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ABTOMATHU3NPOBAHHAA TNATHOCTUKA XUMHNYECKHUX

NCTOYHHUKOB TOKA

IIpeonoocen memoo ouacHocmuxu, OCHO-
BAHHBIU HA AHAAU3ZE XPOHONOMEHYUO-
2pamm, omoopascarowux KUHemuKy 91eK-
MPOXUMUYECKO20 Npoyecca 68 UCTOYHUKE
moKa 6 pesyivmame nooaiu Ha He2o mec-
MoB020 UMNYIbCA, ¢ NOCAEOVIOWell KOMNb-
IOmMepHoU 0O6pabomkotl pe3y1bmanmos.

B cBsi3u ¢ pacmmpenueM chepbl HCIOIb30BaHUS XH-
Mudecknx nctouHukoB Toka (XHT) ¢ mosBinennem Ta-
KHX TOTpeOuTeNeH Kak CHCTEMBI TEJICKOMMYHHUKALUH 1
CBSI3U, THOPUIHBIA U 3IEKTPOTPAHCIIOPT, ABTOHOMHBIC
9JIEKTPOCTAHIINU MAJIOW U CpeIHEeN MOIITHOCTH BO3HUKA-
T 3aj1a4a He TOJIbKO CYIIECTBEHHO YBEIMYUTH 00bEM MPO-
u3BoacTBa XUT, HO ¥ OBBICUTH MX KaYEeCTBCHHBIE TI0-
kazatenu. [locneanee Hepa3pHIBHO CBSI3aHO C CO3aHU-
em 0oJiee COBPEeMEHHBIX METO/IOB M CPEJICTB TUarHOCTHU-
ku coctosaHus XUT kak B mporecce Mpou3BOACTBA, TaK
U B TIEPUO/J] UX DKCILTyaTalluy.

Bnaronapst mupokoMy BHEPEHHIO UMITYJIBCHBIX M-
TOJIOB (hopmupoBanus U 3apsku XWUT moBwicuics uH-
Tepec K UMITYIbCHBIM (HECTAIIMOHAPHBIM) METOaM JIU-
ArHOCTHKH, 00€CTIeYNBAIOIIUM OoJiee UpoKue HHPOop-
MAaIMOHHBIE BOBMOYKHOCTH, YEM TPAIULIUOHHBIE METO/IbI,
U MTO3BOJITIONIAM COBMEIIATH MPOIECCHl (POPMUPOBKH,
3apsIIKA ¥ SHEPTOOOECIICUSHHS C TIPOIIECCaMH KOHTPOIIS
n u3mepenus Tekymmx napamerpos XUT. Bapunanter Tex-
HUYECKOW peanu3anuy U HHQOPMAIIMOHHON TOCTOBEp-
HOCTH MMITYJIbCHBIX MeTOA0B AuarHoctuku XUT mpo-
aHanu3upoBaHbl B [1—3]. OgHaKo MX SBHOE MpEUMY-
IIECTBO, CBSI3aHHOE C YBEITMUEHUEM YMCIIa U3MEPSIeMbIX
TIapaMeTpOB, TEPSIETCS PH HCIIOIB30BAHUH TPYAOEMKIX
PYYHBIX METOJIOB 00paOOTKH 1 aHAJIM3a PE3yJIBTaTOB 13-
MEpPEHHUI.

HeobxomuMocTs pa3paboTKH METO0B ABTOMATH3HPO-
BaHHOM JAMAarHOCTUKU COCTOSHUS XUMHUYECKUX UCTOYHHU-
KOB TOKA W CO3IAHHS HA UX OCHOBE CHCTEM MOHHTOPHH-
ra onpeJieNsieT akTyalbHOCTh paboT B 3TOM obsactu. On-
HUM U3 IMyTeH pellieHus TaKkoi 3aauu sBJsieTCs pa3pa-
00TKa MeTO/1a aBTOMATU3UPOBAHHON 00PaOOTKH pe3yJib-
TATOB U3MEPEHUS COBOKYITHOCTH TEKYIIUX TapaMEeTPOB
XUT.

B Hacrosiiieit pabote mpeiaraeTcsi MeTo1, OCHOBaH-
HbII Ha aHanm3e xpoHoroteHimorpamm (XIII), oroopaxa-
IOIIMX KHHETHKY AIIEKTPOXUMHYECKOT0 IPOIecca B UCTOU-
HHKE B pe3yJibrare oJjayy Ha HEro TeCTOBOTO UMITYJIbCa.

Peakmmst XWT Ha TOKOBBIN UMITYIIBC TOCTOSIHHOM Be-
JTUYXHBI KaK QYHKIUS HAPSKSHUS Ha KIIeMMaX UCTOY-
HUKa TOKa OT BPEMEHU COJIEPKUT JOCTATOYHO MOJHYIO
00BEKTUBHYIO HH()OPMAIIUIO 0 KHHETHIECKUX MTapaMeT-
pax mporecca, KOTopasi MOKET OBITh UCIIOIh30BaHA IS
onpenenenus napamerpo XUT. ObOocHOBaHUE CBS3M
KHHETHUYECKUX [1apaMeTPOB NIEKTPOXUMHUYECKOTO Po-
necca ¢ napamerpamMu XU T npuMEeHNUTENBHO K CBUHLIO-
BO-KHCIIOTHBIM aKKyMYJISITOpaM, a Takke TpeOoBaHUS K
napaMeTpaM UMITyJIbca TOKa MpUBeaeHBI B [4].

N3yuenue kunetuku rpoueccoB B XM T uMmynbcHbIM
METOIOM IT03BOJIMIIO BBIAEIHUTD PsiJi TapaMeTPOB, KOTO-
pBIe MOTYT OBITH HCTIOJIB30BAHBI KaK 0A30BBIC TSI IUAr-
HOCTHKH XUMUYECKOTO HICTOUYHMKA TOKA, & TAKKE KaK UH-
(hopMaIIMOHHO-YTIPABIIAIOIINE PH PEATU3aIUN a /Il THB-
HbIX pexxuMoB 3apsanaku XUT [5]. CoBokynmHOCTh OAHO-
BPEMEHHO N3MEPSIEMBIX HH(POPMAIIHOHHBIX TapaMETPOB
n anropuTM anantuBHoM 3apsiiku XUT ¢ ux ucmnomns3o-
BaHHUEM OITMCaHBI B [5, 6].

I'paduueckas popma peambroro otkianka XMUT Ha To-
KOBBII UMITYJIbC B BUE (DYHKITMOHATBHOMN 3aBHCUMOCTH
HAIPsDKEHHS OT BpEMEHH IIPUBE/ICHA Ha pHc. 1 1 oToOpa-
JKaeT KUHETUKY 3JIEKTPOXUMHUYECKOI0 IIpolecca

W3 pucynka BugHoO, yto npu aHanuse XIII' MoxkHO
MIOJIYYUTh CIIEAYIOLINE TapaMeTpBhl: Upu — HaIpsDKEHUE
pasomkHyToii tenu; U, ,, U, ,— NaJieHre HaNpsHKCHUsE Ha
AKTHMBHOM BHYTpeHHeM conpoTusieHnd X1UT B Momen-
ThI I10/1a41 ¥ CHSTUSI UMITYJIbCA, COOTBETCTBEHHO; U —
KOHLIEHTPALOHHAsI COCTABIISAIOIIAS HAIIPSKEHHS OJISIPU-
sauun; U — SIIEKTPOXUMHYECKAs COCTABIISIONIAs Ha-
npsokenus nonspusanuu; U =U, +U, — NojHoe Hanpsi-
)KEHHE MOJISIPU3AINH; I, — BPEMsI IPOTEKAHUs JJICKTPO-
XUMHYECKOH CTA/IUK TPOLECCA; /,, — IUTMTENBHOCTD UM-
IyJIbCa TOKA; £ — JUINTEIBLHOCTD CIajla MOTEHIHANA C
MOMEHTA CHATHS MMITyJIbca TOKa; U — KOHEYHOE 3Ha-
YCHHE HANIPSDKEHUS CTIajia Ipu £ =nT, T1€ T — IOCTOsAH-
Hasi BPEMEHH pa3psiia 3JIEeKTPOXUMUYECKON CHUCTEMBI,
n— k03 HUIMEHT, yYUTHIBAIOLIHI TOYHOCTD OMpeiesie-
HUS apaMeTpa.

st mocrostaHoM Bpemenwn pazpsina XUT T cipaBen-
JIMBO COOTHOIIIEHUE T=RnCn, e Rn — COTPOTHUBIICHUE
nosspusauu, C — MCEBIOEMKOCTh XMMUYECKOTO UC-
TOYHHUKA TOKA.

C npyroii cTOpoHbI, BETUUUHY T, a CIIeI0BATEIbHO, H
MICEBIOEMKOCTh MOXKHO ONPEAETUTh U3 BpEMEHH CIajia
¢, momydeHHoro u3 XIII" xumMuueckoro HICTOUHHUKA TOKA.

cm’
3HaueHue TIOJIAPU3ALTMOHHOTO COITPOTUBJICHUA OIIPEAEC-
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Puc. 1. XpoHomnoreHIIHOrpaMMa CBUHI[OBO-KHUCIIOTHON aKKyMYJISITOPHO# Oatapen

JISUIA U3 OTHOIIEHHS BEJINYUHbI NTAJICHUs Hatpspkenust U
Ha MOJIAPU3ALIOHHOM COIIPOTHBIIEHUH K BEJIMYHHE 3a-
psnHoro Toka /. B pesyibrare mosy4eHo BbIpaKeHUe 11
OIIpENIENICHNUs IICEBIOEMKOCTH Cn

U
t,=nt= nI—"Cn,

OTKyIa
= tcnl 3
" nu,

YcranoBuBIIeecs 3HaueHUe HanpskeHus Ha XUT
IIPUHUMACTCS PAaBHBIM Up Ilcesnoemxocts C, sBiser-
cst «q)apaneeBon» T. €. OHa 00y CIIOBIICHA BHeKTpOXI/IMI/I—
YECKOH peakiueil 1 SKBUBaJIeHTHA KOJIMUECTBY 3allaceH-
HOM MCTOYHWKOM XMMHYECKON DHEPTHH, KOTOPOE MPO-
IIOPLMOHAJIBHO €TI0 IEKTPUUECKOH EMKOCTHU, BBIPa)KEH-
HOH B aMmIiep-yacax.

OmnperneneHne NapaMeTpoB CBA3aHO C HAXOXKACHUEM
KOOpIMHAT HH(POPMAIIHOHHBIX TOYEK, 0003HAYEHHBIX HA
PHUCYHKE, OTpaHUYMBAIOLINX YYaCTKH XPOHONOTEHIIHO-
I'paMMBbl, KOTOPbIE COOTBETCTBYIOT OIPE/IEICHHBIM CTa-
JISIM 3JICKTPOXUMHUECKOTO Ipornecca. KoopanHars! To-
YeK SBIIAIOTCS MH()OPMALMOHHBIMH IPU3HAKAMU, U UX
oInpejeseHre, KaK BUJHO U3 PUCYHKA, B OOJIBIINHCTBE
CIIy4aeB OCJI0XKHEHO HAJIMUUEM IIIyMOB KaK 31€KTPOXU-
MUYECKOW MPUPOABI, CONMPOBOKAAIOIIUX MPOLIECCH] B
XUT, Tak 1 BHOCUMBIX H3MEPUTEIHHOM armaparypoi. Or-
TUMaIbHBIMHA METOJJAMH aHAJTH3a TApaMETPOB, HU3MEPEH-
HBIX B YCJIOBUSIX IIyMOB OOJBIINX YPOBHEH, MOT'YT OBITH
MaTeMaTH4ecKHe METO 1kl 00padOTKH CHTHAJIOB.

J1s aBTOMaTH3aLuy NpoLecca onpeieNieHus apaMeT-
poB XUT 611 pazpaboTan MeTox 00pabOTKH XPOHOIIO-
TEHIorpamm B cpezie Mathcad [7], koTopblii o3BOIISIET
IIPOrpaMMHO paccuuThiBaTh napamerpsl XUT ¢ nocie-
JYIOIIEeH 3aITiChI0 UX B TaOINYHOHN (opMe.

Pacuer npousBogmiicsa Mo ajaroputmy, ONOK-cxema
KOTOPOTO TIOKa3aHa Ha PHUC. 2, CICAYIOMNM 00pa3oM.

1. Brauase npou3BoAMIOCH CYUTHIBAHUE JAHHBIX W3-
MEPEHHON XPOHOMOTECHIIMOTPAMMBI U3 TEKCTOBOTO (haii-
J71a, BBIOOD TaHHBIX U3 HYKHBIX CTOJIOIIOB U UX IIpeodpa-
30BaHUeE.

2. CrnaxxuBanue XI1I" ¢ nespro BeIIeIeHus IT0JIE3HO-
IO CUTHaJla U3 LIYMOB OCYILIECTBIISIOCH IBYMsl pa3jiny-
HBIMH (ribTpaMu: medsmooth-criaxxnBanue — ¢ To-
MOIIBIO CKONB3AIIeH Meauansl U ksmooth — ¢ ucrnons-
30BaHUEM rayccosa siapa. KoaddummenT criaxupanus
IUTSL (PIITBTPOB BEIOUPAJICS U3 YCIOBHS COXPAHCHHS TI0-
JIE3HOTO CHUTHAJIA.

3. MaccuB TaHHBIX, CITIAKSHHBIN TIPH TIOMOIIH (DHITh-
Tpa ksmooth, JIMHEHHO HHTEPIIOTUPOBAJICS, & TTOTyUCH-
Hast pyHKIus TuddepeHIrpoBaIacs.

4. Ha kpuBoii mpouddepeHIMPOBaHHBIX TAHHBIX MAK-
CUMaJIbHOE 3HaY€HHE COOTBETCTBOBAJIO KOOPAMHATAM TOUKH
2, a MUHIMaJIbHOE — KOOpJMHATaM TOUKH 4 (cM. puc. 1).

| Yrenue u3 daiina )

Br100p HyKHBIX CTONOLIOB
U UX ITpeoOpa3oBaHue

I 1
CritaxuBaHHUE C TIOMOIIBIO CriaXuBaHKE C IIOMOIIBIO
rayCCOBa aapa CKOJIL3SIILIEN MEIHAHbI

.HI/IHeI/IHaSI UHTEPHOJIAINS } [ HaxoKIeH1e KOOpAMHAT J

Touek 1,3,5u 6

HH@)@)epeHunpOBaHHe ]
[

Haxoxnenne max u min
BEJTMYWH (TOYKH 2 1 4)

L[ Pacuer nmapamerpos XUT ]—
[

[ 3anuch B Gaiin }

Puc. 2. Biok-cxema anroputMma pacuera WHGOPMALMOHHBIX
napamerpoB XUT
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Puc. 3. brok-cxema ycTaHOBKH JUIsl OIIpeeNICHUs TapaMeTpoB OaTtapeit

U’II?; gttt i ohe 4
i
43 15
16 -
"'r.'l
."1-."i
15 o
L . .Hh'"-'-l“,‘_
.h"'“ahg,
14
a1
0 8 16 24 32 40 t,c

U,B
ruﬁm"qw‘““'
17 ¥ r5
i3 |
16 N\
i "\m.l‘
“n,
3 ¥
15 =
1"""-;_ s
""hmb
14 M1
0 8 16 24 32 40 t, ¢

Puc. 4. XTIT" akkymynsitopabix 6arapeit 6CT-65A (a) u 6CT-74A(E) (6)

5. Koopaunarsi Touexk 1, 3, 5 1 6 paccuuThIBaINCh U3
MaccHBa JJaHHBIX, 00pa00TaHHBIX (GUIETpoM medsmooth.
Cnenuduka Takoro CriIaXHBaHUS 3aKJII0YaeTCs B TOJTY-
YEHUHU CTYNEHYATOr0 CUIHala C POBHBIMH Y4aCTKaMH,
YTO MTO3BOJISET YIIPOCTHUTH U CAENATH O0JIee TOUHBIM Ha-
XOKJIEHUE KOOpAUHAT ToueK. Touku / M 5 HaxoIWJIUCh
U3 yCIIOBHsI PaBEHCTBA KOOPAMHAT JBYX COCEIHHUX TO-
4eK, a TOUKU 3 ¥ 6 — U3 YCJIOBUsI, YTO 3HAUCHUS KOOP-
JIMHAT [0 HAMPSHKEHUEO STHX TOUEK U CIIETYIOLIHX 38 HUMU
N Touek paBHbI. [ NOBBIIEHHs] TOYHOCTU OIpEAese-
Hus napameTpoB XUT B monydeHHbIE JaHHBIE BHOCHU-
JHCH TIOTIPABKH C yI€TOM KO3 (HHIMEHTA CIIIA)KUBAHHS.

6. C OMOIIIBIO MOJTYYEHHbIX 3HAYEHNUH KOOPAMHAT (7,
Y,,) COOTBETCTBYIOIIMX TOYEK IPOU3BOAMIICS PACUET UH-
(opmanmonnsix napamerpoB XUT u 3anuch ux B daiin.
Pacuer mapaMeTpoB NPOU3BOAUTCS MO CIIAKEHHOMY
MaccuBy NaHHbIX Y. IIpn 5TOM ObLIM MCMOIB30BaHbI
clieyrommue 0003HaYeHNs: { — BPEMs TMCKPETH3ALHH,
t1—6 — HaliicHHbIE TIPOTPAMMOM YUCIICHHBIE 3HaYe-
Hus koopauHar touek 1—o6. Torna

— HaIPsDKEHUE Pa30MKHYTOI Lienu Upu=Y,1;

— MaJICHHE HAPSDKCHKS HA aKTMBHOM BHYTPEHHEM CO-

IPOTUBJICHUH BO BpeMms 1ozaun umiyibea U =Y ,—Y,;

— 3JICKTPOXUMHUYECKAS COCTABIISIONIAS HAIPSKECHHS
nossipusanuu U, =Y ~Y ,;

— KOHIIEHTPAIMOHHAsI COCTABIISIONIAs HAPSKESHUS
MOJIIPU3ALIUU UnK:Yszﬁ;

— IajIeHHe HaNpsLKEHUS Ha aKTHBHOM BHYTPEHHEM CO-
IPOTHBIICHUU B MOMEHT CHsATHs umItyibea U ,=Y ,—Y

— KOHEYHOE 3Ha4YeHHue HarpsbkeHus crajga U

b

— BpeMsl MPOTEKAHHS IEKTPOXIUMUIECKON i:r%(amfn
npouecca ¢, =(13-12)t,

— JUTUTENHFHOCTD CIajia MOTSHIIHAa C MOMEHTA CHSI-
THsI IMITYJIbCA TOKA £ =(16—14)t;

— KpYTH3HA Y9aCTKa, OTPAYKAIOIIETO AIEKTPOXUMHU-
YECKYIO CTajuio mpouecca k=U_ /1. .

PaspaboTtannblit MeTo1 ObUT aTPOOUPOBAH MPH OMpe-
JIENICHUH TIapaMETPOB CBUHIIOBO-KUCIOTHBIX aKKyMYJIsi-
TOPHBIX OaTapei, IMEIOIINX Pa3IUnIHBINA CPOK IKCILTYa-
TaIH ¥ CTETICHB 3apsHKCHHOCTH.

biok-cxema 3KCIepUMEHTAIbHOW YCTAaHOBKH IS
ABTOMAaTHU3UPOBAHHOTI'O ONIPEEIICHHs ITapaMeTpoB OaTa-
peii mprBeicHA Ha pHC. 3.

s mpumepa paccMOTPHM PE3YITBTaThI ONIPEISIICHIUS
napameTpoB O6arapen 6CT-65A, ObIBIICH B 3KCILTyaTa-
IIUH, U HOBOW akKyMmynsTopHoi Garapen 6CT-74A(E)

Pesynomamur 0bpabomku ungopmayuonnvlx napamempos XUT

Barapes 6CT-65A Barapes 6CT-74A (E)
Har)r?ln;%mnl Pyunas IIporpammuas 06paboTka Pyunas IIporpammuast 06paboTka
obpabotka Pesynprats! | [lorpemnocts, % obpabotka Pesynprare! | [Torpemsocts, %
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
U 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
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Puc. 5. XIII' akkymynstopabix 6arapeit 6CT-65A (a, 6) u 6CT-74A(E) (6, 2), critaxkeHHBbIE ¢ UCIIONb30BaHIEM (DYHKIMH
ksmooth (a, 6) u medsmooth (s, 2)

(3A0 «Becra-/Iaenp»). XpoHOIOTEHIMOI PaMMBbI 3THX Oa-
Tapei mpuBeeHbl Ha puc. 4. Te sxe XI1T, oOpaboraHHbIC
TI0 MpeJyUIaraeMoMy aJITOPUTMY, IPUBECHBI HAa PHC. 5, a
pe3ymbTaThl 00pabOTKM 3HAYEHUI TApaMETPOB, Oy YeH-
HbIX 13 3TuX XI1I, oTpaxeHs! B Tadsmue. [Ipu 3Tom 3Ha-
YEHUE MOTPELIHOCTH OIPENIEIISIIN U3 BBIPAKEHUS

100% E [0100%,
ITo

rae Po u [1o — pe3ynbrarhl pydyHOU U TPOrpaMMHOK 00-
paboTku cooTBeTCTBEHHO. 3a 100% mpuHUManoch 3Ha-
YeHue, TIOJIYYeHHOE MPH pyuyHOU 00padoTKe.

CpaBHeHHe pe3ysIbTaToB PyYHOH U TPOrpaMMHOH 00-
PabOTKH MOATBEPK/IACT MPHEMIIEMYIO TOYHOCTB OTIpE/ie-
JIEHUs] TApaMETPOB, KOTOPast 3aBUCUT OT CTEIEHH 3alllyM-
nenHocty yuyactka XIII' B OkpecTHOCTH BBIYMCIEHUS
KOOPJIMHAT TOUKH.

*kk

Pa3paboTaHHBII METO]T aBTOMATH3MPOBAHHOM JTHATHOC-
THKM XUMUYECKUX UCTOYHHKOB TOKa OCHOBAaH Ha IpPO-
rpaMMHON 00pabOTKe MOyYEHHBIX M3 XPOHOIIOTCHIIU-
OrpaMMBI U OT(QUIIBTPOBAHHBIX M3 ITYMOB KHHETUUECKHUX
IapaMeTpoB AIEKTPOXUMHUUECKOTO IpoLecca IIPH 1oja-
ye Ha XU T nmnynbca Toka. Maremarnueckas 00padoTKa
3HAYE€HUI KMHETUYECKUX [TapaMeTPOB [103BOJIAET IOy~
4yuTh TeKymue napameTpsl XM T Ha OCHOBE yCTaHOBIIEH-
HOW MEXJTy HUMH CBSI3H. MEeTOI MOKET OBITh UCIIOJIB30-

BaH B CUCTEMAaX aBTOMATH3HPOBAHHOIO KOHTPOJIS Mapa-
MeTpoB XUT npu ux npou3BOJACTBE U B IIPOLIECCE IKC-
ILTyaTalyu.
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