CTpyKTypa ruipo- ¥ MHEBMONPHUBO/IA C 3JIEKTPOYNPaBJIeHUEM.

CrtpykTypa TIIpo- WM MHEBMOINPHUBOJA C 3JIEKTPOYIPABICHUEM MPAKTUYECKU HE

OTJIMYACTCS OT JPYTHX BHUIOB MPUBOJIOB (prc. 1). OcoOEHHOCTD 3aKITI0YaeTCs TOJIBKO B

UCIIOJIb3YEMBIX YCTPOUCTBAX.

McnonHuTernbHble yCTpou-
cTBa (MHEBMOLUMIMHAPHI,

NcTOYHMK cKaToro Bo3-
e NHEBMOCXBaTbl, BaKyyM-
Ay Yy Hanpaenstowas n pe- Hble MPUCOCKMN)
reHepaTtop rynupytowliasa annapa-

Typa C aneKkTpoynpas-
neHvem

MynbT ynpaenexus NaTumku
(nynbT onepatopa) Cuncrema ynpasnexus (KOHEeYHble BbIKIouaTenwm,

pere AaBneHust u T.4.)
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Pucynok 1 — CtpykTypa rujipo- uiu MTHEBMOIIPUBO/IA C AIEKTPOYIIPABICHUEM.

B oTnauuune oT MHEBMATUYECKOTO MPUBOJIA, B THEBMONPUBO/IE (ITHEBMOCHUCTEME) C
IEKTPOYIPABICHUEM JUIsl PETYIHPOBAaHUS PAOOYMX TapaMeTpOB HCHOTHUTEIHHBIX

YCTPOMCTB NPUMEHSIOT HANPABIAIOUIYI0O U PEryJIUPYIOLIYIO alnapaTrypy C 2JI€KTpo-

yhnpaBieHreM. B mpocreiilieM ciydae — 3JIEKTPOITHEBMATHUYECKUN paclpe/leTUTeNb.

I[J'I?I KOHTPOJIA H606XOI[I/IMBIX MMapaMCTpOB HUCIIOJB3YIOTCA JATYHUKH C JJICKTPHUYCCKUM



BBIXOJHBIM CUTHaIOM. COOTBETCTBEHHO YCTPOMCTBO YNPABJICHUS COCTOUT M3 Pasiiny-
HBIX DJIEKTPOHHBIX KOMIIOHEHTOB.

[IpuMeHeHNe pa3InYHbIX JIEMEHTOB 3aBUCUT TAKXKE OT PEIIaeMbIX THEBMOIIPUBO-
noMm (mHeBMocucTeMoii) 3anad. Hambonee pacmpocTpan€HHas 3amada - ImepeMenieHue
Kakoro-in0o o0beKTa min paboyero opraHa 000pyJ0BaHUs B 33JaHHYIO TOUYKY WJIH IO
3aJJaHHOW TPaeKTOpHUHU. B 3aBHCHMOCTH OT BHJA TMEpPEMEIICHUs MPUBOABI ITOAPa3IeIsi-
IOTCS Ha ITUKJIOBBIC, TIO3UIIMOHHBIC U CIIEISIIUE.

B 1mki1oBoM mpHBoOie KOJIMYECTBO TOYEK MO3UIIMOHMPOBAHUS O0OBEKTa MU Pado-
4ero opraHa 00OpYAOBaHUSI OTPAHUYEHO HECKOJIBKHUMH MO3UIMSIMH, 2 TOYHOCTh OCTa-
HOBKH ONPEIENSETCS MEXaHWYECKUMH yIopaMu. V3MeHeHHne TOYKHM MO3UIIMOHUpPOBA-
HHSI OCYIIECTBIISIETCS] PYYHBIM MEPEMEIICHUEM YIIOpa.

JIst KOHTPOJISI TTOJIOKEHHSI TIepeMeIaeMoro 00beKTa UCIOMB3YIOTCS JATYUKH T10-
JI0O)KEHUSI, HA3bIBa€Mble KOHEYHBIMU (ITyTEBBIMHU) BBIKITFOUATEISIMU. Takue TaTIuK, KaK
IPaBUJIO, YCTAHABIMBAIOTCS B KOHEYHBIX TOYKAX JMAIa30HA MEPEMEIICHHS U BHIJAIOT
CUTHAJI OMPEENEHHOT0 YPOBHS MPH MOMaJaHnu 00beKTa WK paboyero opraHa oobopy-
JOBaHMS B 3aJaHHY0 no3unuio (puc. X.2-a). YpoBeHb CHrHajia 3aBHCUT OT THIA Jat-

YMKa W HAIPSKCHUA TMUTAHUWA. Takoit curxan H, COOTBCTCTBCHHO, JAaTYHMK HA3bIBAIOT

AUCKPCTHBIM.
Yoobers Yoobers Cueran yrpabrenvs 2 BrixadHou cuzHan
A cueHanaq U ClzHaNg U ‘ LuzHan yﬁ/]ﬂﬁ/]EHUH 7 50/77 YUK 10/10X EHUA
Bexadvou cuzran damka 2y 0000000000000 P ——— A\
BuixodrHou cuzwan Gamquka 7 \ '
[Tonoxerue \ o Jadapyud cuzHan
oovexma [ \
- - > -
LuanasoH nepermelyerus o0bexma
' [Tonoxerue
Mecmo ycmarobry damyuka 1 Jadarrasg maqka no3uyuoHpoBarus aovexma [
Mecmo yemanobry damyuka 2\ (], / Tuana3oH € 70 bEKITa 5/

Pucynoxk X.2 — BeIXxoaHbIC CHTHAJBI TaTYUKOB TOJIOKECHHS, UCTIOJIb3YEMbIX B ITHKJIO-
BOM NpUBOJIC (@) ¥ B O3UIIMOHHOM TIpuBoIE (0).

Cucrema YHOPAaBJIICHUS MUKIIOBOTO IIPUBOJAa UCIIOJIB3YCT 3TU CUTHAJIBI JJIA obecme-

YeHHsST HEOOXOAMMOM IMOCIIEA0BATeILHOCTH JAehCcTBUE (1uKia). Oneparop ¢ MOMOIIBIO



NyJIbTa YIPABJICHHS OCYIIECTBIIACT BKIIIOYCHHE/BBIKIIOUEHUE TIPUBO/IA, KOHTPOJIb HaJ
XOJI0M IMKJIA ¥ (IpH HEOOXOAUMOCTH) YIPABICHHUE IPUBOIOM B PYYHOM PEKHME.

B 1ukii0BOM NMHEBMATUYECKOM MNPHUBOJAE C AJIEKTPOYIPABICHUEM B KayecTBE Ha-
IIPABIBIIOLIEN anmnapaTypbl HCIOJIb3YIOT THEBMOPACTIPEAEIIUTENN C HJIEKTPOYIIPABICHU-
€M, KOTOpBIE NEPEKIIOYAIOTCS JMCKPETHBIMA CUTHAJIAMH. PerynmmpoBaHue CKOpOCTH
JBH>KEHUSL OCYILECTBISIETCS ONEPAaTOPOM C MOMOIIbK MHEBMoApoccenei. COOTBETCT-
BEHHO CHCTEMA YIPABJIEHUs TAKXKE CTPOUTCSA C ITOMOLIBIO JTUCKPETHBIX DJIEMEHTOB —
AIIEKTPOMArHUTHBIX U 3JIEKTPOHHBIX pejie, TAMMEPOB U CUETUMKOB, IPOrPAMMHUPYEMBIX
pene (JOrHYecKuX MOYyJIei), MPOrpaMMHUPYEMBIX JIOTHUECKUX KOHTPOJUIEPOB.

[To3UIIMOHHBIN TIPUBOJ JOJDKEH OOECHeYnTh MepeMenieHrne o0BheKTa B 00O
TOYKY U3 JUAINa30Ha MEPEMELICHUS C 3aJaHHON TOYHOCTBIO. /(11 KOHTPOJIS MOJIOKEHUS
00BEKTa UCIIONIB3YIOTCS TATYMKHU MOJIOKEHUS, Y KOTOPBIX YPOBEHb BBIXOJIHOTO CHUTHAJa
(v xox — anst 1MQPOBBIX JATYUKOB) MPOMOPIMOHAIECH MOJOKEHUI0 00BeKTa (pHC.
X.2-0). Kaxiomy 1moJioskeHu0 00beKTa COOTBETCTBYET ONPEACIEHHBIN YPOBEHb CUTHA-
Ja 1aTyuKa.

Cucrema ymnpaBieHUsi 00eclieunBaeT HE TOJBKO 33aJaHHYIO TMOCJEI0BATEIbHOCTD
JIEUCTBUI, HO U OCTAaHOB OOBEKTA B 3aJJaHHON MO3WIMH. B mpocTeiieM ciydae cucrte-
Ma yIIPaBJICHHWs] CPaBHHUBAET YPOBEHb BBIXOJAHOI'O CUTHAJA JATYMKA C YPOBHEM 3aar0-
IIEr0 CUTHAJIa U MPU UX COBMAJCHUU B TOUYKE MO3WLHMOHUPOBAHMS BBIKIFOYAET UCIIOJ-
HUTEIbHOE ycTpoiicTBO (curHan ympasneHust 1 Ha puc. X.2-0). VI3MeHeHnEe TOYKH T10-
3ULMOHUPOBAHHUS OCYLIECTBIIIETCS U3MEHEHUEM YPOBHS 33JJAI0IIETO CUTHANA.

OpHako, B TAKOM CJIy4Yae B THEBMATHYECKOM MPUBOJIE U3-3a CKUMAEMOCTH BO3/Y-
Xa HEBO3MOXHO MOJIyYUTh BHICOKYIO TOUHOCTh MO3ULIMOHUPOBaHUS. [ obecnieueHus
BBICOKOM TOYHOCTHM HEOOXOJUMO MPUMEHSATH OOJIEE CIOKHBIE METOIbl TOPMOXKEHHUS:
UCTIONIB30BaTh CIEIHAIbHBIE YCTPOHCTBA TOPMOXKEHUS (HAmpumep, THApoAeMIIpEeph)
WM TPUMEHATh CHELUAaJbHbIE 3aKOHBI TOPMOXEHHUA. B mocimenHeMm ciydae CUTrHal
YIPABJICHUS U, COOTBETCTBEHHO, CKOPOCTh JBUKEHHUS 00BEKTA, U3MEHSETCS 10 OIpeie-
JAEHHOMY 3aKOHY, YMEHBIIASCh MPH MPUOIMKEHUN K TOYKE MO3HIIMOHUPOBAHUS (CHUT-

HaJ yrnpaBiieHus: 2 Ha puc. X.2-0).



B no3unnoHHBIX MPUBOIAX UCMOJB3YETCS MPONOPLMOHAIBHAS annaparypa ¢ dJeK-
TPOYTNPABJICHUEM, CUCTEMA YIIPABICHUS — IPOrPAMMUPYEMBIN JIOTHUECKUNA KOHTPOJLIED
C QHAJIOTOBBIMH BXOJIAMH U BBIXOJIAMH.

Crnendiuii TpuBoOJ BO MHOTOM MOX0 Ha MO3ULIUOHHBINA. OTIMYKE 3aKITI0YAETCS B
TOM, YTO 3aJla4a MO3UIIMOHHOTO MPHUBOJA — MAaKCUMAJILHO OBICTPOE MepeMenieHue 00b-
€KTa U3 OJHOW MO3UINU B APYTYIO, IPU 3TOM TPACKTOPHS MEPEMEILICHHUS HE BaKHA. 3a-
Jaya clesuiero NpuBoJia — MepeMeIeHre U3 OJHOM MO3ULKH B APYTYIO MO 3aJaHHOU
Tpaektopuu. Kak mpaBusio, Takoe nepemelieHrne 00beKTa OCYIIECTBISETCS ¢ TOMOIIBIO
HECKOJIbKUX MCIIOJHUTEIbHBIX ABUTATENIEH, CKOPOCTh KaXJI0T0 U3 KOTOPBIX U3MEHSETCS
M0 33/IaHHOMY aliropuTMy. B creasimux nmpuBojax NOMUMO JAaTYMKOB MOJIOKEHUS HC-
HOJIB3YIOTCS U JPYrue JAaTYUKH (JaTYMKU CKOPOCTH, YCKOPEHHsI, YCHIIUS M T.I.) U Ca-

MBIC CJIOKHBIC aJITOPUTMBI YIIPABJICHUA .



DJIEeKTPOABTOMATHKA HACOCHBIX YCTAHOBOK

Ha pucynke B kauecTBe mpumepa NpuBenEH (parMeHT DJIEKTPUUYECKOM CXEMbI

HAaCOCHOM YCTAHOBKH.
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YCTAHABNWMBAIOTCA COODWMEOM

B coctaB HacoCHO# yCTaHOBKU BXOMST CJEIYIONTNE OCHOBHBIC DJIEMEHTHI JJIEKTPO-
ABTOMATHKH:

- DIeKTpOMOTOPHI (KaK MpaBHUIIO, ACHHXPOHHBIE) -1M1, IM2 oCyIIeCTBISIOT Bpa-
IICHUE Bajia TUAPOHACOCA,

- Konraktops! (Momnbie pene) — 1IKM1...1KM3, npenna3HaueHbl IjIs BKIIIOUE-
HUS1/BBIKITIOYCHHS SJICKTPOTTUTAHHS;

- ABromarunueckue Boikatouatenu — 1QF1...1QF3npenna3zHaueHsl s 3allUThI
AIIEKTPOOOOPYIOBAaHUS OT TOKOB KOPOTKOTO 3aMbIKaHMs. YacTO OHU TakKe COIepKaT
BCTPOCHHYIO (DYHKIIMIO TETUIOBOTO pejie — 3aIUTy OT JUIMTEIbHBIX HEOOJBINX Tepe-
IPy30K 1O TOKY;

- OtnenwHbIe TewioBbie pene — 1QF4, 1QFS5.



B ornenpHBIX ciydasix, HACOCHAsl YCTAHOBKA TAKXKE MOET BKJIFOUATh YCTPOMCTBA
3ammTHOTO OTKIFoUeHUs (Y30) Asist 3alyThl MepcoHaa OT MOPAKEHUS IIEKTPHYECKIM
TOKOM; pE€JI€ KOHTPOJISI HANpPsDKEHUs I 3al0UThl OT NEPEHAIPSIKEHUSI B CETH; PEJIE
KOHTPOJIS TTOCIIENOBATEILHOCTH (ha3; YCTPOMCTBO IJIABHOTO ITyCKa U TOPMOKEHHSI (JIJ1st
MOIIIHBIX HACOCOB).

KoHTaKkTOphl, aBBTOMAaTUYECKHUE BBHIKJIIOUATENN U TEIUIOBBIE pelie YacTO 0O0beInHe-
HbI B OJTHOM YCTPOMCTBE — ITyCKaTeJe.

ITyckaresib 3JIeKTPOMATrHUTHBIN OOIIETTPOMBIIUIEHHOTO HA3HAYEHHUS] — KOMMY-
TAllMOHHBIN JJIEKTPUYECKUH aImapar, NpeHa3HauYeHHbIN ISl IIyCKa, OCTAHOBKH M 3a-
IIUTHI TPpeX(Pa3HbIX ACHHXPOHHBIX AJIEKTPOJIBUTATENEH C KOPOTKO3aMKHYTBHIM POTOPOM
HEIMOCPE/ICTBEHHBIM MOAKIIOYEHUEM OOMOTOK CTAaTOpa K CETH U Pa3pbIBOM TOKA B HUX
0e3 nmpeABapUTEIHLHOTO BBOJIA B LIETIb JOTIOTHUTEIbHBIX COMTPOTUBICHHM.

C y4eTOM UCIIONb3YEMBIX HA MTPAKTHKE CXEM HA 3JIEKTPOMATHUTHBIE ITYyCKATEIN
BO3JIAratoT JOMOJIHUTENIbHbIE (DYHKIIMH:

- pE€BEpCUPOBAHUE HAPABJICHHSI BPALLEHUS JBUTATENS IyTEM U3MEHEHUS MTOCIIE-
JIOBATEIbHOCTU MOAKIIOYEHUS (ha3 ceTH K OOMOTKaM;

- UI3MEHEHHE CXEMBI BKIIFOUeHUs 00MOTOK asurareis Y/D;

- 3allIMTa JBUraTeis OT MEPErPy30K U MEPErPEBA, CHUKEHUS CONIPOTUBIIEHUS U30-
JSIUHH U T.11.

YuurteiBas TpeOOBaHUS K MYCKATENIO, KaK AJIEMEHTY CXEMbl aBTOMaTHUYECKOTO
YIPABJICHMS], HA HETO YaCTO BO3JararoT psiJl BCIIOMOTAaTeNbHbIX (DYHKITHIA:

- JIIEKTPUYECKOE U MEXAaHUYECKOE OJIOKHPOBAHNE BO3MOXHOCTH OJTHOBPEMEHHOTO
BKJIFOUEHUS] KOHTAKTOPOB B PEBEPCHUBHBIX CXEMaX;

- CO3JaHus LENEN AJI1 MECTHOTO U JUCTAHIIMOHHOTO YIPABJIEHUS IIyCKaTEIEM,;

- 3aIMTa OT HEXKETATeNbHBIX PEKUMOB paOOTHI;

- KOHTPOJIb U CUTHAJIN3ALMs O COCTOSIHUU CUJIOBBIX LIENIEH U LIETIEN YIIPABICHUS.

Brinyckaembie MPOMBIIIEHHOCTHIO MATHUTHBIE MTyCKATENIN PACCYMTAHbI HA IIPU-
MEHEHHE B Pa3HbIX KIMMATHYECKUX MOACAX, PA3MELIEHUE B PA3HBIX YCIOBHUSIX.

B cootBercTBuM ¢ 'OCT 2491-823neKTpOMarHuTHbIC MyCcKaTEIM MpeIHa3Hava-
10TCS s paboThI B Kareropuu npuMeHeHust AC-3 (MpsMOii ITyCK 3JIEKTPOIBUTATEIICH C

KOPOTKO3aMKHYTBIM POTOPOM, OTKJIIOUCHHE BPAIIAFOIIUXCS JICKTPOIBUTATEIICH) 1



JOJDKHBI JIOMyCKaTh paboTy B kKateropuu npuMeHenus: AC-4 (ryck, OTKIIIOYEHUE U
TOPMOKEHUE ITPOTUBOBKIIOYEHNUEM JJIEKTPOJIBUTATENIEN C KOPOTKO3aMKHYTBIM POTO-
pom).

KoMmmyTanmonHas H3HOCOCTOMKOCTD aIlapaToB B 3TUX KATETOPUSIX MPOBEPSIETCS B
YCIOBHSX, MOACIHUPYIOIINX BKIIOUYECHHUE U OTIIOYEHUE ACUHXPOHHOTO ABUTATENS, COOT-
BETCTBYIOILETO 110 TapaMeTPaM HOMUHAJIBHBIM JTAHHBIMITYCKATENA, B PEKUMaxX, ONpe-
JIEJICHHBIX KaTeropyuei MpUMEHEHUS ITyCKaTesl.

Kak k a1eMeHTy cucTeM aBTOMAaTHYECKOIO YIPABJICHUS K DJIEKTPOMAarHUTHBIM
MyCKaTesiM MPeIbIBISIOTCS BEICOKHE TpeOOBaHM MO U3HOCcocToMKoCTU. [lyckarenun
BBIITYCKAIOTCS B TPEX KJIacCaX KOMMYTAIIMOHHON 3HOcocTorkocTH (A, b u B).

ITyckaTenu rmaBHBIM 00pa3oM NpeaHa3HAYEeHbI JJ1s1 IPUMEHEHUS B CTAllMOHAPHBIX
YCTAHOBKAaX JUCTAaHLIMOHHOIO ITyCKa HEIOCPEACTBEHHBIM MOIKIFOYEHNEM K CETH, OCTa-
HOBKHU U PEBEPCUPOBAHUS TPeX(Pa3HbIX aCUHXPOHHBIX AIEKTPOJIBUraTENIEH ¢ KOPOTKO-
3aMKHYTBIM pOTOpOM Ipu HamnpspkeHuu 10 380u 660B nepeMeHHOro ToKa 4acTOTOM
500,

[Ipy HAJIMUMU TEIIOBBIX peJie IyCKATENH OCYIIECTBISIOT 3aLIUTY YIIPABIISIEMBIX
ANEKTPOABUTATENIEN OT NEPETPY3KU HEAOIYCTUMOM IIPOJOIKUTENBHOCTH. ITyckarenn ¢
OTPAHUYUTENISIMU MIEPEHANPSKEHUM IPUTOAHBI AJIs1 pa0OTHI B CHCTEMAaX YIIPABJICHUS C
IIPUMEHEHUEM TIOJIyIIPOBOJHUKOBON TEXHUKHU.

Knaccnduxanus:

ITyckaTenu knaccupuUUpPyOTCs 1O:

- BUJy CXE€MBbI BKIIFOUCHHS HATPY3KH (KaK MMPABHIIO AJIEKTPOIBUTATEIIS) HEPEBEP-
CHBHBIM WJIA PEBEPCUBHBIN;

- 10 HOMUHAJIbBHOMY HaIIPSKEHUIO IVIABHOW LIETIH;

- 110 KaTErOpUH pa3MELICHUS;

- I10 HAJIMYXIO KHOIIOYHOT'O IIOCTAa HA KOPITyCe IyCKaTeIs - KHOIIOK «IIyCK» U
«cTom» (1m+c) Ha HEPEBEPCUBHBIX MTyCKATENSX, I KHOTIOK «ITyCK BIEpEI», «TyCK Ha-
3a71» U «CTOm» (MIIC) PEeBEPCUBHBIX ITycKaTelsix. Hekotopeie MoauduKanmm myckare-
JIed IpelyCMaTPUBAIOT HAJIM4YKME HA KOPITyCE CUTHAIIBHOM JIAMITBI «BKJIFOUEHO;

- TI0 HAJTMYHIO JIOTIOJIHUTENILHBIX (CUTHATBHBIX, OJJOKMPOBOYHBIX) KOHTAKTOB, MO-

T'yT OBITh 3aMBIKAIOIIMMHU (3) WK pa3MbIKaIOKUMU (p) B pa3HbIX KOMOMHAIUSX;



- 110 YKUCITY IOMOJIHUTENbHBIE KOHTAKThl MOTYT ObITh BCTPOEHBI B TyCKaTEb WU
M3TOTOBJICHBI B BUJI€ OTJEILHON MPUCTABKU. YacTh JOMOJHUTEIbHBIX KOHTAKTOB MO-
KeT ObITh UCIIOJIb30BAHA B CXEME IyCKaTelsl, HapUMep, B PEBEPCUBHOM ITyCKaTelle -
JUIS1 OCYILIECTBJICHUS - IO POy TOKA U MO HANIPSIKEHUIO BTATMBAIOIIEH KATYIIKHU - TIe-
PEMEHHOT0 TOKA Ha pa3JIMYHbIE HAMPSKEHUS U3 CTAaHAAPTHOTO psijia - 0 HAJTMYUIO TeM-
JIOBOTO pEJe.

TennoBele pesie XapakTepHu3yroTCsi HOMUHAJIBLHBIM TOKOM HecpaOaThiBaHUS Ha
CpenHel yCTaHOBKE U, KaK MPaBUIIO, IOMYCKAIOT PEryJIUPOBKY TOKA HECpaOaThIBAaHUS B
npenenax +15% 0T HOMHHAIEHOTO 3HAYCHUS .

[TyckaTenu MOTyT KOMILIEKTOBATHCS OTPAHUUYUTEIAMU NIEPEHANPSAKEHUM, pa3Iny-
HbIMU YCTAHOBOYHBIMU U3JICIHIMU U T.1.

HopMupyemblie TexHH4YeCKHEe XapPAKTEPUCTUKH

K Ba)KHEWIINM XapaKTEepUCTUKAM ITyCKATEIsl OTHOCATCS

- MakcuManpHO TOMYCTUMBIMA TOK IJIABHOU LIENH B amriepax. Hopmupyercs s
pexxuma padoTsl myckarens AC-1, AC-3 unu AC-4 oTnenbHO Ui KaKJI0To U3 3Haue-
HUW HanpsKEHUS TJIABHOM 1EMH, T.€. paboyero HanpsiKeHUs IycKaTes;

- MakcuMallbHO JTOTTYCTUMOE HaIpsbKeHHe TiiaBHO# meru (B);

- Hanpsikenve nmutanus BTsTuBaroniei karymku (B). MosxeT ObITh BHIOpaHO 13
psana 24, 36, 42, 110, 220, 3BGiepemennoro Toka. HekoTopsie TUIIBI ITycKaTENeH 13-
FOTaBJIMBAIOTCA C MArHUTHOM CUCTEMOM C MMUTAHUEM KATYIIKHU YIPABICHUS MOCTOSH-
HBIM TOKOM, IIPX 3TOM MX BKJIFOYAIOT B LIEMb IEPEMEHHOTO TOKA YE€PE3 BBIIIPSIMUTEND.

- KomMyTanmonHast "3BHOCOCTOMKOCTh. Mcuncnsercss B MUUIMOHAX [IUKJIOB BKJIFO-
YEHUS-BBIKITIOUeHUs. JIJIg onpeneneHrss KOMMYTaIllMOHHOW H3HOCOCTOMKOCTH HE00X0-
MO 3371aTh PEKUM pabOThI MyCKaTesl, HAllPsKEHUE TJIABHOM 1E11, TOK TJIABHOM LIeNU
(MM MOTITHOCTH YIIPABJISIEMOTO JIBUTATEIS) U, IO COOTBETCTBYIOIICH HOMOTPaMMe,
MIPUBEICHHON B TEXHUYECKOM OIUCAHUU IIyCKATEIIsA, ONMPEAEIUTh TApAHTUPOBAHHOE
YUCJIO BKIIFOUEHUM-OTKIIIOUEHU. [Ipr 5TOM HE0OX0AMMO y4eCTh, YTO PEXUM padOThI
MyCKATEeJsl YYUTHIBAET YaCTOTY €r0 BKIFOUCHUI-OTKIIOUECHH B Yac.

- MakcumanbHO AOMYCTUMBIN TOK BCIIOMOTaTENbHbBIX KOHTAKTOB. Mcuncnsercs B
amIiepax npH 3aJJaHHOM HalpsKEHUU Ha KOHTaKTaXx.

- MOMIHOCTH, MOTpeOIIsieMast BTSTUBAOIIEH KaTymKkol (yYka3bpIBaeTcs B BaTTax)



[Ipu BBIOOpE MycKaTENs ITUPOKO MPUMEHSIETCS TEPMUH «BEJIMYMHA ITyCKATEs».
TepMUH 3TOT yCIIOBHBIM U XapaKTEPU3YET NOIYCTUMBIA TOK KOHTAKTOB TJIABHOU
nenu myckaress. [Ipu aTom moapasymeBaeTcs, 4To HaNPsHKEHUE TJIABHOM 1M COCTaB-
nsietr 380B u myckatens padotaet B pexxume AC-3.
MaxkcuManbHBIM TOK INIaBHOM LIEMH COCTaBJISCT.
JIJIS1 HYJIEBOUM BelTM4YuHBI 6,3A
1t iepBoit BenuunHbl 10A
JUUISl BTOPOM BETUYMHBI 25A
TSt TpeTbel BenmnauHbl 40A
JUTSI Y€TBEPTOM BEMHMUMHBI 63A
i 1sitor Benunasl 100A
JUTS mecTor BeanumHbl 160A
JlonmyCTUMBIN TOK KOHTaKTOB IJIaBHOM 1I€TIH OTJIWYAETCS OT MIPUBEJICHHBIX BHIIIE B
3aBUCHUMOCTH OT:
- kareropuu npumenenus - AC-1, AC-3 umu AC-4: AC-1 - narpy3ka myckaremns
YUCTO aKTUBHAS WJIM MaJIO0 UHIYKTHUBHAS;
AC-3 - pexxuM IPSIMOTO TTyCKa ABUTATEINS ¢ KOPOTKO3aMKHYTHIM POTOPOM,
OTKJIFOUEHUE BpaAIOIIUXCS SJIEKTPOBUTaTEIEH;
AC-4 - mycK 3JIEKTPOJIBUTATENSI C KOPOTKO3aMKHYTBIM POTOPOM, OTKIIOUEHUE
HETMOJBMKHBIX UM MEJJIEHHO BpalaIOIIUXCs SJIEKTPOBUraTeNIed, TOPMO-
YKeHHE MPOTUBOTOKOM. C yBeTMUYEHHEM HOMEpPA KaTeropuu MPUMEHEHHUS J10-
MyCTUMBIN TOK KOHTAKTOB IJIABHOM 1I€MH, IPHU PABHBIX MMapaMeTpax Mo KOM-
MYTallMOHHOW U3HOCOCTOMKOCTH, YMEHBIIAETCS,;
- HaNpsDKEHUS Ha KOHTaKTaXxX rjaBHOU nend. [Ipu yBelnnueHun HanpsHKeHUs 10-
MyCTUMBIN TOK KOHTaKTOB Ma/1a€T.
JI71s1 HeKOTOPBIX TUITOB MyCKaTeel BeIMYMHA MyCKaTels YKa3bIBaeTCs MPH Ha-

MPSYKEHUH TJIaBHBIX KOHTAKTOB, OTIMYHOM OT 38(B.



KoHeuHble BBIKJIIOUYATEIH

DJIeKTPOKOHTAKTHBIE JATYUKH ¢ MEXaHMYECKHM BO3/1eHCTBHEM ITPUMEHSIOTCS
B CUCTEMaXx TOCJIEIOBATEIHHOTO YIIPABIICHHS, KOT/Ia KOMaH/1a Ha paboTy Mocieayroe-
r'0 3B€Ha aBTOMATU3UPOBAHHOTO O0OPYAOBaHUS AaeTcs OO0 B cepeanHe, MO0 B KOHIIE
paboThl (HepeMeleHusl) MPEeAbIIYIIEro 3BeHa, HapuMep IITOKa MHEBMOIMIMHApa. B
CWJIy 3TOTO, TaKH€ TATYMKH ITOJIYyYal0T HAa3BaHWE MyTEBBIX  JATYMKOB  HJIM KOHEY-
HBIX BBIKJTFOYATEIICH.

Onn MOT'YT OBITH noapasacICHbl HA KHOIMMOYHBIC MJIN PbIYa’KHBIC.

J171sl MO3UITMOHUPOBAHUS PAOOYUX OPTAHOB C TOYHOCTBIO I
R i 3
0,3...0,7 MM TIpUMEHSIIOTCSI MOMEHTHbBIC KOHEYHBIC BBIKJIFOYa- »
Tenmn (MUKPOIIEPEKIIIOYATeIN), PabOTAIINe B PEKUME Tepe- = s
Kitouarensi. HemoaBrkHbIE KOHTAKThI 2 M 3 YKPETUICHBI B TTa- , 2
#j
L S
CTMAaccoBOM KopItyce 4 ¢ OTBEpPCTHSAMHU I 3aKpeIUieHUs Ha l s

TEXHOJIOTHYECKOM O0OpYAOBaHUH, PACTIOIOKEHHBIMUA JIPYT OT
Jpyra Ha paccTostHUM 25 MM. [10/IBH>KHBIN KOHTAKT D yKperJieH
Ha KOHIIE PACIOpPHOM MPYKUHBI, COCTOSIIIEH W3 IUIOCKOW 7 U

¢urypuoit 6 uvacreit. [Ipu Bo3meiicTBuU paboyero opraHa Ha

mTok 1 mpoucxoaut aedopmaiusi IpyKUHbI U U3MEHSETCS Ha-

MPaBJIEHUE CUJI, IEUCTBYIOIIMX HA PACHOPHYIO MPYXKUHY, B pe-
3yJIbTaTE YEro KOHTAKT D MepedpachlBA€TCS B HUKHEE TOJI0XKE-
uue 3a Bpems 0,01...0,02, obecrieunBasi TeM caMbIM HaJICKHYIO
KOMMYTAIIUIO JIEKTPUUECKUX Ienel. Xo mrToka 1 cocTaBisieT
JECATBIE TOJIU MUJUIUMETPA.

Muxkpornepexmntouatens 1, 3akperuieHHbd B Kopnyce 3 sB-

JISIETCSI OCHOBOU KOHCTpYKI_II/Iﬁ KaK KHOIIOYHBIX, TdK W PbIYadiK-

HBIX NyTEBBIX JAaTYUKOB. CBSA3b NMPUBOJHOTO IITOKA MHUKpOIE-
peKJIoYaTessl OCYIIECTBISIETCS Yepe3 IMITOK 2, UMEIOIIMI B CBOEM COCTaBE KOMIIEHCA-
LUOHHYIO MPYXXUHY CXaTWsl, MPEeIOXPaHSIONIYI0 MHUKPONEPEKIYATedb OT MOJOMKH

IIPU YPE3MEPHBIX YTIIOBBIX NEPEMELIEHUAX PHIYATOB.



PbruakHple nmyTeBble JATYUKU C JIOMAIOIIMMCS pbluaroM cpadaThIBatOT TOJIBKO IpU
Ha)XKaTUW B OJHOM HampasieHuu. [Ipu nmepemeriennu pabodero opraHa crpaBa HaJeBO
€ro BO3/€icTBHE HAa POJUK 1 NpUBOAUT K MOBOPOTY pbluara 2 MpOTUB YAaCOBOM CTPEIIKU
BOKpYT ocu O, B pe3ysbTaTe 4ero noAnpyKMHEHHbIN poauk 11 nepemecturcs no nosike
10 kayaromierocsi pplyara ¢ MOJBMKHBIMA KOHTakTaMu / U 8 U MU3MEHHUT HaIpaBlICHUE
JEHCTBUS CHJIbI, CO3/1aBa€MOM MpPYKUHON 12, MO OTHOLIEHUIO K OCH KauyaHWs pblyara.
[ToBopoT phIyara ¢ MOJABMKHBIMA KOHTaKTaMH BOKPYT ocu O MPOU30MIET JHILb MOCTe
TOr0, KaK IPUBOJHON pbIYar 2 MepeMeCTUTCs Ha HECKOJIBKO OOJIBIIYIO BETUYMHY U OT-
BeZieT cobauky 5 oT moiku 10 kauatomierocst peruara. OCBOOOIUBIIMIICS phIUar Moj
JeiicTBEM NPYXUHBI 12 ObICTPO MOBEPHETCS, PA30MKHET KOHTAKThl 6 U 7 U 3aMKHET
KOHTakTel 8 n 9, a Takke 3aduxcupyercs Apyroi cobauxoi. Ilocie cHATusA ycumus,
IPUIIOKEHHOTO K poluKy 1, peruar 2 moxa aeiicTBUEM MpYKUHBI 4 BO3BpallaeTcs B UC-
XOJHOE MOJIOXEHUE U MPOUCXOIUT 0OpaTHOE NepeMelleHHe KOHTAaKTOB. KoibleBble
OpyXUHbI 3, BBEJCHHBIE B COCTaB pblyara 2, 00ecneunBaloT KOMIEHCAlMI0 repedera
paGouero oprana, BO3JEHCTBYIOIIETO HA POJNMK 1, a Mpu IBMKEHUH pabouero opraHa
CJIeBa HAINpPaBO OOECTIEUMBAIOT «IOMKY» pbluara, CiocOOCTBYIOIIYI0 CBOOOTHOMY €To
nepemMenieHuio (Bo3Bpary) 6e3 cpabaThIBaHHS JaTIHKA.

Caenennst 00 ypOBHE JIABJICHUSI TAIOT aIlliapaThl, Ha3bIBac-

Mble peJie AaBjeHusi. OHU HAlUTM [IMPOKOE NPUMEHEHHE H3-3a 3.[ : J

CBOEH MPOCTOTBI U BO3MOYKHOCTH aBTOMAaTU3UpPOBaTh paldoTy

rd -

7 \\\\.ll/'
A4y

K ToMy pabodeMy KaHaTy THIPOCUCTEMBI, O TABJICHHH B KOTOPOM HEOOXOAMMO TIOTy4YHTh HH-

U APOITHEBMOIIPHUBOIA. 2 b

BxonHoe otBepctre A B Kopmyce / pese HOACOSTUHSIETCS

dopmarmro. Ecnu gaBneHue pabodeil KUIKOCTU JIOCTUTAeT YpPOBHS, HACTPOSHHOTO ITyTEM
W3MEHEHUS HATATa TPY>KUHBI 5, TO OHO, BO3JEHCTBYS uepe3 MeMOpaHy Ha MOpPIIEeHb 2, CO3-
JIaeT CUITY, MOBOPAYMBAOIIyt0 perdar 5. [Ipu 3TOM nporcxoaut 3ambikanue (MM pa3MbIKa-
HHE) DJICKTPUYECKUX KOHTAKTOB B KOHTAKTHOW TpyIe 4, ¥ MOSBISICTCS HICKTPHICCKUI CHT-
HaJ O TOM, YTO JaBJICHHE B 3TOM KaHajie JAOCTHIJIO HEOOXOAuMOoro ypoBHs. [losBuBIIMiiCS
CUTHAJI MOJJAETCSI B CUCTEMY YIPABJICHUS JUIA MOJKITIOUEHUS APYTUX TUAPABIMYECKUX YCT-
POMCTB WM arapaTroB WIM OCYILLECTBICHHS IPYTUX JEUCTBUN TMIPOCUCTEMBI. AHAIOTMYHO

pabOTAarOT U pelie JaBJICHUS THEBMATUYECKUX CUCTEM.



Nmetores pene nasieHus auddepeHIMaaIbpHoro TUna, Ko- ! 2

TOpble CpabaThIBAIOT MPHU JOCTHXKEHUM HEOOXOIMMOM pazHOCTU

JIABJICHUM B JIBYX KaKUX-JIMOO KaHajlaX npuBoja. K oTBepcTrioA ,_ ! 3

BepcThio b KaHan ¢ BBICOKMM JaBieHHeM. Takum o0pa3oMm, Ha 1

N
B Kopiyce / MOACOSTUHSIETCS] KaHA C HU3KUM JIaBJICHUEM, a K OT- 4
L = 5
|

NOpILIEHb 6 JIEMCTBYET AaBjeHue CBepXy U cHU3y. IIpu moctike-

HWU 33JJaHHOM Pa3HOCTH ATUX JABJICHUI CO3JAeTCs CHiA, 0CTa- 6

TOUHasA 1 TPCOAOJICHHUA CHIIbI IIPYXKHHBI 5. Torz:a Ine- y

peMellieHre TIOPIIHSA BBEPX IMEPElacTcsi Ha ITU(PT MHUKpOIepe- WA %
Kiroyarenst 4, CBA3aHHOTO C MpyKuHaMH 1 v 3, ¥ TEM CaMbIM OCYIIIECTBIISIETCS 3aMbIKAHHE
WIN pa3MbIKaHHE KOHTAKTOB. Pa3sHOCTh JaBJeHUs], TPH KOTOPOM cpabaTbiBaeT pese, Ha-
CTpauBaeTCs M3MEHEHHEM HaTsra MPY>KUHbI 3 BUHTOM 2.

JJIeKTPOKOHTAKTHbIE JaTYUKH ¢ MATHUTHBIM BO3JelCTBHMEM MPUMEHSIOTCS B
HNIEKTPOITHEBMATUYECKUX CHCTEMaXxX IIOCIIEAOBATEIILHOTO YIPABICHHUS B TE€X CIydasx,
KOrJ1a He0OX0IMMO U30eXKaTh MPSIMOTr0 MEXaHMYECKOTO BO3JACUCTBUS HCIIOTHUTEIbHBIX
OpPraHOB TEXHOJIOTUYECKOTO O0OpYyNOBaHMS Ha UX YYBCTBHUTEIbHBIE 3y1eMEHTH. OHH

MOT'YT BBIIIOJIHATD Cl)YHK]_II/II/I KaK ITYTCBbIX JATYUKOB, TAK 1 KOHCUHBIX BBIKJIFOUATEJICH.

JlaT4MK COCTOUT M3 Pa3beMHOTO KopIityca 2, BHyTPU KO-

2
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TOPOTO pa3MenieHbl TepkoH 4 u miata 1 ¢ uHAuKaToOpoM cpa-

OarbiBaHUs (BKJIFOYCHHS) B BHJIC JKEJITOTO CBETOAMOIA 3, 3a-
JIUThIE UCKYCCTBEHHOM CMOJION. ['eépKOH TpecTaBiseT co00M repMeTUYHBIA KOHTAaKT,
NOMEIIEHHBIN B CTEKJISIHBINA OAIIIOH, 3aNI0OJTHEHHBIA HHEPTHBIM Ta30M.

Ha pucyHke npencraBiieHbl CXEMBI YIIPaBIEHUs TEPKOHAMH, BXOASAIIUMU B COCTAB

ITyTCBBIX JAaTYHUKOB.

OTH =-=0TII
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B cxeme a) Ha mepeMeniaroniencs aeTanm S ycTpoicTBa yCTaHABIUBACTCS MTOCTO-
sHHBbIN MarHuT. [Ipu noaxozae k repkony 3 moTok @ OT MOCTOSIHHOTO MarHUTa 3aMbIKa-
eTcs uepe3 (peppoOMarHuTHbIE IIacTUHb! 1 1 4, B pe3ynbTaTe Yyero 3aMblKaroTCsl KOHTAK-
Thl 2 TEPKOHA 3a CYET MArHUTHOTO MPUTsLKEeHUs. Korga mocTosIHHBIA MarHuT OTXOIUT
OT TepKOHA, MAarHUTHBIN MOTOK MCYE3aeT, U KOHTAKTHl 2 PacXOJATCsS MOA JCHCTBHEM
YIPYTUX CUJI IUIOCKUX KOHTAKTHBIX MPYXuH 11 4.

VYnpapieHue TepkoHaMH MOXKET OCYLIECTBIATHCA 3a CUET InepemeleHust ¢eppo-
MarHUTHOTO SKpaHa. I'epkoH cpabaThiBaeT MpU yAAJIECHUU dKpaHa D, paHee UIyHTH-
PYIOIIEr0 MArHUTHBIA ITOTOK, OT ITIOCTOSIHHOI'O MarHuTa, T.K. MarHUTHbIN NOTOK @ cra-
HOBHTCSI MEHBIIIE MATHUTHOTO MOTOKA D5.

Ha puc. B) TepkoH cpabaThiBaeT NpU MPUOIMIKEHHH K MTOCTOSTHHBIM MarHUTaM K-
paHa BCIIEICTBUE BO3PACTAHUSA MAarHUTHOTO MOTOKA @, KOTOPBIM 3aMBIKAETCs HE Yepes
BO31lyX, MarHUTHAas IIPOBOJUMOCTb KOTOPOTO MEHBIIE MAarHUTHOW IIPOBOJUMOCTH Me-
Taja, a yepe3 peppoMarHUTHBIN SKPaH.

Ha puc. r) repkoH cpabaTeiBaeT npu yJaJIeHUH SKpaHa U3 3a30pa MEKAY Te€PKOHOM
Y NTIOCTOSIHHBIM MarHMTOM BCJIEICTBHE TOI'O, YTO BECh MAarHUTHBINM IIOTOK, CO3/1aBAEMBbII
MOCTOSIHHBIM MAarHuToM, OyJeT 3aMbIKaTbCs 4Yepe3 KOHTAKTHbBIE IUIACTHHBI T'€pPKOHA,
CO3/1aBasi COOTBETCTBYIOIEE yCUIIUE cpabaThIBaHUS.

[IpuMepoM IPAKTUYECKOTO MCIOJIB30BAHMS TAKUX AJIEKTPOKOHTAKTHBIX TaTYMKOB
B KaueCTBE KOHILEBBIX BBIKIIOUYATENIEH MOXKET CIy)KUTh MX yCTaHOBKA HA TWJIb3€ Mar-

HHUTHOI'O HWJIMHIPA.

MakcumanbHasi CKOPOCTh V., 3aBHCUT OT MyTH CpaOaThIBAHHUS TIe-

peMCIICHHA SCOOTBCTCTBYIOH_[I/IX THUIIOB ITHCBMOIMJIMHAPOB, a TAKKC OT

BpEMCHU Cpa6aTBIBaHI/I}I MOAKIIOYCHHLBIX K JaTUYNKY 3JICMCHTOB (H -

THCTEPE3HC).

JlaTyuku MOTYT OBITh 2-X U 3-X MPOBOAHBIMH.

OCHOBHBIMH XapaKTEPUCTUKAMU TEPKOHOB SIBJSIFOTCS MaKCUMaJIbHAsh KOMMYTH-
pyemast MomrHOCTh (Pmax = 0,3...80BT); MakcHMabHBIM KOMMYTHpPYEeMbIH TOK (IMax =
0,01...3A); makcumanbHOe Kommytupyemoe Hampspkenne (Umax = 30...250B). UHo-

I7ia 3TU JaHHbIE IPUBOAATCA B BUJE rpapuka 3¢ GeKTuBHON HArpy3ku. Kpome Toro K



OCHOBHBIM TIapamMeTpaM OTHOCSTCS MaKCHMallbHOe BpeMsi cpabartbiBanusi (fcpab =
1...10mc) u MmakcumanbHOE Bpemst oTiyckanus (torm = 0,3...8mc).

[TapameTpbl KOMMYTHPYEMBIX IETed MPUBOASTCS ISl YUCTO aKTHBHOW HArpy3Ku.
[lpu cmemannoit Harpy3ke RL KoMMyTamMoHHAst CHOCOOHOCTh T€PKOHA YXYAIIACTCS U
J0JDKHA OTOBAPUBATHCS 3aBOJAOM-H3TOTOBUTENEM JUIS TaHHOTO 3HAYEHUS MOCTOSHHOM
BpeMenu Harpy3ku T=L/R. Eciu 3anansl mapamMeTphl TOJIBKO ISl aKTHBHOM HArpy3KH, a
IIeTh UMEET CMEIIAHHBIA XapakTep, TO Ut oOnerdeHus: paboTel (YCTpaHEHHs dPO3UH

KOHTAaKTa FCpKOHa) CICAYCT MPUMCHSTD 3allIUTHBIC CXCMBI. ¥
U RWRN-LN

_o_/
poM R,. Ilpy pa3MbIKaHMM KOHTaKTa TOK IPOTEKAET YEpPEe3 PE3UCTOP  +o—

Hampumep, narpyska Ry, Ly MoxkeT ObITh IIyHTHpPOBaHA PE3UCTO-

R ¥ BCS 3JIEKTPOMArHUTHAS SHEPTHs IEPEXOAUT B TEIUIOBYIO, Boie- U VP&

JSIEMYI0 B COINpPOTHBIIEHUH Harpy3ku Ry m pesucrope R,. Hamnuwne
pesucropa R, yBeIMYMBaET TOKOBYIO HAarpy3Ky KOHTaKTOB, UTO SIBJISA-
€TCsl HEJOCTaTKOM CXEMBI.

Ot 3TOrO0 HEOOCTAaTKa CBO6OI[H21 CcX€Ma C HUCIIOJIb30BaAHUECM JHO-

na. B oToli cxeMe KOHTaKThl HarpyxaroTcs Toyibko TokoM U/Ry 1 006-

patabiM TokoM jmona VD. Ilpu Bkimtouenun nenu yepes auon VD mpoTekaer TOJIbKO
HeO00Ib1110i1 00paTHBIN TOK. [IpH OTKIIIOUEHNN MOTOK B MAarHUTHOM IeNM HArpy3ku Ha-
YMHAET crajaTh U Ha Hel nosisercs DC caMOMHAYKLIUU € MOJISIPHOCTHIO, 0003Ha-
4eHHOU B cKoOkax. [l 3ol monsapHocTy quon VD OTKPBIT U 3aKOpavyuBaET HArpy3Ky.
Bcest anexkTpoMarauTHas SHEprus Harpy3KHy BbIAEISETCS B CONPOTUBICHNN Ry 1 psMom
CONPOTUBIIEHUU AUOJA.

Kontakt moxer ObiTh myHtupoBan nemnoukod R,C. Hamuume xompencaropa C
CHID)KAET CKOPOCTh HApaCTaHUS HAIPSUKEHUS HA KOHTAKTaX, 4YTo 00JIeryaeT nporecc oT-
KkiroueHud. [Ipu 3aMblkaHMM LEeNU BO3MOKHA CHJIbHAS AJIEKTPUYECKAs 3pO3Us 3a CUET
paspsiia KoHaeHcaTopa. [l orpaHiueHMsl TOKa paspsaa Ciy X UT pe3uctop R,.

Becbma 3 QeKTUBHBIMU [JIs1 CHUKEHUSI NIEPEHAIIPSKEHUS SIBJISIIOTCS BapUCTOPHI,
TOK YTE€YKH KOTOPBIX BO3PACTAET JIMUIb [TPU MPEBBIILIEHNH HOMHUHAIBHOIO HANPSYKEHHUS.
OHU IpUTrOAHBI Ul CXEM € IOCTOSIHHBIM U IEPEMEHHBIM HANPSKEHUEM.

NuaykTHBHBIE JATYMKH CUTHAJIOB (KOMaH[) TMO3BOJISFOT OECKOHTAKTHO PETHCT-

pUpOBaTh (I)YHKI_[I/IOHaHBHBIe ABUKCHUS UCITIOJIHUTCIIBHBIX OPraHOB TCXHOJOTHYCCKOIO



060py,Z[0BaHI/IH Ui 00BEKTOB IMpOU3BOACTBA, BbI-
INOJIHCHHBIX M3 MArHUTHBIX MaTCpHUaJIOB. I[aT‘-II/IK

CKOHCTPYHUPOBAH M0 MPUHIUIY TPEXIPOBOIHOTO

MEepEeKIIoYaTeNsl MOCTOSHHOTO HAIpPSHKEHUS C OT-
J€TLHBIM KOHTYPOM JiJIs1 HanpsikeHus nutanus. [lepemennoe marautHoe nose 1 co3na-
eTCsl KaTylmKou 2 ¢ (heppUTOBBIM MOTYyCPEPUUECKUM CEPACUHUKOM, YCTAHOBJICHHOU B
pe3b00BOM METAUIMYECKOM KOpIyce 6 ¢ OMOIILI0 3almuTHOTO dKpana 3. [Ipeodpaso-
BaTeJb D BBINOJIHEH 110 THOPUIHON MHTErPaIbHON CXeMe U M30JMPOBAH OT KopIlyca Ka-
pOHOBOH MieHKoW 4. CBETOBOW MHIUKATOP cpabareiBaHus (CBeTOAMOMa) 8 M MpHcoe-
JTUHUTEIBHBIA Ka0enb 9 yCTaHOBJICHBI B KPBIMIKe 7. [[71s1 TepMeTH3aIuu mojiocTh JaTdu-
Ka 3aIl0JHEHA CIIEeUalIbHBIM KOMIIAYH/IOM.

KpuBble cpabaThiBaHUs JaTUYMKA PACIIOJIOKEHBI KPyraMu
HaJ aKTUBHOM (paboueii) MOBEPXHOCTHIO TaTYMKA B 30HE JICH-

CTBHA BBICOKOYACTOTHOI'O IECPEMCHHOI'O MArHuTHOI'O ITOJIA 3,

CO3/1aBa€MOr0 KaTYIIKOW 2, pa3MelleHHON B kopryce 1 mat-
yrka. OHM COCTOAT U3 KPUBBIX BKIIFOUEHHUS 4 M BBHIKIIIOUEHUS D, pa3HOCTh MEXIY KOTO-
pPBIMU €CTh THCTEpE3UC, OTHECEHHBIM K BXOJHOMY curHainy aatuuka. CpabaTbiBaHue
IPOUCXOAUT MPH BBEACHUU B aKTUBHOE MPOCTPAHCTBO 0OBEKTA U3MEpPEHUs 6.

KoMMyTanMOHHBIM pPaccTOSTHMEM 1 HA3bIBAE€TCS PACCTOSHHUE, HA KOTOPOM H3-
MepHTeIbHas TiacThHa u3 ctanu ST37 @Hanor — crainb 35), MprOIMKaromascs K pa-
Ooueli TOBEPXHOCTHU JaTYMKa JuaMeTpoM O, BBI3bIBACT U3MEHEHHE BBIXOJIHOTO CHUTHAJIA.
W3mepurenbHas cTayibHAs MJacTHHA MMeeT GopMy KBajpaTa CO CTOPOHOUW m, paBHOUN
nuametpy d pabodell MOBepXHOCTH Aarduka. ToymuHa TuiacTHHel — 1 M. Tlpu BbI-
MOJIHEHUU U3MEPUTENIbHON TUIACTUHBI U3 JIPYTUX METAUIOB paboynue KOMMYTAI[MOHHbIE
paccTosiHUsI OyIyT OTIUYATHCA.

WHyKTUBHBIE TaTYUKU MOTYT OBITh YCTAHOBJIEHBI B METAJUTMYECKUX JIEPHKATEISIX
WIM JeTalsiX TEXHOJIOrM4YecKoro obopyaoBanus. [Ipu mocienoBaTenbHOM MOHTaXeE
MEXy HUMH CIEAYyeT COOII0IaTh paccTosHKEe, paBHOE AuaMeTpy dmatumka. [1pu mMoH-
Ta)K€ B MOJIOCTH METAJUIMYECKOT0 JepKaTelisd WK JAeTalld TEXHOJIOTHYECKOTo 000pya0-

BaHUs CJIEIyeT BbLACPKUBATH pa3Mep CBOOOIHOI 30HbI B mpefenax 3...5 .
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npuemMHuKa. [lepenaTyrk ¥ IPUEMHUK MOMEIIAIOTCS OO0 B OAMH Kopmyc (OTpakaro-
IME 30HABI M OTPAKAIOIINE CBETOBBIC
3aTBOPBI) WM OHU Pa3MEIAIOTCS B OT-
JENbHBIX KOpmycax (OTHOCTOPOHHUE
CBETOBBIC 3aTBOPHI).

B 6JIOK-CXCMy 30HAa BXOIAT UCTOYHHK

MOCTOSIHHOTO HAIpsDKeHUs 9 BeNIUYUHOU

[ ‘ I ]
NpUEMHHK 3 U3IydeHus, npeaycwiurens 4, ' 2 3 s § ! 8

CyMMaTop 5, UMIyJIbCHO-YPOBHEBBIN MpeoOpa3oBaTeNb 6, MHANKATOPHBIN CBETOANO 1
U BBIXOJIHOM 3JIEMEHT 8 ¢ 3allUTHON MPOBOJAKON. BBIXOAHOM 3JI€MEHT MOXKET BBITIOJN-
HATH (DYHKIIMH 3aMBIKAOIIIETO, PA3MBIKAIOIIETO WM MEPEKITFOYAIOIIET0 KOHTAKTA!
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Ha puc. IpUBCACHBI TUIIMYHBIC KPHUBBLIC IIYCKA W BBIKJIIO-
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YeHHsI C y4eTOM Tucrepesuca. I'mcrepesnc HaxoauTcs Ha oce-
BOM IIyCKOBOM HampapieHun Hmwke Ha 20% HOMHHaIBHOM

JaJIbHOCTHU BKIIFOYCHMUA S\| . CIutomIHpIe TMHUN COOTBCTCTBYIOT

COCTOAHHIO BKIIIOYCHHA JaT4YHKaA, IIYHKTHPHBIC — BBIKJIIOYC-

mm 10 5 5 10 mm

HHIO.
OHTOBH@KTpOHHbIe JaTIUKU MOTI'YT OBITH BBINOJIHEHBI C MUJIMHAPUICCKUMU HIIN

NpsAMOYT'OJIbHBIMHU KOPITYyCaMH U UMETb KaOeJIbHOS WJIH IMITCKKCPHOC IMOAKIIOYCHHUC.



DJIeKTpUYecKHe 1 JJIeKTPOHHbIe MOAYJIU YIIPaBJIeHUS

Pene — ycrtpoiicTBo, pearupyroliiee mnoja Bo3AeHCTBUEM IEKTPUUECKOTO TOKA, AaB-
JICHUS] KUAKOCTH WIIM Tra3a, TEMIIEPATYphbl U Jp. 3aMbIKAHUEM WU Pa3MbIKAHUEM CBOUX
KOHTAaKTOB.

Pene knaccuuuupyrorcst o pa3iMyHbIM pu3Hakam. [1o npuHImMMy nelcTBus pe-
JIe TOAPAa3IeSIOTCS Ha JIEKTPUIECKHe, (3JIEKTPOMArHUTHBIC, 3JIEKTPOHHBIC, MarHUTO-
AIEKTPUUECKUE, DIEKTPOJUHAMUYECKUE, UHIYKIIMOHHBIE, JIEKTPOTEPMUUYECKUE U CIie-

I_II/IaJ'IbHBIe), TCIINIOBBIC, OINTHUYCCKUC, MCXAHWUYCCKUC, ITHCBMATUYCCKUC M aAKYCTHUYC-

CKHC.
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10 HA3HAYCHHUIO — YIIPABJICHUSA, 3allIUTEI 1 CUTHaJIM3alluHu,
[0 MIPUHOMITY HeﬁCTBHH — OJJICKTPOMCXAaHNYCCKHUC (SHGKTPOMaI‘HI/ITHBIe Heu-

TpajbHbIE U MOJIAPU30BAHHBIC, MATHUTORJIEKTPUUECKUE, SIEKTPOJUHAMUYECKUE, UH-
JOYKIIMOHHBIC, AJIEKTPOTEPMUYECKHE), MATHUTHBIC OCCKOHTAKTHBIE, JIEKTPOHHBIC, (O-
TORJIEKTPOHHBIE, HOHHBIE;

110 PETUCTPUPYEMOU BEIIMYMHE — DJICKTPUUYCSCKUE (TOKA, HANPSIKCHHSI, MOIITHOCTH,
COIIPOTHUBJICHUS, YaCTOThI, KOA(P(UIIMEHTAa MOIIHOCTH), MEXaHUYECKHE (CHJIBbI, JaBJie-
HUS1, CKOPOCTH, ITIEPEMEIICHUs, YPOBHS, 00bEMa H JIp.), TEILUIOBBIC (TeMIepaTyphl, KOJIH-

4C€CTBa TCHJIa), OIITHUYCCKUEC, aKYyCTHYICCKHUC, (I)I/IBI/I‘ICCKI/IX BCJIIMYNH (BpCMCHI/I, BSA3KOCTH

v Ip.);



10 MOIIHOCTH ymIpaBiieHuss — manomoinrabie P <1BT, cpeaneit momuoctn P=1-
10Bt, momugusie P,>10BrT;

1o BpeMeHHU cpabaThiBaHUs — Oe3bIHepLIHOHHbBIC T < 1 Mc, OBICTpOICHCTBYOIITHE
te;= 1-50Mmc, 3amennennslie tq = 0,15-1c, pene Bpemenn t; > 1c.

Haubonee pacnpocTpaHeHHBIME SBIISIOTCS AJIEKTPOMarHuTHeIe perne. [lo poxy wc-
MI0JIL3YEMOTO TOKAa OHM JCISATCS Ha PeJie HOCMOSHHO20 N nepemenHo2o moka. Perne mo-
CTOSIHHOTO TOKa MOJPA3CISIIOTCA Ha HelmpaibHble U noaapusosanHvle. HelTpaibHbie
peyie OIMHAKOBO PearupyloT Ha MOCTOSIHHBIA TOK 00OWX HANpaBJICHHA, MPOTEKAIOIINH
10 ero oOMoTKe (T.€. IMOJIOKCHHE SKOPSI HE 3aBUCHUT OT HampaBJICHUS TOKa B OOMOTKE),

NOJIIPU30BAHHOE DEJIe pearupyer Ha MNOJIAPHOCTb. Al

[TpuHMn AeicTBusl pene: Mpu mojaaye Toka B OOMOTKY co-

3/1a€TCSl MArHUTHBIA MOTOK, KOTOPBIM, MPOXOJs YEPE3 CEPACUYHUK,
SKOpPb ¥ BO3AYLIHBIM 3a30p, CO31a€T MarHUTHOE yCHWJINE, IPUTATHU-
BaOIlleE€ SKOPh K CEepACYHHKY. IIpu 3TOM SKOpPH 3aMbIKaeT WIH

pa3MbIKaeT KOHTAKTHI ynpasisieMou nenu. [Ipyu BeikioueHun Toka

}IKOpI) 10, I[CﬁCTBPICM pr}KI/IHBI BO?)BpaH.IaCTC}I B HCXOAHOC IIO- 1-cepaeuHuk;
2 - KaTyLWwKa; 3 — AKopb;

JIOZKCHHUC. 4 - HENOABWKHbIE KOHTAKTbI;
5 - NOABWMKHbIE KOHTaKTbI;

DaeKTpoTepMuUecKne pese (TeMiepaTypHble MpeoOpa3oBaTen) OCHOBaHBbI Ha
W3MEHEHUU 00bEMOB TBEPJIBIX, JKHUJIKUX M Ta3000pa3HbIX TeJl MPU W3MEHEHUU TeMIIepa-

TYPBI. MexaHn4ecKoe NEPpEMCIICHUEC, BbIBBAHHOC HAI'PEBAHWEM TCJI, IIPUBOJUT K 3aMbl-

KaHUIO WJIA PA3MbIKAaHUIO KOHTAKTOB YIIPaBIIIEMOM 1IEMH. b| JaryHe
— el
[[Tupokoe pacupoCTpaHEHUE B CXEMax aBTOMATHUKH MO- Yotisap N> \ I
/ o

JYYUIU bumemaniudeckue meniosvie peie. [IpunHuun ux pa-

o

OOTBI OCHOBAH Ha TEIJIOBOM I[CﬁCTBPIH SJICKTPUYICCKOT'O TO- —

X

MyCKaTCIAX MJIA aBTOMAaTHYCCKOI'0 OTKIIIOYCHUS BJICKTPO,Z[BI/IFaTCJICﬁ IIpH MEPErpy3Kax

Ka. JTHU PpeiIC IPUMECHAIOTCS I''TaBHBIM o6pa30M B MAarHuTHBIX

(TerutoBas 3amuTa), a TakkKe Kak peie BpeMeHUu. OCHOBHOM YacThIO pelie sIBISIeTCS Ou-
MeTaJTMuecKasi TUIaCTUHA, KOTOpas COCTOMT W3 JIBYX CKpPEIUICHHBIX (CBapKOH WM
CHAKOM) TOJIOC U3 METAJUIOB, IMEIOIINX Pa3Hble TeMIIePaTypHbie KOA(DOUIIMESHTHI TEM-

JIOBOTO paCIIMPEHUs, HAPUMED, JIATYHU ¥ MHBapa (CIUIaB CTaJd C HUKEIEM), Y KOTO-



pbix oauH ko3 duiment 6osbine Apyroro noutu B 20 pa3. Takas mosoca rnpu HarpeBe
nporu0aeTcss B CTOPOHY MeTayjla ¢ MEHBIIMM KO3((UIMEHTOM TEIUIOBOTO pacliupe-
HUS, IPUYEM MPOTUO HA KOHIIE MOXKET JOCTUTaTh HECKOJIBbKUX MUILIUMETPOB.TernoBoe
pene ¢ OMMEeTaUTMYeCKON IIACTUHKOW 00JIajaeT 3HAUYNTEILHOW MHEepIHel npu cpabda-
TeiBaHUH. [103TOMY Takoe pesie MOXKET ObITh MCIOJIb30BAHO KaK pelie BPEMEHU C BbI-
JIEPKKOM BpEMEHH OT HECKOJIBKUX CEKYHJ 10 HECKOJIBKUX MUHYT.

MarHuTHBIN NyCKaTeJb IPEICTaBIA-

€T cOo0OM KOHTaKTOp, PACIIOJIOKECHHBIM Ha I

Mna"Hejin wWikn B MCTAJUIMYCCKOM KOXKYXC

|
|
|
|
BMCCTC C TCIJIOBBIM PCJIC (I/IJ'II/I 0e3 HeFO), :
i

KOTOpBIﬁ npeaHasHAauUCH OJI1 KOMMYTalUuKW |

ANEKTPUYECKUX LENEW Pa3IndYHOM MOIIHO-
CTH.

Pene, BemomnHstonme GyHKIIMIO KOHTPOJS HAMPSHKCHHsI B KAKOW-TMO0 4acTH cxe-
MBI, Ha3bIBaeTCS pesie Hanmpskenus. OHO JOJDKHO cpadaThiBaTh MPU JTOCTHKECHUU OI-
PENENEHHOTO YPOBHS HAMPSOKCHHS WM OTIYCKAaTh MPHU TMOHIKEHUW HAMPSHKEHUS 10
OTIPENIETICHHOT0 3HA4YCHUs. AHAJOTMYHO pejie TOKa KOHTPOJHPYET TOK B KaAKOM-JTHOO
y4acTKe IIeTH, HO B OTIIMYHE OT peJie HANPSHKCHHS MUMEET KATYIIKY ¢ MaJIbIM YUCIIOM
BUTKOB, BKIIIOYaeMYIO TOCIIEAO0BATEIBHO C MOTPEOUTENIeM, HAPUMEDP C OOMOTKON BO3-
Oy>KIEHHsI TBUTATEIISI IOCTOSTHHOTO TOKA.

Ecnu perne kKoHTponupyeT BEpXHUH Mpeaes HaMpsHDKeHUS WA TOKa, €r0 Ha3bIBAIOT
peite MmakcumanbHoro HanpspkeHus (PMH) nmu perre makcumanbsaoro Toka (PMT). Ec-
M KOHTPOJIMPYETCS HUKHUU TPEAeI, TO COOTBETCTBEHHO — pelieé MUHUMAJIBHOTO Ha-
NPSDKEHMS, B YaCTHOCTHU pelie HyleBoro Hanpspkenus (PHH), win pene MuHuManbHOTo
TOKa, B 4aCTHOCTH penie HyneBoro Toka (PHT).

HacTpoiika pene Ha ompeAeleHHOE 3HAYCHHE HAMpsODKEHWS WM TOKa Cpa-
OaThIBaHUs, HANPSHKCHUS WM TOKA OTIyCKaHHWsS (M3MEHEHHE YCTaBKH pelie) MPOM3BO-
JTUTCSI IyTEM U3MEHEHUS CHJIbI HATSOKCHHS TIPYKUHBI, a TaKXKe MyTeM U3MCHEHUS Mak-
CUMaJIBHOTO ¥ MHHUMAJILHOTO 3230POB MEXYy CEPACUYHUKOM H SKOPEM.

[Ipu momoImyM pemne TakKe MOXKHO PeaTn30BBIBATh Pa3IMYHbIE JIOTHYECKHE (DYHK-

muu (U, WIN, HE, ITAMSTD).



Teepnoreabnnie pene (Solid state relays - SSR)
OonbIIMHCTBA (UPM BBIMTYCKAIOTCS MPUMEPHO B OJMHA-
KOBBIX, XOPOLIO y3HABAEMBIX MPSAMOYTOJBHBIX KOPITycax

pasMepoM CO CIHMUYEYHYI0 KOPOOKy. B pasroBopHoOM aHr-

JUACKOM s3bIKe MX HHOrga HaseiBaroT "hockey puck

relays”,a B pycckom — «rabierka». B SSRB kadecTBe CHIOBBIX MOJYIPOBOJIHUKOBBIX
KITIOYEH MOTYT MCIOJIB30BaThCS Kak CUMHCTOPHI (triac), Tak u, 94To MpeanoYTHTEIbHEE,
tupuctopsl (SCR),BKII0YCHHBIE BCTPEYHO-TIAPAILICIBHO.

Cumucropusie SSRKak MpaBuiio UMEIOT 00Jiee HU3KYIO CTOMMOCTh U TIpeIHAa3Ha-
YEHBI B OCHOBHOM TOJIBKO I KOMMYTAITUN PE3UCTUBHON HArpy3Ku. B MOMIHBIX TBEp-
JOTEBHBIX PeJie UCTIONB3YIOTCS TOIBKO TUPUCTOPBI. SSRBKITIOYAIOT M BRIKIIIOYAIOT Ha-
TPY3Ky TOJBKO B TOYKE MEPEX0jia CHHYCOUIATLHON BOJHBI TOKA Yepe3 HOJIb, TAKIUM 00-
pa3oM 3HAYUTEIHHO CHIDKAs OPOCKM TOKAa M MMITYJIbCHBIE TIOMEXH MPH KOMMYTAIIHH.
Tak kak TBEpAOTENBHBIE pejie He UMEIOT MEXaHUYECKUX KOHTAaKTOB, OHU MOTYT UMETh
HEOrpaHMYEHHOE KOJIMYECTBO U OOJIBIIYI0 YaCTOTYy BKIFOUEHUH/BBIKITIOUCHUH. SSRMO-
I'YT OBITH MI€ATBHBIM MPOAYKTOM C TOYKH 3PEHUS HACKHOCTH, paOOTOCTIOCOOHOCTH H
JIOJITOBEYHOCTH, €CIT MPU WX MPUMEHEHHH BHUMATEIIBHO OTHECTHUCh K TPEM BaKHBIM
MOMEHTaM. A UMEHHO, OTCYTCTBHIO TIEPEHATPSIKCHUM, TIEPETPY30K MO TOKY, U TPEBBI-
HICHHUs TeMrepatypshl. [lanee OyaeT paccka3aHo O TOM, KaK H30€KaTh 3TUX (PaKTOPOB.

TBepaoTenbHBIE pejieé 4acTO MCIOJB3YIOTCS B MPOMBIIUICHHBIX CHCTEMaX YIPaB-
JICHUS DJIEKTpOHArpeBaresiMi (COBMECTHO C PETyJISTOPaMU TEMIIepPaTyphl), s IMycKa
aJIeKTpoaBHTaTeNel (Oyarogapss Xopoieid ClioCOOHOCTH BBIICPKUBATh KPATKOBPEMEH-
HBIC ITyCKOBBIC TOKH), B KOMITBIOTEPHBIX CUCTEMax ylpaBlieHus (Oy1aronapss MUHUMAJTh-
HOMY YIPABJISIONIEMY CHUTHAJY), BKIIOYCHHE/BBIKITFOUCHUE JIAMIT OCBEIEHHS (KOMMY-
TaIs P TIEPEX0/Ie TOKA Yepe3 HOJIb YBEIIMYUBACT CPOK CITY>KOBI JTAMIT) U JUIS APYTUX
3a/1a4 yrnpaBJieHHs Harpy3Koi pasmuuHoro Ttuma. [Ipu ncnons3oBannn SSRB cuctemax
yIpaBJICHUsT TEMIEPATYpOl, OHH MOTYT OOECHEeUUTh KOPOTKUM IUKJI BKJ/BBIKII, YTO
3HAYMTEIHLHO TOBBIMIAET TOYHOCTh PETYJMPOBAHUS U YBEIIMYMBAET PECypc HarpeBarte-
Jei 3a CueT COKpallleHHUsl TeIIoBOro yaapa. Hampumep, mis HarpeBa Ha 25% MOXKHO
3anmath Takou mukia: 0.05cek Bk, 0.15cek Boiki, 0.058Bki, .... DTO COOTBETCTBYET TO-

My, 9TO 3 Iepro/ia HANPSLKEHUS BKII, 9 MepuoI0B HANPsHKEHUS BBIKI, 3 BKJ, 9 BBIKI, ....



Takum 00pa3oM Mpomyckasi MOJHbIE MEePUOAbl HAPSDKEHUS U KOMMYTUPYSI Harpys3Ky
P NIEPEX0/I€ TOKA Yepe3 HOJIb, TOMEXHU HE TEHEPUPYIOTCS, & MOILIIHOCTD IJIABHO Hapac-
TaeT OJlaroapsi MHEPIMHU TEIJIOBBIX MpolieccoB. HarpeB mpoucxoaut cTabmibHO 0e3
KOJIeOaHMI, TPY HU3KOM TEIJIOBOM HAIPSKEHUH, YTO OJIATOTIPUSTHO CKA3bIBACTCS Ha

CpOKe CITy’KOBbI HaArPEBaTEIILHOTO JIIEMEHTA.

CueTumMKHn

CUeTUUKM TMIPeICTaBJIgT CcoBOM COBPEeMEeHHHE MONYJIM aBTOMATUKM U MOTYT
NPMMEHATECA B CHCTeMax yHOpaBJIeHMA aBTOMATUYECKUMMU JIMHUAMM, CTaHKaMU U
T.I.

CUeTUMKM [OpelHa3HAYEHE IJIS OpsaMoTo, oBpaTHOTO M PEeBepCUBHOTO — cYeTa
UMIIYJILCOB M BKJIOYUeHMe/BHKJIIOUEHUE  lieNel YNpaBJISeHMA BHEMHMMM OOBLeKTaMMu
IO OOCTHMXEHMM BalaHHOTO KOJMUESCTBa MMIIYJLCOR.

CUeTUMKM MMelT Ha [epelHel NaHeliM 2HAKOCHMHTEe3UPYIMI MHIMKATORp U
KHOIKM yHOpaBJIEHMUA.

KOHCTPpYKIMA CUSTYUMKOB pPAacCCYMTaHa Ha YCTAHOBKY B M[epefHOD IaHeJb
mMKa@OB yHOpaBJIeHUA.

NomkAnUYeHMe BHCMHMUX Lelel OCYymecTBIAeTCcda K KISMMHMKY Ha THEILHOM

CTOpOHe KOpHyCca CYeTdYMKa .
NpuHIMO paGoTH CYEeTYMKOB

CueTUUKM paboranr crenywomMM ofpasoM: C I[IOMONMEK KHOINOK Ha JIMLEeBOM’
[IaHeJM =BaldaeTcd YyCcTaBKa cyeTa, KOTopas BHCBeUMBaeTCA Ha MHIMKaATOpe, U
3aloMMHaeTCcd 3alaHHOe 3HaueHMe B 5Hepr'OHes3aBUCUMOM maMaTM. Ilogada
BHEMHETO MMNyJbCa Ha Bxon CYET yBeJMYMBaeT,/yMeHBNAeT 3HadYeHMe CcYeTdMKa
Ha 1. Ha wWHIMKATOp BHBOIMTCA COCUMTAHHOE 3SHadeHMe. Ilpu CcoBOageHUM
3aJaHHOTO SHAQUYUeHMA C COCYMTaHHHM nNpoMcxXoOuT cpabaTeHBaHMe BCTPOEHHOTO
pelyie M NEepPeKJIDUYSHMEe eTI'0 KOHTakTOoB. I[IpM nDomade CUMT'Haljla Ha Bxon CBPOC
NpOMCXOIMT OBHYyJIeHMe CcUeTuMKa U  oBpaTHoe  IepekJIodeHMEe  peJie. Y
PEBEPCUBHEX UM O0OpaTHEX CUYETUMKOB [POMCXOIOMT CUYeT OT 3aJaHHOM yCTaBKU
oo 0. HeKOTOpHE THMIE CYETUMKOB He MMelhT OTIeJILHOT'O BXoma njuda cbpoca,
[IOCKOJIbKY OOHYJIEHMEe I[POMCXOOUT aBTOMaTHMYeCKM IO COBIAJEHMI COCYUTAHHOTO
3Ha4YeHMA C yCTaBKOM. IlpM 3TOM HOpoMcXoIMT cpabaTHBaHME BHXOIa CYeTUYMKA U
[IepekJYeHe KOHTAKTCE Ha 3aldaHHOEe BpeMsa. JMelnTCAa Takke KOMOMHMpPOBAHHBE

CUeTUlKM, PaCCUMTaHHEE Ha HpHMQﬁ %1 oGpamamﬁ cueT, IIpyyeM HallpaBJIeHNEe

cyeTa olperneljiAeTCH @aBHpOBKOﬁ BXOOHEIX VIMITYJIECOB, 94TO InosepoJsAgeT,
HalpuMep, IPMMEHATDH CHETUMRK B HaMOTOYHEIX CTaHKaXx OJIA oIipeneJyieHnA

KOJIIM4YeCTBa BMTKOB.



BEOI YyCTaABKM CYeTa OPOMSBOOMTCHA ClepyiomyM ofpasoM: HaxaTMe KHONOKHM
NPOCMOTF nepeBOoIMT CcYeTYMEK B pe®VMM BBOoJla YCTABKM (MJIM BHBOOWMT W3 HEeTO},
OpM STOM HAYMHAST MHUTaTh MIAONMA paspAl YCTaBKKM. HaxaTweM KHonkuM BEEOP
MOXHO BHDpaTh g WSMeHeHWda NoGol paspdAll YCTABKM (BHISNASTCH MUTAaHWMEM) .
KHonkoM YCTABEA MOXHO YCTaHOBMTE TpebfyeMoe SHadYeHHUe paspAla YyCTaBKHM.

Knacoupmramma CcYerdIHMKOB
CYeTUMKM KIACCHIMUIMPpYIOTCH II0 CISeyDIMM DapaMeTpaM:

¢ Haop#AxeHMe OUTaHWUA

¢ Hamp#AxeHMe BXOIOHHX CHITHAIOB

& BHCTpOoOeHCTEHUE

& PaspAIHOCTL

& ¥YpopaBreHME CYeTOM

& KommuecTBC YCTPOMCTB B OIHOM KOpPIOyCe

* [IpaMol cdeT/ ofpaTHHI cdeT/peBepCHMBHHI cdUeT

* DOYHKIMA BHXOIAa

¢ Tun BHEOIA

* Tun KopIyca

logrnpyueHMe CYUeTIMEOB
MMTagMe CYeTYMKOB (B SaBMCHMMOCTH OT BhIﬁpa.HHOI'O THIIa) MOEKST

OCYMEeCTBIATbCH:
¢ [[OCTOAHHEM/IepEeMEHHHM HanpAxeHreM 18..36B

e [locToAHHEM/IepeMEeHHEM HanpAaxeHueMm 85..240B

BXOOHEMM CHI'HallaMM (B SaBMCHMMOCTM OT BHOpaHHODO TMIa) MoDYT OHTh:
¢ [locTosAHHOe/IepeMeHHoe HanpAxeHue 18..36B

¢ [locTosAHHOe/mepeMeHHoe HanpaxeHue 85..240B

BHIXOJ CUeTdMKa — “CyXOH"” KOHTaKT, KOMMYTHPYDRIMNA NOCTOAHHHNA/NepeMeHHHIA
TOK oo 3A HallpAXeHMEM oo 250B. HCKRIIDYSHHE COCTABJAKLT
BRICTPOOEHCTE YOIMe CUSTUMKHN, BHXOTI KOTOPRIX operncTaBaaseT coBon

TPAaHSMCTODHER KJINY POpP MM DOpO THIAE.

HeKoTOpHE THMIH CYeTYMKOB MMEKT BCTPOSHHHNM MCTOYHME IMTaHMA =24B,
KOTOpOEe BHBEIeHO Ha KIeMMHWE CYeTdrKa M [IpeljHasHadYeHCo OIS OUTaHMA
ONTUYE CKMUX / MHITY KTUB HBIX %1 OPYIHMX BHIKJIDYaTEJeN (maTaMroB) ,
HMCIOJNb3YEeMHX B KadYeCcTBEe MCTOYHMKOE BXOIOHODO CHITHala O CcaMolo

CHETYHMEA .



TaiiMeps

TanMepH {peme  BpeMmeHH) OpenCcTaBIAnT cofolM COBpPeMeHHHEe  MOIYIIH
ABTOMATHMKM W MOTYT [OPMMEHATLCA B CHMCOTEMAaX YOPABIEHMA AaBTOMATHYECKMMHA
NIMHUAMKM, CTAHKaAMM M T.1.

TalMepn OpefHASHAYEeHH INA OpAMOTC WMIM oSpaTHODO OTCYETa BPEMEHM M
BKIDYeHMe/BHKIDYeHMEe LelNel yhnpaBJIeHMA BHENHMMM oOOBeKTaMM IO MpolleCTBMM
SagaHHOTO MHTepBalla BpeMeHM.

TalMeps WMMEeDT Ha NepefHel [NaHelM SHAKOCHMHTESHMPYOIMHA MWHIMKATOD ¢
KHONOKM YIIpaBIeHMA .

KOHCTPYKIMA TaWMepoB pacCYMTaHa Ha YCTAHOBKY B MNepelHKE OaHeNs mMKadoB
YIIpaBIeHWA .

MoOKIOYeHMe BHEMHWMX Lenell oCyNeCTBIASTCA K KIEMMHMKY Ha THIbHOMW

CTOpOHE KOpIyCca TalMepa.
Opuaumn paborTn TalMepos

TaliMepsl paboTamT caegyomdM obpasoM: C© 2 [ODOMOmMBE KHOIDOK Ha JMLEBOMW
IaHeNM 3ajaeTcHd yCTaBKa BpeMeHM, KOTopafd BHCBEYMBaeTCH Ha MHIOMKaATOpe, M
SanoMMHaeTCa SalfaHHOe SHaYeHMe B 2 SHEepPUOHeSaBEMCHMMOM DaMaTi. Ilomada
BHeMHero MMIOyInbca Ha Bxon CTAPT sanyckaeT oTCcUYeT BpeMeHM. Ha MHEOIMKaTOpD
BHBOIWTCA  3SHa4YeHWE  BPEMEHH. Mpy cCcoBODageHWM SalaHHOTO  SHadeHMA C
OTCUMTaHHEM npoMcxoouT cpabaTHBaHMe BCTPOSHHODO pejle M [NepeRIldYeHHe
erc KOHTaRToB. IllpM nomade cuMIHala Ha Bxong CBPOC npoucxomuT oBHYyJIeHMe
TaliMepa ¥ ofpaTHOE NepeKNpYeHMe peJye. ¥ PEeBEePCHMBHHX TaWMMEpOB NPOMCXOIMT
ofpaTHHM CYeT BpeMeHM. HeKoTophe THIEH &TaMMepoB HEe MWMMelT OTIASNIbHOTO
BXoma pnuna cBpoca, [OOCKONBKY O0OHYJIeHMe NPOMCXOOMT AaBTOMATHUeCKM IO
COBIAEHVUID WMSMEPEHHOTC SHadYeHWMA BpPEeMeHWM C YyCTaBKoW. [pM 5TOM NpOMCXOOUT
cpafaTHBaHME BHXONA TaMMepa M IepeKNIpuYeHMe KOHTAKTOE Ha SaOaHHOE BpeMA.
B =aBMCHMMOCTM OT THMIa TakMepa CHMrHan Ha Bxone CTAPT MOXeT SZanyCcKaThb
oTCYeT BpeMeHM JaMb0o 00 nepenHuM ¢QpPOHTOM — TPUITEpPHHENM IYCK, JIMOOC IO
bakTy HAIIMYMA CHMIHalla - KOMOMHMpDOBAHHHEIN OYCK (OTCYeT BOSMOXEH TOJIBKO
Op¥ HadWudWKy BXOOHOTO CHUIHajna). MMeonTcAa Takge TaMMepH, MMeKNHe OTOelIbHEMN

BXOO PapcllieHMA OTCYSTa BPCMCHIM.

BBOoO yCTaABEKM EBEpeMeHM aHaJIOTHMYeH BBOOY ¥ CUYETYMKOSB.



IIporpammupyemMbie KOHTPOJLIEPbI

[IporpammupyemMbie JOTHYECKHE KOHTPOJLIEPHI MPEACTABISET COOO0N KOHEUHBIN
(mucKkpeTHBIN) aBTOMAT, MMEIOIIWN KOHEYHOE KOJMYECTBO BXOJOB M BBIXOJOB, ITOJ-
KJIFOUEHHBIX TTOCPEICTBOM JATYUKOB, KIIFOUEH, UCIIOTHUTEIBHBIX MEXaHU3MOB K O0OBEK-
Ty yIpaBJICHUs, M TPEeIHA3HAYCHHBIN JIJIs1 pa0OTHI B PEKUMAaX PEaJbHOTO BpEeMEHH (pHC.

2.1).
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Puc. 2.1. Crpykrypa [1JIK

KouctpyktuBao I1JIK BeITIONHSIETCS KaK B MOHOOJIOYHOM HCIIOJHEHUH, TaK U B
MoayiasHOM. B mepBoM BapuanTe, Tak HazpiBaeMoM MUHU-ITJIK, ¢ HEOOIBIIIIM KOTHYE-
CTBOM BXOJIOB/BBIXOJIOB BCE COOpaHO B ojHOM Kopryce. Moaynbabie [TJIK umeror ot-
JeNTbHBIE O0JIOKW (MOJTIyJIM) BBOJIa ¥ BBIBOJIA, KOTOPBIE MOTYT HaXOUThCS MTOPOU Ha 3Ha-
YUTEIbHOM YJAJIECHUH OT LICHTPAJIBHOW YacTH, T. €. YCTAHOBJICHBI B HEITOCPEACTBEHHOM
OJIM30CTU K YMPABIIEMOMY OOBEKTY U «OOIIATHCSA» ¢ MUKPOIPOIIECCOPOM IO ceTu. B
o01eM cirydae, BCE€ MOIYJIM MOTYT OBITh COCPEIOTOYCHBI B OJTHOM MECTE Ha CIICIHAalIb-
HBIX CTOMKAaxX WM KapKacax.

Mowno6mounbie [TJIK Takke MMEIOT BO3MOXKHOCTH TMOJKIIOYATHCS K YAAICHHBIM
Osokam BBOJIa/BbIBOJIA 1O U(pOBOI ceTH. [Ipu 3TOM caMu KJI€MMBI BXOJHBIX M BBI-
xoaubIx maaT [IJIK octanyTcst cBOOOIHBIMMU.

Hampumep, camsriii mpoctoit moHoOounsbI [TJIK 100 ¢pupmer OBEH MoxHO He-
MIOCPEACTBEHHO COEMHUTH C BXOIHBIMU LIETISIMA U UCTIOJIHUTEIIbHBIMU MEXaHW3MaMH, a

TaKxe 1o cetu (puc. 2.2).
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Puc. 2.2. lTopkntouenue ITJIK 100 OBEH: MBA 8 — Moayns BBOAa aHanorosslii; MBY 8 — Mmoayns BBoa
ynpasnstomui; CMH 1 — nanens oneparopa; M/IBB — Monyns AHCKpETHOTO BBOAA-BEIBOJA

B aT0#i cxemMe He0OXOAMMO BBITIOJHHUTh HACTPOUKY (KOH(PHUTYpUPOBAHHUE) MOIYJIS
MBA 8 Ha Bbljauy OucKkpemno2o CurHana npu JOCTHXKEHUU aHAJIOTOBBIM CUTHAJIOM OT
KaKOro-TO JJaTYMKa IMOPOTOBOro 3HaveHus (ycraBku), T. K. 3T0T I1JIK paboraeT TosbKO
¢ OMHApHBIMU NIEPEMEHHBIMH.

[TJIK 0OBI9HO IPUMEHSIOTCS JJISI YIIPABIICHUS HOC/1€008aAN e1bHbIMU TIPOIIECCAMH,
UCIIOJIb3Ys TUCKPETHBIE BXOABI U BBIXOJIbI JUIsl ONPEIeNICHUsI COCTOSIHUA O0BEKTa U BbI-
Jla4d YIPABJISIONIMX BO3AECHCTBUN.

Hanpumep, npu ynpaBieHHH 31€KTPOKaIopupepoM ornepaTop BPyUHYIO HaKHUMAeT
KHOTIKY «IIyck». IlepBbIM JOJKEH BKJIIOYUTHCS JABUTATENb BEHTWIATOPA U Yepe3 D C -
HarpeBaTelibHble 37eMeHTHI. [Ipu HaxxaTnn Ha KHONKY «CTOM» MEPBBIMUA OTKIIFOUAOTCS
HarpeBaTesIbHbIE AJIIEMEHTHl U Yepe3 8 ¢ - BEHTUISATOp. MOXKHO MPEeayCMOTPETh BKITIO-
YeHUE U OTKJIIOYEHHE C MOMOIIBI0 KOHTAaKTOB KaKOIO-TO pejieé BPEMEHU C CYTOUHOM
IPOrpaMMOil WIIM MCTIONIB30BaTh CUTHAJBI OT JaT4MKa TeMIIepaTypbl Bo3ayxa B o0orpe-
BaeMoM nomenieHuu. Ckopee Bcero, clieyeT NpelyCMOTPETh KaKue-TO CPEJCTBA 3alllu-
TBI NeKTpoKanopudepa (na u odcmyx)uBatomiero nepconana). C 3Toil nenpo notpedy-

€TCA CUIC psAA AUCKPECTHBIX CUIHAJIOB OT AATYMKOB, pCarupyromux Ha IIOTCPIO (1)3351,



NEpErpeB WM 3aKJIMHUBAHUE NIBUTATENs, Pa3pyLICHUE HArpeBaTEIbHOIO JJIEMEHTA U
T.1.

B kaxaoM ciyyae KOHTpoOJUIEpy HEOOXOAMMO ONpAIIMBATH COCTOSTHUE BXOJIHBIX
3IIEMEHTOB (KHOIIOK, JaTYMKOB) W, COOJIIOJasi ONPENEICHHYI0 BPEMEHHYIO MOCIIeI0Ba-
TEJIbHOCTD, BbIIABaTh YIPABJIAIOIINE CUTHAIIBI.

[IJIK Takke MOXKET yIpaBiATb HENPEePblHbIMU TIPOLECCAMH, T. €. MOJIydaTh U
BBIJIaBATh AHAJIOTOBBIE CUTHAJIBI.

EctecTBeHHO, BbIXO/IHbIE aHanoroBbie curHaibl B [1JIK mpeobpasyroTcs ¢ momo-
mbio AL B nuckpeTHyto, T. €. B iu¢poByto Gopmy.

YuuTheIBas MHMPOKOE PACIHPOCTPAHEHUE B CHUCTEMAaX KOHTPOJISA METAIMYECKUX
TEPMOCOIPOTHUBIICHUN U Tepmomnap, B HekoTopbix [IJIK Moryt ObITh mpeaycMoTpeHbl
CHEINAIM3UPOBAHHBIC BXObI IS MOJOOHBIX JATYUKOB.

bonsmmmuacTBo IIJIK paboTaroT HMKIMYECKH, T. €. MPOU3BOAMUTCS CKAHHUPOBAHUE
WU TIEPUOAUYECKHI OMPOC BXOJHBIX JAHHBIX, BBIMNOJHEHHUE IOJIb30BATEIBCKON IPO-
TrpaMMbI 1 OOHOBJIEHHE BBIXOIHBIX JAHHBIX.

Takasi mociIeI0BATENbHOCTh JECUCTBUN HA3bIBAETCS MPO2OHOM TIPOTPAMMBI, a Iie-
pPHOJ LIUKJIA - BPEMEHEM IIPOT'OHA.

B naugane nporona I1JIK «antaeT» coctossHre écex BX0I0B U GUKCUPYET UX 3HA-
YyeHue B MamMsTH. VI3MEeHEeHHE COCTOSHUSI KaKUX-JIMOO BXOJIHBIX CHTHAJIOB B TE€UEHUE
nporoHa nmporpaMmmsl 0yaeT BoctpunsTo [1JIK TobKO B Clieayroriem ukIe.

Tak>ke BenyT ce0si U BBIXOAHbBIE JJAHHBIE, KOTOPbIE OOHOBIISIIOTCS 0OHOBPEMEHHO B
KOHIIE IPOrOHa IPOTPAMMBI.

Bpewms nukia, T. €. BpeMsi CKaHUPOBaHMUsI, BIUAET Ha cKopocTh peakuuu [1JIK npu
M3MEHEHUH BXOJIHOTO cUrHajia. B obmiem ciydae, BXOJIHON CUTHAN IOJKEH UMETh JUIH-
TEIbHOCTh HE MEHBIIE, YeM BpeMs MPOTOHA MPOTPaMMBbI, COCTABISIOMIETO OOBIYHO OT
€AUHUL 1O IECATKOB MUJUIUCEKYH.

Ecnm u3MeHeHue COCTOSIHMSA BXOAHOTO CUTHaja MPOM3OLLIO KakK pa3 B Hadale
nporoxa, To peakuus [IJIK nmposBuTcs mo 3aBepIeHUN HUKIA.

Ecnu e 3TOT CUTHall HEMHOTO <3arno3fall», TO NoTpedyercs euie OJuH MPOroH

porpamMmsl i1 OTBETHbIX AerctBui [1JIK.



Pa3nuyaroT cUCTEMBI H#céCmK020 U MAZKO20 peanbHOrO BpeMeHu. B nepBom city-
Yyae BBIJIBUTAeTCS TEXHOJIOTHMYECKOe TpeOOBAaHUE B OTHOIIEHWH BPEMEHHOTO MOpOra,
IPEBBILIEHHE KOTOPOTO MOXKET CO3/1aTh aBapUiHYI0 CUTyaluio. B cucrtemax Msrkoro
pEeaIpHOr0 BPEMEHHU IOCIEICTBUA Takou 3anepKku B peakuuu [1JIK mpakTtuyecku He-
OLLLyTUMBI.

CucremHoe nporpammuoe oOecrnieuenue I1JIK noctynmHo TOIBKO MX HM3roTOBHTE-
asm. [lpuknanHoe mporpaMmHoe obecrieueHue Bosnaraetcst Ha moib3oBatens [1JIK.
Kox mpuknagHoi miM NOJb30BaTENbCKOW MPOrpaMMbl pa3MEIaeTCsl B SHEPrOHE3aBU-
CUMOM MaMsATH U MOXKET MHOTOKPATHO U3MEHSATHCA M0 MEepe HEOOXOAMMOCTH.

Ceiiuac peako Bcrpevatorcs I1JIK, mporpamMmMupoBaHuE KOTOPBIX BBIOJIHSETCS C
BCTPOEHHOr0 Win BbIHOCHOTO IynbpTa. CoBpemennsie I1JIK yHuBepcanbHOro HasHaue-
HuUs, nojaepxkuBaromme ctanaapt MOK 61131-3,mporpammupyrotcst Ha I1K ¢ momo-
IbI0 CHEIUAIN3UPOBAHHBIX KOMIUIEKCOB, CPEM KOTOPBIX HAnOOJiee MOIYJIPHBIM SIB-
asiercst CoDeSys paspabdorannsiii pupmoit 3S (Smart Software SolutionS)ror yHu-
BEpCAJIbHBIM HHCTPYMEHT MPOTrpaMMHUPOBaHUs OyAET paCCMOTPEH B CIACAYIOIIHI I1aBe.

[TpuknagHas mporpaMMa CTaHOBUTCSI IEPEHOCUMOM, T. €. €6 MOXKHO HUCII0JIb30BATh
B mobom I1JIK, oTBeuaromem tpedoBanusm crangapta MOK.

[Ipocreitiiee u Hanbonee nomynsapHoe npumenenue [1JIK - 310 co3manue aBTO-
HOMHOM CHCTEMBbI YIPaBJIEHHUS KAKUM-IMOO TEXHOJIOTMYECKUM IpoueccoM. B ciayuae
NPOEKTUPOBAHUS  ABTOMATU3UPOBAHHOMW CUCTEMBl  YIPABICHUS IPOU3BOJICTBOM
(ACVTI) nnm pa3BeTBiIeHHBIM TexHoorndeckuM mporeccom (ACYTII) na ITJIK Bo3:a-
ratroTcsi QyHKIIUU HIDKHETO 3B€Ha B 00pabOTKe BXOIHBIX CUTHAJIOB M BBIPAOOTKE yIpaB-
JISIFOIIMX BO3JEHCTBHM B Mpeenax KaxkI0ro JOKaIbHOTO yYaCTHHUKA.

Hcnonp3ys cTaHmapTHbIE IPOTOKOJBI 0OMEHA JaHHBIMHU, CPEIU KOTOPBIX OOBIYHO
ornator npennourenue texuonoruun OPC (OLE for Process ControlpMoxxHo BoiiTH B
SCADA -cucremy.



SI3bIk penelino-KOHTAKTHBIX cxeM (PKC) miu secthmunbix guarpamm (L AD)

Paccmorpum s3pik PKC Ha npumepe koHTposuiepoB komnanuu Delta Electronics.

[TporpamMmupyemMbie Jorndeckue KOHTpoJuiepsl (masiee mo tekcry I[1JIK) cepunm
DVP sBisitoTcst uacaIbHBIM CPEICTBOM JIJIsI TIOCTPOCHUS BBICOKOA()(DEKTUBHBIX CHCTEM
ABTOMATHYECKOTO YIPABJICHUS MPH MUHUMAJBHBIX 3aTpaTax Ha MpHOOpeTeHrne o0opy-
JIOBAHUS U pa3pabOTKy CUCTEMBI.

[TJIK paboTaroT ciienyomum o0pa3om:

mrar 1: 9TeHue COCTOSHUS BHEITHUX BXOJHBIX YCTPOUCTB (MEPEKITFOYATEIIH, TATIH-
KU, KJIAaBHATYPA);

mrar 2: o0paboTKa MPOIECCOPOM MPEABAPUTENHHO 3aJaHHOW MPOTPaMMBbl U yCTa-
HOBKA HOBOT'O COCTOSIHHSI BBIXOJIOB.

[IporpaMMa COCTOWT W3 TOCJIEIOBATEIBHOCTH OTACIBHBIX YIPABISIOMIUX WHCT-
pyKIuii, KoTopeie omnpeaensoT ¢yHkiuu ynpasienus. [1IJIK obpabartbiBaeT HHCTPYK-
IIUU TIOCTIE0OBATENBHO, T.€. OJHY 3a Apyroi. OOMHA MPOX0a MPOTrpaMMBbl HETTPEPHIBHO
TIOBTOPSIETCS.

Bpewmsi, HeoOxonumoe 1j1si Mpoxoaa MporpaMMbl Ha3bIBAETCS BPEMEHEM IIMKIIA, a
MIPOXOJIBI TPOTPAMMBI — IIUKIMIECKUM CKAaHUPOBAHUEM.

KonTposmneps! cnocoOHbI paboTaTh B peaibHOM MacIiTade BPeMEHH B MOTYT OBITh
WCITOJI30BAHBI KaK JIJIsi TIOCTPOCHUS Y3JIOB JIOKAIbHOW aBTOMATHKH, TaK U CUCTEM pac-
MpeIeJICHHOTO BBOJAa-BbIBOJIa C OpraHu3aidei oOMeHa JaHHbIMH 10 RS-485wunTep-
deiicy.

Jlnst yno6cTBa OTIAKA M HAMKMCAHUS TPOTPaMM pa3pabOTUHKH MPETYCMOTPENN
MakeT MPOTPaMMHUPOBAHUS, KOTOPBIN HE TpeOyeT CYIIECTBEHHBIX PECYPCOB KOMIIBIOTE-
pa U SBIAETCS MPOCTHIM MHCTPYMEHTOM JJISI BCEX KAaTErOpUi CIEeNUaTUCTOB. Mcmosb-
3YIOTCSl TpH si3bIKa mporpammupoBanus: LAD (peneliHo-KOHTaKTHAs JIOTUKA WU JICCT-
HuuHbIe auarpammel), IL (cmmcok muctpyknuii), SFC (tocnemoBaTenbhbie (QyHKIIHO-
HaJIbHBIC TUATPAMMBI).

WNudopmanus mo ycTaHOBKE, MOHTaXY, BBOJIY B DKCILTyaTaInio, 00CTyKUBAHUIO U

YCTPaHEHUIO OLIMOOK €CTh B COOTBETCTBYIOIIUX PYKOBOJICTBAX MO IKCILTyaTaIHH.



[Mpuanmel paboThl peieiltHO-KOHTAKTHBIX ¢cxeM B [TJIK

S3pIk peneitHo-KoHTakTHOM Joruku B [IJIK (mim necTHUYHBIC AHArpaMMBbI) SIBIISI-
€TCSl IPOU3BOJAHON OT PEJICHHO-KOHTAKTHON NPUHIMIINAIBHONU 3JIEKTPOCXEMBI B YIIPO-
IIEHHOM mpezcTaBieHuu. PeneitHo-konTakTHeie cxembl B [IJIK umeror Habop 6a30BbIx
KOMIIOHEHTOB, TAKMX KaK HOPMaJIbHO-OTKPBITBIA KOHTAKT, HOPMaJIbHO-3AKPBITHIA KOH-
TaKT, KaTymka (BbIXOM), TaliMep, CYCTUMK M T.I., a TAKXKE NMPHUKIAJTHbIE HHCTPYKIIUU:
MaTeMaTH4ecKue (PyHKIMH, KOMaH bl Iepeaaun, 00pabOTKH JaHHBIX U OOJBIIOE KOJIH-
YeCTBO CIIEUUANbHBIX QYHKIMI U KOMaH. MoxHo cuutaTh, uto I1JIK - 310 cCOTHU niu
TBICSYM OTAEIBHBIX pelie, CYETUYMKOB, TAMMEPOB U NaMATh. Bce 3TH cyeTyukH, Taime-
pBl, ¥ T.JA. (GU3UUECKH HE CYIIECTBYIOT, @ MOJICIHPYIOTCS IPOLIECCOPOM U MpeAHA3HAYe-
HBI /111 OOMEHA JAHHBIMHU MEX/y BCTPOCHHBIMHU (DYHKLUSMHU, CYETUNKAMHU, TaliMepamMu
U Jp.

S3bIK peneitHo-koHTakTHOM Jioruku B IIJIK mo Mcnosib3yemMoil CUMBOJIMKE OYE€Hb
IIOX0 Ha MPUHLIUIHAIBHBIE PEICMHO-KOHTAKTHBIE JJIEKTPOCXEMBI. B peneitHo-
KOHTAKTHBIX CXE€Max MOTYT OBbITh /IBa THIIA JIOTMKU. KOMOWHALMOHHAS, T.€. CXeMa, CO-
CTOAIIAs U3 HE3aBUCUMBIX APYT OT JApyra (parMeHTOB, U IOCJIENI0BATENbHAS JOIHKA,
KOTJ]a BCE IIary IIporpaMMbl B3aMMOCBSI3aHbI U CXeMa HE IOAMAECTCS pacnapasuie/inBa-
HUIO.

1. KoMmMbHHADHOHHAA TOTHKA:

Penelino-KoHTAKTHAA INEKTPOCKEMA Penefino-konTakTHaA noruka B ILNTK
.Ji:n. Y0 X0

+——o o @—' _I : @
X1 Y1 X1
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—ele—p—573 @&—t —/—T
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Cxema 1 cocTOUT U3 OJHOTO HOPMAJIbHO-OTKPBITOro KoHTakTa X0 u xatymku YO,
ompenensiromeii cocrossaue Boixoga YO. [Ipu pa3oMKHYTOM COCTOSHHH (JIOTHYECKHIA
"0") kontakta X0, Beixoa YO Taxxke Oyaer pazomkuyT (mormdeckuii "0"). IIpu 3ambika-
Hun koHTakTa X0 Beixog YO Takke M3MEHUT CBOE COCTOSHUE HA 3aMKHYTOE (Jlormde-

ckas "1").



CxeMa 2 cOCTOUT M3 OJJHOTO HOPMaJIbHO-3aKPHITOro KoHTakTa X1 m karymku Y1,
onpenenstomen coctossaie Beixoaa Y1. B HopManbHOM cocTossHMM KOHTakTa X1, BbI-
xo1 Y1 Oynet 3aMkHYT (ioruueckas "1"). [Ipu u3mMeHeHHH COCTOSIHUS KOHTaKTa X1 Ha
Pa3OMKHYTOE, BBIX0 Y1 Tak:ke U3BMEHHUT CBOE COCTOSTHUE Ha Pa30MKHYTOE.

Ha cxeme 3 cocrtosiHue Bbixoaa Y2 3aBUCUT OT KOMOWHAIIMM COCTOSIHUN Tpex
BXOJHBIX KOHTAaKTOB X2, X3 u X4. Beixon Y2 Oyner 3aMKHYT, KOrjia X2 BBIKIIIOYEH U
X4 BriroueH wid koraa X3 U X4 BKITFOYEHEI.

OO61mas cxema sIBJIIeTCS KOMOMHAIIMEN TpeX cXeM, padOTaroIMX HE3aBUCUMO JIPYT
OT JIpyra.

2. [TocnenoBarenbHas JOTHKA:

B cxemax ¢ mocnenoBaTeNbHOM JIOTUKOW PE3YNbTAT BBIMOJHEHUS MPEAbIAYIIErO
miara siBJISIETCSI Ha4aJdbHBIM YCJIOBHEM IS MTOCJIEIYIONIETO I1ara, T.€. BBIXOJ B MPEIbI-

AyHieM 1iare saBJIsA€TCsA BXOAOM B CIICAYIOIICM HIarce.

Penciino-koHTAKTHAA 3IEKTPOCXEMA Peneciiro-KOHETAKTHAA TOTHEA B| ILIIK

X5 X6
X3 X6 Y3
, X —||——H—®

v Y3
t— ——

[Tpu 3aMbIKaHMK KOHTAKTa X5, BBIX0a Y3 U3MEHHUT CBOC COCTOSTHHE HA 3aMKHYTOE,
OJIHAKO MPHU Pa3MbIKAHUM KOHTaKTa XS, BBIX0J Y3 COXpPaHHUT CBOE 3aMKHYTOE COCTOS-
HUE 70 TeX IOop, Moka He OyaeT BkItoueH Bxod X6. KonrakT Y3 sBisieTcs caM00JI0KH-
POBOYHBIM.

Pazanuus mexny pesieiiHo-KOHTAaKTHOU jnorukor B [1JIK m dusnyeckumu peneii-

HO-KOHTAKTHBIMH 3JICKTPOCXCMaMH

B 00BIYHBIX peneiiHO-KOHTAKTHBIX 3JIEKTPOCXEMaxX BCE 3a/1aBaeMble YIIPaBIISIIOIINE
IPOIIECChI BBIMOJIHAIOTCS OJHOBPEMEHHO (mapasienbHo). Kakaoe n3MeHeHne cocTos-
HUEBXOJIHBIX CUTHAJIOB Cpa3y K€ JEHCTBYET Ha U3MEHEHUE COCTOSHUS BBIXOIHBIX CHUT-
HaJIOB.

[Tpu ynpasnenun ot IIJIK n3MeHeHHE COCTOSIHUS BXOJHBIX CHUTHAJIOB, MPOU30-
HIe/IIIee BO BPEMsI TEKYIIEr0 MPOX0/1a MPOrpaMMBbl, OMIO3HAETCS TOJIBKO Ha CJIEIYIOEM

LIUKJIE IPOrPAMMBI.
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| YCTaHOBKa COCTOAHWUA BbIXOLOB |

A

Otot Hepoctatok [1JIK crimaxkuBaeTcst Tombko Oiarogapsi O9eHb KOPOTKOMY Bpe-

MEHU LUKJIA.

Bpems BBIIIONHEHUS OAHOTO IUKJIA ITPOTPAMMBbI 3aBUCUT OT KOJIMYECTBA BBIIOJ-
HSEMBIX MHCTPYKIIMHI B IIPOTPAMME U OT THUIIA UCIIOJIb3YEMBIX UHCTPYKLIAM.

B npouecce padots! I1IJIK HenpepbIBHO OIpalinBaeT TEKYIIEe COCTOSHUE BXOA0B
U B COOTBETCTBUU C TPEOOBAHUSIMU K MPOU3BOJICTBEHHOMY IIPOLIECCY U3MEHSET COCTOSI-
Hue Boix010B (Bxi1./Beiki).

1. IlpoBepka Tekymiero coctosiHus BxonoB: [IJIK mpoBepsieT Tekyliee cocTosiHUE
BXOZIOB U B 3aBUCUMOCTH OT 3HadeHUs(Bxi./BbIki) BEINONHSET TMOCIENOBATEIbHBIE
nevictBusi. CocTosiHUE JTFO00TO U3 BXOJIOB COXpaHseTcsl B maMsTh (B 0071aCTH JaHHBIX).

2. Brinmonnenue nporpaMMbl: byziem cuntarh, 94TO B XOZ€ TEXHOJIOTHUYECKOTO MPO-
necca Bxo X0 nepexinounscs ¢ BBIKIIOUYEHO Ha BKIIOYEHO, U B COOTBETCTBUU C TEXHO-
JIOTUYECKUM TPOIECCOM HaM HEOOXOIMMO M3MEHHTH TeKymiee coctosiHue Bbixoaa(YO0)
C BBIKJIFOUYEHO Ha BKIIIOYEHO. Tak xak LI onmpocun Tekymee cocTossHKs BCEX BXOJOB U
XPaHUT MX TEKYIEe COCTOSIHHE B MaMATH, TO BBIOOpP MOCIEAYIOLIErO AeWCTBUSA 00Y-
CJIOBJIEH TOJIBKO XOJIOM TEXHOJIOTMYECKOIO MpoLecca.

3. Usmenenune tekymiero cocrosinus Boixoga. [IJIK - uamenser Tekyuiee cocTos-
HUE BBIXOJIOB B 3aBUCUMOCTH OT TOT'O, KaKH€ BXOJBI SBIIIOTCS BBIKIFOYEHHBIMM, a Ka-

KH€ BKJIIOYEHHBIMH MCXOJOB M3 XOJa BaIlle mporpaMMbl. To eCTh KOHTpoJuIep, Gpusn-



yecku nepexouni Beixo1 (YO) v BKIIOYHINCH UCIIOJHUTEIbHBIC MEXaHU3MbI JIAMII0Y-
Ka, ABurareins U T.4. [locne aToro cienyer BO3BpaT Ha NEPBBI MIAT.

Eme oquum otnnuriem peneiiHo-kKoHTakTHOM Jioruku [1JIK oT oObIYHBIX pelneitHo-
KOHTAKTHBIX 3JIEKTPOCXEM 3aKJII0YAETCA B TOM, UTO BBINOJHEHUE NMPOrPaMM B CTPOKAX
UJCT TOJBKO CJIEBa Ha MPaBo, a CXeMa ¢ 'PEBEPCHBHBIM HaIlpaBJIcHHEM TOKa" (ydacTok

a-bua puc.) mpu koMmuIsAIUK BRI30BET OMKOKY (O1IHOKa B cTpoke 3).
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Onepanasbl

Bce BuyTtpennue o0bextsl [IJIK, unu onepanbl, moapa3aensiOTCs Ha pa3iuyHbIe
TUIIBI U UMEIOT azipeca. Kaxxaplil TUIl MMeeT cBoe 0003HaYeHUE M CBOM opmar, KOTo-
pBIi ONpeAeNnsieT KOJWYECTBO 3aHHMMAEMOI0 MECTa B MaMATH KOHTpoJuiepa. Tak, Ha-
npuMep, BXOAHbIE pene 00o3HavyaroTcs " X" UMEOT OJHOOUTHBINA (hOpMaT, a PETUCTPHI
JaHHBIX 00IIero Ha3HaueHus1 o0o3HavaTes "D u umeror 16-tu OutHbIN (1 ¢10BO) MK
32x OutHbIi (2 coBa) Gpopmar.

[Ipu yka3aHuu omepaHaa ONpeneNseTcs, ¢ Kakou onepanueil (MHCTpYKIuen) mpo-
U3BOJIUTCA padoTa.

PeneiiHO-KOHTaKTHasE cxeéMa COCTOMT W3 OAHOM BEPTUKAIBHOM JIMHUH, PACIIOJIO-
YKEHHOW CJIEBA Y TOPU3OHTAJIBHBIX JIMHUM, OTXOJSIIMX BIpPaBo. BepTukanbHas nuHUS
HAa3bIBACTCS IIMHOW, @ TOPU3OHTAJIbHASA — KOMAaHIHOM JIMHUEW WM CTyneHbKoW. Ha ko-
MaH/JHOW JIMHUW PacIojaraloTcs CHMBOJIBI YCIIOBUH, BEAyIIHe K KOMaHIaM (MHCTPYK-
IIUSIM), PACIONIOKEHHBIM cripaBa. Jlornyeckre KOMOWHAIIMK 3TUX YCJIOBUN OmNpesess-
10T, KOTJIa U KaK BBITIOJHSIOTCS TPAaBOCTOPOHHKUE KOMaH Ibl. KOMaHIHbIe TUHUUA MOTYT
Pa3BETBIATHCSA U CHOBA COCTUHATHCS.

B peneliHO-KOHTAaKTHBIX CX€MaX B OCHOBHOM NPHUMEHSETCS CIIEAYIOIIas CUMBOJIM-

Ka.
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IIponopuuoHaabHOE yIIpaBJeHUe THAPOANNIAPATY POl

na oucmanyuonno2o ynpasieHus nepemewjeHuem pabodux opeaHos 8 euoponpu-
600ax naxoosam npumenenue cuopopacnpeoerumenu (I'P) ¢ ouckpemuvimu (8Km0ueHo-
BbIKIIOYEHO) DNIeKMpoMazHumamu u opoccenupyiowue cuopopacnpeoenumenu (I'P).
Buinonnsas no cywecmay nooobnvle (hynkyuu pesepca u 0CMaHo8KU 0BUNCEHUSL 2UOPO-
osucameneu ([[I'P dononnumenvho ¢ @hyHKyuell pecyiuposanusi CKOpocmu), Smu anna-
pamvl Umerom KapOUHAIbHble PA3TUYUSL.

[lepBble OTIMYAKOTCS NMPEAEIBHOM MPOCTOTOW KOHCTPYKLIHMM M, COOTBETCTBEHHO,
HU3KOWH CTOMMOCTBIO, CHOCOOHBI pab0OTaTh MPH MOBBIIIEHHOW CTENEHH 3arpsI3HEHHOCTH
pabodeil )KUIKOCTH, OJTHAKO JIJIsl PETYJIMPOBAHUS CKOPOCTH HEOOXOMMa JOTOIHUTEb-
Hasl yCTaHOBKa JpOCCENiel WM PEryisiTOpoB pacxoia. BTopele oTnmyaroTcst mpeBoc-
XOJHBIMA TOYHOCTHBIMH W JUHAMHYECKUMH XapaKTEPUCTHKAMH, OJHAKO OHM 3HAUU-
TENBHO CIIOXKHEE, TPEOYIOT CBEPXIPEIU3HOHHOTO M3TOTOBJICHUS OCHOBHBIX AeTallel u
HAMBBICILIErO KaYeCTBA OYUCTKHU paboyeil )KUIKOCTH, YTO MHOTOKPATHO YBETUYHBAET UX
CTOMMOCTH M CHUKAET HAJC)KHOCTH IMPH IKCIUTyaTaIlHH.

EcTtecTBeHHO BO3HUKAET BOMPOC: @ HEJb3s JIU CO3JaTh HEKOTOPOE MPOMEKYTOUHOE
KOHCTPYKTOPCKOE perieHue, no3Bossitoniee o0bequuuTh npeumyimectsa ['P u JII'P, u,
BO3MOXKHO UCKJTIOYUTH MPUCYIIUE UM HEAOCTATKU? OCHOBOM ISl TAKOTO PEIICHHUS SIBU-
JIOCh U300pETeHHE MPOITOPIIMOHAIBHOTO dIEKTpoMaruuTa. B atom ycrpoiicte (puc. 1)
B OTJIMYKE OT JUCKPETHBIX JJEKTPOMArHUTOB MOCTOSTHHOTO TOKa MPEIyCMOTPEHa KO-

HyCHas BCTaBKa 1 M3 HEMAarHUTHOTO MaTepuala, u3MeHsoas GopMy JUHUN MarHUT-

HOTI'O IIOJIA.

Yeunue

Xapakmepucmuka Tox ynpaangHus
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Pafiovan 3oMa

Puc. 1. MpMHUMN AEHCTBHUA NPONOPLUUOHAABHOIO
INEKTPOMArHura.



B pesynbrare ynpaBisitoIMi TOK B KaTylIKe 2 CO3/1aeT 3JIEKTPOMAarHUTHOE MOJIE,
BBI3BIBAIOIIEE MPOJIOJILHOE CMellleHne (HeppOMarHUTHOTO SKOpst 3 ¢ CUIJIOH, IMpOMNop-
LIUOHAJIBHOW CWJIE TOKa. SIKOph B3aMMOJEHCTBYET € NOANPYKMHEHHBIM 3aIlOPHO-
PETYIUPYIOINM 3JIEMEHTOM THApoanmnapaTa (30JIOTHUKOM, KOHYCOM TPEI0XPAHUTEIb-
HOTO KJIalaHa, BTYJIKOW IPOCCEIsi), IPUYeM HAJOXCHHE JIMHEHHON XapaKTepUCTHKH
IIPYKMHBI Ha CWJIOBYIO XapaKTEpUCTUKY MAarHUTa IOKa3bIBAET, YTO OCEBOE CMEIICHUE
(x0m) SIKOPSI TPONOPIIMOHAIEHO TOKY YIIPABIICHUSI.

Jlanee mMpoCTEUIIMM BapUaHTOM SBJISIETCSI YCTAHOBKA IPONOPLMOHAIBHOIO JJIEK-
TpoMaruuta Ha oObluHbIi ['P. B pe3ynbpTare Mbl mosrydaeM JAONOJHUTEIBHYIO BO3MOXK-
HOCTb 'TIPUOTKPBIBAHUS 30JIOTHUKA, T. €. PEryJIMPOBAHUS CKOPOCTH ABUKEHUS TUIPO-
JIBUTATEIsI, OHAKO IPAKTHKA IOKAa3bIBAET, UTO 3TO PEryJUPOBAHUE OYEHb HU3KOIO Ka-
yectBa. [IpuunHbI - HegOCTaTOYHAs TOYHOCTH MO3UIIMOHUPOBAHHUSA, HECTAOWUIHLHOCTH
pPacxoAHOM XapaKTEPUCTUKU M3-32 HETOYHOCTH OCEBOI'0 PACHOJIOXKEHUS pabouux Kpo-
MOK 30JIOTHUKQ, IIOBBIIIECHHBIN THCTEPEZNUC B PE3YJIbTATE CYXOr0 TPEHUS B MOJBUKHBIX
AJIIEMEHTAax, 3aBUCUMOCTb pacxoja OT Iepernajaa AaBICHUN, OTPAHUYEHHBIE TUHAMUYE-
CKHME BO3MOXHOCTH anmnapara. Bes nocienyromas HCTOpUs MPONOPLUUOHAIBHON dJIEK-
TPOTHIPABIMKU HAaIpaBjieHa Ha OOpbOy C 3TUMHU HEIOCTaTKaMH IMyTeM JaJbHEUIIEero
YCOBEPLIEHCTBOBAHUS IPONOPLUHOHAIBHBIX JJEKTPOMATHUTOB M YIIPABIISIOLIEH JJIEK-
TPOHHKH, YCTAHOBKHU JOTOJTHUTEIBHBIX TaTYMKOB oOpatHOoU cBsizu ([JOC), moBsieHus
TOYHOCTH M3IOTOBJIEHUS 30JI0THUKOBOW Iapskl, ucnoyibzoBanus JI'P B mepBom kackaze
YCUJICHUS, BBEJICHHSI KOMIIEHCATOPOB Mepenaja JaBJIeHU Ha pabounx KpPOMKaX.

[Tpu 3TOM mpenenom 1eaecooOpa3HOCTH COOTBETCTBYIOIIUX YCIOKHEHUN SBIISAET-
Cs COXpaHEHUE KOHKYPEHTOCIOCOOHOCTH 110 cpaBHeHuto ¢ JII'P.

Arnmapatsl ¢ IpONOPLUHMOHAIBHBIM 3JIEKTPOYIIPABICHUEM NPUMEHSIOTCS B OCHOB-
HOM JJIs1 TUCTAHIIMOHHOTO YIIPABJICHMS ITapaMEeTPaMH TMAPOIIPUBO/IA, BO3SMOKHO TAKKE
UX HUCIOJB30BAHUE B KAUECTBE 3BEHHEB 3aMKHYTHIX CUCTEM aBTOMATHYECKOTO PETYJIH-
poBaHMsl. B KOMIUIEKT MOCTaBKHM OOBIYHO BXOAUT BCTPOEHHBIN WM PaCIOIOXKECHHBIN
OTZIETTLHO DJIEKTPOHHBIN OJI0K, oOecneunBatomuii cornacoBanue ¢ JIOC, cTabuIbHOCTh
TOKa yIpaBJIeHUs] B OOMOTKE MarHuTa HE3aBUCUMO OT €€ HarpeBa U KoJjeOaHul Hamps-
JKEHHsI B CETH, NPONOPLUOHAIBHYIO 3aBUCUMOCTb TOKA YIIPABJIEHUS OT BXOAHOI'O CHUT-

HaJja, COIJIACOBAHME C MAJIOMOUIHBIMHU YIPABISIONIMMU YCTPOMCTBAMM M CTaHIAPTHBI-



mu nosieBbiMu mmHamMu (CAN-bus, Profibust np.), Bo3MoXHOCTS TUHEHHOTO HapacTa-
HUs TOKa yrpasieHus 3a Bpems 0,1...5¢ npu cryrnmeHuaToM BXOJHOM CHUTHajE (pamiia),
PEryJIUpOBaHKs aMIUIATYIbI OCHMJUIAIMK U YCTAHOBKH HAYaJbHOTO TOKa (HACTpOKa
HYJISI), @ TAKXKE MPSMOTO TIOIKITFOUYEHUS 33/Ial0IINX PE3UCTOPOB.

HHTEeHCMBHOE CpalMBaHUE TUAPOIPUBOAOB C AJIEKTPOHHBIMU CHCTEMaMH YIIPaB-
JICHUsI, IPUMEHEHNE "MHTEUIEKTYaIbHBIX" THIPOKOMIIOHEHTOB CO BCTPOSHHOW 3JICK-
TPOHUKOH M CHEIHAIBHBIX KOMMYTAI[MOHHBIX CPEACTB (IOJICBBIX IWH) C OTKPBITON
CTPYKTYpPO# TMO3BOJISIFOT YCIEIIHO COYETaTh WCKIIOUNTEIBHBIE CHUJIOBBIE U JHHAMUYE-
CKHE€ KayecTBa THJIPABIMKHU C OBICTPOPA3BUBAIOLIUMUCS BO3MOXHOCTSAMU MHKPOIJICK-
TPOHHMKH W KOMILJIEKCHBIX CHCTEM ympaBiieHus. [Ipu 3TOM ymaercst Jerko BBITIOJHUTH
WHIMBHIyaIbHbIC TpeOoBaHMS 3aka3urka ('TPUIACCOBKY' T'HAPONPHUBOAA IOJ KOH-
KPETHOE TEXHUYECKOE PEICHHE), OTKPBIBAIOTCS MEPCIEKTUBBI CYIMIECTBEHHOTO MOBHI-
HICHUS OBICTPOJCHCTBYS, CHUKCHHSI 3aTpaT Ha KaOeH, TIOBBIIICHHS TOMEXO03alHIIEH-
HOCTH, YIPOIICHHUS KaduOpOBKHM M OOECTICUEHHUs UAarHOCTUKM HEWcIpaBHOcTed. B
IEKTPOTUAPABINUECKUX TPUBOJIAX PACTET MCIOIH30BaHUE ITU(POBBIX IIEKTPOHHBIX
YCTPOMCTB, 0OecreunBarOMMX OBICTPYI0 00paOOTKYy AaHHBIX, IPOCTOE MPOrpPaMMHUPO-
BaHUE, MOBBIIICHHYIO HaJEKHOCTh, YUCIOBOE 33/1aHHE HACTPOEK U BO3MOXKHOCTH JIJIH-
TEJIBLHOTO COXPAaHECHHs] WH(POPMAIUU. XOPOIIHE TMEPCIEeKTHBB U y TaK Ha3bIBAEMBIX
HINM-ycunuteneit, B KOTOPHIX W3MEHEHHE BBIXOJHOTO CUTHAJA JOCTUTAETCS 3a CUET
MIUPOTHO-UMITYJILCHON MOIYJSIIIUU. B pe3ynprare aMIuMtyaa W 4acToTa TeHepupye-
MBIX YCHJIUTEIEM HMITYJIbCOB OCTAIOTCS MOCTOSTHHBIMH, a IIMPUHA UMITYJIbCa OIpee-
JISIETCS BETUYMHOM BXOJHOTO CUTHAJIA YIIPABIICHUS.

[Ipy >TOM MyJABCUPYIOIIMI XapaKTep CHUTHaNA, MOCTYHAOLEro B OOMOTKY IpO-
MOPIIMOHATILHOTO 3JIEKTPOMArHUTA, BBI3BIBAET COOTBETCTBYIOIINE KOJICOAHUS SKOPS H,
BO3MOXKHO, 30JIOTHHKA TUIPOPACTIPEACTUTENS, YTO MO3BOJIAET CYIIECTBEHHO CHHU3HUTH
TPEHHE U YyIYUYIINTh XapaKTEePUCTUKHU amnmapara B IeJIOM.

bonpmioe 3HadeHne, 0cCOOEHHO B MOOWMIIBHOW TEXHHWKE, MPUOOPETAeT CYIIECTBEH-
HOE YMEHBIIICHHE KOJIMYECTBA U YIIPOIICHUE TPACCUPOBKH ruapoiunuii. Eciu npu pyd-
HOM YIIPaBJICHUU B KAOWHE pacrojiarajiich PyKOSTKUA BCEX THAPOPACIPEeIUTENeH, CO-
CIMHECHHBIX C THIPOJBUTATEIAMH (IMUIMHIPAMHA ¥ MOTOPAMH) MHOTOYHMCIICHHBIMH TPY-

OOIpOBOIaMH, TO B MPONOPLUMOHAIBHONW BEPCUHU YNPABIIAIONIAs THApOarapaTypa pas-



MEIIeHa B YI00OHOM MecTe BOJIM3HM OT COOTBETCTBYIOIIMX THUAPOJABHUTATENCH, a CBS3b C
MyJIETOM OTIEpaTOpa PeaaTnu3yeTcs JICKTPUISCKUMU IIIMHAMM.

PaccMoTpyM THMOBBIE KOHCTPYKTHUBHBIC PEIICHUS JIEMEHTHON Oa3bl.

Ha puc. 2 nokaszan AByXKacKaaHbIN THAPOPACTIPEASTUTEND C MPOTOPIUOHATHHBIM
anekTpoynpasierarnemM moa. DPZO ¢upmer AtOS, coctosmuii U3 THAPOPACTIPECTUTE-
neit 3u 1 mepBOro u BTOPOro KackaJaoB, OCHOBHOTO 30JIOTHHKA 2, TO3UIIMOHHBIX JaT4u-
KOB 00paTHOM CBsi3u 4 1 5, BCTPOEHHOTO MUKPOMPOIIECCOPHOTO OJI0Ka ympaBiieHus 6, a

Takxe kabenel 8 CUIIOBOTO AJIEKTPONUTAHUSA U [ - CBSI3U C CUCTEMOU yIpaBJIeHUS.

Pre. 2. AByXHacHAAHBIA

THAPOPACIPEABAMTEAL
DPZO dwipmi Atos.

AnnapaT paccUMTaH Ha YNPABJICHUE TUAPOLIMHAPAMHU, UMEIOIIMMU paBHbBIC
wiomaan padbounx kamep. CyliecTBYIOT ClIeUATbHBIE UCTIOJHEHUS AJI1 HECUMMETPHY-
HBIX IWIHHIPoB, Hanpumep, PIITTT (PYIT "T'CKTb I'A", r. 'omens, bemapycs). Ilio-
JOTBOPHO paboTaeT HaJl CO3JaHHeM MPOMOPIMOHATIBLHON TEXHUKHU U yIbsiHOBCKoe OAO
"T'uppoanmapat".

[Tockonbky pacxon pabouel KUAKOCTH Yepe3 MPOMOPIMOHAIBHBINA pacipe/eu-
T€JIb 3aBUCUT OT MPOXOJHOIO CEUYECHUsS APOCCEIUPYIOLUIUX KPOMOK 30JI0THUKA U TIEpe-
naja JaBlieHU Ap Ha 3TUX KPOMKaX, paclpeaesIuTeId MOTYT KOMIUIEKTOBAThCS MO-
JOyJbHBIMHA TIPUCTaBKaMU (KOMIIGHCATOpaMH), IOIEPKUBAOIIAMU TTOCTOSHCTBO Ap.

Tunosas cxema KOMIICHCATOpa IMOKa3aHa Ha pucC. 3.



Pz 12
Puc. 3. THnOBaA cHeMa KOMNEHCATOPa
Bosch Rexrath,

B pacnpenenurenax ¢ ogHUM NMPONOPLUMOHAIBHBIM 3JIEKTPOMAarHUTOM MOTYT BO3-
HUKHYTD OIIACHBIC CUTyalluH IIPU OTKA3€ CUCTEMBI YIIPABJICHU.

J151s oBbIIIeHUs] 6€30M1aCHOCTH B Psijie CIy4yaeB MPUMEHSIOT alllaparhbl, B KOTOPHIX
IIpyKKHA B CIy4ac€ OTKa3a YCTaHABJIIMBACT 30JIOTHHK B KpaﬁHIOIO IIO3UIINIO, oOecreun-
BAIOIIYI0 OJIOKUPOBKY BCEX THIPOJIUHUIMA.

Ha PBIHKC MOABJIAOTCA IMPOIOPHUOHAIBHBIC THAPOPACIIPCACIUTCIIN, B TOM YHUCIIC
BCTaBHOI'O N BBépTHOI‘O MOHTaXxa, C BBICOYANIIIUMHU XapaKTCPHUCTUKAMMU.

B psine cirydaeB sKOpb IPONOPLUMOHAIBHOIO MIEKTPOMArHuTa MOKET HEITOCPEACT-
BEHHO BO3/ICMICTBOBATHh HA 3alOPHO-PETYJUPYIOIIMK 3JIEMEHT Tujpoarnmapara. Takoe
PCUHICHUEC HCIIOJIB3YCTCA B IICPBOM KACKaJAC YCHJICHHA INPCAOXPAHUTCIIBHOI'O KllallaHa
Henpsimoro nericteus tuna DBEBE [1] (puc. 5), paccuntannoro Ha panenue 35 Mlla

U MakcuMabHbIH pacxon 10 8001/mMuH.

N .

Pue. 5. NpeaoxpaAHATEALHGI KAAMAH HEARAMOTD
Aencrara DBEBE dupaibl Bosch Rexnoth.

Ha pucynke o6o3Hauensl: 1 —Kkopmyc nepBoro kackazaa, 2 — nponopiuuoHaIbHbINA
AJIEKTPO-MarHuT, 3 — KOPITyC BTOPOTO Kackana; 4 — HaJKIamaHHas IMOJOCTh; 5...7 —

KUKJIEpbl CUCTEMBbI yIpaBieHus; 8 — kaHan ymnpasneHus; 9 — Brynka;, 10 —3anopHo-



perynupyooimuii ameMeHT (konyc); 11 —auHus pasrpy3ku; 12 —JIMHUS ClIMBa yIIpaBiie-
HUs; 13 — cepBOKIIanaH MpeaebHOTO JaBlIeHUs (3alUINAeT CUCTEMY OT IEeperpy3KH
IpY OTKa3e yNPaBJISIOMUX YCTPOcTB). OHUM U3 BO3MOXKHBIX HAINPABJICHHUIA Pa3BUTHS
MIPOTIOPITMOHAIEHON TEXHUKU SIBJISIIOTCS amlmaparhl ¢ YINPaBIEHUEM OT IAarOBBIX JJIEK-

TPOJABUTATENEH.

B kauecTBe mpumepa Ha puc. 6 nokazan paspadorannbiii B OHUMCe moaynpHBIi
TPEXJIMHEHHBIN PENyKIIMOHHBINA KJIamaH NpsSMOro IeHCTBUSA, B KOTOPOM B KayecTBE 3a-
JIAIOIIET0 YCTPOICTBA MCIOJIb30BAHbI IATOBBIN 3IEKTpOABUraTeNb 1, BUHTOBAs mapa 2

U TIPY>KUHBI 3.

Puc. 6. MoayALHBIH TREXAHHEHHEIH PEAYHIMOHHBEH
wAGNEH FHHME ¢ 3aaaiiisns WL,

B JMHEWHBIX 3JIEKTPOrMAPABINYECKUX IPUBOAAX CTEHJOB I MCHBITAHUWA TUI-
PaBIMYECKUX TacHUTeNel KoJeOaHWil TPaHCHIOPTHBIX CPencTB (pHc. 7) MIATOBBIA JIIEK-
tpoasuratens 1111 uepe3 BuHTOBY10 napy 1 obecrnieunBaeT 0CceBOe CMEIIEHUE 30JI0THHU-
Ka 2, B pe3ysbTare 4ero WTOK T'MAPOLMIMHAPA S IBUKETCS B COOTBETCTBYIOLIEM Ha-
NPaBJICHUU U 4Yepe3 peiky 4, IUINIEBOe COeAUHEHNE 3 U BUHTOBYIO Mapy BO3BPAIACT

30JI0OTHHK B HeﬁTpaHBHOC ITOJIOKEHUE, ITOCIC YET0 IBMXXCHHUEC OCTAaHABJIIMBACTCA.



by e ]
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Prc, 7. Cesta AHHERHOND IAEKTPOMHADADAHYECHOMND
npuoosa IHHMC.

Koneunsie Beikimrouarenn KB1 u KB2 BoigaroT B cuctemy ynpaBieHHs aBapUHHBIHN
CUTHAJI TIPU YPE3MEPHOM YBEIMUYEHUH PACCOTIACOBAHUS MEXKAY 3aJaHHBIM U (haKTHUe-
CKHM OTpabOTaHHBIM NEPEMENICHUSIMU IITOKa. B gaHHOM ciiydyae nMpUMeHEHHE MEXaHU-
YEeCKOM 00paTHOM CBSI3U MO3BOJISIET CYIIECTBEHHO YIIPOCTUTh CUCTEMY M OOECIICUUTh €€
PEMOHTOIPUTOHOCTD B YCIIOBHSIX JKEJIE3HOAOPOKHBIX JEIIO.

TrunuyHasgs KOHCTPYKIMS IBYXJIMHEMHOTO PETYJATOPA PACX0/ia ¢ MPONOPUHOHAb-
HbIM 2ekTpoympasienueM moa 2FRE [1] (p = 31,5MIla, Q = 160n/mun) npeacras-
JieHa Ha puc. 8. =)

OcHoBHbIE feTanu U y3ibl: 1 —kopmyc; 2 — nponop- Bl |

,2
UOHAIBHBIA 3JIEKTpOMarHuT ¢ mno3uiuonHsiM J1OC; 3 — '

BTYJIKa-JIpoccCeib;, 4 — peryaarop; S — BUHT OTPAaHUYCHUS HEE.

L
ha
i J i

xoJ1a; 6 —oOpaTHBIN KiIamnaH.
B nocneaHue roapl MOSBUIMCH KOMOMHHPOBAHHBIC

aIrraparsl, oGecnetuanmHe BBICOKOTOYHOC ITPOIIOPLHO-

HaJbHOE pEryJMpOBaHHE JaBJICHHS M pacxoma pabodeit
KUAKOCTU. B KkauecTBe mprMepa MOXXKHO yKas3aTh KiamaH
AWREQ (p = 31,5MIla, Q = 180s/MuH) co BCTpOESHHOMH

3JeKTpoHHOM cuctemoit ynpasienus |IAC-P u patumkamu

NaBJICHUU B TMHUAX A u B.

Marsuthel UMEIOT OBICTPOCMEHHBIE KaTYLIKH; Tpeny-

AByXAHHEHHbIM
CMOTpPEHBI BO3MOXKHOCTH ObIcTporo moakitoueHus Kk PC c pEryARTOp pacxoaa

2FRE ¢upmbi Bosch
Rexroth.



nomoIsio nporpammuoro npoaykra WINPED, a rakke ynpasnenne ot mmH CANopen
wm Profibus. Ananoruunsie QyHKIIMU CIIOCOOEH BBIMOIHATH PETYJIATOP pacxojia |
nasienns RPCEQ7hupmer Duplomatic(p = 25MIla, Q = 1501/mun).

JluneiHbi nudpoBoii cepBoaBUTaTenb (HHEHHAss och) AZP dupmer AtoS (puc.
10) copepkuT cepBOIMIAHAP 1 CO BCTPOSHHBIM MTO3UITMOHHBIM JaTYUKOM, IIPOIIOPITHO-
HaJILHBIN THApOpachpeneauTens 2, HudpoBoi 010k ynpasiaeHus 3, kaHaia 4 oOpaTHOM
CBSI3U TIO TIOJIOKEHUIO IITOKA, Pa3beMbl D COSAMHEHUSI C UICTOYHUKOM THUTAHUS, CHCTE-

MOW yIIPaBJIEHUS U CETEBOM IIMHOM.

Pue, 10. AueeiHsiA
undhpoBos
CEpROABHIATEAR AZP
drpnabl Atos.

Bonpuioe BausiHUE pa3BUTHE TEXHUKH MPONOPLHOHAIBLHOTO YIIPABICHHUS OKa3bIBa-
€T U Ha COBPEMEHHBIC PeryaupyeMbie Hacochl. OHON U3 HOBUHOK (GupMbl Parkerssis-
eTCs PeryJIMpyeMblid HacoC C DIIEKTPOrHapaBIndeckuM p/Q-ympaBieHneM, B KOTOPOM
peryiaupoBaHue paboyero o0beMa peaan30BaHO C MOMOIIBIO BCTPOEHHOTO MPONOPIUO-
HaJIBHOTO pacHpeneNuTeNsl ¢ JaTYUKOM OOpaTHOM CBSA3HU MO TMOJIOKEHUIO HAKIOHHOTO
IucKa. B kadecTBe KOMIIEHCATOpa JABJICHHS HCIOJIb3YETCS YCTAHABIMBAEMBII OTIEIb-
HO MPEeJOXPaHUTENbHBIM KJIAaMaH ¢ MPONOPUUOHANIBHBIM 3JIEKTpoyIipaBieHueM. Cucre-
Ma yTpaBJCHHUs] UMEET BBICOKHE HAJECKHOCTh U OBICTPOJICHCTBUE, OHA MO3BOJISIET pea-
JU30BaTh YNpaBJieHHE MO JABJICHHIO, @ TAKXKE AJIEKTPOHHOE OTpaHHuYEHUE MoTpedise-
Moii MotHocTH. Cxema p/Q-ympaBiieHus paauaibHO-TIOPIIHEBBIM HacocoM cepun RKP

¢bupmbr MOOg nokasa Ha Ha puc. 11.



Puc. 11. Cxema p/Q-ynpaBseHHA PASHAALHO-NOPLUHEELIM HACOCOM CepHH RKP ¢dupme Moog.

B nogeitmreti cepun 32 nacocoB A10VSO dupmer Bosch Rexrothacrionb3yercs
cucrema SYDFEC ynpaBnenuss ot PC, mo3Bosstonias 0ecCTyneHuaTo peryjiupoBaTh
JaBJICHHUE U MOJaYy HAcOCa, OTPAHUYUBATH MOIUIHOCTH, MIOBBICUTh TOYHOCTH PETyIUpPO-
BaHUs OJjaroaapsi MCIOJIb30BAHUIO JATYUKOB JIABIICHUS W yIia MOBOPOTAa HAKIOHHOTO
JIUCKa, a TaK)Ke MOBBICUTH OBICTPOACWUCTBHE 10 YPOBHS, CPABHHUMOIO C MPOMOPIHO-
HaJIbHBIMH THIPOAIIapaTaMHU.

B03MOXHOCTh BHICOKOTOYHOTO PETYJIMPOBAHKSI OCHOBHBIX MTapaMeTPOB THIIPOIIPH-
BOJ/Ia TIO3BOJISIET OOECTEUUTh KECTKHE LMKIBI YIPaBICHUS, HAlPUMEDP B HUCIBITATEIb-
HOM o0opynoBaHuH. BmecTe ¢ TeM 11si GONMBIIMHCTBA MOOMIIBHBIX MAIllMH HEOOXO0IH-
Masi BEIMYMHA JABJICHUS B Pa3MYHBIX Mepexojax padoyero mukiia He MOXKET OBITh 3a-
paHee ycTaHOBJIeHa. Tak, mpu paboTe 3KCKaBaTopa Ja)Ke €ClIM rapaHTUPYeTCsl MOCTO-
SIHHasE CKOPOCTh JIBMIKEHHS KOBINA, TpeOyeMoe YCHIIME OIpenemsieTcs] CBOWCTBaMHU
TpyHTa, TyOUHOM MOTPY>KEHUs, PEeXKYUIUMH CIIOCOOHOCTAMHU 3yObeB KOBILA, KIUMAaTHU-
YECKUMU YCIOBHSIMH U MHOTUMU ApyruMHu (pakTopamu. B aTux cinyyasx menecoodpasHo
ucnojp3oBanue peryiastopoB LS (Load Sensing «yBCTBUTENBHOCTh K Harpyske), B
KOTOPBIX Iepernaj] AaBIeHUA Ha IPOCCENie PeTryIUpOBaHHUS CKOPOCTH (BO3MOXKHO MpO-
HOPIMOHANILHOM) cTabuam3upyercs Ha ypoBHeAp = 0,4...1,2MIla nyrteM u3MeHEHHUS
(akTHUecKoi mojaun Hacoca B pexkume online, uto obecrieunBacT MUHUMH3AIIHIO T10-

TE€Pb MOIIHOCTU B THAPONPUBOJE.



Hacocsl ¢ sneprocOeperatoummu LS-perynstopamMu mpoko UCHOJIB3YIOTCS BCe-
MU BEIyIIUMH WHO(DHpPMaMH B TUAPONPUBOAAX MOOWIBHBIX MammH. [Ipn ocTaHOBKE
TEXHOJIOTUYECKHX Olepaluil HIeHTPaIbHbI KOHTPOJUIEP MOAAeT KOMaHy Ha 3JIEKTPOH-
HBIM OJIOK IBUTATENS U HACOCHI. B pe3ynbTaTe CHIKAIOTCS 000POTHI KOJIGHBAJIA JIO Yac-
TOTBI XOJIOCTOTO X0JIa ¥ YCTAHABIIMBAIOTCS MOJa4d HACOCOB, ONM3KHE K HYJIEBBIM. Bo-
300HOBJIEHUE TEXHOJIOTMYECKOM OMEepalui COMPOBOXKAACTCS YBEIMYEHUEM YaCTOTHI
BpaIeHus KOJeHBajla U yCTAHOBKOW JIpoccelist CUcTeMbl LS B pabodee monoxxeHue; npu
ATOM JaBJIEHUE Ha BBIXOJIE U3 HACOCa CTaOMJIM3UPYETCsl Ha YPOBHE ACHCTBYIOIIETO CO-
MPOTUBIICHUS HATPY3KHU TUTIOC Ap.

B mocTcoBeTCKOM MPOCTPAHCTBE HACOCHI C TPOIMOPIIMOHATBLHBIM 3JIEKTPOYIIpaBJie-
HueMm npemnaraioT, B yactHoct, PYII "I'CKTB I'A" (r. I'omens, Benapycs) u OAO
"ITaeBmocTporimammHa”. [Tocnennee k Havary 2009T1. 0cBOMIO CcepuifHOE MPOU3BO/I-
CTBO TUJIPOMAIINH C HAKJIOHHBIM OJI0KOM, a K KoHIy 20091. — ¢ HaKJIOHHBIM JTUCKOM;
CO3JAI0TCA TAKXKE AJIEKTPOHHBIE CHCTEMbl YMNPABJICHUS IS BCEX BHUJIOB MOOMIIBHOM
TEeXHUKHU.

B coBpeMeHHBIX TUIIPONPUBOJAX TEXHHUKA MPOMOPLMOHAIBLHOIO YIIPABICHUS IIH-
POKO MPUMEHSETCS] U JUIsl PEIIeHUsT TPOCTEUIINX 3a7a4, HAPUMED, TIIaBHOTO U3MEHE-
HUS 3aKOHOB PAa3roHa U TOPMOKECHUS TUIPOIBUTATENCH, 3aMEHBI TPYTIIBI dJIEKTPUICCKU
NEPEKITI0YAEMbIX PETYJIATOPOB PacXoja Ui JIaBJIEHUS OJHUM MPOMOPIMOHAILHBIM arl-
napaToMm Hu T. II.

Ha BricTaBke "HutepapaiiB-2008" B sxcnosunmu Gupmel Thomas Magnetesme-
[IUATTM3UPYIOMICHCS Ha MPOTOPIMOHATHHOM YIPABICHHH MOOWIBHOW THAPABIUKOMH,
JEMOHCTPHUpOBAIacCh JEUCTBYIOMmAs THAPODUIIMPOBAHHAS MOJIEh DKCKaBaTopa ¢
yIPaBJICHUEM OT JDKOWCTHKOB (CIEIUATBLHBIX PYKOSTOK C 3a/JalOLIUMK TTOTCHIIMOMET-
pamu), KOTOPbIE HCIIOJB3YIOTCS B KaOWHE pealbHON MamuHbBI. B Mojenn pasmerneHa
MUHHUATIOpPHAsE HACOCHAs! YCTAHOBKA, OJIOK BCTABHBIX MPOMOPLUHUOHATIBHBIX PACTIPEIEIIN-
TeJell MepBOro Kackajaa dKCKaBaTopa M ' CHUJIOBbIE" THAPOUMIMHAPHLI. EMMHCTBEHHBIM
MIPOKOJIOM MOXKHO CYHUTATh AJIEKTPUUECKUE MPHUBOJBI TYCEHUYHOTO XOJla U MOBOPOTA
mw1aTopMbl, BOPOYEM, MJIs WX TUIPABIMYECKOW peanu3aluuyd NOoTpeOOBaIUCh Obl
CBEPXMHUHHUATIOPHBIE THAPOMOTOPHI. B mporecce gemMoHCcTpanuu Moienu ObLIO HATJISI-

HO MOKa3aHO, YTO MOCJE€ HEOOIBIIOT0 TPEHUHTa KONATh HACBHIMAHHBIN B TIOJIJIOH TPaBUii



MOTJIA Ja)Ke JIETH, KOTOPBHIX HEBO3MOXKHO OBLIIO OTOPBATh OT 3TOW 3aMedyaTejbHON Wr-
PYIIKH, PEKIAMHUPYIOIICH JOCTYITHOCTh M YBJIEKATEILHOCTD MPOTIOPIIMOHATBHOTO 3JICK-
TPOYIIPABIICHHUSI.

Hogetimras cucrema aucranimonnoro ynpasierus IQAN dbupmer Parker puc. 13),
coJieprKamias CHCTEMHBIH OJIOK, OTICIIbHBIC MOAYJIM YIPABICHUS, TDKOUCTUKH, TIEIaIH,
JATYUKU U PA3BUTOE MPOTPaMMHOE OOCCIIeUeHHE, JaeT BO3MOXKHOCTD CYIIECTBEHHOTO
pacimmperusi QyHKIAN YIIpaBICHUS MalIMHONW KaK Ha CTaUuU €€ MPOSKTUPOBAHHUS, TaK
U B MPOILIECCE IKCIUTyaTauu. JJonmomHuTeIbHbIe (DYHKIIMH MOTYT OBITh JIETKO BHECCHBI B
MOJIYJIA YIIPaBJICHHSI ITPH ITOMOIIM IMOPTATUBHOTO WJIM KaPMAHHOTO KOMITBIOTEPA, MPH-

YeM JIJIs1 3TOTO HE HY>KHO OBITh MPOTPaMMHCTOM.

Pue. 13, YacTb cHCTEMbl AHCTaHUHOHHOMD YnpasaeHua I0AN dupmel Parker

B 3akmodyenue xouercs OTMCTUTDB, 4YTO THAPOIPHBOABLI C IPOINOPIHOHAIBbHBIM
QJICKTPOYIIPABJIICHUCM HaXOJATCA B CTAAWMH MHTCHCHUBHOI'O PA3BUTHA. bonee TOro, Ha-
JUYUEC IJTHUX I/IBI[CJ'II/Iﬁ B IporpaMmmax II0CTaABOK CBHIACTCIBCTBYCT O HPCCTHUKHOCTHU

bupM—T1pou3BoIUTENEH THIAPOOOOPYAOBAHMUS.



I[aT‘II/IKI/I HEIIPEPBLIBHLIX BCJIUYIUH

Haubonee pacnpocTpaHeHbl NAaTYMKUA TOJOKEHUS U TMEpEeMElIEHUs, CpPelau HUX
pa3nnyarT abCOTIOTHBIC U [IUKIMYECKUE JATUYUKU.

AOCONIOTHBIE JATYUKU — BBIIAIOT NEPEMEHHBIN CUTHAJ MOJIOKEHUS WU Tepe-
MEILEHHS BO BCEM JIMANa30HE.

Hukauyeckne JaTYMKM — JATYUKHA Y KOTOPBIX U3MEHEHHUsI BbIX. CUTHANA B 3a-
BUCHMOCTH OT MOJIOKEHUSI WJIM JIBUXKEHHUS pabovero opraHa HOCST NEPUOJUYECKUN Xa-
pakrep.

OCHOBHBIE KOHCTPYKLIMH JaTYMKOB — JIMHEHHAS U KPyroBas.

OCHOBHBIE XapaKTEPUCTUKH JTaTUYUKOB!

BesnunHa u3MepsieMoro nepeMeeHusi — MaKCUMaJIbHAsl BEJIMYUHA JIMHENHOTO
WM YTJIOBOTO TIEPEMEIECHHsI, KOTOpasi MOXET ObITh MpeoOpa3oBaHa TaTYUKOM B M3Me-
HEHHE BbIX. CUTHAJIA.

To4yHOCTL — OmpenenseTcss MaKCUMaIbHOW MOTPEIIHOCTHIO U3MEPEHUS IO BCEU
BEJINYMHE KOHTPOJIUPYEMOTO MTEPEMEILICHHUS.

YyBCTBUTEJIBHOCT — OTHOLICHUE W3MEHEHHS BbIX. CUTHAJA K BEJIUYHMHE BbI-
3BaBIIEN 3TO U3MEHEHUE.

IMopor 4yBCcTBUTEIbHOCTH (111 IUGPPOBBIX JATYUKOB — JUCKPETHOCTH) MUHU-
MajbHasl BEJIMYMHA KOHTPOJIUPYEMOIO MEPEMELIEHUS, BbI3bIBAIOIIEE U3MEHEHHUE BBIX.
CUTHAJA.

CTadmiIbHOCTH padoThl — XapaKTEPU3YETCs MAKCUMAJIbHON Pa3MEPHOCTBIO 3HA-
YEHUH BbIX. BEIMYMHBI COOTBETCTBYIOLIEH KOHTPOIMPYEMOMY IMOJOKEHUIO.

Oco0€HHOCTh JTUHEHHBIX ONTOXJIEKTPOHHBIX PACTPOBBIX Mpeodpa3oBaTeneil nepe-
MELIEHUS 3aKIH0YAETCs B UCIOJIB30BAHUU B KAYE€CTBE MEPHI JJIMHBI JIMHEWHOW IIKaJIbI,
SBJISIFOLLICHCS. HOCUTENEM PETYJISIPHOTO U KOJOBOTO PacTpoB. BO3MOKHOCTh HAHECEHHUS
HITPUXOB PACTPOB C CYOMHKPOHHOW TOYHOCTBHIO HA MaTepHalIbl ¢ 3aAaHHBIM KOd(hdu-
IUEHTOM JIMHEWHOTO PACHIMPEHHs, a TAaKkKE CTA0OMIBHOCTh UX T€OMETPUUECKOTO MOJIO-
YKEHUS MO3BOJISIIOT CO3/1aBaTh NpeodpazoBarenu 3-4 KJIacCoB TOYHOCTH.

Bricokas creneHp 3alMIIEHHOCTH KOHCTPYKTUBHOTO HCIIOJIHEHUsI mpeoOpa3oBa-

TEeJeH, a TaK)Ke WX BBICOKAsI yCTOWYMBOCTh K BHEIITHUM BO3/ICHCTBUSIM 00€CTICUHIIH pac-



TPOBBIM MPE0Opa30BaTENIAM IUPOKUN CIEKTP 00JACTEe MPOMBINIJIEHHOTO U HAYYHOTO
MIPUMEHECHUS.
IIpunnun geiicTBus mMpeodpasoBarTesieid JUHENHBIX NepeMelleH i

B ocHoBy pabotbl mpeoOpa3oBaTenell mepeMeeHHs MOJI0XKEH METOJA ONTO3JeK-
TPOHHOTO CKaHMPOBAHUS IITPUXOBBIX PacTpoB. [Ipum OTHOCHTENBPHOM NEpPEMEIICHUA
mkanel 1 u ananuzaTopa 3 cCONpsHKEHUs PETYIIPHOTO pacTpa HIKajdbl ¢ pacTpaMH aHa-
JM3aTOpPa MOAYJHUPYIOT IPOXOIAIINN Yepe3 HUX MOTOKH U3JTy4YEHHUs, BOCOPUHUMAEMbIE
COOTBETCTBYIOIIMMH PoTONprUeMHUKaMH. PacTpoBas 1mikana COAEp:KUT JBE Mapaijiesib-
HbIEe HTHPOPMAITMOHHBIE IOPOKKH: PETYISIPHOTO pacTpa U pehepeHTHBIX METOK.

PactpoBslii aHasu3aTop conepkuT 4 okHa A,

A, B, B HHKpEMEHTHOr0 CUMTHIBAHUS U OKHO pe-
depentHoit metkn b. Ha3Bannwie Bhimie 4 oxHa
NO3UILIMOHHO COTJIACOBAHBI C JOPOKKOU PETYIsp-
HOro pactpa mkanbel. [llarn pacTpoB B OKHax

paBHBI MIaraM peryispHoro pactpa mkaisl (20

MkM wir 40 Mkwm). Tlpu 3ToM B KaKaoW mape

CUHTBLIBAIOLIMH y3e]
2 mara GhOoTONPUEMHUKOB

(xpemuueBsie GOTOTHONET) OKOH pacCTpbl CMCHICHBI JAPYT OTHOCHUTCIIBHO JIPY-
3 pacTpoBbIi AHAH3ATOD
AACTAHA HEMESTOpHAK) ra Ha BCJIMUMHY, PaBHYIO ITOJIOBMHE MX Iara, a

4 TMIaTa OCBETHTENIEH
(uedpakpacHbIe H3TYYaTEH) o o
B3aMMHBIM IIPOCTPAHCTBCHHLIM CIABUI' PACTPOB

MEK]ly MapaMH OKOH COCTaBJISIET YETBEPTH 1ara pactpos. [locienoBarenbHo ¢ pacTpo-
BBIMU OKHaMHU PacroJioKeHo npo3pauHoe okHO I'. PedepentHas metka b nmo3uirionHo

COTJIacOBaHa C IOPOXKKOM pehepeHTHBIX METOK IIKAJIBI.

BB AA [Iyh

LINHSIRINEE==3y

CuwutbiBaromuii y3en (CUMTHIBAIOIIAs TOJIOBKA) MpeoOpa3oBaTelis MepeMelleHui

peliaer 3a7auy peanu3alii ONTHUYECKUX PACTPOBBIX M KOJOBBIX COMpSKEHHM, HHPOP-
MaTHUBHO COOTBETCTBYIOLUX BEJIMYMHE JINHEHHOTO NEPEMELIEHMS], a TAK)KE 3a/1a4y CUU-
ThIBaHMsI, OOpa0OTKM M aHajaM3a TEKYIIMX 3HAYEHUH ONTHYECKH MH(POPMATUBHBIX Ia-

pPaMETPOB YKA3aHHBIX COMPSIKECHHM.



KOHCTpYKTMBHO MEPBYIO 3aJauy pemiaeT KapeTka, *KECTKO CBSI3aHHas C aHajlu3a-
TOPOM, HAXOJAIIASACS Yepe3 MOAMNIMTHUKN KAYEHUS B TOCTOSIHHOM KOHTAKTE CO IIKaI0i
YTO JIeJIA€T BO3MOKHBIM OTHOCHUTENIBHOE MEPEMEIIEHUE IIKAJIBI U aHanu3aTopa. Bropyto
3a/1auy pean3yIoT TIaThl OTOMPUEMHUKOB 2 M OCBETUTENCH 4, yCTaHOBIICHHBIE HA TY
e KapeTKy, W IulaTa dJIEKTPUYECKON CXEMBbI BBIJEICHUS U 00paboTKu MHGOpMAIIH O
NEPEMEILICHUH, PACIIOJNIOKEHHAsI B KOPITyCE€ CUMTHIBAOIIECH royioBku. Ilmara oceerure-
Jel CONEPXUT MIECTh M3IYUYAIOINX THUOJO0B, 00ECIEYNBAIONINX 3aCBETKY COOTBETCT-
BYIOIIMX OKOH aHajJu3aTopa, U MPOCTPAHCTBEHHO COTJACOBAHHBIX C HUMHU HPHUEMHBIX
TJIOMIAO0K IIeCT (POTOAMOOB TUTATHI 2.

[TocTpoeHHsbIi TakuM 00pa30M KaHaJ CYUTHIBAaHUS HH(POPMAIIMK TTO3BOJISIET cHop-
MHUPOBAaTh JIBa OPTOTOHAIBHBIX NEPUOJUYECKUX curHana |A 1 | B, nckiounB U3 HUX Mo-
CTOSIHHYIO COCTAaBJISIFOLIYI0. B3auMHBIN XapakTep W3MEHEHHS! YKa3aHHBIX CUTHAJIOB Ja-
€T BO3MO>KHOCTh ONPEACIIUTh HAIPABJICHHE NEPEMELIEHHUS], @ YUCJIO UX MEPUOJOB MPHU
JTAHHOM TIepEeMEIIICHUH €0 BeanuuHy. CrienraibHble METOIbI 00pabOTKH cUrHaoB |A
u |B mo3BomsitoT obecrneunTh KOHTPOIb MePEMEIEHUsS C TUCKPETHOCTHIO, MHOTO MEHb-
HIeH epuoa perysipHOro pacTpa.

JI1st BO3MOXKHOCTH 3aJlaHus COOCTBEHHOTO Hadajia OTcueTa B IpeoO0pa3oBaTessx
MIEPEMEIICHHS UCTIONB3YETCS TOPOKKA pePepeHTHBIX METOK, CoAepIKaliasi, Kak MUHH-
MyM, OJIHY (DYHKIIMOHUPYIOUIYIO pedEepeHTHYIO METKY, MPEACTABIISIONLYI0 COOOM crie-
UAbHBIN pacTp, ¢ 3aJaHHON (YHKIIHEH pacHOI0KEHUS IITPUXOB U UX HIUPUHBI.

B npouecce 0OTHOCUTENBHOTO MEPEMEILICHHS IIKAJIbI M CYUTHIBAOLIECH TOJOBKU MPU
coBmeteHuu nosent [| mkansl u.nmons b ananuzatopa ¢ poTonpuemMHuKa, CONPSKEHHO-
ro ¢ nojieM b, cCHUMaeTcs aHaJIOrOBbIA CUTHAJ KOOPJAWHATHO-3aBUCUMOM BEJIUYUHBI C
SPKO BBIPAKEHHBIM MaKCUMYMOM. OTOT CHUTHAJ MCHOJb3YETCsS YCTPOMCTBOM 00pa-
OOTKM JUIsi KOOPAMHATHOW TIPUBSI3KM CUWTHIBAIOMICTO y371a K Hadaldy oOTcyeTa
npeoOpazoBarens. [Ipu 3ToM yuynuThIBae€TCS 3HAYEHHE OMOPHOIO CUTHANA, 3aaBaeMOTO
(b OoTONPUEMHUKOM, COOTBETCTBYIOIINM OKHY " aHanuzaTopa.

Bo Bcem mMupe nBa AeCATUNETUS C YCIEXOM MPUMEHSIOTCS NaTYUKU JIMHEHHBIX T1e-
pemenieHust ( MM KaK UX €Ille HA3bIBAIOT: AATYMKHU JTMHEHHOTO MMOJIOKEHUS, JaTYUKU 1
U3MEPUTEIN ITyTH) OCHOBaHHBIC Ha 3 (eKTe MarHUTOCTPUKIINKA. MUPOBBIM JTUACPOM U

MUOHEPOM B TIPOM3BOJCTBE JIAHHBIX CEHCOPOB sBisieTcss Kommanuss MTS



SensorsotaeneHue amepukaHckord koproparuu MTS SystemsDTo moapaszneneHue
obut0 co3nano B 1984rony mocne mokynku MTS xommanuun Temposonics Ingeiivac,
Temposonics Foproeasi Mapka, KOTOPYIO MOKHO BHJIETh Ha JIFOOOM MarHUTOCTPUKITU-
OHHOM Jatuyuke nepemenienuss MTS Sensors.

IHpunyun padbomer

MarnuTtocTpukius Oblla 0OHapyXeHa TOJbKO B (DEepPOMATrHUTHBIX MaTepuanax,
TaKUX KakK KeJe30, HUKeJb, KOOAbT U cryiaBax. OCHOBOW MPUHIIMITA MATHUTOCTPHUKITAN
SBJIIIOTCS. MAarHUTOMEXaHWYECKHUE CBOMCTBA 3TUX MaTepuasioB. To ectb, eciu (eppo-
MarHeTHUK HaXOJWUTCS B 00JJACTH MAarHUTHOTO TIOJISI, TO OHO BBI3BIBAET MUKPOCKOTIHYE-
CKYI0 e(OpMaIUI0 €ro MOJEKYJSIPHOU CTPYKTYPHI, YTO MPUBOIUT K U3MECHEHHUIO (HU-
3U4ecKuX pasmepoB (peppomarneruka. Takoe moBeneHre OOBSICHSIETCS CYIIECTBOBAHU-
eM OECUHCIIEHHOTO KOJIMYECTBA MAJIEHBKUX AJIEMEHTAPHBIX MarHUTOB, U3 KOTOPHIX CO-
cTouT (peppoMarHuTHbEIN Matepuan. OHU OYIyT CTPEMUTHCA YCTAHOBUTHCS Mapasuiesb-
HO Jpyr JIpyry B Mpelenax OrpaHUYeHHBIX MPOCTPAHCTBEHHBIX OOyacTei, yxke 0Oe3
BHEIITHETO MAarHUTHOTO TOJisl. B 3TMX Tak Ha3pIBa€MbIX JOMEHAX, BCE AJIEMEHTapHbBIC
MarHuThl HarpaBJieHbl 0AMHaKOBO. Ho mepBoHauagbHOE pacnpesesieHue JOMEHOB Xao-
TAUYHO W CHApyXH (peppomMarHut-
HOE TEJI0 KaKEeTCs HeMAarHWTHBIM.
[Ipy mnpuUNOXKEHUH MAarHUTHOTO
MoJIST , JIOMEHBI BBICTPAUBAIOTCS

10 HAIIPABJICHHUIO J3TOr0 IIOJIA H

BbIPABHUBAKOTCA mapajjiCJIbHO

apyr apyry. Takum obpazom, mo-

JIYy4aroTCA COOCTBEHHBIC MAarHUT-

Mga s D A0UDHE B PP oHArEE IR CIHERHES
1. oz anamHoD weHATHED NoWA
E. Nacne ng

"Hple MOJI, KOTOpPbIE MOLYT IIpe-
Al = yanuuonWo cinpsme

BOCXOJIUTh BHEIIIHEE MArHUTHOE

noJie B COTHH pa3. Hampumep, eciu crepkeHb U3 GeppoOMarHUTHOTO CIIaBa MOMECTUTh

B MarHUTHOE I10JI€ MTAPAJUIEIIBHOE €ro0 OCHU, TO CTEPIKEHb UCIBITAET MEXAHUYECKYIO Jie-

dbopmaluio ¥ MOJYYUT JIMHEHHOe yanuHeHue. Ho B peaqbHOCTH yAJIMHEHHUE MTOCPEICT-

BOM MarHUTOCTPHUKIIMOHHOTO 3 dekTa oueHb mano. (puc.l)



MarautocTpuKIHOHHBIN () PEeKT 00yCIaBIMBAETCS COBOKYITHOCThIO MATHUTHBIX U
MEXaHUYECKUX CBOWCTB (heppPOMArHUTHBIX MaTePUAJIOB, COOTBETCTBEHHO €r0 MOXKHO
ONTUMHU3HUPOBATh TOCPEJCTBOM CO3JaHMsI CIICIUATBHBIX CIJIABOB M YMPABIAThH C IO-
MOIIIbIO0 HAMPABJIICHHOTO JCUCTBUS BHEITHETO MArHUTHOTO TIOJSA. B MpOMBINMIIIEHHBIX
U3MEPUTEIIbHBIX CHCTEMaxX |empPOSONICSHUCITONB3YETCS MarHUTOCTPHKITMOHHBIA 3(-
dekT, KoTophIii Ha3biBaeTcs d3QhekT Bugemana. OH ONMUChIBaeT MEXaHUYECKYIO aedop-
MaIuio (CKpyYuBaHUE) JUTMHHOTO, TOHKOTO ()eppOMArHUTHOTO CTEPIKHsI, KOTOPHIH Ha-
XOJUTCS TIOJT BO3JICHCTBUEM JBYX MAarHUTHBIX TOJICH: BHEIIHETO W BHYTPEHHETO, CO3-
JTaBaeMOT0 MPOBOTHUKOM, IO KOTOPOMY MPOTEKAET SJIEKTPUYECKU TOK. B martumkax
TuHENHBIX niepemenieanii MTS Sensorsuennee MarHuTHOE TOJIE CO3/1a€TCS MTO3UIIN-
OHHBIM MarHMTOM, KOTOPOE MPH MEPECEUCHNUN C KOHIIEHTPUUECKUM MAarHUTHBIM TIOJIEM,
CO371aBa€MbIM JJICKTPUYECKUM TOKOM, BBI3BIBAET MEXAaHUUYECKYIO0 neopManuio B He-
00JIBIIION 00JIACTH M3MEPHUTEILHOr0 3eMeHTa B (hopme ctepxus (Puc.2). Tak xe, B
JaTdyuKax | empOSONICSUCTIONB3YETCSl TaK Ha3bIBAEMbId, MAarHUTOYNPYTHid S(PQPEKT
(nmu 3 dexT Bumnapu). OH cBs3aH ¢ U3MEHEHHEM MAarHHTHBIX CBOMCTB (peppoMarte-
TUKa, HapuMep, HaMarHWYEHHOCTH (PEPPOMArHUTHOTO OpPYCKa, KOTOPOE BBI3BHIBACTCS

POIOJIBHON AedopMaIiiei.

P EppOMarHMTHLIA CTEPXKEHL l

Tok

NO3ULHMOHHbIA MATHAT

Puc.2

UtoOBbl TIPEeBpaTHTh W3JIOKCHHBIC BBINIC (PU3MYECKHE OCHOBBI B HAJCKHO pado-
TAIOIIYI0 U3MEPUTETHLHYIO CHUCTEMY, Obljla MPEJIoKeHa KOHCTPYKITUS JaTduKa, Mpe-
CTaBJIcHHas Ha pucyHke 3. J[aTuuk JTUHEHHBIX MepeMelneHnii TempOoSONICEOCTOUT U3
5 OCHOBHBIX YacTEH.

-M3MEPUTEIIBHBIN 3JIeMEHT (BOJTHOBOJ);

-3JICKTPOHHUKA NaTYHKa,



-[TO3UIIMOHED B BUJIE IOCTOSIHHOTO MarHwTa,
-npeoOpa3oBaTesib TOPCUOHHOTO UMITYJIbCA;
-nemrupyromas 4acTb (Ha KOHIIE CTEpXKHS, B KOTOPOW TacHUTCS BTOpas 4acTh

TOPCHOHHOTO UMITYJIBCA).

MEXaHH4ECKMi MarHuTHOE nosie Puc.3
TOPCHOHHBAN NoOCTOAHHOrO
HMIYNLC MarduTa

MarHMTOCTPMKLMOHHEIA
U3MEPUTENEHLIA 3NEMEHT
{sonuoBOA)

ANeKTpUYeCKMA
TOK

MarHMTHoe mone
3NeKTpMiecKoro
TOKa

L 3

npeoBpaijoBaresib
TOPCHOHHOTO
uMnynbca

NOCTOAHHLIA MarHuT

«CTep)KHEeM» U3MEPUTEIHHOU CUCTEMBI SIBIISIETCS (heppPOMArHUTHBIN N3MEPUTEITh-
HBII DJIEMEHT, UCIIOJIb3YIONIUICS KaK BOJHOBOJI, TI0 KOTOPOMY PaclpoCTpaHsAeTCs TOp-
CHOHHAs yJIBTPA3BYKOBas BOJIHA JI0 MpeoOpa3oBaTelisi UMIMYJIbCOB. M3mepsiemast mo3u-
UL OTIPEACIIACTCS TIOJI0KEHUEM TTOCTOSTHHOTO MAarHUTa, KOTOPBIM OKPYKAET BOTHOBO/I.
DTOT MarHMT CO3/1a€T MarHUTHOE TT0JI€ B BOJHOBO/JIE U CBSI3aH C 0OBEKTOM M3MEpEHUSI.
31ech HYy)KHO TTOTYEPKHYTH, YTO MEXTy MO3UITHOHEPOM (MarHUTOM) U U3MEPHUTEIILHBIM
3JIeMEHTOM (BOJIHOBOJIOM), TIOJTHOCTBIO OTCYTCTBYET MEXaHHUECKasi CBSA3b. JTO rapaH-
TUPYET OYEHb JOJTHH CPOK cIy:kObl maTtunkoB MTS TemposonicSia ocHOBE 3TOro
TMPUHITUTIA U3MEPEHUSI.
[Tpu w3MepeHnH KOPOTKUI MUMITYJhC TOKAa TMOCBUIACTCS W3 DJIEKTPOHHOM
YaCTH CEHCOpa C TOMOIIBI0 BOJIHOBOAA. [Ipy mepemeniennn uMITysibca BO3HUKAET pa-
JMaIbHOE MAarHUTHOE Tojie BOKpYr BosiHOBoaa (Puc.3). I[Ipu nmepecedeHun ¢ MarHur-
HBIM TIOJIEM TOCTOSIHHOTO MAarHMTa-TIO3UIIMOHEPa, BO3ZHUKAET ,coriacHo 3hdexty Bu-
JeMaHa, TutactTudeckas aedopManusi MarHUTOCTPUKIIMOHHOTO BOJIHOBOJA, KOTOpasi SiB-
JSIETCSI BBICOKOJIMHAMUYHBIM TIPOIIECCOM, BCJIEICTBHE CKOPOCTH TOKOBOTO HMITYJIbCA.
M3-3a 3TOTO BO3HUKAET yIbTPA3BYKOBAs TOPCHOHHAS BOJIHA, KOTOPAsk paclpoCTpaHseT-
Cs OT MeCTa BO3HMKHOBEHHS B 00a KOHIIA BOJTHOBO/IA, OJTHAKO B OJTHOM M3 KOHIIOB OHA

ITIOJIHOCTBIO T'aCHUTCA U ,TaKUM 06p330M, IIOMCEXH N HCKAXXCHHA CHUTI'HAJIa UCKIIFOYarOTCA.



JletekTpoBaHue U 00pabOTKa TOPCHMOHHOIO UMIIYJIbCa MPOUCXOAUT Ha JPYroM KOHILE
BOJIHOBOJIa B CHEIIMaIbHOM TpeodpazoBateine. [IpeoOpa3oBaTens TOPCHOHHBIX UMITYJIb-
COB COCTOUT U3 PACIIOJIIOKEHHOM NONEPEK BOJHOBOAA U )KECTKO CBSI3AHHOW C HUM I10J10-
Cbl U3 MAarHUTOCTPUKIIMOHHOTO METAJIJIA; AETEKTUPYIOIIEN KAaTyIIKH WHAYKTUBHOCTH U
OJIHOTO HEIOABMYKHOI'O IIOCTOSSHHOTO MarHuTa.

B npeobOpa3oBarene TOpCHOHHOTO MMITYJIbCA, CBEPX3BYKOBasl BOJIHA BbI3bIBAET
U3MEHEHHE HAaMarHWYeHHOCTH METAUIMYECKOM MOJIoChl corniacHo 3(dekxra Bummapw,
yKe ynomuHasieMmycs. Cienyroiiee U3 3T0ro BpEMEHHOE U3MEHEHUE T10JIs TOCTOSIHHO-
r0 MarHuTa MHAYLUUPYET IEKTPUUECKUN TOK KaTyIIKE MHIYKTUBHOCTU. DTOT BO3HHU-
KaIOIIMK 3JIEKTPUYECKHI CUTHAJI OKOHYATENbHO OOpalaThiBaeTCs 3IEKTPOHUKOM naT-

YHKa.



