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NMPEONC/TIOBUNE

Pa3BuTue M COBEPLLUEHCTBOBAHME COBPEMEHHbIX TEXHONOTNYECKMNX
M MPOU3BOLCTBEHHbIX MPOLECCOB B MPOMbILLIEHHOCTHU, CENIbCKOM XO-
38lCTBE, CTPOMTENbCTBE M B APYrnx 061acTax HapoOAHOro X03AlCTBa
XapakTepu3ylTcsa WNPOKMM NCNONb30BaHNeEM CPeACTB aBToMaTu3aLum
M KOMNNEKCHON MexaHu3aunn. 9T0 N03BONAET OCBOOOANTL YenoBeka
OT 04HO06PA3HOr0 M TAXKENOro PU3n4eckoro Tpyaa, NnoBbICUTbL NPO-
N3BOANTENBbHOCTb, HAAEXHOCTb PYHKLMOHUPOBAHNA TEXHONOTMYECKO-
ro o6opyfoBaHMA 1 Ka4eCTBO BblIMyCKaemMoi UM NpoayKunu. ABToma-
TUYECKMe CUCTEMbI YNpPaBAeHUsA NO3BONAIOT TaKXKe 3aMeHUTb YenoBe-
Ka npu paboTe TeXHONOrMYeckoro o6opynoBaHUA BO BpeAHbIX W
ONacHbIX A4N18 ero 340P0BbA YCNOBUAX OKPYXaKLWeid cpefbl — KOCMO-
ce, Cpefe arpecCUMBHbIX ra3oB, 3anbl/IEeHHbIX NOMELWEeHNAX U T.4.

B o6wem cnyyae aBTomaTmsauns [1] —ato npumeHeHuUe TexXHUYec-
KUX CPefcTB, 3IKOHOMUKO-MaTeMaTUYeCKMX METOA0B U CUCTEM yrpaBsie-
HKA, 0CBOBOXKAAOLLMX Ye0BeKa YaCTUYHO UM MOMHOCTbLIO OT Hermocpea-
CTBEHHOrO y4acTus B npoLeccax nosyyeHus, npeobpasosaHus, nepesa-
YA WM UCNONb30BAHWUA 3HEPrUW, MaTepuanoB unuM uHhopmayunu.
ABTOMaTU3MPOBATLCA MOTYT TEXHONOrMYECKME MPOLECChI, HAYUHbIe 1 3KC-
neprvMeHTabHbIe MHXXEHEPHbIE UCCeA0BaHMUS, MPOEKTMPOBAHNE pas3finy-
HbIX 06bEKTOB, OpraHn3auuns, N1aHMpoBaHue N ynpaBneHue pasinyHblx
npeanpuATviA 1 opraHm3aunii. MpegmeTHOW 061aCTblO 3TOW KHUTY AB-
NAKTCA CUCTEMbI YNPaBNEHNS aBTOMATU3MPOBAHHOIO 3/1IEKTPONPUBOAA U
BbINOJTHSEMbIE C er0 UCMO0JIb30BAHMEM CUCTEMbI aBTOMATM3aLNK paboymx
MallWH N MEXaHW3MOB 1 TEXHOMNOMMYECKNX KOMMIEKCOB.

AnekTpuueckunin npusog (3MM) sBnAeTCA 3HEPreTUUeCcKoli OCHOBOWA
TEXHOJIOrTMYECKMX 1 MPOM3BOACTBEHHbIX MPOLECCOB, KOTOPbIE peanu-
3yHOTCA 3a CUeT MeXaHW4YecKoli aHeprumn. MNpusoas B ABVMKEHME UCMON-
HUTeNbHblE OpraHbl pabounx MallnH N MexaHM3MOB 1 yNpaBass aTum
OBUXEHMEM C 3afjaHHbIM KadecTBOM, O obecneunsaeT fob6bivy No-
Ne3HbIX UCKOMaeMblX, N3roTOBAEHME U 06paboTKy pasMyHbIX U3Lenuni
M Matepuanos, nepemeLLeHne naein n rpy3os U BbiINONHEHUE MHO-
rMX APYrux TEXHONOTMYECKUX ONepaLnin ¢ Hauny UL MMM TEXHUYECKU -
MW M 3KOHOMMWYECKUMM MoKasaTensMu. TeM caMbiM COBpeMeHHbIN 3T
npeacTaBnseT cob0i BaXHelLwee yCTPOWCTBO CUCTEM aBTOMATUYECKOTO
yNpaBneHNsa TEXHONOTMYECKUMM NpoLeccamum.



MHoroobpasue n CNOXHOCTb BbIMOMHAEMbIX 3 (yHKUUA, nc-
NMoNb30BaHWe B ero CTPYKTypax HOBbIX, B MepBYIO o4epelb NOAYNpo-
BOAHWKOBbLIX 31EMEHTOB W YCTPOWCTB, MOCTOAHHOE YBE/IMYEHNE YNUC-
Na N BUAOB aBTOMaTU3npoBaHHbIX I Tpe6”BOT bluHpuakorfpefiVbrsion
NOAFOTOBKM CNELNAnnCcTOB, 3aHNMAIO LWL UXCA UX MOHTaXXOM, HanafgKol
M akcnnyatauuneil. OHM AO/KHbBI XOPOLIO 3HATb 31EMEHTHYO 6a3y aB-
TOMaTU3MpoBaHHbIX A1, MOHWMAaTb OCHOBHbIE MPUHLUMbI MOCTPOE-
HUA 1 paboTy Pa3OMKHYTbIX M 3aMKHYTbIX CXeM ynpasneHus 31, Bna-
LeTb MH(OPMaLMedl 0 KOMMNIEKTHbIX U MHTErpupoBaHHbIX 3, cuc-
TeMaxX aBTOMATUYECKOro ynpaB/ieHNA TEXHONOTMYECKUMY npoLeccamm
N NpeanpuaTUAMK. BaxKHbI 3neMeHT 06pa3oBaHuns B 3TOi chepe co-
CTaBNAKT U 3HAHUA 0 HagexHocTu 3.

KHura HanucaHa B COOTBeTCTBUU C ['oCyAapcTBeHHbIM 06pa3oBsa-
TeNbHbIM CTAHAAPTOM CpPeAHEero NpodeccnoHanbHOro 06pasoBaHus u
ocypapcTBeHHbIMY TPeOOBaHUAMY K MUHUMYMY COLEPXKaHWUA U YPOB-
HIO NMOAFOTOBKW BbIMYCKHWKOB MO crneumnanbHocTn 2913 «MoHTax,
Hanafka v aKcnayaraumnsa 31eKTpoobopya0BaHMUA NMPOMbILLJIEHHbIX U
rpaXXfaHCKUX 34aHUin*, BBefeHHbIMN B feicTBMe ¢ 1ceHTs6psA 2002 T.
B Heil NpMBOAATCA OCHOBHbIE CBEeHUSA 13 TEOPUUN aBTOMATUUYECKOTO
ynpaBs/ieHUs, paccmaTpuBaroTCs aneMeHTHaa 6asa 3l v BbINOHEHHbIE
Ha ee OCHOBe Pa3OMKHYTble U 3aMKHYTble CXeMbl YNpaB/ieHUs aBToMa-
TU3NpoBaHHOTO AT, a TaKXe aBTOMaTU3aLmnsA TEXHOOTMYECKUX NPO-
LeccoB. B Hee BK/IIOUYEHbI TaKXe CBEAEHUS MO HAaLeXXHOCTU paboThl
OI1, meTofam ee pacyeTta v MOBbILWEHUA.

M3yuyeHune gucumnimHbl «CUCTEMbI aBTOMATU3UPOBAHHOIO yrpas-
NIeHNA 3NeKTPONpuBOAAa™ OCHOBbLIBAETCA Ha 3HaAHMAX yvawuxca no
MHpopMaTMKe, TeEOPETUYECKUM OCHOBAM 3/1EKTPOTEXHUKMW, OCHOBaM
3NEKTPOHHON U MUKPOMPOLLECCOPHOI TEXHUKMN, 31EKTPUYECKUM Ma-
WKWHaM M OCHOBAaM 3fleKTponpueofa. B KHUTY BKIOYEH maTepuan no
CMUNOBOW Npeo6pa3oBaTesibHON TEXHUKE, 3/1eEKTPUYECKUM annapaTam,
3eMeHTaM 1 YyCTPOiCTBaM CMCTEM yMpaBieHns, HeEO6XoAUMbI ANA
Ny4dLero noHMMaHua paboTbl aBTOMaTM3MpoBaHHoro 3I1.

[na nyywero ycsoeHna matepuana v 0CBOEHUA yyalMMunca HaBbl-
KOB MPaKTUYeCKNX pacyeToB KHMUTa COAEPXUT 3a4auun U NpumMepbl UX
pelweHns, a c LEebl0 NPOBEPKW CTEMEHWN YCBOEHNSA MaTepuana B KOH-
Lie KaXX4O0l rnasbl NpuUBeAeHbl KOHTPO/IbHbIE BOMPOCHI.



BBEAEHVE

B cBOel NpakTNYecKoi fesTeNbHOCTM Ye/I0BEK UCMOJb3YeT CaMble
pa3Hoo6pasHble TEXHONOTMYECKMe NPOLLeCChl U onepauumn, peanunsa-
LUMS KOTOPbIX OCYLLECTBAAETCA C MOMOLLbI0 Pa3NnYHbIX paboynx ma-
WWH 1N NPOM3BOACTBEHHbIX MEXAHWU3MOB. Bo MHOTMX cnyyasx gns Bbl-
MOJIHEHMSA TEXHONOTMYECKOr0 npouecca aTn paboyme MalnMHbl U Me-
XaHW3Mbl 06bEAMHAOTCA B e4WHbIA NPOM3BOACTBEHHbI KOMMNEKC,
obpasys npesnpuaTUA PasnMYyHOro Ha3HaYeHus.

XapaKTepHOW YepTol COBEPLUEHCTBOBAHWS KaK OTAEeNbHbIX pabo-
YMX MALIMWH, TaK 1 TEXHONOTMYECKUX KOMMIEKCOB B Lie/IOM ABNAET-
cA aBTOMaTM3auma ux paboTbl, YTO NO3BONSAET NMOBbLICUTL UX MPOU3-
BOAUTENbHOCTb M KAYeCTBO BblMYyCKaeMOW NpogyKumm n obecnevnTsb
Hauny4ylme noKasarenn no 3KOHOMUYHOCTU M HafEeXHOCTM Npu 3KC-
nnyatauuu. BaxHbiM hakTOpoOM ABASETCA M TO, YTO aBTOMaTm3auus
MO3BO/SET 0CBOGOANTL YENI0BEKA OT TAXKENIOr0 U 04HO06Pa3HOro Tpy-
fa, a BO MHOTMX cnyyasx obecnevynTb ynpaBneHne TEXHONOTNYECKM-
MW mpoLeccammn ¢ nokasaTensmu, HeOCTYMHbIMU YeNOBEKY NO ero
(hN3N0NOTMYECKUM BO3MOXHOCTAM.

MpumMmepamy aBTOMaTM3aLUM OTAENbHbIX PaboumMX MalWnH n Tex-
HOMIOTUYECKUX KOMMAEKCOB MOTYT CAYXWUTb aBTOMaTUUYECKME IMHUK
M rnbkre aBTOMaTU3NPOBaHHbIE MPOM3BOACTBA, YNCI0BOE NPOrpaMm-
HOe ynpaBfeHne CTaHKamMmn, CUCTEMbl aBTOMATUYECKOro Nofaepixa-
HWS Yr0BON CKOPOCTW BpaleHns (fanee B TEKCTe — CKOPOCTb Bpa-
WeHWa) gBuratenei, cucTeMbl MOAAEPXAHUA YPOBHA XUAKOCTU B
pesepByape 1 T.4.

Bonbwoe yncno pabouynx mawmH M NPOM3BOACTBEHHbBIX MeXa-
HW3MOB: IMMPTOB, KOHBeepoB, HACOCOB, NOLbEMHbLIX KPAHOB U
T.A. — NS BbINOSIHEHNA TEXHONOTNYECKNX ONnepaLuii UCNonb3ytoT
MeXaHWYeCKY 3Hepruio, KoTopyw oHu nonydyatwT ot I3I1. Mpu-
BOASA B BM)KEHME UCMONHNTENbHbIE OPraHbl 3TUX Paboynx maluH
M MEXaHW3MOB: KabUHY Nu(Ta, NeHTY KOHBelepa, paboyee Kone-
CO Hacoca, rpysosaxBaTHOe npucnocobneHve NOABHEMHOIO KpaHa —
M ynpasnas sTuM ABuxeHuem, 3 cTaHOBUTCHA BaXHeWw e vac-
Tblo 06Leil cxembl aBTOMaTM3aLumn, oT PYHKLMNOHNUPOBAHMSA KOTO-
PO 3aBMCUT B KOHEYHOM WMTOre KayeCTBO peanmsalnm TEXHOMO-
rMYecKUx NpoLeccos.



XapaKTepHO YepToi pa3BuTuA coBpeMmeHHoro Il aBnseTca no-
CTOAHHOE pacllMpPeHne 1 YCNOXHEHNE BbINOMHAEMbIX UM (YHKLUWA,
YTO B MepBYIO OYepelb JOCTUTAETCA 3a CHET BCe 60/ee WNPOKOro uUc-
NoNb30BaHUSA perynmpyembix n asTomatuanpos*LUbEX>0pTe'W»r ffpm ~s'on
HeHue Mo3BONAET MOBLICUTL KAYECTBEHHbIE N KOSIMYECTBEHHbIE NOKa-
3aTeNn TeXHOMOTNYECKUX MPOLECCOB, YBENNYNTL HALEXHOCTb DYHK-
LMOHMPOBAHUA TexXHONOrnyeckoro obopygosaHua u camoro 3IT,
YAYYWUTb YCN0BUSA paboTbl 06CNYXKUBAKOLLETO NepcoHana.



n3B3 1

OBWWME MPNHUWNMBblI NMOCTPOEHUNA
ABTOMATU3VNPOBAHHOIO
SNEKTPOMPMBOAA

1.1. OCHOBHbIE NMOHATUA, TEPMNHBI
N ONPEOENEHNA

YnpaBneHvne npegcraBnseT co60i opraHu3auyulo Toro Uanm UHOro
npouecca, KoTopas o6ecrneynBaeT AOCTUXKEHWNE ONPefeNneHHbIX Lienei.

CucTema ynpasneHuss — COBOKYMHOCTb BCeX YCTPOICTB, obecneun-
BaKOLMX YNpaB/ieHNe KaKUM-11m60 06bEKTOM MM npoueccom. Ecnu
ynpaBneHue oCyLLecTBAseTcA 6e3 HeMOCPEACTBEHHOIO Y4acTus Yeno-
BeKa, TO CUCTEMA YNpaBNeHUs Ha3blBaeTCA aBToMaTNueckoid. Cucre-
My aBToOMaTudyeckoro ynpasneHus (CAY) ob6pasylT ycTpoicTBO
ynpasneHus 1 06bEKT ynpaBneHus.

Ecnu oTgenbHble onepauuy ynpaBneHUs OCyLLeCTBSET YeN0BeK
WM rpynna N aei, To Takne CUCTEMbI YpaBieHUsA Ha3blBAlOTCS aB-
TOMaTM3MPOBaHHbIMU. [ N5 BbINOMHEHWA 3TUX OMNepaLuii YeNnoBeK J0-
XKEH MoslyyaTb MH(POPMALMIO 0 NPOLecce ynpaBleHns U UMeTh B CBO-
€M pacrnopsi)XeHUN COOTBETCTBYIOLLME OpraHbl YNpaBieHns 06beKTOM
WU NpoLLeccom.

Puc. 1.1. Cxema cuUCTEMbl aBTOMaTMYECKOro ynpasfeHus

O6o6uweHHas cxema CAY nokasaHa Ha puc. 1.1. Ha Heih 0603Ha-
YyeHbl: 1— 06beKT ynpaB/iieHUs; 2 — UCTOYHUK MHGOpMaLmm o 3a-
Javax ynpaBneHus; 3 — ycTpoiicTBa MHGOPMaLLMK 0 XO4e U pesyfib-
TaTax ynpaBfneHus; 4 — ycTpoicTBo 06paboTKM MHOPMaLUMN U Bbl-
paboTKy curHana ynpasneHuns; 5— WCNONHUTENbHOE YCTPOWCTBO;
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6 — ycTpolicTBa MH(opMaLnum 0 PYHKLNOHNPOBAHUW UCTONHUTENb-
HOro yCTpOWCTBaA.

B HekoTOpbIX cyvasx 3afadeil ynpaBneHua asnseTca obepneye-.
HMWe MOCTOAHCTBA HEKOTOPOI hm3nyeckoli N?$EuNLLIG6$?Ye  pi-slOn
TYPbl, CKOPOCTMW BpALLEHUA, LaBNEeHUA — UNWN ee U3MEHEHME BO Bpe-
MEHW MO HEKOTOPOMY 3aKOHY. TaKoW 4acTHbIli BUA ynpaBieHUs
06bIYHO Ha3blBaeTCA perynuposaHueM. CucTemMa aBTOMATMUYECKOTO
perynuposaHusi (CAP) mo aHanornm c CUCTEMOA aBTOMaTMYECKOrO
ynpaBaeHnsa COCTOUT U3 perynupyemoro obbekTa u perynaropa. B co-
CTaB CUCTEM aBTOMaTUYECKOro peryimpoBaHus, KpoMe perynaropa,
BXOAAT U Apyrue Heobxoaumble 418 UX PYHKLUOHUPOBAHUA YCT-
poictBa. K HUM OTHOCATCS:

* JaTYUKWN PerynupyeMblX NEPEMEHHbIX, C MOMOLLbI0 KOTOPbIX NO-
Ay4valT MHpopMaLmio 06 UX TeKYLLNX 3HAYEHUAX;

* 3afaTYNKN PerynmpyemMbiX NEPEMEHHbIX, C MOMOLLbI KOTOPbIX
cucTeMe 3agaetcsa Tpebyemblii YpOBEHb PEryMpyeMoil nepeMeHHO;

* U3MepuTesbHble YCTPONCTBA, C MOMOLLbIO KOTOPbIX ONpesenser-
CA OTKNOHEeHUe TeKyLlwero (PakTMUYeCcKOro) 3Ha4YeHNA peryanpyemon
nepeMeHHOM OT ee 3aflaHHOr0 3HaYeHus;

* YCTPOWNCTBA COMPAXEHNSA, NO3BONAKOLNE COEAUHUTD BCE 3N1EMEH-
Tbl M YCTPOKCTBA CUCTEMbI PEryNMpOBaHnNA B €UHbIA KOMMEKC.

MoMmuMo 3TOro, B COCTaB CUCTEMbI PerynMpoBaHnUa BXOAAT 3ne-
MeHTbl U YCTPOICTBa, obecneunBaroLne 3aWuTy, 6JIOKMPOBKU U CUT-
Hanusauuto nNpu ee paboTe, a B COBPEMEHHbIX CUCTEMAX Perynmpo-
BaHWA — [OMONIHUTENbHO TECTUPOBAHUE, AMArHOCTUKY U Pe3epBupo-
BaHMe.

Pasnuuatot cnegytouwme sngbl CAP:

* CUCTEMbI aBTOMAaTHNYeCKON cTabunnzauum, obecneymBaroLne noja-
LepXaHune perynmpyemoin BenMUMHbl Ha 3ajlaHHOM YpOBHe ¢ Tpebye-
MOV TOYHOCTbIO. K TakuM cuctemam OTHOCATCSH, HaNnpumep, CUCTeMbI
nogfep>XaHusa TemnepaTypbl B HarpeBaTeNbHON neyn, cucTema pery-
NNPOBAHUA CKOPOCTW BpalleHus gBurateneit 1 mHorue gpyrue. Cuc-
TeMbl cTabunusaumu [enaTca Ha acTaTMUYecKuMe U cTaTU4veckue.
AcTaTunyeckne cucTembl cTabunmsaunm obecneunBarT Nojaep>xaHue
perynupyemoi nepeMeHHON B CTaTMYECKOM PEXUME Ha HEU3MEHHOM
YPOBHE NPV U3MEHEHMAX BO3MYLLaKOLWEero Bo3geiicTema. CTaTuyecku-
MU CUCTEMamy Ha3blBAOTCA Takue, B KOTOPbIX B YCTAHOBMBLUEMCA
pexume NPOUCXOAUT U3MEHEHUE PerynmpyemMoin nepemMeHHOW npu
M3MEHEHMUWN BO3MYLLAIOLLErO BO3AeCTBMA. Jpyrumm cnosamu, acTa-
Tnyeckue CAP obecneumBaloT perynmpoBaHuie NepeMeHHbIX B yCTaHO-
BMBLUEMCA pexxume 6e3 OWNOKKM, T.e. OCYLLECTBAAIOT PerynmpoBaHme
NMepeMeHHO CTPOro C 3ajaHHbIM YpOBHeM, a cTtatuueckne CAP —
C HEKOTOPOW OWN6KO;
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* CrefifiliMe CUCTEMbI, KOTOPbIE OCYLLECTB/IAKOT U3MEHEHWE Perysu-
pPyeMO BeNWYMHbI BO BPEMEHMW MO NPOM3BOAbHOMY 3aKOHY. Mpume-
pamMu Takoi CMCTEMbl MOTYT CAYXWUTb CUCTEMbI CNIEXEHUSA TIOKATOPOM
3a LeNiblo nn cucteMa pagnoaHTeHHbl, 06ecneynBaroLLas CBA3b C KOC-
MUYECKMMU 06beKTamu;

* CUCTEMbI MPOrpaMMHOro PerynmpoBaHunsa, Kotopble ob6ecneymsarnT
M3MEeHEeHWe perynmpyeMoii NnepemMeHHOR BO BPEMEHW MO OMpejeneH-
Hol nporpammMe. K TakMm cucTeMam OTHOCATCSH, B HACTHOCTU, CUCTE-
Mbl YMCJIOBOTO MPOrPaMMHOT0 YNpaBieHUa CTaHKaMu;

* CUCTeMbl aganTauuu, obecneynBsaroLL e oNTUManbHOE Perynanpo-
BaHWe NepeMeHHOl No 3aaHHOMY NOKa3aTefit0 KayecTsa npu M3mMe-
HAOLWLMXCS YCNOoBMAX paboTbl 06beKTa perynmposaHmsa. K takum cuc-
TEMam OTHOCATCH caMoHacTpavBalLLmecs, caMoOpPraHusyoLmnecs u ca-
MOOOyYatoLLMecs CUCTEMBI.

CunCTEMbI C Of4HMM BXOAHbIM KaHanoM W OLHON perynupyemoi (Bbl-
XOLHOIi) NepeMeHHOW HOCAT Ha3BaHWe OLHOMEpPHbIX, & C HECKObKU-
MW BXOLHbIMW U HECKONBbKUMU BbIXOLHbIMWU — MHOTOMEPHbLIMU.

O6beKT ynpaB/ieHWsa (perynmpoBaHus) npu ero yHKLMOHMpPOBa-
HUW NoABepraeTcsa pasNuyYHbIM BO34eicTBMAM. CO CTOPOHbI CUCTEMbI
yNpaBfieHNs Ha Hero AelicTBYeT ynpasnsioLlee (perynvpytoLLee) Bo3geii-
cTBue, obecneumBaroLiee Tpebyemoe perynmpoBaHue 3afjlaHHO nepe-
MEHHOW.

Co CTOpOHbI OKpy>Xatouieli cpeabl U conpefenbHbIX 06BHEKTOB U
cucTeM 06bEKT NoABepraeTca pasNMUYHbIM BO3MYLLAKOLLMM BO34eiCTBY-
M, KOTOPble MOTYT UMETb KaK ONpefeneHHbIn, TaK U CAyYalHbIA Xa-
pakTep. K BO3MyLLalOLWMM BO3LeACTBMAM 0ObIYHO OTHOCAT U pasnmny-
Hble aBapuiiHble CUTyaUNn: NCUE3HOBEHME UAN KONeOaHUs NMTALWEero
HanpsXXeHus, NONOMKY B paboueli MallnHe, BbIXO4 U3 CTPOA 31eMEH-
Ta CMCTeMbl ynpasfieHus u T, OCHOBHaA 3ajaya CUCTeEM ynpaBieHns
COCTOMUT MMEHHO B TOM, YTOObI NMPU BCEX BO3MOXHbIX BO3MYLLAIO L NX
BO3feiCTBMAX, AENCTBYIOLWMNX Ha 06BEKT ynpaBneHus, obecneynTb
LOMKHBbIM 06pa3oM ero ynpasneHue.

MepBble CUCTEMbI ABTOMaTUYECKOr0 PeryimpoBaHua nNpakTnyecko-
ro npumeHeHusa nossunucb B XVIII B. n ucnonb3osannch 45 aBTo-
mMatusaumm paboTbl MapoBbiX MawmnH. CxemMa Ha puc. 1.2 uancTpu-
pyeT paboTy aBTOMATMUYECKOro perynatopa ypoBHA BOAbl B NapoBOM
KOTNe mapoBoi MawuHbl U.. Mon3yHoBa. YpPoBeHb BOAbI B KOT/E
onpefensaeTcsd c MOMOLLbIO Nnonaaska /, C KOTOPbIM CBA3aHa 3aC/OHKa
2, perynupytouas goctyn sogbl 3 B koten 4. Npu yBennyeHum otbopa
napa ypoBeHb BOAbl B KOTNE NajaeT, NONnaBoK ONyCKaeTcd BHU3, 3a-
CNOHKa MepemMelLaeTcs BBepX U NPUTOK BOAbI B KOTe/ YBeNMYMBaeTCs.
Mo mMepe BOCCTAHOBNEHUA HEOOXOAMMOTO YPOBHA BOAbI B KOT/e A0-
CTYN BOAbl B KOTe/1 YMEHbLLIAETCA.



Puc. 1.2. Cuctema aBToOMaTn4yecKoro perynmpoBaHns ypoBHS BOAbl

[pyrum npumepom perynvpoBaHus paboTbl MapoBbIX MalWH CNy-
XUT LEeHTPOGEXHbI/ perynsTop CKOpoCTW BpalieHUs Bana NapoBoii
MallWHbI, KOTOPbIA 06ecneynBan ee NOALEPXKAHME 3a CUET UBMEHEHUS
nogauyv napa B mawuHy. O6a Tna TakUX perynsTopos, 6yayun yco-
BEPLUEHCTBOBAHHbLIMU, LUIMPOKO MUCMOMb3YHTCA U B HACTOSLLEE BPEMSI.

1.2. MMOHATUNE O PENYNNPOBAHWNN KOOPAVHAT
(MEPEMEHHDbIX) SJIEKTPOIMPBOAA

[na ynpaBneHunsa ABMXEHUEM UCNOMHUTENbHbBIX OPraHoB paboymnx
MallMH 1 MPOU3BOLCTBEHHbIX MEXAHU3MOB 1 06ecrneyeHuns Tpebyemblx
pexxumoB camoro 3N Heo6X0ANMO perynnpoBaHue psaga nepemMeHHbIX,
HanpuMep CKOPOCTU, YCKOPEHUS U MONOXEHUA UCMONHUTENBHOIO 0p-
raHa paboyeil MalwnHbI, TOKOB B LeNax ABMrateneir, MOMeHTa Ha UX
Ba/ly, MarHUTHOTO MOTOKA 3/IEKTPUUYECKMNX MALLUUH U T.A.

TUNWYHBIM NPUMEPOM PErynvMpoBaHns NepeMeHHbIX, KoTopble B 31
4acTOo Ha3bIBaKT KOOPAMHATAMM, MOXET CNYXUTb A nmaccaXxumpckoro
nugTa. MNpu nycke n ocTaHOBKe KabuHbI nudTa 419 ob6ecnevyeHns KoM-
(hOPTHOCTU NACCaXMPOB YCKOPEHME W 3amMejfieHne ee ABUXKEHUA He
0OMKHbI 6bITh Bblle JONYCTUMOrO YpPOoBHA. lMepes 0CTaHOBKOM CKO-
pOCTb KabWHbI JO/MKHA CHMXXATLCA, T.e. OHa J0/DKHA perynmposarbCs.
MOHWXEHHas CKOPOCTb ABMXKEHMNSA KabuHbl TpebyeTcs v 419 OCYLLEeCTB-
NeHUA Hanagkyu uan peesnsnu anekTpoobopynosaHus nupta. U Hako-
Hel,, kabuHa ¢ 3aaHHON TOYHOCTbLIO JO/KHA OCTaHaBNMBaTLCA Ha Tpe-
fyemom 3Taxe, T.e. He06x04MMO 0becneynBaTh 3afaHHOE NOSOXEHUe
(no3nMumMoHMpoBaHKe) KabuHbl MU Ta. Takoe yrnpasneHue LBUXKEHUEM
KabuHbl udrra o6ecneynsBaeTcsa 3a cyeT perynpoBaHns COOTBETCTBY-
LWMX KoopanHat (nepemeHHbIX) 3I nugTa.

Mpu n3roToBneHnn 6ymarun, TKaHein, kabenbHbIX U3LeNniA, pasnmny-
HbIX MAEHOK, NMPOKaTKe MeTannoBs TpebyeTcs obecneyeHme onpeaeneH-
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HOFO HaTAXXEeHMUsA 3TUX MaTepuanos, YTO TakXe OCYLLeCcTBNSAeTCS € No-
mowbto 3. PerynnpoBaHus KoOOpAuHAT TpebyloT U MHOTUMe gpyrue
paboyne MaWwmrHbl 1 MEXAHWU3MbI: MOLbEMHbIE KPaHbl, MeTannoobpa-
6aTbiBalOLWMe CTAHKW, TPAHCNOPTEPbI, HACOCHbIE arperatbl, po60Thbl U
MaHUNynaTopbl U T.4.

Kpowme 3atoro, n npu pabote camoro 3 Heob6xo4umo obecneynTb
onpefeneHHble LONYCTUMble peXUMbl paboTbl ero aneMeHToB. Tak,
Hanpumep, Npu Nycke, peBepce UAN TOPMOXEHUMN ABUraTeNieil 4acTo
TpebyeTca OrpaHNYMBaTh UX TOKM 40 JONYCTUMbIX YPOBHENA.

Mpouecc perynnupoBaHus aTUX 1 Apyrux KOOpPAMHAT BCerja cBszaH
C ueneHanpaBfieHHbIM BO3JelCTBMEM Ha ABUTraTeNb, YTO M JO/KHA
obecneynBaTb ero CUCTEMaA yNpaBneHus.

PeryanpoBaHue cKOpOCTMW ABUXEHUA UCNONHUTENbHbIX OPraHoB
paboynx MalWnH N MeEXaHNU3MOB MOXET OCYLLEeCTBAATLCA C MOMOLLbIO
3NN B BMAe cTabnnm3auum CKOpocTu, U3IMEHEHUSA CKOPOCTW B COOTBET-
CTBMU C NPOU3BOALHO MEHALWMMCA 3aal0LLMM CUrHanom (cnexe-
HWEe) uauM no 3apaHee 3afaHHON nporpamme (MporpamMmHoe ABW-
XeHue).

PerynnpoBaHue Nono>kKeHns xapakTepu3yeTcsa NpoLeccom nepemetle-
HUS UCNOMHUTENbHbLIX OPraHoB paboyumMx MallnH U MEXAHU3MOB B 3a-
JaHHYI0 TOYKY MPOCTPaHCTBa WMAM MAOCKOCTUM WM WX YCTAHOBKY Tam
(bmkcupoBaHmMe) ¢ 3alaHHON TOYHOCTLIO. Takoe NX NnepemeLyeHne n3
OfHOI TOYKM NNOCKOCTWU MAN NpOCTpaHCcTBa (N03ULMKN) B APYTYIO Ha-
3bIBAETCA NO3ULNOHNPOBaHUEM U 06ecneynBaeTCs COOTBETCTBYHOLWMUM
perynupoBaHveM NOMOXEHUS Bana ABuratens.

PerynuposaHue MOMeEHTa 1 TOKa ABUratenieii NponM3BOAMTCA B TeX
cnyyvasax, korga 9N gonxeH obecneuynsatb Tpebyemoe yCKOpeHUe nau
3ameffieHMe 4BUXXEHNA UCMONHUTENbHBIX OPFraHOB UKW CO34aBaTb He-
06x0aMmMoe HaTseHne B obpabaTbiBaeMOM MaTepuane Ui U3genum.

Ctofa Xe OTHOCATCA W cnydvau, Korga TpebyeTcs orpaHu4uBaTb
MOMeHT 3I ana npesoTBpalLeHUs NONOMKM paboyeil MalwlnHbl Uan
MexaHu3ma npy BHEe3anHOM CTOMOPEHUN ABMXXEHUS UCNONHUTENbHO-
ro opraHa (Hanpumep, Npu KOMNaHWu rpyHTa, 6YpeHnn CKBaKuH, 3a-
KAMHWBaHUM MEXaHWYeCKoW nepegauu u 1.4.).

PerynupoBaHue (orpaHuyeHue) TOKa U1 MOMEHTA ABUraTenen Tpe-
byeTcs Takxke gnd obecneyeHUs HOPManbHbIX YCNOBUIA paboTel ca-
MUX ABurateneii. Tak, NpuM Nycke ABUraTefieil MOCTOAHHOIO TOKa
06bIYHOI0 NCNOMHEHNS NO COO6PAXEHNAM HOPManbHOW paboTbl UX
KONNEKTOPHO-LLEeTOYHOIO y3/1a TOK LO/MKeH 6blTb OFTPaHWYEH Ha YPOB-
He 2...3 /vom Heob6Xx04MMOCTb OrpaHMYeHmns ToKa BO3HUKAET U Npw
MyCKe MOLLHbIX ABUraTteneit NOCTOAHHOIO U NEPEMEHHOTO TOKa, KOr-
fa 60/bluMe NYCKOBbIE TOKWU ABUTaTeNeil MOryT NPUBECTU K Hegony-
CTUMOMY CHUXEHUIO HaNpsHXXeHUs NuTaloLeii ceTu.
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1.3. CTPYKTYPbIl N MPNHUWIMbI NMOCTPOEHNA
CXEM YMNPABJIEHVA SNEKTPOMPNBOOA

Cuctema ynpasneHuns 31 asnsetca ero c<KOEanpu taEreB\*o«on

OTBETCTBUMW CO CTPYKTYPHOIi cxemoid 3T, npefcTaBneHHol Ha puc. 1.3,
n cogepxawmmeca 8 FOCT P 50869-92 [10] onpeseneHnem B COCTaB
30 6 BXOAMT 3aNeKTPUUYECKWUA fBUraTens /, KOTOPbIW BbipabaTbiBaeT
MeXaHU4ecKy 3Heprmio M3 3a cueT noTpebnsemoli OT MCTOUHMKA
3 3neKkTpuYeckoin aHeprun 33. MNapameTpbl 1 06bEMBI NOCTyNa L el
Ha ABuUraTefb 3HEPTUN PEryNUPYOTCA CUN0BLIM MpeobpasoBaTesiem
3/IeKTPO3HEPrumM 2, 3a cyet yero obecneymBaeTcs yrnpasJieHWe 4BU-
ratenem.

Puc. 1.3. Cxema ynpasneHus sfeKTponpueoga

CurHan ynpaeneHus UycuioBbiM npeo6pasoBaTenemM BbipabaThiBa-
eTcs yCTPOWCTBOM ynpaBfieHns 4, B COCTaB KOTOPOro B 06LEM Clyyae
BXOAAT YCTPOWCTBA NONYYeHUs, Npeo6pa3oBaHus, XpaHeHus, pacnpe-
AEeNeHUs U Bblgaun nHdopmayuu, 610KU CONPSKEHUS, PErynsTopsl
nepeMeHHbIX (KOOpPAMHAT), pasfinyHble HYHKLWOHAbHbIE 610KK yNpas-
NeHWs UTN. YCTPOWCTBO ynpaseHns 4 u npeobpaszoBaTens 2 06pasy-
0T CUCTEMY YNpPaBieHNs 3/eKTpONpuBoga b.

YcTpoiicTBO ynpaBneHus 4 BbipabaTbiBaeT cUrHan ynpaeneHus Uy
C MOMOLLbIO cUrHana 3agaHus (ycTaBku) U,, 3a[al0LLero xapakrep ABu-
XEHUS UCMONTHUTENBHOTO OpraHa 7 paboueii MalvHbI 8, U psga 4onon-
HUTENbHbLIX CUTHaN0B CAc, faloWmnX MH(OPMaLUI0 O peannsaunm Tex-
HOMOTMYEeCKOro npouecca paboyeil MalWWHbI, XapakTepe ABUXKEHNS
MCMONHUTENLHOIO OpraHa, paboTe OTAE/bHbIX 31eMeHTOB ST, BO3HUK-
HOBEHUM aBapWiiHbIX CUTyaLUiA W T.4. DTN CUTHaMbl NOCTYNaKT Ha
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YCTPOWCTBO YNpPaBNeHUs 0T pas3NnyHbIX 4aTYNKOB, KOTOPbIE Ha puc. 1.3
He MokKasaHbl.

CurHan 3agaHua (ycTtaBku) £/, aneKTponpueofg nony4vaeTr oT
BHELUHEN-N0 OTHOLEHWIO K HEMY CUCTEMbI YnpaBneHus 6onee BbICO-
KOro ypOBHS, Hanpumep aBToOMaTU3NPOBAHHON CUCTEMbl YNPaBeHNA
TexHonoruyeckum npoveccom (ACY TI1). Tem cambim cnefyeT pas-
NYaTb CUCTEMY YNpaBieHunsa 3/1eKTPONpPMBOLa KakK ero CoCTaBHYIo
4yacTb U CUCTEMY YMpaB/ieHNA 3/IeKTPONPUBOLOM (3N1eKTponpuBeoja-
MK), ABAAIOLWYIOCA BHeWHel 4N 3 cMcTemMOil M NOCTaBAALW YO
3ANeKTPONpPUBOAY HEOOXOAMMYIO ANA ero PYHKLUOHWPOBAHUA WH-
thopmaumio.

B HekoTopbIX 3T hyHKLWUN perynmpoBaHnsa KoopamHat (06bIYHO
CKOpoCTu BpalleHusa) 3T BbINOMHAET MeEXaHuyeckas nepegava 9, Ko-
TOpas B 3TOM C/lyyae MOXeT NpeacTaBnATb 060l 3NeKTPOMArHUTHYHO
NN TULPABINYECKYIO yripaBisieMble My(Tbl, BApUaTop CKOPOCTU, KO-
pobKy nepegau,

B 3aBMCMMOCTM OT BbINOMHAEMbIX DYHKLWIA, BUAA M KOMYeCcTBa
perynvpyembiX KOOPAMHAT U CTEMEHN aBTOMATM3aLUmM TeXHOIoTnYec-
KuMx npoueccos peannsaumnsa 3 moxeT 6bITb caMOWA pa3HO06pa3HOl
(puc. 1.4).

Puc. 1.4. Buabl 3neKkTponpusoLos
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1.3. CTPYKTYPbl U MPNHUWIMBbI NOCTPOEHUNA
CXEM YMNPABNEHNA SNEKTPOMPNBOOA

Cuctema ynpasneHus 911 aBnseTca ero ccratHio«mpttaeThfexBYiowion

OTBETCTBUU CO CTPYKTYPHOW cxemoin I, npeAcTaBneHHOW Ha puc. 1.3,
ncogepxawmmeca 8 FOCT P 50869-92 [10] onpefeneHnem B COCTaB
3M 6 BXOAMT aNeKTPUUYECKW fBUraTens /, KOTOpbIi BbipabaTbiBaeT
MeXaHUYecKyto 3Heprmio M3 3a cueT noTpebnsemoii OT MCTOUHUKA
3 anekTpnYeckoin aHeprum 33. MNapameTpbl M 06bEMBI NOCTyNak L el
Ha ABuUraTefb 3HEPTUM PEryNUPYOTCA CUN0BbLIM MpeobpasoBaTesiem
3/IeKTPO3HEPrnmn 2, 3a CYET Yyero obecneynsaeTcs ynpasieHune aBu-
ratenem.

Puc. 1.3. Cxema ynpaBsfieHus sfekTponpusoga

CurHan ynpaeneHus UycuioBbiM npeo6pasoBaTenemM BbipabaTbiBa-
eTcs YCTPOWCTBOM ynpaBfieHns 4, B COCTaB KOTOPOro B 06LEM Clyyae
BXOAAT YCTPOICTBA NONYYeHUs, Npeo6pa3oBaHus, XpaHeHWs, pacnpe-
AEeNeHUs U Bblgaunm nHdopmayuu, 610KU CONPSKEHUS, PErynsTopsl
nepeMeHHbIX (KOOPAMHAT), pasfinyHble HYHKLWOHAbHbIE 610KK yNpas-
NeHWs U Th. YCTPOWCTBO ynpasieHns 4 u npeobpazoBaTens 2 06pasy-
0T CUCTEMY YNpaBieHWs 3/eKTponpueogaa 5.

YcTpoiicTBO ynpaBneHus 4 BbipabaTbiBaeT curHan ynpaeneHus Uy
C NMOMOLLbIO cUrHana 3agaHus (yctaBku) U,, 3afal0LLero xapakrep ABu-
KEHUS UCMOMHMTENILHOTO OpraHa 7 paboyeil MalwuHbl 8, 1 psaga fonon-
HUTENbHBLIX CMTHaNoB ULC, faloWmnX MH(opMaLnio O peannsauny Tex-
HOMOTMYECKOTo npolecca paboueil MalWMHbI, XapakTepe LBUXKEHNS
MCMONMHUTENLHOIO OpraHa, paboTe OTAE/bHbIX 31eMEHTOB ST, BO3HUK-
HOBEHUMN aBapWiiHbIX CUTyaLUid W T.4. DTN CUTHANbl NOCTYMNaT Ha
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YCTPOMCTBO YNPaBAeHUs OT pa3NyHbIX 4aTYNKOB, KOTOPbIE Ha puc. 1.3
He MoKasaHbl.

CurHan 3agaHunsa (ycTtaBku) £/, aneKTponpueofg nony4vaeTr oT
BHELUHEN-N0 OTHOLIEHWNIO K HEMY CUCTEMbI yNpaB/ieHUs 60osee BbICO-
KOro YpOBHS, Hanpumep aBToOMaTU3NPOBAHHON CUCTEMbl YNPaB/ieHNA
TexHonoruyeckum npoueccom (ACY TI1). Tem cambim cneflyeT pas-
NM4yaTb CUCTEMY YNpaBieHunsa 3/1eKTPONpPMBOLa Kak ero CoCTaBHYIo
4yacTb U CUCTEMY YMpaB/ieHNa 3N1eKTPONPMUBOLOM (3N1eKTponpuBoaa-
MK), ABNAOLWYOCA BHEWHel AN 3 cuMcTemMOil M NOCTaBNAL LW YO
3NeKTPONPUBOAY HEOBXOAMMYIO AN ero PYHKLUOHWPOBAHUA WH-
thopmaumio.

B HekoTOopbIX AT PYyHKUNY perynmpoBaHns KoopamHaTt (06bIYHO
CKopocCTu BpalleHusa) 3T BbINOMHAET MeXaHuyeckas nepegava 9, Ko-
TOpas B 3TOM C/lyvyae MOXeT NPeacTaBnATb 060l 3NEKTPOMArHUTHYHO
UMV TMAPABINYECKYIO yripaBiseMble My Tbl, BApUaTop CKOPOCTU, KO-
pobKy nepejaud.

B 3aBMCMMOCTM OT BbINOMHAEMbIX DYHKLWIA, BUAA M KOMYecTBa
perynvpyeMbiX KOOPAMHAT U CTEMEHW aBTOMATM3aLUmM TeEXHOIOTnYec-
KX npoueccoB peannsayms 3 mMoxeT 6bITb CaMOii pa3Hoob6pa3Hoi
(puc. 1.4).

Puc. 1.4. Buabl aneKkTponpusoLos
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Bce O genatca Ha gBe rpynnbl: HeaBTOMaTU3MpPOBaHHbIEe U aBTO-
MaTU3MpPOBaHHbIE.

HeaBToMaTU3MpOBaHHbIe — 3TO Takue M, ynpa™ W wo*siMmue
BbIMOJ/IHAET Yesl0BeK (OMepaTtop) C NOMOLbIO NPOCTbIX cpencTs. OH
OCYLLLeCTB/IAAIET NMYCK M O0CTaHOBKY 31, N3MEHEHNE CKOPOCTU U ee pe-
BEpPCMPOBAHWE B COOTBETCTBUYU C 3aflaHHbIM TEXHOMOTUYECKUM LNK-
nom. Ana nomouwm onepatopy 3N cHabXeH HEOOXOAUMBIMU 3NEMEH-
Tamu 3aWunTbl, 6/TOKUPOBOK U CUTHaNN3ALUN.

B aBTomaTu3MposaHHoM 31 onepauunu ynpas/ieHUs B COOTBET-
CTBUY C TpebOBaHUAMM TEXHONOMMYECKOro NpoLecca BbIMOMHATCA CU-
cTemoi ynpasneHus (cMm. puc. 1.3). Ha onepatopa Bo3naraotcs QyHK-
LMW NO BK/IIOYEHUIO U OTKIOYeHUto DI, HanagKe v KOHTPOIO 33 ero
paboToi (0TMeTUM euLe pas, 4To npu pabote 3 B 06LWEM KOMMNEKCE
aBTOMaTM3MPOBAHHOIO NPOW3BOLCTBA BHELWWHWE KOMaHbl MOCTynawT
OT YNpaBasoLWLNX YCTPOACTB 60N1ee BbICOKOTO YpPOBHSA, Hanpumep ACY
NpPON3BOLCTBOM).

Bce aBTOMaTM3NpoBaHHble 31 aenaTca, B CBOKO o4Yepefb, elle Ha ABe
rpynnbl: Ppa3OMKHYTbIe U 3aMKHYTble. PAaCCMOTPUM XapaKTepHble Npu-
3Haku paboTbl 3TUX 31 Ha NpuMepe perynmposaHus ckopocTtun 3.

PaboTa pa3oMkHyTOro 3l xapakTepusyeTcs TeM, 4TO BCE BHELUHUE
BO3MYLLEHNA — B pacCMaTpuBaemMoM MpUMepe MOMEHT Harpyskm —
B/INAIOT Ha BbIXOAHYIO KoopamHaty 3T —ero ckopocTb. Apyrumm cno-
BaMM, Pa3OMKHYTbI O He OTCTPOEH OT BANAHUSA BHELIHWUX BO3MYLLe-
HWIA, BCE U3MEHEHUS KOTOPbIX OTpaXkatTca Ha ero paborte. Pasomk-
HyTbIA 3 No 3TON NpuyMHe He obecrneymBaeT BbICOKOTO KayecTsa pe-
rynmpoBaHns KOOPAMHAT, XOTA U OT/INYAeTCA B TO Xe BPeMs NpOCTOi
CXEMOIA.

Pa3oMKkHyTble 3T 06bIYHO NPUMEHAOTCA ANF 06ecneyeHns nyc-
Ka, TOPMOXXEHUA UK peBepca ABuraTeneii. B cxemax ynpaBneHus Ta-
Kux 9T ncnonb3yeTcd MHOPMALMA O TEKYLLLMX CKOPOCTU, BPEMEHM,
TOKa (MOMEHTA) UaX NYTH, YTO NO3BONAET aBTOMATM3NPOBATbL YKa3aH-
Hble MpoLecchl.

3amkHyT bl ST, Kak 1 r0bas cuctema aBTOMaTUYeCKoro perynu-
poBaHUA, MOXeT 6bliTb peasn3oBaH No MPUHLWUMNY OTKNOHEHUSA C UC-
NoNb30BaHUEM 06pPaTHbIX CBA3EA MAM NO NPUHLMUMNY KOMMEHCaumnm
BHELUHEro Bo3myLweHnUs. OCHOBHbIM OT/IMYNTENbHBLIM NMPU3HAKOM 3aMK-
HYTbIX CUCTEM ABNAETCHA MOJSIHOE UMW YAaCTUUYHOE YCTPaHEeHWe BANAHNSA
BHELWHEero BO3MYLLEHNA Ha perynupyemyto KoopauHaty 3. B cuny
3TOro 06CTOATENLCTBA 3aMKHYThIN Ol 06ecneunsaeT 60nee KaUeCTBEH-
HOe ynpaBs/ieHne ABMXEHWEM UCMNONHUTENbHOIO opraHa pabouyei ma-
WWHbI, XOTA €70 CXeMbl 0Ka3blBatOTCA 60/1ee CI0XKHbIMMU.

MpuHLMn KoMmneHcaummn nnnoctpupyet puc. 1.5, a. OCHOBHbIM Npu-
3HAKOM TaKOW 3aMKHYTOW CTPYKTypbl I ABAseTCA Hanuume Lenu, no



KOTOpOWi Ha Bxog O BMecTe € 3afaloWwMM curHanom ckopoctu 1xcno-
paetca curdan (/MJIMVG cogepxxalinin nHhopmayn 0 MOMEHTE COMpo-
TuBneHus (Harpyske) Jlc. B pesynbTaTe 3TOro ynpasseHue 31 ocylle-
CTBNAETCA CUrHanom Lji, KOTOpbI aBTOMATUYECKN NU3MEHAETCS B HYX-
HYI0 CTOPOHY Mpu KonebaHUAX MOMEHTa Harpysku, obecneumsas ¢
MOMOLLbIO CUCTEMbBI YNpaBieHNa NoAAep>KaHe CKOPOCTH BpaLleHuMs to
OI1 Ha 3agaHHOM YpOBHe.

Puc. 1.5. 3amkHYyTble CTPYKTYpbl 3neKTponpueoja:
a — cxema C KOMMeHcauuei BHeLHero BO3MyLLeHus;
6 — cxema Cc 06paTHoli CBA3bO

SnekTponpmuBoabl No cxeme puc. 1.5, a BbINONHAKTCA OTHOCUTESb-
HO pefKOo 13-3a OTCYTCTBMA MPOCTbIX U HaAECXHbIX 4aTYNKOB MOMEH-
Ta Harpysku Jllcu gpyrux Bo3MyLyatoLnx Bo3aeincTeuii 1 Heobxoam-
MOCTMW BBOAWTbL COOTBETCTBYIOLWME KaHabl MHOPMaL MK MO BCeM BO3-
MO>HbIM BO3MYLLEHUAM.

B cBA3u ¢ 3TUM nogasnatoLwee 601bWNHCTBO 3aMKHYTbIX CTPYKTYP
3N ucnonb3yT NPUHLMN OTKNOHeHNUsA (06paTHoii cBasun). OH xapak-
TEpPU3yeTCA HanMumeM Lenu o6paTHOW CBA3W, COEAUHAIOLWEN BbIXOA
3I1 c ero BXxof0M, 0TKyAa U MOLINO Ha3BaHWe 3aMKHYTbIX CxeM. Mpu-
MEHUNTeNbHO K paccMaTpMBaeMOMY MPUMepy peryanmpoBaHnsa cKopoc-
TW NPU3HAKOM 3TOl 3aMKHYTOW CTPYKTYpbl ABNAETCS Lenb 06paTHO
cBA3m (puc. 1.5, 6), no KOTOPOI MHpOPMALNSA O TEKYLLEM 3HAYEHUM
CKOpoCTM, curHan obpaTHoi cesasu Uoc=kocu), nogaetcs Ha Bxog 1,
rge OH BblYMTAETCA M3 CUrHana 3agaHua ckopoctn Uxc. YnpasneHue
OCYLLeCTBNAETCA CUrHaNoM oTknoHeHns 1I71= Uxc—Uoc (ero Takxe Ha-
3bIBAlOT CUTHANOM paccornacoBaHua Uau OWKN6KK). ITOT CUTHAN Mpu
OTINYMM PAKTUYECKOl CKOPOCTM OT 3a4aHHOr0 YPOBHA aBTOMaTuyec-
KN n3MeHsAeTcs Heobxo4MMbIM 06pa3omM 1 ycTpaHsaeT (YaCcTUUYHO UK
MOJIHOCTBLIO) C MOMOLLbIO CUCTEMBI YNpaBneHusa 3 3T OTKNOHEH A,
Tem cambIM ynpaBneHWe CKOPOCTbIO OCYLLLECTBNAETCA C YHETOM PE3Y/b-
Tarta ynpasneHus.

Ecnn TpebyeTca perynmpoBaHue gpyrux koopgmHat M wnnm Tex-
HO/I0TMYeCKOro npoLecca, To UCNOJb3YTCA 06paTHbIE CBA3W MO 3TUM
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Bce OI1 genartca Ha gBe rpynnbl: HeaBTOMaTU3MPOBaHHbIE 1 aBTO-
MaTU3MpPOBaHHbIE.

HeaBTOoMaTMuW3MpOBaHHble-3TO Takue 311 ,|| M f M sion
BbIMOJIHAET Yesi0BeK (0MepaTtop) ¢ MOMOLLbIO MPOCTbIX cpencTs. OH
OCYLLLeCcTB/IAAGT MYCK M 0CTaHOBKY 3I1, N3SMEHEeHNe CKOPOCTH U ee pe-
BEpCMpPOBaHWE B COOTBETCTBUU C 3afaHHbIM TEXHONOTNYECKUM LUK-
nom. Ona nomowm onepatopy Al cHabXeH HEOBXOAUMBIMU 3NEMEH-
TaMy 3aWunTbl, 610KMPOBOK U CUTHANN3AL UK.

B asTOMaTu3MposaHHoM JI1 onepauuu ynpaBneHUs B COOTBET-
CTBUY C TpebOoBaHMAMM TEXHONOMMYECKOro NpoLecca BbIMOHAOTCA CU-
cTemoi ynpasneHus (cMm. puc. 1.3). Ha onepatopa Bo3naratotca pyHK-
LMW NO BKJIFOYEHUIO U OTKNOYeHUIO 3T, Hanafke v KOHTPOJIIO 33 ero
paboToi (0TMeTMM eLLe pas, 4To nNpu pabote 3 B 06WEM KOMNNEKCE
aBTOMaTM3MPOBAHHOIO NPOW3BOLCTBA BHELIHWE KOMaHbl NOCTynaKT
OT YNpaBAALWMNX YCTPOACTB 60/1ee BbICOKOT0 YPOBHA, Hanpumep ACY
NpPON3BOLCTBOM).

Bce aBTOMaTM3NpoBaHHble 31 genatca, B CBOKO ouvepefb, ellle Ha [jBe
rpynnbl: Ppa3OMKHYTble U 3aMKHYTble. PAaCCMOTPUM XapaKTepHbIe Npu-
3HakKKn paboTbl aTUX I Ha Npumepe perynnposaHus ckopoctu 3M1.

PaboTa pa3oMkHyTOro 3l xapakTepusyeTcs Tem, 4TO BCE BHELUHUE
BO3MYLLEHNA — B pacCMaTpuBaemMoM MpuUMepe MOMEHT Harpyskm —
B/INAIOT Ha BbIXOAHYIO KoopAuHaty 31 —ero ckopocTb. Jpyrumu cno-
Bamu, pa3oOMKHYTbI 3 He OTCTPOEH OT BIMAHUSA BHELIHMNX BO3MYLLe-
HWIA, BCE M3MEHEHMA KOTOPbIX OTPaXkarTca Ha ero pabote. Pasomk-
HyTbIA M No 3To NpuunHe He o6ecneymBaeT BbICOKOTO KayecTsa pe-
rynnMpoBaHna KOOPAMHAT, XOTA U OT/IMYAeTCA B TO e BPEMSA NPOCTOi
CXEMOIWA.

Pa3oMKkHyTble 3 06bIYHO NPUMEHAKOTCA And obecrneyeHns nyc-
Ka, TOPMOXXEHUA WK peBepca ABurateneid. B cxemax ynpasneHus Ta-
Kux 3T ncnonb3yeTcd MHGOPMaLMA 0 TEKYLLUX CKOPOCTU, BPEMEHMN,
TOKa (MOMEHTA) UM NYTW, 4TO NO3BOSET aBTOMATM3NPOBATb YKa3aH-
Hble MpoLecchl.

3amKHyTbIii 3, Kak u ntobas cuctema aBTOMaTn4YeCcKoro perynu-
poBaHUA, MOXeT ObITb peasn3oBaH No MPUHLUNY OTKIOHEHUS C UC-
NoNb30BaHWEM 06paTHbIX CBA3EN MAW NO NPUHLMUNY KOMMEHCcaLnu
BHELUHEero Bo3myLeHns. OCHOBHBIM OT/IMYNTE/NIbHBIM NMPU3HAKOM 3aMK-
HYTbIX CUCTEM ABAAETCHA MOJIHOE UM YaCTUYHOe YCTPaHeHWe BANAHUA
BHELWHEero BO3MYLEHNA Ha perynmpyemyto KoopauHaty 3. B cuny
3TOro 06CTOATENLCTBA 3aMKHYThIN I 06ecneunsaeT 60/1ee Ka4eCTBeH-
HOe ynpaB/eHne ABMXEeHWEM UCNONMHUTENbHOMO opraHa pabouyeli ma-
WWHbI, XOTA €ro CXeMbl 0Ka3blBalOTCA 60Jiee CMIOXKHbIMMU.

MpuHLMn KoMneHcaummn nnmoctTpupyet puc. 1.5, a. OCHOBHbIM Npu-
3HAKOM TaKoM 3aMKHYTON CTPYKTYpbl Ol ABnseTcs Hanmyue Lenu, no

16



KOTOpOii Ha Bxog I BMecTe ¢ 3afaloLmum curHanom ckopoctu Uxe no-
paetca curHan {IMJIMVC copepxallinin MHhopmaL Mo 0 MOMEHTe CONpo-
TuBneHus (Harpyske) Jlc. B pesynsTaTe aT0ro ynpasseHve 311 ocyule-
CTB/AETCA CUTHANIOM M1, KOTOPbI aBTOMATUYECKN U3MEHAETCA B HYX-
HYI0 CTOPOHY Npu KonebaHWAX MOMeHTa Harpysku, obecrneymsas c
MOMOLLbIO CUCTEMbI YNPABNEHNA NOALepXaHVe CKOPOCTH BpalleHus to
3l Ha 3afaHHOM YypOBHe.

Puc. 1.5. 3amkHyTble CTPYKTYpbl 3n1eKTponpusoga:
a — Cxema C KoMMneHcauuein BHeLHero BO3MyLLeHus;
6 — cxeMa ¢ 06paTHOI CBSA3bIO

ONeKTponpuBoLbl Mo cxeme puc. 1.5, a BbINOMHAKTCA OTHOCUTESb-
HO pefKO M3-3a OTCYTCTBUA MPOCTbIX U HALEXHbIX 4ATYMKOB MOMEH-
Ta Harpysku AlCu gpyrux Bo3MyLLaloWmnx Bo3LeiAcTBuin n Heobxoam-
MOCTV BBOLMTb COOTBETCTBYIOLLME KaHa/bl MHQOPMaL Uy N0 BCEM BO3-
MOXHbIM BO3MYLLEHUAM.

B cBA3M ¢ 3TM nofasnsioLLee 60NbLWINMHCTBO 3aMKHYTbIX CTPYKTYP
3N uncnonb3yT NPUHLMN O0TKNOHeHNs (06bpaTHoW cBA3n). OH Xapak-
TEepM3yeTcs Hanudmem Lenun o6paTHO CBA3U, COEAUHAIOLLEN BbIXOS
3l c ero BXoA4oM, OTKyfa ¥ NOLLIO Ha3BaHUE 3aMKHYTbIX cXeM. Mpu-
MEeHUTE/IbHO K pacCMaTpuBaeMoMy NPUMEPY PerynmpoBaHus CKopoc-
TW NPU3HAKOM 3TOl 3aMKHYTOW CTPYKTYpbl ABASETCA Lenb 06paTHOW
ceasu (puc. 1.5, 6), o KOTOPOIi MHGOPMALUSA O TEKYLLEM 3HAYEHUM
cKopocTu, curHan obpatHoit cBasm Uoc=koev> nogaetcsa Ha Bxog I,
rge OH BblYMTAETCA M3 CMIHana 3ajaHma ckopoctn W YnpasneHue
OCYLLeCTBNAeTCA CUTHANOM OTKNOHeHUs (/o= Uxc—Uoc (ero Takxe Ha-
3bIBAOT CUTHANOM paccoriiacoBaHna Wau OWKN6KK). ITOT CUTHAN Npu
OTINUYMMN (haKTUUYECKOl CKOPOCTM OT 3a4aHHOr0 YpOBHA aBTOMaTuyec-
KN n3MeHseTcsa HeobxoLuMbIM 06pa3oM M ycTpaHaeT (4aCTUYHO uan
MONHOCTbIO) C NOMOLLbIO CUCTEMbBI YNpasneHns 3 3TU OTKNOHeHUA.
Tem cambIM yrpaBneHne CKOPOCTLI0 OCYLLECTBAETCA C YHETOM Pe3y/b-
TaTa ynpaseHus.

Ecnu TpebyeTcs perynmpoBaHue gpyrux koopguHat 9 nnm tex-
HO/IOTMYeCcKOro npouecca, To UCNOoJb3YHTCA 06paTHbIE CBA3UN MO 3TUM
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KoopAauHaTaMm. B ganbHeilem M310XKEHUN MMEHHO TaKUM 3aMKHYTbIM
cMcTeMam yaeneHo OCHOBHOe BHUMaHWe.

Bce BuAbl NPpUMEHAEMbIX B3aM KHY Je-
NATCA HAa MONOXUTE/NbHbIE N OTPULATENbHbIE, NUHEHbIE N HENNHE-
Hble, XXecTKMe u rubkue. Mono>KMTeNbHON Ha3biBaeTCA Takas o6pat-
Hasf CBA3b, CUTHAN KOTOPOI HanpaB/fieH COrflacHoO (CKnaAbliBaeTcs) C
3afalo WM CUTHANOM, B TO BPEMSA KaK CUTHan oTpuuaTenbHoli CBA3U
HanpaB/ieH eMy BCTPeYHO (3HaK «MUHYC* Ha puc. 1.5, 6).

XecTkas o6paTHas CBA3b XapaKTepu3yeTcs TEM, UTO OHa AelicTBYeT
KakK B yCTAHOBUBLUEMCS, TaK U NePexofHOM (AMHAMUYECKOM) pexu-
me QM. CurHan rnékoii 06paTHOI cBA3MN BbipabaTbiBaeTCA TONbKO B Ne-
pexoaHbIX pexumax M un cnyxuTt gns obecneveHns Tpebyemoro ux
KayecTBa, Hanpumep ycTonunsoCTH ABVKEHUS, 4OMNYCTUMOrO nepepe-
ryampoBaHus u T.4.

NuHeiiHas o6paTHas CBA3b XapakTepu3yeTcs NMPONOpLUOHANbHOW
3aBUCUMOCTbI MEXAY peryampyeMoii KOopauHaToi n curHanom 06-
paTHOli CBA3W, B TO BPEMA KaK Npu peann3aluy HeNMHeNHOR cBA3N 3Ta
3aBMCUMOCTb, COOTBETCTBEHHO, HE/IMHEIHA.

B 3aBMCMMOCTM OT BMAa perynmpyemoii koopgumHatel B 91 ncnonb-
3yH0TCA BCe Ha3BaHHbIe Bblllie CBA3M MO CKOPOCTU, MONOXKEHUIO, TOKY,
HanpsaXXeHut, MarHMTHomMy noTtoky, 3/C.

Bo MmHOrux cnyvasx TpebyeTcs o6ecneunBaTb perynnpoBaHue He-
CKONbKKUX KoopauHat 3, Hanpumep ToKa (MOMEHTA) U CKOPOCTU ABU-
ratens. B atom cnyuyae 3amkHyTble 31 BbINOAHAKTCA NO O4HON U3
CnefyroWwmnx CTPYKTYPHbIX CXeM.

Puc. 1.6. Cxema c o6WwWum ycunurtenem

Cxema ¢ obwmm ycunuTenem (puc. 1.6). Ans ygobcTBa onucaHus
paboTbl cxembl gBuraTens 3[, yCNIOBHO MpefcTas/ieH LBYMSA YacTAMMU:
anekTpuyeckoin AYUAH mexaHnyeckoin M. Cxema npefHasHavyeHa gns
perynupoBaHuns ByX KOOPAMHAT: ToKa | u cKopocTu ABuraTenis U, a Tem
CaMbIM ¥ CKOPOCTYU ABUXEHUSA UCMOMHUTENBLHOMO OpraHa Lo unm Vimo
B 37Ol cxeme curHanbl 06paTHbIX CBA3El MO TOKy £ocT n ckopocTn £V
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NoAalTCA Ha BXOA YNpaBastoLLero ycTpoiicTea YY, rae BMecTe € 3a4a
IOLINM CUTHANIOM CKOPOCTH anreépanyecku cymmupyrotca. CurHa
ownbkn 1Unpanee nofaetca Ha Bxof npeobpasosatens MY, KOToOpbI
CBOMM BbIXOAHbIM HanpsaxeHueMm UynpasngaeT gsuratenem 3. Cxem
0T/INYaeTCA NPOCTOTOW peanusauuu, HO He MO3BONAET Perynuposat
KoopAuHaTbl 3 He3aBMCUMO LPYT OT Apyra.

B 3T0li cxeMe 3a CUeT MCNOMb30BaHWNA HeNMHERHbIX 06paTHbIX CBA
3eil, HasblBaeMblX B Teopuu Il oTceykamu, yaaeTcsd B HEKOTOPO™
AvanasoHe W3MEHeHWs KOOPAWUHAT OCYLLEeCTBAATb UX HEe3aBUCUMO
perynnpoBaHue, YTO YaCTUYHO YCTPaHAeT yKa3aHHbI HeJocTaTok.

i

Puc. 1.7. Cxema C NOAUYMHEHHbLIM perynMposaHWem KoopguHat

CxeMa ¢ NofUvHeHHbIM peryauposanuem koopanHaT (puc. 1.7). 31r
CXeMa OT/MYaeTCA OT npeAblaylieid Tem, 4TO B Heli perynmpoBaHue
KaX0 KOOpAMHATbI OCYLLEeCTBAAETCA CBOMMMW perynstopaMmy —Tok0
P Twn ckopoctn PC, KOTOpble BMeCTe C COOTBETCTBYIOLW UMM 06paTHbI-
MW CBA3AMU 06pa3ytoT 3aMKHYTble KOHTYpbl. OHM pacnosiaraloTca Ta-
KMM 06pa3oM, YTO BXOAHbIM, 3aat0LWLnM CATHAIOM /15 BHYTPEHHErO
KOHTypa ToKa £/,, ABNAETCA BbIXOAHOW CUTHAN BHELIHEro no oOTHOLWe-
HUIO K HEMY KOHTYypa CKOpPOCTW. Takum 06pa3oM, BHYTPEHHUIA KOH-
TYp TOKa NOAYMHEH BHELIHEMY KOHTYPY CKOPOCTU — OCHOBHOI pery-
nMpyemoii kKoopguHatbl 9T,

OCHOBHOE AOCTOMHCTBO TAKOW CXEMbI 3aK/1H04YaeTCH B BO3IMOXHOC-
TV ONTUMaNbHON HAacCTPOWKM pPerynmpoBaHus KaxAoi KoOpAUHaThI,
B CUJ/Iy Yero oHa HaxoAuT B HAcTOALLLEE BPEMA OCHOBHOE NMPUMeHeHne
B OI1. Kpome TOro, nogumMHeHne KOHTypa TOKa KOHTYpPY CKOPOCTHU
NMo3BOJIAET NPOCTbIMU CPEACTBAMW OCYLLECTBMIATL OrpaHNYeHne ToKa
M MOMEHTA, A4/19 Yero Heo6Xo4MMO NI b OrPaHUYUTbL Ha COOTBETCTBY-
fOLLLEM YPOBHE CUTHAN Ha BbIXOAE Perynaropa CKopocTy.

Mpn Heo6Xo4MMOCTH perynmpoBsatb NOMOXEHWE Bana BUraTens B
cxeMmbl puc. 1.6 n 1.7 BBOAUTCA COOTBETCTBYHOLLAA o6paTHas CBA3b No
MOMIOXKEeHWIO Bana ABUraTens Uam UCNONHUTENBHOTO OpraHa.
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KoopauHaTaMm. B ganbHeilem M3N10XEHUN UMEHHO TAKUM 3aMKHYTbIM
cucTemam yzeneHo OCHOBHOE BHUMaHMe.

Bce Buabl npumeHsaeMblX B 3aMKHYTOM?

NATCH Ha MONOXWUTE/bHbIE N OTPULATENbHbIE, NUHENHbIE N HENNHE-
Hble, XXeCTKMe 1 rnbkme. MoNO>KMTENbHON Ha3blBaeTCs Takas 06paT-
Hasf CBA3b, CUTHAN KOTOPOI HanpaBfieH COrnacHo (CKnagbiBaeTcs) C
3a4al WM CUTHANOM, B TO BPEMSA KaK CUTHan oTpuuaTenbHoii CBA3N
HanpaB/ieH eMy BCTPe4YHO (3HaK «MUHYC* Ha puc. 1.5, 6).

XecTkasa obpaTHas CBA3b XapaKTepu3yeTca TeM, YTO OHa AelicTBYeT
KaK B yCTAHOBMBLUEMCS, TaK U NepexofHOM (LUHAMMWNYECKOM) pexu-
me 3. CurHan rmbkoii 06paTHON CBA3W BblpabaTbiBaeTCA TONLKO B Me-
pexofHbIX pexumax 3 n cnyxuT gna obecnevyeHus Tpedyemoro ux
KayecTBa, Hanpumep ycTonunBOCTH ABVKEHUS, LONYCTUMOTO nepepe-
rynnpoBsaHusa v T.4.

NuHeiiHas o6paTHas CBA3b XapakTepusyeTca NMPOMOpPLUOHANbHOW
3aBMCUMOCTbIO MEXAY peryinpyeMoii KOOpAMHaToh u curHanom o06-
paTHOW CBA3M, B TO BPEMS KaK MPW peann3alunmn HeluHeliHol CBA3K 3Ta
3aBMCUMOCTb, COOTBETCTBEHHO, HENIMHENHA.

B 3aBMCMMOCTM OT BUAA perynupyemoli KoopauHatel B 3 ncnonb-
3YI0TCS BCE Ha3BaHHbIE Bbllle CBA3W MO CKOPOCTH, MOJSIOXEHUIO, TOKY,
HanpsXXeHn, MarHUTHOMY noTtoky, 3/C.

Bo MHOrmx cnyyvasax Tpebyercsa obecneunsatb peryinpoBaHue He-
CKONIbKMX KoopauHat 31, Hanpumep Toka (MOMeHTa) U CKOPOCTU fBU-
ratens. B aTom cnyvae 3aMkHyTble ST BbIMOMHAKTCSA MO O4HOW K3
CNnefyoLmnx CTPYKTYPHbIX CXeM.

Puc. 1.6. Cxema c o6WuUM ycunutenem

Cxema ¢ obwum ycunuTenem (puc. 1.6). Ana ynobcTea onmcaHums
paboTbl cxembl gBuratens [, yC/IOBHO MpefcTaB/ieH 4BYMS YacTAMMU:
anekTpuyecko YL mexaHnyeckoin MY/, Cxema npefHasHaveHa gns
perynupoBaHua BYX KOOPAMHAT: TOKA /M CKOPOCTU ABUraTens oo, a TeM
caMbIM U CKOPOCTU ABUXXEHUSA UCMOMHUTENBHOTO OpraHa covo unu Kvo.
B 310l cxeme curHanbl 06paTHbIX CBSi3ei No Toky UGCIM CKOPOCTM UbIX

18



MoAalTCA Ha BXOA YNpaBfsAoLLero ycTpoiicTea YY, rae BMecTe ¢ 3aja-
OLLMM CUTHANOM CKOpoCTK £/, anrebpanyeckn cymmmpytoTcsa. CurHan
owwnbkn lUnpganee nogaetcs Ha Bxof npeobpasosatens MY, KOTOpbIi
CBOMM BbIXOAHbIM HanpsxeHuem {/ynpasnset gsuratenem 3. Cxema
0T/AMYaeTca NPOCTOTONM peann3alnm, HO He MO3BOMSET PerynnpoBaTb
KoopaunHatbl 3l He3aBMCUMO ApYr OT gpyra.

B 3701 cxeme 3a CUET MCNOMb30BaHWNA HENMHERHbIX 06paTHbIX CBS-
3eid, HasbiBaemMbiX B Teopum I oTceykamu, yjaaeTcs B HEKOTOPOM
LnanasoHe M3MEHEeHWA KOOpAMHAT OCYLLeCTBAATb UX He3aBUCUMOe
perynnpoBaHue, YTO YaCTUYHO YCTPaHAET YKa3aHHbI HeA0CTaToK.,

34

Puc. 1.7. Cxema C NOAYNHEHHbLIM peryinpoBaHuem koopauHat

Cxema € NOJYMHEHHbIM perynuposaHmem koopguHaT (puc. 1.7). OTa
CXeMa 0T/IMYaeTcsa OT npeAblaylieii TeM, YTO B Heil perynmposaHue
KaXJ0M KOOpAMHATbl OCYLLeCTBAAETCA CBOMMU Perynsatopamm —ToKa
P Tw ckopoctn PC, KoTOpble BMECTE C COOTBETCTBYHOLLMMU 06PaTHbI-
MW CBA3AMMU 06pa3yloT 3aMKHYTble KOHTYpbl. OHUW pacnofaratTcs Ta-
KMM 06pas3oM, YTO BXOAHbIM, 3aat0LLiMM CUTHANOM AN BHYTPEHHErO
KOHTypa Toka UXLABNAETCA BbIXO4HOWN CUTHAN BHELIHEro No OTHOL e-
HUI0O K HEMY KOHTYypa CKopocTu. Takum 06pa3om, BHYTPEHHUI KOH-
TYp TOKa NOAYMHEH BHELWHEMY KOHTYpPY CKOPOCTU — OCHOBHOI pery-
nvpyemoii koopauHatel 3.

OCHOBHOE AOCTOMHCTBO TAKOW CXEMbl 3aK/H04YAETCH B BOSMOXHOC-
T ONTUMaNbHOW HAaCTPONKN PerynnpoBaHus Kaxgoin KoopAMHaThI,
B CWU/TY YEro OHa HaxoAWT B HaCTOALWee BPeMs OCHOBHOE NMPUMEHEHUe
B 3. KpomMe TOro, nogymHeHne KOHTypa TOKa KOHTYpPY CKOpPOCTHU
MO3BO/IAET MPOCTbIMMW CPeACTBAMM OCYLLECTB/ATL OrpaHMYeHne Toka
M MOMEHTA, A1 Yero Heo6Xo4MMO N b OrPaHNYUTbL Ha COOTBETCTBY-
IOLLLeM YPOBHE CUIHaN Ha BbIXO4e perynaropa CKOpocCTy.

Mpn Heo6X04MMOCTH PerynupoBaTb NONOXEHWE Bana BUraTensa B
cxeMbl puc. 1.6 n 1.7 BBOAUTCS COOTBETCTBYHOLLAA 06paTHas CBA3b MO
MOJIOXKEHWIO Bana ABUraTens Uam UCNONHUTENBHOTO OpraHa.
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B obuwem cnyyae coctosHue AT onpegensetca Habopom nepemeH-
HbIX, K YNCNY KOTOPbIX OTHOCATCA TOKW M MOMEHT ABUTaTens, CKOpo-
CTW W NONOXeHMNe 3neMeHToB MM n ncnoAunryugoraw TMN MoHx
Yeid MalWWHbI U pag apyrux. 9Tn nepemeHHble B 3 06bIYHO Ha3blBa-
I0TCSA MepemMeHHbIMU COCTOAHUS. Hannyulluee Ka4ecTBO yrnpaBneHus B
3N nonyuvaeTcs B TOM cliyyae, KOrja oCyL,ecTBAAeTCA perynmpoBaHue
Ka)K4ol nepeMeHHON No 3afaHHOMY KpuTeputo. Takoe ynpaBfeHune B
Ol nonyymno HasBaHuWe MOLabHOrO.

OfHako Ha NyTu peann3auum Takoro yrnpaBneHns 4acto BO3HUKAIOT
TeXHWYECKMe U 3IKOHOMUYeCKMe TPYAHOCTH, CBA3aHHble C Heobxoaumoc-
TblO YCTAHOBKW 6OMbLLOI YMCNIA SaTHNUKOB MEPEMEHHbIX, YTO YCNOXHSAET
3l n ypopoxaet ero ctoumocTts. [MoaTomy B coBpemMeHHbIX 31 yacTo
OTKa3blBAOTCHA OT NPAMOr0 M3MepEHMNS NePeMEHHbIX COCTOSHUS C NOMO-
Wb Pa3NUYHbIX 4aTHMKOB U NEPEXOAAT K UX BbIYUCAEHWIO C MOMOLLbIO
crneuunanbHOro ycTpoiicTBa, MOyYMBLLErO Ha3BaHue HabnogaTens.

OcHoBy Habntogatens o6pasyeT COBOKYNHOCTb MOAeneit 38eHbeB M —
ABuratens, npeobpasoBaTenis, MEXaHWYECKON nepeaaymn, yCTPOCTB yn-
paBfieHNs — 1 UCNONHUTENbHOTO OpraHa paboyeli MalluHb!, BbIMOMHEH-
HbIX Ha 6a3e onepaLuoHHbIX YCUNUTENEl UKW CPesCcTB MUKPONPOLLeccop-
HOW TeXHUKN. BbIXO4HbIE CUTHANbI (HANPSXeHUs) aTUX Mogenei oTpa-
XKaKT NPUBANXKEHHbIE 3HAYEHWUA NEPEMEHHbIX UAW, KaK FOBOPAT, Aal0T
OLLeHKY peasibHbIX 3Ha4YeHWU NepeMeHHbIX, MOCKObKY MOAENN He Yuu-
TbIBAKOT peanbHbIX BO3MYLLEHWI, felicTBYOWMNX Ha DI 1 pabouyto ma-
WWHY, HecTabunbHOCTM napameTpoB I M BAMAHUS LpYrnX PaKTOPOB
(hyHKUMOHUpOoBaHNUs 3.

[na NoBbIWEHNA TOYHOCTU NOMyYaeMblX OLLeHOK MepeMeHHbIX CO-
CTOSIHUA 3HaYeHWe BbIXOLHOWN perynupyemoii nepemeHHoi I cpas-
HMBAKT C MOMOLLb 06paTHOI CBA3U C €e OLLEHKOW MO MOMIHOW Moge-
Anm 3 1 MCNONHUTENbHOTO OpraHa v 3aTem B (OYHKLUMN BbIABNIEHHOW
pasHunubl (OWNOKN) KOPPEKTUPYIOT MOKA3aHNA OTAENbHbIX MOAENEN.
COBOKYMHOCTb MOMHO MOZENN U 06paTHOI CBS3M MO BLIXOAHOW pe-
rynupyemoin nepemeHHoin 9N obpasyeT HabnwpatoLee yCTPONCTBO.

PaccMOTpeHHbIe BbllLe CXEMbl OTPAXKAKT CTPYKTYPY CUCTEMbI yNpaB-
neHua otgensHoro 3. MHorve TeXHONOTMYECKNE NPOLECCHI Npesy-
cMaTpumBaloT 06beHEHNE B eiMHbI KOMMEKC HECKOMbKMX paboumnx
MalWH U MeXaHW3MOB, AO/MKHbIM 06pa3om mexay coboii B3aumogeli-
cTByOWMX. Hannyuwnin pesynbtat paboTbl TAKOT0 €4UHOTO TEXHOMO-
rMYecKOro KoMMieKca AocTuraeTca ToAbKO MPU ero aBTomarmsauunm,
B UYeM 3l NpuHagNexuT OCHOBHAaA ponb. 3a CYET COOTBETCTBYHOLLETO
ynpasneHus 3 obecneumBaetca Tpebyemas nocnefoBaTelbHOCTb BCEX
TEXHONOTMYECKMX onepaunii, 4OCTUTalTCa Hamny4wue (onTumanb-
Hbl€) PeXXMMbl paboTbl NPOMbILLINEHHOTO 060py0BaHUs 1 camoro 31,
OCYLLECTBAAITCA HEO6X04MMble 6IOKMPOBKMN 1 3aLLUTHI.
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[na ynpaBneHus TeXHONOrTMYECKMMMN KOMMIeKCaMy BCe LWKUpe nc-
nonb3ytoTca OBM. OHM MO3BONSAKT GbICTPO NPOBOAUTL 06pPabOTKY
6onbworo o6bemMa MH(OpPMaL UK 0 X0f4e TEXHONOMMYECKOro npolecca,
BblpabaTbiBaTh ynpaBnstowme Bo3gencTemnsa Ha M pabounx mawuH v
MeXaHW3MOB B COOTBETCTBUM C 3afaHHOl nporpamMmoil. Oco6eHHO
WMPOKME BOSMOXHOCTU OTKPbIBAKOTCA NPU UCNONb30BAHUN MUKPO-
MPOLECcCOPHOWN TEXHUKN yNpaBneHUs, N03BONAKOLLENA OCYLLECTBAATh
aBTOMaTM3aLMI0 KaK CNOXHbIX TEXHOMOTMYECKUX MPOLECCOB B LLeIOM,
TaK 1 OTAe/bHbIX MPOM3BOACTBEHHbIX ONepaLuii u LUKIOoB.

KOHTPOJIbHbLIE BOIMPOCHI

1
2.

10.

11.

Urto Takoe ynpassieHue?

UTto Ha3biBaeTCs aBTOMaTUYECKON 1 aBTOMaTU3MPOBaHHOW cucTe-
MamMu ynpasfeHus?

UTo Ha3blBaeTCA CUCTEMOI aBTOMATUYECKOro perysimpoBaHusa?
Ha kakve Buabl NoapasfenstoTca cCUCTEMbl aBTOMaTUYECKOro pe-
ry/iMpoBaHns?

MpvBeanTe NpYMepbl CUCTEM aBTOMAaTUYeCcKoro perynvpoBaHus.
C KaKoii Lesiblo MOXET OCYLLECTB/IATLCS PEry/iMpoBaHe nepemMeH-
HbIX B 3M17?

Kak nogpasfensitoTcs anekTponpusobl Mo CTeNeHn cBoeli aBTo-
mMartumsauum?

Kakvie Byabl 06paTHbIX CBSI3el NPUMEHSOTCA B aBTOMAaTU3MPOBaH-
Hom 3r17?

B yemM oT/IMuMe cxem ynpasBfeHWUs 3/1eKTPONPUBOLOB U 3NEKTPO-
npuesogamn?

Kakue xapakrtepHble Npu3Haky MMEeIT 3aMKHYTble CTPYKTypbl 3,
MOCTPOEHHbIE MO CXeMaM C O6LWMM ycuauTesieM U No nNpuHUmMny
NOAYMHEHHOIO pPerynMpoBaHnsa KoopanHaTt?

Urto Takoe Habnogatollee yCTPONCTBO B 3/1eKTpOnNpusoae?



[(naBa 2 o
SJIEMEHTbBI U yCTPOM@WFreeVersion

ABTOMATU3NPOBAHHOIO
SNIEKTPONPUBOAA

2.1. CUNOBbLIE MNMONYNPOBOAHNKOBBLIE
MPEOBPA3OBATE/IN SNEKTPO3IHEPT U

B 3aMKHYTbIX, @ MHOT4a 1 B Pa30MKHYTbIX CTPYKTypax aBToMaTn3n-
POBaHHOTO 3/1eKTPONPUBOAA MPUMEHAKTCA [N1aBHbIM 06pa3om nonynpo-
BOLHWKOBbIE CUNOBbIe Npeobpa3oBaTenn AN YNpaBneHUs Buratensaimu
MOCTOAHHOIO M NepPeMeHHOro Toka. [JoCTOMHCTBaMK NONYNPOBOLHUKO-
BblX NpeobpasoBaTteneii ABNATCA LWMPOKMNE (YHKLMOHANbHBIE BO3MOX-
HOCTW ynpaB/ieHnsa NPoLeccoM Npeobpa3oBaHns 3NEKTPOIHEPTUN, BbICO-
Kne ObICTPOAeNCcTBUE N KOIPPULMEHT NMONE3HOTO AeidcTBKA, 6oNbLLne
CPOKYM cny>6bl, yA06CTBO U NPOCTOTA 06CAYXKMBAHUA MPU IKCNyaTauuu,
LWMPOKUE BO3MOXKHOCTM NO peann3saLlmuy 3awmnT, CUrHanusaumm, uarHo-
CTMPOBAHMA N TECTMPOBAHMUA Kak caMmoro 31, Tak 1 TeEXHOOrMYecKoro
060py0BaHNA, BOSMOXHOCTb NPOrpaMMUpOBaHns 1 NepenporpaMmMmmpo-
BaHMA paboTbl MUKPONPOLLECCOPHbIX CPEACTB YNPaBieHNA B Clyyae ux
MCMOMb30BaHMA.

BmecTe ¢ Tem gnsa 3TUX npeobpa3oBaTesneil xapakTepHbl 1 onpeje-
NeHHble HeaocTaTkn. K HUM OTHOCATCA BbICOKAas YYBCTBUTE/IbHOCTb
NONynpoBOAHNKOBLIX NPUGOPOB K Neperpyskam Mo TOKY U Hanpsxe-
HUIO U CKOPOCTU UX U3MEHEHUSA; HM3Kasa MOMeX03al Nl eHHOCTb, UC-
Ka)KeHUe CMHYCOMAanbHOW (hOpMbl TOKA M HaNPSHXKEHUS CeTu.

MpeobpasoBaTens — 3TO 3/IEKTPOTEXHNYECKOE YCTPOICTBO, Npeobpa-
3ylolLee 3/IEKTPOIHEPT MO OfHUX NapameTpPoB UM NOKasaTeneli kayecTsa
B 3/1eKTPO3HEPIMIO C 4pYTMMUN 3HAYEHMUAMU NapameTpoB WU NoKasaTe-
nei kavecTtsa. NapameTpamu 3N1eKTPUYECKOWA SHEPTUMN CUMTAIOTCA POA
TOKa U HaMpsHKeHUs, UX 4acToTa, YMcno gas, pasa HanpsxKeHus.

Mo xapakTepy npeobpa3osaHus 3NeKTPO3HEPrM CUN0BbLIE Npeobpa-
30BaTenmn LenATcA Ha BbINPAMUTENN, MHBEPTOPLI, NpeobpasosaTenu
4acTOTbl, PErynATOPbl HANPAXEHWA NePeMEeHHOro M NOCTOAHHOTO
TOKa, npeobpa3oBaTeny ymucna a3 HanpaXeHUs NePeMeHHOro ToKa.
Mo anemMeHTHOI 6a3e (BMAaM NPUMEHSEMbIX CUIOBbIX NPUOOPOB) npe-
obpasoBaTenu MOryT 6bITb LUOLHBIMWU, TUPUCTOPHBIMU U TPAH3UCTOP-
HbIMW, & NO YyNpaBnsemMoCTU — HeynpaBisgeMbIMWN U YNPaBASEMbIMU.
B ynpasnsembix npeobpa3oBaTensix BbIXO4Hble MepeMeHHble — Hanps-
XeHune, TOK, YacToTa MOTYT PerynmpoBarbCs.
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BbinpsAimMnTenu. BeinpsaMUTeNieM Ha3biBaeTCs NPeo6pa3oBaTesib Hanps-
YKEHWS NEPEMEHHOT0 TOKA B HAMPSXKEHWE NOCTOSAHHOTO (BbIMPSAM/IEH-
HOro) Toka. Heynpasnsemble BLINPAMUTENN HE 06eCneUYnBaloT peryam-
POBaHUSA HANPSHXKEHMWS HA Harpy3Ke W BbIMOJHAKTCA HA NOAYNPOBOA-
HWKOBBIX HeYNpaB/seMbIX NpUGopax 04HOCTOPOHHEN NMPOBOAUMOCTN —
Anonax, a ynpaensemMble BbINPAMUTENN BbINOMHAOTCA HA YNPaBASEMbIX
Anoaax —TUPUCTOPaxX — U NO3BOJISIOT PEryIMpoBaTh BbIXO4HOE HaNps-
YKEHMe 3a CUET COOTBETCTBYIOLLENO YNPAaBAEHUS TUPUCTOPaMU.

BbINpsAMUTENN MOTYT GbITh HEPEBEPCVBHBLIMUW U PEBEPCUBHBIMU. Pe-
BEPCUBHBIE BbIMPAMUTENN MO3BONIAOT U3MEHATL MONSPHOCTb BbIMPSAM-
NEHHOTO HampsXXeHUs Ha CBOel Harpyske, a HepeBepCUBHbIE — HeT. o
umcny a3 NUTaKOLLEro BXOLHOIO HaNpsiXXeHUs MEPEMEHHOTNO TOKa BbIMN-
PAMUTENN JeNATCS Ha oaHOasHbIe M TpexdasHble, a MO0 CXEME CUTOBO
4acTM — Ha MOCTOBbIE U C HY/EBbIM BbIBOZOM.

OBM

Puc. 2.1. Cxembl BbInpsiMuUTeneii:
a — ofiHoha3HOro € Hy/1eBbIM BbIBOAOM TpaHcopmaTopa;
6 — Tpexda3Horo MoOCTOBOro

Ha puc. 2.1, a B KayecTse npumepa npmuseeHa cxema ogHodasHo-
ro TUPUCTOPHOTO YNpasBnseMoro HepeBepCUBHOIO BbIMPAMUTENSA C
HyneBbIM BbIBOAOM. B cocTaB BbINpAMUTENSA BXOAAT ABa Tupmcropa VS1
N VS2, NOAKNOYEHHbIE KO BTOPUYHbIM 06MOTKaM TpaHchopmaTtopa T
1 obecneymBaroLLne Ha Harpyske R 4ByxnonynepmoaHoOe BblNPAMIIeH-
HOe 1 perynupyemMoe no BennUvmnHe HanpsxXeHne. YnpasneHue Tupuc-
TOpaMy OCYLLECTBAETCA C NOMOLLbIO MO4aBaeMbIX Ha WX ynpasnd-
IoLLMe 3N1eKTPOAbl OT CUCTEMbI MMMNYJ/IbCHO-(PA30BOr0 Yynpas/ieHNS
(CNPY) nmnynscos ynpaeneHna Ua Mi3mMeHAA ¢ NOMOLLbIO CUTHana
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ynpasneHus Uy MOMEHT nofjayu MMNynbCOB Ha TUPUCTOPbI, MOXHO
OCYLLECTBMIATL PerysnpoBaHue HanpsXXeHnsa Ha Harpyske. Ha cxeme
noKasaH peakTop L, KOTOpbIA BKAKOYaeTp»BatoA M riiblApii-bbTe««0BO
TOKa /4NA CrAaXuBaHWUA ero nynbcauuni.

Ha pwuc. 2.1, 6 npuBefeHa cxema Tpexga3Horo MOCTOBOr0 HepPeBepCuUB-
HOTO BbIMPSAMUTENS Ha WEeCTU TupucTopax VS1—VS6, Harpy3koi KOTopo-
ro fIB/ifeTcA AKOPb ABUraTens NoCTOAHHOIo Toka M. Ha cxeme nokasaHbl
peakTop L, KOTOPbI BKOYAeTCA B LieMNb BbINPAMAEHHOr0 TOKa 414 cria-
XMWBaHUS ero nynbcaymnii, TpaHcopmatop T n 06MOTKa BO36YXaAeHUA
OBM. [pyrve BO3MOXHble CXeMbl BbINPAMUTENE pacCMOTpPeHbI B (21].

B 1ab6n. 2.1 npuBefeHbl COOTHOLIEHMWA, KOTOPbIE CBA3LIBAIOT Napa-
MeTpbl Leneii NepeMeHHOro 1 NOCTOAHHOIO TOKa A/ PasHbIX CXeM
BbINPAMJEHNA NPU aKTUBHOM Harpyske BbiNpAMUTENs. B Heli npuHA-
Tbl 0603HayveHns: U2 /2— geiicTByloWw e 3Ha4E€HUA COOTBETCTBEHHO
Hanps>XeHna cetTu (BTOPUYHOI 06MOTKM TpaHc(opmarTopa) 1 nepe-
MEHHOro ToKa; £, /q, —cpefHune 3HaYeHUs BbINPAMIIEHHbIX Hanps-
XeHua N ToKa, — MaKcumanbHoe 06paTHOe HanpsxxeHue, Npu-
KnafblBaemMoe K BEHTUMO (gMoJy WUNU TUPUCTOPY); 5, — pacyeTHas
MOLLLHOCTb MepemMeHHOro Toka (Tunosasa MOLLHOCTbL TpaHc(opmMaTopa);

— MOLLHOCTb Harpy3Kuy Ha CTOPOHe MOCTOAHHOIO TOKa.

Tabnuua 2.1
COOTHOLLEHNA MeXAy TOKamu W HanpsHKeHNAMU B BbINPAMUTENAX

Cxema BbInpaMaeHua uT/n, I./L S./Pu KoadpcpnuneHt
nynbcaumnii,y
OpaHononynepunoaHas 0,45 3.14 0,785 1.48 157
OpHodhasHas Hynesast 0,9 3,14 0,785 1,48 67
OpHodhasHas mocToBas 0,9 1,57 1.11 1,23 67
TpexdasHas HyneBas 1,17 2,09 0,585 1.37 25
TpexdasHasa mocToBas 2,34 1,05 0,817 1,05 6

PeBepCMBHbIE BLINPAMUTENUN COCTOAT U3 IBYX HEPEBEPCUBHBIX Bbl-
npsMuTeNneil, Npy ynpasjeHUM KOTOPLIMU UCMO/Mb3YOTCS COBMECTHOE
W pasgenbHoe ynpasneHus. Mpu pasgenbHOM ynpaBneHUu MMy bCbl
ynpaBfieHUs NO4AKTCA HA TUPUCTOPbI PaBOTAKOLLErO B 4aHHbIA MOMEHT
Heynpas/isseMOro BbINPSIMUTENS, @ HA TUPUCTOPbI APYTOro BbIMPSAMU-
TeNs UMNYNbCbl HE MNOAAIOTCA U OH He paGoTaeT, «3aKpbIT*. Mpu He-
06X0ANMOCTU U3MEHEHNS MOMSPHOCTY HANPSXXEHUS HA HArpy3Ke Ha
MPOTWBOMOJIOXHYH BbIMPSMUTENIN MEHSIOTCSH PONSMU.

Mpn COBMECTHOM yNnpaBfeHUN UMNY/bCbl YNPaBAeHUs MOAA0TCS
OHOBPEMEHHO Ha 06a BLINPAMUTENSA, MPU 3TOM 3a CHET CABUTA MEX-
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4y MMMynbcaMun ynpaBieHUs 04UH BbiNpAMUTENb paboTaeT B BbINPS-
MUTENIbHOM PeXxume, a pyroi — B UHBEPTOPHOM.

VHBEPTOPLL ViHBepTOpOM HasbiBaeTcsi NpeoGpasoBaTe/ib Hanpsxe-
HWA NOCTOAHHOIO TOKa B HaMpPAXXeHne NepeMeHHOro Toka. 3Tu npe-
obpasoBaTeny MCNOMb3YKOTCA B COCTaBe Npeobpas3oBaTeneil 4acToThl B
cnyvae nutaHna 3l OT ceTn NepemMeHHOro Toka uian B BUje camoCTo-
ATENbHOro npeobpasoBatens Npyu nuTaHMM 3 0T UCTOUYHMKA NOCTO-
AHHOTO HanpsxeHus. B coctaBe 3 oHM obecneynBaloT, Kak NpaBu-
N0, NOoNy4YeHWe NEePEMEHHOI0 HaNPSAXEHUs Perynampyemon 4acToThl,
yTo TpebyeTca 4N perynupoBaHns CKOpoCTH ABUraTeneli MepeMeHHOro
TOKa.

CyuiectByeT 60/bLLIOE KO/IMYECTBO MHBEPTOPOB, Pa3/MyatoLLMXCs CBO-
UMW CXeMaMu, XapaKTepucTukamm 1 061acTaMm NpuMeHeHmns. B cxemax
3N HambonblLee MPUMEHEHWE HALWIN AaBTOHOMHbBIE MHBEPTOPbLI Hanps-
KeHUA 1 ToKa.

ABTOHOMHbIE NHBEPTOPbI Hanpsi>keHus (AVIH) UMeIoT XeCTKYH0 BHeLL -
HIOI0 XapakTepucTUKY, NPeAcTaBnAoLL Y0 c060M 3aBMCUMOCTb BbIX0S4-
HOro HanpPs»eHna oTTOKa Harpys3Kku, BCreAcTBMe Yero npu U3mMeHe-
HUWN TOKa Harpy3Kn X BbIXOLHOE HanpsaXeHne NpakTUYeCKN He U3-
MeHseTca. TemM caMbiM YNpaBfslOLWMM BO3LeACTBMEM Ha ABUraTesb
NMepemMeHHOro TOKa ABNAeTCA HANPSXKEHUE PerynmpyemMoli 4acToTbl.

ABTOHOMHbIE PErYNIATOPbl TOKA UMEKOT «MATKYH0» BHELLIHIOK Xapak-
TepMCTUKY 1 061a4at0T TeM CaMbiM CBOMCTBAMU UCTOYHMKA TOKA, B CBA-
31 C 4eM NpPY UX UCNONb30BAHMM YNPABAAIOLWL MM BO3LEiCTBMEM HA ABU-
ratefb AB/IAETCSA TOK PErynmpyeMoit 4acToThl.

B cxeMax MHBEPTOPOB NPUMEHAOTCA YNpaBadeMble NONYyNpPOBOA-
HUKOBbIE MPNOOPbLI — TUPUCTOPBI U TPAH3NCTOPbLI. CXEMbl aBTOHOM-
HbIX WHBEPTOPOB NPUBELEHbl HUXE MPU pacCMOTPeHUN npeobpasosa-
Tenei 4acToThl.

I'Ipe06pa303aTenm YaCTOTbl. NMpeobpa3oBaTenem 4acToTbl Ha3blBa-
eTcs npeobpasoBaTesib HANPAXeHUA NepeMeHHOro ToKa CTaHAapTHbIX
4acTOTbl M HANPAXEHUA B HAMPAXeHWe NepemMeHHOoro ToKa perynumpy-
eMOoi1 YacToThbl. MpUMEHNTENbHO K cxemMam ST 0AHOBPEMEHHO C Yac-
TOTOW B ONpefeneHHOM COOTHOLIEHNMN PErYIUPYETCA U BbIXOLHOE Ha-
npsyxeHne npeobpasosartens.

MonynpoBogHUKOBbIe Npeo6bpa3oBatenmn yacTtoThl (MY) genatcs Ha
4Be rpynnbl: npeobpasoBatenu ¢ HeNOCPeLCTBEHHOW CBA3bIO U NPeob-
pa3oBaTeni C NPOMeXYTOUYHbIM 3BEHOM MOCTOAHHOIO TOKA.

CunnoBas 4acTb CXeMbl TpexdasHoro npeobpasosaTens 4acToThl C
HenocpesCc TBEHHOI CBA3bIO MOKa3aHa Ha puc. 2.2. OH o6pa3oBaH Tpems
rpynnamu 2, 3 n 4-xtupuctopos VS1—VS6, BKIHOYEHHbLIX MEXAY BTO-
pUYHBIMKM 06MOTKamMun TpaHcopmaTopa 1u Harpyskoi Ze Zkwn Zr
Perynnpyemoe no 4yactote 1 BEIMYNHE HAMNPAXEHNeE Ha Harpys-
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Ke hopMUpyeTCca U3 HanpsH>KeHUsa NCTOYHMKA NuTaHus (TpaHcdopma-
Topa) Ua Ubm Uc uTO 1 onpefennsio HasBaHue 3TOro Tuna npeobpa-
30BaTeNd yactoTbl. YactotTaH anp aXX eHu a NAANNANNNL
poBaTbCA TOMbKO BHU3 OT CETEBOIA/,, U ee MaKCHUMaNnbHOe 3HaYeHue
06bIYHO He npeBocxoamnT 20 Iy, YTO OnMpefenseT orpaHUYeHHble BO3-
MOXHOCTU NPUMEHEHNA 3TOr0 Tuna npeobpasoBaTens 4acToThl.

Puc. 2.2. CunoBsas yacTb CxeMbl npeobpaszoBaTtesis 4acToThbl
C HenocpeAcTBEHHO CBS3blO

MpeobpasoBaTenn 4acTOThl C MPOMEXKYTOUYHbIM 3BEHOM MOCTOSHHOIO
ToKa B cocTaBe 3 MOryT BbINMONHATLCA MO ABYM OCHOBHbLIM CXeMaM. Ha
puc. 2.3 noKasaHa cuioBas 4acTb CXeMbl TpexdasHoro npeobpasosaTens
4acTOTbl C MHBEPTOPOM Hanps>KeHua. OHa COCTOUT U3 Heperynnpyemo-
ro BeinpaAMuTens B, cobpaHHoOro Ha wectun gnogax VD1-VD6, n aBTO-
HOMHOrO UHBepTOpPa HanpsXeHua JIMH Ha wecty ynpasnseMbiX Kto-

VDI.. VD6 VAL.. 10T
Uus $$ "
n
2S7S2S
B AVH VD7., VD12

Puc. 2.3. CunoBasa 4acTb Cxembl npeoﬁpasoBaTenﬂ 4acCTOTbl C MHBEPTOPOM
HanpaxeHna

Yyax, B Ka4eCTBe KOTOPbIX Ha CXeEMe NMokKasaHbl MOAYNN, cofepxaLlime
6unonapHble TPaH3UCTOPbI C M30/IMPOBaHHbIM 3aTBOPOM VS1-VS6un
WwyHTupyrowmne gnoasl VD7—VD12. BeinpamuTens npeobpasyert Ha-
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npsxxeHue cetn U, cTaHgapTHOI yacToTblf B BbINpAMAEHHOE Hanps-
XEHWe, a UHBEPTOP — BLINMPAM/IEHHOE HaNpsXXeHWe B HanpsxxeHune U2
perynmpyemMoin 4actoTbl/ 2 PerynupoBaHue HanpsxxeHus U2Ha Harpys-
Ke OCYLLEeCTBAAETCA LWMPOTHO-UMMYNbCHON MOAYNALMeld BbINPAMIEH-
Horo HanpsaxeHusa. KoHgeHcatopbl C BbIMOMHAKT po/b (hUNbTPa U
3MeMeHTa, OCYLLecTBAAIOLWEro 06MeH peakTUBHOW MOLHOCTU C Ha-
rPY3KOiA.

Ha puc. 2.4 nokasaHa cuaoBas 4acTb CXeMbl npeo6pasoBartens ya-
CTOTbl C MUHBEPTOPOM TOKa. OHa BK/OYaeT ynpaBisemMblii BbINpAMU-
Tenb B Ha Tupuctopax VS1—VS6 n nHseptop Toka W Ha 3anupaemsbix
Tnpuctopax VS7—VS12. KoHgeHcaTtopbl CABAAKOTCA NUCTOYHUKOM pe-
aKTMBHOM MOLLHOCTM ANA Harpysku, peaktop L o6ecneynBaeT paboty
MHBepTOpa ToKa. MNpuBeseHHasa cxemMa NMO3BONAET OCYLECTBNATL pe-
Kynepauuto (0Tgavy) sHeprum B CeTb.

V51... KS6 n57.. V512

=F C
V2f 2

n
Puc. 2.4. CunoBas 4acTb CXeMbl Npeo6pa3oBaTesisi YACTOTbl C MHBEPTOPOM ToKa

Perynatopbl HanpsXXeHUs nepemeHHOro Toka. Perynatopom Hanpsd-
XXEHNA NepemMeHHOro ToKa HasblBaeTcs nNpeobpa3oBaTesib HANPAXKEHNS
NnepeMeHHOro ToOKa CTaH4apTHbLIX YacTOThl U HaNpPAXXeHUs B perynu-
pyemoe HanpsXXeHne NepeMeHHOro TOKa TOM Xe 4yacToTbl. OHU MOryT
ObITb OHO- 1 TPEX(a3HbIMU U UCNOMb3YIOT B CBOEI CUMOBOI YacTu,
KaK npasuno, TMPUCTOPbI.

Cxema 0iHO(Ha3HOro TUPUCTOPHOTO perynatopa HanpsxeHna TPU
nokasaHa Ha puc. 2.5, a. Ero cusioBas 4yacTb COCTOUT U3 ABYX TUPUC-
TopoB VS1 M VS2, BKAKOYEHHBIX MO BCTPEYHO-Mapan/ieslbHOM cXeme
MeXAy WCTOYHUKOM NWUTaHMa ¢ HanpshkeHuem (/, n Harpyskoin [J,.
M3MeHeHMe C NOMOLLbIO BXOAHOro curHana Uy MoMeHTa nojgayn um-
MyNnbCOB ynpasneHua £, Ha TUPUCTOPbI NO3BONSAET PeryinpoBatb Ha-
npsHkeHne Ha Harpyske (/,, OT Hyns go cetesoro I/, npw Toli xe vac-
TOTe CeTu.

Ha puc. 2.5, 6 noka3aHa cxema BK/OUYEeHUS Tpex(pasHoro Tmupuc-
TOPHOrO perynsatopa HanpsXXeHWs, Harpy3Koi KOTOPOro fBNAKTCS
06MOTKM cTaTopa fBurarenia nepeMeHHoro toka Afl. lo6aerneHue B aTy
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CXeMy ewie aoByxX nap TMPUCTOPOB NO3BO/IAET N3BMEHATbL YepeaoBaHNe
q)a3 Hanpsa>XeHnda Ha CTtaTtope ABuratend n TeMm CaMblM U3MEHATb Ha

NPOTMBOMNOJIOXKHOE HanpaB/ieHNe ero Ha%l#b&g%%%%l;ol/}ﬂ:ree Version

Puc. 2.5. Cxembl perynatopa HanpsXeHna nepemMeHHoro Toka:
a — ogHohasHoro; 6 — TpexdasHoro

Perynatopbl HanpsXXeHus NUCNob3yTca B KAYEeCTBE MATKUX MycC-
KaTenein gBurateneil NepeMeHHOro ToOKa, OrpaHMyYnBaKLLnX X NycKo-
Bble TOKW U MOMEHTbI, & TaKXXe PerynsaTopoB 3KOHOMUYHOCTK 3 ¢
aCUHXPOHHbLIMUW ABUTaTensiMn, obecneymBalroWw X HannyyLine aHepre-
TUYecKue napameTpbl Npu ux pabote. Ha 0CHOBE pPeryiAaTopoB Hanps-
XEHUA MOXeT ObITb peann3oBaHo Tak Ha3biBaeMOe KBa3n4acToTHOe yn-
paBfieHWe aCUHXPOHHbIMU ABUTATENAMU U UX LUHAMUYECKOE TOPMO-
XeHue.

Perynimopb | HanpsbkeHA MOCTOAHHONO TOKA. Perynstopsl 9T0ro Tuna
npeobpasyoT Hanps>XeHne NOCTOAHHOTO TOKA UCTOYHMKA NUTAHWA B
perynupyemoe Hanps)eHue Ha Harpyske. B Takux npeobpasoBaTensx
MCNOMb3YTCA CU0BbIE MOYNPOBOAHNKOBLIE YIPaB/igeMble KNoUn —
TUPUCTOPBLI U TPAH3UCTOPbI, a PerynpoBaHne HanpsX>XeHnsa B HUX
MPOUCXOAMNT 3a CHET MOAYNALUN HANPAXKEHUA UCTOYHUKA NMUTAHUS.

MpuHuMn paboTbl UMNY/ILCHOTO Npeobpa3oBaTeNia HaANPAXEHUA
UNNIOCTPUPYET CXema Ha puc. 2.6, rge Z,,, (/,,, —COOTBETCTBEHHO CO-
NMPOTUB/IEHWNE N HANPAXEHWE HArPY3KU; £ — HaNpAXeHne NCTOYHMKA
nutaHusa; YIMK— ynpaBnsgemblii NOAynpoBOAHNKOBLIN Kntoy; VD —
obpaTHbIi Anoa. PerynupoBaHue HanpsXXeHUs Ha Harpyske OCyLLecTs-
NAeTca 3a CYeT NepmoanyYeckoro 3amMmblkaHuns U pasmbikaHua YTK, npu
KOTOPbIX MPOUCXOAUT NOAKMOYEHWNE HArPY3KN K UCTOUYHUKY MUTAHNSA
N ee OTKNOYEHUE. VI3MeHAA 4NUTENIbHOCTb UMNYNLCOB NMPU HEN3MEH-
HOW YacToTe MX ciefoBaHns (WMPOTHO-UMMYbCHBIA CNOCO6) MAKn nX
4acToOTy MPU HEU3MEHHOW ANUTENbHOCTU (YACTOTHO-UMMYbCHbINA
cnocob), MOXHO PerynnpoBaTb HaNpsXXeHWe Ha Harpyske OT HYNA 4o
HanpsX>XeHUs NCTOYHMKA NUTAHNUS.
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Puc. 2.6. Perynatop HanpsXeHna NOCTOSAHHOrO TOKa

Han6onbliee pacnpocTpaHeHWe MOMYYU WNPOTHO-UMNYIbCHBbIN
cnoco6, Npy KOTOPOM CpefHee HanpsXKeHre Ha Harpyske GQHCBS3aHO
C HaNpsXXeHWeM UCTOYHMKA NUTaHWUa E, 4ANTeNbHOCTHI0 MmNy nbea t,
Y NEPUOLOM UX CNefoBaHUs T cneayroLw M COOTHOLEHNEM:

=r*,.

rpey =y —OTHOCUTE/bHaA A/INTENbHOCTb (CKBa)KHOCTb) MMNynbCOB.

2.2. QNEKTPUYECKWE AMMAPATbBlI PYYHOTO
M ANCTAHUNOHHOIO YMNMPABNEHNA

Knaccuukaums anekTpyyecknx annapaTosB. SNeKTpUUECKUMm anna-
paTamu (QA) Ha3bIBAOTCA 3MEKTPOTEXHMYECKNE YCTPONCTBA, NpefHa-
3HaUYeHHble 419 yNpaB/ieHNA NOTOKAMU 3HEPTUM N UHDOpMaLmnK,
a TaKkxke peXxmmamm paboTbl, KOHTPOAA U 3aLUNTbI TEXHUYECKUX U 3NeK-
TPOTEXHWYECKUX CUCTEM U UX KOMMNOHEHTOB.

OAHVM 13 OCHOBHbIX MPU3HAKOB Knaccugpukaumm SA sBNSETCS MX
pabouee (HOMUHANbHOE) HAMpPSXeHNe, MO KOTOPOMY OHU AeNnaTcs Ha an-
napaTbl HU3Koro (fo 1000 B) v Bbicokoro (cBbiwe 1000 B) Hanps>keHus.

AnnapaTbl HU3KOTO HaNps>XeHUs BbIMOMHAOT B OCHOBHOM (YHK-
LUMU KOMMYTAaLWUM 1 3aWnThbl 3N€KTPUYECKUX Leneil N ycTpoicTB (aB-
TOMaTUYeCKue BbIKOYATENN, KOHTAKTOpbI, Nyckatenu, pene, pybunb-
HUKW 1 NaKeTHble BbIKNOYaTeNN, KHOMKWN ynpaBneHus, Tym6nepbl u
Apyrue annapaTbl) U perynupoBaHna napamMeTpoB TeXHUYECKNX 06bek-
TOB (CTabnnn3aTopbl, PErynaTopbl HANPAXEHUSA, MOLWHOCTM M TOKa,
yCUAUTeNu, LaT4nKn pasnnyHbiX NepeMeHHbIX).

AnnapaThbl BbICOKOrO HaNPs>XeHUs NoApasfensoTca Ha KOMMYTa-
LMOHHble (BbIKOYATENN, BbIKIHOYATENN HArPY3KKW, pasbejuHuTenun),
n3MepuTebHble (M3MEPUTENbHbIE TPAHCHOPMATOPbl TOKA M HanpsXxe-
HUA, LENNTENN HANPAXEHUNA), KOMNEHCMPYOLWMe (WYHTUpYOLW e pe-
aKTopbl), KOMNAEKTHbIE pacnpefenmTeNbHble yCTPoiicTBa.

Mo cBOEMY MCNONHEHWIO annapaTbl NOAPa3feNnatoTCa Ha 3NeKT-
pomexaHuyeckue, cTaTuueckme n rmbpugHole. OCHOBHbLIM NPU3HAKOM
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3N1eKTPOMEXaHUYEeCKUX annapaToB ABMASETCA HaiMune B HAX NOABMUXK-
HbIX YacTei, HanpuMep KOHTAKTHON CMCTEMbl Y KOMMYTaLNOHHbIX
annapatoB. CTaTuyeckue annapaTbl CTPOATCA C UCMOJSIb30BAHMEM MO-
NYNPOBOAHUKOBbLIX U MAarHUTHbIX anemelilLl] M2A&ANCc¥LL ;Ne LU T,
TPaH3UCTOPOB, TUPUCTOPOB U APYTUX NOAYNPOBOAHUKOBbIX NpnUbO-
pOB, MarHUTHbIX ycunutened un gp.). M'mbpugHbie annapatbl Npej-
CTaBMAKT COO0M KOMOUHALMIO 31eKTPOMEXAHNYECKUX U CTATUYECKNX
annapartos.

dnekTpuyeckue annaparbl KNacCUPULMPYOTCA Takxe:

* 10 3Ha4YeHNt0 pabounx TOKOB — annapaTbl cnaboTouHblie (8o 5 A)
N CUNBHOTOYHbIE (CBbiWe 5A);

* MO pofy TOKa — annapaTbl MOCTOAHHOIO M MEPEMEHHOTO TOKa;

* 10 YacTOTe paboyero HanpsA>KeHnss — annapaTtbl C HOPMasbHOM
(8o 50 I'u) n noBbiWeHHOW (0T 400 go 10 000 Iy) yacToTOi Hanps-
XeHus.

K annapatam py4YHOro ynpasfieHUs OTHOCATCA KOMaHAHble Mano-
MOLLHble YCTPONCTBA — KHOMKW, KAKOYMN YNpaBAeHUA U pasnnyHble
KomaHpoannapatbl (KOMaHAOKOHTPOMNEPbI), C MOMOLLbIO KOTOPbIX
OCyLLecTBNAeTCA KOMMYTaLMA 3MeKTPUUECKMX Leneinl ynpaBneHus u
nogaya KomaHg ynpasnieHusa Ha 9I1.

KHonku ynpaeneHms. KHONKW ynpaBneHWs pasnmyaroTca no pasme-
pam — HopMasibHble U ManorabapuTHble, MO YMCAY 3aMbIKAKOLWMNX U
pasMblKaloLWnX KOHTAKTOB, N0 hopMe ToNKaTens, No BeNnUYnHe u pogy
TOKAa W Hanps>XKeHWs, No CTeNeHW 3aliMTbl OT BO3AEACTBNSA OKPYXa-
towei cpeabl. [Be, Tpn unu 60nee KHOMOK, CMOHTUPOBAHHbLIX B Of-
HOM Kopnyce, 06pa3yloT KHOMOYHYH cTaHuuio. Ha puc. 2.7, a noka-
3aHO YC/N0BHOE M306pakeHre 04HOLEMNHbIX KHOMOK C 3aMblKatloWum
(kHonka SBTI) u pasmbiKatoWwnm (KHoNKa SB2) KoHTakTamMu. KOHTaKThI
KHOMOK 1 APYrMX 3/1eKTPUYECKMX annapaToB Ha CXeMax M300paxatTcs
B Tak Ha3blBaeMOM HOpPMa/libHOM COCTOSHUM, KOT4a Ha HUX He 0Kasbl-
BAeTCA MEXaHWYeCKOro, 3/1EKTPUYECKOro, MarHMTHOTO UAN KaKoro-
nn6o gpyroro Bo3geicTeuA. [ByxuenHble KHOMKU MMeOT 06e napbl
NMOKa3aHHbIX KOHTAKTOB C e4MHbIM NPUBOLOM.

\sr_n :
Tl
SB2

- SM3

g4

Puc. 2.7. YcnoBHble n3obpaxeHus:
a — KHOMKW ynpasfieHus; 6 — KoY ynpas/ieHus; B — 3/1EKTPUYECKNE KOHTaKThbI
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Krroum yrpaeneHst (YHVBEpCa/IbHb e MEPEKIKoHaTe ). 3Tv annapa-
Tbl UMEIOT ABa MM 60nee QUKCUPOBAHHBIX MOMOXEHUA PYKOATKM
YyNpaBneHNs N HECKO/IbKO 3aMblKaKLWMNX N pa3MblKatoLLMX KOHTAKTOB.
Ha puc. 2.1;6 nokasaH nepekntyaresb, UMeOLW i Tpy GUKCUPOBaAH-
HbIX MOOXEHUA PYKOATKU. B cpefHeM MOIOXKeHUN pyKOATKU (Mo3u-
umns 0) 3aMKHYT KOHTaKT SM1, 4To 0603Ha4yaeTCs TOYKON Ha CXeME,
a KOHTaKTbl SM2 1 SM3 pasoMkHYTbl. B nonoxeHun 1kawya 3ambl-
KaeTca KOHTakKT SM2w pa3mMmbikaeTcd SM1, B NonoXxeHun 2 — Haobo-
poT. Ha puc. 2.7, B n0Ka3aHbl 3aMblKalOLW KNI 1 pa3MblKalOWNIA KOH-
TaKThI.

KovaHOOKOoHTPO/vvIepb| (KoMaHaoanmnaparbl) npeactasnstoT co6oii
annapatbl 418 KOMMYTaLUn HECKOMTbKUX MaliOMOLWHbIX (TOK Harpys-
K 8o 16 A) aneKTpMyecKMx Lenei ¢ ynpaBiieHUEM OT PYKOATKU UK
nefann C HECKONbKUMU MONOXEeHUAMU. VX 3aNneKTpuyeckas cxema
1306paXKaeTCca aHaNOrMYHO CXeMe KAKYeld ynpaBneHnsa u nepekntoya-
Tenen.

K cunoBbiM KOMMYTaUNOHHbIM annapatam C pyYHbIM yrpaB/ieHu-
€M OTHOCAT py6UAbHUKN, NAaKeTHbIe BbiKAOYaTeNN, KOHTPOANEPHI U
aBTOMaTMYecKue BbIKOYaTenu.

PYOWTbHKA npeacTasnaoT co60i NpocTbie KOMMYTaLUOHHbIE an-
napaTbl, MpejHa3Ha4YeHHble 419 HeaBTOMaTUYeCKOro HeyacToro 3a-
MblKaHUS U pa3MblKaHUS CUIOBbIX 3NEKTPUYECKUNX Lieneid NOCTOAHHO-
ro v NepeMeHHOro Toka HanpsxexHuem fo 500 B n Tokom go 5000 A.
OHM pasnmyarTCcs No BeIMYMHE KOMMYTUPYEMOTO TOKa, KOJTMYECTBY
noncoB (KOMMYTMPYEMbIX Lieneit), BUAY NpMBOAa PYKOATKU U yncny
ee NonoXeHui (aga nnm Tpu).

MakeTHble BbIKMKOHATE/N npeaCcTaBAsOT cCO60/ PasHOBUAHOCTb
py6UAbHWUKOB, OTIMYAKOLWMXCA TEM, YTO UX KOHTaKTHas cucteMa Ha-
6upaeTcs U3 OTAENbHBIX MaKeToB MO YXCAY NOACOB (KOMMYTUPYEMbIX
Lleneit). MakeT cocTOMT U3 M30/19TOpa, B Na3ax KOTOPOro HaxoaaTcs
HEenoABMXHbIN KOHTaKT C BUHTOBbIMW BblBOAAMU 4718 MOLKNOYEHUS
NMPOBOAOB U MPYXXWHHbI NOABVMKHbI KOHTAKT C YCTPOMNCTBOM UCKPO-
raweHus.

Pa3HOBUAHOCTbLIO PYOGUNLHUKOB ABNAIOTCA MepeKkaryvaTenn-pass-
e4MHUTENN C Pa3INYHbIM TUMOM NPUBOLA — PbIYaXKHBIM, C LLeHTpab-
HOIi PYKOATKOW, C NPUBOAOM OT MaxOBMKa WUAN LUTAHTL.

KOHTPO/IEPb1 ABNSIOTCA MHOTOMO3WLMOHHBIMU 3/1EKTPUYECKUMU
annapaTaMu ¢ py4YHbIM UMW HOXHbBIM NPUBOAOM A1 HENOCPeACTBEH-
HON KOMMYTaLuu CUNOBbIX Leneli, B OCHOBHOM 31eKTPUYECKUNX ABUTa-
Teneil. CnunoBble KOHTPONNEPbl ObIBAlOT ABYX BUAOB: Ky/nayKoBble W
MarHuTHble.

KynaykoBble KOHTPONNEPbl XapaKTepmnsyoTcsa TeM, YTO pasMmblKaHne
M 3aMblKaHWe UX KOHTaKToB o6ecneynBaeTcsd CMOHTUPOBAHHLIMMW Ha
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6apabaHe Kynaykamu, MoBOPOT KOTOPbLIX OCYLLECTBAAETCA C MOMOLL b0
PYKOATKU, MaxoBUYKa unu negann. 3a cCHeT NpouUAMPOBAHUA Kynay-
KOB o6ecrneymBaetcs Heobxogumas nocne* " "pw *MmMun\*ynun
KOHTAKTHbIX 3/1EMEHTOB.

MarHnTHble KOHTPONNepbl NpeAcTaBAoT CO60/ KOMMYTaLMOHHOe
YCTPOWCTBO, B COCTaB KOTOPOr0 BXOAAT KOMaHLOKOHTPO/I1EP U CU/OBbIE
3N1eKTPOMAarHMTHbIE annapartbl — KOHTaKTopbl. KOMaH4O0KOHTpOINEep €
MOMOLLbIO CBOMX KOHTAKTOB YNpas/feT KaTyLLuKaMn KOHTAKTOPOB, KOTO-
pble YXKe CBOMMW KOHTaKTaM/ KOMMYTUPYIOT CU/I0BbIE LieNu ABUraTeneil.
CpoK cnyX6bl MarHUTHbIX KOHTPO/IEPOB NPU OAHUX U TeX Xe YCN0BU-
AX CYLLLeCTBEHHO BbILLE, YEM KY/ayKOBbIX KOHTPO/IEPOB, YTO Onpejens-
€TCH BbICOKON KOMMYTaLNOHHOM CNOCOBHOCTbIO Y M3HOCOCTOMKOCTbIO
3N1eKTPOMArHUTHLIX KOHTAKTOPOB.

MarHuTHbIe KOHTPO/IIepbl Hal /M OCHOBHOE MPUMEHEHWE B 3/1EK-
TPOMNPMBOLE KPAHOBLIX MEXAHU3MOB, paboTa KOTOPbIX XapaKTepusyertcs
60/bLIOA YacTOTOM BKAOUEHUS ABUTATENEN.

ABTOMaTUYeCKMe BbIKNOYaTeNN. ABTOMaTUYECKWE BbIKIHOYATENN
(aBTOMATbI) HN3KOTO HaNpsAXeHWA NpeacTaBnAT co60i MHOrouene-
BOV 3NeKTPUYECKUI annapart 415 HeYacToli KOMMYyTaLuu aneKTpmyec-
KUX Lenei n nx aBTOMaTM4ecKom 3awnTbl NPU aBapuiiHbIX pPeXnMax —
KOPOTKMX 3aMblKaHUAX B Lenax, UX neperpyske, CHUWXEHUN Uam nc-
Ye3HOBEHUU HAMPSKEHUA, U3MEHEHUN HanpaBneHus Toka u ap. Ana
OCYLLEeCTBNEHNA PYHKLUMIA 3alMTbl aBTOMAaTUUYECKUE BbIKKOYATENM
CHabxarTcA pacLenuTensiMmn, KOTopble NPU BO3HUKHOBEHWUWN aBapuii-
HbIX PEXMMOB BO3LECTBYIOT Ha YAepXKMBAKOLW A 31eMEHT annapara,
NPUBOAA K €ro 0TKAUeHuto. Mo NpuHLMny cBOero AelicTBMA pacLe-
NMUTENN 6bIBAIOT 3/1IEKTPOMArHUTHLIMU, TENI0BLIMW U NONYMPOBOLHN-
KOBbIMY.

MpuMeHseMble aBTOMATUYECKME BbIKNHOYATENN PA3/INYAKOTCA MEX-
4y co60i HasHa4YeHWeM, YPOBHAMU HOMUHANbHbLIX TOKOB U Hanpse-
HUSA, HA60POM 1 UCNONHEHNEM MPUMEHAEMbIX 3aLLUT, OTK/OYatoLL el
CNOCOGHOCTBLIO U BpEMEHEM OTK/IIOYeHUA. inanas3oH ux HOMUHaNbHbIX
ToKOB cocTasnset 10—10 000 A, npefefibHbIX KOMMYTUPYEMbIX TOKOB —
0,3—100 KA, Bpema oTktoYeHna —0,02—0,7 c.

K cunoBbiM annapaTaM AUCTAHLMUOHHOTO yNpaB/ieHUs 0THOCATCA
KOHTAKTOPbl U MarHUTHbIE MYCKaTe/Nu.

KOHTaKTOp. KoHTakTop npeAcTaBnseT co60ii 31eKTPOMarHUTHbi i
annapaT ¢ AMCTAHULMOHHbIM ynpaBfeHWeM, NpefjHa3HavyeHHbIli Ans
4acTbIX KOMMYTaUnin cMnoBbiX Leneil. KOHTaKToOpbl pasnumyatoTcs: no
poay TOKa KOMMYTUPYeMOW Lenu (MOCTOAHHOTO, MePeMeHHOro, no-
CTOAHHOIO U NEPEMEHHOT0); KO/IMYECTBY 1aBHbIX KOHTAKTOB (04HO-,
[OBYX- U MHOTOMOJIIOCHBIE); POAY TOKa Lenun KaTywKku (C ynpasneHun-
eM Hanps>XeHrem MOCTOAHHOTO M MepeMeHHOro ToKa); HOMUHANbHbIM
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TOKY U HAMpPSXKeHUI0 KOMMYTUPYEMBbIX Lieneit; KOHCTPYKTUBHOMY HcC-
MOMIHEHUIO (C MEXAHUYECKMMU KOHTAKTaMN N 6ECKOHTAKTHbLIE) W ApY-
TMM MPU3HaKam.

Puc. 2.8. KoHTakrtop:
a — yCTpoWcTBO: 6 — 0603HaYEHME KaTyLLKU;
B, I — 0603Ha4YeHnsA CU/I0BbIX KOHTaKTOB

KOHCTPYKTUBHAasA CXeMa 3/IeKTPOMArHMTHOrO 0O4HOMO/IFOCHOIO KOH-
TakKTopa NOCTOAHHOIO TOKa nokasaHo Ha puc. 2.8, a. Ha HenoaBuX-
HOM cepAeyHuKe 14 MAarHUTHOW CUCTEMbl KOHTAaKTOpa yCTaHOBNEHA
BTArMBawLWas katywka 12. C nogBM>XHOW YacTblo MarHUTHOI cucTe-
Mbl, AKOpeM 8, cBfi3aH MOABVIKHbIA rNaBHbIl KOHTAaKT 5, KOTOPbIA
npucoeanHAeTCA K LLenu ToKa npym nomMoLLM ru6Koro npoBogHmKa 7.
Mpu nofave HanpsH>KeHUs Ha KaTywkKy 12 (3aMblKaHUM KOHTaKTa 13)
AKOPb MPUTATUBAETCA K CEPLEYHUKY M KOHTAKT 5 3aMblKaeTCs C He-
MOABWXHbLIM TflaBHbIM KOHTaKTOM 1, 4To 06ecneynBaeT KOMMYTaL U0
Toka /. HeobxoAnmoe HaxaTue rfiaBHbiIX KOHTaKTOB B uUX pabouem
nonoxeHun obecneumBaeTca Npy>KuUHow 6. Mpu aTom B Npouecce co-
MPUKOCHOBEHWA KOHTAKTOB MNPOUCXOANT NepeKaTbiBaHWe U nputupa-
HUEe UX KOHTaKTHbIX NOBEPXHOCTEN, YTO YMEHbLUAeT NepexogHoe co-
NPOTUB/IEHNE KOHTAKTOB.

C AkopeM 8cBA3aHbl TaKxe BCnomMoraTesbHble (610KUPOBOUHbIE)
KOHTaKTbl MOCTUKOBOrO Tuna —3ambikaowme 10u pasmbikarowme 11,
npefHasHayeHHble AN paboTbl B Lensx ynpaBieHns N paccumTaHHble
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6apabaHe KynaykamMu, NOBOPOT KOTOPbLIX OCYLLECTBASETCS C MOMOLLbLIO
PYKOATKWN, Max0BMUKa UK neganu. 3a cHeT NpouInpoBaHns Kynau-
KOB ob6ecrneumBaetcs Heobxogumas nocneg "~ ~~p 0"my”*anuy
KOHTAKTHbIX 3/1EMEHTOB.

MarHuTHble KOHTPOMNepbl NpeAcTaBAstoT cO60 KOMMYTaLUNOHHOE
YCTPOICTBO, B COCTAB KOTOPOr0 BXOAAT KOMaHLOKOHTPO/IEP U CUI0BbIE
3N1eKTPOMArHUTHbIE annapartbl — KOHTaKTopbl. KOMaHLOKOHTpOIEp C
MOMOLL b0 CBOMX KOHTAKTOB yNpas/iseT KaTyLKamMy KOHTaKTOpPOB, KOTO-
pble yXKe CBOMMW KOHTaKTaMW KOMMYTUPYIOT CUIOBbIE LIEMW ABUraTeneil.
CpoK cnyX6bl MarHUTHbIX KOHTPO//EPOB NPU OAHUX U TeX Xe YCN0BK-
AX CYLLECTBEHHO BbILUE, YEM KY/1a4KOBbIX KOHTPOJ/IIEPOB, YTO ONpesens-
€TCH BbICOKON KOMMYTaLNOHHOW CNOCOBHOCTHIO Y M3HOCOCTOMKOCTbHHO
3N1eKTPOMArHUTHbLIX KOHTAKTOPOB.

MarHuTHble KOHTPOJI/Iepbl HaW/M OCHOBHOE NMPUMEHEHWe B 31eK-
TPONPUBOAE KPAHOBbLIX MEXaHN3MOB, paboTa KOTOPbIX XapakTepu3yeTcs
60/bLUON YacTOTOM BKAOUEHUS ABUTATENEN.

ABTOMATUYECKME BbIK/HOHATEIN. ABTOMAaTUYECKME BbIKOYATENN
(aBTOMAaTbI) HU3KOTO HaNpPsHXXeHUs NPeacTaBNAT C060M MHOrouene-
BOW 3M1eKTPMYECKUl annapar 411 HeYacTol KOMMYyTaLum afneKTpuyec-
KUX Lenei n nx aBTOMaTMYecKoi 3awuTbl NPy aBapuiiHbIX pexxmmax —
KOPOTKMX 3aMblKaHUAX B LLeNAX, UX neperpyske, CHUWXeHUN Un uc-
Ye3HOBEHUU HANPSHKeHUs, U3MEHEHNN HanpaBfieHWa Toka u ap. Ans
OCYLLEeCTBNEHNA PYHKUWUIA 3alIMTbl aBTOMaTU4eckne BblKIHOUATENN
CHabXarTcsa pacLenuTensiMmn, KOTopble NPy BO3HUKHOBEHUMW aBapuii-
HbIX PEXMMOB BO3LECTBYIOT Ha YAEPXXMBAKOLLNIA 3neMeHT annapara,
NPMBOAS K ero oTkA4YeHuto. Mo npuHUMNY CBOEro AeidcTBMA pacue-
NMUTENN 6bIBaIOT 3/1IEKTPOMArHUTHLIMU, TEMSI0BbIMU U MONYNPOBOAHU-
KOBbIMY.

MpuMeHseMble aBTOMaTUYECKME BbIKNHOYATENN PA3IMYAIOTCA MEX-
4y co60i HasHa4YeHMeM, YPOBHSAMW HOMUHANbHbIX TOKOB WU Hanpsxe-
HUA, HA6OPOM 1 UCNONHEHNEM MPUMEHAEMbIX 3aLLUT, OTKIIO YA LW el
CNOCOGHOCTBLIO U BpEMEHeM OTK/OYeHUA. [nana3soH X HOMUHaNbHbIX
ToKoB cocTaBnget 10—10 000 A, npefefibHbIX KOMMYTUPYEMbIX TOKOB —
0,3—100 KA, Bpema oTkntoyeHna —0,02—0,7 c.

K cunoBblM annapaTaM AUCTAHLWOHHOIO yrpaBaeHNs OTHOCATCA
KOHTAKTOPbl U MarHUTHbIE MyCKaTenu.

KOHTaKTOp. KoHTakTOp npeAcTaBnseT co60il 91eKTPOMarHUTHbI i
annapaT ¢ AUCTAHLWOHHbIM ynpaBieHWeM, NpejHasHauyeHHbI ans
4acTbiX KOMMYTaLUMil CMNOBbIX Leneil. KOHTakToOpbl pasnnyalTcs: no
poay TOKa KOMMYTUPYeMOW Lenun (MOCTOAHHOrO, MepemMeHHOro, no-
CTOAHHOIO M NEPEMEHHOr0); KO/IMYECTBY rflaBHbIX KOHTaKTOB (04HO-,
[BYX- U MHOTOMOJOCHbIE); PoAY TOKa Lenun Katywku (C ynpasieHn-
eM Hanps>XeHuem MOCTOAHHOIO W MepeMeHHOro TOKa); HOMUHAaNbHBIM

32



TOKY U HAMpPSXKeHUI0 KOMMYTVPYEMBbIX Liemneit; KOHCTPYKTUBHOMY WC-
MOMIHEHUIO (C MEXAHUYECKUMU KOHTAKTaMn U 6ECKOHTAKTHLIE) U Apy-
TUM MPU3HaKaM.

Puc. 2.8. KoHTakTop:
a — yCTpOWCTBO: 6 — 0603HaYEHMEe KaTyLLKU;
B, I — 0603Ha4YeHUsA CU/I0BbIX KOHTaKTOB

KOHCTPYKTUBHAsA CXeMa 31eKTPOMarHUTHOr0 O HOMOOCHOMO KOH-
TakKTopa NMOCTOAHHOIO TOKa NokKas3aHo Ha puc. 2.8, a. Ha HenogBuX-
HOM cepfeyvyHuKe 14 MarHUTHON CUCTEMbl KOHTaKTOpa YCTaHOB/EHa
BTArMBarLWas Katywka 12. C nogBMKHOW 4acTbi0 MarHUTHOW cucTe-
Mbl, AKOpem 8, CBA3aH MOABWKHbIN FNaBHbIA KOHTAKT 5, KOTOPbIN
NpUCOeANHAETCA K LLenun ToKa Npu noMoLwmn rubKoro nposBogHuKa 7.
Mpun nofayve HanpsH>KeHUs Ha KaTywWwKy 12 (3aMblKaHUM KOHTaKTa 13)
AKOPb NPUTATUBAETCA K CEPAEYHUKY M KOHTAKT 5 3aMblKaeTcs ¢ He-
NOABUMXXHbIM NaBHbIM KOHTaKTOM Y, 4To 06ecneyrBaeT KOMMYTaLmuio
ToKa Y HeobxoammMoe HaxaTue rfaBHbIX KOHTAKTOB B UX paboyem
NonoXeHnWn obecneymBaeTca NpyXnHoi 6. Mpu aTom B Npouecce co-
NPUKOCHOBEHUSA KOHTAKTOB NPOUCXOAUT NepekaTbiBaHWe U NpUTUpa-
HWE MX KOHTAKTHbIX MOBEPXHOCTEW, YTO YMEHbLIAaeT NepexofHoe CO-
NPOTUBNEHNE KOHTaKTOB.

C akopem 8 cBsizaHbl TakXKe BCoMoraTenbHble (6/TOKMPOBOYHbIE)
KOHTaKTbl MOCTUKOBOrO TUna —3ambikaowme 10u pasmbikarowmne 11,
npefHa3HayYeHHble 4N paboTbl B LENAX yNpaBAeHNUs U pacCUMTaHHbIe
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Ha HeboNblne TOKN. Bnok-kKoHTakTbl 103ambikatloTca U //pa3mblKa-
I0TCA OLHOBPEMEHHO C 3aMblKaHWEM T/laBHbIX KOHTaKTOB (puc. 2.7, B).
OTKNOYEHNEe KOHTaKTopa Npon3BOAMTCA,OFATUEM HaMpsHXKeHus C
KaTywkn 12 (KoHTakT 13 pasmbikaeTcs). [pu 3TOM NofBUXHaA cUcTe-
Ma KOHTaKTopa nof AenCcTBUEM CUMbl TAXECTU U BO3BPATHOW NPYXW-
Hbl 9 MPUXOAUT B «HOPMasibHOe» COCTOfHME. BOo3HMKaloWasa npu pas-
MblKaHUW FNaBHbIX KOHTAKTOB Ayra racuTcsa B LLeNeBON gyroracuTenb-
HOW Kamepe 4, N3rOTOBNAEMONM M3 XAPOCTOMKOro W30NALUOHHOIO
maTepuana. na o6neryeHns raweHns 4yrm MoryT npuMeHaTbCA Kame-
pbl C U30MALUOHHBIMM Meperopogkamu 3, KOTOopble CNOCO6CTBYIOT YBe-
NINYEHWNIO AYTW N ee CONMPOTUB/IEHUA, a TAKXXE MHOTa yCTaHaB/MBaEeTCA
MCKpOracuTenbHas pelleTka U3 KOPoTKUX MeTai/IMYecKMUX NnacTuH 2.

KOHTaKTOpbl MOCTOAHHOIO TOKa U3rOTOBAKTCA C O4HUM WU [BY-
Mf MONCaMn Ha HOMWHaNbHbIE TOKW TNaBHbIX KOHTaKTOB OT 4 [0
2500 A. naBHble KOHTAaKTbl CNOCOOHbLI OTKAOUYATb TOKU Neperpysku
[0 7—10-KpaTHbIX OT HOMWUHAaNbLHOTO0 TOKa. KaTyLlwKn KOHTaKTopoB no-
CTOAHHOIO TOKa UMELOT 60/bLLOe KONMYECTBO BUTKOB M 061afatoT 3Ha-
UNTENbHOW MHAYKTUBHOCTbLIO, UTO 3aTPyAHAET pasmbliKaHue Leneli
3TUX KatyweK. MOCTUMKOBble 6/T0K-KOHTaKTbl MOTYT OTK/OYaTh TOKK
40 20 A npn HanpsaxeHuu go 500 B B Lenax KaTyLlek annapaTtos ne-
peMeHHOro Toka, a B Lenax KaTyLlleK annapaTtoB NOCTOAHHOIO TOKa —
fo 2,5 Anpu 110 B, 2 A npu 220 Bu 0,5 A npu 440 B.

Ha puc. 2.8, 6— nokasaHbl yC/NIOBHble 0603HAYEHMNA 3/IEMEHTOB
KOHTaKTOpa COOTBETCTBEHHO: BTAIMBAtOLLEN KATYLIKWN; 3aMblKatoLLnX
M pa3MblKaLWMX rnaBHbIX KOHTaKTOB 6e3 fyroraweHusa u ¢ gyrora-
LIEeHNEM.

KOHTaKTOopbl NepeMeHHOro TokKa no NpUHLKUNY CBOEro AeicTBna u
OCHOBHbIM 3/leMeHTaM KOHCTPYKLWUWN HE OTIMYAlOTCA OT KOHTAKTOPOB
MOCTOAHHOTO TOKa. OCO6eHHOCTM UX paboTbl CBA3AHbLI C MUTAHUEM
KaTyLleK nepemMeHHbIM TOKOM, 4TO NPUBOAMUT K MOBBILEHHOMY TOKY
B KaTyLlKe npu cpabaTbiBaHNUN, B HECKO/IbKO pas3 MNpesbillaloLLeMy TOK
npv BTAHYTOM sikope. 10 3TOW NpuUYMHe ANA KOHTaKTOPOB NepeMeH-
HOr0 TOKA OFPaHMYMBAETCA YNCNO UX BKOYEHUI B Yac (06bIUYHO He
6onee 600). Kpome TOro, NynbCMpPYOLWNA MarHUTHbIA NOTOK, cO34a-
BaeMblli NePeMEeHHbIM TOKOM KaTyLIKW, Bbi3biBAET BUOpaL MO 1 ryfe-
HWe MarHMTONPOBOAa, a TAKXKE ero NOBbILWEHHbIA Harpes. [N yMeHb-
WeHMa 3TUX HeXenaTeNbHbIX (haKTOPOB MarHMTONpoBo Habupaetcs
13 TOHKONNCTOBOMN TPaHC(HOPMATOPHOI CTanu, a Ha CepAevyHUK nau
AKOPb MOMELLAT KOPOTKO3aMKHYTbI BUTOK.

B oTAMuMe OT KOHTAKTOPOB NMOCTOAHHOIO TOKa Y KOHTaKTOpPOB Mne-
pPEMEHHOro TOKa YCN0BMA raweHns gyru 6onee nerkve, Tak Kak gyra
Ha NepeMeHHOM TOKe MeHee YCTOl4YMBA W MOXET MOracHyTb Mpu
MPOXOXAEHUWN MepeMEHHOr0 TOKa Harpy3Ku Yepes Hyfb.
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KOHTaKTopbl NEPEMEHHOIO TOKa UMEKT Ha 3NIeKTPUYECKUX CXEMAX
Te )Ke 0603HaYeHUA, YTO U KOHTaKTOPbl MOCTOSHHOTO TOKa. B cxemax
ynpasnieHns 3N NpUMEHAOTCA U YHUBEPCaNbHble KOHTAKTOPbI, MO-
3BONIAIOLLLME KOMMYTUPOBATL CUMOBbIE LEMN KaK MOCTOSAHHOTO, TaK U
nepemMeHHOro TokKa.

BeckoHTaKTHble NoNyNpOBOAHUKOBbIE KOHTaKkTopbl (MpepbiBaTenn)
CTpoATCA Ha 6a3e CMNOBbIX NOMYMPOBOAHUKOBbLIX NPUOOPOB TUPUCTO-
POB 1 (pexke) TpaH3UCTOPOB, OTNINYAKTCA WNPOKUMU (PYHKLNOHANb-
HbIMU BO3MOXHOCTSIMM, BbICOKOU CTEMEHbO MU3HOCOCTOWKOCTM U 3Ha-
YnTeNbHbIM GbICTPOAENCTBUEM.

M6puaHbIE UM KOMBUHMPOBAHHbIE KOHTAKTOpPbI UCMO/b3YIOT B CBOEM
COCTaBe 3/1eKTPOMeXaHNYeCcKne KOHTaKTopbl U NOAYNPOBOLHUKOBbLIE KOM-
MOHEHTbLI. B HUX KOMMYTaL NS OCYLLECTBNAETCA CUIOBLIMY MONYNPOBO/A-
HUKOBbIMU Npubopamu, a nocne OKOHYaHMA npouecca KOMMyTauum
BK/II0OYAETCA KOHTAKTOp, U TOK NPOXOAMUT Yepe3 ero KoHTakTbl. 3a cuet
3TOr0 NOBbLILIAETCA CKOPOCTb U YNPaBiseMOCTb NpoLecca KOMMyTaLmm
M MCKNKOYAeTCH YaCTUYHO MW NOJSTHOCTHIO MOSABAEHUNE 3/1EKTPUYECKON
Oyru, a BO BK/IKOYEHHOM COCTOSHUM YMeHbLUAOTCA NOTEPU 3HEPTrun B
annapare 3a CUeT LWYHTMPOBaHMSA MOMYNPOBOAHMNKOBbLIX NPUBOPOB MeTasl-
NNYECKMMU KOHTAKTaMW C MasibiM KOHTaKTHbIM COMPOTUB/IEHMEM.

MBrHUTHLIA MyCKaTe b npeacTasnseT co60M CreLuan3npoBaHHblii
annapar, npegHa3HavyeHHbl rnaBHbIM 06pa3om A5 Nycka, OCTaHOBKM
1 peBepca aCMHXPOHHbIX ABuraTeneil. Kpome ynpaBneHUs MarHUTHbIe
nyckatenun o6ecneymBatoT C NOMOLLbIO TEN/OBLIX pefie 3aWwuTy ABuUra-
Tefeil 0T TOKOBbIX MEPErpy3okK U curHannsaumnto ob nx paborte. B cooT-
BETCTBUU C NEPEYNCNEHHBIMUN PYHKLMAMK B COCTAB MycKatens mMoryt
BXOAWTb KOHTAKTOP, KHOMKMW YNpaB/eHns, TenoBbie pe/e 3awmnTbl, CUT-
HanbHble NaMmbl, pasmellaeMble B OAHOM Kopnyce. Bbinyckaembie mar-
HUTHbIE NYCKaTeNW pas3nnyarTca Mexay coboil no HasHavyeHuto (Hepe-
BEPCMBHbIE N PEBEPCUBHbIE), HAMNUYUIO UM OTCYTCTBMIO TEN/OBbIX pene
1 KHOMOK YNpaBneHus, CTENeHMN 3alnTbl OT BO3AEWCTBUA OKPYXKatoLLei
cpefbl, YPOBHAM KOMMYTUPYEMbIX TOKOB, paboyemMy Hanps>XeHUro rnas-
HOW uenwu.

BeckoHTaKTHble NycKaTenu npefcTaBaAaoT coboli NoONyNnpPoOBOAHM-
KOBble (MM TMBPUAHbIE) YCTPOCTBA, 06bIYHO TUPUCTOPHBIE, KOTO-
pble NpefHasHavyeHbl 415 yNpasieHNa gsuratenamm (Yalle BCero aCuH-
XPOHHBIMU U CUHXPOHHBIMMW) U OTAMYAIOTCA TEMU XKE MONOXKUTENbHbI-
MW CBOMCTBaMM, YTO N 6ECKOHTaKTHble (TMGPUAHbIE) KOHTAKTOPbI.
OHM NO3BONAKOT OFPaHNYMBaTh NYCKOBbIE TOKU ABUTaTeNeld unm mx
MOMEHTbl NPU MYCKe W MNOoAy4YMan BCAeACTBME 3TOr0 Ha3BaHMe «MAr-
Kue* nyckaTenu unm «Markue ctaprepbl™.

Pene. Pene npeactaBnatoT coboli cnaboTouHble annapatbl, NpejHa-
3HaYeHHbIe 415 UCNOMIb30BAHNA B CXeMax ynpaBieHWs, aBTOMaTUKM,
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Ha HeboNblne TOKN. Bnok-koHTakKTbl 103ambikaroTca U //pa3mblKa-
I0TCA OLHOBPEMEHHO C 3aMblKaHWEM TNaBHbIX KOHTaKTOB (puc. 2.7, B).

OTKN4YeHne KoOHTaKTopa
KaTywkn 12(KoHTakT 13pasmbikaetcs). Mpu 3TOM NofBUXHaA cucTe-
Ma KOHTaKTopa nof AenCcTBUEM CUMbl TAXECTW U BO3BPATHOW NPYXW-
Hbl 9 MPUXOAUT B «HOPMasibHOe» COCTOSIHWe. Bo3HuMKaloWwasa npu pas-
MblKaHUW FNaBHbIX KOHTAKTOB Ayra racuTcs B LLeNeBoin gyroracuTenb-
HON Kamepe 4, N3rOTOBNAEMOIM M3 XXAPOCTONKOro U30NALUOHHOIO
maTepunana. na o6neryeHns rawleHua gyru Moryt npuMeHaTbCA Kame-
pbl C U30MALUOHHBIMM Meperopogkamm 3, KOTOpble Crnoco6CTBYHOT yBe-
NINYEHWNIO AYTU N ee CONPOTUBEHUNA, a TaKXKe MHOTAa yCTaHaB/IMBaEeTCA
MCKpOracuTenbHas pelleTka U3 KOPOTKUX MeTan/IMyeckKmux nnactuH 2.

KOHTaKTOpbl MOCTOAHHOIO TOKa U3rOTOBAKTCA C O4HUM WU [BY-
Mf MONtCaMn Ha HOMWHaNbHbIE TOKW FNaBHbIX KOHTaKTOB OT 4 [0
2500 A. naBHble KOHTAaKTbl CNOCOGHbLI OTKNOUYATb TOKU Neperpysku
[0 7—10-KpaTHbIX OT HOMWHaNbHOTI0 TOKa. KaTyLlWwKn KOHTaKTopoB no-
CTOAHHOIO TOKa UMELOT 60/bLLOe KONMYECTBO BUTKOB M 061afatoT 3Ha-
UNTENbHOW MHAYKTUBHOCTbLIO, UTO 3aTPyAHAET pasmbliKaHue Leneli
3TUX KatyweK. MOCTUMKOBble 6/T0K-KOHTaKTbl MOTYT OTK/OYaTh TOKK
40 20 A npn HanpsaxeHuu go 500 B B uenax KaTyLwek annapaTtos ne-
peMeHHOro Toka, a B Lenax Katyllek annapatoB NOCTOAHHOIO TOKa —
fo 2,5 Anpu 110 B, 2 A npu 220 Bn 0,5 A npn 440 B.

Ha puc. 2.8, 6— nokasaHbl YCN0BHble 0603HAYEHUSA 3/IEMEHTOB
KOHTaKTopa COOTBETCTBEHHO: BTAIMMBAIOLLEA KATYLIKWN; 3aMblKatoLLNX
M pa3MblKaoLWMX rnaBHbIX KOHTaKTOB 6e3 gyroralweHns vu ¢ gyrora-
LIEeHNEM.

KOHTaKTOopbl NepeMeHHOro Toka no NpUHLKUNY CBOEro AeicTBnA u
OCHOBHbIM 3/leMeHTaM KOHCTPYKLMWN He OTAINYAOTCA OT KOHTAKTOPOB
MOCTOAHHOTO TOKa. OCO6EHHOCTM UX PaboTbl CBA3AHbLI C MUTAHUEM
KaTyLleK nepemMeHHbIM TOKOM, 4TO NMPUBOAMUT K MOBbILEHHOMY TOKY
B KaTyLlKe npu cpabaTbiBaHNU, B HECKO/IbKO Pa3 MNpesbillaloLLeMy TOK
nNpv BTAHYTOM sikope. 10 3TOW NpuUnHe 415 KOHTaKTOPOB NepeMeH-
HOr0 TOKA OFPaHMYUBAETCA YNCNO UX BKAOYEHMUI B Yac (06bIUYHO He
6onee 600). Kpome TOro, NynbCMpPYHOLWNA MarHUTHbIA NOTOK, cO34a-
BaeMblli NePeMeHHbIM TOKOM KaTyLIKW, Bbl3biBaeT BUOBpaLuMio u ryge-
HWe MarHMTONPOBOAa, a TAKXKE ero NOBbILWEHHbIA Harpes. [N yMeHb-
WeHMa 3TUX HeXenaTeNbHbIX (haKTOPOB MarHUTONPOBO4 HabupaeTcs
13 TOHKONNCTOBOMN TpaHCPOPMATOPHONM CTanu, a Ha CepAevyHUK nau
AKOPb MOMELLA0T KOPOTKO3AMKHYTbIA BUTOK.

B oTAMuMe OT KOHTAKTOPOB NMOCTOAHHOIO TOKa Y KOHTaKTOpPOB Mne-
pPeMEHHOro TOKa YCN0BMA raweHns gyru 6osee nerkve, Tak Kak gyra
Ha NepeMeHHOM TOKe MeHee YCTONUYMBA M MOXET NOracHyTb Mpu
MPOXOXAEHUWN MepeMEHHOT0 TOKa Harpy3ku Yepes Hyb.
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KOHTaKTOpbl NEPEMEHHOIO TOKa UMEIOT Ha 3NEKTPUUECKMX CXemax
Te ke 0603HaYeHUA, YTO U KOHTAKTOPbl MOCTOAHHOIO TOKa. B cxemax
ynpasnieHns 3N NpUMEHATCA U YHUBEPCalbHble KOHTaKTOpbl, NO-
3BONAOLLLME KOMMYTNUPOBATb CUMOBbIE LieNn Kak NOCTOAHHOTO, TaK U
nepemMeHHOro ToKa.

BeckoHTaKTHble N0AYNPOBOAHUKOBbIE KOHTaKTOpbl (NpepbiBaTenm)
CTpOATCA Ha 6a3e CUIOBbLIX NONYNPOBOAHUKOBBLIX NPUOOPOB TUPUCTO-
POB U (pexke) TpaH3UCTOPOB, OT/INYAIOTCA WUPOKUMU (DYHKLNOHANb-
HbIMW BO3MOXHOCTAIMM, BbICOKOUi CTEMEHbIO M3HOCOCTOMKOCTU M 3Ha-
YnTeNbHbIM GbICTPOAENICTBUNEM.

M6puaHbIE UM KOMOUHMPOBAHHbIE KOHTAKTOPbl UCNOJb3YIOT B CBOEM
COCTaBe 3/1eKTPOMEXaHNYECKMNE KOHTAKTOPbI U MOYNPOBOLHUKOBbIE KOM-
MOHEHTLI. B HUX KOMMYTaL WA OCYLLECTBAAETCA CUNOBLIMMN MONYMNPOBOLA-
HUKOBbIMU NpubopamMu, a nocjie OKOHYaHMA MnpoLuecca KOMMyTauum
BKOYAeTCA KOHTAKTOP, M TOK NPOXOAMT Yepe3 ero KoHTakTbl. 3a cuet
3TOr0 NOBbLILIAETCA CKOPOCTb U YNPaBAAEMOCTb MPOLECcCa KOMMYTaLum
M UCKMKOYAETCH YaCTUYHO WU NOJTHOCTbIO MOSABMEHNE 3/1EKTPUYECKON
[yry, a BO BK/IKOYEHHOM COCTOSIHUM YMEeHbLUATCA NOTEPU 3HEPIUK B
annapare 3a CUET LWYHTMPOBAHMWSA MNOMYNPOBOLHNKOBbLIX NPMOOPOB MeTan-
NNYECKMMU KOHTAKTaMU C Ma/ibiM KOHTaKTHbIM COMPOTUB/IEHNEM.

MBrHUTHLIA MyCKaTe b npeacTaBnseT co60M Cnewunan3mpoBaHHbIi
annapar, npejHa3HavyeHHbl rnaBHbIM 06pa3om 415 Nycka, 0CTaHOBKM
1 peBepca aCMHXPOHHbIX ABurateneil. Kpome ynpaBfieHNs MarHuTHble
nyckarenn o6ecneymBatoT C MOMOLLbIO TEM/OBLIX Pefe 3aluTy ABura-
Tesleil 0T TOKOBbIX MEPErpy30K U curHannsauuto 06 ux pabore. B cooT-
BETCTBUU C NEPEYNCNEHHBbIMU PYHKLUMUAMU B COCTaB NyCKaTens Moryt
BXOAWTb KOHTAKTOP, KHOMKM YMpas/ieHns, TeN0BbIe pene 3alunThbl, CUT-
HanbHbIe NaMmbl, pasmellaeMble B O4HOM Kopryce. Bbinyckaemble mar-
HUTHbIE NyCKaTeNn pasnuyarTca Mexay coboil no HasHaveHuto (Hepe-
BEPCMBHbIE N PEBEPCUBHbIE), HANMUMIO UK OTCYTCTBUIO TENOBbIX pene
M KHOMOK YNpaBneHus, CTeNeHMN 3aliTbl OT BO3AENCTBMA OKPYXatoLL el
cpefbl, yPOBHAM KOMMYTUPYEMbIX TOKOB, paboyemMy Hanps>XeHWo rnas-
HOW uenwu.

BeckoHTaKTHble NyckaTenu NpeAcTaBAsalT co60i NoNynpoBOLHU-
KoBble (MM TMBPUAHBIE) YCTPOCTBA, 06bIYHO TUPUCTOPHbIE, KOTO-
pble NpefHa3HavYeHbl 415 yNpasBieHNa gBuraTensaMuy (4awe BCero acuH-
XPOHHBIMU U CUHXPOHHBIMMW) N OTANYAKOTCA TEMU XKE NONOXKUTENbHbI-
MW CBOMCTBaMM, YTO N 6ECKOHTaKTHble (TMOPUAHbIE) KOHTAKTOPbI.
OHM NO3BONAKT OFpaHNYMBaTh NYCKOBbIE TOKU ABUTaTeNe unm mx
MOMEHTbl NPU MYCKe 1 MOAy4YnMan BCAeACTBME 3TOM0 Ha3BaHUE «MAT-
Kue* nyckaTenu Unm «Markue ctaprepbl™.

Pene. Pene npeactasnaioT co6oii cnaboTouHble annapatbl, NpejHa-
3HAYeHHbIe 419 UCNONb30BAHNA B CXeMaXxX ynpaBieHWs, aBTOMaTUKM,
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3alWNTbl U CUTHaNM3aLUmM caMblX pa3Ho06pasHbiX YCTAHOBOK, a Takxe
KOMMYTauuu 3neKTpuyeckux ueneid. O6nacTb MPUMEHEHUS pefie OYEHb
wunpokas. OHW NCNONb3YHOTCA B KAYECTBE KOMMYTALMOHHbIX annapa-
TOB, AaTYMKOB TOKA, HAMPSXXEHUSA 1 MOLHOCTU, MPOMEXYTOUHbIX 3/1e-
MEHTOB A4N4 nepefayn KOMaHA U3 O4HON Lenu B APYry U pa3MHO-
XXEHUS CUTHaNO0B, ATYNKOB BPEMEHUN 1 Pa3INYHbIX PU3NYECKMX Me-
PEMEHHbIX N TEXHONOTMYECKMX NapaMeTposB.

OTANYNTENbHON 0COBEHHOCTLIO pefie SBAAETCA cKauykoobpasHoe
M3MEHEHWE ero COCTOAHMA NpU LOCTVMIKEHUN BXOLHbIM BO34eACTBMEM
Ha Hero onpefjeneHHoOro yposHsa. o CBOEMY WCMONIHEHUIO pene fe-
NATCA Ha 3/MIeKTPOMArHUTHble (KOHTAKTHble), MOAYNPOBOAHUKOBbIE
(6eCKOHTaKTHbIE) U TepMeTUYHBIE.

Puc. 2.9. Cxema ycTpolicTBa 3/1EKTPOMArHMTHOTO pesne

OneKTpOMarHMTHOE pene no NPUHLMNY CBOEro AeiCTBMA He OTAnYa-
eTCA OT KOHTaKTopa 1 paboTaeT cnefyowum obpasom (puc. 2.9). Ha cep-
LeYHVKEe 2 MarHUTHOW CUCTEMbI pefie Haxo4MTca KaTywka |, Ha KoTo-
pyto nofjaetca BXOAHON 3NeKTPpUUeCKnin curHan. Korga Tok (Hanpsxe-
HWE) B Lenu KaTywKW NPeBbICUT HEKOTOPOe 3HayeHWe, Has3blBaemoe
TOKOM (Hanps)XeHueM) cpabaTbiBaHWA pene, co3faBaemMas UM 3/1€KTPO-
MarHMTHas cuna cTaHeT 60/Mblle NPOTUBOLENCTBYIOLEN CUMbl BO3BPAT-
HOW Npy>xuHbl 10, SKOpb 3 pene NPUTAHETCA K CEPAEYHUKY 2 1 TpaBepca
6, NOAHABLUMCH, 06ECMEeYNT 3aMblKaHNEe KOHTaKTOB <M pa3MblKaHe KOH-
TakToB 7. Cuia HaXaTus B KOHTaKTax co3faeTcsa Npy>KMHon 9.

Ecnu ymeHbWNTb (OTKNOUNTBL) TOK (HaNpsaXeHWe) B KaTyLIKe, TO
AKOpb MOj AelicTBMEM NpyXuHbl 10 nepeligeT B UCXOLHOE NOMOXEHUe
M KOHTaKTbl BEPHYTCA B «HOPMaJibHOe* (MCXOLHOE) NooXxeHue. ToK
(Hanps>eHune), NpU KOTOPOM AKOPb pefe BO3BPaLLaeTcs B UCXOLHOE
MOMOXeHWe, HOCUT Ha3BaHMe TOKa (HanpsXXeHunsa) Bo3Bpara Uan oT-
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MycKaHus, a OTHOWEeHWe ToKa (HanpsXeHus) Bo3Bparta K TOKy (Hanpa-
XXeHUK) cpabaTbiBaHUA — KO3 (hMLMeHTa BO3BpaTa pene.

Tok (HanpaxeHue) cpabaTbiBaHWA pene MOXeT perynmpoBaTbca B
onpefeneHHbIX Npegenax U3MeHeHNeM CUJbl HAaTAXEHUA BO3BPATHON
npy>XuHbl 10c noMowbio ranky 5, a Takxe 3a cyeT 3a3opa 6, Beamyn-
Ha KOTOPOro MOXeT PeryampoBatbca ¢ MOMOLWbI0 BUHTA 4. Mpu 3aTaX-
Ke NpyXuHbl 10unu yBenmyeHnn 3a3opa TOK (HanpsxeHue) cpabaTbl-
BaHWA BO3pacTaerT.

IMOCKONIbKY KOHTaKTbl pese KOMMYTUPYIOT Hebonblwue (o 10 A)
TOKMW, B HUX OBbIYHO He MCMONb3YHTCA AYroracuTefibHble KaMepbl,
a KOHCTPYKLMUN KOHTaKTOB MPOCThIE.

MpoMe>Ky TOYHbIE 3EKTPOMArHUTHbIE Pe/sie MPUMEHAKOTCA B OCHOB-
HOM /1 KOMMYTauuy 3eKTPUYECKUX Lieneil n pa3MHOXEHNA KOHTaK-
TOB APYrUX 3/IeKTPUYECKMX annapaTos.

Pene Bpemenu npeacTaBnseT co60i yCTPOWCTBO, KOHTaKTbl KOTOPOr0
3aMblKalTCA UM Pa3MbIKaKOTCA C HEKOTOPOI BblEePXKON BpeMeHU
nocne nonyyeHus cUrHana ynpasneHus.

AneKkTpoMarHUTHOE pesie BPeMeHU O0TIMYaeTCA OT 06bIYHOIO pese
HanM4Mem Ha MarHMTONPOBOAe MArHUTHON TPy6OKM (rUnb3bl), KOTO-
pas n o6ecrneynBaeT BblLEPXKY BPEMEHWN pefie NPu OTKNOYEHUN ero
KaTyLW KW OT UCTOYHMKA MUTAHNS.

BkntoyeHne pene BpeMeHU NPOUCXOLUT, KaK Y 0ObIYHOTO 3/1eKT-
pOMarHMTHOro pene. Bbigepxka BpemeHun obecneunBaeTcs 3a cyeT 3a-
MeA/leHNA BO3BpaTa KOHTaKTHOW CUCTEMbI pesie B UCXOLHOE MO0Xe-
Hune n3-3a 6onee MefNeHHOrO cnajaHnsg MarHMTHOrO MOTOKa MPU CHA-
TUW C KaTYLW KN Hanps>XeHnsa. B COOTBETCTBUM C TAKUM MPUHLUNOM
LelicTBMA 31eKTPOMArHMTHOE pefie BpeMeHW o6ecneymBaeT Bblgepx-
Ky Npv pasMblKaHWW 3aMblKaloLWero KOHTaKTa u 3aMblKaHUW pas3mbl-
KaloLlero KoOHTakTa. Bbigepxka BpeMeHU pefie perynmpyertca nyTem
YCTaHOBKMW NaTyHHON HEMArHUTHOWM NPOKNafgKu CTyneH4aTo unv nnas-
HO 3a CYET U3MEHEHUNA HATAXEHUA MPYXUHbI.

MoTOpHOe (3NeKTpPOMEXaHUYECKOE) pene BPEMEHN B CBOel OCHOBE
MMeeT crneunanbHblii HU3KOCKOPOCTHOI ABUrartesb 1 pefykTop ¢ 60/b-
WKUM NepefaToyHbiM YMUC/IOM, Ha BbIXOAHOM Bajly KOTOPOr0O MOHTM-
pyeTca pblyar, Haya/nbHOE NOM0XeHNe KOTOPOro yctaHas/inBaeTca no
WKafie yCTaBOK BpeMeHMW pene. Polyar ynpasnseT paboToii Bcnomora-
TeNbHbIX KOHTAKTOB, KOTOPbIMU, B CBOIO OYepesb, BK/IHOYAETCS BbIX0O[-
HOE 3/IeKTPOMArHUTHOE pefie.

MexaHu4ecKoe pefe BpeMeHn MMeeT 3aMefi/INTeNb B BUAE aHKEePHO-
ro MexaHu3Mma, ynpaB/iseMoro afieKktpomardHutom. MNMpu nogave Hanps-
XEHUS Ha 3/leKTpOMarHuT (Hayano oTcyeTa BpeMeHu) ero AKopb 3a-
BOAMT MPY>XUHY aHKEpPHOro MexaHuW3Ma aHanorMyHo vyacosomy. lMo-
cnefHuWii, HayaB paboTaTb, nepemMeLyaeT NOABUXKHbIA KOHTaKT pene.
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3alMThl U CUTHANM3aLUM CaMblX pa3HOO6pa3HbIX YCTaHOBOK, a TakXe
KOMMYTauunn aneKTpuyecknx Lenein. O61acTb NPUMEHEHNA Pefie 0UeHb
Wwupokasa. OHM NCNONb3YHTCA B KayecTse KpsgutaluoHubpran”a™a-n
TOB, aTYMKOB TOKA, HAMPSAXXEHWA U MOLLHOCTM, NPIONEXYTOUHbIX 3/e-
MEHTOB A5 Mepefayn KOMaHfg M3 O4HON Lenu B ApPYryt U pasMHO-
XEeHUA CUTHANO0B, JaTYNKOB BPEMEHMN N Pa3NINYHbIX PU3NYECKUX Me-
peMeHHbIX U TEXHOJIOTUYECKUX NapamMeTpoB.

OTANMUMTeNbHO O0COBEHHOCTLIO pefnie ABMSETCA CKauykoobpasHoe
M3MEHEHWNE ero COCTOAHMA NPU JOCTMIXKEHUN BXOAHbIM BO3LEliCTBMEM
Ha Hero onpefeneHHOro ypoBHa. 1o cBoeMy UCMONHEHUIO pefie fe-
NATCA Ha 3N1eKTPOMArHUTHbIe (KOHTaKTHbIe), MNONYNPOBOAHUKOBbIE
(6eCKOHTAKTHbIE) U TepMeTUYHBIE.

Puc. 2.9. Cxema ycTpoiicTBa 3/1eKTPOMarHUTHOro pesne

3NeKTPOMarHMTHOe pefie Mo NPUHLMUNY CBOEro AeiCTBUS He OT/nYa-
eTCcsA OT KOHTaKTopa 1 paboTaeT cnegytolwnm obpasom (puc. 2.9). Ha cep-
LeYHVKEe 2 MarHUTHOW CUCTEMbI pefie HaXO4WTCA KaTyllKa Y, Ha KOTO-
pyto NofaeTcA BXOAHON aneKTpuyeckuii curHan. Korga 1ok (Hanpsxe-
HUE) B LEenu KaTywKn NPeBbICUT HEKOTOPOE 3HauyeHMe, Ha3biBAEMOe
TOKOM (Hanps)keHueM) cpabaTbiBaHUA pene, co3faBaemas UM 3JIeKTPo-
MarHMTHas cuna ctaHeT 60MblUe NPOTUMBOAENCTBYIOLLEN CUbl BO3BPaT-
HOl Npy>XuHbl 10, AKopb 3 pene NpPUTAHETCA K CEPAEUHMKY 2 1 TpaBepca
6, NOAHABLUMCH, 06eCreymnT 3amMmblKaHNe KOHTAKTOB 8H pa3MblKaHWe KOH-
TakToB 7. Cuna HaXaTna B KOHTaKTax co3faeTcs NpyXuHow 9.

Ecnu ymeHbWNTb (OTKNKOUYNUTL) TOK (HanpsaXeHue) B KaTyLlKe, TO
AKOPb MO AelicTBMEM NPYXMHbI 10 nepeiifeT B UCXOAHOE MOMOXKEHME
N KOHTaKTbl BEPHYTCA B «HOPMasbHOE» (MCXOAHOE) MosioXKeHue. ToK
(Hanps>xeHwue), Npy KOTOPOM AKOPb pene BO3BpaLLaeTcs B UCXOLHOE
MoNOXeHWe, HOCUT Ha3BaHue ToKa (HanpsXXeHusd) Bo3BpaTa Uan OT-
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MycKaHus, a OTHOLeHWe ToKa (HanpsXXeHuns) Bo3BpaTa K TOKy (Hanps-
XXeHUK) cpabaTbiBaHUA — KO3 (uULMeHTa BO3BpaTa perne.

Tok (HanpaxeHue) cpabaTbiBaHWA pene MOXeT peryinposatbes B
onpefeneHHbIX Npeaeniax MU3MeHeHWeM CUJibl HATSHXKEHUSA BO3BPATHONM
npy>XuHbl 10c noMowblo rakm 5, a TakXke 3a cyeT 3a3opa 5, Beinym-
Ha KOTOPOro MOXeT PeryampoBatbcsa C MOMOLLbIO BUHTA 4. Tpu 3aTAX-
Ke NpyxuHbl 10unn yBenuyeHnn 3asopa ToK (HanpseHune) cpabathbl-
BaHWA BO3pacTaerT.

MOCKONbKY KOHTaKTbl pene KOMMYTUPYHOT Hebonbwme (go 10 A)
TOKW, B HUX OBbIYHO He UCNOMb3YITCHA LYroracuTtefisHble Kamepsbl,
a KOHCTPYKLMUWN KOHTaKTOB MPOCThIE.

MpoMe>Ky TOUHbIE 3N1eKTPOMArHUTHbIE pefne NPUMEHATCA B OCHOB-
HOM 41 KOMMYTaLUy 3MEKTPUUYECKMX Lienein 1 pa3MHOXEHNS KOHTaK-
TOB APYruX 3/IeKTPUYECKMX annapaTos.

Pene Bpemenu npeacTaBnseT co60li yCTPONCTBO, KOHTaKTbl KOTOPOr0
3aMblKalOTCA UM Pa3MbIKAKOTCA C HEKOTOPOU BbIAEPXXKOW BPEMEHMN
nocne nonyyeHua cUrHana ynpasneHus.

AneKkTpoMarHWTHOe pese BPeMeHN OT/IMYaeTCa OT 06bIYHOTO pene
HanM4Mem Ha MarHMTONPOBOAEe MArHWTHON TPYOKM (FMAb3bl), KOTO-
pas n o6ecrneynBaeT BbIAEPXKKY BPEMEHUN pefie NPU OTKIOYEHUMN ero
KaTyLW KW OT MCTOYHMKA MUTAHNS.

BktoueHne pesie BpEMeHU NMPOUCXOAMUT, KaK Y 06bIYHOTO 3/1eKT-
poOMarHMTHOro pene. Bbigep)xka BpemeHun obecneynBaeTcs 3a CUeT 3a-
MeA/leHNA BO3BpaTa KOHTaKTHOW CUCTEMbI pesie B UCXO4HOe NOM0Xe-
HWe n3-3a 6onee MefIeHHOrO cnajaHnsg MarHUTHOro NOTOKa Npu CHA-
TUW C KaTYLW KN Hanps>XeHnsa. B COOTBETCTBMN C TAKUM MPUHLUMOM
LelicTBMA 3N1eKTPOMArHMTHOE pene BpeMeHu obecneunBaeT BblgepX-
Ky Npv pasMblKaHWM 3aMblKaloLWero KOHTakTa v 3aMblKaHUU pasMbl-
KaloLlero KOHTakTa. Bbigepxka BpeMeHU pefie perynupyercs nytem
YCTaHOBKM NaTyHHON HEMArHUTHOW NPOKNafKu CTyneH4yaTo Uan nna.-
HO 3a CYET U3MEHEHUNA HATAXEHUA MPYXUHbI.

MoTOpHOe (3NeKTpOMexaHUYeCcKOoe) pene BPEMEHW B CBOE OCHOBE
MMeeT crneunanbHblii HU3KOCKOPOCTHO ABUratenb 1 pegyKTop ¢ 60/b-
WKM NepesaToyHbIM YUC/IOM, Ha BbIXOLHOM Basly KOTOPOro MOHTH-
pyeTcsa pblyar, Haya/libHOEe NOJIOXKeHKe KOTOpOoro yctaHaB/MBaeTCcs no
WKafie yCTaBOK BpeMeHM pene. Pbluar ynpasnseTt pa6oToii Bcmomora-
TeNbHbIX KOHTAKTOB, KOTOPbIMU, B CBOIO 0Yepefb, BK/IHOYAETCA BbIXOL-
HOE 3/IeKTPOMArHUTHOE pefie.

MexaHn4ecKoe pene BpeMeHn MMeeT 3aMef/INTe b B BUE aHKEPHO-
ro MexaHu3Mma, ynpaB/iieMoro 3/ieKTpoMarHuTom. Mpu nogaye Hanpsa-
XEHUS Ha 3NleKTpOMarHuT (Hayano oTcyeTa BPeMeHU) ero aKopb 3a-
BOAMUT MPY>XUHY aHKepHOro MexaHuW3Ma aHanorMyHo yacosomy. Mo-
cnefHuii, HayaB paboTaTb, nepemellaeT NOLBUXKHbIA KOHTaKT pene.

37



Mocne 3agaHHOr0 BpeMeHU, ONpeaensieMoro noaoXeHuem (yCTaBKoiA)
HEeNnoABMXHOI0 KOHTaKTa pese, NPoM30iAeT 3aMblKaHWe KOHTaKTHOM
cucTeMbl, UTOonpeaennt KoHel otcueTa Bpfjfl*mpressor Free Version

HekoTopble MexaHUUeckue pene BPEMEHU YNPaBAAOTCA HE 3NEKT-
pOMarHMTOM, a NOABMIXKHOW YacTbi0 KOHTakTopa. B atom cnyuae 3a-
NycK B paboTy aHKEPHOro MexaHu3Ma MPoUCXOAUT cpasy Xe nocne
BK/OYEHNA KOHTakTopa. Takue pene BpeMeHW NOAYyUYUNN Ha3BaHUe
MasTHWKOBbIX.

ONeKTPOHHbIE pene BpeMeHN 06bIYHO B CBOMX CXeMax UCMOMb3YIOT pas-
NNYHbIE NOMYNPOBOAHWNKOBbIE 3/1eMeHTbI (Yalle BCero TpaH3NCTOPHbIE)
M KOH[EeHcaTopbl, Bpems pa3paga vuiaun 3apaga KoTopbiX v onpepenset
BbIAEPXKY BpeMeHU. X BbIXO4HOW Kackaj peann3yeTcs Ha 06blYHOM
3N1eKTPOMArHUTHOM pene.

Pene BpemeHn € repMeTUYHBLIMW KOHTAKTaMn UMelT Ty 0CO6eH-
HOCTb, YTO MX KOHTAKTbl FepMeTU3NPOBaHbI U OHWN ABAAIOTCA OAHO-
BPEMEHHO 1 YacTbi0 MarHMTONpoBoga pene. NepmeTn3aLna KOHTaK-
TOB NMOBbILWAET NBHOCOCTONKOCTb U HaAEXHOCTb pene B paboTte. B Ha-
cTosiLlee Bpems pa3paboTaHbl repMeTUYHbIE KOHTaKTbl (TEPKOHbI) Ha
TOKW BKAOYeHUA o 180 A, Toku oTKAOYeHNs o 60 A npyu HOMUHaNb-
HOM TOKe 6,3 A.

Pene makcnmanbHOro TOKa NpejHasHavyeHbl 415 3aWuTbl KOHTPO-
NMPYeMbIX Lienei n yCTPOCTB OT NOBbILIEHWNS TOKA CBEPX ONpeseNeH-
HOM BENNYUHDI.

Pene aBTOMaTWKK, 3alWUTHI U CUTHANU3ALUN UMEIOT CaMOe pasHo-
obpasHoe Has3HauyeHue n ucnonHeHue. K Hanbonee ynotpe6niseMbim B
CXemMax 31eKTpocHabXeHns, aBTOMaTUKM U 3alMNT OTHOCATCA pene
aKTUBHOW M peakTUBHON MOLLHOCTW, pefie cyeTa UMNYNbCOB, pene
CUrHanusauuu v T.4.

KomMMyTaLMOHHbIe 3feKTpUYeCcKue annapaTbl BbICOKOTO HaNpPsHKEHUS.
BbiknouaTenn npegHasHavyeHbl 415 BbIMOMIHEHUSA ONepaTMBHON 1 aBa-
PUIAHON KOMMYTaLUumM B CUCTEMAX 3NIEKTPOCHABXKEHNA U BKIIOUYEHNA
M BbIK/KOYEHNA OTAENbHbIX 31eKTPUYECKUX Lienelt 1 Harpysox.

MacnsHble BbIKNHOYATENN XapaKTepu3yTca TeM, YTO rawleHne BO3-
HUKaloLWen Npyu paspbiBe 3MEKTPUYECKON Lenun ayru NpoucxXoanT ny-
TeM ee 3P PEKTUBHOTO OXNAXKAEHMSA B MOTOKE ra3onapoBoil cMecu, Bbl-
pabaTbiBaeMoWi Lyroii B pe3ynbTaTe pa3fioXKeHUs U MCnapeHus macna.
Bbik/itoyaTenn 3Toro tuna Aensatcd Ha 6akoBble (MHOT006bEMHbBIE),
B KOTOPbIX Mac/i0 UCNOMb3yeTCcsa ANA raleHns gyrn m u3onaunm To-
KOBeAYyLWMNX YacTell 0T 6aka, 1 Manoob6beMHbIe (ManoMacnsHble), B KO-
TOPbIX MAc/n0 MCNOMb3yeTCA TOMbKO A1A raleHna oyrm n n3onauum
KOHTaKTOB O4HOr0 Mo/toca.

3NeKTPOMArH/ T Hble BbIKNOUYATENN OTKA0YAKOT Lenun nyTeM ux pas-
MbIKAHWS CHayana rnaBHbIMU, a 3aTem LyroracuTe/lbHbIMU KOHTaKTa-
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MU, UMeLWNMIK gyroracuTesnbHble Kamepbl. s raweHns oyrm npu-
MeHfAeTCA TaK Ha3biBaeMoe MarHMTHOe AyTbe.

BaKyyMHble BbIKMIOYaTENN XapaKTepu3yrTCA TEM, YTO ralleHue gyru
NMPOUCXOLAUT B BaKyyMe.

Bo3gyLiHble BbIKNoYaTeNW. B BbliKOUaTenax aToro Tuna raweHue
4y NPOUCXOAMT nojaveli B fyroracuTesibHble YCTPOCTBA CXKATOro
BO3AyXa npu faBneHun 6-8 MMa. 3TOT TMN BbIKAOUaTeNel NPUMeHS-
€TCH B KAYECTBEe CETEBbIX Ha HaNpsaXXeHue 6 KB 1 Bbile, reHepaTopHbIX
BbIK/lOYaTENEl Ha HanpskeHue 6—27 KB, BbikoyaTeneii na anekT-
poTEPMUYECKMX YCTAHOBOK Npun HanpsaxeHun 6—220 kB v B page apy-
rMx cnyyaes. [1n5 3N1eKTPUYeCKUX cucTem ¢ HanpsxeHmem 350-500 kB
npuMeHseTcs gpyras gyroracawas cpefja — aneras, NpeicTaBAs0LWmii
coboli wecTugTopnctyto cepy (SF6 n obnagatouinii 60nee BbICOKON
3N1EKTPUYECKON NPOUYHOCTLHO.

PasbeVHUTENM MPUMEHAIOTCA 4N1A KOMMYTaLuumn, OTKIIOYEHUA 1
nepekntoYeHns 06eCTOYEHHbIX 3N1EKTPUYECKMX Lieneli U, B HaCTHO-
CTW, NS OTAENIeHWS Ha BpPemMsa PEMOHTA UM PeBU3UUN 3MEKTPO06O-
pPyLO0BaHNA OT CMEXHbIX YCTAHOBOK U IMHWIA, HAXOAALWMXCA NOA Ha-
npsXxeHnem, n obecrneyeHUs nNpu 3TOM BUAMMOTO paspbiBa Mexay
HUMW. PasbeguHNTeNN BbINYCKATCA A1 BHYTPEHHEN U Hapy>XHON
YyCTaHOBKM.

OTaemmTenb CAYXMUT 415 OTKIOUYeHUs 06eCTOUYEHHON Lenun BbiCO-
KOro HanpshkeHus 3a Hebonbwoe (He 6onee 0,1 c) Bpems, Ana Yero
CHab>kaeTcsa ObICTPOAENCTBY O MM MPUBOSOM.

KopoTKo3amblkaTenb CYXUT AN Co3faHUsd UCKYCCTBEHHOTO KO-
POTKOrO 3aMblKaHWA B LLeNW BbICOKOr0 HanpaxeHus. Mo cBoei KOH-
CTPYKLMMN OH NoA06eH 3a3eMNsA0LWeMy yCTPONCTBY pasbeAnHUTENS, HO
CHab)keH GbICTPOAENCTBYOLWMM NPUBOLOM.

2.3. AHAJIOTOBbIE 9/IEMEHTbI N YCTPOWCTBA
YNPABNEHNA

Pa3BuTnE 3NEKTPOHUKN U MUKPOINEKTPOHUKN ULET MO NyTU COo-
30aHUA UHTErpuMpOBaHHbIX 31EMEHTOB U YCTPONCTB, YTO MPUBENO K
c03faHNto0 nHTerpanbHbix cxem (MC) 1 ycTpolicTB ynpaBneHns Ha ux
OCHOBe. NHTerpasbHbIMM Ha3biBAOTCA MUKPOCXEMbI, 3/1EMEHTbI KO-
TOPbIX: TPAH3UCTOPbI, ANOAbI, PE3UCTOPBI U Ap. — Hepa3pbIBHO COeAN-
HeHbl 3/IeKTPUYECKMN, KOHCTPYKTUBHO 1 TeXHoMornyecku. Konnyectso
3/1EMEHTOB B COBpPEMeHHbIX VIC MOXeT JoCTUraTb HeCKOIbKUX ThiCAY
n 6onee Ha O4HOM NMONYNPOBOAHUKOBOM KpucTanne, a camun UC mo-
ryT cogep>atb 04WH Unn 60nee Taknux KpucTanios.

VIHTerpasnbHble CXeMbl KTaCCUPULMPYIOTCA N0 HECKONbKUM MPU3Ha-
KaMm: BUAY 3NeKTPUYECKUX CUTHAI0B (aHaI0OroBble U LN POBLIE), PYHK-
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LMOHANbHOMY Ha3HaYeHWUIo, CTeNEHN UHTErpawLum, 6bICTPOLECTBNUIO,
notpe6nsemoi MowHocTH u gp. OTAENbHYIO rpynmny NoaynpoBOLHUKO-
BbIX YCTPOICTB 06pa3ytoT ONTO3/IEKTPOHHbIE npBfgpjtopressor Free Version

Orroa/IeKTPOHHB E MPVO0PbI ABNAI0TCA NPUG0PaMK, YyBCTBUTE bHbI-
MW K 3M1eKTPOMarHUTHOMY W3/7YYEHUIO B CNEKTPanbHOM gManas3oHe oT
MHPaKpPaCHOro 40 YNbTpa(uroNeToBoro, Man N3NyvarT 3ieKTpomMar-
HUTHYIO 3HEPTUIO B TOM Xe Aunana3oHe. ONTO3NEKTPOHHbIE NPUBOPSI
LW MPOKO UCNONL3YITCA AN14 nepefayn, 06paboTKM M 0TOBPaXKeHUA UH-
thopmauum, a TakxKe B pa3/IMyHbIX YCTPONCTBAX NpyU HEOBXOAMMOCTH
ranbBaHWMUeCcKOW pa3BA3KN MeXAY 31eKTPUYECKUMU LensiMun, Hanpuvep
MeXJy CXeMOR ynpaBfieHNS U CUN0BOW YacTblo CMN0BOT0 Npeobpaso-
BaTeNs 3NeKTPo3Heprumn. NprnMeHeHne Haxo4aT ceaytoLme Buabl on-
TO3NEKTPOHHBIX NPUGOPOB.

1. CeeTousnyvatowmnii guog (CUL) — 3To NonynpoBOLHUKOBLIN
anop, npegHasHayeHHbI 4 npeobpa3oBaHMs 3NeKTPUYECKOi aHep-
FMN B 3HEPTUIO CBETOBOrO M3y4yeHUs. OHM B OCHOBHOM MPUMEHAOT-
CA ANA WHAMKALWW FOTOBHOCTU 3NEKTPOTEXHUYECKUX YCTPOUCTB K
paboTe, cMrHanM3aLMn 0 HANUYNMN HA HEM HanpsHKeHUs, aBapuinHbIX
CUTyaumnin n apyrux COCTOSHUIA pasnnyUHbIX 06bEKTOB.

2. NHpakpacHblil n3nyvatowmii gnog (MK-gnop) — ato nonynpo-
BOAHWKOBbI AMOA, KOTOPbIA NPW NMPOTEKAHUMW MO HEMY MPSMOro TOKa
M31y4aeT 3IEKTPOMArHUTHYIO 3HEPTUI0 B MUHDPaKpacHOM AnanasoHe.
3TO n3nyyeHne He BOCNPUHUMAETCA YE/OBEYECKMM [1a30M U MOXET
permcTpupoBaTbCs NMWb GOTONPUEMHUKOM, YYBCTBUTE/IbHBIM K CO-
OTBETCTBYHOLLEN NMONOCE CNEeKTpa.

MpuHuKMN paboTbl, NCNOIHEHUE N OCHOBHbIE 06/1aCTN NPUMEHEHUS
y WK-gnopos aHanoruyHel CU . Kpome T0ro, OHM NpUMeEHAOTCA B
YCTPOWCTBAX U NMHUAX, TPEOYIOLLMX ONTUYECKOI CBA3N UMW ranbBa-
HUYECKOM pa3BsA3KM, a TaKXe B pasIMYHbIX JaT4yMKax KOHTPONS U aB-
TOMaTUKWN TEXHONOTMYECKNX NPOLECCOB.

3. doTOpe3ncTOp — NONYNPOBOLHMNKOBbIA NPpM6OpP, CONPOTUBEHME
KOTOpPOro MEHAETCH B 3aBMCMMOCTM OT ero OCBEL,EHHOCTHU.

4. ®oToanoL — AMoA4, NPOBOAMMOCTb KOTOPOrO BO3HMKAET Npwu
BO34EeMCTBMU HA HEro N3Ny4yeHUs B ONTUYECKOM [Manas3oHe.

5. ®oTOTMpPUCTOP — NPUBOP, KOTOPbLIA MEPEXOANT U3 OJHOTO YCTON-
4YMBOrO COCTOAHMA B APYroe B pe3y/bTaTe BO3AENCTBMA Ha HEro CBETO-
BOr0 MOTOKa.

6. POTOTpaH3NCTOP — NOAYNPOBOAHUKOBLIA Npubop, fencTBNE KO-
TOPOro OCHOBAHO Ha MUCMO/Mb30BaHNMN ABNEHNSA BHYTPEHHEr0 adhheKTa.

7. OnTonapa —3TO ONTO3/IEKTPOHHbIA MOAYNPOBOAHUKOBBIA MpK-
6op, cocToAWMIA M3 U3NyvarLwero n POTONPUEMHOT0 3/1EMEHTOB,
MeXAy KOTOPbIMU eCTb ONTUYECKas CBA3b U 06ecneyveHa anekTpuyec-
Kasa nsonauuna (ranbBaHnyeckas passaska). Misnyyatenem B ontonape
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mMoxXet cnyxute CU A, WK-gnoa nnm ceepXxMuUHMaTiOpHasa n1amnoyvka
HakanuBaHuA. B 3aBUCMMOCTU OT BUAA (PDOTOMPUEMHOIO 3/IeMeHTa
pasnunyaloT pe3ncTopHbIe, AUOAHbIE, TPAH3UCTOPHbLIE U TUPUCTOPHbLIE
onTonapsl.

AHanorosble 31eMeHTbl M YCTPOWCTBA OMEPUPYHOT C HEMPEPbIBHbI-
MW (aHaI0roBbIMUN) 3NEKTPUYECKUMM CUTHANaMN. OCHOBHbLIM 3/IEMEH-
TOM aHaNnoroBbiX YCTPOWCTB yNpaBieHNs ABAAETCA OnepaluoHHbIl
ycunutens OY, Ha 6a3e KOTOPOro Co3f4atTCs pas/inyHblie perynatopsbl
M PYHKLMOHaNbHbIE Mpeobpa3oBaTenm 3afeKTPUYECKUX CUTHAMOB.

Puc. 2.10. Cxema onepaunmoHHOro ycunurens

OrepalyioHHb I YOWTESb npeacTaBnseT co60M yCunnTens nocTo-
AHHOrO TOKa C 601bWNM KO3 (ULNEHTOM YCUNEHNA (A0 TbICAYU U
6onee), 0XBauyeHHbI OTpULLATENbHOW 06paTHON cBA3bID. Cxema OY
npueefeHa Ha puc. 2.10, rge yepes Z,,,....... 0603HaYeHbl KOMNJIEKC-
Hble B 00OLLEeM CnyYyae aKTUBHO-eMKOCTHbIe BXOAHbIE CONMPOTUBAEHMNA
OY, a 2"c— KOMM/EKCHOe CONPOTUB/EHNE LEenn o06paTHOR CBA3MN.
OnepaynoHHbI YCUNUTENb B 3TOM Clyyae OCyLlLecTBAAeT npeobpaso-
BaHWe BXOAHbIX CUTHaN0B £/10 B COOTBETCTBUM C BblpaXKEHNEM

T
nw =-7.y
I ~Bu
rge T — KOJINYeCTBO BXOLHbIX CUTHAMOB.

B npocTeliwem cnyyae, Korga Ha Bxog OY nocTynaet Of4UH BXOf-
HOW curHan U,,, a O,c=/?,,cn 2~,=J1,, nMeeT MecTO crefytouiee npe-
obpasoBaHune curHana:

— NImAT-m"7,

T.e. OCYLLECTBNAETCH €ro YMHOXEHWEe Ha KOIPPULUMEHT K=~C U
"

M3MeHeHMe 3HaKa Ha MPOTMBOMONOXHBIA. Mpn /i (K=1) nmeet

MeCTO TaK Ha3blBaeMOe MHBEPTMPOBAHME BXOAHOMO CUTHANA MO 3HAKY.
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LMOHANbHOMY Ha3HaYeHUH0, CTENEHN MHTerpaummn, 6bICTPOAeRCTBUIO,
notpe6nsemMoli MowHocTH u gp. OTAENbHYIO rpynny NoaynpoBOAHUKO-
BbIX YCTPONCTB 06pa3ytoT ONTO3NEKTPOHHbIE MPUBOPSI.

OnTo3NeKTPOHHbIE Npubopbl ABnAoTca npH ro”iral YyifcWifiofbYFSP-1011
MU K 3N1EKTPOMarHUTHOMY U3/TyYEHUIO B CNEKTPasbHOM AManasoHe oT
MH(PAKPACHOTO0 40 YNbTPathnoneToBOro, AN M3Ny4valT aneKTpomar-
HUTHYI0 3HEPTUI0 B TOM Xe gnanasoHe. ONTO3NeKTPOHHbIe Npnubopsl
LWWMPOKO UCNOMb3YKTCA A5 nepegayn, o06paboTky n 0TOOGPaXKeHNS NH-
thopmanum, a TakxKe B Pa3/INYHbIX YCTPONCTBAX NPU HEOBX0AMMOCTH
raibBaHMUeCcKOoW pa3BA3KM MeXAY 3NEKTPUYECKUMM LensaMu, Hanpumep
MeX/y CXeMOI ynpaBfeHUs U CMI0BOIN YaCTbio CUIOBOrO Npeobpaso-
BaTeNs 3NeKTPO3Hepruu. NpuMeHeHne HaAXOAAT CnefyoL e BUabl on-
TO3/IEKTPOHHbIX NPMOOPOB.

1. CeeTousnyvatowmii gnog (CUL) — 3To NonynpoBOAHUKOBLIN
anop, npegHasHayeHHbI ans npeobpa3oBaHMs 3N1eKTPUYECKO aHep-
FMN B 3HEPTUIO CBETOBOrO M3Ny4yeHUs. OHNM B OCHOBHOM MPUMEHAOT-
CA OANA WHAWKALWW FOTOBHOCTU 3N1EKTPOTEXHWYECKUX YCTPOWCTB K
paboTe, cMTHanM3aLMmM 0 HANUYUM HA HEM HanpsHKeHUA, aBapuinHbIX
CUTyauuin n gpyrux COCTOAHMIA pasnnyHbiX 06BHEKTOB.

2. NHpakpacHblil nsnyvatowmii gnog (MK-gnop) — ato nonynpo-
BOAHWKOBbI AMOA, KOTOPbI/ MPW NMPOTEKAHUMW MO HEMY NPSMOro TOKa
M31yYaeT 3/IEKTPOMArHUTHYIO 3HEPTUI0 B MH(DPAKPacHOM AnanasoHe.
3T0 n3nyyeHne He BOCNPUHUMAETCA YE/I0BEYECKMM [/1a30M U MOXeT
pPerncTpupoBaThCA NNW b (OTONPUEMHUKOM, YYBCTBUTE/bHbIM K CO-
OTBETCTBYHOLLEl MOAOCe CNEKTpa.

MpuHunn paboTbl, UCNONHEHNE N OCHOBHble 06/1aCTU NPUMEHEHUSA
y WK-gnopgos aHanornyHel CUJ. Kpome T0ro, OHM NPpUMEHAIOTCA B
YCTPONCTBAX U NMHUAX, TPEBYHOLLMX ONTUYECKOWA CBA3N UMW ranbBa-
HUYECKONM pa3BA3KMW, a TaKXe B pasIMYHbIX AaTYMKax KOHTPONS U aB-
TOMaTUKWN TEXHOMOTMYECKNX NPOLECCOB.

3. ®oTOpe3McTOop — NONYNPOBOAHMNKOBbLIV NpMboOp, CONPOTUBNEHME
KOTOPOro MeHAEeTCs B 3aBUCMMOCTM OT €ro OCBELLEHHOCTHU.

4. doToaunogL — AMOA, NPOBOAMMOCTb KOTOPOrO BO3HMKAET Npwu
BO3JE/CTBMM HA HEro N3NYYEeHUS B ONTUYECKOM [Manas3oHe.

5. ®oTOTMPUCTOP — NPUBOP, KOTOPLIA NMEPEXOAUT M3 OJHOMO YCTONA-
4YMBOrO COCTOAHMA B APYroe B pesy/bTaTe BO3JENCTBNA HA HErO CBETO-
BOr0 MOTOKa.

6. PoTOTpaH3MCTOP — NOYNPOBOAHUKOBLIN Npnbop, AecTBue Ko-
TOPOro OCHOBAHO Ha MCMONb30BaHUMN ABNEHNSA BHYTPEHHErO a(h(heKTa.

7. OnTonapa —3TO ONTO3/1IEKTPOHHbIA NONYNPOBOAHNKOBbIA NpU-
60p, COCTOAWMA M3 U3NyyaKLwero 1 POTONPUEMHOTO 3/1eMEHTOB,
MeXAy KOTOPbIMU eCTb ONTUYECKan CBA3b U 06ecrneyeHa aneKTpuyec-
Kasa nsonaumna (ranbBaHnyeckas passaska). M3nyyatenem B ontonape
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MoXeT cnyXxunte CU A, NK-gnog nnm cBepXxMuUHMUATIOpHaa naMnoyka
HakanuBaHuA. B 3aBUCMMOCTU OT BUAA POTONPUEMHOrO 3/IeMeHTa
pasfnyaloT pe3nCTOpHbIE, AUOAHbIE, TPAH3UCTOPHbLIE U TUPUCTOPHbLIE
onTonapsl.

AHanorosble 3/IeMeHTbl U YCTPOKCTBA ONEPUPYIOT C HEMPEPbIBHbI-
MW (aHasoroBbIMM) 3NEKTPUYECKUMUN CUTHATaMU, OCHOBHbIM 3/IeMeH-
TOM aHafnoroBbiX YCTPOWCTB ynpaBieHUa SBASETCA OnepaluoHHbIl
ycunutens OY, Ha 6a3e KOTOPOro co3fatoTcsa pas/inyHblie perynatopsl
M OYHKLMOHANbHble Npeobpa3oBaTenmn 3IeKTPUYECKNUX CUTHASOB.

Puc. 2.10. Cxema onepaunoHHOro ycunurtens

OnepawumoHHbIA yeunutenb npeactasnseT co60i ycuamTenb NocTo-
AHHOTO0 TOKa C 60NbWMNUM KOIMDULNEHTOM YyCUNEHUA (4O ThiCAYM U
6onee), 0xBayeHHbI oTpuLaTenbHOl 06paTHOl cBA3bID. Cxema OY
npuBegeHa Ha puc. 2.10, rge yepes 2%,,,..., 2, 0603Ha4YeHbl KOMMIEKC-
Hble B 06l EeM ClyYyae aKTUBHO-eMKOCTHbIe BXOAHbIE CONPOTUBEHNSA
OY, a Zoe— KOMM/IEKCHOE COMPOTUBAEHMNE LEeNn o06paTHOWR CBA3MN.
OnepawuuOHHbIA YCUNUTENb B 3TOM C/lyyae OCYLLeCTBAAeT npeobpaso-
BaHWe BXOAHbIX CUTHanoB U,, B COOTBETCTBUU C BblpaXKEHNEM

™
u =-z
I ~BX1
r4e T — KOJINYEeCTBO BXOL4HbIX CUTHAMOB.
B npocTeiiwem cnyvae, Korga Ha Bxog OY nmocTynaeT OAUH BXOA-
Hoi curHan U,,, a ™ >=/?acn 2”°,=/?,, UMeeT MecTo cnegytolee npe-
o6pasoBaHue curHana:

T.. OCYLLECTBNSAETCA €ro YMHOXEHUWEe Ha KO3 PUUUEHT n
"

M3MeHeHMe 3HaKa Ha NPOTMBOMNOMOXHbBIA. Mpu =/, (Jt=1) nmeet

MeCTO TaK Ha3blBaeMOe UHBEPTMPOBAHMNE BXOLAHOMO CUTHANA MO 3HaKY.
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Ecnn Za”Rox n Zni=Kxh 1o OY cymmupyeT nojaBaeMble Ha HEro
3NEKTPNYECKNE BXOAHbIE CUTHANMbBI C O,D,HOBpr{MEHHbIM YMHOXEHUEM KX

Ha COOTBETCTBYHOLWMNA KOIDDUUNEHT K, = 4?fcFW H I|ressor Free Version
i

mna=-"£un uxk,
I

Mpu BKAOYEHUM BO BXOAHbIe Lenu v Lenu obpaTHbIX CBA3ER Ha-
pagy ¢ pesucTopamu Takxe U KoHgeHcaTopoB OY Mo3BONAKOT OCyLLe-
CTBNATb W ApYyrue npeobpa3oBaHns BXOAHbLIX CUTHANOB, HEO6X0AUMble
ONA NONYUYEHUS HYXXHbIX YNPaBAAOLWMUX BO34ENCTBUIA B CXeMax ynpas-
NeHNA N aBTOMaTUKN. Takue CXemMbl MOMYUYUIN Ha3BaHWE PerynaTopos.
B 1abn. 2.2 npuBefeHbl HEKOTOPbLIE pacnpoCTPpaHeHHbIe CXEMbIl U Xa-
pPaKTEPUCTUKUN PerynaTopos ¢ ucnonb3osaHvem OY.

MponopuuoHansHelil M-perynaTop (CM. NepByk CTPOKY Tabn. 2.2)
OCYLLEeCTB/IAeT MPONOpPLMOHaNbHOe Npeobpa3oBaHne BXOLHOIO CUrHana

n
C KOSdJ(*)VILI.VIeHTOM K= n MHBEPTUPOBaHWEM 3HaKa BXOAHOTO

curHana. B cronbue 5tabn. 2.2 nokasaHa 3aBUCMMOCTb U3MEHEHUSA BO
BPEMEeHM BbIXOLHOrO curHana lM-perynatopa npu nogaye Ha Hero CTy-
MeHyaToro BXOA4HOro CUrHana B MOMEHT BPEMEHW  Ha3biBaemas ne-
PeXOLHON (hyHKLME.

Cxembl N XapaKTepucTUKN UHTerpansHoro U-perynaropa, gudde-
peHuUuansHoro [l-perynaropa, anepuofumyeckoro A-perynaropa, nponop-
LMOHanbHO-UHTerpansHoro (M), nponopunoHabHO-audepeHLmansHoro
(NA4) v nponopunoHanbHO-UHTErpanbHo-guddeperymnansHoro (M)
PerynsiTopoB TakXXe NpuBefeHbl B Tabn. 2.2.

OnepaynoHHbIe YCUIUTENN LWWPOKO UCMOMb3YIOTCA TaKXKe B CXe-
Max KoMnapaTopoB, hopMupoBaTesneli UMNyAbCOB, FeHepaToOpoB afnekK-
TPUYECKUX CUTHANO0B, OFpaHNYunTeneld, yCMamTenein n B0 MHOTUX 4py-
rMx ycTpoicTBax.

Mpumepom peannsaLun CepuitHbIX aHaN0roBbIX CPeACTB ynpasne-
HUA U UX GYHKLUWIA ABMnack pa3paboTka yHUDULMPOBaHHOI 610YHON
cuctembl perynuposaHus (YBCP) B Buge cepun YBCP-A (Ha 06bly-
HbIX 3/leMeHTax 3/1eKTPOHUKN) 1 3aTem cepun YBCP-AW (Ha uHTer-
panbHbIX MUKpOCXemax), KoTopas npefHasHayanacb rnaBHbIM 06pasom
ONF NPUMEHEHMNA B CXeEMax aBTOMATUKKN. PYHKLWOHaNbHbIE Npeobpa-
3oBaTtenun, exogduwmne B coctaB YBCP-AW, no3B0NAHOT BO3BOAUTL B
KBagpaT W W3BAeKaTb KBafpaTHbIi KOPEeHb M3 BXOLHOr0O CUrHana,
YMHOXaTb W [e/INTb BXOLHbIE aHA/I0r0Bble CUTHAa/bI, BbILENATbL MOLY/b
curHana, GopMupoBaTh Pas3/inuHble HENMHENHbIE 3aBUCMMOCTU MEX-
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CxeMbl perynsaTopos

Tabnuua 2.2
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Ly BXOAHbIM W BbIXOAHbIM CUTHanaMmu. 3T npeobpasoBaTe/in Takxe
peann3oBaHbl Ha 6a3e 04HOr0 UNU HeCcKoNbkux OY.

Momumo atoro, B coctaB YBCP-AW BXoAAaT KOMaHAHble (3aja-
oW ne) ycTpoicTea, 3agaTynkym MHTEHCUBHOCT ¢ ? U, gatunkWh
TOKa W HanpsXXeHwus, yCTPOCTBa COracoBaHuUs, A4eikn raabBaHnyec-
KO pa3BA3KN U (YUNbTPOB.

2.4. QUCKPETHbIE 3/IEMEHTbI U YCTPOWCTBA
YMNPABJNEHNA

TeHpeHUMed pa3BUTMA CUCTEM YNpaBleHUs WM aBToMaTu3auuu
ABNAETCA WMNPOKOE NMPUMEHEHUE B HUX AUCKPETHbLIX 3/IEMEHTOB U
YCTPOWCTB. Takme cXembl, NONYYMNBLUNE Ha3BaHWEe LMKPOBbIX, Xapak-
TEPU3YIOTCA BbICOKMMMW TOYHOCTbIO, ObICTPOAENCTBMEM U HAAEXHOC-
Tbto B paboTe, MasibiM 3HEPronoTpebeHNEM 1 XOPOLLEA MOMEXOYCTOM-
YMBOCTbIO. LindhpoBble CXeEMbI yNpaBieHNs eCTECTBEHHbIM 06pa3oM Co-
yeTtaroTca ¢ ABM, cocTaBnfag ¢ HUMU eNUHYIO0 aBTOMATU3NPOBAHHYO
CUCTEMY yNpaBaeHNa TEXHOIOTUYECKUM MPOLLEeCCOM, NPeanpUaTUem
WK 0TPacnblo.

B HeKOTOpbIX cnyyasx LenecoobpasHo co3faHne CMeLlaHHbIX, Lud-
poaHanoroBbliX CXeM, coyeTaloWwux B cebe Hamnyylwmne CBOMNCTBA aHa-
NOTOBbIX W AUCKPETHbLIX 3/IEMEHTOB M YCTPONCTB.

Tpurrep aBngetTcsa O4HUM 13 Hanbonee pacnpPoCTPAHEHHbIX 3/1EMEH-
TOB LM POBbLIX YCTPONCTB yNpaBneHuns, 061ajaroLimnx ByMsa yCTORYM-
BbIMWU COCTOSAHUAMMU 1 CMOCOOHBIMW CKAYKOM MEPEXOAUTb U3 OQHOTO
COCTOAAHMA B APYroe noj BO3AeiCTBMEM BHELUIHEro ynpaBAAatoLLero
curHana. Tpurrep MOXeT paccMaTpMBaTbCA Kak afieMeHTapHaa Aauei-
Ka namsaTun, KoTopas MOXeT XpaHUTb 16UT nHpopmaLum, T.e. OH MO-
XET 3aNOMHUTb NPefBapUTEIbHO YCTAHOB/EHHbI B HEM YPOBEHb /10~
rmyeckoro curHana 0 unm 1u coxpaHATb 3TOT YPOBEHb O MOMEHTa
HoBOIi 3anucu. C Mcnonb3oBaHWeM TPUTTEPOB CTPOATCA pasNnyHble
NOTUYeCKNEe W BbIYNCNUTENbHbIE Y3/bl, a TaKXe TeHepupylolme
ycTpoiicTBa 1 ycTpoiictea namaTu. Mo cnocoby 3anucy nMHGopmaymm
pasnnuaroT cnegyrolme TUnbl TpUrrepos: JS1-3=tpurrep, Y-Al-tpurtep,
[-Tpurrep, 7-Tpurrep, xapakTepucTuky KOTOpbIX NOAPOOHO paccMoT-
peHbl B [26].

BbluncamTenbHble yCTpoiicTBa. OTW YCTPOCTBA NpejHa3HauYeHbl 4Ns
BbIMOMHEHWNS Pa3/INYHbIX apuMeTMUeCKnX onepaumnin. Beluncauteno-
Hble OnepaLmMmn BbINOMHAIOTCA B LM(POBbIX Y3/1aX HA OCHOBE BONYHOV
(umndpel 0 n 1), BOCbMepUUHOI (Lndpbl 0T 0 40 7) MK LWECTHAALATK-
puyHoin (umdpbl oT 0 4O 9 M WeECTb NaTUHCKNX OYKB — A (gecsTb),
B (oguHHapuate), C (aBeHaauats), 2) (TpuHaguats), £ (YeTblipHaALaTh),
/'(naTHaguaTb)) cucTem cymcneHus. LWectHaguatmpruyHas n BOCbMU-
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pYUYHas CUCTEMbI MO3BO/IAKT OCYLLECTBAATL 60ee KPaTKy U YA06HYH0
3anucb MHOpPMaL MK B LBOUYHON hopme.

K BblYMCAUTENbHBIM YCTPONCTBAM OTHOCATCA CHETUMKM, CYMMATO-
pbl ¥ KOMMapaTopbl (YCTPOWCTBA CPaBHEHNS).

CueTunk. 3T0 LU pPOBOI y3en, NnpegHasHauyeHHbI 4158 noacyeTa
ymucna BXOAHbIX curHanoB. OHW nogpasfensaoTca Ha CYMMUpYyloLmne,
BblYMTAlOLWMe N PEBEPCUBHbIE. PeBepCMBHbIE CUETUMKM 0becneymBa-
0T KaK CYMMWPOBaHMWe, TaK U BblYUTaHWe YUCES, a BbluMTarolme —
TO/IbKO BblYMTaHMeE.

CymmaTop. OTOT UM(POBOW y3en BbIMOMHAET ONepaLnto cnoxe-
HUs aByx yucen. O6bIYHO cymMaTop npeacTaBnseT coboii COBOKYN-
HOCTb 04HOPa3PAAHbIX CYMMUPYHOLLMX CXeM, paboTaloLmMx B COOTBET-
CTBUU C Tabnuuein 4BONYHOTO CNoXeHUa. CyMmMaTopbl MO3BONAIOT
OCYLLeCTBNATbL M ONepaLuio BblYMTaHUA, 419 Yero ee 3aMeHAT one-
pauunei CnoXXeHWsS YMEHbLIAEMOrO C MOPa3pAAHbIM LOMNO/HEHUEM
BblYMTaeMOro.

KomnapaTop. 3TOT LudpoBOi y3en BbINONHAET (GYHKLMNIO CpaBHe-
HUs gByx yucen A, un B,,. B pesynbtate cpaBHeHuWa onpegenserca uc-
TUHHOCTb OIHOTO N3 COOTHOLLEHUIA: Aa= Bs\ As> Bs; A, <B,, Kaxaoe
M3 KOTOPbIX PUKCUPYETCA eAMHUYHbIM CUTHaJioM Ha COOTBETCTBY-
IOLLEM BbIXOJe.

Jlornueckvie U/GYPOBLE Y3/Tbl 0CY L eCTBAAIOT pasinyHble 10TMYec-
Kne onepauun Haj AMCKPETHBIMU 3N1eKTPUYECKUMN curHanamu. K Hum
OTHOCATCH pacnpegennuTenn UMNynbLCoOB, WUgpaTopsl, e ndpaTopsbl
N MYNbTUNNEKCOPDI.

PacnpegenuTens uMnynbCOB NpeacTaBnseT co6oi Lnpposoii ysen,
KOTOpbIA 0becneynBaeT pacnpegeneHne o4HOKaHanbHON nocnefoBa-
TENbHOCTU MUMNY/bCOB MO HECKONMBLKUM BbIXO4aM.

JewnpaTop (ekodep) ocyLLecTBnAeT Takoe NpeobpasoBaHue cur-
Hana Ha n BXofax, Npu KOTOPOM Ha OHOM ero BbiXoje BbipabaTbiBa-
eTcs curHan 1, a Ha BCex oCTa/bHbIX coXpaHAlTca curHansl 0. Wund-
patop npeobpasyeT eAMHUYHbBIJ CATHaN Ha OAHOM U3 BXOLOB B BO-
MYHOE YMNCO HA HECKO/IbKMX BbIX0Aax.

MynbTwunnekcop — LupoBoii y3en, obecnevnBaroWwnii nepegady
CUTHANOoB C HECKOMbKUX BXOAHbIX MUHWNI B O4HY BbIXOAHY0. Bbibop
BXOZHOW NMNHWNK NPOM3BOANTCA C MOMOLLbIO YNPAaBAAOLWEro MMNY/bC-
HOro curHana (Kopa), No4aBaemMoro Ha ynpasnsioLimMe BXo4bl MY/bTU-
nnekcopa. MynbTUNIEKCOP MOXET 6bITb BbIMOSIHEH HA OCHOBE CXeMbl
Jewndgpartopa NyTemM ee HEKOTOPOro npeo6pasoBaHms.

YcTpoiicTBa naMATh. STW YCTPOINCTBA NpefHa3HauYeHbl 4N 3aN0OMM-
HaHWA, XpaHeHUs 1 Bblgauyn MHpopmaLun. K HUM OTHOCATCA perucT-
pbl, MaTPULbI-HAKONMTENN U 3aNOMUHalo LW me ycTpoiicTea (3Y): one-
patuBHble (O3Y) n nocTosaHHbIE (M3Y).
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PerucTp npegHasHauveH Ang 3anucu, 3anOMUHaHWA ¥ Bblgaun MHO-
ropaspsfHoOro 4BOMYHOIO Yncna U BbIMOJIHEHUSA HaL HUM HEKOTOPbIX
HEeCNOXHbIX 10rnyeckmx onepauunii. C NOMOLLbIO BBEAEHUS APNONHUT
TENbHbIX CBS3€ W IOTMYECKUX 31eMeHTOB” > e 9 LU~/ 06oLL)xNe!>on
BbIMO/IHEHME TAKMX NOTMYECKMX OMepauuil, Kak MHBepPTUpPOBaHue
Kofa, CABWUT Yncna BNpaso UAWN BfIEBO Ha Tpebyemoe YMC/o paspsos,
nepegaya Yncen B Apyroi paspag v 1.4.

MaTpuua-HakonuTenb npegctasngeT co6oil y3en namatn ¢ 6onee
BbICOKMM 06BbEMOM 3anoOMUHaeMol MH(OPMaLMKU MO CPaBHEHUIO C
pernctpom. OCHOBY MaTpuLibl COCTaBAAT TPUTTEPbI, CNOCO6HbIE 3a-
NOMHUTL 1 6UT MHPopmMayun (ogHopaspsALHOE ABOUYHOE YMCIO).
MHoropaspsgHas matpuiua CoOCTOMT U3 04HOPa3pAAHbIX MaTpuL, co-
eJMHEeHHbIX MapannefibHo. Pa3HOBUAHOCTLIO MaTpuULbl-HAKOMUTENA
60nee BbICOKOIro (PYHKLMOHAIbHOTO YPOBHSA ABNAETCA NpOrpammmpy-
emas fiornyeckas matpuua (MJM).

3anomuHatouee yctpoiicTBo (3Y) obecneumBaeT xpaHeHne 60/b-
WKX 06bEMOB MHPOPMaLMKN. 3anOMUHalOLL e YCTPOCTBa, ob6ecneyn-
BalOLLMe MHOTOKPATHYIO 3aMncCb U CYNTbIBAHWE MHOPMAL UK, NONy-
YMAWN Ha3BaHWe ONepaTMBHbLIX 3aMOMUHAK W UX YCTPolicTB. OcobeH-
HOCTb O3Y COCTOUT B TOM, YTO OHO XPaHUT MH(OPMaL MO TONLKO NpK
HanMuyuM NUTaHWUA, a NPU ero NoTepe MHMopmMaLmnsa TepaeTcs.

3anomMuHal LW e ycTpoincTea, npegHasHauyeHHble 418 NOCTOAHHOIO
XpaHeHWs e4VHOXAbl 3aNUCAHHON MH(OPMaL MK, NOAYUYUNN Ha3BaHue
MOCTOAHHbIX 3aMOMMUHAKWNX YCTPONCTB. OTU YCTPOICTBA CNOCOGHbI
COXPAHATb 3aMMCaHHY B HUX UHOPMaLMI0O U NPU NOTepe NUTaHUS;
OHMW XapakTepu3ykTca 60blWNM 06bEMOM XpaHUMOI MHGOpMaLuu,
60/1ee NPOCTbIMKU NO cpaBHeHUIO ¢ O3Y cxemMamm YU MeHbLUIUM 3HEPTO-
noTpebneHnem.

LiHdpoaHanoroebe (LLAI) 1 aHanoro-upmdposble (ALIT) npeobpa-
30BATE/IM NpUMEHAIDTCS 415 B3aMMHOTO npeobpa3oBaHuMs aHanoroBbIx
M LMAPOBbLIX CUTHAN0B. OHM MOTyT BbIMOMIHATLCA B BUAE Npeobpaso-
BaTens Kog —HanpshkeHne (MKH), npeobpa3ytoLero ABOVYHbLIA NN
0BOUYHO-AECATUYHBIW KO B HANpsXXeHWe NOCTOAHHOIO TOKa, a Tak-
Xe npeobpasoBatesnieil yactota —HanpsxeHue (MYH) n Hanpsxe-
Hne —yacToTa (MHY), ocywecTBnsAOWmMX NpeobpaszoBaHMe 4acToThl
CNnefoBaHUA UMNYNbCOB B HanpsXXeHWe NMOCTOAHHOIO ToKa u o6pat-
Hoe npeobpa3oBaHue.

Mpumepom cepuiiHol peannsaunm LUPPOBLIX YCTPOMCTB ynpasne-
HUA MOXET CYXUTb YHU(ULMpoBaHHaa 6104Has cMcTema perynmpo-
BaHWA AUCKPETHOW nHpopmaynn YBCP-AN.

B coctaB YBCP-A W Bxogat 610ku 4s 06paboTKM LUgpoBoin NHGop-
mMauum (popmupoBaTesb Ynces, LUCKPUMUHATOP Yncen, apupmMeTmyec-
KOe yCTPOMCTBO) M YaCTOTHbIX CUTHAN0B (FeHepaTop YacTOTHbLIX CUTHa-
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NOB, UN(POBOI MHTErpaTop, ynpasnsemblii ennTeNb 4acToThl), Npeob-
pa3oBaHMs KOfa Yncia B 4aCTOTY U YacTOThl B KO YMCa, BBOAA W BbIBO-
[a HpopMauun (perncTpsl NamsT¥ BXOAHOM U BbIXOAHOM, hopMupoBa-
TeNlb CUTHAN0B UMMNYNbCHbIX U KOLOBbIX 4AaTYNKOB NOMOXKEHUSA, YCUIN-
TeNIN BbIXOAHbIE) U CBA3M C aHa/I0rOBbIMY 3IEMEHTaMU CXeM YNpaBfieHus.

Ha 6a3e aTux uugpoBbIX y310B B pamkax YBCP-[ pa3paboTaHsl
TMNOBble G/MI0KU ynpaBAeHWS, NO3BOASKOLWMNE BbIMOMHATb CNOXHbIE
apumeTUUECKMNe M TOTUYECKMe Onepauuu.

2.5. NoNnynrPoBOAHNKOBbLIE TOIM'MYECKUNE
SJIEMEHTbI

Nornyeckumuy anemeHtamun (J19) HasblBalOTCA AUCKPETHbIE 3/e-
MEHTbI, HANPSAXEHWNA HA BXOJE U BbIXOAE KOTOPbIX MOTYT NPUHUMATb
UM BbICOKOE —l0rnyeckasa eanHuua (ganee 1) unM HU3K0e —10run-
yeckuin Hynb (ganee 0) 3HauyeHUsi. OHM MOTYT BbIMOMIHATHCA Ha 3/1eK-
TPOMarHUTHbIX pesie, MarHUTHbIX 3neMeHTax U B Buge WC, asnsa-
FOLLMXCA COBPEMEHHBIM UX UCMOSTHEHNEM.

a Onepauns «<HE»

6 Onepauysa «JTN*

Onepaupst «JTN-HE»

Puc. 2.11. Jlornyeckne afieMeHTbl:
a — «HE», 6 — «UN»; B — «», 1 — «NTN-HE»

Ha puc. 2.11 nokasaHbl cXembl NpocTeiwunx J13. JIornyeckunii anemeHT
«HE» (punc. 2.12, a) BbINONHAET OMNepawunto oTpuuaHns (MHBepTUPOBaHNS).
Mpu HanMuun BXOJHOMO curHana X — 1 BbIXO4HOW CUTHan oTCyTCTBYeT
(K= 0), a npu oTcyTcTBMM BXOAHOT0 (X —0) BbIXOAHOW CMTHAN paBeH
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PerncTp npegHasHauyeH ana 3anucu, 3anOMUHaHWA 1 Bblfa4yu MHO-
ropaspafHoOro 4BOMYHOIO YKcia U BbIMOMIHEHWUA HAZ HUM HEKOTOPbIX
HEeCMOXHbIX NOrMYecKnx onepaynin. C NnoOMOLLbIO BBEAEHUSA LOMOHU-
TeNbHbIX CBA3EN W NOFMYECKUX 3anemMeHTOo Bp*P W ~ 7 rrol&oM&n
BbIMO/IHEHME TAKMX NIOTMYECKUX OMnepaumnii, Kak MHBEPTUPOBaHUe
Kofa, CABWUT YMcna BNpaBo MU BNEBO Ha Tpebyemoe Yncno paspsjos,
nepegaya yncen B Apyroi paspag u 1.4.

MaTpuua-HakonuTenb NpefcTaBnseT coboii ysen namatu ¢ 6onee
BbICOKMM 06BbEMOM 3aMOMWHAaEeMOW MH(OpPMaLUM Mo CPaBHEHUIO C
pernctpoM. OCHOBY MaTpULLbl COCTABNSAOT TPUTTEPBI, CNOCOGOHbIE 3a-
NOMHUTbL 1 6UT nHMopmayun (ofHopaspsfHOe A4BOUUYHOE YUCNO).
MHoropaspsagHasa matpuua cOCTOUT U3 O4HOPA3PALHbIX MaTpuL, Co-
e4VHEHHbIX NapannenbHo. Pa3HOBMAHOCTbIO MATpULLbi-HAKONUTENS
60/iee BbICOKOTO (DYHKLMOHA/IbHOTO YPOBHSA ABNAETCA NPOrpaMmupy-
emasa norndeckas marpuua (MAM).

3anomuHatoee yctpoiicTeo (3Y) obecneynBaeT xpaHeHne 60/b-
WX 06bEMOB MHPOPMaL K. 3anOMMHaK W Me yCTPoiCTBa, obecneym-
BaloLLMe MHOTOKPATHYIO 3aMuncb U CYUTbIBaAHME UHQOPMaL UK, Nony-
UMW Ha3BaHWe OnepaTMBHbLIX 3aMOMUHAKLWMX YCTponcTB. OcobeH-
HOCTb O3Y COCTOUT B TOM, YTO OHO XPaHUT MH(OPMALUIO TONTLKO Npu
HaMyMyM NUTaHUA, a NPU ero noTepe MHMOoOpPMaLus TepsaeTcs.

3anoMuHal LW e ycTpoincTea, NnpegHasHavyeHHble 418 MOCTOSHHOTO
XpaHeHWs e4UHOXAbl 3aNNCaHHON MH(pOpMaLUK, NOYYUIN Ha3BaHUe
MOCTOAHHbIX 3aMOMMHAKLWNX YCTPONCTB. TN YCTPOWCTBA CMOCOOHBI
COXPaHATb 3aMNCAHHYIO0 B HUX MH(pOpPMaLUIO 1 NPy NOTepe NUTaHUS;
OHMW XapakTepu3ytTca 601bWNM 06BEMOM XpaHUMOWK MHDOpMaL MK,
60nee NpocTbIMK NO cpaBHEHUIO ¢ O3Y cxemaMu N MeHbLUWM 3HEepPro-
noTpebneHnem.

LindppoaHanorosble (LLAIM) 1 aHanoro-Lydposble (ALLM) npeobpa-
30BATE/IM NpMMEHATCA 418 B3aMMHOT0 Npeo6pa3oBaHms aHaIoroBbIX
M UMDPOBLIX CUTHAN0B. OHU MOTYT BbIMONHATLCS B BUAe npeobpaso-
BaTena kog —Hanps>xeHue (MKH), npeobpa3sytoLLero BONYHbIV UK
0BOUYHO-LECATUYHBIA KOA B HANPAXEHME NOCTOAHHOIO TOKA, a Tak-
Xe npeobpasoBateneil yactota —Hanpskenue (MYH) n Hanpsxe-
Hue —yacToTa (MHY), ocywecTBnsOLWmMX Nnpeobpa3oBaHne YacToThbl
CNeflOBaHNSA UMMY/bCOB B HaNMpPs>XeHNe NOCTOAHHOTO TOKa 1 obpart-
Hoe npeobpa3oBaHue.

Mpumepom cepuitHoli peannsaunm LUPPOBbLIX YCTPOINCTB ynpase-
HUA MOXET CNY>XUTb YHU(PULMPOBAHHAA 6/104Has cucTemMa perynmpo-
BaHMA GUCKPETHON uHpopmaunn YBCP-AW.

B coctaB YBCP-[IU BxoasaT 6510kn ans 06paboTku LudpoBoii MHGop-
mMauunmn (popmupoBaTesnb Yncen, AUCKPUMUHATOP Yucen, apumeTmyec-
KOe YCTPOMCTBO) M YaCTOTHbIX CUTHAN0B (FeHepaTop YaCTOTHbIX CUTHa-
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NOB, LN POBOI NHTErpaTop, yNpaBAfeMblii AennTenb 4acToTol), Npeob-
pa3oBaHMs KOfa 4Mcna B YacTOTY M YAcTOThbl B KOA YMCa, BBOAA U BbIBO-
fa UHopmaymu (perncTpbl NamsT BXOLHOW 1 BbIXOAHOMN, (hopMupoBa-
TeNlb CUTHAN0B UMMYNbCHbIX U KOLOBbIX AAaTYNKOB NONOXKEHUSA, YCUNN-
Te/I BbIXOAHbIE) U CBA3W C aHANOrOBbIMMW 3/IEMEHTAMU CXEM YMNpPaB/eHUS.

Ha 6a3e aTux uudpoBbIX y310B B pamkax YbCP-AW pa3paboTaHbl
TUNOBble 610KN YyNpaBieHUs, MO3BONAIOLWME BbINOAHATL CMOXHbIE
apuMeTUYECKME 1 IOTMYECKME onepaLun.

2.5. NoNynrPOBOAHNKOBbLIE NOTMMYECKUE
SNIEMEHTbI

Nornyeckummn anemeHTamu (J13) Ha3bIBAKTCH LUCKPETHbIE 3fe-
MEHTbI, HAMPSXXEHUS HA BXOLE U BbIXO[E KOTOPbIX MOTYT NPUHUMATb
WK BBICOKOE —10TMYecKas eguHuua (ganee 1) uan HU3KOe —oru-
yeckunit Hynb (ganee 0) 3HayeHUsi. OHW MOTYT BbIMOMHATLCSA Ha 3/1€K-
TPOMArHUTHBLIX pefie, MarHUTHbIX 3/eMeHTax u B Buge VC, saBns-
IOLLLUXCS COBPEMEHHBIM X UCMOSIHEHNEM.

a Onepauns «<HE»
6 Onepauus «AJ1N*
Y
Y
t Onepaupsa «JTN-HE*

Puc. 2.11. Jlornyeckne 3fnieMeHTHI:
a — «HE», 6 — «UN»; B — «W», 1 — «JTN-HE»

Ha puc. 2.11 noka3saHbl cXxembl NpPocTeAwmnx J13. JIornvecknin aneMeHT
«HE* (puc. 2.12, a) BbINONHAET ONepaLunto oTpuLaHms (MHBEPTUPOBAHNSA).
Mpu Hannuuy BXOLHOrO curHana X= 1BbIXOAHOW CUrHan OTCYTCTBYeT
(K=0), a npu oTcyTCTBMM BXOAHOr0 (X= 0) BbIXOAHOW CUTHaN paBeH
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Y— 1. 3T1afiornyeckas onepaLusa MOXeT BbINONHATLCA U C MOMOLLbIO 3/1eK-
TPOMArHMTHOTO Pesie, YTO TaKXKEe OTPAXKEHO Ha PUCYHKE.

Norunyecknii anemeHT «MJTN*. CrHan Ha BbIXOAE 3/IeMeHTa MOsB-
NAeTcAa Npu HaIMymm XoTts 6bl OLHOTO B X 0 il A
(pmc. 2.12, 6). Onepaumna «AJIN* MoxXeT BbINOAHATLCA 414 11060r0
KO/MyecTBa BXOLHbIX CUTHAMOB.

JNornyeckuii anemeHT «U*. CurHan Ha Bbixoge Y= 1 (puc. 2.12, B)
nosBAseTcs TObKO B TOM C/yyae, ecnv 06a BXOAHbIX CUTHaNa paBHbl L
B octanbHbIX cnyvyaax Y= 0.

Norunyeckuii anemeHT «NJTN-HE* (puc. 2.12, r). B atom 6onee
CNOXHOM 3/1EMEHTE MPU HannyYnMyu xoTa 6bl OGHOI0 CUrHaNa Ha BXoge
(Xu Xr= 1) curHan Ha BbIxoge Y—O0, a npu OTCYTCTBUM BXO[LHbIX
(A1, X2= 0) curHan Ha Bbixoge Y= 1

KpomMe pacCMOTPeHHbIX MPUMEPOB JIOTMYECKUE 3EMEHTHI MOTYT
BbIMO/IHATL 3aMOMWHaHWe ONpeSe/ieHHOro ypoBHA BXO4HOT0O CMrHana
(onepauusa «MamaATb»), 6N0KUPOBKY (0nepaumnsa «3anpeT»), BblAepXK-
KY BPEMEHMW Ha BKNKOYEHUE N OTKOYEHWE U Apyrue onepauunu.

MHTerpanbHble MUKPOCXEMbI TOTUYECKUX 3/IEMEHTOB MOTYT UMETb
pas/InyHyo TEXHO/IOTUIO U3rOTOBJIEHUSA:

TTJ/1 —TpaH3UCTOPHO-TPaAH3MCTOPHAaA NOTUKA N ee pa3HOBUAHOCTb
TTNLW;

KMOT1 —norunka Ha oCHOBe KOMM/IEMEHTApPHbIX MOJEBLIX TPAH3UCTOPOB;

OCJ/1 —3MUTTEpPHO-CBA3aAHHAA NOTUKa;

N2JT — nHTerpanbHas MHXXEeKLMOHHAsA NoTrnKa.

B HacTosiiee BpemMs Hanbonbllee pacnpocTpaHeHne NOAYYMUAN N0-
rmnyeckne NC no texHonoruam TTJT 1 KMOTI.

Jlornyeckune aneMeHTbl BbIMYCKAKOTCA B COCTaBe cepun «Jlormka N*,
B KOTOpoli ucnonb3ytotca MC K155 1 K511 Ba3oBbiM 3/1EMEHTOM Ce-
pun «Jloruka U* asnsetca nornveckuin anemeHt «N-HE*. B cocTas
3TOW Cepumn, KPOMe NIOFMYECKMX, BXOLAT 3IEMEHTbI COrnacoBaHus, Bpe-
MEHU W YCUNUTENMN.

3/IeMeHT corfiacoBaHus COLepXUT MUHNATIOPHOE TEPKOHOBOE pere
Tuna PN -6 ¢ manbiM 3HepronoTpebseHMemM M LOCTATOYHO BbICOKUM
6bicTpogelicTBMEM, KOTOpoe o0becneymBaeT TakKe ranbBaHWYECKYHO
pasBA3Ky Lenein ynpaBneHWa. 3eMeHTbl BpEMEHUW B COCTaBe Cepuu
«Jlornka N* obecneumBatoT Bbigep>Kkn BpemeHn ot 0,01 go 10c. Ycu-
NNTeNnn npefHasHauvyeHbl 419 ynpasaeHWs No CUrHanam noruveckux
3/1EMEHTOB UCMONHUTENIbHBIMW MeXaHn3MamMu, NoTPebNALW UMM MOLLL -
HOCTb [0 HECKO/bKNX [eCATKOB BAaTT. OHW BbINO/HAIOTCA Ha MOLHbIX
TpaH3MCTOpax M UMEKT AUCKPETHbIA BbIXOL.

B HacTofiLee BpemMs HaMbO/bLLee pacnpocTpaHeHne noayyunm 13
Ha 6a3e MHTerpasbHbIX MUKPOCXEM, B COCTaB KOTOPbIX MOTYT BXOAUTb
HECKOJIbKO /IOTMYECKUX 3/IEMEHTOB.
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2.6. MNKPOIPOLIECCOPHBIE CPEACTBA
YMNPABNEHNA

B HacTofLee BpeMAa MUKPONPOL,ECCOPHbIE CPeACcTBa LWMPOKO Npu-
MEHSATCSA BO BCeX 06MacTaX AeATeNbHOCTW YenoBeka. VX oCHOBOWA
asnsetcs mukponpoueccop (MIT) — nporpammHo-ynpasnsemoe umng-
poBOE YCTPOMCTBO, NpefHa3HaYeHHOoe A8 06paboTKn nHpopmauum un
YyNpaB/ieHNA 3TUM MPOLLECCOM.

Mwukponpoueccop BbIMOAHAETCA HA OCHOBE OAHON WA HECKOMb-
Kux 6onbwnx NC (BUC), KoTopble COCTOAT U3 HECKONMbKUX LeCATKOB
TbICAY MPOCTbIX 3/1IEMEHTOB U MOTYT umeTb 24, 40, 48 n 64 BbiBOAA.
Mnowanb BUNC He NpeBOCXOANT HECKONbKUX AECATKOB KBaLpPaTHbIX
MWUINUMETPOB, YTO onpeaenseT manoe aHepronoTpe6neHune MIT, ero
HafeXHoCTb B paboTe, HeboNblIME MacCy U rabapuTHble pasmepsl,
a npu MaccoBOM BblMyCKe — HeBbICOKY ctoumocTb BC. Bbinyck BUC
ans MI'l B pasBuTbIX CTpaHax yABauBaeTCcs MPUMEPHO KaXAble 2 roga.

Puc. 2.12. Cxema (a) u cTpykTypa komaHabl (6) mukponpoLeccopa

CTpyKTypHaa cxemMa MUKponpoueccopa nokasaHa Ha puc. 2.12, a.
B Hee BXOAAT apumeTuKO-nornveckoe yctpoiicteso {A/1Y), ycTpoii-
CTBO ynpasneHus (YY) u pernctpoBoe 3anoMuHaroliee yCTPOWCTBO
(P3Y). 311 Tpu ocHoBHbIe YacTu MI1 coefMHeHbl TpeMsa AMHUAMY
CBA3N — WnHaMu gaHHbix LA, agpecos LLUA n ynpasneHuna LUY.

APUPMETUKO-TIONMHECKOE YCTPOWCTBO npefHa3HaueHo 415 BbiNos-
HEeHUA apu@MeTUUYECKMX U NOTUYECKMX onepauuii Hag LaHHbIMUW B
BUAe ABOUNYHbBIX Yyucen. JaHHble, C KOTOPbIMUW MPOU3BOAATCA 3TW One-
pauun, HasblBatoTCA onepaHgamum. O6bIYHO B OMepaLmm y4yacTByioT fBa
onepaHfa, O4WH U3 KOTOPbIX HAXOAUTCA B CNeLunasbHOM perncrpe —
akkymynstope A, a gpyroii — B peructpax P3Y unu namsatu Mr.
NHorga AJTY Ha3biBaloT onepayuoHHON YacTbio MTIT.
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PernctpoBoe 3anoOMWHaloLLee YCTPOMCTBO COLEPXUT HECKONbKO pe-
rmcTpoB ob6uiero HasHauyeHus (POH), a TakXXe perucTpos cneyunanbs-
HOro Ha3Ha4yeHus, B HaCTHOCTU cyeTUnK KomaHp (CK). MHorpga P3Y
HasbiBaloT BHYTpeHHen MaMATLIO M. PDF ComPressor Free Version

Ynpaensowee ycTPOCTBO NpejHa3HauYeHO A5 BbIpaboTKM CUTHa-
NnoB ynpaeneHuns, obecneymsaroLux paboty 6s10kos MI1. Bcoctas YY
BXoauUT pernctp komaHz (PK), B KOTOPOM (hUKCUpPYeTCH BbIMOHAEMAs
B AaHHbI/i MOMEHT KOMaHAa.

KomaHabl, obecneymBallme peanusaynio 3alaHHOro anropnutma
06paboTky MHpopmaynm, 06pasytoT NPporpaMmMy U BbIMOMHAKTCS B
noLwaroBoM pexume CTPOro B 3aMMCaHHO NocnefoBaTe/ibHOCTU.

Kaxpasa komaHga nporpaMmMbl COLEPXUT UHPOPMALUIO O TOM, UTO
HY>XHO fleflaTb, C KAKUMU OMepaHjamMmmn 1 No Kakomy agpecy noMecTuTb
pesynbTat onepauynn. [lng 3Toro KOMaHga UMeeT CTPYKTYPY, NPpUBEAEH-
HYt0 Ha puc. 2.12, 6. NMepBaa 4acTb KOMaH/bl COAEPXUT KOJ onepaymu
(KOMM), T.e. MH(OpMaL MO 0 XapaKTepe BbIMOMHEHWUS Onepaymmn Haf one-
paHjamu (Hanpumep, CNoXeHWe, NOrMyeckoe cpaBHeHe U TL.). BTopas
4yacTb KOMaHbl —aipecHas — COAEPXUT afpeca pacronoXKeHns onepaH-
[l0B, C KOTOPbIMU NPOU3BOAUTCA aHHAA onepawusa, 1 agpec perucrpa unu
AYEnKN NaMaTn, Kyfa JO/HKeH ObiTb MOMELLEH pe3y/bTar.

KomaHgbl, agpeca n onepaHgbl MT1 BbipaxaroTca ABOUYHLIMU MHO-
ropaspsafHbiMu Yyncnamu, nNpefcTaBnsgeMbiMuU, Kak U BO BCEX LUGPOBBIX
YCTPOIiCTBax, KOMOMHaLNE ABYX YPOBHEWN HAMPSXXEHNA — BbICOKOIO 1
Hu3koro. lMepsbie M1 onepupoBanu ¢ YeTblipexpaspagHbIMU Yucnamu,
a coBpeMeHHble 31 —c BOCbMU- U LWeCcTHaauaTupaspagHbiMu. cnosb-
30BaHuMe B MIT MHoropaspsagHbliX ABOMYHbIX YUCEN MO3BOASAET MOBbI-
CUTb UX ObICTPOAENCTBUE Y TOYHOCTb PaboThl.

Mporpamma (COBOKYNHOCTb KOMaHA) MTIT MOXeT 6bITh 3anucaHa
HECKO/IbKMMM cnocobamm. MepBblii N3 HUX NpegycMaTprBaeT 3anmch
KOMaH/[ HenocpeACTBEHHO B BUAE ABOUYHBLIX YWCEN, T.e. B BUAE TakK
Ha3blBaeMOro MAalWlNMHHOI0 KoAa, «MOHATHOro* gaHHoMy MI1.

Bonee ygo6HbIM IBISETCA MCNONb30BaHNE A3bIKOB MPOrpaMmMunpo-
BaHMUA. A3bIKM HU3KOTO YPOBHA Tna Accembiep Kak CpefCcTBO 06lLLe-
HUs ¢ MT1 BKOYAKOT B ce6A HECKOMbKO AeCATKOB TUNOBbIX KOMAHJ,
npeAcTaBfeHHbIX B YCNOBHbIX MHEMOKOAAxX. Hanpumep, A3blK 3TOr0
TKUNa AN 0TeYeCTBEHHOro BocbmupaspagHoro MI1 Tuna K580 Bknto-
YyaeT B ce69 0koJio 80 TMNOBbLIX KOMaHL —apu@MeTUYeCcKnX, lormyec-
KNX, NepecbiNKW AaHHbIX, Nepefayn ynpasneHua u pag apyrux.

Ewe 60/blINe BO3MOXHOCTH U ya06CTBa NMONb30BaTENHO MUKPOMPO-
LLECCOPHbLIMWN CXeMaMu yrnpaBneHNsa NPeLCTaBNAOT A3bIKU NporpammMmun-
poBaHUA BbICOKOro yposHsa: ®OPTPAH, MACKAJ/Ib MT+, MN/M,
EEVCWK-80, C/, AJA v ux pasHOBUAHOCTU (guanekTbl). CocTas-
NIeHHble Ha 3TUX A3blKax NporpammMbl fanee TpaHCAUPYOTCA (NepeBo-
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[LATCA) C NOMOLLbLI0 CNeumnanbHbIX NPporpaMm, NoayUYMBLUUX Ha3BaHue
Kpocc-nporpamm, B CUCTEMY MaLIUHHBLIX KOAOB, «MOHATHLIX» MIT.
[ns BoINoNHEHNA PYHKUUKM ynpaB/ieHns cxema MT1 fononHsaeTcs Le-
NbIM psgom 6/10K0B, B pesynbTare 4Yero obpasyeTcsa MUKPONPOLECCopHas
cuctema (MTC), cTpyKTypHas cxema KOTOPOI NpuBeAeHa Ha puc. 2.13.

- : T

Puc. 2.13. CxemMa MVUKpPONpPOLECCOPHON CUCTEMBI

B coctae MTC Hapsigy ¢ M B 06LieM ciyyae BXOAAT yCTpOiCTBa
namaTn O3Y n M3Y, uHtepdeiicHoe ycTpoicteo (NY), ycTpoiicTBa
conpskeHms (YC) ¢ BHEWWHNMMW 06BbEKTaMU; BHELLHME 3aMOMUHaKOLLMe
ycTpoiictBa B3Y, ycTpoiicTBa BBOAa-BbiBOAa MHPopmauun (YBB),
obwasa wuHa (OLW), sknovatowas B cebs WA, LLIYwn LA

Mamate O3Yn M3Y cnyxuT ansd pasMelleHus nogaexawinx obpa-
60TKe faHHbIX MPOrpaMmbl, B COOTBETCTBUM C KOTOPOW 3Ta 06paboT-
Ka [LO/KHa BECTUCb, WU pe3ynbTaToB 06paboTKu. [N pacwmnpeHus
Bo3MoXHocTeid MIMC, kpome O3Y u M3Y, MOryT mcnonb3oBaTbCs
B3Y, K uncny KOTopbiX OTHOCATCA HAKONUTENN UHPOpMaL UM Ha Tnb-
KNX MarHUTHbIX AUCKaX, MarHUTHOM NeHTe, KaCCeTHbIe HAKOMUTENN.

YcTpoiicTBa BBOAA-BbiBOAA MH(pOpMaLMU MpegHasHavyeHbl AN
obecneyeHuns BlammogeicTBua MM C un yenoBeka B y406HON ANa Hero
thopme. K ycTpoiicTBam BBOAA-BbIBOAA OTHOCATCA KaBmatypa nyabTa
Ynpasnenus MIMC, neyatatowas malnmHka (NpuHTEp), rpaonocTpou-
Tenu, yCTPOiCcTBa BU3yanbHOr0 NpeAcTaBaeHna nHpopmaumm (guen-
nen) n T.4.

YcTpolicTBa conpsxxeHns obecneymsaroT ¢Bsizsb M C ¢ pa3inyHbI-
MU BHEWHUMYK (NepudepuitHbiMmn) ycTpoiicTBamMmu. OHM MOTYT UMETb
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camble pasHoO6pa3Hble CXEMHbIE U 3/IEMEHTHbIE peanusauuun. B ya-
CTHOCTM, AN19 COrnacoBaHWa CUTHaNoB AaT4MKOB J1 06beKTa ynpasne-
HUa OYc MTC ucnonb3ywTcs aHanoro-uugpossie (ALM) n uug-
poaHanorosble (LLAI) npeobpasoBatenu @irnagos,
0603HayYeHHble Ha cxeme YCY un YC2.

YcTpoiicTea conpsixxeHnss YC3 n YC4, npefHa3HauyeHHble 418 CBA3M
MMC c B3Yun ¥YBB, npeactaBnstoT cob6oil B npocTeliwem cnydae 6y-
thepHble (NPOMEXYTOUYHbIE) PETUCTPLI NAMATU AN XPaHEHUA faHHbIX,
nepefasaembix ¢ OLL Ha BHewWHWe yCcTpoicTBa U 06paTHO. Y CTpOii-
CTBa COMPAXEHUSA, NONYUYMBLLUNE HA3BAHWE KOHTPO/IEPOB (MUKPOKOH-
TPONNEepoB), BbINONHAOT 60/iee CNOXHble (PYHKLUMK, N nX paboTa Mo-
XeT NporpaMmMunpoBaThCs.

YcTpoiicTBa conpsxxeHus YC3 BbIMOMHAKT corflacoBaHue paboTsl
faHHoli MTIC ¢ gpyrumn MMC v 3BM. YcTpoiicTBa Takoro tuna
nony4ynnn HasBaHue afanTepos.

NHTepgeiic ycTpoiicte (MY) — 3TO COBOKYMHOCTb 3/1€KTPOHHbIX
CXeM, WWH 1 anroputmoB (nporpamm), obecneymBaroLLas ynpaBneHue
nepegayeil nHopmayun mMexagy MM, NamATbiO U BHELWWHUMUW YCTPOWA-
CTBaM, K KOTOpbIM oTHOcAaTca YBB, B3Y u A. lNosops kpatko, NY
obecneynsaeT Tpebyemoe B3anmogelictene MIMC ¢ ykasaHHbIMUW BHELL -
HUMW YCTPONCTBAMU NPU U3MEHEHUMN peXxxuma ee paboTbl. TUNUYHBIM
NPUMepPOM SIBMIAETCA MePexof OT BbIMOMHEHWA OLHOW Nporpammbl K
BbIMNOMHEHWIO APYTOl NPW NOCTYNNEHUN OT KaKoro-1mb0o BHELIHEro
yCTpO/CTBa CUTHaNa ynpaeieHuns. Takoil nepexos noayynn HasBaHue
npepbiBaHuA. locne 3aBeplieHMs MpepbiBarowWweidn nporpammbel UMY
ob6ecneyuBaeT Bo3BpaT MIC k paboTe no npepBaHHO nMporpaMme.
Mpumepamn Y/YaBnawTca TailMmep, 610K NpAMOro foctyna K nams-
TV, 610K OpraHunsaLnm npepbiBaHuni.

Mo HasHa4YeHWIO 1 CBOUM XapaKTEPUCTUKaM pasnyatoT cregytoLine
Bugel MIC.

1. YHudmunposaHHble 6/104HbIE MUKPOMPOLLECCOPHbIE KOMMNEKCHI U
nporpaMMmpyemble N0rMYecKne KOHTPoNNepbl, KOTOpble NpegHasHayvyeHbl
ANA co3faHnd NOKanbHbIX CUCTEM aBTOMaTUYeCKOro ynpasneHuns oT-
[eNbHbIX arperaTos, TEXHOMOTMYECKUX KOMMEKCOB U NMPOMbILLNEHHBIX
CUCTEM.

2. CneuunanusnmpoBaHHble MUHU- U MUKPODBM opueHTMpOBaHbl Ha
KOHKpEeTHbI/ TN 06bekTa ynpasneHUa u Hanbonee 4acTo UCNOMb3Y-
I0TCA KaK BCTpanBaemble.

3. MuHu- n Mmnkpo3BM 06Lero HasHayeHns, nepcoHanbHble 3BM,
ynpasnstoLwme MUH1- 1 MUKPOIBM MMeloT B CBOEM COCTaBe LUMPOKUIA
Habop yCcTpolicTB CONPsAXeHWs, BBOAA-BbIBOAA M 061a4al0T BO3MOX-
HOCTbO BbIMONHEHNS 60/bLLIMX 06BEMOB BbIYUCANTENbHbLIX ONEPALUA.
B cBA3M C 3TUM OHM MPUMEHAIOTCA NPU PELLEHUMN CNOXHBIX 3ajau
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ynpaB/ieHUs, Takux, Kak ONTUMM3aLNa TEXHONOTMYECKMX MPOLEeCcCoB,
CTaTUCTUYECKUE METOAbl X KOHTPOSA, XpaHeHUs 1 06paboTku 60/b-
WnXx 06bemM0OB MHhOpMaL MK, ynpaBneHne B pealbHOM MacliTabe Bpe-
MEHW 1 Ap.

[MporpavMvipyeVibE KOHTPO/TEPDI (MK) npescTasnsoT co6oii MTC,
npefHasHavyeHHble A5 yNpaBaeHnUs NOKaAbHbIMU 06bEKTaMU B peasib-
HOM MacwTabe BpemeHun. MosSBMBLINECS KaK CPeLCTBO ANS 3aMEHbI
peneiHoOn aBTOMATMKN N YCTPONCTB XKECTKOW normkn Ha NC manoit n
cpegHeli cteneHun nHterpauum, MK B HacTosAwee Bpems npeacrasns-
0T co60ii knacc MIMC, OpMeHTMPOBaHHbLIX Ha LUMPOKOE NCMNO/b30Ba-
HWe B NPOMbILWIIEHHOW cpefde A/19 PelleHns caMblX pasHO06pasHbIX
3afiay aBTomatmsauunum. Anga atoro MK MMeloT COOTBETCTBYIOLLLEE KOH-
CTPYKTMBHOE UCMOJIHEHWE U CMelnansHoe nporpaMMHoe obecneyeHue,
NErko OCBavBaeMoe NepCOHaNOM, HE UMEIOL MM CreumnanbHOl Noaro-
TOBKM B 06/1aCTM MpOrpamMmmMunpoBaHus.

U.Ux1

. Y.«
N

Puc. 2.14. Cxema nporpammupyemMoro KoHTponsiepa

MpuHynn gericteua MK nantoctpupyet puc. 2.14. OCHOBHYIO YacTb
cxembl MK 06pasytoT 3anoMuHatoLLee ycTpoiicteo 3Y, B KOTOPOM CO-
LEPXUTCA NporpamMmma ero paboTsl; nornvecknin npoueccop J1M (apud-
METUYEeCKO-N0rn4eckoe ycTpoiicTeo AJ1Y), oCyLLecTBAAKLWMIA NOTU-
Yyeckue onepawumn Haf nocnefosaTe/lbHO BBOAUMbBIMU B HETO CUTHa-
namu; KommyTaTtop BXoAHbiIX K1 wn BbIXogHbIXx K2 curHanos;
ycTpoiicTBa conpsxeHusa MK ¢ BxogHbiMu YC1 n BbIXOAHbIMKU YC2
CUrHanamu; namaTtb H, B KOTOPYH MOCTYNAlT pe3ynbTaTbl BbINONHE-
HUS TOTUYECKNUX OMepaymnid.

BxogHble curHansl UnX, um , Un,, coflepxalime nHpopmaLuio
0 X0Je TEXHO/IOMMYeCcKOoro npouecca, pexvmax paboTbl OTAeNbHbIX Ya-
CTeil ynpaBnsieMoro o6beKTa, COCTOAHMUM 3aWUTbl W T.4., NOCTynatwoT
Ha Bxof YC1, KoTopoe o6ecneymBaeT nx raibBaHNYeCKYH pPa3BsA3Ky U
(hopMuMpoBaHME U3 HUX CUTHAN0B, COOTBETCTBYHOLNX BEIMUUHE U BUAY
NCnonb3yembix B faHHOM [K.

CopmunpoBaHHble TakKuM 06pa3oM CUTHaNbl MOCTYNaKT Ha BXOA
K1, koTopblil mocnegoBatenbHO nogaeT Ha JIT1 TOT U3 HUX, agpec Ko-
TOPOr0 COAEPXUTCS B 04epeaHO KoMaHge, noctynatouiei ms 3Y.
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Mocne BbIMONHEHHbIX J1 T npeo6pa3oBaHnii, KOTOPble TaKxe onpe-
LenaTca 3aN0XeHHOW B 3Y NnporpaMMoil, CUrHanbl 4epes KOMMyTaTop
K2 noctynatoT B pernctp namatu N un ganee yepes YC2 Ha Bbixog MK.

B kayecTBe BXOAHbIX gonyckawTca cun” bl ?LU PLU A An*moTrao
250 B NOCTOSAHHOTO UM MEPEMEHHOr0 ToKa, 06Lee YNCI0 KOTOPbIX
MOXeT OCTUraThb ThiCAYN 1 60/1ee. BbIXOAHbIE YCTPOCTBA COMPSAXEHUSA
YC206bI4HO CTPOATCA HA OCHOBE OMTPOHHbLIX TUPUCTOPOB, 06ecneymn-
BAOLLMX ranbBaHWYeCcKyH pa3BA3Ky BbIXOAHbIX LEenei 1 No3BONALWMX
ynpaBfATb fOCTATOYHO MOLLHLIMU UCNONHUTENbHBIMU YCTPOCTBAMUN —
pesfie, KOHTAKTOPaMM, KaTyLlKamu 3/IeKTPOMarH1ToB 1 T.4.

MporpammuposaHue MK Begetca Ha Npo6eMHO-0PUEHTUPOBAH-
HbIX A3blKax, CneLuann3npoBaHHbIX 415 pPelleHns 3a4ay UCKPETHO-
ro 10rM4eckKoro ynpaeneHns. K HUM OTHOCATCA:

* rpauyeckme A3blkN peneliHo-KOHTaKToOpHbIX cxeM (PKC);

* rpapuyeckue A3bIKN IOTMYECKMX CXeM, UCMONb3YIOLNE TUMOBbIE
norvyeckume yHKLUU;

* A3bIKM MHEMOHWYECKOTr0o CUMBOJ/IbHOTO KOLWPOBAHUA B BUAE Ha-
6opa CTPOK-YPaBHEHU CNOXHbIX 6YNEBbIX BbIPaXeHWI;

* A3bIKW acceMbepHOro Tuna;

* NP0o6/IEMHO-OPUEHTUPOBAHHbIE A3bIKW BbICOKOI0 YPOBHA — ["pad-
cet, APYC-2, DOKOH-2 nnn mognmnumpoBaHHble TPALULNOHHbIE
A3bIKW nporpammupoBaHua (belicuk, Mackanb).

2.7. OATUMKN BPEMEHUW U KOOPAOWNHAT
SNTEKTPOINMPNBOAOA

[na paboTbl cxem ynpasneHus 3fieKTponpusoga Heo6xoanma nH-
hopMaLma O TEKYLMX 3HAYEHMAX ero CKOPOCTU, TOKa, MOMEHTa U
OPYTUX KOOPAWHAT, a TaKXXe BpeMeHUW. Y CTPOCTBa, KOTOPble BblgaloT
nofo6HYI0 MHGpOPMaL WO B BUAE 3NEKTPUYECKUX CUTHANOB, NONYyYU-
NV Ha3BaHMWe JaTUYMKOB.

JAaT4/KA BpemeHn. Mpu NOCTPOEHUN peneiiHO-KOHTAKTOPHbIX CXEM
yrnpasfeHns, UCNONb3YIOLWMNX MPUHLWUN BPEMEHU, B Ka4YeCTBe faTun-
KOB MCMOJIb3YIOTCA Pa3/iMyHble pefie BpEMEHW — 3/IEKTPOMarHuTHbIe,
MOTOpPHbIE, 3/IeKTPOHHbIE, aHKepHbIe U MexaHn4eckune. B nonynposog-
HUKOBbIX CXemMax ynpaBneHns NPUMEHATCA YCTPONCTBA TOYHOIO OT-
cyeTa BPeMEHHbIX MHTEPBANOB, MOAYYMBLUNE HA3BaHUE TaliMEpPOB.

SneKTpoOMarHMTHOe pese BPEMEHN COCTOUT M3 HEMOABMXKHOW Yac-
TW MarHMTOMpoBOoja 2, Ha KOTOPOM YyCTaHOB/eHa KaTywka 1
(pmc. 2.15), 1 NOABWXKHOI YacTU MarHUTHOM cucTeMbl (SKopb 6) C
YCTaHOB/EHHbIMMW Ha Heill KOHTakTamu 8 m 9. Mpu oTCcyTCTBMYK
Hamps)XKeHWS Ha KaTylKe AKOpb 6 NOA4 AeliCTBMEM MPYXWHbI 4 Ha-
XOANTCH B MOAHATOM MOMOXEHUMN.
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Puc. 2.15. Cxema ycTpolicTBa 3/1EKTPOMArHUTHOrO pesie BPEMEHU

O6EeHHOCTbIO KOHCTPYKLMWUWU pene BPEMeHMW fBMAETCA Halnuyume Ha
MarHMTONpPoOBOAE 2 MAaCCUBHOM MeaHON TPy6KM 3 (rMnb3bl), KOTOpas u
obecneymnBaeT BbIAEPXKKY BPEMEHU pefie Npu OTKIIOYEHUMN ero KaTyL-
KM OT UCTOYHMKA MUTAHUA. PacCMOTPUM 3TOT npoLecc nogpobHee.

BkntoyeHne pesie NpOMCXOANUT, KaK Y 0ObIYHOTO 3/IEKTPOMarHuT-
HOro pene, nogavei HanpsXeHWa UHa KaTylWwKy lnocne 3amblKaHUS
KoHTakTa 10. AKopb 6, NPUTATUBAACL K CEPAEYHUKY, OCYLLECTBNAET
6e3 BbIJEPXKN BPEMEHUN NMePEKN0YEHNEe KOHTAKTOB <M 9.

Bbigep)xka BpeMeHn obecneyumBaeTcs 3a CUeT 3amMefIeHUs BO3Bpa-
Ta AKOPA B UCXOLHOE NOMOXeHWe. Mpu CHATUK C KaTYLIKN Hanpsxe-
HWUA cnajalLWwmnii MarHMTHbIA NOTOK CO34aeT B T1/ib3e BUXPEBbIE TOKM,
KOTOpble, Mo nNpaBuny JleHua, CBOMM MArHUTHbIM MOTOKOM MOALEpP-
XKUBAKOT OCHOBHOW NOTOK. [lpyrnmMu cfioBaMu, Hanmuue runb3bl 3aMes-
NAeT (oeMndupyeT) cnagaHne MarHUTHOTO NOTOKA, & TEM CaMbIM 1 Mne-
pemelleHe AKOPS U KOHTaKTHON CUCTEMbl B UCXO4HOE (OTK/HOYEH-
HOEe) NoNioXKeHue. B COOTBETCTBMM C TaKUM NPUHLWUNOM AeliCTBUSA
3N1eKTPOMArHMTHOE peJie BpeMeHW 06ecneymBaeT BblepXXKy npu pas-
MbIKaHMM 3aMblKaIOLEr0 KOHTAKTa U 3aMblKaHUM pa3MblKaloLWero KoH-
TakTa (puc. 2.15, 6).

Bbigep>xka BpeMeHUn pefie peryninpyercsa cTyneH4yaTo nytem ycra-
HOBKMW NaTYHHON HEMArHWTHOW Npoknagkn /onpefeneHHOR ToNwWwmn-
Hbl, 3aKpennsaemMoli Ha AKope 6 (YMeHbLleHWe TONWWHbI NMPOKNaKK
BbI3bIBAET YBE/INYEHWE BbIAEPXKKMN pene, U Ha060pOT), AN NNABHO 3a
CUET N3MEHEHUSA HATAXEHUS NPYXUHbl 4 C nOMOLLbiO raiiku 5. Yem
MeHbLle 6y[eT 3aTAHYTa NPY>XWHa, Tem 6onble ByzeT Bblfep>KKa Bpe-
MEHU, N HaobopoT.
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Bbigep)xka BpEMeHW MOXET 6bITb NONYyYEHA Y 3/IEKTPOMarHUTHOTO
pene 6e3 yCTaHOBKMW TUAb3bl NYTEM 3aKOpauynmBaHUs KaTyL KW nocne
OTK/HOUYEHUSA ee OT ceTu. B aTom cnyyae 3a"HATbIA KOH A p~c™ano-
BaHHbI KaTyW KO M 3aMblKalOL MM €e KOHTaKToWre/ N mrpaeTt posib
aneKkTpomMarHuTHoro gemndepa. OgHaKo BblAepXXKa BPEMEHW B 3TOM
cly4yae NOAy4YaeTcs MeHbLUe, YEM Y pefie C Tnb30M.

MoToOpHOe (3NeKTPOMEXaHMYECKOE) pefie BPEMEHU B CBOEA OCHOBe
MMeET cneumnanbHbiil HU3KOCKOPOCTHO ABUraTeNnb 1 peayKTop ¢ 60nb-
WNUM nepefaToOdHbIM YMC/IOM, Ha BbIXOAHOM Basy KOTOPOro ycTaHaB-
NBaeTCa pblyar, HayanbHOE MOJIOXKEHWE KOTOPOro onpeensercs no
LWKane yCcTaBOK BpeEMeHU pene. Pblyar ynpaBnseTt paboToii Bcnomora-
TENbHbIX KOHTAKTOB, KOTOPbIMU, B CBOK OYEpeb, BK/IHOYAETCA BbIXOA-
HOe 3/IeKTPOMAarHMTHOe persie.

Hauyano oTcyeTa BpEMEHU COOTBETCTBYET NoAaye HanpsXXeHUsa Ha
fBUraTenb, KOTOPbI, BKAOUYMBLLUUCL, HAYMHAET BpallaTbCa U MeaJ/eH-
HO MOBOpa4YMBaTb pblyar Ha Bany pegykTopa. Yepes 3afgaHHOe Bpems,
onpegensemMoe Havya/ibHbIM MOMOXEHWEM pblyara, OH JOXOAWUT A0 BCMO-
MOTaTe/ibHbIX KOHTAaKTOB U 3aMblKaeT UX. 3TO MPUBOAUT K BKKOYe-
HWI0 BBIXOLHOTO pefie, KOTOPOe O4HUM M3 CBOMX KOHTaKTOB OTKJ/IHO-
yaeT gBuratenb. Ha aTom 3aBepLiaeTcs OTCYET BbIAEPXKKN BPEMEHMU.

Bbinyckaemble MOTOPHbIE pefie BPEMEHU 3TOro Tuna obecnevunsa-
lOT BbIEPXKY BPEMEHU [0 HECKOJIbKUX MUHYT.

Puc. 2.16. CxeMa ycTpoiicTBa 3N1EKTPOHHOTO pefie BPEMEHMU

ONeKTPOHHbIE pene BPeMeHN 06bIYHO B CBOMX CXeMax UCMOb3YIOT]
pas3NnyHbie NONYNPOBOAHWKOBbLIE 3/iIeMeHTbl (Yalle BCEero TpaH-'
3UCTOPHbIE) N KOHAEHCATOPbI, BPEMA pa3paja Uam 3apana KoTopbixX U
onpeaenseT BblAePXKKY BpemMeHun (puc. 2.16).

B MCXO4HOM NOMOXEHUMN BHELHWIA YyNPaBAAlWmMii KOHTaKT K 3amk-
HYT 1 Ha 6a3y TpaH3ucTopa VTl nogaH oTpuuatenbHbiil moTeHumnan!
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NCTOYHUKA NUTaHMa GB. TpaH3nCcTOp OTKPLIT, MPX 3TOM MOTEHLUMan
6a3bl TpaH3ucTopa VT26yneT NONOXKUTENbHLIM MO OTHOLIEHUIO K €ro
aMuTTepy U ByfneT 3akpbiT. B pesynbtate BbixogHoe pene KV byger
OTK/HOYEHO. B MCXOQHOM MOMOXeHUN KoHAeHcaTop COyAeT 3apsKeH
C MOKAa3aHHOI Ha PUCYHKE NOMIAPHOCTbIO CBOMX 06KNafoK.

KomaHga Ha Havasno otcyeTa BPeMeHMW MOLAeTCA NPu pasMblKaHUU
BHELLHero ynpasnsoLwero koHtakTa K. Ilocsie 3Toro HaunHaeTcs paspag
KoHAeHcaTopa Cuepes pe3ncTtop R2m nepexof amuTTep — 6asa TpaH3n-
ctopa VTL. B KoHUe pa3paga TpaH3uctop VT1 3akpoeTcs, YTo npuseLeT
K MosBneHWo Ha 6a3e TpaH3ucTopa VT20TpuuaTeNlbHOro noTeHumana.
OH oTKpoeTcA, Mo 06MoTKe penie KV Ha4yHeT npoTekaTb TOK, OHO cpabo-
TaeT N NEPEKNYUT CBOU KOHTaKTbl. OTCYET BPEMEHU 3aKOHYMTCA.

BblfepXXKa BpeMEHU TAKOTO pene onpefensaeTca BpeMeHeM pasps-
fa KoHpgeHcatopa C, KOTOpPOe 3aBUCUT OT Be/IMYUHbLI €r0 eMKOCTU
MU conpoTuBieHus pesnctopa J1I2 Perynupysa 3T BEIMYUHbI, MOXHO
ycTaHaBnMBaTb TpebyemMble BblILEPX KN BpeMEHU pene. Boinyckaemble
3NEKTPOHHbIE pefie BPEMEHW 06eCMneynBaloT BblepPXXKY BPEMEHN OT
0,1 cgo 10 MuH.

MHeBMaTUYeCKWe perne BpeMeHn 06ecrneynBaroT BbIAEPXKKY BPEMEHU
3a cyeT paboTbl BO3AYLWHOMO (MHEBMATUYECKOro) 3ameannTens (g4emn-
(hepa), ynpasnsgemMoro ¢ nomolLbio 3fekTpomarHuta. MNpu nogaye Ha
3N1eKTPOMArHUT HaNPsHXXeHUa NUTaHUA (Havyano OTCYeTa BPpEMeHM) Ha-
YMHaeTCA MPOLECC Nepekayvyku Bo3gyxa U3 O4HON KaMepbl pene B 4py-
ryto Yepes KanubpoBaHHOe APOCCENbHOE OTBEpPCTME. BennumHa aToro
0TBepCTUA, a TEM CaMbIM CKOPOCTb MEPEKAYKN 1 BblfiepXKKa BPeMeHU
pene, perynupyeTcsa ¢ MOMOLLbIO WUI/bl, NON0XEHNE KOTOPOW ycTaHaB-
NNBAETCA MOCPEACTBOM PEerynMpoBOYHON rakm «60nblue-MeHbLle>.
B KOHLe npoLecca nepexkaykun Bo3fyxa vyepes 0TBEPCTME NPOUCXOANT Ne-
peKntoYeHne yCTaHOBEHHOTO B pe/le MUKpOMNepeKtoyaTens, 4to onpe-
[enset KOHeL, 0TcyeTa BblepXXKN BPEMEHM.

CepuiiHble MHeBMaTUYeCKME pesie BpeMeHM obecneymBaroT gmuana-
30H Bblgepxek BpemeHu ot 0,4 go 180 c.

MexaHnyeckoe pefie BpeMeHu UMeeT 3aMefinTeNlb B BUAE aHKepHo-
ro MexaHusma, yrnpas/isemMoro afeKkTpomarHutom. Mpu nogaye Hanpsa-
XEHWA Ha 3NEKTPOMArHuUT (Hayano oTcyeTa BPEMEHMW) ero AKOPb 3a-
BOAMWT MPYXWNHY aHKepHOro MexaHuM3ma aHano0rMyHo yacosomy. lo-
cnefHuin, HayaB paboTaTb, NepeMellaeT NOABVMIKHbBIA KOHTaKT pese.
Mocne 3afaHHOr0 BPEMEHU, OMNpPeseNiieMoro nosfioxeHmeM (yCcTaBKoi)
HemnoABMXHOI0 KOHTaKTa pene, Npon30iAeT 3aMblKaHWe KOHTAKTHO
CUCTeMbl, YTO ONPeSenunT KOHel oTcueTa BpemMmeHU. Takue pene obec-
neymBaroT BbIIePXKKY BPEMEHU [0 HECKONbKUX OECATKOB CEKYHA,.

HekoTopble MexaHW4YecKne pene BpeMeHU YNPaB/saTCAa He 3NeKT-
pPOMarHuTOM, a NOABMKHOWM YacTbl0 KOHTakTopa. B aTom cnyuvae 3a-
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NycK B paboTy aHKEPHOro MexaHuW3Ma MPOMCXOAUT cpasy Xe nocne
BK/NIOYEHUA KOHTaKTopa. Takue pesie BpEMEHW MONYYUIN Ha3BaHWe
MafgTHUKOBbIX.

[aTtumku ckopoctn. WHpopmauus o« d W S M W W rd H W
YyeHa OT pa3/InyHbIX JaTYMKOB CKOPOCTHU, & TaKXKe U OT CaMoro ABuratens.
CKopocTb ABurateneid NOCTOSHHOIO U NepPEMEHHOr0 TOKa onpejenseT Be-
nmunny nx 34C. Takum o6pa3oM, ecniv U3mMepaTb BenmunHy 34C, To Tem
cambIM ByfeT nonyyeHa MHPOPMALMA O BENUYMHE CKOPOCTM.

Puc. 2.17. Cxema ycTpolicTBa pefie KOHTPO/ISs CKOPOCTU

AneKTpomexaHyeckoe pesne KOHTpons ckopocTu (PKC) paboTaeT no
NPUHLNNY aCUHXPOHHOTO ABuratens. Potop pene (puc. 2.17) npeg-
CTaBnseT cO60i NMOCTOAHHbIN MarHUT 7, COBAUHEHHbII C BaNOM ABU-
ratens, CKOpocTb KOTOPOro usmepsercs. [MMOCTOAHHbIA MarHuT nome-
WeH BHYTPY aitOMUHUEBOTO LUAUHAPA 5, MMetoLwero 06MOTKY B BUAe
6ennubeil KneTkn. LlmnamHap MoXeT noBopayvMBaTbCa BOKPYr OCU Ha
He60/bLION Yron 1 NnepekaoyaTh NPM 3TOM C NOMOLLbIO yrnopa 3 KOH-
TakTbl 4 (6). Mpn HENOABUXHOM ABUraTesie ynop 3aHMMaeT cpejHee
MOJIOXEHME N KOHTaKTbl Pesie HAX0ATCA B «HOPMASbHOM™ MOJIOXEeHUMN.
Mpwn BpaweHnn agBuraTensd u Tem cambiM MarHuta 1lyxe npu He6oJib-
WNX CKOPOCTAX Ha UMAUHAP 5 HauMHaeT felicTBOBAaTb BpaLialoLui
MOMEHT, Noj BAMAHWEM KOTOPOro OH NMoBOpayunBaeTcs u obecneyn-
BaeT C MOMOLbIO ynopa 3 nepekntoyeHne KOHTakToB 4. [pu ckopoc-
TV aBuratens, 6An3KoN Hynw, LUAUHAP BO3BpaLLaeTCcs B CpefjHee no-
NOXXEHUEe N KOHTaKTbl 4 nepexofdT B CBOE «HOPMasibHOE™ COCTOAHME.
BennmunHa ckopocTu, NpM KOTOPOI MEPEKN0YADTCA KOHTAKThl pene,
onpeAensaeTcs NonoXeHNemM HacTPOEYHbIX BUHTOB 2.
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Pene KOHTPOAS CKOPOCTM YAO6GHO MCMONb30BaTL NPy aBTOMaTK3a-
LMK npoLiecca TOPMOXEHUA, Korfa Tpebyetcs o6ecneymBaTb OTKI0-
yeHuWe ABuUraTens 0T CETU NOC/Ie CHUXEHWSA €ro CKOPOCTU L0 HY.S.

JaTumKin CKopocTy (TaxoreHepaTopbl). 3Tu gaTumku npegHasHaue-
Hbl A5 U3MEPEHNA CKOPOCTW BpalleHUs Bana agsuraTens uiam Mcnon-
HUTENbHOTO OpraHa paboyein mawmnHbl. OHW MPeACTaBAAT COOOWA
crneunann3npoBaHHble 3/IeKTPUYECKNEe MallWHbI HEGONbLLIOK MOLLHO-
CTW, BbiXogHOe HanpsxeHue U,LKKOTOpPbIX NPOMOPLMOHAaNLHO CKOPO-
CTW BpaleHusa W ux akopsa (potopa): UbiX= yu3, rae y — koagppum-
eHT NponopunoHansHoCTM. OCHOBHOE TpeboBaHWe K TaxoreHeparopam
3aK/1l04aeTCA B MaKCManbHOM MPUGANXKEHUN YKa3aHHOW 3aBUCUMO-
CTU nux(W) K TMHENHO, YTO onpeaenseT TOYHOCTb UX PaboThl.

Mo cBoeMy yCTPOICTBY TaxoreHepaTopbl 6bIBAIOT MOCTOAHHOIO W
MepemMeHHOro ToKa.

TaxoreHepaTOopbl NOCTOSHHOIO TOKa NPeACTaBAAT c060i He60oNb-
WKe reHepaTopbl MOCTOAHHOIO0 TOKAa C BO36YXAEHWEM OT He-
3aBMCUMOro UCTOYHMKA (puc. 2.18, a) UM NOCTOSAHHOTO MarHuTa.

Puc. 2.18. Cxembl TaxoreHepaTopos:
a — MOCTOSAAHHOrO TOKa; 6 — aCUHXPOHHOIO

ACWHXPOHHbIE TaxoreHepaTopbl NePEMEHHOI0 TOKa MMeloT 4Be 06MOT-
Kun (puc. 2.18, 6), ofHa U3 KOTOpPbIX — BO30YXAeHna OJl — nofknoya-
eTCA K MUTAlOLLEN CeTU U CAYXUT A5 CO3[aHUS MarHUTHOro NoToKa
TaxoreHeparopa, a gpyraa —usMeputensHas OW. Hanps>xeHue Ha Bbl-
BOZax 370 06MOTKM Utux NpONOpLMOHaNbHO CKOPOCTU BpalleHus Ta-
X0oreHeparopa o).

CVHXpOHHbIe TaxoreHepaTopbl NpeAcTaBnAaoT cob6oli ogHOMa3HbI!)
CMHXPOHHbLIV reHepatop mManoii mowHocTn. OH UMeeT poTOp B BUAE
MHOTrOMO/IFOCHOIO MOCTOAHHOIO MarHuTa. Npwu ero BpaLLeHnn co3aaH-
HOE UM MarHWTHOE MNoJie nepecekaeT BUTKM 0OMOTKMU CTaTOPa, HaBO-
4 B Helh AC, nponopuMoHanbHY CKOPOCTM BpaLlleHns. Tem cambim
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BbIXO[HOE HANPsAXEeHWe Ha BbiBOLAX 0OMOTKM CTaTopa OKa3blBaeTCs
nponopLnoHasbHbIM CKOPOCTW poTOpa.

Mpy Mcnonb30BaHWM CUHXPOHHbIX TaXOreHepaToOPOB B AUCKPETHBIX
cxemax ynpasneHns B kadectse uamepsem(LLLL|AMIA?LLIT|2T NeASiAH
eTCA YacToTa MMNY/bCOB HaNPsXXeHUs, NPONopLNOHanbHas CKopoc-
TV BpaLLeHUs poTopa TaxoreHepaTopa.

Kpome pacCMOTpPEHHbIX BblLle aHaNoroBblX 4aTYMKOB CKOPOCTH B
3aMKHYTbIX CXEMaXx BCE LUMpe NPUMEHAIOTCA LU POBble AaTYNKKN, CUT-
Hanbl KOTOPbIX MOTYT HENOCPeACTBEHHO NOCTYyNaTh B LU(POBbIe CXe-
Mbl ynpasneHus. NpumeHeHne TakuX 4aTYMKOB NO3BOJIAET NOBbICUTb
TOYHOCTb PerynmpoBaHns CKOPOCTU UCNONHUTENbHbIX OpraHoB pa6o-
YMX MallMH U MeXaHU3MOB.

Puc. 2.19. Cxema nmMny/nbCHOro TaxoreHeparopa

VIMNYAbCHBIA MHAYKLUMOHHbIA faTUYWK CKOPOCTU BKAOYaeT B cebs 3y6-
yaTbln guck 1(puc. 2.19), COEAUHEHHBIA C BaNoM gBUraTens uau pa-
6oyein mawunHbl. MpoTuB 3y6L0B 3TOrO AMCKA pacrnonaraeTca MHAYKTOP
2, NpeAcTaBnALWMI CO60 NOCTOAHHbLIA MarHUT C PacnoIOXXEHHON Ha
HeM M3MepuTenbHON 06MOTKOW 3, NOAK/IIOUYEHHOW K NCTOUYHUKY NnTa-
Hua Un. Hanps)eHue, cHUMaemMoe ¢ 06MOTKMW, NOJAeTCs Yepe3 KOH-
feHcatop C Ha BXof ycunuTens Y, BbINOHAKLEr0 04HOBPEMEHHO POJib
thopmunpoBaTtens UMNynbCoB. [pu BpaleHUM AncKa N3MEHAETCA 3a30p
Mexay ero 3ybuamu n noncamu nHAyKTopa 2. Bcnencteue aToro pes-
KO M3MEHAETCA MarHUTHOe CONMPOTMB/IEHME BO3AYLLHOMO 3a30pa U Be-
ANYMHA MArHUTHOTO NOTOKa, MPOX0AsLLero yepes 3ybubl gucka 1u
NHAYKTOpa 2. I3SMEHAWMNIACA MarHUTHbIA NOTOK MHAYUUPYeT B 06-

moTke 3 3[1C, yactoTa KoTOpOM / = on roe N — yucno 3y6uoB guc-

Ka, Ll — CKOpPOCTb BpaleHnsa aucka (Bana gsurarens).
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CospaHHoe 3Toin 3[C Hanps>KeHUe nepeMeHHOro Toka Un yepes
KoHaeHcaTop C nojaeTcs Ha BXOJ yCUAUTens, KOTOPbIA ycunumeaet
3TOT CUrHaN U POPMUPYET U3 HEr0 NMOCNEL0BATENIbHOCTb BbIXOAHbLIX
NPSAMOYTONbHbLIX MMMYNbCOB, YaCTOTa KOTOPbIX NMPOMNOpPLMOHanbHa 13-
mMepsemoli ckopocTu. [lanee 3Ty UMMy/bCbl NPY NOMOLLU LU POBOTO
6/10Ka «4acToTa — KO4™, npeobpasytoTcs B 4BONYHOE YMNCIO0 NYTEM UX
nogcyeTa 3a onpejeneHHbIn NMHTepBan BPEMEHU C 3aNOMUHAHWEM MO-
NYYEHHOr0 YMcna Ha BpeMs nocnegytoulero nHtepsana. Mpu Heobxo-
OMMOCTY 3TOT NEePEMEHHbIA MO YacToTe CUTHan MOXeT 6bITh Npeood-
pa3oBaH 1 B HaMpAXeHWe NOCTOAHHOr0 ToKa (Hanpumep, ¢ NOMOL b0
WNHTErpupytoLWwero onepaLuoHHOro ycunuTens) 4na ncnonb3oBaHus B
aHanoroBbIX cXxemax ynpasfieHusa 3T1.

B kayecTBe faTuymKa CKOPOCTM MOXET MUCMOJb30BaTbCA AKOPb 4BU-
ratens MOCTOAHHOIO TOKA NPW BK/IOYEHUWN ero B CXeMY TaXOMeTpu-
4ecKoro MocTa, 06pa3oBaHHOro 06MOTKaMU AKOPS, U LONONHUTENb-
HbIX MOOCOB C ABYM# A06aBOYHbIMU pe3ncTopamu. INpu COOTBETCTBY-
owemM Bbl6Ope CONMPOTUBAEHUA 3TUX Pe3NCTOPOB HampsXXeHue Ha
AvaroHanu mocTa 6yfeT NponopLMoHanbHO CKOPOCTH ABUTATENS.

B HeKOTOpbIX cXeMax, Korga He Tpebyetcsd 60onbwas TOYHOCTb CUT-
Ha/fia Mo CKOPOCTU U NMPeAnoYTUTENIbHBIM ABNAETCA UX MPOCTOTA, 3TOT
CUTHaN MOXeT CHUMATbCA HEMOCPELCTBEHHO CO LWETOK ABUTraTeNs no-
CTOAHHOrO TOKa.

POTOp aCMHXPOHHOTO ABUTaTeNs TakXe MOXET CIY>XUTb UCTOUHU-
KOM MH(OpMaL MM 0 ero CKopocTu, Tak kak 3C, HaBofuMasa B poTope
Al, onpeaensieTcs ero CKoNbXeHNEM U, COOTBETCTBEHHO, CKOPOCTLIO.

JaTtunkn nonoxeHuns. B peneiiHO-KOHTaKTOpHbIX CXeMax ynpasieHus
A1 06bI4HO UCTIONL3YHOTCS MYTEBbIE N KOHEUYHbIE BbIKOUATENN peneii-
HOro geiictens. OHW NPUMEHSATCA 419 NOAYYEHUS CUTHANO0B NpY A0-
CTUXeHMn 3 MAM MCNOAHUTENbHLIM OpPraHoM pabouyeil MallUHbI
onpefeneHHbIX MOM0XKEHWI, KOTOPbIe 3aTeM NOCTyNatoT B Lienu ynpas-
NeHua, 3aWnTbl U curHanusaunn. KoHeyHble BbIKIOYaTe IV NPUMEHS-
0TCA 419 NPefoTBpaLLeHNsA BbIX0La NCMOTHUTENbHbBIX OPraHoB 13 pa-
60ueii 30HbI (HaNpMMep, MOCTa MOABEMHOIO KpaHa 3a npeaenbl NoAKpa-
HOBbIX nyTeii). MyTeBble BbIKAOYATENN UCMOML3YOTCA ANA Nojayun
KOMaH[ yrpas/iieHns B CXeMY B OMpefe/ieHHbIX TOYKaX NyTU UCMOHH-
Te/IbHbIX OPraHoB (Hanpumep, Npu NoaxoAe KabuHbl TN Ta K aTaXy Unm
nogxoge pepmMbl MOCTa NOABEMHOIO KpaHa K KpaiHeMy MON0XeHUH0).

MyTeBble MU KOHEUYHbIE BbIKAOYATENN MOTYT 6bITb 0€CKOHTAKTHbI-
MW U KOHTaKTHbIMKW. lMocnefHue B 3aBUCMMOCTUN OT BUAa NPUBOAA UX
KOHTaKTHOI CMCTEeMbl AeNATCA Ha Bpallal L Mecs, pblyaXKHbie N Ha-
XUMHbIE.

BpatatoLineca nyTesble ¥ KOHEYHbIE BbIKIOYATENN UMEOT NPUBOS
OT Ba/IMKa, COeiJMHAEMOrO C Ba/lOM [iBUTraTeNia HENOCPeACTBEHHO UK
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yepes peayKTop. Ha BanvKe pacnonoXeHbl KynaykoBble LWaiibbl, BO3-
LelcTBYOLMe Ha KOHTAKTHYH CUCTEMY Bbiknoyatens. Mpu Bpale-
HUW Bana LBUraTens B ONpefesieHHOM ero nojoXeHWU KynaykoBble
Wainbbl NepeknOYalOT KOHTaKTbl BbIKAoYakO poTpressor " ree Version

Pblua>kHble KOHEYHbIE U Ny TEeBbIe BbIKNIOYATENN UMEOT NPUBOS CBO-
el KOHTAKTHOI cUCTeMbl OT MOBOPOTHOrO pblvara, Ha KOTOpPbIA OKa-
3blBaeT BO3AeicTBME ABMXKYLWanca YacTb M MAN NCMONHUTENLHOTO
opraHa. Bosspar pbluara u KOHTaKTOB B MICXOA4HOE MOJI0XKEHNE OCyLLe-
CTBASeTCA NOA AEACTBUEM MPYXMUHbI.

B Ha>KMMHBIX BbIKNIOYATENAX MEPEK/IOYEHNE KOHTAKTOB NPOUCXOANT
NPV HaXaTuu Ha LWTOK BblK/AOYaTeNs, BO3BPAT KOTOPOro B MCXOAHOE
MONOXEHUE OCyLLeCTBASeTCA MOA AeiACTBMEM MpPYXWUHbl. B KayecTse
HaXXMMHbIX BbIK/lOUYaTeNell MpUMeHeHNe HaX0asaT TakxKe MUKponepe-
KnKuvaTenu, y KoTopbiX Npy BO3A4eRCTBAM Ha LITOK NepeknoyvaeTcs yn-
pyruii KOHTaKT.

no 3

m0-1/0-

Puc. 2.20. Cxema ycTpoiicTBa 6GECKOHTAKTHOrO AaTumka MosIoXeHUs

BeCKOHTaKTHbIA MHAYKLMOHHBIV fJaTUMK nonoxeHus (puc. 2.20)
MMeeT pa3oOMKHYTbIA MarHMTONpPoBo4 1c KaTywWKol 2, napannensbHo
KOTOpOIi BKNOUEH KoHAeHcaTop 6. KaTyllka ¢ KOHAeHCaTOpOM BK/HO-
YeHbl B LeNb MEPEMEHHOr0 TOKa BMecTe ¢ 06mMOTKo# 4 pene. Korpga
AKOPb faTymnKa 3, 3aKpenneHHbld Ha NoABMXXHOWK yacTu 3 nam nc-
MOMHWUTENbHOIO OpraHa paboyeil MallnHbI, He 3aMblKaeT MarHMTONpPO-
BOA 7 (MYHKTUPHOE ero rnoJjioXXeHune), MHOYKTUBHOE COMPOTUBJIEHNE
KaTylwKun 2 Mano, B ee Lenn npoxoguTt 601bw0N TOK 1 pene 4 Haxo-
OVUTCA BO BK/TIOYEHHOM MOJIOXKEHUM.

Korpa skopb 3 mepemMecTuTCs U 3aliMeT NON0XeHWe Haf MarHuTo-
NpoBOLOM 7, UHAYKTUBHOE COMPOTUBJIEHNE KATYLW KN 2 YMEHbLUINTCSH
M B LEenu 3a cyet nogbopa eMKOCTU KOHAeHcaTopa 6 HacTynaeT peso-
HAHC TOKa, XapaKTepn3yemblil pe3KMM CHUXEHWEeM ToKa B Lenu. Pene
4 13-33 CHMUXXEHWNSA TOKA OTK/IIOYAeTCA, YTO BbI3bIBAET NEPEKIOYEHME
ero KOHTAKTOoB 5B Uenu ynpasneHnsa 3M1.
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B 3aMKHYTbIx cxemax 3 NpUMeHAITCA aHanorosbie U LUQpoBbIe
LaTUMKKN MONOXKEHUS.

BpaluatoLimeca (NOBOPOTHbIE) TpaHC(OPMaATOPbI ABNAIOTCA aHano-
roBbIMU JaTYNKaMU*N0I0XeHMA (Yria MoBopoTa) Bana ABurarens unu
paboueil MalUHbI 1 NPeACTaBAAT CO60A NHAYKLNOHHYIO 3NEKTPU-
YECKYH MaluuHy mManoi MowHocTu. Mix paboTy pacCMOTPUM Ha Npu-
Mepe Hambonee pacnpoCTPaHEHHOro0 CUHYCHO-KOCUHYCHOTO
Bpauiatoueroca TpaHcopmartopa (CKBT) (puc. 2.21, 0). 3TOT TpaHc-
thopmaTop MMeeT YeTbipe 06MOTKM, iBE U3 KOTOPbIX — BO36YXXAEHWA
OB 1 komneHcaunoHHaa OK—pacnonoXeHbl Ha cTaTope, a ABe ApY-
rme —un3meputenbHole ON1 n OW2, Ha3biBaeMble TaKXe BTOPUYHbI-
MW, — Ha poTope. MocneaHWiA coefuHAETCA C BaNOM ABUraTens uUau
paboyeil MalnHbl, NONOXEHNE KOTOPbIX JO/MKHO U3MEPATHCA.

Puc. 2.21. CxeMbl ycTpoiicTBa:
a —CUHYCHO-KOCUHYCHOro TpaHcopmartopa; 6 — marHecumHa

K o6moTKe BO36Yy»xaeHUs OB nogsoguTcs ofHO(Ma3Hoe Hanpsxe-
HMe nepemeHHOro Toka Ux MpoTekatowunii noj ero geicTesuem ToK /,
co3faeT B BO3AYWHOM 3a3ope CKBT MarHUTHbIA MOTOK, KOTOPbII
HaBoauT 3C BO BTOPUYHBIX (POTOPHbLIX) 06MOTKax. BennunHa 3/4C
B 06mM0oTKe OW1 (CMHYCHOI) NponopLyoHanbHa CUHYCY, a B 06MOTKe
OW2 (KocnHYCHOI) — KOCUHYCY Yyrna ¢ NnoBOpoTa poTOpa OTHOCUTENb-
Ho cTaTopa. HanpsxeHusa £, = Uimasin gpun Uz COS (p Ha Harpyske
~1 1 % HecyT nHdopmMaLnio 06 yrie nosopoTa ( Basa 4Buratens um
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paboyeil MalWMHbl A48 €e NCNOMb30BAHMNA B 3aMKHYTbIX MO MOA0Xe-
Huto cxemax 3.

KomneHcaunoHHasa o6MOTKa, KOTOpas 06bIYHO 3aKOpaymBaeTcs,
CNYXWT ANt KOMMeHcauun BpegHoro geiicTHiBKKTTpraoro non rCLU1
06MOTOK poTOpa 1 06ecneyYnBaeT TeM CaMbiM CHUXEHWE NOTrpeLHOCTH
BpaLLaroLLLMxcsa TpaHCHOpPMaTopos.

MOMMMO CMHYCHO-KOCUHYCHbIX B 3aMKHYTbIX cxemax 3l npumeHs-
0TCA INHEHbIE BpaLlatoLLecs TpaHChopMaTopbl, Y KOTOPbIX BbIXO4HOE
Hanps>xeHne 06MOTKM pOTOPa HAXOAWUTCA B NPSAMOI MPOMOPLMOHaNbHOM
3aBMCMMOCTU C yrnoMm <@ CenbCuH LUMPOKO NMPUMEHSAETCA B 3aMKHYTbIX
cxemax O B Ka4eCcTBe aHaNOroBoro Aatymka nonoxeHunsa. OH npeacTas-
NfAeT co60li 3NEKTPMUECKYIO MallMHY Mafioii MOLWHOCTKM, KOoTopas obec-
neynsaeT npeobpazosBaHue yrna NOBOPOTA Basia B 3IEKTPUUECKUIA CUTHAN.
MpumeHeHVe cenbCcrHa B Ka4ecTBe 3aatoLLero ycTpoicTea 1 gatunka no-
NOXEHMNA U U3MepUTens paccornacosaHus cnegawero 3 pacCMOTPEHO
B . 4.

MarHecuH aBnseTcs 6€CKOHTAKTHbIM 31eKTPOMeXaHWYeCcKUM fat-
YMKOM Yyr/ia NoBopoTa, MMeeT 60/1ee NPOCTOe MO CPABHEHUIO C CeNb-
CMHOM U BpallalWMmMca TpaHC(HOpMaTopoM YCTPOWCTBO, MEHbLUUE
maccy v rabapuTHble pasmepbl U XapakTepu3yeTcs BbICOKON TOYHOC-
Tbto (B0 2,5' n meHee) nsmepeHus (puc. 2.21, 6).

MarHecuH NMeeT TOpPOMaanbHbIA cepaevyHuK 2 6e3 nas3os, Ha KO-
TOPOM HamoTaHa cnupansHas o06moTka 3. O6MOTKa UMeeT BbiBOAbI Cl,
C2ana NOgKNIOUYEHUS ee K 04HO(a3HOl NuTatoLweil ceTu NepeMeHHOro
TOoKa 1 BbiBoAbl C3, C4, pacnosfioxXeHHble noj yrnom 120* oTHoCcUTeSb-
HO ApYr Apyra, AN CHATUSA BbIXOAHOIO HanpsaXeHWa. PoTop marHe-
CMHa npefcTaBnseT cob0ii NOCTOAHHbLIA MarHUT 7 LUANHAPUYECKOWA
thopMbl, coefMHAEMbII C BanoM asuratens. Mpu nojaye Ha BbIBOAbI
C/, C206MOTKM 3 HanpsxeHnsa nutaHus (/, Ha BbiBogax C3, C406-
MOTKW MOABUTCA BbIXO4HOE HanpsXeHne UMX nponopuuoHanbHoe
yrny nosopoTa potopa MarHecuHa <p flasiee ato HanpsXXeHue nocry-
naeT B CxeMy ynpasnieHus 3r1.

VIHLYKTOCWH UCMONb3YeTCA ANA U3MEPEHNA TNHENHbIX NepemeLle-
HUA MexaHWYeCKUX 31emMeHTOB 3 AN UCMONHUTENbHbIX OPraHoB
pabounx mawuH. Mo cBOeMYy YCTPOWCTBY OH HANOMUHAeT NNHERHbI
aCMHXPOHHbIN ABUraTeNb U UMEeT MAOCKWIA CTATOP U NOABUXHbIA po-
Top. MepBMYHaa 06MOTKa, PacnoNOXeHHaa Ha cTatope, NOAKMOYaeT-
CA K 04HOMA3HON CeT! NePeMEHHOr0 TOKa, NPy 3TOM Ha BTOPUYHOW
06MOTKe npu nepemMelLeHUn potopa byget HasoguTeca SAC, 3aBucs-
Was OT ero nojioXxkeHUsa. TOYHOCTb UHAYKTOCMHOB MOXeT fOCTUraTb
HECKOJIbKMX MUKPOH.

LinchpoBoii hoTO3NneKTPUUECKUii faTUMK NONO>XKeHUs (puc. 2.22)
COCTOMT 13 MEPBUYHOIO 3/1eMeHTa, NPeLCTaBNAOLLEro cCO60/ Koanpy-
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IoWnin guck (puc. 2.22, a), COeJNHAEMbI C BaJiOM ABWUTaTens wau
paboyeii MawunHbl. OH UMeeT HECKONbKO KOHLEHTPUUYECKUX Konew,
(BOpPOXEK), KaXA0e N3 KOTOPbIX COCTOUT U3 CErMeHTO06pasHbIX Npo-
3payHbIX M HENPO3payYHbIX y4acTKoB. KobLO C HAMMEHbLIWUM pajuny-
com (T.e. pacnosioxxeHHoe 61MXe BCero K ocu fucka) umeeT fBa yya-
CTKa: NpO3payHblil U HENPO3payHblAi — M OTHOCUTCA K CTapLlueMy pas-
pALY BbIXOLHOTO ymMcna. B Kaxaom crnegyolem OT LEeHTpa Konble
4YMCNO YYaCTKOB yJBanBaeTCs, 4TO COOTBETCTBYET B ABOMYHOM Npej-
CTaB/IeHUM YMCe Mepexoly K cnegyrolemy paspsagy. AMck, nokasaH-
Hblli Ha puc. 2.22, a, UMeeT TpX TaKMX KO/bLa, YTO N0o3BoAseT chop-
MUPOBAaTb C ero NOMOLLbI0 TPeXpaspsgHOe 4BOMYHOE YNCNO.

DR
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Puc. 2.22. LincpoBoli gaTumk NosioXeHUs:
a —[AucK; 6 —anekTpuyeckas cxema; B — cuctema UMMNynbCcoB

MonyyeHve 3NEKTPUYECKOTO CUTHANA NPOM3BOAMTCA (DOTOINEKTPU-
YyeckuMM cnocoboM. [1nsa 3aToro no ofiHy CTOPOHY AMCKa YCTaHaB/MBAKOTCSA
Mo Yncny Konew, UCTOYHUKN CBETa — CBETOAMOAbI, & MO ApYryt CTOpOo-
HY NpUeMHUKN cBeTa — hoToamobl. Korga mexay HUMW HaxoamuTcs
Npo3payHblii y4acTOK ANCKa, CBETOAMNOA OCBeLaeT hOTOANOA, 3EKTPHU-
Yyeckoe COMNPOTUB/IEHME MOC/IELHEr0 PE3KO U3MEHAETCH, YTO U ABNAET-
CSl BXOAHbLIM BO34ENCTBMEM AN CXEMbI AaTUMKa MONOXKEHUS.

OAWH KaHan faTymnka MoaoXeHuns, COOTBETCTBYOLWMA OAHOMY pas-
pagy, nokasaH Ha puc. 2.22, 6. doTtoguos VD BK/KOUYEH Ha BXOA one-
paumoHHoro ycunutensa OY, paboTatoLero B peXkMMe pefieiiHoro ane-
MeHTa. B MCXOLHOM NOMIOXEHUWN OH «3aKPbIT* OTPULATENIbHBIM ONOp-
HbIM HanpsXeHnem U”, npu ocseleHun poTogmnona ycunuTens
«OTKPbIBAETCA™, N Ha ero BbIX0Ae MOABMSETCA 3EKTPUUECKUIA CMTHAnN,
COOTBETCTBYH LU efUHMLE ABOMYHOTO yncna. KonmyecTBo Takmx
yCUAMTENen COOTBETCTBYET Pa3pAAHOCTM AaTUMKa NOSOXKEHUS.

J1lo60My NONOXEHMIO KOAOBOTO AMcKa B npegenax 360* (ogHoro
060poTa) COOTBETCTBYET OHO3HAYHOE COYETaHME HYNER N egUHUL, Ha
BbIXOfAaX YCUNNTENEN, T.6. ONPELEeNeHHOe YNCNOBOE BbipaXKeHe yria.
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OT0 NONOXeHWe AN paccCMaTPMBAEMOro TpexpaspsAAHOro gatymka
NANICTPUpPYyeTCa guarpamMmon pmuc. 2.22, B, 13 KOTOPO BUAHO, YTO
npu NoBOpOTe AMCKa Ha yron 360' nMeeT MeCTO BOCEMb KOMOBUHaLL NI
BbIX0f0B ycunutenein ot 000 go 111. 310 comgacToTAaUBTOMANLIMH-AKN
yucna B 4ecATUYHON cucteme ot 0 go 7.

M3 anarpammbl puc. 2.22, B TaKXXe BUAHO, YTO BbIXOA AaT4yMKa Noso-
XKEHUA U3MEHAETCA Yepes Kaxable 45%, uTo onpegenseT ero AUCKpeT-
HOCTb (TOYHOCTb). B 06Lwem cnyyae AUCKPETHOCTb LU POBOro fJaTumka

360°
MoSIOXKEHNS1 ONpeaensieTcsl BblpaxeHeM O = rae n— 4ucno

ero paspsiao.. 1

[N NOBbILWEHNS TOYHOCTU LM(POBbLIX AAaTYNKOB MOMOXKEHMNS MPU-
MEHSIOTCA HECKO/IbKO KOAOBbIX AUCKOB, COENHSAEMbIX C BaJIOM fBU-
ratens yepes pegykrtop.

Kpome OTO3NEKTPUYECKNX MEPBUYHbIX 3/1EMEHTOB B AaTyMKax
MONOXEHNS UCMONb3YITCA NHAYKTUBHbIE JAaTUMKK C MHAYKTOCMHAMMU,
Mo3BONSIOLWME NONyYaTb 6ONEe BbICOKME MO TOYHOCTU XapaKTepUCTy-
Ku. Paspewatowias cnoco6HOCTb TaKMX aTYNKOB, XapakTepusytollas

MX TOYHOCTb, ONpPeEAenAeTCa BblpaXKeHNEM ﬂ,(b = rge p — umc

N0 Map nostocoB UHAYKTOCKMHA. MMOCKOJIbKY 3TO YMCO MOXET COCTaB-
NATb HECKO/IbKO COTEH, TO MOXEeT 6bITb 06ecrneyeHa TOYHOCTb B He-
CKONbKO eAVHUL, N LeCATKOB eAUHUL, YTNOBbIX CEKYHA,.

B nocnepHee Bpems B 3aMKHYTbIX cxemax I NPpUMEHAKTCA KOM-
NMNeKCHbIE faTYMKN CKOPOCTU W MONO0XeHUs Bana Asuratens. K HuUm
oTHOCcATCA gaTunkn NMNAP-8 n MO P-9, BKAOYalOLWMe B cebs gaTUmnK
CKOpOCTK (6ECKOHTAKTHbI TaxOreHepaTop NOCTOSSHHOIO TOKa) U o-
TOMMMYNbCHbI AAaTYMK MONOXEHUA POTOpa, Bbligawowmii oT 125 go
2500 nmnynbCcoB 3a 04MH 060pOT Bana. Takue JaTYUKN NPUMEHAIOT-
CA, B YaCTHOCTMU, B KOMMNAeKTHbIX 3T Tnnos 3Mb-1 n 3Mb-2 ¢ BeH-
TU/IbHBIMUW LBUTATENIAMU.

JaTunkun ToKa. B KauecTBe aTUMKOB TOKA B pefieiiHO-KOHTaKTOop-
HbIX Pa30MKHYTbIX CXeMax UCMOMb3YTCA rMaBHbIM 06pa3oM pene ToKa.
VX KaTyLWwKW, N3roTOB/IEHHbIE U3 TOJICTOrO NPOBOAA C Ma/ibiM YNC/IOM
BWUTKOB, HEMOCPEACTBEHHO BK/IHOYAKOTCA B LeNb KOHTPOIMPYeMOro (pe-
rynmpyemoro) Toka gsurarens. MNpu 4OCTVXKEHNN 3TUM TOKOM YPOBHEN
cpabaTbiBaHMA UAM OTMYCKaHWA MPOUCXOLUT KOMMYTaLMA KOHTAKTOB
pesie TOKa, KOTOPble NPOM3BOAAT COOTBETCTBYIOLLME NEPEKIOYEHNA B
CcxXemax ynpasneHus fsuratenemM. B kayecTse 4aTYMKOB TOKa 3TOro Tuna
NMPUMEHSAIOT pesie MMHUMANbHOT0 U MaKCMMa/ibHOr O TOKOB.

CwurHan, nponopumnoHanbHblii TOKY ABUTaTeNs, MOXeT 6bITb NOy-
YeH TakXKe C NOMOLLbIO LWYHTA, NPeACcTaBNAoLWLEero co6oi kannmbposaH-
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HbI/ PE3MCTOP Manoro CONPOTUB/IEHNS, BK/IOYAEMbIl B LLeNb U3Meps-
emMoro Toka. MaseHne HanpsHXXeHNWs Ha 3TOM Pe3ncTope NPonopLmuo-
Ha/bHO NPOTEKAIOLEMY MO HEMY TOKY.

[Nns N3MepeHuil nmepeMeHHbIX TOKOB B Ka4eCTBE AATUMKOB TOKA
MPUMEHSIOTCS TPAHC(POPMATOPbI TOKA, YTO NO3BOJIAET TAKXKE OCYLLe-
CTBUTb MOTEHLMANbLHOE pa3fe/ieHne CMOBbIX Lienei n uenei ynpas-
NeHNs 3NeKTPONpPUBOAA.

Jatunkn HanpsbkeHus. Ons n3mMepeHns HanpsKeHMs NepeMeHHO-
ro TOKa MCNOoMb3yTCs TpaHCHOPMATOPLl HAMPSHKEHUS, YTO MO3BOSIA-
eT TaKXXe OCYLLeCTBUTb MOTEHLMANbHOE Pa3feNeHne CUN0BbIX Leneil
U Lueneli ynpaBneHns 31eKTPONpUBOAa.

2.8. QJIEKTPOMAIMHUTHbLIE MY®Tbl 1 TOPMO3bI

B cocTaB cxeM aBTOMaTU3MPOBAHHOTO 31eKTPONpMBOLa paja paboumnx
MalLUWH N MeXaHN3MOB BXOAAT 3/IEKTPOMArHnTHbIe My(Tbl U TOPMO3bI.

IEKTPOMArH/THAA MyTa npeacTasifeT co60ii 3/leKTpOMexaHuyec-
KOe YCTpOWCTBO, MO3BONAIOLLEE C MOMOLLbIO 3/IEKTPMUYECKOrO CUTHaNa
ynpaB/ieHNA COeAUHATL UMW Pa3befUHATL Basbl, a TaKXe peryampo-
BaTb CKOPOCTb MCMOMHUTENbHOIO OpraHa pabouei MawnHbl Npu no-
CTOAHHOW CKOPOCTM BpaleHus aBuratens.

dneKTpOMarHMTHas myQTa cCOCTOUT U3 BeAyLLeil YacTu, COeLUHA-
emoli ¢ gsuratenem, BefLlOMOW 4acTu, COeMHAEMON C BXOLHbLIM BasoM
pefyKTOpa UM HENMOCPEACTBEHHO C UCMOMIHUTENbHBLIM OpraHom pa6o-
Yyeil MaWMHbI, N YCTPONCTBa, 06eCneyYnBalOLLEr0 COEANHEHNE ITUX
ABYyX yacTeli Npy nogaye Ha My(pTy YNpaBAAloLLEero curHana.

B anekTponpuBofax NpUMeHAOTCA 31eKTPOMarHUTHble MydThl C
MeXaHW4YeCKOl CBA3bK, NOPOLIKOBbIE U UHAYKLUOHHBIE.

ONeKTPOMArHMTHbIE MyPThbl C MEXAHWYECKOA CBA3bIO Yalle BCEro
BbIMO/IHAOTCA B BUAE (DPUKLMOHHBIX My(T, B KOTOPbIX BpalweHue oT
Bedylleid K BE4OMOW yacTu My(Tbl nepefaeTcs 3a CYET CUA TPEHUS
MeXy HaxofAWMMUCA Ha HUX PPUKLUOHHBLIMKW feTandMu B BUie
OVCKOB UM KOHYCOB. Takue My(pTbl NPUMEHAOTCA NPU HE06X04MMO-
CTW XXECTKOTrO CLenseHnsa BeLOMOro 1 BeAyLero Banos.

B anekTpoMarHnTHbIX NOPOLUKOBbIX My(hTax coeMHeHe BELOMONA
1 BeAyLLEN vacTeli ocyLLecTBASETCA 3a CHET (heppPOMarHUTHOIO NOpPoLL -
Ka, 3aN0/IHAIOLLEr0 330D B 3/IEKTPOMArHUTHOW cUCTeEME MEXAY 3Tu-
MW 4acTAMMU MYDThI.

B anekTpoOMarHMTHON MHAYKUMOHHON My(hTe Bpawatowmnii MOMeHT
OT BeAyLLeil yacTu nepefaeTca K BeflOMOIA 3a cUeT AeiCTBUA 3NEKTPO-
MarHUTHbIX cun. Puc. 2.23 UANCTPUPYET NPUMEHEHMEe 3/1eKTpoMar-
HUTHOW MHAYKLWOHHON MYy(Thbl 4NA PEryaMpoBaHMa CKOPOCTU 3nekK-
Tponpueoga. My@dTa COCTOMT U3 ABYX MeXaHWYECKN He CBA3AaHHbIX
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LPYT C APYrom uyacTeii: Begyuleii 2 n Begomoil 4. Begyuias yacTb 2,
Ha3blBaeMas AKOpeM W BbiMOJHAeMas U3 heppomMarHMTHOro matepua- |
[la, coefiuHseTcsa ¢ BasioMm asuratens / (Ha pUCyHke nokasaH acuH-
XPOHHbIN gBuratens). Begomas yacts 4, HaB O£/ LU r?"HI-f\HI7®3ﬂLL!OI‘I
pacnosioXkeHa BHYTpUW BefyLieil 2 n coegumHeHa Yepes peaykTop 6 (nnm
HENnoCpeLCTBEHHO) C MCMONHUTE/IbHLIM OPraHoOM 7paboyeli MalmnHbI,
CKOpPOCTb KOTOPOT0O HYXHO perynuposatb. Ha uHgykrope 4 pacnona-
raetcsi 06MOTKa BO36YXXAeHMA 3, KOTOpas Yepe3 KOHTaKTHbIE KOJbla

5 nofgknoyaeTcqa K UCTOYHUKY NMUTaHUA. BennumnHa ToKa BO36Yyxje-
HUA /, MOXET perynmpoBaTtbCcs, HanpumMep, ¢ NoMoL b0 pesuctopa R,,
3a CYET Yero 1 NPOMCXOAUT U3MEHEHUE CKOPOCTU BELOMOWA YacTn Myd-
Tbl U TEM CaMbIM UCMONHUTENBHOIO OpraHa 7. PaccMoTpuM npouecc
perynmpoBaHunsi CKOpocTu NogpobHee, cunTas, YTo AKOPb 2 MPUBOAUT-
Cs BO BpalyeHue oT gBuratens 1c NOCTOSSHHOI CKOPOCTbLIO K.

Puc. 2.23. 3nekTpomarHutHaa mydTa:
a — cxema BK/IoYeHUsi; 6 — MexaHu4eckne xapakTepucTukm

Ecnm 06moTKa nHAYKTOpa 4 He 06TeKaeTCs TOKOM BO36YXAeHNUS,
TO MEXAY HUM M AKOPEM 2 OTCYTCTBYET MarHUTHasa CBA3b M MHAYKTOP
4 HenoaBwxeH (to = 0).

Mpwn npoTekaHWn nNo o6MOTKe 2TOKa BO3OYXXAeHUs /, B BO3AYLU-
HOM 3a30pe MeXAy SKOpeM U MHAYKTOPOM BO3HMKaeT MarHWTHOe Moe,
nop AelicTBMeM KOTOPOro BO Bpaljatolemcs skope 2 6yayT LUpKynm-
poBaTb BUXPEBble TOKW. B3auMogelicTBue aTUX TOKOB C MarHUTHbIM
nofiemM Co34aeT BpallaloLlnii MOMEHT, No4 LEeACTBMEM KOTOPOTO WH-
OYKTOP NMPUAET BO BPaLLEHWE B TY XK€ CTOPOHY CO CKOPOCTbIO (0.

M3 MexaHUYeCcKnx xapakTepucTuk myg bl co(A/), npeicTaBnsoLLmnX
coboli 3aBMCUMOCTM CKOPOCTU MHAYKTOPa (BEAOMOM YacTu) LW OT pas-
BMBaemMoro MM MOMeHTa M npu pasHblX TOKax BO36YyxpgeHua /,
(puc. 2.24, 6), cnepyeT, 4To, HanNpumep, NP1 NOCTOAHHOM MOMEHTE Ha-
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rpysku JllcperynmpoBaHue Toka Bo30y>aeHus ot /,200  no3BonfeT
M3MEHATb CKOPOCTb MHAYKTOPA OT aoc| 4,0 o2

PaccMoTpeHHasa MyTa NMPUHAANEXUT K Fpyrnne Tak Ha3blBaeMblX
3NEKTPOMArHUTHBLIX MY(T CO CBA3bIO MeXJy ee YyacTAMU Yyepe3 mar-
HUTHOe none. NMOMMUMO TaKUX MY(MT NPUMEHAOTCA TaKXe MY(Tbl C
MeXaHW4ecKoi CBA3bi. B HUX nepefava Bpaliallwero MOMeHTa OT
BeAylLLel 4acTu K BEJOMOW OCYLLEeCTBNASETCH MeXaHUYECKUM TPEHUEM
nnn 3auensieHMeM 3a CYET CO3faHna Mexay HUMW HOPManbHOrO faB-
NeHVA MarHUTHbLIM MOJiIeM 3/IeKTpOMarHuTa.

TOph/KBHbeyCTpOVImBa AnekTponpueoabl paja paboynx MawuH u
MexaHM3MOB CHabatoTCs crneymanbHbIMKU YCTPOCTBaMU, KOTOPbIe obec-
MeynBaroT OCTAHOBKY ((MKCaLMi0) NCMONHUTEIbHbIX OPraHoOB B 3aJaH-
HbIX MONOXEHUAX, OFPaHUYEHNE MYTU TOPMOXKEHUA NOC/e OTKIOYeHNA
[BuraTens, a TakxKe yaepxaHuve ((hrkcauunto) NCNONHUTENIbHbIX OPraHoB
B OonpejeseHHOM MOJIOXKeHWU Mocie OTKAYeHns agsuratens. K rakum
paboynm MalHaM OTHOCATCA B NEPBYIO oYepesb MogbEMHO-TPAHCMOPT-
Hble MeXaHW3Mbl — KpaHbl, TMMTbI, NOABEMHUKN, 3CKaNaTopbl U T,

MpuMeHseMble TOPMO3HbIE YCTPOKCTBA MMEIOT BeCbMa pa3H006-
pasHoe ucnosnHeHne. OHKM NogpasfenatoTca No BUAY UCNOJb3YeMoro
npuBofa Ha 3NIeKTPOMarHuTHble, TMAPaBINYeCcKne, MHeBMaTN4eckKue,
MO KOHCTPYKLMUU DPUKLNOHHbBIX 3/1EMEHTOB — [UCKOBbIE, KOHWUYEC-
Kue n LUInHApUYeckne, KOTopble, B CBOKO oYepefb, 6bIBalOT KOOL04-
HbIMW W JIEHTOYHBLIMU; MO HaYaIbHOMY MOJIOXKEHUIO PPUKLUOHHBIX
3N1E€MEHTOB — Ha HOPManbHO Pa3OMKHYTble U HOPManbHO 3aMKHYTbIe.

B 6onbwinHcTBe 3T HAXO4AT NPUMEHEHWE TOPMO3bl C MPUBOAOM
OT 3/1IeKTPOMarHMTOB, Ha3biBaeMble 3/IEKTPOMarHUTHbIMU. OTN TOP-
MO3bl NOAPa3feNnarTca No pojy Toka — MOCTOAHHOIO U NEPEMEHHOTO;
no AINHe X0f4a AKOPA 3NeKTpoOMarHntTa — ANMHHOXOA0BbLIE U KOPOT-
KOXOZO0BbIE; MO PEXUMY PaboTbl — NMPOLO/HKNTENLHOCTLIO BK/IHOYEHNS
15, 25, 40 n 60% oT BpemeHu umkna pabotel M. KopoTKOX040BO
TOPMO3 UMEET XO[ AKOPSA 3NeKTpoMarHmTta, 6iM3KNiA nnm paBHbIin ne-
pemeLLeHNI0 PPUKLNOHHbLIX 31EMEHTOB (KOJIOL0K), a X0 AKOPA 3/1eK-
TpomMarHuta IMHHOXO0BOI0 TOPMO3a B HECKONLKO pa3 npesblllaeT
3TO nepemelleHNe. 3a CHET 3TOr0 B COOTBETCTBUMN C NpaBuiaMn mexa-
HUKWN Tpebyemoe ycuive aneKkTpoMmarHurta jAMHHOX040BOr0 TOpMo3a
MO>eT 6bITb BO CTO/IbKO XXe pa3 MeHblLLUe.

MpuHUMN felicTBAA HOPManbHO 3aMKHYTOr0 KOMI0404YHOT0 TOPMO3a
C NMPUBOAOM OT 3/IeKTPOMarHuTa COCTOUT B crefytouiem. B ncxogHom
«HOPMa/IbHOM™ NOJIOXXEHUWN, KOrfa 3NeKTPOMarHuT He NOAKAYEH K
MCTOYHNKY MUTAHUA, €ro KONOLKN C MOMOLLbIO MPYXUHbI NPUXNMa-
I0TCA K TOPMO3HOMY LUKWUBY, pacnosioXeHHOMY Ha Bany ABuraTens,
M 3aTOpMaXkMBatloT ero. MNpu BKAKYEHUN fBUTaTENA HANPSAXKEeHNe 0f-
HOBPEMEHHO MOJAeTCsA U Ha 0OMOTKY 31eKTpOMarHmTa. SKopb 31eKT-
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pomMarHuTa, MpUTATMBaACh K CepAeYHNKY, PACTOPMAXMNBAET KOMOLKM
TOpMO3a, W ABUraTeNlb Ha4YMHaeT BpalLaTbca. py OTKIKYEHUN LBU-
raTens Tepset NUTaHWe M 3NEKTPOMATHUT U NPYXWNHA BHOBb NPUXK-
MaeT KOJIOAKM K KBy, o6ecrneunsas TOpVKBBEM/BihNe$or Free Version
B 3l HekoTOpbIX NPON3BOLACTBEHHbIX MEXAHWU3MOB, B MepBylo oYe-
pefb KpaHOBbLIX, B TOPMO3ax MepPeMeHHOro Toka MPUMEHAKTCA TakK
Ha3blBaeMble 3/1eKTpornapasnmyueckue tonkatenn (3rT). Mo cpaBHe-
HUIO C TOPMO3aMMK C MPUBOLOM OT 3/1IEKTPOMArHUTOB MepeMeHHOoro
TOKA OHW MMEIT 60/1ee BbICOKYH M3HOCOCTOMKOCTb, 06ecneunBarT
nnaBHy paboTy TOpMO3a, XapaKTepu3yoTCa MeHbLWUM NOTpebaeHmn-
€M TOKa 1 6onblieli HafeXHOCTbI0 B paboTe.
AneKTpormapaBaMyecknin TonkaTenb npegcrasnseT co60i KoMn-
NeKCHOe YCTPOWCTBO, BK/IOYAIOLLEE 3NEKTPOABUIaTENb MEPEMEHHOTO
ToKa Hebonbwoli (go 0,4 KBT) MOWHOCTM, NPUBOAUMbIA UM LLEHTPO-
6eXHbIi HACOC M TMAPOLMUAMHAP C MOPLWHEM, C KOTOPbIM COEANHEH
BbIXOAHON WTOK A T. BHyTpeHHAa nonoctb 3T 3anuTa Macnom.
PaboTtaeT OI'T cnegyowm obpasom. MNpu nogaye Ha ABuratesb
HanpAXeHus OH HauyMHaeT BpawaTb paboyee Koneco Hacoca. [ocneg-
HUI co3gaeTt faBneHWe noj NOpLHeM, KOTOPbI/ HaYMHaeT nepeme-
WaTbCA CO LWITOKOM BBEpPX W pacTopMaxusaTb KOJMIOLKW TOPMO3a.
B BepxHeM MOJIOXEHNN OTKPbLIBAKOTCA KaHanbl B LUAWHAPE, Mac/o nepe-
TeKaeT B HWXKHIOW 4YacTb I T u ABMXKeHMe npekpaw,aetca. Bpemsa
nogbemMa u onyckaHusa wroka 3T obbluHo cocTaBnset 0,3-1,5 c.
Kpome TopM030B, KOTOpbIe NpeAcTaBAT co60i 0TAebHOE YCTPOA-
CTBO, B Q1 HaxoAAT WMPOKOE NMPUMEHEHWE BCTPaUBaEMble B ABUraTeb
TOPMO3bl, COCTABMAOLINE C HAM eAUHbIA KOHCTPYKTUBHbIV MOAY/b.
Takune BCTpanBaeMble TOPMO3bl BbIMOJIHAIOTCA, KakK Npasuio, JUCKOBbI-
MW U UMEIKT ynpaBfeHne oT 3NeKTPOMarHMToB NOCTOAHHOIO U nepe-
MEHHOTO TOKa.

2.9. BAWLWNTA, BJIOKUPOBKN N CUTHANN3ALNA
B S/IEKTPOIMPVBOOAX

Lns o6ecneyeHns HageXHoi pa6oTel I M TeXHONOTUYECKOTO
060pya0BaHUs B ero CXxemax npegycMaTprBaloTCs HEO6X0ANMbIE BUAbI
3aWunT. ITON XKe Uenu cayxaT U pasinyHbie 610KNPOBOUYHbLIE CBA3H,
obecrneynBatoLiMe 3aaHHbIA MOPSAAOK ONEepaLunii no ynpaBneHuto oj-
HUM WIN HECKONbKMMU AT M TeXHONOrMYeckMM 060py0BaHUEM U
npefoTBpawiatoLyMe Npu 3TOM OWUGOYHbIE AeliCTBUSA onepaTopa.
KpoMme Toro, BO MHOTWX C/ly4yasix L,efecoo6pa3HO OCYLEeCTBASATL KOH-
TPOJIb 33 COCTOSAHMEM W PEXMMOM PaboThbl OTAENbHbIX Y3108 JI1, UuTO
o6ecneynBaeTca ¢ MOMOLLbIO CPEACTB CUTHANM3aL UK, U3MEPUTENbHbIX
W PErucTpUpyoLWmMx Npubéopos.
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AnnapaTbl MakCMMa/lbHO TOKOBOI 3awnTbl. Mpu pabote 3 MoxeT
MPOM30MTM 3aMblKaHMe 3NEKTPUYECKUX Lienei Mexxay co60i unm Ha 3em-
mo (Kopnyc), a TakXxe yBe/inyeHue ToKa B CUTOBbIX LENAX CBEPX Jonyc-
TUMOTO Mpegena, BbI3BaHHOE, HanpuMep, CTONMOPeHWeM ABUXKEHUS UCMON-
HWUTENbHOrO OpraHa paboyei MallHbI, 06PLIBOM OAHOW 13 (ha3 MUTAKOLLErO
HanpsKeHUs, PE3KMM CHUXEHVEM TOKA BO3OYXXAeHMSA BUraTesiein nocTo-
AHHOTO TOKa. Ans 3awmnTbl M 1 NMTaKOLWeld CeTU OT MOABNAKLLNXCA B
3TUX CNyYasx HeJOMyCTUMO 60/bLLMX TOKOB (CBEPXTOKOB) NpefycMaTpu-
BaeTCA MakcumasibHas TOKOBas 3alymnTa, KOTopas MOXET peann30oBbIBaThb-
CA PasIMYHbIMM CPeACTBaMU: C MOMOLLbIO M1aBKUX NpefoXpaHuTenei, pene
MaKC/MMasbHOI0 TOKa 1 aBTOMaTUYEeCKMX BbIK/OUATENEN.

MnaBKue npegoxpaHnTenm FU BKIOYAOTCA B KXY TMHUIO ((ha3y)
nuTaloLLed ABUraTeNib CETU MeXAY Bbik/touaTenieM Q Hanps>XXeHUs ceTu
N KOHTaKTaMu IMHEeRHOro KoHTakTopa A'J1/4na aCMHXPOHHOTO ABuUra-
Tens (puc. 2.24, a) v 4Nna ABMraTens NoCTOAHHOIo Toka (puc. 2.24, 6).
Llenv ynpaBneHus Takxe MOryT 3alMwartbCcd NAaBKUMW npepo-
XpaHutensamu (puc. 2.24, B).

e

K cxeme
ynpaefeHus

Puc. 2.24. Cxembl BKIHOUEHMSA NpenoxpaHuTenei ansa 3aunThbl:
a — acMHXpPOHHOro gguratens; 6 — asuraTens NOCTOSAHHOIO TOKa;
B — Lieneii ynpasneHus

Bbl60p NNaBKOW BCTaBKM MPefoXpaHnUTeNeil CUN0BOI YacTu 31eKTPo-
npuBoAa NPON3BOAUTCA NO TOKY, KOTOPbI/A paccunTbiBaeTcs Takum obpa-
30M, YTOGbI NPY MyCKe ABUraTeNid OHa He Neperopassa oT NMyCKOBOr0 TOKa.

Pene makcuManbHOro Toka Ucnosb3ytoTca B OCHOBHOM B I3[ cpef-
Heil n 6onbwoli mowHocTU. Katywkn atux pene FAL n FA2 Bknitoyva-
I0TCA B (hasbl TpexMasHblX ABUraTenieii NeEPEMEHHON0 TOKa U B OUH
Wnn gBa nostoca asurarensd NoCTOAHHOI0 TOKa MeXAy Bbiknouvatenem Q
N KOHTaKTamMmn NMHeAHOro KoHTaktopa KM (puc. 2.25, a, 6). Pasmbl-
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KalL e KOHTaKTbl 3TUX pefe BK/YEHbI B Lienb KaTywkn KM nuHeli-
HOro KOHTakTopa (puc. 2.25, B). [1py BO3HUKHOBEHWNUN CBEPXTOKOB B
KOHTPO/IMPYEMbIX Lenax, npesbiwawmnx yctasku pene FAI n FA2,
3TV KOHTaKTbl pa3mblKatTCA U cnU1oBble KOJT*MCEbITM H«Tik B
TakTOopa KM OTKMt04aloT ABMratenb OT NUTalOLW el ceTu.

Puc. 2.25. Cxembl BK/IOYEHUS pesie MakCMManbHOro Toka AN 3awuThbl:
a — aCUMHXPOHHOro asuratens; 6 — Asuratens NOCTOAHHOrO TOKa;
€ — KOHTaKTOB pene B Lenu ynpasneHus

YcTaBKM pene MakCMManbHOr0 TOKa JO/MKHbI BbIGUPaTbLCA TakUM
06pa3om, 4TOo6bl He MPOMCXOAMNO0 OTK/IKUEHUS ABUTraTenein npu ux
MycKe UN Jpyrux nepexofHbiX fnpoueccax, Korga TOKM B CUJTOBbIX
Lensx B HECKONbKO pa3 NpeBbIlIaldT HOMUHAaNbHbI YPOBEHb.

ABTOMaTWNYeCKWE BO3AYLLHbIE BbIKIOYaTENMN (ABTOMAThI). TN KOM-
NNeKCHble MHOTOLEeNeBble annapaTbl 06ecneuynBaldT pyyHoe BKKOYe-
HWe U OTK/OYEeHWe ABUraTenein 1 3awnTy OT CBEPXTOKOB, NMeperpy3ok
N CHYKEHWUSA NUTaOLWLEro HanpsaxeHuns. s BbINONHEHNUA 3TUX PYHK-
UM aBTOMAT NMeeT KOHTaKTHYH CUCTeMY, 3aMblKaHue 1 pa3mbliKaHune
KOTOPOIi OCYLLeCTBNAETCA BPYUHYIO C MOMOLL IO PYKOATKM MW KHON-
KW, MakCuMasbHOe TOKOBOE pene u TennoBoe TOKOBOe pene. Kpome
3TOr0, HEKOTOPbIe TUMNbLI aBTOMATOB 06ecneynBaroT 3aWuTy OT CHUXKe-
HUA HanNpsHXXeHUa N AUCTaHLMOHHOe OTKIOYeHNe aBUraTenei.

BaXXHbIM YCTPOIiCTBOM aBTOMAaTa ABAAeTCA MeXaHW3M CBO6OLHOr0
pacuenneHus, KOTopblii 06ecneynBaeT ero OTK/OYEHME NpK NocTynne-
HUWN YNPaBAAOLWMNX UK 3l UTHBIX BO3LeNCTBMIA. B o6wwem cnyyae oT-
K/MoYeHne aBpToMara 3aTUM MeXaHU3MOM MOXeT NPOUCXOANTb MPKM Mpo-
TeKaHWM TOKOB NeperpysKu, KOPOTKON0 3amMblKaHUA, CHUXKEHUW Hanpsa-
XEeHUA CeTH, a TakXe npu GUCTAHLMOHHOM OTK/IIOYeHMU aBTOMaTa.

YNpoLeHHoe YCTPONCTBO aBTOMaTa NokKasaHo Ha puc. 2.26, a. Pa6o-
Ynii TOK Harpysku | npoTekaeT Yepe3 KOHTaKT laBTomarta, HarpeBaTefb
TEM/IOBOrO pene 6B KaTyLWKy 9 pesie MakCcuManbHOM Toka. [pu KopoT-
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KOM 3aMblKaHWUV B KOHTPOMPYEMOIA Lienn cepaeyHuk 10MakcumanbHOro
pene BTArMBaeTcsa B KaTyLWKy 9 1 TonkaTeneM 8 BO3[eNCTBYET Ha pblyar
5 mexaHn3ma pacuenneHus. NocnegHuii MoBOpaYnMBaeTCs N0 4acoBOl
CTpenke u npunoAHuMaeT 3aulenky 4. OcBo6oXaaeTcs pblyar 3, U nof
[eACTBUEM MPY>KNHbI 2 KOHTaKTbl 1aBTOMaTa pa3MblKakTCs.

Puc. 2.26. ABTOMaTn4eckuii BbikoHaTesb:
a — YCTpOWCTBO: 6 — CXema BK/IIOUYEHUS

AHanornyHblMm 06pasomM NPoOUCXOAUT OTKIKOUEeHKE aBToMaTa npu
neperpyske Lenu, Korga Tok B Heil 60/ble HOMUHAaNbLHOTO (pacyeT-
HOr0), HO MeHblle TOKa KOPOTKOro 3amMmblKaHus. B aTom cnyyae TOK,
npoxoAs No HarpesaTe/Nito 6 TeNNOBOro pene, Bbl3blBaeT Harpes 6ume-
TaN/INM4YecKoi nnacTuHbl 7. B pesynbTate 3T0ro cBo60OAHbLIA KOHeL,
NNacTWHbl 7 MOLHMMAETCA BBEPX W yepe3 pblyar 5 BO3AENCTBYET Ha
pacuenuTenb 4, Bbi3biBas 3TUM pa3MblKaHWE KOHTAKTOB aBTOMaTa.

YacTo B aBTOMATax NPUMEHAIOT TeNn0Bble pacuenutenn 6e3 Harpe-
BaTensA, B 3TOM C/ly4yae KOHTPOAUPYEMbIA TOK MPONyCKaeTCcs Hemno-
CpeACTBEHHO Yepe3 GUMeTaNInYecKyo NaacTuHy. B ManoMoLHbIX aB-
TOMaTax TakKoW pacuenuTesib MOXET BbIMOMHATL DYHKUWUN 1 3EMEH-
Ta MaKCUManbHON TOKOBOW 3alUNThI.

Mpumep cxembl BKNOYEHMA aBToMaTa QFang nogkno4veHunsa u 3a-
WUTbl Tpexha3HOro aCMHXPOHHOIO ABMraTens NpuBeseH Ha puc. 2.26, 6.
ABTOMaTMYECKME BbIKNOYATENN LWMPOKO UCMOMb3YIOTCA A1 KOMMYTa-
LWKN 1 3alWNTbI CUIOBLIX Y MANOMOLLHbIX Leneid M Bcex BULOB.

Hynesas 3awwuTa. NMpn 3HAYNTENBHOM CHUXEHUWN HANPAXKEHUSA CETH
NN ero NCYe3HOBEHUM 3Ta 3aluunTa obecrneymBaeT OTKNOUYEHUE ABU-
ratesieil u npegoTBpaliaeT CaMONpPOM3BOSIbHOE NX BKAOYEHMe (CamMo-
3anycK) nocsie BOCCTaHOB/IEHUS HANPSXKEHUS.
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KalLne KOHTaKTbl 3TUX pene BKAOYeHbl B Lenb KaTywku KM auHei-
HOro KoHTakTopa (puc. 2.25, B). lNMpn BO3HUKHOBEHWMN CBEPXTOKOB B
KOHTPOJINPYEMbBIX Lensax, npesblwarlnx ycrtasku pene FAL n FA2,
3TV KOHTAKTbl Pa3MblKaTca 1 cunosble FLLUMLIBHLHHMAKO\A rMun
TakTOpa KM OTKNt04aloT ABuUratenb OT NUTaloLLel ceTu.

Puc. 2.25. Cxembl BK/IHOYEHUS pefie MakCUMasibHOro ToKa ANS 3aliuTbl:
a — aCUMHXPOHHOro Asuratens; 6 — Asuratesnisa NoCTOAHHOIO TOKa,
B — KOHTaKTOB pefie B Lienu ynpasfeHns

Y CcTaBKM pefie MaKCMMalibHOTo TOKa LOJ/DKHbI BbIGMPaTHCA TAKUM
o6pa3om, YTOObl He NPOUCXOAUN0 OTKIOUYEHUA ABUTATENEA MPU KX
NycKe Uan fpyrux nepexofHbIX npoueccax, Korfja TOKW B CMAO0BbIX
Lensx B HECKO/IbKO pa3 NpeBbIWalT HOMUHaNbHbIA YPOBEHD.

ABTOMaTWNYeCK/e BO3AYLLHbIE BbIKIOYaTeN (aBTomMaThbl). TN KOM-
NnAeKCHble MHOTOLeNeBble annapaTbl 06ecneynBaoT pyyHoe BKOYe-
HUe W OTK/II0UeHWe aBUraTenein 1 3aWnTy OT CBEPXTOKOB, Neperpysok
N CHVDKEHWNSA NUTAIOLWLEr0 HanpaXeHud. Ans BbIMOMHEHNSA 3TUX (DYHK-
LW aBTOMAT MMeeT KOHTAKTHYIO CUCTeMY, 3aMblKaHUWe 1 pa3MblkaHue
KOTOPOI1 OCYLLeCTBAAETCA BPYUHYIO C MOMOLLbIO PYKOATKU WUAN KHOM-
KW, MakCcuManbHOe TOKOBOE pefne W TennoBoe TOKOBOe pene. Kpome
3TOro, HEKOTOPbIe TUMbl aBTOMATOB 00eCMeyYnBatoT 3aLWUTy OT CHUXKe-
HUA Hanps>XeHWa U AUCTaHLMOHHOE OTK/0YeHWe ABurartenei.

BaXXHbIM YCTPOiCTBOM aBTOMaTa ABASETCA MexaHU3M cBO6OAHOrO
pacuennieHuns, KOTOpbI 06ecneynBaeT ero OTKAUYEHWe NPU NOCTyne-
HUWN YNPaBAAOLWMNX UM 3aWUTHBIX BO34eicTBUiA. B obLiem cnyyae oT-
KNOYeHne apToMara aTUM MexaHU3MOM MOXKET NMPOUCXO4UTb NPU Npo-
TeKaHWN TOKOB Meperpyskun, KOPOTKOr0 3aMblKaHUA, CHXKEHUN Hanps-
XeHuna ceTu, a TakXxe npu AUCTaHLMOHHOM OTK/IOYEHUMN aBToMaTa.

Ynpouw,eHHOe yCTPOKCTBO aBTOMaTa MoKasaHo Ha puc. 2.26, a. Pabo-
Ynii TOK Harpysku | npoTekaeT Yepe3 KOHTaKT / aBTOMara, HarpesaTefb
TenjaoBOro pene 6B KaTywKy 9 pesie MakcumanbHO ToKa. [Mpu KopoT-
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KOM 3aMblKaHUU B KOHTPONMPYEMOii Lenu cepaeyHnk 10MakcumManbHOoro
pene BTArMBaeTCs B KaTyLIKy 91 TonKaTenem 8 BO3AeiCTBYET Ha pblyar
5 mexaHu3ma pacuenneHus. MNMocnefgHUin NoBopayMBaeTCcs N0 4acoBOl
CTpefike U NpunogHuMaet 3awwenky 4. OcBoboxaaeTcs pblyar 3, v Nog
LeiicTBMEM MPYXWHbI 2 KOHTaKTbl /aBTOMAaTa pa3MbIKaloTCH.

Puc. 2.26. ABTOMaTn4eckuii BbiknoyaTenb:
a — YCTpOICTBO: 6 — cXxema BK/II0UYEHUS

AHaNormMyHbiM 06pasom MPOUCXOAUT OTKNKOYEHUWE aBTOMAaTa Npu
neperpyske Lenu, Koraa ToK B Hell 601blie HOMUHANbLHOTO (pacyeT-
HOT0), HO MEHbLLIE TOKA KOPOTKOro 3amblKaHuA. B aToM cnyyae TOK,
NMpoxof4s no HarpesaTesnto 6 Tenso0BOro pefie, Bbi3biBaeT Harpes 6ume-
TanIM4YecKon nnacTuHbl 7. B pesynbTaTe 3TOro cCBO60AHbBIN KOHeL
nnacTUHbl 7 NOAHMMAaeTCs BBEPX U yepe3 pblyar 5 BO3AeNCTBYeT Ha
pacuenuTenb 4, Bbi3biBasg 3TUM pasMblKaHWe KOHTaKTOB aBTOMaTa.

YacTo B aBTOMaTax NPUMEHAIOT TENNOBbIE pacuenuTenn 6e3 Harpe-
BaTens, B 3TOM Cly4yae KOHTPOAMPYEMbI/A TOK NPONYCKAETCA HemMo-
CpPeACTBEHHO Yepe3 GUMeTaNINYecKyto niacTuHy. B manoMoLHbIX aB-
TOMaTax Takol pacuennTenb MOXET BbINOAHATb GYHKLUMN N 31E€MEH-
Ta MaKCUMMasibHOW TOKOBOW 3allunThl.

Mpumep cxembl BKAOYeHUs aBTomMata O*ana NOAKMNOYEHNA U 3a-
LWNTbI TPeX(ha3HOro aCUHXPOHHOIO ABUraTens NpuseieH Ha puc. 2.26, 6.
ABTOMaTUYECKMNE BbIKNHOYATENN WNPOKO UCMOMb3YIOTCA AN KOMMYTa-
LMW ¥ 3alLNTBI CUNOBLIX U ManOMOLHbIX Leneli ST Bcex BUAOB.

Hynesas 3awmTa. MNMpy 3HAYNTENLHOM CHUXEHUW HaMPAXEHUA CETU
WMV ero UCYE3HOBEHMM 3Ta 3alinMTa 06ecrneymBaeT OTKAOYEHNE OBU-
rateneli v npefoTBpaLiaeT CaMONpPON3BOIbHOE UX BKOYeHUe (camo-
3anyckK) nocne BOCCTAHOBIEHUA HANPSAXKEHNS.
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B Tex cnyyaax, Korga gsuratesnn ynpasnsoTCA OT KHOMOK KOHTaK-

Topamy AN MarHUTHbLIMUW MyCKaTensaMun, Hynesas 3alnTa oCyLecTs-
nqaeTca caMuMmK annapatamy 6e3 NPUMEHEHUA LOMONHUTENbHbIX
cpeacTs. Hanmpumep, ecnuM B cxemax puc.
MOHM3UO0Ch HaMpPsXXeHNe CeTH, KaTyLKa IMHeAHOro KoHTaktopa KM
NnoTepaeT NUTaAHWE, U OH OTKNOYNT ABUraTens oT ceTu. MNMpwu BoccTa-
HOBMIEHUMN HANPsHXKeHUs ABUraTeNlb MOXeT ObITb BK/IHOYEH TONIbKO NoOC-
Nle HaXXaTusa Ha KHONKY ynpasneHnsa SB2 (cm. puc. 2.25).

Mpu ynpasneHun 3T 0T KOMaHAOKOHTPO1EPA UK KKOYa C (PUK-
CMPOBaHHbLIM MOMOXEHNEM UX PYKOATOK Hy/ieBas 3alinTa ocyLlecTBns-
eTCs C NOMOLLbI0 AONONHUTENBHOTO pene FVHanpsaxeHusa (puc. 2.27).

+
FV
FP FA I
-Pv
SMO SMI
201 20 1 KM
[
a0 it U

" K uensam ynpasneHus '

Puc. 2.27. Cxema HyneBoi 3aliuThbl

B aToil cxeme pene /"BKNOYAETCHA B HY/NIEBOM MOMOXEHUW KOMaH-
LOKOHTpoSifiepa (Knrya) yepes KOHTaKT SMO, mocne Yero OHO CTaHo-
BMTCA Ha CamMOMMTaHWe Yyepe3 CBON COGCTBEHHbIA KOHTAKT. Mpu ne-
peBoje PYKOATKM KOMaHAOKOHTpoO/iepa (Knoya) B MOIOXeHWe nyc-
Ka /, nuTaHne BCeli CXeMbl YNpaB/ieHUs OCYLLeCTBAAETCA Yepe3 3TOT
KOHTaKT, MO3TOMY MPU MCUYE3HOBEHUUW HanpsXXeHus pene FVoTknio-
YnTCH, NPEKpPaTUTCA ee NUTaHUE U NNHEeRHbI KoHTakTop KM oTKAI0-
YUT ABuUratesnb oT ceTu. MNpu BOCCTAaHOBIEHUW HANPAXEHUSA NUTAHUA
MOBTOPHOE BKJIIOYEHMWE ABUTATENSA MOXET OblTb MPOU3BEAEHO NINLWb
nocsie yCTaHOBKWN PYKOATKWN BHOBb B HYJIEBOe (CpefHee) MoJioXKeHue,
YeM MUCK/HoYaeTCcs BO3MOXHOCTbL ero camosanycka.

OTMeTUM, 4YTO B CXeMe puc. 2.27 pene FVaBnaeTca UCMNONHUTENb-
HbIM 3/IEMEHTOM elle ABYX 3alLMT: OT TOKOB KOPOTKOrO 3aMblKaHUA
(KOHTaKTbl pefe MakKcMManbHOro Toka FA) u TennoBol (KOHTaKThl
Tennosoro pene FP), 4To 4yacTo NpakTUKYeTCs B CXeMax yrnpas/ieHuns.

Tennosas 3aWiuTa. 3Ta 3aUiMTa OTKIOYaeT ABUraresib OT UCTOYHM-
Ka NUTaHuA, ecnu BCNELCTBME NPOTEKAHWUA MO ero Lensam MoBblLLEH-
HbIX TOKOB MMeeT MeCcTo 60nee BbICOKWUI Harpes ero 06MoToK. Takas
neperpyska BO3HUKaeT, B YaCTHOCTU, Npu 06pbIBE OAHOW U3 ha3 Tpex-
(ha3HbIX aCUHXPOHHbIX N CUHXPOHHbBIX ABUTaTENeNn.
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Puc. 2.28. Tennosasa 3awura:

a — cxema BK/II0YEeHUA TEM/oBbIX pesie B Lenb cTartopa aCUHXPOHHOIO AsuraTens
6e3 TpaHcthopmaTopa ToKa; 6 — cxema BK/IH0YEHUS TENMOBLIX pene B LENb
cTaTtopa aCMHXPOHHOro ABuratens ¢ TpaHcopmaTopoMm TokKa; a — cxema

BK/IIOYEHMA TEM/IOBLIX pesfie B Lenb AKopsa ABuratens NoCTOSAHHOro Toka

Tennosas 3alwnTa ABurateneli MoOXeT ObITb OCYLLeCTB/IEHA C MOMO-
b0 TEM0BbIX, MAKCUMa/IbHO-TOKOBbIX Pefe U aBTOMaTUYEeCKNX Bbl-
Knouatenei.

Tennosble pene KKBKnoyalTCcs B ABe (asbl TpexdasHbIX ABUTa-
TeNeil NepeMeHHOro TOKa HeNnoCpPeaCTBEHHO (puc. 2.28, a) naum uvepes
TpaHcopmaTopbl Toka TA (puc. 2.28, 6), ecnv TOK ABUraTens npesbl-
lWaeT HOMWHaNbHbLIA TOK pene. ANs 3aWmnTbl ABUraTesneil NOCTOAHHO-
ro TOKa pene BKOYAKTCA B OAWH UK [iBa MOJitOCA Lenu Ux nutaHus
(puc. 2.28, B). PasmblkalolliMe KOHTAKTbI TEMN0BbIX pefie BKAK YA TCA
WKW B LENW KaTylleK rnaBHbiX (MMHEHbIX) KOHTaKTOpPOB, W B Lenb
3alMTHOTO pene, KaK 3TO NoKas3aHo Ha puc. 2.27.

[eicTBme Tenn0BOro pesie OCHOBAHO Ha apekTe n3rnbaHusa 6m-
MeTanIMyecKoi NNacTUHKMU NpU ee HArpeBaHWM 3a CYeT PasInyHbIX
TeMMepaTypHbIX KO PULNEHTOB NNHERHOrO paclunpeHns obpasy-
IOLWKX ee MeTannos (cM. puc. 2.26, a).

HomuWHanbHbIV TOK TENI0BOI0 3/ieMeHTa pene /TaBblOUpatoT pas-
HbIM UM HECKO/bKO 60/bLWNMM HOMWHANBHOTO TOKa aBuratens 1Tt

K=(1...1,15)/u

Tennosas 3alinTa fBUratesieii MoXeT OCYLLECTBNATLCA aBTOMATU-
YeCKUMM BbIKIHOYATENAMUN U MAarHUTHBIMUW NYCKaTenamu, eciii OHu
MMEKT BCTPOEHHbIE TEM/IOBbLIE pacLenuTeNn, Kak, Hanpumep, B Cxe-
Me aBToMarta puc. 2.26, a.

Mpn NOBTOPHO-KPaTKOBPEMEHHbIX pexunmax pabotel IM, korga
npouecchl Harpeea pene u ABuraTens pasnyHbl, 3aWwnTa geuratenei
OT NePerpy3oK OCyLLeCcTBAETCA C MOMOLLbI MaKCUMaNbHO-TOKOBbIX
pene FAL1un FA2 (cm. puc. 2.25). TOKM yCTaBOK pesie Npu 3TOM BblOU-
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patotcd Ha 20—30 % Bbile HOMWHANLHOTO TOKA ABurartens. Tak Kak
YCTaBKW pefie HWXe MYCKOBOro TOKa, TO MPU MYCKe ero KOHTaKThl
WYHTUPYIOTCA KOHTAKTaMW pesie BpeMEeHU, MMEeIOLLEro BbIAepXKy Bpe:
MeHU, HeCKo/IbKO 60nbLlyto BpeMeHU nycka JISFrSI*»Bfessor Free v@&slon
MuHUManbIt0-TOKOBaA 3awnTa. STOT BUJ 3alUNThI NpuMeHaeTcs B M1
C ABurateniiMy NMOCTOSAHHOIO TOKA U CUHXPOHHBIMU ABUTraTENAMU LNS
3alWmnTbl OT 06pbIBa KX Lenei Bo36yXAeHNA. Vicue3HOBeHME ToKa BO36YX-
[leHNs 0NacHO TeM, YTO OHO BbI3bIBAET NUCYe3HOBeHMe nNpoTnBo34C ABu-
raTeneil U NpUBOAMT TeM CaMbIM K 3HAUYNTE/IbHOMY BO3pacTaHMIO TOKaA B
MX CUJTOBBIX LLeNsAX U Pe3KOMY CHUXKEeHUIO pa3BuMBaemMoro UMn MOMeHTa.

KF
OHM

w Y

H«-

Puc. 2.29. Cxema MWHMMaNbHO-TOKOBOW 3alyuUThbl

OTa 3alunTa OCYLLEeCTB/IAETCA C NOMOLL LI MUHMMaNIbHO-TOKOBOTO
pene KF, KaTyllKa KOTOPOro BK/IlOYAeTCs B LieMb 06MOTKM BO36YXe-
HWA ABUTaTens, Kak 3TO NoKas3aHO Ha puc. 2.29. 3aMblKar W nii KOH-
TakT pene KFBKIOYaeTca B Lenb Katywky KoHTakTtopa KM, 4yto no-
3BONIAET BK/KOYATH ABUraTeNlb TONLKO MPUY HalMunm ToKa BO3OYxae-
Hus B OBM. lMpu paboTte 3 B cnyvyae MCYE3HOBEHUS WU PE3KOrO
CHWXKEeHUS TOKa BO3OYXAeHUA KOHTaKT pesie KFpa3soMKHETCS U KOH-
TakTop KM, noTepsaB nuTaHue, OTKOYNT ABUTATE/Nb OT CETHU.

CneymnanbHble BAAbI 3aUT. K HUM OTHOCATCA 3aWuUTbl OT NepeHa-
NMPSXXEeHNS Ha 0OMOTKEe BO30OYXXAEHWS ABUTaTeNs MOCTOAHHOIO TOKa,
OT MOBLIWEHMNA HaNpPSAXKEHNUS B CUCTeMeE «Mnpeobpa3oBaTenib —aBura-
TeNlb», OT MPeBbILLEHNA CKOPOCTU 31, OT 3aTAHYBLUEroca Nycka CUH-
XPOHHbIX ABUTaTeNen n pag gpyrux.

3awuTa oT nepeHanps>KeHns Ha 06MOTKe BO3OY>KAeHus aBuraTens
MOCTOAHHOIO TOKa TpebyeTcs Npu ee OTKOUYEHUN OT UCTOYHUKA MU-
TaHuA. B aToOM pexume BcneAcTBUe GbICTPOro cnajaHua TokKa Bo36yx-
LEHWUS U TEM CaMblM MarHWTHOTO MOTOKa B 06MOTKe BO3HMKaeT 3Ha-
yuTenbHaa (40 HECKONbKMX KMNoBONbT) 4C camouHyKLuUK, KoTopas
MOXET Bbl3BaTb MPO6OI ee n3onaynm.
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3awnTa oCyLwecTBAAETCA C MOMOLLbIO TaK Ha3bIBAEMOro paspsagHoro
pesucTtopa R,, BKNKOYaEMOro napansefnibHoO 06MoTKe BO36yaeHns OBM
(puc. 2.29) conpoTuBneHuem /A*m Ero conpotusneHune BblbMpaeTcs pas-
HbIM (4...5)/7,,, npu HanpsxeHun nutaHusa 220 B n (6...8)/7,,unpun Ha-
npsxxeHnu 110 B. [1ng ycTpaHeHua noTepb 3HepPruy B paspagHomM pesuc-
TOpe nocnegosare/ibHO ¢ HUM BKoYvaetca anog VD. OH He nponyckaet
yepes pe3ncTop TOK NpW BKAOUYEHHO 06MOTKe BO3OYXXeHNS, HO M0O3BO-
NseT NpoTekaTb TOKY nog geiictemem 3/4C caMOUHAYKUNW, BOSHUKAIOLLEN
npy OTKAOYeHUN 06MOTKU. Bbi6op R? B yKka3aHHbIX Npefenax no3sonset
CHU3WUTb TEMN CMafaHusa ToKa B 0OMOTKe BO36Y>KAEHUA U TEM CAMbIM OF -
paHuunTL BeimunHy 34C caMOUHAYKLMMW L0 A0NYCTUMbIX Npesenos.

3alnTa 0T NPEBLILEHNS HAMPAXKEHUA NMPUMEHAETCA rNaBHbIM 06-
pasom B cucTeMe «npeobpasoBaTenb —asuratenb». OHa peanusyeTcs
C NOMOLLbIO pefie HanpsAXeHUs, BKIOYAEMOro Ha BbIXof npeobpaso-
BaTeNd M CBOMMW KOHTaKTaMy BO34eNCTBYHOLWEro Ha Lenu OTKaYe-
HUA HanpsxeHnsa 3M. 3Ta 3amMTa KOCBEHHO 3aLiMLLaeT ABMUraTeb no-
CTOSIHHOTO TOKa M OT Ype3MepPHOro YBe/IMYEHNA CKOPOCTU MpU Nnoss-
NEHUN NOBbIWEHHOTO HaNpPXXeHunA.

3awyTa OT NpeBbILUeHNs CKOpocTW npumMeHseTca B 3N paboumx ma-
LUWH, He JOMYCKatoL WX MPEBbILLIEHNSA CKOPOCTU 4BUXEHNSA CBOMX UCMON-
HUTENbHbIX OPraHoB (MU ThI, NOAbEMHbIE NebefKN, 3cKanaTopsbl, WaxT-
Hble NOAbEMHMUKM). NS NpefoTBpaLLeHMs HeAONYCTUMbIX CKOPOCTel 4BU-
XeHus B 3T ucnonbsyerca 3alinTa, KOTOpas MOXeT ObITb BbIMOJIHEHA C
MOMOLLbIO TaXOreHEPaTOPOB NN LLEeHTPOOEXHbIX BbIKKOUYaTeNel, coean-
HeHHbIX C Basiom Asuratens. LleHTpo6exHble BbIKOYaTENN HENocpes-
CTBEHHO BO3ZENCTBYIOT Ha LieNb YNpaBieHus, a B ciyyae NpuMeHeHns Ta-
XOreHepaTopa 370 BO3feNCTBME OCYLLECTBNAETCA C MOMOLLbIO pene Hanps-
XEHUS, BK/TIOYAEMOTO Ha ero SKopb.

3awuTa 0T 3aTAHYBLIErocA Nycka CUHXPOHHbLIX ABUraTenei
obecneynBaeT ero nNpekpalieHne, eciv K KOHLY pacyeTHOro BpeMeHM
MyCcKa TOK BO36YXAEeHUS CUHXPOHHbIX ABUTraTeneli He 4OCTUT 3afaH-
HOro ypoBH#A. OCYLLEeCTBAAETCA 3Ta 3alNTa C MOMOLLbIO pefie MUHU-
ManbHOro Toka KF, BK/1HOYaeMOro aHanorMyHo pesie obpbiBa nosa B
Lenb 06MOTKM BO3OYXXAEHUS CUHXPOHHbIX ABUraTtenei (cm. puc. 2.29),
n pene BpemeHu KT (puc. 2.30). Ecnu 3a Bpems Bbigepxkun pene KT,
paBHOe BpeMeHu HopManbHOro nycka C/l, ToK BO30YX-4eHUA OKaXeT-
Cl HEeJOCTATOYHbIM, TO NOC/E 3aMblKaHNA KOHTaKToB pene KTcpabo-
Taet pene 3awmTbl KVF® gact KomaHAy Ha npekpaulieHue nycka.

MyTeBad 3aWwmTa 06ecneynBaeT oTKAOYeHUe DI Npu JOCTUXKEHUNU
NCMONHUTENbHBIM OpPraHOM paboyeil MawnHbl KpaiHUX NonoXeHuin. OHa
OCYLLeCTBAETCS C MOMOLLbIO KOHEYHbIX BblKOUaTenel, yctaHaBansa-
EMbIX B 3TUX MOMOXKEHNAX UCMOIHNUTENIbHOTO OpraHa v pa3MblKato LW nx
Llenun pene 3aWwmnTbl UM HENOCPEACTBEHHO NNHENHbBIX KOHTAKTOPOB.
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1iF Compressor Free Version

Puc. 2.30. Cxema 3awuTbl OT 3aTAHYBLUEroCA Mycka CUHXPOHHOrO ABuratens

3almTa OT BbINaAEHNA CUHXPOHHbIX ABUraTenei U3 CUHXPOHU3Ma Npu-
MeHseTcs Ans 3 ¢ CUHXPOHHbIMUW ABUTaTensamm, paboTaloLLmx ¢ pes-
KO M3MeHSAIO LW enca Harpy3Koin Ha Bany M NUTaKLWKNXCA OT CeTU, B KO-
TOPOW BO3MOXHO CHUXEHME HaNPsXXeHWs. 3aluTa oCyLecTBAeTCA C
nomoLlybto pene Hanps>xennsa ArK(puc. 2.31), BKAOYEHHOr0 Ha Hanps-
XeHune ceTun, u pene (KoHTakTopa) popcupoBku Bo3byxaeHusa KF, 3a-
MbIKaIOLWNA KOHTaKT KOTOPOro BK/AOYEH napanienbHo 4o6aBovyHOMY
pesncTopy A, B uenu 06MoTKn BO36yxaeHns OBB Bo3byauTens B.

I
SB2t=/ SB1 KM

p -r W

KV

Puc. 2.31. Cxema 3aluTbl OT BbINALEHUS1 CUHXPOHHOTO ABUraTens U3 CUHXPOHU3Ma

Mpn HopmManbHOM YpOBHe HanpsXeHua cetu pene KV BK/HOYEHO,
a pene KF He BK/IIOYEHO, MO3TOMY pe3uctop /2nBBefeH B Lenb OBB,
M N0 Hell NpoTeKaeT HOMWHANbHbINA (MAK 6AU3KKIA K HeMy) TOK. TMpu
CHVXEeHUU HanpsaXxeHuns cetn Ha 15—20% pene KVoTkntoyaerca u 3a-
MblKaeT CBON KOHTAKT B Lenu KaTywku pene KF. MNocnegHee Bk va-
eTCA U CBOMM KOHTAKTOM LWYHTUpPYeT pe3ncTop J1,. TOK BO3OYXAeHNA
BO30yauTeNd, ero HanpsXeHue v TOK BO3OYXAEHNA CUHXPOHHbLIX ABU-
rateneii /*mBo3pacTaloT, a TeEM camMbiM yBenuuusaetcs ero 34C. 3710
NMPUBOAMUT K YBENNYEHWNIO MAKCMMalbHOr0O MOMEHTA 1 NMeperpy304Hoi
CNOCOBHOCTM CUHXPOHHbIX ABUTaTeNlell U TeM caMbiM 06ecrneymBaeT ero
CUHXPOHHYI0 paboTy C CeTblo MPU YBENIMYEHUW HATPY3KWU Ha Bany.
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DnekTpuyeckne 6NOKUPOBKY B cxemax AIM. OHU cnyxat gns obec-
neyvyeHWs 3afaHHO NocneaoBaTe/ibHOCTU OMnepalmnii npu ero ynpasne-
HUK, NPeAOTBPALLEHNSA HELWITATHbIX U aBapuUiiHbIX CUTYauUuin u Henpa-
BW/IbHbIX AECTBUI CO CTOPOHbLI OMepaTopa, 4YTo B UTOre MoOBblWaeT
HaAeXHOCTb paboTbl A M TeXHONOrM4Yeckoro obopygosaHns. Tak,
Hanpumep, npu paboTte gByx KoHTakTopoB KM1 n KM2 (puc. 2.32, a)
MepeKpecTHOE BK/IOYEHME UX Pa3MblKaloLWMX KOHTAKTOB B Lienu Karty-
LeK He JOMYCKAeT BKOYEHUSA OLHOT0 KOHTAKTOpa NPU BKIOYEHHOM
Apyrom. Takoii Bug 6,10KMPOBKN NPUMeEHSETCA B peBepcuBHbIX 31, rae
HeLOoMnycTUMO OJHOBPEMEHHOE BKJ/IHOUYEHWE ABYX KOHTAKTOPOB, WK B
3 ¢ 3N1eKTPUYECKUM TOPMOXKEHMEM [iBUTaTeNA, IAe TOPMOXKEeHNe MO-
XET HayaTbCA TOMIbKO MOCNEe OTK/IOYEHUS ABUTATENSA OT CETHU.

Puc. 2.32. BNOKMPOBKM B CXemax 3/ieKkTponpusoga:
a — 4na npefoTBpalleHns 04HOBPEMEHHOTO BK/IHOYEHUS [ABYX KOHTaKTOPOB;
6 — npu cpabaTbiBaHUN KOHEYHOTO BbIK/HOYaTENSA

OJHOBpPEMEHHOE BK/OYEHNWE ABYX KOHTAKTOPOB MOXeT ObITb NpeaoT-
BPALLEHO 1 C MOMOLLbIO MCMOAb30BaHMA ABYXLENMHbLIX KHOMOK yrpas/e-
HWA, UMEKLWMX 3aMblKaIOLW WA U pasmblKakWwmii KOHTaKThl (puc. 2.32, a).

Kak BUAHO U3 cXeMbl, HaXaTue no60oli U3 KHOMOK NPUBOAMUT K 3a-
MbIKaHWIO Lenu KaTyLwKu 0f4HOro U3 KOHTaKTOpPOB 1 O4HOBPEMEHHO-
MYy pasMblKaHWIO Lenu Apyroro KOHTakTopa.

Cxema puc. 2.33, 6 UnACTPUPYET NPUMEP HEKOTOPOW TEXHOMOTU-
Yyeckoil 6nokMpoBKM AByx 3T, paboTatoLMX COBMECTHO B KOMMEK-
ce. OHa gonyckaeT BKno4YeHne kKoHTakTopa KM1 ogHoro 31 T0/1bKO
nocsne BK/AOYEHNA KoOHTakTopa KM2apyroro 31 v npu Haxatom ny-
TeBOM BbIK/to4aTene SQ.

B 3T npumeHaTCa u pyrve suibl 610KMPOBKU, KOTOpbIE ByayT
paccMOTpEeHbI Janee B KOHKPETHbIX CXeMaX ynpasneHus.

CurHanmsaumsa B cxemax ynpasneHus 311, ng KOHTPOAA 3a X040M Tex-
HO/IOTMYECKO0 NpoLecca UK NocnefoBaTe/IbHOCTU BbIMOMHAEMbIX OMNe-
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paunii, COCTOAHMA 3aLLNTbI U HANMYUA HANPSHKEHUS NUTaHWUA MW KaKo-
ro-n1mbo 3NeKTPMYEeCcKOro CUrHana NPUMeHAEeTCs CMIHanm3aymus, koTopas
MOXeT 6bITb CBETOBOW (CUTHaNbHbIE Namnbl, Tabno), 3ByKOBOMA (3BOHOK,
CUpeHa) 1 B13yasnbHOI (yKa3aTeslbHble pene, u

+

Puc. 2.33. Cxema curHanusauumm

Ona npumepa Ha puc. 2.33 nokasaHbl BO3MOXHble CUTHANMN3ALUN
B cxeme ynpasneHusa 3. lamna HL1 curHanm3ampyet o nogaye Ha-
npsXXeHUa Ha cxemy (BKAYeHWe aBTomaTta QF), namna HL2 —
0 BK/IIOYEHUN KOHTakTopa KM, namna HL3 — o cpabaTbiBaHumn pene
MaKCMManbHON TOKOBOM 3awmnTel FA, namna HL4— o cpabaTbiBaHUM
KOHEeYHOoro Bbik/toyarensa SQ.

2.10. BbIBOP CUIOBbIX NMPEOBPA30OBATE/EN,
AMMAPATOB YMPABJIEHUA, KOMMYTALNY
N 3AWNT

Bb160p Cr0BbIX NONYNPOBOAHNKOBLIX MpeobpasoBaTeneil 0CyLLyecTB-
nseTcs No cnefyroLliMM nokKasaTensMm U napameTpam:

* YPOBHIO 1 4acTOTe HANPSAXEHUA NUTAKOLLEN CeTu;

* BE/IMYMHE TOKA Hay3KMK;

* yucny a3 Hay3Ku;

* XapakTepy Hay3ku (aKTUBHasA, akTUBHO-UHAYKTWUBHAs, EMKOCTHas);

* Mana3oHy pPerynavpoBaHns BbIXOLHOIO HANPSXKEHNS U/UAN YaCTOTbI;

* HAIMUYMIO HEOOXOAMMbBIX 3aLLMNT U CUTHANN3ALNN;

* Ha/JInymnio CPeacTB AMarHOCTUKN;

* pexxumy paboThl anekTponpusofa (51, 52, 53);

* KIMMaTUYeCKOMY UCMOMHEHWUIO U KaTeropun pasMeLleHuns;

e cTeneHu 3awunTol IP;

* Tpe60BaHUAM TEXHUKMN BE30NAaCHOCTMK;
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* BbICOTE Haj YPOBHEM MOpS;

* YCNOBUAM 3KCnayaTauuu.

B kauecTse LONONHWUTENbHbIX DaKTOPOB Npu Bbibope npeobpasoBaTe-
nei moryT yumTbiBaThca KM/, maccorabapmTHble U CTOMMOCTHbIE NOKa-
3aTenu, a TaKkxKe nokasaTenn HafeXXHocTH (HapaboTka Ha 0TKas, CpeaHui
CPOK cnyx6bl, CpejHee BpeMsi BOCCTAHOB/IEHUA U TA.), YPOBEHb CO3/aBa-
emblx nomex. Mpu yuyete 3TUX (hakTOPOB LenecoobpasHO UCNOb30BaTb
MHTerpasnbHble MOKa3aTen KauyecTBa U BecOBble KOID(ULMeHTbI (KO3p-
(hMLMEeHTbI 3HAYMMOCTH) OTAeNbHbLIX MOoKasaTenein npeobpasosaTeneii.

MonynpoBOAHMKOBbLIE MYCKOBbIE YCTPOWCTBA 415 ABUraTens BblOU-
patoTCcA Mo TeM XXe nokasaTenam, 4Tto u npeobpasosatenu. JoNoNHN-
T€NbHO K HUM HEO0OXO0AMMO YUUTbIBaTh:

* PEBEPCMBHbII UM HEPEBEPCUBHbBIN XapakTep paboTbl ABUraTens;

* cnoco6 orpaHMYeHNA NYCKOBOro TOKa (LenecoobpasHblii Xxapak-
TEP U3MEHEHUA HANPsSXXeHWUa Npu NycKe, onpeaensemMbiii BU4OM Me-
XaHWYeCcKOol Harpysku gpuratens);

* He06X04MMOCTb 3/IEKTPUYECKOTO TOPMOXKEHUA ABUraTens;

* CNOCO6 Mojaun curHana ynpaBneHus Ha NycKaTefib — 3JIeKTPO-
MeXaHU4ecKnii KOHTaKT (KHOMKa, K1Y YNpaBieHUsd) Uan noTeHumn-
anbHbIA CUrHaN ynpaeneHns (HanpsH>KeH4YeCcKUin namn TOKOBbIN);

* N3HOCOCTOMKOCTb NycKaTens;

e [ONYCTMMas 4acToTa BK/IHOUYEHWIA.

Bbi6op anekTpryeckux annapaTos NpescTaBnset coboi 3agavy, npu
peleHnn KOTOPOW JOMKHbBI yUNTbIBATHCA:

* KOMMYTUPYEMble annapaTom TOKW, HaNPAXEHUA U MOLLHOCTH;

* napameTpbl WU XapakTep Harpyskum — akTWBHAas, UWHAYKTUBHaA,
eMKOCTHas, HU3KOro UAu BbICOKOTO COMPOTUB/IEHNUS U 4p.;

* YNCNO KOMMYTUPYEMbIX Lienei;

* HANPsXXeHWA U TOKW Leneli ynpaBneHus;

* HanNpsXKeHue KaTyL KW annapara;

* pexkxum paboTbl annapata — KpaTKOBPeMEHHbI, ANUTENbHbINA,
MOBTOPHO-KPaTKOBPEMEHHbII;

* ycnoBuMA paboTbl annapara —TeMneparypa, BNaKHOCTb, aB/leHME,
Hanuyue sBubpauunm un gp.;

* cnocobbl KpenieHna annapara;

* 3KOHOMMYECKME U MaccorabapuTHble NokasaTenu;

* yA06CTBO CONPAXEHUA U 31EKTPOMArHUTHas COBMEeCTUMOCTb C
4pYyrUmMmM ycTpoiicTBamMm 1 annaparamu;

* CTOWKOCTb K 3/1eKTPUYECKUM, MEXAHWYECKUM N TEPMUYECKUM
neperpyskam;

* KNIMMaTUYeCKOe NCMOJIHEHME W KaTeropmsa pasmeLleHus;

e cTEMNeHn 3awuThol IP;

* Tpe60oBaHMsA TEXHUKN 6€30MacHoCTH;

6. MockaneHko B1



e BbICOTA Hajl YPOBHEM MOPS;

 YCNIOBUA 3KCNayaTauum.

Cnoco6HOCTbL 3NEKTPUYECKOro annapara K neperpyskam onpegaensii
eTCs ero npeaenbHoil KOMMYTaLMOHHOW
HaMWUYECKOW N TEPMMNYECKOW CTOMKOCTBHO.

MpegenbHol KOMMY T aLMOHHOR CMOCOBHOCTHIO 3NEKTPUYECKOro anna-
paTa HasblBalOT MaKCMManbHbI/i TOK KOPOTKOr0 3aMblKaHWsA, KOTOPbIiA
OH CNOCOBEH OTK/OYNTb HECKO/bKO pas3, 0CTaBasiCb MCMPaBHbIM.

ANeKTpoAnHaMnyecKas CTONKOCTb XapaKTepu3yeTca amnanTy[on
YAApHOT0o TOKa KOPOTKOro 3aMblKaHWs, KOTOPbLIA cnocobeH nponyc-
TUTb annapat 6e3 CBOero NoBPeXaeHMs.

TepMmuyeckass CTONKOCTb XapaKTepusyeTcs AOMNYCTUMbIM Konuye-
CTBOM Tenfa, KOTOPOe MOXET OblTb BblAENEHO B annapaTte 3a Bpems
[eCTBMS TOKA KOPOTKOMO 3aMblKaHMs.

[nsa onpefeneHns cOOTBETCTBMA 3TUX NapameTPOB 3/1eKTPUYECKMX
annapartoB yc/0BMAM paboTbl 31EKTPOYCTaHOBKM AO/MKHbI GbITh Npesg-
BapUTENbHO OMNpefeNeHbl TOKM KOPOTKOTO 3aMblKaHUS.

ABTOMaTUYECKME BbIK/OUATENN. DTK annapatbl PEKOMeHAYeTCs npu-
MEHATb B OTBETCTBEHHbIX YCTAaHOBKAxX NPM HE06X0AMMOCTM ObICTPOro
BOCCTAHOB/IEHMSA HANPSXeHUS NUTaHWUSA, AUCTAHLMOHHOTO YNpaBneHus
M KOMMNAEKCHOW 3allUTbl, a TaKXe B aCMHXPOHHbIX 3/1eKTPONPMUBOAaX
ANS NpefoTBpaLLeHns o4HOMa3HOro pexxmuma paboTbl gBuratenein. Mx
MCNONb30BaHWe LLENeCco06pasHo TaKXe B 3/1IeKTPONPMBOAAX C Manol
YacTOTOW BK/IIOUYEHUS, Te OHU 06EeCrneYnBatoT BKAKOUYEHNE N 3aLLUTY
ABUTATENS U MOTYT NPUMEHSTLCS BMECTO MarHUTHbLIX MyCKaTenei.

ABTOMATUYECKME BbIK/IOYATENN BbIOMPAOTCA MO HOMWUHANbHbIM
TOKY M HanpsXXeHWto, poay ToKa, NpeAenbHO KOMMYTaLMOHHOI cno-
COGHOCTU, 3N1EKTPOANHAMUYECKON N TEPMUYECKOI CTONKOCTM, COB-
CTBEHHOMY BPEMEHMW BK/IlOUeHMSA. Bce napameTpbl aBTOMAaTOB A0/1XK-
Hbl COOTBETCTBOBATb WX paboTe KakK B 0ObIYHOM, TaK U aBapuUiitHOM
peXxnmMax, a KOHCTPYKTUBHOE UCMOTHEHNE — YCNIOBUAM PasMELLeHUS.

HoMMWHanbHbIA TOK aBTOMaTa 40/1KEH ObITb HE HUXe TOKa NPOAON-
XWUTENbHOTO peXnma YCTaHOBKM, a caM annapaTt He JO/KEH OTK/0-
yaTbCs NPY NPEAYCMOTPEHHbBIX TEXHOMOTNYECKMNX Meperpyskax.

MpoBepKa BblGMPaeMoro aBTomara no YC/MOBUIO 3aWUTbl 3/1€KTPO-
YCTAaHOBKM OT TOKOB KOPOTKOIO 3aMblKaHMs COCTOUT B CONOCTaBNEHUN
TOKa KOPOTKOTO 3aMblKaHWA B yCTAHOBKE C MpeAebHOi KOMMYTaLNnoH-
HOli CNOCOBHOCTLIO aBTOMATa, KOTOpas 40/Ha 6biThb Bbllle 3TOM0 TOKa.

3awnTa yCTaHOBKYM OT Neperpy3oK no ToKy 6yaet obecneyeHa, ecnu
HOMMWHaNbHbI TOK aBTOMAaTa C TENNOBbIM pacuenuTenem 6yaeT paBeH
WA HECKO/bKO 60/blLIE HOMMWHANBHOTO TOKa 3allLLaeMoro 06beKTa.

YcTaBKa TEMMOBOW M MaKCMManbHOM 3aWWT 3NeKTpOoABUraTenei
[O/HKHA COOTBETCTBOBATb YPOBHSM TOKOB fABUratens. MakcmmanbHas
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TOKOBas 3aliNTa He 40/KHA cpabaThiBaTh NPW MYCKe ABUraTens, 4N
yero ee yctaBka /yMBbI6MPAETCS N0 COOTHOLIEHWIO

.I-.VI* /\M)

rge k= 1,5-2,2 — KoapuumeHT, yUnTbiBaKOW NI BUG pacuenmTens
M BO3MOXHbIA pa3bpoc Toka cpabaTbiBaHWS OTHOCUTENIbHO YCTaBKU;
Jlyre — NycKOBOW TOK ABWraTens.

3awunTa oT neperpyskn (Tensosas 3awmnTa) cuntaeTca agHeKTUB-
HOW Npu cnefytoweM COOTHOLIEHMN ee TOKa yCTaBKu /yT M HOMUHasb-
HOro TOKa fBuratens:

AT=(1,2.-1,4) Jow

KoHTakTopsl, pene, MarHUTHble nyckaTenu. K yucny nokasartenei,
MO KOTOPbIM OHW BbIGUPAKTCH, OTHOCATCSA XapakTep U BeMYMHA Ha-
MPsSKEHUIA TNaBHOW Lenu W Lenn ynpaBneHus (BKAOYAKLWUX KaTy-
WeK); KOMMYTaUMOHHAas CNOoCO6HOCTb KOHTAKTOB U UX KOJIMYECTBO,
[ONYyCTMMas 4acToTa BK/IOUEHUIA; pexxum paboThbl; KaTeropus pasme-
LWeHUs; CTeMeHb 3aLUTbI OT BO3AEWCTBNSA OKpYXaloLLeli cpeasl.

JONONHUTENIbHO K 3TOMY pefie, YHKUUM yNpaBaeHUs 1 3allnThl
BbIGMpPAOTCA MO POAY BXOAHOW BO3AENCTBYIOLE BENMUYUHBI (TOK,
Hanps>XKeHWe, MOLLHOCTb), BblAEPXXKE BPEMEHM (pefie BpEMEHU), KO-
3 hULMEHTY BO3BpaTa, BPEMEHMN CpabaTbiBaHUS U OTNYCKaHUS.

YcTaBKa TOKa pejie MakCMManbHOT0 TOKa Mpy 3aluTe aCUHXPOH-
HbIX ABUTaTe/leli ¢ KOPOTKO3aMKHYTbIM POTOPOM BbiGMpaeTcs M3 co-
OTHOLUEHUS

Iyr= (1,2..1,3) Jiyre

a AN aCUHXPOHHbIX ABUrateneid ¢ hasHbIM POTOPOM W BUraTeneli
NMOCTOSAHHOT0 TOKa — NO hopMyne

lyt-(2...2,5)1B-.

BbikntouaTenu v nepeknoyaTenn. T annapaTbl BbIGUpPAOTCS MO
poay U BENUYMHE HANPSHKEHUS, TOKY Harpy3Ku, KOMIMYeCTBYy nepe-
KMOYEHWIA, KOTOPOE OHM JOMYCKAKT MO YCIOBUSM MEXaHUYECKOU U
3/1EKTPUYECKON U3HOCOCTOMKOCTU, a TaKXKe KOHCTPYKTUBHOMY UC-
MOMIHEHUIO.

KHoMKuM 1 kntouy ynpaeneHus. OHM BbIGUMPAKOTCSA MO POLY U YPOBHIO
HanpsHKeHUs, BEIMUMHE KOMMYTUPYEMOTO TOKa, KOJIMYECTBY KOMMY-
TUPYEMbIX Lienei, CTEMEHUN 3aLUThbl U KIMMATUUYECKOMY UCMOHEHUIO,
3/IEKTPUYECKOI U MeXaHWYEeCKOl N3HOCOCTOMKOCTH.

PaccMOTpUM TUMOBbIE 3a4aun.



3apaya 2.1. isnratenb NOCTOSHHOTO ToKa TUNa 4Md 1605 BKt0-
YeH no cxeme puc. 2.24, 6 1 UMeeT crefyroWwmne HOMUHaNbHbIe faH-
Hble: MowHOCTL PTvM = 11 KBT, HanpskeH ﬂm%%&aﬁméﬁ%‘é-ion
THeI= 70,5%. PaccunmtaTb HOMUT albHbIN TO

3a0a4a 2.2. ACUHXPOHHbI ABUTaTeNb C KOPOTKO3aMKHYTbIM PO-
Topom Tnna AHP100L4 BknwoyeH no cxeme puc. 2.24, a n nmeet
cnegyrowme HOMMHabHble JaHHble: MOLWHOCTb = 4 kBT, Hanpsa-
XeHue = 220 B, KNA 1jHm = 85%, KOIPPULUMEHT MOLLHOCTK
cos qHm= 0,84, KpaTHOCTb NYCKOBOI0O TOKA MO OTHOLIEHWNIO K HOMU-
HaNbHOMY TOKY cTaTtopa paBHa 6. PaccumTaTb HOMWHaNbHbI TOK NiaB-
KOV BCcTaBkM FUjvTs gBYX ClyyaeB:

* NpU HebONbLIOI YacTOTe BKAKOUYEHNA ABUTaTeNA U NErKUX ycno-
BMAX MyCKa NPOAOMIKMUTENbHOCTLIO A0 5—10cC.;

* NPV NOBTOPHO-KPATKOBPEMEHHOM PEXUME U THAXKESbIX YCI0BUAX
nycka c NpofoMKuUTenbLHoCTbIo 60osiee 10c.

3apa4a 2.3. ACUHXPOHHbI ABMTaTeNb C KOPOTKO3aMKHYTbIM PoO-
Topom Tuna 4AH200L4Y3 BK/IKOYEH NO cxeMe puc. 2.25, a U umeet
cnefyroluime HOMUHaNbHbIE aHHbIe: MowHoCcTe P A = 55 KBT, Hanpa-
XeHnue Umtt = 220 B, KN4 nHM = 92%, KO3 PULUEHT MOLLHOCTH
cos gym= 0,89, KpaTHOCTb MYCKOBOI0 TOKA MO OTHOLIEHUIO K HOMU-
HanbHOMY TOKY cTaTtopa pasBHa 6,5. PaccumTaTb yCTaBKY pefie MaKcu-
ManbHOro Toka FA n BbiGpaTh €ro no Karanory.

3apaya 2.4. ACUHXPOHHbINA ABUraTenb ¢ GasHbIM POTOPOM TuNa
4AK250S6Y3 nmeet cnefyroline HOMMHaNbHbIe JaHHbIEe: MOLWHOCTb
PTbl = 37 kBT, HanpsxeHne Uwu = 220 B, KM J rilM= 89%, Koa(-
hULMEeHT MOWHOCTHU cos ¢p**, = 0,8. PaccunTaTb yCTaBKYy pesie Makcu-
ManbHOro ToKa, obecneymBaloLLero 3alwmnTy 4suratens oT KOPOTKOTo
3aMblKaH1A U HeJoNyCTUMbIX BPOCKOB TOKaA.

3a0a4a 2.5. ACUHXPOHHbIN ABUTaTeNb C KOPOTKO3AMKHYTHIM POTOPOM
Tvna 4AH200L4Y 3 (3agaya 2.3) BK/IKOUEH No cxeme puc. 2.25, a. Paccuu-
TaTb NapaMeTpbl U Mo HUM BblbpaTb KOHTaKTOp A'J1/Ana cnefyrowmnx
yCnoBuin paboTbl 3n1eKTpoNpMBoAa: kateropus npumeHeHmns AC-4, Kom-
MyTaLMOHHasa N3HOCOCTONKOCTb — He MeHee 0,3 M/IH LMK/0B, MeXaHu-
yeckas M3HOCOCTOWKOCTb — He MeHee 10 M/IH LUKIOB, peXxxum paboThbl
annapaTta —[A/NTe/bHbIA, KTMMaTUYECKOE UCMONHEHNE U KaTeropus pas-
MeweHna — Y3. KOHTaKTOp f0MXKEH UMETb TPU CUOBLIX KOHTaKTa 1 no
[lBa pasmblKaloLWMXCa U 3aMblKaOLLLMXCA BCMOMOraTe/ibHbIX KOHTAKTOB.

3apava 2.6. Anda cxembl puc. 2.29 paccymMTaTtb BEIMYNHY paspas-
HOro pesucrtopa Rp, ecnu HanpsxeHue cetn 220 B.

3afava 2.7. CocTaBUTbL CXeMY 3/ieMeHTa «[1aMAaTb* C MCNO/b30BaHU-
eM AByX nornyeckmx anemeHToB «MJTN-HE*. SnemeHT «lMamatb» fon-
XeH obecrneymBaTtb 3aNOMUHAHNE, XPaHEHWE N «CTUPaHUE™ MH OopPMaLUK,
nocTynatoLeid Ha Hero B BUAE eAUHUYHbLIX UMMYNbCOB HaNPsHXXEHUS.
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3afava 2.8. Paccuntatb napaMeTpbl 3/1EMEHTOB Lienei Bxoga u 06-
paTHbIX CBA3ei onepaynoHHOro ycunutens (puc.2.10) gna peanunsa-
Uumn Ha ero ocHoBe MMWM-perynatopa (Tabn. 2.1) ¢ NOCTOAHHON BpeMe-
HMW 1C 1N KO3PMULUMEHTOM ycuneHuns 7.

Mpumep 2.1. ACUHXPOHHBIW ABMTaTeNb C KOPOTKO3aMKHYTbIM pO-
Topom Tna 4A132S4Y 3 BK/IKOUEH MO CXeme puc. 2.26, 6 u nmeert crne-
Aylolwmne HOMUHaNbHbIE AaHHbIe: MOWHOCTL PTv = 7,5 KBT, Hanp4-
XeHue obmoTkM ctatopa (/m=220 B, KMNJA = 87,5%, koappu-
LMEHT MOLWHOCTM cos PHm = 0,86, KpaTHOCTb NYCKOBOr0 TOKa Mo
OTHOLWEHMI0O K HOMWHaNbHOMY TOKY cTaTopa paBHa 7,5. Bbibpatb aB-
TOMaTMYEeCKN BbiKIOUaTenb QF, obecnevnBaroLnii BKIHOYEHNE ABU-
ratefia U ero MakCumasbHYH U TEMMOBYO 3aWUTHI.

OnpegensieM HOMWHaNbHbIW, MYCKOBOW W yAapHbIA TOK cTatopa
fABuratens:

/,,0.= = - = 7500/ (32200,8750,86) = 15 A;
3£/, ticosphom

Nnya = 7,5/km= 7,515 = 113,25 A;
/3= 1,8-1,43/|us = 1,8-1,43-113,25 = 288,3 A.

Tok cpabaTbiBaHUS TOKOBOI OTCEYKU (3/1EKTPOMArHUTHOTO paclie-

nuTens)
/ftn= 11/30= 1,1-288,3 = 317 A

Tok cpabaTbiBaHWSA TENI0BOI 3aWUThbI
/1,= 1,2/|Hon= 1,215= 18 A.

Bbibupaem aBtomat Tuna A3 120 ¢ HOMUHAaNbHLIM TOKOM aBTOMa-
Ta, 3/IEKTPOMarHMTHOTO M TenaoBoro pacuenutens 15 A, ycTaBKOl
MaKCMManbHOW TOKOBOW 3awwnTbl 430 A 1 TennoBol 3awmnTtel 19 A.

KOHTPOJIbHBIE BOMNPOCHI

1. Kakue nonynpoBOAHWKOBbIE NPUGOPbLI Ha3biBaTCA AUOAOM, TUPUC-
TOPOM U TPAH3UCTOPOM U Kakue CyWecTBYOT UX Pa3HOBUAHOCTU?

2. UYTo Takoe cUM0Bbie NONYNPOBOAHUKOBbLIE MOAYNU?

3. YTOo HasblBaeTCs BbINPAMUTENEM W KaKue CXeMbl BbiNnpsaMuUTenel
HaW M NpUMeHeHUe Ha NpakTuke?

4. YTo HasbiBaeTCcs PeryisaTopoM HanpshkeHuss NepeMeHHOro Toka?

5. UTo Ha3biBaeTcsA npeob6pas3oBaTesieM 4acTOTbl U Kakue TUMnbl No-
NyNnpoBOAHUKOBbLIX Npeo6pa3oBaTtenieil 4acToTbl Bbl 3HaeTe?
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11.
12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

YTo Takoe uHBepTOp?

O6bACHUTE NPUHLUUN AeCTBUA MMNYNbCHOrO peryndatopa Hanpsa-
XEHNA MOCTOAHHOIO TOKa. ., | n .
Mo kaknM npusHakam knaccuunuympyr Tcrii& N4 kndraNedpr<BA|M
Kakue annapaTbl OTHOCATCA K annapaTtam ynpasfieHus?
Ha3oBute BUAbI CUMOBbLIX KOMMYTaLWOHHBIX annapatoB PYYHOro
ynpasneHus.

UTto Takoe aBTOMaTUYeCKUil BblkaoYaTENb?

Kakme BuAabl 3awmnT mMoxeT obecneymBaTb aBTOMaTU4YeCKUi Bbl-
KnwyaTenb U 3a cyeT yero?

UTo Takoe 3/71eKTPOMAarHUTHbIA KOHTakTop?

KakoBbl OCHOBHOE Ha3HayeHuWe M 0COOGEHHOCTU WUCMOJIHEHUA Mar-
HUTHbIX nyckatenen?

Ha3oBuTe Has3HavyeHne, NPUHLMUN AENCTBUA N OCHOBHbIE BUAbI 3/1€K-
TPOMArHUTHLIX pene.

YTo Ha3blBaeTCss aHanoroBbiMW 3/1€EMEHTaMuW W ycTpoicTBamu
ynpasneHua?

YTo Takoe onepaunoOHHbI yCUAIUTENb U KAKOBO €ro HasdHauvyeHue?
Kakne BuAbl AWCKPETHbIX 3/1€MEHTOB U YCTPOWCTB Bbl 3HaeTe U
KakoBO UX Ha3HayeHue?

UTo Ha3biBaeTCcs /IOTMYECKUM 3/1EMEHTOM U Kakme OCHOBHbIE N10-
rMyeckne 3feMeHTbl MPUMEHAIOTCA B CXemax ynpasB/eHUs 31eKT-
ponpusoga?

UTto HasbiBaeTcAa Mukponpoueccopom?

Kakune (pyHkunmoHanbHble 6/10kM BKAKOYaeT B cebs Mukponpouec-
copHasa cucrtema?

Uto npeacTtaBnseT coboii nporpaMmMupyemMblii 1OrMYecknii KOHTponnep?
Kakne gaTunkm koopAmHaTt (NepeMeHHblIX) 3afiekTponpuesoga npu-
MEHAKTCA B €ro cxemax ynpasneHua?

[ns yero ncnonb3ywTCSA 3/1eKTPOMArHUTHbIE MyddThI?

[na vero cnyxart 3/71eKTPOMArHMTHbIe TOPMO3bl?

Kakvne nokasatenu JO/XHbl YYNTbIBATLCA NpU BblbOpe anekTpuyec-
Knx annapartos?

Mo KakKMM OCHOBHbLIM 3/IEKTPUYECKMM MapameTpam MnpoBepanTcs
M BbIGUpalTCA 3/1eKTpuyeckme annapartbl?

YTto Takoe npefesibHasg KOMMYyTalLMOHHAA CNOCOBGHOCTb, 3/1EKTPOAM-
Hammyeckasa n Tepmmuyeckas CTONKOCTW 3/1eKTpUYeckoro annaparta?
Kak paccunTbiBaloTCsA yCTaBKM MaKCMMalbHO-TOKOBOW ¥ Tens0BOWA
3aWunT anekTpogBuratenei?

Kak BblGMpalTCa nnaBkue npegoxpaHuTenn ANA 3awWuTbl Lenei
sfnekTponpueoga?



naBa 3

PASOMKHYTbIE CXEMbI YTMPABJIEH/A
Q/IEKTPOINPNBOAA

3.1. ObWAA XAPAKTEPNCTUKA PA3OMKHYTbIX
CXEM YMNMPABJTEHNA

K pa3oMKHYTbIM OTHOCATCS CXEMbl YMpaBAeHUSA 3/1eKTPONpuBoaa,
B KOTOPbIX He UCMOMb3yoTCA 06paTHbIe CBA3M MO ero KoopauHatam
NN TEXHONOTMYEeCKMM napameTpam. Tem cambiM yrnpaB/ieHue B TakKux
CXemax 0CyLlecTB/seTcs 6e3 KOHTPO/A 3a PAKTUYECKUM U3MEHEHWEM
perynupyemMbix KoopguHart, T.e. 6e3 yyeta pe3y/nbTaToB ynpaBaeHus.
3TN cXeMbl, OTANYAACL MPOCTOTOM peannsalnm, MCNOMb3YTCS B TEX
cnyyvasx, Korfia He TpebyeTcs BbICOKOE KayeCTBO yNpaBieHUs gBUXKe-
HUEeM 31eKTPONPUBOLOB, B YACTHOCTU AN NMyCKa, peBepca v TOpMoO-
XXEHWA ABUratenein u npu HeBbICOKNX TPe6OBAHMAX K TOYHOCTM U AU -
anasoHy perynnpoBaHua NepeMeHHbIX (KOOpAMHAT) ABuUratenei.

B Taknx cxemax ynpas/ieHNs B OCHOBHOM MCMOMb3YOTCA peneiiHo-
KOHTaKTOpHas annapartypa 1 noaynpoBOAHNKOBbIE KOMMYTaLNOHHbIE
annapatbl (beCKOHTaKTHble NycKaTenu).

ABTOMaTM3aLMA paboTbl ITUX CXEM OCYLLECTBAAETCH 38 CYET UCMONb-
30BaHMA UH(OpMaL MK 0 BpeMeHU, ToKe, ckopocTu unu 34C asurate-
Neil 1 MONOXEHWUN UX Bana, KOTopas Mosy4aeTcs OT COOTBETCTBYIOLNX
[aTYMKOB UK camoro asuratens. TOT Uan UHOM BUA MCNONb3YeMON Npu
aBToMaTu3auum paboTbl CXeMbl MH(OPMaLUKN onpedenseT NPUHLMUMbI
ynpasfieHnsl, K KOTOPbIM OTHOCATCA NMPUHL UMbl BPeMEHU, TOKa, CKOPO-
ctn, 94C v nonoxeHus (nytun). YHacto B pa30OMKHYTbIX CXemMaxX UCNO/b-
3yeTcs coyeTaHue MPUHLMMNOB yNnpasneHnsa: Hanpumep, Nyck gsurare-
N OCYLLeCTBAAGTCA NO MPUHLKUNY BPEMEHMN, a ero TOPMOXKeHne — no
npuHunny 34C nnun ckopocTu.

Pa30MKHYTbIE CXeMbl MPUMEHAIOTCA W LN1F PETYNINPOBAHUA CKOPO-
CTU NPU HEBLICOKUX TPebOBAHMAX K KauyeCcTBY perynmposaHusa. Cusno-
Bad YaCTb TAKUX 3NEKTPOMNPUBOLOB CTPOUTCA MO CTPYKTYpe «yrnpasis-
eMblii npeobpasoBaTens — ABuUraTesnb», a 3afjavya peryampoBaHus
(orpaHMyeHns) TOKa U1 MOMeHTa ABMraTesneil B MepexoAHbIX npoLec-
cax peLlaeTcs 3a CYeT BK/IIOYEHUA B CXEMY YNpaBieHnsa JOMONHUTENb-
HOro yCTpoOliCcTBa, Ha3biBAEMOTO 3afaTYMKOM MHTEHCUBHOCTW. ITO
ycTpolicTBO, 06ecneynBas naaBHOe N3MEHEHWEe B MEPEXOAHbIX NpoLec-
cax ynpaBnsioLLero Bo3AeiicTBNA Ha ABUratenb (HanpsXKeHus, ero va-
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CTOTbI UK TOTO W APYroro) no AUHERHOMY AWM 3KCMOHEHLNANbHOMY
3aKoHam, obecneynBaeT PopmupoBaHue TpebyeMbix rpauMKoB KOOp-
OVHAT (MepeMeHHbIX) 31eKTponNpuBoaa.
Pa3oMKHYTble CXeMbl, KpOMe DYHKL WA

0T 33l MTYy 31eKTPONPMUBOLOB, NUTAOLLEN CETU U TEXHONIOTUYECKOTO
060opyfoBaHNA NPU BO3HUKHOBEHWYW Pa3/IMYHbIX aHOMAabHbIX PEXU-
MOB — KOPOTKMX 3aMblKaHUSX, Neperpy3ke ABUrateneii, MCHE3HOBEHWM
MUTAKOLLEro HaANpPsHXKeHUs Unm obpbiBe asbl NUTaKOLLEl CeTH, a Tak-
)Xe COOTBETCTBYIOLL YO CUTHanM3auuo. Jna aToro OHU cogepxar an-
mapaTbl ¥ YCTPO/CTBa, HaXoAsLIMEeCA BO B3aWMOAENCTBMMN C YCTPOIA-
CTBaMM ynpasieHUs ABuratensiMmu. Takue CXeMbl yNpaBieHNs, 3aLim-
Tbl U CUTHANM3aLWUKU CEPUIAHO BbINYCKAKOTCA 371EKTPOTEXHUYECKOIA
MPOMbILLIEHHOCTbIO B BUAE NaHenei, WwkadoB 1 6/10KOB ynpaBieHus
1 APYTMX NOAOGHBIX KOMMNAEKTHbIX YCTPOMCTB.

3.2. TUMNOBBLIE ¥Y3/1bl N CXEMbI YMNMPABJEHNA
QNEKTPOMPMBOAOOB C ABUTATENAMU
NMOCTOAHHOIO TOKA

Cxema Nycka Jpuraresisl MOCTOSHHOMO TOKA C HE3aB/CVIVB M BO3GY KIE-
HV/EM MO MPUHLIANY BPEMEHW. 3Ta cxema (puc. 3.1, a) COAepXUT KHOMKM
ynpaeneHusa SB1 (nyck) n SB2 (ocTaHOB) ABUraTens, MMHENAHbIA KOH-
TakTop KM1, obecneumBatoLnii NOLK/IOYEHNE ABUTATENA K CETU, U KOH-
TakTop ycKopeHua KM2ansa BbIKNHOUYeHNUA (LWYHTUPOBAHUA) MYCKOBOTO
pesucTtopa Jl,. B KayecTBe faTynMkKa BPeMEHU B CXEME UCMO/b30BAHO
afneKkTpomarHutHoe pesne spemeHn KT. [Mpy NoAKNOYEHUN CXeMbI K UC-
TOYHUKY NMUTaHWA HanpsXXeHnem UnNponucxoauT BO3BYXAeHWe ABUTaTe-
1A n cpabatbiBaeT pene KT, pasmbikas CBOW pasMblKaloWw i KOHTAKT B
Luenun KaTywkmn KoHTaktopa KM2 1 nogrotaBnnsas ABurartesib K nycky.

Puc. 3.1. Cxema nycxa gsuratens no npuHUUMNY BpeMeHu (a), XapakTepucTukm
nsuratens (6) n KpusBble nepexogHoro npouecca (B)
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Myck aBurarensa Ha4ynmHaeTCs nocfie Haxarua KHonku SB1, B pe-
3ynbTaTe Yero nonay4vaeT nuTaHue KoHTaktop KMI, KOTOpbIi CBOMM
rNaBHbIM CUMIOBbIM KOHTaKTOM MOAK/OYAET ABUTaTeNb K UCTOUYHUKY
nuTaHua. [lBuratens HaunHaeT pasber ¢ peauctopom AaBs Lenu KO-
ps, C MOMOLLbIO KOTOPOro OrpaHMyYnBaeTCs NMyCKOBOW TOK ABUraTens.
OJHOBPEMEHHO 3aMblKatoLWMii 6NOK-KOHTAKT KOHTakTopa KM1 WwyH-
TUpyeT KHOMKY SB1, 1 OHa MOXeT ObITb OTNYLLEHA, & Pa3MblKalo WK
610K-KOHTaKT KM1 pa3pblBaeT Lenb NUTaHWA KaTyLWKW pefe BpemMe-
HU AT. Uepes nHtepsan spemeHu AtKTnocne npekpaweHna nnutaHua
KaTyL KW pene BPEMEHU, Ha3blBAEMbII BblAepPXKOW BpEMEHMW, pasmbl-
KaloLWwmnii KOHTaKT AT 3aMKHETCS B Lienn KaTywKu KOHTakTopa KM2,
NnocneaHWn BKAKOUYNTCA W rNaBHbIM KOHTaKTOM 3aKOpPOTUT MYCKOBO
pesucTop /720B uenu akopsa. Takum o6pa3om, Npu Nycke ABUraTesnb B
TeyeHne BpeMeHU [I/KT pa3roHAeTCcA No MCKYCCTBEHHOW xapakTepuc-
Tnke 1(puc. 3.1, 6), a nocne WyHTUPOBaHMA pe3uctopa /?4—no ec-
TeCTBEHHOW 2. BennunHa conpoTuBneHus pesncTtopa R, Bbi6bpaHa Ta-
KUM 06pa3om, YTO B MOMEHT BK/IKOUEHUS ABUraTens TOK /, B Lenu u
COOTBETCTBEHHO MOMEHT J1/, He NpeBOCXoAAT AOMYCTUMOIO YPOBHS.

3a Bpemsa [/~ Tnocne Havyana nycka CKOPOCTb BpalleHUs gsurarens 4o-
CTUraeT Be/IMYMHBI 0),, & TOK B Lienun SKOPS CHUXaeTcs A0 YPOBHSA /2
(puc. 3.1, B). Mocne WyHTMPOBaHUA R* MponcxoanT 6POCOK TOKa B Lienu
AKOpA 0T /200 /,, KOTOPbIA He NpeBbIlLaeT 4ONYCTUMOrO YPOBHSA. M3me-
HEHWe CKOPOCTK, TOKA 1 MOMEHTA BO BPEMEHW NPOMCXOANT MO 3KCMOHEHTE.

OcTaHoB ABUraTens oCyLLeCcTBAAGTCA HaXaTMeM KHonkn SB2, yto
npvBedeT K OTK/IIOYEHUIO AKOPA ABUTATeNd OT UCTOUHUKA NMUTAHUA U
€ro TOPMOXXEHUIO Nof LeiCTBMEM MOMEHTA CONPOTUB/IEHUSA Ha ero
Basly. TakoW cnocob ocTaHOBa ABUraTens NoAy4Yna Ha3BaHWe «TOPMO-
XeHue Bbiberom*.

Cxema nycka gsuraTens B fjge cTyneHu no npuHuuny 34C n auHamu-
4eCKOro TOPMOXKEHMS MO NPUHLWNY BpeMeHn. B aToli cxeme (puc. 3.2, a) B
KauvecTse fatymka 3[,C ncnonb3oBaH AKOpPb ABUraTeNs, K KOTOPoOMy nog-
KNHOYEHbl KaTyL KN KOHTaKTopoB yckopeHus KM1un KM2, obecneunBsa-
IOLWMX WYHTUPOBaHWE NYCKOBbIX pe3nuctopos Rg n R”. C nomoLlyblo pe-
rY/IMPOBOYHBLIX Pe3ncTopoB Ji,  R,23TW KOHTaKTOPbl MOTyT BbITb Ha-
CTPOeHbl Ha cpabaTbiBaHUe NpK onpefesieHHbIX CKOPOCTAX ABUraTens.

[ns ocyuliecTBNeHNsS TOPMOXEHNA B CXEME NMPeAyCMOTPEH pe3ncTop
b, NOAK/OYEHME M OTK/THOYEHME KOTOPOIO OCYLLLECTB/IAETCA KOHTaKTO-
pom TopMoxeHuns KM3. [1ns ob6ecneveHns BblAePX KU BPEMEHU UCNOJb-
3yeTca 3NeKTpOMarHuTHoe pene spemeHn KT, pasMblKaloWnii KOHTaKT
KOTOPOro BK/IHOYEH B LieMb KaTYLW KN KOHTaKTopa TopMoXeHns KM2.

MMocne NOAKNOYEHUA CXEMbl K UCTOYHUKY MUTAHUA NMPOUCXOAUT
BO36YX[EeHWe fBuUraTens, a anmnapaTbl CXeMbl OCTAlOTCA B UCXOLHOM
nonoxxeHuu. NMyck gsurarens 0CyLecTB/AETCA HaXXaTMeM KHOMKK SB1,
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4YTO NPUBOAUT K cpabaTbiBaHWIO NMHENHOro KoHTakTopa KM u nog-
KNIOYEeHW0 aBUraTens K UCTOYHUKY NUTaHWUA. [BUratenn HayumHaeT
pasber ¢ BKAOYEHHbIMW pe3nucTopamMn  +4~ 1 Lenu SKopa™io xapak-
Tepuctmuke 1(puc. 3.2, 6). 1o Mepe yBeIMYEHNA CKOPOCTU ABUTaTeNs
pacteT ero 3C 1 COOTBETCTBEHHO HaMNpPsAXEHME Ha KaTyLuKax KOHTaK-
Topos KM] n KM2. Mpu ckopocTu W, cpabaTbiBaeT KOHTakTOp KM1,
3aKopaynBas CBOMM KOHTAKTOM MepBYHO CTYyMeHb MYCKOBOIO Pe3nCTo-
pa /M, n gBuratens NepexofuT Ha XapakKTepucTuky 2. Mpu ckopocTu
c2cpabaTbiBaeT KOHTAKTOp KM2, WYHTUPYSA BTOPYIO CTYNeHb NYCKO-
BOro pesucrtopa Ra2 [iBurartesib BbIXOAUT Ha CTECTBEHHYIO XapakKTepu-
CTMKY 3 1 3aKaHUYMBAET CBOW pa3ber B TOUKE YCTAHOBUBLLETOCH PeXu-
Ma C KoopAmHaTamm we—Mc, onpegensieMoil nepeceyeHeM eCTeCTBEH-
HOW XapakTepucTUKu 3 BUraTens N XapakTepucTUKM HarpysKu.

Puc. 3.2. Cxema nycka gsuratens no npuHunny 34C 1 AMHamMM4eckoro TopmMo-
XEHUs No NpUHUUNY BpemeHu (a) U xapaktepuctuku asuratens (6)

Ona nepexofia K pexxumy TOPMOXKEHUA HaXnMaeTca KHonka SB2.
KaTywka KoHTakTopa KM TepsdeT nutaHue, pasmblKaeTca 3aMblKa-
oW KM CMNOBON KOHTAKT KM B Lenu AKOps ABuUraTens, u OH OTKIO-
yaeTcs OT UCTOYHUKA NUTaHUA. PasMblKalowmnii 610K-KOHTakKT KM B
Lenu KaTtywKn KoHTakTopa TopmoxeHna KM3 3amblkaeTcsa, nocneg-
HUli cpabaTbiBaeT 1 CBOMM [flaBHbIM KOHTaKTOM MOAK/HOYAET pesunc-
TOp /2B K AKopto M, nepesofs ABUraTeNlb B PEXUM LUHAMUYECKOTO
TOPMOXEHUA No xapakTepuctuke 4 (puc. 3.2, 6). O4HOBPeMEHHO pas-
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MblKaeTCa 3aMblKalO LWl KOHTAKT KOHTakTopa KM B uenwu pene Bpe-
MeHU KT, OHO TepfieT MUTaHMe U HAYMHAEeT OTCYET BpeMeHun. Yepes
MHTepBan BPEMEHU, KOTOPbIA COOTBETCTBYET CHUMXKEHWIO CKOPOCTM
LBUraTens fo Hynii, pene BpeMeHM OTK/HOYAETCA U CBOMM KOHTaKTOM
paspblBaeT Lenb NUTaHna KoHTaktopa KM3. Pesuctop OTK/OYa-
erca oT Akops M fgBuratens, TOpPMOXeHWe 3aKaH4YMBaeTCs, U CXemMa
BO3BpALL,AETCA B CBOE UCXOLHOE MOJIOXKEHMe.

MpuMeHeHne JMHAMUNYECKOTr0o TOPMOXeHUA obecneymnBaeTt 6onee
ObICTPbI OCTAHOB ABUraTens U TeM cambiM 6bICTPOE NpekpalieHue
OBVXKEHUS UCNOMHUTENbHOMO OpraHa paboyei mallunHbl.

Cxema nycka fAsuraTens B O4HYy CTYNEHb MO NPUHLUMNY BPEMEHU U
LNHaMWNYecKoro TopmMo>KeHua no npuHuuny 34C. Y npasieHue agsura-
TeneMm nNpu nycke NPOMCXOAMT NO aHanornm co cxemoi puc. 3.1. Mpu
BK/IIOYEHUN ABUraTens B aToin cxeme (puc. 3.3) 1 paboTe OT MCTOUHM-
Ka MMTaHUsA pasMblKalLWNiA KOHTaKT TMHEeNHOro KoHTakTopa KM B
Lenn KoHTaKkTopa TopMmoXeHus KM2 pasoMKHYT, 4TO npejoTepalyaeT
nepesoj ABUTaTENS B PEXXUM TOPMOXEHUS.

Puc. 3.3. Cxema nycka gsuratens no NpuHUuNy BpeMeHn v gUHaMU4yeckoro
TOpMOXeHusa no npuHuuny 34C

TopmOXeHne OCyLLEeCTBAAGTCA HaXKaTueM KHonku SB2. KoHTakTop
KM, noTepsaB nutaHue, OTKNOYaeT AKOPb ABUTaTeNia OT MCTOYHMKA
MUTAHUA W 3aMbIKAeT CBOMM KOHTAKTOM LeMnb NUTAHUA KaTyL KN KOH-
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TakTopa KM2. MocnefHunii oT feiicTBUA HaBeAeHHON B Akope 9C
cpabaTtbiBaeT 1 3aMblKaeT AsKOpb M Ha pe3uctop TopMoxeHuns R& lMpo-
Lecc AMHaAMUYEeCKOro TOPMOXEHUSA NMPOUCXOMUT L0 TeX Nop, Noka npwu
He6onbLWOW ckopocTu geuratens ero 94C AOB/PP

XXEHUA oTnycKaHua KoHTaktopa KM2. ToT oTknouuTcd, 1 cxema Bep-
HeTCAa B UCXOLHOE MOJIOXKeHMne.

CxeMma ynpaBneHus nyckoM AuraTens no npuHUuny BPeEMeHW, pesep-
COM M TOPMO>KEHMEM MPOTMBOBKIOYEHMEM MO NpuHumny 3AC. B aToii
cxeme (puc. 3.4, a) NpeaycMOTPEHO fBa MMHENHbIX KOHTakTopa KM1 1
KM2, obecrneumBaloLmx ero BpalieHne COOTBETCTBEHHO B YC/IOBHbIX
HanpaBfeHnax «Bnepeg» n «Hasag*. FnaBHble KOHTaKTbl 3TUX annapa-
TOB 06pa3yoT PEBEPCUBHbIA KOHTAKTHbI MOCTUK, C MOMOLLbIO KOTO-
pOro MOXHO U3MEHUTb NONSPHOCTb HANPAXEHUA Ha AKope M u TeM
CaMbIM OCYLLECTBNATL TOPMOXKEHNE NPOTUBOBK/IHOYEHNEM U peBepc (K3-
MeHeHWe HanpaBfeHUs BpaleHna) AsuraTensa. B AsKopHON uenn nomu-
MO NMYCKOBOTo pesucropa BK/IIOYEH PE3UCTOP MPOTUBOBK/OYEHUS
fAa, KOTOpbI/ yNpaBaseTca KOHTAKTOPOM MPOTMBOBKAKUYEHNS KM3.

Puc. 3.4. Cxema ynpaBfieHus nyckom v peBepcom gBuratens (a)
N XapakTepuctukun agsuratens (6)

YnpaBneHue gBuratesiem npu TOPMOXeHUN NPOTUBOBK/IKOYEHUEM U
peBepce OCYLLeCTBAAETCA C MOMOLLbIO ABYX pene NPpoTUBOBK/IIOUEHMNA
KV1u KV2. Ix HazHayeHne B TOM, YTOObI B pexumMe NpOTUBOBK/IOYE-
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HUS ANA OrpaHnyYeHns ToKa B AKOpe A0 AOMNYCTUMOro ypoBHA obecne-
YNTb BBOJ, B LieNb AKOPA B OMONHEHNE K MYCKOBOMY Pe3nCTOpY  pe-
3UCTOP NPOTUBOBKNOYEHUA [ 4TO JOCTUTaeTCAd BbIGOPOM TOUKM
npucoeguHenns Karywek pene KV1un KV2k pesuctopy (Rat + R&).

Myck gBurartena B 1060M HanpaB/eHUN OCYLLECTBAETCA B O4HY
CTYNeHb B PYHKLUUYW BpeMeHU. Mpun HaxaTuum, Hanpumep, KHonku SB1
cpabaTbiBaeT KOHTakTOp KM1 1 nogkntoyvaet sKopb M K UCTOYHUKY
nuTaHus. 3a CYET NajeHus HanpsaXeHna Ha pesnucTope Jig, 0T NyCcKo-
BOro Toka cpabatbiBaeT pene BpemeHn KT, pa3MmblKatollee CBON KOH-
TaKT B Llenn KoHTakTtopa KM4.

BknoueHne KM1 npuseneT Takxé K cpabaTbiBaHUto pene KV1,
KOTOpOe 3aMKHET CBOI 3aMblKal WMl KOHTAKT B LEeNU KOHTaKTopa
npotusoBkntoyeHns KM3. 3710 BbI30BeT BKAOYeHne KM3, uto npu-
BeJeT K 3aKopayMBaHWI0O HEHYXXHOTO MpU Nycke pe3ucropa MpoTu-
BOBK/IIOUeHMUA Rtf n ofHOBpeMeHHO KaTyLWwKKn pene spemeHun KT. Bu-
ratenb HayHeT pasber no xapaktepucTtuke 2 (puc. 3.4, 6), a pene Bpe-
MeHU KT— oTcueT BbIiep>KKN BPEMEHU.

Mo nctevyeHnn BblgepXXKN BpemeHn pene KT 3aMKHeT CBOIi KOH-
TaKT B Lenu KaTywkun KoHTaktopa KM, oH BKIOYUTCA, 3aKOPOTUT
nycKoBoW pe3sucTop Rnl, u aBMratenb BbliAeT Ha CBOKO eCTECTBEHHYIO
XapakTepucTuky 1

[ns ocywecTsneHna TOPMOXeHUa HaxxnmaeTca KHonka SB2, B pe-
3yfnbTate Yero otk YalTCA KOHTakTop KM1, pene KV1, KoOHTaKTO-
pol KM3un KM4 n Bkntoyaetca KoHTakTop KM2. Hanps»xeHue Ha KO-
pe ABUraTensa U3MeHAET CBOK NMONAPHOCTbL, U ABUTaTeNIb NEPEXOAUT B
PexXxmMMm TOPMOXEHUSA NPOTUBOBKIOYEHMEM C ABYMA pe3ncTopamMmu B
ueHn akops Rgn R HecmoTps Ha 3aMblkaHue KOHTakTa KM21b Lenu
pene KV2, 0HO B pe3y/sibTaTe OFTOBOPEHHOM Bbille HACTPOWKN HE BKIHO-
YyaeTcd U TemM caMbiM He faeT BKA4uutbea annapataMm KM3 un KM4 n
3alWyHTUpoBaTh pesucTtopsbl Jig n R&

MepeBog ABuraTesNis B PeXKMM NMPOTUBOBK/TIOYEHWSA COOTBETCTBYET €ro
Mepexofy C eCTECTBEHHOW XapaKTepuCcTUKM 1Ha MCKYCCTBEHHYIO Xapak-
Tepuctuky 4 (puc. 3.4,6). Bo Bcem grnanasoHe ckopocTeid 0 <w<wWwoHa
3TOM XapaKTepucTuKe gBuUratens paboTaeT B pexxume NPOTUBOBKIIIO-
YyeHus.

Mo Mepe CHMUXEHUA CKOPOCTY ABUraTens pacTeT Hamps>XeHue Ha
KaTywke pene KV2, n npu ckopocTu, 6/1M3K0I K HY/IH0, OHO AOCTWUT-
HeT HanpsXXeHusa cpabaTbiBaHUsd. ECNM K 3TOMY MOMEHTY BpPEMEHMU
KHOMNKa SB2 6yeT oTnylieHa, TO OTKAOYaeTca KoHTakTop KM2, cxe-
Ma BO3BpalyaeTCqd B UCXOLHOE MOJIOXKEeHWEe U Ha 3TOM npouecc TOpMo-
KeHuA 3aKkaHumBaeTcs.

Ecnn e npy JOCTVXXEHUU Manoil CKOPOCTM KHOMKa SB2ocTaeTcs
Ha)xaToW, To BKto4aeTca pene KV2 u npouecc nycka Burartens no-
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BTOPSAETCS, HO Y)Ke€ B MPOTUBOMOMOXHYK CTOPOHY. Takum obpasom,
peBepcupoBaHue gBUraTens BKAOYaeT B Cebd ABa aTana: TOPMOXKeHMe
MPOTUBOBK/KOYEHNEM U MYCK B MPOTUBOMONOXHOM HanpasB/ieHNN.
BTopoii aTan peBepca M3o6paxeH Ha puc. 3.??2#
NA C XapaKTepucTnky 4 Ha XapakTepucTuKy 3, COOTBETCTBYHOLLYH 06-
pPaTHOM NMOMAPHOCTM HaNPSHKEHUS Ha AKOpe ABUraTeNs U HaIN4uIo B
AKope fob6aBoOYHOro pesucropa /7L

CxeMa nycka gguraTens NoCTOSHHOINO TOKa C MocnefoBaTe/bHbIM
BO36Y>KJEHMEM MO NpuHUMNy Toka. B aToin cxeme (puc. 3.5) ncnonbay-
etcs pene Toka KA, KaTylwKka KOTOPOro BK/lOYeHa B Lemnb akopsa M,
a pasMblKal W Wil KOHTAKT — B LLeMb MUTaHUA KOHTAKTOpPa YCKOPEHUS
KM2. Pene Toka HacTpanBaeTCd TakuM 06pa3om, YTo6bl €ro TOK OT-
NyCcKaHWsa COOTBETCTBOBAN TOKY /2(cM. puc. 3.1, 6). B cxeme ncnosb-
3yeTcsl TakXXe JONOMHUTENbHOe 610KNpoBOYHOE pene KV C BpeMeHeM
cpabaTbiBaHMA 60/1bWNM, YeM y pene KA.

Puc. 3.5. Cxema nycka gBuratensi no NnpuHUUNy ToKa

PaboTa cxeMbl Npu MycKe NPOUCXOANT crnefytoLnm obpasom. Mocne
HaxxaTus Ha KHonky SB/ cpabartbiBaeT KoHTakTop KM/, ABUrarens nog-
KMKUaeTca K UCTOYHMKY NMUTaHWA U HaUYMHaeT CBOM pasber. bpocok Toka
B AKOPHOI Lenu nocne 3aMblKaHWA FNaBHOIO KOHTaKTa KoHTakTopa KM/
BbI30BET cpabaTtbiBaHue pene Toka KA, KOTOpoe pasoMKHET CBOI pa3Mbl-
KaloLWmnii KOHTaKT B Lenn KoHTakTopa KM2. Yepes HeKOTOpoe Bpems
nocne atoro cpabarbiBaeT KV 3amMblKaeT CBOI 3aMbIKaKOLW N KOHTAKT B
uenun KoHTakTopa KM2, nofrotaenvnsas ero K BK/AOUYEHNIO.

Mo mepe pasbera fBuratens TOK AKOPSA CHUXKAETCA L0 3HAYEHUA
TOKa nepeksitoveHnsa /2 Tpyu 3TOM TOKe OTK/IK0YaeTCa pesie TOKa U 3a-
MblKaeT CBOW pa3MblKaroWMil KOHTaKT B Lenn KaTyL Ky KOHTakTopa
KM2. MocnegHnii cpabaTbiBaeT, ero rnaBHbI KOHTAKT 3aKopaynBaeT
MYCKOBOW pe3ncTop /?4B Lenu AKOpPS, a BCNOMOraTefbHblil KOHTAKT
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WYHTUPYET KOHTAKT pene Toka KA. [103TOMy BTOPUYHOE BKIKOYEHUNE
pene Toka KA nocne 3akopaymBaHua J1, n 6pocka TOKa He BbI30BeT
OTKNOYeHUa KoHTakTopa KM2 n asuratens npofomknT pasber no
CBOeW eCTeCTBEHHON XapaKTepucTuke.

Cxema TUWNOBO NaHenu ynpasneHus asuraTenem, obecneumsarollas
MyCK, AMHAMUYECKOe TOPMOXKEHWE U peryimpoBaHune CKopocTu ocnabneHu-
€M MarHMTHOro noToka. TUMNoBble peneHO-KOHTaKTOPHbIE CXeMbI yrpaB-
nenua 3N copepxXaT 3fieMeHTbl 6/10KMPOBOK, 3aLUT, CUTHaNM3aLum,
a TaKXXe CBA3W C TEXHONOrMYyeckum o6opyaoBaHvueM. Ang yHU(uKaymm
CXEMHbBIX PELUEeHN 31eKTPOTeXHMYECKas NPOMBbILLNEHHOCTb BbIMyCKaeT
CTaH4apTHble CTaHUUK, 610KM U NaHeNn ynpasneHus, Cneymanu3npoBaH-
Hble N0 Bugam 3 paboumx MexaHU3MoB, (DYHKLNOHANbHbIM BO3MOX-
HOCTAM, YCNOBUAM 3KCNayaTauuu, pody Toka v Tn. HuxKe B KayecTse
npumepa pacCMOTPEHA CXeMa 04HOM0 M3 TaKUX TUNOBbLIX YCTPOWCTB.

+ KV2

Puc. 3.6. Cxema TUMNOBOI NaHesnu ynpas/fieHUs ABuratenem



OpraHoMm ynpaB/eHUs B 3TOl Cxeme ABNAETCA KOMaHAOKOHTPO-
nep SA, UMeloLW i YeTbipe NOMIOXKEHUS PYKOATKN: OLHO HyneBoe (Ha-
yanbHoe) u Tpu paboumx (cM. puc. 3.6). NMyck gBuraTens oCyLLecTB-
naeTca BTPU CTYNeHW No npuHumny spemerBA 6pLU >Kenn”
Muyeckoe no npuHunny 34C.

Mepen NyCKOM KOMaHOKOHTPOMNEp yCTaHaBNMBAETCA B HyNeBoe
MoJioXeHune, 3aTeM BKJIIOYAKOTCA aBTOMATMUYECKME BbIKIOYATENN
QF1wn QF2wu 3T nogkntoyvaeTcs K UICTOYHUKY nuTaHud. Mo o6moT-
Ke OB B0O30YXAEeHMA HAYMHAET NPOTEKaTb TOK BO3OYXAEHUA, U, KPO-
Me Toro, cpabaTbiBaeT pene spemeHu KT1, wWyHTUPYS B Lenu pene
KOHTPONSA HanpsaXXeHnsa CBOUM KOHTAKTOM KOHTaKT pene KA o6pbi-
Ba Lenu o6MOTKKN BO3BYxAeHuAa. Ecnn npu aToM pene Makcumanb-
Horo Toka KA1 n KA2 HaxofaTca B HOPMaibHOM (OTK/IOUEHHOM)
nofoxeHun, 1o cpabaTtbiBaeT pene KV4, noagrotasnmeas nutaHue
CXeMbl YNpaBneHns yepes CBOI 3amMblKalo WMl KOHTaKT. Ecnun B npo-
uecce paboTbl NPON30OAAET HELONYCTUMOE CHUXKEHME HAMPSAXKEHMNA
NUTaHUA UNKU TOKa BO3BYXAeHWUA ABUraTeNs UM TOK B AKOpe npe-
BbICUT JONYCTUMbI/i YPOBEHb, TO NPON30NAET OTKAIOUYEHUe pene
KV4, cxema ynpasfieHns NUIWINTCA NUTaHWA U ABUraTens 6ygnert oT-
KN YeH 0T ceTn. Takum o6pasom, pene BbINOAHAET POb UCMONHU-
Te/IbHOTO 3/1eMeHTa TpexX 3aLlunT.

[ns nycka fBuratens 40 MaKCUMa/ibHON CKOPOCTM PYKOATKA KOMaH-
JOKOHTpOAnepa SA nepemMeLLaeTcs B KpailHee TPeTbe MOM0OXeHUe. ITO
npvBegeT K cpabaTbiBaHUO KOHTakTOpa KM 1 noakntoyeHuto akopsa M
ABUraTens K MCTOYHMKY MUTaHUA, NOCMe Yero OH HauyHeT CBOIi pasber
C MOJIHbIM COMPOTUBNEHWUEM MYCKOBOTO pe3ncTopa B Lenu akops. Pene
BpeMeHn KT1, noTepsB nuTaHWe BCNeACTBME pasMblKaHUsA KOHTaKTa
KM, HauHeT oTcuyeT BbILEPXKM BPEMeHU paboTbl HA MEPBON CTyNeHu,
a pene BpemeHn KT2 n KT3, cpaboTaB OT nafjeHUs HanpsiXkeHUsa Ha
pesucTopax Rtl ¥ R pa3soMKHYT CBOW KOHTaKTbl B LEeMNAX KOHTAKTO-
pos yckopeHus KM2 n KM3. O4HOBpPeMEHHO C 3TUM BK/IOYalTCH
«3KOHOMMYECKNIA* KOHTakTOp KM 6K KOHTaKTOp ynpaBneHuns BO30yX-
feHnem KMS5, B pesynbrarte yero WyHTUpPYeTCAa pe3nucTtop R, M nyckK
ABUTaTeNs MPOMCXOAUT NPU MOSTHOM MArHUTHOM MOTOKe.

YUepes onpefeneHHOe BPEMSA 3aMKHETCA pa3MblKatoLMA KOHTaKT
KT1, koHTakTop KM1 BKAOUYNTCA, 3alIYHTUPYET MEPBYIO CTYMEHb
MyCKOBOro pesucrtopa /4, 1 OAHOBPEMEHHO KaTYLIKY pefie BPEMEHMU
KT2. MocnepfHee, OTCUUTAB CBOI BblAEPXKY BPEMEHW, BKIKOYNT KOH-
TakTop KM2, KOTOpbIi 3allyHTMPYeT BTOPYH CTYyMeHb MyCKOBOrO pe-
3uctopa R& n katywky pene KT3. 310 pene, TakXKe 0OTCYMTaB CBOIO
BbIIepPXXKY BPeMeHMU, BbI30BET cpabaTbiBaHMe KOHTakTopa KM3u WwyH-
TUPOBAHWE NOCNEAHEN CTyMeHU MYyCKOBOro pe3nctopa, Nocre Yero
[BUratesib BbIXOAUT Ha CBOIO eCTECTBEHHYIO XapaKTepucTuky.

96



Mocne WyHTUPOBaHWA TPETbLEN CTYMEHU NYCKOBOrO pe3ncTopa Ha-
YnHaeTcsd ocnabneHne MarHUTHOrO MOTOKa, KOTOPOE NoAroTasnMBa-
eTca BkoUveHuem pene KV3cpabateiBaHus KM3. B npouecce ocnab-
NeHNA TOKa BO30OYXAeHUs C NoMoLblo pene ynpasneHns KV1 obec-
neymBaeTCcsd KOHTPOJIb 32 TOKOM akopA. IMpu 6pockax Toka pene KV1
ob6ecrneynBaeT BK/IOYEHUE UM OTKKOYeHe KOHTakTopa KM5, yecu-
nmBas UM ocnabnaa Tok Bo36YXAeHUs, B pe3ynbTaTe Yero TOK B AKOp-
HOM Lenu He BbIXOAMT 3a AOoNyCTUMble npefenbl. Mpyu pasmMmbiKaHUK
KOHTakTa KM5 yacTb TOKa BO30YXAeHUSA 3aMblkaeTcsa vepes guon VD
N paspsgHbIi pesncTop Rp.

TopMOXXeHMe ABMraTens oOCyL,ecTBAAETCA NePeCTaHOBKON PYKOATKHN
KOMaHAOKOHTpo/iepa 54 B HY/IEBOE NOJIOXKEeHWe. 3TO NPUBOAUT K BblIK-
NIIoYeHno KoHTakTopa KM 1 oTktoYeHnto akops M OT UCTOYHMKA NK-
TaHuA. NMOCKO/bKY B npoLecce nycka ABuratens pesne JUHammU4ecKoro
TOpMOXeHUA KV2 BKHOYNNOCh, 3aMblKaHWe pa3MblKaloLlero KoHTakTa
KM B uenun KoHTakTopa TopmMoXxXeHna KM4 BbI30BET ero BK/HOUYEHMUe.
Pesuctop Y TokaxeTcsa NOAK/IHOYEHHbIM K AKOpto M aBurarens, KoTo-
pblii NepeiijeT B peXXUM AMHAMUYECKOTO TOPMOXeEHUS. MNpu ManbiX CKO-
poctax asurartend, korga ero 31C cTaHeT HMXKe HaNPAXKEHMA OTNYCKa-
Husa (yaepxaHus) pene KV2, OHO OTKMHOUYUTCH, BbIKIKOUYUT KOHTAKTOP
KM4wu npouecc TOpMOXKeHUA 3aKOHUUTCA. OTMETUM, YTO fUHamMuyec-
KO€ TOPMOXEeHMe NPOUCXOANT NPU MNOTHOM MarHUTHOM MOTOKE.

[ng CHMXeHMA CKOpOoCTU ABUraTens pyKosaTKa KOMaHAO0KOHTPO-
nepa SA nepeBOAUTCA B NMONOXKEHUA Yunum 2. B noNoXeHUN Yasura-
Tenb paboTaeT Ha UCKYCCTBEHHOW XapakTepucTnke, COOTBETCTBYHOLLEN
Ha/IMYMIO B LLENU AKOPA Pe3ncTopoB Ri + R&, a B MONOXEHNM 2 — Ha
XapaKTepucTuke, 06ycnoBneHHOl pe3ancTopom R&

Pa3oMKHyTas cxema perynMpoBaHus CKOPOCTW ABUraTens C UCMOofb-
30BaHMEM 3a[aTUMKa MHTEHCUBHOCTU. Pa30MKHYTas cXxema 31eKTponpu-
BO/Za, BbIMO/IHEHHOIO NO CTPYKTYpe «ynpaBiseMblii npeobpasoBaTesib —
fBuratesib NOCTOAHHOTO TOKA HE3aBUCUMOTO BO36YXAEHNA™ C UCNOJb-
30BaHMEM 3afiaTyMmKa MHTEHCMBHOCTU MpuBefAeHa Ha puc. 3.7, a. Ha
CXEME NPUHATLI 0603HAYEHUA: Y— NOTEHUNOMETP 3afaHuns CKOpocTy;
2 — 3afaT4YMK MHTEHCUBHOCTMW; 3 — yNpaBnseMblil npeobpa3oBaTessb.

MonyyeHne TpebyemMbiX rpahKoB U3MEHEHUA CKOPOCTU, TOKa U
MOMEHTA ABMTaTeNs B MePeXO4HbIX MpoLeccax oCyLecTBASeTCA B 3TOM
CUCTeMe 3a CUeT COOTBETCTBYHOLWero perynmposaHua 34C npeobpaso-
BaTens M TeM cambiM Hanps>xeHus 0, NO4BOAMMOrO K IKOPIO BU-
ratend. [onycTum, 4TO CKOPOCTb ABUTaTeNia fOMXKHA U3MEHATLCA NO
rpayMky, nNokasaHHoMy Ha puc. 3.7, 6, 1 NMpy 3TOM TOK U MOMEHT He
LOMXHbBI NPEBOCXOAMTb A0MYCTUMbIA YPOBEHb. B COOTBETCTBUM C 3TUM
rpaMKoM B MOMEHT BpeMeHuM t = 0 ocyLLecTB/AeTCA NYCK ABUTaTenNs
(3amMblKalOTCA KOHTaKTbl B), B MOMEHT BpeMeHU — peBepc (pasMbl-
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KalTCAa KOHTaKTbl B 1 3aMblKaloTCA KOHTaKTbl H), a B MOMEHT (2—Top-

MOXeHMe (pasmbiKalTca KOHTakTbl H). A4 peannsauuu aToro rpaguka

CKOpPOCTM B MOMeHT t = Ockaykoo6pasHo NojaeTcs 3afatoLLnin curHan

no ckopoctu UIC(cm. puc. 3.7, B), B MOMeHTWAW WP pcwkxamiirisiten
pasHO U3MeHSEeT CBOK MOJIAPHOCTbL Ha NPOTUBOMOIOXHYIO MO CpaBHe-

HUIO C NYCKOM, @ B MOMEHT BPeMeHM t23TOT CUTHAN CHUMAaeTCA.

Puc. 3.7. Cxema ynpaBfieHus asuratesieM C UCMNoJsib30BaHUEM
3a/jaTymKka MHTEHCUBHOCTMN

Ecnn He npeanpuHATL cneyuanbHbIX Mep No hOpMUPOBaHUIO rpa-
(hMKa CKOpOCTU, TO NEPEXOAHbIE NMPOLLeCChl BYAYT CYLLECTBEHHO OT/N-
4yaTbCa OT 3a8JaHHbIX, a U3-3a Manoli MHEPLMOHHOCTU npeobpa3oBaTe-
NA N HeBONbLWIUX 3HAYEHWNI CONPOTUBAEHNA Lenu SKopsa 6yayT UMeTb
MECTO HeJonycTumo 60/bLiMe GPOCKM TOKA M MOMEHTA.

[na nonyyeHus xxenaembiX rpayMKoB NeEPEMeEHHbIX B NEPEXOHbIX
npoteccax Mexzay UCTOYHUKOM 3a[atoLlero curHana noTeHLMomMeTpom
1v npeobpasosartenem 3 BKAKOYAETCA 3a4aTUNK MHTEHCUBHOCTM 2. IMpu
nojaye Ha BX0J 3afaTyMKa CTyneHyaToro curHana UyccurHan Ha ero
BbIXOAe HauyMHaeT U3MEHATHCA BO BPEMEHU MAABHO MO JIUHEWHOMY
(MM 3KCNOHEHLMaNbHOMY) 3aKOHY U AOCTUraeT YPOBHA BXOAHOrO
CUrHana 3a onpeAeneHHbli MHTepBan BpeMeHU. AHANOrMYHoe nocTe-
MeHHOEe U3MeHEeHMe CUITHaNna Ha BbIX0e 3afaT4MKa MHTEHCUBHOCTU U
TEM CaMblM Ha BXoje npeobpasoBaTensa MMeeT MECTO U MPU CMeHe
MOMAPHOCTU CUTHaNa 3ajaHunsa ckopoctn FICunm ero cHATUK (OTKNIO-
YyeHun). CKOPOCTb U3MEHEHMNA BbIXOAHOI0 CUTHaNa 3afiaTymkKa UHTeH-
CUBHOCTM PErYNNPYETCA U MOXET ObITb YCTAaHOB/IEHA B LUMPOKUX Npe-
fenax —oT JoNei CeKyHAbl 40 HECKONbKNX AeCATKOB CEKYHA,.

Ha puc. 3.7, B nokasaHo Tpebyemoe N3MeHeHNe BO BPEMEHUN CUT-
Hana ynpasneHuns Uy, KOTOpOe Bbi3biBAET B CUY Manoii MUHEPLUOHHO-
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CTU npeobpa3oBartens NpakTUYeCcKn Takoe e usmeHeHne 3C npe-
obpasosatens E,,,. 3a cueT nnaBHoOro nameHeHns 34C 1 HanpsH>KeHUs
U Ha gBuratene rpauk ckopocTu aABuratens 6ynet 6/1M30K K noka-
3aHHOMY Ha puii. 3.7, 6, a TOK 1 MOMEHT B NEPeX0HbIX NpoLeccax 3a
CUET COOTBETCTBYIOLLErO BbI6Opa TeMNAa U3MeHEHUA HanpsaxeHnsa UHe
MPeBbICAT CBOUX AONYCTUMbIX 3HAYEHWUIA.

PaccMOTpMM TUNOBbIE 3afayu.

3apaya 3.1. CocTaBMTb CXEMY ynpaBneHus, KotTopas o6ecrneynsa-
eT NYCK ABUratenia MNOCTOAHHOIO TOKa HE3aBUCUMOT0 BO3OYXAEHNSA B
OfHY CTYnNeHb B pyHKUMKU 4C 1 TOPMOXEHNE NMPOTUBOBK/IIOYEHUEM
B PYHKLNUN BPEMEHU.

3anaya 3.2. CocTaBuTb CXEMY ynpaBneHus, KotTopasi o6ecneymsa-
eT NYCK ABMrartesia MOCTOAHHOIO TOKAa He3aBNCKMMOT0 BO3OYXAEHNA B
[lBe CTYNEeHU B PYHKLUNUU BPEMEHU U OUHAMUYECKOEe TOPMOXEHWE B
thyHkunn 34C.

3adaya 3.3. Cxema 3/1eKTponNpuMBoa npmeedeHa Ha puc. 3.2, a. 1su-
rate/sib NOCTOAHHOro Toka Tvna 4M® 1326 nmMeet cnegyrowme HOMMK-
Ha/IbHbl€ NMAacCNOPTHbIE AaHHble: MOLWHOCTL P/, = 11 kBT, Hanps>xeHune
nutauusa U"» = 220 B, Tok akopa /"~ = 61,5 A, conpoTusieHne aKopA
P,=0,8 Om, yactoTa BpaweHusa n”, = 1060 06/muH, KMna = 78,5%.
MOMEHT CONPOTUBNIEHNA Ha Bany ABuUratens McpaseH HOMUHANILHOMY.

PaccumnTarsb:

* BE/IMYUHbI MYCKOBbLIX /", 1 M TOPMO3HOTO pe3nucTopos, npu
BK/IIOYEHNUN KOTOPbIX BPOCKM TOKA MPU MYCKe U TOPMOXEHUN He OY-
OyT 60/blUe ABYKPATHOrO HOMWHANbHOIO TOKa AKOPS;

* YPOBHMW HanpsXXeHus, NMpu KOTOPbIX A0MKHbI cpaboTaTb KOHTaK-
Topbl KM1u KM2;

* BbIAEPXKKY BpeMeHu pene BpemeHn KT.

Mo kaTtanoram BbI6paTb NYCKOBbIE U TOPMO3HOI PE3NCTOPbI U 3NeK-
Tpuyeckune annaparsbl.

YkasaHue. [Nepef pacyetTaMyn NOoCTPOUTb XapaKTepUCTUKK, aHano-
rMYHble NPUBELEHHBIM Ha puc. 3.2, 6.

3adaya 3.4. Cxema anekTponpusoga npueegeHa Ha puc. 3.1, o. Kak
M3MEHUTCA BUL KPUBbLIX MEPEXOAHOro npouecca, NoKasaHHbIX Ha
puc. 3.1, BANA cnyyasd nycka ABuratens, eciiv Bblfep>KKa pene BpeMe-
HU KT nnm MOMeHT Harpy3km McOyfeT 0TAM4aTbCa OT pacyeTHbIX 3Ha-
YeHunii?

3apaya 3.5. Cxema anekTponpueoga npueefeHa Ha puc. 3.5. Ka-
Kne n3MeHeHusa B paboTe 3MeKTPONPMBOLa NPOU3OAAYT NPU MYCKe B
cnydae, ecnu Bpems cpabatbiBaHua pene KV OyaeT MeHbLUe BPEMEHU
cpabaTbiBaHUS pene KAL

3ajaya 3.6. Cxema aneKkTponpuBoAa npueefeHa Ha puc. 3.3. Kakue
M3MEHeHUs B paboTe 3NeKTPONpPMBOLA NPOM30AAYT B Cyyae, ecin KOH-
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TakT annapata KM b uenu KaTywku pene spemMeHu KTo6roput unm npu-
BapuTCH (T.e. aTa Lenb 6yAeT NOCTOAHHO PA30MKHYTa UK 3aMKHYTa)?

Mpumep 3.1. Cxema anekTponpusoga npusefeHa Ha puc. 3.1, a.
[Buratenb NnoCToAHHOro TokKa Tuna 4 ® 1355HfiilSfetrHOWifiOL
nacrnopTHble fJaHHble, MPUBELEHHbIE B YCN0BUAX 3a4aum 3.3, a MOMEHT
Harpysku paeeH 0,9 HOMUHaNbHOTO 3HaYeHUd. TpebyeTcqa paccumTaTtb
BbIZepXXKy pene BpemeHu KT un conpoTUBIEHNE NMYCKOBOTO pe3nucTopa
/20, Npy BKJ/IIOYEHUWN KOTOPOTO TOK B MOMEHT BK/IIOYEHUA fBUTATENS
He MPeBbICUT TPEXKPATHOI0 3Ha4YeHNA HOMUHaNbLHOro Toka. Cymmap-
Hblil MOMEHT MHEPLMN 3neKTponpueoga coctasnset J = 0,6 Kr-m2

Mpu peweHnn 3aga4ym UCNONb3YeM XapaKTePUCTUKM 1 0603Have-
HWA, NpeAcTaB/ieHHble Ha puc. 3.1, 6, B.

OnpepenseM HOMWHaNbHY CKOPOCTbL BpalleHUs, Npou3BegeHne
KOHCTPYKTUBHOIO KO3M®MMULMEHTA U MATHUTHOTO NOTOKA ABUTraTens u
CKOPOCTb X0/IOCTOr0 X04a ABUraTens:

QoHOU= "é‘o- = 2-3,14 1060/60= 111 pag/c;

KPupl=c= n"°"~MHom* =(220- 61,50,8)/111 = 1,54 B c;

~HOM

U =" won =220/ 1,54= N3 pag/c.
c

PaccunTbiBaeM MOMEHTbl HOMWHA/bHbIA, HAFPY3KWN U 3afaHHbi i
MYyCKOBOW, KOTOPbLIA NpU TPEXKPATHOM MYCKOBOM TOKe GyAeT paBeH
TPEXKPATHOMY HOMWHANbHOMY MOMEHTY:

p
Ko* — 11000/111 = 99,1 H w;

Mc= 0,9/1/HM= 0,9 99,1 = 89,2 H m;
M, = 3/1C, = 3-99,1 = 2973 H m.
Haxofum 13 nogobus TpeyrosbHUKOB CKOPOCTY BPALLEHNS LLICK CO,:

ac=" _McKzBsoJ =143 _0,9(143- 111) = 114 pau/c;
MHI

@ =ab- M'((">~(Y»).=143-3(143- 111) = 47 paalc.
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PaccumMTbiBaeM BE/IMUMHY MYCKOBOI0 pe3ucropa:

B =Muca. . _ 220 -0,8 =0,4 Ow.
3 3-61,5

Haxofnm MexaHU4YecKyt MOCTOSHHYK BPEMEHU 3/IEKTPONPUBOAA
npu paboTe Ha NCKYCCTBEHHON XapaKTepnUCTUKE, CKOPOCTb LUC, BUTA-
TeNst Ha 3TON XapaKTePUCTMKE, COOTBETCTBYHOLL Y MOMEHTY Harpys-
KU1, N BbIJEPXKKY BPEMEHM pefie BpemeHUn KT.

T =J4_ =06 143 Q29
- M2 297,3 Tk

NN T H3W =100paa/c;
o-'-r-a N~ ] -° 201"[10M47]=0"18C

3.3. TUNOBLIE ¥3/1bl N CXEMbI YIMNMPABJIEHUA
SNIEKTPOMPMBOAOB C ACHXPOHHbLIMUA
ABUTATENAMN

TnnoBble Y3/bl N CXeMbl PENENHO-KOHTAKTOPHOIO ynpaBneHus
ACMHXPOHHBIMW ABUTATENIAMWU CTPOATCA MO TEM Xe NPUHLMNAM, YTO
N CXeMbl YyNpas/ieHUs ABUratenamMmum noCTOAHHOTO TOKa.

TUNOBbIE CXeMbl YMPaBNEHNSA aCUHXPOHHbIM [BUraTenem ¢ KopoT-
KO3aMKHYTbIM POTOPOM. [lBUratenu 3Toro Tuna manoil u cpefHei
MOLLHOCTM OBbIYHO MYCKalOTCA MPAMbIM NOAKNIOYEHUEM K CeTU 6e3
OrpaHWYeHus NyCcKOBbIX TOKOB. B 3TUX cnyyadax OHU ynpaBnflTCa C
MOMOLLLbI MArHUTHbLIX NyckKaTenei, KOTOpble OLHOBPEMeHHO obecne-
YMBAIOT M HEKOTOPbIE BUALI UX 3aALLUTHI.

Cxema ynpaB/fieHUs aCUHXPOHHbLIM ABUTraTE/IeM C UCMONb30BAHUEM
MarHUTHOro nyckatensa (puc. 3.8) BKAtoyaeT B ce6a MarHUTHbINA nyc-
KaTenb, COCTOAWMNMA N3 KOHTakTopa KM 1 Tpex BCTPOEHHbIX B Hero
Tennosbix pene 3awmntbl KK. Cxema o6ecneynBaeT npsamoli (6e3 orpa-
HUYEHWA TOKA U MOMEHTA) MYCK ABUTaTeNs, OTKNOYEHWE ero oT CeTH,
a TaKXke 3aliMTy OT KOPOTKMX 3aMblKaHWil (npepfoxpaHutenn FA) n
neperpysku (tennosble pene KK).

Onsa nycka gsuratensa 3amblKalT Bblkno4vatens QF n HaxumarT
KHOMKY nycka SB1. lMonyvyaeT nutaHue KaTylwka KoHTakTopa KM,
KOTOpPbINA, BKAOUYMBLUNCH, CBOMMU FNaBHbIMU CUN0BbIMU KOHTaKTaMu
B Lienun crtatopa ABUraTenia NOAKNOYAET ero K UCTOYHUKY MUTaAHUS,
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a BCMOMOraTe/lbHbIM KOHTAKTOM LWYHTUPYeT KHonky SB1. Mpoucxo-
4nT pasber gBuratens no ero eCTeCTBEHHOW xapakTepucTuke. Ang oT-
K/MHOYEHWA ABUraTens HaXKMmMaeTcs KHOMKa OCTaHOBKM SB2, KOHTaK-
Top KM TepsieT nuTaHme n oTKAOuYaeT ABUT EA9Y PUBA.01taA1ME¥2n
CS MpoLecc TOPMOXEHMA ABUraTtens Bbi6erom noj LeficTsMeM MOMeHTa
Harpys3Kku Ha ero sany.

Puc. 3.8. Cxema ynpaB/ieHNA aCUHXPOHHLIM ABUratenem C UCMnosib30BaHNeM
HepeBepCMBHOIO MarHMTHOro nyckarens

PeBepcuBHas cxema yrpas/ieHUs aCUHXPOHHbIM auratenem. OCHOB-
HbIM 3/1EMEHTOM 3TON CXeMbl ABAAETCA PEBEPCUBHbLIA MarHUTHbII
nyckaTtesb, KOTOPbIA BKOYaeT B Ce65 ABa IMHERHbIX KOHTakTopa KM1
n KM2 n gBa TennoBbix pene 3awutbl KK (puc. 3.9). Cxema obecne-
yuBaeT NPAMOI NYCK W peBepC ABuUratens, a Takxxe TOPMOXeEHME Npo-
TUBOBKJ/IIOYEHWEM NPU PYYHOM (HEABTOMATUYECKOM) YNpaBieHUN.

B cxeMe npeflycMoTpeHa 3awwuTa oT neperpysok agsuratens (pene KK)
M KOPOTKMX 3aMblKaHW B Lenu ctatopa (aBTOMaTUYeCcKunii BblKIOYa-
Tenb QF) n ynpasneHusa (npegoxpaHutenn FA). Kpome Toro, cxema
ynpasneHna obecrneynsBaeT U HyNeBytO 3aLMTY OT UCHE3HOBEHUA (CHU-
XeHuna) HanpsaxeHna cetn (KoHTakTopbl KM1 n KM2).

Myck gBurartens npu BKAKOYEHHOM aBTOMATUYECKOM BbIK/iHOUaTe-
ne QFBycnoBHbIX HanpaeneHusax «Bnepeg* nnu «Hasag* ocyuwecrs-
NIeTcA HaxaTuem COOTBETCTBEHHO KHOMok SB1 nnu SB2. 3710 npu-
BOAMUT K cpabaTbiBaHUO KOHTakTopa KM1 unu KM2, noakno4veHnto
ABuUraTens K cetn v ero pasbery.

[na pesepca unm TOPMOXKEHUA ABUTaTeNsa BHavase HaXXumaeTcs
KHonka SB3, 4To npMBOAUT K OTKNHOYEHUIO BKAKOYEHHOT0 40 CMX Mop
KOHTakTopa (Hanpumep, KMT), nocne yero HaxxmumaeTcs KHonka SB2.
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OT0 NpUBOAMUT K BKNOYEHNIO KOHTakTopa KM2 n nogaye Ha Al Ha-
NPsAYXeHUs UCTOYHMKA MUTAHWUA C APYTUM MOPsALKOM YepefoBaHus das.
MarHuTHoe none ABuraTens U3MeHseT CBOe HanpaBieHUe BpaleHus
Ha MPOTMBOMOJ/IOXKHOE, N Ha4YMHaeTCsA NPOLECC peBepca, COCTOAW NI 13
[IByX 3TanoB: TOPMOXeHUS NPOTUBOBK/IIOYEHNEM U pa3bera B NpoTu-
BOMOJ/IOXHYH CTOPOHY.

Puc. 3.9. Cxema ynpaB/ieHUsi aCUHXPOHHbLIM ABuUraTesieM C UCNOJib30BaHWEM
peBepCcnBHONO MarHUTHOro nyckartens

B cnyyae He06XOAMMOCTU TOIbKO TOPMOXKEHMWA ABUraTensd npu Lo-
CTUXKEHUMW UM HYNEBOI CKOPOCTU AOMKHA ObiTb BHOBb HaXKaTta KHOT-
Ka SB3, uTo npuBefeT K OTK/IOYEHWIO ABUraTens OoT CETU U BO3Bpa-
LLeHNI0 CXeMbl B UCXOAHOE nosioXeHune. Ecam KHonka SB3 Haxarta
He GyfeT, TO 3TO NpuBefeT K pa3bery gBuratenia B APYTy0 CTOPOHY,
T.e. K ero pesepcy.

Bo n3bexxaHne KOPOTKOro 3aMblKaHWA B Lenu ctatopa, KOTopoe
MOXXeT BO3HUKHYTb B pe3ynbTaTe 04HOBPEMEHHOIO OWNOOYHOTO Ha-
Xatma KHOMokK SB1 n SB2, B peBepCUBHbLIX MArHUTHbIX MyCKaTenax
MHOrfa npegycMaTpuBaeTcs cneumanbHas MexaHuyeckas 6/10KMpPOB-
ka. OHa npeAcTaBnAeT co60i pblyaXHY CUCTEMY, KOTOpas npepoT-
BpallaeT BTArMBaHWe OLHOr0 KOHTAKTOpa, €CY BK/KOYEH APYroii.
B nononHeHne K MexaHn4eckoi 6/10KNPOBKe B CXEME UCMOJb3yeTCs
TUMOBAA 3/NeKTpUYecKas 6/10KUPOBKa, MPUMeHAEMas B PEBEPCUBHBIX
cxemax ynpasneHusa. OHa npefycMaTpyBaeT NepekpecTHoe BKIKYeHne
pasMbiKaloWmX KOHTaKToB annapata KM1 B Lenb KaTywKun annapara
KM2wn, HaobopoT.

OTMeTMM, 4TO NOBLILWEHNIO HALEeXHOCTU M ya06CTBa B 3KCNNya-
Taumm cnocobCTBYET UCMOMb30BaHME B CXemMe BO3JYLIHOro apTomaTu-
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yeckoro BbiknoyaTtend QF. Ero Hannume ncknoyaeT BO3MOXHOCTb
paboTbl npuBoga npu 06pbiBe O4HON (ha3bl, NpyM 04HOGA3HOM KOPOT-
KOM 3aMblKaHUW, KakK 3TO MOXET WMETb MecTO Npu YCTaHOBKe
npefoxpaHuTenei, a Takke oH He TpebyeT 3 L c& L L élTOoNA$*4Pn
NpefoXpaHUTeNAX NPy CropaHumn X NNaBKO BCTaBKM).

Cxema ynpas/fieH/si MHOTOCKOPOCTHbIM aCMHXPOHHbLIM Buratenem. 31a
cxema (puc. 3.10) ob6ecneuymBaeT NoAyvYeHUe ABYX CKOPOCTeiR fBUra-
Tend NnyTeM COeAMHEeHUs cekumii (nonyobMoToK) 06MOTKK cTaTopa B
TPeyronbHWUK UK ABOWHYIO 3Be3fy, a Takxe ero pesepcuposaHue. 3a-
lWMTa 3NEeKTPONpPMBOAA OCYyLecTBseTcq TennosbiMu pene KK1um KK2
n npegoxpaHutenamu FA.

Puc. 3.10. Cxema ynpaBfeHuUs OBYXCKOPOCTHbIM aCUHXPOHHbLIM ABUraTesiem

[na nycka ABuratens Ha HU3KYH CKOPOCTb BpalleHUs HaXnmaeTcs
KHonka SB4, nocne yero cpabatbiBaeT KOHTakTop KM2 1 610KMpoBOY-
Hoe penie KV. CTaTop ABUraTtenis 0Ka3biBaeTCA BK/IIOYEHHbLIM MO CXeme
TPeyrosibHuKa, a pene XY, 3aMKHYB CBOW KOHTAKTbl B LieNaX KaTylwek
annapatos KM3 n KM4, nogrotasfneaet NoLK/AOYEHWe ABUTaTENA K
NCTOYHUKY nuTaHua. Janee HaxaTtue kHonku SBI unn SB2 npusogut
K BK/IIOYEHWNIO COOTBETCTBEHHO B HanpasneHnn «Bnepeg» unn «Hasag*.

Mocne pa3bera gsuratens 4O HU3KOM CKOPOCTM MOXET BbITb OCY-
LLecTB/IEH €ro pasroH 0 BbICOKON CKOPOCTKW. [lns 3TOro HaxunmaeTcs
KHonka SB5, uTo npuBefeT K OTK/IIOYEHUIO KOHTakTopa KM2, BK/t0-
YeHWto KOHTakTopa KM1 v nepecoeguHEHMNIO TEM CaMbliM CEKL U 06-
MOTOK CTaTtopa C TpeyrosbHMUKa Ha BOWHYO 3Be34y.

104



OcTaHOBKa ABMUraTena Npon3BOANTCA HaXkaTuem KHonku SB3, uTo
BbI30BET OTK/IIOUYEHME BCEX KOHTAKTOPOB OT CeTU Y TOPMOXKeHWe 4BU-
ratens Bbl6erom.

MpumeHeHne B CxeMe ABYXLEMHbIX KHOMOK yrnpaBieHns He fgonyc-
KaeT O4HOBPEMEHHOIO BKNOUYEeHUS KOHTakTopoB KM] n KM2, KM3
n KM4. 3Toli Xe Lenm CNy>XuT nepekpecTHOe BKKYEHME pa3mblKa-
WNX 610K-KOHTAKTOB KOHTakTopoB KM1 nu KM2, KM3 n KM4 B
Lenn ux KaTyLlek.

CxeMa ynpas/ieHuUsi aCMHXPOHHbIM ABuUraTenem, obecneyusatowiasa nps-
MO MYCK W AMHAMWUYECKOe TOPMOXeHMWe B (hYHKLMM BpeMeHu. [ycK gBu-
ratens ocylwecTBnseTca HaxaTtnem kHonku SB1 (puc. 3.11), nocne
yero cpabaTbiBaeT MMHENHbIA KOHTakTop KM, nogkntoyatwowmi gem-
ratefb K UCTOYHUKY nutaHua. OJHOBPEMEHHO C 3TUM 3amMblKaHue
KoHTakTa KM B uenu pene spemeHn KT BbI30BET ero cpabaTbiBaHWe 1
3aMblKaHMe ero KOHTAaKTa B Uenu KOHTakTopa TopmoxeHua KML1.
OfHako nocnefHuin He cpabaTbiBaeT, Tak Kak nepeg aTUM pasoMKHYN-
CA B 3TON Lenu pasmblkalowWwmnin KoHTakT KM.

Puc. 3.11. Cxema ynpas/ieHUs NYCKOM U AUHAMWUYECKUM TOPMOXEHUEM
aCVHXPOHHOrO ABuraTens ¢ KOPOTKO3aMKHYTbIM POTOPOM

[na ocTaHOBKMW fBUraTens HaxxumaeTtca KHonka SB3. KoHTakTop
KM oTkntoyaeTcs, pasMmblKas CBOM KOHTaKThbl B Llenu ctaTopa ABUra-
TeNd U OTKAKYas TeM CaMbIM €ro OT CeTW nepemMeHHoro Toka. OfHo-
BPEMEHHO C 3TUM 3amblKaeTca KOHTakT KM B uenn annapata KM1 n
pasmbikaeTca KOHTakKT KM B uenu pene KT. 3T0 NpuBOAUT K BKIIO-
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YEHUIO KOHTakTopa TopmoxeHus KM1, nogaye B 06MOTKM cTatopa
MOCTOAHHOTO TOKa OT BbINpAMUTENSA “uyepe3 pe3nucTop R, n nepesogy
LBUTATENA B peXUMAMHAMUYECKOroTopmMoa™” sor Free Version

Pene BpemeHu AT, NoTepsaB NUTaHWe, HaYMHaeT OTCYET BbIAEPXKKM
BpeMeHW. Uepes nHTepBan BPeMeHU, COOTBETCTBYHOLWWIA BPEMEHU OC-
TaHoBa AaBuratens, pene KT pasmbikaeT CBO KOHTAKT B LieNW KOHTaK-
Topa KM1, ToT oTKNt0YaeTcs, Npekpauias nogavyy nocToAHHONo ToKa
B Lenb ctaTopa. Cxema BO3BpaLLaeTCs B UCXOAHOE NMOJIOXKEHMeE.

VIHTEHCUBHOCTb JMHAMWYECKOTO TOPMOXKEHUSA PErynnpyeTca pesu-
CTOpOM R,, C MOMOLW b0 KOTOPOro yCTaHaBAMBaeTCH He06Xo4MMbli
NMOCTOSAHHbBI TOK B CTaTope ABUraTens.

Ana ncknyeHns BO3MOXHOCTU OHOBPEMEHHOIO NMOAKIOYEHUA
cTatopa K UCTOYHMKAM NMepeMeHHOro M MOCTOAHHOrO TOKa B CXeme
ncnonbL3oBaHa TMNOBasA 6/I0KMPOBKA C MOMOLLbIO Pa3MblKatOLLUX KOH-
TakToB KM\\ KM1, BKNOUYEHHbIX NepeKPecTHO B LLenn KaTyLleK 3Tux
annaparos.

TUMNoBble CXeMbl YNpaBNeHNs aCUHXPOHHLIM [BUraTeneM C (PasHbIM
poTopom. Cxembl yrnpasaeHus gsurarens ¢ pasHbiM pOTOPOM, KOTO-
pble paccynTaHbl B OCHOBHOM Ha CpefHI00 1 60NbWY MOLWHOCTb,
[0O/MKHBI MPefycmMaTpuBaTh OrpaHnyeHune TOKOB NpU UX Nycke, pesepce
M TOPMOXXEHUMN C NOMOLLbIO 406aBOYHbLIX PE3NCTOPOB B LeNW poTopa.
3a CYEeT BK/IIOYEHUSA Pe3NCTOPOB B LieMb POTOPA MOXHO TaKXe YBEIun-
YUTb MOMEHT MPU MYCKe BMNIOTb 40 YPOBHA KPUTUYECKOTO (MaKcu-
Ma/ibHOr0) MOMEHTA.

Cxema 0[HOCTYyNneH4aToro nycka aCMHXpOHHOrO fBUraTens B (OyHKLMM
BPEMEHU 1 TOPMOXEHUA NPOTUBOBK/OYEHUEM B (yHKuun I4C. Mocne
nofaym HanpsaXeHua BKovaetca pene spemeHn KT (puc. 3.12), ko-
TOpPOe CBOMM Pa3MblKatOLWMM KOHTAaKTOM pa3pbiBaeT Lenb NMTaHUA KOH-
TakTopa KMS3, npegoTBpalias TeM caMbiM €ro BK/KOYEHUE U npexe-
BPeMeHHOe 3aKopaymBaHue MyCcKOBbIX PE3NCTOPOB B Lienu poTopa.

BkntoyeHune gurarens nponM3BoanTCA HaxaTnem KHonku SB1, nocne
yero BknYaetcsa KoHTaktop KMI. Ctatop gsurarens nogcoeguHAeT-
€S K CeTU, 3N1eKTPOMAarHnTHbI TOpMO3 YB pacTopMaXKuBaeTcs, U Ha-
YnHaetcs pasber gsuratens. BknwoveHne KM1 ogHOBpeMeHHO NPUBO-
OWNT K cpabaTbiBaHMO KOHTakTopa KM4, KOTOpbI/A CBOMM KOHTakTOM
WYHTUPYET HEHY>XKHbI/ MPU NyCKe pe3ucTop NPpOTUBOBKAOYEHUSA RA,
a TakXe pa3pblBaeT Lenb KaTywkKu pene spemeHn KT. INocnegHee, no-
TepAB MUTaHWE, HAYMHAET OTCYET BbILEPXKN BPeMEeHU, Noc/ie Yero 3a-
MbIKAeT CBOM KOHTAKT B Lienun KaTylwkn KoHTakTopa KM3, koTopblii cpa-
6aTblBaeT M WWYHTUPYeT NyCKOBOM pe3ncTop J1,, B Lenn poTopa, 1 ABU-
ratenb BbIXOAWUT Ha CBOI ECTECTBEHHYIO XapaKTePUCTUKY.

YnpaBneHue TOPMOXEHMEM 06ecneymBaeT pesie TOpMoXeHna KV,
KOHTponupyouee yposeHb 34C (ckopocTn) poTopa. C NOMOLLbIO
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pe3ucTopa  OHO OTperynMpoBaHO TakuM 06pasom, 4To Npu Nycke,
Korga ckonbXeHue gpuratens 0 < s < 1, Hasogumas B potope 9/4C 6y-
[leT HeflocTaTO4YHa ANA BK/OUYEHUWA, a B PeXXUMe NMPOTUBOBK/IHOUEH U,
Korga 1<s< 2, yposeHb 3[1C gocTaTo4eH AN ero BKAYeHus.

Puc. 3.12. Cxema ynpasneHus nyckomMm 1 TOPMOXEHMUEM MPOTUBOBK/IIOHEHNEM
aCUHXPOHHOro Asuratensa ¢ pasHbIM POTOPOM

[na ocywecTsieHNA TOPMOXeHNA ABUratens HaXmMaeTcsa CABOEH-
Hasa KHoMka SB2, pa3MblKaloLW i KOHTAKT KOTOPOI pa3pblBaeT Lenb
nuTaHuWa KaTywkn koHtaktopa KML1. IMocne aToro AsBuraresb OTK/IO-
YaeTcsa OT CETU U pa3pbiBaeTcs Lenb NUTaHMA KOHTakTopa KM4 u 3a-
MblKaeTCcsa uenb nutaHna pene KT. B pesynbtate 3TOro KOHTaKTOPbI
KM3un KM4 oTkno4aloTca U B Lenb poTopa ABUraTensd BBOLUTCA CO-
NpPoOTUBNEHNE + Ra2

Haxatve kHonkn SB2 npuBoANT O4HOBPEMEHHO K 3aMbIKaHMWIO Lenu
NUTaHUA KaTywkn KoHTakTopa KM2, KOTOpbIl, BKIOYNBLUNCL, BHOBb
MOAK/IOYAET ABMUTaTeNlb K CETU, HO Y)XKe C APYruM yepefoBaHuem (a3
CeTeBOro HanmpsXXeHWs Ha cTatope. [lpuraresib NePexXouT B PEXUM TOp-
MOXXEHMA NPOTUBOBKNOUYeHMEM. Pene KVcpabaTbiBaeT 1 nocne oTnyc-
KaHus KHOMKW SB2 6yget obecneynBaTbh NUTaHWe KOHTakTopa KM2
yepes CBOW KOHTAKT M 3aMblKalLLMii KOHTAKT 3TOro annapara.

B KOHLEe TOPMOXEHUSA, KOTJa CKOPOCTb byaeT 6/1m3ka K Hynto n 94C
poTopa yMeHbWwUTCA, pene KVOTKAOYUTCA U CBOMM PasMbIKalOLWUM
KOHTaKTOM pa3OMKHET Lenb KaTywWwKn KoHTakTopa KM2. MocnegHunii,
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noTepsaB MUTaHWE, OTK/IIOYUT ABUraTesib OT CETU, U CXEMA NPUAET B UC-
X04HOe nosoxeHue. locne oTkno4veHnas KM2 topmos YB, noTepsas
nuTaHue, obecneunT rkcaumno (TopMmoxeHneTBana gsuratens...

Cxema OfJHOCTYMEHYATOr0 MycKa acMHXPOHHOroQIBraTeNi|B N U K -1
Ly TOKA U IMHAMNYECKOIO TOPMOXKEHMS B qoyHKLAM CKOpoCcTU. Cxema
(pmc. 3.13) BKNOYaeT B cebsd KoHTakTopbl ArA/, KM2 Kk KM3; pene
Toka KA\ pene KOHTpons ckopocTu SR, npomexyToyHoe pene KM
NOHMXa WK TpaHchopmaTop ANA AUHAMMUYECKOTO TOpMoXeHus T,
BbinpaMuTens VD. MakcumanbHas TOKOBas 3aluTa OCyLLeCTB/IAeTCS
npegoxpaHutenamu FALun FA2, 3awinTa OT Neperpyskn gsuratend —
TennosbiMun pene KK1 un KK2.

Puc. 3.13. Cxema ynpaBfieHUss MYyCKOM U AUHAMUYECKUM TOPMOXEeHUEM
aCUHXPOHHOTO ABuraTens ¢ asHbIM poTOPOM

Cxema paboTaet cnegytouimm obpasom. Mocne nofaym ¢ NOMOLLbIO
aBTOMATUYECKOro BbIK/OYaTeNnd ~"Hanps>XeHun s Ana nycka gsurarens
Haxmnmaetca KHonka SB1, BknoyaeTcs KOHTakTop KM1, cunoBbiMu
KOHTaKTamMun KOTOpPOro cTatop ABuraTens noAknoyaeTcs K cetu. bpo-
COK TOKa B Lienu poTopa BbI30BeT BK/IOYeHUe pesie Toka KA 1 pasmbl-
KaHue Lenn KoHTakTopa yckopeHus KM2. Tem cambiM pasber geura-
TeNA HaYHeTCH C MYCKOBbIM pe3ncTtopoM R” B uenu poTtopa.
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BknouveHne koHTakTopa KM1npnBOoAUT TakXe K WYHTUPOBaHUIO
KHOMKK SBI, pa3MmblKaHWIO LEenun KaTylW KN KOHTaKTopa TOPMOXeH s
KM3 1 BKIOYEHNIO NPOMEXYTOYHOr0 pene HanpaxeHua KV, uto, Tem
He MeHee, He MPuUBEAET K BK/OYEeHNIO KOHTakTopa KM2, Tak Kak o
3TOro B 3TOW LEenu pasoMKHYNCA KOHTaKT pene KA.

Mo Mepe yBeniMyeHnsa CKOpPOCTK aBuratens ymeHowatrotca 34C u
TOK B poTope. [1pn HEKOTOPOM 3HAYeHUM TOKA B pPOTOPE, PaBHOM TOKY
oTnyckaHus pene KA, OHO OTKIHOYUTCA U CBOUM pa3MblKaroWMM KOH-
TaKTOM 3aMKHET Lenb NUTaHMAa KoHTakTopa KM2. ToT BKAwUYmMTCA,
3alyHTMPYET NYCKOBOI pe3nctop R&, n ABuratenb BbllifeT Ha CBOIO
€CTECTBEHHYIO XapaKTEPUCTUKY.

OTmMeTuM, 4TO BpalleHWe 4BUTraTens BbI30BET 3aMblKaHWe KOHTaK-
Ta pene ckopocTtu SR B uenu kKoHTakTopa KM3, ogHako oH He cpabo-
TaeT, TaK Kak 40 3TOro pa3oMKHY/ICA KOHTaKT KOHTakTopa KM/.

[ns nepesofa fBuratens B TOPMO3HON PEXUM HAXMMaeTCs KHOM-
Ka SB2. KoHTakTop KM/ TepsaeT nutaHue n oTknovaet Afl oT ceTu
nepeMeHHOro Toka. bnarogaps 3amblKaHU0 KOHTakToB KM/ BKNOUNT-
CA KOHTaKTOp TOpMOXeHna KM3, KOHTaKTbl KOTOPOr0o 3aMKHYT Lenb
nUTaHMa 06MOTKU cTaTopa OT BbinpaMutens VD, NOAKAOYEHHOTO K
TpaHcopmaTopy T, U TeM caMblM ABUTaTeNlb MePEeBOANTCA B PEXUM
AVHamnyecKoro TopmoxeHus. O4HOBPEMEHHO C 3TUM MOTEPAIOT NU-
TaHne annapatbl KV u KM2, yto npuBegeT K BBOAY B LeMnb poTopa
pesucTopa KA. Buraten HaYMHAET TOPMO3UTHLCS.

Mpwn ckopocTu gBuratens, 61N3KOM K HYNHO, pefie KOHTPONAA CKOPO-
CTW SR pa3oMKHET CBOI KOHTAKT B L,eNu KaTylWwKn KoHTakTopa KM3.
OH OTK/IIOUUTCA U NPEKPATUT TOPMOXEHUE ABuratens. Cxema npuget
B CXOAHOE MOM0XeHMe 1 ByaeT roToBa K nocnegyrouieii paboTe.

MpuHUMN eliCTBNA CXEMbl HE M3MEHUTCS, eCn KaTyLLKY pefie TOKa
KA BKMoUMTb B ha3y ctaTopa, a He poTopa.

MaHenb Tvina MA4Y6220. 31a naHenb BXOAWT B COCTaB HOPManu3o-
BAHHOI Cepuu MaHenei ynpasneHus geurateneli ¢ pa3HbIM U KOPOT-
KO3aMKHYTbIM POTOPOM M 06ecneynBaeT NycK ABurartenei B ase cTyne-
HU 1 [UHAMWYeCKOe TOPMOXKeHWe Mo NpuHLUmMny BpeMeHu (puc. 3.14).

Mpu nogaye Ha CXemMy Hanmps>XKeHUi noctoaHHoro 220 B n nepe-
mMeHHOro 380 B Toka (3aMbikaHune pyounbHMKoB QIl, Q2 u aBTomMaTta
QF) BkntoyaeTcs pene spemeHn KT/, yuem nofrotaBnmBaeTcs ABUra-
TeNb K MYCKY C MOJIHbIM MYCKOBbIM pe3ncTopoM B Lenu potopa. O4-
HOBPEMEHHO C 3TUM, eC/IN PYKOATKA KOMaHAOKOHTPO/I/1epa HaXxo4nT-
CS B HYNeBOWN (cpefHei) No3MUMKM U MaKCUManbHO-TOKOBbIE pene
FA/-FA3He BK/IHOYeHbI, BKIIOUMUTCA pene 3awmnTbl KV m noHUXKeHUA
NMUTAIOLLErO HANpPsSHXXeHUA U NOATOTOBUT CXEMY K paborTe.

Myck gBuratens ocyuiecTeaseTcsa no N1060M n3 AByX MCKYCCTBEH-
HbIX XapaKTepucTUK WA eCTeCTBEHHON XapakTepucTuke, ANA Yero

109



pyKoATKa 54 fo/KHa yCcTaHaBAMBaTLCA COOTBETCTBEHHO B MONOXEHUE

/, 2vunun 3. Npu nepeBofe PYKOATKY B 11060€ N3 yKa3aHHbIX NOM0Xe-
HWA 5/1 BKIKOYAKOTCA IMHEWHBIA KOHTakTop KM2, nogkntovarowui
[BUTaTeNb K CETW, KOHTAKTOp ynpasneHns T8LLGELLIUEKNe, E L AL 01
YarLWnn K ceTn KaTywky YA 3aneKTpOMarHMTHOro TopMo3a, KOTOpbIi
npu aTOM pacTopMaXKuBaeT fBuUratenb, u pene spemMmeHn KT3, ynpas-
NnfLwee NpPoLeccoM AUHaMUYeCKoro TopMmoxeHusd. Mpu nepesoje 5/4

B MOJIOXEeHNe 2 UAN 3 BKNOYAKTCA KOHTAKTOpPbl yckopeHna KM3 u
KM4 v gBuratesib HauMHaeT pa3roHATLCA.

Puc. 3.14. Cxema aCUHXPOHHOIO 3M1EKTPONpMBOAA C UCMO/Ib30BaHUEM TUMOBOWA
naHenun ynpasfeHus

TopmoXxXeHne gBuratens NnpouCXoauT MNpu rnepesoje pyKoAaTKu 54
B Hynesoe (cpefHee) nosoxeHune. MNpu 3TOM OTKIHOYATCH KOHTAKTO-
pbl KM2 k KM5u BKIOUYNTCA KOHTAKTOP AUHAMWYECKOTr0 TOPMOXe-
HMa KM1, KOTOpbIii NOAKAOYUT ABUTATENb K UCTOYHUKY MOCTOAHHO-
ro Toka. B pesynbtate aToro 6yaet MATU MHTEHCUBHbIA MPOLLECC KOM-
6MHNPOBAHHOTO (MEXaHWYecKoro U JMHaAMWUYeCKOro) TOPMOXEHMUA
LABuraTens, KOTOpoe 3aKOHYMUTCA nocne oTcyeTa pene KT3 cBoeit Bbl-
LepPXKN BPEMEHMW, COOTBETCTBYIOLLE BPEMEHU TOPMOXKEHMUS.
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Cxenvib| YpaBNeHVsl IBAraTe/iA C MCTo/s30BaHVEM TUPUCTOPHBLIX MyC-
KOBb X YCTPOVCTB. 3h(heKTUBHLIM METOAOM ()OPMUPOBAHUS KeNaeMblX
rpauMKoB M3MEHEHUA TOKA U MOMEHTa ABUraTens B NepexofHbiX pe-
XUMax ABNAETCA pPeryinpoBaHue HanpsaxeHWs Ha ero ctatope ¢ no-
MOLLbK TUPUCTOPHbLIX NYCKOBbIX ycTpoicTe (TMY). Yauwe BCero ato
fenaetcsa And OrpaHMYeHUs TOKA U MOMEHTa ABUraTenia Npu nycke
(«msArKMiA* cnocob nycka), XoTa C MOMOLLbI0 3TUX YCTPONCTB MOXHO
06ecneynTb U NOBbILUEHNE MOMEHTA BUraTeNs nNpu nycke («XecTKuii*
crnocob nycka).

-y

Puc. 3.15. Cxema aCMHXPOHHOro 3/ieKTponpmueoga C TUPUCTOPHBLIM
MyCKOBbIM YCTPONCTBOM

YnpolweHHas cXxeMa 31eKTPONpUBoAa, UNMOCTPUPYIOLLAA 3TOT Me-
TOA, NpuBegeHa Ha puc. 3.15. TUpNCTOPHOE MYCKOBOE YCTPOMNCTBO
BK/TIOYAETCA MeX Ay MCTOYHWKOM NMUTaHUA (CeTbio MEPEMEHHOr0 TOKa)
c HanpsxeHnem U, n ctatopom geuratens. B HepesepcuBHOM TIY
€ro CU/I0BYIO 4acTb 06pa3yroT TPU Mapbl BCTPeYHO-MapannenbHo BKO-
YeHHbIX TUpUcTopoB VS1—VS6, ynpassieHne KOTOPbIMUY OCYLLEeCTBA-
eTCA UMNYNbCAMWN HANPAXEHUSA, MOCTYNAKLWMUMWN HA HUX OT CUCTEMBbI
MMNYNbCHO-(ha30Boro ynpaeneHnsd CU®Y. OrpaHuyeHne Toka n Mo-
MEHTa OCYLLeCTB/IAETCA 3a CHET CHUXKEHMA NOABOLMMOrO K ABUTATE-
JII0 HanNpsYXXeHud, 4To AOCTUraeTCcsa COOTBETCTBYIOLWMUM N3MEHEHUEM BO
BPEMeHW yrfia ynpasneHus Tupuctopamun. HanpsxxeHue npu nycke mo-
XeT U3MEHATbCS MO Pa3NNYHbIM 3aKOHAM — IMHEAHO HapacTaTtb OT
Hy/A [,0 CeTeBOr0, ObITb MOHMXEHHbLIM B TEYEHWE BCErO BPEMEHU NyCKa
NN U3MEHATLCA MO TaK Ha3blBaeMOMY ByCTEPHOMY BapuaHTy, Npu Ko-
TOPOM AN 06/7eryeHns nycka ABuUraTens Ha Hero BHavase nojaercs
CKAYKOM HEKOTOpPOe Hamnps>XeHue, KOTOPOe 3aTeM MPOLOXKaeT Hapa-
CTaTb YXXe M0 MHEWHOMY 3aKOHY. B 3aMKHYTOli cucTeme MOXeT 6bITb
obecneyeHo 1 Nojjep>xxaHue ToKa cTatopa Ha 3a4aHHOM YPOBHE.



[Jo6asneHune B cxemy puc. 3.15 ewwe aByx nap TUPUCTOPOB NO3BO-
NAeT NONYyYUTb PEBEPCMBHYIO CXEMY YNpaBeHUs gBuratenem, obec-
MeymBaloLLy0 BO3MOXHOCTb BpaleHns gBuraTens B ByX Hanpas/e-
HuAX. Ha 6ase cxembl TI1Y mMoXeT 6bITb
KOe TOPMOXKEHWE ABuUraTens.

Yy

X X
KM

Puc. 3.16. CxemMa aCMHXPOHHOro 3anekTponpusoga ¢ rubpuaHbIM TUPUCTOPHbLIM
NycKOBbIM YCTPOCTBOM

JononHNTEeNbHBIMUW NONOXNUTE/IbHLIMUW CBOWCTBaMMW 0bnanaioT rbpua-
Hble TMY, KOTOpble nonyyaTcs fo6aBneHneM B cxemy puc. 3.15 anekT-
POMarHMTHOIO KOHTaKTopa, Kak 3TO mokasaHo Ha puc. 3.16. B Takoii
CXeMe TUPUCTOPHAA YacTb 06ecrneymBaeT perynnupoBaHe HanpsXKeHns
Npwu MycKe, a NOC/e ero 3aBepLUEHNa BKOYaeTca KoHTakTop KM u noga-
KNOYaeT ABMUTraTe/Nb K CeTU HanpsAMYyto. 3TO NOBbIWAeT 3KOHOMUYHOCTb
M HafeXHOCTb paboTbl anekTponpusoda. B aToin cxeme TMpUCTOpPbI He
MMelT OXnafuTenei, a KOHTaKTOp —AyroracuTenbHbIX Kamep, 4To 06y-
CMIOBNMBAET UX HEOO/bLLME MacCy U rabapuTHble pa3Mepsbl.

Cxema KBa3M4yaCTOTHOr0 perysimpoBaHus CKOpPoCTu fBurartens. Ha 6ase
CXeMbl puc. 3.15 MOXeT 6bITb peann3oBaHO Tak Ha3blBaEMOE KBa3myac-
TOTHOE perynnpoBaHne CKopocTu Asuratens. Cxema, unnrcTpupytoLas
Takoe perynmposaHue, nokasaHa Ha puc. 3.17. B ee coctaB BXOAUT 610K
KBa3W4acTOTHOrO ynpasneHns BKYY, KOTOpbIil ¢ NOMOLLbIO CXEMbI Y-
paBneHns CA®PYobecneunsaet nepnognyeckoe NogKNOUYeHNe fBuraTens
K UCTOYHUKY NUTaHUSA 1 ero oTKAYeHne. 3a CHET U3MEHEHMA YacTOoThI
W AIUTENIbHOCTU UHTEePBasnoB BKIKOYEHUA W OTK/IIOYEHNA 4BUraTeNd Mo-
ryT ObITb MNONYYEHbI MEXAHUYECKME XapaKTEPUCTUKN, NO3BONAIOLLME pe-
rynnpoBaTb CKOPOCTb ABUraTens Uan ero MOMeHT npu nycke. OcobeH-
HOCTbIO KBA3M4aCTOTHOIO yrpaB/ieHUs ABAAOTCA BMOpaLuy v Wwym npu
paboTe fBUraTens, a TakXe NoBbILWEHHbIe MOTEPU MOLLHOCTU, YTO Bbl-
3blBaeT LOMOAHUTENbHbIN Harpes ABuratens u TpebyeT onpefeneHHoro
3aBbILUEHMA ero MOLHOCTH B CNIyYae peryMpoBaHus CKOpPocTH.
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Puc. 3.17. Cxema aCMHXPOHHOro 3f1ekTponpueoa
C KBa3n4yaCTOTHbIM yrnpaBneHnemM

PaccMOTpMM TUNOBbIE 3afayn.

3a0aya 3.7. Cxema a1eKTponpuBoga npueeseHa Ha puc. 3.8. ACUH-
XPOHHbIA gBuratens tTuna AUP180M4 nmeeT cnegytowne HOMUHanNb-
Hble MacnopTHbIe JaHHbIe: MOLHOCTb = 30 kBT, Hanps>xeHue Nu-
TaHusa UlmM= 380/220 B, Tok cTatopa /,Hm= 56,8 A, yactoTa BpaLie-
HuA xonocTtoro xopa wo= 157 pag/c, KNA rjHv= 92%, kKoahhuumneHT
MOLLHOCTK cos qHom= 0,87, ckonbxeHune sk 0,02, KpaTHOCTb NYCKO-
Boro toka /|,,//|,,au= 7, KpaTHOCTM MaKCMMa/sbHOr0 U MYyCKOBOro MO-
meHToB JIInw N /rv= 2,7, M IMTu= 17.

Mpu onnTenbLHOM peXxume paboThl ABUratena Tpebyetcs:

* BbIOpaTb MarHWTHbI/ NycKaTeNb C TENN0BbIMU pefe 3almnThl;

* BblOpaTb aBTOMaTUYECKMWIA BbIKNOYATENb;

* paccumTaTb MapameTpbl NPejoxpaHnTeneid 1 BbIGpaTh X NO KaTanory;

* paccyuTaTtbh YCTaBKW TEM/OBbIX pesie.

3ada4a 3.8. Cxema 3neKTponpuBoga npueegeHa Ha puc. 3.11. Tpe-
byeTcs BbIGpaTh N0 Katanory kKoHTakTopel KM n KM]. K kakum no-
cneacTsuam B paboTe anekTponpueoga npueedeT obrap KOHTaKTa an-
napata KM B uenu Katywku KoHTaktopa KM

3anaya 3.9. CocTaBMTL CXeMy ynpaBneHus, Kotopas obecneynsa-
eT NYCK aCUHXPOHHOTO ABUraTens ¢ pasHbIM POTOPOM B iBE CTYMEHU
B )YHKLWUMN BPEMEHU U TOPMOXEHMNE NMPOTUBOBKIIIOYEHNEM B (DYHK-
LUK CKOPOCTM (C MCMOIb30BAHWEM Pesie KOHTPO/IA CKOPOCTH).

3anaua 3.10. CocTaBnTb CXeMy ynpaBneHus, Kotopas o6ecneynsaet
NPAMON NYCK aCMHXPOHHOTO ABUraTens ¢ KOPOTKO3aMKHYTbIM pOTO-
POM 1 ero TOPMOXEHUE NMPOTUBOBK/IOYEHNEM B DYHKL UM BPEMEHMN.

Mpumep 3.2. Cxema anetoponpueoga npueeseHa Ha puc. 3.12, osu-
ratenb UMeeT JaHHble, NpeacTaBneHHble B 3agaye 3.7. CymMmapHbIil
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MOMEHT MHepuumn anektTponpusoga J—0,7 Kr-mM2 MOMEHT Harpysku
paBeH HOMWHaNbHOMY MOMeHTY. OrnpefennTb COOTHOLWEHMe COMpo-
TUBNEHWI MYCKOBOro pesuctopa J1,nobHowypoTopa”,
pOM MYCKOBOV MOMEHT ABuratens 6yfeT paBeH MakcumanbHoOMy (Kpu-
TUYECKOMY), U BblLEPXKY pene BPEMEHMN.

PaccunTbiBaEM BENNYMHY KPUTMUYECKOTO CKOMbXEHUA ABUTaTENS Ha
€CTECTBEHHOW XapaKTepuCcTNKe, NCMOJb3Ys ero NacnopTHbIE faHHbIE:

“wope Mo =0,02(2,7+Vv2,72-1) =0,1.

Haxogum Tpe6GyeMoe COOTHOLIEHWE CONPOTUBEHUI, YUUTbIBAS,
UTO Ha UCKYCCTBEHHOM XapaKTePUCTHKe MPU 3a4aHHOM YC/OBUMN KpU-
TUYECKOEe CKONbXeHnes = L

°hol _ Jltpn I _ I 1_Q

b~stp, "0,1

OI'Ipe,CI,EHHEM BE/TMYNHY KPUTNYECKOTO MOMEHTa ABUTaTeNA:
=2,7N/_=2 ,77(1-~)=~7200(1 _0,02)=5265 H *m.
(Cr)) 1/

MprYHUMAas UCKYCCTBEHHYIO XapaKTePUCTUKY BUTATENS B MEPBOM
KBaZlpaHTe IMHEHOW 1 nonaras MOMEHT MepektoYeHns Ha 15% npe-
BbILWIAK UM HOMUHANbHbBIA MOMEHT, OLLEHUM MEXaHUYECKYIO MOCTO-
SHHY0 BPEMEHW U BbIAEPXKY pene BPEMEHU:

T o) 0,7-157:0'210;
526,5
nl, . —al
O/kr=Tvin ——*——"  =0211n
1>151/Hm- Mm "w b 5l

3.4. TUMNOBLIE ¥Y3/1bl N CXEMbI YIMNPABJIEHVA
SNIEKTPOMPUBOAOB C CUHXPOHHbIMW
ABUTATENAMU

PefneiiHO-KOHTAKTOPHbIE CXEMbl YNPaBAEHUS CUHXPOHHBIMU LBU-
raTensiMu, Kpome 06bIYHbIX OMepaL il No BKAKOYEHUIO M OTK/OUYEHNIO
(TOPMOXEHUI) ABMTATENS U OFPAHUYEHMIO MYCKOBbIX TOKOB, LOJIXK-
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Hbl 06ecneynBaTh ynpasjeHne TOKOM BO3OYXXAeHUA fABUraTenei, nme-
IOLWMX 06MOTKY BO36YXAeHUA. MpK Nycke MCNONb3YOTCA ABa CMNOCO-
6a TaKoro ynpaBfieHWA: C «F1yXONOAKNHOUYEHHOR* (NOCTOAHHO BK/IO-
YEeHHO) 06MOTKOI BO36YXXAEHWSA U C MOAKAKOYEHNEM OOMOTKUN B KOH-
e nycka nepef CUMHXpOHM3auuen fgBuratens ¢ ceTbto. [lepBbiii
BapuaHT XapaKTepuayeTtcs 6051ee NPOCTON CXEMOI 1 UCMONb3YeTCa Npu
Nerkux ycnoBmax Nycka fBuratens — HebonbWmMX MOMEHTAX U UHep-
LIMOHHBIX Maccax Harpysku afneKkTponpueoja. BTopoii BapuaHT peanu-
3yeTcs C NOMOLLbIO 60/ee CNOXHOW CXeMbl yNpaBieHns, HO 3aTO MO-
XeT obecrneymnBaTb NYCK ABUTaTeNA MPU 3HAYUTENbHLIX MOMEHTAX CO-
NMPOTMBMIEHNS N MHEPLMUOHHOCTU HAarpy3kun 3nekTponpuBoja.

TWNoBOIA y3eN YrpaBneHVs TOKOM BO30YXKAEHVEM ABUIaTeNtA B (yHKLVIA
CKOPOCTI. BaToii cxeme nogkntoueHne 06MOTKI BO3GYXKAEHUS K UCTOY-
HUKY nuTaHua U¥ocylwecTBnseTcs KoHTakTopom KM2 (puc. 3.14, a),
KOTOpbI ynpasnseTcs pene ckopocTu KR. KaTyluka aToro pene cBasaHa
C YacTblo paspsagHoro pesuctopa Rpuepes guog VD.

Puc. 3.18. Y3nbl cxem ynpasneHuem BO3OYyXAeHUEM CUHXPOHHOro ABuratens
C UCNonb30BaHMEM MpUHLMNa ckopocTh (a) u Toka (6)

Mpu BkAOYeHNn KoHTakTopa KM1 (ero uenu ynpaBneHus Ha pu-
CYHKe He MokKasaHbl) 06MOTKa cTaTopa ABuratens noAknvaeTca K
CeTu NepeMeHHOro ToKa 1 obpasyeT BpalaloLeeca MarHUTHoe none,
KOTOpOe BbI30BET NOABAEHUE MOMeHTa ABuratens, noj AeicTBUEM
KOTOPOTro OH Ha4yHeT pa3ber, n, Kpome Toro, HasegetT S4C B 06MOTKE
B036YyxaeHua geuratens. Mog geiictenem 34C no katywke pene KR
Ha4YHeT NPOTeKaTb BbIMPAM/EHHbI/i TOK, OHO BK/KOYNTCSH U Pa30MK-
HeT uenb NMTaHUA KoHTakTopa KM2. Tem cambiM pasber gsurartens
Oyaet nponcxoanTb 6e3 Toka BO36YXXAEHUS C 3aKOPOYEHHOI Ha pas-
PALHbLIA pe3ncTop JIpo6MOTKOM BO36YXAEHNUS.
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Mo mepe pocTta ckopocTu poTtopa ero 94C, a Tem camMbIM 1 TOK B
katywke pene KR, cHuxatoTca. Mpu NOACUHXPOHHOW CKOPOCTH TOK
B KaTyLlKe pene KR CTaHeT MeHblUe TOKa OTMYCKaHUA, OHO OTK/IIOUYNT-
CA W BbI30BET TEM CaMbIM BK/IlOYEHME KOHTakTopal 'MHuTakTOp
KM2 nofknoynT 06MOTKY BO3OYXAEHMUA K UCTOYHUKY MUTAHUSA,
M janee NPpoUCXOANT NPOLLECC CUHXPOHM3ALNK fBUTATENSA C CETbIO.

Cxema yrpaBneH/s Bos0y>KIeHVEM [Burartesit B lyHKLYM TOKA. 3Ta
cxema (puc. 3.18, 6) conepxuT pene Toka KA, 06MOTKa KOTOpPOro nura-
eTca oT TpaHcopmaTtopa Toka TA, u pene spemeHn KT. Mpu nogknio-
YeHUU ABUraTens K ceTm KOHTaktopoMm KM1 B uenn o6MOTKM cTatopa
BO3HMKAeT 6POCOK NMYCKOBOr0O TOKA, YTO MPUBOAUT K cpabaTbiBaHUIO
pene KA. KOHTaKT 3TOro pene 3aMblKaeT LeMb NMUTaHUA pene Bpeme-
HU KT, 4TO BbI30BET OTK/II0UYEHME KOHTaKTopa Bo30yXaeHns KM2. Pas-
6er gBuratens, Kak v B nNpefblgyLem ciyyae, OCyLLeCTBAETCA C 3aKO-
POYEHHOW Ha pa3psagHblii pe3nucTop R, 06MOTKON BO3BYXKAEHNS.

B koHue nycka Npu MNOACUHXPOHHOW CKOPOCTM ABUraTens wu
YMeHbLEeHNN TOKa B cTatope pesne KA OTK/IOYaeTCa U KaTyLlKa pene
BpemeHn KT TepsaeT nutaHue. Yepes 3afaHHYI0 BbIep>KKY BPEMEHMU
BK/OYaeTcs KOHTakTop KM2, 1 yepes ero KOHTakTbl 06MOTKa BO36YX-
[LeHna NogknyaeTcs K UCTOUHUKY nuTaHusa Ut, nocne yero gsuratens
BTATMBAETCA B CUHXPOHU3M.

OTMeTUM, 4YTO B PACCMOTPEHHbIX CXeMax nocse cpabaTblBaHNA KOH-
TakTopa Bo36yXaeHns KM2 paspbiBaeTcs Lenb paspagHoOro pesmcro-
pa Rp, 4To 06nervaet TENN0BON peXXUm ero paboTbl M MOBbLILLIAET IKO-
HOMWYHOCTb CXEMbI.

JNIeKTpOTeEXHMYECKAA NMPOMBbILLIEHHOCTb BbINMYyCKaeT TUMOBbIE Na-
Henn v Wkadbl ynpasieHWa ABUTraTeNia pasHbiX TUNOB. PacCMOTPUM
B KauecTBe MpuMepa CXeMy O4HOW M3 TaKMX MaHenei.

Cxema niaHerm Tvina MY 7502 ynpaeneHna asrare/sieM H/3KOro Ha-
NPsPKeHUA. MaHenb (puc. 3.19) obecneunBaeT npamoil (6e3 TOKo-
orpaHuyeHuns) NycK ¢ rNyxXonogKMOYeHHbIM UCTOYHUKOM NUTAHUA
06MOTKM BO36YXAeHNs (Bo3byauTenem) G u hopcupoBKY BO3OYXde-
HUS NPU CHUXKEHUMN YPOBHA NMUTAIOLEro Hanps>XeHus. B cxeme npegy-
CMOTpEeHbl TakxXe 3awWwunTbl: Tennosas (pene KK u TpaHcdopmaTtopsl
Toka TAl un TA2), TokoBasa (aBTomaTtbl QF1l 1 QF2), oT CHUXeHUSA
HanpsXeHus ceTn nepemeHHoro Toka (pene KV2, KV3) n nocTosH-
Horo Toka (pene K¥y1).

Myck gBuratensa MoXet 6bITb OCYLLECTB/IEH TONLKO NPWU HOPMasb-
HbIX YPOBHAX MUTAKLWMNX CXEMY HANPSAXEHUA MOCTOSAHHOIO U nepe-
MEHHOrO0 TOKa. B 3TOM cnyyae, ecin pyKosaTKa KOMaHLOKOHTponepa
5>1 Hax04MTCA B CPpefiHEM NOJIOXKEHWN W BKIIOUYEHbI aBTOMaTbl QF1 n
QF2, cpabaTbiBatoT pefie HanpsxeHua KV2, KV3 u pene spemeHn KT,
YTO NOArOTaB/IMBAET CXEMY K NMYCKY fBUTATENS.
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Puc. 3.19. CxemMa CMHXPOHHOrO 3/1EKTPONPMUBOAA C UCNO/Ib30BAHMEM TUMNOBOWA
naHenun ynpasfeHus

Mpu nepesofe pyKoATKKN 5/1 B nonoxeHne «BknoyeHo» cpabatbl-
BaeT pene KV1 u kaTywka nnHeinHoro koHTaktopa KM1 nogkntoua-
eTCA K UCTOYHMKY NMUTAHUA, K 0OMOTKe cTatopa ABurarens noABoguTca
HanpsaXeHWe NePemMeHHOro TokKa, U ToT HauynHaet pasber. MNpu nog-
CMHXPOHHOW CKOPOCTM MPOUCXOAUT BO36YXAeHWe BO3byauTens G,
nmerolero Hesasucumyto (HOB) n nocnegosatenbHyto (MOB) o6moT-
K1 BO30YXAEHNSA, N COOTBETCTBEHHO ABUIaTens, KOTOPbIA BTATMBaeT-
CA B CUHXPOHU3M.

Cxema ynpaBneHua obecneynBaeT yBennyeHue (hopcupoBaHue)
TOKa BO3OYX[JeHuna ABUraTens Npu pe3skoM CHUXKEHUMN NUTaKLWEero
Hanps>XeHMUA, 4TO NO3BONAET COXPaHATb MaKCUManbHblli MOMEHT
ABuUraTens U TeM CaMbiM ero Meperpys3oyHyr cnocobHocTb. Mpwu
HOPMa/NbHOM YPOBHE MUTAIOLLEr0 HaNPAXeHNa pene HanpsXKeHus
KV3 BK/IlOUYEHO, Lenb KaTywkn KoHTakTopa KM2 pasomKkHyTa v pe-
3ucTop popcmpoBky JkpBBELEH B Lenb TOKa BO3OYXAeHWA aBura-
Tens.

[Mpu pe3skom CHMXeHUN HanpsxeHua pene KV3oTtkiovaercd, 3a-
MbIKaeT Lenb KaTyW KN KOHTakTopa opcupoBkn KM2, KOTOPbIi
BK/IIOYAETCA U CBOMM KOHTaKTOM LIYHTUPYeT pe3ncTop R", Bbi3biBas
TeM caMblM YBe/NnMyeHune Toka Bo36yXaeHua agsuratens. O BKAOYEHUN
KM2 curHanusnpyet ykasaTtenbHoe pene KH.

[na KoHTpona TokKa cTtatopa fBuratens B CXeMe NPefycCMOTPEH
amnepmeTp PA1 a Toka BO3OyXaeHUs ABuratend —amnepmeTp PA2,
nNUTaemblin oT WwWyHTa RS.
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KOHTPOJ/IbHbIE BOIMPOCHI

1

2.

Kaknmn npusHakamy XxapakTepusyrTcs pasoMKHYTble CXeMbl
ynpasneHus 3l? PDF Compressor Free Version
Mo KaknMM MpUHLMNAM CTPOSATCA Pa3OMKHYTblE CXEMbI yNpaBneHus
MyCKOM, peBEpPCOM M TOPMOXeHueM aurareneii?

Mouyemy No McCTeYeHUM HEKOTOPOro BPEMEHMW MNpuU nycke AsBurate-
51 MOXET ObITb 3aKOPOYEH MYCKOBOM pe3ncTop?

Uto JomkHa chenaTtb CXxema ynpas/ieHus 418 nepesoja gsurare-
191 NOCTOSAHHOTO TOKa HEe3aBMCUMOTO BO3OYXAEHUS B PeXuMm Au-
HaMU4ecKoro TOPMOXeHUs?

Uto Jo/mKHa caenaTtb CXema ynpas/ieHus Of1s nepesofa gsurare-
191 NOCTOSAHHOIO TOKA HE3aBUCUMMOro BO30YXAEHUS B PEXUM TOP-
MOXEHUS NPOTUBOBK/IIOYEHNEM?

3a cuyeT 4Yero MoxeT ObITb OCYLLECTB/IEH peBepc Asuratesns no-
CTOSIHHOrO TOKa He3aBWCUMOro BO36YXAEeHUSA?

Urto gomkHa caenaTb cxema ynpasneHust A5 nepesofa acuHXPOH-
HOro Aguratesii B PeXum AUHAMUYECKOTO TOPMOXEHUA?

Uto fo/mkHa caenatb cxema ynpas/ieHus 4715 peBepca acMHXPOH-
Horo asurarens?

Kakne BapviaHTbl BO30YXAEHUSA CUHXPOHHOIO ABUratens npumeHs-
oTCA Npy ero nycke?



FnaBa 4
3AMKHYTbIE CXEMbI YNMPABJTIEHNA
SNNEKTPOINMPMBOAA

4.1. OBWAA XAPAKTEPUCTUKA 3AMKHYTbIX
CXEM YTMNPABJIEHNA

3aMKHYTbIE CXEMbI YNPaBeHUA 3/1EKTPONPMUBOLOB NPUMEHAIOTCA B TEX
cnyyvasx, Korga tpebyeTca o6ecneynTb ABUXKEHME UCMONHUTENbHbLIX Op-
raHoB paboyumx MallWH C BbICOKMMM MOKa3aTensamMu Kadectsa — 60/bLUM-
MW AManasoHoM PerynmpoBaHns KOOPAMHAT M TOYHOCTbIO UX NOALepKa-
HWA, 384aHHbIM Ka4ecTBOM MepexoAHbIX MPOLEeCCOB, a TakXXe BbICOKOW
3KOHOMMWUYHOCTbIO UMM ONTUMANbHbIM (HauIyyLlwmnmM) PyHKLMOHMpPOBa-
HMEM TEXHOMOrMYeCKOro 060pyA0BaHUA 1 CAMOT0 3/1eKTPONPUBOAA.

[ns obecneyeHns Takoro ynpasneHns B CTPYKTYPY 31eKTPONpu-
BOJa BXOAWT CM/I0BOI ynpaBaseMblii NONyNpoOBOAHUKOBLIW Npeobpa-
30Bate/lb 3/1EKTPOIHEPT UM — BbINPSAMUTESb, PEFYNATOP HANPSHKEHUS,
npeo6pasoBaTesib 4aCTOTbl, @ CXeMa YNpPaB/ieHNs CTPOUTCA C UCNOb-
30BaHMeM 06paTHbIX CBA3El NO perynnpyembiM KoopauHatam (nepe-
MeHHbIM). Jlpyrumm cnosamu, CUI0Bas YacTb TAKOrO 31EKTPONPUBO-
[ia MeeT CTPYKTYpY «npeobpa3oBaTenb —ABuratesb», B KOTOPOW ABU-
rateflb NUTaeTCa OT yNpasBAseMoro npeobpasosartens.

Ba)XHO xapaKTepMCTUKONA 60/bLIMHCTBA COBPEMEHHbIX 3aMKHYTbIX CU-
CTeM yrpaB/ieHWs ABNSAETCA BO3MOXHOCTb FMBKOI HACTPOMKN MX napameT-
poB, MPOrpamMMmMpoOBaHNA U NepenporpaMMmMpoBaHns anropuTMoB ynpas-
NeHVs 31eKTPONPMBOAA, YTO 0becneynBaeTca NPUMEHEHNEM MUKPOMPO-
LIeCCOPHbIX CPeACTB ynpaBneHusa. icnonb3oBaHMe MUKPOMPOLLECCOPHbIX
CPeACTB M03BOMAET TaKXKe NOBbIWATb HAAEXHOCTb PYHKLNOHUPOBAHUS
3NEKTPONPMBOLOB M TEXHOMNOIMYECKOro 060pyL0BaHMA 3a CUET AMarHo-
CTUKM NMpu nx paboTe, pe3epBMPOBaHNSA KaHAN0B yNpaBneHus u T.4.

4.2. SAMKHYTbIE CXEMbI YNPABNEHUA
SNIEKTPOINPMBOLOA C ABUTATE/TAMN
MOCTOAHHOIO TOKA

XapakTepucTUKM Pa3OMKHYTbIX 3/IEKTPONPUBOLOB, NOCTPOEHHbIX MO
cucteme «npeobpasoBaTtens —pgsuratens™ (M-4), MOryT UMeOT OTHO-
CUTENIbHO HEBbICOKYH XECTKOCTb M3-3a Ha/InuMs BHYTPEHHero conpo-
TUBNEHUS npeobpa3oBaTens u camoro gsuratens. 4nsa nonyyeHus 3Ha-
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YMTanbHbIX 4MaNa3oHOB M BbICOKOW TOYHOCTY PeryanpoBaHns cKopoc-
TV TpebyeTcs nMeTb 60Mee XECTKNE XapaKTEPUCTUKM, KOTOPbIE MOXHO
NogyunTb NUWb B 3aMKHYTOI cucteme M-[. Kdpme Toro, xapakrepuc-
TUKWN Pa3OMKHYTOI cucTembl He obecneymBatoT Telld L ATynuwoBa-1
HUA (MW OrpaHMYeHns) TOKa U MOMEHTa, YTO Takxe TpebyeT nepexo-
fa K 3aMKHYTO cucteme M-[. PaccMoTpum NpUHLMMbLI MOCTPOEHUA U
LeliCTBMA 3aMKHYTbIX CXeM PErynpoBaHuns CKOPOCTU, TOKa, MOMeHTa
M NOJIOXEHMNSA C UCNOMb30BAHMEM Pa3IMYHbIX 06paTHbLIX CBA3ENA.
3aMKHyTast ccTema IM-/1 € OTPMLIATE bHO 00ETHOM CBS13LHO M0 CKOPO-
CTV BUraresisi NOCTOAHHOIO TOKA HE3aBMCYMONO BOBOYMKIEHSI. OCHOBY CH-
CTeMbl COCTaBNAET pasoMKHyTada cxema M-[. Ha Bany ABurarens Haxogurcs
[JaTumk cKkopocTu —TaxoreHepatop TI (puc. 4.1, a), BbIXOAHOe Hanpsxe-
Hue KoToporo U,,=yco, NponopLyoHanbHoe CKOPOCTU ABUraTens, ABseTca
curHanom o6paTtHoii cBA3n. KoahdpuumneHT NponopLnoHanbHOCTLU Y HO-
CUT Ha3BaHue Ko3auumeHTa 06paTHON CBA3M MO CKOPOCTM U MOXET pe-
rynmpoBaTbCA 3a CUET U3MEHEHUWA TOKA BO3OY4eHWsA TaxoreHeparopa /ITr

Puc. 4.1. Cxema (a) n xapaktepucTtukn (6) 3aMKHYTOli cucTeMbl C 06paTHO
CBfI3bl0 MO CKOPOCTM

CwurHan obpaTHoi1 cBa3n U,, cpaBHUBAETCS C 3a4at0LLUM CUTHAIOM
cKopocTu Uxc, M nX pa3HOCTb B BUAE CUTHana paccoriacoBaHus (owmo-
kn) (/,, nogaeTcs Ha BXOA4 yCunuTens Y, KOTOPbIA ¢ KOShhUuneHTom
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kfycnnueaeT curHan paccornacosaHus U,, U NogaeT ero B BUAe CUT-
Hana ynpaeneHus UyHa Bxog npeo6pasosaTens $, B KauecTBe KOTO-
pOro Ncnonb3yeTcs ynpasiseMblil BINPAMUTENb. Y CUAUTENb B 3TOI
CXeMe AB/ISETCA MPONOPLUOHANLHBIM PEFYSTOPOM CKOPOCTH.

Ans nonyyeHus Gopmysn XapakTepUcTUK ABUraTens B 3aMKHYTOM
CHCTEME BOCMOJb3YEMCS BbIPAXKEHUSAMM A5 3NEKTPOMEXaHUYECKOA (/)
1 MexaHWYecKoii W(A/) xapakTepucTUK ABUraTens B pa3OMKHYTOM cxe-
Me M COOTHOLUEHMSAMU, CNEAYIOLMMU U3 pacCMOTpeHns puc. 4.1, o:

T *1)

.. E,
wil)'ke <M>)> . (4.2)
= =y (4.3)
Uy=kyUn- (4.4)
E~rKUy, (4.5)

roe E,,—3/C npeobpaszosaTensi; K — KOHCTPYKTUBHbI/ KO3 PULUEHT
asuratens; ® —MarHUTHbIMA NOTOK ABUraTens; | —TOK AKOpsA gBuraTe-
ns; R,, [, —COOTBETCTBEHHO CONPOTMBIEHNE AKOPSA ABUraTens v npe-
obpasoBaTens; M — MOMEHT ABurartens.

3ameHsn B (4.1) u (4.2) nocnegoBatenbHo E,, Ha ee BblpaxeHue n3
(4.5), WyHa ero BblpaxeHue u3 (4.4) n ganee U,,— Ha ero BbipaxeHue
13 (4.3), nocne HeCMOXHbIX Npeobpa3oBaHunii MONy4aeM CieayroLne
thopmMynbl AN XapaKTepucTUK ABUraTens B 3aMKHYTO cucTemMe:

_ 1(12,+12.,).
O)'c(|+K) cO+AY) (4.6)
¢ M(R,+R,,) @)

" o1+ K) CH(L+A)

rae ¢=£® Hobl ke=ykykjc-—o6Lnit KO3 HULUEHT YCUNEHNS 3aMKHY-
Toli cuctemsl M-1.

[na aHanmsa XecTKOCTM MOSTyYyaeMblX XapakTEPUCTUK CONOCTaBUM
nepenagbl CKOPOCTU B Pa3OMKHYTOI AWpuW 3aMKHYTOR [, cuctemax
npuv O4HOM U TOM Xe TOKe unnm momeHTe. CornacHo (4.1), (4.2), (4.6)
n (4.7) nmeem

M + n n) (4.8)
n“p— ------- C-mmmmm ;
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* *
[0, = Ty(* +*,> = op(L + Ac). (4.9)
c(l+*¢

Tak Kak Bcerga Ac>0, To Quil</Adwp,

XapaKTepuCcTUK B 3aMKHYTOI cucTeme 60MbLUE XXECTKOCTU XapaKTepu-
CTUK B Pa30MKHYTOl cucteme. CaMy XapakTePUCTUKM, NOKa3aHHble Ha
puc. 4.1, 6, npeacTaBnAaOT c060i NpaAMble napanfienbHble NUHUKN 2, 4
M 5, pacnonioXKeHne KOTOPbIX OMNpefenseTca YpoBHEM 3a4al0LWero cur-
Hana no ckopocty Uycun COOTBETCTBEHHO CKOPOCTbLIO X0JIOCTOr0 X04a
axj 30eCb Xe A9 CpaBHEHUA NpuUBe[eHa XxapakTepucTuka ABuraTens B
pa3soMKHyTOW (npsMas 3) cucTeme.

[na HaxoxpgeHWa npefenbHOR MO XECTKOCTU XapaKTepUCTUKM
YCTPEMUM KOS PULUEHT YCUNEHNA CUCTEMBI KCB BECKOHEYHOCTL. U3
(4.9) BUAHO, 4TO NpK Kc-* « [wa-*0, T.e. B Nnpesene B JaHHON 3aMK-
HYTON cUCTeMe MOXeT BbITb MOJlyyeHa abCoOMOTHO XKecTKaa Xapak-
TepucTmKa, KoTopas nsobpaxeHa Ha puc. 4.1, 6 B Buge LITPMUXOBOWA
NuHuUn /.

PaccmMoTpuM (h13MYecKyt CTOPOHY npouecca peryinpoBaHuns cKo-
pocTu B faHHOW cucTeme. MpefnonoXum, 4To agsuratens paboTaeTt nog
Harpy3kKoi B yCTaHOBMBLLUEMCA PEXUME W N0 KakKMM-TO NPUUYMHAM
YBEINYMNICA MOMEHT Harpy3ku Alc. Tak Kak pa3BuBaeMblil gBurarenem
MOMEHT CTan MeHblle MOMEHTA Harpy3Ku, ero CKOpoCTb HaYHEeT CHU-
XKaTbCH, U COOTBETCTBEHHO BYET CHMUXATLCA CUTHAaN 06paTHOl CBA3N
no ckopoctn U,,=yw. 3T0, B CBOK 0Yepedb, cornacHo (4.3)—4.5)
BbI30BeT yBe/yeHne curHanos paccornacosanuns {/,, n ynpasnexHmsa Uy
M npueedeT K nosblweHuto 34C npeobpasosartenis, a cief0BaTeNbLHO,
HaMpsYXeHNs U CKOPOCTW ABUTaTeNS.

Mpu yMeHbLUEHUN MOMEHTA Harpy3ku obpaTHas CBA3b AeicTByeT
B APYroM HanpasieHuUu, NpuBoAsA K CHKeHuto 34C npeobpasosate-
nqa. Takmm obpasom, 6narogaps Hann4umn 06paTHO CBA3M OCYLLECTB-
nseTcs aBTOMaTu4eckoe perynmposaHue 3[C npeobpasoBartens u Tem
caMbiM NOABOAMMOTO K ABUTATENIO HANPAXEHUA, 38 CUET YEro nosy-
yaroTca 60Jiee XKeCTKMe XapakKTepUCTUKIN 3neKTponpusoga. B pasomMk-
HYTOW cucTeme, HaNpPOTMB, NPU U3MEHEHUN MOMEHTa Harpyskun 3/4C
npeobpa3oBaTens He N3MeHseTCH, B pe3y/bTaTe Yero XecTKoCTb Xapak-
TEPUCTUK 3MEKTPONPUBOLA OKa3blBAETCA MeHbLLe.

Ons nonyyeHna XXecTKUX XapakTepuctuk B cucteme M\J kpome
o6paTHOI CBA3M NO CKOPOCTW MCMNOMb3YHOTCA TaKXKe oTpuULaTenbHas
obpaTHas CBfA3b N0 HaMPSXXEHUIO N NONOXUTeNbHas obpaTHasa CBA3b
no TOKy fABuraTens u ux coyetaHnsa. Cxembl 3T 1 nonydyaemble Xxa-
pPaKTepUCTUKN MPU UCNONb30BAHMMN 3TUX CBA3EH paccMoTpeHbl B [20].

Cxema ynpas/ieH1s, 00eCrIeHVBarOLLEA OrpaHHeHIe Toka 1 MOVEHTa
[IBUraTesisi MOCTOSIHHOMO TOKA C MOMOLLIHO HEMMHEIMHON OTPMLIBTE bHOM
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obpaTtHoli CBSA3M no Toky. B KayecTBe gaTunMka TOKA B 3TOW Cxeme
(puc. 4.2, @) ucnonb3yeTcs WYHT C CONPOTMBNEHUEM R najeHue Ha-
NPsSXXeHns Ha KOTOPOM MPOMOPLMOHaNbHO TOKY fiKops /. B pesynbrarte
CUrHan o6paTHOl CBSA3M MO TOKY

tfo, = p/, (4.10)

rae p —KoapuumMeHT ob6paTHOI CBA3U MO TOKY, OM.

Puc. 4.2. Cxema (a) n xapaktepuctuku (6) 3amMKHYyTO cucTeMbl C obpaTHOl
CBfA3bl0 MO TOKY

OTMeTMM, YTO B KayecTsBe WYHTa 4acTo Mcnonb3yercs obMoTKa
[OMOHUTENIbHbIX MOJIKOCOB U KOMMeHcaLMoHHasa 06MOTKa ABUraTens.

CwurHan obpaTHOi cBA3M £0T MOCTynaeT Ha y3e/l TOKOOTpaHUYeHNS
YTO, Ha3blBaeMblil TaKXKe Yy3/10M TOKOBOW OTCEYKMW, BMECTE C CUTHa-
Nnom 3agaHua Toka (/,,. 9TOT CUrHan onpefensetT ypoBeHb TOKa OTCEY-
Kn Im, C KOTOPOro HauYMHAETCA perynupoBaHne (orpaHnMyeHune) Toka.

Pa6ota YTO B COOTBETCTBMM C €ro xapaktepuctukoi UQ)I)
(puc. 4.2, a) NpoucxXoAuT cnepyroumm obpasom. MNMpu Toke B AKOpe,
MEHbLUEM 3aaHHOr0 TOKa OTceyku, T.e. noka Is Im, curHan o6pat-
HOI CBA3M Ha Bbixoge YTO paBeH Hy 0. lpyrumMu cnoBamu, cxema B
AmanasoHe Toka 0../<,,. ABNAETCA Pa3OMKHYTOW 1 ABUraTesib UMeeT Xa-
pakTepucTUKN, n3obpaxxeHHble Ha puc. 4.2, 6 B 30He |.

Mpun 1>1T Ha Bbixoge YTO nosaBAsieTca CUrHan oTpuLaTenbHOM
obpaTtHoil cB3n QoT=p/. DNeKTPONPUBOA CTAHOBUTCH 3aMKHYTbIM U
HaumHaeT paboTath B 30He Il (puc. 4.2, 6). na noacHeHUa BUAa Xa-
PakTEPUCTUK 3/1EKTPONPMBOAA B 3TOI 30HE 3anullem BblpaXKeHne Ans
CUrHana paccorfiiacoBaHus

(4.11)
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M3 (4.11) BUAHO, 4UTO NpU yBennMUyeHUN Toka /curHan Un ymeHb-
lwaeTcs, YTo B COOTBETCTBUMN C (4.4) 1 (4.5) BbI30BET YMEHbLIEHUE
curHana Uyu E,,. 3T0 npmBefeT K YMEHbLUEHUIO HaNpPsAXeHWS Ha 4BU-
ratene Uu COOTBETCTBYIOLLEMY CHVXEHUK?¥<LL)Ne A LU A A¥' 1L P
XapakTepucTuKu gBUraTens CTaHOBATCA KpyTonagalwWwmnumm (MArku-
MU), UTO U OTpaXKaeT ahheKT perynmpoBaHns (orpaHU4YeHns) Toka un
COOTBETCTBEHHO MOMeEHTA. Mpu yBennYeHUN KO3 ULNeHTa ycune-
HUSA CUCTEMbI XapakTepncTuku B 30He |l Bce 6avxe npmbanxarTCs K
BEPTUKANbHBIM IMHUAM. Y POBEHb OTPaHNUYEHUA TOKA ONpeaenserTcs
3agarowum cmurHanom (yctaekoin) Uxr. TOK npu HyneBOR CKOPOCTM
ABUraTens nNoay4un Ha3BaHue TOKa CTONOPeHUA

Puc. 4.3. Cxema (a) n xapaktepucTukm (6) 3aMKHYTOli CMCTEMbI C 06paTHbIMU
CBA3AMM MO CKOPOCTU W TOKY

3aMKHyTas cxeMa MeKTPONPYBOAA C ABUraTe/ieM MoCTOAHHOMO TOKa
1 06paTHLIMI CBS3AMM M0 CKOPOCTU M TOKY. 3Ta cxema o6ecrneynsaeTt
NonyyvyeHMe XapakTepPUCTUK ABUTATENSA, UMEIOLWUX Pa3/INUHYIO XKecT-
KOCTb Y4YaCTKOB, — BbICOKYO 419 TOYHOT0 NOAAEpPXaHWNA CKOPOCTU Ha
3a4aHHOM YPOBHE M Manyt, 4To TpebyeTcsa 419 OrpaHUYeHns ToKa U
MOMeHTa ABuUraTens B NepexofHbIX npoueccax. 3To onpegensercs
MCNONb30BaHUEM B CXEME [BYX HENMMHENHbIX 06paTHbIX CBA3El MO CKO-
pocTu n ToKy (puc. 4.3, 0). N5 co3gaHna HeNUHeEAHOCTW Leneli 06-
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paTHbIX CBA3e NCMOIb30BaHbl PACCMOTPEHHBIN paHee y3en Y TON y3en
orpaHnyeHnsa ckopoctm YCO, xapaKTePUCTUKM KOTOPbIX MOKa3aHbl
BHYTPU COOTBETCTBYIOLLUX YCNOBHbIX N306paXkeHWiA. HennHenHoOCTb
06paTHbIX CBA3e MPUBOAUT K pa3feieHnto 061acTn MexaHNYecKmx xa-
pakTepucTuk (puc. 4.3, 6) Ha Tpu 30HbI: 1, 11 n 111,

B 30He | B gnana3oHe TokoB 0.../T AeiicTBYeT TO/IbKO 06paTHas CBA3b
Mo CKOpOCTH, 06ecneymnBas XXeCcTK1e XapakTePUCTUKN 3NeKTPONpPUBO-
fa. B3oHe Il npu />  BcTynaert B AeiicTBue o6paTtHas cBA3b N0 TOKY
M XapaKTepucTUKM CTaHOBATCS marye. MNpu ganbHelweM yBenYeHnn
TOKa M YMEHbLUIEHWUN CKOPOCTU HUXE CKOPOCTU OTCEUKHM WA, nepecTaet
feiicTBoBaTh 06paTHas CBA3b MO CKOPOCTU M 3a CYET AelicTBmAa obpart-
HOI CBA3M NO TOKY XapaKTepucTUKKN cTaHOBATCA ele marye (3oHa ll1),
obecneynBas Tpebyemoe orpaHn4eHne TOKa U MOMEHTA.

Cxenva yrpaeneHA ¢ NofuvHeHHL M PeryrivipoBaHVeM KoOpAWHAT. -
(heKTUBHOE 1 Ka4yecTBEHHOE perynmpoBaHme KOopauHaT B cucteme M-/
obecneymBaeT NPUHLNN NOLYUHEHHOTO PEryMPOBaHNA, peannsyembili
no CTPYKTYpHOIi cxeme puc. 1.7. HanoMHUM, 4TO 3TOT NpUHLMN npe-
LyCMaTpMBaeT perynnpoBaHme Kaxnoin KOOPAWHATbI C MOMOLLbIO CBOEro
OTAENbHOr0 perynaTopa u CoOTBEeTCTBYHOLLe 06paTHOI cBA3n. TeMm ca-
MbIM PEryINpoBaHMe KaXAol KOOpPANHATbI MPOUCXOAUT B CBOEM 3aMK-
HYTOM KOHTYpe, 1 TpebyeMble XapaKTepucTUKu 3neKTponpmeoga B cTa-
TUKE U AMHaMUKe MOTYT 6bITb MOMYYEHbI 3a CUET BbIOOPA CXEMbI 1 Mapa-
MeTpOB perynatopa aToi KOOpAWHATbI 1 Lienu ee 06paTHO CBA3K.

YnpaBfieHne BHYTPEHHUM KOHTYPOM C NMOMOLLbIO BbIXOLHOTO CUT-
Hana BHeLHero KOHTypa onpegenseT ewie 04HO LLEHHOe CBOCTBO Ta-
Kux cuctem. OHO 3aK/l04aeTcs B BOSMOXHOCTW NPOCTbIMU CpeacTBa-
MW OrpaHMymMBaTh NO6Y0 perynmpyeMyro KoopauHaty, Hanpumep ToK
M MOMEHT, Ha 3ajlaHHOM YpoBHe. [lna aToro TpebyeTcs BCEro AMlb
OrPaHMUMTb CUTHaMA, NOCTYNAaKLWMii C BHEWWHETO KOHTYpa.

PaccmoTpum cxemy anektponpusoga (puc. 4.4, a) ¢ NOLUYNHEHHbIM
perynupoBaHneMm, BbIXOLHOM perynmpyemMoin Koop4anHaToin KOTOporo AB-
NSeTCA CKOPOCTb. Y NPaBAfALL,as YaCTb CXeMbl COCTOMT U3 ABYX 3aMKHY-
TbIX KOHTYPOB PErynnupoBaHus: Toka (MOMeHTa), CoOAepXKallero peryns-
Top ToKa P Twu gatumk Toka AT, 1 CKOPOCTK, COAEpXKaLLero perynsatop
ckopoctn PCu gatumk ckopoctu (TaxoreHepatop) Tr.

Perynatopbl TOKa 1 CKOPOCTU B 60NbLUNHCTBE CXEM 31eKTPONPUBO-
[,a 3TOro TMMa BbIMOMHATCS Ha 6a3e onepayuoHHbIX yeunuTeneid (OY).
BkntoueHune B uenn PC 3agatowero curHana ckopoctun Uxcu ero obpat-
HOI cBA3M —pe3ncTopoB R\ u /~ ¢, 06ecneynsaet u3meHeHune (ycune-
Hue nunu ocnabnieHne) aToro curHana c KoagpguuneHtTom k,= /£c,//?1.
AHaNOrM4YHO N3MEHEHMWE CUTHaNa 0bpaTHOI cBA3KM Mo ckopocTu Uox
npoucxoguTt ¢ kKoapduuneHtom k2=R,,c[/R2. Takoil perynatop nony-
4ymn HasBaHwe nponopuuoHanbHoro (M) perynsatopa cKOpPOCTH.
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VI v2

Puc. 4.4. Cxema (a), auHamuyeckme (6) u ctatnyeckne (a) XxapakTepucTUKK
3M1eKkTponpuBoga € NOAYUHEHHbIM PeryimpoBaHMeM KoopauHaT

Mpy BkNtoYeHUN B Lenu OY KOHAEHCaTOPOB (PeakTUBHbLIX 3N1EKT-
pUYECKUX 31EMEHTOB) ero PYHKLNOHAa/IbHble BO3MOXHOCTMW MO npe-
06pa3oBaHNIO 31IEKTPUYECKMX CUTHANOB CTaHOBATCA Wupe. Tak, cxe-
ma P Tc BknouyeHueM B Lenb 06paTHON cBA3M KoHAeHcaTopa Coc no-
cnefioBaTeNibHO C pe3ncTopom /N 2no3BonseT NONYyUUTb CUrHan byHa
Bbixogde PT B BUAe CyMMbl ABYX COCTaBAAOLLNX

Uy=W n+x\Undt. 4.12

CurHan Uy cogep>XuT nNponopLuoHanbHy0 U UHTErpanbHy Co-
cTaBnAlo LW Me BXOAHOro curHana U,, T7.e. PTABNseTca B 3TOM Cnyyae
NponopLunoHanbHO-nHTerpansHeiM (MW) perynatopom.
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M0 KakuUM Xe KpUTepusmM n ycrnoBusaM BblGMpaloTCa CXemMa 1 napa-
METPbI Lienei Toro nam nHoro perynatopa? OCHOBHbIM YC/I0BUEM 3[ECh
ABNAETCH XeNnaeMblii (3aaHHbI) XxapakTep NepexoHbIX NPOLECCOB Npu
perynmpoBaHuu KOOpPAMHAT. M3 BCex BO3MOXHbIX BUAOB 00bIYHO Bbl-
6upaloT rpauk ¢ 3aTyxalowummu konebaHuamu (puc. 4.4, 6). Takoi
rpaduk ABNSETCA ONTUMaNbHLIM B TOM CMbIC/E, YTO OH NMO3BO/AET 06ec-
NeynTb YCTOWUMBbIE NEPEXOAHbIe NPOLECChl NPY HEOGONLLINX ANNTENb-
HOCTSIX U NepeperynnupoBaHnax. PacnpocTpaHeHHON HacCTPOWKON pery-
NATOPOB TaKOro BMAA ABNAETCA TaK HA3blBAEMbIl TEXHWYECKUI ONTWU-
MyM, MPXW KOTOPOM nepeperynMpoBaHue bX= X *-X * (puc. 4.4, 6)
cocTaBnseT 4,3% OT YCTAHOBMBLUETOCHA YPOBHSA, a BPEMA MepexogHOro
npouecca Iin= 4,1T,, rae T,,—3/IeKTPOMarHUTHaa NoCTofAHHAaA Bpeme-
HU TUPUCTOPHOTO NpeobpasoBaTens, NpUHUMaemMas 06bIYHO paBHOW
0,01 c. BTeopuu anektponpusoga [2, 14] pazpaboTaHbl MeTOAbI pacye-
Ta napameTpoB uUeneii PCu PT, o6ecneumBaroMx Takoi XxapakTep pe-
rynnpoBaHNs KOOPAMHAT 3N1EeKTPONPUBOLA.

Kak y>ke oTMeyasnocb, cxema NOJYNHEHHOTO PerynmMpoBaHns Koop-
[OVHAT Mo3BOASAET NPOCTbIMU CPefCTBAMW OrpaHMYMBaTh KOOPAUHATHI
3N1eKTpoNpmnBoga Ha 3aflaHHOM ypoBHe. B cxeme puc. 4.4, o ana orpa-
HUYEHWA TOKA U MOMEHTA B Lienb 06paTHoli cBA3n PC BK/OYeHbI CTa-
6unutpoHbl VD1 un VD2. B pe3ynbTaTe 3T0r0 BbIXOAHOE HAMPsAXeHue
PC, aBnstoweecs BXOAHbIM 3afal0LLUM CUrHanom (ycTaBKoi) Toka i/,,,
orpaHuMyuBaeTCs, ¥ TeM CaMbiM TOK M MOMEHT ABUraTens He MoryT
NpeB30WTK 3aJlaHHOTO YPOBHA.

Ha pwuc. 4.4, B npuBefeHbl CTaTUYECKME XapaKTepUCTUKN 31IeKTPOMNpu-
BOAa C NOAYMHEHHBIM PErYIUPOBAHMEM KOOPAMHAT M HACTPOMNKOI Ha
«TEXHUYECKUIA ONTUMYM*. X 0CO6EHHOCTbIO ABNAETCS HANNYME BEPTU-
KanbHOro yyacTtka |, obecrneynBaloL,ero orpaHMYeHne Toka U MOMeHTa,
1 yyacTka Il ¢ BbICOKOW XeCTKOCTbIO XapaKTepucTMKN, ONpesensieMo
COOTHOLUEHNAMU [BYX MOCTOAHHbIX BPEMEHN — 3/1IEKTPOMEXAHNYECKO
asuratens Tbiv 3NeKTPOMarHMTHON T,,npeobpa3oBaTens.

B cxemax NOAYMHEHHOTO PerynmpoBaHus UCNosb3yeTca U Apyroi
KpUTepUii HAaCTPONKK PerynsaTopoB No TaK Ha3blBaeMOMY CUMMETPUY-
HOMY ONTUMYMY, KOTOPbIA NO3BOMAET NONYYNTb aBCOMOTHO XECTKUE
cTaTuyecKue xapakTepucTukm Ha ydactke Il (puc. 4.4, B), HO nepe-
XO[Hble MPOLLECChl B 3TOM C/lyyae XapakKTepusyTca 60/blWmnM nepe-
perynmpoBaHueM, goxogawum go 55%. Mpu HacTpoiike Ha «CUMMET-
pUYHbIA onTuMym* PC BeinonHAeTCA Kak MW -perynstop.

Mpn Heo6XoAUMOCTU PErynmpoBaHusa MOJIOXEHWUA Bana ABUraTens
CXema Ha puc. 4.4, B ONOSIHAETCA KOHTYPOM MOJIOXEHWA, BKIOYAOLW UM
B Ceba perynaTop nofioXXeHns 1 faTynK MonoXKeHus Bana jBuratens.

OTMeTUM B 3aK/ItOUEHUe, YTO B CUY CBOMX 60MbWINX PYHKLMO-
Ha/lbHbIX BO3MOXHOCTE CXeMbl C MOAYUHEHHbIM PEryinpoBaHuem
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KOOpAMHAT HaLL/N OYEHb LUMPOKOE pacnpocTpaHeHne B PeryimpyemMom
INeKTponpmnBoae Kak NOCTOAHHOIO, TakK N NepeMeHHOro ToKa.

3aMKHyTasA CxemMa YIpaB/eHA 3EKTPOMNPBOLOM 10 CUCTEME «/CTO4-
HVIK TOKa —IBUraresib MoCTOSHHOIO ToKay. EVneesipTpvBrbLLeCcY sl
ratenaMun nNOCTOAHHOro TOKa HawWwnau npuMeHeHue UCTOYHUKN
nNTaHnA ,D,BMraTenef/'I CO CBOWCTBAMM UCTOYHMKA TOKA. Takue anekr-
ponpuBOAblI B PAa30OMKHYTOI CTPYKTYype 061afatoT CBOMCTBAMU MCTOY-
HUKa MOMEHTa, peryampyemMmoro no uenn BO36y)K,£I,eHI/IFI, a npun eeepe-
HUN O6paTHOI7I CBA3M N0 CKOPOCTW MO3BOIAKOT NONyYaTb XapaKTepuc-
TUKW, NPUTOAHbIE W NS Lefeid perynmpoBaHns CKOpPOCTMW.

ac 6

Puc. 4.5. Cxema (a) n xapaktepuctukn (6) 3amMKHYTOl CUCTEMbI MPU NUTAHWK
ABuUraTens OT UCTOYHMKA Toka

CunnoByto 4acTb 3TON cxeMmbl (puc. 4.5, a) 06pa3yoT MCTOUHUK TOKa
WTwu skopb geuratens M, o6MoTKa BO36yxxaeHusa kotoporo OB nog-
KNKOYEeHa K yCunnTento Y, umerowemy fsa Bxoga. 1o nepsomy BXogy
Ha ycunutenb ¢ noTeHunomeTpa 3AM nocTynaeT 3ajaloWwuii curHan
MomMeHTa AIM ypoBeHb KOTOPOTro onpejenser BeIMYMHY MOMEHTA Ha
BEPTMKANbHOM Y4YacTKe MexaHUuecKol xapaktepuctuku (puc. 4.5, 6).

Ha BTOpoi BX0A4 ¥ no uenwu, coctoswen n3 taxoreHepartopa TI,
avofa Hwv 3agarowero noteHumnomeTpa ckopoctu 3MC, nogaercs cur-
Han HEeNMHENHOW oTpuLaTeNbHON 06PaTHOW CBSA3M MO CKOPOCTM Hac.
Llenb o6paTHOW cBA3KM cobpaHa 1 HacTpoeHa Takum 06pasoM, UTO ANOA
MHayHeT nponyckaTb TOK MO Hei ToNbKo Torga, korga 9/,C Ttaxore-
HepaTopa MpeBbllaeT 3a4alWnin curHan no ckopoctu HIG uto npo-
n30ifeT Npu ckopocTax, 6onbwmnx wh. Mpu ckopocTax Q< avop
M3akpblT 1 06paTHan cBA3b N0 CKOPOCTU He aeiicTByeT (Aoc= 0).
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HennHeliHbIA XapakTep 06paTHOI CBA3M MO CKOPOCTU onpegenset
HanMume [BYX 30H Ha MJOCKOCTM MeXaHWYEeCKUX XapaKTepucTuk
puc. 4.5, 6. Mpu (o<wae (30Ha 1) t/oc= 0 1 Ha BXOL4 YNoJaeTcs HEN3-
MEHHbI/i N0 BEAMYMHE CUTHAN 3agaHusa mMomeHTa Uru, HanpseHue
BO30Y>XJeHNa Ha ero Bbixoge U, TOK BO30yXaeHWs /, n onpefensemblil
MM MOMEHT A/NMOCTOSAHHbBI, YTO W OMpefenseT BepTUKaNbHble yyacT-
KW XapakTepucTuK Ha puc. 4.5, 6.

Mpu w>o)oc (30Ha Il Ha puc. 4.5, 6) oTkpbIBaeTca amMoh V1 Ha
BXO4e Y N0oABNAETCA CUrHan 06paTHOM CBA3M MO CKOPOCTU, MPOTUBO-
MOMOXHbIA No 3HaKy curHany Uru. CymmapHblit curHan UYHa Bxoge
Y CTaHeT paBHbIM

Uy= mxel- noc= £am- Y* - (4.13)

Kak BugHo n3 (4.13), npn yBeNuUYeHUM CKOPOCTU curHan 1y Ha
BX04e Y OyfeT CHUXaTbCA, MPOMOPLUOHANbHO eMy OYAyT YMeHbLIATLCA
HanpsaXeHue (/, Ha BbIxode Y, TOK BO3OYXAeHWA |, ABuratens un tem
CaMbIM ero MOMeHT. MexaHuyeckne xapakTepucTuku npuobpetarwT
BUA HaKMOHHBIX NPAMbIX, NOKa3aHHbIX Ha puc. 4.5, 6. Takum ob6pa-
30M, paccMaTpvBaeMas cxXema 3/IeKTponpuBoga obecneymBaeT perynm-
poBaHue [BYyX KOOpPAMHAT — CKOPOCTU U MOMeHTa. BennynHa curHa-
na umonpegenseT yposeHb MOMeHTa AiBuUrarens B 30He | xapakTepu-
CTWK, a BennymHa curHana Ulc — ypoBeHb CKOPOCTU fBuUraTens.
YKecTKoCcTb MexaHUYecKnx xapakKTepucTuK B 30He |l onpepgensetcs
06WUM KOID(PULNEHTOM YCUNEHUSA 3NEKTPONpUBOa.

B kayecTBe npumepa pacCMOTPUM CXeMYy peannsauunmn peasbHOro
3aMKHYTOro 3/1eKTponpuBeoja ¢ ABuraTeneM NoCTOAHHOIoO TOKa Hesa-
BUCUMOTO BO36YXEHUS.

Cxema ynpasneHus cepwitHoro anekTponpusoga Tuna 3T3P. Anq
np1MBOAa MeXaHU3MOB Pa3/IMYHbIX MeTann006pabaTbiBalOWNX CTAHKOB,
Tpebylowmx perynnpoBaHna CKOpocTu npu MolwHocTn go 11 kBT,
MCNONb3yeTCs CEPUIHBIA KOMNEKTHbIW 3nekTponpueog Tuna T3P
(puc. 4.6) c guratenamu cepuii MBCT, 2N wan MI'T. 3nekTponpu-
BOZ 3TOr0 TMNa BbINO/IHEH B BUAE 3aMKHYTOW CUCTEMbI perynmpoBa-
HUA CKOPOCTM C OTPULLATENbHON 06PaTHON CBA3bIO NO CKOPOCTH, KO-
TOpas B 3aBUCMMOCTM OT HACTPONKK 06ecnevynBaeT OTHOCUTE/NbHbIN
nepenag ckopoctu B npegenax 0,5—10% npu M3MEHEHUN MOMEHTa
Harpysku ot 0,1A/** go A/**. B anekTponpueofe o6ecneynBaeTcs Tak-
Xe perynupoBaHue (OrpaHMyeHue) Toka C NOMOLLbIO YCTPONCTBa
ToKoorpaHuyeHua YTO. Ana obecnevyeHnUs ycTOMUMBOCTM U Tpeby-
eMOro KayecTBa MepexofHblX MPOLLECCOB 3N1EKTPONPUBOLA B CXEME
npYMeHeHbl TM6KMe obpaTHble CBA3M MO CKOPOCTW ABUraTens u pe-
3yNbTUPYIOLWEMY CUTHanNy ynpasneHus W2
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Puc. 4.6. Cxema cepuiiHoro anektponpusoga tuna T3P

AKOpb ABUTaTeNA, MMEOLWEro BCTPOEHHbIN TaxoreHepaTop BR, no-
nyyaeT NUTaHWe OT PEBEPCUMBHOIO TUPUCTOPHOIO npeobpasoBaTens c
LBYMSA KOMMNeKTamu Tupuctopos VS1—VS6, cocTaBnAaoWNX BblINps-
MUTE/IbHYIO U MHBEPTOPHYIO TPYNMbl. YNpaBaeHne sTUMU rpynnaMmu
OCYLLeCTB/IAETCA C UCMONb30BAHNEM COr/1aCOBAHHOTO COBMECTHOTO
npuHumnna.

[na ymMeHblIeHNA nepeMeHHOl COCTaBNsOLW e YypaBHUTENbHOTO
TOKa, NpoTeKaloLieli MeXay BbINPAMUTENbHOW U MHBEPTOPHOM rpyn-
namMmu, B CXeMe MCNOJb3YKTCA OrpaHnMYmnTeNibHble peakTopbl L1 n L2.
BknoyeHne B Lenb AKOPA crnaxusawowero peakrtopa L3 nossonser
NCKMOYNTb PEXUM MPEPLIBUCTOrO TOKA U NOBLICUTL UCMOMb30BaHMe
LBUTatens no TOKy.

YnpaBnenune Tupuctopamm VSI—VS6o6ecneynBaeTcsa TpaH3MCTOp-
HOM cxeMol MMnynbCcHO-(ha30BOro ynpasneHus CHPY, paboTatouleli
No BEPTUKaNbHOMY NpuHUMNy. OHa MMeeT TPU KaHana, Kaxablii u3
KOTOpPbIX paboTaeT Ha ABa TUPUCTOPA, BK/IOYEHHbIX B OA4HY (a3y.

MuTaHue 3NeKTPONPUBOLA OCYLLECTBNAETCA OT TPEX(A3HOro TpaHce-
thopmatopa T Cc A4BYMSA BTOPUYHbIMU 06MOTKamu. K OfHOW W3 HUX,
MMeroLLeil HyneBOW BbIBOA, NOAK/OYEHA CUI0BAsA YacTb MPUBOAA, & KO
BTOPOii —06MOTKa BO36YxaeHns OB (4epes Bbinpamutens VD) n 610K
nutaHusa B, oT KOTOPOro NMUTaeTca cxema ynpasneHus. O6moTka OB
TaxoreHeparopa nonyvaet NUTaHue oT cTabunmnsatopa HanpsxeHus CH.
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B cocTaB cxembl ynpaBneHUs 3MeKTPONpuBOAa BXOAAT Mpome-
XYTOUHbIW yeunuTens Y1, ycunutenb MOWHOCTA (3MUTTEPHbIV NOBTO-
puTens) Y2, y3en TokoorpaHuyeHmsa YTO, y3en rubkoii obpaTtHoi cBs-
3n YIOC, 3agatowuit noteHynometp RP, KHOMKKU ynpaBrieHns SB1 u
SB2 n nyckosoe pene K

CurHan ynpasneHna UM hopmupyeTca Kak anrebpanyeckas cym-
Ma cMrHanos 3agatouiero (/,, o6paTHO cBA3M no ckopocTn Ucu TOKO-
orpaHunyenuns Uro, ans BbIPaboOTKM KOTOPOrO UCNO/b3YEeTCA HENNHEN-
Hasf MoMIoXUTeNbHaa ob6paTHad CBA3b MO CKOPOCTY ABuratend. Mpu
TOKE AKOpS, MeHbLUEM TOKA OTCEYKM, paboTaeT TO/IbKO KOHTYp pery-
NUPOBaHUA CKOpPOCTKU. Mpun TOKe AKOPA, NPeBbILWaoLemM TOK 0TCeY-
KW, 32 C4YeT HENNHEWHOCTM Lenn TOKOOrpaHMYeHnsa oTpuLaTenbHas
obpaTHas cBA3b No ckopocTn AMT OTKNOYAETCA N HaYMHaeT JelicTBO-
BaTb NOJIOXUTeNbHaA obpaTHaa cBA3b, 06ecneymBas orpaHnyeHme Toka
M MOMEeHTa Ha 3aflaHHOM YpOBHe.

[na obecneyeHns He0O6XOAMMOro KayecTBa MepexofHbIX NpoLeccos
3/1eKTPONPMUBOAA B CXEME MCMOb3yeTcA rmbkas obpaTtHasa cBA3b, Leli-
CTBYHOLLAS TO/IbKO B MEPEXOAHBIX npoueccax. CUrHan KoppekTupyoL el
rnbkoin o6patHoil cBasn Uroc BMecTe ¢ curHanom ynpasneHus Uy no-
CTyMaeT Ha BXOJ YCUNNTENA MOLWHOCTM Y2 1 nocne yCUNEHUs B BUie
pesynbTupytowero curdana 2nogaerca Ha exog CU® Y 'yepes 3ambl-
KalLWmnii KOHTaKT nyckoBoro pene K. YnpaeneHue aTuM pene ocylue-
CTB/IIETCA C NOMOLbIO KHOMOK ynpasneHua: SB1 npu nycke gsurarte-
na n SB2 npu ero octaHoBe. PeBepcupoBaHue ABUratTens ocyLw,ecTens-
eTcs NyTeM U3MEHEeHUs NONAPHOCTM 3afatollero curHana £r

B anektponpusoge Tuna 3T3P peanusyetca pag 3awmTt, 610KNpo-
BOK M curHanusaumii. Tokosoe pene KA, KaTyLlka KOTOPOr0 BKIKOUYEHA
B Llenb AKOpA ABUraTens, a KOHTAKT —B Lenb nuTaHns pene K, o6ec-
neyrBaeT MaKCMManbHY0 TOKOBYIO 3aLLMTY aneKTponpusoga. MNpu ero
cpabaTbiBaHUW OTKNOUaeTCA pene K, ¢ TMpUCTOPOB CHUMAKOTCA CUTHA-
Nbl yrpaBneHnsa 1 gBuratefib OTK/OYAETCA OT UCTOYHUKA NMUTaHUS.

ABTOMaTuyeckne Boikntoyatenn QFL un QF2 ocywecTBndaoT Mak-
CUMaNbHY TOKOBYIO 3alUTy CUN0BOI YacTh TUPUCTOPHOIO nNpeobpa-
30BaTens, 06MOTKU BO3OYXKAEHWA ABUTATENA U CXeMbl yrpaBaeHus.

Cxema IMEKTPONPYBOLA C MKPOMPOLIECCOPHBLIM YTIPaBeHVEM. Pac-
CMOTPUM CXEMY 3/1EKTPONPMBOLA C fBUTaTe/ieM NOCTOAHHOI0 TOKA A4
perynupoBaHus NofIOXeHUsA UCMONHUTENIbHOIO OpraHa po60TOTeXHU-
4eCKOro yCTpoliCcTBa C UCNONb30BaHNEM MUKPOMNPOLECCOPHOrO ynpas-
neHuna (puc. 4.7, a). 3TOT 3/IeKTPONPUBOA LO/KEH obecneynsaThb ne-
pemeLleHne U TOYHOE NMO3ULMOHUPOBAHWE UCMOJIHUTENIbHOIO OpraHa
po6oTa, N5 Yero B HeM UCMoNb3yeTca 06paTHasA CBA3b MO NMOMOXEHUIO.
[ns obecneyeHnsa BbICOKOM TOYHOCTM NO3ULMOHUPOBaHKA B I ocy-
LW ecTBNAETCA TaKXKe perynnposaHune Toka (MOMEHTA) U CKOPOCTH.
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Puc. 4.7. Cxema (a) n pparmeHT nporpammsl (6) anekrponpmsoja
C MUKpPONPOLLECCOPHbIM ynpaBneHnem

Cxema Ha puc. 4.7, a WINIOCTPUPYET XapaKTepHbI NpuMep BbINO-
HEHUSA NOAOOHbLIX CXeM, KOF4a B HUX NPUMEHSAIOTCA KaK aHanoroBble,
Tak v LM POBbIE Y3/1bl M YCTPOICTBA yYNpasneHus. Takue cxembl, No-
NyYUBLUME Ha3BaHMe LM(POaHanorosbix, coyetaloT B cebe nyuline
CBOICTBA TeX U APYTrUxX yCcTPOICTB.

CwunoBas yacTb 3NeKTponNpmnBoaa o6pazoBaHa TpexdasHbiM MOCTO-
BbIM PEBEPCUBHLIM TUPUCTOPHbIM Npeo6pa3oBatenem 777, MMTAEMbIM
OT TpaHcgopmaTtopa TP.

CxeMa ynpaBfieHWa NOCTPOeHa NO MPUHLUNY MNOLYNHEHHOTO pe-
rynnpoBaHns KOOpAMHaT. PerynnpoBaHme TOKa NpoOn3BOAMTCS aHano-
rOBbIM MPONOPLNOHANBHO-UHTErPaNbHbIM PEFYNIATOPOM TOKa PT, Ha
BXOJ4 KOTOPOr0 MNOCTYNaKT CUrHanbl 06paTHOM CBA3M MO TOKY OT AaT-
ynka Toka [ T n 3agaHma Toka UXL, ¢ BbIXofa perynsatopa CKOpoCTH.

AHanorosblin M-perynstop ckopoctu PC hopmupyeT curHan 3aga-
Hua Toka Uir Ha ocHOBe CBOero 3ajatwlero curHana Uxc, noctyna-
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OLUEro Ha Hero C BHELWHEro no OTHOWEHWI0O K HEMY KOHTYpa noso-
XKEHUA, N CUrHana obpaTHOI CBA3M MO CKOPOCTU, BbipabaTbiBaeMOro
TaxoreHepatopom TI. CtabunutpoHsl VD1u VD2orpaHM4mBarT CUT-
Han Ha Bbixoge PC, yem o6ecneunBaeTca OrpaHMyeHne TOKa U MOMeHTa
asurartens.

PerynuposaHue MoioXeHus ocyLWwecTBAATCA C MOMOLLBbHO MUKPO-
NPOLLECCOPHO CMCTEMBI, BKKOYatOLWen B ceba mukponpoueccop MM,
ycTpoiicTBa namsat O3Y u M3Y, ycTpolicTBa conpsxxeHns YC1—YC3,
undpoBoi gatumk nonoxenns AN, uudpoaHanorosslii Nnpeobpasosa-
Tenb LM, CurHan 3afaHua nonoxeHus S,,, noctynaeT (3agaeTca) C
TepMmunHana T, NOAKIOYAEeMOro K MMKPONPOLECCOPHON cucteme ye-
pe3 YC3. Tem camblM MUKPOMPOLLECCOPHAsA CUCTEMA BbIMONHAET, MO
CYLLecTBY, po/b perynatopa nonoxexHusa Prl.

PaboTa L1(ppoBOro perynatopa No0XeHNA B MUKPOMNPOLLECCOPHO
CUCTEME MOXET OCHOBbIBATLCA HAa OJHOM W3 ABYX MPUHUMNOB. Mep-
Bblli M3 HUX NpeAyCcMaTpMBaeT peann3aLmnto cTaTMYECKON xapakTepu-
ctukn PI B Buge napabonbl, koTopas ob6ecnevynBaeT ONTUMabHbINA
rpagmMK ABMXKEHWA 3NeKTPONpMBOAa. TaKol perynsaTop MOXHO peanm-
30BaTb MPOrpamMMHbLIM NyTeM, 3anncas B M3Y 3Ty HeIMHEHYH Xapak-
Tepuctuky PI1.

BTopoi npuHuun paboTel PMOCHOBaH Ha BbIYNCAEHUN MOMEHTA
Hayana TOPMOXKeHUSA 3NEeKTPOMPMUBOLA, YTO TaKXKe NM03BOJIAET MOAYy4nThb
Tpebyemyto TOUHOCTb PErYINPOBAHUA NOMOXKEHNSA. PaccMOTpuM 3aToT
cnoco6 nogpobHee.

Peanusauns cnocoba 0CHoBaHa Ha TOM, YTO NMPU N3BECTHBIX CKO-

M- M
pocTu Lycru yckopeHun a=— - —£ MoryT 6biTb pacCUMTaHbl BPems

t, M NyTb S, HA Y4YaCTKE TOPMOXKEHMS 3NEKTPONPUBOLA B KOHLLE OTpa-
6OTKM 3aaHHOTO MepeMeLLeHNs no cnegyrowum gopMmynam:

[ = ®EL- (4.14)
T a

(4.15)

fe'jf

AnroputMm paboTbl MMKPOMNPOLLECCOPHOM CUCTEMbI NPU BbipaboTke
CUrHana Ha TOpMOXeHue npueefeH Ha puc. 4.7, 6. ind ero peanunsa-
LN B MUKPOMPOLLECCOPHYIO CUCTEMY BBOAATCA LaHHbLIE MO BeMYU-
Ham LWcr, a, S% n curHan S,, fatymka nonoxexuusa Al, nponopuyun-
OHaJIbHbIN TEKYLLEeMY MONOXEHWIO Bana ABUraTens n UCNONHUTENbHOTO
opraHa. MukponpoueccopHas cuctema nNnpon3BoOLUT BblYMCIEHNE fT1
®ino (4.14) n (4.15) n pasHoctn S,= S%- S,. 3aTemM conNoOCTaBNAKTCA
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BE/IMUUHbBI 3TOW pPa3HOCTM 5, C CUTHANOM faTyuka nonoxeHus 5N Kak
TONbKO 5, CTaHeT paBHOli 51, 0T MUKPONPOLECCOPHOWA CUCTEMbBI Bbl-
flaeTcs KOMaHfa Ha TOPMOXKeHMWe 31eKTPONPUBOAa, HAYMHAeTCA OTCHET
BbIAEPXKW BPEMEHMU t,, U MO UCTEYEHUMN

eTCAa KOMaHfa Ha OTK/loYeHue 3N1eKTponpueoa.

PaccMoTpum TUNOBbLIE 3a4auun.

3apaya 4.1. SneKTponpuBoA BbIMOHEH MO CXeMe puc. 4.1, [iBuratens
MOCTOAHHOTO TOKA B 3TO CXeMe UMeeT cnefytoLine NacnopTHbIe faH-
Hble: HOMMWHaNbHAA MOWHOCTb /*«,,= 14 KBT, Hanps>eHne NUTaHuns
nT =220 B, HOMUHaNbLHAA CKOPOCTb = 104,7 pag/c, HOMUHANbHbI
TOK AKOps /*» = 82 A, HOMUHanbHbIA KM [, = 82%, conpoTuBeHue
uenun akopa [,=0,22 OM, MHOAYKTUBHOCTbL Uenun akops £,=4,4 mIH.
TpebyeTcs BbIOpaTh CEPUIAHbLIA NpeobpasoBaTeNb 415 3TOr0 ABUTaTens u
paccunTaTb ero Koa@MUUUEHT YCUNEHUWA MO HaMPSXKEHNIO.

3apaya 4.2. Ans ycnosuii 3agaumn 4.1 paccumtaTh nepenag cCKopoc-
TV ABWUTaTens MPU HOMWUHaNIbHOM MOMEHTE Harpysku. BHyTpeHHee
conpoTuBreHue npeobpasoBaTens NPUHATL PABHLIM COMPOTUBNEHNIO
Lenun aKops gBuratens.

3apaya 4.3. Ans ycnoswuit 3agav 4.1u 4.2 paccuntaTb Ko huym-
eHT ycuneHuns ky ycunutena Y (puc. 4.1), npu KoTopom nepenag cko-
POCTMN B 3aMKHYTOW CXeme npyv HOMUHANbHOM MOMEHTE Harpy3ku CHU-
3utca B 80 pa3. Koagh(mumeHT nepefiayn TaxoreHepartopay npuHATbL
paBHbIM 0,6 B/(pag/c).

Mpvep 4.1. nekTponpuBoA BbINOMHEH MO cXxeme puc.4.4. LBu-
ratenb UMeeT flaHHble, NpuBeAeHHbIe B 3adade 4.1. MapameTpbl Apy-
rMX 31EMEHTOB CXEMbI:

* npeobpasosartesib: KOIPPULUNEHT YCUNEHUSA K,, = 23, NOCTOAHHASA
BpemeHun T,,= 0,01 ¢, BHyTpeHHee conpoTusneHue /* = 0,15 Om;

* TaxoreHepartop: KoapduuuneHT nepegaumny = 0,6 B/(paa/c);

* WYHT: conpoTusfieHue wyHTta RY, = 0,00075 Owm;

e faTyMK ToKa AT. KOaPpuUMeHT nepegaum kx,,= 100.

CymMMapHbIi MOMEHT nHepumnu anekTponpmusoga /= 0,8 Kr em2

TpebyeTcs paccunTatb N0 KPUTEPUIO TEXHUYECKOTO ONTUMYMa na-
paMeTpbl PerynsaTopoB TOKa U CKOPOCTM W ONpefenstouiue napamer-
pbl Lenein onepaLuoHHbIX YCUINTENEN.

Mpwn pacyeTe UCMofib3yemM METOAUKY, U3N0XEHHYI0 B [14].

OnpegensieM CymMmMapHOe CONPOTUB/IEHUE AKOPHOI Lenu:

R,u= %+ %,= 0,22 + 0,15 = 0,37 Owm.

Haxoaunm NMOCTOAHHYHK BPEMEHWN LENN AKOPA ABUTATENA!

T);-l:-lf- _ 0,0044 =6I102 c
R, 0,22
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Haxognm KoathuymeHT 06paTHOiA cBA3M No Toky. Mpwu J13= /74 oH
paBeH
Nt=*r - 100+0,00075 = 0,075.

PaccumTbiBaeM MOCTOSHHYH MHTerpuposaHus MU-perynatopa
TOKa:

7TTXX 20,01 0,075-23
R. L 0,37 .
OnpegensieM KO3QPULMEHT YCUNEHNUS PETYNIATOPA TOKA:

jk=T1- B'P2.- 022
AT 0,093 7
3apgaBasdck / * “ KOKOM, HaxoAuM napameTpbl OMepaLuoOHHOro
YCWUNNTENA, Ha KOTOPOM peasin3oBaH perynatop ToKa:

c =n~n _ 2 MK(-
“  ~oc 10000

R3=N4=~ =-i?- =45,45 kOwm.
K, 0,2
[ns HaxoxgeHus napameTpoB -perynstopa CKOpOCTM ONpesensem
cnefyowne napaMmeTpbl ABUraTensa v 3fieKTponpueoga:
NPOn3BefeHNE KOHCTPYKTUBHO MOCTOSAHHON ABUraTens Ha mar-
HUTHBI NOTOK

Unoh- | haR' 220-82 0,22

c=KP = =193 B c;
- wm 104,7
CKOPOCTb BpalLeHMsa X010CTOro xoaa
U 220
=114 panl/c;
“0=7 =193 PaA

MeXaHn4yeckaa NOCTOAHHAaA BpPeMEHU 3/1eKTponpmueoga

- '7 1=X =0'0,C-
OnpegenseMm KoO3ppuLuneHT nepefadynm perynatopa CKOpocTu:
0,08 0,075 1,93 114
* AT N, Ne™ 4-0,01 0,37-10 ~ " °
3/AC TaxoreHepartopa npu ckopoctu Lb
El"= yo0o= 0,6 -114 = 68,4 B.
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3apaBaach /~c¢,= 100 KOM, nofyuum

Rl =R°d _ a1 .
Ryb: :)\,yl =112 KO%F Compressor Free Version

R 2-b* - 68>4-,11,2=76>7k0m.
£Nn 10

4.3. BAMKHYTbLIE CXEMbI YNPABAEHNA
QNEKTPOMPMBOAOA C ACNHXPOHHBIMIA
ABUTATENAMU

3aMKHyTas cxema «TUPUCTOPHbIN PerynsaTop HanpsXXeHWs — acuH-
XPOHHbIA gBuratenb» (TPH-A/L) ¢ ncnonb3oBaHMemM 06paTHOW CBSA3W MO
ero ckopoctu (puc. 4.8, a). Cunosyto yactb TPW, KaKk U B CXeEMe Ha

Puc. 4.8. Cxema (a) u xapaktepucTukn (6) 3aMKHYTO CUCTEMbI aCUHXPOHHOIO
3M1eKTponpuBoja C UCNO/b30BaHNEM TUPWUCTOPHOTO Perynatopa HanpskeHus
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puc. 3.15, 06pasyloT TpM napbl BCTPEYHO-NapasniesibHo COeAUHEHHbIX
Tnpuctopos VS1—VS6. Ynpasnaouwune 3neKTpoabl TUPUCTOPOB MOS-
coefunHeHbl K Bbixogam CU®Y TPU, koTopad pacnpegenser ynpas-
nalLwmne UMNynNbLCLI Ha BCe TUPUCTOPLI U OCYLLECTBAAET UX CABUT B 3a-
BMCMMOCTM OT BXOLHOI0 curHana ynpaeneHusa Ur K Bany fsurartens,
KOTOpbIli B 3TOW CXemMe UMeeT (hasHblii poTop, 4NA peanusayun obpat-
HOW CBA3M MO CKOPOCTW MojcoeAanHeH TaxoreHepatop 77. Ero 94C
E,, cpaBHMBaeTCA C 3ajaloLlnMM HanpsxxeHnem ckopocTn Uxe, CHUMa-
eMbIM C 3ajaloliero noteHynometpa 3, NpuUYeM 3TN HanNPAXKEHUA
LeliCTBYIOT HaBCTpeUy ApYr ApYry, a ux pasHocTb 06pasyeT curHan
ynpasneHus

U= £/«-£;= L, (4.16)

KOTOPbIA MocTynaeT Ha Bxog CADY. Mpu yBeNNYEHNN 3TOTO CUTHa-
Nla yron ynpasfeHus Tupuctopamu a yMeHbLlaeTcs, nNojaBaemMoe Ha
LBUTaTeNb HaMNpsX>XeHne yBeNnymBaeTcs, U HaobopoT. BaxHo oTme-
TUTb, YTO NPU CHUXXEHUMN CKOPOCTY ABUTATENS B Lienun poTopa yBenu-
YMBAKOTCA MOTEPN MOLLHOCTUN (MOTEPU CKOMbXEHMNA), KOTOPbIE Bbl3bl-
BAKOT AOMOMHUTE/NbHbIA HArpeB ABUraTens, CHMXad 3KOHOMUYHOCTb
paboTbl afekTponpueoga. Ang o6n1eryeHuns TenJ0BOro pexxuma ABu-
ratens npu ero paboTe Ha MOHMXKEHHbIX CKOPOCTAX B LeMb poTopa
fBuratens BKAOYeH 400aBOUHbIN pe3ncTop R&, Hanuume KOTOPOro
Mo3BOJIAET TaKXe pacllupuTb A1Mana3oH perynupoBaHus CKOPOCTHU.

PaccmoTpum paboTy anekTponpusofa Npu U3MEHEeHUU MOMEHTA
Harpysku Jl/c Ha Bany Asuratens u MOCTOAHHOM 3ajaHuu CKOPOCTH
U2 lonycTuM, YTO B UCXOLHOM MOJIOXKeHUW ABuUratenb pabotan BT. 7
npu MoMeHTe Harpysku Alc, (puc. 4.8, 6), a 3aTeM NPOMN30LLNO ero yBe-
NIn4yeHne 40 3HayeHns M2

Mpwy yBennYeHUN Harpyskun Ha Bany ABuratens ero CKOpocTb HayHeT
CHMXAaTbCHA, COOTBETCTBEHHO HAYHET yMeHbluaTsca U [ C TaxoreHepa-
Topa E,,. Y MeHbLLeHue E,, BbI3bIBaeT cornacHo (4.16) ysenmyeHue Hanps-
XeHus ynpasieHnsa Uy, yTo npuBefeT K YMEHbLIEHWIO Yrna ynpasneHus
TUPUCTOPaMM a W YBENIMYEHUIO TEM CaMblM NMOAAaBAaEMOro Ha ABuUrartesib
HanpskeHna. MoOMeHT gBuraTesnis 6yAeT yBeNn4mMBaTbCA U BT. 2 CPaBH#-
eTca ¢ M& Takum 06pa3om, yBenmyeHne MOMEHTa Harpy3ku NpuBeno K
HebO0/bLLIOMY CHUXEHUIO CKOPOCTU ABUraTens, T.e., ApYrMMu cnosamu,
€ro XapakTePUCTUKN B CXeMe puc. 4.8, a CTann XECTKUMMU.

Mpu yMeHblEHUN MOMeHTa Harpysku Jlic 6ygeT aBToMaTuyecku
CHMXXATbCA HANPAXEHWE Ha [BUraTefie U TeM caMblM MOAAEPXMUBATb-
CS ero CKOpOCTb BpalleHua Ha 3afaHHOM YPOBHE.

M3mMeHas ¢ nomouibio noTteHunometpa 311 3HaueHue 3ajakoLLero
HanpaXxeHna £/«, MOXHO NONYYUTb PAL MEXAHNYECKNX XapaKTepuc-
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TWK 3/1€KTPONPUBOJA C OTHOCMTENIbHO BbICOKOI XXECTKOCTbIO M HE06-
XOAUMOI Neperpy3oyHoilt CNOCOGHOCTLI0 ABMTaTENS.

BbipaxeHue (4.16) aBnseTcs UCXOLHbIM
pacuyeTta napameTpOB CXeMbI Ha puc. 4.8, a. icnonb3ysa ypaBHeHNs CBA-
31 BbIXOAHOrO £, 1 BXoAHOro ynpasnawouiero UyHanpsxeHuii TPU

Ut=K.p.Jl. (4.17)

a TaKXke MOMEHTa ABUTaTeNs U MPUNOXKEHHOT0 K HEMY HanpsXXeHus B
OTHOCUTENbHON hopme
AN M " _ » ,
A (4.18)
Mrom ~ 1Hom
nofyyaem nocsie nocnefoBaTe/ibHON nogctaHoBKM (4.17) u (4.18) B
(4.16) 1 HeCcnOXHbIX NpecbpasoBaHuii

(4.19)

roe nepenafj ckopocTu [l cOOTBETCTBYET U3MEHEHUIO MOMEHTA Ha-
rpysku B npegenax Mc2-M c,.

Ecnn B cxeme puc. 4.8, a ucnonbsyetca ycunutens curiana Uy (npo-
NOPLMOHANbHbIA PErynsTop CKOPOCTKN) C KO3MHULUNEHTOM YCUNEHUS K,,
To hopmyna (4.19) npuHUMaeT BUL:

NMHM(VC2 ~ i 10 ~ 20)
Y~ K p'y1©

3amMKHyTas cxema UMMNY/IbCHOTO PErynupoBaHus ckopoctu Afl ¢ nomo-
L0 pe3ncTopa B Lenu potopa. B cxeme anekTponpusoga (puc. 4.9, a)
C UMMYNbCHBLIM PErynMpoBaHMeM COMPOTUB/IEHUSA B LENU BbINPAM-
NIEHHOTO TOKa poTopa 415 NONMYYEHUSA XKECTKUX XapaKTePUCTUK UCMOSb-
30BaHa oTpuuaTenHas obpaTHas CBA3b MO CKOPOCTY ABUratens.

B poTopHyt0 Lienb ABUraTens BKAOUYEH HeynpasnseMblid TpexdasHblii
BbINPAMUTENb B, K BbIXOLY KOTOPOTO NMOAK/HOYEH pPe3ncTop Mapan-
NeNnbHO Pe3NCTOPY BKIKOUEH YNPaBnsaeMblil KU, BbIMOAHAEMbIN, Kak
npasn/io, Ha OCHOBE MOMYNPOBOAHUKOBbLIX NPUBOPOB.

YnpaBfieHue KN0YOM NPOUCXOAUT OT WMPOTHO-UMMYIBCHOTO MO-
aynatopa LUMM, Ha BXO4 KOTOPOro NOCTynawT CUrHanbl 3agaHus (/«
n o6paTtHoli cBA3m Uoc no ckopocTu. Mpu nocTynaeHumn Ha Bxog 610-
ka LUWM curHana owmnbku Uy= J/IG UoCOH HaYyMHaeT reHepmpoBaTh
UMNYNbCbl YyNpaBneHnsa. TN UMMNYbCbl C MOMOLLbIO CXeMbl yrpase-
Hua Knoyom CYKpacnpegenatoTcsd no nojsynpoBogHUKOBbLIM Npn6o-
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pam K/to4a 1 Bbl3blBAOT NEPUOLNYECKOE BKJIIOUEHME M 3aKopaymnBa
Hue pe3nctopa R&

Puc. 4.9. Cxema (a) n xapaktepuctuku (6) 3aMKHYTON CUCTEMbI aCUHXPOHHOIO
371eKkTponprBeoga ¢ MMNYNbCHbIM PerynpoBaHnemM ConpoTUBEHMUSA
B POTOpPHOI Lenu

MPpUHUMN NOMyYeHNs XKeCTKUX XapakTepucTuk 3 cooTBeTCTBYeT
paccMOTPEHHOMY Bbille MeXaHW3MY AeliCTBUS 06paTHOI CBA3K MO CKO-
pOCTN 1 COCTOUT B Cnefytowiem. lonycTuM, YTo ABuUratesib paboTaet B
YCTaHOBMBLUEMCA PEXMME MPU KAKOM-TO 3amnosHEHUUN (CKBaXHOCTN)
Kntoya K 1 COOTBETCTBYIOLLLEM 3KBMBANEHTHOM COMPOTUBAEHUN LENU
poTopa. MycTb N0 KaKMM-TO NPUYNHAM MPON3O0LLIIO YBENNYEHNEe MOMEHTA
Harpyskv fBuratens, B pesy/ibTaTe Yero HayHeT CHMXXaTbCA ero CKOpoCTb.
Torga B COOTBETCTBUM C (hopMynoii (4.16) gna curHana ynpasneHusa Uy
OH HayHeT NOBbILIATLCA, YTO BbI3OBET YBE/NMYEHME 3aN0/IHEHUA y pabo-
Tbl KNtoya K v yMeHbLLeHne TeM CaMblM 3KBUBASIEHTHOTO CONPOTUBIIe-
HuA B Uuenu poTopa J1230= (1-y)/~- 370, B CBOK 04Yepefb, NPUBEAET K
YBE/IMYEHUNIO TOKA B POTOPE M MOMeHTa iBUraTens v NpekpaLeHnto CHu-
YKeHUNA CKOPOCTU, YTO COOTBETCTBYET XKECTKUM XapaKTepucTuKam 3neKT-
ponpuBoja, MoKasaHHbIM Ha puc. 4.9, 6. B cxeme MOXeT 6bITb JOCTUT -
HYTO W perynumposaHue (OrpaHM4YeHne) Toka U MOMeHTa, 419 Yero oHa
[0/KHA ObITb JONONHEHA KOHTYPOM peryfnmpoBaHus Toka. B atom cny-
yae MexXaHWYecKne XapakTepucTUKN UMEOT BepPTUKaNbHbI/ y4acToK, CO-
OTBETCTBYIOLLUIA 3aJaHHOMY YPOBHIO OrpaHWYEeHNSA TOKA U MOMEHTA.

Cnepyet OTMeTUTb, YTO paboTa 3TOro 3/1EKTPONPUBOAA, KaK U B
cnyyae ucnosb3oBaHua TPW, xapakTepu3yeTtcsd Npu perysmpoBaHum
CKOPOCTM [BUTATENA YBE/IMYEHUEM B Lienu poTopa NoTepb MOLWHOE -
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TW, NPOMOPLNOHANbHbBIX CKOMbXEHUIO, YTO AO/IKHO YUYUTLIBATLCA NPU
Bbl6Ope ABUratensa n 4o6aBoyYHOro pesucTopa.

3amkHyTble 3I1 ¢ ucnonb3oBaHvem N pe ™~ m T/

B o6lem cnyyvae 4aCTOTHOe ynpas/ieHue BuUraTens, peannmsyemoe ¢ no-
MOLL bl Npeo6pa3oBaTesieil YaCTOThbl, MOXeT 6biTb OCYLLECTBAEHO MO
TPEM BapuaHTam:

* MapameTpuyeckoe ynpasneHue, Npy KOTOPOM YNnpasisaioLIMM BO3-
LeiicTBMEM Ha ABUraTe/lb ABAAKOTCA YacToTa M AeiCTBYylOLee 3Have-
HWEe NoLaBaemMoro Ha iBuratesib HanpPAXeHus;

* YaCTOTHO-TOKOBOE YyMpaB/ieHWe, Npu KOTOPOM YMNpPaBffaoWwum
BO3feiCTBMEM Ha ABUraTe/b ABAAIOTCSA YacTOTa M JeliCTBYIOLLEe 3HA-
YyeHue TOKa ABuUrarens,

* BEKTOPHOE ynpaBneHue, CBA3AHHOE C peryimpoBaHMeM MIHOBEH-
HbIX 3HAYEHUI NUTAKLWMNX HANPSXKEHWA N TOKOB C Le/blo hopMmMpo-
BaHWA 3M1eKTPOMArHUTHOTO MOMEHTa ABUTaTEeNs HYXXHON BeINYNHBI.

3aMKHY T bl 3NeKTPONPMBOZ C Napame T PUYECKUM YacTOTHbIM yNpas-
neHvem. C ucnosfb3oBaHWEM 3TOTO MPUHLMMNA MOCTPOEHbI MHOTME Yac-
TOTHO-PErynMpyemMbie aCUHXPOHHbIE 3/IeKTPONPMBOAbLI. B HUX 3a cueT
MCNONb30BaHNA Pa3fiMyHbIX 06paTHbIX CBA3EN U PYHKLMOHaNbHbIX 6/10-
KOB (hOPMUPYIOTCH XECTKME paboUme yHacTKN MexaHWUYecKnxX xapakre-
PUCTUK ABUTATENA A/19 KAYECTBEHHOIO PerynMpoBaHus ero CKOpocTu,
OrpaHnymnBaKTCA TOK U MOMEHT 1 0b6ecrneynBaeTca TpebyemMoe COOTHO-
WeHne MeXAY pPerynpyeMbiMy 4acToTom 1 HanpshkeHnem. O606wWweH-
Haa cxema [27) Takoro anekTponpusofa npefcrasneHa Ha puc. 4.10, a.

B kauecTBe cunoBoro npeobpasoBartens Ncnonb3yeTca npeobpasosa-
Te/b 4acTOTbl CO 3BEHOM NMOCTOAHHOIO TOKa, COCTOALWMNIA U3 Heynpas-
NAEMOro BbINPAMUTENA B Y MHBEPTOPA HAMPSXKEHUA, BbIMOMIHEHHOTO
Ha LWeCTU CUMIOBbLIX MOLYNAX, COCTOALLMX W3 TpaH3McTopa U Auoja.
MexXay BbINpAMUTENEM U UHBEPTOPOM BK/IOUYEH PUALTP, COCTOALL M
n3 peaktopa L n koHgeHcaTopa C, obecneynMBaloWinMii CrnaxmBaHme
BbIXOLHOI0 HaMPAXXEHUSA BbINPAMUTENSA U HEOOXOAMMYIO LUPKYNALMUIO
peakTUBHOI 3HEPrun B CUI0OBOW YaCTU CXEMbI.

MHBepTOp paboTaeT B pexKvMe LWNPOTHO-UMNYNbCHON MOAYNALUN
M npeobpasyeT Heperynmpyemoe HanpsaXxeHne NOCTOAHHOIO TOKa Ha
BbIX04e (hunbTpa B PeryMpyemMoe rno 4yactote v amnanuTyfe Hanpaxe-
Hue Ha cTtaTope gsuratend M. CunoBsas cXema 3/IeKTpPONpMBOAa Hepe-
BEPCUBHAA M He NMPefyCMaTPUBAET 31EKTPUYECKOTO TOPMOXEHUS.

YnpaBneHue MHBEPTOPOM ocyuiecTBnseTca curHanamu fy m Uy,
onpefenaloWMyU 3Ha4YeHNA BbIXOAHbIX YacTOTbl U HaMpsXXeHna npe-
obpasoBaTens 4actoTbl. POpPMUpPOBAHME ITUX CUTHANOB OCYLLECTBAA-
eTCA CXeMOU ynpaB/ieHUs, B COCTaB KOTOPO BXOAAT Perynstop cKo-
poctn PC, perynartop toka PT, gatunku ckopoctn TIrutoka AT, cym-
Mupyoue ycunutenu (nponopuuoHanbHblie perynaTtopsl) Z, n Z2
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610k orpaHnyeHma 6O curHana PC, dyHKLMOHaNbHbI NpeobpasoBa
rens @I, 3agatynk nHTeHcusHocTN 3U.

U*c1

Puc. 4.10. Cxema (a) U xapakTepucTuku (6) aCMHXPOHHOrO 3n1eKTponpueoia
npn YacTOTHOM ynpaBneHun

Perynstop ckopocTu PC B COBOKYMHOCTM C 3ajaTYMKOM WHTEHCUB-
HocTu 3U n cymmartopom |, o6ecrneunBatoT TpeGyemMoe perynmposa-
HWE CKOPOCTY W YCKOPEHUS ABUTATENS B YCTAHOBUBLLEMCS U MEPEXOS-
HbIX peXXMMax paboTbl 3/1eKTPONPUBOAA C MOMOLLbBIO CUTHana.

OrpaHuWYeHUe TOKa CTaTopa U MOMEHTA iBUTaTe/Is NPOU3BOANTCS pe-
rynsTopom Toka PT. Korfja TOK cTatopa Buratens MeHblle TOKa yCTaB-
K1 /M curHan Ha BbixoZe P T paBeH HY/HO 1 CXeMa yrnpaBieHus obecne-
UMBAET PEXMM MOAAepXKaHUs 3afaHHOW ckopocTu. Korga Tok ctaTopa
MPEBLICUT YCTaBKY TOKA  PE3KO YBENMUYMBAETCS CUTHAM Ha Bbixoge PT,
13-3a YEro pPesKo CHUXAEeTCs W CUTHa/ Ha Bbixoge cymmatopa l,. 3ro
MPUBOAMUT K YMEHbLUEHWIO YaCTOTbI U HAMPSXXEHUS Ha cTaTope ABUrare-
NS U TEM CaMbIM K OTPaHMYEHWIO TOKa cTaTopa v MOMEHTA BUraTens.
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P yHKUMOHaNbHbIA Npeobpa3oBatens P, xapakTepucTkKa KOTO-
poro B BUAe NOMaHoW NnHMKM 0abc nokasaHa Hag ero ycnoBHbIM M306-
paxeHuem Ha puc. 4.10, a, o6ecneunsaeTt TpMy€ewpresseriJoMi¥Hiwe>n
MeXAY YaCTOTON M BbIXOLHbIM HanpsXeHnem npeobpasosBartens yac-
TOTbl. OTpe3kom Of co3faeTca HayanbHOe Hanps>XeHue Ha BbIXofe
npeobpasoBaTtens, Heo6XoAMMOE A1 MPEOAOJIEHNA NafeHNa HanpsKe-
HWA Ha 06OMOTKe cTaTtopa ABuratens npu manbiX yacToTax Hanpsaxe-
HUA. YuyacTok ab o6ecrne4ymBaeT NPONOPLNOHANTbHOE U3MEHEHNE Yac-
TOTbl U HaNpPsHXKeHUs (3aKOH YacTOTHOO ynpasneHus U /f= const), npu
KOTOPOM MarHUTHbIA NOTOK ABUraTens NoAAepXUBaeTca NOCTOSHHbIM.
Ha yyacTke bC BEiIMYMHA HANPAXEHWNA Ha CTaTOpe OCTaeTCA HEeU3MEH-
HOM, XOTSH NMPK 3TOM ero 4yacToTa MOXEeT yBeNn4nBaTbCS.

Lna ymeHblleHNs BAUAHUA NajeHna HanpsSXXeHns B Lenu craTopa
Ha Be/IMYMHY MArHUTHOrO NOTOKA ABUraTefis U TeM CaMbiM Ha ero
MOMEHT B CXeMe NpeAyCMOTPEHa NOMoXMTeNbHas 06paTHasA CBA3b MO
TOKy (Tak Ha3biBaemas //(-komneHcayns), CurHan KOTOpoi noctyna-
eT Ha Bxof4 cymmaropa 12 Npu yBennYeHUN Harpysku ABUraTens Bo3-
pacTaeT ero TOK v ysenuunsaetca curHan Uy, 3a cyeT yero sospacTaet
BbIXOJHOE HanpsXXeHue npeobpasosaTens, U TeM caMbiM KOMMEHCU-
pyeTcs najeHue HanpsHXKeHus B 06MOTKe cTaTtopa.

B coBpeMeHHbIX 31EKTPONPMBOAAX 3TOr0 TUMa peannsauma 6/10K0B
yrnpasneHns cxembl puc. 4.10, a oCyL,eCTB/IAETCA C UCMOJIb30BAHNEM
MMWUKPOMPOLLECCOPHbIX CPEACTB, @ HACTPOIiKA X NapaMeTpoB U Xapak-
TEPUCTUK NPOU3BOAMUTCA NPOrpaMMHbIM NyTeM. onyyaemble B 3TOW
CXEME MeXaHWYecKue XapakKTepuCTUKU ABUTraTtens Npu pasnuyHbiX
CMUrHanax 3ajgaHua ckopoctu Urc nokasaHbl Ha puc. 4.10, 6.

B psage cnyyaes Tpebyemoe perynmpoBaHue CKOPOCTU MOXET ObIThb
MOMYYEHO M B Pa3OMKHYTOI cxeme 6e3 06paTHON CBA3M MO CKOPOCTM.
B atom cnyuae B cxeme otcytcTBytoT PCu TI, a curHan c seixoga 34
HernocpeaCcTBEHHO MOCTYMAaeT Ha BXO4 CymMMartopa 2,; BO BCEM OCTasib-
HOM cXema ocTaeTcs 6e3 M3MeHeHus.

Cxema 4aCcTOTHO-TOKOBOro ynpasneHusa Afl. Cxema afnekTponpueoga
npefcraeneHa Ha puc. 4.11. Tupuctopbl VS1-VS6 06pasytoT cxemy
ynpasnsemoro sbinpamutend YB, a tupuctopsl VS7—VS12 —cxemy aB-
TOHOMHOTO UHBepTOpa ToKa ANT. Mexay aTumun 6/10KkaMu BK/IKOUeH pe-
akTop L 60/1bWwWON UHAYKTUBHOCTU C TeM, 4TO6GbI NpUAaTb UHBEPTOPY
CBOICTBa MCTOYHUKA TOKa. KoHgeHcaTopbl C1—C6c anogamun VD1—VD6
06pasyoT Lenn NCKYCCTBEHHOW KOMMYyTauun Tupuctopos VS7-VS12,
OcTasibHble 3/1eMeHTbl CXeMbl UMeIlOT cfiegytollee HadHaveHue: CYB u
CYM —cxembl ynpasneHus TUpnuctTopamMmmn BbINpAMUTENA U UHBEPTOPA,;
PT,0 T —COOTBETCTBEHHO PerynaTop n gatynk toka craropa; [ C —pat-
YUK CKOpOCTU; YO —yCcunuTenb-orpaHuumTens; ® M —qyHKUnoHab-
Hblli NpeobpasosaTenib. Cxema paboTaeT cneaytoLuM o6pasom.
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YyB ANT

Puc. 4.11. Cxema acMHXPOHHOrO 3/1eKTponpmMeoga npyu 4YacTOTHO-TOKOBOM
ynpasieHunn

3agaownin curran Uxc3agaeT yacToTy NepektoYeHns TUPUCTOPOB
MHBepTOpa U TEM CaMblM 4acTOTy TOKa cTaTopa Asuratens M. lMocne
BbluMTaHuna M3 curHana UxccurHana obpaTHol ¢BA3u no ckopoctu U,
nony4vaetca curHan W, nponopunoHanbHblii OTHOCUTENBHON YacToTe
poTopa p= (BENMYMHY p Ha3bIBAKOT TakXe abCOMHOTHBLIM CKOJlb-
XeHvem asurartensa). OHa cBf3aHa CO CKO/IbXXEHWEM S BUTraTens cne-
AYIOLWMM COOTHOLWEHWEM: p=as, raea

CurHan Ut, npoliga yepes YO, BmecTe ¢ curHanom U, noctynaeT
Ha Bxof4 CYW. YacToTa Ha BbIX0O4e UHBepTOpa Onpefenserca CUrHa-
nom Um= Ya+ Uf, CYN HacTpoeHa Taknum obpa3om, 4To noka YO pa-
6oTaeT B INHERHOI 30He, YacToTa Ha BbIXOAe MHBepTOpa byaeT no-
CTOSHHOW W HE3aBUCUMOW OT Harpysku. ipuratenb Npu aToM nmeeT
XECTKME MeXaHNYecKne XapakKTepucTuKm.

CurHnan U, nocne npoxoxaeHusa yepes Pl ABnaetca Takxe CUT-
Ha/oM ANs KOHTYypa peryninpoBaHns TokKa. Tak Kak 3TOT CUTHan npo-
nopunoHaneH abCcoNOTHOMY CKOMbXEHUIO, TO U TOK ABUTaTens npu
BCeX yacToTax 6yfeT emy nponopLnoHaeH.

143



Mpy pesknx M3MeHeHMAX 3afalLLero CurHana uan nNpu 3HaunTeNb-
HbIX neperpyskax gsuratens YO BXOAUT B 30HY OrpaHuyeHns (nocTo-
AHCTBA) CBOEr0 BbIXOAHOIO curHana CL orpaHnumMBas Tem caMbiM HJ
TpebyeMOM YpOBHe W 3afjaHue Ans Toka. [

TaeT Npu 1060 CKOPOCTU C NOCTOAHHBIMMW 3HAYEeHUAMU abCONOTHO-
ro CKOJIbXXEHUS U TOKa, T.e. MeXaHW4Yeckas XapakTepucTuka CTaHOBUT-
cs abCONOTHO MATKOIA.

B pesynbTaTe AgBuratenb UMeeT XapakTepUCTUKM, aHANOTMYHbIe
noKasaHHbIM Ha puc. 4.10, 6.

CxeMa Nno3BONAET OCYLLECTBAATL TOPMOXEHME ABUTraTeNA C PEKY-
nepaumei (oTgadveil) aHeprum B ceTb, 415 YEro MHBEPTOP MEPEBOAMUT-
CS B PEXUM BbIMPAMAEHNSA, U BbINPAMUTENIb — B PEXXUM UHBEPTUPO-
BaHMA TOKa.

CxeMbl BEKTOPHOrO yNpaBieHNs acCUHXPOHHbIMU ABuraTensmu. Mpu
HeobX04MMOCTM NOMYUYEHNSA BbICOKOI0O KayecTsa M AMana3oHOB pery-
NWPOBaHWNS NepeMeHHbIX aCMHXPOHHOIO 3/1eKTPONpPUBOAa B yCTaHO-
BMBLLUEMCA U MEPeXOAHbIX pexnumax NpUMeHSTCA TaK Ha3biBaeMble
CXeMbl BEKTOPHOTO ynpaBneHns, B KOTOPbIX peLleHmne aTux 3agay obec-
neynmBaeTcs 3a cyeT POPMMPOBAHUA 3NEKTPOMArHUTHOrO MOMEHTa
asuratens. MpuHuun GopMUpoOBaHUA MOMEHTA MOXeT 6biTb MOKa3aH
cnegyrolwmm obpasom.

YpaBHeHWEe 3NeKTPOMAarHUTHOI0O MOMeHTa aCMHXPOHHOTO ABuraTe-
NA MOXET MMeTb pa3NnyHbie POPMbl 3anUCK B 3aBUCMMOCTU OT MC-
MONb3yeMblX B 3TUX YPaBHEHNAX MEePEMEHHbIX U BbIGPaHHON cucTe-
Mbl KOOpAMHAT AN UX npeactasneHuns. NMpu NnocTpoeHUM cMCTeM Bek-
TOPHOTO yNpaBneHWsa npouecchl B ABuraTene ygo6Ho paccmaTpuBaTb
B CMCTeMe KoopauHaT X—Y, B KOTOPOM ocb X cOBNajaeT Mo Hanpas-
NeHWI0 C moToKocLuenneHnem potopa Y21 BpaLLaeTcs ¢ ero ckopoc-
Tbl0. B 3TOM cnyuyae ypaBHeHWe 3/1eKTPOMArHMTHOINO MOMeHTa Tpex-
(ha3HOro aCMHXPOHHOIO ABUTaTeNs nMeeT BUL;

L (4.21)

oL
rae p — u4mcio nap nonocos Asuratens; LI2—B3auMonHAyKTUBHOCT
MeXay CTaToOpoOM U POTOPOM; CoCTaB/drOWada TOKa cTaTtopa no

ocn Y\ Lj —nonHaa MHAYKTUBHOCTL poTopa.

Tak Kak cocTaBnstoLasa Toka cratopa /Ixno ocu X onpegenser no-
ToKocuenneHue potopa Y2 10 U3 paccmoTpeHus gopmynel (4.21) cne-
[lyeT, 4UTO 3a CYeT perynupoBaHus /xu /,, MoOXXHo obecneumsatb pop-
MUpOBaHMe MOMeHTa ABuratens. CoctaBnaioLas /xMoxeT paccmar-
puBaTbCA KaK HamarHumyusawLlwasd peakTUBHAaa cocTaBaAloL,aa Toka
cTatopa Agsuratens, a /,, ero akTMBHasa CoCTaBafAlLLasA, Naylwas Ha
co3flaHVie MOMEHTa BuraTens.
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OTMeTuM, YTO ypaBHeHUe (4.21) No cBOEMY BUAY aHaN0rM4yHo op-
My/file MOMeHTa AiBuraTena NoCTOAHHOrO Toka. B HeM  oTpaxaeT mar-
HUTHbIA NOTOK ABMUraTens NOCTOSHHOIO TOKA, a /,, —TOK ero SKops.

Puc. 4.12. Cxema aCMHXPOHHOro 3/ieKkTponpueoa fnpu 4acTOTHOM BEKTOPHOM
ynpasieHnn

MpUHUXN NOCTPOEHMUS CXEMbI BEKTOPHOTO YMPaBNEHUS UTIOCTPUPY-
eT puc. 4.12 n3 [27]. ACMHXPOHHbIA aBuratens M, Ha Bany KOTOPOro
YCTaHOB/EeH flaT4MK CKOPOCTU (TaxoreHepaTtop) 4C, nonyyaet nutaHue ot
npeobpasosarenid yactoTsl Y. PerynuposaHvne MOMeHTa NPON3BOAUTCA
perynstopamMin PTWAKTMBHOW /,, 1 PTVpeakTUBHOW /MCOCTaBNSAOLLMX TOKA.
3HayeHus 3TUX NepPeMEeHHbIX MoJTy4arTCA KOCBEHHbLIM MYTEM C MOMOLL b0
MOJENN aCMHXPOHHOTO aBuratens «Mogens AL*, Ha BXOA KOTOPOWA noAa-
t0TCS cUrHanbl asHbix TokoB 1] /,, /¢, HanpsxxeHuin UA Ug, Uc u yrno-
BOW CKOPOCTM ABuraTens w. Mogenb agsuraTtens BblgaeT MHGOPMaLMIO 0
CKOJ/IbXXEHWW BUTATeNA S U COCTaBIAOLWMUX TOKOB /. 1 /,,.

PerynunposaHue CKOpoCTN NMPOU3BOAMTCA MO MPUHLUNY NOAYNHEH-
HOro perynMpoBaHusa KoopAuHaT ¢ ucnosnb3osaHuem M -perynatopa
ckopocTtu PC, 3agatuynka MHTEHCUBHOCTU 3W 1 6/10Ka TOKOOTpaHu-
yeHus BO. YnpaBneHue MY ocywecTBnseTca CMCTEMON TpexgasHbiX
HanpsbkeHuin UM, Ug, Ua, koTopble hopmupytoTca npeobpasosaTenem
KoopauHat MK Ha ocHoBe curHanos perynatopos PTHAu PT,, n cur-
Hana, NPonopLMOHaNbLHOro HacToTe/.
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BekTopHOe perynnposaHve MOMEHTa aCMHXPOHHOIO ABUraTens
obecrneymBaeT ero TOUHOe NogaepXaHne BO BCEM JuanasoHe perynu-
poBaHWA CKOPOCTU, BK/OYAA PEXUMBI WAo
yrop 1 ero o4eHb HU3KNE «NOM3yyme™ CKOPOCTH, YTO BbITOLHO OT/IN-
YaeT ero oT NapamMeTpMyeckoro (CKassipHoro) perysnpoBaHusa.

Mpumep 4.2. Cxema 31 npencrasneHa Ha puc. 4.8, o; TPU nmeer
HOMMWHaNbHOE BbIXOAHOE HanpsxeHue £/,Hm= 380 B n HOMUHanLHOE
HanpsxeHue ynpaeneHusa Uymu= 10 B. TpebyeTca paccumTaTb KO3()-
(hMUMeHT nepefaym TaxoreHepartopay, npyu KOTOpPoM nepenag CKOpo-
cTu [Aw= w,-w; 6yget coctaBnate 20 pag/c Nnpu U3MEHEHUN MOMeHTa
Harpysku ot M’,= Jilc)/N/rv= 0,25 no M 2= Mcd/M mv= 1(puc. 4.8, 6).

Onpegensem KoathuumneHT nepegadn TP no HanpsXXeHUIO:

/, _"~hwm 380 30
To-

Mo gpopmyne (4.20) Haxogum Tpebyemoe 3HaUYeHUe KoOappuLmneH-
Ta nepejayun TaxoreHeparopa:

380(Tr-45)

0,25.
TPHOO 38-20

4.4. SAMKHYTbIE CXEMbI YNPABIEHNA
ANEKTPOMPNBOOA C CUHXPOHHbLIMA
ABUTATETAMA

JNeKTPONpPUBOS, C BEHTW/bHLIM ABUraTefieM. BeHTU/IbHbIM ABUTaTe-
nem (B[) Ha3biBAeTCA CUHXPOHHBIA ABUTATENb C 3/IEKTPOHHBIM KOM-
MyTaTOPOM HanpsKeHWs, K KOTOPOMY MOAK/0UeHa 06MOTKa cTaTopa
ABUratens, U faTynkKoM Mos0XeHUs poTopa, YCTaHOB/IEHHbIM Ha Bany
ABUTaTENs W ynpaenstolero paboToli KOMMyTaTopa B 3aBUCUMOCTM OT
MOMOXEHUs poTopa. [aTunK NOJIOXEHNS POTOpa FreHepupyeT Nepuo-
OUYECKNE CUTHAMbI, MO KOTOPbIM OTKPbLIBAKTCA U 3aKPbIBAOTCS NO-
NYNPOBOAHWUKOBbIE K/THOUM KOMMYTaTOpa, NOAKIHOYAIOLWErO K UCTOY-
HUKY NMUTaHUA 06MOTKM cTaTopa. B pe3ynbTate 3TOro coxpaHseTcs
He06X0ANMOe B3aMMHOE HanpaB/ieHWe MarHUTHOTO MOAs ABUTaTeNs u
TOKa B 06MOTKaxX v ABUraTesib pa3BnBaeT NMOCTOSAHHbLIM MO Hanpas/e-
HWIO BpaLLaoWmMii MOMEHT Npu 1060 CKOPOCTW BpaLLEHUS.

Tem cambiM B[], no npuvHUUMNY CBOEro AelCTBMS aHaNOTMYeH ABM-
raTe/t0 NOCTOSSHHOTO TOKA, HO MPMW 3TOM Y HEro HeT MEeXaHW4YecKoro
KOMNEKTOPHO-LLETOUYHOTO Y3/1a, U MO3TOMY OH SIBAISETCA MOAHOCTHIO
GEeCKOHTaKTHbIM ABUTraTeNeM Npu BO36GYXAEHUMN OT MOCTOSHHbLIX Mar-
HUTOB UM UMEET 4Ba KOHTAKTHbIX KOJbLa NPy UCNOMb30BaHUN 06-
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MOTKM BO30OyxaeHusA. CoBnageHne NpuHLMUMNOB AeliCTBUS ABUraTens
NMOCTOAHHOrO ToKa 1 B[l onpefenser CXOXeCcTb UX MeXaHUYECKUX Xa-
pPaKTePUCTUK, BCNeACTBUE Yyero Bl nHOrga HasbiBaloT 6ECKOHTAKTHLIM
fBuratenem nocTOAHHOIO TOKa.

[Bsuratenn c Bo36y>XAeHNEM OT MOCTOAHHbIX MArHUTOB BbIMO/HA-
toTcA Ha MowHoCcTM A0 30 KBT 06bIYHO B MHOTOMNO/IOCHOM UCMOJHE-
HUW. BUratenu ¢ NOCTOAHHBIMW MarHUTaMW UMEKT MeHbLLne raba-
pUTHbIE pa3Mepbl U mMaccy n 6onee Bbicokuii KM /[ no cpaBHeEHMUIO C
ABUTATENAMMW, UMEKLLUMN 06MOTKY BO3OYXAEHUS.

B B/, cpegHeit 1 601blWOMA MOLLHOCTM 06bIYHO MCNOb3YIOTCSH CUH-
XPOHHbIE ABUraTeNn 06bIYHOW KOHCTPYKUUN C 06MOTKON BO3OYXAEHUS,
pacnofioXXeHHOW Ha poTope. MepcneKkTUBHLIM HanpaB/ieHWEM Pa3BUTUSA
B[], ABnsgeTCA NOMyyYeHWe cUrHana no NoaoXKeHuto poTopa fBuratens
KOCBEHHbLIM NyTeMm, 6e3 yCTaHOBKW JaTyMKa MNON0OXEHUSA Ha Bany.

KommyTaTop B cxeme B[], npegctaBnset cob6oin nHeepTop, ecnu B[,
NMUTaeTcsa OT UCTOYHUKA NOCTOAHHOIO TOKa (CeTU MOCTOAHHOTO TOKa,
aKKyMYNATOpPHOI 6atapen BbINPAMUTENSA), UKW ABASETCH, NO CYLLECTBY,
npeobpa3oBaTenem 4yacToThl, ecnv B[ nofgKntoyaeTca K CETU NepemMeH-
HOro TOKa.

-+

Puc. 4.13. Cxema BEHTWU/ILHOIO Asurarens

Cxema B[, npuBegeHa Ha puc. 4.13. Cunosoii npeo6pasoBaTenb
BK/IOYAET B CeBA BbIMPAMUTENb 7, UHBEPTOP 3 M PEaKTOp 2, BK/HOYEH-
Hbll MeXAY BbINPAMUTENIEM W UHBEPTOPOM W BbINOAHAK LW WA POfib
(hunbTpa. Ha Bany gsurarens 4 pacrnofioXXeH faTYMK MOM0XEeHUS po-
TOopa 5, KOTOpbI/ 06ecneynBaeT NOCPEACTBOM curHana UATpebyemyto
KOMMYTaUMIo BEHTUNEN nHBepTopa 3. YNpaBneHne BeHTUAAMMN UHBEP-
TOpa 1 BbINPAMUTENSA OCYLLECTBAAETCA CUTHanamMmum ynpasneHus Uf u
Ua, nocTynatowmumu ¢ 610K0B ynpasneHms 6 u 7.
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PerynnposaHue CKOPOCTU BEHTWU/IbHOTO ABUraTeNs MOXeT NPOn3BO-
OMTbCA 32 CHET UBMEHEHUA BE/IMUYUHBI HANpPsAXXEHNUA U TOKa BO30OYxe-
HUS YpoBeHb ckopocTu B[] onpefensercs 3afaloLnum CUrHaAom

[na nonyyeHns BbICOKOro KayecTsa K<IOPAWHIT B
CTaTUYeCKUX U AMHAMUYECKUX pexumax B afnekTponpusogax ¢ BJ
MCMNOMb3YHOTCA pas3iMyHble 06paTHble CBA3MN.

B nocnegHee Bpems B B, mowHocTeo 0T 30 fo 200 kBT ctanu
MCNONb30BaThCsA HECKOHTAKTHbIE CUHXPOHHbIE ABUTaTeNn ¢ 06MOTKOA
BO36YXAeHUA, cneumanbHbiM 06pa3om pacnosiaraemoii Ha ctatope
BMecCTe C TpexgasHoii 06MOTKOI. PoTop B 3TOM c/iyyae npeacTaBnser
c060i1 6e306MOTOYHOE 3y6yaToe Koneco (3ybuaTky), yepes 3ybubl KO-
TOPOro 3amblKaeTCsi MarHUTHbIA MNOTOK, CO34aBaeMblii 0OMOTKaMu
BO30YX/JEHUS 1N MepeMeHHOro Toka. PoTop BpaLLaeTca CUHXPOHHO C
BpalaloLLMMCa MarHUTHbIM MOJeM, CO34aBaeMbIM TpexgasHoii 06MOT-
Koli. O6MOTKa BO3OYXX4EHNSA YCUIMBAET MAarHUTHbI NOTOK 1 TeM ca-
MblM YBEIMUYMBaeT BpaLLalOLWnil MOMEHT ABUTaTENS.

SNEKTPONPUBOL, ¢ LLAroBbM [IBUraTesieM. MicnonHuTenbHble Opra-
Hbl HEKOTOPbIX pabounx MawnH N MexaHW3MOB LO/KHbI COBepLluaTh
CTPOro f03MpOBaHHbIe NepemMeLLeHNs ¢ prkcaLlueli CBOEro Noioxe-
HUA B KOHLE ABUXEHUA. B anekTponpmnBogax Takux MalluH n mexa-
HU3MOB yCMeELWHO NPUMEHSIOTCA Wwarosble asuratenn (LU A) pasnuy-
HbIX TUMNOB, 06pa3yloLne OCHOBY AUCKPETHOrO 3/1eKTPONpuBoaa.
L VCKpeTHbIN 3neKTPONpuBOA NCNONb3YyeTCs A4NA MeTannoobpabaTbiBa-
IOLLMX CTAHKOB C YMCNOBbIM NPOrpamMmMHbIM ynpasnenunem (UMY), po-
60TOB ¥ MAaHUMNYNATOPOB, B TM6KOM aBTOMATM3NPOBAHHOM MPOU3BOJ-
CTBE, 3/1IEKTPOHHOW 1 4aCOBO MPOMbILLINIEHHOCTU, ra3ope3aTe/bHbIX 1
CBapOYHbIX aBTOMaTax, Npnbopax BpeMeHU, HOKUMHbIX YCTPONCTBAaX
MPOKaTHbIX CTAHOB, NEHTOMPOTSXKHbIX U PETUCTPUPYHOLLUX YCTPOI-
CTBax, B MEAWLMHCKON TEXHUKE, B MPOU3BOACTBE 3/IEMEHTOB MUK-
PO3NEKTPOHUKN W T.A.

PacnpocTpaHeHne AWCKPeTHOrO 3/eKTPONpuMBOAa onpegensercs
eLle 1 TeM, YTO OH eCTeCTBeHHbIM 06pa3oM coyeTaeTCs C MUKPONpPO-
LLeCCOpPHbIMY CPeACTBaMM YNpaBAeHNs, KOTOPble BCe WKPEe NPUMEHA-
I0TCA BO BCEX OTPACNAX TEXHUKMN.

AnekTponpueog ¢ LU/ B HacTosLLEE BPEMSA UCMOML3YETCA Ha MOLL -
HOCTMW OT A0Neil BaTTa 40 HECKONbKWUX KUM0BATT, YTO onpegensercs
MOLLHOCTbIO CEPUIAHO BbiNycKaemblx LU/, PaclimpeHue Wwkanbl MoLy-
HOCTU AUCKPeTHOro AN MoXxeT ObITb LOCTUTHYTO NCNONb30BaHNEM B
Hem cepuitHbIX Al, KOTOpPbIE 33 CYeT COOTBETCTBYIOLLErO YNpaBieHUs
MOryT paboTaTb B LLar0oBOM pexume.

LlaroBblil fBuraTeNib N0 NPUHLMNY CBOEr0 AeACTBUA ABNSETCA CUH-
XPOHHbIM Auratenem. O4HaKo B OTANYME OT NOCNeAHEr0 MarHUTHOe nosne
L [ nepemelaeTca (BpallaeTcs) He HEMPEPbLIBHO, a JMCKPETHO, LIaramu.
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3T00CTUraeTCA 3a CUEeT MMMY/NbCHOTO BO36YXXaeHns 06mMoToK N1/ ¢ no-
MOLLbHO 3/IEKTPOHHOI0 KOMMYTATOpa, KOTOPbI NpeobpasyeT 04HOKaHab-
HYI0 Nocef0BaTe/lbHOCTb YNPaBAAOLWMX UMMYbCOB B MHOTO(ha3HYyo Cu-
CTEMY HanpsHKEHWIA, NpMKIagbiBaeMbiX K 06MoTKam (hasam) LLIA.

JOvckpeTHOMY XapakTepy Hanps)eHusa Ha (pasax 1H/[, cooTBeTcTBYET
OVCKpeTHOe BpaleHue (NepemMeLleHne) 3NeKTPOMarHMTHOro nons B
BO3[YLIHOM 3a30pe, BC/eACTBME YEro ABMXKEHWEe poTopa COCTOUT U3
Moc/nefoBaTe/bHbIX 3/IeMEHTAPHbIX MOBOPOTOB, UMW LLIAr0B.

Yrnosoe nepemeuieHne a 1M/ B o6Lem cnyyae onpefensercsa Bbipa-
XeHvem a=2nllpn), roe p — 4ncno nap noalCcoB poTopa; N — 4YMCcno
nepek/toYeHunin (TakToB) B LKKe, paBHoe uncny a3 LW A npu cummeT-
PWUYHO 1 YABOEHHOMY YunCNy (ha3 Npyv HECUMMETPUYHON KOMMYTaUnN.

Kak BUAHO, LWarosoe nepemeLleHne potopa COOTBETCTBYET nocne-
[0BaTeNIbHOCTY YNPaBAAoLWMNX UMMYLCOB, NPU 3TOM KaXLOMY UM -
nynbCy COOTBETCTBYET OAHO nepekntoveHne obmotkm LW/ (0guH TakT
KOMMYTaLmumn) u oguH war potopa. CymmapHsblii yron nosopoTta LW/
MPOoMnopLMOHaNeH YNCNY UMMYNbCOB, & ero CKOPOCTb — YacTOTE KOM-
MyTauum o6MoToK”: Ww=af.

[ns pesepca W[ npy cMMMETPUYHOW CXEMe KOMMYTauum Heob-
XO4AMMO M3MEHUTb NONAPHOCTb HAMPAXeHWA 0OMOTKHK, KoTopas 6bina
OTK/l0YeHa Ha JaHHOM TakTe KomMMyTauuu. Torga potop LW/ cosep-
LIWT LWar B MPOTUBOMO/IOXKHOM Harnpas/ieHUN.

OCHOBHbIM PeXXUMOM paboTbl LWAroBOro NpMBOAA ABNAETCS AUHA-
MUYEeCKunii. B oTamume oT 0ObIYHOTO CUHXPOHHOTO fgBuratena WA
paccymTaHbl Ha BXOXAEHWEe B CUHXPOHW3M W3 COCTOAHUA MOKOA U
NPUHYAUTENbHOE 3NIEKTPUYECKOE TOPMOXEHMe. bnarogaps aTomy B
LLIAaroBOM 3/1eKTPONpPUBOLE 06ecrneynBaeTcs MNyCcK, TOPMOXKeHUE, peBepc
M Nepexof C O4HOI 4acTOTbl YNPaBAAWNX UMMYNbCOB Ha APYTYIO.
Myck LU [ ocyuiecTsiseTcs CKa4KO0Bpa3HbIM UAN MOCTEMEHHbLIM YBe-
NNYEHMEM YacTOTbl BXOAHOIO CUTrHana oT Hyna go pabouyeid, Topmo-
XEHNE — CHWXKeHWeM ee 0 HYNA, a peBepC — U3MeHEHUEM MOoCneso-
BaTe/bHOCTU KOMMYyTauum oémoTok L.

Ob6ecneyeHune 3aJaHHOT0 XapaKTepa NepexoiHbIX NPOLLeCCOB ABNAET-
ca ans anekTponpueoga ¢ LUl ocHOBHOM 1 Hanbonee CNOXHOI 3aja-
yell, TaK KakK BC/eACTBME 3N1EKTPOMArHUTHOW uHepumn oomoTok LA,
MeXaHU4eCKON MHepL MK ero potTopa M MOMEHTA HArpy3Kun Ha Bany npu
Pe3knX N3MEHeHUAX YacTOTbl C/Ief0BaHNSA UMMYNbCOB YNpPaBieHUs Po-
Top LW mMoXeT He ycneTb 0TpaboTaTb NOMIHOCTLIO BCE MMMY/bCbl. Mak-
CUManbHaa 4acToTa ynpasnsioLwmMx MMNYbCOB, NPWU KOTOPOI BO3MOXEH
nyck LW [l n3 HeNoABMXHOT0 COCTOAHMNSA 6e3 BbiNafeHUa U3 CUHXPOHU3-
ma (Nponycka LLaroB), Ha3blBaeTCsA YacTOTOM NPUEMUCTOCTH. Yem BblLle
3NeKTpOMarHuTHasa n mexaHuyeckaa nHepuus LA v 6onblie MOMeHT
€ro Harpysku, Tem MeHblUue 4yactoTa NPUEMMUCTOCTH.
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CoBpeMeHHble LI/l pasnmyHbl N0 KOHCTPYKTUBHOMY WCMOJHEHNUIO.
B 3aBMCUMOCTM OT Yncna a3 U ycTpoiicTBa MarHMTHOM cuctemsl LA

6blBalOT 0AHO-, ABYX- U MHOFO(*)a3HbIMVI Cp%glé%ﬁqbll}ﬂeslgg}/lgggg%Pslf&nM

poTopom. ,

PasBuTNe AMCKPETHOTO 3N1€KTPONPUBOAA NPUBENO K CO3aHMIO Crie-
UnanbHbiX BUAOB LU —nuHelHbIX, BOSIHOBbIX, C MaSIOVMHEPLMOHHbLIM
W KaTALWMMCS poTOpamu.

Ha 6ase UMAWHAPUYECKUX NUHelHbIX L[, co3gaHbl 4BYXKOOp-
OVHATHbIE IMHERHO-NOBOPOTHbIe LU [l, CyMMUpYtOLLIME HA CBOEM Basy
ABa HE3aBUCUMBbIX ABMXEHUS — BpaLlaTe/lbHOE U MOCTYNaTeNbHOe.

BaXKHbIM JOCTVMXEHUEM B 061aCTU JUCKPETHOTO 3/1eKTPONPUBOAA
SIB/ISIETCS CO3A4aHMe TaK Ha3biBAaEMbIX MHOTOKOOPAMHATHbLIX LU [, ocylue-
CTBAAIOLLMX NEPEMELLEHNE UCMONHUTENbHBIX OPraHOB M0 TPEM KOOPAM-
HaTam B NPOCTpaHCTBe. [ BUraTeNM Takoro pofa, OTM4asch BbICOKOM
TOYHOCTbIO MNO3ULVOHMPOBAHMWS U CKOPOCTHIO, UCMOJb3YOTCS B NPUBO-
Jax MaHUNynsToOpoB, PO60OTOB M aBTOMATUYECKNX IMHMSAX CTAHKOB.

Puc. 4.14. Cxema 3fekTponpueoja C LarosbiM gsuratenem

O606LLeHHan PYHKLMWOHANbHAA CXemMa PeryimpyemMoro 3fnekTpo-
npusoga ¢ LW/ nokasaHa Ha puc. 4.14. OcCHOBHas ee YacTb, 0ObIYHO
Ha3blBaeMasi Pa30MKHYTOI CXeMOW, BblgeneHa WTPUXOBOI TMHUEN.

CwurHan ynpaBneHusafyBs Buje nMnynbCOB HaMpsXXeHUs NocTynaet Ha
BX04 6/10ka 2 OT NPOrpaMMHOr0 WKW APYroro BHELWHEro KOMaHgHOro
ycTpoiicTBa. BNOK 2 BUAOU3MEHAET 3TV UMNYNbCbl, (GOPMUPYS KX MO
OANTENbHOCTU M aMNanTy e, Kak He06X0ANMO ANnA HOPManbHOW paboThl
nocnegyroLwmx 610K0B CXeMbl ynpasneHus. PacnpegenmTenib UMNy/bCOB
3 npeobpasyeT Nocnef0BaTeIbHOCTb CHOPMUPOBAHHBIX UMMNY/LCOB, Ha-
npumep, B YeTbIpexdasHyo CUCTEMY OLHOMNONAPHbLIX UMMY/NbCOB HANpPS-
XeHWs, COOTBETCTBYOLLYIO uncny a3 (06MOTOK) aBUraTens.
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Mmnysnbebl € BbIXOAa pacnpegenutens 3 yCUInBsaroTCA C NOMOLbIO
NMPOMEXYTOYHOr0 ycunuTensd 4 n noctynaroT Ha KOMMyTaTop 5, nuTa-
HOLLWA 06MOTKM LU 1 8. O6bIUHO KOMMYTATOP MUTAETCA OT UCTOUHU-
Ka 12N0CTOSAHHOrO TOKa (BbiNpAmMuKUTeNns) n obecneymBaet B 06MOT-
Kax LU [ nynbCcMpyowWwmii TOK O4HOT0 HanpasaeHus.

PaccmoTpeHHas pa3oMKHyTas cxema ynpasneHus LU [ He Bcerga obec-
neunBaeT BbICOKME MHAMUYECKINE CBONCTBA, TOYHOCTb U 3HEpreTmnyec-
Kvie okasaTeniv anekTponpueoga. NMo3aTomMy COBpEMEHHbIE CXeMbl yrpas-
neHus WA cofepxaT LOMNOMHUTENbHbIE Y3/1bl, C MOMOLLbIO KOTOPbIX Xa-
paKkTepuUCTUKKN aneKTponpusoga ynydwatrotcs. K takum y3nam (puc. 4.14)
OTHOCATCA YaCTOTHO-UMMY/bCHbIA perynatop Hanps>xeHus I, ycunu-
Tenb 06paTHOM ¢BA3K No TOKy 10, 610K 3NEKTPOHHOT0 Ap0o6eHns wara
13, 6110k nnaBHOro pasroHa U TOPMOXXeHUS (3a4aTUYNK UHTEHCUBHOCTKU) 1,
[aTUVK NONMIOXEHNA poTopa U CKOpocTu 7 v umudpoBoil perynatop 6.

Perynatop 11 n ycunutens 10, cBA3aHHbIe C y3/10M CpaBHeHUA 9,
cny>aTt g aBTOMaTM4ecKoin ctabunusaymm Toka B 06moTkax WA un
noggep>xaHua MmomeHta LU [, 4To CYLLEeCTBEHHO Y/yULLIAET 3HEPreTn-
Yyeckume nokasartenu ero pabotol. CTabunnsaumns ToKa ocyLLecTBNAeTCA
BBeLeHNEM OTpULATENbHON 06paTHOW CBA3M MO TOKY, C MOMOLLbI KO-
TOPOWA 3a CYET PErynMpoBaHus 4acToTbl MepekntoveHns perynstopa 11
(4aCTOTHO-MMMY/IbCHAA MOAYNALMSA) U3MEHAETCA CpefjHee 3HayeHue
HanpsXKeHWa NUTaHUA 1 TeM cambIM perynupyertcs Tok B 06moTKax LU A.

Ta e 3afaya hopMupoBaHus Toka B 06MoTkax LU pewaeTcs npu
MCMoNb30BaHNN KOMMYyTaTopa 5, 06najatoLLero cBONCTBAMU NCTOUYHM-
Ka Toka. B aTom cnyuyae oTnagaeT Hafo6HOCTb B 06paTHOW CBA3M MO
TOKY 1 6nokax 10m 11.

[nsa ynydweHnns Kayectsa ABuKeHua L[ npu HU3KUX YacToTax U
MOBbILEHNA TOYHOCTU OTPABOTKM BXOAHbLIX UMMY/LCOB YNPaBieHns
Cc moMoubto 6/10Kka 13 yMeHbLIaeTCcs eAMHUYHBINA war LA,

YnydweHve gMHaMM4yecknx CBOKCTB guckpetHoro WA, B yacT-
HOCTW yBeNn4YeHue gmana3oHa paboymx 4acTOT BXOLHOrO CUrHana,
3HAUYMTENIbHO MpeBbIWaroWmnxX YacToTy npuemucrtoctn WA, mMoxeT
OblTb JOCTUTHYTO BBefleHMeM B cxeMy 6fioka 1, obecneymBaloLLero
pasroH v TopmoxexHue W[ ¢ 3agaHHbIM TEMNOM, NMPU KOTOPOM elle
He MPOUCXOAMUT NMPOMYyCKa YNpaBasoLWmx MMNynsLcoB. Mpu ncnonb3o-
BaHUM 6noka 1o6nactb paboynx 4acTOT LIAroBOro 3neKTponpmeoaa
MOXeT 6bITb YBe/IMYeHa B 2—3 pasa.

B03MOXHOCTN AUCKPETHOIO 3/1eKTPOMNPUBOAA PaCLINPAIOTCA MpK
CO3[aHNN 3aMKHYTbIX CXEM YrMpaB/ieHWA, BbIMOMHAEMbIX C MOMOLLbIO
JaTtumka 7u perynatopa 6. B TakoM JUCKPETHOM NpuUBOAe UH(OpMa-
UMs 0 AeiCTBMTENbHOM NONOXEHWUW Bana u ckopocty L[ nocTtynaet
Ha BX04 UM(ppoBOro perynaropa 6, KOTopblii obecneunsaeT 3afaHHblii
XapakTep ABUXEHUA NPUBOSA.
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MepcnekTMBbI fanbHelwero passuTus anekTponpueoga ¢ LW /A ces-
3aHbl C UICNONb30BAHWEM MUKPOMPOLECCOPHbIX CPeACTB YNpPaB/eHuS.
B 3aTom cnydae ¢)yHKLMU BCeX MOKas3aHHbIX Ha puc. 4.14 610K0B
ynpaBieHuns, 3a UCKAKYeHNeM cuioBoro kom\n W P o ~ . ° ko'ir’cko-
pPOCTU U NOJIOXKEHUSA, BbIMOMHAET MUKPOMPOLLECCOP MO COOTBETCTBY.
loLLeli nporpaMmme.

Cxema BEHTWU/IbHO-MHAYKTOPHOrO 3fiekTponpueoga. MNpocrtoTa, Tex-
HOMOTMYHOCTb W feleBU3HA WHAYKTOPHbIX 3NeKTpofBuratenei
onpegenunun paspaboTKy U NpUMeEHeHMe ans paga paboumx mawmnH u
MeXaHW3MOB TaK Ha3blBaeMOro BEHTUNbHO-UHAYKTOPHOIO 3/1eKTPO-
npusoga (BWIM). Takoih 3neKTPONPUBOJ XapaKTepn3yeTcs LWNPOKUMM
perynmpoBoYHbIMU BO3MOXHOCTAMU M MOXET UMETb MOLLHOCTKU OT
eAVNHUL, 0 HECKONbKUX COTEH KMNOBaTT 1 6osee.

Puc. 4.15. Cxema (a) n xapaktepuctukm (6) BEHTUbHO-UHAYKTOPHOrO
afekTponpueoga

CTpyKTypHas cxema cunoBoii yactm BUI B ciiyyae nuTaHms ero ot
Tpexdas3Holl ceTu NepemMeHHOro Toka npeacTaBfieHa Ha puc. 4.15, a
B ee cocTaB BXOAAT UHAYKTOPHbIA aBuratens W/, 31eKTPOHHbIA KOM-
myTtatop Kc Beinpamutenem B, gatumk nonoxexnua AN potopa gsura-
Tena n cuctema ynpasnenns CY BUI. OcobeHHocTs BUT cocTouTe
NPUMEHEHUN UHAYKTOPHOIO ABUTaTeNs C HEOAMHAKOBLIM KOIMUYEeCTBO»*
noJIt0COB cTaTopa M 3y6L,0B poTopa, fiexalum 00bI4HO B nNpegenax 4-12.
Ha pucyHke B KayecTBe mpuMepa NokKasaH TpexdasHblid gsurartens!
nmerWwnin 6 NoNKCoB ctatopa 1 43ybua Ha poTope.
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Ha nontocax ctatopa W[ pacnonoxeHbl YeToipe 06moTku J1-a, B-b,
C-c, NOAK/MOYEHHbIE K 3/IEKTPOHHOMY KOMMYTATOpPY, BbINMO/HAEMOMY
06bIYHO Ha CUNOBbIE TPaH3MCTOpPax TOro Wau uHoro Tuna. B cxeme
puc. 4.15, 0 B Ka4ecTBe YMpPaB/IAEMbIX K/HOUeR KOMMyTaTopa NCno/b3yHoT-
CA CU/0BbIe GUNONAPHbIE TPAH3UCTOPLI T1—T6C U30/IMPOBAHHLIM 3aTBO-
pom Tnna IGBT. YnpaBneHue Knoyamy OCyLLEeCTBAAET CXemMa yrnpas-
neHua CY, obecneuunBatowas nogayy Ha HUX UMNYNbCOB yNpaB/ieHUs ¢
Heo6Xxo4MMbIMM NOCNEA0BATE/IbHOCTHLIO M YaCTOTOW, KOTOpbIe onpefe-
NAOTCA CUTHaNaMn 3afaHusa ckopocTu Uxcu gatumka nosioxeHus Uy,

MpuHynn geictemna BUIM coctonT B cnegytowem. MNpu nogaye um-
NynbCOB YNpaB/ieHNs Ha napy TPaH3UCTOPOB (KKO4Yei) o4HOW (hasbl
KOMMYTaTOp NOAKMto4aeT 06MOTKY 3TON (ha3bl ABUraTens K BbIXOAY
BbinpaAMUTens B. Mo 06MOTKe HaYMHaeT NpoTeKaTb TOK, CO34al0LW N B
[Buraresie MarHUTHOe none. Aro MarHUTHOe NoJie BbI30BET MOABNEHUE
3M1EKTPOMArHUTHbIX CU/ MPUTSXKEHNA MEXAY MoncaMu ctatopa n 6am-
XanwmMm K HUM 3ybuaMmy poTopa, KOTOpble CO34afyT BpaLLako LW uii
MOMEHT Ha Bany gsuratens. MNog ero geicTsem poTop NepemMecTuTCA
B COr/laCOBaHHOE NOJIOXEHMNE, B KOTOPOM OCW BO3BYXXAEHHbIX MOMOCOB
cTatopa 1 6avxaiwmnx K HAM 3y6L,0B poTopa 6yayT coBnagathb.

Tak Kak yucno nosirocoBs cTaTopa U 3y6bL0B poTopa pasnuyHo, TO B
COrnacoBaHHOM MONOXEHWUW poTopa Ansa paboTalwen dasbl cnegy-
owas hasa OKasblBaeTCA B paccornacoBaHHOM MOJIOXKEHUW U NMOATO-
TOB/IEHA K 0YepeJHOMY NOAK/IHUYEHUIO K UCTOYHUKY NUTaHuA. Tpeby-
emas nocnefoBaTe/ibHOCTb MOAKNOYEHUS Pa3 ABUraTens K UCTOYHM-
Ky MUTaHWA, NpW KOTOPOW Ha ero Bany o6ecneymBaeTca MOCTOSHHOe
HanpasneHWe BpalaloLLero MOMeHTa, OCyLWeCcTB/AETCA C MOMOLLbIO
HaxofALeroca Ha Bany faTymka nonoXxeHus.

CKopoCTb BpalleHns poTopa onpegenseTca cnefytoLleid Gopmynoi:

(4.22)
™
roe/; —yactota KOMMyTauum 06MOTOK; T —UuUCNo (a3 ABuraTens,;
A —uyncno 3y6L0B poTopa.

JTa (hopmyna nokasbiBaeT BO3MOXXHOCTW BbiMoNHeHUa BUIM Ha
pasnnyHble CKOpocTU. Mpn BbICOKOW YacToTe KOMMYyTaLuy 06MOTOK
MOTyT 6bITb peanusoBaHbl N[ Ha 60/bWINe CKOPOCTM BpalieHus,
a BbIMO/IHEHWE UX C 6O/IbLLIMM YMCNOM MOJOCOB cTatopa M 3y6bLoB po-
TOpa NO3BONAET MOMYUYNTL HU3KME cKopocTu BUTT. Mpu HU3KUX CKO-
pocTtax N[ n3 kuHematnyeckoin cxembl BV moryT 6bITb MCKAOYE-
Hbl PESYKTOPBI.

MexaHn4YecKue XxapakTepucTuKMN B pa3OMKHYTOI cTpykType BUM
npu pasnnUYHbIX HANPAXeHUAX NnuTaHua UnokasaHbl Ha puc. 4.15, 6.
Mpu noMoLW M pasMyHbIX 06paTHbLIX CBA3EA MOTyT 6bITb CPOPMUMPO-
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BaHbl XapaKTepUCTUKK, 06ecneynBatolLLme perynnposaHmne KoopamHat
anekTponpusoga ¢ TpebyembiM KayecTsoM. B BUI mMoXeT 6bITh pea-
NN30BaH M TOPMO3HOW pexum paboTbl, OCYLLECTBASAEMbINA 3a CUeT, Bbl
6opa MOMEHTOB BKAKOUYEHMA 1 OoTKAOYeHLW M3 ALUNABMP & TeXX 11

Moka3aHHble Ha cxeme puc. 4.15, a gnogbl D1—D6 cnyxart ans
obecneyeHns BO3MOXXHOCTU LUPKYNALUN 3N1EeKTPOMarHMTHOW MOLLHO-
CTW B 3/IeKTPOMNPMUBOLE NPU OTKIHOYEHNMN CUOBLIX TPAH3UCTOPOB, a
KoHgeHcaTop C urpaet posb hUNbTPa Ha BbIXOAe BbINMPAMUTENS.

B coBpemeHHbIX cxemax BT WnMpOKO UCMOb3YHOTCA MUKPOMPO-
LLleCcCopHble cpeacTBa ynpasneHua. MNpu “x UcnonbL3oBaHUKU B psafge
C/ly4yaeB 0Ka3blBaeTCA BO3MOXHbIM 0TKa3aTbCA OT MPUMEHEHUSA B 3/1EK-
TPONpPUBOJE faTuMKa NONOXEHUA, @ HEOOXOAMMYIO ANA ero paboThbl
MHOPMaLMIO 0 NOMOXEHUN POTOPA MOMYUYNTb KOCBEHHbLIM NyTeM. 3ro
MO3BOSAET YNPOCTUTL KUHEMATUYECKYIO CxeMy BUTT v cgenats ero 1em
caMblM 6051ee NPOCTbIM W HafeXHbIM.

Cxema aBTOMATM4eCKOr0 PerynnpoBaHns ToKa BO30Y>KAEHWNS CUHXPOH-
Horo gsuratens. CUHXpOHHble asuratenu (C/) 3a cyeT perynmposa-
HUS CBOEro TOKa BO3OYXAEeHUA MOTyT U3MEHATb YPOBEHb LUPKYNNpY-
lOLLLEe MEXAY HUM U CETbI0 PeaKTMBHOIM MOLWHOCTK, paboTas, B YacT-
HOCTM, KaK KOMMEHCAaTOpbl peakTMBHOW MOWHOCTU. Kpome 3Toro,
C MOMOLLbIO PErYIMPOBaHNSA TOKA BO3OYXAEHUA MOXHO CHUXATb Mo-
Tepu 3Hepruu B ABUraTenie 1 3nemMeHTax CUCTEMbI IIEKTPOCHAOXKEHUS,
NoAAEPXUBATb HaNPsXKeHe NuTatoLw el CeT! Uanm KosMpuLUueHT MoLL-
HocTn CJ. Takue cxembl NONYYUIM Ha3BaAHME CXEM aBTOMATUYECKOro
perynupoBaHus Bo3byxaeHusa (APB).

Ha puc. 4.16 B kauecTse npumMepa npusegeHa cxema APB C/l. OHa
MOCTPOEHA NO MPUHLUMNY NOAYNHEHHOTO PerynnpoBaHusA KoopguHaT*
obecneynBaeT perynmpoBaHue TPex NepeMeHHbIX: TOKa BO30YXAeHus,
HanpsXeHWs ABUraTens v peakTUBHON cocTaBnstoLLeli Toka ctatopa C/,.

MepBbIi 1 BTOPOIi KOHTYpPbl 06ecneymMBalOT peryanpoBaHne ToKa
BO30YX[EHNS C MOMOLLLIO perynaTopa Bo3oyxaeHus PTB. CurHan Ha
Bxoge PTB topmupyeTcs M3 CUTHan0B 3ajaHWsa TOKa BO30OY)XAeHUA™
NOCTYMaKLLEro C perynatopa 3afjaHua Toka Bo3byxgeHnsa P3TB, Teky-
Wero 3HayeHUs Toka BO36YXAeHUs /,, MOCTYnNarLero ¢ 4atymKa Toka
B036yXaeHna ATB, v ycTaBKM MUHMMaNbLHOroO ToKa /tmin. BbIXo4HOA
curHan PTB ¢ nomowbio CU DY Bo3aeicTBYET Ha TUPUCTOPHBLIW BO3-
6yamTtens TB, KOTOpbIil 1 06ecneynBaeT TpebyeMoe perynmpoBaHme /1

Ha Bxog P3TB (BTOpPOi1 KOHTYP peryampoBaHus) nocTynarT CUTHa-
Nbl, NPOMOPLMOHaNbHbIE KBafpaTy aKTUBHOW COCTaBNAOL el TOKaA CTa-
Topa /a(kaHan: KBagpaTuyHblil npeobpasosatens MK —dhopmupytownii
ycunutens Y®), npon3BoLHON aKTUBHOIO TOKa (KaHan: faTYMK aKTuB-
Horo Toka AT — angdepeHumnanbHblil npeobpasosatens M) n peak-
TWBHOI COCTaBAAOLW,EN TOKA C perynaropa peakTUBHOro Toka PPT.

154



Puc. 4.16. 3amkHyTass cxema aBTOMaTU4eCKOro perynmpoBaHus Toka BO36yxae-
HUA CUHXPOHHOrO ABuratens

Perynatop PP TBX0OAMT B TPETUIA KOHTYP — pPery/iMpoBaHus peak-
TUBHOW cocTaBnsoWen Toka /p. Ha ero Bxofe CyMMMpPYHOTCA CUTHa-
Nbl 06paTHOW CBA3WM NO PpeakTUBHOM COCTaBNAOLLENA TOKa (AaTUMK pe-
akTuBHOro Toka IPT) v ABa curHana 3afaHua — oT perynaropa Ha-
npsxeHua PHwu curHana 3afaHua ypoBHSA peakTUBHOIO TOKa /Xp.

Ha Bxoge PH (4eTBepTbIil KOHTYpP PeryinpoBaHusa) CyMMUpPyoTCS
CUTHanbl 06paTHOW CBA3KM NO HanpsXXeHuto U, (4aTuMK HanpsXXeHns
[H) n nBa 3agatoWwnx curHana — HoMmnHanbHoro UiMrtn MnHuUMan.-
Horo £3rinHanps>XeHuii. KOHTYp perynmpoBaHua Hanps>XeHusa obec-
neynBaeT TakXKe (hopcupoBKy Bo36YXaeHus CLNpu CHMKEHUMN Hanps-
YXeHMs B nuTarolLein cetm go 0,8-0,85 HOMMWHaNbLHOTO 3a CYET Hau-
4ms B CXEME CNeLnanbHoro y3na hopcnpoBKu BO3OYXAEHUS.

4.5. CNEAAWNE SNEKTPOINMPNBOAbI

CnefsliuM Ha3blBAaeTCs 3/1eKTPONPUBOL, KOTOPbI 06ecrneymBaeT
(BOCNPOM3BOAWT) C 3aJaHHOI TOYHOCTHH ABVXXEHWUE UCMONHUTENIBHOTO
opraHa pa6oyeii MalWnHbI B COOTBETCTBUW C MPOU3BOMbHO N3MEHS-
tOLLLMMCS BXOAHBIM CUTHA/IOM YNpaB/ieHns. TOT CUTHA MOXET N3Me-
HATBCS B LUIMPOKMX MNpefenax no npou3BoJbHOMY BPEMEHHOMY 3aKO0-
HY N UMETb MEXaHWYECKYHD UMW 3NIEKTPUYECKYIO Mpupogy. Yalye Bce-
ro BXOA4HOV CUMTHaN npeacTaB/seT cO60i CKOPOCTb UM YTron NOBOPOTa
ocv WM Bana 3afaruiero yctpoictea. Crefsawnii 3/1eKTpONprUBOL
MPUMEHSETCS 4151 aHTEHH PafMOTENIECKOMOB U CUCTEM CMYTHUKOBOIA
CBSA3M, B MeTan1006pabaThbiBalOLIMX CTAHKAX, 4715 NPMBOAA po6OTOB U
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MaHUNynsTOPOB, B aBTOMATUUYECKUX U3MEPUTENbHbLIX YCTPONCTBAX H
BO MHOTMMX APYTUX CAy4asx.

Cnepawmnin anektponpusog (puc. 4.17) cocTOMT U3 gatumnka BXog-
HOro curHana 1uv gatumka 5 BbixogHoi Ko ffifi9¥W, rSWe Wi fef 98-
corfiacoBaHma 2, CMCTeMbl ynpaBneHna 3 v a1eKTpPoaBMraTens ¢ mexa-
HU4YecKoli nepegavein 4, KoTopas NPUBOANT B ABUXEHNE UCMONHUTENb-
HblA opraH 6 paboyeil MaWWHBI.

Puc. 4.17. Cxema cnegsuero anekrponpmsoga

JaTtunkn BXOAHON W BbIXO4HOW BENMYNH NpeobpasytoT MexaHnyec-
Kne BennMYmnHbl (CKOPOCTb UM Yro/l NOBOPOTA Baa) B 3IEKTPUYECKMe —
BXOAHO curHan (/,, u curHan obpatHoi ceasu t/ox. MismepuTens pac-
cornacoBaHus 2, anrebpanyeckn Cymmupys 3T CUrHanbl, Bbipabatbl-
BaeT CMIHan paccornacosaHua £, nocTynawwWwmin B cuctemy ynpasne-
Husa 3. Cnegswmnii 3NeKTPONPMUBOA NO CBOEW CTPYKTYype nNpeacTaBnseT
c060/i 3aMKHYTYI CUCTEMY, AEACTBYIOL YO MO MPUHLUNY OTKIOHEHUS.

CwucTtema ynpaBneHusa 3 cocTOUT U3 perynatopa (YCUIUTens) u cu-
NoBOro npeo6pasoBaTend, KOTopblie 06ecneymBaroT He06XogMMoe npe-
obpasoBaHue curHana paccornacosaHus (/g HanpsxxeHne U, nocty-
natouiee Ha fBuraTenb. 3a cueT Bbibopa CXeM perynaropa u npeobpa-
30BaTens WAM BBeAEeHUS KOPPEKTUPYIOLW KX YCTPOICTB 06ecneynsaere™
HeoBXOANMbI/ 3aKOH U3MEHEHWNS 3TOro HanpsXxeHns Bo BpemeHn Uff)
npu oTpaboTKe BXOAHOTO BO3AeCTBUS WB(r) nnm g>,,(/).

dnekTpoABuraTenb U MexaHu4yeckas nepegava 4 B COOTBETCTBUN C
3aKOHOM M3MeHeHMs U{t) obecneunBatoT nepemeLeHMe UCMONHUTENb-
HOro opraHa 6. lHorga ABuratenb ¢ MEXaHWYECKOW nepefayeil Hasbl-
BAKOT MCMOMIHUTENbHBIM MeXaHU3MOM (CepBOMEXaHU3MOM).

Knaccugpunkauuns cnegallero aneKTponpueoaa MoxeT 6biTb BbINOA-
HeHa N0 HEeCKONbKWM npu3Hakam. Ecnu cnepawmnin aneKTponpusog
npefHa3HayYeH 4NA BOCNPOM3BELEHUA C 3a4aHHOI TOUHOCTbI CKOPO*
CTW ABMXKEHWS MCMNOMHUTENbHOTO OpPraHa, OH Ha3blBaeTCA CKOPOCT-
HbIM, @ €C/I NONOXEHNS —TO MO3ULUOHHbBIM.

PasnuualoT cnegswmne 3NeKTPONPUBOAblI C HENPEPbIBHbLIM U MNpe-
PbIBHbIM yrpaBieHWeM; NociaegHne, B CBOK 0Yepelb, AeNATCA Ha pe-
NeWiHble U UMNYNbCHBIE.
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B cnefsAmx anekTponpuBoiax HenpepbIBHOro AeiCTBUA Hanpsxe-
HVe, NPOMopPLMOHaNbHOE CUTHANY paccornacoBaHus, NOCTOAHHO No-
[aeTcs Ha fBUTaTeNb.

Cnepsawmini aneKTPONPUBOA, PENENHOro AeCTBUS XapaKTepu3yeTcs
TeM, YUTO HanNpsXXeHWe Ha ABUraTeNb NOaeTCs TONbKO B TOM C/yuae,
KOrja CUrHan paccoriacoBaHus fOCTUraeT onpeAe/leHHOr0 3HaYeHNS.
MoaTomy paboTa peneiiHOro cneasilLero 3aNeKTponpruBoLa xapakTepu-
3yeTcs onpefe/IeHHON 30HOW HeUYBCTBUTENLHOCTM MO OTHOLIEHUI K
BXOAHOMY CUTHany.

VIMNynbCHBIN cnegawmii aneKTponpreog 0TIM4aeTcs TeM, YTO ynpas-
nsoLlee BO3AeCTBMe Ha fBUraTeNb NOfAeTCsA B BUAE UMNYbLCOB Ha-
MPsHKEeHNUS, aMNAUTya, YacToTa UM 3aM0NHEHNE KOTOPbIX N3MEHS-
eTCcA B 3aBMCMMOCTU OT CMrHana paccornacoBaHua. B aTux cnyuasx
rOBOPSAT COOTBETCTBEHHO 06 aMNAUTYAHO-, YaCTOTHO- U LUUPOTHO-
MUMMYNbCHON MOAYNALUN CUTHANA YNPaBNeHUS.

B cnefsliem 3aneKTpoONpuBOAE UCMONb3YOTCA ABUTaTENN NepeMEH-
HOrO M NOCTOAHHOIO TOKa, pa3nyHbie BUAbl yecunuteneii (anekTpo-
MallMHHble, MarHUTHbIE, NONYNPOBOAHWKOBbLIE, MHEBMATUUYECKNE,
rMApaBANYECKNE), LaTYMKN CKOPOCTU U MOMOXEHUS U ApYrue aHano-
roBble U LMU(POBbIe YCTPONCTBA YNpaBieHus.

Puc. 4.18. Cxema cnepsiliero 3/1eKTponpMBoaa ¢ ABuratefsieM NoCTOSHHOMO Toka
peneiHoro gencreuns

Cnegswwmini aneKTPoNpuUBO4 NOCTOSHHOrO TOKa PENeitHOro AeicTBuA.
B aToli cxeme anekTponpmeoga (puc. 4.18) ucnonb3yercsa gsuraTtens no-
CTOAHHOrO TOKa Noc/nef0BaTe/ibHOro Bo36yxaeHna M, numerownin ase
006MOTKM BO36YXAeHMAa OB1u OB2. YnpaBneHue gsuratesnemM ocylle-
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CTBNAETCS C MOMOLLbIO CUNOBLIX TPaH3UCTOPoB VT1un VT2, Kaxablii 3
TpaH3MCTOpPOB paboTaeT Npu onpeAeneHHON NOAAPHOCTM CUTHANA CO-
rnacosaHus t/4, obecneunsas 04HO U3 HanpaBAeHWIi BpalleHNs ABUra-
Tenda. Ecnan oTKpbIT TpaH3suctop VTL, ToK Xwtaa-
TeNb BpawaeTcsd B O4HOM HanpaBieHWMN, CNN e OTKPbIT TPaH3nCTop
VT2, Tok npoxoauT no OB1 v oH BpallaeTca B 4pYrom HanpasJ/ieHUW.
HanpasneHue ToKa AKOpa B 060UX Cllyyasax 0CTaeTCa HEM3MEHHbBIM.

PaspsagHblie gnoabl VD3 un VD4 cnyxaT s CHATUA MepeHanpsaxe-
HUIA, BO3HUKAKLWMX NPU OTKIOYEHUN 061afaloWwnx 3HaYnTebHOM
MHOYKTUBHOCTbIO 06GMOTOK BO36YXAEHUA N AKOPA.

B paccmaTpuBaemMoM cnefdwemM 31eKTPONpUBOAE B KayecTBe AaT-
YMKOB BXOAHOW M BbIXOLHOI BENMUYMNH UCNONb3YHOTCA KOMbLEBbIE NO-
TeHunomeTpbl A/ n M2, KoTOpble 06pa3ylOT TaK Ha3blBaeMblil MOTEH-
LUOMETPUYECKNI M3MEPUTENL PACCOrI1acOBaHNS.

[Bwxok noTeHumomeTpa M1 (gaTymka BXOLHOW BEANUYMUHBI) CBA-
3aH C BbIXOAHbIM BasOM 3ajaroliero yctpoiictea 3Y, KOTOpbli npeg-
cTaBnsfeT cob60il B JaHHOM cfyyae pefyKTOp C PyUYHbIM MPUBOLOM.
[BwKOoK noTeHumnomeTpa M2 (aTyMKa BbIXOLHOWN BEIMYMHBI) CBSA3aH
C BaJioM pefykTtopa P, pacnofio)xeHHOro Ha Bany Asurarens u pabo-
Yyeil MmawmnHbl PM. PegykTtopbl 3¥Y 1 P umeloT ognHaKkoBoe nepegaroy-
Hoe uncno. NMutaHne noteHumnomeTpos M1 u M2ocyuwiecTBnseTca Ha-
nps>KeHvem NocTosgHHOro Toka U,

CwurHan paccorfiacoBaHua t/4 cHUMaeTca ¢ ABUXKOB NMOTEHLMOMET-
pos M1 wu MN2. Mpn X 0O4NHAKOBOM YI/10BOM MO/OXEHUU, YTO COOT-
BETCTBYeT HYJ/IeBOMY Yrfly paccornacosaHus Adp=cp,,-§.u, curHan
t/4=0. IMpy 3TOM paBeH HYNO U cUrHan (/4 Ha BbIXode ycunutens Y,
06a TpaH3uCTOpa 3aKPbITbl U fBUTaTe/lb HEMOLBUXEH.

Mpy BO3HWKHOBEHMWYW PACcCOrIacoOBaHNSA MeXAY Yr/10BbIMU MOM0XEHU-
AMWN ABUXXKOB noTeHunomeTpos M1 u 2, BbI3BAHHOT0 NOBOPOTOM pYy-
KOATKK 3Y, curHanbl t/4 n t/4cTaHOBATCA OT/IMUYHBIMU OT HyNA. B 3aBu-
CUMOCTH OT NONIAPHOCTY cUrHana $4, kotopas onpefenserca 3HaKoM yrna
paccornacoBaHusa (ownoku) Ah, curHan t/4nogaetcs Ha TpaH3ucTop VT1
(no yenu guog VD10— ctabunutpoH VD5—pesuctop R3—pauog VD7)
nnn VT2 (no uenu guog VD9—-ctabunutpoH VD6 — pesuctop R4—pnon
VD8). Ecfiv 3TOT CMIHan npeBbllWaeT NOPOr cpabaTbiBaHUA CTaBMANTPO-
HoB VD5 wnnn VD6, TO COOTBETCTBYIOLWMI TPaH3UCTOP OTKPOeTcH,
NoAKNYas gBuUratesib K UCTOYHUKY NuTaHus ¢ HanpskeHwem U. Bu-
rateslb Ha4uHeT BpallaTbCs, MOBOpPaYMBas Baa paboyeit MawnHsl PM 1 ocb
[BUXKa noTeHumometpa 128 HanpaBieHUM, NPU KOTOPOM BO3HUKLLEee
paccornacosaHue B cucTeme OyAeT YMEHbLIATLCA U CTPEMUTBLCA K HYHO.
Korga curHan t/4ctaHeT MeHbLUe HaMPAXEHUA OTKPbIBAHUA CTabuUIm-
TpoHOB VD5unn VD6, paboTarowmii TpaHsncTop (VT1uan VT2) 3akpo-
eTCA M OTKNIOYNT ABUraTeslb 0T UCTOUYHMKA MNTAHNA.
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Takum 06pa3om, 3NeKTPONPMBOA B AAHHON cxeme oTpabaTbiBaeT
3afjaHHOe MepeMeLleHne € HeKOTOPOW NMOrpewwHoCTbo, 06YCNOBAEH-
HOI HeuyyBCTBUTENIbHOCTBIO CUCTEMbI M3-3a Nopora cpabaTbiBaHKA cTa-
6unutpoHos VD5, VD6. 30HY HEUYYBCTBUTE/NBHOCTU CUCTEMbI CTapa-
I0TCA fgenaTb BO3MOXHO MeHbleil B npegenax 2..3* yrna pac-
cornacoBaHus. OfHaKO CHUXEHWNE 30Hbl HEYYBCTBUTE/IbHOCTU MOXeT
NPUBECTW K BOSHUKHOBEHUIO HEXeNaTeNbHOro KonebaTenbHOro pexu-
mMa paboTbl 31eKTPONPMBOLa OKOJ/0 NOMOXEHNA paBHOBecUsA. dpdek-
TUBHbLIM CPeiICTBOM YCTPAHEHMWA TaKOT0 pexxumMa AB/AETCA BBELEHUE
B CUCTEMY LONONHUTENbHbIX CUTHAN0B NO NepBOW U BTOPO NMpoun3-
BOAHbIM CUTHana paccorfacoBaHus, a TakXXe UCMNonb30BaHue 31eKT-
pUYeCcKOro TOPMOXKeHMA MOCNe OTK/IOYEHUA ABUTaTens.

JocTonHcTBamMm cnepsawmnx aneKTponpuBoA0B PeNenHOro NpuHL M-
na geicTBMA ABAAKOTCA MX NPOCTOTA, HAAEXHOCTb M BO3MOXHOCTb
NOAYYEeHUS ONTUMaNbHbIX TPAEKTOPUIA ABUXEHUA UCMOMHUTENbHbIX
opraHos pabouux mawuH. K HegocTtaTkaM Takmx CUCTEM CrefyeT oT-
HECTWN UX CKNOHHOCTb K KONebaHWAM 1 Hannmyune onpefeneHHON He-
YYBCTBUTENLHOCTM (HETOYHOCTW) MPU CNEXEHUMN.

1 1 —
—1 1 =3 2
y1 R2  vy2 Ivu ®
i e S s B
-—>11
|1 >12
g‘a J

Puc. 4.19. Cxema cnegsiiero afieKTponpusoAa C aCUHXPOHHbLIM ABUraTtenem

Creasiuii 3neKTPONPUBO/ NEPEMEHHOTO TOKa NPONOPLMOHANLHOTO feid-
cTBUS. Bcneasilem aneKTponpuBoe WNPOKOe NPUMEHEHME HaXoaAT
ACUHXPOHHbIE ABUTATENIN, KOTOPbIE OTAMYAIOTCA HafeXHOCTbIO B pa6o-
Te W [JONITOBEYHOCTbI0. MpK co3gaHMm ManoMolHbIX (4o 1KBT) cneas-
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L MX 31IEKTPONPUBOLOB 06bIYHO MCNONb3YIOT ABYX(ha3Hble KOPOTKO3aM-
KHYTble AiBUraTesn, B TOM YUC/e U C NoJibiM poTopom (puc. 4.19).

[euratens J1/umeeT 06MOTKU BO3OYgeHUs O n ynpasneHns OY
KOTOpPbIe NUTAKTCA CABUHYTLIM MO dase
NNPOBaHMe CKOPOCTM ABMraTens OCyLLeCcTBASETCA NU3MEHEHVEM [eiiCTBY,
OLLEro 3HaYeHnsa HanpsxxeHusa Ha OY, koTopasd nonyyaet nuTaHue ot
thasbl A TpexcasHoli ceT NepeMeHHOr0 TOKa Yepe3 TUpMUcTopbl V57—V,
O6moTKa Bo36yxaeHua O/l cesizaHa ¢ haszamm B, Cuyepes TMpUCTOPbI
KY5—VS6. Tupuctopbl VS1—VS606pa3ytoT cTaH4APTHbIE CXEMbI pery-
NATOPOB HANpPSHXKeHUs MepeMeHHOro Toka. OHM NOMNapHO BK/HOYEHbI M0
BCTPEYHO-MapannenbHoi cxeme, 4To obecrneyunBaeT NPOTEKaHVE TOKa MO
0o6MOTKam B 06a nonynepnoja NUTaKLWero HanpsHXXeHus.

PaccornacoBaHue mexay 3afatolleii 0Cblo U BasloM 3/1eKTPONPUBO-
[a n3MepseTcs C NOMOLLbIO CENIbCMHHOW Napbl, COCTOALLEN U3 CeNbCU-
Ha-gatumka Cun cenbcuHa-npuemHmnka Crl. MNMonoxeHue potopa CL
3afaeT BXOAHON curHan <p,, a nonoxeHue potopa Crlonpegenser yron
noeopoTa Bana anektponpmeoga @ . CurHan paccornacosaHusa (/g, CHu-
MaeMblii ¢ 06MOTKM cTaTtopa CI, nponopynoHaneH pasHOCTH yros 4,
M hMx, a ha3a 3TOr0 HaNpsHKEeHUsA ONpefenseTca 3HaKoM 3TOl pasHo-
cTu (oWwmnobKNu).

CwurHan paccornacosaHuns Of nogaetcs Ha BXof (ha30vyBCTBUTE/b-
Horo ycunutens Y1. [ocne npoxoxaeHUs Yepes KOpPPeKTupyoLlee 3se-
HO, cocToALee U3 pesuctopos RI, R2u koHgeHcaTopa C/, curHan pac-
COrnacoBaHus yCcUANBAETCA yCUAnTenem Y2 us suge HanpsxkeHuin Wi
n Ua nocTtynaet Ha 6/10K yrpaBneHnsa TUPUCTOPaMU.

Cxema paboTaeT cnefytowum obpasom. [Npu NOABIEHNMN CUTHANA pac-
cornacoeaHus £/4 B 3aBUCUMOCTM OT €ro asbl Ha BbIXOAe yCUnuTens Y2
nosBnAKTCA HanpsXxeHna GO unu va. Npu BOZHUKHOBEHUN, HAMPUMEP,
HanpsxeHua (/A CUPYnoaaet UMNynbCbl YNpaBieHUA Ha TUPUCTOPBI
VS1, VS2, VS5, VS6. TupucTopsbl oTKpbIBatoTCA, U Ha OYu Of, nogatoT-
cA HanpsxxeHua Uoyun Uot, KOTOpbIE MPOMNOPLMOHAbHBI CUTHANY pacco-
rnacosaHusa (/o). Asuratens M HaunHaeT BpawaTbCs, yMeHbLUIas yron pac-
cornacosanus OAd=o,, - pAxmexay ocamu censcuHos CAu CIl.

Mpu gpyroin ¢ase curHana Og, YTO MMEET MECTO MPU U3MEHEHUM
3HakKa yrna paccorsnacosaHuns A, Ha BbIXofe ycunutensa Y2 nossnserca
HanpsaxeHune UM 3TOT CUrHan Bbl3biBAET BK/KOYEHME TUPUCTOPOB VS3,
VS4, n Ha 06MOTKY ynpasneHnss OY 6ygeT nogaHo HanpshkeHue Uor
cABUHYTOEe No (pasze Ha 180“ N0 cpaBHEHUIO C MpeablgYLLNM CNYyYaeM.
MOCKONIbKY OAHOBPEMEHHO C 3TUM OTKpOKTCA TUpMUCTOopbl VS51n VS6
n OlTakxe NoAyymT NnuTaHue, aeuratens M HayHeT BpaLLaTbCs, HO yXke
B ApYrom HanpasneHuun. Takum 06pa3om, 3a CYET U3MeHeHUd (asbl
HanpsxeHua Uoy ocyLlecTeniseTca pesepc Asuratens M, 4yto obecreum-
BaeT 0TpaboTKy yria paccoranacoBaHus Nt060ro 3Haka.
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KoHgeHcaTtopbl C2—C5 u pesuctopsbl R3, R4 ncnonb3yrtca 4ns
CrNaXMBaHMA NyNbCaUUin HanpsXXeHMa Ha 06MOTKax ABuraTens.

LinchpoaHanorosblil NO3WLMOHHBIV cneaswmnini 3 nocTosHHOro Toka. Mpu
Heo6X04MMOCTM MOYYeHNS BbICOKOI TOUHOCTHM cnexeHus (8o 0,001%) B
CnefsALLmMX 3NeKTPONpMBOAax NPUMeHSATCS L(POBble YCTPOACTBa ynpas-
neHns (3afaTyMKM, CyMMATOpbl, CHETYUKU U TN.) WU JaTYMKU KOOP-
OnHaT. B psage cnyvaes LuudpoBas U3MepuUTeNibHAA YacTb COYETAeTCA C
aHan0roBoiA, BbINMOMHEHHON NO NPUHLUXNY NOAYNHEHHOIO peryanposa-
HUA KOOpPAMWHAT, B pe3yfibTaTe Yyero o6pasyroTcsa Tak Ha3blBaeMble LU -
poaHaioroBble CXeMbl YNpaB/IeHUS 3/IEKTPONPUBOLA, CoYeTaloLne B cebe
NOMOXUTENbHbIE CBONCTBA LU(POBbIX N aHAN0T0BbIX CUCTEM.

AHanorosas 4yacTb 3fnektponpusoga (puc. 4.20) BbIMONHEHA NO
CTPYKTYpe MOAYMHEHHOTO PEryInpoOBaHnNs KOOPAUHAT, B KOTOPOI BHeLU -
HUI KOHTYpP PeryaMpoBaHuWA MONOXEHWS BbINOAHEH LUDPOBbIM,
a BHYTPEeHHMe KOHTYpPbl PerynMpoBaHusa TOKa U CKOPOCTU — aHanoro-
BbIMW. AHa0roBas 4acTb COLEPXXUT pPerynatop Toka PT, Ha KOTOpbIi
NOCTYNalT CUTHanNbl 3a4aHna No Toky £/,, n 06paTHON CBA3M NO TOKY
LYT, nosaBaeMble COOTBETCTBEHHO C perynatopa ckopoctun PCu gat-
ymka Toka AT. BbIxogHoli curHan perynatopa toka Uy ABnseTca
ynpasnsoLwWwmM ans peBepcuBHOro npeobpasosatens /7Y, nutalLwero
AKOPb ABUraTena MOCTOAHHOIO TOKA HE3aBUCUMOT0 BO3OYXAeHua A
PerynaTtop ckopoctu PC, B CBOIO o4epefb, MONYyYaeT curHansl £oc ot
flaTumka ckopocTu (TaxoreHepaTtopa) BR n UiXoT 3afaTyumMka UHTEH-
CUBHOCTU 31, BXOAHBIM CUTHANOM KOTOPOTO ABAAETCS BbIXOLHOWN CUT-
Han Ll'caHanorosoro perynatopa nonoxeHusa PrII.

B cocTaB unhpoBoil N3MepUTENbHON YacTu anekTponpueoga, pop-
MUPYIOLLEeA CUrHan paccornacoBaHmsa (/4, BXOAAT f4aTUMKU BXOLHOM
A1 v BeixogHoW A2 KoOpANHAT 3NeKTponpuBoAa (ero NoaoXeHus),
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apumeTuyeckoe cymmupytoulee yctpoiicteo ACY, npeobpasoBaTesb
koga B HanpsxeHune NMKH (npeobpasoBaTtenb «kof —aHanor*) u npe-
obpasoBaTtenb Koga nonoxeHus Bana M Tb gBondHblin kog MK.

Pa6oTa LM(pPOBOIA YacTn cneasawero anekKT i wcronpon kLU AL
cnegyowmnm obpasom. Tpebyemoe nepeMeLLeHMe NCNOMHUTENbHOTO ar-
perata paboueii mawuHbl BbipabaTbiBaeTcs 3agatunkom AM1 B Buge
yncna Nxn B [BOMYHOM Kofe. DTOT CUTHaM NoAaeTca Ha BXOL CyMMaTo-
pa ACY BMecCTe C YAC/IOBbLIM CUTHanoM H, (Takxe B ABOMYHOM KOJe),
COOTBETCTBYIOLLMM AEACTBAUTENBHOMY MOJIOXEHUIO UCNOMHUTENBHOTO
opraHa paboyeil MalmnHbI.

Cymmatop ACY obecneynBaeT CyMMUPOBaHUe 3TUX ABYX LU PO-
BbIX CUTHAa/IOB U BblfieNIeHNe CUrHana paccornacosaHus (owubkn) B
umpposom koge VA fanee untpoBo curHan Y4c nomoLLbio npeo6b-
pasoBaTens MKH npeobpasyeTcsa B aHanoroebiii curHan U, (Hanpsxe-
HWe NOCTOAHHOrO TOKa), KOTOPbIA MOCTynaeT Ha BXOf perynatopa
nonoxexuunsa Prl.

LnpoaH&TOroBbI CneaaLlinin aneKTponpueos MMeeT XopoLUve Au-
Hamuyeckne nokasaTenu paboTbl 3a CYET aHANOr0BOM YaCTU U BbICOKYHO
TOYHOCTb CNEXeHNs, o6ecneynBaemMyro LUGPPOBOIA HYacTblo. DNEMEHTDI
M yCTpOWCTBA TAKOr0 31EKTPONpMBOLa MOTyT 6biTh peann3oBaHbl Ha
OCHOBE YHM(ULMPOBAHHON cepuun aHanoroebix (YBCP-AWN) n yngpo-
BbIX (YBCP-AW) perynatopos.

4.6. SNEKTPOMPMBOAbLI C MPOMrPAMMHBIM
YNPABINEHVEM

ANeKTponpuBoA C MPOrpaMMHbIM ynpaBneHnem obecneumBaeT ABu-
XXEHMWE NCMONHUTENBHOIO opraHa paboyeil MawmnHbl N0 ONpeAeNneHHO,
Hanepeg 3afaHHOl nporpamMme.

Yalle BCEro 3NeKTPONPUBOS C TAKUM YNpaBAeHNeM NPUMEHSETCA Mpu
o6paboTke getaneit Ha meTannoobpabaTbiBalOLLIMX CTaHKaxX. Hanpumep,
napTusa getaneil 4o/mKHa NPoORTN 06paboTKy HA MHOroonepaLoHHOM
CTaHKe, MO3BONAIOLLEM OCYLLECTBNATL CBEPAEHNe, (hpe3epoBaHue, ToYe-
HWe W Apyrve TexHonormyeckme onepayuu. MNpyn ncnonb3oBaHMM Npo-
rpaMMHOrO ynpasneHus nepef 06paboTKol geTann COOTBETCTBYOLW UM
ob6pa3om cocTaBniseTca Nporpamma, B KOTOPOi 3aAat0Tca MOPAAOK CMe-
Hbl MHCTPYMEHTa, He0OX0AUMble NMepeMeLLeHUs CT0Ma, Ha KOTOPOM Kpe-
NUTCA feTanb, PeXUMbl paboTbl MIHCTPYMEHTOB W ApYriue TeXHONOornyec-
Kue faHHble. [1ocne 3TOro 3NeKTPONPUBOLbLI UCMOMHUTENIbHBIX OPraHoB
CTaHKa peann3ytoT BbINOMHEHWE 3TON MPOrpaMMmbl.

MpumeHeHne cTaHkKoB ¢ UIMY no3sonseTt pe3ko (B 2—6 pas) yse-
ANYNUTb UX NPON3BOAUTENIBHOCTb, COKPATUTb CPOKM NOATOTOBKM NpO-
M3BOLCTBA U TEXHONOTMYECKOW OCHACTKU MPU CMEHe feTanu, yMeHb-
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WnTh 6pak, NepeiiTu K MHOrOCTAHOYHOMY 06CNyXMBaHWIO, obecne-
YNTb B3aMMO3aMEHAEMOCTb, YTO NO3BOAUT MONYUNTb 3HAUNTENbHbII
3KOHOMMYECKMnii athgpekT. Micnonb3oBaHme UMY 0co6eHHO ahheKTUB-
HO NpPU MEeNKOCEPUIAHOM NMPOM3BOACTBE M YaCTOW CMeHe HOMEHKa-
Typbl 06pabaTbiBaeMbiX AeTanei.

O6o6uieHHasa CTpyKTypa anekTponpusoga ¢ UlMNY npusefeHa Ha
puc. 4.21. OT nporpaMmMHOro ycTpoicTtea AYcurHan ynpaesnedus U,
MocTynaeT Ha 3/IEKTPONPUBOS, KOTOPbIl 0becrneymBaeT 0TpaboTKy 3TO-
ro CMrHana ynpasfieHus, nepemMeLLas COOTBETCTBYHOLW MM 06pa3oM mnc-
NOAHUTENbHbIA opraH MO paboyeil mawnHbl (cTaHKa). COBOKYMHOCTb
NporpamMMHOro yctpoictaa MY v anekTponpusBoja MHOTAa Ha3biBaKOT
CMCTEMOI NMporpamMmMHOro ynpasnexHus CIY.

cny
y

Puc. 4.21. Cxema anektponpusoga C nporpaMMHbIM yrnpasneHuem

B CIMY moryT ucnosib3oBaTbCsA BCE PACCMOTPEHHbIe paHee BUAbI
3NEeKTPONPUBOLOB MOCTOAHHOTO M NMEPEMEHHOro ToOKa, KOTOpbIe Bbl-
MOJIHAKTCA PA3OMKHYTbIMU W 3aMKHYTbIMU, C aHA/I0r0BbIM U LU po-
BbIMUW 3/IeMEHTaAMW ynpasneHns u T.4.

BcsA COBOKYMHOCTb CYLLECTBYHOLLMX NPOrPaMMHbIX YCTPOWCTB fennT-
CSl Ha HEYMCNOoBble (LMKIO0BbIE) N YAC/OBbIE MPOrPaMMHble YCTPOKCTBA.

SNeKTPONpMBOL, C HeYUCTIoBbIMA  (LIMKIOBLIMA) - MPOrpaMVHLIMA
YCTPOVICTBAMA. 3TW NPUBO/LI UCMONb3YIOTCA 419 06ecneyeHns nosTo-
PAOLLMXCA OLMHAKOBBIX LMKNOB ABUXEHUA NCMOMHUTENbHbLIX OPraHos.
MporpaMmMHble YCTPONCTBA TAKUX 3/1EKTPONPUBOLOB BbINOSHAIOTCA C
NPUMEHEHNEM Pa3/IMYHbIX KOHTAKTHbIX 1 6ECKOHTAKTHbIX annaparos
peneHoro feicTBMA — KOHEYHbIX U MYTEBbIX BblKNOYaTeNei, waro-
BbIX MCKaTenel, CYETUMKOB, CPEACTB NPOrpaMMupyemMoli NOruUKN.
K anekTponprBojaM C HEYUCNOBbIMU NPOrpaMMHbIMU YCTPOACTBAMY
OTHOCATCA TaKXKe CUCTEMbI C UCMONb30BaHMEM LWAa6MOHOB M KONUPOB,
KOTOPbIE HALW/IN NMPUMEHEHUE B Pa3/IMYHbIX KOMUPOBaJIbHbIX CTAHKAaX
1 aBTOMaTax. B Takmx cuctemax 0ObIYHO MCNONb3yeTCs Cheaawui
3N1eKTPONPUBOS PENeiiHOro LencTeus.

B Heuncnosoii CIMY (puc. 4.22) anektpogsuratens M npueoauT B
OBVXXKEHME UCNONHUTeNbHbIN opraH MO, KOTOPbIM MOXET 6biTb, Ha-
npuMep, CynnopT CTPOrafnbHOro cTaHka, «pyka* MaHunynstopa u T.4.
B KpaliHUX NOM0XEHUAX UCMONHUTENbHOTO opraHa O ycTaHOB/EHbI
KOHeuHble BbIkMtoyaTenn SQ1 n SQ2, KoTopble BMeCTe C KOHTaKTO-
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pamun /17 n K2 n kHonkamu ynpasnieHns SB/ n SB2 06pa3ytoT cxemy
ynpasneHuns geuratenem. Npu BkAoYeHUN KoHTakTopa K1 gsuratens

M obecneuvBaeT gsuxeHne MO BycnoBHom H "~ ~ e te %  sion
a npu BKOYeHUN KoHTakTopa K2— B ycnoBHoM HanpaBneHun «Ha-
3ag™. MpeanonoXunm, 4TO B UCXOAHOM MOJSTIOXEHWUWN UCMONHUTENbHbIN
opraH WO HaxoguTCs B MPOMEXYTOYHOM MONIOXKEHUN U HU OAUH U3
KOHEUYHbIX BblKNOUaTeNein He Haxar. [na Hayana paboTbl HOXKKUMaeET-

cA KHonka SBI, B pesynbTaTe 4yero Bkt 4YaeTcqd KoHTakTtop K1l v gBu-
ratens J1/, 6ygyum NnoAKAOUYEHHbIM K NMUTaloLWwein cetn, obecneynBaeT
asmxeHne NO B Hanpas/ieHun «Bnepea».

asafl
-

Puc. 4.22. CxemMa UWKNOBOW CUCTEMbI MPOTPAMMHOI0 ynpaB/ieHuUs

Mpu nogxoge NO K KOHEYHOMY BbiKKOYaTeNO SQ2 1 BO3AeACTBUN
Ha Hero NPoMcxXoAuT pa3pbiB LEenu KaTywWw KM KoHTakTopa K1 v nogknwo-
YeHWe K UCTOUHUKY NMUTaHUA KOHTakTopa K2. 3a cueT nepekntoyveHums
3TMX annapaToB U3MEHUTCH Ha NPOTUBOMONOXHYH MONAPHOCTbL HAMPSA-
XXEeHUA Ha fKope asuratens J1/, 1 OH HauyHeT BpawaTbCca B 06paTHYHO
CTOPOHY, 06ecneunBas gaumxeHne NO B HanpaB/ieHUn «Hazag».

Mpu nogxoge NO K KOHEYHOMY BbiKto4YaTento SQI1 n Bo3aeiicTBum
Ha Hero nmpomsoiiget obpaTtHoOe NepeKk/IlYEHNE B CXEME, @ UMEHHO:
OTKMIOUMTCA KOHTakTOp K2 1 Bkntountcs K/, nocne 4ero MCnonHu-
TENbHbIA OpraH BHOBb Ha4YHET ABMTaTbCA B HampaBieHUn «Bnepeg*.
Takoe LLMKN0OBOe BO3BPATHO-NOCTYNaTe/IbHOE ABMXEeHUE ByeT npounc-
XO4UTb 40 TeX Nop, MOKa He 6yAeT Hakata KHonka SB2.

Cxema puc. 4.22 M0OXeT OblTb JONOJIHEHA CYETYMKOM, C MOMOLLbIO
KOTOPOro MOXKHO 06ecnedYnTb ONpPeseneHHOe YACIO LMKIO0B ABVKEHNS
MO un ero octaHoB noc/e 3T0ro.
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B nocnefHee BpemMa WMPOKOe NPUMEHEHUNE B CXemMaxX NporpaMmMHoO-
ro yrnpaBneHus 31eKTponpusoba Haxo4aT nporpaMmMumpyemble KOHTPO-
nepol (MK), npegctaenstowme coboin cneymannsnpoBaHHbie 3BM ans
aBTOMaTM3aLMy LMKNOBbIX U NOC/eL0BaTeNbHbIX MPOU3BOLCTBEHHbIX U
TEXHO/I0rnyeckmx npoueccos. OHM NO3BONAIOT Peasin30BbIBaTh KaK Npo-
CTble CXeMbl YNpaB/ieHUa LNKIOBbIM LBUXKEHUEM 3/1EKTPONPUBOLOB, TaK
M CNOXHbIe CUCTEMbl KOMMNIEKCHON aBTOMaTU3aLuy NpoMbILLIEHHOT O
obopypnoBaHuA. VIX NnpuMeHeHMe 0Ka3biBaeTCA 3KOHOMUYECKU Lefieco-
06pa3HbIM NpU peannsauum cxem ynpasreHus, TPEOYIOLLMX UCMO/b30-
BaHWA HECKOMbKUX AECATKOB UM COTEH 0ObIYHbLIX 3/1EKTPUYECKMX arl-
napaTtoB —pene, IOTMYECKNX 3/IEMEHTOB, CYETYHMKOB U T.4.

PaccmMoTpuM paboTy LMKNOBOW CUCTEMbI MPOrpaMMHOrO ynpasneHus ¢
npumeHeHvem MK, cuntasn, 4To B NporpaMmumpyemoe 3arnoMuHaroLLee
ycTpoiicTeo (M3Y) c nomowybio ycTpolicTBa BBOAa nporpamm (YBIT) Bee-
[eHa nporpamMma, onpejenawouias nopagoK PyHKLMOHUPOBAHNA CUCTe-
Mbl (puc. 4.23, a). Pabounii LMKN CXeMbl BKKOYaeT B cebsa Tpu aTana.

Ha nepBoM 3Tare ¢ NOMOLLbIO CKaHaTopa (reHeparopa TaKTOBbIX M-
nynbCcoB) 06ecneynBaeTCa LMKANYECKMIA U nocnefoBaTe/lbHbIA 0Npoc
Bcex BxoAoB MK, Ha KOTOpble NOAATCA CUTHAMbI OT KOMaHAHbIX YC-
TPOWCTB M 3NEMEHTOB CMCTEMbl — KHOMOK W KKOYel ynpasieHuns,
KOHEUYHbIX M NYyTeBbIX BblKAOUaTenei, apyrux 3BM. MNonyyaemas
MH(OpMaLLMs 3arpyxaeTca B 3anomMuHatowee ycrpoictso (M3Y).

Ha BTopom 3Tane npoueccop MK B COOTBETCTBUM C BBEAEHHON B
M3Y nporpammoil ocyLecTBAAeT NOTMYeCKMe onepawum, npeobpasy-
foLLMe COCTOAHME BXOAHbIX CUTHANO0B B 3aJaHHOE COCTOSAHUE BbIXO[-
HbIX CUTHANOB. ECNn coCcTOAHME BXOAOB HEe U3MEHMWJIOChL MO CPpaBHe-
HUIO C NpPeabIAYWMUM LMKIOM CKaHWPOBAHMUA, MPOLLECCOP COXpaHsAeT
HEW3MEHHbIM COCTOSIHME BbIXOLOB, B NPOTUBHOM C/ly4yae npoueccop
M3MEHSAET NX COCTOSAHWE B COOTBETCTBMM C 3ajaHHON MPOrpaMMoii.

Onpoc y4yacTKOB NPorpaMmbl OCYLLECTBAAGTCA LMKIUYHO, O4MH 3a
4PYTvM, B MOPSALKE UX PacnosioXeHuns ¢ Bo3paleHnem K Hayany npo-
rpammbl NMoc/ie OKOHYaHMA MOAHOIO LMKna onpoca. Bpems onpoca og-
HOro uukna (nepmoj CKaHUPOBaHUA) B cpefiHeM cocTasnset 2... 10 mc
Ha 1TbIC. C/IOB NaMATH.

Ha TpeTbem 3Tane oCyLecTB/IAeTCA BbIBOA BbIXO4HbIX CUTHANO0B Ha
MCNOMHUTE/bHbIE YCTPOWCTBA 3/1eKTPOaBTOMATUKM CTaHKa — 3/1eKTPOo-
MPUBOAbI UCMOMHUTENbHLIX OPraHOB, 3/IEKTPOMarH1Tbl U 3N1eKTpoMar-
HUTHblEe MY(TbI, pene, KOHTaKTopbl 1 T.4.

MporpammMa MOXeT 3anucbiBatbcsd B MK ¢ moMOLWbio pas3inyHbIX
A3bIKOB, HAMpPMUMep B BUAe ypaBHeHWiA byneBoi anrebpbl, MHEMOKOAA
M CTAHAAPTHBIX ONUCaHWUIA peneiiHbIX CXeM, a TaKXe A3blKOB BblCOKO-
royposHa — PL/M u ®opTpaH IV. PaccMoTpuM B KayecTBe npumepa
MCNonb30BaHMe A3blKa pPeNeinHO-KOHTaKTHbIX cumBonoB (PKC), koTo-
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pblii NPOCT, HarfsLeH U He TpeByeT creymanbHbIX 3HaHWUI NepcoHana
Mpu NporpaMMuUpoBaHUN.

Asblk PKC

CumBon 3HaueHne

3amMblKatoLLWi
KOHTaKT

PasvblIkatoLLmiA
- r KOHTaKT
Havano

BETBJIEHNA

KoHeL,
BETB/IEHNA

- O = dyHKUus (BbIX0a)

Puc. 4.23. Cxema (a), cumBonbl A3blika PKC (6) u npeobpasoBaHHasa cxema
3/1eKTponpueoga ¢ nporpammMmmpyemMbiM KOHTPO//1IepoM (B)

A3blk PKC MMeeT NATb OCHOBHbIX TOrTMYECKUX KOMMOHEHTOB (CUM-
B0N0B) (puc. 4.23, 6): aprymeHT (3amblKak LW NiA KOHTAKT), MHBEPCHbIN
(06paTHbIii) aprymMeHT (pa3MblKal Wil KOHTAKT), Ha4ano U KOHel, BeT-
B/IEHUS NapanfenbHOM uenn n PyHkuuto (Bbixoa) (Hanpumep, KatyLl-
Ka 3/1eKTPMYECKOro annapaTa uam 3fIeKTPOMEXaHMYECKOro yCTPOICTBa).
K ONONHUTENIbHBIM KOMMOHEHTAM A3blKa OTHOCATCS CYET UMMYNbCOB
(cyeTumK), Bbigep>XKa BpEMeHM (Taimep) 1 3anoMuHaHue (NamsaTh).

OcHoBy and nporpaMmupoBaHns Ha a3bike PKC cocTaBnisoT NpuH-
uMnuanbHble peneiiHO-KOHTAKTOPHbIe CXeMbl YMpaBieHNs, KOTOpble
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nepeg NporpaMMmpoBaHuem AOKHbI 6bITb Mpeobpa3oBaHbl Mo cnegy-
OLWKUM Mnpasunam.

Kaxpgasa uenb npeo6pa3oBaHHOW CXeMbl JO/MKHA UMETb ONHAKO-
BOe YMC/o (Hanpumep, YeTbipe) noc/iefoBaTeslbHO UNN NapanienbHo
BK/TIOYEHHbIX KOHTAKTOB, KaX/Ablil N3 KOTOPbIX pacnonaraetcs B 04-
HOM M3 yeTbipex 30H —A, B, C, D. MNaTas no3nyns uenun oTBOAMTCS
(hYHKUMK (BbIX0LY). ECNM KOHTAKTOB B LENU MeHbLUE YeM YeTbIpe, UX
Ly6nmpytoT, ecnn nx 6onble, B cxemy MK BBOAUTCA MPOMEXYTOUYHOE
(bukTUBHOE) pene (NaMATb), He HapyLlaloLlee NOrMKKU paboTbl NCXOS-
HOM uenun. KoHTakTbl (BX0Abl) U PYHKUMU (BbIXOAbI, KaTYLIKKN) HY-
MepyroTCS.

[nsg npumepa Ha puc. 4.23, B npuBefeHa npeobpasoBaHHas Takum
06pa3om cxema LLMKNOBOro yrnpaBneHus puc. 4.22. B aTy cxemy B CO-
OTBETCTBMW C YKasaHHbIMW NpaBunamu BBeJEHO MPOMEXYTOUYHOE
pene Y, a KOHTaKT KOHeYHOro Bolknoyarend SQI caybnnposaH.

BBog nporpaMMbl NOC/e COCTaB/IEHNSA TaKOW CXEMbl OCYLLECTBNAET-
csA ¢ knaBMwHoi naHenun MK (6nok YBIT Ha puc. 4.23, a), KNaBuwwu
KOTOpPOIi COOTBETCTBYIOT TOMY WU/N UHOMY IOTMYECKOMY CUMBOAY A3bl-
ka. Kpome TOro, Ha maHeniv pacronaratloTcs AekafHble nepexknoyarenm
Habopa HOMepoB Leneli N KOHTaKTOB, a TakKXXe KnasuLu Bbibopa Tuna
(hYHKUUM (IOTMYECKOW, CYUETHOI, BPEMEHHOI NN 3aNOMUHAHUSA).

Beogumasa nporpamma sanuceiBaetca B M3Y, nocne yero MK mo-
XET BbIMOAHATb (DYHKL MW, NPEAYCMOTPEHHbIE NPUHLUNWANBHON CXe-
MOQ. BblnonHeHne nporpammbl 6yfeT Npon3BOAMTLCA NOCNeA0BaTe b-
HO MO Lenam LMKNOBbIM 06pa3oM, Npu 3TOM Kaxpaasa Lenb obpabaTbiBa-
eTcs Cnesa Harnpaso.

SNEKTPONPUBOA, C UYMCIOBLIM MPOrpaMivHbIM YTIPaB/IEHEM (UMY).
Takoii aneKTponpuBog NpeactaBnseT coboin yHneepcanbHyto CMY.
MpuMeHNTeNbHO K 06paboTKe pasfNyHbIX U3AeNniA Ha CTaHKax, rge
OHa Haxo4WUT OCHOBHOE MPUMEHeHUe, 3Ta cMcTeMa obecrneymBaeT Cy-
LeCTBEHHOE NOBbILEHWEe NPON3BOANTENBHOCTM TPYa U Ka4ecTBa 06-
paboTKu geTanei.

Mpwn ncnonb3osaHnu snekTponpueoga ¢ UMY Bce TexHONOrnyeckme
faHHble No 06paboTKe M3Lennii — CKOPOCTH 1 NepeMelLeHns n3genmnii
nnn 06pabaTbiBaIOLLEr0 MHCTPYMEHTA, UX HaMpPaB/ieHWs, NOCneL0BaTe b-
HOCTb onepauunin npn o6paboTke u TN. 3agatTca B Buae umcen. Coso-
KYMHOCTb BCex yucen obpasyeT nporpamMmy o6paboTKn AaHHOT0 U3genus,
KOTOpas npeABapuTe/ibHO COOTBETCTBYHOLMM 06pa3oM paccumTbiBaeTcs,
KOAMpYeTCA, 3anncbiBaeTCsa Ha TOT UM MHOI NporpaMMoHocuTens (nep-
honeHTy, NeppoKapTy UAM MarHUTHY'O NeHTy). Mepeg 06paboTKO U3-
fenuna nporpaMmMa BBOAMTCS B NPOrpaMmMHOe YCTPOWCTBO 31€KTPONpH-
BOJa, KOTOPbI B faNbHeilwem obecneynBaeT 06paboTky usgenmsa 6es
HernocpeACcTBEHHOTO yyacTus oneparopa. s 06paboTKu Lpyroro nsge-
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nna TpebyeTca NN b CMEHUTL NPOrpaMMy, YTO 3HaYMTENIbHO COKpaLlaeT
Bpems 06paboTKM 3a CYET WCK/IOYEHMUS BCMOMOraTebHbIX Onepaunii
(moaBof4 ¥ OTBOL MHCTPYMEHTa, U3MepeHue AeTanu, yCTaHOBKa BEIMUYUH
nogaun Nckopoctu pesanus NTI). PDF Compressor Free Version

Takum ob6paszom, CMY ¢ UMY npeacTtaBnset cob6oii pa3HOBMAHOCTb
LM(POBOTO 3/IeKTPONPUBOAA C MPOrpamMMHbIM YMpaB/ieHNEM.

Cuctembl UMY penarca Ha aHanorosble (HenpepbiBHbIE) U AUC-
KpeTHble (MMNYyNbCHbIE). B aHanoroebix cucteMax UMY cOBOKYMHOCTb
yucen, obpasyrwmx nporpammy 06paboTkn nsgenus, npeobpasyercs
B KaKyt0-11M60 HEMPEPbLIBHO M3MEHAIOLLYIOCS aHANOr0BYHO (DU3MYeCKYto
BE/IMYMHY (Hanps>XeHWe MOCTOAHHOMO ToKa, a3y wuau amnauTyay
CMHYCOWUAANbHOTO HaMPXXeHna U T.4.), KOTopas u ABNAETCA BXOAHbIM,
YyNpaBfsoLWMM BO3Le/ACTBMEM HA 31€KTPONPUBOA. B ANCKPETHBIX CU-
ctemax UMY nporpamma B KOHEYHOM WTOre MpefcTaBfisgeTcs nocne-
[l0BATe/IbHOCTLI0 YNpaBAAWNX UMMYbCOB, KaXLOMY U3 KOTOPbIX
COOTBETCTBYET OMNpejefieHHOe NepeMeLLeHne NHCTPYMEHTa UK U3ge-
nMa. Yncno uMnynbcoB onpefenseT 3HaAYeHUEe MepeMelleHuns, a ux
4yacToTa — CKOPOCTb NepeMelLeHuns.

Cuctembl UMY paboTatoT B O4HOM 13 ABYX PEXMMOB: MO3MLUOHNPO-
BaHUS WU KOHTYPHOIN 06paboTku. Mo3nLMOHHbIe (KOOPAVHATHbIE) CUCTE-
Mbl UMY o6ecneuynBaloT TOUHYIO YCTAHOBKY MHCTPYMEHTa OTHOCUTENIbHO
M3LeNna UM ero NPAMOJIMHENHOe NepemeLLeHne. Takue peXxxumbl ObiBa-
0T HE0OX0ANMbI NPY Ppe3epoBaHNK, CBEPIEHUN UK PACTOUKE HECKONb-
KUX OTBEPCTUIA, a TaKXKE NMPU TOUEHWUMN U CTPOraHm n3gennin. IHCTpymeHT
WK M3aenvie Npyu 3TOM NepeMeLLaeTcs No KpaTyanwmnm, NPSMOANHERHbIM
NyTAM MEXAY TOYKaMy YCTaHOBKM (MO3ULMAMUN) UHCTPYMEHTA.

KoHTypHble ((hyHKUMOHANbHbIE) cucTembl UMY obecrneumBatoT ne-
peMelleHNe UHCTPYMeHTa Uau U3LeNna No NPOou3BOJIbHbIM TPaeKTo-
pusM, 4TO TpebyeTca NPy KOHTYPHO 06paboTKe M34ennii pasnnyHoi
KOHQuUrypauum.

Cuctembl YUMYMOryT 6bITb 3aMKHY TbIMU 1 PA3OMKHY ThIMU. B 3aMK-
HYTbIX CMCTEMAX C MOMOLLbIO 4aTYMKOB U3MepsaeTcs LeliCTBUTENbHOE
MONOXEeHWEe UHCTPYMEHTA UNu N3genns, n ata MHopmaLmns B BUAe CUT-
Hana o6paTHOl CBA3M MOJAETCHA B CpaBHMBaKLee YCTPOWCTBO, B KOTO-
pOM OHa CONOCTaB/ASETCA C CMTHANAMMW NPOrpPaMMHOr0 YCTPOACTBA.

Mpu oTAMYMK LEeACTBUTENBHOTO NOMOXEHWA OT 384aHHOI0 B CUC-
TEMY YNpaBneHWs 3/MeKTponpueoga NocTynawT AONOMHUTENbHbIE
ynpaefiawoLme curHansl, obecrneynsaroLne He0OOXOLUMYIO KOPPEKLUIO
MOMOXEHUSA MHCTPYMEHTA UM U34enna. TeM caMbiM 3aMKHYTbIE CUC-
Tembl YMY obecneymnBaoT 601bWYH TOYHOCTL 06paboTKM M3Lennii.

B pasoMKHYTbIX cuctemax YIMY ABMXKeHNE MHCTPYMEHTa UNKn n3-
[ennsa He KOHTPO/IMPYETCHA U HENOCPEACTBEHHO HE COMOCTAB/IALTCA C
3aflaHHbIM. [103TOMY cnyyaliHoe M3MeHeHWe NapaMeTpoB CUCTEMbI UK
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Kaknx-nnbo BHEWHWX BO3MYLEHWU, HanpuMep MOMEHTa CO-
NMPOTUB/IEHNA HA Bany NPMBOAA, Bbi3biBaeT CHMXKEHNE TOYHOCTU OT-
paboTku nporpamMmmbl. BmecTe ¢ TeM pasoMKHYTble CUCTEMbl OKa3blBa-
I0TCA NpOLLe 3aMKHYTbIX B Hanafgke v aKkcnayaTayuu.

Mpoueccy 06paboTKK M3Lenns Ha cCTaHke ¢ cuctemonn UMY npeg-
LecTBYeT NOLTOTOBKA MPOrpaMMOHOCUTENSA, KOTOpas COCTOUT U3 He-
CKOJIbKMX 3Tanos.

McxoaHbIMKU faHHbIMW AN COCTaB/eHMA nporpamMmmbl 06paboTku
n3gennsa ABNATCA TEXHONOTMYECKUE AaHHbIE: pa3Mepbl 3ar0TOBKU U
yepTeXx M3Lenuns, Matepman 3aroToBKU, XapaKTePUCTUKa UHCTPYMEHTa,
CTeneHb TOYHOCTM U3rOTOBNEHUS U3LENUA, XapakTep 1 Buj 06paboTku.

Ha nepBoMm 3Tane cOCTaBNEHUSA NPOrpamMmMbl U3FOTOBAAETCA CNeLn-
anbHbIA YepTex, B KOTOPOM n3genve nsobpaxaerca B cucteme nps-
MOYTO/IbHbIX KOOpPAWHAT (Npu 06beMHOK 06pab0TKe BBOAUTCS U Tpe-
Tbsl KOOpAMHaTa). [lanee B NPpUHATON CUCTEME KOOPAMHAT Nporpam-
MUpyeTCAa MepemMelleHNne WHCTPYMeHTa (M34enus), npu 3ToM Ans
MO3ULMOHHBIX cucTem YTY nporpammupyeTca nepemMeLLeHne Mexay
4BYMS nocnefosatenbHO o6pabaTbiBaeMbIMKU TOYKAMU, & AN KOH-
TYpHOI cucTembl UMY — nepemelieHne LeHTpa MHCTpyMeHTa (u3ge-
nuns) no Tpebyemoin TpaekTopuu.

Ha cnegytoliem atane noAroTOBKM NMPOrpamMmbl COCTaBAAETCA TeX-
HoNMornyeckas kapta o6paboTku m3genus, B KOTOPOU onpejensercs
nocnefoBaTe/lbHOCTb BCEX MepeMeleHnidA MHCTpYMeHTa (M3genns) ¢
yKaszaHuem CKOpOCTW, Nofayn u rnybuHbl pesaHus v BeNUUYUHbI ne-
peMelLeHUs N0 KOOPAUHATHBLIM OCSM.

[na ypo6cTea BBOAA f@aHHbIX Y COKpalleHUs ANUHbI MPOrpaMmMOHO-
cUTens BCe flaHHble TEXHONOIMYEeCKON KapTbl KogupytoTcs. B cuctemax
Ury Hambosnee pacnpocTpaHeHHbIMU ABNAKOTCA LBOUYHbBIN 1 4BONY-
HO-AEeCATUYHbIA KOAbl, MCMOMb3YIOLWNe ABONYHYIO U LECATUYHYIO CHC-
Tembl UcuUncneHns. JBOMUHO-4eCATUUYHbIE KOLbl COYeTaloT B cebe eM-
KOCTb AeCATUYHbIX KOAOB M YA06CTBO NpeAcTaBneHns nHopMaLmm Ha
nNporpaMMOHOCHTENE, XapaKTePHOe A1 4BONYHbIX KOAOB.

Mporpamma Ha NporpaMmMOHOCKTe e 3aNMCbIBAETCA B BUAE OTAENb-
HbIX «(ppas* (6710koB). Kaxablii 610K COAEPXMNT BCIO MHPOpMaLUto No
obpaboTKe M3genua Ha faHHOM 3Tane TEXHO/IOTMYECKOro uukna —
HanpaBfieHWe U CKOPOCTb MepeMeLeHns N0 KOOPAUHATHbIM OCAM,
pexumbl 06paboTKN, OXNTaXAEeHUA N T.4. 3Ta UHOPMALMA Bblpaxa-
eTCH C MOMOLLbIO OTAENbHBIX «C/I0B*, KaXK40e U3 KOTOPbIX onpeaenseT
NN 3HAYEeHWEe NepPeEMELLEeHNs N0 0CAM KOOPAMHAT, UK ero CKOPOCThb
M HanpasneHue, AN Kakne-nmbo BcnomoratenbHble KOMaHAbl.

MoaroToBneHHbI NporpammoHocuTens MH, cogepxawmii npo-
rpaMMmy 06paboTKuM U3gennsa B 3aKO4MPOBaHHOM BUAeE, MOMeLLaeTcs B
ycTpolicteo BBoga I (puc. 4.24).
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Puc. 4.24. Cxema anektponpusoga c 4ry

Ecnu nporpammMa 3anucaHa Ha neponeHTe, TO B yCTPONCTBe BBOAA
n obpaboTkm nporpammel YBOI ¢ nomowbto hoTtocumTteiBaTens ®C
nycunutens-opMuposaTens Y ® ocyLlecTsiseTca nokagpoBoe CUNTHI-
BaHue 1 npeobpasoBaHue 3aKO4NPOBaHHOW UHGOpMaL U NPOrpaMmMo-
HocuTena MNH B anekTpnueckune curHasnbl. NMoka nHHopmaLua ogHOro
CUMTHIBAEMOTO Kajpa 3anucbiBaeTca B 6ydepHy0 (MPOMEXYTOUHYIO)
namaTb, B paboyein namaTu 1 nocnegyowmx 61okax cuctemsl UMY ocy-
wecTensetTca o6paboTka MHopmaL My nNpeablayuimx kagpos. o mepe
ocB0o6OXaeHNA paboyell NaMATU B Hee NepeBOAUTCS MHGOpMaLMs U3
6yhepHoi namaTu, 4To o6ecrneymBaeT HeNMpepbIBHOCTL NpoLecca ynpas-
neHusa ctaHkom. bydepHasa n paboyas namAaTb BXOAAT B YCTPOICTBO
namaTtun YTl

N3 paboueli namsATW 3NEKTPUUYECKME CUTHAMbl NOCTYNaloT Ha BXOS
nHTepnonsTopa (gewndgpartopa) N, KOTopbl NpeobpasyeT 3TN 3aKO4U-
pOBaHHbIe CUTHA/bI B NOC/IEL0BATE/IbHOCTb 3/1IEKTPUYECKUX UMMY/bCOB
(Tak Ha3blBaeMbIl YHUTAPHbIA KOA) U NOJaeT UX Ha BXOA 31eKTponpu-
Boga OI1. 3nekTponpmBof, OCYLLECTBAAA OTPabOTKY 3TOM NOCNe0BaTENb-
HOCTU MMNYJIbCOB, 06ECMNeYrBaeT NepemMeLLeHne NCNONHUTENILHOTO opra-
Ha CTaHKa, Npu 3TOM KOJINYECTBO UMMYJIbCOB OMpejesNiseT BE/IMYUHY Me-
peMeLlieHMsa, a yacToTa UX C/NefoBaHUA — CKOPOCTb MepemeLLeHuns.
YCTpoWCcTBO NamMATh Y77CBA3aHO C NyNbTOM ynpasfieHus My.

Cuctema UMY obecneymBaeT TakXKe COOTBETCTBYIOLLEE YTIpaBeHNE
pPasNUUYHbIMU  3NEKTPOMEXAHUYECKUMU W  3NEKTPOMArHUTHBLIMU
YCTPOCTBAMU — 3/1EKTPOMArHUTHBIMU My(DTaMu, 3NeKTPOMarHMTamm
pasINYHbIX MeXaHWYeCKUX NPUCNOCOBNeHNIA CTaHKa, KaTyLKamMu pene
N KOHTaKTOPOB U T.4., KOTOPbIe HAa CXeMe puc. 4.24 ycnoBHO Mnokasa-
Hbl 6/T0KOM 371€KTpOaBTOMATUKMN DA.

Cxema UMY Ha puc. 4.24 moxeT ObITb JONO/IHEHA faTUMKaMK Na-
pameTpoB TEXHO/IOIMYECKOr0 npouecca 06paboTkm getanm (6n10k ATM)
N KoOpAuHaT 3anekTponpueoga. B atom cnyyae cuctema UMY craHo-
BMTCH 3aMKHYTOW 1 obecneynBaeT 6051ee BbICOKOE KauyecTBO 06paboT-
Kn getaneii. Kpome Toro, cxema anektponpusoga ¢ UMY cogepxut
PS4 He MoKasaHHbIX Ha puc. 4.24 6110KOB 1 yCTPOICTB, 06ecneymBa-
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IOLWNX KOHTPONb BBOAA U BbIK/IFOYEHWE NMPOrpamMmMbl, 3alunTy, 610KKN-
POBKY U CUTHann3auuto npu pabote 3neKTpoobOpPYyA0BaHMA CTAHKA.

YacTo okasbiBaeTCs YA0OHbLIM 3aNUCbIBATL NporpaMmmy (nocne cym-
TbIBAHWA U EKOAMPOBAHUA) HA MarHUTHYO NEHTY, YTO MO3BOJIAET MNO-
nyyatb 60/bLWYI0 NAOTHOCTb 3aMUCKU NPOrpaMMbl U NPOU3BOANTH OMe-
pauuy CYUTLIBAHUSA U JeKOAMPOBAHMNSA Ha OTAE/IbHO PACNO/IOXEHHbIX OT
CTaHKa yCcTpoicTBax. 3anmcb Ha MarHUTHYIO IEHTY NPOU3BOAMTCA B
HEeCKOMbKO JOPOXKEK, YaCTb U3 KOTOPbIX COLEPXUT MHPOPMaLMIO 0 ne-
pemeLLeHnaX No KoopAnHatam, pyras — 0 HanpasneHUn ABUXEHUSA,
pexxumax pesaHus, NPUMeEHAEMbIX MHCTPYMEHTaxX U T.4.

MHpopmaLns Ha MarHUTHOW fIeHTe 3anMCbiBaeTCa B BUAE TaK Ha-
3bIBAEMOr0 YHUTAPHOTO KOAa, T.e. HEMPEPbLIBHON nocfefoBaTelbHOC-
T UMNYNbCOB YMNpaB/ieHNs, ob6ecneynBaroLL X NepeMeLL,eHne ncnon-
HUTENIbHbIX OPraHoB CTaHKa B COOTBETCTBMWU C KOJIMYECTBOM MO-
CTynawLwmnx MMMnynbLCos.

Ona npuMmepa paccMoTpuUM CTPYKTYPHYH CXemy cuctembl UMY ¢
WwaroBbiM aBuratenem (puc. 4.25), ¢ NOMOLLbIO KOTOPOro nepemela-
eTcA CTON ppe3epHOro cTaHKa no 0O4HON KoopfAuHarte.

Puc. 4.25. Cxema anektponpusoga ¢ 4lyY c ucnonb3oBaHnem
Larosoro gsurarens

Mporpamma nepemMeLLeHMs CToNa, 3anUcaHHas Ha MarHUTHYIO NIeHTY
MJ1B BMAe nocnefoBaTenbHOCTU eAUHUYHBIX UMMY/bCOB (YTO COOTBET-
CTBYET YHUTAPHOMY KOAY), CUATBLIBAETCA C MOMOLLbIH MarHUTHOW FO/TI0BKM
MI. B 3aBUCMMOCTU OT TpebyeMoro HanpaBneHNUs ABMXKEHUS UMNYbCbI
HanpaBnAlTCA N0 OLHOMY U3 KaHaN0B U Nnocne ycusieHus B 61okax YC
NMOCTYMNalT Ha BXO CXeMbl yNpaB/ieHUs warosbim gsuratenem CYLUA.
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[Buratens oTpabaTbiBaeT KOMaHAHbIE UMMY/bCbl U Yepe3 MexaHu-
YecKyt BUHTOBYIO nepepayvy Bl nepemewaet cton C. Ob6uiee umcno
MMNYNbCOB ONpefenseT BeIMUMHY, & UX YacTOTa — CKOPOCTb nepeme-
WeHna cTona. Ana nepemMelieHuns ctona
NONb3yeTCA aHANOTUYHbIA 31eKTPONPUBOS,.

Mo CBOMM TEXHWYECKUM BO3MOXHOCTAM U OCOOEHHOCTAM CTPYK-
Typbl cuctembl UMY fenarcd Ha yeTblpe rpynnbl, MMeloLWwme B COOT-
BETCTBUM C MEXAYHApPOAHON knaccupmkaumein o6o3HaveHmna HNC,
SSC, CSC u DSC.

Cuctema HSC (Hand numerical control) obecneunBaet ornepaTuBHoe
ynpaBneHue ¢ pyyHbIM 3afjlaHMeM MporpaMmmbl C MyfbTa ynpaBfieHus.
Cwuctema SSC (Stored numerical control) cogepXXuT yCTpONCTBO NamMsATy
0N XpaHeHUs nporpaMm m obecrneynsaeT 06paboTKy NapTMn ogMHaKo-
BbIX 3ar0TOBOK C OHOKPATHbIM CUMTbIBAHWEM MpPOrpaMmbl nepeg obpa-
60TKoi. Cuctema CSC (Computer numerical control) 6asmpyeTcs Ha npu-
MEHEHUW MUKPOOBM, no3BonstoLweid nporpaMmmmpoBaTh CBOK paboTy 1
BblpabaTbiBaTb Tpebyemblii anropuTm ynpaBneHusi. Cuctema D SC (Direct
numerical control) no3BonseT ocyLecTBNATL NPAMOe LN POBOe ynpasne-
HuWe rpynnoi ctaHkoB ¢ YIMY cuctem SSC n CSC. Cuctema DSC Tak-
e npegycMaTpuBaeT MCNOMb30BaHME B CBOEN CTPyKType IBM.

B HacToswee BpeMa Hambonbliee pasBUTME MONYUYUIN CUCTEMbI
Ury c npumeHeHMeM MUKPOMNpPOLECCOPOB U MUKPOIBM (puc. 4.26).

Puc. 4.26. Cxema afnekTponpueoga c NporpaMMHbIM YCTPONCTBOM
Ha ocHoBe 3BM

Ynpasndiowaa nporpamma ssogmtca 8 3BM ¢ nporpammoHocu-
Tena NMH (unv nynsTa ynpasnenuns MY) yepes 610K BBOJa nporpam-
mbl BBIM n ycTpoiicTBa BBOAa-BbIBOAa YBBL. [lanee oHa mocTynaeT B
YCTPOICTBO MaMAaTM MUKPOIBM. B M3Y xpaHATCS NOCTOAHHbIE Yac-
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TH MpOrpaMmebl, jaHHble 414 0eKOLUPOBAHUA, UHTEPMNONNPOBAHUA U
HE06X0AMMbIX BblUMNCAEHWIA.

B O3Y nocTtynaeT KpoMe AaHHbIX YNpaBAstoLed nporpamMmmsl Te-
Kywas nHopmayusa oT gaT4ymkoB obpatHoli cesizm L OC o xoge Tex-
HO/IOTMYecKoro npowecca, COCTOAHUM 3awWnT 1 6TOKUPOBOK, Ha OC-
HOBaHMM Yero BbipabaTbiBaeTCA ynpaBnatoLLee BO3eliCTBUE HA 3/1eK-
TPOMNpPUBOL M YCTPONCTBA 3/1€KTPOaBTOMAaTUKM cTaHka JA. CBA3b
MUKPOIBM c anekTpoobopyLoBaHMEM CTaHKa OCYLLECTB/IAETCA Yepes
yCTpoiicTBa BBOJa-BbiBOga YBB2-YBB4. Kpome ykasaHHbIX 6/10K0B
3BM BkovaeT B ceba mukponpoueccop MMM un Taimep |

MpumeHeHne MMKpo3BM B cuctemax UMY pe3ko pacwunpsaer ux
(hyHKLMOHaNbHbIe BO3MOXHOCTM, NO3BO/IAA BO3AENCTBOBATL NPOrpamMm-
HbIM NyTeM Ha (DYHKLUMOHMPOBAHME CTaHKa, OCYLLeCTBAATb 4MaN0roBblili
peXxum obLLeHNs onepaTopa co CTaHKOM, BBECTU AUArHOCTUKY paboThl
CTaHKa n cuctembl YIMY, peann3oBbiBaTb YHMBEPCANbHbIA — KaK No-
3ULVOHHBIW, TaK N KOHTYPHbI — pexxum 06paboTkuy feTaneil.

Kpome T10oro, MMKpoOBM n03BONAET OCYLLECTBAATL YMpas/ieHune
HECKO/IbKMMMW 3NeKTponpuBogamm, o6ecneynBaloWnMy gBUXEHMNE
WHCTPYMeHTa (feTanun) no pasnuyHbIM KOOpAUHATAM.

4.7. NIEKTPONMPNBOAbI C AJATNTVBHbBIM
YMNPABNEHNEM

Pa6oTa HEKOTOPbLIX paboymx MalwnH U NPOM3BOACTBEHHbLIX MeXxa-
HU3MOB XapaKTepU3yeTcs M3MEHEHMEM B LUMPOKMX Npedenax u cny-
YaliHbIM 06pa30M YCNOBMWIA TEXHONOTMYECKMX NMPOLECCOB U Pa3MUHbIX
LEeNCTBYIOLWMX Ha HUX BO3MYLLAKOLWMX BO3L4ECTBMIA. [4ns obecneyeHns
Hannyylwero Xof4a TaKMX TEXHONOTMYECKUX MPOLLECCOB 3/IEKTPONPUBOS,
[O/MKeH 06nafaTh CBOWCTBAMM N3MEHSATb COOTBETCTBYOLWMM 06pa3om
XapakTep CBOei paboThbl.

JNeKTPOonpuBOfA, B KOTOPOM CNoco6 YHKLMOHMPOBAHMUSA €ro Cu-
CTeMbl yNpaBneHNs aBTOMATUYECKN U LiefleHanpaB/ieHHbIM 06pa3om
N3MeHSeTCs AN OCYLeCTBNEHNS HaUNyYLIero NpoTeKaHWs TeXHO0-
rmyeckoro npouecca paboyeid MallnHbI, Ha3blBAETCA 31€KTPONPUBO-
[IOM C afjanTUBHbIM WK caMonpucnocabamBaroWLINMCS yrpaBieHNEM.
Lpyrumun cnoBamMu, 3NeKTPONPUBOA C aflanTUBHbLIM YMpaB/ieHWEM
obecneynBaeT HaUNy4YLnii XO4 TEXHOMOTMYECKOTO NpoLiecca no 3afaH-
HOMY MOKa3aTe/o KayecTBa NpU M3MEHAIOLLMXCA BO3MYLLEHUSAX W yC-
nosusx paboTbl. ABTOMaTUYECKOE U3MEHEHME cnoco6a DYHKLUOHN-
pOBaHUA CUCTEMbI YpaBeHNs 3EKTPONPUBOAA Ha3blBalOT ajanTaLm-
el NI CamMonpucnocobieHneMm.

JNeKTPONpuUBOZA C aAanTUBHbLIM yNpaB/ieHWeM, B KOTOPOM LeneHa-
NpaBfieHHO U3MEHSOTCA NapamMeTPbl CUCTEMbI YNpaBneHUs, Ha3blBaeT-
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CfA caMoHacTpausaloWymMcs. Ecnm n3mMeHATCa napameTpbl U CTPYKTY-
pa CUCTEMbI YMNpaBieHuWs, TO 3/IeKTPONPUBOS Ha3biBaeTCA CaAMOOPraHu-
3YIOLLMMCS, €CNTM U3MEHAITCA MapameTpbl, CTPYKTypa U 3aKOH Yrpas-
NEHNS C UCNOMb30BaHMEM OMnbiTa GyHKUMoLL poMXKii'™" iVShi-
fia, TO OH Ha3blBAETCA camoobyyatoLmMcs.

[na ocywectsneHuna aganTUBHOTO yrpasneHnsa B CTpyKTypy 3l
BBOAMTCS YCTPOWCTBO afanTUBHOrO ynpasneHua (YAY), B 3agady Ko-
TOPOro BXOAUT (hOpMMUPOBAHME CUTHAIOB yNpasnieHnsa, obecneymnsa-
IO MX 384aHHbIA MOKa3aTeNb Ka4ecTBa TEXHOMOrMYECKMX NPOLLEeCCoB,
HanpuMMep HauBbICLLIEN NPOU3BOAUTENbHOCTM paboyeli MallUHbI, MU-
HUManbHOW cToMmocTu obpabaTbiBaeMoOl getann u T.4.

B obwem cnyyae YAY f0/mKHO 06ecrnevnBaTh Uy NoajepykaHue atoro
nokasaTens KayecTBa Ha 3afjJaHHOM YPOBHe (CUCTeMbI cCTabunnsauum), uim
NnonyyeHUe 3KCTPeManbHOro ero 3HauyeHus (3KCTpPeMasbHbIe CUCTEMBI).

CucTembl cTabumsaumm YaLle BCEro BbINONHAOTCA C UCNO/b30Ba-
HWEM MOJeNn TeEXHONOrnyeckoro npouecca. Lienbto nx paboTel ABA-
eTcs obecneyeHve 6M30CTU XapaKTEPUCTUK PeanbHOro TeXHonoruyec-
KOro npouecca v uenecoobpasHoro (onTuManbHOro) npouecca, Koto-
pbl/i BOCMPOM3BOAMTCA C MOMOLLLIO MOAESIN 3TOr0 TEXHOIOTMYECKOro
npouecca.

B akcTpeMabHbIX a4anTVBHbIX CUCTEMax HacTpoliKa napamMeTpoB Cu-
CTeMbl YNpaB/eHNs OCYLLECTBAAETCA TaK, YTOObI 3aaHHbIN NOKa3aTenb Ka-
YeCTBa TEXHOJIOMMYECKOro npoLecca LOCTUran 3KCTPemManbHOro 3HaYeHus.

Mo cnocoby nonyyeHna nHpopmMaymm 0 TeKyLLeEM 3HAYEHUU MoO-
Ka3aTesia KayecTBa 3KCTPEMasibHble CUCTEMbI AeIATCA Ha MOVCKOBbIE 1
6ecnonckoBble. B MOMCKOBbLIX CUCTEMAX HAXO0XAEeHWe nokasaTens Ka-
yecTBa AOCTUTAeTCA 3a CYET BBELEHUSA B CUCTEMY LOMONHUTENbHBIX
MOWUCKOBbIX CUTHAN0B. B 6ecnoncKoBbIX (aHANMTUYECKUX) CUCTEeMax
3TOT NoKasarte/lb PacCUYMTbLIBAETCA aHaMTUYECKM C MOMOLLbLIO Creun-
anbHOM0 BbIYNCANTENbHOIO YCTPOMCTBA.

lMouckoBble CUCTEMbI MO CMOCO6Y NOMCKA, B CBOKD OYepefb, fenarca
Ha CUCTeMbl C aBTOKonebaTeNbHbIM U MPUHYANTeNbHbIM MOUCKOM 3KCT -
pemyma. ECnm NOMCKOBbIE CUTHANbI TEHEPUPYIOTCA CAMOR CUCTEMO,
TO OHA OTHOCUTCSH K 3KCTPEMasibHbIM CUCTEMaM C aBTOKO/1e6aTe/IbHbIM
MOUCKOM 3KCTpeMyma. Mpu ncnonb3oBaHUK CneyuanbHOro 4onoaHu-
TE/IbHOI0 UCTOYHMKA MOUCKOBBLIX CUTHAN0B 3KCTpemMasibHasa cucTema
OTHOCWUTCA K CUCTEMAM C MPUHYANTENIbHBIM MONUCKOM 3KCTPEMYMA.

Mo KonnyecTBy MepemMeHHbIX, OT KOTOPbIX 3aBUCUT NoKasaTesb
KayecTBa, 9KCTPEMasbHbIE CUCTEMbI AeNATCA Ha OLHOMEPHbIE U MHO-
romepHole. Knaccnumkaymnsa akcTpemanbHbIX CUCTEM BbIMONHAETCA
TakKXXe Mo BuAy MeToA0B NOUCKa aifOpUTMa HaxoXAeHUsa aKCTpemy™
Ma, Cpefn KOTOPbIX MpUMeHeHMe Hawnm Metoasl aycca —3aiigens,
rpagvMeHTa, HAUCKOPENLWEro cnycka u pag apyrux.
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MprmepoM NOMCKOBON afanTUBHOW CUCTEMbI yNpaBAeHUs 31eKT-
ponpuBoAa MOXET CAYXWUTb CUCTEMA NOUCKA MUHWUMANbHOTO 3Haye-
HVA TOKa cTaTtopa aCUHXPOHHOrOo gBuratens B cucteme TPH-AL, npu
KOTOPOM NOTepW B ABUTaTesie 0Ka3blBAlOTCA MUHUMANIbHBIMU, Perynm-
pyemoli KOOpAMHATOW aCMHXPOHHOTO ABUraTens Kak o6bekta ynpas-
NEeHWA B 3TOM C/lyyae ABNAETCA TOK CTatopa, ynpasnatoLen — Hanps-
XEeHWe NUTaHuAa gsuratens, a BO3MyLLaolW MM BO3eliCTBUEM — MO-
MEHT HarpysKku Ha Bany gsBurartens.

4.8. KOMIJIEKTHBIE N MHTEMPUPOBAHHDbIE
SJIEKTPOMPMBOAbI

MporpeccuBHbIM HanpaBieHWEM Npu CO34aHNN CPEACTB ynpasne-
HUA M aBTOMaTMU3aLumM TEXHONOTMYECKUX NPOLLECCOB ABNAETCA pa3pa-
60TKa 1 BbINYCK KOMMNAEKTHbIX 31ekTponpueogos (K3M) nocToaHHO-
ro n nepeMeHHoro Toka. OHM NpeacTaBnAT co60M perynnpyembilii
3NEeKTPONPUBOA, B NOCTaBASEMbIA 3aKa34MKYy KOMMIEKT KOTOPOro BXO-
OAT BCe ero (OYHKUMOHaNbHble 3/1IEMEHTbI, COFNacoBaHHblie MO BCEM
CBOMM XapakKTepucTMKaM M napameTpam yXe Ha CTaguum NpoeKTUpo-
BaHWA, KOHCTPYUPOBaHWNA N N3TOTOBMEHUS.

KomMnneKTHble 31eKTPONPUBOAbLI HAX0AAT BCe 60/ee LWNPOKOe Npu-
MEHEHMWE BO MHOTMUX OTPAC/AX MPOMbILLIEHHOCTU — CTAHKOCTPOMUTESb-
HOW, BymarogenaTenibHOW, MeTanaypruvyeckoin, MawMHOCTPOUTENbHOM
nap. PacnpoctpaHeHne K3T o06bsacHAeTCA 60onee HU3KOM TPyA0EMKOC-
TbHO NpK ero paspaboTke v U3rOTOBEHWNU, COKPALLEHNEM BPEMEHMN Ha
3NEKTPOMOHTaXHbIE 1 HaNagouHble paboTsl, y406CTBOM B 3KCNIyaTaLmm.

KoMnnekTHble 31eKTPONPUBOAbI Pa3NnyaloTCA Mo Ceayownm Tex-
HUYEeCKUM AaHHbIM (15): HanpsHXKeHW0 NUTaKOLWen ceTn; YnCny ABU-
ratenein (04HO-, BYX- NN MHOTOABUraTeNbHbIe); BUAY N HOMUHANb-
HbIM MapameTpam CUI0BOro Npeo6pas3oBaTens; HaNANUYUK UK OTCYT-
CTBUIO peBepca ABWUraTens; BUAY OCHOBHOI perynmpyemoi KoopauHathbl
(3NeKTpONpuBOAbLI C PeryInpyeMbiMy CKOPOCTbIO, MOMOXEHWEM, Ha-
TSXKEHMEM, MOLLHOCTbIO); AMana3oHy v HanpasieHWIo perynnpoBaHmns
CKOpoCcTU (O4HO30HHbIE N ABYX30HHbIE); COCTaBY annapaTypbl CUN0-
BOI uenun (C NMHEeHbIM KOHTAKTOPOM UAu 6e3 Hero); Haanumo unu
OTCYTCTBMIO TOPMOXEHUS; CNOCOBY CBA3M C NuUTaloLeli ceTblo (CBA3b
yepes TpaHCcoOpmaTop, peakTop uamn 6e3 HMX).

KoMryiekTHb I a7ekTporpriBog, MOCTOAHHOIO TOKA. OH XapaKTepusyeT-
ca Hanbonee LWMPOKOA HOMEHKNATYPOIA, U B ero cocTaB BXOAAT: ABUTa-
TeNb C TaXOreHepaTopom 1 (Un) 4aTYNKOM MOJSIOXKEHUS; TUPUCTOPHbIE
npeobpasoBatenn s NUTaHUA 06MOTOK BO3OYXAEHNA 1 AKOPS ABUra-
TeNns NOCTOSHHOIO TOK&; CU/I0BOW TpaHC(opmMaTop UK peakTop; cria-
XUBAKOLW NI peakTop; KOMMYTaLMOHHAA 1 3allnTHaa annapaTypa (aBTo-
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MaTM4eCcKne BbIKAKOYaTeNN, NTMHENHbIe KOHTaKTOpbl, Py6UAbHUKN);
YCTPONCTBO AUHAMUYECKOTO TOPMOXeHMs (Npyn HEOH6X0ANMOCTH); CXe-
Ma ynpaB/ieHns 31eKTPonpuBoaa; 6,10kM NUTaHWA 06MOTKM BO3OYXAeHMS
TaxoreHepaTopa v 3N1eKTPOMarHMTHOro Top Y AMiill g s6 M 3KsPo
HanpshkeHus (Npu Heo6Xo0AMMOCTH) U KOMMNAEKT annapaTos, NpM60opoB u
YCTPOMCTB 419 yNpaBneHns 1 KOHTPOS COCTOSHUA 31eKTPONprBOAa.

JaTunky TeXHonornyeckmx rnapameTpos paboyMx MalnMH U Me-
XaHW3MOB, a TaKXe yrnpasBnsftoLiMe N CUTHANbHbIE YCTPOWCTBA, MOH-
TUPYEMble Ha NynbTaxX YNpaBneHns, BBULY UX CNELUDUYHOCTU B KOM-
MNEKT MOCTABKN 06bIYHO HE BXOAAT.

ONeKTPOTEXHNYECKON NPOMBbILLIEHHOCTbLIO BbIMYCKAeTCA HECKONbKO
cepuii KON nocToAHHOTO TOKa.

KoMnnekTHble anekTponpueogbl cepun KTIY 06nafatoT WNPOKUM
CNeKTPOM (PYHKLMOHaNbHbIX BO3MOXHOCTeW. OHM BbINyCKalOTCA B
0A4HO- M MHOTOfBUraTe/lbHOM BapuaHTax peBepCUBHOIo N HepeBepCcuB-
HOTrO WUCMOJ/IHEHNS KaK C AMHAMUYECKUM TOPMOXEHMeM, TakK n 6e3s
Hero. 9NeKTPoONpMBOAbI MOLWHOCTbI0 A0 2000 KBT o6ecneumnBatoT pe-
rynnposaHue cKopoctu, nonoxeHus, 3AC, MOLWHOCTU N HATAXEHUS,
a MoLWHOCTLIO A0 12 000 KBT — TO/IbKO perynnpoBaHue CKOpPOCTU U
MowHocTh. Ha ocHoBe 3aTux K3TI mMoryT 6biTh peann3oBaHbl 3/1eKT-
ponpuBofAbl 1 CO creunanbHbIMN XapakTepucTnkamu.

KomnnekTHble anekTponpueogbl cepuii AKT n KTO MOWHOCTLIO
COOTBETCTBEHHO A0 2000 1 1000 KBT MMEIOT NPUMEPHO Te e PYHK-
LLMOHaNnbHble BO3MOXHOCTK, 4TO U cepna KT3Y, n otanyarTca Ha-
60pOM M UCMONTHEHNEM OTAe/IbHbIX 6/I0KOB.

bonbwas rpynna K3I pa3paboTaHa 1 LWWMPOKO NPUMEHSAETCA AN Npu-
BOJa MeXaHW3MOB CTaHKOB, p060TOB, MaHUNYNATOPOB U paja Apyrux no-
LO6GHBIX paboumx MalwnH U MexaHu3moB. K mnx umcny oTHocsaTea K3l
cepuii OTY 3601, 3T3, 3T6, 3TPM, 3MNY1, 3MNy2, NpM, SWNP-1.
B atux K31 npuMeHs0TCA BbICOKOMOMEHTHbIe aAsurarenu tunos MNBCT,
MrT, 2N, NeB, A K1, o6ecneunBaroLLe BbICOKME JMHAMMUYECKME NOKa-
3aren paboTbl NpuBoAa. TN ABUTaTe/IM UMEIOT BCTPOEHHbIE TaXoreHepa-
TOPbI, C MOMOLLLbIO KOTOPbIX peannsyerca obpaTHas CBA3b MO CKOPOCTHU.
B cocTaB atnx K311 Kpome ABurartens ¢ TaxoreHepaTopom BXOAAT CUIO-
BOIi Nnpeo6pasoBaTenb, YyCTPOMCTBO yNpaB/eHUs, aBTOMAaTUYECKUIA BbIK/HO-
yaTesb, TpaHCHOpPMATOP NUTAHWSA, CTAXMBAIOLLMIA peakTop, annapatsl 3a-
WUTbl U curHanusauuun. Hekotopole n3 atux K3 (3TY3601, 3T3) ume-
0T 6/10KM CBA3M C cucTeMamu YTY cTaHKoOB.

BonbwWMHCTBO yKasaHHbIX K3 MMET CUI0Bble TUPUCTOPHbLIE
npeobpa3oBaTenun, NOCTPOEHHbIE MO OAHO- WK TPeX(asHbIM, MOCTO-
BbIM W HY/IeBbIM, HEPEBEPCUBHBLIM U peBepCUBHbLIM cxemam. B K3
Tunos MPM n 3WWNP-1 ucnonb3yetcs TpaH3NCTOPHLIA npeobpaso-
BaTe/b C WWMPOTHO-UMNYNbCHOW MOoAynaunein HanpshxkeHusa (LKW M).
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CxeMbl ynpaBfieHUs 60M1bWNHCTBA CTaHOUYHbIX K31 nocTpoeHbl no
npuHUuMnaMm NOAYMHEHHOro perynmposaHua koopaumHarc M- un NA-
perynatopamm TOK™ 1 CKOPOCTU, 4TO o6ecrneymBaeTt bonblive gmnana-
30HbI PeryinpoBaHna CKOpPOCTH, nexallue B npefenax O4HOW ThiCAYN
n 6onee. B K3M tunos 3T3, 3TPI, 3MY1 AnS rnaBHbIX ABUXEHN
CTaHKa npegycmarpuBaeTca ynpasieHue TOKOM BO30YXAeHus ABura-
TENsA C NOMOLbI TUPUCTOPHBLIX Npeobpa3oBaTteneit (Bo3byauTenei),
YyeM JOCTUTaeTCa YBE/IMYEHWEe [Uana3oHa peryimpoBaHusa CKOpoCTHu.

MoLWHOCTb CTaHOUYHbIX K3 —OT eANHNLbI 40 AECATKOB KNI0BATT.

KOMI/ieKTHb I 971eKTpOoNprBOg, MEPEMEHHOMO TOKa. HoMeHKnaTypa
TaKNX 3N1eKTPONpPUBOLOB NMOCTOAHHO pacLINPAETCA U BKIOYaeT B Ceba
3NEKTPONPUBOLbLI C AaCUHXPOHHLIMU U CUHXPOHHLIMU ABUTaTENAMM.

K uncny nepsbix cepuit K3 ¢ aCUHXPOHHBIMMW ABUTaTeNsAMU OT-
HocATcAa anekTponpusogbl Tunos SKT n 3KT2 Ha mowHocTK oT 19
[0 66 KB A n «Pasmep 2M*, npuMeHAO LW MIACA B cTaHKax ¢ UMY u
npegycMaTpuBaloLwuii HaCTOTHO-TOKOBOE YNpaB/ieHNe aCUMHXPOHHOIO0
asuratens. K 6onee coBpeMeHHbIM K3TT 0THOCATCA Y4acTOTHO-YNpas-
naemsble anektponpusogbl Tuna KY3, KMYK KMYH mowHOCTLIO OT
11 no 630 kKBT; OTA Ha HOMWHaNbHbIe TOKW ABUratesns ot 6 4o 50 A;
3SMA 1, 3TA 1u pag gpyrux.

B nocnegHue rofbl 31eKTPOTEXHUYECKAA NMPOMbILLEHHOCTb BbINYC-
KaeT KOMMNEKTHbIE 3/IEKTPONPUBOAbLI C UCMOMb30BAHNEM CUHXPOHHbBIX
faBuraTenei, cpegn Kotopbix 3MB 2 No cxeme BEHTUBHOTO ABUraTe-
nsa, 3MBb 3mn 3MB 3-b ¢ NCNOb30BAHNEM CUHXPOHHBIX ABUTaTENE
C MOCTOSAHHbLIMW MarHuTamum.

Cepus «Bektop* (AB-140) npefHa3HavyeHa 419 KOMNAeKTaLUnM CTaH-
KOB 3/1EKTPONPUBOLAMUN C aCUHXPOHHBLIMU U CUHXPOHHbIMUK (BEKTOP-
HbIMW) ABMTraTeNAMU C UCNOMb30BaHWEM NpeobpasoBaTeneid HacTOTbl.

VHTErppOBaHHL A A7IEKTPONPMBAOL, B nocnefHue roabl Ans npuBoja
HEKOTOPbIX CTAHKOB M CneLunanbHbiX MeXaHU3MOoB cTanu paspabartbliBaTb-
CA U NPUMEHATLCA 3NEKTPONPUBOLbLI C 00beMHEHNEM B €4UHYIO WH-
TErpMpOBaHHYO KOHCTPYKLMIO HECKO/IbKUX KOMMOHEHT 3/1eKTPONpUBO-
fa ABuratens, MexaHuyeckoli nepefayu, LaTYMKOB KOOpPAMHAT, a B
HEKOTOPbIX CAyYasx — 1 CUI0BOTo npeobpasoBaTens. Takoi 3nekTpo-
MeXaHW4YecKUin Mofy b, Ha3blBaeMblil MHOT A& MEXaTPOHHbIM, M03BONAET
B paje cny4yaes nosyyatb 60/ee BbICOKME TEXHWKO-IKOHOMMUYECKMe
nokasatenu paboTbl 31eKTPONPUBOLA M TEXHONOTMYECKOTro 060pyaoBa-
HWA MO CPAaBHEHMWIO C 0ObIYHBIM UCMOMIHEHWEM 3N1EKTPONPUBOAA.

KOHTPOJIbHbLIE BOIMPOCbHI

1. B kakux cnyyaax TpebyeTtcs co3fjaHue 3aMKHYTbIX CXEM 3/1EKTPO-
npusopga?

12. MockaneHko 177



10.
11.
12.
13.
14.
15.

Kakylo CTPYKTypy CUNOBOI 4acTu UMeeT 60/bLMNHCTBO 3aMKHYTbIX

3/1eKTponNpnMBOA0B?
Kakne Buabl 06paTHbIX CBA3El NPUMEHATCHA B 3aMKHYTbIX CXeMax
3fiekTponpusona? PDF ComPreSSOr Free”ersion

Kakne oTnnymTenbHble NPU3HAKM UMEIT CXeMbl yrnpaB/ieHus C
o6Wwunm ycunutenem?

Kakne oTnnyutenbHble NpU3HakuM MMEKT CXeMbl yrnpas/ieHus, no-
CTPOEHHbIE MO NPUHLUNY MOAYUHEHHOrO peryimpoBaHus KkoopanmHart?
UTo Takoe TEXHWYECKUA U CUMMETPUYHbLIA ONTUMYMblI HACTPOWKK
CUCTEM C NOAYMHEHHBIM peryimposaHuemM KoopauHat?

Kakvne cnoco6bl ynpaBieHUs NPUMEHATCA B aCUHXPOHHbIX 3/1eK-
TponpuBogax C MCnonb3oBaHWem npeobpasoBaTenein 4acToThbl?
Kakne Buabl peryiimpyemMblX 3/71€KTPONPUBOLOB C CUHXPOHHBIMMU
aAsuratenssMu Bbl 3HaeTe?

C KakoW uenblo ocywecTBnsieTca aBToMaTMyeckoe peryanposaHue
TOKa BO30OYXAEHUS CUHXPOHHbLIX ABuUratenein?

Kakoli anekTponpuBog Ha3biBaeTCs cnefsawmum?

UTo Ha3blBaeTCA 3/1eKTPONPUBOAOM C NPOrpaMMHbIM yrpasieHnem?
B uem cocTofAAT ocobeHHOCTM anekTponpusoga c UMy?

UTto Ha3blBaeTCca afanTUBHbLIM 3/1EKTPONPUBOLOM?

Kakoil anekTponpnuBoj Ha3blBaeTcAa KOMNAEKTHbIM?

Kakoii anekTponpuMBoj Ha3biBAeTCA UHTETPUPOBAHHbLIM?



naB3 5
QJIEKTPOIMPMBOA B CNCTEMAX
ABTOMATU3ALUNN TIPON3BOLCTBA

5.1. CTPYKTYPbl CUCTEM ABTOMATW3ALINN
NnPON3BOACTBA

CoBpeMeHHOe NPOoMbILLIEeHHOE NMPOW3BOACTBO XapaKTepusyeTcs Wn-
POKUM MPUMEHEHNEM aBTOMATUYECKUX CUCTEM YMNpaB/ieHUd, YTO MN0O3BO-
NnaeT 061erynTb TPy YeNoBeKa, YBeNUnTb NPOM3BOAUTENLHOCTL Pabo-
YMX MALIWH U TEXHONOTMYECKUX KOMNMJIEKCOB, MNOBbICUTH Ka4eCTBO Bbl-
NMyCcKaeMoi NpoAyKLWUWN, CHU3NTb e 3HEPTO- U MaTepuanoeMKoCcTb U
PewnTb pag Apyrux 3agad.

CTeneHb aBTOMAaTU3aLUN TEXHONOTUYECKMX NPOLLECCOB MOXET BbITb
pasnnyHoi. Ha paHHMX 3Tanax MpOMbILL/IEHHOIO NMPON3BOACTBA aBTOMa-
TU3MpoBanacb pabota oTAeNbHbIX Paboymx MallH U MPOU3BOLCTBEHHbIX
MeXaHW3MOB, a PYHKLUU NPUHATUA U peann3alun yrnpaBieHYecKnx pe-
LUEHWIA BbINOMTHAN YenoBek (onepaTop). Mo mMepe pasBUTKSA, YCIOXKHEHWS
M MHTEHCU(MKAL MW NPON3BOACTBA, & TaKXe MOABAEHNA KOMMbIOTEPHO
TEXHUKW CTanun co34aBaTbCs CUCTEMbI YNPAB/IEHUS, BbINONHAOLLME HAN-
Nyywinm o6pa3om BeCb KOMMJIEKC 3a4ay ynpasieHUa TEXHONOTUYECKUMN
o6bekTamu. B HacTosiLLee BpeMSA C HUMU CTaiv 06beANHATLCA U CUCTEMBI
aBTOMaTM3UPOBaHHOIo npoekTupoBaHua (CATP) TeXHOMOrMYeCcKoro u
BCMoOMoOraTeslbHOro o6opyfoBaHus, YTo NO3BONAAET ONTUMU3NPOBATL MO
MHOIMM NOKa3aTeNsM Kak caMu TeXHOIOrMYeckne 06beKTbI, TaK U BbIMo-
HAEMble UMW TeXHOMOrMYecKne NpoLecchl.

MpombIWeHHOe NPON3BOACTBO MOXET UMETb HECKO/TbKO YPOBHEN aB-
TOMaTM3NPOBAHHOI CUCTEMbI yNpaBiaeHus. epBblii ypOBEHb, KOTOPbIA
MHOTr 1a Ha3blBalOT /IOKA/IbHbIM, COCTaBNAKT CUCTEMbI YNPaBieHUs 3N1eKT-
pONpMBOLOB OTAENbHbLIX paboumx mMalnH. Ha aTom ypoBHe and obecne-
YeHWs 3a,aHHOr0 KayecTea TEXHOM0MMYEeCKOro npotecca v ero asTomaTtu-
3auuMmn, KpoMe 00OpaTHbIX CBSI3ei Camoro 3/1eKTponpuBo4a, MOTyT UC-
Nno/b30BaTbCA 06paTHbIE CBA3W W MO PEryaMpyemMomMy TEXHOOrMYECKOMY
napameTpy, HarnpuMep 4aB/IEHUIO U PaCcXOLY XXUAKOCTU UK rasa, HaTsa-
YXEHMIO B 0OpabaTbiBaEMOM MaTepmane, yCunuo pesaHns B CTaHKax n T4,

B Takmx cxemax aBTOMaTU4ecKoro perynuposaHusa (puc. 5.1) Bbixog-
Has KOOpAWHaTa aneKTponpueoja ABMIAETCA YNPaBASOLWNM BO3EN-
cTBMEM AN14 paboyeil MmawmHbl PMu obecneuynBaeT 3agaHHbIn X0 Tex-
HOJIOrMYECKOro npoLecca nNpu pasInyHbIX U3MEHEHUAX BO3MYLLAK L NX
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BO3AeNcTBU J1"»,, 1 CurHanom 3afaHuns gna anektponpusoga
ABNAETCA CUTHAN OTK/IOHEHMA (paccorsacoBaHua) Mexay curHanamu
3aflaHnd TeXHO/I0rnyeckoro napamerpa XITwm

HOM cBsidan Jt . r CurHan 3afgaHus S\ TnocTynaeT OT onepaTopa pactoyeit
MalWHbl UKW OT CUCTEMBI YNpaBneHuns 601ee BbICOKOro ypoBHS. Pac-
CMOTPUM peann3auuto TaKoW CXxemMbl Ha NpUMepe CUCTEMbl aBTOMATM-
4ecKOro perynmpoBaHus faBfeHUs HaCOCHOW YCTaHOBKMU.

Puc. 5.1. Cxema aBTOMaTU4eCKOro perysimpoBaHus TeXHOJ/IOTMYecKoro napamMmerpa

OCHOBHOWi XapaKTepUCTMKON Hacoca ABNSeTCA 3aBUCMMOCTb CO3JaBa-
emMoro um Hanopa (gasneHus) A ot pacxoga sofbl Q. Ha puc. 5.2 noka-
3aHbl 3TV XapaKTepUCTUKK 415 ABYX CKOPOCTel NpUBOAHOIO ABUraTens —
HOMWHANbHOW C0**, (xapakTepucTunka |) u NOHMXeHHOW L, (XxapakTepuc-
Tmka ). JonycTum, 4TO B UCXOAHOM MOJIOXKEHMMW HAacoc paboTan B TOY-
Ke /Cc HOMWHanbHbIMK pacxofoM CL**un Hamopom Hmtt. Mpu HensmeH-
HOI CKOPOCTYM BpaLleHns paboyero Koaeca Hacoca CHKEHWE pacxoja fo

ypoBHA Q2nprBeeT K NOBbILLEHUIO laBlieHWsA Ha BbIX04e Hacoca [0 3Ha-
yeHusa 4, (1. 3 Ha xapakTepuctuke I). Ecnm Takoe nosbllWeHNe faBie-
HUSA HeXenaTenbHO, HaNnpuMep, No YC0BUAM TEXHOIOMMYECKOr0 NpoLec-
ca UM nNo coobpaXKeHNAM 3KOHOMUUW 3NEKTPOIHEPTUN U BOAbI, TO 3a CUeT
YMeHbLUEeHNs CKOPOCTM BpaLlleHns paboyero Kosneca 0 YpOBHA Co, 4aB-
NeHne MOXeT 6bITb CHUXEHO A0 3HaYeHus A2npu ToMm xe pacxofe Q2
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(T. 2 Ha xapakTepucTtuke Il). Tem cambiM npu paboTe Hacoca 4O/MKHA
6b1Tb 06ecneyveHa xapaktepuctuka 11, 4yTo MOXeT 6bITb NONYYEHO B CU-
CTeMe aBTOMATUYECKOTO perynMpoBaHus AasneHns ¢ UCNonb30BaHNEM pe-
ryNMpyeMoro no CKOpoCTH 3/1eKTPONpuBOAa, BbINOMHEHHOTO, Hanpumep,
MO CXeMe «aCMHXPOHHbIV ABUraTeNb — npeobpas3oBaTesib HacTOThI™.

Puc. 5.3. Cxema aBTOMaTU4eCKOro perysMpoBaHus AaBreHns

Cxema TaKoi CUCTEMbI PEFYINPOBAHWA B TMAPaBINYECKO MarmcT-
panu nokasaHa Ha puc. 5.3. Ha Heil 0603Ha4yeH0: A[l — aCUHXPOHHbIN
asurartens; A —Hacoc; M —rugpasnnyeckas maructpans; NY —npe-
obpasoBatesnb YacToTel; PLl — perynatop gasnenus; 44, 31 —cooTtBeT-
CTBEHHO aTUuK W 3afaTUMK fasneHus xuakoctu; (/,,, — CUTHabI
COOTBETCTBEHHO JaTuuMKa W 3afaTyMKa faeneHus. LaTunk gaBneHus
obecneynBaeT oTpuLaTeNIbHY 06paTHYIO CBA3b NOAAB/EHUIO, B COOT-
BETCTBMU C YeMm curHan UyHa Bbixoge P/ (OH e curHan ynpaeneHus
npeobpasoBaTenieM YacTOTbl) onpeaenseTcs cnefyowmnm o6pasom:

(6-1)

rae k,, Kn— COOTBETCTBEHHO KO3 puLMeHTbl ycuneHusa P curHanos
3aflaHua Av u gasneHus B maructpanu Lpn.

Pa6oTa cucTemMbl MPOMCXOAUT cnegytowmm o6pasom. Lonyctum,
YTO UcxofHasa paboyas Touka (CM. puc. 5.2) HaxoaMTCA B NOMOXKeHUN 1
1 Hacoc paboTaeT C HOMUHa/IbHBIMU PacXxogoM M faBneHneM s
Mpu CHNUXeHUK pacxofa B COOTBETCTBUM C XapaKTepucTUKaMmn Haco-
ca puc. 5.2 HauHeT Bo3pacTaTh jaBneHue, a B cooTBeTcTBUM € (5.1) npw
3TOM BYZET CHMXKaTbCA cUrHan ynpasneHns Ur 3ro npueefeT K yMeHb-
WEeHWUI0 YaCcTOoThl HaNPAXeHUs NUTaHUA LBUTaTens, U ero CKOpocCThb
Ha4yHeT CHMXaTbcA. Hacoc BcneacTBue aTOro nepeiiger pabotaTb Ha
6osiee HU3KYI0 XapakKTepucTuky (puc. 5.2), u jaBfieHne nepecTaHeT BO3-
pactatb. [pu yBennyeHUn pacxofa cmctema 6yget obecneymsatb yBe-
Nn4yeHune gaBneHusa. Takum 06pa3om, B 3aMKHYTOI cxeme puc. 5.3 6y-
feT obecneyeHa xapaktepuctuka I, nogaep>xusatowas gaBneHne B
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3aflaHHbIX npegenax. MonoXKeHne aTON XxapakTEPUCTUKN ONpefenseT-
CA YpOBHeM 3ajatoliero curHana Uxn

HaknoH xapaktepucTtuku Il 6éygetr onpag”opna
KoshpuumneHTamu yCUNEHNS 3N1IEMEHTOB CXeMbI. B cnyyae ncnonb3o-
BaHuA -peryndaropa AaBneHunsa xapakTepucTmka 6yger uMeTb HEKO-
TOPbIV HAKNOH (perynmpoBaHue CO CTaTUYECKOR oW nb6Koit), a B cny-
yae Hanuuua MN-perynaTopa cxema obecneymT actaTmyeckoe (C Hy-
NEeBON CcTaTU4YeCKOW OWMOKON) perynupoBaHue gaBneHus. Pacuet
KoshuumeHTa ycuneHua lM-perynatopa no KkaHany faBfieHUA MOXeT
6bITb NPOU3BELEH CNeAYoLWMM 06pasom.

3anuwem BbipaXxeHue ang curHana ynpasnedmsa UyHa sxoge MYy
4na Touek 7u 2, ucnonbsys gpopmyny (5.1):

n»- " -afg,.-Ne ..-ag., -

(5.2)

I £an,.-af,,, =0, -KK .

rae k™ = Qw/A(/ly— koathhnuMeHT nepefaym CUNOBOI YaCTM 31eKTPo-
npusoga (174+ ALl), paa/(c -B); knn —KoappuumeHT nepefaum at-
ynka gasneHus 44, B/wm.

Bbiuntas (5.3) u3 (5.2), nocne npeobpas3oBaHnili Nonyyaem cnegy-
Iowyto popmyny ans pacyeta Tpebyemoro KoagpuymneHTa yCuneHuns
CUrHana gatyvika faBneHus:

K MHObH (0,

5.4
*  kTKAH1-H KMY 64

O6bI4HO Tpebyeman cTaTUUeckas xapakTepuctTuka perynmposanus Il
3ajaeTca TpebyembIM (4ONyCTMMbIM) nepenagom Hanopa AA=(A2-
npu N3MeHeHNN pacxofa B abCOMOTHOM BblpaxkeHUn AQ = Q ~,- Q2unu
B OTHOCUTeNbHOM Bufe Qj= Q-JQ” . Tak Kak B COOTBETCTBUU C Pop-

Mynamu nogobus Hacoca Ql= QJQ N« = w,/ = o0’, T0 hopmyny (5.4)
C YUYEeTOM 3TUX COOTHOLUEHUA MOXHO 3anucartb B BUJE:
YomO-® (5.5)

q " L]

PacueTt napameTpoB cxembl Ha puc. 5.3 npueefeH B npumepe 5.1.

MHoOrune TeXHON0rMYecKne NpoLecchbl peannsyroTca ¢ MCMosib30oBa-
HUEM HEeCKONbKMX B3aMMOCBA3aHHbIX pabounx mawuH, HanpumMep npo-
KaTKa MeTanna B MPOKaTHbIX CTaHaX, U3roTOBAeHUe feTaneil B Mallu-
HOCTPOEHWUM, NPOU3BOACTBO BymMarn u T4. PaccmMoTpum 3TO Ha NpuMme-
pe cTaHa ropsyeil NpokaTku, CXeMa KOTOPOro nokasaHa Ha puc. 5.4.

Komniekc TexHonornyeckoro o6opyfoBaHna cTaHa BK/lOYaeT B
ce6s HarpeBaTesibHble NeyYn Metanna /, pofibraHr 2, BepTUKanbHbI 3
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¥ TOPU30HTa/IbHbIA 40KaNMHONOMaTeNIn, YepHOBbIE 5 1 YACTOBbIE 7
pabouvie KeTu, neTyume HOXHULUbI 6, MOTanKy 9.

Y3 n
YBM A

PARIAEA I'I_ A!G‘” _A]f-/

£

. [KUH

Puc. 5.4. CxeMa aBTOMaTM3auun ctaHa ropsyein npokaTku

nr/nn

TexHONorn4yecknii NnpoLecc NpoKaTky mMeTannia cocTOUT B Clefy-
towem. Mepes NPOKATKON MeTanna ¢ NOMOLLbIO CNeLnanbHbIX HAXKUM-
HbIX YCTPOMCTB yCTaHaBNMBalOT HEO6X0AUMbIe PACTBOPbI BasKOB BCEX
KneTeil cTaHa u okanuHonomareneli. MpokaTka MeTanna HauMHaeTcs
C pasorpesa CIMTKOB B HarpeBaTe/ibHbIX Nevyax 1. 3atem OHW NOCTy-
NatT HA TPAHCMOPTUPYIOLWNIA PONbraHr 2 u 4OCTaBAATCA K OKanu-
HoslomMaTensm 3 1 4, C MOMOLLbIO KOTOPbLIX YAANnfeTca OKanuHa ¢ ux
NMOBePXHOCTW. [lanee CAMTOK NMOCTYNaeT B KAeTU YepHOBOW rpynmbl
CTaHa (MX MOXeT 6bITb 5-6), rae NnponsBoAUTCA NpeABapuTeNibHOe 06-
XaTtue CNTKa 40 TONWUHBbI 20—25 MMm.

Mocne 4epHOBON rpynnbl MeTann NOCTynaeT B YACTOBYIO rpynmny,
COCTOAW YO U3 7-9 KneTell, B KOTOPbIX MeTan1 06>KnMaeTca 40 3a4aH-
HOl ToNWMHbI. C NOMOLLbIO MOTANOK 9 OH CMaTblBAeTCA B PYJIOHbI U
HanpaeseTca Ha ganbHeiwyt 06paboTKy. Arperatbl NPOKaTHOrO cTa-
Ha — KNeTW, PONbraHrn, mMoTanKku, NeTyuyme HOXHULbI, HOXKUMHbIE
yCTPOICTBa NPUBOAATCA B ABMXEHMe anekTponpusogamu 10.

HeTpyZLHO 3aKNOUYUTb, YTO yMnpaBneHne TakKUMU UAW NOLOBGHbIMM
CNOXHbIMW TEXHONOTNYECKMMU KOMMNAEKCAMU JOKHO 6bITb B MAKCU-
MafibHOW CTeNeHn aBTOMaTM3NPOBAHO, YTO U peann3yeTca Ha NpaKTuKe
C MOMOLL b aBTOMAaTU3NPOBAHHbIX CUCTEM YMPaBNeHUS TEXHONOINYec-
KnMu npoueccamn —ACY TIM. B o6wem cnyvae ACY TI HasbiBaeTcs
4enoBeKOMaLLMHHAA cucTema, obecneyumnsaroLLLas aBTOMaTU3NPOBAHHbIA
c6op n 06paboTKy MHoOpPMaLMKM C LeNblo BbIPaboTKM U peanusauuu
ynpaBnstoLL X BO3LENCTBUMA HA TEXHONOTMYECKNI 06bEKT ypaBieHNs B
COOTBETCTBUM C NPUHATLIM KpPUTEPUEM YMNPaBieHUS.
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3aflaHHbIX nNpegenax. MonoXeHne aTOM XapakTepucTUKKU onpegenseT-
CA YPOBHEM 3ajatollero curHana )"

HaknoH xapaktepuctuku Il 6ygeTr onpe”aaagm sion
KoahpuumeHTaMmn YCUNEHNA 3NIEMEHTOB CXeMbl. B cnyyae ncnonb3o-
BaHuA T-peryndaropa AaBneHna xapakTepucTuka 6yfeT UMeTb HEKO-
TOPbI/ HAKNOH (perympoBaHue CO CTaTUYECKOI OWMNOKONA), a B Cny-
Yyae Hanuuua MN-perynaTopa cxema o6ecneyut actaTuyeckoe (C Hy-
NEeBOM cTaTU4yeCcKO OWMBKON) perynmpoBaHue gaeneHus. Pacuer
KoshuumeHTa ycuneHuma lM-perynatopa no KaHany fAaBfeHUa MOXeT
6bITb NPOU3BELEH CNeAyoL MM 06pasom.

3anuwem BbipaXxeHue And curHana ynpasneHna UyHa sxoge MY
ana touek 1u 2, ucnonbsys gopmyny (5.1):

vV” =7 "kn" "Kn" °Kku" " KA ‘H~~' <52)
-Kn->-BA.-*A . (5.3)
rae = Jo)/O(/ly— koadhpurumneHT nepegaym CUI0BOI YacTh 3NEKTPO-

npusoga (174+ ALl), pas/(c -B); kan — KoahpuLuMeHT nepegavu nat-
ynka fasneHus 44, B/wm.

Bbiuntas (5.3) u3 (5.2), nocne npeobpas3oBaHnii monyvaem cnegy-
oWy opmyny Ans pacyera TpebyeMoro Kos@uumnueHTa ycuneHus
CUrHana gatyvika faBneHus:

K Yo»-Y
[+ A<sD-5 1ol G4

O6blvHO Tpebyemasn cTaTuyeckas xapakTepucTuka perynuposaHus Il
3ajaeTca TpedbyembIM (4ONYCTMMbIM) Nepenafom Hanopa 4 A=(A2-
npy N3MeHeHMK pacxoda B abCoMoTHOM BbipaxeHun AQ = 0 DA Q}um
B OTHOCUTeNbHOM BUfAe Qj= Q-JQA. Tak Kak B COOTBETCTBUM C hop-
Mynamm nogo6msa Hacoca Q[= QJQ " = w,/03”" = w’, 70 hopmyny (5.4)
C YyUYeTOM 3TMX COOTHOLUEHWI MOXHO 3anucartb B BUJE:

YomO-®
*,U. =
Pacuet napameTpoB cXxeMbl Ha puc. 5.3 npuBegeH B npumepe 5.1.
MHOrune TeXHON0rMYeCcKne NpoLeccsl peasnsyoTcsd ¢ UCMoNbL30Ba-
HUEM HEeCKO/bKMX B3aMMOCBA3aHHbIX paboynx MaLlnH, Hanpumep npo-
KaTKa MeTanna B MPOKaTHbIX CTaHax, U3roTOBMieHWe AeTanei B Mallu-
HOCTPOEHWUM, NPOU3BOACTBO Bymarn n T4. PaccMOTpUM 3TO Ha nNpuMe-
pe cTaHa ropsyeil NpokaTku, CXema KOTOpOro nokasaHa Ha puc. 5.4.
Komnnekc TeXHONOrM4Yeckoro obopyAoBaHns CTaHa BKAOYaeT B
ce6s HarpeBaTesibHble NeyYn Metanna /, ponbraur 2, BepTUKanbHbIA 3

(5.5)
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Y TOPU30HTA/IbHbIN 40KaNMHONOMaTeNN, YepHOBbIE 5 1 YACTOBbIE 7
pabouvie KeTu, netyume HOXHULUbI 6, MoTanku 9.

ya VB nao
nnfnn M 8 9
1/l 1 BV

I/J /I!s EJJZ K

9 ffiM M 9

10

Puc. 5.4. Cxema aBTOMaTuM3aUun cTaHa ropsyeil NpokaTku

TexHONornyecknii npouecc NPoKaTkyM MeTanna CoCTOUT B crnefy-
towem. Mepes NPOKaTKON MeTanna ¢ NOMOLL LI CrelnanbHbIX HAXWUM-
HbIX YCTPOWCTB yCTaHaBNMNBAOT HEO6X0ANMbIe PacTBOPbI BaiKOB BCEX
KneTeil cTaHa U oKannuHonomarteneli. MpokaTtka MeTania HauyMHaeTcs
C pasorpeBa C/IMTKOB B HarpeBaTe/ibHbiX nevyax 1. 3atem OHWM NOCTy-
NatT Ha TPAHCMOPTUPYIOLW NI PONbraHr 2 U [OCTaBNATCA K OKanu-
HoMomaTenam 3 n 4, ¢ MOMOLLLI0O KOTOPbIX YAanfaeTca oKanuHa ¢ ux
NMOBePXHOCTKW. [lanee CAMTOK NOCTYnaeT B KAeTU YEPHOBOW rpynmbl
cTaHa (MX MOXeT 6bITb 5-6), rae NPpoOM3BOAMTCA NpeaBapuTeNibHOe 06-
Xartue CnmMTKa 40 ToNWUHbl 20—25 MMm.

Mocne 4epHOBOW rpynnbl MeTann NOCTynaeT B YMCTOBYIO rpynny,
COCTOALLYI U3 7-9 KneTeil, B KOTOPbIX MeTan 06>KnMaeTca A0 3a4aH-
HOM TonwMHbl. C NOMOLLBIO MOTANOK 9 OH CMaTblBaeTCA B PY/IOHbI U
HanpasnsieTca Ha AanbHenwy 06paboTKy. ArperaTbl NPOKaTHOrO CTa-
Ha— K/eTW, poNbraHrn, MOTaNKu, neTyyme HOXHULbI, HaXUMHbIe
yCTPONCTBa NPUBOAATCS B ABUXEHMe 3nekTponpusogamu 10.

HeTpyZHO 3aK/OUMTb, YTO yNpaBneHne TaKUMWU WU NOA0OHbLIMYU
CMOXHbIMW TEXHO/IOTMYECKMMU KOMMJIEKCAMMW AO/HKHO 6bITb B MAKCU-
MafibHOW CTEeNeHN aBTOMaTU3MPOBAHO, YTO U peann3yeTca Ha NpakTuke
C MOMOLL b aBTOMATU3MPOBAHHbBIX CUCTEM YNPaB/eHUS TEXHOIOrNYec-
Kumu npoueccamun —ACY TI. B obuwem cnyvae ACY TI1 HasbiBaeTcs
4YenoBeKOMALUMHHAA cucTeMa, obecrneymBaroLLas aBTOMaTU3NPOBaHHbI
c6op 1 06paboTKy MHPOPMALUM C LeNnbio BbIpabOTKU U peannsauunmu
ynpaBastoLL X BO3LeNCTBUIA Ha TEXHONOTNYECKNI 06BEKT yNpaBneHus B
COOTBETCTBUM C NPUHATLIM KPpUTEPUEM YNpaBneHus.
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MpuMeHUTeNbHO K paccmaTpusaemomy npumepy ACY TI1 paboTaer

cnegyrowmm obpasom. nd ceoero PyHKUNOHUPOBaHUA YBM pfo/mkHa
NMeTb HEOBX0AUMYHO MHOPMAaLMOHHYIO 6asy.
XO0AHbIX AaHHbIX W[, npeacTasnatowmx coboit pacyeTHyto (onTumans-
HYH0) MaTeMaTMyecKyl MOAeNb NPOKaTKKW, U TeKyLleli MH(opMaLmm no
npoueccy npokatku WM, nonyyaemyto OT yCTAHOBEHHbLIX Ha TEXHO-
nornyeckom obopyaosaHum gatynkos 8. ConocTasnsag 3afaHHble MNoKa-
3aTenu npouecca NpoKaTku ¢ peanbHbiMU, YBM BbipabatbiBaeT 3aja-
oL Me CUTrHanbl (YCTaBKK) 3M1eKTPONPUBOAOB OTAE/MbHbIX pabounx MaLluH
M MexaHU3MOB U1, NpU HEO6XOANMOCTHU, UX KOppeKTupyeT. Takum obpa-
30M, YBM BbInonHAeT cnefytowue PyHKUNN:

* Nony4veHue, nepepaboTKy, XpaHEHNE M NOUCK MHpOpMaLUW;

* (hopmMupoBaHue 1 Bbigavy 3afaHns (YCTaBOK) 3/1eKTPONpPUBOLaM TEXHO-
NOTNYECKOro KOMM/EKCa Ha OCHOBE MaTeMaTUUeCcKOn MOLEeNN NPOKaTKMK;

* KOPPeKLM MaTeMaTMyeckoin Mogeny npu n3MeHeHUn napamer-
pPOB TEXHOMOrMYECKOro npoLecca U COOTBETCTBEHHO BblaBaeMblX 3a-
faHunin (yctaBok), UTo obecneyrBaeT ONTUMM3ALMIO TEXHONOTMYECKO-
ro npouecca (agantayua uanm caMoHacTpoka cucTembl);

* Bblfayy NOAHOW MHpOPMaLMM NO NPOLEeccy NPOKATKMU.

[nsa nonyyeHns 06beKTUBHON MH(OPMaL M YBM MOXET OCYLLECTBNATL
CTaTUCTUYECKYIO0 06paboTKY CUIHA/IOB TEXHONOTMYECKUX AATHMKOB.

MpoMbILWNEHHOE NPOU3BOACTBO YaCTO peasim3yeTca He OfHUM, a He-
CKOMIbKMMW B3aMMOCBA3aHHbIMM TEXHOMOrMYECKUMU npoLeccamun. B pac-
CMaTpMBaEMOM Mpumepe NPon3BOACTBa METAN/IMYECKOTO INCTA UCXOAHBIM
n3Lenvem ABNAETCA CAAMTOK MeTanna, KOTopblA MOXET 6biTb NOMYYEH, Ha-
npumep, Ha YCTaHOBKE HeMpepbIBHOM pa3nuBku ctanu. Mocne nonyyeHns
NNCTa OH MOXET ObITb HaNpaBfeH Ha JanbHeNL Yo 06paboTKy, Hanpumep
MOKPbITUE 3aWUTHLIM CN0eM UUHKa. COBOKYMHOCTb TEXHONOTMYECKUX
npoLieccoB 1 06pasyeT NPOMbILLIEHHOE NPON3BOACTBO, YINPaB/ieHNe KOTo-
PbIM LLeNecoobpa3Ho OCYLLEeCTBAATL C MOMOLLbIO aBTOMATU3NPOBAHHbIX CU-
CTEM ynpaBneHns Npou3BOLCTBOM WUaun npeanpuatvem —ACYTI.

ACYT gomkHa B 06LeM criyyae COAepXaTb Ceaytowmne nogCUCTEMBI;
ACYTI, aBTOMaTU3NPOBaHHON TEXHOMNOTMYECKON MNOArOTOBKN MPOU3BOS-
CTBa, NJIaHUPOBaHUA, ANCNeTYepu3aLn, TPAHCMOPTHO-HAKOMUTENbHYIO,
KOHTPOJIA KayecTBa, KOHTPOJIA UCMOMHEHNSA, a TaKxe coopa, XpaHeHus,
06paboTKM U Bblgaun UHGOpPMaLUN.

Cnepgytwouine, 60nee BbICOKWE YPOBHM ynpaBfieHnUs obecneynsaroT
ACY npoun3BofACTBEHHbIMW 00bEMHEHNAMMU, B KOTOPbIE MOTYT BXOAUTb
HecKonbKo npegnpusatuii, ACY otpacnu n ACY 06LWerocyjapCTBeHHbIE.

AnnapaTHasa peannsalmsa COBPEMEHHbIX CUCTEM YNpaB/ieHns NPOn3BoA-
CTBOM BCeX YPOBHeli OCYLLEeCTBAAETCA C NOMOLLbIO 6bICTPOAENCTBYHOLLMX
CPefCTB BbIYNCAUTENbHON TEXHUKM, K YNCY KOTOPbIX OTHOCATCS MNPOMBbILL-
NIeHHbIE NPOrpaMMmnPyEMbIe NOTUYECKNE KOHTPOMNEPbI U KOMMBIOTEPSI.
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OC06EHHOCTbI0O KOHCTPYKTUBHOTO UCMNOMHEHUA MPOMbILLEHHbIX
KOHTPONNEPOB ABNAETCA UX MPUCMOCO6NEHHOCTL K paboTe B yCN0BU-
AX MPOMbILWNEHHOTO NPOM3BOACTBA NPU 3HAYNTENbHBIX U3MEHEHUNAX
napaMeTpoB OKPYXXatoLL el cpefbl U AeACTBUN BPESHbIX 418 3NeKTPOH-
HOI TEXHUKWN PAKTOPOB —3/IEKTPOMArHUTHbIX NOMEX, 3aMbl/IEHHOCTH,
BMbpauumn ntgh. OTIMUYNTENbHOW YePTON KOHTPO/IEPOB AB/SETCA BO3-
MOXHOCTb X NPOCTOr0 NPOrpaMMmpoBaHns, He TpebytoLero yriy6-
NEHHbIX 3HaHWI N0 MH(pOpPMaTUKe OT 06CNYXMBAKLWEro NepcoHana.
B03MOXHOCTb NpOrpaMMmpoBaHns 06ecnevymBaeTcad HalMYMEM B KOH-
Tponnepe NamATU, B KOTOPYHO 3aHOCATCA 3aKOHbI yrpaBneHns o6bek-
Tamu 1 apyras Heobxonumas nHgpopmayus.

KoHTponnep, KOHCTPYKLMA KOTOPOro nMo3BOASAET BCTpamMBaTh €ro B
TexHonorunyeckoe o6opyfoBaHve, KOTOPbIM OH YNpaBaseT, HOCUT Ha3Ba-
HWe BCTPamBaemoro. ABTOHOMHbI KOHTPONNEP BbINOMHAETCS B BUAE
KOHCTPYKTMBHO 3aKOHYEHHOTO0 U34eNna n MOXeT pa3melLaTbCs B LU Ka-
(hax ynpaBneHus, Ha CTOMKax WaM KpenuTbes K cTeHe. MNpu pasmelle-
HUW TEXHONOTMYeckoro 060pyaoBaHna Ha 60/1bLLIOK TEPPUTOPUN MOTYT
NPUMEHATLCA pacnpejeneHHble KOHTPONEPbI, NpeAcTaBnsoLWme cobol
COEfMHEHHbIE TMHUAMU CBA3WN OTAE/bHbIE MOAY/IN C O4HUM U/ HECKONb-
KUMU YNPaBAsoLW UMK YCTPOCTBaMU.

KomnbloTepbl KaK OCHOBHOE CPeAcTBO peannsauum aBToMaTu3npo-
BaHHbIX CUCTEM YNpaBfeHna NPon3BOLCTBOM MOTYT MMeTb pa3H006-
pa3Hoe KOHCTPYKTUBHOE U CXEMOTEXHUYECKOE UCNoHeHne. Ha Bepx-
HeM ypoBHe ynpaBsnieHus (ACYT1) B kayecTBe YBM MoOryT ucnosnb3o-
BaTbCA OObIYHbIE OPUCHbIE KOMNbIOTEPBI, TAK KaK yNpaBneH4YecKui
nepcoHan paboTaeT B NOMELLEHUAX C KOMPOPTHLIMU YCIOBUAMM.

B npon3BOACTBEHHbIX YCNOBUAX NpK paboTe Ha HMXXHUX YPOBHAX
ynpaB/ieHns KOMNbIOTEPBI, KAK U KOHTPOJ/Iepbl, JO/KHbLI UMeThb Cre-
LManu3upoBaHHOe NPOMbILWIeHHOe ucnonHeHne. OT 06bIYHBIX KOM-
NbIOTEPOB NMPOMbILUEHHbIE KOMMbIOTEPbI OTINYAKOTCA NOBbILIEHHOW
YCTOMUYMBOCTBIO K BO3AEWCTBUSIM OKpY)KatoLLel cpefbl —Temneparty-
pe, BNaXHOCTW, BU6paLmam, 4eliCTBMIO arpecCUBHbIX Fa3oB W Nblau,
3NeKTPOMArHUTHbIM nomexam. CrneumnanbHOe UCMNOMHEHUE UMEIOT U
CpefcTBa CBA3N «YeNOBEK — MallnMHa* — AUCNIen U KnasuaTypa.

MpombILWeHHbIE KOMMNbIOTEPBI B BUAE UHAYCTPUabHLIXPaboUnx CTaH-
LA XapaKTepM3yoTCa pasmeLleHem Ancnnes, CUCTeMHOro 610ka u Kna-
BMATYpbI B eAHOM KOHCTPYKTUBE. [NaHeNbHble NpamMbiLLIeHHbIE KOMMbIOTEpPbI
XapaKTepu3yrTcs MasbiMn rabapuTHbIMU pasMepamm 1 OTCYTCTBUEM Kna-
BMATYpPbl, PYHKLUN KOTOPOI BO3NArar0TCA HA CEHCOPHbII 3KpaH.

Mpumep 5.1. Cxema CUCTEMbl aBTOMATUYeCKOro perysmpoBaHus
[aBneHna Hacoca npusegeHa Ha puc. 5.3. Hacoc tuna KM 80-50-200
UMeeT HOMUHaNbHble Hanop //,,,,= 50 M, pacxog (Npon3BOAUTENb-
HOCTb) @,0v= 0,014 m3c ¥ cKopoCTb BpaleHMa a),0m= 314 pag/c.
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Hacoc npusogutca Bo BpauieHue gsurartenem tuna 4A132M2 mouy-

HocTbto 11 KBT, KOTOpbIA NuTaeTcs OT mMpeobpa3oBaTenii 4yacToThl.

KoapduumeHT nepepaym npeobpasoBatens 4actoTbl COCTaBffeT
50/10=5Tu/B, rge/™, Wmm~ LW LW W T LW Ne r*all

MUHaNbHble YacTOTa U BXOAHOI CurHan ynpaeneHuns npeobpasosare-

N4 4acToTbl. B cxeme ucnonb3yertca fatynk gaBfeHus ¢ Koaphuum-

eHTOM nepefgayun kan=AU,,JAH=0,2 B/m.

TpebyeTca paccuntatb napameTpsbl P, npn KOTOpbIX Hanop 6ygeT
N3MEHATLCA Ha BENUYUHY IH = 5 M Npn OTHOCUTENBLHOM U3MEHEHUN
pacxoga Q =0,2.

PaccunTbiBaeM KO3 (MLMEHT Nepejadyn CUN0BOI YacTu 3NeKTpo-
npusoga:

B).
Atl, AU, 10 )

[na pacyeta KO3 PuLUMEHTA YCUNEHNA CUTHANA AaTYnKa AaBNEHUA

ncnonssyem opmyny (5.5):

YouMl-o, 314(1-0,2)
n k*kaAH  31,40,2-5 e

MpuMem conpoTusneHne peucrtopa /*,cHa cxeme puc. 5.3 paBHbIM
100 kOm. Torga conpoTuB/EHME pe3ncTopa R2cocTaBuT

[22= ~i=M =125 k0Om.

Ka 8

Onpe,qenﬂeM napameTpbl Luenn 3agatolero curdana, ana 4ero n3
ypaBHeHUs (5.2) HaX04UM MpoOn3BEaEHNE

— MHM =14-4-8-0,2-50 =90 B.
rlpl/lHVIMaFl K,:Kﬂ:8, HaxXogunMm BEMMYNHY 3afalolero CurHana Wu
AN NONYUYEHUS XapaKTepUCTUKM 3

5.2. PEFY/IMPYEMbIN 3NEKTPOMNPUBO/
KAK CPEACTBO OHEPIOCBEPEXEHNA
B TEXHOJIOIM'MYECKUX MPOLIECCAX

A(PheKTMBHOE UCNOIb30BAHNE IHEPTUMN ABNSIETCS OQHOW 13 BaXKHENA-
LIMX COBPEMEHHbIX NPO6AEM HAapOAHOrO X03sicTBa. Ee peleHune no-
3BOJIAT CHU3WUTb PacXof 3HEPTeTUYECKUX N MaTepuanbHbIX PECYPCOB Npw
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NPOM3BOACTBE MPOMbILLJIEHHON W CENIbCKOX03AMCTBEHHOW NPOAYKLMN,
YMeHbLWUTb 60MbLINE HENPOM3BOANTE/bHbIE PACXOAbI FOCYAapCTBa U Ha-
CeNeHuns B chepe XMUANLLHO-KOMMYHAabHOK X03AACTBa, YAYULINTb 3KO-
NOTNYECKYH 06CTAHOBKY B CTpaHe. BaxKHyt0 ponb B peLleHnmn 3TOW npo-
6nemMbl UrpaeT 3NEeKTPONPUBOS, KOTOPbIA ABNSETCA OCHOBHbIM MOTpe-
fuTenem anekTpuyeckoit aHeprun. B obuiem cnyyae aHeprocbepexxeHme
MOXET OCYLLLeCTBATLCA KaK B CAMOM 3/IeKTPONpPMBOAE, TaK 1 B 06cny-
XXMBaeMbIX UM TEXHONOTMYECKMUX NpoLeccax, rae Ncnoab3yeTcs Bbipa-
6aTbiBaEMas UM MexaHU4ecKas aHeprus.

MpumeHeHMe perynupyemMoro 3fekTponpusoja no3eonseT obecne-
YNTb 3HeprocbepexeHre Npu peanmsaym MHOTMX TEXHOIOTMUYECKUX
npoueccos. Hanpumep, perynmpoBaHue 3a CHET 3N1EKTPONPUBOAA CKO-
pOCTU NeHTbI TPaHCNopTepa, NOAAOLLEro feTanu B 3aKaf0YHYH Mevb,
No3B0OJIET MUHUMWU3NPOBAaTb KONMYECTBO TEMNNOBOW 3HEPIMK Ha UX 3a-
KanKy B 3aBUCUMOCTU OT COPTAMEHTA, TEXHONOMUMN 3aKankKu u apyrunx
(hakTOpOB. BecbMa ath(heKTUBHO peryanmpyemMblil Mo CKOPOCTM 3MeKT-
ponpuBof MOXeT o6ecneunTb aHeprocbepexxeHne B Taknx paboumx ma-
WKHAX, KaK HAcOCbl, BEHTUAATOPbI U KOMMpeccopbl. MOCKONbKY 3Tu
paboune MaluHbl WWPOKO UCMONb3YIOTCA B MPOMbILIAEHHOCTH, Ha
TpaHCNOPTe, B CE/IbCKOM W XUANLLHO-KOMMYHanbHOM X03f/CTBax,
3HeprocbepeXKeHne B HACOCHbIX YCTAHOBKax CpeAcTBaMum 3n1eKTponpu-
BOZa fBNSETCA L,eNecoobpas3HbIM 1N 0Ka3blBAETCH OUEHb IPHEKTUBHbLIM.
PaccMoTpuM 3(hheKT aHeprochepexxeHns Ha MpuMepe 31eKTponpuBoia
LLeHTPOo6eXHOro Hacoca.

Oc06eHHOCTbIO PaboTbl MHOTMX HACOCHbIX YCTaHOBOK ABMAETCH W3-
MeHeHMe KonuyecTBa (pacxofa) MogaBaeMoin MMM MOTPEBUTENH0 XXULKO-
ctn (Bogbl). Hanpumep, noTpebneHme BoAbl OT HACOCOB B XXU/bIX 34a-
HUAX MEHAETCA B TeYeHUe CyTOK, UMes ABa MakCUMyMa — YTPEHHUIA ©
BEYEPHUI1, KaK 3TO NMoKa3aHo Ha puc. 5.5. BO3MOXHOCTb 3Heprocbepe-
XXEHMWSA MPU UCNOMb30BAHUMN PErYINPYEMOro N0 CKOPOCTY 3/1IEKTPONpH-
BOJa MOXXHO NOKa3aTb C MOMOLLbI TaK Ha3blBaeMbIX DOPMYN NpuBese-
HWA, CBA3bIBAIOLLMX pacxod Q, Hanop fA u NoTpebnsemMyto HaCOCOM MOLL, -
HOCTb P C ero ckopocTbio BpalieHnsa. [na ABYX 3HAUYEHW CKOpPOCTM
BpalLeHuns paboyero Koneca Hacoca LU, 1 0o CpaBesnBbl CleaytoLine co-
OTHOLUEHUS:

Q =a.

Or~< (56)

a2 (5.7)
(5.8)
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M3 popmyn (5.6)-(5.8) BUAHO, 4YTO pacxof MOXHO YMEHbLLATb 3a cUeT
NPONOPLMOHANLHOTO CHYXKEHNA CKOPOCTM BpaLLeHNs HAcoca, Mpu 3TOM
OyLyT CHMXaTbCA Hanop (MPONOPLUOHaNbHO KBAAP N CTHO W EeHUACKO-
pocTeid) n noTpebasiemas HaCOCOM MOLLHOCTb (MPONOPLUOHANBLHO KyOy
OTHOLIEHMSA cKopocTeit). Tem cambiM, 06ecrneynBas He06X0AMMBIA pac-
XO[ XXWUAKOCTU, Hacoc ByaeT paboTaTb C MEHbLUIMMMW HANOPOM U NOTPe6-

0 4 8 12 16 20 Iy

Puc. 5.5. F'paduk BogonoTpebaeHns OT HACOCHOW yCTaHOBKM

Pacxop Q, Hanop A n noTpebnsemas u3 ceTm MowHocTb P, cBa-
3aHbl MeXAy C060ii cnefyrL MM COOTHOLEHNEM:

’PI'IOTp_ POHQ » (5.9)

rge p — nNA0THOCTb XUAKOCTU, Kr/mM3 g = 9,81 M/c2—YyCKopeHue CBO-
6ogHOro nageHusa; T, t, —cooTBeTcTBeHHO KI /[ Hacoca 1 aneKT-
ponpuBoga. Hanop A B aToli (hopmyne namepseTca B MeTpax, a pac-
xon4 Q— B m3c.
MoTpebnsieman 3a Bpems Tp 3MeKTPONPUBOAOM 3/1EKTPOIHEPTUS
p Haxo4uTcs no popmyne:

I'I-IK}/I_'H'I“ Tr-*>"¥ 111 (5.10)

OKOHOMUS 3NEKTPO3HEPrun 3a BpeMs paboTbl TPHACOCA C PACXOA0M

O 3a cUYeT CHMXKEHUA Hamnopa Co 3Ha4eHnA FIanI/I HEN3MEHHOI CKopoc-

TW Hacoca j0 YPOBHA A, NPU CHUXXEHMU ero CKOPOCTU COCTABUT:
PE(a 2- a,)(?7;

VoAl br

(5.11)
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MpumMepbl peann3auun perynnpyemMmoro aneKTponprusoga HacocoB B
cucTemax BOLOCHabXeHWs NMOKa3blBatOT, UTO 3IKOHOMUSA 3/IEKTPOIHEPrumn
MOXeT foXoAnuTb A0 50% u 60/ee B 3aBUCUMOCTU OT BUAA U PEXUMOB
paboTbl HACOCHbIX YCTaHOBOK. KpoMme aToro, paboTa ceTeil C MEHbLLUUMM
HanopaMmu 6yfeT XxapakTepu3oBaTbCa U COKpalleHueM yTedek Boabl (40
15—20% un 6onee) B ceTax 1 apmaType. MNMprMeHNTENLHO K HacocaMm C 3/1eK-
TponpuBoLaMu NepemMeHHOro Toka A1 perynpoBaHns CKOpoCcTy ABuUra-
Tefiein 06bIYHO NCNONB3YIOT CTaTUYECKNE NMpeobpasoBaTe/in YacToThl.

Mpumep 5.2. Hacoc Tuna KM 80-50-200 o6ecneymBaeT BOAOCHA0-
XeHUe XMUoro goMa u MMeeT cnefyroume MacnopTHble faHHbIE:
Aun= 50 m, OHo*= 0,014 m5c, KNA tiMA 0,63. B rog Hacoc paboTtaet
C HOMWHaNbHbLIM PacxoLoM B TeyeHne 1600 4, ¢ pacxogom 0,4 0**,
B TeyeHue 4000 4 n ¢ pacxogom O,20vmvB TeyeHue 2400 4. XapakTe-
pUCTMKa Hacoca BbipaxaeTca opMynoi

A=62,5-6380002 (5.12)

Hacoc npnBoauMTCA BO BpaleHWe aCMHXPOHHbBIM ABUraTeneM tuna
4A132M2 mowHocTbio 11 KBT, nmetowum KMp 1jm= 88%.

OnpefenvuTb 3KOHOMMIO 3/1EKTPO3HEPT UM NPU UCMONb30BAHUN Perynu-
pyemoro anektponpusoga. MNpuHaTte, uto KM Hacoca npyu M3MeHeHUu
€ro pacxofa v ABuratens npy perynpoBaHnm ero CKopocTh He N3MEHAIOTCA.

OKOHOMMUIO 3/IEKTPOIHEPTUU HAXOAUM, COMOCTaBNAA NoTpebneHne
3NEKTPO3IHEPTUN HEPETYMPYEMOTO U PErYSIMPYEMOro rno CKOpocTH
anekTponpusoga. KMJM Hacoca n 3 npuMeM HEU3IMEHHbLIMW 1 PaB-
HbIMW HOMUHA/bHBIM.

1. Heperynupyemblii 31eKTpONpuUBOL

Ona kaxporo yposHs pacxoga 0 Haxoaum no (5.12) Hanop A u fa-
nee no (5.9) n (5.10) —cooTBeTCTBEHHO NOTPe6IAEeMble MOLHOCTb U

3Hepruto. Pe3ynbTaTthl pacyeTa npeacTasieHbl B Tabn. 5.1.
Tabnuua 5.1
PesynbTaThl pacyeta Heperynmpyemoro 3/ekTponpusoga

o, M*/c H, m T, 4 P*,, kBT A»,, KBT
0,014 50 1600 12,63 20208
0,0056 60,5 4000 6,11 24440
0,028 62 2400 3,13 7512

MoTpebneHne aneKTPO3IHEPruM 3a BCe BpeMs paboTbl HACOCHONA
yCTaHOBKM coCTaBuT 52 160 KBT-u.

2. Perynupyemblii 3n1eKTPONPUBOS

[JaHHble npn paboTe perynmpyemoro aneKTponpusoja npeacrasne-
Hbl B Tabn. 5.2. PacyeT 3Ha4YeHnin A u npyv 3TOM OCYLLECTBAANCA
no gopmynam (5.7) n (5.8) no ycnosmio nNponopLmMoHanbHOCTU pac-
xoga 0 v ckopocTu BpaleHus Hacoca (5.6).
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Tabnuua 5.2
Pe3ynbTathbl pacyeta perynmpyemoro anektponpveoja

o. m'/c H, m T, d

P-T»E#X'oT Ve
0.014 50 1600 12.63 20208
0.0056 9.7 4000 0.4 1600
0,028 25 2400 0.025 60

MoTpebneHne 3NeKTPOIHEPT M B 3TOM Ciy4dae cocTaBuT 21 868 kKBT-u,
a uckomas skoHomma A* = 30 292 kB1-4. C ncnosib3oBaHUeM JaHHbIX
no Tapudy Ha 3NeKTPOIHEPTUIO fanee MOXET O6bITb pacCUMTaHa N 3KO0-
HOMMA B py6/1EBOM BbIpaXXEHUN.

5.3. ACY CTPOUTENBCTBOM

ACY ctpoutenscteom (ACYC) npeacrtaBnseT coboi cneynanmsu-
poBaHHyt0 ACY, B MaKCUManbHON CTENEHMW YUNTbIBAIOLLYIO cneumndu-
Ky CTPOUTENbHON oTpacnn. CTPOMTENbCTBO Kak MPOM3BOACTBEHHbIA
npoLecc xapakTepmnsyeTcsd MHOTUMU CNeLUOUUEeCcKMMUN Npu3HaKaMu:

* yyacTue B NpoLecce CTPOUTENbCTBA 60NLLLONO Yncna UCNONHNUTE-
neii, NpuHagiexawmx K pa3iMyHbiM O0TPac/iaM NPOMbILIIEHHOCTHK;

* MHOroo6pasue v BbICOKasi CIOXKHOCTb NPOAYKTOB MPON3BOACTBA —
06BHEKTOB CTPOUTENLCTBA,

* 3HauYUTeNIbHOE BANAHMNE NPUPOLHO-MOTOAHBbIX (DAKTOPOB;

* 0COBEHHOCTM Camoro NPoM3BOACTBEHHOIO NMpoLecca, TPebyLWero
CMCTEMATUYECKOTO NEPEMELLEHNS CTPOUTENbHO-MOHTAXHbIX bpurag un
CpPeLCcTB MexaHusaynu.

ACYC, Kak n no6as cnoXxHaa cuctema, CoOCTOMT U3 COBOKYMHOC-
TV B3aMMOCBSA3aHHbIX U B3aMMOJENCTBYOLWMNX YacTel, KOTOPbIE 06bIY-
HO Ha3blBalOTCA NoacucTemMamu. MpegnpmaTua CTPOUTENbHOW MHAY-
CTpuUKM (LOMOCTPOUTENbHbIE KOMBGUHATHI, 3aBOAbl Xene306eTOHHbIX
n3gennii nTph.) 06nagardT BCEMU YEPTaMM MPOMbILLIEHHBIX Npeanpu-
ATUIA, U Ha HUX MOTYT AeCTBOBATb PACCMOTPEHHbIE BbILLE OKA/bHbIE
ACY n ACY TexHO/I0rMYecKnx NpoLeccoB M OTAENbHbLIX Npegnpus-
Tnin. 3tn ACY asnattcs nogcuctemamu ACYC.

MoMumo HUX, ACY KpPYMHbIX CTPOUTE/bHLIX 06beANHEHNI, NMe-
IO NX B CBOEM COCTAaBe NMPOEKTHbIE, CTPOUTENbHbIE U CNeLnannu3npo-
BaHHble OpraHun3aumnm CTPOMMHAYCTPUN, BKKOYAIOT B ce65 1 pag apy-
rMX PYHKULMOHANbHbIX NOACUCTEM, KOTOPble 06ecrneynBaloT:

* yrpaB/eHne NOAroTOBKOW CTPOMTE/IbHOTO NPON3BOACTBA;

* TEKylllee 1 onepaTUBHOE NNaHUPOBaHUE;

* onepaTuUBHOE yrpaB/ieHue;

* CTPOUTENbHOE NPOU3BOACTBO;

* y4yeT U OTUETHOCTb.
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Momumo Hux B coctaBe ACYC MoOryT gpopmMmnpoBaTbCs NOACUCTE-
Mbl yMpaBAeHWs KayeCTBOM W HAY4YHO-TEXHWYECKUM MPOrpeccom,
NMepcneKTUBHOIO NAAHWPOBAHUA, YNPaBAeHUS TPAHCNOPTOM, cpej-
CTBaMW MexaHusauuu u ap.

Kaxxgas 13 nepevmcieHHbIX NOACUCTEM peLlaeT CBOM KOMMeKe 3a-
fay, Bxofawmx B BegeHne ACYC. Tak, Hanpumep, B nepeyeHb 3agad
noAcucTeMbl ynpaBneHsa NOAroTOBKOM CTPOUTENbHOTO NPON3BOACTBA
BXOAMT; pa3paboTka NPOEKTOB 34aHuii N COOPYXKEHWIA, MPOEKTUPOBaHME
OpraHm3aLum 1 TeXHON0rMn NPoOn3BOACTBa CTPOUTENbHO-MOHTaXHbIX
paboT, pacyeTbl MOTPEOHOCTM B MaTepuanbHbIX pecypcax, paspaboTka
OMepaTUBHO-NPON3BOACTBEHHON JOKYMEHTALMM NO NOCTaBKaM, pacye-
Tbl Pa3BUTUSA W pas3MeLLeHNss COOCTBEHHOW NPOM3BOLCTBEHHON 6a3sbl,
NPOEKTUPOBaHWE OpraHM3aLmy U TEXHONOrM NPON3BOACTBA NPOAYK-
LMW Ha COBCTBEHHbIX NPEANPUATUAX, pacyeTbl NOTPEGHOCTH B CpeLCcTBax
MeXaHn3auuu n TpaHcnopTa v pa3paboTka onepaTUBHbIX rpauKoB KX
MCNONb30BaHUA, pacyeTbl YACEHHOCTU 1 NPOGECCUOHANBHOIO coCcTa-
Ba CTPOMTE/bHbIX KafpoB, pa3BuTNe HOPMATUBHON 6a3bl CTPOUTENLCTBA.

dyHKunoHmpoBaHue ACYC obecneumBaeTcsd KOMMIEKCOM CPeACTB
nony4veHus, peructpaymm n obpaboTkun, nepegayu, a Takxe o6paboT-
KW 1 0TOBpaXKeHUsa nHpopmaLlmnu.

MonyyeHne NepBUMYHON MHPOPMALUN OCYLLECTBASETCA C MOMOLLbIO
[BYX Fpynn ycTpoicTB. K nepBoli M3 HUX OTHOCATCS JAaTUMKUN Pa3NNYHbIX
(hM3NYECKNX BENMYMH —TeMnepaTypbl, 4aBNeHns, PACXOAO0B XXWUAKOCTN UK
rasoBs, CKOPOCTW BpalleHns ABUraTenein un np., KOTOpble XapakTepusyoT
pa3nuuHble TEXHONOrMYECKME NPOLLeCChl B CTPOUTENbHON UHAYCTPMKM. Ko
BTOPOIA rpynmne 0THOCATCA YCTPOICTBa pernctpayumn n 06paboTkn y4eTHo-
MPOM3BOACTBEHHOM MHOPMaL MM —AaHHbIX O X04e BbIMyCKa NPoAY KUK,
LBUXXEHWMN CPeSCTB MaTepmanbHO-TEXHNYECKOr0 CHabXeHs, TabenbHOro
yyeTa M T4. B UX KaueCcTBe MCMOMb3YIOTCA CHETHO-KNaBULWHbIE U haKTyp-
Hble MallWHbI, andaBUTHO-LU(POBbIE PErMCTPATOPbI M ApYTue YCTPOACTBa,
MO3BONAIOLLME HAPAJY C PerucTpalmeli 0CyLwecTBAATL TAKXKE Y MEPBUYHYIO
06paboTKy MHopMaL My Mo NPOCTERLLMM a/ITOPUTMaM.

B kauecTBe cpeAcTB nepefayn MHGOPMaL MM MOTYT UCMOb30BaThb-
cs no6ble N3BECTHbIE CPeACTBa CBA3M —TenepoHHaa u TenerpadHas,
pasnocBA3b, pa3NnyHble NPUeMHO-NepesaToUHble YCTPOCTBa.

O6paboTka MHpOpMaL MK ABNAETCSA OCHOBHOM U Hanbonee BaXKHOM
onepauuneid B obwein cxeme npouecca MHpopmaTM3auum paboTbl
ACYC, ocyulecTBnsSieMOl ¢ ucnonb3oBaHnem IBM.

CpegfcTBa 0TOOpPaXeHWA U BblAaun MHOPMALLMK CyXaT 4na 3aBep-
LLeHMa TEXHOMOIMYecKoro npouecca 06paboTkn nHpopmauum s ACYC
 BblAaun pe3ynbTaToB 06paboTku B hopme, YA06HON ANA UX UCMOSIb-
30BaHMA NPWU NPUHATUM yNpaBleHYeCKUX pelleHnii. B nx kauectse
MCNOMb3YIOTCA YCTPOCTBA NeyaTu, cBeToBble Tabno, gucnnieun, MHe-
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MOCXEeMbl, & TaKXe pa3/IMuHble MallWHHbIE HOCUTENN UHDOPMaLuK,
KOTOpPble MO3BONAT XPaHUTL U UCMOJIb30BaTb NO Mepe Heo6XoaMMO-
CTU NONYYEHHYIO MH(pOpMaLKIo.

Cxema pa3meLLeHus n B3aumogeincTems aneMéM &Kxnnek&bTeNe
HUYEeCKUX CPeacTB onpefenseTca xapakTepoM 06bekTa yrnpasieHUs u
MCNONb3yeMbIMMW B MpOLEcce ynpaBneHns ob6bemaMmu MHGopMaLuu.

MHoxecTBo pewaembix ACYC 3ajay, C/IOXKHOCTb ee CTPYKTYpbl U
pasHoobpa3ne NPUMEHSAEMbIX B HEl TEXHUYECKNX CPEACTB TPebYT npm
ee Co3JaHUN UCNONb30BAHNA CUCTEMbl aBTOMATU3UPOBAHHOIO NPOeK-
TnposaHua — CATP. Ee npumeHeHne No3BoSAET CYLLECTBEHHO COKpa-
TUTb CPOKM U CTOMMOCTb paspaboTkn ACYC u ee NOLCUCTEM U OfHO-
BPEMEHHO MOBbICUTL 3PNEKTUBHOCTb UX (DYHKLNOHUPOBaAHNSA. BaXKHbIM
ABNAETCA U TO 06CTOATENBLCTBO, YTO B NMpOLecce aBTOMATU3UPOBAHHOIO
NPOEKTNPOBaHNS co3gaeTca 6asa gaHHbIX NO 00bEKTY ynpaBneHus,
onpeaensoTcA 1 BblOMpatoTCA METOAbl M TEXHUYECKUE CpeAcTBa aBToO-
maTu3aumu ero paboTsl, paspabaTbiBaeTca MHHOPMALUOHHO-BbIYNCIN-
TenbHbI Komnnekc ACYC, 4To HEMOCPEACTBEHHO UCMO/b3YEeTCS B MO-
cnepylollemM yxxe Ha ctagum pabotel ACYC 1 ee nogcucteMm. Tem ca-
MbiMm CATP n ACYC 06pa3yloT B3aMMOCBSI3aHHYH KOMMIEKCHYO
CUCTEMY, MPUMEHEHUE KOTOPOI N03BO/MIAeT 06ecneymnBaTh Kak agek-
TUBHOE NPOEKTUPOBaHWe, Tak U PyHKLMOHUpoBaHe ACYC.

KOHTPO/JIbHbLIE BOINMPOCHI

1. Kakue ypoBHM MOXET MMEeTb aBTOMaTU3MpOBaHHas cuctema ynpas-
NleHnsa nNpon3BoACTBOM?
2. Urto nossonsieT obecneynTs agToMaTu3aums TeXHONO0MMYeckmx npo-
Leccos?
3. Kakue kommnbloTepHble cpeactea npumeHstotea B ACY T n ACYTT?
4. Kakum 06pa3oM OCyLLEeCTBASETCA NoAAepKaHme AaBneHns HaCOCHOM
YCTaHOBKM B 3aMKHYTOl CUCTEMe aBTOMAaTMYeCKOro perynmpoBaHus?
5. B 4yem COCTOAT OCOBEHHOCTU KOHCTPYKLUMM MPOMbILLIEHHBIX KOH-
TPOJ1IEPOB M KOMMNbIOTEPOB?
6. B uem BaxXHOCTb 3aaa4u no ahHEKTUBHOMY 1CMOSb30BAHNIO SHEPTN?
7. 3acyeT Yero OCyLLECTB/ISIETCA IKOHOMUS /IEKTPO3HEPTNM B HACOCHBIX
yCTaHOBKax NpW UCNONb30BaHUM perysimpyemMoro a/1ekTponpuesoaa’?
8. B uem cocToaT ocobeHHoCcTn ACY CTpouTebCTBOM?
9. Kakve noacuctembl BXOAAT B cocTaB ACY CTPOUTENbHOrO 06b-
eiHeHnA?
10. Kakue TexHu4yeckue cpencrtsa mcnonb3yoTcsa B ACYC?
11. Yro npeactaBnseT coboli cuctema aBToOMaTU3MPOBAHHOIMO NPoek-
TupoBaHua ACY?
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haBa 6'
HALAEXXHOCTb 3JIEKTPOMPMBOAOB

6.1. OCHOBHbIE MNMOHATUA N OMNPEAENEHUA
TEOPUN HAAEXHOCTN

VHTeHCMMKaLMsA TEXHOOT MYECKMX MPOLECCOB, MOBbILLIEHWNE NPOU3-
BOAWTENbHOCTM Y TOYHOCTY paboThbl MPOMbILLAEHHOT0 060pYA0BaHNA He-
pa3pbiBHO CBA3aHbI C YC/IOXHEHWEM 06LLeli CXeMbl aBTOMAaTM3aL MM Npo-
13BOACTBA B Lie/IOM M 3/1eKTPONPMBOAA B HaCTHOCTU. B aTUX ycnoBmax Ha
MepBbIil Mf1aH BbIABUIaeTCA BaXkKHas npobnema obecnedyeHns HagexXHoii
paboTbl aBTOMaTU3MPOBAHHOIO 31eKTPO0BOPYAOBaHNSA, BbIXOS U3 CTPOS
KOTOPOro MOXeT NPMBECTU K BbINYCKY OpakoBaHHOWM MPOAYKLNM, CHUKE-
HWIO MPOM3BOAUTENBHOCTU TPYAA, NOTEPAM CbIPbA Y SHEPTUW, OCTAHOB-
Ke, @ MHOrfa n K aBapusamM paboumx MallivH U MexXaHu3moB, T.e. K 60/b-
UMM 3KOHOMMWYECKUM MOTEPSAM. 3afja4a NoBbILLEHUS HALEXHOCTMW 3NeKT-
pONpUBOAOB SIBNSIETCS CMOXHOW M KOMMJIEKCHOM Npo6iemMoii, KoTopas
[OMKHa pellaTbea Kak Ha cTaguny NPOeKTUPOBaHUA U U3rOTOBMEHNS €ro
3MIEMEHTOB, TaK M NPU ero MOHTaXe, Hanafke u aKkcnayarauuu.

Hage>KHOCTb — 3TO CBOWCTBO 3/1eKTPONPUBOAA «COXPAHATb BO Bpe-
MEHM B YCTAHOB/IEHHbIX Mpejenax 3HauYeHns BCeX NapamMeTpoB, XapakTe-
pY3YHOLLNX CMOCOBHOCTL BbINOHATL TpebyeMble YHKLUY B 3afaHHbIX
peXunmMax n ycnoBuax NnpMMeHeHNs, TEXHNYECKOTro 06CyXUBaHus, xpa-
HEHUS U TPaHCMOPTUPOBKM» [9]. HageXxHOCTbL NpeAcTaBnseT coboli KoM-
M/IEKCHOEe CBOIMCTBO, coYeTatoLLee B cebe MOHATUA paboToCnoco6HOCTH,
6€30TKa3HOCTU, LONTOBEYHOCTU, PEMOHTONPUIOLHOCTU Y COXPAHHOCTH.

PaboTocnocobHOCTb NpeAcTaBnsaeT co60i COCTOAHME 3EKTPONpPU-
BOJa, NPM KOTOPOM OH Crnoco6eH BbINOMHATL CBOU (hyHKUUK. CO6bI-
Tue, HapyLwaroLee paboToCNOCOOHOCTbL 3NEKTPONPUBOAA, Ha3blBaeTCs
oTKasoMm. CamoycTpaHatoLWwuniica oTKas Ha3blBaeTcs CHOeM.

Be3oTKa3HOCTb — CBOWCTBO 3/IEKTPOMNPMBOA HENPEPbIBHO COXpa-
HATb CBOIO PaboTOCNOCOGHOCTL B TeHEHME OMpPese/IeHHOro BpeMeHu.

[onroBe4YHOCTb — CBOMCTBO 3N1EKTPONPMUBOLA COXPaHATL CBOKO pabo-
TOCNOCO6HOCTL 40 MpefenbHOro COCTOAHMSA, KOrga ero akcnayarauus
CTAaHOBWTCS HEBO3MOXHOW MO TEXHUYECKUM UM IKOHOMUYECKUM NpU-
YMHaM, YCI0BMAM TeXHWKM 6€30NacHOCTU UAW K3-3a Heo6XoaMMOCTH
KanuTanbHOro peMoHTa. Mepnoj BpeMeHM OT Havana akcnayarauuu 4o
NpejenbHOro COCTOAHNA Ha3blBAOT CPOKOM CYXObl nnun HapaboTkoli 3.
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PemoHTONpUrogHocTh onpegensieT NPUcnocob61eHHOCTb 31eKTPONpu-
BOAa K MOAAep>KaHnio 1 BOCCTAHOBEHMIO paboTocnoco6HOro cocTos-
HMUA NyTem MPoBefeHNa PeMOHTOB uTexHunuep " £~ray~{|ag" e8loll

CoxpaHsieMoCTb — CBONCTBO 3/1eKTPONPUBOLA HENPEPbLIBHO NOALEP-
XWNBaTb CBOK pPaboToCnOCO6GHOCTb B TEYEHME WM NOC/E XPAHEHUA U
TPAHCNOPTUPOBKMU.

OCHOBHbIMMW KOJINYECTBEHHbIMU NOKa3aTeNAMN HAAEXHOCTU ABNA-
I0TCA BEPOATHOCTb 6€30TKa3HOl paboTbl, MHTEHCUBHOCTb OTKA30B U
cpeaHsas HapaboTKa [0 0TKasa.

BeposaTHocTb 6e30TKasHo paboTbl p(Tan) npeactaBnseT coboi
BEPOATHOCTb TOr0, YTO BpeMs paboTbl 3NEKTPONPMBOAA 40 OTKa3a by-
feT 6onble yKa3aHHOro nepuoga spemMeHn TU1 3TOT nokasaTesib
onpeaenseTca OTHOLIEHMEM YMC/a 3NEKTPONPUBOL0B, 6€30TKa3HO Npo-
paboTaBWMX O MOMEHTA BpeMeHy TU] K 06LiemMy Yncny anekTponpu-
BOAOB, paboTOCNOCOOHbIX B HaYanbHbI MOMEHT.

VHTEeHCMBHOCTb 0TKa30B \(t) — 3TO YMCNO OTKA30B 3N1EKTPONpU-
BOLOB B €ANHMNLY BPEMEHW, OTHECEHHOE K CPeAHeMY YMCNY 3NEKTPO-
NpUBOAOB, PaboTOCNOCOBHBIX K MOMEHTY BPEMEHMN t.

BepoAaTHOCTb 6€30TKa3HOM paboTbl p(T,1) N MHTEHCMBHOCTbL OTKa-
30B \(t) cBA3aHbl Mexay co60li cneAyrLW MM COOTHOLEHNEM:

(6.3

CpeaHsas HapaboTKa 0 0TKasa 7/ npeacTaBnseT coboit MaTemaTu-
UeCcKOoe OXuAaHue HapaboTKM 3NEeKTPONPMBO/A A0 NMEPBOro 0TKasa:

(6.2)
0

C no3mumit aHann3a HafeXXHOCTU 3NeKTPONPMUBOAA KaK 3/M1eKTPO-
MEXaHWYECKO CUCTEMbI Pa3INyatoT ABa BUAA COEAUHEHWNS 3/IEMEHTOB:
NOTWYECKU MOCNef0BaTENIbHOE, UM OCHOBHOE, U IOFMYECKM napas-
nenbHoe.

Jloruyecku nocnefoBaTeNbHbIM (OCHOBHBIM) COEANHEHMEM HA3blBAET-
Csl TAKOE COEMHEHUE 3/1IEMEHTOB, NPX KOTOPOM 0TKa3 l060r0 U3 HUX
MPUMBOAUT K 0TKA3y CUCTEMbI B Lie/IOM. JIOTMYECKM napainesbHoe coeau-
HeHMe XapaKTepM3yeTcsl TEM, YTO 0TKAa3 CUCTEMbI HACTyMNaeT TO/IbKO Npu
0TKa3e BCEX 3/IEMEHTOB.

JNEeKTPONpPUBOA NpescTaBnseT co60ii COBOKYMHOCTL (CUCTEMY) B3a-
MMOCBSI3aHHbIX 3/IEKTPUYECKNX U MEXAHUYECKNX YCTPOWCTB —BUTa-
Tens, npeo6pa3oBaTens, peAyKTopa, CXembl YNPaBAEHUS, KaX0e U3
KOTOPbIX MMEET CBOV NoKasaTeNb HAAEXHOCTUN. HaZleXXHOCTb 3/1eKTPO-
NMpMBOAA Kak CUCTEMbl XapakTepuayeTcsi MOTOKOM 0TKas3os J1. Ecnu
MPUHATb IOTUYECKN NOCNEA0BATENbHBIM COefiMHEHE N KOMMOHEHTOB
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JNIeKTponpmeoda, TO 3TOT NOKa3aTe/lb HaAEeXHOCTH 6y,qu YNCNEHHO
paBeH Cymme MHTEHCMBHOCTEN 0TKa30B OTAE/IbHbIX KOMMOHEHT X,

A=YV (6.3)

Mo dopmyne (6.3) paccuMTbIBAeTCS MOTOK OTKAa30B U OTAENbHbIX
YCTPOWCTB 3/1IEKTPONPMBOLOB, COCTOSLLUX, B CBOK 0YeEpPesb, U3 PasNUHbIX
Y3/10B 11 3IEMEHTOB, XapaKTEPU3YHOLLIMXCS CBOE MHTEHCMBHOCTbLH) OTKA30B.

6.2. METOAbl PACUHETA HAOEXHOCTW
SNEKTPOMPMNBOAOB

BTeopun HagexHoCcTn pa3paboTaHO HECKO/IbKO METOLO0B pacyeTa Ha-
[EXHOCTU, U3 KOTOPbIX HanbosbLuee pacnpocTpaHeHue noayyunu [21]:

* MeTO/A pacuyeTta no cpefHerpynmnoBbiM 3HAYEHNSAM UHTEHCUBHOC-
Teli 0TKa30B;

* METOJ pacyeTa C MCNOAb30BAHMEM [LaHHbIX 3KCMyaTauum;

* KOS PMUMEHTHbLIN METOS pacyeTa HafgeXHOCTH.

Mpn pacyeTe HafeXHOCTU 3NEKTPOMNPUBOAOB U APYrUX CUCTEM W
YCTPOWCTB Hanbosiee 4acTo UCNO/b3YeTCA KOIULMNEH T HbIVi METO4 pac-
YeTa Hafe>XHocTu. CYLHOCTb ero COCTOMT B TOM, YTO NpU pacyeTe
HaZeXHOCTN UCNOJMb3YIOT He abCO/IOTHbIE 3HAYEHUA UHTEHCUBHOCTM
0TKa30B 3/1IEMEHTOB, a KO3((uLuneHTbl HagexHocTn K,, npeacTaens-
oW me co60i OTHOLWEHNA MHTEHCMBHOCTM OTKA30B 3/1eMeHTa X K UH-
TEHCMBHOCTMW 0TKa30B HEKOTOPOro 6a30BOro anemeHTa X

A - /glx (6.4)

KoathpnumeHTbl HagexxHocTn K, mpakTU4YecKn He 3aBUCAT OT yC/0-
BUIN aKcnayaTtauum u gns AaHHOro 3/1eMeHTa SBNAKTCA KOHCTAHTOW,
a yCNoBMS 3KCnayaTaunm n pexxumbl paboTbl 31EMEHTA YYNTHIBAKTCS C
NMOMOLLbI NMOMPaBOYHbIX KO3D(ULUMEHTOB K BeninumHe K. O6bIYHO B
KayecTBe 6a30BOr0 3/1leMeHTa BbIOMpPaeTCs MeTaI0NeHOUYHbIA pe3ncTop.

[ns pacyeTa nokasaTenein HafeXXHOCTU 31eKTPONPUBOAOB HEOGXO-
AWMO 3HaTb KO3MMUUMEHTbl HageXHocTM K, BXOASLWMX B Hero
YCTPOMCTB (3/ITEMEHTOB), YACNO YCTPONCTB aHHOTo Tvna JIju UHTEH-
CMBHOCTb 0TKa30B X*6a30B0ro afieMeHTa. MOTOK 0TKa30B 3/IEKTPONpY-
BOAa Npu 3TOM ONpeaenseTcs ¢ NOMOLLbI CNeAYHOLLEro BblpaXeHuns:

N=XBfepn- (6.5)
/-1

BAnsHMEe Ha HAZEXHOCTb 3/IEMEHTOB OCHOBHbIX AecTabunnsmpy-
oW UX PaKTOPOB: 3MEKTPUUECKUX HATPY30K U TEMMNepaTypbl OKpyxa-
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loLel cpefbl — y4YMTbIBAETCA BBEAEHWEM B pacyeT NONPaBOYHbIX KO-
aphuuneHToB. 3aBUCUMOCTU ITUX KOIN(DULUEHTOB B DYHKLUU TEM-
nepaTypbl OKpy>XXatoLwen cpeabl M Koad puume”rsu TTaku JLNIOXYON
K,, HaNPsXXEHUIO K,, U MOLHOCTN A, B BUE COOTBETCTBYIOLWMX rpadu-
KOB npuBefeHbl B [24].

YueT BANSHNSA ApYrux PaKkTopoB: 3anblIEHHOCTH, BAQKHOCTH, BUG-
pauun u T.4. — MOXET ObITb BbINOJIHEH KOPPEKL e NHTEHCUBHOCTH
0TKa30B 6a30BOr0 3/1IeMeHTa C MOMOLLbIO NMONPaBOYHbIX KO3 PULMEH-
TOB, TaKXe NpuBefeHHbIX B [24].

Pe3ynbTupylowmin KospHuLneHT HaLeXHOCTN 31EMEHTOB 31eKT-
ponpuBoja C YY4eTOM 3MeKTPUYECKMX HArpy30K U TeMnepatypbl OKpy-
Xawuwen cpeabl (MCKNOYaA pefieiHO-KOHTAKTOPHYO annapaTtypy)
paccuuTbiBaeTCsA No popmyne

Ki aiazaikKi, (6.6)

rae 0, — KO3 ULUMEHT, YU4MTbIBAIOLW U OTKNOHEHWE TeMNepaTypbl OK-
pyxatoLieli cpefbl M 3NEKTPUYECKON HArpy3kn OT HOMUHANbHON; a2—
KO3 puLUMeHT, yUNTbIBAKOLWNA OTKIOHEHNE TeMNepaTypbl OKpyXa-
toLel cpefibl OT HOMUHANbHOW; a}— KO3 (ULMEHT, YUNTbIBAKOLW WA
CHVXXEHWE 3/1IeKTPUYECKON Harpy3kn OTHOCUTEbHO HOMWHANbHOW;
aA— KO3 PULMEHT NCNONb30BAHUA 31EMEHTA, ONpeaensemMmblil OTHO-
WeHneM BpeMeHU paboTbl aleMeHTa K BpEMeHU paboTbl 3N1EKTPONpPK-
Bofa; K\—HOMWHanbHOe 3HaYeHne KoO3aPp@urLmmeHTa HaJeXHOCTH.

Koath(hMuMeHT HaLeXHOCTU penefiHO-KOHTAKTHbIX annapaToB
onpegenserca no opmyne

rae 05— KO3 (ULMNEHT, YUYNTbIBAIOLL NI BPEMA HAXOXKAEHMSA KaTyLu-
KV annaparta nof Hanps>XeHuem B TeYeHMe O[HOr0 LUKIa «BKOYe-
HO — BbIK/IIOYEHO™* 1 TeMMepaTypy OKpyxatouweii cpegbl; » . H e -
COOTBETCTBEHHO KO3 (ULUEHTbl HAAEXHOCTM BOCNPUHUMALOLL el
(uenb KaTyWKN) N NCMONHNUTENbHOW (KOHTaKTHas cMcTema) yacTel
annapatypbl; 86— KO3(QPULUNEHT, YU4NTbIBAIOLLNIA YPOBEHb 31EKTPU-
YeCKOWN Harpy3kum KOHTaKTa; T —YUCN0 KOHTAKTOB;M(paKTW-
Yyeckas M HOMWHaNbHasA 4acToTbl cpabaTbiBaHMA annapara B vac.

Mocne onpefeneHns Koah(MULMEHTOB HafEXHOCTU OTAE/NbHbIX
3/1eMEHTOB PacCUYMUTLIBAIOTCS MOKa3aTeNn HafeXHOCTW 3N1eKTPONpPUBO-
fa B uenom. MNopsafokK UX pacyeTa COCTOUT B cnegyroliem [24]:

* ONpPejensTCca KONMNYeCTBEHHbIE 3HAYEHMA NapaMeTpoB, XapakTe-
pusylow e HOpManbHYy paboTy aNeKTPoONpuBoAa, U 4ONYCKN Ha KX
BO3MOXHbl€ OTK/IOHeHWA. PaboTa aneKTponpueBoaa B npefenax aTnx
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[0MYCKOB COOTBETCTBYET ero paboTocnoco6HOMY COCTOAHUIO, @ BbIXO/
3a HUX — 0TKa3y;

* COCTAB/IAETCA NO3JIEMEHTHASA MPUHLUMUNMNANbHAA CXeMa 3/IEKTPONpPU-
BO4a, ONpefenstowas coegUHEHE 3IEMEHTOB NPY BbIMOSHEHUN UMK
3afjaHHbIX GYHKUWiA. Mpy ee cocTaBNeHUN BCMOMOraTe/ibHble 3/1IEMEeH-
Tbl (CUTHaNbHbIE Namnbl, NOKa3bliBaKwWmne NpubOpPbI, 3BOHKK U T.4.),
0TKa3bl KOTOPbIX He BAMAIOT HA HAAEXHOCTb 3N1EKTPONPUBOAA, MOTYT
ObITb ONYLLEHbI;

* OMpeaenstoTCa UCXOAHbIE faHHble ANA pacyeTa HafeXHOCTH: T1,
KO/IMYECTBO N HOMWHANbHbIE AaHHbIE UCMONb3YEMbIX 3/1IEMEHTOB; pe-
XUMbl paboTbl 3/1IeMEHTOB; TEMMepaTypa OKpY>KatoLLein cpefbl B MecTe
paboThbl 3/1EMEHTOB; HOMWUHA/bHbIE KO3 (ULMEHTbI HafEXHOCTU 3ne-
MEHTOB; KO3((ULMEHTbI UCMOMb30BAHUA 3/1IEMEHTOB BO BPEMEHU; Me-
puog BpemeHn I, 48 KOTOPOro paccunTbiBaeTCA HAAEXHOCTb; YCNO-
BUS 3KCMAyaTaLum cucTeMbl. BoibrupaeTcs 6a30Bblli 31EMEHT, U OMNpe-
pensetca X

* no popmynam (6.6) n (6.7) c MICNONb30BAHNEM CNPaBOYHbIX faH-
HbIX MO MOMPaBOYHbIM KO3 uuymneHTam a{—aApaccunTbiBalOTCA KO-
AQPUUMEHTHI HALEXHOCTM 3/1eMEHTOB 3/1IeKTPONPMUBOAA, a 3aTEM ero
Y310B 1 YCTpOWACTB. [ocne 3Toro onpefensOTCs OCHOBHbIE NOKa3saTe-
NN HaJEeXHOCTKM 3nekTponpusoga. MNpu NOrMyeckn nocnesoBaTesibHOM
(OCHOBHOM) COEAMHEHUW 3/IEMEHTOB, Y3/10B U YCTPOWCTB BEPOATHOCTb
6e30TKa3HON paboThbl

(6.8)

rae N, — 4MCno OHOTUMHBIX 3NEMEHTOB /-/ rpynnbl B anekTponpu-
BO4e; N — 06LLee YNCNO 3IEMEHTOB B 3/IEKTPONPUBOAE, UMEKLLUX
NOTNYECKN NOCnefoBaTe/lbHOe COeUHEHME.

Hapa6oTka 40 0TKas3a 3/1IeKTPONpuBoaa

(6.9)

/-1

Ecnun B cxeme I MMeeTCs N0rMyeckn napaniensHoe CoOejuHeHNe
anemMeHTOB (6/10KOB), HaNpKUMep pe3epBMPOBaHME, TO CHavana paccuu-
TbIBAOTCS MOKa3aTeNn HafeXHOCTW OTAEeNbHO ANA 3TUX 3/IEMEHTOB,
a 3aTeM 3/1eKTPONPUBO/A B LLeIOM; HallleHHble NMoKa3aTenn HafexHo-
CTV CPaBHUBAKTCH C TPeBYyeMbIMU MO TEXHUYECKOMY 3afaHunto. Ecnu
OHW HEe COOTBETCTBYHT TPe6OBAHUAM TEXHWUYECKOTO 3afaHnsa UKn yc-
NOBUSIM 3KCN/yaTalun, TO NPUHUMAKOTCS Mepbl K MOBbLILLIEHWNID HAfeX-
HOCTW 3M1EKTPONPUBOA.
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Mpumep pacyeTa. PaccunTaTb OCHOBHbIE MOKa3aTen HafeXXHoCTH
Ons 6e3pefyKTOPHOIO 3/1IEKTPONPUBOAA BeHTUNATOopa. Cxema 3feKTpo-
npueoga (puc. 3.8), BktoYaeT aCMHXPOHHb* Mo TaTNe C, M K MKOTON
3aMKHYTbIM POTOPOM, MarHUTHbIA nyckaTenb 2né iU poenHbimnQll
TennoBbiMK pene KK, aBTomatnyeckunii Boikawodatens QF, npegoxpa-
HuTenn FA, KHonkKu ynpasnieHns SB1 n SB2. SnekTponpusoj pabo-
TaeT B 3aKPbITOM MOMELLEHWUW C NOBbIWEHHOW 3anblIEHHOCTLIO MPK
TemnepaTtype okpyxatouiein cpegbl 50°C B 4MTENBHOM PeXUME.

[ns pacyeta B COOTBETCTBMM C pPeKOMeHZaunamu (24) NpuHNUMaEem
MHTEHCUBHOCTbL 0TKa30B 6a30B0ro anemeHta Xe=0,3-10~7 1/4. YueT noBbI-
LIEHHOW 3anblNeHHOCTN MOMELLEHNS B COOTBETCTBUNM C faHHbIMU [24] yu-
TeM KoapuumneHTom K= 2,5. Takum 06pa3om, UHTEHCMBHOCTb OTKA30B
6a30BOro anemeHTa coctaBuT X6=AJ16= 0,3 «10"7-2,5=0,75-10-7 1/u. Mpun
pacyeTe NPUHMMaeM SI0FMYeCKM NocnefoBaTe/lbHY0 (OCHOBHYIO) CXeMy.

PacueT nokasateneii HageXXHOCTY MPOBOAUM C YYETOM NMOMNPaBOYHbIX
KO3 PULMNEHTOB NO HALEXHOCTU 3/1IEMEHTOB CXeMbl Ha puc. 3.8.

InemMeHT MonpaBoOYHble KO3 ULNEHTbI N0 HALAEXHOCTU
K K* K. «1 > o> B. K N, n.k
M 252 — — 085 35 1 08 44 3105 1 3105
KM, - 20 — 06 — — 052 — 10 1 10
KM, - - 25 - — — — 44 10 1 110
KK LU — 10 — 06 — — 052 — 5 2 10
KKa - - 178 — — — — 42 75 2 150
OF 46 — — 06 — — — 44 20 1 20
SB1 5 - — 08 — — — 03 2 1 2
SB2 5 - — 06 — — — 42 2 1 21
FA 25 — — 06 1 1 052 42 55 3 165

Mpumevanne. KM/, KK*, n KM,G KK,C— COOTBETCTBEHHO LeNun KaTyLleK B KOH-
TakKTHbIX cuctemax KoHtaktopa KM n pene KK.

Cymma npoussegeHunii N,Ki gna anektponpusoga coctasnseT 3612,
PaccumTbiBaemM HapaboTKy 40 OTKasa U BEPOSTHOCTb 6€30TKa3HOA
paboTbl 3a Bpema Tr= 5000 u:
7= . =3601 u;
0,75 KO*7-3612
-X.1B 4"

/-1

I>(7;)=exp -X,7;£B ' =exp[-0,75-T7 5000 3612] =0,26.
/-1
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6.3. NMOBbIWEHNE HAOEXHOCTW
SJIEKTPOMNPMNBOAOB

ObecneyeHne HafeXHOCTU 3MIEKTPONPUBOLOB Ha CTafun NPOEKTUPO-
BaHUA. D(D(PEKTUBHOE PYHKLMOHMPOBAHUE paboumnmx MallnH U Mexa-
HU3MOB BO3MOXHO NULb MPU HaJEXHOWN paboTe 3NeKTPONPUBOLOB UX
MCMOJIHUTENbHbIX OpraHoB. OCHOBbI Takoi HageXHoi paboTsl 3a-
KNafiblBalOTCH YXKe Ha CTaAumn NPOeKTUPOBAHUA N KOHCTPYMPOBaHUSA
371eKTPONPUBOAOB, KOTfa 3a CHET Pa3/INYHbIX TEXHUUYECKUX peLleHul
obecneynBaeTcd MMHUMaNbHO BO3MOXHAA UHTEHCMBHOCTb UX 0TKA30B
M TeM CaMblM MaKCMManbHble BpeMeHa HapaboTKM 40 0TKa3sa.

A PeKTUBHLIM CPeACTBOM MOBbILIEHNA HAAEXHOCTU 3/1eKTPONpU-
BOLOB AB/IAETCHA BBEJEHME Pa3/IMYHOI0 BMAA M36bITOYHOCTU, NOJ KO-
TOPOW NogpasymeBarOTCs LONONHUTENbHbIE CPEACTBA Y BO3SMOXHOCTH,
npesblWaLine MMHUMaNbHO HEOOX0AMMbIE AN BbINONHEHWA 3ajaH-
HbIX QPYHKUWUIA. V36bITOYHOCTD MOXET OblTb BHYTPUINEMEHTHOM,
CTPYKTYPHOW 1 BPEMEHHOIA.

BHyTpuaneMeHTHasa W36bITOYHOCTb NPeayCMaTpUBaAET CHUXKEHME
3NeKTPUYECKNX HArpy30K Ha 3NeKTPUUYECKMNE 3/IEMEHTbl U YCTPOCTBa
3NeKTponpuBoga. Jro LOCTUraeTca 3aMeHON OHOTO 3/1IEMEHTa APYTruM,
(hYHKLMOHANbHO NOLO6HBIM, HO C 60/1ee BbICOKMMMW ONpeAenstoLmmMmu
(HOMWMHaNbHBIMK) NapameTpamun. Hanpumep, NpMMeHeHMe KOHAEHCa-
TOpa C HOMWHANbHbIM HaMPSXXEeHWEM BbILLEe pacyeTHOr0 CO34aeT 3anac
3N1eKTPUYECKO NPOYHOCTU M TEM CaMbIM MOBbILAeT HAAEXHOCTb pa-
60Tbl KOHAEHCATOpa B CXEME.

CTpyKTypHas U3bbITOYHOCTb, Ha3blBAEMAS TaKXKEe Pe3epBUpPOBaHUEM,
npeanonaraeT BK/OYEHNE B CXEMY 3/1IEKTPONPUBOAA fOMONHUTENbHBIX pe-
3ePBHbIX 3/1EMEHTOB, 6/10KOB 1 YCTPOICTB, YTO NO3BONSET CO34aBaTh Aaxe
13 HE 0YEeHb HafeXHbIX KOMMOHEHT HafeXHble 3/1eKTPonpuBoAbl. Bax-
HO OTMETUTb, YTO BKNKOYEHME B CXeMy 31 JONONHUTENbHbIX 31EMEHTOB,
6/10KOB 1 YCTPOIMCTB YBENUYMBAET €ro Maccy, rabapuTHble pasmepbl K
CTOMMOCTb, NO3TOMY MPUMEHEHMWE 3TOr0 cNOCc06a LOMKHO BbITb 3KOHO-
MWYECKU 060CHOBAHO.

Pe3sepBupoBaHne MOXeT 6biTb CamMbiM Pa3HO06pa3HbIM MO CBOEVA
peanun3aunn. O6LLee pe3epBMpoBaHmne NpeaycmMaTpuBaeT pe3epBupoBa-
Hue 3T B UenoM, a pa3fefbHOe — OTAE/IbHbIX €r0 KOMMOHEHT.

Mpy NOCTOAHHOM pe3epBUPOBAHNN AONOAHUTEbHbIE 3IEMEHTbI U
yCTpoOlicTBa NOACOEMHEHbI K OCHOBHbIM (paboymM) B TeueHne BCErO
BpeMeHU paboTbl 3M1EKTPONPUBOJA U HAXOAATCA C HUMWU B OANHAKO-
BbIX ycnosusax. Mpu pe3epBupoBaHnM 3aMelLeHNemM SOMONHUTENbHbIE
aNleMeHTbl BK/OYaOTCSA B paboTy TOMIbKO NOCNEe 0TKa3a OCHOBHbIX.

BpemeHHas n36bbITOUHOCTb NpeayCcMaTprBaeT MCNOMb30BaAHMNE TEXHO-
NOTNYECKNX PE3ePBOB BPEMEHU A1 BOCCTaHOB/eHNA paboTocnocobHoe-
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TW 3N1EKTPONPUBOA0B. HanpnumMep, Takoi pe3eps BPEMEHM /19 3/EKTPO-
npMBoAa CTaHKa, paboTaroLLero B COCTaBe aBTOMaTUYECKON NMHUN, MO-
XKET ObITb CO3[jaH 3a CHET HAKOMIeHNa HeKoToppaa™wa.~pple” £ w
Ha Hem feTaneil. Ecnvu Bpems BoccTaHOBeHUst paboTocnocobHocTu 3N
(Hanpumep, 3a cyeT BBOZA pe3epBa) OyAeT MeHbLUe BPEMEHU, 38 KOTOpoe
OypeT n3pacxofoBaH 3TOT 3anac geTtasneil, TO MPOCTONA NMHUW He BygeT.

MoBbILLEHWE 3KCMTyaTaLYOHHON FOTOBHOCTYM 371EKTPONPUBOA0B. Bbicokue
noKasaTenun HafeXxxHOCTV 3NeKTPONpPUBOLOB, 3a/10XEHHbIE Ha CTafun Npo-
EKTMPOBaHWSA, eLle He rapaHTUPYHOT BbICOKYHO 3KCNyaTaLnOHHYIO roToB-
HOCTb K paboTe NPMBOAMMbIX UMU B ABVXXEHME MALIWH U MEXAHU3MOB.
Hanpumep, 0TKasbl B 3IEKTPONPMBOLAX MOTYT BO3HMKATb PEAKO, HO Tpe-
Oyr0T 60/1bLLOT0 BPEMEHM /1 UX 0OHAPYXXEHNSA U MKBUZALUN UK, KaK
roBopsT, 60/1bLLOr0 BPEMEHN BOCCTaHOBeHMA paboTocnocobHocTu M.
B aToMm cnyuae TexHONormyeckoe o6opyaoBaHune 6yLeT 3HauUMTelbHOE BPeMS
npocTamBaTb, YTO BbI30OBET, O4EBUAHO, IKOHOMUYECKUNE YObITKN. Taknm
006pa3om, aKcnyaTaunoHHasa rotoBHocTb A onpegensercs ewe u Npu-
CMOCO6NEHHOCTBH UX K 0BGHapY)XXEHWI0 HEMCNPABHOCTEN M OTKa30B U
YCTPaHEHUIO 3TUX Ae(PEKTOB NYTEM PEMOHTOB M TEXHUYECKOT0 06CNYX K-
BaHMSA, 4TO 1 6bINO paHee Ha3BaHO PEMOHTOMPUIOAHOCTBIO.

KonmnyecTBeHHO 3KcnayaraumMoHHasa rotosHocTb 3l onpegenser-
CA KO3(P(PUUUEHTOM rOTOBHOCTH:

T
KT=7%51. (6.10
roe Ta—cpepHas HapaboTka fo 0TKasa, 4; I, —cpefHee BpeMs BOC-
cTaHoBNeHusa (CpefHAS MPOAO/MKUTENIbHOCTb 0TKa3a), Nnpeacrasnd-
tolwee co60i MaTtemMaTMUyeCcKOe OXMAaHNe BPEMEHU BOCCTAHOB/IEHUS
paboToCNOCO6GHOCTN 3NEKTPONpPMBOAA, M.
B HeKOoTOpbIX Cyyasx rotoBHocTb 3l oueHmBaeTcd KOs huum-
E€HTOM TEXHWUYECKOr0 UCNOMb30BaHUSA:

T,

BRER (T A (6.11)

roe oy, — cymmapHOe Bpemsi NPOCTOEB M3-3a NaHOBOIO M BHeNa-
HOBOrO TEXHMYECKOro 06CNyXNBaHUA 3NEKTPONPMBOLA, Y.

Uem 6amxe KoathpuumeHT K, K efUHNLE, TEM BbllLe TEXHNYECKU
YPOBEHb 3/1eKTpONpuUBoJa U TeM 3D (HEKTUBHEE MOXET BblTb UCMOSb-
30BaHO TEXHONOIMYECKOe 060pyLoBaHue.

Kak cnegyet n3 (6.10), 418 nonyyeHms 60/bLLOr0 KO3PpuLmeHTa ro-
TOBHOCTU CfiefyeT B MaKCUMa/lbHOW CTeNeHN CoKpaLlaTb BpeMs BOCCTaHOB-
neHus Tt. B obLem cnyyae 370 BpeMs CKNaAblBaeTCca U3 MHTepBana Mexay
MOMEHTamMy BO3HUKHOBEHMA 0TKa3a ¥ Havana peMoHTa (nepuog obHapy-
XEHMWA 0TKasza) 7 1 BPEMEHW peMOHTa 3fieKTponpueoja (Nepuog nuk-
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BUAanmm otkasa) Tp. Takum o6pa3om, COKpaLLeHne BpeMeHN BOCCTaHOB-
neHus paboTocnocobHOCTM 3neKTponpmeogda Tt onpeaenseTca cokpalle-
HWEM CPOKOB Ha 0OHapY>XeHUe N INKBUAALMIO 0TKa3a (HencnpasHoOCTH).
PaccMOTpMM TeXHUYECKME MEPONPUATHSA, MO3BONAKOLLME COKPATUTb Bpe-
Ma Tru Tem caMbiM NOBLICUTb KO3IPHULMEHT FOTOBHOCTU 31EKTPONpPU-
BOZa M 06CNY)KMBAEMOTO M TEXHOMIOMMYECKOro 060pyA0BaHNS.

CokpalleHue BpemMeHn 06Hapy>KeHns oTkasa 7 obecneymBaeTcs
rnaBHbIM 06pa3oM 3a CUeT UCMO/b30BaHMA CXEM KOHTPONA 3a paboToi
OTAeNbHbIX YCTPOWCTB anekTponpusoa. MNMpun BOSHUKHOBEHUU Heuc-
MPaBHOCTM W/IN OTKa3a CXeMa KOHTPons obecneynsaeTt 3BYKOBYIO UK
CBETOBYIO CMTHANM3auuto, a B aBapuiiHbIX CMTyauusax — u cpabatbisa-
HUe 3aWmnTbl anekTponpueoga. MpocTeiwein GyHKUNER CXEM KOHTPO-
N4 W CUTHaNM3auum ABngeTcs, HanpuMep, CBeTOBasA CUTHaNM3aLma o
COCTOAHUN 3NEKTPMYECKMNX annapaToB CXeM YMpaB/ieHNUsA 3/1eKTponpu-
BOAOB, HANNUYMUW WUAN OTCYTCTBMM HAMPAXEHUA UM TOKa Ha BXOAax
MKW BbIXOAax 3/IEKTPOTEXHNYECKUX ycTpoicTe 3.

Pa3BUTMe CXemM KOHTPO/IA CBA3aHO C CO34aHUEM ANArHOCTUPYIOLLUX
YCTPOWCTB HA OCHOBE MUKPOMNPOLECCOPHbIX CPEACTB, MO3BONAIOLLNX
nony4atb, 3aNOMUHaThL, 06pabaTbliBaTh U pacnpenenaTb 60/bLINe 06b-
eMbl MH(OopMaLumn 3a KOPOTKoe BpeMa. Hanpumep, conocTtaBnss 3a-
fLaHHble N UCTUHHbIE (TEKYLLMe) 3HaYeHNa 3/1eKTPUUYECKUX CUTHANIOB
B YCTPOICTBAX, aleMeHTax M y3nax 3/ieKTponpusoja, cuctema gmar-
HOCTUKM CNOCOOHA OLEHUTbL MX PaboTOCNOCOBHOCTL 1 BblfaTb MHGOP-
MaLMio 0 MECTE W XapaKTepe HEMCNPaBHOCTH.

(P heKTUBHOCTb AENCTBUSA CXEM KOHTPONA U AMarHOCTUKMN B 3Ha-
YNTENbHOW CTENEHWN ONPeaensieTca CXeMOTEXHNYECKMM U KOHCTPYK-
TUBHbLIM MCMNO/HEHWEM YCTPOCTB 3fekTponpueoga. Ecnum oHm no-
CTPOEHbl MO 6/104YHO-MOAY/IBHOMY MPUHLKUNY, UMEOT HEOOXOAMMOE
KOIMYECTBO YAO6HbBIX KOHTPONbHbLIX TOYeK (BbIBOAOB) 3/1IEKTPUYECKNX
Lenei n 3NeMEHTOB CUTHanM3aLmnm, 7o BpeMs 0O6HAPYXEHUA Henuc-
npaBHOro 6/10Kka UM yCTPOCTBA CYLLLECTBEHHO COKpaLLaeTCs.

CHUWXEHWIO BPEMEHW NOUCKA HEMCNPABHOCTEN MM O0TKa30B CNo-
COOGCTBYIOT TAKXKe HanMyme MHEMOCXeMbl 31IEKTPONpPuMBOLa U ero oT-
LeNbHbIX YCTPONCTB, JOCTOBEPHOW M YAOBHON B MCMONL30BaHUMN TEX-
HUYECKOWN AOKYMEHTALWUWN HA er0 KOMMOHEHTbl Y COOTBETCTBYHLLUNX
0603HaYeHWin M Hagnuceil Ha HWX, LeneHanpasfeHHas pa6oTa no
06006LLEHNIO aHHbIX 0 BO3HUKAIOLMX HEMCNPABHOCTAX U 0TKa3ax JKc-
nayaTupyembiX 31eKTPONpPUBOL0B, NOCTOAHHOE MOBbILIEHWNE KBANU(K-
Kauumm 06Cny>KuBaroLLero nepcoHana.

BxogALne B COCTaB 3/1eKTPONPMBOLOB YCTPONCTBA NO CBOEMY KOHCT-
PYKTUBHOMY MCMOJTHEHWIO ABAAKOTCA, KaK Npasuio, BOCCTaHaBNMBaEMbIMU
WK, 4pYrUMn CNoBaMm, peMOHTHUpYeMbIMU. BpemspemoHTa pycTpoiicTs
1 6JI0KOB 3/1EKTPONPUBO/A OMNpPefenseTca rnasHbIM 06pa3som ypoBHEM opra-
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HU3aLum cnyx6 pemoHTa 1 MaTepuanbHO-TEXHUYECKOr0 CHabXeHus npea-
npuatus. Bobuem cnyyae peMoHT 060pyA0BaHUA MOXET OCYLLECTBAATb-
CS COOTBETCTBYIOLLMM NEpCOHaNoM y4acTka, M p il a n
B Npefenax npeanpuatus (06befUHEHNS) UK Xe C MOMOLLbIO CTOPOHHEN
opraHusauum (B TOM Yuc/e U NPy rapaHTURHOM PEMOHTE).

OpraHusaumsa peMoHTa HeMcnNpaBHOro 6/10Ka MOXET OCYLLeCTBAATb-
C No ABYyM BapuaHTaMm. B nepBom cnyuyae nocne 06Hapy>XeHus oTKa-
3a HencnpaBHbI 610K PEMOHTUPYETCH, a 3NEeKTPONPUBOA 1 COOTBET-
CTBYIOLLEE TEXHONOIMYecKoe 060pya0BaHME B 3TO BPeMs He paboTaroT
(npoctamBatoT). Mpy 3HAUNTENLHOM BPEMEHW PEMOHTA Takas ero opra-
HU3auus NPUBOAMT K 6ONbLINM 3KOHOMUYECKMM YObITKaM.

Mpw BTOPOM, LLeNecoobpa3HOM BapuaHTe OpraHm3aLnum peMOoHTHO
Cny>6bl B ee pacnopsiXXeHWNN AOMXKEH HAXOAUTLCA KOMMNIEKT 3anacHbIX
37eMeHTOB ¥ 6M10KOB 3nekTponpmeoda. B aTom cnyuae npu oTKase
3NeKTPONpPUBOLa BPEMSA €ro PEMOHTa ONpeaenseTca TONbKO 3aMeHO
HemcnpaBHOro 6/10Ka Ha 3anacHoi, 4To He NPUBOAUT K ANIUTENLHOMY
npocTtoto o6opypoBaHuA. M3bATbii 13 CXeMbl HEMCMPaBHbIA 610K pe-
MOHTUPYETCA U Yepe3 HEKOTOpPOe BPEMS BHOBb CTAHOBUTCS MCMpaB-
HbIM VM BBOAMTCS B YMCNO 3anacHbiX. OYeBMAHO, YTO U B 3TOM Cliyyae
6/104HO-MOAYNbHBIA NPUHLMN NCcnofHeHUsA 3 N03BoNAAeT NONYYUTb
CYLLECTBEHHbI 3KOHOMUYECKMNIA 3D eKT.

HeTpyZHO 3aMeTUTb, YTO €CAM Bpems paboTbl 3NeKTponpusBosa
Mexay oTKaszaMu 610ka Kakoro-nu6o tuna 6yget 60/blle BPEMEHM
pemMoHTa 3Toro 610Ka, To 4NA UCKAoYeHns npoctosa 3l focTatouHo
MMeTb B 3aMace TONbKO OAMH TaKoi 3anacHoi 6/10K.

MoBbilEeHWe HALEXHOCTU 3/1eKTPONpuBoAa 3a CUET 06ecrneyeHms ero
nMomMexo3aLnieHHoCTU. PaboTa anekKTponpueoa XxapakTepuayeTcs Leil-
CTBMEM KaK NONe3HbIX 3IEKTPUYECKMX CUTHANO0B, 06ecneynBatoLLnX Haa-
nexatee (pacyeTHOe) ero PyHKLUMOHUPOBaHWe, TaK 1 BPeLHbIX, Henpesa-
CKa3yeMbix 3apaHee (CnyyaiHbiX) BO3MYLLEHWNA, Ha3blBAEMbIX NOMEXaMM.
Momexw BbI3bIBAOT C60M B paboTe 3/1EMEHTOB M Y3/10B 3/1EKTPONPUBOAA,
a MHOTa M UX NOBPEXAEHMUSA, CHUXKAA TeM camMblM HAafeXHOCTb ero pa-
60Tbl N YCNOXHSAS €ro Hanagky u akcnayarauunio. OCo6eHHO YyBCTBUTEb-
Hbl K MOMEXaM 3/1eKTPOHHbIE YCTPOICTBA yNpaB/ieHUs 3N1eKTPONpMBOLa,
onepupyoL e ManoOMOLLHbIMY 3N1eKTPUYECKUMU CUTHANAMMU.

MoBblWEHNE NOMEXO3ALULLLEHHOCTHN 3N1EKTPONPUBOLA AOXKHO OCY-
WeCTBAATLCA NOAAaBAEHNEM KaK COOCTBEHHbIX, TAK U BHELLUHWUX NOMEX.
MoaTtomy nt060M 31eKTPONPUBOL LOMKEH ObITb CNIPOEKTUPOBAH, U3r0-
TOB/IEH U CMOHTUPOBaH TakuM 06pa3om, 4Tobbl, C OLHON CTOPOHbI, ero
KOMMOHEHTbI He C034aBanu MOMex Apyr ApYyry 1 COCEAHUM 31eKTpo-
yCTaHOBKaM, a C ApYyroi CTOPOHbI, OH A0/KEH ObiTh 3alMLLEH OT BO3-
[eliCTBMA BHELIHUX NOMEX, CO3[aBaeMbIX APYTrMU 3N1eKTPOYCTaHOBKa-
MU. PaccMOTpUM TEXHUYECKME MEPONpPUATUSA, KOTOPble MO3BOASIOT MNO-
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BbICUTb MOMEX03aLLULLEHHOCTb 3IEKTPONPMBOAA U TEM CAMbIM Hafex-
HOCTb M Ka4eCTBO ero paboTbl.

Cob6cTBeHHbIe.noMexn. OCHOBHLIMU UCTOYHMKAMU MOMEX B 3M1EKT-
ponpuBoAax ABNAKTCA 3NEeKTPUYECKNE ABUraTeNN, PeneiiHO-KOHTaK-
TOpHas annapaTtypa, TUPUCTOPHbIe NpeobpasoBaTenun n anekTpomar-
HUTHble YCTPOACTBa. Takue NOMeXM MOTyT CO3[aBaTbCA TakXe Mpu
KOPOTKMX 3aMbIKaHUSX B 3IEKTPUYECKMX LiensX, NPy BO3HUKHOBEHUN
nepeHanpsXXeHWii, CBA3AHHbIX C OTK/IIOYeHWEM Leneli ¢ UHAYKTUBHO-
CTbO, MPWN U3MEHEHNUN HANPAXEHWI Ha COCEeAHMUX MPOBOAAX.

lMomexu B 3NeKTPUYECKMX ABUTaTeNAX CO34a0TCA NPU KOMMYTaunu,
HapyLleHU KOHTaKTa MeXJy LeTKaMmn U KONNeKTOPOM MU KOHTaKT-
HbIMW KONibLamu, Bubpaunn sana. [lns nogasneHus aTux BUAOB NOMeX
MPUMEHAIOTCA Pa3nnyHble (UNbTPbI, 4OMNONHUTENbHbIE KOMMEHCALNOH-
Hble 06MOTKM, CNOUCTbIE, TWATENIbHO NPUTUPAEMbIE LLLETKWU, MeTanaun-
3aUus BHYTPEHHel NOBEPXHOCTM MaacTMacCoBbiX Kopnycos. Kpome
TOro0, AO/KEH 6blTb OCYLLECTB/IEH HAAEXHbIV 31IEKTPUUYECKUNIA KOHTAKT
MeXJAy YacTaMMW ABuraTens, a Takxe TuiaTenbHasa ux cbopka.

lMomexy BO3HUKAIOT Npy paboTe 3/eKTPUYECKMX annapaTos 1 pasnuny-
HbIX 3/1EKTPOMArHUTHbIX YCTPOCTB — TOPMO30B, My(T, PUKCMPYIOLLNX
npucnoco6ieHnid, 3NeKTPOMArHMToB. MNpu UX OTKAKOYEHUN HA 06MOT-
Kax annapaTtoB U OAHOBPEMEHHO Ha NOABOAALLMX NPOBOAAX NOSBAAIOT-
CS NepeHanpsXeHMs, KOTOPble MOryT BO MHOIO pa3 NpeBbiaTb HOMMU-
HanbHbIN (paboynii) ypoBeHb 1 Bbi3BaTb Kak Npo6oi nsonsynm ob6mo-
TOK, TaK 1 NosBAEHME MOMeX B MUTAIOLLLEN CETU U OKPYXatoLLeld cpege.

YMeHbLUEeHME NepeHanpsXXeHUn 1 TeM CamMmbiM YPOBHSA NOMeX 06bliy-
HO OCYLLECTBAAETCH C MOMOLLbIO CXEM, B KOTOPbIX MPUMEHAKTCA pe-
3UCTOpPbI, ANOAbI, CTABUNNTPOHBI, BapUCTOPbI, KOHAEHCaTOpbl. Hau-
6onbliee pacnpocTpaHeHUe B CUNY YHUBEPCANIbHOCTU, MPOCTOThI U
3D (eKTMBHOCTM HawnuM Tak HasbiBaemble R-C uenouku. Bygyum
BK/IIOUYEHHbIMY NapannenbHO KaTyLliKe annapaTa uin 3aNeKTpoMarHuT-
HOro0 YCTPOWCTBA, OHU CYLECTBEHHO racAT amMnauTygy U CKOPOCTb
HapacTaHUs nepeHanpsH>KeHWN, BbI3BaHHbIX MPOLECCOM OTKAOYEHUS.
PacueT BeninumH J1n C ocyulecTBasgeTcs UCXO4S U3 napaMeTpoB 06-
MOTKMW M LONYCTUMOIO YPOBHA NepeHanpsXeHus.

Momexu npw paboTe pene, KOHTAKTOPOB, MarHUTHbIX NycKaTenel u
OpYroin KOMMYTaLMOHHOW annapaTypbl BO3HUKAOT Npyu BUGpaLusax u
npeb6esre nx KOHTaKTOB, a TakXke Npu Npoboe nanm BOSHUKHOBEHUN LyTK
B MEXXKOHTAKTHOM NpomexxyTke. CHUXEHWEe 3TOro Buaa noMex 4ocTu-
raeTcsi NpUMeHeHUeM UCKPO- 1 fyroracutenein n GuabLTPoB; CXeM, OCy-
LeCTBNAOLWMX KOMMYTaLNIO NPY PABEHCTBE HY/HO TOKa (HanpsXXeHUs)
B LLEMW; 3KPaHUPOBaHHbIX Kabeneii; kabenen o CKPYHEHHBIMU XUTaMU.

Momexm npu paboTe TUPUCTOPHbLIX NpeobpasoBaTenieil BO3HUKAKOT U3-
33 UCKXKEeHNs MU CUHYCOMAaNbHOW (hOpMbl HANPsXXEHUA 1 TOKa, BCea-
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CTBME Yero co34alTCa BbICOKOYACTOTHbIE MOMEXU (TAPMOHUKM Hanps-
XeHuns n Toka). Kpome T0ro, TMpMcTopHble NnpeobpazoBaTeny co3garoT
MOMEXU 3a CYET NOCTOAHHO UAYLIMX B HAX KOMMYTaLMOHHbIX NpoLec-
COB, CBAA3aHHbIX C OTKPbITUEM O4HUX TUPUCTOPOB U 3aKPbITUEM APYTUX.

Hanbonee apekTUBHbIM cpefcTBOM inLLL14{11M)M)M1Licr Ti ffi Ml
TOPHbIX Npeobpa3oBaTeneil ABNSETCA YCTAHOBKA Pa3/IMYHbIX PUNbTPOB.
[pyroii nyTb NoAaBfeHUsA CO34aBaeMblX UMM MOMEX CBA3aH C Bbl6O-
POM TaKUX pexmmoB paboTbl npeobpasoBaTeneid U cnoco60B ynpas-
NEeHNA UMW, NMPU KOTOPbIX UCKAXEHUS KPUBbLIX HAMPAXEHUA M TOKa
O6yayT MMHUMaNbHO BO3MOXHbBIMU.

BHelwHVe nomexn. BHewWwHWe NOMEXWN Ha 31IEKTPONPUBOAL MOTYT No-
CTynaTb Yepes Lenu NUTaHUs UK 3a CYET AeNCTBMA 3NeKTpocTaTnyec-
KX 1 3N1eKTPOMarHUTHbIX Nofel, co3faBaemMmbiX COCEAHUMMN 31EKTPO-
ycTaHOoBKaMu. K TakMm ycTaHOBKaM KpOMe 31eKTPOnpuBOA0B OTHO-
CATCA 3NeKTPUYECKUI TPaHCNOPT, BO3AYLIHbIE TMHUN U NOACTaHLUN
aneKTponepegay, 3/1eKTpPOCBaApOUYHOe 060py0BaHNe, pa3nnyHble Bbl-
COKOYaCTOTHbIE MPOMbILLJIEHHbIE U HAYYHble YCTAHOBKU, aBTOMOOM-
NN C 4BUTATENAMMW BHYTPEHHEr0 CrOpPaHns, BblUNCIUTENbHbIE KOMM-
nekcbl. Cnocobbl NOAABMEHUA BHELWHUX NMOMeX OMNpeAenstoTca TeMm,
MOCTYNalT M OHW B 3/IEKTPONPUBOJ MO NpoBofam (rasibBaHMYeCcKue
MOMeXW) UK 3a CHeT AeCTBUA 3/1eKTPOCTATUYECKOr0 NN 3NEKTPO-
MarHMTHOTO noseli (EMKOCTHbIE UAN MHAYKTUBHbIE MOMEXK).

anbBaHM4YecKne MOMeXM MOTYT NOCTYNaTb B CXeMY 3/IeKTPONnpu-
BOZa B TOM C/y4ae, KOrja oH umeet o6Lime 418 HECKONIbKUX 3NeKTPO-
YCTaHOBOK Lenu NuTaHmMa uam o6wmnii nposog,.

CHWXeHWe BAUSHWA FaibBaHMYECKMX MOMeX Yepes NUTalLLyo ceTb
LOCTUTAETCA CNefyWUMN OCHOBHbIMWU MEPONPUATUAMN:

» ycTaHoBKoOW /f-L-ChnnbTpoB B MecTe NOACOEANHEHNSA 31EKTPO-
NpMBOAa K NUTalOLLEl CeTu;

* NCNOMb30BAHUEM OTAeNbHbIX 6/0KOB NMUTaHUA A1 YCTPOWCTB
ynpaBneHns 3NeKTPONPMBOAA NN NUTAHUEM WX Yepes raibBaHUyec-
KW pa3BA3aHHble BTOPUYHbIE 06MOTKM pacnpeaennuTenbHOro TpaHe-
thopmartopa;

* MPUMEHEHNEM MPOBOAKN C MAKCMMaNbHO BO3MOXHbIM paccTos-
HUEM MeXAy NpoBOAaMU CUCTEMbl MUTAHUSA U BHYTPEHHEN Pa3BOLKM.
Mpw 3TOM LenNu NUTaHWA Lenecoo6bpasHo BbIMOMHATL U3 MaKCUMasb-
HO KOPOTKMX MPOBOAOB 60MbLIONO CEYEHNUS.

Kpome uenu nuTaHWs MOMeXWM MOryT MOCTynaTb Ha 3/1eMEHTbl W
YCTPOICTBA 3MEKTPONPMBOAA Yepe3 06LL Wil NPOBOA, OTHOCUTE/IbHO KOTOPO-
ro onpegenseTca NoTeHLMan CUrHanbHbIX (M3MEPUTE/bHbIX) MPOBOLHUKOB
M TOYEK CXeM ynpasneHns. SPpQeKTUBHbIM CPesCcTBOM 60pbObI C TAKOro poja
nomexamm ABNSETCA COeAMHEHME 00LLEro NPOBOAA CXeMbl YNPaBeHns 3/eK-
TPOMNpMBOAa C 3a3eMAIOLW MM KOHTYpOM. B pe3ynbTate nomexwu, nocryna-
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lOLLVE Ha 3NEKTPONPUBOS Yepes CeTb NMUTAHNA WU BO3HUKAIOLLME U3-3a Ha-
NNYNA NAPa3UTHbIX EMKOCTHbIX CBA3EN Yepes KOXyXMn 6/10KOB ynpas/ieHuns
1 KOpMyc Wkada, He NoNajatoT Ha YCTpoicTBa ynpasneHus Il1.

Mpy HaNMuUMM HECKONbKUX LW Ka(OB yNpaBieHUs 0CYyLLeCcTBNSETCA
BblpaBHMBaHWe NOTEHLMANOB UX KOPMYCOB 3a CYET COEJMHEHUA B CXe-
My 3B€3[bl, 06LLad TOUKA KOTOPOIi COeMHAETCA C KOHTYPOM 3a3em/e-
HUS 1 TOKOBEAYLLMMN KOHCTPYKLUUAMU 30aHUNA.

MoaasneHne NomMex 3a cHeT AeNCTBUA 3/1eKTPOCTATUUECKUX U 3/1EKT-
POMArHUTHbIX NOMEN MOXEeT OCYLLECTBAATLCA HECKO/IbKMMU crocobamu.
Hanbonee aththeKTUBHLI CNOCO6 NpefycMaTprBaeT pasMeLyeHme 610K0B
N YCTPOWCTB ynpaBneHns B MeTain4ecknx (peppomMarHnTHbIX) Kopny-
cax, a BCEro a/IeKTp0060pyA0BaHNA 3NEKTPONPNBOAA — B METAIINYECKNX
Wwkaax. B pesynbTaTe 3TOro BpeAHble BHELWHWE NONS IKPAHUPYIOTCA
3TUMW MeTanINYecKMMmM KOpnycamu 1 He Bbi3bIBAKOT NOABMEHNA NOMEX
B 3/1eKTPMYECKMX Lensax anekTponpmeoga. K atomy xe cnocoby nogas-
NeHUs BHeLIHUX NOMeX OTHOCMTCA 3KpaHWpOoBaHue NpoBOLOB M kabenei,
pasMeLLeHne X B MeTaNINnYecKnx Tpybax nam Kopobax.

MoBbILWEHME HaAeXKHOCTHN PaboThbl 3/1eKTPONPMBOAA LOCTUTAeTCs, Kak
Y)Xe 0TMeYasnoch, BBEAEHVEM BHYTPUINEMEHTHOW UK CTPYKTYPHOI 136bI-
TOYHOCTM, UCNOMb30BAHNEM CPELCTB KOHTPONA U LUarHOCTUKK, a Takxke
onpegeneHHbIM YCNOXHEHNEM KOHCTPYKTUBHOIO CMNOTHEHWS YCTPOCTB
1 6710KOB 3/1EKTPONPMBOAA. Peann3aunsa sTux TEXHUUECKMX MeponpuUaTunii
TpebyeT JONOMHUTENbHBIX 3aTpaT Ha pa3paboTKy U N3roTOBAEHUE 31eKT-
ponpusofoB. OYeBUAHO, YTO 3TV AONONHWUTENbHbIE 3aTPaThbl, KOTOPbIE
06bIYHO Ha3bIBAKT KanuTanbHbIMU, MOTYT 6bITh NPON3BEAEHbI U ONpaB-
[aHbl NULLb B TOM C/ly4yae, KOrfia 3a CHeT NOBbILWEHUA HALEXHOCTH 3NeKT-
ponpmeofa 6yAeT LOCTUTHYTO CHVKEHME TEKYLLMX 3aTpaT Npu akcnnya-
Tauum camoro 3neKTponprueoia n 06Cny>KMBaeMOro UM TEXHOOM MYeCKO-
ro o6opynosaHus. TeM cambIM NOBbILLEHWNE HAAEXHOCTH 31eKTPONPUBOA0B
[0/KHO COMPOBOXAATbCA OnpeAeneHneM 3KOHOMUYECKOM A (heKTUBHO-
CTV 3TUX MEPONPUATMIA, KOTOpas Nogpo6HO paccmoTpeHa B [21].

KOHTPOJIbHBLIE BOMPOCHI

1. UYro HasblBaeTCs HafEeXHOCTbIO 3/1eKTponpuBoaa?

2. Yto Ha3biBaeTCsl BEPOSATHOCTbIO 6GE30TKa3HOWM PaboThbl, MHTEHCUB-
HOCTbIO OTKA30B M HapaboTKoli [0 OTKasza?

3. Kak 371 nokasaTtenu cBsizaHbl Mexzy co6oii?

B uem 3ak/ouaeTcst KOathhULMEHTHBI METO/ pacyeTa HafexXHOCTU?

5. Kakue CyLecTByOT MeTOAbI MOBbLILEHWS HAAEXHOCTU 3/1eKTPONpH-
BOAOB MPU UX NPOEKTUPOBaHUM U aKcnyaTauum?

6. Kakumy cpefcTBaMM MOXHO MOBLICUTL MOMEXO03alLWLLEHHOCTb
3/1eKTPONPUBOAOB?

>
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