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Baeaesse 

B npeabraymell H8utell p86oTe
1 I/ H8 OCHOB8HHH ll8HHb!X o6 aneKTPOMHrp8UHOHHOM 

H HOH006MeHHOM U08e,(leHHH 8CT8 THH8 0 OKHCIIe HHOrO 6HXpOM 8 TOM 8 830THOKHCIIhlX p 8CT80-

p8X0 6WIIO CJ:l9118HO 38KII!O'!eHHe 0 CyuteCT80B8HHH K 8 TH OH 8 8 C T8THH8 C BepOHTHb!M 3 8 p!1-

J:l0M +1. no 8H8110rHH C l!OJ:lOM npeanoll8r8110Cb, 'ITO B p8CT80pe 8CT8THH H8XOJ:lHTCR B 

+121 
,PopMe ruap8THpOB8HHOro K8TH OH8 Jl

2
0 At • Ho T8K K8K HIIK8KHX C8eaeHHll o xH M H-

qecKoll UpHpOJ:le K8THOH8 UOIIy'!eHO He 6biiiO, Hellb3!1 HCKIIIO'l8Tb cyuteCT80B8HHe apyrH X 

CnO>KHblX 0.0.HOB8neHTHblX K8THOHOB 1 HSflpHMep, OKCHK8THOHOB itt0 + 

,(l8 0 HOJ:l03HII [0+ H HOJ:lHII 

I<HCIIOTe H oneyMe/
3/ 0aH8KO 

f0 
2
+ H8611!0J:l811HCb TOIIbKO B KOHUeHTpHpOB8HHOl! cepH Oll 

OTC!O,(l8 He Cl!eayeTo' 'ITO MHKpOKOIIH'!eCT88 8CT8THH 8 He M O-

ryT J:l8B8Tb B p8368BI!eHHhlX BOJ:lHb!X p8CT80p8X MHHepallbHb!X KHCIIOT 8H8110rH'IHb!X C08,(lK

H9HHl!, no3TOMY K838110Cb He06XOJ:lHMhlM UOJ:lp06HOe H3y'!eHHe XHMK'!eCKHX CBOliCT8 K8THO

H8 8CT8THH80 'ITO 8 KOHUe KOI!U08 J:lOII>KHO UpH8eCTH K Bbl60py Up88HIIbHOl! ,POpMyllbl H OH 8 , 

K8KHMH >Ke C80l!CTB8MH MoryT o6n8aaTb K8THOHW 8CT8THH8? H8 3TOT aonpoc H911b3st 

6~110 OT89THTb H8 OCH088HHH CBeaeHHll 0 XHMHH M8KpOKOIIH'!eCT80 l!OJ:l8 H apyrHX r8IIIIOK

ll08, T8K K8K HX UOIIO>KHT911bHb!9 HOHb! B 80/:lHb!X p8CTB0p8X O'l8Hb HeyCTOll'lH8bl K U 03TOMY 

HX XHMH'!eCKHe C80l!CTB8 Up8KTH'l8CKH He H3y'!eHb!, Pa6o'!y !O r n n o Te3y npHLUIIOC b CTpOHT b 

ua 6onee oT.aaneHHblX aHanorHRX, npe.anonaras., a 'IBCTHOC TH, 1.fTO acTaTHn HOH A tO : 

MO>KeT UOXOJ:lHTb H8 K8THOHbl THU8 Me0 + 0 8 OJ:lH08811eHTHbllt 8C T8THH - 1!8 TSI>Kell b! e OJ:l H 0 -
2 

B81!eHTHhle K8THOHbl. Jlnsr nporH038 0 CBOl!CT88X At0 + MO>KH O npe .anonO)I{H1'b1 'ITO 3 T O T 

Bi o+' ycTOll'lH80MY B p836881!eHHbl X OKCHK8THOH DO psray XHMH'!9CKHX CBDl!CTB UOJ:lOOeH 

( •IM) p8CT80p8X KHCIIOT, CneaoB8TeJibH00 HCXOJ:l!l H3 OTJ:l811eHH bl X 8H811 DrHll, 3KCne pHMe H

T811bHO MO>KHO npoaepHTb npacyTcTaae a pacT8ope oaH038pstllHbiX K8TK OHOB, B 'l8CTH OC T H, 

auanorHH c TR>KenbrMH onuoaaneHTHhiMH K8TKOH8MH, uanpHMep, c Cs + wnH 11+ noasonH-

118 H8J:le!ITbCSI H8 COQC8>K,(leHHe 8CT8THH8 C HX TpyllHDp8CT80pHM blMH C OIISIMH 38 C'!e T Co

KpHCT811H38llHH, IIH60 nepBH'lHOA 06M8HHOll 8llCbp6UHH, 3TO npeanOIIO>K8HH e H nerno 8 oc

HOBY H8CTOS1Well pa!iOTbl, UOC8SilU8HHOll H3Y'l8HH!O U088ll8HHSI 8CT8THH8 0 OKBCII8HHOr O 6Hxpo

M8TOM, UpH OC8>KJ:l8HHH C09J:lHH8HHll OllHOB8119HTHb!X 3118M9HT08 H3 830THOKHCI!b!X p 8 CT8D p 0 8, 

HeKOTOpbre aeT811H MeTOllHKH 

Pa6oTa 8 b inOIIUSIII8Cb c K30TonaMK acTaTHHa, KOTOpbre o6paayroTC SI npH o6ny'!eHHH 

TOpKS! npo T OH8 MK c 3Heprne ~ 660 M a s, P 8 llHOXKMH'!ec KH 'lHC T brll acT8 TKH, cop6Hp088HHbrll 

H8 MeT81111H'l9C KOM T 9 1111ype , OOIIY'l811C SI 11 0 p8H99 p83p860 T8HH 0 ll M9TOJ:lH Ke/
4

/ , npe n 8 p 8 T 
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p BCTBOpHITCQ npH HBrpeBBHHH B 8-10 ~ flN0
3

• Tennyp H BCTBTKH OKHCIT9ITKCb 6RxpOMBTOM, 

Pac:rsop paa6asngncg no - 0,3 ~ no .'lNO 
3 

H ct>>~nb:rposancg qepea KonoHKY ( 6 2 MM, 

I • tOO MM), aanonHet!HYIO KBTHOHKTOM ( Dowex 50 x 8, 200-400 Mew) . CneLlbi :rennypa 

TUlBTenbHO OTMblBBITHCb pac:rsopo M 0,4 ~ Hf/0 3 +0,00 5 ~ u,cr ,o,. Ac:raTKH necop 6 Hpo

sancg 4 ~ HN0
3 

, 0 ,005 ~ no H
2

Cr
2

0
1
• 3niOaH:r cny)I{Kn HCXOLlHbiM npenapa:roM nng 

pa6o'IHX pac:rBopos. Bee pac:rso p bl ro:rosHnHC b u a 6 KLlHCTRnnn:re " XKMK 'IeCKH 'IKC:roll a ao:r

HOI! K KCITOTe , npH npHrOTOBn eHHH pBCTBOpOB H B XOLle p a6 0 Tbl npHHKM 6'1tHCb Mepbl no O'IHCT

Ke H npenoxpaHeHHIO pac:rsopos o :r nhlneBHLlHhlX aarpnaueuHII. 

Bee Hccne nosaHHH c ac :raTHHOM BbmonunnHcb B aaOTHOKHCnbiX pac:rBopax (> 0 ,5 ~II NO) 

0,005-0,01 ~ no H Cr 0 .J:?bi COKB<I KHCITOTHOCTb :rpe6osanacb, so-n e pB biX , LliT<I no n asne-
2 2 7 

HHSI 8 .QCOp6 U HH 8C T8THH8 XHMH"' eC KH HHepTHblMH no OTHOW8H H IO K aneM8HTY n o sepXHOC THMH 

H, SQ- BTOpht X , .UnR C03.0.8HH51 OTHOCHTenbHO B bJCOKOf'O OKHCnH T e nbH Or'O llOT8HUH8n8 6HXpOMa

T8. nocne.aaee He06XO.OHM O .a,ng 38Ll.l HTbl MHKpOKOnt.f'·l 8 CTB B C T8THH8 OT cny1.f.BAHhJX BOCCTa

HOB HTe neA. KaK llOK838nH MHOf'O'IHCfl 8 HHbi9 Onpe.a.eneHHH, BblllOnH8HHb18 B XO.Oe H 8C TOSILU8A 

pa60 Tbi, XHMH'IeCKOe COCTOHHHe BCTBTHHB B pBCTBOpe He H3MeHgeTCH B 38BHCKMOCTH OT yc-

ITOB HI\ OKHCneHHH: KOHUeHTpBUHH KHCITO Tbl H 6HXpOMBTB, LliTHTeiTbHOC TH H TeMnepa:rypbl , 

B bi C OKBH KKCITOTHOCTb H noTeHUHBn orpaHH'IHBBIO T Bbi60p COeLlHHeHHI!- COOCBLlHTenel\ 

OLlKosaneTHbiX aneMeH:ros. HenpHrOLlKbi, KanpHMep, :re:rpact>eKHn6opaTbi " pop.aHHLlbi, ueyc:roi!

'IHBbie s a:rHx ycnoBH<IX, Ho ec:rb MHoro correll npyrHx BHHOKos, o rpaKH'IeHKO pac:rsopHMbiX, 

Oco6eHH0 B npHCyTCTBHH OLlHOHMeKKOrO HOHB, B paa6asneHKOI! JlN0
3 

H CTB6HITbHbiX n o o :r-

HOW8HHIO K OKHCflHTenHM. 

Cooca)I{LleKHe, ancop6UHH Ka aapaHee nony<JeKKbiX connx " coKpHc:rannHaauHH a c :ra:rH

Ka npH MeLlneHHOM OXITB)I{LleHHH ropH'IHX HBCbiUleHHbiX pBCTBOpOB H3 Y'IBITHCb LliTH 6HXpOMa

TOB TBnnHSI H cepe6pa; U83H9BbiX, 8MMOHH8BbtX H K8nH8BbiX COneA LI.HreTepononKHCnC?T

cPOCcPOpHOBOITbTcPPBMOBOI\ H cPOCcPOPHOMOITH6LleHOBOI! ; l!OLlBTOB Cepe6pa , 6apHH K TOpHH; 

neppeHa:ros H nepxnopa:ros ue3HH, 

PeaKTHBhi, Hcnonb3oHaswHecn s pa6o:re, 6hinH KBBITHcPHKBUKK 4,,[l.A. KaK npasHno, 

.aononHHTenbHBH HX O"'HCTKB He npoeo.aHnacb. 

npH H3y'leHHH BLlCOp6UHH BCTBTHHB' COnHMH re:reponOITKKKCITOT H l!OLlBTOM cepe6pa, 

paCC'IHTBHHble KOnH'!eCTBB COeLlHHeHKI! nony'IBITKCb B ueHTPHcPY)I{HbiX npo6RpKBX 0 OCBLlKH 

npOMbiBBnHCb H xpaHRnRcb no onbiTB non cnoeM pac:rsopa. TaKoR MeTOLl nonro:rosKH caneR 

CBH38H C TeM, 'ITO cyxRe COeLlKHeHHH, KanpRMep, ueaHI! cPOCcPOpHOBOITbcPPBMBT, HeycTO'IHBbl 

H npK XpBHeHHH 6biCTpO MeHHIOT CBOK CBOI!CTBS/
5
/. npH pa60Te C 6HXpOMSTBMH cepe6pa, 

H TanHH, TBKHX npe.nocTopO>KHOCTeA He Tpe6oaanoch. ConH r eTepononHKHc n oT roTOBHnHCb 

OCB)I{LleHHeM KBTHOHB UleiTO'IHOrO MeTanna H3 6 bi TKOM KHCITOTbl B 0,5 ~JiNO 
3 

, 

PacnpeneneHHe BCTBTHHB M e)I{ LlY OCBLlKOM H pBCTBOp OM H3Y'!BnOCb npH 3H~pf'H'IHOM 
nepeMewHnBHHK cycneHaHH ( - ·1000 o61MHH) s npo6HpKe MexaKH'IeCKOit Mew a nKol!. OnbiTbi 

4 
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BblrrOnHRUHCb npH TeMnepaType na6opaTopHH : 21 !_3°C. Pacnpeaeneaue acTa THHa Me>KJlY 

OC8JlKOM H paCTB OpOM B 00 b! T8X 00 8JlCOp6UHH npOXOJlHUO JlOBOUbHO 6biCTpo: y>Ke qepe3 

OOU'i8C8 He H86 niOJl8UOCb H3 MeHeHHll OTH OCKT eUbH biX KOnl!'leCTB 8CT8THH8, 8JlCOp6HpOB8H-

HbiX OC 8 .QKOM . 

YIHT e HCKBHOCTb x - y - uanyqeHHR npenapo Toa H3MepRn8Cb r e llre poacKHM C'leT'IH

KOM c y c Ta HoaKoll 6-2. P eaynbT8Tbi, npHae aeHHbie a Ta6nHuax, - cpeaueapHcpMeTH'ieCKHe 

a u aqeH>I R Tpex H 6onee onpeaen eHHll. 

C o p6 uHSI KaTHOHa acTaTHHa cycneH3 HSIMH CTeKna, Kaapua H cynbcpaTa 6apH S! 

JlnR n poaep KH aepORTHOCTH 38XB8T8 8CT8THH8 UpOC TO MeUKOJlKCrr epc HbiMH HHepTHbiMR 

OC8Jl K8 MK H3Y'I 8U8Cb 8JlCOp6UHSI 8CT8THH8 c ycrre H3HRMH CTeKnB, KB8pU8 H c yn bcp8 T8 6 apHR 

npH Bbi 6 p a HHbiX y c noauRx SKcnepHMeaTa, KaK cneayeT us JlBHHbiX Ta6nuu bi I, acTaTHH 

npaKTH'I eC KH IIOUHOC TbiO OCTaeTC!I B paCTBOpe, 0TCIOJl8 MO>KHO CJleUBTb 38KUIO 'IeHHe, 'ITO 

eCnH He T n pO'IHOll XHMH'IeC KOll CBSI3 H, 8JlCOp6UHH 8CT8THH8 H8 OC8JlKe C p83 BHTOll OOBepx-

HOC TbiO He npOHCXOJlHT, 

Ta6nHua 

Cop6ui!R ac T8TI!Ha cyc ne H3HSIMII cTeKna, KBapua, cynb<l>aTa 6 api!S! Y =5 Mn ; 
g= ! OO:!;. I Mr; 1 = 30 MIIH; 0 ,005 M/l

2
Crp7; O,OIM La(!/0

3
)
3 

Cep6eHT Cop6 uiiR At B %% 

0,3M HN03 0,5M llNO, 1M IIN03 

CTeKno THna 
·n11peKc' 12-1 5 1' I !. 2,5 0,2 !. 1,3 0,0 !_0,7 

Kaa pu 12-1 5 1' 0,5!_0,4 1,5 !. 1,3 1,3 !. 1,2 

BaSJ
4
< 51' 2,2!_0,7 2,8 !. 0,4 1,7 !. 0,7 

Da SO 
x) 1,2 !. 1,2 • 
Yf 3BUe 'le HH e 8C T8 TIIH8 H3 p8CTBO QOB XQOM8T8MH T8UUHSI II Cepe 6pa 

2M Hf/0, 

0:!;.1 

t;4 !. 0,3 

1,0 !. 0,5 

B Te3HCax Annen bMBHa
161 

n pHae a eHbi Jl8H Hbie , corn acH o KOTOpbi M acTaTifH cooca>K

aaeTCR c x p oMaToM CBHHua TOn bKO Ha 5% rr ocn e OKH c n eHKSI s n eMe HTa 0,05 M !Ia Cr 0-
-5 2 2 7 

0 ,1 M Cr(NO) 
3

a 0, 3 M HC/ 0 
4 

, npH KOHueHTpaui!H l
2 

= 10 M. C n ea oaaTe n bHO , Ha nepabiA 

x) + 2 
Cyn b<jJaT 6ap 1111 oca>KaancR H3 acTaT~<Hocoaep>KBll.IHX pacTaopoa 1!36bi TKOM Ba 

, naHT8H8 B p aCTBOpe He 6wno, 

5 



B3rnRll, H3y'leHHe COOCB>KlleHHH 8CT8THH8 K3 H3 0THOKHCnbiX pBCTB OpOB C T 1
2 

Cr 
2 

0
1 

xaaanocb 6ecnepcnexTHBHbiM. Ho c npyroll cTopoHbi, ecnH acTaTHH, OKHcne HHbill 6 ux p oMa-

T OM B 830THOit KHCJ10Te1 O.D.HOB8J19HT9H 1 H 8 CJ1H C llp8B 9 D.J1HBO H8W 9 npe.a,n OJ1 0>K 8HHe, "'TO 

H9KOT0pbl8 CBOACTB8 3TOrO TSUK.8110["0 K8THOH8 n o ,a o 6H bl C B O A: C T B8M O,aHOB 8 J1 9 THOr'O T811J1HSI 1 

TC COOCB>KlleHHe Hnll nepBH'lHBH 06Me HH8H 8llCOp6UHH BCTBTHHB Ha 6KXp0MBTe TannHH MO

>KeT HMeTb MeCTO, npoeelleHHBSI 3 KCnepHM eHTBnbHBR npoeepKa IlOllTBepllHna 3TO npellnO

no>KeHHe ( Ta6nHUB 2 ), Bo BCeX c ny'IBSIX 0 llB>K e n pH OTH OCHTenbHO 60nbWHX KOHU eHTpBUIHIX 

KHCnOTbl H nonHBaneHTHOrO HOHB, ua6niOllBe TCSI y eenH'leHHe BCTBTHHB B OCBllOK KpiiCTanna

MH Tl Cr 0 
• • 1 

Ta6nHua N22 

Cooca>KlleHHe H cop6UH!I acTaTHHa g =20 Tl Cr 0 
2 2 1 

Mr; v =5 Mn; 

0,01 M o'1
2

Cr
2

0
1 

npouecc 
% At 

npouecc [liN0
3

] 
% At 

[fiNO] 
e ocanxe e oc anxe 3 

Cooca>Kneul!e 1M 95 .:t. 1 C o oc a>KneuHe 3M 91 ,5 !_0, 5 

-·- 2M 94,5 -·- 4M 8 4,0.:t_2 

-·- 2M 94x) -·- 4M 85, 5 .:t_0,5 
x ) 

A.a.cop6uHll 2M 84+1 -·- 5M 81 
_,_ 

2M 80~5x) 

x) +3 
B pacTeope 10 Mr/Mn La 

T 1 + ~ ellHHCTBeHHblll KBTHOH, 6HXpOM8T KOTOpOrO O'leHb nnOXO p aC TBOp!leTCR B paa

/7 / 
6aeneHHbiX MHHepanbHhiX KHcnoTax, Cornacuo miTepaTypHbiM llBHHbiM 

1 
pacTeopHMOCTb 

-2 -5 Tl,cr,o1 B IM n,s:J. ,O,O!M 110 u,cr,o1~l,4·!0 Mri Mn (u2·10 MOnb/nHTp). P ac -

TBOpH MOC'tb H83H8lJ.HT81lbHO fi0BbiW88TC~ npH YB811H1.J:8HHH KOHU8 HTp8UHH KHCilOTbl B TpH-

'leTbipe p aaa, 

B auanorHttHbiX ycnoeHHX, KpOMe TannHH, MO.>KeT oca»<.aaTbCH 6HxpoMaToM TOJlbKO 

cepe6po. Ho pacTeopHMOCTb 
0 

3,0 .:t_0,2 MriMn npH 22 .:t.3 C e 0,5-2,0 M fiNO 
3

, Ag Cr 0 
2 2 1 

0,01 M n o ll Cr 0 • 
1 2 1 

Vlaene 'leHHe BCTBTHH B 6HXpOM 8 TOM cepe6pa K3 Y'lBnOCb KBK npH OCB>KlleHHH Ag + H3-

6biTKOM R Cr 0 
2 2 7 

, T 8 K H npH M 9 .0119 HHOM pOCT8 K pHC T 8 111lOB, Bbl388H H O M OX J1 8 >K.0 9 HH 8 M 

r op!l'lero HBCbiWeuuoro pac Teop a. B o6 o Hx c n y''la!lx BbiilBllBIOT xpynHbie , xop o w o c¢op MH-

p OB 8HHbi 8 Kpl1C T 8 J11l b l, C KO T OpblM H CO OC8>K .0.89 T C H 8 C T 8 T H H . 

R 

./ 



VfaaneqeHHe acTaTHHa AB Cr 0 nponopuHoHanbHO KOn ~<'leCTBy con11 a oca.uKe . T I.Ua-
2 2 

TenbHO 3TO ABneHRe He 1!3Y'IBnOCb, TBK KBK I'UBBHOl! nenb!O H8CTOAI.Uell pa60Tbl 6binH llOI!C-

KH KB'IecTBeHHO HOBWX CBOliCTB BCTBTHHB. 

A.ucop6UI!A acTaTHHa Ha aapaHee nonyqeHHbiX Kpl! c Tannax AB 
2 

Cr 
2 

0
1 

npOXO.UI!T 

MeHee uonHo, '!eM a npouecce cooca>K.ueHHA, npH npo 'IHX p aBH biX ycnoBIIHX. nony'le HH bre 

<;!KCnepHMOHTBnbHble peaynbTBTbl no COOCB>K.UeHI!!O H 8.llCOp6Ul11f 8CT8THH8 6HXpOM8TOM ce 

pe()pa npHae.neHbi a Ta6nHue 3. 

Ta6n~<ua l\123 

1. Cooca>K.ueHI<e " a.ucop6unH acTBTHHB A.g Cr 
2 

0
1 

0,01 MH
2

Cr 2 0 2 

Cooca>K.ueHHe A.ucop6uHH 

[llNO 
3

] % At B OCB.UKe [fiNO ] · % 

0,5 M 76 + 2 

0,5 M 80 ~ 2x) 

0,5 M 

0,5 M 

1,0 M 76 ±_6 1;0 M 

2,0 M 74 !.6 2,0 M 

3,0 M 65 ±. 10 

x) +• 
B pacTaope 10 MI'IMn La 

B =40 MI', V ~5 Mn , 

At B OCB.UKe 

6,5 + 2 

11,5 ~ 5 5x) - . 
9, !. I 

4,5 !. 1,5 

II , CoKpHcTannH3BUHH At 

npH 100°C pacTaopa 

c AB 2 cr. 01 npH Me.uneHHOM oxna>K.UeHHH HBCbll.UeiiHOI'O 

v -4 Mn, 0,5 M llNO ; 0,01 M u.cr207, 10 MI'IMn La +• 
3 

Bee oca.uKa % At a oca.uKe Bee oca.uKa % At a oca.uKe 

10,3 ±_ 0,4 MI' 16 ±. 6 31 ±. I MI' 51 !. 8 

.[lBHHbl e no pacnpe.ueneHH!O BCTBTHHB Me>K.Uy 0C8.UKOM H BBOTHOKHCnb!M paCTB OpOM 

Ag 
1 

Cr 
2 
0 

7 
Ol.leH b HHTepeCHbl, a a uaw aarnH.a

1 
TeM, tJTO OHH noa a o nsuoT c.aenBT b a aKn iO tte uu e 

06 06beMHOll COKpHCTBUUH3BUHH 6HXpOMBTB Cepe6pa H KBTHOH8 BCTBTHHB, T BKOl! Bb!BO.ll , 

9 CT9CTB9 HH 0 1 Hy>K.Q89TCSI B n o nTB9p>K.09HHH 6onee T01.{HblMU pe3yflbT8T8MH. 
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Cooca)i{.neHHe H a.ncop6UHll KBTHOHa acTaTHHa conl!MH .llHreTepononHKHcnoT 

06pa3oaaHHe ManopacTBOpHMhiX conea reTepononKKHcnoT B pa3 6aaneHHbiX MHHepanb

HbiX KKCnOT8X - o6wee ceneKTHBHOe CBOl\CTBO Tl!)l{enbiX O.llH038pll.llHbiX K8THOHOB, 3TH 

C08.0.HH9HHH tf8CTO HCllORb3yiOTCH B p8.QHOXHMH"'9CKOA np8KTHKe, K8K Heopr8HIPJ 8 CKII9 HOH0-

06M e HHHKH .UnH B bt.O.ene HHSI H paa.neneHHSI p 8 .UH08KTHBHblX H30TOll08 w enO"'HbiX 3 neMeH

TOB / 
8 •

9
• 1 O/. HaH6onee y .no6Hhi .nnll 3a,naq npenapaTI!BHOll pa.nHOXKMHII conK cpoccpopHo

BOnbcppaMoBoll H cpoc cpOpH O M OnK6.neHOBOll KHCnOT, npe.nnO'lTHTenbHBll p860T8Tb C 

II [ P(W 0 J]·il.'l 0, conK KO'I:opoll ycTOll'l HBhi .na)l{e B 10M HNO , T o r.na KBK cpo ccpop-
3 t 2 <o • 3 I II I 

H OMOnH 6 .0.8Tbl H 3 MeHHB!>:I' COCTB B npH 3H8tfHT9RbHO 6onee HH3KHX KO HUeHTp8UHSIX KHC nOTbl • 

n o9TOMY , 'lT06bi HCKnlO'lHTb B 03M0)1{Hble p e 8KUHH a c l a TKII8 C npO.Il Y KT8MH p83 nO)I{eHHSI 

cpo ccpOp HOM OnH6.1l 8 T8, HCCne.llOB8HHSI BbinOnHRnKCb B OC HOBH OM C cpoccpOpHOBOnbcppa M OBO-

KKC n b i MI1 conRMH u e3 1111 (Cs P IV ] , BMMOHHll ( N H P W ) u KBnHR (KP W ] c o6well 

• 
cpopMynoll Me li [P (IV 0 Jl· n li 0 . TannHeBall con b , 113-3a o6pa3oBaHKll Tpy.nHo-

3- Jl: X J2 40 2 

paCTBOpHMbiX 6HxpoMaToB, He Hcnonb30Banacb, C cpoccpopHOMOnH6.naTaMI1 ue3Hll ( Cs P Mo) 

" BMMOHHll (Nil PMo ) • BbinOnHeHO nHWb HeCKOnbKO onpe.neneHHll, 

Con11 reTepo nonHKHcnoT liBnliiOTCII ceneKTHBHbiMH a.ncop6eHT8MH " cooca.nHTenl!MH 

O.llHOB8R9HTHbiX K8THOHOB TORbKO B KHCRbiX p8CTB0p8X, fl09TOMy OllbiTbt C 8CT8THHOM npoao-

.nHnHCb npH KOHueHTpBUHH 830THoll KHCnOTbi OT 0,5 M .no 8 M. 

CaMbiA cywecTBeHHhill pe3ynbT8T onbiTOB c reTepononHKHcnoTaMK - 9TO xopowee 

cooca)l{.neHHe H a.ncop6uHll KBTHOHa acTaTHHa Cs P W H CsPM
0 

(Ta6nHUbl 4 H 6), 

no CBOHM HOH006MeHHbiM CB0llCTB8M CsPW TO)I{.IleCTBeHeH Tl PW , vf3aeCTHO, 

'ITO 113 830THOKHCnoro paCTBOpa, CO.Ilep)I{BWero CyMMY p8.1lH08KTKBHbiX npO.IlyKTOB rny6o

KOrO pacwenneHHSI " .neneHKll ypaHa npoTOHI\MH c 9HeprKell 150 Man, TIPW a.ncop6Hpy-

+ + + /9/ . 
eT TOnbKO Tl!)l{enbie O.llHOBaneHTHbie K8TKOHbl All ' Rb 'Cs • no3TOMy a.ncop6UK!O 

8CT8TKH8 MO)I{HO p8CCM8TpHB8Tb K8K HO.IlTBep)l{.lleHHe CyWeCTBOB8HHSI ero O.llHOBaneHTHOro 

KBTHOHa, O.nHaKo H3Bne'leHHe acTaTHHa reTepononHKHcnoTaMH HMeeT p11.n xapaKTepHbiX 

+t + 
oco6eHHOcTell, He caollcTBeHHbiX .npyrHM o.nHoaaneHTHbiM KBTHOHBM, B 'lBCTHOCTH Tl H Cs • 

Bo-nepBbiX, 8CT8THH 8.1lCOp6HpyeTCSI H COOC8)1{.1l8eTCll TOnbKO C Ue3HeBblMH COnSIMH 

(Ta6nHUbl 4 H 6), 

Bo-BTOpbiX, COOC8>K.09HH9 H COpfiUHH B03MO>KHbl RHWb B TeX CHCT9M8X, r.ae MORSip-

HOe OTHOWeHHe Cs+: [ p(W 0) f 3 > 3 • 3aMeHa H36biTK8 ue3HSI .npyrHMK K8THOH8MK, 
12 40 

aHanorH'lHoro acpcpeKTa He .naeT ( Ta6nKua 5). 

B TpeTbHX, a.ncop6UKSI acTBTHHa CsPIV OK83biBBeTCSI B03MO)I{HOll B HBCbiWeHHhiX 

( ~ I M) pacTBopax HKTpaTa ue3KII, B KOTOpbiX a.ncop6uHII .npyrHx aneMeHTOB no.nanneHa 

Haueno (Ta6nHua 5). 

J.1a6Kp8TenbHOCTb 8CT8TKH8 DO OTHOWeHH!O K reTepononKCOnSIM B npoueCC8X H COOCS)I{-

8 

' 
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.lleHHSI Tpy.llHO 05bSICHHTb HH8'1e , 'leM H30MOpcpH3MOM COOTBeTCTBy!OlUHX conell 8CT8THH8 H 

ue3HSI, BepoSITHee acero s Ta n epaH'IHBSI o5MeHHBSI a.llcop5unll. HeKoTopoe yMeHbmeHHe 

KOnH'IeCTea 3BXBB'IeHHoro CsPW acTBTHHB a npncyTCTBHH La+• H Ba + 2 ( Ta5nnua 4), 

He SIBfiSieTCSI OCHOBBHHeM .llfi SI COMHeHHII 0 npBBHfibHOCTH STOr O 38Kfi!O'IeHHSI, .[la)l{e B Cny-

'IBSIX HCTHHHOr O H3 0MOpcpH3M8 , HBfipHMep, Ba SO .. Ba + 2 . .. nnn CsP Mo.. Rb + 
uo +2 1121 ... 05MeH YXY.lllUBeTCH B npHCYTCTBHH fiOCT OpOHHHX HOHOB 

+J 
La H 

2 

T a5 nnua 

CoOC B)I{.lleHne H a,llcop5uHSI acTaTnHa Cs PW H3 a30THOKHCfibiX p acTeopoe. 
P ac'leTHaSI KOHtteHTpaunll CsN03~0,01 M, V ~ 5 Mn, g #50 Mr, 0,005 MH

7
Cr

2
0

1
• 

Cooca)l{.lleHHe A.llcop5unll 

% At % At % At % At 
[HN0

3
] [ llNO ] [llNO 

3
] [HNO] B OC8.llKe 

B OCB.llKe J B OC8.llK9 B oca.nKe 3 

0,5 M 98 2,0 M 99!_0 , 5 0,5 M 90 2,0 M 71:t_3xxx) 

0,5 M 15 :t_1x) 2,0 M 78+0,5xx) 1,0 M 87 4,0 M 62:t_2 

1,0 M 99 2,0 M 96:t_O, 5xxx) 1,0 M 4:t. lx) 6,0 M 30:!:_1 

1,0 M 16 +1x) 4,0 M 91!_2 2,0 M 83+1 8,0 M 5:!:,.1 

1,0 M 94~3xx) 8,0 M 56:!:_0,5 2,0 M 46~2xx) 

x) [cs+MIP(W o ;l-3
] < J' 40 

3 xx) 10 MriMn La+•, xxx)10 MriMnBa+ 2 

Ta5nnua 

A.llcop5unll acTBTHHa Ha 50 Mr CsPW e 3BBHCHMOCTH oT KOHUeHTpauHH pa3nH'IHbiX 
KBTHOHOB a 2 M HNO 

3 
V •5 Mn; 0,005 M ll 

2 
Cr 

2 
0

1 

%At %At %At % At 
B OC8.ll, C OC8.llK9 B OC8.llK9 B OC8.llK9 

0,01 M K+ 5:!:_2,5 0,01 Mcs+ 83:!:,.1 0,01 MLa+ 3 4:t_2 

0,01 MAg+ 7:!:_1,5 0,05MCs+ 77:!:,.5 0,07 M BaH 0 

0,001MC.t 12:!:,.10 0,1 MCs+ 79:!:,.3 I,OM Cs 94:!:_1 0,07MLa+• 0 

0,005 Mcs+78:t_6 0,5 Mcs+ 96:!:_1 0,01 M Ba+ 22,5:!:_2,5 

9 



Ta6n11ua N96 

A.ucop6n1111 (A) " cooca)l<.ueHKe (C) ac TaTI!Ha pa3 nii4Hb1M H conSJM H reTe pnonH

KHcnoT 113 I M IINO J • KoHUBHTp8UHSI Me NO, cQ ,O I M Me+~ K +. Nll ;. Cs + ; 
0,005 M H

2 
Cr 

2
0

1 
; g =50 M r; V ~5 Mn , 

Coe.UI!HB HI! e At % A t B oca.nKe 

CsPMo(A) 

CsPJJo(C) 

l'IH PIt'( C) 
• 

Nll
4

PW(C ) 

x) + 
B p acTeop e H BT Nil 

• 

6 1 :!:.. 1, 5 

75 + 5 

2 ~ 1xJ 

0 

Coew<HeHHe 

Nil PW (A) 
• 

KPir (C) 

Nil PMo( A) 
• 

Nli
4
PMo(C) 

xx) 70 Mr J{PW 

% At a oca.uK e 

4,5 :!:.. 3 
oxx) 

4 ,5 :!:.. I 

12 :!:.. 12 

+ ' 
, 10 MriMn La 

B p acTeop a x IJNO reTepononHconH HMeiOT n p eHMywecTeeHH O KH cny10 C TPY KTypy , 
3 

, I II I ,/1 61 
uanpuMep, Cs 

2 
ll [ P ( W,. 0 

40 
) ] • n II 

2 
0 • Ecn11 .uonycTI!Tb, 4T O acT8T itH ancop-

6Rpy e T CSI TOfl bKO H OpM8flbi! Oi! ' cOil b iO H npH 3 T OM y.u e p)I<I!B88TCSI np04H88 1183\ISI , TOf'.U8 

p Oflb CB060.UHbiX 11 0 11 08 U83IISI B p8CTBOpe 38Kfl i0488TCSI B o6pa30B8HIIK HB noaepXHOC TK 

Kp11CT8flflOB Y48CTKOB C H 8CbllU8 HHO H C TpyKTypoll , 118 KOTO p blX 6y.ue'T llpOl!CXO.UHTb BllCOp6-

UIISI cy6MHKp O K o nH4BC TB KBTifOHB ac T aTHH a , E cn11 pa3BIIBB Tb 3 Ty T 0 4K Y apeHI!SI, TO Heo6-

XO.UIIMO nonyCTIITb, 4TO 8MMOHII8Bbl8 II KBfli! B B b i B COflll cj:Joc,POpH OBOnb,PpaMOBOll II MOnH6ne-

H OBOJ1 KH C nOT H e 06pa3JlOT B KHCilbiX p 8CTBOp8X , CO.O.e p>KBUUtX OtlHOHM9HHbiA. K B TH O H, Hop

M 8 flbH b i X con e l\
1 161 

II TI 03TOMy He M Of'y T 8.UCO p6HpOB8Tb K 8TI!OH 8CT8TIIH8, V1 3 .UBH HbiX 

p a 60TI 
9

•
131 

c ne.uyeT, 4T,O y C T O H411B OC Tb K8l111 8BO ll II BMMOHIIBBOll con e I! ,Poc,POpHOM Onii 6 -

.UBHOBOil KHCflO T bl II B 10
3 

paa M B HbW B UB311 8BOII COJH!, no3TOMY C.UB fl B HH OB Bbi WB .UOny -

U-leHH e KB)h e T CH enonHe sepOSITUbiM . Bo3MO)f{HO , "'TO KpoM e Cs PW .Upyf'IIM XO pOWIIM 

a.uco p 6eH TOM II COOC 8.UIIT8fl8M BC TBTIIHa 6y.Ue T 1/ p IY 

flO M II Of'IIM C BO ACTB8 M ,Poc,POpH OBOnb<jJp 8M8Ty U83 111! , 

, npBKTHY9CK it TO>K.lleCTIJeH H biA 

r\.D.COp6UitSI <lCTBTH HB TOllhKO U93 HeBb1Mit COllHMH M O >KeT 6bi T b T B K>K e cne.O.C TBH9M 

pH.u a )i<eCT Kn x TpeGonaHHI\ 1 KO TOp bJe upe.llbHBJ1steT KPHCTllllflH'-!eCKBH CTPYKTy pa reTepononH

conH K pll3Mepy COp6Hpy eMOf'O KBTHO H 8 , Vl 3B8C THO , HBilpHMBp, 4TO Rb + ( 1,49 ~ ) a.ucop-

~ + 0 1 131 
OllpyeTcli H a Nfl P ,1/o 3 H B 4HTenbHO xy>Ke , 4 B M Cs ( 1,63 A ) • 

Bee BbJ LLJ e npaneneHJH .. Je o6bS1CHe HHst c n enyeT pa .:::c MaTpHB8Tb T OllbKO K B K upe..anono-

X{ HHHSl 0 llp ii'~lfH LlX 8 I-I OM8!1bHOrO OOBe.D.e HHSI 8CTBTHH8 ll O , OTH OUi e HHIO K COJlstM .O Hre Tepo

II 0;111KH C !IOT . LlocTOB~pH b!P naHB LI 9 M OryT 6Lt Tb llOJly l.f e H bl TOJlbK O llpti TWHT €fl bHOt::l 8 KCne

lJil M 0 HTUJlbHOif npo oepKe, KOT O plHI B H8CTOSHUe t\ p a6oTe CQ.€.'18 11 0 H(~ 6bU1a. 

COt)(" 8}j(.[l P.Hlt(! IJC T i)TIHitl c H OJlD.Tll~1.!!_ 

Cot)ClnK i.lt:.! IIHP .. l C TLlTH Ha c TPY D.HopacroopnM utMH u o .aaTll:vt 11, n TOM ' IH C!1 e u I!OCIH~ 
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OKHC!IeHHR 6HXpOMaTOM/B/ , 06bl 'I HO paCCMaTpHBaeTCR KaK .llOKaaaTe!IbCTBO CyWeCTBOBaHHSI 

acTaTI! OHa At0- , Ho ecnl! acTaTHH OKIIC!IR eTCR 6HxpoM aTOM .D.O O.llHOBaneHTHOI'O KaTHo-
3 

HB, TO He HCKniOtt8H 8 B03M0)KHOCTb COOC8>KJl8 HKS1 ero He 8 BHJl9 .B.C T8T8 MeTanna, Han pH-

Mep, Ag At0 
3 

, a B <j:lopMe HO.D.aTa acTaTHHa. H a116onee y.uo6Hb1M Hei!30TO!IHblM HOCHTeneM 

!I pH H3y'leHHH COOCa>K.D.eHHR 8CTaTI! Ha C I!O.D.aTOM O.llHOBB!IeHTHOI'O MeTanna 6hi!I 6bl Tf +, 

H o pacTeo pHMOCTb Tl f03 0,4 MriMn, 'ITO rro'!TH na .usa nopR.uKa 6onbwe '!eM .unR TI 
2
Cr 

2
0

1
. 

C n e.uoeaTenbHO, c :;noll conbiO nenb3R p a6oTaTb e 6HxpoMaToco.uep>t<aWHX pacTeo p ax. B 

Ka'leCTBe Hei!30TO!IHOI'O HOC HTe!ISI !IpUW!IOCb IIC!IO!Ib30B8Tb cepe6po, 8 .D.aHHOM cny qae, H3-aa 

OTHOC HTe nbHO BbiCOKoll pac TeopHMOCTH Ag Cr 
2 

0
1 

n erKo no.uo6paTb ycnoeHR, e KOTopbiX 

He o6paayeTCSI OC a.D.OK 6HXpOM a Ta, 

8 Ta6!1HUe 7 Co6p8Hbl 3KCnepHMe HTB!I bHbiB .D.aHHbiB 0 COOCa>K.D.BHIIII aCTaTI!HB C AgiO. 
3 

Ha116onee nonHo ac TaTH H yane KaeTCSI oca.D.KOM n p 11 oca>KaeHHH cepe6p a H36biTKOM KIO 
3 

, 

xy>t<e - n pH H36hi TKe ce pe6pa. 

Ta6nHua N27 

Cooca>K.D.eHHe acTaTHHa C Agl0 3 ( 15 Mr), I1ll(l03 J2 (40 MrJ H Th(l0 3 ) 4 (40 MrJ 

0ca.D.OK 

AgiO 
3 

-·-
-·-
-·-

-·-
-·-
-·-
-·-
-·-

Ba(lO 
3

)
2 

-·-
-·-
Th (TO ) 

3 • 

-.-

H3 0,5 M IiN0
3 

; 0,005 M H
2

Cr p
1

; V •5 Mn 

.[lo n onHHTe!IbHbiB % A At 
KOMllOH8HTbi 

e pacTao pe 

0,01 M !(10 3 

0,01 M KI0
3 

+ 
+ 10 MriMn La+ s 

-·-
0,05 M Ba(NO 

3
)
2 

0,05M La(N0
3

)
3 

0,01 M AgN0
3 

0,01 M AgNO 
3 

+ 
+lOMr/Mn La+J 

-·-
+3 

10 Mr/Mn La 

0,02 M KIO 
3 

0,02 M Ila (NO 
3

) 
2 

0,02 M Ba(N0
3

)
2
+ 

+ 10 Mr/Mn La +• 

0 ,01 M KlO 
3 

0,01 M Th( NO 3 ) 
4 

8 oca.D.I<e 

96:!:_ I 

92 ,5:!:_1 ,5 

92:!:_2 

88:!:_5,5 

93:!:_1 

91:!:_2 

82:!:_4 

89:!:_4 

91:!:_1,5 

95 

5 9:!:_4 

11:!:_2 

47:!:_5 

9,5:!:_1, 5 

II 

Vlo.uaT OCa>K.D.a!ICR ce p e6 pOM 

-·-
Cepe6po oca>K.uanocb Ho.ua
TOM 

Cepe6po oca>Kaanoc b 3KBH
sane HTHbiM KOnH'i9CTBOM 

HO.ll. BTB -·-
Vlo.D.aT OCa>K.D.a!ICSI Cepe6pOM 

-·-
Cepe6po oca>K.uanocb Ho.ua
ToM 

A.ucop6uHR Ha n pe.ueapH

Te!IbHO C<j:lOpMHpOBaHHOM 
OCB.llKe 

6apHll OCa>K.D.B!ICSI IIO.D.aTOM 

-·-
-·-

T o p11ll oca>K.uanc R HO.D.BTOM 

V!O.D.BT OCB>KLlB!ICR TOpHaM 



n o pH.llOK .ll068B1!eHH!I pe8KTHBOB II 601!blli8!1 - .llO 10 Mr/M1! KOHUeHTp8UII!I MIIOf'038pll.llH0f'O 

IIOH8 La+ 3 np8KTII'IeCKII He CK83biB810TCll Ha peay1IbT8T8X, 3TII cj:JaKTbl YK83b!B810T 118 TO, 

'-ITO nplPHIHOA: C OOCB>K.U e HIHI 8CT8THH8 C AgiO liB1!lleTcH 1130Mopcj:J113 M , Cne.noa8TenbHo, 
3 

8 C T8T>! H o6 p 8 ayeT Tpy.ll11 0 p8CTB Op11Mblll IIO.!l8T, II no3 T OMY .ll01I>K e H CO OCH>K.llHTbCH He TOnb

K O C U: O .U B TOM cepe6pa, HO H'• C H O.Q8 T8MH MH Or03&pS1n,HbiX K8THOHOB 1 HO npHpo.na COOCB>K

.ll e HJHI 3 .ll e Cb ,llOn>KHH 6b1Tb HH 8 H. Jl e JIC TBHT e n b H O , npll OC 8>K,ll e HIIH 6apHS1 1136b!TKOM HO,ll8-

T 8 J fJO LJ: T H B 9Cb 8C T8THH O J<83bl B8 e T C H B OC B.D.Ke . npH o6p8T'H O M C OOTHOWeHHK peareHTOB, 

KOnJP1. e C T B O CO OC8>KlleHH Of'O 8C T 8 T HH8 y M e H b l UB e T C Sl B .0.88 paa a, a 8 npucy T CTB I.flt 10 Mf'fMn 

La+ 3- ua u o p H.llOK , AHan o r >t'IH B H K 8pTuH a H c H O.ll 8 T OM Topmi ( T a 6nuu8 7 ). 

PeaynhTB T J ... I Oll biTOB 11 0 COOC 8>K.D.eH IHO 8C T8TH: Hll C H O.Q8T8MH TO pHR II 6apHH KH Tepec

H bl elue H no .npy ro A npH'IHHe. X o p o lli o B ll .llHO, 'I T O a p8cTaope He T A tO 
3

- - uaoMopcj:JHoro 

[0 
3
-. f-i a 3 T0 M OCH O B B HHH, Bepo HTH 0 1 M O >KHO H C KniO l..JHTb C yiUeCTB OB 8 UHe B pBCTBO p BX HOHB 

8 C T8THna. B npoTnBHOM c ny'!8e 38 c q e T c.na 11ra p aa HoaecH H A tO; -:_ A tO,- anpaao, 

acTa T HH K 0 1IH'IeC TB e HHO cooC8>K.llB1ICSI 6bJ c Ba ( 10 ) n Th ( [0 ) B npuc yTCTBHH lla 6 hlr 
3 2 3 4 

KB K BTH OHOB. 

XnopH.llHblll KOMnneKC BCTHTHH8 

H 8 C Ten e H b COOC H >K,lleHHSI H B.llCOp6UHH BCTHTHHB 6nxpOMHTOM TH1!1IHSI H ueanJI

cj:Joccj:Jo pH OB01Ibcj:J p a MHTOM 6 0 1!bLllOe B1IHHHHe OKH3biBHeT .ll06HB1!eHHe B B30THOKIIC1Iblll p8C TB0p 

x n o pH O HB . npn K OHUe HTpHUIISIX [ Cl - ] 2 0,1 M H C THTHH OCH.llK8MII H3 paC TB Op OB H e H3 B1Ie

K8e T CSI , C o oc a >K.n e HHblll H a.ncop6HpOB8HHblll BCTBTiiH MO>KHO BbiMb!Tb 113 Tl2 l;r 201 II CsPIV 

pB368B1!e HHOJI C01IHHOil KIIC1IOTOJI (Ta61!HU8 8) . 

.Ll a !l IbJe n o a n e KTpOMIIrpauun, nony'le HHbJe Ha 6yMare c paa6 a aneHHbJM llCI aaoTHo -

KHCnhlM npenap8TOM K8THOH8 8CT8THH8, llOK83 bJB8IOT, "'TO B npHCYTCTBHH 

Haxo.nnTcH a BHHOHHoll cj:JopMe (puc. I), 

flC/ BCTB TIIH 

npuae.neHHyiO BbJLll e CYMMY 3KCnepnMe HTB1IbHbiX cj:JBKTOB MO>KHO o6'b!ICHHTb B03HIIKHO

a e i!HeM X 1IOpll .ll H biX KOMnne KCOB BCTBTHH8 At C/; H1IH AtCl ~ , BH81!0f'II'IHbiX XOpOLll O 

1 - - /14/!C/-n aa e c THbiM /C 
2 

H / CI 
4 

• CornacHo 1IKTepaTypHbJM .ll8HHbJM 
1 4 

- 3TO coe.nnHeuue 

o.n H o aaneHTHoro llo .na, c K o a a neHTHO npncoe.niiHe HHoll MoneKynoA xnopa. B pacTao pax c 

M B1IbJM c o .nep>KBHH e M c ao6 o .nH o r o xnopa KOMnneKc Heyc TOA'IHB 11 pacna.naeTcH Ha /CI 
2 

H 

Cl 
2 

• E cnn a 3 T OM oTHoLlleHHH 8CTBTHH no.no6eH Ao.ny , TO a xnop11.noco.nep>KHLlliiX pacTao

p a x c yLllec Tay e T 8 HHOH At Cl - • npe.nno no>KeHHH 0 CylUeCTBOBBHHH TBK Of'O KOMnneKC B 
2 16 15/ 

aC T B THH a , y>K e He paa B bi C K 8 3hiB8nHCb B nHTepaType ' • 

-3 
.ll01I>KH8 6bJTb < 10 , e c nH HCXO.lliiTb H3 pea yn b -K o HC T HII T B Hec T o l!KOCTK AtCI 

2 

T BTOB n o C OOC B >K.ll eHIIIO H ,necop6UHH .ll1IH 6nxpOMBTB TH111IHSI. np11 3 TOM npe,nnonaraeTC SI, 

12 



'ITO I ) B I M IICI KOHUeHTp8UHSI AtCI » AtCI 
2 

H 2) BSneHTHOCTb 8CT8THH8 B 

830THOKHCnOM H COnSJHOKHCnOM p8CTB0p8X O,aHH8KOB8, HHbiMH CnOB8MH, HeT pe8KUHH 

AtCl 
2 

+ Cl 
2 

+ It 
2 

0 • 

Ta6nuua N28 

Decop6uHR acTaTHHa IICI 

0cS.llOK 

Tl Cr 0 
2 2 1 

-·-
CsPW 

-·-

npe.llbl.llYLUHll 

npouecc 

A.ocop6uuR H3 2M 

HNO, 

Cooca>K.oeHue H3 

2M HNO 
3 

-·-
A.ocop6uu11 H3 

2M HNO 
3 

[HCI) 

IM HCl + 
+O,OIM H Cr 0 

2 2 1 

0,5 M HCl 

-·-

% At B p8CTBOpe 

99:!:.1 

98:!:.2 

74:!:.3 

82:!:_2 

DaHHhte Ta6nuubt 8 HHTepeCHbl He TOnbKO TeM, 'ITO OHH unniOcTpupyiOT BbiMbiBBHHe 

8CT8THH8 COn>IHOll KHCnOTOl!, HO H TeM, 'ITO COOCB>K.lleHHblll H 8.llCOp6HpOB8HHblll 8CT8THH 

BbiMbiBSeTCSI O.llHHSKOBO, Tl 
2 

Cr
2 

0
1 

H CsPW npaKTH'IeCKH HepacTaopHMbi npu ycnoBHSIX 

.oecop6uuu. EcnH 6bt coKpHcTannH38UHSI 6btna o6'beMHSR, To nocne o6pa6oTKH conRHOll 

KHCnOTOl! COnal!, CO.llep>KSLUHX 8CT8THH, B p8CTBOp H3 COOCS>K.lleHHbiX npenapSTOB 8CT8THH 

.oon>KeH nepexo.oHTb xy>t<e, '!eM H3 a.ocop6upoaaHHbiX. 3Toro He Ha6niO.oaeTCSI, Cne.ooaa

TenbHO Mbl HMeeM ,llano C nepBH'IHOl! 06MeHHOA 8.llCOp6uHell, KOr.llS 8CT8THH HBXO.llHTCSI 

Ha noaepxHOCTH KpHCTannoa. 

B 38KniO'Ie HH9 3TOrO p83.llena cne.oyeT OTMeTHTb, 'ITO CBSI38HHblll B xnopH.llHblll 

KOMnneKc acTaTHH He cooca>K.oaeTCSI c AgCt • Cooca>K.oeHHe He npoucxo.llHT IIH npn KSKHX 

ycnoBHRX, HanpHMep, H3 1M HNO, , 0 , I no HCI MO>KHO H36btTKOM AgNO. OCS.llHTb 

BeCb XnOpH.ll H npH 3TOM 8CT8THH KOnH'IeCTBeHHO OCTSeTCR . B p8CTBOpe. 

npe.onono>KeHHe 0 nO.ll06HH XKMH'IeCKHX CBOl!CTB K8THOH8 8CT8THH8 H TSI>KenbtX O.llHO-

eaneHTHbiX HOHOB THna Tl + He ecer.LI.a no.o.Teep>K.aaeTCH aKcnepHMeHTanbHo. B t:I8CTHOCTH 1 

acTaTHH nnoxo cooca>K.oaeTCSI c CsCI0
4

H CsReO 4 (Ta6nHua 9). B aHanorH'IHbiX ycnoauRx 

MHKpOKOnH'IeCTB8 TannHR 38XB8Tb!BBIOTCSI OCB.llKOM HB 70-&J%, TaKBSI 'Hey.ll8'18' He SIBnSI-

eTCR HeO>KH.ll8HHOl!, MO>KHO rOBOpHTb TOnbKO 0 nO.ll06HH HP.KOTOpblX XHMH'IeCKHX CBOliCTB 

O.llHoaaneHTHoro KBTHOHa acTSTHHa u, HanpuMep, Tl + 1 HO He 06 HX XHMH'IeCKOM TO>K-

.oecTae. 
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npouecc 

Cooca>t<neHHe 

At c CsReO 
4 

CoKpHcTannHaauHR 
DpH MelllleHHOM ox
na>t<JleHHH HaCbiLUeH
Horo npu 100° C 
pacTsopa CsCIO 

4 

Ta6nHua Jl.¥9 

PacTBop Han ocanKoM 
(5 Mn) 

0,5 HNO 
1 

, 0,01 M La(N0
1

) 
1 

0,005 M II 
1
_Cr

2 
0

7 

0,025 M HRaO 
4 

, 12,8 Mr/Mn CsRaO 
4 

0,5 M fiNO I 

0,01 M La(NO,J
1 

0,005 M H
2
Cr

2
0

7 

12 MriMn CsClO 
4 

Bb!BOilbl 

Bee ocanKa %At 
s ac:anKe 

55 Mr 5,5:!:_1,5 

80 Mr 7:!:_0,2 

AcTaTHH, OKHClleHHbll! 6HXpOM8TOM B a30THOKHCllbiX paCTBOpax, COOCa>KnaeTC!I C 

Tl Cr 0 
2 2 

AB, Cr p 7' cpoccpopHosonb<f:JpaMaTaMH H cpoccpopHOMOnH6IlaTaMH uea HR, Ag 10 
3 

Bee conK, KpoMe 6HxpoMaTa cepe6pa, xopowo ancop6HpyJOT acTaTRH na aa oTHOKHCllbiX 

paCTBOpOB. 3TH CBOl!CTBa 3lleM9HTa DOilTB9p>KJlaJOT paHee CJlellaHHOe 3aKJlJO'IeHHe 0 cyme-

CTBOBaHHH B paCTBOpe OllHOBalleHTHOPO KaTHOHa acTaTHHa. 
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PHc. I. MHrpaUII!I acTBTIIH8 a aneKTPII'IeCKOM none V ~ 300 aonbT Ha 
rronocKe xpoMaTorpaci>K'IecKoll 6yMarn Tl!rra •s• 20 x 1,5cM2. 
CocTaa pacTaopa rrperrapaTa H rrporrHTb!B8JOlUero 6yMary 

0,1 .11 HNO + 0,6 tJ HCI + 0,005 :.J ll Cr 0 
:J 2 2 7 


