Jlobas cucmema YnpaBneHUs NOMUMO INEKMPOHUKU U UCNONHUMENbHLIX Ycmpoucms
Bkntovaem 8 cebs Habop UHMePdHelicoB, C NOMOWBIO KOMOPLIX NPOUCXO3UM CoNPS>KEHUE BCex
eé oanemeHmo8 B8 eduHoe uenoe. WmeHHo uHMepdbelcul obecnevuBalom HAJExHOe
cPYHKUUOHUPOBAHUE O60PYA0BAHUS B8 PeanbHbix, NOPOU BeCbMQ >KECMKUX YcnoBusx. AHaNU3
HauGonee NONYNAPHLIX QHANO020BLIX U UUGDPOBLIX CNOCO608 0bMmeHa UHgbopmauuel ¢ YSanEHHbIMU
3NEeMEHMOMU NOKQ3LIBaEeM, YMO MHO2UE U3 HUX OCHOBQHLI HQ UCNONL30BQHUU MOKOBOU nemnu
(Current Loop). Bnazodaps npocmome, BLICOKOU NOMEXO3QUJUUIEHHOCMU U psdy  Spyeux
NONO>KUMEeNbHBIX KaYecmB, mokoBas nemns, ocobeHHo uHmepdbelc 4-20 MA, 3aCNY>KEHHO
cmana OSHOU U3 CaMbIX PQCNPOCMPAHEHHLIX OCHOB AN nepedadu UHEPopMaAUUU Ha Gonbulue
pPaccMOosHUA.

TokoBada nmeTasd

PexxuM paboThl yuacTKa 3/1IeKTPUUYECKOH 1enH ([IBYXIOJIOCHHKA) ONpeaeisieTcs
JIByMsl OCHOBHBIMU [TapaMeTpaMu: HanpsikeHUueM U — pa3HOCTBIO NOTEHIIMAJIOB Ha ero
KOHLIAX, U TOKOM I, mpoTekawiuM 4epe3 Hero. B o6iieM ciaydae CBSI3b MeEXAY
3HayeHUsAMU U u | MoxKeT ObITh JJOCTAaTOYHO CJI0XXHOM, OZJHAKO B IPOCTEUIIIEM CJIyYae,
- I pe3uCcTopa C COpoTHBJIeHUEM R, - 3TU iBa napamMeTpa cBsA3aHbl 3akoHOM OMa: U
=[x R.

Takum o06pa3oM, NpU UCHNOJb30BAaHUKM Ha MNPUEMHOM CTOpPOHE pe3ucTopa
B KaueCcTBe JaTYMKa BXOJHOTO CUTHaJIa, TEOPETUYECKU HET HUKAKOW pPa3HUILbl MEXAY
crnocobamu nepeAavyy CUrHajia — C IOMOIUIbI0 HANPSIP)KEHUSI UJIM C TOMOIIbIO TOKA, Be/lb
3THM JBa NapaMeTpa B3auMMOCBsI3aHbl. bojiee TOro, ¢ TEXHUYECKOW TOYKH 3pPEHUS
nepe/iaBaTb MHPOPMALUIO C MOMOIIbIO HAaNpPsKeHUs MPOoIle, YeM C MOMOUIbI0 TOKA,
BeJlb OOJIBIIMHCTBO CYIIECTBYIOIIMX UCTOUHUKOB 3JIEKTPUYECKON SHEPTUU SIBJISIETCS
MCTOYHUKAMU HaNpsDKEHUs, /la U NpPUOOpPOB, B TOM YUCJIE U MOJYNPOBOJAHUKOBBIX,
CHOCOOHBIX KOHTPOJIMPOBATh WJIM PETYJUMPOBATh HaMNpsKEHUE, HAMHOTO OOJIblIeE.
Kpome aToro, cucrema, mnepepawuiass HHPOpPMaLUI0 C MNOMOILbIK HaMpsKeHUs
pu 6€CKOHEYHO OO0JIbLIOM COMPOTUBJIEHUU HU3MepUTeJbHOro 3jieMeHTa (R = o0)
NpakTU4ecKu He mnoTpebJsseT Toka ([ = 0). ITo o3HAYAET, UYTO TEOPETHUYECKH OHa
MOXET ObITb HAMHOTO 3KOHOMUYHEH, Be[lb B 3TOM CJlyyae MOULIHOCTb CUTHajla P,
a cje/loBaTe/IbHO, U 3aTPaThl S9HEPTMU HA €ro nepejiayy MOryT ObITb CKOJIb YyTOJHO
MasibiMu (P =U x [ = 0).

OCHOBHBIM NpPEUMYLIECTBOM TOKOBOU METJM SIBJSETCSA BbICOKAs TOYHOCTH
nepejfaud MHopManuu. B peasbHOW cHUcTeMe CBSI3M Ha BEJMYUHY HaMpsKeHUS
CUTHaJsIa Ha MPUEMHOW CTOPOHE BJUSAIOT PpU3UYeCKUe NapaMeTphbl JIMHWH, B IEPBYIO
oyepeib aKTUBHOE CONIPOTUBJIEHHE €€ MPOBOAHUKOB R v Rz (puc. 1). JleficTBUTENBHO,
COrJIacHO BTOpoMy 3akoHy Kupxroda, cymMmma HampsizKEHUU B 3aMKHYTOM KOHTYpe
Jl0JDKHA ObITh paBHA HYJII0, N03TOMY HanpsikeHHe Usx, TeHEpUPYEMOe NlepelaTiuKOM,
pPaBHO CyMMEe NaJileHU Hanps>KeHUM Ha CONPOTUBJIEHUSIX MPOBOAOB JIMHUU CBSA3U U,
UrHd BXOAHOM CONpPOTUBJEHUU NpUEMHHUKA Us. ITO O3HA4aeT, 4YTO [Jid TOYHOU
nepejiayyd CUrHajia, 0COOEHHO aHaJIOTOBOrO, C MOMOIIbI HaNps»KeHUsI He0OX0JUMO
KaXK/JIbl pa3 MOJCTpauMBaTb CHUCTEMY M0J, KOHKPETHYH JIMHUIO CBS3U. YUYUTBIBaf,
YTO aKTUBHbIE CONMPOTUBJIEHUSI NPOBOJHUKOB Ru v Ri.pr3myeckoil JTMHUU 3aBUCAT
OT MHOTUX (GaKTOpPOB, B MePBYK oOvyepe[b OT TEMIEpPATypbl, TAKyl HACTPOUKY



HEO6XOL[I/IMO MPpOBOAWUTDb PEryJdpHO, B 3aBUCUMOCTHU OT BPEMEHH CYTOK U MOTOJHbIX

YCJIOBUU.
Cucrtema cBfi3M Ha OCHOBE Nepegavyn HanpsiKeHWs
ITuHKA ceAau
Mepepatumk Un4 MNpuemHuk
Rns Wameputens
HanpsKeHus
MCTOUHKK N ! T ]
HanpﬂmH“HCD Usbix Ry Upx Rgy -+ oo
| — |
Uno
L
Usbix = Ugx* Un1+ Unz Ugyw=U Rex
BX = VBbIX Rgy + Rng+ Rz
Cucrtema cBA3WM Ha OCHOBE Nepeaavm Toka
MepepgaTumnk NuHKUA cBA3M MpueMHuK
, Bbix | Rn1 IBx
e Swri WMameputene
e " TOKa
MeTodHKK
TOKa Rpa Ray -= 0
lex= I Bbix

Puc. 1. CucTeMbl CBSI3YM HA OCHOBE Mepeiladyu HaNpsKeHUs ¥ TOKa

B oT/inyve OT HaNpsDKeHHs, BEJIMYUHA KOTOPOrO OTJHWYAETCHA AJIS KK/ 0ro
y4acTKa, TOK BO BCeEX 3JIeMEHTaX Hepa38emae/eHHOU 3JIEKTPUYECKOU IeNu OJMHAKOB.
JTO O3Ha4yaeT, YTO KayeCcTBO MepejlaBaeMOod HHPopManuu (CUJy TOKa) MOKHO
KOHTPOJIMPOBATh He TOJIbKO Ha MPUEMHOM, HO U Ha NepeIalolell CTOPOHE, TEM CaMbIM
MOJICTPAUBAsICh MO/ BCe U3MEHEHHs MapaMeTpOB JIMHUHU. TakuM 06pa3oM, cUCTeMa

nepejlaud  JlaHHbIX Ha OCHOBE TOKOBOM TMeTJM He TpebyeT KaKUX-Jubo
JIOTIOJTHUTEJIbHBIX MHCTPYMEHTOB KaJIMOPOBKHU WU aBTONO/ICTPOUKHU
0/ KOHKPETHYI0 JIMHUIO CBSI3M - 3Ty QYHKUUI aBTOMAaTUYECKU BbINOJHSET
nepe/aTyUK.

BiusiHMe mapaMeTpoB JIMHUM CBSI3U B CHUCTEME, Mepejarolleld HHPopMaluio
C IOMOLIbI0 HANPAXKEHUS, TEOPETUYECKA MOXHO YMEHbIIUTD, YBEJIMYUB BHYTPEHHee
CONpPOTHBJIEHUE NPUEMHHUKA (B UJleaIbHOM ciay4yae R = 00). B aToM ciiydyae npou3onaét
yMeHbllleHWe TOKa B JIMHWUW, a CJeJoBaTeJibHO, M IaJieHUue HalpaKeHUs
Ha conpoTuBJeHUsIX Rmu Rp. OgHako npu paboTe C JJUHHBIMHA JIMHUSIMU
3TO NIPUBEAET K YXyAUIEHUI0 KayeCcTBa CBA3M, IOCKOJbKY KpOMe CUTrHajla B CUCTeMe
CYLIEeCTBYIOT €ll€ U IOMEXH.



[loMexa siB/IsSIeTCSA TaKOU e HEOTheMJIEMOU YacThbI0 CUCTEM Nepe/lauu JaHHbIX
KaK MepelaTuMK, IPUEMHUK U JIMHUS CBSA3U. B aHA/I0rOBBIX CUCTEMAX HaJIMYUe oMex
NPUBOJUT K YMEHbIIEHUID COOTHOIIEHUS «CUTHaJI/myM», aBIUPPOBbIX —
K YBEJIMUEHUIO BEPOSITHOCTU OMIMOKU. B cvucTeMe Ha OCHOBe Mepe/iauv HampsiKeHUs
Hanpsi>keHUe, co3zaBaeMoe nomMexor Unow, CYMMHUPYETCS C BBIXOJHBIM Hampsi>)KeHUEM
nepegatyvka Us.x (pUC. 2), IO3TOMYy Ha NPUEMHON CTOPOHE UX pas3/iejieHUue BecbMa
3aTPyJHUTEJbHO. A BOT B CUCTEMe HAa OCHOBe NepeJflaud TOKa J0Oble OTKJIOHEHMUS
BBIXOJIHOTO CHUTHa/Jla, B TOM 4YHCJe U BbI3BaHHble NOMEXOH, MOTYT ObITh
CKOMIIEHCUPOBAHbI Ha mepejarliell cTopoHe. Bo3aeiicTBUe MOMEXU B 3TOM CJIy4dae
NpPOSIBUTCS B BU/l€ U3MEHEHUSI HANPS>KEHHUS HA BbIXO/Jle NepeaTYMKa Ha BEJIUUUHY -
Unow, HO TOK B JINHUM OCTAHETCSI HEU3MEHHBIM.

CucTtema cBA3M Ha OCHOBe nepena4y HanpAXxXeHWA

MNepepartymk NuHna ceaam MpUemMHuK
Rpgg = 0 R '

I Ynom M Wameputens
N v 1 f HanpsxeHua

() Ugix R Ugx * Unom Rgy =+ c0

L A ¢
Rax
Ugx = (Ugix* Unom)
Rax + Rpq* Ry

Cucrtema cBA3M Ha OCHOBe Nepena4vun Toka

MNepepatymk JlnHMA cBA3K MpremHMK
-0 | lgpix R | lex
R{]EP —= ,r"\U”OF-ﬂ :% —= NamepuTens
\ - A& = ToKa
Unom Ris Rgx =0
! wa
lgx = IbIx

Puc. 2. BivsiHrMe noMexu Ha pa3/IMYHble CUCTEMbI CBSI3U

ITO TaKXKe MOXXHO OOBSICHUTh HMHaye: B CHUCTEME Ha OCHOBe Iepejayu
Hanpsi>)KeHUs1 SHEPTrysl MOMeXH BbIJIEJIUTCS Ha BXOJle MPUEMHUKA, IJle OHA MPUYHUHUT
MaKCMMaJIbHbIA BpeJl, a B CHCTeMe Ha OCHOBe IepeJayd TOKa - Ha BbIXOJe
nepefiaTuukKa, rjae 3GPeKT oT e€ Bo31elCTBUSA OyeT MUHUMAJIbHBIM. /leCTBUTEJIBHO,
MIOCKOJIbKY MaJieHHe HalPSDKeHUs1 Ha YYacTKe Pe3UCTUBHOM LieNy MPONOPLHMOHATBHO
eé CONMPOTHBJIEHHIO, JHEPTHUs MOMEXU AO0JKHA BbIJEJUTHCSI HAa y4acTKe, UMEIOIEeM
MaKCHMMaJibHOe COINpPOTHBJEHHEe. B cucTeMe Ha OCHOBe Imepeadyd HaMpPsKEHMUS
BHYTpeHHee CONMpPOTHUBJEeHUe MepeaaTyrka Rump (MCTOYHHMKA HaAMNpsXKEHHUS) JOJDKHO
OBbITh KaK MOXXHO MeHblIle, a MPUEMHHMKA (BOJIbTMETPA) — MAKCUMaJIbHO OOJIBLIUM.

B cucremMe Ha oOCHOBe TepeJadyd TOKa BCe HAOGOPOT: BHYTpPEHHee
CONPOTHBJIEHHE TepeJaTyMKa (MCTOYHMKA TOKa) J[AOJDKHO ObITb MaKCHMaJbHO
60JbIIMNM, a NpUEMHUKA (ammepmeTpa) - MHHUMaJbHbIM. TakuM o006pasoM,
TeopeTHYecKU (M MPAaKTHUYECKH) CUCTeMbl CBSI3M HAa OCHOBE TOKOBOHW METJIM UMEIOT



60J/IbIIMK YPOBEHb NOMEXO3AIUILEHHOCTH, YeM CUCTEMBI CBSI3U HAa OCHOBE NepeAadyu
HaMpsHKeHUsl.

HHTepdenic 4-20 MA

B ocHoBe nHTepdeiica 4-20 MA JIeXKUT TOKOBas MeTJisl C pabouuMMHU 3HAYEeHUSIMHU
TOKOB B AuanasoHe 4...20 MA. U3MeHeHMe 3HaUeHHUs TOKa [0 3HaueHUuda MmeHee 3,8 MA
CBU/IETEJILCTBYEeT 00 00OpbIBe JIMHUM, a Bbille 20,5 MA - 0 KOPOTKOM 3aMbIKaHUHU.
Takum o06pa3oM, 3TOT HHTepdelc IM03BOJISET KOHTPOJHUPOBATH I[€JO0CTHOCTD
bu3UYeCKUX COeITUHEHUN B CHCTEME.

B 06111eM ciiydae Jioruueckoe COOTBETCTBUE YPOBHEN TOKA MOXKET OBITh JIDOBIM,
OJJHAKO TpPaJULHUOHHO MaJibli ypOBEHb COOTBETCTBYeT HHU3KOMYy VPOBHIO
KOHTPOJIMPYEeMOM BEJIMYUHBI, 2 60JIbLION — BLICOKOMY.

OcHOBHbIE NIpeuMylLiecTBa UHTepPeunca 4-20 mA

—~NIPOCTOTAa — B CaMOM MpPOCTeHIIeM Cjlydae YAaJEéHHOEe YCTPOWCTBO MOXHO
NOJKJ/IFOYUTD C IOMOIIbIO BCErO JIBYX NPOBO/OB;

— BbICOKAass TOYHOCTb Iepeflayd CUTHajla — MOCKOJIBKY TOK OJHWHAKOB BO BCEX
3JIeMeHTax CUCTEeMBbI Iepefayy, nepefaTiMK BCerja 3HaeT, KAKOM YpPOBEeHb CUTrHaJa
MOJIYYUT IPUEMHUK;

—~ BbICOKAasi MOMEXO03alllMIEHHOCTh 3a CYET [JBOMHOIO KOHTPOJIA TOKa
(v Ha cTOpOHe mepejilaud, MU Ha CTOPOHE IMpHEMa), MO3BOJISAIOUIAS MNOAK/IYATh
yAanéHHble (MOpPOW [0 [AeCATKOB KUJOMETPOB) OOBEKTHI, HAalpHUMep, C MOMOILbIO
CTaHAAPTHBIX TeJiePOHHBIX JIUHUK;

— HE3aBUCHUMOCTb KayeCTBa CBA3U OT JAJIMHBI JIMHUM, KOTOpas BJIUAET TOJIBKO
Ha MaKCUMaJIbHYI0 CKOPOCTh Nepeiayy JaHHBbIX;

~ BO3MOXXHOCTb CaMOJJMarHOCTUKH KakK 00OpbIBa, TAK U KOPOTKOTO 3aMbIKaHHUS
JIUHUY;

~ TEOpPETUYECKUM HeOorpaHWYeHHas  JaJbHOCTb CBSI3U -  (QaKTHUYEeCKHU
MaKCUMaJibHasl JJINHA COeIUHUTEJbHOT0 KabeJsisi orpaHuy€eHa JIWilb 3JIEKTPUYECKOU
IPOYHOCTBIO ero U30JIALUU U CKOPOCTHIO epeiayu JaHHBIX.

Bce 3TO mnpuBeso K IIMPOKOMY paclpoCTpaHEHUIO JAaHHOTo HuHTepderica
Ha PAaKTHKe, OCOOEHHO B MPOMBIILJIEHHbIX CHCTEMaX, U MOAJep:KKe O60JbIIUM
KOJIMYECTBOM MPOU3BOJIUTEJIEN, UTO SABJISETCS €lll€ OJHUM, T0XKaTYyH, CAMBIM I'JIAaBHBIM
ero NpeuMyI1lecTBOM.

OnHako, Kak W JIOOOW JApyrod HHTepdeiic, TOKOBasg MNeTJsd HMeeT Psf
HEJIOCTaTKOB W OrpaHUYEHHN, HA KOTOpble CJeAyeT OO6paTUTb BHHUMaHHUE
npu paspaboTke. OCHOBHBIM U3 HUX SIBJISIETCS BO3MOXKHOCTb Iepeayu Mo OJHOMY
KabeJilo TOJIbKO OJJHOTO curHasa. [Ipu 60JIbIIOM KOJIMYECTBE YCTPOUCTB 3TO MOXKET
CTaTb NpOO6JIEMOM, MOCKOJbKY KpoMe yBeJHWYeHHUS KOoJW4YecTBa Kabesed MOTYT
BO3HUKHYTb HeXeJlaTeJbHble Tapa3WTHble KOHTYpbl B IleM 3a3eMJIeHHd,
YTO HETaTUBHO CKAKETCS HAa MOMEXOYCTOWYHMBOCTH CHUCTEMbI. TakKe MpPU GOJIbIIOM
KOJIMYeCTBE OJHOBPEMEHHO MCI0JIb3yeMbIX HHTEpPPENCcOB HEOOXOAUMO VIesATh



0co00e BHHMaHHE KaueCTBY U COCTOSIHHUIO KabeJiel, MOCKOJIbKY BCe NMpeuMyllecTBa
TOKOBOM MeTJIM UCYe3al0T IPU HapyIIeHWH U30JISILUY NlepeJaolX JUHUM.

Emé ofHMM HeJO0CTAaTKOM TOKOBOU METJIM SIBJSIETCS OTHOCHUTEJIbHO HU3Kasd
CKOPOCTb Nepesadyu MHGOpMal UK, HanpsIMYI0 3aBUCSIAs OT AJIUHbBI IUHUU. B oT/inyne
OT CUCTEM Ha OCHOBE Mepefiauu HaNpsKeHUs, [IJil KOTOPbIX CKOPOCThb Nepe3apsa
napa3uTHOW EMKOCTHU KabeJisli MOKHO MOBbICUTb, HAIPUMED, YBEJIUYEHUEM MOIIHOCTHU
nepe/laTivKa, BBIXOJAHOW TOK INepeJjaTiMKa /JJid TOKOBOM MeETJU He [I0DKEH
npeBbiaTh 20 MA. [lycThb B cucTeMe CBSI3U UCIIOJIb3yeTCs TUIIOBOU Kabesb C MOTOHHOMN
€éMKOCTbI0, paBHOU 75 n® /M. B 3TOM c/lyyae 0Tpe30K JUHUM AJTUHOU 1 KM OyIeT UMEeTh
éMmkoctb 75 H®. IlycTh BXOJHOE CONPOTHUBJEHHWE MNpPUEMHUKA paBHO 250 Om,
YTO NMPHU BbIXOAHOM TOoKe 20 MA obecrieunBaeT Hampsi:keHUe Ha BxoJie NpuéMHuKa 5 B.
B sToM ciyvae ass1 3apsifjia Mapa3suTHOM EMKOCTH JIMHUHM [0 TAaKOrO HamNpsKeHUs
notpebyetcs okosio 18,5 Mkc. HeTpyiHO moacyvMTaTh, YTO MaKCMMaJibHasi CKOPOCThb
nepejjaid B 3TOM CJyyae He MOXeT IMpeBblllaThb 54 k6UT/c, U OHA OyAeT
IpPONOPLHUOHAJBHO YMEHbUIAThCS M0 Mepe YBeJUYeHUs AJMHbI Kabesd. B peasbHbIX
cucTeMax CKOPOCTb THepeflayd JaHHbIx 10 wuHTepdeicy 4-20 MA 006bIUHO
He npeBbimiaeT 9600 k6uT/c. TeM He MeHee, AJis GOJILUIMHCTBA CUCTEM yIpaBJIEHUS
3TOr0 OKa3bIBAETCS BIOJIHE JOCTATOYHO.

OcHoBHBbIE y3J1bl UHTEpdeiica 4-20 MA

B ugeasbHOM ciyvae AJisi cO3A4aHUMS UHPOPMALMOHHOTO CUTHajIa CJeloBajio
ObI MCI0JIb30BaTh ClelMaJu3uPOBaHHbINA yIpaB/sieMblid reHepatop Toka. OaHaKo
TEXHUYECKU  OKa3aJoCh  Npolle  pa3fejuTb  QYHKIUUM  3JIEKTPONUTAHUSA
¥ GOpMUPOBaHUS CUTHAJIA M UCIIOJIb30BAaTh B CUCTEME /1BA OTAE/IbHBIX Y3/1a: UCTOUHUK
NUTaHUSA, 06ecleyYruBaKOLIMNA CUCTEMY 3JIEKTPHUUYECKOM 3Heprueil, U yrpasJisieMblid
CTabUIN3aTOP TOKA, BbINMOJIHAWIUNA QYHKIMIO reHepaTopa (IepefaTyvKa) cUrHaJja.
JTO NO3BOJINUJIO:

~ MOJIKJIYUTDH MPUEMOTIEPEAAIOIYI0 YaCTh CUCTEMbI K CTAHAAPTHBIM IIMHAM
nutaHus (9 B, 12 B, 24,36 Bu T.1.);

-~ rMOKO BbIOMpPATh HEOOXOAUMbIN YPOBEeHb pab04yero Hampsi>keHus;

- U30aBUTbCI  OT  MPUBSAABKM  HUCTOYHHUKA  3JIEKTPUUECKOW  3HEpPruu
K epeJlaiolneMy y3Jy.

[Ipy TakoM NO/JX0Jle WCTOYHUK NHUTAHUS Ui NpUEMoOIepefarllneld YacTu
B 00IllEM CJlyyae MOMET HAaXOJUTbCS B JIOOOM YAaCTH CUCTEMbI: KaK B JIOKAJbHOM,
Tak U B yZaJEHHOM OOOPYAOBAaHUM, a TaKXe MOJKJIYAThCS B BHJE OTAEJbHOIO
yCTPOMCTBA HEMOCPeACTBEHHO B Pa3pbiB KabeJisl IMHUHU CBSA3U (puc. 3).
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Puc. 3. BapuaHTbI TOCTPOEHHS CUCTEMBI CBSI3W Ha OCHOBe UHTepdelica 4-20 MA

Hanps:xkeHue nuTtaHus MNpUEMoNepefarlled 4YacTU 3aBUCUT OT MNaJeHUf
Hanps>)KeHUs] B JIMHUU CBSI3U. UeM JJIMHHee JIMHUS CBA3U W YeM TOHbIIEe NMPOBOJ,
TEM Bblllle JOJOKEH ObITb 3TOT mnapaMmeTp. /[l 00BEKTOB,
Ha 3HAaYMUTEJIbHOM pPACCTOSIHUM, HalpsKeHWe NUTaHUA MoxeT pocturatb 120 B

U 6oJiee.

pacrmoJioKeHHbIX



B 1ejioM HanpskeHHe UCTOYHUKA MUTAHUS JOJIKHO OBITh MPUOJIU3UTENbHO Ha
10% 6oJibliie 0611Ier0 NaAeHUS HANIPSIP)KEH U Ha BCeX 3JieMeHTaxX MpUuéMornepe/1aloliero
TpaKTa Npyu MakcuMasbHOM Toke (20 MA). Eciv HanpsikeHWe NATaHUS OYJIET HUXKE,
TO U3-32 BBICOKOTO COMPOTHBJEHHUS KOHTYpa YIpPaBJsSEMbId CTAaGUIM3ATOpP TOKa
IPOCTO HE CMOXKET 00eCHedyuThb HYXHbIA TOK. [loBbllIeHHOE Xe 3HaYeHHe 3TOro
nmapamMeTpa B XyAIIeM Cjydae, HampuMmep, NpU oOpbIBe Kabesisd, MOXKeT NPUBECTH
K BBIXO/ly 000PYAO0BAHHUS U3 CTPOS.

JUCTAaHIIMOHHOE IUTaHHeE YAaJIEHHOT0 060PyA0BaHUSA

[TockoJibKYy MajieHue HaNnps>KeHWs B JIMHUHW He BJWSET Ha KaueCcTBO Mepeadu
MHdopMal My, TO BO3HUKAET BONPOC: 2 MOXHO JIM €ro JONOJHUTENbHO YBEJUYUTh,
0oTOOpaB 4YaCTb JHEPrUM CHUTHajka [AJsd NWUTaHUS yJaJEéHHOro 060pyAoBaHUs?
Oka3biBaeTcsl, B HEKOTOPBIX CJy4yasgX 3TO BIOJIHE BO3MOXHO. Hampumep, eciau
Ha NPUEMHOM CTOPOHE 100aBUTh B JIMHUIO JIONOJIHUTENbHOE conpoTHBaeHUe 500 OM
(puc.4), TO mpu NpPOTEKAaHUU TOKAa Ha HeM OyaeT ¢GOpMHUpPOBATbCA MajJieHUe
HanpspkeHUs oT 2B go 10 B, uyTo BnosiHe AOCTAaTOYHO JJii NUTAHUSA MaJIOMOLIHbBIX
M3MepUTENIbHbIX y3JI0B. O4eBUJHO, YTO BBeJEHHE [ONOJHHUTEJNbHOrO MaJeHus
HanpsPKeHUss B JIMHUM JOJ/DKHO OBbIThb CKOMIIEHCUPOBAHO COOTBETCTBYHOIIUM
yBeJIMYeHHWEM HaMPSHKEHUS UCTOYHMKA MU TaHUS.
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Puc. 4. /lucTaHIIMOHHOE UTaHUE YAJEHHOTO JaTYMKa C TOMOIIbI TOKOBOU NETJ/IU

B 60JbIIMHCTBE C/iyyaeB MOUJHOCTU CUTHaAJIa, CHUMAaeMOro ¢ TOKOBOM METJ/H
nHTepdeiica 4-20 MA, 10CTaTOYHO [Jisl MMTAHUS OOJIBIIMHCTBA AAaTYMKoB. OJHAKO,
eCJIM pa3paboTYMKy HEOOXO0JUMO yAaJEHHO MUTATh YCTPONCTBA, cojiepKallue 6oJsiee
MOILHbIE MPUOOPBI, HAIpUMep, peJie WIHU KUJKOKPUCTAIWYeCcKUd 3KpaH ¢ LED-
NO/ICBETKOW, TOrAa HeoO6X0JUMO HCIO0Jb30BaTh WHbIE BAapUAHThHI: JIMOO OT/EJbHbIN
HMCTOYHUK MUTAHUSA, JIMOO APYyTHMe pa3HOBUIHOCTU UHTepdelica 4-20 MA.

PaszHoBuagHOCTH HHTEepdeiicoB 4-20 MA

Bce paccMoTpeHHble Bblllle BapyUaHTbl MCIOJIb30BaHUS HHTepdeiica 4-20 MA
OTHOCUJIUCb K €ro JABYXNPOBOJHOM BEPCHUHM, KOTOpas SBJSETCS CaMOM MNPOCTOU
v 610/pkeTHOW. Kak ObLIO  CKa3aHO  Bblllle, €JAUHCTBEHHbIM HEJOCTAaTKOM
JIBYyXIIPOBOJHOTO COEJVUHEHUS] SBJIIeTCS OrpaHUYeHHass MOLIHOCTb MUTaHUA
yAaJEéHHOr0 060pYy/I0BaHUS, CBSI3aHHAs C KOHEYHBIM 3HaY€HHUEM KaK MaKCUMaJIbHOTO
TOKa B JIMHUU (20 MA), TaKk ¥ MaKCHMaJIbHOTO MaJieH!us1 HanpshKeHUsI Ha MPUEMHOMN
CTOpPOHE.



ITOT HEJOCTAaTOK MOJHOCTbI YCTPaHEH B YETBHIPEXIPOBOJAHOU BepcUU
paccMaTpuBaeMoro uHTepderica, B KOTOPOH JJisl TUTaHUS yAaJEHHOT0 060py/10BaHUS
UCNOJb3YETCS OT/AEJNbHBIA y3es, MNOAKJNYaeMbld C TOMOIIbK OT/AEJbHOIO
3JieKTpuyeckoro kKabesas (puc.5). [Ipyu Takom mnojaxoze HWHPOpMaAIMOHHAsA 4YacTb
CUCTEeMbl OKa3bIBaeTCsl MOJHOCTbI) M30JUPOBAHHOM OT BCEX OCTAJIbHBIX Ienen
(npu yc/10BUH, YTO NepelaTuMK U NPUEMHUK UHTepdelica 4-20 MA Toxe cozepKaT
COOTBETCTBYIOIME H30JIMPYIOIIMEe KOMIOHEHTbhI), UTO 0b6eclneyrMBaeT HaWBbICIIUN
YPOBEHb 3alUMThI OT 3JIEKTPOMAarHMTHBIX noMex. HanpsixkeHue NUTaHUA yJaJl€HHOTO
060pyi0BaHUsI B OOLIEM CJly4yae MOXET ObIThb JII0OObIM. Yallle BCEro UCHOJIb3YHOTCS
noctosiHHble (24 wuau 36 B) wuiau nepemenHoe (220B, 50T'n) HanpsokeHus,
YTO MO3BOJISIET HCNOJb30BaTh JAJis 3TOW LieJU CTaHAAPTHbIE LIWUHBI U UCTOYHUKHU
NUTAHUS.
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Puc. 5. YeTbipéxnpoBoiHas Bepcus uHtepdeiica 4-20 MA

O4eBU/IHO, YTO TAKOW BapHUaHT MOAK/IIOYEHHUS SBJSETCS CaMbIM CJIOXHbBIM
¥ IOPOTUM, OJIHAKO OH TMO03BOJISIET JUCTAHLHUOHHO TMHUTATh O060pyAOBaHUE
TEOpeTHUYECKHU JIDOOUW MOLHOCTH U MepeAaBaTh HHGOPMAIHUIO C HAUBBICIIUM YPOBHEM
noMexo3aluIéHHOCTH. KOHeuYHO, Ha MPaKTHKe peasibHasi MOIHOCTh MOAK/II0YaeMOT0
060py0BaHUs OTpaHHWYEeHa MNPONYCKHOM CHOCOOHOCTBI 3JEKTPUYECKOro KabeJid,
Jla U K uHTepdeiicy 4-20 MA Tako# cnocob coeMHEHHSI OTHOCUTCS JIUIIb pOpPMabHO,
Belib B JJAHHOM CJiydyae pedb UAET PAKTUYECKH O JIBYX MapasieibHO PabOTAIIUX
He3aBUCHMbIX CHCTEMAX: CUCTeMe IUTAHUS U CUCTeMe Nepeaayud HHGOopMalUH.

He3HauuTesnbHO yHNpPOCTUTh CUCTEMY MOXHO TMNYyTEéM 3aMeHbl /[BYX
JIBYyXIIPOBOJIHbIX Kabesied OJHUM YeTbIPEXNPOBOAHbIM. OJHAKO 3TOT BapUaHT
B OOJIBLIIMHCTBE CJy4aeB OyAeT KOMIPOMUCCHBIM, MOCKOJIbKY >KWJibl MPOBOJHUKOB
3JIEKTPUYECKOM 4YacTh Kabesisl yalle BCEro J[A0J/HKHbl HMMEThb OOJiblliee CeuyeHUE,
a IpU BbICOKUX MUTAKLUX HANPSHKEHUSIX — U OOJIbIIYI0 MPOYHOCTb M3O0JIALUH,
[0 CPAaBHEHUI0 C MNpPOBOJAAaMM ero HMHPOpPMAMUOHHOW 4YacTu. /[la U BeposITHOCTb
OIIMO0YHOTO NOJKJ/II0YEHHI 060PYJ0BaHUS IPU UCIIOJIb30BAHUH YETHIPEXTTPOBOIHOTO
KabeJisi 3HaYUTEeJIbHO BO3pacTaeT.

Ecin mno3BOJIAIOT TeXHUYECKHe YCJOBUS, TO MOXHO HCIO0JIb30BaTh
NPOMEXYTOYHbIA - TPEXNMPOBOJHbIM BapuaHT HUHTepdeiica. Ero moTeHLMa/bHbIE
BO3MOXKHOCTH (BbICOKAsi MOIHOCTb JIUCTAHIJMOHHOTO NO/IK/II0YaeEMOT0 060PYy/10BaHU S
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Y YPOBEHb NMOMEXO03aAIUUIEHHOCTH ) 3a CUET OT/|e/IbHBIX JIMHUW MUTAHUS U Nlepe/layr
MHOpMalMM aHAJIOTUYHbI YeTbIPEXIPOBOJHON BEPCUU, HO, 3a CYET HCK/IIOYEHUS
3JIEKTPUYECKOM H30JIALMU MeXJy pa3HbIMU 4YaCTAMU CUCTeMbl, 3Ta Bepcusd
nHTepdelica oKka3bIBaeTCs Npolile U 610KeTHOM. Hanpumep, B TpEXNTPOBOJHOM BEpPCUHU
uHTepdeiica 4-20 MA nmpuémonepeawlide y3jbl U BCe OCTaJbHOE 000pYyZO0BaHUE
MOXKHO MMUTAThb OT OJJHOT0 UCTOYHHKA (pHcC. 6).
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Puc. 6. TpéxnpoBoaHas Bepcusi uHTepdeiica 4-20 MA

TakuM o6pa3oM, TpEX- U UYETbIPEXNPOBOJHbIe Bepcuu HHTepdelca 4-20 MA
MO3BOJIIIOT YBEJUYUTH MOIIHOCTb AWCTAHI[MOHHO MOJAK/JI0YaeMOTo 060pyA0BaHUS,
OJIHAKO MPH 3TOM BO3pacTaeT KaK CJA0XKHOCTb, TAK U CTOUMOCThb CHUCTeMbl. Kpome
3TOr0, MPH HCINOJb30BAHHUU CHUCTEM HA OMACHBIX OObEKTAX YyBeJHWYEHHUE YPOBHS
MOIIHOCTH, TI0JJaBaeMOW K yAaJ€HHOMY Vy3JIy, MOXET BbI3BaThb MPOOGJIEMBI
c obecieyueHreM TpPebGyeMOro ypoBHSI UCKPO-, B3PbIBO- W MOXXapHOW 6€30MaCcHOCTH.
CrenyeT TakKe OTMETHTb, 4YTO IMPH HCIOJb30BAaHUU [ABYXIPOBOJHOU BEPCUHU
uHTepdeiica 4-20 MA npobsieM c ceprudukanueil 060pyJoBaHUS [Jisl PabOThI
BO B3pbIBOOMACHBIX CpeJlax MPAKTUYECKHW He BO3HUKAET, TO €CTh, Ha yAaJEHHOe
o6opy/loBaHHE MOJAETCS HACTOJILKO MaJIo 3HEPTUH, YTO TaM Jaxke HEeT YCJOBUM AJis
BO3HHUKHOBEHUS UCKPBIL.

CTaHAapThl M IPpUMEPbI NPUMEHEHUA TOKOBOW NeT/IU

3a Bce BpeMs CyleCTBOBAaHUS TOKOBOM METJIM ObLJIO pa3paboTaHO HECKOJIbKO
BapUaHTOB €€ TMpPaKTUYeCKOro NpPUMEHEHUS, KOTOpble MOJYYUJIU [AOCTATOUYHO
IIMpoKoe pacnpoctpaHeHue. M3HavanbHOo (B 50-x romax XX Beka) TOKoBas MeTJisl
C ypoBHSIMM curHasoB 0-60 MA wcrnoJsib3oBasiacb B Tejerpaduu, OJHAKO H3-3a
HeJI0MYyCTUMO BbICOKOTO (J1aKe B TO BpeMsl) SHEpPronoTpebieHUs yKe ¢ Hadyazsa 60-x
ro/loB MaKCMMaJIbHbIA YPOBEeHb TOKa ObL1 yMeHbIlleH A0 20 MA. Ha ceroiHAHUY leHb
20 MA sBsIsIeTCs Ipe/le/IbHbIM 3HaYeHHEeM TOKa /1J1s1 60J/IbIIMHCTBA HHTepdeNCcoB, XOTS,
B cooTBeTCcTBUU € [OCT 26.011-80 «CpencTBa U3BMepeHHUM M aBTOMaTU3al K. CUTHAJIbI
TOKa W HaMpsi?KeHUs 3JIEKTPUYEeCKU e HENPEPbIBHbIE BXO/IHbIE U BbIXO/IHbIE», 3HAUEHUE
3TOM BEeJIMYMUHBI, 10 COrJIaCOBAHUIO C 3aKa34YMKOM, MoxkeT gocTturatb 100 MA.

TokoBas meTJ/iss ynoMUHaeTcsl B psiie OT€YeCTBEHHBIX CTaH/JapTOB, HAIPUMED,
UPIIC/IFSS (OCT 11 305.916-84), 'OCT 27696-88 unu I'OCT 28854-90 u 3apy6exxHbIX,
Hanpumep, IEC 62056-21/DIN 66258. OaHako, HM OJIMH W3 HUX He SBJSAETCS
cnenuduKanueld HemnocpeACTBeHHO TokoBoM mnetTsu. Hampumep, IEC 62056-21
CTaHJApTU3UpyeT MpPOTOKOJ CBA3U CajnekTpocuétyukamu, ['OCT 27696-88 -
HHTepdelchl, NpUMeHsieMble B MIPOMbIIIeHHbIX poboTax, a HUPIIC - uHTepdeiic
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COe/JUHEHUS] KOMIbIOTEPOB C NepupepuHbIMU YCTpOUCTBaMU (MPUHTEpPAMHU,
TejJeTalinmaMd W TMpodyuM). TakuM o06pa3oM, OOJIBIIMHCTBO HPOU3BOAUTEEN
UCNOJIb3YET YPOBHU CUTHAJIOB TOKOBOW METJ/IM, CTAaBIIME TPAAUIIMOHHBIMH, XOTH,
ypoBHU curHayioB 4-20 MA (BmnpoueM, kak U 0-5MA u 0-20 MA) HemocpeACTBEHHO
ykasaHbl B 'OCT 26.011.

B 1esnom coBpeMeHHble HWHTepOdENChl, HCIOJb3YIOIIMEe TOKOBYI METJIIO
JIUIs lepeiadyy JJAHHBIX, OTJMYAKOTCS JIMIIb MUHUMAJbHBIM YPOBHEM [JOIMYCTUMOTO
CUTHaJIa, KOTOpbI MOXeT ObITb paBeH Jnb60 0, 6o 4 MA. B psaae ciaydaes,
JUIs epeadyd MHPOPMAIIUU MOXKET MCII0JIb30BaThCs MepeEMEHHbIN TOK B iMaNa3oHe
5...+5 MA (npu HEGOJIbIINUX PACCTOAHUAX) WU -20...+20 MA. Bce NONBITKK YMEHbIIUTh
MaKCHMaJIbHOE 3HAauyeHHe TOoKa [ CHU)XKEHHUs 3HEepronoTpeb/ieHHs yBEeHYaIUCh
yCIEeX0M JIMIIb Ha KOPOTKHUX JIMHHUSX, TIOCKOJIbKY MPH MaJIOM TOKe W GOJIbIION JIJINHE
KabeJist KaTacCTpopUUeCKU NMaZlaeT CKOPOCTh Nepeladyu JaHHbIX.

OCHOBHBIM NpPHUMEHEHHWEM TOKOBOMW INEeTJM C ypOBHAMM curHaia 4-20 MA
SBJISIIOTCS MPOMbBIIIJIEHHbIE CUCTEMbl aBTOMAaTHKH, [JII KOTOpPbIX HeobxoAuMa
BbICOKasi Ha/IEKHOCTb, IO3TOMY B HUX W MCIIOJIb3YETCS «CMEILEHHBINA HOJIbY», YTOOBI
CBOEBPEMEHHO OOHApyXUTb HEUCHPABHOCTb CUCTEMbI YIpaBJIeHUS U NPUHATh
HaJJiexkaliyde Mephbl AJis NpeoTBpalleHUsI BOBHUKHOBEHUSI aBapUHMHOW CUTYyalUuHU.

B nocsienHee BpeMs, AJisi CUCTEM Ha OCHOBe TOKOBOM neTJ/id 4-20 MA pa3paboTaH
Hab0p KOMMYHUKALMOHHBIX CTAaHAApPTOB AJig npoMbliiieHHbIX ceTeil HART (Highway
Addressable Remote Transducer). IIpoBoaHass Bepcusi [AaHHOTO TMPOTOKOJIA
baKTHUUeCKU SBJISETCS HAJACTPOMKOW HaJ, aHaJoroBbiM HHTepdericom 4-20 MA
Y NI03BOJISIET KCHOJIb30BaTh OJHY U Ty e JIMHUIO CBSI3W /Il OJITHOBPEMEHHOU
nepejadyd M aHaIOroBoro (Mmpu orpaHudyeHUH TmoJsocbl Ao 25T1u) u nudpoBoro
curHasioB. [lepegaya uudpoBbIX JaHHBIX obecrnedyuBaeTcsl MyTEM MOAMEIIMBAHUSA
B @HAJIOTOBbIA CUTHA/J BbICOKOYACTOTHBIX HECYIIUX C aMmautygod +0,5 MA,
MOJAYJAUPOBAaHHbIX mo  4actote (1200/2200Tuy) wam  ¢aze (3200 I'm).
[Ipu ucnosib30BaHUU YAaCTOTHOU MOAYJISILIMM NMPOMYCKHasi COCOOHOCTb 1IMPPOBOro
KaHasa paBHa 1200 6uT/c, a ¢as3oBasg MoOAyJAAlMs, 32 CYET HCIOJb30BaAHUSA
8-103UIIMOHHOW MaHUNYJISIIIMH, TI03BOJISIET YBEJUYUTDb 3TOT napameTp Jo 9600 6uT/c.
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