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8 pa6oTe
1 

1/ 6bln npHMeueu MeTO.ll anexTpoQ:JOpeaa ua 6yMaPe .lnll paa.ueneHHll pe.uxo· 

39M9nbHbiX aneM9HTOB H ,llnll HCCn9.llOB8HHll KOMnneKCHblX C09.QHH9HHB B cpe.ue HHTpHnOTpH

yxcyCHOll KBCnOTbl, nocKOnbKY XBMB"i9CicBe CBOIICTBB TpBHCypaHOBblX aneMeHTOB noxo>KH B 

OCHOBHOM H8 CBOIICTBB pe.llK039M9nbHblX aneMeHTOB, MO>KHO 6hinO n~ e.unonO>KHTb, 'ITO 9TOT 

M9TO.ll Y.ll8CTCll npBM9HBTb H .llnll HBX, 

8 HBCTO!Illl99 Bp9MII B n9"18TH H9T p860T no aneKTp0cp)p93Y BKTHHH.llHblX ane-

M9HTOB H8 6yM8!"'90 38 HCKnlO"i9HH9M p860Tbl/
2/, B KOTOpoll 6blnO HCCn9.llOD8HO o6p830B8HH9 

KOMnneKCOB H9nTyHHII B Cp9.ll9 9TBn9H.llB8MHHT9Tp8yKCYCHOll KBCnOT>:, QqeaH,llHO, .UBnbHell

lUBe HCCn9.llOB8HHSI B STOll o6naCTB C TSI>Kenb!MB Tp8Hcyp8HOBblMH 919M9HT8MH npe.UCTBBn!l

lOT onpe.ueneHHblll BHTepec, 8 .ll8HHOll p860T9 HCCn9JlOB8nHCb nO.llBH >KHOCTH HOHOB 8M9pH

UHII1 K!OpHSI H K8nBcpOpHBII B 38BHCHMOCTH OT pH H KOHU9HTp8UHH lHTpHnOTpHyKCyCHOll 

KBCnOTbl, 

3xcnepHM9HTBnbH811 "iBCTb 

PeaKTBBbi: HHTpunoTpuyxcycuaH xacnoTa (xenaToH 1 ), yxcyCHIII xucnoTa 11 xanull xno

pBCTblll MBpKH x,q, Bee pacTBOphr l"'OTOBBnHCb HB 6H.UHCTHnnaTe, 8 pa6oTe 6binH HCnOnb3o-
246 

B Cf 
241 242 

B8Hbl HaOTOnbi Am , Cm 
238 16 

nonyqeu no peaxuuH: U ( 0 'a 

na6opaTopBH IIJl9pHb1X peaxuall OvHIVI, 

4 n ) 

B BH.UHKaTopHhlX KOI.H"ieCTBax, Kanucpopuull 
246 

Cf ua ycxop ITene TH>Kenhrx uouoa 

Yp8HOB8H MHlll9Hb p8CTBOp!ln8Cb B 0,8 Mn KOHU9HTpHpOB8HHOll 830THOll KHCnOTbl B npu-
+ 3 241 

cyTcTBHB 400 MKn La B Am nopHJlKa 50 BMniMHH, PacTeop I9HTpucpyPHpoeancH .un11 

OT.UeneHHSI Hep8CTBOpHMOI"'O OC8JlK8, paa6aBnllnCII 2 Mn 6H.UHCTHnnara, nOJlKHCneHHOI"'O 3 

xannHMH yxcycuoll xucnoTbl, Oca>K.ueuue cpTopu.ua nauTaHa npoeo.u~rnocb B nneKCHPnacoaoll 

npo6upxe 0,5 Mn xouueHTpHpoeauuoll HF , Y:epea nHTb MHHyT o:a.uox La F 
8 

ueuTpHcpy-

PHpoeancH, npoMbraancH H 2 0 (6HJlHCTHnnaTI, cna6o no.uxucneuuof IIN0
3 

La F,., 

aaTeM nepeeoauncH npH uappeeaHHH B PHJlpooxucb 3 xannHMH 50%-H oPo KOH, .uanee .uo6aanH

nacb 5 Mn POpH"'ell JlBCTBnnupoeauuoll BO.Ubl, u npoeo.uunocb ueHTJlHcpypupoaauue. Oca.uox 

.QBB>K.Qbl npOMb!BBnCSI i"'Opll"i9ll BO.UOll, p8CTBOp11nCII B K0HU9HTpHpoB8HHOll Hce u nepe-

HOCHnCII B8 "i8COB09 CT9Kn0, nocne ynapHB8HHII OC8Jl0K XnOpHJl8 1 8HT8H8 p8CTBOpllnCII B 

3 



2-3x KBllnHX 0,05 \I H d' II aanycKanCH HB IIOH006MeHHYIO KOnOHKy, HBIIOnHeHHYIO CMO-

noii .[layaKc-5ll c aepH 3HIIeM 15-20 11 , <PpBKUIIH, conep>KBlUBH 'IIICTbll! KBnHc:j:>OpHHii, 6bl-

na HCIIOnb30BBH8 nnH npoaeneHIIH OllbiTOB, .[lnH KBnH6pOBKH 6blllll onHospeMeHH0 HCliOnb'30-
147 152+ 154 

BBHbl 1130TOllbl Pm II Eu , 3neKTpoc:j:>opeTII'IeCKBH YCTBHOBKB COCTOHna H3 ox-

na>KneHHbiX CTeKnHHHblX llnBCTHHOK, nonOCKB 6yMBI'II (BBTMBH 4) p83MepOM 37 X 2 CM 

( 3c:j:>c:j:>eKTIIBH8H nniiHB 3 4 CM) coeniiHHnBCb qepe3 uennoc:j:>aH II MOCTIIK 113 6yMBI'II ( BBTMBH 3) 

c aneKTponHbiMII BBHH<•'IKBMII, B KB'IecTne CTBHnapTa nonsii>KHOCTII 6blll npitMeHeH J'. 

nono>KeHHe ltOHB J'· 6bll!O npOHBneHO peBKTIIBOM, COCTOHlllltM H3 KpBXMBnB, K jQ a It 

yKcycnoH KHCROThi. Hy 1esas rro.uHH}I{HOCTb ycTaHoaneaa no rniOKoae. Pact.JeThi no.a.BH)KHoc

TII nposeneHbi no c:j:>opJ<ynaM KyHKna 11 T11cen11H/
4
/. PasHoMepHOCTb nonsH>KHOCTH onpene-

147 152+ 154 
nHnBcb no c:j:>eHonosol\l y KpacHoMy, VlaMepeHIIe {3 -aKTHBHOCTII Pm H Eu 

npoao.a.Hnocb ua TopucsoM cqeT1.JHKe npHMO c 6yMa}KHhiX nonocoK. Anbcpa-aKTHBHOCTb Ha

Mepstnacb H8 CUHHTHJlJl;J:UHOHHOM cqeT'fHKe • ..0.ononHHT9JlbHbl9 KOHTpOJlbHbie H3MepeHHSI 

241 242 246 
a- BKTHBHOCTII Am em ef nposonllniiCb HB HOHit38UHOHHOl! KBMepe, COllpH-

>KeHHOl! co 100-KBHanrHbiM aHanuaaTopoM IIMnynbcos Tllna Al-1-100. 

06cy>KneHHe peaynbTBTOB 

B Ta6nuue 1 noK •aaHa aasllciiMOCTb nonsii>KHocTell aneMeHTOB Am u em OT KOH-

ueHTpBUIIH HHTpHnOTpll fKCyCHOl! KHCnOTb!, 

Ta6nuua 

HHTpllnoTpll) KcycaaH KllcnoTa 

C - MOn, 

0,0005 

0,001 

0,002 

0,004 

0,008 

Ha rpac:j:>11Ke I n lHBeneaa aasHCHMOCTb Me>Kny 

U-U 
fog Me X H fog c np11 

OHB HM98T BH.Ll rrpHMbiiC. C TBHreHCOM HBKJlOHB 

1,30 

1,72 

2,41 

2,90 

3,50 

pH 

n 0 /l B II >K H 0 C T b X 104 

= 3,61 

0,1 

1,24 

2,38 

2,83 

3,15 

1 • .[lnH cpasaeHIIH Ha 3TOM >Ke rpac:j:>u-

K9 OtlHOBp8M9HHO ITOKl 3BHB TBKBSI .>K9 38BHCHMOCTb .ll,JlSI Pm II Eu • VIa c:j:>opMynhi 

fog 
u - u me X fog K' + a fog c + a bpI! f) 

u - u 
Mex~ 

4 



( TO'IK8 C9'19HHSI C OC blO X Ha rpa¢HKe I) MO)I(HO onpenenHTb K·>HCT8HTy paBHOBeCHSI 

pe8KUHH, KOTOp8SI ( K8K cnenyeT Tl!K)I(9 H3 38BHCHMOCTH nonBH)I(HO :TH OT pH 

rnaeHbiM o6paaoM san: 

2- 3- + 
Me X + HX t Me X 

2 
+ H 

H8 rpa<iJHK9 2 npHBeneHa 38BHCHMOCTb Me)l(ny 

fog H fog c I'= 0,1. 
u - u 
MeX

3 
nnSI K8DH<iJOpHHSI H eBpODHSI npH pH • 3,0, 

) HM99T 

(I) 

Ha rpa¢aKe 3 noKaaaHa aaaacHMOCTb nonBH)I(HOCTH Hccneno3BHHhiX 9DeMeHTOB oT 

p II • BHnHo, 'ITO TO'IKH Am H Cm ne>KaT Me)l(ny TO'IKBMK Pm H Eu • Ha ocHoBaHHH no

ny'leHHhiX p93yDbT8TOB MO)I(HO 3BKDIO'IHTb0 'ITO peBKUHSI DpOTeKaeT rnaBHbiM o6p830M DO 

¢opMyne (I), 3To oaHa'!aeT, 'ITO o6paayeTcSI KOMnneKc, KMelOWKA cTpoeHKe 1:2, KBK K 

yKaaaHo B pa6oTe
12

•
31 

nnSI penKoaeMBDbHhiX 9neMeHTOB, B TafnHu) 2 cseneHbi aena-

'IHHhl norapH<iJMOB BTOphiX KOHCT8HT KOMD09KC006pa30BBHKSI nnSI J m 

cpene HHTpHDOTpKyKCYCHOA KHCDOTbl npH ll ~ 0,1. 

3neMBHT 

Am 

Cm 

Cf 

Ta6naua 2 

9,06 

9,14 

9,68 

Cm H Cf B 

Ha rpa¢KKe 4 noKB38Hhi aenH'IHHhl pacc'!HT8HHhiX KOHCT8HT <OMnneKcoo6paaoeaHHSI 

Am , Cm H Cf B CpBBHBHHH C BBDH'IKH8MK noS! penK03BM9DbHhiX sneMeHTOB K3 pa-

6 
12,31 

OT , 

PaaneneHHe Am H Cm 

3HBHH9 xona KpHBhiX 38BKCHMOCTH nOnBH)I(HOCTH 9DBM9HTOB OT p:l 

HOCTb HBATH 0608CTb, npHrOnHylO nnSI paaneneHHSI 9THX 9DBM9HT<•B, 

nacT eoaMo)l(-

Ha rpa¢HKe 5 noKaaaHo paaneneHHe Am H Cm YcHoeae onbJTa: naneHHe 

DOTBHUHB08 310 e/CM 0 Bp9MSI 8 MHHyT, 909KTponHT 0,002~1 0) HHTpKnOTpHyKCYCHOA 

KHCnoTe H 0,002 M no yKcycHoll KHcnoTe pH • 3,61. Paane~eHHe npoeeneuo Ha yc

TBHOBKe, ODHC8HHOA B pa6oTe
141

, Via pKCyHK8 BHnHo, 'ITO nono)l(eHHe DHK8 eepODHSI coe-

nanaeT C DOOO)I(9HH9M DHK8 KlOpHS!, 8 DHK 8MBpHUHSI nB)I(HT MB)I( lY DHK8MH Pm H Eu. 

5 



3 a K n m q e H n e 

i • r1oKa3aHa B J3M0)1(H0CTb pa3,neneHH!I Am H Cm 

6yMare B Cpe)le Hll1 pllnOTpllyKCyCHOl! KIICfiOTblo 

2. r1oKa3a>:o, 'TO B ll36biTKe HIITpllfiOTpllyKCyCHpJI KIICfiOTbl Bb!lll9 Pll • 2,5 Am 

Cm 11 Cf o6pa3) mT KoMnneKc cocTaaa I :2. 

3. rpacpH'l9CKH onpeJleneHbl XOHCTaHTb! KOMfifi9KC006p830B8HH!I Cm Am H Cf. 

ABTOp 6naro)la JeH K.A. raapHnoay 3a fiOJlf'OTOBKy II Bb!JleneHIIe K8nHcpopHIISI II 

qneHy-KoppecnOHJl9HTc' AH CCCP npocpeccopy ct:>nepoay r.H. 38 BHIIM8HIIe H IIHTepec K pa-

6oTe. 

n 11 T e p a T y 0 a 

I. B. KHo6nox, )KeH > ,[la-xoy. npenpiiHT OYl.HYl, P-1174, ,[ly6Ha,1963. 

2. M. n. MecpOJlb9Bl. PaJliiOXIIMH!I, ;2,, 506, 1961. 

3. G.Andereg& Helv. ·Chim. Acta, g 825, 1960. 

4. B. KHo6nox, )KeH:. Aa-xoy. npenpiiHT OYlHYl, 995, .[ly6Ha, 1962. 

PyKonllcb nocTyn11na a H~aTenbCKIIll OTJlen 

27 Mall 1964 r. 
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1 
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'f u .10 

p H C, 

3 
3. 

4 6 'bH 
3BBHCHMOCTb UOJlBH)I(HOCTH OT pll 9r eKTpOnHT81 COJlep)!<8l.llero 

HHTpHnoTpHyKcycHyJO KHcnoTy a KOHUeliTpauHH - 0,002 M. 
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pH C, 

Ce Pt. Mi f111. !'* £ .. Gd T6 JJJ Ho £,. -,:,. Y6 

Am (m, 8/c fj 

4. 3aBHCHiv OCTb norapH<jJMB BTOpbiX KOHCTBHT KOMD09KC006pa30BBHHSI 

DOpS!,llKOBOI'O HOMepa HBKOTOpbiX OBHTBHH.llOB H BKTHHH,llOB , 

0 "' naHTBHH.llbi (HBlllH .aaHHble), X - naHTBHH.llbi ( .aaHHble pa6oT 

.llPYI'HX BBTOpOB ), 0- BKTHHH,llbl (HBlllH .llBHHbie), 

10 
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