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NMPEANC/TOBUE

Pa3BuTuME 1 COBEPLUEHCTBOBaHME COBPEMEHHbIX TEXHO/I0M YECKMX
1 MPOV3BOACTBEHHbIX MPOLLECCOB B NPOMbILLIIEHHOCTU, CE/IbCKOM XO-
39lACTBE, CTPOUTESILCTBE U B APYIMX 06/71aCTAX HAPOL4HOI 0 X03ALACTBa
XapaKTepu3yHTCs LUMPOKUM UCMOS1b30BaHMEM CPeACcTB aBTOMATU3aLMN
1 KOMIMJIEKCHOIA MexaHu3auumn. 3T0 Mo3Bo/1SeT 0cBO60ANTDL YesloBeka
0T 04HO06PA3HOI0 U THKES0ro (PN3NYECKOro Tpyaa, MOBbICUTbL MPo-
V3BOANTESTbHOCTb, HAAEXHOCTb (hYHKLIVIOHNPOBAHWUS TEXHO/10M YECKO-
ro 060py10BaHNA N Ka4eCTBO BbIMYCKaeMOIA M MpoayKuyn. ABToMa-
TUYECKME CUCTEMbI YIPaBIEHNS MO3BOMAIOT Takoke 3aMEHNTb YesioBe-
Ka rnpu paboTe TEXHO/I0MMYECKOro 06opyAoBaHMA BO BpedHbIX U
onacHbIX 4/19 ero 3/10p0Bbs YC/I0BUAX OKPY>XKatOLLEe A cpefibl — KOCMO-
ce, cpefie arpeccMBHbIX rasos, 3arbUIeHHbIX NOMELLEHNSAX U T.4,

B o6Lem cryyae aBToMaTuzaums [I] — aTo npymMeHeHve TeXHUYeC-
KMX CPeACTB, IKOHOMMKO—-MaTeMaTUYECKNX METOZO0B 1 CUCTEM YrpaBJsie-
HWS, 0CBOOOXKAAIOLLMX YesloBeKa YaCTMUHO W MOSTHOCTLIO OT Henocpes:-
CTBEHHOI0 Y4YacTus B npoLieccax noslyyeHns], npeobpasoBaHus, nepeaa-
YA W WUCMOSIb30BAHUA 3HEPrUW, MaTepuasioB WM UHGopMaLmn.
ABTOMATU3MPOBATLCHA MOMYT TEXHOSIOMMYECKIME MPOLLECCHI, HAYUHbIE U 9KC-
rnepyMeHTa TbHbIE MHXEHEPHbIE VCC/IeI0BaHNSA, MPOeKTUPOBaHWE pas/inyg-
HbIX 00BEKTOB, OpraH13aLVs, NM1aHNPoBaHVE U YrpaB/ieHVe pas/fiyHbIX
npeanpusTUIA 1 opraHn3auuii. MNMpeaMeTHORA 06/1aCThHO 3TOIA KHUMA AB-
JIF0TCA CUCTEMbI YIPaB/IEHNS aBTOMAaTU3MPOBaHHOIO 3/1eKTPONPUBoAA U
BbIMO/IHSIEMbIE C €0 UCTO/1b30BaHVEM CUCTEMbI aBTOMaTU3aLMN paboumx
MaLLUMH 1N MEXaHN3MOB W1 TEXHOSI0MMUECKMX KOMI/1EKCOB.

AnekTpudecknia npueog (M) ABNAETCH SHEPreTUYECKOEA 0CHOBOLA
TEXHOSI0MNYECKNX U MPOM3BOACTBEHHbIX MPOLLECCOB, KOTOPbIE peasivi-
3yHOTCA 3a CHET MeXaHYeCKoA aHeprun. MNprBoas B ABVDKEHME NUCMO-
HUTE/bHbIE OpraHbl paboumx MallMH N MeXaHM3MOB U YNpaB/Iss STUM
ABVDKEHNEM C 33aHHbIM KadecTBoM, 3l obecrneunBaeT A06bIYY MO-
J1E3HBIX UCKOMaeMbIX, N3r0TOB/IEHNE U 06paboTKY pas/INUHbIX M3Ae/MIA
1 MaTepuasioB, rnepemMeLleHve Sioaeiti 1 rpy3oB U BbIMO/IHEHNE MHO-
X Opyrnx TEXHOI0MMUYECKMX Ornepauyia ¢ HauyYLIMMN TEXHUYECKN-
MU U SKOHOMUYECKMMM MoKazaTesisiMu. Tem caMbiM COBpeEMEHHbILA 31
MpeAcTaBseT COB0IA BaxXHelLLEe YCTPOIACTBO CUCTEM aBTOMATUYECKOI0
yMpaBeHUs: TEXHOSI0MMHECKVIMIN MPOLLeccamu.



MHoroobpasve 1 CIOKHOCTb BbINOMHAEMbIX 3 yHKUWEA, mc-
rnosib3oBaHMe B ero CTPYKTypax HOBbIX, B MePBYIO oyepeab Mos1yrpo-
BOAHWKOBbIX 3/1EMEHTOB U YCTPOLACTB, MOCTOSAHHOE YBE/INYEHNe YNC-
Na n BUAoB aBTOMaTM3MpoBaHHbIX 3T Tpe6>BOF blUkpuakorfpefivorsion
MoAroTOBKM CMELMASINCTOB, 3aHNMAIOLLMIXCA UX MOHTEXKOM, Ha/130KOMA
1 akcrtyaTauveid. OHU A0/DKHbI XOPOLLO 3HaTh 3/IEMEHTHYHO 6a3y aB-
TOMaTM3NPOBaHHbIX 31, MOHMMATbL OCHOBHbIE MPUHLMMbI MOCTpoe-
HUA 1 paboTy PasoOMKHYTbIX U 3aMKHYTbIX CXeM yrpasrieHusa I, Bria-
[eTb MHGopMaLMeii 0 KOMIJIEKTHbIX U MHTEerpupoBaHHbIX M1, cuc-
Temax aBTOMaTUYECKOr0 YrpaB/ieHUs TEXHO/IOMMYECKMMK MpoLieccamm
Y NpegnpusaTUaMU. BaxkHbIEA arieMeHT 06pa3oBaHus B 3TOIA cdepe co-
CTaBNAIOT U 3HAHUA 0 HageXXHocTu 3.

KHura HanvcaHa B cOOTBETCTBMK C [TOcyAapCcTBEHHbIM 06pa3oBa-
Te/bHbIM CTaHAAPTOM CpeaHEro nNpoecCMoHasIbHOro 06pasoBaHnsA n
"ocyAapCcTBEHHBIMW TPe6OBaHNAMY K MUHUMYMY COAEPXaHUA U YPOB-
HI0O MOAroTOBKU BbIMYCKHUKOB MO crieuyasibHoCcTU 2913 «MoHTax,
HaaKa 1 aKerslyaTauusa a/1eKTpoobopyA0BaHMA MPOMbILLIEHHBIX U
rpaXkKAaHCKNX 303aHNIA*, BBEAEHHbIMU B ASLACTBYE C 1ceHTA6psA 2002 r.
B HelA NpMBOAATCA OCHOBHblE CBeAEHWS U3 TeopUn aBTOMATUYECKOr0
yrpaB/ieHNs, pacCMaTPUBaOTCA 3/1leMeHTHasA 6a3a 3l U1 BbIMNO/IHEHHbIE
Ha ee 0CHOBE Pa3oMKHYTbIe N 3aMKHYTbIE CXeMbl YIpaB/ieHUs aBToMa-
TU3npoBaHHOro 3I1, a Takke aBTOMaTU3aLNA TEXHOSIOMMYECKNX MPO-
LieccoB. B Hee BKJ/IOUYEHBbI Takke CBEAEHUA MO0 HAOEXXHOCTU paboTbl
3, meToOam ee pacyeTa U MOBbILIEHUS.

N3yueHne ancupnivibl «CUCTEMBbI aBTOMATM3MPOBaHHOI O yrpaBs-
JIeHNsA 3/1eKTPONPMBOAA™ OCHOBbLIBAETCA Ha 3HAHUAX yyallmxcs o
UHMOPMATUKE, TEOPETUYECKNM OCHOBAM 3JIEKTPOTEXHUKW, OCHOBAM
3/IEKTPOHHOIA U MUKPOMPOLLECCOPHOIA TEXHUKMU, 31EKTPUHECKUM Ma-
LUIMHaM M OCHOBaM 3/1EKTPOMPMBOAA. B KHUIY BK/IIOYEH MaTepvias Mo
CUI0BOIA Mpeobpa3oBaTesiIbHO TEXHMKE, 3/1EKTPUYECKM arrapaTam,
3/1eMeHTaM M YCTPOLACTBaM CUCTEM YrpaBsieHNs, HeOOX0aAUMbIIA 415
J1ydulero noHMMaHmsA paboTbl aBTOMaTU3MpoBaHHOro 3.

[19 nydulero ycBoeHMs MaTepuyasia v 0CBOEHMSA yYaLLMMUCA HaBbl-
KOB MPaKTUYECKMX pacyeToB KHUIra CO4epPXUT 334a4M U NpUMEpPbI NX
peLleHmns, a c Lesbio MPoBEPKM CTErNeHY YCBOEHNA MaTepuasia B KOH-
Lie KeXKOOIA I1aBbl NPUBEAEHbI KOHTPOSIbHbIE BOMPOCHI.



BBEOEHWE

B cBOEIA MPaKTUYECKOIA OEATENTbHOCTY HESI0BEK UCMOSIb3YET CaMble
pa3Ho0b6pa3Hble TEXHO/OMMYECKME MPOLLECCHI U onepauuun, peasnsa-
LMSt KOTOPbIX OCYLLECTBJISETCS C MOMOLLbIO Pa3/INYHbIX pabovnx ma-
LWWH 1 MPOM3BOACTBEHHbIX MEXaHVU3MOB. Bo MHOrmMX criyyasx /i Bbl
MoJTHEHMST TEXHOJTONMYECKOIO MpoLecca 3T paboyre MalnHbI U Me-
XaHM3Mbl 06beANHAKTCA B 4VHbIA MPON3BOACTBEHHbBIA KOMIMJ/IEKC,
06pa3ys NpegnpusTUsS pas/InYHOr0 Ha3HaYeHus.

XapaKTepHOIA YepToiA COBEPLLIEHCTBOBaHMS KaK 0TAe/bHbIX pabo-
UYMX MaLUWH, TaK N TEXHOSTIOMMYECKNX KOMIJIEKCOB B LIESIOM SIB/ISIET-
C aBTOMaTU3aLMs MX paboTbl, YTO MO3BOSISET MOBLICUTL UX MPOU3-
BOOUTE/IbHOCTL M KAYeCTBO BbIMYCKaeMOA MpoayKLuum 1 obecnevmnTb
Hau/TyyLIMe rokasaTesi Mo 3KOHOMMUYHOCTU U HagEXXHOCTM MpU 3KC-
ryatauyn. BaxkHbIM (hakTOpoM SIBASIETCA UM TO, YTO aBTOMaTU3aLms
MO3BO/ISET 0CBOOOANTL YesI0BEKA OT TSHKEsI0ro M 04H006Pa3HOro Tpy-
43, a BO MHOIMX c/lyyasix 06ecnevnTb yrnpaBsieHMe TEXHO/T0M NYECKU-
MM NpoLeccamMy ¢ NokasaTesIsMm, HeLOCTYMHbIMUY Yes10BEKY MO ero
(hM31010rNHECKMM BO3MOXKHOCTSAM.

MprMepamun aBTOMaTU3aLMU OTAE/bHBIX PA60YMX MaLUUH U TEX-
HOJTOMMYECKMX KOMIMJIEKCOB MOIYT C/TY)KUTb aBTOMaTUYECKME JINHUMN
1 FMOKMe aBTOMaTU3MpoBaHHbIE MPOM3BOACTBA, YMC/1I0BOE MPOrpaMm-
HOe ynpaBJ/ieHMe cCTaHKaMU, CUCTEMbI aBTOMaTUYECKOIr0 Noaaepka-
HUS1 YIJI0BOIA CKOPOCTU BpaLLleHUs (Jauiee B TEKCTE — CKOPOCTb Bpa-
LWEHMS) OBUraTesietd, cucTeMbl NOAAEPKAHMSA YPOBHS XUOKOCTU B
pesepByape U T.4,

BonbLioe ymncno paboumx MawuH 1 Npon3BOACTBEHHbIX Mexa-
HU3MOB: JINPTOB, KOHBEMEPOB, HACOCOB, MOABEMHBIX KpaHOB WU
T.4. — 419 BbIMOJ/IHEHUSA TEXHO/I0MMYECKMX OMepauuia UCnosb3yT
MeXaHWUYeCKYH 3Hepruio, KOTopyr OoHW nosiydatroT ot 3. Mpu-
BOASA B ABVDKEHME UCTO/THNTESIbHbIE OpPraHbl 3TUX paboumx mallimH
N MexXaHWU3MOB: KabuHy nmdTa, SIEHTY KOHBelepa, paboyee Kosie-
CO Hacoca, rpy3o3axBaTHOE MpUCcnocob/1eHne NogbEMHON0 KpaHa —
M ynpaBasas aTum gBKeHnem, 3 cTaHOBUTCHA BakHEMLEIA vac-
Th0 00LEe/ CXeMbl aBToOMaTu3aumu, 0T PYHKLLMOHMPOBaHUS KOTO-
PO 3aBUCUT B KOHEYHOM UTOre KayecTBO peasinsauum TeXHOs10-
FMYECKMX MpOoL,ECCOB.



XapaKTepHoiA YepToii pa3BUTUA coBpemMeHHoro 311 aBnseTcs no-
CTOSIHHOE pacLUMpeHMEe U YC/IOKHEHNE BbIMO/HAEMbIX UM (YHKLNIA,
UTO B MepBYIO oYepeb AOCTUMaETCA 3a CHET Bce 6os1ee LLUMPOKOro UC-
Mnosb30BaHUA perynvpyembix n asTomMmaTusnpos/1LL LWL oM UN* ffpm ~son
HEHWe MO3BOJISET MOBbICUTb KAYECTBEHHbIE N KOJIMYECTBEHHbIE MOKa-
3aTe/ M TEXHOM0r MYECKUX MPOLLECCOB, YBE/MUNTL HAAEXHOCTb (PYHK-
LLMOHMPOBAHUA TEXHOJI0rM4eckoro obopyaosaHma mn camoro 3I1,
Y/YULLINTL YC/I0BUSE PaboThl 06C/TY>KMBAIOLLET O MepcoHasa.



naBa 1

ObWNE TMPNHUWNIMBI MOCTPOEHINA
ABTOMATUN3NPOBAHHOIO
SQNNTEKTPONMPMBOAOA

1.1. OCHOBHBbIE NMOHATNA, TEPMWHBDI
M ONMPEAENEHNA

YnpaBreHvie NpeacTassiseT c060iA opraHM3auuio Toro Win MHOro
npouiecca, kKoTopas obecrieunBaeT AOCTVDKEHWE ONMpeaesieHHbIX Liereii

CucTema ynpaB/ieHVs — COBOKYMHOCTb BCEX YCTPOLACTB, obecnevn-
BaloLKX yrpassieHne KakKnM—-sinbo 06 beKTOM Wi npoeccom. Ecnn
yrpaBJieHVe OCyLLECTB/ISETCS 6e3 HernocpeACTBEHHOI0 y4YacTUS Yesio-
BeKa, TO cucTeMa ynpaB/ieHUs Ha3blBaeTCcs aBTOMaTunyeckoin. Cucre-
My aBToMaTumyeckoro yrpassieHns (CAY) o06pasytoT YCTPOACTBO
YMPaBeHNa N 06bEKT YNpaB/ieHUs.

Ecnn oTaenbHble onepauyn ynpassieHNs OCYLLECTB/IAET YesioBeK
WM rpynna JIoAeiA, To Takne CMcTeMbl YNpaB/ieHUs Ha3bIBalOTCS aB-
TOMaTU3MpoBaHHbIMU. [/19 BbINOSTHEHMSA 3TVIX OrepaLyia YesioBeK o0s1-
YKEH MOSyYaTh MHHOPMALMIO 0 NpoLLecce YrpaBsieHVs N UMETb B CBO-
€M pacrnopsPKeEHUN COOTBETCTBYHOLLME OpraHbl yrpaBsieHUs 06beKTOM
W1 NPOLLECCOM.

Puc. 1.1. Cxema cuctemMbl aBTOMaTUYECKOro yrnpas/ieHus

O606weHHasa cxema CAY nokasaHa Ha puc. 1.1. Ha Het10603Ha-
yeHbl: 1— 06BEKT yMnpaBrieHNs; 2— UCTOYHUK MHGopMaLmMun o 3a-
[Javax yripaBfieHusi; 3 — yCTPOILACTBa MH(OPMaLMK 0 XoA4e U pesysib-
TaTax yrnpaBsieHns; 4 — yCTPOLACTBO 06paboTKM MHGOpMAaLKA 1 Bbl-
pPaboTKN CUFHaa ynpaBsieHns; 5— MUCNO/THUTEIbHOe YCTPOLACTBO;
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6 — ycTporiACcTBa MH(opMaLMn 0 HYHKLIMOHNPOBAHUN UCMOSTHUTES b-
HOI 0 YCTPOLACTBA.

B HeKkoTOpbIX c/ly4vanx 3afa4ein ynpasrieHVs SBseTca obecneye-—.
HVe MOCTOSIHCTBA HEKOTOPOA thianueckoiid n?PMAXK 6 Wemfte$1-s10m
Typbl, CKOPOCTU BpaLLeHWUs, AaB/IEHNS — WU ee U3MEHEHMEe BO Bpe-
MeHM M0 HEKOTOPOMY 3aKOHY. TakOI 4YaCTHbIA BUA yrpaB/ieHus
06bIYHO Ha3blBaeTCA perynvpoBaHveM. CrvcTema aBTOMaTMYecKoro
perynupoBaHus (CAP) no aHas10rmm ¢ cMcTeMolA aBTOMaTUYECKOr0
yrpas/ieHWs COCTOUT U3 peryivpyemMoro o6bekTa v perynsTtopa. B co-
CTaB CUCTEM aBTOMATMYECKOro perysimpoBaHuns, KpoMe peryaisropa,
BXOAAT U Apyrve Heobxoanmbie 4718 X PYHKLNOHUPOBAHUS YCT-
poiacTBa. K HUM OTHOCATCS:

* [JATUNKMN pPerysivpyemMbix nepeMeHHbIX, C MOMOLLbI KOTOPbIX MO-
NyYaloT NHQOPMAaLLMIO 06 X TEKYLLUMX 3HAYEHUSX;

* 330aTUMKM perynvpyembiX NepemMeHHbIX, C MOMOLLbI KOTOPbIX
cucTeme 3a4aeTcs TpebyeMblia ypoBEHb pery/ivpyeMoia rnepeMeHHoIA;

* Vi3MepuTeSibHble YCTPOLACTBA, C MOMOLLbIO KOTOPbIX ornpeaeniseT-
CS OTKJ/I0HEHME TeKyLero ((hakTMYEeCcKoro) 3HaueHNs perysivpyemMoin
rnepemMeHHoIA 0T ee 334aHHOI0 3HaYeHNS;

* YCTPOMACTBA COMPSXXEHUS, NO3BO/AIOLLME CORANHUTD BCE 3/1eMEH-
Tbl N YCTPOLACTBA CUCTEMbI PErY/IMPOBaHUS B eOMHbIA KOMI/IEKC.

MomMmnmMo 3TOro, B COCTaB CUCTEMbI PETY/INPOBaHNS BXOOAT asie-
MEHTbI N YCTPOLACTBa, 06ecrnevmnBsatoLLme 3anTy, 6/71I0KMPOBKU U CUT -
Ha/IM3auMio npu ee paboTe, a B COBPEMEHHbIX CUCTEMAX peryJsimpo-
BaHWA — A0MO/IHUTESIbHO TeCTMpOBaHWe, AUarHoCTUKY U pe3epBurpo-
BaHue.

PasnnyaioT cnepyroiyie suasi CAP:

* CMCTEMbI aBTOMATMYECKOA CTabmnvsaumm, obecneymnBsatoLLme rnoa-
JepxaHne peryimpyemMoiA BeSIMUnHbI Ha 3alaHHOM YpoBHE ¢ Tpebye-
MO/ TOYHOCTBH0. K Takmm cuctemam 0THOCATCSH, Hanpumep, cMcTeEMbI
noAaaepxaHusa TemrepaTypbl B HarpeBaTe/IbHOA reyu, cuctema pery-
JIMPOBaHUs CKOPOCTW BpalLlleHWs aBuraresieia n MHorve apyrme. Cuc-
TeMbl CTabunusauum OensATca Ha acTaTUYecKue W CTaTuyecKue.
AcTaTun4yeckmne cmcTeMbl cTabunmsalmm obecneyumBaloT nogaepxaHue
peryiMpyemMoiA nepeMeHHoOIA B CTaTUYECKOM PeXMME Ha HEN3MEHHOM
YPOBHE Mpy U3MEHEHUSX BO3MYLLAIOLLIEr0 BO3AEMACTBMA. CTaTUYeCcKm-
MW CUCTeEMaMM Ha3blBaloTCA Takme, B KOTOPbIX B YCTaHOBUMBLUEMCS
PEXUME MPONCXOAUT M3MEHEHME PErYSIMPYEMOLA MEPEMEHHOA MNpun
M3MEHEHUM BO3MYLLAKOLLErO BO3AEIACTBUA. [pyrumMmm crioBamm, acTa-
Tnueckme CAP obecneunBatoT perysimpoBaHMe rnepeMeHHbIX B yCTaHo-
BUBLLUEMCSH peXXnme 6e3 OLNOKN, T.e. OCYLLECTBIAIT perymposaHme
rnepeMeHHOIA CTPOro ¢ 3a4aHHbIM YpPOBHEM, a cTaTtudeckne CAP —
C HEKOTOPOIA OLUMOKOIA;
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* Criefslye CUCTEMbI, KOTOPbIE OCYLLECTBASIOT M3MEHEHWE peryn-
pyemMoiA BE/MMUYMHBbI BO BPEMEHMW MO NPOU3BO/IbHOMY 3aKOoHY. lMpume-
pamMy TakoiA CUCTEMbI MOTYT C/TYXKUTb CUCTEMbI CIIEXKEHWUS JTIOKATOPOM
3a Le/1bo VM cUcTEMA pauioaHTEHHbI, 06ecneymBaroLLLast CBA3b C KOC-
MUNYECKNMMN 06 bEKTaMU;

* CUCTEMbI MPOrpaMMHOro pery/vpoBaHus, KOTopble o6ecrneyumBaioT
VM3MEHEHVIE PEry/sIMpyeMOIA MEPEMEHHOLA BO BPEMEHM MO OMNpeaesieH-
Ho/ nporpamme. K Takum cucTtemMam 0THOCATCS, B YaCTHOCTU, CUCTe-
MbI YMC/10BOI0 NPOrpPaMMHOI0 YMpaB/ieHUs CTaHKaMU;

* CUCTEMbI gaanTaumu, obecnevmsaroLye oNTUMasIbLHOE Perympo-
BaHWe repemMeHHoIA No 3a4aHHOMY MNoKasaTestl0 KavecTsa rnpu name-
HAIOLLMXCA YCI0BUSX paboTbl 06beKTa perymposaHuns. K Takmm cuc-
TemMaM OTHOCATCA CaMOHAacTpanBatoLLMecs, CamoopraHN3YHLLVECS U ca-
MOOOyHatoLLIMEC CUCTEMBbI.

CucTeMbl C OAHUM BXOAHbLIM KaHas10M 1 OAHOLA peryinpyemoin (Bbl-
XOOHOIA) NepeMeHHOA HOCAT Ha3BaHMe 0OHOMEPHbIX, & C HECKOJSIbKU-
MU BXOAHBIMU 1 HECKO/IbKMMU BbIXOAHbLIMN — MHOMOMEPHBLIMW.

O6beKT yrpaBfieHUs (perysinposaHuns) Npm ero PyHKLLMOHUpPOBa-
HUM noagepraeTcs pas/IMYHbIM Bo3AeACTBUAM. CO CTOPOHbI CUCTEMbI
yMpaB/IEHMS Ha HEFO0 AELACTBYET yrpaB/isitoLLee (PEry/MpyroLLIEE) Ba3OEIA-
CTBUe, obecreymBatoLLee Tpebyemoe perympoBaHme 3a0aHHOIA nepe-
MEHHOIA.

CO CTOpOHbI OKPYXaOLLIEEA cpefbl 1 conpeesibHbIX 00bEKTOB U
CUCTEM 0OBEKT MOABEPraeTCs pas/INYHbIM BO3MYLLIAIOLLVIM BO3AELACTBU-
AIM, KOTOpble MOIYT UMETb KaK OrnpeaesieHHbIIA, Tak 1 ClyHailiHbIiA Xa-
pakTep. K BO3MyLLAIOWMM BO3AEACTBUAM 06bIYHO OTHOCAT U pasfiny-
Hble aBapMAHbIe CUTYaLN: UCHE3HOBEHVE WM KOJlebaHWs MNTatoLWEero
HanpsHXeHWs, rMosIoMKY B paboyeia MallviHe, BbIX04, U3 CTPOS 3/1IEMEH-
Ta cCUCTeMbI yrpasneHns 1 T1. OCHOBHasA 3a4a4a CUCTeM YrpaB/ieHus
COCTOUT MMEHHO B TOM, YT06bI MNpU BCEX BO3MOXHbIX BO3MYLLIAIOLLINX
BO3LEIACTBMSAX, OEMCTBYIOLMX Ha 0OBLEKT ynpaBsieHus, 06ecnevnTb
[0/DKHBIM 06pa3oM ero ynpas/ieHve.

MepBble cMCTEMbI aBTOMATUYECKOT 0 PEryIMpoOBaHNS NPaKTUYeCKo-
ro npumeHeHus nossuamcek B XVIII B.  ncnonssosanmck 41 aBTo-
MaTmsauymv paboTbl MapoBbIX MalMH. Cxema Ha puc. 1.2 unnaoctpu-
pyeT paboTy aBTOMaTUYECKOr0 perysiiTopa ypoBHs BoAbl B MNapoBoM
KOTJ1e MapoBOiA MawmHbl V.. TMon3yHoBa. YpoBeHb BoAbl B KOT/IE
ornpenesifeTcs ¢ NOMOLLbIO MNoryiaBka /, ¢ KOTOPbIM CBSA3aHa 3ac/I0HKa
2, perynvpytoLlan noctyn soael 3 B koten 4. [Npu yBennyeHum otbopa
napa ypoBeHb BoAbl B KOT/1E MaJaeT, MornJsiaBoK ONyCKaeTcs BHUS, 3a-
C/I0HKa MepemMeLLaeTcsa BBEPX M NPUTOK BOAbI B KOTES1 YBE/INUMBAETCS.
Mo mepe BOCcCTaHOB/IEHUSA HEOOXOAMMOI0 YPOBHA BOAbI B KOT/IE [,0-
CTyn BOAbl B KOTE/1 YMEHbLLAETCS.



Free Version

Puc. 1.2. Cuctema aBTOMaTU4eCKOro perysimpoBaHnsa YpoBHA BOAbl

JpyryM rnpvmMepomM perysimpoBaHns padoTbl MapoBbIX MaLLVH Cy-
XUT LEHTPOBEXHBIA pPerysisTop CKOpoCTW BpalLeHUsl Basia NapoBoiA
MaLLVHbI, KOTOpbIiA 06ecreunBas ee NoAAEPKAHME 33 CHET N3MEHEHNS
rnogayun napa B MamHy. O6a TUMna Taknx peryssiTtopos, Gyay4ym yco-
BEPLUEHCTBOBAHHbLIMU, LLUMPOKO MCMO/Ib3YHOTCS U B HACTOsILLEE BPEMS.

1.2. MOHATUE O PETYTNMPOBAHVIN KOOPAWHAT
(MEPEMEHHBIX) 3NEKTPOMNPNBOAA

[ns ynpasnieHus aBMKEHMEM UCMO/THUTE TbHbIX OPraHoB pabounx
MaLLVH 1 MPOV3BOACTBEHHbIX MEXaH13MOB 1 06ecrneveHms TpebyemMbIx
peXXMmMoB camoro 3N HeobXoANMO perysmpoBaHve psaa rnepeMeHHbIX,
HanpuMep CKOPOCTM, YCKOPEHUS U NMOSI0XKEHNS UCTIONTHUTENIbHOIO Op-
raHa paboyeti MallMHbI, TOKOB B LIENSX ABUraresieid, MoOMeHTa Ha 1X
Ba/ly, MarHUTHOIO MOTOKAa 3/1EKTPUYECKUX MaLUVH U T.4,

TyNUYHBLIM NPUMEPOM PErYIMPOBAHNA MNMEPeMEHHbIX, KoTopble B 3I1
4YaCTO Ha3bIBAOT KOOpAMHATaMM, MOXET C/Ty>KUTb 3 MaccaXmMpcKoro
nvgTa. Mpuy nNycke 1 0CTaHOBKe KabUHbI INdITa 4719 06ecneqeHnss KoM-
(hOPTHOCTU MAacCcaXXMpoB YCKOPEHME W 3aMef/IeHVe ee ABWKEHUS He
[0/DKHbI 6bITh Bblille A0MNYCTUMOro YpoBHS. [Nepes 0CTaHOBKOIA CKO-
POCTb KabVHbI J0/IKHA CHMKATBLCA, T.€. 0Ha A0/DKHA PeryivpoBaThbCs.
MoHWKEHHas CKOPOCTb ABWXEHNS KabyHbI TpebyeTes 1 /1A 0CYLLEeCTB-
JIeHNs HaMaaKnN WM PeEBU3NK 3/1EKTP006opYAoBaHNA nTa. V1 Hako-
Hell, KabyHa ¢ 334aHHOIA TOUYHOCTbIO A0/KHA OCTaHaB/IMBaTLCA Ha Tpe-
6yemMoM 3Taxke, T.e. Heob6xo4MMO obecrneunBaTb 334aHHOE MOSIOKEHME
(no3upmoHmnpoBaHme) KabuHbl ndiTa. Takoe yrpasrieHe ABKEHNEM
KabuHbI NndiTa 06ecnevnBaeTcs 3a CHET pery/IMpoBaHnsi COOTBETCTBY-
OLWMX KoopanHaT (nepemMeHHbIX) 3 nvdTa.

Mpn N3roToBIEHUN ByMaru, TKaHeIA, KabeslbHbIX VB3OS MIA, pa3/ind-
HbIX MJIEHOK, MPOKaTKe MeTa/U10B TpebyeTca obecrnedeHve onpeaeseH—
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HOI0 HATSPKEHWUS 3TUX MaTepUasIoB, YTO Takke OCYLLIECTB/ISETCA ¢ Mo-
MoLubto 3. PerynmpoBaHus KoopAuHaAT TpebyloT 1 MHorme apyruve
pabouvie MalMHbI N MEXaHU3MbI: NOAbEMHbIE KpaHbl, MeTas1/1006pa-
baTbliBaOLIMe CTaHKW, TPaHCMOPTEepbl, HACOCHbIE arperaTbl, po60Thbl 1
MaHUMyNSTopbl U T.4,

Kpome 3Toro, n npu pabote camoro 3N Heobxoanmo obecneunTb
onpegeneHHble AoNYyCTUMbIE PeXVMbI paboTbl ero 3/71eMeHToB. Tak,
Harnpumep, NMpu Nycke, peBepce Wiv TOPMOXEHUW OBUraTesieis 4acTo
TpebyeTcs orpaHNYMBaTb X TOKU A0 AOMYCTUMbIX YPOBHEIA.

MpoLiecc peryampoBaHUsa 3TUX U OpyrxX KOOPOUHAT BCErda CBs3aH
C UesieHarnpaB/ieHHbIM BO3LEMACTBMEM Ha OBUraTeslb, YTO M OO/DKHA
obecrneumBaTb ero cucTema yrnpassieHus.

PerynvpoBaHme cKoOpocTU ABWKEHUSA UCMOSTHUTESIbHbLIX OpraHoB
pabourx MaLVH 1 MEXaHN3MOB MOXET OCYLLECTB/IATBLCA C MOMOLLbHO
3l B BUAE CTabUINZALIMN CKOPOCTU, M3MEHEHUS CKOPOCTU B COOTBET-
CTBMM C MPOU3BOJ/IbHO MEHSOLMMCS 334aK0WmMM cCUrHas1om (crexe-
HME) w1 Mo 3apaHee 3a4aHHOIA nporpamme (MporpamMmmHoe OBU-
XXEeHUe).

PerynvposaHie NofoKeHNs XapakTepm3yeTcs NMpoL,eccoM nepemeLLe-
HUS UCTOSTHUTESIbHBIX OPraHoB pabovnx MallMH U MEXaHU3MOB B 3a-
[aHHYH0 TOYKY MPOCTpPaHCTBa WM MJI0CKOCTU U UX YCTaHOBKY Tam
(thmkcurpoBaHUe) ¢ 380aHHOLA TOYHOCTBLIO. TaKoe VX NepeMeLlleHmne 13
OAHOIA TOYKU MJIOCKOCTU WM MpocTpaHcTBa (Mo3nuumn) B Apyryro Ha-
3bIBaETCA NO3ULMOHMPOBaHNEM U 06ECTIEUMBAETCA COOTBETCTBYHOLLMM
perysiMpoBaHVEM MOJSIOKEHWNS Basia ABAFaTESTS.

PerynvipoBaHvie MOMeHTa U TOKa aBuratesieid npousBogmTcsa B TexX
cnyyasnx, korga 3l pgomkeH obecneurBaTb Tpebyemoe yCKOpeHMe win
3aMe/1IeHNE OBYDKEHUVSA UCMNOTHUTESTbHBIX OPraHoOB WM c034aBaThb He-
06Xx0AMMOe HaTsHKeHVE B 06pabaTbiBaeMOM MaTepuasie Wi U3aesivn.

Crofa >ke 0THOCATCA M crlyyaun, Korga TpebyeTcs orpaHM4MBaTb
MoMeHT 3 g9 NpefoTBpaLLeHns NosIOMKU paboyein MalLMHbL Win
MexaHM3Ma npy BHE3arnHoOM CTOMNOpeHNN OBVDKEHUS UCTIOSTHUTESTbHO-
ro opraHa (Hanpumep, NMpy KonaHmm rpyHTa, 6ypeHnmn cKBaXKnH, 3a-
K/IMHNBaHN MEXaHMYECKOIA nepedayun U T.4.).

PerynmpoBaHue (orpaHM4eHMe) ToOKa U MOMEHTa ABUraTesieil Tpe-
byeTca Takoke g1 obecneveHmss HopMasibHbIX YC/I0BUIA paboThbl ca-
Mnx gpurateniein. Tak, nNpym nNycke gpuraresieil NnocToAHHOro Toka
06bIYHOr0 VUCMOJSTHEHWUS MO CO0BPaXKEHUAM HOPMasIbHOUA paboTbl MX
KOJ1/TEKTOPHO-LLETOYHOIO Y3/1a TOK A0/DKEH ObITb OFrpaHMYeH Ha ypoB-
He 2...3 /vav HeobxoAMMOCTb OrpaHUYeHUsT TOKa BO3HMKaET M MNpun
MyCKe MOLLHbIX ABUraTesieiA NocTOAHHOM0 U NepeMeHHOro ToKa, Kor-
[Ja 60/1bLUME MYCKOBbIE TOKW ABUratesieil MoryT NpMBECTU K HeAoMny-
CTMIMOMY CHVDKEHUIO HaNPsHKEHUS MATAIOLLEIA CETI.
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1.3. CTPYKTYPbl U NMPNHUWIMBbI MOCTPOEHNA
CXEM YTIPABJIEHUVA SNEKTPOMNMPUBOAA

CucTtema ynpasneHusa 311 aBnseTcs ero CGREMAVRMURIOTELeB>&y* 11

OTBETCTBUM CO CTPYKTYPHOLA cxeMoiA 31, npeacTaB/ieHHOM Ha pyc. 1.3,
u cogepxawimmea B FTOCT P 50869-92 [10] onpeneneHvieMm B coCTaB
3M 6 BXoAUT 3/IEKTPUYECKMIA ABUraTesib /, KOTOPbIA BblpabaTbIBaeT
MexaHN4ecKyto aHeprmio M3 3a cueT noTpebsisemMoi/i 0T UCTOUHMKA
3 a/1EKTPUYECKOLA 3Heprmn 33. MapamMeTpbl 1 06bEMbI MOCTYMNAOLLIEIA
Ha ABUraTesib 3HEPrn perynvpyroTcs culoBbiM ripeobpasoBaTesiemM
3/1EKTPO3HEPI M 2, 3a CHET Yero obecrieymBaeTCs yrnpassieHne 4BU-
raresiem.

Puc. 1.3. Cxema ynpasfieHUsi afieKTponpmseoia

CurHan ynpasneHuss UycniioBbiM npeobpasoBaTesieM BbipabaTbIiBa-
€TCH YCTPOLACTBOM YyrpaBsieHns 4, B COCTaB KOTOPOro B 06LLEeM Crlyyae
BXOAAT YCTPOLACTBA NOJSTyYeHs, Npeobpa3oBaHUs, XpaHeH s, pacrpe-
JeneHns 1 Bblaaun MHMopMaLnm, 6710KN COMpPsXKEeHUS, PerysisTopbl
repeMeHHbIX (KOOpAMHAT), pas/INyHble (yHKLMOHas IbHble 6/10KU ynpas-
NIeHNA N T4, YCTPOIACTBO ynpassieHns 4 1 npeobpasoBaTesib 2 06pasy-
0T CUCTEMY YNpaB/ieHVs 3/1EKTPONprBoaa 5.

YCTpPOIACTBO ynpaB/ieHns 4 BbipabaTbIBaeT cUrHas yrnpasrieHns Uy
C MOMOLLIbIO cnrHana 3aaaHus (ycTtaskm) U,, 3aat0LLero Xxapakrep ABU-
YKEHNS UCMOSTHUTE/IBHOIO OpraHa 7 paboyein MalLnHbI 8, v psaa aornos-
HUTESbHbIX CUTHA0B £AC, AAOLLIMX MHDOPMALLVIO 0 peasin3aLmm Tex-
HOJ10r MYECKOr0 npoLiecca paboyein MallVHbI, XapaKTepe OBVKEHUS
WCMOSTHUTE/IBHOIO OpraHa, paboTe oTaesibHbIX 3/1emMeHToB 311, BO3HUK-
HOBEHUWN aBapUiAHbIX CUTYaUMIA U T.4, 3TU CUMHasIbl NOCTYMAOT Ha
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YCTPOIACTBO YMpaBsieHWs 0T pas/INYHbIX AaTUMKOB, KOTOpble Ha puc. 13
He rokasaHbl.

CvrHan 3agaHua (ycTtaBku) U, asieKTponpusog, nosiydaeT oT
BHELLIHEIA-TI0 OTHOLLEHMIO K HEMY CUCTEMbI yrpaBsieHus 6o51ee BbICo-
KOr0 YPOBHS, Harpumep aBToMaTU3MPOBaHHOA CUCTEMbI YIPaB/IEHNS
TexHosorndeckum npoueccom (ACY TI1). Tem cambIM crieflyeT pas-
JM4aTb CUCTEMY YIpaB/IeHUNs 3/1EKTPOMNMPUBOAA KaK ero CoCTaBHYHo
YacTb N CUCTEMY YNpaBJIeHNs 3/1EKTPONPUBOAOM (3/1eKTponpuBoaa-
MW), ABASAIOLLYIOCA BHEWHeM a5 3 cucTeMoiA 1 NOCTaB/ISAOLLY O
3/1eKTPONPUBOAY HEOOXOANMYIO /18 er0 PYHKLMOHVUPOBAHUSA WUH-
thopmavnuto.

B HekoTOopbIX 3 yHKLMN peryimpoBaHns KoopauHaT (06bI4HO
CKOpOCTM BpalleHms) I BbIMO/THAET MeXaHMYecKas nepedada 9, Ko-
Topas B 3TOM C/TyHae MOXET MpeACTaB/IAThb COO0IA 3/1eKTpOMar HATHYHO
WM rapaB/IyeCcKyo yrpas/isieMble My(hTbl, BapnaTop CKOPOCTU, KO-
pobKy nepenady,

B 3aBNCMMOCTU OT BbIMO/HSAEMbIX (PYHKLUNIA, BUOA U KOSIMYECTBa
perysivpyeMbIiX KOOPAVHAT U CTeneHn aBToMaTU3auym TexXHo1ornyec-
KX npoueccoB peasinzaums M MOXET ObITb CaMOLA pa3HO06pa3HOIA
(pnc. 1.4).

Puc. 1.4. Bnabl aneKTponpusogos
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1.3. CTPYKTYPbl U NMPNHUWIMBbI MOCTPOEHNA
CXEM YTPABNNEHUA 3TEKTPOMNMPUBOOA

Cucrema ynpasneHus 311 asnseTca ero c<knsapNekabekeB>6orston

OTBETCTBUM CO CTPYKTYPHOIA cxeMoiA 311, NpeacTaBfieHHoA Ha puc. 1.3,
u cogepxxawmmcea B FTOCT P 50869-92 [10] onpeneneHvieM B cocTaB
3N 6 BXoAUT 3M1eKTPUYECKUIA aBuraTesib /, KOTOpbIiA BblpabaTbiBaeT
MeXaHNYEeCKY0 aHeprmio M3 3a cyeT noTpeb/seMoii 0T UCTOUYHMKA
3 31eKTpUYECKoiA aHeprum 33. MNMapameTpbl 1 06bEMbI NOCTYMNAOLLEIA
Ha ABuraTesib 3Heprun perysvpyoTcs CUI0BbIM MpeobpasoBaTesiem
3/1eKTPO3HEPT UM 2, 38 CHET Yero obecnevymBaeTcs ynpas/ieHVe ABU-
raresiem.

Puc. 1.3. Cxema ynpaBrieHuUs afnieKTponpuseoga

CurHan ynpassieHnsa UycunoBbiM Npeobpa3oBaTesieM BbipabaTbIBa-
eTCs YCTPOIACTBOM YrpaBsieHUs 4, B COCTaB KOTOPOro B 06LLEeM C/Tyyae
BXOOSAT YCTPOIACTBa NosTyHeHUs, mpeobpa3oBaHUs, XpaHeHUs, pacrnpe-
JeneHns 1 Bblaaun MHGopMaLnm, 6/10KN COMpPSXKEHUS, PerysiaTopbl
rMepeMeHHbIX (KOOpAMHAT), pas/indHbIe (lyHKLMOHa/TbHbIE 6/10KU yripaB-
NIeHNA U T4, YCTPOIACTBO ynpaB/ieHus 4 1 npeobpasoBaTtesib 2 06pasy-
0T CUCTEMY YrpaBJIeHNA 3/1eKTponpmueoaa 5

YCTPOIACTBO ynpaB/ieHUs 4 BbipabaTbIBaeT cMrHas yrnpasrieHns Uy
C MOMOLLbIO cUrHasta 3agaHuna (ycTaBkm) U, 334al0LLero xapakrep Asu-
YKEHUS UCTOSTHUTE/TbHOIO OpraHa 7 paboydeia MalviHbI 8, 1 psiga [ornosn-
HUTENbHbLIX cUrHa10B £4G faowmx MHGOPMAaLMIO 0 peasinsauuym Tex-
HOJ1I0FMYECKOr0 MpoLiecca paboyeid MallVHbI, XapaKTepe ABVKEHUS
VICMOSTHUTESTbHOIO OpraHa, paboTe OTAe/bHbIX 3/1IEMEHTOB I, BO3HMK-
HOBEHUN aBapUIAHbLIX CUTYaUMiA U T.4, 3TU CUrHa/TbI MOCTYMAaT Ha
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YCTPOIACTBO YMpaB/ieHns 0T pa3/INYHbIX AaTUMKOB, KOTOpble Ha puc. 13
He MokKasaHbl.

CurHan 3apaHua (ycTaBkuW) £/, aneKTpornpmeo, nosiyvyaeT oT
BHELLHELA-TI0 OTHOLLIEHWIO K HEMY CUCTEMbI YNpaBsieHNs 60s1ee BbICO-
KOr0 YPOBHS, Harpmumep aBToMaTU3NPOBaHHOIA CUCTEMbI YIpaB/ieHNS
TexHosrorndeckum rnpoueccom (ACY TTI1). Tem cambIM crieflyeT pas-
JIM4aTb CUCTEMY YTpaB/IeHUNs 3/1EKTPOMNMPUBOAA KaK ero COCTaBHYHO
YacTb N CUCTEMY YNpaBJIeHNs 3/1IEKTPONPUBOLAOM (3/1eKTponpuBoaa-
MW), ABASIOLLLYIOCA BHeLIHeM a5 31 cucTeMoiA 1 NocTaB/IsoLLY O
3/1eKTPONPMBOAY HE06X0AUMYHO OJ18 ero PYHKLNOHNPOBaHUA UH-
thopmavmto.

B HekoTopbIx 31 hyHKUNW peryimpoBaHnsa KoopauHaT (06bIYHO
CKOpOCTW BpaLleHuns) 311 BbIMNO/HAET MexXaHMYeckas nepesada 9, Ko-
Topasi B 3TOM C/TyHae MOXET MpeACTaB/IAThb CO60IA 3/1eKTpOMar HATHYHO
WM rapaB/IyecKyto yrnpas/isieMble My(hTbl, BapnaTop CKOPOCTU, KO-
pobKy nepegauy.

B 3aBNCMMOCTU OT BbIMO/THAEMbIX (PYHKLNIA, BUOA U KOIMYECTBa
perysivipyemMbIiX KOOpAVHAT U CTeneHn aBToMaTU3auym TexXHos10rnyec-
KUX npoLeccoB peasindaumsi M MOoXKeT OblMb CaMOEA pa3HO0OpPa3HOA
(puc. 1.9).

Puc. 1.4. Buabl afieKTponpusofoB
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Bce 3T pgenaTtca Ha aBe rpynrbl: HeaBToMaTU3MpoBaHHbIE U aBTo-
MaTU3MpPOBaHHbIE.

HeaBTOMaTn3npoBaHHbIe — 3TO Takve 3M1, ynpa*ap 1o bl W
BbIMNOJTHAET YesioBeK (ornepaTop) C MOMOLLBI0 MPOCcThIX cpeacTs. OH
OCYLLIECTB/ISET MYCK U 0CTaHOBKY 31, M3MeHeHMe CKOpoCTU U ee pe-
BepcrpoBaHME B COOTBETCTBUM C 384aHHbIM TEXHOSTIOMMYECKUM LINK-
nom. 19 nomolm onepatopy 3 cHabkeH HeobXoAUMbIMU 3/1EMEH-
Tamy 3amTbl, 6J7T0KUPOBOK U CUMHASIU3aLUN.

B aBTOMaTu3npoBaHHomM 31 onepaunn yrnpassieHUA B COOTBET-
CTBUM C TPE6OBAHMAMUN TEXHOSI0MMYECKOr0 MpoLLecca BbIMOIHAKOTCH CU-
cTemMoiA ynpaesieHus (cm. puc. 1.3). Ha onepaTtopa Bo3faratoTcst hyHK-
LMK M0 BK/IHOYEHUIO M OTKIHoYeHUIo 311, HasladKe N KOHTPO/IH0 38 ero
paboToiA (OTMETUM eLlUe pa3, YTo Npm paboTe DI B 0OLLEM KOMI/IEKCE
aBTOMaTU3NPOBaHHOI0 NPOM3BOACTBA BHELLUHNE KOMaHAb! MOCTYMNatoT
0T yNpaBAsHoLLMX YCTPOIACTB 60s1e€ BbICOKOI0 YPOBHS, Harpumep ACY
npon3BOACTBOM).

Bce aBTOMaTV3VipoBaHHbIe 31 OendATcs, B CBOKO oYepeb, elle Ha ase
rpynnbl: PasoMKHYTbIE 1 3aMKHYTble. PacCCMOTPUM XapakTepHbIe Npu-
3HaKM paboTbl 3TMX 3 Ha NpMepe perysmpoBaHns ckopocTu M.

Pa6oTa pazoMKHYTOro 91 xapakTepnlyeTcsi TeM, UTO BCE BHELLHME
BO3MYLLIEHUS1 — B pacCMaTpMBaeMOM MNpUMepe MOMEHT Harpysku —
B/ISIIOT Ha BbIXOA4HYHO KoopamHaTy 3 — ero ckopocTb. Jpyrnmm crio-
BaMW, Pa3OMKHYTbIA ST He OTCTPOEH OT BSIUSHVS BHELLHMX BO3MYLLE-
HWIA, BCE M3MEHEHMST KOTOPbIX 0TPadKaltoTCA Ha ero pabote. Pasomk-
HyTbii/1 311 MO 3TOA NPUUYMHE He 06eCcneYMBaEeT BbICOKOIO KavecTsa pe-
ry/iMpoBaHNS KOOPAMHAT, X0TA U OT/INYAETCA B TO XKe BpeMsl MpocToiA
CXEMOIA.

Pa3omMKHYTble 31 06bIYHO MPUMEHSAIOTCA /19 06ecreyeHus nyc-
Ka, TOPMOXXEHUSA WM peBepca Apuraterieil. B cxemax ynpasrieHns Ta-
Knx 3T ncnonb3yeTcs MHpopMaLmsa 0 TEKYLLIMX CKOPOCTU, BPeMEHN,
ToKa (MOMEHTa) WM MyTKn, YTO MO3BOJISET aBTOMATU3NPOBATbL YKa3aH-
Hble MpoLieccbl.

3amMKHYTbINA 3, Kak 1 1bas cMcTema aBTOMaTUYECKOro perysiv-
poBaHUsA, MOXeT ObITb peasin30BaH Mo rMpUHLMNY 0TKJIOHEHWS C UC-
nosib30BaHVEeM 006paTHbIX CBA3eIA WM N0 NPUHLMUMY KOMMeHcaumm
BHeLLUHero Bo3mMyLLeHNS. OCHOBHbIM OT/IMUMTESTbHBIM MPU3HAKOM 3aMK-
HYTbIX CUCTEM SB/IAETCA MOSIHOE WM YaCTUYHOE YCTPaHeHWE B/IVAHNA
BHELUHero BoO3MyLLEHNA Ha perysvpyemyto koopgmHaty 3. B cuny
3TOro 06CTOATE ILCTBA 3aMKHY ThIA 311 06ecreurBaeT 60/1ee KavecTBEH-
HOe ynpaBJieHNe ABWKEHNEM UCTOSTHNTEIbHOIO OpraHa paboyein ma-
LWMHBbI, XOTA ero CXeMbl OKa3blBalOTCA 60/1ee CII0KHBIMUN.

MprHUMN KoMneHcauyv wiyiocTpupyeT puc. 1.5, a. OCHOBHbIM Npu-
3HAKOM TaKo/ 3aMKHYTOIA CTPYKTYpbl 311 SABASIETCA Ha/iMume Lenu, o



KOTOpOi/A Ha Bxog, 3 BMECTE C 3a4a0LLMM CUMHa/TOM CKopocTuy 1be no-
[BeTca CUrHaT UBHKBLIVIC, coaepKaLLMiA MHOPMAaLLMIO 0 MOMEHTE COMpo-
TuBMeHus (Harpyske) JVc. B pesynbTaTe 3TOro yrnpassieHve 311 ocylue-
CTB/ISETCH CUTHASIOM 1471 KOTOPbIA aBTOMATUYECKM N3MEHSIETCA B HYXK-
HYI0 CTOPOHY MNpU KonebaHusAX MOMeHTa Harpysku, obecneumsas c
MOMOLLIbIO CUCTEMBI YpaB/IeHUs NoAnepXaHNe CKOPOCTU BpaweHUs bl
3l Ha 3a4aHHOM YpoBHe.

Puc. 1.5. 3aMKHyTble CTPYKTYpbl 3/IeKTponpmBoaa:
a — cxema C KOoMreHcauvern BHEeLIHero BO3MyLLEHWS;
6 — cxema c 06paTHOI CBA3bIO

AnekTponpuBoAdpbl Mo cxeme pyc. 1.5, a BbINOIHATCA 0THOCUTES1b-
HO PeaKo 13—-3a OTCYTCTBUSA NPOCTbIX U HAAEXKHbBIX 4aTUMKOB MOMEH-
Ta Harpysku A/c 1 Opyrnx Bo3MyLLAKOLLMX BO3AEVCTBUIA N HEO6Xoan-
MOCTV BBOAUTb COOTBETCTBYIOLLME KaHas bl MH(opMaLmMm No BceM BO3-
MOXHbIM BO3MYLLEHWSAM.

B cBA3M ¢ aTMM NogaBnsoLLee 60/1bLUIMHCTBO 3aMKHY TbIX CTPYKTYP
3M ncnoNb3yT NPUHUMM OTKITOHEHUA (06paTHOIA cBA3n). OH xapak-
TepusyeTcs Ha/imumeM Lienn 06paTHOA CBA3N, COeANHSIOWEIA BbIX0L,
3l ¢ ero Bxo4om, 0TKyJa M MOLLIO0 Ha3BaHUE 3aMKHYTbIX cxem. [pu-
MEHUTESIbHO K paccMaTpmBaeMomMy NpUMEpPY PerysimpoBaHms CKOpoc-
TV NMPU3HAKOM 3TOIA 3aMKHYTOIA CTPYKTYpbI SB/ISETCA Lienb 06paTHOIA
cBs3n (puc. 1.5, 6), N0 KOTOPOIA MHOPMALLUA O TEKYLLEM 3HAYEHUN
CKOpOCTU, cuUrHas obpaTHoA cBsA3n Uoc=koo(o, mogaeTcs Ha Bxog, M1,
rJe OH BbIUMTAETCA M3 CUMHas1a 3a4aHns ckopocTy Uxe YnpasreHue
OCYLLIECTB/ISIETCS CUMHA/I0M OTK/TI0HEeHMsT U&= Urc —UC(ero Takke Ha-
3bIBAtOT CUIHA/I0M Paccor/1acoBaHUsA Wim OLMOKN). 3TOT CUrHas1 Npy
OT/IMUNN (HaKTUYECKOIA CKOPOCTU OT 384aHHOI0 YPOBHSA aBToMaTn4ec-
KN N3MEHSAETCH HeO6X0AMMbIM 06pa3oM 1 yCcTpaHsaeT (YacTUYHO Win
MOSIHOCTBHO) C MOMOLLIbIO CUCTEMbI YrpaBsieHns 31 3TU OTK/IOHEHUS.
Tem cambIM yrpaB/ieHVe CKOPOCThHO OCYLLECTB/IAETCA C YHETOM Pesy/ib-
TaTa yrnpasJieHNs.

Ecnu TpebyeTcsa perysimpoBaHue Apyrux KoopauHat A mnim tex-
HO/1I0rMYECKOro npoLLecca, TO UCMOSIb3YHTCA 06paTHbIE CBA3W M0 3TUM
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Bce 3I1 pgenaTtca Ha ABe rpynnbl: HeaBToMaTU3MPoBaHHbIE N aBTO-
MaTWU3NpPOBaHHbIE.

HeaBToMaTn3npoBaHHble-3TO Takue 311, ] | M f M sion
BbIMNOJTHAET YesioBeK (ornepaTop) C MOMOLLBIO MPOCTbIX cpeacTs. OH
OCYLLECTB/ISET MYCK U 0CTaHOBKY 31, M3MeHeHMe CKOpPOCTU U ee pe-
BepcMpoBaHVe B COOTBETCTBUU C 3a[aHHBbIM TEXHO/I0MMYECKUM LIVIK-
nom. 518 nomowm onepatopy Il cHabkeH HeobXoAMMbIMU 3/1IEMEH-
TaMu 3aWmnThl, 6/I0KVUPOBOK Y CUTMHATUN3aLMN.

B aBTOMaTM3upoBaHHOM 3I1 onepaunmn ynpasfieHUs B COOTBET-
CTBUM C TpeboBaHNAMM TEXHOSI0MMYECKOr0 MnpoLiecca BbIMOSHAKTCA CU-
cTemMoiA ynpaesieHus (cm. puc. 1.3). Ha onepaTtopa Bozfaratotcs oyHK-
Ly N0 BKJIHOYEHUIO N OTKJII0YeHWIo 11, Hasaake v KOHTPO/I0 3a ero
paboToii (0TMETUM ELLE pas, uTo Npu paboTe 3 BOOLIEM KOMI/IEKCE
aBTOMaTU3NPOBaHHOI0 NPOM3BOACTBA BHELLUHWE KOMaHAb! MOCTYMaloT
0T YNpaBASHOWMX YCTPOACTB 60s1ee BbICOKOI0 YPOBHS, Harpumep ACY
Mpon3BOACTBOM).

Bce aBTOMaTM3VpoBaHHbIe 3l AendaTcs, B CBOKO o4epepb, eLle Ha age
rpynnbl: PasoOMKHYTbIe U 3aMKHYTble. PacCMOTPUM XapakTepHble npu-
3HaKu paboTbl 3Tnx Al Ha NpuMepe perympoBaHusa ckopoctuy 3.

Pa6oTa pazoMKHYTOro 3l xapakTepulyeTcsi TeM, UTO BCE BHELLIHME
BO3MYLLIEHNS — B pacCMaTpMBaeMoOM MNpMMepe MOMEHT Harpyskm —
B/VSIIOT Ha BbIXOA4HYHO KoopamHaTy 3N — ero ckopocTb. Jpyrmm cio-
BaMW, Pa3oMKHYTbIIA 3 He OTCTPOEH OT B/IMSAHUS BHELLHMX BO3MYLLIE-
HWIA, BCE M3MEHEHUS KOTOPbIX 0TPadKaloTCA Ha ero pabote. Pa3omk-
HyTbI/ 311 No 3T0iA NpUYVHE He 06ecrneYrBaeT BbICOKOIO KauecTBa pe-
ry/inpoBaHns KOOPAMHAT, XOTA U OT/INYAETCA B TO XKe BpeMs MpocToiA
CXEMOIA.

Pa3oMKHYTble 3 06bIYHO NPUMEHSAIOTCA /19 06ecreyeHus nyc-
Ka, TOPMOXXEHUSA W peBepca Apuratesieil. B cxemax ynpasrieHus Ta-
Knx 3T ncnonb3yeTcs MHHopMaLMsA 0 TEKYLLMX CKOPOCT U, BPEMEHU,
ToKa (MOMeHTa) WM MyTW, YTO MO3BOJISET aBTOMATM3NPOBATL YKa3aH-
Hble MpoLLecChl.

3avKHYTbIM 3, Kak 1 fitobas cucTemMa aBTOMaTUYeCKOro perysiv-
poBaHWUs, MOXET 6bITb peasin30BaH Mo MPUHLUNY OTK/IOHEHWSA C UC-
Mos1b30BaHMEM 06paTHbIX CBA3CIA WM M0 NPUHLMMY KOMMEHcaLmMn
BHeELLUHero Bo3mMyLLieHNS. OCHOBHbBIM OT/INUATESTbHBIM MPU3HAKOM 3aMK-
HYTbIX CUCTEM SBJISETCA MOJIHOE WM YaCTUYHOE YCTPaHEHWE B/INAHNSA
BHeLUHero Bo3MyLLEHNA Ha perysivpyemyto koopauHaty 3. B cuny
3TOro 06CTOATE ILCTBA 3aMKHY TbIA O 0becreunBaeT 60/1ee Ka4ecTBEH-
HOe ynpaBJieHNe ABVKEHNEM UCMOSTHNTEIbHOI0 OpraHa paboyeii ma-
LWMHbI, XOTH €ro CXeMbl OKasblBatoTCsA 60/1ee CI0KHbIMU.

MprHLUMN KoMneHcauyn wiiocTpupyeT puc. 1.5, a. OCHOBHbIM Mpu-
3HAKOM TaKoA 3aMKHYTOIA CTPYKTYpbl A SABASETCA HaMumMe uenum, rno
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KOTOpOiA Ha Bxog, 3 BMECTe ¢ 3a4al0LLMM CUMHasiom ckopocTu Weno-
[peTca curHas COAEPKALLMIA MH(OPMALIVIO 0 MOMEHTE COMpo-
TuBMeHVs (Harpyske) Alc. B pesynbTaTe 3TOro ynpasneHue 3M1 ocylue-
cTBNAETCH cUrHasioM UA KOTOPbIiA aBTOMATUYECKM N3MEHSIETCA B HYXK-
HYI0 CTOPOHY MpW KosebaHuAX MOMeHTa Harpysku, obecneumsas c
MOMOLLLbIO CUCTEMBI YTpaB/IeHUs NogaepkaHne CKOpoCTU BpalleHus to
3l Ha 3agaHHOM ypoBHe.

Puc. 1.5. 3amMKHyTble CTPYKTYpbl 3n1eKTpornpusoja:
a — cxema C KOMreHcauuern BHeLHero BO3MyLLEeHUS;
6 — cxema c 06paTHOI CBA3bIO

AnekTponpuBoAbI Mo cxeme pyc. 1.5, a BbIMO/HAKOTCA 0THOCUTE Tb-
HO pPefKo 13-3a OTCYTCTBUSA MPOCTbIX U HAAEXKHbLIX AaTHUMKOB MOMEH-
Ta Harpy3sku JVc 1 apyrnx Bo3MyLLAIOLNX BO3ASIACTBULA U HEOOX0A M-
MOCTV BBOAUTb COOTBETCTBYHOLLME KaHa/1bl MH(OpMaLLMKM Mo BCEM BO3-
MOXHbIM BO3MYLLEHWAM.

B cBfA3K ¢ 3TVM nogasnstoLlee 60/IbLLUMHCTBO 3aMKHY ThIX CTPYKTYP
3M McNoMb3yT MPUHLMN OTKI0HEHWS (06paTHOA cBA3n). OH Xapak-
Tepm3yeTcsa Ha/IMUMEM LIEMU 00PaTHOIA CBS3M, COeAVHSIIOLLEIA BbIXo[,
3l ¢ ero BXo4om, 0TKy4a 1 MNOLLI0 Ha3BaHWE 3aMKHYTbIX cxem. [pu-
MEHUTESIbHO K paccMaTpmBaeMomMy NpUMepy perysimpoBaHns CKopoc-
TV NMPU3HAKOM 3TOIA 3aMKHYTOIA CTPYKTYpPbI ABSISETCA Lienb 06paTHOMA
cBs3un (puc. 1.5, 6), N0 KOTOPOIA MHGOPMaLMSA O TEKYLLEM 3HAYEHUU
CKOpOCTU, cUrHas obpaTHoA cBsA3n Uoc=kaeoo, mnogaeTca Ha Bxog, 31,
re OH BbIMUTAETCH U3 CUrHas1a 3a4aHns ckopocTtu W& YnpasneHue
OCYLLIECTB/ISETCA CUMHa/I0M 0TK/I0HeHUs U= Whe—Uoc (ero Takoke Ha-
3bIBAtOT CUHA/10M Paccors1acoBaHUsA Wiv oLLMOKN). 3TOT CUrHauT1 Mpn
OT/IMUNN (haKTUYHECKOIA CKOPOCTU OT 334aHHOI0 YPOBHS aBToMaTuyec-
KM N3MEHSETCH HEOOX0AMMbIM 06pa3oM M yCTpaHSAeT (YaCTUYHO Wn
MOJIHOCTbIO) C MOMOLLLbIO CUCTEMbI YMpaBsieHns 31 3TU OTK/IOHEHUS.
Tem cambIM yrpaB/ieHVe CKOPOCTbHO OCYLLECTB/IAETCA C YUETOM pesy/lb-
TarTa yrnpas/ieHus.

Ecnn TpebyeTca perynvpoBaHue apyrux KoopauHat 9N wim Tex-
HO/10rMYECKOI0 MpoLLecca, TO UCMOSIb3YTCA 06paTHbIE CBA3M M0 3TUM
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KoopauHaTaMm. B gasbHelAlieM Ha/10KeHUM MMEHHO TaKM 3aMKHY ThIM
cucTemam yaernieHo OCHOBHOe BHUMaHMeE.

Bce Bnabl npyiMeHsaemMbIX B3aM KHy JOe-
NIATCA Ha MOSIOKMTESIbHbIE U 0TpULATESIbHbIE, SIMHEIAHbIE U HeSIVHeA-
Hble, XXeCTKMe N rnokKme. MonoknTeNbHOIA Ha3bIBaeTcsA Takas obpat-
Has CBS3b, CUIHa/T KOTOPOEA HanpasJ/ieH corsiacHo (CK1aabIBaeTcs) C
33al0LLMM CUMHA/I0M, B TO BPEMS KaK CUIMHa1 OTPULIATE IbHOA CBA3U
HaripaB/ieH eMy BCTPeyHo (3HaK «MUHYC* Ha puc. 1.5, 6).

>KecTkasi obpaTHasi CBA3b XapaKTepu3yeTcs TEM, UTO OHa JELACTBYET
KaK B yCTaHOBMBLUEMCS, TaK M NEPEXOSHOM (OVHAMUYECKOM) PeXu-
ve 3. CurHan roKoiA 06paTHOI CBSI3U BblpabaTbIBaeTCHA TO/IbKO B MNe-
pexoaHbIX pexxmmax 3 n cnykuT an1a obecneveHns Tpebyemoro nx
KayecTBa, Hanpumep yCToAYMBOCTU ABWKEHWSA, A0NYCTUMOIO repepe-
ry/iMpoBaHua 1 T.4,

JInHe/iHas 06paTHasA CBSA3b XapaKTepu3yeTcs MpornopLVOHasIbHOMA
3aBUCUMOCTbBIO MeXy PerysiMpyemMoiA KOOpANHATOMA M CUrHa10M 06-
paTHOIA CBSA3U, B TO BpEMS Kak Mpy peayin3aumn HVHEIAHDIA CBA3K 3Ta
3aBUCUMOCTb, COOTBETCTBEHHO, He/IMHelAHa.

B 3aBMCMMOCTU OT BUOA pery/ivpyemMoii KoopamHaTbl B 3 ncnosib-
3yl0TCA BCE Ha3BaHHbIE BbILLE CBA3W MO CKOPOCTU, MOJSIOXKEHUIO, TOKY,
Hanps>XeHuo, MarHMTHoMy noToky, 3/4.C.

Bo MHorux cnyyvasx TpebyeTcs obecneunmBaTb perysimpoBaHue He-
CKOJTbKMX KoopauHaT 31, Hanpumep Toka (MOMeHTa) U CKOpoCcTU ABU-
raresnis. B aTom cnydae 3amMkHyTble 31 BbIMOAHAKTCA N0 0AHOIA U3
CNepyoLwmx CTPYKTYPHBIX CXEM.

Puc. 1.6. Cxema c 06WmMM ycunmtenem

Cxema ¢ o6wum yewmitesiem (puc. 1.6). Ans yaobeTBa onvcaHus
paboThbl cxeMbl ApuraTesib 3], yc/10BHO nMpeacTassieH ABYMS HaCcTAMM:
aneKTpmHeckotd 34/, n mexaHndeckoia ML, Cxema npegHasHaveHa 471
perysiMpoBaHus ABYX KOOpAMHAET: Toka | 1 CKopocTw ABuraTesisio, a Tem
CaMbIM 1 CKOPOCTW ABVDKEHUS UCMO/THUTESTIbHOI0 opraHa (ovo win W1
B 31004 CcXeme cuUrHasIbl 06paTHBbIX CBSA3elA Mo ToKy QocT 1 ckopocTy il
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MoAaloTCA Ha BXOA, YNpaB/stoLLEro YCTPoIACTBa YY, e BMecTe ¢ 3342
FOLLIMM CUIHAsS1I0M CKOPOCTH anrebpanyeckn cymmupytoTes. CurHa
own6Ku 1npanee nodaeTca Ha BXxof, NpeobpasoBaTesns MY, KOTopbl
CBOMM BbIX0AHbLIM HanpsbkeHem U ynpasnseT gpuratesiem 3. Cxem
OT/IMYaeTCA NPOCTOTOM peasin3auymn, HO He Mo3BOJISET PerympoBaT
KoopamHaTbl 3 He3aBMCMMO Opyr OT Apyra.

B 3104 cxeme 3a CHET UCMO0J1b30BaHUSA HESIMHEAHbIX 00paTHbIX CBS
3el/l, HasblBaeMbIX B Teopum Il oTceukamu, yaaeTcs B HEKOTOPO™
AVana3oHe U3MEeHeHNs KOOPAMHAT OCYLUECTBATb MX HE3aBUCUMO
peryinpoBaHue, YTo YaCTMYHO YCTPaHSeT YKa3aHHbIA HeAO0CTATOK.

34

Puc. 1.7. Cxema c NOAYMHEHHbLIM perynpoBaHueM KoopauHat

Cxema ¢ noayrHeHHbIM perympoBaHVeM KoopauHat (puc. 1.7). 31T
CXema OT/IM4aeTcs OT Mpedblaylleia TeM, YTO B HELA perysipoBaHue
KaKOOIA KOOPAMHATbI OCYLLIECTB/ISETCS CBOVIMU PEryisTopamMy — TOKI
PT v ckopocTun PC, KOTOpble BMECTE C COOTBETCTBYHOLLMMN 06paTHbI-
MM CBA3AMW 00pa3yloT 3aMKHYTble KOHTYpbI. OHM pacrosiaraioTcd Ta-
KM 06pa3oM, YTO BXOAHbIM, 334at0LLMM CUMHaSTOM /19 BHY TPEHHENO
KOHTYpa ToKa £/,, ABNSIETCHA BbIXOAHOM CUMHa1 BHELLHEr0 MO OTHOLLe-
HUIO K HEMY KOHTYpa CKOpoCTWU. Taknm 06pa3om, BHYTPEHHMIA KOH-
Typ TOKa NOAYMHEH BHELLHEMY KOHTYPY CKOPOCTU — OCHOBHOIA pery-
JvipyemoiA KoopauHaTbl 3.

OCHOBHOE A0CTOMHCTBO TakoiA CXeMbl 3aK/1H0HAETCA B BO3MOXHOC-
TV ONTUMA/TBHOIA HaCTPOLAKU PerysinpoBaHns KaKOOLA KOOpAMHATLI,
B CUJ1y Yero OHa Haxo4uT B HaCTOsLLEee BPpeMS OCHOBHOE MpuMeHeHue
B 3lN. Kpome TOro, nogynMHeHve KOHTYpa TOKa KOHTYPY CKOPOCTWU
Mo3BOJIAET MPOCTbIMN CPeACcTBaMM OCYLLECTB/IATL OrpaHUYeHne Toka
M MOMEHTa, 4/18 Yero Heo6Xo4MMO JINLLL OFPaHNYNTb Ha COOTBETCTBY-
IOLLEM YPOBHE CUIHas1 Ha BbIXOAE perysistopa CKOpocTU.

MNpy HeobxoAMMOCTU perysiIMpoBaThb MNosoXKeHMe Basla ABUraTesis B
cxembl puc. 1.6 u 1.7 BBOAUTCA COOTBETCTBYIOLLAaSA 06paTHasa cBSA3b Mo
MOSIOXKEHWIO Bas1a ABUraTesniss Win UCMOSIHUTESTbHOI0 opraHa.
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KoopauiHaTaMm. B garibHelAweM M3oXkKeHUM MMEHHO TaKMM 3aMKHY TbIM
cucTemMam yaerieHo OCHOBHOe BHUMaHUE.

Bce BMApl NpUMeHseMbIX B 3aMKHY ToM” e &P H LU - WSft&flfin
JIATCA Ha MOMOKUTESIbHbIE U 0TPULATESIbHbIE, JIMHEIAHBIE U HENVHEIA-
Hble, XXECTKNE 1 rmbkume. MonoknTesibHOIA Ha3biBaeTCA Takasi obpaT-
Has CBA3b, CUrHa/1 KOTOPOIA HarpaB/ieH COr/lacHO (CK/1aabIlBaeTcs) ¢
33[al0LLMM CUMHa/I0M, B TO BPEMS Kak CUMHa1 OTPULIATE N IbHOA CBA3U
HanpasJ/ieH eMy BCTPeYHO (3HaK «MUHYC* Ha puc. 1.5, 6).

>KecTkas obpaTHas cBA3b XapaKTepuyeTcs TeM, YTO OHa JRUACTBYET
KakK B YCTaHOBMBLUEMCS, TaK U NEPEXOAHOM (OMHAMUYECKOM) PeXu-
Me 3IM. CurHan Ko/ 06paTHOM CBA3U BblpabaTbIBaeTCA TOSIbKO B re-
pexoaHbIX pexxumax 3 1 cyxuT 419 obecnevyeHns Tpedbyemoro mnx
KayecTBa, Hanpumep ycToAUMBOCTY ABVKEHWSA, A0MYCTUMOI0 nepepe-
ry/iMpoBaHus N T.4,

JInHe/iHas 06paTHasA CBA3b XapaKTepu3yeTcs MporopLvOHasIbHOLA
3aBMICMIMOCTbIO MEX/Y perysipyemMoii KoOpAMHATOMA U CUrHa/1I0M 06-
PaTHOIA CBSA3W, B TO BPEMS KaK Mpu peasinzauy I VHAHOA CBA3U 3Ta
3aBUCMMOCTb, COOTBETCTBEHHO, HESIMHEAHA.

B 3aBMCMMOCTM OT BMAA pery/vpyemoLA KoopauHaTbl B 9N mcnosnb-
3yH0TCA BCE Ha3BaHHbIE BbILLIE CBA3WN M0 CKOPOCTMU, MOSIOXKEHMIO, TOKY,
Harnps>XeHno, MarHUTHoMy noTtoky, 3/4C.

Bo MHorux cnyyvasx TpebyeTcsa obecneunBaTb perysimpoBaHue He-
CKOJIbKUX KoopamHaT 3T, Hanpumep Toka (MOMeHTa) U CKOpoCcTU ABU-
ratesnia. B aTom cnydae 3amMkHyTble 3l BbIMOAHAKTCA N0 0AHOIA U3
CNnepyowyx CTPYKTYPHBIX CXEM.

Puc. 1.6. Cxema c o6Wunm ycunutenem

Cxema ¢ oowmm yewnutesriem (puc. 1.6). [na yaobcTsa onmcaHuUs
paboTbl cXeMbl ABUraTesib 3/, yC/I0BHO MpeacTassieH ABYMS YaCcTAMM:
aneKkTpuyeckoii A4 m mexaHndeckoii MU/, Cxema npegHasHaueHa o715
peryimpoBaHuvs AByX KOOPAMHAT: ToKa / 1 CKOPOCTW ABUraTesia o, a TeM
CcaMbIM U CKOPOCT MW ABWXEHWNS UCMOSTHUTESIBHOM0 OpraHa Lo Wiy Yivo.
B 3104 cxeme curHasibl 06paTHbIX CBs3elA Mo Toky Uocr v CKOpoCTU UbIX
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MnoJaoTCA Ha BXOA, YrpaB/sioLLEro YCTPOACTBA YY, rae BMecTe ¢ 3aa-
OLLIIM CUTH&a10M CKOpPOCTU anreépanyecky cyMmmupyroTcs. CurHan
oWmMbKKM npanee nodaeTcsa Ha Bxog, npeobpasoBaTtens MY, kotopblia
CBOVM BbIX0AHbLIM HarnpsbxkeHem {/ynpasnseT gpuraresiem 3. Cxema
OT/IMYaeTCa MNPOCTOTOM peanun3aumun, HO He Mo3BOJISET perynmpoBaTh
KoopauHaTtbl O He3aBMCMMO Opyr OT Apyra.

B 31001 CcXeMe 3a CHET MCMO0/1b30BaHWS HeSIMHELAHbIX 06paTHbIX CBS-
364, Ha3bIBaeMbIX B Teopuun Il oTceukamu, yaaeTcss B HEKOTOPOM
JnanasoHe N3MEeHEHU KOoopAMHAT OCYLUECTB/IATL UX HE3aBUCHMOEe
perysimpoBaHve, YTo YaCTUYHO YCTPaHSeT YKa3aHHbIA HeoCTaTOoK.

Puc. 1.7. Cxema c NOAYMHEHHbIM perysmpoBaHnemM KoopauHat

Cxema ¢ roavvHeHHbIM perymposaHmeM KoopamHat (puc. 1.7). 3Ta
CXemMa OT/INYaeTCa OT Mpedblaylleia TeM, YTO B HeLA perysimpoBaHue
KaXKPIA KOOpAVHATbI OCYLLECTB/IAETCA CBOMMN PErySTopamMmy — ToKa
PTw ckopocTu PC, KOTOpble BMECTE C COOTBETCTBYIOLLMMM 06paTHbI-
MU CBA3AMU 00pa3yroT 3aMKHYTbIe KOHTYpbl. OHM pacrosiaraioTes Ta-
KM 06pa3om, YTO BXOOHbIM, 38[at0LLNM CUIFHASI0M /19 BHYTPEHHEr0
KOHTYypa Toka Uv SIB/ISIETCH BbIXOAHOIA CUIMHas1 BHELLIHErO M0 OTHOLLe-
HUIO K HEMY KOHTYpa CKOpoCTWU. Taknum 06pa3oM, BHYTPEHHNIA KOH-
Typ TOKa NOAYNHEH BHELLHEMY KOHTYPY CKOPOCTU — OCHOBHOI pery-
JWpyemMoiA koopguHaTbl 3.

OCHOBHOE A0CTOMHCTBO TakoiA CXeMbI 3aK/THOHAETCA B BO3MOXXHOC-
TV ONMTUMa/IBHOA HaCTPOIAKM PerysiMpoBaHns KaxKaoiA KOOpANHATbI,
B CWUJ/1y Yero oHa Haxo4uT B HacTosLLEee BpeMsi OCHOBHOE NpYMeHeHve
B 3. Kpome TOro, nogymMHeHMe KOHTYpa TOKa KOHTYPY CKOPOCTW
rno3BoJIAET MPOCTbIMW CPeACTBaMM OCYLLECTB/IATL OrpaHnYeHne ToKa
M MOMEHTa, 4/15 Yero Heo6Xo4MMO JINLLb OFPaHNYNTb Ha COOTBETCTBY-
IOLLEM YPOBHE CUIHaUT Ha BbIXOAE PerynsaTopa CKOpocTy.

Mpn HeobxoAMMOCTW PerysiMpoBaTh MNosIOKeEHNE Basla ABUraTesia B
cxembl pyc. 1.6 n 1.7 BBOAMUTCA COOTBETCTBYHOLWAA 06paTHas CBA3b M0
Mnos1I0KeHWIo Basia ABUraresid Win UCToJIHUTESIbHOIo opraHa.
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B o6Lwem cnyyae cocTosHUe 3l onpeaenseTca Habopom repemMmeH-
HbIX, K YMC/Ty KOTOPbIX OTHOCATCHA TOKN M MOMEHT ABUraTesis, CKopo-
CTU Y MOJ10XKeHMe a1emMeHToB 31 1n «
yeil MalViHbI 1 psg, apyrnx. 3Tu nepemeHHble B 311 06bI4HO Ha3bIBa-
I0TCA MepemMeHHbIMW COCTOAHNSA. Hansyullee KayecTBo ynpas/ieHUs B
3 nostyyaeTcs BTOM C/lyyae, KorJa ocyLLEeCTB/IAETCS peryimpoBaHmue
KadkOoiA NepeMEHHOIA Mo 3aaHHOMY KpuTeputo. Takoe yrnpaBrieHne B
3N nony4nsio HazBaHVe MO IbHOIO.

OaHaKo Ha MyTu peayi3aupi Takoro yrpas/ieHMs YacTo BO3HUKAOT
TEXHNYECKME 1 SKOHOMUYECKIME TPYAHOCTH, CBA3aHHbIE C HE06X0AMMOC-
TbH0 YCTaHOBKM 60/1bLLIOKO YMCSIa AATHNKOB MEPEMEHHbIX, UTO YC/IOKHAET
3l v yaopoxkaeT ero CToMmocTb. [MoaTomy B coBpeMeHHbIX 3l yacTo
0TKa3bIBaOTCA OT MPAMOIr0 U3MepPeHUs MepeMeHHbIX COCTOSIHMSA € MOMO-
LU0 Pa3/IMUHbIX AATUMKOB U MEPEXOOAT K VX BbIHUC/IEHWIO C MOMOLLHO
CreLmasIibHOro YCTPOACTBa, MO/Ty4MBLLENO Ha3BaHVe Hab/roaaTe .

OcHoBY Hab/roaaTesia 06pa3yeT COBOKYMHOCTb MOAE el 38eHbeB I —
apvratesis, npeobpasoBaTtesis, MEXaHNYECKOIA nepeaayqn, YCTPOACTB yi-
paB/1eHNs — U UCMO/THATESIbHOI 0 OpraHa paboyei/ MallMHbI, BbIMOSTHEH-
HbIX Ha 6a3e onepauyioHHbIX YW TN eiA Win cpefCcTB MUKPOMpPOoLLeccop-
HOIA TEXHMKW. BbIXOAHbIE CUMHasIbI (HAMpPsKeHWs) 3TUX MOAESelA 0Tpa-
XKaOT NPUBIVDKEHHBbIE 3HAYEHNS MEepPEMEHHbIX WK, KaK FOBOpPSAT, Aal0T
OLIEHKY peaslbHbIX 3Ha4YeHUIA nepeMeHHbIX, MOCKO/IbKY MOAE/ N He yun-
TbIBAOT peasTbHbIX BO3MYLLEHWMIA, ASMACTBYOLLMX Ha 3T 1 pabouyto mMa-
LUNHY, HECTabUIbHOCTY MapameTpoB 311 1 BANAHWUA ApyTrmX (haKkTopoB
hyHKLMOHMpOBaHMA 3T1.

[ns noBbIWeHWA TOYHOCTU MosTyHaeMbIX OLLEHOK MepeMeHHbIX CO-
CTOSAHMSA 3HaYeHVe BbIXOAHOIA perynvpyemoin nepemeHHoa 311 cpaB-
HMBAIOT C MOMOLLIbIO 06PaTHOLA CBA3M C ee OLIEHKOIA MO MosHOIA Moae-
s 31 1 NCMONHUTEBHON0 OpraHa 1 3aTem B PYHKLMN BbIB/IEHHOIA
pasHULbl (OLLMOKU) KOPPEKTUPYHOT NOKa3aHUS OTAESbHbIX MOAE e
COBOKYMHOCTb MOSIHOIA MoZe N 1 06paTHOIA CBA3W MO BbIXOAHOA pe-
ry/MpyeMoiA nepeMeHHoiA 31 06pa3yeT Hab/oaaoLLEee yCTpoiA CTBO.

PaccMOTpeHHbIe BblLLe CXeMbIl OTPKAIOT CTPYKTYPY CUCTEMbI YrpaBs-
nenHuvs otaesnbHoro 3. MHorme TexXHos10rndeckyie npouecesl npeay-
CMaTpMBalOT 06beAVHEHNE B €MHBIEA KOMIMIEKC HECKO/TbKUX paboumx
MalUMH U MEXaHN3MOB, JO/DKHbIM 06pa3oM MeXxady COO0IA B3aMoaeiA-
CTBYHOLLMX. Hanny4ymia pesynbTar paboTbl Takoro e4uHOr0 TEXHOS0-
rMYECKOro Komrsiekca AoCTUraeTes To/IbKO MNpy ero asTomaTmsaumu,
B yeM 31 nNpnHaaIeXXMT 0OCHOBHAas posib. 3a CHET COOTBETCTBYHOLLEN0
ynpasneHusa 31 obecrneunBaeTca Tpebyemas rocs/ie0BaTes/IbHOCTb BCEX
TEeXHO1I0r YECKUX OMnepaLmiAa, AoCTUraloTea Hauyylive (onTuMasib-
Hble) peXXMbl paboTbl MPOMbILLIEHHOI0 060pyA0BaHMSA 1 camoro 3I1,
OCYLLECTB/IAOTCA HEOOX0AMMbIE 6/I0KUPOBKM U 3aLLUTBI.
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[na ynpaBnieHnst TEXHOSTOMMHYECKMMK KOMIJ1IEKCAMW BCe LLUMPE UC-
nosib3ytoTca IBM. OHM Mo3BOISKOT ObICTPO MPOBOAUTL 06paboTKYy
60/1bLLI0r0 06beMa MHHOPMALLMK 0 X0Ae TEXHO/I0rMYEeCcKOro npoiecca,
BblpabaTbIBaTb YNpaB/istoLpe Bo3AEACTBUA Ha DM paboumx MallnH 1
MEXaHM3MOB B COOTBETCTBUM C 3a0aHHOLA Mporpammoii. Oco6eHHO
LUMPOKME BO3MOXHOCTU OTKPbIBAKTCA MPU MUCMOSIb30BaHNUM MUKPO-
MPOLLECCOPHO LA TEXHMKM YrpaB/IeHWs, MO3BO/ISIIOLLEIA OCYLLECTBSATD
aBTOMAaTM3aLMIO KaK C/I0XKHbIX TEXHOSTIOMMYECKMX MPOLLECCOB B LIESIOM,
TaK M 0TAe/bHbIX MPOM3BOACTBEHHbIX OMepaLmiiA 1 LYIKIIOB.

KOHTPOJ/IbHbLIE BOMPOCHI

1.
2.

10.

11.

UTo Takoe ynpasrsieHune?

YTo Ha3biBaeTCsa aBTOMaTM4YeCKOWN N aBTOMaTU3NPOBaHHOMW cucTte-
mMamun yrnpasneHma?

YTo HasblBaeTCcsa CUCTeMOl aBTOMATUYECKOro perysimpoBaHna?
Ha kakve Buabl noapasfenatoTca CUCTEMbl aBTOMAaTUUYECKOro pe-
rynnposaHusa?

MpuBeanTe NpuMepbl CUCTEM aBTOMAaTUYECKOro perysimpoBaHus.
C KaKoW Lesiblo MOXXeT OCYLLLeCTB/IATLCA peryimpoBaHne nepemMeH-
HbIX B 37

Kak noapasfenatoTca 3/1eKTponpuBoAbl MO CTENEHU cCBOel aBTo-
martmsauymn?

Kakve Buabl 06paTHbIX CBA3E NMPUMEHAOTCA B aBTOMAaTU3NPOBaH-
Hom 3?2

B yuem oTAuuMe cxem ynpaB/ieHUS 3/1eKTPONPUBOAOB N 3/1€KTPO-
npneogamun?

Kakne xapakTepHble NPU3HaAKN MMEIOT 3aMKHYTble CTPYKTypbl 311,
NOCTPOEHHblIe MO cXemam C O6LWMM yCcusaumTenem U no NpuHUUNy
NOoAYNHEHHOro perysimposaHusa KoopaunHat?

YTo Takoe HabnwpgatolLee YCTPOUCTBO B afleKTponpusoge?



(haBa 2 Ny
3.” E M E HTbl |/| yCTPOl/lO—TBALUpressor Free Version

ABTOMATN3NPOBAHHOIO
SNNIEKTPOINPUBOAA

2.1. CNNTOBbLIE MONTYNPOBOAHMNKOBbLIE
MPEOBPA3OBATE/TN 3NEKTPOSHEPIUI

B 3aMKHYTbIX, @ UHOFAa U B pa30MKHYThIX CTPYKTYpax aBToMaTu3u-
POBaHHOI0 3/1EKTPONPUBOAA MPUMEHSIOTCS /1aBHBIM 06pa3oM Mos1yrpo-
BOZHVKOBbIE CUJT0BbIE Mpeobpa3oBaTesiv A/151 yrpaB/ieHs ABAraTesisivm
MOCTOSIHHOIO U MEepeMeHHOr 0 Toka. JJOCTOMHCTBaMU M0/1yNPOBOAHNKO-
BbIX NMpeo6pa3oBaTesieii ABMASIOTCS LUMPOKUE (PYHKLMOHA TbHbIE BO3MOX-
HOCTW yrpaB/ieHNs MpoLLeccoM MpeobpazoBaHms 3M1EKTPO3HEPT NN, BbICO-
Kue 6bICTPoAEACTBME N KO3W(PULIMEHT MOSIE3HOI0 ASVACTBIS, 60sibLume
CPOKM C/1y>Obl, YA06CTBO 1 MPOCTOTa 00CTY>XKMBAHWUS MPpY IKCrUTyaTaumn,
LUMPOKUE BO3MOXHOCTU MO peasin3aLmm 3allmT, CUrHa/IM3aLmm, AmarHo-
CTMPOBaHNSA N TECTUPOBaHWS Kak caMoro 31, Tak 1 TEXHO/I0MMYecKoro
060pyA0BaHMs, BO3MOXKHOCTb MPOrpaMMMpOBaHs U NepernporpaMmmMmpo-
BaHWs paboTbl MUKPOMPOLLECCOPHbIX CPeACTB YrpaB/ieHUs B C/Ty4ae UX
MCMOsIb30BaHKis.

BmecTe ¢ Tem A4/19 aT1X npeobpa3oBaTesieii xapakTepHbl 1 ornpeae-
JNleHHble HeaoCcTaTKU. K HUM 0THOCATCS BbICOKas YyBCTBUTE/IbHOCTb
Mos1yNpPoBOAHUKOBbLIX MPUGOPOB K Meperpy3kam ro ToKy 1 Hanpsixe-
HUI0 U CKOPOCTU VX U3MEHEHUST; HM3Kas MOMeX03alLMLLEHHOCTb, UC-
Ka)KEHVE CUHYCOMAA/IbHOIA (hOpMbl TOKa M HANpsXXeHUs CeTu.

MpeobpasoBaTesib — 3TO A/IEKTPOTEXHNYECKOE YCTPOLACTBO, Npeobpa-
3yHoLLiee 3/1EKTPO3HEPI M0 OAHNX MapaMeTPOB WM MoKazaTesieiA KauecTsa
B 9/1EKTPO3HEPr 10 C APYrUMM 3HAYEHVISIMM MapaMeTpoB WM NoKasaTe-
JeiA KadecTBa. [MapameTpamMm 3/1IEKTPUHECKOIA 3HEPIUM CUNTAIOTCH POS,
TOKa 1 HarnpshKeHUs!, UX YacToTa, YMcso has, hasa HarpsHKEHNS.

Mo xapakTepy Npeobpa3oBaHUs ANIEKTPOSHEPI Y CUII0BbIE Mpeobpa-
30BaTeNIM AeNIATCA Ha BbINPAMUTENIN, NHBEPTOPbI, Npeobpa3oBaTesin
YaCTOTbI, PErysiATOpbl HamMpsHKEHUS MEePeMEHHOr0 M MOCTOSHHOIO
TokKa, rnpeobpasoBaTesiv uncna has HanpsHKeHUsE NEPEMEHHON0 TOKa.
Mo anemeHTHOIA 6ase (BUAaM MpUMEHSIEMbIX CUI0BbLIX MPUOOPOB) Mnpe-
o6paszoBaTesI MOryT 6bITb AVOAHBIMW, TUPUCTOPHLIMU U TPaH3UCTOp-
HbIMW, & N0 YrNpaB/IieMOCTN — HEYMNpaB/IieMbIMU U YNpaB/ISeMbIMU.
B ynpaBnsieMbIx rMpeobpa3oBaTesisx BbIXoAHbIE NepeMeHHble — Harnpsi-
)XeHMe, TOK, YacToTa MOryT perysimpoBaTbCs.
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BbinpsMyTeIN. BbINpsiMuTesieM HasbIBaeTCA Mpeobpa3oBaTeslb Harpsi-
YKEHUSA NMEepeMEHHOr0 TOKa B HarNps>KeHME MOCTOSTHHONO (BbINPSMJIEH-
HOro) Toka. Heyrpae/siemMble BbINPSIMUTES M He 06eCcneYmBaloT perysivi-
pOBaHMsI HAMpPsHKEHMWS Ha HarpysKe Y BbIMOSIHSOTCS Ha MoJ1yrnpoBo-
HMKOBbIX HEYTpaB/isieMbIX MprMGopax 0AHOCTOPOHHEIA MpPoBOAVIMOCTU —
Amoaax, a yrpaB/iseMble BbIMPSIMUTENM BbIMOSTHSAIOTCA Ha YrpaB/seMbIX
[OVo[ax — TUPUCTOopax — W MO3BO/ISKOT PeryyipoBaTh BbIXOAHOE Harpsi-
YKEHVE 32 CUET COOTBETCTBYHLLIEN0 YIPaB/IeHNS TUPUCTOPaMU.

BbINpsiMATE IV MOTYT GbIMb HEPEBEPCUBHBLIMUA 11 PEBEPCUBHBIMU. Pe-
BEPCVIBHbBIE BbIMPAMUTESTN NO3BOSIAOT U3MEHSTH MOMISPHOCTb BbIMPSM-
JIEHHOr 0 HanpsXXeHWs1 Ha CBoelA Harpyske, a HepeBepeVBHbIE — HET. 10
ymcsTy a3 NATAKOLLIEr0 BXOAHOIO HAMpsiXKEHNS1 MEPEMEHHOI0 TOKa Bblrl-
PAMUTENN OENATCA Ha 0AHO(asHbIE M TpeX(asHbIe, a Mo CXEME CUI0BOIA

4aCcTu — Ha MOCTOBbI€ 1 C Hy/ieBbIM BbIBOAOM.

V51 Va2
EAVI
o ﬁ Kor _*VSA
n. n —
& — I ror Hor
y — 0T
— toT

Puc. 2.1. Cxembl BbINpssMUTENEN:
a —opHoasHoro ¢ HyseBbIM BbIBOAOM TpaHcdopmaTopa;
6 — TpexcasHOro MocToBOro

Ha puc. 2.1, a B KayecTBe nNpmmepa npmBeaeHa cxema ogHogasHo-
ro TUPUCTOPHOIO YrNpaB/IAeMOro HepeBepPCMBHOI0 BbIMPAMUTENS C
HyrieBbIM BbIBOAOM. B cocTaB BbINpAMUTESA BXOAAT ABa TuprcTopa VS1
1 VS2, NogK/HoYeHHbIe KO BTOPUYHbLIM 06MOTKaMm TpaHcgopmaTopa T
1 obecneumBaloLLme Ha Harpyske R AByXMoslyrneprogHoe BbIMpsAMIEH-
HOe 1 perynvpyemoe no BesIMYMHE HanpsykeHve. YnpassieHne Tupuc-
TOpamMn OCYLLECTB/IAETCA C MOMOLLLIO MOAABaeMbIX Ha UX yrpasris-
lowye aM1eKTpoabl 0T CUCTEMbl UMIMYJ/TIbCHO-(a30BOro yrnpas/ieHUs
(CNDY) umnynbcoB ynpasieHns £, N3MeHAA ¢ NMOMOLLbIO CUrHas1a
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ynpassieHns Uy MOMEHT noJayn MMMY/1bCOB Ha TUPMCTOPbI, MOXKHO
OCYLLEECTBATL PerysinpoBaHne Hanps>keHUs Ha Harpyske. Ha cxeme
rnokasaH peakTop L, KOTopbliA BK/IIOHaeTpBGOoW abTpoaeaLwo6o
ToKa /4N9 CraXnBaHUA ero MysibCalmia.

Ha puc. 2.1,6 nprBeaeHa cxema TpexjasHoro MocToBOIro HepeBepcuB-
HOI0 BbINPAMUTESIS Ha LLECTU TupmcTopax VS1—VS6, Harpy3KkoiA KOTopo-
ro SB/ISETCA AKOPb ABUraTesis NocTOsAHHOro Toka M. Ha cxeme rnokasaHbl
peakTop L, KOTOPbIA BK/THOYAETCA B LIEMb BbIMPAM/IEHHOI 0 TOKA [y Cr/ia-
YKMBaHUA ero mysibcaumia, TpaHcgopmaTop T v 06MOTKa BO36Y>KAEHNS
OBM. [Ipyrvie BO3MOXXHble CXeMbI BbINpAMUATESELA paccMOTpeHbI B (21].

B Tabn. 2.1 npvBeAeHbI COOTHOLLEHUS, KOTOPbIE CBA3bLIBAIOT Napa-
METPbI LIEMeii NepeMeHHOro U MNOCTOAHHOIO TOKa /19 pasHbIX CXeM
BbIMPAM/IEHVS NPU aKTVIBHOIA Harpyske BbirpaMuTens. B Held npuHs-
Tbl 0603HayveHUs: U2 /2— OelACTBYOLWME 3HAYEHMS] COOTBETCTBEHHO
HanpsHKeHUs ceTn (BTOPUYHOLA 06MOTKM TpaHcdopmaTopa) 1 nepe-
MeHHOoro Toka; Up, /g, — cpefHVe 3HaYeHUs BbIMPAMIEHHBIX Hanps-
XXEeHUSA U ToKa; f/ogomo— MakcrMasibHoe 06paTHOE HarpshkeHme, Npu-
KnaabiBaemMoe K BEHTWTIO (Ouody Wiv TUpUCTOopY); 5, — pacdeTHas
MOLLIHOCTb MepeMeHHOrr 0 Toka (TMMnoBast MOLLHOCTbL TpaHcdopmMaTopa);
P — MOLLHOCTb Harpy3ku Ha CTOpOHe MOCTOSAHHOIO TOKa.

Tabnuuya 2.1
COOTHOLLEHUS MeXAY TOKaMU U HanpsdKeHUsIMU B BbINPSMUTENSIX

Cxema BbinpsAmMneHns vt /v, n-.-/ o. 1./L S, /Puw KoadhduumeHT
nynbcaymnii,%
OpHononynepunogHas 0,45 3.14 0,785 1.48 157
OpHodhasHasa HyneBast 0,9 3,14 0,785 1,48 67
OpHodhasHass mocToBas 0,9 1,57 1,11 1,23 67
TpexdasHasa HyneBas 1.17 2,09 0,585 1.37 25
TpexdasHan mocToBas 2,34 1,05 0,817 1,05 6

PeBepCYBHbIE BbIMPAMUTESIN COCTOAT U3 ABYX HEPEBEPCUBHBIX Bbl-
MpsMUTESIENA, NPU YMNPaBSIEHNN KOTOPbIMU MCM0/1b3YHOTCS COBMECTHOE
1 pazgesibHoe ynpaerieHVs. [puy pa3ae/ibHOM YIpaBeHU UMIMY/IbChI
yrpaB/ieHVs NoAATCA Ha TUPMCTOPbLI PABOTAOLLEr0 B AAHHBLILA MOMEHT
HeynpaB/IsieMoro BbINPSMATESS, a HA TUPUCTOPbI APYToro BbIMpsiMu-
Tens UMMyJibCbl He MOAATCA M OH He paboTaeT, «3akpbIT*. Mpu He-
06X04MMOCTU M3MEHEHUS MOMSAPHOCTU HaMPsXXeHWs Ha Harpy3ke Ha
MPOTMBOMO/IOKHYIO BbINPSIMATESIN MEHSIHOTCS POSISIMUA.

Mpn COBMECTHOM YTIPaBMEHVN MMITY/IbChI YMPaBEHVS MOAA0TCS
0AHOBPEMEHHO Ha 06a BbINPSMUTESS, NPV 3TOM 3a CUET CABMIa MeX-
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Oy nMnysibcaMmy yrpassieHUs 04ANH BbINPAMUTE b paboTaeT B BbIMNps-
MUTESTBHOM pPeXVME, a ApYyroiA — B MHBEPTOPHOM.

ViHBepTOpbI. VIHBEPTOPOM HasbIBaeTCsA NMpeobpasoBaTesib Harpshke-
HWA MOCTOAHHOI0 TOKA B HarpshkeHVe rnepeMeHHoro Toka. 3tum npe-
06pasoBaTeN MUCMOsIb3YHTCA B COCTaBe MpeobpasoBaTesiein YacToTbl B
cnydae nuTtaHua 311 0T ceTn NepeMeHHOro Toka Wiv B BUAe camMmocTO-
ATeSIbHOro npeobpasoBaTesisa Npy NuTaHuy 3 0T UCTOYHMKA MOCTO-
STHHOI0 HanpshxeHns1. B coctaBe 31 oHKM 06ecnevmBaroT, Kak rnpaBu-
10, MOSYHEHVE MEPEMEHHOI0 HaMpPsHXKEHNSA PErysIMPYEMOIA HacTOThl,
YTO TPedyeTCA A/19 perysiMpoBaHNs CKOPOCTW ABUIATE IEIA NMEPEMEHHOIO
TOKa.

CyLLecTBYeT 60/1bLLI0E KOJTMHECTBO MHBEPTOPOB, Pas3/INYaloLLMXCS CBO-
VIMU CXEMaMW, XapaKTEPUCTMKaMU 1 06/1aCTAMU MPUMEHEHMS. B cxemax
3l HanbosibLLUee NMPUMEHEHME HALLWIM aBTOHOMHbIE MHBEPTOPbI Harps-
YKEHUS U ToKa.

ABTOHOMHbIe HBEPTOPbI HarpsbkeHWs (AVH) MMEloT YKECTKYHO BHELL-
HIOKO XapaKTePUCTUKY, MpeacTaB 1ALy CO60IA 3aBUCMMOCTb BbIX0-
HOIr0 Harps>XeHUs 0TTOKa Harpysku, BC/Ie[iCTBME Yero npy UsMeHe-
HUW TOKa Harpy3ku nx BbIXOAHOE HanpshXeHue rnpakTU4ecKn He ns-
MeHsieTc. TeM cambIM yMNpaBAsioLLMM BO3AECTBMEM Ha ABUraTeslb
rnepeMeHHOr o ToKa SBJIAETCH HarnpshKeHWe perysipyemoiA YacToThbl.

ABTOHOMHbIE PEry/IATOPbl TOKA UMEKOT «MAMKYH* BHELLHIOK XapakK-
TEPUCTUVIKY U 06/1a4aK0T TEM CaMbIM CBOMACTBaMU UCTOYHMKA TOKa, B CBS-
311 C 4YEM MPU UIX UCMOS1b30BaHMN YIPaB/ISOLLMIM BO3OEIACTBMEM Ha OBU-
raresb SAB/ISETCH TOK PEry/WPYEMOIA YacToThbl.

B cxemax MHBepTOpOB NPUMEHAIOTCA YrpaB/iseMble NOS1ynpoBoA-
HMKOBbIe MPUBOPbI — TUPUCTOPbLI U TPAH3UCTOPbI. CXeMbl aBTOHOM-
HbIX HBEPTOPOB NPUBEAEHBbI HYDKE MPY paccMOTPeHNN npeobpasoBa-
TEEIA YaCTOThb.

MpeobpazoBaTtenin YacToThl. [peobpasoBaTesieM HYacToTbl Ha3blBa-
eTcA Npeobpa3oBaTesib HaNPHKEHUA NepeMeHHOr0 TOKa CTaHAaPTHLIX
YaCTOTbI N HaNpPsXXeHUs B HarnpsbkKeHMe rnepeMeHHOoro Toka perysnmpy-
eMOI1 YacToTbl. MNprMeHnTesIbHO K cxeMam 311 0gHOBPEMEHHO C Yvac-
TOTOIA B OnpeaesieHHOM COOTHOLLEHUU PErY/INPYETCS U BbIXOAHOE Ha-
MpshkeHVe NpeobpasoBaTesis.

MonynpoBoAHMKOBLIE NpeobpasoBaTesv YacToTbl (MY) genaTes Ha
[Be rpynnbl: NpeobpasoBaTes v ¢ HENOCPeACTBEHHOIA CBS3bI0 1 Mpeob-
pa3oBaTesin C NPOMEXYTOYHbIM 3BEHOM MOCTOSAHHOIO TOKa.

CwuioBas 4acTb CxeMbl Tpex(asHOoro npeobpasoBaTesisi 4acToThbl C
HeMocpeACTBEHHOIA CBA3BIO MoKasaHa Ha puc. 2.2. OH 06pa3oBaH Tpems
rpynnavu 2, 3 u 4-XTnpucTopoB VS1—VS6, BK/IHOYEHHBLIX Mexay BTO-
PUYHBbIMM 0OMOTKamMn TpaHcgopmaTopa 1un Harpy3koia Za, Zkwu
Perynmpyemoe no 4actote U Be/IMYNHE HarpsXXeHne Ha Harpys-
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Ke (hopMUpPYeTCA N3 HaMpPsXXeHUS UCTOYHMKA NMUTaHWs (TpaHcdopma-
Topa) U,, Ubn Us yTo 1 onpenesiviio Ha3BaHue 3TOro Tuna npeobpa-
30BaTeNIA YacTOThbl. YacToTan AGp BTN W, XK & W AT W A M -
poBaTbCA TOSIbKO BHU3 OT CETEBOIA/,, N €e MaKCMMasIbHOE 3Ha4YeHne
06bI4YHO He rnpesocxoauT 20 'L, YTO onpeaenseT orpaHUYeHHbIE BO3-
MOXHOCTU MPUMEHEHUSA 3TOr0 TUMa NpPeobpas3oBaTesia YacToTbl.

Puc. 2.2. CunoBas 4acTb cXeMbl NpeobpasoBatens 4acToTbl
C HenocpeaCcTBEHHOW CBA3bIO

MpeobpasoBaTesiv YacTOTbI C MPOMEXYTOUHBbIM 3BEHOM MOCTOAHHOMO
ToKa BcocTase 31 MOryT BbINOSTHATLCSA MO0 ABYM OCHOBHbIM cxemMam. Ha
puc. 2.3 nokKasaHa cus10Basi YacTb CXeMbl TpexdasHoro rnpeobpasosaresis
YacTOThbl C MHBEPTOPOM HarpshkeHUs. OHa COCTOUT U3 Heperysipyemo-
ro BbinpsaMuTens B, cobpaHHOro Ha wectu amogax VD1-VD6, n aBTo-
HOMHOI0 MHBepTOopa Hanps>keHna AMH Ha LecTn yrnpaBnsemMbIX Ko

VDI... VD6 »51... VSB

B AWNH VD7 VD12

Puc. 2.3. CunoBas 4vacTb cxeMbl npeobpasoBaTenia 4acToTbl C MHBEPTOPOM
Hanps>keHnA

Yyax, B Ka4eCTBe KOTOpPbIX Ha CXeMe rokKasaHbl MoAy/u, coaepkatline
6UNO/IAPHBbIE TPAH3UCTOPbI C U30/IMPOBaHHbLIM 3aTBOPOM VS1-VS61n
WwyHTupyrowme avoasbl VD7—VDI12. BbinpaMmnTesb rnpeodpasyeT Ha-
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npsbkeHune ceTn Ut cTaHOapTHOIA YacToThIf B BbINpsaMsieHHOe Hanps-
YKEHWE, a NHBEPTOP — BbIMPAM/IEHHOE Harps>KeHWe B HanpsbkeHne U2
pery/pyemMoii Yactotbl/ 2 PerynuvpoBaHmne HanpsbkeHus U2Ha Harpys-
Ke OCYLLECTB/IAETCH LUMPOTHO—-UMITY/IbCHORA MOAY/IALWENA BbINPAMIIEH-
Horo HanpsykeHusa. KoHgeHcaTopbl C BbIMOMHAKT posib GUIbTPpa n
3/1eMEeHTa, OCYLLIeCTB/AIOLLIEro 06MEH PeakTMBHOIA MOLLHOCTM C Ha-
PY3KOIA.

Ha puc. 2.4 nokasaHa CWU10Bas 4acTb CXeMbI Mpeobpa3oBaTesis va-
CTOTbI C NHBEPTOPOM ToKa. OHa BKJ/IOYAET yrpaB/seMbliA BbIMpsaMun-
Tesib B Ha TnpucTopax VS1—V/S6 1 nHeepTop ToKa W Ha 3anmpaemMbix
TupucTopax VS7—VS12. KoHaeHcaTopbl C ABNAIOTCA MICTOYHUKOM pe-
aKTUBHOLA MOLLIHOCTM /1A Harpy3Ku, peakTop L obecneuvBaeT paboTy
MHBepTOpa Toka. MNMpnBeaeHHasA cxema ro3BosISEeT OCYLLECTB/IATE pe-
Kyrnepauuio (0Taady) SHEPrumn B CETb.

V51.. VSG SAA L\VS? V512

/2

n
Puc. 2.4. CunoBasi YacTb CXembl MpPeo6pas3oBaTesis YacToTbl C MHBEPTOPOM TOKa

Perynsaropbl HanpsbkeHVs NepemMeHHOro Toka. Perynsartopom Hanps-
YKEHUA MepeMeHHOr 0 ToKa HasbIBaeTCs NpeobpasoBaTesib HarnpsXKeHU
repemMeHHOro Toka CTaHAapPTHBIX YacToTbl M HAMPSXKeHUA B peryu-
pyemMoe HarpsbkeHne nepemMeHHOro Toka ToAKe 4YacToTbl. OHM MoryT
6bMb 0AHO— U TpextasHbIMM N NCMOJIb3YIOT B CBOEIA CU/IOBOIA HacTu,
Kak npaswusio, TUPUCTOPLI.

Cxema ogHo(asHOro TUPUCTOPHOIO perynaTopa Harnps>xeHus TPU
rnokasaHa Ha puc. 2.5, a. Ero cunosas yacTb COCTOUT M3 ABYX TUPUC-
TopoB VS1 1 VS2, BK/IKOUEHHbIX M0 BCTPEUHO-Mapasi/iesibHoA cxeme
MeXay UCTOYHMKOM MUTaHuA ¢ HanpsbkeHuem f/, n Harpyskoia [,.
VI3MeHeHVe C MoMOoLL b0 BXOAHOI0 cUrHasia UymMomMeHTa nogadm nm-
MyJ1bCOB yrpaBsieHns £/,, Ha TUPUCTOPbI MO3BOSIAET perysimposaTb Ha-
npsbkeHve Ha Harpyske {/,, 0T Hys1a [0 ceTeBoro I/, npu ToiA e yac-
TOTe ceTw.

Ha puc. 2.5, 6 nokasaHa cxemMa BK/IHOUEHUS Tpexda3Horo Tmpuc-
TOPHOI0 perysiATopa HanpsKeHUs, Harpy3koiA KOToporo siBNSAKTCA
06MOTKM cTaTopa Apuratesia nepemeHHoro Toka A, obasneHne B aTy
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cXeMy eLlle ABYX rap TUPUCTOPOB MO3BO/ISIET U3MEHSTb YepefoBaHMe
(ha3 HanpsHPKeHUs1 Ha CTaTope ABWraresis U TEM caMbIM U3MEHSITb Ha

NpPOTMBOIOJI0XKHOE HaripaBsieHME ero 4actotrbbBpallleHUd,
PDF'Compressor Free Version

-u.
TPH -U.
i + 1 JL A
uy! cuoy | I\ V51 VS3 V55
| B\ Ve

Puc. 2.5. Cxembl perynsatopa Hanpsi>KeHusi nepemMeHHOro Toka:
a — ogHodhazHoro; 6 — TpexdasHoro

PerynaTtopbl HanpsaXXeHna UCMosib3YyHTCA B Ka4eCcTBe MAMKUX Myc-
KaTesiet/ apuratesieii NnepeMeHHoro Toka, 0rpaHNYMBaOLLUX NX MYCKO-
Bble TOKU U MOMEHTBI, a TakKe perynsatopoB 3KOHOMUYHocTU 3I1 ¢
ACVIHXPOHHbIMMW OBUraTesiaMm, 06ecrneymBaroLLIMX Haulydllve sHepre-
TUYECKME MapamMeTpbl Mpy 1x paboTe. Ha ocCHOBe perysisTopoB Harps-
YKEHUSA MOXKET 6bITb peasI30BaHO Tak Ha3blBaeMOe KBa3n4yacTOTHOE yri-
paBfieHne aCMHXPOHHbIMW OBUraTENIMU N X ANHAMUNYECKOe TOPMO-
KeHue.

PerynsTopbl HanpsbkeHWs1 MOCTOAHHOMO TOKa. PeryiaTopbl 3Toro Tuna
npeobpasyloT Hanps>KeHWe NOCTOAHHOI0 TOKa UCTOYHUKA NUTaHVA B
perynvpyemMoe HanpshkeHne Ha Harpyske. B Takmx rnpeobpa3oBaTensx
MCMOs1b3YHTCS CUI0BbIE MOSTYMPOBOAHMKOBBIE YrpaB/iseMble Koun —
TUPUCTOPbI U TPaH3UCTOPbI, & pPerysiMpoBaHMe HarpsKeHUs B HUX
MPONCXOAMT 3a CHET MOAYNALUMN HANPSXKEHUS NCTOYHNKA MUTaHVA.

MprHUMN paboTbl NMIMYJ/ILCHOIO MNpeobpa3oBaTesis HanpPsAXeHUs
WSIIOCTPUPYET cXema Ha puc. 2.6, rae Z,, {/,, — COOTBETCTBEHHO CO-
MPoOTUBJIEHVE N HaNPsXXeHWe Harpysku; E — Hamps»keHne NcTovHmKa
nuTaHus; YN K— ynpasnseMbIiA NoSynpoBOAHUKOBLIA K/tod; VD —
06paTHBLINA ayod, PerynvpoBaHme Harnps>KeHUs Ha Harpyske ocyLLecTB-
J191IeTCA 3a CHET NepPUoaMNYECKOro 3aMbIKaHNA U pasMbikaHus YTIK, npu
KOTOpPbIX MPONCXOANT MOAKHOHEHME Harpy3Ky K UCTOYHUKY MUTaHUA
M ee OTK/oHEHNE. N3MEHAA A/IMTENIbHOCTL MMIMY/ILCOB MPUY HEN3MEH-
HOIA YacToTe UX ciefoBaHUS (LUMPOTHO-UMITY/IbCHBIEA Cr0OCc06) Win KX
YacTOTy MPU HEU3MEHHOIA AJ/ITENIbHOCTU (HYaCTOTHO-MMIMY/IbCHBIA
€noco6), MOXHO pPery/iMpoBaTh Harnpsh>keHMe Ha Harpyske oT Hy/s19 40
HarpsHKeHUs NCTOYHMKA NMUTaHNS.
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Puc. 2.6. Perynatop Hanpsi>keHUs NMoCTOAHHOIo ToKa

HanGosibLuee pacnpocTpaHeHWe Mosyys LWMPOTHO-UMIY/IbCHBLIA
Croco6, Npy KOTOPOM CpefHeEe HanpshkeHMe Ha Harpyske QHCBsA3aHo
C HarpsPKEHMEM UCTOUHMKA NMUTaHus E, 4/iMTenbHOCTBIO Mvnysibca
1 NepuoaoM VX creaosaHust T cefyrowpyM Co0THOLLEHMEM:

roe OTHOCUTESTbHAS 4/ ITESTBHOCTD (CKBXKHOCTb) VMY 16COB.

2.2. ANEKTPUYECKWE ATTMAPATbl PYYHOTO
M ONCTAHUMOHHOTIO YMPABJIEHUA

Knaccrdmkaumsi aneKTpruyeckyix annaparo. JNEKTPUYECKMI anna-
paTamn (3A) Ha3bIBaKOTCA 3/IEKTPOTEXHNYECKME YCTPOLACTBA, NMpeaHa-
3HaYeHHble /19 YNpaB/ieHNs MOTOKaMW 3HePrum u MHgpopmauunn,
a Taroke pexxmmMamMm paboTbl, KOHTPOSISA U 3aLLMTbI TEXHUYECKUX U 3/1eK-
TPOTEXHUYECKUX CUCTEM U X KOMIMOHEHTOB.

OAHVM M3 O0CHOBHBLIX MPU3HAKOB KJlaccumkauum 3A ABISETCH KX
paboyee (HOMUHaSTLHOE) HamnpshXXeHWe, N0 KOTOPOMY OHM AEe/IATCA Ha an-
napaTbl HM3Koro (A0 1000 B) 1 Bbicokoro (cBbille 1000 B) HanpspkeHust.

AnnapaTbl HA3KOIO Harps»KeHWs BbIMNO/THAIOT B OCHOBHOM (DYHK-
L1 KOMMYTaUUn 1 3alinTbl MEKTPUYECKNX LEMEIA N YCTPOIACTB (aB-
TOMaTU4ECKME BbIK/IHOHATE N, KOHTAKTOPbIl, NycKaTenn, pene, pyousb-
HUKM 1 NakeTHble BbIK/OYATE M, KHOMKW yrpaB/ieHns, TyMbsiepbl U
Opyrvie annapaTbl) U perysimpoBaHna NapamMeTpoB TEXHNYECKUX 00bEK-
TOB (CTabNN3aTOPbI, PErYSIATOPbI HAMNPSXKEHUSA, MOLLLHOCTU W TOKaA,
YCWUTENN, OATHUKU Pa3/INYHbIX NepeMeHHbIX).

AnnapaTbl BbICOKOr0 HarNpsXKeHUs NoapasaenifaioTcs Ha KOMMYyTa-
LIMOHHb e (BbIK/OYATES N, BbIK/THOYATES N Harpy3Ku, pasbeguHUTenu),
V3vepuTeSIbHbIE (M3MepUTeSIbHbIE TPaHCHOPMATOPbI TOKA 1 Harnpshxe-
HUA, OeNUTENIN HaNpPSXXeHUS), KOMIMeHcvpyoLme (LUYyHTupyoLye pe-
aKTopbl), KOMIJIEKTHbIE pacrpefesiTesibHble YCTPOIACTBa.

Mo cBOEMY MCMNOSTHEHUIO annapaTbl NOAPa3AenAlTCA Ha 3/1eKT-
poMexaHu4yeckme, ctaTudeckme n mopuaHbie. OCHOBHbIM MPU3HAKOM
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3/1eKTPOMEXaHNYECKNX anmnapaToB AB/ISETCA Ha/IMUMe B HUX NOABWK-
HbIX YacTelA, HanpumMmep KOHTaKTHOIA CUCTEMbl Y KOMMYTaLMOHHBbIX
annapaToB. CTaTuUyecKme anmnapaTbl CTPOATCA C UCMO/1b30BaHNEM [M0-
JYyMpPOBOAHUKOBbIX U MarHUTHbLIX 3/1EMeN LLL A Ae*AAC¥ (L s Ne LT,
TPaH31UCTOPOB, TUPUCTOPOB U APYIrMX NOYMNPOBOAHNKOBbIX NpUbo-
poB, MarHUTHbIX yewuTeneia n ap.). MbpuaHble annapaTbl npea-
CTaBJIAOT CO60A KOMOMHALMIO 3/IEKTPOMEXAHNYECKMX N CTATUYECKMX
annapaTos.

AneKTpryeckre annapaTbl KNacCUhULUpYOTCA Takke:

* 10 3Ha4YEHMI0 pabouMX TOKOB — annapaTtbl c/1aboTo4Hble (80 5 A)
U CUNbHOTOYHbIE (CBbie 5A);

* M0 poAy TOKa — annapaTbl MOCTOAHHOIO Y NepeMeHHOrr 0 TOKa;

* M0 YacToTe paboyero HarpsHKeHNs — anmnapaTbl C HOPMasIbHOIA
(8o 50 N'y) v noBbIweHHoA (0T 400 go 10 OO0 ML) YacToTOoLA Hanps-
YKEHUS.

K annapaTam py4yHOro ynpas/fieH/ss 0THOCATCHA KOMaHAHble Mas1o-
MOLLHbIE YCTPOMACTBA — KHOMKMW, KU YNpaBieHNs N pasfinyHble
KoMaHfoannapaTbl (KOMaHOOKOHTPO/1/1ePbI), C MOMOLLBbI0O KOTOPbIX
OCYLLECTBJIAETCA KOMMYTaLMSA 3/1eKTPUHECKMX LIEMEIA YNpaBieHNs U
rnogava KomMaHz, ynpassieHus Ha 3.

KHonku ynpasneHus. KHOMKM ynpaBsieHNs pa3/indatoTes no pasme-
pamMm — HOpMaslbHble N Mas1orabapUTHbIE, MO YMC/Y 3aMbIKAIOLNX U
pasMblKaloLLMX KOHTaKTOB, N0 (hopMe To/IKaTe s, rno Be/IMUNHE U poay
TOKa N HanpshKeHWUs, Mo CTeneHun 3alyTbl 0T BO3AEIACTBUA OKpYXKa-
toLwetA cpeabl. ABe, Tpy wim 6o/1ee KHOMOK, CMOHTUPOBaHHbIX B 041-
HOM Kopnyce, 06pa3ytoT KHOMOYHYI0 cTaHUMo. Ha puc. 2.7, a noka-
3aHO YC/10BHOE M306paXkeHne 04HOLEMHbIX KHOMOK C 3aMbIKaoOLLIM
(kHonka SBT) v pasmMblkaoLWmMM (KHornka SB2) koHTakTamn. KOHTaKTbI
KHOMOK U APYTNX 3/1eKTPUYECKMX annapaToB Ha cXxemMax 13obpakatoTcs
B TaK Ha3bIBaEMOM HOPMaSIbHOM COCTOSAHUW, KOrAda Ha HUX He 0Kasbl-
BaeTCAd MEXaHNYECKOro, 3/1IeKTPUYECKOr0, MarHUTHOIO WM Kakoro-
nbo apyroro Bo3getAcTBUS. JByXUEMNHbIE KHOMKU MMET 06e napbl
rMokKasaHHbIX KOHTAKTOB C eAVHbLIM MPUBOLOM.

Puc. 2.7. YcnoBHble n306padkeHus:
a — KHOMKW ynpasneHuns; 6 — KoY ynpasneHns; B — 3M1eKTpUYecKmne KOHTaKTbl
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Kntoun ynpaeneHus (YHUBepcasibHble nepeksitodaren). 3Tu annapa-
Tbl MMEKOT ABa WM 6onee (PUKCUPOBAHHBIX MOSIOKEHUIA PYKOATKMU
YMpaB/ieHNS N HECKOJTbKO 3aMbIKatoLLIMX U pa3MbIKatoLLMX KOHTaKTOB.
Ha puc. 2.1i 6 nokasaH nepeksioyaTesib, MMEKLLMIA TpU (IMKCUpPOBaH-
HbIX MOJIOXKEHUA PYKOATKN. B cpegHeM MosioKeHUN pyKOATKUY (Mo3u-
ums 0) 3aMKHYT KOHTakT SM1, 4To 0603Ha4YaeTCs TOUKOIA Ha cxeme,
a KOHTakTbl SM2 1 SM3 pasoMKHYTbI. B nonoxeHnn 1ksioya 3ambl-
KaeTca KOHTaKT SM2h pasmbikaeTcd SM1, B MosioxkeHUn 2 — Haobo-
poT. Ha puc. 2.7, B MoKasaHbl 3aMbIKaloLWMIA 1 pasMbIKaloLWUIA KOH-
TaKTbl.

KomaHOOoKOHTposU1epbl (KoMaHaoannaparbl) NpeacTaBIsoT coboia
annapaTbl /19 KOMMYTaLMN HECKO/TbKUX MasIOMOLLHbIX (TOK Harpys-
K1 00 16 A) a/IeKTPUYECKMX LIEMEIA C yrpaB/ieHNEM 0T PYKOSTKU Win
nejaii ¢ HECKOJTbKUMU MONIOXKEHUAMU. VX a/ieKTpruyecKasa cxema
M306padKaeTCa aHa/10rMUYHO CXeMe K/IHOHEIA yrpaB/ieHUs 1 NepexsioYva-
Terein

K cn10BbIM KOMMYTaLMOHHBLIM anrapaTtam ¢ pyYHbIM yrpaB/ieHn-
eM OTHOCAT PYOUSIbHUKN, MaKeTHbIE BbIK/IHOYATE N, KOHTPOS1EPBI U
aBTOMaTUYECKME BbIK/OYATESTN.

Py6WibHVKU MPeAcTaB/IsoT CO60IA MPocThle KOMMYTaLVOHHbIE an-
napaTtbl, NMpeAHasHavYeHHbIe 19 HeaBTOMAaTNYECKOro HevacToro 3a-
MbIKaHNS 1 pa3MbIKaHUs CU/I0BbIX 3/1IEKTPUYECKMX LIEMEeiA MOCTOAHHO-
ro 1 NepemMeHHoro Toka HanpsbkeHvem o 500 B n Tokom go 5000 A.
OHM pas3nnyaroTca Mo Be/IMYMHE KOMMYTUPYEMOI0 TOKa, KOSINYECTBY
MosItocoB (KOMMYTUPYEMbIX LIEMEIA), BUAy NMPMBOAA PYKOSTKM U YnC/Ty
€e MosSIOKEHVIA (aBa N TpW).

MakeTHble BbIKNOYaTENIN MPEACTaB/IAT COO0IA pPa3sHOBUAHOCTb
PYOUIIBHNKOB, OT/INYAIOLIMXCA TeM, YTO UX KOHTaKTHas cCUcTemMa Ha-
6upaeTca U3 OTAE/bHBIX MAKETOB MO YMC/TY MOSIHCOB (KOMMYTUPYEMbIX
LierneiA). MakeT cOCTOMT M3 MU30/19TOPA, B Ma3ax KOTOPOro HaxoasaTcs
HEMoABWKHBIA KOHTaKT C BAHTOBbIMY BbIBOAAMM /18 MOAKI/THOHEHNS
MpoBOAOB U MPYXXMHHBIA MOABYKHBIA KOHTaKT C YCTPOLACTBOM MCKPO-—
raweHus.

Pa3sHOBMOHOCTBIO PYOUSTIbHUKOB ABAIOTCA MepeksioyvaTesiv-pasb-
eaVHUTE TN C Pa3/INYHBIM TUMOM MPUBOAA — PbIYaXKHBIM, C LIEHTPaS1b-
HOIA PYKOSTKOIA, C MPUBOAOM OT Max0oBUKa WM LUITaHI .

KoHTponnepb! AB/IAOTCA MHOMOMO3ULUVOHHBLIMU 3/1EKTPUYECKUMU
anrnaparamy ¢ py4HbIM WM HOXXHbIM NPUMBOAOM /19 HErnocpeacTBeH-
HOLA KOMMYTaLy CU/I0BbIX LIEMELA, B OCHOBHOM 3/1eKTPUYECKNX ABUra-
Terell CunoBble KOHTPOSI/IEPLI ObIBAOT ABYX BUAOB: KyJ/lauKoBble U
MarHUTHbIe.

KyraykoBb e KOHTPO/U1EPbI XapaKTepU3yoTCa TeM, YTO pasMbiKaHue
1 3aMblKaHVe NX KOHTaKTOB 06ecrevmBaeTcs CMOHTMPOBaHHbIMM Ha
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6apabaHe Ky/aykamu, NoBOPOT KOTOPbIX OCYLLECTB/IAETCA C MOMOLLLbIO
PYKOATKU, MaxoBUYKa WM Nefguin. 3a cHeT NpopusiMpoBaHnSA KyJlad-
KOB 0becneunBaeTca Heobxoammassn o e jp "M jA* i~ N " iH
KOHTaKTHbIX 3/1EMEHTOB.

MarHUTHble KOHTPOsI/1ePbI MPeACTaBIA0T C060L1 KOMMYTALMOHHOE
YCTPOIACTBO, B COCTaB KOTOPOI0 BXOASAT KOMaHAOKOHTPOA/IEP U CU/TOBbIE
3/IEKTPOMAar HUTHbIE arnnapaTbl — KOHTaKTopbl. KoMaHA0KOHTpoAs1ep C
MOMOLLHO CBOMX KOHTAKTOB YMPaB/IfeT KaTYLLUKaMU KOHTaKTOpOB, KOTO-
pble Y>KE CBOMIMU KOHTaKTaMM KOMMYTUPYHOT CWI0BbIE LIEN JpUraTeseil
CpOK c/y>6bl MarHUTHbIX KOHTPO/1/1EPOB MPY O4HUX N TEX XKE YC/10BU-
AX CYLLECTBEHHO BbliLLE, YeM Ky/1a4KOBbIX KOHTPO/1/1EP0B, YTO OMNpeaens-
€TCS BbICOKOIA KOMMYTaLMOHHOIA CMOCOGHOCTBIO M M3HOCOCTOAKOCTLIO
3/1EKTPOMar HUTHbIX KOHTaKTOPOB.

MarH1THbIe KOHTPO1/1EPbI HaLLLIVM OCHOBHOE MPUMEHEHWE B 3/1eK-
TPOMPMBOAE KPaHOBbIX MEXaHM3MOB, paboTa KOTOPbIX XapaKTepnsyeTcs
60/IbLLIOLA YaCTOTOA BK/THOUEHWS ABUraTe el

ABTOMaTUYeCcKMe BbIKMtoHaTenn. ABTOMaTUYeCKME BbIKHOUaTE N
(aBTOMaTbI) HU3KOFO HanpsHXKeHWs MPeacTaBnsioT cobotA MHorouese-
BOIA 9/1EKTPUYECKUIA anmnapaT /19 HEHaCTOM KOMMYTaLMM 3/1IeEKTpUYec-
KX LieneiA U nx aBTOMaTUYECKOIA 3alLMTbI NpY aBapniAHBLIX peXXmMMax —
KOPOTKMX 3aMbIKaHUAX B LIEMAX, X MeperpyskKe, CHYUXeHUU WIN Uc-
Ue3HOBEHUW HarpsHKeHUs, N3MeHeHUN HarpassieHns Toka v ap. 4ns
OCyLLEeCTBAEHNS (DyHKUMIA 3alUMTbl aBTOMaTUYECKME BbIK/IHOHaTe N
CHabXaloTCs pacuenuTesnI M1, KOTopble NMpy BO3SHMKHOBEHUN aBapuiA-
HbIX PEXXMNMOB BO3OEIACTBYIOT Ha YAEPKNBAIOLLMLEA 3/1EMEHT anmnapara,
MpMBOAA K ero oTK/IHoUeHuto. Mo NprHLMY cBoero ASVACTBMA pacLie—
MUTEN ObIBAIOT 3/1EKTPOMAr HUTHLIMUY, TEMUI0BbIMA U MOJTyNPoBOAHN-
KOBbIMW.

MNprMeHsaeMble aBTOMaTUYECKMNE BbIK/IHOHATE N Pa3/INYatoTCa MeXK-
Ay co60iA HazHaYeHNeM, YPOBHAMN HOMUHa/TbHbIX TOKOB W Hanpshke-
HUSA, HABOPOM U UCMO/THEHMEM MPUIMEHSEMbIX 3aLUMT, OTK/IHOHAOLLEIA
CMoco6GHOCTbIO U BpeMeHeM OTK/IIOHEHNS. Jmana3oH UX HOMUHa TbHbIX
TOKOB cocTasngeT 10—10 C00A, npeaesibHbIX KOMMY TUPYEMbIX TOKOB —
0,3—100 KA, Bpems oTk/Io4eHUa — 0,02—0,7 c.

K cnnoBbIM annapaTtam AUCTaHLMOHHOI0 yrpaB/ieHNsA 0THOCATCA
KOHTaKTOpPbl U MarHUTHbIE MyCKaTe .

KoHTakTop. KoHTaKTop nMpeacTaB/isieT Co60iA aMeKTpoMar HUTHbIIA
annapaTt ¢ UCTaHLVOHHbIM yrpaB/fieHMEM, MpeaHasHauYeHHbIA O/
YacTbIX KOMMYTaLMIA CU0BbIX Lereid. KoOHTaKTopbl pa3/inyatoTes: no
poAy TOKa KOMMYTUPYEMOIA Lenm (MOCTOAHHOIO, MEepPeEMEHHOro, No-
CTOAHHOI 0 U NEePeMeHHOr0); KOSIMYECTBY I1aBHbIX KOHTAaKToB (04HO0-,
[OBYX— N MHOIOMOJTOCHbIE); POAY TOKa Lienn KaTyLKKU (C yrnpaB/ieHn-
eM Harps)keHMeM rMocTOSHHOI0 M NepeMeHHOr 0 TOKa); HOMUHa/IbHbIM
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TOKY U Harps>XeHni0 KOMMYTUPYEMbIX ueneﬁ, KOHCTPYKTUBHOMY MC-
MOJTIHEHNIO (C MEXaHN4YECKMMN KOHTaKTaMn U 6eCKOHTaKTHbIe) n opy-
'MM rNprsHakKaMm.

Puc. 2.8. KoHTakTOp:
a — YCTpolcTBO; 6 — 0603HaYeHne KaTyLluKu;
B, I — 00603Ha4YeHns CUI0BbIX KOHTaKTOB

KOHCTpYKTVBHaA cxema 3/1eKTpoMar HATHOIo 04HOMOJTFOCHOI0 KOH-
TakTopa NocTOAHHOI0 TOKa MokKa3aHo Ha puc. 2.8, a. Ha HenoaBux-
HOM cepAeyHuKe 14 MarHUTHOIA CUCTEMbI KOHTaKTOopa yCTaHOB/IEHA
BTAMMBaOLLAA KaTywka 12. C noABYPKHOLA YacTbi0 MarHUTHOLA cuUcTe-
Mbl, SKOpeM 8, CBfi3aH MOABWKHBIIA [/1aBHLIA KOHTaKT 5, KOTOpbIiA
MPUCOEUHSAETCS K LIEMY TOKa Mpyv MOMOLLM FMOKOro npoBogHMKa 7.
Mpn nogadve HanpsHXXeHUA Ha KaTyLWKy 12 (3aMbIKaHUM KOHTakTa 13)
AKOPb MPUTArMBaeTCA K cepAeyHNKY U KOHTaKT 5 3aMbIKaeTcs C He-
MOABWXHbBIM /1aBHbIM KOHTaKTOM 1, UTo obecneymBaeT KOMMYTaLuio
Toka /. Heobxoanmoe HaxaTue r/aBHbIX KOHTAKTOB B UX pabovem
MosI0KEHUN 06ecneumBaeTCs MpPY>XMHOA 6. MNpy 3Tom B npouecce co-
MPUKOCHOBEHNSA KOHTAKTOB MPOUCXOAMNT NepeKaTbiBaHMe N MpUTmpa-
HUE NX KOHTaKTHbIX MOBEPXHOCTEIA, UTO YMEHbLLAET nepexoaHoe co-
NpoTMB/IEHNE KOHTaKTOB.

C akopem 8 cBA3aHbl Takke BCroMoraTesibHble (6/10KMPOBOYHbIE)
KOHTaKTbl MOCTMKOBOI0 TUMNa — 3aMbikalolme 101 pasmbikaowme 11,
npegHasHayeHHble /19 paboTbl B LIEMNsAX yrnpaBsieHUs U pacCUUTaHHbIe
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H6apabaHe Kysaykamm, NoBOpPOT KOTOPbIX OCYLLECTB/IAETCA C MOMOLLbIO
PYKOATKM, MaxoBUYKa WM nepasiv. 3a cHeT nNpomvpoBaHNA Kysad-
KOB 06ecrneunBaeTca Heobxoammas nocneg "y A" "nnpr*ny
KOHTaKTHbIX 3/1EMEHTOB.

MarHMTHbIe KOHTPO/UIEPbI NPeACTaB/IsoT COG0IA KOMMYTaLIOHHOe
YCTPOIACTBO, B COCTaB KOTOPOI0 BXOAAT KOMaHAOKOHTPOI/1EP M CUI0BbIE
3/1eKTPOMarHUTHbIE annapaTbl — KOHTaKTopbl. KoMaHA0KOHTpos1/1ep ¢
MOMOLLbIO CBOMX KOHTAKTOB YMPaB/IseT KaTyLLUKaMy KOHTaKTopoB, KOTO-
pble Y>KE CBOMIMMW KOHTaKTaMM KOMMYTUPYHOT CWU/I0BbIE LIEMV ABIraTE LA
CpOK c/Ty>»k6bl MarHUTHbIX KOHTPO/1I/1EPOB MPY OAHUX U TEX XKe YC/I0BU-
AX CYLLIECTBEHHO BblLLE, YeM Ky/1a4KOBbIX KOHTPO/U1EPOB, YTO onpeaens-
€TCS BbICOKOIA KOMMYTaLMOHHOIA COCO6HOCTHIO 1 M3HOCOCTOAKOCTBIO
3/1EKTPOMar HUTHBIX KOHTaKTOPOB.

MarHUTHbIE KOHTPOJI/1EPLI HALLIM OCHOBHOE MPUMEHEHWE B 3/1EK-
TPOMPMBOAE KPaHOBbIX MEXaHM3MOB, paboTa KOTOPbIX XapaKTepu3yeTcs
60/IbLLOIA YacTOTOA BK/THOUEHUST ABUTATESEN.

ABTOMaTUYeECKME BbIKMtoYaTenn. ABTOMaTUYeCKNE BbIK/HoUaTe M
(aBTOMaTbI) HU3KOFO HaMnpPsHXKeHWs MPeacTaB/IsioT c060iA MHOroLese-
BOIA 9/1EKTPUYECKUIA anmnapaT 4J159 HeYacToA KOMMYy Tauyn 3/1eKTpUYeC-
KX LIeMneiA 1 nx aBTOMaTUYECKOIA 3alyiThbl MNPy aBapnAHbIX PeXXMMax —
KOPOTKMX 3aMbIKaHUAX B LeNsX, WX rneperpyske, CHXEHUN WM UC-
Ye3HOBEHUW HarnpshKeHUs, N3MEeHeHUN Harpas/ieHUs Toka 1 ap. Ana
OCyLLECTBEHNSA (DYHKUMIA 3alUMTbl aBTOMaTUYECKUE BbIK/OYaTE N
CHabXaloTcsa pacuenuTensaMm, KOTopble Npy BO3HWKHOBEHUN aBapuiA-
HbIX PEXXVIMOB BO3AEACTBYIOT Ha YAEMKNBAIOLLMIA 3/1EMEHT annapara,
MPUBOAS K €ro OTK/KUEHMO. M0 NpyHLMMY CBOEr0 ASACTBMA pacLe-—
MUTEN GbIBAIOT 3/1EKTPOMarHUTHLIMWY, TEMJI0BLIMM 1 MO1YNPOBOAHN-
KOBbIMW.

MpnMeHseMble aBTOMATUYECKNE BbIK/IOYATE N Pa3/INYAOTCA MEX-
[y co60iA Ha3HavYeHVeM, YPOBHAMN HOMUHa/TbHbIX TOKOB M Harpske-
HUsA, HabOPOM M UCMOSTHEHVEM MPUMEHSEMbIX 3aLLUT, OTK/IHOYAIOLLIE LA
CMOCOBHOCTbIO N BpEMEHEM OTK/IHOUEHUA. JmanasoH X HOMUHa TbHbIX
TOKOB cocTassifseT 10—10C00A, mnpeae/ibHbIX KOMMY TUPYEMbIX TOKOB —
0,3—100 KA, Bpems 0TK/IHO4eHUa — 0,02—0,7 c.

K cunoBbIM annapaTam AUCTaHUUMOHHOIO YrpaB/ieHUs1 0THOCATCA
KOHTaKTOpPbl Y MarHUTHbIE MYCKaTe .

KoHTakTop. KoHTaKTop npeacTaB/iseT co60iA aMeKTpoMarHATHbIA
annapaTt ¢ QUCTaHUMOHHbBIM yrnpaB/ieHMeM, MpeaHa3Ha4YeHHbIA 4714
YacTbIX KOMMYTaLMIA CU0BbIX Lierneid. KoHTaKTopbl pa3inyatoTces: no
poay ToKa KOMMYTMpyeMoiA Lenu (MOCTOAHHOI0, NMepeMeHHoro, no-
CTOAHHOI0 U NepeMeHHOr0); KOSIMYECTBY I1aBHbIX KOHTaKToB (04HO-,
OBYX— N MHOIOMOJIOCHbIE); poAy TOKa Lenn KaTyLKn (C yrnpaB/ieH-
eM Harps)keHMeM NoCTOAHHOI0 M NepeMeHHOro ToKa); HOMUHa/TbHbIM
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TOKY U Harpsa>XeHn KOMMYTUPYEMbIX ueneﬁ, KOHCTPYKTUBHOMY MC-
MOJ/IHEHUIO (C MEXaHNYECKNMUN KOHTaKTaMn " 6eCKOHTaKTHbIe) n apy-
r’M npmsHakam.

Puc. 2.8. KoHTakTop:
a — YCTpoOWcTBO: 6 — 0603HaYeHne KaTyLluKu;
B, I — 0603Ha4YeHNA CUNOBbIX KOHTAKTOB

KOHCTpYKTVBHasA cxema a/1eKTpoMar HUTHOro 04HOMOSTFOCHOIM0 KOH-
TakTopa NoCTOAHHOIO TOKa NnokKasaHo Ha puc. 2.8, a. Ha Hernoasux-
HOM cepAeyHuKe 14 MarHUTHOIA cUCTeMbl KOHTaKTOopa YCTaHOB/IEHA
BTAIMMBaOLLRAA KaTywka 12. C MoABYPKHOLA YacTbi0 MarHUTHOLA CUCTe-
Mbl, iIKOpeM 8, CBA3aH MOABWXHbLIA [/18BHbIA KOHTaKT 5, KOTOpbItA
npucoeanHAETCA K Lenm Toka npy nomMoLLy rmbkoro npoBoaHuKa 7.
Mpy nogade HanpsHXkeHUA Ha KaTyLlKy 12 (3aMbIKaHUM KOHTaKTa 13)
AKOPb MPUTArMBaeTCA K CepAeyHNKY N KOHTaKT 5 3aMbIKaeTcs ¢ He-
MOABVIKHBLIM I/1aBHbIM KOHTAKTOM Y, UTO 06ecrevnBaeT KOMMYTauuo
Toka |. Heobxoanmoe HaxaTue rnaBHbIX KOHTAaKTOB B UX pabovem
MosIOKEHMN 0becrevmBaeTCcs NMPY>XMHOLA 6. Mpn aToM B npoL,ecce co-
MPUKOCHOBEHUSA KOHTAKTOB NPOUCXOANT MNepeKaTbIBaHWe N NpUTmpa-
HUE NX KOHTaKTHbIX MOBEPXHOCTEIA, UTO YMEHbLLIAET NepexoaHoe co-
MNpoTUBJ/IEHVE KOHTAKTOB.

C akopem 8cBA3aHbl Takke BCroMoraTesibHble (6/10KMPOBOYHbIE)
KOHTaKTbl MOCTUKOBOI0 TUMa — 3aMblkaloLme 10u pasmbikatowme 7/,
npegHasHayeHHble /19 paboThbl B LIEMNsAX ynpaBsieHUs U pacCUUTaHHbIe
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Ha HebosIbLUVie TOKN. BoK-KoHTaKTbl 103amMbliKkatoTca U //pasMblka-
H0TCH O4HOBPEMEHHO C 3aMbIKaHWEM [J1aBHbIX KOHTaKTOB (puc. 2.7, B).
OTKJ/TI0YEHVE KOHTAKTOpa Mpou3BOAUT: Ao, CHATVIEM HAZIDKeHNs ¢
KaTywkn 12 (KoHTakT 13pa3mbikaeTcs). pn STOM rnoABYdKHas cucTe-
Ma KOHTaKTopa noA, ASACTBYEM CU/1bl TSOKECTU U BO3BPATHOLA MPYXXN-
Hbl O MPUXOAUNT B «<HOPMasT1bHOE» COCTOAHME. Bo3HMKaroLwaa npu pas-
MbIKaHUW [/1aBHbIX KOHTaKTOB Ayra racuTcs B LLUESEBOLA Ay roracutesib-
HOIA Kamepe 4, M3roTOBJIEMOLA M3 XXapOCTOMKOI0 U30/8LMOHHOIO0
maTepuasia. s 061eryeHns raeHus Oyrv MoryT NMpUMeHSATLCA Kame-
Pbl C N30NAUMOHHBIMU NEPeropoaKamm 3, KOTopble CriocooCcTBYIOT yBe-
JIMYEHUIO OyTU N ee CONPOTUBSIEHUSA, a TaKkKe MHOIAa YCTaHaB/ IMBaeTCA
VCKporacuTesibHas peLleTKa U3 KOPOTKNX METUUTUYECKMX MJIaCTUH 2.

KOHTaKTOpPbI MOCTOAHHOIO TOKAa WU3roTOB/ISOTCA C O4HUM W ABY-
M MoJIlocaMy Ha HOMWHa/IbHbIE TOKW [/1aBHbIX KOHTaKTOB OT 4 10
2500 A. NnaBHble KOHTaKTbl CMOCOGHbI OTK/IHOYaTL TOKWN MEperpysKkum
[0 7—10-KpaTHLIX 0T HOMUH&/TEHOI0 TOKa. KaTyLLK/ KOHTaKTopoB Mo-
CTOSIHHOI 0 TOKAa UMEKOT 60/1bLLIOE KOSIMYECTBO BUTKOB W 06/184a10T 3Ha-
UATENbHOA UHAYKTUBHOCTBLIO, YTO 3aTPYyAHSET pa3MblKaHVe Lereia
3TUX KaTylleK. MocTUKOBbIe 6/10K-KOHTaKTbl MOIYT OTK/THOYaTb TOKA
40 20 A npn HanpsxkeHnn Ao 500 B B Lenax KaTyLlek arrapaTos re-
PeMEHHOr0 TOKa, a B LeMNsAX KaTyLleK annapaToB NMOCTOAHHOI0 TOKa —
0o 25 A npn 110 B, 2 A npn 220 B n 0,5 A npu 440 B.

Ha puc. 2.8, 6+ nokasaHbl YC/I0BHble 0603HA4YEHUS 3/1EMEHTOB
KOHTAKTOpa COOTBETCTBEHHO: BTAMMBAIOLLIEIA KATYLLUKW; 3aMblKatoLLyX
M pa3sMbIKaOLLMX IM1aBHbIX KOHTaKTOB 6e3 AyroralleHus 1 ¢ ayrora—
LLIEeHViEM.

KoHTaKTOopbl NMepemMeHHOro ToKa Mo MpUHLMIMY CBOero ASLACTBUA U
OCHOBHbIM 3/1eMeHTaM KOHCTPYKLUUN He OT/INYaloTCA 0T KOHTaKTOpOB
MOCTOAHHOIO ToKa. OCoO6eHHOCTU UX paboThbl CBA3aHbI C MUTaAHNEM
KaTyLleK NepeMeHHbIM TOKOM, YTO MpUBOAUT K NOBbILLEHHOMY TOKY
B KaTyLLKe Npun cpabaTbIiBaHWN, B HECKOSIbKO pa3 NpeBbILLAatoLLIEMY TOK
rpy BTAHYTOM fiKope. 10 3104 NpuUUmrHe 419 KOHTaKTOpOoB rNepemMeH-
HOr0 TOKa OrpaHU4YMBaETCS UNC/I0 MX BK/IHOHEHMIA B Yac (06bIYHO He
60s1ee 600). Kpome TOoro, mysibCUpYOLWMEA MarHATHBLIEA NOTOK, co34a-
BaeMbliA NepeMeHHbIM TOKOM KaTYLLUKW, BbBbIBaET BMOpaLmio 1 ryae-
HVe MarHUTOMPOBOAA, a Takke ero NoBblLLEHHbIA HarpeB. /19 ymMeHb-
LLEHUA 3TUX HeXenaTesbHbIX (PaKTOPOoB MarHUTOMNPoBoA, HabvpaeTca
13 TOHKOJICTOBOLA TPaHCHOpMaTOPHOA CTasin, a Ha CepageyHUK Win
AKOPb MOMELLIAIOT KOPOTKO3aMKHYTbIA BUTOK.

B oT/mume 0T KOHTAKTOPOB MOCTOSAHHOIO TOKa Y KOHTaKTOpoB re-
PEMEHHOIr0 TOKa YC/10BUSA ralieHns ayru 6osiee ferkme, Tak Kak ayra
Ha NepeMeHHOM TOKe MeHee YCTOMAUMBA U MOXET MoracHyTb npwu
MPOXOXAEHMWN MepeMeHHOr0 ToKa Harpys3Ku 4Yepes Hy/lb.
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KoHTaKTOopbl NepeMEHHOI0 TOKa MMEIOT Ha 3/IEKTPUYECKUNX CXemMax
Te xe 0603HaYEeHNs, YTO N KOHTAKTOpbl MOCTOSAHHOI0 TOKa. B cxemax
ynpasneHna 3 NpUMEHAINTCA N YHMBEPCas/IbHble KOHTAKTOPbI, MOo-
3B0NAI0LLME KOMMYTUPOBaTb CU/I0BbIE LIEMN KaK MOCTOAHHOI0, TaK U
rnepemMeHHOr o ToKa.

BecKoHTaKTHbIe NO/TYMNPOBOOHMKOBbIE KOHTaKTopb! (rnpepbiBaTesiv)
CTPOATCA Ha 6a3e CU/I0BbIX MOJTYNPOBOAHUKOBLIX MPUG0POB TUPUCTO-
POB 1 (pPexke) TPaH3UCTOPOB, OT/INYAIOTCH LUMPOKUMU (PYHKLMOHAU1b-
HbIMU BO3MOXXHOCTSIMM, BbICOKOLA CTEMEHbI0 M3HOCOCTOMAKOCTU U 3Ha-
YMTE/IbHBIM ObICTPOAEIACTBUEM.

MepMaHL e W KOMOVHNPOBaHHbb IE KOHTaKTOPbI UCMO/b3YIOT B CBOEM
coCTaBe 3/IeKTPOMEXaHNYECKME KOHTAKTOPbI M MOJTYNPOBOAHNKOBbIE KOM-
MOHEHTBLI. B HNX KOMMYTaLMA OCYLLIECTB/ISIETCA CU/I0BLIMW M0S1YNPOBOA-
HUKOBbIMY MpPUGopaMK, a rocsie OKOHYaHMA npolecca KoMMyTaumm
BK/IHOHAETCH KOHTaKTOpP, M TOK MPOXOAUT Yepes ero KOHTaKTbl. 3a cueT
3TOro NOBbLILLAETCH CKOPOCTh M YMPaB/IieMOCTb MpoL,ecca KOMMy Taumn
M UCKJ/THOYAETCA YaCTUYHO WM MNOSTHOCTBIO MOSBSIEHME 3/1EKTPUYECKOIA
Oyry, a BO BK/THOYEHHOM COCTOAHMUW YMEHBLLAIOTCA MOTEPU 3HEPT N B
annapare 3a CYeT LLUYHTMPOBaHWS Mo/1yrNpoBOAHNKOBbLIX MPUbopoB MeTa/ -
JINHECKUMW KOHTaKTaMU C Ma/1bIM KOHTaKTHbIM COMPOTUB/IEHVEM.

MarHUTHBbI NyckaTesib NPeaCTaB/ISET COO0IA CreLVa/IN3MpoBaHHbIIA
annapaT, npegHa3Ha4YeHHbIM /1aBHbIM 06pa3oM /1 NMyCKa, 0CTaHOBKM
1 peBepca aCUHXPOHHbIX apuratesieid. Kpome ynpasrieHMs MarHUTHbIE
rnyckaTesin obecneymBaroT C MOMOLLbIO TEr/10BbIX pesie 3aWwnTy ABUra-
TEEA 0T TOKOBbIX MeperpysoK 1 curHanusauuio 06 nx pabore. B cooT-
BETCTBUM C Nepeymc/IeHHbIMN PYHKUUAMW B COCTaB MycKaTesid MoryT
BXOOMTb KOHTaKTOpP, KHOMKW YNpaB/ieHNs, Terv10BbIe pesie 3alUmThbl, CUT-
HaslbHbIE S1aMMbl, pa3MeLLiaemMble B 04HOM Kopryce. Bbinyckaemble mar-
HUTHbIE MyCKAaTe TN Pa3fiNyaloTca MeXXay CO60A Mo Ha3HaveHuo (Hepe-
BEPCUBHbIE N PEBEPCUBHBIE), HA/TNUMIO WM OTCYTCTBUIO TEN/I10BbIX pesie
1 KHOMOK YrpaB/ieHWs, CTEMNEHN 3alUMTbI 0T BO3AEIACTBUA OKPYXKAIOLLIEIA
cpeabl, YPOBHAM KOMMYTUPYEMbIX TOKOB, paboyemMy Harps>keHUHO /iaB-
HOLA LIENW.

BeckoHTaKTHbIe NycKaTesiv NpeacTas/iAoT co60iA Nos1ynNpoBoOgHN-
KOBble (W1 rMbpraHbIE) YCTPOLACTBE, 06bIYHO TUPUCTOPHbIE, KOTO-
pble NpegHa3HaYveHb! /1A yrpaB/ieHns apuraresiavMm (Yalle Bcero acuiH-
XPOHHBIMU U CUHXPOHHBIMW) N OT/INHAOTCA TEMM XKe MOSIOKUTESbHbI-
MU CBOLACTBaMU, YTO U 6ECKOHTaKTHble (rMbpnaHble) KOHTaKTopbl.
OHM MO3BOJIAIOT OrpaHNUMBaTb MYCKOBble TOKW ABUraTesieti W nx
MOMEHTbI NP MYCKE W MOSTy4UIn BC/IeACTBYE 3TOM0 Ha3BaHue «MAr-
KNe* nyckaTesiv Win «Msrkue ctaptepbr™.

Pene. Pene npeacTtaBnsAtoT co6oiA cnaboTouHbIe annapaTbl, npeaHa-
3HaYeHHble /19 UCMO/1b30BaHNA B CXeMax yrpaB/ieHUs, aBTOMaTUKU,
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Ha HebosibLUVie TOKN. Bnok-KoHTakTbl 103aMbiKaloTea U //pasMblka-
H0TCH 04HOBPEMEHHO C 3aMbIKaHWEM T/1aBHbIX KOHTaKTOoB (puc. 2.7, B).
OTKJ/TI0YEHVE KOHTAKTOpa Mpon3BoAUTMCcaATaeM Harpa~Hums ¢
KaTywkn 12 (KoHTakT 13pa3mbikaeTcs). Mpu aTom MNogBukHas cucTe-
Ma KOHTaKTopa noA, ASMACTBYEM CU/1bl TSXKECTU U BO3BPATHOLA MPYXXN-
Hbl O MPUXOAUNT B «HOPMasT1bHOE» COCTOsAHME. Bo3HuMKaroLaa npu pas-
MbIKaHUW T/1aBHbIX KOHTaKTOB Ayra raCuTCs B LLUESEBOLA Ayroracuresib—
HOIA Kamepe 4, M3roTOBJISEMOLA M3 XXapoCTOMMKOI0 U30/8LMOHHOIO0
maTepuasia. s 06neryeHns raeHvs Oyrv MoryT NMPpUMEHSATLCA Kame-
Pbl C N30NAUMOHHBIMU NEePeropoakamMm 3, KOTopble CriocooCcTBYIOT yBe-
JIMYEHUIO OyTW N ee COMNPOTUB/IEHUNSA, a Takoke MHOr4a ycTaHaB/ IMBaeTCA
VCKpOracuTesibHas peLleTKa U3 KOPOTKNX METa/UTUYECKMX MIaCTUH 2.

KOHTaKTOpPbI MOCTOAHHOIO TOKAa WU3roTOB/ISOTCA C O4HUM W ABY-
MS MoJIl0caMy Ha HOMWHa/IbHbIE TOKW T/1aBHbIX KOHTaKTOB 0T 4 A0
2500 A. NaBHble KOHTaKTbl CMOCO6HbLI OTK/THOYATL TOKWN MEPerpysKm
[0 7—10-KpaTHbLIX 0T HOMUH&a/TbHOMO ToKa. KaTyLLKM KOHTaKTopoB Mo-
CTOSIHHOI 0 TOKAa UMEKOT 60/1bLLIOE KOSIMYECTBO BUTKOB U 06/184a10T 3Ha-
UATENbHOA UHAYKTUBHOCTBLIO, YTO 3aTpyAHSET pa3MblKaHVe Lereia
3TUX KaTylleK. MocTUKOBbIe 6/10K-KOHTaKTbl MOIYT OTK/THOYaTb TOKN
40 20 A npn HanpsxkeHnn Ao 500 B B Uensax KaTyLlek arrapaTos re-
PeMEHHOr0 TOKa, a B LeMnsAX KaTyLLeK arnapaToB NMoCTOAHHOI0 TOKa —
0o 25 A npn 110 B, 2A npn 220 B n 0,5 A npu 440 B.

Ha puc. 2.8, 6+ nokasaHbl YC/10BHble 0603HAa4YE€HUS 3/1EMEHTOB
KOHTAaKTOpa COOTBETCTBEHHO: BTAMMBAIOLLEIA KaTYLLUKW; 3aMblKatoLLyX
M pa3sMbIKaOLLMX IM1aBHbIX KOHTaKTOB 6e3 AyrorallieHus 1 ¢ ayrora—
LLIEeHViEeM.

KoHTaKTOopbl NMepemMeHHOro ToKa no NpUHLNMY CBOero ASLACTBUA U
OCHOBHbIM 3/1eMeHTaM KOHCTPYKLUMN He OT/INYalOTCA 0T KOHTaKTOpPOB
MOCTOAHHOIO ToKa. OCO6EeHHOCTU UX paboTbl CBA3aHbI C MUTaHUEM
KaTyLleK NepeMeHHbIM TOKOM, YTO MPUBOAUT K NMOBbILLEHHOMY TOKY
B KaTyLLKe Npun cpabaTbIiBaHWN, B HECKOJIbKO pa3 NpeBbILLatoLLIEMY TOK
Mpy BTAHYTOM fiKope. 10 3104 NpuyMHe /19 KOHTaKTOpoB rNepemMeH-
HOr0 TOKa OrpaHU4YMBaETCS UNC/I0 X BK/IKOHEHMIA B Yac (06bIYHO He
60s1ee 600). Kpome TOoro, mysibCUpyoWMiA MarHATHBLIEA NOTOK, co34a-
BaeMbliA NepeMeHHbIM TOKOM KaTYLLKW, BbI3bIBaeT BMOpaL Mo 1 ryae-
HVe MarHUTOMPOBOAA, a TaKke ero NoBblILEHHbIA HarpeB. /19 yMeHb-
LLIEHUA 3TUX HeXenaTesbHbIX (PaKTOPOB MarHWUTOMNpPoBoA4, HabvpaeTca
13 TOHKOJIUCTOBOLA TPaHC(OPMaTOPHOMA CTa/In, a Ha CepaeyUHUK Win
AKOPb MOMELLAIOT KOPOTKO3aMKHYTbIIA BUTOK.

B oT/imume 0T KOHTAKTOPOB MOCTOAHHOIO TOKa Y KOHTaKTOpoB re-
PEMEHHOIr0 TOKa YC/10BUSA ralieHns ayrn 6osee fnerkve, Tak Kak ayra
Ha MepeMeHHOM TOKe MeHee YCTOMuUMBA U MOXET MOoracHyTb npwu
MPOXOXAEHMWN MepeMeHHOr0 ToKa Harpysku yepes Hy/b.
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KoHTaKTOopbl NepeMEHHOI0 TOKa MMEIOT Ha 3/IEKTPUYECKUX CXeMax
Te ke 0603HaYeHUNS, YTO N KOHTAKTOpbl MOCTOAHHOIO ToKa. B cxemax
ynpasneHua 3 NpUMeEHAINTCA N YHUBEPCaSIbHble KOHTAaKTOpbl, Mo-
3B0N1AI0LLME KOMMYTUPOBaTb CU/I0BbIE LIEMWN KaK MOCTOAHHOI0, TaK U
rnepemMeHHOr o ToKa.

BecKoHTaKTHbIe NO/TYMNPOBOOHMKOBbIE KOHTaKTOpbI (MpepbiBaTesiv)
CTPOATCA Ha 6a3e CUMOBbIX MOTYMNPOBOAHUKOBLIX NPUG0POB TUPUCTO-
POB 1 (pPeXxke) TPaH3UCTOPOB, OT/INYAOTCA LUMPOKUMU (DYHKLMOHASTb-
HbIMY BO3MOXKHOCTSIMU, BbICOKOIA CTEMEHbBIO M3HOCOCTOAKOCTM U 3Ha-
uTEbHBbIM ObICTPOAEIACTBUEM.

MepMaOHL e WY KOMOVHMPOBaHHbIE KOHTaKTOPbI UCMO/b3YIOT B CBOEM
cOCTaBe 3/IeKTPOMEXaHNYECKME KOHTAKTOPbI M MOJ1YTMPOBOAHMNKOBbIE KOM-
MOHEHTBI. B HMX KOMMYTaLMA OCYLLECTB/IAETCA CUII0BLIMW MOJ1yMNPOBOA-
HUKOBbIMW NpMBopamMm, a rocsie OKOHYaHUA rpouecca KoMMyTauum
BK/IHOHAETCA KOHTaKTOpP, U TOK MPOXOAUT Yepes ero KOHTaKTbl. 3a cyeT
3TOro NOBbLILLAETCH CKOPOCTh M YMPaB/IieMOCTb MpoLiecca KOMMyTaLmm
M UCK/THOYAETCA YaCTUYHO WM NOJSTHOCTBIO MOSIBSIEHME 9/1EKTPUYECKOIA
Oyrn, a BO BK/IFOYEHHOM COCTOSAHUWN YMEHbLLAKOTCA MOTEPU SHEPTUU B
annapate 3a cHeT LUYHTMPOBaHWS NoJTyNpoBOAHNKOBbLIX MPUG0poB MeTas -
JINHECKUMW KOHTaKTaMV C Ma/1bIM KOHTaKTHbIM COMPOTUB/IEHNEM.

MarHUTHbI nyckatesb MPeaCTaB/IfseT COO0IA CrieLya/iN3poBaHHbIIA
annapaT, npeaHasHa4YeHHbI /1aBHbIM 06pa3oM /15 MyCcKa, OCTaHOBKU
1 peBepca aCUHXPOHHbIX Apuratesieid. Kpome ynpasieHUs MarHATHbIE
rnyckaTesin obecneymsaroT C MOMOLLbIO TEr/I0BbIX pesie 3aWnTy ABUra-
TE/E 0T TOKOBbIX MeperpysoK 1 curHamsaumio 06 mx pabote. B cooT-
BETCTBUM C NePeynC/IEHHBIMN PYHKUVAMW B COCTaB MycKaTesis MoryT
BXOOMTb KOHTaKTOpP, KHOMKM YNpaB/ieHWs, TervioBbie pesie 3almThbl, CUr-
Ha/1bHb e S1aMMbl, Pa3MeLLiaeMble B 04HOM Kopriyce. Bbinyckaemble mar-
HUTHbIE MYCKATE N Pa3INYaoTCsl MeXXAy co60iA Mo HazHaveHuto (Hepe-
BEPCUBHbIE N PEBEPCUBHbLIE), HA/TNUMIO WM OTCYTCTBUIO TENJI0BbIX pesie
1 KHOMMOK YTpaB/ieHns, CTEMNEHN 3alUMTbI 0T BO3AEACTBMA OKPY>KAOLLEIA
cpeabl, YPOBHAM KOMMYTUPYEMbIX TOKOB, paboueMy Harps>KeHUHO /iaB-
HOLA LIeNn.

BecKoHTaKTHble NycKaTesiv NpeacTas/IAoT CO60EA Moy npoBOAHN-
KOBble (WM rMbpaHbIe) YCTPOIACTBA, 06bIYHO TUPUCTOPHbIE, KOTO-
pble NpegHa3HaYeHb! /1A yrpaB/ieHns ABUraTesiaMmn (Yalle BCero acCuH-
XPOHHBIMU U CUHXPOHHBIMMW) 1 OT/INHAOTCH TEMM XKE MOSIOKNTESTbHbI-
MU CBOLACTBaMU, YTO U 6ECKOHTaKTHble (FrMbpuaHble) KOHTaKTopbl.
OHM MO3BOJIAIOT OrpaHNYMBaTb MYCKOBble TOKM Apuratesieil uwim mnx
MOMEHTbI NP MYCKe Y MOSTy4YUIN BC/IEACTBUE 3TOM0 Ha3BaHWE «Msr-
KVE* MycKaTe M WM «MArkme crapTepbr*.

Pene. Pene npeacTaBnsatoT co60iA €/1ab0TOUHbIE annapaTtbl, NpegHa-
3HaYeHHble [J19 UCMO/1b30BaHNA B CXeMax yrpaB/ieHUsl, aBTOMaTUKN,
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3alNTbI Y CUFHA/IM3aLMN CaMblX Pa3HO06pa3HbIX YCTaHOBOK, a Takke
KOMMYTaLuN 3/IEKTPUYECKUX LiernetA. O6/1acTb NPUMEHEHVIS pesie O4eHb
LuKpoKasi. OHY MCMO/IL3YIOTCA B KauecTse KEMMYTaUMOHHbIX anfjapa
TOB, AATUMKOB TOKa, HamnpsiXXeHWs U MOLLIHOCTU, FPOMEXYTOUHbIX 3/1e-
MEHTOB /19 Nepefayn KOMaH/[, 13 04HOA Lienu B APYTYH U pa3MHO-
YKEHUA CUTHAI0B, AAaTUNKOB BPEMEHU U Pa3/INUHbIX PU3NYHECKNX Me-
pPEMEHHbIX M TEXHO/I0MMYECKNX MapamMeTpoB.

OT/IMMNTENTbHOIA 0COOEHHOCTBIO pesie SB/ISETCA CKauKoobpasHoe
M3MEHEHME ero COCTOSHUA NPUY AOCTVKEHUN BXOAHbIM BO3ALLACTBMEM
Ha Hero onpeaesnieHHoro ypoBHS. Mo CBoOEMY UCMOSTHEHWIO pesie ae-
NIATCA Ha 3MEKTPOMarHUTHbIE (KOHTaKTHbIE), MOos1yrnpoBOAHNKOBbIE
(6ecKOHTaKTHbIE) U repMeETUYHBIE.

Puc. 2.9. Cxema ycTpoicTBa 3/1eKTPOMarHUTHOro pene

AneKTpoMarHUTHOE pesie Mo NPUHLMIMY CBOEro ASMACTBUA He 0T INYa-
€TCA 0T KOHTaKTopa 1 paboTaeT crieayropmm obpasom (puc. 2.9). Ha cep-
JEeYHVKe 2 MarHUTHO CUCTeMbI pesie HaxoauTca KaTywka |, Ha KOTo-
PYIO MoAaeTcs BXOOHOA 3/IEKTPUYECKUIA cnrHast. Korda Tok (Hanpsxke-
HVEe) B LUenn KaTyLLIKU MPeBbICUT HEKOTOPOe 3HayeHue, HasblBaemoe
TOKOM (HanpsbkeHneMm) cpabaTbIiBaHWS pesie, co3gaBaemMast M 3/1eKTpo-
MarHUTHas cusia CTaHeT 60/1bLUe MPOTUBOAEACTBYIOLLELA CW/bl BO3BpPaT-
HoO/ Mpy>VHbI 10, AKopb 3 perie NpUTAHETCS K cepaeyHnKyY 2 1 TpaBepca
6, NOAHABLUMCL, 06eCNEUNT 3aMbIKaHVE KOHTaKTOB <M pa3MbIKaHUEe KOH-
TakToB 7. CU/la HAXKaTUS B KOHTaKTax Co34aeTcs Mpy>mHoiA 9.

Ecnn yMeHbLLIUTB (OTK/THOUNTBL) TOK (HanpsbkeHne) B KaTyLlke, TO
AKOPb MoA, AelACTBYEM MPY>XXMHbI 10 NepelAneT B UCXOAHOE MOSIOKEHNE
M KOHTaKTbl BEPHYTCHA B «HOpPMasibHOe™ (UCXOAHOE) nosioxkeHue. ToK
(HanpshkeHme), NMpy KOTOPOM SKOPb pesie BO3BpalLaeTcs B UCX0OHO0e
rnosioXkeHme, HOCUT Ha3BaHWe ToKa (HanpsXXeHns) Bo3BpaTa Wiv OT-
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MyCcKaHWs, a 0THOLLEHME ToKa (HarpsXXeHWs) Bo3BpaTa K TOKY (Hanps-
XXEHUIO) cpabaTbiBaHUS — KO3(h(ULIMEHTa Bo3BpaTa pesie.

Tok (HanpsbkeHWe) cpabaTbIBaHUA pesie MOXeT peryvmpoBaTbcs B
onpeaerieHHbIX npeaesnax U3SMeHeHNeM CU/bl HATSXXEHUS BO3BPaTHOMA
MPY>XMHbI 10C NOMOLLIBbIO FAMAKM 5, a Takke 3a cHeT 3a3opa 6, Besiumn-
Ha KOTOPOro MOXET pery/impoBaThCs ¢ MOMOLLbIO BUHTA 4. Mpun 3aTsX-
Ke Npy>XVHbI /0w yBesin4eHUM 3a3opa ToK (HanpsbkeHne) cpabaTbi-
BaHWA BO3pacTaeT.

MoCcKOMbKY KOHTaKTbI pesie KOMMYTUPYT Hebosblume (4o 10 A)
TOKMW, B HUX 0ObIYHO He MUCMOSIb3YOTCA AyroracuTesibHble Kamepbl,
a KOHCTPYKLUUN KOHTaKTOB MpocTble.

MpoMeXKy TOUHbIE 3/IEKTPOMarHUTHbIE pesie NPUMEHSAI0TCA B OCHOB-
HOM 19 KOMMYTaLWN 3/1IEKTPUYHECKUX LIEMEIA N Pa3MHOXEHUS KOHTaK-
TOB ApYrUX 3/1IEKTPUYECKMX arnapaTos.

Perie BpemeHn NpeacTaBnseT co60iA YCTPOIACTBO, KOHTaKTbl KOTOPOI0
3aMbIKalTCsa WM PasMbIKalOTCA C HEKOTOPOIA BbIAEPKKOIA BpeMeHU
rocsie rnoslyyeHns cUrHasa yrpassieHus.

AneKTpoMarHUTHOE pesie BpeMeHN 0T/INYaeTca 0T 0ObIYHOro pese
Ha/IMYMEM Ha MarHUTOMPOBOAE MAarHUTHOIA Tpyokn (runb3bl), KOTO-
pas n obecrneunBaeT BbIAEPKKY BPEMEHM pesie NPy OTK/IIYEHUN ero
KaTyLUKN OT UCTOYHUKA MUTaHWA.

BkuitoueHVe penie BpeMeHN MPoMCXoauT, Kak 'y 00bIYHOI0 3/1eKT-
poMarHuUTHOro pesie. Bblaepxka BpeMeHn 06ecneyunBaeTcs 3a cHeT 3a-
Me//1IeHVA BO3BpaTa KOHTaKTHOM CUCTEMbI pesie B UICXO4HOe Mos1oxKe-
HVie 13-3a 60/1ee Mey1eHHOr 0 CragaHnUa MarHUTHOro MoToKa npu CHA-
TUM C KaTyLLKN HanpsbkeHWs. B coOTBETCTBUN C TaKUM NPUHLMIMOM
[elACTBUA 3/M1eEKTPOMarHNTHOE pesie BpeMeH obecnevmBaeT Bblaepk-
Ky NpY pasMbIKaHNWM 3aMbIKaIOLLEr0 KOHTaKTa 1 3aMbIKaHUW pas3mbl-
KaloLLero KOHTaKTa. Bblaepka BpemMeHW pesie peryvpyeTcs nyTem
YCTaHOBKW JIaTYHHOA HeMar HUTHOIA MPOK/1aaKU CTYMNeHYaTo Wi r/ias-
HO 3a CHET U3MEHEHMNA HATSHKEHNSA NPYXXUHbI.

MoTopHOe (3/IEKTPOMEXaHMYECKOE) pesie BpeMEHU B CBOEIA OCHOBE
VIMEET CreuyiasibHbIEA HU3KOCKOPOCTHOA ABuraTesib 1 peayKTop ¢ 60/1b-
LWMM MepeaaToyHbIM YMC/I0M, Ha BbIXOAHOM Basly KOTOPOro MOHTU-
pyeTcs pblyar, Ha4aslbHOe MOoJI0KEHVE KOTOPOro YCTaHaB/IMBaeTCA Mo
LLIKasie yCTaBoK BpeMeHW perie. Pblyar ynpaBnseT paboToiA BCroMora-
TesIbHbIX KOHTaKTOB, KOTOPbIMU, B CBOIO 04epe/ib, BK/IHOUAETCA BbIXOA-
HOE 3/IEKTPOMarHUTHOE pesie.

MexaH14ecKoe pese BpeMeH MEET 3aMe/ITeSb B BUAE aHKEpPHO-
ro MexaHu3ma, yrnpassiseMoro a/1eKTpoMarHMTom. Mpy nogade Hanps-
YKEHWNS Ha 3/IEKTPOMArHUT (Havas10 oTcueTa BPEMEHW) ero AKopb 3a-
BOAVT MPY>KVUHY aHKEPHOI0 MeXaHW3Ma aHas10r M4Ho Yacosomy. Mo-
C/iefHVIA, HadvaB paboTaTb, MepemMeLlaeT MogBYKHBIEA KOHTAaKT pesie.
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3aLUNTbI M CUFHA/IU3aLMN CaMblX Pa3HO06pa3HbIX YCTaHOBOK, a Takke
KOMMYTaLyn 3/1EKTPUYECKUX Liernetd. O61acTb NpUMEHEHWSA pesie 04eHb
winpokasi. OHM UCMO/Ib3YIOTCH B Ka4ecTBe

TOB, AATUMKOB TOKa, HamnpsXXeHWs U MOLLIHOCTU, NP eX 0UHbIX 371e-
MEHTOB /19 nepefayn KOMaHz, 13 OOHOMA Lieny B Apyryl 1 pa3MHo-
YKEHUS CUMHAJI0B, AATUMKOB BP>EMEHN U Pa3/INYHbIX PU3NYECKNX Me-
pPEMEHHbIX N TEXHO/I0MMYECKMX NapamMeTpoB.

OT/MHUTENTbHOIA 0COBEHHOCTBIO pesie SAB/ISETCA CKauKoobpasHoe
M3MEHEHME ero COCTOSHUA NPU JOCTVDKEHUM BXOAHbIM BO3OELACTBYEM
Ha Hero onpeaeneHHoro ypoBHs. Mo cBoemMy WUCMOSTHEHUIO pese Ae-
NIATCA Ha 3MEKTPOMarHUTHbIe (KOHTaKTHbIE), Mos1yNpoBOAHNKOBLIE
(6eCKOHTaKTHbIE) U FEPMETUYHLIE.

Puc. 2.9. Cxema ycTpolicTBa 3/1eKTPOMarHUTHOro pene

AneKTpoMarHUTHOe pesie Mo NPUHLMIMY CBOEro AeACTBUA He 0T/ INYa-
€TCA 0T KOHTaKTopa M paboTaeT crieayroLLym obpasom (puc. 2.9). Ha cep-
[eUHVIKe 2 MarHUTHOIA CUCTEMbI pesie HaXo0AMTCA KaTyllka Y, Ha KOTo-
PYIO MOAaeTCs BXOOHOIA 3/IEKTPUHECKUEA cUrHasl. Korga Tok (Harpsbke-
HME) B LUEMU KaTyLKWN MNPeBbICUT HEKOTOPIOE 3HaYeHue, HasblBaeMoe
TOKOM (HamnpsbkeHVeM) cpabaTbIBaHWS pesie, Co34aBaemMasi M 3/1EKTPO-
MarHUTHas cula CTaHET 60sIbLLE MPOTUBOAEIACTBYIOLLIEIA CU/Tbl BO3BpaT-
HOLA NpyXXUHbI 10, SKopb 3 perie NpUTAHETCH K cepAeyHuKY 2 1 TpaBepca
6, NOAHSABLUNCB, 06eCNeUUT 3aMbIKaHNE KOHTaKTOB < pa3MbIKaHVe KOH-
TakToB 7. C1U/la HKaTUS B KOHTaKTax co34aeTcs NPY>KNHOLA 9.

Ecnn yMmeHbLLUTB (OTK/TIOUUTL) TOK (HanpshkeHue) B KaTyLUKe, TO
AKOPb MoA, AelACTBYEM MPY>XXMHbI 10 nepelAfeT B MCXo4HOE MosioXKeHue
M KOHTaKTbl BEPHYTCHA B «HOPMasibHOE» (UCX0AHOE) nosiokeHue. TokK
(HanpspkeHMe), NMpy KOTOPOM SIKOPb pesie BO3BpaLlaeTCa B MCXO4HOe
rMosioXkKeHme, HOCUT Ha3BaHMe ToKa (HanpsXeHws) Bo3sBpaTa Wim oT-
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MyCcKaHWs, a 0THOLLEHWE ToKa (HarpsXXeHus) Bo3BpaTa K ToKy (Hanps-
XXEHUIO) cpabaTbiBaHUS — KO3(h(hMLMEHTa BO3BpaTa pesie.

Tok (HanpsbkeHue) cpabaTblBaHUA pesie MOXeT perysinpoBaThbCcs B
onpeaesieHHbIX npeaesnax N3MeHeHNEM CU/bl HATSXEHWA BO3BPATHOIA
MPY>XMHbI 10c MOMOLLIBIO FAMAKN 5, a Takoke 3a cUeT 3a3opa 5, Bemun-
Ha KOTOpPOro MOXET pery/IMpoBaThCs C MOMOLLIbIO BUHTA 4. [pun 3aTHK-
Ke NMpy>XvHbl 10w yBeniMyeHnn 3a3opa ToK (HarpsbkeHune) cpabaTbl-
BaHWA BO3pacTaeT.

MoCKO/bKY KOHTaKTbl pesie KOMMYTUPYHT Hebosbwve (8o 10 A)
TOKMW, B HMX 0ObIYHO He MCMOSIb3YTCA AyroracuTesibHble Kamepsbl,
a KOHCTPYKLMN KOHTaKTOB MNPocThble.

MpoMeXKyTOUHbIE 3/1IeEKTPOMarHUTHbIE pesie MPUMEHSIOTCH B OCHOB-
HOM 19 KOMMY Tl 3/1EKTPUYECKMX LIEMEIA N PA3MHOXEHNSA KOHTaK-
TOB ApYrUX 3/1IEKTPUYECKMX arnnapaTos.

Perie BpemeHM NpeacTaBiseT co60iA YCTPOLACTBO, KOHTaKTbl KOTOPOro
3aMbIKalTCa WM Pa3MbIKaloTCA C HEKOTOPOIA BbIAEMKKOIA BPEMEHN
rocsie rnoslyyeHns cUrHasa yrpasrieHus.

AneKTpoMarH1THOE pesie BpeMeHU OT/INYaeTCs 0T 06bIYHOIO pesie
Ha/IMYMEM Ha MarHUTOMPOBOAE MAarHUTHOIA TPY6KN (rnsib3bl), KOTO-
pas n obecrnevunBaeT BbIAEPKKY BPEMEHMW pesie rnpy OTKITHUYEHUN ero
KaTyLUKN OT UCTOYHUKA MUTaHWA.

BksitoueHme pesie BpeMeHM MpomcXoauT, Kak 'y 00bIYHOI0 3/1eKT-
poMarHuUTHOro pese. Bblaepxka BpeMeHM 06ecneymBaeTes 3a CyeT 3a-
Mefi/1IeHVSA BO3BpaTa KOHTaKTHOA CUCTEMbI pesie B UCX0A4HOe MosioXkKe-
HVe n3-3a 60s1ee Mey1IeHHOr0 CragaHnsa MarHUTHOIO MOTOKa NPU CHA-
TUM C KaTYLLKN HanpshkeHUs. B cooTBETCTBUM C TaKUM NPUHLLUIMOM
[elACTBUA 3/1eKTPOMarHNTHOE pesie BpeMeHU 06ecnevmnBaeT BblOepK-
Ky Npy pasMbIKaHNWM 3aMbIKaIOLLEr0 KOHTaKTa U 3aMblKaHUW pa3Mbl-
KatoLLero KOHTaKTa. BblaepXka BpeMeHWN pesie perysivpyeTcs ryTem
YCTaHOBKW JIaTyHHOA HeMar HUTHOIA NPOK/1aaKM CTYMNeHYaTo Win ruias-
HO 3a CHET U3MEHEHMNA HATSKEHNSA NPYXUHbI.

MoTopHoe (3/1IEKTPOMEXaHMNYECKOE) pesie BpeMeHN B CBOEIA OCHOBE
VIMEET CreuyiasibHbIEA HN3KOCKOPOCTHOLA ABUraTeslb U peayKTop ¢ 60/1b-
UMM MePeaaToyHbIM YMC/I0M, Ha BbIXOAHOM Ba/ly KOTOPOr0 MOHTU-
pyeTcs pblyar, Ha4yasibHoe MoJI0KEHWE KOTOPOro ycTaHaB/IMBaeTCs Mo
LLIKasle yCTaBOK BpeMeHW pesie. Pblyar ynpasssieT paboToiA BCriomMora-
TeSIbHbIX KOHTaKTOB, KOTOPbIMW, B CBOKO 04epeib, BK/IHOHAETCH BbIX04-
HOE 3/IEKTPOMarHUTHOE pesie.

MexaHn4ecKoe perie BpeMeH UMEET 3aMeyITesb B BUAE aHKEPHO-
ro MexaHu3ma, yrnpassiieMoro 3/1eKTpoMarHMToM. Mpy nogaye Hanps-
YKEHWUS Ha 3/1IEKTPOMAarHUT (Havas10 oTcyeTa BPEMEHU) ero AKopb 3a-
BOAVT MPY)>XKVMHY aHKEPHOI0 MeXaHu3Ma aHas10rMyHo vacosomy. lo-
C/le0HVIA, HadvaB paboTaTb, MepemMeLlaeT MoABYPKHBLIIA KOHTaKT persie.
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Mocne 3aA4aHHOr0 BpeMeHW, ornpeaesisemMoro nosioXkeHviem (YCTaBKOLA)
HEerMoABWXHOI0 KOHTaKTa pesie, Npou3oAAeT 3aMblKaHNe KOHTaKTHOIA
CUCTEMbI, YTO OMpeaesIT KoHew, oTcueTa Bp?*aeos, TpreB80r L ... version

HekoTopble MexaHU4YecKme pesie BpeMeHU YrpaB/isioTCa He 3/1eKT-
poOMarHMTOM, a MOABWIKHOM 4acTbio KOHTaKTopa. B aTom cryyae 3a-
nyck B paboTy aHKepPHOro MexaHm3ma MpoucXo4muT cpasy ke rocsie
BKJ/IIOYEHUSA KOHTaKTopa. Takme perie BpeMeHU Moslyywin HasBaHve
MasATHUKOBbIX.

3NMEKTPOHHBIE pesie BpeMieH! 06bIYHO B CBOMX CXEMaX MUCMOSIb3YIOT pas-
JINYHbIE MOTYMPOBOAHVKOBbLIE 3/1EMEHTbI (Halle BCero TPaH3UCTOPHBbIE)
M KOHOEHcaTopbl, BpeMs pa3psga win 3apsaa KoTopbIX U onpenenseT
BbIAEPKKY BpPEMEHUN. VX BbIXOOHOMA Kackal, peasn3yeTcs Ha 00bI4HOM
3/1eKTpOMar HATHOM perie.

Perie BpeMeHN C repMETUYHBIMN KOHTaKTaMM UMET Ty 0CO6eH-
HOCTb, YTO UX KOHTaKTbl repMeTU3NPOBaHbl U OHWU ABJIAKOTCA 04HO-
BPEMEHHO M YaCcTbi0 MarHMTOMpPoBoAa pesie. MepmeTmnsaumsa KOHTaK-
TOB MOBbILAET U3HOCOCTOMKOCTb M HAAEXHOCTb pesie B paboTe. B Ha-
CTosILLEee BpeMs pa3paboTaHbl repMeTUYHbIe KOHTaKTbl (FepKOHbI) Ha
TOKM BK/TOHeHMA 00 180 A, TOKU 0TKHoYeHUA A0 60 A npy HOMUHaS1b-
HOM Toke 6,3 A.

Perie MakcMasibHOMo TokKa rnpefHasHayeHb! /18 3almThbl KOHTPO-
JIpyeMbIX LEMEL N YCTPOMACTB OT MOBbILLIEHNS TOKa CBEPX OrnpeaesieH-
HOIA BE/INYVHDI.

Pernie aBTOMaTUKN, 3alLNTbI N CUMHVM3aLMA MMEIKOT caMoe pa3Ho-
06pa3Hoe HasHayeHue n ncnosiHeHve. K Hanbosee ynotpebsisemMbiM B
CXemMax 3/1eKTPoCcHabXeHNs, aBTOMaTUKM U 3alUMT OTHOCATCA perie
aKTVBHOIA M PeaKTVBHOA MOLLHOCTW, pesie cdeTa MMMYJIbCoB, pesie
CUrHasM3aumm N T.4,

KomMMyTaumMOHHbIe 3/IEKTPUYECK/E anmapaTtbl BbICOKOro HanpshKeHus.
BbIk/ouaTesniv npegHasHaveHbl /15 BbINOSIHEHNS OMNepaTUBHOLA U aBa-
PUIAHOA KOMMYyTaLMM B CUCTeMax 3/1EKTPOCHAOXEeHWS U BKITHOHEHNS
1 BbIK/THOYEHUS OTAESbHBIX 3/IEKTPUYECKUX LIEMEIA U Harpy30K.

MacrsHble BbIK/MOYATEN N XapaKTePU3YHTCA TEM, YTO ralieHme Bo3-
HUKaIOLLEIA NMpu pa3pblBe 3/IEKTPUHECKOIA Lienn Ayrv MpoucxXoanT ny-
TeM ee 3h(heKTUBHOI0 0X/10KAEHNS B MOTOKE rasorapoBoii CMecK, Bbl-
pabaTbIBaeMOIA OyroiA B pe3ysibTaTe pa3/ioKeHUs U UcrapeHns Macia.
BbikntovaTesiM 3Toro Tuna AenaTes Ha 6akoBble (MHOr006beMHbIE),
B KOTOPbIX Mac/10 UCMosib3yeTcsa A/1A ralleHns oyrm 1 n3onsauym To-
KOBEAYLLMX YaCTel 0T 6aKa, 1 Masi006beMHbIE (MasloMac/IsHbIE), B KO-
TOpPbIX Mac/10 NUCMONb3YETCA TOSIbKO A4/1A ralleHus Ayrm 1 n3ossagmm
KOHTaKTOB 0HOI0 Mostoca.

ANeKTpoMarHUTHbIE BbIK/THOYaTE M OTK/IHOYatOT LIEnn MyTem Ux pas-
MbIKaHWA CHaYvas1a r/iaBHbIMY, a 3aTeM OyroracuTesibHbIMU KOHTaKTa-
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MW, UMEIOLLIMIMU AyroracuTesibHble Kamepbl. [15 raweHus oyrv npu-
MEHSIeTCA TaK Ha3blBaeMoe MarHUTHOe [y The.

BakyyMHb e BbIK/HOHaTe M XapaKTepU3YHTCA TeM, UTO ralleHmne ayruv
MPONCXOANT B BaKyyMe.

Bo3oylLHble BbIK/IOUaTE M. B BbIK/IHOUATE X 3TOM0 TUMa raweHue
Oy NPOUCX0aVT Modadeii B AyroracuTesibHbIe YCTPOACTBA CKaToro
BO34yxa Npu gasneHnn 6-8 MIMa. 3ToT TvN BbIK/KHATEIELA MPUMEHS-
€TCH B KaUeCTBe CETEBbIX Ha HanpshkeHWe 6 KB U Bbllle, reHepaTopHbIX
BbIK/OHATESIEIA Ha HarnpshkeHne 6—27 KB, BbIK/IOHaTE eI 4/15 S/1EKT-
POTEPMUNYECKUX YCTaHOBOK MpU Harnps>keHnn 6—220 KB 1 B page apy-
X cydaes. [1s aNeKTpuyeckmnx cuctem ¢ Hanpsi>keHmem 350-500 kB
NpYIMeHSETCA Apyras Ayroracsailas cpefa — aseras, Npeacras/isowmin
cobolA wecTudTopucTyto cepy (SFH v obriagaopia 6os1ee BbICOKOLA
3/TEKTPUHECKOIA MPOYHOCTBIO.

PazbeaHUTENN NPUMEHSIOTCA 419 KOMMYTaumn, 0TK/IIOYEHNS U
NepeksIloYeHNS 06eCTOUEHHbIX 3/IEKTPUYECKUX LIEMeIA N, B YacTHO-
CTW, O/19 OTAESIEHNA Ha BPeMs PEMOHTa WM PEBU3NN 3/1eKTP0o060-
PY40BaHUA 0T CMEXHbIX YCTaHOBOK W JINHUIA, HAX0OALWLNXCA Nof, Ha-
npsbkeHMeMm, 1 obecnevyeHns nNpm 3ToM BUANMOIO paspbiBa Mexay
HUMW. Pa3beauHUTENN BbINYCKAIOTCA /19 BHYTPEHHEIA 1 HapyXXHOA
YCTaHOBKMW.

OTaennTesb CIYXUT /19 OTK/II0HEHNS 06eCTOUEHHOIA Lienu BbICOo-
KOro HanpshKeHus 3a HebosbLioe (He 6onee 0,1 ¢) Bpems, A9 vero
CHabXaeTcs ObICTPOAEIACTBYIOLLWIM NPUBOLOM.

KopoTKo3aMbIKaTeNb CAY>XUT OJ19 CO34aHUSA UCKYCCTBEHHOI0 KO-
POTKOr0 3aMbIKaHWUS B LIEMW BbICOKOI0 HanpskeHus. Mo cBoeiA KoH-
CTPYKLMM OH MoA06eH 3a3eMsoLLEMY YCTPOMACTBY pa3beanHNTENS, HO
CHabXkeH ObICTPOAELACTBYHOLLMM MPUBOAOM.

2.3. AHAJIOTOBbIE 3/TEMEHTblI N YCTPOWCTBA
YMNMPABJTEHUA

Pa3BuTME 3MTEKTPOHNKN N MUKPOSJTIEKTPOHNKN WUAET MO MyTU CO-
34aHNA VHTErpMpoBaHHbIX 3/IEMEHTOB U YCTPOIACTB, YTO MPUBESIO K
co3gaHuto nHTerpasibHbIX cxem (M C) 1 ycTpolACTB ynpaB/ieHUs Ha UX
OCHOBe. VHTerpasibHbIMN Ha3blBalOTCA MUKPOCXEMbI, 3/1EMEHTbI KO-
TOPbIX: TPAH3UCTOPbI, AN0AbI, PE3NCTOPLI N AP. — Hepas3pbIBHO coeau-
HeHbI 3/1EKTPUYECKN, KOHCTPYKTMBHO U TEXHOSTOrMYeckn. KosrmmyecTso
3/IEMEHTOB B COBPEMEHHbBLIX C MOXKET JOCTUraTb HECKOSIbKUX ThICAY
1 6os1€€ Ha 04HOM MOJTYNPOBOAHUKOBOM KpucTasisie, a camu MC mo-
ryT coaepXaTb 0AUH Win 60/1ee TakuxX KpUCTasi/10B.

VHTerpasibHble cxeMbl K/1acCUMLMPYHOTCA MO HECKO/TbKVM NPU3Ha-
KaM: BUZY 3/1IEKTPUYECKMX CUMHASI0B (aHaU10roBble 1 LINGPOBbIE), yHK—
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LUMOHa/IbHOMY Ha3HaYeHWIo, CTeNeHN NHTerpaumm, 6bICTPOAELACTBIIO,
noTpeb1semoi MoLLHOCTY 1 ap. OTAENbHYHO Fpynny rnosiynpoBOAHUKO-
BbIX YCTPOLACTB 06pa3yoT ONTO3/IEKTPOHHbLIE npBfgjbtopressor Free Version

ONTO3/EKTPOHHbIE NMPMBOPLI ABNAKOTCA NpUbopamMmn, YyBCTBUTESTbHbK
M1 K 3/1eKTPOMar HATHOMY U3/TyHEHMIO B CMEKTPasSIbHOM AmManasoHe oT
MHMpaKpacHOro Ao yNbTPahuroneToBoro, Wy U3slyyatoT 3/1eKTpomMar-
HUTHYIO 3HEPruto B TOM Xe AuanasoHe. ONT03/1IEKTPOHHbIE MpPnoopbI
LLIMPOKO UCMOSIb3YHOTCA 4719 nepeaayn, 06paboTKM 1 0TOOPaKEHUST NH-
thopMaLmu, a TaKke B pas/iNyHbIX YCTPOLACTBaX Mpy HeobXoaumocTw
ra/1bBaHVNYECKOLA Pa3BA3KM MEXIY 3/IEKTPUYECKMMMN LIENSMK, Hanpyumep
MeXy CXeMOIA ynpaB/ieHMs 1 CUI0BOIA HacTbHO CMJI0BOI0 Npeobpaso-
BaTes1A 3/IEKTPO3HEPIr UK. TpUMEHEHE HAaXOOAT CrieytoLye BabI on-
TO3/IEKTPOHHBLIX NPUBOPOB.

1 Ceetomznydaowmia avog, (CU ) — 3To MNoslynpoBOAHUKOBbIIA
4vop, npeaHasHayeHHbIM 019 npeobpa3oBaHUs 3/1EeKTPUYECKOLA 3Hep-
MM B 3HEPT MO CBETOBOIO U3/TydeHUs. OHN B OCHOBHOM MPUMEHSIOT-
ca A9 NHAMKALMW FOTOBHOCTU 3/1EKTPOTEXHUYECKNX YCTPOLACTB K
paboTe, CUrHa/IN3auUnn 0 HA/IMYMN Ha HEM HarpshkeHUs, aBapUiAHbIX
CUTYaUMIA U OPYTUX COCTOSHUIEA pas3/iNyHbIX 00 bEKTOB.

2. NHpakpacHbIiA vamysaiowpia ayog, (MK-guog) — aTo nosiynpo-
BOAHWKOBbILA AM04, KOTOPbIiA Mpy MpoTEKaHUN M0 HEMY MPSMOI0 ToKa
U3/TyYaeT 3/1EKTPOMarHUTHYIO 3HEPT IO B MH(PaKpacHoOM aumariasoHe.
3T0 u3syyeHne He BOCNPUHMMAETCH YeSI0BEYECKMM [/1a30M 1 MOXKET
PErUCTPUPOBATHLCA /INLLL POTONPMEMHUKOM, YYBCTBUTE/IbHBbIM K CO-
OTBETCTBYIOLLIEIA M0JI0CE CNEKTpa.

MpyHUWN paboTbl, UCMOSTHEHNE N OCHOBHBbIE 06/1aCTN NPUMEHEHUA
y MK-anopos aHasiornyHsl C /. Kpome Toro, oHM NnpMMeHsoTCA B
YCTPOMACTBAaX U JIMHUSAX, TPEBOYIOLLMX ONTUYECKOLA CBA3U WM Fa/1bBa-
HUYECKOIA pa3BA3KMY, a Takke B Pas/INMUHbIX AATUMKAX KOHTPOSIA U aB-
TOMATUKMN TEXHOSI0IrMYECKUX MPOLLECCOB.

3. doTOpPE3nNCTOP — MOJSTYMPOBOAHMKOBBIA MpMbop, CONPoTUBIIEHNE
KOTOPOro MEHSIETCA B 3aBMCMMOCTM OT €ro 0CBELLeHHOCTW.

4. dotoamuon — Avon, NpPoBOAVMOCTb KOTOPOro BO3HWKAET Mpw
BO3AEACTBMM Ha HEro U3/Ty4eHWs B ONMTUYECKOM AnarasoHe.

5. doTOoTMpPMNCTOP — NpPUBOP, KOTOPbIA MNEPEXCOUT 13 OL4HOIO YCTOIA
UYMBOI0 COCTOSAHMSA B ApYroe B pe3ysibTaTe BO3AEMACTBMA Ha HEro CBeTo-
BOrO MoToKa.

6. ®oTOTpaH3nCTOP — MO/TYNPOBOAHMKOBBIIA NMPUG0p, ASACTBYE KO-
TOPOro 0OCHOBAHO Ha UCMOJ1b30BaHUN ABSIEHUSA BHY TPEHHEr 0 a(iheKTa.

7. OnTonapa — 3TO OMTO3/1EKTPOHHBIEA MOJSTYNPOBOAHMKOBLIA NpuU-
60p, COCTOSALLMIA U3 M3STyHatoLwero n GoTonpueMHOro 3/1EMEHTOB,
MeX/y KOTOPbIMU eCTb OMTUYECKasA CBA3b M 06ecrneyeHa asfieKTpmyec-
Kas n3onsauusa (rasibBaHMYecKas pa3Bsa3Ka). V3nydaTesiem B ornronape
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MoxXeT cnyxuntb CU L, K-avon wiv cBepXMUHMATIOPHAsA JSlaMroyka
HaKa/IMBaHWA. B 3aBMCMMOCTU OT BUAA (DOTOMNPUEMHON0 3/1eMeHTa
pa3NnNYaloT PESUCTOPHbIE, ANOAHBbIE, TPAH3UCTOPHbLIE U TUPUCTOPHbIE
onTonapbl.

AHa10roBble 3a/lEMEHTbI 1 YCTPOIACTBA OMEPUPYIOT C HEMpepbIBHbI-
MU (aHas10roBbIMIN) 3NTEKTPUYECKUMU CUMHaU1aMn. OCHOBHBIM 3/1EMEH-
TOM aHas10roBbIX YCTPOIMACTB YMNpaB/ieHUs SBASETCA OrnepaLyoHHbIIA
yewmTesib OY, Ha 6a3e KOTOPOro co34at0TCs pas/IyHbIe peryssTophbl
1 (PyHKUMOHa TbHbIE MpeobpasoBaTesIv 3/1EKTPUUECKNX CUTHAS10B.

Puc. 2.10. Cxema onepaymoHHOro ycunuTtens

OnepaumoHHbIA yeunutesb NpeacTaBsiseT coboi yeunTes b MoCcTo-
AHHOr0 ToKa € 60/1IbLLUIMM KO3(h(PULIMEHTOM YcusieHNs (40 ThICAYU K
6os1ee), 0XBaYeHHbIA OTPULIATESTbHOLA 06paTHOA CBA3bl. Cxema OY
npvBeaeHa Ha puc. 2.10, roe vepes Zw...... 0603Ha4YeHbl KOMIJIEKC-
Hble B 00LEM C/lyHae aKTMBHO-EMKOCTHbIE BXOAHbIE COMNPOTUBIIEHNS
0Y, a 2'c— KOMIJIEKCHOe COMpOTUB/IEHME LEeNn 06paTHOA CBA3W.
OnepaLmoHHbIIA YeWnTe b B 3TOM Crly4ae 0CyLLeCTB/SET npeobpaso-
BaHVe BXOAHbIX CUTHa0B £/ B COOTBETCTBUN C BbIpXKEHNEM

T Wwr
" BbIX :_Zo yi w:;;,o
rge T — KOJIMYECTBO BXOAHbIX CUIHA/I0B.
B npocTeiilem criydae, Korga Ha Bxog OY MocTynaeT 0AMH BXOA-
HotA curHan U,,, a A)G=/?CCwn 27,=/1,, UMeeT MeCTO c/ieaytoLLiee npe-
ob6pasoBaHVe cUrHaa:

T.€. OCYLLECTB/ISETCA €ro YMHOXEHMEe Ha KOIhPUUUEHT K=- L un
"

M3MEHEHME 3HaKa Ha MpoTMBOMO/IOKHBIA. Mpu /A" (£ = 1) veeT

MEeCTO TaK Ha3bIBaeMoe MHBEPTUPOBaHME BXOAHOI0 CUIrHas1a Mo 3HakKy.
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LIMOHa/IbHOMY Ha3Ha4YeHWIo, CTeneHn HTerpaumm, 6bICTPOAEIACTBIIO,
noTpeb/19emMoi/i MoLLHOCTY 1 ap. OTAENbHYHO Fpynny Nos1yrnpoBOAHMKO-
BbIX YCTPOLACTB 06pa3yoT ONT03/IEKTPOHHbIE MPUG0pbI.

OnTO31eKTPOHHbIE NprBoPbI ABNAI0TCA NpHroiral YyifcdHfiChYfSP-1011
MU K 3/1eKTPOMar HUTHOMY M3/TyHEHUIO B CMIEKTPasIbHOM AmManasoHe oT
MHMpaKpacHoro A0 y/bTpahmosieToBoro, Wi nUsy4datoT 3/1eKTpomar-
HUTHYI0 3HEPruvt0 B TOM Xe Auana3oHe. ONTo3/1eKTPOHHbIE Mpubopbl
LIMPOKO MUCMO/Ib3YOTCA /15 Mepeaaqmn, 06paboTKM 1 0TOBpaXKeHUS NH-
thopmaLmu, a TaKke B pas/INYHbIX YCTPOLACTBaX Npu HeobxoaumocTw
ra/1bBaHNYECKOLA Pa3BA3KM MeX/y 3NTEKTPUHECKMMMN LIEMSAMU, Hanpymep
MeXAy CXeMoiA yNpaB/ieHNs N CUSIOBOIA YaCTbiO CU10BOr0 Npeobpaso-
BaTes 1 3/1eKTPO3HEPrnn. MNprUMeHeHMe HaxoaaT crieaytoLume BUabI On-
TO3/IEKTPOHHBIX MPUOOPOB.

1 Ceetomznyvarowmin avog, (CU ) — 3To MosynpoBOAHNKOBBLIIA
4mMop, npeaHasHayeHHbIM /19 Mpeobpa3oBaHuns aMIEKTPUYECKOLA 3Hep-
N B SHEPT MO CBETOBOIO M3/Ty4eHns. OHN B OCHOBHOM MPUMEHSIOT-
cA A8 MHAMKALUMW FOTOBHOCTU 3/1EKTPOTEXHUYECKMX YCTPOMACTB K
paboTe, CUrHa/IN3aLmmM 0 HASIMYMN Ha HEM HarnpshKeHUs, aBapUiAHbIX
CUTYaUMIA U OPYTUX COCTOSHUIA pa3/INyHbIX 06 bEKTOB.

2. NHpakpacHbIiA vemysaiowmia ayod, (MK-agvog) — 3To nosiynpo-
BOAHWKOBbIL AM0A, KOTOPbIA Mpy npoTeKaHW rno Hemy MpsiMoro Toka
M3/TyYaeT 3/1eKTPOMar HUTHYHO SHEPr M0 B MH(DPaKpacHOM AmanasoHe.
3T0 M3/lydeHne He BOCNPUHMMAETCH YesSI0BEYECKMM [/1a30M 1 MOXKET
PErnCcTPUPOBaTHLCA /NLLL DOTOMNPUEMHUKOM, YYBCTBUTESIbHBIM K CO-
OTBETCTBYIOLLIELA M0s10ce CreKTpa.

MpuHLMN paboTbl, UCAOSTHEHVE U OCHOBHbIE 06/1aCTU MPYMEHEHUs
y K-agvonos aHasornyHbl C /. Kpome Toro, oHM NpUMEHSAOTCA B
YCTPOLACTBAX U JIMHUSAX, TPEOYIOLLMX ONTUYECKOIA CBSA3U WM Fa/ibBa-
HUYECKOIA pa3BA3KMN, a Takke B Pas/INYHbIX JATUMKAX KOHTPOSIA U aB-
TOMAaTUKM TEXHO/I0rMHYECKMX MPOLLECCOB.

3. doTOpE3nCTOop — MOsTYMPOBOAHMKOBBIA MpMbop, CONPOTUBIIEHNE
KOTOpPOro MEHSIETCA B 3aBUCMMOCTU OT €ro 0CBELLLEHHOCTI.

4. doToamon — Anoa, NPoBOAMMOCTb KOTOPOro BO3HMKAET npu
BO3AEIACTBUM Ha HEro U3sly4eHns B ONMTUYECKOM AnarasoHe.

5. doTOoTMpPMNCTOP — NpPUBOP, KOTOPbIA NEPEXOANT 13 O4HOIO YCTOLA
UYMBOI0 COCTOSAHMSA B APYroe B pesy/ibTare BO3ASACTBMA Ha Hero CBeTo-
BOrO0 MoTOKa.

6. ®oTOTpaH3nUCTOpP — MO/TYMPOBOAHMKOBLIIA MPUG0P, ASACTBYE KO-
TOpPOro 0CHOBAaHO Ha MUCMO/1b30BaHUW SBSIEHNS BHYTPEHHEr0 afieKTa.

7. OnTonapa — 3TO OMTO3/1EKTPOHHBIA MOJTYNPOBOAHVKOBLIIA Mpn-
60p, COCTOAMIA N3 MN3JTyHatoLero n GoToNpueMHOro 3/1EMEHTOB,
MeXAay KOTOpbIMU eCTb ONTUYECKas CBA3b 1 06ecneveHa a/ieKTpuYec-
Kas n3onsaums (rasibBaHNYecKas pa3Bsaska). VsnydaTenem B ontonape
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MOXeT cnyxutb CU L, NK-amoa, wiv cBepXMUHMATIOPHAA S1aMnoYvka
Haka/IMBaHWA. B 3aBMCMMOCTU OT BMAa POTOMPUEMHOr0 3/1eMeHTa
pas3snMyaloT pe3nCTOPHbIE, ANOAHBbIE, TPAH3UCTOPHbIE N TUPUCTOPHbIE
onTonapsb!.

AHas10roBble 3/1IEMEHTbI 1 YCTPOIACTBA 0NEePUPYIOT C HEMNPEPbIBHbI-
MU (aHa/10roBbIMU) 3/TEKTPUYECKUMN CUMHasTaMU. OCHOBHbLIM 3/1eMEH-
TOM aHas10roBbIX YCTPOIACTB YMpaB/ieHUs ABASETCA OrnepauyoHHbIIA
yewwmtesnb OY, Ha 6a3e KOTOPOro co34atoTcs pas/INyHbIe perysigTopbl
1 PyHKLUMOHa IbHBIE Npeobpa3oBaTesiv 3/IEKTPUYECKUX CUTHAUI0B.

%oc

Puc. 2.10. Cxema ornepaunoHHOro ycunmtens

OnepauyoHHbI yeunutenb NMpeacTaBiseT coboia yewmTesib NocTo-
AHHOI0 TOKa C 60/1bLUIMM KO3(PMULIMEHTOM YCUieHUs (40 ThiCaun U
60s1€€), OXBaYEHHbIA OTPMLATESIBHOIA 00paTHOM CBA3blo. Cxema OY
npmeBeaeHa Ha puc. 2.10, rge vepes 2°,,..., 0603Ha4YeHbl KOMIMJ1EKC-
Hble B 06LEM C/TyYae aKTUBHO-EMKOCTHbIE BXOAHbIE COMPOTUB/IEHUS
0Y, a 2"c— KOMIJIEKCHOe COMpoTUB/IEHNE LEeNN 06paTHOA CBA3W.
OnepaLmoHHbIA yewnTe b B 3TOM C/ly4ae oCyLLEecTB/SET npeobpaso-

BaHMe BXOOHbIX cMrHasoB U,,, B COOTBETCTBUM C Bblpa>KeHNEM
*

jr
Mex=-2 Y 7 =
I ni

rge T — KO/IMYECTBO BXOAHbIX CUFHA/I0B.

B npocTeiAlLem ciyyae, Korga Ha Bxog OY MnocTyrnaeT 04uH BXOA-
HoiA curHan U,,, a [,.c=/".cn 21" =/?,, MeeT MecTo criefytoLlee npe-
obpa3oBaHMe CUrHasIa:

T.e. OCYLLECTB/ISETCA ero YMHOXEHMEe Ha KOIPDULIMEHT K= "
" I

M3MEHEHME 3HaKa Ha MPOTUBOMNOSIOKHBIA. Mpun /<.*=?, (Jt=1) nmveeT

MeCTO TaK Ha3bIBaeMOe NHBEPTUPOBaHME BXO4HOI0 CUIHaUs1a Mo 3HaKY.
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Ecrin Zo =R,,cu Zt§=RtX* To OY cyMmmMupyeT nofaBaemMble Ha HEro
3/IEKTpUYECKME BXOAHbIE CUTHasIbI C Op,HOBp%MEHHbIM YMHOXEHNEM UX

Ha COOTBETCTBYHOLWMIA KO3IhPMLUNeHT K, =-"PfeFW*" ressor Free Version

Mpun BK/IIOYEHUN BO BXOAHbIE LEMNU U LIENW 06paTHbIX CBA3ELA Ha-
paay ¢ pe3ncTopamMmm Takke n KoHAeHcaTopos OY Mo3BosISIOT ocylLle-
CTBMATbL 1 gpyruve npeobpasoBaHUA BXOLHbIX CUMHa/10B, HEOBX04NMbIlE
A1 NOSTyYeHNS HYXKHbIX YTPaB/IsoLWMX BO3AEACTBUIA B CXeMax yrpaB-
NeHNA N aBToMaTUKN. TaKme cxXxembl nos1ydymnnn HasBaHMe perysiaTopos.
B Tabn. 2.2 npmBeAeHbl HEKOTOPbIE pacnpocTpaHEHHbIE CXEMbI U Xa-
paKTEPUCTUKU PerynaTopoB ¢ Ucnosib3oBaHnemMm OY.

[MporopupoHarIbHbIA [-perynsTop (M. repBylo CTPOKY Tabs. 2.2)
OCYLLECTB/IAET NPOMNopLIMOHasIbHOEe rnpeobpa3oBaHne BXOOAHOI0 CUMrHaa

C KO3pOUUMeHTOM K=-gS-” MHBEPTUPOBAHMEM 3HaKa BXOLHOIO

curHana. B ctonbue 5T1abn. 2.2 nokasaHa 3aBUCUMOCTb U3MEHEHUS BO
BPEMEHM BbIXOAHOIr0 curHania MN-perynsatopa npy nogaye Ha Hero cTy-
MeH4YaToro BXo4HOro CMrHasia B MOMEHT BpEMEHN  HasbiBaemas ne-
pexogHoiA hyHKUVEA.

CxXeMbl 1N XapaKTepucTUKKN UHTerpasibHoro N-perynaropa, avdde-
peHuuanbHoro 1 -perynaropa, anepuogmnyeckoro A—perynsaropa, npornop-
LmoHasbHO-MHTerpanibHoro (M), nponopLyioHaibHO-AmdhepeHLIaribHOro
(MA4) v nponopumoHasibHO—-UHTEr paribHO-AudhepeHumansHoro (MAA4)
perysiaTopoB Takxke npuBegeHbl B Tabn. 2.2.

OnepaunoHHbIe YCUIUTENN LLUMPOKO MCMOSIb3YHOTCH TaKKe B CXe-
Max KomMnapaTopoBs, hopMupoBaTeseil UMIMY/bLCOB, FEHepaTopPoB 3/1eK-
TPUUECKUX CUTHA/I0B, OFpaHNYUTENEIA, YCWIUTENEA U BO MHOTUX ApY-
X yCTPORACTBAxX.

MpuMmepoM peasin3aunm cepniAHbIX aHaSI0ro0BbIX CPeACTB yrpaBsie-
HUS N NX QYHKUNIEA siBUMack pa3paboTkKa YHUDULMPOBAHHOIA 6/104HOA
cuctembl perynupoBaHmsa (YBECP) B Bnge cepum YBCP-A (Ha 06bly-
HbIX 3/IeMEHTax 3/1IEKTPOHUKN) U 3aTeM cepun YBCP-AW (Ha vHTer-
pasibHbIX MUKPOCXeMax), KOoTopas npefHasHayasiacb r/1aBHbIM 06pa3om
015 MPUMEHEHUST B CXeMax aBTOMaTUKN. ®YHKLMOHa IbHblE npeobpa-
3oBaTesin, BxogAawmne B coctaB YBCP-AW, mo3BonAOT BO3BOOUTH B
KBagpaT N M3BJIeKaTb KBaApaTHbLIIA KOpEeHb M3 BXOL4HOr0 CUrHana,
YMHOXaTb 1 Ae/INTb BXOAHbIE aHa/10r0Bble CUMHasTbI, BbIAEIATH MOy b
cuUrHana, GopmMmnpoBaThb pas/INyHbIe HeMMHEMIHbIE 3aBUCUMOCTU MEX-—
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Tabnuua 2.2

CxeMbl perynsatopos

Bua I I MepexogHasn
Cxema npeo6pasoBaHua PyHKLNS
(0.4
N r-lW b-M b U.,=kU,, L—roc .
R
n..
Co*
AL f=l— 1> N\udt T.K.G,
n.
G +Ccn—JI_ M =T--~A T=KA
“ dt
ifii L "
Al
rpsx> er T=K'CO
Jlox Cxc k=
m LEW -
oy
n T=K¢£o
n.,
Ox Jo Um -k(Un+ L—Rqc
na n, TdUm
n oy dt r=/?.c,
Cl fox Cox L rw Jl+rH 7SS
nna H«|J_.| OHR t/,u .
EPBY 3+ ° +7|/tL 1 a-a a
noor "=N.C,
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4y BXOAHbIM 1 BbIXOAHbIM CUFHaslamMmun. 3TU rnpeobpasoBaTesin Takke
peasin3oBaHbl Ha 6a3e 04HOI0 UM HECKOSIbKNX OY.

Momumo aToro, B coctaB YBCP-AW BXogaT KomaHAHble (3aAa-
oW Kne) ycTpoiiAcTBa, 3a4aTUMKN MHTeHcUBHOCTU cPCTTfScn, gaTunkun
TOKa U HanpsbKeHUS, YCTPOLACTBA COr/1acoBaHUs, AHeAKN rasibBaHNYeC-
KO pasBsA3KU 1 OUSIbTPOB.

2.4. QNCKPETHbIE 3/1IEMEHTbI 1 YCTPOWUCTBA
YNPABJTIEHNA

TeHAeHUME pa3BUTUSA CUCTEM YrpaBJieHUs U aBToMaTusaumun
ABNSAETCA LWMPOKOE MPUMEHEHNE B HUX AUCKPETHbIX 3/IEMEHTOB U
YCTPOMACTB. Takue cxembl, NosyymBLLNE Ha3BaHWE LMPPOBbLIX, Xapak-
Tepn3ylTCcs BbICOKMMU TOYHOCTbIO, BbICTPOAEIACTBMEM U HaAEeXHOC-
Tblo B paboTe, MasibiM 3HEPronoTpeb/IeHNEM U XOPOLLEIA NMOMEXOYCTOLA-
UYMBOCTBIO. LinthpoBble cXxeMbl ynpaB/ieHUs eCTeCTBEHHbIM 06pa3oM Co-
yeTawTca ¢ ABM, cocTaBnasg ¢ HAMN eiNHYI0 aBTOMAaTU3NPOBaHHYIO
cucTeMy ynpaBfieHUSA TEXHOMI0MMYECKMM MNPOLLECCOM, MpeanpuaTmuem
WA 0TPacsbIo.

B HEKOTOpPbIX C/ly4Yasx LesiecoobpasHo co3gaHne cMeLlaHHbIX, Lng-
poaHas10roBbIX CXEM, COHeTaKLWUX B cebe Hauslyullne CBOLACTBa aHa-
J10roBbIX U ANCKPETHBLIX 3/1EMEHTOB N YCTPOLACTB.

Tpurrep sBnseTca ogHUM 13 Hambosiee pacnpocTpaHeHHbIX 3/1IEMeEH-
TOB LN(POBbIX YCTPOLACTB yrpaB/ieHus1, 06/1a4alLWwmx AByMS YCTOIAYUK-
BbIMW COCTOAHUSAMM U CMOCOBHBIMU CKaAYKOM MepexoauTb U3 04HOI0
COCTOAHMNSA B ApYroe nof BO3OEMCTBMEM BHELUHEro YMnpaB/isoLero
cuUrHasia. Tpurrep MoXeT paccMaTpuBaTbCsA KaK 3/1eMeHTapHas ayeii-
Ka namMaTun, KoTopas MOXKeT XpaHUTb 16UT nHpopmalmm, T.e. OH Mo-
YKET 3arMoOMHUTb NpeABapuTesIbHO YCTaHOB/IEHHbIA B HEM YPOBEHb J10-
rmyeckoro cmrHasia O uam 1m coxpaHATb 3TOT YPOBEHb 0 MOMEHTa
HOBOIA 3anumncu. C Mcnosib3oBaHUEM TPUTTEPOB CTPOSATCA pas/IMyHbIe
NI0OrMYecKne U BbIYUC/IUTESIbHBbIE Y3/ibl, @ TakXke reHepupyowme
YCTPOIACTBA M YCTPOIACTBA NamMATW. o cnocoby 3anucy nHgopmauum
pasnuyaloT crieayolme TUnbl Tpurrepos: /?—£-tpurrep, Y-Ar—TpuUrtep,
/)-Tpurrep, I-Tpurrep, XxapakTepnucTUKN KOTOPbIX NOAPO6HO paccMoT-
peHbl B [26].

BbMmc/MTENbHbIE YCTPOCTBA. ITW YCTPOACTBA NMpeHa3HauveHbl A/1s
BbINO/THEHNS Pa3/INYHbBIX apuMeTUYEeCKUX onepaumniia. Belumcnuresbs-
Hble onepayuun BbIMO/HAKTCSA B LLUMPOBbIX Y3/1aX Ha 0CHOBE ABOMYHOIA
(undpbl 0 n 1), BOCbMepUYHOM (Undpbl 0T 0 40 7) UK WecTHaAUATU-
pyuHoia (undpbl 0T 0 A0 9 N WeCTb STAaTUHCKUX BYKB — A (OecAaTb),
B (oanHHaguaTth), C (aBeHaguaTb), D (TpyHaguath), £ (YeTbIpHaALATD),
/'(NnAaTHaguaTe)) cMcTem cuucsieHuns. LlecTHaguaTupmuyHas v BOCbMU-
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pUYHasa cUCTEMbI NO3BOSIAIOT OCYLLECTBSATL 60/1€ee KPaTKYH0 U YA00HY0
3anucb MHMopMaLLMU B ABOUYHOIA hopMme.

K BbIMUCAUTENBbHBIM YCTPOLACTBAM 0THOCSTCS CHETUMKM, CYMMATO-
pbl U KOMMNapaTopbl (YCTPOIACTBa CpaBHEHUS).

CYeTuMK. 3TO UMPPOBOIA y3en, npegHasHauyeHHbIMA gna noacyera
yunca BXOAHbIX cMrHanoB. OHU NoAapa3aensAnTcs Ha CyMMupytoume,
BblUMTaKOLINE U peBEPCUBHbIE. PeBepcUBHbIE CHETUMKU 06GecneymnBa-
0T KaK CyMMMpPOBaHMe, Tak U BblYMTaHUE YMCes], a BblunTaroLmne —
TO/IbKO BblUMTaHME.

CymmaTop. 3TOT UMDPOBOIA y3en BbIMOJIHAET ornepauuio croxe-
HUA AByX ymcesni. O6bIYHO CyMMaTOp NpeacTaBiseT coboii COBOKYIM-
HOCTb 04HOPa3pPAAHbIX CYMMUPYIOLLMX CXeM, paboTarLmx B COOTBET-
CTBUWM C Tab/MUe ABONYHOIO C/IOKeHUS. CyMMaTopbl MO3BOMSAIOT
OCYLLECTB/IATbL U OMepauuio BblUMTaHUSA, /19 HEero ee 3aMeHs0T one-
paLVein CI0OKEHUA YMeHbLUaeMoro ¢ nopaspsgHbiM A0MO/THEHNEM
BbIYMTAEMOrO.

KommnapaTop. 3TOT LMdppoBoIA y3en BbIMoSIHAET YHKLUIO cpaBHe-
HWs oByx uucen [, v B,,. B pe3ynbTaTe cpaBHeHUs onpeaenseTcs nc-
TUHHOCTb 04HOI0 13 cooTHoweHUIA: A,= BNA,, > BNA, < B,,, kaxgoe
M3 KOTOPbIX (PUKCUPYETCA eAVHUYHBIM CUIHA/IOM Ha COOTBETCTBY-
lOLLEEM BbIX0AE.

Nornyeckme UMPOBbLIE Y3/Ibl OCYLLIECTB/AT pa3/INUHbIE JSIOrnyec-
Kvie orepaumn Hag, ANCKPETHBIMU 3MIEKTPUYECKUMU cUrHariamu. K HUm
OTHOCSATCA pacnpeaennTenIn MMNyJibCeoB, WUQpPaTopbl, AelndpaTopbl
U My/IbTUMNJIEKCOPbI.

PacnpeaenmTesnib My 1b00B NMpeacTaB/iseT co60iA LNKDPOBOLA y3erl,
KOTOpbIA 0becneynBaeT pacnpeaesieHne 0AHOKaHa/IbHOM MocsieoBa-
TeSIbHOCTU VMIMY/1bCOB MO HECKOJTIbKMM BbIX0AaM.

JewndpaTop (aexkoaep) ocyLlecTBAsET Takoe Npeobpa3oBaHMeE CUT -
Hasla Ha N BXoA4ax, Mpy KOTOPOM Ha 04HOM €ero BbIXo4e BblpabaTblBa-
eTcs curHan 1, a Ha BCex 0CTasIbHbIX COXpaHATCA curHanbl 0. W undg-
paTop npeobpasyeT eAUHUYHBIMA CUIFHaU1 Ha 04HOM M3 BX0A0B B [BO-
WYHOE YMC/10 Ha HECKOSTbKNX BbIX0AAX.

My nbTUNIEKCOP — LMMPOBOLA y3es, obecrieumBatolLniA nepeaady
CUIHAJI0B C HECKOJIbKUX BXOAHbIX /IMHUIA B 04HY BbIXOAHYO. Bbl6op
BXOZHOIA IVHUU NMPON3BOANTCS C MOMOLLLbHO YMPaB/ISIOWEro MMy 1bC-
HOro cMrHana (ko4a), NoAaBaemMoro Ha ynpas/siowme BXoAbl My/ibTuU-
nsiekcopa. My/ibTUMJIEKCOP MOXET 6bIThb BbIMO/THEH Ha OCHOBE CXEMbI
JewngpaTopa NyTem ee HEKOTOPOro rpeobpasoBaHUs.

YcTpoiictBa navsi. 3T YCTPOIACTBa NpeaHa3HayeHbl 411 3arnomu-
HaHWs, XpaHEHUS U Bblgaun MHdopMaunn. K HAM 0THOCATCS perucT-
pbl, MaTPULLbI-HaKONNTENN 1 3arnomMunHatowme ycrpoiactea (3Y): one-
paTtuBHble (O3Y) n noctosiHHbIe (M3Y).
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Perunctp npegHasHavyeH ansa 3anucu, 3anoMmHaHUA 1 Bbldaum MHO-
ropasps,4Horo ABONYHOI0 YMc/ia N BbIMO/IHEHNS Haf, HAM HEKOTOpPbIX
HECNOXHbIX SIOrnYyecknx onepaumii. C NoMoLLbIO BBeAEHUNA Apriogunr
TesIbHbIX CBSA3ELA U JI0OFMYECKUX 3/1IeMeHToBM>e9LLM°60oLU )xNe<!>All
BbINOJ/IHEHME TaKMX IOrMYecKUX onepauuniia, Kak MHBepTMpoBaHUE
KoZa, CABUI Yuca BNpaBo UV BIEBO Ha Tpebyemoe Ync10 pas3psaos,
nepegadva vucen B Apyrota paspsg U T.4.

MaTpuua-HakonuTe b npeacTaBnseT co60iA y3en namsaTu ¢ 6onee
BbICOKMM 06BHEMOM 3aroMUHAeMOMA MHMopMaLMn Mo CpaBHEHUIO C
pernctpom. OCHOBY MaTpULbl COCTaBAT TpUrrepbl, CNocobHbIe 3a-
MNOMHUTL 1 6UT MHGpopMauun (ogHopaspsaHOe ABONYHOE YMCO0).
MHoropaspsagHas mMaTpuua cocTouT U3 0gHOpPa3pAaHbIX MaTpuL, COo-
eVHEeHHbIX NapasifiesibHo. Pa3HOBMAHOCTbLIO MaTpULbl-HaKONUTEeNS
60s1ee BbICOKOro hYHKLIMOHA/IbHOI 0 YPOBHS SIBASETCA MporpamMmmumnpy-
emas normnyeckaa matpuua (MaM).

3anomunHarouiee ycTpoiicTteo (3Y) obecrneumBaeT XpaHeHWe 60/1b-
LINX 06bEMOB MH(opMaL M. 3anoMUHaKLLLME YCTPOLACTBa, 0becreyn-
BaloLMe MHOFOKpPaTHYHO 3aNncb N CHUTbIBaHME UH{OpMaL K, Nosny-
UMM Ha3BaHMe onepaTUBHbIX 3arMOMUHAKOLWNX YCTPOIACTB. OCco6eH-
HOocTb O3Y COCTOUT B TOM, YTO OHO XPaHUT MHGOPMaL,U0 TOSIbKO Mpr
Ha/ M4 NNTaHUA, a NpyY ero noTepe UHpopMaLnsa TepseTcs.

3anomMumHaroL e ycTpolACcTBa, NpeaHasHavYeHHble 4715 NOCTOAHHOI 0
XpaHeHNs eANHOXAbI 3aNUCaHHOIA MHBopMaL UK, NoslyynsIn Ha3BaHue
MOCTOSAHHbIX 3aNOMUHAKOLLNX YCTPOIACTB. 3TU YCTPOLACTBA CNOCO6HbI
COXpPaHATb 3anucaHHy B HUX MHGopMaL Mo M NpU NoTepe NUTaHUS;
OHU XapakKTepusyTcsa 60/1bWLMM 06BEMOM XpaHMMOIA MHMopMaLun,
60/1€ee NPocTbIMU MO cpaBHEHUIO ¢ O3Y cxemMamMm N MeHbLUMM 3HEPT o-
noTpe6aeHnem.

LindopoaHanoroeslie (LIAM) n aHanoro-updoposbie (ALLMT) npeobpa-
30BaTe/M NPUMEHSTCA A/19 B3aMMHOI0 npeobpa3oBaHUs aHa/10r0BbIX
U UMGPOBbIX cCUMHau10B. OHM MOryT BbIMNO/HATBLCA B BUAe rnpeobpaso-
BaTens koa —HanpshkeHne (MKH), npeobpasytoLiero ABOMYHBILA NN
[BONYHO-AECATUYHBIIA KO, B HaNpshXKeHMe MOCTOSAHHOIO TOKa, a Tak-
ke rpeobpasoBaTesieii yactoTta — HanpsbkeHne (MYH) n Hanpske-
Hne —yactota (MHY), ocywecTBasowmnx npeocbpasoBaHne YacTOThbl
cflefo0BaHUS MMMY/1bCOB B HANPshXXeHMe NOCTOSAHHOMo ToKa 1 06paT-
Hoe rnpeobpasoBaHme.

MpumMepoM CepUAHOIA peasin3aunm LUGpoBbIX YCTPOLACTB ynpassie-
HUA MOXET CMYXXUTb YHUPULMpoBaHHAaA 6/104Has cMcTema perynmpo-
BaHWNSA OUCKPETHOIA nHpopmaunm YBCP-AW.

B coctaB YBECP-W BxogaT 6/710kM 4515 06paboTKM LpOBOA MHGOp-
Maumm (popmupoBaTesib Ymces, AUCKPUMUHATOP Yuncen, apudmeTumyec-
KOe YCTPOIACTBO) U YaCTOTHbIX CUIFHaN0B (FreHepaTop YacTOTHbIX CUMHa—
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0B, LM(POBOLA MHTErpaTop, YrpaB/iseMbIA Ae/INTeSlb YacToThl), Mpeo6-
pa3oBaHMA KOAA YMCsIa B HaCTOTY M HaCTOThbI B KOZ, YKC/Ia, BBOAA U BbIBO-
Aa nHgopMayummn (perncTpbl NaMsAT BXOOHOIA U BbIXOAHOIA, (hopMupoBa-
TesTb CUTHaI0B UMMYJIbCHbIX U KOAOBbIX AaTUMKOB MOS10XKEHUS, YCUN-
Te/M BbIXOAHbIE) U CBSA3U C aHA/SI0M0BbIMW 3/1EMEHTaMV CXEM YTPaB/IEHUS.

Ha 6a3e saTux umgppoBbIX y3/10B B pamkax YBCP- AW pa3paboTaHbl
TunoBble 6/710KM yNpaBsieHUs, NO03BOJIAOLLINE BbINOMHATL CIOKHbIE
apupMeTNYECKME U JIOTUYECKME OMnepaLun.

2.5. MoNynrpoBoAgHMKOBbBLIE JTOTNMYECKWE
SJTIEMEHTbI

Nornyeckumu anemMeHTamu (J/13) HasblBalOTCS AUCKPEeTHbIe asle-
MEHTbI, HaNps>KeHNs1 Ha BXOAE W BbIXoAe KOTOPbIX MOFYT MPUHMMATb
Wn BbICOKOe — slornyeckas eanHmnua (ganee 1) Wam HU3Koe — JIoru-
YecKniA Hysb (panee 0) 3HaueHUsi. OHU MOTYT BbIMNOJTHATLCSA Ha 3/1eK-
TPOMarHUTHBLIX pesie, MarHUTHbIX 3/leMeHTax N B Buge W C, aBns-
IOLLINXCS1 COBPEMEHHBIM WX UCMOSTHEHUEM.

a Onepauua «HE»

Onepauuns «AJTN»

Puc. 2.11. Noruyeckune anemeHTbl:
a— -HE»; 6 — «W»; B— -U»; 1 — «N-HE>»

Ha puc. 2.11 nokasaHbl CXeMbl APOCTEIALLNX J13. JIorueckniA arieMeHT
«HE* (puc. 2.12, a) BbIMNO/HSAET 0NepaLmio 0TpuLlaHus (MHBEPTUPOBaHNS).
Mpy Hanuunm BXoAHOTo cnrHania X = 1 BbIXOOHOIA CUrHa/ OTCYTCTBYET
(Y —0), a npu otcyTcTBmMM BxogHoro (X=0) BbIXOAHOM CUrHas1 paBeH
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Pernctp npegHasHaveH ans 3anucu, 3arnoMmMHaHUS U Bblaauyu MHO-
ropasps4Horo 4BOMYHOI0 YMC/Ia U BbIMOSIHEHUSA HaZ HAM HEKOTOPbIX
HECNOXHbIX IOrnyeckmnx onepauunia. C nomoLlblo BBeAeHUS A0N0/THN-
TeslbHbIX CBSA3EM N /IOFTUYECKUX 3/1EMEHTONBAPPLUD ~ 1A A~ A 11
BbIMNOJ/IHEHME TaKMX JSIOFMYECKUX onepaumii, Kak UHBepTupoBaHue
KoAa, cABUT Ymca BrpaBo Win BfIEBO Ha Tpebyemoe uunco pas3psaaos,
rnepeaada vmcen B Apyroia paspsag u T.4,

MaTpuua-HakonuTesib NpeacTaBseT co60iA y3en namsaTu ¢ 6onee
BbICOKMM 06BbEMOM 3arnoMUHAeMOA MHGOpPMaLUK N0 CPaBHEHUIO C
pervcTpoM. OCHOBY MaTpuLbl COCTaBMAAT TpUrrepbl, CrocobHble 3a-
NOMHUTL 1 6UT UHGpopMauuun (ogHopaspsaLHOe ABOMYHOE 4YUCIIO).
MHoropaspsaaHas maTpumua cocTouT 13 o4HOopaspsgHbIX MaTpuL, Co-
eAVNHEHHbIX NapasifiesibHo. Pa3HOBMAHOCTbLIO MaTpULbl-HaKoNMUTe s
60/s1ee BbICOKOro ()yHKLVWOHa/IbHOI 0 YPOBHS SABNSETCA NPorpaMmmMupy-
emas normnyeckaa martpuua (MAM).

3anomuHarouee ycTpoiiacTtio (3Y) obecnevnBaeT XpaHeHMe 60/1b-
LWnX 06BbEMOB MH(opMaLMmn. 3anoMmnHaloLme ycTpotACTBa, obecneyumn-
BaloLMe MHOFOKpaTHYH 3aNnCb U CHNTbIBaHUE MHGopMaLLUKU, MNosy-
UMM Ha3BaHWe onepaTUBHbIX 3aMOMUHAKLLLNX YCTPOLACTB. OCob6eH-
HOCTb O3Y COCTOUT B TOM, UTO OHO XPaHUT UHMOPMALLUIO TONLKO Npu
Ha/ M4 NNTaHUsA, a Npyu ero NoTepe UHgopmaLna TepseTcs.

3anomMuHaroLme ycTpoiAcTBa, NpeaHasHavYeHHble /19 MOCTOSAHHOI0
XpaHeHUs eANHOXAbI 3aNNCaHHOIA MHGopMAaLLMKA, MONYYUSIV Ha3BaHWe
MOCTOAHHbIX 3aMOMUWHAKLWNX YCTPOMACTB. 3TU YCTPOIACTBA CMOCOOHbI
COXpPaHATb 3anncaHHy B HUX MHGOPMaLLMIO U Npy NoTepe NUTaHus;
OHMN XapaKTepunayTcs 60/1bLNM 06BEMOM XPaHUMOIA MHMopMaLLmK,
60s1€e NPOCTbIMW MO cpaBHEHMIO ¢ O3Y cxemaMn 1 MEHbLUVUM 3Hepro-
noTpebsieHnem.

LindopoaHanorosblie (LLAM) n aHanoro-updposble (ALLM) npeobpa-
30BarTe/M NPUMEHSTCA 4719 B3aMMHOI0 rnpeobpa3oBaHms aHa/10roBbIX
M UndpoBbIX cUrHaoB. OHM MOryT BbINO/HATLCA B BUAe Npeobpaso-
BaTesniA Kog, —HanpshkeHne (MKH), npeobpasyoLero ABOVUYHLIA Wn
[OBOVYHO-AECATUYHBIIA KO, B HaNpshKeHMe NOCTOAHHOI0 TOKa, a Tak-
)Xe npeobpasoBaTesieii yactoTa — HanpsbkeHue (MUYH) v Hanpsxe-
Hue —vyactoTa (MHY), ocywecTBAAOWMX Npeobpa3oBaHNE YacTOThbl
cnefoBaHUS MMMYJ/1bCOB B HanpshkeHmMe rnocTOAHHOIo ToKa 1 obpaT-
Hoe npeobpa3oBaHMe.

Mprmepom cepmiZiHoA peann3aymmn LUpoBbIX YCTPOIACTB yripaBrie-
HUA MOXET C/IYXXUTb YHUMMLMpoBaHHaA 6/104Haa cucTemMa peryJsimpo-
BaHUS OUCKPETHOA MHGpopMauun YBCP-AW.

B cocTtaB YBCP-[W BxogsaT 6710kM g/15 06paboTKU LgpoBoiA MHDop-
Maumu (popmupoBaTesib umces, LUCKPUMUHATOP Ynces, apuipmeTnyec-
KOe YCTPOLACTBO) M YaCTOTHbIX CUFHa/10B (FeHepaTop YaCTOTHbLIX CUFHa-
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J10B, LM(POBOIA MHTErpaTop, YNpas/iseMbliA AeUTe b YacToThbl), Npeoo6-
pa3oBaHWA Koda Yunc/ia B YacTOTy U YacTOThbl B KOA, YnUC/1a, BBOAA N BbIBO-
[a Hopmaummn (PerucTpbl MamsiT BXOAHOIA 1 BbIXOAHOIA, (hopMUpoBa-
Te/lb CUMHa10B UMMNYJIbCHBIX U KOA0BbIX AaTUMKOB MOJIOKEHUS, YCUSIN-
TesM BbIXOAHbIE) U CBA3M C aHa/10r0BbIMW 3/1eMEHTaMU CXEM YTPaB/1eHUs.

Ha 6a3e sTnx umgpoBbIX y3/10B B paMmKax YBCP - paspaboTaHbl
TUNoBble 670KV yMnpaBsieHUs, MO03BOSIAIOLME BbINO/HATL C/I0XKHbIE
apumeTnyecKue 1 SIornyeckmne orepayum.

2.5. MONYNPOBOAHWNKOBbLIE TOTMYECKWE
SNEMEHTbI

Nornyeckumu anemMeHTamun (J13) HasblBalOTCS AUCKPETHbIE a/1e-
MEHTbI, HamMpsXKeHUs1 Ha BXoAe W BbIXoAe KOTOPbIX MOMYyT MPUHUMATb
WM BbICOKOe — slornyeckas eamHunua (ganee 1) uanm HU3Koe — s1oru-
yeckniA Hynb (ganee 0) 3HaueHUsi. OHU MOFYT BbIMO/IHSTLCS Ha a/1eK-
TPOMarHUTHBLIX pesie, MarHUTHbIX 3/1eMeHTax 1 B Buge VN C, aBns-
IOLLIMXCSI COBPEMEHHBIM NX UCMOJTHEHWEM.

a Onepauus «HE»
6 Onepauyusa «N*
-y
No
Bn\ Onepauus «»
I Q i: —"-2
r Onepaums «NTN-HE»
- Y
fj>

Puc. 2.11. Nornyeckne anemMeHTbI:
a- -HE»; 6 - -UWIN»; a- «WN.;Tr- -UIN-HE-

Ha puc. 2.11nokasaHbl cXeMbl NpocTEMLLNX J13. JIOrMHECKNIA /1EMEHT
«HE* (puc. 2.12, a) BbINO/HSAET 0NepaLmio 0TpuLaHns (MHBEPTUPOBaHNS).
Mpy HaMuMM BXOAHOro curHasna X = 1 BbIXOAHOIA CUIHas1 OTCYTCTBYET
(Y=0), a npn otcyTcTBUM BXoAHOro (X=0) BbIXOAHOIA CUIrHa/1 paBeH
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Y—1 3Taiormyeckas onepaums MoXXeT BbIMOSTHATLCA U C MOMOLLbHO 3/1EK-
TPOMarHUTHOIO pesie, UTO TakKe 0TPadKeHO Ha PUCYHKE.

Jlornyecknia anemeHT «JTN*. CUrHa Ha BbIXo4e 3/1EMeHTa MosiB-
nseTca Npy HaIM4YnMmM XoTA 6bl 04HOro BXoam BPoAgarll*A1?2@~ 1 1
(puc. 2.12, 6). Onepauuns «NJIN* MOXET BbINOSHATBLCA 4719 S1l060ro
KOJ/INYeCcTBa BXOAHbIX CUIHasI0B.

JIornyeckmii anemMeHT «M*. CurHan Ha Bbixoge Y= 1 (puc. 2.12, B)
MnosiBNSETCA TO/IbKO B TOM C/ly4ae, ecsiv 06a BXOAHbIX CUrHas1a paBHbl 1
B ocTtanbHbIX criyyasax K= 0.

JNornyecknia anemeHT «N TV -HE» (puc. 2.12, 1). B aTom 6osiee
CJZTIOXKHOM 3JIEMEHTE MpPU HaJ/INUMKM X0TA Obl 04HOI0 CUIrHas1a Ha BXoae
(Xn Xr= 1) curHan Ha Bbixoge Y= 0, a nMpu OTCYTCTBMM BXOAHbIX
(X,, X2= 0) curHan Ha Bbixoge Y= 1

Kpome paccCMOTpPeEHHbIX MPUMEPOB JI0OTNYECKNE 3/IEMEHTbLI MOTYT
BbIMO/THATE 3arnoMuHaHme ornpeges1IeHHOro ypoBHsA BX04HOI0 CUrHaa
(onepaumnsa «MamMATb»), 6/I0KMPOBKY (onepauus «3anpeT»), Bblaepx-
KY BPEMEHWN Ha BKJ/IHOYEHME U OTKJIHOYEHVE U ApyTrue onepauun.

VIHTerpasibHble MNUKPOCXEMbI J1I0T MYECKNX 3/IEMEHTOB MOIYT UMETH
passINYHYI0 TEXHOOr M0 N3r0TOB/IEHNA:

TT/1 — TpaH3NCTOPHO-TPaH3NCTOPHAA JIOTUKa N ee pasHOBUAHOCTb
TTNOW;

KMOIT —10rvka Ha 0CHOBE KOMI/IEMEHTaPHbIX MOSIEBbIX TPAH3CTOPOB;

9CJ1 — aMUTTEepPHO-CBA3aHHAas JI0r1Ka;

N2J/1 — nHTerpasibHas UHXXeKLWOHHas JI0rnKa.

B HacTosiLWee BpeMs HanbosbLlee pacrnpocTpaHeHMe NosyyYnun fo-
rudeckne VC no texHonorvam TTJ/1 n KMOTT.

Jlornyeckue afnieMeHTbI BbIMyCKalOTCA B COCTaBe cepuu «Jlorvka n»,
B KOTOpoiA mncrnonb3ytea MC K155 n K511 ba3oBbIM 3/1EMEHTOM ce-
pnn «Jlornka N» ABNSETCA NIOrnM4ecKnia anemeHT «M-HE*. B cocTaB
3TOA cepunm, KpoMe JI0FMYeCcKnX, BXOAAT 3/1IEMEHTbI COr/1acoBaHus, Bpe-
MEHU N YCUNINTESIN.

OJIEMEHT COrj1acoBaHUA CoO4ePXNT MUHUATIOPHOE FepKOHOBOE pesie
Tuna PMIr-6 ¢ masibiM aHepronoTpe6s/ieHNeM U A0CTaTOYHO BbICOKUM
6bICTpoAeiACTBMEM, KOTOpoe obecriednBaeT TakXke rasibBaHUYeCKyHo
pa3BA3KYy Lieneia yrnpaBrieHUs. 3/1eMeHTbl BpEMEHU B COCTaBe cepum
«Jlornka N* obecneumBaloT BblgepXkn BpemeHu ot 0,01 go 10c. Ycum-
nvTenn npegHasHavyeHbl AN YIpaBfeHNSA MO CUrHaIaM J10r MYecKmnx
3/1EMEHTOB UCMOSTHUTESTIbHBIMU MeXaHU3MamMu, NMoTPebtAALWNMU MOLLL-
HOCTb [0 HECKO/IbKUX AEeCATKOB BaTT. OHWY BbIMOJ/THAOTCA Ha MOLLHbIX
TpaH3MCcTOopax U NMMeKT ANCKPETHBLIA BbIX0A.

B HacTosLee BpeMs HaubosibLLee pacnpocTpaHeHWe noayyunv J139
Ha 6a3e MHTerpasibHbIX MUKPOCXEM, B COCTaB KOTOPbIX MOryT BXOAUTb
HECKOJ/1bKO JIOr MYECKUX 3/IEMEHTOB.
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2.6. MNKPOTTPOLECCOPHBIE CPEACTBA
YIMNPABJIEHNA

B HacTosLee BpeMs MUKPOMpPOLLeCCOpHbIle cpeAcTBa LUMPOKO Mpu-
MEHSIOTCA BO BCeX 06/1acTAX OeATeNIbHOCTU YesioBeKa. X 0CHOBOM
aBnseTcs Mykponpoueccop (M) — nporpammMHo-ynpassisemoe Lug-
poBOe YCTPOIACTBO, NMpegHasHaueHHoe 419 06paboTKU UHDopMaLLn n
yrpaB/IeHNS 3TUM MPOL,ECCOM.

MuKponpoLeccop BbIMNO/IHAETCA HA OCHOBE OA4HOIA WM HECKO/1b-
Knx 60nbwnx NC (BUC), KoTopble COCTOAT U3 HECKO/IbKUX AECATKOB
TbICAY MNPOCTbIX 3/IEMEHTOB U MOryT UMeTb 24, 40, 48 n 64 BbIiBOOA.
Mnowaab BV C He NpeBOCXOAUT HECKOSIbKUX OECATKOB KBaapaTHbIX
MWIMMETPOB, YTO onpeaenseT Masioe aHepronoTpebneHne MI1, ero
HaZeXHoCcTb B paboTe, HebosibLIME Maccy U rabapuTHble pasmepsbl,
a npu MaccoBOM BbIMyCKe — HEBbICOKYHO cToumMocTb BC. Bbinyck BNC
ona MT B pa3BUTbIX CTpaHax yABanBaeTCs NMPUMEpPHO Kaxable 2 roga.

Puc. 2.12. Cxema (a) u cTpykTypa KomaHzbl (6) MUKponpoLeccopa

CTpyKTypHas cxemMa MMKpornpoL,eccopa rnokasaHa Ha puc. 2.12, a.
B Hee BX0AAT apmpmMeTUKo-ormveckoe yctpoticteo {AJ1Y), ycTpoii-
cTBO yrnpasneHus (YY) n peructpoBoe 3anoMuHawLlee yCTPOMACTBO
(P3Y). 3Tn Tpu oCHOBHble YacTu MI1 coeguHEHbI TpeMS JINMHUAMM
cBA3M — WKnHamMm gaHHbix WA, agpecos LA n ynpasnenunsa LY.

APUPMETVKO-/TONMUECKOE YCTPOCTBO NpeAHasHaueHo Aasa BbInosi-
HEeHUS1 apUPMEeTUUYECKUX U JIOTUUYECKMX OMepauniia Haj faHHbIMU B
BUAE ABONYHbIX Yuncen. JaHHble, C KOTOPbIMM MPON3BOASATCH 3TW one-
paumu, HasbIBaloTcsA onepaHaaMmn. O6bIYHO B onepaumn y4acTBYHOT ABa
onepaHAa, OANH N3 KOTOPbIX HAX0AUTCSA B cMeLnasibHOM perucTpe —
akkymynsaTope A, a apyroii — B peructpax P3Y wnm namatu MI.
VHorga AJ1Y HasbiBalOT OMnepaLyoHHOM YacTbio M.
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PervctpoBoe 3anoMvHatoLLEee YCTPOMCTBO CoAEPXKUT HECKOSIbKO pe-
rmcTpoB o6uiero HasHadyeHus (POH), a Takke perncTpoB cneymasb-
HOro HasHauyeHus, B YacTHocTU cyeTunk komaHA (CK). NHorpga P3Y
Ha3biBaloT BHyTpeHHelA MaMATLIO MIT. PDF ComPressor Free Version

YnpaBnsitoLLee YCTPOMCTBO npeaHa3HaueHo A/18 BbIpaboTKN cUTrHa-
0B ynpaBsieHUs1, obecrnevunBatroLmx paboTy 6710koB MI1. B cocTaB YY
BxoauT pernctp komaHz (PK), B KOoTopoM thnKcupyeTcsl BbINOSTHAEMas
B JaHHbIA MOMEHT KOMaHAa.

KomaHAbl, obecnevnBaroLme peasinsalmio 3a0aHHON0 airopuTma
06paboTKN MHpopMaymnm, 06pasytoT NporpaMmMy M BbIMOSTHAKTCA B
rMoLlaroBoM pexxmme CTPOro B 3armcaHHOIA MocsiefoBaTesIbHOCTU.

Kaxaas KomaHga nporpamMmMbl CoAepXUT MHGopMaL Mo 0 TOM, YTO
HY>XHO [ileNaTb, C KAKUMU ornepaHaaMun U No KakoMy azpecy NoMecTUTb
pe3ynbTaT onepaumn. 18 3Toro KoMaHaa UMeeT CTPYKTYpY, NpuBeaeH-
Hy0 Ha puc. 2.12, 6. MNepBast YaCcTb KOMaHbl COAEPXKNT KO, ornepaumn
(KOM), T.e. nHopmaLuio 0 xapaKTepe BbIMO/IHEHWSA Orlepauyn Hag, one-
paHAamu (Hanpumep, CI0XKeHWe, SIorMyecKoe cpaBHeHVe U TA4.). BTopas
YacTb KOMaHObl — afipecHast — COAEPXKMT aapeca pacriosioKeHUs onepaH-
[0B, C KOTOPbIMW MPOU3BOAMTCA AaHHas orepaums, U afpec permcrpa wim
AYe KM NaMATU, KyOa A0/DKEH ObITb NOMELLEH pe3ysibTarT.

KomaHabl, agpeca v onepaHabl MTI BblpaxaloTca 4BOUYHLIMU MHO-
ropaspsaHbIMN Yncamm, npeacTaBnseMbIMU, Kak U BO BCEX LINDPOBbIX
YCTPOIACTBaX, KOMOMHaLMEIA OBYX YPOBHEIA HarpsXXeHUsi — BbICOKOIo U
HU3Koro. MNepsBble MTI1 onepupoBasIn ¢ YeTbIpeXpaspaaHbIMU YMCTaMU,
a coBpeMeHHble 311 —c BOCbMU- U LLecTHaaUaTMpaspsaHbIMy. VIcnosib-
30BaHVe B MI MHoropaspsagHbIX BOUYHbLIX YMces1 MO3BOISET MOBbI-
CUTb NX BbICTPOAEIACTBME N TOYHOCTb PaboThbl.

Mporpamma (COBOKYMHOCTb KoMaHA) MTT MoxXeT 6bITb 3anucaHa
HeCcKo/IbKMMK cnocob6amu. MepBblia N3 HUX MpedycMaTpuBaeT 3anuncb
KOMaH/, HenocpeACTBEHHO B BUAE OBONYHbIX Yuces, T.e. B BUAe Tak
Ha3bliBaeMoro MalwMHHOIo Koaa, «MoHATHOro* gaHHomy MI1.

Bonee yaobHbIM ABASETCA UCMNO/Ib30BaHWE A3bIKOB NPorpaMmmMmmpo-
BaHUSA. A3bIKM HU3KOI0 YPOBHSA Tuna Accembiep Kak cpecTBo obLe-
Hus ¢ MT BK/IOYaOT B ce6s HECKO/1bKO AeCATKOB TUMOBbIX KOMaHA,
npeAcTaBsiIeHHbIX B YC/10BHbIX MHEMOKoAax. Hanpumep, A3blK 3TOro
TUNa g1 oTedyecTBEHHOro BocbMupaspagHoro M tuna K580 Bk/to-
YaeT B cebs 0K0s10 80 TUMOBbIX KOMaHA, — apuiMeTNUECKNX, JSI0r n4ec-
KUX, NMepecbISIKM JaHHbIX, nepefayun yrpasseHns 1 pag apyrux.

Ewe 60s1bLIME BO3MOXHOCTU M YA06CTBA MOS1b30BaTE/ O MUKPOMNPO-
LLECCOPHbIMM CXeMaMn yrpaBfieHUs NPeacTaBAsioT A3bIKW NPorpaMmMu-
poBaHMA BbICOKOI0 ypoBHA: POPTPAH, MACKAJIb MT+, MN/M,
BEMCWK-80, CU, AOA v Ux pasHOBUAHOCTU (AuanekTbl). CocTas-
JIeHHble Ha 3TUX A3blKax NPorpaMmMbl Jasiee TpaHCMpyoTes (nepeBo—
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OATCA) ¢ NOMOLLbIO crieymanibHbIX NporpaMmm, noslyyYmMBLUNX Ha3BaHWe
Kpocc—-nporpaMmm, B CUCTEMY MaLLUMHHbIX KOAO0B, «MOHATHbIX» MTT.
15 BbINo/IHEHWS (PYHKLU MKW yripaBsieHns cxema M T gonosiHsaeTces ue-
SbIM psagomM 6710K0B, B pesysibTaTe Yero obpasyeTcss MUKPOMpOLLEccopHast
cuctema (MTIC), cTpyKTypHas cxemMa KOTOPOIA npuBedeHa Ha puc. 2.13.

e T

Puc. 2.13. CxeMa MUKPOMNPOLECCOPHOW CUCTEMBI

B coctaB MTC Hapsigy ¢ MI1 B o6LieM crlydae BXogdaT YCTPOIACTBa
namatn O3Y u M3Y, nHtepgeiicHoe yctpoiiacteo (LNY), ycTpoiicTea
conpsbkeHus (Y C) ¢ BHELUHMMY 06bEKTaMU; BHELLHWE 3anoMUHaroLlme
ycTpoiiacTBa B3Y, ycTpoiicTBa BBoga-BbiBoAa MHMopmaunn (YBB),
obuwan wuHa (OLWL), Bknwovatowas B cebsa WA, LU Ywn LWA.

MamaTe O3Y n M3Y cny>knT gnsa pasmeweHmnsa nogaexawmx obpa-
60TKe AaHHbIX MpPorpamMmMbl, B COOTBETCTBMU C KOTOPOIA 3Ta 06paboT-
Ka O0/1KHa BEeCcTUCb, U pe3ysibTaToB 06paboTKu. [ paclimpeHus
BO3MOXHOCcTe A MTC, kpome O3Y un MN3Y, MoryT ncrnosnb3oBaTbeA
B3Y, K uncny KoTopbIX 0THOCATCA HaKoNMTENN UHpopMaLum Ha rmo-
KNX MarHUTHbIX ANCKAaX, MarHUTHOIA /IeHTe, KacCeTHbIe HaKonuTesu.

YCTpoiACTBa BBOAAa-BbIBOAA MH{OpPMaLUK npegHasHavyeHbl A1A
obecneveHus B3ammoneiacTBma MT1C 1 yenoBeka B yA06HOA A19 HEro
thopme. K ycTpoiAcTBaM BBOAa—BbIBOAA OTHOCATCA K/1aBUaTypa MnysibTa
YnpasneHns MT1C, nevaTalowas MmalimHka (NpuHTep), rpaonocTpon-
Tenn, YyCTPOACTBa BU3YaslbHOI0 npeAcTaBfeHnsa uHpopmMawmm (aucn-
nen) n 1.4,

YCTpoACTBa conpskeHmns obecneumsaloT cBsa3b M C ¢ pasnnyHbI-
MM BHELLHUMW (NepudepuiAHbIMKN) YCTPoLACTBaMU. OHM MOryT UMETb
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caMble pa3HO06pa3Hble CXEMHbIE U 3/IEMEHTHbIe peann3auumn. B ua-
CTHOCTW, A/1a coryacoBaHUs CMrHas10B AaTunkoB [ 06bekTa yrnpasse-
HUA OYc MMM C ucnone3ytoTca aHanoro-yudpposble (ALLM) H ynd-
poaHanoroBble (LJAI) npeobpasoBatenine K M XK ~ 1 X CUrAI0B,
0603HavyeHHble Ha cxeme YC1 n YC2.

YcTpoiicTtsa conpskeHnsa YC3 v YC4, npeaHa3HauYeHHble 4719 CBA3U
MTC ¢ B3Ywn YBB, npeactaBnaioT coboi/ B NMpocTeALLEM Crly4ae by-
thepHble (MPOMEXYTOUYHbIE) PErUCTPbl NAMSATU A/ XPaHEH WS AaHHbIX,
nepegaBaembix ¢ O LU Ha BHeLlHMe yCTPOIACTBa WM 06paTHO. YCTpoA-
CTBa COMpsXKeHUS, NOSTyUYMBLUME Ha3BaHWE KOHTPOs1/1ePOB (MUKPOKOH-
TPOJ1/1€POB), BbIMOJIHAT 60/1€e C/I0KHbIE (YHKLUN, N UX paboTa Mo-
YKET MporpaMmMmpoBaTbCS.

YcTpoiiacTBa conpsixxeHns Y C5 BbINO/HAKT corsiacoBaHne paboThbl
AaHHota MTIC ¢ gpyrumm MTMC v 3BM. YcTpoiicTBa Takoro Tuna
nosly4ynsn HasBaHue aaanTepoB.

MHTepgeric ycTpoiacts (MY) — 3T0 COBOKYMHOCTb 3/1IEKTPOHHbIX
CXeM, WWWH 1 aniropuTmMoB (Nporpamm), obecrnevnBsarowas yrpasseHue
nepegaveii MHhopmaLumn Mexay MM, NamsTbio N BHELLHUMW YCTPOIA-
cTBaM, K KOTopbiM oTHocATca YBB, B3Y mn [l. lNoBops kpatko, NY
obecneumBaeT Tpebyemoe B3avmogeiiacTere MTMC ¢ ykazaHHbIMU BHELL-
HUMW YCTPOLACTBaMU MPU M3MEHEHUN pexkuma ee paboTbl. TUMUYHBIM
npuMepoMm SBASETCA Nepexos 0T BbIMNO/IHEHUSA OAHOIA MporpaMmbl K
BbIMO/THEHVIO APYIOLA MPpU MOCTYMN/IEHUM OT KaKoro-Jsinbo BHELLHErO
YCTPOIACTBA CUIHa/1a yrpaBrieHus. TakoIA nepexog, noslyyns Ha3BaHue
npepbiBaHusA. lMocfie 3aBepLieHNs MpepbiBaloleian nporpaMmmbl NY
obecneumBaeT Bo3BpaT MTC K paboTe Mo npepBaHHOA MnporpaMmme.
Mpumepamn AYABNaTCA Talimep, 6/710K NPAMOro AocTyna K nams-
Tn, 6/10K OpraHu3aLnm NnpepbIBaHUIA.

Mo HazHa4YeHUIo 1 CBOMM XapaKTepUCTUKaM pa3/inyaloT crieaytoLume
BuablI MT1C.

1 YHU(pMLUMpoBaHHbIE G/104HbIE MUKPOMPOLLECCOPHbIE KOMIIEKCHI Y
nporpaMmmMupyemMble SI0rMYecKne KOHTPO/UIEPb], KOTopble NpeAHa3HaYveHbl
LN19 CO34aHUNSA NIOKas/IbHbIX CUCTEM aBTOMAaTUYECKOro yrpassieHus oT-
[enbHbIX arperaToB, TEXHO/IOMMYECKNX KOMIMIEKCOB U MPOMbILL/IEHHBbIX
cucTeM.

2. CneunasiManpoBaHHbIE MUHV- 1 MUKPOSBM opmeHTUpoBaHbI Ha
KOHKPETHbI TUMN 06bEeKTa yrpaB/ieHUs1 1 Haubosiee 4acTo NCMOSIb3Y-
I0TCS Kak BCTpavBaeMble.

3. MyHU- 1 MUKpPO3BM 06LLEero HasHayYeHsl, NepcoHasibHble 3BM,
YMpaB/IsioLLMe MUHU- UMUKPOOBM nmetoT B cBoeM cocTaBe LUMPOKNIA
Habop YCTPOIACTB CONPSXXeHUs, BBoAa-BbIBoA4A M 06/1a4al0T BO3MOX-
HOCTbIO BbIMO/THEHUA 60/bLUMX 06 BEMOB BbIMUC/INTEbHBLIX OMEpaLniA.
B cBA3U C 3TUM OHW MNPUMEHSIIOTCA MNPU PeLleHUN CIIOKHbIX 3a4a4
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yNpaB/ieHWs1, TaKnX, Kak onTUMU3aLMs TEXHOSIONMYECKMX MPoLLeccoB,
CTaTUCTUYECKNE METOAbI UX KOHTPOSISA, XpaHEHUSA 1 06paboTKM 60/1b-
WX 06beMOB MH(OPMaLLUK, yNpaB/ieHVe B peasibHOM MaclLTabe Bpe-
MeHU U1 ap.

Mporpammvmpyembie koHTporviepb! (MK) npeacTasnsoT coboth MIMC,
npegHasHaveHHble A1 yrpaBfeHNs JI0Ka/IbHbIMU 06 beKTaMu B peasib-
HOM MacliTabe BpeMeHW. MosSIBUBLUMECS KaK CpeacTBO A/151 3aMEHbI
pesieiAHoiA aBTOMATUKN N YCTPOIACTB XKECTKOIA JIOrMKK Ha I C Masiota n
cpeaHelA cteneHn nHterpauum, MK B HacTosLLee BpemMs NpeacTaBis-
K0T co60t1 Knacc M C, opeHTUPOBaHHbIX Ha LLUVMPOKOE UCM0/1b30Ba-
HVe B NMPOMbILLIEHHOIA cpefe A/19 pelleHuns caMblX pasHoobpasHbIX
3apa4 aBToMmaTusaumn. [ng atoro NK MMeOT COOTBETCTBYHOLLEE KOH-
CTPYKTMBHOE UCMOJSIHEHVE U CreLnasibHoe nporpaMmmMHoe obecneveHue,
J1Ierko ocBavBaemMoe NepcoHas1oM, He MMEeLLUM CcrneuyasibHOA noaro-
TOBKM B 06/71aCTW MporpaMmmMupoBaHuUS.

Puc. 2.14. Cxema nporpaMmmpyemoro KoHTposiepa

MpuHumn gevicteua MK nnnocTpupyeT pyuc. 2.14. OCHOBHYIO YacTb
cxemMbl MK 06pa3ytoT 3anomMuyHaroLee ycTpolacTeo 3Y, B KOTOPOM CO-
LepXNTCs NporpaMma ero paboTbl; siorndecknii npotieccop J111 (aprd-
MeTUnYecKo—/10rnyeckoe ycTpoiAcTeo AJ1Y), ocyLLecTBASAOWMIA S1IO0TMU-
yeckme onepayun Hag rocsieoBaTesIbHO BBOAUMbIMU B HEF0O CUT Ha-
namn; kommyTaTop BxoAHbIX Kl u BbIxogHbix K2 curHanos;
ycTpoiicTBa conpsxeHuna MK ¢ BxogHbIMn YC1 n BbixogHbiMu YC2
curHanamm; namaTthb [, B KOTOpPY NOCTYNalT pe3y/ibTaTbl BbIMO/IHE-
HUWA JIOrYEeCcKNX onepaumiA.

BxogHble curHansl UnX, U, 2 ..., Un,, cogepxatme nHhopmawrmio
0 X0e TeXHOSI0MMYECKOro npoLiecca, pexxmmax paboTbl 0TAE/bHbIX Ya-
CTelA yrpaB/1ieMoro 06beKTa, COCTOAHUUW 3alWNThbl U T.4,., NOCTynawT
Ha Bxog YC1, koTopoe obecrnieumBaeT UX ra/ibBaHNYECKYH Pa3BsA3KY M
®opMUpoBaHUE N3 HUX CUMTHA10B, COOTBETCTBYHOLUUX BE/IMUMHE U BUAY
ncnosib3yemMbiX B AaHHOM MK,

CopmMupoBaHHbIe TakUM 06pa3oM CUrHasibl NOCTYMalT Ha BXOL4
K1, koTopbIta nocnenoBaTesibHO nogaeT Ha J1IM ToT n3 Hux, agpec Ko-
TOpPOro cCooepXXNTCA B o4epefHOIA KoMaHAge, NocTynawLweii ns 3Y.
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Mocne BbINo/IHEHHBLIX J1 T Npeobpa3oBaHNiA, KOTOpble Takke onpe-
[ensiTcs 3a/10KeHHOIA B 3Y MporpaMmMoIA, cUrHasibl Yepes KOMMYyTaTop
K2 nocTynatoT B perucTp namsatn A v ganee vepes YC2 Ha Bbixog, MNK.

B KauecTBe BXOAHbIX [0MYCKalOTCHA CUTHLALI MEMOT 500
250 B NOCTOAHHOI0 WX NepeMeHHOro Toka, obLiee YMc/10 KOTOopbIX
MOXKET A0CTUraTh ThICAUN 1 6onee. BbIxoagHble YCTPOIACTBA COMNPSHKEHUS
YC206bI4HO CTPOATCA Ha OCHOBE OMTPOHHbLIX TUPUCTOPOB, 0becrneyn-
BalOLNX ra/ibBaHMYECKYHO Pa3BA3KY BbIXOAHbIX LENeiA 1 no3sosisioLmx
YMpaBsiTb A0CTaTOYHO MOLLHbLIMUW UCMO/THUTE TbHBIMW YCTPOLACTBAMU —
pene, KOHTaKTOpaMu, KaTyLLIKamMn 3/1eKTPOMarHMUToB U T.4,

MporpammupoBaHue MK BeaeTcs Ha Npo6/1eMHO-0pNEeHTUPOBaH-
HbIX fA3blKaX, Creunasin3npoBaHHbIX /19 pelleHns 3a4a4 AUCKPEeTHO-
ro N10rn4vecKoro ynpassieHmnsa. K HUM 0THOCATCA:

e rpaguyeckume A3blKU pesieiaHO-KOHTaKTOpPHbIX cxeM (PKC);

* rpajmyeckune A3bIKU JI0rNYECKNX CXEM, UCMO0/1b3YIOLWME TUMoBbIe
norvyeckme pyHKLNN;

* A3bIKW MHEMOHUYECKOI0 CMMBOJIbHOI0 KOANPOBaHUSA B BUOE Ha-
60pa CTPOK—YpPaBHEHNIA C/IOXKHbIX BY/1EBbIX BbIPKEHWUIA;

e A3bIKW accemMb6s1epHOro TUMa;

* Npo6s/1IeMHO—-0PNEHTUPOBAHHbIE A3bIKW BbICOKOI0 YPOBHSA — [Mpath—
ceT, APYC-2, dOKOH-2 vnm mognduumpoBaHHble TpaanLUOHHbIE
A3bIKM NporpammupoBaHnsa (belacuk, MNMackasnb).

2.7. JATUNKN BPEMEHUN N KOOPAOAWHAT
SNEKTPOMPUBOAA

[ns paboTbl CXem ynpaB/ieHUs 3/1EKTPONpMBoAa Heo6xoaMMa UH-
hopmMaLma 0 TEeKYLWUX 3HAYEHUSAX ero CKOpoCTU, TOKa, MOMEHTa 1
OpYTX KOOpAWHAT, a Takke BpeMeHWN. YCTPOIACTBa, KOTOpble BbIiAAKOT
noAo6HY MHGpOpMaL M0 B BUAE 3/1EKTPUYECKUX CUTHA/I0B, NOy4yu-
N1 Ha3BaHMe OAaTUMKOB.

Jatunkm BpemeHn. Mpu NoCTPOEHUN pesietAHO-KOHTaKTOPHbIX CXEM
ynpaB/ieHUs1, UCM0JT1b3YHOLLNX MPUHLIMN BPEMEHU, B KAYeCcTBe AaTUU-
KOB MCMNOJIb3YIOTCS pa3/inyHbIe pesie BpeMeH — 3/1eKTPOMarHUTHbIE,
MOTOpPHbIE, 3/IEKTPOHHbIE, aHKEPHbIEe 1 MexaHn4deckue. B nonynposoa-
HUKOBbIX CXEMax yrnpaBJieHUs1 MPUMEHSOTCS YCTPOLACTBA TOYHOIO OT-
cyeTa BpeMEHHbIX MUHTEepBasIoB, No/yYMBLLNE Ha3BaHWe TaliMepoB.

ONeKTPOMarHUTHOE pesie BpeMeHN COCTOUT M3 HEMOABUXKHOA Yac-
TV MarHmTonposoda 2, Ha KOTOPOM YCTaHOBJieHa KaTywka 1
(puc. 2.15), 1 NOABWXHOM 4YacTU MarHUTHOA cucTtembl (SKopb 6) ¢
YCTaHOB/IEHHbIMWN Ha Heil KoHTakTamu 8 m 9. MNpu oTCcyTCTBUU
HanpsHKeHUs1 Ha KaTyllKe iKopb 6 nof OeACTBUEM MPYXUHbI 4 Ha-
X0ANTCA B NOAHATOM MOJSI0XKEHUN.
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Puc. 2.15. Cxema ycTpoiicTBa 3/IEKTPOMarHUTHOroO pene BpeMEHU

O6eHHOCTbH KOHCTPYKLUN perie BpeEMEHU SIBMISIETCA Ha/lMyMe Ha
MarHMUTONpoBoAEe 2 MacCUBHOIA MefHoIA TpyoKu 3 (rn/ib3bl), KoTopas n
obecnevmBaeT BblAEPKKY BPEeMEHU pesie Npu OTK/IIOHEHUU ero KaTyLl-
KM OT UCTOYHUKA NUTaHUsA. PaccMoTpmumM 3TOT npoL,ecc noapobHee.

BktoveHve penie NpoucxoamT, KaK Yy 06bIYHOM0 3/1eKTPOMarHNT-
Horo perne, nofgadein HarnpsxeHnss UHa KaTylwkKy lnocsie 3aMblKaHUs
KoHTakTa 10. AKopb 6, NpUTArmBaschb K cepaeyHuKy, ocyLLecTBAsAeT
6e3 BblAEPKKM BPEMEHN MNePEK/IoHeHe KOHTaKToB 84 9.

Bblaep>xka BpeMeHn obecrneumBaeTcs 3a cHeT 3aMe/1eHNs1 BO3Bpa-
Ta AKOpPSA B UCXOAHOEe rosiokKeHue. Tpn CHATUN C KaTyLLKU Harnpsxe-
HVS1 CN3JAoLLIMIA MarHUTHBILA NOTOK CO343EeT B N/Ib3e BMXPEBLIE TOKN,
KOTOpble, Mo npaBuy JleHua, CBOMM MarHUTHbLIM NOTOKOM noAaaep-
YKMBAKT OCHOBHOIA MOTOK. [pyrvmu cyioBamu, Hasinume rib3bl 3ames-
nseT (geMndupyeT) cnagaHMe MarHUTHOIO NMoTOoKa, a TeM caMbIM U Me-
peMeLLeHVEe SKOPS U KOHTaKTHOIA CUCTEeMbI B UCX0A4HO0e (0TK/1HUEeH-
HOe) Mos1I0KeHMe. B coOTBETCTBUU C TaKUM MNPUHLLMMIOM OEIACTBUA
3/1eKTPOMarHNTHOE pesie BpeMeHM obecnevnBaeT BbIAEPKKY Mpu pas-
MbIKaHUM 3aMbIKatoLLEro KOHTaKTa 1 3aMblKaH1W pa3MblKatoLero KoH-
TakTa (puc. 2.15, 6).

Bblaep>XKa BpeMeHU pesie perysimpyeTcs cTyneH4yaTo nyTem ycTa-
HOBKW JTaTYHHOIA HEMarHUTHOA NpoKMaakn /onpenesieHHOA Toswm-
Hbl, 3aKper/isseMoli Ha sikope 6 (yMeHbLUeHWe TOJILLMHbI NPOK/IagKuN
BbI3bIBaET YBE/IMUEHWNE BbIAEPKKN pesie, 1 Hao6opoT), WM NJ1aBHO 3a
CYET N3MEHEHUS HaTSXKEHUSA MPYXMHbI 4 ¢ nomMolLbio raiikm 5. Yem
MeHbLLe ByAeT 3aTAHyTa Npy>XnHa, TeM 60/bLUe ByAeT BblAepKKa Bpe-
MEHM, N HaobopoT.



Bblaep)KKa BpeMeHU MOXKeT 6bITb MoslyyeHa Y 3/1eKTPOMarHUTHOro
pene 6e3 yCTaHOBKU FW/b3bl NyTEM 3aKopadyMBaHMs KaTyLUKW nocrie
Bt KaTYLIKOTE 1 SaMeo 60 or T S S,
3M1eKTPOMAarHUTHoOro geMndgepa. OAHAKO BblAepXXKa BPEMEHU B 3TOM
c/lyyae rosly4aeTcs MeHblle, YeM Y penie ¢ Fb30IA.

MoTopHoe (3/1EKTPOMEXAHUYECKOE) pesie BPpEMEHM B CBOELA OCHOBE
VMEET cneLyvasibHbIiA HU3KOCKOPOCTHOIA ABuraTesib 1 peayKTop ¢ 6osb-
WM NepeaaToUHbIM YMC/IOM, Ha BbIXOAHOM Basly KOTOPOro0 ycTaHaB-
NNBaeTcs pbluar, HayaslbHOe MOJI0XKeHMe KOTOoporo onpeaesisieTca no
LIKas1e yCTaBOK BpeEMEHW pesie. Pblyar yrnpaerisieT paboToiA BCroMora-
TeSIbHbIX KOHTaKTOB, KOTOPbIMU, B CBOO 0Yepe/ib, BK/IOUAETCH BbIXO-
HOe 3/1eKTPOMarHMTHOE perse.

Hauasio oTcueTa BpeMEHM COOTBETCTBYET Mofaye HanpsKeHust Ha
[BUrartesb, KOTOpbliA, BKIHOYMBLUMCL, HAYMHAET BpalLaTbCs U Mea/ieH-
HO MOBOpaYMBaTb pblyar Ha Basly pefyKTopa. Yepes 3aaaHHOe BpeMms,
onpeaensemMoe HauyaslbHbIM MOSIKEHNEM pblyara, OH J0X0AMT A0 BCro-
MOraTe/IbHbIX KOHTAaKTOB U 3aMblKaeT MX. 3TO NpUBOAUT K BK/IOYe-
HUIO BbIXOL4HOIO0 pesie, KOTOpoe OAHUM U3 CBOMX KOHTAKTOB OTKJ1HO-
YaeT gpuraTesib. Ha 3Tom 3aBeplLUaeTcsl 0TCUET BbIAEPKKM BPEMEHU.

BblnyckaeMble MOTOpPHbIE pesie BpeMeHW 3Toro Turna obecnevymsa-
0T BbIAEPXKKY BPEMEHUN [0 HECKO/TbKUX MUHYT.

Puc. 2.16. Cxema ycTpoiCTBa 3/1IeKTPOHHOIO pesie BpeMeHu

ONEKTPOHHbIE pesie BpeMeH 06bIYHO B CBOMX CXeMaX UCMOSIb3YoT
pas/finyHble MosYrNpoBOAHUKOBbIE 3/1IEMEHTbI (Yalle BCero TpaH-
3UCTOPHbIE) U KOHAEeHcaTopbl, BpeMs pa3psja Wi 3apsga KoTopbiX U
onpeAesnifeT BbIAEPKKY BpemeHU (puc. 2.16).

B MCXO4HOM MOSI0XKEHUN BHELLHWIA YNPaBrisioWNIA KOHTaKT A-3aMK-
HYT M Ha 6a3y TpaH3ucTopa VT1nogaH oTpuuaTesibHbIA MOoTeHUManN
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WUCTOYHUKaA NUTaHua GB. TpaH3UCTOp OTKPbIT, NpY 3TOM NOTEHLMaN
6a3bl TpaH3ucTopa VT26yaeT NosIOKUTESIbHBIM N0 OTHOLLEHUIO K ero
aMUTTepy U ByaeT 3akpbIT. B pesynbTaTte BbIxogHoe pene KV 6yaet
OTKJIIOHEHO. B MCXO04HOM MNOJIOXKEHUN KoHAeHcaTop CoyaeT 3apskeH
C MOKa3aHHOIA Ha pUCYHKe MOJSISPHOCTbI0 CBOMX 0O6KM1a0K.

KomaHAa Ha Haudasio oTcyeTa BpeMeHW MoJaeTcs Nnpu pasMblKaHUU
BHeLLUHero ynpasnsowero koHTakTa K lNocne 3Toro HaumMHaeTcs paspsas
KoHAeHcaTopa C yepes pe3nctop R2m nepexon amntTep — 6a3a TpaH3u-
cTopa VTL B KoHuUe pa3psiga TpaH3ucTop VT13akpoeTcs, UTo NpuBedeT
K MosiB/IeHMI0 Ha 6a3e TpaH3ucTopa VT20TpuuaTesibHOro noTeHuyana.
OH oTKpoeTcs, rno 06moTKe peste KVHauHeT NpoTekaTb TOK, OHO cpabo-
TaeT 1 NEPEK/TIOUUT CBOM KOHTaKTbl. OTCUET BPpeMEHUN 3aKOHUUTCS.

Bblaep)kka BpeMeHU Takoro pesie onpeaesiseTcs BpeMeHeM pasps-
Ja KoHaeHcaTopa C, KOTOpoe 3aBUCUT OT Be/IMYMHbI €ro eMKOCTHU
M COMpOTUBIIEHUA pe3ncTopa J12 Perynupys sty BeSIMUVHbI, MOXHO
yCcTaHaB/MBaThb TpebyeMble BbIAEPKKN BpeMeHU pesie. Bbinyckaemble
3/IEKTPOHHbIE pefie BpeMeHn 06ecrneymBaloT BbIAEPKKY BPEMEHU OT
0,1 c po 10 MUH.

MNMHeBMAaTVYECKME pesie BpeMeHN 06ecneunBaoT BblAEPKKY BpeMeHU
3a cyeT paboThbl BO3AyLIHOro (MHEBMaTMYECKOI0) 3amMeaimTens (aemn-
thepa), ynpaB/siemMoro ¢ NoMoLLbIO afieKTpoMarHmuTa. MNpun nogade Ha
3/1EKTPOMArHUT HAMNpPsHKEHUS NMUTaHWsA (Ha4yas10 oTcyeTa BPpEMEHU) Ha-
UMHaeTCca npoLLecc rnepexkavyky Bo3ayxa 13 oaHOIA Kamepbl pesie B Apy-
rylo 4yepes KaimbpoBaHHoOe ApoccesibHOe 0TBepcTue. BennymnHa aToro
0TBEPCTUSA, @ TEM CaMbIM CKOPOCTb MepeKauku 1 BbIAEPKKA BPEMEHM
pene, perysimpyeTcs ¢ NOMOLLbIO Ur/1bl, MOS10XKEHNE KOTOPOiA ycTaHaB-
SnBaeTcA NocpeACcTBOM PerysiIMpoBOYHOIA FaiAkn «60siblle—MeHbLUEe™.
B KOHLe mpoLiecca rnepekayky Bo3ayxa yepes 0TBepCTUE MponcxoauT re-
pEK/I0HEHME YCTAHOB/IEHHOIO B pesie MMKpPOMepeKsItoUaTesis, YTo ornpe-
[ersieT KOHeL, 0TCHETa BbIAEPXKKN BPEMEHN.

CepuiiHble MHEBMaTUYECKUE pesie BpeMeHN obecneunBaloT Avana-
30H Bblaepxek BpemeHu ot 0,4 oo 180 c.

MexaHWYecKoe pesie BpeMeHN NMeEeT 3aMe/INTeSb B BUAE aHKEPHO-
ro MexaHu3ama, yrnpasssieMoro afieKTpoMarHMToMm. Mpu nogayve Hanps-
YKEHUSA Ha 3/1EKTPOMarHmUT (Hayasio oTcueTa BpeMeHU) ero siKopb 3a-
BOAUT MPY>XMHY aHKEPHOro MexaHu3Ma aHaslorM4yHo YyacoBomy. Mo-
CrlefHNIA, HauaB paboTaTb, MepemMellaeT MOoABWKHbLIA KOHTAKT pesie.
Mocne 3agaHHOro BpeMeHU, onpeaensemMoro nosioXkeHnem (yCTaBKoIA)
HeNnoABMKHOM0 KOHTaKTa pesie, Npou3oiAaeT 3aMblKaHVe KOHTaKTHOMA
CUCTEMbI, YTO ONpeaeIUT KOHeL, 0TcueTa BpemMeHU. Takue pesne o6ec-
neynBaloT BblAEPXKKY BPEMEHUN A0 HECKO/IbKUX OeCATKOB CEKYHU.

HekoTopble MexaHMYeCcKVe pesie BpeEMEHM YMpaBsisioTCs He 3/1eKT-
poMarHMTOM, a NOABWKHOIA YacTblo KOHTaKTopa. B aTom cny4yae 3a-
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nycKk B paboTy aHKepHOro MexaHu3ma NpomucxoauT cpasy ke rocsie
BKJTIOUEHUSA KOHTaKTopa. Takme pesie BpeMeHW Moslydnsiv HasBaHue
MasTHUKOBbIX.

Jatumnkm ckopoctn. MHopmauma o ckopblWalywlaM3 4 400.
YeHa 0T pas/INYHbIX JAaTUMKOB CKOPOCTMU, a Takke 1 0T CaMoro ABuUraresis.
CKOpOoCTb ApUrartesieia NnocTOAHHON0 M NepeMeHHOr 0 TOKa orpeaenseT Be-
numny nx 34,C. Takum 06pa3om, eciv U3MepsTb Be/inumnHy 9,C, To Tem
camMbIM ByaeT noslyyeHa HMopMaLLUa 0 BE/IMYNHE CKOPOCTMU.

Puc. 2.17. Cxema ycTpoiicTBa pefnie KOHTPO/ss CKOPOCTU

O/1eKTpoMEXaHNYECKOe pesie KOHTpPosd ckopocTu (PKC) paboTaeT no
MPUHLUMMNY acCMHXPOHHOIO0 Asuratens. Potop pene (puc. 2.17) npea-
CTaB/ISIET COBG0IA MOCTOSHHbLIMA MarHUT 7, COEAVHEHHbIA C BaJ/IOM ABU-
raTesisl, CKOPOCTb KOTOPOro namepsieTcsi. MocTosiHHbIEA MarHUT Nome-
LeH BHYTpU a/TlOMUHNEBOIN0 LMMHAPA 5, MetoLLero 06MoTKy B BUAE
6ennubeti KNeTkn. LinnmHap moxeT rnoBopauymBaThbCs BOKPYF OCU Ha
HeGO0/IbLUOIA Yros 1 NepeksitoyaTh Mpy 3TOM C MOMOLLBbIO yrnopa 3 KOH-
TakTbl 4 (6). MNpy HenoABWKHOM ABWraTesie ynop 3aHMMaeT cpefHee
MOSIOXKEHME U KOHTaKTbl pesie HaxoasTCs B «<HOPMasIbHOM* MOJIOKEHUN.
Mpw BpaleHWW ABUraTeNil U TeM caMbIM MarHuTa / yxke rnpu He6os1b-
LWNX CKOPOCTSX Ha LUAMHAP 5 HauMHaeT OelACTBOBaTb BpalLaroLLmiA
MOMEHT, MoJ, B/INSSHMEM KOTOPOro OH MoBopavnBaeTcs 1 obecneyvn-
BaeT C MOMOLLbI0 yrnopa 3 rnepekstoyeHne KoHTakToB 4. Npu ckopoc-
TV gBuratesns, 65IM3KoIA Hyo, LWANHAP BO3BpaLLAeTcs B CpeaHee ro-
JIOXXeHNe 1 KOHTaKTbl 4 repexogaT BCBOE «HOPMaslbHOE™ COCTOSIHME.
BennumHa cKopocTW, Npy KOTOPOIA MEPEK/II0YaloTCA KOHTaKTbI pesie,
onpeaensieTcs NosI0KEHNEM HaCTPOEYHbIX BUHTOB 2.
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Pene KOHTpo1s CKOPOCTM yA006HO MUCMO/Ib30BaTb MpU aBToMaTM3a-
LMn npouecca TOPMOXEHUS, Korga TpebyeTcst obecrneyrBaTb OTKJ/IO-
YeHVe ABuUraresis 0T CETU MOC/1e CHVDKEHUSA ero CKOpoCcTU A0 HyJs.

JaTtumkn cKopocTu (TaxoreHeparopbl). 3TK AaTUYMKN NpegHasHave-
Hbl 419 N3MEepeHnsl CKOPOCTW BpaLLleHUs Basia ABUraTesis Win UCrosi-
HUTENIbHOI0 opraHa paboyein mMalnHbl. OHW MNpeacTaBAAT co6oIA
creunai3npoBaHHbIe 3/1eKTPUYECKME MalLUMHbl HE6O0SIbLLOLA MOLLLHO-
CTW, BbIXOAHOE HarpshkeHune KOTOPbIX MPONOPLMOHASIbHO CKOPO-
CTW BpalleHus W nx akopsa (potopa): Utux=yw, rae y — Koaphunumn-
EHT NponopumoHasibHocTU. OCHOBHOE TpeboBaHME K TaxoreHepaTopam
3aK/1I0HAETCH B MaKCMMasIbHOM MPUBIMDKEHWW YKa3aHHOA 3aBUCUMO-
ctm UnJw) K JIMHEAHOIA, UTO ornpefensieT TOYHOCTb UX paboThbl.

Mo cBoeMyY YCTPOMACTBY TaxoreHepaTopbl ObIBAOT MOCTOAHHOIO U
repemMeHHOro ToKa.

TaxoreHepaTopbl MOCTOAHHOIO TOKa NpeAcTaB/IsloT CO60LA He60 1b-
Me reHepaTopbl MOCTOSAHHOrO TOKa C BO30YXAEHMEM OT He-
3aBUCUMOr0 UCTOYHMKA (pyc. 2.18, a) nim NocToAHHOIN0 MarHUTa.

LU 12

— [*TIMb-

Puc. 2.18. Cxembl TaxoreHepaTopoB:
A — MNOCTOAHHOIO TOKAa; 6 — aCMHXPOHHOIo

ACVIHXPOHHBbIE TaxoreHepaTopbIl NepeMeHHOro ToKa UMeroT ase 06MOoT-
k1 (puc. 2.18, 6), oaHa N3 KOTOopbIX — BO36YaeHMss OB — noaksioya-
eTCA K MUTAOLEIA CETU U CITYXXUT A1 CO34aHNA MarHUTHOrO NoToKa
TaxoreHepaTopa, a agpyras — usmeputesbHas OW. HanpsykeHue Ha Bbl-
BoAax 310 06MoTKK UtLPonponopumoHasibHO CKOPOCTU BpalleHMs Ta-
xoreHepatopa O.

CYHXPOHHb e TaxoreHepaTopbl NpeacTaBAsAloT co60iA ogHoMa3HbIA
CUHXPOHHBbIA reHepaTop Ma/lobA Mol HOCTU. OH MMeeT poTop B BUAe
MHOI0MOJT10CHOr0 MOCTOAHHOI0 MarHmTa. Mpu ero BpaleHUn co34aH-
HOe MM MarHUTHOe rosie nepecekaeT BUTKM 06MOTKM cTaTopa, HaBo-
05 B Hei1 3 [1,C, nMponopLmoHasibHY0 CKOPOCTM BpaweHus. TemM cambIM
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BbIX0ZHOE HanpsikKeHWe Ha BbIBogax 06MOTKM CTaTopa OKasblBaeTcs
MpornopLuuoHasibHbIM CKOPOCTU poTopa.

MpY 1UCNoMb30BaHUN CUHXPOHHbLIX TaxoreHepaTopoB B ANCKPETHbIX
cXemax yrpaB/ieHUsi BKadectBe M1 3 M e p A e Tl
€TCs YacToTa UMY/ IbCOB HaMpsXXeHUs, NMponopumoHasibHas CKopoc-
TW BpallleHUs1 poTopa TaxoreHepaTopa.

KpomMe paccMOTpPeHHbIX Bbille aHa/I0roBbIX AaTUMKOB CKOPOCTU B
3aMKHYTbIX CXeMaXxX BCe LUMPEe NPUMEHAOTCA LnGpoBble AaTUMKK, CUT-
Haslbl KOTOPbIX MOMyT HerocpeAcTBEeHHO MocTyNaThb B LMpoBble cxe-
Mbl yripaBseHus. NMpuMeHeHne TaKMX AaTUMKOB MO3BOSISIET MOBLICUTb
TOYHOCTb PErYJSINPOBAHUSA CKOPOCTU WUCMOSTHUTESbHBLIX OpraHoB pato-
UMX MalUH U MeXaHU3MOB.

Puc. 2.19. Cxema MMnysibCHOro TaxoreHepaTtopa

My ICHB A HOYKUYIOHHB 1A JaTUMK CKOPOCTW BK/IOYAET B cebsi 3y6-
uaTbia anck 1 (puc. 2.19), coeAMHEHHbIA ¢ BaJIOM ABUraTesisa Win pa-
604ein MalUVHbI. [poTUB 3y6LL0B 3TOr0 AMCKa pacrosiaraeTcs NHAYKTOop
2, NpeAcTaBAsAoLWMIA CO60IA NOCTOAHHBIIA MarHUT C pacrosIOKEHHOIA Ha
HEM U3MEPUTESIbHOIA 0OMOTKOMA 3, MOAKI/TIOHYEHHOIA K UICTOYHUKY NUTa-
Hua Un Hanps)keHne, CHMMaemMoe ¢ 06MOTKMW, MogaeTcs yepe3 KOH-
neHcaTop C Ha Bxo4 yeunutens Y, BbIMO/IHALWEN0 04HOBPEMEHHO posib
thopMupoBaTesia UMNy/bCoB. MNpu BpalleHUU AUCKa U3MEHSIETCS 3a30p
MeXay ero 3y6L,amMm 1 rnosilocaMmm MHAyKTopa 2. BcrieacTsme sToro pes-
KO U3MeHSsieTCA MarHUTHOE COMpoTMB/IEHVE BO3AYLLHOIO 3a30pa 1 Be-
NNYMHa MarHUTHOrO MOTOKa, MpoxoAsuiero yepes 3y6ubl Ancka 1u
MHAYKTOpa 2. VI3MeHAILWMIACA MarHATHbIA MOTOK UHAYLMPYET B 06-

MoTke 33/ C, yacToTa KOTopoia / = L roe N —umncno 3y6uoB gmc—
it

Ka, Ll — CKOPOCTb BpalleHusa AucKa (Basla gBuraTesns).
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Co3gaHHoe 3Toii 3,C HanpshkeHMe nepeMeHHoro Toka Un yepes
KoHaeHcaTop C nogaeTcsi Ha BX0Z4, YCWIUTESS, KOTOPbILA yCUIMBaeT
3TOT cUrHasm 1 YOpMUpPYeT M3 HEero rnocsefoBaTesIbHOCTb BbIXOAHbIX
MpsAMOYro/IbHbIX UMY/ 1bCOB, YacToTa KOTOPbIX MPornopLuoHasibHa 13-
MepsieMoiA cKopocTU. Jasiee 3T UMIYSIbCbl NPU MOMOLLLM LLUKDPOBOTo
6/10Ka «4acToTa — KOo4*, NpeobpasyoTcs B ABOMYHOE YMC/0 MyTEM MX
rnoacyeTa 3a ornpeaesieHHbIA NHTepBas1 BPEMEHU C 3aNOMUHAHNEM MO-
JIYYEeHHOro YKc/1a Ha BpeMsi Moc/1eayoLero nHTepeasia. MNpu Heobxo-
ONMOCTM 3TOT NEPEMEHHbIIA MO YacToTe CUFHa/T MOXKET ObITb MpPeo6-
pasoBaH W B HanpshXeHVe NoCTOSAHHOI0 ToKa (Hanpumep, ¢ NOMOLL b
VHTErPUPYIOLLETO OMepaLLMoHHOI0 YCUIUTESISA) A/18 UCT0/1b30BaHUS B
aHas10roBbIX cxemax yrnpaesieHust M.

B KauecTBe AaTUMKa CKOPOCTU MOXET MCM0/1b30BaTbCA AKOPb ABU-
raresii MOCTOSIHHOI 0 TOKa Mpy BKJIKOUEHUMN €0 B CXEMY TaxoMeTpu-—
YecKoro mMocTa, 06pa3oBaHHOr0 06MOTKaMu SKOPS, U AO0MNOSTHUTE b-
HbIX MOJIOCOB € ABYMS 106aBOYHbIMU pe3ncTopamu. Mpu cooTBETCTBY-
IOLLEM BbIGOpe COMPOTUB/IEHUIA 3TUX PE3NCTOPOB HarpsbkeHmMe Ha
[AmaroHasin MocTa 6yeT NpornopLMoHasibHO CKOPOCTU ABUraTess.

B HeKoTopbIX cxeMax, Korga He TpebyeTcs 60/1bLias TOUHOCTb CUT -
Hasia Mo CKOPOCTU Y MPeAnoYTUTE TbHBLIM SIBMSETCA UX MPocToTa, 3ToT
CUrHaU1 MOXKET CHUMATbCA HEMOCPEACTBEHHO CO LLIETOK ABMraTesist no-
CTOSIHHOr 0 TOKa.

PoTOp aCMHXPOHHOTO ABUIATENA TAKXKe MOXKET CITY)KUTb UCTOUYHU-
KOM VH(opMaLLMn 0 ero CKopocTu, Tak Kak 3/1,C, HaBogMmasi B poTope
A/[l, oripeAenseTcs ero CKoJSIbXXeHeM U, COOTBETCTBEHHO, CKOPOCTbI0.

JaTunKkm rnonoxeHus. B pesielAHO-KOHTaKTOPHbIX CXEMaX YrpaB/ieHs!
3M 06bIYHO UCMOMBb3YIOTCS MYTEBbIE N KOHEUHbIE BbIK/IOUaTe N pereti-
HOro AetAcTBUA. OHU MPUMEHSAIOTCS 41 MOJTYHEeHUs CUTHaJ10B Npuy A,0-
CTWXKeHUN 3T MM UCNONHUTENIbHBIM OpraHoM paboyeid MallMHbI
onpengesieHHbIX MOSI0KEHUIA, KOTOpbIe 3aTeM MOCTYMNatoT B LIEMNW YTipaB-
JNIEHUA, 3aWNTbI U CUTHaTM3aumMn. KoHeuYHble BbIK/IIOYaTe I NpUMeHs-
H0TCA 419 NMpeAoTBpaLLeHNS BbIX0Aa UCMOMHUTESIbHBLIX OpraHoB U3 pa-
60o4elA 30HbI (HanpumMep, MocTa NoAbEMHON0 KpaHa 3a npeaesibl noaKpa-
HOBbIX MyTelA). yTeBble BbIK/OHATE/IM UCTOb3YOTCA A1 NoAaum
KOMaH/, YNpaB/ieEHNsI B CXEMY B OMNpeesieHHbIX ToUKax MyTu UCTOo/HN-
Te/IbHbIX OpraHoB (Hanpumep, NMpy Noaxoae KabuHbl Mg Ta K 3TaKy Win
rnoaxoze hepMbl MOCTa MOABEMHOI0 KpaHa K KpalAHEMY MOJ10XKEHMIO).

MyTeBble N KOHEYHbIE BbIK/IHOYATEIM MOFYT 6bITb 6ECKOHTAKTHbI-
MU N KOHTaKTHbIMW. MocnegHue B 3aBUCUMOCTY 0T BUAa NpMBoaa Ux
KOHTaKTHOIA CUCTeMbI AeSIATCA Ha Bpallalumecs, pblyaXHble U Ha-
XUMHBbIE.

BparLaroLuecst NyTeBble N KOHEYHbIE BbIK/OUATE M UMEKOT NPUBOL,
0T B/IMKa, COeAVHAEMOr0 C Ba/IOM ABUraTesii HenocpeAcTBEHHO WU
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yepes peayKTop. Ha BaslMke pacrosioXeHbl KyJlayKoBble LLAaA6bI, BO3-
JeNCTBYyIOLME Ha KOHTAKTHYI CUCTEMY Bblk/tovaTens. MNpu Bpatle-
HUN Basa ABUraTens B onpeaesieHHOM ero rnosIoKeHUU Ky/ladkoBble
LWali6bl NepeKks1l04aloT KOHTaKTbI BblK/1H04Ya A ?0 T Pre*or Free Version

PblyaXKHble KOHEYHbIE U MYy TeBbIe BbIK/H4aTe/ M MMeloT NMpuBo4, CBO-
€41 KOHTaKTHOIA CUCTEMbI 0T MOBOPOTHOIO pblyara, Ha KOTOpbIA OKa-'
3bIBAET BO3AEMCTBME ABMXKYLLAaAca vYacTb I uam NcnosIHUTENIbHOIO
opraHa. Bo3BpaT pblyara  KOHTaKTOB B UCXO4HOE MOJI0XKEHME OCcyLLLe-
CTBASAETCA MoA AeACTBUEM MPY>XUHBI.

B HaXXMMHbIX BbIK/HOHATES X NEPEKSTIOHEHNE KOHTAKTOB MPOUCXoauT
npy HaXaTuW Ha LUTOK BbIK/IOYATES S, BO3BPAT KOTOPOro B MCX04HOE
MnosIoKeHMe OCyLLeCTBSAETCA Mof AeACTBMEM MPY>XUHbI. B KayecTBe
HaXXUMHbIX BbIK/HOYaTENIEIA NPUMEHEHNE HaX0OAT Takke MUKponepe-
K/IloUaTes M, y KOTopbIX MpU BO3AEACTBUN Ha LUTOK MepeKsioyaeTces y-
pyrvi/i KOHTaKT.

m0-1/0-

Puc. 2.20. Cxema ycTpoicTBa 6ECKOHTAKTHOro gaTymka MosioXkeHus

BeCcKOHTaKTHbIA UHAYKUNOHHbIM AaTUNK MosoxeHus (puc. 2.20)
VIMEET pa3oMKHYTbIA MarHUTONpoBo4, 1c KaTywkoA 2, napasisiesibHo
KOTOpOIA BKJ/IHOUEH KoHAeHcaTop 6. KaTyllka ¢ KOHAEeHCaTOpOM BKJ/IHO-
YeHbl B Lienb NepeMeHHOro Toka BMecTe ¢ 06MOTKoOA 4 pene. Korga
AKOPb AaTyumka 3, 3aKpernsieHHbIA Ha NOABWXKHOIA vacTu 3 vnam mnce-
MNOSIHUTENIbHOI0 opraHa paboyeia MallVHbI, He 3aMblKaeT MarHUTOMpo-
Bog / (NYHKTMPHOE ero rnosioXkeHne), MHAYKTUBHOE COMPOTUBJIEHNE
KaTyLIKN 2 Masio, B ee Lenu npoxoanT 60/1bLUOA TOK U pene 4 Haxo-
ONTCHA BO BKJTIOUEHHOM MOJSI0XKEHUMN.

Korpa sikopb 3 nepemMecTUTCs 1 3alAMET NOSI0KEHWE Ha, MarHNTO—
npoBoAOM 7, UHAYKTUBHOE COMPOTUBJ/IEHNE KaTYLWIKN 2 YMEHbLUNTCSA
M B Lienu 3a cyeT noabopa eEMKOCTU KOHAEHcaTopa 6 HacTynaeT peso-
HaHC TOKa, XapaKTepmnsyeMblia pe3K1UM CHUXKEHUEM ToKa B Lenn. Pene
4 13-3a CHMXXEHUS TOKa OTKJ/IHYAETCS, YTO BbI3bIBAaET NEPEKSIHOHEHME
ero KoHTakToB 5B uenu ynpassieHus 301.
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B 3aMKHYTbIX cxemax 31 NpUMeHSTCA aHa/10roBble N LUQpoBbIe
AaTUYUKM MOJI0XKEHUA.

BpararoLumecs (NoBOPOTHbIE) TpaHCOPMAaTOopbl ABSOTCA aHaso0-
roBbIMV JaTUNKaAMN*MOSIOKeHWs (Yr/la MoBopoTa) Basla Auraresns Wi
paboyein MallnHbI U NPeACTaBIAT C060IA UHAYKLUVOHHYIO 3/1eKTpU-
YECKYI0 MallMHY Masioii MOLWHOCTU. X paboTy paccMOTpUM Ha npu-
Mepe Hambosiee  pacrnpocTpPaHEHHOro CUMHYCHO-KOCUHYCHOIO
BpalatoLierocs TpaHcgopmaTopa (CKBT) (puc. 2.21, 0). 3TOT TpaHc-
thopmaTop MMEET YeTbIpe 06MOTKM, ABE U3 KOTOPbIX — BO36YXXAEHUSA
OB n komneHcaumoHHaa OK— pacnosioxeHbl Ha cTaTope, a ABe Apy-
rve — nameputesibHble Ol n OUN2, HasbiBaeMble TakXXe BTOPUUHbI-
MW, — Ha poTope. lMocnegHWiA coegVHAETCA ¢ BaSIOM ABUraTesnis Wi
paboyein MallVHbI, NO/I0XKEHME KOTOPbIX A0/IHKHO U3MEPSTHLCS.

Puc. 2.21. Cxembl ycTpoiicTBa:
a — CMHYCHO-KOCUHYCHOro TpaHcdhopmartopa; 6 — marHecuHa

K 06MoTKe B036yxaeHusa OB noasoamTcsa ogHodasHoe Hanpske-
HVe nMepeMeHHoro Toka UX MpoTekawwmia nog ero AetACTBYEM TOK /,
co3gaeT B Bo3AyLHOM 3a3ope CKBT MarHUTHbIMA MOTOK, KOTOpbIiA
HaBogmT 3 /4C BO BTOPUYHbLIX (POTOPHbLIX) 06MOTKax. BenunuumHa 3/4,C
B0o6MoTKe OUV1 (CMHYCHOA) NponopLUoHasibHa CUHYCY, a B 06MOTKe
OWM2 (KOCUHYCHOIA) — KOCMHYCY Yr/ia  noBopoTa poTopa 0THOCUTESb-
Ho cTaTopa. HanpsxxeHnsa Ux= Ulntxsin ¢ n Uz COS (b Ha Harpyske
2\ Zi HecyT nHopmayuio 06 yrsie noBopoTa ¢ Basia Agpuraresis Wi
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paboyein MallnHbI 4719 ee UCMO0/1b30BaHMS B 3aMKHYTbIX M0 MOJ10Xe-
HUto cxemax 3.

KomneHcaumoHHas 06M0TKa, KoTopast 06bIYHO 3aKopauMBaeTcs,
CIY>XUT A1 KoMmreHcauun BpegHoro geiiacte/IBKKLWwmpTaor/1Ne Y TotOP
06MOTOK poTopa 1 obecrnevmBaeT TEM CaMbIM CHVKEHME MOFPELLHOCTY
BpaLlaloLmxcsa TpaHchopmMaTopoB.

MOMMMO CMHYCHO-KOCUHYCHbIX B 3aMKHYTbIX cxeMax 3l npymMeHs-
IOTCH JIHeAHbIe BpaLLatoLLmecs TpaHc(opMaTopbl, Y KOTOPbIX BbIXOAHOE
HanpsbkeHe 06MOTKM poTopa HaxoAMTCs B MPSIMOLA NPOMOpLMOHa/IbHOIA
3aBUCUMOCTU € Yr/ioM <o Ce/lbO/H LWMPOKO MPUMEHSIETCS B 3aMKHYThIX
cxemax A B KaUecTBe aHas10roBOro Aatyuvika nosioxkeHnsa. OH npeacTas-
NSIET COBOIA 3M1EKTPUYECKYO MALLMHY Masiol MOLLHOCTU, KoTopas obec-
reyvBaeT rnpeobpazoBaHME yria MoBOpoTa Bas1a B 3/1IEKTPUYHECKULA CUTHAS.
MprMeHeHMe cenbCrHa B Ka4eCcTBe 33at0LLEero YCTPOLACTBA U AaTumKa Mo-
JI0KEHUS N U3MEpUTESIS paccorslacoBaHus creaswero M paccMoTpeHo
B I 4.

MarHecuH sBnsieTca 6eCKOHTaKTHbIM 3/1EKTPOMEXaHUYEeCKUM AaT-
UMKOM Yr/la MoBOpPOTa, MMEET 6osiee MPOCTOE MO CPaBHEHWUIO C CeSlb-
CMHOM W BpaLlavWmMmMcs TpaHCHOpMaTOpOM YCTPOLACTBO, MEHbLUVE
Maccy U rabapuTHble pa3Mepbl N XapaKTepm3yeTCs BbICOKOLA TOUYHOC-
Thto (00 2,5' 1 MeHee) nsmepeHus (puc. 2.21, 6).

MarHecuH MMeeT TopponaasibHbIA cepaeyHnNK 2 6e3 Na3oB, Ha Ko-
TOpPOM HamoTaHa cnmpasibHas 06MoTKa 3. O6MoTKa UmeeT BbIBogbl C1,
C2p19 noAKOYEHUA ee K 0gHOMa3HOIA MUTAOLLEIA CETU MNEePEMEHHOI0
Toka 1 BbiBogbl C3, C4, pacnosioxKeHHble nog yriom 120* oTHocuTe b-
HO Opyr Apyra, 471 CHATUSA BbIXOAHOM0 HarpsbkeHus. PoTop marHe-
CMHa MpeacTaB/ISET COO0LA MOCTOAHHBLIMA MarHUT 1UWAMHAPUYECKOA
thopMbl, coeaMHSIEMBbIIA ¢ BasloM apuratens. MNMpu nogaye Ha BbIBoAbI
C/, C206moTKM 3 HanpsxeHusa nutannsa UxHa BbiBogax C3, C406-
MOTKM MNOABUTCA BbIXoAHoe HanpshkeHne UMX mponopumoHasibHoe
yr/ly N0OBOpoTa poTopa MarHecMHa <p Jlanee aTo HanpsbkeHWe MNocTy-
naeT B CXemy ynpassieHus 3.

MHOYKTOCUH ncnonb3yeTcs /1 U3MepeHus JIMHEAHBbIX MepeMelLie-
HNIA MexaHU4YecKMX afieMeHToB 3 uam UcnosTHUTESIbHbIX OpraHoB
paboumnx mMalumH. o cBoeMy YCTPOLACTBY OH HarnoMUHaeT SIMHeAHbIA
AaCUHXPOHHBIA ABUraTeslb U UMEET MJI0CKUIA CTaTop U NOABWKHBLIIA POo-
Top. MepBUYHaa 06MOTKa, pacnosioKeHHast Ha cTaTope, NoAK/II04HaeT-
€A K 04HO(a3HOA CeTU NMepeMeHHOro Toka, Npy 3TOM Ha BTOPUYHOIA
06MOTKe Mpu nepemMeLLleHnn poTopa byaeT HaBoauTbes 3/,C, 3aBuUCSH-
Las oT ero rnosioXkeHmsl. TOYHOCTb MHAYKTOCMHOB MOXET AOCTUraTb
HECKOJTbKMX MUKPOH.

LindhpoBotA (hOTOIMEKTPUYECKUIA AaTUMK MONOKEHUSA (puc. 2.22)
COCTOUT M3 NEPBUYHOIO 3/1IEMEHTA, NPeACTaB/ISoLWEero coboia Koampy-—
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owmiA anck (puc. 2.22, a), coegviHAEMbIA ¢ BaJiIoM ABUraTesnis Wi
paboyeii MalwnHbl. OH MMEET HECKO/IbKO KOHLIEHTPUYECKUX Kosiel,
(OopoxkeK), Kaxaoe N3 KOTOPbIX COCTOUT U3 CErMEHTO006pa3HbIX MPo-
3payHbIX M HENPO3pavHbIX y4acTKOB. KosibLO C HAMMEHbLUUM pagny-
com (T.e. pacrnosioXKeHHOe 6/1MKe BCEr0 K OCU OMCKa) UMEET ABa y4a-
CTKa: Npo3payvHbIi/i 1 HENPO3paYHbIiA — M 0THOCUTCSA K CTapLuemy pas-
psay BbIXOAHOM0O yucna. B KaxaoM crenyowem oT LeHTpa Kosibue
UYMC/I0 YHACTKOB y4BaMBaeTCH, YTO COOTBETCTBYET B ABOMYHOM Mpes-
CTaBJIEHUW YnCeN nepexoay K cneayrowemy paspsagy. Auck, rnokasaH-
HbIA Ha puc. 2.22, a, MeeT TpU TaKMX KosibLia, YTO Mo3Bo/ISIET chop-
MUMPOBaTb C €ro MOMOLLLbIO TpexpaspsagHoe 4BOUYHOE YMCO.

6 B
ilmHn d.
a,ll I_I nr
1 ni
1 19

Puc. 2.22. UudpoBoit gaTtumk rnosioxeHus:
a — auck; 6 — aneKTpuyecKasi CXema; B — CUCTeMa UMMy/bCoB

Mony4yeHvie 3/1EKTPUYECKON0 CUTMHANa NPOU3BOAUTCS (DOTOITEKTPU-
YeCKUM Crocobom. 15 3TOoro no ofiHy CTOPOHY AUCKa YCTaHaB/IMBatOTCA
Mo 4Ymcsly Kosiel, UCTOMHUKWY CBETa — CBETOAMOABI, a Mo ApYry CTopo-
Hy NMpUeMHUMKWN cBeTa — oToanoabl. Korga mexay HUMU HaxoauTest
Mpo3payHbIiA yHaCcTOK OUCKA, CBETOAMOA, OCBeLLaeT (hoToAMOA, NEKTPU-
yecKoe COrMpoTUBJIEHME MOC/IeAHEr0 Pe3K0 N3MEHSETCS, UTO U AB/SET-
€S BXOAHbIM BO3AEACTBMEM OJ1 CXeMbl AaTUNKA NOS0XKEHUS.

OAVIH KaHan AaTuvKa MoJsiIoKeHus, COOTBETCTBYIOLMIA O4HOMY pas-
psay, nokasaH Ha puc. 2.22, 6. dotoaunos VD BKJIOHEH Ha BXoA orne-
paumoHHoro yeumnmntena OY, paboTaloLlWero B peXXmume pesietAHoro ane-
MeHTa. B MCX04HOM MOSIOXKEHUM OH «3aKPbIT* OTPULIATESTbHBLIM 0M0p-
HbIM HanpsbkeHnem UM, npu ocseweHuu gotoanona VDycunutenb
«OTKPbIBAETCHA*, U Ha ero BbIXoae MosABASETCH 3/IEKTPUYECKNIA CUTHAS,
COOTBETCTBYIOLLNIA eanHULE OBONYHOI0 vncnia. KonmuecTBo Takux
YCWUTENELA COOTBETCTBYET Pa3psAHOCTM AATUMKA MOSIOKEHMS.

J1to60MYy MOJIOXKEHUIO KOA0BOr0 AMcKa B npeaenax 360* (ogHOro
060poTa) coOOTBETCTBYET O4HO3HAYHOE COHETAHME HySield U eAMHNLL Ha
BbIX04aX YCUNUTENeA, T.e. onpeaesieHHOe YMC/10BOe BbIpadXKeHVe yra.
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3T0 NosIoKEeHWe AN paccMaTpMBaeMoro TpexpaspsagHoro gatymka
WJITIOCTPUpPYeTCs AMarpaMMoia puc. 2.22, B, U3 KOTOPOLA BUAHO, YTO
rnpy NoBopoTe AMcKa Ha yrosi 360" nveeT MecTo BoceMb KOMOMHaLVIA
BbIX040B yemnuTteneia ot 0000 111. 3To compacTotgauaTrovMeH AH-IAK
yucna B OecATUYHOM cucteme ot 0 oo 7.

3 anarpammbl pyc. 2.22, BTaKxe BUAHO, YTO BbIX0A AaTUMKa N0S10-
YKEHUS N3MeHsIeTcs Yepes3 Kaxkable 45*%, UTo onpeaensieT ero AUCKpeT-
HOCTb (TOYHOCTB). B 06Wem cnyyvae AMCKPETHOCTb LLUMGPOBOro AaTumka

360°
MosiIoKeHUs1 onpeaensieTcs BbipakeHnem O = , FOg M— umncno

ero paspsaos. ’

15 NoBbIWEHUA TOYHOCTU LMGPOBbIX AaTHNKOB MOSI0KEHMS MpU-
MEHSITCA HECKO/IbKO KOAOBbIX ANCKOB, COeANHAEMbIX C BaJ1IOM ABU-
rarena yepes peayKTop.

Kpome (hoTo3/1IeEKTPUYECKNX MEPBUYHBLIX 3/IEMEHTOB B AaTyMKax
MOJS1I0XKEHUSA UCMOMb3YIOTCA UHAOYKTUBHbIE AATUYNKN C UHOYKTOCUHaMU,
no3Bo/IA0LWME NoMyYaTb 60s1ee BbICOKME MO TOUHOCTU XapaKTepucTu-
Ku. Pa3peluatoLias cnoco6HOCTb TakKMX AaTUMKOB, XapaKTepusytowas

o

X TOYHOCTb, onpeenseTcs BbipakeHnem [p= , e p — umc-
710 Nap rMoJsIlncoB MHAYKTOCUHA. MOCKO/bKY 3TO YXAC/I0 MOXET COCTaB-
NSITb HECKO/IbKO COTEH, TO MOXET ObITb 06ecrneyeHa TOYHOCTb B He-
CKOJ1bKO e4AVNHUL, NN AECATKOB e4ANHUL, YTJI0BbIX CEKYHA,.

B nocnegHee BpemMs B 3aMKHYTbIX cxemMax 3 nNpyUMeHAKTCA KOM-
M/EKCHbIE AaTUYMKN CKOPOCTU U MOJIOXKEHUA Baia gpuratenisa. K HAm
O0THOCATCA faTumkm MNOo-8 n NAd-9, sBkaovawowme B cebs AaTHMK
CKOpOCTU (BECKOHTAKTHbIA TaxoreHepaTop MOCTOAHHOM0 ToKa) U ho-
TOMMNYJIbCHBIA AaTUMK MOJIOXKEHUS poTopa, Bbigalowmia ot 125 fo
2500 MmNy 1bCOB 3a 04WH 060p0T Basla. TakMe JaTUMKU NPUMEHSIOT-
CS1, BYaCTHOCTU, B KOMIMJ/IEKTHbIX 211 Tunos 3MNb-1 n 3IMNb-2 ¢ BeH-
TUNbHLIMW ABUraTesIAMU.

JaTunky ToKa. B KauecTBe AaTUMKOB TOKa B pesieiAHO-KOHTaKTop—
HbIX Pa30MKHYTbIX CXeMaX UCMOo/b3YHTCA raBHbIM 06pa3oM perie ToKa.
MX KaTywKun, U3roToBsIEHHbIE N3 TOSICTOr0 NMPoBoAa C MasibiM YNCSIOM
BUTKOB, HEMOCPeACTBEHHO BK/IHOHAKOTCA B LIEMb KOHTPO/IMPYEMOTO (pe-
ry/inpyemoro) Toka gsuratesnis. MNpun gocTmKeHUn 3TUM TOKOM YPOBHEIN
cpabaTbIiBaHMA NN OTNYCKaHWSA MNPOUCXOAUT KOMMYTaLMsS KOHTaKTOoB
pene Toka, KOTOpble NPON3BOASAT COOTBETCTBYIOLWME MEPEK/TOHEHNS B
cxemMax ynpaBJsieHUs gpuraresnieM. B KauecTBe 4aTUMKOB TOKa 3TOro Tuna
NPUMEHSIOT pesie MMHUMaJTIbHOI0 U MaKCUMasibHOI 0 TOKOB.

CurHas, nponopunoHasibHbIIA TOKY ABUraTesis, MOXXeT ObITb Mosly-
UYEH TaKkKe C MOMOLLbIO LWYHTa, NMpeAcTaB/soLWero coboia KasinbpoBaH-
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HbIIA pe3ncTop Masloro CONPOTUBIIEHMS, BK/TIIOYaeMbIiA B LiEMb M3Mepsi-
€MOoro ToKa. MasieHre Hanpsh KeHUs1 Ha 3TOM pe3ncTope MpPomnopLmo-
Ha/1IbHO MPOTEKAlOLEMY M0 HEMY TOKY.

N5t n3amepeHniA nepeMeHHbIX TOKOB B KayecTBe AaTUMKOB TOKa
MPUMEHSIIOTCA TpaHCchopMaTopbl TOKa, UTO M03BOSISIET TaKXkKe ocylie-
CTBUTb NOTEHUMa/IbHOE pa3fesieHne CUI0BbIX LEMei 1 Leneii ynpas-
JIeHNs 3M1eKTpornpuBoaa.

JaTunkn HanpsbkeHusi. 018 n3mMepeHnst HanpshkeHUsi nepemMeHHo-
ro ToKa MCMosib3yloTCs TPaHCHopMaToPbl HAMNPSKEHWS, UTO MO3BOSIS-
€T TaKXkKe OCYLLEeCTBUTb MOTEHLMaIbHOE pa3aesieHne CUMOBbIX LIEMNEiA
1 UereiA ynpaBrieHust 3/1eKTponpueoa.

2.8. QJIEKTPOMATHWNTHBIE MY®Tbl N TOPMO3bI

B cocTaB cxeM aBTOMAaTM3MPOBaHHOI 0 3/1eKTponpuBeoda paga paboumnx
MaLLMH U MEXaHU3MOB BXOOAT 3/1eKTPOMar HATHbIE My(dTbl 1 TOPMO3bl.

3nekTpoMarHUTHas MyTa NpeacTaBnseT co60iA 3/1IeKTpoMexaHnyec-
Koe YCTPOIACTBO, M03BOJISIOLLEE C MOMOLLbIO 3/1IEKTPUYECKOr0 CUIrHas1a
yrnpaB/eHUsa coefUHATD U pasbegUHATL Baslbl, a TaKXKe perysnmpo-
BaTb CKOPOCTb MCMO/THNTENBHOI0 opraHa paboyeii MallnHbI Mpy No-
CTOSAHHOIA CKOPOCTUW BpalleHUs ABuraTtens.

JNeKTpoMarHUTHas My(dTa COCTOUT U3 BeAyLUEIA YacTu, COeANHS-
eMOIA C Apurartesiem, Be4OMOIA YacTu, COEQUHAEMOIA C BXOAHbIM Bas1OM
peayKTopa UM HenocpeACcTBEHHO C UCTOTHNTESIbHbIM OpraHom pabo-
yeil MallVHbI, U YCTPOIACTBa, 0becnevynBaloLWero coegmHeHne aTux
OBYX YacTeli Npu nogade Ha My(hTy ynpaBJisilOLLEro CUrHasa.

B anekTponpuBoaax npMMeHSTCA 3/IEKTPOMarHUTHble My(Thl C
MeXaHUYeCKOIA CBA3bI0, MOPOLLKOBbIE U UHAYKLVOHHbIE.

ANEeKTPOMarHUTHbIE My(ITbl C MEXaHWNYECKOIA CBSA3bIO Yalle BCEro
BbINO/THAIOTCA B BUAE PPUKLMOHHBIX My(dT, B KOTOPbIX BpalleHue oT
BeAylLeiA1 K BeJIOMOA 4YacTu My(PpTbl repefaeTcs 3a cHeT CU/1 TPeHUs
MeXxay HaxoAAaWwMMUCA Ha HUX PPUKLUOHHBIMW eTasiaMn B BUAOE
[NCKOB UM KOHYCOB. Takne My Tbl MPUMEHSATCA NpyY HeobXoamMmo-
CTW XXECTKOro CLernsieHns Be0MOro v BeAyLLero Basios.

B 3/1eKTpoMarHUTHbIX MOPOLLKOBLIX MY TaX coefMHEHNE BEAOMOIA
1 BeflyLLLIA YaCTelA OCyLLIECTB/ISIETCS 3a cHET heppoMar HUTHOro MopoLU -
Ka, 3aroJTHSAI0LLLEr0 3a30p B 3/1EKTPOMarHUTHOA cUCTEME MeXAy 3TU-
MW YacTAMU My(PTbl.

B 3/1eKTPOMarHUTHOIA MHOYKLVOHHOIA MY (hT€e BpalLalowmMiA MOMeHT
0T BedyLUeiA YacTu nepefaeTcs K BeAOMOIA 3a cHeT AeIACTBUS 3/1eKTPO-
MarHUTHbIX cuU. Puc. 2.23 naaocTpupyeT NpuMeHeHne asieKTpomar-
HUTHOA NHAYKLUMOHHOIA My(ThI 419 peryinpoBaHns CKOpoCcTU 3NekK-
Tponpmeoga. My@dTa COCTOUT U3 ABYX MEXaHWYECKN He CBA3aHHbIX
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Apyr ¢ ApyroM 4acTeli: Beayleia 2 n Begomoia 4. Beayuwiaa vacTb 2,
Ha3blBaeMasi AKOpeM U BbIMOSIHAeMas U3 (heppoMarHUTHOro MaTtepua-
Na, coeAnHseTcs ¢ BasloM apuratens / (Ha pucyHkKe MnokKasaH acuH-
XPOHHbIA Apuratesns). Begomasa yvacTb 4, HaBANU AMNHAYUAGA L *1
pacnonoxeHa BHYTpU Beayllein 2 n coegmHeHa vepes peaykTop 6 (nn
HenocpeACTBEHHO) C UCMOSIHUTE IbHbLIM OpraHoMm 7paboyein MallnHblI,
CKOPOCTb KOTOPOro HYXXHO perynmpoBatb. Ha nHaykTope 4 pacnosa-
raetcs 06MoTKa B036yXAeHUs 3, KoTopast Yepe3 KOHTaKTHble KOoJibLia
5 nogknoyaeTca K UCTOYHUKY NUTaHUA. BennunHa Toka Bo3byxae-
HUA /, MOXKET perynnpoBaTbCcs, Hanpumep, ¢ NOMoLLLbIO pesuctopa R,
3a cYeT Yero 1 NPonCXoamT U3MEHEHME CKOPOCTW BEAOMOLA YacTn My (-
Tbl U TEM CaMbIM UCMO/IHUTE/ILHOIO opraHa 7. PaccMoTpuM npouecc
perynvpoBaHusi CKOPOCTW NoApobHee, cunTas, YTo IKopb 2 NPUBOAUT-
CS BO BpalleHue oT apuratesid 1c NOCTOAHHOIA CKOPOCThHO L.

Puc. 2.23. SnekTpomarHutHas mydta:
a — cxema BKIOYeHUs; 6 — MexaHUYecKne XapakTepucTuKm

Ecnn 06mMoTKa nHayktopa 4 He 06TeKaeTcs TOKOM BO36YXAeHus,
TO MeXAy HUM U SKopeM 2 0TCYyTCTBYET MarHUTHasA CBA3b U UHAYKTOP
4 HenoaBwxkeH (to = 0).

Mpu nNpoTekaHUK rno 06MoTKe 5TokKa B030yXAeHUs /, B BO3AyLL-
HOM 3a30pe Mexzy SKOpPeM N MHAYKTOPOM BO3HUKAET MarHUTHoe rosie,
nog, AeACTBMEM KOTOPOro BO BpallaroLlemcs skope 2 6yayT LMpKyv-
poBaTb BUXpeBble TOKU. B3aumoaeiacTBMe 3TUX TOKOB C MarHUTHbIM
rnosieM co3gaeT BpallaloLUIA MOMEHT, MoA AeLACTBMEM KOTOPOI0 UH-
OYKTOp NMpuaeT BO BpallleHMe B Ty XXe CTOPOHY CO CKOPOCTbHO O>

M3 MexaHUYeCcKUX XapaKTepnucTuk Mygtbl &(V), npeacTaBnsowmx
€060/ 3aBUCUMOCTU CKOPOCTU MHAYKTOpa (BEAOMOMA YacTn) caoT pas-
BMBaeMoro Mm momeHTa M npu pasHbIX ToKax B030yXaeHus /,
(puc. 2.24, 6), crneayeT, 4YTO, HaNpMMep, NMpyY NOCTOHHOM MOMEHTE Ha—



rpy3kun JVc perynnpoBaHme Toka Bo36yxgeHus oT /,200 /»3Mo3BosseT
M3MEHATb CKOPOCTb MHAYKTopa oT (oc] 4o (02

PaccmMoTpeHHas MydTa MpUHaA/IeXNT K rpyrirne Tak HasblBaeMbIxX
3/IEKTPOMarHUTHbLIX My(T CO CBA3bK MEXAY ee YacTsMWU 4yepe3 Mar-
HUTHoe nosie. NMoMMMO TakKMX My(T MPUMEHSIIOTCA Takke My(Thbl C
MeXaHNYeCcKOIA CBA3b. B HUX nepefaya BpallaloLlero MOMeHTa OT
BeyLLIeiA YacTu K BEAOMOIA OCYLLECTB/IAETCA MEXaHUYECKUM TPEHVEM
WM 3aLernsieHVEeM 3a cUeT CO34aHNsA MeXAY HUMU HOPMaslbHOro AaB-
NeHNs1 MarHUTHbIM MO0J1EM 3/1EKTPOMarHm1Ta.

TopMO3HbIe YCTPOIACTBA. D/1eKTPONpUBOAbI psda pabounx MallivH u
MEXaHW3MOB CHab>karoTCsl creupasibHbIMU YCTPOLACTBaMM, KOTopble 06ec-
MeymBaloT 0CTaHOBKY ((PUKcaLMio) UCMOSTHUTESbHBIX OPraHoB B 3a4aH-
HbIX MOJIOXKEHUSIX, OFPaHUYEHME My TN TOPMOXEHUS MOC/1e OTK/THOUEHUS
ABuraTtesisl, a Takke yaepkaHue (hrkcalmo) UCNOSTHUTESTbHbLIX OpraHoB
B onpeAesieHHOM MOJIOKEHUW Mocs1e oTKYeHUs asuratens. K Takum
paboyunM MalliiHaM 0THOCATCS B MepBYH ovepeib NogbEMHO—-TPaHCMopPT-
Hble MEXaHN3Mbl — KpaHbl, MG TbI, MOABEMHUKMW, 3CKas1aTopbl N TA,

MNpnmeHseMble TOPMO3HbIE YCTPOACTBA MMEIOT BecbMa pa3Ho06-
pa3Hoe ncnosiHeHue. OHM NoApasfensaTces No BUAY UCMOMb3YEeMOro
npuBoAa Ha 3/IEKTPOMarHUTHbIE, rMApaB/NYECKNE, MHEBMATUYECKUE;
MO KOHCTPYKLUN (PUKLMOHHBIX 3/IEMEHTOB — AVCKOBbIE, KOHUYeC-
KVe 1 UMVHAPUYECKME, KOTOpble, B CBOO ovepenpb, OblBaloT KOM10404-
HbIMU N JIEHTOYHbIMW; MO0 HaYaJSIbHOMY MOJ1I0XKEHUI0 (PUKLNOHHbIX
3/1IEMEHTOB — Ha HOPMaJIbHO Pa30MKHYTbIe M HOPMaJIbHO 3aMKHYThIE.

B 60nbLUMHCTBE 3 HaxoAST NpUMEHeHMe TOpMO3bl C MPUBOAOM
0T 3/1EKTPOMarHMUTOB, Ha3bIBaEMbIe 3/71IEKTPOMarHATHbIMU. 3TN Top-
MO03bl N0Apa3aesnisaTCcs Mo poay ToKa — MOCTOSAHHOI0 U NepeMeHHOro;
no A/IMHe Xo4a AKopsa 3s/IeKTpoMarHMTa — AJIMHHOX0A0BblE N KOPOT-
KOX00Bble; M0 PeXVMy paboTbl — NPOA0/DKUTENIBHOCTLI0 BK/THOUEHWS
15, 25, 40 n 60% oT BpeMeHU UMKia paboTbl IM. KopoTKoxonoBoiA
TOPMO3 UMEET X0/, AKOPS 3/IEKTPOMArHUTa, 6/IM3KNIA N paBHbIIA Me-
pemMeLeHno GPNKLMOHHBbIX 3/1eMEHTOB (KO/1040K), a X04, AKOpS 3/1eK-
TpoMarHmMTa A/IMHHOX0A40BOr0 TOPMO3a B HECKOJIbKO pa3 MpeBbIlIaeT
3T0 NepeMeLleHVe. 3a cUHeT 3TOro B COOTBETCTBUM C MpaBUiaMn Mexa-
HUKN Tpebyemoe ycusve afieKTpoMarHMuTa 4SIMHHOX040B0Or0 TopMo3a
MOXEeT 6bITb BO CTOJIbKO Xe pa3 MeHbLLe.

MpUHLMN OEACTBMS HOPMaSIbHO 3aMKHYTOr0 K0/104,04HOI0 TOPMO3a
C MPUBOAOM OT 3/IEKTpOMarHuTa CoCTOUT B crieAytolem. B rcxogHom
«HOPMa/1bHOM™ MOSTIOXKEHWNMN, KOr4a 3/1IEKTPOMArHUT He MOAKJTIYEH K
VUCTOYHUKY MUTaHUS, ero KOs1I0AKW C MOMOLLbI MPY>XUHbI NpUKUMa-
IOTCS K TOPMO3HOMY LIKUBY, PacrosIoKEHHOMY Ha Basly ABUraTess,
1 3aTOPMaXMBaKOT ero. MNpu BKIIIOUEHUN ABUTAaTESIS HaMpshXeHne 04-
HOBPEMEHHO MOAAeTCA M Ha 0OMOTKY 3/IEKTPOMarH1UTa. AKOpb 3/1eKT—
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poMarHuTa, NPUTArMUBasACb K cepaeyHnKY, pacTopMaXmnBaeT KOJI04KU
TOopMO3a, 1 ABUraTesib HauMHaeT BpawaTbes. MNpn oTKAYEHUN OBU-
raTens TepseT NUTaHWe U 3/1EKTPOMArHUT M NPY>XKUHa BHOBb MPUXN-
MaeT KOJIOAKMU K LUKUBY, obecneymBas TOpMCBALWNaagr$*or Free Version
B 31 HekoTopbIX NPON3BOACTBEHHbLIX MEXaHU3MOB, B MepBYIO o4e-
pefb KpaHOBbIX, B TOPMO3ax MepeMeHHOro TokKa MpPUMEHSAITCA TakK
Ha3blBaeMble 3/1eKTPOrugpasrinyeckme Tosikatenn (AT). Mo cpaBHe-
HUIO C TOPMO3aMU C NPUBOLOM OT 3/1IEKTPOMArHMUTOB MepeMeHHoro
TOKa OHN UMEKT 60/1ee BbICOKYH WU3HOCOCTOMMKOCTbL, 06ecrnevnBaroT
naaBHy0 paboTy TOPMO3a, XapaKTepusyrTcsa MeHbLUMM NOTPe6/1eH-
eM ToKa 1 6onbluei/l HageXXHOCTbI B paboTe.
3NeKTpornapaBVHecKniA TosikaTe b NpeacTaBseT CO60A KOMM-
NleKcHoe YCTPOIACTBO, BKJIOHatoLLee 3/1eKTpoaBUraTesib NepeMeHHoro
Toka HebonbLwoA (A0 0,4 KBT) MOLWHOCTU, NPUBOAUMBIA UM LLEHTPO-
6EXHbIA HacoC N TMAPOUVSIMHAP C MOPLIHEM, C KOTOPbIM COeguHEH
BbIXOAHOM WTOK 3 T. BHYTpeHHASA nosiocTb I T 3a/imTa macsiom.
Pa6oTaeT 3I'T cneaytowmm obpasom. Mpu nogaye Ha ABuraTesb
HanpsHKeHUs OH HaudMHaeT BpalwaTb paboyvee Kosieco Hacoca. Nocnen-
HWIA co3paeT AaBrieHve Nofg NopLIHEM, KOTOpbliA HauMHaeT rnepeme-
WaTbCA CO LUTOKOM BBEPX WM pacTOpMaXmBaTb KOMOAKM TOPMO3a.
B BepxHeM MOJI0XKEHUU 0TKPbLIBAIOTCA KaHas1bl B LW IVIHAPE, Macs10 nepe-
TeKaeT B HWXKHIOW 4YacTb ' T n ABWKeHWe npekpallaeTcs. Bpems
noabema m onyckaHus wtoka 3 T 0bbIvHO cocTasnseT 0,3-1,5c.
Kpome TopM030B, KOTOpble MpeAcTaBisoT Co60LA 0TAe/TbHOE YCTPOLA-
CTBO, B 31 HaxoOAT LLMPOKOE MpUMEHeHVEe BCTpaBaeMble B ABUraTeslb
TOPMO3bl, COCTaB/IAOWME C HUM €OUHBLIA KOHCTPYKTUBHbLIA MOAY/b.
Takue BCTpavBaeMble TOPMO3bl BbIMOJTHAKTCA, Kak NpaBusio, AUCKOBbI-
MW N NMEIOT YrpaBJieHVE 0T 3/1EKTPOMarHATOB NOCTOAHHOIO U nepe-
MEHHOIr0 TOKa.

2.9. SAWNTA, BJIOKNPOBKU U CUTHANN3ALNA
B QJZTIEKTPOMPUBOAX

Ons obecneveHUs HaAEXHOM pa6oTbl AT U TEXHO/0rMYecKoro
060py40BaHUSI B €r0 CXeMax MpeaycMaTpuBaloTCsl Heo6XoauMble BUaObI
3alUNT. JTOIA XKe LesM CNy>KaT U passinyHble 6/T0KMPOBOYHbIE CBSI3N,
o6ecrneumnBaloLme 3aaHHbIA MOpPSA0K onepaUyia No ynpaesieHunto of-
HUM WM HECKOSIbKUMMK 3T 1 TeXHOI0rMYeckum 060pyAoBaHUEM U
npegoTBpallallLMe npyu 3ToM OWNGOYHble AeACTBUSI onepaTopa.
Kpome Toro, Bo MHOMMX c/lydasXx Les1eco06pa3Ho oCYLLECTB/SATL KOH-
TPO/1b 33 COCTOSTHUEM U PEXUMOM PaboThbl OTAEMbHBLIX Y3/10B 311, UTo
o6ecrneynBaeTCs C MOMOLLIbIO CPEACTB CUMHANM3ALINN, U3MEPUTESbHbIX
W PerncTpupyowmx NnpnGopos.
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AnnapaTbl MakCMasIbHOIA TOKOBOIA 3almMTbl. [pn paboTe 3 MoxeT
MPOU30IATU 3aMblKaHVe 3/IEKTPUYECKMX LIEMeiA MeXay CO60iA Win Ha 3eM-
o (Kopmyc), a Takke yBesimyeHvie ToKa B CUJI0BbIX LIEMSIX CBEPX A0Myc-
TMMOI0 Npeaena, BbI3BaHHOE, HarpuUMep, CTOMOPEHNEM ABVDKEHWSI UCMOJ1-
HUTEbHOI0 OpraHa paboyeii MallMHbI, 06pbIBOM 0AHOIA 13 (a3 NNTAIOLLET0
HanNpPsHKEeHUS, Pe3KUM CHKEHVEM TOKa BO36Y)XKAEeHWS ABUraTesieia nocTo-
AHHOro Toka. N5 3awmnThbl 31 1 NUTAIOLWLEA CeTU 0T MOSAB/IAIOLWMXCSA B
3TUX CyYasix HeoMyCcTUMO 60/1bLUMX TOKOB (CBEPXTOKOB) MpeaycMaTpu-
BaeTCs MaKCMMasibHasi TOKOBast 3alUmMTa, KOTopasi MOXKET peasi30BbIBaTb-
CS pa3/INYHbIMM CPeACTBaMU: C MOMOLLbHO MNJTaBKUX MPeAoXpaHUTEsIetA, pere
MaKCMMaJTbHOIr0 TOKa M aBTOMAaTMYECKVX BbIK/HoHaTe eiA.

MnaBkve npeaoxpaHVTeny FU BKIOHaKOTCA B KaXXKAYH0 NIMHUIO ((hasy)
NUTAOLLEIA ABUraTeslb CETU MeXAy Bbik/ouaTesrieM Q HanpspKeHUs ceTu
M KOHTaKTaMu JIMHEAHOI0 KoHTakTopa A'Jl/4/19 aCMHXPOHHOI0 ABUra-
Tensa (puc. 2.24, a) v ans apurarens rnocTosiHHOro Toka (puc. 2.24, 6).
Lienn ynpaBneHWs Takxe MOryT 3almuiaTbCs MJaBKUMWU MNpeao-
xpaHuTenamu (puc. 2.24, B).

+H=
> |
\NQ \Q

[].I_O I]FU

K cxeme
ynpasneHus

Puc. 2.24. Cxembl BKIoYeHMs NpegoxXpaHuTeneii Ans 3almTbi:
a — acuMHXPOHHOro asurarens; 6 — asuratens NOCTOAHHOrO TOKa;
B — uenen ynpasneHus

Bb160p r/1aBKoA BCTaBKW MpeaoxpaHUTesieiA CUI0BOIA YacTW 3/1eKTPO-
nprBoAa NPomM3BOAUTCS MO TOKY, KOTOPbIA paccUMTbIBaeTCs TakuM obpa-
30M, YT0ObI NpU NYCKe ABUIraTesIsi OHa He neperopasia 0T MyCKOBOI0 TOKa.

Perie MakcMMasibHOMo ToKa UCnosib3yTes BOCHOBHOM B 311 cpe-
Heli 1 60J1bLLIoIA Mo HOCTU. KaTywKn aTux pene FAL n FA2 Bk/itoya-
l0TCA B hasbl TpexdasHbIX ABUraresieii nepemMeHHoro Toka v B ogunH
WM AiBa Nnositoca ABUraTesis MoCTOSIHHOI 0 TOKa MeXay Bblk/llovaTesniemM Q
M KOHTaKTaMu JSiMHelAHoro koHTakTopa KM (puc. 2.25, a, 6). Pa3mbl-

71



KaloLlme KOHTaKTbl 3TUX pesie BK/IHUEHbI B Lienb KaTywk KM vHeia-
HOro KoHTakTopa (puc. 2.25, B). MNpn BO3HMKHOBEHUNMN CBEPXTOKOB B
KOHTPO/IMpPYEMbIX Lensx, npeBbiwarwmx yctaBkn pesie FAI n FA2,
3TW KOHTaKTbl pa3MbiKalTcsa 1 cmnoBble KOALULLUMWTAaA Bre?
TakTopa KMoTkMo4valoT geuraresib 0T NUTaloLWEA ceTu.

n LY

Puc. 2.25. Cxembl BKIOUEHUSI pesie MakKCMMa/lbHOro ToKa A1 3alnTbi:
a — acUMHXPOHHOro ABuratensi; 6 — apuraTesnst NOCTOSIHHOIO TOKa;
B — KOHTaKTOB pefie B LEenu ynpasfieHns

YcTaBKku pene MakKCUMaJ1bHOIro Toka A0JDKHbI Bbl6|/|paTbCF| TaKUM
06pa3om, YTOObl HE MPOMUCXOANII0 OTKJTHOUYEHUS ABUraTesIeA Npu Ux
NnycKke Unun gpyrux rnepexogHbIX rnpoueccax, Korga TOKU B CUJI0BbIX
Lendax B HECKOJ/1bKO pa3 npesbllIalnT HOMUHa IbHbIA YPOBEHb.

ABTOMaTMYeCKNE BO3OYLLUHbIE BbIK/HoHaTe M (aBTOMAaThbl). 3TN KOM-
NAeKCHble MHOroLesieBble arnapartbl obecneumBaroT Py4yHOE BKJ/IHOYE-
HME 1 OTKJ/IOUEeHVE ABUIaTesIeE N 3alLMTY 0T CBEPXTOKOB, Neperpysok
N CHVMOKEHNA NMUTAOLWLEro Harps>keHus. ,D,I'IFI BbIMNOJ/THEHUNA 3TUX q3yH K-
L[I/II7I aBToOMaT NMMEET KOHTaKTHYH CUCTEMY, 3aMblKaHME N pasMbliKaHNe
KOTOPOIA OCYLLIECTB/IAETCS BPYUHYHO C MOMOLLLbI PYKOATKN WM KHOM-
KN, MaKCMMa/1bHOE€ TOKOBOE peJsie U TersioBoe TOKOBOE pesie. Kp0|\/|e
3TOro, HEKOTOpPbIle TUMbI aBTOMaTOB obecneumBaloT 3alNTY OT CHWXKe-
HUA Hanps>XeHnda n AncCTtaHUmMoHHOe OTKJ/1I4YeHne lCI,BI/IF&ITGI‘IGI‘?’I.

BaXkHbIM YCTPOIMACTBOM aBTOMAaTa SAB/ISETCA MEXaHU3M CBO60AHOI0
pacuernsieHuns, KOTOprI7I obecneunBaeT ero 0TKJ/IloUeHne npun nocryruie-
HUW YMPaBAAKOLWMX W 3alMTHbIX BO3OEMACTBUIA. B 06LL,EeM C/yyae OT-
KJ/Tl04EeHME aBToOMaTa 3STUM MEeXaHN3MOM MOXXET MPonCcXoaAnTb Mpwn Npo-
TeKaHN TOKOB MNeperpy3ky, KoOpoTKoro saMbliKaHUA, CHVOKEHUW Harps-
XXeHUA ceTun, a Takke npn guCTaHUMOHHOM OTKJ/TIO4YEHN aBTOMaTa.

YnpouweHHoe YCTPOLACTBO aBToMaTa NoKasaHo Ha puc. 2.26, a. Pabo-
UMIA TOK HarpyskKum | NnpoTeKaeT yepe3 KOHTaKT laBTOMAaTAa, HarpeBaTte/ib
Tensio0Boro pesie 6B KaTyLLKY 9 pesie MaKCMMasibHOK ToKa. [pu KopoT-
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KOM 3aMbIKaHMM B KOHTPO/IMPYEMOIA Lienu cepaevHnK 10MakcMMasibHOro
pesie BTSMVMBaeTcs B KaTyLIKy 9 1 Tosikatesiem 8 Bo3AelACTBYET Ha pblyar
5 MexaHn3Ma pacuenieHus. MocneaHniA noBopayunMBaeTcsl Mo YacoBoiA
cTpenike 1 NpunogHMMaeT 3allenky 4. OcBo6oxaaeTcs pbluar 3, U nof,
[OEVACTB/EM MPYXXMHbI 2 KOHTaKTbl 1aBTomaTa pasmMbIKatoTcs.

Puc. 2.26. ABTomaTnyecKkunii BbIK/OUaTE b:
a — ycTpoiicTBo: 6 — cxema BK/IHUeHMs!

AHafI0rM4YHbIM 06pa3oM MPOUCXOANT OTKJ/IKOUEHME aBToOMaTa Mpu
neperpyske uUenu, Korga ToK B Hei/l 60/1bllie HOMUHa/TIbHOT 0 (pacyeT-
HOro0), HO MeHbLLEe TOKa KOPOTKOro 3amMbiKaHUsA. B 3ToM ciyyae TOK,
npoxoAsi N0 HarpeBaTesto 6 TEMJI0BOr0 pese, BbI3bIBaeT HarpeB 6rme-
Ta/I/INYECKOIA MlacTUHbLI 7. B pe3ysibTaTe 3TOro CBO60AHLIA KOHeL,
nMacTuHbI 7 NOAHMMAaETCS BBEPX M yepes3 pblyar 5 Bo3AeIACTBYET Ha
pacuenuTesnb 4, Bbi3biBas 3TUM pa3MblKaHWe KOHTaKTOB aBToMaTa.

YacTo BaBTOMaTax NPUMEHSIOT Ters1oBbIe pacLenuTesnin 6e3 Harpe-
BaTesiIfl, B 3TOM C/lydae KOHTPO/IMPYEMbIIA TOK MpornycKaeTca Heno-
CpeACTBEHHO Yepe3 BUMEeTa/I/TMYECKYIO M/IaCTUHY. B MasIoMOLLHbIX aB-
ToMaTax TakoI pacLennTesib MOXKET BbIMO/THATb PYHKLUUN U 3/IEMEH-
Ta MaKCUMas1bHOIA TOKOBOIA 3aLLMTbL.

Mpumep cxeMbl BK/IOUEHMST aBToMaTa QF 4/19 NnogKtoyeHns U 3a-
LLMTbI TPEX(A3HOIr0 aCMHXPOHHOI 0 ABUraTe s NpUBeAeH Ha puc. 2.26, 6.
ABTOMaTUNYECKME BbIK/THOHYATE I LLIMPOKO UCMOSIb3YHTCA A1 KOMMYTa-
LN U 38Tl CUIOBbIX N MasIOMOLLHbIX Lerneii 31 Bcex BUAOB.

HyneBas 3awpTa. Mpy 3HAYNTENTBHOM CHDKEHUW HarMpPsSXXeHUs CeETU
WM €ro NCHEe3HOBEHMM 3Ta 3alinTa obecrnevnBaeT OTK/IKOHEHME ABU-
rartesieii U NpegoTBpallaeT caMonpon3Bo/IbHOE NX BK/IHOYEHME (CaMo—
3anycK) nocsie BOCCTaHOB/IEHNS HaMPSXKEHUS.
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KaloLre KOHTaKTbl 3TUX pesie BK/IIUYEHbI B LieNb KaTyLkn K//nvHetA-
HOro KoHTakTopa (puc. 2.25, B). MNpn BO3HUKHOBEHUUN CBEPXTOKOB B
KOHTpOIMpyeMbIX Lensax, npesbiwarowmnx yctaskm pesie FAL n FA2,
3TN KOHTaKTbl pasMbIKalTCA U CUS10BbIE KOHM LL«M. P»» AMA'PEO> MR
TakTopa KM oTknovaloT gBuratesib 0T NUTAIOLWE CETU.

—“+

Puc. 2.25. Cxembl BKIOYEHWUA pesie MaKCUMa/lbHOTO TOKa A/11 3almThbl:
a — acMHXpPOHHOro apuratens; 6 — gsuratens NOCTOSAHHOIO TOKa;
B — KOHTaKTOB pesfie B Lenu ynpasrieHusi

YcTaBKU pesie MaKCMMasibHOM0 TOKa A0J/DKHbI BblOMpaTbCs TaKnum
06pa3om, UYToObl HE MPOUCXOAUM0 OTK/IKOUEHUA ABUraTesieiln nNpyu nx
nycke nan Apyrux nepexofHbIxX rpoueccax, Korga TOKU B CU0BbIX
Liensix B HECKO/1bKO pa3 MPeBbILLAT HOMUHA/IbHBIIA YPOBEHbD.

ABTOMaTMYECKNE BO3OYLLHbIE BbIK/HOUaTe/ M (ABTOMAaTbl). 3TN KOM-
Nns1IeKcHble MHOroLesieBble annapaTbl 06ecrneymBaloT PyHYHOe BK/IHOYe-
HVe N OTKJIH0YEHVE ABUraTENEA M 3aLUUTY OT CBEPXTOKOB, MeperpysokK
M CHMXKEHUA NMUTAaKLWLEro HarnpsXXeHns. 18 BbINO/THEHUA 3TUX Y HK-
LA aBTOMAT UMEET KOHTaKTHYI0 CUCTEMY, 3aMblKaHUe 1 pa3MblKaHue
KOTOpPOIA OCYLLECTB/ISIETCSH BPYHHYIO C MOMOLLbI0 PYKOSITKU W KHOM-
KW, MaKCuMaslbHOe TOKOBOE pesie N TerJsioBoe ToKoBoe pesie. Kpome
3TOro, HEKOTOPbIe TUMbl aBTOMATOB 06ecneyunBaloT 3alUTy OT CHUKe-
HUA HaNpsHXXeHUs U AUCTaHLMOHHOE OTKJIIoHeHNe ABUraTesein.

BaXXHbIM YCTPOIACTBOM aBTOMaTa SB/ISeTCA MeXaHU3M CBO60AHOI0
pacuensieHnsl, KOTOpbIA obecnevmBaeT ero 0TK/I0UeHMe Mpy nocTymnse-
HUW yMpaBASoLWLMX WA 3alMTHBIX BO3OSMACTBUIA. B 06Luem cryyae 0T-
K/1l04YeHNe aBToMaTa 3TUM MeXaHM3MOM MOXET MPONCXoAUTb MpU Mpo-
TEeKaHWM TOKOB Meperpy3kn, KOPoTKOro 3aMbIKaHUS, CHUDKEHNN Harps-
XXEHUSA CeTU, a TakKxKe Mpu ANCTaHLMOHHOM OTKJ/TIOYEHUN aBToOMaTa.

YnpoLwieHHoe YCTPOIACTBO aBToMaTa NnokasaHo Ha puc. 2.26, a. Pabo-
UMIA TOK Harpy3ku /mpoTeKaeT yepe3 KOHTaKT / aBTomaTa, HarpeBaTesib
Tensi0Boro pesie 6 B KaTyLLKy 9pesie MaKCMMasibHOK ToKa. Mpy KopoT-
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KOM 3aMbIKaHMM B KOHTPO/IMPYEMOIA Lienu cepaeuHmk 10MakcMasibHOro
pene BTAMVBaeTCs B KaTyLIKy 9 1 TonkaTesieM <Bo3AEIACTBYET Ha pblyar
5 MexaHW3Ma pacuensieHus. MocneaHuiA noBopaYyMBaeTCs Mo YacoBoiA
cTpesike 1 NpunogHMMaeT 3awesiky 4. OcBo6oXAaeTcs pblyar 3, U Nog
[OEVACTB/EM MPY)XUHbI 2 KOHTaKTbl /aBTOMaTa pa3MbIKalTCS.

Puc. 2.26. ABTomaTnyecKkunii BbIKNOUaTe b:
a — ycTpoiicTBo; 6 — cxema BK/HOUEHUs!

AHa0rnyHbIM 06pasoM MPOMCXOAUT OTK/IHOUYEHME aBToMaTa Npu
neperpyske Lenu, Korga ToK B Hei/l 60/1bllie HOMMHaIbHOro (pacyeT-
HOr0), HO MeHbLLUE TOKa KOPOTKOro 3aMbiKaHUs. B 3TOM c/lyyae TOK,
npoxoAsi Mo HarpeeaTesto 6 TEMJI0BOr0 pesie, BbI3bIBaET HarpeB bmme-
Ta/I/INYECKOIA N1aCTUHbI 7. B pe3ysibTaTte 3Toro cBo60AHbIA KOHeL,
nMacTuHbI 7 NOAHMMAETCA BBEPX W Yepe3 pblyar 5 Bo3AeIACTBYET Ha
pacuenuTesnb 4, Bbi3biBasi 3TVUM pa3MblKaHME KOHTaKTOB aBToMaTa.

YacTo B aBTOMaTax NPUMEHSIOT TeMN/10Bble pacuenuTesnin 6e3 Harpe-
BaTens, B 3TOM C/ly4ae KOHTPO/IMPYEMbIIA TOK MporycKaeTcs Heno-
CpeAcTBEHHO Yepe3 BUMEeTa/I/IMYECKYHO N/1acTUHY. B Ma/loMOLLHbIX aB-
ToMaTax TakoI pacLuennTeslb MOXKET BbIMOJTHATb (YHKUUW U 3/1eMEH-
Ta MaKCUMas1bHOIA TOKOBOIA 3alLUNTbI.

MpuMmep cxeMbl BKIOYEHNS aBToMaTa QFona nogknoyveHns m 3a-
LUMTbI TPEX(A3HOI0 aCMHXPOHHOI 0 ABUraTesisi MpUBeAeH Ha puc. 2.26, 6.
ABTOMaTUYECKME BbIK/IHOYATE I LLIMPOKO UCMOSIb3YHOTCA A1 KOMMYTa-
LM U 3alUMTbI CUI0BbIX N Ma/TIOMOLLHbIX Leneia 31 Bcex BUAOB.

HyneBas 3awmTa. Mpu 3HAYNTENIbHOM CHUXEHUN HaNpsi)KeHUs ceTn
WM €ro NCYEe3HOBEHMM 3Ta 3aliMTa 0becrevnBaeT 0TK/OUeHNEe ABU-
rarterieii 1 npegoTBpaLlaeT caMonpon3BosibHOE UX BK/IOHEHME (caMo—
3anyckK) rocsie BOCCTaHOB/IEHUSA HarpPsHKeHUS.

73



B Tex cnyyasx, Korga agspuiraresin ynpaBasioTcs 0T KHOMOK KOHTaK-

TOpamMn WM MarHUTHBLIMWU MycKaTeIsMn, HyslieBas 3allimTa ocyLecTB-
nseTcs caMyMMu annapatamu 6e3 NMpUMeHeHUs AOMOJSIHUTEbHbIX
cpeacTB. Hanpumep, ecim B cxemax puc.
MOHN3UI0Cb HaMnpsHXKeHne CeTU, KaTyLlKa JIMHEAHOro KoHTakTopa KM
rnoTepsieT NUTaHue, U OH OTKJ/IIUUT ABUraTesib 0T ceTu. pn BoccTa-
HOBJIEHUN Harps>XXeHUs ABuraresib MoXeT 6bITb BK/IHOUEH TOSIbKO MOC-
7le HaXXaTunsa Ha KHOMKY ynpaesieHnsa SB2 (cm. puc. 2.25).

Mpu ynpaBrieHnn 31 0T KOMaHAOKOHTpPOs1/1epa UK K/itova ¢ hUK-
CUPOBaHHbIM MOJSIOXKEHNEM UX PYKOATOK HysieBas 3alimTa ocyLlecTBNsA-
eTca C MOMOLUbLIO AOMOSTHUTEsIbHOro penie FVHanpsxeHna (puc. 2.27).

+

K Lensm ynpasneHus

Puc. 2.27. Cxema Hynesoit 3awmThbl

B 3104 cxeme pene FVBKJIOYaeTCcs B HY/IEBOM MOJSIOKEHNN KOMaH-
AO0KoHTposiepa (kto4ya) Yepes KoHTakT SMO, nocsie 4ero oHo cTaHo-
BUTCS Ha caMOnMTaHMe yepes CBOIA COOCTBEHHbIA KOHTAKT. [pun ne-
peBofe PYKOATKN KOMaHAO0KOHTposisiepa (K1toya) B MosioXkKeHue rnyc-
Ka /, NUTaHne BCE CXeMbI YNpaB/ieHUS OCYLLLECTB/ISeTCS vepes 3ToT
KOHTaKT, M03TOMY Mpu NCYE3HOBEHUUN HanpsXeHus pene FVoTkto-
UMTCA, NPEKPaTUTCH ee NUTaHMe U JIMHEMHBIUA KoHTakTop KM oTkso-
YNT ABUraTesib 0T CeTW. NpY BOCCTAHOB/IEHNWN HaMpsXXeHUs NUTaHUA
MOBTOPHOE BKJIOYEHME ABUraTesis MOXeT ObITb NMPoM3BeAEHO JINLb
rnocsie yCTaHOBKN PYKOATKN BHOBb B Hy/1eBoe (cpefHee) nosioXkeHune,
4YeM MCKJTIHaeTCA BO3MOXKHOCTb €ro camosarnycka.

OTMeTuM, YTOo B CXeme puc. 2.27 pene FVaansaeTcsa UCMIONTHUTE N b-
HbIM 3/IEMEHTOM elle ABYX 3alMT: 0T TOKOB KOPOTKOr0 3aMblKaHUSA
(KOHTaKTbI pesie MakCUMaslbHOro Toka FA) 1 Ten/oBoA (KOHTaKTbl
Tennosoro pene FP), UTo yacTo NpaKTUKYeTCs B CXemMax yrpassieHuUs.

TensioBas 3awmTa. 3Ta 3alMTa OTK/IOYAET ABUraTesb OT MCTOYHN-
Ka NUTaHus, ecnu BCeACTBME NPOTEKaHUSA MO ero Lernsm rnoBbILeH-
HbIX TOKOB UMeeT MecCTO 60s1ee BbICOKUIA Harpes ero o06MoToOK. Takas
neperpyska BO3HUKaeT, B YaCTHOCTW, Npu 06pbIiBe 0OHOIA 13 (ha3 Tpex-
ha3HbIX aCMHXPOHHbIX WM CUHXPOHHbIX ABUraTesein.
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Puc. 2.28. Tennosas 3awuTa:

a — cxema BK/IOYeHVs1 TeM/10BbIX pefie B Lenb cTatopa acMHXPOHHOro asurarens
6e3 TpaHchopmaTopa Toka; 6 — cxema BK/IHOYEHUs TEeMN/I0BbIX pene B Lenb
cTaTopa acMHXpPOHHOro ABuraTesns ¢ TpaHcopmMaTopoMm Toka; B — cxema

BK/IIOYEHUS TEMJ/IOBbIX pesie B LieMb SKOPS ABUrarensi MOCTOSAHHOro Toka

TennoBas 3aWwnTa ApuraTesieti MoXeT ObITb OCyLLLeCTB/IeHa C MOMO-
b0 TENs10BbIX, MaKCMMaslbHO—TOKOBbIX peslie U aBTOMaTU4YeCcKUX Bbl-
K/Ko4aTesnein.

Tennosble penie KKBktovatoTcs B gge (hasbl TpexhasHbIX ABUTa-
Tesel MepeMeHHOro Toka HemocpeacTBeHHO (puc. 2.28, a) uin yepes
TpaHchopmaTopbl Toka TA(puc. 2.28, 6), ecqin TOK gBuUrartesia NpeBbl-
LaeT HOMUHasTbHbLIA TOK pesie. [N 3alvTbl ABuraTeseiln nocTossHHO-
ro ToKa pesie BK/1H0Hal0TCA B O4MH WK ABa NoJsltoca Lenu nx nutaHus
(puc. 2.28, B). PaambiKatloLlme KOHTaKTbl TEM/10BbIX pesie BK/IHUaTCs
WM B LIEMU KaTyLUEK [1aBHbIX (JIMHEHbIX) KOHTAKTOpPOB, WU B LIEMb
3alUMUTHOr o pesie, Kak 3To NokKasaHo Ha puc. 2.27.

JelAcTBYE TENI0BOr0 pesie 0CHOBAHO Ha apdieKTe U3rnbaHmsa 6u-
MET/UIMHECKOA MIAaCTUHKU MpPU €e HarpeBaHUW 3a cUeT pa3/INyHbIX
TemnepaTypHbIX KO3PNLMNEHTOB JIMHEMHOIO pacliupeHmns obpasy-
IOLWMX ee MeTA/I/10B (CM. puc. 2.26, a).

HoMWHa/IbHbIA TOK TEMJI0BOr0 3/71IEMEHTa pesie /T3BblbMpaloT pas-
HbIM WX HECKOJIbKO 60/1bLUMM HOMUHa/IbHOI 0 TOKa Apurartens Ir,;:

(1—1,15) /,0*.

TennoBas 3aliMTa ABUraTesieiA MOXET OCYLLLECTB/IATbLCA aBTOMAaTU-
YEeCKVMMMW BbIK/IOYATENAMN N MarHUTHBIMU MyCcKaTesiiMu, ecsin OHN
MMET BCTPOEHHbIE TernsioBble pacLennTesnn, Kak, Hanpumep, B cxe-
Me aBTOMaTa puc. 2.26, a.

Mpn NOBTOPHO-KpPaTKOBPEMEHHbIX peXxmnmax paboTbl I, Korga
rnpoLieccbl Harpesa pesie 1 ABUraTens pas/inyHbl, 3alnTa aBuraresneil
OT neperpy3oK oCyLLeCTBAAETCA C MOMOLLLbI0 MaKCUMaSIbHO—TOKOBbIX
pene FA1un FA2(cm. puc. 2.25). TOKM yCcTaBOK pesie Npu 3TOM BbIOU-
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patoTca Ha 20—30 % Bbile HOMWUHa/IbHOI0 ToKa ABurartens. Tak Kak
YCTaBKUN pesie HMXe MYCKOBOro TOKa, TO MNPV MNYCKe ero KOHTaKTbl
LUYHTUPYIOTCA KOHTaKTamMmn pesie BpeMeHU, MMEeLLLEN0 BbIAEPXKKY Bpe-
MEHUN, HECKOJIbKO 60/1bLUYI0 BpeMeHU nycka BAO¥r6'LLBEe0 Free version
MVHNMaNIbHO-TOKOBasA 3almTa. 3TOT BUA 3alUMThI NpuMeHsieTcs B3I
C ABuUraTtesiaiMm NoCTOAHHOI0 TOKa U CUHXPOHHbIMW ABUraTeNs M 415
3alWmMTbI 0T 06pbIBa MX LiEreiA Bo3byxaeHus. cHe3HoBEHME TOKa BO36YXK-
[eHVA 0nacHOo TeM, YTO OHO BbIBbIBAET MCYE3HOBEHVE NPoTUBO34C ABK-
ratesiei M NpUBOAUT TEM CaMbIM K 3HAUNTESIbHOMY BO3pacTaHUIO TOKa B
UX CUOBBIX LEMAX N PE3KOMY CHUXEHUIO pa3BMBaeMOro My MOMeHTA.

-+

Puc. 2.29. Cxema MUHMMasIbHO-TOKOBOW 3alLnTbI

3JTa 3alnMTa OCyLLLECTBISIETCA C MOMOLLLbK MUHUMasIbHO—TOKOBOI0
pene KF, KaTyllKa KOTOporo BK/1l04YaeTCcs B LieMb 06MOTKW BO36yXAae-
HUSA ABUraTens, Kak 3To NokKasaHo Ha puc. 2.29. 3aMbIKalOLLMIEA KOH-
TakT pene KFBKtoyaeTces B Lenb KaTyLWKU KOHTakTopa ATA, 4To no-
3B0/1SI€T BKJIOYATb ABUraTeslb TO/IbKO MpU HA/IMYMU TOKa BO30YXAe-
Husa B OBM. lMpun pa6oTe 3l B c/iyyae MCUHE3HOBEHUS WU PE3KOIO
CHMXXEHNA ToKa B0O30Y)XXAeHNA KOHTaKT pesie /Apa3oMKHeTCH U KOH-
TakTop KM, noTepsiB NnuTaHue, OTK/IOUUT ABUraTe b 0T CETU.

CneyyianbHble B1abI 3alUMT. K HAM 0THOCATCA 3alyUThl OT nepeHa-
npsiXkeHUs Ha 06MOTKe BO30YX/AEHUS ABUraTesisi MOCTOSSHHOI O TOKa,
0T MOBbILWEHNS HaNpPsHKeHUS B CMCTeEMe «MpeobpasoBaTesib —aABUra-
TesNb», 0T NpeBbIWeHUs ckopocTu 3T, 0T 3aTAHYBLUErocs MycKa CUH-
XPOHHbIX ABUraTesieia v psag apyrux.

3alimTa 0T nepeHanpshkeHUs Ha 06MOTKe BO30YXKAeHUS ABUraTesis
MOCTOAHHOI0 TOKa TpebyeTcs Npn ee OTK/IIOYEHUN OT MCTOYHMKA NK-
TaHuA. B aToM pexxume BcreAcTBMe 6bICTPOro cnafaHns Toka Bo30yX-
[eHUs N TeM caMbIiM MarHUTHOIO MOTOKa B 06MOTKe BO3HMKaET 3Ha-
unTenbHas (A0 HECKO/IbKMX KUoBosbT) /4 C camMoMHAYKL MK, KOTopast
MOXeT BbI3BaTb NPo60OIA ee N30/19LMN.
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3alumTa oCyLLEeCcTB/ISAETCA C MOMOLLbK TakK Ha3bIBAEMOI0 pa3psgHOro
pesncTopa BKJ/THOMAEMOI0 NapasisiesibHo 06MoTKe Bo36ykaeHmnss OBM
(pwnc. 2.29) conpoTtmeneHvem / ~ m Ero conpotmBfieHne BblGmMpaeTcsa paB-
HbIM (4...5)Rotu npu HanpsbkeHUN NUTaHus 220 B u (6...8)",,,mnpn Ha-
npsbkeHun 110 B. 1 ycTpaHeHWs MoTepb SHEPrn B pa3psigHOM pesunc-
Tope rmoc/ienoBaTesibHO ¢ HAM BrItodaeTest aviod, VD. OH He nponycKaeT
yepes pe3ncTop TOK MpU BK/IKOYEHHOIA 06MOTKE BO36Y)KAEHWS, HO MO3BO-
J19eT NpoTeKaTb TOKy noA Aetacteriem 3 /,C caMOMHAYKLNW, BO3HUKAKOLLEA
npy OTK/IOYEHUM 06MOTKU. Bbi6op R? B yKasaHHbIX npeaesiax no3sonseTt
CHU3UTb TEMI cNadaHnsa ToKa B 06MOTKe BO30YXXAeHUNS N TeM CaMbIM OF -
paHNuUNTb BeunHy 3/1,C caMOMHAYKLMW A0 A0NYCTUMbIX MPeaesioB.

3awunTa 0T MpeBbILEHVS HaMNPHKEHNA NMPUMEHSeTCSA rlaBHbIM 06-
pa3oM B cUCTeMe «rpeobpa3oBaTesib —apuratesib*. OHa peasinsyeTcs
C MOMOLLbIO pesie HanpsHKeHUs, BK/IKDYAaeMOro Ha BbIXoA npeobpaso-
BaTesid M CBOMMUW KOHTaKTaMy BO3AEMACTBYHIOLLEN0 Ha LIenu oTKJIo4e-
HUS HanpsbkeHUs 3. 3Ta 3ayTa KOCBEHHO 3allMLaeT ABUraresb rno-
CTOSIHHOI O TOKa M 0T YpPe3MEepHOro yBes/InYeHWsi CKOPOCTUW Mpu MNosiB-
JIeHNN MOBbILLEHHOT 0 HaNPSHKEHUS.

3alwmTa 0T MpesbILLEHV CKOPOCTU NpuMeHsieTes B 3 pabouunx ma-
LUMH, He A0MNYCKALLMX MPEBbILLEHNSI CKOPOCTU ABVKEHNSI CBOMX UCTIOST-
HUTE/TbHbIX OPraHoB (INThI, NOAbEMHbIE SlIebeAKN, 3CKa/1aTopbl, LLaXT-
Hble NOABEMHUKM). [1115 NpefoTBpaLLeHNs HeAoMNyCTUMbIX CKOpoCTe A ABU-
»XeHust B 9T 1Cronb3yeTces 3alimMTa, KOTopash MOXKET 6bITb BbIMNO/IHEHA C
MOMOLLLbHO TaX0reHePaToOpOB WM LIEHTPOGEXHbIX BbIK/HOHATESENA, coeaun-
HEHHbIX C Ba/10M Apuraresis. LieHTpobexkHble BbIK/KOYaTe M Hernocpe-
CTBEHHO BO3ZELACTBYHOT Ha LIEMb YMpaB/ieHWs, a BC/lyvae NMpUMEHEHNS Ta-
XoreHepaTopa 3T0 BO3AEACTBYIE OCYLLECTB/ISIETCS C MOMOLLLbIO pesie Hanpsi-
YKEHWS, BKJTHOUAEMOI0 Ha Ero SIKopb.

3aliMTa 0T 3aTAHYBLUErocs rycka CUMHXPOHHbIX ABuUraresnieii
o6ecrieyrBaeT ero NpekKpalleHme, ecsim K KOHLYY pac4eTHOro BpEMEHU
rnycka TOK BO36Y>XAEHUS CUHXPOHHbIX ABUraTesieii He AoCTUT 3a4aH-
HOro YpoBHA. OcyLLecTBAAETCA 3Ta 3aliMTa C MOMOLLLIO pesie MUHU-
ManibHoro Toka KF, BK/1lo4aeMoro aHas10rMyHo pesie o6pbiBa Nosis B
Liernb 06MOTKM BO36GYXXAEHWNS CUHXPOHHbIX ABuraresieis (cMm. puc. 2.29),
n pene BpemeHn KT (puc. 2.30). Ecnv 3a Bpems Bbigepxku pene KT,
paBHOe BpeMeHW HopMasibHOro nycka C/,, TOK BO36Y)XK-AeHUS OKaXKeT-
CA HeAOCTaTOYHbIM, TO Mocsle 3aMblKaHMA KOHTakToB pesie KTcpabo-
TaeT perie 3awmTbl KVFK gacT komaHAay Ha npekpalleHue nycka.

MNyTeBas 3awMTa o6ecnevmBaeT OTK/IOYEHNE 3T Npy AOCTDKEHN
WCMOSTHUTESTbHBIM OpraHoM paboyeii MallVHbI KpalAHX MOsIokeHNiA. OHa
OCYLLIECTB/ISIETCS C MOMOLLbK KOHEUHbIX BbIK/OYaTe e, ycTaHaB/IMBa-
€MbIX B 3TUX MOSI0XKEHMSAX UCTIOSTHUTESIbHOIO OpraHa 1 pa3MbIKaloLwmxX
Lienu pese 3alnTbl WM HenocpeAcTBEHHO JIMHEMAHBLIX KOHTaKTOPOB.
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Puc. 2.30. Cxema 3awmTbl OT 3aTsIHYBLUErocsi Mycka CUHXPOHHOIO ABUraresis

3awMTa 0T BbINgAEHVS CUHXPOHHBLIX JBUIATEs eI N3 CUHXPOHM3MA Mpn-
MeHsieTcs 415 AT ¢ CUHXPOHHBLIMUY ABUraTenisMy, paboTarLmnx ¢ pes-
KO U3MEHSIIOLLLEIACA Harpy3KoiA Ha Basly M NUTAOLWNXCH OT CeTU, B KO-
TOPOLA BO3MOXHO CHUXEHME HarnpshKeHUs. 3almTa ocyLLecTBAETCS C
rnomoubto pene HanpshkeHus KV (puc. 2.31), BK/IHOUEHHOIO Ha Harps-
YXeHune ceTun, u perne (KoHTakKTopa) hopcnpoBKU Bo3bYyaeHua KF, 3a-
MbIKalLWNIA KOHTAKT KOTOPOro BK/IOYEH MapasifiesibHO A406aBOYHOMY
pesucTtopy R, B uenn o6moTkn Bo36yxaeHns OBB Bo3bygutens B.

Puc. 2.31. Cxema 3almnTbl OT BblNageHsa CUHXPOHHOIo ABuraresia U3 CUHXpoHM3mMa

Mpyn HOpMasibHOM YpOBHE HanpskeHus ceTu pene KV BK/IHOYEHO,
a pene KF He BktoyeHo, nostomy pesuctop J1, BBegeH B Lens OBB,
M Mo HeiA NpoTeKaeT HOMUHa/TbHBIA (MK B5M3KMIA K HEMY) TOK. Mpu
CHVDKEHUU HampshXeHus ceTn Ha 15—20% pene KVoTktovaeTces 1 3a-
MbIKaeT CBOIA KOHTaKT B Lenu kaTywku pernie KF. MNocriegHee BKoYa-
eTCH U CBOMM KOHTaKTOM LUYHTUpYeT pe3ncTop J1,. ToK BO30YXaeHUSA
B030yAnTess, ero HanpsHkeHMe 1 ToK BO36YXXAEeHUSI CUHXPOHHbIX OBU-
rateriet4 /.,, Bo3pacTalT, a TeM caMbIM yBenuuuBaeTcsa ero 34C. 310
NpMBOAUT K YBE/IMYEHUNIO MAKCMMaJ1bHOI0 MOMEHTA W Meperpy304Hoii
CMOCOBHOCTU CUHXPOHHbIX ABUraTesieiA U TeM caMbiM 06ecneyrBaeT ero
CMHXPOHHYO paboTy C CETbIO MpPU YBE/IMHEHUN HArpy3KnN Ha BasTy.



AnekTpuyeckue 6710KMpoBKU B cxemMax 3. OHU cnyxaT gfist obec-
rneyveHnst 330aHHOIA MNoc/1e0BaTe/IbHOCTY OMepauuvia Npu ero ynpaesie-
HUW, MPeAoTBpaLLEHNS HELUTATHBIX 1 aBapUIAHbIX CUTYaUUIA 1 Henpa-
BWIbHbIX ASACTBULA CO CTOPOHbI OMepaTopa, YTOo B UTOre MoBbillaeT
HaOeXHOCTb paboTbl A M TexXHO0rmyeckoro obopynosaHus. Tak,
Hanpumep, npn pabote gByx kKoHTakTopoB KM1 n KM2 (puc. 2.32, 0)
rnepeKpecTHOE BKJTHOUEHME NX Pa3MbIKaKLLNX KOHTAKTOB B LIeNU KaTy-
LLEeK He J0MYCKaeT BK/IKOUEHUS 04HOr0 KOHTaKTopa Npy BK/IKOUYEHHOM
ApyroMm. Takoi4 Bz, 6/10KUPOBKM NPUMEHSIETCH B peBEpCUBHbLIX T, rae
HeAonycTUMO 04HOBpEMEHHOE BKJ/IHOUYEHME ABYX KOHTaKTopoB, Ui B
3MM ¢ 3NeKTpNYEeCKMM TOPMOXKEHMEM ABUraTesis, rae TOpMOXKEHME MO-
YKET Ha4YaTbCH TO/IbKO MOCs1e OTKJIIOYEHUS ABUraTe 1A 0T CETU.

0 + 6
Q) Q)

KMI

Puc. 2.32. BNoknpoBkn B cxemMax 3/eKTponprueoaa:
a —ans nNpefoTBpaLleHns O4HOBPEMEHHOMO BK/IHOUYEHVSI ABYX KOHTAKTOPOB;
6 — npu cpabaTbiBaHWN KOHEUYHOrO BbIK/OUATESNSs

OaHoBpeMeHHOe BKJ/IOUEeHVE ABYX KOHTaKTOPOB MOXET ObITb NpeaoT-
BPALLLEHO U C MOMOLLLbIO MCMO/1b30BaHUA ABYXLEMHbIX KHOMOK yripas/ie-
HUS, UMEIOLLUX 3aMbIKaOLLMIA U pa3MbIKaloWMIA KOHTaKTbl (pyuc. 2.32, 0).

Kak BUAHO 13 CXeMbl, HaXkaTue /10604 U3 KHOMOK NpuBOAUT K 3a-
MbIKaHUIO Lienn KaTyLKWM 04HOr0 U3 KOHTaKTOopoB 1 04HOBPEMEHHO-
MY pa3MbIKaHMIO Lienu Apyroro KOHTaKTopa.

Cxema puc. 2.33, 6 unacTpupyeT NpUMep HEKOTOPOEA TEXHOJI0MU-
yecKoiA 6,10KMpoBKU AByx 3T, paboTalLwmx COBMECTHO B KOMM/1EK-
ce. OHa pgonyckaeT Bk/toveHne KoHTakTopa KM1oaHoro 31N Tosibko
nocsie BK/ItoveHNsA KoHTakTopa KM2apyroro 31 v npn HaxxaTom ny-
TeBOM Bblk/tovaTesnie SQ.

B 3N npumeHATCS U Apyrue Buabl 6,710KNPOBKU, KOTOpble 6yayT
paccMOTpeHbI fafiee B KOHKPETHbIX CXeMax yrpaBJsieHUs.

CvrHanvzaups B cxemax ynpassieHus 3. [ KOHTPos1s 3a X040M Tex-
HO/M0rMYECKOro rpoLiecca Wim rnocefoBaTesIbHOCTU BbIMOSTHAEMbIX Ore—
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paLmiA, COCTOAHMS 3aNTbI U HA/IMYMS HAMpsHKeHUs MUTaHUs WK KaKo-
ro—/iMbo 3N1EKTPUYECKON0 CUMHasIa MPUMEHSIETCS CUMHaIU3aUmsi, KoTopast
MOXET ObITb CBETOBOM (CUTHasIbHbIE STaMIbl, Tabs10), 3BYKOBOIA (3BOHOK,
CUpEeHa) 1 BU3yasTbHOIA (YKasaTesibHble pesie, 3n*piATLW!BTH#e»n3$0 Nan)'.on

Puc. 2.33. Cxema curHanmsaumm

Ana npumepa Ha puc. 2.33 nokasaHbl BO3MOXHbIE CUTHa/IM3aumn
B cxeMe ynpasneHusa 3. Jlamna HL1 cnrHannavpyeT o nogaye Ha-
npsHkeHUss Ha cxemy (Bk/iloueHue aBTomata QF), namna HL2 —
0 BKJ/OUeHUN KoHTakTopa KM, namna HL3 — o cpabaTbiBaHUM pene
MaKCMasibHOIA ToKoBoA 3awnTbl FA, namna HL4 — o cpabaTbiBaHMN
KOHEYHOro Bbik/toyaTens SQ.

2.10. BbIBOP CU/IOBbIX MPEOBPA3OBATE/NEMN,
AMMAPATOB YMNPABNEHWA, KOMMYTALUMN
N 3ALLNT

BbI60p CWI0BbIX MO/TYTPOBOOHMKOBBLIX MNpeobpasoBaTesieii oCcyLLLecTB-
N5eTca Mo creyou MM rnokasaTesiaiM U napameTpam:

* YPOBHIO M YaCTOTE HaMpsHKeHUS MUTAOLLEIA ceTu;

 BeJINYMHE TOKa HarpysKu;

* yncny a3 Harpysku;

* XapakTepy Harpy3ku (aKTUBHas, aKTUBHO—-MHOYKTVIBHas, eMKOCTHas);

* OManasoHy perysimpoBaHus BbIXOAHOI0 HaNpsXXeHUs W/Unn 4acToTbl;

* H/TMYMIO HEOOXOAMMBIX 3alLUUT U CUrHaIM3aumuy;

* Ha/IM4UIO CPeacTB ANarHOCTUKM;

e pexxumy paboTbl anekTponpusoga (51, S2, 53);

* KJIMMATUYECKOMY VCMOJSTHEHUVIO U KaTeropuu pa3smMeLleHuns;

e CTeneHu 3awunThbl IP;

» TpeboBaHUAM TEXHUKU 6€30MacHOCTU;
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* BbICOTE Haj, YPOBHEM MOpS;

* YCJ/IOBUSAIM 3KCM/lyaTauum.

B KauecTBe A0Mo/HUTE IbHbIX ()aKTOPOB MpU Bblbope nNpeobpasoBaTe-
retAmoryT yuntbiBatbes KM/, maccorabapyTHbIE M CTOMMOCTHbIE MOKa-
3aTesin, a TakoKe MoKasaTes M HaaeXHocTy (HapaboTKa Ha 0TKas, cpeaHNIA
CPOK CNy>0bl, cpeHee BpeMsi BOCCTAHOB/IEHUSA U TA,.), YPOBEHb CO3/3aBa-
eMblIx rnomex. Mpu yyeTe sTUX haKTOPOB Lies1ecoo6pa3Ho MCMOMb30BaTb
VHTErpasibHbIe MoKasaTesiM KauecTBa U BeCOBble KO3APPULIMEHTbI (KO3(-
(OMLMEHTbI 3HAYMMOCTU) OTAE/bHBLIX MOKa3aTe el NMpeobpasoBaTesiein.

[MosTyrnpoBOAHMKOBbLIE MYCKOBbIE YCTPOIACTBA 419 ABUraTesis BbIGU-
paloTcs Mo TeM XKe MnoKasaTesisiM, 4To 1 rnpeobpasoBaTesiv. JoNoTHN-
TesIbHO K HAIM HeobXxo4MMO YU UTbIBATh:

* pPEBEPCMBHbLIIA WM HEPEBEPCUBHBLIIA XapaKTep paboTbl ABUIaTesNs;

e CN0OC06 OrpaHNYEeHUs MYCKOBOI0 TokKa (Lenecoobpa3HbIiA Xapak-
Tep M3MEHEeHMs Harnps>kKeHUs npu nycke, onpeaensiemMbliiA BUAOM Me-
XaHUYECKOA Harpysku oBuraTens);

* HEOOGXOAMMOCTb 3/IEKTPUYECKOr0 TOPMOXKEHUSA ABUraTEeSs;

e crnoco6 moaayun cMrHaa yrnpaB/ieHUs Ha NycKaTeslb — 3J71IEKTPO-
MEXaHNYECKUIA KOHTaKT (KHOMKa, K/1o4 yNpaB/ieHNs) WK NoTeHUU-
a/bHbIA CUMHaUT yripaB/ieHUs (HanpshKeHUYECKNIA UM TOKOBbIIA);

* N3HOCOCTOMKOCTb MycKaTess;

* [OMYCTUMAs YacToTa BK/IOUEHNIA.

Bb160p aN1EKTPUYECKMX arnnapaToB NpeacTaBsiseT coboiA 3agady, npu
peLueHN KOTOPOA A0/MKHbI YUNTbIBATLCA:

e KOMMYTUVpPYEMbIE anrnapaToM TOKU, HaMpsHXKeHUs 1 MOLLHOCTU;

* MapamMeTpbl U XapakTep Harpys3kKu — akTUBHasA, WHAYKTUBHas,
€MKOCTHasi, HU3KOro Win BbICOKOI0 COMPOTUB/IEHUS U Ap.;

* UNC/I0 KOMMYTUPYEMbIX LIEMEIA,

e HanNpsHKeHUs N TOKU LIENeiA ynpaBsieHs;

e HanpshkeHne KaTyLLKUX arnnapaTa;

* peXXMm paboTbl anmnapaTa — KpPaTKOBPEMEHHbIA, A MTeSNbHBIIA,
MOBTOPHO-KPaTKOBPEMEHHbIIA;

 yc10BUA paboThbl anmnaparta — TeMnepaTypa, B/aKHOCTb, AaB/IeHNe,
Ha/In4ume BMbGpaLmm u ap.;

* CMNocobbl KpernsieHUs annapara,

e 3KOHOMWYECKME U MaccorabapmTHbIe MoKasaTenu;

¢ yA06CTBO COMPSAXEHUSA U 3/1IEKTPOMarHUTHasi COBMECTUMOCTb C
OpyrvMU yCTPOLACTBaMU U arnnapaTamu;

¢ CTOMKOCTb K 3/IEKTPUYECKNM, MEXaHUYECKUM U TEPMUYECKNM
neperpysKam;

* KJ/IMUMaTUYECKOE UCTIOSTHEHME N KaTeropusl pasMeLLLeHs;

e CTENeHu 3aWwmnTbl /J1,

e TpeboBaHUA TEXHNKM 6€30MacHOCTU;
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* BbICOTa Ha YPOBHEM MOpS;

* YC/I0BUS 3KCMTyaTaunn.

Crnoco6HOCTb 3/1IEKTPMYECKOro arnnapaTa K rneperpyskam onpeaessiii
eTcsa ero npeaesibHoA KOMMY TaLMOHHOA ¢
HaMWNYECKOIA U TEPMMNYUECKOIA CTOAKOCTbHO.

MpeOebHOA KOMMY TaLWIOHHOLA CMOCOOHOCTBIO 3/1eKTPUYECKOro armna-
paTa Ha3bIBalOT MaKCUMaslbHbIA TOK KOPOTKOI0 3aMblKaHUS, KOTOPbIA
OH cnocobeH OTK/IIUYNTb HECKO/TbKO pa3, 0cTaBasiCb UCMpPaBHbIM.

JNeKTpoauHaMUYecKasi CTOA KOCTb XapaKTepm3yeTcsl aMminTyaoiA
YAApHOro ToKa KOPOTKOIN0 3aMblKaHUS, KOTOPbIA crocobeH nponyc-
TUTb annapaT 6e3 CBOEr0 NMOBPEXAEHUS.

TepmuyecKkasi CTOIA KOCTb XapaKTepusyeTcs A0onyCTUMbIM Kosinde-
CTBOM Ternsia, KoTopoe MOXeT ObITb BblZesieHO B annapaTe 3a Bpemsi
[ECTBMA TOKA KOPOTKOI0 3aMbliKaHUS.

[Ans onpegeneHns cooTBETCTBUS 3TUX MapamMeTpPoB 3/IEKTPUUECKUX
annapaToB YC/10BUSM paboTbl 3/71EKTPOYCTaHOBKU A0/DKHbI ObITb Npea-
BapuTEe/IbHO onpeaesieHbl TOKM KOPOTKOM0 3aMblKaHUS.

ABTOMaTUYECKME BbIK/IHOHaTe/ U, STW annapaTbl peKOMeHAYyeTcs Npu-
MEHSITb B 0TBETCTBEHHbIX YCTaHOBKax NPy HEOGX0ANUMOCTU BGbICTPOro
BOCCTAHOBJIEHUS HaMPsHXKeHUs NMUTaHUS, ANCTaHLWOHHOIO YrpaB/1eHUs
M KOMIMJIEKCHOM 3alUMThbI, a TaKKe B aCMHXPOHHbIX 3/IEKTPONpUBoAax
019 peAoTBpalleHns o4HO0Ma3HOro pexuma paboTbl gpuratenieii. Vix
MCMosib30BaHMe LesliecoobpasHo Takxke B 3/1IeKTPONpMBoOAax ¢ Maslota
YaCTOTO BKJ/IOUEHUS, IOe OHWM ob6ecneunBaloT BK/IOUEHME U 3alUTY
ABuratesis u MoryT rMpUMeHSITbCA BMECTO MarHUTHBbIX MycKaTesei.

ABTOMaTUYECKME BbIK/IOYATE/IN BbIOMPAOTCA MO0 HOMUHa/IbHLIM
TOKY M HanpshKeHuto, poay ToKa, NnpeaesibHOA KOMMYTaLMOHHOM cMo-
COGHOCTN, 3/1IEKTPOANHAMUNYECKOIA N TEPMUYECKOIA CTOIMKOCTU, C06-
CTBEHHOMY BpeMeHU BK/OUYeHUs. Bce napameTpbl aBTOMAaTOB A0/1K-
Hbl COOTBETCTBOBaTb MX paboTe KaK B 06bIYHOM, TaK U aBapuUiAHOM
peXkMmMax, a KOHCTPYKTUBHOE UCMOSIHEHWE — YC/I0BUSIM pa3MeLLiEHMS.

HoMWHaNbHBbIA TOK aBTOMAaTa A0/HKEH ObITb HE HMKE ToKa Mpoaosi-
YXMUTESIbHOI0 peXxmma yCcTaHOBKM, a caM arrmapaT He [A0JHKEH OTKJIo-
yaTbCcsA NpU NpPeayCMOTPEHHbIX TEXHOIOMMYECKUX Meperpy3Kax.

MpoBepKa BbIGMPaeMOro aBTomMaTa Mo YC/10BUIO 3alUMTbI 3/1eKTPO-
YCTaHOBKW 0T TOKOB KOPOTKOI0 3aMblKaHUA COCTOUT B COMOCTaB/1EHUN
TOoKa KOPOTKOro 3aMblKaHUsi B YCTaHOBKE C MpeAesibHOIA KOMMY TaLMOH-
HOIA CMoCcoBHOCTbI0 aBTOMaTa, KOTopas A0/IKHa ObITb Bbille 3TOro ToKa.

3awmTa yCTaHOBKM OT Meperpy3oK no ToKy byaeT obecrneveHa, ecim
HOMWHa/IbHbIA TOK aBToMaTa ¢ TeMN/10BbIM pacuenuTesieM GyaAeT paBeH
W11 HECKOJ1bKO 60/1bLLIe HOMWUHA/TIbBHOI 0 TOKA 3aLLiMLLLAeEMOro 06 beKTa.

YcTaBKa TEN/I0BOMA U MaKCUMasIbHOM 3alUNT 3/1IeKTpoaBuraTesieii
[0/HKHA COOTBETCTBOBATb YPOBHSIM TOKOB ABUraTesnsi. MakcumasibHasi
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TOKOBas 3allnTa He A0/IKHa cpabaTbiBaTb MpU NyCcKe ABUraTesis, OJis
yero ee ycTaBKa /yMBbIGMpPaeTCs Mo COOTHOLIEHUIO

M Ky

roe K= 1,5-2,2 — KoaphmMymeHT, yunTbiBalOWUIA BUA pacLennTens
1 BO3MOXHbIA pa3bpoc Toka cpabaTbiBaHUSA OTHOCUTESIbHO YCTaBKMU;
Jyre — nycKoBoiA TOK ApuraTesns.

3awmTa oT neperpy3kn (TernsioBas 3alinMTa) cumnTaeTcs ahPeKTUB-
HOLA MpW crieAyoLLEeEM COOTHOLLIEHMU ee TOKa YCTaBKU /YTy HOMUHa 1b-
HOI0 TOKa ABuUrartesis:

lyt=(1,2...1,4) 7.

KoHTaKTOopbI, pese, MarHUTHbIE NyckaTesin. K uncny nokasaTteneiA,
rno KOTOpbIM OHU BbIGMpalOTCsl, 0THOCATCS XapakKTep 1 BesIndnHa Ha-
MPSHKEHNIA [/1aBHOM Lienn U Lenuv ynpaBsieHns (BK/IKOYAKOLWKNX KaTy-
LeK); KOMMYyTaLMOHHasi CMOCOOHOCTb KOHTAKTOB U MX KOJINYECTBO,
[0MNyCTMMas 4acToTa BKITHOUEHWIA; peXXUM paboTbl; KaTeropmus pasme-
LWeHWs; cTeneHb 3alUThbl 0T BO3LEMACTBMSA OKPYXKaloLLEe cpeapl.

JloMoNMHNTENBHO K 3TOMY pesle, PYHKLMU yrnpaB/ieHUs N 3allnThbl
BblOMpalOTCA MO poay BXOAHOIA BO3AEMCTBYIOWEIA BeMUMHBI (TOK,
Hanps>keHne, MOLLHOCTb), BblAep)KKe BpeMeHn (pesie BpeMeHu), Ko-
3t mMeHTyY Bo3BpaTa, BpEMEHU cpabaTbiBaHUSA U OTMYCKaHUA.

YcTaBKa ToKa pesie MaKCMMasibHOr0 TOKa MNpy 3almMTe aCUHXPOH-
HbIX ABUraTENIEA C KOPOTKO3aMKHYTbhIM pOTOPOM BblbupaeTcst U3 co-
OTHOLUEHUS

fyt=(1,2...1,3) /™K

a o711 aCUHXPOHHbIX ABUraresieii ¢ asHbIM pOTOPOM U ABUraTesieil
NOCTOAHHOI 0 TOKa — Mo opmysie

Iyr=(2..2,5) 1 _ .

BbIkntouaTenu 1 nepexksoyaTenn. 3Tn annapaTtbl BblGMpaloTcsa Mo
poAay W BESIMUUHE Hampsi)KeHUs, TOKY HarpysKu, KoJiIM4ecTBy nepe-
K/IOUEHMIA, KOTOPOE OHW AO0MNYCKAKT MO YC/TIOBUAM MEXaHUYECKOI n
3/1EKTPUYECKOIA N3HOCOCTOMKOCTU, a TaKXKe KOHCTPYKTUBHOMY UC-
MosIHEHUIO.

KHOMKM v krioum yrpaeeHns. OHM BbIGMpatoTcs No poay U YpPoBHIO
Hanpsi>KeHUs1, BESIMYNHE KOMMYTUPYEMOr0 TOKa, KOJ/INYECTBY KOMMY-
TUPYEMbIX LIEMEIA, CTEMNEHU 3aLNTbI U KITMMAaTUYECKOMY UCTO/THEHUIO,
3/1EKTPUNYECKOIA N MEXAaHNYECKOIA U3HOCOCTOKOCTH.

PaccMoTpuM TUMNOBbIE 3a4a4n.
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3agava 2.1. ABuraresib NOCTOAHHOIO0 Toka Tuna 4rNe®1606 BKO-
YeH Mo cxeme puc. 2.24, 6 1 UMeeT ceayoLne HOMUHasIbHbIE AaH-
Hble: MowHOCTb Pram= 11 kBT, HanpskeHune {/,,m= 220 B, KN4
THM= 70,5%. PaccuMTaTb HOMUHA/IbHBIIA TOK PU}

3apava 2.2. ACUHXPOHHbIA ABUraTesib ¢ KOPOTKO3aMKHYTbIM pO-
Topom Tuna AHP100L4 BKJ/lOYEH Mo cxeme puc. 2.24, a U meeT
cneayouie HOMMHa IbHbIe AaHHble: MoWwHOCTb P A = 4 kBT, Hanps-
xxeHne Umu = 220 B, KN4 tjravi= 85%, Koah@MLUMEHT MOLLHOCTHU
cos uavi= 0,84, KpaTHOCTb MYCKOBOIr0 TOKa MO OTHOLUIEHWIO K HOMU-
Ha/IbHOMY TOKY cTaTopa paBHa 6. PaccuMTaTb HOMUHa IbHBIA TOK MJ/1aB-
Kol BCTaBKkM /N9 AByX Cryyaes:

* MpY HebONbLUIOA YacToTe BKJIHOUEHUS ABUraTesifg U JIerkux ycso-
BUAX MyCKa NPoAo/KUTENIbHOCTbLIO A0 5—10c¢.;

* MPY NOBTOPHO-KPATKOBPEMEHHOM PEXUME U TXKESbIX YCI10BUAX
nyckKa ¢ NpoAc/HKUTENbHOCTbIO 60/1ee 10c.

3apava 2.3. ACUHXPOHHbIA ABUraTesib ¢ KOPOTKO3aMKHYTbIM pO-
Topom Tuna 4AH200L4Y3 BKJ/IHOYEH MO CXeMe puc. 2.25, a U nmeet
cnegyoume HoMUHa/IbHbIe AaHHble: MoWwHOCcTbL P A = 55 kBT, Hanps-
XeHue = 220 B, KNA 1M = 92%, KoapPULMNEHT MOLLHOCTM
cos (hvavi= 0,89, KpaTHOCTb NMYCKOBOI0 TOKA M0 OTHOLIEHWNIO K HOMW-
Ha/1IbHOMY TOKY cTaTopa paBHa 6,5. PaccunTaTb YCTaBKy pesie MaKcu-
MasibHOro Toka FA 1 BblbpaTb ero No Katasory.

3agava 2.4. ACMHXPOHHBLIM ABuratesb ¢ Gpa3HbIM POTOPOM TuNa
4AK250S6Y3 nmeeT cnenyoue HOMUHas/IbHblE JaHHbIE: MOLWHOCTb
P»oH = 37 kBT, Hanps>xeHne Ww = 220 B, KN4 rikVi= 89%, Koa(-
PULMEHT MOLLHOCTN cos gu», = 0,8. PaccuMTaTb YCTaBKy pesie MaKcu-
MasibHOro Toka, o6ecrnevynBarLero 3awunTy ABUraTesid 0T KOPOTKOro
3aMbIKaHNA N HEJOMNYCTUMbIX 6POCKOB TOKa.

3apaya 2.5. ACMHXPOHHBI OBUraTesib C KOPOTKO3aMKHYThIM POTOPOM
Tuna 4AH200b4Y3 (3agadva 2.3) BK/IOUEH M0 cxeme puc. 2.25, a. Paccum-
TaTb NapamMeTpbl U M0 HUM Bbl6paTb KoHTakTop KM ans cnegyrowmx
YC/I0BUIA paboThbl 3/1EKTPONPUBOAA: KaTeropusi npumeHeHnst AC—4, KOM-
MyTaLMOHHasA U3HOCOCTOMKOCTb — He MeHee 0,3 M/TH LMK/I0B, MeXaHu-
yeckasi U3HOCOCTOLAKOCTb — He MeHee 10 M/TH LIMKJIOB, PeXUM paboThbl
annapaTta — J/mTe/lbHbIIA, KITMMaTUYeCKoe UCTOSTHEHWE U KaTeropus pas-
MeLleHns — Y3. KOHTaKTop A0/DKEH UMETb TPU CU/I0BbIX KOHTaKTa 1 rno
[Ba pPa3MbIKaLWMXCA U 3aMbIKaIOLLIMXCA BCMOMOraTesibHbIX KOHTaKTOB.

3agava 2.6. 19 cxembl puc. 2.29 paccunTaTb BeSIMUNHY paspaa-
Horo pesncTopa Rp, ecrin HanpshxeHne ceTn 220 B.

3apava 2.7. CocTaBUTb CXeMy asileMeHTa «[amMaTbh* ¢ MCnosib3oBaHu-
eM ABYX JI0TYecKnX asieMeHToB «JTN-HE*. 3nemeHT «MamsaTe* oos-
»XeH obecrneumBaTb 3aNoMUHaHWE, XpaHEHME U «CTUpaHUE» UH(opMaL i,
rnocTynatoLLei/ Ha Hero B BUAE eANHUYHbIX UMIY/16C0B Hanps>KeHUs.
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3agaya 2.8. PaccumTaTb NapamMeTpbl 3/71IEMEHTOB LeneiA Bxoda 1 06-
paTHbIX CBA3ELA onepaumoHHoro yennntens (puc.2.10) onsa peasnsa-
UMM Ha ero ocHoBe lMW-perynsaTopa (Tabn. 2.1) ¢ NOCTOAHHOIA BpeMe-
HN 1C N KO3IDPULMEHTOM YyCUSIEHUSA 7.

Mprmep 2.1. ACUHXPOHHbIM ABUraTeslb C KOPOTKO3aMKHYThIM po-
Topom Tuna 4A132S4Y3 BK/IHOYEH MO cXeme puc. 2.26, 6 u nveet cre-
ayouwye HOMUHasIbHble AaHHble: MOWHOCTb PTH = 7,5 KBT, Hanps-
XeHme 06MOTKM cTaTopa 6Hm=220 B, KN4 Jir, = 87,5%, Koagppun-
LWEeHT MoWHOCTK cos M= 0,86, KpaTHOCTb MYCKOBOro TOKa Mo
OTHOLIEHUIO K HOMUHa/IbHOMY TOKY cTaTopa paBHa 7,5. BblbpaTb aB-
TOMaTMYECKMIA BbIK/oYaTeslb QF, obecrneumBalolniA BK/TOYEHVE OBU-
raTesia U ero MakCUMasibHy0 1 TEMNJ10BYIO 3allNThbI.

OnpeaensieM HOMUHa IbHbIIA, MYCKOBOIA U YAApHLIA TOK cTaTopa
apurarens:

/e —— = 7500/ (3-2200,8750,86) = 15 A;

:35/,,ticos on
™Noa= 7,5/jv= 7,515 = 113,25 A;
/M= 1,8%1,43/jmk= 1,8 1,43-113,25 = 288,3 A.

Tok cpabaTbIBaHUS1 TOKOBOLA 0TCEUKU (3/IEKTPOMArHUTHOIO pacLie—
niTens)
Jo= M /¥= 11-2883= 317 A

Tok Cpa6aTblBaHI/IFI Terns08o0i4 3alnNThbI
/T= 12/jpm= 1,215= 18A.

Bbl6upaem aBTomaT TMna A3 120 ¢ HOMUHa/IbHbIM TOKOM aBTOMa-
Ta, 3/1eKTPOMarHNTHOIo M TernsioBoro pacuenutensa 15 A, ycTaBkoiA
MaKCUMasIbHOA TOKOBOIA 3almTbl 430 A 1 TernsioBoia 3awmnTbl 19 A.

KOHTPOJIbHBIE BOTPOCHI

1. Kakue nonynpoBOAHWKOBble NPUBOPbLI Ha3biBalOTCA ANOA0M, TUPUC-
TOPOM M TPAH3UCTOPOM WU KakKue CyLLeCcTBYHT UX pa3sHOBUAHOCTU?
2. YTO Takoe cun0Bble NOMYNPOBOAHNKOBbIE MOAYNN?
3. YTOo Ha3blBaeTCcA BbINPAMUTENIEM U KakKme CxeMbl BbliNpaMUTenemn
Hawnm NnpuMeHeHWe Ha npakTunke?
UTo Ha3blBaeTCAa pPerynaTtopomM Hanps>KeHUs nepemMeHHOro toka?
5. UT0o Ha3bIBaeTcsa npeobpasoBaTesieM 4YacToTbl U Kakue TUMNbl NO-
NynpoBOAHNKOBbLIX Npeobpa3oBaTtenieii 4acToTbl Bbl 3HaeTe?
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10.

11.
12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

YTto Takoe mHBepTOp?

O6bACHUTE NPUHLUN AENCTBUA MMMNY/bLCHONO perynsatopa Hanps-
XXEeHUA NOCTOSAHHOIO TOKa.

Mo Kakum npusHakam Knaccudpununpyr Tc N34Tl N EN AN
Kakue annapaTbl OTHOCATCA K annapartam ynpasfieHuna?
Ha3oBuTe BUAbl CUNOBbLIX KOMMYTaLMOHHbLIX annapaTtoB PYy4YHOro
ynpasneHus.

YTOo Takoe aBTOMaTUYeECKWU BbIKNOYaTenb?

Kakne Bugbl 3awuT MoXeT obecneumBaTb aBTOMaTUYECKWUW Bbl-
Knto4yaTtesb U 3a cHeT 4yero?

YTO Takoe 3/1eKTPOMarHMTHbI KOHTaKTop?

KakoBbl OCHOBHOE Ha3HayeHWe N 0COBEHHOCTU MUCMONIHEHUA Mar-
HUTHbIX nyckatenen?

Ha3oBuTe Ha3zHayeHue, NPUHLMWN AERCTBUA N OCHOBHbIE BUAbI 3/1€K-
TPOMarHUTHbIX pene.

YTo Ha3blBaeTCA aHa/iIoroBbIMW 3/1eMeHTaMun N ycTpoicTBamu
ynpasneHuna?

YTo Takoe onepaunoHHbIl YCUANTENb N KAKOBO €ro HasHadeHue?
Kakune BuAbl ANCKPETHbIX 3/IEMEHTOB W YCTPOWCTB Bbl 3HaeTe ”
KakKoBO MX Ha3HauyeHune?

UYTo HasblBaeTCA /IOTMYECKNUM 3/IEMEHTOM W KakKme OCHOBHble N0-
rmyeckue 3fIeMeHTbl NMPUMEHAITCA B CXeMaXx yrnpasfeHUs 3/1eKT-
ponpueoga?

UTo HasblBaeTCsa MuMKponpoueccopom?

Kakune dyHKUMOHasnbHble 610KN BKAO4YaeT B ceb6a MUKponpouec-
copHasa cuctema?

UTto npeacTassifgseT co60i nporpaMmMmpyemblii IOFrMYecKnini KOHTponnep?
Kakne pgatumku koopauHat (NepemMeHHblX) 3anekTponpuBoga npu-
MEHSITCA B ero cxemax ynpaBaeHusa?

AnA 4ero Mcnosib3ytoTCca 3/1eKTPOMarHUTHble MydTbl?

Ana yero cny>aT 3N1eKTPOMarHMTHble TOPMO3bl?

Kakune nokasaTenn O/DKHbI YUNTbIBATLCA NPU BblbOpe aneKTpuyec-
KX annapartoB?

Mo Kaknm OCHOBHbIM 3/M1EKTPUYECKNUM NapameTpam NpPoBepsArOTCA
N BblGUpaKTCA aN1leKTpuyeckne annapartbl?

UTo Takoe npegenbHas KOMMyTauMmoHHas CNOCOBHOCTb, 3/1eKTpoAUN-
Hammyeckas u TepMmmyeckass CTOMKOCTU 3/IeKTpUYecKoro annapara?
Kak paccumtbliBalOTCA YCTaBKN MakKCUMarbHO-TOKOBOW U TEMN/10BOM
3aWnT anekKTpoaBuratenein?

Kak BblbupatoTca nnaBkue npepoxpaHuTenn Ans 3awnTtbl uenem
anekTponpuneoaa?



Fnasa 3

PASOMKHYTbIE CXEMbIl YTTPABJIEHA
SNNEKTPOIMNPUBOAA

3.1. OBWAA XAPAKTEPUCTUNKA PASOMKHYTbIX
CXEM YTMPABNEHWNA

K pa3oMKHYTbIM 0THOCATCA CXeMbl YNpaB/ieHUs 3/1eKTPONpMBOAa,
B KOTOPbIX He UCMOJIb3YyTCcA 0bpaTHbIe CBA3M MO ero KoopanHaTam
WM TEXHO/I0M MYECKMM MapamMeTpam. Tem caMbiM yrpaBsieHMe B TaKnX
CXemax OCYLLEeCTB/ISAETCA 6e3 KOHTPOS1A 3a PaKTUHECKNM U3MEHEHVEM
perynupyembiX KoopauHaT, T.e. 6e3 yyeTa pe3ysibTaToB yrpaBsieHUs.
3TU CXeMbl, 0T/IMYAACL MPOCTOTOIA peasim3auunm, UCNOSIb3YTCH B TeX
cny4asnx, Korga He TpebyeTcs BbICOKOE KayecTBO yrpaBsieHUs ABuXe-
HMEM 3/1eKTPoNpuUBOAOB, B HaCTHOCTM A/19 NYCKa, peBepca U TOpMo-
YKeHUWS ABUraTesieil 1 Npy HEBbICOKNX TPeBGOBaHUAX K TOUHOCTU U AU-
anasoHy perysivpoBaHuUs NepeMeHHbIX (KOopauHaT) ABuraresiein.

B Takmx cxemMax yrnpaB/fieHUss BOCHOBHOM WUCMO/1b3YOTCA pesieiAaHo-
KOHTaKTOpHad arnnapaTypa v nosayrnpoBoAHUKOBblE KOMMYTaLVOHHbIE
annapaTbl (becKOHTaKTHbIE NycKaTesin).

ABTOMaTU3aUMSA PaboTbl 3TUX CXEM OCYLLIECTB/ISETCS 3a CHET UCMOSIb-
30BaHMSA MHopMaLLMKM 0 BpeMEHU, TOKe, ckopocTu wiv 3/4,C asurate-
JEIAV NOMIOKEHNU VX Basia, KOTOpasi Mosly4aeTcsl 0T COOTBETCTBYHOLLIMX
[AaTUVIKOB WM camMoro apuratesis. TOT Win VHOLA BUL UCTIOSTb3YeMOLA Npu
aBTOMaTM3aLMN paboTbl CXeMbl MHMOPMaLLUKW onpeaenseT MVHUMMbI
YMPaB/IeHNS, K KOTOPbIM 0THOCATCA MPUHLMIMbI BPpEMEHU, TOKa, CKOPO-
ctu, 34,C v nonoxeHus (NyTn). HacTo B pa30MKHYTbIX CXeMax UCMOSb-
3yeTcs codeTaHue NPUHLLMIMOB YNpaBsieHns: Hanpumep, NycK asurarte-
719 OCYLLECTB/ISAETCA N0 MPUHLMMY BPEMEHM, & ero TOPMOXXeHUE — Mo
npuHumny 34,C wim cKopocTw.

Pa3oMKHYTble CXeMbl MPUMEHAITCA U /15 PErY/IMPOBaHNSA CKOPO-
CTU NPUN HEBbLICOKUX TPeOOBaHUAX K KavyecTBY peryavpoBaHumsa. Cunno-
Bas YaCTb TaKMX 3/IEKTPONPMBOA0B CTPOUTCA MO CTPYKTYpe «yrnpaBris-
eMbliA NpeobpasoBaTesib — ABUraTeslb», a 3ajadva perysimpoBaHus
(orpaHu4eHMs) Toka N MOMeHTa ABuUraTesiei/ B nepexoHbIX npouec-
cax peLlaeTcs 3a cHeT BKJ/IIOUEHUS B CXeMY yrnpaBsieHUs A0MOSTHUTE b-
HOrO0 YCTPOIACTBa, Ha3blBaeMoro 3aaTyYMKOM MHTEHCUBHOCTU. 3TO
YCTPOIACTBO, 06ecrneymBas rnsaBHoe N3IMeHeHWe B NepexoHbIX rpoLiec-
cax ynpaB/iSiOLLEr0 BO3AEMACTBUSA Ha ABUraTesib (HarnpsbkKeHus, ero ya-
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CTOTbI WX TOro U APYroro) no JIMHEAHOMY U 3KCMOHEeHUVaIbHOMY
3aKoHaMm, obecrneymBaeT (hopMmupoBaHme TpebyemblX rpadKoB KOOop-
OVHaT (NepeMeHHbIX) 3/1eKTpornpMBoaa.
Pa3oMKHYTble CXeMbl, KpoMe yHKLUUIA

0T 3alMTY 3/1EKTPOMNMPUBOA0B, NMUTAIOLWEIA CETU U TEXHOSIOMMYECKOro
o060opyA0BaHUS NPV BO3HUKHOBEHUW Pa3/INMUYHbIX aHOMa/IbHbIX PEXU-
MOB — KOPOTKMX 3aMbIKaHUWAX, Meperpyske Apuraresieis, McHe3HOBEHU
MUTaloLLLEr0 HaMPSHXKeHMS UK 06pbiBe (hasbl NUTAIOLWLEIA ceTu, a Tak-
)K€ COOTBETCTBYHLLYH CUrHa/IM3aLuto. s 3Toro oHM cogepXkar an-
napaTbl N YCTPOLMACTBA, HaxoAsLMecss BO B3aUMOAEACTBMN C YCTPOIA-
CTBaMU yrpaBJieHUs1 ABUraTensaMn. Takme CXeMbl YrpaBrieHuWs, 3aLn-
Tbl U CUTHa/IM3aLUN CEPUIAHO BbIMYCKAOTCA 3/1IEKTPOTEXHUYECKOIA
MPOMbILL/IEHHOCThLIO B BUAE MaHeseiA, WKagoB 1 6/10KOB yrpaB/ieHs
M opyrux NnogobHbIX KOMMIEKTHbIX YCTPOLACTB.

3.2. TUMOBbLIE ¥3/1bl N CXEMbI YMNPABNEHWNA
QNTEKTPOMNMPMBOAOB C ABUTATENAMN
MOCTOAHHOIO TOKA

Cxema rnycka Apuraresis MoCTOSIHHOIO TOKa C He3aBUCUMbIM BO36Y>kae-
HVeM MO MPUHLMMY BpeMeHW. 3Ta cxema (puc. 3.1, a) coaepXuUT KHOMKMN
ynpassieHns SB1 (nyck) n SB2 (ocTaHoB) ABuraTesisi, JMHEIAHbIA KOH-
TakTop KM, o6ecneunBarolLmi/i NOAK/IHOYEHME ABUIaTe 1A K CETU, N KOH-
TaKTop ycKopeHUst AXK?A1s1 BbIK/THOUEeHWS (LLYHTUPOBaHUS) MYCKOBOI0O
pesucTopa fA,. B KadecTBe gaTymka BpeMeHW B CXeMe UCMO0SIb30BaHO
3/1IEKTpPOMarHUTHoe pene BpemeHn KT. MNpu MoAKIHYeHUN CXeMbl K UC-
TOYHUKY NMUTaHMA HanpsbkeHreM U npovcxoauT Bo3byXaeHVe ABUraTe-
nsa n cpabaTbiBaeT pene KT, pasMmbikas CBOIA pa3MbIKalOLWMIA KOHTaKT B
Lienuy KaTyLlKu KoHTakTopa KM2 1 nogrotaBnueas agBuraresib K nycky.
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Puc. 3.1. Cxema nycka gsuratens no npuHUMNY BpemeHu (@), XapakTepucTuKin
nBuratens (6) n KpuBble nepexogHoro npouecca (B)



Myck ABUraTens HauMHaeTCcs Mocsie HaxkaTus KHornku SBI, B pe-
3y/bTaTe Yero nosiydaeT nutaHne KoHTakTop KMI1, KoTopbItA cBOUM
rNaBHbIM CUI0BbIM KOHTaKTOM MOAK/0YaeT ABUraTesib K UCTOUHUKY
NUTaHusA. [BUratesnib Ha4YMHaeT pa3ber ¢ pe3sncTopom /4B Lenu SKo-
psi, C NOMOLLbIO KOTOPOr0 OrpaHN4YMBaeTCs MYCKOBOIA TOK ABUraTens.
OAHOBPEMEHHO 3aMbIKalWMIA 6/10K-KOHTaKT KoHTakTopa KM wyH-
TUPYeT KHoMKy SBI, n oHa MoXXeT 6bITb 0TNYLLEHA, a Pa3MbIKalOLWNIA
6710K-KOHTakT KM pa3pbiBaeT Lenb NMTaHUS KaTyLKW pesie Bpeme-
H1 KT. Yepes uHTepBan BpemeHn [AtKTnocne npekpaweHns nuTaHus
KaTYLLKMN pefie BpEMEHU, Ha3bIBaEMbIIA BbIAEPKKOIA BPpEMEHU, pa3Mbl-
Karowpia KoHTakT KT 3aMKHeTca B Lenn KaTywKu KoHTakTopa KM2,
rnocrieAHNIA BK/IKOUUTCA U M1aBHbIM KOHTaKTOM 3aKOPOTUT MYCKOBOMA
pe3ucTop /AB uenu sikops. Takum 06pasom, Npu Nycke ABuraresib B
TeueHne BpeMeHU [/Kr pa3roHsieTCa Mo UCKYCCTBEHHOIA xapaKTepuc-
Tuke 1(puc. 3.1, 6), a Nocsie WyHTUpPoOBaHUSA pesucTopa /20— no ec-
TecTBeHHOIA 2. BennuunHa conpoTmBeHNs pe3uctopa R, BbibpaHa Ta-
KM 06pa3oM, YTO B MOMEHT BKJ/IHOUEHUS ABUraTens ToK /, B LeNU n
COOTBETCTBEHHO MOMEHT JV, He NpeBoCXoAAT [OMYCTUMOI0 YPOBHS.

3a Bpems [/ Trnocse Havana nycka CKOpoCcTb BpaLleHUs apuraresia Ao-
CTUraeT BE/INYMHBI @),, @ TOK B LMW SKOPS CHWXXaeTcs A0 YpPoBHSA /2
(puic. 3.1, B). Mocne WyHTMpoBaHMS RanponcxoamMT 6POCOK TOKa B Lienn
sIKopsi 0T /200 /,, KOTOPbIIA He MpeBbILLAeT JOMYCTUMOIO0 YPOBHS. 3me-
HEHVE CKOPOCTU, TOKa M MOMEHTA BO BPEMEHM MPOUCXOAUT M0 3KCTMOHEHTE.

OcTaHOB ABUraTesist OCyLLEeCTBAAETCA HaXKaTnemM KHonku SB2, uTo
NMprBeAET K OTKJTHOUEHMIO IKOPSA ABUraTesii 0T UCTOYHMKA NUTaHUS U
ero TOPMOXXEHWIO Mo AEACTBMEM MOMEHTa COMPOTUB/IEHUS Ha ero
BasTy. TakolA croco6 ocTaHOBa ABUraTesis Moslyyns HasBaHMe «TOPMO-
YKeHVe Bblberom™.

Cxema nycka apuraresis B Age CTyneHn no npyHuny 34.C v gyHamm-
YECKOIro TOPMOXKEHUSA M0 MPUHLMITY BpeMeHW. B 1ot cxeme (puc. 3.2, a) B
KayecTBe AaTumka 3/4,C 1Ucnosb30BaH SKOPb ABUraTesis, K KOTOpoMY Moj-
K/I04EeHbI KaTYLLIKN KOHTaKTopoB yckopeHusa KM/n KM2, obecneumnBa-
HOLLMX LUIYHTMPOBaHNE MYCKOBbIX pe3ncTopoB Rai n R™. C momolybio pe-
ryJ/IMPOBOYHBbIX PE3NCTOPOB Jl, N R# 3T KOHTaKTOpbl MOFYT ObITb Ha-
CTpoeHbI Ha cpabaTbIBaHVeE Mpu onpeaesieHHbIX CKOPOCTAX ABUraTesis.

[ns ocyLLecTBIEHMS TOPMOXEHUS B CXeMe NpeayCMOTpeH pe3ucTop
R,}, nogknoveHne 1 0TK/IOHMEHME KOTOPOr0 OCYLLIECTB/ISETCA KOHTaKTO-
pom TopMoxkeHuns KM3. s obecrieveHns BblAEPKKN BPEMEHWN UCMOSTb-
3yeTcs a/IeKTpoMarHUTHoe pesie BpeMeHU KT, pasMbIKaloLWUEA KOHTaKT
KOTOPOro BK/IOYEH B LieNb KaTYLIKN KOHTaKTopa TopMmoeHus KM2.

Mocsie NoagK/HOYEHUS CXEMbI K MCTOUHUKY MUTaHUSA MPOMCXoauUT
BO3GY)KZEeHMe ABUraTesisi, a annapaTbl CXeMbl OCTalOTCA B UCXOAHOM
nonoxeHun. MNyck apurarens oCyLeCcTBAETCA HaXaTUeM KHOMKu SBI,
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YTO NPUBOANT K cpabaTbIBaHMIO SIMHEMHOI0 KoHTakTopa KM v noa-
K/IIOUEHUIO ABUraTesist K UCTOYHUKY NUTaHus. [JpuraTesib HaUMHaeT
pasbere BK/IOUEHHbIMW pe3ncTopammn J1,i+ Lienu SKopAa 10 xapak-
TepucTtuke 1(puc. 3.2, 6). Mo Mepe yBesIMYeHUsI CKOPOCTU ABUraTesis
pacTeT ero 34,C 1 cOOTBETCTBEHHO HaNpshXKeHMe Ha KaTyLlKax KOHTakK-
TopoB KM] 1 KM2. Mpun ckopocTun L, cpabaTbiBaeT KoHTakTop KML,
3aKopayvBas CBOMM KOHTaKTOM MNepBYHO CTyMNeHb MYCKOBOI0 Pe3ncTo-
pa /2, n gBuratesib NepPexoAmnT Ha XapaKTepucTuky 2. Mpu cKopocTu
L cpabaTbiBaeT KOHTakTop KM2, WyHTMpys BTOPYHO CTYMeHb NyCKO-
BOro pesuctopa R [Buratesnb BbIXOAUT Ha eCTECTBEHHYIO XapaKTepu-
CTUKY 3 1 3aKaH4YMBaET CBOM pa3ber B TOUKE YCTaHOBUBLLUETOCS PEXU-
Ma ¢ KoopAuHaTamMu e — Mc, onpeaensieMoiA nepeceyeHEM eCTECTBEH-
HOIA XapaKTepuUcTUKU 3 ABUraTesis U XapaKTepUCTUKN Harpy3Ku.

a

+ U
? OB

Puc. 3.2. Cxema nycka gsurartenst no npuHumny 34C © AMHAMUYECKOro TOPMO-
>XEHMS NO NPUHLUMNY BpemeHu (&) 1 XapaktepucTukun agsurartens (6)

[na nepexofa K pexXnmMy TOPMOXEHUS HaXMMaeTcsl KHoMKa SB2.
KaTywka koHTakTopa KM TepseT nuTaHme, pasmblKaeTcs 3aMblKa-
HOLWLNEA cnoBoA KOHTakT KM B Lenu sikopst ABuraTesns, U OH 0TKJI0-
YyaeTcsa OT UCTOYHUKA NMUTaHMSA. PasmbiKaloWmia 6/10K-KoHTakT KM B
Lenu KaTyLKy KOHTakTopa TopMmoxxeHns KM3 3ambikaeTcs, nocnes-
HUIA cpabaTbIBaeT M CBOMM [J/1aBHbIM KOHTAaKTOM MOAK/I0YaeT pe3uc-
Top /7B K AKopto M, nepeBoas OBUraTesib B PEXVM AMHAMUYECKOI0
TOPMOXEHUA Mo XapakTepucTuke 4 (puc. 3.2, 6). O4HOBPEMEHHO pas-
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MbIKaeTCcs 3aMblKaoLLMIA KOHTaKT KoHTakTopa KM B uenn pene Bpe-
MeHU KT, 0HO TepsieT nNuTaHMe U HauMHaeT oTcUeT BpemMeHU. Yepes
VHTepBa/1 BPEMEHW, KOTOPbIA COOTBETCTBYET CHUXEHUIO CKOPOCTHU
asurarens Ao Hy1®, pesie BpeMeHU 0TK/1H0HaeTCs Y CBOMM KOHTAKTOM
paspblBaeT Lenb NMTaHUA KoHTakTopa KM3. PesncTop OTK/104a-
eTcs 0T AkopsA M gBuraTens, TOPMOXEHUE 3aKaHUMBAETCs, U CXemMa
BO3BpaLLaeTCcs B CBOE UCXOAHOE MOJSIOKEHUE.

MpnmeHeHVe ANHAMMNYECKOro TOpMOXeHUs obecneymBaeT 6osee
ObICTPbLILA 0CTAHOB ABUraTesil U TeM caMbiM ObICTPOE MpeKpalleHune
[OBVDKEHUSI UCMO/THUTESTbHOMO OpraHa paboyeid MallVHBbI.

Cxema nycka gsuraresid B 0OHY CTYMNeHb Mo MPUHLMMY BpeMEHU Y
[ONHaMNYECKOI0 TOPMOXKeHMA Mo npyHumny 34C. YnpasneHue gsura-
Tesiem npu Nycke MpomMcxoanT M0 aHasIorMm co cxemota puc. 3.1. Mpu
BKJ/IHOUEHUM ABUraTens B aTo/i cxeme (puc. 3.3) 1 paboTe 0T NCTOYHU-
Ka NUTaHWS pasMbIKaloLWMIA KOHTaKT IMHEAHOro koHTakTopa KM B
Lienu KoHTakKTopa TopMmoxeHus KM2 pa3oMKHYT, 4To npefoTBpallaeT
rnepeBoA, ABUraTesisi B peXXMM TOPMOXEHUS.

n
oB
1
sy SB1 KM
KT
KM
"NT . O-
KT KM\
myr 0-

Puc. 3.3. Cxema nycka auratensi no NPUHLMNY BPEMEHU U AUHAMUYECKOTO
TOPMOXXeHnsA no npuHumny 34C

TopMOXKeHMe ocyLLEeCTB/ISETCA HaxkaTneM KHomnku SB2. KoHTakTop
KM, noTepsaB nuTaHue, OTK/IKOHAET AKOPb ABUraTens 0T UCTOYHMKA
NUTaHNS N 3aMblKaeT CBOMM KOHTaKTOM LieMnb MMTaHWsA KaTyLIKN KOH—
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TakTopa KM2. MocnegHnia oT AeAcTBUSA HaBedeHHO B sikope 3/4C
cpabaTblBaeT U 3aMblKaeT AKopb J1/Ha pe3ncTop TopmMoxxeHns R TMpo-
Lecc AMHaMMYEeCKOro TOPMOXEHMA NPOUCXOAUT A0 TeX Nop, NoKa rpu
He60/IbLIOA CKopoCcTn apuraTens ero 3/4C

YXeHUA 0TnyckaHua KoHTakTopa KM2. ToT oTkAouuTCS, 1 cxemMa Bep-
HeTCA B UCXOHOE MOSI0KEHME.

Cxema yrpaB/ieH/s MyCKOM ABUraresis ro npuHUMY BpeMeHW, peBep-
COM U TOPMOXXEHMEM MpOTMBOBK/IIOYeHeM Mo npuHumy 34C. B stoia
cxeme (puc. 3.4, a) NpefyCcMOTPEHO ABa JIMHEAHbIX KoHTakTopa KM1 m
KM2, o6ecneunBalowmx ero BpalleHMe cO0TBETCTBEHHO B YC/I0BHbIX
HanpaBneHnax «Bnepea* un «Hasag*. NNaBHble KOHTaKTbl 3TUX annapa-
TOB 00pa3yoT PEBEPCUBHbIA KOHTAKTHbILA MOCTUK, C MOMOLLbI KOTO-
poOro MOXXHO U3MEHUTb MOSIAPHOCTb HaMpsHXXeHUs Ha skope M mn Tem
caMbIM OCYLLIECTB/IATb TOPMOXEHME MPOTUBOBK/TIOHEHNEM U peBepc (13-
MeHeHWe HanpassieHUs BpallleHUs) asuraresis. B skopHoiA uenv nomum-
MO MYCKOBOIO0 pe3ucTtopa J1,, BK/IIOUYEH Pe3ncTop NpoTMBOBKJIIOHEHNS
AP, KOTOPbIIA YMNpaB/ISETCA KOHTAKTOPOM NpoTUBOBKIOUeHNss KM3.

Puc. 3.4. Cxema ynpaeneHus nyckom u peBepcoM asuratens (a)
n xapaktepuctnku asuratens (6)

YnpaBrieHWe gpuraresieM rnpy TOpMOXXEHUU NPOTUBOBKITIOHEHNEM U
peBepce OCYLLEeCTB/ISETCA C MOMOLLbIO ABYX pesie NMpPOTUBOBKJTHOUYEHUS
KV1un KV2. Ix HazHavyeHne B TOM, UT0ObI B peXX1Me MpOoTUBOBK/IHOHE—
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HUS 4N orpaHMYeHUs ToKa B IKOpe [0 A0MYCTMMOro ypoBHS obecne-
UNTb BBOZA, B LieMb SKOPS B A0MOJSIHEHME K MYCKOBOMY pe3ncTopy R,, pe-
3UCTOp NPOTUMBOBKJ/IOYEHUA Ri2, uTOo gocTUraeTca BbIGOPOM TOYKU
npucoegnHeHus Katywek pene KV1un KV2k pesuctopy (/*, + /D).

Myck gsuraTtens B /1l060M HamnpaB/IEHUN OCYLLECTB/SAETCA B OOHY
CTyneHb B YHKUWWN BpeMeHWU. Mpn HaxXaTuun, Hanpmmep, KHonku SB1
cpabaTbiBaeT KoHTakTop KM1 1 nogkstovaeT skKopb M K UCTOUHUKY
NMMTaHWs. 3a cHeT NafeHus HanpshHkeHUs Ha pesncTtope JIsLoT nycKo-
BOro ToKa cpabaTbiBaeT pesie BpeMeHn KT, pasmbiKarollee CBOMA KOH-
TaKT B Lenn KoHTakTopa KM4.

BroveHe KM1 npmBegeT Takké K cpabaTbiBaHUO pene KV,
KOTOpOoe 3aMKHET CBOM 3aMbIKalLWUIA KOHTaKT B LN KOHTaKTopa
npoTuBoBktoHeHUs KM3. 3To Bbi3oBeT Bk/toveHne KM3, uTto npu-
BEOET K 3aKopauuBaHUIO HEHYXXHOro Mmpu nycke pesuctopa NpoTu-
BOBKJ/1HO4EeHUA R n ogHOBpeMeHHO KaTyLwku pesne BpemeHn KT. OBu-
ratesib Ha4HeT pa3ber rno xapakTepuctuke 2 (puc. 3.4, 6), a pene Bpe-
MeHU KT— oTcUeT BbIAEPKKN BPEMEHU.

Mo nctedveHUU BblaepKKU BpemeHU pesie KT 3aMKHEeT CBOLA KOH-
TaKT B LEenn KaTylwku KoHTakTopa KM, oH BK/IlOUNTCS, 3aKOPOTUT
MyCcKoBOIA pe3ucTtop J1,,, N ABUraTesib BoIAAET HA CBOKD €CTECTBEHHYHO
XapakTepucTuky 1

[ns ocyLLecTB/IeHMst TOPMOXEHUS HaXKMMaeTcsl KHornka SB2, B pe-
3ynbTare yYero oTktvaroTea KoHTakTop KM1, pene KVI, KoHTakTo-
pbl KM3 1 KM4 un BrkntovaeTcs koHTakTop KM2. HanpsyeHune Ha siko-
pe ABuraresis U3MeHsIeT CBOK MOISAPHOCTb, U ABUraTeslb MepexoavT B
peXXMM TOPMOXEHMSA MPOTUBOBKJIIOYEHNEM C ABYMS pe3nucTopaMmun B
LeHN AKopA 1 R™. HecmoTpsa Ha 3aMblkaHe KoHTakTa KM2B uenn
pene KVV2, 0HO B pe3y/ibTaTe 0roBOPEHHOIA Bblille HACTPOMAKN He BKJIO-
yaeTcsa U TeM caMbIM He AaeT BkounTbesa annapatam KM3un KM4 n
3alyHTUpoBaThb pe3ncTopbl /74 n R&

MNepeBog, ABUraTesnisl B peXXMM MpoTUBOBKJIHOUEHUS COOTBETCTBYET €ro
rnepexony ¢ eCTECTBEHHOLA XapaKTePUCTUKN 1Ha MCKYCCTBEHHYHO XapaK-
TepucTuky 4 (puc. 3.4, 6). Bo BceM AnanasoHe ckopocTeid 0 < w<upHa
3TOIA XapaKTepucTUKe ABUraTesib paboTaeT B pPEXMME MPOTUBOBKJIIO-
YeHwusl.

Mo mMepe CHUXXEHUSA CKOPOCTU ABUraTenis pacTeT HanpshkeHue Ha
KaTywke pesie KV2, n npm ckopocTu, 6/7IM3K0OIA K HYJ1H0, OHO A0CTUr-
HET HanpsbkeHus cpabaTbiBaHUA. Ecnv K 3ToOMy MOMEHTY BpEMEHU
KHoMKa SB2 6yaeT oTnyLweHa, To 0TK/o4YaeTces KoHTakTop KM2, cxe-
Ma BO3BpaLLaeTCcs B UCXOAHOE MOJSIOKEHNE N HA 3TOM MpoL,ecc TopMo-
XXEHUS 3aKaH4YMBaeTCs.

Ecin e npu gocTUXKEHNN MasIoiA CKOpOCTU KHonKa SB2 ocTaeTcs
HaXXaToIA, To BKJIoUaeTcs pesie KV2u npouecc nycka agsuraresisi no-

93



BTOpSieTCH, HO Y>Ke€ B MPOTUBOMOJIOXHY CTOPOHY. Takmum 06pa3om,
peBepcMpoBaHue ABuraTesia BK/OHaeT B ce6s ABa aTana: TOPpMOXeHue
MPOTUBOBKJTIOUYEHNEM U MYCK B MPOTMBOMOJ/IOKHOM HarpaB/1eHUMN.
BTopot4i aTan pesBepca U3obpaxeH Ha puc. 3.1¢pE
N5 C XapaKTEPUCTUKN 4 Ha XapaKTepUCTUKY 3, COOTBETCTBYIOLLYHO 06-
PaTHOLA MOIAPHOCTU HaMpPsHKEHUS Ha IKope ABUraTesNist N Ha/IMUMo B
saKope A06aBoOYHOro pesnctopa /i

Cxema nycka apuraresis NoCTOAHHOIo ToKa C roc/ieaoBaresibHbIM
BO30Y>KAEHVEM MO MNPUHUMIMY TOKa. B 3ToiA cxeme (puc. 3.5) Ucnosbay-
eTca pene Toka KA, KaTyllKa KOTOPOro BK/IHOUEHa B Lernb SKopsa A,
a pa3sMbIKalLWMNIA KOHTAKT — B LieMb NUTaHUA KOHTaKTopa YCKOPEeHUSs
KM2. Pene Toka HacTpamBaeTca TakKuM 06pa3om, 4TobObl €ro ToK 0T-
nyCcKaHMs cooTBEeTCTBOBas1 TOKY /2(cm. puc. 3.1, 6). B cxeme nUcnosb-
3yeTcs Takke A0Mnos/IHUTeIbHoe 6710KnpoBoyYHoe perie KVc BpemeHeM
cpabaTbiBaHMA 60/1bWINM, YeMm Y perie KA

Puc. 3.5. Cxema nycka gsuratensi no npuHUMny Toka

PaboTa cxeMbl Npy NyCcKe NPOMCXoANT creaytowwmm obpasom. Mocne
HaXaTus Ha KHonky SB/ cpabaTbiBaeT KoHTakTop KM, gBurarens nog-
KJTHOYaEeTCA K MCTOUHMKY NUTaHWSA U HAYMHAET CBOL pasber. Bpocok Toka
B SIKOPHOIA LIeMnu nocsie 3aMblKaHWS F1aBHOM0 KOHTaKTa KoHTakTopa KM1
BbI30BET cpabaTbIBaHMe pesie Toka KA, KoTopoe pa3oMKHET CBOIA pa3Mbl-
KaloLLMIA KOHTaKT B Lenu koHTakTopa KM2. Yepe3s HekoTopoe Bpems
nocne aToro cpabaTbiBaeT KV 3aMbIKaeT CBOIA 3aMbIKalOLMIA KOHTaKT B
uenun koHTakTopa KM2, noarotaBnuneas €ro K BK/IHOUEHNIO.

Mo mepe pasbera gBuratesig TOK SSKOPSi CHMKAeTCs A0 3HaUYeHUs
ToKa nepeksiloyeHuns /2 MNMpu 3ToM TOKe OTK/II0YaeTcs pesie ToKa 1 3a-
MbIKaeT CBOIA pa3MbIKaloWNiA KOHTAKT B LENn KaTYLIKU KOHTaKTopa
KM2. MocnegHuia cpabaTblBaeT, €ro r/aBHbIMA KOHTaKT 3aKopayunBaeT
MYyCKOBOIA pe3ncTop /X B Lenu Kops, a BCroMoraTesibHbIA KOHTaKT
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LWIYHTUPYET KOHTaKT perie Toka KA. NMo3aToMy BTOPUYHOE BK/IKOYEHUE
pene Toka KA nocne 3akopaumBaHus /0n 6pocka TOKa He Bbl30BET
OTK/IKOYEHUST KOHTakTopa KM 2 1 geurarenb npogo/HkuT pasber no
CBOEIN eCTECTBEHHO XapaKTepuCTUKe.

Cxema TMMNOBOW MaHem ynpae/ieHna asuraresiem, O6€CI'I€LIVIBaI-OIJJ,a$I
MycK, ANHaMUYECKOe TOPMOXXEHME U peryMpoBaH/e CKOPOCTU OcnabreHn-
€M MarHMTHOro NOToKa. TMMOBbIE PENENHO-KOHTAKTOPHbIE CXEMbI YTpaB-
neHusa 31 cogepXar aneMeHTbl 6/IOKMPOBOK, 3allUUT, CUrHaIN3auun,
aTaKkKe CBS3M C TEXHO/IOMMYECKMM 060pyaoBaHmneM. A5 yHumkaumm
CXEMHbIX PELLEHUI 3MEKTPOTEXHNYECKAS MPOMbILLIEHHOCTb BbIMYCKaeT
CTaHAAPTHbIE CTaHLMM, 6/T0KMN 1 NMaHe ynpasieHuns, cneuain3npoBaH-
Hble No Bigam 3 paboumx MexaHM3mMOoB, DYHKLMOHA/IbHBIM BO3MOXX-
HOCTSIM, YC/TOBUAM 3KCM/lyatauun, pogy Toka u T4, Hmke B kavecTse
npuYmepa PaccMOTPEHa CXema O4HOI0 N3 TaKMX TUMOBbIX YCTPOACTB.
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Puc. 3.6. Cxema TUMNOBOW NaHenm ynpasneHuna apuraresiem
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OpraHom ynpasfieHNs B 3TOW CXeme SB/ISeTCA KOMaH4OKOHTPO/-
nep %1, merowmin yeTbipe NOIOXKEHUSA PYKOATKU: OAHO HyreBoe (Ha-
YasibHOE) 1 TpK pabounx (cM. puc. 3.6). MNMyck asurartens ocyLecTs-
nsieTcsa B TP CTYNEHU MO NpuHUuniy BpemesBON6plLKewMMKeTw AL
Mu4yeckoe no npuHuuny 34C.

MNepen NycKOM KOMaHAOKOHTPO//1EP YCTaHaB/IMBAETCH B Hy/leBOe
NnosiIoXXeHue, 3aTeM BK/OYAKOTCA aBTOMAaTUYeCKUe BblKIrovaTesnn
QF1 n QF2 1 31N nogkn4vaeTcs K NCTOYHMKY NnUTaHuA. Mo o6moT-
ke OB BO36Y)KAeHMA HAaYMHAET MPOTEKATb TOK BO30YXAEHUS, U, KPO-
Me TOoro, cpabatbiBaeT pene BpeMeHn KT1, WyHTUpPysa B Lenn pene
KOHTPO/S HaNpsHKeHUs CBOMM KOHTaKTOM KOHTaKT pene KA o6pbl-
Ba Lieny 06MOTKM BO30YXAeHUA. ECnin npn 3TOM perie Makcumasib-
Horo Toka KA1l n KA2 HaxoOsaTca B HOPMa/lbHOM (OTK/THOYEHHOM)
MoJiIoXXeHUn, To cpabaTbiBaeT pene KV4, noagrorasnueas nutaHue
CXEMbI YpaBfeHNs Yepes CBOM 3aMblKalOLLLMIA KOHTaKT. Ecnn B npo-
Liecce paboTbl NPOU30AET HEAOMYCTVMOE CHIDKEHME HarMpPsHKeHUs
NMUTaHNsA UK TOKa BO3BYXAEHUA ABUraTens Wiy ToK B AKope rpe-
BbICUT 40MNYCTUMbIA YPOBEHb, TO MPOU3ONAET OTK/OUYEHUE pene
KV4, cxeMa ynpasneHus NUWnTCca NUTaHua u asuratess 6yaert oT-
KNIKOYEH OT ceTn. TakmmMm 06pas3om, pese BbINMOMHAET POSb UCMOSHN-
TENbHOIo 3/IEMEHTa TPEX 3aLunT.

[na nycka asurarens A0 MakCMasibHOM CKOPOCTU PYKOSATKA KOMaH-
[OKOHTPO/I/Iepa SA NepemMeL,aeTcs B KpaiHee TPeTbe NOJIoKeEHME. ITO
NpVBEAET K cpabatbiBaHMI0 KOHTakTopa KM 1 nogkitoyeHuio skops M
ABurarens K UCTOYHUKY NUTaHWS, rnocne Yero OH HauYHeT CBO pasber
C MOJIHLIM COMPOTUB/IEHVEM MYCKOBOIO PesncTopa B Lienn skops. Pene
BpeMeHn AT/, notepss nuTaHWe BCNeACTBME pas3MblKaHWS KOHTaKTa
KM, HauHeT OTcueT BblAEPXKKM BPpeMeHN paboTbl Ha MEPBOM CTyMNeHN,
a pene BpemMeHn KT2 n KT3, cpaboTaB OT MadeHUsi HanpsHKeHUs1 Ha
pesnctopax [,, U R pasoOMKHYT CBOM KOHTaKTbl B LIENAX KOHTaKTO-
poB yckopeHuna KM2 n KM3. OgHOBpeMeHHO C 3TUM BKJ/1H0YaOTCH
«39KOHOMUNYECKN* KOHTAKTOP KM 61 KOHTaKTOp ynpas/fieHus BO30yX-
OeHvem KM 3, B pesynbrate Yero LUyHTUpYeTca pesnuctop R,, U MycK
Asurartens NpoucXoauT nMpw rMoIHOM MarHUTHOM MOTOKe.

Uepes onpeneneHHoe BPeEMS 3aMKHETCSH Pa3MbIKatOLLIMA KOHTaKT
AT/, koHTakTOp KM1 BKAOUYNTCA, 3allYHTUPYET NEepBYy0 CTYMNeHb
MyCKOBOIro pesucrtopa /24 1 0gHOBPEMEHHO KaTYLLKY pefie BpeMeHU
AT2. lNocnenHee, 0TCUMTAB CBOK BbIAEPXKY BPEMEHU, BK/THOUUT KOH-
TakTop KM 2, KOTOpbIl 3allyHTUPYET BTOPYHO CTyMeHb MYyCKOBOIO pe-
3uctopa /v KaTywKy pene KT3. 3To pene, Takke OTCUANTaB CBOHO
BbIAEPXKKY BPEMEHU, BbI30BET cpabaTtbiBaHNe KOHTakTopa KM 3 u LWyH-
TUPOBaHME NOc/eHen CTyrneHn MyCKOBOFO pe3ncTopa, Nocse Yero
ABuraTesb BbIXOAUT HA CBOIKO ECTECTBEHHYIO XapaKTEePUCTUKY.
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Mocne WyHTUPOBaHUA TPETLEN CTYMEHU MYCKOBOIO pe3ncTopa Ha-
ynHaeTca ocnabsieHne MarHUTHOrO MOTOKa, KOTOpoe NoAroTas/vea-
eTcs BK/oYeHneM pene KV3 cpabartbiBaHnsa KM 3. B npouiecce ocnab-
NeHUNs TOKa BO3OYXAEHMS C MOMOLLLBIO pere yrpasneHus KV1 obec-
rneymBaeTCs KOHTPO/Ib 38 TOKOM sIKOopS. Mpu 6pockax Toka pene KvV1i
obecneymBaeT BK/IHOUEHME UM OTK/IOYEHME KOHTakTopa KM 5, ycn-
NMBast U ocnabnsasa TOK BO3OYXAEHWS, B pe3ynbTaTte Yero TOK B SKOp-
HOW Lienn He BbIXOAUT 3a AoNyCTUMble npeaenbl. MNpu pasmbiKaHUU
KOHTakTa KM 5 yacTb TOKa BO36y>kAeHWA 3aMblkaeTcsa yepes auog VD
1 paspsaHblia pesuctop Rp

TOopMOXXeHMe ABMraTens OCyLL,eCTBASETCA NepeCcTaHOBKOM PYKOSITKU
KOMaHOOKOHTpO/1epa SA B Hy/leBOE MOSIOXKEHNE. 3TO NPUBOAUT K BblK-
NoYeHNIo KoHTakTopa KM 1 OTK/IIOYEHNIO AKOPSA M OT UCTOYHMKa NU-
TaHus. NOCKO/bKY B NpoLiecce nycka Asurarens pene AnHaMnyeckoro
TOpMOXKeHNA KV 2 BK/IHOUM/IOCH, 3aMblKaHVe pa3MbIKaloLLLEro KOHTakTa
KM B Lienn KOHTakTOopa TOPpMOXeHUs KM 4 BbI3OBET €ro BK/IHUYEHME.
PesucTop OKaxKeTCs NOAK/MIOYEHHbIM K AKOPO M asurarens, KoTo-
Pbiii MEPENAET B PEXVM AMHAMNYECKOTO TOPMOXKEHUS. [py MaibiX CKO-
pocTax asurarens, korga ero 3,C ctaHeT H/Ke HarnpsXeHUs OTrycKa-
HUA (YoepxXaHns) pene KV2, OHO OTK/TIHOUYUTCSH, BbIK/IHOYUT KOHTaKTOP
KM4 1 npouecc TOPMOXKeHUS1 3aKoHUUTCA. OTMETUM, YTO JMHaMUYec-
KOe TOPMOKEHWE MPOUCXOAUT MNPU MOSTHOM MarHUTHOM MOTOKe.

[N5 CHUXeHMs CKOPOCTU ABUraTens PyKosaTKa KOMaHOOKOHTPO-
Nepa SA nepeBoAUTCA B MOJIOXKEHUA 1uin 2. B nonoxeHnun 7aBura-
Tesb paboTaeT Ha UCKYCCTBEHHOW XapaKTepUCTVKe, COOTBETCTBYHOLLLEN
HaUIM4UIO B LIEMU SKOPS PesmncTopoB R +R&, a B NOMIOXKEHUN 2 —Ha
XapaKTepucTmke, 06yCcnoBneHHOM pe3ncTopomM R&.

Pa3oMKHyTas cxema perynMpoBaHns CKOPOCTW ABuraTens ¢ UCrosb-
30BaHVEM 3a4aTUMKa MHTEHCUBHOCTU. Pa3oOMKHYyTasn CXema 3/1eKTponpu-
BOAA, BbIMOSIHEHHOIO MO CTPYKTYPE «yMNpaB/seMbllii NpeobpasoBaTtesib —
[ABuraresib NOCTOAHHOIO TOKa He3aBMCUMOTI0 BO30YXAEHNA* C UCMO/Ib-
30BaHMEM 3aJaTuMkKa MHTEHCUBHOCTU MpuBedeHa Ha puc. 3.7, a. Ha
CXeme NPUHATbI 0603HaYeHNsA: 1— NOTEHUMOMETP 334aHUA CKOPOCTH;
2 — 33aTYMK MUHTEHCMBHOCTY; 3 — yrnpasnsemblii npeobpasosarerib.

MonyyeHve TpedyembiX rpapmrkoB N3MEHEHUS CKOPOCTU, TOKa Y
MOMeHTa ABuraTtenisi B nepexoiHbIX NPoLLeccax OCyLL,ecTBASeTCs B 3TON
CuUCTeME 3a CHET COOTBETCTBYHOLLLENO perynmpoBaHma 3,C npeobpaso-
Barend £ nn Tem cambiM HanpskeHus U, NogsoAnMOro K AKopto ABu-
raresnis. [lonyctum, YTO CKOPOCTb ABUraTesia OO/MKHA U3MEHATLCA MO
rpacumky, rnokasaHHomMmy Ha puc. 3.7, 6, U NpU 3TOM TOK U MOMEHT He
[0MKHbI NMPEBOCXOANTb AOMYCTUMBbIV YPOBEHb. B COOTBETCTBUM C 3TUM
rpadkom B MOMEHT BpemeHn t = O OCyLLLeCTBNSETCA MYCK ABUraTens
(3aMblKaOTCA KOHTaKTbl B), B MOMEHT BpeMeHN — peBepc (pa3mbl-
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KatoTCA KOHTaKTbl B 1 3aMbIKalOTCA KOHTaKTbl H ), 2 B MOMeHT P— Top-

MOXEHVE (PasmbIKalOTCA KOHTakKTbl ). [1na peanmsaupm 3TOro rpadhmka

CKOPOCTM B MOMEHT t = OCKayKo0o6pa3HO NoAaeTcs 3a1at0LLIMIA CUrHan

rno ckopoctu UIC (cM. puc. 3.7, B), B MOMEHTLL,BLLUMP/ POnKKaMIANo6BM
pasHO N3MEeHSIET CBOK MOJIIPHOCTb Ha NMPOTUBOMOJIOXKHYHO MO CpaBHe-

HU1IO C MYCKOM, & B MOMEHT BpeMeHun f23ToT curHan cHumaeTcs.

Puc. 3.7. Cxema ynpaBneHus AguratesieM ¢ UCMosib30BaHnEM
3agartynka NHTEHCMBHOCTU

Ecnu He npeanpuHATL cneunasibHbIX Mep rNo POPMUPOBaHNIO rpa-
hmka ckopocTH, TO NepexoiHbie NPOLLEecchl 6yayT CyLLLECTBEHHO OT/N-
YyaTbCsl OT 3a4aHHbIX, a U3-3a Masioii UHEPLIMOHHOCTY nMpeobpasoBare-
N8 N HEBONbLUMX 3HAYEHUI CONPOTUBAEHUA LEenu SKops ByayT UMeTb
MEecTO He4OMNyCcTUMO 60/bLLMEe BPOCKM TOKA U MOMEHTA.

[ns nonyyeHus xenaembiX rpaddkoB NepemMeHHbIX B NeEPEXOAHbIX
npoLeccax Mexay NCTOYHMKOM 334at0LLLEero CUrHas1a NOTEHLMIOMETPOM
/v npeobpazoBaresnieM 3 BKIKOYaETCA 334aTUMK MHTEHCUBHOCTY 2. [Npuy
nojaye Ha BX0Z, 3aJatumka CTyrneH4yaToro curHana UYCCUrHan Ha ero
BbIXOAE HauMHaEeT M3MEHATLCA BO BPEMEHMW M/IaBHO MO JIMHEHOMY
(U 3KCNOHEHLMa/TIbHOMY) 3aKOHY U A0CTUraeT YPOBHS BXOOHOIO
cuUrHana 3a onpeaesieHHblri MHTepBasT BpeMeHW. AHa/IOrMyHoe nocTe-
NMeHHOe N3MEHEHME CUIHaa Ha BbIXOAE 3a4aTuka UHTEHCUBHOCTU U
TEM camMblM Ha BXode npeobpasoBaTenss MMEET MeCTO N Mpu CMeHe
MOMSPHOCTU CUTHaNa 3a4aHus CKOPOCTU £/« Un ero CHATUKN (OTK/0-
yeHnn). CKOPOCTb N3MEHEHUS BbIXOLHOIO CUIrHas1a 3a4aT4nmka MHTEH-
CMBHOCTU PErynnpyeTcs N MOXET ObITb YCTaHOB/IEHA B LUMPOKUX Mpe-
[enax — OT Jonei cekKyHOpbl A0 HECKO/bKNX AeCATKOB CeKyH/.

Ha puc. 3.7, B noka3aHO TpebyemMoe n3MeHeHne BO BPeMEHW CUT-
Hana ynpasneHnsa UY, KOTOPOE BbI3bIBAET B CU/TY Ma/IO MHEPLIIOHHO-

98



CTV nMpeobpasosaTens MpPakTMYeCcKn Takoe e nsmeHeHne 3C npe-
obpazosartens E ,,,.. 3a cyeT nnaBHOro uameHeHms 34,C n HanpshkeHUs
U Ha guratene rpadpmk CKOpoCTU gsuratens 6ygeT 6/1M30K K MoKa-
3aHHOMY Ha puii. 3.7, 6, a TOK 1 MOMEHT B NepexoAHbIX NpoLieccax 3a
CYeT COOTBETCTBYHIOLLLEIO BbIOOpa TeMMNa U3MEHEHUS HanpshkeHns U He
MPEBbICAT CBOMX A0MYCTUMbIX 3HAYEHWNIA.

PaccmoTpum TUMoBbIE 3a4a4K.

3agaya 3.1. CocTaBUTb CXEMY YNpaBneHusl, KoTopas obecrnednsa-
€T NycK Apuraress NoCTOAHHOIO TOKa He3aBUCMMOIo BO30YXAeHVA B
OAHy cTyneHb B hyHKUUM 34C 1 TOPpMOXEHNE NPOTUBOBK/IIOYEHVEM
B (DYHKLIUN BPEMEHN.

3amaya 3.2. CocTaBUTL CXEMY YNpaBneHusl, KoTopas obecrneunsa-
€T NycK Aapuraress NoCTOAHHOIO TOKa He3aBUCMMOIo BO36Y)kKaeHNA B
[Be CTyrneHu B (PyHKLUMU BPEMEHU N AVNHAMUNYECKOE TOPMOXEHME B
pyHkunm 34.C.

3aaaqa 3.3. Cxema anekTponpuBoaa NpveeaeHa Ha puc. 3.2, a. [Bu-
raresib NOCToAHHOro Toka Tuna 4rNe®1326 nmeet cneayoLime HoMun-

HaJlbHble MacnopTHbIe AaHHbIE: MOLLHOCTb = 11 kBT, HanpsbkeHue
nutaHua U"» =220 B, TOK akops /<,=61,5 A, conpoTus/eHne akops
R,—0,8 Owm, yactoTa BpaileHust n, = 106006/muH, KM A, =78,5%.

MOMeHT CconpoTuB/IeHNs Ha Bauly Asuraresisi McpaseH HOMUHa/IbHOMY.

PaccuuTars:

= BE/INYMHbI MYCKOBbLIX Rai U R& Y TOPMO3HOIO  PE3NCTOPOB, NP
BK/THOUEHNWN KOTOPbIX BPOCKN TOKa NpY NMYCKEe U TOPMOXEHUN He BY-
OyT 60/1blle ABYKPAaTHOroO HOMUHA/ILHOIO TOKa AKOPS;

*YPOBHW HanNpsXeHUS, MPU KOTOPbIX AO/MKHbI CpaboTaTh KOHTaK-
TOpbl KM1 1 KM2,

= BbIEPXKY BPeMeHU pere BpemeHn KT.

Mo Katanoram BbIGpaTh MYCKOBbLIE M TOPMO3HOW PE3NCTOPbI U 3M1EK-
TpUyeckue arnnaparbi.

YkasaHue. lNepen, pacyetamu rMocTponUTb XapaKTepUCTUKN, aHaslo-
rMyHble NpuBeaeHHbIM Ha puc. 3.2, 6.

3a0a4a 3.4. Cxema aneKkTponpreoda npueeaeHa Ha puc. 3.1, a. Kak
U3MEHUTCA BUL, KPUBbLIX MEPEXOoAHOro npotiecca, nokasaHHbIX Ha
puvc. 3.1, B 4515 cnyyasa nycka Asurartens, ecnm BelAepXKa perne Bpeme-
HU KT nam MOMEeHT Harpy3ku McByOeT OTIMYaTbC OT PacyeTHbIX 3Ha-
YEHWIA?

3apaya 3.5. Cxema anekTponpueoga npmeedeHa Ha puc. 3.5. Ka-
KVe U3MEeHeHs B paboTe 3NeKTponpmnBoAa Npon3onayT npu nycke B
cnyyae, ecniv Bpems cpabatbiBaHMAa perne KV OyaeT MeHbLle BpeMeH
cpabatbiBaHUA pene KA?

3apava 3.6. Cxema afeKTponpmsoaa npmeeaeHa Ha puc. 3.3. Kakme
M3MeHeHWs B paboTe 3/1eKTpPonNprBoAa NPOV30iayT B C/lyvae, eciv KOH-
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TaKT annapara KM B Lenu KaTyLlKn pere BpemeHn KT oéroput niv npu-
BapuTCA (T.€. aTa Lienb 6yAeT NOCTOAHHO Pa30MKHYTa WM 3aMKHYTa)?

Mpumep 3.1. Cxema anekTpornpusoga npuseegeHa Ha puc. 3.1, a.
JBuraresi NOCTOAHHOIO ToKa Tuna 4rMel
rnacnopTHbIe AaHHble, NPYBeAeHHbIe B YCNOBUAX 3a0a4n 3.3, &8 MOMEHT
Harpysku paseH 0,9 HOMUH&a/ILHOTO 3HadYeHus. TpebyeTca paccunTaTtb
BbIAEPXXKY penie BpeMeHn KT 1 conpoTuBieHne MycKOBOIro pe3ncTtopa
/4, Npy BK/TKOYEHMKM KOTOPOIro TOK B MOMEHT BK/IOYEHUA ABUTaTess
He NMPEeBbLICUT TPEXKPATHOIO 3HAYEeHNSI HOMUHa/TLHOTO Toka. Cymmap-
HbIi MOMEHT MHepLX 31eKTponpueoaa coctasnset ] = 0,6 Kr -v2

Mpwn pelweHnn 3agaum UCMNob3yeM XapaKTepPUCTUKN N 0603HaYe-
HUA, NpeacTasneHHble Ha puc. 3.1, 6, B.

OnpepaensemM HOMUHaUTLHYIO CKOPOCTbL BpalleHus, nponssegeHue
KOHCTPYKTMBHOIO KO3(hULIMEHTA U MArHUTHOIO NOTOKa ABUraTesis 1
CKOPOCTbL XOJIOCTOro Xo4a ABUraTesis:

6o =2-314-1060/60 = 111 pan/c;

K® mpl=c= n""~ Mo =220 - 61,5=0,8)/111 = 154 B c;
HM

b ="Hoih =220/1,54= 143 pag/c.
c
PaccunmTbiBaEM MOMEHTbI HOMMHAJIbHbIW, Harpysk1 U 3afaHHbIi

MYyCKOBOW, KOTOPbIA NpU TPEXKPATHOM MYCKOBOM TOKe GyAeT paBeH
TPEXKPATHOMY HOMWUHa/IbHOMY MOMEHTY:

R
—/\ — b L
Mo =101 1="n HM
Mc=09/1/H= 0,9 99,1 =892 H w™;
JV,=31C, =3-991 = 297,3 H-Mm.

Haxogum un3 no,u,o6|/|;| TPEYroJsibHMKOB CKOPOCTW BpallEHNA LLCW LL,:

uc=n =3 _ 09(143- 111) = 114 pau/c;
M Hm

@ =om - M ] ~ (V> =143 - 3(143 - 111) = 47 pay/c.
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PaccunTbiBaeM BeINUMHY MYCKOBOIO pesucTopa:

-0,8 =0,4 Om.

" 3 4 3-615

Haxooum MexaHWYeCcKyro MOCTOSIHHYI BPEMEHW 3/1EKTPONprBoaa

npuv paGoTe Ha UCKYCCTBEHHO XapaKTepucTuke, CKOPOCTh W ABura-

TE/IS HA 3TOM XapaKTEPUCTUKE, COOTBETCTBYHOLLLYD MOMEHTY Harpys-
KU, 1 BbIAEPXKY BPEMEHU pefe BpeMeHU KT.

T =J4_ =06-143=029

"M 2973
1-M . 1-89.,2
at=ay T Mo=158"8%& 1B pansc:
% 297,3 Pad
4'-" " 71 bl =0'221'[r0™4 7]-018C-

3.3. TUMOBbLIE ¥3/1bl U CXEMbl YMNPABJTEHUA
ANEKTPOMPNBOOOB C ACHXPOHHbBIMWU
ABUTATETAMNA

TWNoBblE Y3/1bl N CXEMbI PENENHO-KOHTAKTOPHOIO yrpaB/eHUs
ACUHXPOHHbLIMW ABUraTeNsiMM CTPOATCA MO TEM XXe NpuHUMNam, 4to
1 CXEMbI YNpaB/ieHnsa ABUraTeNsaMmm nocTosSHHOMO ToKa.

Turnosble CXeMmbl ynpas/ieHNA aCMHXPOHHbIM AOBuUrartesiem C KOpoT-
KO3aMKHYTbIM pPOTOpPOM. [lBUraTesin 3Toro tuna Masio U cpegHeni
MOLLHOCTU O6bIYHO MyCKatTCA NPsSMbIM MNOAK/IIOUYEHNEM K ceTu 6e3
OrpaHnyYeHns MYCKOBbIX TOKOB. B 3TKX C/yyasix OHM ynpas/isioTCs C
MOMOLLIbHO MarHUTHbIX MyCKaTesen, KOTopble 0O4HOBPEMEHHO obecrie-
UMBaKOT N HEKOTOPbIE BUAbI X 3aLLUTHI.

Cxema ynpas/eHUsi aCMHXPOHHbIM ABUraTesieM ¢ UCMOb30BaHNEM
MarHUTHOro nyckartesis (puc. 3.8) BKKOYAET B Ce6S MarHUTHbIN Myc-
KaTeslb, COCTOSAL NI U3 KOHTakTopa KM 1 Tpex BCTPOEHHbIX B HEro
TennoBbIX pere 3awmnTtbl KK. Cxema obecrieumBaeT NpsimMoii (6e3 orpa-
HMYEHUS TOKA U MOMEHTA) MyCK ABurartesns, OTK/IH0UYEeHME ero oT ceTu,
a TaKxKe 3alWnTy OT KOPOTKMX 3aMblKaHWiA (MpegoxpaHnTenn FA) n
neperpysku (tennosble perne KK).

[na nycka gpurartens 3amblKatoT BbiK/IouaTeslb Q F 1 HXXMMaKoT
KHOMKY nycka SB1. MonyyaeT nuTaHWe KaTylka KOHTaktopa KM,
KOTOPbIA, BK/THOYMBLLWCH, CBOMMW F/1aBHbIMU CU/I0BbIMW KOHTaKTamMu
B LiENM ctatopa ABuraTens nogkioyaeT ero K MICTOMHUKY MUTaHKUS,
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a BcrioMmorare/fibHbIM KOHTaKTOM LUYHTUPYET KHOMKY SB1. MNMpowncxo-
OVT pasber asuraresisi No ero eCTeCTBEHHOM Xapakrepuctuke. ns oT-
KN YeHna aBurarenia HaKMMaeTca KHOMKa OCTaHOBKN SB2, KOHTak-
Top KM TepsieT nuTaHue n oTkntoyaet AsnrM UM YPYBNM LWL AN gall
CS NPOLLECC TOPMOXEHWS ABUraTens Bbloerom nog AelicTBueM MOMeHTa
Harpyskm Ha ero sasy.

Puc. 3.8. Cxema yrnpaB/fieHUss aCMHXPOHHbIM ABUraresieM ¢ UCMnosib30BaHEM
HepeBePCMBHOIoO MarHUTHOIO rnyckarensa

PeBepcrBHas cxema yrpas/ieH A acHXPOHHbIM Apuraresiem. OcHOoB-
HbIM 3/IEMEHTOM 3TOl CXeMbl SIBASIETCA PEBEPCUBHbLIA MarHUTHbI
nyckartesib, KOTOPbI BK/IOYaeT B ce65 ABa IMHeHbIX KOHTakTopa KM 1
n KM 2 n gga Tennosbix pene 3awutbl KK (pmc. 3.9). Cxema obecne-
yMBaeT NPSMOI MYCK 1 PeBepc ABUraTens, a Takke TOPMOXEHME Mpo-
TUBOBK/TIOYEHUEM MNPU PYYHOM (HEABTOMATUYECKOM) YnpasieHnn.

B cxeme npeaycmoTpeHa 3almTa oT neperpysok gsurarens (pene KK)
1 KOPOTKMX 3aMblKaHWUi B Lilenn ctatopa (aBTOMaTnyeckuii Bblknoya-
Tenb QF) n ynpasneHus (NpegoxpaHutenu FA). Kpome Toro, cxema
yrnpas/fieHUsa obecrneymBaeT N HY/IEBYIO 3aLLUTY OT UCHE3HOBEHUSA (CHU-
XEHMA) HaNpsXXeHUsA ceTU (KOHTakTopbl KM1 n KM 2).

Myck asurartena nNpy BKIKOYEHHOM aBTOMAaTUYECKOM BbIK/Ito4aTe-
Ne Q FB YCNOBHbIX HarnpasneHusx «Bnepea* unm «Hasan* ocyuecTs-
nfeTca Haxartnem COOTBETCTBEHHO KHOMOK SB1 wniu SB2. 3TO npw-
BOANT K cpabaTbiBaHMO KOHTakTopa KM1 nnn KM 2, noaKIoYeHnto
ABuUratens K cetu u ero pasoery.

[Ana pesepca v TOPMOXEHUA ABUraTeNs BHavae HaKumaeTcs
KHOMKa SB3, 4To NpUBOANT K OTK/THOUYEHWIO BK/THOUYEHHOTO A0 CUX Mop
KOHTaKTopa (Hanpumep, KM I), nocne yero HaxxmmaeTcst KHornka SB2.
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3TO MPUBOAMT K BK/TIOUYEHUIO KOHTaKTopa KM 2 1 nogade Ha AJ], Ha-
MPSHYKEHUS| UICTOYHMKA NUTaHKS C APYrM NMOPSAKOM YepeoBaHms (has.
MarHuTHOe noJie ABuUraTensi U3MEeHsIET CBOe Harpas/ieHVe BpalleHust
Ha NMPOTUBOMO/IOXKHOE, Y HAUYMHAETCS MPOLLECC PEBEpCa, COCTOALLUIA 13
[BYX 3TarnoB: TOPMOXeHWs1 MPOTUBOBK/IIOUEHNEM 1 pa3bera B NpoTu-
BOTMOJIOXHYHO CTOPOHY.

P> Km2
T0T1

Puc. 3.9. Cxema ynpasneHUs acMHXPOHHbIM ABuUratesieM ¢ UCro/b30BaHNEM
PeBepCNBHOIr0O MarHUTHOIro nyckaresis

B cnyyae He06XOAVMOCTM TOJILKO TOPMOXKEHUA ABUraTesis npu Ao-
CTVDKEHMN UM HYNIEBOW CKOPOCTU A0/KHA 6bITb BHOBb HaXKAaTa KHOIM-
Ka SB3, 4To npuBedeT K OTK/HYEHUIO ABuUratens OT CETU U BO3Bpa-
LLIEHUI0 CXeMbl B UCXOAHOE MnosnoxXeHue. Ecnn KHomnka SB3 HaxKaTa
He 6y[eT, TO 3TO NMpuBedeT K pa3bery Asurartesns B APYryt0 CTOPOHY,
T.e. K ero pesepcy.

Bo mn3bexxaHre KOPOTKOro 3amMblKaHWA B LeNKW ctatopa, KoTopoe
MOXET BO3HUKHYTb B pe3yfbTare O4HOBPEMEHHOIo OWMB0YHOro Ha-
Xatua KHOMOK SB1 1 SB2, B peBepCHBHbLIX MarHUTHbLIX nyckartenax
VHOrga npeAycMaTpmBaeTcs creumanibHas MexaHnyeckas 6/10KMpoB-
ka. OHa npeacTaBnsieT COO0MN PblYaXKHY CUCTEMY, KOTOpas npeaoT-
BpaLLaeT BTArMBaHMEe OO4HOr0 KOHTaKTOpa, eCNn BK/KYEH OpPYrOi.
B [ononHeHe K MexaHW4ecKor 6/10KMPOBKe B CXeMe UCMOJb3yeTcs
TUNOBas 3NeKTpuyeckas 6/10KMPOBKa, NMPUMEHSEMas B PEBEPCUBHbIX
cxemax yrpasneHus. OHa npeaycMaTpmBaeT NePeEKPECcTHOE BKIKOYEHVEe
pa3smblKaloLWMX KOHTaKTOB annapara KM 1 B Lenb KaTyL Ky annapara
KM 2 n, Hao6opoT.

OTMEeTUM, YTO MOBLILLEHMNIO HAOEXHOCTU M yA06CTBa B 3KCMya-
Taumm cnocobCTBYET UCMO/b30BAHNE B CXEME BO3YLLIHOIO aBToMaTu-

103



Yyeckoro Bblk/touaTens QF. Ero Hannume mckitoyaeT BO3MOXHOCTb
paboTsbl NprBoAa Npv 06pbiBe 04HOW (hasbl, MPU OAHOGA3HOM KOPOT-
KOM 3aMblKaHWM, KakK 3TO MOXEeT MMeTb MeCTO MNpu YCTaHOBKe
npegoxpaHnTeneil, a Takke OH He Tpebyet

npeaoxXpaHnTensx Npu cropaHum 1x naaskol BCTaBKWM).

Cxema yrpag/ieHA MHOMOCKOPOCTHLIM 8CVIHXPOHHLIM Jp/rarerieM. 31a
cxema (puc. 3.10) obecneunBaeT NosyvyeHne ABYX CKOPOCTEN ABura-
Tens nyTem coeguiHeHUs cekumii (MonyobmMoToK) 06MOTKM cTaTopa B
TPEeyronbHVIK N ABOWHYHO 3Be34y, a Takke ero pesepcmposaHuve. 3a-
LWINTa 3NeKTPONPUBOAA OCYLLeCTBNSETCA TennosbiMn pene KK1 n KK2
1 npegoxpaHuntensmu FA.

FA

583 “"JL KV SB2 KM3

o i—-KM b -
o AN TIU
— KAfi © . ! I
KMT) J KT \wx ApHTNRI-
KM\
‘ST
QY
G-

Puc. 3.10. Cxema ynpasneHusi [ByXCKOPOCTHbIM aCYHXPOHHLIM ABUraTesieM

[na nycka agsuratenis Ha HN3KYH0 CKOPOCTb BpaLLleHUs HaXXMaeTcs
KHOMKa SB4, nocre yero cpabatbiBaeT KOHTaKTop KM 2 1 6/10KMpPOBOY-
Hoe penie KV. CTatop Apurarens oKasblBaeTcs BK/IIOUYEHHbLIM MO CXeme
TPEeyrosibHUKa, a pene KV, 3aMKHYB CBOW KOHTaKTbl B LIENAX KaTyLleK
annapartos KM 3 1 KM 4, noarotasnneaeT NoAKNH0YeHe ABUrartens K
WCTOYHUKY NnTaHus. [anee Haxkatne KHonkv SB1 vy SB2 npmsoant
K BK/TIOUYEHWIO COOTBETCTBEHHO B HarnpasneHnn «Brnepea» nnn «Hasag*.

Mocne pasbera gsurarens g0 HU3KOWM CKOPOCTU MOXET 6bITb OCy-
LLLeCTB/IEH ero pasroH A0 BbICOKOM CKOPOCTU. [113 3TOro HaxXKnmaeTcs
KHOMKa SB5, 4TO NpuBeAeT K OTK/IHOUYEHUIO KOHTakTopa KM 2, BK/t0-
YEHUIO KOHTakTopa KM 1 1 nepecoegyiHEHNIO TEM CaMbIM CEKLUI 06-
MOTOK CTatopa C TPeyrosibHMKka Ha OBOMHYHO 3Be34y.
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OcTaHoBKa ApuUratens nNpomn3BoANTCA HaXXaTMeM KHOMKM SB3, 4To
BbI30BET OTK/IHOUEHME BCEX KOHTAKTOPOB OT CETU N TOPMOXeHWe ABU-
rarens BbI6erom.

MprimeHeHNe B cxeme ABYXLEMHbIX KHOMOK yNpas/ieHUst He A0ryc-
KaeT 0O4HOBPEMEHHOIO BKNHOYEHUSI KOHTAKTOpoB KM1 n KM2, KM 3
1 KM4. 3TOW Xe uenn CnyXmuT NepekpecTHoe BK/IOUYEHME pa3Mblka-
HOLWWX 6/10K-KOHTAKTOB KOHTaAKTOpoB KM1 1 KM2, KM3 1 KM4 B
Lienn mx KaTyLuek.

CxeMa yrpas/ieHs aCUHXPOHHbIM ABUratenieM, 06ecrneumBaoLLas nps-
MO MyCK 1 OMHaMNYECKOE TOPMOXKEHME B OYHKLMN BpemeHW. MycK asu-
raTesil OCyLLLeCTBNsSeTCA HaxaTtnem KHonkn SB1 (puc. 3.11), nocne
yero cpabaTbiBaeT IMHENHbIM KOHTakTop KM, noaxoyatoLnii Asu-
ratesib K UICTOYHUKY NuUTaHus. OQHOBPEMEHHO C 3TUM 3aMblKaHue
KOHTakTa KM B Lienu pene BpemeHn KT BbI3OBET ero cpabatbiBaHME U
3aMblKaHMEe ero KOHTaKTa B LIENMM KOHTaKTopa TOPMOXeHUs KM 1.
OpHako nocrefHuiA He cpabaTbiBaeT, Tak Kak nepes, aTM pPasoMKHY/1-
CS B 3TOI LenV pasmMbiKatoLniA KOHTaKT KM.

00O
FA
-E=3-

Puc. 3.11. Cxema ynpas/ieH\si NMycKoM U AVHaMUYECKUM TOPMOXXEHUEM
ACUHXPOHHOIro aAsurartesida ¢ KOPOTKO3aMKHYTbIM DOTOPOM

ﬂ'I'IFI OCTaHOBKW Apuratesnia HaxknmaeTca KHormnKa SB3. KOHTaKTOp
KM oTK/oyaeTcs, pa3MbliKass CBOM KOHTaKTbl B Lieny ctatopa Asura-
TeNna N OTKNK4Yada TeM CaMbiM €ro OoT CeTu rnepemMeHHoOro Toka. OpgHo-
BPEMEHHO C 3TUM 3aMblKaeTca KOHTaKT KM B Lienu annapata KM1 un
pasmbiKaeTca KOHTakKT KM B uenu pene KT. aT1o npmeBoAnT K BK/IHO-
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YEHMIOD KOHTaKTOopa TOpPMOXeHuss KM 1, nogade B 0OMOTKWM cTatopa
MOCTOAHHOIO TOKa OT BbINPaAMUTENA Huyepes pesuctop R, 1 nepesoay
ABuratens B pexuMmgnHamuyeckorotop m o ™M n sor Free Version

Pene BpemeHu AT, noTepss NuTaHve, HAYNHAET OTCHET BbIAEPXKKU
BpeMeHW. Yepes nHTepBasl BDEMEHW, COOTBETCTBYHIOLLLMIA BPEeMeHW OC-
TaHoBa Apuratesns, pene KT pasmMbIKaeT CBO KOHTaKT B LIEN KOHTakK-
Topa KM 1, TOT OTK/M04aeTcs, nNpekpawas nogady noctoaHHOro Toka
B Llenb cTtatopa. Cxema BO3BpaLLLaeTca B MICXOOHOE MNOSOXEHUE.

VIHTEHCNBHOCTb AVHAMMYECKOI O TOPMOXEHWA PerynnpyeTcs pesu-
CTOpPOM R,, C MOMOLLbIO KOTOPOro yCTaHaB/MBAETCH HEOOXOAUMbIM
MOCTOSIHHbIN TOK B CTaTope ABuratens.

[Ana ncknroyeHmnsa BO3MOXKHOCTY OAHOBPEMEHHOIO NOAK/I0YEHNA
cTtatopa K UCTOYHMKaM MepeMeHHOro 1 rnocToaHHOro TOKa B CXeme
1CMoJIb30BaHa TUMNOBas 6/IOKMPOBKA C MOMOLLIbI0 Pa3MbIKatOLLVX KOH-
TakToB KM\\ KM 1, BK/TIOYEHHbIX NEPEKPECTHO B LKENU KaTyLLeK 3TUX
annaparos.

TrNoBblE CXEMbI YNPaBeHNs aCUHXPOHHbLIM ABUratesieM ¢ hasHbIM
poTtopom. CxeMbl ynpasneHus asurarens ¢ hasHbIM POTOPOM, KOTO-
pble paccunTaHbl B OCHOBHOM Ha CPefHIO 1 60/blLUYH0 MOLLHOCTb,
[O0/MKHbI NpeaycMmaTtpmeaTh OrpaHnyeHme TOKOB Npu KX Mycke, pesepce
1 TOPMOXXEHMIN C MOMOLLLbI0 A06aBOYHbIX PE3VICTOPOB B LIENY POTOpPA.
3a cyeT BK/II0YEHUSA PEe3NCTOPOB B LIEMb POTOPa MOXKHO TakxKe yBenu-
YNTb MOMEHT MpPU MYyCKe BMJ/I0Tb A0 YPOBHA KPUTUYECKOTO (MakKcu-
Ma/IbHOr0) MOMEHTA.

Cxema 0HOCTYIMEeHYATOro Nycka acvHXPOHHOIO ABuratess B oyHKLUM
BPEMEHU U TOPMOXEHUA NPOTMBOBK/IHOYEHVEM B doyHKUMM 34,C. TNocne
rnogaun HanpshkeHUsa BKIoYaeTca pere speMeHn KT (puc. 3.12), Ko-
TOPOE CBOVM Pa3MbIKalOLLIIM KOHTaKTOM Pa3pbIBaeT Lienb NMTaHuA KOH-
TakTopa KM 3, npenoTBpalliasd TeM caMbiM ero BK/IoYeHUe 1 npexae-
BpeMeHHOoe 3aKopa4rBaHNe NMyCKOBbIX PE3NCTOPOB B LIEMX pOTopa.

BkitoueHne asurartens npovsBoAnTCA HaxkaTnem KHoMku SB1, nocne
yero BK/I0HaeTCa KoOHTakTop KM I. Ctatop Apurarens noacoeamHseT-
CA K CETWN, 3/1IEKTPOMAarHUTHbIA TOPMO3 YB pacTopMaxXunBaeTcs, U Ha-
YnHaeTcs pasber asurarens. BknioyeHne KM 1 ogHOBpPeMEHHO NpUBO-
OWT K cpabatbiBaHNIO KOHTakTopa KM4, KOTOPbIi CBOMM KOHTaKTOM
LWYHTUPYET HEHYXXHbIW NPW MYyCKe Pe3ncTop NPOTMBOBK/IOYEHUS RN,
aTaKXke paspblBaeT Lienb KaTyLKn pene BpemeHn KT. lNocnegHee, no-
TepsB NUTaHMe, HaYMHAaET OTCUET BbIAEPXKKN BPEMEHN, MOCNE Yero 3a-
MbIKa€eT CBO KOHTaKT B LIENW KaTyLLIKN KOHTakTopa KM 3, KOTopbIii cpa-
6aTbIBaeT M LWYHTMPYET NYCKOBOI pesuctop f1,, B Lenu potopa, 1 Asu-
raTte/sib BbIXOOUT Ha CBOKO ECTECTBEHHYIO XapaKTepUCTUKY.

YnpaBsneHve TOPMOXEHNEM O6ecneyunBaeT perie TOPMOXKeHUa KV,
KOHTpoMpytoLee yposeHb 34 C (ckopocTtn) potopa. C NOMOLLbIO
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pesucrTopa R, OHO OTpPEeryiMpoBaHO TakMm 06pa3om, YTO Mpu Nycke,
Korga ckosnbxeHve asuratens 0 <s < 1, Hasogumas B potope 34,C Oy-
[eT HelocTaTouHa /19 BKIKOUYEHUS, a B peXXuMe NPOTUBOBK/TIOYEHNS,
korga 1<s <2, ypoeHb 3/[,C AOCTAaTOYEH A1 €ro BK/IHOYEHUA.

Puc. 3.12. Cxema ynpasneHus MyckoM M TOPMOXEHWEM MPOTUBOBK/OUEHNEM
aCMHXPOHHOIO ABuraTens ¢ asHbiM POTOPOM

JNs ocyLLeCcTBIEHNSI TOPMOXKEHWS ABUraTeNsl HKMMAaETCS CABOEH-
Has KHOMKa SB2, pa3mblKaloL WA KOHTaKT KOTOPOW pa3pbiBaeT LEeNb
NMUTaHNa KaTyLKn KoHTakTopa KM 1. Mocne aToro gsuratesib OTK/IO-
YyaeTcs OT CETU U pa3pbIBaeTcs Lienb MMTaHUsA KOHTakTopa KM 4 un 3a-
MbIKaeTcs Lienb NUTaHus pene KT. B pe3ynbTate 3TOro KOHTaKTopbI
KM 3 k KM4 oTKNH4aloTCa M B LieNb poTopa Asuratesnis BBOAUTCS CO-
npotveneHve ., + />

HaxaTtne kHOMNku SB2 NpnBOaUT OAHOBPEMEHHO K 3aMbIKaHMIO LIEMN
MUTaHWA KaTyLWKX KOHTakTopa KM 2, KOTOpbIi, BK/THOUYNBLLWCE, BHOBb
MOAKYaeT Agurartesib K CETU, HO Y)XXe C ApYrMM YyepefoBaHveM a3
CETEBOI0 HamMpshKeHUs1 Ha ctaTope. [Burartesib NepeXouUT B PEXXVM TOp-
MOYXEHMS NPOTUBOBK/IOUYEHMEM. Penie KV cpabatbiBaeT 1 Mocse oTnyc-
KaHMs1 KHOMKU SB2 Oyaet obecrieumBaTtb NUTaHWE KOHTaktopa KM2
yepes CBOW KOHTaKT 1 3aMblKatoLL M KOHTAKT 3TOro annapara.

B KOHLIe TOPMOXEHWS, KOrAa CKOPOCTb ByaeT 65m3Ka K Hynto n 3/4,C
poTopa ymeHbLunTcs, pere KV OTKAKYMTCS M CBOMM pPasMbIKaloL MM
KOHTaKTOM Pa3OMKHET LieMb KaTyLLKM KOHTakTopa KM 2. MNocnegHuii,
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noTepsiB NUTaHWe, OTKIOYUT ABUraTeslb OT CeTU, N CXeMa NPUAET B UC-
XoA4Hoe nosnoxeHuve. MNMocne oTkIOYeHNS KM 2 TopMo3 YB, noTtepss
nuTaHue, obecneunT omkcauunto (TOPMOXEeH M)W aBurartens. ..

Cxema oHOCTyTeH4YaToro nycka acuHxpolLloro'apiraréns BapyHK-
LM TOKa U AVHaMNHECKOTrO TOPMOXEHNSA B (OYHKLIMM CKOPOCTU. Cxema
(puc. 3.13) BktovaeT B cebsi KOHTakTOpbl KM I, KM2 1 KM3\ pene
Toka KA\ pene KOHTPO/SA CKOPOCTU SR, NpoOMexyToyHoe pene KVA
MOHWXXaKLL NI TpaHcthopMaTop 415 ANHAMUYECKOTo TOPMOXKEHMUSA T,
BbINpAMUTENb VD. MakcumanbHas TOKOBas 3almTta OCyLLEeCTB/IAeTCA
npegoxpaHuTenamn FAL n FA2, 3alumta OT Neperpysky asurarens —
TennosbiMn pene KK1 n KK2.

Puc. 3.13. Cxema ynpas/eHVsi MyckoM W AVHaMUYECKM TOPMOXEHVEM
ACVMHXPOHHOIO ABuratesia ¢ asHbiM POTOPOM

Cxema paboTaeT criegytomm obpasom. Mocsie nogaym ¢ NoMOLLbH
aBTOMAaTUYECKOro BbIK/OYaTeNns ~HanpsaxeHns 44 nycka asurarens
HaXkumaeTcsa KHomMKa SB1, BK/Io4YaeTca KOHTakTop KM 1, cunoBbiMU
KOHTaKTamMy KOTOPOrO CTaTtop ABuraresnia rnoakiyaeTcs K cetu. bpo-
COK TOKa B LIenu poTopa BbI30BET BK/IHOYeHWe pere Toka KA 1 pasmbl-
KaHne Leny KOHTaKTopa yckopeHus KM2. Tem cambiM pasber asura-
Tens Ha4YHeTCcs C NMYCKOBbIM PEe3NCTOPOM R& B Lienuv poTopa.
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BkntoueHvre koHTakTopa KM 1npuBOAUT TakKe K LUYHTUPOBAHMUIO
KHOMKWY SB1, pasMblKaHWIO LIenu KaTyLL KN KOHTaKTopa TOPMOXKeHUS
KM 3 1 BKNHOYEHUIO NPOMEXKYTOUHOIO pene HanpsxeHnsa KV, 4to, Tem
He MeHee, He NpuBeaEeT K BK/IIOYEHUIO KOHTakTopa KM 2, Tak Kak a0
3TOro B 3TOW Lienu pasoMKHY/ICA KOHTaKT perne KA.

Mo mepe yBenuyeHus ckopocTu asurarens ymeHsiwiatotes 34C um
TOK B poTtope. Npy HEKOTOPOM 3HaYeHUW TOKa B POTOPE, PaBHOM TOKY
oTnyckaHusa pene KA, OHO OTK/IHOUUTCA 1 CBOMM pPasMbIKaloLLMM KOH-
TaKTOM 3aMKHET Lenb NUTaHua KoHTaktopa KM2. TOT BKIo4nTCA,
3allyHTMPYET MYCKOBOM pe3ncTop R/, n agurartesb BbliAeT Ha CBOKO
€CTECTBEHHYIO XapaKTepUCTUKY.

OTmeTUM, YTO BpaLLeHue Asurartesns BbI30BET 3aMblKaHe KOHTaK-
Ta pesie CKopocTu SR B LEenu KoHTakTopa KM 3, ogHako OH He cpabo-
TaeT, TaK KakK [0 3TOro pa3soMKHY/CA KOHTaKT KOHTakTopa KM 1.

[na nepesoga apuratens B TOPMO3HON PEXMM HaXKMMaeTcs KHOM-
kKa SB2. KoHTakTOp KM1 TepseT nutaHne n oTkItovyaetT A/l OT cetn
rnepemMeHHOro Toka. bnarogapsa 3ambIKaHMIO KOHTakToB KM 1 BKAKOUNT-
CA KOHTaKTop TOPMOXeHUsa KM 3, KOHTaKTbl KOTOPOro 3aMKHYT Lierb
nUTaHUa 06MOTKM cTatopa OT BbinpaMuUTens VD, NOAKIIOYEHHOTIO K
TpaHcdopmaTopy T, M TeM caMmbIM ABUraTeslb NEPEBOANTCA B PEXMM
ANHaMNYEeCKOro TopMoxeHus. OgHOBPEeMEHHO C 3TUM MNOTepAT Nu-
TaHve annapatel KV 1 KM2, 4yTo npvBedeT K BBOAY B Lernb poTopa
pesnctopa Rn. [ipuraresib Ha4MHAET TOPMO3UTLCA.

Mpwn ckopocTy asuratens, 6/IM3KON K Hy/to, pene KOHTPOsA CKOpo-
CTV SR Pa3oOMKHET CBOI KOHTAKT B LIENM KaTyLLlK KOHTakTopa KM 3.
OH OTKNIOUNTCA U NPEeKpaTUT TOPpMOXeHWe asuratens. Cxema npuaet
B MCXOAHOe NONOXeHue 1 ByaeT rotosa K nocreaytollein pabore.

MpUHLMN OeCcTBUSA CXeMbl HE U3MEHUTCS, ECNN KaTyLUKY pefe ToKa
KA BKNHOUYNTL B (pasy cratopa, a He poTopa.

MaHens Tvina NA4Y6220. 3T1a naHesib BXOAUT B COCTaB HOPMasin3o-
BaHHO cepun NaHenen ynpasneHns asurateneil ¢ hasHbIM U KOPOT-
KO3aMKHYTbIM POTOPOM 1 06ecrneymBaeT NycK ABuraTteneii B Age CTyne-
HU 1 ANHaAMUYeCKOe TOPMOXEHME MO NPUHLNMY BpeMeHu (puc. 3.14).

Mpn nogave Ha cxemy HanpsHKeHW NOCTosHHOro 220 B n nepe-
MeHHoro 380 B Toka (3aMbikaHMe pyounsHUKoB Q I, Q2 n aBTOoMara
QF) BrtoYaeTca pene spemeHn KT1, yem noAroTtasnueaeTcs Asura-
TeNb K NYCKY C NOJIHbIM MYCKOBbIM Pe3nCcCTopoM B Lienn potopa. Oa-
HOBPEMEHHO C 3TUM, eC/IN PYKOATKa KOMaHAO0KOHTPO/1/1epa HaxoauT-
CA B HY/NEBOW (cpeaHei) No3vumn U MakCMMaibHO-TOKOBbIE pefie
FA1—+FA3W BK/OYEHbI, BKNIOUNTCA pere 3awnTel AT OT NOHWKEHUA
NUTAKOLLLEro HarpsHKeHUs U NoAroToBUT CXeMy K paborTe.

Myck ABurarens ocyLl,ecTsnseTcs no 060l 13 AByX MCKYCCTBEH-
HbIX XapakKTepuUCTUK NN eCTeCTBEHHON XapaKTepucTuke, A Yero

109



pykosTKa SA Jo/hKHA yCTaHaB/IMBaTbCA COOTBETCTBEHHO B MOJIOXEHWE

/, 2vnn 3. Tlpy nepesBoe PYKOATKU B SIIO60E N3 YKa3aHHbIX MOJIoXe-
HWiA BK/1I0HAIOTCA JIMHENHBIA KOHTaKTOp KM 2, NOAKI0YatoLL i
ABuraTesib K CeTU, KOHTaKTop yrnpasneHns 1AL 6 & XX 'KHOY, ELL, IS i}
YaloLL NI K CETU KaTyLKy YA 3/1eKTPOMarHUTHOro TOpMOo3a, KOTOpbIi
npu 3aTOM pacToOpMakuBaeT ABuraTesb, U pene BpemeHn KT3, ynpas-
naloLLLee npoLLeccoM gMHaMn4eckoro TopMmoxXeHus. MNpu nepesoge .J1

B MOJIOXEHME 2 NN 3 BKTIYAOTCA KOHTaKTOPbl YCKOpeHUs KM 3 n
KM 4 n gBuratens Ha4MHaeT pa3roHATLCA.

-380 - 220

Puc. 3.14. Cxema aCMHXPOHHOIO 3/IEKTPOMNPUBOAA C MUCMOSb30BaHVEM TUMOBO
naHenn ynpasneHus

TopMoXXeHne apuraTesns NPoMCXoauT NMpu NepeBode PYKOSTKN SA
B Hy/IeBOE (cpenHee) nonoxeHue. Mpu 3ToM OTK/IHOYATCA KOHTaKTO-
pbl KM 21 KM 51 BK/THOUMTCSH KOHTAKTOP AMHAMUYECKOTO TOPMOXKE-
HUA KM 1, KOTOpbI/ NOAKIIOUNT ABATaTENb K MICTOYHUKY NMOCTOSHHO-
roToka. B pesynbtate atoro 6yAeT natm MHTEHCUBHBIM MPOLLECC KOM-
GUHNPOBAHHOIO (MEXaHMYECKOro U AMHAMUYECKOTO) TOPMOXEHUS
[ABurartesns, KOTopoe 3aKOHUNTCS Nocne oTcueTa pene KT3 cBoeli Bbl-
[EPXKKM BPEMEHU, COOTBETCTBYIOLLLEV BPEMEHN TOPMOXEHUSI.
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CxeMbl yrpas/ieHVs apuratens ¢ Ucrosib30BaHEM TUPUCTOPHbIX MyC-
KOBbIX YCTPOWCTB. 3P(EKTMBHBIM METOAOM (DOPMMPOBAHMSA XXeNaeMbIX
rpadynKoB N3MEHEHNA TOKa N MOMEHTa ABuraTens B NepexoaHbIX pe-
XUMax SiBNSAETCA PeryimpoBaHue Hanps)KeHWs Ha ero cratope ¢ no-
MOLLIbI0 TUPUCTOPHbIX MYCKOBbLIX yCcTpoiicTB (TMY). Yawe Bcero ato
[enaetca N1 OrpaHUyYeHns ToKa U MOMEHTa ABuUrarens npu nycke
(«MArknii* cnocob nycka), XoTs C MOMOLLbIO 3TUX YCTPOWCTB MOXHO
06ecrneumTb U NOBbILLEHVE MOMEHTa ABUraTens Npu Nycke («OKecTKUin*
crnocob nycka).

Tny

Cnoy

Puc. 3.15. Cxema acMHXPOHHOIO 3eKTPONPUBOAA C TUPUCTOPHLIM
MyCKOBbIM YCTPOICTBOM

YnpoLleHHada cxema af1eKTponpusoaa, UINKCTpUpyoLLas aToT Me-
TOoA, nMpviBedeHa Ha puc. 3.15. TMpnctopHoOe MyckoBO€e YCTPOWMCTBO
BK/TOYAETCH MEXOY MCTOYHMKOM MUTaHWSA (CETbIO MEPEMEHHONO TOKA)
C HanpshkeHnem £ u ctatopom agurartens. B HepesepcusHoM TIY
€ro CUJI0BYIO YacTb 06pPasyoT TPU Napbl BCTPEYHO-MNapasi/ie/lbHO BK/IHO-
YEHHbIX TUPUCTOPOB VS1—VS6, yrpas/ieHMe KOTOPbIMU OCYLL,eCTBNSA-
eTca UMNynbcamMmm HanpsHKeHUs, NocTynaroLLMMN Ha HAX OT CUCTEMBI
VMMY/IbCHO-ha30BOoro ynpasseHus CN oY . OrpaHnyeHre Toka 1 Mo-
MeHTa OCYLLIEeCTB/IAETCA 3a CYET CHUXKEHMA NOABOAMMOIO K ABUrare-
N0 HanpsXeHus, YTo JOCTUIaeTCs COOTBETCTBYIOLLIUM U3MEHEHNEM BO
BPEMeHU yr/ia yrnpas/feHns TMpuctopaMmn. HanpsxeHue npu nycke Mo-
XKET N3MEHATLCA MO PasNNYHbIM 3aKoHamM — NIMHEHO HapacTaTtb OT
HyNs 4O CETEBOIO, 6bITb MOHWKEHHBIM B TEYEHMEe BCEro BpeMeHU Mycka
UMM N3MEHSTLCA MO TaK Ha3blBaeMoMy BYCTEPHOMY BapuaHTy, Npu Ko-
TOPOM A1 06MeryeHns nycka AsuUraresnis Ha Hero BHavasie nogaeTcs
CKa4YKoOM HEeKOTOpOe HarnpskeHne, KOTopoe 3aTeM Nnpoao/HkaeT Hapa-
cTaTb Y)Ke MO IMHENHOMY 3aKOHY. B 3aMKHYTOW cncteme MOXET BbiTb
ob6ecreyeHo 1 NogaepxaHve Toka cTatopa Ha 331aHHOM YPOBHeE.



Jo6asneHue B cxemy puc. 3.15 ele AByx Nap TMPUCTOPOB MO3BO-
NAeT NONYyUYUTbL PEBEPCMBHYIO CXEMY yrpasneHus apurarenem, obec-
MeyrBaloLLyto BO3MOXXHOCTb BpaLLleHVs ABUrartens B AByX Hanpas/e-
HUsX. Ha 6ase cxeMbl TIMY MOXeT 6bITb cSA?

KOe TOPMOXKEHVE ABUraTensi.

Puc. 3.16. Cxema aCMHXPOHHOIO 3/1eKTPOMNPYBOAA C MMEPUAHBIM TUPUCTOPHBIM
MyCKOBbIM YCTPOCTBOM

JononHUTENbHBLIMN MOMOKUTENBHLIMI CBOVCTBaMI 06adatoT mbpma;
Hble TT1Y, KOTOpbIE NOJyYatoTCA J06aBeHEM B cxemy puyc. 3.15 anekT-
pPOMarHUTHOIO KOHTAKTOpa, Kak 3TO MokasaHo Ha puc. 3.16. B Takoii
CXemMe TMPUCTOPHaA YacTb 06ecneynBaeT perymposaHne HarnpsXxXeHns
npuv Nycke, a rocre ero 3aBepLUeHnst BKIKYaeTcs KOHTaktop KM 1 nog-
K/KYaeT asuraresb K CeTM Hanpsamyto. 3TO NOBbLILLIAET 3KOHOMUYHOCTL
1 HaAeXHOCTb paboTbl aneKTponpueoda. B aToli cxeme TMPUCTOPBI He
VIMEIOT OX/1aauTeNel, a KOHTaKTOp — AyroracutesibHbIX kKamep, YTo 06y-
C/TOBNNBAET NX HebGO/bLLIVE Maccy 1 rabapuTHbIE pa3Mepsbl.

Cxema KBa34aCTOTHOrO perynmpoBaHns CKOpoCTy apurarens. Ha 6ase
cxembl puc. 3.15 MOXET 6bITb Pea/IN30BaHO TakK Ha3biBAEMOE KBasnyac-
TOTHOE perynnpoBaHme CKOpocTy aAsurarensa. Cxema, WinicTpupyroLLas
Takoe perynmposaHue, nokasaHa Ha puc. 3.17. B ee coctas BXxoauT 6/10K
KBa3M4aCTOTHOIO ynpas/ieHns BKYY, KOTOpbIi C MOMOLLbIO CXEMbI Y-
pasneHus CAPYobecneunBaeT nepnoamnyeckoe rnoakoueHve apurarens
K UCTOUHUKY NUTaHUA N ero OTKIoUYeHNe. 3a cHeT U3MEHEHUS YacTOThbl
U L/IUTENBbHOCTU MHTEPBA/IOB BKIKOYEHUS N OTK/THIOYEeHUA ABUratess Mo-
ryT 6bITb MNOJTYYEHbI MEXaHNYECKME XapaKTepPUCTUKN, NO3BOSISAIOLLME pe-
ry/IMpoBaTb CKOPOCTb ABUraTeNs Uin ero MoOMeHT npu nycke. OcobeH-
HOCTbIO KBa3N4aCTOTHOIO Yrpas/ieHNa ABNAIOTCA BUOpauyn v Wym npu
paboTe AuraTens, a Takke nosblLUeHHbIe NOTEPU MOLLHOCTU, YTO Bbl-
3blBaET AOMOMTHUTE/bHbIV HAarpeB ABurartesisi U TpebyeT onpeae/ieHHOro
3aBblLLIEHMNA ero MOLLHOCTU B C/lydae perynmpoBaHusi CKOPOCTU.
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Puc. 3.17. Cxema acyHXPOHHOIO 3/1EKTPONPUBOAA
C KBa3M4aCTOTHbIM YrpaBeHNEM

PaccMoTpuM TUNOBbLIE 3a4a4M.

3apaya 3.7. Cxema anekTponpusoa npueeaeHa Ha puc. 3.8. ACUH-
XPOHHBI gpuratens Tuna AVP180M4 nmeet cnegyoLme HOMUHa Ib-
Hble NacrnopTHble AaHHbIE: MOLHOCTb =30 kBT, HanpskeHWe nu-
TaHua Ulhm=380/220 B, Tok ctatopa /,Hwm=56,8 A, yacTtoTa BpatLie-
Hua xonoctoro xoaa wo= 157 pag/c, KN4, N\l =92%, koadhdpuumeHt
MOLLIHOCTM COS » ,om = 0,87, ckonbxeHue si=0,02, KpaTHOCTb MYyCKO-
BOIO TOK& /1w /1.0w = 7, KQATHOCTU MaKCUMa/IbHOIO U MYCKOBOrO MO-
mMeHToB MNdM Hm= 2,7, /VidN/mave= 1,7.

Mpn gnnTensHOM pexmve paboTsl ABurartens TpedyeTcs:

« BblO6paTb MarHUTHbIW NycKaTesb C TENI0BbIMU perie 3aLuThbl;

« BblOpaTb aBTOMATUYECKUIA BbIKHOUATE b;

* paccunTaTh MapaMeTpbl MPEeAOXPaHUTESEN 1 BbIOPaTL X MO KaTa/1ory;,

= paccunTaTh YyCTaBKU TEMOBLIX Pere.

3apaya 3.8. Cxema anekTponpmusoa npveeseHa Ha puc. 3.11. Tpe-
6yeTca BbIGpaTh MO KaTtanory KoHTaktopbl KM 1 KM1. K kakum no-
CneAcTBUsAM B paboTe 3neKTponpmeBoaa NpmBeaeT obrap KOHTakTa an-
napara KM B Lilenn KaTylwKn KOHTaktopa KM P.

3apava 3.9. CocTaBuUTb CXeMy ynpasneHus, kKoTtopas obecneumsa-
€T NYCK aCUHXPOHHOI0 Agurarens ¢ asHblM POTOPOM B [iBE CTYMeHU
B PYHKUNW BPEMEHUN N TOPMOXKEHME MPOTUBOBK/IHOYEHMEM B DYHK-
LM CKOPOCTU (C NCMOMb30BaHMEM pefie KOHTPO/IS CKOPOCTN).

3agaya 3.10. CocTaBuTb CXEMY YrpaB/ieHWs, KoTopas obecrneynsaeT
NPSMOIi NYCK aCUHXPOHHOIO ABUraTens ¢ KOPOTKO3aMKHYTbIM POTO-
[POM 1 ero TOPMOXKEHWME MPOTUBOBK/TIOYEHVEM B (DYHKLIMN BPEMEHN.

Mpumep 3.2. Cxema aneKkTporpusoaa npueeaeHa Ha puc. 3.12, nsu-
rate/lb UMeeT AaHHble, NpeacTaBneHHble B 3agade 3.7. CyMMapHbIii
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MOMEHT nHepuun anekTponpueoga /=0,7 Kr M2 MOMEHT Harpy3ku
paBeH HOMWHaIbHOMY MOMEHTY. OnpeaenTs COOTHOLLEHME COMpo-
TUB/IEHNI MYCKOBOrO pe3uctopa £ mobmouy 1 W >
pOM MYCKOBOM MOMEHT Apuratenis 6yaeT paBeH MakCUMasilbHOMY (Kpw-

TUYECKOMY), 1 BbIAEPXKKY PEe BPEMEHM.
PaccunTbiBaEM BENINUMHY KPUTUYECKOTO CKOJIBXEHWS ABUraTENs Ha

€CTECTBEHHOM XapaKTepuctmke, UCroJsib3ysa ero nacropTHble AaHHbIE!

Npe N I I I 7:0,02(2,7+>¢2,72-1):o,1

Haxogmm Tpebyemoe COOTHOLLEHME COMPOTUBIEHUI, YUNTbIBaS,
YTO Ha UCKYCCTBEHHOM XapaKTePUCTUKE Npu 334aHHOM YC/TOBUUN KpU-
TUYyecKoe cKonbxeHme Vh = 1:

a i__]_ in

V. <M
Onpep,enﬂelvl BE/TMUYMNHY KPUTUYECKOIO MOMEHTa ABUraTe/ia:

M T =2,7M vl =2,7—P
@n
MPUYHMMas UCKYCCTBEHHYHO XapaKTepUCTUKY ABUraTens B Nepsom
KBaipaHTe /IMHENHOM 1 nonaras MOMEHT rnepeK/oyeHra Ha 15% npe-
BbiLLaO LW M HOMWHa/IbHbIN MOMEHT, OUEHUM MeXaHNYEeCKYIO MNMOCTO-
AHHYIO BPEMEHM U BbIAEPXKKY Perie BPpeMeHW:

T $0° 0,7157 —021c:
m N/, 5265
max _nll.uax
A — =0,211In
1=15MM- M T:

3.4. TUMNOBbLIE ¥3/1bl N CXEMbl YMNPABIEHWA
ANEKTPOMNPUBOAOB C CUHXPOHHbBIMW
ABUTATENAMIN

PeneliHO-KOHTaKTOPHbIE CXEMbI YIPaBIEHNS CUHXPOHHbLIMUY [BU-
ratefnisiMu, Kpome 06bIYHbIX ornepaLimii Mo BKIKYEHMIO Y OTKIOUYEHWIO
(TOPMOXXEHWIO) ABUTFaTENS N OFPAHUYEHMIO MYCKOBbLIX TOKOB, A0/K-

114



Hbl 06ecrneunBaTh yrnpasneHne TOKOM BO36Y)XAeHWUs aApuratenei, ume-
IOLLIMIX 0OMOTKY BO36YXAeHUs. Mpu nycke Ncrnosnb3ytoTca Aga crnoco-
6a TaKoro ynpasneHus: ¢ «ryXonogKNI0YeHHO!* (MTOCTOSAHHO BK/IO-
4YeHHOI1) 06MOTKOI BO30YXAEHNA 1 C NOAKIUYEHNEM OOMOTKM B KOH-
Le nycka neped CUHXpPOHM3aumein apuratens c ceTbto. [lepBblii
BapuaHT XapakTepnsyeTcs 60/1ee NPOCTOM CXeMOW 1 UCMOJb3yeTcs Npu
NEerknx ycrioBmaxX nyckKa Asuraresniss — HeGoMbLUNX MOMEHTax 1 NHep-
LIMOHHbIX Maccax Harpyskv afeKTpornprnesoga. Bropoi BapmaHT peanu-
3yeTcs C MOMOLLLIO 60/1ee C/I0XKHOM CXeMbl yNpaB/ieHus1, HO 3aTO MO-
XeT obecrneunsatb NYCK ABUrarens npy 3HauYnTeIbHbIX MOMEHTax Co-
NPOTUBNEHNA N NHEPLMOHHOCTW Harpy3ku 3/1EKTPONPUBOAA.

TWNOBOA Y3en yrpas/eHNs TOKOM BO30yaeHVeM aBuratens B oyHKLMA
CKOpOCTU. B 3TOI cxeme noAkItoveHe 06MOTKM BO3GYKAEHNA K UCTOY-
HUKY nMuTaHua U%OCYLLLEeCTBNSETCA KOHTakTopoM KM 2 (puc. 3.14, a),
KOTOpbIF ynpasnseTcs pene ckopocTy KR. KaTyLlKa aToro pefe cesasaHa
C 4aCTblO paspsaHOro pesnctopa Rpyepes avog, VD.

Puc. 3.18. Y3/bl cxeM ynpas/feHeM BO30YXXAEHMEM CUHXPOHHOIO ABUraTess
C WCMOoMb30BaHMEM MPUHLMMNA CKopocTu (a) 1 Toka (6)

Mpwn BKIOYEHUN KOHTakTOpa KM1 (ero uenu ynpasneHUs Ha pu-
CYHKe He nokasaHbl) 06MOTKa cTaTtopa ABurartens noakioyaeTcs K
CETM NEPEMEHHOIO TOKa M 00pasyeT BpaLjaroLLeecs marHuTHoe nore,
KOTOpOe BbI30BET MOSAB/IEHVNE MOMEHTa ABUraTens, noA AericTsvem
KOTOPOro OH HayHeT pasber, 1, kKpomMe Toro, HasefeT 3,C B 06MOTKe
BO30YXOeHus asuratens. Mog genctenem 34,C no kaTywke pene KR
HayHeT NpOTeKaTb BbIMPAMJ/IEHHbIN TOK, OHO BKKOUYNTCS U Pa3oMK-
HEeT uenb NMTaHusa KoHTaktopa KM2. Tem cambim pasber gsuratens
ByaeT nponcxoauTs 6e3 TOKa BO30OYXAEeHNS C 3aKOPOYEHHOW Ha pas-
pPSOHbIA pe3ncTop JIo 06MOTKOI BO3OYXAEHWS.
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Mo mepe pocta ckopocty potopa ero 3C, a Tem caMmbiM U TOK B
KaTywke perne KR, cHmxarTcs. [Npy NOACUHXPOHHOM CKOPOCTU TOK
B KaTyLLKe pene KR CTaHEeT MeHbLLIe TOKa OTMYCKaHWs, OHO OTK/HOYUNT-
CA U BbI30OBET TEM CaMbIM BK/IHOYEHME KOHTakTopal ‘(MHTaeTop
KM2 noaknioumt o6MOTKY BO3OY)XAEHUA K UCTOYHUKY MUTaHUS,
1 Janiee NPoUCXoAnT NPOLLECC CUHXPOHM3aUMN ABUraTens C CeThiO.

Cxema ynpasneHns Bo30yXaeHVeM apurartenisa B oyHKUMM Toka. 31a
cxema (puc. 3.18, 6) coaepxumT pesne Toka KA, 06MOTKa KOTOPOro nuTa-
eTca OoT TpaHcdopmaropa Toka TA, 1 pere BpeMeHun KT. MNMpu noaknto-
YeHUN OBUraTens K ceTu KoHTaktopom KM 1 B Lenm o6MOTKM cTatopa
BO3HMKaeT 6POCOK MYyCKOBOIo TOKa, YTO MPUBOAUT K cpabaTbiBaHMIO
pene KA. KOHTaKT 3TOro pesie 3ambIKaeT Lernb NUTaHA perne Bpeme-
HU KT, 4TO BbI30OBET OTK/IHOUYEHVE KOHTaKTopa B30y aeHns KM 2. Pas-
6er apurartens, Kak v B npeablayLlemM criydae, OCyLLLeCTB/AETCA C 3aK0-
[pOYEHHOW Ha pa3psaHbI pe3ncTop RN 06MOTKOWM BO30Y)KAEHWS.

B KOHUEe nycka npu MOACMHXPOHHOI CKOpPOCTW ABuraTens u
YMEHbLUEHNM TOKa B CTATOPE pesie KA OTK/IHYaeTCs N KaTyLlKa pene
BpeMeHn KT TepseT nuTaHue. Yepes 3a4aHHYI0 BblAEPXKY BPEMEHN
BK/IH0YaETCA KOHTaKTOp KM 2, 1 Yyepes ero KOHTakTbl 06MOTKa BO36YX-
[eHna NoAKNIYAETCA K MCTOYHMKY NuTaHus Ut, nocsie Yyero aApuraresib
BTAMMBAETCA B CUHXPOHMU3M.

OTMEeTUM, UYTO B PACCMOTPEHHbIX CXeMax Mocrie cpadbaTbiBaHUSA KOH-
TakTopa Bo36yXaeHnss KM 2 pa3pblBaeTcs Lerb paspsaHoro pesucto-
pa Rp, UTO 0b6/1eryaeT TEN/I0BOM peXxum ero paboTsbl 1 NOBbILLAET 3KO-
HOMWYHOCTb CXEMBI.

ANeKTpoTEXHNYECKAs MPOMBbILLIEHHOCTL BbIMYyCKaeT TUMOBbIe Nna-
Henn 1 Wwkadbl ynpasneHusa gsurartens pasHblX TUMNOB. PaccMOTpUM
B KQUecTBe Mpumepa Cxemy O4HON U3 TaKMX NaHesnei.

Cxema naHenm tmna MY 7502 ynpasneHns asuraresieM HU3KOro Ha-
npshkeHus. MNaHens (puc. 3.19) o6ecrieunBaeT Npsmoi (6e3 Toko-
OorpaHmyeHuns) NycK ¢ rayxonoAkio4YeHHbIM UICTOYHUKOM NMUTaHUS
06MOTKM BO3OYXAeHUA (BO3byamTenem) G n hopcupoBKy BO30YKae-
HUSA NPU CHYDKEHWN YPOBHSA MUTAIOLLIEro HarpskeHus. B cxeme npeay-
CMOTpPEeHbI Takxe 3aluTbl: Tennosas (pene KK v TpaHcdopmaropsl
Toka TA1 n TAZ2), ToKoBas (aBToMaTtbl QF1 U QF2), OT CHMXeHUA
HanpskeHUs ceTu nepemeHHOro Toka (pene KV2, KV3) 1 NocTosH-
HOro Toka (pene Ky1).

Myck gsurarens MOXeT 6bITb OCYLLECTB/IEH TO/IbKO NPY HOpMaJslb-
HbIX YPOBHSAX MUTAIOLLUX CXEMY HarNpPsHXKeHUA NOCTOSAHHOIO U nepe-
MEHHOro TOKa. B aTOM cny4yae, ecnv pyKosiTka KOMaHOOKOHTPO/Iiepa
SA Haxoa4uTcA B CpefHeM MOJIOXEHMN YN BK/IHOYEHbI aBToMaTbl QF1 1
QF2, cpabartbiBatoT pene HanpshkeHus KV2, KV3 n pene spemenn KT,
YTO MOAroOTaBNMBAET CXEMY K MYCKY ABUTaTess.
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Puc. 3.19. CxemMa CUHXPOHHOIO 3/1IEKTPONpPMBOAA C UCMO/b30BaHNEM TUMNOBOW
naHenn ynpasneHuns

Mpu nepeBoge PYKOATKM SA B NOJSIOXeHWe «Bk/IoyeHO» cpabaTtbl-
BaeT pene KV1 n kaTylika NMMHerRnHOro KoHTaktopa KM 1 noakntoya-
eTCs K UICTOYHUKY NUTaHUA, K OOMOTKe cTaTopa Asurartesis noasoauTcs
HanpskeHue rnepemMeHHoOro Toka, 1 ToT HadnHaeT pasber. MNpuv nog-
CMHXPOHHOIM CKOPOCTU MPOUCXOAUT BO3OYXAeHWe BO3byauTens G,
umetoLLero Hezasucmmyto (H O B) n nocnegosatesnbHyto (MO B) o6moT-
K1 BO30YXXAEHWSA, N COOTBETCTBEHHO ABUraTesis, KOTOPbIA BTArMBaeT-
CA B CUHXPOHM3M.

Cxema yripasneHus obecneunsaeT yBesinyeHne (hopcnposaHune)
TOKa BO30YXAEHUA ABUraTens rnpu peskoMm CHKEHUU NUTaloLWero
HarnpshKeHWs, 4TO Mo3BOJSAET COXPaHATb MakCUMaslbHbIi MOMEHT
ABuraTtens u TemM camblM €ro reperpysoyHyto CriocobHocCTb. pu
HOPM&/IbHOM YPOBHE MUTaKOLWEro HanpsXXeHs pene HanpsXeHus
KV3 BK/TIOUYEHO, Liernb KaTyLW KN KOHTakTopa KM 2 pa3oMKHyTa 1 pe-
31cTop (hopcmpoBKU JIPBBEAEH B LieMnb TOKa BO3OYXAEHUA ABUTra-
Tens.

Mpy pe3KoM CHUXeHUN HanpsxeHusa pene KV3 oTkovaeTcs, 3a-
MbIKaeT Lierb KaTyLW KN KOHTakTopa (dOpcupoBkM KM 2, KOTOPbI
BK/IFOYAETCH M CBOUM KOHTaKTOM LUYHTUPYeET pe3uctop / ? Bbi3blBas
TEM caMbIM YBeNMUYeHVe ToKa BO30YxaeHVsA apuratesisa. O BKIHOYEHUN
KM 2 curHanusupyet ykasaTtesibHoe pene KH.

[Nnsa KOHTpONs TOKa ctatopa ABuUrarens B CXeme rnpefycMOTpeH
amnepmeTp PA 1, a ToKa BO30yxAeHUs aABurarens — amrnepmeTp PA2,
nUTaemblii OT LWyHTa RS.
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KOHTPO/IbHbBIE BOMPOCHI

1.

2.

Kakumn npusHakamn XapakKTepusyrTcs Pa3oOMKHYTble CXeMbl
ynpasneHus 3M? PDF Compressor Free Version
Mo Kakum NpuHUMNam CTPOATCA Pa3OMKHYTble CXEMbl yrpaB/ieHns
MyCKOM, PEBEPCOM U TOPMOXEHUEM ABuraTtenen?

MoyemMy NoO NCTEYEHNN HEKOTOPOro BPeMEHW Mpu Nycke aBurarte-
N8 MOXeT OblTb 3aKOPOYEH MYCKOBOW pe3ncTop?

Uto gonxkHa caenatb cXema ynpas/sieHus Ans nepesoja Asurare-
NS NOCTOAHHOIO TOKa HEe3aBMCMMOrOo BO30OYXAEHWUS B PeXUM Au-
HamMmnyeckoro TOpMoXXeHna?

Uto gosmkHa caoenatb cXema ynpasfieHus ANA nepesoja ABurarte-
N MOCTOSAHHOIO TOKA HEe3aBMCMMOrO BO30OYXAEeHUA B PeXUM TOp-
MOXEHUSA NPOTUBOBKIOUYEHMNEM?

3a cuyeT yero MoxeT ObITb OCYLLECTB/IEH peBepc Asurarens no-
CTOSAHHOrO TOKa He3aBUCUMOTO BO36YXAEHUNA?

Uto goskHa caenatb cxema ynpasieHus 414 nepesoa aCUHXPOH-
HOro ABuratens B peXxum AUHAMUYECKOro TOPMOXeHUA?

Uto gosnkHa caenatb cXema ynpasfeHua AN pesepca aCUHXPOH-
HOro asurartensa?

Kakne BapnaHTbl BO36YXAEHUA CUMHXPOHHOIO ABUratens NnpuMeHs-
lOTCA Npu ero nycke?



PnaBa 4

SAMKHYTbIE CXEMbl YTPABNEHWUA
SQNTEKTPONMPUMBOOA

4.1. ObW AA XAPAKTEPNCTUKA 3AMKHYTbIX
CXEM YTIPABAEHWA

3aMKHYTbIE CXeMbI YNPaBEHNS 3IEKTPONPUBOAOB MPUMEHSIOTCA B TEX
cnyyasix, korga TpebyeTcs 06ecneunTs ABWKEHME UCMOMHUTESBHBIX Op-
raHoB paboyMX MaLLMH C BbICOKMMUW MOKasaTeiiM1 KavecTsa — 60/bLLIn-
MM AMana3oHOM PEeryMpoBaHNS KOOPAVHAT U TOUHOCTBIO MX MoAAepKa-
HWS, 33aHHbIM Ka4yecTBOM MepexoiHbIX MPOLLECCOB, a TakKe BbICOKOM
3KOHOMUWYHOCTHH WX OMTUMaSIbHBIM (HanyyLL M) OyHKLMIOHMPOBa-
HVEM TEXHO/IOMMYECKOro 060PY/A0BaHIS 1 CAMOI0 3/1eKTPONPUBOAA.

[na obecneyeHns Takoro ynpaeneHns B CTPYKTYPY 3/1EKTPONpPU-
BOJA BXOAMT CU/0BOW yrpas/isieMblii NONynpoBOAHNKOBbLIA Npeobpa-
30BaTe/lb /IEKTPO3HEPI MM — BbIMPAMUTESb, PEMYSIITOP HaMPSHXKEHNS,
npeo6pasoBaresib HacTOThI, & CXeMa yrpaBneHus CTPOUTCS C UCMOSb-
30BaHVEM O6paTHbIX CBSI3el MO perynmpyeMbiM KoopavHaTtam (rnepe-
MEHHbIM). [lpyrMMm cfioBamu, CUI0Bast HacTb TaKOro 3/1IEKTPOMNPUBO-
[a VIMeeT CTPYKTYpPY «npeobpasosaresib — ABuUrartesib», B KOTOPOW OBU-
raresb NMTaeTCa OT yNpaBnseMoro npeobpasosaress.

BavkHOW XapaKTepUCTUKO 60/1bLLIMHCTBA COBPEMEHHbIX 3aMKHYThIX CU-
CTeM yrpaB/ieHVs SB/ISIETCH BO3MOXHOCTb MMOKOW HACTPOKU VX NapameT-
OB, MPOrpaMMMpPOoBaHVIs 1 NEPENPOrPaMMUPOBaHNA anlfOPUTMOB Yrpas-
JIEHVA 3NEKTPONPUBOAA, YTO ObecnevnBaeTcs NPUMEHEHEM MUKPOMPO-
LIECCOPHbIX CPeACTB yrnpasneHus. icnons3o0saHme MUKPOMPOLLECCOPHbIX
CpeACTB NO3BOJISET TAKKE MOBbILLIATL HAAEXKHOCTb (DYHKLMOHMPOBaHNS
3MEKTPONPMBOAOB N TEXHO/IOMMYECKOro 060PYA0BaHMs 3a CHET ANarHo-
CTUKW MPpY NX paboTe, pe3epBMPOBaHNS KAHAJTOB YNpaBieHns U T.4.

4.2. SAMKHYTbIE CXEMblI YMNPABNEHWA
QNEKTPONMPUBOOA C ABUTATENAMMUN
MOCTOAHHOIO TOKA

XapakTeprCTUKN Pa3OMKHYTbIX 3/IEKTPONPUBOAOB, MOCTPOEHHLIX MO
cucTEME «MNpeobpasoBatens — Apurartesis* (M-/[,), MoryT MMeT OTHO-
CUTENBHO HEBBICOKYH YXECTKOCTb M3-3a Ha/INUMS BHYTPEHHEIO COMpPO-
TUBNEHUS Npeo6pasoBaTesisi 1 camoro Asuraresis. J1s nosyvyeHus 3Ha-
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YMTENbHbIX AMAana3oHOB N BbICOKO TOYHOCTW perympoBaHns CKopoc-
TV TpebyeTcs MMEeTb 60s1ee XXeCTKNE XapakTepuCTUKM, KOTOPbIE MOXHO
noAyuYnTb INLLb B 3aMKHYTO cucteme M-/[. Kopme TOro, Xapakrepuc-
TUKN Pa3OMKHYTOW CMCTEMbI He 0b6ecrneunB!kST Fosbersfinposa-
HUA (MK OrpaHMYeHKs) TOKa U MOMEHTA, YTO Takke TPebyeT nepexo-
0@ K 3aMKHyTOl cucteme M-/, PaccMOTpUM NPUHLMMBI MOCTPOEHUS U
[eiCTBUSA 3aMKHYTbIX CXEM PerysiMpoBaHusa CKOPOCTU, TOKa, MOMeHTa
1 MOJIOXEHWS C UCMONb30BaHMEM PasNYHbIX OOpaTHbIX CBA3ENA.
3amkHyTast cuctemMa M-/, ¢ oTpyLATENBHOM OOPaTHOI CBA3BLIO MO CKOPO-
CTV ABUrareris NOCTOsSHHOIO TOKa HEe3aBYICMMOTO BO30YaeHMs. OCHOBY CU-
CTeMbI COCTaB/ISET pa3oMKHYyTas cxema -1 Ha Bany asurarens Haxogurcs
[aTUMK CKOPOCTU —TaxoreHeparop TT (puc. 4.1, a), BbIXOAHOE Hanpske-
HMEe KOTOPOrO M =YL, NPONOPLIMOHa/IbHOE CKOPOCTU ABUraTesis, ABNseTcs
CUIHa/1I0M 06paTHOl cBs3n. KoathhnumneHT NponopLmoHasIsHOCTA Y HO-
CUT HasBaHe KO3ULMEHTa OOPaTHO CBA3M MO CKOPOCTU U MOXET pe-
ryNIMpOoBaTLCA 3a CHET M3MEHEHWS TOKA BO30YXAeHWs TaxoreHeparopa /17T

Puc. 4.1. Cxema (a) 1 xapaktepnctukun (6) 3aMKHYTOM CMCTEMbI C 0BpaTHOM
CBSI3bl0 MO CKOPOCTU

CurHan obpartHoii cBs3u U, CpaBHUBaETCA C 3a4at0LLUM CUTHAIOM
CKOpOCTU Uxc, 1 X pa3HOCTb B BUAE CUrHaMa paccorsiacoBaHus (Owno-
K1) U, NOAAETCA Ha BXOA yCUANTENS Y, KOTOPbIM C KO3thULMEHTOM
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Ky YCU/IMBAET CUrHas1 paccornacosaHna Un 1 nogaeT ero B BUAE CUT-
Hana ynpasneHusi Uy Ha Bxog, npeobpasoBatens I, B KaUecTBe KOTO-
pOro NCcNosb3yeTcs ynpasnsemMblii BoINPAMUTENb. YCUINTENb B 3TOM
cxeme aBifgeTcs MNMponopLMOHa/TbHBIM PErYNATOPOM CKOPOCTU.

[na nonyyeHus dhopmyn XapakTepuUCTUK ABUraTesisl B 3aMKHYTOM
cUCTeMe BOCMO/b3YyeMCS BbIPXKEHVSIMU /151 3/1EKTPOMEXAHNYECKON (/)
1 MEXaHMYECKO LW (M) XapaKTepuCTUK ABUraTesisi B PasOMKHYTOW cxe-
Me N COOTHOLLEHUNAMU, CNeayoLmnMn N3 paccMoTpeHus puc. 4.1, a:

4.1)

4.2)

3 = Py 4.3)
U = kyUn- (4.4)
E~rKUy, 4.5)

rae E,, — 3/4C npeobpasosaressl; K — KOHCTPYKTUBHbIA KO3((IULINEHT
apurarens;  — marHUTHbIA NOTOK ABUraTtens; | —TOK AKops asurare-
nsa; R,, R, — COOTBETCTBEHHO COMPOTUB/IEHNE AKOPSA ABUraTens 1 npe-
0o6pazosaresnst; M — MOMEHT Asuraresns.

3ameHss B (4.1) n (4.2) nocneposatenbHO E,, Ha ee BblpaXeHue 13
(4.5), UyHa ero BbipaxkeHue u3 (4.4) n panee U,, — Ha ero BblpaxeHune
13 (4.3), Nocse HECNOXHbIX MPeobpasoBaHWii Nonyyaem criegytoLlme
hopMy bl A48 XapakKTePUCTUIK ABUraTens B 3aMKHYTOW CUCTEME:

W /% /(% -+N,
c(\ +ko c(l+d
p= HE/ e _MRE+R)

= : A 1\
0@+*) ~1+%) 2

47)

raoe c= k® oA ke=ykykjc — 06w KO3IDDULMEHT YCUNEHUA 3aMKHY-
TOI cnctemsol M-A.

[.na aHa/IM3a >XeCTKOCTM MOJyHaeMbIX XapaKTePUCTUK COMOCTaBuM
nepenagsl CKOPOCTU B Pa3OMKHYTO JIwpwy 3aMKHYTO Jlw, cnctemax
Mpv O4HOM 1 TOM e TOKe Ui MomeHTe. CornacHo (4.1), (4.2), (4.6)
" (4.7) nveem

A% =Ily(R' +Rn); 4.8)
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c(l+*9 “4-9>

Tak kak Bcerga Ac>0, To Ju3<Awp T.eP <
XapaKTEPUCTVIK B 3aMKHYTO cucTeMe 60/bLUE KECTKOCTU XapaKTepu-
CTUK B Pa30OMKHYTOI cucteme. CamMmmn XapakTepUCTUKK, MOKasaHHbIE Ha
puvc. 4.1, 6, NpeacTaBNsal0T cCOO0M NMpsMble MapasienbHbIe TMHUN 2, 4
1 5, pacnosioXeHne KOTOopbIX OrnpeaenseTcs ypoBHEM 3aat0LLEro cur-
Hasa rno cKopocTu Uyc M COOTBETCTBEHHO CKOPOCTLIO XO/I0CTOro Xo4a
WG 34ech XXe /151 cpaBHEHMS NpUBEAEHa XapaKTePUCTMKa ABUraTesisi B
pa3oMKHyTOM (Mpsmas 3) cucreme.

Ana HaxoXaeHusa npenensHol Mo KeCTKOCTU XapaKTepUCTUKU
YCTPEMUM KOIPPULIMEHT YCUNEHUSA CUCTEMBI KCB BECKOHEYHOCTD. 13
(4.9) BAHO, 4YTO NMpU Kc~*« Aup-*0, T.e. B Npeaene B JaHHOW 3aMK-
HYTOM cuCTEME MOXET ObiTb NMoslydyeHa abCoMOTHO XecTKas Xapak-
TEPUCTUKA, KOTOpas U3obpaxeHa Ha puc. 4.1, 6 B BUAE LUTPUXOBOIA
nviHUn /.

PaccMoTpuM hM3MYECKYIO CTOPOHY NpoLiecca perympoBaHunst CKo-
pocTu B AaHHO cucteme. Mpeanonoxmm, YTo asurarenb paboTaeT rog,
HarpysKkoii B yCTaHOBMBLLEMCS PEXVME U MO KaKMM-TO MPUYMHaMm
YBENNUYW/ICA MOMEHT Harpysku A/c Tak Kak pa3BuBaeMblii AsurareniemM
MOMEHT CTa/1 MeHbLLE MOMEHTAa Harpy3ku, ero CKOpoCTb HAYHET CHU-
XartbCs, N COOTBETCTBEHHO OyAET CHMXATLCS CUIrHa1 06paTHOW CBA3U
no ckopoctu U,=yul 3TO, B CBOK O4epenp, cornacHo (4.3)>—4.5)
BbI3OBET YBE/IMHYEHME CUIHA/IOB pPaccorsiacoBaHmns {/,, v ynpaenenus Uy
M NpuBeaEeT K NosbilweHnio 3/1C npeobpazosaTtens, a criefosare/lbHO,
Hanps>KeHMa U CKOpPOCTU ABuraTens.

Mpw ymMeHbLLEHNN MOMEHTa Harpy3ku obpatHas cBs3b AelicTByeT
B APYrom Hanpas/ieHuun, Npueoasa K cHkeHunto 3,C npeobpasosare-
ns. Takum obpasom, 6rrarogaps HaiMumMio 06paTHON CBS3W OCYLLLECTB-
NsieTca aBToOMaTnyeckoe perynmposaHme 34,C npeobpasosartens 1 Tem
cambiM NOABOAMMOIO K ABUraTesito HanpshKeHus, 3a CHeT Yero nosy-
yatoTcs 6osee XKeCTKMe XapakTepUCTUKKN 3M1eKTporpmeoga. B pasomk-
HYTOW CMCTEME, HaNpPOTMB, NPU N3MEHEHNN MOMEHTa Harpyskn 3/,C
npeobpazosaresia He U3MEHSAETCS, B pe3y/bTaTe Yero XXeCTKOCTb Xapak-
TEPUCTUK 31EKTPONPUBOLA OKa3bIBAETCH MEHbLLIE.

[NA NonyvyeHus XXeCcTKUX XapakTepuctuk B cucteme M\, kpome
0ob6parHOoI CBSA3M MO CKOPOCTM MUCMNO/Ib3YTCA TakKe oTpuuaresibHas
obparHas CBA3b NO HaMNPSHKEHMNIO U NOIOXUTENbHast 0bpaTHas CBA3b
no TOKy Asurartens n nx coyetaHmsa. Cxemol 31 v nosydaemble Xa-
PaKTEPUCTUKMX MPU NCMOJIb30BaHNN 3TUX CBS3el paccMOTpeHsbI B [20].

Cxema ynpasneHus, 06ecreumsaroLLLas orpaHnyeHrie Toka 1 MOMeHTa
ABurarens rnocToAHHOIO TOKa C MOMOLLBIO HEMMHENHOW OTpUUATENbHOMN
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00parTHOA CBA3M MO TOKY. B KadecTse aaTumka TOKa B 3TOl cxeme
(pnic. 4.2, a) UCNO/b3yeTCs LWYHT C CONPOTUBEHEM RL NafeHne Ha-
NPSHKEHNS HA KOTOPOM MPOMOPLIMOHALHO TOKY sikopsi /. B pesynbtare
CUIHau1 06paTHOI CBSI3N MO TOKY

wnt=p/, 4.10)

rae p — KoathpuumMeHT 06paTHO CBA3WU MO TOKy, OMm.

Puc. 4.2. Cxema (a) U XapaKTepuCTKu (6) 3aMKHYTOW CUCTEMbI C 0BpaTHOM
CBf3bl0 MO TOKY

OTMEeTUM, YTO B KauecTse LWyHTa R\LyacTo MCNonb3yeTcs 06MOoTKa
[OMNOMHUTESbHBIX MOKOCOB NV KOMMEHCALIMOHHasA 06MOTKa ABUraTesis.

CurHan obpatHoii cBa3n FOT NocTynaeT Ha y3e/1 TOKOOr paHMyYeHns
YTO, Ha3blBaeMblii TakKe y3/10M TOKOBOW OTCEYKN, BMECTE C CUTHa-
IoM 33aHua Toka /I 3TOT curHan onpeaenseT ypoBeHb TOKa OTCeY-
K/ Im, C KOTOPOro HaYMHaeTCa perymposBaHue (OrpaHnyeHue) Toka.

Pabota YTO B COOTBETCTBUM C €ro Xxapakrepuctukoi UOJI)
(puic. 4.2, a) npouncxogut criegyowmm obpasom. Npn Toke B aKope,
MeHbLLEM 33aHHOI0 TOKa OTCEeUKM, T.e. Noka Is Im, curHan o6part-
HOI CBS3U Ha BbixoAe YTO paBeH Hy/o. [lpyrMmu cnoBamu, cXema B
[OnanasoHe Toka 0 ABNSIETCA Pa3sOMKHYTOM 1 ABUratesi UMeeT Xa-
pPaKkTeEPUCTUKN, N306PaKEHHbIE Ha puc. 4.2, 6 B 30He |.

Mpn 1>1T Ha BbiIxoAe YTO MOSABASETCA CUTHA OTpULATENbHOMN
ob6patHoii cBsizu UOT= fil. 9nekTponpueoa, CTAaHOBUTCS 3aMKHYTbIM U
HaunHaeT paboTaTts B 30He |1 (puc. 4.2, 6). Ana nosacHeHUs Buaa xXa-
pPaKTepUCTVK 3/IEKTPONPUBOAA B 3TOM 30HE 3anuLlueM BblpaXkeHne a1
CUrHana paccornacosaHus

U,=Ulc-f>1. @.11)
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M3 (4.11) BuaHO, 4YTO MpW yBennyeHnn Toka /curHan Un ymeHb-
LaeTcs, YTo B COOTBETCTBUMN C (4.4) 1 (4.5) BbI3OBET YMEHbLUEHNE
curHana Uym E,. 3TO npuBedeT K yMeHbLUEHNIO HanpsXeHWsa Ha ABU-
ratene U 1 COOTBETCTBYIOLLLEMY CHUKEHU B/ |*§ ML PAA¥A'MaBE
XapakTepuCTUKK ABuUraTesnisa CTaHOBATCA KpyTonagaroLwmumm (MArkm-
MW), 4TO U OTPaXKaET AP EKT perynmposaHus (OrpaHUYeHus) Toka u
COOTBETCTBEHHO MOMeHTa. Mpu yBenuyeHun KoahduumreHTa ycune-
HUSI CUCTEMbI XapaKTepuUCTUKKM B 30He |l Bce 6nvke NpubAmKaroTes K
BEPTUKA/TbHBLIM JIMHUAM. YPOBEHb OrpaHNYeHns TOKa OnpeaenseTcs
3a4alWwmm curHanom (yctaskoi) UIT. TOK npu HYNeBOM CKOPOCTU
ABurarens rosiyyns Ha3saHMe TOKa CTOMNopeHns

Puc. 4.3. Cxema (a) 1 XapaKTepucTukn (6) 3aMKHYTO CUCTEMbI C 0BpaTHLIMA
CBA3FMW MO CKOPOCTM U TOKY

3aMKHyTas cxema aeKTponprBoaAa C ApuraresieM NOCTOSHHOMO TOKa
1 06paTHbIMK CBA3AMM MO CKOPOCTU M TOKY. 3Ta cxema obecrneunsaet
NnoslyyeHne XapaKTEPUCTVK ABUTATENS, UMEIOLLMX PA3/TMUHYHO XeCT-
KOCTb y4aCTKOB, — BbICOKYHO /15 TOYHOIO NOAAEPKaHUS CKOPOCTU Ha
33aHHOM YPOBHE U Mayto, UTO TPeByeTcs AJ19 OrpaHNyYeHnst Toka U
MOMeHTa ABuraTesnsi B NepexofHbIX npoLlieccax. 3To onpenensercs
MCMO/b30BAHVEM B CXEME ABYX HEJTMHEMHbIX 0GPAaTHbLIX CBA3E MO CKO-
poctn 1 Toky (puc. 4.3, 0). ns co3gaHns HeMMHERHOCTY Lenein 06—
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paTHbIX CBS3el MCMO0/1b30BaHbl PaCCMOTPEHHbIN paHee y3en YTOu y3en
orpaHuyeHms CKoOpocTn YCO, XapakTepPUCTUKN KOTOPbIX MOKasaHbl
BHYTPUW COOTBETCTBYHOLLLMX YC/TOBHbIX N306paXeHun. HennHenHoCTb
06paTHbIX CBA3EN NPUBOAUT K pa3aerieHno 06/1acTv MeXaHUYECKNX Xa-
pakTepucTuk (puc. 4.3, 6) Ha Tpn 30HbI: |, I n lll.

B 30He | B gnanazoHe TokoB O.../” AelicTBYEeT TO/IbKO OOpaTHas CBSi3b
Mo CKOPOCTU, 06ecneunBas XXecTkme XapakTepucTnky 3/1eKTponpmBo-
Ja. B 30He |l npu I> Im BCTynaeT B AelicTBME 06paTHas CBA3b MO TOKY
1 XapakTepUCTMKM CTaHOBATCA Msrye. MNpu ganbHelwem yBeamyeHnn
TOKa Y YMEHBLLEHUM CKOPOCTU HMXKE CKOPOCTU OTCEUKU CO™ nepectaet
[LencTBoBaTb 06paTHas CBsA3b MO CKOPOCTU M 3a CHET AelicTBUA 06part-
HOW CBA3M MO TOKY XapaKTepUCTUKN CTAHOBATCA eLle msarye (3oHa 1),
obecneumBas Tpedyemoe orpaHuUYeHve Toka 1 MOMEHTA.

Cxema yrpasneHrs ¢ NoaqvHeHHLIM PEnyyIpOBaHVEM KOopaMHaT. Jd-
(heKTMBHOE 1 KaueCTBEHHOE perympoBaHve koopamHar B cucteme M-,
ob6ecneunBaeT NPUHLMM MNOAYMHEHHOIO PErynnMpoBaHns, peasindyemblia
Mo CTPYKTYpPHOIi cxeme puc. 1.7. HanoOMHUM, 4TO 3TOT NpUHLUMN rpe-
JyCMaTprBaEeT peryniMpoBaHve Kaxkaoi KoopAnHaThLI C MOMOLLLbIO CBOENO
OTAEebHOro perynsaropa 1 COOTBETCTBYHOLLE 0bpaTHO cBa3n. Tem ca-
MbIM PEerympoBaHve KaXao KoopayHaTbl MPOYCXOAUT B CBOEM 3aMK-
HYTOM KOHTYpe, 1 Tpebyemble XapakTepUCTUKU 3MIEKTPONPUBOAA B CTa-
TUKe 1 ANHaMUKe MOTYT BbITb NOJTyYeHbI 33 CUYET BbliBOpa CXeMbl U napa-
METPOB PEry/isTopa 3Tol KoopAyHaThl U LIeny ee 06paTHOIA CBA3N.

YnpasneHue BHYTPEHHUM KOHTYPOM C MOMOLLbIO BbIXOAHOIO CUT-
Ha/a BHeLLIHero KOHTypa onpeaenser elle 04HO LLleHHOe CBOMCTBO Ta-
Knx cucteM. OHO 3aKIH04aeTcs B BO3MOXHOCTW MPOCTbIMU CPeACcTBa-
MW OrpaHnyMBaTh I06YI0 peryvpyemyo KoopamHarty, Hanpumep TOoK
M MOMEHT, Ha 33JjaHHOM YpoBHe. [1ns atoro TpebyeTcs BCero Anllb
OrpaHnynTb CUTH&JT, MOCTYMNatoLWMiA C BHELLIHErO KOHTypa.

PaccmoTpuM cxemy anekTponpueoga (puc. 4.4, a) ¢ NOAYNHEHHbBIM
perynMpoBaHreM, BbIXOAHOM peryipyemori KOOpamHaTOM KOTOPOro AB-
NAETCA CKOPOCTb. YNPaBnsaoLLas YacTb CXeMbl COCTOUT U3 ABYX 3aMKHY-
TbIX KOHTYPOB perynmpoBaHus: Toka (MOMEeHTa), CoAepXaLlero peryns-
TOp TOKa P T v gaTtuvk Toka AT, N CKOPOCTW, COAEPXKALLErO PErynsarop
cKkopocTn PC n gaTumK CKOpoCTK (TaxoreHeparop) Tr.

Perynatopbl TOKa U CKOPOCTU B 60/LLUMHCTBE CXEM 3/1eKTPOMPUBO-
[A 3TOro TUna BbINOJHATCA Ha 6a3e onepauyoHHbIX yeunuTteneii (OY).
BkntoyeHwme B uenm PC 3agatoLero curHasia ckopoctu Ule 1 ero obpar-
HOW CBA3W — pe3ncTopoB R\ 1 /¢, obecneurBaeT n3MeHeHne (ycune-
HVie UK ocnabrieHne) aToro curHana ¢ koagppmuneHTom kt=R,cl/R\.
AHa/IOTMYHO M3MEHEHME CUTHasIa 06paTHOM CBA3M MO ckopocTn Uax
nNpoucxXoaunT ¢ KO3auULMeHTOM k2= R,ci/R2. Takoli perynstop nosny-
4yun HasBaHWe NponopumoHasibHOro (M) perynaropa CKopocTy.
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VI W

Puc. 4.4. Cxema (a), guHammyeckue (6) n ctatnyeckme (B) XapaKTepUCTUKN
3/M1EKTPONPUBOAA C MNOAUYMHEHHBIM PErYIMPOBaHMEM KOOPAUHAT

Mpwu BKNOUEHNN B Lienn OY KOHAEHCATOPOB (PEAKTUBHbIX 3/1EKT-
pUYECKMX 3/1IEMEHTOB) ero DYHKLIMOHA/bHbIE BO3MOXHOCTU MO Npe-
06Pa30BaHWIO 3MEKTPUUYECKMX CUTHA/IOB CTAHOBATCS LUMpe. Tak, cxe-
Ma P T ¢ BK/OUEHMEM B Lienb 06paTHOi CBA3N KoHaeHcaTopa Cac no-
Cne0BaTeNbHO C PE3VCTOPOM [, 2M03BONSET MOYUNTL CUrHaT (JyHa
BbIxoAe PT B BUAE CYyMMbI ABYX COCTaB/SIOLLNX

(4.12)

CurHan Uy coaepXuT NponopLMOHa/IbHYI0 U MHTEFPa/IbHYHO CO-
CTaBMsAlOLWNE BXOAHOTO curHasia Un, T.e. PT SBNSIETCS B 3TOM C/yuae
NPONOPLMOHaTBHO-MHTErpasibHbIM (M W) perynstopom.
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Mo Kakmm >xe KpuTepusiM 1 YC/I0BMAM BblIOMPAaKOTCA cxemMa 1 napa-
MeTPb! LieNnei TOro Wiv MHOro perynsaropa? OCHOBHbIM YCIOBMEM 3eCb
SBNSIETCSA XKeaeMblih (3a4aHHbIN) XapaKTep NepexoaHbIX MPOLIECCOB Npu
perynuposaHnm KoopauHar. 13 BceX BO3MOXKHbIX BUAO0B OObIYHO Bbl-
OupaloT rpadmk ¢ 3atyxarowmmm konebaHmamm (puc. 4.4, 6). Takoi
rpadivik SsBNSIETCA ONTMMasbHbIM B TOM CMbIC/E, YTO OH NO3BOJSET O6ec-
NeynTb YCTOMYMBbBIE NMEPeXoaHble NPOLLECChl NPU HeGONbLUNX ANTNTESb-
HOCTSIX U MepeperynmMpoBaHmsX. PacnpocTpaHeHHO HaCTPOKON pery-
NATOPOB TaKOro BUAA ABMSETCA TaK Ha3blBaeMblii TEXHUYECKUIA ONTH-
MyM, NPy KOTOPOM rMepeperynmpoBaHre AX= X - X~ (puc. 4.4, 6)
coctasnsaeT 4,3% OT yCTaHOBUBLLEIOCA YPOBHS, a BPeMs NnepexoHoro
npouecca =41T,, roe T, — 3NeKTpoMarHMTHasA NOCTOsAHHAaA Bpeme-
HU TMPUCTOPHOIO Npeobpasosartess, NpUHNMaeMast 0ObIYHO PaBHOWA
0,01 c. B Teopun anekTponpueoda [2, 14) paspaboTaHsl MeToAbl pacye-
Ta napameTpoB Lener PC 1 PT, o6ecreumBatoLLnX TakoW XapakTep pe-
ry/IMpoBaHNA KOOPAVHAT 3M1eKTPONPUBOAA.

Kak y>ke oTMeyasiocb, cxema rnog4YMHeHHOro perynnmpoBaHusa Koop-
[VHAT NO3BOJISET MPOCTLIMU CPeACTBaMU OrpaHNyYMBaTbh KOOPAUHATbI
3M1IeKTponprBo4a Ha 3aaHHOM ypoBHe. B cxeme puc. 4.4, o ana orpa-
HUYEHMS TOKa N MOMEHTA B Liernb OOpaTHOM CBS3n PC BK/IIOYEHbI CTa-
OUMTPoHbLl VD1 n VD2. B pesynbTare 3TOro BbIXOAHOE HarpshkeHne
PC, siBnstoLLeecs BXOOHbIM 334at0LLMM CUrHa/IoM (ycTaBkon) Toka U ,,,
OrpaHnynBaeTCs, U TeEM CaMbiM TOK U MOMEHT ABUraTens He MOoryT
MPEeB30ITY 334aHHOIO YPOBHSI.

Ha puc. 4.4, B npyBeaeHbl CTaTUYeCKUEe XapaKTepUCTUKM 3/1eKTporpu-
BOJA C MOAYMHEHHbIM PErynMpoBaHMEM KOOPAMHAT N HacTPOKON Ha
KTEXHUYECKUI OMTUMYM*. X OCOBEHHOCTHLIO AB/ISETCA HA/IMUME BEPTU-
KaUTbHOIo yyacTka |, o6ecneumBaroLLLero orpaHMyeHne Toka M MOMEHTa,
nyyacTka |l ¢ BbICOKOI XKECTKOCTbIO XapaKTepUCTMKKM, onpeaensiemMon
COOTHOLLUEHWVSIMU [ABYX NMOCTOSIHHbIX BPEMEHWN — 3/1EKTPOMEXAHNYECKOM
apurarenst Tbiv 3MIEKTPOMarHUTHOM T,, Npeobpasosaresii.

B cxemax NoAYMHEHHOro perynnpoBaHns UCNOb3yeTca U OPYroi
KpUTEPUIA HACTPOMKN PErynsaTopoB MO Tak Ha3biBaEMOMY CUMMETPUY-
HOMY ONTUMYMY, KOTOPbI/ NO3BOAAET NONYYUTb AOCONMOTHO KECTKNE
cTaTnyeckme xapakTepuctukn Ha ydactke Il (puc. 4.4, B), HO nepe-
XO[Hble MPOLLECChI B 3TOM C/lyyae XapaKTepusyrTcs 60/bLMM nepe-
perynmpoBaHneM, Aoxogawmm o 55%. Mpu HacTporike Ha «CUMMET-
pVyHbI/ onTuMyMm* /*C BbiNnonHseTcA kak MA-perynsaTop.

Mpy Heo6XOAMMOCTU PeryvpoBaHnsa MOMIOXKEHUS Basia Apurartens
cxemMa Ha puc. 4.4, a AOMNO/HAETCA KOHTYPOM MOJIOXEHNS, BK/THOHAIOLLMM
B Cebs perysisTop NoIOXKEHWA U AATYMK NONOXKEHWS Baa ABUraTess.

OTMeTUM B 3aK/Il0UYEHME, YTO B CUJY CBOUX 60OMBLLNX (PYHKLMO-
HaUTbHbIX BO3MOXHOCTEN CXeMbl C MOAYMHEHHbLIM PErynMpoBaHeM
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KOOpPAVHAT Hall/ OYEeHb LLUMPOKOE pacrpocTpaHeHe B pery/iMpyemMom
ANeKTponpueoae Kak noCctoAHHOro, Tak n riepeMeHHoro Toka.

3aMKHyTas cxevia YrpaBeHVs AEKTPOMPVBOAOM M0 CUCTEME «CTOY-
HVK TOKa — [BUrare/ib MOCTOSHHOIO TOKay. B/PKELI>p(pvBoEaNe<Yseppn
ratesiiMm nMnoCTOAHHOINo TOKa Halwanm npuMeHeHne WMCTOYHUKA
NnMTaHnA ,qsmraTeneVl CO CBOICTBaAMM UCTOYHMKA TOKA. Takme aneKkT-
ponpuBoAbl B Pa30MKHYTOI CTPYKTYpPe 061adatoT CBOICTBaMM UCTOU-
HMKa MOMEHTa, perynmpyemMoro rno Lenu Bo3byxaeHus, a Npu seeae-
HUK 0BpaTHO CBSI3M MO CKOPOCTU MO3BOJIAOT MOJyYaTh XapaKTepuc-
TUKUW, NPUroAHbIE N AN Leneil perynpoBaHns CKOPOCTU.

Puc. 4.5. Cxema () n xapakrepuctukun (6) 3amMKHYTO CUCTEMbI NP MUTaHUN
ABurarens oT UCTOYHWMKA TOKa

CunnoByto YacTb 3TOM cxembl (purc. 4.5, a) 06pa3ytoT UCTOUHUK TOKa
N T n akopb gpurarens M, o6MoTka Bo36ykaeHns kotoporo OB noa-
K/loUeHa K yCUanTento Y, nMetoLliemMy aiBa Bxoga. 1o nepsomy BXoay
Ha ycunuTenb ¢ noTeHumomeTpa 3MM noctynaeT 3ajaloLmii curHan
MoMeHTa UXM YpOBEHb KOTOPOIro OnpeaenseT BeIMYMHy MOMEHTA Ha
BEPTUKA/IbHOM y4acTKe MEeXaHMYeCKOW XapakTepuctnku (puc. 4.5, 6).

Ha BTOpoOI BXOA Y MO LEenu, COCTOSALLE U3 TaxoreHepartopa TT,
Aviofda Yu 3afaloLLero noteHUmomMeTpa ckopoctn 3rNcC, nogaercs cur-
Ha/1 HEMMMHENHOW OTpuLaTesibHOW 06paTHOM CBS3M MO CKOpoCcTy {/ee.
Llenb o6paTHOi CBA3M cobpaHa 1 HaCTPOeHa TakMM 06pasoM, UTO ANOL,
AHayHeT NMponyckKaTb TOK MO Hel TosbKOo Torga, korga 3/1C Taxore-
HepaTopa NpeBbIaeT 3a4ai0LLmMiA CUTHaUT MO CKOPOCTU Uxc, 4TO Npo-
M30MAEeT NPU CKOPOCTAX, BOMbLLMX Mpuy CKOPOCTAX W <WT AMo[,
K3akpbIT 1 0bpaTHas CBA3b MO CKOPOCTU He AencTayeT (U oe=0).
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HenvHelHbI xapakTep 06paTHOM CBS3M MO CKOPOCTU onpeaenseT
HaMume ABYyX 30H Ha MJIOCKOCTU MEeXaHUYECKUX XapaKTepucTuk
puc. 4.5, 6. Npn mi<<!),, (30Ha |) £oc=0 n Ha BX0opA, Y nogaeTca Heus-
MEHHbIM MO BEIMYMHE CUIHaN 3afaHns MOMeHTa Uxu, HanpsbkeHue
BO36Y)XAeHWA Ha ero Bbixoae Ut, TOK BO3GYAeHUs /, 1 onpeaensembii
VM MOMEHT M MOCTOSIHHbI, YTO U OMpeaenseT BepTUKasibHble yyacT-
KN XapakTepucTuk Ha puc. 4.5, 6.

Mpu w>wt (30Ha |l Ha puc. 4.5, 6) oTKpbiBaeTca anoa K Ha
BXOAe YNOSBNAETCHA CUrHan 06paTHOI CBA3M MO CKOPOCTU, NPOTUBO-
MOMOXHbIV MO 3HaKy curHany t7IM CymmapHbIii curHan Uy Ha Bxoae
YcTaHeT paBHbIM

NYy=UnNXbFNO0 = UXbFY». (4.13)

Kak BngHO 13 (4.13), Npu yBe/IMYEHUN CKOPOCTU curHan Uy Ha
BXOAE YOyAeT CHMXKaTbCA, MPOnopuUyoHasibHO eMy ByAyT yMeHbLLaTLCA
HanpsbkeHne Ut Ha BbIXxoAe Y, TOK BO30GyXaeHus /, aoguratens n tem
cambiM €ro MOMeHT. MexaHMYecKne XapakTepucTuki npuobpeTtarT
B, HAKNIOHHbIX NPSAMbIX, NOKa3aHHbIX Ha puc. 4.5, 6. Takum obpa-
30M, paccMaTtpurBaeMas cxema a/1ieKTpornpmsoaa obecrneynsaeT perynmv-
poBaHMe OByX KoopAuHaT — CKOPOCTU U MOMeHTa. BennunHa curHa-
na £/,,onpegenseT ypoBeHb MOMEHTa ABUratens B 30He | Xxapakrepu-
CTUK, a BenuymHa curHana Ulc — ypoOBeHb CKOPOCTU ABuUraTess.
)KeCTKOCTb MexaHMYeCcKMX XapakTepucTuK B 30He |l onpepnensetcs
O0LWUM KO3R(PMLIMEHTOM YCUNEHUSA 3M1EKTPONPUBOAA.

B KayecTBe npuMepa pacCMOTPUM CXEMY peasim3aumn peasibHOro
3aMKHYTOIO 3/IEKTPONPUBOAA C ABUraresieM NoCTOAHHOIO TOKa Hesa-
BMCVIMOTO BO30Y>XAEHWS.

Cxema yrnpasfieHns cepuiiHoro anektponpmsoga Tuna 3T3P. [Ana
npm1BoAAa MEXaHN3MOB Pas/INYHbIX MeTaU11006pabdaTbiBatoLLNX CTAHKOB,
TpebyoLmx perynmpoBaHnusa CKOPOCTM Npy MowHocTn o 11 kBT,
MCNOJb3yeTCA CEPUHBLIA KOMMIEKTHLIN 3nekTponpmeog tuna 3T 3P
(pwnic. 4.6) c gpuratensamm cepuii MBECT, 2MN nan MI'T. JnekTponpwu-
BOZL, 3TOrO TUMa BbINOJIHEH B BUAE 3aMKHYTOW CUCTEMbl peryimpoBa-
HUWS CKOPOCTU C OTPULATENbHOW O6paTHO CBA3bIO MO CKOPOCTU, KO-
TOpasi B 3aBUCMMOCTM OT HAacCTPOWKM 06ecneyrBaeT OTHOCUTE/TbHBbIN
nepenag, ckopoctn B npeaenax 0,5—10% npy U3MeHeHUN MOMeHTa
Harpyskm ot 01J1/**, no M ~ . B anekTponpueoe obecneyurBaeTcs Tak-
Xe perynmpoBaHme (OrpaHMyeHme) ToKa C NMOMOLLbI YCTPOMCTBa
TOKOOrpaHuyeHus YTO. [na obecneyeHms yCTOMUYMBOCTU U TPeby-
eMOro KayecTtBa MNepexofHbIX MPOLLECCOB 3/IEKTPONpUBOAA B CXeme
NpVYIMEHEHbl rMbKue obpaTHble CBA3M MO CKOPOCTU ABUratens n pe-
3yNbTUPYIOLLLEMY CUTHAUTY ynpas/ieHus Un.
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SB1 kK

1"ree Version

Puc. 4.6. Cxema cepuiiHOro anekrponpueoga tvna 3T3P

AKOpb ABUraTens, UMEOLLErO BCTPOEHHbIM TaxoreHeparop BR, no-
NyyaeT nuTaHne OT PEBEPCMBHOIO TUPUCTOPHOIO NPeobpa3oBaresis ¢
ABYMS KOMMNEKTaMM TUPUCTOPOB VS1—VS6, COCTaBNAOLLMX BbINPS-
MWUTENbHYIO N UHBEPTOPHYIO FPYMMbl. YNpasneHne aTumu rpynnamu
OCYLL,eCTB/IAIETCA C MUCMO/Ib30BaHNEM COr1acoOBaHHOI0 COBMECTHOIO
npvHUMna.

[ns ymeHblUEHVA NepPeMeHHON cocTaBnaloLLeli ypaBHUTENbHOIO
TOKa, NPOTEKAOLLEN MEXAY BbINMPAMUTEIbHOW U MHBEPTOPHON rpyn-
rnamMmu, B CXemMe MUCMOJ/Ib3yHTCA OrpaHnNynTE bHbIe peakTopsl L1 v L2.
BknoyeHMe B Lenb AKopSA Criakmnearollero peakropa L3 nossonset
VUCK/TIOYNTb PEXUM MPEPbLIBUCTOrO TOKA U MOBLICUTbL UCMO/Ib30BaHWe
Asurarens ro ToKy.

YnpasneHue Tupuctopamu VS1—VS6 obecneumsaeTcs TpaH3MCTop-
HOP CXeMoW MMMNybCHO-(ha30BOro ynpasneHus CU oY, padortatoLeii
Mo BEPTUKa/IbHOMY NpuHUMiy. OHa UMeET TPU KaHana, Kaxabli u3
KOTOPbIX paboTaeT Ha ABa TUPUCTOPA, BKIHOYEHHBIX B OAHY dhasy.

MnTaHne aneKTponNpUBOAAa OCYLLLECTBISETCA OT TPeXasHoro TpaHc-
dhopmatopa T ¢ AByMA BTOPUYHbIMU O6MOTKaMn. K ogHOM 13 HuXx,
VIMEOLLLEN HY/EBOW BbIBOZ, MOAKIHOYEHA CU/I0Basi YacTb NPMBOAA, a KO
BTOPOI —06MOTKa BO36YxAeHus OB (Yepes BbinpamuTesis VD) 1 610K
nuTaHusa 5/7, 0T KOTOPOro nuTaeTca cxema yrnpasneHmsa. ObmoTka OB
TaxoreHeparopa noJsyvyaeT NnTaHue oT cTabunmnsaropa HanpsXkeHns CH.
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B cocTas cxembl ynpasfieHUs 371eKTPonpmeo4a BXOAOAT Mpome-
XYTOUHbIV yeunuTenb Y1, yennntenb MOLWHOCTU (3MUTTEPHbI/ MOBTO-
puTenb) Y2, y3en TokoorpaHuieHns YTO, y3en rmbkoil obparHoli cBs-
31 YrOC, 3agaiowunii noTeHUyoMeTp RP, KHOMKM ynpasneHus SB1 u
SB2 v nyckoBoe perne K.

CurHan ynpasneHus Uyi popMmpyeTcsa Kak airebpanyeckasl Cym-
Ma CUIHaU10B 3adatoLLero (/,, 06paTHOI cBA3M Mo ckopocTu Ucu TOKO-
orpaHunyeHns UTQ A5 BbIpaboOTKM KOTOPOro NCMNO/b3yeTcs HeNnHei-
Has nonoxuTtenbHas obpaTHas CBsA3b MO CKOPOCTU asuratend. Mpu
TOKe SIKOpS, MEHbLLEM TOKa OTCeUkM, paboTaeT TONIbKO KOHTYP pery-
NMpoBaHua cKOPOoCTU. MNMpu Toke AKOPA, NpesbILaloLemM TOK OTcey-
KM, 3a CYET HesIMHEeHOCTN Lenn TOKOOrpaHUYeHUs oTpuuarenbHas
obpatHas cBA3b No ckopoctu A M T oTkIoYaeTcs U HaYMHaEeT OeCTBO-
BaTb MNO/IOXUTENbHas 0bpaTHasn CBA3b, 06ecreynBas orpaH1MYeHme Toka
1 MOMeHTa Ha 3aaHHOM YPOBHE.

[nsa obecneyeHNss HEOBXOAMMOrO KavyecTBa NnepexoaHbIX NPOoLLeCCOB
3M1eKTPONpPMBOAA B CXEME UCMO/b3yeTcs r’mbkas obpaTHas cBA3b, Ael-
CTBYIOLLLAA TO/bKO B NMepexoaHbIX rpoLieccax. CUrHan KOPPeKTUPYHOLLLEH
rmbkoii obpaTHoi cBA3M Uroc BMECTe C CUrHa/1I0M yrpasneHus Uyl no-
CTYMaeT Ha BXOf, yCU/IUTENSA MOLLHOCTU Y2 1 Nocse YCUNEHUa B BUAe
pe3ynsTupyloLLLero curHania G2nogaetca Ha Bxog, C U @ Y yepes 3ambl-
KaloLLMIA KOHTaKT NYCKOBOro pefe K. YnpasneHne 3TMm pesie ocylie-
CTB/IIETCS C MOMOLLLIO KHOIMOK yrpassieHns: SB1 npw rnycke gsurate-
na 1 SB2 npwu ero octaHoBe. PeBepcnpoBaHve ABUrartesisi OCyLLecTBs-
eTca nyTeM U3MeHeHus NMoSIAPHOCTU 3a4aloLLero curHania Uv

B anekTponpueoae Tvna 3T 3P peanuiyeTtcs psasd 3awiunT, 6110KMpo-
BOK U CUrHanmn3auuii. Tokosoe pene KA, kaTyLlKa KOTOPOro BK/IoUYeHa
B LiEMb AIKOPA ABUratens, a KOHTakT — B Lierb NutaHua pene K, obec-
rneynBaeT MaKCMa/lbHYIO TOKOBYIO 3allMTy aneKTponpuveoaa. Npu ero
cpabaTtbiBaHUV OTK/IHOYaeTcs pere K, ¢ TMPUCTOPOB CHUMAKOTCA CUTHA-
Nbl YNIpaB/ieHVs N ABuratesib OTKH0YaeTCa OT UCTOYHMKA MUTaHUS.

ABTOMAaTUYeckue BblkIoYaTesin QF1L n QF2 ocyLLecTBNAIOT Mak-
CYIMaJsIbHYHO TOKOBYHO 3aLLMTYy CUIOBOI YacTn TUPUCTOPHOIO Npeobpa-
30BaTes1s, 0OMOTKM BO3OYXXAEHWA ABUTATENS U CXEMbI YNPaBIeHUS.

Cxema aneKTporpreoaa C MAKPOMPOLIECCOPHLIM YTpaBieHeM. Pac-
CMOTPWUM CXeMy 3/IEKTPONPUBOAA C ABUraTesieM NOoCTOAHHOIO TOKa /15
perynMpoBaHns NMosioXKeHNs UCMOIHUTENIbHOIO opraHa po60TOTEXHW-
4ECKOro YCTPOMCTBA C MCMO/b30BaHNEM MUKPOMNPOLIECCOPHOro yrpas-
neHuns (puc. 4.7, a). ATOT INEKTPONPUBOA AO/MKEH obecneunsatb ne-
pemeLLieHre 1 TOYHOoE MO3NLIMOHMPOBaHNE UCTIONHUTENLHOIO OpraHa
poboTa, 415 Yero B HeM MCMNOJb3yeTcsa O6paTHas CBA3b MO MOMOXKEHUIO.
[na obecrneyeHns: BbICOKOM TOYHOCTU MO3NLMOHUpPOoBaHus B 31 ocy-
LLLECTBNSETCA TaKXKe perynimposaHve Toka (MOMEHTa) 1 CKOPOCTHU.
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Puc. 4.7. Cxema (a) u chparmeHT nporpammbl (6) anekTponpueoaa
C MMKPOMPOLIECCOPHBIM YrpasieHnem

Cxema Ha puc. 4.7, a WNNICTPUPYET XapaKTepPHbIA NprMep BbINOS-
HeHUs NOJO06HLIX CXEM, KOTAa B HAX MPUMEHSIOTCA KakK aHa/loroBble,
TaK 1 LMpoBbIE Y3/bl U YCTPOCTBA yNpaBieHns. Takme cXembl, No-
NyYMBLLME Ha3BaHVe LIMPPOaHa/IoroBbixX, COYETAOT B cebe nyuline
CBOIACTBaA TeX U APYrX YCTPOWCTB.

CunnoBsas yacTb 3/1eKTponpmeoa obpasoBaHa TpexdasHbIM MOCTO-
BbIM PEBEPCUBHLIM TMPUCTOPHLIM NpeobpasoBartesieM 777, MMTaeMbIM
OT TpaHcopmaTopa TP.

Cxema ynpasneHus NocTpoeHa no NpUHLUVNY NOAYNHEHHOrO pe-
ryIMpoBaHns KOOpAMHaT. PerynvpoBaHme Toka Npon3BoauTCs aHano-
roBbIM NPOMNOPLNOHA/TIBHO-UHTErPasIbHbIM PEryNsaTOpPoOM Toka PT, Ha
BXOZ, KOTOPOro NMOCTYNakT CUrHa/bl 0GPaTHON CBA3M MO TOKY OT AaT-
ymka Toka [ T 1 3a4aHna Toka UX, c BbIxo4a perynsitopa CKopocTu.

AHanorosbliii M-perynarop ckopocTtn PC chopMmpyeT curHan 3aia-
HMs ToKa t/,THa OCHOBe CBOEro 3aJaroLlero curHana Uxc, noctyna-
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IOLLEro Ha Hero C BHELLHEro rno OTHOLLEHUIO K HEMY KOHTypa Mnosio-
YKEHUSA, N CUTHasTa 06paTHO CBA3W MO CKOPOCTU, BblpabaTbiBaeMoro
TaxoreHeparopoM TT. CTabnnnTpoHsl VD1u ™ 2 orpaHuyYnBatoT CUr-
Han Ha BbIxoae PC, yeM 0GecrneyrBaeTcs OrpaHMyYeHre TOKa U MOMEHTa
asurartens.

PerynnposaHue NosioXXeHUs OCYLLLECTBNSAETCA C MOMOLLbIO MUKPO-
MPOLLECCOPHOM CUCTEMBI, BKOUaKoLLLEN B cebs MMKponpoueccop M,
ycTpoiictea namsAty O 3Y n M3Y, ycTpoicTBa conpshkeHmns YC1—YC3,
LMgpoBOI AaTumk nonoxeHns 4,M, umgpoaHaniorosbii npeobpasosa-
Tenb MAMM. CurHan 3agaHus NONoXeHUs Sr,, NocTynaeT (3agaeTcs) ¢
TepMunHana T, NOAKMHOYAEMOro K MUKPOMPOLLECCOPHOI cMCTEME Ye-
pe3 YC3. Tem cambiM MUKPOMPOL,ECCOPHasa CUCTEMA BbIMOJIHAET, MO
CYLLLeCTBY, PO/b perynaropa rnonoxeHus Pri.

PaboTa LMPOBOro perysTopa NooXKeHWs B MUKPOMPOLLECCOPHO
CUCTEME MOXET OCHOBbIBATLCA Ha OAHOM U3 ABYX NPUHLUMNOB. Nep-
BbIl N3 HNX NPEenYCMAaTPUBAET peann3aumio CTaTUHECKON XapakTepu-
CTukM P B BMAE Napabosbl, KOTOpas obecreynBaeT ONTUMa/IbHbIN
rpadvK ABVKEHWA 3N1eKTPonprBoaa. Tako perynstop MOXHO peanu-
30BaTb NPOrpaMMHbIM NyTEM, 3anmcas B 1 3Y 3Ty HE/IMHENHYHO Xapak-
TepucTunky PI.

Bropoii npuHUWn paboTtbl PN OCHOBaH Ha BblYNC/IEHUX MOMEHTa
Havas1a TOPMOXKEHWS 3/IEKTPOMNPUBOAA, YTO Takke MO3BOJISET NOYUYNTh
TpebyeMyto TOYHOCTb PEFYNIMPOBaHUS MOJIOXKEHUS. PaccMoTpuM 3TOT
€rnoco6 noapoGHee.

Peannsauusa cnocoba ocHoBaHa Ha TOM, YTO NMPW U3BECTHbIX CKO-

M-M
pocTu N YCKOPEHUN @ =— —-— MOTYT GbITb paccUnTaHbl BPEMS

/N NyTb S, HA yYyacTKe TOPMOXXEHWS 3/IeKTPONPMBOAA B KOHLE OTpa-
6OTKM 33aHHOr0 NepemMeLLeHNs Sx, Mo cneayrLyM hopmyiam:

fr=-2r" @4.14)

ST=n -. (4.15)
la

Anroputm paboTbl MMKPOMPOLLECCOPHOM CUCTEMbI MPU BbipaboTke
CUTHaUu1a Ha TOPMOXKeHVe npviBeaeH Ha puvc. 4.7, 6. 4nA ero peanvsa-
LM B MUKPOMPOLLECCOPHYIO CUCTEMY BBOAATCA AaHHbIE MO BENNYU-
Ham (1),,, a, Sx, U curHan S, gartuvka nonoxeHwsa O,M, nponopuu-
OHasIbHbIV TeKyLLLeMY MOMOXEHWIO Basla ABUraTtens 1 UCMONHUTEIbHOIo
opraHa. MykporipoLieccopHas cuctema rnpoussBoauT BbluncneHue Aun
STno (4.14) n (4.15) n pasHoctn 5, =Sx, - 5,. 3aTem conocTasnaTCA

133



BE/INYMHbBI 3TOW Pa3HOCTU 5, C CUTHaUIOM AaTuMka NonoXKeHus £,. Kak
TONbKO S, CTAHET paBHOl S,,, OT MUKPOMPOLLECCOPHON CUCTEMbI Bbl-
JaeTca KOMaH4a Ha TOPMOXKEHVe 3/IEKTPONprBOAa, HauMHaeTCa OTCYeT
BbIAEPXXKN BPEMEHMU t,, N NO uctevyeHum arTcTOM D |Min&lar p (a8&i™n
eTcs KoOMaHJa Ha OTK/II0UYEHVEe 3NeKTPONpUBoaa.

PaccmoTpuMm TUMOBbIE 3a4a4N.

3apava 4.1. SneKTponpuBOoL, BIMOJIHEH MO cxeme puc. 4.1. [iBurartesnb
MOCTOSAHHOI O TOKa B 3TOI CXeme UMeEeT creaytoLlme nacrnopTHble AaH-
Hble: HOMUHa/IbHaA MOLLHOCTL PTM = 14 KBT, Hanps)eHue nutaHus

=220 B, HOMMHa/IbHasA CKOPOCTb = 104,7 pag/c, HOMVHaJIbHbIN
TOK sikops Zav=82 A, HOMUHasbHbIA KM 4 = 82%, conpoTuBneHmne
uenn akopsa R,= 0,22 OM, MHAYKTUBHOCTL uenn fkopsa 1,=4,4 mIH.
TpebyeTca BbIOpaTh CEpUiHbIN Mpeobpasosaresib 47159 3TOro Asuraresis 1
paccunTaTtb ero KO3(pPULMEHT YCUNEHNA MO HaMNPSHKEHWIO.

3agava 4.2. nsA ycnosuii 3agaun 4.1 paccumTtaTb Nepenas ckopoc-
TN gsurarens npyv HOMUHa/IbHOM MOMEHTe Harpysku. BHyTpeHHee
COMpoTMBAEHME npeobpasosaresis MPUHATb PaBHbIM COMPOTUB/IEHNIO
LLenu aKkops asurarens.

3apava 4.3. Ons ycnosuii 3agad 4.1 u 4.2 paccumtatb Koahdhuum-
EeHT ycuneHusa ky yeunutens Y (puc. 4.1), npyu KOTOPOM rnepenas, cKo-
pOCTU B 3aMKHYTOW CXeme Npyv HOMUHaIbLHOM MOMEHTE Harpysku CHU-
3nTca B 80 pa3. KoahhuumeHT nepegayn taxoreHepaTopay npuHATbL
pasHbIM 0,6 B/(pas/c).

Mpumep 4.1. 3nekTponpuBoA, BbINOJ/IHEH MO cxeme puc.4.4. [iBn-
ratesib UMeeT aHHble, NpueeaeHHble B 3aaa4e 4.1. MapameTpbl Apy-
rMx 3/1EMEHTOB CXEMbI:

= npeobpasosBartesib: KOIPPULMEHT YCUNEHUS K,, = 23, MOCTOSIHHAsA
BpemeHun T, = 0,01 c, BHyTpeHHee cornpoTumeneHne /™ =0,15 Owm;

= TaxoreHeparop: KoadpguumeHT nepetaun y = 0,6 B/(pasn/c);

= LLIYHT: conpoTmeieHue wyHTa RN = 0,00075 Owm;

e faTunk Toka A T. koadppnumeHT nepegaun k™, = 100.

CyMMapHbIii MOMEHT MHepUuKn anekTponpueoga /= 0,8 Kr «m2

TpebyeTca paccumTaTtb NO KPUTEPUIO TEXHNYECKOro ONTUMyMa na-
pamMeTpbl Perynsatopos TOKa 1 CKOPOCTU 1 onpeaenstolme napavet-
pbl Lienei onepawmoHHbIX yeunmnTenei.

Mpw pacyeTe UCNOb3YEM METOAMKY, N3NOXEHHYI0 B [14].

Onpepensem cymMapHOe COMNpPOTMB/EHVE SKOPHOW Lienn:

N,u=K +K =022 + 0,15 = 0,37 Owm.

HaXO,qMM MOCTOAHHYHKO BpeMEHU LeNn AKOPA ABUraTtesia.



Haxogum kosadhhmLmMeHT 0bpaTHOM CBA3M MO TOKY. Mpn R3 =R4 OH
paBeH
A, T=*gr /A = 100 0,00075 = 0,075.

PaccunTbiBaeM MOCTOSIHHYKO MHTErpupoBaHus M-perynstopa
TOKa:

T 7TXX 2001 0075-23
R,y 0,37

Onpepensem KO3IMULMEHT YCUIEHUA perynatopa Toka:

K =ZL=A P2.-0 22
AT 0093

3apaBasice / N ¢ OKOM, Haxo4uMm MnapameTpbl ornepaLuOHHOro
yCUNuTens, Ha KOTOPOM peasin3oBaH PerynaTop Toka:

cC =~n _2MK®
°‘  Mec 10000

R3 =/A4=" =-"- =4545 kOm.
k3 022

[Ana HaxoxaeHVa napaveTpos N-perynaropa CKOPOCTY onpeaessem
cneayloLLme rnapamMeTpbl ABUraTesis 1 3/1eKTponpreoaa:

npoun3sseAeHe KOHCTPYKTUBHOM MOCTOSHHOW ABurarens Ha mar-
HUTHbIN NOTOK

c=K® b= Umm~ =220~-82 “—2=1938B c;
LLIHM 104,7

CKOPOCTb BpaLLIEHVsi XOJIOCTOrO Xo4a

». = llj = &20 =114 pan/c;

MexaHn4yeckasa NoCToAHHadA BpeMeHW 3/1eKTponpreoaa

'm W T =X =1,0,c’
OnpepensieM KO3ULIMEHT Nepeaaun perynsropa CKOpoCTU:

['Jl.ccob 0,08-0,075-1,93-114
N ATNR,.uJiam 4-0,01 0,37-10 T

3/4,C TaxoreHepartopa rnpv ckopocTtu Lb

=yu =0,6 -114 = 684 B.
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3apasasce /7c,= 100 KOM, NOAYYUM

*o.cl 100
N1=-KE = bz =112 KBME Compressor Free Version

y23 £ 3681 112=
10

4.3. SAMKHYTbIE CXEMbl YTMPABAEHWA
AQNEKTPOMPNBOAA C ACNHXPOHHBIMU
ABUTATENAMN

3aMKHyTas cxema <TUPUCTOPHbBIA Perynsarop HarnpskeHWst — acuH-
XPOHHbI gpuratens» (TPH-A/,) ¢ Ucnosns30BaHMEM OOPATHON CBA3W MO
ero ckopoctn (puc. 4.8, a). Cunosyto Yactb TPU, KakK 1 B cxeme Ha

a

Puc. 4.8. Cxema (a) 1 XapaKTepucTkn (6) 3aMKHYTOW CUCTEMbI aCVHXPOHHOIO
3/IEKTPONPUBOAA C MCMO/MBE30BaHNEM TUPVICTOPHOIO PErynsTopa HanpshkeHns

136



puc. 3.15, 06pa3ytoT Tpy napbl BCTPeYHO-Napa/iiesisHO COeANHEHHbIX
TMPUCTOPOB VS1—VS6. YnpasnaoLme aneKTpoasl TMPUCTOpOB Mnoa-
coeguiHeHbl K BbiXogam CUN®Y TPU, KOTOpas pacnpenenseT ynpas-
naroLLve UMnynbCbl Ha BCe TUPUCTOPbI M OCYLLLECTBNSET UX CABUT B 3a-
BMCMMOCTM OT BXOOHOIO curHana ynpasneHus Ur K Basny asurartens,
KOTOPbI B 3TON CXeMe MMEET ha3HbIii poTop, 415 peanmsauyv obpar-
HOM CBA3M MO CKOPOCTU NoAcoeaMHeH TaxoreHepatop 77. Ero 34C

CpaBHMBaEeTCA C 3aJa0LLMM HanpsXeHrneM CKopocTn Uxe CHUMa-
eMbIM C 3adaroLlero noteHumomeTpa 3, Npuyem 3T1 HanpsHKeHUs
[LEeVcTBYIOT HaBCTpeuy Apyr Apyry, a UX pasHOCTb 06pasyeT CUrHa
yrnpasfieHus

U = E£/«-£;= £/«<-yw, 4.16)

KOTOpbIV NOCTynaeT Ha Bxog CUoY. MNpu yBennyeHnn 3aToro CUrHa-
Na yron ynpasneHus TMpucTtopaMmy a yMeHbLLaeTcs, noaasaemMoe Ha
ABurarenb HanpsbxkeHve yBennuneaeTcs, U Ha06opoT. BaxxHO oTme-
TUTb, YTO NPU CHMKEHUM CKOPOCTW ABUraTens B Lienn poTtopa yBesnun-
UYMBAKOTCA MOTEPU MOLLIHOCTU (MOTEPU CKOJIbXEHWS), KOTOPbIE Bbi3bl-
BalOT AOMNOMHNTENbHbIV HarpeB ABUraTess, CHUXas 3KOHOMUYHOCTb
paboTbl anekTponpusoga. 1189 obneryeHms TENJI0BOro pexvmMa asu-
ratens npu ero paborte Ha NOHWKEHHbIX CKOPOCTAX B LeMNb poTopa
Aurartens BKIOYeH 006aBOYHBIV pe3ncTop R HalMuMe KOTOpOro
MO3BOJIAET TAKXKE PacLLVpPUTL AnanasoH PeryimpoBaHns CKOPOCTU.

PaccMoTpuM paboTy anekTponpmsoga npu U3MeHeHUM MOMeHTa
Harpysku J¥c Ha Basly asurarens 1 noctosHHOM 3a4aHny CKOPOCTU
n~20onycTM, YTO B UCXOOHOM MOSIOXKEHUN ABUraTe/b pabotan BT. 7
npu MomeHTe Harpy3sku JIc, (puc. 4.8, 6), a 3aTemM NPOn30LLSIO ero yBe-
NinyeHue o 3HavyeHns M2

Mpw yBenMYeHUY Harpysky Ha Basly ABUraTesisi ero CKOpOCTb HAUHeT
CHMXaTbCHA, COOTBETCTBEHHO HaYHET yMeHbLUaTsea 1 3,C TaxoreHepa-
TopaE,,. YMeHbLUeHMe E,, BbI3bIBAET COr/IacHO (4.16) yBennueHve Hanps-
YXEHUA yripasneHus £, 4To NpuBeaeT K YMEHbLUEHUIO Yriia yrnpas/ieHns
TUpUCTOpamMu a 1 yBesIM4eHuo TeM caMbiM MoAaBaeMOro Ha Apuraresib
HanpskeHns. MoMeHT asurarens 6y4eT yBeIMumBaTbCa 1 B T. 2 CPaBHS-
eTca ¢ M&. Taknm 06pa3oMm, yBeNIMyeHne MOMEHTa Harpysku npuBeno K
He6O/IbLLIOMY CHKEHUIO CKOPOCTW ABUraTesis, T.e., ApYyrMMin croBamu,
€ro XapaKkTepuUCTUKN B CXeMe puC. 4.8, a CTa/ N XXECTKUMMU.

Mpy ymMeHbLLEHUN MOMEHTa Harpysku JYc 6yaeT aBToMaTtuyecku
CHWXAaTbCA HanpsXXeHve Ha apuraTesie  TeM cambiM MoA0ep>KMBaThb-
CAl ero CKOpoCTb BpaLleHnsa Ha 3a4aHHOM YPOBHe.

V3meHas ¢ noMoLLblo noTeHumomeTpa 311 3HavyeHue 3a4aloLero
HanpsmKkeHUst £/«, MOXXHO MOJTYYUTb PAg, MEXaHUYECKNX XapaKTepuc-
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TUK 3NeKTPONPUBOAA C OTHOCUTE/IbHO BbICOKOW XXECTKOCTbIO N HEOb-
XOAMMOW Neperpy30oyHoi CNOCOGHOCTLIO ABUraTess.

BbipakeHune (4.16) ABNnaeTcsa NCXOOHbIM
pacueTa NapamMeTpoOB CXeMbl Ha puc. 4.8, a. Icnonb3ys ypaBHeHWs CBS-
31 BbIXOAHOroO U, 1 BXOAHOIO ynpasnstoLero Uy HanpskeHnin TPU

L =*.p1, @.17)

aTaKkke MOMeHTa Apuratens 1 NPUIoKEeHHOro K HEMY HanpsyKeHUs B
OTHOCUTENLHOW hopme

J1Hom A 1HOM

rnoslyyaemM nocse nocrenoBaresbHoM noactaHoBku (4.17) n (4.18) B
(4.16) n HeCcnOXHbIX NPeobpazoBaHUI

(4.19)
Y *TPHA»

rge nepenag cKopocTu JI COOTBETCTBYET U3MEHEHMIO MOMEHTa Ha-
dy3kn B npegenax Mc2- Mcl

Ecnn B cxeme puc. 4.8, a Mcnonb3yeTcs yeunmuTesnbs curHana Uy (npo-
MOPLVOHa/bHBIV PEryNSTOP CKOPOCTM) C KOSIWMIMLMEHTOM YCUTEHNS Ky,
TO chopmyna (4.19) npuHUMaET BMA;

Alhom(V ~ 2~V A ¢]) (4 20)
Y~ KPPl A@

3aMKHyTaa cxema UMMysibCHOO PerynmpoBaHusa ckopoctn ALl ¢ noMo-
LLbHO pesuncTopa B Lienu potopa. B cxeme anektponpmeoaa (puc. 4.9, a)
C VMNY/IbCHbIM PEeryMpoBaHMeM COMPOTUB/IEHUNA B LIEMU BbIMPAM-
JIEHHOI 0 TOKa POoTopa /151 MOYYEHUS YKECTKMX XapaKTepPUCTUK UCTIOSb-
30BaHa OTpuLaTesnibHas 06paTHast CBsi3b MO CKOPOCTW ABUraTess.

B pOTOpPHYO Lienb ABMraTens BKIOUEH HeyrnpaB/seMbli TpexdasHbii
BbINpAMUTESIb B, K BbIXOAY KOTOPOO MOAK/MHOUYEH Pe3ncTop Mapaui-
NenbHO Pe3nCcTopy BKIKOYEH YNPAB/ISEMbI K/t0Y, BbIMO/HAEMbIN, KaK
Npasnio, Ha OCHOBE MONYNPOBOAHVKOBbLIX NMPUBOPOB.

YnpasseHne K1H4YoM MPONCXoAnT OT LUMPOTHO-UMIY/ILCHOIO MO-
aynaropa W MM, Ha BXof, KOTOPOro MocTynatT CUrHasibl 3agaHusa (7,
1 o6paTtHoii cBsidau Ucc Mo ckopocTu. MNpu noctynneHnn Ha Bxog, 6:10-
ka Wl M cnrHana owmnbkm Uy=U U ocOH HaYMHaeT reHepupoBaThb
MMMYNbChl yripasneHns. 3T NMMNY/bCbl C MOMOLLLIO CXEMbI YTipaB/ie-
Hus knoyom CYK pacnpefenstioTes no rnosynpoBoAHUKOBLIM NPrn6o-
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pam K/toua 1 Bbi3bIBAKOT NEpPUOANYECKOe BK/IIOUEHME U 3aKopaymBa
HVe pesncTopa R&.

Puc. 4.9. Cxema (a) 1 XapakTepuctnkn (6) 3aMKHYTO CUCTEMbI aCUHXPOHHOIO
3MEKTPONPMBOAA C MMMY/LCHLIM PENY/IMPOBAHEM COMPOTUBEHNS
B POTOPHOIA Lienu

MprHUWN Noy4YeHNs KeCcTKNUX Xapakrtepuctnk 31 cooTBeTcTBYET
paccMOTPEHHOMY BbiLLe MeXaH13My AeCTBUA OBpaTHOM CBA3M MO CKO-
pOCTV 1 COCTOUT B cneaytoLem. [lonyctum, 4to Asurarefi paboTaeT B
YCTaHOBUBLLUEMCSH PEXVME MPU KaKOM-TO 3aro/IHEHUN (CKBaXXHOCTH)
KToYa K 1 COOTBETCTBYIOLLEM 3KBMBA/IEHTHOM COMPOTUB/IEHNN LIEMU
potopa. [yCcTb MO KakKMM—-TO MPUHYMHaM MPOU3OLLITIO YBENTUYEHNE MOMEHTa
Harpysku asurartesis, B pesyssTare Yero Ha4HET CHMXKATLCS ero CKopOoCTb.
Torpga B COOTBETCTBUM € hopmysioi (4.16) ana curHana ynpasneHms Uy
OH HayHET MOoBbILLIATLCSA, YTO BbI3OBET YBE/IMYEHVE 3arno/IHEHNS y pabo-
Tbl K/THOYa K U yMEHbLLEHVE TEM CaMbIM 3KBUBA/IEHTHOIO COMpPOTUBIE-
HUA B Lenu potopa R2,= (1-y)/”. 3TO. B CBOIO o4epeb, NPUBEAET K
YBEIMYEHMIO TOKa B POTOPE 1 MOMEHTa ABUrartens U npekpaLLeHno CHU-
YKEHUA CKOPOCTN, YTO COOTBETCTBYET KECTKUM XapaKTepUCTUKaM 3/1eKT-
ponprBoAa, NOKa3aHHbLIM Ha puc. 4.9, 6. B cxeme MOXeT ObITb AOCTUT-
HYTO 1 perynvposaHne (orpaHnyeHne) Toka 1 MOMEHTa, /15 Yero oHa
[J0/mkHa 6bITb 4OMNOMHEHA KOHTYPOM PerympoBaHns Toka. B atom cny-
yae MexaHNYeCK1e XapakTepucTUKN NMEIOT BePTUKa/IbHBIN y4acToK, Co-
OTBETCTBYIOLLINI 330aHHOMY YPOBHIO OFpPaHyYeHNs TOKa 1 MOMEHTA.

CnepyeTt OTMETUTb, YTO paboTa 3TOro 3MEKTPONPMBOAA, Kak N B
cry4yae ncnonb3osaHusa TPU, XapakrepusyeTcsa npuv perynmposaHum
CKOPOCTU ABuraTensa ysesimyeHnem B Lienu poTopa rnotepb MoLHoe-
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TN, NPOMNOPLMOHANBbHBIX CKOSIBXEHUIO, YTO A0/MKHO YUUTbIBATLCSA NP
BbI6OpE ABurarens u 4o6aBoYyHOro pesucropa.

3amMkHyTble 311 C KCMo/bL30BaHNEM « P W0 *
B o6Lem cnyyae 4acTOTHOE ynpas/eHve ABMraress, peamsyemoe c rno-
MOLLIbIO Npeobpaszosaresieil YHacTOTbl, MOXET 6blTb OCYLLLECTB/IEHO MO
TPEM BapuaHTaMm:

= NapamMeTpUuyecKoe yrnpasieHne, Npy KOTOPOM YMpas/stoLL MM BO3-
LelicTBMeM Ha Agurartesb ABMSI0TCA YacToTa 1 AeNCTBYIOLLee 3HaYe-
HVe NMoaaBaeMoro Ha ABuratesib HanpsHKeHUs;

* 4aCTOTHO-TOKOBOE Yrpas/ieHne, NPy KOTOPOM YMpPas/istoLLLUM
BO3EWNCTBMEM Ha ABuratesb ABAAITCA YacToTa 1 AeCTBytoLLee 3Ha-
YyeHue Toka ABurarens;

= BEKTOpPHOE ynpas/ieHne, CBA3aHHOE C PerysiMpoBaHUEM MIHOBEH-
HbIX 3HAYEHU NNTAIOLLNX HAMPSHKEHWIA 1 TOKOB C LieNblo hOpMmpo-
BaHMA 3/1EKTPOMArHUTHOrO MOMEHTa ABUraTens HY>XXHOM BeSIMUNHbI.

3aMKHYTbI i 3/1EKTPONPUBOA, C NapamMeTPUYECKMM YaCTOTHbIM yrpas-
neHveM. C 1CMNo/b30BaHVEM 3TOr0 NPUHLMNA MOCTPOEHbI MHOTME Yac-
TOTHO-pPeryMpyemble aCMHXPOHHbIE 3/1IEKTPONPUBOAbI. B HMX 3a cyeT
MCNONb30BaHUA Pas/IMYHbIX 06PaTHbIX CBA3EN 1 (DYHKLMOHa/TbHBLIX 6/10-
KOB (hOPMUPYHOTCSH XECTKME paboume YHaCTKN MeXaHNYeCKUX XapaKTe-
pUCTUK ABuUraTens 4151 Ka4eCTBEHHOIO PerynpoBaHns ero CKOpoCTH,
OrpaHnyYMBatoTCa TOK M MOMEHT 1 06ecneumBaeTcs Tpebyemoe COOTHO-
LEHNE MeXay PEeryiMpyemMbIM1 4acTOTON 1 HanpsbkeHrem. O606LLeH-
Has cxema [27) Takoro anekTponpmeoga npeacrasneHa Ha puc. 4.10, a.

B kayecTBe c1MI0OBOIro Npeobpasosartens NCNosb3yeTcs Npeobpasosa-
Teslb YaCTOTbl CO 3B€HOM MOCTOSAHHOIO TOKa, COCTOALLWI U3 Heynpas-
N51eMOro BbINPAMUTENS B 1 MHBEpPTOpa HanpshKeHWs, BbINMOHEHHOIO
Ha LWIeCTU CMIOBbLIX MOAY/AX, COCTOALMX M3 TpaH3McTopa U AnoAa.
Mexay BbINnpsAMUTENIEM U MHBEPTOPOM BK/IHOUEH OU/ILTP, COCTOALLLWIA
13 peaktopa L n koHgeHcatopa C, obecneunBatolnii CriiakneaHue
BbIXOAHOIO HAMPSXKEHUS BbINPAMUTENS U HEOOXOANMYHO LIMPKYNALMNIO
pPeaKkTUBHOM 3HEPrnn B CUMOBOW YaCTW CXEMbI.

ViHBepTOp paboTaeT B peXxxnume LUIMPOTHO-MMIYNIbCHOM MOAY/IALUN
1 NpeobpasyeT HeperynmpyemMoe HarnpshkeHne NoCTOAHHOIO TOKa Ha
BbIXOAe (hUbTPpa B peryimpyeMoe no 4actoTe 1 amnamtyae Harnpske-
Hue Ha ctaTtope asuratens M. CunioBas cxema a/1ekTponpueoga Hepe-
BEPCUBHAsA U He NpeaycMaTprBaeT 3/1IEKTPUUECKOT0 TOPMOXKEHUS.

YnpasneHve MHBEPTOPOM OCYyLLLeCcTBAseTca curHanamu fy n £,
onpeaensoLWMm 3HaYeHMA BbIXOAHbIX YaCTOTbl M HANPSHXKeHUs npe-
o6pa3oBaresisi 4HacToTbl. POpPMMPOBaHME ITUX CUTHASIOB OCYLLLECTBS-
eTCsi CXeMOI yrpas/ieHUsl, B COCTaB KOTOPOW BXOAAT Perysisitop CKo-
poctn PC, perynstop Toka PT, AaTumkm ckopoct TruToka 4T, cym-
MupyloLlme yeunutenn (MponopuvoHasibHble pPerynsTopbl) Z, n Z2
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6710K orpaHunyeHusa 5O curHana PC, oyHKLMOHasIbHbI Npeobpasosa
rens ®I, 3a4aT4NK MHTEHCUBHOCTU 3U.

Puc. 4.10. Cxema (a) U XapaKTepuCcTUKM [6) aCMHXPOHHOIO 3/1eKTPONPrBOAA
npy 4YaCTOTHOM YNpPaB/eHNN

Perynatop ckopocty PC B COBOKYMNMHOCTU C 33aTYNKOM NHTEHCUB-
HocT 31 1 cymmaTopom 2, obecneunBaloT TpebyeMoe perynmposa-
HVie CKOPOCTU 1 YCKOPEHWS ABUrartesis B yCTAaHOBMBLLUEMCS W Mepexos;
HbIX peX1Max padoTbl 3M1EKTPONPUBOAA C MOMOLLILIO CUrHanaN.

OrpaHuyeHre ToKa cTaTtopa ¥ MOMeHTa ABuraress rnpou3so4uTcs pe-
rynSaTopoM ToKa PT. KOraa TOK cTatopagsurarens MeHblle ToKa ycTas-
K1 /M curHan Ha BbIxoae P T paBeH Hy/Mto 1 cxema yrpasneHus obecrie-
yMBaeT peXxXUM NogaepkaHna 3aaHHOM CKOpOoCTU. Korga ToK cratopa
MPEeBbLICUT yCTaBKY TOKa /M Pe3K0 yBeNIMuMBaeTCs CUrHau1 Ha Boixoae PT,
M3-3a Yero pesKo CHWKAeTCA U CUrHau1 Ha BbiXxode cymmaropa 2,. 3ro
MPVBOAUT K YMEHBLLEHWIO YaCTOTbl N HarpsXXeHWs Ha cTaTtope Asurare-
NSV TeM caMbIM K OrpaHUYeHUIO TOKa cTaTtopa U MOMeHTa Asuratens.
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®OyHKLMOHaNbHbLIN Npeobpasosatesib ® 1, XxapakTeprucTrKa KOTo-
poro B B1Ae foMaHoi nnHnmn Oabc nokasaHa Hag, ero yc/1oBHbIM M306-
paxeHueM Ha puc. 4.10, a, obecrieunsaeT Tpe®yEMopres»erilOVMHH=N
MEeX/y YaCTOTOW N BbIXOAHbLIM HanpshkeHMeM npeobpasoBatesns yac-
TOTbl. OTpe3kom Oa co3faeTcs HavaslbHOe HanpshKeHWe Ha BbIXode
npeob6pazoBaresisi, HEOOXOAMMOe A/19 NPEOCAONEHNS NMaAEHUA Hanpshke-
HMA Ha OOMOTKe cTatopa ABurartens rnpyv MasbixX YyactoTax Hanpske-
HUSA. YuacTokK ab obecrieumsaeT NponopLnoHa/ibHOe N3MEHEHNE Yac-
TOTbl U HANPSHKEHNA (3aKOH YaCTOTHOIO yripasneHusa U /f=const), npu
KOTOPOM MarHUTHbIM NOTOK ABUraTesnisa NOALEPKUBAETCH MOCTOAHHBIM.
Ha yyacTke bc BenuynHa HanpsXeHus Ha cTaTope OcTaeTc HEN3MEH-
HOW, XOTA MPY 3TOM €ro YacToTa MOXET YBe/IM4nBaThHCS.

[ANa yMeHbLUIEHUA BNUAHNA NafeHNa HanpsKeHa B LNy cratopa
Ha BENMYMHY MarHUTHOro NMOTOKa ABUraTens M Tem cambiM Ha ero
MOMEHT B CXeMe MpeaycMOoTPeHa NosioXuTesibHasa obpaTtHas CcBA3b Mo
TOKy (Tak HasbliBaeMasl //?-KOMMeHcauusl), CUrHaa KOTopor noctyna-
€T Ha BXof,cymMmmaTopa X2 MNpu yBeNnyeHnn Harpysku ABuratesisi BO3-
pacTaeT ero ToK 1 ysenuumsaeTca curHan Uy, 3a cHeT Yero sospacraeT
BbIXOAHOE HarnpshkeHne npeobpasosartesns, 1 TeM caMbiM KOMMNEHCU-
pyeTcs nageHve HanpsXXeHnsa B 0OMOTKe cTaTopa.

B coBpeMeHHbIX 3/1eKTponpmnBoaax 3Toro Tmra peanmsawms 6/10K0B
yrpas/ieHns cxembl puc. 4.10, a OCYLLLECTB/IAETCH C UCMONb30BaHNEM
MMKPOMNPOLLECCOPHbIX CPeACTB, a HACTPOiKa NX napaMmeTpoB 1 Xapak-
TEePUCTUK MPOU3BOANTCA NPOrpaMmMHbIM NyTeMm. Nonyyaemble B 3TOMA
CXeMe MeXaHM4ecKue XapaKTepUCTUKU OABUratens npu pasinyHbiX
CUrHanax 3afaHusa ckopocTu Uye nokasaHbl Ha puc. 4.10, 6.

B papne cnyyaes Tpebyemoe perynmpoBaHue CKOPOCTU MOXET ObITb
MOJTly4EHO M B PA3OMKHYTO cxeme 6e3 06paTHOM CBA3WM MO CKOPOCTU.
B aTom cnyuyae B cxeme OoTcyTCTBYIOT PC 1 TT, a curHan ¢ sbixoga 31
HEenocpeACTBEHHO MOCTYMNaeT Ha BXoA, cymmartopa 2,; BO BCEM OCTaslb-
HOM CXema ocTaeTca 6e3 U3SMEHEHUS.

Cxema 4aCTOTHO-TOKOBOTO yrpasneHus Afl. Cxema 3/1eKTponpmueBoaa
npeacrasneHa Ha puc. 4.11. Tupuctopbl VS1-VS6 06pasytoT cxemy
yNpaBnsemMoro BbinpsamMuTens ¥ B, a Tupmctopbl VS7—VS12 — cxemy aB-
TOHOMHOI O MHBEepTOpa ToKa AUT. Mexay aTnmu 6/10Kamu BKIFOYEH pe-
akTtop L 60/bLLOl MHOYKTUBHOCTU C TeM, YTOObl Npuaars UHBEPTOPY
CBOIICTBa UCTOYHMKa TOoKa. KoHaeHcaTopbl C1—C6 ¢ avogamn VD1—VD6
06pasytoT Lenm UCKYCCTBEHHOW KOMMYyTaLmm TMPUCTOPOoB VS7- VS12.
OcTa/ibHble 31eMEHTLI CXEMbl UMEIOT crieaytoLlee HasHadeHve: CYB u
CYWN — cxembl yripasnieHns TMpUCTOpaMun BbINPSAMUTENA U MHBEPTOPA;
PT, [ T—COOTBETCTBEHHO PEry/sTop 1 AaTuMK Toka cratopa; [, C — nar-
UMK CKOPOCTH; YO — yeunuTenb-orpaHnumnTess; ¢ N — yHKUyoHasb-
HbIl NpeobpazoBaTte/b. CxemMa paboTaeT crneayoLLMM 06Pa3OoM.
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YB ANT

Puc. 4.11. Cxema acMHXPOHHOIO 3/1eKTPOMNPMBOAA MPY YaCTOTHO-TOKOBOM
yNpaBneHnm

3agaroLmii curHan Uxc3afaeT 4acToTy Nepek/ItoUYeHNs TUPUCTOPOB
WHBEpTOpa M TeEM camMbIM YacTOTY TOKa cTatopa asuratesniss M. Mocne
BblUMTaHMA U3 cUrHana Uyc curHana o6paTHoii CBsi3n Mo ckopoctn U,
noslydaeTcsi curHan Up, MPONopLMOHasIbHbI OTHOCUTESIbHO YacToTe
poTopa p= (BENMUMHY P Ha3bIBAKOT TaKKe abCOMOTHLIM CKOJIb-
XeHueMm apuratesns). OHa CBsi3aHa CO CKOJIbKEHUEM S ABUTaTeNs Crie-
OYIOLWUM COOTHOLLEHNEM: p=as, rae

CurHan U,, npoiigs yepe3 YO, BMecTe ¢ curHasiom U, MocTynaeT
Ha Bxog, CYW. YacToTa Ha BbIXOAe UHBEPTOPA OMNpeaesisieTcs CUrHa-
noM Ume= Lia+ Up, CY W HacTpoeHa Taknm o6pa3oM, 4To noka YO pa-
60TaeT B IMHEHOI 30He, YacToTa Ha BbIXOAEe MHBEpPTOpa GyAeT No-
CTOSIHHOW 1 HE3aBMCKMMOM OT HarpysKku. [puratesib Npy 3ToM NMeeT
YKECTKNE MEXAHUYECKME XapaKTEPUCTUKMN.

CurHan Up rnocne nNpoxoxaeHus yepe3 ¢ I ABAseTcs Takke CUr-
Ha/IOM /151 KOHTYpa PerysiMpoBaHus Toka. Tak Kak aTOT CUTHaUT Mpo-
NMopLMOHa/IEH abCOMIOTHOMY CKOJILKEHMIO, TO U TOK ABUraTens npu
BCEX YacToTax 6yAeT eMy NMPOMOPLMIOHA/IEH.
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Mpy pesknx N3MeHeHUAX 3a4a0LLLEero curHana unn npuy 3HaunTesb-
HbIX Nneperpyskax asurarens YO BXOAUT B 30HY OrpaHuyeHus (nocTo-
AIHCTBA) CBOEr0 BbIXOAHOIo cUrHasna U., orpaHmnymMBas TeM cCambiM Ha
TpebyemoM ypoBHe U 3agaHue ansa toka. [ w p 1
TaeT Npv M0G0V CKOPOCTM C MOCTOSAHHLIMW 3HAYEHUAMW abCOMOTHO-
ro CKOJIbXEHUS N TOKa, T.e. MEXaHUYeCcKas XapaKTeprcTuKa CTaHOBUT-
cA abCoNMOTHO MAFKON.

B pesynbTate Apuratesib UMeEeT XapaKTepUCTUKWU, aHa/IOTUYHbIe
rnokasaHHbIM Ha puc. 4.10, 6.

CxeMa rno3BosifeT OCYLL eCTBNATL TOPMOXKeHMEe ABUraTesisa C peKy-
nepauveli (oToavei) aHeprmm B CeTb, /15 Yero MHBEPTOP NepeBoaunT-
CAl B PEXMM BbINPAMNEHUSA, U BbINPAMUTESb — B PEXUM UHBEPTUPO-
BaHUSA TOKa.

CxeMbl BEKTOPHOIO YMNpaBieHNs aCMHXPOHHbIMW Auratensmu. Mpu
Heo6Xx04MMOCTU NOJTyYEeHUS BbICOKOIO KavyecTsa U anana3oHoB pery-
NUpoBaHNSA NMepemMeHHbIX aCMHXPOHHOIO 3/1IEKTPONpMBO4a B yCTaHO-
BMBLUEMCH U MEPEXOAHBLIX PeXMax NMPUMEHSIOTCS TaK HasblBaeMble
CXeMbl BEKTOPHOIO yrnpas/feHNs, B KOTOPbIX peLleHre 3TuX 3a0a4 obec-
rneynmsaeTCs 3a cyeT POPMMUPOBAHUA 3/IEKTPOMArHUTHOrO MOMEHTa
asuratens. MNpuHUMn opMMpPOoBaHUA MOMEHTa MOXET ObITb MoKasaH
cregyroLmm obpasom.

YpaBHeHMe 3M1eKTPOMarHUTHOro MOMeHTa aCMHXPOHHOIo ABurare-
N MOXEeT UMEeTb pasNnyHble PopmMbl 3anmcu B 3aBUCMMOCTU OT UC-
MO/b3yeMbIX B 3TUX YPaBHEHUSX NepPeMeHHbIX 1 BbIBpaHHOW cucTe-
Mbl KOOPAVHAT 41 UX NpeacTasfieHns. MNMpy NOCTPOEHUY CUCTEM BEK-
TOPHOIO ynpasneHUs MpoLEecchl B Asurarese yaobHO paccMaTpuBaTb
B CUCTEME KoopAmHaT X—Y, B KOTOPO Oocb X coBMagaeT No Hanpas-
NEeHNI0 C NOTOKOCLIeN/IeHNEM poTopa M BpalllaeTca C ero CKopoc-
Tbi0. B aTOM cnyyae ypaBHeHWe 3/1IeKTPOMarHUTHOro MOMeHTa Tpex-
(ha3HOro acCMHXPOHHOr O ABUraTens NMeeT BUL;

M. 3 @.21)
2ij
rae p — 4Yncio nap rnosocosB Asuratesns; L n — B3aMMONHAYKTUBHOCTb
Mexay CTaToOpoOM U POTOPOM; /r — COCTaBNAIOLLLAaSA TOKa cTatopa no
ocn Y; Li — nosHaa MHAYKTMBHOCTL poTopa.

Tak KaK cOCTaB/ifoLL,as Toka ctatopa iix Mo ocu X onpeaenseT no-
TOKOocLerneHne poTtopa Y™, To 13 paccMmoTpeHust hopmysnbl (4.21) cne-
[OYET, YTO 3a CUET PEry/IMpoBaHmsa /pkn  MOXHO obecneunsaTs oop-
MMpPOBaHME MOMeHTa apurarens. CocTaBnaloLLas iu MOXET paccmar-
puBaTbCA KakK HaMmarHnuyMBaroLLas peakTMBHas cOCTaBsoLLas Toka
cTatopa Agsurartesis, a /r ero akTMBHaa cocTas/ifiowas, naylias Ha
co3gaHvie MOMeHTa aggurartens.
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OTMeTUM, UYTO ypaBHeHMe (4.21) No cBOeMy BMAY aHa/TOMMYHO hop-
My/ie MOMeHTa ABuraresis MOCTOAHHOIO TOKa. B HeM  OoTpaxkaeT mar-
HUTHbI/ NOTOK ABUraTesns NOCTOSHHOIO TOKa, a /,,— TOK ero SKopsi.

Puc. 4.12. Cxema acvHXPOHHOIO 3/1eKTPOMNPUBOAA MPW YaCTOTHOM BEKTOPHOM
ynpaeneHnm

MPUHLMN MOCTPOEHWS CXEMbI BEKTOPHOIO YNPaBieHNs UKCTPUPY-
eT puc. 4.12 n3 [27]. ACMHXPOHHbI ABuratens M, Ha Basly KOTOPOro
YCTaHOB/IEH AaT4UMK CKOPOCTU (TaxoreHepartop) ,C, nonyyaeT NUTaHne ot
npeobpasoBaresnia YacToTsl MMY. PerynmposaHvie MOMeHTa MPon3BOANTCA
perynstopamy PTWAKTVBHOM /.1 PTVpeakTuBHOM MCOCTaBNSAOLLMX TOKA.
3HaueHWs aTNX NEPEMEHHbIX MOTYYat0TCA KOCBEHHBLIM MyTEM C MOMOLLLHO
MOAENM acMHXPOHHOro Apuratens «Mogenb ALL*, Ha BXxog, KOTOpoii nopaa-
HOTCS CUIHasTbl pa3HbIX TOKOB 14 /* /c, HanpsokeHnn UA U* Ucwu yrno-
BOW CKOPOCTW Apurarens w. Moaens apuratens BbiaaeT MHOPMaLuo O
CKOJIKEHWN ABUIaTeNa S U COCTaBNSAOLLMX TOKOB /. 1 M

PerynmpoBaHve CKOPOCTM MNPOU3BOAUTCA MO MPUHLUIMY NOAYNHEH-
HOro perynMmpoBaHnsi KOOpAMHAT C Ucnosb3oBaHvem M-perynstopa
ckopocTu PC, 3agatumMka MHTEHCMBHOCTU 3U 1 610Ka TOKOOrpaHu-
yeHua BO. YnpasneHuve MY ocyLLeCcTBSIETCS CUCTEMOI TpexdhasHbIX
HanpsbkeHnin UM £n, Ua, koTopble (hopMUpyHOTCs NpeobpasoBaTte/iem
koopamHart N K Ha OCHOBe CUTHa/I0B perynatopos PTAuK PT, v cur-
Hana. NPOMNOpPLMOHaNEHOro YacToTe/.
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BekTopHOe perynmpoBaHMe MOMEHTa aCUHXPOHHOIro ABuraresis
obecrneunBaeT ero TOHHOE NoAAepXKaHMe BO BCEM AMana3oHe peryiv-
pOBaHMA CKOPOCTU, BK/IHOYAsA PEXUMbI pabdoThbl
yrop N ero 04eHb HU3KME «MNOJ3yYme* CKOPOCTU, YTO BbIFOAHO OT/U-
YyaeT ero OT rnapamMmeTpPUYecKoro (CKa/IapHOro) perynnpoBaHus.

Mpumep 4.2. Cxema 31 npeacrasneHa Ha puvc. 4.8, a\ TPU vwveet
HOMWHasIbHOE BbIXOAHOe HanpskeHne [/HM=380 B 1 HOMUHa/IbHOE
HanpsbkeHne ynpasneHua UMH= 10 B. TpebyeTtca paccunTtaTb KO-
huLMeHT Nepesiaun TaxoreHepaTopay, Npyv KOTOPOM repernaz, CKopo-
TV Ou=uw, -w: 6yaet coctaBnate 20 pan/c npy U3SMeHEHUU MOMEHTa

Harpysku ot JV& = J¥c//I/Hav=0,25 no M@= = 1(pwuc. 4.8, 6).
Onpegensem KoahmumeHT nepegadn TP Mo HanpsyKEHWHO:
j,  _ Nihon _ 380 _
vl;lly.HOM 10

Mo chopmyne (4.20) Haxoaum Tpebyemoe 3HauveHne KoahuLneH-
Ta nepefayn TaxoreHeparopa:

ni (M -Ne ) 380(Tr-A5)
YW e T Fa5 0%

4.4. SBAMKHYTbIE CXEMbl YMNPABJIEHNA
SNEKTPOMPNBOAA C CUHXPOHHbBIMWA
ABUTATENAM W

SNeKTpPoNprBOA C BEHTU/IbHLIM ABUrartesiemM. BeHTUNbHbIM ABurare-
nem (B/[,) Ha3biBaeTCA CUHXPOHHbIWM ABUraTe b C 3N1EKTPOHHBLIM KOM-
MyTaTOPOM HanpsbKeHWsl, K KOTOPOMyY NoakioueHa 06MoTka cTatopa
ABurarens, 1 aT4NKoM MOJIOKEHUS POTOPa, YCTaHOB/IEHHLIM Ha Basly
Auratens v ynpasnstoLero paboTo KommyTaTtopa B 3aBUCUMOCTH OT
NonoXeHus potopa. JaTtunk NosoXeHNss poTopa reHepupyeT nepuo-
OMYecKMe CUrHasbl, MO KOTOPbIM OTKPbLIBAOTCA M 3aKpbIBAKOTCS MO-
NYNPOBOAHMKOBLIE K/HOUYN KOMMYTaTopa, NOAK/IHYaoLLErO K UCTOY-
HUKY NUTaHUA OBMOTKWU cTaTtopa. B pesynbTare 3TOro coxpaHsercs
Heo6xo4MMOe B3aMMHOE Harpas/ieHMe MarHMTHOro NnoJsis Asurartens un
TOKa B 0OMOTKax 1 ABuUratesnb pa3ByBaeT NOCTOSIHHbIM MO Hanpae/e-
HMIO BpaLLaloLwmrii MOMEHT Npy /1060 CKOPOCTU BpaLLLEHUS.

Tem cambim B/l N0 NpuvHLMNY CBOEro AeNCTBUSA aHaNorMyeH ABn-
ratesito NOCTOSHHOIO TOKa, HO MPY 3TOM Y HEro HET MEXaHNYECKOro
KONNEKTOPHO-LLETOYHOIO y3/1a, U MO3TOMY OH ABMSETCHA MOMHOCTLIO
6ECKOHTAKTHbIM ABUraTesieM rnpu BO30Y>XAEHUN OT MOCTOSHHbIX Mar-
HUTOB UM NMEET AABa KOHTaKTHbIX KOJbLa Mpy UCMo/b30BaHUN 06-
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MOTKM BO30YyXaeHus. CoBnageHne NpuHLMNOB OeCcTBUA asuraTens
MOCTOSHHOr O TOKa 1 B, onpeaensieT CXOXKeCTb UX MeXaHUYEeCKMX Xa-
paKTepuUCTUK, BCeacTeme Yero B/, nHoraa HasblBatoT 6ECKOHTAKTHBIM
ApuraresnieM NOCTOAHHOIO TOKa.

[Buratenu c Bo36yXgeHMeM OT NOCTOSAHHbLIX MarHWTOB BbIMOJTHS-
FOTCA Ha MOLLLHOCTU A0 30 KBT 06bIYHO B MHOIFOMOIKOCHOM WCMOJTHE-
HUW. IBUrarenn ¢ NOCTOAHHLIMU MarHUTamMmn UMeT MeHbLUVe raba-
pUTHbIE pa3Mepbl U Maccy 1 6onee BbICOKMI KIM /[ no cpaBHEHUIO C
AsuraTensamu, MMeL MMM 0O6MOTKY BO30YXAEHUS.

B B[, cpeaHeii 1 60/1bWOM MOLHOCTU 06bIYHO UCMOb3YHTCA CUH-
XPOHHbIe ABUrarTesivi 06bIYHOM KOHCTPYKLMK C 06MOTKO BO3BY)XXAEHWS,
[pacronoXxeHHOW Ha poTtope. NepcnekTMBHBIM HamnpasieHeM Pa3BUTUA
B[, sBNseTca nosyyeHMe CUrHasia No NOMIOXKEHWNIO POTOopa ABUraTens
KOCBEHHbIM nyTeM, 6e3 yCTaHOBKM AaTunKa MoSIOXKEHUS Ha BaUTy.

KommyTatop B cxeme B/, npeactaenseT coboin MHBepTop, ecnu B/,
MUTaeTCa OT MCTOYHMKA NOCTOSHHOIO TOKa (CeTU MOCTOSAHHOIO TOKa,
aKKyMY/ISTOPHOI Gatapen BbINPAMUTENS), WK SABNSETCS, NO CyLLECTBY,
npeobpasosBaresieM 4acToTel, ecnv B, NOAKIHOYaeTCs K CETU NEpPEMEH-
HOro TOKa.

Puc. 4.13. Cxema BEHTWIbHOIO ABurarens

Cxema B[, npusegeHa Ha puc. 4.13. CunioBoi npeobpasosaTesb
BK/IIOYAET B Ce65 BbINPAMUTESb 7, UHBEPTOP 3 U PEaKTop 2, BK/IHOYEH-
Hbli MeXAy BbINPAMUTENIEM U MHBEPTOPOM W BbIMOMHAOLW NI POsb
hmnbTpa. Ha Bany asurarens 4 pacrnofioXeH AaTtunK NON0XeHUs po-
Topa 5, KOTopbIi 06ecreyrBaeT NOCPEACTBOM curHana U4Tpebyemyto
KOMMYTaLMIO BEHTWU/IEN NHBEPTOpa 3. YNpas/eHne BEHTUNAMU UHBEP-
Topa 1 BbINPAMUTENA OCYLLECTBNSETCA CUrHalaMn ynpasneHus Uf n
U,, mocTynarowumMm ¢ 6/10KOB yrnpasrieHuns 6u 7.
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PerynmpoBaHmne CKOpPOCTU BEHTWU/IbHOIO ABUraTenst MOXeT MNpon3Bo-
ANTbCA 3a CHET U3MEHEHNS BENMUYMHBI HAMPSHXKEHUS U TOKa BO36YXae-
HUSA /bl. YpOBeHb CKOpOCTU B/, onpenenseTcsa 3a4ai0lLymM COKTAom N

[ns nonyyYeHns BbICOKOrO KayecTsa KoopAuHarT B
CTaTMYECKNX N OUNHAMUYECKNX PEXVMax B dMeKTponpueogax ¢ B,
NCNOJIb3YITCA pas/inyHble ObpaTHbIe CBA3N.

B nocnepgHee Bpemsa B B/, mowHocTeio oT 30 oo 200 KBT cranun
MCNO/Ib30BaTbCs 6ECKOHTAKTHbLIE CMHXPOHHbIE ABUIaTeNn ¢ 0OMOTKOM
BO3OYXXAEHMS, cneynaibHbIM 06pa3oM pacrnosiaraeMoil Ha cTatope
BMecCTe ¢ TpexdasHo 0OMOTKOW. POTOP B 3TOM C/lyyae npeacrasnset
coboii 6e306MOTOUHOE 3y6GuaToe KOseco (3youaTtKy), yepes 3yOLibl KO-
TOPOro 3aMblKaeTc MarHUTHbIA MOTOK, CO34aBaeMblii 0OMOTKaMu
BO30Y)XAEHUA U NepemMeHHOro Toka. PoTop BpallaeTcs CMHXPOHHO C
BpaLLatoLLIMMCA MarHUTHbIM MOJIEM, CO34aBaeMbIM TpexdasHor 06MOT-
Ko. O6MOTKa BO36Y>KAEHUS YCUIMBAET MarHUTHbIY MOTOK U TEM ca-
MbIM YBENMNYMBAET BpaLLatoLL A MOMEHT ABUraTess.

SneKTpONpuUBOA, C LWaroBbiM ApuraresieM. VIcNoHUTE bHbIE Opra-
Hbl HEKOTOPbIX Paboumx MallMH 1 MeXaHM3MOB A0/DKHbI COBEpLUAaTb
CTPOro A4031POBaHHbIE MEPEMELLLEHNS C PUKCALMEN CBOEIO MOJIOXe-
HUSA B KOHLLE ABMXXEHUS. B anekTponpmeBogax Takux MawnH 1 Mmexa-
HN3MOB YCMELLUHO MPUMEHATCA Wwarosble gpuratenu (LW [,) pasnnu-
HbIX TUMOB, 06pasyloLLLMe OCHOBY AUCKPETHOIO 3/1EKTPONPMBOAA.
JWNCKPETHbIV 3/1EKTPONPUBOA, NCMO/b3YETCA A1 METa/II000pabaThiBa-
FOLLMX CTAHKOB C YMC/I0BbIM MPOrpaMmMHbIM yrnipasneHuem (UMY), po-
60TOB 1 MaHUMYNATOPOB, B FTMOKOM aBTOMaT13MPOBaHHOM MPOM3BOA-
CTBE, 3/IEKTPOHHO 1 4aCOBO NPOMBILLIEHHOCTN, ra3opesaresbHbIX U
CBapOYHbIX aBTOMaTax, NpuUbopax BPeMEHU, HKMMHbIX YCTPOCTBaX
MPOKaTHbIX CTAHOB, IEHTOMPOTKHbIX N PETMCTPUPYIOL X YCTPOIA-
CcTBax, B MeAVLMHCKON TeEXHWNKE, B NPOMN3BOACTBE 3/1EMEHTOB MUK-
PO3NEKTPOHVKN W T.4.

PacnpocTpaHeHne OUCKPETHOrO 3M1EKTPONpMUBOAA onpenenseTcs
€LLe N TEM, YTO OH eCTECTBEHHbLIM 06pa3oM coveTaeTcsi C MMKPOMPO-
LLECCOPHbIMU CpeACTBaMM yrnpaBneHns, KOTOpble BCe LUMPe NPUMEHS-
FOTCS BO BCEX OTPACNAX TEXHUKN.

AnekTponpwueog ¢ LW [, B HacTosLee BpeMs MCNOMb3yeTcs Ha MOLL;-
HOCTW OT JOreii BaTTa 4O HECKOMbKUX KWUI0BaTT, YTO onpegensercs
MOLLLHOCTbIO CEPUINHO BbiMycKaembix LU~ PacluvpeHme wkasbl MOLL-
HOCTU AUCKPETHOro 3 MoXeT 6bITb AOCTUIHYTO UCMO/b30BaHNEM B
HeM cepuiiHbiX A/l, KOTOpbIe 3a CYET COOTBETCTBYIOLLLENO yrNpaB/ieHNs
MOFYT paboTaThb B LLArOBOM peXxunme.

LLlaroBblii ABMratesib MO MPUHLMIY CBOEro AEACTBUA SBMSETCA CUH-
XPOHHbIM ApuratesieM. OAHaKo B OT/INYME OT MOC/IeAHEro MarHUTHoOe rnose
LW [, nepemeLLaeTcs (BpaLLaeTcs) He HEMpPepPbIBHO, a AMCKPETHO, Luaramm.
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3TOo JOCTUraeTcs 3a cyeT UMIMY/IbCHOro BO36YAeHnss 06MoToK LU 1, ¢ no-
MOLL|BHO 3/1EKTPOHHOIO KOMMYTaTOpa, KOTOpPbI NpeobpasyeT 04HOKaHa/1b-
HYHO MOC/1e0BaTENLHOCTB YIMPAB/AIOLLMX MMIMYILCOB B MHOTOMasHyH CU-
CTEMY HarnpshKeHW, NpUKIaapiBaeMbiX K 06MOTkam (thasam) LU .

JunckpeTHOMYy XapakTepy Hanps»keHns Ha pasax LU [ cooTBeTcTBYeT
[VCKpeTHOe BpalleHWe (NnepeMeLLeHVE) 3/IEKTPOMarHMTHOroO Mnoss B
BO3AyLLHOM 3a30pe, BC/MeACTBME Yero ABVXeHMe poTopa COCTOUT 13
nocnenosatesibHbIX 31eMEHTapHbIX MOBOPOTOB, WW LLIAroB.

YrnoBsoe nepemelleHvie a LU [, B 06LLeM criyyae onpenenseTcs Bbipa-
XeHvem a=2s/(pn), rge p — 4Yncio nap rnostocoB poTopa; /1— YUC/IO
nepekoyeHnin (TakToB) B LMK/e, paBHoe uncay a3 LW [, npy cummeT-
pVYHOI 1 yABOEHHOMY uncay has Npy HECUMMETPUYHOK KOMMYTaLN.

Kak BnaHoO, Lwarosoe repemMeLLieHe potopa CoOOTBETCTBYET MNoc/ie-
[0BaTe/IbHOCTU YMPas/soWwmMX UMMY/LCOB, NPY 3TOM KaXXA0MYy NM-
nysibCy COOTBETCTBYET OAHO NepekntoyeHrne omMmoTkm LW [, (0anH TakT
KOMMYyTaLMm) n oauH war potopa. CyMmmapHbIi yron nosoporta LU [,
MponopLoHasieH Y1cny MMMynNbLCOB, a ero CKOPOCTb — YaCTOTE KOM-
MyTaLum o6MOoTOKTK u)=afK

[nsa pesepca Ll npy CMMMETPMYHON CXeMe KOMMYyTaLnuu Heob-
XOOMMO U3MEHUTB MONAPHOCTL HanpshXeHUs 06MOTKU, KOTopas bblsia
OTK/Il0YeHa Ha JaHHOM TakTe KoMmmyTauuu. Torga portop W [ cosep-
LUWT Lwar B MPOTUBOIMOJIOXHOM Harnpas/eHUW.

OCHOBHbIM PEXMMOM PadoTbl LLAroBoro Npusoaa ABAseTca AnNHa-
MUYECKNA. B oTAnume oT 06bIYHOro CMHXPOHHOIO Asurartens LU [,
paccunTaHbl Ha BXOXAEHME B CUHXPOHU3M N3 COCTOAHMUA MOKOSA Y
NPUHYAUNTENbHOE 3/IEKTPUYECKOe TOPMOXeHWe. brarogaps aTomy B
LLIAroBOM 3/1eKTPONpPUBOAE 0becreumBaeTcs NMycK, TOPMOXKEHWNE, peBepc
1 nepexoz, C O4HOM 4acTOTbl YNPaBASIOLWLNX NMMYNbCOB Ha APYIVIO.
Myck W [, ocyLecTsniseTcq ckaykoobpasHbIM UM NOCTEMNEHHbLIM YBe-
JINYeHMEeM HYacTOTbl BXOAHOIO CUrHasia OT Hyns Ao paboyeii, Topmo-
YXEHNE — CHMXKEHUEM ee [0 HYNS, a peBepc — U3MeHeHWeM nocneno-
BaTe/IbHOCTU KOMMYyTauum o6moTok LW A,

O6ecneyeHne 3ajaHHOMO XapaKTepa NnepexoaHbIX NPOLECCOB AB/AET-
cs And anekTponpueoaa ¢ L /1 oCHOBHOI 1 Hanbonee CroXHON 3aaa-
yell, TakK Kak BC/IeACTBUE 3/IEKTPOMAarHUTHOW nHepuyn obmoTok L A,
MeXaHUYeCKO NHepPLK ero poTopa 1 MOMEHTa Harpy3ku Ha Basy rnpu
Pe3KUX N3MEHEHNAX YaCTOTbI C/le0BaHMA MMMY/LCOB YrpasneHns po-
Top LU [l MOXeT He ycrneTb oTpaboTarb NOSIHOCTLHO BCE UMMY/IbChl. Mak-
CUMa/IbHas YacToTa YrpasnstoLLMX MMIY/bCOB, MPY KOTOPOI BO3MOXEH
nyck L 1 13 HenoABWXHOIro COCTOAHMA 6e3 BbiNageHWsA N3 CUHXPOHU3-
Ma (MpoMycKa LiaroB), Ha3blBaeTCA YaCTOTOW NPUEMUCTOCTU. Yem BbiLle
3/1IeKTPOMAarH1THas U MexaHuyeckaa nHepums L [, 1 6onblue MOMEHT
€ro Harpysku, TeM MeHbLLEe YacToTa MPUeMUCTOCTH.
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CoBpemeHHble W [, pa3/inyHbl Mo KOHCTPYKTUBHOMY UCTIONHEHUIO.
B 3aBMcmmoOcCTuM OT uncna has n yctpoictea MarHUTHOM cuctembl LiLL
ObIBalOT OAHO-, ABYX~ U MHOTrogasHbIMun cp%g%%ﬁqbipgslglgm'rr&c JIBHEI ]
poTopom. |

Pa3BuTME OUCKPETHOIO 3/1IEKTPONPMBOAA NPUBESO K CO34aHMIO Crie-
UnasibHbIX BUAoB L [, — nHelrHbIX, BOSIHOBbIX, C Ma/IOVHEPLIMOHHBIM
M KaTALLMMCA poTopamMU.

Ha 6a3e unnnHppunyecknx nvHenHsix L[ co3gaHbl ABYXKOOpP-
[OVHaTHbIe NMMHENHO-NOBOPOTHbIE LWL [, cymmupytoLLme Ha CBoeM Basy
[1Ba He3aBUCUMbIX ABUXEHUA — BpallaTesibHoOe N NocTynaresibHoe.

BaxkHbIM JoOCTVXKeHMeM B 06/1acTy AUCKPETHONO 3/1eKTPONpPUBOAa
ABNAETCH CO3[aHVEe TaK Ha3blBaeMbIX MHOrOKOOpAMHaTHbIX LU [, ocyiLe-
CTBMAIOLLMX NepeMeLLEHNE NCMOTHUTESIbHBIX OPraHOB MO TPEM Koopau-
HaTaM B MpPOCTPaHCTBe. [lBurarenn Takoro pofaa, OTINM4YasCh BbICOKOMN
TOYHOCTbIO NO3ULMOHMPOBAHNA 1 CKOPOCTbIO, UCMO/b3YHTCA B MPUBO-
[axX MaHUMNyIsTOpoB, PO60TOB 1 aBTOMATNHECKMX JIMHNAX CTAHKOB.

Puc. 4.14. Cxema 3NIeKTponpmneo4a C warosbiM ABUraresiem

0606wW,eHHas PYHKLUMOHa/IbHAA CXeMa perynmpyemMoro a/1ekTpo-
npueoga c LW /[ nokasaHa Ha puc. 4.14. OCHOBHas ee 4acTb, 0ObIYHO
HasbliBaemMasi Pa30OMKHYTOMN CXEMOW, BblAe/IEeHa LUTPUXOBOW NINHNEA.

CvirHan ynpasneHusafys Buae MMyIbCOB HAMNPSHXKEHNS MOCTYMaeT Ha
BX0Z, 6/10Ka 2 0T NPOrpaMMHOro Wiv Apyroro BHeELIHero KoMaHaHoro
yCTpoiicTBa. B/1IOK 2 BUAOM3MEHSIET 3TU UMMY/bCbl, (HOPMUPYS VX MO
L/MTENBHOCTU M aMIiINTyAe, Kak HeobXoauMOo 419 HOpMaslbHOM paboThl
rnocreayoLLmx 6/10KOB CXeMbl ynpasneHus. Pacnpegenntesis UMIy/sCoB
3 npeobpasyeT Noc/1e[0BaTeNlbHOCTL CHOPMUPOBAHHbLIX MMY/1LCOB, Ha-
npuMep, B YeTbIpextasHyo CUCTEMY OAHOMOAPHBLIX UMMY/ILCOB Hanps-
YXEHUS, COOTBETCTBYIOLLLYIO Yncny a3 (06MOTOK) Apurartens.



MimMnynbCbl € BbIXOAa pacnpenennutens 3 yCuamnsaroTCs C MOMOLLbIO
MPOMEXYTOYHOI 0 YCUNNTENA 4 1 NOCTyNatoT Ha KOMMyTaTop 5, nuTta-
towmii o6mMoTkM LU [ 8. O6bIMHO KOMMYTATOP NMUTAETCH OT UCTOYHU-
ka 12 NOCTOSAHHOIO TOKa (BbINpsAMUTENA) U obecneynsaeT B 0OMOT-
kax LW [, nynbCypyroLLni TOK 04HOro Hanpas/ieHUs.

PaccmoTpeHHast pa3oMKHyTast cxema yrpasneHus LU [l He Bcerga obec-
Me4YnBaeT BbICOKNE AMHaMUNYeCKMe CBOMCTBA, TOYHOCTb 1 3HepreTmnyec-
KVie NnoKasarte/in a/1eKTponpreoda. MoaToMy COBpeMEHHbIE CXeMbI yrpas-
neHna W [, cogepxar AononHUTE NbHbIE Y3/1bl, C MOMOLLBH KOTOPbIX Xa-
PaKTEPUCTUKM 3/1eKTpOoNprBoaa yydllatoTes. K Takum yanam (puc. 4.14)
OTHOCATCA YaCTOTHO-MMIY/bCHBIV PEryNISTOP HanpsbkeHus 11, yeunum-
Teslb 06PaTHOM CBSA3M MO TOKY 10, 6/10K 3NEKTPOHHOIO Ap0obieHns Lwara
13 610K N/IaBHOro pasroHa v TOPMOXKEHWS (3a4aTUNK MHTEHCUMBHOCTM) |,
[aTUMK MOJIOXKEHMS POTOPa M CKOPOCTU 7 1 LMGIPOBOIA perynsarop 6.

Perynatop |1 n ycunutens 10, CBA3aHHbIE C Y3/IOM CpaBHEHUS 9,
Cny)xar o aBTOMaTUYECKOM cTabumsaumn Toka B 06moTkax LW/, n
nogaepxaHna MmomeHTa LU [1, 4To cyLl,ecTBeHHO yny4llaeT aHepreTn-
yeckme nokasarenn ero padboTsl. CTabunmnsaums Toka OCyLL,eCcTBNSETCSH
BBEAEHMEM OTpULLaTeNbHOM 06paTHOM CBA3M MO TOKY, C MOMOLLbIO KO-
TOpPOI4 3a CHET peryIMpoBaHNns YacToThbl MePEKIOYeHNs perynsTopa 11
(yacToTHO-MMMNYNbCHasA MOAYAUMSA) U3MEHSAETCA cpefHee 3HaYeHue
HanpsHkeHa NUTaHUA U TEM CaMbIM PerynMpyeTcsl TOK B 06MoTkax LU [,.

Ta e 3aaa4a hopMMpoBaHUs ToKa B 0bMmoTKax LU [, peluaeTtcs npu
1CMO/b30BaHUM KOMMYyTaTopa 5, 06naaatoLLero CBOMCTBAMU NCTOYHU-
ka Toka. B aTom cnydyae otnagaet HaAo06HOCTL B 06paTHO CBA3WM MO
TOKy 1 6n1okax 10m 11.

[na ynyyweHns kavectsa AsvkeHns LW [, npy HA3KMX YyacToTax u
MOBbILLEHUA TOYHOCTN OTPABbOTKM BXOAHBLIX MMMY/IbCOB Yrpas/ieHns
C NoMoLLbo 6/10Ka 13yMeHbLUaeTcs egMHNYHbIN war WA,

YnyuyweHne AMHaMUYeCKUxX CBOICTB guckpeTHoro LW/, B vacT-
HOCTU yBe/NMYeHne amarasoHa paboynx 4acToT BXOOHOro cuUrHana,
3HaUNTENbHO MpPEeBbILLALWMX YacToTy npuemuctoctn LW A, moxet
ObITb AOCTUTHYTO BBEAEHMEM B CXeMy 6n10Ka 1, obecneynBatoLLLero
pasroH v TopmoxeHve LW /[, ¢ 3aa4aHHbIM TEMINOM, MPU KOTOPOM eLLie
He NMPOVICXOAMT NPOMYCKa YNpasAsioLmMX NMMYIbCoB. MNpy NCnosb3o-
BaHMM 6/10Kka 1061acTb PaboyMx YacTOT LLAroBOro 3/1eKTponpmsoaa
MOXET ObITb YBeNnyeHa B 2—3 pasa.

BO3MOXXHOCTU OMCKPETHOrO 3/1EKTPONPMBOAa PacLLINpPAIOTCS Npn
CO34aHNN 3aMKHYTbIX CXeM YrpaBneHUs, BbINO/IHAEMbIX C MOMOLLbIO
Jatunka 7uv perynaropa 6. B Takom OMCKPeTHOM NpuBoOAE MHopMa-
LMs O AeCTBUTENIbHOM MOMIOXEHUW Bana n ckopocTtu W [ noctynaet
Ha BXOg, LMhpOBOIro peryndropa 6, KOTopbiii obecrneunBaeT 3a4aHHbI
Xapakrep ABVXEHUSA NpuBoda.
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MepcnekTuBbl AasibHeliLero passuTnsa anekTponpueoga c LU [, ces-
3aHbl C UCMOJb30BaHNEM MUKPOIMPOLLECCOPHbIX CPeACTB YNpPaBneHus.
B atom cnyvae oyHKUMM BCeX MOKa3aHHbIX Ha puc. 4.14 6/10KoB
yrpas/ieHus], 3a UCK/IFOYEHMEM CUIOBOIO 'r' CKO-
[pOCTU U MOJIOXKEHUS, BbIMOMHAET MUKPOMPOLLECCOP MO COOTBETCTBY-
oLer nporpaMmme.

CxeMa BeHTWIbHO-MHYKTOPHOrO 3/ieKTponpureoda. MNMpocroTa, Tex-
HOMOMMYHOCTb N AellieBM3Ha WHAYKTOPHbIX 3MeKTpoasuratenei
onpegenunn paspaboTKy U NpUMeEHeHME 4715 psaa padounx MawvH A
MeXaHV3MOB TaK Ha3blBaeMOro BeHTU/IbHO-UHAOYKTOPHOIO 3/1eKTPO-
npvisoga (BM ). Takoi aneKTponpuBoA, XapakKTepm3ayeTcs LLUMPOKUMMN
PeryimpoBOYHbIMY BO3MOXKHOCTAMMU N MOXET MMETb MOLLHOCTU OT
eHNL, 0O HECKOJIbKUX COTEH KU/IOBATT U Boree.

6

Puc. 4.15. Cxema (a) n xapakrepuctuku (6) BEHTUIbHO-NHAYKTOPHOIO
3M1eKTPONprBOAA

CTpyKTypHas cxema cuioBoi yactm BT B cnydae nutaHus ero ot
TpexdiasHoW CeTM MepeMEHHOrO TOKa NpeAcTaBneHa Ha puc. 4.15, a.
B ee cocTaB BXOOAT MHAYKTOPHBLIA Apuratens U, 3N1eKTPOHHbI KOM-
mMyTaTop K ¢ BbinpaMuTenemM B, gaTtunk nonoxeHwa [N poTtopa Asura-
Tena v cuctema ynpasrieHns CY BUTM. OcobeHHOCTs BUTT coctouTe
NPUMeHeHUN HAYKTOPHOIo ABUraTesisi C HeOAVHAKOBbIM KOINYECTBO»!
MoJI0COB CcTaTopa M 3y6LI0B POTOPa, fieXallym 06bIYHO B npeaenax 4- 12
Ha pucyHke B KayecTBe npviMepa MnokasaH TpexdasHblii gsuratenb
VIMEIOLLIMIA 6 MOJIIOCOB cTaTopa u 43ybua Ha poTope.
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Ha nontocax cratopa M/, pacnosnioxeHbl YeTbipe 06MOTKM A-a, B-b,
C-c, NOAK/MOYEHHbIE K 3N1IEKTPOHHOMY KOMMYTaTOpy, BbIMO/IHAEMOMY
O06bIYHO Ha CM0Bble TPaH3MCTOpPax TOro WM MHOIFo Tuna. B cxeme
pvc. 4.15, a B kKa4eCTBe yrnpasnseMbiX KIKUen KOMMYTaTopa UCMoSb3yHT-
CAl CU/I0Bble BUMNOMAPHbIE TPAH3UCTOPbI T1—T6¢ U30NMPOBaHHbLIM 3aTBO-
pom TMna IGBT. YnpasnieHne KnoyYamMmm OCYLL,ECTB/IAET CXemMa yrpas-
neHus CY, obecrneunsaloLLas nogady Ha HUX MMMy/IbCOB YNpaBneHus ¢
HeobXoAMMbIMU MOCIeA0BaTENbHOCTLIO 1 YACTOTOM, KOTOPbIE onpeae-
NAKTCA CUTHaUIaMuy 333aHnA CKOpOoCT Uxc U AaTumka nonoxeHns 114,

MpuHuyn gevicteusa BT coctouT B crieayrowlem. MNpu nogade nm-
My/bCOB YMpaBneHns Ha napy TPaH3UCTOPOB (Ktoyeil) oaHol dasbl
KOMMYTaTOp MOAKI0YaeT 06MOTKY 3TOM hasbl ABUratens K BbIXo4y
BbINpsMUTENs B. Mo 06MOTKe HauMHaeT NpoTeKaTh TOK, CO34a0LLNIA B
[ABvrarene MarHMTHoe nose. 3ro MarHUTHOE MOJIe BbI30OBET NOsB/IEHNE
3NEKTPOMAarHUTHBIX CU/T NPUTSXXKEHMSA MEX Ay nostocamm ctatopa v 6:u-
XaMWMMM K HAM 3yOLiaMm poTopa, KOTOpble CO304a4yT BpallatoLLnii
MOMEHT Ha Bany asurarens. og ero gelictenemM potop nepemectuTcs
B COr/1TaCOBaHHOE MOJIOKEHME, B KOTOPOM OCU BO30Y)XAEHHbIX MOMHOCOB
cTaropa n 6nvkanilunx K HUM 3y6LI0B poTopa 6yayT coBnaaaTh.

Tak Kak 41cno nontocos cratopa v 3yoL,0B poTopa pasnyHo, TO B
COrnacoBaHHOM MOJSIOKEHMN poTopa 415 paboTaroLein asbl cnegy-
toLLaA (pas3a OKasbiBAETCsA B PACCOr/IacoBaHHOM MOJSIOXEHUN U MOATO-
TOB/IEHA K 04epeHOMY MOAKMOUEHNIO K UICTOYHUKY NMUTaHus. Tpeby-
emasi nocnefoBaTe/lbHOCTbL NOAKAYeHNS (ha3 ABurarens K MICTOUHU-
Ky NUTaHWA, NPU KOTOPOI Ha ero sasly obecrneunBaeTcs NOCTOSHHOE
Harnpas/ieHVie BpaLlaloLLLero MOMeHTa, OCYLL,ECTBSETCA C MOMOLLbIO
HaxXOoAALLErocs Ha BasTy AaTuvka MoIOXKeHs.

CKOpOCTb BpaLLleHNs poTopa onpeaenseTca cneaytoLei thopmynon:

=" -, (4.22)
™

rnefK— yactoTa KOMMyTaLMM O6MOTOK; T — YnCno ha3 aBurarens;
1 —4K1C/1I0 3y6LIOB poTopa.

31a hopMyna rnokasbiBaeT BO3MOXXHOCTU BbliNO/IHEHMS BUTT Ha
pasnuyHble cCKopocTyn. Mpur BbICOKOW YacToTe KOMMYyTau MM 06MOTOK
MOIyT ObITb peann3oBaHbl /[, Ha 60/bLLIME CKOPOCTU BpaLleHus,
aBbIMOJIHEHME UX C BOJLLUVM YAC/IOM MOJIFOCOB CTATOPa U 3y6LIOB PO-
TOpa NO3BOJISET MONYUYUTL HU3KUE cKopocTy BUT. Mpuv HNU3KUX CKO-
poctax N[ n3 KnHematnyeckom cxembl BT mMoryT 6biTb NCKOYeE-
Hbl PeayKTOpbI.

MexaHnyeckmne xapakTepuCTUKN B Pa3OMKHYTON cTpykType BUTI
NP1 pasnNyHbIX HaNpPsXeHnsax NuTaHna U nokasaHbl Ha puc. 4.15, 6.
Mpy nomoLLM pasnnyHbiX 06paTHbIX CBA3er MOryT 6biTb ChOpMUPO-
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BaHbl XapaKTepuUCTUKM, obecneumBaroLLie perynimposaHue KoopavHar
3aneKTponpueoaa ¢ TpedyeMbiM kavyecTBOM. B BUTT MOXeT 6bITh pea-
NN30BaH 1 TOPMO3HOIM PeXXM paboTbl, OCYLL,ECTB/ISIEMbIN 3a CHET, Bbl-
60pa MOMEHTOB BK/IHOUYEHNA 1 OTKMOUebL/DK)YNCT LU *A6EP1 e P11

NokasaHHble Ha cxeme puc. 4.15, a anoasl D1—D6 cnyxat on
obecrneyeHVss BO3MOXHOCTU LIMPKYNALUU 3/1EKTPOMArHATHOM MOLLHO-
CTWN B 3/IEKTPOMNPUBOAE NPU OTK/IHOUEHUN CUMOBbIX TPAH3UCTOPOB, a
koHAeHcaTop C urpaeT posib huibTpa Ha BbIXOAE BbINPAMUTENS.

B coBpemMeHHbIX cxemax B/ LWLIMPOKO MCMNO/b3YHTCA MUKPOMPO-
LLeCCOopHble cpeAcTBa ynpasnieHus. MNpn MX MCNo/b30BaHUN B paae
C/ly4aeB OKasblBaeTCs BO3MOXHbIM OTKa3aTbCs OT MPUMEHEHUS B 3M1eK-
TPOMNPUBOAE AaTuMKa MOJIOXKEHUSA, a HEOOXOAUMYIO /11 ero padoThl
MHOopMaLMIO O MOJIOXKEHMN POTOPa NOJTYUNTb KOCBEHHBIM MyTeM. 3TO
MO3BOSAET YNPOCTUTL KNMHEMAaTUYeCKyto cxemy BUTT mn caenats ero tem
camMbIM 60/1ee NMPOCTbIM U HALEXHbIM.

Cxema aBTOMaTM4eCKOro pery/iMpoBaHns TOKa BO30Y)KAEHWSA CUHXPOH-
Horo asuratens. CUHXpOHHble asuratenu (C/A,) 3a cyeT perynvposa-
HWNSA CBOEro Toka BO36Y>kAeHNSA MOTYT U3MEHATb YPOBEHb LIMPKYNNpY™
toLIel MeXay HAM 1 CETbIO PeaKTVMBHOW MOLLHOCTU, paboTas, B YacT-
HOCTM, KaK KOMIMeHcaTopbl peakTUBHOI MOLLHOCTU. Kpome 3Toro,
C MOMOLLIBIO PerynMpoBaHns TOKa BO36Y)KAeHNA MOXHO CHMXXaTb MNo-
TEPU 3HEPIN B ABUraTesie 1 a/lEMEHTax CUCTEMbI 3/IEKTPOCHaOXKEHNS,
NMOAAEPKMBATL HAMPSHKEHVE MUTAIOLLEN CETU W KOI(MULIMEHT MOLL-
HocTn C/I. Takue cxXembl NOJy4n/IN Ha3BaHVe CXeM aBTOMAaTUYECKOro
perynupoBaHua Bo30yXaeHus (APB).

Ha puc. 4.16 B kauecTBe npumMepa npmseneHa cxema APB C/[. OHa
MOCTPOEeHa No NPUHUMNY NOAYMHEHHOIO PerynMpoBaHns KoopanHat*
obecreunBaeT perympoBaHue Tpex NepemMeHHbIX: ToKa BO30YXaeHWs,,
HanNpPsHKeHWs ABUraTeNs 1 PeaKTUBHOM COCTaBNstoLLEel Toka ctatopa C/.

MepBbIii U BTOPOWM KOHTYpPbl 06ecrneunsatoT perympoBaHme Toka
BO30Y)XAEHMSA C MOMOLLBHO perynstopa Bo3byxaeHns PTB. CurHan Ha
BXoae PTB chopmmpyeTcs M3 CUrHa/I0B 3aaHua ToKa BO36Y)XAeHUS,
MOCTYNaloLLLErO C PerynisTopa 3afaHnsa Toka Bo30yxaeHns P3TB, Teky-
Lero 3HayeHns Toka Bo3byxaeHuns /,, MoCTynatoLLero ¢ Jatimka Toka
BO30YXAeHUA 0,TB, U ycTaBKM MUHUMa/IbHOro Toka Anin BeIXo4QHOA
curHan PTB ¢ nomolpto C U @Y BO3OENCTBYET Ha TUPUCTOPHLIA BO3-
6yamnTens TB, KOTOPLIV 1 06ecneunBaeT TpebyeMoe perynmposaHme I

Ha Bxoa P3T B (BTOpOI KOHTYp perynmpoBaHust) NOCTynaroT CUr
Nbl, NPOMOPUVIOHa/IbHbIE KBaAPATY aKTUBHOM COCTaB/AIOLLEN TOKA C
Topa /, (KaHau1: KBagpaTuyHbIl Npeobpasosartesis 1K — dopmmpyton
ycunutens Y © ), Npon3BogHOM aKTMBHOIO TOKa (KaHauT: AaTuvK a
Horo Toka J AT — andochepeHumanbHbii Npeobpazosatenb M) n
TMBHOW COCTaBNsAIOLLEl TOKa C perynaTopa peakTmBHOIoO Toka PPT.



Puc. 4.16. 3aMKHyTas cxema aBTOMaTU4YeCKOro perympoBaHus ToKa BO30yxae-
HWS CMHXPOHHOIO Auraresns

Perynatop PP T BXOOUT B TPETUI KOHTYP — PeryiMpoBaHus peak-
TMBHOW COCTaBnsAoLLEeN ToKa /A Ha ero Bxoge CyMMUPYOTCA CUTHa-
Nbl 06PATHOW CBA3U MO PEaKTVBHOW COCTaBNAIOLLEel ToKa (4aTumK pe-
aKTMBHOro Toka [ PT) 1 ABa cMrHana 3agaHus — OT perynsropa Ha-
npsbkeHns PH 1 curHana 3agaHns YpoBHS PeakTMBHOIO TOKa /A

Ha Bxoge /W (4eTBepTbIi KOHTYP perympoBaHms) CyMMUPYHOTCA
CUMHa/Ibl 06PATHO CBA3M MO HanpsXeHUto U, (4aTunk HanpsKeHns
[H) n aga 3apaloimx curHana — HOMMHasIbHOro Umtvivt i MUHUMaUTb-
Horo f/3mHanpskeHnii. KOHTYp perynvnpoBaHust HanpshkeHus obec-
rneuvBaeT Takke hopCMPOBKY BO30YXAeHUA CL Npy CHUXEHUN Hanps-
YXeHMs B NuTatoLlen cetn ao 0,8-0,85 HOMMHATLHOIO 3a CYET Hasn-
4nsi B CXEME CMeLMasibHOro y3na hopcnpoBKM BO36YXAEHNS.

4.5. CNEAAWUVNE SNEKTPONMPUMBO A4bI

CnensAwnm HasblBaeTCs 3/IEKTPONPUBOLA, KOTOPLI 0becneunBaeT
(BOCNPOM3BOANT) C 334@HHO TOYHOCTLHO ABVXXEHNE NCMOMHUTENTBEHOTO
opraHa pabouyeii MalllnHbl B COOTBETCTBUM C MPOU3BOJIbHO U3MEHS-
HOLMMCS BXOLHbIM CUTHaUTOM YMpasfieHns. 3TOT CUTHaT MOXET n3me-
HATBLCA B LUMPOKMX Npeaenax no npon3so/ibHOMY BPEMEHHOMY 3aKO0-
HY 1 UMETb MEXaHNYeCKYH0 1M 3N1eKTPMYECKYo npupoay. Yaule sce-
ro BXOAHOW CUrHan nNpeacTasnseT cCob0oi CKOPOCTb UK Yron NoBopoTa
ocv MM Baa 3ajatoLLero yctpoiictea. Cnegawmnii aneKTponpuBog,
NpUMeHseTcs 419 aHTEHH PagnoTeNecKomnoB N CUCTEM CMYTHUKOBOW
Cc®A3K, B MeTa/I/I006padaTbIBalOLLMX CTaHKaxX, 4715 MpBoga po60oToB 1
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MaHUMynAaTopoB, B aBTOMaTUYECKMX N3MEPUTE/bHbIX YCTPOMCTBaX™
BO MHOIMX APYrux criyyasx.

Cnepgawuin anektponpueog, (puc. 4.17) cocTtonT 13 gaTymka BXoa-
HOro curHana 1um gatumka 5 BbixogHo Ko Mtii9¥W ,r"5\We Nef \fef 98-
cornacoBaHusa 2, CUCTEMbI yripasneHna 3 1N 3aNeKTpoaBuraTesia ¢ Mexa-
HMYECKOW nepenaqvein 4, KOTopas NPBOAUT B ABVKEHWE VCTIONHUTE b—
Hblli opraH 6 pabouein MallIVHBI.

Puc. 4.17. Cxema criefifiLLlero a/1eKTponpusoaa

JaTtunkn BXOAHON 1 BbIXOL4HOW BENVNYMH NPeobpasytoT MexaHNyec-
K1e BEe/INUYNHbI (CKOPOCTb WM Yro/ MOBOPOTa Basia) B S/1EKTPUYecKme —
BXOLHOI cnrHan Un mn curHan obpatHoii cessu {/«. ViamepuTtesns pac-
COrnacoBaHus 2, airebpanyecky CyMMMpYys 3TN CUTHasbl, BbipabaTbl-
BaeT CMrHa/ paccorsiacoBaHmsa £ NocTynaroLnii B CMCTeMy yrpasse-
Hus 3. Cnegawnii aNeKTponpuBog NO CBOEN CTPYKTYpe NpeacTaBnseT
CO60I 3aMKHYTYI0 CUCTEMY, AEACTBYIOLLYIO MO NPUHLWMY OTKIOHEHWUS.

CuctemMa ynpasneHust 3 COCTOUT U3 perynstopa (YeunmTens) n cu-
I0BOro Npeo6pasosaresisi, KOTopble 06ecrneyurBaloT HeO6XoanMOoe rpe-
0o6pas3oBaHWe CUTHaNa paccornacosaHus tAB Hanps)keHre U, NOCTy-
natowiee Ha gsuratesib. 3a cHeT BbIbopa CXeM perynsropa v npeobpa-
30BaTens Un BeeLeHNs KOPPEKTUPYIOLLIMX YCTPOWCTB 06ecneunsaeTe™
HEO6XOANMbIV 3aKOH U3MEHEHWS 3TOr0 HaNpPsXKEHUs BO BPEMeEHU 1A&
npv oTpaboTke BXOAHOIO BO3AencTBums W, (/) nin dxa/).

AnekTpoasuratenb N MeXaHN4YecKas nepeaada 4 B COOTBETCTBUN C
3aKOHOM M3meHeHus U {t) obecneumBatoT nepemMeLLeHne UCNOHUTE b
HOro opraHa 6. ViHorga apuraresib C MEXaHNYeCKOo nepeaayeil Hasbl-
BAOT NCMNO/THUTENbHBLIM MEXaHVN3MOM (CEPBOMEXaHU3MOM).

Knaccudmkayms cnegswero snekrponpueosa MOXeT 6bITb BbINO/I-
HEeHa Mo HEeCKONbKNUM Mpu3Hakam. Ecnu cnegsawmin aneKTponpuseos,
npeaHasHayeH 471 BOCMPOU3BEAeHNs C 334aHHOM TOYHOCTbLIO CKOPO-
CTW OBWXEHMA UCMONHUTENbHOIO OpraHa, OH Ha3blBaeTC CKOPOCT-
HbIM, @ eCNN MNOI0KEHUA — TO NO3ULMOHHbIM.

PasnuualoT creffwme 3N1eKTponpuBoAbl C HeNpepbIBHbIM U Mpe-
pbIBHbIM yNpaBneHneMm; rnocnegHue, B CBOK ovepeab, AeNdTcs Ha pe-
neiliHble U NMNY/bCHbIE.
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B crnegswmnx anekTponpuBoAax HEMpPepbIBHOMO A,eiCTBUA Harpse-
HVe, NPOoropLMOHa/ILHOE CUTHAaTY PaccoriacoBaHms, NOCTOAHHO MNo-
[aeTcsa Ha apurarefib.

Cnepswnin aNeKTpPoNprBOA, peneiiHoro O,ecTBns XapakrepusyeTcs
TeM, UTO HaNpPsXeHWe Ha asurartefls NoAaeTcs TO/IbKO B TOM Criyyae,
KOrZda CUrHa paccor/siacoBaHus AOCTUraeT ONpeaeneHHOro 3Ha4eHusl.
Moatomy paboTa peneiiHoro criegsLero a/eKTponpmeoLa Xapakrepu-
3yeTcs onpeneneHHOM 30HOM HeYYBCTBUTE/TIbHOCTM MO OTHOLLEHUIO K
BXOLHOMY CUTHaUTY.

VIMAynbCHBIV creaswmin anekTponpueoa, OT/INYaeTCa TeM, YTO yrpas-
nsAoLLLee BO34ENCTBME Ha ABUrartesib No4aeTcs B BUAE MMMY/IbCOB Ha-
npsHkeHus, amnanTyaa, Yactota nan 3anofiHeHne KOTopbIX N3MEeHS-
eTcA B 3aBUCUMMOCTU OT CUrHasia paccornacosaHus. B atnx cnyvasax
rOBOPSIT COOTBETCTBEHHO 06 aMM/IMTYgHO-, YaCTOTHO- U LUMPOTHO-
VIMMY/IbCHOM MOAYNALMN CUTHaNa ynpasieHus.

B cnepgsem anekTponpmBoge UCNOb3yHTCA ABUraTenn nepemMeH-
HOro M MOCTOSIHHOIO TOKa, Pas3/INyHble BUAbI yeunutenei (3nekTpo-
MallVHHbIe, MarHUTHbIE, MONYNPOBOAHUKOBbLIE, MHEBMATUYECKUE,
rmapasnanyeckume), 4aTYNKN CKOPOCTU U NOMIOXKEHUA U ApyrMe aHao-
roBble N LMIPOBbIE YCTPONCTBA yrnpaBieHNs.

Puc. 4.18. CxeMa cnefsLLero afeKTpornpueoaa ¢ ABUraTesieM MocTosHHOMO Toka
peneiHoro aelictauns

Cnepsmin anekTponpuBog NOCTOSHHOIO TOKa pefeiiHoro AencTeus.
B 3Toi cxeme anekTponpueoga (puc. 4.18) ncnosnb3yeTca gpurartesb rno-
CTOSIHHOIO TOKa Noc/ie0BaTe/lbHOro Bo36y)KaeHns A/, nMetoLw i age
06MOTKM BO36Y)XAeHNss OB1 n OB2. YNpaB/fieHve ABMraTtesieM ocylue-
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CTB/IAETCH C MOMOLLLH CUMOBbLIX TPAH3UCTOPOB VT1un VT2, Kaxapii 13
TPaH31CTOPOB paboTaeT Npu onpeaesieHHON NOSPHOCTN CUrHana co-
rnacosaHusa t/4 obecneunsas OAHO U3 HarNpasAeHWIA BpaLLleHVs ABura-
Tens. Ecnn oTKpbIT TpaH3mctop VT, Tok HAWX6anTTO'O/1M XMmran-
TeNb BpaLaeTcs B OQHOM Harpas/ieHUN, eC/i Xe OTKPbIT TPaH3UCTop
VT2, TOK npoxoamt no OB1 1 OH BpalllaeTcs B APYroM Hanpas/ieHUN.
HanpasneHue Toka aKkops B 0601X C/yyasiX OCTaeTCAd HEN3MEHHbIM.

Pa3psgHble guoabl VD3 n VD4 cniyXaT 4719 CHATUA NepeHanpshke-
HWI, BO3HMKAKOLLMX NPU OTK/IOYEHMN 06/1a4atoLWnX 3HAUNTENbHO
WHAOYKTUBHOCTBIO OOMOTOK BO36Y)KAEHUA U AKOPS.

B paccmatprBaemMom creasilemM 3NeKTpornpmrBoae B KavecTse aat-
YMKOB BXOLHOW M BbIXOAHOW BEMNYMH UCMOJb3YIOTCA KOMbLEBbIE MO-
TeHumomeTpbl /7 1 M2, KOTopble 06pa3ytoT Tak Ha3biBAEMbI NOTEH-
LLMOMETPUYECKUI N3MepUTeNb PaccoriacoBaHus.

[BMKOK noTteHumomeTpa M1 (gaTymka BXOAHOM BENUUYMHbI) CBS-
3aH C BbIXOAHbIM Ba/IOM 33[at0LLEero ycTpoicTaa 3Y, KOTOpbI npes:
cTaB/fisieT cob0l B JaHHOM Cnyyae peaykrop C Py4YHbIM MPUBOAOM.
[BWMXOK noTeHUmomeTpa M2 (gaTynka BbIXOLHOM BE/TMUMHbI) CBA3aH
C B/IOM peaykKTopa P, pacrosioXeHHOro Ha Basly Apuratens u pabo-
yell MalvHbl PM . PegykTopbl 3Y 1 P UMEKT OANHAKOBOE Mepeaarod-
Hoe uncrio. NMuTaHre NoTeHUMoMeTpoB A/ 1 M20cyLLecTBAeTCA Ha-
MPs>KeHMeM MOCTOAHHOIo Toka U,

CuvrHan paccorsacoBaHusa t/4 CHUMaeTCs C ABUKKOB MOTEHLIMOMET-
pos M1 n N2. NMpn X oANHAKOBOM YI/IOBOM MOJIOXEHUW, YTO COOT-
BETCTBYET HyNeBOMY Yr/jy paccornacoBaHus Ap=d,-d .1, curHan
#i=0. Npwn 3aTOM paBeH HyNO N curHan U4Ha Bbixoae yeunurtens Y,
06a TpaH3UCcTopa 3aKpbITbl 1 ABUraTeNlb HENOABMXEH.

Mpw BO3HMKHOBEHWN PaCCOr1acoBaHUA MEX Ay YroBbIMU MOSOXKEHU-
AMMW OBUXKOB NOTEHUMOMETPOB M1 1 M2, BbI3BaHHOIO NOBOPOTOM PY-
KOATKM 3Y, curHanbl U | 1 UsCTaHOBATCSA OT/IMYHLIMW OT HyNs. B 3aBu-
CHIMOCTW OT MOJIAPHOCTU CUrHav1a t/4, koTopas onpeaesseTcs 3HakoM yrra
paccornacosaHus (OLWMOKW) O, curHan U&noaaetcs Ha TpaH3mcTop VT1
(no uernv avop, VD10— ctabunutpoH VD5 — pesuctop R3—avog, VD7)
vnn VT2 (no uenv gyog VD9— ctabuntpoH VD6 — pesnctop R4—ayiog,
VD8). Ecnu aToT curHast NpesbILIaeT nopor cpadarbiBaHNs cCTabuinTpo-
HOB VD5 mnn VD6, TO COOTBETCTBYHOLLWI TPaH3UCTOP OTKPOETCH,
rnoakoyas Asuraresib K MICTOYHUKY NUTaHna ¢ HanpskeHvem U. [Bu-
rarefib Ha4YHET BpaLLaTLCH, MOBOPaYMBas Bas paboyeil MallvHbl PM 1 ocb
[OBVXKKa noteHumomeTpa 2B Hanpas/ieHnu, Npy KOTOPOM BO3HUKLLIEE
paccorsiacoBaHue B cMcTeme OyaeT YMeHbLLATLCA M CTPEMUTLCS K HYTIHO.
Korga curHan #actaHeT MeHbLUe HanpshkeHWs OTKPbIBaHUSA cTabunu-
TPOHOB VD5unm VD6, paboTatowuii TpaHsmcTop ( VT1 nam VT2) 3akpo-
eTCs N OTK/TIUUT ABUrartesib OT UICTOYHUKA MUTaHUS.
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Taknm 06pa3om, 3NeKTPoNpuBOA, B AaHHOM cxeme oTpabaTtbiBaeT
330aHHOE NepemMeLLeHme g3 C HEKOTOPOW MOrpeLLIHOCTLI0, 06YC0BEH-
HO HEYYBCTBUTENIbHOCTBLHO CUCTEMBI M3-3a Nopora cpabartbiBaHWA CTa-
6UMTpoHoB VD5, VD6. 30HY HEeYyBCTBUTE/IbHOCTU CUCTEMbI CTapa-
l0TCA Aenatb BO3MOXHO MeHbLUed B npegenax 2..3* yrna pac-
cornacosaHms. OHaKO CHMXXEHUE 30Hbl HEYYBCTBUTE/IbHOCTU MOXET
MPUBECTN K BO3HNKHOBEHUIO HeXenaTe/lbHOro KosebaTesibHOro pexm-
Ma paboThbl 3/IEKTPOMPUBOAA OKOJI0 MNOIOKEHUSA paBHoOBecKUs. Adhhek-
TMBHbLIM CPEACTBOM YCTPAHEHUS TaKOro pexunma SB/sSeTcs BeedeHne
B CUCTEMY A0MO/THATENbHBIX CUTHA/IOB MO MEPBOW U BTOPOI Mpouns-
BOAHbLIM CUIFHa/1a paccor/lacoBaHus, a Takke UCMo/b30BaHME 3/1eKT-
pYYECKOro TOPMOXXEHUSA MOC/e OTKKYEHUA ABUraTesns.

JocTonHcTBaMM crepsamx aNeKTponpuBoL0B PeenHOro NpUHLM-
na geicTeus SBASKOTCA MX MPOCTOTa, HaAEXHOCTb U BO3MOXHOCTb
MOJTly4eHUs ONMTUMaJIbHbIX TPAEKTOPUIA ABUXEHMS UCMOMHUTENbHbBIX
OopraHoB pabounx MalluvH. K HegocTaTkam TakMX CUCTEM crefyeT OT-
HECTU UX CK/TOHHOCTb K KOIebaHMsaM N Ha/inume onpeaeneHHon He-
YyBCTBUTENIbBHOCTU (HETOUHOCTN) MPU CIEXEHUN.

Puc. 4.19. Cxema cnefgawero a/eKrponpueoga ¢ aCMHXPOHHbIM ABUraTesiem

Crnensipin aneKTponprBog, NEPEMEHHONO TO Ka MPOMNOPLIOHaILHOMO Aeit-
cTBUSA. B cnegsawem anekrponpueoie LMPOoKOe NPpUMEHEHVe HaxoasaT
aCVMHXPOHHbIE ABUraTeNn, KOTOpbIE OT/INHAKTCA HaOEXHOCTbLIO B pabo-
Te U AONrOBEYHOCTLI0. [py co3aaHny MasToMOLLHbIX (00 1KBT) cneas-
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WX 3/1EKTPONPUBOLO0B 0ObIYHO UCTO/b3YIOT ABYX(hasHble KOPOTKO3aMm-
KHYTble ABUraTesiv, B TOM YMC/e U C NOJbIM POTOPOM (puc. 4.19).

Jsuratens A/nmeet 06MOTKM BO36YaeHus OB 1 ynpasneHns OY
KOTOpPbIEe MUTAOTCA CABUHYTLIM MO dhase
NIMpOBaHVe CKOPOCTY ABUraTess OCyLLEeCTB/AETCA U3MEHEHVEM AENCTBY,
IOLLLEro 3HaYeHMs Hanps>keHns Ha OY, KoTopas rnoJsiydyaeT nuTaHue ot
dhasbl A TpexhasHo ceT NePEMEHHONO TOKa Yepes TMPUCTOpbI VS1- V4.
O6moTKa BO36yXaeHus OB cBa3aHa ¢ thazamu B, C yepes TMPUCTOPbI
KS5—VS6. Tupuctopbl VS1—VS6 06pasytoT CTaHOAPTHbIE CXEMbI Pery-
NATOPOB HaNPHKEHNS NepeMeHHOro Toka. OHW MoMapHO BK/THOYEHbI M0
BCTPEeYHO-NapasiiesibHOM CXemMe, YTO O6ecreunBaeT NpoTekaHve TOKa o
obmMoTKam B 06a nosyrnepuoaa NUTaoLLEro HarnpsXXeHns.

PaccornacoBaHve Mexay 3a4atoLLeli OCblo 1 Ba/IOM 3/1EKTPOMNPUBO-
[a N3MepSIETCH C MOMOLLbHO CETbCMHHOW Napbl, COCTOALLLEN U3 CENbCU-
Ha-garuvka COun cenbcuHa-npuemMHuka Crl. NonoxeHne portopa CA,
330aeT BXOAHOW curHan du, a nonoxeHne potopa Cl onpeaenseT yron
MoBOPOTa Basia 3NeKTponpuBoaa CvrHan paccorsacosaHvst £ cHU-
MaembIi ¢ 06MOTKM cTatopa CI1, NPOnopLMOHasIeH Pa3HOCTM YI/ioB @,
1 (NX a haza 3TOro HanpsHKeHUa onpeaensieTcs 3HakKoM 3TOM pasHo-
ctn (oW nobKN).

CurHan paccorsiacoBaHua U i mogaeTca Ha BXog, ha3ouyBCTBUTE b-
Horo ycunuTtensa Y1. Nocne NpoxoxaeHns yepes KOPPeKTUpYyLoLLIee 3Be-
HO, cocTosLLee 13 pe3ncTopos R I, R2 n koHaeHcatopa C/, curHan pac-
COrnlacoBaHus YCU/IMBAETCS YCUIUTENEM Y2 B BUZE HaNpPsHKeHNIA tAL
1 U& noctynaet Ha 610K ynpas/ieHUsi TMpnuctopamu.

Cxema paboTaeT criefiyroLym obpasom. Npu nossneHnn curHasa pac-
cornacosaHunsi ¥/AB 3aBUCUMOCTM OT ero hasbl Ha BbIXOAEe yCunuTens y2
rnossNATCA HanpsXxeHna QI unm tfc. Npu BO3HNKHOBEHNN, HanpUvep,
HanpskeHus UM C U &Y nogaeTt MMMy bCbl yNpasieHns Ha TMPUCTOPbI
VS1, VS2, VS5, VS6. TupucTopbl OTKpPbIBAKOTCA, M Ha OY n O nogaot-
ca HanpsbkeHUa Uoy n Uot, KOTOpble NPOoropLmoHasibHbI CUTHauTy pacco-
rnacosaHus UM. ipuraresi M HauMHaEeT BpaLlaTsCsl, yMeHbLUIast yros pac-
cornacosaHusa Ad=dro- ™ xmexay ocamun cenbcnHos CA u Cr.

Mpwu gpyroii ase curHana t/4, yTo MMeeT MeCTo NpU U3MEHEHN
3Haka yrnia paccoriacosaHna A, Ha BbIXOAe yCUnuTens Y2 rosenseTcs
HanpskeHne U/, 3TOT CUIrHau Bbi3bIBAET BK/IOYEHWE TUPUCTOPOB VS3,
VS4, n Ha 06MOTKY yrnpaseneHuns OY 6ydeT nogaHo HanpshkeHune UoV
cABMHYTOEe No pase Ha 180 MO cpaBHEHUIO C NPeabIayLLINM CyYaeM.
MockoNbKY O4HOBPEMEHHO C 3TUM OTKPOIOTCA TMPUCTOPbLI VS5 1 VS6
1 OSTaKKe Nony4nT NUTaHWe, apuratesi M HaYHET BpaLLLaTbCsl, HO Y)Ke
B ApPYroM HarnpasneHun. Takum o6pa3oMm, 3a cHeT U3MeHeHUs hasbl
HanpskeHWsa Uoy OCYLLLECTBIAETCH peBepc Asuratens M, uto obecneun-
BaeT 0TPabOoTKy yrna paccoraacoBaHus il060ro 3Haka.
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KoHpaeHcaTtopbl C2-C5 u pe3snctopbl R3, R4 ncnonb3yrotcs 4/s
CrNaXmBaHus NynbCcalnii HaNpsHKeHNss Ha 0OMOTKax ABurartensi.

LiMhpoaHaioroBbIii MO3ALMOHHDIN crefsawmii 3 M nocTosHHOro Toka. Mpu
Heo6X0AMMOCTY MOJTyHEHUS BbICOKO TOYHOCTY criexxeHmns (go 0,001% ) B
CneasLLVMX AMeKTPONPUBOAAX NPUMEHSIOTCH LIMGIPOBbIE YCTPOICTBA yrpas-
neHna (3a4atuvku, CyMMaTtopbl, CHETYUKN U TN.) N OATYNKU KOOP-
OvHaT. B page cnyyaes UpMpoBast 3MepuTeNibHas YacTb COYETaAETCs C
aHa/I0roBOM, BbIMOMHEHHOM MO NPUHLLMNY NOAYNHEHHOrO perynmposa-
HUA KOOpAMHAT, B pe3y/ibTaTe Yero 06pasyroTcs Tak HasblBaemble Lnd-
[pOaHasI0roBble CXeMbl YNPaBeHNs 3/1eKTPONPUBOAA, COUeTaOLLIME B cebe
MOSIOKMTESbHbIE CBOMCTBA LIM(PPOBLIX 1 @aHAIOrOBbIX CUCTEM.

AHanoroBas 4acTb anekTpornpusoga (puc. 4.20) BbiNMosiHeHa no
CTPYKTYPe NOAYMHEHHOIO PerympoBaHNS KOOPAWHAT, B KOTOPOIA BHELL -
HUA KOHTYP PeryiMpoBaHus MOMNOXEHMUA BbIMNOSHEH LM(POBLIM,
a BHYTPEHHWE KOHTYPbI PeryimpoBaHns TOKa U CKOPOCTU — aHa/1oro-
BbIMW. AH&UI0roBas YacCTb COLEPXUT PEry/isTop Toka PT, Ha KOTOPbI
MOCTynatT CUrHasIbl 334aHNsA MO TOKY £/, 1 06paTHO CBA3U MO TOKY
UQL nopasaemble COOTBETCTBEHHO C perynatopa ckopoct PC v aat-
uyMka Toka OT. BbIxogHOW CUrHan perynstropa Toka Uy siBnseTtcs
ynpasnaoLwmnM 419 PeBEPCUBHOIO rnpeobpasosaresisa MY, nuraroLero
AKOPb ABUraresia NOCTOAHHOIO TOKa He3aBUCMMOIo BO30YXAeHUA M.
Perynsatop ckopocTtu PC, B CBOIO ovepep, NosyyaeT curHauisl Uax oT
Jlatunka CKopocCTu (TaxoreHepartopa) BR n UiC OT 3agatunka UHTEH-
CUBHOCTU 31, BXOAHbLIM CUFH&/IOM KOTOPOrO SBASETCS BbIXOAHOM CUT-
Han i/,'caHanoroBoro perynsropa nosioxeHus Pri.

AHasiorosas 4yacTb

Puc. 4.20. Cxema LIMdpoaHasioroBoro criefsilero aneKTpornpueoaa

B coctas LmdpoBOi N3MepUTENbHOM YacTu afekTponpueoaa, op-
MUpPYIOLLIEl CUIHA PaccornacoBaHusa U& BXOAAT AaTYMKU BXOOHOM
AMN1 v BbIXogHON [1M12 KOOpAMHAT 3NeKTPONprBoga (Ero NosioXKeHus),
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apuIMeTUNHECKOE CyMMUpPYOLLLee yCTpONCTBO ACY, npeobpasosaresib
Kopa B HanpsbkeHne MKH (NpeobpasosaTtesib «ko, — aHaor») 1 npe-
obpasoBaTesib Koga NosiokeHus sana 4N Tb ABOMYHbIA Kog, MK.

PaboTa LphpoBOIi YacTu criegsilero
cnepyoLmm obpasom. Tpebyemoe rnepemeLLieHNe UCTIONHNTETbHOTO ar-
perata paboueili MallvHbl BblpabaTbiBaeTca 3a4aTtyuMkomM M1 B Biae
ymcna N>n B ABOMYHOM KOAE. STOT CUIHaUT MOAAETCA Ha BXQA, CyMMaTo-
pa ACY BMeCTe C YMC/I0BbIM CUTHasIoM N,, (TaKkke B ABOVMYHOM KOZAE),
COOTBETCTBYHOLLNM ENCTBUTE/IbBHOMY MOJIOXEHMIO UCMOTHUTENBHOIO
opraHa pabouein MalluHbI.

Cymmatop A CY o6ecrieumBaeT CyMMUPOBaHNE 3TUX AByX Ludpo-
BbIX CUTHA/IOB U BblAENEHNE CUTHasIa paccorniacoBaHus (OWmnoKn) B
uncposom koge Janee undpoBoii curHan JTuc NOMOoLLEI0 NPeod-
pasoBaTtenisi [ KH npeobpasyeTcs B aHa/IOr0BbI cUrHan UA(Hanpshke-
HVe MOCTOAHHOrO TOKa), KOTOPbLIF MOCTynaeT Ha BXOA perynsropa
rnosioxxeHus Pr.

LinchpoaHanoroseiii cnegawmii aNeKTponpuBoL MMEET XOpoLuve an-
HaMU4ecKme nokasartenn paboTbl 3a CHET aHa/IOrOBOI YacTU U BbICOKYHO
TOYHOCTb C/IEXEHUSA, 0becneunBaemMyo LIMGOPOBOM YacTbO. INEMEHTHI
M YCTPOWCTBA TaKoro 3/1eKTponpmuBoga MOryT 6biTe peasin3oBaHbl Ha
OCHOBE YHU(IULIMPOBaHHOM cepun aHasioroebix (YBCP-AWN) n yudpo-
BbIX (YBCP-[,) perynstopos.

4.6. QNEKTPOMNPMNBO bl C MPOTPAMMHBIM
YMNPABJTEHVEM

AneKTponpuBoA, ¢ NpPorpaMMHbIM yrpas/ieHneM obecrneunsaeT ABU-
YKEHNE NCMONTHUTENBHOIO OpraHa paboyeii MalLMHbI MO ONpeaeieHHON,
Hanepeg, 3a4aHHOM NporpaMme.

YaLLie BCero aneKTponpuBoA, ¢ Taknm yrnpas/eHemM NpYIMEHSETCA Npu
00paboTKe AeTaneli Ha MeTas/ioobpabaTbiBatoLLIMX CTaHKax. Hanpumep,
napTus getanieli [o/mkHa NPoTn 06paboTKy Ha MHOrOOMNepaLiOHHOM
CTaHKe, NO3BOJISOLLEM OCYLLLECTB/ISIT CBEP/IEHNE, (Dpe3epoBaHme, Toue-
HVe 1 apyrve TeXHOMormyeckme onepauun. MNMpmn ncnonb3osaHMM npo-
rpaMMHOIo yrnpasneHus nepes 06paboTKoM AeTani COOTBETCTBYHOLLIUM
06pa3om cocTaBnAeTCA NporpaMmMa, B KOTOPOi 334at0Tca MOpsaoK cme-
Hbl MHCTPYMEHTA, HEOOXOAMMbIE MNEPEMELLEHMS CTOMA, HA KOTOPOM Kpe-
NMNTCA AeTasb, PEXMMbI PadoTbl NHCTPYMEHTOB U ApYre TEXHOIOrNYec-
Kre gaHHble. [1ocne aToro a/1eKTponprBoabl UCMOMHUTENIbHLIX OPraHoB
CTaHKa peannsytoT BbIMO/IHEHVE 3TOV NPOrpaMmbl.

MpumeHeHne ctaHKoB ¢ UMY nossonseT pe3ko (B 2—6 pa3s) yse-
NNUYNTb NX MPON3BOAMUTENBHOCTb, COKPATUTh CPOKU MOAIOTOBKN MpO-
M3BOACTBA U TEXHOTONMYECKOW OCHACTKM Mpy CMEHe AeTan, YMEHb-



WKnTb 6pak, NepenT K MHOroCTaHOYHOMY 06CnyXMBaHUIO, obecrie-
YNTb B3aMMO3aMEHSEMOCTb, YTO MO3BOINT NOJYUYNTb 3HAUNTESbHBIN
3KOHOMUYECKMIA apdoekT. Vicnonb3oBaHme YTY ocobeHHO ahdekTmBs-
HO NPV MENKOCEPUNHOM NMPON3BOACTBE N 4YaCTO CMEHEe HOMEHKNa-
Typbl 06pabaTbiBaeMbIX AeTaseN.

O606LLeHHas CTPYKTypa anektponpusoga ¢ UMy npueeneHa Ha
puvc. 4.21. OT NpOrpaMMHOIo yCTpoicTBa AYcurHan ynpaeneHms U,
MOCTYMNaeT Ha /IEKTPOMNPVBOA, KOTOPLIM 06ecrneunBaeT OTpaboTKy 3TO-
ro CUrHana ynpasseHus, nepemeLlasi CooTBETCTBYHOLLLUM 06pas3oM mnc-
NOSHUTENbHBIV OpraH MO paboyeli MallnHbl (CTaHKa). COBOKYMHOCTb
nporpaMMHOro ycTpoiictsaa Y 1 aneKTponprBo4a MHOr4a HasblBatoT
CUCTEMOI NPOrpamMmMHOro ynpasneHus Cry.

cny

Puc. 4.21. Cxema aneKTponpuBoga ¢ NMporpamMMHbIM yrnpaB/ieHnem

B CMY MOryt ncnosib30BartbCA BCe PacCMOTPEHHbIe paHee BUApI
3NEKTPONPUBOA0B NMOCTOAHHOIO U NEPEMEHHOIO TOKa, KOTOpbIe Bbl-
MOIHATCA Pa3sOMKHYTbIMU U 3aMKHYTbIMUW, C aHa/10roBbIM 1 LIPOo-
BbIMW 3M1EMEHTaMV yrpasfieHns u 1.4,

Bcsi COBOKYMHOCTb CYLLLECTBYHOLLMX NPOrpaMMHbIX YCTPOCTB Ae/NT-
CS Ha HeYMCoBble (LMKITOBBIE) U YACNIOBbIE MPOrpamMMHbIE YCTPOKCTBA.

AneKTPonNpuBOA, C HEYUCIOBbIMU  (LMK/IOBLIMIK)  [POrPaMMHBIMIA
YCTPOWCTBaMW. 3TW NPUBOALI NCMOJIL3YOTCA A1 06eCcneyYeHns NoBTo-
PAIOLLMXCA OANHAKOBbLIX LINK/IO0B ABVXXEHUA NCTOMHUTE/bHBLIX OPraHoB.
MporpaMmHble YCTPOWCTBA TaKUX 3/IEKTPOMPUBOL0B BbINMOHAKTCS C
NPUMEHEHVEM Pa3/INYHbIX KOHTAKTHbIX N 6ECKOHTaKTHbIX arnaparos
peneiHoro AencTBUs — KOHEYHbIX U MYTEBbIX BbIK/OUaTe e, waro-
BbIX MCKaTesieil, CYETYMKOB, CPEACTB NPOrpaMMUpPYEMOI STOTUKN.
K anekTponpvBogam C¢ HEYMCNOBbLIMY NPOrpaMMHbIMU YCTPOCcTBaMM
OTHOCATCA TaKKe CUCTEMbI C MCMO/1b30BaHVEM LLAG/TOHOB N KOMNWPOB,
KOTOpbIE HaLWIN NPUMEHEHME B Pa3NNYHbIX KOMUPOBa/IbHbLIX CTaHKax
1 aBTOMarax. B Takmx cmctemMax O6bIYHO MCMOb3yeTCs CnesLwnii
9/IEKTPONPUBOA, PeNeiiHOro AencTBuS.

B Heuncnoson CMY (puc. 4.22) snekrpogsuratesis M NpuBo4nT B
[OBVDKEHME VUCMO/THUTESbHBIA opraH MO, KOTOpPbIM MOXET 6bITh, Ha-
npumep, CynnopT CTPOrasibHOro CTaHkKa, «pyka* MaHunynaropa v 1.4,
B KpaliHVX MOMOXEHNAX NCNOMHUTENBHOIO opraHa O ycTaHOB/EHbI
KOHeYHble Bbik/I4vaTenm SQ1 1 SQ2, KOTopble BMECTe C KOHTaKTO-
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pamun K | n K2 n kHonkamu ynpasneHus SB1 v SB2 06pasyroT cxemy
ynpasneHusa asuraresnem. Npu BKNOYEeHNN KOHTakTopa K1 asurartesib
M obecneunBaeT gskeHre O B yC/IOBHOM

a npu BK/IDYEHNN KOHTakTopa K2 — b yc/ioBHOM HarnpasneHnn «Ha-
3aa*. MpegnonoXxmm, 4To B ICXOOHOM MOJIOXKEHUN NCMONHUTE bHbIN
opraH V1O HaxoauTca B MPOMEXYTOYHOM MOMIOXEHUN U HUA OOVH U3
KOHEeYHbIX BblK/IOUaTesnien He Haxar. Jns Hauana paboTbl HOKUMaeT-
CA KHOMKa SB1, B pe3ynbTare Yero BK/IoYaeTcs KOHTakTop K1 v aAsu-
ratesnib A/, byayun NOAKIOUYEHHbIM K MUTAKOLLIEN CETU, 0becneunBaeT
AsmKeHve MO B HanpasneHnn «Bnepeay.

KTl KIr
01
no
SQ2 i Hasag
' Bnepep SB2 Sin OBM sQ2 K\
N *
n
o3

Puc. 4.22. Cxema UMKIOBOW CUCTEMbI NPOrpPaMMHOro yrpas/ieHUsi

Mpwn nogxoge N O K KOHEYHOMY BbIK/HOUaTENO SQ2 1 BO3LENCTBUN
Ha Hero NPouCXoAuT paspbIB LIEN KaTyL KM KOHTakTopa K | n noaxnto-
YeHMe K MCTOYHUKY NUTaHUA KOHTaKTopa K2. 3a cyeT nepek/ioyeHuns
3TNX annapaToB N3MEHUTCA Ha NPOTUBOMNOJ/IOXKHYHO MONAPHOCTL Harnps-
XKEHUA Ha fikope gsurarens A/, 1 OH Ha4yHEeT BpallaTbCcs B 06paTHyHO
CTOPOHY, 0becneuymBas gsmxkeHne O B HanpaeneHUn «Hazaagy.

Mpu nogxoge NO K KOHEYHOMY BbIKHOUaTENO SQ1 1 BO3AENCTBAN
Ha Hero rMpou3ongeT 06paTHOe NEPEK/IIOYEHNE B CXEME, a MMEHHO:
OTK/IIDUYNTCH KOHTaAKTOP K2 1 BKNOUNTCA K1, rnocne 4ero NCrnosiHu-
Te/IbHbI OpraH BHOBb HAYHET ABMIaTbCA B HarMpas/eHUN «Briepeny.
Takoe LMKI0BOEe BO3BPaTHO-MOCTynaTesibHOe ABVpKeHVe OyaeT Npovc-
XOAUTb A0 TeX Mop, NMokKa He byaeT HakaTa KHOMKa SB2.

Cxema puc. 4.22 MOXET 6bITb A0MO/IHEHA CHETYMKOM, C NMOMOLLbIO
KOTOPOro MOXXHO 06ecneynTs ONpeae/IEHHOE YMCI0 LMKIOB ABVKEHNS
MO un ero octaHOB Mocrsie 3Toro.
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B nocnenHee Bpems LLIMPOKOE NPUMEHEHME B CXeMax NPOrpaMmMHO-
ro yrnpas/ieHVs A/IEKTPONPUBOAA HaXOAAT MPOrpaMMupyemMble KOHTPOJ-
nepsl (MK), npegcraenstowyie coboin cneuyanm3npoBaHHbie 3BM s
aBTOMaTM3aLmMM LMKIIOBBIX U NOCNe0BaTe/bHbIX MPOU3BOACTBEHHBIX U
TEXHO/OMMYeCKUX npoueccoB. OHM NO3BO/IAIOT PEa/IN30BbIBaThL Kak Npo-
CTble CXeMbl YPaB/IEHNS LIMKIOBbIM ABVXXEHNEM 3/IEKTPONPUBOAOB, Tak
M CNOXHbIE CUCTEMbI KOMIM/IEKCHOW aBTOMaTmn3aumm NpoMbILLIEHHOIO
o6opyaoBaHus. VX npUMeHeHre OKa3blBaeTCA SKOHOMUNYECKU LIeneco-
06pasHbIM NPY PeaN3aLIn CXeM ynpaseHus, TPeOYIOLWNX UCMO/b30-
BaHNA HECKOJ/IbKNX AECATKOB WM COTEH OObIYHbIX 3/1EKTPUYECKUX an-
napaToB — pere, IOMMYECKNX 3N1EMEHTOB, CHETUMKOB U T4,

PaccmoTprm paboTy LMKIIOBOA CUCTEMbI MPOrPaMMHOIO YMpaBieHus ¢
npumeHeHvem MK, cuntasd, 4to B NpodammMmmpyemMoe 3arnomMmHaroLee
ycTpoiicTo (M3Y) ¢ NOMOLLLIO YCTpoicTBa BBoAa nporpavim (Y BIM) Bee-
[eHa nporpaMmMa, onpeaensioLLas nopsaok yHKLUNOHNPOBaHNSA CUCTe-
Mbl (puc. 4.23, a). Pabounii LMK CXeMbI BK/IKOUAET B CE0S Tpy aTana.

Ha nepBom aTtarie ¢ MOMOLLIbIO CKaHaTopa (reHepaTropa TakTOBbIX NM-
My/bCOB) 06ECNeUMBaeTCA LMKINYECKUIA U NOce0BaTe/bHbIA Onpoc
Bcex BX0A0B MK, Ha KOTOpble NoAatTCs CUrHasIbl OT KOMaHAHbIX YC-
TPOWCTB N 3/1IEMEHTOB CUCTEMbl — KHOMOK W K/IOYEN yNpas/eHuns,
KOHEYHbIX N MNyTeBbIX BblKAKOYaTenen, gpyrmx 3BM. Monyyaemas
MHOopMaLms 3arpy>kaeTcs B 3anoMmHaroLee yctpoiictso (M3Y).

Ha BTopom atane npoueccop MK B cOOTBETCTBUU C BBEAEHHO B
M3Y nporpamMmoii OcyL,ecTBSET IOFMYECKME onepaumn, Nnpeobpasy-
toLLMEe COCTOSIHNE BXOAHbIX CUTHaO0B B 333aHHOE COCTOSHUE BbIXO4-
HbIX CUIHaNoB. EC/in cOCTOsSiHME BXOA0B HE M3MEHWU/IOCH MO CpaBHe-
HUIO C NPeablAyLLNM LMKIOM CKaHMPOBaHUA, NPOLLECCOP COXPaHseT
HEN3MEHHbIM COCTOSIHME BbIXOA0B, B MPOTUBHOM C/lydae npoLeccop
M3MEHSAET NX COCTOSIHME B COOTBETCTBUM C 3a4aHHON NPOrpaMmmoii.

Onpoc y4acTKOB MPOrpaMmbl OCYLLLECTBASETCA LLUKINYHO, OAVH 3a
LpYyrnm, B NOPSAAKe MX PacrosioXeHns ¢ BO3palleHneM K Havasty npo-
rpamMmMbl MOc/ie OKOHYaHKMA MOJHOIO LinK/Ia ornpoca. Bpems onpoca og;
HOro umkna (mepuog, ckaHMpoBaHus) B cpegHem cocTtasniseT 2... 10 mc
Ha 1TbIC. CNIOB NAMATU.

Ha TpeTbem aTane OCyLLLeCTBASETCS BblBOL, BbIXOAHbLIX CUTHAI0B Ha
WCMONHUTE bHbIE YCTPOWCTBA 3/IEKTPOaBTOMATMKN CTaHKa — 3/1EKTPO-
NPYBOAbI NCMOHUTE bHBIX OPraHOB, 3/1EKTPOMAarHUTbI U 3fieKTpoMar-
HUTHbIE MY(DTbI, pene, KOHTaKTopbl U T.4,.

Mporpamma MOXeT 3anucbiBaTbea B MK ¢ MOMOLLbLIO pasfnyHbIX
A3bIKOB, HaNpuMep B BUAE YPaBHEHN 6yneBoii anrebpbl, MHEMOKOAA
M CTaHAAPTHBIX OMNUCaHN PeneiiHbIX CXeM, a TaKkKe A3blKOB BbICOKO-
royposHss — PL/M wn ®opTpaH IV. PaccmoTpuM B KauecTse npumepa
MCNOSb30BaHME Ai3blKa penieiHO-KOHTaKTHbIX cMmBooB (PKC), koTo-
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pbIii MPOCT, HarfsAeH 1 He TPEGYET creLuasibHbIX 3HaHWI NnepcoHana
Npv NpPorpaMM1UpPoBaHNN.

A3bIKk PKC

Cumson 3HayeHne

3amMblKatoLLnii
KOHTaKT
PasmbikaroLnii
- M- KOHTaKT
Hayvano
BETB/IEHUSA
KoHel,
BETB/IEHMS

—/ -

dyHKUMSA (BbIXOA)

Puc. 4.23. Cxema (@), cumBosnbl A3blka PKC (6) 1 npeobpasoBaHHas cxema
3/1eKTponpueoAa ¢ nporpamMmmMmmpyemMbiM KOHTposiiepom (B)

A3bIk PKC MMeeT naTb OCHOBHbIX JIOMMYECKMX KOMIMOHEHTOB (CUM-
BO/10B) (pUc. 4.23, 6): aprymeHT (3aMbIKatoLL N1 KOHTaKT), MHBEPCHBbII
(0bpaTHbIA) apryMeHT (pasMblKatoL WA KOHTAKT), Ha4asio M KOHEL, BET-
BMEHNS napasiienbHOM Lenuy v hyHKLMIO (BbIXOA) (Hanpumep, KaTtyLu-
Ka 3M1eKTPNYECKOro annapara 1M aNeKTpPoMeXaHNYeCKOro yCTPOCTBa).
K [0NO/THNTENBbHBIM KOMIMOHEHTAM 5i3blKa OTHOCATCH CYET MMIMY/ILCOB
(cueTumkK), BbloEPXKKA BPEMEHM (Talimep) 1 3anoMMHaHKe (MamsTb).

OcHosy a1a nporpamMmmMmmnpoBsaHns Ha A3bike PKC cocTas/ifioT NpuH-
uununasbHble peneiiHO-KOHTaKTOPHbIE CXEMbI YIPAaBIeHWs, KOTOpble
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riepes, NporpaMMmpoBaHVEM A0/MKHbI ObITb NPeobdpa3oBaHb! Mo creay-
HOLLMM Mpasusiam.

Kaxaas uenb Npeobpa3oBaHHOM CXeMbl A0/DKHA MMEeTb O4UHAKO-
BOE UMC/0 (Hanpumep, YeTbipe) NocneaosaTe/lbHO UK napasnsie/ibHo
BK/TIOUEHHbIX KOHTaKTOB, KaXkpbli N3 KOTOPbIX pacrosiaraeTca B o4-
HOW 13 YeTblpex 30H —A, B, C, D. MNdATaa nosvums uenm oTBoauTCs
yHKUUM (BbIXOAY). ECNM KOHTAKTOB B LIEMNN MEHbLLIE YEM YeTbIpe, X
Ly6nnpytoT, ecnn rx 6onblue, B cxemy MK BBOAUTCA MPOMEXYTOUHOE
(hukTnBHOE) pene (NamMsATb), HE HapyLLAKoLLEee NTOTUKU PaboTbl CXOA-
HOM uenun. KoHTakTbl (BX0A4bl) N (PyHKUWN (BbIXOAbI, KaTyLLKW) HY-
MepyroTCA.

[Ana npumepa Ha puyc. 4.23, B NpuBefeHa rnpeobpaszoBaHHas TakuUM
o6pa3om cxema LIMKI0BOro yrpassieHns puc. 4.22. B aTy cxemy B CO-
OTBETCTBMU C yKasaHHbIMU MpaBu/iaMy BBELOEHO MPOMEXYTOYHOE
pene Y, a KOHTaKT KOHEYHOr o Bblk/IoYaTens SQ1 caybnmposaH.

BBog, mporpaMmbl MOC/e COCTaBeHUA Takol CXeMbl OCYLLLECTBNSET-
€A ¢ KnaBuwHoM naHev MK (610K YBI Ha puc. 4.23, a), kKnasnwu
KOTOPOW COOTBETCTBYIOT TOMY WM MHOMY NTIOrMUYECKOMY CUMBOJTY A3bl-
ka. Kpome Toro, Ha naHenu pacnonaratotcs AeKkaHble nepekovarenu
Habopa HOMEPOB Liernel 1 KOHTAKTOB, a Takke KNasuLLmM Bbibopa TMna
PyHKLMM (TOTFMYECKON, CHETHOM, BPEMEHHOM UM 3arOMUHAaHNS).

Besogmmas nporpavma 3anuvceisaetcd B M3Y, nocne yero MK mo-
XKET BbIMOMHATL (PYHKLLUU, NPeayCMOTPEHHbIE MPUHLMMMAILHON cXe-
MOW. BbinonHeHWe nporpamMmbl 6yAeT NPOV3BOAUTLCS MOce0BaTe b
HO MO LensaM LMK/I0BbIM 06pa3oMm, Npy 3TOM Kaxxaas Liernb obpabdarbisa-
eTcA cnesa Harnpaso.

JNEKTPONPYBOA, C YAC/IOBLIM MPOrpaMMHbIM yripasneHvem (UTY).
Takoi aneKTponpuBog, NpeacTasnseT coboi yHueepcasbHyo CIY.
MprMeHnTEeNbHO K 06PaboTKe Pas3NNYHbIX U3LEVI Ha CTaHKax, rae
OHa HaxoAuT OCHOBHOE MPUMEeHeHWe, aTa cucteMa obecrneynBaeT cy-
LLeCTBEHHOE MOBbILLIEHME NMPOU3BOANTENBHOCTU TPyAA M KavecTBa 06-
paboTkn getanei.

Mpu ncnons3osaHMN aneKTponpueoaa c YNy sce TexXHoornyeckme
[JaHHble No 06paboTke N3aenmii — CKOPOCTU Y NepemMeLL,eHVs U3aenii
U obpadaTbIBatOLLErO MHCTPYMEHTA, X Harpas/ieHWs, rnocseaosarels-
HOCTb onepauuii Npu 06paboTke 1 T.4. 3adaoTcs B Buae uncen. CoBo-
KYMHOCTb BCEX umces1 obpasyeT nporpammy 06paboTku AaHHOIo U3AeNna,
KOTOpas NMpeaBapuTesibHO COOTBETCTBYHOLLIMM 06pa3oM paccunTbiBaeTCA,
KOAVPYETCH, 3armnCbIBAETCA HA TOT WV MHOM NPOrpaMMoHOCUTENb (Nep-
dhoneHTy, NepoKapTy NI MarHUTHYLO NeHTY). MNepea 06paboTKon 13-
[enna nporpaMma BBOAMTCA B MPOrpaMMHOe YCTPOWCTBO 3/1eKTPONpU-
BOJA, KOTOPbI B Aa/IbHENLLEM ObecrneynBaeT 06paboTKy n3genms 6e3
HenocpeaCcTBEHHOI0 y4acTma oreparopa. Jna 06paboTku Apyroro vae-
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N TpebyeTcs NULL b CMEHUTL NMPOrpaMmMy, YTO 3HaUUTE/TbHO COKpaLLIaeT
BpeMs 06pabOoTKMN 3a CYET WUCK/IHOUYEHMS BCMOMOraTe/lbHbIX onepaLinii
(noaBoA, 1 0TBOA, UHCTPYMEHTa, N3MepeHne AeTarv, YCTaHOBKAa BeNMNYNH
noaa4yn 1 CKOpOoCTU pe3aHunsa nT/l.). PDF Compressor Free Version

Takmnm obpasom, CMY ¢ UMY npencrasnset co60i pasHOBUAHOCTb
LiHpOBOIro 3NeKTPOoNnpuBoAa C NPOorpamMMHbIM yrpas/ieHVeM.

Cuctembl UMY gensatca Ha aHanorosble (HerpepbiBHbIE) N AUC-
KpPeTHble (MMNY/bCHbIE). B aHanorosbix cuctemax Yy cOBOKYMHOCTb
ynces, 06pasyoLLLMX NporpamMmmy 06paboTkn n3nenus, npeobpasyeTcs
B KaKyt0-/1M60 HernpepbIBHO U3MEHSIIOLLYHOCA aHa/I0roByHO (DU3NYECKYHO
BE/INUYNHY (Hanps>KeHue MOCTOSHHOro ToKa, dpasy win amnanTyay
CUHYCONA&/IbHOIrO HanpsXXeHus 1 T.4,.), KOTopas U SIB/IAETCSH BXOAHbIM,
YyNpasnsoLWmM BO3AENCTBUEM Ha 3MIEKTPONPUBOA,. B ANCKPETHBIX CU-
ctemax YMY nporpamma B KOHEYHOM UTOre MpeacTas/ifgeTcsa nocne-
[0BaTe/IbHOCTLIO YMPaBALWNX UMMY/bLCOB, KaXKOAOMY M3 KOTOPbIX
COOTBETCTBYET OnpeaesieHHoe rnepemeLLieHne NHCTPYMeHTa Uav usge-
nva. Yucno MmnysbCoB onpeaenseT 3HadyeHne nepemMeLleHmns, a nx
yacToTa — CKOPOCTb MepemMeLL,eHns.

Cuctembl YTMY paboTaroT B OAHOM U3 ABYX PEXUMOB: MO3ULIMOHUPO-
BaHWS1 N KOHTYPHO 06paboTKN. MOULMOHHbIE (KOOPANHATHBIE) CUCTE-
Mbl UTY obecrneumsatoT TOYHYHO YCTAHOBKY MHCTPYMEHTa OTHOCUTE/TbHO
V3ensa Unm ero NPSMosIMHEHOe repemeLLeHrie. Takne peXxumbl ObiBa-
HOT HEOOXOAMMbI NP IPe3ePOBaHUN, CBEPIEHNM UM PACTOUKE HECKO/Tb-
KUX OTBEPCTUI, a TalkoKe Mpy TOYEHUN U CTPOraHn U3aenuin. VIHCTpymeHT
WM M3aenve rpm 3ToM MepemMeLLaeTcest Mo KpaTyaimM, NPsMOIMHEHbIM
MyTAM MeXIy TOYKamMu YCTaHOBKN (MO3ULMAMUN) MHCTPYMEHTA.

KoHTypHble ((PYHKLUMOHa/bHbIE) cncTembl UMY obecneumBatoT ne-
pemeLLieHne NMHCTPYMEHTa NN U34EMUA MO NPOUN3BOJIbHBIM TPaEKTO-
puvam, 4To TpebyeTcs NPy KOHTYPHOW 06paboTke N3aenuii pas/InyHoi
KOHMrypaumu.

Cuctembl UMY MOTYT 6bITb 3aMKHYTbIMU 1 Pa3OMKHYTbIMU. B 3aMK-
HYTbIX CMCTEMaXxX C MOMOLLbIO AaTYMKOB M3MEPSETCA AeNCTBUTENbHOE
MONOXeEHMEe NHCTPYMEHTA WIN N3OS, N 3Ta MHDOPMaLIA B BUAE CUT-
Hasla 0bpaTHOI CBA3WM MOAAETCHA B CPaBHMBAKOLLEE YCTPOWCTBO, B KOTO-
pOM OHa COMoCTaBAseTCA C CUMHa/IaMM MPOrPaMMHOIO YCTPOWCTBA.

Mpu oTAnuMN AeiCTBUTENBHOIO MOIOXKEHWS OT 334aHHOMo B CUC-
Temy yrnpas/ieHUa 3/1eKTPONpmMBOLa MOCTYNalT AOMNOSHUTENbHBIE
ynpasnsaoLme curHasbl, 06ecrnevnBaroLLie HEOOXOAUMYIO KOPPEKLIMIO
MOJIOXKEHWNSA NHCTPYMEHTA NN U3genuns. Tem camblM 3aMKHYTblE CUC-
Tembl UMY obecneunsatoT 60/IbLLYIO TOYHOCTb 06PabOTKM N3AENWIA.

B pasoMKHyTbIX cnuctemax UMy asmkeHne MHCTpymMeHTa Unm ns-
[enns He KOHTPOJIMPYETCA U HernocpeacTBEHHO He COMOCTaBNsAETCH C
3afaHHbIM. [103TOMY CrlyyaliHOEe M3MeHeHVe NapaMeTPOB CUCTEMbI WU
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KaKNX-M60 BHEWHMX BO3MYLLLEHUI, HanpumMep MOMeHTa CO-
NPOTMBAEHUA Ha Basly NPMBOAQA, Bbi3blBAET CHUXEHNE TOUHOCTU OT-
paboTky Nporpammbl. BMecTe ¢ TeM pa3oMKHYTbI€ CUCTEMbI OKa3bliBa-
HOTCA MPOLLLE 3aMKHYTbIX B H/IaAKe U aKCnlyaTaunm.

Mpoueccy 06paboTKn N3Aenns Ha cTaHke ¢ cuctemoii UMY npen-
LLIeCTBYeT NOArOTOBKa NPOrpaMMOHOCUTESS, KOTOpas COCTOUT U3 He-
CKOJ/IbKMX 3Taros.

VicxXoAHbIMY AaHHBIMW /11 COCTaB/IEHUS NMporpamMmmbl 06paboTkn
n3aenvs ABNAITCA TEXHONOIMMYecKne AaHHbIE: pasMepbl 3aroToBku 1
YepPTeX N3AENVS, MaTepman 3aroTOBKM, XapakTeprCTNKa MHCTPYMEHTA,
CTeneHb TOYHOCTU U3rOTOBMIEHNA N3AENNS, XapakKTep 1 BUa, 006paboTKN.

Ha nepBom aTane cocTas/ieHUsi MPorpamMmbl U3roToBSETCA CnewLm-
aNbHbIV YepTeX, B KOTOPOM m3aenne n3obpaxaeTcs B cUCTEME Mps-
MOYFO/IbHbIX KoOpAuHaT (Mpy 06LEMHOM 06paboTke BBOAMUTCA U Tpe-
Tb KOOpAUWHaTa). Janee B NPUHATON cucteMe KOoOpAMHAT Nporpam-
MUpyeTca NepemeLLeHe MHCTpPYMeHTa (U3genus), npu aToMm ans
MO3MLMOHHbIX cucTeM UMY nporpammupyeTcs nepemeLLleHne Mexay
[BYMS nocnefosate/ibHO 06pabaTbiBaeMbIMU TOUKAMM, a 15 KOH-
TypHOI cuctembl YMY — nepemMelleHme LieHTpa MHCTPyMeHTa (U3ge-
nuvs) no Tpebyemoii TpaekTopum.

Ha cnegytouiem stane NoAroToBKM MPOrpamMmbl COCTaBNSETCSA TeX-
HOJ/Iornyeckas kapTa 06paboTKn U34enns, B KOTOPOK onpegensercs
rnocnenoBaTesibHOCTb BCEX MEPEMELLLEHNIA NHCTPYMEHTa (M3aenuvs) ¢
yKazaHuem CKOpOoCTU, nogayn v rnybmuHbl pesaHns 1 BeNnynHbl re-
peMeLLieHNs NO KOOPAMHATHLIM OCSM.

[nsa yoobcerea BBOAA AaHHbIX U COKPALLEHNS A/IMHbI NPOrpaMmMOHO-
cUTens BCe AaHHble TEXHOOMMYECKOM KapTbl KOAMPYOTCS. B cnctemax
UMYy Hambornee pacnpocTpaHeHHbIMU SBASIOTCA ABOWYHbIA U OBONY-
HO-[AECATUYHbIV KOAbI, NCMOSb3YHOLLINE ABOVYHYIO U AECATUYHYIO CUC-
TeMbl ncuncneHns. JBONYHO-AeCcATUYHbIE KOAbl COYETal0T B cebe eM-
KOCTb AECATUYHBIX KOAOB 1 YA06CTBO NpeAcTasneHns nHpopMauyn Ha
NporpaMMOHOCUTENE, XapakTepHOoe A1 ABONYHbLIX KOO0B.

MporpaMmMa Ha NporpamMmMoHOCUTESe 3arnncbiBaeTCA B BUAE OTAe b
HbIX «ppa3z* (6/10KOB). Kaxx bl 610K COAEPXKUT BCHO MHDOPMAaLIMIO MO
06paboTKe M3genus Ha faHHOM 3Tane TeXHOJIOMMYEecKOro umkna —
Harnpas/ieHVie U CKOPOCTb MepeMeLleHns Mo KOOPAMHATHLIM OCAM,
pexnmbl 06paboTKM, OXTKAEHNA U T.4. 3Ta MHOPMaLVA Bbipaxa-
€TCS C MOMOLLIbIO OTAESbHBIX «CIOB*, KaXKA0e U3 KOTOPbIX onpeaenset
WM 3HaYeHne nepemMeLLLleHns Mo OCIM KOOPAVHAT, UM ero CKOPOCTb
1 Hanpas/feHve, NN Kakne-nnbo BcrioMoraresibHble KOMaHapl.

MoaroToBneHHbIi NporpammoHocuTens MH, cogepXawmii npo-
rpammy 06paboTku n3aenvs B 3aKkOANMPOBAHHOM BUAE, MOMELLLAETCH B
ycTpoiicteo Beoda 31 (puc. 4.24).
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Puc. 4.24. Cxema anekTponpusoga c 4ry

Ecnun nporpamma 3anucaHa Ha nepdoseHTe, TO B YCTPOCTBE BBOAA
1 06paboTKn nporpammbl YBO T ¢ nomMoLubio hotocunTeiBatens ¢C
1 yeunutens-opmmupoBaTtesnisa Y ® OCyLLLECTBISETCA MOKaAPOBOE CUNTbI-
BaHVe 1 NpeobpasoBaHVe 3aKOANPOBaHHOW MHGIOPMaLK NPOrpaMmo-
HocuTens MH B anekTpuyeckne curHasbl. Noka nHpopmaumsa ogHoro
CUNTLIBAEMOIO Kafpa 3anucbiBaeTcs B 6yepHyo (MPOMEXYTOUHYIO)
namsTb, B paboueli mamsiti 1 nocrenyroLmx 6nokax cmcremsl YIMY ocy-
LecTenseTca 0b6paboTka nHpopmaLmm npeabiayLLmx kagpos. o mepe
0CBOOOXAEeHMA paboueli NnamsaTn B Hee rnepeBoamTcs MHhopMauys 13
6ydoepHoO NamsTn, YTO obecneyrBaeT HEMPEepPbLIBHOCTb MNPOoLLEcca yrpas-
neHunsa ctaHKoM. BydrepHaa n pabouyas namsTb BXOAAT B YCTPOWCTBO
namsaTn YT.

3 pabouelii NnamaTn aMeKTPUYECKME CUTHASbI MOCTYNaloT Ha BXOL,
VHTepnonaTopa (gewncpartopa) M, KOTOpbI NpeobpasyeT aTh 3aKoau-
pOBaHHbIE CUTHasbl B NMOC/IEA0BATE/TbBHOCTb 3IEKTPUYECKUX UMITY/ICOB
(TaK HasblBaeMbli YHUTapHbI KOA) 1 NOAAET MX Ha BXOM, 3M1EKTPONpU-
Boga 3. IneKTponpuBoA, OCYLLECTB/AA OTPabOoTKy 3TOM Noc/ieoBareslb-
HOCTM UMIY/bCOB, 06eCreUMBaET rnepemMeLLeHrie UCMONHUTEIbHOIO opra-
Ha CTaHKa, Npu 3TOM KO/INYEeCTBO UMIMY/bCOB ONpeaenseT BeNIMUNHY ne-
pemeLLeHns, a yactoTa UxX crefoBaHUs — CKOPOCTb MepemeLleHus.
YCTPOWCTBO NamaTn Y77CBA3aHO C My/bTOM ynpasneHus Y.

Cuctema YIMY obecneumBaeT Takke COOTBETCTBYIOLLEE YPaB/eHNe
pPasNNyHbIMN  3NIEKTPOMEXAHUNYECKUMU U 3/IEKTPOMarHUTHbIMU
YCTPOMCTBAMU — 3/IEKTPOMArHUTHbIMU MydiTaMu, 3fIeKTpoOMarHuTamm
PasINYHbIX MEXaHMYECKMX MPUCMOCOBIEHNI CTaHKa, KaTyLlKaMn pene
1 KOHTaKTOPOB U T.4,., KOTOPble Ha cxeme puc. 4.24 yCc/ioBHO MoKasa-
Hbl 6/TOKOM 3/M1EKTPOABTOMATUKU JA.

Cxema UMY Ha puc. 4.24 MOXeT bbITb AOMNOMHEHA JaTYMKaMK Ma-
pamMeTpoB TEXHOMOMMYECKOro npoLecca 0b6paboTkm aetamm (610K 4, TM)
M KOOpAuHaT anekTponpusoga. B atom cnydae cucrema Uy craHo-
BMUTCS 3aMKHYTOI 1 obecrieurBaeT 60/1ee BbICOKOE KayecTBO 06paboT-
Kn getanei. Kpome Toro, cxema anektponpmeoga ¢ UMYy copgepxut
psig, He MokKasaHHbIX Ha puc. 4.24 610KOB U YCTPOIACTB, obecrnevnBa-
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HOLLMNX KOHTPO/b BBOAA M BbIK/THOYEHME MPOorpaMmel, 3awmTy, 6110Ku-
POBKY 1 CUTHaNN3aLMIO NP paboTe 3/1eKTPo06oPYyA0BaHUA CTaHKa.

YacTo oka3blBaeTcs yA06HbLIM 3anucbiBaTb NporpamMmy (nocse cyuu-
TbIBAHUS N AEKOONPOBaHUS) HA MarHUTHYIO NIEHTY, YTO MO3BOJIAET MO-
nyyaTb 60MbLUYIO NAOTHOCTL 3aMMCcK NPOrpaMMbl U NPOU3BOAMUTL Ore-
paLmn CUNTLIBAHUA N AEKOOMNPOBaHNA Ha OTAE/TbHO Pacro/IOKEHHbIX OT
CTaHKa yCTpOiicTBaxX. 3anmcb Ha MarHUTHYIO SIEHTY NPOM3BOANTCA B
HECKOJ/IbKO JOPOXEK, YaCTb U3 KOTOPbIX COAEPKUT MHGDOPMAaLMIO O Mne-
pemMeLLieHVsaX Mo KoopAauHaTtaMm, Apyras — O Harnpas/IeHUN OBUXEHUNS,
pexvMax pesaHus, MPUMEHSEMbIX UHCTPYMEHTax U T.4,

VIH(hopmMaLms Ha MarHUTHOW NieHTe 3anucbliBaeTCs B BUAE TaK Ha-
3bIBAEMOI0 YHUTAPHOIO KOAQ, T.€. HenpepbIBHOM NnocneaoBaTe/lbHOC-
TU UMIY/IbCOB YNpasneHus, obecrneunsaroLmx rnepemMeLLieHme nenors-
HUTE/bHbIX OPraHoB CTaHKa B COOTBETCTBUM C KOJ/INYECTBOM MO-
CTYyNaroLLNX UMY/ IbCOB.

[Ana npymepa paccMOTPUM CTPYKTYPHYHO cxXemMy cuctembl YTy c
LwarosbiM aguratenem (puc. 4.25), ¢ NOMOLLbI0 KOTOPOro nepemMeLa-
eTCca CToN (Ppe3epHOro cTaHKa Nno O4HOM KoopauHare.

Puc. 4.25. Cxema anektponpmueoga ¢ Uy ¢ ucnonb3oBaHNEM
LLIAroBoro Apuraresns

MporpavmMa NepemMeLLLEHVIS CTO/A, 3anmncaHHas Ha MarHUTHYH NIEHTY
M J1B B/ZE MOCNEA0BaTeNTbHOCTU e4MHNYHBIX MMITY/IbCOB (UTO COOTBET-
CTBYET YHUTAPHOMY KOZLy), CHATHIBAETCS C MOMOLLIbHO MarHUTHO FOIOBKU
MT. B 3aBUCMMOCTM OT TPeGyeMOro HarnpaB/eHVs ABVYKEHWS| UMMY/bChI
HanpaeNsTCs N0 O4HOMY U3 KaHaI0B Y Mocre ycuneHus B 61okax YC
MOCTYMNatoT Ha BXO/, CXEMbI YIPAaB/EHNs LUAroBbIM Apurartenem CYL [,
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[Burartesnb oTpabarsiBaeT KOMaHAHbIE MMMYNLChI U Yepe3 MexaHu-
YecKylo BUHTOBYIO nepegady Bl nepemeruaet cton C. Obuiee yncno
VMMIMYNbCOB ONPeAENsAeT BeNIMUYNHY, a UX YacToTa — CKOPOCTb MNepeme-
LweHns ctona. Jnsa nepemMeLleHms crtona Koop
MOJIb3yeTCs aHA/IOrMNYHbIN 3/IEKTPONPUBOA,

Mo cBOMM TEXHUYECKUM BO3MOXHOCTAM M OCOGEHHOCTAM CTPYK-
Typbl cuctembl YTY aenatcsa Ha yeTbipe rpynnbl, UMEloLLe B COOT-
BETCTBMU C MEXAyHapOAHOW Krnaccudukauymein o603HaveHns HNC,
SNC, CNC n DNC.

Cuctema HNC (Hand numericalcontrol) o6ecneunaeT onepatmBHoe
ynpas/fieHe C PyYHbIM 334aH1eM MporpaMmMel C NynbTa yrnpasneHus.
Cuctema SN C (Stored numerical control) coaep>XuT yCTPOINCTBO MamsTu
L9 XpaHeHns nporpamm 1 obecrneyrsaeT 06paboTKy NapTim O4MHAKO-
BbIX 3arOTOBOK C O4HOKPATHbIM CUMTbIBAHMEM MPOrpaMmbl nepes, oopa-
60TKOI. CucTtema CNC (Com puter num erical control) 6a3upyeTcsa Ha npu-
MEHEHU MUKPO3IBM, NO3BO/IAIOLLEN NMPOrpaMMMpOBaTh CBOK PaboTy n
BblpabartbiBaTh TPebyeMblii anropnt™m ynpaenieHus. Cuctema DN C (Direct
num ericalcontrol) MO3BO/AET OCYLLLECTB/IATL MPAMOe LIpOBOe yrpas/ie-
Hwve rpynnow ctaHkos ¢ YMY cuctem SNC n CNC. Cuctema D SC Tak-
e npeaycMaTpyBaeT UCMO/b30BaHVe B CBOEN CTPYKType 3BM.

B HacToflLee Bpemsa HanbosbLlee pasBUTUE MOJYYUSIN CUCTEMBI
Ury c npymeHeHneM MUKPOMPOLLECCOPOB U MUKPO3IBM (puc. 4.26).

L7
3=£YBB2 3A — |1
\/
o3y 34 YBB3 an CraHoK
ny n3y YBB4 noc
MH BBI VBB1 -3BM

Puc. 4.26. Cxema anekTpornpueoga ¢ NporpaMMHbIM YCTPOIACTBOM
Ha ocHoBe 3BM

Ynpasnswouw,asa nporpamva seogutcd B 3BM ¢ nporpaMmmoHocu-
Tens MH (nnn nynsTta ynpasneHus MY) yepes 610K BBoZA Nporpam-
Mbl BB 1 ycTpoiicTBa BBOAa-BbiBOAa YBB1. [lanee oHa NOCTyrnaeT B
YCTPOMCTBO NamsAT MMKPO3BM. B M 3Y XpaHATCA MOCTOSIHHbIE Yac-
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TV NPOrpamMmMbl, AaHHble A1 AeKOANPOBaHWSA, MHTEPNOINPOBaAHUS U
He0BXOANMbIX BbIYNCEHWIA.

B O3Y noctynaeT Kpome faHHbIX YNpaBnsioLLLe NporpaMmmbl Te-
KyLLas MHhopMaums OT A4aTtyumkoB obpartHoi ceasm [,0 C o xode Tex-
HOJ/IOrMYEeCKOro npoLecca, COCTOAHMUN 3alUT U B6/IOKMPOBOK, Ha OC-
HOBaHWN Yero BbipabaTbiBaeTCs yrnpasnstoLLLee BO3AENCTBUE Ha INeK-
TpoNpmBOA4, 1 YCTPOWCTBA 3/1EKTPOABTOMATUKN cTaHka 3/1. CBA3b
MUWUKPO3BM C 31eKTpo0obopyg0BaHVEM CTaHKa OCYLLECTB/SETCS Yepe3
YCTpO#icTBa BBOAA-BbIBOAA YBB2-YBB4. Kpome ykasaHHbIX 6/10KOB
9BM Bk/OUaET B cebsi MuKponpoLeccop M n Taimep T.

MNpumeHeHe MUKPO3BM B cuctemax UMY pesko paclwimpsaeTt mnx
(hYHKLMOHa IbHbIe BO3MOXHOCTW, NO3BO/1AA BO34ECTBOBATL MPOrpaMm-
HbIM MyTeM Ha (hYHKLMOHNPOBaHVE CTaHKa, OCYLLLECTB/ATL ANa/IOrOBbIi
peXximM 06LLLeHVs orepaTopa Co CTaHKOM, BBECTU ANArHOCTUKY paboThbl
CTaHka 1 cuctembl YIMY, peann3osbiBaTe yHMBEPCa/IbHbIA — Kak Mo-
3VLVOHHBIN, TaK M KOHTYPHbI — peXxum 06paboTkn aetanei.

Kpome Toro, Mmkpo3BM M0O3BOMIAET OCYLLECTB/IATL Yrpas/eHue
HECKO/TbKMMM 3M1eKTPONpmnBogamu, obecrneumsaouMmn AsxKeHne
VHCTPYMEHTA (4eTasnn) no pas/inyHbiM KoopAuHaTam.

4.7. SNEKTPOMNPNBOAOblI C AOANTUNBHBIM
YMNPABJIEHVNEM

PaboTa HEKOTOPbIX paboynx MallnH U NPOM3BOACTBEHHBIX MeXa-
HU3MOB XapaKTepu3yeTCcsl U3MEHEHVEM B LLUMPOKMX Mpeaenax u cny-
yaliHbIM 06pa3oM YC/I0BUIA TEXHONOMMYECKMX MPOLLECCOB N Pa3/INYHbIX
[OEeVCTBYIOLLMX Ha HAX BO3MYLLIAIOLLINX BO3AECTBUIA. [/ 06ecrieveHns
HanNyyLLero Xoaa Takux TEXHOOMMYECKMX MPOLILECCOB 3M1EKTPOMNPUBOL,
[O/KeH 06naaaTh CBOMCTBAMU U3MEHSATb COOTBETCTBYHOLLLMM 06pa3om
XapakTep cBOel paboTsbl.

SneKTponpuBo, B KOTOPOM CNOCO6 (DYHKLIMOHWUPOBaHWS ero cu-
CTEMbI YNpaB/ieHNs1 aBTOMaTUYECKN W LiesieHarnpas/ieHHbIM 06pa3om
M3MEHSETCA 47151 OCYLL,EeCTB/IEHNSA HaUyULLEero npoTeKkaHns TeEXHO/O0-
rMyeckoro npotecca paboyeil MallnHbI, Ha3blBaeTCS 3NEKTPONPUBO-
[0M C aanTMBHBIM NI caMorpUcnocab/IMBatoLLIMMCS YNpaBieHVEM.
ApyrmMn cnoBamm, 3MeKTPONpPUBOA C aganTUBHbLIM YrpaB/IeHNEM
obecrneumBaeT HaUYULLMIA XO4 TEXHOIOrMYECKOro npoLiecca rno 3ajaH-
HOMY MoKa3aTesto KavecTBa Npu N3MEHSIOLLLUXCS BO3MYLLEHUSX U yC-
NoBUSX paboTbl. ABTOMATUUYECKOE N3MEHEHME CNoco6a PYHKLMOHN-
pOBaHWA CUCTEMbI YNPaBIEHNS 3N1EKTPONPUBOAA Ha3bIBAIOT afanTaum-
el M camonpuUcriocoB/IEHNEM.

SNeKTpoNprBOA, C a4anTVBHLIM YMNpaBieHNEM, B KOTOPOM LiefleHa-
MpaB/IeHHO M3MEHSAIDTCA NapameTpbl CUCTEMbI YNpaB/ieHns, Ha3blBaeT-
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CA camoHacTpansaloLwumMcs. Ecin nameHsaoTca napameTpbl 1 CTPYKTY-
jpa cncTemsbl yrpasneHus, TO 3M1EKTPONMPUBOL, Ha3bIBAETCH caMoopraHu-
3yloLMMCsl, ECNIN N3MEHSIOTCA NapamMeTpbl, CTPYKTYpa 1 3aKOH yrpas-
NeHns ¢ ncrionb3osBaHMem onbita oyHN Ww o W, p & W M T3H é (LW, -
[a, TO OH Ha3bIBAETCA caMOOByHaroLLUMCS.

[nsa ocyuiecTs/ieHNs aganTMBHOINO yrpasneHus B CTPYKTypy 3l
BBOAMUTCA YCTPOWCTBO aAdanTuBHOIO ynpasneHus (YAY), B 3aga4y Ko-
TOPOro BXoAuT (hOpMUpPOBaHNE CUTHANOB YrpasieHus, obecrneunBsa-
HOLMX 3a4aHHbIM NoKasaTesb KavyecTBa TEXHOIOMMYECKMX MPOLLECCOB,
HanpuMep HamBbICLLUEN NPOM3BOAUTENBLHOCTU pabdoYeli MallviHbl, MU-
HUM&/bHOW CTOMMOCTU Ob6pabaTbiBaeMOi AeTanm U T.A4.

B obwem criydae YAY [o/mkHO obecrneumsaTth Win NMogaepKaHne SToro
rnokasarens KayecTsa Ha 33aHHOM YpPOBHE (CMCTeMbI CTabunusaumm), Wim
nostyyeHme aKCTPEMaslbHOro ero 3Ha4eHUsA (3KCTPeMasibHble CUCTEMDbI).

Cucrembl cTabunnsaumm yatle BCEro BbIMOIHAKTCA C UCMO/L30Ba-
HYEeM MOAENN TEXHO/IOINMYEeCKOro npotiecca. Liensto nx paboTbl ABNS-
eTcs obecneyeHvie 6IM30CTN XapaKTepUCTUK PearibHOro TEXHOMOornyec-
KOro npotiecca U LenecoobpasHoro (0NTMMasibHOro) npoLiecca, KoTo-
pbii BOCMPON3BOAMTCSA C MOMOLLBIO MOAE/N 3TOr0 TEXHOOMMYECKOrO
npouecca.

B akcTpeMasibHbIX aanTYBHbIX CUCTEMAaX HACTPOlika NapameTpoB Cu-
CTEMbI yNpaB/ieHNs OCYLLLECTBAAETCA Tak, YTOObI 384aHHbIV NMOKa3aTeb Ka-
YyecTBa TEXHO/IOMMYECKOro MPOoLLECCa AOCTUTa IKCTPEMaTbHOMO 3HAYEHVA.

Mo crnocoby nosnyvyeHUs MHpoPMaLMKM O TEKYLLLEM 3HAYEHUN MO-
KasaTesifl KayecTBa 3KCTPEMasIbHbIe CUCTEMbI AENATCA Ha MOVCKOBbIE U
6ecnonckosble. B MONCKOBbLIX CUCTEMAaX HaxXoXAeHue nokasaTensa Ka-
yecTBa O0CTUraeTcs 3a CYeT BBeAEHUS B CUCTEMY AOMOMHUTENbHBLIX
MOUCKOBbIX CUTHaNIOB. B 6ecnonckoBbiX (aHa/IMTUYECKNX) CUCTEMax
3TOT MokKasarte/ib PacCYNTbIBAETCA aHaIUMTUYECKN C MOMOLLLIO Crieum-
a/IbHOrO BbIYNC/IUTENIBHOIO YCTPOMCTBA.

lMounckoBble cMCTeMbI MO CNOCOBY NOUCKA, B CBOKO Ovepesib, Ae/ATcs
Ha cucTemMbl ¢ aBToKonebaTeNlbHbIM Y MPUHYOUTENBHBIM MOVCKOM 3KCT-
peMyma. EC/in MOUCKOBbIE CUTHAsbI FEHEPUPYHOTCA CaMOI CUCTEMOVA,
TO OHa OTHOCUTCS K 3KCTPeMasibHbIM CUCTEMaM C aBTOKO/ieGaTesbHbIl
MOWCKOM 3KCTpemyma. 1pu ncnosL308aHNY cnewmanbHOro AoMoNHN-
TENbHOIO UCTOYHMKA MOUCKOBbLIX CUTHAMIOB 3KCTPeMasibHasa cUCTeM#
OTHOCUTCH K CUCTEMAaM C NPUHYAUTENbHBLIM MOUCKOM 3KCTPeMymMa.

Mo KonnyecTsy NepemMeHHbIX, OT KOTOPLIX 3aBUCUT MNoKasaTeslb
KayecTBa, SKCTpeMasibHble CUCTEMbI AeNATCS Ha OAHOMEPHbIE n MHO-
romepHole. Knaccumkaumns sKCTPeMasibHbIX CUCTEM BbiNoJ/HSeTCs
TaKkke no BUAY METOAOB novcka alfOPUTMa HaXOXAEeHNA SKCTpeMy™
Ma, Cpean KOTOPbIX NPMMEHEHNE HalLN MeToApl Maycca — 3aigens,
rpagvieHTa, HaMCKOpeLIero cnycka u psg apyrmx.
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MprviMepom NOWCKOBOW afanTUBHOM CUCTEMbI YNPaBNEHNS 3/1eKT-
ponpueBoaa MOXET CNYXNTb CUCTEMA MOMCKa MUHUMaNbLHOIo 3Haye-
HWA TOKa cTatopa acCHXPOHHOIo Asurarens B cucreme TPH-A/L, npu
KOTOPOM MOTEPU B ABUraTesie oOkasblBatoTCa MUHUMAIbHBIMUW. Perynim-
pyemMoii KoopAnHaTOl aCMHXPOHHOIO ABuraTens kak obbekra yrnpas-
NleHns B 3TOM C/lyyae ABNSeTca TOK cTaTtopa, yrnpasnsoLen — Hanps-
XXeHVe NuTaHus Asuratens, a BO3MyLLaloLW MM BO34eNCTBUEM — MO-
MEHT Harpy3ku Ha Basty Asurartens.

4.8. KOMNNEKTHBIE N MHTETPUPOBAHHBIE
QNEKTPOMPWBO 4bI

MporpeccnBHLIM HamnpaseHNEM NPU CO34aHUM CPeacTB yrnpasre-
HUSA 1 aBTOMaTM3aLnM TEXHONOMMYECKNX MPOLLECCOB ABNSETCA paspa-
60TKa 1 BbINMYCK KOMMEKTHbIX 3nekTponpreogos (K3 M) nocTosHHO-
ro 1 nepemMeHHoro Toka. OHW NpeacTasnsioT cO60N perynpyembiii
3/MEKTPONPUBOA, B MOCTaBNSEMbIV 3aKa34MKy KOMM/IEKT KOTOPOro BXO-
OST BCe ero hyHKLUMOHasbHble 3/1IeMEHTbI, COr/lacoBaHHbIE MO BCEM
CBOVIM XapaKTepucTukam 1 rnapameTpam ye Ha cTaaum NpoeKTUpo-
BaHWs, KOHCTPYUPOBaHMA N N3rOTOB/EHUS.

KomnnekTHbIe 3M1eKTponprBOAbl HAXOAAT BCe 6osee LUMPOKOoe Nnpu-
MeHeHVEe BO MHOIMMX OTPac/IfX MPOMbILLIEHHOCTN — CTAHKOCTPOUTE b-
HOIA, BymaroaenaresisHON, MeETa/TTYPrMiecKon, MallMHOCTPOUTETILHOMN
n ap. PacnpoctpaHeHne K31 o6bsicHAeTcs 60ee HU3KO Tpy40eMKOC-
TblO MPU ero pa3paboTke 1 U3rOTOB/IEHUW, COKPaLLEHNEM BPEMEHN Ha
3/IEKTPOMOHTaXKHbIE 1 HA/laA04Hble PaboThbl, YA06CTBOM B SKCT/lyaTaLmm.

KomMnnekTHble 3M1eKTPONPUBOAbI Pa3/INYatoTCs Mo CeayoLWwnm Tex-
HUYECKUM AaHHbIM (15): HanpPsKEHUIO NUTALOLLLE CETU; YUCNY OBU-
ratenein (04HO-, ABYX—- N MHOroABUraTesbHbIE); BUAY N HOMUHA/b-
HbIM MapameTpamM CUI0BOro NpeobpasoBaTens; Ha/IMYUK NN OTCYT-
CTBUIO peBepca Apurarens; B1ay OCHOBHOW perynmpyemMor KoopauHaThl
(aneKkTponpmBOAbI C PErYNNPYEMbIMN CKOPOCTLIO, MOSIOXEHWEM, Ha-
TSHKEHMEM, MOLLHOCTbIO); AMana3oHy U Hanpas/eHWIo PerynMpoBaHms
CKOPOCTUK (04HO30HHbIE U [BYX30HHbIE); COCTaBy arnapartypbl CU/10-
BO Lenn (C IMHEeHbIM KOHTAKTOPOM Unu 6e3 Hero); Hanuni Un
OTCYTCTBMIO TOPMOXKEHMS; CrOCOBY CBA3WN C NUTAtOLLLEN CETbIO (CBS3b
yepes TpaHcdopmaTop, peakTop 1M 6e3 HUX).

KOMMIEKTHBI* 3/IEKTPOMNPMBO/A, MOCTOSIHHOIO TOKa. OH XapaKTepuayeT-
€1 Hanboree LWNPOKO HOMEHK/TATYPOA, 1 B €ro COCTaB BXOAAT: ABUra-
Te/lb C TAXOreHepaTopoM 1 (Un) AaTYMKOM MOSIOXKEHWS; TUPUCTOPHbIE
npeo6pazoBaTenn 4519 NMTaHUs 06MOTOK BO3GY)KAEHWS U AKOPS ABUra-
TeNs NOCTOSIHHOIO TOKA; CUJIOBOI TpaHCcopMaTop UM peakTop; cria-
YKVBAOLLINIA PeaKTop; KOMMYTaLMOHHas 1 3alMTHas annaparypa (aBTo-

175



MaTuyeckue BbIKNKYaTeNN, IMHENHbIE KOHTaKTOpPbl, PYOUNbHUKN);
YCTPOCTBO ANHAMUNYECKOTO TOPMOXEHUS (P HEOBXOAMMOCTN); CXe-
Ma yrpae/iEHMA MTEKTPONPUBOAA; 610K NTaHNA 0OMOTKM BO36Y>XAEHNA
TaxoreHepaTopa ¥ 3/1eKTPOMarHUTHOro Top NASiANLL 86 4 M A3KsPo
HanpsbkeHUs (NPY HeO6XOAVMOCTM) 1 KOMIJIEKT anrnapaTos, Nprbopos v
YCTPOWCTB A4N5 YNPasieHWs U KOHTPOS1A COCTOSHWSA a/1eKTPONprBoAa.

JaTunkn TeXHONOMMYecKnX napameTpoB padoumx MalmnH 1 Me-
XaHM3MOB, a TakKe Yrnpas/sfoLLmMe N CUrHasibHble YCTPOMCTBa, MOH-
TUpyeMble Ha Ny/nbTax ynpasieHus, BBUAY X CreungpmnyHoCTU B KOM-
M/IEKT NOCTaBKN OBbIYHO He BXOOAT.

SNEeKTPOTEXHNYECKOM NMPOMbILLIIEHHOCTBIO BbIMYCKAETCA HECKOSIbKO
cepuin K3 NOCTOSHHOrO TOKa.

KomnnekTHbie anekTponpueogsl cepurt KT 3Y 06/1a8atoT LWMPOKMM
CMEeKTPOM (PYHKLIMOHasIbHbIX BO3MOXHOCTe. OHW BblMyCKalTCA B
OAHO- N MHOroABUraTe/lsHOM BapuaHTax PEBEPCUBHOIO U HepeBepCuB-
HOrO UCMOJIHEHUA KaK C AMHaMUYECKUM TOPMOXEHUEM, TaK U 6e3
Hero. 3/1eKTponpuBoAbl MOLLLHOCTLIO A0 2000 KBT obecrneunsatoT pe-
rynnpoBaHve CKOpPOCTKH, nonoxeHus, 34,C, MOLLHOCTN N HATSXKEHWS,
a MoLyHoCTbO A0 12 OO KBT — TO/LKO peryimposaHmMe CKOpOCTU U
MOLLHOCTW. Ha ocHoBe 3aTnx K3 MOoryT 6bITb pea/in30BaHbl 3/1eKT-
ponpuBoabl 1 CO cneumasibHBIMU XapaKTepuCcTUKaMu.

KomnnekTHble anekTponpusopl cepuii KT n KT3I MOLLHOCTbHIO
cooTBeTCTBEHHO A0 2000 1 1000 KBT MMeKT NPUMEPHO Te e (DYHK-
LIMOHa/IbHblE BO3MOXHOCTU, YTO 1 cepusa KT3Y, n oTmyaioTca Ha-
60pPOM U1 UCMOIHEHVEM OTAESbHBLIX 6/I0KOB.

bonblas rpynna K3IM paspabotaHa 1 LUIMPOKO NPUMEHSIETCA 4719 Mpu-
BOJA MEXaHV3MOB CTAHKOB, PO6GOTOB, MaHUMYATOPOB U pAaa ApYyrvix no-
[06HbIX paboumx MalnH U MexaHu3moB. K ux uncny oTHocATes K3T1
cepwii ATY 3601, 3T3, 3T6, 3TPIM, 3aNy1, any2, Npen, 3WP-1.
B atx K3 nprMeHsaoTCA BbICOKOMOMEHTHbIe asurareniv Tunos MEBCT,
MrT, 2M, NeB, A K 1, obecneumBaroLLme BbICOKME ANHAMNYECKME NOKa-
3are/in paboThbl MPUBOAA. STV ABUraTeNI UMetOT BCTPOEHHbIE TaxoreHepa-
TOPbI, C MOMOLLLIO KOTOPbIX peasi3yeTcs obparHas CBsi3b Mo CKOPOCTU.
B coctaB atnx K3l Kpome aguratens ¢ TaxoreHepartopoM BXOOAT CUMO-
BOI NpeobpasoBaresib, YCTPOWCTBO yrNpaBieHN s, aBTOMATUYECKMIA BbIK/HO-
yaresib, TPaHCChOPMATOP NUTaHWS, CI/IKMBAOLLIMI pPeakTop, annapars! 3a-
LWMTbI N cUrHann3aumn. Hekotopble n3 atnx K31 (3TY3601, 3T3) nwve-
HOT 6/10KM CBSA3M € cncTemamm Y'Y CTaHKOB.

BONbWIMHCTBO yKa3aHHbIX K31 MMeKT CU/oBble TUPUCTOPHbLIE
npeobpasosaresnin, MOCTPOEHHbIE MO OAHO- WY TpeXdasHbIM, MOCTO-
BbIM U HY/IEBbIM, HEPEBEPCUBHBLIM N PEBEPCUBHBLIM cxemam. B K3T1
Tmnos MPM n 3WNP-1 ncnonb3yeTrcs TPaH3UCTOPHbLIN Npeobpaso-
BaTe/b C LUMPOTHO-UMMYNLCHOW Moaynaumer HanpsbkeHus (LW M M).
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CxeMbl ynpasieHnst 601bLLMHCTBA CTaHOUHbIX K3 NOCTpOeHb! No
MpUHUMNam Nog4YMHeHHOro peryimposaHusa koopauHar c M- v M-
perynsaropamu TOK™ 1 CKOpPOCTU, 4TO obecrneunsaeT 6onblune Anana-
30HbI PeryMpoBaHnsa CKOPOCTU, NeXxallne B npeaesax O4HOM Tbicaum
M 6onee. B K3 tmnos 3T3, 3TPI, 3MNY1 Ana rnaBHbIX ABMKEHWN
CTaHKa npeaycMmaTpmBaeTcs yrpas/eHne TOKOM BO36yKaeHNs asura-
TeNs ¢ NOMOLLbIO TUPUCTOPHLIX MpeobpasosaTtenent (BO30yaAnTene),
Yyem [OCTUraeTcs yBe/iMyeHne ananasoHa peryimpoBaHus CKOPOCTH.

MoOLLHOCTb CTaHOUHbIX K3 — OT e4MHMLIbI 0 AEeCATKOB KWU/0BAaTT.

KOMMIEKTHBINA 371EKTPONPUBOA MEPEMEHHOIO TOKa. HomeHknaTtypa
TaKNX 3/IEKTPONPUBOLAOB MOCTOAHHO PacLLMNPSETCH U BKIOYAET B Cebs
3/IEKTPONPUBOALI C aCUHXPOHHBLIMW YN CUHXPOHHbLIMW ABUTaTeNaMU.

K uncny nepsbix cepuini K3 ¢ aCMHXPOHHbIMW ABAraTensamu oT-
HocATcA anekTponpusogbl TMMoB KT 1 3KT2 Ha MowHocTM oT 19
[0 66 KB A n «Pasmep 2M*, npuMeHsoLLMiACcS B cTaHkax ¢ UMY u
npeaycMaTpuBaloLLKi YaCTOTHO-TOKOBOE yrNpas/ieHNEe aCUHXPOHHOIO
apuvrartens. K 6onee coBpemeHHbIM K3 OTHOCATCS 4aCTOTHO-yMpas-
naemele anekTponpueoabl Tnna KY3, KMYK KMYH mowHoCTLO OT
11 oo 630 KBT; 3TA Ha HOMMHa/IbHbIE TOKWN ABUraTesnia oT 6 00 S50A;
AMA 1, 3TA 1wv pag opyrnx.

B nocnegHve rogpl aneKTpoTeXHMYECKas MPOMbILL/IEHHOCTL BbiMyc-
KaeT KOMIJ/IEKTHbIE 3/M1EKTPOMNPUBOABI C UCTO/b30BaHUEM CUHXPOHHbLIX
asvrartenei, cpegy Kotopbix M B 2 No cxeme BEHTU/IbHOIO ABUrarte-
ns, 3MNb 3u 3MB 3-b ¢ UCNONb30BaHNEM CUHXPOHHbIX ABUraTenei
C MOCTOSAHHbLIMW MarHuTamm.

Cepwuisa «BekTop* (AB-140) npeaHasHaveHa 418 KOMIIeKTaLmmy cTaH-
KOB 3/IEKTPONPUBOAAMU C aCUHXPOHHBLIMN N CUHXPOHHBLIMU (BEKTOP-
HbIMMW) ABUraTeNsMU C UCMO/b30BaHNeM Npeobpasosareneii YacToThbl.

VIHTErpMpOBaHHbI 3MEKTPONPYBOL,. B nocneaHwe rogpl 4s1s npyBoga
HEeKOTOPbIX CTAHKOB Y CrieLmasibHbIX MeEXaH3MOB CTaun paspabaTbiBarb-
CS W MPUMEHSATLCA INEKTPONPUBOAbI C 06beAUHEHMEM B €ANHYI VIH-
TErPUPOBaHHYHO KOHCTPYKLIMIO HECKOSIbKVX KOMMOHEHT 3/1eKTPONpPUBO-
[Ja Apurarenisi, MeXaHWYecKo nepeaayn, 4aTYMKOB KOOpAMHAT, a B
HEKOTOPbIX C/Iy4asix — M1 CUI0BOro npeobpasosarens. Takol aneKkTpo-
MeXaHNYeCcKmii MoAy/lb, Ha3bIBAEMbI NHOTAA MEXATPOHHbIM, MO3BONAET
B psde c/yyaeB nosyyatb 60s1ee BbICOKME TEXHUKO-3KOHOMUYECKUME
rnokasartesiv paboThbl 3M1EKTPONPUBOAA N TEXHOIOMMYECKOro 060pya0Ba-
HUA MO CPaBHEHMIO C 0ObIYHbIM NCMOHEHNEM 3NEKTPONPUBOAA.

KOHTPOJIbHbLIE BOTMPOCHI

1. B Kakux cnyyaax TpebyeTcs co3faHUe 3aMKHYTbIX CXeM 3/1eKTPO-
npueoaa?

12. MockaneHko 177



10.
11.
12.
13.
14.
15.

Kakylo CTPYKTYpYy CUMIOBO# YacT¥ MMeeT 60/bLINHCTBO 3aMKHYTbIX

3M1eKTPONPUBOA0B?
Kakne BMAbl 06paTHbIX CBA3EN MPUMEHSIOTCA B 3aMKHYTbIX CXemMax
anekTponpueoaa? PDF ComPressor FreeWrsion

Kakue oTnnumTenbHble MPU3HaKM UMEKT CXeMbl ynpas/ieHUs ¢
obwnm ycunntenem?

Kakve oTnnuuTenbHble NPU3HaKU MMEKT CXeMbl yrpas/ieHus, no-
CTPOEHHbIE MO MNPUHLMMY NOAYNHEHHOIO pPerympoBaHus KoopauHar?
UTo Takoe TeXHUYECKUIA U CUMMETPUYHBIA ONTUMYMbl HaCTPOMKM
CUCTEM C MOAYMHEHHBIM pPeryiMpoBaHueM KoopauHaTt?

Kakne cnoco6bl ynpasneHns NpPUMMEHSIOTCA B aCUHXPOHHbLIX 3/1eK-
TponpuBoAax C MUCMO/b30BaHUEM npeobpasoBaTenei 4acToTbl?
Kakue BuAbl peryanpyemMbiX 3NeKTPONpUBOAOB C CUHXPOHHbLIMU
Asuratensmun Bbl 3HaeTe?

C Kakoli Lienblo OcyLLLecTBseTca aBToMaTnyeckoe perynmposaHue
TOKa BO36Y)XAEHUNSA CUHXPOHHbIX ABUraTenen?

KakoW anekTpornpueoA HasblBaeTcs cnefaumnm?

UTo HasblBaeTCa 3NeKTPONnpuUBOAOM C MPOrpaMMHbIM ynpasieHnem?
B yem cocToAT 0co6eHHOCTU aneKkTponpueoda ¢ Urny?

UTto HasbiBaeTCA afanTMBHbLIM 3/1IEKTPONPUBOAOM?

Kakon anekTponpusof Ha3biBaeTCs KOMMNAEKTHbIM?

Kakol aneKTponpuBog Ha3biBaeTCAa UWHTErPUPOBaHHbLIM?



haBa 5 *

AQNEKTPOIPUBO L B CUNCTEMAX
ABTOMATUN3AUWVN TIPON3BOACTBA

5.1. CTPYKTYPbl CNCTEM ABTOMATU3ALNU
MPON3BOACTBA

CoBpemMeHHOe MPOMbILLTIEHHOE NPOW3BOACTBO XapakKTepnsyeTcs Ln-
[POKUM MPUMEHEHNEM aBTOMAaTUYECKUX CUCTEM YIPaBeHns, YTo NO3BO-
nset 06nerynTb TPYA YenoBeka, yBeImunTb NPou3BOaUTESIbHOCTb pabo-
YMX MaLVH N TEXHONOIMMYECKNX KOMIMJ/IEKCOB, NMOBbLICUTL KA4eCTBO Bbl-
NMycKaemon npoayKumm, CHU3NTb €€ 3HEPTrO—- N MaTEPUATIOEMKOCTb U
pewmnTb paa apyrix 3agav.

CreneHb aBTOMaTU3aLLMM TEXHOMOMMUYECKUX MPOLLECCOB MOXET ObITh
pasnnyHo. Ha paHHKX aTanax NpOMbILLIEHHOIO NPOV3BOACTBA aBTOMa-
TU3NPOBasIach padboTa OTAE/bHBIX PadoUMX MaLUNH U MPOU3BOACTBEHHbIX
MEXaHM3MOB, a DYHKLMW NPUHATUA N peann3aumn yrpasieHYeCcKux pe-
LLIEHWI BbINOSHAN YeroBek (ornepatop). 1o Mepe pasBnTUS, YCIOXHEHWS
M HTEHCUMKaLMM MPOM3BOACTBA, & TakKe NOSBIEHNSA KOMIMbIOTEPHO
TEXHUKW CTa/IN CO34aBaTLCA CUCTEMBI YIPaBeHNs, BbIMOMHSAOLW e Han-
JyyLLIiM 06pa3oM BeCb KOMI/IEKC 33434 YrpaB/ieHNs TEXHOIOMMYECKUMMN
o6bekTaMu. B HacTosiLLLee BPeMS C HAMMW CTa/i 06be4MHATLCA Y CUCTEMbI
aBTOMATU3UPOBAHHOIO NMpoekTnpoBaHus (CATTP) TeXHOMOrMYeckoro v
BCroMoraresisHOro 060py0BaHUsA, YTO NO3BOSET ONTUMN3MPOBATDL MO
MHOMM MoKasaTes1M KaK CaMmy TEXHOSOMMYecK e OObeKTbI, TaK 1 BbIMOJ1-
HSeMble MW TEXHOMOMMYECKME MPOLLECCHI.

MpOMbILLIEHHOE NPOM3BOACTBO MOXET MMETb HECKO/IbKO YPOBHEN aB-
TOMaTU3NPOBaHHOW CUCTEMbI YrpaeieHus. MepBbiii yPOBEHb, KOTOPbIN
VHOTja Ha3bIBatOT IOK&/TbHbIM, COCTaB/IAH0T CUCTEMbI YNPaBIeHNA 3NeKT-
[pONPVBOAOB OTAEMLHBIX PAboUMX MaLLH. Ha aToM ypoBHe A1 obecrie-
YeHMA 380aHHOMO KaYeCTBa TEXHO/IOMYECKOro NpoLiecca v ero asTomMaTu-
3auUmK, KPoOMe OOpaTHbIX CBA3EM CamMOoro 3/1eKTPONpuBOAa, MOIYT MC-
Mo/b30BaTLCH 06pPaTHbIE CBA3WN W MO PEryIMpYyeMOMY TEXHONOMYECKOMY
napameTpy, HanpMep AaBIEHNIO NN PacXOLy XXUOKOCTU UMW rasa, HaTs-
YKEHMIO B 0OpabaTsiBaeMoOM Marepuasie, yCUmio pe3aHns B CTaHKax U T4,

B Takmx cxemax aBToMaTnyeckoro perynmposaHms (puc. 5.1) Bbixoa-
Hasi KoopamHaTa aneKkTponpueoaa A™NXABNAETCA YNpasnaoLLMm BO3aen-
CTBMEM A/11 paboueli MalvHbl PM 1 obecneunBaeT 3a4aHHblii X0 Tex-
HOJIOrMYECKOro MPOLECCa MNPU Pas3/INYHbIX U3MEHEHMSX BO3MYLLLAIOLLIMX
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BO34eNCTBMI JT™,, 1 XKIM2 CUrHanom 3afaHus 4719 3NeKTponprBoga
AB/IAETCHA CUMHA OTK/IOHEHUS (PaccorsiacoBaHUs) MeXxay curHasamuv
3a4aHNA TEXHOMOTMYECKOr O napaveTpa U

HOI cBsi3n Jt . r CurHan 3agaHuvs JY NocTynaeT OT oneparopa pactouei
MaLLMHbI WX OT CUCTEMbI YpaBneHus 6onee BbICOKOro ypoBHs. Pac-
CMOTPUM peanin3aLmio TaKoli CXeMbl Ha NpYMepe CUCTEMbl aBTOMaTu-
4ECKOro peryimpoBaHns Aas/eHNs HACOCHOW YCTaHOBKU.

Puc. 5.1. Cxema aBTOMaTMYeCKOro perysimpoBaHNs TEXHOOMMYECKOro napameTpa

OCHOBHOI/ XapaKTePUCTUKO Hacoca SIBNAETCA 3aBUCUMOCTb CO3aBa-
€MOro 1M Haropa (aasneHus) 9 ot pacxoaa soapl Q. Ha puc. 5.2 noka-
3aHbl 3TV XapaKTepVCTUKW A/19 ABYX CKOPOCTel NPUBOAHOIO ABUratens —
HOMUWHa/IbHO (xapakTepucTuKa |) 1 MOHWKEHHO L, (XapaKTepmc-
Tmka Il). Jonyctnm, 4To B UCXOAHOM MOJIOXEHNN Hacoc paboTan B TOY-
Ke 1C HOMUHasIbHbIMU pacxodom CL** 1 Hanopom HxH. MNpu Hen3meH-
HO CKOPOCTU BpaLLleHNs paboyero Koseca Hacoca CHKEHWE pacxoaa o

Puc. 5.2. XapakTtepucTukm Hacoca

YPOBHA Q2NprBeaeT K NMOBbILLIEHWUIO AaB/IeHNA Ha BbIXOAe Hacoca A0 3Ha-
yeHUsa A, (T. 3 Ha xapaktepucTtuke 1). Ecnn Takoe nosbllLeHVE faBre-
HUA HeXXenaTtesbHO, HanpuMep, Mo YC/I0BUSIM TEXHO/IOMMYECKOrO NPOLLEC-
ca 1 No coo6PaKeHNAM 3IKOHOMUN 3NEKTPO3IHEPTN 1 BOApI, TO 3a CHET
YMEHbLLEHNS CKOPOCTY BpaLleHns paboyero Koseca oo ypOBHS L, AaB-
NleHe MOXET BbITb CHKEHO OO 3HauyeHus A2npu ToM e pacxoge Q2
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(T. 2 Ha xapaktepuctuke Il). Tem cambiM Npy paboTe Hacoca Ao/MKHA
6bITb 0O6ecneyeHa xapaktepucTuka lll, 4To MoXeT 6bMb MNOsy4EeHO B CU-
cTemMe aBTOMAaTUYECKOrO peryiMpoBaHns AaBneHVs C UCMNO/b30BaHVEM pe-
ry/IMPYemMoro rno CKOPOCTW 3/1EKTPONPUBOAA, BbINOIHEHHOIO, HaNpUMep,
MO CXeMe «aCUHXPOHHbIN ABUraTesib — NMpeobpasoBaresib HacToTbI*.

Puc. 5.3. Cxema aBTOMaTU4eCKOro perynvposaHnsa Aas/eHus

CxeMa TakoW CUCTEMbI PErY/IMPOBaHUSA B M’MAPaBINYECKO MarncT-
panm nokasaHa Ha puc. 5.3. Ha Heli 0603HayYeH0: ALl — aCMHXPOHHbI
apurartens; 1 — Hacoc; M — rygpasnmyeckas maructpasnb; MY — npe-
06pasoBaTte/ib YaCcToThl; P, — perynarop gasneHus; 44, 34, — cooTseT-
CTBEHHO AaTyuK 1 3a4aTumK gaBneHus xxmagkoctu; (7, — CUTHa/TbI
COOTBETCTBEHHO AaTuMka U 3agatyuvka gaBneHus. JaTunk gaBneHums
ob6ecrneumBaeT OTpULATE/IbHYH 06pPaTHYHO CBSI3b MOAABNEHUIO, B COOT-
BETCTBMW C YeEM CUIHan Ur Ha Bbixoge P/, (OH >ke curHaa ynpasneHust
npeo6pasoBare/ieM YacTOTbl) ONPeaerSeTca ceaytoLLIMM 06pasoM:

Uy=kxu U kavsn, 5.1)

rAe K,, KN— COOTBETCTBEHHO KO3(PULNEHTBI yCUIeHns P, CUTHa0B
3agaHus Uu v gaeneHns B maructpanu L.

PaboTa cncTembl NPOUCXOAUT criedyowwmnm o6pasom. Jonyctnm,
4YTO UCXoaHas paboyas Touka (CM. puc. 5.2) HaxoanuTcs B MOAOXKeHUN 1
1 Hacoc paboTaeT C HOMUHa/TbHbIMM pacxogoM QN v aasneHviem H ™.
Mpu cCHMXEHUN pacxoda B COOTBETCTBUM C XapakKTepucTmkamm Haco-
ca puc. 5.2 HauyHeT Bo3pacTaTth JaB/eHne, a B cooTBeTcTBum ¢ (5.1) npu
3TOM ByAeT CHMKATLCA CUrHas1 ynpasneHusa Ur 3ro NpvBeaeT K yMeHb-
LWEHMIO YaCTOTbl HaMPSHXKEHWS NMUTaHUA ABUraTens, N ero CKOpocTb
HayHeT CHMXaTbCcsA. Hacoc BcneacTene aToro nepenger pabotarts Ha
60/1ee HU3KYI0 XapaKTepUCTUKy (puc. 5.2), n AasneHve nepectaHeT BO3-
pactatb. [pu yBenMyeHnn pacxoda cucrtema 6yaeTt obecneumsaTs yBe-
nnueHve gasneHus. Takmum o6pasom, B 3aMKHYTOI cxeme puc. 5.3 6y-
[eT obecneyeHa xapaktepuctuka lll, nogaepxvearowas AasieHne B
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3afaHHbIX npeaenax. NonoxkeHne aTol XxapakTepucTUKX onpeaenseT-
CAl YPOBHEM 33JatoLLero curHana Uxi

HaknoH xapaktepuctukn |11 6yget
KO3 (pULIMEHTAMU YCUNEHUA 3NIEMEHTOB CXeMbl. B cyyae 1cnonb3o-
BaHMA [M-perynatopa faBneHus XapakTepucTmka oyaeT UMeTb HEKO-
TOpPbI/ HaK/IOH (perynMpoBaHme co CTaTUYecKoi owmnbKoii), a B crny-
yae Hannuua MK-perynatopa cxema ob6ecneunT actaTtndeckoe (C Hy-
NIEBOI CTaTU4YeCKOW OWMOKON) perynupoBaHue gasneHus. Pacuert
KoathhuLmeHTa ycmneHums MN-perynstopa no kaHasly AaBneHns MOXeT
ObITb NMpov3BeaeH crieAyoLLnM 06Pa3oM.

3anuwem BblpadkeHWe AnA curHana ynpasneHns Uy Ha Bxoge MY
ONA ToYek 7u 2, ncnosnbsya gopmyny (5.1):

n" " T IRN"  km* KN KA n~- 52)

n" =K.“KV" "kn"° "K KO <s'3)

rae kn = Aw/[L, — KoathhULMEHT nepedayun CUI0BO YacTy 3NEKTPO-
npusopa (MY+ AA), pan/(c* B); kan — KO3a(hhnLUMEHT nepesayun Aat-
ymkKa gasneHusa 44, B/m.

BblunTtas (5.3) 3 (5.2), nocse NnpeobpasoBaHWii NOyHaeM cneay-
toLLyto hopmyny o1 pacyeta Tpedyemoro KoaduvumeHTa yecuieHus
CUrHas1a JaTyuvka AaB/fieHuns:

£=__ bl G
0 KAWr-9~y 1X4

O6bI4HO Tpebyemas cTaTUvecKast XapakrepucTuka perynmposaHs |1
334aeTcA TpedyeMbIM (JONYyCTUMbIM) NepenanomM Haropa J1A= (A2- Hm)
Mpv N3MeHeHUN pacxoaa B abCOMOTHOM BbipaxkeHnn AQ = 0 1+ Q2unn
B OTHOCUTE/NIbHOM BUAe Q2= QQmm- TakK KakK B COOTBETCTBMN C dhop-
My/flamu Nogo6ms Hacoca Q1= Q JQ N =w,/w**, =ad, To chopmyny (5.4)
C YY4ETOM 3TUX COOTHOLLIEHNI MOXXHO 3anmncaTtb B BUAE:

IC 1>

*rTpar <H
PacueT napameTpoB cxemMbl Ha puc. 5.3 npueeaeH B npumvepe 5.1.
MHorve TeXHO/I0rMyYecKne NPOLLECCH Peasin3yoTcs C UCMO/b30Ba-
HVEM HECKOJIbKMX B3aMMOCBA3aHHbIX paboumx MaLlvH, Hanpuvep npo-
KaTKa MeTasl/1a B NPOKaTHbIX CTaHax, U3roToB/eHWe AeTaneil B Mallu-
HOCTPOEHMN, MPON3BOACTBO Bymarv U T4,. PacCMOTPUM 3TO Ha NpuMe-
pe cTaHa ropsyer NPoKaTkn, cxemMa KOTOpOro nokasaHa Ha puc. 5.4.
Komniekc TeXHOMNormyeckoro obopyaoBaHns cTaHa BK/IHOYaeT B
cebs HarpeBaTe/ibHble Neyn MeTasina 7, PosibraHr 2, BepTUKasibHbIA 3
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W FOPU3OHTaSIbHBIV 40KaIMHOMIOMATeNn, YepHoBble 5 1 unctosbie 7
pabouve KneTtu, eTyure HOXHMLbI 6, MOTasiku 9

0

Puc. 5.4. Cxema aBTOMaTMU3aLMM CTaHa ropsyeil MPOKaTKu

TexHONOrnyecknii NpoLecc NPoKaTku MeTasinia CoCTOUT B Cneay-
towem. MNepen, NPOKaTKOM MeTasiia C MOMOLLIBIO CrieLasibHbIX HRXKUM-
HbIX YCTPOWCTB YCTaHaBNMNBaOT HEOOXOAMMbIE PACTBOPbI BA/TIKOB BCEX
KneTel cTaHa 1 oka/iMHo/IoMaTenen. NpokaTka MeTasia HaunHaeTcs
C pasorpesa C/IMTKOB B HarpesaTe/ibHbIX Nneyax 1 3aTemM OHU MOCTy-
narT Ha TPaHCNOPTUPYIOLLWIA PObraHr 2 U A0CTaB/ATCA K OKav-
HosomartesnsM 3 1 4, ¢ NMOMOLLbIO KOTOPbIX YAATIAETCA OKa/IMHa C UX
nosepxHocTU. Janee CAMTOK MOCTynaeT B KNeTU YepHOBOW rpynnbl
CTaHa (MX MOXeT 6bITb 5-6), rae Npon3soauTca npeasapuTessHoe 06-
Xartme cnutka ao TonwrHsl 2025 M.

Mocne 4YepHOBOW rpynmnbl METa/T MOCTYNAaeT B YACTOBYIO Fpynny,
COCTOSILLYIO U3 7-9 KNeTel, B KOTOPbIX METa/I1 06XKMMaeTca A0 3a0aH-
HOW TONWMHBbI. C MOMOLLBI0 MOT&/IOK 9 OH CMaTbIBAETCH B PY/IOHbI U
Hanpas/AeTca Ha JaslbHelLLY0 06paboTKy. Arperarbl MPOKAaTHOro CTa-
Ha — KIeTWU, POsbraHrn, MOTa/lKW, JleTyyme HOXHULbI, HaOKVUMHbIe
YCTPOICTBa NPUBOAATCA B ABVIKEHME anekTponpusogamm 10,

HeTpyHO 3aKNi04nTb, YTO yrpaseHne TakKumMmm Uin nogobHbIMn
CNOXXHbIMW TEXHOIOMMYECKUMU KOMI/IEKCAMWN JOHKHO ObiTh B MaKCU-
MaUlbHOM CTENEHN aBTOMATU3NPOBAHO, YTO U PeasyTn3yeTcs Ha NpaKTuke
C MOMOLLbIH0 aBTOMATU3NPOBaHHbIX CUCTEM YIpPaB/ieHNs TEXHOI0rnYec-
KnmMun npoueccamy —ACY TI1. B obwem cnydae ACY TI1 Ha3biBaeTcA
yenoBeKoMaLLMHHas cnucteMa, obecrneyrBaroLLan aBTOMaTU3NPOBaHHbI
cbop 1 06paboTKy UHGOPMaLU C LieNbio BbIpaboTkU 1 peannsaumnm
YAPaBNAOLLMX BO3AENCTBUM HA TEXHOMNOMMYECKNIA 06LEKT yrpaB/ieHns B
COOTBETCTBUM C NPUHATLIM KPUTEPUEM YNPaBEHUS.
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3afaHHbIX npeaenax. MNonoxkeHne aTor XapakTepucTUKN onpeaenseT-
CA YpOBHEM 3afatoLLiero curHana Uxi

HaknoH xapakTtepuctukn |l 6yget
KO3 (pNLMEHTAMU YCUNEHUA 3NIEMEHTOB CXeMbI. B cryyae ncnosnb3o-
BaHUA MM-perynatopa AaBneHns XapakTepuctnka byaet MMeTb HeKO-
TOpPbIA HAaK/IOH (peryMpoBaHme CO CTaTUYeCcKo oWwmnbKom), a B cny-
yae Hannuua MN-perynaropa cxema o6ecrneunT actaTnyeckoe (C Hy-
NIEBOI CTaTU4YECKOW OWMOKON) perynupoBaHue gaeneHuvs. Pacuet
KoathhuumeHTa ycmneHms MN-perynartopa rno kaHany AasfeHns MOXeT
ObITb NMpowv3BeaeH CreayoLnmM 06pasoMm.

3anuwem BblpadkeHWe 4119 cUrHana yrnpaesneHns Uy Ha Bxoge MY
ONA ToYek 7u 2, ucnosnb3sya copmysny (5.1):

n" "t k" kn'" KUt A H -~ 5,2)

n' =k .“KV" "Kku‘" =kn" "kkn'’ (53)

rae kn = Juv/JUy— KoathhULUMEHT Nepeaaym CU/I0BO YacTu 3/1EKTPO-
npusoga (MY+AL), pas/(c mB); kan— KO3 PULMEHT Nepesadn Aat-
ymkKa gasneHusa 44, B/m.

BblunTtas (5.3) 3 (5.2), nocne npeobpasoBaHWii MoyyYaem creay-
toLLyto hopmyny o151 pacyeta TpebyemMoro KoagppuumneHTa ycnneHus
CUrHas1a JaTyvka AaB/fieHuns:

K = bl Hon -(D 1 IC  «

a KMb-nny 1X4

O6bI4HO Tpebyemas cTaTUHecKast XapaKTepycTKa peryvmposaHus |1
334aeTcA TpebyeMbIM (ZOoNyCTUMbIM) Nepenaaom Haropa 4//=(A2- Ht )
MpY U3MEHEHNW pacxoa B abCOMTHOM BbipakeHUn AQ = QKU- Q2uwm
B OTHOCUTENBHOM BUAe Q j= Tak Kak B COOTBETCTBUU C hop-
My/niamMu Nogooms Hacoca Q = ft/Q**, = co/w**, =w’, To hopmyny (5.4)
C YY4ETOM 3TMX COOTHOLLEHW MOXHO 3anmcaTth B BUAE:

l-IO(((l-CD ,cc,

K~ W H - (55)

PacueT napameTpoB cxembl Ha puc. 5.3 npuvseaeH B npumepe 5.1.
MHOrme TeXHO/IOrMYeCKMe MpPoLLEeCcChl Peasin3yrTCs C UCMO0b30Ba-
HVEM HECKOJIbKMX B3aMMOCBS3aHHbIX paboumx MaLlnH, HanpumMep npo-
KaTka MeTas/1a B NPOKaTHbIX CTaHax, N3roToe/eHne AeTaneli B Maluu-
HOCTPOEHMI, NPOU3BOACTBO Bymaru 1 T4,. PacCMOTPUM 3TO Ha npume-

pe cTaHa ropsyei NPoKaTkn, CxeMa KOTOPOro rnokasaHa Ha puc. 54.

Komnnekc TeXHOMOrmyeckoro obopyAoBaHns CTaHa BK/IOYaeT B
cebs HarpeBaTe/ibHble Neun MeTasia /, posbraHr 2, BEPTUKasIbHbIN 3
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M TOPU3OHTa/IbHbIV </OKa/IMHO/IOMATENN, YEPHOBbLIE 5 1 YncToBble 7
pabouvie KNeTu, neTyuyme HOXHULBI 6, MOTauTKn 9,

o

Puc. 5.4. Cxema aBTOMaTU3aLMMN CTaHa ropsiyeit MpoKaTKm

TexXHO/I0rMYecKknii NPOLLECC NPOKATKMN MeTasi/ia COCTOUT B criedy-
toem. MNepes MpoKaTKo MeTasiia ¢ MOMOLLBHO CheLUabHbIX HKUM-
HbIX YCTPOWCTB YCTaHaB/MMBaOT HEOOXOAVIMbIE PacTBOPbI BA/IKOB BCEX
KMeTEN CTaHa 1 OKasiMHonomMaTtenei. Npokatka MeTasiia Ha4YnHaeTcs
C pasorpesa C/IMTKOB B HarpesaTte/ibHbIX neyax 1 3atem OHM NocTy-
natoT Ha TPaHCMOPTUPYIOLLIWIA POSIbraHr 2 1 AOCTaB/IATCA K OKa/in-
Ho/omartesnisM 3 1 4, C MOMOLLbIO KOTOPbIX YASETCA OKaslHa ¢ Ux
MoBepxHOCTW. [asiee cNMTOK NOCTynaeT B KIETU YEPHOBOW rpynmbl
cTaHa (MX MOXeT 6bITb 5-6), ae NPON3BOAMNTCS NPeaBapUTENIbHOE 06-
Xarme cnnTka 4o TonwmnHel 20-25 mm.

Mocne 4epHOBOW TPyMMbl MeTas1 MOCTYMaeT B YACTOBYO Tpymnmny,
COCTOSLLYIO N3 7-9 KNeTell, B KOTOPbIX METa/I 06XKMMaeTca A0 3aaH-
HOW TONMWMHBLI. C MOMOLLIO MOTaI0K 9 OH CMaTbIBaeTCA B PY/IOHbI U
Hanpae/sSeTCA Ha Aa/bHENLLYH0 06paboTKy. Arperarbl MPOKaTHOIo CTa-
Ha — KIeTW, POsibraHrv, MOTa/IKM, NIETyYMe HOXHULbI, HOKVUMHbIE
YCTPOWCTBa NPUBOAATCA B ABVXXEHME nieKTponpusogamn 10.

HeTpygHO 3akniounTh, YTO yrnpas/ieHne TakuMu Wi nogo6HbIMU
C/TOXHbIMU TEXHO/TOMMYECKMMW KOMIMJ1IEKCAMU A0/HKHO 6bITh B MaKcu-
Ma/IbHOW CTENEHW aBTOMAaTU3NPOBAHO, YTO U pPeasinsyeTcs Ha NpakTuke
C MOMOLLbH0 aBTOMAaTU3NPOBaHHbIX CUCTEM YMPaB/IEHUS TEXHOIOTNYEC-
Knmm npoueccamm —ACY TI1. B o6wem criyyae ACY TTI1 HasbiBaeTcs
yenoBeKOMaLLMHHas cucTeMa, obecrneurBaroLLias aBTOMaTU3NPOBaHHbI
cb60p 1 06paboTKy MHOPMaLMK C LEbH0 BeipaboTKM 1 peanmsaumun
YNPaBAAIOLLMX BO3AENCTBMIA Ha TEXHOIOMMYECKNI OOBLEKT YrNpaBneHns B
COOTBETCTBUW C MPUHATLIM KpUTEPUEM YMPaB/eHNs.

183



MpuMeHUTENBHO K paccmaTpusaeMomy npumepy ACY TIM paboTtaet

cnefyoLymM obpasom. Jns ceoero pyHKUMOHMPOBaHMS YBM aomkHa
VIMETb HEOOXOAMMYHO MHDOPMALVIOHHYHO 6a3y.
XOOHbIX A@aHHbIX V[, NpeacTaBnsoLLmx coboi pacyeTHyo (OnTumarb-
HYI0) MaTemMaTU4ecKyto Moe/b MPOKaTKN, U TeKyLLLe NHhopMaLLMn Mo
npotieccy nNpokartkn VM, nonyyaemyto OT YCTaHOB/IEHHbIX Ha TEXHO-
normnyeckom obopyaosaHNN AaTYMKoB 8. ConocTasNsas 3a4aHHbIe NokKa-
3aTenn npoLiecca NPOoKaTku ¢ peasibHbiMK, YBM BbipabaTtbiBaeT 3a0a-
toLLME CUMHaUTbI (YCTaBKM) 3M1EKTPOMNPUBOAOB OTAEMBbHbIX Padounx MaLlvH
1 MEXaHW3MOB U1, MPU HEOOXOAMMOCTU, UX KOPPEKTUPYET. TakumM obpa-
30M, YBM BbINOMHSAET crieayroLLme yHKLNN:

= rosly4yeHue, nepepaboTKy, XpaHeH e 1 NOUCK NHhopMaLny;

= hopMmpPOBaHKE 1 Bblaady 384aHKA (YCTaBOK) 3/IeKTPOMpPYBOAaM TEXHO-
JIOMNYECKOrO KOMI/IEKCA Ha OCHOBE MaTemMaTUYecKoli MOAE/ M MPOKaTKu;

* KOPPEeKLUMI0 MaTeMaTUYeckor Mogenm Npy N3MeHeHUn napameT-
[pOB TEXHOMOMMYECKOro npoLiecca 1 COOTBETCTBEHHO BblAaBaeMbIX 3a-
JaHnii (ycTaBOK), YUTO obecrneunsaeT ONTUMM3ALNIO TEXHOOMMYECKO-
ro npotecca (agantauymsa UM camoHacTpoiika CUCTEMBI);

« Bblga4y NOHOM MHGOPMaLMK MO MPOLLECCY NPOKATKU.

[n1s nonyveHns 06beKTMBHOM MHGIOpMaLy Y BM MOXXET OCYLLIECTB/ISITL
CTaTUCTMYECKYH0 06PabOTKY CUTHAMOB TEXHO/TOMMHYECKUX AATUNKOB.

MpoMbILLIEHHOE MPOM3BOACTBO YaCTO PeaN3yeTcs He OOHVM, a He-
CKOMbKVMU B3aMMOCBA3aHHbLIMW TEXHOMOMMYECKMU npoLieccamu. B pac-
CMaTpyBaeMOM MPUMEPE MPOM3BOACTBA META/VTUYECKOTO JINCTA UCXOAHLIM
v3aenviem SIBNSeTCA CAIMTOK METaV1a, KOTOPbIV MOXET ObITb MNOMyYeH, Ha-
npuMep, Ha yCTaHOBKe HEeMpepbIBHOM pasnnBk CTasin. Mocne nostyyeHus
JINCTa OH MOXET BbITb HarNpaB/ieH Ha JaslbHElLLYH0 06paboTKy, Hanprmep
MOKPbLITUE 3aLLUTHLIM CI0EM LiMHKa. COBOKYMHOCTb TEXHOIOMMHYECKNX
MPOLLECCOB 1 06pa3yeT MNPOMbILLIEHHOE MNPOU3BOACTBO, Yrpas/eHVe KOTo-
pbIM LIeNecoobpasHo OCYLLECTB/IATL C MOMOLLbH0 8BTOMATU3NPOBAHHbBIX CU-
CTeM yrnpas/ieHnsa NMpom3BoACTBOM v npeanpustiem —ACYTT.

ACYT gomkHa B 00LLIEM CyHae coaepkarb CrieaytoLLve NoaCcUCTEMbI:
ACYTI, aBTOMaTu3MpOBaHHOI TEXHOMOMMYECKOM NMOAFOTOBKM NPOM3BOL;-
CTBa, M/1IaHNPOBaHUS, OUCTIETYEPU3ALIA, TPAHCTIOPTHO-HAKOMUTE/bHYIO,
KOHTPO/IA KayecTBa, KOHTPO/IS UCMOIHEHWA, a Takke coopa, XpaHeHWs,
06paboTKU 1 BblAa4n HopMaLmn.

Cnepnywouimne, 60/ee BbICOKME YPOBHW yrnpasneHUs obecrneyvsatoT
ACY npomn3BoACTBEHHLIMY 00beMHEHVSMUA, B KOTOPbIE MOIYT BXOAUTb
HEeCKobKo NpeanpusTuii, ACY otpaciim n ACY obLyerocyJapCTBEHHBIE.

AnnapatHas peasm3aLa COBPeMEHHbIX CUCTEM YNpaB/ieHVs NPOn3BoA-
CTBOM BCEX YPOBHEW OCYLLLECTB/ISIETCA C MOMOLLIBHO ObICTPOAENCTBYOLLIX
CPEeACTB BbIMNC/INTENBHOM TEXHUKN, K YACY KOTOPbIX OTHOCATCA NPOMBbILL-
NeHHble NporpaMmuypyemMble fIorMyYeckre KOHTPOsIEPb! N KOMMbIOTEPbI.

184



OCO6eHHOCTbI0 KOHCTPYKTUBHOIO VUCMOIHEHWUS MPOMBbILLIEHHbIX
KOHTPOJI/IEPOB AB/IAETCA UX MPUCTIOCOBMEHHOCTL K paboTe B YCNOBU-
AX MPOMBbILLNEHHOIO MPOMN3BOACTBA NMPU 3HAUNTENbHbLIX M3MEHEHUAX
napamMeTpPOB OKPY>XKatOLLLel cpeabl 1 AeACTBAN BPeAHbIX /15 3/IEKTPOH-
HOW TEXHUKWN (PaKTOPOB — 3NEKTPOMArHUTHbIX NOMEX, 3arbl/IEHHOCTH,
BUOpaumm n 14, OT/IMUMTENLHOW YepTOM KOHTPO/IIEPOB AB/AETCS BO3-
MOXHOCTb MX NPOCTOro NporpaMMmpoBaHns, He TpebytoLLero yriy6-
NEeHHbIX 3HaHWIN NO MHOPMaTVKe OT 06CIYKMBAKOLLEro nepcoHana.
BO3MOXKHOCTb NpOrpaMMmnpoBaHns 06ecrnevnBaeTcs HIMYMEM B KOH-
Tposnnepe NaMaTh, B KOTOPYIO 3aHOCATCS 3aKOHbI YNpas/ieHNsi O6beK-
Tamn 1 gpyras Heobxoaumas nHhopmauys.

KoHTponnep, KOHCTPYKLMA KOTOPOro MNO3BOMSET BCTPauBaTh ero B
TEXHOMornyeckoe 060pyaoBaHVe, KOTOPbIM OH YMNPaB/seT, HOCUT Ha3Ba-
HWe BCTpavBaeMOro. ABTOHOMHbIV KOHTPOJI/IEP BbIMOJHAETCA B BUAE
KOHCTPYKTVBHO 3aKOHYEHHOIO U3Ae/1S 1 MOXKET pa3MeLLaThbCsl B LLKa-
thax ynpaeneHms, Ha CToMkax v KpenuTbes K cTeHe. [Npu pasmelte-
HMM TEXHOJIOMMYECKOIr0 060PYyA0BaHVSA Ha 60/IbLLON TEPPUTOPUM MOTYT
NPUMEHSATLCA pacrpeaeneHHble KOHTPO/NEPb!, NPeACcTasnsioLLme coboii
COeAVHEHHbIE IMHNAMMW CBA3U OTAENbHbIE MOAY/IN C OOHUM WU HECKO/Tb-
KAMW yNPaBnsioLL MMy YCTPOCTBaMM.

KomMnbioTepbl Kak OCHOBHOE CPeCTBO peain3auyy asToMaTu3npo-
BaHHbIX CUCTEM ynpas/ieHMs MPOn3BOACTBOM MOIMYT MMETb PasHOO06-
pasHoe KOHCTPYKTUBHOE M CXEMOTEXHUYECKOE NCTONTHeHVEe. Ha Bepx-
HeM ypoBHe ynpasneHus (ACYT1) B kayectse YBM MOryT UCMoO/b30-
BaTbCA 0OblYHbIE O(PMCHbIE KOMMbIOTEPDI, TaK KaK yrpasfeHYecKnii
repcoHas paboTaeT B MOMELLLEHNAX C KOMM(OPTHLIMU YCIOBUSMNA.

B npoun3BoACTBEHHBIX YCNOBUAX NPU paboTe Ha HYKHUX YPOBHSIX
yNpaBneHnsi KOMNbIOTEPbI, KaK N KOHTPOJNEPbI, AO/HKHbI UMETb Crie-
LManM3npoBaHHOE NPOMbILLIEHHOE NCNONHEHNE. OT OBObIYHbIX KOM-
MbIOTEPOB MPOMbILLNIEHHbIE KOMMbIOTEPbLI OT/IMHYAKTCA MOBbILLIEHHO
YCTOMYMBOCTLIO K BO3AENCTBMAM OKpYXatoLLeli cpeabl — Temnepary-
pe, BMaXKHOCTN, BUbGpaumam, AeACTBUIO arpecCrBHbLIX ra3os U Mblu,
3/1eKTPOMAarHUTHbIM rnomexam. CneunasibHOe NUCMONHEHNE UMEIOT U
CpeAcTBa CBA3W «4eNoBeK — MallnHa* — AUCTNen 1 Kiasmatypa.

[MpOoMbILLNIEHHbIE KOMIMLIOTEPLI B BUAE NHAYCTPUaIbHLIX Paboumx cTaH -
LA XapaKTepu3yroTCa pasMeLLEeHEM aUCT/Ies, CUCTEMHOIO 6/10Ka U Kna-
BMATYpPbl B €4VHOM KOHCTPYKTUBE. MaHe bHble MPOMbILLYIEHHbIE KOMIBLHOTEPbI
XapaKTepu3yoTcs MasibiMU rabapUTHLIMU pasMepamm U OTCYTCTBUEM Kia-
BUaTypbl, OYHKLIMN KOTOPOI BO3NaratoTCs Ha CEHCOPHbIA 3KpaH.

Mpumep 5.1. Cxema cUCTEMblI aBTOMaTUYECKOrO PErympoBaHus
[aBneHusa Hacoca npvesegeHa Ha puc. 5.3. Hacoc tuna KM 80-50-200
VMeeT HOMWHasbHble Hanop //,,.,=50 M, pacxog, (npoussoguTens-
HocTb) Oov=0,014 m3ICc 1 CKOPOCTb BpalwieHns aHi= 314 pap/c.
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Hacoc npusoaguTca BO BpalleHue asurarenem tuna 4A132M2 mol-

HOCTblO 11 KBT, KOTOpbIi NUTaeTcAa OT NMpeobpasosartesis 4acToThl.

Koecp;pmu,weHT rnepefayun npeodpasoBarTens _YacroThbl COCTaBASET ..
it

ressorfree version

Ky Aion~ S8 -5Tu/B, raezw, " PR GPIRSHAIHEHS!
MWHasIbHbIE YacTOTa M BXOAHOM CUMHa yrnpasneHns rnpeobpasosare-
Na 4acToTbl. B cxeme MUCMosnb3yeTcs AaTunK AaBEHNS C KO3 urLM-
eHToM nepepaun £, =4/ 4 A=0,2 B/m.

TpebyeTcs paccuntaTe NapameTpbl P, NPy KOTOPbIX Hanop 6yaet
N3MEHATLCA Ha Be/iMunHy 9 =5 M npy OTHOCUTE/TbHOM V3MEHEHUN
pacxoga Q =0,2.

PaccunTbiBaeM KOa(hhLMEHT nepesayn CUNOBOWM YacTu 3/1eKTPO-
npueoaa:

[ns pacueTta kKo3hhrLMEHTA YCUNEHUS CUTHAsIA JaTuMKa AaBNEHNS
ncnosnbsyem dpopmyny (5.5):

«b-0-0 314(1-0,2)
N A*AOA8 314025

MpnmMem conpoTuB/ieHNe pe3ncTopa R,cHa cxeme puc. 5.3 pasHbIM
100 kOMm. Torga conpoTMBAeHWe pe3nctopa /722cocTaBuT

/2="f.=M =125 kOm.
K 8

OnpepensieM napamMeTpbl LIeNy 330at0LLEero curHana, s Yero m3
ypaBHeHUs (5.2) HaXoAMM NpousseaeHme

BAO .,-5"+ *A/NM~-uw +8-0,250=90B.

MpuHMMast K,= ka= 8, HaxoAUM Be/IMUMHY 33Aal0LLEro CUrHaia um
151 ONYYEHUNS] XapaKTePUCTUKN 3:

ern=P =P _1158.
K 8

5.2. PETYNIUPYEMbI/ 3NEKTPOMPUBOLA
KAK CPEAOCTBO SHEPITOCBEPEXEHWNA
B TEXHOJIOTUYECKMX TMPOLLECCAX

3thdhekTBHOE MCMO/MBb30BaHKE 3HEPIUN ABISIETCA OAHOM N3 BAOKHEN-
LUMX COBPEMEHHbIX NPOo6/eM HapOAHOro xXo3siicTea. Ee pelueHve no-
3BOJINT CHU3UTb Pacxog, 3HEPreTUHECKMX N MaTepuasibHbIX PECYPCOB Mpu
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MPOM3BOACTBE MPOMbILLIEHHOW 1 CEIbCKOXO03AMCTBEHHOW NPOAYKLUMN,
YMEHBLLTb O0/bLINE HEMPOU3BOAUTENBbHBIE PacXoabl FocyAapcTBa U Ha-
cerieHs B coepe XXUNLLHO-KOMMYHa/TbHORK XO3SIMCTBa, YyYLIUTb SKO-
JIOrMYecKyro 06CTaHOBKY B CTpaHe. BaxkHyH0 posib B peLLeHN 3TO Npo-
61emMbl UrPaeT 3MEKTPONPUBOL, KOTOPbIN ABASETCA OCHOBHbLIM MOTpe-
OUTENEM 3MIEKTPUNYECKOW 3HEPIN. B 0bLLIEM Cyyae SHeprocoepexxeHne
MOXXET OCYLLLECTB/ATLCA KakK B CaMOM 3/1eKTPONPUBOAE, Tak 1 B 06C/y-
YKMBAEMbIX UM TEXHO/IOMMYECKMNX MPOLLeccax, rag NCnosb3yeTcs Bolpa-
6aTbiBaeMas UM MexaHun4eckas SHeprus.

MprMeHeHVe perynmpyemMoro 3/1IeKTPONpuBoAa No3BosseT obecne-
YNTb SHEPrOCOEPEXEHVE MPU PeayIM3aLv MHOTUX TEXHOMOMMHYECKMNX
npoLieccos. Hanpumep, perynpoBaHme 3a cHeT 3/IEKTponpmnBoaa CKo-
pOCTU 1eHTbl TPaHCcNopTepa, NoJAatoLLEero AeTa/M B 3aKa/IOUHYHO MeYb,
MO3BOMSET MUHMMU3NPOBATb KO/IMYECTBO TEM/IOBOW 3HEPTMN Ha MX 3a-
KaUTKy B 3aBUCHMIMOCTM OT COPTaMEHTa, TEXHOJIONMM 3aKauTKN U OPYTrnX
thakTopoB. Becbma adh(heKTMBHO perynMpyemMbiii MO CKOPOCTU 3/1EKT-
pONprBOA MOXET 06ECTEYNTL 3HEProcbepexeHme B Taknx paboumx ma-
LWVHAaxX, KaK HacoCbl, BEHTUIATOPbI M KOMMPEeccopbl. MOCKOIbKY 3Tn
paboune MallMHbl LIMPOKO NCMO/Ib3YKTCSA B MPOMbILLIEHHOCTU, Ha
TpaHcnopTe, B CEIb,CKOM U XUIULLHO-KOMMYHa/IbHOM XO03AACTBaX,
3HEProcbepeXeHrie B HACOCHbIX YCTaHOBKaX CpeaCcTBamMu 3/1EKTPONpPU-
BOJA SIBNSIETCS LIENIecoo6pa3HbiM U OKasbIiBaeTCsl 0UeHb 30DEKTUBHBIM.
PaccMOTprM athheKT sHEProcoepexxeHns Ha NpUMepe /1eKTPoNpuUBoaa
LIeHTPO6EXXHOr0 Hacoca.

OCO6GEHHOCTLI0 PaboTbl MHOIMMX HACOCHBIX YCTaHOBOK ABMSETCS U3-
MEHEHME KO/IMYECTBA (Pacxoaa) NoaaBaeMoii MM NMOTPEOUTENIO XXNOKO-
ctn (Bogpl). Hanpumep, notpebneHvie BOAbl OT HACOCOB B XXW/bIX 34a-
HUAX MEHSETCA B TEeYeHMEe CYTOK, NMes ABa MakCuMyma — YTPEHHWUI n
BEUYEPHUI, KaK 3TO MOoKas3aHO Ha puc. 5.5. BO3MOXXHOCTb 3Heprocoepe-
YKEHWS MPU NCMO/Mb30BaHUM PENY/IMPYEMOrO MO CKOPOCTU 3N1eKTPonpu-
BOJA MOXXHO MOKasaThb C MOMOLLBHO TaK HasbiBaeMbIX (hopmyn npueede-
HUS, CBA3bIBAIOLLINX pacxos, Q, Hanop A 1 NoTpebisemyto HaCOCOM MOLLL-
HOCTb P C ero CKopoCTbiO BpalleHus. [ AByX 3HAYEHUIA CKOPOCTU
BpaLLleHVs paboyero Koseca Hacoca 0, U 0 CrpaBe/MBbl CrieaytoLme co-
OTHOLLEHNS:

(5.6)

13 \2
[-11 - (5.7)
22 bl

(5.8)
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3 chopmyn (5.6)~5.8) BUAHO, YTO pacxof MOXKHO YMEHbLLIATL 3a CHeT
MPOMOPLIMOHA/ILHOIO CHUYXXKEHWS CKOPOCTM BpaLLLeHWst Hacoca, Npu 3TOM
6y,qu[5H|/|>KaTbc9| Harop (MROMOPLIMOHaNLHO gﬁgﬂ&’gﬁﬁg} LLEHMT G il
pocreit) n noTpebnsemas HaCoOCOM MOLLIHOCTb (MPOMOPLMNOHAIBHO Kygy
OTHOLLIEHMSA CKOpOCTel). TemM cambiM, 0becrneyrBas HEOOGXOOUMbIA pac-
XOA,KUOKOCTU, Hacoc ByAeT paboTaTb C MEHBLLMMU HarlopoM 1 NOTPeG-
NIEHNEM 3HEPIW U3 CETU, YTO M OMNPeaennT apdIEKT SHEPrOCOEPEXKEHWS.

QV/u
| t

F

O 4 8 2 16 20 tu

Puc. 5.5. Mpachmk BogonoTpebieHns OT HACOCHOWM YCTaHOBKU

Pacxop, Q, Hanop A 1 noTpebasemas N3 ceTm MOLLHOCTb cBf-
3aHbl MexXay cob0i crneayroL MM COOTHOLLIEHNEM:

a (59)
UxokMan

rae p — NJI0THOCTb XMAKOCTU, Kr/M5 g = 9,81 M/c2— ycKOpeHme CBO-
6o4HOro nageHus; THM tj*, — cooteeTcTBeHHO KI1 /[, Hacoca v anekT-
ponpueoaa. Hanop A B aToi hopmyrie namepsieTcs B MeTpax, a pac-
xon Q — B Mm’/c.
MoTpebnsemasn 3a Bpems Tp 3NEKTPONPUBOAOM 3/MEKTPO3IHEPTUS
pHaxoanTca no copmyre:

(5.10)

JTHoMT3an
JKOHOMMUSA ANIEKTPO3HEPTIUNN 3a BPEMA pa60Tb| TpHacoca C pacxoaom
O 3acyeT CHMXKEeHUS Haropa co 3Ha4YeHuA H: npu Hen3MeHHon CKOpOcC-
T HacocCa 40 YPOBHA ﬂ, NMpn CHM>XXeHUM ero CKoOpoCTn COCTaBUT:

pgH2-H{QTp
K =-

MHomMan

(5.11)



Mpumepsl peaM3aumn perympyemMoro a/1eKTpornpmeoga HacocoB B
cucTeMax BOAOCHAOXEHNS MOKa3bIBaOT, YUTO 3KOHOMMSA 3/IEKTPO3HEPIU
MOXeET aoxoauts Ao 50% v 6onee B 3aBUCMMOCTU OT BUAA N PEXMMOB
paboTbl HACOCHBIX YCTaHOBOK. KpoMme 3Toro, paboTa ceTel ¢ MeHbLUVIMUA
HaropamMmun ByeT XapakTepur3oBaTbCs U COKpaLLeHNEM yTeueK Boabl (00
15—20% 1 60r1e€) B ceTAX U apmMarype. NMpuMeHNTeIbHO K HacocaMm C 3MeK-
TpONpVBOAaMUY NMEPEMEHHOIO TOKa /151 PEry/IMpOBaHNs CKOPOCTU ABUra-
Teneil 06bIYHO NCMO/b3YHOT CTaTUYECKME MPeobpasoBaTe/ivi HacToThbl.

Mpumep 5.2. Hacoc Tna KM 80-50-200 o6ecneunsBaeT BOAOCHAO-
YKEHVE XW/I0ro AOMa U MMEET cnenyoume rnacnopTHble AaHHbIE:
AM=50M, ... =0,014 mIc, KN L, +.von =0,63. B rog Hacoc paboTaeT
C HOMWH&J/TbHbIM PacxoaoM B TeyeHMe 16004, ¢ pacxogom 0,4 0**,
B TeyeHue 4000 4 1 ¢ pacxogom 0,2 B TeyeHue 2400 4. Xapakre-
pvCTMKa Hacoca BblipaXkaeTcs hopmysioin

= 62,5-638000). (5.12)

Hacoc npmBoanTCs BO BpalLeHNe aCMHXPOHHLIM ABuUratesnieM Tmna
4A132M2 mowHocTbio 11 kBT, nmetowum KM 4, riv=388%.

Onpeaen Ts SKOHOMUIO AMTEKTPO3HEPTUN MPY UCTIOSb30BaHUU Perynv-
pyemoro anekTponpusoga. MpuHATL, yTo KM/ Hacoca npy nsmMeHeHnu
€ro pacxoa 1 ABUraTesisa Npy peryyimpoBaHnm ero CKOPOCTU He U3MEHSIKOTCS.

SKOHOMMUIO 3NEKTPO3HEPINY HaXOOUM, COMOCTaBAA MOTPebneHve
3/1EKTPO3HEPIUM HEPETY/IMPYEMOrO U PErynMpyemMoro no CKopocTtu
aneKTponpueoga. KM Hacoca n 3 npuMeM HEU3MEHHbLIMU U pas-
HbIMW HOMUH&J/IbHbIM.

1. Heperynupyemblii 3/1IEKTPONPUBOL,

[na kaxaoro yposHs pacxoaa Q Haxoaum no (5.12) Harop A v aa-
nee no (5.9) n (5.10) — cooTBETCTBEHHO NOTPE6L/ISEMbIE MOLLLHOCTbL U

3Hepruto. Pe3ynbTaTbl pacyeTa npeacras/ieHsbl B Tabn. 5.1.
Tabnmua 5.1
Pe3ynbTaThl pacyeTa HeperynMpyemMoro a/ekTponpreoia

0, m*/c H, m T., u 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 3NeKTpoOsHeprun 3a Bce Bpems paboTbl HACOCHOM
yCTaHOBKM cocTaBuT 52 160 KBT-u.

2. Perynvpyemblii 3/1eKTPONPMBOL

JaHHble npu paboTe perynmpyemMoro 3M1eKTpornpveoga npeacrasrie-
Hbl B Ta6/1. 5.2. PacueT 3HayeHnin A n npv 3TOM OCYLLLeCTBNA/ICA
no cpopmynam (5.7) n (5.8) Nno ycnosmio NPonopLUOHaIbHOCTU pac-
xofa Q 1 ckopocTu Bpaw,eHns Hacoca (5.6).
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Tabnuua 5.2
PesynbTartbl pacueTa perynmpyemMoro a/1eKTponpusoga

0, m/c H, ™ T.u P"TEAGOT arerOT'N12? Ve
0,014 50 1600 1263 20208
0.0056 9.7 4000 0.4 1600
0,028 25 2400 0.025 60

MoTpebreHre 3M1eKTPO3HEPTUN B 3TOM Cydae cocTaBumT 21 KBT-u,
a uckomas skoHomms J1* = 30 292 KBT-4. C 1Cno/b30BaHNEM AaHHbLIX
o Tapudyy Ha 3/1IEKTPO3HEPT IO Aa/iee MOXET ObITb paccymTaHa U 3Ko-
HOMWUS B PyO/IEBOM BbIPEXKEHWUM.

5.3. ACY CTPONTENBCTBOM

ACY ctpouTtensctBom (ACYC) npeactasniseT coboi creunanmnsm-
poBaHHyt0 ACY, B MakCUMasibHOW CTeneHn yunTbiBatoLLytO creumdgu-
Ky CTpOUTeNbHON oTpacin. CTPOUTENbCTBO Kak NPOM3BOACTBEHHbIN
rnpovLecc XapakTepnsyeTcs MHOTMMU cneymyecKnMn NpusHakamu:

*yyacTue B NpoLLecce CTPOUTENLCTBA BO/LLLIOINO YMCa UCMOHUTE-
ne, NpyHaaexawmx K pasfiMiyHbIM OTPacisM NPOMbILLIEHHOCTH;

= MHOroo6pasme 1 BbICOKast CNTOXXHOCTb MPOAYKTOB NPOM3BOACTBA —
O6BLEKTOB CTPOUTENLCTBA;

* 3HaYMTe/IbHOE BNSHWNE MPUPOAHO-MOroaHbIX (DaKTOPOB;

*0CO6EHHOCTU CamMoro NPoOV3BOACTBEHHOIO NPOLLECCa, TPeBYHOLLEro
CMCTEMAaTUYECKOro NepemMeLLeHNs CTPOUTEIbHO-MOHTaXKHbIX 6puras, n
CpeACcTB MexaHu3aLnn.

ACYC, Kak 1 nobas cnoxHasa cucrema, COCTOMUT U3 COBOKYIMHOC-
TW B3aMMOCBSA3aHHbIX 1 B3aUMOAENCTBYIOLLIMX YacTell, KOTopble 00blY-
HO HasblBalOTCA NoAacvcteMamu. NpeanpusTUS CTPOUTENBHOW NHAY-
CTpUKN (AOMOCTPOUTESIbHbIE KOMOUHATBI, 3aBOAbl Xene306eTOHHbIX
v3genvii nTa.) obagaoT BceMy YepTaMn MPOMbILLIEHHBIX Apeanpy-
ATUIA, N HA HUX MOTYT AeliCTBOBAaTb PACCMOTPEHHbIE BbILLE IOKa/IbHbIE
ACY n ACY TeXHONOrMYyecknx MnpoLLeccoB N OTAE/bHbLIX Mpeanpus-
Tnin. 3t ACY asnsawtca nogcuctemamum ACYC.

MomMnmo HUX, ACY KpPYMHbIX CTPOUTENbHbIX 00beANHEHNIA, UMe-
OLLMX B CBOEM COCTaBe MPOEKTHbIE, CTPOUTE/TbHBIE N CELNasIN3npPOo-
BaHHble OpraHM3aLnmn CTPOMNHAYCTPUN, BKIOYAIOT B ceba 1 paa apy-
rmx PYHKUMNOH&/TbHBIX NOACUCTEM, KOTOPbIE 06ECMeUMBatoT:

= yrnpas/fieHne NoAroTOBKOM CTPOUTENBHOIO NPOUN3BOACTB];

= TekyLllee 1 orepaTtvBHOe M/laHNPOBaHME;

= OnepaTvBHOE Yrpas/ieHNE;

= CTPOUTE/TLHOE MPOK3BOLCTBO;

*yyeT N OTYETHOCTb.
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Momumo Hux B coctaBe ACYC MoryT popmMmpoBaTbCcs NoAcUCTe-
Mbl YrpaBneHns KayeCTBOM WM HayYHO-TEXHUYECKMM MPOrpPeccoMm,
NepcneKTMBHOIO MJaHMPOBaHWS, ynpasieHNs TPaHCNopPTOM, cpes-
CTBaMM MexaHusauun v ap.

Kaxgan 13 nepeuncrieHHbIX NOACUCTEM PELLAeT CBOM KOMIIEKC 3a-
[ay, Bxoaauimx B seaeHve ACYC. Tak, Hanpumep, B rnepeyeHs 3a4a4
MoACUCTEMbI YpaBneHns NoL4roTOBKOW CTPOUTE/IbHOIO NPON3BOACTBA
BXOOMT; pa3paboTka MPOEKTOB 34aHWi 1 COOPY)XEHUIA, MPOEKTUPOBaHNE
opraHusaummn 1 TEXHOOrMM NPON3BOACTBA CTPOUTE/TbHO-MOHTaXKHbIX
paboT, pacyeTbl MOTPEOHOCTU B MaTepuasibHbIX pecypcax, paspaboTka
orepaT1BHO-MNPON3BOACTBEHHON JOKYMEHTALLMM MO NocTaBkaMm, pacye-
Tbl PasBUTUS N pasMeLLLeHNsi COOCTBEHHOW MPOV3BOACTBEHHON 6a3bl,
MPOEKTUPOBaHME OpraHM3aLmny 1 TEXHONOMMN MPON3BOACTBA MPOAYK-
LM Ha COBCTBEHHbBIX MPeAnPUATUAX, pacieTbl MOTPEBHOCTY B CpeacTBax
MeXaHM3aLmmn 1 TpaHCropTa 1 paspadboTka onepaTuBHbIX rPagrKoB nx
MCMNOJIb30BaHWA, pPacyeTbl YNC/IEHHOCTM N NPOJIECCUOHATBHOrO cocTa-
Ba CTPOUTESbHbBIX KaApPO0B, Pa3BUTE HOPMATUBHOM 6a3bl CTPOUTE/NLCTBA.

dyHKUMoHMpoBaHue ACYC obecneumBaeTcs KOMIM/IEKCOM CPeAcTB
nonyyeHus, perncTpauum n o6paboTku, rnepesadn, a Takke obpaboT-
KN 1 OTOBpaXeHNss MHhopMaLmn.

MonyyeHve NepPBUYHON MHGIOPMALIMM OCYLLLECTBISETCS C NMOMOLLLIO
[BYyX rpynn ycTPOMCTB. K nepBoi N3 HUX OTHOCATCA AaTUYNKU Pas/INUHbIX
oM3NUECKVX BE/TMUMH —TeMIepaTypbl, JaBMeHVS, PaCXOL0BXXMAOKOCTU W
rasos, CKOPOCTW BpaLleHVs Apurateseii 1 np., KOTOpble XapakTepuayoT
pasninyHble TEXHOSIOTMYECKIME MPOLECCHI B CTPOUTENbHOM UHAYCTpUK. KO
BTOPOIA rpynne OTHOCATCA YCTPOWCTBa percTpaLmm 1 o6paboTku yUeTHO-
MPOWV3BOACTBEHHOW MHAIOPMALIN — AaHHbLIX O XOAE BbIMyCKa NPOAYKLUNM,
[OBVDKEHUN CPeACTB MarepUasisHO-TEXHUYECKOTO CHabXeHWs, TabelbHoro
yyeTanTA4. B X KayecTse UCMNOSb3YHTCA CHETHO-KIaBULLIHbIE U dhaKTyp-
Hble MaLLVHbI, &N1(aBUTHO-LGPOBbIE PEMVCTPATOPbI U APYrie YCTPONCTBA,
MO3BO/ISOLLME HAPSAY C PEMVICTPaLVEN OCYLLLECTB/ISATb TAKOKE Y NEPBUYHYIO
06pPabOTKy MHOPMAaLIMK MO NMPOCTEALLNM aNTfOpUTMaM.

B KauecTBe cpeacTB nepenayum MHopMaumm MOryT MCNOJ/b30BaTb-
cA Mobble U3BECTHbIE CPeCTBa CBA3N — TeNlepOHHasA 1 TenerpadHas,
pafunocBssb, pasvyHble NPUeMHO-MNepeaaTouHble YCTpoiicTea.

O6paboTka MHopMaUV SBISIETCA OCHOBHOW 1 Haubosiee BaXKHOW
onepauueli B o6Len cxeme npouecca MHopmaTusaumn padoTsl
ACYC, ocyuw,ectsnsemMoi ¢ Ucnosib3oBaHnem 3BM .

CpefcTBa 0TO6PaKEHMS 1 BblAaum MHOPMaLUN CIYXaT 4N 3aBep-
LLIeHUS TEXHOMOMMYEeCKoro npotiecca o6padoTku nHpopmaumn B ACYC
1 Bblgaum pe3ynsTatoB 06paboTkM B popme, yA00OHOM ANs X NCMosb-
30BaHUA MpU MPUHATUN YNPaBAeHYeCKUX pelleHnin. B nx kayectse
MCMOb3YyTCH YCTPOMCTBA NevaTn, CBeTOBble Tab/10, Ancnien, MHe-
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MOCXEMbI, a TaKXKe pas3/inyHble MallHHbIE HOCUTENN MHhopMaumn,
KOTOpble MO3BOMIAT XPaHUTL U UCMOJb30BaTh N0 Mepe HEOBXOAUMO-
CTU MOJIyYEHHYIO MHpopMaLnIO.

Cxema pa3melL,eH s U B3aMMoAelicTBmA anemeénM Bk nek M reN' A0’
HUYECKNX CPeaCTB OnpeaenseTcs XapakrepoMm 06beKTa yrnpas/ieHus n
MCMO/b3yeMbIMM B MpPOLLecce ynpas/ieHns obbeMamy HgopmaLnn.

MHoxecTBO peltaembix ACYC 3aaa4, C/IOXXHOCTb ee CTPYKTYPbI U
pasHoobpasve NPUMEHSIEMbIX B Heli TEXHNYECKUX CPeaCcTs TPeOyoT Npu
ee co34aHnM UCMOoJb30BaHNs CUCTEMbI aBTOMATU3VMPOBaHHOIO MPOEK-
TnposaHua — CATP. Ee npumMeHeHVe No3BOSET CyLLECTBEHHO COKpa-
TUTb CPOKU N CTOMMOCTb paspabotkn ACYC u ee N0ACUCTEM U OOHO-
BPEMEHHO MOBbICUTL 3PEKTUBHOCTb VX PYHKLIMOHMPOBaHNA. BaxkKHbIM
ABNAETCA N TO O6CTOATE/NBCTBO, YTO B MPOLIECCE aBTOMATU3MPOBAHHOIO
NPOEKTMPOBaHUSA CO3AaeTca 6a3a AaHHbIX MO 0O6bEKTY YrpaB/ieHns,
ornpenensuTca 1 BbIGMPAOTCS METOABI N TEXHMYECKME CPeCTBa aBTo-
MaTu3aLmm ero paboTsl, paspadarbiBaeTcs MHHOPMaLNOHHO-BLIYNCIN-
TeNbHbIV KoMnnekc ACYC, 4TO HenmocpeaCcTBEHHO MCMO/b3YEeTCA B MO-
crefylowem yxxe Ha ctagum pabotsl ACYC U1 ee nogcuctemM. Tem ca-
MbiM CATIP n ACYC o06pa3ytoT B3aMMOCBSI3aHHYK KOMIMJ/IEKCHYIO
cucTeMy, NPYIMEHeEHVE KOTOPOW MO3BOSSET O6ecrneunsaTh Kak ahdek-
TUBHOE MPOoeKTUpoBaHune, Tak N PyHKUMoHnposaHne ACYC.

KOHTPOJ/IbHLIE BOMPOCHI

1 Kakue ypoBHU MOXET MMeTb aBTOMaTU3NpPOBaHHas cucTema ynpas-
NeHns nNponssoaCcTBOM?
2. Yrto nossosnigeT obecrneymntb asToMmaTusauys TEXHOMOMMYECKUX Mpo-
ueccos?
3. Kakne KomnbloTepPHbIE cpeacTBa npumeHsitoTea B ACY T n ACYI?
4. Kakum 06pa3soM OCyLLEeCTB/ISIETCA NogaepXaHne AasIeHns HaCOCHOM
YCTaHOBKW B 3aMKHYTOV CYCTemMe aBTOMaTU4eCcKOro perysimpoBaHns?
5. B yeM COCTOAT OCOBEHHOCTU KOHCTPYKLUUU MPOMbILLIEHHbIX KOH-
TPO/I/IePOB U KOMIMbLIOTEPOB?
6. B yem BaXXHOCTb 384241 MO ahPEKTUBHOMY MCMO/b30BAHNIO 3HEPIN?
7. 3a CYeT Yero OCyLLLECTBNATCH IKOHOMUS 3MEKTPO3HEPTUM B HACOCHbBIX
YCTaHOBKaX MNP UCMO/b30BaHUM PEryNMpPyeMOoro 3/1eKTponpusoaa?
8. B uem cocTosT ocob6eHHocTU ACY CTPOUTENIbCTBOM?
9. Kakue nopgcmuctembl BXogaT B coctaB ACY CTpOUTENLHOTO 06b-
eanHeHua?
10. Kakume TexHuyeckme cpenctsa mcnosnb3yrorca B ACYC?
11. 4rto npeAacTaBnseT cobol cuctema aBTOMaTU3MPOBaHHOIO MPOEK-
TuposaHusa ACY?



[nhaBa 6'
HAOEXHOCTb 3/JTEKTPOMNMPBOA4OB

6.1. OCHOBHbIE MOHATUA W OMNPEAENEHNA
TEOPN HAAEXHOCTU

VHTeHCUgMKaLms TEXHOIOMMYECKX MPOLIECCOB, MOBbILLEHME MPON3-
BOAMWTENLHOCTU M TOYHOCTM PaboTbl MPOMbILLIEHHOMO 060PYA0BaHS He-
[paspbIBHO CBS3aHbI C YCMIOXXHEHMEM OOLLIE CXEMbI aBTOMATM3aLMK MPOo-
M3BOACTBA B LIESTIOM U 3/1EKTPOMNPMBOAA B YHaCTHOCTU. B 3TUX yC/IOBUSX Ha
nepBbIii MMaH BbIABUraeTCca BakHas Npob/iema o6ecneveHns HaaeXKHoOM
paboTbl aBTOMAaTU3NPOBAHHOIO 3/1IEKTPO060PYA0BaHNSA, BbIXOA, 13 CTPOS
KOTOPOIro MOXET NPUBECTU K BbIMYCKY OPaKOBaHHOM NMPOAYKLA, CHVKE-
HWIO NPOU3BOANTENBHOCTU TPYAA, MOTEPSIM CbiPbs U 3HEPrn, OCTaHOB-
Ke, a UHorda 1 K aBapusM pabounx MallvH 1 MEXaHM3MOB, T.e. K 60/1b-
LLMM SKOHOMWYECKUM MoTepsiM. 3a4a4a MoBbILLEHNS HAAEXHOCTU 3/1eKT-
[POMNPUBOAOB SBSETCS CIOXHOW M KOMIMIEKCHOW Mpo6nemoii, KoTopas
[0/DKHA peLuLaTbcsl KakK Ha CTaaumn NPOEKTUPOBaHKS 1 U3roTOB/IEHUS €r0
3M1EMEHTOB, TaK 1 Mpy ero MOHTaXe, Ha/laaKe 1 aKCr/lyaTaLmu.

HaaeXXHocTb — 3TO CBOIACTBO 3/1EKTPONPUBOAA «COXPaHSTb BO Bpe-
MEHW B YCTaHOB/IEHHbIX NPeAe/iax 3Ha4YeHMs BCEX MapamMeTPOB, XapaKTe-
PU3YIOLLIMX CIOCOBHOCTb BbINOHATL TPebyeMble (OYHKLMN B 33aHHbIX
peXxxMmMax 1 yCnoBmax NPUMEHEHNS, TEXHUYECKOrO 06CYXXMBaHWSA, Xpa-
HEHMS U TPAHCMOPTUPOBKW» [9]. HaaeXXHOCTb NpeACTaBseT coGo KOM-
M/IEKCHOE CBOWCTBO, COYETalOLLIEE B CEOE MOHATUSA paboTOCNOCOOHOCTH,
6e30TKa3HOCTU, A0NTOBEYHOCTU, PEMOHTOMPUIOAHOCTU U COXPaHHOCTU.

Pa6oTOCNOCOBHOCTL NPEACTaBNSET COO0M COCTOSIHME 3/1EKTPONPU-
BOAQ, MPWY KOTOPOM OH CMOCOGEH BbIMO/THATL CBOU (DYHKLMN. CO6bI-
TUe, HapyLlatoLLiee paboTOCNOCOBHOCTb 3/IEKTPONPUBOAA, Ha3biBaeTCA
oTkasom. CaMoyCTpaHsALLLMIACA OTKa3 Ha3blBaeTcs cboem.

Be30TKa3HOCTbL — CBOWCTBO 3/IEKTPONPMBOAA HEMPEPLIBHO COXPa-
HATb CBOHO PaboTOCMOCOBGHOCTL B TEUEHME OMPEAENIEHHOIO BPEMEHN.

J0nroeeyHoCTb — CBOMCTBO 3/1EKTPONPUBOAA COXPaHATb CBOKO pabo-
TOCMOCOBHOCTL A0 NPEAebHOro COCTOSHUS, KOrda ero aKcrnyarauyms
CTaHOBUTCSA HEBO3MOXHOW MO TEXHNYECKUM UM 3KOHOMUYECKUM NpPU-
yMHaM, YCOBUAM TEXHMKM BE30MACHOCTU WM M3-3a HEOBGXOAMMOCTU
KanuTasibHOro pemoHTa. Meprog, BpemeHn OT Hayana akcnayaTaumm o
MPeaebHOro COCTOSHMS Ha3bIBaKOT CPOKOM Cry)K6Obl U HapaboTKow M.
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PEMOHTONPUIrOAHOCTL ONPEAENSET NPUCMIOCOBIEHHOCTL 3/1IEKTPONpPU-
BOAA K NOAAEPXaHMIO 1N BOCCTAHOB/IEHUIO paboTOCMOCOGHOIO COCTOS-
HUS NyTeM NPOBEAEHUSA PEMOHTOB UTEXHUYEENEN oy |ag” a8dll

CoxpaHsieMOCTb — CBOMCTBO 3/1EKTPONPUBOAA HENPEPbLIBHO rnoaaep-
XXMBaTb CBOKO pPaboTOCNOCOOGHOCTL B TEUEHME U MOC/e XpaHeHUs n
TPaHCNOPTUPOBKN.

OCHOBHbIMM KO/IMYECTBEHHbLIMU MOKA3aTENSIMUN HaOEXKHOCTU ABNS-
HOTCSH BEPOSAITHOCTb 6€30TKa3HOW paboTbl, MUHTEHCMBHOCTbL OTKAa30B U
cpeaHsaa HapaboTka A0 OTKasa.

BeposaTHoOCTb 6e30TKa3HOW pa6oTel p(T/v) NpeacTasnseT coboi
BEPOSATHOCTb TOFO, YTO BpeMSsi paboThbl 3/1IEKTPONPUBOAA A0 OTKasa Oy-
[eT 6o/iblle yKa3aHHOro rnepuoga BpemMeHu Txn 3TOT rnokasaTesib
ornpeaenseTcs OTHOLLEHNEM YMC/a 3/IEKTPONPUBOLOB, 6e30TKa3HO Npo-
paboTaBLINX A0 MOMEHTa BpeMeHn T K 06LLeMy YMcy 31eKTponpu-
BOAOB, paboTOCMNOCOOHbIX B HAYa/IbHbIi MOMEHT.

MHTEHCNBHOCTbL 0TKa30B \ () — 3TO YMC/1I0 OTKa30B 3/1IEKTPONpPU-
BO/0B B e4VIHULLY BPEMeHU, OTHECEHHOE K CpeHeMY YNCTY 3/1eKTPO-
npuMBOA0B, PabOTOCMOCOOHLIX K MOMEHTY BPEMEHN t.

BeposaTHOCTb 6e30TKa3HOM paboThbl p (T j) U MIHTEHCUBHOCTbL OTKa-
30B \ (t) CBA3aHbI MeXAy Co60i cneayroL M COOTHOLLEHVEM:

(6.1)

CpepHsa HapaboTKa 0 OTKaza 7/ npeacTasnseT coboli MaTteMaru-
YecKoe OXuaaHye HapaboTKM 3/IEKTPONPUBOAA [0 NepPBOro OTKasa:

6.2)
0

C nosuumii aHanM3a HageXHOCTU 3/1EKTPOMNPMBOAA KaK 3/1eKTpPO-
MeXaHNYeCKoli CUCTeMbI Pas3nnyaloT ABa BUAA COeANHEHNS 3N1IEMEHTOB:
NIOTMYecKU nocrneaoBarte/lsHoe, UM OCHOBHOE, U JIOFMYecKn naparn-
nenbHoe.

JNornueckn nocneaoBaresibHbIM (OCHOBHbLIM) COEAVHEHIEM HA3bIBAET-
Csl TaKoe CoefHEHME 31IEMEHTOB, NMPU KOTOPOM OTKa3 /ilo60ro ns H1Ux
NPUBOANT K OTKa3y CUCTEMbI B LIEMOM. JIOrMUecKn napasieibHoe coeap-
HeHVie XapaKTePU3YeTCs TEM, YTO OTKa3 CMCTEMbI HACTYMAET TO/bKO Mpn
OTKa3e BCeX 3/IeMEHTOB.

SNEKTPONpUBOA, NPEACTAB/ISET CO60 COBOKYMHOCTb (CUCTEMY) B3a-
MMOCBSI3aHHbIX 3M1EKTPUYECKMX U MEXAHWNYECKMX YCTPOICTB — ABUra-
Tens, NpeobpasosaTens, PeyKTopa, CXeMbl YPaBNeHUs, Kaxaoe 13
KOTOPbIX UMEET CBOW MoKasaTe/lb HaAeXKHOCTU. HafieXXHOCTb 3/1eKTPO-
NpVBOAA KaK CUCTEMbI XapakKTepusyeTcsa NOTOKOM oTkasos J1. Ecnu
NPUHATL IOrMYecKM NocsieaoBaTelbHbIM coeanHeHne /VKOMIOHEHTOB

194



ANIEeKTpornpueoaa, TO 3TOT NMoKasaTesib HaAeXXHOCTU 6yp,eT YNC/TEHHO
paBeH Cymme MHTEHCUBHOCTEN OTKa30B OTAe/IbHbIX KOMMOHEHT X;:

_,‘IH
Nn=2>/- 6.3)

Mo copmyne (6.3) paccunTbiBAeTCA MOTOK OTKA30B U OTAE/bHbIX
YCTPOVACTB 3/1EKTPONPMBOAOB, COCTOSLLNX, B CBOHO O4epe/b, U3 Pas/iniHbIX
Y3/10B 1 3/IEMEHTOB, XapaKTEPU3YIOLLIMXCSA CBOE MHTEHCUBHOCTHHO OTKa30B.

6.2. METOObl PACYETA HAOEXHOCTW
QNEKTPOMPMNBOOOB

B Teopun HageXXHOCTV pa3paboTaHO HECKO/bKO METOAOB pacyeTa Ha-
AEXHOCTUN, U3 KOTOPbIX HabOosbLLEE pacrnpocTpaHeHve nonyyunnm [21]:

= METO/, pacyeTa Nno cpegHerpynnoBbIM 3HaYeHUSAM MHTEHCUBHOC-
Tell OTKa30B;

= MEeTO/, pacyeTa C UCMo/b30BaHMEM aHHbIX 3KCrlyatauuu;

* KO3h(PMLMEHTHbIA METOZ, pacyeTa HageXHOCTH.

Mpwn pacyeTe HaOEXHOCTU 3MEKTPONPUBOA0B U APYrMX CUCTEM WY
YCTPOWCTB HamMbOos1ee 4YacTo NUCMOJb3YETCA KO3hMLIMEHTHBI MeToA pac-
yeTa HagexHoctu. CyLLHOCTb €ero COCTOUT B TOM, Y4TO MpU pacyeTe
HaEXHOCTN UCTONL3YIOT He abCONOTHbIE 3HAYEHUSA MHTEHCUBHOCTU
OTKa30B 3/1IEMEHTOB, a KO3(h(hULMeHTbl HageXHocTn K, npeacrasns-
tome coboin OTHOLLEHUS UHTEHCUMBHOCTM OTKa30B 3M1eMeHTa X, K UH-
TEHCMBHOCTU OTKa30B HEKOTOPOro 6a30BOro afieMeHTa X*

I-N
A=£YV 6.4)
A

KoaththmnumeHTbl HagexXHoCT K, NpakTUyecky He 3aBUCAT OT YC/10-
BUIA 3KcnyataumMn 1 4719 AaHHOTO 3M1eMeHTa SIBNSKOTCA KOHCTaHTOW,
a yC/1oBUSA SKCITyaTaLum U pexxmmbl paboThl 3/1IeMeHTa YYUTbIBaOTCA C
MOMOLLHO MOMNPaBOYHbLIX KO3A(ULMEHTOB K BenunHe K,. O6bIYHO B
kavecTBe 6a30BOro a/ileMeHTa BblIbMpaeTca METaUIIOMN/IEHOUHbIN pesncTop.

[ns pacueta NnokasaTenein HaaeXXHOCTU 3/IEKTPONPUBOA0B HEO6XO-
OUMO 3HaTb KOIPUUMEHTbI HafeXHOCTU K, BXOAAWMX B HEro
YCTPOWCTB (3/IEMEHTOB), YXC/10 YCTPOWCTB JaHHOro Tuna JYu NHTeH-
CMBHOCTb OTKa30B X* 6a30BOro afieMeHTa. NMOoTOK OTKa30B 3/1eKTPonpu-
BOJA NPV 3TOM ONpeaenseTcs C MOMOLLbIO CMeayoLLEero BblpaXKeHUS:

N=XBEB/, - (6.5)

BnnsiHMe Ha HafEeXHOCTb 3/IEMEHTOB OCHOBHbIX AeCTabun3npy-
FOLLIMX (DAKTOPOB: 3MEKTPUYECKNX HArpy30K 1 TEMMepaTypbl OKpy»Ka-
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oLei cpefpl — yunTbiBaE€TCA BBEAEHNEM B PacyeT NornpaBoyHbIX KO-
ahpnLMEHTOB. 3aBUCMMOCTU 3TUX KOIMPULIMEHTOB B DYHKLIUU TEM-
rnepaTtypbl OKpy>KatoLeii cpedbl U Koad b nyme”B wrotakm JOMOKY|d1
K,, HANPSHXEHNIO KW MOLLHOCTU A, B BUAE COOTBETCTBYIOLLMX hadm-
KOB npuBeaeHbl B [24].

YyeT BMAHMA ApYyrvX (pakTopoB: 3arbl/IEHHOCTN, BIAXKHOCTN, BMG-
pauun N T.4. — MOXET 6bITb BbIMOHEH KOPPeKUyel NHTEHCUBHOCTU
OTKa30B 6a30BOro 3/IEMEHTA C MOMOLLLbHO MOMPaBOYHbIX KO3hULEH-
TOB, TaKXke NpuBeaeHHbIX B [24].

Pe3ynbTpylownii KOaPULIMEHT HAAEXKHOCTN 3NEMEHTOB 3/1EKT-
ponpuBoa C y4eTOM 3/1IEKTPMUECKMX Hady30K 1 TeMnepaTypbl OKpY-
Xawower cpeabl (UCKYas peneiiHO-KOHTaKTOPHY annapartypy)
paccunTbiBaeTCA Mo hopmyne

Ki QQXiQkKiy (6.6)

rae 0, — KO3(h(QULIMEHT, Y4NTbIBAOLLMIA OTK/IOHEHWE TeMMepaTypbl OK-
py>XaroLLeln cpeapl N 31IEKTPUYECKO Hagy3KM OT HOMUHa/TbHOW; a2—
KO3 (PNLMNEHT, YyUNTbIBAIOLLNIA OTKIOHEHME TeMrepaTypbl OKpyXa-
toLein cpefbl OT HOMUHANBHON; 03— KO3 ULIMEHT, YUNTbIBAIOLL A
CHWKEHMNE 3NeKTPUYecKol Hady3KM OTHOCUTENIbHO HOMWHASIbHOIA;
aA— KO3(h(PMLMEHT NCNOMb30BaHNSA 3/1EMEHTA, OnpeaensemMblii OTHO-
LeHVEeM BpemMeHU paboTbl a/ileMeHTa K BPeEMeHU paboTbl 3/1EKTPONpU-
BoAa; K, — HOMUHasIbHOe 3HavyeHne KoahhuLmeHTa HageXXHOCTU.

KoathhpmumeHT HageXHOCTU peneiHO-KOHTaKTHbLIX arnaparos
onpegensetcs rno opmyne

rae 05— KO3 PULMEHT, YUNTbIBAIOLLUIA BPeMS HAXOXAEHUS KaTyLu -
KW annapaTta nog, HanpshkeHeM B TeYeHVe OAHOro LMK/a «BK/IYe-
HO — BbIK/IIOYEHO* 1 TemMnepaTypy OKpyxatoLien cpegpl; ~ . H e -
COOTBETCTBEHHO KO3(M(MULMEHTbI HALAEXHOCTM BOCMPUHUMALIOLLLEN
(Uenb KaTyw K1) U UCNOSTHUTENBHOW (KOHTaKTHas cucTema) JacTtei
annapatypbl; a6— KO3 (PULMEHT, YUNTbIBaIOLL WA YPOBEHb 3NeKpU-
YEeCKOW Ha)y3KM KOHTaKTa; T — YMC/O0 KOHTAKTOB, ", nh aK T U -
yeckas 1 HOMUHa/IbHaa 4YacToTbl cpabaTbiBaHWSA annapaTta B vac.

Mocne onpegeneHna KoaPULMNEHTOB HaOEXHOCTU OTAE/bHbIX
3/1EMEHTOB PaCcCYUTLIBAIOTCA MoKasaTen Ha4eXXHOCTU 3/1eKTPOrpuBO-
[a B uenom. Nopaaok nx pacyeta cOCTOMT B crieaytoLlem [24]:

e OnpefensoTcs KO/IMYeCTBEHHbIE 3HaUYeHUa napamMedoB, XapakTe-
pu3ytoLL e HOPMa/TbHYIO PaboTy 3/1IEKTPONPUBOAA, U AOMYCKU Ha MX
BO3MOXXHble OTK/IOHEeHMs. PaboTa anekTponpreoia B npeaenax atmx
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[0MyCKOB COOTBETCTBYET €ro paboTOCrNOCO6HOMY COCTOSIHUIO, @ BbIXOZ,
33 HUX — OTKazsy;

= COCTaB/sieTCsA No3NIeMeHTHasA MPUHLMNVasIbHas CXema aM1eKTponpu-
BOAA, Onpeaensiowas coeamHeHne 31eMeHTOB NPY BbINONHEHUW NMU
334aHHbIX PYHKUMIA. Mpy ee cocTaBneHn BCriomMoraTesibHble 3/1IEMeH-
Tbl (CUTHasIbHbIE SlaMIbl, MOKa3blBaloLLMe NPUOOpPbI, 3BOHKN U T.4..),
OTKa3bl KOTOPbIX HEe BAMAIOT HA HAAEXHOCTb 3/IEKTPONPMBOAA, MOryT
6bITb OMyLLEHBI;

* ONpeaensioTca UCXOAHbIE AaHHbIE /1 pacyeTa HaaeXHOCTU: TUM,
KOMIMYECTBO N HOMUHa/bHbIE AaHHbIE NCMOSb3YEMbIX 3/1IEMEHTOB; pe-
XXUMbI paboTbl 3/1EMEHTOB; TEMMNepaTypa OKpY>KatoLLLel cpeabl B MecTe
paboTbl 31EMEHTOB; HOMUH&/bHbIE KO3 MLMEHTbI HAOEXHOCTA 3/1€e-
MEHTOB; KO3((PULIMEHTBI UCMO/Ib30BaHMA 3/IEMEHTOB BO BPEMEHU; ne-
pvios BpeMeHU Tv /11 KOTOPOro pacCUnTbIBAETCA HAAEXHOCTb; YC/0-
BUS IKCM/lyaTauumm cnctembl. BoibrpaeTcs 6a308Bblii a1eMeHT, 1 onpe-
[enseTca Xg;

< 1o cpopmynam (6.6) 1 (6.7) ¢ UCNOL30BAHUEM CMPAaBOYHbIX AaH-
HbIX MO MOMNPaBOYHbIM KO3hPULMEHTaM a,—adpaccumTbiBaOTCA KO-
3P HULNEHTBI HAAEXKHOCTU 3/IEMEHTOB 3/IEKTPONPUBOAA, a 3aTeM ero
Y3/10B U YCTPOICTB. [ocne aToro onpeaenstoTcs OCHOBHbIE MoKasaTe-
NN HaOeXHOCTW anekTponpueoga. MNpu nornyeckn nocneoBare/lbLHOM
(OCHOBHOM) cOeAMHEHMN 3NIEMEHTOB, Y3/10B N YCTPOICTB BEPOATHOCTb
6e30TKa3HOW PaboTbl

(6.8)

roe N, — 4ncno OAHOTUMHBIX 3/IEMEHTOB /- rpynnbl B 3/1EKTPONPU-
BOfle; N — 0O6LLee YNC/O 3/IEMEHTOB B 3/1IEKTPONPUBOAE, UMEIOLLINX
IOFMYECKN Moc/efoBaTeNlbHOE COeAVIHEHNE.

Hapa6oTka A0 0TKasa aneKkTponpusoaa

6.9)

Ecnun B cxeme 311 vmeeTcs IornMyeckn napasnnesibHoe coeguHeHve
3/1EMEHTOB (6/10KOB), HaNPUMEP Pe3epBMPOBaHKE, TO CHavasla paccyu-
TbIBAKOTCA NOKasaTeny HageXXHOCTU OTAE/bHO AN 3TUX 3/1IEMEHTOB,
a 3aTem 31eKTPONPUBOAA B LIENIOM; Hai4eHHbIE MoKas3aTesin HageXHo-
CTU CpaBHMBAIOTCA C TPEOyeMbIMM MO TEXHUYECKOMY 3a4aHunI0. Ecin
OHW He COOTBETCTBYHOT TPEGOBaAHMSIM TEXHMYECKOIO 3a4aHNs UM yC-
NIOBUAM 3KCrislyatauum, To NPUHUMAKOTCA Mepbl K MOBbLILLUEHUIO HaJeX-
HOCTW 3M1eKTponpuBoaa.
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Mpumep pacyeTta. PaccumMTaTtb OCHOBHbIE NMOKa3aTe/In HaOEeXHOCTU
Ana 6e3pelyKTOPHOI0 3M1eKTPONpUBOAA BEHTUATOPa. CxemMa a/1eKTpo-
npueoga (puc. 3.8), BK/toYaeT aCMHXPOHHbT Mo ratetac,MNKAKOron
3aMKHYTbIM POTOPOM, MarHUTHbIA nyckaTesib /LU e BArpoemHHbIMU M
TennoBbiMU pene KK, asTomaTnyeckuii Bbiktovatess QF, npeaoxpa-
HUTenM FA, KHOMKM ynpasneHms SB1 n SB2. nekTponpueog, pabo-
TaeT B 3aKPbITOM MOMELLEHUN C NOBbILLIEHHOM 3arnblIEHHOCTHIO MpU
Temmneparype okpyxatowen cpegpl 50°C B 4/IMTENBHOM PEXMME.

[na pacueta B COOTBETCTBUM C pekoMeHZaumamMu [24] npuH1Maem
MHTEHCUBHOCTb OTKA30B 6a30BOro afemeHTa =0,3 «10-71/4. YueT NoBbI-
LLIEHHOA 3arblIEHHOCTM MOMELLIEHWS B COOTBETCTBAM C AaHHbIMU [24] yu-
TeM KoadhuLMeHToM K= 2,5. Takmm 06pasom, MHTEHCVBHOCTbL OTKA30B
6a30BOro asieMeHTa coctaBnt X6=A/16=0,3 «10%7-2,5=0,75-10-7 1/u. Mpn
pacyeTe NPUHMMAEM JIOMMYECKU MOC/eA0BaTEbHYIO0 (OCHOBHYHO) CXEMY.

PacueT nokasaTesieli HaAeXHOCTV NPOBOAVIM C yHETOM MOMPaBOYHbIX
KO3(hHMLMEHTOB MO HAAEXKHOCTU 3/IEMEHTOB CXeMbl Ha puc. 3.8.

ANeMeHT MonpaBoyHble KOIWULMEHTbI MO HALEXHOCTU
K K * K. 4> . K; ", nk;
M 252 — - 085 35 1 08 44 3105 1 3105
KM LW — 20 — 06 — — 052 _ 10 1 10
KM, — — 25 — - — 44 110 1 110
KKLL — 10 - 0.6 - 052 — 5 2 10
KKa — - 178 — - - 42 75 2 150
OF 46 - — 06 - — 44 20 1 20
SB1 5 - - o8 — — — 03 2 1 2
SB2 5 - — 06 — — — 42 221 1 21
FA 2l — — 06 1 1 052 42 55 3 165

MpumevaHne. KM/, KKJ1 1 KM, G KKKc— COOTBETCTBEHHO LIEMW KaTyLLIEK B KOH-
TaKTHbIX cucTemax KoHTaktopa KM u pene KK.

Cymma npowussegeHunii N K! ass anektponpueoga coctasnseT 3612.
PaccunTbiBaeM HapabOTKy 10 OTKa3a 1 BePOSATHOCTL 6e30TKa3HOIA
paboTsl 3a Bpems Tr= 5000 u:
1 1

7> =3691 u;
0,75-10 -3612
an

/-1

/>[)=exp - X I* N X =exp[-0,75<10"7<50003612] =0,26.
/-1
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6.3. MOBbIWEHVNE HALEXHOCTU
SNIEKTPOMNPNBOOOB

ObecrneveHVie HaOKHOCTU IEKTPONPYBOAOB Ha CTaau MPOEKTUPO-
BaHVA. AP hEKTUBHOE (PYHKLIMOHMPOBaHVE Pabounx MallviH 1 Mexa-
HMU3MOB BO3MOXHO /INLLb NPW HAAEXHO paboTe 3M1eKTPOonprBOA0B NX
MCMONHNTENbHbIX OpraHoB. OCHOBbI TaKOW HadeXHOoW paboTbl 3a-
KNablBatOTCA YXKe Ha CTaZMu NMPOEKTUPOBAHUSA U KOHCTPYMPOBaHUS
3MEKTPONPUBOAOB, KOrAa 3a cyeT Pas/INUHbIX TEXHUYECKUX pPeLLeHN
obecrneurBaeTcd MUHUMa/IbHO BO3MOXXHast MHTEHCUBHOCTb WX OTKA308B
1 TeM caMblM MakCUMasibHble BPEMeHa HapaboTKM OO0 OTKasa.

A PEKTMBHBIM CPEACTBOM MOBbLILLEHUSA HAAEXHOCTU 31eKTPOoNnpu-
BOJ0B IBNSIETCA BBeAEHVE Pa3/INYHOIo BUAa U36bITOYHOCTU, NOA, KO-
TOpOI NoApasyMeBatoTCA A0MNO/HUTENbHbIE CPEeACTBA U BO3MOXHOCTH,
npesbiLIAoLLVE MUHUMAIbHO HEOOXOAMMbIE /151 BbINONHEHWS 3a4aH-
HbIX (PYHKUWA. V36bITOYHOCTb MOXET ObiTb BHYTPU3/IEMEHTHOM,
CTPYKTYPHOW N BPEMEHHOM.

BHyTpuaneMeHTHas U36bITOYHOCTb MNPeAyCMaTPUBaET CHKEHMEe
3MEKTPUYECKMX HArpy30K Ha 3/1eKTpUYecKne anemMeHTbl U YCTPOCTBa
3MEeKTpOoNpMBOAa. Iro AOCTUNAETCA 3aMEHOM OHOIO 3/IeMeHTa APYTM,
PyHKLMOHa/IbHO MNOAO0GHbLIM, HO € 60/ee BbICOKMMM ONpeaestoLLIMMm
(HOMUHanNbHBLIMKM) NapameTpamu. Hanpumep, NPUMEHeHe KOHAEHCa-
TOpa C HOMUHa/IbHLIM HarnpshkeHMeEM BbliLLIe pacieTHOro CO34aeT 3arnac
3M1EKTPUYECKOI MPOYHOCTM 1 TEM CaMblM MOBbILLIAET HAAEXHOCTb pa-
60Tbl KOHAEHCATOPA B CXEME.

CTpyKTypHasi U36bITOYHOCTb, Ha3bIBaEMas Talkoke Pe3epB1POBaHNEM,
MPeArosaraeT BKIOUYEHVE B CXEMY 3MIEKTPOMNPUBOAA JOMNONMHUTENBHBIX pe-
3epPBHbIX 3/IEMEHTOB, 6/10KOB U YCTPOWCTB, YTO NO3BOJISET CO34aBaTb ke
13 HEe OYEHb HAAEXHbBIX KOMMOHEHT HaZEXXHble 3/1EKTPONPUBOAbI. Baxk-
HO OTMETUTb, YTO BK/OUEHUE B cxeMy I AOMONHUTENLHbBIX 3/IEMEHTOB,
6/10KOB 1 YCTPOWCTB YBENIMUMBAET €ro Maccy, rabapuTHble pa3mepbl 1
CTOMIMOCTb, MO3TOMY NPUMEHEHME 3TOr0 CNOco6a A0/MKHO 6bITb IKOHO-
MUYECKM 0B60CHOBAHO.

Pe3epBrnpoBaHMEe MOXET ObITb CaMblM Pa3HOOHOpPasHbLIM MO CBOEW
peanusaumn. O6LLee pe3epBMpOBaHMe NpeaycMaTpmBaeT pe3epBrpoBa-
Huve 31 B LenoMm, a pasaensHoe — OTAE/bHbBIX er0 KOMMOHEHT.

MpY NOCTOSHHOM Pe3epPBUPOBAHMN AOMOHUTENbHbIE 3N1EMEHTHLI U
YCTPOWCTBa NOACOEANHEHbI K OCHOBHbLIM (pabo4nMm) B TeUEHMe BCEro
BpeMeHn paboTbl 3/1EKTPONPUBOAA N HAXOAATCA C HAMW B O4MHAKO-
BbIX yCnoBusaX. Mpn pe3epBMpoBaHMN 3aMeELLLEHVEM A0MNOMHUTEbHbIE
3/1EMEHTbI BK/1I0UAKOTCA B paboTy TO/IbKO MOC/e OTKa3a OCHOBHbIX.

BpemeHHasi N36bITOYHOCTL NPeAYCMaTPMBAET NCMO/b30BaHME TEXHO-
JIOrNYECKUX pe3epBOB BPEMEHW /151 BOCCTaHOB/IEHUS paboTOCNoco6Hoe-
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TV 3MIEKTPONPUBOAO0B. Hanpumep, Takoii pe3eps BpeMeH [151 3/1EKTPO-
NPVBOAA CTaHKa, PabOoTaloLLIEro B COCTaBE aBTOMATUYECKOM IMHUN, MO-

XKET ObITb CO3AaH 3a CYET HaKOMIeHWs1 HekoToppaa™ wcMpp~cga™/ Ny,

Ha Hem aeTtaneii. Ecrin Bpems BOCCTaHOB/IEHNS paboTocnocobHocTY 3l
(Hanpwvivep, 3a cueT BBOAA pe3epBa) 6yAeT MeHbLLE BPeMeHH, 3a KOTopoe
OyeT M3pacxoaoBaH 3TOT 3arnac AeTasnieid, TO NPOCTOA IMHUN He GyaeT.

MoBbILLIEHVE 3KCTVTYaTALIOHHO MOTOBHOCTV 3MEKTPOMPMBOLOB. BbicOkme
nokasartesi HaeXKHOCTU 3/IEKTPOMNPUBOLAOB, 3a10KEHHbIe Ha CTaamu Mpo-
EKTMPOBaHWS, eLLe He rapaHTVPYIOT BbICOKYHO SKCIU/TyaTaLMOHHYHO FOTOB-
HOCTb K paboTe NpMBOAUMBIX UMW B ABVXXEHME MAaLUMH 1 MEXaHV3MOB.
Hanpumep, 0Tkasbl B 3M1EKTPONPUBOAAX MOIYT BO3HUKATL PeaKo, HO Tpe-
OyHOT 60/IBbLLIOrO BPEMEH /15 X OBHAPYXEHWA N IMKBUAALMN NU, KaK
roBopAT, 60/bLLIOr0 BPEMEHW BOCCTaHOB/EHNS paboTocnocobHocTv 3.
B 3TOM Crydae TEXHOMOMrMUeCcKoe 060py,A0BaHMeE OyAeT 3HAUNTEBHOE BPEMS
npocTavBaThb, YTO BbI30OBET, O4EBNAHO, IKOHOMUYECKUNE YObITKN. Takum
06pasoM, IKCryaTauMoHHas roToBHOCTb Il onpeaensertcs eLle 1 npu-
CMOCO6MEHHOCTLIO X K OOHapPY)XXEHWIO HEMCMPaBHOCTEN U OTKa30B U
YCTPaHEHMIO 3TUX AehEKTOB MyTeEM PEMOHTOB 1 TEXHNYECKOTO O6CYXU-
BaHWA, 4TO 1 BbINO paHee Ha3BaHO PEMOHTOMNPUIOAHOCTBIO.

KonnmyecTteeHHO 3KcrislyaTaunoHHas rotoBHocTs 311 onpeaenset-
CA KOIPPULNEHTOM FOTOBHOCTMU:

T
Kr=— %~, 6.
0+N (6.10
roe TO— cpeaHss HapaboTKa 40 0TKasa, Y; Tw— cpeaHee Bpems BOC-
CTaHOB/EHUS (CpeaHsas MPOAO/MKUTENBHOCTL OTKasa), npeacras/s-
toee cob0 MaTeMaTMYecKoe OXUOaHNEe BPEMEHN BOCCTAHOB/IEHUS
paboToCNOCOOHOCTU 3/1IEKTPONPMBOAA, Y.
B HekoTOpbIX cny4vasix roTOBHOCTb 31 oueHmBaeTcs koadhnun-
€HTOM TEXHUYECKOTO MNCMOMb30BaHNS:

n= ~ T * (6.11)
yo + + 'oBCn
roe laen— cymMMapHOe Bpems MPOCTOEB U3-3a N1aHOBOrO U BHer/ia-
HOBOIO TEXHNYECKOrO 0BCNY>XMBaHWS 3MEKTPONPUBOAA, u.

Uem 6nvke KOIhULMEHT K, K eUHNLE, TEM BbILLE TEXHUYECKUIA
YPOBEHb 3M1EKTPONPUBOAA 1 TeM 3hheKTMBHEE MOXKET ObITb UCMOJIb-
30BaHO TEXHOJIOMMYECKOe 060pYA0BaHME.

Kak cneayet 13 (6.10), o1 nosyveHms 60/1bLL0ro KosggmumeHTa ro-
TOBHOCTW CrielyeT B MaKCUMasTbHOW CTEMNeHW COKPAaLLLaTh BPeMs BOCCTaHOB-
neHnsa Ts B obLLEeM criyyae 3TO BpeMs CK/abIBAaeTC 13 MHTEpBa/ia Mexay
MOMEHTaMV BO3HVMKHOBEHNS OTKa3a M Hauarna peMoHTa (reprog, obHapy-
XEeHUs1 0TKasa) 7/ 1 BpeMeHN PeMOHTa 3/1IeKTponprBoaa (Mepuog, k-
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BUOaMN OTKa3a) 7J. Takmm 0bpa3om, CoKpaLLleHne BpeMeHN BOCCTaHOB-
NeHna paboToCNOCOBHOCTY aNeKTPoNpMBOAa Tt ornpeaenseTcs CokpaLle-
HWEM CPOKOB Ha OGHapy>XeHVe N IMKBUAALMIO OTKasa (HEMCNPaBHOCTH).
PaccMOTPrIM TEXHUYECKME MEPONPUATASA, MO3BO/ISIOLLIME COKPATUTbL Bpe-
Msi Tr 1 TeM cambIM MOBbICUTb KO3(W(IULIMEHT FOTOBHOCTU 3/1eKTpOoNpu-
BOZA 1 OOC/TY)KMBAEMOIO UM TEXHO/IOMMYECKOT0 060pYyA0BaHUS.

CokpallleHre BpeMeH OBHapy)XeHUst oTKkasza 7 obecneymBaeTcs
r/laBHbIM 06Pa30M 3a CHET MUCMOMb30BaHMS CXEM KOHTPO/1A 3a paboToi
OTAENbHbIX YCTPOWCTB anekTponpusoda. NMpy BO3HUKHOBEHNN HEWUC-
MPaBHOCTW UM OTKa3a CxemMa KOHTPOoNs obecneuvBaeT 3ByKOBYIO MU
CBETOBYHO CUIHa/IM3aLMI0, & B aBapUiHbIX CUTyaLMsaxX — 1 cpabaTbliBa-
HVe 3aLWuThl aniekTponpureoda. MNMpocTeliwein oyHKUMen cxem KOHTPO-
NS U CUrHaIM3aLmMmn sABNSETCs, Hanpumep, CBeToBas cCUrHaan3auus o
COCTOSIHUW 3NEKTPUYECKMX anmnapaToB CXeM yrpas/eHVs 31eKTponpu-
BOJOB, HA/IMYNN WIWN OTCYTCTBUM HaMpPSHKEHUS WM TOKa Ha BXOOax
W BbIXOAaX 3NEeKTPOTEXHMYECKUX YCTPOMCTB I,

Pa3BUTUNE CXEM KOHTPO/ISA CBA3AHO C CO34aHMEM AMarHOCTUPYIOLLINX
YCTPOWCTB HA OCHOBE MMKPOMPOLLECCOPHbIX CPeACTB, NO3BONAILLMNX
nony4arb, 3anoMmHaTb, 0bpabaTbiBaTh U pacnpeaensts 60/blune 06b-
eMbl MHhOPMaLIMM 3a KOPOTKOe BpeMs. Hanpumep, conocTtasnss 3a-
[JaHHble N UCTUHHbBIE (TEKYLLNE) 3HAYEHUS 3NIEKTPUYECKUX CUTHANO0B
B YCTPOWCTBax, afleMeHTax M y3nax afeKTponpmneoaa, cuctema gumar-
HOCTWMKWM CNOCOBHa OLLEHUTb X PaboTOCNOCOBHOCTbL U BblAaTb MHAOP-
MaLMio O MeCcTe 1 XapakTepe HeMcnpaBHOCTY.

AthheKTNBHOCTb AENCTBUA CXEM KOHTPOSIA U AMarHOCTUKA B 3Ha-
YMUTENIbHOW CTENeHN ONpPeaenseTcd CXeMOTEXHNYECKAM N KOHCTPYK-
TMBHbIM WCMOJ/IHEHVEM YCTPOWCTB anekTponpuesoga. Ecnn oHu no-
CTPOEHbI N0 6/104HO-MOAY/TbBHOMY MPUHLMMY, UMET HeobXoaMMoe
KOMNYECTBO YAOOHBIX KOHTPO/IbHBIX TOYEK (BbIBOOB) 3NEKTPUYECKMX
Liene 1 3NeMeHTOB CUrHamM3aunun, To Bpemsi OOHapy>KeHUs Heunc-
npaBHOro 6/10Ka UM yCTpoICTBa CyLL,eCTBEHHO COKpaLL,aeTCs.

CHWXEHWMIO BPEMEHWN MOUCKA HEMCMNPAaBHOCTEN UM OTKa30B CMo-
COOCTBYIOT TAKXXE Ha/IMUME MHEMOCXEMbI 3/IEKTPONPUBOLA U €ro OT-
[enbHbIX YCTPOWCTB, AOCTOBEPHOM 1 YAOOHOM B UCMO/1Ib30BaHUN TEX-
HMYECKOW AOKYMEHTALMN Ha ero KOMMOHEHTbl Y COOTBETCTBYHOLLLMX
0603HaYeHNn U Hagnucel Ha HUX, LefieHanpas/ieHHas paboTa no
0606LLEHNIO AaHHBIX O BO3HUKAOLLMX HEMCMPAaBHOCTAX M OTKa3ax IKC-
nyaTmpyemMbIX 3/1IEKTPOMNPMBOAOB, MOCTOSAHHOE MOBbILLEHME KBa/TUIN-
Kauyv 06CNy>XMBaKOLLLErO NepcoHasia.

BxopsLpme B cOCTaB 3M1eKTPOMNPMBOAO0B YCTPOMUCTBA MO CBOEMY KOHCT-
PYKTUBHOMY UCMOMHEHNIO ABNAKOTCS, KaK NMpasuio, BOCCTaHaB/IMBaEMbIMU
Wnn, ApyrMMmn cioBamm, PEMOHTVIPYEMbIMW. BpemsipemoHTa 7, yCTPOICTB
11 6/10KOB 371EKTPONPYBOAA ONPEAENAETCS [/1aBHbIM 06PAa30oM YPOBHEM Opra-—

201



HU3aLMN CY>X6 pPeMOHTa U MaTepUasIbHO-TEXHYECKOTO CHabeHWs Npes;
npusTus. B obLuem ciydae pemMoHT 060pyA0BaHNS MOXKET OCYLLLECTB/ISTh-
CSl COOTBETCTBYHOLLIMM MepcoHasnioM yyacTka, npaaOAWp 14 O BOPMM|1
B Mpeagenax npeanpusTus (06beANHEHNST) WK Xe C MOMOLLbIO CTOPOHHEN
opraHusauun (B TOM YMCIE U MPU rapaHTUAHOM PEMOHTE).

OpraHu3auus peMOoHTa HEVUCTPAaBHOIO 6/10Ka MOXET OCYLLLEeCTBNATb-
csA Mo AByM BapuvaHTaMm. B nepsom criydae nocne ob6HapyXeHus oTka-
3a HeuncrnpasHbIl/i 610K PEMOHTUPYETCS, a 3M1EKTPONPUBOA, U COOTBET-
CTBYIOLLLEE TEXHOSIOIMYECKOE 060pYA0BaHVE B 3TO BPEMS HE paboTaoT
(npocTtamBatoT). [Npur 3HaUNTENILHOM BPEMEHW PEMOHTA Takas ero opra-
HM3aUMA NMPUBOAMUT K 60/bLLINM 3KOHOMUYECKNM YObITKaM.

Mpwn BTOPOM, LIENECO06Pa3HOM BapuaHTe OpraHn3aLnm PeEMOHTHOM
CNy>X6bl B €e PaCnoOpPsHKEHNN JOMHKEH HAXOAUTHCA KOMIMIEKT 3arnacHbIX
3/1eMEHTOB U 6/10KOB 3neKTponpmeoga. B atom cnyyae npu oTkase
3/1EKTPONPUBOAA BPEMS €ro peMOHTa OnpeaesisieTcs TO/IbKO 3aMeHOV
HemcnpasHOro 6/10Kka Ha 3anacHoOW, YTo He NPUBOAUT K AINTENbHOMY
NpocTo 060pyA0BaHUA. 3bATbIN 13 CXeMbl HeMCnpaBHbIv 650K pe-
MOHTUPYETCH N Yepe3 HEKOTOPOe BPeMs BHOBb CTAHOBUTCA UCMNpaB-
HbIM 1 BBOAMUTCA B YMNCO 3anacHbIX. OYEBMAHO, YTO U B 3TOM Cry4yae
6104HO-MOAYNbHBIV APUHLMN UCNOHeHMA 3T NO3BONSET NOAYUNTb
CYLLLeCTBEHHbIN 3KOHOMUYECKUIA 3ahheKT.

HeTpy4HO 3amMeTUTb, YTO ec/in BpeMs paboTbl 3M1EKTPONpPUBOLA
Mexay oTkaszaMu 6/10ka Kakoro-imbo tmna 6yaet 6osblle BpeMeHu
pemMoHTa 3Toro 6710Ka, To 415 NCKYeHUs npocTtos 3 [ocTatoyHo
MMETb B 3amnace TO/IbKO OAVH TaKoW 3anacHoi 6/10K.

MoBbILLIEHVE HBAEXHOCTM 3MEKTPONPUBOAA 3a cUeT obecrieyeHns ero
MOMEXO3ALLMLLIEHHOCT. PaboTa a/1eKTponpuBoLa XapaKTepuayeTcs Oeii-
CTBMEM KaK Mose3HbIX AMEKTPUYECKNX CUTHAIOB, 06ECNEUMBAIOLLINX Ha:
nexallee (pacyeTHoeE) ero hyHKLMOHNPOBaHWE, Tak 1 BPeAHbIX, Henpea-
CKasyeMmbIxX 3apaHee (CnyyaliHbiX) BO3MYLLEHWIA, HAa3bIBAEMbIX MOMEXaMU.
Momexu BbI3bIBAIOT COOM B paboTe 3M1EMEHTOB U Y3/10B 3/1EKTPONPUBOAA,
a MHOrAa 1 X NOBPEXAEHWS, CHVDKaA TeM CamMbIM HaZAEXXHOCTb ero pa-
60Tbl N YCNOXHAA ero Hanaaky 1 aKcryaraumio. OCO6eHHO YyBCTBUTE b-
Hbl K NMOMEXaM 3/1EKTPOHHbIE YCTPOICTBA yNpaB/eHNs /1eKTponprBoaa,
OnepupyoLLIMe MalIOMOLLHBIMW 3/TIEKTPUYECKVMU CUTHAIAMMW.

MoBbILLIEHVE NOMEXO3aLLMLLEHHOCTU 3/IEKTPONPUBOAA A0/DKHO OCY-
LLLecTBNATLCA NOAABMEHMEM KaK COOCTBEHHbIX, TakK U BHELLHNX MOMEX.
Moatomy 06O 3MEKTPONPUBOL, A0/DKEH ObITb CMPOEKTUPOBAaH, U3ro-
TOB/IEH Y CMOHTUPOBaH TakMM 06pa3oM, YTO6bI, C OAHOM CTOPOHbI, Ero
KOMMOHEHTbI He Co34aBann NoMex Apyr Apyry U COCEAHUM 31eKTPO-
yCTaHOBKaM, a C APYroil CTOPOHbI, OH A0/HKeH ObiTh 3allyLLEH OT BO3-
[eNCTBUSA BHELLIHMX MOMEX, CO34aBaeMbIX APYTMMN 3/IEKTPOYCTaHOBKa-
MW. PAacCMOTPUM TEXHUYECKVE MEPOMNPUSATUS, KOTOPbIe MO3BOMAIOT MO-
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BbICUTb MOMEXO03aLLMLLEHHOCTb 3NEKTPONPUBOAA 1 TEM CaMblM HaexX-
HOCTb W Ka4eCcTBO ero paboTsl.

Co6cTBeHHble.IoMexXN. OCHOBHLIMU UCTOYHMKAMU MOMEX B 3/1€KT-
ponprBOaaX ABAAOTCA 3NEKTPUYECKNE ABUraTenn, peneliHo-KOHTaK-
TOpHas annapaTtypa, TMPUCTOPHbIe NpeobpasoBaTeny 1 afieKTpomMar-
HUTHbIE YCTPOMCTBA. Takne NoOMexyM MOIyT CO34aBaTbCs TakKe npu
KOPOTKUX 3aMbIKaHWSX B 3M1EKTPUYECKNX LiensX, NPy BO3HUKHOBEHUN
rnepeHanpsXXeHui, CBsA3aHHbIX C OTK/IIOYEHNEM Lienel ¢ MHAYKTUBHO-
CTblO, NPU U3MEHEHUM HaNpPsHXKEHNI Ha coceaHNX NMPOBOAAX.

Momexu B aMEKTPUYECKUX ABUraTeNsx Co34at0TCs NP KOMMYTaLuK,
HapyLleHM KOHTaKTa Mexay LLieTKaMn 1 KOJIJIEKTOPOM WM KOHTaKT-
HbIMW KOJbLi@MK, BU6paLmm Bana. J1a nofasieHnst 3Tux BUAOB NOMEX
NPUMEHSIOTCA pa3/INyHble (NbTPbI, AOMONHUTE bHbIE KOMMEHCALLMOH-
Hble 06MOTKW, CIOUCTbIE, TLATE/TbHO NMPUTUPaEMbIe LLLETKN, METaIN-
3aums BHYTPEHHEN MOBEPXHOCTW M/1acTMaccoBbIX KOprycoB. Kpome
TOro, A0/DKEH ObMb OCYLLECTB/IEH HAAEXHbIV 3/TEKTPUYECKNIA KOHTaKT
MeXay YacTamMu ABuraTens, a Takke TwaresibHas nx cbopka.

Momexu BO3HMKaOT NPy paboTe aMeKTPUHECKX annaparos U pasny-
HbIX 3/IEKTPOMAar HUTHbIX YCTPOMCTB — TOPMO30B, MYJIT, (OUKCUPYIOLLINX
NpUcrnocobeHniA, 3NeKTPOMarHMToB. Npu Nx OTKIKDYEHUN Ha 06MOT-
Kax annapaToB 1 OAHOBPEMEHHO Ha NOABOAALLMX MPOBOAAX MNOSBSAIOT-
CS NepeHanpshkeHWs, KOTOpPble MOIYT BO MHOIO pas3 MpeBsbillaTb HOMU-
HasbHbIM (pabounii) ypoBeHb 1 Bbi3BaTbh kak MPoboii n3onaumm oomo-
TOK, TaK 1 MOosiBNeHVE NOMeX B MUTAIOLLLE CETU U OKPYXXaloLLLel cpeae.

YMeHblUEeHVEe NepeHanpsHKeHUi 1 TeM caMbiM YPOBHSA MOMeX 06bIY-
HO OCYLLLeCTBNAETCA C MOMOLLLbIO CXEM, B KOTOPbIX NMPUMEHSAIOTCS pe-
3UCTOPbI, AN0Abl, CTABUIUTPOHbI, BAPUCTOPLI, KOHAEeHcaTopbl. Han-
60/bllee pacnpocTpaHeHve B CUY YHUBEPCA/IbHOCTU, NPOCTOThI U
3(h(heKTMBHOCTN Hal/M TaK HasbiBaeMble R-C Lenouku. byayum
BK/IHOYEHHBIMW Mapa/IeNibHO KaTyLLKe arnnapata Win 3NeKTpOMarHuT-
HOro YCTpPOIiCTBa, OHW CYLLLeCTBEHHO FacaT aMnanTyAdy U CKOpPOCTb
HapacTaHus nepeHanpPsHKEHWN, BbI3BaHHbIX MPOLIECCOM OTK/IHOUEHUS.
Pacuet BenimunH Jin C ocyLLecTBASETCA NCXo4s U3 napameTpoB 06-
MOTKM 1 A0NYCTMMOIO YPOBHSA MepeHanpshKeHns.

Momexn npy paboTe pene, KOHTAKTOPOB, MarHUTHbIX NyckaTenei u
[pyroi KOMMYTaLVOHHOW annapatypbl BO3HMKAKOT MpU BUOpaumax r
[Opebesre 1X KOHTAKTOB, a Takke Npu Npo6oe UM BO3HUKHOBEHUN Ay
B MEXKOHTaKTHOM MpOMeXxyTKe. CHVDKeHMe 3TOro Buaa rnomex ocTu-
raeTcs NPUMEHEHVEM MCKPO- 1 AyroracuTeneii U ounsTPOoB; CXeM, OCy-
LLLECTBNAOLLMX KOMMYTaLMIO MPY PaBeHCTBe HY/IH0 TOKa (HanpsXXeHuns)
B LIEMNW; 9KPaHNPOBaHHbIX kabeseit; kabener co CKPyHeHHbIMU XUIaMu.

Momexy npy paboTte TUPUCTOPHbLIX NpeobpasoBareseli BO3HNKaT M3-
33 VICKaKeHWSA VIMU CUHYCOMAA/TbHOM (hOPMbl HAMPSHKEHWSA 1 TOKa, BCed-
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CTBME Yero Co34at0TCA BbICOKOYACTOTHbIE MOMEXU (FapMOHUKN Hanps-
XEeHUA 1 Toka). Kpome Toro, TMPMCTOPHbIE Npeobpas3osBarenin co3aatoT
MoMexu 3a cyeT MOCTOAHHO UAYLLMX B HNX KOMMYTaLMOHHbIX NPOLLec-
COB, CBSI3aHHbIX C OTKPbITEM OOHVX TMPUCTOPOB Y 3aKPbITUEM OPYIUX.

Hawnbonee ahdektrBHbIM cpeactsom infftfiftiM IfW IIi T T iffiMr;""
TOPHbIX NpeobpasosaTenel ABNSETCH YCTaHOBKA Pas/INUHbIX (PUIbTPOB.
Jpyroi nyTe nogasneHns cosgasaeMbiX UMW MOMEX CBA3aH C BblOO-
poM Takmx pexumoB paboTbl npeobpasosareneli 1 crnocobos ynpas-
NEeHUs UMK, NMPU KOTOPbIX UCKAXKEHUA KPUBbLIX HaMpsXKeHWs N Toka
OyAyT MUHMMa/IbHO BO3MOXHbIMMU.

BHeLLHVe noMexu. BHELLHMEe NOMEXW Ha 3/1IEKTPOMNpPMBOA, MOTyT Mo-
CTyrnaTb Yepes Lenn NUTaHna UK 3a cHeT AelicTBUA aN1eKTpocTaTnyec-
KNX U 3NEKTPOMarHUTHbIX NOe, co3aaBaeMbiX COCEAHMMN 3/1EKTPO-
ycTaHOBKaMu. K Takmm ycTaHOBKam KpOME 3/1eKTPOMNPUBOA0B OTHO-
CATCH 3M1EKTPUYECKNTA TPAHCMOPT, BO3AYLLUHbIE IMHUN N NOACTaHLUN
3/1eKTponepefay, 3/1IeKTPOCBapoYHOe 060pyA0BaHMe, Pas/IyHbIE Bbl-
COKOYaCTOTHbIE€ MPOMbILLIEHHbIE U HAY4YHble YCTAHOBKM, aBTOMOOU-
NN € ABUTATENAMWN BHYTPEHHErO CrOpaHus, BblUNCAUTENIbHbIE KOMI-
nekcbl. Crocobbl NoAaB/ieHUs BHELLHUX MOMEX OnpenenstoTcs TeMm,
MoCTyrnaroT /I OHU B 3NEKTPONPMBOL MO NPoBogaM (rafibBaHN4YecKme
NOMexm) U 3a cHeT AeNCTBUSA 3NEKTPOCTATUUYECKOrO UMM 3M1eKTPO-
MarHMTHOrO Mnone (EMKOCTHbIE WV MHAYKTUBHbIE MOMEXN).

lanbBaHMYeCKMe MOMEXM MOTYT NOCTyNaTb B CXeMY 3/1EKTPONpPU-
BOJA B TOM C/y4yae, KOoraa oH nmMeet obLyme a1 HECKObKNX 3/1eKTPO-
YCTaHOBOK Lienu NuTaHus uam obLmin NpoBog,

CHWXeHMe BVAHUSA Fa/lbBaHNYECKNX NMOMEX Yepes MUTAIOLLYIO CETb
[OCTUTaeTcs cnefyowmnmMm OCHOBHbIMU MEPOMNPUATUSMU:

= ycTaHOBKOW /f-L-ChnnbTpoB B MecTe noacoeanHeHVs 3NeKTPO-
npvBo4a K NUTAIOLLEN CeTu;

* CNOJIb30BaHNEM OTAEfbHbIX 6/10KOB NUTaHUA 419 YCTPOWCTB
yNpasfeHns 3N1eKTPonNpuUBoAa UM NUTaHVEM UX Yepes3 rajibBaHu4ec-
KM pa3BsizaHHble BTOPUYHbIE OOMOTKU pacrnpeaenuTenbHOro TpaHce-
hopmaTopa;

* NPYIMEHEHVEM MPOBOAKN C MAKCUMa/IbHO BO3MOXHbIM PaccTos-
HVEM MeXAy NMPOoBOAAMMU CUCTEMbI MUTAHUA N BHYTPEHHEWN pasBOAKN.
Mpn aTOM LENV NUTaHUS LenecoobpasHo BblMOMHATL U3 MaKCUMaib-
HO KOPOTKMX MPOBOAOB 60/bLLIOIO CEYEHUS.

Kpome uenn nutaHuWs MoMexu MOryT MOCTynaTb Ha 3/1IeEMEHTbl U
YCTPOVCTBA IEKTPONPMBOAA Hepes O6LLMIA NPOBOL, OTHOCUTENBHO KOTOPO-
ro onpeaesseTcs NoTeHLMan CUrHasTbHbIX (M3MePUTENbHBIX) MPOBOAHNKOB
M TOYEK CXem ynpasieHus. ShheKTMBHBIM cpeaCcTBOM 60pb0bI C TAKOro Poaa
romMexamu SIBNSETCA CoeaMHEHE 06LLIErO NMPOBOAA CXeMbI YMNPaBeHNS a/1ek-
TPOMNPUBOAA C 3a3eMNAIOLLUM KOHTYPOM. B pesynbtate nomexu, nocryrna-
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HOLLIME Ha 3/1EKTPOMNPMBOA, HYepes CETb MUTaHMS WM BO3HUKaOLLE 13-3a Ha-
NINUna NapasUTHbIX EMKOCTHBIX CBA3el Yepes KOKyXi 6/10KOB yrpas/ieHns
1 KOpryc Wkagia, He NonagakoT Ha yCTPOCTBa yrpasnieHus 3.

Mpy HaNNMUMM HECKOSBKNX LLKAOB YNpasieHns OCyLL,eCTBSEeTCS
BblpaBHMBaHWe MoTeHUManioB X KOPIrycoB 3a CYeT COeAVHEHNS B CXe-
My 3Be3/bl, 06LLLas TOUKa KOTOPOW COeANHSAETCS C KOHTYPOM 3a3em/ie-
HUA 1 TOKOBEAYLLMMWN KOHCTPYKUNAMW 30aHNIA.

MopasneHvie NoMex 3a cHeT AeCTBUS 3/IEKTPOCTAaTUYECKNX U 3NEKT-
POMarHUTHbIX MOJ/e MOXET OCYLL,ECTBAATLCA HECKOBKMMU COCo6amMu.
Hanb6oree atchheKTBHBIV CrOco6 NpeaycMaTprBaeT pasMeLLieHme 6/10KOB
M YCTPOIACTB yrNpaBneHnsi B META/I/INYECKMX ((heppoMarHUTHbIX) KOpny-
cax, a BCero a/1eKTpoobopyA0BaHVIs 3MIEKTPONPUBOLA — B METa/IINHECKNX
Wwkathax. B pesynbTare 3TOro BpeaHble BHELLHME MOoNs 3KPaHMpPYHTCA
STUMUN METAIIMYECKVMU KOPMYCaMU U He BbI3bIBAKOT MOSBNEHWS MOMEX
B 9/IEKTPUYECKMX LIENsiX aeKkTponpmeoda. K aTomy xxe crnocoby noaas-
NeHNA BHELLHWX MOMeX OTHOCUTCS 3KPaHMPOBaHWe NPOBOAOB U kabeneii,
pasMeLLEHNE VX B META/IIMYECKMX TPYOaxX nnm kopobax.

MoBbILEeHVEe HAOSKHOCTU paboThbl AMIEKTPONPUBOAA AOCTUTAETCA, Kak
Y)KEe OTMEUa/10Cb, BBEAEHMEM BHYTPUSNIEMEHTHO WM CTPYKTYPHO 136bI-
TOYHOCTW, UCMOMb30BAHVEM CPEACTB KOHTPO/ISA N ANArHOCTUKM, aTakoke
onpeaeneHHbIM YCIIOKHEHNEM KOHCTPYKTVUBHOIO NCMO/THEHWNS YCTPOVCTB
1 6/10KOB 3M1EKTPONPUBOAA. Peanin3aums sTMxX TEXHUHYECKUX MEPOMNPUSTIAI
TpebyeT AOMONMHUTESbHBIX 3aTpaT Ha Pa3padoTKy U U3rOTOB/IEHUE 3/1eKT-
ponpueoaoB. OuYeBUAHO, YTO 3TN AOMNOMHUTE bHbIE 3aTpPaThl, KOTOPbIE
06bIYHO Ha3bIBAIOT KANUTa/IbHbIMW, MOTYT ObITb MPOM3BEAEHBI 1 Orpas-
[AaHbl I1LLb B TOM C/lyyae, KOrJa 3a CHeT MOBbILLEHWSA HAAEXHOCTU 3NeKT-
ponpueoaa 6yaeT AOCTUTHYTO CHYDKEHME TEKYLLIMX 3aTpaT Npu 3Kcrnya-
TaLM Camoro 3MeKTPONprBOAA 1 OBC/TY)XMBAEMOIO UM TEXHO/IOMMYECKO-
ro 060pya0BaHVA. TeM CambiM MOBbILLEHVE HAAEXKHOCTU 3/IEKTPOMNPUBOA0B
[0/DKHO COMPOBOXAATHCA ONnpeaesieHeM 3KOHOMUYECKOM 3pheKTUBHO-
CTV 3TVX MEPONPUATUIA, KOTOPas NOAPOBHO paccMoTpeHa B [21].

KOHTPOJ/IbHbLIE BOMPOCHI

1 UYTo HasblBaeTCA HaAEeXHOCTbK 3neKTponpueoaa?

2. UYrto Ha3biBaeTCA BEPOATHOCTbI 6€30TKa3HOW paboTbl, MHTEHCUB-
HOCTbIO OTKa30B M HapaboTKoW A0 oTKasa?

3. Kak 3T nokasatenu cesf3aHbl Mexay co6oii?

B uem 3akntoyaeTca KO3IMULMEHTHbIA MeTo, pacyeTa HaaeXXHoCTn?

5. Kakue cywiecTByOT MeTOAbl NOBbILEHUA HAAEXHOCTU 3/1eKTPONpuU-
BO/Z0OB MPU MX NPOEKTUPOBaAHUKN N aKcnayaTaumm?

6. Kaknmun cpegcrtesaMym MOXHO MOBbICUTb MOMEXO3alNLEHHOCTb
3N1eKTPOnpmnBoa0B?

>
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OTpen «KHMra — nouToin»:
(495) 363-42-60 (006. 246, 247)

OTrneyaTaHO € rotoBbiX Auano3vntnesos B OAO oppaeHa «3Hak [loyeTa»
«CMoOneHckas obnactHaa Tunorpadgus um. B. V. CMupHOBa».
214000, r. CMoneHck, npocriekT um. 0. larapuHa. 2.
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