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llo H8CTOHruero BpeMeHH r830XpOMaTorpa~HqeCKOe pa3aeneHHe peaKo-

/ 1 2/ 
3eMenbHbiX aneMeHTOB ocyrueCTBnHnOCb 

1 
TOnbKO C HCIIOnb30B8HHeM 

neTyqHX xenaTOB - TpHCaHKeTOH8TOB (B TOM qHcne ~TOpHpOB8HHhlX) C pa3-

BeTBneHHhiMH yrnepoaHhiMH ueiiHMHo CnO)KHOCTb CHHTe3a HCXOaHhiX BeruecTB 

38TpyaHHeT HX lliHpOKOe IIpHMeHeHHe B ra30)KHaKOCTHOft XpOM8TOrpa~HHo 

HeopraaHqecKHe coeaHHeHHH peaKo3eMenbHhiX aneMeHTOB H3-3a HX HH3Koft 

neTyqecTH B ra30BOft xpoMaTorpa~HH He HCIIOnb30B8nHCbo 

/3/ 
HeaaBHO fpyaH H 3~ C IIOMOllibiD CIIeKTpOCKOIIHqeCKHX MeTOaOB 

o6aapy)KHnH 1 qTo rrpH aarpeBaHHH TpexxnopHcToro aeoaHMa B rrapax Tpex-

o 0 
xliopHcToro aniDMHHHH ( rrpH TeMrrepaTypax 200 -800 ) coaep)KaHHe aeoaHMa 

B rrapoBo~ ~a3e aaMaoro rrpeBbiiUaeT coaep)KaHHe rrpH aaBneHHH aachirueaao-

ro rrapa Nd a 3 • 0HH rrpearronO)KHnH, qTQ STO HBneHHe ooycnoBneHO 

o6pa30B8HHeM ne'I'yqHx coeaHHeHHA THIIa Nd (AI a 4 ) n a 3- r{ B HaCTOHrueft 

paooTe rrpenrrpHHHTa rroiibiTKa Hcrronb3oBaHHH Ta~oro poaa coeaHHeHHft anH 

pa3aeneHHH peaKo3eMenbHhiX aneMeHTOB MeToaoM ra3oBoft xpoMaTorpa~HH. 

f1peaBapHTenbHbie OIIbiTbl IIOK83anH 1 qTo OOp830B8HHe neTyqHX KOMIIneKCOB 

C xnopHCTbiM aniDMHHHeM HBnHeTCH OOlliHM CBOftCTBOM xnopHaOB peaK03eMenb

HhiX aneMeHTOBo 'iTOOhl rrpeiiHTCTBOB8Tb pacrraay KOMIIneKCOB1 B KaqeCTBe 

ra38-HOCHTenH HCIIOnb30B8nCH HHepTHhlft ra3 B CMeCH C IIapaMH xnopHCTOrO 
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amoMHHHSJ1 KOTOpbie cny)K8T 380LlHO LlnSJ LlHHaMIPieCKOft MOLlH!f>HKaUHH 110-

sepXHOCTH CTeKnSJHHOft KaiiHnnSJpHoft KOnOHKHo 

qKcnepHMeHTanbHaSJ qacTb 

OnbiTbi npoBOLlHnHcb Ha ycTaHoBKe, noKaaaHHOft cxeMaTH'IeCKH Ha 

pHc. 1. CucTeMa neqeft ( 1,2,3,4 ) coaLlaBana Hy)I{Hbift TElMnepaTypHbift pe)KHM 

BLlOnb CTeKnSJHHOft Tpy6KH(5), COCTOSJIIIeft H3 HeCKOnbKHX 'laCTeft 1 cnaHHHbiX 

s oLlHO uenoe. CnupanbHaH qacTb aToft Tpy6KH c BHypeHHHM LlHaMeTpoM 1 MM 

H LlnHHOH 2,5 M 1 HaXOLlHIIIaSJCSJ B TepMOCTaTe ( 1) 1 npeLlCTaBnSJna co6oii 

xpoMaTorpalf>uqecKyiO KonoHKy. AaoT (pacxoLl 12 MniMHH) nocne peoMeT-

pa ( 8), ueonHTHoro ocyiiiHTenH ( 9) nponycKancH LlnSJ aacbiiUeHHH xnopHCTbiM 

aniOMHHHeM qepea Tpy6Ky ( 6) 1 B KOTOpyiO Ha yqaCTKe ne'IH 4 HaCb!IIanCH 

TBepLlblft AI a 3 • TeMnepaTypa B ne'IH 4 nOLlLlep)KHBanacb aa 20-30° 

Bbill!e 1 qeM B neqH ( 3) 1 rLle TeMnepaTypa COOTBeTCTBOBana Hy)KHOft B onbiTe 

ynpyrOCTH napa XnOpHLla aniOMHHHH 1 KOTOpaH,TaKHM o6pa30M 1 YCTaHaBnHBa

naCb nyTeM c6poca coaLlaBlllerocH 3LleCb nepecbiiiieHHH. B npoBeLleHHbiX onbi-

Tax ynpyroCTb napa AI 2 a 6 H3MeHSJnacb OT 40 LlO 170 MM pT CT., LlnH 

( 
0 0 

qero TeMnepaTypa B neqH 3) BapbHpoBanacb B npeLlenax 138 -155 C. 

BBolf npo6bi ocymecTBnHncH cneLlyiOIUHM o6paaoM. B cTeKn!lHHoit noLlo'I

Ke BbiCyiiiHBancg paCTBOp p8LlHOH30TOIIOB,H OCTaTOK nocneLlOBaTenbHO o6pa6a-

Tb!BancH ynapHBaHHeM c KOHUEl'HTpHpoBaHHbiMH HNO 3 H Ha • noLlO'IKa 

noMell!anacb B Tpy6Ky (5) B aoay ne'IH(2) npH TeMnepaType 180°C. t.fepea 

Tpy6Ky B Te'leHHe aecKonbKHX MHHyT npoLlyBancH aaoT, HaCbiiiieHHbift B 6ap-

6oTepe ( 10) ( KOMHo TeMno) napaMH THOHHnxnopHLl~ 1 LlnH o6e3BO)KHBaHHSJ XnO

PHLlOB peLlKHX aeMenbo 3aTeM THOHHnXnopHLl OTKniO'IanCSJ 1 B OCHOBHYIO Tpy6Ky 

( 5) BCTaBnHnacb Tpy6Ka ( 6) c AI a 8 H B Te'leHHe 5 MHHYT 11epea aee 

nponycKancH aaoT c napaMH xnopHcToro aniOMHHHSJ. Docne aToro raaoBbiil: 
0 

noTOK OCTaHaBnHBancH 1 TeMnepa-rypa B ne'IH ( 2) pe3KO I!OBbilllanaCb LlO 500 C. 
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Caoaa BKniO'Ianacb noLla'la raaa. 0TroH o6paaosaBIIIHXCH coeLlHHeHHft naa

TaHHLlOB H3 nOLlO'IKH KOHTponHpOBanCH CUHHTHnnHUHOHHbiM C'I~T'IHKOM (12) 

c KpHcTannoM NaJ , noKaaaHHSJ KOToporo ~HKCHposanHCb oaMonHCUeM. 

BpeMH BBeLleHHH npo6bi paBHHnocb npHMepao OLlHoft MHHyTe. 

faaoo6pa3Hbie KOMnneKCHble XnOpHLlbl naHTaHHLlOB KOHLleHCHpOBanHCb 

aa BbiXOLle H3 TepMOCTaTa ( 1) BMeCTe C xnopHLlOM aniOMHHHSJ B Tpy60'IKe 

( 7) 1 BCTaBneHHOft B OCHOBHyiO Tpy6Ky ( 5) o t.fepe3 2 MHHY.Tbi Tpy60'IKa ( 7) Bbl- · 

LlBHranaCb H3 neqH H8 1 CM1 TaKHM o6pa30M npoHCXOLlHn OT6op KOHLleH-

CaTa BO BpeMeHHo 113MepeHHeM HHTeHCHBHOCTH y- H {J - H3ny'leHHH 

BLlOnb Tpy60'IKH CHHManaCb xpoMaTorpaMMao J1cnonb30BanHCb H30TOIIbl 

1 HCe 
1 

193 Pr , 147 Pm 
1 

165 Eu 
1 

148, 160 Gd , 160 Th 
1 

.169 Dy 

166, 167Tm 166Yb I7°Lu 6ea HOCHTenH HnH C HeCKOnbKHMH MHKpo-

rpaMMaMH HOCHTemr. 

PeaynhTaTbi H o6cy)I{LleHHe 

OnbiTbl c OTLlenbHbiMH aneMeHTaMH noKaaanH, 'ITO npn napunanbHOM 

LlaBJieHHH Al 2 0 6-100 MM pT. cT. xnopHLlhi Ce , Pr , Pm , Gd 1 Th 

Dy 1 Tm 1 Yb 1 Lu 6biCTpO o6pa3YIOT neTy'IHe COeLlHHeHH~ C XnopH-

LlOM aniOMHHHSJ1 TpaHCIIOpTHpyiOIIIHeCSJ ra30M-HOCHTeneM B LlOCTaTO'IHO 
0 

IIIHpoKoft o6nacTH TeMnepaTyp ( 100-500 C). Bhmo ycTaaosneao, 'ITO ape-

MeHa YLlep)KHB8HHSJ yMeHbiiiaiOTCSJ C ysenH'IeHHeM IIOpSILlKOBOrO HOMepa 

aneMeHTao 0co6oe IIOBeLleHHe 6binO OTMe'leHO y eBpOIIHSJ1 . KOTOpblft B TeX 

)Ke ycnOBHHX OTrOHHnCH C nOLlO'IKH oqeHb MeLlneHHO H pacnpeLlenHnCH no 

aceMy TpaKTy. 

06aapy)KeHHaH neTy'leCTb xnopHLlOB peLlKHX aeMenb B npHCyTCTBHH 

xnopHCTOrO aniOMHHHH1 nO-BHLlHMOMy1 CBH3aHa C o6pa30BaHHeM LlBOii:HbiX 

coeLlHHeHHft COCTasa Ln AI. a 6 ( Ln - peLlK03eMenbHblft aneMeHT). 

'ITO MO)KHO npeLlnono)KHTb no aaanorHH co cTexnoMeTpHeit o6aapy)KeHHbiX 
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/4/ /5/ /6/ 
paHee B napax KOMnneKCOB Na AI a 4 , Be AI Cl ~ , Fe AI Cl6 

. /7/ 
a TaK)Ke K Ln a 4 • nocnellHHe SIBnsllOTCSI BeCbMa npO'IH:blMH coellHHe-

HHSIMH, ycToft'IHBOCTb KOTOpbiX soapacTaeT OT Lu K La . KaK noKaaann 

171 
HoBHKOB H raspiO'IeHKOB , llBOil:Hbie coellHHeHHSI B nape nerKo o6paay-

IOTCSI B cnyqae xnopHllOB, KOTOpble CKnOHHbl K llHMepH3aiiHH, npH'IeM llBOft

Hbie coellHH9HHSI no YCTOil:'IHBOCTH K llHCCOIIHaiiHH '!aCTO npeBOCXOASIT llHMe-
/7 87' 

pbl HCXOllHbiX npOCTbiX xnopHllOB. Do HMeiOIIIHMCSI llaHHbiM 
1 

llHMepbl . ) 

TpHXnOpHllOB pellK03eMenbHbiX aneMeHTOB OTnH'IaiOTCSI 3Ha'IHTenbHOA npO'I-

HOCTbiO - TennoTa llHMepH3aiiHH HaXOllHTCSI B npellenax OT 32 llO 48 KKan/ 

Monb. Bee aTH llaHHbre rosopS!T B nonbay npellnono)KeHHH o cymecTsosa

HHH KOMnneKCOB Ln AI a 6 

J1CXOllSI H3 aToro 
1 

oTnH'IHe B noBelleHHH esponHSI B HaiiiHX onbiTaX 

IIO cpaBHE!'HHIO C llpyrHMH pellKHMH aeMnSIMH, O'leBHilHO, MO)KHO o6'bSICHHTb 

HeyCTOft'IHBOCTbiO TpHxnopRlla eBpOnHH, KOTOpbiA npH HarpeBaHHH nepeXOilHT 

/9/ /8/ 
B EAJ a 2 , He llaiOIIIHft llHMepHblX ¢lopM B napaX • l1TTep6Hft, KOTO-

pb!ft TaK)Ke MO)KeT o6pa30BaTb llHXnOpHil, noKa3an B OT.nH'IHe OT eBpOnHSI 

'HOpManbHOe' noBelleHHe. 3TO MO)KHO o6'bSICHHTb 6onbiiiOft pa3HHUeft B 3Ha-
/ 10/ 

qeHHSIX tJ. H peaKUHH llHCCOUHaiiHH TpHxnOpHilOB, KOTOpbie COCTaBnSIIOT 

12 KKan/Monb H 24 KKan/Monb llnSI )KHJlKHX EAJ a 3 H YbCI 8 COOT-

BeTcT'ileHHO. 3Ta )Ke BenH'IHHa llnS! Sm a 3 pasHa 27 .KKan/Monb, H noa-

TOMy, BepOSITHO, caMapHft 6ylleT BeCTH ce6H, KaK 6onbiiiHHCTBO pellK03e-

MenbHbiX aneMeHTOBo 

CnellyeT, soo6me rosopH, O)I{HilaTb cno)KHOA aaBHCHMOCTH speMeHH 

yllep)KHBaHHSI OT TeMnepaTypbli KOnOHKHo DpH noBbiiiieHHH TeMnepaTypbl 

lleftcTByiOT <jlaKTOpblt OKa3biBaiOIIIHe npOTHBOnOnO)KHOe BnHSIHHe. C OllHOft 

CTOpOHbi, yCKOpSieTCSI lleCop6IIHSI KOMIIneKca, 'ITO COKpaiUaeT BpeM Sl ynep

)KHBa!IHSI, C llpyroft CTOpOHbi, IIO TOft )Ke npH'IHHe 'OCna6nSieTCSI MOllH!fJHIIHpy!O-

mee neftcTBHe napoB Al 11 a 6 
Ha IIOBepXHOCTb0 'ITO MO)KeT IIpHBeCTH K yBe-

nH'IeHHIO a¢cj:leKTHBHOft TennOTbl all;COp6UHH KOMnneKca. 
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Ha pHCo 2 noKa3aHa 3aBHCHMOCTb nono)KeHHSI H !flopMbi nHKa OT TeM-

nepaTypbr KonoHKH. OnbiTbi npoBOllHnHcb c 
160 Tb 

Al 2 Cl 6 1 
paBHOft 115 MM pT. CTo 

npH ynpyrocTH napa 

J1CXOllSI H3 BpeMeH ynep)KHBaHHSI 6binH paCC'IHTaHbl TennOTbl ancop6-

/Jl/ 
UHH KOMnneKCa Tep6HSI no MOneKynHpHO-KHHeTH'IeCKOMY ypaBHeHHIO • 

0 
nony'leHHble 3Ha'lel1HH: 30,4 KKan/Monb npH 208 C; 31,0 KKan/Monb 

0 0 
npH 224 C H 30,3 KKan/Monb IIpH 235 C - npaKTH'IeCKH COBIIallaiOT, H, cne-

llO~aTenbHO, CMeiiieHHe IIHKa IIpOHCXOllHT B OCHOBHOM 3a C'I~T yCKOpeHHSI 

llecop6uHH KOMnneKca. 

BpeMSI yllep)KHBaHHSI aaBHCHT oT napuHanbHOA ynpyrocTH napa xno

pHcToro an!OMHHHSI B raae-HOCHTene. DpH OllHOft H TOft )Ke TeMnepaType 

XpOMaTOrpa!f!HpOBaHHSI yBenH'IeHHeM ynpyroCTH napa Al 2 Cl 6 MO)KHO YCKO

pHTb BbiXOll H cyaHTb aoHy Bbrxona aneMeHTa. PeaynbTaTbi HayqeHHH xnopH 

0 
lla 

160 Tb npH TeMnepaType KOnOHKH 220 IIOKa3aHbl Ha pHCo 3. naHHbiE 

no llaBneHHIO napa AI 2 a 6 B 3aBHCHMOCTH OT TeMnepaTypbi B3S!Tbl H3 

/12/ 
cnpaBO'IHHKa • PeaKaB aaBHCHMOCTb speMeHH yllep*HBaHHH oT KonH'IeCT· 

BeHHOrO COCTaBa raaa-HOCHTenSI IIOllTBep)I{JlaeT npellCT8BneHHSI 0 llHH8MH'IeC 

KOft MOllH!flHK8UHH nosepXHOCTH CTeKna 81lCOp6Hpy!OIUHMHCSI napaMH xnopHil8 

I 13 14/ 
an!OMHHH.H ' • OnbiTbi no paaneneHHIO cMeceA. penKoaeMenbHbiX aneMeH-

TOB nanH YllOBneTBOpHTenbHbie peaynbTBTbl HeCMOTpSI Ha O'leHb Many!O 

nnHHy KonoHKH. Ha pHc. 4 noKaaaHa xpoMaTorpaMMa cMecH 160 Tb 

H 144 Ce • Ha pHc. 5 npencTasneHo paaneneHHe CMeCH cocenHHX TSI)Ke-

nbiX naHTaHHllHbiX aneMeHTOB 'fm , Yb H Lu • C neKTpbl Y - H3nyqe·HHSI 

OTilenbHbiX nopUHft KOHileHcaTa CHHManHCb H8 cneKTpoMeTpe C KpHCTannOM 

Ge (Li) 0 H conep)KaHHe OTilenbHbiX H30TOnOB H83BaHHbiX aneMeHTOB 

onpenenRnOCb no HX HaH6onee HHTeHCHBHbiM H xapaKTepHbiM y - nyqaM 

B o6nacTH aHeprHA < 0,5 Mas. nony'leHHbie Kos¢¢!HIIHeHTbl paaneneHHSI 

a Lu/Yb = 1,8 H a Yb/ThF 1,7 cymecTBeHHO npeBocxollRT KoacjxpHuHeHTbi 

p831leneHHSI 9THX TSI)KenbiX pellKHX 3eMenb B HOH006MeHHOft XpOMaTorpa-
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115 16/ /1 2 17/ 
<jJHH ' H ra3oaol!: xpoMaTorpa<jJHH xenaToB ' ' , B aKcTpaKUHOHHol!: 

. /18/ 
xpOM8TOrpa<jJHH llOCTHrlllOTCSI 6onbiiiHe KOa<jl<jJHUHeHTbl pa3JleneHHSI 

OJlH8KO npH o6paTHOM nopSIJlKe Bb!MbiBaHHSI, 

0'1eBHilHb!MH npeHMyUleCTBaMH paCCMaTpHB86MOrO MeTOJl8 SIBnSieTCSI 

npOCTOTa CHHTe3a neTy'IHX COellHHeHHi!: B npouecce BBelleHHSI npo6hl 0 B03-

MO)I{HOCTb p860Tbl KaK C HHilHKaTOpHb!MH0 TaK H C MaKpOKOnH'IeCTBaMH 

aneMeHTOB, 

BonbiiiHe KOa<jl<jJHUHeHTbi p831leneHHSI noKa3biB8JOT nepcneKTHBHOCTb 

MeTOila H n03BOnSIJOT HalleSITbCSI Ha llOCTH)I{eHHe XOpOIIIero Ka'leCTBa p83-

lleneHHSI, B aacTOSIUlee BpeMSI npoBOilSITCSI onbiTbi no onpeJleneHHJO onTH

M8nbHbiX ycnOBHi!: p83JleneHHSI CMecei!: naHT8HHilOB H aKTHHHilOB, 

ABTOpbi 6n8rOil8PHhi H.A.MHT'IeHKo 38 noMOIIlb B pa6oTe- H H·.A.ne-

6elleBy 38 npellOCTaBneHHe HeKOTOphlX p81lHOH30TOnOB, 
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