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Pa6oTa BUilOJIHeHa B OT~ene H~epHOM cneKTPOCKOilHH H 

pB,llHOXHMHH Ja6opaTOpHH H,ZtepH!iX npo6neM OCY.oe~HHGHHOro HHCTHTyTa 

H~epHUX HCcne~oBaHHtt. 

HaytIBue pyKOBO~HTeJIM: 

~OKTOP XHMHqeCKHX HayK, CTapmHtt HaytIBhltt COTPY~HHK H.H.MaTOpHHa, 

KaH~~aT XHMHqeCKHX HaYK, CTapmHtt HayqHhltt COTPY~HKK B.A.XanKHH 

OdJHW'IaJil,Hhle OililOH8HThl 

~oKTOp xwaxqecKHx Hayx C.H.OaxpaHep, 

~OKTOp XHMHqecKHX aayK B.H~TeMKHHa 

Be~ymee npe~npHHTH~: 

liHCTHTYT reoXHMHH H aaanHTHqecKott XHMHH HM.B.li.BepHB,1lCKOro 

AH CCCP. 

ABTOpewepaT paaocnaH n n ______ I97 r. 

8antHTa ~HCCepTa~HH COCTOHTCH" " _____ I974r. 

Ha aace~aHHH cex~K pa,!J;HOXHMKK YqeHoro coBe?a »I op~eHa 

Tp~oBoro KpacHoro 3Ha.MeHH liHCTHTyTa wHaxqecKoff XHMHH AH CCCP 

no 8,llpecy: r.MOCKBa,yn.06pyqeBa, ~OM 40 (MeTpO CT.KaHY)KCKaH). 

/ YqeH&ff ceKpeTaph Ce~HH 
: YqeHoro CoBeTa 
. ~OKTOp XHMHqeCKHX Hayx falf4-/ 

(H.E.MaxaffneHKO) 

1 

d 

l 
\1 
11 

1 
l 

I 
f 

MMXAtiJIOB 
M11xa11JI XpHcToB 

12 - 7620 . 

K BOTTPOCY OB Offi1CAHHH TTPOUECCA OBPA308AHHH 

KOMfLlIEKCOB METAR]OB 8 PACTBOPE 

Cne~aJibHOCTb - 02. 00. 04 - <pH3J1qecKa.H XHMH.H 

J ABTOpe¢epaT ARCCepTaUHH Ha COHCKaHHe yqeHOH 

CTeneHR KaHARAaTa XHMRqecKRX HayK 

( LlHccepTaumI HanacaHa Ha pyccKoM H3bIKe) 

•f..,-t:l~Jfu 4 2. , .. · ,,,_ • .---;zr""" ·•f'r:o'7, 

,.;u~.;;1:::1 :-: ~:...._: ~-~ ·::~~:: :~rr..--ry"'7 
c:~~"·Lt.~:~ L:)t~4,; .. :::~1:n!l 

c~k:,J;:;;'10 TEHA 



. i 

1 

i 
i' 

i 

, I 

,J. 

XHMIDJ KOMilJI8KCHIDf. COBAHH8HRH paaBnBaeTCJI Heo6WiaHHO 6HCTPH-. 

_MH_TeMilaMR. 3TO npORBllil:eTCJI KaK B CHHTeae 6OJII,~oro,qncna HOBIDC 

KOMilJI8KCHIDC coe~HeHHH n IDC IlpaRTnqecKOM npnMeHeHnn, TaK n B 
·, 

paaBnTnn TeopeTnqecxnx ocHOB npouecca xounJiexcoo6pasoBaHns. 

B HaCTOJllllee BpeMJI AM onncaHnJI CBOffCTB KOOP~HaunoHHUX coe-

~HeHnrr HCilOJl!,3YJOTCJI B OCHOBHOM Tpn Teop1rn: 8Jl8RTpOcTaTnqecKM, 

Teopns BaJieHTHHX CBR3elt H xeopns MOJIBRYMPHHX opdnTanen. 

Ka~AM na 8TRX Teopnrr RBJlJIBTCJI npn6AA~eHHOH n l!MeeT CBOR O6JiaCTH 

npHMeHeHHJI, HCilOJl!,3OBaHne KBaHTOBO-MexaamecRoro IlOAXOAa npnB~~~ 

B OCHOBHOM, R pacmnpemno o6naCTH RaqecTBeHHhIX 007,JICHeHHH IlOBBABH11JI 

H CBOHCTB KOMilJieR·cHIDC CO8Ai1H8HHH. 

PaBHoBeCHHe CHCTeMH ROMilJieRCHHX coe,11,HneHnti B pacTBOpax npeA-:-

craBJIHDT BeCLMa CJIO~HH o6~eRT 11CCJIBAOBaHHJI. IlonyqeHne KOJlliqecT­

BeHHIDC xapru<TepncTHR npouecca RoMnJieKcoo6paaoBaHnJI B TaKnx cncTe­

Max o6o6eHHO CJIO~HO, ecJIH npouecc npoTeKaeT p, TaKIDC IIOJIJIPHHX pacT­

BopnTeJIJIX, KSK BO.I(a, HaJinqne ,11,HilOJl!,HHX MOJieKyJI pacTnopnTeJIJI, nx 

B3aHMHOe BJllllJIHHe n B3anMOAetiCTBne C KOMilJieRCHHMH coe,11,HHeHHJIMH, 

_HaxOAJllllHMHCJI B paCTBope, He AaeT BO3MO~OCTH yqnTHBaTL Bee <pa.K­

TOpH, HMe!Xlllle MecTo B pacTBope. Bonee Toro, B ycno~eHHHX cncTe­

Max, B ROTOPHX yqaCTByeT HeCROJII,KO_KOMilJIBKCHHX BHAOB n IlOJIJipHm! 

· ( paCTBOpHT8JIL,DPH renep8111H8K ypoBtte 3HaHHB O pacrBopax H8B03MOZHO 

1 •
1 

uanrn 1tpnrepnlt otteHXH orHocnteJILHOro BJIHRHHR ~oro ns BH111eyno-
1 ;i MRHYTliX <Iia1tropOB Ha o6pa3OBaHHe ,1taHHoro KOMDJI8KCHOro BH;ta, npn-

CYTCTBYD~ero B pacrBope. 

KoJllllqecTBBHHOH xapaRTepnCTHROH npouecca ROMilJieRcoo6pa30Ba­

HHJI RBJlJIIOTCJI KOHCTaHTH ycTOHqHBOCTH. 0cXO,IJ,JI H3 XHMnqecKHX npeA-
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CTaBnemitt, ecTeCTBeHHO 6uno OJKH,I(aTb, qTo KOHCTaHTll ycToffqHBOCTH 

KOMnneKCOB MeTaJIJlOB B ,I(aHHOil CHCTeMe MeTaJlil-Jllil'aH,I( ,I(OJJJKHH 6HTb 

CB.lI3aHH onpe.I(eneHHOil saBHCHMOCTbD. 0AHaKO, B TO BPewI KaK H3BeCT­

HH THCH'IH pa6oT, nocBHmeHHHX onpe.I(eneHHD 3HaqeH!fit KOHCTaHT ycToil­

qHBOCTH KOMnneKCOB .I(M HeCKOJll,KHX COTeH CHCTeM, Bonpocu, KaCaIOll\l!e­

C.lI B3aHMOCB.lI3H Mel!t,!ly KOHCTaHT8MH YCTOil"IHBOCTH, paccMOTpeHH :-TOJU,KO 
II/ /2/ /3/ 

B Tpex pa6oTax: .obePPYMOM, Ba6KO H BaH llaHTeneOHOM BaH 3KOM. 3aBH-

CHMOCTb Br,eppYMa BHBe,I(eHa Ha OCHOBe CTaTHCTHqecKoro no,n;xo,I(a C y-qe­

TOM nHraHAHOrO H aneKTPOCT8THqecKoro aqqieKTa, saBHC.l'JMOCTb Ba6KO 
/4/ 

no.nytJ:eHa Ha OCHOBe ypaBHeHH.lI MarHyca H saBHCHMOCTb BaH IlaHTeneo-
,. /5/ 

Ha BaH 3Ka no;iyqeHa SMilHpHqecKH. !Io MHeHHD ~HPCKOro, SMilHpHqec-

Ka.lI ~OPMYM BaH IlaHTeneona BaH 3K~ AaeT .nyqmee COBil8,Zl;BHHe c 3KC-

nepHMeHTOM npH6nHSHTeJll,HO .I(M 17 MeTanno-Jllil'aH.I(HHX CHCTBM.Cne-

AY8T, 0,I(HaKO, IlO,I(qepKHYTb, qTo sa xopomee COBil8,Zl;8HHe npH 8TOM IlPH­

HHMaJOTC.lI OTRROH8Hl!.II B sHaqeHIDDC KOHCTaHT,-,I(OCTHrruomHe 0,2 norapHqi­

MH"l8CRHX 8AHHHU. 

UenbJO HaCTOHmea A:HCCepTaUKH .lIBM8TC.lI HaxOllt,I(8HHe RoppeJU!UHH 

MBllt.I(y 06!11HMH KOHCTaHTaMH YCTO~HBOCTH KOMilRBRCOB MeTaJlilOB, KOTOpa.l! 

IlOSBOnHJJa Ou ycTaHOBHTb o6ll\l!8 SaROHOMepHOCTH Mellt.I(y nocne.I(OBaTBJll,_Hll­

MH npoueccSMH CTyllBH"laToro KOMilRBRC006pasoBaHW! B pacTBOpe. YcTa­

HOBRBHHe TaKOtt o6mett SaKOHOMepHOCTH AaBT BOSMOlltHOCTb pemHTb P.l!A 

BBCbMa BalltHHX aKTyanbHHX BOilpOCOB, RaCaJlllllHXC.lI OilHCaHW! npoueccoB 

ROMilR8RC006pasoBaHH.lI B pacTBOpax: 

l) YMBHDmeHHe qHcJJa napaMeTp0B,_He06XOA:HMHX .I(M OilHCaHWI npo­

uecca ROMnnexcoo6pasoBaHWi; 

2) pacqeT sHa'leHH! ROHCTaHT ycTOlt!HBOCTH Bcex KOMilRBKCOB, 06-

paSyJ)lltlDCC.lI B ,I(aHHOtt MeTaJlilO-Jllil'aHAHO! CHCTeMe no ',IUlyM KOHCTaHTaM, 

onpe.I(enellllliM aRcnepHMeHTBJU,Ho AM OAHoro zs xoMnnexcoB, o6pasyD11HX­

ca B ,I(aHHO! CRCTeMe; 
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3) YMeHD~eHHe npoHSBOJJa H omH60R npH onpe.I(eneHHH sHaqeHHil 

KOHCTaHT ycToffqHBOCTH BHClilHX KOMnneRCOB, KOTOpue BHOC.lITC.lI npa Ma­

TeMaTHqecRott o6pa60TRe aKcnepHMeHTaJU,HHX
0

.I(aHHHX; 

4) no.nyqeHHe oonee To"IHott xapTHHH pacnpe.I(eneHH.lI OT.I(enbHHX 

ROMnneRCOB B paCTBOpe KaK ~yHKUHH ROHUeHTpaUHH naraH,I(a. 3TO HMeeT 

BaJKHOe sHaqemre RaK .I(M aHanHTH'leCROff OpaRTHRH, TaK H ,I(J!JI MHOrHX 

TexHonorH'lecKHX npoueccoB; 

5) yrotJH8HHe saaqeHd TeI)MOAHHaMHtteCRHX ~HRUHil, CB.l!SaHHHX c 

npoueccoM cTyneHttaToro KOMnneKcooopasoBaHH.lI; 

6) oueHKa B03MOlltHOOTH cymecTBOBaHH.lI KOMnneRCOB B HeROTOPHX 

HeHsyqeHHHX CHCTeMax • 

YtJ:HTHBa.l! nepeqacneHHHe Bame Tpy.I(HOCTH B oueHKe BAH.lIHH.l! BC~X . 
,ne:McTBYJOIIIHX qia.KTOPOB Ha npouecc xo1,mneRcoo6pasoBaHHH, Mil -c_ottna 

Han6onee uenecoo6pasHHM .I(J1JI pemeHWI 3TOff cnoJKHo:M sa.I(a"IH cos.I(aTb 

MaTeMaTH'leCKYD MO.I(eJIJ, npouecca KOMnneKcoo6pasOBaHH.lI, ROTOpa.lI Il03BO­

nHJJ8. 6u IlOJiy'lHTb saBHCllMOCTb, CB.lISHBa!OllzylO o6I11He KOHCTaHTH ycToffq.11-

BOCTH KOMnneKCOB, H npoBepHTb no.nytteHHyro saBHCHMOCTb Ha ony6RHRO~ 

BaHHOM aRcnepHMeHTaJll,HQM MaTepaane AM P.l!Aa MeTaJIJlO-Jllil'aH,I(HHX CHC­

TeM. 

,lu!:ccepTaUM COCTOHT HS BBe.I(eHH.lI, Tpex rnaB H BHBO.I(OB. Beeb 

MaTepaan HsnoxeH Ha 139 CTpammax MamHHOilHCHOro TeKcTa H CO.I(epxHT 

48 Ta6nHU H 34 pHcyHKa~ 

MaTeMaTH'lecxaa Mo~eRD nponecca xoMnneKcoo6pa­
aoBaHH.lI B'BOlUiOM pacTBOpe 

IlpH cos.I(rumH MaTeMaTH'lecxoa MO.I(ena paccMaTpHBaeTc.lI npouecc 

CTyneHqaToro KOMnneKcoo6pasoBaHWI B BO.I(HOM pacTBOpe HOHa MeTaJIJIB. 

M ,,,. H waH.I(a Lt - , o6pasynmeroca B pesy RDTaTe AHCCOUHaUHH 

CHJlJ>HOro aneKTPOnHTa c,Lc B npHCyTCTBHH ~HOBOro aneKTPOnHTa 
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Cl,,.MaTeMaTmecKaJI Mo.nem, omtc1:1:saeT -npouecc1:1 KOMnJ1eKcoo6-· 
I I 

paao:saH:rui: B CHCTeMax, Y.ItOBJleTBOPJIJOmnx CJ16,ItylO!llHM Tpe6oBaHHRM: 

1) KO~eHTpauRJI MeTaJlJia Mm+ HaCTOJll:,KO HH3Ra, 'ITO MOlltHO npe­

He6petJI, o6pa30BairneM IlO~epHIDC KOMilJ16RCOB; 

2) HOH MeTa.71Jia M'""" He YtJaCTByeT B no60tJHl:lX peaxuaax c mI­
t-

raH,ItOM L ' n o~- .1wHBMn; 
·' 

3) HOHHaJI CHJia pacTBOpa ,ItOCTaTO'IHO HH3Ra n o6paaoBaHneM BHem-
. c~ 

Hec~epHmc KOMnJleKCOB (noHHHX nap) C YtJaCTHeM C HOHOB MOlKHO 

npeHe6p~%; 

4) KosqxpnuneHTH aRTHBHOCTH Bcex ROMilOP.eH~OB CHCT6MI:l IlOCTOJIH­

HH. 

Ilpouecc cTyneHtJaToro KOMnJ1eKcoo6paao:saHHJI paccMaTpn:saeTcJI 

K~ peaxr~IJI 3aM81!18HiUI MOJieKyJl BO,Itl:l B nepBOil .ROOP.ztKHauROHHO:R cipepe 

MeTaJIJla M_m+ Ha JIHraH,nax L'~ , a npouecc ,Itnccounarnm cooTBeTCTBy-

10111ero KOMilJleKca - KaR aru.1e111e1me JllU'aH,ItOB Le- , HBXO.nmnmtCJI B 

nepBOH KOOp,ItHHaUHOHHOii cipepe MeTa.71Jia M'"""' MOJieRyJirum BO~H: 

npJJMaJI 

M.S# + nL fr1Ln SN~n + n S, (I) 

OOpaTHaJI 

r.ne s - MOJleRyJia BO,Itl:l, I( - ROOP.ItHHauROHHoe 'IHCJIO MeTa.71Jia. 

(3.necI,, Krut n B ,nam,HeiimeM, aap.lI,IU:l pnymeHH). 

H.llii: 

Ilpn BHBO,ne OCHOBHHX ypaBHeHd c,neJlaH PJI,II; ynpomaiomnx .nonyme-

1 ). Bee ROOP,Il;IlHaUHOHHl:le M8CTa HOHa M8Ta.JIJJa M paBHOUeHHH. 

2). liOHH M8TaJIJla M H JIHr~,Ita ,._· . , Bee KOMnJieRCH MeTamm 

H HOHH 3Jl8RTPOmITOB 6ecnopJI,llO'IHO pacnpe,neJieHH B paCTBOpe H Haxo­

,IJ;JITCJI B xaoTntJeCROM ,Il;BHEemm. 

6 

I -

·1 

l., 

i 

~ 

l 
' I 

3). Ilpouecc KOMilJleRC006paaOBaHBJI npOTeRaeT no,n BJlllHHHeM ROpOT­

RO,IJ;eiiCTBYJO!ltIDC cnJI, onpe,neJleHHHX CJle,IJ;yJOllll{M o6paaOM: CHJia, HanpaB-

JleHHaJI OT noHa MeTa.71Jia M K JIHraH,Ity L • IlJlll OT ueHTpaJII,HOii 

rpynn1:1 B ROMnJleKce MLn Sli-n K L • , c KOTopoii M npnTJirn:saeT 

L. , o6oaHatJeHa j M ➔L , n CHJia, HanpaBJleHHaJI OT L K M . , Illlll 

R ueHTpam,Ho:R rpynne M KOMilJleKca MLnSN-n , c ROTopoii L. npn-

T.lll'HBaeT M_, o6oaHatJeHa JL-M • C /,.,,~L n /1--M OCT~TCJI nocTo­

JIHHHM~, . Heaa:iinCHMO OT. 'lllCJia JlllraH,nOB, BXO,Il;JI!ltIDC B KOMilJieKC ML11S1Y-n. 

B 06ll(eM CJIYtJae /M-.L .:f;. jL ~/1'1 , TaR KaR rll,Il;P:iTHHe 060JlO'IKil M H L 

co,nepitaT paaHoe 'lllCJlO MOJieKyn BO,Itl:l Il nMeJOT pa3Jlll'IHH8 CTPYKTYPH, 

4). 06paTHaJI peaRUHJI npoTeKaeT no.n BJlWIHHeM KOpOTKo,nencTBYJl)­

mnx cnJ1, onpe.neJieHHwc cJie.ItYJl)llll{M o6paaoM: cnJia, HanpaBJieHHaJI OT 

ueHTpam,Hoii rpynlll:l M KOMnJleKca ML. 11 ~N-n K S , c KOTopon M 

npnTJII'nBaeT S , o6oaHatJeHa / M➔S , a CHJia, HanpaBJieHHaJI OT MOJle­

RyJll:l BO,Itl:l s K ueHTpan!,HOii rpynne M K,OMilJieKca ML-nSN-n • C KO-

Topoii - s npnT.lll'n:saeT M , o6osHa'!eHa f.s .. 
111 

• CnJll:l /rri-~ n f.s-M 

IlOCTOJIHHl:l H He. aaBHCJIT OT 'lllCJia nnraH,ItOB B ,naHHOM ·KOMilJleKce. 

5).IlpoTeKaHne IlpJIMOii IlJlll_o6paTHOil peaRunB JIBM!eTCJI peayJII,Ta-

. TOM ajxI)eKTilBHOro coy,napeHHJI MelK.Dy B3anMO,neiiCTBYJOllll{MH tJaCTHUBMH. MH 

onpe.neMeM scfxI>eKTHBHoe coy,napeHne RaR coy,napeHne, npn KOTopoM co­

y.napsmmnecJI tJacnuu oC:SJia,ItruOT sHeprnen, .nocTaTotJHoii .nM Toro, tJT0-

61:1 no,noiiTH ,npyr·K ,npyry Ha paccToJIHHe, npH ROTOpOM npoJIBMJOTCJI CH­

Jll:l npHTmtteHHJI. KpoMe Toro, npH coy,napeHnn Heo6xo,nnMa cooTBeTCTBYIO­

maJI B3anMHaJI opHeHTaunJI -qacTHu ,npyr OTHOCHT8J1I,HO ,npyra. 

6 ). tJncJIO HOH OB H 'lllCJIO KOMilJieRCOB M LnS N -n • KOTOpl:le HMelOT 

onpe,neneHHYJO aHeprHI<>, Heo6XO.nnMYJO .nmr peaRrnra KoMnJ1e1<coo6paaoBaHIDI, 

aaB1rnHT OT llX KOHU8HTpatnm B pacTnope H TeMnepaTyp1:1. TaK, ~M ,naH-

HOi1 TeMilepaTypu 'lHCJlO llOHOD MeTaJlJla fi1 , HM610lllHX Heo6XO.Itl™YJO aHep-

rmo ,nM npiIMoff peaKilll.11 (l), paBHO ~(M) • .D;M KoMnJleKca MLSlf-l 
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3TO 'lllCJIO 6y,n:eT paBHO lll"IL (ML) ' 11 ,I(J!JI ROMilJieRca l'1L ,;_ 

1-lMLn (Ml~) • .I!JIJI J111raH.n:a L 3TO qacJio 6y,n:eT onpe,n:eJIJITI,CJI mm 

UL(L)cooTBeTCTBeHHo. AHaJioraqHo qacJio ROMnJieRcoB, HMero111HX Heo6- · 

XO,I(l'!Myro 3Heprl1ID ,I(JIJI o6paTHOH peaRnaa npli ,I(aHHOfi TeMnepaType, 6y­

,n:eT nponopnROHaJil>HO l1X ROHIJ;eHTpanRll B paCTBOpec·g)a!{TOpaMll npo-

u.l 111 1 . 
IlOPnROHaJII,HOCTH ML ',14 l"IL.z ' .•••. IL ML.n COOTBeTCTBeHHO. 3To 

tJHCJIO .I(JIJI MOJieRyJI EO.IUI paBHo ILs ( S ) • Mu .n:e.naeM .n:onynieru,:e, 'ITO 

llMc l-ll"IL2,: ... u.ML~ · · = It,. • AHaJiorHtJHO ,I(JlJI oOpaTHOH peaRntm 
111 J' I I llMeeM 14ML ,._ lMLi." • • · UML~ • • · = ll,c • MoH MeTa.mza. M HeJII,3JI pac-

cMaTpllBaTI, RaR paBHO3HatJHlm qJieH aToro ROMllJieRCHOro pJI.I(a BCJie,n:cT­

BHe Toro, 'ITO ero nepBaH Roop.I(HHau;aoHHaJI c~epa cmweTpnqHa 11 co­

,n:ep,mT TOJII,RO MOJieRyJIH BO.n;H, IlO9TOMY Mli ,I(OilyCRc:leM, 'ITO llM = {1 Jl.11 , 

r,n:e A - ROHCTaHTa napaMeTpl13anRR. 

7). B Rrur,I(OM ROMilJI8RCe O6JiaCTll BJmiIHHJI CllJI IlPRTIDK8HllJI u;eHT­

pam,HOH rpynnu M l1 Rruit,I(Oro JIRraH,n:a paBHO3HatJHH, TaR 'ITO coy.n:a­

peHHe Mellt.n:y ROMilJieRCOM MLn S N-n l1 JlllraH,I(OM J.. 6y,I(eT, aqxpeKTllBHHM 

TOJ!I,RO 13 TOM cnyqae, ecim OHO npoacXOJUiT co CTOpoHH, r,n:e CHJia 

IlPHTIDKemm neHTpaJII,HOH rpynnu JM_,J. JIB1IJI8TCJI ,I(OMruIBpYJ)[lleiJ. 

Bh rll,I(paTHpoBaHm MeTaJIJI M H rll,I(paTapoBaHHim KOMilJieRc 

MLn SH- n m.,eroT npn6imsaTem,Ho o,I(HHaRoBHe o6~eMli. 

. BepOJITHOCTI, cyniecTBOBaHHJI ROMilJleKca ML onpe,n:eJIJieTCJI KaR 

pa3Hl1IJ;a Mellt.n:y BepoJITHOCTI,~ IlPSlMOH R o6paTHOH peaRIJ;ltlt (I). 

'PML=Pnp.-'l'osp. = t-u,..fM-#l..(Ml.llv/1.~M(L)[.f.-lC~.f,.,_s. l-Ls•JhM(S)]= 

= t;,· {l._ao (1.-d)(M)(L), (2) 

r.n:e a0 == U}(,/;....,..z.•«LfL .. M = cunst. 

d -= u~ il'l ... 5' lls. fs-rM' (S} = const. 
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CM - o6ntaJI (aHaJmT.ITTleCKaJI) ROHu;eHTpau;aJI ROMilJI8RCOO6pasyro­

niero MeTaJIJia M. 
CRMBOJlli B CRO6Rax O3HaqaJOT KOHI.1;8HTpanm!:. 

BepoJITHOCTI, cynieCTBOBaHRJI KOMllJieKcaMLnS~-n BlipalltaeTCJI ypaBHe­

HHeM: 

I / 11 n d" n ] = - - ,HQ0 (1- XM){LJ 
MLn c,,, n! . 

r,n:e n = 1, 2, 3, • • • • • H , 

llJIH 

:pMLn = ..L · B...a" (l"IHLl", 
CM n! 

·r.n:e a:: Oo(J..-d) =-Const. 

(3) 

(4) 

Onpe.n:eJmM· o6niyro BepoJITHOCTI, pacnpe.n:_eneHRH BCex ~OPM MeTaJIJla 

KB.It: n•IY 

'P = 'P,., -t L -PMl.n ,; 1. 
n=• 

(5) 

r,n:e 

PM = ~ (6) c,,, 
BepOJITHOCTI, cyniecTBOBaHRJI HOHa MeTaJIJia M B pacTBOpe. 

Cor.nacao (4) a (5.). o6ntaJI BepoJITHOCTI,: ~• 
. n=-H· 

p = ..L (M){1 + A I a" <L>"] = l · (?) 
CM nal n! 

a pacnpe,n:enemi:e . M 

JUIDXCS 1ta1t: 

(neHTpaJII,Hoff rpynnH) B pacTBope onpe,n:e-

CM = (M) { 1 -t ft f ~~ (L./
1
). (8) 

·_113 ypaBHeHHJI lB) no.nyqaeM cne.n:yxiniee BHpallteHHe .ItJIJI ROHCTaHTH 

' ycTOHtJHBOCTR KOMilJieKc~ . MLn :3J K-n 
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ti 
~ = 11.Q I~ 11! 

0TCJO.D;a CJie.zzyeT, 'lTO cpyH~UWI 38.KOMllJleKCOBaHHOCT.II · 
n:N 

cp = ! + L. ~ (J..)" 
""' / r 

nepeXO,ItllT B 
'1:11 

(11 :::: l + /'.IL. a.n (L) n 
11=• n, ,, 

a cpyHKIUUI 96pasoBaHrur 

n = ~nfn (LJn. [1 + rfn 0..J', J-1 
nepexo.D;llT B 

-n 
n•H n l'l 'tl:H -1 

{I b (n~,,/L) [1+ AJ;,. c;,; (J..J" J . 

l9) 

(IO) 

(II) 

(I2) 

(I3) 

Ka.K CJie.D;yeT HS ypaBHeHd (II) H· (13), cornacHO npe.D;JlOllteHHOtt 

MO,neJI.II .D;JJJ! Oll.lICaHliUI nponecca KOMllJieKcoo6pasOBaHWI B ,naHHOtt C.IICTeMe 

HesaBHC.IIMO OT 'l.lICJJa KOMilJleKCOB B pacTBOpe He06XO.D;.IIMO TOJll,KO .D;Ba ~­

paMeTpa "A" .II "a", Tor.na Ka.K cornacHo o6111enp.1IHIITHM npe.D;cTaBJieHIDIM, B 
~: 

ypaBHemm: {IO) .II (12) 'l.lICJlO onpe,neJl.lie.MHX napaMeTpOB .D;OJ!l!tHO 6HTI, 

paBHO 'l.lICJJY KOMnJieKCOB B paCTBOpe • 

AHaJI.IIS naHHHX o6 ycTOtt'lllBOCT.II KOMnJieKCOB MeTaJUIOB 
. H!l~ O~HOBaHH.II npelCJIOllteHHOtt Mone mt 

nJJJI npoBepK.II npe.D;JIOllteHHott Mo,neJm npa oUHcaHH.II nponecca xoMn­

Jiexcoo6pasoBaHHII RcnoJII,sOBaJIHc.r, onyommoBaHHHe sxcriepl!MeHTallHHe 

saB.IIC.IIMOCT.II !pJHKU.II.II saKOMilJleKCOBaHHOCT.II .II !pJHKU.II.II o6pasoBaHHII OT 

KOHUeHTpaUH.II JIHraH,na B paCTBOpe. qTo6H .II36elltaTI, .nonoJ1H.1ITeJI1,Hmt 0111.lI-
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! 
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6oK, aHaJI.IIS.IIPOBaJI.IICI, TOJll,KO Te pa60TH, pe3yJI1,TaTH B KOTOPHX OH­

JlH npe,ncTaBJieHH BBH,ne Ta6Jmn H B KOTOPHX OHJIO paCC'lHTaHO He Me­

Hee Tpex KOHCTaHT YCTOH'lHBOCT.II •.. C.IICTeMH, ~JIII KOTOPHX ,naHH, o.D;Ha 

KOHCTaHTa ft HJIH .D;Be KOHCTaHTll • fl .II [i , He .paccMaTpHBa­

JI.IICL, Ta.K Ka.K .D;JIII H.IIX Bcer.D;a MOl!tHO HattT.II .D;Be KOHCTaHTH "A" H 

"a", Y.D;OBJleTBOPRIOl!l.lie ypaBHeHHlll (9). 0,nHaKO, no HameMy MHeHIDO, 

STO COBna,n;eHHe He IIBJUieTCII .D;OCTaTO'lHHM llO.D;TBep~,neH.IIeM npRMeHH­

MOCT.II noJJytieHHHX ~aBHC.IIMOCTeH. 

BHJIO npoaHaJlHS.IIPOBaHO 34 CHCTeMH,BK.7llO'll:l.JD!ltH6 xnop.lI.D;HHe KOMil­

JieKCH Cu. (II), 'Zn (II), 'Pf, (11), Cd (II), Jn (Ill), Ga (Ill), R.h (Ill), 

6poMH,nHHe KOMnJleKCl:l Zn (II) H Cd (II) • .IIO.D;H,nHHe KOMilJleKCl:l G:I (II). 

po.D;aHH.D;HHe KOMnJieKcH 'Pf, (II) .II Cd (II), qiOPM.IIaTHHe KOMllJieKcH 

U (II),. P& (II), Zn (II) .II Cu (II), MeToKcRaneT~THHe KOMnJieKCl:l 

Cu (II), sToxmmueTaTHHe KOMnJieKcH Ct~ (II), Iii (II), c.d. (II), 

PB (II), Zn (II), ST.IIJITRoaneTaTHHe KOMnJieKCH Iii (II), G:J. (II), 

Zn (II), THO.ItllaneTaTHHe KOMllJieKcH Cu (II), n.1IpasoJI1,Hl:le KOMnJieK-

ca Cu (II), Zn (II), M (II), THO.D;Hnpon.lioHaTHl:le KOMnJieKcH. Cd (II), 

STPIJITPIOrJI.IIKOJIIITHHe KOMllJieKCl:l Te (Ill) .II 3T.IIJieH - 6.IIC - 3 - Mep­

KallTOllpOllHOHaTHHe KOMilJieKCH Tf (Ill) .II Jn. (ill). nJIII 60JII,111.1IHCT-:­

Ba aHaJmSHpoBaHHHX cHcTeM sxcnepHMeHTaJII,HHe ,naHHl:le 61:lJIH nonyqe­

HH Up.II O,ll;HOH TeMnepaType. nllII T.IIO.nHllPOll.lIOHaTHHX KOMn4eKCOBCd(II) 

aHaJI.IIS.IIPOBaJil!ICI, ,ll;aHHHe, nony-qeHHHe np.lI Tpex TeMnepaTypax. ~ 

CHCT6Ml:l Te (II). - STmlTHOrJIBKOJIIIT, Te (Ill) -, Jn (Ill) - S'J.'..IIJieH-

0.IIC-3-MepKailTOllpOll.lIOHaT OHJI.II npoaaaJIHSHPOBaHH .D;aHHHe, nony'leHHI:le . . . 
np.lI .D;ByX·TeMnepaTJpax. 

. Ilp.lIH.IIMaII BO BHHMaH.IIe, 'lTO onyOJIHKOBaijl!He 3Ha'leHIUI KOHCTaHT 

ycTOii'l.lIBOCT.II BKJIXl'laDT OlllllOK.II, CBH3aHHHC KaK C :mcnepru,1eHTaJII,Hl:lMH ,. -. '' . 

onpe~eneH!tRMR, T3K H C norpelllll.OCTIIM.II MaTeMaTH~CCKOtt o6pa6oTKR 

SKcnepimeHTUJlLUUX JWHH!L{, Ml:l npe.nnoqJlH UHanH3HpOB3TL HCXO.D;HHe 

II 



3Kcnepm.ieHTaJlbHHe .n;anHHe, npe,n;cTaBneHHHe B Bn,n;e ~yHRJ..IMH sattoMnJiex­

coDaHHOCTH. B Tex c.nyqamc, KOr,n;a 3TO He npe,n;cTaBJllIJIOCh B03MOl!tHllM, 

H3 ony6.1lliKOBaHH!:lX 3Haqellllii ROHCTaHT ycToHqHBOCTH paccqHTUBaJiaCh 

cpyHKUIDI o6pa30BallHfI ii , I<OTOpafI ncnom.aoBanach ,n;M onpe,n;eJleHlUI 

KOHCTaHT "A" H "a", 

RoHcTaHTU "A" H "a" onpe.n;eMJIBCh H3 qiyHKUIIH aaKOMnJieKCOBaH­

HOCTH no ypaBHeHHJlM: 
n•.V l'l=.V 

(cp'-1).L o!l~an-, 
n•I n! 

- (ctl"-.t) /_ (L") an-! == o 
n • I fl! 

H 

r 9.". (L!) l'l 
n•1 h! · 

(I4) 

(I5) 

I .•' 
r.n:e QJ H 1\311 3HaqeHHfI qiyHK!lllll 3aI<OMilJleKCOBaHHOCTH npn KOHJ:~eHTpa-

IlllH JIBraH,n;a B pacTBope (J.!) H ( L") . COOTBeTCTBeHHO, a H3 

qiyHKnnn odpaaoBamm no ypaB!!emmM 

n2Z(ii,-n){J:)~a"-'- ii, r (ri;,.-n)(t)"oh-!=0 (I6) 
· ns1 n! , n=• ~ : 

n 
ll = ii, 

n,L £ 11<t1" -Ena"o.:>" ~ n~, 11! n•• n! 
(I?) 

r,n;e 'fi, H M~ 3HaqeHHfI cpyHKilllll o6pa30Balll!JI Ilpll KOHUeHTpaUllll 

J!llraH,n;a B pacTBope (L1
) H (L!') . COOTBeTCTBeHHo. 

Ha noJiyqeHHUX 3HaqeHHH KOHCTaHT "A" H "a" no ypaB!!eIDm (9) 

paccqHTUBaJIHCh KOHCTaHTU ycTOHqHBOCTH COOTBeTCTBj'illl\RX KOMilJieKCOB. 

C ue.m,n npoBepKH npHMeHHMOCTH µpe,n;JIOllteHHott HaMH MO,n;eJIH .IVUI 
onncaHM npouecca KOMnneKcoo6paaoIJaHrur BO BCett ~ccJ1e,n:0BaHHott 06-

JIRCTH KOHueHTpauntt JIHran.o:a .ItM KaJ!t,nOH CliCTeMU paccqHTUBaJIHCh Teo­

pe·r1rqecm1e ,pynKrtRH aaKOMn11eKCOBaIIHOCTH - (<l>pac> mm lPJHRUIDI o6pa-

30DaHWI ( i'i ) npn ncnOJll',30BaHHII noJJy'leHHUX H&IH 3Haqemi:a KOHC-
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TaHT ycTOitilHBOCTH. B Tex c.nyqamc, KOr,n;a aHaJll'I3HPOBalllICh ipyHK!lll'l'I 

3aROMilJleKCOBaIIHOCTH,(<l>pac> cpaBHll'.BaJIHCh C 3RcnepHMeHTaJII,HO no.nyqeH­

HllMH aaBHCHMOCTfIMH (<l>3KC)· H B K~.n:on :rncnepHMeHTam.non TQqRe onpe,n;e­

MJiaCl:, Be.mrorna4<l> = I/<I>
3

Kc(<l>pac.;..q1~1<C) •. IOO. • KaR Mepa o6[llero coBna-

,n;eHrut, acnom.soBaJlCfI S - <pa.KTOp: · 
• 2. 

S ·= .1.. L [{dJpoci - cb.t1<<-iJ] 
It - <l5~w<i . I 

r.n:e K - qncJlo · cTeneneii •cBo6o.n:u cncTeMu; 

~SRC l - aRcnepHMellTaJII,HO_e 3naqemi:e <l> B i. TQqI(e; 

<l>pac i - pacqeTHoe anaqeHHe <I> B i · TOqRe. 

MeHI>meMy aHaqeHHJO '$ - qia.RTOpa COOTBeTCTi:lyeT Jiy'l:!Dee coBTia.n;e­

HHe 3KCnepHMeHTam.HHX H paccqnTaHID:lX cpyHK!lllll.·n)lfI cpaBHeHIDI paccqH­

TUBamCh TaKllte qiyHRUHfI 3aKOMllJl6KCOBaHHOCTH (<l>pac_> npn licnom.30Blllil1H 

3HaqeHHH KOHCTaHT ycTOitilHBOCTH,Olly6moBUHHHXaBTOpaMH COOTBeTCTByD-

11\IDC paOOT' H B STOM ·cnyqae onpe,zteJlfIJIHCl:, Acµ ' H s - cpaKTOp 

ECJlli aHaJIB3HPOB8JlaCh cpyHK!lllfI OOpa30BaHWl fi , TO cpaBHHBa.11HCh 

3HaqeHIDI cpyrunnm ri'*" , paccqnTaHHlle npH HCilOJll:,30BaliHH KOHCTaHT yc­

TO~BOCTR, onpe,n;eJlelllillX HBMH,H O" ,paccqnTaHHHe npn ncno.m,3QBaHHH 

KOHCTaHT ycTO~BOCTH, ony6.mutOBaHH!:llC B JIHTepaTYpe ,n;M JJ:aHHOH CHC­

T6MU,H ,ItJlfI Kallt.rtOa KOHUeHTpaUIIH JlllI'B.H,Il;a paccqHTUBaJIOCl:> 

An = ( n"" - ii" ) 100 . n~ . 
Peay.m,TaTU conocTaBJ1eHIDi axcnepEMeHTam.llliX n·pacclfflTaHHUX ana­

qenntt cpyHKud i'i n · cb noKaaanlii Ha npm,iepe CHCTeM, npe,n;cTaBJieHHUX 

B Ta6Jiml8.X I-4. 
B Ta6mme I npe,n;cTaBJieHU peay.m,TaTH cpaBHeH:wr, nonyqeHHue .ItJlfI 

CHCTeMH ·zn1-+ - Ce- • Xopomee COBila,IteHHe 3HaqeHHH O yKa31rnaeT Ha 

TO, qTO C03~ HaMR MO,It6}Il:, srBJlfI6TCH ,ItOCTaToqHO xopomeH anpOKCH­

MaUII6fi npouecca KOMnJlexcoo6pa.so:saHrut, xoTR WUi onncaHHfI npo~ecca 
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I. 
! 

-~a6mm1t J 

CpaBiieHRe pacC'!HTaHHllX 3Ha'!eH!fK qiyHm:n,:li oopaaoBaHIDI 
' 2t- - •. .nmr CHCTeM!l Zn ---.Ct . 

a .. , -· -•• Aii n n 
M ( B %':'&) 

u.u5 0.2I9 · 0.2m o.oo 

O.IO 0.3?9 0.38I . -0.53 

O.I5 0.503 0.509 -I.25 

0.20 · 0.606 0.6I6 -I.65 

0,25 0.695 o.?09 .... -2.0I 

0.30 0.??4 0.?92 -2.33 

0.35 0.848 0.86? -2.24 . 
\ 0.40 .•' 0.91? 0.:)3? -2.18 .. 

0.45 0.983 . I.002 -1.93 

0.50 I.048 .. I.064 .. -I.53 
--

0.55 . l.II2 . I.124 -I.OB 

0.60 I.175 I.I8I ,-0.51 .. 

0.65 I.239, . I.236 0.24 

0.69 I.290 I.2?9 0.85 .. , 

·;/ - pa.cc•rnTaHO no anaqeuIDIM ft , ony6.mmOBaliH!lM B pa6oTe 
/6/ .. 

lliopTa H Moppnccar . .ft =:5.25; }1 =0 3.09; /1 =0,65; 

fl,= I.;5I. .. . 

"if - paCC'!liTaHO no 3HaqeHHm.1 f;, , •. nOJiyqeHHHM HacTOJill!HM 

MeTo.n;oM: ft =5.20;J1=3.38; JJ = I.46; /J; = 0.48, I<OTO­

PHe_ y.n;oBJieTBOP.!IR)T ypaBHeHRIO (9), r.n;a A=4 ,O H a:I.3. 
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. , 

cp 

Ta6~ 

CpaBiieHRe ::mcnepm.ieHTaJII,HllX i{ paccq1munui~-aHatieH:ali ~Hm:nHi 
3aKOMnJieRCOBaHHOCTH .IJ;JJ.11 CHCTeM!l . R.h~ .. - er-

(Ll .. · \P3I<C . 
. K03H H: IlaHTaHH/7 / .I{aHHa.ir pa6oTa 

M • Ag;,-;., •• •• 
\Ppac (B %%) \l>pac . A \P 

. (B %%) 
.. 

a.or 9.25 8.31 -IO.I6 . 8.87 -4.II 

0.02 3.BixI01 3.IOxI01 -18.64. 3.27.xI01 -14.I? 

0.04 2.46.xI02 2.IQxIO~ -14.63 2.46xI02 o.oo 

· I.OOxI03 9.27xI02 I.l3xI03 
.. 

0.06 - ?~30 · 13.00 

0.08 3.24xI03 3.07xI03 - 5.25 3.67xla3 16.05 

0.1 · 9.35xro3 8.2Bxia3 -II.44 9.99xI03 6.84" 

0.2 2.52xI05 2.24xI05 -II.II: 2.47xI05 - I.98 

0.4 6.62xI06 ?.2IxI06 8.9I ?.01xro6· 5.89 

0.6. 4.90xI07 5.79xI07 18.16 - 5.l2xI07 4.49 

0.8 2.24xI08 8 2.60xl0, .. 16.07 . 2.12x108 -5.36 

I.O . 6.45xI08 8.43xI08 30.?0 6.40xI08 . ,-0. ?8 

• _: paCC'!RTaHO no· aHa-qeHHRM f,, , 
' /7/ 2 

ony6JlMI<OBaHHllM B pa6oTe 

t = 3,5xro4 ; KoaH H IlaHTam,:: -A-= 2,8xIO; 

/j = 8,3xI05 ; J! = l,2xI07 ; 

J:, = 2,7xI08 ; /3 = 6,5xro-2 ; 

8 fr = 5,6xIO H · 

cp • • .. - pa~c-q:aT_ano. npH iicnoJII,aOBaHRH nony-qemmx HaMH ana-qenID1 .fn 
/1= 4,20xI02 ; ft.= 2,4IxI04 ; '3 = 9,26xl05; 

A= 2,66xI07 ; fs = 6,I2xI08 , I<OTopHe y.n;oBneT~P.IIIOT 

ypaBnerimo (9), _r.n;e A =- 3,65 H a = 11,5; S = 9~ ?xro-3. 
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Ta6mma 3 

CpaBHeHHe aRcnepm.1eHTaJIT,HllJC n pacc'tIRTaHHIDC sHaqeHH~ ~yH~ 
3aROMllJ18RCOBaHHOCTH CHCTeMH Zn 2

~- 3THJITIIOa,neTaT. 

(Ll A. C3HJJ,emf8/ .UaHHruI pa6oTa 

M • /li8RC • .. . . ' .. • • 
./lipac Alli. /lipac Alli 

.·.'CB%%>' (B %%) 

0.015 1.088 I.086 · . -0.18 I.090 0,18 

0.020 I.HS I.II6 -0.IB I.121 0.27 

0.030 I.I83 I.IBO -0.25 · l.I86 0.25 

0.040 I.25I I.246 -0.40 l.254 0.24 

0.050 l.322 l.317 -0.38 l.325 0.23 

0.060 l.397 l.39I -0.43 I.399 O.I4 

0.070 I.476 I.468 -0.54 I.476 o.oo 
0.080 I.558 I.549 -0.58 · I.557 -0.06 

O.IOO l.732 I.724 -0.46 I.729 -O.I7 

0.120 I.921 I.9I4· -0.36 1,916 -0.26 

0.140 2.13 · 2.12 -0.47 2.12 -0.47 

0.170 2".47 2.47 o.oo 2.45 -0.SI ' 
0.200 2.85 2.85 o.oo 2.83 -0.70 

0.250 3.59 3.59 o.oo 3.56 -0.84 
., 

0.300 4.46 4.47 0.22 4.42 -0.90 

0.360 5.?0 5.?I 0.17 5._66 -0.70 

0.480 8.93 8.87 -0.67 8.88 -0.56 

0.540 II.O I0.8 -1.82 10.9 -0,9I 

0.600 I3.3 I3.I -1.50 13.3 o.oo 
0.660 15.9 15.6 -l.89 15.9 o.oo 

u, - paccqHTaHO no sHaqeHHJIM fn ; ony6mmo:BaHHHM :s pa6oTe CaQeJ1.11at'8/ 
ft = 5,5 ; Ji= IS; A= 14; s = 6,3xlo-5. 

rtt • - paccqHTaHO npH HCilO.llI,8O:saHHR.,D.OJJY:.tJe.llHHX HaMH sHaqelid p,, 
Jl=5,B;J1=13;Ji =19; ROTOpl:le YlJ.OBJ18TOOpJmT ypaBHemm (9), r.n;e 

A=l ,32 a a=4 ,40 $ = 2,5x 10-5. 
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CpaBHeHHe aRcnepHMeHTaJU,HHJC a paccqaTaHHIDC sHaqeHHff WYHRIIHH 
saROMilJ18RCOB8.HHOCTR JJ.JIH CHCTeMH j/;Lr - IllipasoJl. 

(LI Kpo H BeCTByyJJ,/9/ .UattHaSI pa6oTa 
M <li3RC • •• • • <lipac • Alli <lipac A/li 

(B %{) ( B %%) 

0.05 4.3I 4.70 9.05 4.34 0.70 
0.1 12.4 12.9 4.03 · I2.6 I.69 
0.2 82.8 82'.8 o.oo 78.0 -5.80 
0.3 395 385 -2,53 365 -7.59 
0.4 1266 1288 l.74 1335 5.45 
0.5 3900 3962 1.59 3989 2.28 
0.6 9680 9965 2.94 I0204 S.4I 
0.7 24700 22400 -9.31 23140 :-6.32 
0.8 45700 46063 0,79 47743 4.47 
0.9 87100 88086 I.13 91314 4.84 . 
1.0 172000 158661 -7.75 164177 -4.55 
I.2 459000 446299 -2.77 458677 -0.07 

QJ • - paccqHTa.Ho no sHaqemmM fn , ony6J1HRo:BaHHHM :s pa6oTe Rpo H 

BecT:syyJJ,a(
91!,.= 60; fl= 100;. /~ = 2500; A = 22000; ·· 

ts = aooo; ;:, = 126000. s = 5, 5x10-3• 
•• . /3 /3 

(fl - paccqHTaHO no llOJiyq8HHHM HaMH 3Haqemt.RM J n : J l = 41 ; 
Ji= 373; ~ = 2263; A = 10000; fs = 37487; 

'6 = 113712, ROTOpHe y.n;o:sJieTnop.moTJ;JaEHeHmo (9), rJJ,e 
A = 2,25 H a=IB.2 ,S = 2, 7xIO • . 

I irl C!.37:.~J~~!Harr::::!:Z t:::t1~~yr 
r.:.::~r:;L;:! ric;:1;,;;9~erra 

.... fJ:~t:in;;;;e:r,;s:HA 



IlMSCTO tJ8Th!pex KOHCTaHT, Hcnom,3yeMHX a~opru.m, Mli ,HCilOJlI,3O:Balfil 

TOJlI,RO .JU38o 

B Ta6mru;e 2 IlOKa3aHO cpaBHeHHe 8KCil8pllM8Htam,HHX li paCCtJHTaH­

Hh!X 3HaqeH:aj;j q>yHRIJ;llj;j 3aKOMilJl8KCOBaIIHQCTR ,nJISI .CliCTeMhl Rh3
+--a­

KaK. cne.n:yeT Ha no.nyqeHHux 3HatJeHllli S - (pa.RTopoB, pacnpe.n:eneH:ae 

KoMnneKcHmc qioµA B ,cacTeMe Rh~+~ cf nyqme on:acu:aaeTcJI npe.n:noJJteH­

Hoj;j Ha.Mli MO.D:SJI!,IOllpH·Hcnom,3O:aaHlili )Ulyx napaMeTpOD, tJSM 8TO c,n:ena­

HO aBTOpaMli C noMOUU,!O meCTli KOHCTaHT. l13 HarilliX peaym.TaTOB TaKllte 

cne,eyeT, tJTO B · .n:aHHOi! CliCTeMe MoryT np:acyTCTBOBaTI, TOJ1I,RO 5 KOMil..;. 
i ,. 

Jl8KCOB, a He 6, KaR .n:onycKaIOT_aBTOpH. 

B Ta6mru;e 3 npe,n:cTaBJl8Hhl pe3ym,TaTh!, IlO.1lytJ8HHli8 .D:M CliCT8Mli 

Z n.il..+-- 8THJlTHOatieTaT • B OT JllitJlie OT nyx npe.D:hl.n:YlJUD( npRMepoB, 

c11cTeMa co.n:eplltliT B KaqecTBe JlliraH,n:a opraHli'IeCKlij;j aHliOH. 3Ta cncTe­

Ma .ITT!MSTCJI O,n:Hoj;j li3 .n:ecSITH CHCTeM,3KCil8pllM8HTaJll,HO HCCJle,n:oBaHHHX 

CaH,n:enileM R npoaHaJllia:apoBaH.!il:ix HaMH. KaK Bli.D:HO H3 aHatJeHllli $ -q>a.K­

TopoB li A ~. npe.n:cTaDJl8HHHX B Ta6mru;e 3, ROppe.71JIUliJI M8lJt.!l:Y O6!Jtli­

MH ROHCTaHTaMH ycTOj;jtJHBOCTH KOMilJl8KCOB MeTaJlJlOB, BHBe,n:eHHM B Ha~· 

CTOJI1118j;j .n;HCcepTarnrn, IlO.n;TB8Pllt.D:a8TCJI q Bh!COKOii 'cTeneH1>IO ,ll;OCTOBep­

HOCTR. 

AHMOrlitJHh!e peaym,TaTli cpaBHSHHJI npe,n:cTaBJl8Hli H B Ta6.mrne 4, 

r.n:e B OTJllitJRe OT npe.D:hl.n:ytllliX CHCTSM B KaqecTBe_JlliraH.D:OB liCilOJlI,3YIOT­

CR HenTpam,~hle MOJleKyJlli. 

Peaym,TaTu, no.nyqeHHue npn aHa;mae BCex Hccne.n:o:aaHHIDC 34 c:ac­

TeM, YR~31lB8.IOT Ha lliHPOKRn ,n:lianaaoH npnM8HllMOCTH npe,n:JlOllt8HHOii MO,n:e­

JlH, KOTOpru=! C .n:ocTaTOtJHO Bh!COKOR TOtJHOCT1>!0 C IlOMOUU,!O .D:Byx napaMeT­

POB onnch!:aaeT nponecc.KOMnJleKcoo6paaoBaIIWI B MeTanno-JlliraH.n;HHX cnc­

TeMax, BKJIIOqarommc HeopraRli'leCKHe H opraHHtJecKne aHliOHH H HeiiTpa.m,­

HHe MOJleKyJlH B RatJeCTBe JlllraH.D:OD. 
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Hcno.m,syH llOJlY'leHHl,le Ha OCHOBailllli npe,JtHOl!CeHHOH MO,JteJill 6onee 

TO'!HHe 3Ha'!JeHIDI ROHCTaHT YCTOfi'IHBOCTR, MH C,JteJJa.Jlll llOllHTRY YTO'IBHTJ, 

3HaqeHIDI T8IJMO,JtHH8Mll'l8CKHX !pyHRIJ,Rtl: npouecca KO!iAllH8KC000pa30BaIUUI, 

pacclJHTaHHHX H3 H3M8H8HH.II ROHCTaHT yCTOWll!BOCTH C TeMnepaTypofi. 

B l':a'!8CTB8 npm&epa B Ta6.mme 5 npe.rccTaBHeHH pacC'!JHTaHHHe T8PMO.JtH-

H8.MH'!8CKHe qiyHKIJ,RH .ICJIJI CHCT8MI:l Cd 1
t - ~ROJClmponnoHaT, ROTOpaH 

cll:lna HCCHe,JtOBaHa npH Tpex TeMnepaTyPax • .lllllI cpaBHeHIDI B 3TOfi Ta6-,. 

HHUe ,JtaHI:l TaKl!Ce pesyllbTaTl:l, nonyqeHHHe aBTOpaMH. H3 8TlIX ,JtaHHNX 
, - . /IO/ , -

cne,1tyeT, '!TO PaBaTy R rynTe· He y,1tanoc:r, pacc<rnTaT:r, zsMeHeHWI 000-

60.JtHofi aaeprim, 3HTPOllHR H 3HTa.lil,OID! o6pa30BaHIDI nepBoro H BTOPO­

ro KOMnneKca B 8TOM CRCTeMe. Ilpn aaannse ,JtaHHNX PaBaTa R rynT{f/lt 

yCTaHOBH~, '!TO 8TO HBJI.lieTCH pesym,TaTOM onm:6oR, BBO.It!™HX npH Ma­

TeMaTR'!eCKO:li o6pa6oTKe aKcnepm&eHTam,Horo MaTepnaJia. IlonyqeHHHe 

HaMR pesym,TaTI:l llOJlHOCT:&ID cormcyIDTCH C TepMO,JtHHaMH'!eCRHMH npe.rc­

CTaBneHID!Ml!: npouecca KOMnneRcoo6pasoBaHIDI, H aTo MOJKHO paccMaTpn­

BaTI> RaR ,JtOllOJlHHTe.llbHOe ,JtORasaTeJlI,CTBO npeHMYII1eCTB8 pa3IlliTOfi HaMH 

Mo.rceim npz onacaaim npouecca RoMnnexcoo6pasoBaHHH. 

Ha pncyHKe I npe.rccTaBneHa nonyqeHHM HaMH JmHefiHM ~eMnepaTyp­

HaH saBHCRMOCTJ, KOHCTaHT "A" a "a" _B ypa~erum (9). B HaCTO.fI!llee 

BPeMJi He npe.rccTaBJIJieTCH B03MOlltHI:lM .rcaT:r, TeopeTH'!8CKOe o6~HCHeHHe 

aToil 3aKOHOMepHOCTH, 0.JtHa.I(O nonyqeHHHe saBRCHMOCTR llOSBOJIJIIDT pac­

C'!l!TaT:r, BCe sHa'!eHHH KOHCTaHT ycTon<rnBOCTH COOTBeTCTByrommc KOMn-· 

~ .neRCOB B ,JtaHHOfi CHCTeMe .1tJllI mo6on TeMnepaTypI:l'B ,JtaHHOM TeMnepaTyp­

HOM WITepBaJie. 

l3_ !LlLO_J!_l:l 

' I. Cos.itaaa MaTeMaTR'!eCKaHMO,JteJII,, KOTOpaH Olll!CHBaeT npouecc 

cTyneH'IaTOro xoMnneKcoo6pasoBaHIDI B pacTBOpe, npoTeKarolltHfi no cxe-

Me M + h L ~ l't1 L0 , r.ite n = I, 2, 3 ••• H 
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2. Ha OCHOBaHlil!l 003,naHHoil MO,IteJIH OOJJY'leHO ypaBHellll:e, 003BO­

JIJilO!llee onpe.zteJIRTb o6~e KOHneHTpar(ROHHHe KOHCTaHTH ycTOffl¾llBOCTR" 

KOMnJieKCOB npll JIIOC5oM qncJie KOMilJieKCHIDC qJOp.!,B paCTBope C OOMOutr,D 

.ztBYX napaMeTpoB "A" H "a", nonyqaeMwc li3 ::rncnepRMeHT~HWC .ItllllllllX 

fn = IL~~ (4'=n~iV). 

3. IIonyqeHHruI 3aBHCllMOCTb l!l9II_OJI&30B8.JU1Cb npl!l aHaJIR3e ony6JIR-

KOBaHHIDC B JIRTepaType aRcnepRMeHTaJll,HWC if,yHK~n 3aKOMilJieRCOBaHHO­

CTl!l . ell llJIH qiyH~ o6pa30B8.IDISI ii CJie,IzyIO~ MeTaJl)lO-JllII'aH.ItlillX 

CliCTeM: 

1) 
2t- - Hi~• ,:_ STORCl!l~eTaT ·-Cu - ce 20) 

2) Jn3t - ce- 2!) 11,i•_ aTl!lJmoaneTaT 

3) Gcr 5
t - er 22) 

'.Z+ . . 
Cd ~ aToKcRaneTaT 

4) Zn 2+- - . ce- 23) Ccl~-1-- · aTl!liITRo~eTaT 

5) -p~ 1-t.::. er 24) p52
+-_ STOKCHaneTaT 

6) ec1 2
• - er 25) 

. 2+- . 
Zn - STORCH~eTaT 

?) Rh 3+ - er_ 26) z n2.+- STliJITl!lO~eTaT 

8) Cd 1♦ - Bt.. 2?) 
t-1- . 

Zn - Ill!lpa30JI 

9) ln2+-6l- 28) 
2t . 

Cu - Illipa80Jl 

IO). Cd.u- r 29) 11i· 2-1-
I - Ol!lpa30Jl 

II) ·- ce1 2• - CNS 30) Cdz.+-- 'TRo.znmponl!loHaT · 

12)" 'Pfi 2
+ - f:hS - C3o0 40° 5o?c) . .t+ • • .. 

13) Cd .i+ - qioPMHaT 
.3I) Cd - THO.ItHOpOill!lOHaT (30°c~20% 

,ItRMeTMqx>l)MSMl!l.zt) 
!4) pf>if. - qJOl)MHaT 

32) TfJ!. STHJITl!lorJIRROJlJlT 
!5) 

u 
(20° H 30°c, Zn - 4JOPMl!laT 

!6) Cl.l.z+ - qJOpMHaT 33) Tf 34- STl!lJieH-6Hc-3-MepxanTonpo-

I?) - Cu2+ - MeToxc·a~eTaT llllOHaT (30° l!l 4U°C) ~· 34) 
3+ . . 

IS) Cu - STOKCl!l~eTaT Jn - sTHJI-6Hc-3.-MepRanTonpom10. 
2+ HaT (30° H 40°c). 

!9) C'u - THO.ItH~eTaT 
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4. Pe3ym.TaTH npoBe.zteHHoro aH~JIH3a noxa3HBaDT, qTo npe.ztno­

xeHHrur MaTeMaTaqecxrur MO,IteJI& MOXeT OHTb np:m.1effi1Ma npH OllllCarum 

nponecca RoMnJieKcoo6pa3oBamtJI, npoTemuomero no cxeMe Mt nL ~ M Ln 

B MeTaJl)lO-JllII'aH,ItHIDC CllCTeMax, BRJllOqalOll!HX HeaTpaJI&HHe, O,ItHO- li 

.ztByx3apH.ztHHe HeopraHHqecxne H opraHHllecRne JIHraH,mz. 

5. Ilpem.1ymecTBO npe.ItJioxeHHon Mo.zteJIH, noRa3aHHoe Ha npHMepe 

34 llCCJie,ItOBaHHIDC CHCTeM, 3aKJllOqaeTCSI B TOM, qTo aTa MO.item. ,ItaeT 

B03MOEHOCTb OllllCaTb nponecc KOMOJieKcoo6pa30BaHllSI B pacTBOpe C 00-

nee BHCOKOfi TOqHOCTbD ll_C MelibmllM qncJIOM napaMeTpOB, qeM npllMeHSie­

MOe o6aqHo BHpaxeHHe ,ItJIJI qlyHKnnH 3aROMilJieKCOBaHHOCTH ~ HJIH qiyHK­

nnn o6pa30B8.HIDI n . 
6. IloRa3aHO, qTo B CHCTeMax Cd 2

~ THOJnillPOilHOHaT, Ti 3t-­

STllJITHOrJIHROJ1Jl'r, 1'i3T- STllJI-6HC- (3..:MepKanTonpo~noHaT) H Jn3
t -

STRJieH-6Hc-(3-MepHanTonpoTIROHai) npacoe.ItHHeHHe Kax.ztoro nocne,IzyIO­

mero JlllraH,l(a conpoBOX,ItaeTCH YMelibmeHHeM HSMeHeHHSI aHTPOOHR, T.e. 

fASz.. -AS,] ) f 0S3 -AS_z) • 
?. YcTaHOBJIElHHOe JlllHeHHOe H3MeHemrn ROHCTaHT "A" H "a" C 

TeMnepaTypon .ztJIH cacTeMa Cd'-+ - Tl!IO.ztHilponaoHaT . .ztaeT B03MomtOCTb 

onpe.zteJmTb sHaqeHIUI ROHCTaHT ycTOfft¾l!lBOCTH npH JIIOC5on TeMnepaType B 

l!lCCJie,ItOBaHHOM HHTepBaJie TeMIIepaTYP. 

8. YcTaHOBJieHHHe 3aKOHa.!epHOCTl!l l!lSMeHeHHSI Tep.!O.l(l!lHaMHlleCRIDC 

qiyHK~ff cornac,'J)TCH C OOIIIHMH TePMO.ztllHaMHqecRm.lH_npe.ztcTaBJieHMMH 

o nponecce KOMnnexcoo6paaoBalilffi B pacTBOpe, qTo HBJIHeTcH .ztonoJillll:­

Tem.HHM no.ztTBePE,IteHHeM BliCOROR ToqHOCTH onpe~eneHHH ROHCTaHT yc­

TOffqHBOCTH Ha OCHOBamm npe.ztno~eHHOfi MaTeMaTH'IeCROff MO~eJIH. 
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