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MATHEMATICAL MODELLING AND COMPUTER
IMPLEMENTATION OF THE PROCESS OF MEASURING THE
CONCENTRATION OF METAL IONS IN AQUEOUS MEDIUM
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Abstract: this article is devoted to mathematical modelling and computer realization of
the process of measurement of variable concentration of metal ions in an aqueous medium.
Key words: mathematical modeling, computer realization, experiment, MatLAB software

environment, mathematical model, analysis of results.

PaGora meMOpaHHOTO JaT4yMKa, HU3MEPSIOUIETO0 KOHIICHTPAIIMIO HOHOB
METaJUIOB B BOJHBIX CpefaxX, OIHUCHIBACTCS MAaTEMaTHYECKUM YpaBHEHHUEM
SKBHUBAJICHTHOMN eMy cxembl RC—1ienouku [1]:

dE 1 1
E.,_;E:;Eycm(t) npu E(0)=0, (1)

rae E(t) —Texymasi pasHOCTh MOTCHUMAIOB AaT4ukKa, E ey, (t) — YCTaHOBUBLIASACS
Pa3sHOCTh MOTEHIHUAJIOB AATYMKA, KOTOPask ONPEICIIAETCS KOHIICHTPAUEl HOHOB B
pacTBope, 7T — NOCTOSIHHAs BpEeMEHU AaTuuka [2, 3].

Pemenue ypaBHenus (1) OyaeT BBINIAAETH CIEIYIOMUM 00pa3oM:

1
Ly r

E(t)=e rjdt Eyem(t' et . )

JlaHHBIN crIoco0 M3MepeHHs IEPEMEHHOM KOHIIEHTPAIIMK HOHOB METAJJIOB B

KUJAKOCTH Oa3upyercs Ha OBICTPOICHCTBYIONMEM MeToie. M3Mepenne MeMOpaHHOM
Pa3HOCTH MOTEHLMAJIOB POBOASITCS B MOMEHTBI BPEMEHHU ¢, U 1y =1 + At :

tlt t'

—, rdt’ T
E(ty)=e Eycm (1" )e (3)
0
le t’
~20 At
Ety)=c © [ & @ Eyem(t' Je? npu = <<1. )
T T
0
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Beruncium AE =E(ty )— E(t ):

_Q _Ll tldt, L _212 dr' Zi
AE=(e T —e T )[—Eym(t')e? +e T [ —E u (1 )e. (5)
T T
0 f
[ToncraBiss B (5) cripaBeaJIMBO Pa3iOKEHUE
B L T A 4
(e T —e T )=e T(e ¥ —-1)=ze 7(1——t—1):—e T—t, (6)
T T
ty —t'
e T =1. (7)
HeTrpyaHo noay4uuTs, 4To
t
At 12, ,
AE = =—E(t; )+ — [dl'E o (1') (®)
T T
h
TN
E E. (1
AE+ (tl): ycm(l)’ )

At t T
&)
tne Eyeu(t)= o Idt'E yem (t') — cpenHee 3HaUYCHHE YCTAHOBHUBIICHCS Pa3HOCTH
t 4
NOTEHLMAIOB BO BPEMEHHOM MHTepBane Af. E .y, (1) OUpesensercs CKopoCTbio

noToka u quddysueii [4, 5].
Mopennposanue mpouecca npousseeM GyHKuusMu E ., (1) Ha OCHOBe

BeIpakeHUH (2) u (9). JlomycTum, 4TO B Ka4eCTBE 3aKOHA U3MCHEHHS E ey (t)

BO3bMEM IPOCTOE YCJIOBHUE: BOJHBIN pacTBOp TE€UET MO TpyOe, MOTOK JaMUHAPHBIN
Y JaTYUK HAXOAUTCS Y CTEHKH TPYOBI.

st MmonenupoBaHusi 0y1eM UCTIONIb30BaTh MaTeMaTnueckuii maketr MatLAB.
st pemienust cuctem auddepenunansHbix ypaBHeHud B MatLAB ucnonbssyercs
byHKIIHS [T ,Y ] = solver(@F ,tspan,y0), rAe BMeCTO solver TOICTaBIsAEM

HHTETPUPYIONIYIO CUCTeMY TU(PepeHIHATBHBIX ypaBHEeHUH Buaa ) = F (t, y) Ha
UHTEpBAJIE Span ¢ HadyaldbHBIMU yclioBUIMH V(0. (@F — neckpuntop ode-GyHKUIUU.
Kaxnasa ctpoka B maccuBe pemieHud Y COOTBETCTBYET 3HAUEHHUIO BPEMEHH,
BO3BpalaeMomMy B BekTope-ctosidue 7. Ilepen pemieHMeM HYKHO 3amucaTh
ypaBHeHHe B Buje ode-hyHKIIMU U coXpaHuTh ero B m-file. Jlyis nmepBoro ciydasi on
OyJleT UMETh BU/I;
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function dEdt = f(tE),

dEdt = zeros(1,1),

T=2915;

z=1;

F =96485;

R =38.314;

EO0 = 0.005;

x =50;

Cl=0.2

C2=2

D = 1.24*10°-5);

Cin=20.1;

Cex = (C2-Cl)*erfc(x/2*sqrt(D*t))+ClI;

El = EO + (R*T)/(z*F) *log(Cex/Cin),

dEdt(1) = (E1-E(1))/5.4;
rae T — temneparypa pactBopa, K; z — 3apsin HOHOB; [/ 1 R — COOTBETCTBEHHO
noctosiHHas dapanes u rasoBas KoHCTaHTa; E( — cOOCTBEHHOE HaNpsHKEHHE Ha
anektpoae; D — koadduuuent nuddysun s pactBopa npu temneparype 1 u
KoHUeHTpauuu C2; x — pacCTOSAHHUE OT AAaT4MKa JI0 IMJIOCKOCTH, TJI€ MPOUCXOIUT
muddysus. B komananom okue BBeaeM [T, E] = ode45 (@F,[0:0.001:60],[0]).

Takum oOpazom, OBUIO ONpEETICHO, YTO HAa KOHIICHTPAIMIO BIHUSAIOT JBa
OCHOBHBIX NapameTrpa — AU y3ust 1 CKOPOCTh MOTOKA. bbln nMpoaHaIM3upOBaHbI
U CMOJETUPOBAaHbl 3P(PEKTUBHBIE PEXKUMBI paOOThI MEMOPAHHOrO JaT4yMKa JJIst
M3MEPEHHUs] IEPEMEHHON KOHLEHTPAI[Mi HOHOB METAJIJIOB B BOJHOM CpeJie.
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Abstract: this paper is devoted to computer simulation of the process of measuring the

concentration of alkali metal ions in liquids on the basis of the experimental results.
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