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C.P. LUTEPHEP, C.J1. TIY3IrvH, T.C. KHPUWIJIOBA

HOBOE KOMMbIOTEPU3UPOBAHHOE OBOPYAOBAHUE OJIA
ONEPATUBHOIO KOHTPOJI U YNPABNIEHUA TEXHONTOMMYECKUM
NPOLIECCOM PEAFEHTHOW O4YUCTKU BOAbI.

Mpouecc peareHTHOM O4MCTKM BOAbI HA BOAOMNPOBOAHBIX OYUCTHBIX COOPYXEHNAX
3aKoYaeTcs B ee nocnenoBaTeibHon 06paboTke KoarynsaHTom, GPoKyNFHTOM, XIIOpoM
W T.4O. NPV NPOXOXAEHWUI TEXHONOrMHECKNX COOPYXEHWIA (cmecuTenei, OTCTONHWKOB,
KOHTaKTHbIX OCBeTnTEeNnen, punsTpos).

M3MeHsIIoLLMEeCcs YCNoBus NpoBeaeHMs TEXHONOrnyeckoro npouecca (TTT), Takue Kak
buranko-xummudeckue n bakrepuonoruyeckue nokasarenm MCXOOHOW BOAbI, TUMbI, MAPKK
peareHToB, KOHLUEHTpauun nux paboynx pacTsopoB, COCTOsHMWE nosupylowero
060pyaoBaHusi, NPOUM3BOANTENbHOCTb U TEXHUYECKOE COCTOAHUE OUYNCTHBIX COOPYXEHUI
TpebyloT ANA nonydyeHus Heo6xoamMMon ryobuHel O4UCTKU BOABI HENPEPLIBHOTO
aBTOMaTMYECKOro KOHTPONA psifaa ero napameTpoB, KOTOpbIV onpeaensieTca scemMu
BblLLEeHa3BaHHbIMW pakTopamu.

B HacTosiLLee BpEMS Ha GOMbLLUMHCTBE BOAOOYUCTHBIX CTaHLMIA PoCcum OTCYTCTBYET
HenpepbIBHbI aBTOMaTU4ECKWiA KOHTPONb TI1, a ero ynpasneHne OCHOBbIBAeTCA Ha
peaynbTaTax 1a6opaTopHbIX XMMUYECKMX aHanM30os, NeprMoaryHOCTL KOTOPLIX 3a4acTyo
HefoCTaTO4YHA OJ1A ero oNTUManbHOoW peanuaauuni. '

CoBpeMeHHble CPEICTBa aBTOMATU3aLIMM, KOMMbIOTEPHbIE TEXHONOr MK, LUMPOKNI
KNAcC KOHTPO/NEPOB M NMPOMBbILLEHHbIX KOMTMBIOTEPOB ABNAIOTCS HAAEXHON OCHOBON /1A
aBTOMaTUYECKOro KOHTPONS U ONTUMAaNbHOro yNnpaBaeHUs TeXHONOrM4ecKnumn
npoLeccammn O4UCTKA BOAbI.

na onTuMmUaaumm AeiCTBYIOWMX HAa BOAOOYNCTHBIX CTaHLUMNAX TEXHOJIOMA OYNUCTKN
Boabl cpeacTeamu ACY TT Hamu ¢ 1995 rona paspabaTbiBatoTCs, MOAEPHUSUPYIOTCS,
U3roTaBNMBAIOTCS U BHEAPSAIOTCA KOHTPOIbHO-M3MEpPUTESbHbIE W YyNPasnsiolne Moaynn
«KoarynsHT-OcBeTuTeNb» [J15 aBTOMATUHECKOro 03MPOBaHNS KoarynaHTa u dnokynaHTa
(KUM ALKD), ueno4Horo pearexTa (KUM ALLWP) n «Xnop-MOHUTOPUHI»,
OCYLLLECTBNSIOLMIA aBTOMATMYECKUA KOHTPONE KOHLIEHTpauuu akTMBHOro xnopa B
ounwaemoit soae [1-3]. OHU B COBOKYNHOCTU 00pa3ytoT KOHTPOBHO- -aHanUTU4eCKUn
komnnekc «YHUTOK-1», Moaynu KOTOPOro ycrnewHo NpuMeHsioTca Ans noaroToBkn
AUTLEBOI Boabl cornacHo CanlMuK 2.1.4.1074 - 01 Ha ABaAUAaTY BOAOOYUCTHBIX CTAHLIMAX
Poccuu, ot Anatutos MypmaHckoii o6nactv o Komcomonscka-Ha-Amype lMprmopckoro
kpas, a Takxe Ha FOC MK «Bogokaxan» rAnMaTh pecnybnunkmn KasaxcTaH.

OCOBEHHOCTBIO KaXL0ro U3 Has3BaHHbLIX Bbilue MOAYNEeN ABNAGTCA TO, HTO OHW
npeacrasnsioT cobomn CaMOCTOATENLHBIA M3MEPUTENBHO-BBIYUCINTENbHBIA KOMMNEKC,
KOTOPLIM Nerko HTerpupyetcs B nobyio CAY v nerko yctaHaeimeaeTCH Ha niobon cTaHumu
OYMCTKW BOABI HE3ABUCUMO OT €& NPOMN3BOAUTENBHOCTU M TEXHUYECKOro COCTOAHWA.
Kpome aToro, Hapsay C asToMaTUieckum 13MepeHnem (pUBNKO-XMMUHECKNX NapamMeTpoB
ouYnLLIaeMoil BOAbl WM ynpasneHUWem UCNonHuWTenbHbIMWU MeXaHn3Mamu, B HUX
npenycMoTpeHbl:
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. aBTOMAaTU4ecKas O4MCTKa AaTHUKOB;

. aBTOMAaTMHecKas caMoAMarHoCcTKa UCNpPaBHOCTM OCHOBHbIX 9/1EKTPUHECKMX CXeM
1 UCNONHUTENBHBIX MEXaHM3MOB MOLY/eH;

. TepMOCTaTMPOBaHUE ONTUHEeCKMX NpUBopoB;

.KOHTPOJIb Lenei ynpaBneHns U COCTOAHUA UCNOJTHUTENbHbIX MEXaHU3MOB,
[03UPYIOLNX peareHThl;

-anroputm 6e3onacHoCTH peannayemMoro TeXHON0rM4eckoro npouecca;

. aBTOMaTNYEeCKUN KOHTPOJIb NOCTYMNNEHUA KOHTPOnMpyeMbix npo6 Boabl v
3 HEKTUBHOCTM NPUMEHAEMOr0 3aKOHa ynpaBieHus.

B paHHoOl paboTe Mbl OCTAHOBUMCS Ha ABYX M3 BbllUeHa3BaHHbIX MOAYNEN:
KOHTpPONbHO-U3MepuTenoHoM mopyne «KoarynaHT-OceeTnnTeNb» U KOHTPOJLHO-
M3MepUTENbHOM M YNPaBSIoLLEM MOAYIE aBTOMaTUYECKOro [03MPOBaHUS KoarynaHTa
n dnokynsaHTa (KUM AOKD).

1.KOHTPOILHO-U3MEpUTENbHBINA Moayb (KUM) «KoarynsHT-OcBeTInTe b»

PaspaboTka atoro moayns 6bina npeanpuHaTta no 3akasy MYI «BopokaHan» r.
ApxaHrenscka B 1995 roay, BHeapeHue BoinonHeHo B Aekabpe 1996 roaa, a pesynbrarthl
ncnonb3osBaHusa B nepuop 1996r-1997 r Ha HECKONbKUX BOA00YUCTHBIX CTAHUMAX ONUCaHbl
B paborte [4].

KWUM «KoarynsHT-OCBeTnUTeNb» OCYLLECTBANSET KOHTPONb 12-Tn npo6 oA,
oTBupaemsbix C pasnnyHbIX y4aCTKOB TEXHONIOMMYECKOro npouecca, Mamepss npu aTom
3HAYEHWSA UX MYTHOCTU, BEAIMYMUHBI pH, TEMMNepaTypsl U CKOPOCTY OCBETNIEHUS.

PelsaemMble MOgynem sagaqn:

-KOHTpOsb Npob ncxoaHoW Boabl M BoAbl, oTOOpaHHOW Nocne cMecuTenen,
OTCTOWMHWUKOB, KOHTAKTHbIX ocBeTnuTenen, GuUnsTpoB, NO BbillenepeyncieHHbiM
napameTpam;

- KOHTPOJb NPOAOIKUTENBHOCTU PUNLTPOLMKIA, NepepacnpeaeneHns Harpysok
Mexay GunsTpamMu, KOHTaKTHbIMU OCBETIUTENAMU;

- KaYeCTBEHHbIN KOHTPOb CTabUNbHOCTH A03MPOBAHUA KOAryifaHTa (no naMeHeHuio
MYTHOCTW MCXO4HOW BOAkI Nocne gobasneHns koarynsaHTa);

‘KOHTPONbL W aBTOMaTWM4YeCckoe MOoenupoBaHuWe npouecca OCBET/IeHUA
KoarynMpoBaHHON BOAk! B OTCTOMHUKaX (pexum «MpobHas koarynauus»).

docTturaemblie pesynsrarhl:

- ONEepaTUBHLIA KOHTPOJIb TEXHONOMMYECKOW U aucneTyepckon cnyxbamu Bcein
TEXHONOMMYECKON LIeNnoYKmM: OT UCXOAHOW HEOYULLLIEHHOW BOAbLI 0 BOAbI, OTNPaBNsSeMON
noTpeduTento;

-onepaTtuBHblii nogbop onTUManbHbLIX 003 KoarynsHta U GnoKynaHTa npu
aBTOMaTM4eCKOM MOAENUPOBaHWUM NPOLIECCa OCBETNIEHUS KoaryiMpoBaHHOW BOAb! B
paboyei EMKOCTU MOAYNS;

- 9KOHOMUSA KoarynsHta B cpeaHem Ha 10%;
-9KOHOMMUSA pacxona Boabl Ha NpoMbIBKY GunbTpoB B cpeaHem Ha 10%;

Hosoe kOMNBIOTEPU3UPOBaHHOe oGopyaoBaHMe ANA ONepaTMBHOro KOHTPONA W ynpasneHnsa
TeXHONOrM4ecKMM NPoOLEecCOM peareHTHOW 0O4YWMCTKK BOAOLI
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'YCTOWYMBOE CHUXEHWEe cofepXaHUs OCTaTOMHOro anloMWUHWUA, Xeneaa,
XNOpopraHn4yeckmnx M MHbIX NpUMeceit B O4MLLEHHON BOOE;

- MOBbILWEHWE TEXHONOMMYECKOM OAUCUMNNAUHBI U KYNbTYPbl MPOU3BOACTBA BCNeACTBME
NOMHOW NOAOTYETHOCTM TEXHONOIMMYECKOro nepcoHana (pesynsratsl paboTel BCex CMeH
XPaHATCA B apxvBe JaHHbIX KOMNboTepa).

OpnHa n3 coctasHbix yacten KUM «KoarynsaHT-Ocsetnutenb» - 610K npuéma wm
pacnpepeneHusa NoTOKOB, NMPUEMHAasi BOPOHKa KOTOPOro yctaHaBMBaeTCHa Ha
onpenenéHHoi nosnummn ansa ynobetea otbopa KoHKpeTHOW npobbl. ObLee KONMYecTBo
napannensHo oTéupaemblx Npobd — 12 U B HUX NOOYEPELHO KOHTPONMUPYIOTCH MYTHOCTb,
BenuymHa pH 1 TemMneparypa gat4MkamMmu, ycTtaHoBNeHHBIMU B paboyeid EMKOCTU MOayNs
(puc. 1). Bpems koHTponsa oaHo Npobbl cocTaBnseT oT 4 A0 7,5 MUHYT.

Puc. 1. Paboyan emMkocTb Moaynsa Puc. 2. KUM «KoarynaHT-OceeTnurenb»
«KoarynaHT-OcBeTnurenb» Ha MOCB r.Xabaposcka

OpauvH moayne «KoarynaHT-OcBeTnuTeNb» MOXHO UCNOMb30BaTh /151 KOHTPONSA BCEN
TEXHOJIOrMYEeCKOM LLEenoyKu Unu Kakon-nnbo otaensHown eé yactu. Hanpumep, Ha FOCB
r.Xabaposcka yctaHoBneHbl 2 moaynsa «KoarynaHt-OcseTnurenes», npuyem KUM
«KoarynsaHT-OceeTtnuTens» Ne1 KOHTPONMPYET UCXOOHYIO BOAY (peka AMyp), CMECUTENU U
oTcToiHukK, a KUM «KoarynaHt-Ocsetnutens» No2 - 12 bunsTpoB cTaHumu (puc. 2).

Mpobebl Boabl noctynaioT K KUM «KoarynaHt-Oceetnurtesnb», Kak npaBuio, B
camoTeYyHOM pexume. [ns aToro BblOMpaeTcs COOTBETCTBYIOLLEE MO YPOBHIO MECTO €10
yCTaHoBKW. Tak, Hanpumep, NPUPOAHLIA penbed Nnowaaky rofioBHbIX OYUCTHbLIX
coopyxeHuii KM «BogokaHan» r.Anmatel pecnybnukn KasaxctaH npeaoctasus
BO3MOXHOCTb CaMOTEe4YHOro nopseaeHus npob K naHenum nNOTOKOB MOAyNsA,
PacnonoXeHHOro B 34aHUKN «<HOBOW» (UNbTpOBanbLHOW cTaHuum (puc. 3). K Moaynio
noasoaaTcs npobbl pe4yHON BOAb!, BOAbI, CMELLaHHOW C peareHTammn nepeg nocTyrnieHnem
Ha rOPU30OHTaNbHbIE U BEPTUKANbHbIE OTCTOMHWKUW, BOALI, NpoLleileid OTCTOUHUKA K
MOCTYNaoLLei Ha «CTapyo» U «HOBYIO» (PUNbTPOBaNbHbIE CTAHUMK, a Takxe pag npob
duUnbTPOBaHHO BoAbl. [NMHbI NONWM3TUNEHOBLIX TPYD, MO KOTOPLIM NPoOLI NOJAaloTCA B
Moaynb, nocturatoT 200 M. BHegpeHue moayns «KoarynaHT-OCBeTnnTeNb» BbINOAHEHO B
aHBape 2007 ropa.

Ocobbiit pexum paboTbl MOAYNSA - PEXUM «NPOOHOM Koarynauum» - npeacrasnser
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Puc. 3. KMM «KoarynaHut-Ocsertnurenb»
Ha OYUCTHBIX coopyxeHuax MKM
«BopokaHan» rLANMaTHl

Puc. 4. OkHO «YnpasneHue» nporpammel
cob0oii COBOKYMNHOCTb OnepatLmin rno OUeHKe «YHUTOK-OUCNETYEP»
Koarynupytouiemn cnocobHoCTU '

NPUMEHAEMbIX peareHTOB 1 UX KONIMYECTB (A03), OCYLLLECTBNAEMbIX aBTOMAaTUHECKN Noj,
ynpasneHnem nporpammHoro obtecneyeHusa «YHUTOK-OUCIMETHEP», CyTb aTOro
pexuma CoCTouT B cneayiowem: B onpeaenéHHble MOMEHTbl BpeMeHW, 3a4aHHble
MNonb3oBaTenem B OKHe «YnpaeneHue» nporpammsl «YHUTOK-OWNCMNETHEP» (puc. 4), no
KOMaH[,e KOMMbioTepa MoyNb ocyLilecTBnseT oToop npobbl BOALI C peareHTamu (Mpoba
oT6upaeTcs U3 BOAOBOAA HEMNOCPEACTBEHHO NOCne CMeCUTENS) B CBOIO pabo4yto EMKOCTb
c patyukamu (puc. 1). [Janee npoucxoouT nepemelunBaHue aToi npobbl B TeYeHue
3afaHHOro BpemMeHun n HabniogeHne 3a Tem, Kak BbICTPO NPOUCXOAUT OCBETNIEHWNE
oTobpaHHoM Npobbl Boab!. [poAoaXUTENBHOCTL NepemMeLlnBaHna MOXET COCTaBNATbL OT
1 MUHYTBI 0 20 MUHYT U TakXe npeaBapuTenbHoO 3agaértcsa lonb3oBarenem B OKHe
«YnpasneHue» nporpammbl «YHUTOK-AWUCIMETHEP» (puc.4) BMecTe C Xxenaemou
NpooONXUTENbHOCTBIO HabnoaeHna opraHM3dyemoro npouecca. Yacrtora
nepemeLurBaHus - 8,7 06/MuH. Mpaduk MamMeHeHUs MyTHOCTU NPOBLI BOAbLI CO BpeMEHeM
B pexume «npobHasa koarynsauus» nsobpaxaeTtcs To4KaMu C KpacHsIMKU Kpykkamu. OH
asnseT coboit oTpaxeHUe MOAENMPOBaHUS NPOLLECCA OCBETIEHMA KOarynmpoBaHHOM
BOAbI B OTCTONHUKAX U AaeT HarnsgHoe npeacraBieHue 0 TOM, HackobKo 3 PeKTUBHO
NPOMCXOAUT 3TOT Npouecc. Ha puc.5 npuBeaeHs! rpadunku OCBET/IEHMS KoarynpoBaHHOW
Ha FOCB r. XabapoBcka BOAbl, MNONyYeHHbIE NPU OAUHAKOBbLIX A03aX NPUMEHAEMbIX
peareHToB (OKCUXNnopwua anioMUHUA KU Noanakpunamma), Ho ¢ pasHbIM BpeMeHeM eé
nepemMmellnBaHna B paboyeinn EMKOCTU MOLAYNA NPU MOAENIMPOBAHWUK nMpouecca
xnonbeobpasoBaHua B KXO otcToiiHMkoB [5]. Kak BUAHO U3 CpaBHEHUS 3HaYeHUN
CKOPOCTW OCBETNEHUA V __, NpeanprHiMaemMoe MexaHnieckoe nepemMeLlrBaHne 3aMmeTHO
cnoco6CTBYET YCKOPEHUIO NPoLEcca Koarynsuyum o41LLIaeMon Boas!.

CnepyeTt OTMETUTL, YTO OMUCAHHLIN PexXuM «nNpoBbHOR Koarynauunu» MOAyns
«KoarynaHt-OcBeTnutenb» He 3ameHseT nabopaTopHbIX UCCNnefoBaHWN NPOBHbLIX
Koarynauuin, ogHako nonyyaemble C ero NnomMowWbD pe3ynbTartbl NMO3BONAAIOT

Hosoe koMNblOTEPU3UPpOBaHHOe obopyaoBaHMe AN ONepaTMBHOrO KOHTPONA W yrpasneHus
TEXHONOTMYECKUM MPOLECCOM PEareHTHOW 0YMCTKM BO/bI 61
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Puc. 5. Mpadukn oceeTneHna soapl, koarynuposaHHoi Ha NOCB r. Xabaposecka

avcneTyepckoit cnyxbe B nio6oe Bpems, HeaaBUCMMO OT XMMUYEeCKon nabopaTtopuw,
onepaTMBHO NONYYUTb MOAENbHYIO MHPOPMaLUIO O CKOPOCTU OCBETNEHUA Vi
KoarynmpoBaHHoM Boabl. 3Ta uHdopmaLmsa okasbiBaeT NoMOLLb TEXHOJONY U AUCNETHERY
npuv noabope 03 peareHToB, ONTUManbHLIX /15 O4MLLAEMOiA B HAacTosALee BpeMs BOAbI.

KUM «KoarynsHT-OceeTnuTesb» NpeaocTasnser AMCneT4epcKoi cnyx6e B CYTKW
0k0/10 2000 3HaYEHWUI MYTHOCTU, BENUYUHLI pH 1 CKOPOCTU OCBETNIEHNA KoarynvpoBaHHoW
B3BECW NPO6 BOJbl C Pa3HbIX YHACTKOB TEXHONOMMHYECKOro npouecca, B Tom Hucine
BpeMEeHHbIe 3aBMCUMOCTU MYTHOCTM NPOG MCXOAHOW BOAbI U BOABI C KOATYJIAHTOM,

C.P. Wr 3
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oTobpaHHOW M3 BOAOBOAA
nocne cmecutensa. CpaBHeHune
3HaYeHUn MYTHOCTU 3TUX OBYX
npob no3sonseTr Ka4eCTBEHHO
KOHTpONMpoBaTb CTabUNbHOCTb
| BBOAMMOW [,03bl KOArynsiHTa, T.K.
BBeAeHMe ero B BoAy B
: cmecurtene Bbl3blBaeT
o sas ES=SS E noBbileHWe eé MyTHoCTKH. Ha

g ' puc.6 BMOHO, YTO KpUBbIE Ha

B a0l
x rpacduke U3MEHEHUs MYTHOCTU
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BOAOBOAA NOCNE CMecuUTens,
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«A», Ha KOTOPOM HabnoaaeTcs
nepepbiB  A03UPOBaHUA
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MYTHOCTW Npo6 Boabl, 0TOBPaHHLIX [

nocne GuLTPOB 4 RGN 0
OnepaTtuBHas MHGopMaLms 0 AMHaMuKe paboTbl KaXaoro OTCTOMHUKA U UnbTpa,
nocTynaioLwasn oT Moaynen B gucneT4epckyto (puc. 6,7), no3BonsieT CMEHHOMY MacTepy
CBOEBPEMEHHO pearmpoBaTth Ha NU3MEHSAIoLMECH YCIIOBWA TEXHONOrM4ecKoro npouecca
N CBOEBPEMEHHO NaHupoBaTh NPOMbLIBKY GUNLTPOB U pernaMeHTHbIn cOpocC ocagka c
OTCTOlHUKOB. Ha puc.6 npencraBneHbl BpEMeHHble 3aBUCUMOCTU MYTHOCTM npob
WMCXOOHOW BOAbI, a TakXKe Boabl, 0ToOpaHHOM nocne cmecutens n otctomHmukos NeNe 1-4
n o6beauHEHHON Npobbl oTcTOoMHUKOB NeNe 5-9 B TeyeHMe nonyTopa CyToK. Y4acTok «A»
(coBnageHue 3Ha4yeHn MyTHOCTM NPo6 BOAbl UCXOAHOW M 0TOBpaHHOM Nnocne cMecuTens
Ne1) oTobpaxaeT npekpalleHme noaadu koarynsaHta. M3 rpadukos BUAHO, HTO NpoLece
OCBET/IEHUS KoaryiMpoBaHHOW BObl B OTCTOMHWUKaXxX 2-1 ovyepean (OTCTOMHWMKK 5-9)
npoTtekaeT adpdekTusHee. CpenHee 3Ha4YeHUA MyTHOCTH aToM Npobbl ~ 5 Mr/n, a ans
OTCTOMHWUKOB 1-1 ovepenu - 6onee 10 mr/n. Kak BMaHO Ha puc. 7, aToT dakT cnocobcTeyeT

N
Lottt

HoBOE KOMNBIOTEPM3MPOBAHHOE 0BOPYA0BaHNE OJ1st ONEPATUBHOIO KOHTPONA W yNpasieHus
TEXHONOrMYECKMM NPOLLECCOM PEareHTHOM 0YUCTKU BOAbI 63
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nocTtuxeHuio Bonee rnybokoi cTeneHn oYUCTKM GUNLTPOBAHHOW BOAbI UMEHHO 2-iA
oYyepenbio cTaHuMn. PesynbTaThl nonyveHsbl 5-6 oktabpsa 2005 roaa Ha KUM «KoarynsHT-
Ocsetnutenb» Nel.

Ha puc.7 oTo6paxeHbl BpeMeHHbIe 3aBUCMMOCTU MYTHOCTU NP6 BoAbl, 0TOBPaHHbIX
nocne 12 ¢punbTPOB, B TeyeHue cyTok. CpegHee Bpemsa dunbTpoumkna ~ 12 yacos.
CpenHee 3Ha4yeHWe MyTHOCTM pUNbLTPOBaAHHOW BoAbl 1-1 o4epeau cTaHuum ~5mMr/n, ato
xe 2- ovepeamn coctasnseT ~0,3 mr/n. BuaHa 4éTtkas cBsa3b Mexay paboTon OTCTOMHUKOB
1 rnyBbnHOM 04UCTKM BOAbI dunsTpamMu. PeaynstaTsl nonyyeHsl 5-6 oktadpsa 2005 ropa Ha
KM «KoarynaHT-OcBetnuTenb» Ne2.

B0O3MOXHOCTb ONepaTUBHOIO NepepacnpeneneHns Harpyaku Mexay otaenbHeIMu
dunsTpamu, GopcUpoBaHU] PEXUMOB HEKOTOPLIX U3 HUX crnocobcTeyeT NpUpocTy
NPOU3BOAUTENBHOCTU CTaHUMK, a TaKOKe YBETMYEHUIO BpeMEHW GUNLTPOLMKIA B CPEOHEM
Ha 10% [5].

2. KoHTpOnbHO-U3MepUTENbHbIA U YNIPaBNAoOWUWA MOAY b aBTOMaTU4YECKOro
AOo3vpoBaHus koarynsiHta n pnokynauta (KUMAOKD)

PaspaboTka atoro moayns 6bina BeinonHeHa B 2000 roay no 3akasy MYT
«BopokaHan» ropoaa Xabaposcka.

KM ALK® aBTOMaTUyecku onpenensieT A03bl KoarynsHta U ¢nokynsHra B
o4yuuLaemMon Boge, NpuYém 003y GRokynsHTa — «no pacxogam» (3Hasi pacxofbl CbipOW
BOAbl U paboyero pacTeopa peareHTa), a o3y KoarynsHTa — AsyMms cnocobamu: «no
pacxogamM» U «MNO0 W3MEHEHWI0 3NeKTPONnpPoOBOAHOCTU» OYULLAEMON BOAHI,
obycnoBneHHOMY BBeieHNeM B Heé koarynsaHTa. Mpu onpenenexnmn 0o3bl KoaryisHra «rno
M3MEHEHMIO 3N1EKTPONPOBOAHOCTU» He TpebyeTcs 3HaHWA BENMYWH PACXOAO0B ChiPOiA BOAI
n paboyero pacTeopa KoarynsiHta (T.e. Hanm4ymua COOTBETCTBYIOLMX PACX040MepPOB), a
Takxe ero nAOTHOCTU U KOHUeHTpauuu. MNpu aToM rpagyupoka moayns AAK® npu
KOHOYKTOMETPUYECKOM onpefeneHnun [o3bl KoarynsHta npou3BOoAUTCH C
MCNoNb30BaHWEM aTTeCTOBAHHOWM MeTOAuUKK (ANa aNloMUHWMEBOro KoarynaHra -
CBUOETE/NIbCTBO PP Ne222.01.02.284/2004) onpeneneHusi KOHUEHTpaUWY KoarynaHTa
B O4uMLLaemMon Boge.

Pelwaemble 3agayuu:

-aBTOMaTnyeckoe namepeHue no3 KoarynsHta n GnokynsHTa B 04MulaeMon BOAE;

-aBTOMAaTUYECKOE ynpasneHue JO3UPYIOWKMMKU yCcTporUcTBaMU. TOYHOCTDL
nos3upoBaHus 5-7%;

-aBTOMaTUYECKUN KOHTPONb MCNPaBHOCTW LEMNen ynpasneHua U Ao3UpYyrowmx
YCTPOWCTB;

-aBTOMaTMYecKasi caMoanarHoCTuka UCnpaBHOCTU OCHOBHbIX 3/1IEKTPUYECKUX Y3/10B
MoAayns;

-aBTOMAaTMYeCcKas 04MCTKa 9NEeKTPOOOB KOHAYKTOMETPUYECKOro AaT4yuKa,

-aBTOMAaTUYECKUIA aHann3 apPEeKTUBHOCTU NPUMEHAEMOro 3akoHa ynpasneHus
AO3UPYIOLWLMMKW YCTPOUCTBAMM,

- peanusosaH anroputmM 6e30nNacHOCTU TEXHONOMMYEeCKOoro npouecca,

- aBTOMAaTWUYECKWUI KOHTPOMb MNOCTYNIeHUs Npob oyuvLaeMo BOAbI;
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- HaKonMeHe apxvBa AaHHbIX.

JocTturaemble pesynbrarbi:

. cTabunuaauus 1,03MPoBaHUA KoarynaHTa u GnokKynsHTa He3aBUMCUMO OT pacxoaa
CbIpOW BOAbI;

-cTabunusauma paboTbl OTCTOMHWKOB U GUNLTPOB U, KaK pesynbLTaTt, SKOHOMUS
peareHTOB B cpepHeM Ha 10% u aKoHOMMA pacxona BoAbl Ha COGCTBEHHLIE HYXAbI B
cpenHem Ha 10%;

- YCTOM4YUBOE NOBLILEHWE KA4eCTBa OYMLLAEMOA BOObI;

- MOBbILLEHUE TEXHONOMMYECKON AUCUMMNNHBI U KYNLTYPbI MPOW3BOACTBA BCNeACTBUE
MONHO NOAOTYETHOCTU TEXHONOMMYECKOro NepcoHana (pesynstartsl paboTbl BCeX CMeH
XPaHATCSA B apXuBe [laHHbIX KOMMNbIOTEpa).

OpHol 13 coctasHbix yacTein KUM ALK, nono6Ho KMM «KoarynsHT-OceeTnuTtesnb»,
asnseTcsa 610K Npuéma v pacnpeaeneHus NoTOKOB.

K atomy 6noky nogsoasaTcs 2 npobsl BOAbI: UCXOIHOM 1 0TOBPaHHOM M3 BOJOBOAA
nocne cmecutens. O6e Npobbl NOOYEPEAHO NOCTYNAKOT B KOHAYKTOMETPUYECKYIO S4EiKY,
B KOTOPOM NPOM3BOAUTCS M3MEPEHNe BEeNUYUH UX YAENbHON 9NeKTPOrnpoBOAHOCTH.
PasHOCTb U3BMepeHHbIX 3HaYEHWIA YAENbHOWM 9N1eKTPONPOBOAHOCTU OQHO3HAYHO CBA3aHa
C [O030M KoarynaHTa.

KUM ALK® namepset n otobpaxaeT Ha MOHUTOPE KOMNbIOTepa B AMCHETY epckomn
0K0f0 90 TEXHONOrM4YeCcKMX N KOHTPOJIbHLIX NapamMeTpoB. M3 HUX OCHOBHbLIMM
TeXHONOrMYeckMMn NnapaMeTpamm SBNAIOTCS pacxobl paboynx pacTBOPOB KOarynsaHTa,
dnokynaHTa, pacxop, Cbipoii BOAbI, BENUYMHbI 3NEKTPONPOBOAHOCTH NPO6 04uLLaEeMOiA
BOAbI A0 M Nocne [03MpOBaHUA KoarynaHTta, paboyne 4acToTbl YaCTOTHLIX NPUBOAOB
HacoCOB-A03aTOPOB, BE/IMYUHBI YNPaBAAOLLUMX CUTHAMOB M 403kl KOarynsHTa.

B ctaHpapTHOM cxeme aBTOMaTM3aUWKM NPOLECCA N03UPOBAHWS PEareHToR «Mo
pacxopam» Heob6xoAMMoe KONNYeCcTBO KoarynsHTa onpeaenéHHoin KOHLEeHTpaLumm
Aobaensetcs B o6pabaTbiBaeMyio BOAY NPONOPLMOHANLHO eé pacxoay. [Mpu atoMm posa
koarynsiHta D _paccuutbiBaetcs no popmyne (1):

DK=(1O“*qK*P*C)XC‘E(1}, roe:

q,- pacxop paboyero pactsopa koarynaHra,m®/yac,
P 1 C - nnotHoCTb, r/cMm?, u KoHUeHTpauus paboyero pacteopa koarynsiHTa, % Bsec.,
Q,- pacxop ceipoit Boabl, M%/4ac.

Ana peanusaumn Mmetopa [O3MPOBaHUS «MNO pacxoaam», Kak BUOAHO U3 dopmynbl
(1), HEOGXOAMMO HanuyMe aTTECTOBAHHLIX PACXOAOMEPOB ChiPOit BOAbI U paboyero
pacTBopa KoarynsiHTa, a Takxke 3HaHue ero KOHUEHTpaLuMm U NA0THOCTH.

Mpw BHEAPEHUM CUCTeM aBTOMAaTUYECKOro A03MPOBaHMA KoarynsHTa KUM ALK
(KUM ALK - paspabotka, npeawecrsyioLas KM AKD) Mbl HEOQHOKPATHO CTANKMBAINCH

HoBoe koMnblOTEPU3MpOBaHHOE 060pyaoBaHKME AN ONEPaTUBHOrO KOHTPONS U YNpasneHus
TEXHONOrMYECKUM NPOLLECCOM PeareHTHON OYUCTKU BOA! 65
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C HEMCNPAaBHOCTAMM LUTATHLIX pacxoloMepoB. Tak, Hanpumep, Ha Yycoeckux OCB .
MNepmu, U3-3a BbIXOAa U3 CTPOS BO BPEMS MPO3bl HECKONbKUX PacxogoMepoB, peann3auus
aBTOMaTU4YEeCKOro OO3WPOBaHUA KoarynsiHta Ha Tpex o4Yepensx craHuun,
NPOM3BOAUTENLHOCTL KOTOpPOIA cocTaenaeT okono 400 000 m¥/cyT., cTana BO3MOXHOW
Tonbko 6Gnaropaps KOHOYKTOMETpWYEeCKOMY MeTony M3MepeHua ero Aosbl,
peanu3oBaHHomy B Mmogynsax KUM AK.

B moayne AIK® Takxe NnpUMeHEH KOHAYKTOMEeTPUYeCKUA MeTo g, onpeaeneHns 403bl
MCNONb3YEeMOro KoarynsiHta, He Tpebyuwmuin 3HaHUA pacxonos (T.e. Hanu4yusa
aTTECTOBaHHbIX PACXO40OMEPOB) ChIpOW BOALI M paboyero pacTeopa KoarynsHra, a rakke
ero NJOTHOCTU U KOHUeHTpauuu. Ha puc.8, B okHe apxuea nporpamMmmel «YHUTOK-
ANCMNETYEP», npeacTaBneHbl rpadpuk BPeMeHHbIX 3aBUCUMOCTEN 3NeKTPONpPOBOAHOCTH
(B ycnoBHbIX Benu4mnHax) npob peyHon Boabl M BOAbI C KoarynsHToM Ha 1-1 ovepenun MOCB
r. Xabaposcka 3a nepuop spemerun ¢ 29.12.06 r no 28.01.07 r. Mpwu HenameHHOW Oo03e
KoarynsHta rpadumkm nonobubl apyr apyry. Ocunnnsaummn Ha rpaduke 3aBUCMMOCTH
3NeKTPOonpoBOAHOCTU NPobbl BOALI C KoarynsaHToMm (otobpaHa nocne cmecuTens,
o603Ha4eHne «CM1») OT BpeMeHU SBNSITCA OTpaXeHueM nepexoaHbiX NpoLeccos
aBTOMATUYECKOro yNpaBneHusa Nnpm naMeHeHusx pacxona MCXo4HOM BoAbl, NpuxoasLLei
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Puc. 8. BpeMeHHble 3aBUCUMOCTH 3NEKTPONPOBOAHOCTU BOAbI

Ha cmecutenb Ne 1, n KoHUeHTpauum paboyero pacTeopa KoarynsHTa npu nepexon,g « ¢
Baka Ha bak».

B aBTOMaTU4eCKOM PEXMME yrpaBfeHus L03MpoBaHueM koarynsHTa mogynb AIK®
noaaepXxweaeT 3aaHHy0 ONepaTopoM e€ro o3y, NpUYeM He UMeeT 3HAYeHUs Kakoro:
okcuxnopupa antoMmuuuna (OXA) unu cynedarta anomuHua. Ha puc. 9 npuBeneHsi
BpeMeHIible 3aBUCMMOCTM 003 KoarynsHTa OXA asyx odyepepen FOCB r. Xabaposcka.
Cnocob aBTomMaTHU4ecKoro yrnpasneHus A03MpoBaHMeM KoarynsHTa - «no UsMeHeHuio
NpoBOAUMOCTU». 3aAaHHble 103bl: Ans cmecuTens Nel - 9,5 Mr/n, ansa cmecurens Ne?2 -

-_ ©cC.P. WrepHep 1 ap.
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Puc. 9. BpeMeHHble 3aBuCMMOCTH A03 KoarynsaHTa OXA B Boae

9,7 mr/n. Ha 1-i1 ouepegu B 7:30 yBenuyeH pacxop, cbipor Boabl Ha 15%. Kak BuaHO Ha
rpacdvke, MOAYNb aBTOMATU4ECKM BOCCTaHaBNMBAET 3ajaHHOE 3Ha4YeHne [,03bl KoaryisHTa
3a 10 MUHYT.

B py4HOM pexumMe yrnpaesneHua 403MpoBaHWeM KoarynaHTa Moay/b OTCexveaet
BPEMEeHHYIO 3aBUCMMOCTb ero 03kl 6e3 eé aBToMaTU4eCcKo Koppekuun. TexHonor nian
CMEHHbLIA MacTep UMEIT NPy 3TOM BO3MOXHOCTb AUCTaHUWOHHOIO ynpaeiieHus
Hacocamu, noaaoLLmMMm paboymnii pacTBOp KoarynsiHTa B O4ULLI@GEMYIO BOAY, U NPOBEOEHUSA
HeoBX0AUMbIX FPayUpPOBOK.

Mocne BHeapexua moayneit ALK, kak npasuno, bnaropgaps crabunusauum npouecca
[O03UPOBaAHUS KOAryNnsiHTa OTCTOMHWUKW, KOHTAKTHblE OCBETAUTENU U PUALTPLI Takxe
cTabunuaupytoT ceoio paboTy. CneacTeremM 3TOro ABAAETCH yBennyeHne punbTpoumkia
duneTpoBanbHoro obopynosaHus B cpegHem Ha 10%.

Kak roBopunocs paHee, COBPEMEHHbIE CPeACTBa aBTOMaTU3aunn, LUIMPOKWIA Knacc
KOHTPONNEPOB, MPOMBbILLNIEHHbLIX KOMIMLIOTEPOB U KOMMbLIOTEPHBIE TEXHOOMMU ABNAIOTCA
HanEXHOoW OCHOBOW ANS aBTOMATUYECKOro KOHTPONS U ONTUMAaNnbHOro ynpasneHua
TexHonormyeckmmu npoueccamu. OHM NpeaocTaBnNAalT BO3MOXHOCTL B paMkax
opraHuaosaHHoii ACY T pean13oBaTb anropuTM KOHTPONS AOCTOBEPHOCTU NONy4aemMo
o6opyaoBaHnem MHpopMaumm U agekBaTHOCTU NPUHUMAaEMbIX peLLEeHN Npu ynpasBneHun
WCMONIHUTENBHBIMU MeXaHnaMamu. ITOT anropuTM Mbl HasbiBaem «ajaropuTMom
6e30nacHOCTU TEXHONMONrMYECKOro npoueccar» U ero peanuMaaumm B Moaynax u mUx
nporpamMHomM obecneveHun «YHUTOK-OVCMNETYEP» ynensercsa ocoboe BHUMaHue.

HoBoe kKOMNLIOTEPU3MPOBaHHOe 0B0pyfoBaHMe 419 ONepPaTUBHOIO KOHTPONA W ynNpaBneHus
TEXHONOMMYEeCKUM NPOLECCOM PeareHTHOW OMMCTKM BOAbI
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Hanpumep, nporpaMmmMHbiM obecneveHnem «YHUTOK-OAUCIETHEP» 3anpeuaertcs
pexXnum aBToMaTU4ecKoro ynpasneHns A03MpoBaHNUEM peareHTOB Npu HECBOEBPEMEHHOM
rpanyvposke obcnyxueawowmm nepcoHanom moaynsa KUM AODK®D, npu oTcyTCTBUK
aHanuaupyembix Npo6, Npu BbIXoAe psiaa napaMeTpPoB 9N1EKTPUYECKMX CXeM 3a npeaens
MHTEpPBaNOB UX AOMYCTUMBIX 3HAYEHWUIA, NPU HemcnpaBHOCTU GNOKOB NpUEMa U
pacnpepeneHns NnoTokoB, aBTOMaTUYeCKON OYUCTKM AAaTYUKOB U HEeadHEeKTUBHOCTU
NPUMEHSAEMOT0 3aKOHa ynpaBieHus.

KHacTosiwemy BpemeHn KUM «KoarynaHTt-OcseTtuTtens» n KUM ALK(®D) paboTaioT
Ha aBaguaTti BOAOOYUCTHBIX CTaHumsx Poccun u Ha MOC KM «Bopokaxan» r. AnMatsl
pecnybnuku KasaxcrtaH, npuyém B ropoae XabapoBcke ycTaHOBNEHO 8 moaynei Ha Tpex
cTaHumsx, B HoBocubupcke - 6 moayneii Ha aByx ctaHumsx, Komcomonbcke-Ha-AMype - 6
Moaynei Ha ABYX CTaHLMAX.

Mpn cBOEM NOABAEHWM Ha BOAOOYUCTHOW CTaHUMUKM paccmaTpuBaemoe
o6opynoBaHue HayMHaeT 06beanHATL B paboTe 4 cnyx6bl npeanpuaTHs: AUCNeTYepPCKyIo,
TexHonoruyeckyto, cnyxbol KUIM u ACY TI. Hepeako BHeapeHue Moaynen cosnanaeT ¢
opraHundauuent cnyx6el ACY Tl npeanpuaTtua n Bcerga ConpoBOXAAETCa peasnbHOoN
onTUMKU3aunen TEXHONOrMYeCKOro npouecca peareHTHOMW O4YUCTKM BOAbl KakK Mo
39KOHOMWYECKUM, TaK U M0 Ka4eCTBEHHbLIM e€ NnoKa3saTensam.

BoiBOoabI:

1. Mogynb KUM «KoarynsHT-OcBeTnuTtens» B pexXnume onepaTtmBHOro KOHTPOS
3Ha4YeHU MyTHOCTH, BENUYNHBI pH 1 CKOPOCTU OCBETNIEHUS KoarynnmpoBaHHOM B3BECU B
npobax BOAbl C Pa3NnyYHbIX Y4aCTKOB TEXHONIOMMYECKOro npouecca npeaocraenseT
aucnetyepy nHdopmaumio 06 oNTUManbHOCTU NPOTEKAHUA NpoLecca eé peareHTHOM
04nCTKU. ONepaTUBHOCTbL NPUHATUSA peLleHuin cnocobCTByeT 9KOHOMUN PacXoaoB
peareHToB (B cpegHem Ha 10%) 1 Boabl Ha coBCTBEHHbIE HYXAb! (B cpeaHem Ha 10%),
NOBbILLUEHUIO NPOU3BOAUTENLHOCTU CTaHLMM, a TaKXe Nosny4yeHuio cTabunsHoOro kavecrea
O4ULLAEMOI BOABI MO OCTATOYHOMY aNlOMMUHUIO, XEeneay, XJI0POpraHuYeckuM U UHbIM
npumecsiM, oCo6eHHO B Nepuoabl A0XOEN U NaBOAKOB.

2. ABTOMaTM3aumsa npouecca no3vpoBaHua peareHToB mogynem KUM ALKD
NO3BONAET NOCTOSAHHO NOAAEPXMBATL UX ONTUMaNbHbIE 40361, [TPKY 3TOM OCYLLIECTBNAETCS
KOHTpOnb paboTsl go3upyioulero obopyaosaHus. MNpu aBToMaTUYECKOM yrpaBieHuu
003MpOBaHMEM KoarynsHTa «no npoBoAuMocTu» He TpebyeTcsa 3HaHUA pacxopoB
MCXO.D.HDﬁ BOALI U paﬁc:qero pacTBOpa KoarynaHra, a takxe 3Ha4YeHun ero KOHUEHTPauWM
N NNOTHOCTK. OTKNOHEHME OT ONTUMAaNbHbLIX 403 peareHToB cocTasnsieT He Bonee 5-7%,
4yTo cnocobBeTeyeT cTabunuaaumm paboTel OTCTOMHUKOB, KOHTAKTHBIX OCBETNIUTENEN 1
GOUNLTPOB.

3.0nepatuBHas nHpopmaums 0 auHammke paboTbl Kaxaoro OTCTOMHUKA U dunsTpa
No3BONSET CMEHHOMY MacTepPY CBOEBPEMEHHO pearMpoBaTh Ha U3MEHSAIOLLMECSH YCNOBUS
TEXHONOrMYeckoro npouecca v NnaHMpoBaTh TEXHONOrMYECKUE MEPOTNPUATUA, TaK1e Kak
NpoMbiBKa GUNLETPOB U pernamMmeHTHbI CBpoc ocanka C OTCTONHUKOB.

4.ApxuBHble flaHHble moaynei «KoarynaHt-OcBetnutens» u KUM AOKD
NPeaoCcTaBAAoT BO3MOXHOCTb TEXHOSONY CTaHLUMKN YCTAHOBUTL NPUYUHHO-CNEeACTBEHHYIO
CBSI3b MeXAy COBbITUAMU «O03bl KoarynsaHta n GnokynsHTa > MyTHOCTb BOAbI B

© C.P. WrepHep u ap.
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OTCTOMHMKax > Ka4ecTBO dunbTparta», v TemM CaMblM OCYLLECTBNSATE KOHTPOb paboTbl
CMEHHOro MacTepa, @8 CMEHHOMY MacTepy - NPOrHO3MpPOBaTh TEXHONOTUHECKNE PEXMMBI,
a Takxke KOHTPONMPOBaTL PaboTy NepcoHana, y4acTeyIoLLEro B NPoLEcce skenyaTaumm
COOPYXEHWA.
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