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ro 3HaueHus 94,4 I'Br-cyr/t. daxe mna TBC, koto-
pble OTPadOTAIU TOJBKO 1-if IMKJ BBITOpAHUS U
ObIM  BBITPYXEHBI, BbITOPaHME COCTaBJSIET
52,1 I'BT-cyT/T, yTO MOYTH B 2 paza MPEBOCXOIUT
Beiropanne B ypaHoBeiXx TBC, orpaboTaBiimx
cTaHzapTHyI0 KammaHuio (3-:272 ad. cyt.);
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OnmcaHa cxema v MeToamKa HenpepbIBHOIO Pa3AeseHs M30TOMOB aMasibraMHO-0OMEHHbIM METOAOM B MPOTUBOTOYHOY KOJIOHHE C Ha-
cazkov u3 konel Paumra. BeiBeaeHo ypaBHeHve nepeHoca BeLUeCTBa 1 NIErKov KOMIOHEHTbI BAOb 110 KOSIOHHE.

Ins pasnefeHus LIENOYHBIX M LIETOYHO3EMENb-
HBIX 2JIEMEHTOB M UX U30TOIOB B MPOMBILLIEHHOCTH
UCIOJIb3YeTCs aMaJlblaMHO-00MEHHbI MeTol, KOTO-
PHIlf OCHOBAH Ha HEMPEPLIBHOM 0OMEHe MEXIY TBYMS
(hazamu — amanbramoi (MHTepMETALIMYECKUM COEIH-
HEeHUEM MeTajla C PTYThIO) U PaCTBOPOM TMAPOKCHUIA
MeTajljla B MPOTMBOTOYHBIX HACAJOYHBIX KOJOHHAX.
st Toro yToObI HanboJIee 3(PPEKTUBHO OPraHU30BaATh
pazieNuTeNbHbINA MPOLIECC HEOOXOAUMO MMETh MaTe-
MaTUYECKU ammapar (MaTeMaTUYeCKYI0 MOIEIb),
JOCTaTOYHO TOYHO OMMCHIBaIOLIMiA ero. [Tpu aToM He-
00XOMMMO yYecTb BCE MPOLIECCHI, COMPOBOXKAAIOIINE
paznesnieHue (pasaoxXeHue aMaibraMbl PU KOHTAKTE C
BOIHBIM PAcTBOPOM LIEJIOYM, 0Opa3oBaHUE Ta3oBoii
(ba3zbl B mpoliecce pasaoxeHus, notepu ¢as u T.4.) [1].

3agaveit JaHHOM pabOTHI ObUT BBIBOA YpaBHEHMS
NepeHoca BeleCTBa U U30TOMa BIOJb 10 KOJIOHHE 0e3
yyeta TMoTepb, KOTOPOEe HEOOXOOMMO B HajlbHeMIeM
JUISL BBIBOJIA YPaBHEHMUS Pa3eNieHUs] 3IEMEHTOB (130-
TOIIOB) B 0OMEHHOIA KOJIOHHE.

Jlna peanu3anyy MoCcTaBICHHON 3aJauyd paccMOT-
pUM CXEMY U METOIUKY HENpephIBHOIO pasieeHus
M30TOIOB aMaJIbraMHO-00MEHHBIM METOIOM B IIPOTH-
BOTOYHOI HAcCaJZOYHOU KOJIOHHE.

1. O6LLMe NPUHLMNBI HEMPEPBIBHOTO PasgeneHus
aManbramMHo-00MeHHbIM METOAOM

N30TOMHBIE OTHOLIEHUS JIETKOW KOMIOHEHTHI K
TXENoN B amanbrame f3,=[c/1-c,],, B pacTBOpe

Bi=lc/1—c|],, ONpenenaoT BeIMYMHY PaBHOBECHOTO
Koa(huLIMeHTa M30TOITHOTO Pa3NeaeHusI:

B | ¢ G
a_ﬁl_[l_czl\,/[l_cllp.

3neck: ¢, ¢, — OTHOCUTEIbHAS A0S JIETKOM KOMIIO-
HEHTHI B PaCTBOPE M aMajiblaMe COOTBETCTBEHHO; OT-
HOCHTENIbHAST IOJIST TSDKEION KOMITOHEHTHI B PacTBOpE
u amanbrame — (1—c,), (1—c,).

Mexny aManbraMoil U pacTBOPOM CO BpeMeHEeM
HACTYIaeT M30TOITHOE paBHOBECHE, MpPUBOASIIEE K
"pa3gBIDKEHUI0" M30TOMHBIX KOHLEHTpALU OT ¢, 10
¢, BennunHa pacxoxmeHus (¢,—c,) Ipu OAHOKPATHOM
MpoLEecce pa3leNeHMs] CpaBHUTEIbHO Maja. BcTaér
BOIIPOC, KaKUM Xe 00pa3oM MOXHO OpraHM30BaTh
npolecc ¢ 6GIbIIMM 00oTalieHueM. DTO MOXKHO CJie-
JIaTh, OPraHM30BaB HETPEPHIBHBINA MpoOLIECC paszelie-
HUS Ha 0OMEHHOI1 KOJIOHHE ¢ "HacagkaMu" U pereHe-
pauueii (a3, ucmonb3ysl TOT (PaKT, YTO aMaibraMa u
PacTBOp IIENOYM — IBE HeCMeLIMBaroLecs (asbl.

Cxema aBiKeHHUs (a3 B IMPOTUBOTOYHON OOMEH-
HOM KOJIOHHE Yepe3 HacalKy IpuBeneHa Ha puc. 1.

KosoHHa 3anosHsieTcs Hacankoit u3 kosell Pamm-
ra, KOTOpble OOBIYHO JIeal0T U3 BUHMILIACTA WM IpY-
TMX MEXaHMYECKU M XMMUUYECKU CTOMKUX IIacTMacc.
OO6muit Bua Kosnell Pamvra n3o0paxén Ha puc. 2.

[ToTok amajbraMbl JUCTIEPIUPYETCs (IPOOUTCS) Ha
peuIéTkax rnepea HacaaKou 1 ABMXKETCS Yepe3 HacaaKy
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B BUJIE MEJIKUX Kamenek. Hacamka coxpaHser u yiayd-
I1aeT JUCTIEPTUPOBAHUE aMalbIaMbl.
Amanvecama
:
!
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Puc. 2. Konbuo Pawwura: h — Beicota konbua, D, d — BHeWwHm

Takum o0pa3oM, HacaaKa CIyXKMT JUIS YIy4dIIeHUsI
KUHETUKU 0OMeHa, obecrieunBasi IHTEHCUBHOE Tepe-
MelMBaHue (a3 ¥ yBeTnunBast MEXIy HUMH TIOLIAab
compukocHoBeHus1 [1]. Yepe3 Hacamky, HaBCTpeuy
JIMCTIEPTMPOBAHHOMY TIOTOKY aMaJibraMbl, TIPOKaunBa-
ercs1 pactBop meaour MeOH. ITpu TakoM mpoTHBOTO-
K€ MPOMCXOAUT MHOTOKPATHBIMA MPOLIECC HEMPEPhIB-
HOTO Pa3JieNIeHus], B pe3yybTaTe KOTOPOTro aMajibrama
oboraraercs 1o JErkoil KOMIOHEHTE, a pacTBOP — IO
TSIKENOM KOMITOHEHTE.

Peaxiuio n3otomHoro ooMeHa B cCTEME aMabra-
Ma-pacTBOp MOXHO 3aIKcath B CIEAYIOIIEM BUIE:

Me, Hg+Me OH — Me, Hg+MeOH,

rae Me u Me" — TSDXENbIi 1 IETKUI U30TOIIBI pa3aes-
€MOT0 2JIEMEHTA.

WccnenoBanus nokasaau [2], 4To B 3aBUCUMOCTHU
OT yCJIOBMi1 0OMeHa U 0COOEHHOCTel HacaaKu OHOC-
TYMEeHYaToe UK OHOKPATHOE pa3feieHue T0CTUraeT-
cs1 B OOMEHHBIX KOJIOHHAX B CJI0€ HACAAKM TOJIIIMHOIO
0,5...1,0 M. B cBA31M ¢ 3TUM CTaHOBUTCS SICHBIM, YTO
JUISL OpraHu3alii MHOTOKPATHOTO Mpoliecca pasjielie-
HUST HEOOXOAUMBI MHOTOMETPOBBIE KOJIOHHBI.

2. 0bMeHHas KONOHHa U opraHusauus HenpepbiBHOro
pa3geneHus

[TokaxeM, Kak MOXHO OpraHM30BaTh HEMPEPHIB-
HBII 3aKOHYEHHBIN LUK pa3ieneHus (¢ "ombopom” n
"omeanom") TIpU UCTIOIb30BaHUM OHOM KoJMOHHBI. Ha
TaKoM yCTaHOBKE (pHC. 3) JOJKHO OBITD ITPEIyCMOTpe-
HO MoJlydeHue U pereHepauus ¢ha3, opraHu3zalus rnpo-
TMBOTOKA U MeXaHWYecKoe TepeMelieHre a3 BIoJb
10 KOMMYHUKAIMSIM YCTaHOBKH [ 3].

B amexTpomsépe BemiectBo u3 (asel "pacmeop”
nepexomuT B ¢asy "amasveama”. JloBenéHHaAs 10 3a-
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Puc. 3. Cxema ycraHoBku: 1) = 3 —norok nynbnsl (Hg+pactBop), 2) —= — MOTOK pacTBopa v BoAkl; 3) = -3 — MOTOK PTYTU 1

amalibramel,; 4) @ — Hacochl 4714 nepekadykun pactsopa v BOAbI, 5) @ — HacocCbl 4714 nepekadykuy amasnbrambl v pTyTH,;

6) paznaratens, 7) paznenntens (OTCTOMHMK)
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JaHHOW KOHLIEHTpAllMM TI0 BEIIECTBY amajibraMa U3
ANEKTPONU3EPa uepes "npepvieamens’ HANpaBIsieTCs B
KOJIOHHY (CBepXy BHU3). HaBcTpedy mucmeprupoBaH-
HOMY TIOTOKY aMaJiblaMbl B HIDKHIOIO 9acTh KOJOHHEI
yepe3 HacaaKy MoJaéTcs pacTBOP TMAPOOKCHIA Belle-
cTBa. PacTBOp rapokcuaa BelecTBa s MUTAHUS KO-
JoHHH (*2,1 N) u snektponusépa (=4 N) rotoBuTcs
I10 U3BECTHOI MeTomuKe [3].

AMajbramMa BeIlleCTBa, MPOWAsl KOJOHHY U obora-
TUBLIMCh TO JIETKOH KOMITIOHEHTE, HampaBiseTcsl B
pasjarateib, e Mo 1edCTBMEM BOJIbI B TPUCYTCTBUM
rpaura, KaK Katajau3aTopa, OHa JOBOJbHO OBICTPO [2]
pasiaraercs 10 peakiyu:

2Me, Hg+2H,0—-2MeOH+2nHg+H,.

W3 paznaratens mynena B Buge cMmecu (Hg+pact-
BOp) TOJAETCS B pa3feauTeab (OTCTOMHUK), TIE PTYTh
OTJEJISIeTCsl OT PacTBOPA U MOAAETCS HACOCOM CHO-
Ba B 3JIEKTPOJIM3ED JJIs1 TONydeHHUsT amaibraMmbl. Takum
obpazom, 1MKJI obpamieHUs (a3 B yCTaHOBKE IO
aMajIbraMe M pacTBOPY 3aMBIKAeTCs.

W3 paznenutenst yactb (~1/17...1/20) oborareH-
HOTO MO JIETKOW KOMIIOHEHTE pacTBopa I'MAPOKCHMAA
BellecTBa (MOJYYEHHOTO B pe3yJbTaTe pasioXeHUs
aMajIbraMbl), HaImpaBisieTcsl Ha "OTOOp" IO JIETKOi
KOMIIOHEHTE ¢;Cy M BEIIECTBY gy OueHb HeOObImas
vacTh (=1 %) HampaBisieTCsl CHOBa B pasjarateib, a
OCHOBHA$ YacTh HAINpaBJIAeTCs] B KOJOHHY JUIS CO31a-
HUSI IPOTUBOTOKA M 00ecreyeHUs] HOPMaJbHOTO pe-
XuMa pasfefeHust B konoHHe. [locne mpoxoxneHus
yepe3 KOJIOHHY 00€IHEHHBIN 10 JIETKOW KOMIIOHEHTe
qiCk Y1 BELIECTBY ¢} PACTBOP MAET HA BHINIAPKY U Aajee
B "oTBan" g;ck. [InTaHKMe KOJOHHEI 1O JIETKOM KOMIIO-
HEHTE ¢,C, X BELIECTBY ¢, IPOMCXOOUT B CEYCHUU KO-
JIOHHBI ¢ U30TOIMHOM KOHUEHTpALUeii ¢,.

PacTtBop 13 31eKTpoIM3EPOB TaKKe UAET HA YIapu-
BaHWe, a MOCJIe YIIapuBaHMs 10 TpeOyeMoil HopMalb-
HocTH (4 N) cCHOBa ITOAaETCsl Ha MMTAaHKE NEKTPOIN3E-
POB, OOBEIMHSSACH MPU 3TOM C TOTOKOM pPacTBopa
MeOH npuponHoro coctaBa. Kuicnopoa 13 anektpo-
Ju3épa U BOAOPOJ M3 pasjaratenst OTBOASTCS B ras-
TOJIbAEPHI C COOMIONEHUEM MPaBUI TEXHUKM Oe3omac-
HOCTH.

banaHc 1Mo BewecTBY M JIETKOM KOMITOHEHTE IS
YCTAaHOBKH (TIPY OTCYTCTBUM ITOTEPh) 3aIMCHIBACTCS B
CIIeyIOIIEeM BUJIE:

’ ’ !
9o =9k t4qx> 49oCo =4xCx T 4xCk-

IIpu cTaniMoHapHOM pexXxuMe padoThl BIOJb 0 KO-
JIOHHE YCTaHaBIMBAETCSl OMpPEAEJEHHBIN TIpaaueHT
KOHIEHTPALIMK 110 JIETKOoi KommnoHeHTe |3, 4]. Hacty-
naeT JMHAMUYECKOE PaBHOBECHE, KOTOPOE XapaKTepu-
3yeTcs MaKCHMAJbHO BO3MOXHBIM DPa3IBIKCHUEM
KOHLEHTpaLuit (cy—ck) MEXIY BEPXOM M HU30M KO-
JIOHHBI TTPU JAHHBIX YCJOBUSIX.

Jl1st onvcaHust MPOUCXOASIIUX B KOJIOHHE TTPOLIECCOB

pas3aeyieHusd, HCO6XOI[I/IMO BBIBECTU YPABHCHME IIEPEHOCA
BCIICCTBA U JIETKOI KOMITOHEHTBI BIIOJIb IT0 KOJIOHHE.

3. BbiBO, ypaBHeHWs NepeHoca BelLecTBa 1 NErkon
KOMMOHEHTbI BAOMb MO KOMOHHE

n.on

Js 1100010 ceyeHMsI KOJIOHHBI "X ¢XeMy ITOTOKOB,
obecreynBamoIMX MePeHOC BeliecTBa B 00enx (a3zax,
MOXHO TPEACTaBUTh CIeAylomMM oOpa3oM (puc. 4).
3neck J' 1 J — TOTOKM IepeHOca BEeIeCcTBa IO pacTBO-

!
py ¥ amajbraMe COOTBETCTBEHHO; %dx u %dx
M3MEHEHM TTOTOKOB Ha yyacTke dx; J, — BeJMyuHa 1o-
TOKa TepeHoca BEIlecTBa M3 aMajlbraMbl B PacTBOD
BCJICICTBUE PA3JIOXEHMsI aMabraMbl Ha eAMHULIE JJTH-
HBI KOJNIOHHBI; J,dx —TO € Ha y4acTKe dXx.

1T -

< e J“+(dJ /dx)dx
PP || _____
A

SN | o J+(dJ/dvdx
I J -dx
X
—dx

Puc. 4. (Cxema MOTOKOB nepeHoca BeLecTsa

HampaBneHue KoopAMHAThl X COOTBETCTBYET BO3-
pacTaHMIO KOHLEHTPALMU IO JIETKOII KOMIIOHEHTE B
amaJsibrame.

Pacrnipenenenue MoTOKOB TepeHoca JIETKOW KOM-
MOHEHTHl B PAcTBOpE M aMajbraMe M300pakeHO Ha
puc. 5. 3meck D, u D, — KoappuumeHTsl 1uddy3un

g . A de dc,
IS JIETKOM KOMIIOHEHTHI B (hazax; D, 1 D, T
I dy3MOHHbIE TOTOKM JIETKOW KOMIIOHEHTH B (ha-
3ax; J'c, 1 Jc; — IOTOKM TepeHoca JErKoi KOMIIOHEH-
Tl B pacTBOpe M amajblraMé COOTBETCTBEHHO;

d d - -
i (Jcy)dx n i (Je,)dx —M3MEHEHV TTIOTOKOB IIepe

HOca JIETKOI KOMIIOHEHTHI B (pa3ax Ha ydacTke dx;
Jjdx — TIOTOK NETKOM KOMIIOHEHTHI M3 pacTBopa B
amajbraMy Ha y4actke dx. J,c,dx — mepeHoc JIErKoi
KOMIIOHEHTBI M3 aMaJIbraMbl B PacTBOP Ha y4acTKe dx
BCJIEICTBUE PA3IOKEHUS aMalbraMbl (¢, — KOHLEHTpa-
1S JIETKOM KOMITOHEHTHI B 3TOM MOTOKE).

1

Joc, +— - e, + 4 (e dx

Jocpdx

de, de, L@ @)
Dzdx<— ‘_Dzdx+dx _,dxdx
pP |1 ____
Am

J-c; = > Je, + 4 (Je) dx

Jdx

o e +%(D,%) dx

I
dx *

Puc. 5. [loTokv nepeHoca NErkoy KOMMOHEHTbI B pacTBope u
amasnbrame
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[Npexme yeM MPUCTYNUTD K BBIBOLY YpaBHEHHUS KO-
JIOHHBI, OCTAHOBHUMCSI HA HEKOTOPBIX COOTHOLIECHMUSIX,
CBSI3aHHBIX C IEPEHOCOM BEILECTBA 10 KOJIOHHE.

Ha yyactke "dx" n3MeHeHMe OTOKA IO BEILIECTBY B
aMajibraMe U pacTBope, 00yCIOBIEHHOE Pa3IokeHneM
aMaJjibraMbl, BBIPaXaeTcs CISAYIOIIMM 00pa3oM:

al _ ;. _dJ' _
dx T dx Ty
CkmanpiBasg  9TM  ypaBHEHUS, nojiyyaem:
dJ _dJ'
o dx =0, oTKyza cjenyer:

J-J'=const.

Pa3HocTh (ha30BBIX TIOTOKOB 10 BEMIECTBY IS JIO-
0oro ceueHus1 KOJOHHHI (0e3 IMoTeph) paBHA BETUYMHE
otoopa gy

J=I"=gj. (D

Vp. (1) Ha3EIBaeTCsl ypaBHEHMEM IIepeHOCa Belle-
CTBa BIOJIb 110 KOJIOHHE 6e3 TToTepb.

[Mepeitném nanee K aHaIM3y MepeHoca JIETKoi KOM-
TTOHEHTHI B (Da3ax Ha yyacTKe KOJIOHHHI "dx" (puc. 5).

[MepeHoc nE€rkoif KOMIMOHEHTHI Ha YIaCTKe KOJIOH-

HHI "dx", 00yCJIOBIEHHBIN U30TOITHBIM OOMEHOM, BbI-
paxaeTcs CIeayIoInM 06pa3oM:

j=Jo[acz(1_cl)_cl(1_cz)]a

3mech J, — MaKCUMaJTbHO BO3MOXHAs MOHOOOMEHHas
TUIOTHOCTh TOKA IepeHoca Mexay (azamu [5]. OHa xa-
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paKkTepu3yeT MHTEHCMBHOCTh OOMEHHOIO Ipoliecca 1
SIBJISIETCS TOCTOSIHHOM BEJMYMHOWM, 3aBUCSIIEH OT
KOHKPETHBIX YCIOBUIA OOMEHa.

bananc mmo n€rkoii KOMIIOHEHTE B 00eHX (hazax I
yJacTka "dx" 3amuIneTcs Kak:

d de ) .
d(‘] Ddlj_j_‘]/"cf”

d( dc .
dx(JcZ +D, d;)zj_‘]p c,.

Brrarem BTOpoe ypaBHEHHME U3 TIEPBOTO U TTOTyIeH-
HOE BBIpaXkeHHe TIPOMHTET PUPYEM:

, dc dc
(Jcl—ch)—( d‘+D d2j=c0nst.

N3BecTHO, YTO MepeHOC JETKOH KOMIIOHEHTHI
BIIOJIb 10 KOJIOHHE Oe3 ImoTeph [3] ompenesieTcs Beu-
YIHOI 0TOOpA giCy, T.C.:

(Jcl—J'cz)—( dc]+D dczj:chK. ?2)
' dx dx

Vp. (2) Ha3bIBaETCS ypaBHEHUEM TiepeHoca JIETKOi
KOMIIOHEHTHI BIOJIb IO KOJIOHHE 0€3 IOTepb.

Takum 00pa3oM, HaM1 BBIBEJIEHO YpaBHEHHUE Tepe-
HOCAa JIETKOI KOMIIOHEHTHI BIOJIb 110 KOJIOHHE 0e3 yue-
Ta MOTepPhb, KOTOPOE HEOOXOAMMO IS BHIBOIA YpaBHE-
HUSI pas3fiefieHus 3JIEMEHTOB (M30TOMOB) B MPOTUBO-
TOYHOM HaCaJ0YHOW KOJIOHHE.

4, Anunpee b.M., Maromenbekos 3.11., Paiittman A.A., Po3eHke-
By M.bB., Caxaposckuii 10.A., Xopommos A.B. Pasnenenue u3o-
TOMOB OMOTEHHBIX 3MeMEHTOB B JByX(asHbIX cucteMax. — M.:
W3nAT, 2003. —376 c.

5. Angpees b.M., ITonesoii A.C. MeTozibl Mccea0BaHUs TIPOLIECCOB
n3otonHoro oomena. — M.: MXTH um. JI.W. Menneneesa, 1987.
—-79c.





