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If I 

B 1941 r ony MaK-K o ti arrepabre rroKa3an, 'ITO MO>KHO Hcnonb30BBTb ueMeHTBUH !O 

p euK o 3 eMenbHbi X 3 n eMeHTOB a M anbra M oii HaTpiH! !13 aueTaTHO- UI!TpaTHhiX p a cTaopoa unn nony-

/ 1/ -
'l e HIHI 8 MBnbP8Mbl eapOTIIH! • npouon~< .!ln 3TH pa60Tbl, Mapw Hawen , 'ITO II npyrHe p,3 , 3. -. 
u e pn eBOil rpy iTJT bl MOP y T UeMeHTHpOBBTbCl! HBTpl-!eBOH BMBnbPBMOll 1-!3 aueTBTHbiX paCTBQ

/ 2 / 
poe , H HCn o n b30Ba n aTo c soHcTso nnH nony'l.Je HHH l.J.UCTbiX coe.nHHeHHA HeKoTophiX 

p.3 , 3 , 
13

-
51

. H 3 3 ne MeHTOB HTTpneaoli rpyrrrrbr a aHanorH'!HhlX ycnoaH>IX ueMeHTHpyeTCl! 

T OllbK O H TTe p 6 rfi1. 3a fiOC119llH99 Bp9M51 TIOSIBHJ10Cb H9CKOl1bKO pa60T 1 nOCBSIW9HHbiX ll9M9HT8-

/ 6-8/ '">81!11! - ' 
UHH p. 3 . 3 . 8M8J1br8 M8 MH IU9l1 0 'IHblX M9T8J1J10B , H p 83.0.9l19HHIO HX npH 8119KTpOXHMH'l.J9-

/g;_ ll I 
C KOM B OC C T8HOBJ1e liHH HB KBTO.!l.BX H3 8M811br8 M lU9J10'l.JHbiX M9T811J10B • 8 pa60T9 

• .:.J T -

Ca JO Ha 11 U a p e a oi\
161 

6 brnH npHaeueHbl 3KcnepHMeHTBnhHble ycnoaHl!, rro3aonl!!Olltl!e KOnl!'le-

CTBe HHO (Ha 98-100%) 1! 3 BneKBTb 113 6y<jJe pHb!X aueTBTHQ-XnOpi!JlHb!X paCTBOpOB BCe p , 3,3 , 

uepl!eBOH rp y nii b i 0 0T naHTBHB JlO eapOIII!l! 0 11 HTTep6Hii, 

H11 a OJlHOli 113 ynoMl!HYTbiX Bbrwe pa6oT He uaHbi 3Kcrrepi!MeHT anbHO o6ocHoaaHHbie 

npeucTaaneHHl! o MexaHH;3Me ueMeHTBUifH , 6appeT
181 

BbiCK83biBBeT npeurrono>KeHHe, 'ITO 

U eMeHTB UIIl! 5!Bn5!eTCl! CYMMOi\ llBYX KOHKypupy!OWHX IIpOUeCCOB: 1) BOCCT 8HOBneHH5! IIOHOB 

llO M e Tanna H 2) o6pa30B8HH5! HB ITOBepXHOCTH TpyJlHOpaCTBOpHMbiX rHilPOOKHCnOB p,3,3, 

Bee a Kc n e pHMeHTaJ1bH bie cae.neHHH o ueMeHTBUHH p.a.a. aMallbraMaMH menot~HbiX Me

Tannoa 6brnH rrony'!eHbl unl! KonueHTpauHll naHTBHHJlOB He MeHee 10-
2

M . HaM He H3BeCTHbl 

pa60Tbi 1 fiO C BSUU 9 HHbi9 U9M 9 HT8UHH pBllHOBKTHBHbiX H30TOTIOB p . a . a . B COCTOSIHHH 1 CB06oa-

HOM OT HOCI!Teng, 0JlH8KO B p<tlle cnyqaea
1 121 

3THM MeTOUOM MOlKHO peWHTb HeKOTOpble 

IIHTe peCHble 38/lB'IH ITpHKnBUHOll PBUHOXHMHH , KOTOpb!e HHB'Ie He yuaeTC5! BbiJTOnHHTb , 

noaTOMy HBMH 6binO H848TO CIICTeMBTI!'IeCKOe I!CCneUOBBHI!e rrpouecca UeMeHTBUHH ynbTpa

MBllbiX KOITI!'I e CTB ( 10-
12 

-10-
16 

r) p.3 , 3 , C TO'lKH 3peHH5! ITpBMeHHMOCTH ero Jln!l pewe-

~!I aauaq 5!Jl9PHOK XHMHH II RUepHOH crreKTpOCKOITHH , 

PatSOTa co cnenoabtMH KonuqecTBBMH noaaonSJeT nonyqaTb SKC nepHMeHTBnhHbte ;J.BHHble, 

CB060.UHble OT BllHSIHHSI BTOpHqHblX npOU9CCOB 1 CBSI38HHbiX C H3M9H9HHeM KOHII9HTP8UHA K8K 

B BOUHOI! <jJa3e, TBK H B BMBnbrBMe, A 3T0 0 ITQ-BII/li!MOMy, UOn>KHO o6ner'IHT b Bbi5!C H eHH e 

MeXaHI!3Ma !leMeHTBUHH p,3 , 3, 8 HBCTO!Il!leli CTBTbe IIpHBeUeHbl pe3ynbTBT bl nepB;biX 3KCIT9--

pHMeHTOB, BhtnonHeH.HbiX HaMH a aTOM HanpaaneHHH. 
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qKCU9pHM8HT8llhH8H '18CTb 

Pa6oTa nposoaHuacb c peaKTHB&MH MapKB x.'l. PTyTb O'lHmauac& sueKTpouBTH'IeCKB 

B aaTeM neperonRuac& B saxyyl\!e. MHKpOKOUB'IeCTBa paaHoaKTBBHbiX p,a,s, nouyqauHCb 

B peayu&TaTe peaKUHA ruy6oKoro oTmenuenHR npH o6uy'leHHH TanTaua npoTOH&MH c snep-

rneA 660 Mas. CyMMa paanoaKTBBHbiX p.a.s. paaaeuRuacb na KaTBOHHTe Dowex SO X-8 

C HCUOUb30B8HH8M B K8'18CTBe 9ni08HT8 a - OKCHH306yTHp8T8 8MMGHHII/I
3
/, 

A M aubraMa naTpHH roTosnuacb sueKTpouHaoM 20%-uoro pacTsopa Na 0 H , npOMbiBa-

uacb soaoA, cnHpToM H xpannuacb B aTMoccjlepe aaoTa noa cuoeM cnnpTa, UeMeHT&UHR npo

BO.ttHuacb B .tt8UHT8llhHOA BOpOHKe c u e.ttyJOmHM o6pa30M: K 10 MU HCCueayeMOrO paCTBOpa 

c onpeaeueHHbiM pH H aaa aHHbiM couesb!M cocTasoM (Na Acet, H Acet, Na Cl 

.tt068BURn0Cb 0,05 ~U CTBH.ttapTHOro paCTBOpa p8.ttH08KTHBHOrO MBKp09U8M8HT8 B 8U8T8T

HOM 6y<jlepnoM. pacTsope, K nouyqennoMy pacTsopy aouHsauocb 2 Mu aMaubraMbi naTpHR, 

H p8CTB0p nepeMeWHB8UCR M8X8HH'I8CKOA M8W8UKOA HUH 6ap60THpOB8HH8M 830T8 'lepea 

aMaubraMy H paCTBOp, Koneqnoe pH aueTaTnoro pacTsopa, ounoana'IHO onpeueuRJOmee 

[ Acet - ·), B H3Y'I88MOA CHCTeMe, H3M8pRUOCb H8 U8MUOBOM UOT8HUBOM8Tpe C HCU0Ub30B8-

HHeM CT8KUHHHOrO 9U8KTpO.tt8, nocne OKOH'IBHHR U8M8HT8UHB 8M8Ubr8M8 OT.tt8URU8Cb OT 

paCTBOpa H paauarau&Cb .ttByKpBTHOA o6pa60TKOA 5 MU KHURmell 4N COURHOA KBCUOTOA, 

PausoaKTHBHOCTb pacTsopos HaMepanacb reArepoBCKHM cqeT'IHKOM THna MC-13, Peaynb

T&Tbi, npHB8U8HHbl8 B T86UHU8X H H8 rpaljlHKBX, RBUSIIOTCR Cp8.ttHHMH 3H8'18HHRMB H8CKOUbKBX 

onpeaeneHHll, KaK npaBHUO, OTKUOH8HHR OTU8UbHbiX -OnpeaeneHBll OT Cpe.ttHeA B8UH'lHHbl He 

npeBbiWBUB 1-2%, 

PeayllhTBTbi B o6cy>Kaenue 

nouyqeHHbl8 H8MB 9KCnepHM8HT8llhHbl8 UBHHbie npe.ttCT8BU8Hbl B T86UHU8X 1-4 H H8 

pucyuKax I - 3. Ha npBMepe HTTep6HR ( Ta6n. I u pHc, I) suano, 'ITO ueMeHTBUHR MHKpo

KOUH'IeCTB p,3,9, 0,5% -HOA 8M8Ubr8MOA H8TpHR npOXOUHT H8 95-97% 38 2 MHHyTbl, eCUH 

KOUH'l8CTBO H8TpHH B 8M8llhraMe B uaqaue U8M8HT8UHH 9KBHB8U8HTHO KOUH'IeCTBY KHCUOTbl 

B pacTs ope ( HUH 6oubme ero). 

0nTHM8llhHOe Bp9MH ll8M8HT81lHH (2 MHH) 6bin0 Bbi6paHO H8 OCHOB9 speMeHHOJI 38BH

CHMOCTH Bbl.t18U8HHR HTTep6BR (pHC, 2), 3TH onpe.tteneHHR upOB8U8Hbl npB .ttBYXKpBTHOM B3-

6biTKe Na0 no OTHoweHHJO K H Acet B H8'18U8 ll8M8HT81lHH, nps H3Y'I3HHH ll8M8HT81lBH 

Eu B Sm ( Ta6n. 2) 6binH nouyqenbi aaHHbie, noao6Hbie peayllhTaTaM auR HTTep6sn: 

npH UpO'lHX paBHbiX YCUOBHSIX KOUH'18CTBO nepeweuwero B 8M8Ubr&My 9U8M8HT8 38BHCHT OT 

cyMMapnoA KOHUeHTpaunu aueTaTa ( NaAcet + :HAcet ) B pacTsope nepe.tt ueMeHTaunell, 

no H8W8MY MH8HHIO, 9TOT a<P<!>eKT BBUH8TCH Cll8.ttCTBH8M p83UH'IHOA CT8U8HH OKHCU8HHR 
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+ 
H8Tp1HI 8 8M8nbr8Me H - H OHOM YKCYC H OH KHCnOT bl H HH 8 KOei! Mepe He C8!!38H8 C KOM-

nneKC006p83088HHeM, Jl eilcTsHTenb HO , npH ~ [ Acet I. = 0 ,65 M u eMeHTHpyeTC!I 96% Eu 

38 use MHHyT bl ; 38 3 TO speM!I KOHU e HTp8UH!I 8UeT8T-IIOH8 8 p8CT80pe ysenH'IH88eTC!I UO 

0,59 M pH =5,75); a npH ~[Acet j , =0,8 M 11 npH MeHbwell[ "ceil'i'0 , 57 M (pii a 5,16 ) 

UeMeHTHpyeTC!I nHWb 9 % , 

nnH s neM9HTOB 1 H e H M9lOlllHX yCTOHlfHBOI'O .ll BYXBane THOf'O COCTOHHHH1 U9M9HT8UHH 

npH npO'IHX p88HbiX ycnOSII!IX T O>Ke yMe HbW8eTC!I C yaenH'leHHeM CyMM8pHOH KOHUeHTp8UHH 

au e TaTa, HO He TBK pe3KO, KBK an!l Yb , Eu H Sm (Ta6n, 3) , nO-SHU HMOMy , :3TO C8!138-

HO c 6onhwoli ycTOll'IHBOCTbiO aManbrBMbl :3T HX :3neMeHT OB , 8 48CTHOCTH, aManbraMa N d 

no uaHHbiM Mapwa
131

, yc T oll'IHBee aManbrB Mbl Sm • 

Enaro.u aps:~ o"LJeHh M8flbiM KOni.P.tecTaaM p.3. s . , a CHCTeMe npaKTHtieCKH HCKniDttaeT CH 

OTpHU8TenbHO SnH!IIOWee H8 UeMeHT8UHIO o6p830B8HHe rHapOOKHCnOB H8 rpaHHUe pa3aena 

8M8nbr8M a-paCTBOp, npouecc n0:3TOMY MO>KHO paCCM8TpHB8Tb K8K 'IHCTO :3neKTpOXHMH'IeCKHJ\, 

T aK KBK noTeHuuan aManbraMbl HaTp>151 uon>KeH yMeHbWBTbC!I c ysenH'!eHHeM KO!IUeHTpaUHH 
+ 

HOHOB Na a paCTBOpe, Mbl npeanonaranH, t.ITO 38 CtteT STOI'O 6yll.eT C HH >K8 TbCH H U9M9H-

TaUH 11, Jl eikTBHTenbHO, yaenl!'!e!lue K OHUeHTpauHH N a C 1 CHIOKaeT H3BneqeHHe Ce , Pr , 

N d , H Gd (Ta6n. 4) . OaHaKo Ha ue MeHTBUH IO Sm , Eu H Yb ysenH'!eHHe KOHUeHTpaUHH 

N a C1 He OK83biBaeT HHKaKoro anu!!HH!I, 3To yaHBHTenbHO , TaK KBK no non!!porpa<jm'leCKHM 

uaHHbiM/1
4

-
16 1 

n o TeHUHan aoccTaHoaneHH!I Eu+
2 

-+ Eu0 paaeH- 2,0s, a a n11 Nd+
3

-+ N<f 

- 1,8 a. CnenoaaTanbHO, yMeHbllleHHe aoccTaHOBHTenbaoro noTeHUHana aManbrBMbi 

u on>KHO 6hmo 6 bl oTpHUaTenbHO CK83bi88TbC!I npe>Ka e scero HB ueMeHTBUI!II Eu , Hanpawl!-

B89TCSI BbiBOll., ttTO M9X8HH3Mbl nepeX008 B 8M8flbf'8MY H8TplHI ynbTp8M811biX KOnHli9CTB 

p,3 , :3,, HMeiOIUHX yCTOH'IIIBOe UBYXBaneHTHOe COCTO!IHI!e I! He I!MeiOIUIIX ero , HO-BHUI!MOM¥, 

pa3Hble. 

npH pa6oTe c naHT8HHU8MI'l OT Lu uo Tb, KOTOpble He ueMeHTI!pyiOTC!I aManbraMoll 

H8 TpH51 B M8KpOKOnHtt CCTB8X1 6btfl0 H8fi,aeH0 1 YTO HX p8!l.H08KTHBHbi9 H30TOITbl B COCT09.HHH 1 

CB060llHOM OT HOCHTenH, T8K >Ke H e 09M9HTHpyiOTCH, HanpHMep , H 3BneqeHH9 Lu 1 Tu H Er 

He npesblWaeT 10-
3

% , 

C uenbiO 1!3y'leHI!ll B03MO>KHOCTH OT aeneHI'lll M HKpOKOnH '!eCTB UeMeHTI'lpyiOIUHXCll p , 3 , S, 

OT M8KpOKOnHti9C TB H9U9M9HTHpyiOlllHXC51 H8MH 6hinH llOCT8Bn9Hbl OnbiTbl no BbiSlCH9Hl! IO 

srrH51HI!ll KOHUeHTpaul!l! Tb Ha u eMeHTBUI!IO pauHoaKTI!BHbiX 1!30Tonos C e , Nd I! Eu 

8htliCH>InoCb, 'ITO uo6aaneHae ua>Ke uoneil Ml!nrrHrpaMMa Tb H8 Ml!niTHITI!Tp p 8CTB0p8 

pe3Ko CHI!>KaeT ueMe HTBUI!IO :3TI!X :3rreMeHTOB ( pl!c , 3 ). CTerreHb ueMeHTBUIII! MIIKPOKOnl! -

Y 9 CTB nerKHX p.3.3. H HTTep6HB B npHCyTCTBHH H9U9M9HTHpyiOlll9POCB a n eMeHT8 CBB38H8 1 

BH OHMO , C 38XB8TO M U9M9HTHpy iOIUHXCSI M HKpOKOnHqeCTB rHllpOOKHCn8MH TSI)KenbiX naHTBHU-

u oa , KOTOpbie MoryT o6pa30Bbi88TbC!I y rrosepxHOCTH PTYTK, TBK KaK rrpH BblU eneHHH 
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BOU0p0U8 H8 noaepXHOCTH 8M8nb r8Mbl MOryT UOCTI!r8Tb CSI BbiCOKHe, nOpSIJlK8 11-12, 3 H8'19HH SI 

pH 
117

-
181

. Xopowo H3BeCTHO, 'ITO a pSIIly naHT8HHUOB OCHOBHOCTb HapacTaeT OT TIDKenbiX 

::>neMSHTOB K nerKHM 1 ITOSTOMY aepOSITH0 1 l.J:TO .nnR OllHOrO H T OrO >K8 U9M9HTHpy10LU9rO ane-

MeHTa cTerreHh ueMeHTBUHH npH OllHHBKOBbiX ycnoBHHX nonmna yMeHbWBTbCst c yaenHtteHHeM 

nopsruKoaoro HOMepa conyTCTBYIOLUero HeueMeHTHpyiOmerocsr aneMeHTa , BoaMOJKHO TaKJKe, 'ITO 

np11 UeMeHT8UIIII MHKpOKOnH'!eCTB H8 <j>OHe HeUeMeHTHpyiOlUHXCSI M8KpOKOmi 'IeCTB H3Bne'leHHe 

B BMBnbrBMY 6y.neT 38BHC8Tb OT HHT9HCHBHOCTH rrepeM8WHB8HHH. 

BbiBOAbi 

1. AManbraMa HaTpHsr 113 aueTaTHbiX 6y<j>epHbiX pacTaopoa KonH'IeCTBeHHO ueMeHTIIpyeT 

p8JlH08KTH6Hbl8 H30TOITbl nerKHX p ,3 8 . 1 oT 

HOCHTens:r. 

La uo Eu) H Yb B COCT051HHH 1 CB060UHOM OT 

II , Ha cTenellb ueMeHTaUHH nerKHX naHTaHHAOB, He HMeiOLUHX ycToli'IHaoro uayxaaneHT-

HOrO COCT051HHSI, OTpHU8T9nbHO BnHSI9T yaenHt{9HH9 KOHU9HTp8UHH NaCI B paCTBOpe , 

Ill • 3neMeHTbl, KOTOpbie He UeMeHTHpyiOTCSI B M8KpOKOnH'!eCTB8X, He UeMeHTHpyiOTCSI 

H B MHKpOKOnHqeCTBBX. 

IV , BecOMbie KOnH'!ecTaa HeueMeHTHPYIOlUHXCSI sneMeHTOB nouaansnoT ueMeHTaUHIO 

ynbTp8M8nbiX KOnH'IeCTB nerKHX naHT8HHAOB If HTTepOHSI, 

~~aTypa 

1, H .N.McCoy. J.Am. Chern. Soc., g 6, 1622 ( 1941 ). 

2 , J . K .!VIa.rsh. J . Chem. Soc., 6, 398 ( 1942 ). 

3 . J.K.!VIa.rsh . J .Chern. Soc., 8 1 523 ( 1942) 

4 , J . K .!VIa.rsh. J.Chern •. Soc., 1 , 8 ( 1943) . 

5 . J.K.!VIa.rsh. J . Chern. Soc., 8, 531 ( 1943) . 

6. M . r .CaiOH, K.X . Uapeaa. )K ,H.X., 1., 2, 227 ( 1962). 

7, M.F.Barrett, D .Sweasey, N,E,Topp. 

8 , M .F.Barrett, D.Sweasey, N.E.Topp. 

J,lnorg. Nucl. Chern., ~ 5 , 571 (1962) . 

J,lno~g. Nucl. Chern., 23, 10, 1273 ( 1963 ) . 

9, B.TI . lllaeuoa, <l>y Yl - f5ell. PaunoxHMHsr, 1, 4 , 451 (1962), 

10 . B.TI.lllaeuoa, <l>y Yl - f5eli . PaAIIOXHMHsr, 1, 4 , 457 ( 1962 ). 

II . B . TI . lllaeuoa, n.r.AHTOHOB. PauHOXHMHSI, Q., 3, 342 (1963) . 
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12 . BaH '-l yaH- m>Hb , K.H . rpoMOB, :X . )i(enes , B.B.Ky3Heuos, Ma X o VIK, L My3110Jlb , 
A.<I> .Hosropon os , Xai!b Wy- x< yHb , B.A.XanKHH. VI3BCCTHst AH CCCP, cep.<jJH3,, g§, 

2 , 252 ( 1964). 

13 . M.Vobesky, A ,Mastalka . Collection Czechoslov, Chem, Commun. 3£, 4, 709 ( 1963 ). 

14, W, Nodda ck, A ,Brukl, z . Ang ew, Chem,, !2_0, 20, 362 ( 1937 ). 

15. C . R ,Ecti, G ,Glockler, 0J,Am, C h em, Soc,, JQ, 4 , 1344 ( 1948) . 

16 . A ,Purushottam, B , l-!,S,V,Ragha va Rao,, Analyt, Chem, Acta,, ~ 6, 501 ( 1955), 

17. P,G,l-lansen. J,lnorg , Nucl, Chem., ~ 1/2 30 ( 1959 ) , 

18. P . G , l-la nsen, J . Inorg , Nucl, Chem,, !._L 3 / 4, 232 ( 1961) . 

PyKOITHCb ITOCTYITHJ18 B H3UBTeilbCKHA OTuen 
7 S!HB8pst 1965 r. 
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T a 6 n u u a I 

3aSHCHMOCTb C TeTieHH U9M9HT8UHH lfTTep6HH 693 H~lHTen H OT CyMM8pHOfi KOHU9HTp8Utnt 

8U9T8T8 

CyMM8pH8SI 

KOHU9HTp8-

pH ucxoauoro pacTaopa 

uug aueTaTa, 2 .8 3 .85 4 ,32 
M pH p- pa CTeneHb pH p- pa CTeneHb pH p-pa CTeneHb 

nocne ue- ueMeH-

M9HT 8UH H T 8UHB 1 % 

nocne ue- ueMeHTa- nocne ue- ueMeHTa-
MeHT auun UUH 1 % M9HT8UHH UHH , % 

0,1 !0,5 95 

0,2 7,1 97 

0,4 6,9 97 

0,6 6,6 96 

0,7 6,0 96 

o,e 5,6 26 

0,9 5,1 0, 5 

1,0 
1,2 
1, J 
1,5 

10,4 94 
8, 0 96 
7,4 98 

10,5 94 
7, 15 95 
6,45 95 
7,0 98 

6, 25 95 
5,85 46 
5,4 0,2 

6,45 97 

6,15 94 
5,85 J4 
5,7 2,4 
5,5 0, 6 

x) AManbraMa uaTpHst - 0,56%, o6oeM aMaJihraMbi RBTpHSI - 2 Mil, o6oeM 
p8CTB0p8 - 1 Q M 11

1 
nepeM9WHB8HH9 6ap60THpOB8HU9M 830T 8 1 apeMSJ 

nepeMemnaauns:~ - 2 MHHYTbt. 

T a 6 n u u a 2 

3asHCBMOCTb CT9TI9HH U9M9HT8UDU HTT ep6HSJ1 9~0TIHH D C8M8pHS1 OT CyMM8pBOA KOHU9H

Tp8UBB 8U9T8T- HOR8 

Yb Eu Sm 
C yMMap-
H8 Sl KORll9H- pH C TeneHh C TeneHh pH p-pa CTeneHb 

p-pa pH p- pa 
Tp8U BH ane- nocn e ne- neMeH- nocne ne- ueMeH- nocne ne- U9M9HT8-

TBT B, M 
M9BT8UHH Tanuu ,% M98T8 JIHH TBUHH,% M9HT8IlHH UHH , % 

0,40 6,51 97 6,J6 98 6,4 98 

0,50 6,2J 98 6,J4 97 6,1 96 

0, 60 5,72 96 5,81 98 5,6J 97 

0, 65 5,75 97 5,65 96 5,71 98 

0,70 5, 62 74 5,61 84 5,58 98 

0,75 5, J8 JJ 5,2J 48 5, 20 88 

0,80 5, 16 2,6 5, 10 9 5,II 52 

0,85 5,IJ 0,2J 5,II 2, 2 5,0 6 

0, 90 4,85 1, 2 4, 9J 2,4 

0, 95 
4,81 1, J 

x ) pH HC:XOllHOf'O paCTBOp8 - 2,8, 06'beM paCTBOpa - ] 0 Mil , BMBilbf'BMB 

HBT pHSl - 0,53%, 06'b9M 8M81lbf'8Mbl HBTpHSl - 2 M ll 1 nep9M9WHB8HB9 

6ap6oTupoBaHBeM a aOTa , apeM.B nepeMewuaaun g - 2 M HHYTbl. 
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Ko .. · ........ 
palUIS. 

M 

0,1 
0,3 
0,5 
I , O 
1, 5 

0 2, 0 
2, 5 
3, 0 
3,5 
4, 0 

x) 

:: 

\ 

T a6nuna 4 

3 B.B IICHMOC'I"b CTQnQHH D.8 M 8HT8UHH uepHH1 npB380Ll H M 8 1 H-3 0 Ll H M 8 1 r a.a.on HHH:, eBpODHS1 1 C 8 M8pHH B H TTep6 HH 

OT KOHU8HT p8UH H XnopHCTOr O H8TpBH 

c. Pr Nd Sm Eu Gd Yb 

pH p-pa c.,... pH p-pa C T9- pH p-pa CTe- pH p-pa C T eneRh pH p-pa CTa- pH p-pa C Te- pH p-pa 
nocne a .. ll8tllt nocae U"llb n o cmi nea& nocne ueM es- n o c n e neHb nocn e neHh nocn e 

MQBTAJUlJI ... ...-.. 
-·~ 

neMeH- ue M ea- ne M ea- U8Me.H- T 8 UHH 1 n e Mea- Ue M eB- neMea- n eMeH- neM ea-,,._, - T81Ull:l 1 T 8D.Hll T8UHH 1 TB.UH H % TBUHH T B UHH , TB.UHH T8U HH 1 T8n.HH 

% % % ~0 % 

6,II 94 6, 23 93 6, 15 95 6, 28 95 6, II 95 6, 18 54 6, 19 
5, 45 90 5,60 93 
5, 61 88 5,73 92 5,78 86 5, 66 95 5,87 95 5, 55 II 5, 63 
5, 5 81 5, 49 90 5, 63 77 5, 49 97 5;51 98 5,50 6, 5 5, 60 
5, 23 7I 5,~0 80 5,33 51 5, 37 95 5, 30 95 5, 27 I ,B 5, 43 
5,-56 65 5, 35 75 5, 41 43 5, 43 97 5, 35 97 5,38 0, 8 5,38 
5,31 56 5, 38 52 5,35 26 5, 35 97 5, 38 98 5,40 
5, 12 48 5, 25 45 5, 28 14 5, 28 98 5,30 99 5, 25 
5, 15 41 5,18 25 5, 10 II 5,10 96 5, 16 96 5, 18 
5, 10 .34 5,(1.5 16 5, 12 7,5 5, 14 97 5' IJ7 97 5, 20 

pH HCXOQH OrO p8C'PB0 p8 - 8,85, 0 6 'b8M paCTBOpa - 10 Mn, 06'beM 8 M BnbrB. Mb1 HB. TpHSI - 2 Mn , CYMM8pH8H K OHJl8 HTp8UHSI 

.a.Jt8T4'1'8 - 0,25 M, X:OJI.Q811Tp8 llHSI 8 M 81lbr B.Mbl H B.T p H SI - 0,33%, nepf)M 8 WH B8HHe M 8X8HH'l9CKOA M8WB.n KOJl , Bp eM H nepeMe WH -

B8MB51 - 4 MIIII)'Tbl, 

. 
~ 
~ 
~ 

~ 
~ 
~ 
~ 
....... 
::t 
(l,j 

t 
Cb 

~ 

100 

~ 
90 

(30 

70 

60 

so 
• 

1,0 

I 2 J 
JO 

20 

/0 

0 o;-C~o~.2--~D.~A--~o~. 6~~o.~.8~~,~.o---L~.2~~~.~.,~-~.~.6---J.~.B---2~.o----'fMMapHag KOHL(ewrpaquR crqerara H. 
Pnc. J. 3anHCHMOCTb C T 9ll9HH U9M9HTBUHH HTTepoHli 5e3 HOCHT 9 llli 0,56 % - Holf BMBnbrBMOll 

HBTpllli OT CyMMBpHOll KOHU9HTp8UHH aneTaTa Ullli paCTBOpOB c paanHqHhlMH aaaqe-

HHliMH pH : I - pH =2,2 8; 2 -pH Q3,85; 3 - pH = 4,32 . 

05'b9M BM8llbrBMhl - 2 Mn; 05'beM paCTBOpa - 10 Mll , 

THp0BaHH9M 830T 8; Bp9Mli nepeM9111H BBHHli - 2 MHHYThl, 

COOT B9TC_TBYIOIIIH9 9KBHBBll9HTHb!M KOllHqeCT BBM N a0 

ll9M9HTBU HeA. 

DepeM9111HBBHH9 5ap5o

CTp9llKBMH OTMeqeHhi ToqxH, 

H HAcet B cncTeMe nepeu 

C Ten e Bb 

neMell-

TBUHII, 

% 

96 

97 
96 
97 
96 
97 
97 
97 
97 

,. 
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Puc, 2. B peMeuaaa aasucuMOCTb neMeUTaiUUI uTTep6BH 6ea aocaTeng, Ha'Ianbaoe pH -4,32; 

tJO 

70 

60 

50 

40 

JO 

20 

10 

0 
a' 

I[ Acet] . -<l,4 M; o6'beM pacTsopa -10 MBnnanaTpos; z;oBileHTpanBH aManbraMw BaT"" 
pug - 0,56%; o6'beM aManbraMw aaTpBH - 2 Mn; nepeMewasaaue 6ap6oTaposaHBeM 
aaoTa. 

,, ., . 
,, 

!_ 
•' f' 

0.5 1.0 
KoHu.eHrpau.uR 

., 

J 

~ .2 

~I 
10.0 20.0 
MZ.jM/1. 

Puc, 3, 3aBHCIIMOCTb cTeneHB ueMe HTauuu 6eaoTuocuTenbBhiX naaTaHHL!OB OT KoaueuTpauiiB 
aeueMeHTHpy!OWBXCH p.3 , 3, ( Tep6aSI). 1 - aeonBM, 2 - u epuil , 3- eaponull , Haqanb
aoe pH =3,85; I[ Acetl • - 0,4 M ; o6'bGM pacTsopa-10 Mannum!Tpoa; KOHUeHTpauu SI 
8M8nbr8Mbl H8TpBH - 0,5% ; 06'b9M 8M8nbr8MW - 2 Mn; nep9M9WBB8HH9 6ap6oTBpC>

B8HH9M aaoTa; speMSI nepeMeWHBSHUH - 2 MUHYThi , 

1.' 


