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ABTOMATU3NPOBAHHAA TNATHOCTUKA XUMNYECKHUX

NCTOYHHUKOB TOKA

IIpeonoocen memoo ouacHOCMUKU, OCHO-
BAHHBII HA AHAAU3ZE XPOHONOMEHYUO-
2pamm, omoodpa€carowux KUHemuKy d1eK-
MPOXUMUYECKO20 NpoYyecca 8 UCMOYHUKE
moka 6 pesyibmame nooa4u Ha He2o0 mec-
M0B020 UMNYIbCA, € NOCIe0VIOuell KOMNb-
OmepHol 0O6pabomkotl pe3yibmanmos.

B cBsi3u ¢ pacmiupenuem cdepbl HCIIOIb30BaHUS XU-
Mudecknx nctouHukoB Toka (XHWT) ¢ nossienuemM Ta-
KHX TIOTpeOUTENeH KaKk CHCTEMBI TeIIEKOMMYHHKAIIHH 1
CBSI3U, THOPUAHBIA M 3IEKTPOTPAHCHIOPT, ABTOHOMHEIE
3JIEKTPOCTAHIIMK MAJION U CpeHEN MOIITHOCTH BO3HUKA-
€T 3aj1a4a He TOJIbKO CYIIECTBEHHO YBEIMYUTH 00BEM MPO-
u3BozcTBa XMT, HO U OBBICUTD UX KaYECTBEHHBIE I10-
kazarenu. [locnennee Hepa3pbIBHO CBA3aHO € CO3/1aHU-
eM 0oJiee COBPEMEHHBIX METOOB U CPECTB TUarHOCTH-
ku coctostaug XUT xak B mpoliecce Mpou3BOICTBA, TaK
Y B TIEPUO/J] UX DKCIUTyaTaI[uH.

Bbnarogaps mmpokoMy BHEIPEHUIO UMITYJIbCHBIX Me-
TO10B (popmupoBaHus U 3apsanku XWUT noswicuics uH-
Tepec K UMITYJIbCHBIM (HECTaLlMOHAPHBIM) METOIaM U~
ArHOCTHKH, 00CCIIEYHBAIOIIUM O0JIee IMUPOKUe HHPOP-
MAaIMOHHBIE BO3MOKHOCTH, YeM TPAUIIMOHHBIE METO/IBI,
Y TIO3BOJIIONIUM COBMEIATh MPOIECCH (POPMHUPOBKH,
3apsiIKA U SHEProoOecieueH s ¢ MPOoLeccaMy KOHTPOJIS
1 u3MepeHus TeKymx napamerpos XWUT. BapranTs! Tex-
HUYECKOW peanu3auuu U UHGOPMAIIMOHHON JJOCTOBEP-
HOCTH UMITYJIbCHBIX MeTONI0B auarHoctuku XMUT mpo-
aHanm3upoBanbl B [1—3]. OngHako uX sIBHOE TPEUMY-
LIIECTBO, CBSI3aHHOE C YBEJIUUYEHUEM UHCIIa U3MEPSAEMbIX
napamMeTpoB, TEPSETCs MPU UCTIONH30BAHUH TPYI0EMKUX
PYYHBIX METOIOB 00paOOTKH 1 aHAJIM3a PE3yIBTaTOB U3-
MEpPEHUI.

HeobxomnmocTs pa3paboTKi METOIOB aBTOMATH3UPO-
BaHHOM JIMArHOCTUKHU COCTOSHUS XUMHUECKUX UCTOUHU-
KOB TOKa M CO3/IaHUS HA UX OCHOBE CUCTEM MOHUTOPHH-
ra OIpeeNseT akTyalIbHOCTh paboT B 3Toi obmactu. On-
HUM U3 IIyTeH pelleHns Takon 3a1a4uu sBIIseTCS pa3pa-
00TKa MeTo/]a aBTOMaTU3UPOBAHHON 00PaOOTKH pe3yiib-
TATOB U3MEPEHUS COBOKYITHOCTH TEKYILUX ITapaMETPOB
XUT.

B Hacrosiiieit pabote mpeiaraeTcsi MeTo1, OCHOBaH-
HbIH Ha aHan3e xpoHonoteHmorpamm (XIII), oro6paxa-
IOIIMX KHHETHKY AJIEKTPOXUMHYECKOr0 MPOIIecca B UCTOU-
HHKE B pe3yJibrare MoJa4yd Ha Hero TECTOBOTO UMITYJIbCA.

Peaxiust XUT Ha TOKOBBIN UMITYJIBC TTOCTOSTHHOM Be-
JUYMHBI KaK QYHKIUS HAPSKSHUs Ha KJIeMMaXxX HCTOY-
HUKa TOKa OT BPEMEHH COJEPKUT TI0CTATOUYHO MOJIHYIO U
00BEKTUBHYIO HH(DOPMAILIHIO O KHHETHIECKUX MTapaMeT-
pax mporecca, KOTopasi MOXKET OBITh UCTIOIh30BaHA IS
onpenenenus napamerpo XUT. OGocHoBaHUE CBS3H
KMHETHUYECKUX [1apaMeTPOB NIEKTPOXUMHUYECKOTO MPo-
necca ¢ napamerpamu XWUT npuMeHUTENIBHO K CBUHLIO-
BO-KHCIIOTHBIM aKKyMYJISITOpaM, a Takke TpeOoBaHUS K
napaMeTpaM UMITyJIbca TOKa MpUBeaeHBI B [4].

N3yuenne kunetuku mpoueccoB B XM T uMmynbcHbIM
METO/IOM IT03BOJIMJIO BBIAEIUTD Psiji TapaMeTpoB, KOTO-
pBIe MOTYT OBITH NCTIONIE30BAHBI KaK 0a30BBIC IS AUAT-
HOCTHMKH XUMHUYECKOTO UICTOUHMKA TOKA, a TAKKE KaK UH-
(hopMaIIMOHHO-YTIPABIIAIOLIHE TIPH PeaTu3allii 1Al THB-
HBIX pexxuMoB 3apsanaku XUT [5]. CoBokymHOCTh OAHO-
BPEMEHHO U3MEPSIEMBIX HH(POPMAIIMOHHBIX [TAPaMETPOB
U aNTOpUTM aganTuBHOU 3apanku XUT ¢ ux ucrnons3o-
BaHHEM OITHMCAHEHI B [5, 6].

I'paduueckast popma peamsroro otrkanka XMUT Ha TO-
KOBBI IMITYJIbC B BU/I€ (PYHKIIHOHAIbHOM 3aBUCUMOCTH
HanpspKEHHUS OT BpeMEHH IpHBezieHa Ha puc. 1 u otobpa-
JKaeT KHHETUKY 3JIeKTPOXMMHUYECKOI0 Ipolecca

W3 pucynka BugHO, 4yTo npu aHanuse XIII' MoxHO
MOJIYYUTh CIIEAYIOUINE TapaMeTphI: Upu — HanpsKeHUE
Pa30MKHYTOM LIETH; Ual, Ua2— TIaJICHUE HATIPSDKEHUS Ha
AKTMBHOM BHyTpeHHeM comnpoTusieHnn X1UT B Momen-
ThI I10/1a41 ¥ CHSTUSI UMITYJIbCA, COOTBETCTBEHHO; U —
KOHLIEHTPALIOHHAsI COCTABIIAOIIAS HAIPSKEHUS IOJIIPU-
sauu; U — SIIEKTPOXUMHYECKAS COCTABIISAIONIAs Ha-
npsokenus nonspusaunu; U =U_ +U — NonHoe Hanpsi-
JKEHHE MOJISIPU3AINH; [, — BPEMsI IPOTEKAHHS DJICKTPO-
XUMHUYECKOH CTa/IMHU MPOLECCa; {, — JUTUTENBHOCTh UM-
IyJIbCa TOKA; [ — JUIUTEIBLHOCTD CIIajla MOTEHIHANA C
MOMEHTA CHATHS UMITyJIbca TOKa; U — KOHEYHOE 3Ha-
YeHHE HATIPSDKEHUS CIIa/ia IpH ¢ =nT, r1e T— MOCTOsH-
Hasi BpPEMEHH pa3psiia 3JIEKTPOXUMUYECKON CHUCTEMBI,
n— k03 (PUIMEHT, yIUTHIBAIOIINN TOYHOCTD OTIpe/erie-
HUsS TapameTpa.

Hns mocrosiuHOM Bpemenu paspsaa XUT T cnpasen-
JIUBO COOTHOIIICHHE T:RnCn, rIe Rn — COIIPOTHBIICHUE
nosspusanuu, C — MCEBIOEMKOCTh XMMUYECKOTO UC-
TOYHHUKA TOKA.

C npyroii cTOpOHBI, BETUUUHY T, @ CIIeI0BATEIbHO, 1
MICEBJJOEMKOCTh MOKHO OIIPEIEIUTh U3 BPEMEHH cIaaa
¢, momydeHHoro u3 XIII" XumMruuecKkoro HICTOUHHKA TOKA.

c’
3HaueHue TIOJIAPU3ALMOHHOTO COIIPOTUBIICHUS OIIPEAC-
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Puc. 1. XpoHOnoTeHIIHOrpaMMa CBUHI[OBO-KUCIIOTHON aKKyMYJISITOPHO# Oatapen

JISUTA M3 OTHOLICHHUS BEJIMYUHBI aJICHHs HanpspkeHust U,
Ha MOJIAPU3ALIOHHOM COIIPOTHUBIIEHUH K BEJIMYMHE 3a-
psitHOTO TOKA /. B pesyinbrare mosry4eHo BhIpaKeHHE TSt
onpeesenus ncesnoeMkoctu C,

U
t,=nt=n——=C,,
I
OTKyJa
t.1
Cn — cn” 3 .
nU,

YcranoBuBIIeecs 3HaueHue HanpskeHus Ha XUT
IIPUHUMAETCS PaBHBIM Upu. [TceBnoemkocts C, sBisieT-
cs «dapazeeBoii», T. €. oHa 00yCIOBIeHA AIEKTPOXUMHU-
YECKOM peakueil ¥ 5KBUBAJICHTHA KOJIMYECTBY 3aIlaceH-
HOW MCTOUYHUKOM XHUMHUYECKON 3HEPruu, KOTOPOe Mpo-
MIOPLMOHAJIBHO €TI0 IEKTPUUECKON EeMKOCTH, BEIPAKEH-
HOI B aMmIiep-yacax.

Onpeznenenue napaMeTpoB CBA3aHO C HAXOXKIEHUEM
KOOpAMHAT MH()OPMALIMOHHBIX TOYEK, 0003HAYEHHBIX HA
PHUCYHKE, OTPaHUUYMBAIOIIMX YYaCTKU XPOHOIOTEHIIHO-
rpaMMBbl, KOTOPbIE COOTBETCTBYIOT OIPEAEIEHHbBIM CTa-
JIUSIM DJIEKTPOXMMHYECKoro npouecca. Koopannarsl To-
YeK SBISIOTCS WH()OPMAIIMOHHBIMU MPU3HAKAMH, U UX
onpesiesieHne, Kak BUIHO U3 PUCYHKA, B OOJBIIMHCTBE
CJIy4aeB OCJI0HEHO HAIMYMEM IIyMOB KaK JIEKTPOXU-
MHYECKOW MPUPOJBI, CONMPOBOKIAIONINX MPOIECCH] B
XWT, Tak 1 BHOCUMBIX U3MEPUTEIbHOH anmaparypoit. Or-
TUMaJIbHBIMH METOIaMH aHaJIM3a IapaMeTPOB, U3MEPEH-
HBIX B YCJIOBHSIX IITYMOB OOJBIINX YPOBHEH, MOTYT OBITH
MaTeMaTHYECKUE METOIbI 00pabOTKH CUTHAJIOB.

J1s1 aBTOMAaTH3aL1K IPOLEcca OLPEIENICHUs] TapaMeT-
poB XUT 6bu1 pazpaboTtan MeToa 00pabOTKH XPOHOIIO-
TeHnuorpamm B cpeae Mathcad [ 7], KoTopbIii TO3BOMISIET
MporpaMMHO paccuutbiBaTh napameTpbl XUT ¢ mocne-
JIYFOIIIEH 3aITUChI0 UX B TAOIMYHOHN opme.

PacueT mpownsBoamics 1Mo aaropuTMmy, OIOK-cxema
KOTOPOTO MOKa3aHa Ha PHUC. 2, CACAYIOMNM 00pa3oM.

1. BHagasie mpou3BOUIOCH CYMTHIBAHUE TAHHBIX U3~
MEPEHHOW XPOHOITOTCHIIMOTPAMMBI U3 TEKCTOBOTO (paii-
J1a, BRIOOD TaHHBIX M3 HYKHBIX CTOJIOIIOB U UX ITpeodpa-
30BaHHE.

2. CrnaxxuBanue XI1I' ¢ nesbio BeIgeIEHNS IT0JIE3HO-
IO CHT'HAJa U3 IIYMOB OCYIIECTBIISUIOCH ABYMsI Pa3iind-
HBIMH (ribTpaMu: medsmooth-criiaxuBanue — ¢ 1o-
MOIIBIO CKONB3sIIeH Menuanbl U ksmooth — ¢ ncmons-
30BaHMeM rayccosa sapa. Koaddunment crmaxusanus
IUTSL PIITBTPOB BHIOMPAJICS U3 YCIOBHS COXPAHEHHUS TI0-
JIE3HOTO CHTHANA.

3. MaccuB IaHHBIX, CITIAKSHHBIN TIPU TIOMOIIHN (DUITh-
Tpa ksmooth, JIMHEHHO HHTEPIIOTUPOBAJICS, & TTOJTyUEH-
Hast pyHKIU TuddepeHIrpoBaIach.

4. Ha xpuBoii mpouddepeHIMPOBAHHBIX TAHHBIX MaK-
CHMaITbHOE 3HAYCHIIE COOTBETCTBOBAJIO KOOPAMHATAM TOUKH
2, a MUHIMAJIbHOE — KOOpIMHATAM TOYKH 4 (cM. puc. 1).

| Yrenue u3 daiina )

Bp100p HyKHBIX CTOJIOIIOB
¥ HX IpeoOpa3oBaHue

I 1
CrnaxuBaHue ¢ TOMOLIHI0 ‘ ‘ CriaxuBaHue C TOMOIIBIO J

rayccosa sapa CKOJIB3SILEH MEeTHaHbBI
[ JIunelinas uHTEPNONALMSA } [

Haxoxnenue koopaunar
Touek 1,3,5u6

([ Jnddepenmposanne |

Haxosxmenne max u min
BeJMYMH (TOUKH 2 1 4)

L[ Pacuer nmapamerpos XUT ]—
[

[ 3amuce B ¢aiin }

Puc. 2. Biok-cxema anroputma pacuera WHGOPMALMOHHBIX
nmapamerpoB XUT
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Puc. 4. XTII" akkymynsitopabix 6arapeit 6CT-65A (a) u 6CT-74A(E) (0)

5. Koopaunarsi Touexk 1, 3, 5 1 6 paccuuThIBaINCh U3
MaccuBa JaHHBIX, 00paboTaHHbIX GuIETpoM medsmooth.
Crenuguka Takoro criaKMBaHMs 3aKJII0YaeTCs B TIOTY-
YEHUH CTYNEHYaTOr'0 CUTHalla ¢ POBHBIMU YYaCTKaMH,
YTO TI03BOJISICT YIIPOCTHTH U CIIENIATh 00JIee TOUYHBIM Ha-
XOKJIEHWE KOOpAuHAT Touek. Touku / M 5 HaXOIUJINCh
U3 YCJIOBHSI PAaBEHCTBAa KOOPAMHAT IBYX COCEAHUX TO-
4eK, a TOYKU 3 U 6 — U3 yCIIOBUS, YTO 3HAUYEHUS KOOp-
JIMHAT 10 HANIPSDKEHHUIO STUX TOUCK U CIETYIONIHX 32 HUMH
N Touek paBHbI. /I MOBBIMIEHHS] TOYHOCTU OMpeAese-
Hus napameTpoB XUT B monydyeHHbIe JaHHBIE BHOCH-
JIFCH TIOTIPABKH € yIETOM KOA(PHUINCHTA CIIIA)KUBAHMS.

6. C OMOIIIBIO MOJTYYEHHBIX 3HAYEHNH KOOPAMHAT (£,
Y,,) COOTBETCTBYIOIIMX TOYEK IPOU3BOIMIICS PACYET HH-
(opmarmonnsix napamerpoB XUT u 3anuch ux B daiin.
Pacuer mapaMeTpoB MPOU3BOAUTCS MO CIIIAKEHHOMY
MaccuBy NaHHbIX Y. IIpn 5TOM ObLIM MCIOJB30BaHbI
creyrontie 0003HauSHHS: f — BPEeMs AUCKPETH3AINH,
t1—t6 — wHaliicHHbIE TIPOTPAMMOM YHCIIEHHbIE 3Ha4e-
Hus koopauHar touek 1—6. Torna

— HaIpsDKEHUE Pa30MKHYTOM Lienu Upu:Ytl;

— MajieHHe HaNPsHKEHUS HA aKTHBHOM BHYTPEHHEM CO-

IPOTUBJICHUH BO BpeMs 1ozaun umiyisea U =Y ,—Y,;

— 3JIEKTPOXMMHUYECKAs COCTABIISIFOIIAST HAITPSKEHUS
nossipusatuu U, =Y ~Y ,;

— KOHIIEHTPALMOHHAsI COCTABIISAOIIAsT HAPSKEHUS
MOJIIPU3ALIUT UnK:Ym’Yﬁ;

— IajIeHHe HaIPsDKEHUS Ha aKTHBHOM BHYTPEHHEM CO-
IPOTUBJICHUH B MOMEHT CHsITHs mmrtyinbea U ,=Y Y

— KOHEYHOE 3HaUeHue HanpspkeHus crana U

2

— BpeMsl MPOTEKAHHsI TEKTPOXHUMUIECKON %r%(azu/gl
npouecca &, =(13—-12)t,

— JUTUTENHFHOCTD CIajia MOTEHIIAa C MOMEHTA CHSI-
THS UMITYIIbCA TOKA £ =(16-14)t,

— KPYTH3HA y4acTKa, OTPAXKAIOIIETO MIICKTPOXHMH-
YECKYIO CTanuio mpouecca k=U,_ /1, .

PaspaboTtanHblit MeTo 1 ObLT alTPOOKUPOBAH MPH OMpe-
JICTICHUH TIAPaMETPOB CBUHIIOBO-KHCIOTHBIX aKKYMYJIs-
TOPHBIX OaTapei, IMEIOIINX Pa3InIHbINA CPOK IKCILTYa-
TaIiH U CTETICHB 3apsHKEHHOCTH.

biiok-cxema sKcrepuMeHTaNbHON YCTAHOBKHU IS
ABTOMAaTH3UPOBAHHOTO OTIPEICIICHHS TapaMeTpoB Oara-
peil mpuBeeHa Ha puc. 3.

[t mpuMepa pacCMOTPHM PE3YIIBTAThI OTIPEACIICHHS
napameTpoB O6artapen 6CT-65A, ObIBIICH B 3KCILUTyaTa-
WU, ¥ HOBOW akkymynsatopHou Oarapen 6CT-74A(E)

Pesynomamul 0bpabomku ungopmayuonnvlx napamempos XUT

Barapes 6CT-65A Barapes 6CT-74A (E)
[TanmameTpst
XUT Pyunas IIporpammuas 06paboTka Pyunas TIporpammuast 06paboTka
obpabotka Pesynpratel | [Torpemnocts, % obpabotka Pesynpratel | [Torpemnocts, %
Uiy B 14,17 14,22 0,4 13,65 13,67 0,2
U, B 0,94 0,91 33 0,90 0,88 2,3
Uy B 1,50 1,44 4,2 2,05 1,88 9,04
Un B 0,75 0,87 13,8 0,77 0,69 11,6
Un, B 0,56 0,66 15,2 0,67 0,63 6,4
U, B 14,73 14,49 1,66 14,32 14,86 3,6
ty C 1,65 1,50 10 1,66 1,50 10,7
tems © 18,6 20,9 11 29 27,4 5,8
k, B/c 0,91 0,96 5,2 1,24 1,25 0,8

TexHOMOTHS 1 KOHCTPYHPOBAHKE B YNIEKTPOHHOM anmapatype, 2011, Ne 1-2




SJIEKTPOHHBIE CPEJICTBA:

HNCCJIIEJOBAHUS, PASPABOTKHA

YuB ) 4
17 :
IE E
’ / \
15 H’\x
2
™. 6
[
14
1
0 8 16 24 32 40 t,c
B)
U,B
17 onnime et ?4
N
i L
2 M
LL‘L.(
14
fnt]
0 8 16 24 32 40 t,c

5 u.B
Aff/‘r’“"_'-'*"’_“‘ 4
17 5
/s
L \
s jz N
l |6
N
14 '
0 8 16 24 32 40 tc
r)
U,B Y e ]
17 Il
/ 5
3
iE N
HL“‘L
15 2 bt
L‘_\m6
| 1
14
0 8 16 24 32 40 tc

Puc. 5. XIII' akkymynstopubix 6arapeit 6CT-65A (a, 6) u 6CT-74A(E) (6, 2), criiakeHHbIE C UCIIOIB30BaHUEM (YHKIMH
ksmooth (a, 6) u medsmooth (s, )

(BAO «Becra-/IHemnp»). XpOHOMOTEHIIMOTPAMMBI 3THX 0a-
Tapeii npuBeseHbl Ha puc. 4. Te sxe XTI, oOpaboranHbie
IO TIpe/IsIaraeMoMy alirOpUTMY, IPUBEICHbI Ha pUC. 5, a
pe3yibTaThl 00pabOTKH 3HAYECHH ITapaMETPOB, TOTyYCH-
HbIX 13 9TuX XI1I, oTpaxkens B Tadaume. [Ipu 3Tom 3Ha-
YEeHHUE TOTPENTHOCTH OTPEJICIISITN U3 BEIPAKCHUS

100% _Po, 100%,
ITo

rae Po u ITo — pe3ysbTarsl pydHON U IPOrpaMMHOMH 00-
paboTku coorBeTcTBeHHO. 3a 100% npuHUMaIoch 3Ha-
YeHUe, MOIYyICHHOE TIPH PYyYHOIT 00paboTKe.

CpaBHeHHE pe3ylIbTaTOB PyYHOH 1 MPOrpaMMHON 00-
PabOTKH MOATBEPIKAACT MPHUEMIIEMYTO TOYHOCTB OTIpeIe-
JIEHUS [IapaMEeTPOB, KOTOPasi 3aBUCUT OT CTEIIEHU 3alllyM-
nenHocty yuyactka XIII' B OKpeCTHOCTH BBIYUCIICHHUS
KOOPJUHAT TOUKU.

*kk

Pa3paboTtaHHbII METOT aBTOMATH3UPOBAHHOM JTHArHOC-
TUKA XUMHUYCECKUX MCTOYHMKOB TOKa OCHOBAH Ha IIPO-
TrpaMMHOI 00pab0TKe MOTY4YEHHBIX U3 XPOHOIIOTEHIIHOT -
paMMbl U OT(GUIBTPOBAHHBIX M3 IIYMOB KMHETHUYECKHUX
[apamMeTpoB IEKTPOXMMUUECKOr0 ITpoliecca pH rnojgade
Ha XUT umMnynbea Toka. Maremarmdeckast 00paboTKa 3Ha-
YEHUH KHHETHYCCKUX mapaMeTpPOB IMMO3BOJIACT MOJIYINUTH
Texymue napaMeTpsl XMT Ha OCHOBE yCTaHOBICHHOM
MEXy HUMH CBSI3U. MeTol MOJKET ObITh UCIIONb30BaH B
CUCTEMax aBTOMAaTU3UPOBAHHOTO KOHTPOJIS MapaMeTpoB
XUT npu ux Mpou3BOCTBE U B IPOLIECCE IKCILTyaTalUH.
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