© «BecTHuk UI3Y» Bbin.2  2009T.

YOK 621.187.11

PaspaboTka MaTemaTu4ecKon Moaenun 3NeKTponpoBOgHOCTHU
TexHonornyeckux sog T3C

Bywyes E.H., kaHa. TexH. Hayk

MNMpeacTaBneHbl MaTeMaTMyeckas MoAernb 3NEeKTPONPOBOAHOCTU BOAHbLIX PaCTBOPOB 3MEKTPOSIMTOB, NPUMEHSEMbIX
Ha T3C, u paspaboTaHHble Ha ee OCHOBE anropuTM U NPOrpamMMHbIN NMPOAYKT, NO3BOMSAOLWME C BbICOKON TOYHOCTbIO
paccunTbiBaTh yAerbHYIO 351IeKTPONPOBOAHOCTL TeXHonornyeckux soa TAC.

Krnroyesbie crioea: BOAONOArOTOBKA, 3NEKTPONPOBOAHOCTL BOAHbBIX PAaCTBOPOB, MaTteMaTU4YECKOE MOAENNUPOBaHKE.

The development of mathematic model of electrical conduction
of technological waters on TPS

The mathematical model of electrical conduction of water solutions such as the condensate and feed-
water are given. Algorithm of mathematical model is used for calculation the values of conductivity techno-

logical waters with high accuracy.

Keywords: water preparation, electrical conduction of water solutions, mathematical modeling.

TexHonornyeckne BOAbl M BOAHblE pac-
TBOpbI, ucnonb3dyemole Ha TOC ¢ aHeprobnoka-
MW C [JdasneHvem pabodenn cpegbl 6Honee
10,0 MlMa, moxHo knaccudumumposaTth No Buaam
pacTBOPEHHbLIX 3MNEKTPONUTOB (Npumecen) u mnx
KOHLEHTpauusiM, BblpaXaeMblM CYMMapHO Be-
NVYNHON WOHHOM cunbl pacteopa (I, monb/n).
lMepeyeHb OCHOBHbLIX BOAHBLIX MOTOKOB MpuWBE-
[eH B Tabn. 1.

OcCHOBHbIE BOAHbIE MOTOKM MOXHO pasge-
NTb MO MoKa3aTemno «MOHHas cuna pacteopay
Ha Tpw rpynnbi:

1) 1 < 10™ monb/n;
2)1=10"=5.107 monb/n;
3) 1> 5:107 monb/n.

K nepson rpynne OTHOCATCA OXIaXOeH-
Hble NPobBbl BOAHOIO TEMNNOHOCUTENS OCHOBHOMO
NapoBOASHOrO TpakTa 3Heprobnoka, BkMYas
KOTMoBYyt0 BoAy. OTW BOAbl OTHOCATCHA K nNpe-
AenbHO pasbaBneHHbIM BOAHbLIM pacTBOpaM.
OHu cogepxaT Marnoe KonuMyecTBo MuHeparnb-
HbIX NMPUMECEN U COM3MEPUMOE C HUMWN KOMNnYe-
CTBO OpraHu4eckux npvMecen, B TOM Yucre no-
TeHumanbHo kucnbix BewecTtB (MKB), obpasyto-
Wwmx crnabble opraHn4YecKkMe KUCHOTbl Mpu Tep-
MOnM3e B KOTMOBOW Bofe v nape. [nst 6nokoB ¢
OapabaHHbIMK KOTMamMu Npu BbICOKUX coaepxa-
HWSIX B TenroHocuTene ammmaka u rugpasvHo-
aMMMa4yHOM BOAHO-XMMUYeckom pexume (BXP)
npucytcTteue MNMKB He ckasbiBaeTcH CyLlecTBEH-
HO Ha nokasatensax BXP, B To Bpems kak ans
OnoKoB C NPSIMOTOYHBIMM KOTNAMWU U NMPU OKUC-
nutensHoMm BXP BnusiHne MNKB Ha BXP un, npe-
XOe BCero, Koppo3uio NMOBEPXHOCTEN Harpeea B
30He koHgeHcauun napa (MBAO, MCI) moxet
ObITb cywectBeHHbIM. 1o cocTaBy MuHepanb-
HbIX NpuMecen BOAbl NMEPBOW TrPynnbl BeCbMa
pa3HoobpasHbl 1, umess manyi OydepHoCcTb
cpenbl, MOTyT 3HAYNTENbHO U3MEHSTb BENUYNHY

pH npn HeEBONbLUMX M3MEHEHUSAX KOHLIEHTpaLUU
OTAEenNbHbIX Npumecen. B aTom oTHOLWEHUN nC-
KrnoYeHne cocTaBnseT nuTatenbHas Bopja 6a-
pabaHHbIX KOTMOB, rAe cogepXaHue ammuaka
CYLLECTBEHHO MpeBbIaeT KOHUEHTpauun BCeX
Apyrux npumecen M obecneumBaeT nogaepxa-
Hne pH B npegenax 9,1+£0,1. Haubonbwen
CMNOXHOCTbIO COCTaBa XapakTepusyeTcs KOTro-
Bas Boda GapabaHHbIX KOTMOB, BBUAY AOMOSHU-
TENbHOIO [J03MpOBaHUSA Tyda pacTBopoB hoc-
data HaTpus. B pacyetax TepMOgUHAMUNYECKMX
N WMOHHbIX PaBHOBECUW 3TUX BOL aKTUBHOCTb
MOXeT ObITb 3aMeHeHa KOHLEeHTpaLmen.

Ko BTOpOW rpynne OTHOCATCA MPUPOAHbIe
(ocBeTneHHble) 1 BrnM3kue K HUM MO KavecTBy
BOAbI, UCMONb3yeMble A4S NPpUroToBreHns goba-
BOYHOW BOAbl MapoOBbIX WU BOOOrPENHbIX KOTIOB,
TENMoBbIX CeTeur, AN OXNaxaeHWs U KoHAeHca-
UMM napa B KOHAEHcaTopax MapoBbiX TYpOWH.
Mpumecn 3TUX BOL COOTBETCTBYIOT MPUMECAM
NpUpPOAHbIX BoA. OTW BoAbl NpeacTaBnsAoT cobon
CcunbHopa3baBneHHbIE PacTBOPbl CMECK 3riek-
TponmToB. B pacuyetax TepMogvHamn4yeckux wu
MNOHHBIX PaBHOBECUI B TaK1X Bodax criegyeT y4un-
TbiBaTb 06pa3oBaHME MOHHbIX Nap, UOHHYHO CuMy
1 KO3PDULMEHT aKTUBHOCTUN MOHOB.

K TpeTbeln rpynne OTHOCATCA BOAHbIE
pacTBOPbl peareHToB, UCMNOMNb3yeMbIX ANns noa-
aepxaHns Hopm BXP (pacTtBopbl ammuaka wu
docdarta HaTpUs), U pacTBOPLI peareHToB, UC-
nonb3yemblx [AnNd  pereHepaumm  MOHUTHbIX
dunetpoB  BITY (pactBopbl NaCl, H,SO,,
NaOH). 31o pa3baBneHHble BOOHbIE PacTBOpbI
(0bbIYHO, MOHOpPACTBOPbI OTAENBHbIX 3NIEKTPO-
NNTOB C KOHUeHTpaumen ot 0,1 go 1,0 monb/n).
Mpn OTHOCUTENBbHOW NPOCTOTE pacyeTa KOHUEH-
Tpauum Taknx pacTBOPOB MO 3MEKTPONPOBOAHO-
CTW NO amnupu4eckum popmynam [1] BO3HMKaOT
3HaYUTENbHbIE TPYAHOCTM NPU CMELLEHUUN TaKUX
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pacTBopoB (Hanpumep,
pUNbTPOB).

Kak BngHo 13 1abn. 1 Bce nepeyncrneHHble
BOAbl MMEKT BecbMa OnpedeneHHyo (UsnKo-
XVIMUYECKYI0 XapaKTepPUCTVKY, BblpaKaeMylo Be-
NNYMHOW yAEenNbHOW SNEKTPONPOBOAHOCTU.

CTpykTypy 0606LLEHHON MaTeMaTUYECKOM
MOZEenn 3anekTPOnpoOBOAHOCTM pacTBopa 3rek-
Tponutos (MM 3I1), NOCTPOEHHYO NO NPUHLUMNY
OT NMPOCTOro K CAOXHOMY, MOXHO NpeacTaBuTb B
BUAe oTaenbHbix 6nokoB (puc. 1) [1], nosso-

B CTOKax WMOHUTHbIX NALWKUX JOMOMHATL MaTeMaTU4eCcKoe onnucaHmne
HOBbLIMW YPaBHEHMSIMU, YYMTBIBAOLLUMU C POC-
TOM KOHLUEHTpauun BrMSIHUE pasHbiX haKTOPOB:
3MNEKTPUYECKMX MOMEn OPYrnx MOHOB, Temnepa-
Typbl, BA3KOCTM cpedbl U T.4. Mpn atom y4yer
HOBbIX (PaKTOPOB COMPOBOXOAETCA OLEHKON
BEPXHEWN rpaHulbl OOLWEeNn KOHUEHTpauumn Snek-
TPOMNUTOB, A0 KOTOPOW pacnpocTpaHseTcs npu-
MEHMUMOCTb MaTemMaTU4ecKomn mMogenun.

Hdaavm kpaTkylo XxapakTepucTuky oTaenb-
HbIX ONOKOB.

Tabnuua 1. XuMuko-TexHomnoru4yeckas XapaKTepucTuka OCHOBHbIX BOAHbIX MOTOKOB Ha T3C

HasBaHue noTtoka CocrtaB anekTponutoB | WoHHas cuna |, Mpeobnapato- Pusmko-xnummnyeckas
Mosb/n LM SMEKTPONUT | XapaKTepucTuka
cpefbl
Mapo-koHaeHcaTHbIN TpakT 65oka ¢ nps- | NaCl, NaHCOs, <1.10° NH,OH %<0,5;
MOTOYHbIM koTrnoM (CK[), BTOPOMN KOH- NH,OH, NKB x1<0,2;
Typ ASC pH=7,5-8,5
Mapo-koHaeHcaTHbIN TpakT 6rioka ¢ NaCl, NaHCOs, <5107 NH,OH %<10,0;
6apabaHHbIM koTnoM (ps>10,0 MIMa) NH4OH, MNMKB x1<1,0;
pH=9,1+0,1
KoTnoBas Boga 6apabaHHoro kotna NaCl, NaHCO3, <5107 Na,HPO, %<20,0;
(pe>10,0 MIa) (4mcTbIN OTCEK) Na,CO;, NH,OH, %1<20,0;
Na,HPO, pH=9,0-9,5
KoTnoBas Boga 6apabaHHoro kotna NaCl, Na,COs, NaOH, | <5.107™ NaHPO, %<60,0;
(pe>10,0 MI1a) (coneBo oTCEK) Na,HPO, %1<60,0;
pH=10,0-10,5
[o6aBo4yHas (obecconeHHas) Boga 6no- | NaCl, NaHCOs, <1.10° NaHCO; %<0,3;
koB CK[] ¢ NnpsiIMOTOYHBIM KOTIOM H.CO3 x1<0,3;
pH=6-7
[obaso4yHas (obecconeHHas) Boga 6no- | NaCl, NaHCO;, <1.107° NaHCO; x<1;
koB CK[] c 6apabaHHbIM KOTOM H.CO3 w<t;
(Ps>10,0 MMa) pH=6-7
WcxoaHas (npupoaHasi, ocBeTneHHast) NaCl, Ca(HCOs),, 10 -5.1072 Ca(HCO3), %=60-600;
BOZa, B TOM YKChe oxNnaxaawLlas, B Na,SO4, Mg(HCO3),; %H=60-600;
CMCTeMbl 060POTHOrO OXNaXaeH!s H,COg3; OB pH=6-8
O6opoTHas BoAa B TennoceTy NaCl, NaHCOs, 10 -5.107 NaHCO3 %=60-600;
Na,COg3; OB %H=60-600;
pH=8-9
Pabouve pacTBOpbl peareHToB, B TOM
yvcne Ans pereHepaumn MOHUTHBIX
unbTpoB:
NaCl NaCl 1,0-1,5 NaCl %=80 000-100 000
H,SO, H.SO, 0,2-0,5 HSO, =50 000-120 000
NaOH NaOH 0,7-1,0 NaOH x=150 000—200 000
CTOoYHbIE BOAb! MOHUTHBIX (PUNbTPOB
(Hepa3baBneHHbIe):
XKECTKUI CTOK NaCl, CaCl,, MgCl, 1,0-1,5 NaCl x=80 000-100 000
KWUCMbIN CTOK H2S0,, CaSO,, 0,2-0,5 H,SO4 %=50 000-120 000
MgSO4, Nast4
LLIeNMOYHOM CTOK NaOH, NaCl, Na,SO,, | 0,7-1,0 NaOH x=150 000-200 000
NBQCO3, NaZSiO3

MpumMeyaHwe: y, x4 — YOerbHas 31eKTPONPOBOAHOCTL NPSIMOM U H-KaTUOHMPOBaHHO NPoGbl COOTBETCTBEHHO, MKCM/cM; OB —

opraHuyeckue BsellecTtBa.
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pynnbl Boa, knaccudmum-
pOBaHHbIE MO MOHHOW cune
pacTBopa

4 1. YpaBHeHWE 3MekTpPoNpoBOAHOCTM I

9. KoHcTaHTHOEe obec-

nedyeHne MM 3l

2. MO 3I1 yyeta BNusiHug
TemnepaTypbl cpeabl

1<
3. MO 3l pacTBOpOB KOHEY-
2< Horo pasbaBneHus. Yuet
B3aVMHOr0 BIIUSIHNSA UOHOB.

4. MO 3I1 pa3baeneHHoro pac-
TBOpa CMECU arnekTponuTa

3 < YpasHeHue OH3zarepa

5. MO 31 y4yeta pearnbHbIx
pa3MepoB VOHOB U CTENEHU
Avccounaumm anekTponuToB

6. MO 3l yyeTa cTtenenun
auccoumnauum anekTponnToB
1 adhcpekta obpasoBaHus
MOHHbIX nap

7. MO 30N yyeTa BNUSHUS

8. MO 3I1 amnupuyeckom
KOPPEKLMM OCHOBHOM

\ BA3KOCTU Cpeabl

3aBUCUMOCTHU

Puc. 1. CTpykTypa MatemaT14eckon MoAenu aneKTponpoBOAHOCTU BOAHOTO pacTBOpa 3M1eKTPONUTOB

Brnok 1. B ocHoBe MM nexuT ypaBHeHue
3MeKTPONPOBOAHOCTH
n

10007 = D" (1,Cy), (1)
i=1

roe y — yoenbHas 3neKTpornpoBOAHOCTb pac-
TBOpa, CMm/CcM, N — oOLlee YMCno BMOOB MOHOB,
NPUCYTCTBYIOLLMX B pacTBOpe; A, — SKBMBANEHT-
Has 3NEeKTPONPOBOAHOCTb i-ro NoHa,
CM«Cler—GKB; Coi — 9KBMBANEHTHasA KOHLUEHTpa-
um4 i-ro noHa, r-ske/n.

Ons  cunbHopa3baBneHHbIX  pPacTBOPOB
MOXXHO MPUHSTb
Ai = Ao,
roe Ao — 9KBMBaNeHTHas 3NeKTPONPOBOAHOCTb
i-ro noHa B 6ecKkoHe4YHO pa3daBneHHOM pacTBO-
pe, CM-cM*/r-aKB.

Torga 3aBucumocTb (1) npumeT Hambonee

NpOCTON AN pacyeToB BUA;
n

10007 = Y (Ao, Cox,)-
i=1

Bnok 2. OnbIT NokasbiBaeT, YTO C U3Me-
HeHnem TemnepaTypbl Ha 1 °C yoenbHasa anek-
TPONPOBOAHOCTL pacTBopa W3MeHsieTCs Ha
1,5-2,0 % [2]. Takoe OTKIOHEHUE 3MEKTPONpPO-
BOAHOCTU HaxoguTcA B npegenax TOYHOCTU
KOHOYKTOMETPUYECKUX M3MEPEHUN W [aéT [o-
NycTUMyI0 OLIMOKY B M3MepeHun TemnepaTypbl,
T.e. (At),0n=21 °C. Takoe orpaHnyeHne aBnseTcs
BeCbMa BaXXHbIM, OCODEHHO ANS MPOMbILLSIEH-
HbIX U3MEPEHUN.

O6GbI4HO peanusyeTcs NpuBeAeHWE U3Me-
PEHHON BENUYMHbI YAENbHOW 3MeKTponpoBod-
HOCTU K CTaHgapTHon TemnepaType 25 °C. Ta-
KOe npuBedeHMEe MOXET OCYLLEeCTBMATbCSA MO
ypaBHeHuio [2]

Xt
Y25 = , (2)
2 gy a(t-25)+p(t-25)
roe B’ = 0,0163-(a” — 0,0174); yt — n3mepeHHas
yaenbHasi 3nekTponpoBOAHOCTL BOAHOMO pac-
TBOpa npu TemnepaTtype t °C; a'naon = 0,0190;
oc’NaC| = 0,0227, a,NaZSO4 = 0,0234,

a’H2304 = 0,0170; o = 0,0164 — pgna cunbHbIX
kuernoT, o' = 0,0190 — anga wenoyent; o’ = 0,0220 —
Onsa conemn.

B aTom crniyyae Bce pacyéTHble 3HaYeHus,
B YACTHOCTM A;, ONpegensaTca ana remnepary-
pbl 25 °C (298 K).

B cBA3n ¢ Tem, 4TO 3aBUCUMMOCTb (2) siB-
nAeTca AMMNMPUYECKON U, KPOME TOro, TEXHOIO-
rmyeckMe BoObl MNpeAcTaBnsalT cobolt cmecb
3NEKTPONNTOB, MNPUBEAEHNE YAOENbHOW 3fek-
TPONPOBOAHOCTWN BeAET K YBENUYEHUIO NOrpeLL-
HoCTW. Tak, KOHAYKTOMETpbl UPMbl «TeXHO-
npubop» onpefensoT yaenbHYyK 3NeKTPonpo-
BOAHOCTb Npu TemnepaTtype npobbl C Makcu-
ManbHOWM norpewwHocTblo 1,5 %, a NpMBeAEHHbIN
Kk Temnepatype 25 °C nokasatens — 3 % [3].

Bnok 3. C pocToM KOHLEeHTpaumm oT bec-
KOHEYHO pa3baBrneHHOro pacteopa 40 3HAYEHUN
3—4 wmr-ake/n ans 1,1-BaneHTHOro anekTponuta
Trna NaCl, HNO;, NaOH v 1.4. unn 1-2 mr-ake/n
ans 2,1-saneHtHoro anektponuta Tuna CacCl,
mnn 1,2-eaneHTHoro anektponuta tmna Na,SO4
3KBMBANEHTHbIE 3MNEKTPONPOBOAHOCTM MOHOB A;
OTNMYalTCA OT NpefesibHblX 3HAYEeHUN Lg; U
BblYMCIAIOTCA NO ypaBHeHuo OH3arepa [4]:

Ai=hgj—(akrg; +BWT, (3)
roe o — akTop penakcaunoHHOro TOPMOXKEHUS
i-ro MoHa; B — dakTop anekTpocopeTU4EeCcKoro
TOPMOXEHUS i-ro uoHa; I =Z(C,z,2) — cymmap-
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Has MOHHAsA KOHLUEHTpauusi B pacTBOpe 3rek-
TponuTa, Monb/1.

[Ona 2,2-BaneHTHbIX 3MEKTPONUTOB TuUNa
MgSO, KOHLEHTPAUMOHHBIN Npeaen npuMeHe-
HUSA npegenbHoro 3akoHa OH3arepa cocTaBnsieT
0,02-0,03 mr-aks/n.

dakTopbl o 1 B oNpenensTCsa CorMacHo Krnac-
CMYECKO TEOPUN PACTBOPOB 3NEKTPOSNUTOB [5]:
1,97 -10°
===z W (4)
(eT)

_ 28,98 1|/§,| (5)
n(eT)
roe € — AuanekTpuyeckas NPOHNLLEEeMOCTb cpe-
abl, ®/m; T — TemnepaTypa pacteopa, K; W; —
MHOXUTENb, OnpeaensemMblii Ana cnyyas, korga
B pacTBOpe HaxXOAMTCH OAMH 3MeKTPONnuT, AuC-
COUMVPYIOLLMIA Ha ABa BUAa WOHOB; M — AMHa-
MUYeckas BA3KOCTb cpeapl, Kr/(M-C).
MaTematnyeckoe onucaHue  npouecca
3MEeKTPONPOBOAHOCTN BOAHOMO pacTBopa anek-
TponuTa B 9TOM Cly4yae COCTOUT M3 ypaBHEHWN
(1) n ypaBHEHUS

1,97 -10° 28,98|z;
710, - BB E )
(sT) n(sT)

lMepexoas OT KOHUEHTpauwuu anekTponuta
(C) kK cymmapHOM MOHHOW KOHLUEHTpauuM B pac-
TBope (), obnactb NpMMeHeHns ypaBHeHus (6)
MOXHO onpegenvTb BENUYMHON

r=>(Ciz?)=(1-3)-10" mons/n.

bnok 4. B npaktMke 4acTto npuxoamTtcs
UMeTb Jerno ¢ pas3baBneHHbIMY BOAHBIMW PaCcTBO-
pamMu cMecen aneKTponmToB. TakOBbIMWU ABASHOT-
cs1 6ONbLUMHCTBO TexHornornyecknx sog TAC.
Mpocheccopom B.M. JlapuHbiM npegnoxeH
YNPOLLEHHbIM MeToa pacdeTa mHoxutens W [6].
CyTtb MeToga coctout B onpeaeneHun W, B Buge
cpenHero (B3BELUEeHHOro) YacTHbIX 3HaveHnin Wij:
S
WEP =" (uW)), (7)
j=1
roe Wij — MHOXUTenb B ypaBHeHun OH3arepa [6]
ONS KaXkgoro i-ro Buaa MoHOB, Hanpumep KaTuno-
Ha, NP1 NocrnegoBaTeNlbHOM COYEeTaHWM CO BCe-
MW j-MW BMAAMW MPOTUBOUMOHOB (@QHMOHOB);

2 2
w; =C;z; /Z(Cjz,- ) OTHOCUTENbHAs WOHHas

KOHLEHTpauus i-ro noHa B CMeCu BCeX NpPOTUBO-
noHos; C; — MonapHas KOHLEHTpauus j-ro MoHa,
MOnb/I; Zj — BaNeHTHOCTb j-ro MOHa.

Takon nogxod npaBOMepeH Ans pacTBo-
pOB, coAepXallMx MOHbl C HECUNBHO OTNUYato-
LWMMUCS  MOABWXKHOCTAMU, K YUCIYy KOTOPbIX
MOXHO OTHECTW MPUPOAHbIE N MHOMME TEXHOMOo-
rmyeckne Bogbl Ha TOC. YcnoBHOCTb pacyeTta
3akniovaeTcs B TOM, YTO BCAKWM i-i1 pa3 pacyeTa
paccMaTpvBaeTCsl MCeBAOpPacTBOp, COAepXa-
LWKUN BCE j-€ NPOTUBOWUOHBLI, HAaNpUMEpP aHMOHHLI,
W NLLb OOMH i-1 NOH (KaTWUOH).

Ai=hoj—

Bnok 5. MuHepanusauusa GonbLUMHCTBA
NpUpPOAHbIX BOAOMCTOYHMKOB Poccun, paromx
ucxogHyto Bogy Aans TOC, He npeBblwaet
10 mr-ake/n. OgHako Takast MMHepanusaums Bbl-
XOOWT 3a npegenbl AeWCTBUS NpedernbHoro 3a-
koHa OH3sarepa. [MonoxeHne MoXeT 6bITb MC-
npaBfeHo U pacyeT yaenbHOW 3MeKTponpoBoa-
HOCTM MO M3BECTHbIM KOHLEHTpaUuaM WOHOB
MOXET BbINONHATLCA MO ypaBHeHusaMm (1) u (3),
€CNnn B CUCTEMY BBECTU YYET peanbHbIX pasme-
POB MOHOB, Y4aCTBYIOLLMX B NEPEHOCE ANEKTpU-
Yeckoro Toka B pacTBope. Takas npoueaypa
peanu3yeTcsa nNyTemM pacdeTa MNOABWKHOCTEN
(3KBMBANEHTHON 3NEKTPOMNPOBOAHOCTN) WMOHOB
no ypaBHeHutO PobuHcoHa—CTokca, KoTopoe
MOXHO 3anucaTb B Buae

akg; +PB
Ai =M, —J#\/F, (8)
1

rae (akg; +P) — CyMMapHbIM (pakTop TOPMOXe-

HUA OBWXEHUI0 MOHa B pacTtBope, B TOYHOCTU
paBHbI TakoBoMy B ypaBHeHun OHsarepa (3);
(1+ax;) — dpakTop ydyeta pasmepa B3anmMoaen-

CTBYIOLLMX MOHOB, MPUYEM a — CPEAHUN gnameTp
WOHOB WM paccTosiHne Haubonbliero conmxke-
HWS MOHOB B pacTBope (B CaHTUMeTpax, OBblI4HO
(3—8)-1043 CM); X4 — BenU4YMHa, obpaTHas cpepn-
Hemy pagnycy MOHHOW aTMocdepbl, oM

8nNe? 35,57-108
X =4/ JI =22 Jr, 9
' \1000ekT (7)™ ®

roe N — yucno Asoragpo; e — 3apsg 9NeKTPoHa;
k — noctositHHasa bonbumaHa.

Uem Gnmxe pactBop k 6eckoHeyHo pas-
GaBneHHOMY, TEM MeHbLLE NPOU3BEAEHUNE axXq, U
ans 6eckoHe4yHo pas3baBneHHoOro pacTeopa
cnpaBeniMBo

ax;—>0 un (1+axg) =1,
T.e. C pa3baBrneHnem pacTBopa ypaBHeHue Po-
HGuHcoHa—CToKCa nnaBHO NepexoauT B ypaBHe-
Hne OH3arepa, B KOTOPOM OTAENbHbIE WOHBbI
paccMaTpuBatloTCs Kak TOYEYHble 3apsgbl.

Bnok 6. Ctporo roBops, B npegenax KoH-
LueHTpauun oo 1 MMorb/N NOMTHOCTBI ANCCOLMK-
PYIOLLUMMN MOXHO CcuYuTaTh Nuwb 1,1-BaneHTHbIe
moHbl Tuna NaCl, HCl n HekoTopble gpyrue. Ta-
Kne anektponutbl, kak H,SO,; Na,SO, CaCly,
MgCl,, yacTo BCcTpevaromecs: B TEXHONOMMYECKNX
Bogax TOC u Ha3biBaeMble 1,2-BaneHTHbIMY (Mnn
2,1-BaneHTHbIMA), MOSMHOCTBIO  AUCCOLUMUPYIOT
nMWwb B cuUibHO pasbaeneHHbix pacteopax. C
POCTOM KOHLEHTpauMn Bce B GonblUen cTeneHu
HauYMHalOT  MPOSIBNATECA  CUIbl  MEXMOHHOTO
B3aMMOLENCTBUS, MPMUBOAsLLME K OOpa3oBaHuio

KOMMMeKCHbIX MoHoB Tvna HSO, , NaSOy, CaCl’,

MgCI". Takue CBSI3M He SABMSIOTCS MPOYHBIMY,
O[HaKO C paspyLueHneM (guccouunaumen) oaHuX
BO3HMKaOT Apyrve accoumartsbl. Mpu atom cpeg-
HecTaTMyeckas KOHUEHTpaumsi accoumaToB CO-
XpaHsieT yCTOMYMBOE 3HA4YeHWe, BblpakaeMoe
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U3MEPEHHON BENUYUHOW YAEeNbHOW 3MeKTponpo-
BOJHOCTW.

MpucyTtcTBylOWME B MPUPOAHON  BOAE
CUNbHbIE 3MEKTPONUTBI ANCCOLMMPYHOT Ha MOHBI,
YacTb KOTOpbIX oOOpasyeT WOHHbIE napbl:

CaS0j, MgSOJ, MgCO}, CaOH', CaHCOj,

MgHCO3 , NaSO,, HSO; wn T1.4. KoHueHTpauus
WOHHbLIX Map 3aBUCUT OT COCTaBa MUHepanbHbIX
npumecern n MOXeT ObiTb 3HAYUTENBHOM MpU
Honbluon KOHUeHTpauum cynbdaToB n kapboHa-
ToB. Npuyém ons BoO C HU3KUM cornecogepxa-
HMeM (Hanpumep, TYPOWHHBIN KOHAEHCAT) KOH-
LEeHTpauun MOHHBLIX Nap npeHebpexxumo manel.
OpHako ons BOA TuNa NMPUPOAHBIX KOHLUEHTpa-
LU NOHHBIX Map MOryT ObITb 3HAYMTENbHbI U X
Heobxo4MMO yunTbIBaTH [7].

Tak, Hanpumep, 6anaHcoBoe ypaBHeHWE No
KOHLEHTpauum MoHa Kanbuus ¢ y4yetom obpaso-
BaHUA WMOHHbIX Map 3anucbliBaeTcs B crnegyto-
Lem Buae:

[Ca2+] _ [Ca2+]m + [Ca2+’]M[SO§7]M +

Caso)
[Ca?*],[CO%7], [Ca®'],[OH]
+ /M 3 In + < n m oL (10)
Caoog CaOH"
,[Ga*],[HCO5], .
KCchog

roe [Ca”] — obLlas KOHUEeHTpauus MoHa Kalb-
unsi, monb/m; [Ca**,, [SO4* Ty, [COs” T, [OH T,
[HCO;3]4,— UCTMHHO MOHHas KOHLEHTpauuKn Cco-

OTBETCTBYKOLUMX  MOHOB, Monb/n; K’ ,
Cas09

KCacog ’ KCaOH+ ’ KCch;og
KOHCTaHTbl HECTOMKOCTW (auccounauun) cooT-
BETCTBYIOLLEro KOMMMeKCca — NOHHOW napbl.

Bnok 7. BaskocTb pacTBopa anekrponurta
BNUsieT Ha CKOPOCTb [ABWXKEHMSI WOHa. 3ITO
BMNUSIHWE HAYMHAET OLLYTMMO CKa3blBaTbCsi Mpu
KOHLIEHTpaLUMX 3reKkTponuTa B BOAHOM pacTBO-
pe (MM CyMMapHOW KOHLEHTpauUun 3reKTponu-
ToB) Gonee 0,1 r-aks/n.

B atom cnyyae B mMaremaTMyecKyld Mo-
Oenb 9eKTPonpoBOAHOCTM BBOAUTCS KOPPEK-
TUpyloLee ypaBHeEHNE

=200, :%m,-)pp, (11)

— KOHUEHTpaLUNOHHbIe

rae mo, M — AMHaMmMyeckasi BA3KOCTb COOTBETCT-
BEHHO YMCTOW BOAbI M BOAHOrO pacTeopa npwu
Temnepatype cpegbl, kr/(M-C); f| — OTHOCKTENb-
Has AMHaMu4eckas BA3KOCTb BOOHOIO pacTBO-
pa; (Ai)pp — NOABWKHOCTL (SKBMBANEHTHas anek-
TPONPOBOAHOCTL) MOHA B pa3baBrieHHOM BOA-
HOM pacTBope, onpefdensemas Mo ypaBHEHMIO
(8) ¢ y4eTOM MCTUHHO PaCTBOPEHHBLIX 3NEKTPO-
nuToB, CM-cM?/r-3KB.

Torpa ypaBHeHne pacyeTa noaBUMXHOCTU
MOHOB MOXHO 3anncaTtb B Bnge

At
xi:;(xm_aov—ﬂﬂ/r]_ (12)
T 1+ax

B cunbHo pasbaBneHHbIX BOOHbLIX PacTBO-
pax 3nekTponuMToB pasHuLa Mexagy n U ng nucye-
3atowe mana v torga 7 —1. C pocTOM KOHUEH-
Tpauum anekTpocTaTuyeckMe B3aMMOOENCTBUSA
3apsKEHHbIX MOHOB Mexay cobon m ¢ nonsp-
HbIMW OMNONSAMM BOAbl CKa3bIBAKOTCS BCE CUSb-
Hee, yBenuuMBas BA3KOCTb cpedbl, T.e. f>1.

OTHocuTenbHasd AMHaMunyeckass BSI3KOCTb
pacTBopa 3feKTponuTa onpegenseTcs no Buao-
N3MEHEHHOMY ypaBHeHuio [hkoHca—[ona, ¢
YTOYHEHHbIMU npodeccopom B.M. JlapuHbim,
KoatbmumnmeHTamm nNpyu BTOPOM U TPETbEM Cra-
raembIX KIlacCMYecKoro ypaBHeHus [6]:

fi=1+AJC +0,92BC +0,125(|z,| +|z_[)BC?. (8)

MapameTp A onpegensetca no Teopuun
3neKkTpocTaTMyecknx B3anmmogencteun  danb-
KeHrareHa B Buge

2 2
A p hotZa +hopZi 48 (14)
= 5 ,
80(|zy| +|z,)) Motho2 hotho2

roe § — napameTp cpedHein npenenbHoN nof-
BIDKHOCTU MOHOB 3MEKTPONNTA:

|| o1 =24 202

Vroat+hoo + \/ Mg+ Ao+ o1

[ns pacyeta cpegHUX MOHHBIX KOadhdumumn-
€HTOB aKTMBHOCTW B MaTemMaTU4eckon mogenu
ucnonb3yetcd ypaBHeHue E.M. KysHeuoBow [8].

Bnok 8. B knaccuyeckon Teopuu pacTBo-
poB anekTtponutoB [4, 5] oTmevaeTcs, 4Tto AN
pacTBOPOB MOBBILLEHHON KOHLEHTpaumMu B psae
CryyaeB yaaBarocb paclumputb 06nactb OeWCT-
BMA npedenbHoro 3akoHa Owsarepa (3) nytem
nepexoga K 3asucumoctun A; = f(I') no 3akoHy Ky-
Buueckoro kopHsi. C y4eTom 3Toro ypaBHeHue (8)
MOXHO 3anucaTb B BUAe, No3BonstoLeM pacnpo-
CTPaHWUTb 3Ty 3aBUCMMOCTb Ha LUMPOKUA KpYr
BOAHbIX PACTBOPOB 3NEKTPONNTOB:

b= 3 oS, (14)
al o 1+ax

22
z

2, ecrm [ <1,
3, ecnul >1.

Bnok 9. B coctaB koHCTaHTHOro obecne-
yeHus MM Bxogar:

37, A5 — 9KBMBAMEHTHbIE BNEKTPONPO-

roe n:{

BOOHOCTW (NpeferbHble NMOABWXHOCTW) KaTuo-
HoB (i) n aHnoHoB (j) B GeckoHe4HO pasbas-
neHHoM BoOAHOM pacTtBope npu t = 25°C,
CM-CM?/r-3KB;

e Ki;j — TepMoaMHaMMYECKME KOHCTaHTbI
anccoumaummn (HeCTOMKOCTM) criabblx 3NeKTpo-
NNTOB U MOHHBLIX Nap npu T = 298 K;
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e a;; — paccTosHus Hauborbluero conuxe-
HWS1 MOHOB (MNK CpegHu AMameTp B3anMoaen-
CTBYIOLLMX rMOPaTMPOBaHHbIX MOHOB), CM.

3Ha4yeHnsa nepeyncrieHHbIX AaHHbIX npeg-
CTaBneHbl B cnpaBovHon nuteparype [4, 5].

Henctene npencrasnenHon MM pacnpo-
CTpaHsieTCA Ha MOHOPAacTBOPbl M PacTBOPbI
CcMeceln 3nekTponuToB Npyv CyMMapHOW MOHHOM
KOHLeHTpauuu, BblpaXxaeMom BEMNNYUHOWN

r=5'C z?, 8 npegenax oT 6eCKOHEYHO pas-
1 =i

6aBneHHbIX pacTBOPOB A0 3HayeHun [=(2-3)
Monb/n. Ee npMMEeHMMOCTb TakKe orpaHuvmBa-
eTcs amanasoHom Temnepatyp ot 10 go 50 °C.

MpeactaBneHHas Bbiwe MM 6bina uc-
nonb3oBaHa Ang pa3paboTku anropuTtMa u npo-
rPaMMHOro npogykra Mo pacyeTy YAenbHOn
3MEKTPONPOBOAHOCTN BOAHbLIX PAcTBOPOB 3f1EK-
TPONUTOB.

Mpn aTom pelaeTca npsmasa BblMMCN-
TenbHasa 3agada: no U3BECTHOMY MOHHOMY CO-

CTaBy TEXHONOrMYeckoi BoAbl paccuMTaTb 3Ha-
YyeHue yaerbHOW 3NEeKTPonpoOBOAHOCTM PacTBO-
pa, T.e.

Xpacy = X(CH+ ’CCa2+ 'CM92+ ) CNa* ’CK+ )
Cs CCI"CHCO},’t)'
KoHueHTpaums noHos OH™ He 3apaeTcs,
nbo HaxoaMTCA MO W3BECTHOW KOHLUEHTpauun
noHoB H' 13 MOHHOro Npon3BeaeHNs BOabI.

B Tabn. 2 npeacraBneHbl ONbITHbIE U pac-
YeTHble 3HaYeHWs1 YOEerbHON 3MeKTPONpPOBOAHO-
CTW BOAHbIX pacTBOPOB CMECU 3NIEKTPONUTOB:
conemn, CoOnu 1 LWeno4um, conm u kucrnotbl. OT-
KNMOHEHME PacCYETHbIX U OMbITHLIX 3HAYEHUN Y B
LUMPOKOM [Aunana3oHe MCCNeaoBaHHbIX KOHLEH-
Tpauun nexut B npegenax 3—4 %, 4to oTBevaeT
TOYHOCTM  KOHOYKTOMETPUYECKUX  U3MEepPEHUi
yAEnbHOW 3reKTPONpPOBOAHOCTM  MPOMBbILLEH-
HbIX CUCTEM.

(15)

o5’

Tabnuua 2. YpenbHasa anekTponpoBOAHOCTb PpacTBOPOB CMecel 3NeKTponuToB Npu Temnepartype 25 °C

Cmecb KoHueHTpauusi, monb/n %, MCm/cm OTHOCUTENBHOE
3MEKTPONUTOB OnbIT Pacuér oTKrnoHeHune, %
Na,SO,+NaCl+MgSO, 0,005+0,01+0,005 2,95 2,90 -1,7
NaCl+Na,SO, 0,05+0,025 9,82 9,78 -04
Na,SO,+MgSO4 0,025+0,025 7,30 7,21 -1,2
Na;SO,+MgSO4 0,0625+0,0625 15,8 15,3 +3,1
NaCl+Na,SO, 0,125+0,0625 22,3 22,7 +1,8
Na,SO,+MgSO4 0,125+0,125 27,6 26,7 -3,2
Na,SO,+MgSO, 0,1875+0,1875 38,6 37,1 -39
NaCl+Na,SO, 0,375+0,1875 58,0 56,4 -2,7
Na,SO,+MgSO4 0,25+0,25 47,8 45,9 -39
NaCl+Na,SO, 0,5+0,25 72,1 71,6 -0,7
NaCl+NaOH 0,2+0,16 55,1 52,4 -4,9
NaCl+NaOH 0,2+0,48 115,8 115,2 -0,5
NaCl+NaOH 0,2+0,8 1711 1771 +3,5
NaCl+NaOH 0,6+0,48 144,0 145,5 +1,0
NaCl+NaOH 0,8+0,16 100,1 100,5 +0,4
Na,SO,+NaOH 0,1+0,48 111,6 110,6 -0,9
Na,SO,+NaOH 0,1+0,8 167,5 172,7 +3,1
Na,SO,+NaOH 0,3+0,32 99,6 99,6 0
NayS0,4+H,S0, 0,1+0,25 101,1 103,6 +2,5
NayS0,4+H,S0, 0,25+0,1 57,9 58,6 +1,2
Na;SO4+H,S0, 0,25+0,25 101,0 103,0 +2,0
MgSO4+H,SO, 0,05+0,15 65,0 65,6 +0,9
MgSO4+H,SO, 0,05+0,25 104,6 103,9 -0,7
MgSO4+H,SO, 0,1+0,15 63,6 64,5 +1,4
MgS0O4+H,SO, 0,1+0,25 102,0 100,3 -1,7

MpeactaBneHHas MM moxeT 6bITb uMC-
nonb3oBaHa Ans pacyeTa KOHLEHTpauum MoHa
3NeKTponMTa MO WM3MEPEHHOMN 3MEKTPONPOBOA-
HocTu. lMpu aToM pellaeTcsi obpaTHas BblHYUC-
nuteneHas 3agada: no HernonHoOMy U3BECTHOMY
WOHHOMY COCTaBy TEeXHOSNOrM4eckom BOAbI U
yOenbHOW 3MeKTponpoBOAHOCTM pacTBopa pac-
cuYnTaTb 3HAYEHME KOHLUEHTpaLNM HEN3BECTHOMO
WOHa, T.€.

Gi = %(Xusm+C1.Co,--,Cppst). (16)

Hanbonee npocto ata 3agava peluaetcs
Ons MoHopacTBOpOB. [1ns HaxXoXAeHUs KOHLEH-
TpauuMm 3NeKkTponuTa no M3MepeHHOMY 3Hauye-
HUIO yOEeNbHOW 3MeKTPONPOBOAHOCTM HeobXxo-
OUMO peLlnTb ypaBHEHnE

x(Ci, Cj, t) — e = O, 17)
roe i € Kt; j € An; Cy i = Cox, j = Cox on — 9KBMBA-
MNeHTHas KOHUEHTpauus anekTponuTa, r-aks/m.

YpaBHeHve (17) moxeT ObiTb peLleHo
CTaHOapTHbIM YUCNEHHbIM MeTogoMm [9]. PyHk-
una x(C, t) aBndeTca MOHOTOHHO BO3pacTalo-
Wwen npu yBennYeHWM KOHLUEHTpauWUM 3MneKTpo-
nvTta, noatomy B obnactu OONyCTUMbIX 3Hade-
HUA (C>0) nmeeTcs TONbKO OAUH KOPEHb 3TOro
ypaBHEHMS.

PaccMoTpeHHas MaTemaTtudeckass MOAerb
Oblna ucnonb3oBaHa MpU COCTaBMEHUN MoAeNU
Mo pacyeTy MOHHbIX NPUMECEN N0 U3MEPEHHBIM
nokasarensam yaenbHOW 3MeKTPONpPOBOAHOCTM
npsamon n H-kaTMoHmpoBaHHOM Mpobbl ANa BoA
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TMNa KOHOEHCcAT, NUTaTeNbHOM U KOTOBLIX BOA
3HepreTudeckmx kotnoe TAC [10].

Takum obpasom, paspaboTaHHas mMaTema-
TM4eckas MoAernb MO3BOMSAET C BbICOKON TOYHO-
CTbO paccyMTbIBaTh KakK yAerbHYH 3NeKTponpo-
BOAHOCTb TEXHOMOrMYECKUX BOA MO U3BECTHOMY
WMOHHOMY COCTaBy, Tak W MokasaTenu kayecTBa
TEeNMOHOCUTENA MO WM3MEPEHWUsIM  3NEKTPONpPO-
BOAHOCTU 1 pH.
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