepe3 CHelUalbHOE MyCKOBOE YCTPOMUCT-
BO. [Ipocreiiniee 3 HUX — MyCKOBOU peocraT (puc. 5.7, a), CEKIIMH KOTOPOTO U3TOTOB-
JSA0T M3 CTajldM, 4YyryHa, Xpoma, (expanss W JpYyrux CIUIABOB C MOBBIIICHHBIM
compoTuBiieHueM. [1o Mepe pa3roHa JIBUTATENsl PEOCTAT BBIBOJIUTCS CTyNEHSIMH (pHC.
5.7, 6). EcrectBennas (T.e. mpu 3aKOPOYCHHONW OOMOTKE pPOTOpA - BHIBEICHHOM ITyCKO-
BOM PEOCTaTe) MEXaHMUECKas XapaKTepUCTHKA MoKa3aHa Ha puc.5.7, 6 kpusou 4. Ha-
yanbHbIA MmyckoBoi MomeHT coctaBisger (0,7...0,8) My, a MycKoBO# TOK paBeH
(8...10) lyoy. Jliist yBETHUEHHUS MTyCKOBOIO MOMEHTA M YMEHBIICHHS MTyCKOBOTO TOKAa B
IIeTTh POTOpa Yepe3 KOHTAKTHBIC KOJIbIla U meTKu XA (puc. 5.7, @) BKIIOYAIOT yCKOBO
peocTar C akTUBHBIM CONpPOTHUBICHHEM. lIpu 3TOM yBenMUYMBAETCS KPUTHUECKOE
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CKOJIB)KEHUE W XapakTepucTuku cMmematorcs (kpusble 1, 2 u 3). ITyckoBoii peocrat co-
cTouT U3 Heckonbkux crymneHeit (R1, R2, R3), mpuuem monHOE CONMPOTHBICHUE PEO-
cTaTa MPUHUMAIOT TAKUM, YTOOBI S,= 1, a My, = Myax.

Puc. 5.7. Dnekmpuueckas cxema AJ] ¢ pazuvim pomopom (a) u epaguxu nyckosvix
xapaxmepucmuk (0)

JIJis mycka BKIIIOYAIOT KOHTaKkTOp K MpPH MOJHOCTHIO BBEIEHHOM peocrtare. J[BH-
rarejb HAaYMHAET Pa3TOHATHCA 1O XapakTepucTuke 1 oT Touku a. MOMEHT JBUTaTelsI
IIpU pa3roHe yMEHbIaeTcs. ECM He MPOW3BOAMTH MEPEKIIOYCHHH, JIBUTaTENb Pas3ro-
autcs 10 Touku K (M = M,,). OnHako paHee, 4eM 3TO MPOM3OUIET, mpu M = Muep =
(1,1...1,2) M, (touka b) BritouaroT KOHTaKTOp K1, KOTOpBIH 3aKOpAaYMBAET CTYMEHb
R1 poropHoro peocrata. B pe3ynbraTe TOK 1 MOMEHT YBEIHUNBAIOTCS U IBUTATEIIb I1e-
PEXOAMT B TOUKY ¢ Ha XapakTepuctuke 2.J[anmee mporecc mycka MpOUCXOIUT aHaJIOTHY-
HO, W TOCJIC 3aMbIKaHUs MOCIEAHeH cTyneHn R3 myckoBoro peocrarta ABUTATEb BBIXO-
IIMT HA €CTECTBCHHYIO XapaKTepUCTUKY 4 (Touka () U pa3roHseTCs 1Mo He 10 TOYKH N, B
KoTopo M = M.

B coBpeMEeHHBIX TPOMBIIIJICHHBIX YCTAaHOBKAX MTyCKOBOM peocTaT HMeeT 5 — 7
CTYIIEHEH, KOTOPbIC BBIBOSTCS aBTOMATHYECKH.

Pacuer myckoBBIX peocTaToB. /[ pacdera MyCKOBBIX PEOCTaTOB HMCIIOJb3YOT
pa3IuuHbIe METOBL. [{enbio pacuema SIBISACTCS ONPEICICHHE BEIIMYUH COMPOTHBIICHUH
Kaoicoou nyckosoul cekyuu (M CTyTeHEH) U Bcero peocrara B 1iesioM. [locie atoro npo-
M3BOJIUTCS BHIOOD ITyCKOBOT'O peocTaTa U3 CTaHIAPTHBIX 3JICMEHTOB (SIIUKOB).
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Paccmotpum ananumuueckuii memoo pacdera MyCKOPETYJIUPOBOYHBIX U TOP-
MO3HBIX COITPOTUBJICHUH aCHHXPOHHOTO JABUTATENS ¢ (pasHBIM poTopom [1].

Mexanundeckue xapakrepuctuku AJl B paGouem nuamazoHe H300pa)aroTcs Ju-
HEHHBIMHU 3aBHCHMOCTSIMH, T.€. B OTHOCUTEILHBIX STUHUIIAX

v=1-p-p, (5.2)
riae v=o/ong; t.=M/M,;; p=R.s/ Ry; RH=U2H/(\/3-IZH);

Mo — CHHXPOHHAs yIJIoBas CKOPOCTh;

R,z — cymMMapHOe aKTMBHOE CONPOTHBIICHHE (pa3bl pOTOpa, COCTOAIIEE U3 COOCT-
BEHHOI'O COMNpPOTHUBJICHUS (pa3bl poTropa R, M CONPOTUBICHUN BKIIOYEHHBIX CEKIUN
MTyCKOBOTO PEOCTAaTa,

|, — HOMUHANIBHBIN TOK POTOPA;

U, — HomuHanbHas quHeitnas IJ1C poTopa.

[TyckoBo#i peocTaT pacCUUTHIBAETCS TAKUM 00pa3oM, 4TOOBI MPH MTYCKE AJICKTPO-
MarHUTHbIA MOMEHT AJ[ Haxoauics B mpeaenax ot Ly 0 Hp, IPU 3TOM OTHOLIEHUE MO-
MEHTOB

A=/ w=pnlpra=...=p2/p1=p1/pe,
TAC Pe = Rzo/ RH = SH

Torga  pn=pr' =A"S,, (5.3)
rae N — 4uciio CTYNEeHeH MyCKOBOro peocTara.

B HauanbHbI MOMeHT Tiycka v = 0, p = p,, W = py. [loacTasmisis 3Tu 3HaYeHUS B
ypaBHenue (5.2) u perast ero OTHOCHTEIBHO Py, MOayuuM pn = 1/py. Teneps peras (5.3)
OTHOCHTEJIBHO A TIpH pn = 1/|11, MOJyYHUM COOTHOIIICHHUE, CBSA3BIBAIOIIEE YKMCIA A, [, N U
S, : n
2= V(U (neSy))- (5.4)

[Tpu pacuerax o0ObIYHO 3amaroTcs BenmmunHou Wy = (0,8 — 0,9) A 1 yrciiom mycko-
BBIX cTyIeHed N = (3 —5), BBIYHCIAIOT OTHOIICHHE MOMEHTOB

n
L= N(U(u S))

Y HaxoIsT Wy = W/ A.

TakuMm 00pa3oM, OTHOCHTEIIbHBIC 3HAYCHHUS COMPOTURIICHHUI MTYCKOBBIX CTYIICHEH
OyayT paBHsbI (puc. 5.8):

PL=peh =Sy A p2=Su A% .s pn= Sy A
CompoTHBIICHHUS CEKIIUI peocTaTa BEIUUCIISIOTCS TAKUM 00pa3oM:
Pe1=(A=1)Su: pe2=A(A=1)Sy: ... pen =A"T(A=-1)S,.
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Puc. 5.8. Mexanuueckue xapaxmepucmuxu A/ ¢ paznvim pomopom npu nycke 6 3
cmyneHu

OnHaKO MOXHO HCIOJIb30BaTh U Zpaguueckuit memoo pacuema [7]. O ocHOBaH
Ha WCITOJIb30BAHHH AHATUTUICCKOTO BBIpaKeHUsS (5.2) MEXaHUYECKHX XapaKTEPUCTHK
AJl, mpubIMKEeHHO CUUTas X B pabouell YaCcTH JTUHEHHBIMH, U COCTOUT B CJICAYIOIIEM.
BHauane CTposAT €CTeCTBEHHYIO MEXaHMYECKYH) XapaKTEPUCTUKY JIBHUTATENsl, Paccuu-
taHHyo 1o opmyne Kiocca, (puc. 5.9). 3atem 3amarorcss MOMEHTaMH IIPH ITyCKE:
HanOomsmuM M;=(0,8 — 0,9)M, 1 MOMEHTOM nepeKmoIeHUsI My, BEIMUUHA KOTOPO-
r'0 3aBUCHUT OT YHCJIA CTYIIEHEW peocTara, HO JOJDKHA OBITh Beeraa Oonbine M. 13 To-
yek M1 u M, IPOBOAAT /1B€ BEPTUKAJIbHBIE JIMHUU 1O NEPECEYEHUs C €CTECTBEHHOU
MEXaHUYCCKOM XapaKTePUCTUKOM (TOUKH a, 6). Uepes 3TH JBE TOUKH MPOBOJIAT MPSIMYIO
70 TiepeceueHus ¢ ropu3oHTanbio S = 0 (Touka t). M3 Touku t npoBoasar ayd t-i u u3
TMOJIy4eHHON TOUKH K Ha BEPTHKAIU Miye,- @ MPOBOIAT TOPU30HTAID K-J. AHAIOrHYHO
U3 ToukH t mpoBoasT yun t-(, t-e, t-c, t-a u u3 Touek h, f, d npoBoasar ropuzonTanu h-
e, f-c, d-a. [NocnenHss TOPU30HTAIB JOJDKHA MOMACTh B TOYKY @. B MpOTHUBHOM ciydae
BCce rpaduyeckoe MOCTPOCHHUE CJEAYeT MPOU3BECTH BHOBb, M3MEHHB B HYXHOM Ha-
MPABJIEHUU MOMEHT M, (YMEHBIINB €r0 WIN YBEINYUB).

ConpoTuBIieHUs CTYNEHEH MyCKOBOTO peocTara 3aTeM OIPEICIISIIOT 10 BhIpaxke-
HUSIM:
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Puc. 5.9. K pacuemy nyckosozo peocmama

R1=g-i/ p-a ‘Ryor; R2=e-g/p-a- Ryr; R3=c-e/p-a-R,,; R4=a-c/p-a-
Rpor-

BennunHy cOOCTBEHHOIO aKTMBHOI'O CONPOTHBIEHUs (a3bl poropa R, ompene-
JIIOT U3 BBIpAKECHUS  Rpor = Ep, S,/ (\/3 l,.), tme E,,, |y, — COOTBETCTBEHHO HOMH-
HanbHas uHeHas 3/1C 1 HOMUHATBHBIN TOK 0OMOMKU pomopa.

OO111ee cONpOTUBIIEHUS CTYNIEHEH ITyCKOBOT'O peocTaTa

R.=R1+ R2 + R3 + R4.

IIpumep 1. Paccuntaem cONpoOTHUBIEHUS CEKIMI IMyCKOBOTO peocTara zcpaguue-
ckum memooom nns AJl ¢ hasaeiv poropom tuna MTH713-10. ITyck nBuratens ocy-
IIECTBIISCTCS B YEThIPE CTYNEHU. MexaHnYecKre XapakTepUCTUKHU MTOCTPOCHBI HA PHUC.
5.9. Haubonpmnii MOMEHT mipu mycke npumeM paBHbIM Mj;= 0,8My = 0,8 7400 =
5920 H-M. MomenT nepexnrouenns M;,q,= 1,3M, = 1,3-2607= 3380 H-m.

AKTHBHOE COMpOTUBIICHHE (ha3bl POTOPA, MPUHAB U3 KAaTalora HOMUHAIBHYIO CH-
Jy Toka poropa l,=244 A, a HomuHaneHyto auHeinyw 3/]C poropa E;, =408 B,

Rpor = E2 S,/ (V3 1,,)=(408-0,023)/(1,73-244)=0,02225 Om.

ConpoTUBIEHHUS CEKIIMI MyCKOBOI'O peocTarTa:

R1=g-i/p-a -Rp= 0,156 Om; R2=e-g/p-a ‘R,=0,0786 Om; R3=c-e/p-a
‘Rpor= 0,0376 Om; R4=a-c/ p-a -Ry,= 0,0179 Om.
OO111ee cONpOTUBIIEHNE ITyCKOBOTO PeocTaTa
R,= R1+ R2 + R3 + R4= 0,29 Owm.

3ameuanue. IlocTpoeHne NCKYCCTBEHHBIX TUHEUHBIX MEXaHUUECKUX XapaKTEpH-

ctuk AJl mpu mycke 3HAYUTENIBHO YIIPOIAETCS, €CJIU MOCII€ MPUHITHS KOHKPETHOTO
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3Ha4YeHUs MOMeHTa M (W ;) BRIYHCIUTE 3HAa4eHue A 1o ¢popmyre (5.4), a 3areM mo-
MEHT NepeKItoueHus M, (imu 1y).

IIpumep 2. PaccumraeM COIIPOTUBJIEHUS CEKIIUII ITyCKOBOTO peocTaTa
ananumuueckum memoodom nasa AJl ¢ dasHBIM poTOpOM THIIA
4MTF(H)200LB6, umerorero caenyiomnme gauuse: P,=30 kBr, U,= 380/220
B; n, =935 06/mun; I1 x =75 A. Yucio myCcKoBBIX CTYIIEHEH n = 5.

Pewenue. PaccuntbiBaeM He0OXOIUMEbIE BEJTUYNHBI:

e HOMWHAJBHOE CKOJIbKEeHUE
S,= (No - N,)/ ne= (1000 — 935)/1000 = 0,065;
e HOMHUHAJBHOE COITPOTUBJIEHHE POTOPA
Row= Us/ (V3 121)=235/(N3:73)=1,86 Owm;
e AKTUBHOE COIPOTHBJIEHUE PAa3bl poTOpa
R2= Rou'sx=1,86:0,065=0,121 Owm;
® CHHXPOHHAS yIJIOBasi CKopocTb AJ]
wy =1ty /30=1-1000/30=104,72 pan/c;
e HOMHHAJBbHASA YyIJIOBas CKOPOCTH
We=Ttnx/30=1-935/30=97,91 pan/c;
® HOMUHAJbHBIA MOMEHT
M.=Px'103/ ©@x=30-103/97,91=306,4 H-m.

- Jlna pacuera cOIMpOTUBJIEHUI WCIIOJIb3yeM JIMHEApU30BAHHBIE MeXaHU-
veckne xapaxrepuctuku AJl. B oTHocHTe/ILHBIX eIMHUIAX JINHEAPU30BaH-
HbIe MexaHu4vecKkue xapaxkrepuctuku AJl sanuceiBaercsa B Buge v =1 - p°p,
e v = /wo; p=M/My; p= Ra/Ru.

IIpedsapumenvras cmynenb cCONpomMusieHUs B KPAHOBBIX aCHHXPOHHBIX
9JIEKTPOIIPUBO/IAX BBHIOMpAETCsI TAKHUM 00pa3oM, YTOOBI IIPU HEIIOABUKHOM
nsurateJsie (v = 0) OTHOCHUTEJILHBIN €10 MOMEHT COCTaBJISI Pmp= 0,5 + 0,7.

[Tpumem pup= 0,7, Torma moaydIum pup= 1/ pmp= 1/ 0,7= 1,428,

JlampHeHAIIU pacyeT COIIPOTUBJICHUM BBIIOJIHSIETCS, MCXOOS M3 MaKCH-
MaJIbHOTO MOMEHTa Ha BTOPOM IIOJIOMKEHHH PYKOSATKUA KOMAHIOKOHTPOJLIEpa
(mepBas myckoBas cTymneHsb). [IpruMem MaxcuMaIbHBIN IIYCKOBOM MOMEHT 11 =
= 1,7. Ilpu aBTOMaTHYECKOM HIyCKe KOJeOaHUs MoMeHTa (M COOTBETCTBEHHO
TOKA) OyIyT HAXOOUThCS B IIpeesax

gt e sodn gleoages
1P Bensall 0,065-1,7

OTKyIa HaxomuMm W = mi/A = 1,7/1,55=1,1.
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Puc. 5.10. Mexanuueckue xapaxmepucmurxu AJl ¢ gpasznvim pomopom npu
nycKe u mopmoxicerul

Temeps paccunThIBAEM OTHOCHUTEJILHBIE 3HAYECHHUS COIPOTHBJICHUI IIyCKO-
BBIX cTymeHeii: p1=1/m1=1/1,7=0,588; p2= p1/A =0,588/1,565=0,379;
p3= p2/A =0,379/1,55=0,244; ps= p3/A =0,244/1,55=0,157,;
p5= p4/A =0,157/1,55=0,101.
Mexannvyeckue xapakTepucTuku AJl B OTHOCHTEIbHBIX eIUHUIIAX, COOT-
BETCTBYIOIIIME PACCYUTAHHBLIM CTYII€HIM, IpuUBeaeHbl Ha puc. 5.10.
PaccuutbiBaeM oTHOCUTEIbHEBIE 3HAUEHUS COIIPOTHUBICHUN OTIeIbHbBIX
CEeKIINM IIyCKOBOTO peocTaTa: Pc.mp= Pup - P1=1,428 — 0,588=0,84;
Pe.1= p1 - p2=0,588 — 0,379=0,209; pco= p2 - p3=0,379 — 0,244=0,135;
pe.3= p3 - p4=0,244 — 0,157=0,087; pc.4= p4 - p5=0,157 — 0,109=0,056;
pes= ps5 - po=0,101 — 0,065=0,036.
AOcostioTHEBIE 3HAYEHUS COIIPOTUBJICHUN CeKITUHI OyaIyT paBHBL:
1) conpomuesienue cexuu NPOMUBOBKIIIOUCHUS

Re.p= pe.np' Re=0,84-1,86=1,562 Owm;
2) conpomusienus nycKosvlx CeKuuli:
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Rc1= pc.1'Rs=0,209-1,86=0,389 OM; Rc2= pc2-Rs=0,135-1,86=0,251 Om;
Re.3= pe.3Re=0,087-1,86=0,162 Om; Rec4= pcsRe=0,056-1,86=0,104 Owm;
Rcs5= pc5'Rx=0,036-1,86=0,067 Om.
BruroueHne mycKoBoro peocrara B Ilenb poTopa AJ] mokasaHo Ha puc.
5.11.

Puc. 5.11. Cxema 8KiI0UeHUA NYCKO-DE2YJIUPOBOUHBLX CONPOMUBTICHULL
AJl ¢ gpasmbim pomopom

PeBepcupoBanne aCMHXPOHHBIX JJIeKTpoABUraresieil. PesepcupoBanue, T.€. W3-
MEHEHHE HAMPABJICHUSI BPALLICHHUS], [IPOU3BOUTCS IIyTEM PEBEPCUPOBAHUS BPAILAKOLIETOCS
MarHMTHOTO MOJIA cTatopa. JlJis 3Toro Hajlo M3MEHUTH Ha OOpATHBIN MOPSIOK CIEAOBAHUS
da3 A, B, C cetn o oTHOIIeHHIO K 00MOTKaM a3 cratopa, TOMEHSB MECTaMHU Ha 3a)KH-
Max JBUTATEIIS WJIM MATHUTHOTO ITyCKaTeIsl POBOIA JTFOOBIX ABYX (a3.

PeryimpoBaHue CKOPOCTH ACMHXPOHHBIX IeKTpoaBurareseii. Criocodbl pery-
JMPOBAHUSL CKOPOCTH ACUHXPOHHOIO JJIEKTPONPUBOAA ONPEICIAIOTCS W3 aHaln3a
YPaBHEHUSI MEXaHUYECKOW XapAKTEPUCTUKN ACUHXPOHHOTO JBUTATENS:

M =3(Uy)’ Roy ! [0, S (Ry + Roy 18)” + X7
1 GOpMYJIBbI YTIIOBOM CKOPOCTH BpallleHHs MOJIsl cTaTopa
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W, = 2T f1/ p,
rae Uy — pa3Hoe HanpspkeHHe ceTy,
Ry — IpHUBEAEHHOE K CTATOPY CONPOTHBIEHHE POTOPHOM LIEIH;
R; — conpoTuBiieHHEe OOMOTKH CTaTOpAa,
f, — gacrora cery;
P — 4KCIIO Map MOJKOCOB;
S — CKOJIbYKEHUE;
Xk — p€aKTUBHOE COMPOTHUBICHUE KOPOTKOT'O 3aMbIKaAHUSI.

Uszmenenuem uucia nap nonrocog 00ECIEUUBACTCS CTYNEHYATOE PEryIHpOBaHUE
CUHXPOHHOM YTJIOBOH CKOPOCTH ABUTATENS (Mg. TaKoW Crocod peryiaupoBaHUsS CKOPO-
CTH MOET OBITh PEaM30BaH TOJHKO IMPHU HCIOJIb30BAHUU CIeluadbHbIX AJl, moimy-
YUBIIUX HA3BaHHE M HOT O CK O P O C T H bl X. Oco0eHHOCTh 3THX AJ] COCTOUT B TOM,
9TO WX Kaxaas (a3za CTaTOPHOW OOMOTKH MMEET JIBE OJIMHAKOBBIE CEKIIUHU (II0JTyOoOMOT-
KH). 32 CYET pa3HBIX CXEM MX COCIMHEHUS MOYKHO U3MEHSTh YUCIIO MMap MOIcoB p Al
Porop muorockopocTHbIX AJl OOBIYHO BBIMOJHSETCS KOPOTKO3AMKHYTHIM.

Tak kak yuciio nap noiaocoB AJl MOXKET NPUHUMATH TOJIBKO JIUCKPETHBIE 3HAUYE-
Hust (p = 1, 2, 3, 4, ...), T0 U ckopocTh AJ] 3TUM CIIOCOOOM MOXKET PEryJIHPOBATHCS
JIMIIb CTYNEHYATO.

HaunbGonee yacTto Ha MpakTUKE MPUMEHSIOTCS JBE CXEMbI MEPEKIIOYEHHS] CTaTOp-
HOM 0OMOTKH MHOTOCKOPOCTHBIX AJl: ¢ TpeyroyibHHKa Ha JBOMHYIO 3BE3/ly U CO 3BE3/IbI
Ha JIBOMHYIO 3Be3ny. Cxema, B KOTOpo# (a3bl cTaTopHOW 0OMOTKH 00pa30BaHbl ABYMS
napajuiesIbHO BKIFOUEHHBIMHU CEKIMSIMHU, MMOJy4YHIia Ha3BaHUE ABOMHOM 3Be3lbl. Cxemy
MEPEKITIOYEHUST «3BE3/1a — JABOIHAS 3BE3/1a» IEJIeCO00pa3HO MPUMEHSTh MPH MOCTOSH-
HOM MOMEHTE Harpy3ku M., a CXeMy «TpeyroJIbHUK — JBOWMHAS 3B€31a» — IIPU HarpysKe,
MMEIOIIEH XapakTep MOCTOSHHOW MomHocTU. [lomumo AByXckopocTHbIX A/l mpume-
HAIOTCSI TAKXKE TPEX- U YETBIPEX-CKOPOCTHBIE. [IepBbIE U3 HUX KPOME MEPEKII0YAEMON
0OMOTKH CTaTOpa UMEIOT TaKXKE M OAHY HEMepeKIouaeMyo 00MOTKY. UeThIpexCcKopo-
cTtHble AJl MMEIOT JBE MEPEeKIoYaeMble OOMOTKU CTAaTOpa C Pa3jIu4YHBIM YKCIOM Map
ITOJIFOCOB.

PaccmarpuBaemblii criocod perynupoBaHus ckopoctu A/ xapakrepusyercs ps-
JIOM MOJIOKUTENBHBIX MMOKA3aTEIEH, UTO ONMPEACIISIET IUPOKOE €ro MPUMEHECHUE B PEry-
JUPYEMOM 3JIEKTPONPUBOAE NMEPEMEHHOr0 Toka . K HUM mpexie Bcero ciielyeT OTHe-
CTU 3KOHOMUYHOCTh, TaK KaK PEryJIMPOBaHHE CKOPOCTU HE CONPOBOKIAAECTCS BBIAEINIE-
HUEM B POTOPHOM LIENH JONOJHHUTENBHBIX NOTEPh SHEPIUH, BBI3BIBAIOIIMX W3JIAIIHUM
HarpeB AJl u yxyamarommux ero KITJ[. Hemoctatkom crioco0a sBisieTcsi CTyNeHYaTOCTh
W3MEHEHHS] CKOPOCTU JBUTATENSI 1 OTHOCUTEIIBHO HEOOJIBIION IMAa30H €€ peryinpo-
BaHMS, HE TIPEBBIIAIONINN 00BIYHO 6...8.

[Ipu perynupoBaHUM CKOPOCTH 88e0eHUEM PeoCmama 8 Yenb pomopa BCsl SHEPTHS
CKOJIb)KCHMS BBIACJISIETCS B BHUJAE NMOTEph B Lenu auratens. Hemoctatku cmocoOa:
YMEHBIIIEHUE CTAOUIBLHOCTU CKOPOCTH MpPHU €€ CHUXEHUHU, CTYNEHYATOCTb U OTHOCH-
TEJILHO MaJIbli Juarna3oH peryiaupoBanus (2 : 1). JlaHHBII MeTO/ HalIen MIUPOKOE NpH-
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MEHEHHME B METAJUIYPTMYECKMX KpaHAaX M3-3a MPOCTOTHI U MAJIOM CTOMMOCTH IIpHMeE-
HSIEMOW anmnaparypsl.

bnaronaps pa3paboTke W BHEAPEHUIO HAIEKHBIX TUPUCTOPHBIX MpeoOpazoBareneit
yactoThl (TIIY) crano mmMpoKo MPUMEHSTHCS YaCMOmHOe YnpasieHue aCUHXPOHHBIMU
ANEKTPOINpUBOAaMU. J[OCTOMHCTBA METOZA: PETYJIMPOBAHUE MTPOU3BOAUTCS NPHU MAJIbIX
NOTEPSIX CKOJIBXKECHMS, IUIABHOE PEryJUPOBAHUE CKOPOCTH, BO3MOYKHOCTH IPUMEHEHUS
ACUHXPOHHBIX KOPOTKO3aMKHYTBIX JBUTaTeNel, Tuana3oH peryiauposanus g0 100 : 1.

PerynnpoBanue CKOpOCTH aCUHXPOHHOT'O IIPUBOJAA U3MEHEHUeM NUumarnue2o Ha-
npssiceHus OCYIIECTBIISIETCS IIyTEM BKIIIOUEHHS 10 BCTPEYHO-IIAPAJUICIBHOM CXEME B
Kaxayro ¢a3y craropa aByx TupuctopoB (puc. 5.10, a). 3MeHsis yroa peryiupoBaHusl
TUPUCTOPOB, MOKHO IIJIABHO PETYJIMPOBATH BEIMYHMHY ITOJABOJAMMOIO K CTaTOPY HAIps-
xeHus. [Ipu 3ToM CHUKAeTCsl KpUTUYECKUI MOMEHT JBUTATEN U YBEIMUMBAETCS HAKIOH
MEXaHUYECKUX XapPAKTEPUCTHK, TaK KAaK BPAIAIOIIAKA MOMEHT JBHTATels NMPONOPIMOHA-
JIeH KBajIpaty Hanpsbkenus ¢assl cratopa (puc. 5.10, 6). [IpakTiuecku 3TOT METO pery-
JUPOBAHMS HAXOIUT MPUMEHEHUE JTUIIb JJI IBUrarenaei ¢ pazHbIM pOTOPOM B 3aMKHY-
THIX CUCTEMaXx YIPaBJIEHUSI C THPUCTOPHBIMU PETYJISATOPAMH HAMPSIKEHUS.

JJIEKTPOMEeXaHMYeCKHEe CBOMCTBA CHHXPOHHBIX ABHMrartesneid. CHHXpOHHBIE JIBU-
ratejidi B OCHOBHOM MPHUMEHSIOTCS B IPUBOAAX CPeAHEH M OOJIBIION MOIIHOCTH, KOTJa
PEXUM pabOThl JUIUTEIBHBIA U HE TPeOyeTCsl peryIupoBaHUsl CKOPOCTH: BO3AYXOyBKH,
KOMIIPECCOPBI, BEHTHIATOPBI, HACOCHI, TPOOMIIKH, MEJIbHULIB], IPUBO/IBI YEPHOBBIX KJle-
TEH NPOKATHBIX CTAaHOB U Jp. [JoCTOMHCTBA ABUraresel: NPOCTOTa KOHCTPYKLMH, Ha-
JIEKHOCTB, BhICOKHE 3HaUeHUs COS¢ u KIIJI, Bo3aMoXHOCTh paboTHI ¢ COS¢ = 1 1 maxe ¢
ONEPEKAIOIIUM TOKOM, YTO IIO3BOJIAET OCYLIECTBIATh KOMIICHCALUIO PEAKTUBHOU
MOIHOCTH APYTUX 3JIEKTPOIPUEMHUKOB CETH.

Cxema CHHXPOHHOTO JABUratesns npuseaeHa Ha puc. 5.11. Cratop CJI BbIonIHSET-
cs aHanoruyHo cratopy AJl ¢ TpexdazHoii 0OMOTKOW, MOAKIIOYAEMOM K CETH Iepe-
MEHHOT0 ToKa. PoTop nmeer 0OMOTKY B030yxaeHus OB, nutaemyro OT HCTOYHHUKA MO-
CTOSIHHOTO TOKa, U IyCKOBYIO KOpPOTKO3aMKHYTyto oOomoTky OIl B Buae Oenmuubeii
KJIETKH, IpeAHa3HadYeHHY0 11 mycka C/I.

Bpamaromuii momenT B CJl BO3HUKAeT B pe3yJbTaTe B3aMMOJCUCTBUS Bpallaro-
IIErocsi MAarHUTHOT'O MOJIs, CO3/1aBa€MOro OOMOTKOM CTaTOpa, U MarHUTHOTO TOJIsA, CO3-
JaBaeMoro 0OMOTKOW BO30YkJeHuUs (MM TIOCTOSTHHBIMUA MarHUTaMu Ha portope). B3au-
MOJICVCTBUE ITUX IOJIEH MOKET CO3/1aBaTh IIOCTOSHHBIN 110 HAIIPABJICHUIO BpaLatOUi
MOMEHT TOJIBKO B TOM CiIy4ae, Korja poTop OyAeT Bpalarbcsl CO CKOPOCTBIO (g , T.€.
CUHXPOHHO C BPAaIAIOIIKAMCS I10JIEM CTaTOpa.

Henocpencreennsiii myck CJ] momaueit HanpsikeHU HA OOMOTKH CTaTopa M BO3-
Oy’K/IeHUsI HEBO3MOKEH, TaK Kak poTop 00J1aaeT 3HAYUTEIIbHBIM MOMEHTOM UHEPIIUH U
HE MOXET MTHOBEHHO HM3MEHHUTHh CBOIO YacTOTy BpamieHus (N) OT HyJs JO YacTOTHI
BpAIICHUST MATHUTHOTO T0JIst ctatopa (Ng). [losToMy st mycka CHHXPOHHOTO JIBUTATE-
751 He0OXOUMO TPEBAPUTEIHHO Pa30THATh €r0 O CHHXPOHHOM WK OJMM3KON K Hel
Y4acTOThI BpAlICHUs], T.€. IPUMEHSIOT acuHxponusii nyck. OOMOTKa BO30YKIEHUS JIBH-
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rareyisi Ipy IyCKEe 3aMbIKAeTCs Ha paspsaaHblil pe3sucTtop R,, KOTOPBII MperoXpaHseT ee
ot ipo6ost. [Ipu ckopocTH, 6JU3KOH K CHHXpOHHOH (® > 0,95m¢), 00MOTKa BO30YKIACHHS
aBTOMATUYECKHU MOAKIIOYAETCS K UCTOUYHUKY MOCTOSHHOIO TOKA Ha MOJIHOE HaIpsike-
Hue (koHTakThl KM 3ambikatorcs). [Ipu 5TOM aBUTATENh BXOAUT B CHHXPOHH3M. J[iist
HOPMAJIbHOTO BXOKJE€HUSI B CUHXPOHU3M HEO0OXOJHMMO, YTOOBI BXOJIHOH MOMEHT ObLI
00JIbIIIe CTATUYECKOT0 MOMEHTA Ha Baiy: My, > M..

Mexanuueckasi XapaKTepUCTUKa CUHXPOHHOIO JIBUTaTessi aOCOJIIOTHO KeCTKas U
IPEeICTaBIIAECT cO00M MPSAMYIO, MapaIeNbHYI0 OCH MOMEHTOB, T.€. CKOPOCTh JIBUTaTENs
HE3aBUCHMO OT HAarpy3kKH OCTAETCSl NOCTOSIHHOM M PaBHOW CKOPOCTH BpAIllEHHs Mar-
HUTHOTO T0JIsI cTaTopa. [Ipu yBenuyeHnn Harpy3Ky Ha Bajy 3JIEKTPOJABUTATENs BO3pac-
TaeT JIMIIb yroj caBura (6) ocu MmoiocoB pOTOpPa OTHOCHTENBHO TOJIFOCOB Bpalllatolie-
rocst moJisi cratopa (MM yroi CIBUra BEKTOpa HANPSDKEHHSI CTATOPa OTHOCUTEIILHO BEK-
topa DJIC, MHIYKTHPOBAaHHOW B OOMOTKE CTAaTopa IIOJIEeM pOTOpa). 3aBHCHUMOCTH
MOMEHTA ABurareiiss M ot yria 0 Ha3bIBaeTCs y210601 XaPAKmMeEePuCmuKoil CUHXPOHHO-
20 0guzamens, KOTOpas MPEICTABISACT COO0U CHHYCOUAY: M = M.« SING.

J~507y

q 0

Puc. 5.10. beckonmakxmmoe pe2ynuposanue Hanps’ceHust ACUHXPOHHO2O0 08Ucamels

F~EOrY

Wip=const

&

Puc. 5.11. Cxema cunxponnozco osucamens (a) u eco mexanuueckas xapaxmepu-
cmuxa (0)
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[Ipu X0J0CTOM XOJe OCH TOJFOCOB POTOpa M MOJst cratopa coBnanarwt (60 = 0u M
= 0). [Ipu yBenmn4yeHUn HArpy3KH yroJl BO3PACTAET, COOTBETCTBEHHO BO3PACTAaET M MO-
MeHT ayektpoasuraress M. [Ipu nanpHeliniem yBennderun Harpysku (0 > 90°) MomeHT
M HadHEeT yMEHbUIAThCS, YTO COOTBETCTBYET BBINAJCHUIO JIEKTPOABUTATENS U3 CUH-
xponuszma (T.e. HAPYIICHHE CUHXPOHHOTO BPAIIEHHs] POTOPAa U MAarHUTHOTO TIOJISI CTATO-
pa) u ero ocraHoBke. HoMmMHHaNbHOW Harpy3ke Ha Bajy COOTBETCTBYeT yroi 6 =
20...30°. TToaTOMy meperpy3o4Has ClioCOOHOCTh CHHXPOHHOTO JBHUTATES Ay = Mpmay /
M, =2-3.

MaxkcuManabHBIE MOMEHT Mpmax MPOMOPIMOHANICH (Pa3HOMY HANPSHKECHUIO CETH U
TOKYy B 00MOTKe BO30OyxaeHus. [loaToMy meperpy3ouHasi CioCOOHOCTh CHHXPOHHOTO
JIBUTATEISI MOKET OBITh MOBBIIIEHA MYTEM YBEIMYEHHSI TOKA BO30YKJEHHUS, YTO MO3BO-
JseT 00ecneYnTh YCTOMUMBYIO paboTy JBHUraTeNs MpU 3HAYUTENbHBIX TOTYKAX HArpys3-
KU U KosieOaHUSIX HanpsbkeHus ceTh. CHMHXPOHHBIN JABUTaTellb MEHEe UyBCTBUTENIECH K
KOJIEOAHUSIM HaNpPsKEHUS CEeTH, YEM aCHHXPOHHBIN, TaK KaK €ro0 MOMEHT IMPOIOPLHO-
HAJICH [1IEPBOM CTEIIEHU HAIPSLKCHMS.

JUIsi CHHXpPOHHOI'O JBUTaTells NPUHLUIIMAIBHO BO3MOXHBI BCE mMpuU cnocobda
MOPMOdICEeHUA — peKynepamugroe, OuHamuyeckoe u npomusoskiodenuem. Ilpakruue-
CKH HCIIOJIb3YETCS TOJIBKO OUHamuieckoe mopmodiceHue. PeKynepaTuBHOE TOPMOKEHUE
HE MPUMEHSETCS, TaK KaK HeJb3sl IOJYyYUTh CHUKEHHSI CKOPOCTH 0€3 MPUMEHEHUs Ipe-
oOpa3oBaress 4acToThl. B pexxumMe NMpOTHBOBKIIOUEHUS 3JIEKTPOABUraTeNlb, padoTas B
ACUHXPOHHOM pEXHME, MOTpeOasieT U3 ceTh OOJIBIION TOK, a TaK Kak €ro IyCKoBas
(acuHXpOHHAsT) OOMOTKA pacCcUMTaHa Ha KPATKOBPEMEHHYIO paOOTy U JUTUTEIBHOE TPO-
TEKaHue TI0 Hel OONBIINX TOKOB HEJOMYCTUMO, TAKOE TOPMOXKEHUE HEXKEIATEeIbHO.

[Ipn 1MHaMHYECKOM TOPMOKEHUHU BO30YKI€HHE CUHXPOHHOI'O ABUTATElNs COXpa-
HsIeTCA, a 0OMOTKa CTaTOpa OTKJIIOYAETCS OT CETH U 3aMbIKA€TCsl Ha TOPMO3HOW pe3u-
ctop. Ero mexannueckue xapakTEpUCTHUKU B 3TOM PEXHUME MOJA00HBI XapaKTepUCTUKaM
ACUHXPOHHOTO ABUIaTENs IPU TMHAMUYECKOM TOPMOKEHHUH.

CUHXpOHHBIN ABUraTelb MOXET padOTaTh C Pa3IMYHBIM YIJIOM CIABUTA @ MEXIY
TOKOM W HAIIpsSDKEHHEM CTaTopa, UTO SIBJISIETCA €r0 OCOOEHHOCTBIO U LIEHHBIM CBOWCT-
BOM, TaK KaK YroJl ¢ MOKHO peryJupoBaTh IIyTEM HU3MEHEHHs TOKa BO30YKIEHUS, pe-
TYJIUpysl 3TUM CaMbIM HOTPeOseMYyI0 U3 CETH PEaKTHBHYIO MOIIHOCTh.. B mporecce
M3MEHEHUs! TOKa BO30YXKJIEHHUs BEKTOpP TOKa CTaTopa JABHUraTessi MOXET COBIAJaTh C
BEKTOPOM HalpPsHKEHMS CETH, OTCTaBAaTh OT HETO WK ONEpexarh. B ciyyae coBnageHus
JTaHHBIX BEKTOPOB (IIPX HEKOTOPOM 3HAYCHHU TOKa BO30OYKICHHS YToJl () PaBEH HYJIIO,
T.€. HANPSUKEHHE U TOK CTAaTOpa COBIAJAIOT IO (ha3e, a CUHXPOHHBIN JIBUTaTeIb Npe/-
CTaBIISIET COOOM YMCTO aKTUBHYIO HArPy3Ky) IBUTATENb MOTPEOISET U3 CETH TOJIBKO aK-
TUBHYIO MOIIHOCTB (COSQ = 1). Ecnu Tok BO30YXIeHHsI YMEHBIIUTH OTHOCUTEIBHO ATO-
ro 3Ha4YeHUs (HETOBO30YKICHHBIN JIBUraTelb), TO TOK CTaTopa OyJIeT OTCTaBaTh OT Ha-
NpsDKEHMS], a JBUraTeNb OyleT MPEeACTABISATh COOOM aKTUBHO-UHAYKTUBHYIO HArpy3Ky.
[Ipu yBenuyeHnu Toka Bo30yxaeHus (epeBo30yKICHHbII IBUTATENh) TOK cTaTopa Oy-
JIET OIlepeKaTh HANPsKEHUE CETH 1o (ase, a JBUraresb OyJeT NpeAcTaBiIiTh cOO0H ak-
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TUBHO-€MKOCTHYIO Harpy3ky, T.e. IBUTaTellb Oy/JeT OT/AaBaTh B CETh PEAKTUBHYIO MOIII-
HOCTb. JTO CBOMCTBO CHHXPOHHOTI'O JIBUTaTENsl IIMPOKO MCIOIB3YIOT JJIsl KOMIIEHCA[UU
PEaKTUBHBIX HArpy30K Npeanpusitvus. B n1aHHOM ciiydyae CMHXPOHHBIN JIBUraTelb BbI-
MOJIHAET KPOME OCHOBHOM (PYHKIMHU TaKkke M (PYHKIMIO CHHXPOHHOI'O KOMIIEHCATOpa,
YTO JaeT O0IBIION SKOHOMUYECKUHN AP (DEKT.

Jekyun 6. MEXAHUYECKHUE XAPAKTEPUCTHKH
SJIEKTPO/JIBHTATEJIEH ITOCTOAHHOI'O TOKA

YeTpoiicTBO MAIIMH MOCTOSTHHOTO TOKA. MaluHbI TOCTOSHHOTO TOKA COCTOSIT U3
JIBYX OCHOBHBIX YacCTEH:. HEMOJBWKHON — MHIYKTOpa W Bpamiaromencs — skops. B un-
OYKTOp BXOmAT. cTanuHa 1 (puc. 6.1, a); riaBHbIE MOJIOCHI, COCTOSIIUE U3 CEPACUYHUKA 3
1 0OMOTKHM BO30YXJeHUs 4; 100aBOYHBIC TOJIIOCKHI 2. [ JTaBHBIE MOIIOCH MPeAHa3HAYEHBI
JUTS CO3JaHKMsI OCHOBHOI'O MAarHMTHOTO IO MaImuHbl (ot Bo30yskacHus). K uamgykTo-
Py C JIBYX CTOPOH KPEISATCS IMOAIMIUITHUKOBBIC IIUTHI, HA OJHOM M3 KOTOPBIX HMEETCS
IIETOYHOE YCTPOMCTBO, COCTOSIIIEE U3 IIOBOPOTHOM TPABEPCHI U IIETKOICPKATCIICH.

Sxopp (puc. 6.1, 6) cocrouT U3 cepAcYHHKA SKOpS 2, HAOPAHHOTO W3 JIUCTOB
AIIEKTPOTEXHUIECKON CTAlIM; OOMOTKH SIKOPS 3 M KOJUIEKTOpa 4, KOTOPBIN COOMpAIOT U3
MEIHBIX TJIACTHH, H30JUPOBAHHBIX APYT OT JApyra u OoT Baja. K KOJJIEKTOPHBIM IJIaCTH-
HaM TIPUITAUBAIOT Havaja M KOHIIBI CEKIUK 0OMOTKHU sikops. CepIeuHUK SKOpS U KOJUICK-
TOp 3aKkperuieHbl Ha Bay 5. Co CTOPOHBI, TPOTHUBOIOJIOKHON KOJUIEKTOPY, Ha Bajl yCTa-
HaBJIMBAIOT BEHTHIATOD 1.

MexaHu4ecKHe XapaKTEePUCTHUKH IEKTPOABUraTe/ieil MOCTOSIHHOTO TOKA.
DNEeKTPOJABUTATENIM TTOCTOSHHOTO TOKa MOTYT MMETh HE3aBHCHMOE, MapajljieibHOE, I0-
CIIEZIOBATEIIbHOE WIIM CMeIaHHOoe Bo30ykacHue (puc. 6.2).

B snextpoasurartesne mapaiieiabHOTO BO30YKACHUS OOMOTKA BO30YXKJICHHS IMPHU-
COENIMHACTCS MapauieNbHO K 3aKuMaM sikopsi. Ho Tok, mpoTekaromnuii mo 3Toil 00MoT-
K€, B OTJINYHE OT TOKA SIKOPS HE 3aBUCHT OT HArpy3KH U OMPEACISICTCS MIPUI0KEHHBIM K
SIKOPIO HAMPsHDKEHUEM M OOIIIMM COIPOTHUBJICHUEM I1enH Bo30yx)aeHus. [1o aToit nmpuyu-
HE DJICKTPOJBUTATENIb MapaLICILHOTO BO30YKIECHUS HA3BIBAIOT TAKXKE SJIEKTPOJIBUTA-
TEJIEM C HE3aBUCUMBIM BO30YKICHHEM.
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Puc. 6.1. Yempoiicmeo mawunvl nocmosinnoco moka

Puc. 6.2. Cxembi a1ekmpoosucameneii NOCMOSIHHO20 MOKa He3asucumoo (a),
napannenvnozo (6), nocreoosamenvnozo (8) u cmewanno2o (2) 6030yaxicoenus
(6epxnss uacme cxemul «8» NPUHAOLEHCUM CXEME Ka)

[TpeoOpazoBaHre MeXaHHUYECKOW SHEPTUU B JJICKTPUYCCKYIO (6 eenepamope) n
HA000poT (6 O6ucamene) OCyIIECTBIACTCS HAa OCHOBE 3aKOHOB 3JICKTPOMAarHUTHOW WH-
AYKIMK ¥ 3JCKTPOMAarHUTHBIX CW. B anekTponBurarene epawarowuti momenm (Coot-
BETCTBEHHO U 2/1eKMPOMASHUMHbIE CUNbL, TIEUCTBYIOLME HA TPOBOJIHUKHU SKOPS C MPO-
TCKAIOIIMMHU 10 HUM TOKaMH) CO3JIaeTCsl B pe3yJIbTaTe B3aUMOJICHCTBUS TOKa sikops |y ¢
MarHUTHBIM ITOTOKOM @, co371aBacMbIM 0OMOTKOM BO30Y KIeHHs. Bpararommii MOMEHT
M nBurarens noctossHHOTo Toka u ero DJIC E onpenenstoTcs o Gpopmynam

M=xdl,;, FE=xdo,
ri€ K — KOHCTPYKTUBHBIN KOA(DPUIIUEHT IBUTATENS,
@® — MarHuTHBIN TOTOK, BO;
I, — ToK sikops, A.
® — YTJIOBasi CKOPOCTb, paji/c.

YpaBHenus snnektpoMexanndeckoit ® = f (I,) u mexannueckoit ® = f (M) xapakrepu-

CTUK UMEIOT BUJ]
o = U/(x®) - (R, + R,) / (x D) I;; (6.1)
® = U/(x®) - (R, + R,) / (* ®°) M.
VYrioBas CKOPOCTh uaeaIbHOro xosoctoro xoxaa (mpu I, = 0 wim M = 0)
o = U/(kD).

Ha puc. 6.3 npencraBieHbl MEXaHUYECKUE XapaKTEPUCTUKHU JBUTATEINS MOCTOSH-
HOT'0 TOKa ¢ He3aBUcHMbIM Bo30yxaenuem (IIT HB) Bo Bcex pexumax paboThl. Xa-
PaKTEPHBIMU TOYKAMHU XapAKTEPUCTUK B JBUTAaTEIIbHOM PEXUME SIBIISIOTCA: TOUKA UJE-
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aJIbHOTO XosiocToro xoxa (g, M = 0); Touka HOMUHAJIBHOTO pexkuMa (®,, M,); Touka
KOpOTKOTO 3aMbikaHus (o = 0, M = M,).

XKecTKoCTh MEXaHMUYECKOW XapaKTePUCTUKU OMPEACISICTCS MOTOKOM BO30YXKIe-
HSI X COTIPOTHBICHHEM sikopHoit emn B = dM/dw = - k¥* ®*/ (R, + Ry) =- M/ o.

HawuOomnbIiee 3Ha4eHUE MOMYJIS )KECTKOCTH COOTBETCTBYET €CTECTBEHHON Mexa-
HUYECKON XapaKTEepUCTHKE, TaK KaK TOK BO30YXKICHHS PaBEH HOMUHAIBLHOMY U pPery-
nupoBouyHoe conpoTusienue R, = 0. ITo mepe yBenudyeHus conpoTuBieHus peocrara R,
HAaKJIOH MEXaHUYECKOW XapaKTePHCTHUKH BO3PACTaeT, a YIioBask CKOPOCTh CHHKAETCH.
[Ipu 3a7aHHOM 3HAYCHUM CONPOTUBICHUS R, 1 HOMHUHAIBHOM MOMEHTe M, yrioBas
CKOPOCTb JIBUTATESA Onp = 0o (1 -1, (R + R,) / U,

JIns pacdera MEXaHUYECKUX XapaKTEPUCTUK HEOOXOJUMO 3HATh COMPOTHUBIICHUE
sikopsi BuratTens R;, koTopoe 3amaercs B karanorax. [Ipu oTCYyTCTBHU 3aBOACKHX JaH-
HBIX BEJIMYMHY R, HaXoJaT opueHTHpoBouHO 1o popmyne R, =0,5(1-n,) (U,/1,).

: . iy .
z \5% 7

o
s
!

E\ '_ﬂo_- -

Puc. 6.3. Cosmeujennole mexanuueckue xapaxmepucmuxku 08ueamens NOCmosiH-
HO20 MOKA C He3A8UCUMBIM 8030VHCOCHUEM

Tak kak mexannudeckue xapakrepuctuku AIIT HB npsamonmnaennsl, nug ux mo-
CTPOEHMS JOCTATOYHO UMETH JIBE TOUKHU:

1) o=wyuM=0,

2) 0 = oy (M © = ©,,) 1M =M,

Hua JIIT HB BO3MOXHBI CIEAYIOLINE MPU PEHCUMA INEKMPUUECKO20 MOPMOH#Ce-
HUSL.

1. PexynepaTuBHO€e TOPMOKeHHE, KOTOPOE MMPOUCXOAUT, KOTJ]a CKOPOCTh JIBUTA-
TN BBINIE CKOPOCTH HACATBHOTO Xo0JiocToro xoxa. OHO sABiISEeTCS Hambojaee 3KOHO-
MHYHBIM, [IOCKOJIbKY 3HEPTUS TOPMOXKEHHUS MEPEAACTCS B IIEKTPUUECKYIO CETh. Mexa-
HAYECKHUE XAPAKTEPUCTUKUA B 3TOM PEKHUME SIBIIAIOTCS MPOJOIKEHUEM COOTBETCTBYIO-
IIMX XapaKTEePUCTUK JIBUTaTelbHOro pexuma Bo |l kBampante. Cxema ABuratesst npu
PEKyIIEpaTUBHOM TOPMOKEHUU HE U3MEHSETCH.

2. lunamMu4ecKoe TOpMOKeHHe. SIKophs ABUTATEIST OTKITIOYAETCS OT CETH U 3a-
MBIKaeTCs Ha conpoTuieHue. [Ipu 3Tom MexaHn4yeckas SHEPrusi ABWKYILINXCS YacTeu
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(MexaHW3Ma ¥ SKOPS IBUTATEINS) IPeoOpa3yeTcs B AEKTPUUCCKYIO, KOTOpas TepsIeTCs B
BH/JIE€ TEIUIOBOM SHEPIUU B COIIPOTUBIIEHUAX AKOPHOU Lienu. MexaHn4yeckue XxapakTepu-
CTHKH B JJAHHOM PEXKHUME TOPMOXKECHUS TIPOXOJIAT Yepe3 Hayasio KoopauHat (Ha puc. 6.3
— JIMHUY C TPEMSI 3aCCUKaMHu).

3. TopMoskeHHe MPOTUBOBKIIOYEHUEM OCYIIIECTBIISIETCS IBYMS CIIOCOOaMHU:

1) sgedenuem Honvuioco conpomueieHusi 6 yenv saxkopsi. IIpu 3TOM BpaIarONIHit
MOMEHT J[BUTATEJIsl CTAHOBUTCS MEHbIIIE, YEM CTaTHUYECKUI MOMEHT Harpy3ku M.. [{Bu-
rareyib OCTaHaBIMBaeTCs (B Touke A), a 3aTeM IMOJ JCHCTBUEM MOMEHTa M. HauMHACT
BpaliaThCs B APYroM HaIpaBJICHUH, pa3BUBas TOPMO3HOM MOMEHT; B Touke b HacTyma-
€T YCTAaHOBUBIIHUHCS PeXKUM. MexaHNUeCKue XapaKTePUCTUKH SIBIISIOTCS MPOIOIIKEHH-
€M COOTBETCTBYIOIIUX XapaKTEPUCTHK JBUTATEILHOTO pekuma (Ha puc. 6.3 — JIMHUH ¢
YEThIPHMS 3aCCUKAMHU);

2) mopmodiceHue nepexioyeHueM NOAAPHOCMU 0OMOMKU AKOps no xody. Jlura-
Telb, padOTaAIOUINA B TOUKE 1, mocie nepexoueHns mepeieT Ha peocTaTHyI0 XapaKTe-
pHuCTUKY B TOUKy 2. [1o ymHNE 2—3 MPOUCXOIUT TOPMOKEHHE (JIMHUS C ISATHIO 3acedKa-
mu). B Touke 3 mBUraTenh OCTAaHABIUBACTCS U €rO CIICAYET OTKIFOYUTH OT CETH, YTOOBI
n30eKaTh Mepexo/ia B IBUTATEIBHBIN PEKUM C BpallleHUEM B 0OpaTHOM HaIlpaBIICHHH.

IIyck aBuraresei mocrosHHoro toka. K mycky /JIIT npenwsBisercs ocHOBHOE
TpeOOBaHME. HE JONMYCTUTh IMPU IyCKE MPOTEKaHUE Yepe3 SIKOPb OOJIBIIOrO TOKa
(6ombIiie 2,5 IHOM), OITACHOTO ISt ABUTATENIS 10 YCIIOBUAM KOMMYTAIIUH.

Teoperudecku U MPaKTUYECKA BO3MOXKHBI TpU criocoba mycka: 1) nmpu BKIOYCHUH
B IIETTb SKOPSI ITYCKOBOTO CONPOTHBIICHUS TOJIBKO Ha BPEeMsI IyCKa; 2) TpH MOHIKEHHOM
HANPSHKCHUHU B LEMH sIKOps U 3) TpsiMoit myck (0e3 myCKOBOTO COMPOTUBIICHHUS) — TOJIb-
KO JIJIsl IBUTATEJIe MaJe€HbKON MOITHOCTH, Y KOTOPBIX ITyCKOBOM TOK MeHble 4 |lHOM u
Pa3roH JBUTaTessl MPOUCXOAUT MEHbINE 1 CeKyHIbI.

[Tyck AIIT mpu BKIIOYEHMH MYCKOBOrO peocTara Rm mocnenoBaTeiabHO ¢ IKOPEM
obecnieunBaeT myckoBod ToKk |, = Us / (Ra + Rm) mo mpuemiemoro 3nadeHus (g,
menbine 2,5 lnom). [To Mepe pa3rona aBuraTensi IyCKOBOW peocTaT BBEIBOJIUTCS IO HY-
T8l

VY nsurateneit 6oabmoi momuoctd R = 0,02 — 1,1 OM u npsiMoit mycK AJis HUX
HEBO3MOJKEH, TaK KaK B HadallbHbIII MOMEHT mycka mpoTuBo-O/IC Enp = Ce - @ 00 =
0 u Tox sikopst |y, = Ust /R MOKeT MPEeBBICUTh HOMHHAJIBHBIA TOK IKOPsSI |HOM BO MHOTO
pa3 (1o 100 pa3). [1pu Gosbiiom myckoBoM Toke Ha kosuiekrope JIIT mosiBisercs 3Ha-
YUTEJIIbHOE UCKPEHUE U BO3MOKHOCTh BOBHUKHOBEHUS KPY208020 02Hs — JYTOBOTO pa3-
psizia o OKPY>KHOCTH KOJUIEKTOpA MEXIY IIETKaMU Pa3HOM MOJISPHOCTH.

ITyck JIIT ¢ orpaHrYeHHBIM IYCKOBBIM TOKOM BO3MOKEH (0€3 IyCKOBOI'O Peo-
cTara) ¥ MPU MUTAHUU SKOPS IBUTATENS OT OTIACIBHOTO MCTOYHHKA C PEryJIHPYEMbIM
BBIXOJIHBIM HampsiKeHUEM. Torja orpaHMYeHHe MYyCKOBOTO TOKA W IUIABHBIA pPa3roH
JBUTATENST 00ECIIEYNBAIOTCS MTOCTETICHHBIM TIOBBIIIIEHUEM HAMPSHKEHUS Ha SKOPE OT HYy-
7S 10 HOMUHAJIBHOTO 3HAYCHWs. DTOT METOJ HAaXOJIUT MPUMEHEHHE B PETYIHPYEMBIX
MOTITHBIX JIEKTPOTPUBOJIaX TTOCTOSHHOTO TOKA.
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ABToMaTu3alus npoiiecca mycka odseruyaer ynpasienue IIT, yctpanser Bo3-
MOYKHBIC OIIMMOKH MPH MYCKE W BEJCT K MOBBIIICHUIO MPOU3BOIUTEIBHOCTH MEXaHH3-
MOB, 0COOEHHO IIPH MOBTOPHO-KPATKOBPEMEHHBIX PEXHUMAaX MX PaOOTHI.

ITyck aBurateneil MOCTOSHHOIO TOKa C IyCKOBBIM PEOCTATOM B MU sIKOps (U
ACHHXPOHHBIX JIBUTaTeNell ¢ ()a3HBIM POTOPOM) OOBIYHO OCYIIECTBIISIOT B COOTBETCT-
BUU C 33JJaHHOM MyCKOBOM JMarpaMMoii, IPH 3TOM 3aKOpPaYyMBaHHE CTYICHEH MyCKOBO-
ro peocTara MPOUCXOIUT JIUOO MPHU JOCTHKCHUH JIBUTATEIEM ONPEACICHHON CKOPOCTH,
1100 MPH ONPEICICHHOM CUIIe TOKA, JIN0O Yepe3 3a/laHHbIC IPOMEXYTKHA BPEMEHHU.

Ha puc. 6.4 u3zo0OpakeHa MMyCcKOBas quarpaMMa JBHraTelis ¢ TPeMs CTYICHSIMHU
MYCKOBOTO PeocTara, W3 KOTOPOW BHJIHO, YTO 3aKOpauyMBaHHE CTYIICHEH IyCKOBOTO
peocTara MpoM3BOAMTCS Yepe3 Bpems t; (mepBast cTyneHs), yepe3 Bpems t, (Bropas cTy-
neHb) U 3 (TpeThs crymnens). ToOk aBUTATENs MpU MyCKe M3MEHSACTCS B Mpeaeniax oT |

a0 |2.

Puc. 6.4. Ilyckosas ouacpamma

W3 muarpammel puc. 6.4 Takke BHIIHO, YTO BBIKITIOUYCHHE (3aKOpaYMBaHUE, IITyHTHPO-
BAHHWE) CTYIICHEH ITyCKOBOTO PEOCTaTa MOYKHO IMPOU3BOIUTH ¥ TIPU OIIPEICIICHHON YTJIOBOI
cKopocTH apurarens (0 , ®; , (3) WIK IpU ONpeaeTcHHON BenmndynHe Toka 12, OueBuIHO,
4TO aBTOMaTuyeckoe ympanienue myckom T moxer ObITh ocymiecTBieHo: 1) B hyHKImN
ckopocTH; 2) B (YHKIMHU TOKa, 3) B GyHKIMHU BpeMeru. J[i1s npumepa Ha puc 6.5 nmpencras-
el ysen ynpaenenus nyckom 11T ¢ napannensuvim 6030yoicoeHuem 6 QyHKyuu 6pemeHu.
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a) 0)
Puc. 6.5. Vzen ynpasnenus nyckom JIIT 6 pynkyuu epemenu

[Tpu naxatun kHonku SB1 xontakrop KM1 cBoum xontakrom KM1.1 moakmoya-
€T SKOpb JABUTATENS K ceTH, a KonTaktoM KM1.3 oTkirouaeT mutaHue OT KaTyIIKU pese
KT1. ITanenve HanpspkeHUs OT MyCKOBOTO TOKa Ha corpoTuBiieHn: R1 BhI3bIBaeT cpaba-
TeiBanue pene KT2, kotopoe pa3mbikaeT cBOil KOHTakT. C ONpEeneNeHHON BhIICPKKON
BpeMeHH 3ambikaercs KoHTakT KT1.1 pene KT1 u xontakrop KM2 xonraktom KM2.1
uryaTupyeT crynens R1 Bmecte ¢ pene KT2. [locneanee omsath ¢ BBIACPKKONW BPEMEHH
3aMbIKaeT cBOM KOHTAKkT KT2.1, 4To mpuBOAUT K IIyHTUPOBAHUIO CTyTIeHH R2.

VYnpasnenue B QyHKIMH BPEMEHU MOIYYMIO HMIMPOKOE NMPUMEHEHUE B COBPEMEH-
HBIX 2JIEKTPONPUBOJIAX MOCTOSHHOTO U TIEPEMEHHOI0 TOKa OJ1aroiapsi CBOMM JJOCTOMHCT-
BaM: MPOCTOTE CXEMbI, HAJISKHOCTU U HE3aBUCUMOCTH €€ paboThl OT KoJeOaHU! Harpys-
K1 WM HAMPSDKEHUS.

PeBepcupoBanue JAIIT. J[ns peBepcupoBanus 1BUraTess HEOOXOAUMO U3MEHHUTD
HampaBJ€HUE BPAILIAIOLUIET0 MOMEHTa Ha MPOTHBOIIOJIOXKHOE, T.€. COrjacHO (opmyre
st MmomeHTa M = xk @ |; i3MEeHNUTh HanpaBlIeHHE WM MarHUTHOTO TIOTOKA (HaIpaBlie-
HHE TOKa B 0OMOTKe BO30YK/ICHUS), WIIH TOKA B 0OMOTKE SIKOPSI.

B nBurartesie mocTOSIHHOTO TOKAa C TOCJ€I0BATEILHLIM BO30Yy:KIeHHeM (puc.
6.6, a) Mo oOMOTKe BO30OYKICHHUS MPOXOJUT TOT XKE TOK, YTO U MO 00OMOTKe sikops. [lo-
3TOMY MArHUTHBIM MOTOK MPHU U3MEHECHHHM HArpy3KHW JABUTATENSI MEHAETCS. MarHUTHBIN
MOTOK BO30YXJCHUSI PACTET C yBEJIMYECHUEM HArpy3KH, BCJIEJICTBUE YEro YIJIOBasi CKO-
POCTh CHIDKACTCSl COrjiacHO ypaBHeHuto (6.1) u MexaHWdYeckas XapaKTepUCTHKA JBUTa-
Tens Oyaer msrkoi (puc. 6.6, 6). bnarogaps sromy JIIT HB cpaBHHMTEnbHO JIETKO U
IUIABHO MPEOJOJIECBAET IEPErPy3KM M MMEET BBICOKMM ITyCKOBOM MOMEHT. JlaHHBIE
CBOMCTBA JBUIaTENs MO3BOJIIIOT IIMPOKO IMPUMEHATH €r0 B MPUBOJE TPAHCIIOPTHBIX
MEXAHU3MOB.

[Ipu GonbiIuX Harpy3Kax JBUTaTelsi €r0 MarHUTHAS 1eMb HACHIIIEHA, TaK YTO He-
OOJbIIME U3MEHEHUSI MOMEHTA U, CJEAO0BATEIbHO, TOKAa BO30YXXJIEHUS HE MPUBOIAT K
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3aMETHOMY U3MEHEHUIO MAarHUTHOTO MOToKa. [[03TOMy MexaHWYecKasi XapaKTepUCTHKa
B 30HE OOJBINX HATPy30K MMEET, KaK M XapaKTEPHUCTHKA JBUTATENS HE3aBUCHMOTO
BO30YK/CHHMSI, HeOOIbIION HakiIoH (kpuBas 1 Ha puc. 6.6, 6)

[Ipu cHuXeHUM HArpy3kd TOK U MarHUTHBIA TMOTOK JABUTATENS YMEHBIIAIOTCS.
N3MeHeHne MOTOKA 3HAYUTEIILHO CHJIBHEH BIMSET HA ITOJOXKCHHE MEXAaHHUYECKOM Xa-
PaKTEPUCTUKH, YEM U3MEHEHUE MAJCHUS HAMPSKEHUS HAa COMPOTUBICHUM SIKOPS, MPO-
MOPIIMOHAIBHOTO TOKY SIKOPSI M COCTABJIAIOIIETO JIayKe MpHU MOJHON Harpy3ke 2 — 7 %
HanpsHKEHUs Ha JiBUraTesne. BeaeacTBue 3Toro nmpu Majibix U CpeIHUX Harpy3kax, Korja
MarHuTHas LEMb JIBUTATENs HE HACBHIIIECHA, €r0 MEXaHWYECKas XapaKTepUCTUKA HMEET
BH/I TUTICPOOJIHI.

Ecnu marpyska nBuratens mana (Menee 25 % HOMHHAIBHOM), 4aCcTOTA BPAIICHUS
€ro MOXKET MPEBBICUTH JOMYCTUMbIC IO MEXAaHUYECKON MPOYHOCTH MpEeJeibl — JBUTa-
TeNb «UJET Bpa3zHOC». [Ipu 3TOM MpOUCXOAUT pa3phiB OaHJakKeH, Kpensumx oOMOTKY
SKOPSI, U IBUTATENIb BBIXOJUT U3 CTPOSL.

MexaHnuecKkrue XapakTEPUCTUKHU ABUTATENS MOCTOSIHHOTO TOKa C IOCIeI0Ba-
TEIbHBIM BO30YXJIEHHEM B YEThIpEX KBaJpaHTaX M300pakeHbl Ha puc. 6.7. B nBura-
TEITLHOM PEKHMME MEXaHWYECKHE XapaKTEPUCTUKU 3HAYUTEIBHO CMATYalOTCs MPHU BBe-
JICHUHM B LIETb AKOPs peoctara (puc. 6.7, TMHUH C OJTHOM 3aCCUKOM).

Ilyck naBuraresisi MOCTOSIHHOTO TOKA C MOCJ€I0BATeIbHBIM BO30Y:KIE€HHEM.
ITyck ocyiiecTBISIOT npu BBeAeHUU peoctata PII g ymeHbleHus myckoBoro Toka. I1o
MEepE pa3roHa JBUTATENIsl PEOCTAT BBIBOJAT. VICKYCCTBEHHBIE MEXAHMYECKHUE XapaKTEpH-
CTUKH, COOTBETCTBYIOIIUE PA3TMUHOMY YMCIY BBEJECHHBIX CTyIIEHEH peocTara, MOKa3aHbl
Ha puc. 6.6, 6 kpuBbiMU 2, 3 U 4.

Puc. 6.6. Cxema (a) u mexanuuecxkue xapaxmepucmuxu (0) osueamensi nociedo-
8amMeNbHO20 8030YHCOCHUS
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Puc. 6.7. Mexanuueckue xapaxmepucmuxu 0guecameJisi NOCMOSHHO20 MOKA
C NOC1e008aAMENbHbIM 8030YHCOCHUEM

Y JIT IIB nenv3zsa ocywecmeums pexcum peKynepamueHo20 mopMONCeHus, no-
CKOJIbKY 8 HeM OMCYmMCmeyen CKOPOCHb UOEAIbHO20 X0JI0CMO20 X00d.

Jlunamuueckoe mopmoscenue MOXET OCYIIECTBISATHCS M0 CXEME C CaMOBO30YXk-
JICHUEM U C HE3aBUCUMBIM BO30YXJAeHHEM. B repBoMm ciydae sskopb 1 00OMOTKa BO30YX-
JICHUsI OTKJIIOYAIOTCSl OT CETH U 3aMbIKAIOTCS Ha peocTar. YToObl uzbexcams pazmachu-
YUBAHUST MAWUHbL, HEOOXOIUMO MEPEKIIOUUTh 0OMOTKY BO30YKaAeHUS (MK SIKOPb) Ta-
KUM 00pa3oM, 4yTOOBI HaIpaBJICHHE TOKAa B OOMOTKE BO30YXKICHHS HE M3MEHWIOCh. B
TOM CJIy4yae MallldHa CaMOBO30Y)KIaeTcsi NMpHU JAHHOM COMPOTUBJICHUM IIETH SKOPS
JMIIb TIPU OTNPEACNICHHOM 3HAUY€HWHW YTJIOBOM CKOPOCTH; BO30YIUBIIHNCH, OHA CO3/aeT
TOPMO3HOH MOMEHT. MeXaHWYeCKHe XapaKTePUCTHKU HEJTMHEHHBI (Ha puc. 6.7 — KpUBBIC
C YETBIPbMS 3aCEYKAMH).

MexaHnueckue XapakTEpUCTUKU JIBUTATENSI B PEKUME JUHAMHUYECKOTO TOPMOKE-
HUS aHAJOTUYHBI COOTBETCTBYIOIIUM XapaKTEPUCTHKAM JBUraTelis ¢ HE3aBUCHUMbBIM
BO30YKJAcHHEM (Ha puc. 6.7 — IMHUU ¢ IBYyMS 3aceukaMu). Takoi crocod TOPMOKCHHS
Hales MUPOKOe MPUMEHEHHUE, a TIEPBbIN CIOCO0 MCMHOJB3YIOT PEAKO, B OCHOBHOM Kak
aBapUUHbBIN, HAIIpUMED, MTPU UCUYE3HOBEHUH HANPSHKEHUS CETH.

TopMoxeHne NpOTUBOBKIIFOUEHUEM ocyiecTBisiercs, kak y AIIT HB, nsyms cno-
cobamu:

1) BKJIFOYCHHEM B IIETIb SKOPsT OOJIBIIOTO COMPOTUBIICHUS;

2) W3MEHEHHEM TOJSIPHOCTH OOMOTKH SIKOPsI, OCTAaBMB HAINpaBJCHHE TOKa B 00-
MOTKE BO30YKJIeHUS 0€3 N3MECHEHUSI.

[Ipu nepBoM cnocoOe MexaHUYECKash XapaKTepUCTUKa OyAeT MPOJIOKEHUEM Xa-
PAKTEPUCTUKH, COOTBETCTBYIONICH JBUTATEILHOMY pekuMy (Ha puc. 6.7 — JIHHHS C
Tpems 3acedkamu). [Ipu BTOpoM crioco0e TOPMOKEHUE OCYIIECTBISAETCS 1O JTUHUH 1—
2-3.

PerympoBanmne CKOPOCTH 3JIEKTPONPHUBOJAOB NMOCTOSIHHOTO TOKa. CKOPOCTh
JIIT HB M0xHO peryimpoBarth:

1) myTeM U3MEHEHHS CONTPOTUBJICHHS B LICTIH SKOPS;

2) U3MCHEHUEM ITOTOKA BO30YKICHHUS;
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3) U3MECHEHUEM HANPSHKEHHS, TIOJIBOIMMOTO K SKOPIO.

PerynupoBanue no nepsomy cnocoby UMeET CyIECTBEHHO HEJOCTATKH:

— YMEHBIIAETCS KECTKOCTh MEXAHUYECKUX XAPAKTEPUCTUK NMPHU CHUKEHHUH YTJIO-
BO CKOpPOCTH, @ IOTEPU MOIIHOCTH B TJIABHOM LIENMU BO3PACTAIOT;

— IMana3oH peryJMpoBaHusl OrpaHUYeH, 0COOCHHO IPU MAJIbIX Harpy3Kax;

— HEBEJIMKH IIJIJABHOCTh U TOYHOCTH PEryJIMPOBaHUS.

[To 3TUM npuyMHaM Takoi crocod pPeryMpoBaHUs B IMPUBOJE MTOCTOSHHOTO TOKA
UCIIOJIB3YETCS PEIKO.

ITo émopomy cnocoby MOXXHO peryaupoBaTh MarHUTHBIN OTOK TOJIBKO B CTOPOHY
yMeHbIlIeHHs (Tak Kak B HOMUHAJIBHOM PEKHUME MarHUTHAs ENb JBUraTessl HAChIIIe-
Ha), YTO COOTBETCTBYET YBEIMUYCHHIO CKOPOCTH BBIIIE HOMHUHAIBHON. B0O3MOXKHBII
JMara3oH PeryJupoBaHUsl CKOPOCTH IPU ATOM HE IPEBBIIIAET 2 AJIs JABUraTess HOp-
MaJIBHOTO MCIIOJIHEHUSA. BepXHUU Ipenen CKOPOCTH OrPaHUYMBACTCS MEXaHUYECKOU
MPOYHOCTHIO AIIEMEHTOB SIKOPS JBUTATENS — OaH1aXeil 0OMOTKH KOS, KOJUIEKTOpa.

OcHoBHBIM cniocoboM perynupoBanusi ckopoctu JIIT HB saBnsercs cmoco6, oc-
HOBaHHBIA Ha U3MEHEHUHU MOJBOJMMOIO K SIKOPI HANPSHKEHUS, KOTOPOE OCYILECTBIIS-
€TCsl C TIOMOLIBIO CIELMAIBHOIO PEryIupyeMoro npeodpasonareis. B kauectBe MHIU-
BUJIyaJIbHBIX UCTOYHUKOB IMUTAHUS UCIIOJIb3YIOT B OCHOBHOM THUPUCTOPHBIE MPeoOpa3o-
Barenau. JKecTKOCTh  MEXaHWYECKHMX  XapakTepUCTHMK IPHUBOJA IO  CUCTEME
«mpeodpazoBatens — JIIT HB» nmpaktuuecku nmoctosiHHa. MexaHW4YecKue XapakTepu-
CTUKHU NPEACTABIAIOT cO00M ceMENHCTBO MapalljiesIbHbIX APYT ApPYry npsmbix. /uana-
30H, TUIABHOCTh, TOYHOCTh PErYJIMPOBAHUS 3/1€Ch BBILIE, YEM MPHU APYTHX Criocobax pe-
ryaupoBanus. [IoaToMy naHHas cucrema npuUBOJA IPUMEHAETCS 11 MEXaHU3MOB, Tpe-
OyroIuX MIyOOKOTO U TUIABHOTO PETyJIMPOBAHUS CKOPOCTH.

Pezynuposanue ckopocmu nBuratenei ¢ mocienoBaTelbHbIM BO30YXKIEHHEM OCY-
IIECTBISIIOT: 1) M3MEHEHHnEM TOKa BO30YXKACHUS H, CIEIOBATEIbHO, MATHUTHOTO TTOTOKA
IMyTeM IIYHTUPOBaHHS OOMOTKHU BO30Yx1eHus perynsitopom Pl (puc. 6.6, a); 2) BBeneHu-
€M B IIETb SKOPS PEryJIMPOBOYHOTO PEOCTara, 3) M3MEHCHHUEM HAIpsDKeHUST Ha 0OMOTKE
SIKOpSI, YTO B 3JICKTPOIPHBOJIAX, MMEIOIIUX MO JBa ABHUrarelis (Hampumep, B dJICKTPOBO-
3aX), BBIMOJHSIOT MYTEM IIOCJICOBATEIIBHOIO COSIMHEHUS] OOMOTOK SIKOPS JIBUTraTeliei
Mex Iy coboil. [Ipu sToM HampsiKeHHE Ha KaKI0M OOMOTKE YMEHBIIIAETCsl BIBOE U COOT-
BETCTBEHHO CHWKAETCS 4aCTOTa BPALLCHHUS.

Pacuer no0aBouHbIX pe3ucropoB B menu sikops JAIIT HB. Eciu u3BectHa ec-
TECTBEHHAsl AJIEKTPOMEXaHUYECKasi WIM MEXaHWYecKas XapakTepucTuka 1 aBuraresns
(puc. 6.8) u ero macnopTHBIE JaHHBIE, TO PacyeT COMPOTUBICHUS R, IpU BKIIOYCHUU
KOTOPOTO B IIeTb SIKOPS JKelaeMas UCKYyCCTBEHHAsl XapaKTepUCTHKa 2 MPOWUJET yepes
TOYKY A C 33JaHHBIMM KOOPJAHMHATAMH Oy, |, Wim ®,, My, MOKHO BBIIIOJIHUATB CJIEIYIO-
IUMHU HauboJee pacupoCTPaHEHHBIMU METOIaMU.

Meton npomopumii. 3anuuieM OTHOILLIEHUE MEPENnagoB CKOPOCTH IIpH Toke |, nim
MOMEHTE M, Ha eCTeCTBEHHON A®, U KETAEMON UCKYCCTBEHHOU A®, XapaKTEPUCTHUKAX !

Awe I Ao, =1, R/ (I, (Ry + RY)) =R,/ (R; + Ry).
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Torma uckomas BennunHa R, =R; (Ao, / Ao, - 1).

MeToa orpe3koB He TpeOyeT 3HAHHUS 3HAUEHUST COOCTBEHHOI'O COIMPOTHBIICHHS
nsuratens R, (6oyee Toro, ero 3HaYeHUE MOKHO ONPEICIIUTh 110 U3BECTHOW €CTECTBEH-
HOW XapaKTePUCTHKE).

i
| |
1 |
: [
A
LuoreMuom LMy LM

Puc. 6.8. Xapaxmepucmuxu J[IIT HB 015 pacuema senuyunbl
Pe2yIUpo8OUHbIX PE3UCTOPO8

3anuieM BbIpaKE€HUE Il CKOPOCTH JABUTATENS HA 3aITaHHOW MCKYCCTBEHHOM Xa-
pakrepuctuke (cMm. puc. 6.8) npu HOMHHAIBHBIX TOKE l,, MOMeHTE M,, MATHUTHOM II0-
toke @, u HanpspkeHun Uy

o, =U,/ (x®,) 1-1,R/U)),
rae U, / (x®,) = wo.

Torna o, =m0y (L-R/R)).

3neck R, = U, / |, — Tak Ha3pIBaEMOE HOMUHAIbHOE CORPOMUE/IeHUe, SIBIISIONICE-
cs1 6a30BOM BEIMUYMHON NIPH pacyeTax, OM.

Cootnomrenne R/ U, = (09— ®,) / 0g =6 oTpaxkaet Baxknoe cBoictBo JIIIT HB:
OTHOCHTEJBHBIA TIepernaj cKopocTd 6 = A® / @y paBeH OTHOCHUTEILHOMY aKTHBHOMY
COINPOTHUBIICHUIO IIeTH sKopsa R / R,,.

O0o03HaunM Ha puc. 6.5 xapakrepHbie TOUKH a, b, ¢, d 1 oT™MeTHM, YTO g — ®, =
Aw = ac, oy = ad. Torxna R=R, Ao/ wy=R,aclad; R,=R,bc/ad; R;,=R,ab/
ad.

Takum oOpaszom, 1Jisg HaxXOoXkACHUS R, HE00X0IMMO CHavaja 1o XapakKTepUCTUKaM
OIPEICTUTH JUTMHBI OTPE3KOB Dc 1 ad mpr HOMHUHAIEHOM TOKE WJIM MOMEHTE U PacCUu-
TaTh HOMUHAJIBbHOE conpotuBiieHue R, = U, / I,

Pacuer m06aBOYHBIX PE3UCTOPOB MOKHO BBITTOTHUTH TAKXKE MO CIeAYIOmUM Gop-
MyJIaM JUTsl 33IaHHOTO JOITYCTUMOTO TOKa |4, KOTOPBIN onpenensercs BEeTUIMHOU J0-
MIyCTUMOTO MOMEHTa M ,,; WJIH YCIIOBHSIMU TTyCKa, peBepca U TOPMOKECHHUSI.

Comnporusnenue pesucropa Ry npu nycke (£ = 0)

Ru=(U/ 1) -R,.

ConporuBieHue pe3ncropa R, mpu TMHAMHYECKOM TOPMOKEHUN

Re=(E/ ) —Ry= U/ L) —Ry).
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Conporusnenue pesucropa R,3 npu peBepce Wi TOPMOKEHUH TPOTUBOBKIIOYE-
HUEM

Re=((U+E)/ ) —Ry=(2U/ 1) — R,

Ilpumep 1. JIIIT HB tuna IIbCT-53 umeer cnenyromiye nacnopTHbIE JaHHBIE:

P, =48 «Brt; n,=1500 o6/mun; U,=220B; 1,=24,2A;R,;=0,38Owm; I,,=0,8 A.
TpeOyeTcs onpenenuTh:

1) compoTHBIIEHHE PE3MCTOPa, BKIOYECHHUE KOTOPOTO B ICMb SKOpPS JBUrATEIs
00eCnevnT MPOXOXKIECHUE UCKYCCTBEHHON MEXaHMYECKON XapaKTEPUCTUKH Yepe3 TOUKY
¢ koopauHaTtamu o, = 90 pan/c, M, = 25 H-m;

2) CONMPOTHUBIICHUS PE3UCTOPOB, BKIIFOUCHHUE KOTOPBIX OTPAHMYHUT TOK IMPH MYCKE U
TOPMOXEHUHU POTUBOBKIIOYEHUEM /10 YPOBHA |0y = 3l

Pewenue

1. Jlng HaxoxJeHus CONpOTUBIIEHUs R, McHonb3yeM MeTo ] MpOnopLuid, mpeaBa-
PUTENBHO ONPENeNUB TpeOyeMble TapaMeTphl IBUTATEIS:

o, =21 n,/60=2- 3,14 - 1500/60 = 157 paxn/c;

M, = P, o, =4800/157 = 30,6 H-m;

k®, =M, /1,=30,6/24,2=1,3 B-c;

o = U, / x®,, = 220/1,3 = 169 pan/c;

Aw®. = g - ©,= 169 -157= 12 pan/c;

Aw, = 0g— o, =169 - 90 = 79 pan/c.

Toraa UCKOMOE COTTPOTHUBIICHHE PE3UCTOPA

R:=R; (Aw, / Aw.) —1) =0,38:((79/12) - 1) = 2,12 Om.

2. ConpoTUBJICHUE ITyCKOBOT'O PE3UCTOPa

Ru = (U/ ln) — R, =220/(3 - 24,2) - 0,38 = 2,65 Owm.
ConpoTuBIEeHHE PE3UCTOPA, UCIIOIH3YEMOTO TIPU TOPMOKEHUU:
Re=((U+E)/lon) —Ry= U/ lon) =R, =
=2-220/(3-24,2) - 0,38 =5,7 Om.

Hpumep 2. Ina AIIT napamnensHoro Bo30yxaenus tuna 21102001 ¢ Homu-
HAJIBHBIMU JaHHbMU: P, = 11kBTt; n, = 1000 06/mun; U,=220B; ,=865%:; R, =
0,46 Om; R,; = 126,5 Om TpeOyeTcst paccunTaTh ITyCKOBBIE CONMPOTHUBIICHHSI TIPU MTyCKe
B 4 CTyNeHH U MaKCUMaJIbHOM MOMeHTe M; = 2M,, ucnons3ys 1) anarumuueckui
Memoo pacuema u 2) zpaguueckuii memoo (Memoo ompesros).

Pemenne. Dnektpudueckas cxema peocratHoro nmycka JIIT mapamnensHOro
BO30Yy>XJIeHHs B 4 CTyNeHH MoKa3aHa Ha puc. 6.9.
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Puc. 6.9. Peocmamuwuii nyck JIIIT HB 6 4 nyckosvie cmynenu

Ananumuueckuii memoo pacuema

1. Paccuumoieaem:
HOMMHaJIbHBIN TOK auratens |, = P, /(U, - ,)=11 000/(220-0,865)=57,8 A;
HOMMHAJIBHBINA TOK BO30yxkaenus |, = U,/ R,;=220/126,5=1,74 A;
HOMUHAIBHBINA TOK sIKOps |y = Iy - 1;,=57,8 — 1,74=56,06 A;
HOMHHAJIbHOE conpoTuBiieHue apurarens R,= U,/ |, =220/56,06=3,924 Owm;
OTHOCHTEJIHHOE COMPOTHBIIEHHE OOMOTKH SIKOPSI
po= R,/R,=0,46/3,924=0,117.

2. Ilpunumas 60 snumanue, umo
A=pil wo=i1l 2= p1lpo=p2l p1=psl po=palps,
Haxooum

4 4
A= V(L/(u po)) = V(1/(2- 0,117))=1,438,
rie  p1=Ri/ Ry p2=RoA Ry; p3=Rs/ Ry pa=Ra/ Ry;

Ri1, Rz, R3, Ry - comporuBnenust myckoBbix cryreneit JIIT (cm. puc. 6.9).

3. Boiuucnaem ommuocumenvHulii moK nepexiueHus
(nmu omruocumenvuwill Momenm nepexuouenus Lo= [l\)

=1/ A =2/1,438=1,30.

4. Tenepb Ha OCHOBAHHMM YpaBHEHUA V=1 —p - pupu po< p < py,
po < p < pg cmpoum mexanuuecxkue xapaxmepucmuxu J\IIT npu mycke B 4 ctynenu
(puc. 6.10).

5. Paccuumuigaem:

® OTHOCHUTEIHHBIE COMPOTHUBIICHHUS CTYTICHEH
p1= A - po=1,438- 0,117=0,168; p,=A - p;=1,438 -0,168=0,242;
p3= A - p2=1,438. 0,242=0,347; ps= A p3=1,438 -0,347=0,499;
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® OTHOCHUTEIIbHBIC COPOTUBIICHUS CEKLIMI ITyCKOBOTO peocTara
Pu= P1- Po=0,051; p= p2-p1=0,074; p3= p3- p2=0,105;
P= Pa- p3=0,152;
e a0COJIOTHBIC BEIMUMHBI COMTPOTUBICHUM CEKIIHMA
Ru= pu Ry=0,051-3,924=0,2 Om; R = pr' Ry=0,074-3,924=0,29 Owm;
Rus= pas' Re=0,105-3,924=0,412 Om; Ry= pu Ry=0,152-3,924=0,596 Owm.
6. Oouee conpomuegnienue nycKko8ozo peocmama
RH: RZ[4+ Rﬂ3 + Rll2+ R}ﬂ: 0,596+0,412+ 0,29+0,2:1,5 Om.

Ipadpuueckuit memoo (memoo ompeszxos)

1. CTpouM eCTECTBEHHYI) MEXaHWYeCKyI Xxapaktepuctuky (puc. 6.10) mo nsym
toukaM (A u B), 3HaUCHUsT KOOPIUHAT KOTOPBIX paBHBI: Va= 1; puay = 0; vg = v; = 1- pg
=1-0,117=0,883; pup = p, = 1.

2. BpluncauM KpaTHOCTh MAKCUMAJIbHOTO MOMEHTA [l K MOMEHTY IEPEKIIOUEHUS
wp ipu mycke (A = py [ y,), BeIM4MHA KOTOPOTO 3aBUCUT OT YKCIIA CTYNCHEH MyCKOBOTO
peocraTa, HO 10JI’KHA ObITh OOJIBIIE CTATUYECKOTO MOMEHTA [

4 4
A= V(L/(ue po)) = V(1/(2- 0,117))=1,438.
3. Brrancnnm 3HaueHe OTHOCUTEIILHOIO MOMEHTA IICPCKIIIOYCHUA lLth

1t = ual\= 211,438 = 1,39.

4. U3 Touek M1 (u3) m m2 (up) Ha OCK MOMEHTOB MPOBEJEM JIBE BEPTHKAIBHBIC
JIMHHHM JI0 TIEPECCUCHUs ¢ €CTECTBCHHON MEXaHMUYECKON XapaKTepuCTHKOM (Touku a, b)
U ¢ ropusoHTanbio v = 0 (Touka C). CoenuauM Touku A 1 M1 u monyunm Touky d Ha
Beptukaau M2 - b. U3 atoit Touku d nmpoBenem ropuszonTtaib d - €. AHAJIOrHYHO U3 TOY-
ki A nipoBeneM jauHMH A - €, A - ¢, A - K, a u3 nonyuennsix Touek f, h, | mposeaem ro-
pusonranu f-g, h-K, I-a. ITocaennss ropuzonTans |-a nomageT B TOUKy a, mak Kak 3Ha-
YyeHue MOMEHMA NePeKIoYeHus Py ObLIO BbIYUCTIEHO paHee 8 3a8UCUMOCHU 0N 3A0AH-
HO20 3HAYEHUss MOMEHMA [y U YUCAA cmyneHeli N nycKo8o2o peocmamd.

5.0mpenensieM 3HAYCHHUS] HCKOMBIX COMPOTHUBIICHHIA CEKIMH ITyCKOBOTO peocTara
U3 BBIPOKCHUH, B KOTOPBIX UCIOIB3YIOTCSA H3MEPEHHbBIC IJTMHBI OTPE3KOB U3 puc. 6.10 :

R.4= ml-e/c-a ‘R, = 22/17- 0,46 = 0,596 Owm; R;3= g-e /c-a ‘R, =15/17-0,46=
0,412 Om; Rp= k-g/c-a -R; = 11/17-0,46= 0,29 Om; Ry=a-k/c-a ‘R, = 7/17-0,46= 0,2
Owm.

6. O061Iee cCOMPOTUBIICHHUE ITyCKOBOT'O PEOCTATa

R.= Ru+R; + Rpt+ Ry;=0,596+0,412+ 0,29+0,2=1,5 Owm.
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Puc. 6.10. Mexanuuecxue xapakmepucmuxu J{IIT HB
npu 4 nycKogvix cmynemsx

Jdexyus 7. THPHCTOPHBIH J/IEKTPOIIPUBO/] IIOCTOAHHOI' O
TOKA

B IpOMBIIUIEHHOCTH IIMPOKO MPUMEHSAETCS PETyIUPYEMbI THPUCTOPHBIN 3JIEK-
TPOIPHUBOJI MOCTOSHHOTO TOKa. Tupucmopsi — 3TO CaMble MOIIHBIC MOJIYITPOBOIHUKO-
BbIC NMPUOOPHI, UCIOIB3YEMbIC B CHJIOBBIX CXEMax 3JICKTPONpruBoaa. OHU BBITYCKAIOTCS
Ha TOKH OT HECKOJIbKMX KHJIOaMIlep IpU JOMyCTHMOM OOpaTHOM HANpsHKCHUHU 10 He-
CKOJIbKUX KHJIOBOJBT. C MOMOIIBIO THPUCTOPA, BKIIFOYCHHOT'O B IIETh MEPEMEHHOTO TO-
Ka, MOKHO HE TOJIBKO BBIIPSMIISIT HAMPSKCHHUE, HO M PETYJIUPOBATh €r0 BEINYHMHY.

YrpasieHue TUHPUCTOPOM, T.€. BKIIOYEHHE, OCYIIECTBISCTCS C MOMOIIBIO YIIPaB-
Jstrotnero anekrpoaa YO (puc. 7.1), Ha KOTOPBI B MOMEHT OTIUPAHUS TIOAAFOTCS OTIIN-
paroInue UMITYJIbChI TOKA |y M3 CXeMbl yrpaBieHHus. [Ipd OTCYTCTBHH OTIHPAIOIIETO
curHana (BEHTHJIb 3allePT) COMPOTHBICHNE BEHTUISA PABHO OECKOHEYHOCTH, a MPH 0/1a-
Ye Ha YNPaBJISIONIUI 3JIEKTPO OTIHPAIOIIEr0 UMITyJIbca |y, €ro ConpoTUBIeHNE Maaa-
eT 10 Hyjs (BEeHTHUIb OTKpbIBacTCs). B Touke ecTecTBEHHOM KOMMYyTaluu (TOYka a Ha
puc. 7.1, a) ThupucTop 3amupaercs. 3anepeTh THPHUCTOP C MOMOIIBIO YIIPABIISIOMIETO
9JIEKTPO/1a HEBO3MOXKHO, T.€. THPUCTOP B OTJIMYHE OT TPAH3UCTOPA SABJSACTCS IPHOOPOM
HOJTY yTIPaBIISIEMbIM.

C nomoIipio ($a30CcIBUTarOIIETO0 YCTPOWCTBA CXEMbI YIIPABICHUS MOXHO M3MEHSThH
¢a3y (MOMEHT) moAa4YM OTIHPAOIIETO uMITyjbca (puc. 7.1, 2) OTHOCHUTEIBLHO TOYKU eCTe-
CTBEHHOM KOMMYTAI[HHM BEHTHIIA, T.€. MOKHO M3MEHSTh YIOJI PEryIHPOBAHUS O.
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Puc. 7.1. I'paghuxu peeyruposanus 661x00H020 HANPSANHCEHUS]
MUPUCMOPHO20 BbINPAMUMENS

BennunHa BRIIPSIMIIEHHOTO HAIIPSKEHUSI THPUCTOPHOTO MPeoOpa3oBaTeisi COOT-

BETCTBYET ILIOIIAIU 3aiTpuxoBanHoro yuactka U(t) (puc. 7.1, a — ).
Uge = v2 m/ @ sin (m/ m) U, cos o = Ugg COS a,

rae M — uncio (a3 BRITPSMIICHUS,

U, — aeiicTBytoliee 3HaYCHNE JIMHEHHOTO HANPSHKEHUS MTUTAIOIIETr0 TpaHchopMaro-
pa,

Ugjo — MakcuManbHOE BBIIPSIMIICHHOE HAIpsDKEHUE MpeoOpa3oBaTessi MpH MOJIHO-
CTBIO OTKPBITBIX TUpUCTOpax (o = 0):

Ugo = ~/2 m/msin (x/ m) U,.

Takum 00pa3om, U3MEHSS C TOMOIIBIO CUCTEMBI UMITYJILCHO-()a30BOr0O yIpaBiie-
Hust (CUDY) yron peryinupoBaHHs 0, MOKHO ITUTABHO M B IIMPOKUX Tpeaenax (0T HyJs
10 Ugo) M3MEHSITh BEJTUUMHY BBIIPSIMIICHHOTO HANPSHKEHUS U COOTBETCTBEHHO YIIIOBYIO
CKOPOCTbH JICKTPOIABUTATEIS (.

[TapameTp M cBsI3bIBacT YKCIIO (a3 HaNpsHKEHUs nuTarolei cetu (p = 1; 2; 3) ¢
YHCIIOM TOIyTepruo1oB (( = 1; 2) 3Toro HampsKEHUs, B KOTOPBIX paOOTAIOT BEHTHIIN: M
= pq. BenmunHa M onpenensieTcss 4acTOTON MyIbCallui 3a IEPUOJ HAIIPSKEHUSI CETH.

B 06001eHHOM BHZIE cXeMa TUPUCTOPHOTO AJIEKTPOIPUBOAA ¢ TpeX(a3zHbIM Mpe-
oOpa3oBaresneM IpeIcTaBieHa Ha puc. 7.2.

B CU®YV ¢ukcanus MOMEHTa MOAAYN YIPABISAIONIETO UMITYJIbCa OOBIYHO OCYIIIe-
CTBJISICTCSl IIyTEM CPAaBHEHHS JBYX HANPSDKCHHUM C HCIIOIH30BAHUEM TaK HA3bIBAEMOTO
8epMuUKAIbHO20 TIPUHIUIIA, T.€. MOMEHT MOJAaul OTHHPAIOIIET0 UMITYJIbCa ONpeaeseT-
Cs PaBEHCTBOM IIOCTOSHHOTO YIPABIIIOLIEro HanpsbkeHus Uy (puc. 7.3, a) 1 omopHOTro
HanpspKeHUs Uy, B MOMEHT paBeHCTBa HanpspkeHUH Uy U Uy, (TOUKA @) B CXeMe BO3HU-
KaeT JIM0O OJMH, JIN0O MavyKa MMITYJIbCOB C KPYThIM MEPEIHUM (QPOHTOM lyr;, KOTOPBIC
3aTeM MOJIAI0TCS Ha YIIPABISIFOIINE JIEKTPOIBI THPUCTOPOB.
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Puc. 7.2. O60b6wennasn cxema mupucmoprozo 21eKmponpusood.
V81 - V83 — mupucmopur; Ly, Ry — undykmusnocms u akmusnoe conpomuenenue
cenaxcusarowezo purompa; L, R, — mo orce nacpysxu; €, — 3/C osuecamens
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Puc. 7.3. I'pagpuxu nanpsiocenuii (a) u cxema (0) cucmemvl umMnyibCcHO-pazo8020
YAPAsIeHUst MUpUCmMOpoM

Ha puc. 7.3, 6 B ynpoImieHHOM BHUJE NPEICTaBICHA CXeMa YIPABJICHUS THPHUCTO-
pom. Hanpspkenme, momaBaemoe Ha 0aszy Tpausuctopa VT, paBHO anreOpandeckon
CyMMe YIPaBIISIOILET0 HANPsKeHUs Uy, M BBIXOJHOTO HAIIPSKEHHs FeHepaTopa IMUI000-
pazHoro Hampsbkenus ['TIH. Ilpu nonoxutenbHOM HampspKeHUM Ha 0a3e TpaH3UCTOp
3arepT. B MOMeHT, cooTBeTCTBYIOImMMUI ToUke a (cM. puc. 7.3, a), Korjaa pe3yibTHPYIO-
niee HanpsoKeHue Ha 0a3e CTaHeT PaBHBIM HYIIIO, TPAH3UCTOP OTKPOETCS U B MEPBUYHOMN
ooMmoTke W1 umnynbcHoro tpancopmatopa TU Bo3HukHeT Hampsbkenue. MmMimysbe
HANpPsDKEHUST Yyepe3 BTOPUUYHYI0 OOMOTKY TpaHchopMaropa OyJieT MOJABEIEH K yIpaB-
JSIOMIEMY AJIEKTpoy Thpuctopa VS, on otkpoercs. Jns GpopmupoBaHus KpyToro me-
peaHero (poHTa MMITYJIbCa UCIOIB3YETCs JIOMOJHUTEIbHAsS 00MOTKa OOpaTHOMN CBS3H
TpaHchopmaropa (Ha cxeme He mokasana). Pesucrop R1 u auox VD ciyxar s 3amu-
ThI YIIPABJISIONIETO p — N-TIEpexoJia TUPUCTOPA OT JACUCTBUS HEAOMYCTUMOTO TOKa HIIU
HalpsbKEeHUs 0OpaTHOW MOJSIPHOCTH. M3MeHss ynpaBisiollee HamnpsskeHue Uy, omnepa-
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TOpP U3MEHSAET MOMEHT OTIMPAHUS TUPUCTOPA, T.€. U3MEHSET YroJl peryJMpoBaHus o OT
0 no © (cm. puc. 7.3, a). [Ipu 5TOM H3MEHSETCS BBIXOAHOE HAIPSDKEHUE MpeodpazoBaTe-
Js1, @ CIE0BATENbHO, U CKOPOCTh MOAKIIOYEHHOTO K HEMY JIEKTPOABUTATEIIS.

JIEKTPONPUBO/ MOCTOSIHHOTO TOKA C CHCTeMO# NMOAYMHEHHOI0 peryJimpoBa-
HuMA. B Teopuu 35eKTponprBoia MUPOKO UCIONIb3YETCS UHIHCEHEPHBIU Memoo0 CUHTE3a
YHU(ULIUPOBAHHBIX KOHTYpPOB PEryJMpPOBaHUS, HA3BIBAEMBIN Memooom nociedosa-
MeNbHOU KOPPEeKyuu ¢ NOOUUHEHHbIM pecyauposanuem Koopounam (WA TPOIIC —
Memoo ROOYUHEHHO20 pe2yiuposanus koopournam). CYIIHOCTb €ro 3aKJIF0YaeTcs B TOM,
4YTO OOBEKT PEryJupoBaHUs MPEJCTABISETCS B BHJIE MOCIEIOBATEIBHO COCAMHEHHBIX
3BeHbeB I11 — [7;, BHIXOAHBIMH MMapaMeTpaMu (KOOpAMHATAMH) KOTOPBIX MOTYT OBITh
CKOpPOCTh, TOK, MOMEHT, MOJOKEHUE U T.N. [ ynpaBiaeHuUs KaxXI0il U3 3TUX KOOPAH-
HAT CIIY>)KUT OTACNbHBIN perynarop Pj, oOpa3ytonuii ¢ 00bEKTOM yIPaBICHUS 3aMKHY-
TBII1 KOHTYp C COOTBETCTBYIOLLEH OOPAaTHOM CBSI3BIO K, .. PEryIaTOpBl COEAUHSIOTCS T10-
CJIEIOBATEIbHO, TAK YTO BBIXOJ OJHOIO U3 HHX SBIIAETCS BXOJIOM Apyroro. Ilpu atom
3aMKHYTbIE KOHTYPbI PEryJIUPOBaHUS 00pa3yI0T CUCTEMY, B KOTOPOU UMEETCSI 8HEeUl UL
KoHmyp, coctosimuid u3 38eHa [11 oObekTa yrpaBiaeHUss U COOTBETCTBYIOIIETO PETYJIs-
topa P1, u enympennue konmypwl. BBIXOTHOW CUTHAN BHEIIHETO KOHTYpa SBIIAETCS 3a-
JAOIIUM ISl TIOCTIeIyIoIIero (BHYTPEHHET0), 3aKJIFOUEHHOTO BHYTPU HETO KOHTYpA.
Takum o0Opa3zoM, KaxAbli BHYTPEHHUM KOHTYpP PEryJIMpPOBAaHUS MOJYMHEH COOTBETCT-
BYIOILIIEMY BHEIIHEMY KOHTYpy. Kaxxmomy perynupyemMomy napameTpy COOTBETCTBYET
CBOH peryysiTop ¢ o0paTHOM CBsA3bI0. YHCIIO KOHTYPOB PaBHO YHCIY PETYJIUPYEMBIX Ia-
pameTpoB (KOOpIMHAT) 0OBEKTA YIIPABICHHS U COOTBETCTBEHHO — YHCITY PEryJISITOPOB.

JIOCTOMHCTBA CUCTEMBI IOTYMMHEHHOT'O PETYIUPOBAHUSA:

— y100CTBO AKCILTyaTallvH,

— IPOCTOTA HAJIAJIKH,

— mMMpoKas yHU(UKAIUS Y3JI0B YIIPABICHUS,

— BO3MOYKHOCTb PEAJIM3allMi CUCTEM YHIPABICHHS U3 HaOOPOB CTaHIAPTHBIX 3Jie-
MEHTOB HE3aBUCUMO OT CTPYKTYpPBI U TapaMETPOB JIEKTPONPUBO/IA.

CTpyKTypHasi cxema 3JIEKTPONPHUBOJIA MOCTOSHHOTO TOKA (THPUCTOPHOTO, pEBEp-
CHBHOTI'0) C CUCTEMOM MOAYNHEHHOTO PEryJIMPOBaHUS NIPUBECHA HA puUC. 7.4. DICKTpO-
nBuratenb M mojydaeT HMUTaHUE OT PEBEPCHUBHOIO TUPHCTOPHOrO MpeodpazoBaresis
UZ1, UZ2, xoTopblii muTaeTcs OT Tpex(pa3HOU CeTH Yepe3 aBTOMATHYCCKUM BBIKIHOYA-
tenb QF u Tpanchopmartop T. Beikimtouarens QF 3amumiaet 6J0Ku TUPUCTOPOB OT KO-
POTKUX 3aMbIKaHui. [lynbcaiuy BRIMPSAMIIEHHOTO TOKA CIIIaKUBAIOTCS pEakTOpoM L.

CUDY renepupyeT yIpaBJIsSIONINE UMITYJIbCHI I TAPUCTOPOB, U3MEHSET (azy ux
B 3aBUCMMOCTH OT BEJIMYMHBI YIIPABISIOIIETO CUTHAJNA HA €€ BXOJIE C LEJbI0 PEryInpo-
BaHUs HANIPSDKEHUS TTPeoOpa3oBaTessi U CKOPOCTHU AJIEKTPONprBoa. BenndyrHa BXOIHOTO
curHana Uy, CUDVY saBnserca QpyHKIMEH OT yIpaBIIsAIOILEro CUrHana Uy ¥ CUTHalIo0B 00-
paTHBIX CBSI3€d, NMOCTYHAIOIIMX B CXEMY YIPABJICHUS 3JEKTPONPHBOJIOM. YIIpaBICHUE
AIIEKTpOBUTATENEM (ITyCK, peBepc, PEryIHMPOBAHIE CKOPOCTH) OCYIIECTBIIIETCS OSCKOH-
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TaKTHBIM KOMaHJIOKOHTPOJUIepoM SA (Py4YHBIM WM IMEAaIbHBIM) OOBIYHO CEITbCHHHOTO
THUIA C TIOCTA YIPaBJICHUS.

Curnan Uy mEpeMEHHOT0 TOKa Ha BbIXoJe SA He00X0IuMo mpeoOpa3oBaTh B CHI-
HaJI TIOCTOSIHHOTO TOKA, MOJSIPHOCTh KOTOPOTO OMpenessiach Obl (ha30i HampsHKeHHS
Uy, ukcupyemoil nonokeHueM pydyku KOMaHIOKOHTpoJsuiepa. J{jis 3Toi nenu ucnoss-

3y10T ()a304yBCTBUTEIBLHOE BHITIPSAMUTENBHOE YeTpoiicTBO DBY.
I~ sory
23

Puc. 7.4. Cxema asmomamuzuposannozo (mupucmoprozo, peeepcusHo0) 31eKmpo-
npU800a NOCMOSIHHO20 MOKA C CUCMEMOU NOOYUHEHHO20 pe2yIUPO8aHUs

KomannokonTpomnep SA maer oOBIYHO CTYNMEHYAThId CHUTHAN yHpPaBIEHUS, YTO
MO>KET BbI3BaTh UPE3MEPHBI OPOCOK TMHAMHUYECKOTO TOKa. [lo3ToMy 1111 orpaHuYeHUs
JUHAMHUYECKOI0 TOKA MPHU PA3rOHE M TOPMOKEHUH Ha BXOJ peryisaropa ckopoctu PC
IIOJACTCSA CUTHAJI, U3MEHSIOIIMICS JIMHEWHO BO BPEMEHU U II0JIy4aeMbIl Ha BBIXOJEC 3a-
JaTYMKa MHTEHCUBHOCTH 311.

B cxeme (cm. puc. 7.4, a) npeaycMOTpeHa BO3MOXKHOCTh IyHTUpoBaHus 31 Oec-
KOHTaKTHBIM Kito4oM BK omneparopom (B ciyuae BOSHUKHOBEHHUS HCHOPMAIBHBIX CH-
Tyarui).

C nomomipto TaxoreHeparopa BR ocymiectBisiercss orpunatenbHas oOpaTHast
CBA3b M0 YacTOTE BpAILCHHs JBUTATENs], a C MOMOIIbO Jaruyuka Toka UA — oTpuna-
TeJNbHAss 00paTHas CBSI3b MO TOKY JBUTaTEIS.

Cxema 3JEKTpONpUBOAA MMEET JBAa CAMOCTOSTENBHBIX PErYyJIATOpA: PEryJATop
ckopoctu PC u perynsarop Toka PT. PC ocymectBisier nprem curHaia 3aJaHusi CKOpo-
CTH ABUTrarens U,., oOecrieueHue N3MEHEHHUsI CKOPOCTU ABUTATENISl C ONPEIEIEHHbBIM yC-
KopeHueM u T.7. Kpome cBoeil 0CHOBHOUM ()yHKIIMM OH TaKK€ OTpaHU4YMBAET CUTHAI U,
JIOIIYCTUMBIM 3HaUY€HUEM, KOTOPOE YaCTO 3aBUCUT OT BEJIMYMHBI II0TOKA JBUTaTENs; O-
paHWYMBaET CKOPOCTh W3MEHeHHs Toka sikopst di/dt, ocymiectBiser ¢opmupoBanue
TpeOyeMOol )KECTKOCTU MEXaHUYECKUX XapaKTEPUCTHUK AJIEKTPOIPUBOAA U T.II.
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Perynsarop Ttoka sxops PT nosydaer Ha BXoae CHrHal 3a1aHus U, C BBIXOJA pe-
T'YJSITOpa CKOPOCTH M CUTHAI OOpaTHOM CBs3H Uy, ¢ BbIXxoJa aatuuka Toka UA. Ha BbI-
X0Jle OH (pOpMHUPYET HaNpsKeHUe ynpasieHus Uz, k CUDY UZ, onpenenstouiee yrou
peryJIMpoBaHusl TUPUCTOPOB .. PEryyisaTrop TOKa OCYILECTBIISAET TAKXKE OIPaHUYCHUE
CKOpPOCTHM HapacTaHUs TOKA, YJy4YIICHUE TMHAMUKU KOHTYpPa TOKA B 30HE IIPEPBIBUCTO-
ro TOKA, yIPaBJIEHUE IEPEKIIOYEHUEM BBINIPSIMUTEIBHBIX MOCTOB PEBEPCHUBHOIO IIpe-
oOpasoBaTens u Aap.

Cxema mpocTeiiiiero peryiastopa Toka MpeacTraBieHa Ha puc. /.4, 6. B cocrase
peryJaTopa UMeeTcsl YCWINTENb A ¢ OrpaHudeHueM Toka. Ha BeIxone perynsarop Toka
dbopmupyeT HampspkeHue ympasiienus, nocrynatomiee B CUDY. bnoku nuranus BII
oOecnieunBatoT nutanue CUDY, peryiasiTopoB v Apyrux 3JIEMEHTOB CUCTEMBI yIIpaBJie-
Hud. J[J11 orpaHUYeHUs TOKA SIKOPS IOIYCTUMBIM 3HAYEHHEM B CXEMY yIIPaBJIEHUs BBeE-
neH 0ok TokoBoi orcedkd (BTO), KOTOPBIN 3alUInaeT JICKTPOIPHUBO OT HEIOMyC-
TUMBIX IIEPErPy30K M AaBApUUHBIX TOKOB, BO3JEUCTBYS HEIOCPEACTBEHHO HA BXOJ
CU®DY un orpaHuuuBas BBIIPSIMIICHHBIA TOK IIPEAEIBHO JOIYCTUMBIM 3HAYCHHUEM.
[IpyHLIMI TOKOBOM OTCEYKH COCTOUT B TOM, YTO IPU JOCTHKEHUHU TOKOM JIBUIaTElIs 3a-
JTaHHOTO 3HaueHus (ycTaBKu) (aza OTIHPAIOIIUX UMITYJIBCOB U3MEHSETCS TaK, YTO Ha-
NpsDKEHUE Ha BBIXOJIE CHMIIOBOTO OJIOKAa CHMYKAETCsl, OTPAaHUYUBAs TOK 3aJaHHBIM 3Haye-
HUEM.

PaccmoTpennas cucrema 3JIeKTpOIPUBOIA HIMPOKO UCIOJIB3YETCS B MEXaHU3MAX,
TPeOYIOIIHUX NIMPOKOr0 M IJIABHOI'O PEryJMPOBaHUS CKOPOCTH. ABTOMATH3UPOBAHHBIN
AJIEKTPOIPUBOA B OOLIEM CIIy4Yae OCYLIECTBIISIET PETYJIUPOBAHUE PA3IMYHBIX MapaMeT-
OB CKOPOCTH, TOKA, HANIPSKEHUS, MOMEHTA, MOJI0KEHUS U JP.

Paszoen 3. AIITAPATYPA U CXEMbI YIIPABJIEHUSA
JJIEKTPOIIPUBOJAMU

Ienw: H3yuumv annapamypy pyuHO20 U peneuHo-KOHMAKmMOPHO20 YNPAGLEHUs.
91EeKMPONPUBOOAMU, OCHOBHBIE CXeMbl YNPABLEHUs INEKMPOOGULAMENIMU NOCIMOAHHO-
20 U NepemMeHHO20 MOKd, A8MmoMamuiecKoe YnpaeieHue 8 (yHKYuu moxd, epemeHu,
CKOpOCmuU, annapamypy u cxemvl 3aujumel 3j1eKmpoosuzcamenei, 6€CKOHMAaKmMHyo an-
napamypy u 0amuuKku HOJI0HCEHUsl, CKOPOCMU U MOKA.

Jexkuyua 8. KOHTAKTHAA AIITIAPATYPA YIIPABJIEHHA

K koHTakTHOM anmaparype py4HOro yNnpaBJIeHUsSI OTHOCSTCS CIAEAYIOIINE IEKTPHU-
YEeCKHE amnmnapaThbl. pyOUIbHUKH, TAKETHBIC BBIKIIOUATENN, KOHTPOJUIEPHI, YHUBEPCAIb-
HbIE TEPEKII0YaTeNId, KOMaHAOKOHTPOJUIEPHI, MyTEBbIE MepeKIovaTesu, KHonku. Oc-
HOBHBIMH 3JIEMEHTaMU dTUX aIlllapaToB SIBISIOTCS KOHMAKMbL, 151 U3TOTOBJICHUS KOTO-
PBIX MPUMEHSIIOT Me/lb, OpPOH3Y, JIaTyHb, B 0CO0O0 OTBETCTBEHHBIX CIy4asix — cepedpo.
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Bce Oonbiiee mpuMeHeHne HaXOAAT KOHTAKThl U3 METAITIOKEPaMUKH, 00J1aaroIIne mo-
BBIIICHHON HAJEXKHOCTBIO, JOJITOBEYHOCTHIO, N3HOCOCTOMKOCTHIO. [lepekntouenne KoH-
TaKTOB OCYILECTBJISAETCS IyTEM BO3IAEHCTBUS HA HUX PA3JIMYHBIX pbluac06 WIH KYI1AYKO8
BPYUYHYIO WJIM MEXaHUYECKHU — DJIEMEHTOM JIBUKYILIECS MAILVHBI.

[Ipn pa3MblkaHUM KOHTAaKTOB IOJ Harpy3kou BcienctBue aeiictsus IC camo-
VWHIYKIUY U MOHU3ALMHU BO3QYIIHOTO MPOMEKYTKA MEKIY HUMHU BO3MOXHO BO3HUKHO-
BEHHE DJIEKTPUYECKON AYTH, KOTOPask BbI3BIBAET OIUIABJICHUE WM MOJTOPAHUE KOHTAK-
TOB. /{751 3alIMTBI UX OT JEWUCTBUS OYyTH M COKpALIECHUS BPEMEHHU €€ JECUCTBUS IpHUME-
HSIOT pPAa3M4YHbIE JyTOracUTENIbHbIE TMPUCIIOCOOJEHUSI M YCTPOMCTBA: po2cosvle
paspsionuxu (37EKTprYecKas Ayra Moj JeHCTBHEM MOTOKA TOpsYero Bo3ayxa, mepeme-
IIAOILErocss BBEPX, MOJHUMAETCS MO PACXOAALIUMCS poraM, yJIIUHsSEeTCs, 0OpbhIBaeTCs
U TacHeT), acboyemenmuvle Kamepvl C JCHOHHOW PEIIETKON W3 CTaJbHBIX IUIACTHH
(astekTprueckas Jyra MHIYKTHPYET B TUIACTHHAX BUXPEBBIC TOKU, & UX MarHUTHBIN T10-
TOK CMEIAET Ayr'y B CTOPOHY IUIACTHH, 3aTATMBAECT BHYTPb PEIIETKH, PACCEKAET UX Ha
MEJIKME YaCTH; OT COPUKOCHOBEHMS YT CO CTEHAMM JyIOTaCUTEJIBHOW KaMephl Iyra
OXJIXKJIAETCS U OBICTPO TACHET); dy2o2acumenbHvle Kamyuiku, BKIIOYaeMbIe MOCIEIO0-
BaTEJILHO B LIEIb IIaBHBIX KOHTAKTOB (JIyra Mo IeHCTBHEM MarHUTHOTO TIOJISl KATYIIKH
pPACTATMBAETCSA HA PACXOIAIINXCS POrax KOHTAKTOB, CONPUKACAETCS CO CTEHKaMH AYyTro-
racUTEIILHOW KaMepbl, OXJIaXKIAeTCsl U TACHET).

[1I1poko UCHONB3yeTCs TAKXKE TalllCHUe AyTU B MuHepaibHom macie (B ammaparax
cebiie 1000 B). Hanpumep, KOHTaKTbI MAcCJISIHOTO BBIKITFOUATENSI MOTPYKAIOT B CTallb-
HOI 0ak, HaIroJIHEHHBIN MaciioM. [Ipy pa3MbIKaHUU KOHTAaKTOB Ayra HHTEHCUBHO OXJIaXK-
JAETCSI MAcCJIOM U IacHET.

Tax kak 35eKTprUUecKre KOHTAKThl TPEOYIOT yX0Ja U CHUXKAIOT HaAe)KHOCTh pado-
Thl YCTAHOBKH, TO B HACTOSIIEE BPEeMs IIUPOKO BHEAPSAIOT OECKOHTAKTHYIO aImaparypy,
BBITIOJIHAEMYIO Ha ITOJIYIIPOBOJHUKOBBIX 3JIEMEHTAX.

Pyounvruku IpUMEHSIOT B Ka4E€CTBE BBOAHBIX BBIKJIIOUATEIICH, TPEIHA3HAYEHHBIX
JUISL CHATHUSL HAIIPSKEHUS CO CXEMBI DJIEKTPOYCTAHOBKHM M CO31aHUS BUIMMOTO pa3pbiBa
DIIEKTPUUYECKON IIETH MPH PEMOHTAX, OCMOTPAX U JUTUTEIBHBIX OCTAHOBKAX (B MepephIBax
MEXKIy CMEHaMH U T.1.). Takue pyOMJIbHUKU Ha3bIBAIOT 6600HbIMU. BBOIHBIN PyOHIIb-
HUK B HOPMAaJIbHBIX YCIIOBUSAX HE pa3pbIBaeT pabOYero TOKa 3JIEKTPOABUTATENS: 3TO
BBITIOJIHAIOT OOBIYHO Apyrue anmaparbl. UTOObI HOXKHM OTKIIOYEHHOTO PYOUIIbHUKA HE
HaxOJWINCh MOJI HANPSYKEHUEM U HE MPEACTABIISUIM ONACHOCTU MPU CIIyYaHOM K HUM
NPUKOCHOBEHHUH, MPOBOJIa OT CETH MPHUCOCAUHSAIOT K KOHTAKTHBIM CTOMKaMm (ryOkam)
pyOMIIbHUKA, TPUKOCHOBEHUE K KOTOPHIM MEHEE BEPOSTHO.

B craHkoCTpoeHMHM MHOT/a HAaXOJSAT MPUMEHEHHUE TPEXMOIIOCHBIE PYOUIBHUKH C
OOKOBOW PYKOATKOM, KOTOPHIE BCTPAUBAIOT B MIKA(bI C dJIEKTpoANapaTypou Tak, 4To-
ObI pyKOSITKa HaXOAWJIACh CHapyXH. B Lensax MOCTOSHHOIO TOKa MPUMEHSIOT JBYXIIO-
JIOCHBIE pyOWJIBHUKU. B CTaHKOCTpOEHUM pyOMIBHUKH 3aMEHSOTCS Oosee yI0OHbBIMU
U Oojee KOMIAKTHBIMHM JAPYTUMHU anmnaparaMyd — MaKeTHBIMH WJIH aBTOMaTHYECKHUMHU
BBIKJIFOYATEIISIMU.
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B HEKOTOpBIX Cllydasix UCHOIB3YIOT HaKemHble ebiKatouamenu (nepexnouame-
7u), BEChbMa KOMIIAKTHBIE MO CPABHEHUIO C PyOmIbHUKaMH. [lakeTHBIN BBIKIIOYATENb
COJIEP)KUT HECKOJIbKO MPUMBIKAIOIIUX JAPYT K JIPYTy OJHOMOJIOCHBIX BBIKIIIOUATENEH,
YIOPABJISIEMBIX TOBOPOTOM 001el ocH. OJHOMNOMIOCHBIE BBIKIOYATENIN MOXKHO yCTaHO-
BUTH TaK, 4TOOBI MPU MOBOPOTE OCH OJHU LENU 3aMBIKAJIUCh, & IPYTUE€ PA3MBIKAIHUCH.
[TakeTHBIM BBIKJIIOYATENIb CHA0XKAETCS MEXaHU3MOM, OOECIEUMBAIOLIUM (PUKCALUIO U
OBICTpOE MEPEKITIOYEHNE KOHTAKTOB, KOTOPOE HE 3aBUCHUT OT CKOPOCTH MOBOPOTa PyKO-
ATKU BBIKJItOUaTeNs. B cTaHKOCTpOEHUH PU-MEHSIIOT MAKETHbIE BhIKJIIOYaTenu Ha 4...60
A. B 25IeKTpUYECKHX CXeMaX CTAHKOB IIAKETHBIE BBIKJIIOYATEIN UCIIOJIb3YIOT B KAUECTBE
BBOJIHBIX BBIKJIFOUaTeNiel (BMECTO PYOMJILHHUKOB) M TEPEKIFOUATENICH Ienei yrpasiie-
HUS U CUTHAJIM3ALUU, PEKE — JUIS ITyCKa DIIEKTPOJBUTATENIEH.

Ilymeevie nepekniouamenu u KOHEUHble GbIKII0YAMENU PACIIONIATAIOT IO IYTH
CIIEZIOBAaHUS MEXaHW3Ma M B KpalHUX (IpeAeNbHBIX) MOJOKCHUIX, KOHTAKTHI 3TUX aIl-
[apaToB MEPEKIIOYAIOTCS C NOMOUIBI0 CHEUAIBHOIO phluara JBHXKYLIMMUCS 3JIEMEH-
TaM{ ME€XaHU3Ma.

J171s1 0OTHOBPEMEHHOT'O MEPEKITIOYEHHS OOJIBILIOTO YKcia Leneld B CTAHKOCTPOEHU U
NPUMEHSIOT pa3inyHbIC dapadannvle nepexiiouamenu (KOHmMponepol).

B cTaHkoCTpoeHur MIUPOKO NMPUMEHSIOT HAKEMHO-KY1aA4KO8ble GbIKAIOUAMe U U
nepexawuamenu, B KOTOPbIX KOHTaKThl 3aMBIKAlOTCS MPHU MOBOPOTE BaJUKa C Kyjad-
Kamu. Takue nepexyrodaTe T u3roToBisaoT Ha Toku oT 10 10 160 A ¢ pa3nuuHbIM 4wC-
JIOM CEKLMH U yIJoB MoBOopoTa pykosTku. ITyrem Hajuiexamero noadopa maiid ¢ Ky-
Ja4KaMU OCYILECTBIISIOT HY’KHbIE KOMOMHALMY 3aMbIKaHUsI KOHTAKTOB. MIX mpUMeHsIOT
JUIs TIEPEKITIOYEHHUM B cXeMax MpH MepPexoie C OJHOr0 pekuMa paboThl HAa APYToM, s
NIEPEKIIIOYEHUS MTOJII0COB ACUHXPOHHBIX JBUTATENEH U Apyrux uenei. Cxemel Kyiaadko-
BBIX IEpeKiIrovareseil cHa0XkarT TabluluaMu MEepPeKIIOUeHU, B KOTOPBIX YKa3bIBaloT,
KAaKW€ KOHTAKThl 3aMKHYTBI JUIsl KQXKI0T0 MOJIOKEHUS arapara.

Komanookonmponnepet ciyxar JUisi py4HOTO JUCTaHIMOHHOIO YIPABIEHUS MeXxa-
HU3Mamu (kpaHoB u 1p.). Ha puc. 8.1, @ npuBeneHo yCTpOiCTBO KOHTAKTHOW YacTH Ky-
JAYKOBOTO KOMaHJOKOHTposuiepa. [Ipu moBopoTe pyKoOSITKM MOBOpAaYMBAETCA KBaJapat-
HBII Baa 1, Ha KOTOPOM 3aKperuieHa KynaukoBas maiida 2. [log geiicTBueM npyxuHsl 3
MOJABW)XHBIA pblyar 4 CTPEMHUTCS 3aHATh MOJIOKEHUE, TPU KOTOPOM KOHTAKTHBIM MOC-
TUK O 3aMbIKaeT HEMOABM)XHbIE KOHTakKThl 6. [Ipu moBopoTe Bana 1 mpoTuB yacoBoi
CTPEJIKHU BBICTYIAIOLIAs 4acTh KyJlauka Ha)KMET Ha POJIMK / U OTBEAET phluar 4 BIpaso.
[TpaBblii KOHTAKT pa30MKHETCA M OyJeT 3aHUMAaTh I0JIO)KEHUE, [TOKA3aHHOE Ha CXEMeE
cJIeBa.

Ha puc. 8.1, 6 noka3ana pa3BepTka CXeMbl KOMaHJIOKOHTpoOJIEpa. 3auepHEHHbIE
TOYKM HA LITPUXOBBIX JMHUAX MOKA3bIBAIOT, YTO HAXOJALIMECS HEIOCPEICTBEHHO HAJl
HUMH KOHTAKTHI B JAaHHOM IIOJIOKEHUH PYUYKH 3aMKHYTHI. Tak, B mosoxxeHnu 0 3aMKHYT
koHTakT |V u BximtoueHa nammnouka EL. B monoxenun 1 «Brepen» 3aMKHYTbI KOHTaK-
Tol |, 1l 1 Bkmouens! karymku KM1, KM2. B nonoxenun 2 «Brnepea» 3aMKHYT KOH-
TakT || u BkImroueHa katymika KM2.
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Puc. 8.1. Kynaukosuvlii komanookowmpoJiep

B nensix 35eKTpUYECKOro OCBEIIEHHS CTAHKOB W JIPYTMX NOTPEOUTENed Malloi
MOIITHOCTH MPUMEHSIOTCSI MajJorabapuTHbIE OJHO- WM JIBYX-TIOJIFOCHBIE TIEpEKIIIoYaTe-
M — myméaepot. CrieniaibHbld MeXaHU3M (C TIOMOIIBIO TPY>KUHBI) OBICTPO MEPEKITIO-
YaeT KOHTAKThl HE3aBUCUMO OT CKOPOCTU IMOBOPOTA phIYaKKa IMepeKyrodaTesns. ITUM
00ecIeynBaeTCs MTHOBEHHBIN pa3pbIB ANIEKTPUUECKOM TyTH MEKYy KOHTAKTaMHU.

B cxemax snektponpuBofa MIMPOKO HUCIIOIB3YIOTCS MYCKOPETYIUPYIOLIUME PEO-
CTaThl, 100aBOYHBIE pe3ucTophl, RC menoyku u T.11.

PesucTopbl M peocTaThl XapakTepu3yloTcs BeaudnHOU comnpotuBieHus (Om) u
paccenBaeMoii MOITHOCTBIO (BT). J[ist X HM3rOTOBJIEHWS HCIOJB3YIOT CILIaBbI, 00JIa-
JTAIOIIE BBHICOKUM YACIBHBIM AJIEKTPHUUYECKUM COMPOTUBICHUEM, — (Dexpaib, KOHCTAH-
TaH U Jp.

Pesieiino-KoHTaKTOpHAsA anmapatypa. OCHOBHBIMHU €€ JJIEMEHTAMU SBJISIOTCS
KOHTaKTOPbI, MAarHUTHBIE ITyCKATEU U SJICKTPOMArHUTHBIE peie.

Konmaxmop nipenctaBisieT cOO0H 3JIeKTPOMArHUTHBIN armapar AUCTaHIIMOHHOTO
JCHCTBYS, TTPEeIHA3HAYCHHBIN JIJIs1 ONIEPATUBHBIX MEPEKITIOUCHUH CHIIOBBIX Iienei (IBu-
ratejici, MeKTPOTEXHUICCKUX YCTAHOBOK H JIp.).

KoHTakTOphI pa3nnyaroTcs Mo CIASAYIONIUM MTOKA3aTeIsIM:

- POOy moKa: IOCTOSIHHBINA 1 TIEPEMEHHBIH;

- YUCTY 2]IAB8HBIX NONIOCOB. OHO-, IBYX-, TPEX- U MATU-TIOIIOCHBIC;

— HomuHaavromy moky: ot 4 mo 2500 A;

- HomuHanbHoMy Hanpsoicenuro 2nasnou yenu. 220, 440, 600 B nmocrosiHHOTO
toka 1 Ha 380, 660 B mepeMeHHOr0 TOKA;

— HOMUHAIbHOMY Hanpsaxcenuro kamyuiek: 24...220 B mocTossHHOTO TOKa U
24...660 B mepeMeHHOTO HAMPSIKCHUS,

- KOHCMPYKYUU I1eKmMpPOMAacHUmMa: ¢ TPSMOXOJHBIM SIKOPEM U C SIKOpEM
KJIAMIaHHOTO THIIA;
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— cnocoby eawenus oyeu. ¢ yroraCUTeIbHON KaTyIIKOH, C JyroracuTeIbHOM
KaMepou U T.II.

OCHOBHBIMH dJIEMEHTaMH KOHTaKTOpa (puc. 8.2) SBJISIOTCS. BTATUBAIONIUI dJICK-
TpoMarHuT (KaTymika 1, )KeJae3Hblld CepACYHHK 2, TIOJBMKHBIN SKOPb 3), TJIaBHbIC KOH-
TakThl 4, OJIOK-KOHTaKThl /, 8, Bo3BpaTHas mpykuHa 5. [Ipy HaxkaTum Ha MyCKOBYIO
kHonKy SB1 Bkitouaercs karymika 1, kotopas nputaruBaeT sikopb 3. [Ipu aTom mepe-
KITFOUYAOTCSI KOHTAKTHI: TJIaBHbIE KOHTAKTHI 4 3aMBIKAIOTCS, PUCOEIUHSS IBUTATEeNh M K
ceTd; OJOK-KOHTAKThI 8 (3aMbIKArOIINE) 3aMbIKAIOTCS, a OJIOK-KOHTAKThI 7 (pa3MbIKaro-
muye) pa3mbikaroTcs. JIJis OCTAaHOBKM JBHTaTeis HaxuMaroT kHomky SB2. Karyika
KOHTaKTOpa 00eCTOYMBAETCS, KOPb MO ACHCTBUEM IPYXKUHBI O U COOCTBEHHOTO Beca
OTITa/IaeT, TJIABHBIC KOHTAKTHI 4 pa3MBIKAIOTCS, JBUTATENIb OTKIIOYACTCS OT CETH.

Bonee HagexHO pabOTalOT KOHTAKTOPHI ¢ KATyIIKaMHU IMOCTOSTHHOTO TOKa, Y KOTO-
PBIX OTCYTCTBYIOT TYJieHHE, BUOpAIs, a MyCKOBbIe OPOCKU TOKa MUHUMAaIBbHBL. [1o3TO-
MY B 3JICKTPOIPUBOJIC OTBETCTBEHHBIX MEXaHHW3MOB (HAIpUMEp, B METAJUTYPryuu | Jp.)
UCIIOJIB3YIOT B OCHOBHOM KOHTAKTOPBI C KAaTYIIKaMU MTOCTOSIHHOTO TOKa, IMOJTYYaroIIn-
MU TUTAHHUE OT CIEIUATBHOTO BBITPSIMHUTENS HEOONBIIONH MOITHOCTA. BpeMs BKITtoue-
Hus koHTaktopoB 0,05...0,5 ¢, a Bpems otkmouenus 0,03...0,05 c.

Mazcnummnsile nyckamenu NPUMEHSIOT ISl TUCTAHIIMOHHOTO U aBTOMAaTUYECKOIrO
ynpagsyieHus (IycK, OCTaHOB, peBepc) TpexX(a3HbIMU aCHHXPOHHBIMH JBUraTeIsaMu. Mx
OCHOBHBIC DJIEMEHTHI — KOHTAKTOP U TEIUIOBbIE pesie. PeBepcuBHBIE MarHUTHBIEC MTyCKa-
TEJIM MMEIOT JIBa KOHTAKTOpa B OJHOM KOPITyCE W JIBa TEIUIOBBIX pene (sl 3aluThl
JIBUTATEIIs OT MEPErPYy30K MO TOKY).
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Puc. 8.2. Cxema xoumaxmopa

Pene OCYHCCTBIIAIOT CKaIIKOO6paBHO€ MCPCKIIFTOUYCHUC ueneﬁ YIIPaBJICHUA II0M
BO3,Z[CﬁCTBHCM Pa3JINYHbIX CHI'HAJIOB (G)JICKTpI/I‘IeCKI/IX, MCXaHHNYCCKHUX, TCIIJIOBBIX H
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np.). [lo npuHIUIYy JIEHCTBUS pejie NEISATCS Ha AJICKTPOMAarHWTHBIC, WHIYKIIMOHHbBIC,
AJICKTPOHHEIE, TEIUIOBBIC U Ap. Pe-lie MOryT OBITh KOHTAKTHBIMU, OCCKOHTAKTHBIMH U
pearupoBaTh Ha U3MEHEHUE PA3JIUYHBIX BEJIMYHH (JEKTPUUCCKUX U HEAICKTPHUUCCKUX).
B cooTBeTCTBHM C ATHM Pa3NIUYalOT pelie TOKa, HAMPsHKEHUs, CKOPOCTH, BpEMEHH, TEM-
HepaTyphl, AaBJICHUS U Jp. 3HAYCHHE MapaMeTpa (Toka, BpeMEHHU M T.I1.), TPH KOTOPOM
pene cpabaThIBaeT, Ha3bIBaeTCa ycmaskoul peine. OIHON U3 OCHOBHBIX XapaKTEPUCTHUK
pene saBiseTcs KoIhpuyuenm eozepama K, paBHBIN OTHOIICHUIO 3HAYEHHUN BXOAHOU
BEJIMYMHBI IIPH OTIYCKaHUK SKops U cpabarbiBanuu peie (K, = 0,4...0,95).

HauGonbiiee npuMeHeHne B cxemMax pesieiHO-KOHTaAKTOPHOI'O YIIpaB-JIeHHUs HaX0-
TSIT 27IeKmpoMazHumuule peie Hanpsaxcerus u moxa. OCHOBHBIMU DJIEMEHTAMH TaKHUX
pere SBISIFOTCS KaTyIIKa MOCTOSHHOTO WJIM MEPEMEHHOTO TOKa, JKEJIe3HBIA CEePICUHUK,
SKOPb M KOHTaKTHas cucteMa. [Ipu yBelrueHUH BXOJHOM BeNIMYHMHBI (HaIIpUMep, TOKa)
710 BEJIMYMHBI YCTAaBKU PeJie OHO cpadaThIBaeT (BKIIOYACTCS) U MEPEKIIIOYACT KOHTAKTHI.
[Ipu ymeHbIIEHNN TOKAa KAaTYIIKK J0 BEJIMYWHBI TOKA OTITYCKAHUS SKOPS Pelie OTKITO-
YaeTCs W ero KOHTAKTHI MO/ BO3JCHCTBHEM BO3BPATHOUW MPYKWHBI BHOBH MEPEKITIOYA-
IOTCSI B ICXO/IHOE TIOJI0XKEHHE.

MHOTOKOHTaKTHBIE JJIEKTPOMArHUTHBIE pele, UCIOJIb3yeMble IJisl Pa3MHOKEHUS
MOCTYNAIOMIMX Ha WX BXOJbl CHTHAJIOB, & WHOTJA — JAJS WX YCHUJICHUS, HA3bIBAIOTCS
npomexicymounvimu pene. CEpUitHO BBIITYCKA€MbIE YHHUBEpPCAIbHbIE MPOMEKYTOUHBIC
peJie UMEIOT /10 JIECATH Map KOHTaKkToB, Ha HoMuHANIbHBIN TOK 0,4...10 A. Karymiku ux
paccunTaHbl HA HOMUHAJIbHBIC HanpsbkeHus 24...660 B.

Bce Oonee mupokoe NpuMeHEHHE HAXOAAT T€PKOHOBBIE pelie ¢ 3JIEKTPOMArHHUT-
Hoii mamsaThio (puc. 8.3). I'epkoH 1 moOMelIeH B MarHUTHOE I0JIE MAarHUTOTBEPIOTO
dbeppura 4 ¢ HakoHeyHuKamu 2. MImybC Toka B KaTylike 3 MPUBOAMT K cpabaThiBa-
HUIO peJie — KOHTAKThI 1 3aMBIKAalOTCs, OCTaBasiCh 3aMKHYTHIMH U TIOCJIC OKOHYAHUS M-
MyJibCa TOKA 3a CYET HAMarHUYMBaHUS (GEppPUTOBOrO cepAeuHuka. st ormyckanus pe-
Je HeoOXO0IMMO TOAATh UMITYJILC TOKa 00paTHOro HampasieHus. Uncmo KOHTakToB 1 :
10; motpebnsemas mourHocTh KaTymku 0,1...2 Bt. JlocTonHCTBa TeépKOHOB: BBICOKOE
OBICTPOICHCTBHE, M3HOCOYCTOMYHUBOCTH (10 10° cpabaThIBaHHUI), Majible ra0apuThI, HE-

BBICOKasi CTOMMOCTb.
J
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Puc. 8.3. Cxema ycmpoticmea cepxona
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B snextpornipuBojie HCHIONB3YIOTCS U pejie epemenu sl 0TcueTa TpeOyeMbIX Bpe-
MEHHBIX 3aepxkek (Bbiaepikek). Hawmboibliee mpuMeHEHHE HAXOIAT AJICKTPOMArHUT-
HBIE peJie BpeMEHHU MOCTOSIHHOTO TOoKa. Brimepxka BpemeHu obecrieunBaercs Oyarojaa-
P4 3aMEJICHUIO OTHAaHUsl AKOPS pejie MOce OTKIOUEeHUs ero Katymku. Jiis 3amen-
JICHUsSI OTIAJaHUs SKOpS Ha MarHuTonpoBon 2 (puc. 8.4, a) HacaKUBACTCS MacCHUBHAsI
MeTajumdeckas ruib3a 3. [locne oTkimodeHus: kaTymku 1 pene aeicTByromuil B cep-
JCUHHUKE MarHUTHBIA 10TOK P, cmagaeT mo kpuBoit 1 (puc. 8.4, 6) U HaABOAUT B TUJIb3E
OJIC. TlosiBnisieTca TOK B TWJIb3€, KOTOPBIN CO34AET NOMOJHUTEIbHBIA MAarHUTHBIN TO-
TOK B cepaeunuke (KpuBas 3), MPEMsITCTBYIONUI NCUE3HOBEHUIO OCHOBHOIO MarHUTHO-
ro MOTOKa, T.C. Pe3yJIbTUPYIOIIUI MarHUTHBIA ITOTOK B CEpJICYHUKE cragaeT Oojee 3a-
MmemteHHo (kpuBas 3), a BbIAEP)KKA BPEMEHHU IIPH HAJHYHUU THIIb3bl YBEIUYMBACTCS 10
t,, Tak KaKk oTmamgaHue sKops 6 (Imocie OTKIIOYEHHsS KATYIIKHA peie) MPOMCXOIUT MPH
CHI)KEHUH €€ MarHMTHOTO MOTOKA 0 BeMU4UHbI D, IPU KOTOPOU 3JIEKTPOMArHUTHAS
CUJa TIPUTSKEHHUS SKOpPSI CTAHET MEHBIIE OTPBIBAIOIIETO YCUJIUS TPYXKUHBI 4.

Jliis rpy6oro peryinupoBaHusl BBIAEPKKH BPEMEHU MEXKY SIKOPEM U CEPACUYHUKOM
kpersT ToHkyto (0,1...0,5 MM) HEeMarHUTHYO NMPOKIIAJIKY, C TIOMOIIBIO KOTOPOH M3Me-
HSIETCSI UHAYKTUBHOCTh MAarHUTHOM LIETIN PEJIE, & CIETOBATEIBHO, U BBIIEPKKA BPEMEHH
(oHa ymenbmaercs). bonee TOHKOE peryimpoBaHUE BBIICPKKH BPEMEHHU OCYIIECTBIIS-
eTCs BUHTOM 5, JACWCTBYIOIIUM Ha HATSHKCHUE MPYXKHUHBI 4 (TP YMEHBIICHHH HATSKE-
HUS TIPYKUHBI BBIAEPKKA BPEMEHHM YBEIMYMBACTCS, TAK KaK YMEHBIIAECTCS BEJINYMHA
D,,).

/Jleuzamenvhule peie gpemenu MPUBOIATCA B IBUKEHUE MAJOMOIIHBIM CUHXPOH-
HBIM JIBUraresieM. Bai nBurarenst COEAMHEH 4epe3 PEAYKTOp C TJIABHBIM BAJIMKOM, HA
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KOTOPOM YKPEIUIEHBI yIOPBI, BO3ACHUCTBYIOIIME HA KOHTAKTHYIO CHCTEMY. BbIIEpKKy
BPEMEHM KOHTAaKTa MOKHO M3MEHHUTH IyTEM IEPECTAHOBKH yrnopa. UMCIO KOHTAKTOB
nocturaer 12; Bolaep:kka BpeMEHU — OT J10J1€H CEKYH bl 10 HECKOJIBKHUX YacoB.

Jexyus 9. OCHOBHBIE CXEMbI PEJIEHHO-KOHTAKTOPHOI'O
YIIPABJIEHUA

Haubonee 4acTo MCHONB3YIOTCS NPUHYUNUATbHBLE DIICKTPUUECKUE CXEMBbI, Ha KO-
TOPBIX B BHUJE YCJIOBHBIX I'pauyecKux 0003HAUCHMI, YCTAHOBJICHHBIX B CTaHIapTax
ECK]I, n3o0paxaroT Bce 2JIEKTPUUECKUE alllapaThl U YCTPOMCTBA CO BCEMHU DJICKTpHUYE-
CKUMH CBSI3IMHU MKy HUMH, a TAK)KE JICKTPHUUCCKUE DIIEMEHTHI (pa3beMbl, 3a)KUMBbI 1
T.J.).

OcHognble npasuna vlNOJIHEHUS CXEM:

— CXEMBI BBITIONHSIOTCS 0€3 MacmTaboB; rpadudecKkue dJIEMEHTHI alapaToB
pacroiaraloT Ha CXeMe TaM, TJe 3TO HaIISAIHO Ui MOHWUMaHHs paboThI CXeMbI (wc-
TIOJIL3YETCS MPUHITUI HAaUOOJIbIIIeH HATJSAHOCTH). ECli pa3mndHble 3JIEMEHTHI OJTHOTO
amnrmnapara Ha 4YepTe)Ke OKa3bIBAIOTCS B PA3HBIX YACTSIX CXEMbI, OHU CHA0XKAIOTCS 00UHA-
K08bIMU OYKBEHHBIMU WM OYKBEHHO-IU(PPOBBIMU 0003HAYEHUSMH;

- CXEMBbl U300paXKalOT B OMKIIOUEHHOM HOJ0NCeHUU annapamos, Korjaa Ka-
TYIIKH HE OOTEKalOTCs TOKOM, a KHOMKW U MPYXUHBI OTHYIIEHbl. B cooTBeTcTBUU C
3THM BCE KOHTAKTBI B CXEMe JICIATCS Ha 3ambikaiouiue (pu 00CCTOYCHHOM KaTyIIIKe
Pa3OMKHYTBI) U pasmbikaiowiue (Ipu 0OCCTOYCHHON KaTylike 3aMKHYTHI). CHIIOBBIC
IIENU Ha CXEME BBIYEPUMBAIOT KUPHBIMU JIMHUAMH, a IEMH yMNpaBlieHus — 00yiee TOH-
KUMH;

- KQKJIOMY YCTPOMCTBY U 3JIEMEHTY Ha CXEMax MPUCBAUBACTCS OYKGEHHO-
yugpposoe obo3navenue, COCTABICHHOE U3 OYKBEHHOTO O0O3HAYEHUSI U TOPSIAKOBOIO
HOMEpa, MPOCTABJIECHHOIO Mocjie OYKBEHHOT0 0003HA4Y€HUS, OJMHAKOBOW C HUM BBICO-
THI.

[TpuBeneM peKOMEeHIyeMbIe OJTHO- U ABYXOYKBCHHBIC 0003HaueHus (riepBas OykBa
O3HAYaeT THII YJIEMEHTa, BTOpas — ero (yHKIMOHAIbLHOE Ha3HAYCHHE):

A — ycunutenu, B — npeoOGpa3oBaresn HEAIEKTPUUECKUX BEIMYHMH B AJIEKTpUYE-
ckue (matumku; Hanpumep, BR — taxoreneparop); C — konaeHcaTopsl; D — nHTErpasib-
HbIE CXEMBI; F — paspsaHHKH, MPEAOXpaHUTENIH, 3aluTHBIE ycTpoiictBa (FA — muc-
KPETHBIC 3JICMEHTHI 3aIIuThI 10 TOKY; FU — muiaBkue npenoxpanutenu); G — remeparo-
pbl, uctounuku nutanus; K — pene, konrakropsl, myckarenu (KA — tokosoe peie, KK —
anektpotermioBoe pene, KT — pene Bpemenu, KU — pene nanpsbkennsi, KM — koHTak-
TOp, MarHUTHBIN ITycKaTenb); M — aBurateinb; Q — BBIKIIOUYAaTe b B CHIIOBBIX mersix (QF
— aBTOMATHYCCKHM BBIKIIOUYaTe b, QS — pyOMIIBHUK); S — KOMMYyTaIl[MOHHBIC YCTPOMCT-
Ba JUIA CJIA00TOYHBIX Ierned (SA — BBIKITIOYATE b WK MEepeKIodares, SB — BIkiTOoUa-
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TENlb KHOMOYHBIH, SQ — BBIKIIOYATENh MMyTeBOH, SM — komaHmokoHTpomiep); T —
tpanchopmaropsl (TA — Tpancdopmarop toka, TU — tpanchopmarop Hanpsokenus); U
— NpeoOpa3oBaTeN OJHUX DJEKTPUUYECKUX BEIUYHUH B JIPYTUE DJIEKTPUUECKUE BEITUUH-
Hbl (UZ — mpeoOpa3oBaTenb 4acTOTHI, BHIIPSIMUTENL, UHBEPTOP); V — MpUOOpPHI MOY-
npoBogaukoBbie (VD — muon, VT — tpansuctop, VS — tupuctop); Y — yCTpoicTBa Mexa-
arueckue (YA — snexkrpomaraut, YB — topmo3s, YC — snekrpoMarautHas Myra).

Ho uyacTo 0603HaueHue IEMEHTOB AEKTPUUECKUX allapaTOB COCTABISIOT TAKkKe
U 13 HayaJbHBIX OYKB Ha3BaHUS M Ha3HAueHHUs anmapata, Hanpumep: PT — pene Temio-
Boe, PII — pene npomexxyrounoe, I1 mnu KHII — kHonka «Ilyck», C unn KuC — kHonka
«Crom».

Ha puc. 9.1, @ npuBenena npocteiiias cxema yrpaBieHUs IyCKOM aCUHXPOHHOTO
JIBUTATENSI C KOPOTKO3aMKHYTBIM POTOpoM. [[is mycka BkimouaroT pyousnsHUK QS u Ha-
xuMaroT Ha kHONKY SB1. Konrakrop KM1 npu 3ToM BKITFOUaercs (Tak Kak 4epe3 pa3Mbl-
KaloIMil KOHTaKT KHOMKH SB2 u kHonky SB1 o0pa3yercst 3aMKHyTas Lenb A7 KaTyIIKU
koHTakTopa KM1) u cBommu ritaBHbIMH KOHTakTamu (¢ ayroramenneM) KM1 nomkiiro-
YaeT CTaTop JBUraTelisd K CETH. 3aMbIKaoLUil OJOK-KOHTAaKT KoHTakTopa KM1 myHtu-
pyetr kHonky SB1 (3T0 mo3BoiisieT OTHYCTHTHh KHOMN-Ky SB1, He OoTKiIrOuUas KaTymiku
konTakTopa KM1). Biok-kontakt KM1 Ha3bpIBarOT KOHTAKTOM CaMOITMTAHUS WM KOH-
TAKTOM CaMOOJOKMPOBKU. OTKIIIOUEHHE 3JIEKTPOJBUTATENsl OT CETH OCYIIECTBISAETCS
HaxatueM KHorku SB2 (mo xarymke KM1 nporekanue Toka mpepbIBaeTcsi, KOHTAKTOP
OTKJIFOYHTCSI, PA30MKHYB TpH CUIIOBBIX KoHTakTa KM1 B ienu aBuratens M), mocie 4ero
CXeMa ITPUXOJNUT B UCXOJHOE COCTOSTHUE.

JlanHast cxema oOecreurBaeT TaK Ha3blBAEMYIO HY/I€8yI0 3aujumy — 3alIUTy OT
CaMOINPOU3BOJBHOIO IMOBTOPHOI'O BKJIFOUEHHUS ACMHXPOHHOIO JIBUTaTels IPU BOCCTa-
HOBJICHUM HAIIPSDKEHUS CETH MIOCIIE aBAPUIMHOIO MOHMXKEHMS €r0 10 HYJI WX 10 HEJO-
yCTUMO HU3KHUX 3HaueHuil. [Ipu nepedoe B anexkrpocHabxennn kontakTop KM1 orma-
JIaeT, pa3MbIKas BCE CBOM KOHTAKTHI, BKJIIOYas M OJIOK-KOHTAKTHI, a P MOSBICHUU Ha-
npspkeHus: B cetu konTaktop KM1 He BKtoUHTCS cam, Moka He OyneT Ha)kaTa KHOIKa
SB1. To xe camoe OyneT MPOUCXOAUThH, €CIM HAIpPSIKEHUE CETU YMEHBIIUTCA 10
50...60 % HomuHaNBHOrO TP NIepeMeHHOM Toke 1 A0 15...20 % npu nocTossHHOM TO-
ke. Eciu anekTpoaBuraresib BKIIOYAIOT PyOMJIBHUKOM, MAKETHBIM BBIKJIIOYATENIEM U
KOHTPOJIJIEPOM, TO MpHU Hepedoe B AIEKTPOCHAOKEHUHN U OCTAHOBKE MEXaHM3Ma CXema
3JIEKTPONPUBO/IA HE HAPYILIAETCS, @ BOCCTAHOBJICHUE HANPSKEHUS B CETU BBI3BIBACT Ca-
MOIIPOU3BOJIBHOE BKJIIOUEHHUE JBUTaTess. Takoil BHE3aNHbIM MycK JABUTaTes U Mexa-
HU3Ma MOJKET CTaTh IPUYMHOM aBapuu WM HECUACTHOTO CITyvasi.

3amena kHonku SB1 anmapaTom pydHoOro ynpaiieHusi 6€3 caMOBO3BpaTa, Halpu-
Mep TyMOJIepOM, TakKe MPUBOAUT K TOMY, YTO CXeMa TepseT CBOMCTBO HYJIEBO 3aliu-
THI.

Ha puc. 9.1, 6 nokazaHa cxema yIpaBJI€HUS ITyCKOM aCUHXPOHHOTO IBUTATENS C
KOPOTKO3aMKHYTBIM POTOPOM C PE€BEPCHBHBIM MArHUTHBIM IyckaTenem. [[ns momaum
KOMaH/IHbIX UMIYJIbCOB UMetoTcs Tpu kHomku SB1, SB2, SB3. Ilpu HaxkaTuu KHONKH
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SB1 Bkmtowaercs kontaktop KM1, koTopelii cBomMu cuioBbiMH KOHTakTamMmu KM1
NOJIKJIFOYAET CTATOp ABUrarens K ceTh. OJHOBPEMEHHO OH CBOMM 3aMBIKAIOIINUM OJIOK-
KOHTaKTOM WIYHTHUpYeT KHOmKy SB1, a pa3mbIKalomuM OJOK-KOHTAKTOM pa3pbIBAET
1enb KaTymku KoHTakropa KM2, 4ToOBI MCKIIOYUTH BO3MOXKHOCTH KOPOTKOTO 3aMbl-
KaHWs B CHJIOBOM II€TIM JIBUTATENs Yepe3 riIaBHble KOHTAaKThl KoHTakTopoB KM1 n KM2
IpH OJHOBPEMEHHOM Ha)katnu odenx kHomok (SB1 u SB2). [Ipu naxarun kHonku SB2
BKJItouaeTcst KoHtakTop KM2. JIBe ha3sl ctaTopa npu 3TOM MEHSIOTCSI MECTaMH, U JBU-
ratejab U3MEHUT HalpaBlieHUE BpallleHus. B naHHOI cxeMe Juisl peBepca 3JIeKTpOoJIBUTra-
TeJsl HEOOXOIMMO TIPeBAPUTENBHO HaXxaTh Ha KHONKY SB3 («Crom»), a 3atem yxe Ha
KHOTIKY SB2.
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Puc. 9.1. Cxembl nycka acunxponHo2o 3iekmpoosucamens
C KOPOMKO3AMKHYMbIM POMOPOM

e

B snekTpoycTaHOBKax € IEJbI0 MCKIIIOUYEHHUSI aBapyuid M TOBBIIICHUS HAJICKHOCTU
paboOThl IPU BO3MOXKHBIX HAPYIICHUSIX HOPMAIBHOTO PEKUMA MOTYT MPUMEHSITHCS pa3-
JUYHBIC BUJIBI 3alIUT, OJJOKUPOBKU U CUTHANIM3alMA. B peneiiHO-KOHTaKTOPHBIX CXeMax
yIPaBJICHUS TPUMEHSIOTCS (KPOME H)1e601l) TaKIKE MAKCUMATbHO-MOK08As, MENI06ds N
npyrue Bunsl 3amut. Hyneeas 3auwuma oGecnieunBaeT 3aluTy OT CaMO3aITyCKa JBUTA-
TeIsl TPU KPaTKOBPEMEHHOM HCYE3HOBEHUM HamnpspkeHus cetu. [Ipu ymnpaBieHun oT
KHOIIOK HYJIEBYIO 3allIUTy OCYIIECTBIIIET CaM KOHTAKTOp, a MPHU YNPaBJIECHUU OT KOMaH-
JIOKOHTpOJUIEpa — PEJe 3alUTHl MO0 HAMPSHKEHUI0. MaxkcumanbHo-mokosass 1 meniosast
3auumsl 00ECTICUYMBAIOT 3AIUTY 3JIEKTPOOOOPYAOBAHUS OT KOPOTKHX 3aMBIKAHWUN U TIe-
pErpy30K.

B cxeme Ha puc. 9.1, g 3ammura aBurarens M ocyIiecTBIISIETCSl TEINIOBBIMU peie
KK1, KK2, BkimroueHHBIMHA B B (Da3bl CTATOPA, a TAK)KE IJIABKUMH TIPEIOXPAaHUTEIIMH
FUL. Pasmbikarorue kKoHTakThI 3amMTHBIX pene KK1, KK2 BxitodeHs! B 11enb KaTyIIKH
koHTakTOopa KM1. 3amuTa cxembl yIpaBJIeHUs ABUTATEIEM OCYIIECTBISETCS MJIAaBKUMU
npenoxpanurensimu FU2. Tlpu neperpyske win KOPOTKOM 3aMbIKaHUU cpabaThIBaeT pe-
ne 3amuThl KK1 nam KK2. KoHTakT 3amuTHOTO pere pa3MbIKAeTCs M OTKJIIOYAeT Ka-
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TylmKky koHTaktopa KM1, xoTtopslii cBoMMH riaBHbIMU KOHTakTamMu KM1 oTkirount
nBuUrareiab M OT CETH.

PeBepcrBHBIE MarHUTHBIE MTyCKATEIH, COJAEPKALME MO 1Ba KOHTAKTOpa B OOLIEM
KOpITyce, 00OBIYHO CHAOXKAIOTCS MexaHuueckou 010Kuposkotl. B 3ToM ciaydae mocpeacT-
BOM KOPOMBICJIA WJIM KyJIa4KOB HE JOIYCKAETCsl BKIOYEHUE OJTHOTO KOHTAKTOPA, KOTrAa
JIPYroM y>Ke BKIIFOUEH WM MOKA OH MOJIHOCTBIO HE OTKIIFOUUTCS.

Yacto He00X0AUMO, YTOOBI AJIEKTPONPUBO paboTall, JHIIb MMOKa Ha)XaTa KHOIMKA
«[Tyck». Takoe ymnpaBicHHue TpeOyeTcs NMpPU YCTAaHOBOYHBIX MEpeMelieHusx (mpu Ha-
JajKe), Korjaa Mpu KPaTKOBPEMEHHOM Ha)KaTUU Ha KHOIKY JIOJKHO IMPOU30MTH He-
OoupIlIoe MepeMeleHre (TOTYO0K) y3iia CTaHKa. B TaHHOM cllyyae He HY>KHbl KOHTAKThI
camornuTanus i kKHonkH «[lyck» u cama kHomnka «Crom» (puc. 9.2, a). Hepenko Bo3-
HUKaeT HEOOXOAMMOCTh YIIPaBJICHUS OJAHUM U TEM K€ IJIEKTPONPUBOIOM B 000UX pe-
KUMax: YCTAHOBOYHOM | JutuTelbHOM (puc. 9.2, 6). Jnst onumenvroco pescuma pabOThI
IIEKTPOJBUTATENSI HY’KHO KPaTKOBPEMEHHO HaXkaTh HAa KHOIKY Il, 4TO BBI30BET BKJIIO-
YeHUe NpoMeKyTouHOro pexxuma PII. OnuH 3aMbIKarouii KOHTAKT 3TOTO peJie ITyHTH-
pyet kHomnKy I1 u 1aer BOBMOXKHOCTh CHSITh €€ Ha)KaTUe, HE BbI3bIBAsSI OTKIIOUEHUS pe-
Jie; Ipyroil — BKiIroYaeT KaTymky koHTakropa 1K. /{ns ocyiiecTBiieHrs yCTaHOBOYHBIX
nepeMeIeHnii He0OXOAUMO HAXKUMATh KHOIKY Y.

E: " 2
o) - 6

Puc. 9.2. Cxemol nycka A/l ¢ KOpoOmKO3aMKHYMbIM POMOPOM

L =L s

baokupoBku. biokupoekoii Ha3pIBaeTC 4YacTh JIEKTPOTEXHUYECKOIO YCTPOW-
CTBa, MPEIHA3HAYCHHAs JJIs MPEAOTBPAILCHUS UM OTPAHUYECHUS BBINOJHEHUS OIepa-
AN OJHUMM YaCTSIMUA YCTPOMCTBA MPHU ONPEACICHHBIX MOJOXKEHUIX APYTUX YacTeu B
LENAX TPEeayIPERKICHUS HEAOMYCTUMBIX COCTOSIHUM YCTPOMCTBA WM UCKITIOUEHUS 10C-
TyIa K €r0 YacTIM, HaXOIAIMUMCA MO HANPSXKEHUEM. BIIOKUPOBKYU 1o UChOIHeHUI0 MO-
I'YT OBITh MEXAHUYECKUMU U DJIeKMPUUECKUMU.

Inexmpuueckue OJA0KUPOBKU B DICKTPUUECKUX CXeMaX O0OECIEeYUBAIOT MPaBUJIb-
HBIN MOPSOK pabOThl CXEMbI, UCKIIOYAIOT XOJIOCThIC U aBapUUHbBIC BKIIIOUCHHS arlra-
paToB, MOPEAYIPEKAAIOT HECUACTHBIC CIIydyaW, BO3MOXHBIC 3aBaJIbl IEPErPY30YHBIX
ITyHKTOB, TTOJIOMKH MaImiuH 1 Jip. [1o HazHaueHnro OJOKUPOBKHU pa3/IeIIIOT Ha TEXHOJIO-
TUYECKUE W 3aIUTHBIC. Texuonozuueckue OJOKUPOBKH HMCIOJIB3YIOTCS IS OCYIIECTB-
JIEHUS 3aJJaHHOW MOCJIEA0BATEILHOCTU PadOThl CXeMbl. 3awyumHsie OIOKUPOBKHU Ipe-
JOTBpAIAlOT OMIMOOYHBIC MEPEKIIOUYCHUS] B CXEME U 3allUIIAloT 3JIEKTPOOOOpYya0Ba-
HHE, MEXAHU3MBI, @ HHOT/IA U OIepaTopa OT MOCIEICTBUA HENPaBWIbHBIX aercTBUi. K
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3alIUTHBIM OTHOCSITCSI OJIOKUPOBKH PEBEPCHUBHBIX IMyCKaTeJeH, MpeaynpeKaaronfe ux
oqHOBpeMeHHoe BkitodeHue (cMm. puc. 9.2, 6). [lyreBbie OJIOKMPOBKH OTPaHUYHUBAIOT
JBMYKCHHE MEXaHU3MOB M 3aIUIIAIOT UX OT TTOJOMKH.

IIyck acHMHXPOHHBIX JIEKTPOABUraTeeil ¢ (pa3HbIM POTOPOM CpelIHEH U OOJIb-
10K MOITHOCTH TPOU3BOAMUTCS B OOJBIITMHCTBE CIy4YaeB C MOMOIIBIO PEOCTaTa, BKIIO-
YEHHOTO B I1ienb potopa (puc. 9.3), B aBToMaTHudeckoM pexxume. [lyck nBurareneid no-
CTOSIHHOTO TOKAa M aCHHXPOHHBIX C ()a3HBIM POTOPOM OOBIYHO OCYIICCTBIISIOT B COOT-
BETCTBUHM C 33JaHHON TYCKOBOW AMAarpaMMOM, TPU ITOM 3aKOPAYMBAHHE CTYIICHEH
peocTaTa MPOUCXOANUT JUOO TPU JOCTHKCHHUH JIBUTATENIEM OMpEACIEHHOW CKOPOCTH,
100 Mpu ONpeAeTICHHON CUIJIe TOKA, YaCTOTE WM 4Yepe3 3aJlaHHble MPOMEXYTKH Bpe-
MEHHU.

Ha puc. 9.3, a nuzo0pakeHna myckoBas quarpaMma JIBUTATENS C TPEMS CTYTNCHIMU
MyCKOBOT'O PeocTara, U3 KOTOPOW BUAHO, YTO 3aKOpAaYMBAHME CTYINEHEH peocTara mpo-
U3BOJUTCS 4Yepe3 Bpems ty (nepeas cmynens), uepe3 Bpems t, (smopast cmynens) u T.11.
Tok nBuratens mpu mycke u3MeHsieTcs B npezenax ot |; go Io.

M

L1 tnar FUT K FKZ

Lol [=— = - N

Puc. 9.3. Ilyckosas ouacpamma (a) u cxema nycka acuHXpoHHO20 08UcAmMes
¢ asuvim pomopom 8 pyuxyuu moka (6)

ABTOMaTH4YeCcKOe ynpasjeHue B GyHKIuM Toka. BenudnHa Toka BO BpeMs ITycKa
JIBUTATEIIS KOJIeOIeTes B 3amannbix npeaenax (em. puc. 9.3, a) 11 — 1, roe |, — HanGob-
MK ITyCKOBOM TOK B MOMEHT BKJIFOUEHUs dnekTpoasurareis. [1o mepe pasrona gsura-
Tesl €r0 TOK CHUXKAETCA 0 BEIUYMUHBI |, MpU KOTOpOW 4YacTh MyCKOBOI'O peocTaTa
IIYHTUPYETCSI, UTO MPUBOJUT K HOBOMY YBEJIUYEHHUIO TOKa 10 3HaueHus |, u 1.1. Pac-
CMaTpUBAaEeMbIil METOJ] yIIpaBJeHUs] OCHOBAH Ha MPUMEHEHUHU TOKOBBIX pejie ¢ KaTylll-
KaMu, BKJIFOUAEMbIMU B CUJIOBYIO II€Ib JBUTATENsI HEMOCPEACTBEHHO WJIM Yepe3 TpaHC-
dbopmaTop ToKa.

Cxema nycka QCUHXPOHHO20 371eKMpoosuzamens ¢ PasHvim pomopom é PyHK-
yuu moka nokazaua Ha puc. 9.3. Ilocne BrroueHus TuHEHHOT0 KoHTakTopa KM1 nBu-
raTejb 3alycKaeTcsl MpPH IMOJHOCThIO BBEAECHHOM B poTop peocrtate. Iloa nelictBueM
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mycKoBOTO Opocka TokoBoe penie KA BrimrodaeTcst U pa3MbIkaeT cBOM KOHTakT. Karyrka
KM1 npu 3Tom nosnyyaet nutanue yepes 01ok-koHTakT KM1 u pesucrop R. 3ambikanue
onok-koHtakTa KM1 B ienu yckopsitoniero konrakropa KM2 He BbI3bIBa€T BKIIOUEHUS
MOCJIEAHETO U3-3a 3HAUUTEIbHON BEIMUMHBI CONPOTUBIEHUS pe3ucTopa R.

Tonpko mocse yMeHbIIeHHs TOKa JBUraTens A0 BenuuuHsl |, pene KA, orperynu-
POBAaHHOE HAa COOTBETCTBYIOILYIO CHJIY TOKA, OTHYCTUT CBOM SKOPb M 3aMKHET Pa3Mbl-
karommii KoHTakT KA. Ilpu srom xontakrop KM2 cBoMMHU CHIIOBBIMM KOHTAaKTaMu 3a-
HIYHTUPYET MEPBYIO CEKLUIO MycKOBOro peocrara. COOTBETCTBYIOIIMI 3TOMY OpOCOK
TOKa CHOBa BBI3OBET BKIIOUeHHE peiie KA, KoTopoe cBOMM OJIOK-KOHTAKTOM MPETSITCT-
BYET MTHOBEHHOMY BKJIFOUEHHIO BTOPOTO ycKopsitomiero kontakropa KM3. Konrakrop
xe KM2 octaetcs BkimtoueHHBIM yepe3 Omok-koHTakt KM1 u pesuctop R, Tak kak ero
TOK IPH 3TOM JOCTATOYEH IJIs YIEpKaHUS SIKOPS B MPUTAHYTOM IOJOKEHUU. AHAIO-
TMYHO MPOUCXOJUT IIYHTHUPOBAHHWE OCTaJbHBIX CTyINEHEW peocrtaTta. JlocTOMHCTBOM
JAHHOTO croco0a IMycKa SIBJSETCS aBTOMAaTUYECKOE M3MEHEHHE BBIIEPKKH BpPEMEHU
MIpU UBMEHEHUU HATrPy3KHU.

ABTOMAaTHYeCKOe ynpaBJjieHue B GyHkuun BpeMmenu. Hapsay ¢ aBromaTuzainu-
€l TEeXHOJOTMYECKUX MPOLECCOB Pelie BPEMEHHM NPUMEHSIOT U JJi aBTOMAaTHU3alUuu
MIPOLIECCOB MYyCKa U TOPMOMKEHUS AIEKTPOIPUBOIOB.

[[Iupokoe pacnpocTpaHeHHUE MOIYUUTU HHesMamuyeckue peie 8pemenu, oodecre-
yuBaronue BeiiepKky BpeMmeru ot 0,4 no 180 c. B cxemax mocTOSSHHOTO TOKa IITMPOKO
UCIIOJIB3YIOTCS aiekmpomazHumuule peie epemenu (puc. 9.6, 9.7). DaeKTpOMarHUTHBIC
peie BpeMeHu oOecnieunBaroT BoIepkku Bpemenu oT 0,3 mo 16 cexynn (6 3asucumo-
Ccmu Om UCNOJHEHUSL).

B MammHOCTpOeHNH UCTIONB3YIOTCS B MomopHble (OsueamenvHule) pelle epemenu Ha
OCHOBE CHHXPOHHOTO JIBUTATEIs, DJIEKTPOMAarHUTa U PUKIMOHHON My(PThI. B paznuanbix
UCTIOJIHEHUSAX peTie 00ecTIednBaeT yCTaBKU OT 2 ¢ /10 24 .

Korga ot pene BpemeHnu tpedyercst 00JbLIIOE KOJIMYECTBO CpadaThIBAHUN B yac,
IPUMEHSIOT Pa3HOOOpa3HbIE 3JIEKTPOHHBIE M IOJIYIPOBOJHUKOBBIE pelle, oOecrnedun-
BAaIOIIIME CaMbl€ PA3JTUYHbIE BBIICPKKH.

Cxema asmomamuyecko2o nycka QCUHXPOHHO20 O0GU2AMENA C UCNONb308AHUEM
peie 8peMeHU INeKMpoMazHUmHo20 muna noxkazana Ha puc. 9.4. Haxaruem xknonku SB1
NojaeTcs MUTAHUE Ha KaTymKy kKoHTakTopa KMI1, KoTOpblidf, BKIIOYMBIIUCH, CBOMMH
INIABHBIMU KOHTAaKTaMU MOJKIIIOYAET ANEKTPOABUTaTENb M K CETH P MOJHOCTHIO BBE-
JIEHHOM B IIeMb poTopa peoctate. Pa3mbikatomuii 6110k-koHTakT KM1 oTkimrouaer perne
BpeMeHu KT1, kotopoe ¢ BbIAEPKKON BPEMEHHM BKJIIOYAET MEPBbIA YCKOPSIOUIUNA KOH-
taktop KM2. BkitounuBIINCh, OH HIYHTUPYET MEPBYIO CTYIMEHb MMyCKOBOTO PEOCTATA.
AHAJIOTUYHO IIYHTUPYIOTCSI BTOpasi U TPEThsI CTYNEHU ITyCKOBOT'O PEOCTaTa, MOCIIe Yero
JIBUTaTeIb BBIXOAUT HA €CTECTBEHHYIO XapaKTEPUCTHKY U ITyCK HAa 3TOM 3aKaHUYHUBAETCHA.

Cxema asmomamuuecko2o ynpaeieHusi ACUHXPOHHBIM Oeuzamesnem ¢ (a3nvim
POMOPOM ¢ OUHAMUUECKUM MOPMOMNCEHUEM 6 (DYHKUUU 8peMEHU NpeoCcmasieHa Ha
puc. 9.5. Tlepen myckom ABHUTaTeNsl YHUBEPCAIBHBIN MepeKIodaTens SA AOKEH CTO-
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ath B nojoxeHnn C («CTom»), B KOTOPOM 3aMKHYThI KOHTaKThbl 2—4, a KOHTaKThl 1-3
Pa30MKHYTHI. B 3TOM MOJI0’KeHUH NEepeKIoYaTest KaTymku kontakropos KM1 — KM4
OTKJIFOUCHBI, JBUTATENh HemojaBWkeH. [Ipu 3ambikanuu pyoOmnbHuKa B cxeme QS1
PaKTUYECKU HUYero He uamensiercs. [lpu 3ambikanuu pyOunsHuka QS2, xoTs nBura-
Teb OCTAETCS HEMOJBUKHBIM, yepe3 pa3mbikatomue KoHTakTel KM1 u KM2 Bkirouat-
cs karymku pene Bpemenn KT1 u KT2. Pazmbikaromue kontaktsl pene KT1, KT2 pa-
30MKHYTCS B 1emnsix KOHTakTopoB KM2 u KM3, a xonrtakt KT2 B nenu pene Hanpspke-
Hust KU 3amknercs. Yepe3 KOHTaKThl 2—4 yHUBEPCAIBHOIO MEPEKIIoYaTesss U KOHTAKT
KT2 Bxmnrouaercs pene KU u 3ambikaeT cBoit kKoHTakT. TakuMm 006pa3om, cxema roropa K
paboTe, IBUTATENh HEOBUKEH.
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Puc. 9.4. Cxema nycka A/l ¢ gpazuvim pomopom 6 (hynkyuu epemenu
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Puc. 9.5. Cxema ynpaesnenus AJ] ¢ ¢paznvim pomopom
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82



Jns mycka apurarens nepeBoauM pydky SA B nonoxkenue I1 («Ilyck»). [Ipu sTom
3aMKHYTCS KOHTakThl 1-3 (KOHTakThl 2—4 pa3omkHyTcs). B katymky konTtakropa KM1
OyJeT MoJaH TOK MO LEMNU: KIUIC» UCTOYHHUKA MOCTOSIHHOTO TOKA, IUIABKUM Mpeioxpa-
Hutenb FUL, kontakt KV, kontakTel 1-3 nepekiouarenis SA, pa3MbIKalOIUNA KOHTAKT
KM4, xarymka xkontakropa KM1, «munyc» ucrounuka toka. KoHTakThl KOHTakTOpa
KM1 nogkmnrogar gBuratenpb K CETH, U OH MOUJET B X0/ MPHU MOJTHOCTBHIO BKJIIFOUEHHOM B
1enb poropa myckoBoM peoctare R1, R2. Pasron nBurarens ocyuiecTBisieTcss aBTomMa-
TUYECKH B (DYHKIIMM BPEMEHHU C HCIIOJIb30BAHUEM AJIEKTPOMArHUTHBIX pPEJ€ BPEMEHU
KT1, KT2.

PabGota cxembl mycka AJl mpoucxomuT ciemyromuMm oOpa3zom. Pasmbikaromiuit
KOHTaKT BKJItouMBIIErocss konrakropa KM1 pa3mpikaeT nenp KaTylIKd perne BpEMEHU
KT1. Pene oTkitodaercs U ¢ BBIAEPKKON BPEMEHU 3aMbIKAE€T CBOM pa3MbIKAIOIIUN KOH-
takT KT1 B nenun xonraktropa KM2. KoHTakTOp BKIIIOYaeTCsI 1 CBOMMHM TJIaBHBIMU KOH-
taktaMu KM2 mryntupyet nepByio crynenb peoctara R1. J[Buratens pasroHsercs 1o
HOBOM PEOCTATHOW XapakTepucTHke. Pa3Mbikarommii Ook-koHTakT KM2 pa3mbikaer
uenb karymku pene KT2. [locnennee oTkitouaeTcst M ¢ BBIAEPKKONH BpPEMEHU 3aMbIKaeT
cBoil pazMbikaromuii koHtakT KT2 B nenu konrakropa KM3. Kontakrop KM3 cBonmu
[JIABHBIMU KOHTAaKTaMH BBIBOJUT OCTAaBIIYIOCS CTYIIEHb IIyCKOBOro peocrara. [Ipu stom
JIBUTATEJNIb BBIXOJUT HA ECTECTBEHHYIO XapaKTEPUCTHUKY U ITyCK 3aKaHUYMBAETCH.

OcTaHoBKa JABUraTessi HPOUMCXOAUT B PEKUME OUHAMUYECKO20 MOpMOodiceHus. JIs
OCTaHOBKM JBMraTels YHUBEPCAJIbHBIN Iepexioyarenb SA nepeBoasT B nojoxenue C
(«Ctom»). IIpu 3TOM ero KOHTaKThl 1—3 pa3MBIKAIOTCS M OTKIIIOYAOT KOHTaKTOphl KM 1
— KM3. Konraktamu KM1 nBurarens OTKIFOYAETCS OT CETH IIEPEMEHHOIO TOKa, a B I1e-
1 POTOpPa BBOJMTCS BECh IyCKOBOM peOCTaT, MOCKOJbKY KOHTakThl KM2, KM3 pa-
30MKHYTCA. OHOBPEMEHHO C MEPEUYHCICHHBIMY BBIIIE MMEPEKIIOUEHUSIMU PA30MKHETCS
koHTakT KM1 B ienu pene Bpemenu KT3 u 3amkuercst kontakT KM1 B ienu KOHTakTo-
pa KM4. Xots karymka KT3 obectounBaercs, kontakt pene KT3 B Teuenue Bpemenu
BBIIEP)KKH ocTaHeTcst 3aMKHYThIM. Uepe3 konTaktel KM1 u KT3 B kaTymiky KoHTakTo-
pa KM4 Oynetr mpoxoauTh TOK. 3aMKHYBIIHECs KOHTakThl KM4 depe3 n0OmoTHUTEb-
HBIN pe3uctop R,; moaaxyT MOCTOSIHHBIA TOK B JIB€ (ha3bl CTATOpa ACUHXPOHHOTO JIBU-
ratens. /[BUrarenb OCTaHOBHUTCS B PEKHME MHTEHCUBHOIO THHAMUYECKOTO TOPMOXKE-
HUSL.

ITo ucteueHnun BbLAEPKKU BpEMEHU KOHTAKThI pene BpeMeHu KT3 oTkinrouar koH-
taktop KM4 1 nocneaHuii CBOMMHM KOHTAKTaMH OTKJIFOUUT UCTOYHUK MOCTOSTHHOTO TO-
Ka OT craropa asurarens. Ha 3ToM TopMoxkeHne 3aKaHqMBaEeTCsl.

3amuTa cXemMbl YIPaBICHUS OCYILIECTBIISIETCS INIABKUMHU Ipeaoxpanurensimu FUL,
3alUTa JBUTATENSI OT MEPErpy30K U KOPOTKUX 3aMBIKAHUN — MAaKCUMAaJIbHBIM JIBYXKa-
TymeuHbiM pene KAIL, 3ammura nenu mocTOSHHOTO TOKa B PEXXHMME JTUHAMHUYECKOIO
TOPMO’KEHHUSI — MakcUMallbHbIM pene KA2. MakcumanbHas 3amura paboTaeT cienyro-
UM 00pa3oM: MpH Neperpy3Ke WiH KOPOTKOM 3aMbIKaHHH cpadaThiBaeT (BKIIOYACTCS)
MaKCHUMaJIbHOE pene U pa3MbikaeT cBoil KOHTakT KAl (wm KA2) B menu pene Hampsi-
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xkerust KU. Pene KU otkmrouaercs, cBoum 3ambikaroniuM koHTakToM KU pa3mbikaer
1enb KoHtaktopa KM1, u nBuratenb OTKIIOYAETCS OT CETH.

Cxema asmomamuzayuu nycka 0eucamensi NOCMOAHHO20 MOKA ¢ napajijieib-
HbIM 8030y3icOeHUEM NOCPeOCMBAM 3JleKMpoMacHuUmHslx peie gpemenu 1PY u 2PV,
HA3blBAEMbIX 8 MAKUX CXeMAaX pejie YCKopenusl, npugedena Ha puc. 9.6.

[Ipu BKIIIOUEHUH CXEMBI TOK MPOXOIUT uepe3 00MoTKy 1PV, sikops S anexTpo-
JIBUTATENIS U JIBE CTYIEHHU MyckoBoro peocrara R1 u R2. Pene 1PY npu a3ToM BKITIOUa-
€TCSl ¥ €r0 Pa3MBIKAIOIINN KOHTAKT OTKpbIBaeTcs. BenencTBrue 60b1Ioro conpoTunIie-
HUA KaTylky 1PY TOK B 11enu BKJIIOYEHHUS pelie Mall U HUKAKOTO JICMCTBUS Ha 3JIEKTPO-
JIBUTATENb HE OKa3biBaeT. B 0OMoTKy pene 2PV, BrirodueHHy0 napauieibHo crynenn R1
IIyCKOBOT'O PEOCTaTa, OTBETBIISIETCS OUE€Hb HEOOIIBILION TOK, OT KOTOPOTo pelie cpabo-
TaTh HE MOKeT. [To 0OMOTKe BO30YKI€HHSI STEKTPOABUTAaTENS TOK IPOTEKAET.

IIpn naxxatum xkHonkM Il Brirowaercs mnHenHbIM KoHTakTOp KJI M cranoBuTCA Ha
camonutanue. Pabounit kontakt KJI 3aMbIkaeT 1emnb sKOps 3JIEKTPOABUTATENS, MO KO-
TOPON NPOXOAUT IIYCKOBOM TOK, OTPAaHUYECHHBIM JBYMs CTYIIEHSIMM peocrtara. dacrtb
IIyCKOBOTO TOKAa OTBETBISETCA B KaTymiky pene 2PV, xkoTopoe Tenepb BKIIOYAETCS U
MTHOBEHHO OTKPBIBAETCS €ro KOHTAKT B 1eNH KaTymku 2Y. OJHOBPEMEHHO C BKIIIOYE-
HUEM 1enu sikopsi pabounii koHTakT KJI nrHEHOro KOHTaKTOpa 3aMBIKAET HAKOPOTKO
karymky pene Bpemenu 1PY. Tok B karymike 1PY yObiBaeT u uepe3 HEKOTOpOe BpeMs
pene oTnajaet, 3aKpbiBasi CBOM pa3MbIkaroluii kKoHTakT 1PY B nenu xarymku 1VY. [Tpu
ATOM BKJIIOYaeTCsl KOHTAKTOp 1Y, riaBHBII KOHTAKT KOTOPOTO 3aMBIKAET HAKOPOTKO
ctynesb R1 myckoBOTo peocTtata U OJJHOBPEMEHHO — KaTylIky pesie Bpemenu 2PY. Pe-
Jie 3TO OTMHAAAeT C BBIACPKKON BPEMEHHU U Pa3MBIKAIOIMNUM KOHTaKTOM 2PV BKitouaer
KOHTAKTOp 2V, a IIaBHBIM KOHTAKT MOCIEAHETO 3aMBIKAET HAKOPOTKO BTOPYIO CTYIIEHB
R2 myckoBoro peocrara.

N

i

)
Y TY Y

; /7l i K

Faeanl

—lr M e '
u

L

V4

W

Puc. 9.6. A6m0MClmu3aI4u}Z nycka osueamernsi NOCMOSIHHO20 MOoKaA
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[MTapamiensHo 0OMOTKe BO30Y)AcHHs OB BKitoUeH paspsaabiid pesuctop CP (ero
cornpoTHBiieHUue B 4-5 pa3 OoJble COMPOTHBICHHUS OOMOTKH BO30YXKICHUS), 3aMe]l-
JSIOIMN YMEHbIIEHUE TTOTOKA U NPEIOXPaHSIOMNUNA U30ISUUI0 OOMOTKH OT MOBPEX/IE-
HUS B CIIy4yae aBapuiHOTo oOphIBa LIENH BO30YKIEHUSI.

Ha puc. 9.7 npeocmasnena cxema pe3ucmopHozo nycka 08uzamens ROCMOAHHOZ0
mMoKa ¢ nocned0samenbHviM 6030YHCOEHUEM C UCNOIL30BAHUEM DNIEKMPOMASHUMHBIX
peie 8peMeHU U KOMaHOOKoHmpoiepa. Takue cXxeMbl B PeBEPCUBHOM HCIIOJIHEHUU HC-
NOJIB3YIOTCS Ha TPAHCHOPTHBIX yCTaHOBKaX. Ilyck ocymecTBisiercs B Tpu cTyreHu. Ko-
MaHIoKoHTposuiep SM umeet detsipe nonoxenus (0, 1, 2, 3). B HyJIeBOM MOJIOKEHUH
KOMaHAOKOHTposuiepa SM 3amkHyThI ero koHTakThl 0-0, Bkitoueno pene KU u 3aMKHYT
ero koHtakt KU, nogaromuii nuTaHue Ha HUKHIOIO 4acTh CXEMbl yIpaBieHus. JBura-
TeNb OTKJIIOYEH OT ceTU. B monoxxeHnn 1 KOMaHIOKOHTPOJUIEpa 3aMKHYT €ro KOHTaKT
I-1, Bximtouaercst kontakrop KM1, KOTOpBIN MOAKIIIOYAET JBUTATEb K CETH IPU IMOJTHOM
COIPOTHUBJICHUU B LIENH SAKOPSI.

? . 7
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Puc. 9.7. Cxema nycka ogueameins nocmosiHHo20 moka

Pa3ron aBuratens OCyIIEeCTBIISIETCS aBTOMATHYECKH C TOMOIIBI0 pejie BPEMEHHU
KT1...KT3. Pyuka koMaHIOKOHTpOJUIEpa yCTaHABIMUBACTCS B KpaiiHee (3) mosiokeHue,
IpU KOTOPOM 3aMbIKaroTcs Bce ero KoHTakTel |-I; 11-I1; 111-I1l. Pa3zmpikarommii 6510K-
KOHTaKT BKJIIOYMBIIErocs paHee koHtaktopa KM1 otkimouaer pene Bpemenu KT1, ko-
TOpOE C 3aJJaHHOM BBIIEPKKON BpEeMEHU 3aMKHET CBOM KOHTAKT B LIEMHU YCKOPSIOUIETO
koHTaktopa KM2. [locnennuii, BKIIOUMBIIKCH, IIyHTHUpyeT cekiuio R1 myckoBoro
peocrtara; npu 3ToM oTkirodaetcs pene Bpemenu KT2. [locnennee ¢ BeIIEpKKOM Bpe-
MEHHU BKIIOUUT KOHTaKTOp KM3, KOTOpBI 3allyHTHPYET BTOPYIO CEKIIMI0 MyCKOBOTO
peoctara R2. TpeTbs cekuusi MyCKOBOTO peocTaTa OyAeT 3allyHTUPOBaHA aHAJIOTUYHO.
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Pene mampsokenuss KU ocymecTBiseTr HyneByr OJIOKHPOBKY KOMAaHIOKOHTPOJIIEPA.
Bxurrouenne nBuraTtens U €ero pa3roH MOXKHO OCYIIECTBIISATh TOJIBKO W3 HYJIEBOTO IOJO-
YKEHUSI KOMaHJOKOHTpOJUIEpa. 3alluTa IBUraTelsd OT EePEerpy3Ku OCyILIECTBISAECTCS MaK-
CUMAaJIbHBIM TOKOBBIM pesie KA, pa3MbIKaromuii KOHTAaKT KOTOPOTrO BKJIIOUEH B IIEMb
KaTylku peine HanpsokeHus: KU.

ABTOMATHYECKOe ynpaBJjieHHe B pyHKIuUU ckopocTH. [IpocreilmuM KoMaH-
HBIM anmnaparoM B CUCTEMax aBTOMATHYECKOTO YIPABJICHHS B (PYHKIUU CKOPOCTH SIB-
IsIeTCS UHOYKYUOHHOoe pene koumpous ckopocmu (puc. 9.8). Banuk 1 pene cBSI3bIBaIOT C
BaJIOM AJIEKTPOJBUTATEINSI, CKOPOCTh KOTOPOr0 HEOOXOAUMO KOHTpOIHpoBaTh. Ha sTom
BaJIUKE 3aKpeIUICH MWIMHAPUYCCKUH MOCTOSHHBIM MarHutT 2. Ha Tom e Banmke 1 Ha
OTJICJILHBIX MOIIMITHUKAX YCTAHOBJICHO KOJIBIIO 3 U3 JTUCTOBOM cTanu. Ha BHyTpeHHEH
MOBEPXHOCTU KOJIbIIa YJIOKeHa OOMOTKa 4, aHaJorm4Has 0OMOTKE pPOTOpa KOPOTKO-
3aMKHYTOI'0 aCUHXPOHHOIO JIBUTATEIsl.

-
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Puc. 9.8. Cxema pene konmpons ckopocmu

[Tpu Bpamenun Marauta 2 B cTepkHAX 00MOTKHU 4 HaBosaTcs DJIC u mosBisieTcst
TOK, B pe3yJIbTaTe Yero KOJIbLIO 3 MOBOPAYMBACTCS B CTOPOHY BpAIICHHS MarHuTa Tak
K€, KaK POTOpP aCMHXPOHHOI'O JBUIAaTeNsl HAUMHAET BpAIAThCs Beoen 3a moieM. lIpu
MOBOPOTE KOJIbIA 3 TOJKATEIh O B 3aBUCUMOCTU OT HAMpPAaBIICHUs BPAICHUS BaJla 3JIEK-
TPOJIBUraTeNsl BO3/ICMCTBYET HA KOHTAKTHYIO cucteMy 6 wiu /. Bo BpeMsi OCTaHOBKH U
NpUOJIMKEHUSI €r0 YaCTOThl BPAIICHHUS] K HYJIO TOJIKATEeNlb S MEpPecTaeT HAKUMATh Ha
KOHTAaKTHBIE MIPYKUHBI 8 U 9, U KOHTAKTHasi CUCTEMa MIPUXOAUT B HOPMAJIbHOE MOJI0XKeE-
HUE.

Haubonee mmpokoe NpUMEHEHHE B MAIIMHOCTPOCHUHU PEJIE€ KOHTPOJII CKOPOCTH
IIOJTyYMJIO B CXEMaxX TOPMOXKEHHMSI NPOMUBOBKIIOYUEHUeM aCUHXPOHHBIX aABUrarenei. Ox-
Ha U3 TaKUX cXeM mpejactapieHa Ha puc. 9.9. [Ipu naxatum Ha kHonKy Il cpabaTeiBaeT
pabounii kouTakTop KP, KOTOPHBI CBOMMHU TJIaBHHIMA KOHTAaKTaMH BKJIIOYAET JEKTPO-
nsuratenb. [Ipu 3ToM OTKphIBaeTcsl pa3mblkatomuil Onok-koHTakT KP u 3akpeiBaercs
3aMBIKAIOMUI OJOK-KOHTAKT B LENU KaTyIKH nmpoMmekyTouHoro pene PII. Korna snek-
TPOJBUraTEeNb PAa3TOHUTCSA A0 HEKOTOPOW HEOOJBUION YaCTOTHI BPAIICHMS, 3aMBIKAIO-
IIMI KOHTAKT perne KoHTpois ckopoctu PKC 3akpeiBaercs m Bkimouaet pene PII. Oto
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pelie 3aMBIKaeT KOHTAKT, BKIIIOUEHHBIM MapajuiebHO 3aMBIKAIOUIEMy OJOK-KOHTaKTy
KP. Yepes karymky KT TOk 1mpu 5TOM HE IPOTEKAET, TaK Kak LIETb €€ pa3opBaHa 3aMbl-
karomuM KoHTakToM KP. B TakoMm cocTostHUM cXxeMa HaxOJIuTCs BO Bpemsi pabOThI
CTaHKa.

Korpa naxumator kHonky C, kontaktop KP ormagaer u cBormu rinaBHbIMU KOH-
TaKTaMU OTKJIIOYaeT ABUrareib OT ceTH. Pasmbikaromuii Oiok-koHTakT KP mpu stom
3aKpsIBaeTCs, yepe3 3aMKHyThle KOHTYpbl PKC u PII BKiItOUaeTcss TOpMO3HON KOHTaKTOP
TK. Ero riaBHble KOHTaKThl BKIKOYAOT 3JEKTPOABUTATEIb HA PEBEPC, MArHUTHOE I10JIE
HauMHAeT BpalllaThCsl B OOPAaTHYIO CTOPOHY M MPOUCXOAUT TOPMOXKEHUE HJIEKTPOABUIra-
TN MPOTUBOBKIIIOUYECHHUEM. 1Ipy CHMKEHMM 4acTOTHI BpallleHHs 1O ONPEAEICHHOW Ma-
noit BennunHbl KOHTAKT PKC pa3mbikaercs, pene PIT u kontaktop KT otnanaroT u snex-
TPOJBUIraTeIb OTKIIIOYAETCS OT CeTH. Eciam Ban HENMOABMYKHOTO JJIEKTPOJABUTATENS I10-
BEpHYTh OT pyKH (HampuMmep, IEpHYB 3a PEMEHB), TO 3ambIKarommi KoHTakT PKC
BKJIFOUMTCS. OJTHAKO JBUTATENb IPU 3TOM BpalaThCs HE HAYHET, TaK KAK 3aMBIKAIOIINE
koHTaKThl PII u KP otkpeiTel. Hannune npomexyrounoro pene PII npenorspamaer Bo3-
MO>KHOCTh TaKOT'0 aBapUUHOIO ITyCKa JBUTATEINS.

Pente KOHTpPONS CKOPOCTHM MNPUTOJHO TAKXKE JJISI TOPMOXKEHUS U PEBEPCHUBHOTO
ANEKTPOABUTATENSA. B 3TOM cilydae KOHTAaKTOp, BKJIIOYAIOLIWKM JBUraTellb BIIEPE], UC-
HOJIB3YIOT KaK TOPMO3HOM MpHU BpalleHUU JBUTATENsl B OOPATHYIO CTOPOHY, U Ha00o-
poT.
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Puc. 9.9. Cxema mopmooicenuss npomugosKkitouenuem HepesepCcusHo2o 08Ueameis

Jexkuyua 10. AIINTAPATYPA H CXEMbI 3AIITUTHI
DJIEKTPO/IBUTATE/IEH

OCHOBHBIMM BUJIaMH 3aIUTHI JEKTPOJBUTATENICH U CETH OT HEHOPMAJILHOTO IO
3HAYEHUIO U JITUTEIIbHOCTH MOBBIIICHUS TOKA SIBISIOTCA MAKCUMANbHASL MOKOBAsL, MeN-
7108051, MUHUMATILHASL NO HANPSNCEHUIO U HY1e8asl.

Maxkcumanvnas moxoesas 3awuma (MT3). Dta 3amura npeaHa3HavueHa i OT-
KITIOYCHHSI y4acTKa CETH, B KOTOPOM IPOHU3O0ILIO KOpOTKoe 3ambikanme (k.3.). IIpo-
credmuM annapatom MT3 aBisieTcs niaskuti npedoxpanumens. B 31eKTpOyCTaHOBKAX
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no 1000 B mpumensitor npenoxpanutenu [IP, coctosmme u3 ¢ubpoBoil TpyOku, Ha
000MX KOHIIaX KOTOPOMW 3aIpeccOoBaHbI JIATYHHBIE 000IMBI C JIATYHHBIMU KOJIMauKaMH,
HaBUHYMBAEMbIMU Ha 000iMbI. [1aBKkas BcTaBKka mpencTaBisieT co00i IIMHKOBYIO TLIa-
CTHHKY, UMEIOIIYI0 HECKOJIBKO CYKeHHI JJ1s1 6osee ObicTporo neperopanus. [lnactun-
Ka IpUBEpPHYTAa BUHTAMHU K MEIHBIM HOXaM, KOTOPBIMH MPEIOXPAaHUTENh BCTaBISIETCS
B NpYXKMHHBIE TYOKM Ha MaHend. Bo3HMKaromas mpu rneperopaHuy IJIaBKOW BCTABKU
Iyra BBI3BIBAET T'a30T€HEPALIMIO T'a30B U3 CTEHOK (hubpoBoii TpyOku. JlaBieHHe pe3Ko
BO3pAcTaeT M MPOUCXOAUT MHTEHCUBHOE TallleHHe AyTrd. Bpems miaBieHus MiaBKOM
BCTAaBKH 3aBHCUT OT KPAaTHOCTH TOKa (10 OMHOWEHUI0 K HOMUHATbHOMY), TIPOXOISIIIE-
ro no BcraBke. Huxke npuBeeHa 3Ta 3aBUCUMOCTbD!

KpaTHocTh TOKA .......... 1,25 16 1.8 2025 30 45
Bpems niaBienns (¢) .. - 360 120 40 8 4525

[Ipenoxpanutenu u3roranuBaroT Ha 15, 60, 100, 200, 450, 600, 1000 A mpu Ha-
npspxernu 500 B.

,ZZOCWZOUHCWZ@OM IIJIaBKHUX HpenoxpaHHTeneﬁ SABJIAIOTCA HAaACKHAA 3allluTa CETU OT
TOKOB K.3., IIPOCTOTAa U HU3Kasl CTOUMOCTD.

Jlnia anekTpoaBUTaTeniell MOCTOSTHHOTO TOKAa M ACHHXPOHHBIX C (PasHBIM pOTOPOM,
IIyCKAaE€MbIX MMOCPEICTBOM PEOCTaTa, MJIaBKYI0 BCTABKY BBIOMPAIOT MO HOMHUHAIBHOMY
TOKY 3JIeKTpoABuUTraresns. JlJis KOpOTKO3aMKHYTBIX ACUHXPOHHBIX JBUTaTeEH TUIABKYIO
BCTaBKYy BBIOMpAIOT HA CUJTy TOKa, B 2—2,5 pa3a MEeHbIIYyI0 MycKkoBoro. Ilyck anexTpo-
JABUTaTEIeN MPOUCXOIUT KPATKOBPEMEHHO, MO3TOMY IJIaBKas BCTABKA IPU IyCKE HE
ycneBaer neperopers. OJHaKo NpeJOXpaHUTENb C IJIABKOW BCTABKOW, BHIOpAHHOW Ta-
KUM 00pa30M, He 3allUIIAET AIEKTPOABUIaTEeNb IPH JUTUTEIBHBIX Meperpy3kax (cpaBHU-
TEJILHO HEOOJIBIINX 110 BEJTMYNHE).

Tennosaa 3awguma. J1ns1 321U THI JJIEKTPOJIBUTATEIIS OT HEJOIYCTUMOTO IIEpErpeBa
IpH JUTATEIBHBIX HEOOJNBINNX Meperpy3Kax MPUMEHSIOT TemioBble peie (puc. 10.1).
Tok 3amMIIaeMoro 3J€KTPOJBHUraTeNsl MPOXOAUT Yepe3 HarpeBaTeabHbIM 3jieMeHT 1.
BOnu3u Hero pacnosokeHa IIacTUHKA, COCTOSALIAs U3 ABYX HAJOKEHHBIX OJIHA Ha JIPY-
T'YIO U CBapEHHBIX MEXAY COOOH MOioC 2 U3 METAIOB C Pa3IUYHbIMU KO3 duineHTa-
MU TEIUIOBOTO paciuupenud. [Ipu HarpeBaHuu miacTUHKA U3rMOaeTcsl BIPaBoO, BO3/EH-
CTBYET Ha pbluar 4, KOTOpPbIN MO ACHCTBUEM MPY>KUHBI O MOBEPHETCS MPOTUB YaCOBOM
CTPENIKM U PA30MKHET KOHTaKT 6. DTOT KOHTAaKT, BKJIOYEHHBIH B LENb YIpaBiICHUS
AIIEKTPOJBUTATEINSI, OTKJIIOUYUT AJIEKTPOJABUTATENb OT ceTH. [locne ocThiBaHus OumeTan-
JMYECKOM IUIACTUHKM Ha)KaTUEM KHOIKH BO3BpaTa 3 pblyar 4 BO3BpalllaeTcsi B HICXOJHOE
COCTOSIHUE U KOHTAKT 6 3aMbIKAETCS.

[TpaBuiibHO BBIOpaHHOE M OTPETYJIHMPOBAHHOE TEIUIOBOE pelie cpadaThIBaeT IpH
neperpyskax aJjekrpoasuratens no Toky Ha 20 % 3a Bpems 20 MuH 1 He cpabaThIBaeT
IpY IyCKE IBUTATENS WM 3HAYUTEIBHBIX, HO KPaTKOBPEMEHHBIX meperpyskax (uz-sa
mennogoul unepyuu pene). [Ipu OOMBIINX TOKaX TEIJIOBOE pelie OTKII0YAET JICKTPO-
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ABUIaTCJIb 3HAYUTCIBHO ITO32KEC, YEM TIABKUM MMpCAOXPAHUTCIIb. HOBTOMY JJIAA HaaCxK-
HOM 3aIIUTHI SJICKTPOABUTATCIIA B CXCMC IMOCICA0OBATCIIBHO C TCIJIOBBIM PCJIC YCTaHAB-
JIMBAIOT U IINIABKUC NIPEAOXPAHUTCIN NI MAKCHUMAJIBHOC PEJIC.

JIst 3aIlMThl DJIEKTPOABUTATENSI OT MEPErpy3KU OOBIYHO MPUMEHSIOT JBa TEIUIO-
BbIX peine. [Ipu ycTtaHOBKE OJHOTrO pelie ABUTATENlb OKa3ayics Obl HE3AIIUIIEHHBIM OT
nByx@azHoi padotel. [Ipn meperopanuu MpeaOXpaHUTENs, BKIIOYEHHOTO IMOCIEI0Ba-
TEJIBHO C HarpeBaTelbHBIM 3JIEMEHTOM TEIUIOBOTO pejie, IBUraTelb MPOa0IKal Obl pa-
00TaTh C PE3KO BO3POCHIUM TOKOM. Pa3mbikaromire KOHTAaKThl OOOMX TEIJIOBBIX peiie
BKJIFOYAIOT MOCJIEAO0BATENIBHO C KaTYIIKOW KOHTAaKTOpa, MOATOMY cpabaThIBaHUE JTIFO0O-
r'0 peJie BbI3bIBAET OTKIIIOUECHHE 3JICKTPOIBUTATENS.

TerutoBble penie U3roTaBIMBAKOT B BUJIE OTACIBHBIX almapaToB WX MPUCTPOCH-
HBIMU K KOHTaKTOpaM MarHUTHBIX MyCKaTeJiel, MPUYEM y MHOTHX TEIUIOBBIX pelie JBa
HarpeBaTeNbHbBIX PJIEMEHTA Yepe3 OMMETAUIMYECKUE TIIACTUHKU U PHIYAKHYIO CUCTEMY
BO3JICCTBYIOT HAa OJIUH U TOT K€ KOHTAKT.

J1Jis 3aIUTHI OT KOPOTKUX 3aMbIKaHU# (M Ype3MEpPHBIX MEPErpy30K MO TOKY) KPo-
M€ IUIaBKUX IPENOXPAHUTENIEH NMPUMEHSIOT MAKCUMAIbHbIE pesie TIOCTOSTHHOTO WIH
NEPEMEHHOr0 ToKa. CXxeMa yCTpOUCTBA 21eKMPOMACHUMHO20 MAKCUMAIbHO20 pene ne-
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pemenrnoeo moxa tuna DT-520 nmokaszana Ha puc. 10.2. Koga gepe3 karymiku 2 mpoTe-
KaeT TOK, B MAarHUTONPOBO/IC 3 MOSABJISAETCS MAarHUTHBINA MOTOK. CTanbHOU SKOPH 1, yK-
PEIUICHHBIA Ha OCH 5, TOBOpAYMBACTCS, MPEOJI0JICBas MPOTUBOJACHCTBUE MPYKUHBI 8.
[Ipun mocTaToOYHOM YBEIWYEHUH TOKA B KaTyIIKaX SKOPh TMOBEPHETCS Ha TaKOH Yrol,
YTO KOHTaKThl 9 OyAyT pa30MKHYThI CEpeOpSIHBIM MOCTUKOM 4.

YMeHblIeHrne TOKa MO3BOJIUT NMPY>XKUHE 8 MOBEPHYTH MOABUKHYIO CUCTEMY pelie B
UCXOJIHOE MoJokeHue. Mi3MeHeHnune Toka cpabaTbhiBaHusl, Ha3bIBAEMOTO YCMABKOL peie,
POU3BOJSAT MOBOPOTOM yKazarelsi / Ha IIKalle 6, u3MeHsd cMelleHueM moBojaka 10
CTeNeHb 3aKkpyuuBanus npyxuHsbl 8. [llkana 6 yka3piBaeT TOKU cpabaThIBaHUS pelie MpU
MOCJICIOBATEIbHOM COCIMHEHUH KaTyiek. [Ipu mapamiensHOM COeMHEHUN KaTyIIeK
TOKHU cpabaThIBaHUS YBAUBAIOTCSI.

Maxcumanvroe pene moka obecrieuuBaeT 0ojiee HaJEKHYIO U OBICTPOJICHCTBYIO-
YO 3aIUTY, YeM TUIABKHE TTPEIOXPAHUTEIIH.

Munumansvhan 3auwuma no Hanpaxcenuto. ITa 3alIUTa OTKIIOYAET JBUraTeNn
pu CHIKeHUH Hanpspkerus: cetu 10 60—70 % HOMHMHANIBHOTO, TaK Kak MpPU HOMU-
HAJIbHOM CTaTUYECKOM MOMEHTE M MOHM)KCHHOM HANPsHKCHHWH IO JBUTATENIO MPOXO-
AT TOK, IMPEBBIIAIIINNA HOMUHAJIBbHBIA. MUHHAMAIbHAS 3alIUTa OCYLIECTBIISIETCS C
MTOMOIIBI0 MUHUMAIBHBIX pejie MO HANpsHDKCHHIO, BKIIOYAGMBIX Ha JIMHCHHOE HaIrps-
xenne cetu (mpu U < 1000 B - mwenocpencrsenno, npu U > 1000 B — uepe3 tpanc-
(opMaTOpsl HANPSKEHHSI) W OTPEryJIHpoBaHHbIX Ha otkmouenue npu U < (0,6-0,7)
Unom. MuHMManbHOE pesie Mo HAMPSKEHUIO MPU OTKIIIOYEHUH BO3JECHCTBYET HA MeXa-
HU3M CBOOOJHOTO PACIEIUICHUS a8MOoMaAmuyecko20 GblKIouameliss, KOTOPbIA OTKIIIO-
YaeT MUTAIONIYIO CETh IBUTATES.

Hynesaa 3amuma. D1a 3ammuTa OTKIIOYAET 3JIEKTPHUECKHE YCTAHOBKH IIPH ITOJI-
HOM HCYC3HOBCHHMHM HAIPSLKEHHS, TaK KaK IMPH KPaTKOBPEMEHHOM IIE€PEPHIBE B MOJaUe
SIIEKTPOIHEPTUH BO3MOKHBI HECYACTHBIC CyYaH, CBSI3aHHbIE C BHE3AIMHBIM BKIIOYCHHU-
em aBurareneil. Hynesas 3awuma OCYIECTBIACTCS aHATOTHYHO MUHUMAILHOU NO HA-
npsidiceHuro, TOJIBKO HYJCBOE pelie MO HAIMPsUKEHHIO HACTPAMBAETCs Ha OTKIIOYCHHE
npu U < (0,2+ 0,3) Uyom. HyneBas 3amura oTAEIbHBIX 3JCKTPOIIPUEMHHUKOB, HAIIPH-
MEp DIIEKTPOABUTaTENICH, BKIIFOUAEMBIX C IIOMOIIBIO KOHTAKTOPOB, OCYIIECTBIISIETCS Ka-
TYIIKO# KoHTakTopa (cm. puc.9.1).

Aemomamuueckue evikawuamenu. I1IUpoxkoe pacnpocTpaHEHWE B MALIUHO-
CTPOCHUU TOINYUYWIN A6MOMAMUYECKUEe GbIKIIUaAmenu, KOTOpble BKIOYAOT U OT-
KJIFOYAKOT Bpy4HY!0. [Ipy Bo3pacTaHuu TOKa anmapar OTKIOYAETCS aBTOMAaTUYECKU Te-
IUIOBBIMA WJIM DJIEKTPOMATHUTHBIMHU PACLENUTENSIMUA. BBIKIIouaTenb MOXKET OBbITh
CHAOXXEH TpeMsl TETUIOBBIMU PACIEMUTESIMHU, CXOHBIMH IO YCTPOMCTBY C OMMETAILITHU-
YECKUMH TEIJIOBBIMU PEJIE.

ABTOMAaTUYECKHI BBIKIIIOUATEh MOXET ObITh CHAOXXEH TpeMmsl 3JIEKTPOMAarHUT-
HBIMH PAaCLENUTEIIMU MAaKCUMAIBHOTO TOKA, KATYIIKA KOTOPBIX BKIIOYAKOTCS B LIENHU
pabouero Toka ¢as. ITU paclenuTeNM MPAKTUICCKA MTHOBEHHO OTKJIIOYAIOT armapar
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IpY TOKE, MPEBBINIAIONEM HOMUHAIBHBIA B 6...10 pa3 (BenmuumHy 3TOTO TOKa MOKHO
perynupoBarth). BEIMyCKalOT Takke aBTOMATHYECKUE BBHIKIIIOYATEIN C PACHEIUTEIISIMU
MUHUMAJILHOTO HAIPsHKEHUs, KOTOPble 00ECIEYMBAIOT HYJIEBYIO 3aLIUTY YCTAHOBKH.

Puc. 10.2. KoncmpykmugHas cxema MakcumMaibHO20 21eKMpPOMASHUMHO20 pele
MoKa

B cxemax ¢ anmaparamu pydyHOTO YTNpaBi€HUs JJIsl OOECHEUEHUS H)IeoU 3auju-
mbl TPUMEHSIOT IpoMexyTounbie peine (puc. 10.3). Tlepen HadasoM pabOThI CTaHKA He-
oboxomauMo Haxkath Ha kHONKY III1 (moaroroBka mycka). BKiIroUunuTCs mpOMEKyTOYHOE
pene PII m 3amxHer cBor koHTakT PII, mocne yero xuonky IIII MOXHO OTIyCTHTH, a
HWXKHSS 4acTh CXeMbl ¢ KoHTakTamu KoHTposuiepa KK-1, nepeknrouarens ynpaBieHUs
IV u T.1. 1 KaTylmKaMy KOHTAKTOPOB OKAa3bIBAETCs IO HamnpsbkeHueM. [Ipu ymensie-
HUW HANPSDKEHUS NMUTAHUS 10 HyJS WIKA 10 HEIOIyCTUMO HM3KUX 3HadeHuil pene PII
oTnagaer M ero KOHTakT PII oTkiroyaer nmutanue HUKHEW 4acTu cxeMmbl. JlJisi HOBOTO
BKJIFOYEHHS YCTAaHOBKM HEOOXOJIMMO IpeIBapUTEIbHO HaxkaTh Ha kHonKy [111. Hanuuue
HaIpsDKEHUS MUTaHUS curHanusupyercs gamnoi JIC. B 1aHHON cxeMme 3leKTpUudecKue
nenu 1 — 3 3ambikarorcs AByms annaparamu: kHonkoi II1 u komangokoHTposIEpOoM
KK.

Ecnu Bce 1enu ynpaBlieHUsS] CXEMbI 3aMBIKAFOTCSI OJTHUM aIapaToM (KOMaHOOKOH-
mpoJiiepom), MOKHO TIPUMEHHUTD CXeMy, H300pakeHHyt0 Ha puc. 10.3, 6. B atoii cxeme
npomexxyrounoe pene PIT Bkmtouaercs kontaktoM KK-0 xoMaHmokoHTposuiepa, Koraa
KOHTPOJUIEP yYCTAHOBJIIEH B HYJICBOE IMOJIOKEHUE (Ipyrue KOHTAKTHI KOHTpOJUIEpa pa-
30MKHYTHI). [Ipy moBopoTe KOHTpoiUiepa B t00oe padodee nmonoxenne kKoHTakT KK-0
pPa30OMKHETCS, a JIpYrue 3aMKHYTCS (B COOTBETCTBYIOUIMX ITOJIOKECHUSX PYKOSTKU KO-
MaHJIOKOHTpoJiepa), pu 3ToM pene PIT Oymer murarbes yepe3 KOHTAKT CaMOOJIOKH-
poBku. Ecnu namnpsbkenue nuranus ucuesHer, pene PII orkimrouutes. s HOBOrO
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BKJIFOUEHMSI KOHTaKTOpOB 1K U Ap. npy NOABICHUH HAIPSDKEHUS MUTaHUS HEOOXOIUMO
IIPEABAPUTEIBHO BEPHYTh KOMaHJOKOHTPOJIJIEP B HYJIEBOE IOJIOKEHHUE.

a )
Puc. 10.3. Hynesas 3awuma 6 cxemax ¢ KOManOOKOHMPOIIEPOM

Jexuyun 11. BECKOHTAKTHAS AITIIAPATYPA.
JIATYUKH

beckoHTakTHas anmaparypa HaXOAWT Bce 0oJiee IHMPOKOE NMPUMEHEHHE B DIIEK-
TPOOOOPYIOBAHNN MAIIMHOCTPOUTENILHOTO MPOU3BOJCTBA Ojaroaapsi TaKMM JOCTOUHCT-
BaM, KaK BBICOKas JIOMyCTUMas 4acTOTa BKJIIOUEHHH, 10JITOBEYHOCTh, OBICTPOJEHCTBHE,
Ha/1e’)KHOCTD U JIp. DyHKIUU pesie BBIIOIHSIOT JOTMUYECKUE 3JIEMEHTHI, @ (QYHKIIUU KOH-
TaKTOPOB — OECKOHTAaKTHBIC IMEPEKIIOYAIONINe YCTPOcTBa (TUPUCTOPHBIE M TpPaH3HU-
CTOpHbIE). B KauecTBe KOMaHI0AINIAPATOB UCIIOIB3YIOTCS OCCKOHTAKTHBIC amlaparkl, B
OCHOBHOM CEJIbCUHHOTO THula. [[Jsi KOHTpOJIsI pa3iuyHbIX (PU3NUECKUX BEJIUYUH IPU-
MEHSIOTCSL Pa3HOOOpa3HbIe TaTYUKHU. CKOPOCTH, TOKA, MOJIOKEHHUS, TEMIIEPATyphl U Ap.

B aniekTponpuBose METAIIOPEXKYIIMX CTAHKOB B KauyeCTBE OAMUYUKOG NOJIOJCE-
HuA MHUPOKO MCHOJB3YIOTCS MyTEBbIE U KOHEYHbIE BBIKIOYaTENd. Bee Oonee mmpokoe
NPUMEHEHNE HaxOJAT MEpEeKIYaTes, cpadaThiBaromuye 0e3 MEXaHUYECKOTro BO3JCH-
CTBUSL.

Ha puc. 11.1 mpexacraBiena cxeMa JaT4yMKa IOJIOKEHUS Ha OCHOBE |'epkoHa,
YIOPABJISIEMOrO MOJEM MOCTOSHHOrO MarHuta. B HemarnutHoMm kopmnyce 1 pacrnososxe-
HbI T€PKOH 2 ¥ BO3JEMCTBYIOLIMI HA €r0 KOHTAKTHI MOCTOSHHBIM MarHuT 3. I1pu BXOX-
JICHUM B IL€Ib (EPPOMATHUTHOMN MOJIOCH 4 MAarHUTHBINA MOTOK @ MMOCTOSHHOIO MarHuTa
LIYHTUPYETCsI, KOHTAKThl T€PKOHA NEPEKIIIOYAIOTCSA, IEPEXO0/IS B UCXOAHOE TMOJIOKEHUE.

92



B OeCKOHTaKTHBIX CHCTEMax YIPAaBJICHHs B Ka4eCTBE JATYMKOB TOJOXKCHHS W 3a-
JAFOIINX YCTPOMCTB IMIUPOKO HMCITOJIB3YIOTCS CEIbCUHHBIC KOMAHI0AIapaThl B pa3iIny-
HBIX UCIOJHCHUSX (PBIYa)KHOM, TIEIATBHOM).
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Puc. 11.1. Cxema oamuuxa nonodicenus Ha cepKoHe

Ha puc. 11.2, a npencraBieHa cxema cenbcurHo2o komarndoannapama. Oqaodas-
Hasl cTaTopHas OOMOTKa BO30YyXIeHUs celbcuHa OB TMUTAeTCs OT CETH MEePEMEHHOTO
toka gactoToi 50 I'm. OHa co3maeT MarHUTHBIA ITOTOK, KOTOPBIA B KaXKJI0H (asze Tpex-
daznoit ooMoTkH poTopa unayuupyet IJ[C. BoIXogHbIM HANPSIKEHUEM CETbCUHA SIBIIS-
ercs pasnoctb DJIC da3 1 u 3 (oOMoTKa a3kl 2 HE HCITOJIb3YeTCs):

U, = E1—E3=+/3-Eqy -sinp,
rjae 3 — yrou casura a3 BTOPUYHON U IEPBUYHON 0OMOTOK;
Enax — MakcuManibHOE 3HaueHHe MHAyKTHpyeMon OJIC, mpu COBIAIEHUH OCU JaH-
Holt oomoTkH (1 wmu 3) ¢ ocbro ooMoTkH OB (puc. 11.2, 6).

N3MeHsist yron moBopoTa poTopa CEJIbCHUHA, MOKHO M3MEHATh BEJIMYHMHY YIIpaB-
JISIIOIIETO CUTHAJIA, MOJaBaeMOr0 B CXEMY YINPABJICHUS SJEKTPONPUBOJIOM, U ITUM Ca-
MBIM YIIPaBJIATh padoToM ABUratens (BKIOYaTh, OTKJIIOYATh, H3MEHITH CKOPOCTH). Py-
KOSITKa OCCKOHTAKTHOT'O KOMaHjoaIapara uMeeT sl HoJoKeHUH (PUKCUPOBAHHBIX).
BrixogHoe Hanpspkenue cenbcuHa coctapisieT 0-10 B, Beixonnoit Tox — 10 0,4 A. Bei-
XOJTHOE HampsbKeHHE celbcuHa 4epe3 TpaHchopmarop T momaercs Ha (a304yBCTBU-
TEJIbHOE BBINPAMUTENbHOE ycTpoiicTBO DBY u mocne ero npeobpa3oBaHusi — B CXEMY
YIIpaBJICHHUS.

[Ipn ucnosnb30BaHUM CEJIbCMHA B KAa4eCTBE AaTYMKA IOJIOKEHHS Ha €ro poTop
BO3JICHCTBYET NMEPEMEIIAIOIINICI MEXAHHU3M.

Jamuyuk ckopocmu UCNIONb3yETCS U1l KOHTPOJIS YTJIOBOM CKOPOCTH JABUTATEIIEH.
Haunbonee mypoko B Ka4eCTBE IATUUKOB CKOPOCTH MIPUMEHSIIOTCS TaXOT€HEPaTOPhI 10-
CTOSIHHOTO M TIEPEMEHHOT0 TOKAa, MPEJICTABIISIIONIAE COOOM 3JIEKTPUUYECKUE MAIIUHBI
MaJIoi MOIITHOCTH, pa0OTAOIINE B PEKUME reHepaTopa. TaxoreHepaTopsl MepeMEHHOTO
TOKAa HE UMEIOT KOHTAKTOB, YTO SIBJISIETCS] MX JIOCTOMHCTBOM. Pa3inuar0T CHHXPOHHBIEC U
ACHHXPOHHBIC TaxoreHepaTopbl. CUHXPOHHBIE TaXOT€HEPATOPhl MPEACTABISIOT COOOM
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HEOOJIbIIYI0 CUHXPOHHYIO MAalIMHY ¢ POTOPOM B BHUJE IOCTOSIHHOTO MarHuta. Brixo-
HOU BEJIMYMHOM Takoro taxoreHeparopa Hapany ¢ IJC sBisercs u yacTora.

B anekTponprBoie NPUMEHSIOTCSA TAKKE UMITYJIbCHBIE JaTYUKH CKOPOCTH, OCHO-
BaHHbIE Ha MOJYJIALIMM CBETOBOIO ITOTOKA, HAIPABICHHOTO OT MCTOYHMKA W3JIy4YEHUS
yepe3 AUCK ¢ Mpope3siMU Ha GOTONpUEMHUK. HacToTa BBIXOJAHOIO CUTHAJA MPOMOPIHO-

HaJIbHa yrHOBOﬁ CKOpOCTH.
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Puc. 11.2. Cenvcunnwiii komanooannapam:
a — cxema; 6 — cmamuyecKkas Xapakmepucmuxa; 8 — yCloeHoe 0003HaAYeHUue

B kauecTBe Odamuukoé moka WCTONB3YIOTCS IIYHTHI, TpaHC(OpPMATOPHI TOKa,

JATYMKHU C UCTIONb30BaHueM 3¢ dekra Xora.
Jlyist ynipaBiieHUsI aBTOMAaTH3UPOBAHHBIM JIEKTPOTIPHBOJIOM IITUPOKO HCIIOTIB3YIOT-

cs1 OECKOHTAKTHBIE J102UYecKUe 3J1eMEHNb.
Ha puc. 11.3 npuBeneHs! ycinoBHbIe Tpaduueckie 0003HAYCHUSI OCHOBHBIX OECKOH-
TaKTHBIX JIOTMYECKUX 3JEMEHTOB M SKBHUBAJICHTHBIE MM KOHTAaKTHBIE CXEMbl. BXOIHBIE

curHasibl 000o3HaueHsl X1, X2, BerxogHoi — Y.
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Puc. 11.3. I'pagpuuecxoe uzobpasicenue no2uteckux 1emMeHmos
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Jlornueckuid AIEMEHT TaK K€, KaK U OOBIYHOE pejie, MOKET HaXOJUTHCSI B OJTHOM
U3 JIBYX NPOTHUBOIOJIOKHBIX COCTOSHUN: «BkimtoueHo» wim «OTKIIOYEHO», YTO COOT-
BETCTBYET JIOTHUeCKUM MOoHATHIM «[[a» (tmdpa «1») nim «Her» (mudpa «0»).

OnemeHT U OCyIIECTBIISET JOTHUECKOE YMHOKEHUE (CUrHAN Y MOSBUTCS MIPH Ha-
anunu curaanoB X1 u X2), snement MU — norudeckoe ciaoxenue (currai Y MOsIBUTCS
pH HAJTUIMK XOTs Obl ogHoro currana X1 win X2). Dnement HE ocymiectBiser jgoru-
4ecKoe OTpHUIllaHue (CUTHAJ Ha BBIXOJC MOSBHUTCS JIMIIb MPU OTCYTCTBHHM CHUTHAJIA Ha
BXO/IE).

Onement U-HE sBnsieTcs koMOMHanue 1ByX JIOTHUECKUX dJeMeHTOB. CUrHaI Ha
Boixojie ucuesHeT (Y = 0) JuIib npu HAJTUYKMU CUTHAJIOB Ha 000uX BXojaax. Bo Bcex oc-
TaJIbHBIX CITy4asX BXOJHBIX CUTHAJIOB Ha BBIXOJIE OyJIE€T CUTHAI «1».

Onement UJIN-HE xapaktepusyercs TeéM, 4YTO CUTHAII Ha BBIXOJE MOSABUTCS JIUIIb
npu OTCYTCTBUHU CHTHajIOB Ha oOomx Bxonax. [Ipm momaue curHana Ha J1000i BXOA
(nm Ha 00a BX0J1a) curHAIT Ha BeIxojie ucuesner (Y = 0).

OnemeHT [TAMATD umeer nBa BXOJa M XapakTepU3yeTCsl TEM, YTO IPHU IMOJaye
CUTHaJa Ha MEPBbIA BXOJ MOSABIISIETCS CUTHAJI HA BBIXOJE, KOTOPBIM OCTAETCS TaM MOCIIE
CHSITUSI CUTHAJIa C 3TOTO BXO/a, a JUIsl CHATHUSL CUTHAJIA C BBIXOJIa HEOOXOAUMO MOJATh
curHai Ha Bropou Bxoa. Ha puc. 11.4 snement [IAMSTD Boinonnen Ha tpurrepe T u
anementax MJIM-HE. [lpu naxxatun Ha kHonky SB1 Ha mepeiit Bxoa tpurrepa T mo-
naetcst curnai «1», KkoTopslil coxpaHsieTcst v nociie ornyckanus kHonku SB1. [1pu Ha-
*aTuu Ha KHONKy SB2 Ha BTOpO# BXoja Tpurrepa T momaercs curHan «1», KOTOPBIA
oOecrieunBaeT NEPEKIIOYCHUE TPUTTEPA U TOSIBJICHUE Ha ero Beixoze «0», ocTaroiero-
Csl TAK)KE W TI0CTIe OTITyCKaHus KHOTKu SB2.

s87 | S87 THOHW-HE ZHIH-~HE
S82
J82
LT 5

Puc. 11.4. Cxema snemenma I[HAMATH

MOIIIHOCTB BBIXOJIHBIX I€Neil CEPUIHBIX JOTUYECKUX IEMEHTOB HE MPEBBIIIAET D
Br. IlostomMy maisi ympaBieHHS HCHOJHHUTEIBHBIMH YCTpOWCTBaAMH (KOHTAKTOPAaMH,
9JICKTPOMArHUTAMHU M T.I1.) UCIOJIB3YIOT MPOMEXYTOUHBIC YCUIIMTENH, BXOISIINE B HO-
MEHKJIaTypy CEpUU JOTUYECKUX YCTPOUCTB.

Ha puc. 11.5 npencraBiena cxema mycka aCHHXPOHHOTO JIBUTATeNs ¢ ha3HBIM PO-
TOPOM B (DYHKIIMM BPEMEHU C UCIIOJIb30BAHUEM JIOTMUECKHX 371eMeHToB. [lyck ocyrie-
CTBJIsIETCS B TpU cTyneHu. B cxeme npenycMmotrpena siuerika [IAMSATD na tpurrepe T.
[Tpu naxatuu Ha kHONIKY SB1 Ha Bbixozae Tpurrepa T mosiButcst curnan «1» u ¢ momo-
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HIbI0 yCHIIUTENS A BKIIFOUMTCS JMHEHHbIN KoHTakTop KM1. Curnan Ha BbIXoze Tpur-
repa T coxpanuTtcs u nocine otmyckanus knonku SB1. Curnan ¢ Beixoga tpurrepa T
noJiaeTcsl OJJHOBpeMeHHO 4yepes nenouky R—C1 (3agepikka BpeMeHH) U ycuiuTeab Al
Ha KOHTaKTOp yckopeHuss KM2, KoTopblii BKIIIOUUTCS € 3aIaHHOM 3aJIEPKKON BpeMEHU
¥ BBIBEJICT TIEPBYIO CTYIIEHb ITyCKOBOT'O peocTaTa. 3aTeM aHaJOTHYHO BKJIFOYATCA C 3a-
nepxkamu Bpemern (R-C2, R—C3) yckopstomnue kontakropsl KM3 u KM4, nocie ye-
ro MyCK JABUTaTelNs OyAeT 3aKOHYEH.

OTkIIIOYeHHEe JBUTATENsI OCYIIECTBIsACTCS MO0 KHOMKOM SB2, nubo pa3Mbikaro-
MMM KOHTaKTaMHu MakcuMmanbHoro pene FA. Ilpu stom Tpurrep T nepeOpackiBaeTcs,
CUTHAJ Ha €ro BBIXOJE MCUE3aeT, BCE KOHTAKTOPHI OTKIIIOUAIOTCA U JIBUTaTellb OCTaHaB-
JUBAeTCH.

a) 0)

Puc. 11.5. Cxema asmomamuueckoeo nycka A/l ¢ ucnonvzosanuem nocuueckux sJe-
MeHmMOo8

Bosiee coBeplIEHHBIMU SIBIISIFOTCSI CXEMBI, BBINOJIHEHHbIE MOJHOCTHIO Ha OECKOH-
TaKTHBIX dJIEMEHTaX. BMECTO KOHTAKTOPOB TaM HCIIOJIb3YKTCS TUPUCTOPHBIE WU TPaH-
3MCTOPHBIE BBIXOJIHBIE 3JIEMEHThI, KOMaHIHbIC AJIEMEHThI TAK)KE BBIIOJIHAIOTCS OECKOH-
TaKTHBIMHU.

Pazoen 4. BBIBOP DJEKTPOJABUTATEJIEN JIJIS
INPOU3BOJACTBEHHBIX MEXAHNU3MOB

Ienw: uzyuums ocHosHvle Kpumepuu 8blOOPA 21eKMpoogueameneli, percumbvl pa-
bomul sexkmpoosucamenel no Hazpegy u Memoowvl pacuema ux HOMUHANbHOU MOUHO-
Ccmu npu pasiudHelx pexcumax pabomot (NpoOOI’CUMENIbHOM ¢ ROCMOSHHOU U nepe-
MEHHOU HA2PY3KAMU, NOBMOPHO-KPAMKOBPEMEHHOM U KDAMKOBPEMEHHOM).
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Jdexyus 12. KPUTEPHHU BbIFEOPA 3JIEKTPOJBHIATE/IEH.

OCHOBHBIE PEKUMbI PABOTbI 3JIEKTPOJBHIATEIEH 110
HAI'PEBY

Haunbonee Tpy10eMKUM U OTBETCTBEHHBIM ATAllOM MPOEKTUPOBAHUS JIEKTPOIPH-
BOJA JUISl IPOU3BOJICTBEHHOIO MEXaHU3Ma SIBJISIETCS BBIOOP 3JEKTpOABUIaTENsl. 3a1aya
BbIOOpA COCTOMT B MOMCKE TAKOr'O JABUTATENsl, KOTOPBIM 00ECIEeUUT MO MOUIHOCTH 3a-
JAHHBIM TEXHOJOTMYECKHM LUK paboyeill MalluHbl, OyAeT COOTBETCTBOBATh YCIOBUSAM
OKpY>Karolllel cpejibl, KOMIIOHOBKE ¢ paboyeil MallMHON U IPH 3TOM UMETh HOPMATHB-
HBIN (OyCTUMBIN) HarpeB. B o0mieM citydae 37€KTpONpPUBOJL JOJKEH YIOBIECTBOPSTH
psay TpeOOBaHUM, Jake MPOTUBOPEUYMBHIX (IIOATOMY MPHU BHIOOPE DIICKTPOABHUraTENs B
KOHKPETHOM CIIy4ae NPUXOAUTCA PYKOBOJCTBOBATHCS TEXHUKO-JKOHOMUYECKUMU CO-
00paKeHUAMHN).

JUis 37IeKTpOIIpUBO/Ia MPOU3BOICTBEHHOTO MEXaHU3Ma CJIeayeT BbIOMpaTh Hanubo-
Jiee MPOCTOU JIBUTATENIb 10 YCTPOWCTBY M YIIPABICHUIO, SKOHOMUYHBIN U HAJIC)KHBIN B
IKCIUTyaTaly, UMCIOIIMH HaMMEHBIINNU BeC, TabapuThl U CTOMMOCTh. BMmecTe ¢ Tem
JIBUTATEIb JOHKEH MOJHOCTBIO YJIOBJIETBOPATH TPEOOBAHUSAM TEXHOJIOTMYECKOTO IMPO-
1[ecca M COOTBETCTBOBAThH YCIOBHUSIM OKPYJKAIOIICH Cpenbl, B KOTOPOW OH OyaeT Haxo-
JTUTHCS BO BPEMS IKCIUTYaTALU K.

JUis mpaBUJIBHOTO BBIOOpPA JEKTPOABUTATENS Il KOHKPETHOTO MPOU3BOACTBEH-
HOTO MEXaHu3Ma CJIEeAYyeT PYKOBOACTBOBATHCS KPUTEPUSIMU BbIOOpA MO CIEIYIOUIUM
ITOKA3aTEeNsAM: MOIIHOCTH, CKOPOCTH, HANPSHKEHUIO, POY TOKA, YCIOBUSAM JKCIUTyara-
LIUH1, KOHCTPYKTUBHOMY HCIOJIHEHUIO MOHTAXa.

Mownocmp 31eKmpooguzamena N0JKHA COOTBETCTBOBATh HAarpy3Ke Ha €ro Ba-
7y, TaK Kak HedoCcmamouHdasi MOIIHOCTh MOXXET MPUBECTH K HAPYUICHUIO HOPMaIbHOU
paboThl MEXaHM3Ma, CHIDKEHHIO €r0 MPOU3BOJUTEIBLHOCTH, MEPErPEBY JJICKTPOABUTA-
Tenst (M3-32 BO3MOXHBIX MEPErpy30K) M COKPAIICHHIO €r0 CPOKa CIIY>KOBI M JIaXKe K BO3-
HUKHOBCHHUIO ABAPUWHOW CUTYALMH, & USAUWHAAL MOWHOCMb YBEINYUBACT KaIUTAJIb-
HBIE 3aTPaThl U IKCIUTYTALIMOHHBIE PACXObI BCIEACTBAE HENOIPY3KH DJIEKTPOIBUTATEIIS
u camxkenns ero KIIJ (y Al koaddurmenta momuoctn). [loatomy onpenenenue Ho-
MHAHAQIBHOW MOIIHOCTH JJIEKTPOABUTATENSA BBIIOIHAIOT B COOTBETCTBHM C HArpy304-
HBIMH IHarpaMMaMy MEXaHU3MOB U PEXKMMaMH UX PaOOTHI.

Ckopocmp 1eKkmpoosuzamenn BbIOUpAETCs TaKkoW, 4TOObl 00eceunTh HEOOXO-
OUMBIM TEXHOJIOTMYECKUM IPOLECC MPOU3BOACTBEHHOIO MexaHusMma. lIpu 3agaHHOM
NEepENATOYHOM YHCIIE PEIYKTOpa WM APYroM Mepelayd 3TOT BOIPOC PELIAETCS OAHO-
3HAYHO, T.€. [10 U3BECTHOMY IE€PEJATOYHOMY OTHOLICHUIO U 3aJaHHOU CKOPOCTU IIPOMU3-
BOJICTBEHHOTO MeXaHu3Ma. Bri0Op HOMUHAIBHONW CKOPOCTHU DJIEKTPOABUTATENS U Tepe-
JATOYHOI'0 YUCJIA PEIYKTOPa BHOBb IIPOEKTUPYEMOTO 3JIEKTPOIPUBOIA JOJLKEH IIPOU3-
BOJIUTHCS IIyTEM TEXHUKO-DKOHOMHUUYECKOTO CPAaBHEHHUS HECKOJIBKHUX BaPUAHTOB, UCXOS
U3 ONpPEIENIEHHOT0 KPUTEPHsI ONTHUMAJIBHOCTU: OBICTPOACHCTBHS, MUHUMYMa CTOUMO-
CTH PEAYKTOPA, IBUTATEII U JIp.
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Buvibop snekmpoosucamens no nanpsaxcenuro Jjsi MEXAaHU3MOB JEHUCTBYIOUIETO
MPEANPUATHS TPOU3BOIUTCS IO HAMPSHKEHUSM CYIIECTBYIOIMINUX HA MPEANPHUITHN CETEH
MEPEMEHHOTO U MOCTOSHHOTO TOKa. BRIOOp HampspKeHHs ISl TUTAHUS SJIEKTPOIBUTA-
TEJCH BHOBH COOPYKAEMOTO MPEINPHUATHS PEIIaeTCs COBMECTHO C BBHIOOPOM HampsiKe-
HUHW U1 BCETO MPEINPHUATHS B IEJIOM IyTEM TEXHUKO-3KOHOMHYECKOTO CPaBHEHUS HE-
CKOJIbKUX BapUAHTOB AJIEKTPOCHAOKEHUS.

AJl maJsiolt ¥ cpeIHe MOIITHOCTH BBIMYCKAIOTCSI ¢ HOMHUHAJIBHBIMUA HANPSHKCHUSIMU
220/127, 380/220 u 660 B. A/l u CJI cpeaHeii 1 OOJIBIIIONH MOIIHOCTH BBITYCKAIOTCS Ha
Harnpsbkenust 3, 6 u 10 kB. Haunbonee pacnpocTpaHeHHBIMH HOMHUHAIBHBIMHM HaIpsike-
HusiMu iBurateneit nocrossaHoro toka (JI1T) seastores 110, 220 u 440 B. Tlpu 3nHauu-
teabHOM MomHocTH JIIIT HoMuHanpHBIC HanpspKeHHsI JiexkaT B ipenenax 660...900 B.

Ilo pody moxka nyisi IpOU3BOACTBEHHBIX MEXaHU3MOB MOTYT nipuMmeHsThes AIIT ¢
pa3MuHbIM BO30YykIeHHueM (TapauieIbHOrO, HE3aBHCHMOTIO, IIOCJICI0BATEIBHOTO,
CMEIIIAHHOTO0) | IMePEMEHHOT0 ToKa: AJl ¢ KOPOTKO3aMKHYTBHIM WM (pa3HBIM POTOPOM H
CI.

HawnGonee mpocThIMKU TIO YCTPONCTBY M YIPABICHUIO, HAJIC)KHBIMU U YKOHOMHY-
HBIMH B 3KCIUTyaTallid, UMCIOIIIMMH HaUMEHBIIIUN BEC, Ta0APUTHI U CTOMMOCTD TIPH OTI-
pPEACIICHHON MOIITHOCTH, SBJISIOTCSA Al ¢ KOpOTKO3aMKHYTBIM poTopoM. VX Bec Ha eu-
HuIy MortHocTH B 1,5...2,0 pa3a ke, uem y JAI1T.

AJl o cpaBuenuto ¢ JAIIT umeroT eiie ogHO MPEeUMYyIIECTBO: MUTAHUE UX OCYIIIE-
CTBJISICTCSI HETIOCPEJICTBEHHO OT CETH Tpex(a3zHOro Toka, T.€. JJIi HUX HE TPEOYIOTCS
CIIOJKHBIC U JOPOTHe MpeoOpa3oBaTeIbHBIC YCTPOMCTBA TTEPEMEHHOTO TOKA B MOCTOSH-
HBIH.

Yamie Bcero AJl mpuMEHSIOTCS MPU HEBBICOKOW 4YacTOTE BKJIFOUCHHMH, KOTJla HE
TpeOyeTCsl peryJIMpOBaHUE CKOPOCTH HIJIM BO3MOXKHO €€ CTYIICHUaTOe PeryJHpOBaHUE.
B Hacrosmiee BpeMsi MepCIeKTUBHBIMU SIBISIOTCS U YCTAHOBKU C TITYOOKHM PEryJIUpo-
BAHUEM CKOpPOCTH A/l ITpy 4aCTOTHOM YNIPaBJICHUMU.

B ycranoBkax, rje TpeOyeTcss peryaupoBaHHE B OTHOCUTEIHLHO HEOOJBIINX Tpe-
JieNnax, MIaBHBIN MTyCK, XOPOIIKE TOPMO3HBIE KaueCTBa, OTPAHUYCHHE TOKOB B TICPEXO/I-
HBIX pexumax, npumensitorcs AJl ¢ da3HbiM poTopoM. XapakTepHOH 0COOEHHOCTHIO
OTUX JBUTATENICH SBJSETCS YMCHBIICHHE C IMOMOIIBIO PEOCTAaTOB WX IyCKOBBIX TOKOB
MIPU OJHOBPEMEHHOM YBEJIMYCHUH ITyCKOBOTO MOMeHTa. A/l ¢ ¢a3HBIM pOTOpPOM HIKUPO-
KO MPUMEHSIETCS JIJIs1 TPUBOJIa MEXaHU3MOB C YACTHIMU ITyCKaMHU U TOPMOKCHHUSIMU.

Jlns MexaHU3MOB CpeJHEl 1 OOJIBIIION MOIITHOCTH, T/I€ HE TpeOyeTCs peryjupoBa-
HHE CKOPOCTH, MEPCICKTUBHBIM SBJISICTCS Hcnojib3oBanue CJI, KOTOpBIM IpUCYIIH Ta-
KHE IOJIOKHUTEIbHBIC KaUeCTBA, KaK )KECTKOCTh MEXaHUUECKON XapaKTEPHUCTHUKH, BBICO-
Kas TIeperpy304Has CIIoCOOHOCTh, MEHBIIAS 10 CpaBHEHMIO ¢ AJl 3aBUCUMOCTb KPHUTH-
YEeCKOr0 MOMEHTa OT HAIpPsDKEHHUS] CETH, BBICOKHE DSHEPreTHYECKHE TIOKa3aTelH,
BO3MOXHOCTH KOMIICHCAITUN PEAKTUBHON YHEPTHUH.

JIyist MeXaHU3MOB C BBICOKMMH TPEOOBAHHMSIMH B OTHOIICHUU PETYJIMPOBAHHS CKO-
pOCTH, KadecTBa pabOTHl B TMHAMUYECKUX PEKUMAaX, C YACTHIMU ITyCKaMU U OCTAaHOBAMU
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MIPUMEHSIIOTCS SJIEKTPOJBUTATENIM ITOCTOSSHHOTO TOKA, MPU 3TOM B 3aBUCHMOCTH OT Xa-
paKkTepa CTaTUYECKOr0 MOMEHTA HA Baly M JHMANAa30HA PEryJMPOBAHUS HCIIOJIB3YHOTCA
JIIT uezaBucumoro (MapauiebHOro), MOCISIOBATSIBHOIO MM CMEIIAHHOTO BO30YK-
neHus. X ucrnofib30BaHUE B ATUX CIydasX CBS3aHO C HEOOXOJIMMOCTBHIO MPUMEHEHHUS
npeoOpazoBareseii IepeMeHHOTO TOKa B MOCTOSTHHBIM,

B perynupyemsbIxX 3J€KTpONPUBOJAAX MPUMEHSIOT CUCTEMBI, KOTOPHIE NP BBINOJ-
HEHMM TEXHOJIOTUYECKUX TPeOOBaHMM OKa3bIBAIOTCS 0O0JI€€ BHITOJHBIMH SKOHOMHUYECKU.
[ToaTOMy Halle BCEro SKOHOMUYECKOE CPAaBHEHUE PETYIUPYEMBIX JIEKTPOIIPUBOAOB BeE-
IyT B TaKOHM MOCJeI0BaTEIbHOCTU: ToitocHO-Tiepekitoyaembie AJl, Al ¢ da3ubim poto-
POM U PEOCTAaTHBIM PETYJIMPOBAHMEM CKOPOCTH, CHCTEMA «YTPABISIEMBIN MpeoOpazoBa-
tenb Hanpsbxerus — AI1T», cuctema «mpeoOpazoBaresns 4acToTsl — AJD».

[Tpu BBIOOpPE NEKTPOABUTATEINS HEOOXOANUMO YUUTHIBATH YC108UA IKCHIIYAMa-
yuu, 101 KOTOPHIMU MOHUMAIOT BO3/ICHCTBHUE KIMMATUUECKUX (PaKTOPOB U COCTOSIHUE
OKpYIKaIoIIel Cpebl. DJIEKTPOABUTATEITN N3TOTABIMBAIOTCS ISl pa0OTHI B yMEPECHHOM
KJIINMATe, YMEPEHHOM U XOJOJAHOM, TPOMYECKOM, MOPCKOM. KimmMarnueckue yciaoBus
XapaKTepU3yKTCs MaKCUMaJIbHOW, MUHUMAJILHOU U CpeHer TemueparypamMu. Hanpu-
Mep, 3T TeMreparypsl cocTaBisitoT + 40, -45 u +10 °C — ans ymepeHHOTo KiIMMara,
+45, -10 u +27 °C — nns tponmmueckoro, +40, -40 u +10 °C — a1 MOpcKoTo KiinMara.

Ilo cnocody 3awumol >IEKTPOJIBUTATENSI OT BO3ACHCTBUS OKPYKAKOLIEH CpEIbI
pa3iINyaroT:

— 3auuneHHvle d1eKmpoosuecamenu, y KOTOPbIX BCE BpAIAIOIIMECs U TOKOBEIY-
M€ YacTU IPEIOXPaHEHbl OT CIyYaWHOrO IPUKOCHOBEHUWS YEJIOBEKA W IIONAJAHUSA
BHYTPb [IOCTOPOHHUX NPEAMETOB M Kareiab BOJbI, NAJaI0IIUX OTBECHO WIM IOJ YIJIOM
He Oosee 60° k BepTukanu (y 3TUX JBUTATENICH UMCIOTCS 3aIUTHBIC IPUCIIOCOOICHHUS B
BHUJI€ KOPOOOB, PEIIETOK, CETOK);

— 3aKpblmule 1eKmpoodsucamen, KOTOpbie ObIBaIOT 00/TyBaeMble, MPOAYBaEMbIE U
repMeTHIecKue. Y 000ysaembix dACKTPOABUTATECH (C CAMOBEHTHIIAIMCH) HA BATy YK-
PEIUICH BEHTUIISTOP, KOTOPBIN 3acachiBaeT BO3AYX M MPOTOHSET €r0 Yepe3 peOpucThIid
Kopryc. Y mnpodysaemvix dNEeKTpojBUraTenieli (¢ HE3aBUCHMMON BEHTHIIALMEH) BO3IYX
JUISL OXJIKJICHUS TOJBOJIUTCS Yepe3 TPYObl OTACIBbHBIM OT JBUTaTelsi BEHTUISTOPOM.
I'epmeTrdeckue (B3pbIBO3AIIUTHBIC) JICKTPOABUIATEIIN IIPEIHA3HAYCHBI I paOOTHI BO
B3PBIBOOIIACHBIX TOMELIECHHUSIX.

[To criocoOy BEHTUISIIMK JIBUTATENH BBIMOJIHSAIOTCS C €CTECTBEHHOM, C CAMOBEH-
TWISIMEH W HE3aBUCUMOW BeHTWisALMEN. [Ipu ecmecmeennou BEHTUNALIMN JABUTATEIIN
HE UMEIOT KaKUX-JIMOO CIEeNHUAIBHBIX YCTPOMCTB U1 OXJIXKIACHUS. Y IBUTaTelneH ¢ ca-
MOGeHmusAiyuel OXJaXJICHUE OCYUIECTBIISIETCS BEHTWJIATOPOM, CMOHTUPOBAaHHBIM Ha
Bany napurarens. Ilpu 3axpvimom ucnonnenuu BEHTWISITOP yCTaHABIMBAETCA CHAPYXKU
noj konmakoM. OH 00ayBaeT peOPHUCTYIO MOBEPXHOCTh JABUraTelis (Takue JBHraTeiIH
Ha3bIBAIOTCS 000Y8aeMbIMUL).

NHTEHCUBHOCTD OXJIaXKJICHUSI 3JIEKTPOJBUTATENIEN C €CTECTBEHHOW BEHTWIISILIUEH
Y CAMOBEHTWJISAILIMEN 3aBUCHUT OT YIJIOBOM CKOPOCTH Baja JIBUTaTENs M YXYAIIAETCA MPU
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ee cHWkeHuU. OXJNaxJeHHue IBUraTeiaed Npu HEe3aBUCHMOM BEHTWIISLIMM OCYILIECTBIIS-
€TCsl C MOMOIIBI0 CIENHAIBHOIO BEHTWIATOPA, MPUBOJUMOIO B JBHKEHHUE JOMOJIHU-
TEJIbHBIM JABUTATENIEM, UTO MO3BOJISET HECKOJIBKO MOBBICUTHh HArPy3KY TJIABHOTO JIBUTa-
TeJs, 0COOEHHO MPU CHIXKEHUH €r0 CKOPOCTH.

3axkpvimele snekmpoosucamenyu 00a€e CIOXKHBI 0 KOHCTPYKUUHU 3aIIUTHBIX YCT-
poiicTB. OHM HE UMEIOT CIIENUATLHBIX OTBEPCTUH I 0OMEHa BO3/LyXOM MEXKy JABUTA-
TEJIeM U OKpY’Karolieil cpemoi. B3pbiBo3aluiieHHbIe JBUTATENN CHAOXKAIOTCS CIIELU-
JIbHBIM KOXYXOM, KOTOPBI 0€3 TOBPEKIECHUN MOKET IPOTUBOCTOSTH B3PhIBY BHYTPHU
JIBUTATEJS U MPEMATCTBYET paclpOCTPAHECHUIO IJIAMEHU B OKPYKAIOIIYI0 cpeny. Bodo-
3awuerHble 0gueameny BBITIOTHSIIOTCS C YCWJICHHBIMU YIUIOTHEHUSMH KPBIIICK TPH
IIOMOILM PE3UHOBBIX MPOKJIAA0K, a BBICTyNAIOLIIMI KOHEL Bajla IPOXOAUT Yepe3 CIICLH-
QIBHBINA CAIbHUK. Y 2epMemuyHblx ogucameinell BCe OTBEPCTUS U COCTMHEHUS 3aKPBITHI
Y YIUIOTHEHBI TaK TUIATEJIBHO, YTO UCKIIIOYAETCS BCSIKOE COOOLIEHHE MEXAY BHYTPEHHUM
IIPOCTPAHCTBOM MAIIMHBI U BHEIIHEW I'a30BOM CPENOUW WM KUIAKOCTBIO. I'epMeTnuHbIe
JABUraTeNId MOTYT paboTaTh MOTPY>KEHHBIMU B BOJY.

Bb160p 3nexTpoaBUraTess no cnoco0y 3aliuThl OT JEHCTBUSA OKpPYKarOUIEH cpebl
JIOJIKEH TIPOU3BOIUTHCS B 3aBUCUMOCTHU OT YCJIOBUH, B KOTOPBIX OH OyJeT padoTath.

Bonbiioe 3HaueHne UMEET NPaBUIIbHBIA BBIOOP 3JEKTPOABUTATENS IO KOHCHPYK-
MUBHOMY UCHOJIHEHUI) 8 OMHOWEeHUU MOHmadca. [{isi G0IbITMHCTBA MPOU3BOJICTBEH-
HBIX MEXaHU3MOB MPUMEHSIOT JIEKTPOJABUTATENN C TOPU3OHTAIBHBIM PACIIOIOKEHUEM
Bajia M JIallaMM VISl KPEIUICHHUS] K HECYIIUM KOHCTPYKUHUAM. [[1s1 HEKOTOPBIX MEXaHU3-
MOB 1I€JIECOO0pa3HbIM SBIISETCS MPUMEHEHHUE JBUraTeliell ¢ BEpTUKaJIbHBIM PacIoJio-
YKEHHEM BaJla M KpEIUICHUEM Ha Jjanax. BeIlycKaroTcs 3J€KTpOJBUraTen C BEPTUKAIIb-
HBIM WJIM TOPU3OHTAILHBIM PACIONIOKEHHEM Baja U (JIaHIEBBIM KperieHueM. B Hau-
Oonplllelt  cTeNeHM B  KOHCTPYKTHBHBIE (OPMBI MEXaHU3MOB  BIHCHIBAIOTCSA
BCTPAauMBaE€MbI€ 3JIEKTPOJBUIATENN, KOTOPbIE HE HMEIOT CTAaHUHBI, MOAIIUITHUKOBBIX
IIUTOB, & UHOTJa M Baja. MOHTUPYIOTCS OHM B KOPIYCax MPOU3BOJICTBEHHBIX MeEXa-
HU3MOB U MHOI'/Ia HETIOCPEICTBEHHO BBITOJIHSIOT (PYHKLIIUHA PAaOOYUX OPraHOB.

Jlnst 0603HaYeHUSI KOHCTPYKTUBHOTO UCIIOJIHEHHUS 110 CIOCO0Y MOHTa)a Impume-
Hst0T TatuHckue 0ykBel IM (ot anri. International Mounting) u cieayromue 3a HUMH
yeteipe nudpsl. [lepBas nudpa mokaspiBaet rpymniy KOHCTPYKTHBHOTO HCIIOJHEHMS (Ha
namax, 6e3 jar, ¢ (UIaHIEeM U T.J.), BTopasi U TPEThs — CIIOCOObI MOHTaXa, & YeTBePTAast —
UCIIOJTHEHHE KOHIIA BaJia (IMIMHAPUICCKHA, KOHHnYeCKuit u ap.). Hampumep: IM1001 —
AJIEKTPOJIBUTATENb C ABYMS MOAIIMITHUKOBBIMU IIIUTAMH, Ha JIalax, Bajl TOPU30HTAIIb-
HbIi1; IM1011 — 10 ke, HO C BEpTHKAIbHBIM BAJIOM.

Harpes u oxua:kaenue yJjiexkrpoaBurareseii. [Iporecc npeoOpa3zoBaHus dieK-
TPUYECKON SHEPTUH B MEXAHUUYECKYIO B 3JIEKTPOABUIATEIIE COIIPOBOXKIAETCS MOTEPIMU
MOIIHOCTH AP, KOTOpBIE INpEBpAIIAIOTCA B TEIUIO. B pe3ynbpTaTe OTAENbHBIE YacTH
ANEKTpoABUTaTENs] HarpeBaroTcsi. OCOOEHHO YyBCTBUTEIbHA K IMOBBILICHUIO TEMIIEpa-
Typbl HU30J5ILHA OOMOTOK, CPOK CIYyXObl KOTOPOH B 3HAUWUTEIBHOW MEpE ONpEeIiseT
CpOK ciyxObl anektpoaBuratensa. [loatomy Hambomblnas momycThMas TeMIlEparypa
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10 on DTIEKTPOABUTATEIS OMPEACIACTCS MPUMEHIEMBIMUA M30JIIUOHHBIMU MaTepHUaiaMU
JUISl UBTOTOBJIEHUS €r0 0OMOTOK.

W30J1IMOHHBIC MaTepHaJIbl 10 HarpeBOCTOMKOCTH aenatcs Ha 7 kiaccos (Y, A, E,
B, F, H, C), u3 koTopsix Haubosiee pacpoCTpaHCHHBIMH JJIsl DJICKTPOIPUBOJIOB SIBJISI-
I0TCSI:

Knacc A — xjonm4aToOyMakHble TKaHU U IIEJK, MPONUTAHHBIE B KUIAKOM JIUIJICK-
Tpuke, 1%, = 105 °C;

Kknacc E — cuateTnyeckue opranndeckue mieHku (amanu), t0,, = 120 °C;

Knacc B — cnrona, acoecT, CTEKIIOBOJIOKHO, t0,,, = 130 °C;

knacc F — cmona, acbect, CTEKJIOBOJIOKHO C CHHTETUYECKHMH CBSI3BIBAIOIITIMHU
BEII[ECTBAMHU U C TIPOMUTHIBAHUEM JTUAJICKTPUUIECKUMU cocTaBamu, 1%, = 155 °C.

Cpok ciy>k0bl M30JISIIIUN TIPH YKA3aHHBIX MPENENbHBIX TeMIepaTypax MpUMepHO
15-20 ner.

HomunanbHasi MOIIHOCTH 3JIEKTPOJBUTATENs] OTHOCUTCS K TEeMIEpaType OKpYy-
xarorieir cpeant +40 °C. IIpu mensieii Temmneparype, yeM +40 °C, nmomyctumas Aiu-
TeJbHAasl Harpy3Ka dJEKTPOJBUTaTels MOXKET ObITh OOJIbIIIE HOMUHAJIBHOMN, a MPU TEM-
neparype okpyxaromen cpeasl Oosnee +40 °C momycTtumasi AiUTENbHAs Harpyska
JOJKHA OBITh MEHbBIIIE HOMUHATIBLHOM.

Jlist anekTpoABUTaTeNied HOPMUPYETCS HE IOMycTUMasi Temineparypa oOMOTOK, a
JOITYCTUMOE TPEBBIIICHUE X TEeMIEpaTyphbl HaJ TEMIEPATypOil OKpYyKaroulel cpeibl,
HA3bIBAEMOE nepezpesom T.

[Ipu mocTosiHHOM Harpy3Ke HarpeB ANEKTPOIBUTATENS ONUCHIBACTCS YPaBHEHUEM

0_ 40 t/T =t/T
T=t —tOKpszty(l—e/“)+roe /M,

rae ty = Q / A — ycranoBuBmniics neperpes, °C;

Q — KOJIMYeCTBO TeIUIa, BBIIEISIEMOE DJIEKTPOJIBUTATENIEM B SAMHHIY BPEMEHH,
Ix [ c;

A — KOJIMYECTBO TeIjia, OTJaBAEMOE DJICKTPOJABUTATENIEM B OKPYKAIOIIYIO CPeIy
B CIIMHUILY BpeMEeHU 1pu pazHoctu temreparyp B 1 °C (temnoornaua), Ix / (c - °C);

Tp — HaYaJIbHBIH nieperpes (B MOMeHT BpeMeHnH t = 0);

T, = C| A — nocmosaunas epemenu Hacpesa, T.e. CKOPOCTh HAPACTAHUS TEMIIEpa-
TYpHBI SJICKTPOABUTATEIS;

C — TETIOEMKOCTh JIEKTPOJIBUTATEIIS, T.€. KOJIMYECTBO TeIjIa, HEOOXOAMMOE TSI
HOBBIIIICHHS TeMIieparypsl apurarens Ha 1 °C, JIx / °C.

3aBucumocts T = f(t) mpeacrasnena Ha puc. 12.1 kpusoii 1. Bennuuna ty siBisercs
aCHUMITOTOM 3TOW KpuBOW. Harpes gBurarens mpoOUCXOIUT IO 3KCIIOHEHIHAIIBHOMY 3a-
KOHY U XapaKTePU3YETCS noCmosiHHOU 8pemenu Hazpesa T,. Bpems mocTmkeHUs Tepe-
IPEBOM CBOEr0 YCTaHOBUBLIEIOCS 3HAYEHUS Ty IPU DKCIIOHEHLIMAIBHOM 3aKOHE €ro u3-
MEHEHHUS TEOpEeTHYeCKH OecKoHeuHO Oombimoe. [IpakTudeckn mporecc HarpeBaHUS
CUUTAETCs 3aKOHYEHHBIM, Korja neperpes T gocturaet (0,95...0,98) 1, 3a Bpems t,,,, =
(3...4) T,. Hanpumep, npu t = 4T, © = 0,982 1, T.e. pa3HHLIa MEKAY T U Ty MEHBIIE ABYX
MIPOIIEHTOB.
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Takum 00pazoMm, Bpems JOCTHIKCHHSI TIEPETPEBOM CBOETO YCTAHOBUBIIIETOCS 3HAYC-
HUS 3aBUCUT OT TIOCTOSTHHOM BPEMEHHM HarpeBa IBHUTATElNs. Tak Kak TEIUIOEMKOCTh JIBH-
ratess MPOMOPIMOHAIBHA €r0 00beMy, a TEIIO0TIaua — IO €r0 MMOBEPXHOCTH, TO
JIBUTATEM OOJIbIIIEH MOIIHOCTU, MMEIOIIUE OOJIbIIne TadapuThl, XapaKTEPU3YIOTCS U
OOJIBIIIEH TOCTOSIHHOM BpEeMEHU HarpeBa. Y 3allUIIEHHBIX 3JIEKTPOJBUraTesied Mayion
MonTHOCTH Ty coctaBisieT 20...30 MuH, a y 3aKpbITHIX ABUTATEICH OOJIBIION MOIIHOCTH
2-3 u.

[Ipu OTKIIIOYEHUU OT CETH HArpeToro AJNEKTPOIBUTATENSI OH HAUHET OXJIaXKIaThCs.
VYpaBHeHHE ero oxJaaxaecHus umeet Buj (cm. puc. 12.1):

T= toeft/ To,
OcThIBaHWE HEIOJBIIKHOTO AJICKTPOJABHUIATENsI IPOUCXOAUT MemieHHee (ero no-

cmosnnas epemenu oxaaxcoenus T, T,), 4eM HarpeBaHue, 4TO OOBSICHICTCS OTCYTCT-
BHUEM €ro BeHTWIsIuuU rpu o = 0.

SUQ |/
|
|
|
|

0 T, 7o 4
Puc. 12.1. Kpusvie naepesa (1) u oxnascoenus (2) osucamens

W3 npuBeneHHBIX YPAaBHEHUM CIIEIYET, YTO MPOLIECCHl HAarpeBaHUs M OXJIAXKICHUS
DJIEKTPOJIBUraTENIs 3aBUCAT NPAKTUYECKU OT BEIUYMH Ty, 1, U To. Bennmunna ty npsamo
MPOIOPIIMOHANIbHA KOJMYECTBY TEIUIA, BBIIEISEMOTO B JJIEKTPOJBUTATENC U OIpeJe-
JSIEMOTO B OCHOBHOM IOTEPSIMU B 0OMOTKaX, U 0OpaTHO MPONOpLUUOHAIbHA KO3 (DHULIH-
€HTY TEIUIOOTAaud, KOTOPBIA B 3HAYUTEIIHHOU CTETICHU 3aBUCUT OT BEHTUJISIIUU JIBUTA-
TEJIS: 4eM JIy4llle BEHTUJISLNSA, TEM MEHBIIE Ty. Y CTAHOBUBILUIICS TEINIOBOM peXuM Ha-
CTyMHaeT TOr/ia, KOrja BCE BBIJEISEMOE B JIBUTATENIe TEIUIO OTIAETCS B OKPYKAIOIIYIO
cpely, T.e. KOrjia TeMIepaTrypa JIBUraTelsl CTAHOBUTCA HEU3MEHHOM (T = T, = CONst).

OcHOBHbBIE pe:RKUMBI Pad0ThI YJIEKTPOABHUIraTe el M0 HarpeBy. Bennunna Ha-
I'PY3KH 3JIEKTPOJIBUTATENS B MPOIECCE €r0 padOThl MOXKET U3MEHATHCS PA3IMYHBIM 00-
pa3zoM, IpH 3TOM OH MOKET MEPUOIUYECKH WU STTU30MUYECKH OTKII0YAThCSl OT CETH Ha
HeKoTopoe Bpems. [1oaToMy HarpeB 3J€KTpOJBHUraTessi IpU ero padoTe HE SIBISETCS
nocTossHHBIM. CTaHJapT yCTaHABIMBAET BOCEMb HOMUHAIBHBIX PEKHUMOB PabOTHI AJICK-
TPOTIPHBO/IA C YCIOBHBIMH 0003HaYeHUAMH OT S1 10 S8. 13 HMX OCHOBHBIMH SIBJISIFOTCS
pexxumbl S1...S3, a ocranmbHbie (S4...S8) — 310 MOAUHUKAIIMK OCHOBHBIX PEKHMOB.
PaccMoTpuM OCHOBHBIE PEKHUMBL:
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S1 — npooonscumenvhotit (U OnumenbHblit) — IEPETPEB IEKTPOABUTATEIS JI0-
CTUraeT yCTaHOBUBILETOCS 3HaueHUs Ty (puc. 12.2, a). JlnurensHOCTs paboyero nepuona
t, > 37}, AIUTEIBHOCTD NAY3bl POJIM HE UTPAeT. B Mpoao/KUTEIBHOM pekKUMe paboTa-
IOT JIBUTaTeNId HACOCOB, KOMIIPECCOPOB, KOHBEMEPOB, MPOKATHBIX CTAHOB M T.N. Pazmnu-
YarOT NPOJOJIKUTEIIBHBIA PEKUM C IIOCTOSIHHOM Y C IEPEMEHHON HATPY3KOM;

S2 — kpaTkoBpeMeHHBbIH — MEepUObl MOCTOSHHON HAarpy3Kd 4epeayroTcsi ¢ OT-
KJIIOUCHUSIMH, TIPU 3TOM T He JocTuraer Ty (t, <3T,), a BO BpeMs OTKIIFOUEHUS HIIEKTPO-
JIBUTATEIb OXJIaKIACTCS 0 TeMIIepaTypsl okpysKkatomieit cpensl (ty > 37)), puc. 12.2, 6.
JIJisi KpaTKOBPEMEHHOT'O peXUMa PEKOMEHJIyEeTCsl MPOJIOJKUTEILHOCTh paboyero re-
puoma 15, 30, 60, 90 muH. B TakoM pexxume pabOTarOT AJIEKTPOIABUTATENN MOAbEMHHU-
KOB, IIPUBOJIOB 3aCJIOHOK, 33JIBUXKEK U T.II.,

S3 — MOBTOPHO-KPaTKOBPEeMEeHHbI — MEPHUOJIbI C MOCTOSIHHOM Harpyskoi (pa-
0o4ne NepruoIbl) YepeayIOTCS IEPUOINICCKH C OTKIIOUYCHUSIMU dIeKTpoaABHUraTens (ma-
y3aMHu), IIPU 3TOM IEperpeB T 3a BpeMs OAHOro pabodero nukmna t, He TOCTHUTAeT Ty
(puc. 12.2, 6) Ilpum mOBTOPHO-KPATKOBPEMEHHOM pEXHUME BpeMs Iukia He Oonee 10
MUH (B MPOTUBHOM ClIydae JBUTATENIb CUATACTCS PAOOTAIONIMM B MPOJOHKUTEIBHOM
PEKUME 10 HATPERY ).
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Puc. 12.2. I pagpuxu HOMUHATILHBIX PEAHCUMOB INEKMPONPUBOO08

[IOBTOpHO-KPAaTKOBPEMEHHBIA PEXKUM XapPAKTEPU3YETCS OTHOCUTEIBHOU IPOIOJI-
JKUTEJIBHOCTHIO BKIIFOUeHus [1B B nmpouenTax:

IIB =t,/ (t, + tp) 100 % = (t,/ t,) 100 %.

Cranmaptasie 3Hadenus [1B = 15, 25, 40 u 60 %.

[ToBTOpHO-KPaTKOBPEMEHHBIN PEeXUM Xapakrepusyercs ycinosuamu t, < 37, 1.e.
3a BpeMsI OIHOr0 pabo4ero nepruoia neperpesB He JOCTUTAET Ty, a 33 BpeMsl 11ay3bl He
CTaHOBUTCS paBHBIM HYJIO. [I[py MHOrOKpaTHOM NOBTOPEHUU LIUKJIOB MPOLIECC HArPEBA
yCTaHaBIMBaETCs (TeMIiepaTypa rneperpesa B Havajie M B KOHIIE IIMKJIa OJMHAKOBA, T
KO0JI1e0JIeTCs OKOJIO CPEAHETO 3HAUCHUS Ty p). B MOBTOPHO-KPATKOBPEMEHHOM PEKHME
paboTaroT AAEKTPONPUBOJIBI KPAHOB, HEKOTOPBIX BCIIOMOTaTEIbHBIX MEXaHU3MOB MPO-
KAaTHBIX CTAHOB U T.II.
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Jekyua 13. IOCTPOEHUE HAI'PY30YHbIX /TUAT'PAMM
MEXAHHU3MA H JJIEKTPOIIPHBO/IA.
METO/bI PACYETA MOIIIHOCTH JJIEKTPO/BHIATEIIA
IIPH IIEPEMEHHOH HATI'PY3KE

[TpuHsATO pa3nuyaTh Hacpy3ouHvle OUASPAMMbBL MEXAHUIMA W JIeKMPONnpusood.
1100 nazpy3ounoit ouazpammoin mMexanuzma NOHUMAIOM 3A8UCUMOCIL MOMEHMA CO-
npomuenenun mexanusma M, unu mownocmu P, om épemenu. Bmecte ¢ Harpy3ou-
HOM JuarpaMMoil MeXaHu3Ma JaeTCsl WIH PACCUUTBHIBACTCS CKOPOCMHAS OUazpamma
,(1).

Jlnist snektporprBoaa Harpy3ouHas auarpamma (M = f(t) wmu P = f(t)) Gonee cnox-
HA, TaK KaK OHa OMpPEIeNsIeTCA HE TOJIKO CTAaTUYECKUMHU PEeKUMaMH pabOThI, HO U TIepe-
XOJHBIMU TpolieccaMu 3JeKTponpuBoja. llepexoaHbie mpoiecchl B CUCTEME JIIEKTPO-
MPUBOJIA OKA3bIBAIOT 3aMETHOE BIMSHUE HA MOMEHT, Pa3BUBAEMbIN JIBUTATENIEM, U COOT-
BETCTBEHHO Ha 3aBucuMocTh M(t). K HuM mpexiae BCero OTHOCSTCS: BKIIIOYCHHUE
JIBUTATENsl B CETh M €r0 OTKJIIOYEHUE, U3MEHEHUE MapaMeTPOB MOJIBOJUMOTO HaIpsiKe-
HUS, TJIABHBIX LIETeH U 1enel Bo30yxaeHus U T.11. B takux ciydasx dw/dt # 0. [TosTomy
IPHU TIOCTPOCHUK HArpy304YHOM JuarpaMMsl ssiektponpuBoaa M(t) ciemayer moan30BaThCs
YpaBHEHUEM JBUKEHUS.

Jlna anekmponpueooos, padomarouwux 0J1umebHo ¢ HOCMOAHHOU HAZPY3KOU U
CKOPOCMbIO, MOJCHO HE YYUMbIEAmMb NOmMepu IHEPUU 6 NepPexoOHbIX npoueccax,
m.e. He yUUMbBIEAMb OUHAMUYUECKYIO COCMAGAIOUWYI0 MOMEHMA 08U2AMENA U CUU-
mamo M(t) = M. = const u P(t) = P. = const.

dopmMynbl 71 pacdyeTa MOIIHOCTH U MOMEHTA MPOU3BOJCTBEHHBIX MEXaHU3MOB
onpenensoTcs cnenu@ukod ux paboThl U OTHOCUTENBHO mpocThl. Hampumep, mor-
HOCTh Hacoca 3aBUCUT OT MACChl MEPEKAYMBAEMOM KUJIKOCTU U CKOPOCTH €€ JABUKECHUS,
MOIIIHOCTh TOJIEMHOI'0 MEXaHU3Ma ONpEJIESETCs BECOM MOJHUMAEMOro rpy3a U CKo-
POCTBIO MOABEMA, MOIIHOCTh JABUTATEINS IIMUHIEIS METAJUIOPEXKYIIEro CTaHKa — yCH-
JIMEM PE3aHUsl U CKOPOCTHIO PE3aHUS U T.I.

bonee cnoorcnvim npeocmasnsemcs nocmpoenue Hacpy304HOU OUAPAMMbL DJIeK-
mponpueood, Ko20a cKOpOCMb, YCKOpeHue u opyaue noKazamenu CUucmemvl He OCma-
IOMCsl NOCMOAHHBIMU 8 npoyecce pabomel mexanusma. B kadecTse npumMepa paccMor-
pUM TIOCTPOCHHME HATPY30YHOM MuarpaMmbl JudTa I padodero y4acTka, Ha KOTOpOM
kabuHa TudTa pa3roHAETCS 0 ONMPEACICHHON JIMHEWHONW CKOPOCTHU V, IBIKETCS HEKO-
TOPOE BpEMSI C TOCTOSTHHOM CKOPOCTBIO V=CONSt, a 3aTeM 3aTOpMaKUBAETCSI.

Pexxum paboThl a5ekTporpuBoa TudToB (KaK MacCaXMPCKHUX, TaK U IPY30BBIX)
XapaKTepU3yeTcsl 4acThIMU BKIOUeHUsIMU U oTKItoueHusMu: 100 — 240 BxiroueHuii B
yac 1751 naccaxupckux J1udro u 70 — 100 BkiaroueHuid B yac A1 rpy30BbIX JU(PTOB.
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B 3aBucuMoCTH OT HazHAYEHUS TPUMEHSIOTCS TTACCAXKUPCKUE TU(PTHI CO CIEeMyIO-
IIIUMH HOMHUHAJIHBIMU CKOPOCTSIMH

- B QJIMHHHCTPATHBHBIX 3J@aHMSIX U rocTuHuiax: a0 9 sraxeit — ot 0,7 m/c no 1
m/c; ot 9 no 16 sraxeit —or 1 no 1,4 m/c;

- B ]MUHUCTPATUBHBIX 37aHMIX OT 16 sTaxkeit — 2 u 4 m/c.

OmHUM W3 BOXHEUIINX TPEOOBAHUMU, MPEABABISIEMBIX K JJICKTPONPHBOILY JIH(]-
TOB, SIBJIAETCSI HEOOXOAUMOCTh OIpaHUUCHHS YCKOPCHUH U 3ame yieHni kabunbl a=dv/dt
¥ MX IPOM3BOAHBIX (pbIBKOB) p=d“v/dt’.

MaxkcumanbHasi BeTMYMHA YCKOPEHHs (3aMeUICHHs) TBH)KCHHUS KaOMHBI ITPH HOP-
MaJbHBIX PEKUMaxX PabOTHl HE JOJKHA MPEBBIMIATH: IS BCeX JUPTOB, KpoMe OO0JIb-
HUUHBIX, 2 M/c? , 1718 GONBHUYHBIX au¢ToB — 1 M/c?.

PriBok mpaBmiamu He pernameHTHpyeTcs. OIHaKo HEOOXOAMMOCTh €ro OrpaHU-
YeHUS, KaK ¥ OTPAHWYCHUE YCKOPECHHUS, OMPEACIIICTCS HEOOXOUMOCTBIO OTPaHUYCHUS
JTUHAMUYECKAX HArpPy30K B MEXaHUUYECKOU Mepeadye BO BPEeMs MEPEXO0THBIX TPOIECCOB
U 3a7a4eil ooecrieueHusi TpedyemMoro komQopTa s maccaxupoB. OrpaHUdeHUE BEIU-
YUH YCKOpPEHHUS W PBIBKA JOHKHO O0ECTeuMBaTh BBICOKYIO TUIABHOCTH IEPEXOIHBIX
IIPOIIECCOB U TEM CaMbIM MCKJIIOYUTH OTPUIIATEIHLHOC BIMSHUE HA CAMOYYBCTBHUE I1ac-
CaXHUPOB. {151 CKOPOCTHBIX TUPTOB MAKCUMAaIbHOE 3HAaUEHUE pbIBKa cocTaniseT 3 — 10
m/c?,

s obecriedeHnss MaKCHMAaJbHOW MPOU3BOIUTEIBHOCTH JTU(TAa BO BpeMs Tepe-
XOJTHBIX TMPOIIECCOB ANEKTPONPUBOJ JODKEH 00EeCTieunBaTh pa3rOH U 3aMeEJICHHE Ka-
OWHBI C MAKCUMAJIBbHBIMU JIOMTYCTUMBIMH 3HAYCHUSIMU YCKOpPEHUs U pbiBKa. COOTBETCT-
BYIOIIIUH BBIMIOJHEHUIO ATOTO YCIOBHS rpaduK IBUKEHUS KaOWHBI, KOTOPBIA OOBIYHO
CUMTACTCS ONTHUMAJIbHBIM (TaK Kak OH 00eCleYrMBacT MUHUMAJIbHYIO JJIUTCILHOCTD Pe-
’KMMOB pasroHa - TOPMOXKEHHUs KaOWHBI), mpuBeaeH Ha puc. 13.1. B cooTBeTcTBHH C
3TUM rpadMKOM, 3HaYEHUS PHIBKA p U YCKOPCHUS @ HA OMPECICHHBIX HHTEPBAJIAX IIe-
PEXOHOTO TIpoIlecca MOACPKUBAIOTCS MMOCTOSHHBIMU U PaBHBIMU MPEACIBHO JTOMYC-
TUMBIM 3HAYCHUSIM.
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Puc. 13.1. Onmumanvnas ouacpamma osudicenus Kabunvl augpma
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Ha nepBom stane pasrona 0 — 1 mogaep:kuBaeTcsi HOCTOSIHHBIM PBIBOK, IIPH 3TOM
YCKOPEHHE U3MEHSIETCSI 10 JINHEHHOMY 3aKOHY

t ~r
ap(t) = J. . Pron dt = pon t, @ U3MEHEHUE CKOPOCTH XapaKTEPU3YETCsl KBAJAPATUIHOM

napaboJIo:
Vi)= [, a®)dt= [ paon tdt = pron 2. (1)

[TyTh S , MPOXOAMMBIN KAaOMHOM HA ATOM dTalle, ONpEeCeIsIeTCsS KyOMIecKon Ia-
paboIo:

S1() = [, Va(®) At = [ paon 2 At = poy 6. )
JITUTEIbHOCTH TIEPBOT0 MHTEPBAJIA IBUXKCHUSI OTIPEIICIIACTCS U3 YCIOBHSL: t1= 8,0,/
P ron -

B koH1e mepBoro MHTEpBana JIBUKEHUS YCKOPEHUE NOCTUTAET IOIMYCTUMOTO
3HAYCHUS (1= dyon, @ CKOPOCTH U MPOUICHHBIN MYTh MOTYT OBITH OMPEIEICHBI IIPH yCIIO0-
BuM t = t; mogcranoBkoii B (1) u (2):

Vi= az/:[on/ (2 pnon); S1= agz[onl (6 P 2I[01'I) .

Ha Ttperbem atame aBuxkenust 2 — 3 , KOTOPBIM 3aBEPIIACTCS PEKHM pa3roHa
3JIEKTPONPUBOJA [0 YCTAHOBUBILIEWCA CKOPOCTHU Vy¢r , PBIBOK UMEET TY 7K€ BEMUYUHY, YTO
U Ha MEPBOM ITare, HO C MPOTHUBOMOJOKHBIM 3HAKOM: P = - P,op = CONSt, a u3MeHeHuUs
YCKOPEHHUSI U CKOPOCTH XAPAKTEPUYIOTCS 3aBUCUMOCTSIMU.

AaS(t) - anon + IO (' pzlon) t= a/:lon ~ Pron t ,
Ava(t) = [ as(t) dt= [ (@uon - Paon 1) G = (@son - Paon U2).

JIMMTENBbHOCTD TPETHETO 3Tana ABMKECHHS PaBHA JUIMTEILHOCTH IIEPBOIO 3Tana;
At3 = 1:1 = aﬂon/pz[on .

B xoH1ie Tpetsero atama yckopenue az=0, a i3MEeHEHHE CKOPOCTH Ha 3TOM JTarie
AV3 = @ 1on! (20 50m)-

Ha BTopom 3tane pasrona 1 — 2 ckopocTh U3MEHSETCS Ha BEJIMYUHY:

AVZ - VyCT - Vi- AVS =Vycr - 3.2 zlon/ (2p;lon) - a2 zlon/ (zp;lon) - VyCT - a2 /:lon/pz[on .

M3meHeHue 3Toi CKOPOCTH BO BPEMEHHM HAa BTOPOM JTale XapaKTepU3yeTcs JIM-
HEWHOM 3aBUCUMOCTBIO:

AV, (t) = j; o Ot = Ayon .

JlmatensHOCTh BTOpOro 3tana At, =t; = Vyer / @uon - @ non/ Paon -
[lonHast MIUTENBHOCTh pa3roHa NPENCTaBisAeT COOON CyMMYy JIUTEIBLHOCTEH
IICPBBIX TPEX ATAIOB:
tpa3 = t1 + AtZ +At3 = VyCT/ anon+ auon/ Pron-
D70 BhIpaKEHUE XapaKTePH3yeT MUHUMAJIBHOE BPEMsl Pa3roHa MpU HAIWYHH OI-
paHWYECHHH Ha YCKOPEHHE W PBIBOK. Tak, Hampumep, eclnu Vye = 4 M/C, dyon = 2 m/c?,
Pron = 5 M/C®, TO MUHHMaTBHOE BpeMs pasroHa GyIer: tos =42+ 2/5=24c.

106



AHAJIOTUYHO MOTYT OBITh IOJTYYECHBI BRIPAXKEHUS, XapaKTEPU3YIOIIUE ABIKEHUE
KaOHMHBI B TIpOIlecce TOPMOXKEHUSI HAa 5-0M, 6 U 7-oM sTamax nuarpammsl puc. 13.1. Ha-
npumep, it 5-ro sramna (4 — 5):

P5= = Pron ; a5(t) =- p/:lont ; AVS(t) = = Pron t2/2 , AtS =a /:lon/puon ;
AVs = - @100/ (2P 50n)-

[TpuBenennsie Bble (OPMYJbl MO3BOJISIIOT CTPOUTHh ONTHMANbHBIN Ipaduk
JBYDKEHUST KaOMHbI IM(Ta U ONPEAesaTh CKOPOCTH, MyTH U JJIMTEIILHOCTU BCEX ATAIOB
JBYDKEHUS TPU 33JJaHHbIX 3HAYEHUSAX YCTAaHOBUBLIEHCS CKOPOCTH U JOIyCTUMBIX BEJHU-
YUHAX YCKOPEHMS U PhIBKA.

I[To cooTBeTcTBYIOMNM (hOPMYITaM MOXKHO PACCUMTATh CTATHUYCCKYIO HATPY3KY JH(D-
ta M(t).

3aoannvimu 1y kKaOWHBI TUQTA SBISIOTCS YTI0Bas CKOPOCTH JIBIKEHUS KAOWHBI ()
(WIH THHEHHAS CKOPOCTB V), 4 TAKKe MAKCHMAIbHbIE 3HadeHms BennanH do/dt u d°e/dt,
KOTOpBIC MOJKHO IMpeACTaBUTh B Buje rpadukoB (puc. 13.2), cocTosImux U3 ceMH yda-
cTkoB. [lepBbIM cTpouTcs ydacTok 4 rpadukoB, Ha KOTOPOM ® = CONSt. 3aTeM MOKHO
IIOCTPOHUTH YYAaCTKU 2 ¥ 6, Ha KOTOPBIX MOCTOSHHBIMH SBJISIOTCS YCKOPCHHE U 3aMejlie-
HHE, a CKOPOCTh YBEIUYMBACTCS U YMEHBIIIAETCS 0 JIMHCHHOMY 3aKOHy. YdacTku 1, 3,
5, 7 XxapaKTepH3yIOTCs JTMHEHHBIM U3MEHCHHEM YCKOPCHHMS (3aMeICHH ), KOT1a PhIBOK
OCTaeTCs OCTOSIHHBIM, @ CKOPOCTh U3MEHSETCSI 110 MapaboIuiYecKOMy 3aKOHY.

[To M3BeCTHOMY MOMEHTY MHEPIMH J CHCTEMbI JIEKTPONPUBOJAA JU(TA MOKHO
noctpouts rpaduk J do/dt = f(t), Tak kak dw/dt u3BectHa.

Takum 0O6pa3oM, UMEIOTCS BCE JJaHHBIC 1711 mocTpoeHus rpaduka M(t):

M(t) = M. + J dw/dt.
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Puc. 13.2. K nocmpoenuio naepyzounoti ouazpammol I11
naccaxcupckozo augpma
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Ha ocnoBanuu rpaduxoB M(t) m o(t) MoxHO mocTpouTh 3aBUCUMOCTh P(t) =
M(t)-o(t) n manee mepelTu K BHIOOPY IJICKTPOJBUTATENS IO MOIIHOCTH, €CIIA MO JaH-
HOW METOJMKe OyayT MOCTPOCHBI HATPY30UHbIC TPAPUKHU U JJISl JPYTUX YYACTKOB J[BU-
KEHUS KaOWHBI JTU(TA.

MeToabl pacyeTra MOIIHOCTH JJIEKTPOABUTATEIS NPH MepPeMeHHON HArpy3Ke.
B snexTpornpuBoiax, y KOTOPBIX MOITHOCTh Ha BTy AJIEKTPOJABUTATENSI U3MEHSETCS T10
orpeieiecHHOMYy Harpy3ouHomy rpaduky (puc. 13.3), snekTpoaBuraresib cHayaia 6bi-
ouparom no Haubobulel MOwHOCMY YTOTO rpaduKa ¢ y4ETOM ero MeperpysKu, a 3aTeM
BBIOpaHHBIN AJIEKTPOJIBUTATENb Nposepsiom no Hazpesy. llpumepaMu 3IeKTpONpUBOIa
C TIEPEeMEHHOH HArpy3Koi Ha Bally 3JIEKTPOJBUTATEIIS SIBJISTFOTCS JICKTPOIPUBOJIBI MHO-
TOOIEPAIMOHHBIX CTAHKOB, KYJAYKOBBIX aBTOMATOB | Jip. Popma Harpy3ouHoro rpadu-
Ka 3aBHCHT OT 00pabaThIBaeMOM JETaN, MOITHOCTH U TIPOJOKUTEIHFHOCTH OT/ICITBHBIX
NEePEexoI0B UKIJIa 00paboTKHU AeTanu. [Ipu 3TOM 31eKTpoABUraTelb BpallaeTcsl Hempe-
PBIBHO TOYTH C MOCTOSHHON CKOPOCTBIO, TaK KaK €r0 MEXaHWYEeCKas XapaKTepUCTHKA
UMeeT OOJIBITYIO )KECTKOCTD.
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Puc. 13.3. Haepy3ounwiii epagpux npu nepemenHoll HacpysKe

JIJist IpOBEPKM BBHIOPAHHOTO AJIEKTPOBUTATENS 10 HATPEBY MPHU MEPEMEHHON Ha-
IPy3Ke CYIIECTBYIOT CIACAYIOIINE YETHIPE METOA:

1) MeTO SKBUBAJICHTHOTO TOKa |,

2) METOJ] SKBUBAJICHTHOT'O MOMeHTa M.,

3) MeTO/] 9KBUBAJICHTHON MOIITHOCTH P,;

4) meTo cpeaHux (3KBUBAJICHTHBIX) IOTEPb.

PaccmoTpum 3TH METOIBI.

Meton cpenHux (3KBHBAJIEHTHBIX) MoTepb. [Ipu mepemeHHON Harpyske (B
CTaHKOCTPOCHUH M JPYTHX 00JIACTSAX) HAMOOJIee YacTO MCIOIBb3YIOT OOBIYHBIC AJICKTPO-
JIBUTATENH, TpeIHA3HAYCHHbBIC IS JUTUTEIHHOTO peXuma paboThl ¢ MOCTOSHHOM Ha-
rpy3koii. [loaToMy aekTpoaBUraTe b BHIOMPAIOT HA TAKYIO MOCTOSHHYIO MOITHOCTH P,
JUTUTEITEHOTO PeKUMa pabOoThI, PU KOTOPOU B DIICKTPOABUTATEIC BBIICTSETCS CTOIBKO
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e Teruia 3a BpeMs LUKiIa padoThl t,;,, CKOIBKO U mpu paboTe MpU NEPEMEHHONU Harpys3-
Ke.
Q- t,=2(Qi~t) wm AP, -t,- Y(AP; - t),

rae Q, — KOJIMYECTBO TEIUIOBOM 3HEPTUH, BBIIEISEMON B 3JIEKTPOIBUTATENIE MOIIHO-
CTbIO P, B €IMHHUIy BPEMEHU;

AP, — IoTepH MOITHOCTH B JIEKTPOABUTATENE TIPH pabOTE C MOIIHOCTHIO P,;

AP;j — moTepu MOITHOCTH B 3JIEKTPOIBUTATENIE TIPU Pab0TE C MOIIHOCTHIO P;.

Otcroga nosryyaem GopMyIty CpeIHUX OTEpPb:
AP, =Y (AP; - t;) / t,. (13.1)

Metoa cpenHux (PKBHBAJICHTHBIX) MOTEPh VIS MPOBEPKH DJICKTPOIABUTATEINs 10
HArpeBy, MpeABAPUTENILHO BHIOPAHHOTO MO MEperpy3ke, OCHOBAH Ha HUCIOJIb30BAaHUU
3TOM (POPMYIIBI CPETHUX TIOTEPH U COCTOUT B CJICIYIOIEM:

1. Vcnonb3yst Harpy304HbIi TpaduK, OMPeaesioT:

AP; = Pi/ni - P;,
rae M — KII I anexkrpoaBurarens mpu padboTe ¢ MOITHOCTHIO P;.

B nocratouno moapoOHbIX TexHUuYeckux NaHHbIX AJ[ mpuBonsat 3nauenus KITJ]
npu Harpy3kax 1/4, 2/4, 3/4, 4/4 n 5/4 ot P,,. 1o >tum nauubM ctpost rpaduk n = f (P),
13 KOTOPOTO OIPEIEIIA0T 3HAYCHUS 1);.

JIiist ipuOIMKEHHBIX pacyeToB (M MPH OTCYTCTBUH JAHHBIX JIJIS MIOCTPOCHUS Ipa-
¢uka n = f (P)) MOXKHO UCTIONB30BATH POPMYITY

ni N, 3/R/Py -
2. Berancinsior AP, o ¢popmyie (13.1) u mpoBepsOT BHIMOJIHEHUE YCIOBHS
AP, < APy.

Ecnu 310 ycioBue He BBIONHAETCS, O€pyT CIEAYIONIUH 10 HOMUHAIBHOW MOIII-
HOCTH DJICKTPOJABUTATENb U3 KAaTajaora u T.J1. 10 BHIMOJHEHUS TAHHOTO yCJIOBHUSI.

MeToa 3xkBHBaJIeHTHOTO ToKa. Eciiu B ¢popmyite (13.1) motepu MOIIHOCTH pa3-
JIEIUTh HAa NOCMOsIHHble U nepeMeHHble, TPONOPIUOHATIBLHBIE KBAJpaTy TOKa HAarpy3KH
1%, moyunm

APHOCT + b'|32= Z((APHOCT + b'liz) ’ ti) / tLU (132)
riae b — BenmmuuHa, MOCTOSIHHAS 1)1 KOHKPETHOTO JIBUTATEIIS.
Tak kak APpoer - ty = APpoer - . tj, TO Tociie ipeodpazoBanuii u pemrenus (13.2)

OTHOCUTENBHO |, morydnum
L =202t/ - (13.3)

Dra Gopmyiia COOTBETCTBYET Harpy3ouHomy rpaduky (cm. puc. 13.2) ¢ npsmo-
yrojpHbIMU yuacTkamu. Eciin Harpy3ounsiii rpaduk | = f(t) comepxut TpeyroyibHbie U
Tpanenengaibabie yaactku (puc. 13.3), B popmyiy (13.3) Bmecto |; u s cinemyer non-
CTaBIIATh

1y, =1,//3; |53=\/(|§+|4-|5+ 12)/3.
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Puc. 13.4. Haepyszounwiii epagux | = f (t)

Memoo sxeusarenmnoeo moxa OCHOBaH Ha HCIONb30BaHUH (opmysl (13.3) mpu
IIPOBEPKE JIEKTPOABUTATENS 110 HATPEBY U COCTOUT B CJIEIYIOLIEM:
1.PaccumntsiBarot I, o (13.3), ucnonb3ys Harpy3ounbii rpaduk | = f(t).
2.11o xatamory (3Hasi IpeABAPUTEIBLHO PO TOKA, HANPSHKCHHE, CKOPOCTh BPALICHHUS
U IPyTHE JaHHBIC) BBIOMPAIOT 3JCKTPOIBUTATEh C HOMUHAIBHBIM TOKOM |, > 1.,
JlaHHBIM METOJ MPUMEHHUM K 3JIEKTPOJBUTATEINIO JIFOOOT0 THIIA.
Metoa 3xBuBajieHTHOr0 MmomenTa. s JIIT HB u A/l MeToa SKBHBaJI€HTHOIO
TOKa MO>KHO 3aMEHUTh METOJOM 3KBHMBAJEHTHOI'O MOMEHTA, UCIOJIb3YIOIIEro GopMyIly

OKBUBAJICHTHOI'O MOMCHTA
2
M =3 (MZ )/,

tak Kak nusa JIIT opu @ = const Tok mponopuuoHaieH MOMEHTY, a 1y A/l npu He-
OOJBIINX 3HAYCHHIX CKOJBKCHHS (Ha pabodyeM ydacTKe) MOMEHT MOKHO CUHTATh MPH-
MEPHO MPOMOPLUOHATBHBIM TOKY.

MeToa 3KBHBAJICHTHOM MOIIHOCTH. ECII CKOPOCTh BpalleHUs SJIEKTPOIBUTATENS
BO BpeMsi paOOThl U3MEHSAETCS HE3HAYUTEIbHO, YTO XapaKTEPHO Jis DJIEKTPOJIBUTATE-
Jel C KECTKMMU MEXAaHWYECKUMHU XapaKTEPUCTUKAMH, TO MOIIHOCTh MPUMEPHO MPO-
MOPUHUOHAIbHA MOMEHTY. Toraa MOXHO MOJIb30BATHCS METOJOM 3KBUBAJIEHTHOW MOIII-
HOCTH, UCTIOJIB3YIOIIHUM (OPMYITy SKBUBAJICHTHOM MOIIHOCTH,

P, =y (RZ-t)/ty -

Ota popmyna 6omnee ynoOHa, ueM GopmMmysia CpeTHUX MOTEPh, B KOTOPOM HEOOXO-
JIUMBI JOMTOJHUTENIbHBIC BeruuciieHust KII/I ;.

JlaHHBIM METOJ UCTIOIB3YIOT TAKXKE W TIPH HEOOJIBIIIOM YHCIIe ITyCKOBBIX MPOIIeC-
coB (o 20 B vac), mpeHeOperas uxX BAMSHUEM Ha HArpeB 3JICKTPOABUTaTEIs.

Jdexyus 14. PACHET HOMHHAJIbHOH MOIIHOCTH
JJIIEKTPO/ABHUIATEJIA 1IPH JYIMTEJIBHOM PEKUME PABOTBI

A. Harpy3ka nocrosinnasi. Eciu snekrpoaBurarenb J10JKeH paboTarh ¢ MOCTO-
SHHOW WJIM Maji0 M3MCHSIFOIICHCS Harpy3ko# (3JeKTpONpPUBOJBI HACOCOB, BEHTHIISTO-
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POB, KOHBEHEPOB, KPYITHBIX METAJUIOPESIKYIIUX CTAHKOB), €r0 MOIIHOCTh PacCYUTHIBA-
€TCS TI0 SMITUPUIECKUM (POPMYJIaM ¢ yIeTOM MOTPABOYHBIX KOI(DPHUITUEHTOB.

Ilpumepwr Takux Gopmyi:

1. Ecnu usBectHbl ycuinue pesanuss F (H) u ckopocts pesanus V (M/muH), TO

MOITHOCTb deKkTpoasurarens P (kBT) Ha Bay (C y4eToM MoTeph B MEXaHHUYECKUX

nepeavax)

P=F-V/(1000 - 60 - yep)-
2. JInst 3eKTponpuBoia Hacoca
P=KsQ-H-y-10°/ (Muac - Nuep)s KBT,
rie Q — POM3BOAUTENLHOCTD, M /C;
H — BbIcoTa Hamopa, M;
Y — INIOTHOCTb JKUJKOCTH, H/m:
k,=1,1+ 1,3 — ko3 duruenr 3amnaca;

Nuac = 0,45 + 0,75 — KIIJI Hacoca.

[To xaTanory BeIOMpAETCS JIEKTPOIBUTATENH C HOMUHAIILHON MOIIHOCTBIO Py > P.
Tun nBuraTeNnst BEIOMPACTCS C yUYETOM OKPYXKAIOIMIEH CPEIbl, COMPSIKEHUS C MEXaHU3-
MOM, POJia TOKa, HANPSDKCHHs, CKOPOCTH BPAIICHHS W IPYTUX TEXHUYECKUX TpeOoBa-
HU#l (110 MyCKOBOMY MOMEHTY, Hampumep). Tak Kak JBHTaTellb BBIOMpPAETCS IO yCIIO-
BUIO P, > P, TO BBINOIHAOTCA U yCioBusa AP, > AP u 1y < 1,,,. [Io3TOMY HPU nocmosn-
HOU NPOOOINCUMENLHOU  HA2PY3Ke OONOIHUMENbHBIX PACHemo8 No ONnpeodeieHuo
Haepesa ogueamelisi He mpeoyemcsi.

b. Harpy3ka nepemenHas. [Ipu npogomKUTEIFHOM peXuMe pabOThI C MEPEMEH-
HOW HArpy3KOH 3JIEKTPOJIBUTATEINb TOJDKEH OBITh BBIOPAH 1O MOIIHOCTH Tak, 4TOOBI OH
MOT" paboTaTh ¢ HaMOOJIBIICH U3 TpadurKa HArPY3KH MOITHOCTHIO (3TO TaK Ha3bIBACMBIi
BBIOOP TI0 TIEperpy3Ke) v He neperpeBaics 0oJbiine HopMbl (3T0 BEIOOD 1Mo Harpesy). U3
JIBYX MOIITHOCTEH BHIOMPAIOT OOJIBIIIYIO.

Mownocms no nepezpyske OnpenensieTcst Kak

P 1= P max / }u,
r71€ Pmax — HAaNOOJBIIIAs MOIIIHOCTH W3 rpadKka Harpy3KH;
A — K03(pPUIHEHT AOMyCTUMOMN Teperpy3KHu:
s AT A =1,8...2,5 (u3 yclioBuit KOMMYTaIUH);
s Al A= 0,92 A (A« = M | M, — Gepetcs U3 Karajora);
kodppunment 0,9 yuuThiBaeT BO3MOXKHOCTh CHIDKCHHS HanpspkeHus cetd Ha 10 % ot
HOMHHAJILHOTO.

OOBIYHO CHaYaJla PACCYUTHIBAIOT MOIIIHOCTD JIEKTPOJABUTATENS 110 HArPEBY U BhI-
OMparoT KOHKPETHBIN JABUTATENb (C YIETOM M JIPYTUX KPUTECPUEB BHIOOPA), a 3aTEM MPO-
BEPSIOT €ro M0 neperpyske Py > Pi.

Ecnu aT0 ycnmoBue meperpy3ku He cOONM0OJaeTcs, M3 KaTajlora BBIOMpAIOT clie-
JYFOIIIHH 1O TITKaJIe MOIITHOCTEH 3JIEKTPOABUTATE.

Ilpumeuanue. J1is AJl HyxHa elle MPOBEpPKa U 1O IIyCKOBOMY MOMEHTY:

0,9%- M, > M,
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rae Mi— MOMEHT Ha [IEpBOM y4YacTKe Harpy304HOro rpaduka.
Ilpumep 1. Be1Opath 31€KTPOABUTATEND JUIsI MEXaHU3MA, pa0OTAIOLIEro M0 HArpy-

304HOMY rpaduKy, npeactaBieHHoMy Ha puc. 14.1. YrioBas ckopocTh BpallleHUs Baja
o, = 146 pan/c (n, = 1460 06/Mun).

M(HM)
1 400
256
10 | 30
100
50 ¢
(4] Mi(lf

Puc. 14.1. Haepyszounoiii epagpux M = T (t)

Pewenue

DKBUBAJICHTHBIN MOMEHT (13 rpaduka)

M, =+/(400% 10 + 2562 - 30 +100% -50/90 =213 H:Mm.

PacueTHast MOIITHOCTB AIEKTPOIBUTATES

P=M, ®=213- 146 - 10° = 31 kBr.

[Tpuaumaem o katanory AJl tuna A02 — 81 —4 ¢ P, = 40 xBr, n, = 1460
00/MuH, A =2, \y=M, [ M,=11.

HomunanbHbiii MOMEHT A/

M, =P, | o, = (40/146) - 10° = 274 H-m.

MakcuMalIbHBIA U ITyCKOBOM MOMEHTBI A/l ¢ y4eTOM CHMKEHHS HANPSKEHUS Ce-
1 Ha 10 %

0,9° M, =0,9°- 2 - 274 = 444 H-m;

0,9°M,=0,9°-1,1-274 = 244 H-m.

ComnocraBieHe MOTYYEHHBIX JAHHBIX C JAHHBIMHU Harpy304HOTO rpaduka moxkasbl-
BACT, YTO MPHUHATHINA 3JICKTPOJBUraTe/Ib yIOBICTBOPSCT TpeOOBaHUAM Tieperpy3ku (444
> 400 H-m), HO HE MPOXOUT IO MyCKOBBIM ycioBusaM (244 < 400 H-m).

CrnenyrommmM OOJIBIINM IO MOIIIHOCTH OyJIeT 3ieKTpoaBurarens tuna AO2-82-4 ¢
P, =55 xBt; n, = 1460 o6/mun; A, =2,0; A, =1,1. JlanHBIi 3J€KTPOABUTATED, KAK
MOKAa3bIBAIOT PACUETHI, TAK)KE HE MIPOXOJIUT IO MyCKOBBIM YCIOBHSIM.

B momo6ubIX ciydasx, Korja MOMEHT CONPOTHBIICHHS TPU ITYCKE 3HAYUTEIIHHO
MPEBBINIACT MOMEHT TIPH YCTAHOBUBIIEMCS PEKHUME, IEIECO00pa3HO MPUHUMATH JJIEK-
TPOJIBUTATENH C MOBBIIICHHBIM ITyCKOBBIM MOMeHTOM. [ToaTomy mpumem AJ] tTuma AOIIT
—81-4c¢ P,=40kBT; n, = 1470 o6/mun; A, =2,2; A, =1,8.

[TpoBepuM JaHHBIH 3JIEKTPOABUTATEID IO ITYCKOBOMY MOMEHTY

0,9%-1,8-40-10"/ 1470 ~ 400 H-m.
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Tak KaK IMyCKOBOM MOMEHT PaBEH MOMEHTY COIIPOTHMBIICHHMS], TO JAHHBIN 3JIEKTPO-
JIBUTATEJb BBIOPAH MPaBUIIBHO.

Ilpumep 2. PaccMOTpUM BOIIPOC ONPEIEICHHUS PACUETHOM MOIIHOCTU 3JIEKTPO-
nsurarens s snexrponpusoaa (DI1), padoTaromiero B pexxume S1 ¢ 4acThIMH ITycKa-
MH, T.€. KOTJa B €ro Harpy304HOW AuarpaMMe HEOOXOJIMMO YYUTHIBaTh U JHUHAMHUYE-
CKHE MOMEHTHI ITPU pa3roHe M ;1 ¥ TOPMOXKEHUH M ;.0 (cM. puc. 14.2).

a)
Mc‘ M
- Mes ffcz
' .
i s ra
§ =
W
Wyer -= /‘
i |
| |
] ty 1 ¢
g - ’|
Maun Maun 1 |
-4 .
mhM! Maunz §
Me1 |
Me2 :
v
Vi
L] ¢

Puc. 14.2. Haepyszounas ouacpamma MO (a), maxoepamma ckopocmu (6), epagux
OuHamuyecko2o momenma (8) u HA2PY30UHAsL OUASPAMMA DILEKMPonpusooa (2)

Pabora JIl xapakrtepusyercss NpUBEACHHBIMU K Baly JBUTATENsl HArpy304YHON
auarpammoin ucnojHuTenbHoro oprana (MO) mexanusma puc. 14.2, @ u CKOpPOCTHOMH
nuarpammoint puc. 14.2, 6. Ilpu sToM: npuUBeeHHBIE MOMEHTBI conpoTuBiieHUsT M 1 =40
H-™m u M, =16 H-m; ;=20 c; t,=62 c; t,=2 c; t,=1 C; t,=77 C; 1;=2 C; ®y,=146 pan/c (N, =
1460 o6/muH); npuBeaeHHBI MOMeHT uHepiuu JI1J = 0,8 KT M.

Pewenue. 1. OnpenenuM BHavyajae JMHAMUYECKHE MOMEHTBI Ha y4acTKax pa3roHa
M 1 ¥ TOpMOXKEHUST M 0 (puic. 14.2, 6):

M= J ‘Z—fz J wyel t, = 0,8:146/2 = 58,4 Hou;
M= - J @yl ;= - 0,8:146/1 = -116,8 How.
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2. PaccuntaeM MOMEHTHI JBUTATENsl HA y4acTKax pa3roHa M; u TopMokeHus M,
(puc. 14.2, 2):
M; = M+M = 40+58,4 = 98,4 H-m;
M; = M+M g = 16 -116,8 = - 100,8 H-m.

3. MOMeHTHI JBHUTaTels Ha y4acTKaxX yCTaHOBHBIIErocs ABMkeHus (ti-t) u (1o -
t. - to ) paBHBI MOMEHTaM Harpy3ku M¢; 1 M., COOTBETCTBEHHO.
4. Onpenenum cpeHekBaApaTuyHbiii MOMeHT JI1 3a UK padoThi iy

Meo= > (MZ-t)/t, = V((58,4*-2+40%18+16°:59+(-100,8)*-1)/82)= 27,5 H-m.

5. PaccunrtaeM pacueTHy0 MOIIHOCTb 3JEKTPOJBUTATENS:
Ppaci =M ¢ ®paca = M ¢5 Oy = 27,5:146 = 4015 Bt =4 xBr.

Jlia paccMaTpuBaeMOM TaxOrpaMMBbl JIBHIKEHUS Mpaey = Myer , TAK KAK CKOPOCTH
HO ue perynupyercs.

Hanee no katajory BeIOMpaeTcs ABUraTedb Onmxkaniiei 00ibIIel MOIHOCTH U
CKOPOCTH C Y4E€TOM H JAPYTUX KPUTEPHEB BHIOOpaA AneKTpoaBHUraTeneid. BoiOpanHbIii
JIBUTATEIb 3aTEM IPOBEPSAETCA M0 NEPETrPY30UHON CLIOCOOHOCTH.

[Tpu BeIOOpe A/l C K.3. pOTOpPOM JABUTATENb AOJKEH OBITH MPOBEPEH TAKKE MO
ITyCKOBBIM YCIJIOBUSIM, JUJISI UETO COITOCTABIIAETCS €0 IMyCKOBOM MOMEHT M, ¢ MOMEH-
TOM Harpy3ku npu nycke Mj.

Ecnu BpIOpaHHBIN BUraTellb yIOBIETBOPSIET BCEM YCIOBHUSM MPOBEPKH, TO OH
IPUHUMAETCS K MpUMEHEHUo B aHHOM Oll, a uHaue BbIOMpaeTcs Apyroil ABUraTellb
(kak paBMIIO, OOJIBIIIEH MOIIHOCTH) M MTPOBEPKa IIOBTOPSIETCS.

Jdexyusn 15. PACAET HOMHHAJIbHOH MOIIITHOCTH
JJIIEKTPO/IBUITATEJIA IIPU TIOBTOPHO-KPATKOBPEMEHHOM

H KPATKOBPEMEHHOM PEKUMAX PABOTbHI

JIns IOBTOPHO-KPATKOBPEMEHHOT'O PEXHUMa PaOOTHI BBIMYCKAIOTCS CIEIHUAbHBIC
CepHH 3JICKTpOJIBUTaTelie. B kaTanmorax Ha HUX yKa3bIBaeTCSl HOMHHAJIbHAS MOIITHOCTD
P, npu HOpMaTuBHOH (cTaHIapTHOM) mpoaoinkuTenbHOCTH BKiroueHus 1B, = 15, 25,
40, 60 n 100%. /InutenbHOCTH pabodero 1ukia t, Juist HUX He JO0JDKHA TpeBbimath 160
MUH, @ HTHAY€ JIBUTATENIh CUUTACTCS PA0OTAOIIEM B ITTUTEIIHHOM PEXUME.

Ecnu npu moBTOPHO-KPAaTKOBPEMEHHOM PEKHUME pacueTHasl MOIIHOCTh P, u dak-
TUYECKas MPOJOKUTENBHOCTh BKItoueHus [1By paBHbI (Mu o4YeHb OMM3KUM K HOMH-
HAJBHBIM JaHHBIM JIBUTATEIIS), TO NPOGEPKA €20 No Hazpesy He mpebyemcsi, TOCKOIbKY
paboTa TpU TaKuX TapaMerpax Harpy304HOW JMarpaMMbl TapaHTUPYETCS 3aBOJIOM-
usrorosureneM. Ho korga 1By 3ametno otnnvaercs ot 1By, nposepka osuecamens no
Hazpegy Heobx00uMa U IPOBOJUTCS CISTYIONIUM 00pa3oM:

1) mo 3amaHHOI Harpy304HON AuarpamMMe paccuuTbiBaoT 11By 1 SKBHBaIICHTHYIO
MOIIHOCTD P, (110 0OJHOMY M3 METOI0B SKBUBAJICHTHBIX BEJIHUYHH);
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2) IPUBOIIAT PACCYUTAHHYIO MOIITHOCTH P, K ONKaiIiield HOpMaTHBHOM BETMYUHE

[IB, o ¢popmyne P; =P, [(TIB,, /TIB,,) ;

3) Mo KaTaJoTy MOAOUPAIOT JICKTPOABUTATEIh, HOMHHAIBHAS MOIIHOCTH KOTOPO-
ro Py, > P!, a HOMMHQJIbHOE 3HAYEHUE YITIOBOW CKOPOCTH My U MCIIOJHEHUE COOTBETCT-

BYIOT TpeOyeMbIM. [lasiee BbIOpaHHBIN ABUTaTEIb MPOBEPSIOT HA MEPETPY30YHYIO CIIO-
COOHOCTH (M IO IMyCKOBBIM ycloBUsM 1uist AJl), Kak u Ui IBUTATENeH TPU MPOIOIKHU-
TEJIBHOM peXUMeE padOoThI C IEPEMEHHON HArpy3Ko.

Ot anexTpoaBUrarTess, MpeaHa3HauYeHHOro Ul MPOJOKUTEILHOTO PEeXUMa pa-
OOTBI, HO MCTIOJIB3YEMOTI'0O JIJIsl IOBTOPHO-KPAaTKOBPEMEHHON HArpy3kH, TpeOyeTcs, uTo-
Obl OH pa3BUBAJ HEOOXOAMMYIO HAUOOJBIIYI0 MOIIHOCTH MPU 00pabOTKe JeTanu U He
neperpeBascsi CBhIIE HOPMBI TIpu 00paboTke mro0oro yucia aeraneit. [losromy mor-
HOCTb DJICKTPOJBUTATENS B JAHHOM CIIydae pacCUMTHIBAIOT IO MEperpy3Ke U Mo Harpe-
By, KaK U JUIsl IPOJODKUTEIFHOTO PEeKMMa C MEPEeMEHHOM Harpys3Koil, mpu 3TOM IS
pacueTra HOMHUHAJIBHOM MOIIHOCTU JIBUTATelNs MO HAarpeBy MOTYT OBITh HMCIIOJIb30BAHbI
METO/Ibl SKBHBAJICHTHOTO TOKA, YKBUBAJCHTHOTO MOMEHTA U CPEAHUX MOTEph (METOA
HKBUBAJICHTHOW MOIIIHOCTH 37IeCh HE NMPUMEHUM, TaK KaK B TEUEHHE BCErO0 BPEMEHU
LUKJIa HE COOJII0IAaeTCsl MPONOPLUHOHATIBHOCTh MEXKAY TOKOM AJIEKTPOJBUTATENSI U €r0O
MOII[HOCTBIO).

JUis MOIBEMHO-TPAHCIIOPTHBIX MEXAaHM3MOB CIIEAyeT BBIOMpATh CIieUaIbHbIE
KpPaHOBBIE JIEKTPOJIBUraTeNM, TaK KaK OHU IIpeJHAa3HAYEeHBb! JUIs MCIIOJIb30BAHUS B Ts-
XKEJIBIX YCIOBUSX pabOThI (4acThie MyCKH, TOPMOXKCHUS, KOJICOaHUsI HATPY3KH, TIPEBBI-
IIAIOIIME HOMUHAIBHYIO) U UMEIOT MOBBIIICHHBIC MAKCHMAJBHBIA M YCKOBOH MOMEH-
THI.

OnuH ¥ TOT ke dIEeKTpoABUraTelNb I pasHbiX [IB nMeer paznnunyo HOMUHAIB-
HYI0 MOIIHOCTh: yeMm Oousblie 1B, TeM meHbme momHocTh. IlepecueT HOMHUHATBHON
MOIIHOCTH 3JIEKTpOJABUTaTeNs ¢ oAHOro 3HaueHus [I1B Ha npyroe ocymecTtisercs Ha
OCHOBE MPUOIMKEHHOTO PaBEHCTBA

P125 -1IB15 = P225 -TIBys = PA%O -1IB4g = PgO - I1Begp.

IToBTOpHO-KpaTKOBPEMEHHBII PEKUM XapaKTEpeH U Ui 3JIEKTPONPUBOIOB METAI-
JOPEXYIIUX CTaHKOB, 00pabaThIBAIOUIMX OAHOTUIIHBIE JE€TAJIM, KOT/Ia IIUKJ COICPKUT
nays3bl, HEOOXO/IUMbIE JJI1 CMEHbI 3arOTOBKM W M3MEPEHUHN JieTanu. MOIIHOCTh 3JeK-
TPOJIBUTATENS MIPHU ITOM IIeIecoo0pa3Ho ompenenats no merony (hopmyne) cpemHux
HOTEPh!

AP, =% A4l t,, (15.1)
rae AAj — moTepu SHEPruu Ha KaXXKIOM 3HAYCHWH HArpy3KH, BKIIOYAsi MIPOLIECCHI MMycKa
U TOPMOXKEHHUS.

Korna snekrpoaBurateib He padotaet (to Ha puc. 15.1), ycioBus ero oxjaaxIeHus
3HAYUTENHHO YXYAIAIOTCSA. DTO 0OCTOATEIHCTBO YUYUTHIBAIOT BBEICHUEM SKCIIEPUMEH-
TaILHBIX KO3 GUIeHToB (Bo < 1) yXy/auIeHus: oxIaxaeHus, yMHOXkas Bpems to Ha [o.
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Torna B (15.1) 3HamMeHaTenb yMEHBIIACTCS, @ YKBUBAJICHTHBIC TIOTEPH U HOMHUHAJIbHAS
MOIITHOCTh JICKTPOJABUTATENS YBEIUUNBAOTCA.

VY A/l 3amumenHoro uctionHenus ¢ Ny = 1500 06/mun u Py, = 1...100 kBT k03 durim-
eHt Po = 0,5...0,2 (c yBenmuuenuem Py koddunmenr Py yosiBaer), y Al ¢ 00ayBom B =
0,45...0,3, y 3akpeiThix AJ[ Bo = 0,98...0,93.

Bo Bpems mycka u TOPMOKEHHUS CPEIHSISI CKOPOCTh BPAILCHUSI SJIEKTPOIBUTATENS
HIDKE HOMHHAJIBHOM, OXJIaXKIeHHe ABUTaTess yxyamaercs. [loatomy B dhopmyne (15.1)
YXYIUICHHE OXJIAXACHUS YUYUTHIBACTCS IMyTEM YMHOXEHUSI BpEMEHU ITycKa t, u Topmo-
keHus U, Ha KodphunmreHT

Bi=(1+PBo)/2
Ilpumep. AJl xpanoBo-Meramutypruueckoi cepuu tuna MTKB 511-8 umeer ka-
TaJ0KHbIE JaHHbIC. MOIHOCTh P, = 28 kBt npwm TIB, = 25 % u ckopocts N, = 700
00/MuH. OUEHHUTh HArpeB IBUTATENS, €CIIH OH OyJeT MEePHOAMYECKH BKIOYATHCS HA 3
MUH U TIPEO0JeBaTh IpHU 3TOM MOMEHT Harpy3ku M, = 350 H-m, nocse gero Oyzaer oT-
KITtoyaTtbess Ha S5 MuH. JlaHHBIA TUKIT  pabOThl  OTHOCUTCS K  TOBTOPHO-
KPaTKOBPEMEHHOMY PEXUMY paOOThI ABUTATEIS.

Pewenue. 1. OnpenenuM HOMUHAIBbHYIO YTJIOBYIO CKOPOCTh U HOMUHAJIBHBIN MO-
MeHT nipu 1B, nBurarens:

oy = N,/ 30 =3,14.700 /30 = 73,3 pan/c

M; =P,/ ®,=28 000/ 73,3 = 382 H-m.

2. Haitnem npo1o/mKUTEIbHOCT BKITFOUEHUSI IBUTaTeNs B 1ukiie [1B;:

HB]_: tp/(tp + to)lOO % = 37,5 %.
3. Beruucinum MOMEHT Harpy3ku npu crangaptHom [1B, =25 % :
M, = MN(IIBY/I1B,,) = 350-V(37,5 / 25) = 429 H-m.

4. ComocTaBuM MpUBEJICHHBIE K 01HON cTanAapTHOM 1B, = 25 % momenTst M, u
M,. Tak xak M, =429 Hm 382 H-m = M,,, TO ABUTATENb MTPU pabOTE B TAKOM ITUKIIE
OyZneT nepecpesamucsi CBEPX NOMYCTUMOTO YPOBHSI.

3anava. /[ns yciaoBuil pacCMOTPEHHOTO npuMmepa NPY TEX K€ 3HAYCHUSX Nay3bl U
MOMEHTA HAarpy3KH ONpeaesuTh: 1) Mpoa0KUTETLHOCTh BKIFOYCHHUS IBUTATEIS B IHK-
ne 11B; u Bpems paboThl ABurarens t,, Ipu KOTOPBIX NEpPErpeB ABUraTest He OyaeT mpe-
BOCXOJIUTH JIOIMYCTUMOTO YPOBHSI.

PacyeT HOMHHAJIBLHOI MOIITHOCTH 3JIEKTPOABUTATES PU KPATKOBPEMEHHOM
pexxnMe padoThl. BecriomorarenbHbIe AIEKTPOIIPUBOIBI CTAHKOB (YCTaHOBOYHBIC TIepe-
MEILEHHUS CYNTOPTOB, 0A00K, OMEPEYHH U AP.) OOBIUHO PabOTAIOT B KPATKOBPEMEHHOM
pexume Harpy3ku. [Ipo1omKUTensHOCTh PabOThI BCIIOMOTATEIbHBIX MPUBOJIOB OOBIYHO
He npebiiaet 5...15 ¢ (1...1,5 MUH y KpyIHBIX CTAHKOB). 3a 3TO BpeMs IIPH TEeperpy3Ke
B JIOMYCTUMBIX TIpe/IesiaX AJIEKTPOBUTATENb HE YCTIEBAET HATPEThCS JaKe 10 HOpMaJlb-
HOTO TieperpeBa. HOMWHANBHYIO MOIIHOCThH JJICKTPOIBUTATENSI B KPATKOBPEMEHHOM
pexXUMe pabOoThl OMPEACIISAIOT TOJIBKO IO YCI08UAM nepecpy3Ku, a 3aTeM MPOBEPSIOT 1O
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nyckogomy momenmy. MOIHOCTb, pacxoayeMas Ha MPEOJI0JICHUE CHJI TPEHUS IPH I1e-
pPEMEIEHNU TOPU30HTAIBHO ABMKYIIETOCS y37a!

P,=F,v-10°=Guv 10° xBr,
rie F., — cuna tpenns, H;

V — CKOPOCTb, M/C;

G — cuna tsoxectu (Bec) nmepemeniaemMoro ysia, H;

1 — KOd(phULMEHT TpeHUS ABUKCHHUS.
MoImHOCTb Ha Bajly JEKTPOABUTaTENs
Py=Pyl(A-m)=Pi/h,
rae A — Ko3PUIUEHT T0IyCTUMOM neperpy3ku; P — norpedisiemass MOIHOCTb.

[TpuOMMKEHHO MOKHO CUUTaTh, 4TO xapakrtepucthka A/l B pabouei yactu mnps-

MonuHelHa. Toraa yriioBasi CKOpOCTh SJIEKTPOABUTATENS IPU paboTe ¢ eperpy3Kon
™. =mp-(1-A-5sy),
rae g = 1 Ng / 30 — cuaxponHas yriaoBast ckopocts AJl;
Sy — HOMHHAJIbHOE CKOJIb)KECHHUE.
Mowment A/l npu neperpyske
M=P;-10°/ (0o (L -A-s,), Hwm
MoMeHT cul COPOTUBIIEHUS B Hauaje mycka 0oJbIlie, 4eM BO BpeMsi €ro paboThI:
Mo =Py-10° o/ (0 p- (L—A-sy) Hem,

r7e [o — K03(pPHUIHEHT MOKOSI.

Buibop mowmocmu AJ] cBogutes k cienyroiemy. [lons3ysice Gpopmymnoit aist Py, 1o
KaTaJIoTy MOAOHPAIOT AIIEKTPOIBUTATENh, 3aTEM BBIYHCIISIFOT MOMEHT M., ¥ COMOCTaBIIs-
IOT €ro ¢ IMyCKOBBIM MOMEHTOM 0,92-MH. Ecnu BeImosiHsieTcs: ycioBue 0,92-MH > M.,
BbIOpaHHBIN 3JIEKTPOJIBUTATENb IPUTOJIEH.

P T
i OPMOXKECHUE _
KBm B ”yCK \\ B
1 »
4,2
L/ i
3
to
21| EX AN n
0 -t

¢ 1 3 12 1y 40c ¢,

Puc. 15.1. Haepyzounwui epagux P =1 (t)
Pazoen 5. JJEKTPOBE3OINACHOCTD

l[eJlb: uzydumos go30elicmaue JJIEKNIPUUECKO20 NMOKA HA 4ejloeeKad U OCHOBHblEe
MePonpuAaAmusa no NOBbIUEHUIO aﬂekmpo6e30naCHocmu Jrooell.
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Jexyus 16. BOJTEHCTBHA JIEKTPHYECKOTO TOKA HA
YEJIOBEKA

Texnuxoui 6e3onacnocmu Ha3bIBACTCS CUCTEMA OPTraHU3ALMOHHBIX MEPONPUATUN
U TEXHUYECKUX CPEACTB, NMPEAOTBPALIAIOIINX BO3/JEHCTBUE HAa padOTAIOIMX OMACHBIX
POU3BOICTBEHHBIX (PakTOpoB. OMACHBIMU MPOU3BOJICTBEHHBIMU (PAKTOPAMHU SIBIISIOTCS
Takhe (aKTOpbl, KOTOPbIE MPUBOAAT JIOAEH K TpaBMaM WJIM BHE3AMIHOMY PE3KOMY
YXYAUICHUIO 30pOBbs. TakuMm 00pa3oM, TeXHUKa 0€30MacHOCTH oOecrieurBaeT 0e30-
ACHOCTb, COXPAaHEHHE 3/10POBbSl U pabOTOCIIOCOOHOCTHU JIOJEH B MPOLIECCE UX TPYHO-
BOH JIESITEIIBHOCTH.

nexkmpobezonacnocme (uiu 3auuma om NOPANCEHUs. INEKMPUYECKUM MOKOM)
— 3TO CHUCTEMa OPraHU3ALMOHHBIX U TEXHUYECKUX MEPOINPUATUN, TEXHUYECKUX CIIOCO-
00B U cpeCTB, 0OecreynBaIOUINX Oe30MacHble YCIOBUS TpyAa JroAeH, padoTaromux ¢
TEXHOJIOTMYECKUM OOOpPYAOBAHUEM U PYUHBIM 3JIEKTPOUHCTPYMEHTOM. B 21ekmpoyc-
MAHOBKAX ONACHBIM NPOU3BOOCHBEHHBIM (PAKMOPOM ABNIAEMCA INeKMPULECKULL MOK.

Anexmpuyeckuii MoK B 3JIEKTPOYCTAHOBKAX MPEJCTABISAET OOJIBIIYIO OMACHOCTh
IUTSL )KU3HU ¥ 37I0POBBS JIIOJICH, TaK Kak ero (B OTIMYUE OT JPYTUX OMACHOCTEH) HENb3sI
OOHapy>XHUTh AUCTAHIIMOHHO 0€3 COOTBETCTBYIOIIUX MPUOOPOB. IIEKMPOYyCHMAHOBKOIU
HA3bIBAETCS COBOKYMHOCTb anmnaparoB, MalllH, JIMHUMI, BCIIOMOTaTeIbHOTO 000py10Ba-
HUS U TIOMEILEHUM, MpeJHa3HAUYCHHBIX JJI1 MPOU3BOJICTBA, MPeoOpa3oBaHus, pacupee-
JICHUs1, HAKOTUICHUS U MIepelauu deKTpudeckor suepruu (99).

[TopaxkeHue 4enoBeKa JIEKTPUYECKHMM TOKOM BO3MOKHO MPHU 3aMBbIKAHUU DIIEK-
TPUUYECKOH LIENU Yepe3 ero Tejao, YTO ObIBAET MPU KaCaHUU YEJIOBEKA B AJIEKTPUUYECKOM
CeTH B JIBYX TOYKAaxX: IPU KaCaHUM HETMOCPEICTBEHHO K ABYM (azaM; IpU KacaHUH K
OJIHOM (haze, CTOSI HA 3eMJIE WJIM KacasCh €lle KaKUX-TU00 3a3€MJIIEHHBIX KOHCTPYKIIHIA;
IPU KOHTAKTE€ C HETOKOBEAYIIUMH YacTAMU OOOPYIOBaHUs, CIydalHO OKa3aBUIMMHUCS
M0J1 HANPSDHKEHUEM H3-3a HapyLICHHs W30JISIUH IPOBOJOB AeKTpoobopynoBanus. [lo-
pakeHHE YeJIOBeKa JIEKTPUUECKUM TOKOM MPOUCXOIUT INIaBHBIM 00pa30M M3-3a HECO-
omoaenus npaun TexHuku O0ezonacHoctu (I1TH), mpaBui ycTpoiicTBa 1 KCILTyaTaIlluu
annekTpoyctanoBok (ITVD), mpHKOCHOBEHUS YelOBEKa K TOKOBEIYIIUM YacTsIM, HaXo-
JSAUIMMCS TIOJT HAIIPSIKEHUEM.

DNeKTpUYECKU TOK, IPOXO/Is YEPE3 TEJNO YeJIOBEKA, MOKET BbI3bIBATH!

o mepmuieckoe oeticmeue — 0)KOTU OTJEJbHBIX yYacTKOB TeJla, HarpeB Kpo-
BEHOCHBIX COCYJIOB U HEPBHBIX BOJIOKOH;

o NeKmpoauUmudecKoe oelcmeue — pa3iokKeHUe KPOBU T IPYTUX OpraHHYe-
CKHX KHJIKOCTEH, Hapymias ux (U3NKO-XUMHUECKHI COCTaB;

o buonoeuyeckoe oeilicmeue — pa3ApakeHue U BO30YXKICHUE KUBBIX TKaHEH
OpraHu3Ma, YTO MOXET COMPOBOXKIATHCS HEMPOU3BOJIBHBIM CYJIOPOXKHBIM COKpAILEHU-
€M MBIIIL CepAlla U JIETKUX; B pe3yJibTaTe MOTYT BO3HUKATh Pa3IMYHbIE HAPYIICHUS B

OpraHu3Me U JaXK€ IMMOJHOC NPEKpaICHUE NCITCIbHOCTA OPIraHOB JbIXaHUA U cepAla.
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VYkazaHHbIE 1EMCTBUS ANEKTPUUECKOr0 TOKA MPUBOAAT K IBYM BHJIaM MOPAXKEHUS
OpraHU3Ma YeJIOBEKa: ANEKTPUUYECKUM TPABMaM U 3JIEKTPUUECKHUM yapaM.

dnekmpuueckue mpagmol (WA 3J1eKMPOMPAGMBL) — DTO SBHBIC WIH CKPBITHIC
NOBPEXKJICHUS B YEJIOBEKE IPU MOIMAJaHUU €0 MOJ BO3AECHCTBUE DJIEKTPUUECKOIO TOKA
(manpspxenus). K ajekTporpaBMaM OTHOCSTCS JIEKTPHUECKUE 3HAKU U OJKOTH.

Inexkmpuueckuii 3HaK — 3TO OMEPTBIICHHAs KOXa B BUJAE MO30JIM, KOTOpPasl BO3-
HUKAET Ha BXOJIE DJIEKTPUYECKOIO TOKA B TEJIO YEJIOBEKA U Ha BbIXOAE U3 Hero. C Tede-
HHEM BpeMeHH (MHOTIa uepe3 TO/Ibl) JEKTPHUECKIE 3HAKU HCYe3alO0T.

Ojicocu BBI3BIBACT DIIEKTPUYECKAsl Jyra, BO3ZHHUKAIOIIAS IIOCIE IPUKOCHOBEHUS
4eJIOBEKa K TOKOBEAYLIMM YaCTSM, HaXOISIIUMCS I0J HANpsKEHHEM, NMPU KOPOTKHX
3aMBIKaHMSAX, a TAKXKE CaM AJIEKTPUYECKUI TOK IIPU HEMOCPEACTBEHHOM KOHTAKTE Teja
YeJI0BeKa C TOKOBEAYLIUMH YacTsIMU 3JIEKTPOOOOPYJOBAHMUS.

Anexkmpuueckuii yoap — 3T0 CyJJOPOKHOE COKPAIEHUE MBI Pa3JIMYHOMN CTere-
HU TsDKecTH (MOTepsi CO3HAHUs, HapyIICHUE JbIXaHus, paboThl cepala U Jaxe ero oc-
TaHOBKa). Eciu B Teuenne 5-6 MuH yaaercss BOCCTAaHOBUTH JIESATENLHOCTE cepamna (wc-
KyCCTBEHHOE JIbIXaHHE, HEMPSMOW Maccaxk Cepia), TO MOXKHO PacCUYUTHIBATH HA BO3-
BpallleHUE YEJIOBEKA K JKU3HHU.

[IpyurHaMK CMEPTH OT BO3JECUCTBUS AJIEKTPUUECKOTO TOKA MOTYT ObITh MpeKpa-
IIEHUE JbIXaHMs, a TaKK€ OCTAHOBKA CEpla WIH €ro guobpunnayua — ObICTPbIE Xao-
THYECKHE U Pa3HOBPEMEHHBIC COKpAICHHs BOJOKOH ((DUOPHILT) CepIeYHON MBIIIIIHI,
IpU KOTOPBIX CEpALE MepecTaeT padboTaTh Kak Hacoc, B pe3yjbTaTe 4ero B OpraHu3Me
IpeKpauiaeTcs KpoBoOOpalieHHe.

IIpekpanieHue JbIXaHHS BBI3BIBAETCS BO3ACHCTBUEM 3JIEKTPUUYECKOIO TOKa Ha
MBIIIIIBI TPYIHOW KIIETKH, YYACTBYIOIIUM B Mpolecce IbIXxaHus (BOZHUKACT YAYIIbE MO
MPUYMHE HEIOCTAaTKa KUCIOPOJIa U M30BITKA YIIIEKUCIIOTHI B OPTaHU3ME).

XapakTep NOpa)KeHUs JEKTPUUYECKUM TOKOM M €ro MOCJIEACTBUS ONPEACIIIIOTCS
TaKUMU paKmopamu, Kak poJl U BeJIMInuHa TOKa (IOCTOSIHHBINA WM MIEPEMEHHBINA TOK, &
IpY MIEPEMEHHOM TOKE — M €r0 YacTOTa), BeJIMYMHA HANpPsHKCHUs, MyTh U MPOIOIIKHU-
TEJIBHOCTh MPOTEKAHUS TOKA YEPE3 TEJO YEIOBEKA, COCTOSIHME KOKU B MECTAX MPUKOC-
HOBEHUS K METAJUIMYECKUM YacTsM, pu3nuecKasi U ICUXUYECKOE COCTOSHUE YEIOBEKa.

Haunbonee onacen nepemennbiii Tok yactoroi 50...60 I'u. Haumenee omacHbiMuU
cuurtarorcs Toku 10 10 MA u noctostHHbIN 10 20 MA, Tak Kak 4eJIOBEK NP ITUX 3Haye-
HUSX TOKa MOYKET OCBOOOAMTHCS OT TOKOBEIYIIMX YacTel 3JEeKTpOoOOOpYyJOBaHMs ca-
MOCTOSITENIbHO. TOKHM MPOMBIIIJIEHHON 4acTOThI U nocTosiHHbIE BennunHoi 0,1 A u 6o-
JIe€ CUMTAOTCS CMEpTEeNbHBIMU. [Ipu yacToTe NMEpEeMEHHOro ToKa B JECATKH U COTHH
KUJIOTEPI] €ro mopakarolee JAeHCTBUE CHIXKAETCS U3-3a SBJICHUS MOBEPXHOCTHOIO (-
¢exTa, HO PU OYEHBb BBHICOKMX YaCTOTaX MOTYT OBITh 05KOT'M M3-3a HAarpeBaHUs MOBEPX-
HOCTH T€Ja.

DNEeKTPUYECKOE CONPOTUBIIEHUE TEJA YEIOBEKA COCTOUT U3 CONIPOTUBIICHUS KOXKHU
U CONPOTHUBIICHHSI BHYTPEHHUX TKaHed. HauOoublliee cOnpoTHBIEHUE UMEET BEPXHUMI
cioit koxu (onmu muwnrMerpa). COnpoTUBIICHHE TENla YeIOBEKa — BETMYNHA HEJIMHEH-
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Has, C YBEJIMYCHHEM MNpukiIaabpiBaeMoro HampsokeHuss ot 10 go 140 B omo pesko
ymenbaercs — oT 10 kOm 1o 800 OM, COOTBETCTBEHHO yBEIUYUBAECTCS OMACHOCTh 10~
pakeHus: yenoBeka. COMPOTHBIICHUE TeJla YEIOBEKAa YMEHBIIACTCS M C YBEIHMUECHUEM
POAOKUTEIHHOCTH BO3/ICUCTBUSA Ha HETO TOKA, TUIOMIANM M MJIOTHOCTH KOHTAaKTa C
TOKOBEIYIIEH YacThi0, a TaKXKe MPHU HEYJOBIECTBOPUTEIHHOM (U3MUECKOM H TICHXHYe-
CKOM COCTOSIHUHM 4YenioBeka. OCOOCHHO 3HAYMTEIBHO CONPOTHBIICHHE Teja 4YeJOBEKa
CHIDKAeT HaJIM4Ke B HEM aJKOrojsl. B pacueTax mo 3yeKTpo0e30mnacHOCTH 32 HAaUMEHb-
I1ee CONPOTHUBIICHHUE TeJa YeJI0BEeKa MPUHUMAIOT BennunHy, paBHyio 1000 Owm.

Tak xak coOmpoTHBJIEHHE Tella YeJIOBeKa 3aBUCUT OT OOJIBIIOro yucia (pakTOpoB,
TO B TEXHHMKE 0€30MacHOCTH OOBEM U XapaKTep 3allUTHBIX MEPOINPHUSTHI yCcTaHaBIU-
BAlOT [0 BEJIMYMHE HANPSKEHUS: MEPEHOCHBIA 3JEKTPOMHCTPYMEHT, OCBEIICHUE BbI-
nosHAT Ha 36 u 12 B, anekTpocBapky — Ha 65 B u mp.

[Tousitue de3onacnoe nanpaycenue (12, 36 B) sBnsercs oTHOCUTENbHBIM. bhiBa-
JM CIIy4aW CO CMEPTENbHBIM HCXOJO0M IpPU HANPSHKEHUH MEPEMEHHOTO Toka 36, 24 u
naxe 12 B.

Knaccudukanus nomeunieHuil 371eKTPOyCTAHOBOK MO CTENEHH OMACHOCTH IO-
PakeHHs YJIEKTPUYECKUM TOKOM. Bce 371eKTpoycTaHOBKY MOAPA3AeIsaioT 0 HampsKe-
Huto Ha ycraHoBKH 10 1000 u ceime 1000 B. CnenpanbHbIM BHIOM 3JIEKTPOYCTAHOBKH
SIBJISICTCSL 971eKMpPOnomeuieHue — roMenieHue (Wi oropokKeHHbIE ero 4acTH) ¢ Haxo-
JSIIUMCST TaM 3JIEKTPOOOOPYOBaHUEM, K KOTOPOMY MMEET JOCTYI TOJBKO OOCIYKH-
BAIOIIMHU IEPCOHAI.

KonkpeTHble OpraHi3allMOHHbBIE U TEXHUYECKUE MEPHI 3aLUTHI 3aBUCT OT Kjlacca
MOMEILEHUS], HAMIPSKEHUsI U Ha3HAYCHUSI 3JICKTPOYCTaHOBKH.

Bce nomenienust 351eKTpoyCTaHOBOK IO CTETIEHU OMACHOCTHU MOPAKEHUS JIEKTPU-
YEeCKUM TOKOM JIEISITCS Ha 3 Kiacca:

1) noevluiennoii onacnocmu — TIOMEIIECHUS, XapaKTEPU3YIOIINECS HAJTHIUEM OJI-
HOT'O U3 CIEAYIOUIUX YCIOBHM:

— CBIPOCTh (OTHOCHTEIbHAS BIAXKHOCTH 00jiee 75 %);

— TOKOTIPOBO/IAIIAS BB,

— TOKOTIPOBOJISIIUE MOJIBI (METAUNINYECKHE, KUPITUYHBIC, 3eMJISTHBIC U T.JI.);

— BbICOKas Temrepatypa (Boimre +35 °C);

— BO3MOXXHOCTh OJHOBPEMEHHOTO NPUKOCHOBEHUS 4YeJIOBEKa K METAJUIMYECKUM
4acTsAM, UMEIOIUM COCJMHEHHUE C 3eMJIeH, U K METAJUIMYECKUM KOpITycaM 3JIeKTpoobo-
PYJOBaHUS, KOTOPbIE MOTYT OKa3aThCsl MOJ HANpPSHKEHUEM IPH MOBPEXKICHUH H30JIs-
1y,

2) 0cof60 onacHble — TIOMCIICHUS, XaPAKTEPHU3YIOIIMUECS HATUYUEM OJHOTO W3
CIEAYIOIIMX YCIOBUMU:

— OoJibIlIasi ChIPOCTh (OTHOCHTENbHAS BIaKHOCTH Om3Ka K 100 %);

— XUMUYECKHU aKTUBHAs WJIM OpraHUYecKas Cpena,

— n1Ba win 0oJiee YCIOBUI MOBBIMIEHHON OMACHOCTH (HAaIpUMep, CHIPOCTh U TOKO-
HPOBOJISIIAN TIOJ);
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3) be3 nosviuteHHOII onacHocmu — TIOMEUICHUS, B KOTOPBIX OTCYTCTBYIOT yCJIO-

BUSI, KOTOPBIE CO3/IAIOT MOBBIMICHHYIO MIIK 0COOYIO OMAaCHOCTH (IIEPEUHCIICHBI BHIIIIE).

Cucmemul Inekmponumanus nompeoumeneii. Iluranue TpexdasHBIX IIEKTPO-
IPUEMHHKOB MOKET OCYIIECTBIATHhCS MO JABYM cucteMam (puc.16.1): 1) ¢ 3a3emieHHOI
HEUTPAIIBIO U 2) ¢ U30JUPOBAHHON HEUTPAJIBIO.

UpesBblyailHO onacHo AJIs )KU3HU yenoBeka rnpoxosxkaeHue toka 0,1 A B reuenue 0,2
c. TOK 3aBUCHUT OT MPUIOKEHHOTO HAIPSHKEHUS — HANPANCEHUs. NPUKOCHOBEHUSL U CONPO-
mueneHus mejna yenoseKkd, ONpeAeieMOro B OCHOBHOM COCTOSIHUEM ero Koxu. Cyxas Ko-
’Ka UMeeT OOJbILIOe CONPOTUBIIEHUE, a BiaxkHas o4eHb HU3Koe. IIpu omnpenenenun 6e30-
[ACHOT'O HAIPSKEHUS JIJIS1 YeJIOBEKa, BBITIOJIHSIOUIETO TSHKENyo paboTy U HaxOsIIerocs B
YCIIOBUSIX BIIQXHOUW atMoc(depsl, conpoTuBieHne ero Tena npuauMarotr paBasiM 1000 Om
(R . =1000 Om). ITpu nomyctumom Toke 30 MA JOMyCTUMOE HAMPSDKEHUE TPHUKOCHOBCHHUS
Unp.zon= 0,03-1000 = 30 B.

[TopaxkeHne >MEKTPUUECKUM TOKOM MPOHMCXOJUT B OCHOBHOM B CIy4yae IPUKOCHOBE-
HUS YeJIOBeKa K OJHOM (pa3e ceTu MM K KOPIyCy 3JIEKTPOOOOPYI0BaHMs, COeTUHUBIIETOCS
¢ ¢a30ii B pe3ynbTaTe MOBPEXKICHUS U3OJIALINN.

Ecnu HeliTpanb cuctembl nmutaHus 3azemiieHa (puc. 16.1, a), TO NPUKOCHYBIIMICS K
(aze yenoBek oka3biBaeTCs MOJ (ha3HBIM HANpsDKEHHEM, T.e. 1moj HanpsbkenueMm 220 B (B
cetu ¢ juHeitHbIM HanpsbkerneM 380 B). DTo HanpshkeHUe SBISETCS OYCHBb OIMACHBIM, TaK
KaK T0 4eJIOBeKy mpoxoauT Tok 0,22 A.

Puc. 16.1. I]enb moka uepe3 uenosexa npu Kacanuu 0OHOU (Pasvl. a — 8 cemu C 3a-
3eMIIeHHOU Hellmpaivio;, 6 — 8 cemu ¢ U30UPOBAHHOU HEUMPAIbIO

B cucreme ¢ m3omupoBanHoi HelTpanbio (puc. 16.1, 6) Tok depe3 denoBeka Oyaer
3aBUCETh HE TOJIBKO OT HANPSKEHUS CETU M CONMPOTUBIICHUS YEIOBEKA, HO U OT CONPOTHB-
JICHUS W3OJIAIUU ABYX Jpyrux (a3 OTHOCHUTENIBHO 3eMiIU. B mpeaenbHOM ciiyyae, Korjaa
COIPOTHBIICHUE M30JISIIIMU OJTHOW U3 (pa3 paBHO HYIO (KOPOTKOE 3aMbIKaHUE (a3bl HA 3EM-
JI10), YeJIOBEK OyJIeT HAaXOIUThCS 10T TUHCHHBIM HanpsukeHHeM cetd. Ho mpu goctaTouHo
BBICOKOM COTPOTHUBJICHUU U30JISIIIUM U MAJIOW €MKOCTU CETH B CIydae KacaHusi OJHOU (a-
3bl Uepe3 YesioBeka OyaeT MPOXOAUTh Oe30MacHbI ISl HEro TOK. Taxkum obpasom, eciu
KOHMPOAUPOBAMb CONPOMUGTEHUE US0TAYUU (A3 U ABMOMAMUYECKU OMKIIOUAMb CEemb
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APU CHUMNCEHUU CONPOMUBTLEHUS U3OJIAYUU HUKCE YCMAHOBIIEHHO20 O0ONYCIMUMO20 3HAYEHUSL,
cucmema ¢ uU30JauUPOAHHOI HEeUmpaIblo noayuaemcs donee 6€30nacHoll 6 OMHOUWEHUU
nOpaxy@cenus INeKmpudecKum moKom, 4em CUCIeMa ¢ 3a3eMIAeHHOU Hellmpavio.

B omnowenuu nosxcapos u 63pvi606 cucmema ¢ u30aupoGanHoN HelUmpaivlio npu
KOHmpoJe cOnpomueieHus uzonayuu az maxyce donee d6ezonacua, NOCKOJIbKY B CHUC-
TEeMe C 3a3eMJICHHOW HEHTpPaJIbl0 3aMbIKaHHUE Ha 3€MJIIO MPEACTABISIET cO00M oqHO(a3zHOe
KOPOTKOE€ 3aMbIKaHUE, KOTOPOE BCErJa COMPOBOXKIACTCS IMOSBICHUEM OTKPBITOIO UCKpe-
uust. Iloamomy, nanpumep ¢ waxmax (no npasunam Th), 3anpeweno npumenames cemu
C 21YX03a3eMIeHHOI Hellmpaivlio mpancghopmamopa.

Jexkuyua 17. OCHOBHBIE MEPOIIPUATHA
110 HIOBBILHNIEHHUIKO JJIEKTPOBE3OIIACHOCTH

Crnoco0bl U cpejacTBa olecneyeHHUs IJIEKTPOOE30MacHOCTH. DiieKkTpobe3omnac-
HOCTB JIFOJICH 00eCreYrBaeTCs KOHCTPYKIIMEH 3JICKTPOYCTAHOBOK, OpraHU3aI[MOHHBIMU
U TEXHUYCCKHMMH MEPONPHUATHSAMH, a TAK)KE TEXHUYCCKUMHU CIOCO0AMHU, CPEJICTBAMHU U
HPUCTIOCOOICHUAMH.

TpeboBanus 3JIEKTPOOE30MACHOCTH K KOHCTPYKIIMHU JIEKTPOYCTAHOBOK YCTaHAaB-
JIMBAIOTCS HOPMATUBHBIMU JOKYMEHTaMU (CTaHAapTaMu, MPaBUIIaMHU, HOPMaMH).

Opeanuzayuonnvie meponpusimusi BKIIIOYAIOT B ce0s: TpeOOBaHUS K IEPCOHAITY
(Bo3pacT, MEAMIIMHCKOE OCBUCTEIbCTBOBAHKME, 00yUYCHHE, IPOBEPKA 3HAHUI); Ha3HA-
YCHHE JIMII, OTBETCTBEHHBIX 32 OpTraHU3aIHIO M MPOU3BOJICTBO paboT; oopMiICHHE Ha-
psna (pactiopsbKeHHs) Ha MPOU3BOJICTBO PabOT; OPraHU3AIMI0 HAI30pa BO BPEeMsl MPO-
U3BOZICTBA paboT | JIp.).

Texnuueckue meponpusmus (CO CHITHEM HANpPSDKEHUS) — 3TO OTKIIOYCHUE yCTa-
HOBKHM (WJIM 4acTH €€) OT MCTOYHHKA; 3allMPaHHe MPUBOJOB OTKIIFOYAIONINX KOMMYTa-
IIMOHHBIX aIIapaToB; CHATHE MPEAOXpaHUTENICH; OTCOCAMHCHHE KOHIIOB MMHUTAIONINX
JIMHHI; YCTAaHOBKA 3HAKOB 0€30MAaCHOCTH M OTPaX<JICHUI) HAJOXKCHHUE 3a3EMJICHHS U JIP.
TexHUYeCKHUEe MEpONPHUATHS MPHU MPOBEACHUH PAaOOT IMOJ HANPSHKEHUEM BKIIIOYAIOT B
ceOsi MPUMEHEHHE H30JIMPYIONINX, OrPa){TAIOIIMX W BCIOMOTATCIbHBIX 3aIUTHBIX
CPEICTB.

JIist 37eKTPO3aIUThl MPH IKCIUTyaTally Pa3IMdYHOrO 000PYAOBaHUS TIPUMEHSIO
P TEXHUYECKUX METOJIOB (CIIOCOOOB), OCHOBHBIMHU M3 KOTOPBIX SIBJISIFOTCS: MCITOJIB30-
BAaHUE MAJIBIX HAMPSIKCHUH; AICKTPUUYSCKOE pa3JIelIeHue CETeH; 3alTUTHBIC 3a3eMJICHHE
Y 3aHyJICHUE, yCTpoiicTBa 3amuTHoro otkiatodeHus (Y30) u ap.

JIIsL SIeKTPONUTAHUS TTEPESHOCHBIX YCTAHOBOK W DJICKTPOMHCTPYMEHTa (3JIEKTPO-
APEIH, TAUKOBEPTHI, JCKTPHUSCKUE MASIIBHUKA U JP.) JOIYCKAIOTCS CICAYIOIMNE MaK-
CHUMaJIbHBIC 3HAUCHUS HATPSDKECHUS B 3aBUCHMOCTH OT MeCTa pabOTHI:

o 220 B (50 I'm) B momeiieHusx 0e3 MPU3HAKOB MOBBIMICHHOW W 0COOOM
OIMACHOCTH MOPAXKCHUS IIEKTPUICCKUM TOKOM;
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o 42 B — B MOMENICHUAX C MOBBIIMICHHONW OMACHOCTBIO MOPAKCHHUS TOKOM U
npu paboTe B HAPYKHBIX YCIOBUAX (IOMyCKaeTCs MCIOJIb30BaTh HHCTpyMeHT 1o 220 B,
HO C O0O0s3aTeIbHBIM  TNPUMCHCHHEM OCHOBHBIX M JIOTIOJHUTEIBHBIX 3alTUTHBIX
CPE/ICTB);

° 42 B — B moMeIIEHUSIX 0CO00 OMACHBIX C 00sA3aTCIbHBIM MPUMEHEHHUEM
OCHOBHBIX U JIONMOJIHUTEIBHBIX 3aIIUTHBIX U30JUPYIOIINX CPEACTB.

J1Jist TuTaHus IEPEHOCHBIX CBETHJILHUKOB JIOMYCKAETCsl UCIOJIb30BaTh 42 B - B
MOMEIIEHUSIX C TOBBIIIEHHON OnacHocThi0 U 12 B — B 0co00 onmacHbIX U HeOaromnpu-
STHBIX YCJIOBUSIX.

3amuTHbIE 3a3emMJieHue U 3aHyjJdeHne. OCHOBHBIM MEPOINPHUATHEM TIO TTOBBI-
IICHUIO JIEKTPOOE30MaCHOCTH B DJIEKTPOYCTaHOBKax HanpspkeHueM kak a0 1000 B, Tak
U BHIIIE SBISCTCS 3au{UmHOe 3a3emileHue — TpeIHaAMEPEHHOE dIEKTPHUUECKOe COeIu-
HEHUE C 3a3eMJISIOIUM YCTPOMCTBOM METATMYCCKUX HETOKOBEAYIIUX YaCTCH SJICK-
TPOOOOPYAOBAHMSI, KOTOPhIE MOTYT OKa3aTbCs MOJ| HanpsikeHueM. OCHOBHBIE 3JIEMEH-
ThI 3a3EMIIIOLICTO YCTPOKMCTBA: 3azemaument (METAUIMYCCKUE MPOBOIHUKH, MMEIO-
IIME HEMOCPEACTBEHHBIH KOHTAKT C 3eMJIcH) U 3a3zemasioujue NPo6OOHUKU,
COEJIMHAIONINE 3a3eMJIIEMbIE DIIEMEHTBI AIEKTPOOOOPYI0BAHUS C 3a3EMITUTEIIEM.

Ocnoenasa 3a0aua 3auiUumMHOZ0 3a3emMaeHus — CHU3UMb 00 0e30naACHO e TUYUHbBL
(ne 6onee 30 - 40 B) nanpsicenue, 603HUKaIOUCe HA HEMOKOBEOYWUX MEeMALIUYE-
CKUX 4acmsx 3J1eKmpoycmano8oK npu npodoe uzonayuu.

B cucmeme c enyxozazemnennoti netimpanvio (puc. 17.1) Bce MeTaluIMuecKue HETO-
KOBEYIIIME YaCTU AJIEKTPOYCTAHOBOK COSIAMHSIOT DJIEKTPUUECKH C 3a3eMJICHHOW HEHTpa-
TpI0 TpanchopmaTopa depe3 HyJIeBOW MPOBOJ CETH WU Yepe3 CHEIUATbHBIA 3a3eM-
JSIOUININ MPOBOAHUK. Takasi cicTeMa Ha3bIBACTCS 3AUUMHBIM 3aHy1eHuem. 31eCh Ipu
po0oe M3OJIAIUKA Ha KOPITYC 3JEKTPONPUEMHHUKA BO3HUKAET TOK KOPOTKOTO 3aMbIKa-
HUA | ;, YTO IPUBOIUT K CpabaTHIBAHUIO 3AIIUTHOTO amapara U OTKIFOUCHHUIO TTOBPEIK-
JIEHHOTO Y4YacTKa.

VS s — 02206 8

w T Tag Tap T8

Puc. 17.1. 3anynenue kopnyca snexmponpuemHura 6 cemu
C 271YX03a3eMIIeHHOU Hetmpaibio
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Puc. 17.2. 3azemnenue kopnyca snekmponpuemMHura 6 cemu
C UBOJIUPOBAHHOU HEUMPATbIO

B yemanoskax ¢ uzonuposannoii nevimpanwio (puc. 17.2) npu npodoe u30JSsIIUK Ha
KOPIyC AJIeKTpoaBuratess [ oH oKakeTcs MoJ HampsHKEeHHEM, BEIMYMHA KOTOPOTO
paBHA MaJICHUIO HAMPSHKEHUS Ha CONMPOTUBICHUM 3a3€MIICHUS I, OT MPOTEKAOLIErO Ye-
pe3 Hero Toka l,. DToT Tok onpexaensercs HanpsikeHruem U, U MOJHBIM CONPOTUBIICHU-
€M HM30JIAIMH TPOBOAOB Z,. [Ipy HOpMaIBHOM COTMPOTUBICHUU HM3O0JIAIHMH TOK |, He-
OOJIBIIION, HANPSKEHUE HA KOPITyCe SJIEKTPOJBUIaTelsa Npu MpoOoe U30JISIIUU MaJlo U
IPUKOCHOBEHHUE K HEMY 4YeJIOBeKa MajoonacHo. Ho momyckarh JIMTENbHOE 3aMbIKAHUE
Ha 3€MJII0 HEJb3sl, TaK KaK HampspKeHUE MCIpPaBHBIX (a3 MO OTHOILICHUIO K 3eMJie BO3-
pacTamT 10 JIMHEWHBIX, YTO CMOCOOCTBYET BO3HUKHOBEHHIO BTOPOTO 3aMbIKaHUS Ha
3eMITI0 B JIpyroi (paze. A IBOWHOE 3aMbIKaHUE Ha 3€MJII0 CO3/1aeT OOJBIIYIO0 OMACHOCTh
JUTSI 4eJIOBEKa.

[TpocToe 3a3emiieHHe KOpIyca AJIEKTPOIIPUEMHUKA 0€3 COeTMHEHUS ¢ HEUTPAJIbIO
MpaBUJIaMU 3aMpeniaeTcs, Tak Kak TaKoe 3alllMTHOE 3a3eMJIEHHE HE 00ecreynBaeT Ha-
JeKHOW 3amuThl (MpU MpoOoe M30JAIMKH TOK |, OrpaHMYUBACTCS COMPOTHBICHUSIMHU
JIBYX 3a3€MIIUTEIICH — DJIEKTPONPUEMHUKA I, U HEUTpaIH Ny — U MOXKET OKa3aThCsl He-
JIOCTATOYHBIM JJIsl CpabaThIBaHUSI 3alIUThI, @ HA KOPIYCE MOBPEKICHHOTO 3JIEKTPOIPU-
CMHHKA MOXET ObITh OITaCHOE HAPSDKEHUE).

Ecnu oHOBpEMEHHO COEIUHUTH KOPIYC 3JEKTPONPUEMHUKA ¢ HEUTpaIbiO U 3a-
3eMJIUTh €r0, TO ATO HE HAPYIIUT JACHCTBHUS 3alUTHI U YIYYIIUT YCIOBUS O€30MaCHOCTH
(mpu 3aMBIKAHWK Ha KOPITYC JOMOJHHUTEIBHOES 3a3¢MIICHHUEC YMEHBIIHWT HANpsHKCHUE Ha
aBapuiHOM Kopiryce). Takoe JOMOHUTEIIbHOE 3a3€MIICHUE HAa3bIBACTCS HOGMOPHBIM 3d-
3eMleHuemM Hy1e6020 nposooda. 1lpaBuiia NpeNUCHIBAIOT YCTPAUBATh OBTOPHBIC 3a3€M-
JICHUs HYJIEBOTO MPOBO/Ia HAa BO3AYIIHBIX JTUHUX yepe3 Kaxible 250 M, a Takke Ha KOH-
[ax JIMHUUA ¥ OTBETBIIEHNN 1inHOI O0osee 200 m.

Bonee coBepiieHHON MepO# 3allUTHI SABISETCS 3auumuoe omritoyeHue, Tak Kak
3allMTHBIE 3a3€MJICHUE W 3aHYJICHHE WHOT/IA HE 3alUIIAlOT YeIOBEeKa OT MOPaKEHUS
AIEKTPUUECKUM TOKOM: B CETAX C MU30JMPOBAHHOM HEUTPaAJIbI0 OHO(A3HBIE 3aMBbIKAaHUS
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HE OTKJIIOYAIOTCA MPU CUCTEME 3a3€MIICHMS], a B CETAX C IIYyX03a3€MJICHHON HEUTPaJIbIO
XOTSl M OTKIIFOYAIOTCS, HO BPEMs UX OTKIIIOUCHHS MOXKET OBITh BEJIUKO (IECSTKH ce-
KyHJI) IIPH MaJIbIX TOKaX KOPOTKOTO 3aMbIKAHHUS M 3aBBIIICHHBIX TOKAX IJIABHOW BCTaB-
KU IIPEIOXPAHUTEIIEH.

3awgumnoe omknwyenue. 3awumHoulM OMKIIOYEeHUEeM HA3bIBAETCS CHCTEMa 3a-
IIMTHI, KOTOpasi obecrneunBaeT 0e30MacCHOCTh MyTeM OBICTPOACUCTBYIOIIETO OTKIIOYE-
HUSl aBApUHHOTO y4dacTKa WM CETU B 1I€JIOM IPU BO3HUKHOBEHHH 3aMbIKaHUS Ha KOp-
MyC WJIM HEMOCPEJICTBEHHO Ha 3eMito ¢ BpemeneM paeiictBus 0,1...0,2 ¢ u nmwke. Hau-
0oJiee COBEpIICHHBIE CUCTEMBbI 3aIIUTHOTO OTKIIIOUEHHUS CpabaThIBAIOT TaKkKe U IMPHU
MPUKOCHOBEHUU YEJIOBEKA K TOKOBEIYIIUM YacCTAM, HAXOJALIUMCS O]1 HAMPSHKEHUEM.

OO6acTu MPUMEHEHHUS 3aIUTHOTO OTKITIOYEHUS:

— B MIEPEIBIKHBIX AJIEKTpoycTaHoBKax HampsikerreM 10 1000 B u B pyunom
ANEKTPOPUIIMPOBAHHOM HHCTPYMEHTE;

— JOTIOHUTENIBHO K 3allIUTHOMY 3aHYJIEHUIO JJIsi OTKIIIOUEHHUS JIEKTPOo0Oo-
PYZIOBaHUS, HAXOIAIIErocs Ha OOJIBIINX PACCTOSHUAX OT MyHKTA 3JIEKTPOCHAOKEHUS;

- €CJIi HEBO3MOYKHO BBINOJIHUTH HEOOXOJMMOE 3a3€MJICHHE B CKaJbHbIX,
MHOTOJIETHEMEP3JIBIX TPYHTaX U T.1I.

[TpuHIMT BBINOTHEHUS 3AIIUTHOTO OTKIFOYEHHSI 3aBUCUT OT THIIA BXOJIHOT'O CHUTHA-
Jia, TIOCTYIIAOIIET0 Ha JaT4YrK (perie MaKCUMAIBHOTO TOKA WIIH pejie HApsHKEHUS — OC-
HOBHOM 3JIEMEHT CXEMBbI). 3aMbIKaHUE (a3bl SJICKTPUUCCKON CETH HA 3EMIIIO WJIM CHU-
YKEHUE M3OJISAIUNA MPUBOJUT K HECUMMETPUU TpeX(a3HbIX TOKOB W HAIPSIKEHUH, a Ha
KOpIyCE IMOBPEXKACHHOTO 3JIEMEHTA MOSBISETCS HAINpPSIKEHUE OTHOCHUTEIBHO 3EMJIH.
ToKM KOPOTKOTO 3aMbIKaHUs, HAMPSKEHUS WIM UX HECUMMETpHUS JEHCTBYIOT Ha COOT-
BETCTBYIOILIME JTATYMKH, KOTOPHIE OTKIIIOYAIOT KOMMYTAallMOHHBIA anmapar B LENU IH-
TaHUsl aBApUHHOTO ydacTKa.

YcrpotictBo 3amutHOro oTkimoueHust (Y30) sBusieTcs BBICOKOA((EKTUBHBIM
ANEKTPO3AMUTHBIM cpeacTBOM. OObiyHO Y30 COBMEIIAIOT C aBTOMATUYECKUMHU BHI-
rirouatessiMu (Hampumep Y30 nHa 220 u 380 B ['omenbckoro 3aBoa «DiekTpoarnmnapa-
typa», Y30 tuna BAJI2 MoCKOBCKOTo KOHIIEpHA « DHEPrOMEP»).

/lna nenpepwvienozo konmpona cocmoanusa uzonayuu B cerax 10 1000 B moxHO
MCIIOJIb30BaTh MPOCTHIE CXEMbI, MIPUBEACHHBIE HA puc. 17.3. B xadecTBe MHAUKATOPOB
KM MOXXHO NPUMEHSTh 6bICOKOOMHbBIE 60JIbIMMEMPbL, A JIYUIE — IJIeKMPOHHbIE U
2azopaspaonvie aamnot. Korna u3onsuus ceTH UCHOpPaBHA, TOKHU, NMPOTEKAIOIINE Yepes3
unaukaropsl KU nnm yepes konaencatop K acummempa, paBuel apyr npyry, a ux CyM-
Ma B HYJIEBOH TOUKe paBHa HyJt0. [[03TOMY MHIMKATOPHI 1al0OT OJMHAKOBBIE TOKa3aHUs
(MM TaMITBI CBETATCS OJMHAKOBO SIPKO), a B cxeme 17.3, 6 Tok o oOMoTKke peie P Oy-
JeT paBeH Hy 0. [Ipu mpoboe u30A1KMK Ha 3eMITI0 COEAMHEHHAs! C TIOBPEKAEHHOM (ha-
30#1 1amma racHeT (WM BOJBTMETP IMOKa3bIBACT HYJIb), B CXeME aCUMMETpa 10 0OMOT-
Ke pesie P moteuer TOK, pejie cpaboTaeT U CBOUM Pa3MbIKAIOIIMM KOHTAKTOM MOJACT
CUTHAJI ACKYPHOMY WJIM KOMaHIY Ha OTKJIIOYEHHUE MOBPEXKIECHHOTO yuyacTka. Eciu co-
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NPOTHUBJICHUE U30JSIIUU OJHOM U3 (a3 pe3Ko YMEHBIIUIIOCh U €il yrpoxaeT mpooboi, To
BOJILTMETPHI B cxeMe puc. 17.3, a OynyT naBaTh pa3inyHble TOKa3aHUs.

%4 5008
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Puc. 17.3. Cxemvi gxniouenus npubopos KOHmpois U30aayuu’
a — cxema 8KIOYEHUS IAMN UIU 8OJIbMMEMPO8; 6 — cXxema 6KII0UEeHUs ACUMMempa

Acummetpsl Tunia PA-74/2 (cm. puc. 17.3, 6) npeaHa3HadeHbI 1)1 3aIIUTHOTO OT-
KITIOUEHHUS B AJIeKTpoycTaHoBkax HampsbkeHuem 500 B mpu ogHO(]a3HBIX 3aMBIKaHUIX
Ha 3eMii0. B mocnegHue rojpl MOSBUIUCH OOJ€e COBEPILIEHHBIE MPUOOPHI KOHTPOJIS
U30JISIUU U 3aIUTHOTO OTKJIFOYEHHSI HA OCHOBE BEHTUJIBHBIX CXEM.

Ha puc. 17.4 npuBeneHa cxema anmapara 3alllMTHOIO OTKJIIOYEHUS U KOHTPOJIS
W30JIALIMN 711 CeTel ¢ M30JUpOBaHHON HelTpanbio HampspkenueM 10 380 B tuma HRP
— H51. [TpunHmwmn neiicTBUs cXeMbl aHaJOrHYeH padboTe acummetpa (cM. puc. 17.3, 6).

Pene P BkiIt0YEHO B HYJIEBYIO 1IENb BBHITPSMUTEIBHOrO MocTa Ha auonax J1 — JI3.
ConpotuBiieHus I, I, I3 COy>KaT JUisl OTpaHUYEHHUsS] TOKA B cilydae Ipo0osi OJTHOTO W3
JMOJIOB WJIM MEXy(a3HOro KOpPOTKOro 3aMblkaHMs. llepemMeHHoe conpoTHBIEHHE I5
peIHa3HAYeHO AJIs PETyJIMPOBAHUS YyBCTBUTEILHOCTHU IO COMPOTUBIICHUIO W30S,

B HOpManbHBIX yCIOBUSX Y€pe3 HYJIEBYIO LENb IPOTEKAET HEOOJIBIION TOK HEOa-
JaHca MOCTOSIHHOTO HAIPSKEHMsI, HEOCTaTOUHBIN i cpabareiBanus pene. [Ipu cHu-
YKEHUU COTPOTHBIICHUS M30JIAIMH B (Da3ax ceTu uepe3 0OMOTKY peiie OyJeT mpoTeKaTh
JIOTIOJIHUTEIbHBIN BBIMPSMIICHHBIN TOK, BEJIMYMHA KOTOPOTO 3aBUCHUT OT CONPOTHBIIE-
HUH n30sAuuu (a3 1 BeIMYUHBI CONPOTHUBIECHUS I's. [Ipu onpeneneHHoN BeIMurnHe ToKa
pene P cpaboraer u 3amkHeT nenb oTkiatodeHus 1P. Pene cpabateiBaeT u npu npukoc-
HOBEHHUU YEJIOBEKA K YaCTsIM, HAXOJAUIMMCS IOJ HaIpsDKEHUEM, TaK KaK MPOUCXOJUT
CHIDKEHHUE U30JAIUHU (a3bl, K KOTOPOH MPUKOCHYJICS YETTOBEK.

Bropsie kOHTakThl 2P HIYHTUPYIOT COMPOTUBIIEHUE 5, YTO MO3BOJIAET U30€kKaATh
NOJITOPaHUs KOHTAKTOB peJie IPU HEYCTONUMBBIX 3aMBIKAHHIX HA 3EMIIIO.

[TpoBepka aeiicTBus 3amuThl TpousBoauTcs kHonkou K. Ilpu cpabaTeiBanuu pesne
OTKJIFOYAETCS BCS CETh, MUTAIOIAsICS OT TpaHC(HOPMTOpA.

Pene MoXeT Takke CIIy>KUTb 111 KOHTPOJISI U30JISILIUU CETH.
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Puc. 17.4. Cxema annapama 3auumno2o omxaoyeHus U KOHMpOoas u30aayuu
0J151 cemeli ¢ U30TUPOBAHHOU HEUMPALbIO

.CpeacrBa 3amuTbl padoTalOmUX B IEKTPOyCTaHOBKaXx. Cpedcmeamu 3a-
Wwumosl HA3BIBAIOTCSl CPEACTBA, MCIOJIH30BAaHNE KOTOPHIX MPEAOTBpAIAET WU YMEHbB-
I1aeT BO3JIEHCTBHE Ha pabOTAIONINX OMACHBIX WIIM BPEIHBIX MPOU3BOJICTBEHHBIX (hak-
TOPOB.

Inekmpozawgumusle cpeocmea NpeHAZHAYCHBI SIS 3alUThI IO/ OT Mopake-
HUS DJIEKTPUYECKUM TOKOM, BO3JCHCTBHS DJIEKTPHUUECKON AYTH M DJICKTPOMATHUTHOTO
noJist. K a5iekTpo3almTHEIM cpecTBaM OTHOCHT:

— W30JIUpYIONIUE MTaHTH (OIepaTHBHBIC, JUIS HAJOXKEHUS 3a3¢MIICHUS, U3MEPH-
TEJbHBIE), U30JIMPYIOIINE KIICITH, JICKTPOU3MEPUTEITbHBIC YKA3aTeIN HANIPSDKCHUS JIIS
(bha3upoBKwy;

— M3OJUPYIOLIUE YCTPOHUCTBA M MPUCTIOCOOICHUS ATl pEMOHTHBIX paboT MoJ Ha-
npsokenreM cBeimie 1000 B u cnecapHO-MOHTaXHBIH MHCTPYMEHT C M30JUPYIOUIUMH
PYKOATKaMH sl pabOTHI B 3JIeKTpoycTaHoBKax HanpsikerneM 10 1000 B;

— IMRJICKTPUYECKUE TIEpUaTKU, OOTHI, TANOIIH, KOBPUKH, U30HPYIOIINE HAKIAIKA
W TIOJICTaBKH,

— MHMBUAYATbHBIC H30JIUPYIONTUE KOMIUICKTHI;

— IIEPEHOCHBIE 3a3EMJICHHUS;

— OTpaJIuTENbHBIE YCTPOUCTBA U TUAJICKTPUUECKUE KOJIAKY;

— TUTaKaThl ¥ 3HAKU O€30MaCHOCTH.

Hzonupyrowue wimaneu BHIIOTHIIOT U3 MPOYHOTO M BBICOKOKAYECTBEHHOT'O M-
anekTpuka. OHU COCTOSIT U3 U30JUPOBAHHOW YaCTH, OTPAHUYUTEIHHOTO KOJIbIA U Pyd-
KH.

H3onupyrowue knewu COCTOST U3 ABYX YacTeH, Kaxaas U3 KOTOPBIX UMEET U30JIH-
POBaHHYIO pabouyto r'yOKy, OrpaHUYUTEIBLHOE KOJBIIO U PYUKY-3aXBarT.

Toxousmepumenvhvie Kiewu TPEACTABISIIOT COOOW TMEPEHOCHON TpaHchopMaTop
TOKa C pa3b€MHBIM CEPACYHUKOM, BTOPHYHON OOMOTKOM M aMIIEPMETPOM.
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Vkazamenv nanpsowcenus oie 1000 B — 310 n3onupyromas mranra ¢ HHIAKATO-
poM HampsikeHHs (HEOHOBOH JiaMIiol mim cBetoauoioM). Jist manpspxerns 10 500 B uc-
noJbp3yroT ykazatenau (tokouckarenn) tuna TH-2, YHH-90 mwnim MUH-1 ¢ HeoHOBOI
JaMIron B Ka4eCTBE MHIUKATOPA.

Peszunosvie ousnekmpuueckue nepuamru, 6omol, 2an0uiy U KOBPUKU U3TOTOBISIOT
U3 BBICOKOKaY€CTBEHHON TEXHUYECKOW PE3UHBI.

H3onupyrowas noocmaexka — nepeBsiHabiil HacTui pazmepom 0,5 x 0,5 M Ha omop-
HBIX H30ssITOpax. Mcnonb3yercss s TONOJHUTEIbHON M30JSLMH NPU ONEpalUsaX ¢
MPEAOXPAHUTEISIMH, PA3bEIUHUTEISIMUA U T. 1.

Hzonupyrowue pykosmku CII€CapHO-MOHTaXXHOTO HHCTPYMEHTA JIOJIKHBI UMETh Or-
PAHUYUTENbHBIN YIIOP U IIaJK0E U30JISILIMOHHOE OKPbITHE JUIMHON He MeHee 10 cm.

[Ipu paboTax B 3JIEKTPOYCTAHOBKAX MOTYT NMPUMEHSATHCS TAKKE CPeOCHeéa UHOU-
6UOYAILHOU 3aujumpl. OYKU, KACKH, IPOTHUBOra3bl, PyKaBULbI, MPEAOXPAHUTEIbHbBIE
nosica ¥ CTPaXOBOYHBIE KaHATHI.

DneKTpOo3alIUTHBIE CPEACTBA PA3ACIAIOT HA OCHOBHBIE U IONOJIHUTEIbHBIE.

OcHogHble — TO BJIEKTPO3AIIMTHBIE CPEACTBA, M3OJSIHUS KOTOPBIX IIUTEIHHOE
BpEMS BBIJICPKMBAECT pabodee HANPSHKEHUE AIEKTPOYCTAHOBOK M KOTOPBIE MO3BOJIIOT
IIPUKAcaThCs K TOKOBEAYLIUM YaCTsIM, HAXOASAIIMMCS O] HampspkeHueM. [loaromy mnx
WU3TOTABJIMBAIOT W3 MATEPUAIIOB C YCTOMYMBOM JHUIIIEKTPUUECKOW XapaKTEPUCTUKOMU
(muractmacca, 6akenut, papdop, 300HHUT, FETHHAKC U T.I1.).

/JlononnumenvHpimu Ha3bIBAIOTCS CPEACTBA JUISL 3aIUTHI OT HANPSLKEHHS TPH-
KOCHOBEHHUS M HANPSKEHUA I1ara, KOTOpbIE MPU JaHHOM HANpsDKEHUM CaMU HE MOTYT
00€eCIeUnTh 3aIUTY OT MOPAXKEHUS TOKOM, a IPUMEHSFOTCSI BMECTE C OCHOBHBIMU 3JICK-
TPO3AIIUTHBIMU CPEACTBAMMU.

Knaccudukanus 31eKTpo3aliMTHBIX CPECTB MPUBEEHA B CIEeyIOLIEH TabauLe:

3ﬂeKmp03au;umele cpeocmea

Bun snexrpo-
3alIUTHBIX CPEJICTB

DJEKTPO3aIIUTHBIE CPEI-
CTBA, UCTIOJIb3yeMbIC TIPH Ha-
MPSDKEHUHU JIEKTPOYCTAaHOBKHU

10 1000 B

DNEeKTPO3AIIUTHBIE CPE/I-
CTBAa, UCTIOJIb3yEMbIE TIPH Ha-

MPSDKEHUH 3JICKTPOYCTaHOBKHU
ceeime 1000 B

M3onupyronye mraHry,
U30JIUPYIOIIUE U DJIEKTPOU3ME-
PUTEINIbHBIC KJICIITH, TUJICKTPH-

N3onupyromue mraHru,
M30JIMPYIOIINAE U AIIEKTPOU3ME-
pPUTETHHBIE KJICTIH, yKa3aTeIn
HATPSHKCHUS U TIPUCTIOCOOTICHUS

OCHOBHBIE  |4ECKHE IIEPYATKH, CIIECAPHO- _
JUISl pPEMOHTHBIX PaboT: U30111-
MOHTa>KHbIE HHCTPYMEHT C U30-
PYIOIIME JIECTHULBI, TUTOIIAJIKH,
JMPYIOIIMMU PYKOSITKAMH, YKa-
TATH, KAHAThI, KOP3UHBI TEJIE-
3aTeNN HaPsHKCHUS
CKONMYECKHX BBILLIEK U AP.
JlomnosiHu- JysnexkTpuueckue rajio- JusnexTpruueckue nep-
TEJIbHBIC Y, AUDJICKTPUUECKUE KOBPU- |4aTKH, OOThI, KOBPUKH, HHAM-
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KU, U30JIUPYIOIIUE MTOJCTABKU  |BUIYaJIbHBIE SKPAHUPYIOIIHE

Y HAKJIJIKU, IEPEHOCHBIE |KOMIUIEKTHI, H30JIMPYIOIINE
3a3¢MJICHU S MOACTaBKHU U HAKJIAAKH, TUDJICK-
TPUUYECKUE KOJIAKH, IEPEHOC-
HBIC 3a3E€MJICHUS, OTPAIUTEIIb-
HbIC YCTPOWCTBA, TUIAKATHI U
3HAKH O€30IacHOCTH

B sneprocucreme benapycu HCIONB3YHOTCS HOBEWIIME AJIEKTPO3ALIUTHBIE CPE-
cTBa, obecneunBarone 6e3onacHocth TpyAa. C 1994 r. ycnemrHo 3KCIUTyaTUpyeTcs
6onee 1000 OecCKOHTAKTHBIX CBETO3BYKOBBIX yKa3zaTele BBICOKOTO HANpSKEHUS C ca-
MOKOHTpoJieM Ha Hamnpspkerue 6...400 kB tuma KJ1-400 (pa3paboTaHbl U H3rOTOBJICHBI
B [Tonbmie). Takol yka3arenb UMEET MePEeKITIoYaTeb JUaa3oHoB HanpsokeHus (6...35,
110...220 u 400 xB) u mosToMy 3aMeHSeT HECKOJIbKO yKa3aTelield Ha pa3HbIe KJIacChl
HaNPsHKCHUS, KOTOPhIE MPUMEHSUTMCh paHbie. [IpuHImm paboThl OCHOBAaH Ha PETHCT-
panuu 3IEKTPUYECKOro MOJIsA, YCUIEHUH €0 3a CUET SHEPTHMH BCTPOEHHBIX AKKyMYJIs-
TOPOB U BBIJIAUU SIPKUX CBETOBBIX CUTHAJIOB (OT CBETOMOOB) M 3BYKOBOT'O CUTHAJIA.

Ha snextpocraniusx, Tpanc(opMaTOPHBIX MOJCTAHIUAX U MPEUMYIIECTBEHHO B
pacrpeneuTeNbHbIX dMekTpudeckux cetsax (6...10 kB) npuMeHstoTcs KOMOMHHPOBAH-
HbIC yKa3aTeau Beicokoro HampsokeHus Tuna Y BHK-10b (pa3paboTaHbl 1 H3rOTOBJICHBI
MO «Illanc», MHHCK), OHH UCIIOJB3YIOTCS OT/ACIBHO U BMECTE ¢ YHHBEPCAIbHOM 3JICK-
Tpouzonupyromieit mranroi tuna II2Y-10 u np. PaboTtocnocoOHOCTh O€CKOHTAKTHOM
YacTH TaKUX yKa3zaTelleld MOATBEPKIACTCS BOSHUKHOBEHHEM 3BYKOBOTO WJIM CBETOBOTO
curHasa (CBeYeHHe OT CBETOIUOJAa KpacHOro IBeTa). [IpoBepka OTCYTCTBUS HaMpsIKe-
HUSI HA BO3AYIIHBIX JUHUSIX dekrporepenaun (BJI) (6...10 kB nm 35...110 kB) kon-
TaKTHBIM criocoooM ¢ momoirsio ykazatens YBHK-10b na mranrax DY mpousso-
JUTCSl HETMIOCPEACTBEHHO € 3€MJIM WJIM C TEJIECKOMMYECKUX BBIIIEK Ha BCEX MPOBOAAX
BJI ¢ cobmtonenneM 0e30macHbIX PacCTOSHHMM Il MPOBOAOB 3TUX JIMHUM, KOTOpPbHIE
MOTYT OKa3aTbCs MO/ HAMPSKEHUEM.

Bwmecto ykazareneit YBH®-10, YBH®-10MK u npyrux, He mojjiexammx BOC-
CTaHOBJICHHIO, MO’KHO MPUMEHHUTh yKa3aTelld JJis MPOBEPKHU COBHaAeHUS (a3 B Ajek-
tpoycranoBkax (6...10 kB) tuma YIICD-10 (MO «Illanc»). DTOT yKa3areiasb MpH Kaca-
HUU PA3HOMMEHHBIX (Da3 BBIJJAET CBETOBOW CHTHAJ KPACHOTO IBETA, KOTOPHIA BUACH Ha
PACCTOSIHUU / M JlaXKe MPU IPKOM OCBEIICHUH.

Kpome storo, B 3Heprocucreme bemapycu npuMeHsIIOTCS HOBblE HPUOOPHI IS
oTpeeNeHUs] HAPSKEHUS:

- OeckoHTakTHBIM MHAMKaTOp HanpsokeHus: Tuna bBMMH-10 (OAO «bemnep-
TOPEMHAJIIKa»), UCIOJIB3YETCSl ONEPATUBHBIM U ONEPATHBHO-PEMOHTHBIM TEPCOHA-
JIOM,

= yHUBEpCAIbHBIA KOHTAKTHBIN yKa3aTelb HanpshkeHus tuna YHY-12-400
(ButeOckHii OMBITHO-3KCIIEPUMEHTAILHBIN 3aBOJT KOHIIEpHA «beaHepro»), mpuMeHseT-
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cs 1yt ipoBepku HampsukeHus ot 12 1o 400 B mepemMeHHOT0 TOKA U B LIETISIX TOCTOSH-
HOT'O TOKa C OIPEICIICHUEM MOJIAPHOCTH;

— OECKOHTaKTHBIN MpUOOp MHAMKAIUKU omacHoro Hampspbkenus: tuma [TMOH
(MO «lIllanc»), KOTOPBIN TaK:Ke MOXKHO UCIIOIB30BATh ISl ONIPEIIEICHUSI MECTa PacIio-
JIOKEHUS CKPBITOW MPOBOJAKH, HAXOSIIEHCS IO HANIPSHKEHUEM,

- AIEKTPUUECKUI (oOHAph — OECKOHTAKTHBIN CUTHAIM3AaTOp HAJIUYUS HaIps-
xenus tuna «lllanc-O», coBMenaonuii OCBETUTENbHBINA U 3BYKOBOU MPUOOPHI.

[lepeHocHbIE 3a3eMIICHHUS] TPUMEHSIIOT JJISl 3alllUThl OT OIIMOOYHOW MOJa4Yu Ha-
NPsDKCHUS Ha OTKJIFOYCHHBIC TSI PEMOHTHBIX PabOT YacTH SJEKTPOYCTAHOBOK U TOSIB-
JICHUS Ha HUX HABEJEHHOT'O HAIPSIKEHUS.
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