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AHHOHHml o6MeH Ha npoT.Rlltemm. MHOrmc ieT 111CllOJII>3yeTC!1-~mr 

· Bl:l,IJ;eJiemm :e: pas~eJiemm MHOrmt MeTaJIJIOB, oelpasYJ)mmc B pacTBope 

OTPHnaTeJI!,HO sapmreHHHe ROMllJieRCH. HapH,ey C 3TIIM aHHOHHmi o6-

MeH npHMeHHeTC.S: H Km< MeTO~ HsyqeHHJI npouecca KOMnJieKC006paso

Ba.HIDr B_pacTBOpe. 3a nocJie~e ro~ Hm<onJiett orpoMHmi 111 oqem, 

llOJiesHl:lff MaTep111aJI o6 aHHOHOo6MeHHOM llOBe~emm pJI,IJ;a MeTaJIJIO-JIH

r~mc CHCTeM B KOHUeHTPll1POBaHHWC paCTBOpax 3JieRTPOJmTOB. 

O~o KOJmqecTBeHHoe onncaHHe rumonoo6MeHHoro norJiome

HH.s: Bec:t.Ma c_JIOlltHO. 3To CB.B:3aHO c TeM, qTo norJiomen111e KOMnJiexcoB 

MeTaJIJIOB Ha aHHOHBTax o6gqno npoTeKaeT 1113 MHOrOKOMllOHeHTHHX_pa

CTBOPOB c BHCOROft HOHHOff CMOtt, B KOTOPHX EMeeT MeCTO 6om,moe 

qzcJIO BSal:IMOCB.B:3aHHHX paBHOBecd. 

.Iv.t.s: TeopeTlNecxoa HH'l'epnpeTanu npouecca aiiHonoo6MeHHoro 

norJiomeHM KOMllJI~KCOB MeTaJIJIOB npHBJieKamc.s: npe~cTaBJieHRII H3 06-

xa.qm KOOp~aUHOHHOtt xm.um, Teopim pacTBOPOB aJieKTp0J!l!TOB,TeO

pu HOH006MeHHol cop6uu. Teu He MeHee OTcyTCTBHe Heo6XO.D;l!MOft 

:e:cxo~oft HHqiolJ,18.UID[ sacTaB11.B:eT npz6eraT:& K qiopyan:&HOMy onzcamm 

npouecca. IlocJie~ee, Rax BCSIKoe uaTeMaTJAecxoe Mo~eJIHpoBaHKe no-

'· Be~eH:IIJI peam,Hmc CHCTeM, .CB.B:3aHO C pJI.IJ;OM Haqa]ll,H!,IX orpaHJ,NeHd 

H ynpomaml]IIX ~OllYJlleHHI._TaR, H8.Ilpm1ep, BO BCex q>OIJ,lalm30BaHHHX 

llO.D;XO,Itax llOCTYJIHPYeTc.s:, ·xax npaBHJIO, norJiomeHHe o~ol KaROI-JIH60 

ROMllJ18RCHOI ~OJl,IH. 3TOT nocTyna.T He BCerJta cornacyeTC.S: C axcne

pzMeHTaJI!,HHMH pesym,TaTBMH. Jla.mme o cocTaBe norJiomeHHHX coe.ItJ[

HeHHft BeCLMa npomBOpe~, q'l'o o6ycJIOBJieHo 111 cJiolEHocT:&D :asyqae

MHX CHCTeM 111 HeCOBepmeHCTBOM npzMeH.s:ellliX M8TO~OB. 

BoSMOlEHOC'l'H OnHCaHH.s: axcnepneHTan:&HHX saBIIICHMOCTeft ROaqxpH

UHeHTOB pacnpe~eJieHJl[JJ Ha·aHHOHHTBX OT KOHUeHTpanHJI JDII'aHJta B 
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KOHUeHTPHPOBaHHIDC pacTBOpaJC aJieKTPOJIBTOB BeCbMa orpaHHqeHH. Oco

jeHHO RPKO 3TO npORBJlReTCR npH aHaJmse .JtaHHIDC, IlOnytieHHIDC npH~H3-

y1rnmm norJionteHRR Kam:>ro-JIB6o KOMnJieKcoo6pasyJO[l(ero MeTaJIJla Ha 

aUHOHHTe li3 pacTBOpOB COJiet! pa3Jlli'IHl:DC MeTaJIJloB, HM8Dll(liX o6umJi aHH

OH H, B qacTHOCTH, XJIOPH.JtOB [l(eJioqHmc MeTaJIJlOB. B 3TliX CHCTeMax 

RMeeT MeCTO TaR HasmiaeMim "BTOpHqH!m l!aTHOHHmi aqxpeKT". KOTOPim 

npoRBJIReTCR B TOM, qTo IlPH O~OH H TOH lite KOHUeHTpanHH JmraH,na B 

pacTBOpe B saBHCRMOCTH OT IlPHPO~ RaTHOHa 3JleRTpOJIHTa K03tfxI>HnHeHT 

p_acnpe.neJieHRR norJio[l(aeMoro MeTallJla MOllteT OTJIBqaTbCR Ha HeCKOJlbKO 

nopR~OB. HecMOTPJI Ha ClOJiblliOli 3KCnepRMeHTaJlbHlitt MaTeprurn, .no CHX 

nop He y.nanoCb ,naTb noJIHoro KoJIHqecTBeHHoro onHcaarur aKcnepHMeH

TaJlbHo nonyqeHHHX 3aBHCHMOCTea KOSqxl\HnHeHTOB pacnpe,neJieHHJI .ltJlR 

3TIDC CHCTeM. 

0,nHOH H3 OCHOBHIDC npli'IHH Hey,naq BCeX cymeCTBYJO[l(RX ¢0pManHCTH-
/l/ . . · 12/ 

qecKHx no,nxo.nor. (Teoprur ~poHeyca, TeOPHR Kpaycca H HeJlbcom1, Teo-
/J/ /4/ • 

PHR MapKyca H Rop~aJlJlll H no,nxo.n XopHaJ B onHcaHHH npouecca norJio-

~eHHJI KOMilJleKCOB MeTaJIJlOB aHHOHHTaMH H3 KOHUeHTPHPOBaHHIDC pacTBO

pog 3Jl8KTPOJIRTOB, no HarueMy MHeHHJO, RBJlReTCR npeHe6pellteHHe oOpa-

30BaHHeM BHemHec¢epHHX KOMilJieKCOB B pacTnope. 

YqHT!lBaR, qTO npoueccu norJIOlll8HHR KON.IlJ18KCOB MeTaJIJlOB amIOHH

TaMH 113 I{OHUeHTPHPOBaHH!lX pacTBOpOB 3JleKTPOJIBTOB MoryT HMeTb BallC

HOe npaKTRqeCKOe saaqeHHe, MH nonuTaJIHCb C03,naTb MaTeMaTWJeCKYJO 
'· MO,neJlb, KoTopaa: nosBOJIHJUl OH onHcan npouecc nornomeHHR KOMnJieK-

coB MeTaJIJIOB Ha aHHOHOOOMeHHIDC CMOJiax C Y'JeTOM oopaso:sarura BHelDHe

c~epHHX KOMilJieKCOB B pacTBOpe. t'e3yJU,TaTH npOB8PKH BHBe,neHHIDC ypaB

HeHHil noxaaaHH Ha npHMepe 3KCnepHMeHTaJlbHO llOJlY'leHHWC H ony6Jllll(O

BaHHIDC B JIHTepaType 3aBr!CHMOCTefi IC03,PPHUReHTOB. pacnpe.neJiemm OT 

KOHU8HTpau,HH m,raH,na B pacTBOpe. 

KoJiaqecTBeHHoe OilHCaHHe npoyecca nornomearui: 
KQMII~eRC_QB]vl~T/lIDJ:OB aHHOHH~OM 

ITpH cos.namm MaTeMaTHTJecxon Mo.neim npouecca nornomeHHR KoMn

nexcoB MeTaJlJIOB Ha aHHOHHTe H3 paCTBOPOB, co,nepllta[l(HX KOMilJ18KC006-

pasyiounrll JmraH.n - C • ytraT!lBaa: 60JlbmHe pasJIBqHR B KOHCTaHTax 

YCTOH'mBOCTH KOMilJieRCOB, Mil BU.lteJIReM .JtBe rpynnu MeTaJIJIOB. ITepBaa: 

rpynna BKJIIOqaeT MeTaJIJl!l, .JtJIR ROTOPHX npoqHOCTb CBJI3H M-H20 B rH.n

paTHOH c~epe MeraJIJia 3HaqHT8JlbHO M8Hbme npoqHOCTH CBH3H M -L. 
BTOpaR rpynna BKJIJJ<laeT ~eTaJlJIH, .JtJIR KOTOPHX npoqHOCTb CBH3H 

M-H2o coHsMepmm HJm npoqaee cBRsH M - L • 

faCCMOTPHM paCTBOP COJIH MeTaJIJla Mm~ • npHHa,nJielltamero 

R nepooff rpynne,H o~oBaJieHTHoro imraH.na L- , ROTOpllff o6pasy-

eTcH np:a .JtHCCO.nHailHH CIDII,Horo 3JleKTpO.imTa CLc • EcJIB KOHU8HT

panHH MeT8.JIJIB. ( CM ) HaMHoro MeHDme RoaueHTPaURH JmraH.na ( C1. J, 

TO COS,naIOTCJI ycJIOBWI, npg: KOTOPHX o6pa3yJOTCR TOJII,RO MOHon;nepHUe 

KOMnJieKCH,H B BO.JtHOM pacTBope Oy,neT IlPRCYTCTBOBaTb cepHR 008.JtH

HeHHil, o6pasylOll(HxcR B pesyJlbTaTe nocne.noooTem;aon ~enoql{H paBRO

BecHil, HMelOll(eA MeCTO B ,naHHOH CHCTeMe. 06pa30BaHHe RaJK,noro H3 

3THX ROMllJieKCOB MOlltHO OOOCaTb OO[l(HM ypaBHemteM 

M -i- nL ~ MLn (l!'fn~H). (I) 

Tel)Mo,!OUUIMHqecRaa: ROHCTaHTa paBHOBecrui: 3TOM pea.KnHH paBHa 

t, _ 0MLn _ (MLnJ • /MLn 
11 - 01>1-0E -o (M)(Lr /M -fLh, (2) 

r.ne: M - MeTaJIJ1-KOMilJ18KCOo6pasoBaTeJII,; L - O~OBaJieHTHWi JlH

raH,n; ii - KOOP.JtHHallHOHHOe 'lHCJlO MeTaJIJla M; n - 'IHCJIO JIHraH

.JtOB, Q - Tel)MO.JtHHaMRqecKrur aKTHBHOCTb COOTB8TCTByXllllIDC <p<>JN; 

j - KOaqxpHnHElHT a.KTHBHOCTH. 
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CHMBOJm, 3aKJIDtl8HHH8 B CKOOKax, 03Haqa!)T KOHU:8HTpattrul COOT-

B8TCTBYJOl!1IDC cpOJ)M. 
-~ 

B ypaBHemmx (I) H (2) H .I(aJiee onymeau 3Ha.KH H BeJIWimm 3a

PJmOB MeTaJIJia, Jllll'ru!.I(a H COOTB8TCTByll)lltIDt KOMIIJ18KCOB. 

C yB8JlHqeHHeM KOHU:8HTpattrul 8Jl8KTPOJIHTa CL, B pacTBOpe B 

CHCTeMe C03,ltaIDTCJI ycJIOBruI, 6.naronpHJITCTBYD!IIHe o6pa30BllHim HOHHHX 

nap :ium BHemHecipepHHX KOMilJ18KCOB C yqacTli!eM KaTli!OHa 8JleKTPOJlli!Ta · 

CLt • EcJIH 3TH KOMnJleKCH o603aaqHM 0611tefi ipOPMYJIOff CpMLntq, 

TO me OOpa30BaHli!e MOlltHO npe.I(CTSBHTD CR8JCY!llllHM_ ypaBHeHli!eM: 

MLn +pC +q.L ~ CpMLnt-q, 

p- cn+q.J-m 
- C I 

(3) 

T8IJMO,ItHHaMHqecKaa KOHCTaHTa KOT,OPOro 6y.I(eT 

p _ ( CpMLn+q,I , /c,.ML11+4 

/cpMLnH1, - An./CJ~ (M)(LJ"+IJ. fr., .J:.J/+-<i-' (4) 

r.I(e <}. - 'lfflCJlO Jllll'aH.I(OB L , .I(OllOJlHHTeJI!,HO CB/I3aHHHX B KOMIIJ18K-

ce; p - 'DICJlO aTOMOB C B coe,ItHHeHHH. 

Hcno.m,3yJI ypaBHeHHJI (I-4), 06ll!YIO KOHU:8HTpaURro MeTaJIJia KOMII- : 

J1eKcoo6pa30BaTeJ1JI B pacTBope CM 

06pa30M: 

MOlltHO npe.I(CTam!'.TD CJ18.I(yrolltHM 

.tr•/'I P•:t' ~=;Q. p n+q, 

Cr,,= (MJf;f;~ /cpMLri•q:fMLn ,GcpMLn+q.(C) .(LJ , 
(6) 

r.I(e GcpML~i-ci. 

HOCTH. 

OTHOmeHHe COOTB8TCTBylllllHX K08!pplill:H8HTOB aKTHB-

IlpH KOHTaKTe pacTBOpa TaKoro COCTaBa C aHHOH006MeHHHKOM yc

TaJraBJIHBaeTCJI paBI10B8CHOe pacnpe.I(eJleHHe. EcJIH npH 8TOM 3ailOJlH8-

HHe CMOJlll He npeBumaeT I-2% ee eMKOCTH, TO paBHOBeCHYI) KOHU8HT

pall:HID qJyHKUHOHaJI!,HUX rpynn B CMOJle MOlltHO cqHTaTD IlOCTOJIHHOff Be-

, .JlHqHHoi, pamion MaKCHMaJlliHOfi o6MeHHOH eMKOCTH aHHOHHTa. 
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PaccMOTPHM norJ1011teHJi!e·oTpHuaTeJ1DHO 3ap.lDlteHHUX H HeflTpam,

HHX KOMnJleKCHHX i,POPM, 3apJUJ; KOTopux onpe.I(8Jl!J8TCJI CJ18JCY!llllHMH He

paBeHCTBaMH: n >,, m H q..~p • B c;zyqae norJ1011teHHJI 0.I(HOro KOMII

JleKca TaKOfi npouecc MO~eT OUTD npe.I(CTaBJleH CJ18.ztYll)lltHM paBHOB8CH

eM: 

rn+t: + CpMLn+q. ~ R.tCpMLn+i+t I (6) 

r.I(e t - 'DICJlO !pyHKUR<>HaJI!,H!il( rpynn HOHHTa, yqaCTBYD!IIHX B npou:ec

ce. ~aHHaJJ cxeMa ,1taeT B03MOlltHOCTD on.acaTD npoo:ecc norJ1011temm ae

saBHCHMO OT ero M8Xa.HH3Ma. TeI)MO.I(HHaMHqecKaJJ KOHC_TaHTa paBHOBe

CHJI (6) onpe.I(eJl!JeTcJI KaK 

-
/c-pMl-,.,,.~ (7) ~II-HJ= (CpMLri+cp 

(/U.)~ fcpMl.n+'j, · f ML.n (M)(C/(J.) ,-..q ·. f J, p ll♦ 'J,- ( t I 

//>'I ' C , }j_ · fp.L 

' r.I(e qepTott 0003HaqaeTcJI ipasa HOHHTa. 

Ms ypaBHeHHJI (7) nonyqaeM Bup~emre, onpe.n:eJlJIIDlltee xoau:eHT

paUHD MeTaJlJ!a B ipa3e CMOJlH 

- - r., · - t P n+q - (8) 
CM= (Cpf<lLn+qJ.:: lln+q·/CpMLnHfftiL/M)(R.U (C).(L} • GcpMLn~q. 

BupasHB CM HS ypaBHeHWI (5) PI CM HS ypaBHemm (8), noJiy

qaeM BUpallteHHe, onpe.1teJlJIIOlltee xoaippHUHeHTH pacnpe,1teneHHJI MeTruura 

n - iln+q. ,fhMLn+'I •Pm . ., (l:ttlt(C t (L}"+CJ &cpMLn+q, 
CpMLn+q.- n=IVP.:P ~ • (9) 

~~ ¼=o fcpMl-n+q,./"m.,,· GCpMLn+iiCC)~ (L)n+q, 
Ec;m HOJUITOM norJIOmallTCJI 6om,mee q}ICJlO KOMilJ18RCHHX ipoJN, 

TO KO::l!pl)Plll:H8HT pacnpe,1tenemm Doow,· MOlltHO pacCMaTpHBaTD KaK 

CYMMJ HeCKOJII,RHX CJIBI'aeMHX, K8Jlt,lt0~ H3 KOTOPHX 3an11cuBaeTCJI B 

COOTB8TCTBl!'.H C ypaBHeHHeM (9): 
- - t "" -

0 _ U.m, f.YJL111. (fll) • (Ll • G-M~rn . 
P5W,•- -'--=-~--'--'-------------- +•••• 

,i,K p:P µ p -ht~ 

~ ~ l~•o fcpMLn+~ -fMLn • &cpl'll..n+q,(C) (I-) 

~ 
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- f3 - t ? ~t4 -U. 11 ,q.,fcpMLnt'l-•/MLn•(A.U (C).(I.) G-cpMLn+4 _ 
···~ -o-'::-'---,--::-'--::---------------- -

,i:tt p,p '!=O. . p n+'I, 

L LL fc: MLM · fr.rLn · GcpMl-t,.~ · (CJ {I-) 
n:o p=o 4=0 . p q 

·a-

11=1\1 P•P ~=Qt=T (IO) 
-, ')-G ii fl ~ - - t P 11-1~ _ b.hoq~l~. Kbiti·/CpllJLntq •J ML, GCpl>'IL11tqmU (C).{Ll 

Et~ fcpM_1-ntq. PMLn. G-cpMLn+q .cct (L)n-tq, 

YpaBHemrn (IO) BK}ll)tiaeT 60JU,moe 'll!CJIO HeH3BeCTHHJC lKOHCTaH'l!ipa:e

HOBecHR, K034XPHIUieHTil a.KTHBHOCTH B CMOJie H BO.I(HOM qiase) H B Ta.KOi 

qJO!)Me He MOlB:eT ORTI, .1,ICilOJir,30BaHO .n;JlJI pactJeTOB. G nem,11 YilPOllleHHJI 

BBO)l,JITCJI .IU3a .n;onyllleIDIJI: 

1) • .BeJIRtJRHR GcpMLrit!J. H G-cpML-Mq. npHiil!M8.DTCJI nocToJIH

IWMH npH ooex sHatJeHHJIX .7mraH.n;a; 

2). ::!HaMeHaTeJIL B ypaBHemrn (IO), JiBJIRH)ll!HMCJI KOHetJHHM CTeneH

HHM PJI.ZtOM, npH6JIH~eHHO npe.n;cTaBJlJieTcJI 6ecKOHetJHHM PJI.ZtOM111,r.e. 

,t:N P•P~ l'l+Cj ML}. 
(tJ = [ s ~ PcpMLntq. • /'f'fLn' G-cpML11+iC)~ (L) ~ Bae, (II) 

r.zte c\J - qiyHKnHJi 3a.KOMilJieRCOBaHHOCTH CHCTeMR; '5
0 

H & - ROH-

CTaHTR, 3aBlfCJIU!He OT IlPlfPO.ztR ROMilJ1e1tcooCSpa3yioll1ero MeTaJIJla Mm .. H 

a.11eKTPOJIHTa CLc, nocKom,Ky npH 11-iJi<•cp>i. _ cp - fl
0
e-.tlLJ 

Tor.n;a ypaBHeHHe (IO) IlPRH.HMaeT C)le.eyJO!llHii BH.n;: 
t,=N p;p t=--0. . 11-t- p-tq, J -t (L} 

Douw,, == [ h~ G ~o BcpML11-t-q.. (L) 'e (12) 

HJilf "=Ir P=P q=O.. 

Doa111,. = hi~ h AcpM.Ln4-<J ,olcpMLn-1q., (13) 

r.zte B , A H $ - ROHCTaHTR, 

olcpML n+g. - MOJU,HaJI .ztOM n+q.- oro KOMnJieKca Ii pacTBope. 

Vis ypaBHeHHJI (12) cne.nyeT, tJTo axcnepHMeHTa.JII,Ho nonytJemmtt KOaq>

rf.n:mieHT pacnpe.n;enemm Mo;;rno paccMaTpHBaTL Ka.K cy11N.y HeCKOJir,KWC 

cJiaraeMux, Kalir,!(oe lf3 ROTopwc npe.ztcTaBJIJieT KOarppm .. ttrnHT pacnpe.zte11e

Hlf11 onpe.n;eJieHHOH KOMilJieKCHOH q\opMH, norJio:qaeMOH CMOJ!OH B HeKOTO-

8 
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poll o6JiaCTlf KOHneHTpanHlf JllfraH,n;a B pacTBOpe. PaBeHCTBO ypaBHeHilil 

(I2) H (I3) IlOKa3uBaeT, tJTO K034XPRIUieHTll pacnpe.zteJieHHJI OT,IteJU,HHX 

norJioll!aeMmc CMOJIOH KOMilJieKCH!DC <pOpM nponopmioHaJU,Hll HX MQJII,HllM 

,ItOJIJIM B paCTBOpe. 

J!JIJI onHcaHHJI nponecca norno1QeHHJI MeTaJIJioB 1<0Mn11eKcoodpaaoBa

TeJieM BTOPOH rpynn11, .llJlJI KOTOpmc npo'lHOCTI, CBfI3H M - fl.zO B rH.npaT

HOH oCSOJIOtJRe MeTaJIJia COil3M3plfMa lfJIIl npOtJHee CBfI3H M - L , ypaBHe

HRe (12) IlPHHHMaeT mm: 
ri=NP•P-,•Q . '(L-L ) 

[ _. ~ 1 _ n+p-1~ J -o " 
Docw,. = n{.; fu..,:o 1JcpMLntq (L-Lo> e , (I4) 

r.zte ( Lo ) - ROHneHTpamiJI JIHI'aH,Ita B pacTBOpe, .llJlJI ROTOPOH B!lilOJI

HmOTCJI cneJJY10111He ycno:mrn: np:a(L)f(L0 l, ~l; npR (Ll>(Lftl, <P > I. 

· YpaBHeHHJI (I2) R (14) JIBJIJIK)TCSI-KOHetJH!,IMil ypaBHeHIDIMH, IlOJIY

tJeHH!,IMR B pesyJIE,TaTe ncnoJII,30BaHHoro no.n:xo.zta npH onn:caHRlf nponec

.ca norJ10111eawr ROMilJleKCOB MeTaJIJIOB aHHOHHTOM. 3TOT no.n:xo.zt OTJIIltJaeT

CJI OT H3BeCTHHJC paHee TeM, tJTO B HeM Y'llfTHBaeTCJI oCSpa30BaHRe BHem

HecqiepHHJC KOMilJieKCOB C y-ciacTHeM KaTHOHa 3JieKTPOlllfTa Ilplf BllCOKHX 

KOHneHTpaIUIJIX IlOCJie,ItHero BO BHemHeM pacToope H He orpaHlftJHBaeTCJI 

tJRCJIO norno111aeMIDC KOMilJleKCHHJC qiopM. 

AHalllf3 aKcnepHMeHTaJ!I,HIDC 3aBRClfMOC~e~ 
KoaqxpnUHeHTa.. pacnpe,nene.RIDI 

C nem,10 npoBepKH npmieHHMOCTH ypaBHemm (I2) 6RJI npoBe,IteH 

aHa;m3 3aBlfCID.!OCTeH K034JPHIUieHTOB pacnpe,neJieHHJI,IldJiy-cieHH!lX XopHOM 
·. /6/.. /7/ 

C corp. R MaPKycoM. B116op 3THX CHCTeM oCSycJlOBJieH TeM, tJTO BC~ npe.n;~ 

IlPlfHJITRe paHee IlOilllTKR pacctJHTaTI, 3aBHClfMOCTH K03qJPHIUieHTOB pacnpe

,IteJleHWI OT ROHneHTPaIUIH JllfraH,n;a B mHpOKOil o6JiaCTH KOHUeHTpaIJ;l'IH no

CJie,n;Hero He npHBeJUI K IlOJIOlltHTeJif,HOMy pe3yJU,TaTy. 

XopH IlCCJie,llOBaJl norJIOIJ1eHHe 

paCTBOPOB .;f, Cf ' Ila a . !{.Cl? ' 

ii H3 paCTBOPOB ;/, Cf H " ( f 

Zn-2-t· Ha aHilOHHTe )layaRc IxB R3 

c~ ce , · Nil,, ce , 11 cP _ npH 25°c 
npn 49°C. IIpoBe.neHHHH aHa;ms 
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IlOKa3aJI, '<ITO Bee paccMOTpeRHHe aKcnepI1MeHTaJ1I,1We saBliCHMOCTR K03!p

~RUH8HTOB pacnpe~eneHRH C BHCOKOfi TO"lHOCThID OimCHBalOTCH ypaBH8Hli

eM (I2), KOTOpoe ~llJI ~aHHOfi CRCTeMH npHHRMaeT CJl8.zzyIOl!lRfi B~: 

2 ~ • (:,J - t, ( lf) 

]llriW,• =f P.l.zncP/Cfl + Bcznce~ ca·;+ '\.z,.ce/Cf") .e. <
15

> 

,Itmi Bcex aHanRsnpoBaHHHX cacTeM saBHCRMOCTH KoaqxpauneHTOB 

pacnpe~eneHRH OT KOHU8HTpaUHli Jllll'aH~a B pacTBope, pacC"lRTaHHHe 

no ypaBHeHRID {15)· npR liCilOJII,30BaHlili aneKTPOHHoro KaJII,KyllJITopa 

"EnKa", HecMOTPH HaiieCio.m,moe qacJlo HTepaunfi, xopomo coBIIa~aroT 

C COOTB8TCTBYIOIJ1RMH aKcnepHMeHTaJII,HHMR saBRCRMOCT.RMR. O~RH RS npR

MepoB TaKOro COBna~eHIDI IlOKa3aH Ha pac.l. 

C ne.m,ro IIPOBepKR 0~03Ha"lHOCTli no.nyqeHHHX pemeHRii R YTOtJHe

HRH 3HaqeHRH KOHCTaHT e,. R & ,nM BCeX . paCCMOTpeHHHX CRCT8M OHJl 

npoBe~eH aHaJlR3 Ha 3BM C npRMeHeHReM CT~apTHOff nporpaMMH "AyTO

;e", Rc110J1I,syro~ea aBTOperyJIJipRSOBaHHlifl 11ponecc raycca - Hhmoru/.
81 

PesyJ1DTaTH aToro aHaJrnsa IlO~Bep,imaroT 0~03HaqHOCTh pemeHRH ypaB

HeHIDI (I5) R Il03BOJ1HIOT c~eJlaTh BHBO~, '<ITO nornomeHRe unHKa B liC

cne~oBaHHHX cacTeMax.onncHBaeTcH Melltql8.sHHM pacnpe~enemteM cJle~ 

~ KOMilJl8KCHHX q>OpM: Zn CU2. , C Znte.3 H C;.ZnCeJ{ , r~e 

C - .;e+ , Na+, u+ , cs+ , IIH'7 , 1-1+ COOTB8TCTBeHHO. B. 

KaqecTBe npRMepa Ha pnc.2 ~a.Jill pesyJII,TaTH aHaJlRSa saBRCHMOCTH KO

a@)RUR8HTa pacnpe~eneHHH ~llJI CRCTeMH J{ayaRC Ix8 - znl+ - CsCP • 

Ha IIpRMepe 8.HaJlR3HpOBa!IHHX CRCT8M paCCMOTpeHO BJIRHHRe npnpo~ Ka

TROHa aJleKTPOJrnTa Ha norno~eHHe KOMilJl8KCHHX ~OPM aHHOHRTOM. J{JlH 

CRCTeMH AayaKC lx8 ~ i:n.z+ - paCTBOPH xnop~OB menoqHHic MeTaJlJlOB 

IlOJlY'leHa JrnH8HHaH saBRCHMOCTh K08qJpimRBHTOB Bi, Z r,6 B ypaBHe

HHH (15) OT KPRCTaJIJlOXRMH'l8CKOro pa.u;Ryca ROHa meJloqHoro MeTaJLJia, 

npe~cTaBJleHHrul Ha pnc. 3 H 4. 
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AHanorn'lHrur RapTHHa 6wra nolIY'leHa n npH aHanHse aKcnepm.1eH

Tam.Hmc saBHCm.lOCTSH RO3i;tqlllnH8HTOB pacnpe~eneH:rui:, IlOlIY'!8HHHX MaP-
/7/ ,l+-

RyCOM npz nsyt1eH:im nornomeHIDI Cd Ha aHlloHnTe nayaRc IxIO ns 

pacTBOPOB ;/i ( e ll ~ Ce . 
tlO3MOlKHOCT1, npllMeHeHWI ypaBHSHHJI (I¼) ~M OilHCaHIDI npou;ecca 

nornomeHHsr MeTannoB ROMnneKcoo6pasoBaTene0 BTOPOH rpynn1,1, ~nsr RO

Topmc npoqHOCT!, CBJI3ll M-H20 B r~THOH o6onoqRe MeTallJia COll3M8PH

Ma HnH npoqHee CM3ll M - L , noRasaJia Ha npHMepe nornomemm xnopn~

HhlX ROMnneRCOB Ro6am.Ta (II) n JKenesa (III) Ha aHllOHllTe nayaRC IxB. 

ARanll3 3RcnepIIMeHTa.Jl1,HHX saBllCliMOCTe0 RO3\fxpRIJ;HeHTOB pacnpe~e

neHIDI, IlOlIY'!8HHHX HaMll ~M RO6am.Ta B CllCTeMax nayaRC Ix8 - Co2+ -
' /9/ 

- ;f,, ce n nayaRC IxB - co2+ - 1-1 ce H MaPRyCOM ~M JKenesa B CllCTe-

Max nayaRC Ix8 - f e3+ - ti Ce R nayaRC IxB '-- F e3+ - fl ce , BHnon

HSHHHH Ha 3IJA, noRasan, qTO TeopeTRtJSCRlle saBHCllMOCT.ll RO3(_pJ)llUll8H

TOB pacnpe~eneRWI, paccqllTaHRHe no ypaBHeHmO (I¼), C ~OCTaToqHo BH

COROlf TOqHOCTl>IO COBila~ruoT C _3RCilepllM8HTam.HHM.ll J(aJiHIDvlR. IIornomeH.lle 

RO6am.Ta B CHCT8M8 nayaRC Ix8 - t_, (e H nayaRc Ix8 - ij (E ODHCHBaST

CJI MeJl$lsHHM pacnpe~enenzeM ilHemHe~qiepHoro ROMnneRca J.,2. Co Cl\ 

(pacTBOp .'f. Cf;' ) ll H2CoCe4 (pacTBOp W Cr ) COOTB8TCTB8!1HO. llorno-

11{8Hll8 JKeneaa (Ill) B CRCTSMe nay3RC Ix8 - -J., Cf .ll nayaRC Ix8 - ~Cf 

OilllCHBaSTCJI MeJKcpa3HHM pacnpe~eneHHSM ROMDneRCOB fe Cl'_, H ;:f. re Cf 6 
. 3 

(pacT~Op ;f.Cf ) H t~Cf3 H J.l:,f'eCe6 {paCTBOp I-ICQ ). IlonytieH-

HHe peaym.TaT1,1 HaxO)tflTCJI B cornacHH C peaym.TaTaMR pa6OTl,I KnHrHHa 
.. /IO/ ·-

.ll J(pyrnx, ·B ROTOPOH HeaaBllCllMHM _MeTO~OM noRa3aHO, qTO B pacTBOpe 

\t Ce npH. ROHIJ;S~TpaI(llmc ) 4 M Co2+ cymecTByeT TOJ!l,RO B qJOp.!e BHem

HSCqiepHoro ROMilneRca ¾Co· C e4, a F e3+ B qiopMe H3 F eC l1 6 • 

Ha p.llc.5 B RaqecTBe npHMepa noHaaaH1,1 peaym.TaTH aHannsa sa

BllCllMocTen RO3i;tqlllI(ll8HTOB pacnpeJ(eneH:rui: OT ROHIJ;SHTpanHH nHraHJ(a 

l;J 
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~JI!! CHCTeM!i ,UayaKC lx8 - Co2+ - ci,Ce H l-\C~ COOTBeTCTBeHHO-. K CO

JJta.Jie!UID, orpaHHqeHHM paCTBOPHMOCTb xnopH~OB menoqHUX MeTaJlJIOB 

He IlO3BOJmna CO3AaTb .I(llana3OH H3MeHeHHJI KOHneHTpauaen XJIOP-ROHa 

B pacTBope, KOTOputt AaJI 6u BO3MOXHOCTb npoaHanH3HPOBaTb BJIWIIDte 

npapo~ KaTHOHa sneKTPOnHTa _Ha BenHqWiu KOS@!HuaeHTOB pacnpeAene

HHJI ~JUI STRX CRCTeM. ITornomeHHe Co (IT) R Pe (ill) Ha aHROHRTe ,Uay-

3KC lx8 HMeeT MeCTO npH KOHJ:~eHTpaua.FIX XJIOp-HOHa 6onr,me 3 M. ITo

STOMY Heo6xo~ue KOHneHTpaU!iH XJIOP-HOHa 6uJIR no.nyqeHu TOJIE,KO np:a 

HCllOli3OBaHRH ;I, er H uce • 
IToJiytteHHHe 3Haqemm KOHCTaHT!i ( lo ) B ypaBHeHRH (!'I) ~ xno

p:a,iiHUX paCTBOPOB Co (IT) H Pe (ill) B COOTBeTCTBHH C npeAJIOXeHHOH 

MOAem.ro AaIDT BO3MOlltHOCTb npeACKa3aTb aJie.n;yIO[lzyIO nocJie~OBaTem.HOCTb 

H3MeHeHHH sHaqelijtl! ( L0 ) ,IV!JI Tp:aa~ nepexo~ MeTaJIJIOB fe , Co , 

Iii : 
(Lo)Fe <:: < Loleo < £-Lo)m 

3To osaaqaeT, qTo OTCYTCTBlie nornomeHHJJ HHKeJIJI aHROHRTOM ,llaysRC 

Ix8 HS XJIOPH.ltHIDC pacTBOPOB menoqaux MeTaJIJIOB H COJ.Umott RHCJIOT!i 

-O6ycnoBJ1eHo 6om.mRM sHaqemreM ( Lo ) A.ID! sToro MeTanna. C no3rui;mt 
, . /II/ 

npe~cTaBJieHR!, B~ImyT!iX /umpeeBHM H Xa~. STO osaaqaeT, qTO 

r~THM o6oJIO'ql(a rumerui:.cmmIROM cTa6:am.Ha,H nosTOMY xnopH,!tHue 

paCTBOP!i menoqH!iX MeTaJIJIOB H COJ!JIHOH RHCJIOT!i B o6JiaCTR ri peam.

H!iX ROHUeHTpauitil He MoryT ~ocurnyTb ( L.. 0 ) AM aToro MeTaJIJla H 

BliCTYimTb B RaqecTBe ROMllJieRcoo6pasoBaTeJ1ett. 

YpaBHeHZe (12) MOllteT RCilOJl!,SOBaTbC.II H npH OimCaHHH_nponecca 

nornomeHH.II KOMilJieKCOB MeTaJIJIOB aHROHHTaMH HS paCTBOPOB, co~ePJita-. 

lllHX CM0CbSJ1eKTPOnHTOB. B STRX CHCTeMax BO3MOlltHO o6paSOBaHHe CMe

maHHUX KOMilJieRCOB. BO3MOlltHOCTb npHMeHeHH.II ypaBHeHH.II (12) R no~o6-

HliM cRCTeMaM noxasaaa na npHMepe aHanH3a no.nyqeHH!iX HaMH aRcnEpH

MeHTaJlbHO saBHCHMOCTeR KO~eHTOB pacnpe~eJieHH.II Co(IT} H Pe(m) 

MeE,IJy aHHOHRTOM ,UaysKC A-1 H pacTBOPOM 11/Vl(j+ 1-JCe H J{U,p{S + U.CP0-4 • 

15 
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ITo.,zy-qeHHHe aaBRCHMOCTH K03qxl)RUH8HTOB pacnpe,nenerum npoaaa-
. . 

JIH3Hpo:aarui K8.R npH HCilOJil,_30Bamrn 3Jl8KTpOHHOro RaJII,KyJIJlTOpa, Ta.R 

H C npHMeHeHHeM 3BM. Pe3yJII,TaTU aHa.11H3a, npe,ncTaBJ18HHSe Ha pHc.6, 

llOKa3&BaIOT, qTO nornomeHHe Ko6aJll>Ta B CHCTeMe .Uay3KC A-I -ilU¼Cl{5 
llpH KOHU8HTpaUHH UCf - 0,1; 0,2 R 0,3 M 0~03Ha'iHO ODJICIID3,l)TCJI 

Melltqla3P..2.! pacnpe,neneHHeM Co ( CJIS ) • Taxaa 1tapTRHa m.teeT MecTo H 
4 . . 

np:e: nornomeHHH Kojam,Ta Ha ,UayaKc A-1 :e:s pacTBOPOB IIU"CIIS np:e: 

ROHU8HT~ uceo.l( • paBHOH 0,I H 0,2 M. B CHCTeMe .UayaKC A-I 

- lflli,C!IS np:e: KOHUeHT~H Het' 0,4 H I,0 M cop6:[(RII Ko6aJ111-

Ta onpe,neinaeTca MeltqiasHUM pacnpe,ll;eJieHHeM Co ( CNS )2 H Co(C/YS)C€, 

COOTHomeHHe ROTOPIDC B q,a3e HOHHTa·saBHCHT OT OTHomeHIDi Kll¥(!IS 

H UCE B pacToope. 
3+ . 

.UM CHCTeMS .UayaKC A-I - te - .11/.1,lN.S npH 0,2 M· "ce H 

npH 0,2 M - U Cf0't pesyJII,TaTS aHamrna llOSBOJIJllOT c,neHaTI, SaHJilllle-

HHe, qTo llteneso nornomaeTca Rs pacTBopa B qJOf(lle fe (CJ{5)3 • .UM 

TOH lite CHCT8Mli npH 0,3 ; 0,4 H !,0 M "(~ B pacTBOpe pemeHHJI ypaB

HeHHa {I2) YRa3&BaIOT Ha Mellttf,a3Hoe pacnpe,neneHRe KOMnJieKcoBfe(cNS~, 

'tE'(CHS~f.r RtE'(CNS}(~,OTHOmeHHe KOTOPIDC B q,ase HOHHTa saBHC.HT • 

OT COOT~omemm KU"CIIS /uce BO BHemHeM paCTBOpe. 

Pesym.TaTs, no.nyqeHHse npH asyqeHHR nornomeHHa Eenesa (ill) 

H KOClam,Ta {II) Ha .UayaKC A-I HS NUiiKS - 1-1ce paCTBOPOB, nocny-

' lltHJIH OCHOBOH ,nJIJl paspa60TRH OscTporo H aq:qieRTHBHoro MeTo,na xpoMa-

TorpaqiaqecKoro pas,neneHIUI aTHX aneMeHTOB • .Pas,neMeMB..!I_ cMec:r. Co{II) 

11 I!e {lli) cop6aponaiiac:r. aa cMone Hs pacTBOpa o,·aM -lfl",(NSa 0,4 M -

/lCl' • llleJieso (Ill) BSMUBaJIOCI, pacTBOPOM 0,I5 M -HU"C/1'5 ,0,15 M

u CP H o, 7 M · - /(Jl.i ltU J. • U ce . ITp:e:cyTCTBRe COJIJIHORHCJIOro r~3H

Ha B 3JlllJHpy!OmeM pacTBope o6ecneqHBaJio OscTpoe H llOJIHOe BOCCTaHOB-
3+ ~+ • 

neH:e:e cop6apoBrurnoro Te ,no. f e • Ilocne ,necop6ua:e: lltenesa KO-

ClaJII,T BSMUBaJica I M - "Cf • Ha pnc.7 noKasaHa Bmco~aa KPHBaa, 
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Il0.11y'leHHa.JI npH pas~eJ1eHHH xe11esa a K06aJII,Ta. 3TOT MeTO~ MOMeT 
. . ~ 

OHTb ycnemHO npRMeHeH ~JlJl oqncTKH npenapaTOB pa~OaKTHBHOro xe-

11esa ~e55
+
59 OT sarpsraHeHH~ co60. 

0CHJ)BHHe BllBOltll JUJCCepTarorn 

I. uos~aHa MaTeMaTHqecKaH Mo~eJII, nponecca nor11omeHHH KOMil

neKcoB MeTaJIJIOB Ha aHHOHHTe c y,ieTOM o6pa30BaHHH BHeIDHec~epHUX: 

KOMilJ1eKCOB BO BHellIReM paCTBOpe, cor.nacHO KOTOPOH K03rpl>HJJ,H~HT pac

npe~eJ1eHrur KOMilJ1eKcoo6pasYJO(Ilero MeTa.11Jia Me~ CMOJIOH a pacTBOPOM 

OllHCHBaeTCH ypaBHeHHeM: 
r,,~ ,,Pq:Q. - ML) 

[TL' n+p-1q.J 
r~~ODUJ,• = n7rn p,o ~o "BcpfYILn+ci . ( L} . e I •. 

( L) - KOHneHTpannH JlJllraH~a B pacTBope, 

1J H /, - KOHCTaHTH. 

2. IloJIYt{eHHoe ypaBHeHHe acnom,ao:sa11ocb ~im aHannaa sKcnepn

MeHT~Iio onpe~EiJ1eHHIDC H ony6JIRKOBaHHIDC B nHTepaType sa:sacHMOCTef.1. 

K~3ip:pHnneHTOB pacnpe~e11eHHH~ 0~H03HaqHOCTE nonyqeHHIDC pemeHd no~

TBep,ueHa pacqeTaMH, BHllOnHeHH!iMH Ha 3BM C npv.MeHeUHeM CTaH~apT

HOf.1 nporpaMMH "AyTope", C03~aHHOf.1 Ha OCHOBe aBTOperyMpaaannoH

HIDC nponeccoB raycca - HbIOTOHa. 

3. IlpoBe~eH aHaJ1R3 ony6JIRKOBaHHIDC 3aBRCRMOCTea K03ip:pHUHeH-

TOB pacnpe~eJ1eHHH ~JlJl CJ1e.JJ;yD!l!IDC CHCTeM: 

a) ,UaysKC Ix8 - Zn~+ - ;l, le npa 25°c, 

6) ,UaysKC 1ia - Zn'-+.:;. .;t'rCr np:a 49°c, 

B) ·.uaysKC Ix8 - Z nl+ - Ha ce npa 25°c. 

r) ,Uaysxc Ix8 - z~.tt_ NUz,CU npH 25°c, 

~) ,UaysKC Ix8 - zn2.+ - llCe np:a 25°c, 

e) l{aysxc Ix8 - zn2.+_ Csre' npH 25°c, 

lit) JJ;aysKc Ix8 - 1- n1.+ - MCP np:a 25°c, 

s) ,UayaKC Ix8 - Z n":f· - U Ce np:a 490C, 

. H) .l!ay3RC IxIO - Cdu - .;l, ce np:a 25oC, 
R) ,Uay3RC IxIO -: Cdu - "ce np:a 25°c • 
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Ha ocHoBe npoBe~eHHoro Wiannsa noKasaHo, qTo nor11omeIDie Me

Ta.11lia npn paaJmqHOH KOHneHTpanna nnr~a B pacTBOpe B 3TIDC CHCTe

Max MO~HO OnHCaTb Melltlp8.3H!iM pacnpe~eJ1eHHeM CJ18.I(ylOmllX KOMilJ1eKCHIDC 

qiop.1: MCP.z, c Mee-> , c2 MCP1i, 

r~e C+ -I•+ II + )l"t • C .. J(II + "+ - RaTHOH ct.I. 1 .1ra I t<- · 1 ~ 1 NJt , 

m+ .2+ rJ.2.+ M - KOMilJleKcoo6paayzomaa MeTaJIJI :Zn n w COOTBeTCTBeHHo. 
.. . ,t-1- 2,t 

4. IloKasaao, qTo aa6JI10~eMHR npa norJ1omerum :Zn H Cd as 

pacTBOPOB x11op~OB me11oqamc MeTaJIJIOB BTOpaqHHR RaTROHHHf.i sip:peKT, 

HBJIJleTCH peayJII,TaTOM IlOrJIOIJleHHH Hap~ C MCe1. BHelllHecqiepHWC 

1t0Mn11e1tcon CMCU3 H C1,MCf4 , cooTHorneHHe Me~ KOTOPHMH B 

HOHRTe ~JlJl ~aHHOf.1 CMOJIH H TeMilepaTypH saBHCHT OT KOHneHTpanaa 3J1eK

Tpomi:Ta B paCTBOpe HOT npapo~ KaTHOHa 3J1eKTPOJIHTa c+. 

5. IIo.nyqeHH saBRCRMOCTH KOHCTaHT " g H 5 II B ypaBHeHHH (15) 

OT 1tpacTaJ1J1oxmmqecKoro pamca me11oqHoro MeTa.11lia ~ cncTeMa .Uay-

3KC Ix8 - z n 2+ - pacTBOPH XJIOP~OB me11oqHID{ MeTaJIJIOB. 3TH 38BHCH

MOCTH ~ru:)T B03MOlltHOCTE C ~OCTaToqHofi ToqHOCTbD pacc~TaTb aaaqeHHH 

K03ip:panneHTOB pacnpe~eJ1eHHH Ha CHJlhHOOCHOBHOM aHHOHHTe H3 pacTBO

POB Bcex XJIOPH~OB me11oqamc MeTaJIJIOB H coJIHHof.1 KHCJIOTH, ecJm 3Ta 

3aBHCHMOCTE 3KcnepHMeHTallHO onpe~e11eaa ~JI/I pacTEOPOB XJIOPH~OB 

~BYX JII06wc me11oqamc MeTaJIJIOB. 

6. Ilo.11y'leHH 3HaqeHHH·R03gqJRUHeHTOB pacnpe~eJleHHH co2+ Ha aHHO

HKTe ,UayaKC Ix8 OT KOHUeHTpaUHH C( HOHa B pacTBOpax cftCe H ~(e , 

IlpoBe~eHHHtt aHaJma n0Kasa11, qTo sKcnepHMeHTaJII,Ha.JI sa:sacRMOCTE 

K03ip:pHUHeHTa pacnpe~eJieHHH OT KOH~eHTpanna JmraH~a B pacTBOpe OllH

CI:lBaeTCH MemqiaaH!iM pacnpe~eJieHneM BHemaecqieplioro KOMnJ1e1tca C..i. Co cei, , 
r~e [+ - if/ ruIH 1-1+ COOTBeTCTBeHHO. 

,- 3+ 
7. IIpoBe~eH aHaJma ony6mmoBaHHIDC ~aHHmc norJ10111earur re Ha 

aHROHHTe ,Uay3KC Ix8 R3 paCTBOpOB .!,Cf H UCf • AHaJm3 IlOKasaJ1, 
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qTQ SRCnepm.1eHTaJ1.I,HHe 3aBllC:llMOCTH ROSqxpnnneHTOB pacnpe~eJleHIDI 
.• . ,J. 

OilHCHBaJOTCJI Melll:qia3Hb1M pacnpe~eJleHlleM ROMnJleRCOB Te ce~ H c.) Fe CP6, 
r~e c+ 0603HaqaeT J'i• + HRH \.I+ COOTBeTCTBeHHO. COOTHOmeHne, . B, 

ROTOPOM STll coe~HeHHJI nornomru:>TCJI HOHMTOM npn ~aHHon TeMilepaType, 

onpe~eMeTcJI KoHneHTpannen aneKTpoJIHTa CL· B pacToope H npMpo~on 

KaTllOHa c+. 

8. Ilonyqem,1 3HaqeHM KoaqxflnnneHTOB pacnpe~eneHM co2+ Ha aM

woJmTe EayaRC A-I H3 paCTBOpOB po~aHJ;f){a·aMMOHM IlpH pa3;mqHHX KOH

neHTpannmc uce H \.ICfO't 
AHaJm3 3aBHCHMOCTefi KOaqxpHnReHTOB pacnpe~eJleHM IlORa3aJl, qTo 

nponecc nornomeHM onHCHBaeTcJI Melll:qia3Hb1M pacnpe~eneHHeM coe~e

Hllff Co (Clr5i,_ H Co(C,VS)Ce , COOTHOmeHHe KOTOPHX KaK B qia3e CMO-

HH, TaK ll B qia3e 

NU'<CJ/5 H \.ICP 
9. Ilonyqem,1 

paCTBOpa onpe~eHJieTCJI COOTHomeHHeM KOHneHTpanRff 

; JIU,/Jlj li i-1 Ci 011 B pacTBOpe cooTBeTcTBeHHo. 

3aBHCHMOCTll KOaqxp11nneHTOB pa~npe~enemrn Fe M· Ha 

aMc{JOAATe nayaKC A-I OT KOHneHTpannH po~aHH~a aMMOHHJI B paCTBOpax 

C 3a~aHHOli KOHneHTpannen uce. H U(~O¾ COOTBeTCTBeHHO. 

AHaHH3 STHX 3aBllCHMOCTen IlOKa3M, qTo nponecc nor.nomeHHJI Ha 

noHHTe Molll:Ho onncaTL Melll:qia3Hl,IM pacnpe~eneHHeM cne,IzyJD!IlIDC KOMnneKc

HHX WOpd: T-e(C/(5)3 , Fe(CNS~ce H Fe(CJIS)Cf,i. , COOTHOmeHHe KOTO

PHX B HOHllTe onpe~eHJieTCJI COOTHomeHlleM KOHneHTpannn aneKTPOnHTOB 

B paCTBOpe. 

IO. Ha ocHoBe nonyqeHHofi HHc{!opimnnH o nornomemm co2+ H FeJ+ 

Ha aKc{!OJ!Hre ,l!ay3KC A-I C03AaH M8?0A Oucrporo H 3<M>eKrHBHOro xpo

~arorpac{!Hqecxoro pa3AeneHHa arHx aneMeHroB APYr or Apyra,. xoro

pu~ MOXer OHrb npHMeHeH AnR oqHCTKH npenapaTOB pB,JtHOaKTHBHOro 

xeJie3a Fe 55+59 or co6°. 
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