
flpnueHeune rpaHcQeprHbtx ueH no3BorrlrT 3ar.tHTepecoBarb KaxAoe cTpyKTyplloe Iloapa3-

AeJreHHe B noBbtueHnn eQQerrHBHocrH npon3BoAcrBa, cHHXeHHH H3IepXeK H tloJryqeHl{ll

6onru.reii BHytPeH Heft nPn6ruu.
TpancseprHoe ueuoo6pa3oBaHne npfiBeAer K yKpenneHllto Koo[epau]lH NlexJly lloApa3,lle-

JIeHHfllvty, ,uacr Bo3l,toxHocrb yflpaBreHru cronMocrbto KoHeqHoro llpoJlyKTa lt 6stcrporo pear]l-

poBaHHs Ha H3MeHeHHe O6CTaHOBKT{ Ha BHyrpeHHeNt H BHeLUHeM pblHKax.
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O TAJT6BAHOXT{MHTIECKOR KOATJItqUn B BOAHbIX PACTBOPAX

]/1nx. V.fl,.IlI43AH (I-XK "Cequaosyroft"), KaHA. rexH' HayK A.K.HOCAII (KO [onfTY)

paccrrorpnrr Bo,f,Hbte pacrBopbl c ttlaloft KoHueHTpautteii AHccoUttl'lpoBatlltblx llolloB Nle-

Tarra Me+, KOTOpbte oceAapT Ha KaToAe K. tlpH KoHUeHTpauuu c = 100-1000 ltr/-n lutoxtlo

npeHe6pevu coyl,apeHl.uMH \rexJly HoHaMU Me+ u paccMarpHBarb llx xax 6poyrtoBcKtle tlAcrrl-

ubr, Koropbre HclbrrHBarcT xaoTgqecK!{e yAapbt rvtoJteKyn H2O. JlericrBurerbtlo, pilB}toBec}toc

pacrrpeAeneHue xoHueHTp:uluu C atserueHHbrx B xHAKocrlI qacrllu Bo BHeuHeM lloJle ollpere-

Jrfl ercfl l4:secrnoi H3 cTaTncrn.{ecxoil QN:rxu Qopr'rynoii Eo.nsultaHa

C=Coe-UlkT '

rhe U - noreHuranbH:rc 3nepmt qacrHu Bo BHelrHeNl IIoJIe'

B pacraope U uoxHo np€;lcraBurb B BHAe

IJ = mSZ+erDV(l-* d)+32kT, Q)

rKe m - uacca HoHa, m= lQ-27 Kr;.g - ycKopeHrte 3eNrHoro rtroreHltrl,.( = l0 lt/c2l : - pac-

cTocHHe no BepTHKaJtH .Xo jlHa cocyAa, M; e - 3aptIl 3neKrpoHa, s = 1,602'l-l') Kll r - BiuIcHr-

Hocrs Me, AV - paruocrb noreHuxzrnoB Mex.u.y aHoaou H KaroAot\t, B; k = l'38'10-2'r lx/rpiut

- nocrotHHag Eo'lrUrtaxa:T - reltneparypa pacTBopa, K; X - paccroHHlle o'I aHoAa Io Karl'lo-

Ha, Nr; d - paccrorHlte or aHoaa ao Karoaa' Nl.

flprr o6tette xoary,ltropaV = 1,75 n3 r 3arpy3Ke cKpaIIa B luacce 1,35 r (4 vacrn Fc rr I

qacrr C no eecy) cpe,a,Hee paccroflHlle Nlexly crpyxrori Fe (aHol) H KycKaNltr yml C (xaro:r)

cocraeflrer Z.l0-3 u, T.e. d = 2.10-3 rrl. KaruoHrr Fe lluenr o6st'{tto EiuIeHTHocrt r = 2.

B rroAnucreHHoM pacrBope pH -- 34, AV = l0-3 B, r = l0-l lr, 7 = 3(X) K. tlpN Bcex erl'lx

AAHHbIX HMCEIVI:

(l)

l^g, - lo-27 Ax;

]erurv(l -*d)=10-224x;
ltzw - lo-2lAx.

(3)

Nroxno ttpette6pevs

so:aei.icrsueNt xao-
Hs cHcreNtr ypaeHennfr (3) nu.ur.n"l, r{ro nepBbrMH ABytvte cflaraeNtbll\lH

H ABl.rxeHHe HoHOB Me uOxxO pacc[laTpnBarb KaK TIHCTo 6poyuOacxoe lloil

THqecKorO T9IIJIOBOTO coyfapeHHt c lt{OIeKyJlaN{H BoAbl H2O'

t0l



flocxolrxy pa3lttepbr HoHoB R - l0-10 rvr HaMHoro MeHbue pa3NrepoB aHoaa tt Karoaa, To

npH ycpeAHeHHH t\tO)KHO paCCMaTpHBarb nJrocKonapanneJlbHyto Mo.[eflb aBuxeHHt KaTHoHoB Me+

Mexxy A H K (pnc.l) c npn.nnnaHueM K Karory (Me+ + e- = MezJ).

Karuou Me+ coaepuaer 6poyHoBcKoe ABHXeHHe B

xHAKocrH (HzO, xanpnnep), orpaHrtveHHofi c ouuofr

cropoHbr nnocrofi c'resxori (xaroaor"r); ttpH ltottiulaHIH

Ha creHKy KaruoHbr Me+ npurt{na}or x Hefr. Peaxunn

Me+ + e- = Mezl uoxHo paccNtarpnBarb KaK noDlo-

ueHHe KaTHOHa CreHrofr H eFo Hcqe3HoBeHl{e tl3 pac-

TBopa. VcraHosxr'r BepotrHocrb roro, qro KaruoH, Haxo-

lgwtncg B HaqanbHbli rtotteHt BperteHlt Ha paccrottltltll
)16 oT cTeHKr{, "flprt-rrHnaeT" K Heil s reqeH]le BpeNteHtt /.

[lrQQepeHuHarbHae .SyHxuur pacnpeAexeHnr BepoflTuocrefr (n-rorHocrt Bepotrrtocrlt) roro,
qTo B rttoNreHT Bpe\teHh t qacTnua (xarHon Me+; 6yfer HaxoXtlTbct B ol(pecrrlocTH ToqKlt

xrv(.r,r), onpe.[ensercn .nrS$y:noH H bt \t )ipaBHeH ue ]t

daldt = Ddold.r

o(0.tf = g

r'r(-r-0) = d(-.--...,) .

Peruexrre )?aBHeH[r (4; c rvrrou i5] n (6t xveer erlr

-tr-!-
o(-r.r)=t(2 -^Drl e lt> -e

B€pdmrrb 'np*rnnanxr' x raro:l_\' B elHHHu!' Bpe\reHu orpellerre'rct slrllqclrnesl
':xQQluoxnoro noru,a' Drdafdr npx -r = 0- Hcxou:rfl BepoflrHocru W(r) npnJnrrraHur o:r-

rxrfo IzTIoBa I TeqeHre BpereHx t paBHa

Pnc.l

c rpaHHqHblit yc.qoBHev

I4 Haq:LqbHblx yc:IoBHeN
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florranrr rrl-rr), noryqaev

l-
w(,,,0)= r-errp*1, (8)

(e)

IIc

Q:
'-- 'rre erf(:) =

a , __
-A- ' I la' de - HHrerparr oult6ox. Ierag B He[t 3aNreHy e= ul .,12, ttonyqaeNt

w(r,xs) =l-2<o( .r0

6,)'
:

rae {:): zn-!"-i' d, -ra6ynupoaaHHar QyHxunr Jlartnaca.

t02



flpouenr oqucrKl,l pacrBopa or KarxoHos Me+ paBen ornoueHt,tto trucra Bcex Karno]toB,

AOCTnTlxUX CTeHKlt H3 pa3Hbtx CnOeB (Xo, xo + d.ro) 3a BpeMt f, K qHcJly Bcex KaTnoHoB B npo-

crpaHcrBe [0,d1, naxoanBurnxcr raM K MoMeHry t = 0. KouueHrpaurt Kar]roHoB B cJloe (.t, .r +
d.r) x uoueHry BpeMeHn t cocraBJlter

c(x,t) = [l - w(r, x)]c(x,o) , ( l0)

rae C(x,O) - KoHueHrpaqns K MoMeHry t = 0. flpn eroM noJraraercr, rrro 3a c.rer 6poyxoBcKoro

ABHxeHnt n3 cJroeB (.r, x + dx) ncueraror roJIbKo re KarnoHbr, Koropbte "rtptutnlranr" K c'reHKe

(raroly), a ocraJrbHbre ycneBapr BepHyrbcr B "cBofi" cnofi. B nepBoM rrpn6lnxeHnn ttpeHe6pe-

raeM u3MeHeHneM C(x,t), cBr3aHHbtM c nepeMeueHneM HoHoB B oreKTplrtrgtrolt nore tuocKoro
KonAeHcaropa Mexly A s K. C yuerou err.rx 3aMeqaHnil creneub otmcrKa | - DP(t) Hlrreer BnA

d

r - ap(r) = (r ac) J[r - w(r,ro)]c(ro,r)d.ro. (l l)
0

VqnruBar (6) n (7), noJrarafl, qro c = const, H MeHtt ttopr,uoK nltrerpnpoBitHrt, noJtyqa-

r _ apo(,) = rrl: :,1 
,* 

l, (,_u-n 
o,',) (t2)

flpn nocrorHHoM MexaHHqecKoM nepeMelxHBanur.r c(xg,O) = crt.l - HaqalbHau KoHucH-

rpaunr Karxolroa Me+ s pacrBope. florarag B AaHHor\r rrpn6nnxeHnx, rrro NroreKynu Me rnrcrcr
uapoo6palryn @uy, HcrroJrb3yeM us D Sopr'ryry

D = kTlnrtR, (13)

rae I - re{Qmurcnr KnHeMarn,lecrofi Br3KocrH xHAKocrH (H2O), rr/lrc; R - piuuyc uouoB

Me+.

Pnc.2

Oxolrslrcrno noAcraurrr ( l0) B (9), non)ruaeM 3aofto.lvrocrb creneH]r oqltcrKtt

I - AP(t) crr rcrrcpqyptr T u epeueuu t.

Hanplrcp, rpt d- 2.10-3 Nr, T =300 K, 0 < r < 30 t*tus, rl = l0-3 xrhtc, R = 3'10-10 rt

nonfflrMlo(13)f(t)>l-4O[0,87]=l-4(0,3078)=l-4'0,09-5=l-0,38=0,62.['pa$ttx
Qyurunr I = | - {r) npraeaeu Ha puc.2.
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103


