HP3 Ne 4 (2009 r.) B nomolLb NPOU3BOACTBY

NOBbLIWEHUE HAAEXKHOCTU ABTOMATUHECKOTO XUMKOHTPOAS4
MATATEABHOMN BOAbI U KOHAEHCATA MAPOBbBIX TYPEUH

A.T.H. B.H. BopoHoB, nHx. C.B. Kuetr (M3U - 1Y),
K.T.H. E.B. KostoAauHa (UT3IY)

Hapymenus HopMm kadecTBa TemioHocuTenst 3Heproodnokos ¢ kotnamu CBJl u CK/] cBsizanbl npe-
XJle BCEro ¢ MPHCOCAMM OXJIaKJaroUlel BOAbl B KOHJIEHCATOpaX TYpOMH, ¢ HapylLIEHHEM KaduecTBa
N00aBOYHOM BOZBI MM PEXUMa J03UPOBAHUS KOPPEKTUPYIOLIUX PEareHTOB. B 3TUX yCIOBUSIX XUM-
KOHTPOJIb JIOJDKEH OOecneunBaTh HAJIEKHOE U CBOEBPEMEHHOE IoJlydeHue HHGOpMaluu
0 HOPMHUPYEMBIX ITapaMeTpax BOJHO-XUMUUYECKOT0 PEKHUMA ITyTEM MPSIMOT0 U3MEPEHUS NN KOCBEH-

HOTO (pacyeTHOro) OMpeIesICHUsI COOTBETCTBYIOIIMX MOoKa3aTenent [1, 2].

CornacHo mpaBuJiaM TEXHUYECKOM 3KCIUTyaTallid B Pa3HbIX TOYKAX KOHIEHCATHO-IMUTATEIHHOTO
tpakTa (KIIT) sHeproGioka KOHTPOIUPYIOTCS CIAEAYIONIUE TTOKA3aTENH:

a) yJaelbHas dJIEKTPOIPOBOAHOCTD MPsAMOM mpoOsI () uiu H-katnonuposannoi npo0Os! (¥), pH,

conepxanne ammuaka (NH;), nonos narpust (Na™), 06111ast )eCTKOCTb, @ TAKKe 0011ast IENT0YHOCTb;

0) comeprkaHue keye3a, MeIu, KUCIOpoIa U JIp.

[Ipu sToM mepBas rpynna xapakTepu3yeT Ha3BaHHbBIE BBIIIE — KaK MPaBUIIO, ObICTPOTEKYLIUE —
HApyIIEHUsS BOAHO-XMMHUUYeCKoro pexuma (BXP), u Tombko mepseie Tpu mokaszarens (), Xy, PH)

HU3MCPAIOTCA aBTOMATUYCCKUMHA TPOMBIINIJICHHBIMU HpI/IGOpaMI/I, C BBICOKOI HaACKHOCTHIO U TOYHOC-
Th1O. J[0CTaTOYHYIO A1 CUCTEMBI XUMHUKO-TexHOoJornueckoro Monutopunra (CXTM) HaneKHOCTh U
TOYHOCTh UMEIOT KOHIYKTOMETPbI M1 pH-MeTphl. DT mpUOOPHI COCTABISAIOT OCHOBHYIO YacTh aBTO-
MaTU3UPOBaHHOU M3MepuTenbHON 6a361 CXTM aneproonokoB TOC (puc. 1).

TouHOCTH U3MEPEHUS NEKTPONPOBOIHOCTU U pH, sABASIONIMXCS N3MEpUTEIbHOM 0a30l aHanu3a-
topa mnpumeceil konaencara (AIIK-051), ompemensercs kiaccom TtouHocTH mnpubopoB AXK.
[TorpemnocTs n3Mepenuii cocrasuset 1,5-2,0 % nua kounykromerpa u 0,05 ex. pH — nia pH-meTpa
IpU YCJIOBUM KaJdMOPOBKM M TOBEPKU COINIACHO TpeOoBaHUSAM macropra npudopa. OnHako mpu
U3MEPEHMSIX B OECKOHEUHO pa30aBICHHBIX PACTBOPAX, KAKUMU SIBJISIOTCS TYpOUHHBIA KOHJIEHCAT U
nuTaTeNbHas BO/A DHEPreTUUYECKUX KOTIOB, KalMOpOBKa MPUOOPOB MO CTaHAAPTHBIM pacTBOpaM
CTAHOBUTCSI HE MPEICTAaBUTENbHOM. [IpaBUILHOCTD OMYUYEHHBIX PE3Y/IbTATOB MPSIMBIX U KOCBEHHBIX
U3MEPEHHI B 3TOM Cllydae MOXET OBITh MOCTaBieHa Mo comHeHue. [Ipu aToM 00paboTKy pe3yib-
TaTOB U3MEPEHUN NMpruOOpPOB aBTOMATHUECKOT0 XUMKOHTpOIs (AXK) Heob6xoaumMo mpoOBOIUTE, MPH-
MEHSISl PaCYeTHbIE METOUKH JUIsl 00pabOTKU pe3yinbraToB u3MepeHuil, npuseaenusie B [OCT 8.207-
76 (nepeusnanue, okTs0ps 2001 1) [3].
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Puc. 1. Dxpannas ¢popma CXTM Ha paboyem mecrte nabopaHTa SKCHpecc-l1abopaTopun

B kauyectBe mpumepa B Tabn. 1 mpuBeeHBI pPe3yabTaThl U3MEPEHUS YASIBHOUN AJIEKTPOIPOBOI-
HOCTH MCX0nHOH U H-katmonuposanHoU mpoOsl (), Xpy), PH 1 xoHueHTpauuu Harpus. Msmepenus
NPOBOAWINCH MPUOOPAMU ABTOMATUYECKOTO XHUMKOHTPOJS: KOHAYKTOMeTpoM U pH-Merpom

(ITAUC - 01 pH) B mwtatHeIX ycioBusx xuMkoHTposst Ha TOL-9 OAO «Mocanepro»; KOHIIEHTpa-
A0 HATPHsI OTNpeessiau ¢ moMonisio pNa-mepa (pH-merp/monomep «Aton-101 MIT»).

Pesynbrarsl 00paboTKH M3MEpEHUN NMpeacTaBiIeHb! B Ta0l. 2.

Tabamua 1
Pesyabrarbl koHTposs npudéopamu AXK kadecTBa KOHIeHCATAa NAPOBOii TypOMHBI

(cranumonnbiid Ne 4, p. =13 MlIla)

Ne it > MKCMm/cM X, MKCMm/cMm pH [Na*], Mr/am>
1 0,290 6,5 9,31 1,6
2 0,287 6,5 9,32 9,5
3 0,275 6,5 9,4 3,0
4 0,282 6,4 9,3 7,0
5 0,239 4,7 9,2 2,8
6 0,245 4,9 9,3 3,2
7 0,238 5,0 9,3 4,0
8 0,245 5,0 9,3 9,0
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Tabamua 2
Pe3yabTarsl 00padboTKM U3MepeHuil, MpUBeAeHHbIX B Ta0J1. 1

[Mokazarennb AH X pH [Na'], Mkr/mm?
Cpentee 0,263 5.69 93 5.01
S(a@)¢p 0,008 0,30 0,019 1,06

0,019 + 0,005 = 0,045+0,017= | 2,51+0017=

A + A B B + — B ’ B ’
T —0024  |OTHHO003Z OIS o6 =2,527
Hernuroe [0.239: 0,287] [4.98: 6,41] [9.24: 9.36] [2.48: 7.27]
3HA4YCHHUC

IIpumevanus:

Cpennee — cpenHee apu(pMETHIECKOE CEPHU N3MEPCHUI.

S(a) cp — AMCTIEPCHST CPETHETO apu(pMETHIESCKOTO.

(Aag; + Aagy.p) — CyMMa CITyqaliHBIX M CHCTEMATHIECKUX OMMOOK M3MEPEHMH.

HcTunHoe 3HaueHue — HUHTECpBAJI KoJleOaHH UCTHHHOTO 3HAYEHMS I/I3M€p6HHOfI BCIIMYHUHEIL.

Takum 00pa3oMm ormnpezeseHbl WHTEPBajbl UCTUHHBIX 3HAYEHUN HM3MEpPEHHBIX BenuyuH. Ecnu
pe3yNbTaThl U3MEPEHHM HE YKIIaIbIBAIOTCS B JAHHBIM MPOMEXYTOK, TO OHU MPU3HAIOTCS BBIOpOCaMu

U [IpH JanbHeleil 00paboTke pe3yabTaToB U3MEPEHHUI HE YUUTHIBAIOTCS.
Kax BugHO M3 Tabmn. 2, U3 aBTOMAaTHYECKU KOHTpOIUpyembix napamerpoB AXK HanMeHbIIHHA
MHTEPBAJI U3MECHEHUM HMEET YJENbHAs JJIEKTPONPOBOAHOCTE H-KaTHOHMPOBaHHOM MPOOEI )fy, 9TO

OTBeuYaeT YCTOMUMBO Malloil MUHEpantu3aluuu TypOMHHOTO KoHAeHcaTa. Heckonbko OonbInii HHTEp-
BaJ uMeroT pH u ynenapHas 371€KTPONPOBOIHOCTH MPSAMOM MPOOHI ), YTO CBA3aHO C HEYCTOHYHMBBIM

PEKUMOM JO3MPOBAHUSA aMMHaAKa. Haunbonpmmit HHTCpPBAJl U'BMCHCHUSA UMCCT KOHUCHTpALUd HOHOB

Na®, 4To MoNHOCTHIO corTacyeTcs ¢ HeBBICOKOH TOUYHOCTBIO M3MEpeHHii pNa-MepoM.

C yuactuem aBTOpOB paspaboran anamm3atop «AIIK-051» [4], KOTOPHIA MO3BOISET 3aMEHHUTH

N3MCPCHUEC KOHICHTPAIH Na+ €€ PaCYCTHBIM OIIPCACICHUCM, a TAKIKC KOITMYCCTBCHHO OIPCACIATH

KOHIIEHTPAllMi aMMHaKa Ha OCHOBE M3MEpEHuit ), Xy U pH.

Anamuzarop AIIK-051 cocTouT M3 THAPABIMYECKOTO M CUCTEMHOTO Oj0koB. Cxema rujpaBiiv-
gyeckoro OJ0ka mpencrtaBieHa Ha puc. 2. Ilocrymaromas Ha THAPABIMYECKU ONOK OXJIaXKICHHAS
B ycrpoiictBe noaroroBku (YIIII) mpoba pacnpezensercss Ha 1Ba NOTOKA: OTOK U3MEPEHUS Y/I€ib-

HOH JJIEKTPONPOBOAHOCTH X, Y U MOTOK m3MepeHus pH. OCOOCHHOCTBIO M3MEPUTENILHOM CXEMBI

ABJIACTCA Ppa3aCIICHUC H-xaTHOHUTHOM KOJOHKH Ha JABC 4aCTH C yCTaHOBKOﬁ MMPOMCIKYTOUYHOI'O nar-

4ynKa ). CpaBHEHUE NOKA3aHUU JATYUKOB ) MOCIE JBYX KOJIOHOK M IPOMEKYTOYHOTO JaT4UKa
o0ecreynBaeT aBTOMAaTHMYECKHM KOHTpPOJIb cpaldaThiBaHUs MEPBOH IO XOAYy BOJIbl KOJOHKH,
HE yXyAmas paboynx XapakTepucTuk mpubopa B menom. [lpomenmas narunku npoda BOIbI CIMBa-
€TCsl B IPEHAK.

brok-cxema anroput™Ma 00pabOTKM Pe3yNnbTaToB U3MEPEHUi ), Xy PH u Temmeparypsl, peanuso-

BaHHas B aHanu3arope AIIK-051, npuBenena Ha puc. 3.
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Puc. 2. [IpunnunuansHas cxeMa THAPABINIECCKOTO
omoka mpubopa AITK-051
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Pesynbrarel u3mMepeHuit B UG pOBOM
tdhopmare: y, Aip pHuz(°C)
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Het

Her

Pesynbraret
HU3MEPEHUI I0CTOBEPHBL:
poBepKa 1-ro ypoBHS

[epBuunas o6paboTka
pe3yabTaTOB U3MEPEHUI

Pesynbrarst
WU3MEPEHUIl JOCTOBEPHBI:
MPOBEPKa 2-TO YPOBHS

PacueT noHHBIX paBHOBeCUI
MUHEPATBHBIX TIPUMECEH

Pesynbrarst
HU3MEpPEHUI 10CTOBEPHBI:
MpoBepKa 3-ro ypoBHS

Puc. 3. bnok-cxema airopuTMa MOITydeHHS

Pacuer xornenTparuii [Cl ],
[NH3]5 [Na+] u H—[o

PE3YIBTATOB MPSAMBIX U3MEPEHMH ¥, Xy PH

Y

N KOCBCHHBIX H3MepeHI/II>'I KOHI.[GHTpaI_[I/Iﬁ
XJIOPpUAOB, HATPUA, aAMMHUAKa U HICJIOYHOCTHU
TCIINIOHOCUTCIIA

BbIBOI pE3yNbTAaTOB IPSIMBIX
U KOCBEHHBIX U3MEpPEHUN

33



HP3 N2 4 (2009 r.) B nomolLb NPOU3BOACTBY

Puc. 4. Buemnuii Bun ananuzaropa AIIK-051

CornacHo puc. 3 pe3ybTaThl H3MEPEHUH B MUPPOBOM (PopMaTe MOCTYINaT Ha OJOK 00paboTKH
JAHHBIX, TAE MPOXOAST TPU YPOBHS MPOBEPKHU JIOCTOBEPHOCTH M3MEPEHHUI, UCIIONB3YIOTCS B pacye-
Tax KOHI_ICHTpaI_II/Iﬁ XJIOpUAO0B, HATPUA, aMMHUAKAa U IICJIOYHOCTH, a 3aTEM BBIBOASATCA HAa SKpaH IPU-
6opa u, Tpu HEOOXOAMMOCTH, BO BHEIIHIOI WH(DOPMAIIMOHHYIO CETh.

Takum o0Opa3oM, MPUHATHIA aNTOPUTM O0OpPAOOTKM PE3yabTATOB U3MEPEHHI ITO3BOJSIET OTCEYb
Clly4aifHble OIIMOKM M3MEPEHUH OTIEIbHBIX MapaMETPOB, CBA3AHHbIC C HAPYLUICHHEM YCJIOBHH MOA-
TOTOBKHM IPOOBI MM JIOCTOBEPHOCTH M3MEPHUTEIHHOTO KaHalla, JUarHOCTHUPOBaTh pabodyee COCTOs-
Hue H-KaTMOHMTHON KOJIOHKH, IPOBECTH YTOUHEHHME M3MEPEHHOro 3HadeHus pH mo pesynsraram
U3MEPEHUH ¥, Xy U MOIYYHTh PACUETHHIE KOHLUEHTPALUHU XJIOPHUIOB, HATPHS, aMMHAKa U IIEJI0Y-

HOCTH BOJIHOTO TEIUIOHOCHUTENS JUIS YCIIOBUH TpEAeNbHO pa30aBICHHOTO BOJHOTO pPacTBOpa
(x < 10 MmxCwm/cm).

BHemramii Bu1 ONMBITHO-TIPOMBINIIEHHOTO 00pasma npudopa AITK-051 nmoka3an Ha puc. 4.

Jlerom 2008 1. Ha TOII-9 OAO «MocaHepro» NpoBOAUIUCH OMBITHO-ITPOMBIIIJIEHHBIC UCTIBITAHUS
ananuzaropa AITK-051.

B nanHOM ciyuae sKCIepHMMEHTalIbHbIE UCCIEN0BaHUs (U3MEPEHUS) U aHAIIU3 PE3yIbTaToB Mpo-
BOJMJIUCH C LIEJIbI0O METPOJIOrMUECKON OLIEHKH Pa3pabO0TaHHOIO pacueTHOIo ajlropuTMa KOCBEHHOTO
OIpezielIeHUs] HOPMUPYEMBIX IIOKa3arenei. B Xoze mpOMBIIUIEHHOTO 5KCIEPUMEHTa NPOBOJWINCH
U3MEpeHHUss B MOTOKE OXJIaXJEHHOH NpoObl BOJHOrO TEMJIOHOCHTENs 3HaueHui Y, Xy, PH
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Tabamua 3
Pe3ysibTaTrhl H3MepeHUii M pacueTHbIE NMOKA3aTe/IM KAa4eCTBA KOHAEHCATA NMAPOBOil TYpPOMHBI
(ct. Ne 4) na TIIL-9 OAO «Mocrnepro»

Pacuernsie
H3mepeHHbIe 3HaUCHUS
3HAYEHUS
3HeKTpOHpO- aﬂeKTPOHPO' [NH3], [NH3],
MKCM/eM Xy MKCM/CM MKT/IM MKT/IM
29,8 4.7 0,255 9,2 547 616
27,7 6,5 0,275 9.4 983 888
252 4.8 0,260 9,3 568 644
27,5 43 0,300 9,2 483 584
26,0 4.4 0,200 9,3 496 599
27,0 4.9 0,200 9,3 596 699
28,5 5,0 0,258 9,3 600 695
26,0 5,1 0,27 9,3 611 741

u temneparypsl. [1o n3aMepeHHbIM U npuBeeHHBIM K 25 °C 3Hau€HUAM KOHTPOJIIMPYEMBIX NTapameT-
POB PAaCCUMTHIBAJIUCH KOHIEHTpPAlMM aMMMaKa, HaTpHs, XJIOPHUJIOB M IEIOYHOCTh BoAbl. [lapan-
JENBHO MPOBOJWIICS XUMHUUYECKUN aHalIu3 mpo0 BOJbI HA aMMMAK, HATPUH, IIeN04YHOCTh. [Ipu s3TOM
KOHIIEHTPALIMKM MpUMecei, B TOM YUCJIE aMMHUaKa, B MIOTOKE TEIUIOHOCUTENSI MOIVIM U3MEHATHCS BO
BPEMEHH, 4TO U OBLIO XapaKTEPUCTUKON COCTOSHUS BOAHO-XMUMHUYECKOTO PEXUMa YHEProdIIoKa.

Hekoropbie pe3ynbraTsl HCCIEA0BAaHUN MPUBEACHBI B Ta0. 3.

[Ipu maremaTnueckoit 06paboTKe pe3yabTaToB U3MEPEHUN PacueTHBIX KOHLEHTPALMHA, HCII0Ib30-
Bajach METOJMKA CTaTUCTUYECKOTO TeCTUpOBaHuUs BbIOpocoB KoxpaHna B cooTBeTcTBUU € TpeOOBa-
HUSIMHU TOCYJapCTBEHHOTO cTanaapTa [S]. Takum myTtemM MOXKET ObITh OIIEHEHA JOCTOBEPHOCTH IMpS-
MbIX (X, Xy» PH) m xocBennbix (Hampumep, [NH;]) msmepenuii, HOPMUPYEMBIX PYKOBOASIIMMHM

JIOKYMEHTaMHU, JUIsl KOHTPOJISI COCTOSIHUSL U IMarHOCTUKHM HapyILIEeHUH BOJHO-XMMHUYECKOTO pexuma.

Hapymenne BXP sHepro6ioka conpoBoXkaaeTcsi BBIXOI0M 3a HOPMY OJTHOTO WJIM psijia MoKa3are-
aeit kauectBa TerioHocutens. Hapymenns BXP 6apabaHHOTO KOTJIa 4acTO CBSI3aHBI C HAPYLICHHEM
KauecTBa MUTATEIbHONW BOJBI WJIM KOHJEHCAaTa NapoBoil TypOuHbl. Takue HapyleHUsI MOTYT pa3BH-
BaThCs JJOCTATOYHO ObICTPO — B TeueHue 30—60 MUHYT, CyIIECTBEHHO yXy/Allas Ka4yeCTBO MUTATENb-
HOM M KOTJIOBOM Bonbl. Kak BuaHO U3 Tabi. 4, OsicTpoTekymue Hapymenuss BXP, kpome yka3zaHHOTO
noJl HoMepoM 4 (yBelIMYeHHE KOHIIEHTPALMK KUCIOPOJa B KOHAEHCATE), COMPOBOXKIAIOTCS U3MEHE-
HHUAMH yAETBHOM J€KTPOnpOBOIHOCTH (), Xy) ¥ PH. Ecim crona 100aBUTE M3MEHEHHS KOHTPOJIH-

PYEMBIX ITOKa3aTese, CBA3aHHbIE C HAPYLIECHUSIMHU B U3MEPUTEIIBHBIX CUCTEMaX KOHIYKTOMETPOB U
pH-MeTpoB, TO CTaHOBUTCS SICHO, KaK CJIOXHO JUAarHOCTUPOBATh BUJ (IpuuuHY) HapymeHus BXP,
0COOCHHO Ha paHHEH cTauu ero pa3BUTHs, M0 nokazanusaM npubopoB AXK. B kauecTBe WiLIIOCT-
panuM Ha puc. 5 npuBeneHbl pesyibrarsl mTatHoro AXK kadecTBa KOTIOBOM BOAbI OapabaHHOTO
komiia TOII-23 OAO «Mocaneproy.
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Tabamua 4
Buasbi 0ObicTpoTekymux Hapymenuii BXP 6apadannoro koria CBJ]
(Pg= 13,8 MIla)

M3MeHeHus: KOHTPOIUPYEMBIX
Bun Hapyuenus

Ne BXP IIpynunna napymenuss BXP [IOKa3arejaen KadecTsa
UATATEIILHON BOAEI
1 [pH>93 [lepeno3npoBka aMmmuaka x > 1000 MmxCwm/cem; g < 1 MxCwm/cm;
B [IUTATEJIbHYIO BOIY [NH;] > 1000 wxr e
2 [pH<8,9 VYmenbienue (npekpamenue) |x <3 MkCwm/eum; g < 1 MxCwm/cm;
JI03UPOBKH aMMHUaKa [NH;] < 200 mxr /3
3 |lloBeimieHue coine- |IloBbIIEHHBIE TPUCOCHI Ay > 1 MKCw/ewm; [Na®] > 100 mkr/mm3

COJIep KaHMsl, B TOM  |OXJIQX/IArOIICi BOJbI B KOH-
YHCIIe YBEJIMYEHUE  |JIeHCATOpe TypOUHbI

K, >1 MKT-3KB/IM> | YXymunenue kadectsa 106aBou- |y < | MxCm/cm; AILL, > 0,11,;
HOIT BOJZIBI C 320POCOM IIEN0YH |ApH > 0,1
WJIN YTTICKUCIIOTEI

VYxynienue kauectna 100aBoY- X >1 MrCm/em; [Nat]>100 MKT/ M3
HOM BOJIBI ¢ 3a0pocoM coseit

4 |IloBeimenue comep- |Hapymienune paboTh geaspa-

CgOHH =20-50 MKr/z[M3
YKAHUS KUCIOPOaa Topa 2

KOHI

2 3 IToBEIIIEHHBIE IPUCOCHI BO3-
oomee 20 MKr/om p COZ > 100 Mxr/m

JyXa B KOH/IEHCAaTOpe TypOUHbI

Ha 6a3e mrarHbix u3mepenuit AXK, BBIIOTHSAEMBIX KOHIYKTOMETpaMu U pH-mMeTpaMu, MOXXHO
IOCTPOUTD «IEPEBO» NOUCKA NpuuKHbI HapyuieHus: BXP konaencarHo-nurarensHoro Tpakra (KIIT)
comtacHo [1] B Buze, npeacraBieHHOM Ha puc. 6. OTnpaBHBIM IYHKTOM NOMCKA HApYyIIEHUs B JaH-
HOM Cily4ae SBJISE€TCS BBIXOJ 3a HOPMY Takoro IOKa3aress, KaK yJIelIbHAas 3JIEKTPONPOBOJHOCTH
H-karnonuposannoii npoOsbl. [lono6GHbIe cxembl noucka HapymeHuit BXP moxHO mpeacTtaBuTh U
IIPY BBIXOJZI€ 3a HOpMY INOKa3aHui pH-meTpa u yIeabHON JIEKTPONPOBOJIHOCTH NMPSAMOM OXJIAXKICH-

HOHM MPOOBI MUTATEIHLHON BOJIBI.

Hcnonb3oBanue aBroMatuueckoro ananuszaropa AIIK-051 no3Bossier ynpocTUTh 3a7ady Mnoucka
npuunHbl HapymeHuss BXP KIIT suepro6noka. I[Iporpammuoe obecnieuenue u koHcrpykuus AITK-
051 no3BOJAIOT BBIABUTH JOCTOBEPHOCTh M3MEPEHHBIX BEJIMYHMH X, X, PH, BKIrO4as oueHKy pado-
ToCOcOOHOCTH H-KaTHOHUTHOM KOJOHKH, M YTOUYHUTH M3MEpeHHOe 3HaueHue pH c nmpuBeneHuem
pacdyeTHOro 3HaueHWs K craHjgapTHod Temneparype 25 °C. BpixogHble JaHHBIE, IOJyYaeMble OT
AIIK-051, narT eAMHOBPEMEHHO M3MEPEHHBIE B OJHON IPOOE TEIIOHOCUTENA MOKA3aTeNu X, X
pH u pacueTHble KOHLIEHTpaMU aMMHaKa, HaTPUsl, XJIOPUIOB U LIETOYHOCTH, YTO MO3BOJISIET JlHa-
rHoctupoBarh HapyuieHus BXP KIIT Ha panHell craguym ux pa3BUTHS C UCIOJIB30BAHUEM ajiro-

pUTMa, MPEACTaBICHHOTO Ha puc. 7.
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T y ' T y y
06:00:00 12:00:00 18:00:00 00:00:00 06:00:00 12:00:00
24,10.2007 24.10.2007 24.10.2007 25.10.2007 25.10.2007 25.10.2007

Puc. 5. M3MeHeHue yaenbHOU 31€KTPOIPOBOAHOCTH (Y gy IpH 25 °C) NUTATENbHOH, KOTIOBOK BOAKI M Iapa
B MIEPUOJ] UCTBITAaHUH (MaHHBIe aBTOMaTndeckoi 3anmucu Ha TOI[-23 OAO «MocaHepro»)
0 — yaenbHas 3JIEKTPONPOBOTHOCTh MUTATEIHHON BOABI MEpe KOTIoM; [ — yAenbHas IEKTPOIPOBOJHOCTD
B TPaBOM 4HCTOM oOTceke Ne 1; 2 — ymenpHast 3IEKTPOIIPOBOIHOCTH B IPABOM YHCTOM oTceke Ne 2; 3 — yrenpHas
JIEKTPOIPOBOIHOCTD B JIEBOM UYUCTOM OTCEKE; 4 — ylebHas SJIEKTPOINPOBOAHOCTH B JIEBOM COJIEHOM OTCEKE;
5 — ynenbHas 3JEKTPOIPOBOAHOCTD IEPETPETOrO Mapa 3a KOTIOM

ABTOpaMM TaK»Ke MPEAJIOKEHO UCTONb30BaTh aBromMarnueckuil ananuszatop AIIK-051 ans onpe-
JIeJIeHUs] KOHLEHTpAllMd MUHEpaIbHBIX MpUMeEced B KOTIOBOM Boze. Jleno B TOM, YTO ypaBHEHHE
MaTepualibHOTO 0ajlaHca MPUMECEH B KOTIIE [6] MOXKHO 3amucarh B CISAYIONIEM BHJIC:

CowDua = Cuy Prpox — Crey Piy(Kpp + ©) = Coy Dy Prey = 0, (1)

rae C, D — KOHIIEHTpaIus IPUMECH, MKI/JI, U pacXo]] TeTNIOHOCUTEJS, KI/C; K, - ko3¢ unment pac-

IpeAeeHus IPUMECH MEXKIY BOJAOM M HACBIIICHHBIM IIapOM; (O — BIAXKHOCTb I1apa; PKy — OMIIUPHU-

YecKuid Ko UImeHT 00pa3oBaHUs OTIOKECHHM.

Jns XJI0puI0B MOKHO IIPUHSATH PKy =0, (Kp + o) = 0, Torga ypaBHeHue (1) npumer npocToi BUA:

[CT ] gD = [Cr]coano,u ’ ()

rae [ClIT],, u [ClT],, — KOHIEHTpanus XJOPUIOB B IMHMTATEILHOM BOAE M COJEHOM OTCEKE KOTIA;
D, u DHPOH — pacxoJ MUTATEIbHOW BOABI U TPOYBKU COOTBETCTBEHHO.
Hns 6ukap6onatoB ypaBHeHUE (1) MOXKET OBITH TaKXKe 3allMCaHO B MPEIINOI0KEHUH TOTO, YTO

Py = 0,a (Kp + ®) = 1, Tak KaKk B Map YXOAUT MaKCUMaJIbHOE KOJIMYECTBO YIIIEKUCIOTH (B hopme

CO,), nory4eHHOM NpH TEPMOJIHM3e OMKapOOHATOB IO YPABHEHHIO

2HCO;™ ¢ H,0 + CO,T + CO5%. 3)
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xn

[IpoBeputs
UCIIPAaBHOCTh
KOHJIyKTOMETpa

IIpoBepka
Ha npHremiie-
MOCTEH

IIpoBepka
HU3MEpEHUN
x upH

Hert Nla A Her
Ay > 0,1

BXP

HapyIlIeHui l

fla ApH > 0,1 Her »| Bo3MoxHBI IpHCOCH

OXJIQXKTAFOIIEH BOIBI

BosmoxxHO yXyameHue 4

B KOH/ICHCATOPE TYPOMHBI

KauecTBa J00aBOYHO Ja
BOJIBI Na > 100
Her
3aMeHUTh
H-xonorky

Puc. 6. AnroputMm noucka npuuuHbl Hapymenuii BXP B koHieHcare TeriopuKalmoHHONH TypOUHBI

AIIK-051:

Wsmepenne: x , x;; 1 pH
Pacuer: [NH,], [Na*], [CI], LI,

Juarnoctuka Hapymenuit BXP KIIT

Hapyuienune

A03UPOBAHHA aMMHaAKa ,ZLO68.BO‘-IHOI71 BObI

VYXyaumenue kauecTsa

VYBenuueHue nmpucocoB
B KOH/IEHCATOpe TYpOUHbI

Puc. 7. CtpykrypHas cxema olleHKH HapymieHus: BXP KoHZEHCATHO-ITNTAaTENbHOTO TPaKTa C UCIOIb30BaHUEM

aHanuzaropa AIIK-051
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W13 ypaBnenus (3) Buano, 4ro u3 aByx noHoB HCO;™ obpasyercs oaMH HOH CO32_, KOTOPBII

B OXJI&KJICHHOM MPOOE MOABEPraeTcs TUAPOIn3y MO0 YPAaBHEHUIO
CO;% + H,0 <> HCO;~ + OH™. (4)

C ydeToM 3TOro ypaBHeHHE MarepuanbHOro Oamanca (1) mis OuxapOOHATOB, MOCTYMAIOUIUX

B KoTeN ¢ nurarenbHol Bogoi [HCO5 ], ., MOXKHO 3amucarb B BUJE:
[HCO3 15 Dy = 0,5(ICO5% 1go + [HCO3 Teo) Do » )

rie ([CO32’] co T [HCO37],,) — cymMMapHas KOHLEHTpalus KapOOHATOB U OMKapOOHATOB B COJICHOM
oTceke OapabaHa KOTIa.

[TonenuB mouneHHO ypaBHeHHs (5) u (2), ¢ y4eTOM KOHCTAHTBI JUCCOIMAIIUU YTIEKUCIOTHI
110 BTOPOU CTYNEHHU MOIYUYUM:

lopr 3 2[HC07]HB B
(1 + 7 J[Cog leo = %[Cl Jco- (6)
I [Cl Ims

Hcnonb3ys ananuzatop AIIK-051, MOXXHO ompenenuTh KOHIEHTPALMU XJIOPUA0B U OukapOoHa-
TOB B NUTaTeIbHOU Boxe [7]. Jlanee mo ypaBHeHHIO (6) MOXHO ONPENEIUTh KOHIICHTpAIMu OuKap-
OoHaTOB, KApOOHATOB, a 3aTEM M XJIOPUJIOB B COJICHOM OTCEKE, M3MepAd X, Xy X pH Tem xe ananu-
3atopoM. Konnenrpanuio ¢pochaToB B KOTIOBOH BOJE MOKHO PaccuuTaTh MO IEKTPONPOBOAHOCTH
H-karnonupoBanHo# mpoObl, Kak 1Moka3aHo B padore [8].

Takum o6pazom, aBTomatuueckuil ananuzatop AIIK-051 MoxeT ycnemHo MCIOIb30BaThCs IS
ONEPATUBHOIO XMMHUYECKOTO KOHTPOJISI Ka4eCTBa MUTATEIbHOM U KOTIOBOM BOABI OapaOaHHBIX KOT-

nos CBJI (Pg = 13,8 MIla). KonmuuecTBEHHOE ONPENEICHUE HOPMUPYEMBIX (), Xy ¥ pH) 1 anarnoc-

tnyeckux ([NHj], [Na*], [C17], IIl,) noxasarenell KauecTBa BOJHOIO TEIIOHOCHTEIS IMO3BOJSET

onpeaenaTh xapakrep HapyueHuss BXP Ha panHel cTaauu pa3BUTHs CUTYallUH.
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