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NPEANCJIOBUE

B Hacrosiiiee BpeMs Ha TIPOM3BOJACTBE U B OBITY OCYIIECTBJISIETCS 3aMe-
Ha TPAJUITMOHHBIX WHAYKIIMOHHBIX CUETUYNKOB AJIEKTPUUECKON 9HEPTUN
(393J) mepeMeHHOTO TOKAa Ha 3JIEKTPOHHBIE NMHUGMPOBBIe (MUKPOIPOIIEC-
COpHBIE), KOTOpble 00eCIeuYnBalOT MOBBIIEHHYI0 TOYHOCTh M3MEPEHIS
I3, MPOCTOTY KaNMUOPOBKH, 3alllUTy OT HECAHKIIMOHUPOBAHHOTO JOCTY-
114, MHOTOTapU(MHBIN yueT DI, aBTOMATHYECKOe CUUTHIBAHNE TTOKA3aHUH,
JMCTAHI[MOHHOE YIIPaBJEHUE HAaIPY3KOil moTpebuTesiei, KOHTPOJIb Kaue-
ctBa JI u T. 1. Muxpomnporeccopubie cueTanku I (MIICII) bynkim-
OHMPYIOT KaK aBTOHOMHO, TaK U B COCTaBe aBTOMATU3NPOBAHHBIX CHCTEM
koHTpOoJIst ¥ yueta D (ACKY ), sijisisich ux HanboJiee MacCOBBIMHU dJie-
mentamu. Madopmarusg, norydaemas 8 ACKY 3 nocpeactsom MITCI9,
MO3BOJISIET YIIPABJIATh PEKUMAMU 9JIEKTPONOTPEOIEHIS, ONPEAETIITh U
IPOTHO3UPOBATH BCe cocTaBsgomne 6aaHca JI: BHIPabOTKY, moTpebdie-
HUE U TT0Tepu DD Ha IWHAX TIPU ee Mepe/iade, OCyNIeCcTBISATh (PUHAHCO-
BBIE PACUETHI U T. [I.

MUKpPOIPOIIECCOPHBII cueTunK I TpeACTaBasgeT cOO0U Creruanu-
3UPOBAHHBIN MPOMBIIIIJIEHHBI KOMITBIOTED, HEMTPEPBIBHO (DYHKITMOHUPY-
OV TT0/T yIIPABJIEHUEM «XKECTKOW» TIPOTPAMMBI B TE€UEHWE JITTUTEIHHO-
ro BpeMeHH (cpeHee BpeMsl HapaOGOTKH JI0 OTKasa JAOJKHO MPEBBIIIATh
50 000 yacoB), 4TO NpeAbABIAET MOBBIIICHHbIE TPEOOBAHUS K HALEKHO-
ctu MIIC29 un nx anemenToB. bazossimu anemertamu MIICI3 asasioT-
€SI CTIEIUATTM3UPOBAHHbBIE UBMEPUTENbHbIE MUKPOCXEMBI, MUKDOKOHTPOJI-
Jiepbl, TP POBbIE CUTHAIBHBIE POIIECCOPHI, THTEP(HENCHBIE MUKPOCXEMbBI
U MOJIEMBI.

B kxHUTe KOMTIJIEKCHO W3JI0KEHBI MPUHITUIIBI TTocTpoerus MIICI3,
BKJIIOUAIOIINE UX apXUTEKTYPY U 3JIEMEHTHYI0 6asy, paCCMOTPEHBI TaKKe
BOIPOCHI TOBEPKHU CUETUYNKOB M 3AIMUTH MH(MOPMAIIUU NTPU ee XPaHEHU!
u iepemade o kanasam cBsa3u B ACKY J; mpuBezieHbI OTIeHKY TTOTPETITHO-
CTel CYETUNKOB.

B nepBoii ty1aBe mpuBesieHb! KiaaccuMUKAINS, TPUHIATIBI (DYHKITHO-
HUPOBaHUS W CTPyKTypHas opranusarus MIICOI, ommcanbl cpeacTsa
MX TIOBEPKHU M 3alUThI JJAHHBIX B HUX; TPOAHAJN3UPOBAHBI TOTPEITHOCTH
CYETYUKOB.

Bropas riaBa mocBsiieHa U3I0KEHUI0 CXEMOTEXHIUECKUX TIPUHITATIOB
nocTpoeHnst 6a30BbIX ameMeHToB MITCII: n3MepuTebHBIX MUKPOCXEM,
MUKPOKOHTPOJIIIEPOB, ITU(POBBIX CUTHAIBHBIX TTPOIECCOPOB, MHTEPGEN-
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CHBIX CXeM, MOJIEMOB, UBMEPHUTEJNbHBIX TPAHC(HOPMATOPOB TOKA U HATIPSI-
JKEHUSI.

B tperbeit ryiaBe manbl TexHudeckue xapakrepuctuku MIICII pas-
JIMIHBIX TTPOU3BOANTENEH 1 TpuBezieHbl puMepbl ACKY D Ha ux ocHOBe.

B KHUTE MCTIOIB30BaHbI MyOINKAIII aBTOPA B HAYYHBIX U HAYYHO-TEX-
HUYECKUX KypHaJIax, Marepuaiax koHdepeHiuii u ordetax o HUP n
OKP, BHITIOJHEHHBIX C yYaCTUEM aBTOPA, a TaKKe MaTepPUabl JEKIINA,
MPOYUTAHHBIX UM B VIHCTUTYTE TIOBBITIIEHNS KBATU(PUKAIUN U TTEPETIO-
TOTOBKY PYKOBOJUTENIEH U criernaancToB « Kaapsl naIycTpun» MuHIIpo-
Ma Pb u B BeropycckoM HalMOHAThHOM TEXHIUECKOM YHUBEPCHUTETE.

[Ipu HamMcaHWUM KHUTY MCTIOTB30BaHBI Tak:Ke WH(HOPMAIMOHHBIE Ma-
TEPUAJBl OPTaHU3AINI-PaspabOTYNKOB ¥ MPEANPUITUN-M3TOTOBUTEIEH
MIIC23 u ux kommnoHeHTOB. CleyeT OTMETHTD, UTO B ATUX MaTepua-
JIaX COMIEPSKATCST HETTOTHBIE TAHHBIE O TEXHUYECKHUX MAaPAMETPax U3EITIH.
Bosee Toro, BO3MOKHBI M3MEHEHHST UX HOMEHKJIATYPBI ¥ TTapaMETPOB 3a
BpeMs Hanucanus KHUTH. CripaBOYHbIe MAaTEPUAJBI KHUTH HE 3aMEHSIOT
NEMCTBYIOMUX TEXHUYECKUX YCAOBWH M He SIBJSIOTCS I0PUUIECKUM J10-
KYMEHTOM JIJIST IPEbSIBJICHUS PEKTAMATIHA.
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8 naBa 1. APXMTEKTYPa CHETHMKOB S/IEKTDO3HEPI UM

1.1. OOwume ceepeHund

C Touku 3penus BoraucaurteabHoit texuuku MITICI3 npexpcrasisier co-
GO CIHeNUaIu3upPOBAHHbBIA TIPOMBIIIJIEHHBIA KOMITBIOTEDP, HEIPEPBIBHO
(OYHKIIMOHUPYIONIUI MO/ YIIPABJIEHIEM «KeCTKOI» mporpammbl. Kpome
usaMepeHust I, Takue MPUOOPBI OOECIIEUNBAIOT KOHTPOJIb €€ Ka4ecTBa,
PErucTpaluIo aBAPUNHBIX CUTYallUil U MEPEHANPSIKEHMI B AJIeKTpuye-
CKUX CETSAX, a TaK)Ke YIpaBJEHUE U PEryJupoBaHue aJeKTpornorpebdie-
Hus [1-4]. Tlo cpaBHeHUWIO € TPAJUIMOHHBIMU WHAYKIIMOHHBIMU (Me-
XaHWYECKUMH U 3JIEKTPOMEXaHUYeCKUMHU) TipubopamMu yuera I3, aTh
CYETYMKY OGJIANAIOT PSIIOM TIPEUMYIIECTB:

* TIOBBINIEHHOW TOYHOCTBIO M3MepeHusT J3J;

*  IIMPOKUMHU BO3MOKHOCTSIMH M3MEPEHUI;

*  BO3MOKHOCTBIO KOHTPOJISI KadecTBa JI;

* BO3MOXHOCTHIO y4eTa morepb JJ;

* IPOCTO# KasnOpPOBKOH;

* 3AIUTON OT HECAHKIIMOHWUPOBAHHOTO JIOCTYTIA;

* aBTOMAaTHYECKUM CUUTBIBAHWEM ITOKa3aHWII;

*  6€e30MacHOCTHIO (3AIUTOM MHPOPMAIIUN);

o rubkuM akTypupoBaHueM (BO3MOKHOCTBIO MHOTOTapu(pHOIo
y4eTa, Mpeforiatel I U T. 1L.);

* BO3MOKHOCTBIO YIIPaBJIEHUs] HAIPY3KOI MmoTpebuTeiei.

IloBbimenHasi TOYHOCTh U3MepeHHs. Kak TpaBWIO, TOTPENTHOCTH
WHAYKIIMOHHBIX CYETIYMKOB MPEBBIMIAIOT 2%. B TO jKe BpeMst TOTpemntHo-
ctu MIIC33 nocturator 0,2%. 3a cyer 6osee BBICOKOW TOYHOCTH OHU
MO3BOJISIIOT CHU3WTh HeOalaHChl sHeprocucTeM (Mpu paboTe B coCTaBe
ACKY9).

IITupokue BO3MOKHOCTH u3MepeHuil. Kpome mamepenuss I3 (ak-
THUBHON, PeaKTUBHON ¥ TOJHOW), MEHOTHE MIICI3D M3MepsroT MTHOBEH-
HYI0O ¥ MaKCUMAJbHYIO MOITHOCTD (aKTUBHYIO, PEAKTUBHYIO W TIOJHYIO),
(basHbIe HANIPSKEHUS U TOKU, KOAGhMUITUEHTHI MOTITHOCTU W UCKAKEHUH
CUHYCOW/IATTbHBIX KPUBBIX (PA3HBIX HATPSKEHUU U ZIp.

Koutpoas kayectBa . B psizie cueTYnKOB UMeeTCsS BO3MOKHOCTD
KOHTPOJIST ¥ OTCJICKUBAHUS TTapaMeTPOB KadecTBa D3 (BBIXO/IA 32 JOMY-
CTUMBIE TIPEZIEJIBI CETEBOTO HAIMPSLIKEHUS W YaCTOTHI, TIPOBAJIOB U CKay-
KOB HaIpPsDKEHUS, KOI(POUIIMEHTOB HECUMMETPUN HANIPSLDKEHUST U TOKa,
HECUHYCOWIATHHOCTU KPUBBIX HANPSDKEHUS U TOKA U T. TL.).

Yuer norepp IJ. AKTUBHBIE U PEAKTUBHBIE TTOTEPU I U MOIHOCTH
B JIMHUSX 3JIEKTPOTIEPE/IauN U CUJTIOBBIX TPAHC(HOPMATOPAX OTIPEIEIISIOT-
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CA B CHETYMKAX 110 USMEPEHHBIM MMU 3HAYECHUAM TOKa N HAIIDAKEHUA U
3a/lTaHHbIM KOHCTAaHTaM, YYUTbIBAIOIIINM HOMHWHAJbHBIC 3HAYCHUA TOKa U
HaIIpSAXKEHUA, TeMHepaTyprIf/,I KOB(b(l)I/H_H/IeHT TOKOBEAYIIUX IJIEMEHTOB
" JIp.

IIpocras kamu6GpoBka. ITOCKOIBKY WHAYKIIMOHHBIM CUETUMK COIEP-
JKUT TIOIBUKHBIE DJIEMEHTHI, TO CO BPeMeHeM TPebyeTcsT TOBOAKA TN
MOJTOHKA 3TUX 3JIEMEHTOB /JISI TTOJTHOTO COOTBETCTBUS TEXHUIECKIM
TpeGOBaHMIM. IJTO TPEAMOJIATAeT CHATHE CYETUYNKA U Tepeady ero
Ha KanubpoBky. Crapemme anementoB MIICO3I rakike TpeGyeTr ero
kamnbpoBku. Ho mcmonb3oBanne 9HEPTOHE3aBUCUMON TMAMSITH B HEM
IUIST XpaHeHUs KaTMOPOBOYHOH WHGMOPMAIY CYIIECTBEHHO YITPOTIa-
eT mpotiecc KamnOpoBku. OH CBOAUTCS K MEPE3ATNCH KaTMOPOBOYHBIX
koahunmenToB. Bo3aMOKHO Takike CO3MaHNE CAMOKATHOPYIONUXCS
mpubOpPOB.

3amura OT HeCaHKIMOHHPOBAaHHOTrO Aoctymna. OaHON W3 TJIaBHBIX
mpobseM TOTpebeHnsT DI SIBASETCS TPENOTBPAIIEHNE €€ XHUIIEHs.
HecankmnoHnpoBaHHOE BMENIATENBCTBO B PabOTy TPHOOPOB yUeTa Ha-
TIPABJICHO Ha YMEHBIIICHUE UX nokazanuii. B pe3yabraTe TaKOro BMEIIa-
TeJTbCTBA HEKOTOPBIE MeXaHMYeCKHe WM 3JIeKTPOMeXaHWYeCKIe CYeT-
quky paboTAIOT B PEKMME BHIYUTAHUS, a He croxenus. JIpyrue, 6omee
CTapbi€ MO/I€/JIN C BPpAIIAIOIIUMUCA JUCKaMW 9YBCTBUTEJIbHBI K MaruuT-
HBIM TIpEAMETAM, 3aME/JIAIONNM WX BpallleHUE, TEM CaMbIM yMEHbBIITAsA
MmoKazanus cuerdnka D). VICmomb3yioTess u Ipyrie crnocoObl yMeHbIIe-
HUS TTOKa3aHWI MeXaHUYeCKnX caeTankoB. B MIICI3 mpenycMoTpeHs!
CTIETTHATBHBIE CPEICTBA OOHAPYIKEHS U TTPENOTBPAIIEHNST XUTIEHNH D9,
OCHOBaHHbBIE€ Ha BbIABJICHUUN <THUIIOBbLIX» COCTOHHI/HL/,I, XapaKTEePHBIX IJIA
xuteHuit I [1]:

* acUMMeTpPHYHAS HATPY3Ka (3aMBIKAHVeE TIeTJIH 0OPATHON CBSI3M Ha

3eMJIIO C TIEJIbI0 OJIOKMPOBKU CHSATHUS TOKA3aHUN CUETUHKA);

® BpPEMEHHOE pa3MbIKaHHE€ WJIN HMIYHTUPOBAHHE HEIN CHETUYMKA;

* [pUMeHeHUEe MarHUTHBIX TIPEMETOB JIJisl HACBIIIEHUsT TpaHchop-

MaTopa TOKAa WJIN OCTAHOBKHU CUYETUUKA;

*  BaHAAJIU3M.

HpI/I 06Hapy>1<eH1/H/1 IIPpECTYIIHOTI'O BMeENIaTe/IbCTBA CYETYUK MOJKET:

* OCTAaHOBUTH TO/IAYYy II;

* 3adukcupoBaTh (HaKT BMENIATETbCTBA B CIEIMAJLHOM JKypHAJIE
cOOBITHIL;

* Iepeaarh COOOLIEHNE B JKUIUIHO-KOMMYHAJIbHYIO CIyKOYy WK B
«DHEProcOBIT».
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ABTOMaTHYECKOE CUMTBHIBAaHHE TOKa3aHMIi. OIIHI/IM "3 BaKHBIX IIpeE-
nmymiectB MIICI3 mepen MeXxaHNYECKUMH SIBJISIETCST aBTOMAaTHYeCKOe
CUNTBIBAHNE MOKA3aHWH. JTO MCKIOYaeT YeJOBeUecKuil ¢akTop, KO-
TOPOMY CBOWCTBEHHBI OTIMOKW WM Make 3T0YTMOTPEOTEHNMs, a TaKkkKe
Heymo0CTBa KAk IS TOTPEOMTENST, TaK M JIJIsT KOMMYHATHHBIX CJIYKO,
0CODEHHO TP YAATEHHOM PACTIONOKEHUH TIPHOOPOB yUeTa.

II]IH aBTOMATHUYECKOTO CUUTBHIBAHUS IIOKA3aHUII CUYETUMKOB MCIIOJIb-
3YIOT:

* CHeIuajJbHO CO3/IaBaeMble ITPOBO/IHbIC JIMHUYU (BUTHIE T1aphI), CUU-
THIBAHUE TAHHBIX yU€Ta IO KOTOPBIM OOBIYHO OCYIIECTBIISIETCS O
untepdeiicy RS-485;

e cymlecTByiolue tejaehOHHbIE JIUHIY;

* CYUIeCTBYIOIINE paclipe/iesuTe bHble 3JIeKTPUIECKUe CeTH;

* CYLIECTBYIOIIME ceTu coToBOU cBsizu tuna GSM,;

* CYUIeCTBYIOIINE CeTH CILyTHUKOBOH CBS3W;

* CYUIECTBYIOIINE BOJOKOHHO-ONTHYECKUE JMHUHU CBS3U.

IJIEKTPOHHBIE CYETUMKM DI CHAGKAIOT TAKKEe ONTHUYECKUM MOPTOM
(OnTOMIOPTOM) /IJIST CYUUTHIBAHUS JAHHBIX Y€JIOBEKOM-OTIEPATOPOM T10 MH-
dbpakpacHOMY KaHAJY, HCIIOJb3yeMOMY B CJydae HAPYIIEHUs CO CUETUH-
KOM aBTOMAaTHYeCKOHN CBSI3MU.

3amura undopmanun. [To Mepe pacimpeHust 0OJACTH MPUMEHEHUH
CYETYMKOB DI PaCTeT TAKKe HEOOXOAUMOCTH B OE30MACHOCTU XPAHEHUST
JIAHHBIX W TEXHOJOTHI MX Tiepeadn. [t KOMMYHAJIBHBIX CITY:KO SIBISIETCST
BEChbMa BaKHBIM 0O0€eCIiedeHHe eJIOCTHOCTH, IOCTYITHOCTUA U KOH(bH/IEHITN-
aJIbHOCTH JAHHBIX, COOPAHHBIX CO CYETUYUKOB DI. ITO JIOCTUIAETCs XpaHe-
HUEM [[AHHBIX B 9HEPTOHE3ABHCUMOI MAMSTH CUETYNKOB U NPUMEHEHHEM
AJITOPUTMOB NMIMMPOBAHUS [TPU UX BHeIIHeM xpaHenu. [Ipu nepenave nam-
HBIX yYeTa 110 KaHajlaM CBSI3U TaKKe TPUMEHSIOT UX g poBaHue.

Tu6koe dakrypuporanue. BosMosKHOCTh MHOTOTAPU(PHOTO yueTa DI
nocpeznctBoM MIICII naer psii NpeMMyIecTB, B YaCTHOCTH MOTpeOu-
TeJAM Tpejgiaraior 6osiee HU3KKME Tapudbl, Koraa notpebjaeHue ujaer B
MepPUOIbl MUHUMAJIbHON HAarpy3ku. Kpome Toro, 3HAaUNTEIbHBIN TIPOIIEHT
UCIIOJI3YEMOCTH IHEPTOPECYPCOB CMEIIAETCSI 32 MPEEesbl [EPUOOB
MaKCUMaJIbHOW HATPY3KU W3-32 BBICOKUX Tapu(oOB, YCTAHOBIEHHBIX B
STH TEPUOJBI BPEMEHH. JTO CIOCOOCTBYET BBIPABHUBAHUIO IPAGUKOB
norpebaenus DD,

[ns peamusanmu Muororapuduoro ydera MIICI3I cozpep:kar yace
peasbHOTO BPeMeHU U KAJeHAAPb JJIsI eXKeJIHEBHOIO OTCJIEKUBAHUS T10-
tpebienust 3.
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Psan momudukaiuii c4eTYNKOB JaeT BO3MOXKHOCTb BHECEHUS TIPEO-
mIathl 3a noTpebierre JI. J{is aTOro moTpeduTeNb 3apaHee MOKYTaeT
MarHUTHYIO KapTOUKY ¢ (DUKCUPOBAHHBIM KOJUYECTBOM eIMHUTL DI, ITa
KapTOUYKa BCTABJISIETCS B CUETUNK, UTO OGECIIEUMBAET BO3MOKHOCTD CHA0-
JKeHUsT DO B TeUeHUe 33JaHHOTO TEpPHojia BpeMeHH. Takas mpeioniara
CHUJKAeT 3aTPaThl HA BBICTABJICHUE CUETOB JIJIsI KOMMYHAJIBHBIX CJIYKO
U JIa€T BO3MOKHOCTBH MOTPEOUTENISAM TUIAaHUPOBATh CBOM €KEMECSUHbIE
PaCXO/IBL.

Yupasienue Harpyskoii morpeoureneit. B MIICD3 umeercss Bo3-
MOKHOCTh CHHZKCHUST 9JIEKTPOMOTPEOIEHUS BILUIOTh 0 OTKJIIOUYEHUST
moTpebuTeNI B cydyae 3aJ0/UKEHHOCTH TI0 yIuaTe 3a D3J. B cucremax
perynupoBanust sHepronorpedserrss MIICID BHIMOJHAT (QYHKIMN
JaTYNKOB CUTHAJIOB, UCTIOJIB3YEMbIX JIJIsl BHIPAOOTKHU YIIPABJISIONINX BO3-
JIENCTBUI Ha cpejacTBa mojadu JI.

CueTynKu TPOTPAMMUPYIOT HA TMPEANPUATUU-U3ToTOBUTENE. WX
mporpamMHoe obGectieuerre (ITO) obecrieunBaeT KOH(MUTYPUPOBaHUE
CYETYNKOB M CUMTHIBAHUE C HUX JAHHBIX, ONpe/le;IeHUe YPOBHS JAOCTYIIa
MoJTb30BaTesiell K MX (PYHKITUSM, YIAJTeHHbBIH OCTY IO KaHATAM CBSI3H,
BHecenue uaMenenuit B ux 110, cospanue otyeroB U (dailioB 6a3 gaH-
HBIX B KOMIIBIOTEPE, OTpeiesieHre KOHMDUTYPAIIUU CUCTEMBI, TIOIIEPKKY
cBs131 10 TG PoBBIM MHTepdeiicaMm 1 MozeMaM.

CueTtunkyu (PyHKIMOHUPYIOT KaK aBTOHOMHO, TaK U B COCTaBe aBTO-
MaTU3WPOBAHHBIX CHCTEM KOHTPOJd U yueta I (ACKYI), mpezacras-
JISIONMX  cob0M  pacmpe/iesieHHble  MH()OPMAIMOHHO-U3MEPUTETbHbIE
CUCTEMBI, TIpeTHa3HAUYEHHBbIE I U3MEpPeHWs D3 W AUCTAHIIMOHHOTO
cbopa, HakoIuleHUsl, 00PaOOTKM M WHAUKAIMU IIOKA3aHUN CYETYUKOB
D3. B aHTI0493bIYHOT IUTEPATYPE UX HA3bIBAIOT aBTOMATU3UPOBAHHBIMH
cUCTEeMaMU JIJISl CYUThIBAaHUS TTOKasaHui cuerunkoB (Automated Meter
Reading, AMR). ACKYD sBisiercssi MHOTOYPOBHEBOH HepPapXUUECKOil
CUCTEMOM, Ha HIUKHEM YPOBHE KOTOPOH PacIioiaraioTcs CUYETYUKU DI,
Ha TMPOMEKYTOUHBIX — KOHIIEHTPATOPhI — yCTpolicTBa cOopa ¥ mepeaa-
yn pannbix (YCIIZ), a Ha BepxHeM — KOOPAMHATOP — IEeHTp cbopa U
obpabotku manubix. YCIIJI mpezactaBisier co60i MHOTOMYHKIIMOHATb-
HOE YCTPOMCTBO, paboTamiiee B aBTOMATHYECKOM PEKUME B COCTaBe
ACKY 3 u BBITIOJHSIIOIIIEE TTPUEM, XpaHeHHe, 06paboTKY 1 0TOOpaskeHIe
JaHHbIX, MOCTYTAKIIIX K HeMY JIHO0 OT cueTunkoB DI, 6o ot YCII/]
HIDKECTOSIIITUX YPOBHEH, a TakKe IMepe/ady AaHHBIX Ha BBINIECTOSIINE
yposau ACKY 3. KoopanHatop ocyIiecTBsieT cO0p JaHHBIX JTHOO HETIo-
CPEICTBEHHO €O cueTunkoB I, anbo ¢ YCII/I, a Takke ympaBieHue U
(un) perysupoBaHue 3JICKTPONOTPEOTCHS], CHHXPOHU3AIIIO TEKYIIErO
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BPEMEHN CYETIMKOB, KOHDUTYPUPOBAHUE U THATHOCTHKY 0OOPYIOBAHU
CHCTEMBI, 3a1UTy WHGOPMAIMK B HEHl U T. II.

IIpu ¢dyuxkmmonupoanuu B coctae ACKY3 wmukpomporeccop-
HblEe CYETYUKH I JIOJKHBI Y/IOBJETBOPSTH PSAy cCrennduyeckux
tpeboBanmit. Tak, COTIACHO POCCHHCKOMY HOPMATHBHOMY AOKYMEHTY
«TpeboBaHmst K MPOEKTUPOBAHUIO M OGBEMY OCHAIIEHWS IHEPreTHIe-
cknx 06bekToB cucteMamMu ACKY D Ha omTOBOM PBIHKE 3JIEKTPOIHEPTU
¥ MOIIHOCTH», OHU cJieryiomue [5].

B kauecTBe MPUOGOPOB KOMMEDPUECKOTO YUeTa MOKHBI TIPUMEHSITHCST
cueTdnku ¢ UGPOBBIMU U (W) UMITYJIbCHBIMU Bbixogamu. Kirace Tou-
HOCTH CYETYNKOB y CYOBEKTOB PHIHKA BHLIOWPAETCS, UCXO/ST M3 CIEMYIO-
WX YCIOBUI:

o na upucoepunennsx 220—-1150 kB mo/ukHBI ycTaHABIUBATHCS
cuetynku kiaacca 0,2;

* Ha npucoenuHenusx 35-110 kB u npucoenuHeHusix norpedure-
Jiell ¢ IPUCOEIMHEHHON MOIITHOCTBIO GoJice 5 MBA noJukHBI yeTa-
HABIMBATHCS cyeTynku Kiacca (,5;

® Ha IPUCOEIVMHEHUAX OCTaJIbHBIX ypOBHefI HaIIPpAKEHUA JOJIZKHBI
yCTaHABJUBATHCA cyeTynku Kiacca 1,0;

* Ha re”eparopax aJjiekTpoctaHiuii MouHoctbio 100 MBT u BbIlre
JIOJKHBI yCTAHABJIMBATHCS cueTynku Kiacca (0,2, a Ha reHeparopax
MeHbIIell MoIHoCTH — Kiacca 0,5.

CYeTynKn BHOBD MPOEKTUPYEMBIX M PEKOHCTPYUPYEMBIX OOBEKTOB
JIOJKHBL  TIOJIKJIIOYATBCS K M3MEPUTEJNbHBIM TpaHchopMaTopaMm TOKa
(TT) u nanpsxenus (TH), kiacc TOUHOCTU KOTOPBIX JIOJIKEH COOTBET-
CTBOBATh KJACCY TOYHOCTH CYeTYMKOB. CUETUMKU JOJLKHBI UMETh BO3-
MOJKHOCTb MOJKJIOUEHHS K JOTOJTHUTETbHOMY (He [0 U3MEPHUTETbHBIM
LETsIM) UCTOYHUKY TUTAHUSL.

CueTynku JOKHBI OOECIIEYMBATH BBIMIOJHEHNE CIIEAYIONUX (DYHK-
uit:

* BBIYUCJATH W 3aIIOMUHATH TPAPUK yCPETHEHHOU MOIIHOCTU O/l
HOBPEMEHHO TI0 BCEM KaHAJaM WU3MEPEHUsI CYETUMKA C TIyOMHON
xpaHeHus npu 30-MHUHYTHOM WHTEPBAJe YCPEAHEHWS MOIHOCTH
He Menee 30 CcyTOK I Kakaoro Kauama. IIpm aTom umHTepBan
ycpenHenus rpadmKa MOIMHOCTH JOJDKEH 3aJ1aBaThCsl MPH IPO-
IPaMMHUPOBAHUHN CUETYUKA C BO3MOKHOCTBIO €r0 BBIGOpA M3 psijia
1, 3, 5, 10, 15, 30, 60 MuHyT;

* TIPOBOJUTH CAMOAMATHOCTUKY B HMITATHOM PEKUME PabOoThHI;

* BECTH KyPHAJ CTATyca U COOBITHIA;
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* BECTU PETUCTPAIUIO BpEMEHH OTCYTCTBUS HANIPSKEHUS TI0 KaXKA0H
(asze.

CueTynKy JOJKHBI UMETh BCTPOEHHBIE Yachl € MOTPENTHOCTHIO X0/
He Gosee 0,5 cex/cyTku. Xoa 4acoB J0JKEH OBITh 00ECTIeUeH BCTPOEH-
HOU Garapeeil B TeueHMe He MeHee, YeM TPeX JIeT MPU OTKIIOUEHHOM
nuTaHu. KOHCTPYKIMS CUETYMKOB J0JKHA o0ecreunBaTh 3aMeHy Oa-
tapen 6e3 BCKPBITHS WX Kopiyca. OHU JOJIKHBI JIOMYCKaTh KOPPEKIHIO
Bpemern ot YCII/l mo mudpoBomy mHTEpdElicy, HO He B TIEPUOJ CUU-
TBIBaHUS MaHHBIX. CUeTUynKu ¢ MUGPOBBIMU BBIXOJAMH JTOJLKHBI MMETh
ugpossie nHTEpdEiichl RS-485 1 RS-232 co ckopocTsiMu 0OMeHa WH-
dopmarueir ot 300 10 9600 6uT/C, a CYCTUNKU € UMITYIbCHBIMU (Tee-
METPUUYECKUMHU ) BBIXOZIAMU — HE MeHee JIBYX MMITYJIbCHBIX BBIXOJIOB Ha
M3MEPUTETHHBIN KaHa ¢ Koaddunmuentom mepegaun 1000—50 000 mmrr/
kBt1-u. [Tapamerps! curnamna: Hanpstkenne or YCIIJL — 12 B; Tok B uMm-
mysabce — 15 MA. JlinHa TUHAT CBSI3U IS TIEPelady YMCIOUMITYILCHOM
nH(bOPMAIK JoJKHA ObITh He MeHee 1,5 kM. CUeTUNKU JOTKHBI IMETh
MHOTO(DYHKITMOHATIBHBIN TUCILIEH 1T OTOOPaKEHUST U3MEPSIEMBIX BEJIH-
YUH U CITyKeOHBIX TapaMeTpoB. [IIUTEJBHOCTh COXpaHEHUsT WH(pOpMa-
MU B CUETYUKAX TIPU OTKJIIOUEHHOM MHUTAaHUK JIOJKHA OBITh He MeHee
3 mecstiieB. Cpok cirysk6br — He MeHee 30 jieT. MeXIoBepouHBIi HHTEP-
Bas — He MeHee 8 jier. CpenHee BpeMsi HapaGOTKM Ha OTKa3 — HE MeHee
50000 gacos.

1.2. Knaccudpmkaumna c4eT4mKoB

MukporiporieccopHbie CYeTYUKN DD KAACCUDUIUPYIOT 10 CJIELYIOIIUM
OCHOBHBIM IIPU3HAKAM.

[To TounocTu uaMepenus: 3D CYETIYNKU OTHOCST K OMHOMY M3 KJIACCOB:
0,25, 0,2, 0,5S, 0,5, 1. [Ipu aTOM KJIacC TOYHOCTH CIETINKOB OTIPENETSIOT
cormacao TOCT P 52320-2005 kak gucsio, paBHOE TIPeeSy OCHOBHOMN
JIOITyCKaeMOW TOTPEIHOCTY (BBIPAKEHHOW B (hOpME OTHOCUTENbHOUN
HOrPENIHOCTU J, B MPOLEHTaX) /s Olpe/le/IeHHbIX 3HaueHuil ToKa Ha-
rpyskn I B quanasone ot 0,17, (I, — 6a30Bblil TOK, T. . 3HAYEHHE TOKA,
SIBJISTIONIEECST UCXOMHBIM JUUIS YCTAHOBJIEHUSI TPEOOBAHUN K CUETYUKY C
HeIoCPe/ICTBeHHBbIM BKJIodenuem) 10 [ (I~ — nanboJbliee 3HaueHHe
TOKA, TIPH KOTOPOM CYETUYUK YJOBJIETBOPSIET YCTAHOBJEHHBIM TpeboBa-
HusAM Tounoctd) uan or 0,051 (I =~ — 3HayeHue TOKa, sABJAlOLIEeCs

UCXOMHBIM /I YCTAHOBJIEHUs TPEOOBAHUN K CUETYMKY, paboTaiolieMy
ot Tpancdhopmartopa) 0 [ — yCTaHOBJEHHOTO MAlla30Ha U3MEPEHUI.

Makc
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[Tpu aTOM KJTacc TOYHOCTH yCTAHABJIUBAIOT TP KOADUIINEHTE aKTHB-
HOIi MOIITHOCTH €OS ¢ = 1, PaBHOM OTHONIECHMIO aKTUBHOI MOmHOCTH P,
K ToiHON P (B TOM umcje B cayyae MHOTO(A3HBIX CUECTUYUKOB — TIPU
CUMMETPUYHBIX HATPYy3Kax) TPHU UCHBITAHUUA CYETINKA B HOPMAIBHBIX
YCIOBUSAX (C YUETOM JIOTYCKAEMBIX OTKJIOHEHUI OT HOMWHAIBHBIX 3HA-
YeHWIl), YCTAaHOBJEHHBIX B CTaH/APTAX, OMPEAEISIONINX YacTHbIE Tpe-
GoBaHUsI.

Jlutepa S o3HAUAET, YTO KJIACC TOYHOCTH CUYETINKA HOPMUPYETCS, Ha-
YMHASA ¢ HIDKHEl rpanuiel, #e 5% [ (Kak /I C4eTInKoB Oe3 JIMTepsl,
Hanpumep kmaccos 0,2 m 0,5), a ¢ 1% I (HmKe 5TOi TPaHUIL TI0-
TPETNTHOCTh HE HOPMUPYETCS, XOTS CYETUYNK W TPOW3BOAUT MU3MEPEHUS
3JIEKTPOIHEPTUH, MOIIHOCTh KOTOPOH TIPEBHIMAET UYYBCTBUTEJIbLHOCTD
CUETUMKA).

BepxHsist rpaHWIla YCTAaHOBJIEHHOTO WAlla30Ha W3MEPEHUs OTpe-
flensieTcs  BeMuYMHoi [, KOTOopas Mg CYETYMKOB TpaHc(opMa-
TOPHOTO BKJIIOUEHUST OJDKHA BBIOUPAThCS M3TOTOBUTEJEM, COTJIACHO
I'OCT P 52320-2005, n3 muokecTBa 3Havenwit (1,2; 1,5; 2,0 uau 6,0)
I . B cBoo ouepenp, I 1S TaKMX CYETYMKOB JOJKEH MMETh 3Ha-
yenne 1, 2 wim 5 A (I CYETIMKOB HETOCPEACTBEHHOTO BKJIIOUEHISI
BBIOOD CTaHIAPTHBIX 3HAUCHUN GA30BBIX TOKOB MPOM3BOAMTCS U3 HoJiee
IITMPOKOTO AramasoHa 3HaveHnit 5—100 A u, B 4acTHOCTH, I/ ogHOMA3-
HOTO CYeTYrKa J0JKeH ObITh He Menee 30 A).

Kiracc ToUHOCTH «3TAJIOHHBIX» CYETUYNKOB, IIPUMEHSIEMBIX B TTOBEPOY-
HoM obopyaoBaruu MITCID, Ha OIUH-IBa TTOPSIKA BBIIIIE.

[To uncay a3 pasmnyaior oxHOba3HbIE, ABYX(asHble (0mHObA3HBIE
C HEUTPaTBHBIM TTPOBOJIOM) M Tpex(asHble cueTINKHU. B cBoO ouepens,
Tpex(dasHble CUECTUYUKU PA3AETSIOT Ha TPEXIMPOBOAHBIE U UETHIPEXIIPO-
BOZIHBIE (C HEUTpaJbHBIM TIPoBoJioM). Ilo Tumy mamepsiemoit DD pas-
JINYA0T CYETIMKU aKTUBHOM, PEaKTUBHON M aKTUBHO-PEAKTUBHON (WU
moJHo#) aHepruu. ITo cmoco0y BKJIKOUYEHUST B CETh Pa3iMyaloT CUCTUM-
KU HEMOCPEICTBEHHOTO U TpaHchopMaTopHOTO BKIoYeHus. [lo uncmy
HaIpaBJIeHWH ydeTa DI CUETUYMKU PA3AETSIOT HA OJHO- W JIByHAIIPaB-
JieHble (TIepPeTOKOBBIE), TI0 YUCTYy TapudoB — Ha OAHOTApU(pHBIE T MHO-
rotapudHble, MO0 HAJTWMYUIO YCTPOMCTB, MPEIOTBPAIIAIONIUX XUIIEHHUE
AJIEKTPOIHEPTUH, — C YCTPOUCTBaMK W 0e3 HUX, 10 TUIY BBIXOAOB — C
WMITYJIbCHBIM ¥ (WJTH) 1AM POBBIM BBIXOIOM, TIO HAJTUYUIO CPEJICTB KOHT-
poJIst KauecTBa DD — ¢ HaIWuueM U 6e3 HaJW4usl, IO HAJTUIUIO CPEJCTB
OOHAPYKEHUST aBApUITHBIX CUTyallnil — ¢ HaaudueM W (€3 HaJUUus, 10
HAJIMYUIO CPEJICTB YIPABJCHUST HATPY3KOH — ¢ HaguumeM u 0Oe3 Hasu-
YIisd, 10 HAJIMYUIO CPEICTB U3MEPEHUs ToTeph I — ¢ HaguuueM u 6e3
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HaJIMYHUsL, TI0 HATUYUIO CPEICTB MPEAOIIaThl DI — ¢ HajaudreM U 6e3
HAJIMY U,

1.3. MpuHUUNbI PYHKLNOHUPOBAHUS
CYEeTYNKOB

s uamepenus 3 B pannux mojessix MIICI3 ucnosb3oBaics MeTo
MUpoTHO-UMITyIbcHOUM Moaysdiuu (IIITVM), ammauTy iHo-uMIyJIbCHON
moayJstiiun (AVIM), cocrostimuii B caenyioniem [6].

Bunongapusie npsmoyrosbhable UMIyJabcbl U, hopMupyemMble TeHepa-
TOPOM HMIIYJIbCOB, MOZYJIMPOBAINCH CUJIOH TOKA i(f) IEKTPHIECKON
cetu mo Merony HIMM. Iloaydennsie npu oToM curHanbl U~ Moxy-
JINPOBAJIMCDH CETEBBIM HaIpsKkeHueM #(t) U ycpenHsiuch 3a nepuon T
CeTeBOTO HaIpsLKeHWs. B pesysbrare aTOro Ha BBIXOJE YCTPOHCTBA
yepeanenus (opmuposajicsa curnan U, NpsAMO NPONOPIMOHATbHbIN
cpefiHell aKTUBHOU MOIITHOCTU Pﬂ 3a nepuoy; T. Ilocnenyioiiiee cymmu-
poBaHMe 3TUX CHUTHAJIOB 32 3aJaHHBI MPOMEXKYTOK BPEMEHH [aBAJIO
3HaueHMe akKTUBHON II. IlorpemHocT ee M3MEPEHHs STUM CIIOCOOOM
cocrasiaor 0,5% u Goee.

C 1eJIbI0 TIOBBILIEHNs] TOYHOCTH U3MepeHust IO B OOJIBIIMHCTBE CO-
BpeMmenbix MIICO3 npuMeHSIOT MeTO/bl, OCHOBAaHHbIE HAa IMEPEMHO-
JKEHUM MTHOBEHHbBIX 3HayeHuil Hanpsukenus u(t) = U cos wt u Toka
i(t) = I cos (wt — @), tne U n I — aMImuTy/Ibl HANIPSKEHUST W TOKA,
@ — (ha3oBbIil yroJ Mexay HalpsiKeHueM u TokoMm, @ = 2x/T — yriosas
yactora [7—-11].

ITpu nepemuoxennu u(t) u i(t) U HECTOKHBIX IPeOOPa3OBAHUM 110~
JIy4aloT (PYHKIMIO aKTUBHOM MOIIHOCTH

p,(t) =P, + Pcos 2wt - p), (1.1)

coziepsKalllylo BeMYnHy P, 1 NepeMeHHyI0 COCTaBJIsIONlyI0 yABOEHHOI
4acTOThL. [10406HO MIHOBEHHBIM HAIpsKeHUIo #(f) U TOKY i(t), MOLI-
HOCTb p () Ha3bIBAIOT MTHOBEHHOI, TOra Kak P, ABjsgerca cpeaHeil ak-
TUBHOI MOIIHOCTBIO.

[TosHast MOITHOCTB, pa3BUBaeMas B HATPy3Ke ABYXIIPOBOIHON I€IH
NepeMEHHOT0 TOKA, PaBHA

Ul
P=7=U3¢®Iam (BA), (1.2)
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U 1 .
e U,y :ﬁ ul,, =—= — sbdexruBnnie (geiicTByIONINE) 3HAUE-

o JE

HUA HalIpAKEHUA U TOKa.

ITonHass MOITHOCTD SIBJISIETCS FeOMeTpHLIECKOﬁ CYMMOP,I ABYX COCTaB-
JITIONUX — aKTUBHOUN U peaKTHBHOﬁ MOH.[HOCTeﬁ, PaBHbIX COOTBETCT-
BEHHO

P = P cos ¢ (Br), (1.3)
P = Psin ¢ (BAp). (1.4)

Bemuunsl cos ¢ u sin ¢ B hopmynax (1.3) u (1.4) — s10 KO3 DUTIIEH-
THI aKTUBHOU W PEAKTUBHOI MOIIIHOCTUA COOTBETCTBEHHO.

Momnocts P, pa3BuBaeTcs Ha aKTUBHOM YaCTH HATPY3KH, HOTPeOIs-
IOIIel 9Hepruio, a P — Ha peakTMBHON (MHAYKTUBHON MM €MKOCTHOIT).
ITpu HAJIMUWK PeaKTUBHON MOIIHOCTH yTOJI cABUTA (ha3 ¢ MOXKeT ObITh B
npenenax —90° < ¢ < 90°, rae oTpuIaTeSbHbIE 3HAUYCHUS COOTBETCTBYIOT
€MKOCTHOMY XapaKTepy HATPY3KH, a MOJOKUTEIbHbIE — HHIYKTUBHOMY
(puc. 1.1). B psane ciayyaeB TOK Harpy3ku CTAaHOBUTCSI OTPHUIATETHHBIM
(puc. 1.1), u Harpy3Ka, COOTBETCTBEHHO, TIEPECTaeT OBITh HATPY3KOH U
CTAHOBUTCSI UCTOYHUKOM TOKa. [[JisT «OTpUIATENBHBIX» HATPY30K YroOJI
caBura a3 Haxoautes B nipezesax: 90° < ¢ < 270°, rue 270° cooTBeTCTBY-
et yriay —90°. MIIC93 1103BOJILIOT U3MEPATD DJIEKTPOIIOTPedIeHe KaK
<ITOJIOKUTEJIbHBIX», TaK U «OTPUIATEJIbHBIX» HArPy30K.

+90U MonoxKutenbHan Harpyska
NHAYKTMBHAA Harpyska
180° I 0°
OTpuuaTtencHas
Harpyska EmKocTHaa Harpyska
-90°

Puc. 1.1. Buasl Harpy3ok npu n3mepeHur MOLHOCTH

B coorserctum ¢ Boipaxkennem (1.1) nna onpenenenus P, B usme-
pUTENbHBIX MHTeTpasibHbIX MuUkpocxemax (MMC) BBITIOJHSIOT MepeM-
HOKeHUe (DYHKIIMA, TTPEICTABISIEMbIX B BUJIE 2JIEKTPUUYECKUX CUTHAJIOB
JATYNKOB HANPSKEHWS U TOKA, MOCJE YeTO TPOBOISAT HU3KOUACTOTHYIO
bunbTpaInio, MOAABJISIONIYI0 EPEMEHHYIO COCTABJSAIONIYIO. 3aTeM BbI-
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MOJTHSIOT WHTETPUPOBAHME W TIONYYAOT 3HadeHHe morpebiasemoit 93
(B BaTT-yacax). IHTErpaTopoM 0OBIUHO CJIYKUT II(BPOBast epecyeTHast
cxema.

[N u3MepeHUs PEAKTUBHON MOITHOCTH BBOJAST OTIOJTHUTEIbHBIN
azoswiii caBur 90° Mexkmy GYHKIMSIMU HAPSUKEHWST U TOKa. B octasb-
HOM H3MepeHue PEaKTUBHON MOIIMHOCTA aHAJTOTUYHO W3MEPEHUIO aK-
TUBHOI: MEPEMHOKAOT (PYHKITUU HANPSDKEHWS U TOKa (C YKa3aHHBIM
casuroM 90°) 1 mosrydaroT (PYHKITUIO PEAaKTUBHON MOIIHOCTU (ee MTHO-
BEHHbIX 3Ha4eHuit) p (£), ananormunyio p (¢) (1.1); satem dpynxumio p (1)
GUABTPYIOT M MOMYYAIOT BEJUIMHY, TPOTIOPITMOHATIBHYIO CpelHell peak-
THBHOIT MomHOCTH P,

s TpexdazHbIX HATPY30K B YETHIPEXTIPOBOAHON ceTh (¢ HeHTpash-
HBIM ITPOBOIOM) MOIIHOCTH OTIPE/IEISIETCS CYMMOM €€ COCTaBJISIONINX B
Tpex (azax — «A», «B», «C». Kaxkmas n3 coCTaBISAIONNUX ONPeIEeeTCs
npu epeMHoKeHNH: U, ()i, (1), uy(t)i (t) m u (t)i(t). na tpexdasnoii
TPEXTPOBOAHON ceTr (6e3 HEHTPATBbHOTO MPOBOAA) MOIHOCTH OMpee-
JieTCsS Kak CyMMa JIBYX COCTABJISIONINX B CJEAYIONIEM COYETAaHWUW Ha-
NPsKEHUid 1 TOKOB: u, (0)i, (1) m uy ()i (1), tne u, (1), uy () — JuHei-
HbIe HanpsikeHus, a i,(¢) u i,(f) — dasHble TOKN.

JlpyToil TOAX0A K M3MEPEHHI0 aKTUBHON DD Gasupyercs Ha wHc-
MOJIb30BAaHUU METO/a <«BBIOOPKU ¥ XPAHEHUS», COTJIACHO KOTOPOMY
WHGOPMAITNS BOCTTPOU3BOIUTCS ABYMST CUTHAJIAMHU TIOCTOSTHHOTO TOKA,
ONIVH W3 KOTOPBIX MPSMO MPOTIOPIIMOHAJNEH aMIIATYIe JTUHEHHOTO Ha-
npspxenus U, a Apyroil — MIrHOBEHHOMY 3HAY€HUIO TOKA B JMHUU (L),
cootBercTByfotiero 3uadennto U [10]. IIpu stom Bwizensiercs daszo-
BBl YyTOJI @ MEXAy HANPSUKEHMEM W TOKOM, a TIePEMHOKEHHE 0060MX
CUTHAJIOB B 3aJJaHHbBIN TIepHOJ BpeMeHu obecrieurBacT (GopMUPOBAHLE
BBIXOJIHOTO CUTHAJIA, TIPOTOPIIHOHAIBHOTO I3, TOTpebIsIeMOl HATPy3-
KO¥ ¥ XapakTepusymollell n3aMeHeHne K0a(hGUIreHTa akTUBHOM MOTIT-
HOCTH COS ¢.

Omneparuu UG poBoit  (PpUIBTPAIIN, MHOKHUTETBHO-IETUTETHHBIE
U T. T, @ TaKKe CUHYCHO-KOCWHYCHBbIe (DYHKIUU W Apyrue (HYyHKITHO-
HasbHbIe 3aBucuMocTd B MITCI3 adhderTnBHO peanusyioTcst mocpes-
CTBOM UTEPAIMOHHBIX aJTOPUTMOB, Ga3UPYIONIUXCS Ha MeToze <Idpa
3a 1mudpoit» [12—15], KoTOpbIl obecmeurBaeT MOJIyYEHIE 3HAUAIEH
nudpsl pe3yabraTa Ha KaKJIOM UTEPAIIMOHHOM Tnare. Takue ajropuTMbl
OTJAWYAIOTCST TTPOCTOTON BBIYUCJIEHWH (CABUTH, CJIOKEHWS) W XOPOIIO
COTJIACOBAHBI CO CTPYKTYPOUl IMU(PPOBBIX CUTHAIBHBIX MUKPOKOHTPOJI-
sgepoB (MK) u mporteccopos (I1CII), mupoko mpuMeHsIEMbIX B COBpPe-
MeHHBIX MITIC323.
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1.4. CTpyKkTypHas opraHm3auus CH4eT4YUKOB

[TocTpoenne MIIC33 cBoauTcs B MpocTelieM ciydyae K peayu3aluu
(na MK, IICIT wnm cienmanmmaupoBanubix UM C) Mozienu cueTHOTO Me-
XaHU3Ma C UMITYJIbCHBIM BBIXO/IOM.

CrpykrypHasi cxema oaHO(A3HOTO cYeTYMKa IO TNpUBeEJeHa Ha
puc. 1.2 [7, 8]. Curnassl, IpsAMO TPOMOPIIMOHAIbHBIE HAMPSIKEHUIO U
TOKY B CETH, CHUMAIOTCS C IaTYMKOB TOKA M HANPSKEHUS U IIepeMHO-
JKAIOTCSL aHAJIOTOBOM cxeMo# ymHOKeHUs. IlosiyueHHBIH aHaJoroBBIN
CUTHAJI TIOCTYIAeT Ha BXOJ MpeoGpasoBaresiss, e mnpeobpasyercs B
JIVCKpEeTHBI (MMITyJIbcHBIN) curHaua. [Ipm arom dyacrora ciemoBanus
HUMITIYJIbCOB IPSIMO IIPONOPIMOHATIbHA MOIIHOCTU. VIMITyJIbCBI IIOCTY-
naoT Ha Bxo4 MK, KOTOpBII WX MOACYUTHIBAET U MPeoOpasyer B BEJIU-
YUHBI, COOTBETCTBYIOIHE 0OGBEMAM MOTPEOICHHON 3JEKTPOIHEPTHU, B
pesyJbraTe 4ero 1o Mepe HaKOIIEHUS! CUTHAJIOB IIOKAa3aHUS CUYEeTYMKA
DI UBMEHSIOTCS.

Harpyska
Hatumk LononHutenbHble
Hanps»XeHnsa CepBUCHbIE
P dyHKUUN

” B Mpeobpaszosatenb
CTPOWNCTBO
p aHasiorosoro MwuKpokoHTponnep
nepeMHOXeHNA cuUrHana

B AUCKPETHbIN ! ! @

JnemeHT

aTynK ncnnen
3[ ﬂTOKa f famaTi
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Yacrbie c60M HATPSDKEHUS MTATAHKUS TPUBOAAT K HEOOXOAUMOCTU HC-
noJsib30BaHusl sHeproHe3aBucuMoil namsatu (ICIII3Y — amexrprueckn
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CTUPAEMOTO TIPOTPAMMHUPYEMOTO TIOCTOSTHHOTO 3aITIOMUHAIOIIETO YCTPON-
cTBa, HasbiBaeMoro Takxe uenr-mamaroio, Flash ROM, unu EEPROM —
Electrical Erasable Read-Only Memory) mis coxpaHeHUsT TOKasaHUil
cueryrka. [T0CKOIBbKY cOOM TT0 TTUTAHKIO SBISTIOTCS HanboIee XapaKTepHOIT
aBapUIHON cuTyarueii, Takas 3ammTa Heobxoxnma B obom MIICII.

[IpocTeiimuM IaTINKOM HATIPSKEHUS SBJISIETCS JIEJIUTETh HATPsiKe-
HUS, a JATYUKOM TOKA — TOKOBBIN TIYHT.

Peasmzarus nndposoro cuerunka I TpedyeT Crennatn3ipPOBaHHBIX
NMC, criocoOHBIX BBITIONHATH TIEPEMHOKEHNE CUTHATIOB W TIPEIOCTaB-
JIITh TOJyYeHHyIo BeandnHy B yaoomoi amst MK dopme. Hampuwmep,
HCTIONB3YIOT TPeodPa3oBaTeib AKTUBHON MOTITHOCTH B YaCTOTY CJIEI0BA-
HUST UMITYJIbCOB. OOIIee KOMMUECTBO MPUIIEANINX UMITYIbCOB, TTOACUH-
teiBaeMoe MK, mpsiMo TIpOopInoHaibHO moTpebisemMoit D3,

B MIIC33 BaxkHYyO pOJb WTPAIOT PA3JIMUYHBIE JOMOJHUTETHHBIE
(yHKIIMHM: MUCTAaHIIMOHHOE CYNUTHIBAHUE 3HAYEHWH DI W MOIIHOCTH,
yIpaBJieHIe Harpy3Koi notpebureseil u psia apyrux. [IpuMeHeHne B HUX
nndpoBoro auciies (GKUAKOKPUCTAAInYeckoro wHaukaropa, ;KKI),
yrpasssemoro ot MK, mo3BosisieT mporpaMMHO yCTaHABIMBATH Pa3ind-
Hble PEXUMBI BbIBOJIa WH(pOPMAIINK, HAIPUMEDP BBIBOAUTH Ha TUCTLIEH
3HaueHue MoTpebJeHHON DI 3a KakKIbIH MeCsI M0 PasJUYHBIM Tapu-
am m cymmapHyto, 3HaUeHUS MOITHOCTH, YCPEIHEHHOW 3a 3aJ[aHHBIN
MTPOMEKYTOK BPEMEHH, JIaTy W BpeMs U T. 1. MHOTHE CYETIYMKU CONEep-
JKaT MEXaHU3M OTKJIFOUEHUS HATPY3KU MOTPEOUTENSI ¢ MOMOIIBIO Pelie,
a HEKOTOpBbIe — MeXaHU3M cUuThiBaHUSA SIM-KapT, NCTOab3yeMBbIN TS
npenoriatel . Psg MITCI3 conepKuT BCTPOEHHYIO KJIABUATYPY IS
MMPOCMOTPA WX JIAHHBIX B Py4HOM peskume. Bece MITCID umeloT crenu-
AJbHBIA WUMITYJIbCHBIN BBIXOJI, TPUMEHSIEMBIN JIJIST X METPOJOTUIECKON
MTOBEPKH; YUCJIO BBIXO/IOB HA HEM TIPSIMO TIPOTIOPIIMOHATIHFHO U3MEPSIeMON
9I. Jlnsa cunxponusanuu paborbl cyerynkos B coctaBe ACKYI onu
coZiepKaT Jachl peaslbHOTO BPEMEHH.

ITpu sanucu 8 EEPROM 3HaueHne HakorieHHOW I3 MOKeT ObITh
YTEPSTHO B MOMEHT OTKJTIOUeHMS HalpsiKeHns. [l0aToMy 3HaUeHUsT HaKOTI-
serHoit D3I 3ammceiBaioTcss B EEPROM mukimaeckn apyr 3a Apyrom
yepes OTpesieJIeHHOe YUCIO M3MEHEHWH TMOKa3aHui CYeTUYNKa, 33JJaHHOE
MIPOTPAMMHO, B 3aBHCHMOCTH OT TPeGyeMOil TOUHOCTH. ITO TO3BOJISET
n3bexaTh MOTEPH AAHHBIX O HaKOILIeHHOH D). IIpu mosBieHnN Haps-
xeramst MK ananmmsupyer Bce 3HaueHus1, 3anecemnbie B EEPROM, un
BbIOMpaAET TocaeaHee. s ToMyYeHrsT MUHUMAIBHBIX TIOTEPh 3aMUCHI-
BaioT 3HaueHWs DI c¢ maroMm 100 Bru. Ty BeTMUNHY MOXHO MEHITH
MTPOTPAMMHO.



20 naBa 1. APXMTEKTYPa CHETHMKOB S/IEKTDO3HEPI UM

AnropuT™ (PYHKITMOHUPOBAHWS PACCMATPUBAEMOTO CUETUNKA TTPUBE-
nen Ha puc. 1.3 [8]. Ilpu Braouenun nuranus MK kondurypupyercs
B COOTBETCTBUM ¢ mporpamMoii, cuutbiBaeT 3 EEPROM mocrennee
cOXpaHEeHHOe 3HaudeHHe DO W BBIBOAUT ero Ha anciureit. 3atem MK
MEPEXOUT B PEKUM TIOCYETa WMITYJIbCOB, TocTymaomux ot MMC
mpeobpa3oBaresist, U, MO0 Mepe HAKOILIEHNs KaKA0TO BT-4, yBeamanBaer
[IOKa3aHUsI CYeTYUKA.

CBKH}OHEHVIE NUTaHNA )

KoHdurypuposaHue
MUKPOKOHTpoONnepa
B COOTBETCTBMM C NPOrPaMmon

v

CunTblBaHME NoCneaHen
3anucu n3 EEPROM

v

BbiBOA noka3zaHui
cyeTyMKa Ha aucnnen

[

Oa
YBenueHue coaepxnumoro
CYeTYMKa Ha efnHULY

v

BbiBOA NoKasaHui
cyeTuMKa Ha aucnnen

3anucb B EEPROM
NpPOV3BOANTCA?

3anucb NoKasaHum
cyeTymka B EEPROM

Puc. 1.3. Anroput™ QyHKUMOHMPOBAHKA cHeTHMKa 33
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[Tprumep mocTpoerust mpocTeiiniero nu@poBoro cyeTdnka I Ha Jie-
meBoM 8-paspsiniomM MK mpuseznen Ha puc. 1.4 [8]. Ou 6asupyercst Ha
ncnosb3oBanmn Heoporoit UM C mpeobpa3oBatesist MOTITHOCTH B 9acTO-
Ty umtyabcos tima KP1086I1111 n 8-paszpsamroro MK MC8SHCO6K J1.
IIpu Takoit crpykType cyetunka, MK Tpebyercst cyMMHUPOBATh YHCIIO
WMITYJIbCOB, BBIBOAUTH nHpopMarmio Ha sKKU, mepenaBatsh ee B KaHau
CBSI3W TI0 TIOcJefoBarebHOMY mHTepdeiicy tuma RS-485 u ocymect-
BJISITH €€ 3aIIUTY B PA3JUYHBIX aBAPUIHBIX PEKIMAX.
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Ha 6ase MurkpokoHTponnepa MC88HCOBKJ1

IToo6HYI0 CTPYKTYPY MMEET TakKe TpeX(dasHbIil CYeTYNK aKTUBHOI
sneprun 1[26823M cTaBpOIobCKOTO KOHIlEpHA <«JHepromepas [16].
[Tpunnun ero melicTBUS OCHOBAH HA MEPEMHOKEHUU BXOJHOTO CUTHA-
Jla Toka u Hanpsibkerus mo metony <«IIIMUM-AWM» ¢ nocaemyomum
peoOpa3oBaHMeEM AHAJIOTOBOTO CUTHAJA, TPSIMO POHOPIUOHAIBEHOTO
BXOJIHO MOIIIHOCTH, B YACTOTY CJIEIOBAHUS UMITYIbcOB. CyMMUPOBaHUE
3TUX UMITYJIbCOB JIaeT KOJUYECTBO aKTUBHON IJ.

Crpykrypuas cxema cuerynka [[96823M npusenena na puc. 1.5. On
COCTOUT U3 CJEAYIOMIUX Y3JIOB: JKUAKOKPUCTALINYECKOTO WHIUKATOPA
(’KKN), cBeromnomnoro nuaukaropa (M), nCToOYHNKAa BTOPUYHOTO H-
tanug (MBII), MK, Mozxyms nmmysibcHbIX BXoz0B (MI), omrtuyeckoro
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