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KCHEPUMEHTAJIBHBIN CTEH/]I JIVISI ABTOMATHU3UPOBAHHOI'O KOHTPO.ISI
COCTOAHUA XUMHNYECKUX HCTOYHUKOB TOKA UMITYJIbCHBIM METOJ1OM

Xummaeckue McTOUHUKA Toka (XUT) pa3idHBIX 3JEKTPOXUMHUUYECKUX CHCTEM IMHUPOKO MPUMEHSIOTCS B
COBpPEMEHHOW TEeXHWKe JUIs o0ecTiedeHnsi aBTOHOMHOTO WM PE3EPBHOTO dIIeKTponuTaHus notpedurerneit. [Ipn
SKCIUTyaTalli aBTOHOMHBIX CHUCTEM 3JIEKTPOCHAOKeHH OCHOBHOE BHUMAaHUE, Kak MpaBUIIo, yaenseTcs Halex-
HOMY U Ka4eCTBEHHOMY OOeCTIeYeHHIO MoTpeduTeneil aMeKTpoIHeprueii, a caMu XMMUYECKHe UCTOUYHUKH TOKa
OTHOCATCS K BTOPOCTENEHHBIM. MexXIy TeM, HaleKHOe M KaueCTBEHHOE dHEeprocHaOXeHue B 3HAUUTENbHON
Mepe 3aBUCHUT OT TexHudeckoro coctosiHusa XHUT, koTopoe TpeOyeT MOCTOSTHHOTO KOHTpoJs. Iloa kKoHTpoiem
TEXHUYECKOTO COCTOSHUS COTJIaCHO HOPMATHBHBIM TOKyMeHTaM [1] criefyeT moHuMaTh MPOBEPKY COOTBETCTBUS
3HayeHuit mapameTpoB XUT TpeGoBaHUSAM TEXHUYECKOH TOKYMEHTALMU U OTpe/eieHne Ha 3TOH OCHOBE BHUja
TEXHUYECKOTO cOCTOSHHA (paboTocrioco0eH, HepaboTOCTIOCOOCH U T.11.) B IaHHBIHf MOMEHT BPEM CHH.

Oco0eHHO aKkTyaJeH KOHTPOJb COCTOSTHHUS XUMHUYECKHX NCTOYHUKOB TOKA TPH WX HUCTIONB30BAHNH B COCTa-
B€ JCLEHTPATN30BAHHBIX aBTOHOMHBIX CHCTEM 3JIEKTPOCHA0KEHHS, YCIOBHS SKCIUTyaTallii KOTOPBIX HE TO3BO-
nstoT oTkmounTh XUT oT cetn moTpeOuTeneit Ha BpeMs BBITIOJTHEHUS KOHTPOJIA. BakHBIM MOMEHTOM TIpH pe-
IIEHUN 3TOM 3a1a9¥ ABJISIETCS BO3MOXKHOCTb IPOBEAEHHS KOHTPOIIS B pab0UeM COCTOSHIN CHCTEMBI, HE M3MEHSIS
IITATHOTO PeXKNUMa ee PaboTEHI.

AHanu3y CyLIeCTBYIOILEro CTEHAOBOr0 000pyNOBaHUSA I ONpeaeNeH!s TEXHUYECKOTO COCTOSHUS XUM M-
YeCKMX MCTOYHHKOB TOKa MOCBAIIeHA paboTa [2]. ABTOpHI 3T0il paboThl, OCHOBBIBAsICh Ha pe3yJbTaTax MpoBe-
JNEHHOTO aHaju3a, MPUIUIM K BBIBOLY, YTO B HACTOsAIIEE BpeMs He CYLIECTBYeT YHUBEPCAIBLHOTO 000pynIOBaHUSA
Ut KOHTpOoJs u ucnbitannsd XU T, mosToMy crielanucTsl B 3TOM 00JacTu pa3padaThiBalOT CTEHAOBOE 000py10-
BaHME Ul PELICHUA KOHKPETHOM HAYYHOU WIK IPOU3BOACTBEHHOM 3a1a4U.

Takoro >xe MHEHUs IPUIEP)KUBAIOTCS U aBTOPbI padoThl [3], moguepkuBas OoJbioe pazHoOOpasue cyle-
CTBYIOLMX aHAJIW3aTOPOB KauyecTBa U TEXHUYECKOro COCTOSHUS aKKyMYJIATOPOB U GaTapeil, KoTopble, Kak mpa-
BUJIO, UCNIOJIL3YIOTCS AJ1s1 KOHTpousid XU T, OTKIIOUeHHBIX OT CETH NOTPeOUTENS.

ABTOpBI cTaThi [4] mpeanararoT pa3paboTaHHble UMW YHHUBEpCaJbHbIIl CTEHI U MOOMIBHOE YCTPOHCTBO
JUTS SKCOPECC — AMarHOCTUKM JIEKTPOXUMUYECKUX aKKyMYJIATOPOB, KOTOPbIE, [0 X YTBEPHKIAECHUIO, TO3BOJISIOT
6e3 BMellaTebCTBA B MpoLecC PadOThl aKKyMYJATOpa MO HECKOJBKUM TECTOBbIM HMMITYJIbCaM ONpeNessATh OC-
HOBHbIE MTApaMeTpbl U OLEHUBATh €r0 TEXHMYECKoe cocTosiHue. [IpuHImn paboThl ycTpoiicTBa OCHOBAH Ha MM-
MyJbCHOM METO/Ie, CYLIHOCTb KOTOPOTO 3aKJII0YaeTCsl B BO3ACICTBIM HAa aKKyMYJIATOp ClELMalbHON Mocieno-
BaTEJIbHOCTH UMILYJIbCOB TOKA M aHAJIHM3€ OTKJIMKA M0 HAMPSHKEHHMIO C MOMOIIBIO CTIeMAIbHBIX MAaTeMaTHIeCKIX
Mozeneil. MeTon sKcmpecc — AMArHOCTUKM [5] ocHoBaH Ha Bo3neiicTBun Ha XUT cepun 3apsaaHo — pa3psiiHbIX
WMITYJIbCOB, YTO HE MOXET HE HapyIIaTb JIOTUKY pabOTbl HCTOUYHUKA TOKA M PEKUM pabOThl CHCTEMBI JIEKTPO-
obecreueHns B LIJIOM.

B Hacrosuieii pabote paccMOTpeH 3KCIepUMeHTalbHbI cTeH, o0ecneynBaoInii aBTOMaTU3UPOBAaHHbI I
KOHTPOJIb TEXHHMYECKOI0 COCTOSHUSI XMMHYECKOTO UCTOYHUKA TOKAa B COCTABE aBTOHOMHOM CUCTEMbI JIEKTPO-
obecrnieyeHus 6e3 HapyLIEHUs pexuma ee padoThl.

CTpyKTYypa M NPUHUUN padoThl 3KCMEPUMEHTAIBHOIO CTeH1a

B ocHoBe npuHuuna paboThl CTE€HJAA JEXKUT UMITYJIbCHBIN rajbBaHOCTATUUECKUI METOJ KOHTPOJIS MpOTe-
KaHUS 3JEKTPOXUMHUUYECKOTO TMpoIecca B XUMUIECKOM MCTOYHHKE TOKa. CBSA3b MEXKIYy MapamMeTpaMu JJIEKTPO-
XUMmIdeckoro npoiecca u napamerpamu XUT ycranosieHa B padote [6].

Jnis onpeenieHNs MapaMeTpoOB XUMHUIESCKOTO UCTOYHHUKA TOKA C IETTbI0 KOHTPOJIS €r0 COCTOSHUS MCTIOJNb-
3yroTcst nH(OpMaIoHHbIe apaMeTpsl curHana otkiauka XWT na ummynbecHoe Bo3zaeiicTBue [7]. Takoit moxxoxn
MO3BOJISIET OJHOBPEMEHHO OMpEAeTNTh M3 OJHOTO TECTOBOTO HMMITYJbCa 3HAYEHUS HECKOJNBKUX JHArHOCTHYE-
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ckux mapameTpoB XUT myTeM KOMITbIOTEpHON 00pabOTKM CWTIHANA OTKIMKA MCTOYHHMKA TOKA HAa WMITYJILCHOE
BozeiicTeue [8].

Jlnst mpakTHYeCKOM peanu3aly yKa3aHHOTO MOAXO0/a, MO3BOJISIOIIETO yIOBJIETBOPATh TpeOoBaHUAM Oec-
nepeGoHOro ANEKTPOCHA0KEHHs MOTpeOuTeNeit, aBTopaMu pa3paboTaH IKCIIEPUMEHTATbHBINA CTEH, BHEUIHUHN
BHI M OJIOK — CXeMa KOTOPOTO MpHBEICHEI Ha puC. 1.

[porpaMMUPYEMBLE |
HCTOYHHE TOKA

Cureaz; oTKIHEA

JapanHef

HMITYJI5C TOKA —‘ ﬂ Hudporoit
r CAMOIIHCEILL
PerucTpauns u
Paspanuerit J L U

H3MEpEHTE | K

HMITYIIEC TOKa apaMeTpPOB CHIHAIA
OTKIHKA.
TIporpamMmupyeMas
ATEKTPOHHAS g
Harpyzgra

Puc. 1. BHewiHuii BUa 4 6J10K — cXeMa 3KCNepUMEeHTa/IbHOI0 CTeH1a

Hcxonsa u3 3ama4 aBTOMaTu3aluy NpoLecca KOHTPONIA U C yU4€TOM COBPEMEHHOIO YPOBHS Pa3BUTHUs MUK-
PONPOLIECCOPHOI TEXHUKH YCTaHOBKA IOJ)KHA OTBEYATh CJIETYIOLIMM OCHOBHBIM TPEOOBaHMAM:

— o0ecreunBaTh MoJady Ha KOHTPOJIMPYEMbIl MCTOYHUK TOKA UMITYJIbCOB (€AMHUYHBIX, CEPHH, OJHO- U
Pa3HOMOJIAPHBIX) C PEryJIMpPYEeMbIMH MapaMeTpaMu B HEOOXOAMMOM 33aJaHHOM IUaNa3OHE MO AJIUTEIbHOCTH,
CKB@)KHOCTH, aMILTUTYJIE U C TpeOyeMOi TNTEIbHOCTBIO (PPOHTOB;

— obecrieunBaTh C JOCTATOYHOM TOYHOCTBIO M YYBCTBUTEILHOCTBIO U3MEpEHUE KakK ObICTPONPOTEKAIOLINX,
TaK ¥ MEJUICHHBIX [IPOLIECCOB;

— OCYIIECTBJISITh KOMIBIOTEPHYIO 00padOTKy pe3yIbTaTOB U3MEPEHHH 1 NX aHAIU3.

BeinonHenune 3Tux TpeGOBaHMI MO3BONISET MOJYYUTh MH(OPMALMIO, aJeKBATHO OTOOPAKAIOLLYIO MPOTe-
karorre B XU T mporeccsl B pealbHOM MaciiTade BpeMeHH.

HIcTOYHMKOM NMUTaHKs aKKyMYJISITOPHON OaTrapen B peKuMMe 3apsaiKH CITyKUT MPOrpaMMHpPYeMbIi UCTOY-
HuK Toka Trmma HM7044 npomssoactea kommnannn HAMEG Instruments GmbH. @yHkuio umMuTaTopa Harpys-
KU MOTPeOUTeNs BBIMONHAET MporpaMMHUpyeMasl 3JIeKTpOHHAs Harpys3ka Tuna M9711 mpowsBoAcTBa KOMMaHUU
Maynuo Electronics, mo3BoJistornasi o 3agaHHON MporpaMMe MEHsSTh PeXXuM Harpy3ku ucmbityemoro XWUT. B
KayecTBE M3MEPUTESIbHOTO YCTPONCTBAa MCHOJb3yeTcs LM(pPOBOi caMomucell, MOAKIOYEHHbIH K BbIBOJAM aKKy-
MYJIATOpHO# Oatapen u QuKCHpyIOLMii U3MEHEHNEe HAIpsHKEHUS] HAa Heil BO BpeMeHM. YTpaBlieHHE MpPOLECCOM
KOHTPOJI OCYLUECTBIISIETCS C NMEPCOHANBHOI0 KOMIIBIOTEPA C UCTOJIb30BaHUEM CTaHAapTHOro uHTepdeiica RS236.

Jlnst aBTOMaTU3alMU MPOLIECCOB KOHTPOJIA pa3padoTaHa KOMIBIOTEpHAsl Mporpamma, KOoTopas AaeT BO3-
MOXHOCTb YMpaBJsATh UCTOUHUKOM MUTaHUsl, SEKTPOHHOIl Harpy3koii u yctpoiictBoM Ludposoii 3anucu. [po-
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rpaMMa HamucaHa Ha 0ObEKTHO-OPUEHTUPOBAHHOM sI3bIKE MporpammupoBanusi Java. B xone HanucaHus ObLiu
WCTIONB30BaHBI CTOPOHHNE OUOINOTEKU:

—JSSC (Java Simple Serial Connector) — 6ubimoTeka st padoTHI ¢ TIOCIENOBATEIFHBIMU TIOPTaMU TIePCO-
HAJIbHOTO KOMITBIOTEPA;

— JFreeChart — 6ubnmoTexa U1 co31aHus rpa) iKoB.

[MporpammHbIii nHTep(elic NpeAcTaBieH Ha pUC. 2 U BKIIFOUaeT B ceOs naHenb | yrnpaBieHus] HCTOYHUKOM
MUTAHWS, TIaHeNb 2 YNpaBJieH!s 3aMUChIBAIOLIMM YCTPONHCTBOM, MaHes b 3 rpadMyeckoro npocMoTpa CUTHAIOB 1
WX MapamMeTpoB U MaHesb 4 0TOOpaxkeHUs X0a paboThl MPOrpaMMbl. PaccMOTpUM GoJiee AETATbHO KakKAy0 M3
naHesneil v ee PyHKIMOHAbHbIE BO3MOKHOCTH.

Charge/Discharge Control System | |i|
<<< Power supply >>> <<« Recorder >>> <<< Monitoring >>> <<« Operations >>>
B % -
Voitage (max 32V): (2.5 Sampling dots: |50 < Charge > 142211 Start pulse test
14.22 42° End pulse test
Current (max 124): rEDD ‘ Smooth coefficient: IB | ‘sm“r val vJ 14 22 43 Signal write to D:/WorkMHameg_HP G/2

14.22 43. Parameters write to D:/WorkMHameg_H
14.22 43: Tau write to D:/MWork/MHameg_HP Gi26.1

OulputON | ) Channel 1{200 mV) < Discharge >
< Charge mode seftings > ) Channel 2(150 mV) [show Upu |~
Time between pulse: (15 | ® Channel 3 (4.5V) < Extras >
' Last signal |
|Start chiarge moxde | ‘ ) Channel 4 (20 V) |7
< Settings of pulse > ot o et S | clearpa |
Pulse duration {sec): ‘157| B vkt

Pause duration {sec): |E

| start puise charge
' {2 Random signal
Start puise test |
| Start record

() Discharge signal

4] i [»

Puc. 2. O6mmit uuTepdeiic nporpaMMsel ynpasJieHUs!

[Tanens ynpaBieHWS WCTOYHMKOM TUTaHUS (HA TpUMepe MNpOTpaMMUPYEeMOr0 WCTOYHWKA THTaHUSA
HM7044 npousBoacTBa komnanun Hameg) n3obpaxkeHa Ha puc. 3.

2<< Powear supply >»>

Voltage (max 32w 1420 |[4+— 1
Current (max 12A; 500 | +— 2
Puc. 3. [1a"esb ynpasJieHHs1 UCTOYHUKOM MUTAHUSA:
3 1 |t 1 — ycTaHOBKA BeJMYHHBI HANPSIKEHHUS; 2 — YCTAHOBKA BEJIMYMHBI TOKA;

< Charge mode seflings > 3 — BKJIIOYeHHE/BbIKJII0YeHHe PAG0Thbl HCTOYHHKA MUTAHUS HA HATPY3KY;
4 — ycTaHOBKA Ha4aJbHOI0 HHTEPBAJIa BpeMeHH (B MUHYTaX) NPOBeJeHUst
TECTOBBIX HMITY/ILCOB BO BPeMsl 3apsAKH aKKYMYJISITOPA AJ1sl KOHTPOJIsSI ero
§ —1— | stantcharge mode COCTOSIHHS; 5 — 3aMyCK/OCTAHOBKA PesKMMa 3apsiiKH aKKyMYJsTopa ¢
KOHTPOJIEM €ro COCTOSIHUS; 6 — YCTAHOBKA AJIMTEILHOCTH TECTOBOIO
UMNyJbca; 7 — yCTAHOBKA JJIMTEIBbHOCTH NMay3bl MeXKAY TeCTOBbIMU

Time between pulse: |15 o3 4

< Settings of pulse >

Pulse durstion seck: [i5 | T— 6 HMIYJbCAMH; 8 — 3aMyCK/0CTAHOBKA UMITYJILCHOTO PeRUMA 32PSIIKH;
Pause duration (sec) 15 | ——— ? 9— 33ﬂch/OcTaHOBKa OAUHOYHOr0 TECTOBOIro UMIYyJibCa.

8 w—pe— Qtan_ pulse charge

g —t— | Start puise test

[Tanens ynpaBieHUs 3aNUChIBAIOIIMM YCTPOHCTBOM paccMOTpeHa Ha puc. 4.

[MTanens rpaguueckoro NpocMoOTpa CUCHANOB U UX NApaMeTpoB u3oOpaxeHa Ha puc. 5. C NOMOLIbIO HNaHe-
M 3 MOXHO B JII0OOI MOMEHT BpeMEHM MPOCMOTPETH MOCIEeOHNUN 3aperiMCTPUpPOBAaHHbIN CUTHAN, MCMONb3YS
KHOIIKY 3, @ TaK)Ke XPOHOJIOTHIO W3MEHEHHSI TApaMeTPOB 3apSAHOTO WM Pa3psiTHOTO UMITYJIBCOB — JIUCTHI 1 1 2
COOTBETCTBEHHO. Bce 3Tn naHHbIe MOYKHO COPOCUTH, NCTIONB3Ys KHOMKY 4.

[MTanenb 4 cayXuT A5 0TOOpaskeHNs BHITIOJIHEHHBIX ONEpalyii MPOTrpaMMBbl C yKa3aHWEM BPEMEHH MM JKe
OIIMOOK BBITIOHEHHS ONepanuii.
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<<« Recorder »»>
Sampling dots; |50 —_— 1
Smooth coefliclent: B R 2
Channel 3{4.5 V)
3 _“ Puc. 4. [Ta"eas ynpasJ/ieHHns1 3aNMCBIBAIOLINM YCTPOHCTBOM:
& Ch el 4 (20
Chanmet 4 1 — ycTaHOBKa BBIOOPKH KOJIHYECTBA TOYEK; 2 — yCTAHOBKA
< Tawe of recent sima K03 (PULHEHTA CrIIAKUBAHUS AJISl BblAeJeHHUs M0J1e3HOr0
® Charge signal CUTHAJIa U3 1WyMa; 3 — BbIOOP KaHasa 3anucH; 4 — BbIOOP THINA CUTHAJIA
(3apsiAHBIH, pa3psiaAHbIiL, ciaydaliHblii); S — 3anycK/ocTaHOBKA
4 — Discharge signal -
3aMHChIBAIOILET0 YCTPOiiCTBA
Random skgnai
Start recorder — 5
<<< Charge >>>
1 e g Puc. 5. Ilanens rpadpuyeckoro npocMoTpa CUrHAJOB U UX NAPaAaMeTPOB:
—— oW Ui

1 — BBIGOpP MapaMeTpa CUTHAJA OTKJIMKA HA 3aPSAHBII HMIYJIbC 115
<<<Discharge >>> MPOCMOTPA ITMHAMUKH €ro H3MEeHeHHUs BO BpeMsl PeKUMA 3apSIKH;
2 — BbIOOp MapamMeTpa CUTHAJIA OTKJMKA HA Pa3pAAHbIA UMIIYJbC AJIS

NMpoCcMOTPa AMHAMMKH €ro M3MeHeHHUsl BO BpeMs peskuma paspsijaa;
<KC Bt 3a> 3 — mpocMoTp MocJieAHero 3aperucTPUPOBAHHOIO CUTHAJIA;

2 — Show Upy | =

astmmnali il — 4 — 04MCTKA MPOrpamMMbl OT JAHHBIX
(TaKkuX, KaK napaMeTpbl 3apsiAHOr0/pa3psiAHOT0 0TKINKOB
Clear Data | +— 4 U NOC/IeAHHI1 3aPericTPUPOBAHHBII CUTHAJ)

Peoicumvr pabomer npoepammel

HporpaMMa MOYeET OBITh UCTIIOJI30BaHA JJI OTAEJIBHOTO ynpaBJI€HUA UCTOYHUKOM NMUTAHWUA WK 3allUChI-
Baromum yCTpOfICTBOM, a TaKke JJI9 UX COBMECTHOM pa6OTI>I.

1. Peosicum 00uHoUH020 Mmecmogo2o UMNYIbCed.

Jjist CHATHS CHTHAJIA OTKJIMKA Ha OJIMHOYHBIM TECTOBBINM UMITYJIEC HY)KHO BBITIOJTHHATH CJIEAYIOIINE IIarHy:

- Ha MaHeny | BbICTaBUTh BEJIMYMHY TOKA 2;

- Ha MaHeny | BhICTaBUTh JUIUTEJBLHOCTh UMIYJIbca 6 U nay3y 7;

- Ha NaHeJu 2 BbICTaBUTh BpeMs BbIOOpKH |, mojlyyaeMoe IMyTeM YMHOKEHMs ero 3HaueHus B nosie | maHe-
mm 2 Ha 0,00035¢;

- Ha MaHeNy 2 BbICTABUTh KOA((GULMECHT CrIaKUBaHUs 2 115 BbIAEIEHHS MOJIE3HOT0 CUTHANIA U3 [IYMOB;

- Ha MaHeny 2 BeIOpaTh KaHaj 3alucu curHaia 3;

- HA TIaHeJIX 2 BBIOPATH THII 3aNMCHIBAEMOTO CUTHAIA IS €T0 MOCIeAYIoIei 00pad0TKH MOCIIE 3aIiCH.

3anyck OAMHOYHOIO TECTOBOTO UMIYJ1bCa MPOU3BOIUTCS C NOMOLIbIO KHONKK 9 naHenu 1. [1o 3aBepieHun
TecTa Ha maHesb 4 OyAyT BeIBEICHBI COOTBETCTBYIOIINE 3aNKMCHA 00 OKOHUYAHMM TECTOBOI'O MMITYJIbCA W 3aITUCH
curHana oTkiimka B (paitn. Ecu Obut BRIOpaH TN cWrHana (3apsaHBIN WM pa3psaHbIid), To OyneT IpoBeneHa
COOTBETCTBYIOIIAas 00paboTKa STOrO CHTHaja C OMpPEeICHHeM €ro IapaMeTpoB. 3aperucTPUPOBAaHHBIN CUTHAT
OTKJTMKA MO’KHO TPOCMOTPETH IMyTeM Ha)KaTHA KHOTKH 3 TaHeNr 3, a ero mapaMeTpbl — ¢ TIOMOIIBIO criucka |
naHenu 3. Best ykasanHasi nHpoOpMalLys TakKe COXpaHeHa B COOTBETCTBYOLIMX (aiiax Ha KOMIbIOTEpE.

PaccmarpuBaemas nporpaMma ymnpasjieHHs MO3BOJISET NPOU3BOAUTh HE TOJNBKO KOHTPOJIMPOBATH COCTOSI-
Hue XUT, HO 1 OCyLIeCTBIATh €ro 3apsAAKy B pa3iUYHbIX peKUMax.

2. Peostcum 3apsaoKu NOCMOSHHbIM NOKOM.

[Tpu ocylecTBIEHUH 3TOrO PEeXKUMA 3aMUCBIBAIOLIEE YCTPOUCTBO HE MCMOJb3yeTcs. [ 3amycka HCTOYHU-
Ka UTaHUsl B PEIKUM 3apSAAKU HY’KHO BBIMOJIHUTH CEAYIOIUE ONepaLyu:

- BBICTABUTb IPAHNUYHYIO BEJIMUUHY HAMPSDKEHUS 3apsaKHy;

- BBICTAaBUTh TPAHNYHYIO BEJIUUUHY TOKA 3apAIKU;

- BKJIIOYUTh UCTOYHHK MUTAHUS C TIOMOILBIO KHOIMKY 3 Ha maHeau 1 (OcTaHOBKa pexuMa 3apsna Mpou3Bo-
JIUTBCS ITOM JKe KHOTIKOA).
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3. Peoicum 3apsioKu umMnyibCHoIM MOKOM (HeCHAYUOHAPHbIU PECUM).

[Tpr IMITYTECHOM peXFIMe 3apsAKH 3alFCHIBAIOIIEe YCTPOMCTBO HE HCTIOB3yeTcs. [ 3amycka HCTOUHM-
Ka TUTaHUs B PEKAM HMITYJTLCHO 3apsSAKA HY)KHO BBITIONIHATH CJIETYIOINE OTICPAIIHN:

- BEICTaBUTh TPAHUYHYIO BEJTMUMHY TOKA 3apSIKH;

- BEICTABUTH JUTHTEILHOCT UMITYJIBCA;

- BEICTABUTH JUTUTEILHOCTD TTay3BbI.

3amyck ¥ 0CTaHOBKA UMITYJIbCHOTO PeXNMa 3apsAKK OCYIIECTBISETCS] KHONIKOM 8 Ha maHenu 1.

B 3ToM pexrMe Takxke OCyIIEeCTBISETCS afanTUBHas 3apsAaKka XMMHUYECKOTO NCTOYHHMKA TOKA MO CTeUab-
HO pa3paboTaHHOMY aJrOpPUTMY.

4. Pescum 3apaoKu nOCMOAHHLIM MOKOM ¢ KOHMPONEM COCIOSHUSA AKKYMYNIAMOopa.

B naHHOM pexume 3apsaKd MCTIOIb3yeTCs YCTPOUCTBO 3amicu curhana. [Ipouecc 3apsna aHaloruueH pe-
KUMY 3apsKA 10 MyHKTY 2 C TeM OTIIMYHEM, UTO Yepe3 3a/laHHbIe MPOMEXYTKH BPEeMEHH Ha aKKyMYJISITOp TMO-
JaeTcsl TECTUPYIOLINH 3apsAAHBINH UMITYJIbC TOKa. CHIHA OTKIIMKA aKKyMYJISITOpa Ha MMITYJIbC TOKA PETUCTPHUPY-
eTcsl ¢ TIOMOLIBIO 3aIUCBIBAIOLIEr0 YCTPOICTBa, Jajiee MPOUCXOAUT 00pabOTKa CUrHala OTKIMKA U B COOTBET-
CTBHU C TOJyUEHHBIMHU Pe3yJIbTaTaMy MPOM3BOANTCS KOPPEKTUPOBKA MpoLiecca 3apsifia, a TakkKe KOPPEeKTHPOBKa
TECTOBOTrO UMIMyJbca. [l 3allycka pexuMa 3apsIkud ¢ KOHTPOJEM COCTOSHUA HyXKHO IPOBECTH ClEAYOLIUe
onepauuu:

- BBICTaBUTb IPAHUYHYIO BEJIMUUHY HAIPSIKEHUS 3apAaKy;

- BBICTAaBUTb I'PAHUYHYIO BEJIMYMHY TOKa 3apAAKH;

- 33/1aTh HayaJlbHOE BPEMS MOJa4l TECTOBBIX UMIYJIbCcOB 4 Ha maHenu 1;

- Ha TlaHeJ M | BBICTaBUTh [UTUTENTLHOCT UMITYJIbCA 6 U TTay3bl 7;

- Ha MaHenu 2 BBICTABUTh BpeMsl BEIOOPKH 1, MoslydaeMoe MyTeM YMHOXKEHHMS ero 3HaueHus B nojie 1 maHe-
mm 2 Ha 0,00035¢;

- Ha TTaHeJ! 2 BBICTABUTH KO3((QULMEHT CTIaKUBAHUS 2;

- Ha TTaHeNy 2 BBIOpATh KaHaul 3alicy CUTHaNa 3;

- Ha TTaHeN! 2 BBIOPATh THT 3aIMCBIBAEMOT0 CUTHAJIA OTKIIMKa "3apsin’.

3armyck ¥ 0CTaHOBKA JAHHOTO PEXMMa OCYILECTBIIIETCS C MOMOIIBIO KHOMKH 5 manenw 1.

5. Peoricum 3anucu cuenana.

[Mporpamma MoxeT ObITh MCMOJIB30BaHA JUIS 3alMCH CUTHANIOB 0€3 UCIOJIb30BaHNUA KOHKPETHOTO HCTOYHH-
ka nuTanus. [Tpu BeIGOpe THNa 3anucbiBaeMoro curuana "random" cHATBHIM curHan Oynet 3anucaH B aiin ¢ co-
OTBETCTBYIOIIUM MMEHeM 0e3 Kakoil — 6o o6pabotku. Tlpu tumax "charge" wnm "discharge" momy4eHHbI
curHan Oyzaet o6paboTaH B COOTBETCTBHMH C alrOPUTMOM IJIsl 3apsITHOTO MJIM Pa3psAHOTO UMITYJIBCOB COOTBET-
CTBEHHO.

Jli4 3amycka pekuMa 3alucu CUrHana Hy>KHO BBIMOJHUTH CEAYIOLINe ONepaLuu:

- Ha MaHeau 2 BbICTABUTb BpeMs BbIOOPKM 1, 3HaueHME KOTOPOro OMpEeAessercs CleAyoLUM 00pa3oM:
3HayeHue B nosie | nanenaun 2 ymHoxkeHHoe Ha 0,00035c¢;

- Ha NaHeJu 2 BbICTaBUTh KO3((ULUEHT criiakuBaHus 2;

- Ha maHenu 2 BbIOpaTb KaHal 3amucu
curhana 3;

- Ha MaHeslu 2 BbIOpaTh THI 3aMKChIBae-
MOTO CHTHalla IUIA €T0 MOCienyromei odpa-
00TKH. i

3amyck ¥ OCTAHOBKA 3alMCH OCYLIECTB- || [ENES - ____Uocoole
JII€TCS KHOIKOM 5 Ha maHenu 2. o

Trynsilion
Lom 7 e-ha Sinlvg Lu B Wik B Piline

6. Pesxcum paspada Ha HAZpY3KY. N i

OTOT pekuM OCYyLIeCTBAETCA OTpULa- e A 0 19083 24 150 110
TeJbHBIM TECTOBBIM HMMITYJIbCOM, MapameTpbl | j 8 A0 Ktur A R WP
KOTOPOTO 3a/al0TCA € MOMOLIBIO POrpaMMHO-
ro obecrneyeHus mporpamMmupyemoil anek- [ _ |
TpoHHON Harpyskum MO9711. DnekTponHas [ - BT
Harpy3ka TMO3BOJISIET NPOBOIAMTH PasPSAKY | = | o ]
AaKKyMyJISITOpa B HECKOJBbKHMX pPEXHUMax: Mpu
MOCTOSTHHOM TOKE, TpPH MOCTOSHHOM Harpsi-
JKEHUH, TIPY TOCTOSTHHOM COTIPOTHBJIEHUH, a
TaKKe B MMITYJIbCHOM pekumMe. [IporpaMMHbIii

HHTep(beﬁC paccMOTpeH Ha puc. 6. Puc. 6. [Tanean ynpaBJieHUus Harpy:moi?l H KOHTPOJISl pekuma
paspsian aKkKymyJisitopa

Tiigger et

U . G000l
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Aemomamus3sauisi aupobHuU4uUXx npoyecie

3akiro4yeHue

Takum oOpa3oM, B pe3ysbTaTe MPOBEISHHBIX HCCIICIOBAHUN MOXKEM CIeNlaTh CIIeTyIOINe BHIBOIBI, YTO
pa3paboTaHHBIE CXEMOTEXHHIECKOE pEelIeHUe W TMPOTpaMMHOE 00eCTieueHre COCTABIISIOT B COBOKYITHOCTH 3KC-
HepI/IMeHTaJ'[LHHﬁ CTEHN, KOTOpLIfI TIO3BOJIAECT OCYH.ICCTBJ'[HTL aBTOMaTI/I3I/Ip0BaHHl>Iﬁ KOHTpOJ'IL TEXHHUYECCKOTO
COCTOSTHUSI XUMIUYECKOTO UCTOYHMKA TOKA B COCTaBE aBTOHOMHOMW CHCTEMBI 3JIeKTpoodecieueHrs 0e3 HapyIe-
HUS IITATHOTO PEXIMa eT0 SKCIUTyaTalnu.
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