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3$$eKT Cunnnapna-4anMepca BO $TanounaHnHaX paHee Y*e ncnonb30-

Bancn B·paAHOXHMHH! AnR nony~eHHR paAHOH30TOllOB 1 o6pa30B8BllillXCR B 

peaKUHH (n; Y) 
1 

nnn 6hiCTporo BhiAeneHHR KopoTKO*HBymnx nnep n nnn 

pa3AeneHHR gnepHbiX · H30M9p0Bo 

TipoAyKThl gnepHblX npeBpaiUBHHH OTAennnHCb npll nepeoca*A9HHH KOMll-

. /1 2 3 4/. . 
neKca H3 H 2 SO 4 1 1 1 nnn npn aKCTpaKUHH R3 pacTBopa KOMnneKca 

/5/ 
B XHHOnHH9 

3_KCTpaKUHOHHhiH M9TOA 6onee yno6eH 1 ecnn $TanoUH8HHHOBhlH KOMll-
: . 

neKc' npn nepeoca*AeHHH H3 H2SO 4 ~acTH~Ho pa3naraeTcSI nnn ecnn. HY*-

HO llOBTOpRTb pa3AeneHH9 MHOI'O pa3, llnSI nccneAOBaHHR KOpOTKO*HBYIUHX 

SIA9p C nepHOAOM 'nonypacnana 1 MHH STH M9TOAbl H9 npHI'OAHhl, 

' 
Stenstr"Om 

ll09TOMY npeAnO*HnH M9TOA 6hiCTpOI'O ll }lenpe-·.n Jung 

Pl>IBHoro BhiAeneHHSI KopoTKO*HBymnx no~ep~nx npoAyKTOB H3 $Tanou~aHu-· 
/5/ HOBhiX KOMnneKCQB . Ha KOnOHK9, Tipn aTOM ~epe3 KOnOHKY CO CTeKnRH-

HOH BaT.oit .. $HnbTpyeTCSI MenKOKpllCTannir>'JeCKHH OC8AOK;· o6pa30B8BlliHHCSI 

, ' lloqepHH9 npOAYKThl Bh!Mb!B8-
npn nepeoca:iKAeHHH KOMnneKca 113 H 280 4 

IOTCSI Henpeph!BHO H3 KOnOHKH C noMO!llblO . KOMnneKcioo6pa30BaTeng,' 0AH8-

KO npH ·RCnOnb30B8HHil STOI'O M9TOA8. Bh!XOA npOAYKTOB Man H3-38 Bhl-
/4 6/ . ' 

COKOH peTeHUHH B KpHCTannll~9CKHX MaTepnanaX 
1 

H H3-38 M9An9HH0-
/1/ 

I'O nepeXOAa npOAYKTOB H3 TB9pAOH $a3bl B paCTBOp 
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CneuHanbHO .nnSI Hccne.noBaHHSI KopoTKO:>_KHBYIIlHX SI.llep Mbi pa3pa6oTanH 

SKCTpaKilHOHHbiti: MeTO.ll Ha KOn.OHKe C HCnOnb30BaHHeM CHnHKarenSI. HnH !jJTo

ponnacTa B xaqecTBe HOCHTenSI pacTBopa KOMnnexca B opraaHqecKOM pacT

BOpHTene. TaKaSI TeXHHKa o6bxqao npHMeHSieTCSI B pacnpe.nenHTenbHOti: xpo~ 

MaTorpa!jJHH. 

Bo3MO~HOCT~ npHMeHeHHSI TaKoro sxcTpaKilHOHHo-xpoMaTorpa!jJHqecxo-

~0 MeTO.lla B pa.ll~XHMHH KOpOTKO~HBYIIlHX H30TOnOB onpe.nenSieTCSI BpeMe

HeM, He06XO.llHMbiM .nns:r CHHTe3a KOMnneKca. 0nTHM8nbHbiM SIBnSieTCSI npH 

STOM MeTO.ll CHHTe38 1 n03BOnSIIOII1Hti: BKniOqHTb . B KOM;llneKC H30TOnbi B npH-:' 

CyTCTBHH MHHHManbHOI"O KOnHqeCTBa HOCHTenSI 6biCTpO H C 6onbll1HM BbiXO-

.llOM • 

Hccne.noBaHHSI no KHHeTHKe o6pa3oBaHHSI ¢TanouHaHHHOBbiX KOMnnexcoB 

.llO CHX nop B nHTepaType He· onHCaHblo B HaCTOSIIIleti: pa66Te Mbl H3yqHnH . 

ycnOBHSI 6biCTpOI"O . MHKpOCHHTe3a !jJTanOilH8HHHOB1 nonyqeHHSI KOnOHOK C !jJTa-

nouHaHHHaMH Ha CHnHKarene H npHMeHeHHSI STHX KOnOHOK .llnSI OT.lleneHHSI 

KOpOTKO~HBYIIlHX .noqepHHX npo.nyKTOB. 

H amH onbiTbi Mbi npoBO.llHnH aa npHMepe !jJTanouHaij:HHOB p.3.s., Tax 

K8K 6biCTpbie MeTO.llbl 'pa3.lleneHHSI TaKHX sneMeHTOB Bbl3biBaiOT OC06biti: 

HHT~pec. 

3KcnepHMeHTanbHas:I qaCTb 

P e a K T H B bi. XnopH.llbl p.3.s. 1 HCnOnb30BaHHble B KaqecTBe HOCHTenSI, 

co.nep~anH MeHbme 0,5% npHMecH .npyrHx p.3.'s. O-¢Tano.nHHH~pHn ( Texa •• 

FI uk a ) npHMeHSincst 6e3 oqHCTKH. KaK MaTepHan - HOCHTenb pacTBopa 

KOMnneKca Hcnonb30BancSI rH.npo¢o6H3HpoBaHHbiil: CHnHKa.renb KGK 2 c 

pa3MepOM 3epeH 0,05-0,07 MMo Bee OCTanbHbie .peaKTHBbl HMeliH KBanH!jJH-

KallHIO q • .n.a. 

4 

·Pa.nHoaKTHBHbie HH.llHKaTopbi~ H3c 

o6nyq~:lHHH Ta- HnH Er -MHIIleHH npoToHaMH c 

XpOilHKnOTpOHe OHf!H B ny6ae~ 

Onpe.neneHHe Bbixo.na CHHTe3a. 

HarpeBanacb c xanneil: pacTBopa HH.llHKaTopa H 
. ) 

HOCHTenSI B Macns:rHOH 6aHe. ilonyqeHHbiH TeMH< 

pSinCSI B CMeCH 6 Mn XHHOnHH+:;j!jlHp ( 1! 1) • He : 

p.3.s. OTMbiBanacb 3 pa3a · 10 Mn 5%-aoro. pac· 

aKTHBHOCTb paCTBOpa KOMnneKCa_ CpaBHHBanaCb 

·ilCT-100 co CilHHTHnnSIUHOHHbiM cqeTqHKOM. P . 

cocTaBnSin npH 10 onpe.neneHHHX ~ 7,1 %. 

CpaBHeHHe pa3HbiX MeTO.llOB pa< 

Bop a pa.nHoaKTHBHbiX N d H Sm 6e3 HOCHTenSI 

0,5 . MI" HOCHTenSI If 50 MI" ·O~!jJTanO.llHHHTpHn~ 5 

ilonyqeHHbie TeMH0-3eneHbie npo.nyKTbi paCTBOJ: 
·, . 

XHHOnHHa H HCITOnb30BanHCb .llnSI OITHCaHHhlX HH 
' . ' 

a) 3KCTpaKilHSI. AnHKBOTHaSI qacTb pa 

B OTHOIIleHHH 1:1, nepenHBanaCb B SKCTpaKTOp 

pa3 paCTBOpOM 1% _EDTA ( HaCbiiileHHbiM s!jJHpOl 
. . 

CHH . .llOqepHHe npO.llYKThl SKCTpai"HpOBanHCb paC 

6) MeTo.n Stenstrom H Jung • I< 

noTe Me.nneHHO H npH HHTeHCHBHOM nepeMelllHB 

!jJTan.ouHaHHHOBOI"O KOMnneKCa B XHH_onHHe. iloc 

nyqaeTCSI KOMnneKC. B BH.lle. ,MenKOKpHCTannHqec 

TpyeTCSI qep~3 KOnOHKy CO CTeKnSIHHOfi BaTOfi 

KonoaKa TIIlaTeiJbHO npoMbiBaeTCSI paCTBopoM 

snroHpyroTCSI .noHepHHe ITP.O.llYKTbi nocn.e HaKonn• 

B) 3KCTp ~KilHOHHO-XpOMaTOI"pa!jl . . . . ~ ' .. 

ayro·qacTb paCTBOpa KOMnneKCa B.XHHOnHHe Kl 
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g KopoTKO*HBymnx gAep Mbi paapa6oTann 

c ncnonbaoaaaneM cnnnKareng_nnn ~To

KOMnneKca B opraanqecKOM pacT-

xpo~ 

SKCTpaKUHOHHO-XpOMaTorpa~nqecK~ 

naoTonoa onpeaengeTcg apeMe- , 

··' OnTnManbHbiM gangeTcg npn 

BKnJOqHTb B KOMnneKC H30TOllbl B npn-:-

HOCHTeng 6biCTpO H C 6onbWHM BbiXO-

a30B8HHSI ~TanOUHaHHHOBbiX KOMnneKCOB 

aacTOSIWeii pa6oTe Mbi nayqnnn . 

nonyqeang KonoaoK c ~Ta-

STHX KOnOHOK AnSI OTAeneang 

~TanounaijHHOB p.a.a., TaK 

TaKHX aneMeHTOB Bbl3biBaiOT OC06blfi 

, HCllOnb30BaHHble B KaqeCTBe HOCHTeliSI1 

apyrnx p.a.'a. 0-~TanoanHHTpHn ( Texa •• 

• KaK MaTepnan - HOCHTenb pacTaopa 

toH3HPOBaHHbiil: CHnHKareilb KCK 2 c 

OCTanbHble peaKTHBbl HMenn KBann~H-

4/ 

. I 

·P a an oaKT na Hbi e H HA H KaT opbi. l1soTonbi p.3.a. nonyqanncb npn 

o6nyqeHHH Ta- nnn Er -MnweHH npoToaaMn c aHeprneii 660 Maa ·Ha cna

xpounKnoTpoHe OH~H B ,Uy6ae~ 

On p eAe n e HH e a biX oa a c n H Tea a. HaaecKa o-~TanoaHHHTpnna 

aarpeaanacb c Kanne·n pacTaopa naanKaTopa H onpeAeneHHbiM KonttqecTBOM 

HOCHTenst B MaCnstHOfi 6aae. IlonyqeHHblfi TeMH0-3eneHblfi npoayKT paCTBO

pgnCSI B CMeCH 6 Mn XHHOnHH+a.~Hp ( 1:1} • He BKnroqeaaag B KOMnneKC A On a 

p.a.a. OTMbiBanacb 3 paaa ·tO Mn 5%-aoro pacTaopa aueTaTa - Na .. Paano

aKTHBHOCTb paCTBOpa KOMnneKCa CpaBHHBanaCb C STanOHOM Ha npn6ope 

·ITCT-100 CO CUHHTHnliRUHOHHblM cqeTqHKOM. Paa6p()C 3Haqeanii BbiXoaa 

cocTaanstn npH 10 onpeaeneHnstx : 7,1 %. 

Cpa a He H He p a 3 H bi x MeT o a o B p a 3 A en e H n st. 2-3 Kannn pacT-

aopa pannoaKTHBHbiX N d H Sm 6e3 HOCHTenst aarpeaanncb BMeCTe. c 
' . 0 

0,5 Mr HOCHTenst H 50 Mr ·O-:~TanoaHHHTpnna 5 MHH ao TeMnepaTypbl 298 C. 

ITonyqeHHbie TeMHo-aeneHbie npoayKThl pacTaopstnHCb a 10 Mn. ropstqero 

XHHOnHHa H HCllOnb30BanHCb anSI OllHCaHHbiX HH*e MeToaoB paaaeneHHR. . . 

a} 3 K c T p a K u H st. AnHKBOTHast qacTb pacTaopa paa6aanstnacb · a~HpOM 

B OTHOWeHHH } :1, nepennaanaCb B SKCTpaKTOp H npOMbiBanaCb HeCKOnbKO 

pas pacTaopoM 1% EDTA (aacbxweHHbiM a~npoM}. HaxonstmHecst a paaaoae

CHH aoqepane nponyKTbi aKcTparnpoaanH<::b pacTaopoM 1% EoTA • 

6} MeTon Stenstr'om n Jung • K pa36aaneaaoii~ cepaoii KHC-

noTe MenneHHO H npH HHTeHCHBHOM nepeMeWHB8HHH npH6aanstnH paCTBOp' . . . . 

~Tan.OUHaHHHOBOrO KOMnneKCa B XHHOnHHe. f1ocne paCTBOpeHHSI XHHOnHH8 no-

nyqaeTCSI KOMnneKc B anne MenKoKpHCTannHqecKoro .ocanKa, KOTOpb~ii ~Hnb ... 
'· . . ' . ' .~ 

TpyeTCSI qep~3 KOnOHKy CO CTeKnSIHHOfi BaTOfi (BbiCOTa .... 10 MM1 .c/J =10MM} • 

KonoHKa TwaTenbHO npoMhiBaeTcg pacTaopoM 1% EDTA n 5 Mn 1% EDTA . 

anronpyroTcst Amtepane npoayKTbi nocne aaKonneanst. 

a} 3KcTp ~Kunoaao-xpoMaTorpa~nqecKnii MeToA. AnHKBOT-
. .. , ' . . . ·. . . 

HyiO·qaCTb paCTBOpa KOMnneKCa B.XHHOnHHe KanaiOT Ha CHnHKarenb. Ilocne 
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xopomero nepeMelliHBaH!HI nony_'laeTCSI npH HaHeceHHH 0,5 Mnlrp cyxoil: 

3eneHhiil: nopomoK, KOTOphiil: MO)KHO CMemaTh c paCTBopoM 1% EDTA H,. Ta

KHM o6pa30M, nepeBeCTH Ha KOnOHKy, KonOHKa (BhiCOTa 10 MM, d =7,5MM) 

npOMhiBanacb 30 Mn 1% EDTA 

1% EDTA. 

, noqepHH9• npO.llYKThl sniOHpOBanHCh 5 Mn 

... 
Pe3ynoTaThi H o6cy*.lleHHe. 

1, C H H T e 3 tP Tan 0 U H a H H H 0 B p·,3,S, 

B nHTepaType o6 o6pa3oBaHHH !lJTanouHaHHHOB p,3,s,, no'!Tlf HeT .llaH

HhiX' 0 CKOpOCTH H Bh!XO.lle CHHT93a, ci>TanHUlfaHHHOBhle KOMIIneKChl p,3,S, 

nony~aiOTCSI B pacnna~aX XnOpH.llOB, !lJopM!iaTOB !fnlf aueTaTOB p,3,S, C 

0 /3 6t-13/ 
o-!lJTanO.lllfHHTplfnOM IlpH TeMnepaTypaX 250-320 C B Te<JeH!fe 30-60 MHH ' , 

/12 13/ 
IlpH STOM o6pa3yeTCSI CMeCb 1:1 H 1:2 -KOMnneKCa ' • nnSI OhiCTporo 

CHHTe3a KOMIIneKca· Er lWH Ho 1,5 r o-!lJTanci.llHHHTpHna c HeCKOnhKHMH 

.ll9CSITKaMH. MHnnHrpaMMOB sneMeHTa H HOCHTenSI HarpeBanH B Te<JeHHe 

2 MHH 
/5/ 

B STOH paooTe Mhl HCCne.llOBanH Oopa30BaHHe tPTanOUHaHHHOB BCeX 

p,3,S, H3 0-!lJTanO.llHHHTpHna H XnOpH.llOB p,3,S, B 3aBHCHMOCTH OT TeMnepa

TYPhi, H30hiTKa o-!lJTanO.llHHHTpHna H BpeMeHH CHHTe3a. naHHhifi H8MH Bh!XO.ll 

SIBnSieTCSI CyMMOH BhiXO.llOB 1:1 H '1 :2 - KOMrrneKCOB, . 

B TaonHue 1 npHBe.lleHhi BhiXO.llhi npH TeMnepaTypax peaKUHH 256,277, 

298 H 318°C. 

J13 TaonHUhl 1 BH.llHO, 'ITO CKOpOCTb oopa30B8HHSI !lJTanOUHaHHHOB 

p,3,s. pacTeT B pSI.llY oT Ce •K Lu . H c noBhiWeHHe~ ·Te.MnepaTyphi peaK-
. . 

UHII. 3neMeHThi Ce -rpynnhi ·HMeiOT TOnhKO He3Ha'IHTenhHYIO _ cKnOHHOCTb 
0 . . . 

K o6pa30BaHHIO tPTanouHaHHHOB, flpH 298 C B03MO)KH0 nepeBeCTH p,3,S, C 

Z~62 B Te<JeHHe 5 MHH c BhiXO.llOM 70-100% BO !lJTanouHaHHHhi, Ila.lleHHe 

BhiXO.lla IlpH TeMnepaTypaX > 300°C Oo'hRCHSleTCSl UOTe~eil: o-!lJTa~O.llHHHTpHna 

6 

.I 

i 
·i 

.! 

I 

I 
~I ( 

I 
I 

. /14/ 
BO. BpeMSI peaKUHH · ' , nng ObiCTpOI'C 

UHaHHHOBhie KOMnneKChi ·Her f · peKOM~ 

nax, 

Ta6nliua 

' ' ·. 3aBHC!iMOCTb BhiXOLta 0 

(ycnOBHSI: 5MHH, 50 MI' tPTanOJ] 

3JieMeHT. 
BblXO,Jt 

256~C 277°C 

La !,6 .t! 
Ce !,2 5,3. 
Pr 2,2 8,7 

Nd . 2, 7 5,6 
Prn 6,! !4,3 
5n 9;9 39,8 
Eu 7,8 44,~ 

Gd !2,3 35,-0 
Th 23,9 54,4 
Dy 29,5 64,9 
Ho 20,2 64,7 
Er ' 2!,! 59,7 
-'rrn 34,8 66,0 
_)'!l 29,3 ·72,8 
Lu 39,0 77,0 

xl . 
TeMnepaTypa KopperHpOBaHa • 

. • 



Mnlrp cyxoii 

o cMemaTb c pacTsopoM 1% EDTA H,. Ta

• KonoHKa (sbiCOTa 10 MM, cJ =7,5MM) 

noqepHH9• npO.llYKTbl SniORpOBanHCb 5 Mn 

_,l 

p.a.a. 

4JTanOUHaHHHOB p.a.a •. ITO"'TII H9T ,llaH

cl>TanHUH8HHHOBbie KOMITneKCbl p.a.a. 

4JopMH8TOB Hnii aueTaTOB p.a.a. C 
0 /3 6t-13/ 

TypaX 250-320 C B T9"19H!Ie 30-60 MHH 
1 

• 

/12 13/ 
H 1:2 -KOMnneKCa I • nnSI 6biCTporo 

1,5 I' o-4JTanO,llHHHTpHna C HeCKOnbKIIMH 

MeHTa H HOCHTenSI HarpesanH B T9"19HHe 

o6paaosaHHe . .PTanounaHHHOB scex 

naHHbifi HaMH Bb!XO.ll 

- KOMITneKCOB. 

npH TeMnepaTypax peaKUHH 256,277, 

CKOpOCTb o6pa30BaHHSI 4JTanOUH8HHHOB 

Lu . H c nosbiilleHHeM · Te.MnepaTypbi peaK

T TOnbKO H93H8"'HTenbHYID.CKnOHHOCTb 

n 0 . 
PH 298 C soaMO)I{HO nepesecTH p.a.a. c 

70-100% BO 4JTanOUH8HHHbi. lla.OeHH9 

o6~RCHSieTCSI UOTepefi o-4JTa~O.llHHHTpHna 

"/ 

6 

l· 
; 1 

1 .I ( 

~.•; 

/14/ · so· speMSI peaKUHH • nnSI 6biCTpOI'O BKniD"l9HHSI nerKHX p.a.a. BO 4JTano-

' 0 
UH8HHH0Bble KOMnneKCbi .. Her i. peKOM9H.OyeT CHHT93 . npH 320 C B aMny-. 

nax. 

Ta6nnua 1 
. x/ 

3aBHCKMOCTb Bb!XO.da 0~ TeMnepaTypbl 

(ycnOBHSI! 5MHH
1 

50 MI' 4JTanO.llHHHTpHna, 0,5 MI' HOCHTenSI) 

3JieMeHT. 
BlllXOA (~) 

256~C 277°C 298°C 3I8°C 

La I,6 <ti <I <I 
Ce I,2 5,3 IO,I . 4,I 
Pr 2,2 8,7 I9,_5 I3,4 

Nd . 2, 7 5,6 I3,I I0,4 

Pm 6,I I4,3 47,3 2!,4 
f:m 9,9 39,8 70,5 I8,5 

Eu 7,8 44,5 84,5 23,4 

Gd I2,3 35,0 87,9 26,8' 
Tb 23,9 54,4 95,0 43,2 

Dy 29,5 64,9 93,2 .. 58,0 

Ho 20,2 64,7 94;0 24,5 

Er . 2I,I 59,7 . 97,7 28,4. 

-1'm 34,8 66,0 95,3 49,6 

)'!> 29,3 ·72,8 IOO 28,7 

Lu 39,0 77,0 99,7 54,3 . 
-
x/ TeMnepaTypa KoppernposaHa. 

1 



Ha npiiMepe Yb II Ce Mbi -II3y'lanii BniiSIHIIe II36biTKa 0-(jlTano.QIIHII

TpHna. Ha BbiXOJl. PeaynbTBTbi npiiBeJleHbi B Ta6n1Iue 2. 

H 

I 

2 

3 

4 

5, 

6*) 

Ta6n1Iua 2 

3aBIICIIMOCTb Bb!X0Jl8 OT II36biTKa O-{jlTanOJliiHIITpiina 

(yc1IOBIISI: 5 MIIH1 298°C, 0,5 MI' ·HOCIITenst) 

0-!l>Ta.nO~HHHTpH.n BhlXO,It (%) 
(Mr 

Yb Ce 

25 97,9 !,25 

50 IOO IO,I 

roo 96,5 7,35 

!75 97,4 7,9 

250 96,5 8,4 

50 !9~2 !0,2 

x/ . 
Bea HOCIITenst. 

.fiaHHble Ta6nHUbl 2 ITOK83biB8J<?T1 'ITO 50 MI' o-{jlTanOJliiHIITpiina JlOCTa

TO'IH01 'IT06bi p.a.a. 6ea HOCIITenst, nony'laiOIUIIeCSI nocne xpoMaTorpa(jlii'lec:

Koro paa.QeneHIISI npo~yKTOB .rny6o~OI'O pacruenneHIISI1 B npHCYTCTBIIII 0,5MI' 

HOCIITenSI nepeBeCTII BO {jlTanOUIIBHIIHOBhlH KOMnnexc.50 ~I' 0-{jlTanOJliiHIITpii

na COOTBeTCTBYIOT npii Jl06aaneHIIII 0,5 MI' HOCHTenSI 25-xpaTHOMY II36biTKy 

a cnyqae o6paaosaHIISI 1:1 - xoMnnexca. PexoMeH.QyeTCSI npii6asneHHe Hec

xonbKIIX JleCSITblX MIInniii'paMMa HOCIITenSI .JlnSI TOI'0 0 'IT06bl IICKniO'IIITb noTe

pH 3a C'leT COp6UIIH Ha CTeKne II BBeCTH aHIIOHbl B CIICTeMy. 

8 

i, 
.li 

Ha npiiMepe Yb H Ce II3y'lanocb E 

0 0 
XOJl npii TeMnepaTypax 277 C H 298 C. l 

· JlnSI Yb • 06paaosaHIIe (jlTanoUIIBHIIHOB p, 

npii HCITOnb30BaHIIII II36hlTKa o-{jlTanOJliiHII 

pHJlKa. ITony'l_eHHbie rpa(jlli:qecKHM MeTOJlOJ 
) 

peaKUIIH cocTasnstiOT Jlnst Yb 0,74 MIIH (: 
. c 

Ce nony'laniiCb , T ~ - 191. MIIH, (277 

H JlaHHbie Ta6niiUbl 1, YK83biBaeT Ha 6om: 

30BaHHSI_{jlTanOUH8HHHOBhlX K~nneKCOB B 

' 0 
ITOKa3biBaeT, 'ITO npH 298 C ITOCne 3 MHE 

neKc. 

B peaynbTaTe HBlllHX onbiTOB MO)KHC 

6hiCTporo MHKpOCHHTeaa (jlTanoUIIBHHHOB p 

II3 XpOMaTOI'pa{jlH'l8CKOH KOnOHKH, HarpeBE 

Teng H 50 MI' o-{jlTanOJlHH!ITpHna·3-5 MH 

6biCTpO paCTBOpSieTCSI B 0,25 Mn I'OpS1'18I' 

COOTBeTCTByeT Tpe6psaHHSIM MHKp~CHHTe3 

IT03BOnSieT nony'IBTb KOnOHKII C ManeHbKII: 

2 • IT 0 n y 'I e H II e II B 0 3. M 0 )!{ H 0 C 

c (jlTanounaHIIHBMH p.a.a. 

ITpii nepeMelllHBalmii CIInHKarenst c I 

neKCOB B XHHOnHHe no~yqaeTCSI llpH HaHeC 

pOlllOK, cycneH3HSI KOTOpOI'O B, BO.Qe Hll!I 1 

KonoHKa npoMbiBaeTcSI HeCKOnbKur.:m cso61 

TOI'O 0 · 'IT06b! OT.QenHTb He BKniO'l8HHble B 

I'O I'OTOBa K pa60T~. 8peMSI0 KOTOpoe TpE 

KH nocne Ha'lana CHHTeaa, cocTasnsteT 8-

9 



.-

Ce_ Mhi II3y'!anii BniiSIHIIe II36hiTKa 0-!f!TanoAIIHII

TaThi ITp1IB9A9Hbl B Ta6n1IU9 2. 

Ta6nHua 2 

Bb!XOAa OT II36hiTKa o-!fJTanOAIIHIITpiina 

0 
5 MIIH1 298 C 1 0,5 Mr -HOCIITenSI) 

Bwxo.n (%) 

Yb Ce 

97,9 1,25 

roo 10,1 

96,5 7,35 

97,4 7,9 

96,5 8,4 

19,2 10,2 

ITOKa3biBai?T1 'ITO 50 Mr o-!fJTanOAIIHIITpHna AOCTa

HOCIITenSI, nony'laiDIUIIeCSI nocne xpoMaTorpa$1I'Iec:

rny6o~,<oro pacmenneHHSI1 B npiicyTCTBIIH 0 15Mr 

$TanOUIIaHHHOBbiH KOMnneKC. 50 Mr O~$TanOAIIHHTpii

~06aaneHHif 0 15 Mr HOCHTenSI 25-KpaTHOMy II36biTKY 

KoMnneKca. PeKoMeHAYeTCSI npH6aaneHHe Hec

HOCHTenSI AnSI TOr01 'IT06bl liCKniD'IHTh ITOTe-_ 

CTeKne II BBeCTII aHIIOHbl B CIICTeMy • 

8 

y 
'' I 
I 
! 
I 

. ·~' 

.. 
:\ 
I;~ 

·I 

. ,/ 

Ha npiiMepe Yb II Ce IISyqanoch aniiSIHIIe apeMeHII peaKUIIII Ha Bhi-
• 0 0 

XOA npii TeMnepaTypax 277 C II 298 C. Ha piiC. 1 noKaaaHhi peaynhTaThi 

· AnSI Yb • 06paaoaaHIIe $TanouiiaHIIHOB p.a.s. npoiiCXOAIIT 1 no-BIIAIIMOMY 1 

IIpii IICITOnh30B8HIIII II36hlTKa o-!fJTanOAIIHIITpiina ITO ypaBHeHIIID nepaoro no

pSIAKa, ITonyq_eHHhie rpa¢1i:'leCKIIM MeTOAOM apeMeHa nonyo6paaoaaHIISI ( T~ ) 

peaKUIIH COCTaBnSIIDT AnSI Yb 0 174 MHH (298°C) II 1,72 MHH (277°C). JlnSI 
0 0 . 

Ce nonyqanHCh _ T ~ - 191 MIIH. (277 C) II 98 MIIH (298 C). 3To1 KaK 

H AaHHhie Ta6nHUbl 1 1 yKa3hiBaeT Ha 6onblliYID pa3HIIUY B CKOpOCTSIX o6pa

- aoaaHHSI _ $TanouiiaHHHOBhiX K~_nneKcoa B rpynne p.a.s. KpoMe Tbro, p1Ic.1 

' 0 
ITOKa3hiBaeT1 <ITO rip II 298 C ITOCne 3 MIIH y:lKe 90%, Yb BKniD'I9HO B KOMIT-

neKc. 

B peaynhTaTe Hall!HX OIThiTOB MO:lKHO npeAnO:lKIITb cneAyiDll!HH MeTOA 

6hiCTporo MIIKpOCIIHTeaa !fJTanOUIIaHIIHOB p.a.s.: !flpaKUIISI p.3.9. 1 ITO~y'leHHaSI 

II3 XpOMaTorpa$1I'l9CKOH KOnOHKII 1 HarpeaaeTCSI .BM9CTe. C 0 11-015 Mr HOCII-

0 
TenSI II 50 Mr o-$TanOAIIHHTp1Ina 3-5 MII.H npH 298 C. ITpoAyKT peaKUIIH 

6hiCTpO paCTBOpSieTCSI B 0 125 Mn ropSI'!ero XIIHOniiHa. 3TOT M9TOA TO'IHO 

COOTB9TCTByeT Tpefi?BaHIISIM MHKpOCHHTeaa. 06'beM paCTBOpa ITOpSI.llKa 0 125Mn 

IT03BOnSieT ITOny'!aTb KOnOHKII C ManeHbKIIM CBOfiOAHbiM 06'b9MOM. 

2. ITony'!eHHe H aoa_MO*HOCTII npHMeHeH!ISI KonoHOK 

c $Tan o una H H HaM II p.a.s. H a c H n H Karen e 

flpii nepeMell!HBaHHH CHnHKarenSI C paCTBOpOM $TanOUHaHHHOBblX KOMIT

neKCOB a XHHOnHHe nonyqaeTCSI npH HaHeceHHII 0,5 Mnlr cyxoil: aeneHbiii'· no

poll!OK1 cycneH3HSI KOToporo B BOAe nnii 1% EDTA nepeHOCHTCSI B KonoHKY • 

KonoHKa npoMbiBaeTCSI HeCKonhKIIMII cao60AHhiMH -o6'beMaMH 1% EDTA AnSI 

TOrO 1 'IT06bl OTAenHTh He BKniD'I9HHbl9 B KOMITneKC H30TOITbl, II ITOCne 9TO

ro- roToBa K pa6oTe. BpeMSI1 KOTopoe ·Tpe6yeTCSI ·.llliSI npiiroToaneHHSI KQnoH

KH ITOCne Ha'!ana CHHTe3a 1 COCTaBnSieT 8-10 MHH. 

9 



1KJ I -...,. """ 277 oc 
~ ~I \ ""' 

(tJJ-X) 

Pnc.l. 

20 

10 

1~--~--~--~----~--~ 
2 "- 6 8 70 

Syntheseze!l [min] 
, 

3aBHCHMOCTb BbiXOJl8 KOMnneKCa OT npeMeHH CHHTe3ai Yb -liJTano- . 

UH8HHH ( X. - BbiXOll B ,{%) i ycnonHe CHHTe3a; 50 MI" 0-liJTanOJlH-

HHTpHna, 0,5 MI" HOCHTenSI Yb ) o . 

10 

/})' "'• 

f' 

.· 142 : .140 
Ha npnMepe Sm H Nd 

30B8HHSI TaKHX KOnOHOK ]lnSI OT]leneJ 

l13 JlaHHbiX no HX pacnally BHllH0 1 q 

llO'IepHH9 npoJlyKTbi 

142 Sm ({3+, k) 

73MHH 

140Nd __ k _ __. 

3,3JlHSI 

142 ( f3+ 
Pm--

40c 

140 /3-
Pr-_--

3,4 

p Sill OnbiTOB cny:li<Hn JlnSI CpaBHeHHSI 

MeTOJla C MeTOllBMH 3KCTpaKUHH H l 

Ha pac. 2 H 3 noKasaHhi KPHB 

paTOB 1 nony'IeHHbiX 3TliMH TpeMSI Ml 

BbiXOllbl npll HCnonb30B8HHli MeTOllO 

rpaliJH'I9CKOI"O B paMKaX 3KCnepHM9l 

no MeTOllY Stenstrom H Jung 

'llpeJlnmKeHHbiH MeTOll MO:li<HO l 

Slllep c T~ > 1 MHH. Mbi OTKpbinn 

aymee OCHOBHOe COCTOSIHHe H30Mept 

'IeHHSI liJpaKUHH Nd so liJTanounaHHJ 

TOll nosaonSieT onpeJlenSITb nepHOllbi 

CKHX S!Jlep B CnO>KHbiX CM9CSIX1 B KC 

C nOMOWbiO MHOI"OKpaTHOI"O Bbi]lenef 

Oco6oe 3Ha'IeHne HMeeT aToT ohiCTJ 

>KHBYWHX H30TOnOB p.s.a., TaK KaK 

MaTepHHCKOI"O H JlO"lepHei"O S!Jlpa CO 

anepBbie onpeJlenHTb .PTa.iwunaHHHOB 
141 ' 140 

H30Tonoa Sm-::- n. Sm . B npHcy· 

nnSI OT]leneHHSI H npSIMOI"O SlllE 

llO'IepHHX Slllep c T ~. > 1 MHH MO> 



-a o--

,() o-

277 ~~c 

298 ·c_.~ 

70 

Synthesezelt (mill] 

KOMnneKca OT speMeHH CHHTe3a; Yb -tjJTano-

B (%) i yc1IOBHe CHHTe3a; 50 MI" 0-tjJTa1IOJlH-

HOCHTe1ISI Yb ) • 

10 
' 

. '142 
Ha npHMepe Sm H -140 Nd Mbl HCC1le)lOB81IH B03MO)KHOCTH HCn01lb-

• 
30B8HHSI T8KHX K01IOHOK Jl1ISI OTJle1leHHSI KOpOTKOmHBYWHX )loqepHHX SIJlep. 

113 Jl8HHbiX no HX pacnaJly BHJlHO, qTo o6a SIJlpa HMeiOT 'KopOTKO)KHBYWHe 

JlOqepHHe npoJlyKTbl 

142 Sm ( ,8 +, k) 
142Pm 

(,a+ ,k) 142 
... N~ ( CTa6. ) • 

73MHH 40ceK 

140 Nd k 140 
Pr 

,a+ 140 
Ce( cTa6. ). 

3,3JlHSI 3,4 MHH 

p Sill OnbiTOB C1ly)KH11 Jl1ISI CpaBHeHHSI SKCTpaKUHOHHO-XpOMaTOI"patjJH'ieCKOI"O 

MeTOJla C MeTOJl8MH SKCTpaKUHH H Bb!Mb!B8HHSI H3 cycneH3HH. 
- 142 140 

Ha pHc. 2 H 3 noKa3aHhi KpHBhie pacnaJla Pm -H Pr - npena-

paToB, nonyqeHHh!X STHMH TpeMSI MeTOJl8MH, 113 pHCYHKOB C1leJiyeT 0 qTo 

Bb!XOJlbl llpH HCn01lb30BaHHH MeTOJlOB SKCTpaKUHH H SKCTpaKUHOHH.o-XpOMaTo

I"patjJHqeCKOI"O B paMKaX SKCnepHMeHT81lbHb!X OWH60K COBnaJlaiOT, a BbiXOJl 

no MeToJly Stenstrom H Jung Ha tjlaKTOp 20 HHme, 

'flpeJl1IO)KeHHhiH MeTOJl MO)KHO npHMeHHTb Jl1ISI HCC1le)lOBaHHSI JlOqepHHX 

SIJlep c T~ > 1 MHH. Mbt OTKpbi1IH H H3yqH1IH TaKHM MeTOJlOM ~opoTKOmH-
138 

Pr ( T ~ = Bymee OCHOBHOe COCTOSIHHe H30Mepa 

qeHHSI tjlpaKUHH Nd BO tjJTa1IOUH8HHHOBb!H KOMn1leKC 

1,2 MHH) , nocne BK1II0-

/16/ 
· • KpoMe Toro Me-

TOll n03B01ISieT onpe)le1ISITb nepHOJlbl nonypacna)la KOpOTKO)KHBYWHX MaTepHH

CKHX SIJlep B C110)KHbiX CMeCSIX1 B KOTOpb!X .npSIMOe H3MepeHHe He yJiaeTCSI1 

C nOMOWblO MHOI"OKpaTHOI"O BbiJle1leHHSI H H3MepeHHSI JlOqepHHX npoJlyKTOB, 

0co6oe 3HaqeiiHe HMeeT STOT 6hiCTpb!H MeTOJl Jl1ISI HCC1leJlOB8HHSI KOpOTKO

)KHBYWHX H30TOnOB p,3,a,, TaK KaK B STOH o6naCTH BpeMSI Jl1ISI pa3)leneH'HSI 

MaTepHHCKOI"O H JlOqepHei"O SIJlpa COCT8B1ISieT npHMepHO 20 MHH, Mbi MOI"1IH 

BnepBbie onpeJie1IHTb tjJTalJOUH8HHHOBb!M MeTOJlOM nepHOJlbJ. nonypacna)la 
141 140 . . 142. /17·/ 

H30Tonos 8~-::::- H. Sm B npHcyTCTBHH 6onbiUoro KonHqecTna Sm 

nnSI OTJle1leHHSI H npSIMOI"O SIJiepHo-cneKTpOCKOnHqecKOI"O HCC1le)lOBaH~SI 

JlOqepHHX Sl)lep C T ~ > 1 MHH MO)KHO peKOMeHJlOB8Tb Henpepb!BHYIO S1IIOUHIO 

11 
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142 
PHc.2. KpHBaSI pacnaJla aKTHBHOCTH Pm , Bbi)leneHHOii H3 !f>TanouHaHHHll 

Sm pa3HbiMH MeToJlaMH ( 1 - 9KCTpaKUHH, _2 .- 9KCTpaKUHOHHo-xpo

Ma TOI'pa(llH'i9CKHil: M9TOJl 1 3 - Bbl)leneHH9 H3 TB9pJlOI'(}. KOMnneKCS) • 

12 

I 
II 

''f 

'I 

I 

;l 

. -~1 
II 

'S 
J/11/J. 
mlt7 

PHc.3. 

I 

2 

1ft 

5 

2 

1/}J. 

.s 

J 

~ 

0 . 0 1 

---1)- 2 - -3 

1 5 7 

ltli 

14 
KpHBSH pacnana SKTHBHOCTH 

N d pa3ijbi~tH MeTona~H . ( 1 - : 
MSTOI'pa!f>H'i9CKHil: M9TOn,. 3 - I 

1 



ltlt [min] 

"", 
' 

.. 

.,J 

',. 
' 

142 
•"'""'"'~TH Pm , BbilleneHHOii H3 ciJTanouHaHHHa 

( 1 - 9KCTp8KUHSI, 2 .- 9KCTpaKUHOHHO-Xp0-

3 - BbllleneHHe H3 TBepllOI'O . KOMnneKC8) • 

12 

i •• 

'I 

II 

:; 
JmiJ. 

·min 

2J ~ ~ 

1ft 

~ ,._ 
;:,... 

5 

2 " 1QJ 

s 

2-1 _, . ~ 1 

-o---o- 2 

1l ~ ~3 

.......... 

1 3 5 7 11 1J 15 

ltit [!Rtilj . 

140 
PHc.3. KpHBaSI pacna.na aKTHBHOCTH Pr 1 Bbi.[leneHHOii H3 ¢TanouHaHHHa · 

N d pa3HbiMH MeTonaMH . ( 1 - aKCTpaKUHSI, 2 - 9KCTpaKUHOHHo-xp~ 
M8TOrpaclJH'ieCKHH MeTOll 1 3 - BbllleneHHe H3 TBepnoro KO~mneKca). 

13 



H aaMepeHae. TaKHM o6paaoM0 cymecTsyeT soaMO)KHOCTb aaMepeHHSI y -. 
cneKTpOB KOpOTKO)KH~YlllHX smep C XOpOlll9H CTaTHCTHKOH Ha nonynpOBOAHH.;.. _ 

KOBbiX J19T9KTOpaX, BpeMSI H3MepeHHSI 3aBHCHT TOllbKO OT speM9HH nonypac-
142 

naAa MaTepHHCKOI"O SIApa. Tipa accneAoBaHHH Pm Mhi ycnemHo npaMeHSiliH 

/18/ 
STOT M9TO}l 

Cso6oAHhiH• 06'beM HallleH KOliOHKH COCTaBliS19T 0,4 Mll, TipH CKOpOCTH 

amoeHTa -5 MllfMHH AOll)KHbl 6hiTb AOCTynHhl JlliSI 'H3MepeHHSI eme AO'lepHH9 

npoAyKThi c Ty, ~ 5 ceK. Mbi aTo He nposepSiliH B aKcnepaMeHTe, TaK 

KaK y HaC He 6hin0 nOAXOASilllHX nap MaT~pHHCKOI"O H noqepHei"O K30TOnOB, 

B ·naTapaType e,CTb yKaaaHKSI Ha ManeHb.KYIO paAHaUHOHHYIO ycTOH'IHB

BOCTb ¢TaliOUKaHHH0BhiX KOMnneKCOB1 H3-3a '191"0 AO'lepHH9 npOAYKThl 3al"• 

pSI3HSIIOTCSI MaTepHHC.KHMK SIApaMH 1 oco6eHHO npH HCnOllb30BaHiiH CHllbHhiX 

- /3 5 20/ 
npenapaTOB • ' • 

TioHH)K9HH9 YJ19llbHOH aKTHBIIOCTH npH A06aBll9HHH HeaKTHBHOI"O. KOMn-

/5/ ' 160 g 
neKca yny'llllHT 'lHCTOTY • Mbi MOI"liH BhiAeliHTb Ho C 'IHCTOTOH 

. . 160 
> 99% npH paaAeneHHH aaoMepiioii: naphi Ho noqne A06asneHHSI 40 MI" 

50 
/21/ 

HeaKTHBHOI"O Ho -¢TanouaaiiHIIa a noshillleHHSI o6'heMa pacTsopa 110 
Mll , 

1asg · - N 
Ho . Pr 6hm aarpSiaHeH Ha 5-10% MaTepHHCKHM smpoM d npa ShiAe-

. . /16/ . 
neHHH . aKCTpaKUHOHHO-xpoMaTorpa¢a'leCKHM MeTOAOM • BKliiO'leHHaSI s 

160g 138g 
KOMnneKC aKTHBHOCTb B cny'laSIX Ho H Pr 6hma TaKOH )1{9, 

3A9Cb BHJ19H HeAOCTaTOK 9KCTpaKUHOHHO-XpOMaTOI"pa¢H'lJ9CKOI"O M9TO

Aa1 TaK KaK npa6asne~He HOCHT9liSI,H3-3a He60llblll0ll paCTBOpHMOCTH <iJTa

liOUHaHHHOB B -XHHOliHH9 noTpe6yeT yseliH'l9HHSI KOliH'lJ9CTBa paCTSOpHT9liSI 

H CHliHKai"eliSI, I 

Ecna nepaoA nonypacnaAa AO'lepHero npoAyKTa noasonSie~ s cnyqae 
--· '--

o6pa60TKH 60llblllOfi aKTHBHOCTH uenecoo6pa3H99 npHMeHSITb 9KCTpaKUHI01 'lJT0-

6hi yny'llllHTb 'IHCTOTY AO'lepHero npenapaTa. OnacaHHbie shtllle oco6eHHOCTH • 

npHM9~9HHSI 9KCTpaKUHOHHO-XpOMa:TOI"pa¢H'l9CKOrO r..ieTOAa JlliSI pa3J19ll9HHSI' . 

MaTepHHCKHX H JlO'lepHHX SIJ19p nOliHOCTbiO · OTHOCSITC.i H K pa3J19ll9HHIO smep-

Hh!X H30MepOB, 

.14 

I1MeSI B. BHJly, 'ITO H3B9CTHhl <iJTa 

MO)KHO :Ha OCHOBe SKCTpaKUHOHHO-XpO~ 

HepaTOpbl AliSI MHOI"HX ·aao6apHhiX H H 

pOTKQ)KHBYlllHX SIAep, 

AsTophi Bhtpa)KaiOT 6narc;>AapHOCl 

T9Mhl1 -nOCTOSIHHhiH HHeTepec K pa6oTe 

TOB, 

1: W,Herr 
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B03MO)KHOCTb H3MepeHHSI y -

CTSTHCTHKOfi Ha nonynpOBO~HH~ . 

H3M9p9HHSI 38BHCHT TOnbKO OT BpeMeHH nonypac-
142 

llpH ~~:ccne~oaaHHH Pm Mhi ycnemHo npnMeHSinH 

l 

COCTaBnSieT 0,4 Mn. ilpH CKOpOCTH 

6hiTb ~ocTynHhi ~nSI 'H3MepeHHSI eme ,J:\O"'epHHe 

9TO He npoaepSinH B 9KCnepHM9HT91 TSK 

.ug~nA nap MST~pHHCKOI'O H noqepHero H30TOnOB. 

yKa3aHHSI HS ManeHbKYIO pa~HSUHOHHYIO ycTOfi"'HB

KOMnneKCOB, H3-38 "19I'O ~O"'epHHe npo~yKTbi aar

OCOOeHHO npH ncnonbaoaaHHH cnnbHhlX 

npH ~o6aaneHHH H98KTHBHOI'O. KOMn-

• Mbi Mornn BbtnenHTb 
160 

g Ho c "'HCTOTofi 
160 

•::~oMepHofi napbi Ho noc;ne ~o6aaneHHSI 40 Mr 
/21/ 

H nOBbiiii9HHSI OQ'beMa paCTBOpa ~0 50 Mn • 

Ha 5-10% MaTeplmcKHM MPOM Nd npn Bbi~e-
/16/ . 

MaTorpa!f>n"'eCKHM MeTo~oM • BKniO"'eHHaSI B 

. 138g Pr 
H Obina TaKofi )Ke. 

OK. 9KCTp8KUHOHHO-XpOM8TOI'pa!f>H"'9CKOI'O M9TO-

HOCHTenSI,H3-38 He6onbiiiOH paCTBOpHMOCTH lf>Ta

'"'"~F: .. ~- yaenH"'9HHSI KOnH"'9CTB·a paCTBOpHTenSI 

~o"'epHero npo~yKTa noaaonSie~ a cny"'ae 

Uenecoo6pa3Hee npHM9HSITb 9KCTp8KUHIO, "'T0-

0nHC8HHbi9 Bbiiiie ocotSeHHOCTH · 

.HO-XpOMSTOI'pa!fJH"'eC~OrO MeTO~~ ~nSI paa~eneHHSI' 
SI~ep nonHOCTbro·· OTHOCSITCSI H K paa~eneHHIO SI~ep~ 

'14 

' . ' /19/ 
l1MeSI B BH~y, "'TO H3B9CTHbl !f>TanOUHSHHHbi ~nSI·50 aneMeHTOB. 

,. . . . .. 

MO)KHO ··Ha OCHOBe 9KCTp8KUHOHHO-Xp0~18TOI'pa!fJH"'9CK?I'O M9TO~a C03~aTb re-

HepaTOpbi ~nSI MHOI'HX 'nao6apHbiX. H H30MepHbiX · nap .t{Oni'O)KHBYIIIUX H KO

pOTKO)KHBYIIIHX SI~ep. 

AaTopbi Bbtpa)KaroT 6naro~apHOCTb B.A. XanKHHY aa :XPe~no)KeHHe 

TeMbi 1 UOCTOSIHHbifi HHeTepec K paoOTe H none3Hhle OOCy)K~9HUH peaynbTa-
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