CTpyKTYypa ruipo- ¥ MHEBMONIPUBO/A C JIEKTPOYNPaBJIeHHEM.

CrpykTypa rapo- Wi ITHEBMONPHUBOAA C JJIEKTPOYIIPABICHUEM NPAKTUYECKH HE

OTJIMYAETCS OT APYTUX BUAOB NpUBOAOB (pucC. 1). OcCOOEHHOCTH 3aKII0UaETCs] TOIBKO B

HCIIOJIb3YEMBIX YCTPOHUCTBAX.

VcnonHuTeneHble yCcTpomn-
cTBa (NHEBMOLMIMHAPHI,

NcToYHMK cxxaToro Bo3-
- NMHEBMOCXBaTbI, BaKyyM-
Ayxa unv BakyyMHbIV Hanpaensiowwas 1 pe- HBIE PUCOCKN)
reHepaTop rynupytoLas annapa-

Typa C 3rekTpoynpas-
neHvem

c Hdatunku
neTema ynpasnenmus (KOHeYHble BbIKIoYaTeny,
pene gaBnexHns U T.4.)

MynbT ynpasneHuna
(mynbT onepartopa)
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Pucynok 1 — CTpykTypa rujipo- Wiy MHEBMOIIPUBOAA C JIEKTPOYIPABICHUEM.

B oTinune oT mHEBMATUYECKOTO MPHUBOJAA, B MHEBMOIIPUBO/IE (THEBMOCUCTEME) C
ANEKTPOYNPABICHUEM ISl PETYIHPOBAHUS PabOYMX TapaMeTPOB HMCIIOTHUTEIHHBIX
YCTPOMCTB NPUMEHSIOT HAMNPABISIOIIYIO M PErYIUPYIOLIYIO amnlapaTrypy € 3JIEKTpo-
yIpaBiieHuEM. B mpocTedmeM ciaydae — 3JIEKTPONHEBMATHYECKUN PACIPEIACTUTED.

JI1s1 KOHTPOJIE HEOOXOIUMBIX MapaMEeTPOB UCIOIB3YIOTCS AATYMKUA C AIEKTPUUYECKUM



BBIXOJHBIM CUTHaIOM. COOTBETCTBEHHO YCTPONCTBO YIIPAaBJICHUS COCTOMT M3 pa3iny-
HBIX DJIEKTPOHHBIX KOMIIOHEHTOB.

[IpuMeHeHne pa3IMYHBIX HIEMEHTOB 3aBUCHUT TAK)KE OT PEIIaeMbIX THEBMOIPUBO-
oM (MHeBMocucTeMoi) 3amad. Haubonee pacnpocTtpanéHHas 3ajaya - NepeMenieHNue
KaKoro-imu6o o0bekTa niu pabouyero opraHa 000py/10BaHUs B 3aIaHHYIO TOUKY WIH IO
3aJJaHHOW TPAaeKTOPUHU. B 3aBHCHMOCTH OT BHJA MEPEMEIIECHUS MPHUBOJBI MOAPA3IEIs-
IOTCSl Ha IIUKJIOBBIC, MO3UIIMOHHBIC U CIEAIIHNE.

B 1iuki0BOM mpHBOAE KOJMYECTBO TOYEK MO3UIIMOHUPOBAHUS 00BEKTa WK pado-
4ero opraHa o0OpyAOBaHUS OTPAHUYCHO HECKOJIHKMMH MO3UIUSMHU, & TOYHOCTHh OCTa-
HOBKH OTIPEACISCTCS MEXaHWYECKUMH yropaMmu. VI3MEHEeHHEe TOUYKH TMO3WUITMOHHPOBA-
HUS OCYIIECTBIISIETCS PyYHBIM MTEPEMEIIIEHUEM YIIOpa.

JUJIs. KOHTPOJIS TTOJIOKEHUST TIepeMeniaeMoro 00beKTa UCTIONBb3YOTCS TaTYUKH T10-
JIOXKEHUSI, Ha3bIBa€MbIC KOHCUYHBIMH (ITyTEBBIMH) BBIKITIOUATEISIMU. Takue JaTUNKH, KaK
NPaBUJIO, YCTAHABIMBAIOTCS B KOHEYHBIX TOYKAX JMANa3oHa MEpEeMEIIeHUs U BBLIAIOT
CUTHAJI OIPEACIIEHHOIO YPOBHS MpH MOMaJaHuK 00BbEKTa MK pabodero opraHa o0opy-
JOBaHUs B 33/IaHHYIO MO3UIHIO (puc. X.2-a). YpOoBeHb CUrHajla 3aBUCHT OT TUIIA JaT-

UWKa WU HAIIPSIKCHHA ITHUTAHUA. Takol curHan H, COOTBCTCTBCHHO, AAaTYUK Ha3bIBAIOT

AUCKPCTHBIM.
Hoobers Yoobers Luzran ynpabrenus 2 Betxadhou cuzHan
A cuznang U CueHIa U‘ Luzran ynpaberus 1 Jam4uKa M0/IOXEHUS
Buixodioi cugwan damyuka 2 E=—————iy
Beixoduou cuzan damyuka 1 \ !
[lonoxerue \ Jadawyud cuzHan
aobexma [ \
> -
e S S onoxerue
Mecmo yomarobky damuka 7 JadanHas moqKa oFLuoHLPoRaHIS oovexma [
Mecmo ycmanobiu damauka 2\ (] / fuanazon nepemelyeHus o0 bexkima b_/

Pucynok 2 — BoIXo/lHbIE CHUTHABI JaTYMKOB TMOJIOKEHUS, UCTIOIB3YEMbIX B IIMKIOBOM
npuBOJIC (@) U B IO3UITMOHHOM NpUBOJIE (0).

Cucrema ympaBlieHUs UKJIOBOTO MPUBOIA MCIIOIB3YET 3TU CUTHAIBI JIJIsl o0ecrie-

YeHUsI HEOOXOIMMOM TOCEI0OBATEILHOCTH JeUCTBUM (1iMkia). OmepaTop ¢ MOMOIIbIO



MyJIbTa YIPaBICHUS OCYIIECTBISECT BKIIOUEHUE/BBIKIIOUCHUE MPUBOJIA, KOHTPOJb HaJl
XOJIOM IMKJIa ¥ (pU HEOOXOAMMOCTH) YIIPABICHUE IPUBOJAOM B PYUYHOM PEKUME.

B 1nukioBOM MHEBMATHYECKOM MPUBOJE C AIEKTPOYNPABICHUEM B KayecTBE Ha-
MPaBJISONICH anmapaTypbl HCHOJIb3YIOT THEBMOPACTIPEICTUTEIN C AIEKTPOYIPABIICH U-
€M, KOTOpBIC MEPEKIIOYAIOTCS IUCKPETHBIMU CHUTHallaMH. PeryinmpoBaHHE CKOPOCTH
JIBIKEHUSI OCYIIECTBIISIETCS OMEPaTOPOM C TMOMOIIBI0 TTHeBMoapocceseid. CooTBEeTCT-
BEHHO CHCTE€Ma YMPABJICHUS TAKXKE CTPOUTCS C MOMOIILIO TUCKPETHBIX 3JIEMEHTOB —
AJIEKTPOMArHUTHBIX U AJIEKTPOHHBIX peJie, TAUMEPOB U CYETUMKOB, TPOTPAMMHUPYEMBIX
pene (JIOrH4ecKux MOAYJIei), TPOorpaMMHUPYEMbIX JIOTHYECKUX KOHTPOJUIEPOB.

[To3uIMOHHBIN TIPUBOJ JTOJDKEH OOECIEYUTh IMepeMelleHue 00bheKTa B JIFOOYIO
TOYKY W3 JUara3oHa MepeMeIleHusl ¢ 3aJJaHHOW TOYHOCTBIO. JIJIsl KOHTPOJIS MOJT0KEHUS
00BbEKTa UCTIONB3YIOTCS JATYMKU TOJIOKEHUSI, Y KOTOPBIX YPOBEHb BBHIXOJHOTO CUTHAJIA
(w1 xox — s IUEGPOBBIX JTATYMKOB) MPOMOPIIMOHAICH TOJIOXKEHUIO 00BbeKTa (puc.
X.2-6). KaxxioMy moJIo’)KeHHI0 00BEeKTa COOTBETCTBYET OMPEACIEHHBIM YPOBEHb CUTHA-
Jla TaTYhKa.

Cucrema ympaBieHHs 00eCleYuBaeT HE TOJIBKO 3aJaHHYIO MOCIIEN0BATEIBHOCTD
JIEWCTBHM, HO M OCTAaHOB OOBEKTA B 3a/IaHHOM MO3UIIMK. B mpocrelimeM ciaydae cucTte-
Ma yIpaBJi€HUsl CPABHUBAECT YPOBEHb BBIXOJHOIO CUTHAJIA TaTYWKA C YPOBHEM 3aJar0-
IIEr0 CUTHAaja U MPU UX COBIAJCHUM B TOUKE MO3UIIMOHUPOBAHUS BBIKIIOYAET KCIIOJI-
HUTEIBHOE YCTPOUCTBO (CUTHaN yrpaBieHus 1 Ha puc. X.2-0). I3MeHeHne TOYKHU Io-
3UIMOHUPOBAHUS OCYIIECTBISECTCS U3MEHEHUEM YPOBHS 3a/1al0IIETO CUTHAIA.

OnHako, B TAKOM CIly4a€e B THEBMATUUYECKOM IMPUBOJE U3-3a CKUMAEMOCTH BO31Y-
Xa HEBO3MOXKHO TOJIYYUTh BBICOKYIO TOYHOCTh MO3UIIMOHUpOBaHuA. st oOecriedeHus
BBICOKOM TOYHOCTH HEOOXOAMMO TPHUMEHSATH OO0JIE€ CIOXKHBIE METOJBI TOPMOXKEHUS:
MCIIOJIb30BaTh CIECNHUANbHBIE YCTPOWCTBA TOPMOXKEHUS (Hampumep, TuapoaeMmdeps)
WU TPUMEHSTh CHENUalIbHbIE 3aKOHbI TOPMOXXEHUs. B mocinenHeMm ciydae curhan
VIPABICHUS U, COOTBETCTBEHHO, CKOPOCTh JBMKEHUS 00BEKTA, U3MEHSETCS 10 OIpe/ie-
NEHHOMY 3aKOHY, YMEHBIIAsCh MPHU TMPUOIMKEHUN K TOYKE MO3MIIMOHUPOBAHUS (CHT-

HaJI yrpaBieHus 2 Ha puc. X.2-0).



B no3unMoHHBIX TPUBOJAX UCIIOIB3YETCS IPOIIOPLUMOHAIBHAS allllapaTypa C JJIEK-
TPOYIIPABICHUEM, CUCTEMA YIPABJIEHUS — IPOrPAMMHUPYEMBIN JTOTUYECKUN KOHTPOJUIED
C aHAJIOTOBBIMH BXOJAMH U BBIXOJAMU.

Credmunii IpuBOJ BO MHOTOM ITOXO0K Ha MO3UIMOHHBIN. OTIn4ue 3aKII04aeTcs B
TOM, YTO 33Jja4a NO3UIIMOHHOI'O MPUBOJIa — MAKCUMAJILHO OBICTPOE MEpEMEILEHUE 00b-
€KTa U3 OJHOW MO3WLIMM B JAPYTYIO, IPU 3TOM TPAEKTOPUS NEPEMENIEHUS HE BaXKHA. 3a-
Jaya CJIEISIIEro IpUBOAa — MEPEMEIIECHUE U3 OAHOM MO3ULIMH B APYTYIO IO 33JIaHHOM
TpaekTopuu. Kak mpaBuiio, Takoe nepeMenieHne 00beKTa OCYIIECTBISIETCS ¢ TOMOIIBIO
HECKOJIBKUX UCIIOJIHUTENBHBIX IBUTATENEHN, CKOPOCTh KaKJI0I0 U3 KOTOPBIX U3MEHSETCS
10 33JaHHOMY aJIropuT™My. B ciiensmmx npruBogax NOMHUMO JAaTYUKOB MOJIOKEHUS M C-
NOJIb3YIOTCS. M APYTrUe JAATYUKH (IaTYUKU CKOPOCTH, YCKOPEHHUs, YCHIIMS U T.I.) U ca-

MBIC CJIOKHBIC AJITOPUTMBI YIIPABJICHUA.



BHGKTpoaBTOMaTI/IKa HACOCHBIX YCTAHOBOK

Ha pucyHke B kauecTBe mpuMmepa MNpUBEAEH (parMeHT SJIEKTPUUYECKON CXEMBbI

HACOCHOW YCTaHOBKHM.
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JIuHeHble npegoxpaHuTeny
yCTaHaenMBaloTCcA COOPLMKOM

B cocTaB HacocHOU yCTaHOBKH BXOJIAT CIEAYIONINE OCHOBHBIE 3JIEMEHTHI AJIEKTPO-
aBTOMATHUKU:

- DIIEKTPOMOTOPHI (KaK MpaBHIIO, aCUHXpOHHbIE) -1M1, IM2 ocymiecTBisAOT Bpa-
LIEHUE BaJla THIPOHACOCa;

- Konrtaktopsl (MoutHbeie pene) — 1KMI1...1KM3, npeanaznadensl ais BKIIIOYE-
HUS/BBIKITIOUECHHS] DJIEKTPOTTUTAHMUS;

- ABromatnueckue BoikmrouaTenmn — 1QF1...1QF3, nmpeanasHaueHbI IJIs 3aIUTHI
AMEKTPOOOOPYTOBAHUS OT TOKOB KOPOTKOTO 3aMbIKaHWsA. YacTo OHM TaKKe ColepiKaT
BCTPOCHHYIO (DYHKIIMIO TEIJIOBOTO PEJie — 3aIIUTY OT JJIUTEIbHBIX HEOOJBIIUX Tepe-
IPY30K IO TOKY;

- OtnenbHbIe TermioBbie pene — 1QF4, 1QF5.



B oTaenbHBIX cioydasix, HACOCHAsI YCTAaHOBKA TaK)KE€ MOXKET BKJIIOYATh YCTPOWCTBA
3amuTHOrO OTKItoueHUs (Y30) Aisl 3aUThl IEpCcOHaIa OT MOPAKEHUS FIEKTPUUECKUM
TOKOM; peJie KOHTPOJIsI HANpsDKEHUs NIl 3alUThl OT MEPEHANPSIKEHUS B CETU; pelie
KOHTPOJISI MOCTEI0BATEILHOCTH (a3; YCTPOMUCTBO IJIABHOTO MYyCKAa U TOPMOXKEHUS (J1JIs
MOIIIHBIX HaCOCOB).

KoHTakTophl, aBTOMAaTUYECKHUE BBIKIIOUATENIN U TEIUIOBBIE Pejie 4acTo 00BhEeauHeE-
HBI B OJTHOM YCTPOMCTBE — ITyCKaTee.

IlyckaTenn 3jIeKTPOMAarHUTHBIH OOIIETTPOMBIIINICHHOTO HA3HAYCHUS — KOMMY-
TAllMOHHBIN AJIEKTPUUYECKUH anmapar, NpeHa3HauYeHHBIHN JJI MyCcKa, OCTAHOBKH U 3a-
HIUTHI TpeX(ha3HbIX ACUHHXPOHHBIX JICKTPOJABUTATENCH C KOPOTKO3aMKHYTHIM POTOPOM
HEIMOCPEACTBEHHBIM MOJAKIIOUCHUEM 0OMOTOK CTaTOpa K CETU U Pa3pbIBOM TOKA B HUX
0e3 MpeaBapuTeILHOTO BBOIA B IEIb JIOMOJTHUTEIBHBIX COMTPOTUBIICHHUH.

C y4eToM UCIONIB3YEMBIX Ha TPAKTUKE CXEM Ha JIEKTPOMArHUTHBIE MTyCKATEIIH
BO3JIararoT JIOTIOJTHUTEIbHBIC (DYHKITUU:

- peBepCUpOBAaHNE HANIPABJICHUS BPAIICHUS JIBUTATEIIS ITyTeM U3MEHEHUS TTOCIe-
JI0BaTENIbHOCTH TOJIKIIIOUeHUs (a3 ceTh K 0OMOTKaMm;

- I3MEHEHUE CXEMbI BKIIIOUeHHsI 0OMOTOK jiBuratesns Y/D;

- 3al[UTa ABUTATENS OT MEPETPY30K U MEPETPEBA, CHIKEHUSI COTPOTUBIIEHUS U30-
JSIUWAU U T.I1.

VYuursiBast TpeOOBaHUS K IMyCKATENIO, KaK 2JIEMEHTY CXEMbl aBTOMATHYECKOTO
yIpaBlIeHUs, Ha HET'O YaCTO BO3JIAraloT Psijl BCIOMOTATENbHBIX (QYHKITUN:

- BJIEKTPUYECKOE U MEXaHUYECKOe OJIOKUPOBAHUE BO3MOKHOCTH OJHOBPEMEHHOTO
BKJIIOYEHHUS KOHTAKTOPOB B PEBEPCUBHBIX CXEMaX;

- CO3/1aHMs LETIeH 111 MECTHOTO U AUCTAHIIMOHHOTO YIIPaBJIECHUS MyCKATEIEM;

- 3aIIUTa OT HEKETATEIBHBIX PEKUMOB PabOTHI,

- KOHTPOJIb U CUTHAJIU3AIMS O COCTOSHUU CUJIOBBIX LIETIEH U LENel yIpaBIICHHUS.

BrlinmyckaeMble MPOMBINIJIEHHOCTbE0 MAarHUTHBIE MTYCKATENU PACCUUTAHbI HA MIPHU-
MEHEHHE B Pa3HbIX KIIMMATHYECKUX MOSICaX, pa3MEIICHUE B PA3HBIX YCIOBHUSIX.

B cootBerctBumn ¢ 'OCT 2491-82 snexkTpoMarHuTHbIE MyCcKaTeIU MpeaHa3Hava-
10TCsl 1J1s1 paOoThl B Kareropuu npumenenuss AC-3 (mpsMoi myck 3JeKTpoABUTraTeNneil ¢

KOPOTKO3aMKHYTBIM POTOPOM, OTKJIFOUECHHE BPALAIOIIUXCA SIEKTPOABUTaTENeH) U



JOJKHBI JOMYCKaTh padoTy B kateropun npumeHenust AC-4 (Iyck, OTKJIIOYEHUE U
TOPMOKEHUE IPOTUBOBKIIFOYEHUEM DJIEKTPOJBUTATENEN ¢ KOPOTKO3AMKHYTBIM POTO-
pom).

KommyTarnmonHast ©3HOCOCTOMKOCTD aIlliapaToB B 3TUX KaTErOPUAX MMPOBEPSETCS B
YCIIOBUSIX, MOJIEJIUPYIOIIMX BKIOYEHNE U OTIIOUYEHHE ACUHXPOHHOIO JIBUTATENIS, COOT-
BETCTBYIOLIETO MO IMapaMeTPaM HOMUHAIbHBIM JaHHBIMITYCKATEIS, B PEXKUMAX, OIpe-
JEJEHHBIX KaTEropuen MpUMEHEHUS ITyCKaTENS.

Kak k 351eMeHTy cHCTEM aBTOMATHYECKOTO YIIPABIECHHUS K 3JIEKTPOMAarHuTHBIM
MyCKaTeJsIM NPEIbABISIOTCS BRICOKHE TpeOoBaHUs 1o U3HOcocToKoCcTH. IlyckaTenu
BBIMYCKAIOTCS B TPEX KJIaccaX KOMMYTAllMOHHON U3HOCOCTOMKOCTH (A, b u B).

[Tyckarenu rnmaBHbBIM 00pa3oM MpeaHa3HAYEeHbI ISl IPUMEHEHUS B CTAllMOHAPHBIX
YCTaHOBKaX JMCTAHIIMOHHOTO MTyCKa HEMOCPEACTBEHHBIM MOAKIIOUEHUEM K CETH, OCTa-
HOBKH U PEBEPCUPOBAHUA TpeX(Pa3HbIX ACHHXPOHHBIX JIEKTPOABUTATENEH C KOPOTKO-
3aMKHYTBIM POTOpOM Ipu HanpsikeHuu 110 380 u 660B nepeMeHHOTro TOKa 4acTOTOM
50T 1.

[Ipy HaMMYMU TENJIOBBIX PEJIE MyCKATENIH OCYIIECTBISIOT 3AIIUTY YIPaBIsSIEMbIX
ANEKTPOABUTATENEHN OT MEPErpy3Ku HEAOMYCTUMOM POIOIKUTENBHOCTH. [Tyckarenu ¢
OTPaHUYUTEISIMU TTePEHATPSHKEHUN MPUTOAHBI JIsl paOOThl B CUCTEMAaX YIPaBICHUS C
IPUMEHEHHEM MOIYITPOBOAHUKOBOUN TEXHUKH.

Kaaccupuxkaums:

[Tyckarenu kinaccupuIupyrOTCs To:

- BUYy CXEMBbI BKJIIFOUEHHUS HArpy3Ku (KaK MPaBUIIO 3JIEKTPOJIBUTATEINS) HEPEBEP-
CUBHBIN WM PEBEPCUBHBIN;

- 10 HOMAHAJIBHOMY HAIIPS)KEHUIO ITIaBHOM LIETIH;

- 110 KAaTETOPUU Pa3MEILECHUS;

- 110 HAJIMYUIO KHOIIOYHOT'O TI0CTA HAa KOPILYCE IIyCKATENA - KHOIOK «IIyCK» U
«ctom» (IT+C) Ha HEPEBEPCUBHBIX ITYCKATENSAX, MJIM KHOIIOK «IIyCK BIEPEN», «IIYCK Ha-
3a7» U «cTom» (TIC) peBepCUBHBIX IMyckaTensax. HekoTopeie Moaudukanuu myckare-
JIeW MpeayCMaTPUBAIOT HAJTMYKME HA KOPILyCE CUTHAJIBHOM JIAMIIBI «BKIIFOYEHOY;

- 110 HAJIMYHUIO JIOTIOIHUTEIBHBIX (CUTHABHBIX, OJJOKUPOBOYHBIX) KOHTAKTOB, MO-

T'YT OBITh 3aMBIKAIOIIUMU (3) WIN Pa3MbIKAIOIKUMHU (p) B Pa3HbIX KOMOMHAIUSX;



- 110 YUCY JIOMOJHUTEIbHBIE KOHTAKThI MOTYT OBITh BCTPOCHBI B IyCKaTEINb WU
M3TOTOBJIEHBI B BUAE OTACIBHOW MPUCTABKHU. YaCTh JOMOJIHUTEIBHBIX KOHTAKTOB MO-
KeT OBITh UCTIOJIb30BaHA B CXEME ITyCKaTesi, HallpuMep, B PEBEPCUBHOM ITyCcKaTee -
JUIS1 OCYIIECTBIIEHUSA - IO POJY TOKA U TIO HAIMPSHKEHUIO BTATUBAIONICH KATYIIKH - T1€-
PEMEHHOI0 TOKA Ha pa3IMYHbIC HAIPSKECHUS U3 CTAHAAPTHOTO psAa - O HAJMYHUIO TET-
JIOBOTO peJIe.

TenoBsie pelie XapaKkTepU3yIOTCS HOMUHATBHBIM TOKOM HecpaOaThIBaHUS HA
CpeaHel YyCTaHOBKE U, KaK MPaBUIIO, TOMYCKAIOT PETYIUPOBKY TOKA HeCpaOaThIBaHUS B
npenenax £15% oT HOMUHAJIBHOTO 3HAYEHMUSL.

[Tyckarenu MOTYT KOMILIEKTOBATHCA OTPAHUYUTENSIMU MIEPEHANIPSIKEHUM, pa3iny-
HBIMU YCTAHOBOYHBIMH U3JICTUSIMH U T.JI.

HopMupyemblie TeXHUYEeCKHE XapPAKTEPUCTHKH

K BaxxHEeHIIMM XapakTepUCTUKAM ITYCKATEJsl OTHOCSATCS:

- MakcuManbHO JOMYCTUMBINM TOK TJIaBHOM 1ienu B amnepax. Hopmupyercs nis
pexuma paboTtsl myckatens AC-1, AC-3 win AC-4 oTnenbHO JUIs KaKJI0ro U3 3Haue-
HUU HaNpsDKSHHS TJIABHOM IIeMH, T.€. pabouero HanpsoKeHUs MyCcKaTes;

- MakcumaabHO TOMYCTUMOE HampspbKeHue TiiaBHou nenu (B);

- Hanpsikenue nutanus BTaruBaromeit karymku (B). Moer ObITh BEIOpaHO U3
pana 24, 36,42, 110, 220, 380B nepemenHoro Toka. HekoTopsie TUIIBI MycKaTene us-
rOTaBJIMBAIOTCA C MATHUTHOM CUCTEMOM C MUTAaHWEM KATYIIKU YIPABJICHUS TTOCTOSIH-
HBIM TOKOM, IIPH 3TOM KX BKJIIOYAIOT B IIETTh IEPEMEHHOIO TOKA Y€pPE3 BHIMPSIMUTEIIb.

- KomMyTanmoHHast U3HOCOCTOMKOCTbh. MICUUCIAETCA B MUJUIMOHAX [IUKJIOB BKIIFO-
YCHUS-BBIKITIOUEHUS. [[71s1 onpeeneHuss KOMMYTaIlMOHHON M3HOCOCTOMKOCTH HE00XO-
JTIUMO 33J1aTh PEKUM paOOThI IMyCKaTes, HAMPSOKCHUE TJIABHOM IETH, TOK TJIABHOM IIeTTH
(MM MOITHOCTH YMPABJISIEMOTO JIBUTATENS) U, IO COOTBETCTBYIOIIEH HOMOIpaMMe,
MPUBEACHHON B TEXHUYECKOM ONMMCAHUM MyCKATENs, ONPEeIUTh TapaHTUPOBAHHOE
YUCJIO BKIIOUECHUI-OTKII0UEeHU|. [Ipyu 3TOM HEOOXOIUMO Y4ECTh, UTO PEXKUM PaOdOTHI
MycKaTeJsl YYUTHIBAET YACTOTY €ro BKIIOUCHUNH-OTKIIOUCHHUH B Yac.

- MakcuManbHO JOMYCTUMBIM TOK BCTIOMOTaTebHBIX KOHTAKTOB. Mcuncisercs B
aMriepax npu 3aJlaHHOM HaIpPsSYKEHUH Ha KOHTaKTaX.

 MomHoCTh, noTpediisieMas BTATUBAIOIIEH KaTyIKoOW (yKa3bIBaeTCs B BaTTaX)



[Tpu BBIOOpE MycKaTENs MIMPOKO MPUMEHSETCS TEPMUH «BEJIMUMHA TTyCKATEIS.
TepMHUH 3TOT YCIIOBHBIN U XapaKTEPU3YET JOIYCTUMBIA TOK KOHTAKTOB IVIaBHOU
uenu nmyckarens. [Ipu 3Tom nmoapazymMeBaeTcCs, YTO HANPSX)KEHUE TTIABHOM LEMU COCTaB-
nsiet 380B u myckarens paboTaet B pexume AC-3.
MaxkcuManbHbIN TOK TJIABHOUW LENU COCTABJISIET:
JUIs1 HYJIEBOW BEWYUHBI 6,3A
JJ1s1 IepBOM BenmnuuHbl 10A
JJIs1 BTOPOM BEJIMYUHBI 25A
IJ1s1 TpeTheil BenmuunHbl 40A
JUISl YETBEPTOU BETUYUHBI 63 A
Ui 1siToi BeanunHbl 100A
JUIS ecTOr BennunHbl 160A
JlonmyCTUMBIM TOK KOHTAKTOB IJIaBHOM MM OTIWYAETCS OT MPUBEACHHBIX BBIIIE B
3aBUCUMOCTH OT:
- kareropuu npumenenus - AC-1, AC-3 wiu AC-4: AC-1 - Harpy3ka myckatens
YUCTO AKTUBHAS WJIU MaJi0 UHIAYKTHUBHAS;
AC-3 - pexuM IpsIMOTro MycKa JABUTaTessi ¢ KOPOTKO3aMKHYTBIM POTOPOM,
OTKJIIOYEHHE BPAIIAKOUIUXCS 3JIEKTPOABUTATENIEH;
AC-4 - mycK 3JE€KTpOJBUTaTENS C KOPOTKO3aMKHYTBHIM POTOPOM, OTKIIFOUECHHE
HEMOABUKHBIX WM MEIJICHHO BPAIlAlOUIMXCS SJIEKTPOABUTATENEH, TOPMO-
KEeHHEe MPOTUBOTOKOM. C yBEIMUEHUEM HOMEpA KaTErOpUu MPUMEHEHUS 10~
IIyCTUMBII TOK KOHTAKTOB IJIaBHOM LIENH, IPY PABHBIX MTapaMeTpax Mo KOM-
MYTallMOHHON M3HOCOCTOMKOCTH, YMEHBIIAETCS;
- HAIIPSDKEHUS HA KOHTAKTax rJ1aBHOM nenu. [Ipu yBennueHun HanpsipKeHus 10-
IYCTUMBIN TOK KOHTAKTOB I1a/1a€T.
JIns HEKOTOPBIX TUIOB ITyCKAaTENIEH BEJIMUYMHA ITyCKATENS YKa3bIBAC€TCs IIPU Ha-

MPSKEHUN TIaBHBIX KOHTAKTOB, OTIIMYHOM OT 380B.



KoHe4Hble BhIKJIIOUYATEIN

DJIEKTPOKOHTAKTHBIE JATYUKH ¢ MEXAHNYECKUM BO3/eiiCTBUEM MTPUMEHSIOTCS
B CHCTEMaX IOCJEI0BATEILHOIO YIPABICHUS, KOI/1a KOMaHa Ha paboTy NOCIEqyIOIl e-
ro 3B€Ha aBTOMaTU3MPOBAHHOTO 000PYyIOBaHUS J1aeTcsl IMOO B CEpeMHE, TMO0 B KOHIIE
paboThl (MepeMeNieHus) NPeIbIAYIIero 3BeHa, HaIpuMep MITOKAa MHEBMOILWINHApPa. B
CUJIy ATOro, TaKUe JaTUYMKHU IMOJTy4YaloT Ha3BaHWE MYyTEBBIX  JATYMKOB  WJIM KOHEY-
HBIX BBIKJIFOYATEJIEH.

Oun MOT'yT OBITH nmoApasacJICHbl Ha KHOIMOYHBIC WJIN PbIYa’KHBIC.

J171s1 TO3UIIMOHUPOBAHUS PAOOUYUX OPTraHOB C TOYHOCTHIO L
N, A 3
0,3...0,7 MM TpPUMEHSIIOTCSI MOMEHTHBIC KOHEUHBIE BBIKJIIOYA- \ »
Teau (MUKPOINEPEKIIOYaTeNH), padoTaloNe B PEKUME Tepe- s s
kitouarens. HemonprkHbie KOHTAKTH 2 U 3 YKPEIUICHBI B IJIa- , ) ‘*%'
CTMAcCcoOBOM Kopryce 4 ¢ OTBEPCTUSAMH IJs 3aKpEIUICHUS Ha l > T

TCXHOJIOTHYCCKOM O60py210BaHI/II/I, PaCIOJIOKCHHBIMU JPYyI' OT

e

Ipyra Ha paccTosiHUM 25 MM. [ToABMKHBIN KOHTAKT 5 YKpEIUICH

: ooy

Ha KOHIIE PAacIOpHOM NPYKUHBI, COCTOSIIIEN U3 IUIOCKOM 7 W
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durypHnori 6 uacrteir. Ilpu BozaeiicTBUM pabodero opraHa Ha

H

7
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mToK 1 IMPOUCXOAUT IIG(l)OpMaIII/I}I MPY>XHUHbBI 1 U3MCHACTCA HaA-

MpaBJICHUE CUJI, ICUCTBYIOIIMX HA PACIOPHYIO MPYXUHY, B pe-
3yJIbTAaTe Yero KOHTAKT 5 nepedpachIiBaeTCsl B HIDKHEE TIOJIOXKE-
aue 3a Bpems 0,01...0,02 ¢, obecrieunBas TeM cCaMbIM HaJIC)KHYIO
KOMMYTAIIMIO 3JICKTPUUECKUX Ieneil. Xo mToka 1 cocraBiseT
JECATHIC T0JIM MIJUIUMETPA.

MukpornepekntoyaTenb 1, 3aKperieHHbId B KopIiyce 3 sB-

JII€TCS OCHOBOW KOHCTPYKUMW KaK KHOIIOYHBIX, TAK M pPbIYaXkK-

HBIX MYTEBbIX NaTYUKOB. CBSI3b MPUBOJHOIO IITOKAa MHKPOIE-
pEKJIIoYaTeNsl OCYWUIECTBISIETCA 4Yepe3 IUTOK 2, HMEKIIUA B CBOEM COCTaBe
HAOHHYI0 NPYXUHY CXKaTHs, NPEIOXPAHSIOUIYI0O MUKPONEPEKIIOYATENb OT MOJIOMKHU

[IPY YPE3MEPHBIX YITIOBBIX NEPEMEIIEHUSX PIYAroB.



PbryakHble MyTeBbI€ TATYUKH C JIOMAIOLIUMCS pbl4aroM cpadaThIBAIOT TOJBKO MPU
Ha)XaTUM B OJHOM HampasiieHuu. [Ipu nepemenienun pabodero opraHa crpaBa Hajl€BO
€ro BO3JEHCTBHE HA POJIUK | MPUBOAUT K NOBOPOTY phluara 2 MpOTUB YACOBOW CTPEIIKU
BOKpyT ocu O, B pe3yJbTaTe 4ero NOANpPYKUHEHHBIM poiuk 11 mepemecTuTcs no nojke
10 kauvaromerocs pslyara ¢ IMOABMKHBIMA KOHTaKTaMu 7 U 8 U U3MEHUT HANpPABICHUE
JNEUCTBUS CUJIbI, CO3/1aBAEMOM MPYKUHOW 12, MO OTHOILICHUIO K OCU KayaHUs pblyara.
IToBOpOT ppIUara ¢ NOABUKHBIMU KOHTAKTaMH BOKPYT ocu O MPOU30MIET JHIIb MOCIIE
TOr0, KaK MPUBOJHOM pblyar 2 MepeMecTUTCS Ha HECKOJIbKO OOJIBIIYIO BEIHMUYUHY U OT-
BeZieT cobauky 5 or nosiku 10 kavaromierocs: psryara. OcBOOOJUBIIMICS phlYar Mo/
JEUCTBUEM TPYKHUHBI 12 OBICTPO MOBEPHETCS, PA30MKHET KOHTAKTHI 6 M 7 M 3aMKHET
KOHTaKkThl 8 U 9, a Taxxke 3apukcupyercs Apyroi codaukoi. Ilocne cHsATHS ycunus,
IPWIOKEHHOIO K pOJuKYy 1, ppryar 2 moa AelCTBUEM NPYKHUHBI 4 BO3BpaIlaeTCs B UC-
XOJTHOE TOJIOKEHUE U TMPOUCXOIUT OOpaTHOE NepeMeleHrue KOHTakToB. KosblieBbie
NpyXUHBI 3, BBEJCHHBIE B COCTaB phluara 2, o0ecreynuBaloT KOMIIEHcalno nepedera
pabouero opraHa, BO3JI€MCTBYIOIIETO Ha POJNMK 1, a MU JBMKEHUU paboyero opraHa
CJIeBa HAIpaBO 0OECIEUUBAIOT «IOMKY» pbluara, CoCOOCTBYIOLIYI0 CBOOOJHOMY €ro
nepeMelieHnIo (Bo3BpaTy) 06e3 cpabaTbIBaHUS AaTYUKA.

CB@,II@HI/IH 00 YPOBHC HABJICHUA NAIOT AIlllapaThbl, HA3bIBAC-

Mble peJie JaBjieHuss. OHY HAIUH IMPOKOE PHUMEHEHHE H3-3a 3.[ J
CBOEW TPOCTOTHI M BO3MOXKHOCTHM aBTOMATH3HPOBATh PalbOTy

TUIPOITHEBMOIIPUBO/IA. -
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K TOMY pa60quy KaHaJTy THAPOCUCTEMBI, O JABJICHUU B KOTOPOM HEO0OXOIMMO MOJTY4UTh UH-

BxonHoe otBepctre A B KOopmyce 7 pelie MoAcoeauHsieTcs: 7

dopmarmro. Ecu naBnenne pabodeit ®KUIAKOCTH JOCTUTaeT YpPOBHS, HACTPOCHHOTO ITyTEM
W3MEHEHUS HaTsra MPYKUHBI 5, TO OHO, BO3NIEHCTBYS uepe3 MeMOpaHy Ha MOPIIEHb 2, CO3-
JIaeT CUTy, MOBOPAaYMBAIOILytO pbryar S. [Ipu 3ToOM NpoucXOANT 3aMbIKaHUE (MU Pa3MbIKa-
HUE) IEKTPUUECKUX KOHTAKTOB B KOHTAKTHOM TpyIIie 4, U MOSBISETCS ANEKTPUUECKUI CUT-
HaJl O TOM, YTO JIaBJICHUE B 3TOM KaHajie JOCTHUIJIO HE0OXOAMMOro ypoBHs. [losBuBIIMICS
CUTHAJI TOJIAETCSl B CUCTEMY YIIPABJIEHUS ISl TTOJKIIFOUEHUS APYTUX THAPABINYECKUX YCT-
PONCTB WJIM aIapaToB WM OCYLIECTBIECHUS IPYTUX JEUCTBUNA THIPOCUCTEMBI. AHAIOTUYHO

pa60Ta10T " PCIIC AaBJICHUS ITHEBMATHYCCKHUX CUCTCM.



Nmerores pene napnenust nuddepeHmanisHOoro Tumna, Ko- ! 2

TOpbIEe CpadaThIBAIOT NPU JOCTHKEHUU HEOOXOIUMOM pa3HOCTH

JABJIEHUN B IBYX KaKUX-TNOO KaHanax npusoaa. K orBepcTuioA - . 3

B KOpPITyCC "7 NOACOCANHSCTCS KaHAI C HU3KUM JAaBJIICHHUECM, a4 K OT-

BepcTUiO b KkaHam ¢ BBICOKMM JaBjieHHeM. TakuMm oOpa3om, Ha 4

nopIeHs 6 eficTByeT AaBieHue cBepXy U cHuzy. [Ipu noctike-

HHMU 3a[JaHHON Pa3HOCTH ATUX JABJICHUM CO3JaeTcs CHUJA, 10CTa- 6
A

TOYHAs Uil TPEoJoJieHUs cuibl mnpyxuHbl 5. Torma me- 7 .

peMeIIeHre MOPILHSA BBEpX MeperaeTcss Ha WTU(T MHUKporiepe- WA %

KJTro4arenist 4, CBSI3aHHOTO C MpYy)XWHaMU 1 ¥ 3, U TEM caMbIM OCYITIECTBIISICTCS] 3aMbIKAaHHUE
WIA pa3MbIKaHUE KOHTAKTOB. Pa3HOCTH NaBiieHUs, MPU KOTOPOW cpabaThiBaeT pesie, Ha-
CTpauBaeTCsl KI3MEHEHUEM HATSIra MPYKUHbBI 3 BUHTOM 2.

JJIEKTPOKOHTAKTHBIE JATYMKHA C MATHUTHBIM BO3/1eiiCTBMEM TIPUMEHSIOTCSA B
AJIEKTPOMHEBMATUUECKUX CHUCTEMaX MOCJIEAOBATEIBHOTO YMPAaBICHUS B TE€X CIydasx,
KOT/1a HE0OX0IMMO M30eKaTh MPSIMOT0 MEXaHUYECKOTO BO3CHCTBHS UCIIOTHUTEIBHBIX
OpraHOB TEXHOJIOTMUYECKOr0 O0OPYIOBaHUS HAa WX YYBCTBUTENIbHBbIE 3JIeMEHTHl. OHH

MOT'YT BBITIOJTHATH (1)YHKLII/II/I KaK ITYTCBBIX OATYUKOB, TdK 1 KOHCUYHBIX BBIKJIFOUATEIICH.

JlaT4uK COCTOUT M3 Pa3beMHOI0 Kopmyca 2, BHYTPH KO-
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OaTbiBaHMs (BKJIIOYEHHS) B BUIC JKEJITOrO CBETOAMOMAA 3, 3a- S

=
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TOPOTO pa3MeIleHbl TepKoH 4 U mata 1 ¢ HHAUKATOpOM cpa-

JUThIE UCKYCCTBEHHOW cMoJioi. ['epkoH mpesacTaBiseT coOONW TepMETHYHBIN KOHTAKT,
MOMENIEHHBIN B CTEKJISTHBIN OaJJIOH, 3alIOJTHCHHBI HHEPTHBIM I'a30M.
Ha pucynke npencraBieHbl CXeMbl YIIPaBICHUS T€PKOHAMH, BXOISIIMMH B COCTAB

IIYTCBBIX JATYHUKOB.
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B cxeme a) Ha mepememaromnieiics 1etany 5 ycTpoicTBa yCTaHABIMBAETCS MOCTO-
SHHBIA MarHut. [Ipu noaxoae k repkoHy 3 mOTOK @ OT MOCTOAHHOTO MarHUTa 3aMbIKa-
eTcs uepe3 heppOMarHUTHbBIC IIACTUHBI 1 1 4, B pe3yJIbTaTe Yero 3aMbIKAIOTCSI KOHTaK-
Thl 2 TEPKOHA 32 CYET MAarHUTHOTO NpUTsKEHUA. Koraa mocTOSHHBIM MAarHUT OTXOJUT
OT FepKOHA, MArHUTHBIA MOTOK HMCYE3A€T, U KOHTAKTHI 2 PacXOIATCs IMOJ JIEUCTBUEM
YOPYTUX CUII TUIOCKUX KOHTAKTHBIX NIPYXUH 1 u 4.

VYopaBieHue repkoHaMu MOKET OCYIIECTBIISTHCS 32 CUET MEepeMelleHus Gpeppo-
MAarHuTHOTO 3KpaHa. ['épkoH cpabaThiBaeT MpH YAJICHUU dKpaHa O, paHee IIyHTH-
PYIOIIETO MarHUTHBIN MOTOK, OT MOCTOSIHHOI'O MarHuTta, T.K. MarHuTHbIA OTOK @ cra-
HOBUTCSI MEHBIIIE MAarHUTHOT'O TOTOKA D5,

Ha puc. B) repkon cpabarbiBaeT Npu NPUOIMKEHUN K TTOCTOSIHHBIM MarHuTaMm K-
paHa BCIIEJCTBUE BO3pACTaHUSI MAarHUTHOrO MoToka d, KOTOPHIM 3aMBIKAETCS HE Yepes
BO3/IyX, MarHUTHasi MPOBOJMMOCTh KOTOPOTO MEHBIIIE MAarHUTHOW MPOBOJAMMOCTH Me€-
Taja, a yepe3 peppoMarHUTHBIN SKpaH.

Ha puc. r) repkon cpabaTbIBaeT npH yJajdeHUU IKpaHa U3 3a30pa MEKy Tr€pKOHOM
U MOCTOSIHHBIM MarHUTOM BCJIEJICTBHE TOT'O, YTO BECh MATHUTHBIN MOTOK, CO3JaBAEMBbI
MOCTOSIHHBIM MAarHuTOM, OYJEeT 3aMbIKaThCS 4Yepe3 KOHTAKTHBIE TUIACTUHBI TE€pPKOHA,
co3/aBasi COOTBETCTBYIOIIIEE YCHIINE CpabaThIBAaHUS.

[IpuMepoM MpPakTUYECKOTO HUCMOJIb30BAHUS TAKUX AJIEKTPOKOHTAKTHBIX JATUUKOB
B KQUeCTBE KOHIIEBBIX BBIKJIFOYATEJIEH MOKET CIIYKHTh UX YCTAaHOBKA Ha TMJIb3€ Mar-

HUTHOTO [UJIUHIPA.

MakcumanbHast CKOPOCTh Vi, 3aBUCUT OT ITyTH CpabaThIBaHUS T1e-

PECMCIICHUA S COOTBCTCTBYIOIIMX THUIIOB ITHCBMOLIMJIIMHAPOB, d@ TAKIKC OT

BPEMEHM CpabdaThIBaHUSI MOJKIIOYEHHBIX K JaTYUKY A1emMeHToB (H —

TUCTEPE3HUC).

JlaTauku MOTyT OBITH 2-X U 3-X NPOBOAHBIMH.

OCHOBHBIMH XapaKTEPUCTUKAMU TE€PKOHOB SIBISIIOTCS MaKCUMallbHasi KOMMYTH-
pyemasi MoutHocTh (Pmax = 0,3...80 BT); MakcuManbHbIii KOMMYTUpYeMbIi TOK (IMax =
0,01...3 A); makcumanbHOoe KoMMyTUpyemoe Hampsikenue (Umax = 30...250 B). Uno-

r1a 3TY JaHHbIE TPUBOJATCS B BUie rpadguka 3¢pdexruBHou Harpy3ku. Kpome toro k



OCHOBHBIM TapaMeTpaM OTHOCSTCS MaKCUMallbHOE BpeMs cpabarbiBaHusi (tcpad =
1...10 mc) u makcumanbHOe Bpemst otnyckanus (tortn = 0,3...8 mc).

[TapameTpbl KOMMYTUPYEMBIX LIETIEH MPUBOJATCS JUIsl YACTO aKTUBHOM HArpy3KHu.
[Ipu cmemanHoi Harpy3ke RL koMMyTannoHHas ciOCOOHOCTh FepKOHA YXYIIIAETCS U
JIOJIKHA OrOBApUBATHCS 3aBOJAOM-M3TOTOBUTENEM JIsl JAHHOTO 3HAYEHUS! MOCTOSHHOMN
BpeMeHu Harpy3ku T=L/R. Eciiu 3a1anbl mapamMeTpsl TOJIBKO JUIsi aKTUBHOW HArpy3KH, a
[[eTlh UMEET CMEIIaHHBIN XapakTep, TO Uil o0JerdeHus paboThl (YCTpaHEHHS IPO3UU

KOHTAKTa FCpKOHa) CJICI[yeT HpI/IMeHHTB 3alIIUTHBIC CXCMBEI. *0C
U Ry[JRubn

_o_/
poM R,. Ilpu pa3mMblkaHHK KOHTaKTa TOK MPOTEKAET Yepe3 PE3UCTOP 40—

Hanpumep, narpyska Ry, Ly MOxkeT ObITh IIYHTHpPOBAaHA PE3UCTO-

Rm ¥ BCS DJIEKTPOMAarHMTHAs SHEPTHSI IEPEXOIUT B TEIVIOBYIO, Beie- U VDB

JEIEMYI0 B COIMMPOTHUBJIICHHUH HAI'PY3KH RH H PE3UCTOPC Rm Hanuuue

PE3UCTOPa Rm YBCIMYINBACT TOKOBYIO HAT'PY3KY KOHTAKTOB, UYTO ABJISA-

€TCA HEAOCTATKOM CXCMBEI.

Ot sToro HEOOCTAaTKa CBO60)1Ha CX€Ma C HCIIOJIB30BAaHUECM AHO-

= N U Ryl

na. B aToi cxeMe KOHTaKThI Harpyxarrcsi Toiabko Tokom U/Ry u 00-

patHbiM TokoM auozna VD. Ilpu BkmroueHun uenu uyepes auof VD mpoTekaeT TOJIbKO
HeOombII0N 00paTHBIN TOK. [Ipy OTKIIOUEHUH MOTOK B MAarHUTHOM L€ HArpy3KHU Ha-
YMHAeT cnajarh U Ha Hell mosBisercs DJ{C caMOMHIYKIIMU € MOJISPHOCTHIO, 0003HA-
yeHHOU B ckoOkax. Jlyist aToit nmonsipHocTy auoa VD OTKpBIT U 3akopadynBaeT Harpys3Ky.
Bces anexTpomMarauTHas SHEPrusl Harpy3Ku BBIAESAETCS B CONPOTUBICHUU Ry 1 npsiMom
CONPOTUBIICHUH JIHOJIA.

Konrtaktr moxer ObITh myHtupoBan nenoukoi R,C. Hammume xonmencatopa C
CHUKAET CKOPOCTh HApACTAHUS HANPSHKEHUS HAa KOHTAKTaX, 4To 00JeryaeTr mpouece oT-
KiroyeHus. 1Ipu 3aMbIkaHMM e BO3MOXKHA CUJIbHAs DJIEKTPUYECKAS 3pO3US 3a CYET
paspsia KoHjaeHcaropa. s orpaHiueHus TOKa pa3psia CiIyKUT pe3uctop R,,.

BecbMma 3 (peKTUBHBIMU I CHUIKEHHSI TIEPEHAIPSKEHUS ABIISIIOTCS BAPUCTOPHI,
TOK YT€UKH KOTOPBIX BO3PACTAET JUIIb MPU MPEBBIIIEHUH HOMUHAJIBHOTO HAMPSKEHMUS.
OHU NPUTOIHBI 7151 CXEM C TTOCTOSIHHBIM U IEPEMEHHBIM HAIPSKEHUEM.

NuaykTHBHBIE TaTYUKH CUTHAIOB (KOMaH[) MO3BOJSIOT OECKOHTAKTHO PErUCT-

pPHUPOBATH (I)YHKL[I/IOHELHBHBIC ABHIKCHHA HCIIOJIHUTCIBHBIX OPraHOB TCXHOJIOTMYCCKOI'O



000py/1I0BaHUsT WM OOBEKTOB MPOU3BOJCTBA, BHI-
MOJIHEHHBIX W3 MarHUTHBIX MaTtepuanoB. JlaTuuk

CKOHCTPYUPOBAH II0 NPHUHIUIIY TPEXIPOBOIHOIO

MEePEKIIIoYATeNs] TMOCTOSSHHOTO HAIpPSDKEHUsI ¢ OT-
JeIbHBIM KOHTYPOM ISl HanpspKeHus nutanus. [lepeMenHoe marautHoe mosie 1 co3na-
€TCsl KaTyImKON 2 ¢ PeppUTOBBIM MONTYCPEPUUECKUM CEPACUYHUKOM, YCTAHOBJICHHOUN B
Pe3b00BOM METAIIIMYECKOM Kopryce 6 ¢ MOMONIbIO 3alMTHOrO 3KpaHa 3. IIpeobpaso-
BaTelb 5 BBIMOJHEH MO THOPUIHON MHTETpAIbHOM CXeMe U U30JIMPOBaH OT KOopIlyca Ka-
poHOBOM TUIeHKON 4. CBETOBOW MHAMKATOpP cpadaTbiBaHMs (CBETOAHMOM) 8 U MpPHCOE-
JTUHUTENbHBIN Kabenb 9 ycTaHOBJIEHBI B KpbIlike 7. JIJisi repMeTr3aluu nojaocTh JaT4u-
Ka 3aIoJIHEHA CIIeUAIbHBIM KOMTIAYHIOM.

KpuBsie cpabaTeiBaHMsI JaTyuKa PACTONOKEHBI KPYraMu
HaJ| aKTUBHOM (paboyeil) MOBEPXHOCTHIO IaTUYUKA B 30HE JICH-

CTBHUA BBICOKOYACTOTHOI'O ICPCMCHHOI'O MAIrHUTHOI'O ITOJIA 3,

CO3J1aBAEMOT0 KaTYyIIKON 2, pa3MenIeHHON B Kopmyce 1 nmat-
yuka. OHU COCTOAT M3 KPUBBIX BKIKOYEHUS 4 U BBIKIIOUEHHUS 5, pa3HOCTh MEXKIY KOTO-
pPBIMH €CTh THCTEPE3UC, OTHECEHHBIH K BXOJHOMY CUTHany natduka. CpaOaTbiBaHUE
IPOUCXOJIUT MIPH BBEJEHUHU B aKTUBHOE MPOCTPAHCTBO 00bEKTA N3MEpEHus 6.

KoMMmyTaumoHHbIM paccToOsiHMEM Sy Ha3bIBA€TCS PACCTOSHUE, HA KOTOPOM H3-
MepuTeIbHas TiacTiHa U3 ctanu ST37 (anamor — crank 35), npuOmmKaromascs K pa-
Ooueii MOBEPXHOCTH JaTUMKa quamMeTpoM d, BhI3bIBACT H3MEHCHHME BBIXOIHOTO CUT'HAJIA.
N3meputenpHas cranpHas IJIacTHHA UMeeT GopMy KBajpaTa CO CTOPOHOW m, paBHOM
auametpy d pabGoueil MOBEpXHOCTH naTdwka. ToimuHa TuiacTuHbl — 1 M. Tlpu BbI-
MOJIHEHUU U3MEPUTENhHON TUTACTUHBI U3 IPYTHUX METAUIOB paboyre KOMMYTAIIMOHHbBIE
paccTosiHusg OyAyT OTJIMYATHCS.

NHayKTUBHBIE TaTYUKA MOTYT OBITh YCTAHOBIICHBI B METAJUTMYECKUX JEPrKaTeIsIX
WIN JETAIIX TEXHOJOTHYEeCKOoro obopynoBanusa. [lpu mocienoBaTeIbHOM MOHTaXKE
MEXJIy HUMU CIIeZyeT COOJIF0IaTh pacCTosTHUE, paBHOe nuameTpy dmatumka. [Ipu mMoH-
Take B TIOJIOCTH METAJUIMYECKOTO JIEPKATENS WIH JASTaId TEXHOJIOTHIECKOTO 000pYy10-

BaHUS CIieJyeT BBICPKUBATh pa3Mep CBOOOIHOM 30HBI B mpeenax 3...5 Sn.
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OHTOE)JIGKTpOHHBIe AaTUUKKU COCTOAT M3 ABYX OCHOBHBIX Y3JIOB: IIEPCAATUMKA U

npuemHuka. Ilepenatunk 1 mpueMHUK MOMEIIAIOTCA OO B OJIMH KOPIIyC (OTpa)aro-

Y€ 30HABI U OTPAKAIOIIUE CBETOBBIE
3aTBOPBI) WM OHU Pa3MENIAloTCs B OT-
JeIbHBIX Kopmycax (OJHOCTOPOHHHUE
CBETOBBIC 3aTBOPHI).

B 6JIOK'CX€My 30HAa BXOOAT HCTOYHHUK

IMOCTOAHHOI'O HAIIPAXKCHUA 9 BeaU4YUHOM

OPUEMHHUK 3 HU3Iy4YeHUud, npeaycunurens 4, ' 2

CyMMATOp 5, UMITYJILCHO-YPOBHEBBIN MpeoOpazoBarenb 6, MHIUKATOPHBINA CBETOAUO 7

Y BBIXOJHOM AJIEMEHT 8 C 3allUTHOM MPOBOAKON. BBIXOJHOI 3JIEMEHT MOXKET BBINOJI-

HATDb Q)YHKIII/II/I 3aMBbIKarOIICro, pasMbIKaOIICTO UIH IICPCKIIOYAIOMCTIO KOHTAKTA:
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Ha puc. npuBefeHbl TUMIUYHBIE KPUBBIE MMyCKa U BBIKJIIO-
YEHUs1 C Yy4eTOM Tructepesuca. ['ucrepesnuc HaXoauTcs Ha oce-
BOM IIyCKOBOM HampaBieHuu Hike Ha 20% HOMUHAIbHOU
JaNbHOCTU BKItoueHUst Sy . CIUIONIHBIE TUHUU COOTBETCTBYIOT
COCTOSIHUIO BKJIFOUEHMS JAaTYMKa, MYHKTUPHBIE — BBIKIIIOYE-

HHIO.

mm 10 5

10 mm

OHTOBHGKT}’)OHHBIG AaTYUKHU MOI'YT OBITH BBINIOJIHEHBI C MUIMHAPUYCCKHUMHU HIINU

MMpAMOYTOJIBHBIMH KOPIITYCaAMH U UMCTb KaOeJIbHOE WJTH ITCKKCPHOC IMOAKIIIOYCHHC.



DJIEKTPUYECKHE U YJIEKTPOHHbIEC MOAYJIH YIIPABJICHUA

Pene — ycTpoiuctBo, pearupyromiee noja BO3ACMCTBUEM IEKTPUUECKOTO TOKA, AaB-
JIEHUS KUAKOCTH WJIM Ta3a, TEMIIEPATYphl U Ap. 3aMbIKAHUEM WJIM PA3MBIKAHUEM CBOHX
KOHTAaKTOB.

Pene knaccuduumpyrorcs no paznauyHbIM npusHakaM. [lo npuHuuny aeicTBus pe-
JIe TOJIpa3JeNsIOTCs Ha 3IEKTPUUYECKUE, (3JIEKTPOMArHuTHbIE, 3JIEKTPOHHbIE, MATHUTO-
ANEKTPUUYECKUE, DIEKTPOJIUHAMUYECKUE, NHIYKIIMOHHBIE, AIEKTPOTEPMUYECKHUE U CIIE-

I_[I/IaJIBHBIe), TCIUIOBBIC, ONITUYCCKHUC, MCXAHUYCCKHUC, IMTHCBMATHYCCKUC U aAKYCTHUYC-

CKHC.
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10 HA3HAYCHHIO — YIIPABJICHU:A, 3allIUTBI 1 CUT'HAJIN3all1H;
10 IPUHIOUITY I[eﬁCTBHH — OJICKTPOMCXAaHHYCCKHC (BHCKTPOMaFHI/ITHI)Ie HEU-

TpaJIbHbIE W TMOJSPU30BAHHBIE, MAarHUTORJEKTPUUECKUE, SJIEKTPOAUHAMHUYECKUE, HH-
TYKITUOHHBIE, IJIEKTPOTEPMUYECKUE), MAaTHUTHbIE OECKOHTAKTHBIC, dJIEKTPOHHBIC, (HO-
TORJICKTPOHHbBIE, HWOHHBIE;

[0 PETUCTPUPYEMOI BETMUNHE — AJIEKTpUUECKUE (TOKa, HAMPSKEHUS, MOILIHOCTH,
COTIPOTHBIICHUS, YaCTOTHI, KOA(DPHUIIMEHTAa MOIIHOCTH), MEXaHUYECKHUE (CUJIBI, JaBJIe-
HUS, CKOPOCTH, EpEMELIEHUS, YPOBHS, 00beMa U Ap.), TEIJIOBbIE (TeMIepaTypbl, KOJIU-

YeCcTBa TEIJia), ONTUYECKUE, aKyCTUYeCKue, (PU3NYECKUX BEJIMYMH (BPEMEHH, BSI3KOCTH

v J1p.);



[0 MOIIHOCTH ymOpaBieHUss — MajioMolHble P <IBt, cpenneii momuoctu P=1-
10BT, momnsie P, >10 BT;

10 BpeMeHHU cpabaTbiBaHUsl — Oe3blHEpUUOHHBIE t; < 1 Mc, ObICTpoAeicTBYIOIINE
tep= 1-50 mc, 3amennennsie to = 0,15-1 ¢, pene Bpemenu t; > 1 c.

Haubonee pacnipocTpaHeHHBIMU ABIISIIOTCS dJIEKTpoMarHuTHele pene. [lo poay uc-
IIOJIB3YEMOI'0 TOKA OHM JIEJIATCS HA PEJE NOCMOSAHHO20 N hepemenno20 moka. Pene no-
CTOSIHHOTO TOKa MOAPA3ACIAIOTCS Ha HeumpanvHble U noasapuzoeantvle. HelTpanbHbie
pesie OAMHAKOBO PEearupyroT Ha MOCTOSHHBIA TOK 000MX HANpaBIICHUN, MPOTEKAIOLUN
o ero oOMOTKe (T.€. MOJIOKEHUE SIKOPS HE 3aBUCUT OT HAMPAaBIICHUS TOKa B OOMOTKE),

NOJIIPU30BAHHOE peJie pearupyer Ha MOJSPHOCTD. A

[IpuHIMO neicTBUS pene: MpH Mojade TOKa B OOMOTKY CO-

30aCTCA MarHuTHBIN IIOTOK, KOTOpBIﬁ, IMpoXoada 4UCpe3 CCPACUHUK,
SKOPb U BOB]IYHIHBIﬁ 3430p, CO31aCT MAIrHUTHOC YCUIIHMC, IPUTAT U-
Baromiecc SAKOpb K CCPACUYHUKY. HpI/I 9TOM AKOpPb 3aMBIKACT HIJIA

Pa3MBIKACT KOHTAKTbI ynpaBJISICMOI;’I OCIIN. HpI/I BBIKJIFOYCHUH TOKaA

SAKOPb IIOA I[GﬁCTBI/IGM IMPY>XHUHBI BO3BPAIIACTCA B HCXOOHOC II0- 1 - cepaeyHuk;
2 - KaTyLKa; 3 — AKOpb;

JIOKCHHUC 4 - HeNnoABWXKHbIE KOHTaKTbI;
5 - noaBUKHbIE KOHTaKTbI;

DJIeKTpoTepMUYecKHe peJie (TeMIlepaTypHble MpeoOpa3oBaTesii) OCHOBaHbI Ha
U3MEHEHHH 00BEMOB TBEP/IbIX, KUJIKUX U Ta3000pa3HbIX TEJ MPU U3MEHEHHH TeMIIepa-

Typbl. MeXaHNYECKOE NEPEMEILIEHUE, BBI3BAHHOE HAIPEBAHUEM TEN, PUBOIAUT K 3aMbl-

KAHUIO WM Pa3MBIKAHUIO KOHTAKTOB YIIPABJIAEMOM IICIIH. b) JNaryrs
— - |
[I1pokoe pacnpoCTpaHEHHE B CXEMaX aBTOMATUKU I10- Yihisap N> L I
{ o

TYYUIU OumMemaniuyeckue meniogvle peie. [lpuHun ux pa-

o

0OTHI OCHOBAaH Ha TEIIOBOM ,Z[GI>'ICTBPIPI QJICKTPUICCKOI'O TO- —

CX

IIYCKATCJIX AJI1 aBTOMATHYCCKOI'O OTKIFOYCHUA BHGKTpO,Z[BHFaTeJIeﬁ [Ipu ICPErpy3Kax

Ka. OTH PCiIC IPUMCHAIOTCA I'NIaBHBIM O6p330M B MAaIrHUTHBIX

(TeruioBas 3alIuTa), a TAKXKe Kak pese BpeMeHH. OCHOBHOM 4acThIO penie siBIsieTcs Ou-
METAJUTMYECKasl IJIaCTUHA, KOTOpas COCTOMT M3 JABYX CKpPEIUICHHBIX (CBapKOW WIU
CIaiikoi) TOJIOC U3 METAJIJIOB, UMEIOUX pa3HbIe TeMIEepaTypHble KO (HUIIMESHTHI TETI-

JIOBOTO pacUIMpEHUs, HAPUMED, JIATYHU U UHBapa (CIUIaB CTAJIM C HUKEJIEM), Y KOTO-



pBIX ouH K03(puuueHt Oonbie apyroro noutu B 20 pa3. Takas nmonoca nmpu Harpese
nporudaercsi B CTOPOHY METa/la ¢ MEHBIIUM KOA(DPUIIMEHTOM TEIJIOBOTO pacIiupe-
HUS, IPUYEM MTPOrUO HA KOHIIE MOKET JIOCTUTaTh HECKOIBKUX MUJUTUMETPOB. TeniaoBoe
pene ¢ OMMeTaNIMYecKOW MIACTUHKOW 00J1alaeT 3HaYUTENIbHOW HHEpLUEn Mpu cpada-
TeiBaHUU. [l03TOMY Takoe pesie MOXKET ObIThb MCIIOJIb30BAHO KAK peje BPEMEHU C BbI-
JEP’KKOW BPEMEHHU OT HECKOJIBKUX CEKYH]I 10 HECKOJIbKUX MUHYT.

MaruuTHbIH NyCKaTeIb IIPEACTaBIIS-

€T cOOOH KOHTAKTOp, PAcHOJOXKEHHBIM Ha I

Mmancjin wWin B MCTANIMYCCKOM KOXKYXC

[
|
|
[
BMECTE C TEIUIOBBIM penie (uiau 0e3 Hero), :
i

KOTOpBIﬁ ONpeaAHA3HAYCH OJIA KOMMYTAllUU |

AJEKTPUYECKUX LENEH Pa3IuyHOM MOUIHO-
CTH.

Pene, BoinonHstonme GyHKIMIO KOHTPOJIS HANPSKEHUSI B KaKOW-TMOO YacTu cXe-
MBI, Ha3bIBaeTCA peJsie HanpsikeHusa. OHO JOJKHO cpabaThiBaTh MPHU JTOCTHXKEHHUH OTI-
PENEIEHHOTO YPOBHSI HANPSDKEHUS WIM OTHYCKAaTh NPH NOHUKEHHM HAIPSIKEHHS [0
OTIPEJICTICHHOTO 3HAYeHMs. AHAJIOTUYHO peJieé TOKa KOHTPOJUPYET TOK B KaKOM-JIHOO
y4acTKe LN, HO B OTIIMYUE OT PEJI€ HANPSHKEHUS UMEET KAaTYIIKy C MajbIM YUCIOM
BUTKOB, BKJIIOYa€MYIO MOCJIEA0BATENbHO C MOTpeduTeneM, HalpuMep ¢ 0OMOTKOM BO3-
OyXIeHHs IBUTATEIS MOCTOSTHHOTO TOKA.

Ecnu pene KOHTpoJIMpYET BEPXHUI Mpees HANPSKEHUS WU TOKa, €r0 Ha3bIBAIOT
pene makcumanbHoro HanpsbkeHus:i (PMH) unu pene makcumansHoro toka (PMT). Ec-
T KOHTPOJIMPYETCS HUKHUM MpeJes, TO COOTBETCTBEHHO — pejie MUHUMAJIbHOIO Ha-
MPSIKEHUS, B YaCTHOCTH pelie HyJieBoro Hanpsbkenust (PHH), unu pene MuHumanbHOTO
TOKa, B YaCTHOCTHU peJie HyseBoro Toka (PHT).

Hactpoiika pene Ha omnpefeneHHOE 3HAYECHUE HAINPSHKEHHS WIM TOKAa cpa-
OaThIBaHUS, HAMPSHKCHUSI WIM TOKA OTIYCKaHUS (M3MEHEHHE YCTaBKH PEJie) MPOU3BO-
JUTCS TyTEM U3MEHEHUS CUJIbl HATSHKEHUS MIPYKUHbBI, 4 TAaK)KE MyTeM W3MEHEHHs MakK-
CUMaJIbHOTO 1 MUHHMMAJIbHOTO 3a30POB MEXIY CEPACYHUKOM U SIKOPEM.

[Tpu momMoru pene Takke MOXXHO PeaTu30BBIBATH Pa3IUYHBIC JIOTHUECKUE (YHK-

uuu (U, 1IN, HE, ITAMATD).



TBepnoteabnbie pesie (Solid state relays - SSR)
OOJBIIMHCTBA (PUPM BBIMYCKAIOTCS NMPUMEPHO B OJUHA-
KOBBIX, XOPOIIO y3HABAEMBIX MPSAMOYTOJIBHBIX KOPITyCax

pa3MepoM CO CIMYEYHYI0 KOpoOKy. B pazroBopHOoM aHr-

JTUUCKOM si3bIK€ MX HHorja HasbiBaioT '"hockey puck
relays", a B pycckom — «rabnerka». B SSR B kauecTBe CHIIOBBIX MOJIYIPOBOJHUKOBBIX
KJIFOUYEM MOTYT HCIOJIb30BaThCS KaK CUMUCTOPHI (triac), Tak W, 4YTO MPEANOUYTUTEIbHEE,
tupucTopsbl (SCR), BKITIOUEHHBIE BCTPEUHO-TIAPAIIICIBHO.

Cumucropssie SSR kak mpaBuiIo UMEIOT 0oJjiee HU3KYI0 CTOUMOCTh U IIpeIHa3Ha-
YEHbl B OCHOBHOM TOJIBKO JJISi KOMMYTAIlMU PE3UCTUBHOM HArpy3ku. B MOIIHBIX TBEp-
JOTEJIBHBIX PeJie UCTIOIB3YIOTCS TOJIBKO TUPUCTOPHL. SSR BKIIFOYAIOT U BBIKIIIOYAIOT Ha-
I'PY3Ky TOJILKO B TOYKE MEepexoja CUHYCOUIaJIbHON BOJIHBI TOKA Yepe3 HOJIb, TAKHUM 00-
pa3oM 3HAYUTEIBHO CHIDKAas OPOCKM TOKAa W MUMITYJIbCHBIE TIOMEXHM MPU KOMMYTAIUU.
Tak kak TBepAOTEIbHBIE PeJie HE UMEIOT MEXaHMYECKUX KOHTAKTOB, OHM MOTYT UMETh
HEOTPAHUUYCHHOE KOJIMYECTBO U OOJBIIYIO YacTOTY BKJIIOUCHMI/BBIKIIIOUeHUH. SSR Mo-
I'yT OBITh MJI€AJLHBIM MPOJYKTOM C TOUKHU 3PEHUS HaJIEKHOCTH, pabOTOCIIOCOOHOCTH U
JOJITOBEYHOCTH, €CJIM NPU UX NMPUMEHEHUH BHUMATEIbHO OTHECTHUCHh K TPEM BaXKHBIM
MOMEHTaM. A UMEHHO, OTCYTCTBHIO MEpPEHANPSHKEHUHN, IEPETPY30K MO TOKY, U MPEBBI-
meHus Temneparypsl. Jlanee Oyner pacckazaHo 0 TOM, Kak U30exkaTh 3THX (HaKTOPOB.

TBepaOTENbHBIE PEJie YACTO MCHOJB3YIOTCS B MPOMBIILUICHHBIX CUCTEMAaX YIpaB-
JIEHUS 3JIEKTPOHArpeBaTeIIMU (COBMECTHO C PETYJSATOpPaMU TEMIIEPATYpPhI), ISl MTyCcKa
ANeKTpoABUTaTeNel (Orarogaps Xoporieil CmocCOOHOCTH BBIIEPKUBATH KPAaTKOBPEME H-
HBIEC TTyCKOBBIC TOKH), B KOMITBIOTEPHBIX CUCTEMAX yIrpaBieHus (0iarogaps MUHIMAITb-
HOMY YTPAaBISAIONIEMY CUTHANY), BKIIOUCHHE/BBIKIIFOUCHUE JIAMIT OCBEIICHUS (KOMMY-
TaIus P MEePEX0/Ie TOKA Yepe3 HOJb YBEIMUMBAET CPOK CIIYXKOBI JIAMIT) U JIJISl IPYTUX
3a/1a4 yIpaBlIeHUs] Harpy3koul paznuuHoro tuna. [Ipu ucnonszoBanuu SSR B cucremax
VIOpPaBICHUS TEMIIEPATypOil, OHM MOTYT OOECIEeYUTh KOPOTKUW IUKI BKJI/BBIKI, YTO
3HAYUTENIbHO MOBBIIIAET TOYHOCTh PETYJIUPOBAHUSA U YBEIUUYMBAET PECYpC HarpeBaTe-
Jel 3a CYeT COKpallleHHsI TeIUIoOBOro ynapa. Hampumep, nns HarpeBa Ha 25% MOXHO
3agaTh Takoil muki: 0.05 cex Bk, 0.15 cek Boiki, 0.05 BKI, .... DTO COOTBETCTBYET TO-

My, YTO 3 TIeproJia HAIPSKEHUS BKII, 9 IEPUOIOB HANIPSXKEHUS BBIKIL, 3 BKII, 9 BBIKIL, ....



Takum oOpa3zoM IpOIyCKasi MOJHbIE NEPHOJbI HAMPSKEHUS U KOMMYTUPYS Harpys3Ky
IIPU NIEPEXOJIE TOKA Yepe3 HOJb, IOMEXU HE TEHEPUPYIOTCS, & MOLIHOCTH IIJIJABHO Hapac-
TaeT Oyarojnapsi MHEPLMH TEIJIOBBIX IpoleccoB. HarpeB mpoucxoaut craOuibHO 0€3
KOJI€OaHH, TPU HU3KOM TEIJIOBOM HANpPSKEHUH, YTO OJAronpUsiTHO CKAa3bIBAETCS Ha

CPOKE CITy>KObl HArpeBaTEIbLHOrO 3JIEMEHTA.

CueTuMKH

CYeTUMKM TIPelCTaBJgioT CcOBO0OM COBPEMEeHHHS MOOYJM aBTOMATUKM U MOTYT
NPpMMEHATLECS B CHCTeMaxX yIpaBJIeHMS aBTOMaTUYECKMMM JIMHUAMM, CTaHKaMu U
T.IO.

CYeTUYMKM NpelHAaZHAYEHE I OpsMoTo, oBpaTHOTO M PeBepCUBHOTO  CcYeTa
MMIYJILCOB M  BRJIKOYEHMe/BHEKJKWYEHMEe Lellell yInpaBJIeHMS BHEMHMMM OO0BEeKTaMu
o OOCTMXEHUM BadaHHOTO KOJMYECTBa MMIIYJLCOB.

CYeTUMKM VMeT Ha [IepelHel I[aHeJIM 2HAKOCHHTe3UPYWRIMA WHIWKATOP U
KHOMKU YNpPaBIIEHUA .

KOHCTPYKLUMSA CUYETYMKOB pacCYMTaHa Ha YCTAHOBKY B IepeIHOD IaHEeNb
mradoB yHparBJIeHUA .

[IoIkJIYeHMe BHENHMX Illellell OCymecTBISeTCcd K KIeMMHMKY Ha THJIBHOM

CTOpPOHEe KOpIyca CYeT4MKa.
IpuHIMND paboTH CYESTUYMKOB

CUeTUuMKM paboranT crenyiomMM ofpa3oM: C IOMOMEBED KHONOK Ha JIMIEBOM
NaHeJM =amjaeTcd yCcTaBKa CcYeTa, KoTopas BHCBeUMBAeTCd Ha MHIMKATOpe, U
3aloMMHAaeTCda SalaHHOe 3HaueHMe B 3JHEepTrOHe3aBUCHMMOM HnaMATHM. Ilomada
BHEMHET'O MMIyJIbCa Ha BXON CUYET yBeMYMBaeT/yMeHbNIAeT 3HaAYeHMe CcYeTdMKa
Ha 1. Ha wuHOMKATOp BHBOIMTCA COCYMTaHHOe 3HadveHMe. I[IpM coBHoaIeHMUU
3aJaHHOTO SHaAYeHMA C COCUYMTaHHBM NpoMCcXoOMT cpabaTeHBaHMe BCTPOEHHOTO
pelyie M IIepPeKJIYeHMEe eI'0 KOHTaKToB. IIlpM nomade cCHIHayNa Ha BxXon CBPOC
NIpoOMCXOIMNT OBHYJIeHMe  CcUeTUMka M oBpaTHOe  IepeKJIoueHUe  peJe. Y
PEBEPCUBHHX UM 0OBpaTHHX CYETUMKOB I[IPOMCXOIWUT CYeT OT 3alaHHOWM yCTaBKU
Io 0. HekoToOphHe THIOH CYETUMKOB He MMehT OTAeJIbHOI'O BXoga njua cbpoca,
IMOCKOJIEKY OOHYJIEHME IPOUCXOIUT aBTOMAaTMYECKM IO COBMNANEHMIO COCYUMTaHHOI'O
3Ha4YeHMA C yCTaBKoOM. [IpM 3TOM OPOMCXOINMT cpabaTHBaHMe BHXOIa CcUYeTYMKaA U
IepekIodYeHre KOHTAKTOB Ha 3alaHHOe BpeMa. MMenTCHa Takke KOMOMHMpOBaHHBE

CUeTUMKM, PpaCCUMTaHHEE Ha HpﬁMOf[ " oGpamﬂuﬂ cueT, InIpyyeM HallpaBJIeHNE

cyeTa QrpeneJyideTCH (DaBPIpOBKOf[ BXOIOHEIX VIMITYJIECOB, qTO InmosBpoJidgeT,
HalpmMep, IPpMMEHATE CHETUNK B HaMOTOYHEIX CTaHKaXx JJIA CcripeneJyieHnAa

KOJIMYeCTBa BMTKOB.



BBOoOn yCTaBKM CcYeTa IpPOMSBOIMTCHA CISOyiiM obpa3oM: HaXaTMe KHONKHK
NPOCMOTP nNepeBOoIMT CYeTYMK B pPeXMM BBECOIA YCTaBKM (MM BHEBOIMT M3 HeIo),
IpM STOM Had4MHaeT MWIAaTh MIAMIMA paspAl ycTabBku. HaxaTwem kKHonoku BREEBOP
MOXHO BHEOpaTkE A MIMeHeHMA JobOOoM paspdl YCTaBKM (BHIOEIASTCHA MHMTaHMEM) .
KHonkoil YCTABKA MOXHO YCTAaHOEMTE TpebyeMoe SHadeHMe pa3pAla YCTaBKM.

Knaccupmraumss cYeTIHMKOB
CHeTYMKM KIaCCHMPMIIMPpYOTCA MO CIeOyOIHMM IapaMeTpaM:

* HanopaxeHMe OHMTaHMA

* HanpaxeHMe BXOIOHHXE CHMIHAJNOB

® BHCTpOISHMCTEME

® PaspAlHOCTH

* VhopaBJieHMEe CUeTOoM

& KomuMuecTBO YCTPOMCTEB B OOHOM KOpIOyCe

& [IpaMoit cuer/ oBpaTHoil cueT/peBSpPCHBHEII CUeT

& OYyHRIMA BHXOOA

* TMO BHXOHA

* Tun KopOyca

lNogrnwyeHMe CYeTIHNROB
[MTaHMe CYeTYMROB (B SaBMCHMMOCTHM OT Bb[f)pa.HHDI'D THIIa) MOEST

OCYIMEeCTBIATECH X
& [oCTOAHHEM/IEpEeMEHHEM HanpaxeHmeMm 18..36B

® [[OCTOAHHEM/IepeMEeHHEM HalpAxeHueM 85..240B
BXOOHBEMKM CHTHallaMM (B 3SaBMCHMMOCTM OT BHOpaHHOTO THMIIAa) MOTYT OHTH:
® J[locToAHHOe/MepeMeHHoOe HanpaxeHue 18..36B

* JlocToAHHOe/MepeMeHHOe HanpaxeHue B85..240B

Boxoj cdUeTdMKa — “CYXOH” KOHTaKT, KOMMYyTHMPYIOIMIA I10CTOSHHENM/IepeMeHHENA
TOK oo A HalpAXeHVeM 0o 250B. HornodeHHe COCTaBIAKRT
SEICTPOOeMC TEYIOmIME CUYSTUMKM, BHIXOI KOTOPBIX npencTasiasT coBoi

TPaHSMCTODPHEI KJOY pop MM [Npn TUIa.

HeROTOPpHE THUMOH CYETYMKOB MMEeDRT BCTPOSHHHHM MCTOYWHME OIUTaHMA =24B,
KOTOpOEe BHEBEEeISeHC Ha KISMMHMEK CHUeTdMKa M [IpedHa3HadeHO IOIA OWMTaHMA
ONTHUYE CKMX / MHIY K TUBHEX 151 IpyIMx BHEKIOYaTEISH (maTuymMroB) ,
MCIOJbLIYEMHX B KAa9YeCTBEe MCTOYHMKOE BXOIOHOTCO CHMTHala §Oiaa CcaMoro

CHeTYMEK .



TasiMeps

TalMe pal {perme  BpeMeHM) npencTaBIADnT coBoM  COBpPEMEeHHHE  MOOYIIM
ABTOMATHMKM M MODYT [IPMMEHATBCA B CHMCTEMAaxX VOPABIEHMA aBTOMaTHYeCKUMHM
NMUHMAMKM, CTaHKaMM WM T.1.

TaliMeps OpelfHAZSHAYEHH [OIA OpAMOTO MMM oSpaTHODO OTCYEeTa BPEMEHHM M
BRIDYeHMe / BHKIDYEHMe [elell ynpaBJieHMd BHENHMMM oOOBeKTaMM [0 MNpolecTBUM
SaJaHHOTO MHTepBalla BpeMeHM.

TaliMeps WMMEeRT Ha OepefHel I[IaHelM SHaKOCHMHTEeSMPYDIMA MWHIMKATOD M
KHONKK YIpaBIeHMA .

KOHCTPYKIMA TaWMepoB pacCuMTaHa Ha YCTAaHOBKY B MNepelHOK NaHeNk MKadoB
VIIpaBIeHMA .

MoOOKIDYeHME BHEMNHUE Ielel OCyNeCTBISeTCA K KISMMHMKY Ha  THIEHOH

CTOROHE KOpOyca TakMepa.
IpuaIMn paboTH TaMMepoB

Taiimeps paGoTapT claegyomuM ofpasoM: C© [IOMOMBY KHONDOK Ha JIMUEBOW
IaHenM SalaceTCHd yCTaBKa BpeMeHM, KOTOpad BHCBEeYMBaeTCHd Ha MHIOMKaATORE, M
sSadoMMHaeTCcHd SalaHHOe SHadeHMe B 2 SHepDOHEe3aBMCHMMOM [IaMATH. lMomada
BHellHeI'c MMIyJbEca Ha Bxon CTAPT sanycraeT OTCHeT BpeMeHM. Ha MHEHOMKaATOPR
BHEBEOIOMTCHA SHa4YeHME BpEMEHH . Mpu COBIAOeHWHM sSagaHHOT'O SHadYeHWA c
OTCYMTaHHEM npoMcxolmT cpabaTHBaHMe BCTPOESHHOTO pelie WM IepeRuYeHMe
ero KOHTarToB. IlpM Oomade cHMI'Hana Ha Bxon CBPOC npoucxonouT oOHYIeHHe
TaliMepa ¥ oBpaTHOE NepeKlpndeHMe pelle. ¥ peBepCHMBHHEHX TaWMMEpPOB OPOMCXOIOUT
ofpaTHHEIM CUYeT EBEpeMeHM. HeXKOTOpHES THMIE TaMMepoB HEe MMelnT OTIHeNBHOTO
BXOoNa namna cbpoca, I[IOCKONBKY OBHYJIIEeHMe OIpOMCXOIWMT aBToMaTHMYeCcKM 110
COBIAOEeHWD MSMEPEeHHODC SHa4YeHMA BpeMeHM C YCTaBKOM. [IpHM STOM OpPOMCXOIOWT
cpabaTHBaHME BHXOIa TaMMepa ¥ NepeKNpYeHMe KOHTAKTOB Ha ZSalaHHOS BReEMA.
B 2aBMCHMMOCTM OT THIOa TakWMepa CHIrHan Ha Bxome CTAPT MoXeT SalyCKAaTh
OoTCUeT BpeMeHM IMBO [0 OepelHMM (POHTOM - TPHUIDTEpHHM OVCk, Mo 1o
bakTy HAIWM9YMA CHMIHala - KOMOMHMpDOBAaHHEIA #OYCKE (OTCYeT BOSMOXEeH TONBKO
NpM HalW4uiK BXOOHCOTO CHMIHaNa). MMenTcA TakKiEe TaMMepH, MMEeKNMe OTIOSJbHHN

BXO paspelleHMAd OoTCYHeTa BpeMeHM.

BBono yCTaBKM BpeMeHM aHaloDM4YeH BECOOY YV CYUSTUYMKOB.



IIporpammupyembie KOHTPOJLJIEPHI

[IporpammupyeMble JIOTMYECKHUE KOHTPOJUIEPHI MPEICTaBIseT cOOOM KOHEUHBIH
(IMCKpEeTHBIM) aBTOMAT, UMEIOUIMII KOHEYHOE KOJUYECTBO BXOJOB M BBIXOJOB, MOJI-
KJIFOUYEHHBIX TOCPEACTBOM JAaTYUKOB, KIFOUEH, NUCTIOJHUTEIbHBIX MEXaHU3MOB K 00BEK-
Ty yIpaBjieHUs, U NpeJHa3HAYE€HHbIN 1J11 padOoThl B PEKUMAaX PEAIbHOIO BpEMEHHU (PUC.

2.1).
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Puc. 2.1. Crpykrypa I[LIK

KoncrpyktusHo ITJIK BbIMONHSAETCS Kak B MOHOOJIOYHOM HCITOJTHEHUH, TaK U B
MoaynbHOM. B nepBom Bapuante, Tak HazpiBaeMoM MUHHU-ITJIK, ¢ HEOOIbIIMM KOTHUE-
CTBOM BXOJIOB/BBIXOJIOB BCe coOpaHo B ojHOM Kopiyce. Moaynbnbie TTJIK umeror ot-
JenbHbIe 0J0KU (MOMYIH) BBOJA U BBIBOJA, KOTOPHIE MOTYT HaXOJIUThCS TTOPOM Ha 3HA-
YUTEJIbHOM YJAJICHUH OT LEHTPAIbHOU YacTH, T. €. YCTAHOBJIEHBI B HEIIOCPEICTBEHHON
OJIM30CTH K YIPABISIEMOMY OOBEKTY U «OOIIATHCS» ¢ MHUKPOIPOIIECCOPOM 1O ceTH. B
o011eM cirydae, Bce MOAYJIH MOTYT OBITh COCPEIOTOUEHBI B OJTHOM MECTE Ha CIEIUalb-
HBIX CTOMKAX WJIM KapKacax.

Momno6sounsie ITJIK Takke MMEIOT BO3MOXKHOCTH MOJKIIOYATHCA K YAAJICHHBIM
O110kaM BBOja/BbIBOAA 1O 1U(ppoBoit cetu. [Ipu 3TOM caMu KJIE€MMBI BXOJHBIX U BbI-
xonHbIX iat ITJIK ocTtanyTcst cBOOOHBIMU.

Hampumep, camsiii mpoctori Mmono6sounsiii [1IJIK 100 dupmer OBEH moxHO He-
MOCPEJICTBEHHO COCIMHUTH C BXOJHBIMU TETSIMH M UCTIOJTHUTEILHBIMU MEXaHU3MaMHU, a

TaKxe 1o cetu (puc. 2.2).
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Puc. 2.2. TTonkmouenue ITJIK 100 OBEH: MBA 8 — Mmoayns BBoaa aHanorosslit; MBY 8 — Moayns BBOna
ynpasnsrouuii; CMU 1 — nanens oneparopa; MJIBB — Moaynbs AMCKPETHOTO BBOAA-BLIBO/A

B s10li cxeMe HeoO0X0UMO BBINOJIHUTH HACTPOHKY (KOHPUTYpUPOBAHUE) MOTYJIS
MBA 8 Ha BblAauy OucKpemmo2o curHana npu JOCTUKEHUN aHAJIOTOBBIM CUTHAJIIOM OT
KaKoro-TO JaT4yuka MOpOroBoro 3HaueHus (ycraBku), T. K. 3ToT [1JIK paGoTaeT ToibkO
¢ OMHApHBIMU TIEPEMEHHBIMHU.

ITJIK 0OBIYHO TIPUMEHSIFOTCS JIUISI YIIPABJICHUS HOCAE008ame/IbHbIMU TIPOIIECCAMU,
MCIIOJIb3YSI JTUCKPETHBIC BXOJBI U BBIXOBI JJIS OMPEIENECHUSI COCTOSTHUS OOBEKTA U BhI-
Jla4¥l YIPaBIISIIONIMX BO3/ICHCTBUM.

Hampumep, npu ynpapieHUHU IEKTPOKATIOPUPEPOM ONIEPATOP BPYUHYIO HAKUMAET
KHONIKY «Ilyck». I[lepBbIM MOMKEH BKIFOUUTHCS ABUraTEIb BEHTWIATOPA U 4Yepe3 S5 C -
HarpeBaTebHbIE 3JIeMEHTHI. [Ipr HaxkaTuM Ha KHONKY «CTOIM» MEePBBIMU OTKIIOYAOTCS
HarpeBaTeJIbHbIE AIEMEHTHI U 4epe3 § ¢ - BEHTWIATOP. MOKHO MpenyCMOTPETh BKIIO-
YEHUE U OTKJIIOYCHHE C MOMOULIBK0 KOHTAKTOB KaKOTO-TO pPEJIE BPEMEHHU C CYTOYHOU
MPOTrPAMMOM WJIH UCTIOJIB30BAaTh CUTHANBI OT JaTYMKa TEMIIEpATyphl BO3ayxa B 000Tpe-
BaeMoM nomenieHuu. Ckopee Bcero, ciaeAyeT NpelyCMOTPETh KaKue-TO CpeICTBa 3alllu-
THI AMeKTpokasiopudepa (1a u odcmykuBaromiero nepconana). C 3Toi 1enpio moTpedy-

eTCsl eule psii TUCKPETHBIX CUTHAJIOB OT JATYMKOB, PEarupyrolIMX Ha motepro ¢asbl,



MEPErpeB WJIN 3aKJIMHUBAHUE JBUTATEIISl, Pa3pylICHUE HArpPeBATEIBHOIO 3JIEMEHTA U
T.J.

B kaxaom ciyyae KOHTPOJUIEPY HEOOXOIMMO OMpAIlIMBATh COCTOSIHUE BXOJHBIX
AJIEMEHTOB (KHOIOK, AaTYMKOB) M, COOMIOJAsi ONpPENEIEHHYI0 BPEMEHHYIO MOCIEA0Ba-
TEJIbHOCTh, BBIJJABATh YIIPABJISIOIINE CUTHAJIBI.

IIJIK Takke MOXKET yHpaBisTb HEnpPepvbléHbIMU TIPOLECCAMH, T. €. MOJydaTh U
BbIJIaBaTh AHAJIOTOBBIE CUTHAJIBI.

EcrtectBenno, BrixoaHbie aHanmorosble curHaibel B [IJIK mpeoGpasyrorcs ¢ momo-
mipto AL B nuckpeTHyto, T. €. B iudpoByro dopmy.

YuutbiBasi MIMPOKOE PACHPOCTPAHEHUE B CHUCTEMAX KOHTPOJS METALTMYECKUX
TEPMOCOMNPOTUBJICHUN U Tepmomnap, B HeKOTopbix [IJIK Moryt ObITh mpeaycMOTpPEHBI
CHIeUATIM3UPOBAHHBIE BXO/IbI JIJIs1 TOAOOHBIX TATYUKOB.

bonemuucTBo I1JIK paboTaroT HUKIWYECKH, T. €. MPOU3BOIAUTCS CKaHUPOBAHUE
WU MEPUOJMYECKUI ONPOC BXOJHBIX JAHHBIX, BBINOJHEHUE MOJb30BATEIHLCKON MPO-
rpamMMbl 1 OOHOBJICHUE BBIXOJAHBIX JAHHBIX.

Takast mocnegoBaTENbHOCTh JACHCTBUI HA3bIBACTCS HPO2OHOM TIPOTPAMMBI, a Iie-
pHOJ IIUKJIA - BPEMEHEM IIPOTOHA.

B nauane nporona ITJIK «uuTaer» cocTosiHue écex BXOAOB M (PUKCUPYET UX 3HA-
YeHue B MaMATH. VI3MeHeHue COCTOSIHHS KaKUX-TUOO BXOJHBIX CUTHAJIOB B TEUCHHUE
nmporoHa mporpaMmsl 0yet BoctpuaaTo [1JIK Tonbpko B clieayroneM mukKie.

Taxxe BenyT ceOsi U BBIXOJHBIE TaHHBIC, KOTOPbIE OOHOBIIAIOTCS 0OHOBPEMEHHO B
KOHLIE POTOHA MPOTPAMMBI.

Bpewms nukna, T. €. BpeMs CKaHUPOBaHUsA, BIUAET Ha cKopocTh peakunu [1IJIK mpu
M3MEHEHUH BXOJIHOTO CUTHaa. B o0mieM cirydae, BXOAHOW CUTHA TIOJDKEH UMETh JIJTH-
TEJIbHOCTh HE MEHBIIIE, YEM BpPEMs MPOroHa MPOrPaMMBbI, COCTABISIOMIETO OOBIYHO OT
€IVHHUIL] 10 NECATKOB MUJUIUCEKYH/I.

Ecnm m3mMeHeHue COCTOSHUS BXOJHOTO CUTHajla MPOM3OLLIO KaK pa3 B Hadale
nporona, To peakuus [IJIK nmposBuTCs 1o 3aBepIEHUH [IUKIIA.

Ecnu ke 3TOT CHUrHaJl HEeMHOTO «3amo3/iai», TO NOTpeOyeTcs elle OJWH MPOTrOH

nporpammsl st 0TBeTHbIX aencteui [IJIK.



Paznmuuaror cuctemsl acécmkozo 1 Ma2Ko20 PEAbHOIO BpeMEHU. B nepBom ciy-
4yae BBIJIBUTACTCS TEXHOJOTHMYECKOE TpeOOBaHHE B OTHOILIEHUHM BPEMEHHOrO IMOpOra,
MPEBBILIEHUE KOTOPOrO MOXKET CO3/1aTh aBAPUHHYIO CUTyaluuio. B cucremax MSArkoro
pPEaIpbHOTO BPEMEHU IOCIEACTBUSA TaKoW 3anepxkku B peakuuu [IJIK npaktnuecku He-
OII[yTUMBI.

Cuctemuoe nporpammuoe obecnedyenue I[1JIK mocTymHO TOMBKO UX M3TOTOBUTE-
M. IlpuknanHoe mporpamMmHoe oOecrieueHue Bosziaraercs Ha mnosb3oBatens [1JIK.
Kon npuknagHoil WM MONb30BaTENBCKONM MPOTPAMMBI pa3MENIAETC B YHEPTOHE3aBU-
CUMOM MaMSITH U MOKET MHOTOKPATHO U3MEHSTHCS 110 MEPE HEOOXOIUMOCTH.

Ceituac penxo Bctpeuatorcsa [UJIK, nporpaMmupoBaHre KOTOPBIX BBITIOJHSETCS C
BCTPOEHHOTO WJIM BbIHOCHOTO MyjibTa. CoBpeMeHHble [1JIK yHHBEpcanbHOro Ha3zHaue-
Hus, nogaepxupatomue cranaapt MOK 61131-3, nporpammupytorest Ha [IK ¢ momo-
IIbI0 CTEIUATU3UPOBAHHBIX KOMIUIEKCOB, CPEId KOTOPHIX HanboJsiee MOMYJISIPHBIM SIB-
nsiercst CoDeSys, paspabdorannsiii hupmoii 3S (Smart Software Solutions). Dtot yH#u-
BEpCAIbHBI HHCTPYMEHT MPOrpaMMUPOBaHUs OYJIET paCCMOTPEH B CJICTYIOIIHI IaBe.

[IpukianHas nporpaMma CTaHOBHUTCS IEPEHOCHUMOM, T. €. €€ MOYKHO UCIOJIb30BaTh
B mo6om ITJIK, orBeuaromem TpeboBanusam crtangapra MOK.

[Ipocteiimee u Haubonee nomyispHoe npumenenue I1JIK - 3to co3manue aBTo-
HOMHOW CHUCTEMBI YINpaBIEHUS KAKUM-THOO TEXHOJOTMYECKUM TMpolrieccoM. B ciyyae
IPOCKTUPOBAHUSI aBTOMATU3UPOBAHHOM CHUCTEMBI  YHpPABICHHS IMPOU3BOACTBOM
(ACYII) nnm pa3BetBiaeHHbIM TexHOJIornueckuM npoueccoM (ACYTII) na I1JIK Bo3na-
rarorcs (yHKIIMU HWKHETO 3BE€HA B 00pa0OTKE BXOIHBIX CUTHAJIOB M BEIPAOOTKE yIpaB-
JSAOLIMX BO3AEUCTBUN B IPEAEIaxX KaXKA0r0 JJOKAIBHOTO YYaCTHUKA.

Hcnonws3ysa cTaHgapTHhIE NPOTOKOJIbI OOMEHA AAHHBIMHU, CPEAN KOTOPBIX OOBIYHO
otnarot npeanouteHue texHoimoruun OPC (OLE for Process Control), moxxHO BOWTH B

SCADA - cuctemy.



S3bIk peneiino-KOHTAKTHBIX cxeM (PKC) unm Jectanunbix guarpamm (LAD)

Paccmotpum si3eik PKC Ha mpumepe koHTpouiepoB kommanuu Delta Electronics.

[IporpammupyemMsble Jioruueckue KoHTposuiepsl (nanee mo tekery IJIK) cepuwm
DVP saBnstoTcst uieanbHbIM CPEACTBOM ISl IOCTPOEHUSI BBICOKOI(DPEKTUBHBIX CUCTEM
aBTOMAaTUYECKOT0 YNpaBJEHUs NIPU MUHUMAJBHBIX 3aTpaTax Ha MmpuodpereHue ooopy-
JOBaHUS U pa3pabOTKy CUCTEMBI.

[TJIK paboTtatot cieayromum o0pa3oMm:

mar 1: YTeHre COCTOSHUS BHEIIHUX BXOJHBIX YCTPOUCTB (IEpeKIovaTenu, JaTuu-
KU, KJIABUATYpA);

mar 2: o0paboTka MpoLEecCOpoOM MPEABAPUTENHHO 3aJaHHOW MPOTPaMMBI U yCTa-
HOBKAa HOBOT'O COCTOSIHUSI BHIXOJIOB.

[Iporpamma COCTOMT W3 MOCIENOBATEIBHOCTH OTACIBbHBIX YIPABISIONIUX HHCT-
pykiui, kotopsie onpenenstor ¢yHkuuu ynpasinenud. [IJIK oOpabaTeiBaeT MHCTPYK-
IIUU [OCJIeI0BATENbHO, T.€. OAHY 3a Apyroi. OOuUN NpoXo ] MPOrpaMMbl HEIPEPHIBHO
MOBTOPSIETCA.

Bpewms, Heo6xoauMoe Uisi TpoXoJia MPOrpaMMbl HAa3bIBAETCS BPEMEHEM IIUKJa, a
IPOXO/IbI MPOTPAMMBI — IIMKJIMYECKUM CKaHUPOBAHUEM.

KoHnTposieps! criocoOHbI paboTaTh B peaJbHOM MaciiTade BpeMEHH U MOTYT OBITh
MCIIOJIb30BaHbl KaK JUIsl MOCTPOCHHUS y3JI0B JIOKAIHHOM aBTOMATUKH, TaK U CUCTEM pac-
IPEICIICHHOTO BBOJA-BBIBOJA C OpraHu3aiueid oOMeHa gaHHbIMU 1Mo RS-485 wunTtep-
deticy.

st ynoOcTBa OTIaAKU M HANMCAHUS MPOTPaAMM Pa3padOTUYUKU MPETyCMOTPENH
nakeT MporpaMMHPOBAHUs, KOTOPBIM HE TPEOYET CYIIECTBEHHBIX PECYpCOB KOMITbIOTE-
pa U SBISETCA NPOCTHIM MHCTPYMEHTOM JJIsl BCEX KaTeropuil crenuanuctoB. Mcnonb-
3YIOTCSl TpH sI3bIKa nporpammupoBanusa: LAD (peneiiHO-KOHTAKTHasl JIOTHMKA WU JIECT-
Hu4HbIe auarpammsbl), IL (cmucok mHCTpykumii), SFC (mociemoBarenbHbie GYHKIIHO-
HaJIbHbIE JUArPAMMBI).

HNudopmarius mo ycTaHOBKE, MOHTaXKY, BBOJIY B OKCILTyaTaIHIO, 00CITY)KHBAaHUIO U

YCTPaHEHHIO OMUOOK €CTh B COOTBETCTBYIOIIMX PYKOBOJICTBAX IO SKCILTyaTaIUH.



ITpuHIIMIIEI PA00TH peIeHHO-KOHTAKTHBIX ¢xeM B [TJIK

S3bIk peneriHo-kKOHTakTHOM joruku B IUJIK (wnm necTHUYHBIE qUarpaMMbl) sIBIIS-
€TCs IIPOU3BOJAHON OT PEICUHO-KOHTAKTHOW INPUHLMIIMAIBHON JJIEKTPOCXEMBI B YIIPO-
IIEHHOM TipejcTaBieHuu. Penelino-koHTakTHBIe cxeMbl B [TJIK nMeror Habop 6a30BbIX
KOMIIOHEHTOB, TAKUX KaK HOPMaJbHO-OTKPBIThIM KOHTaKT, HOPMaJbHO-3aKPbIThI KOH-
TaKT, KaTyllka (BbIXOJ), TaiMep, CUETUUK U T.I., @ TAKKE MPUKIAJTHBIE UHCTPYKIIUU:
MareMatudyeckue GyHKUUU, KOMaHbl Iepeiadu, 00pabOoTKU JaHHBIX U OOJbIIOE KOJIH-
YECTBO CHEIUaIbHbIX QYHKIUNA U KoMaHa. MoxHO cuutath, uto [1JIK - 3T0 cOTHU min
TBICSYU OTIEJIBHBIX peJie, CYETYMKOB, TAIMEPOB U MaMsATh. Bce 3TH cueTuuku, Taiime-
pBl, ¥ T.A. GU3UYECKU HE CYIIECTBYIOT, 2 MOJEIUPYIOTCS MPOIECCOPOM U TIpeHA3HAYE-
HBI 711 OOMEHA JJaHHBIMU MEXJy BCTPOSHHBIMHM (DYHKIIUSAMH, CUETYUKAMU, TaliMepaMu
v JIp.

S3pIk peneliHo-kKoHTakTHOM JIorukd B IIJIK mo mcnonb3yemol CHMBOJIMKE OYEHB
MIOX0X HA TMPUHIMUIIMAIBHBIE PEIECUHO-KOHTAKTHBIE JJIEKTPOCXEMbl. B  perneiHo-
KOHTaKTHBIX CXE€MaX MOTYT OBITh JIBa TUIIA JIOTMKW: KOMOWHAIIMOHHAS, T.€. CXeMa, CO-
CTOAIIAs U3 HE3aBUCUMBIX JIPYT OT Apyra (parMeHTOB, W TOCIeoBaTeNIbHAs JIOTHKA,
KOIJla BCE IIarv MporpamMMbl B3aMMOCBSI3aHbl U CXe€Ma He IMOJJAaeTCsl paclapajuiesinuBa-
HUIO.

1. KomMOHHAOHOHHAA TOTHEA:

PeneliHo-KOHETAKTHAA 3IeKTPOCKEMA Penefino-korTaKkTHAA TorHKa B [LJTK
ﬁ YO0 X0
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X1 Y1 X1
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X3 X3
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Cxema 1 cocTOUT U3 OJJHOTO HOPMAJIBHO-OTKPBITOro KoHTakTa X0 u karymku YO0,
onpenensawoniei cocrosinue Bbixona YO0. Ilpu pasoMKHYTOM COCTOSHHM (JIOTUYECKUIA
"0") xonTakTa X0, Berxoa YO0 takxke Oynet pazoMkHyT (Jiormueckuii "0"). [Ipu 3ambika-
HUM KoHTakTa X0 BbIX0J Y0 Takke M3MEHHUT CBOE COCTOSHHE Ha 3aMKHYTOE (JIOruYe-

ckas "1").



CxeMa 2 coCTOUT U3 OHOTO HOPMAJIBHO-3aKPBITOr0 KOHTakTa X1 m katymku Y1,
ONpEeNEIAIONIEN COCTOsIHME BbIXoAa Y 1. B HOpManmbHOM cocTossHMM KOHTakTa X1, BBI-
xon Y1 Oynet 3amkuyT (Jorudeckas "1"). [Ipu nuamMmeHeHuu cocTostHusl KoHTakTa X1 Ha
Pa30MKHYTO€, BBIXO/ Y 1 TakKe UBMEHHUT CBOE COCTOSIHUE Ha Pa30MKHYTOE.

Ha cxeme 3 coctosiHue BbIxoja Y2 3aBUCUT OT KOMOMHAIIMM COCTOSIHUM Tpex
BXOJHBIX KOHTAKTOB X2, X3 u X4. Beixon Y2 OyaeT 3aMKHYT, Korja X2 BBIKIIOUYEH U
X4 BkitoveH unu koraa X3 u X4 BKIIOYCHBI.

OO61mas cxema sIBIIsieTCS KOMOMHAIIMEH Tpex cxeM, paboTaroluX HE3aBUCUMO JIPYT
OT Jpyra.

2. IlocnenoBarenbHas JOTUKA:

B cxemax ¢ mocieaoBaTenbHON JIOTMKOW pe3yabTaT BHINOJHEHUS MPEIbITYIIEro
iara siBJII€TCS HayaJdbHBIM YCIOBHEM JIJISl TIOCIEAYIOIIETO I1ara, T.€. BBIXOJ B MPEIbI-

AymIceM miare ABJISCTCA BXOAOM B CIICAYIOIICM IIare.

PenciiHo-KOHTAKTHAA 3ICKTPOCXEMA PenciiHO-KOHTAKTHAA TOTHKA B| ILIIK

5 X5 X6
x5 X6 Y3

v Y3
— ——

[Ipu 3ambpIKaHNM KOHTaKTa X5, BBIXOJ Y3 M3MEHUT CBOE COCTOSIHHE HA 3AMKHYTOE,
OJIHAKO MPH pa3MbIKAHUM KOHTaKTa X5, BBIXOJ Y3 COXPAaHUT CBOE 3aMKHYTOE COCTOS-
HHUE JIO0 TeX Top, MoKa He OyaeT BKiIro4YeH BXoJ X6. Konrakt Y3 sBisieTcss caMOOJIOK H-
POBOYHBIM.

Pasnnuug Mexny peneriHo-KoHTakTHOM Jiorukoil B [TJIK u dusnyeckuMu penein-

HO-KOHTAaKTHBIMH 3JICKTPOCXCMaMH

B 00BIUHBIX peeifHO-KOHTAKTHBIX AJIEKTPOCXEMaX BCE 3a/1aBaeMble YIIPABIISIIONINE
MIPOLIECCHI BBIMOIHSAIOTCS OJTHOBPEMEHHO (TapasuienibHo). Kaxkgoe u3MeHeHue cocTosi-
HHUEBXOJHBIX CUTHAJIOB Cpa3y e JCUCTBYET Ha U3MEHEHHUE COCTOSIHUSI BBIXOJIHBIX CHUT-
HaJIOB.

IIpn ynpasnenun ot IIJIK u3MmeHeHHE COCTOSIHHSI BXOJHBIX CUTHAJIOB, IPOU30-
LIEIIee BO BpEMs TEKYILErO MPOXoAa MPOrpaMMbl, OMO3HAETCS TOJIBKO HA CIEAYIOLIEM

LHKJIE TPOTPAMMBL.
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| YcTaHOBKa COCTOAHMWS BbIXOA,0B |

A

Orot Henocrarok I[1JIK criaxkuBaeTrcs Tonapko Oyiarogapsi 04eHb KOPOTKOMY Bpe-

MEHH IHKJIA.

Bpewms BbIMOJIHEHUST OJTHOTO LMKJIA MPOrpaMMbl 3aBUCUT OT KOJWYECTBA BBITOJI-
HSIEMBIX HHCTPYKIIMKA B TPOrpaMMe M OT THUIIA UCTIONb3yEMbIX HHCTPYKITUH.

B mporecce padotsl [1JIK HenmpepbIBHO OMpainivBaeT TEKyIee COCTOSHHUE BXOOB
U B COOTBETCTBUU C TPEOOBAHUSIMU K IPOU3BOJACTBEHHOMY MPOIIECCY U3MEHSET COCTOS-
Hue BbIX0/10B (Bki1./BhIK).

1. IlpoBepka Tekyuiero coctosiHusa BxonoB: ITJIK mpoBepsieT Tekyliee coCTOsHUE
BXOJIOB M B 3aBUCHUMOCTH OT 3HaueHUs(Bxi./BBIKi) BBIMOIHSET TOCIEqOBATEIbHBIC
nerictBus. CocTosiHUE JIFOOOT0 M3 BXOJOB COXPAHSETCS B MaMsATH (B 00JIaCTH JaHHBIX ).

2. BeinonHeHue nporpamMMsbl: byiem cunutath, 4TO B XOA€ TEXHOJIOTUYECKOTO MPO-
recca BxoJ, X0 nepexItouniIcs ¢ BEIKIIOUEHO Ha BKIKOYEHO, U B COOTBETCTBUHU C TEXHO-
JIOTUYECKUM TMPOLECCOM HaM HEOOXOAMMO M3MEHUTH Tekyllee coctosinue Boixoaa(YO0)
C BBIKJIFOYEHO Ha BKIOUEHO. Tak kak LIl onpocun Tekyiiee COCTOSIHUASL BCEX BXOAOB U
XpaHUT UX TEKYIee COCTOSHHE B TMaMSTH, TO BBIOOP MOCIEAYIOMIETO JEHCTBHUS 00Yy-
CJIOBJIEH TOJIBKO XOJOM T€XHOJOTMYECKOTO Mpolecca.

3. U3meHenue tekymero coctostus Beixona. IIJIK - m3menser texkymee cocros-
HU€ BBIXOJIOB B 3aBUCHMOCTH OT TOTO, KAKHE BXOJbI SIBJSIIOTCS BBIKJIIFOUYEHHBIMU, a Ka-

KHE BKJIIOUEHHBIMU MCXOJIOB M3 XOJia BaIlel mporpamMMbl. To ecTh KOHTposuiep, Gpusu-



yecku nepekiitourt Beixo (Y0) U BKIIOYHIIUCH UCTIONIHUTEILHBIC MEXaHU3MBI JIAMIIOY-
Ka, ABHAraTens U T.4. [locae 3Toro ciegyer BO3BparT Ha MEPBBIH LIar.

Eme onaumM otnmuueM peneitHo-KOHTakTHOM Joruku [IJIK oT oObI4HBIX peneitHo-
KOHTAKTHBIX 2JIEKTPOCXEM 3aKJII0YaeTCsl B TOM, UYTO BBIIOJHEHUE IPOrPaMM B CTPOKAX
UJET TOJIBKO CJIEBa Ha MPaBO, a CXeMa ¢ "peBEepCUBHBIM HaIpaBiIeHUEM TOKa" (y4acTOK

a-b Ha puc.) Mpy KOMITWJISIIMK BBI30BET OMIUOKY (OmuOKa B CTpOKe 3).

Peneuno-konmaxmuas snekmpocxema Peneuno-konmaxmuas noeuxa 6 IJIK
X1 X2 YO X0 X1 *2 YO0
s+ 5% | 1 i
YR T Li(S 1 X35 x4 .‘:(5'—"
—s—db s |4 4
PR— ! e e I
i I

Onepanasl

Bce Baytpennue o0bekthl [IJIK, min onepanibl, moapa3faenstoTcsi Ha pa3inyHbIe
TUIIBI U UMEIOT ajipeca. Kaxxaplii THI uMeeT cBoe 0003HaueHue U CBOM opmart, KOTO-
pBIl ompenenseT KOJIMYECTBO 3aHMMAeMOro MecTa B MaMsATH KOHTposuiepa. Tak, Ha-
npuMep, BXOJHbIE pesie o0o3HavaroTcs "X" UMEIT OMHOOUTHBIM opMat, a perucTpshl
JAHHBIX 0011IeT0 Ha3HaueHus1 o0o3HavaroTes "D" u umerot 16-Tu 6uTHBIHN (1 cI10BO) UK
32-x ouTtHbIH (2 cioBa) ¢popmar.

IIpu ykazaHuu omepaHjia onpeneisieTcs, ¢ Kakou ornepamueid (MHCTPpYKIUE) mpo-
U3BOJIMTCS pabora.

PeneliHo-KOHTaKTHAsi cXxemMa COCTOMT M3 OJHOW BEPTUKAIBHOW JIMHHUH, PACIIOJIO-
KEHHOM CJIeBa M FOPU30HTAJIbHBIX JUHUW, OTXOJAIIMX BIpaBo. BepTukanbHas JIUHUSA
HAa3bIBACTCS LIMHOM, @ TOPU30HTAIbHAS — KOMaHIHOW JIMHUEN WIM CTyneHbKoM. Ha ko-
MaH/IHOW JIMHUM PACTOJIaraloTCsl CUMBOJIBI YCIOBUM, BEAYIME K KOMaHAaM (MHCTPYK-
IIUSIM), PACIIOJIOKEHHBIM cripaBa. Jlormdeckue KOMOMHAIIMKM ATUX YCIOBUN OMpEesi-
FOT, KOT/Ia ¥ KaK BBINOJIHSAIOTCSA NMPABOCTOPOHHME KOMaH1bl. KOMaHIHbIE JINHUU MOTYT
Pa3BETBIATHCS U CHOBA COCITUHATHCS.

B peneliHO-KOHTAKTHBIX CXEMAaX B OCHOBHOM IPUMEHSIETCS CIIEAYIONIass CHMBOJIU-

Ka:



CaMBoa IlosicHenne Komanna Onepann
CEnBOI 4714 BXOJHOTO CHTHATIA LD XY MST.C
—I I— (HOpPMAaTBHO-OTKPEITOIO
KOHTAKTAa a)
CrMBOI 11 BXOJHOIO CHTHATA LDI XYMSTC
_M_ (HOpMATBHO-3aKPEITOrO
koHTakTa b)
CanBoOI 1A BXOJHOTO LDP XY MST.C
_| l I_ HMITYJIBCHOIO CHTHATA. (C
OIPOCOM IO NEPEIHEMY
$ponTy)
CanBoOaI A1 BXOJAHOTO LDF XY.MST.C
_| l I_ HMITYTBCHOTO CHTHATA. (C
OIIPOCOM IO 33JHEMY (pPOHTY)
CHMBOI 114 BXOJHOIO CHTHATA STL S
_< S >— (ImaroBeIil yIpas/aro mHi
KOHTAKT)
O CHMBOI A4 BEIXOJHOIO OuUT Y.M. S
cHrHazna (KaTyIIKH)
CEMBOI A4 NPHKIAIHBIX CM. TJIaBHI 3, CM. IIaBHI 3. 5
HHCTPYKITHH 5
'\\ CHMBOII JOTHYECKOH HHBEPCHH INV HET

IIpumepsl HATUCAHMSA POTPAMM:

YacTo GrEaeT HeOOXODHMO ECIONBIOEATE LT CTAPTA H CTONA KHONKE Oes iEKCANHE, HO C
camofmosEpoEkcH Berxoda. [IpEMe]py peaTHsanHe TARHX CXEM OPENCTARIEE HIHE
Tlpusep 1: CamoGnorEpoEKa BemxeIa ¢ npopHTeToM CToma

¥l X2
l I4
L
X1
BTARAT

Tpsmep 2: Camofimorspossa BEXCIA ¢ TpHOpHTeToM CTapTa

A1 X2
L ]
I ¥l
START  STOP
Y1

D

TMpusep 3: CanoGnosEpoEKa BEXCIA ¢ BECOOMbI0EaAHeM KoMang SET u EESET

ITUIK esmonaAeT OporpaMy cBEpXy BHES, H
CIEN0BATENLED OPHOPETETOM OymeT ofmaTaTs
KOMAHTA PACHOI0EEHHAR HEEE.

IpmcpareT Croma
X1
— | SET | Y1
X2
—] | RST 1




[Ipmoperrer Crapra

Ecne onEospemeHH: 3aMEEYTH 00a ¥
EOETAETa %1 2 X2, To E BepXHeH cxeMe BEDION | RST i
Y1=0, a B mEmmEes - Y1=1_
Xl
— | SET | Y1

Ipasep 4: SEeproEe3aEHCAMaT CaMODTOEEPORED BEICOTA

X1
Baytpenmee pene M312 mmrgercs _” SET | msiz
IEEPTOHEIAEECHMED (CM. DPVEOBOICTED IO %2
IECITVATADEE ), H, CTeA0EITENLEED, EENOT 1 | mocTe ,
exmogesms [ITE coxpaseT cocTogmme, koTopoe _Il
OLINO 00 OTEHYEEHY IETANHT. K512

R D

R5T | M212

*  Creyel o0mmers OpEMeHeEER
IIpayep 5: VenosEoe yopasneEsEe

1 X3

H—@
—i” l: wly s M
I wl b
T o —

FograzTa X1 5 X3 xmowaseT/ BERETHTAIOT BEDXOT [ | SETOHOMED, 3 L) B 4 MOTYT

VIOPAasNETs COCTOAEREEM ERXONA ¥ | TOTRED OPE YCNOERHE, ITO | | EXTROTEH, T.8. ERDNO L 1
SETESTCE TOCTeI0EITeEEEM EoETaEToM {(norezeckem H) oo sesmes cxxemmr.

Ipastep 6: Cxema ¢ BzamwmobrorEpoRKDR

*1 X3 ¥z EIJI-l
— %3 L 1 M
Tl I i i
_I =3 J |_| | |-||
wele 1 1 o4 0
1 ] 1
wE XA Y1 ‘“-I : | - L
—I:]—M—M—C‘EJ ya : e
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Cxena OJEOEDEMERHOS BEKIOTAENS TBYVX BEMOToE. Korma sEmowen o
ERINON, ETOPOH OvaeT zadnoxmpoEas. [Ipe ogsoEpeMesEoM IaMEIEASHE KOSTAETOR Ll B 5.
TPEOPETET 0¥ IeT EMeTs 1 1.



IIpamep 7: [locnegoearensEce YIpaEIeEES

*1 X3 w3

_i'rll_ BETEOTEH T |, OEAED OPE BEETIOTEEER ¥ 2 BEINOT Y 1
2 x4 Al Ej".II;ET ==

— ———®
Y2
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IIpamep §: Konebarenumrre cxemm

b
|—H] @ 1 _I I_I I_I I_

AT AT

AT — spews cEaEEpOBaERs (BEpeMs ELIONESHEE OJEOND EETA MPOIT AMME)

B nepoom mEEne cEIERpOBAEEY EEDXON 1 1 OYIeT EKNECTEHE, 3 BO ETOPOM — BRETEFIEH, H T

Ilepmoa xomebames = AT + AT

X0 1
——+— ™r| T0 | En 0 —!
T 1
_”_@ " 1 1
i

Ilepmog xomebames = o + AT

IIpamep 9: Tperrepmas cxema
A
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Kamaoe zaMumarse EOETAETA AU EaMeETeT COCTOSEEE EREINOOA 1 | Ha OpOTEEOIOI0EE0E.

IIpasep 9: Tamwep ¢ zagepExoE 3 BRKTOTEEHEE

XD
——— TMR | Ti1o |K10D0 X0 | |
T10 I
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TE = 0.1 sap |00 secands



Korga X0 =1, erxon Y1 sxmogen. [lpe sammowesss X0, sproon Y] erEreoaeTed epes

1) cexvan, T X oDepasE] 3aTAEE0TO FEATSEEY TaEwepa 10 emeer mecEpersocts 0.1 cex, T8
E1000 = 100 cex

IIpavep 9: Tamwep ¢ z:anepExol B3 BEEMOTEERE H BRHETIOTEHES
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IIpamep 10: Taiwep ¢ 2-x cTYOEEIATOR 330epEECE Ha BETOISHES
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IIpamep 11: Pacompesse geanazoga coeTIHEa
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I[aT‘II/IKI/I HEINIPEPBIBHbIX BCJIUYNH

Haubonee pacmpocTpaHeHbl NAaTUYUKU TOJOXKEHHUS W TMEPEMEIICHUs, CPeIu HHUX
pa3nuyaroT abCOMIOTHBIC U IIUKINYECKUE TaTUUKU.

AOCONIOTHBIE JATYUKH — BBIJIAIOT MEPEMEHHBIN CUTHAJ MOJOXKCHUSI U Tepe-
MEIIEHUs BO BCEM JUAIa30HE.

Hukanyeckne JaTYUKH — JIATYUKU Y KOTOPHIX U3MEHEHHS BBIX. CUTHaja B 3a-
BUCHMOCTH OT TOJIOKEHUS WM JIBIXKCHHS pab0odyero opraHa HOCST MEPUOIUICCKUM Xa-
pakrep.

OCHOBHBIE KOHCTPYKITUU JaTYMKOB — JIMHEHHASI U KPYroBas.

OCHOBHBIE XapaKTEPUCTUKU JATIYNKOB:

Beanuuna uzmepsieMoro nepemMeleHusi — MaKCUMaJIbHAsl BEJIMUMHA JIMTHEHHOTO
WM YTJIOBOTO MEpPEeMEIICHUs, KOTopasi MOXKET ObITh IpeoOpa3oBaHa JaTYMKOM B U3MeE-
HEHUE BBIX. CUTHAJIA.

TouHOoCTh — OTpenenseTcss MaKCUMAJIBbHOW MOTPEIIHOCThI0 M3MEPEHHUsI 110 BCei
BEJIMYMHE KOHTPOJIUPYEMOTO MePEMEIICHHUS.

YyBCTBUTEIbHOCTh — OTHOIIIEHWE M3MEHEHHUS BBIX. CUTHAJNA K BEIIMYUHE BBbI-
3BaBIII€H 3TO U3MEHEHHUE.

IMopor yyBcTBUTENBHOCTH (JUIs1 TUMPOBBIX TATYUKOB — JUCKPETHOCTH) MUHHU-
MaJbHas BEIMYMHA KOHTPOJIHUPYEMOTO TMEPEMEIICHHs, BBI3bIBAIONICE N3MEHEHHE BBIX.
CUTHAIA.

CTaduabHOCTH pad0Thl — XapaKTEPU3YETCI MAKCUMAJIBHOW pa3MEpPHOCTHIO 3HA-
YEHUH BBIX. BEJIMYMHBI COOTBETCTBYIOIIEH KOHTPOJIUPYEMOMY TOJIOKEHUIO.

Oco0eHHOCTh TMHEHHBIX OMTOAIEKTPOHHBIX PACTPOBBIX MpeoOpa3zoBaTeseii mepe-
MEILIEHHS] 3aKII0YaeTCs B MCIIOJIb30BAHUU B KAYECTBE MEPHI JJIMHBI JIMHEHHON IIKaJIbI,
SBJISIIOLLENCS. HOCUTEJIEM PETYJISIPHOTO M KOJOBOTO pacTpoB. Bo3MOKHOCTh HaHECEHUS
IITPUXOB PACTPOB ¢ CYOMHKPOHHON TOYHOCTHIO Ha MaTe€pHabl C 3aJaHHBIM KO3 u-
[IUEHTOM JIMHEWHOTO PACIIUPEHHUs], a TAKKE CTAOMIBLHOCTh UX T€OMETPUUECKOTO MOJIO-
KEHUS MO3BOJISIIOT CO3/1aBaTh MpeodpazoBaTesu 3-4 KI1acCOB TOUHOCTH.

Bricokas creneHb 3alllMIIEHHOCTH KOHCTPYKTHBHOI'O HCIIOJIHEHUS MpeoOpa3oBa-

Teneﬁ, a TaK)XKC NX BbICOKas YCTOﬁqHBOCTL K BHCIITHHMM BOBHeﬁCTBHﬂM obecreunn pac-



TPOBBIM NMPEOOPaA30BATENSAM IIUPOKUN CHEKTpP 00JacTEell MPOMBILIJIEHHOTO U HAY4YHOIO
IIPUMEHEHMUS.
IpuHuun aeiicTBUsS Npeodpa3oBaTesieil JHHEHHbIX epeMeleHu i

B ocHOBy paboTel npeoOpas3oBaTencii NepeMeIeHns MOJ0KEH METOJ ONTO3JIEK-
TPOHHOTO CKAHUPOBAHUS IWITPUXOBBIX pacTpoB. [Ipy OTHOCHTENBHOM MNEpEMEIICHUN
Kbl | ¥ aHanu3aTtopa 3 CONPSIKEHUsI PETYISIPHOTO pacTpa LIKaiIbl C pacTpaMy aHa-
JIM3aTOpa MOAYJIUPYIOT NPOXOISIINN Yepe3 HUX NOTOKU U3Iy4YEHUs, BOCIPUHUMAEMbIE
COOTBETCTBYIOLIUMU (OTONPUEMHUKAMU. PacTpoBas 1IKajga COAECPKUT ABE Mapaljieb-
Hble UH(POPMALIMOHHBIE JOPOXKKHU: PETYISIPHOTO pacTpa U peepeHTHBIX METOK.

PacTpoBblii aHanm3aTop conepkuT 4 okHa A,

A, B, B UHKPEMEHTHOTO CUUTHIBAHUSI U OKHO pe-
dbepentHoit MmeTku b. Ha3Banubie BbIIEe 4 OKHa
IIO3ULIMOHHO COTJIaCOBAHBI C JOPOKKOMN pEryssap-
HOro pacrtpa mkaibsl. [llarm pacTpoB B OKHax

pPaBHBI IIaraM pEryJsipHOro pactpa mkaisl (20

MkM win 40 mxm). IIpu s3ToM B Kaxaoil mape

CUuTHIBAIOLIHI y3es
2 1mara GOTONPHUEMHUKOB

(xpemHuEBEIE HOTOTHOMBI) OKOH pacTpbl CMCUICHBI APYI' OTHOCHUTCIIBHO APY-
3 pacTpoBbIii aHaMM3aTOP
TERIGTE] MERARUDHAR) ra Ha BEJIWYWHY, PAaBHYIO IIOJIOBMHE MX IIara, a

4 1mutata ocBeTuTeneit
(uHdpaKkpacHbIe U3ILYIaTEIIH) o o
B3aMMHBIKM IIPOCTPAHCTBEHHBIM CABHUI pPacCTpPOB

MEXy TapaMy OKOH COCTaBJISIET YETBEPTH I1ara pactpos. [locienoBaTenbHO ¢ pacTpo-
BBIMH OKHAMH PacIoJIOKEHO mpo3payHoe okHO I'. PedepentHas merka b mo3unmonHo

corjacoBaHa ¢ IOPOXKKOH peepeHTHBIX METOK IIKAJIbI.

BB AA 0th

(NSRS,

CuuThiBatonuii y3en (CUYMTHIBAIONIAS TOJIOBKA) MpeoOpa3oBaTeis MEpeMEIIeHHH

pemraeT 3ajady peaan3alnud ONTHYSCKUX PACTPOBBIX M KOJIOBBIX COMpPsDKEHUN, HHOOP-
MAaTUBHO COOTBETCTBYIOIIMX BEIIMYMHE JJUHENHOIO NIEPEMENIEHNUSI, 4 TAKXKE 3a/1a4y CUH-
ThIBaHUSI, 00pPAOOTKN U aHAIM3a TEKYUIMX 3HAYEHUW ONTHYECKH MH(POPMATUBHBIX Ma-

pPaMETPOB YKa3aHHBIX COMPSIKEHUM.



KoHCTpyKTHBHO mepByrO 3a7jady pelIacT KapeTKa, )KECTKO CBSI3aHHAs C aHaIu3a-
TOPOM, HaXOAAIIASICA Yepe3 MOAUIMITHUKA KaY€HUSI B IOCTOSIHHOM KOHTAaKTE CO IIKAJIOW
YTO JI€JIA€T BO3MOKHBIM OTHOCHUTEJIBHOE MEPEMENIEHNE IKAJIBI U aHanu3aTopa. Bropyro
3a/1a4y peaau3yIoT MIaThl POTONPUEMHUKOB 2 U OCBETUTENEH 4, YCTAHOBIICHHBIC HA TY
&KE KapeTKy, W IiaTa 3JEKTPUUYECKON CXeMbl BbIACICHHUSI U 00pabOTKH MHPOpMALIUK O
IIEPEMEILICHUH, PACIIOJIOKEHHAsI B KOPITyCE CUMThIBarolled rojoBku. [lmara ocserure-
Jel COAEPX UT IIECTh M3IYYaIoIUX UOJIOB, 00ECIIEUMBAIOIIMX 3aCBETKY COOTBETCT-
BYIOIIIMX OKOH aHaJIU3aTOpa, U MPOCTPAHCTBEHHO COIJIACOBAHHBIX C HUMH MPHUEMHBIX
IUIONIA/I0K 1IeCTH (POTOIMOAOB IJIATHI 2.

[TocTpoeHHBIN TakuM 00pa3oM KaHaJl CYUTHIBAHUS MH(OPMAIIMH TTO3BOJIIET cPop-
MHUPOBATh JIBA OPTOrOHAIBHBIX MEpHOANUECKUX curHana |A 1 IB, uckirounB U3 HUX Mo-
CTOSIHHYIO COCTaBJISIIONIYI0. B3auMHBIN XapakTep M3MEHEHUS! YKa3aHHBIX CUTHAJIOB Ja-
€T BO3MOKHOCTh OINpPEJCIUTh HAMPABICHUE MEPEMENICHHS, a YUCIO UX MEPUOAO0B MPHU
JTAHHOM TIepeMeIeHUH ero BenuunHy. CrenuanbHble METOAbl 00paboTku curHaios 1A
u |B no3Bossitor o6ecnednTh KOHTPOJIb EPEMEIICHHS ¢ JUCKPETHOCThIO, MHOTO MEHb-
1€l IEpUOIa PETYIAPHOIO pacTpa.

JIJ1si BOBMOKHOCTH 3aZlaHusi COOCTBEHHOI'0 Hayajla OTcueTa B MpeoOpa3zoBaTesix
NepeMeIleHNs UCTIONIb3YeTCs JOPOKKa peepeHTHBIX METOK, CoepsKaliasi, Kak MUHU-
MyM, OJHY (YHKUIHOHUPYIOIIYIO pepepeHTHYI0 METKY, MpPeICTaBISIONIYI0 CO00M crie-
IIUAJIBHBIN pacTp, ¢ 3aJaHHON (DYHKIIMEH PaCIIOI0KECHHS ITPUXOB U UX NTUPUHBI.

B npouecce 0THOCUTENBHOTO EPEMENIEHUS KAl U CUATHIBAIOIIEH TOJIOBKU IIPU
coBMeleHnn nosier [l mkanel u.mojisg b ananuzaropa ¢ ¢poTonpueMHUKa, CONPSIKEHH O-
ro ¢ nojeMm b, CHUMaeTCs aHaJIOrOBBIM CUTHAJI KOOPAMHATHO-3aBUCHUMOM BEJIMYUHBI C
SAPKO BBIPAXKEHHBIM MAKCHUMYMOM. OTOT CUTHAJI HUCIIOJB3YETCSl YCTPOMCTBOM 0Opa-
OOTKH I KOOPAMHATHOW TIPUBSI3KM CUWTHIBAIONIETO y3Ja K Hayalxy oOTcYeTa
npeoOpazoBatens. [Ipyu 3TOM yuuTHIBaeTCS 3HaUECHUE OTMOPHOTO CUTHAJA, 33]1aBa€MOT0O
dboTonprUeMHUKOM, COOTBETCTBYIOIIMM OKHY [ aHanm3aTopa.

Bo Bcem mMupe nBa AECATHIETHS C YCIIEXOM NPUMEHSIOTCS TAaTYUKU JIMHEUHBIX Te-
peMelenus ( WM KaK MX €lIe Ha3bIBAIOT: JATYMKU JIMHEHHOTO MOJIOKEHUS, JaTYUKUA U
M3MEPUTENH MyTH) OCHOBaHHBIE Ha 3(PdeKTe MAarHUTOCTPUKIINHA. MUPOBBIM JTUACPOM U

NHOHEPOM B MPOM3BOJICTBE JIAaHHBIX CEHCOPOB sBIsgeTcs Kommanua MTS



Sensors, otaeneHue amepukanckod kopmnopamuu MTS Systems. Oto monpasnenenue
obu10 co3mano B 1984 roay nocie nmokynku MTS komnanuun Temposonics Inc, ceituac,
Temposonics — Toprosasi Mapka, KOTOPYIO MOKHO BHJIETh Ha JIFOOOM MarHUTOCTPHKIIHU-
OHHOM naruuke nepemermiennss MTS Sensors.
Ipunyun padbomaui
MaruurocTpukius Obuta 0OOHapy»eHa TOJbKO B (PEPPOMArHUTHBIX MaTepualiax,
TaKUX Kak yKeJie30, HUKeIb, KOOAIBT U cruiaBax. OCHOBOM MPUHITUIIA MATHUTOCTPUKITUN
ABJIAIOTCS. MAarHUTOMEXaHUYECKUE CBOMCTBA 3TUX MarepuanoB. To ecTh, eciu ¢eppo-
MarHeTUK HaXOJMUTCS B 00JaCTH MArHUTHOTO TOJIsl, TO OHO BBI3BIBAET MUKPOCKOIUYE-
CKYI0 AedhopMaldio ero MOJICKYJISIPHOM CTPYKTYpPBI, UTO MPUBOJIUT K U3MEHEHUIO (U-
3MYECKHX pa3MepoB deppoMarHeTrka. Takoe moBeeHHE OOBICHSAETCS CYIECTBOBAH H-
eM OECUYMCIICHHOTO KOJUYECTBA MAJICHBKHUX JJIEMEHTAPHBIX MAarHUTOB, U3 KOTOPBIX CO-
ctouT peppoMarHuTHBI Matepuan. OHU OYIyT CTPEMHUTHCS YCTAHOBUTHCS Mapasijieib-
HO Jpyr JApPYry B Tpejaeiax OTPpaHUYCHHBIX MPOCTPAHCTBEHHBIX oOJiacTel, yxe 0e3
BHEIIIHETO MAarHUTHOTO MOJisi. B 3TUX Tak Ha3pIBaeMbIX JOMEHAX, BCE DJIEMEHTApPHBIC
MarHuThbl HalpaBJiI€Hbl OquHaKoBO. Ho mepBoHayanbHOE pacnpenesieHHe TOMEHOB Xao-
TUYHO U CHapyXu (eppOMarHuT-
Puc.A
HOE TEJI0 KAXKETCSI HEMArHUTHBIM.
[Ipy DOpPUIOKEHUH MarHUTHOTO
NoJisi , JOMEHBI BBICTPAUBAKOTCS

II0 HAIIPABJICHUIO 3TOI0 IIOJIA H

BbIPABHHUBAKOTCA ImapaijICIIbHO

apyr npyry. Takum oOpa3om, mo-

JIy4aroTcsa COOCTBEHHBIC MArHHUT-

Matinrumo oo a8 dapp o
1. 603 snomHOM waeHNTHESD NoVIN
2. Nocne

< " Hple TOJISI, KOTOPBIE MOTYT IIpe-
AL - YAORHONND CYOMME

BOCXOJUTHh BHEIIHEE MAarHUTHOE

moJie B COTHH pa3. Hampumep, ecnu ctepkeHb U3 PeppOMarHUTHOTO CIJIaBa TTIOMECTUTD

B MarHUTHOE I10JI€ NApAJIEIIbBHOE €r0 OCHU, TO CTEPIKEHb UCIIBITAET MEXAHUYECKYIO J1€e-

dbopManuio U MONYYUT JUHEWHOE y/uynHeHHe. Ho B pearbHOCTH yITMHEHUE TOCPEACT-

BOM MarHUTOCTPUKIIMOHHOTO 3¢ dexTa oueHb mamo. (puc.l)


http://www.sensor.ru/catalog/180/869/?SID=ac57e4bc22b213e8dd82e0ace887d95a

MarHuToCTpUKIHUOHHBIN 3P(HEKT 00yCIaBIMBAETCS COBOKYITHOCTbIO MATHUTHBIX U
MEXaHUYECKUX CBOMCTB (PEPPOMArHUTHBIX MaTEPUAIOB, COOTBETCTBEHHO €r0 MOKHO
ONTUMH3UPOBATH IOCPEACTBOM CO3/IaHUS CIELHUAIBHBIX CIJIABOB U YINPABIATH C MO-
MOIIIbIO HAMPABJIEHHOTO JIEUCTBHSI BHEIIHETO0 MArHUTHOTO MOjs. B mpoMbIIUIEHHBIX
U3MEPUTEIBHBIX cHcTeMax Temposonics HCIMONb3YETCS MAarHUTOCTPUKIIMOHHBIA 3 (-
¢dekT, KoTophiii Ha3bIBaeTcs d3pPext Buaemana. OH onuchIBaeT MEXaHUYECKYIO Ae(op-
Maluo (CKpyYuBaHUE) JIIMHHOTO, TOHKOTO (DepPOMArHUTHOTO CTEP>KHS, KOTOPBIA Ha-
XOJUTCS MOJ BO3JEUCTBUEM JIByX MAarHUTHBIX IOJIEH: BHEUIHErO0 U BHYTPEHHETO, CO3-
JaBa€MOT0 MPOBOJHUKOM, IO KOTOPOMY MPOTEKAET JIEKTpUuecKuil Tok. B nmarumkax
nuHEeHbIX nepeMenieHuid MTS Sensors BHEIIHEE MarHUTHOE TOJIE CO3JAETCs MO3UIU-
OHHBIM MAarHUTOM, KOTOPOE MPHU MEPECEUEHUN C KOHIIECHTPUYECKUM MAarHUTHBIM IOJIEM,
CO371aBa€MbIM JJIEKTPUUYECKUM TOKOM, BBI3BIBAET MEXAHMYECKYIO AehOpMalMIO B HeE-
00mbIION 00J1aCTH M3MEpUTEIBHOrO 3iieMeHTa B popme ctepxkusa (Puc.2). Tak xe, B
naTdukax Temposonics HCIMONB3YeTCsl TaK Ha3bIBAEMbIA, MArHUTOYOpyruil s@dexr
(unu 3¢ dext Bumnapu). OH cBsI3aH C U3MEHEHUEM MArHUTHBIX CBOMCTB (heppoMarHe-
THKa, HallpUMep, HAMarHM4eHHOCTH (hePpOMArHUTHOr0 OpycKa, KOTOPOE BBI3bIBACTCS

IPOJI0IBHOM AedhopMaluei.

DeppoMarHUTHBIN CTepXeHb l

NO3MUMOHHBLIA MATHUT

Puc.2

UtoOBl mpeBpaTUTh H3JI0KEHHBIE BhINIE (PU3NYECKHE OCHOBHI B HAJIEKHO pabdo-
TAIONTYI0 U3MEPUTEIBHYIO CHCTEMY, ObUTa MpeIoKeHa KOHCTPYKIUS JaT4YHKA, MPe-
CTaBJICHHAs Ha pUCYHKe 3. JlaTunk TMHEWHBIX mepemMenieHnii Temposonics COCTOUT U3
S OCHOBHBIX YaCTEM:

-U3MEPUTEIbHBIN 2JIEMEHT (BOJIHOBON);

-J3JICKTPOHHUKA JaTYHKA,



-II03ULMOHEDP B BUJIE IOCTOSHHOTO MarHuTa;
-[1peo0pa3oBaTeab TOPCHOHHOTO UMITYJIBCA;
-neMi@upyronas 4yacTh (Ha KOHLE CTEpXKHsS, B KOTOPOM racuTcsi BTOpas 4acTh

TOPCUOHHOTO UMITYJIbCA).

MeXaHH4eCKUi MarHuTHOE nose Puc.3

TOPCHOHHbLIA NOCTOAHHOrO
UMNYNbLC

MarHATOCTPMUKLHOHHLIA
U3MepUTENbHLINA 3M1eMeHT
(BONHOBOA)

ANeKTPUYECKUA
TOK

MarHuTHoe none
3nNeKTpuiyecKoro
TOKa

=

npeobpasoBarens
TOPCUOHHOTO
uMnynbca

NOCTOAHHLIA MarHUT

«CTrepKHEMY» U3MEPUTEIIBHOM CHUCTEMBI SBJISIETCS (hePPOMATHUTHBIA U3MEPUTEN b-
HBII 3JIEMEHT, UCTIOJB3YIOUIMICA KaK BOJHOBO/, IO KOTOPOMY paclpOCTpaHsAETCs TOP-
CHOHHAs yNIbTpa3ByKoBasl BOJHA JI0 MpeoOpas3oBaTelsis UMIYIbCOB. M3mepsemas mo3u-
sl ONPEIETSAETCS MOJOKEHUEM MTOCTOSTHHOIO MAarHuTa, KOTOPBIM OKPY>KaeT BOJHOBO.
OTOT MarHUT CO3/1a€T MAarHUTHOE T0JIE B BOJHOBO/IE M CBSI3aH C 0OBEKTOM U3MEPEHUSI.
31ech HY>)KHO IOAYEPKHYTh, YTO MEXAY MO3ULIMOHEPOM (MATHUTOM) U U3MEPUTEIbHBIM
3J1€eMEHTOM (BOJIHOBOJIOM), TIOJIHOCTBIO OTCYTCTBYET MEXaHUUYECKas CBsI3b. JTO rapaH-
TUPYET OYEHb JOJITUN CPOK ciykObl gaTunkoB MTS Temposonics Ha OCHOBE ATOTO
NPUHIUIIA U3MEPEHUS.

[Ipr u3mepeHnn KOPOTKMKA MUMIYJBC TOKA IOCBUIAETCS U3 AJIEKTPOHHOU
YacTU CEHCOopa C MOMOIIbI BOJIHOBOJA. [Ipu mepeMenieHny UMITyjabca BO3HUKAET pa-
IUaJbHOE MAarHUTHOE moJie BOKpyr BosiHOBona (Puc.3). Ilpu mepeceyennu ¢ MarHuT-
HBIM TI0JIEM TOCTOSSHHOTO MarHWTa-TMO3WIIMOHEPa, BO3ZHUKAET ,coryacHo 3(dexry Bu-
JeMaHa, TutacThudeckas nedopmaiius MarHUTOCTPUKIIMOHHOTO BOJTHOBOJIA, KOTOpAsi sIB-
JSI€TCSl BBICOKOJAMHAMUYHBIM TPOLIECCOM, BCJIEACTBUE CKOPOCTH TOKOBOTO HMMIYJIbCA.
N3-3a 3TOro BO3HUKAET yJIbTPa3BYKOBasi TOPCUOHHAS BOJHA, KOTOPAsl pacpoCTpaHsIeT-
Csl OT MeCTa BO3HMKHOBEHHUSI B 00a KOHIIA BOJTHOBO/Ia, OAHAKO B OJJHOM M3 KOHIIOB OHA

IIOJIHOCTBIO I'aCHUTCA U ,TAKHUM 06pa30M, IIOMCXHM W HCKAXXCHHUA CHUTHAJIa MCKIIIOYAarOTCA.



JlerekTupoBaHue U 00pabOTKa TOPCHOHHOTO MMITYJIbCa MPOUCXOAUT HA APYTrOM KOHIIE
BOJIHOBO/IA B CIIELIMAILHOM NpeoOpasoBaTeine. [Ipeodpa3oBaTesib TOPCHOHHBIX UMITYJIb-
COB COCTOUT U3 PACIHOJIOKEHHOH MONEepPEeK BOJIHOBOAA U )KECTKO CBSI3aHHOM C HUM TOJI0-
CBhl U3 MAarHUTOCTPUKIIMOHHOTO METaJlIa; JEeTeKTUPYIOMIEH KaTyIIKA WHAYKTUBHOCTH U
OJTHOTO HETIOJIBIKHOTO TIOCTOSTHHOTO MarHmTa.

B npeoOpa3oBaresne TOPCHOHHOTO HMMITYJIbCA, CBEPX3BYKOBas BOJHA BBI3BIBACT
M3MEHEHHEe HaMarHMYE€HHOCTH METaJNIMYeCKOW Moyockl coriacHo 3ddexra Bumnapu,
yxe ynoMmuHasiiemycs. Creayroiiee u3 3TOro BpeMeHHOE U3MEHEHHE T10JIs TOCTOSIHHO-
ro MarHuTa WHAYIUPYET DJIEKTPUUECKUNW TOK KATYIIKE WHIYKTHBHOCTU. DTOT BO3HHU-
KaIOLIUI SJEKTPUUECKUN CUTHAJ OKOHYATEeNbHO 00pabaThIBacTCsl ICKTPOHUKON NaT-

YHuKa.



AHanorossle mpuOOpPHI aBTOMAaTU3aLUN

VYcenexu B MHKPOSJIEKTPOHUKE, MOSIBIEHUE MHUKPOIPOLECCOPOB PEBOIIOLMOHU3H-
pPOBaJIM TEXHUKY IOCTPOE- HUS CUCTEM YIIPaBJICHMS. MHUKpPONPOUECCOPBI CTAIM BXO-
IUTh B COCTaB OTAEJIBbHBIX CPEICTB aBTOMAaTUKU U KOHTposs. B Hacrosiiee BpeMs Ha
PBIHKE aBTOMAaTHU3allMU MPEACTABICHO OrPOMHOE KOJIMYECTBO MHUKPOIPOLIECCOPHBIX
CPEACTB aBTOMATUKH PA3JIUYHOMN CTENEHH CI0KHOCTH — OT MPOCTEHIINX MUKPOIIPOLEC-
COpPHBIX MPUOOPOB KOHTPOJISL U JIOKAJIBHOTO YMPAaBJIECHUS 10 MHOTOKAHAJIbHBIX (0 He-

CKOJIBKHX TBICAY BXOIIOB-BBIXOI[OB) MUKPOIIPOUCCCOPHBIX KOHTPOJIJICPOB.

N3mepurenu-perynaropst TPM-1, 2TPM-1

N3mepurenu-perynstopst TPM-1, 2TPM-1 npennasHayeHsl 11 U3MEPEHUS U pe-
TYJMPOBAaHUS TEMIIEPATYPhl Pa3IUyHbIX cpel. Takke OHM MOTYT MCIOJIb30BATHCS IS
U3MEPEHUS U PEryJIMpPOBaHUs IPYrUX PU3MUECKUX BEJIIUYUH, TPEOOPa30BaHHBIX B AJICK-
TpuuecKuil yHuGUIHUPOBaHHBIN curHai mo Toky (0 ... 5 MA, 0 ... 20 MA, 4 ... 20 MA)
win HanpspkeHuto (0 ... 1 B). IIpubop TPM-1 ocyiiecTBiseT o HOKaHAIBHOE PETyJIH-
pOBaHKE MO NO3ULMOHHOMY WJIM MPONOPUUMOHAIBbHOMY 3aKkoHy. 2TPM-1 MoxeT ocyie-
CTBJISITh: HE3aBUCUMOE PETYJIHPOBAHUE JIBYX U3MEPSAEMBIX BEJIUYUH MO ABYXIO3UIIHMOH-
HOMY WJIHM IPONOPUUOHAIBHOMY 3aKOHY; PETyJIMPOBAHUE OJHOM M3MEPSIEMOM BEJIHYH-
HBI 10 TPEXMO3UIIMOHHOMY 3aKOHY; PETYJIMPOBAaHUE PA3HOCTU TEMIEpaTyp (WA Apyrou
buzudeckoit BenumunHbl). [IpuGops! BeimoHEHBI B HacTeHHOM (130x105% 65 MM) uiu B
IIUTOBOM HCIIOTHEHHUH (96 x 96 % 70 MM mim 96 % 48 x 100 MM) ¢ Hanps>KEHUEM TTUTA-

Hug 220 B (TPM-1(2)A) wiu ¢ pacliMpeHHbIM AMANAa30HOM HAMPSKEHUS] MUTaHUS 85

... 250 B (TPM-1(2)B).

Bremnnii Bug npudopos TPM-1 u 2TPM-1

TPM-1 umeeT oauH BXOH IS MOJKITIOUCHUS U3MEpPUTEIbHOrO natunka. 2TPM-1

COACPIKUT ABA HACHTUYHBIX BXOA4.



Bxon mMoxeT ObITh BBINOJIHEH B OAHOW M3 cieayromux mMoaudukaumii: TC — nns
noakioueHus: repmomMetrpoB conpotusieHuss TCM wim TCII; TII — ans noakmoueHus
tepmomniap TXK, TXA, THH, TXK; TIIII — nna noakmrouenus tepmonap TIIIL; AT n
AH — nns noaxOYeHUsT JATYUKOB C YHHU(PUUMPOBAHHBIM CUTHAJIOM TOKA U HampsKe-

HUs1, COOTBCTCTBCHHO.
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brox 00paboTKu AaHHBIX MpeaHA3HAYEH ISl MPe/IBAPUTEIbHON 00pabOTKU BXO/I-
HOro curHaia (HudpoBo GUIbTpaLUU, KOPPEKIIUU U MACIITAOUPOBAHUS ), UHIUKAIIUU
U3MEpPEHHOMN BEIWYMHBI U (OPMUPOBAHUSI CUTHAJA YNPABICHUS BBIXOJIHBIM YCTPOMCT-
BOM. biok 00paboTKu AaHHBIX BKIIIOYAET Jiornueckoe yctpoictBo (JIY), kotopoe Mo-
KET paboTaTh B OJJHOM U3 TPEX PEKUMOB:

- Komnapatop (ycTpoiCTBO CpaBHEHHs) — pEaIU3yeTCsl MO3ULUOHHOE PETYIHPO-
Banue. J{ns pabotel JIY B aTOM pexnme TpedyeTcs BeIxogHOe yctporcTBo (BY) kito-
4YeBOro Turna (pele, ONTOCUMUCTOP, TPAH3UCTOPHBIN Kito4). [1-perynarop — peanusyer-
cs1 aHanoroBsoe [I-perynupoBanue.

- Wamepurtens-peructparop. st peanmszaumum Il-perynaropa u u3MepUTEIIs-
peructpatopa TpeOyeTcs yCTaHOBKAa B KAadyeCTBE BBIXOAHOTO YCTpoicTBa IUpo-
aHaJIOTOBOIO MpeoOpa3oBaTeNsl ¢ BBIXOAHBIM cuUTHaiIoM 4 ... 20 MA. Moaudukamms
BXOJTHOTO U THI BBIXOJTHOTO YCTPOMCTBA OIpeNeI0TCS MpHU 3aKa3e npudopa.

[IporpamMmmupoBanue mpuOopa OCYIIECTBISETCS C MOMOUIbIO KHOMOK, Pacrojo-
KEHHBIX Ha nepenHei manenu. I[IporpammupoBaHUEe 3aKIIOYAeTCsl B YCTAHOBKE Mapa-
METPOB PETYJIUPOBAHUS U PEXKUMOB pabOThl mpubopa. Bce HacTpoeuHble mapameTphl
COXPaHSIOTCS B YHEPTOHE3aBUCUMOM MaMsITH MPUOOpa U OCTAIOTCSI HEU3MEHHBI- MU MPU

BBIKIIIOYCHHUU ITMTaHMA.



Wamepurens-I1U/I-perynarop TPM-10

N3mepurens-I11N/-perynarop TPM-10 npennasHadeH uisi U3MEPEHUS BXOIHOIO
napaMerpa, mupoTHO-uMmyiabcHoro (IIIMM) wunum aHanmoroBoro peryaupoBaHUsl Ha-
rpy3koii o I11/[-3akony perynupoBanus. Taxxe npudbop popmMupyer Ha CBOUX BBIXO-
JaxX JACKPETHBIM CUTHAJI B BUJIE 3aMBIKaHUSI KOHTAKTOB PEJe, KOTOPBIA MOXET UCIIOJIb-
30BaThCs IS ABYXIIO3ULIMOHHOIO PEryJIMPOBAHUA WJIM CUTHAJIU3ALMUA O BBIXOJE U3MeE-
pseMOoro napaMmeTpa 3a yCTaHOBJICHHbIE TpaHulibl. [IpuOopkl BRINMOIHEHBI B HACTEHHOM
(130 x 105 % 65 MM) wiH B IIUTOBOM HcnoJHEHHUH (96 x 96 x 70 MM unu 96 x 48 x 100
MM) ¢ HampspkeHueMm nutanus 220 B (TPM-10A) unu ¢ pacmimpeHHBIM JHaNa30HOM

HanpspkeHus nutanus 85 ... 250 B (TPM-10B).
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QOYyHKNHOHAILHAA cXxeMa npadopa TPM-10

K Bxony TPM-10 MoryT ObITh MOJKIIOYEHBI TEPMOIApa, TEPMOMETP COIPOTHUBIIE-
HUSl WIK JTaTYUK C YHU(PUIIUPOBAHHBIM CUTHAJIOM TOKa WM HanpsbkeHus. KoHkperHas
MonuduKanusa BXoja Mpubopa ykasbiBaeTcs Ipu 3akaze. biok o0paOOTKM TaHHBIX
BKJIFOYAET JIBa JIOTHUeCKUX ycTpoucTBa: [IN/[-peryssitop u yCcTpOMCTBO CpaBHEHUS.

Texyiiee 3HaUeHNE PETYIUPYEMOI BEIMYHMHBI MTOCTYIMAET HAa BXOJBI OOOUX JIOTH-
JecKuX ycTpoucTB. Kaxkmoe mormueckoe ycTpOWCTBO MMEET COOCTBEHHBIC YCTABKH M
paboTaeT He3aBUCHUMO OT JIPYroro. B 3aBUCMMOCTH OT yCTaHOBIEHHOTO B MPUOOpE BHI-
xomHOTo yctpoiictBa curnan ¢ [IU][-perynsaropa MoxeT ObITh MpeoOpa3oBaH B TMOCIIE-
JOBATEIBbHOCTh UMIYJIBCOB (C MOMOIIBIO IHUPOTHO-UMIYJIbCHOTO Moayisitopa IMM)
JUISL YIIPABIICHUS JJIEKTPUYECKUMHU HMITYJIbCHBIMU HCIIOJHUTEIBHBIMU MEXaHU3MaAMU
WJIU B aHAJIOTOBBIN curHai 4 ... 20 MA.

B kauecTBe BbIXOAA U1 KOMIApaTopa UCHOJB3YETCS CHIBHOTOYHOE PEJE C KOM-
MyTHpYtomei cmocooHOCThI0 8 A mipu 220 B. Tun BEIXOIHBIX YCTPOWCTB, YCTAHOBIICH-

HBIX B IpuOoOpe, onpeaensercs npu 3akase. [I[porpammupoBanue mpudopa oCcyIiecTBIs-



CTCA C IMOMOIIBIO KHOIIOK, PACIIOJIOKCHHBIX Ha HepeI[HCI‘/’I MMaHCJ/IM, U 3aKIII0YacTCA B yC-

TaHOBKE IMApaMETPOB PEryJIUPOBAHUSA U PEXKUMOB padOThI MpUdopa.

[N 1-perynarop ¢ yausepcaibHbiM Bxogom TPM-101
[N /I-perynarop ¢ yHuBepcanbHbM BxonoM TPM-101 npegnaznadeH quis peryiiu-
pPOBaHUS TEMIEPATYPHI WM IPYTUX (PU3MUECKUX BEJIMYMH B PA3IUUYHBIX TEXHOJIOTHYE-
ckux mnporeccax. TPM-101 npexacraBisier coboit onHokaHanbHbii [T ][-perynsTtop ¢
YHUBEPCAJTIBHBIM BXOJIOM JUIsl MOJKIIOUEHUS TaTYMKOB; JOMOJHUTEIBHBIM BXOJOM JUJIS
JUCTAHIIMOHHOTO YIpaBJiieHus; OJJOKOM 00paOOTKM NAHHBIX, (POPMUPYIOIIUM CHUTHAIBI

yIpaBJIE€HUs BBIXOJHBIMU YCTPOWCTBAMM, W C JIByHampaBlIeHHbIM HHTepdeiicom RS-

485.
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@ynknnoHaabHas cTpykrypa TPM-101

TPM-101 umeer onuH yHUBEpCaJIbHBIM BX0A (BX0oA 1), K KOTOPOMY MOTYT OBITh
NOJIKJIFOUYEHBl JAaTYUKW Pa3IWYHBIM THUIIOB: TEPMOMNPEOOpa3oBaTENN COMPOTUBICHUS,
TEPMOTAPhI, TaTIYNKH ¢ YHU(PUIIMPOBAHHBIM CUT- HajoM Toka 0 ... 5 MA, 0(4) ... 20 MA
u Hanpspkenus 0 ... 1 B, =50 ... +50 mMB. K nononautensanomy Bxoay (xon 2) TPM101
MOKHO OJHOBPEMEHHO MOAKIIOUHUTH /1Ba BHEIIHUX KJIIOYA: IJI1 YIpaBIEHHUS 3allyc-
KOM/OCTaHOBOM IIpOIlecCa PETYIUPOBAHUS W JUIsl MEPEKIIOUEHUST Ha YIPABJICHHE OT
kommbioTepa (o maTepdeiicy RS-485). Hactpoiika koaddunuentos [TN]I-perynstopa
Ha 00BEKTE OCYIIECTBISETCS aBTOMATUYECKH (ABTOHACTPOMKA).

VYrpaBneHne Harpy3Koi MOKET OCYHIECTBIISITHCA ABYMS CIIOCOOAMU: UMITYJILCHBIM
(duepe3 pene, TpaH3U CTOPHYIO WM CUMUCTOPHYIO ONTONAPY) UM aHAJIOTOBBIM (TOKOM
4 ... 20 MA). Croco0 ymnpaBieHUs: 3aBUCUT OT YCTAHOBJIEHHOIO B MPUOOPE BHIXOIHOTO
yCTpo#cTBa U omnpeaensercs npu 3aka3ze. B TPM-101 peanmuszoBana ¢yHKus oOHaApy-
KEeHUsT 00phIBOB B KOHTYype perynupoBanus (LBA). IlpubGop xoHTpoIupyeT CKOpOCTh

peryanyeMoﬁ BCINMYHUHBI 1 BbIAACT CUI'HAJI 00 aBapuu, CCJIH IIPpHU I10Ja4YC MAKCHUMaAJIb-



HOTO YIIPABIIAIOLIEr0 BO3IEUCTBUS U3MEPSIEMOE 3HAUEHNE PETYINPYEMON BEJIUYUHBI HE
MEHSIETCS B TEUEHHE OINPEEIEHHOIO BPEMEHU.

B npubope ycTtaHaBIMBarOTCs JABa BBIXOJHBIX YCTPOMCTBA B CIEAYIOIIUX COYETA-
HUSAX: 00a KIIIOYEBOro TH Ma (pene, TPAaH3UCTOpHAs MM CUMUCTOpPHAs ONTONapa); BbI-
xo11 1 — kIroueBoi; BEIX0 2 — aHaJIoToBhIHN (TOK 4 ... 20 MA); 00a BBIX0Jia aHAJIOTOBHIC
(Tok 4 ... 20 MA). B perynsitope TPM-101 ycraHoBiIeH MOAYJb IBYHAIIPaBICHHOTO WH-
Tepdeiica RS-485, koTopblii TO3BOJIAET OCYIIECTBIATh CBA3b ¢ PC-COBMECTUMBIM KOM-
nproTeEpPOM. [Ipy 3TOM € KOMIIBIOTEPA MOKHO MPOU3BOJAUTH YUTEHUE U3MEPSEMBIX BEIIH-
YUH, U3MEHEHHE PEKHUMOB PEryJIMpPOBaHHUA, 3alyCK/OCTAaHOB Ipoliecca pPeryiupoBa-
HUSL.

MukponpoueccopHslil peryiatop TPM-101 BbinosHEH B IIMTOBOM HUCIIOJHEHUU U

umeeT radapuTHbie pazMepsl 48 X 48 x 102 mwm.

Mopynu BBO/Ia-BbIBO/IA AaHAJIOTOBBIX CUTHAJIOB

Monaynu BBOAa aHayoroBeix curHasioB SM 331 mpennHasHaueHbl JIsi aHAJIOTO-
1M (poBOro Mpeodpa3oBaHUsl BXOTHBIX aHAJOTOBBIX CUTHAJIOB KOHTposuiepa u GOpMH-
poBaHUs MU(PPOBBIX BEIUYHH, UCIIOIB3YEMbBIX IIEHTPAIBHBIM MPOIIECCOPOM B Mpoliecce
BBITIOJTHEHUSI TTporpamMMbl. K BXojgaM MoJyied MOTYT MOJKIIOYAThCA JATYUKUA C YHHU-
(UIIMPOBAHHBIMU BBIXOJHBIMU JJIECKTPUUYCCKUMH CHUTHAJIAMH HATPSKEHUS] WUIM CHJIBI
TOKa, TEPMOIIAPbl, TEPMOMETPHI CONpOTUBICHUS. Kaxkaas mapa BXOJHBIX KaHAJIOB MO-
yJiel MOXKET ObITh HACTPOEHA Ha CBOM BHJ BXOJHOTO CHTHaJa. BEIOOp BHa BXOIHOTO
curHana (cuija Toka, HampspkeHue, Tepmo-O/IC uinn conpoTHBIEHHUE) MPOU3BOAUTCS
armapaTHO yCTAaHOBKOW KOJOBOI'O DJIEMEHTA B OJHO W3 YETHIPEX BO3MOXKHBIX IOJIOXeE-
Hui. Beibop nuama3zoHa u3MepeHuit Kaxxa0ro BXoa IpOU3BOIUTCS MPOTPAMMHO.

KotoBbIe 371€eMEHTHI yCTaHABIMBAIOTCS B PA3bEMBI, PACIIOI0KCHHBIE B OOKOBOI
CTEHKE CUTHAJILHOTO MOAYJIA. KO/I0BbIE 3JIEMEHTHI BXOJAT B KOMIIJIEKT TOCTABKH KaK-
JIOTO U3 MEPEUNCICHHBIX MOYJIEH BBO/Ia aHAJIOTOBBIX CUTHAJIOB. B Ipyrux aHajaoroBbIX
MOJYJISIX BBIOOP BHUa BXOJHOTO CUTHAJIA ONPEICIIICTCS CXEeMOM MOIKITFOUYSHUS TaTIH-
Ka. Moy BBITTYCKalOTCS B IUIACTUKOBBIX Kopmycax. Ha UX JuIeBbIX AHENSIX pacio-
JIOJKCHBI:

* KpacHbIE CBETOIUO/IbI MHIMKAITUN OTKA30B U OIIHNOOK;



* pa3beM JIsl YCTAHOBKU (PPOHTATIBHOTO COCAMHUTEIS, 3aKPBITHIN 3aIIUTHOM KPBIIIKOM;
* a3 Ha 3alIUTHOM KPBIIIKE sl YCTAHOBKU 3TUKETKU ¢ MAPKUPOBKOMN BHEIIHUX 1ETICH.

Pa3pemaromas crnocoOHOCTh MOJYJEH MOXKET ObITh YCTAaHOBJIEHAa B Mpeiesax
9...14 Out miroc 3HaKoOBbIN pa3psan. Hactpolika BBIOIHAETCS NMPOrPaMMHBIMU CPEICT-
Bamu. OT 3TOro mapaMmerpa 3aBUCUT M BpeMms npeoOpa3zoBaHus. Monaynu crocoOHbI
dbopmMupoBaTh 3aMpoChl Ha MPEpPhIBAHUE IS NTepejayu TUarHOCTUYECKUX COOOIIEHUN 1
coOOIIeHN 00 OrpaHUYeHUU BXOJHOTO curHana. [Ipu HeoOX0AMMOCTH OT MOAYJISL MO-
KET OBITh MOJy4YeHa paCIIUPEeHHAs! JUarHoCTU4YecKast HHGopMaIus.

Monaynu BbIBOJIa aHAJIOTOBBIX curHaioB SM 332 npeaHazHaueHsl 115 Udpo-
aHaJIOTOBOT0 NMPeoOpa30BaHUsl BHYTPEHHUX U(PPOBBIX BEJIMUUH KOHTpoJIepa u Gop-
MHUPOBAHHUS €T0 BBIXOJIHBIX aHAJIOTOBBIX CUTHAIOB. K BbIX0/1aM MOyJIel MOTYT IO/I-
KITFOUaThCS UCTIOTHUTEIbHbBIE YCTPOUCTBA, YIIpaBisieMble YHU(MUIIMPOBAHHBIMU CUTHA-
JIaMU CHJIBI TOKA WJIU HaIpsDKeHUsl. MOoIyTu BBITYCKAOTCS B TUIACTHKOBBIX KOPITyCaXx.
Ha ux nuieBbIx maHeasx pactoioKeHbI:

* KpacHbIE CBETOAMO/Ibl MHIUKAIIUA OTKA30B U OIITHOOK;
* pazbeM JIJIsl YCTAHOBKH (PPOHTATBHOTO COCTUHUTEINS, 3aKPBITHIN 3alIUTHON KPBIIITKOMH;
* 11a3 Ha 3alUUTHOM KPBIIIKE JJI YCTAHOBKU 3TUKETKU C MAPKUPOBKOM BHEIIHUX IETIEH .

Moaynu criocoOHbI GOpMUPOBATH 3aMPOCHl Ha MPEPbIBAHUE ISl Tepeadn Juar-
HOCTUYECKHX cooOmieHnil. [Ipu HEOOXOAUMOCTH OT MOIYJIA MOXKET OBITh MOJIydeHa
paciIpeHHas TuarHocTuyeckass HHPOopMaIus.

Moaynu BBOJIa-BbIBOJIa aHAIOTOBbIX curHaioB SM 334 u SM 335 npennasHaue-
HBI U1 aHAIOro-uu(poBOTO Mpeodpa3oBaHUsl BXOJHBIX AHAIOTOBBIX CHUTHAIOB KOH-
TpoJUIepa B €ro BHYTPEHHHUE ITU(POBBIC CUTHANBI, a TaKXKe MU(PPO-aHATOTOBOTO MPE00-
pa3oBaHUs BHYTPEHHUX HU(POBBIX CUTHAJIOB KOHTPOJJIEPA B BBIXOJHBIC aHAJIOTOBBIC
curHaibl. BeiOOp BH1a BXOHBIX M BEIXOJAHBIX CUTHAJIOB MPOU3BOIUTCA YCTAHOBKOM CO-
OTBETCTBYIOIIMX COCIMHEHMI Ha Mojynie. BpiOop nmuama3zoHOB W3MEHEHUS BXOIHBIX

CHUT'HAJIOB BBIIIOJIHACTCA IIPOI'PaMMHO.



