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Kax uasecTHO, B aaoTHOKHCllbi X p aCTBopax, conep JKamHx 6Hxp oMaT ( Cr VI ) , acTa-

TIIH - nocnenHu i! 'llleH rpy nnbl ra1111011n OB - HaXOn UTCst B <jlopMe n011 0 ~( 1!Tell bJI OrO On H03 apstn
/ l/, / 2 / 

soro Hoaa 

Hay'last ero XHMH'Iecxue c s o ilcTsa, Mbi o6uapy lKH111< , 'ITO H3 aTHX pacTaopoa OH c aMo

npOH3B011bHO Bbin enReTCH Ha '-feTa111IH'IeCKOil nnaTHHe. 

06 ancop6nHH npyrux rannoun os Ha nnaTHHe B nuTepaType HMeeTcH u en hrli pstn coo6-

rueHuA. Hau6onee TmaTellbHO Hccnenosanacb ancop6uu11 Aona
13

-
81

• B hmoi! Hai1neu o , 'ITo J 

J• A 0 5 M H so 161 ,, II B paBHOn Mepe XOpOWO llbinell!llOTC!I H3 0 2 4 nOLl n OKpbi BaeT nllaTHHy 

MOHOaTOMHbi M CllOeM: HaCbiiUeHHe HaCTynaeT npH KOHUeHTp aUHH nopHnKa 10-S KMIM
2 

Pt • 

Aocop6uug xopowo npoucxonuT TOnbKO nocne KaTon Holl non!!puaauHH nnaTHHbi H1IH noc n e 

RaCbiiUeHH!I llOBepXHOCTII M8T811118 IIOOOpOnOM /
5

/ • 06pa30BaHHe Ha noeepXHOCTII n118TIIHbl 

OKHCHOA nneHKd 38 C'leT aHOUHOA non stpH38UHH npu noTeHUH8118 +0,6 II npu npOKa1!HIIa-

HHH B OKilC1IHT81IbHOM nnaMeHH r830SOII rope1IKII Hllll npH KHUH'I8Hilll B KOHU8HTpHpOIIaHHOll 

a30THOA KIIC1IOTe OTpHUaTellbHO B1IIIst8T ua npouecc BhrneneHH!I/
5

/ ,/
6

/ • noBbiWeHHe TeMn epa
/3/ 

Typhr y MeHbwaeT aocop6uu ro • 

A on O'I8Hb Menne HHO necop6upyeTCSI c nnaTHHbi c epuoA xncnOTol!: npaxTn'!ecxu Huxor

o a ue y naeTCH nonHOCTbiO OTM b!Tb MeTann oT Ilon a. KonuqecTso Heo6paTHMO ancop6uposau

Horo Ilon a pacTeT co epe MeueM. 3To oGbstCHHeTcst npoHHKHOBeHHeM Ilon a srny6b MeTanna 

no nopaM, MHKpoTperuuHaM " MelKKpucTanliHTHbi M aouaM
13 1 

Y n anHTb Aon c nnaTHHbi MOlKHO 

TOllbKO npoxanueaHHeM unu anonHhiM pacTsopeHHeM B 0,5 M H2 SO 4 npu noTeuuuane anex-

Tpona + 1,1 s, uaMepeHHOM OTHOCHTenbHO cTaHnapTHoro xanoMellbHoro aneMeHTa. B nocnen-

HeM cnyqa~ npennonaraeTCH oxucneuue l!oo a n o 10; Ecnu nnaTuua, coneplKBIUBH Ron, 

HMeeT oTpuuaTenbHhrl! noTeHuuan, l!ou He necop6npyeTCH naJKe npu aHeprH'IHOM Bhrn eneHHH 

sonopona. Ancop6upoeaHHhi A ua nnaTuue 

eaeTcst no J 161 
npH KaTOnHol! n01I!!pH3aUHH IIOCCT8H8B1IH-

HecMOTpH ua TIUBTe llbuoe u npononJKnTellbuoe uccnenoeaHue npouecca s brneneuuH 

Rona Ha nllaTHHe, UO CIIX nop HeT n ocTaTO'IHO CTPOrOi"'O 06bSICHeHl!H 3TOrO IIHTepeCHOr O 

SJeneHHSJ. M br cneuuallbuo nonpo6uo ocTaHoeunucb .Ha J;IBHHbiX o6 ancop'6uuu MHKpoxonuqecTe 

Rona UOTOMy, 'ITO OHII II KaKoR-TO Mepe MOryT OK83 8TbC SI ll01183HblMH UliH nOHHM8HH!I nose-

3 



.U9HBH SCTSTHHS, KoHS'IHO, 06 aHanorBIIX B HSWeM Cny'lae pe'IH 15hiTb He MOlKST, TSK KSJ< 

acTaTBH B3 pacTsopos HNO 
3 

-Cr VI Haut5onee nonHO Bbi.UanHeTcll 11a nnaTBHe, noxpb!TOA 

OKBCHOA nne HKOll, TO aCTb B TSJ<BX ycnOBBIIX, B KOTOpblX B ·DO nHTep&TypHbiM .USHHbiM 0 B 

no pe3ynbT&TaM np ose.ueHHOA HSMR nposepKH HaT a.ucopt5naa Ao.ua. HaM He y.uanocb aaATH 

s n n TepaType cse.ueaall ot5 ancopt5.uaa acTSTRHa ua nnaTuae, He scTpeTRnRcb HaM a coot5-

meunH, KOT0p b19 D03BOnHnH l5bl DOH!ITb B Ot5'hHCHHTb Ha6niO.US9MOO HSMB HBneHB9, Bee &TO 

.uanano u enecoot5pa3Hb!M R3y'ISHHe CSMODpOR3BOnbHOrO Bbi,UeneHH!I SCTSTRHS Ha nnaTHH9 

R3 S30THOKHCnbiX paCTBOpOB B npBCyTCTBBB 6BXpOMaTa, 

3KCDepBMeHTanbHSH 'ISCTb 

A .ucop6nHSI SCTaTHHS H3y'lanaCb Ra nnaTRHOBOA JKeCTB MapKR 99,9 rOCT 8399-57 

TOnlllRHOA 0,1 MM, B 60nbWBHCTBe ODbiTOB BCDOnb30BSnHCb KYCO'IKH JKeCTB p83M9pOM 

(2 + 0,1) •10-
4

M 
2

• Bb!n eneaae npoxo.uano aa ot5eax CTopoaax nnaCTHHKH: BB.URM&H nnoma.ub 
- -4 2 • 

S,UCOpt5.UHR 4•10 M , a CBR3H C TaM, 'ITO pa3nH'IBbl9 DSPTBH nnaTHHbl MOryT BMeTb pa3-

nR'IHbl9 xoalj>lj>H.UBeHTbl wepOXOBSTOCTH ( OT 1,5 ,UO 3), Mbl KSlK.UYIO cepBIO ODbiTOB npOBO.llH

nB c JKeCTbiO on aoll 3Sso.ucxoA napTHH, ITepe.u onbiTOM nnaTaaa 2-3 qaca KHDRTHnacb 

s pacTsope 13 Ill II N o
3 

-0,01111 Cr VI , npOMbrsanacb 15a.uacTannRToM H npoxanasanacb .uo 

JKenTo-15enoro CBe'le HRR B Ot5orameHHOM KHCnOpOAOM rS30BOM nnaMeBR, llo HS'Iana pat50Tbl 

nnaTHHa xpaaanacb s pacTsope 8111 HN0
3
-0,01M Cr VI BilK B 15B.UHCTBnnSITe, 

Bhr.ueneuae acTSTRBS aa nnaTaHe npoacxonano s nponec ce nepeMewasaHHR nnacTHHKH 

MeTanna a paCTsopa s cxnRHxax c npHTepToA npot5xoA, CxnRHKR 3axpennRnHCb aa nnoman-

xax, KOTOpbiM coot5manocb so3spaTao-nocTynaTenbHOe llBHJKeaae C SMDnHTY.U Oll 8-10 MM H 

'I&CTOToll 500-1000 xonet5aHHi! s MHHy Ty, ITpu aayqeaau BnHRHR R noshrweaaoll TeMn epaTypbr 

( 90- 95°C) HS npOU9CC ancopt5UBH BHI5p onnowa.UKH norpylKanHCb B BO.U RHYIO 6&HIO, 0THOCR-

T e llbHbie K OnHlle CTBS 8 CT8THH8 1 Bbl.D.9nHBlll9rOCSI H8 nnBTHHe, p llCC"'IITbiBSnHCb no p e 3y1IbT8-

TS M H3Mep eanll X - ·Y - pa.uHOSKTHBHOCTH nnaTHHbl H paCTBOp OB C'le T'IHKOM r elirepa. Paa -
-8 3 

aaR reoMeTpHR ot5paanos ( 5-7 •10 M pacTsopa B npot5npxe .unaMeTpoM 16 MM H nnaTnHo-

saR nnaCTHHKa B Taxoll JKe npot5apxe) a e npnso.uuna x aaMeTHOi! CHCTeMaTn'lecxol! norperru

HOCTH DpH Bb16pSHHOlt HSMH M9TO.UHKe H3 MepeHHll , 

Bee axcnepnMSHTSnbHbie p e3ynbT&Tbi , npn sea eHHbie B Tat5nnnax B aa rpalj> m cax, RBnSJ

IOTCR Cpe.uaeapnlj>MeTH'19CKHMH MHHHMYMSMH Tpex onpeneneHHA H .USHbl CO Cp 9.UH9KBS.UpaTR'I

HOll OWH6xolt, 11cTO'IHHKaMH Cny'laliHbiX OWHI50JC, B OCHOBHOM, 15blnR lj>aKTOpbi, BnHRIOIUR9 Ha 

SACOpt5Un10: pa3HII.US B wepOXOBSTOCTH OT.U9nbHbi X nnaCTBHOK, B pa3Mepe BHAIIMOlt DOBepX

HOCTH , B alj>lj>eKTHBHOCTH nepeMeWHBSHHR H npyrue, 

AaoTHOKHCnbi lt npenapaT pa.UHOXHMH'IeCKII 'IHCToro SCTaTHHS nony'lanCR TSK lKe, KSK 

H B npenb!AYilliiX pa60TaX/ !,
2

/ . 

4 

A30TH&H xncnoTa TmaTenbHO ::>'lnmanacb OT B03MOJKaoro 3arpR3He 

roaHnacb
17 1 

Pat5o'IHe p aCTBOpbr rOTosnnncb aa 15a.uucTunnsrre, 

Pe3ynbT&Tbi 

llaHHble 0 6 a.ucop6.UHH aCTaTHHS DnaTRHOA B3 paCTBOpOB a30THOf 

llliiX Cr VI , npn pa3nn'IHbiX speMeaax Bbi.UeneauH ( r) H KOMHaTRO 

.ueabr aa p uc. I. 

IToshlwe aae TeMnepaTy pbl nonoJKBTenbao cxa3hlsaeTCR aa nponecc 

na 1). 

Tat5nana 

Bb1.U eneHH9 SCTaTHHS Ha Pt ( B %) B3 830THOKHCnbiX paCTBOpOB 

[Cr VI] c 5.10' 8 M, S = 4.10-'w' , V 
Pt p-pa 

~" 1,2•10
3 

2,4·10
3 

4,8 ·10
3 

67 !. 1 86!. 4 87 !. 1,5 

3 70!. 5,5 88!. 3 88!. 5,5 

5 47!. 7 76!. 5,5 90!. 3,0 

7 27!. 7 57!. 4 61 !. 1,5 

10 - - 59 !. 1,5 

0THOCHTenbHble KOnR'IeCTBS Bbi.U9nRBW9rOCR Ha nn&TBH9 SCTSTKI 

II DpH DOBbiW9HHOI! T9MD9paType HSXO.URTCII B Dp HMoll 3SBHCHMOCTH OT 

M9Tanna R B 06pSTHOII - OT Ot5'b9MS 830THOKBCn Or o paCTBOpa (Ta6nRD 

CxopocTb Bbi.UeneHBII acTSTHHa aa n n a THHe npa r .< 2, 4•10
3 

ce.:K 

onRCbiBSeTCR c ne.uy iOIUHM ypas ae au eM peaxna11 nepsoro nopHnxa : 

dx S 
--- c k(a-x ) _ _ 

d r V 

r .u e a - HS'ISnbH09 KOnH'IeCTBO aneMSHTa B pac TBOpe, S - BH.UHM8 

URB, V - Ot5'beM paCTBOpa, k - DOCTORHHaR • ITocneAHRR B9n i! 'IHHS, f 

3YnbTSTSM, npHBS.U eHHblM HS pHC, 1, OCTaeTCR DOCTOSIHHOI! ,UnR paanu • 

BKniO'IHTenbHO B HMeeT cnell,yiOIUHe 3R&'IeHHR: 

·5 
K ~ ( 1,27 + 0,17) 10 ..bL. , 3 Ill HNO 

3 - cex 
1 Ill HN0 3 K=( 

·5 
K = ( 0,48 + 0,08 ) 10 _ M_ , 7 Ill HN03 

- c ex 
K = ( ( 5 M HN0 3 

5 



!THHa. Koue'IHO, o6 auanoran B uameM cny'lae pe'IH 6btTb He MOlKeT, Tax xax 

3 pacTsopos HNO 
3 

-Cr VI uaa6onee nonao BblJlenReTCH aa nnaTB&e, noxpb!TOII 

aeHKOII, TO eCTb B TaKHX yCDOBRSIX, B ltOTOpblX R ·DO nHTepaTypBbiM JlBBBblM, II 

raraM nposeaeaaoll uaMR nposepu aeT aacop6uau lloaa. HaM ae yaanoc& aaATa 

ype CBe}leHRII 06 aacop6JIRR aCTaTRBa Ha nnaTRBe. He BCTpeTHnHCb HaM R C006-

TOpbie D03BODHDH fib! DOBSITb B Ofi'bSICBHTb Ha6moaaeMoe RaMR SIBUeHBe. Bee STO 

necoo6p83Hbl M R3y'leHHe CaMODpOH3BOn&BOrO Bbl}leneHHSI 8CTaTHHa &a nnaTRHe 

KHCDblX paCTBOpOB B DpHCyTCTBHII 6HXpOMaTa. 

3KCnepHMeBT8Db&aSI 'l8CTb 

>p611HR 8CTaTHHa 113y'lanaCb R8 nnaTIIBOBOII lKeCTII MapKH 99,9 f()CT 8399-57 

0,1 MM. B 6onhmHHCTBe onbiTOB llcnon&3oaanac& KYCO'IKR lKeCTII pa3MepoM 

o-4 M2 • Bb!JleneRHe npoxoaano Ha o6eux CTopouax nnaCTHBKH: BHJlHMaH nnomaJlb 
-4 2 , 

4•10 M • a CBR3H C TeM, 'ITO pa3UH'IIfble DaDTHH DDBTHHbl MOryT HMeTb pa3-

JS<jl<jlHJIHeBTbl wepOXOBaTOCTH ( OT 1,5 JlO 3), Mbl K8lKilYIO CepHIO ODblTOB npOBOilii

:TbiO OllHOII 38BOilCKOII napTIIHo nepen ODbiTOM nnaTHRa 2-3 'laCa JtiiDSITIIDaCb 

oe 13 II H N o
3 

-0,01 II Cr VI , npoMbiBanac& 611JlHCTHDDHTOM 11 npoxanuaanac& no 

10r0 CBe'leHHSI B o6orame&HOM KHCDOpOilOM ra30BOM nnaMeHSI. L\O H8'18U8 pafiOTbl 

:paRHD8Cb B p8CTBOpe 811 HNO 
3
-0,01!1 Cr VI una B ounucrannHTe. 

eneaae acraraua ua nnaTHRe npoacxonuno B npouecce nepeMemasaHHR nnacrauxu 

a paCTaopa a CKDSIRKSX c npuTepToll npo6Koll. CKnliHKH 3aKpenn~~nuc& aa nnomaa-

pblM COOfiwanOCb B03Bp8THD-DOCTyDaTen&HOe llBHlKeHHe C 8MDUHTYJlOll 8-JO MM ll 

500-1000 xone6aHHI! B MHHYTYo npa H3y'leHHH BnHSIHHSI DOBblWeHHOII TeMneparypbl 

I ua npouecc ancop6uua au6ponnowanKK norpylKanKcb a BOJlliHYIO 6au10. Oraoca-

KOnHl:{9CTB8 BCTBTHHB, BbinenRBlllerOCSI H8 nnaTHH9 1 paccqDTbiBSnHCb llO pe3yn.hT8-

.peHKII X - ·Y -paauoaxTHBBOCTH nnaTHBbi K paCTBopoB C'le T'IHKOM felirepa. Pa3-
-6 3 

eTpHSI 06pa3JIOB ( 5-7 •10 M paCTBOpa B npOfiHpKe llllaMeTpOM 16 MM H nnaTHHD-

rHHKa B T8KOII lKe npo6Hp1te) Be npHBOilHD8 It 3aMeTBOII CHCTeMaTH'IeCKOI! norpeuo

a Bbl6paHHOII H8MR MeTOilHKe H3MepeRHll. 

3KCDepHMeHT8UbRble p e3yn&TaTbl 0 npHBe}leHHble B TBfiDHU8X H 118 rpa<j>KKBX, llBDII

IlHeapH<j>MeTH'IeCKHMH MHBHMYMBMH Tpex Onpeaene&Hll H Jl8Hbl CO cpeaHeKB81lpaTH'I

;KOII. 11CTO'IRHKaMH Cny'laliHblX OWH60K, B OCHOBHOM, 6blDH <jlaKTOpbl, BDHlllODlHe HB 

10: pa3HHJia B wepOXOBaTOCTH OTilen&HblX DD8CTHHOK, B p83Mepe BllllllMOI! DOBepx

s<jl<jleKTKBHOCTH nepeMeWHBBHHSI H npyrae. 

THOKHCUblil npenapaT paJlHOXHMH'IeCKH 'lHCTOrO aCTaTHH8 DODy'IBDCll TBK lKe, KBK 

blJlYDlHX pa60Tax
1 1

•
2 1

• 

4 

~ 

A30TH8SI KHCUOT8 TDlBTen&HO ::l'lHmanaCb OT B03MOlKHOrO 3arpS13BeHHH CODSIHoll H nepe

rO!fRD8Cb l 7 
1 

Pa6o'IHe pacTBOpbi rOTOBHDHCb aa 6HJlHCTIInnRTe. 

Pe3yn&TaTbl 

L\BHHbie 06 8JlCOpfiUHH acTaTHBB DU8THBOII 113 paCTBOpOB a30THOII ltHCDOTbl, CO}leplKa-

lllHX Cr VI , npH p83UH'IHblX BpeMeBBX BbllleDeBHSI (r) H KOMHBTROII TeMneparype npHBe-

neabl aa pac. I. 

nosbiWeHlle TeMneparypbl nonolKBTen&ao cxa3blBaeTCll ua nponecce aacop6111111 (Taona

ua 1 ). 

Ta6n11ua 

8blaenea11e acraT11aa aa Pt ( B IX>) 113 a30THOJ<HCDblX pacrsopoa npH 90°C, 

[Cr VI]= 5.10· 1 II, S = 4.10·• .. ~ , V =10.10.
1 w 1 

Pt p-pa 

~~ --1,2•103 

3 

5 

7 

10 

67 ±. 1 

70 ±. 5,5 

47 ±. 7 

27 ±. 7 

2,4·10
3 

86 ±. 4 

88 ±. 3 

76 ±. 5,5 

57 ±. 4 

4,8 ·10
3 

7,2·10
3 

87 ±. 1,5 89 ±. 1,5 

88 ±. 5,5 90 

90 ±. 3,0 86 ±. 4 

61 ±. 1,5 50 ±. 18 

59 ±. 1,5 

0THOCHTeUbHble ltODH'IeCTBB Bbi}leDIIBWerOCH &a nnaTHBe 8CTBTIIH8 II npH KOMHBTROII, 

II npH DOBblllleBROII TeMnepaType HBXOJlSITCll B DpHMOII 3aBHCHMOCTK OT pa3Mepa DOBepxHOCTH 

Meranna H B o6paraoll - or o6'beMa a3oTaoxucnoro pacTsopa (Ta6nuua 2). 

• 3 
CxopocTb BblJleneHHll acraTHHa aa nnaruue npa r ~ 2,4•10 cex ynoanersopuren&RO 

onHCbiBaeTCSI cnenyiODlHM ypasa.ea.HeM pealtliHH nepsoro nopnuxa: 

dx S 
--- c k(a-x)--

dr V 
(1) 

rne B - Ha'lan&HOe ltODH'IeCTBO sneMeBTa B pa~TBOpe, S - BHJlHMaSI DOBepXBOCTb 8}lCOp6-

IIHR, V - 06'beM paCTBOpa, k - DOCTOSIHRall • nocnenRSIR BeDH'IHHa, paCC'IHTaHBaR DO pe-
3 

3yD&TaTaM, npHseneHHblM HB pHC. 1, OCTaeTCSI DOCTOSIHHOI! }lDSI p83UH'IHblX r JlO 2,4.10 CeK 

BKU!O'IHTen&HO H HMeeT Cne}lyJODlRe 3REt'<eHHSI: 

1 II HNO 3 
-s 

K = ( 1,27 + 0,17) 10 _M_ , 3 II HNO 
3 - cex 

-s 
K = ( 1,0 + 0,1 ) 10 ...,!:L_ 

celt 

5 Ill HN0 3 

-s 
K = ( 0,48 + 0,08 ) 10 _M_ , 

- cex 
7 M HN03 

-s M 
K = ( 0,321 + 0,023) 10 ~ 

5 



Ta6nuaa 2 

Bhlneneuue acTaTHHa ua Pt B aauBCHMOCTH OT o6beMa pacTuopa H paaMepa 
nnaCTHHKH. 3 M HN03 - 5.10 •3 M Cr VI, r = 2,4. 10 

3 
ceK 

~. V p -pa 22°C 98°C 

M2,10- 4 Ma-10-6 % At ua Pt % At B8 Pt 

12 10 90:t_6 94+1') 

8 10 76:!:.3 85.:; :.:> 

4 10 60:t_6 6~5x) 84:t.S 

4 2101 41;!:.1,5 38+3x) 61,5:!:.1 

4 40 21:!) 21:2x) 35;!:.1,5 

4 60 11:!:.1 
- x) 

23,5;!:.1,5 14,8;!:.1,3 

x) PaccquTauo no ~OpMYne (1), 
-5 

K •(1,0 ;t.O,l)•lO Ml cex. 

Ancop6llHB 8CT8THB8 H8 ll118THH9 npH Bb!COKHX KOBll9HTp81lHBX 830TBOA KHCliOTbl ll03BD-

11B1!8 rrpenrronaraTb, qTo rrpucyTcTuue B pacTuope BHTpaToB paanuqHblx MeTannou ue 6yneT 

aaMeTuo unHBTb aa rrpoaecc Bbi)leneuuu. OnuaKo oKaaanocb, qTo n aJKe . rrpu ManbiX Kouneu-

Tp8UBBX BBTp8Tbl Bi HI, Hg 1 • Hg ll H Til yM9Hbill8IOT 81lCOp6UHIO 8CT8TBH8, TOrna 

KBK uHTpBTbi npyrux MeTannou DB rrponecc rrpaKTuqecltu ue SJUI BlOT ( Ta6nuua 3). 

Ta!SnuaaS 

Bbiileneaue acTaTHBa aa rrnaTuae ua paCTBopos, coneplK8IIlHX HHTpBTbl aeKOTOpblx M9Tannou. 
i4 ~ -6 1 3 5p = 4.10 , V = 10.10 w , r=2,4.10 Celt. 

' p-pa 

I M HN0
3 20"C 

[Me] MOllbiliBTp % At ua 

63:!:. 8 

T1 I ~ 5.10 
-s 

25 :!:. 1 

Cs I 0,1 64:!:. 4 

Hg I 5.10"4 0,3 

Hg ll 0,01 17,5:!:.4 

Ba II 0,1 70:!:. 4 

La III 0,1 55:!:. 4 

Ag I 0,01 
l 60:!:. 6 

Te VI 0,01 

x) ( 3 . ) 
r - 4,8•10 C9K 

Pt 

3M HN0 3 

[Me] MOllb I liBTp 

-
Tl 1 5.10 "

3 

Cs I 0,01 

Pb ll 5.10 
-3 

"' ll 5.10 
-3 

Ba ll 0,01 

La Ill 0,01 

-3 
Bi lli 5.10 

Th IV 0,2•) 

6 

9oe 

% At ua Pt 

78:!:. 3 

12,5:!:.2 

78 :!:. 2 

69 :!:. 5 

38:!:. 6 

80:!:. 3 

66 :!:. 6 

19,5:!:. 1 

71 :!:. 

,.., 

6bin0 yCT8HOB119HO, qTQ C011BH8H KBC110T8 OTpHll8T911bBO BnHSI9T H 

( Ta6nHU8 4), 3TOT Scjlcl>eltT Mbl BayqanB OC069BHO Till8T9llbBO, T81t KBK 

T8llbHblX )l8HHblX IT03B011B11 rronyqaTb H91tOTOpb19 K011HqeCTB9HHbl9 CB91l9 

KOMIT119KC8X 8CT8THB8. 

8 hinenuumuAc u aa rrnaTHBe acTaTHH rrpoquo ynepJKHuaeTcu ua rroa 

oco6euuo u Tax cnyqaux, Korns ancop6nuu rrpouonunacb rrpu rroBhlmeua 

TeqeHHe nnuTellbuoro speMeau. Hu KoaneaTpupouauuoA aaoTuoA KHcnoT< 

KOA H9llb3SI ITOliHOCTblO OTMbiTb ll118THBY OT 8CT8THH8 ( T8611Hil8 5), 

T a 6 11 u u a 4 

8 hi)l9119BH9 8CT8THH8 H8 IT118TBH9 B rrpucyTCTBHH COliSIJ 
-3 -3 2 

I M HN0 3 -5.10 M Cr VI, S = 4.10 "" , V = 10.: 
Pt p-pa 

[HCI] 0 2·10-3M 3·10-
3

M 5•10-aM 8·10-~ 

% At HB Pt 53,7;!:.3,1 23,5;!:.2,8 12,5;!:.2 4,9;t.o,3 2,tzp,t2 

Ta6nuna 5 

.llecop6uuu acTaTHBa c rrnaTHHbi uapcKoA uonKofl unu 10 M HNO i .. 
4 a ~ , 

~t = 4.10 M • v HCI- HN03 IH v HNO 3'" 10.10 .lot, 

Ycnosuu ancop6uuu .ll ec op6upy10- r necopl5-
IllHA pBCTBOp UHH, CeK 

·-
3M HN0 3 . 22;t.2°C, 1,2·10

3
ceK HNO 

3 
2,4·10

3 

3M HN0
3 

, 22;t.2°C, 7,2·10
3

ceK 

3 M HNO 
3 

, 90°C, 1,2 •10
3

celt 

3M HN0 3 , 90°C, 7,2•10
3

ceK " 
1 M HNO 3 , 22°C, 1,2"10

3
cex HCI- HN0

3 
60 

9·10
2 

I M HNO 3 , 98° • 7,2•10
3

CeK • 60 

9•10
2 

AcTaTHH MOlKHO necop6uposaTb aaonaoA rronupuaauueA rrnaTHHbl, 

KOnHqeCTB BCTBTHHB CTBHOBHTCB 3BM9THbiM TOllbKO rrpH OTHOCHT9llbHO 

TOita u pacTeT c y senuqeaueM CHllhi ToKa (puc. 2). Ha npouecc au onE 

BCTBTHHB B11HB9T KOHU9HTp8UHH H rrpHp01l8 KHCliOTbl (Ta6nHUbl 6), 

npu KOBUeHTp8UHH 830THOA KHCliOTbl 1 M H Bb!W9 H llliOTHOCTH TOK8 
2 . 

6·10 celt rronaOCTbiO nepexonHT s pacTBop . T e 5-7% acTaTHHB , KOTOpbl 

He, HBXO.O. SITCSI H8 M eCT8X KOHTB.KTOB >K9CTU C nep >K8 Tene M 8H 0 .0.8 . 
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He 8CT8TH88 88 
u, 3 M HN03 

v p -pa 

M3 •10-8 

10 

10 

10 

21i1 

40 

60 

Ta6nuaa 2 

Pt B 38BHCHMOCTB OT o6beMa P.SCTBOpa H p83Mepa 

- 5.10 ·3 M Cr VI, r - 2,4. 10 
3 

cex 

22°C 

% At H8 Pt 

90±..6 94+1') 

76±..3 85.:;x) 

60±..6 60:5x) 

41±_1,5 38.:-;x) 

21:!:) 21~2x) 
11±..1 14,8±_1 ,3 

x) 

98°C 

% At 88 Pt 

84±_8 

61,5±..1 

35±..1,5 

28,5±_1,5 

:~BTSBO no ~OpMYnB (1), 
-5 

K-(1,0±_0,1)·10 Ml cex, 

lHB 8CT8THB8 HS nnaTHHe npH BWCOXHX XOHil9HTp8IlHHX 830THOA XBCnOTW 003Bo

~raTh, ~TO npHCYTCTBBe B paCTBOpe BHTpSTOB p83nH~BWX MeTannoa He 6yn9T 

'!Tb us nponecc BhineneHHa. On8axo oxa3anocb, ~To nsJKe . npu MAnhiX xoanea-

STbi Bill!, Hgl , Hgll H Til yMBHblllSIOT 8UCOp611JllO 8CT8THH8 0 TOrUS 

upyrux M&Tannoa HB nponecc npaxTa~ecxu ae BnBBIOT (Ta6nana 3). 

Ta6nuna8 

:T8TH88 HS nnSTHHe H3 pacTaopoa, coneplK8IIlHX HHTpSTW aexOTopwx MBTannoa. 

~. = 4.10;
4 ~ V c 10.10·6 ,..1 , r c 2,4.10 3 cex. 

p-pa 

HN03 

HTp 

;.10 '
5 

0,1 

5.10•4 

0,01 

0,1 

0,1 

0,01 

0,01 

20"C 

%At BS 

63 ±.. 8 

25 ±.. 1 

64 ±.. 4 

0,3 

17,5±_4 

70 ±.. 4 

55±.. 4 

60 ±.. 6 

• 4,8·10
3 

cex) 

Pt 

6 

3M HN03 

[Me] MOllhlllliTp 

T1 5.10 '
3 

~s I 0,01 
-3 

Pb II 5.10 

H& II 5.10 '
3 

Ba IT 0,01 

La Ill 0,01 

-3 
Bi m 5.10 

Th IV 0,2x) 

90" --
% At HS Pt 

78 ±.. 3 

12,5±_2 

78 ±.. 2 

69 ±.. 5 

38 ±.. 6 

80 ±.. 3 

66 ±.. 6 

19,5±.. 1 

71 ±.. 

Ewno ycTaHoaneuo, ~TO conHBaH xucnOTa oTpunaTenbao anaaeT us npoaecc ancop6nHH 

(Ta6nuaa 4). 3ToT s~J<T MW H3y'lanu oco6eaHo TlllSTenbHO, Tax xax auallH3 sxcnepuMeH

TanbHbiX IlHHHbiX 003B01Uin nony~HTb H9XOTOpbie KOnH~eCTBe8Hbie CBe!leHHB 0 XnOpH!lHWX 

KOMnneKC8X 8CT8TBH8. 

Bwnenuamuaca aa nnaTBHe SCTSTHH npo~ao yneplKH8SeTca Ha noaepxaocTH MeTanna, 

oco6eHHO 8 Tex cny~aKX, xorna ancop6nua npoaonunacb npu noawmeuaoa TeMnepaType H 8 

Te~eHBe nnHTenbaoro apeMeau. Hu xoaneaTpHp08AHaoa a3oTuoa xucnoToA, HH uapcxoa 80n

xoa Henb3H nonHOCTblO OTMMTb nnSTHHY OT 8CT8THH8 (Ta6nHU8 5), 

[HCI] 

% At aa Pt 

Ta6nHaa 4 

Bhineneaue aCTBTHHa as nnaTHHe a npucyTCTBHH conBHoA KHCnOTbi, 
-3 -3 2 -6 3 3 

I M HN0 3 -5.10 M Cr VI, S = 4.10 -u , V = 10.10 M, rc2.4.10 ct.J< 
Pt p-pa 

0 

53,7±_3,1 

2·10-3 M 

28,5±_2,8 

5•10-3M 8·10-~ 1,3·to-
2
M 2·to-

2
M 3·10-SM 

12,5±_2 4,9±_0,3 2' 1±_0,12 0,91±_0,13 0,52±_0,02 

Ta6nuna 5 

Jlecop6IlHB 8CT8THH8 C nnSTHHbl USpCKOA 80AJ<OA 
·4 :a 

~. = 4.10 M , V HCI-HN0 3 ,u · V 

-3 
unu 10 M HNO -5.10 M Cr VI. 

HNO 
3
= 10.10'6 Jd,l t = 22"C • 

Ycnoaua sncop6nHH 

3M HN0 3 . 22±_2°C, 

3M HN0
3 

, 22±_2°C, 

3 M HNO 
3 

, 90°C, 

3M HN0 3 , 90°C, 

1 M HNO 3., 
22°C, . 

I M HNO 3 , 98° ' 

1,2•10
3

cei< 

7,2·10
3

cex 

1,2•10
3

cex 

7,2·10
3

cex 

1,2'10
3

cei< . 
7,2•10

3
cex 

.llecop6HpyiO
mua pSCTBOp 

HNO 3 

" 
HCI- HN0

3 

necop6-
u.Bu, cex 

2,4 ·10
3 

60 

9·10
2 

60 

9·10
2 

At%.p-pe 

53~ 

38±_2 

7±_1 

3±..1 

88±_5 

92±_4 

52±_1 

60±.. 5 

AcTSTHH MOlKHO necop6upoaaTb aaonaoa nonapH3AilHeA nnaTHHbi, PacTaopeuue MHKpo

xonu~ecTa 8CT8THH8 CTAHOBHTCB 38MeTHhlM TOnbKO npH OTHOCHTenbHO 6onbWHX nnOTHOCTBX 

ToJ<a H pacTeT c yaellH~euueM cunbi Toxa (puc. 2), Ha npoaecc aaonaoro pacTaopeHHH 

8CTATHH8 anHIIeT I<OHU9HTp8IlHII H npupona KHCnOTbl ( Ta6nHUbl 6), 

ITpH xoaueHTpanHH a3oTaol! J<HCnOThi 1M H Bhime B nnOTHOCTH Toxa 25 a/M
2 

acTaTHH 3a 

6•1 0
2 

Cei< nonaoCTblO nepeXOAHT B pACTBop. Te 5-7% 8CT8THHa, KOTOpwe OCT BlOTC H H8 nnaTH-

He 1 H8XO.!UITC51 H8 M 8CT8X KOHTSKTOB >K8CTU C nep >Ka Tene M 8HO.U8. 

7 



Ta 6 nuna 6 

Auon aoe pac Taope une ac TaTHHa c nnaTHHbi , BpeM!I paCTBope HH!I 6·10
2 

ceK, 1 •1•10-
2 

a 
.. ----- .. ---------

3neKTpOIDI T 
'!'o At B 

3neKTponHT 
% At B 

paCTBOpe paCTBOpe 

M HCI 58:tJ4 1 M HCI04 44±_2 

M HN0
3 

93:!:._3,5 0,5M H
2

so
4 

241;12 
-3 

95:!:._1 0,511 H
2

so
4

-5.10 MCr VI 32:!:._2 
-3 

-3 
I M HNO 

3
- 5.10 M Cr VI 

-3 
0,5 M HN0 3 -5.10 M Cr VI 85:!:._13 0,2SM H

2
SO 

4
-5,10 M Cr VI 9:!:..5 

-3 
0,1 M HNO 

3
-5.10 M Cr VI 15:!:..1 0,0511 H

2
so

4
- S.10"3y Cr VI 4±_1,5 

- ------ ·· - ·----
3 ,4 Q 3 -3 

Y cnoan11 Bhtn eneuH!I : s = 4.10 -M M HN0
3 

- 5 .10 M Cr VI, 98° c, 
Pt 

r = 7,2 • 10 . l;:blt 

flpn KaTonuoll non~~pn3annu nnaTHHht c ancop6npOBaHHbiM aa Hell acTaTHHOM a I II HN0
3 2 

H npH MaKCI!ManbHblX B HaWHJI OUbiTaX nnOTHOCTllX TOK8 30 aiM , 8CTaTHH OCTaaanCSI H8 nna-

THHe, flpe.naapuTenbH8!1 KaTon sa!! nonHpB3auu!l 'lBCToll npoKaneHsol! nnaTHHbl B 0,5 M H
2
so

4 2 3 
npH 30 aiM B TO'leHHe 1,8.10 CeK 3aM9TSO YM9HbWana I<OnB'leCTB8 Bbl.[19nl!BW9rOCSI sa 

3 -63 -3 
MeTanne acTaTasa: 37:!:._9% 38 2,4•10 car< 113 10•10 M pacTaopa I II HN0

3
- 5•10 M 

-4 2 
Cr VI Ha 4•10 M nnaTBHoaol! >KeeTH. B STSX ycnoan!IX sa ananorB'lHbiX o6pa3nax nocne 

npe.naapiiTenbsol! auo.nHoll non~~pu3a·nau a.ncop6npoaanocb 67:!:.. 7%. 

06Cy>K.[IeHBe pe3ynbTaTOB 

CaMonpoB3BOnbuoe Bhrneneuue MHr<por<onH'leCTB ar.TaTHHa Ha nnaTHHe , noKpb!TOli oxuc-
-3 

uoll nneuxoli, H3 pacTaopoa HNO 
3

;:, 1M - Cr VI 5.10 M ue TOnhKO uoaoe XHMH'lecr<oe caoli-

CTBO sneMeHTa, uo, BHnBMO, aoo6we penxoe a pa.naoxBMHB Baneune. Cy.n s no naTepaType, 

aHanorB'lHbte caol!cTaa .nnn .npyrax sneMeHTOB npn ynbTpaManhrx KouneHTPaUB BX H9B3B9CTHbl , 

fi09TOMY nOHHTb H OO~!ICHHTb npupo.ny an COpOUHH acTaTHHa B naHHOM Cny'lae TPY.!IHO, noCICOnh

Ky pe'lb n.neT o pacwuljlpoaKe npouecc a, npoucxo.n Hwero ua rpaHHne pa3.nena ¢a3 c y qacTueM 

HCTliHHbiX MHKpOKOliH'leCTB TaKoro XHMH'leCKH aKTIIBROrO, Mano H3y'leHHOro, KOpOTKO>KHBy!lle-

ro 3neMeHT8, K8XliM KBnHSTCSI 8CT8THH. 

M br .nyMaeM, 'ITO BKTHBHYIO ponh B npouecc e Bbr.neneuHH urpaeT oxncua11 nneHKa. !13-

aecTuo, 'ITO noKpbtTaH cnoe M noeepxuocTHbiX oxucn oa nnaTnua HMeeT oTpunaTenbuhrll 3apHU, 
191 

KOTOpbt li B XHCnblX paCTBOp8X HellTp8nH3Y9TCSI BOnOpO.[IHbiMH HOHaMH 

TaKHM o6pa3oM, npn KouneuTpanH!IX HN0
3

>_1M, nnaTHHY Mo>Kuo paccMaTpHBBTb xax 

c eneKTHBHbll! no OTHOlll9UHIO K nOnO>KHTenbHOMy IIOHY acTaTHHa KaTHOHHT, flosTOMy 
+ + 

CTyne Hb!O BblneneHHH MO>KeT Ob!Tb peaKUHSI o6MeHa H .. At x+ .. At X + 
Pt p-p .. Pt 

8 

nepaoll 

H+ 
p-p 

KaTHOH acTaTHHa, ancop6apoaaHHblli a pe3ynhTaTe HOH006Meuuoro 

HeM MeH!IeT CB09 XHMB'l9CK09 COCTO!IHBe. 3TO B3M9B9HH9 0 KaK MO>KBO I 

3ynbTaToB, npaae.neHBbiX B Ta6nune 5, ohiCTPee npOTer<aeT npu noabtwar 

HaM r<a>KyTC!I saa6onee aepo!!THblMB naa aapaaaTa 3Toro npouecca: XE 

o6pa3oaaaBB coenaue uul! acTaTnsa c oxncnaMB nnaTBHbl a aoccTasoaneJ 

noaepxsOCTB .no sneMeuTapuoro cOCTOBHBB, uanpaMep, nepexaCHbiMB rp: 

AxTaaayro ponh OKBCuoro cno11 B npouecce a.ncop6nBB no.nTaep>KA 

MHeHBIO, TaK>Ke B pe3ynbTaTbl OnbiTOB C nnaTBHOII, nonaeprnyTOii !Yp9.[1ll! 

uoll non!!pB3anBB. B pe3ynhTaTe sToro npouecca noaepxsocTb MeTanna 

pO.!IOM, a OKBCHbl9 C09.[1BH9HBSI BOCCTaHaBnBBalOTCSI, flpH nocne.nyiOIUOM 

B paCTaop HNO 
3 

- Cr VI OKHCHblli cnoli pereHepupyeTCB, uo, O'l9BH.!IHO 

sToMy acTaTHH a.ncopoupyeTCB xy>t<e, '19M ua npoKaneuuoM MeTanne. 

OTpuuaTenbHoe anHBBHe o.nuoaaneaTHbiX KaTBOHOB Tannu!l, pTyTH 

H8 nponeCC Bbi.[IeneHHSI aCTaTHHa Ha nnaTHH9 ( Ta6nHna 3) 1 BH.[IBM00 CB! 

sneMeHTbl TO>Ke MoryT ancop6apoaaTbCB nnaTauoli, noKpb!Tol! noeepxuo 
-3 

noa. TaK, ancop6uaro Tannest ua nnaTuae H3 10 M HNO 3 aa6nro.na 

M9'laeT, 'ITO 'lHCTast noaepXBOCTb nnaTBHbl Cop6HpyeT Tannal! B 20-30 

cneuaast. flo aawBM .naaabrM
1

B3 10'10-6M
3 

pacTaopa 5•10-
5

M Tl(T1
2 

-3 3 -4 2 
5·10 M Cr VI 3a 7,2•10 ceK ua 4·10 M nnaTHHbl BblnensteTcst c 

Tanna!l. Aaanora'lHble pe3ynbT8Tht ohlnB nony'leHbi B npa Bblnenesuu HI 
-4 

soli pTyTs, ecnu KouueuTpanHB ee a pacTeope oblna 6onhlil9 1·10 M. 

B npucyTCTBBH conBHOli xucnOTbl a.ncop6nHst acTaTHH8 .nnaTHHoll 

pacTaopoB pe3KO yMeHblll89TC!I ( Ta6nuna 4). 3To cast3aHo c B03HHKHO 

3apst lK9HHbiX KOMnneKCOB aCTaTHH8 0 cyrueCTBOB8HH9 KOTOpb!X nerKO .[101 

uo. HanpHMep, npu sneKTpoMnrpanHH ua 6yMare, nponHTauuol! 0,01 Jl 

Cr VI , acTaTHH nauraeTcst x auo.ny. flpe.nnono>KeHH!I o cymecTaoaa 

Hb!X KoMnneKCOB acTaTHHa pauee y>t<e .nenanncb
1 11

•
12 

•
131

• H.anpnMep, 

HHH naHHbiX 00 9KCTPaXUBB acTaTHHa 'l9Tb!pexxnopHCTbiM yrnepO.!IOM 

.nenaeT 3aKniO'leHHe o6 o6pa3oaaHHH 
-3 /12/ 

K = 1,8. 10 

At CI 2 
H3 At 1 At1 + 

l1cxo.na H3 npe.ncTaanesna o nepaoM sTane BblneneHHB acTaTuHa 

aouoo6Meauoli peaKUHH n npe.nnonaraa, 'ITO nnaTHHY a cny'lae a.ncop61 

MO>KHO paccMaTpBB8Tb KBK oobl'lHhrli aouoo6Meaunx, ecnu npouecc u.n E 

nepaType He UOnbW9 2,4•10
3

ceK, HeTpynHO nOK838Tb, 'ITO npH npO'lHX 

npe.neneHH9 8CT8THH8 M9lK.!IY paCTBOpOM B nn8THHOli oy.neT 388HC9Tb 

aoua cne.nyro!llHM o6pa3oM: 
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Ta 6 naua 6 

2 - 2 a o nao e pacTn opea ae acTaTHaa c nnaTHHbl . Bpe M !I pacTn ope aa!l 6·10 c e K, 1 •!•!O a 

3neKTJl OlUI T 

M HCI 

M HN0
3 

·3 
M HNO 3 - 5.10 M Cr VI 
. ·3 
> M HN0 3 -5.10 M Cr VI 

· 3 
. M HNO 

3
-5.10 M Cr VI 

·--- ·· - ·----

---- ·· - -· · 
% At B 

3 nexTpOITHT 
% At B 

p a c T nop e pacTnope 

58±..1 4 I M HCI04 44±.2 

93:t_3,5 0,5M H
2

SO
4 24.:!;12 

·3 95:t_1 0,511 H2 so4 -5. 10 MCr VI 32;tt! 
·3 85±.13 0,2511 H2 SO 4-5,10 M Cr VI 9:t.5 

15±.1 0,0511 H
2

so
4

- 5.10-311 Cr VI 4±.1 ,5 

Bbtneneau H: ·4 2 ·3 
SPt = 4.10 . .M 3 II HNO 

3 
- 5 .10 II Cr VI, 98° C , 3 

r = 7,2 • 10 . Cfll( 

a KaTOilKOI! non>~pu3auau nnaTHHbt c a A cop6uponaHHbiM Ha He ll acTaTHHOM n I II HN0
3 

:CHM8nhKbi X B H8WH)l OnbiT8X niTOTHOCTIIX TOita 30 af M
2

, 8CT8THH OCT8B81TC>I HQ DITa-

81lB8JlHT81TbH8!1 KaToAHa!l non>~pa3aua>I 'lHCTol! npoxaneaHoll nnaTHHbi n 0,5 M H
2
so

4 2 3 
I M n Te'le aue 1,8.10 cex 3aMeTao yMeHhwana xona'le CTna BhiAenHBmerocg aa 

3 -63 -8 
acTaTaaa: 37±.9% 3a 2,4•10 cex H3 10•10 M pacTnopa I II HN0

3
- 5•10 M 

-4 2 
1a 4•10 M nnaTaHonoll )l(eCTH. B 3Tax ycnonuax ua aaanora'lHbiX o6pa3uax nocne 

renhHOll aHOilHOll non>~pa3a·nau aAcopt'iuponanocb 67±.7%. 

Ot'icy)l()leaae pe3ynhTaToB 

IOnpOH3BOnhHOe Bblll 8118KHe M HKJlOXOITH'leCTB a r.TaTHH8 Ka nnaTHKe, DOKJlbiTOll OKHC-

~oll , 83 p aCTB OpOB HNO 
3

;:. 1 M · 3 
- Cr VI 5. 10 M ae TOnhK O aonoe XJI M a 'lecxoe enol!-

"18HTa, HO, BHilKMo , n oot'ime peAI<Oe n paAHOXKMHa >IBne alte. CyA B n o naTeparype, 

Jbl8 CB OliCT B a llnll Apy rH X 31TeMeHTOB np11 Yllb T Jl8M 8nhi X KOHIJ;8HTpa UH IIX H8B3B8CT Hbl, 

nOH HTb H Ot'iaSIC HHTb n p KJlOilY a A COpfiuaH aCT 8 T HHa B ll8HliOM Cny'lae TJlYilHO, D OCKOITb

i lleT o pacwa lj>ponKe n p oue c c a , npoucx oABwero a a r p aaa u e pa3A e n a lj>a 3 c y 'lacTae M 

MHKJlOKOITH'le CTB TaK o r o XHMH'l8CKH 8 K T ifBHOr o, MallO H3 Y 'l8HHOro, KOJl OTKO )I(HByme

HTA, KAXliM SIBnJI9TC H 8CT 8THH. 

llY M a eM , 'ITO 8 KTliB HYIO JlOnb B npouecce B blllelleHHSI a rpa eT OKHCI!8 SI DITe HKa, J13-

:TO liOKJlbiTa!l CITOeM liOBepXI!OCTHbiX OKI!Cl!OB nnaTHHa HMeeT OTJlHitaTe nbHblll 38Jl SIIl, 

/ 9 / B KHCl!biX paCTB Opax aeliTp8.liH3y eTC!I BOil OJl OilHbiMH HOH8MH • 

a M o 6 pa3oM, npa K OHite HTpau asrx IIN0
3 
>_ IM, nnaTaay M O)I(HO paccM aTpanaTb xax 

l biA DO OTH01l18HHJO K nOl!O)I(HT e nbHOM y IIOay 8CT8THHa K8.THOHHT, noa TOMy n e pnoA 

+ + 
Bbl)lelleHH.II M0)1(8T t'ibiTb peaKUHH Ot'iMeaa H .. At x+ ... At X + H+ 

Pt P•P .. Pt p·p 

8 

KaTaoa acTaTHHa, 8.1lCOp6aponaa a btll B pe3yllbTaTe aoaoo6Meaaoro n poue cca, en npeMe

aeM M8H!I8T CBoe XHM H'I8CI<Oe COCTOHHHe. 3TO H3M 8H8HHe, K8.K M O)I(HO n pellDOITO)I(HTb H3 pe-

3YilbTaTOB, npHB81l8HHbiX B T8.fiiTHue 5, t'ibiCTpee npOTeK8.8T DpH 'II OBbiW8HH Oll TeMIIepaType, 

HaM xa)l(yTC!I aaat'ionee nepO!!THbiMH nna napaaaTa 3Toro npouec ca: xeMocopt'iUH>I 3a C'le T 

Ot'ip8.30B8.HH.II C081lHHeHHll 8.CT8.THB8. C OI<HCITAMH DIT8.THHbl B BOCCT8.BOBITeHH8 8.CT8.TBH8 H8. 

nonepXHOCTH no aneM e HTapHoro cocTOHBHH, aanpaMe p, n e p e K HCHbiMH rpynnaMa. 

AKTHBHYIO pOITb OKBCHOrO CITOSI B npouecce 8.1lCOpfiUHH nOilTB8 Jl)I()I8.10T, no aaweMy 

M H8HHJO, T8.J<)I(e H pe3ynhTaTbl Onbi TOB C n iT8.THHOll, nonneprayTOll Dp81lB8.JlHT81TbHOlt KaTOil

HOll non>~paaauaa. B pe3yllbT8.Te sToro npoue cca nonepxHOCTb M e TaiTJla aacbtmaeTC!I nono

JlOilOM, 8. OKHCHble C081lHH8HH!I BOCCT8.H8.BITHB8.10TC!I, npa nOCIT81lYIOW8M norpy)l(e HHH niT8.THHbl 

B paCTBOp HNO 3 - Cr VI OKHCHblll cnolt perenepapyeTC!I, HO, O'l8 BHilHO, aenOITHOCTb!O. no-

3 TOMy aCT8THH 8.1lCOpfiapyeTC!I Xy)l(e, '18M Ha npOK8.118HHOM M8T8.1Tile. 

OTpauaTellbnoe nnaHHae OllHOnanenTabiX K8.THOHOB Tanl!HH, pTyTH a BHCMyTa ( Bi o + 

Ha npoueCC Bblll8118HH!I 8CT8THH8. na DIT8.THHe (T8.fiiTHU8. 3), BHilHMO, CBH38HO C TeM, 'ITO 3 TH 

31TeM8HTbl TO )I(e MoryT 8.1lCOpfiHpOB8.TbC>I DIT8.THHOll, nOKJlbiTOll nOB8JlXHOCTHOlt nl!e HKOll OKHC-

-3 / 10/ 
non. Tax, B.llCopt'iuato Tanna!l Ha nnaTaae H3 10 II HNO 3 Hat'intoAan MB.IlH • Oa OT-

Me'laeT, 'ITO 'IHCT8.!1 nonepXHOCTb DIT8THHbl COpt'iapyeT T8.1TITHlt B 20-30 paa Xy)l(e, '18 M OKH-

CIT8HH8!1o 

5·10-3M 

• -6 3 -5 204 
no H8.WHM ll8.HHblM H3 10 10 M pacTBopa 5•10 M Tl ( Tl ) NO -I M HNO _ 

3 -42 3 -5 23 
Cr VI 38 7,2•10 CeK na 4•10 M nnaTHHbl BbllleiT.IIeTC!I OKOITO 1•10 xr / M 

Tanna!l. AHanora'lHble peaynbTaThi 6hlna nony 'le Hhi a npn BblllelleHHH Ha nnaTHHe onaonaneHT

-4 
Holt pTyTa, ecna xoHue aTpauaa ee B pacTnope t'iblna t'iollbwe 1·10 M. 

B npHCYTCTBHH COITBHOlt KHCITOTbl 8.1lCOp6UHB 8CT8THH8 .niT8.THHOll H3 830THOKHCITb lX 

Jl8CTBOJlOB pe3KO YM8Hb lll88TCH ( T a fiiTHUa 4) • 3TO CBH38HO C B03HHKHOBe HH8 M OTJlHU8T81TbHO 

38Jl B)I(8HHbiX KOMDITeKCOB aCTaTHHa, cymeCTBOBaHH8 K OTOJlbiX n e rKO ll0K838Tb 3 KCnep HM8 HT81Tb

HO. HanpaM ep, n p n sne xTpoMarpau aa aa 6 y Mare, npona Taaaoll 0,01 M HCI - IMHN0"5"10-3
M 

• 3 
Cr VI • acTaTHH n n a raeTC!I It SHOlly. n pellOOIT0)1(8HH!I 0 c y meCTBOB8HHH H COCTaBe xnopn n-

/ 11,1 2 ,13 / 
H hiX xoMnnexcon acTaTHRa paaee y )l(e nenanacb • H .anpaMep, AnnellbM aa aa ocaosa-

HHH n aHHbi X ot'i sxcTpaKIIHH acTaTaaa 'leTbtpexxnopncTbiM yrnepoAOM B npu cyTCTBHH CI 

n enaeT 3aKnto'le uae o6 o6paaonanau 
·3 / 12/ 

K = 1,8. 10 

At Cl 
2 H3 At J At J + 2 Cl :. At c1;+ 1 

J1CX01l!l H3 npeA CT8BIT8BB.II 0 nepBOM 3T8De B blll8 1T8HHB 8CT8THHa a a DIT8THHe KaK 0 6 

aoa oo6Meunolt peaxuan H n p ennonarag, 'ITO nnaTHay B cny'lae aAcop t'iuua a a aell a c TaTu aa 

MO)I(HO paCCM8TpHB8Tb K8K Ot'ibl'lHb! A BOH006MeHHHK, e CITH npouecc Hll8T npa KOMH8THOII T eM

n e paType He llOITbWe 2,4•10
3

cex, ReTJlYilHO OOK838Tb, 'ITO npn npO'lHX paBHbiX YCIIOBHSIX p ac

npeneneaae 8CT8THH8 Me)l()ly paCTBOJlOM H nnaTHHOil fiyneT 38BHC8 Tb OT K OHile HTp81lHH X110p

HOH8 cneny toiiiHM o6pa3oM: 

g 



-
( K d D - 1)• 1/ K

0 
[ Cl -] n + ••• + 1/ K I [ C l -] (11) 

rne Kd • At ~· / · At p-p a pa~eopax, He conepll<aiiiHX Cl ; D = Atp·p /AtPt B npHCyTCT BHII 

lUIOp-BOHa; Ka 1 •• ,K
1 

- KOBCTSBTbl HecToAKBx lUlopHAHhi X ItOMJineKCOB acTaTHBa c 'I HCnoM 

8AA8 HAOB n ·-• I , cooTBeTCTBeHBO, BbipaJKeHHe (II) TOJKAeCTBeHHO xopow o aaaecTHOMY 

COOTBOWe HHIO, KOTOpoe BCITOllb30B8.liOCb, HBITpHMep, npB H3y 'I8BBH lUIOpHAHbiX KOMnneKCOB 

/ 14/ 
n poTaKTBHBB M8TOA8MH aoaaoro o6Meaa • Benaqaaa neaoro qneaa y paeae HHa (II) onp e -

nenseTcs, B OCBOBHOM0 KOHA8 HTP8AH8A B8B60.ll88 y CTOA'IHBOrO KOMIT.li8KC8. C nen OB8Te n&HO, 

y paBB8HB8 MOlKHO 3 8 ITBC8Tb H8 CKOn&ItO HH8'18 

lc ( Kd D - I ) = lc 1/K n + n lc [ Cl j . 

B ltOOpAKH8T8X I& ( KdD -1) -lg ( Cl-] TO'IKH, p8CC'IHTaBBb18 no n aHHbiM T a 6nHAbi 4, 

p acnonaraiOTCH BAon& npsM o A, C TaBreBCOM y rna Balt.liOBa It OCR 86CnHCC , paBHOM ABYM 

( pac. 3). TaxoA peayn&TaT noaaonseT cnenaT& BbiBOA , 'ITO onaoaapHABbi A x aTHOH acTaTa aa 

npBC08ABHH8T AB8 HOB8 lUIOpa, o6paays KOMJI.li8KCHbiA 8HHOB THUS ( ( ·At X ) Cl 
2 

] 
-6 -2 

CT8HT8 B8CTOIIKOCTB 9TOro KOM IT.li8KC8 K 2 •(1,35:!:..0,13)•10 M 

, KOH-

60n&WH8 9KCnepBM8HTan&Hbl8 OWB6KH He ll03BO.l!HIOT nony'IHTb A8HHbl8 0 KOijCTaHTe 

H8CTOIIKOCTH HeiiTp8n&HOro KOM ll.li8ItC8, 

CaMonpoaaaon&aoe BblneneHHe acTaTHBa aa ltnaTHHe c nocnenyJOIIIHM aHuAHbiM pacTeo

peHHeM OTKpbiB88T H8ItOTOpb18 HHTepeCHbl8 npenapaTHBHble B03MOlKHOCTH. npeJKAe BCero, 9TO 

UO.lly'I8HH8 p8CTBOpOB 8CT8THB8 npaKTH'IeCKH BO BCeX CHllbBbiX KHC.l!OT8X (Ta6nHA8 6), npy

raH npenap8THBH8H B03MOlKHOCTb - nony'!eHHe PBAHOXBMH'!eCKH 'IBCToro 8CT8THH8, npoee-

A8BB8H npoeepK8 nOK838.ll8, 'ITO npH BbiA8.li8BHH 8CT8THH8 HB ll.liBTHHe H8ll0Cp8ACTB8HHO H3 

830THOKHC.l!OrO p8CTB0p8 o6ny'I8HBOrO TOpHS, ~KTOp O'IBCTKB OT npOAYKTOB neneHHH H rny-

60JI:Oro paCIIlenneHHB, OU8H8BBblll llO ABHHbiM a H ·Y -Cll8KTpOM8TpHB H no nepHOAY nony-
3 

pacnana, He np8BbiW8.ll 3•}0 , noeTOpBoe, nocne aBOAHOrO paCTBOpeHHH, BbiA8.li8HHe aCT8TH-

H8 Ha ll.li8THH8 B8 npHBOAHT It 38M8TB0MY C6pocy 8.li8M8HTOB- aarps3B8BHA, 

CnenoaaTen&ao, ancop6nHJO acT&THHa nnaTaaoll MO>KHO acnon&aoaaT& naw& a KB'Ie CTae 

OAHOrO H3 9T8ll0B O'lHCTKH, 'ITO ll03BOnHUO paapa60TaT& npOCTyiO CXeMY 0TA8 .li8 BHH 8 CT8TH

Ha OT TOpHH H llpOAYKTOB HA8pHbiX peaKAHA H nony'I8HHB p8ABOXBMB'I8CKH B XH M H'I8CKB 

BOBbiX M8TAn.liOB, UO.l!OBBSI H npyrHX 8.li8M8BTOB, nanee 8CT8THB 8.li10Hp0BI 

aonoll. 

3, npenapaT, COA8p>K8IIIHA 8CT8THH, pa368B.l!HJICH AO 1'0•10-6Ma 3 l 

Cr VI • Xnop- BOB ocaJKAancs aa6biTKOM A& N 0 3 • 

4, Ha $Hn&Tp8TB acTaTHB BbiA8.liHJICH aa 8•10-
4

u
2 

nnaTHHOeoll >K8C1 

5. npa nocnenyJOIIl8M aBOABOM pacTaopeBHH nonyqanca npenapaT ac 

HN0 3 
qeM 10

5
• 

-3 
5•10 M Cr VI , XBMB'18CKHA BbiXOA 8CT8THH8 50-60%, 4>az:~ 

Mbi ae naeM nponac& M8TOA8 ab!AeneHBII acTaTHBa aa o6nyqeaaoro 

B8HHeM 8ACOp6nHB H8 ll.li8THHe, 8 orpaHH'lHBaeMCB Jllllllb npHBeAeHHOA KOI 

Talt .KBlt cop6UHH 8CT8THH8 Ha nnaTHHe nonp06HO paCCMOTpeHB B H8CTOHI 
/13 17 I 

rae sneMeBTbi MeTona ae ueaee nonpo6ao - a pa60Tax ' • 

3 a 1t n 10 " e B a • 

ACTaTHH caMonpoaaaon&ao BbiAenHeTCH aa nnaTaae, noxpbiTOII OKHC 

pacTaopoB aaOTHOA KHC.liOTbl ( ~ I II ) , conepll<aiiiHX 6axpouaT-HOH. 

noabiWeHHe TeMUeparypbl UOUOJKBT8n&HO CKa3bi BaeTCH Ha nponecce 

nnaTSHOII, 

AAcop6AHs npliMO nponopnaoaan&Ha noaepxaocTH nnaTHHbl a apeue1 

o6paTHO nponopAHOHan&Ha o&beMy paCT&Op8 B KHCUOTHOCTH, 

+ +2 +3 + 
HoHbi Tl , H & 

2 
, Bi (aeposTHO BiO ) a Cl 

B nocnenHeM cnyqae o6paayeTCS oTpHnaTen&HbiA ltJIOpHAHbiii KoMnneKc K 

K ( 
-6 -2 

2• 1,35:!:..0,13)•10 M • BbineneBHe acTaTaHa 

MeWS lOT 

[(AtX)CI2]-, 

KHCUbiX paCTBOpOB, C nocneAYIOIIIHM 8HOAHbiM p8CTBOp8HH8M, MOlKBO HCII• 

HHB H8ltOTOpb!X npenapaTHBHblX 3aA8'1. 

'IHCTOro npenapaTa aCTBTBHa B 830THOII KHC.liOTe: I n B T e p a T y p a 

I. AcTaTHH cooca>Knancs c sneMeBTapHbiM TennypoM aa conHHOKBC.noro pacTeopa 

o6ny'!8HHOro TOpHB, 

2, 0c8AOK paCTBOpHJICH B CO.l!HHOII KHC.liOTe, 'l8pe3 KOTOpyiO 6ap6 aTHpOB8 llC H xnop, 

PacTB OP ( 8 II HCI-ct:z>$a n&Tpoeancs q e pea KO.l!OHKY c c yn&$oKBTH OHHT OM naysKC 50.x 8. 

ACT8THH COp6Hpoaancs CMO.l!OII II TaKHM 06pa30M nonHOCTbiO OTA 8.ll ll.l!CH OT Tennypa, IT.li8TH-

10 

1. Baa 4>y-naJOH, 

2. Baa 4>y-naJOB, 

1450, ny6ua, 

IO.B.Hopceea, B.A. XarutBH, 4ao Tao-BaH&. PanaoXBMI 

H .r. Kpbmoe, 10 .B. Hopceea, 4ao Tao-aaH&, B.A.XanKI 

3. H.A.Banamoaa. )1(4>X ~ NJ 10, 2266 ( 1958). 

4. H.A.Banawoea, B.E.Kaaapaaoa. nAH ~. N! 4, 864 ( 1960). 

5. r.ToT. Pan HOXHMHB §., NJ 4. 411 ( 1963). 
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(Kd0-1)-1/ K
0 

(CI-] 0 + ••• +1/ K
1 

[CI-] 
(II) 

B npaCyTCTBHH r. 
- At / ·At - a pa-:-raopax, ae COlleplKamax Cl ; 0 = At I At 

>'' p-p p•p P\ 

OHa; KDl""lK 1 - KOBCTaBThl HQCTOAKBX l<nOpB.[lHbl X KOMIIII8KCOB 8CT8THBa C 'IIICIIOM 

loB n · - · 1 , COOTBeTCTBeaao, Bhlpa>K eaae (II) 
TOlK.[l8CTB9 HHO XOpowo H3BQCTHOMy 

!WGHHIO, KOTopoe HCnOIIb30Banoc&, HanpHMep, npH H3Y'l8HHH l<nOpH.[lHblX KOMnneK COB 

1 141 
THHHH M8TOll8MH aoaaoro ot5Meaa , Bensqaaa neaoro 'lneaa ypaaaeHHSI (II) onp e -

cs, B ocaoaaoM, Koane BTpanaeA aaa6onee ycTOA'lHBoro KoM nneKca. C ne.[l oBaTe n&ao, 

JBe MOlKBO 38nHCaTh B QCKOIIhKO HH8'le 

le; ( Kd 0 - 1 ) = le; 1/K D + n le; ( C! J . 

KOOPllHBaTaX 
le; ( KdO -1 ) - lg ( Cl-] TO'lKH, paCC'lHT8BBhl8 no .[l aHHblM T a 6IIHllbl 4, 

raiOTcs Bllon& npsM oA, c TaareacoM yrna HaKnoaa 1t OCH a6cnHcc, paBHOM A B YM 

) • TaxoA peaym.TaT noaBonseT CAenaT& BhlBOll , 'lTO Ol!BoaapBAHhlA xaTaoa a c TaTHHa 

BHSieT ABa HOBa xnopa, o6paays KOMIIIIeltCBbiA aBHoR THna ( ( At X ) Ct

2 
] 

-8 -2 ~ecToAKOCTH :f!TOro KOM nnexca K 2 - (1,35.±,0,13) •10 M 
, KOH-

OnhWHe 3KCnepHMeHTan&Hble OWB61tB He n03BOIIBIOT nony'lHTh llBHHbl e 0 KOBCTaHTe 

>CTH aeATpam.aoro KOMnneKca, 

1.{0npOB3BOIThHOe Bhl,neneHHe 8CT8THHa B8 llii8THBe C noCIIe.[lyiOIJlHM 8HU,UHbl M paCTBo

lTKphlBaeT HeKOTOpble HBTepeCHble npenapaTHBHbl e B03MOlKHOCTH, npelK.[le BCero, STO 

e p&CTBOpOB aCTaTHH8 npaltTH'leCKH BO BCQX CHIT&Hh!X KHCIIOTaX (Ta6nana 6), npy

apaTHBHaB B03MOlKHOCTh - nony'leHBe P8llHOXHMH'l9CKH 'lBCToro aCTBTHHa, npoae-

pOBepKa noxaaana, 'lTO npH Bbi,n eneHHH 8CTaTBHa Ha nnaTHHe Henocpe.[lCTB9HHO H3 

:noro pacTBOpa o6nyqeaaoro TOpHSI, ¢axTop O'lBCTKH OT npollyKTOB .[leneaag H rny

lCmenneaaa, oneaeHHhlA no .[laHHbiM a H ·Y -cneKTpoMeTpaa H no nepao.ny nony

ae npeBbiWan 3•10
3

, noBTOpBoe, nocne aHO.[lHOro paCTBOpeHHS1
0 

Bbl.[l9IIQHHe aCTaTH

ITHHe He ITpHBO.[lHT K 3aMeTHOMy ct5pocy 9IIQM9HTOB- aarpB3H9HHA, 

.OBaTellbHO, 8.[lCOp6nHIO 8CTaTHB8 nnaTHHOA MOlKHO HCUOnh30B8Th IIHWh B Ka'le CTBe 

9TanoB O'IHCTKH, 'ITO ll03BOIIHIIO paapa60TaTh UpOCTyiO CXeMy OTll QIIQHHSI 8 CTaTH

BSI B npOAYKTOB Slll9PHhlX peaKnHA H nony'leHHSI P8llHOXHMH'I9CKH H XHMH'IQCKH 

BOBhlX MeTaniiOB, UOIIOHHH H llpyrHX aneMeBTOB, nanee aCT8THH 9II10Hp0B8IICB xnopaoA 

BOAOA, 

3, npenapaT, CO.[l9plK8IllHA 8CT8THB 1 paa6&BIISUICSI .[10 1'0•10-8Ma 3 II HNO J - 5·10-SM 

Cr VI , Xnop- HOH ocalK.[laiiCH H315biTitOM A& N 0 3 • 

-4 2 0 
4, 113 cpHn&TpaTa 8CT8THH Bhlll81IlUICSI Ha 8•10 M UII8THHOBOA lKQCTH npH 90-95 C, 

5, npa nocne.[lyiOmeM 8BO.[lHOM paCTBopeHHH nony'l&IICH npenapaT 8CTaTHH8 B 1 M 

HN03 -

'l9M 105
, 

-3 
5•10 M Cr VI , XHMH'l&CKHA BhlXOll aCTaTHHa 50-80%, <l>aKTOp O'lHCTKH ny'lme, 

Mhl ae ll&&M nponsc& M&TOll& Bhl.[leneHHH acTaTaHa aa ot5nyqeaaoro Topas, c acnon&ao-

B8HB9M 8.[lCOpt5nBR Ha UII8THH9, 8 orpaBH'lHB89MC.II nJIWh npHBe.[leHHOA KOHCUeKTHBHO CXeMoA, 

Talt KBK COp6nBH 8CT8THH8 H8 llii8THHe UOllp06BO paCCMOTpeHa B 

/13,17/ 
rHe 3IIeM9BTbl MQTO.[l8 He Me&ee UOllpOI5HO - B pa60T8X , 

3 a x n 10 'l e a H e 

HBCTOKWeA CT&The, a llPY-

ACTaTHB C8MOITpOH3BOIIbHO Bhlll8IIS19TCSI B8 UlUtTHH9 1 llOKpb!TOA OKHCIIOA nneHKOA H3 

paCTBOpOB 830THOA KHCIIOThl ( >:_ I II ) , CO.[lep>K81JlHX 6HXpOM8T-HOH, 

noBbiWeHHe TeMnepaTypbl UOIIOlKHTQIThHO Clt83b!B89TCSI Ha nponecce 8llCOp6nHB 8CTaTHH8 

UII8TBHOA, 

Allcop61lHH npBMo nponopnaoaan&sa noaepxaocTH nnaTHHhl a apeMeHH BbilleneHHH, H 

o6paTHO IIpOUOpnHOHaiihH8 o6heMy paCTBOpa H KBCIIOTHOCTH, 

+ +2 +3 + 
HoHhi Tl , H c 

2 
, Bi ( aepoSITHO Bi 0 ) H Cl MemaiOT aToMy npoueccy. 

B nocneaaeM cnyqae o6paayeTCH OTpHnaTen&HhlA xnopBllHbiA KOMIIIIeltC KaTHOHa acTaTHH8 

-6 -2 
[(AtX)Ct 2J"'; K2·(1,35.±,0,13)•10 M • BhlAeneHBe acTaTHHa aa nnaTHHe aa aaTao-

KHCIIhlX paCTBOpOB, C liOCIIellYIOillHM 8HOllHhlM paCTBOpeHHeM1 MOlKHO HCUOnh30BaTh IIpH peme

HHH HeKOTOphlX IIpenapaTHBHblX 3a.[la'l, 

penapaTa 8CTaTHHa B a30THOA KHCIIOTe: ~ n H T e p a T Y p a 

~TaTHH COOCalK.[laiiCSI C 91IeMeHTapBblM TennypOM H3 COIIRHOKHCIIOro paCTBOpa 

'0 TOpHSI, 

' 8llOK p&CTBOplUICSI B COIIBHOA KHCIIOTe, 'lepe3 KOTOpy iO 6ap6 aTHpOB8 1ICSI xnop, 

8 M HCI-Ct:i .PHm.Tpoaancg 'lepea KOIIOHKy c cyn&cjJoKaTHOHHTOM nayaKC 50_x 8, 

>p6HpOBaiiCB CMOIIoA H T8KHM 06p&30M llOITHOCTh iO OT.[lQIIlUICSI OT Te nnypa , n naTH-

10 

1. Baa <l>y-uaJOB, 

2. Baa <l>y-n3JOH, 

1450, ny6sa, 

IO.B.Hopceea, B.A. Xa1IKHH, 'l{ao Tao-aaHb, P8llHOXHMHH §., N2 3, 351 (1963). 

H.r. Kpb!IIOB, IO.B. Hopceea, 'l{ao Tao-H&HI>, B.A.XanKHH, npenpHHT OHHM 

3. H.A.Banamoaa. )I(<I>X ~ N2 10, 2266 (1958). 

4. H.A.BanawoBa, B.E.KaaapHHOB, nAH !M_, N2 4, 864 ( 1960), 

5. r.ToT, Pa,nHOXHMHSI §., N2 4, 411 (1963). 
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PyKonac& nocTynuna a aanaTen&CI<HII oTnen 
6 M8H 1965 r, 

-r- fHHJIOJ 

~-I 
10 HHNOJ 
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't Cet< 

PHc. I. Bb!nene&He acT&THHa Ha nnaTHHe 113 a30THOK&Cnblx pacTeopoe B 38BHCHMOCTB 
OT epeMeHH. t e23"C, (Cr Vl]e5,10" 3 M, SPtc4.10"

4
., 2

, V =10.10"
6

wa 
p-pa 
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90 

70 

30 
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0~----L-----~-----L-----L----

s fO fS 20 

Pac. 2. A&on&oe pacTeopeBHe ancop6upoeaaaoro Ha2 o 
B 38BHCHMOCTH OT nnOTHOCTB TOI<8, r -6'10 C 

-3 
5.10 II Cr VI 
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PyKonac& nocTynana a aaaeTen&cltHA oTnen 
6 M8R 1965 r, 
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