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Pa6oTa Bhm0JIHetta B roY BIIO "PoccHHCKHH XHMHKO-Texttonor11qecKHH 

yttHsepcHTeT HM. )l 11. Mett,neneesa" H B Jia6oparnpHH H,nepHhIX peaKIJHH 

HM. r. H. <Dneposa O6be,nHHCHHOro 1mcnnyra H,nepHh!X HCCJie,noBaHHH (r. )];y6tta). 

Hayqtthie pyKoso,nHTCJIH: 

OqJH1\HaJ!hHh!C 0IIII0HCHThI: 

KaH,nH,naT XHMHqecKHX HayK, .noIJCHT 

MaroMe,n6eKOB 3Jih,nap IlaprraqeaHq 

,noKT0p qJII3HKO-MaTeMaTH'-ICCKIIX HayK, 

rrpo<j)eccop ,ll;MHTpHeB Cepreu HIIKOJiaeaIIq 

,n0KT0p XHMH'-ICCKHX HayK 

HoBIIKOB AneKCaH,np IlaBJIOBIIq 

KaH,nH,naT XliMHqecKIIX HayK 

<PIIJIOCOqJOB ,ll;MIITpHH Bna,nHMHpOBIIq 

Be.nymaH oprattH3aIJHH: OAO "BhICOKOTCXHonornqHhIH ttayqtto-1Iccne,noaaTeJihCKIIH 

liHCTHTyr HeopraHHqecKIIX MaTepIIaJI0B HM. A. A. Eoqaapa" 

3amHTa COCT0IITCH "18" IIIOH}I 2009 r. Ha 3ace,naHl1H ,nHccepTaUHOHH0ro C0BCTa 

)]; 212.204.09 B PXTY HM. )];. 11. Mett,neJieeaa (125480 r. MocKaa, yn. fepoea 

Ilattq,m10auea, ,n. 20, Koprr. 1) a Kottq,epeHU-3aJie l1MC3H-l1<DX a 15 qacoa. 

C ,nIIccepTaUIICH M0)KH0 03HaK0MIIThC}I B l1ttq,opMaUIIOHH0-6H6JIHOTeqHoM IJCHTpe 

PXTY HM. )];. 11. MeH,neneeaa. 

ABTopeqiepaT .n11ccepTaIJHH pa30CJiaH " __ " MM 2009 r. 

Y'-IeHhIH ceKpernph 

,nHccepTaUH0HH0ro COBeTa)]; 212.204.09 

KaH,nH,naT TCXHH'-ICCKHX HayK PacTyttoaa 11. JI. 

Oli[QAJI XAP AKTEPIICTIIKA PAliOThl 

AKTyaJihHOCTh TeMhl: 

CHHTe3 H0BhIX caepxrn)KCJihIX 3JICMCHTOB (CT3) IlepHO,nH'-ICCKOH rn6JIHUhI )];. 

11. MeH,neJieeaa HBJIHCTCH Ha cero,nHH 0,nHOH H3 Ba)KHCHIIIHX q,yH,naMCHTaJ!hHh!X 

rrpo6JieM COBpeMeHHOH H,nepHOH qJH311KH H pa,nlI0XHMHII. Oco6b!H HHTepec Bhl3hIBa

CT Borrpoc 0 Bepxtteii rpaHHUC cymecTB0BaHIIH H,nep, 0 HaJIH'-IHH o,nHoro HJIH He

CK0JihKHX 
11
0C1'p0B0B CTa611JibHOCTH 11 

(l\rnrH'-ICCKIIC '-IHCJia rrp0T0H0B H HCH1'pOHOB B 

H,npe). OcymecTBJICHHb!H B II0CJie,nHHC ro,nbl CHHTC3 H0Bb!X 3JICMCHT0B 112 - 116 H 

118 BrrepBb!C 3KcrrepHMCHTaJibH0 rro,nrnep,nHJI cymecTB0BaHHe rHII0TCTHqecKoro 

"ocTpOBa CTa61IJibHOCTII
11 

CT3 B6JIH3H Z = 114, TC0pCTII'-ICCKII rrpe,ncKa3aHH0ro eme 

B cepe,n11He 60-x ro,noB rrpOIIIJI0ro BCKa. Ilpe,nCKa3bIBaeTCH, '-ITO o6onoqKH z = 120 H 

z = 126 TaK)KC MoryT OKa3a'rbCH 3aMKHYfbIMH, T.e. MaruqecKIIMH. 

OTHOCHTCJibHO 60JibIIIHC BpeMeHa )KH3HH H30TOIIOB HOBbIX 3JICMCHTOB ( OT ce

KyH,n .no ,neCHTKOB qacoa) BrrepBbIC OTKpbIJIH B03MO)KHOCTb orrpe,neJieHHH He TOJlbKO 

HX H,nepHO-qJH3H'-ICCKIIX xapaKTepHCTHK, HO H. B03MO)KHOCTb IIOCTaHOBKH 3KCrrepu

MCHTOB no XHMH'-IecKoH 11,neHTHqJ1IKaum1 CT3. 

BrrepBbIC CHHTC3 HOBbIX CBepXrn)KCJlbIX 3JICMCHTOB 112 - 116 H 118 rrpoae,neH 

a Jia6oparnpHH MCPHbIX peaKUHH HMCHH r. H. <Dnepoaa (Oll51ll) a peaKIJHHX rron

Horo CJIHHHIIH 
48

Ca C 
238U (3JICMCHT 112), 

237
Np (3JICMCHT 113), 

242
' 

244Pu (3JICMCHT 

114), 
243 

Am (3JICMCHT 115), 
245

' 
248

Cm (3JICMCHT 116) II 
249

Cf (3JICMCHT 118). CeqeHHH 

peaKUHH C IICIIOJib30BaHUCM ,nBa)K,nbI MarnqecKoro H,npa B Kaqecrne 60M6ap,nHpy10-

meu qacTHUbI rrpH6JIH3HTCJibHO Ha 1 - 2 rropH,nKa BbIIIIC C0OTBCTCTBYIOil\HX 3Ha'-Ie

HHH, Ha6JIIO,naeMbIX B HHbIX peaKUIIHX CHHTC3a. TaKOH rro,nxo,n II03B0JIHJI CHHTC3H

poBaTb HOBbIC OTHOCHTCJibHO HCH1'pOHHO-H36bITO'-IHbIC H,npa II 3Ha'-IHTCJlbHO rrpo,nBH

HYTbC}I a HCCJie,noBaHHH CBOHCTB CT3 H pa3BHTHH TCOpCTII'-ICCKHX Mo,neJieH, OIIliCbI

BaIOmHx H rrpe,nCKa3b!BaIOmHX CBOHCTBa H,nep. 3Kcrrep1IMCHTaJ!bHO Ha6n10,naeMbIC 

uerroqKH pacrra,noB HOBbIX HYKJIH,nOB C0CTOHJIH II3 o,nHoro HJIH HCCKOJibKHX rrocne.no

BaTCJibHbIX a-pacrra,noB H 3aKaH'-IHBaJIHCb CIIOHTaHHb!M ,neJICHHCM. 11,neHTHqJHKaIJHH 

HOBbIX HyKJiu,noB 6bIJia OCHOBaHa Ha xapaKTepnCTIIKax IIX pa,nHOaKTHBHOro pacrra,na 

(3HeprHH a-'-IaCTHU, cyMMapHM KHHCTH'-ICCKM 3HeprHH OCKOJIK0B CIIOHTaHH0ro ,ne

JICHHH, BpCMH )KH3HH, q,yHKIJHH B036y)K,neHHH). Orrpe,neJICHHC aTOMHOro HOMepa Ka-



KOro-m160 03 H30TOnOB B Ha6mOAaeMhIX 11enoqKaX pacnaAa He TOJihKO Il03B0JIHJIO 

6hI HaAe,KHO HAeHTHq>IIIIHPOBaTh aTOMHhle HOMepa BCex 51Aep B 11enoqKe, HO 51BH

JI0Ch 6hI He3aBHCHMhIM nOATBep)KAeHHeM OTKphlTllji HOBOrO 3JieMeHTa (3rreMeHTOB). 

}byqeHHe XHMIJqeCKHX CBOUCTB TPaHCaKTHHOHAHhIX 3JieMeHTOB n03BOJI51eT 

011eHHTh BJIH51HHe perr51THBIICTCKHX 3q>q>eKTOB Ha noBeAeHHe HCCJieAyeMhIX 3JieMeH

T0B. P51A KBaHTOBO-XHMHqeCKHX pacqeTOB YKa3hIBaeT Ha 3HaqHTeJihHhie OTKJIOHeHH51 

B noBeAeHHH CT3, qTO MO)KeT npHBeCTH K HapyrneHHIO TeHAeHIIHH H3MeHeHH51 

CBOliCTB 3JieMeHTOB no rpynnaM HJIH Aa)Ke K npo51BJieHHIO CBOliCTB, xapaKTepHhlX 

AJI51 npeACTaBHTerreii Apyrnx rpynn. 3KcnepHMeHTaJihHO C yqeTOM ceqeHHli o6pa30-

BaHH51 CT3 3TH npeAnOJIO)KeHH51 MOryT 6h1Th H3yqeHhl TOJihKO B ycnoBH51X pa6oThl C 

eAHHIJqHhIMH aTOMaMH. IlpH 3TOM Heo6XOAHMO o6ecneqIJTh oqIJCTKY H3yqaeMhIX 

3JieMeHTOB OT TH)KeJihlX aKTHHOHAOB, oco6eHHO OT cnOHTaHHO Aem111HXC51 H30TOnOB 

3THX 3JieMeHTOB, KOTOphie MOrYT HBJIHThCH HCTOqHIJKaMH q>OHOBhIX co6hITHli. Hcxo

AH H3 BhIIIIeH3JIO)KeHHOro, XHMHqecKM HAeHTIIq>IIKaIIHH CBepXTH)KeJihIX 3JieMeHTOB 

no AOJirO)KHBYIIIHM H30TOnaM AY6HHH npeACTaBmeTCH aKTYaJihHOli. 

U:em,IO pa60Thl SIBHJIUCh: 

• nocTaHOBKa 3KCnepHMeHTOB no nOATBep,KAeHHIO pe3yJihTaTOB XHMHqe

CKOli HAeHTIIq>HKaIIHH 11enoqKIJ pacnaAOB H30Tona 
288

115 (CHHTC3HpOBaH

HOro B peaKIIHH 
48

Ca + 243 Am) no KOHeqHOMY npOAYKTY pacnaAa, H30Tony 

3JieMeHTa I 05 - Ayfomii c MaCCOBhIM qIJCJIOM 268; 

• pa3pa6oTKa pamwxHMIJqecKHX MeTOAHK, no3BOJIHIOIIIHX B off-line 3Kcne

pHMeHTax rnyqaTh XHMIJqecKHe CBOliCTBa AY6HHH C HCnOJih30BaHHeM 

HaH6onee AOJiro,KHBYIIIero (H3 H3BeCTHhIX Ha ceroAHHIIIHHli AeHh) 

H30Tona 3Toro 3rreMeHTa -
268

Db. 

Hayqnast H0BH3Ha: 

I. IlOATBep,KAeHhl pe3yJihTaThl XHMIJqecKOli HAeHTIIq>HKaIIHH 3JieMeHTa 115 

C MaCCOBhIM qIJCJIOM 288, CHHTe3HpOBaHHOro B peaKIIHH 
243 Am + 48

Ca, no 

ero KOHeqHoMy npOAYKTY pacnaAa, H30Tony 
268

Db. 11,enoqKa 5-TH nocne

AOBaTeJihHhIX O'-pacnaAOB npepbIBarrach cnOHTaHHhIM AeJieHHeM 
268

Db. 3a

perncTpHpoBaHhl 5 co6hITHli cnOHTaHHOro ;jeneHH51 BO cppaKIIHHX 3JieMeH

T0B rpynnhI 5. 

2 

2. BnepBhie C HCilOJih30BaHHeM AOJiro)KHBy111ero H30Tona 
268

Db npoBeAeHO 

HCCJieAOBaHHe XHMHqecKHX CBOliCTB AY6HHH B off-line pe,KHMe. B OTAeJih

HhIX 3KCnepHMeHTaX nOKa3aHO, qTo B CMernaHHhlX paCTBOpax MHHeparrh

HhIX KHCJIOT, COAep,KaIIIHX HF, noBeAeHIIe Db OTJIHqaeTCH OT noBeAeHHH 

npOTaKTHHHH. IlpH 3TOM K03q>q>HIIHeHThl pacnpeAeJieHHH AY6HHH B CHC

TeMax 1,5 M HF/3M HN03 - Dowex lx8 H 1 M HF/3M HCl - MHEK 

60JihlIIe, qeM aHarrOrHqHhie nOKa3aTeJIH HH06irn. 

3. Ilo AaHHhlM Bcex 3apernCTPHPOBaHHhIX Ha ceroAHH 23 co6hlTHli cnoHTaH

noro AeJieHH51 H30TOna 
268

Db OIIeHeHO BpeMH ero )KH3HH, paBHOe 2s::1 q_ 

1Ipa1crnqecKaS1 11eHIIOCTb pa60TbI: 

l. IlOKa3aHa npHHIIHnHaJihHaH B03MO)KHOCTh npoBeAeHH51 XHMIJqeCKOli 

HAeHTIIq>IIKaIIHH 11enoqeK pacnaAOB 6onee AaJieKHX Z-HeqeTHh!X 3JieMeH

TOB, B qaCTHOCTH CBepxTH)KeJihIX 3JieMeHTOB C nopHAKOBhlMH HOMepaMH 

117, 119, 121 II 123. IlOCTaHOBKa xm,rnqecKHX 3KCnepHMeHTOB (HMeIOIIIHX 

npettMy111ecrno no BhIXOAY H30Ton"oB CT3 HaA q>II3HqecKHMH, ttcnonh-

3YIOIIIHMH KHHeMaTHqecKHe cenapaTOphI) n03BOJIHT HaAe)KHO OIICHHTh ce

qeHH51 o6pa30BaHH51 HOBhIX 3JieMeHTOB npn cy111ecTBCHHO MeHhlIIHX 3aTPa

TaX Ha AOporoCT051IIIHe ceaHChl pa60ThI ycKOpHTeJihHOli TeXHHKH. 

2. Pa3pa6oTaHHM paAHOXHMHqecKM MeTOAHKa n03BOJIHeT B off-line pe,KHMe 

npOBOAHTh BhIAeJieHHe II H30KpaTHqecKoe Pa3AeJieHHe rOMOJIOrOB AY6HH51, 

qTo OTKphIBaeT B03MO)KHOCTh npoBepHTh BJIUHHHe peJIHTHBHCTCKHX 3q>

q>eKTOB Ha noBeAeHHe nocnemrero, a TaK)Ke HCnOJih30BaTh q>paKIIHIO 3Jie

MeHTOB rpynnhI 5 AJIH onpeAeJieHH51 MaCChl H30TOna AY6HH51 C nOMOlllhIO 

MaccenapaTopa. 

3. Pa3pa6oTaHHhie MeTOAHKH Bh}AeJieHH51 II oqHCTKH HH06H51 II TaHTarra MO

ryT npeACTaBJI51Th 3HaqHTeJihHhlli npaKTHqecKHli HHTepec npH pa3pa60TKe 

TeXHOJIOrHli MeTarrJIOB rpynnhI 5, a TaK )Ke paAIIOq>apMnpenapaTOB c 

HCnOJih30BaHHeM PaAHOHYKJIHAOB 
9
0mNb II 

178
Ta. 

Anpo6a11m1 pa6oThl: 

MaTepHaJihI AIICCeprn11noHHOli pa60Thl AOKJiaAhIBaJIHCh II o6cy)KAaJIHCh Ha: 

ceMHHapax Jla6oparnpttH HAepHhIX peaKIIHtt HM. r. H. <l>nepOBa (OIUIH); Me)KAY-

06'1e,QIIHeHH1IH HHCTHTY,· 

SIP,epHiiIX Hccne)J,OBaHHl! 
BvIBJ1MOTEHA 



Hapo,nHOM CIIMII03IIyMe rro 3K30TIIqecKIIM a:,npaM "EXON-2006" (XaHTbI-MaHCIIHCK, 

2006); Brnpoii POCCIIHCKOH MOJIO)],C,KHOH IIIKOJie IIO pa)],IIOXIIMIIII II a:.nepHI,IM TeX

HOJIOfIIHM "Pa,nIIOXHMHH 11 (O3epcK, 2006); lliTOii PocCHHCKOH KOHCpepeHIIHH IIO pa

)],IIOXIIMHII "Pa,nIIOXHMHH-2006" ()];y6Ha, 2006); TpeTbett Me)K.L(yHapO)],HOH KOHCpe

peHIIHII IIO XHMHH H q>H3IIKC TPaHCaKTHHOH)],HbIX 3JieMeHTOB "T AN07" ():(aBOC, 

lllBeii11apIIH, 2007); Me)K.L(yHapo,nHoii JieTHeii IIIKOJie "AToMHbie cBoiicrna DI,KeJibIX 

3JieMeHTOB" (BIITTeH6epr, f'epMaHIIH, 2008). 

IIy6JIHK3QIIII! 

IIo TeMe )],IICCepTaIIIIH orry6m1KOBaHO 10 pa6oT, B TOM qIIcne 3 - B Be,nyIIIHX 

pe11eH3IIpyeMbIX HayqHhlX *YPHanax H H3)],aHIIHX, orrpe.neneHHbIX BbICIIIeii aTTeCTa

IIHOHHOH KOMIICCIIett. 

CTpyicrypa II 061.el\l paoon,1: 

):(IIccepTaIIHH COCTOIIT II3 BBe)],eHIIH, )],Byx rnaB, BblBO)],OB II CIIHCKa JIIITepary

pbI. OHa co.nep,KIIT 133 CTPaHIIIIbl MaIIIHHOIIIICHOro TeKCTa, BKmoqaeT B ce6H 74 pII

cyHKa, 22 Ta6JIHllbl II CIIIICOK JIHTeparypbI II3 161 HayqHoii pa60Tbl. 

CO.IJ:EP)KAHIIE P AEOTbl 
Bo BBe)],eHHH rrpIIBe)],eHbl o6ocHOBaHIIe aKryanbHOCTH TeMbl pa6oTbl, 

IIOCTaHOBKa 3a,naqn HayqHoro IICCJie)],OBaHHH H MeTO)],bl ee pellleHIIH. 

B nepBOll rJiaBe 0606I11eHbl JIHTeparypHbie )],aHHbie O MeTO)],aX CIIHTe3a II 

crroco6ax II)],CHTII!pIIKaIIIIH HOBblX HYKnII)],OB, BJIHHHHII penHTHBIICTCKHX 3q>q>eKTOB 

Ha CBOHCTBa TPaHCaKTIIHOH)],HblX 3JieMeHTOB, H pacCMOTPeHbl pe3yJihTaThl on-line 

3KCrrepIIMeHTOB IIO II)],eHTII!pIIKaIIIIII II II3yqeHHIO XIIMHqeCKHX CBOHCTB .ny6Hml. 

Bo BTopoii rJiaBe npttBe.n;eHbl 3KCIIepttMeHTanbHbie pe3yJibTaTbl MO)],eJibllb!X 

OllbITOB IIO Bbl)],eJieHIIIO H pa3.n;eneHHIO 3JieMeHTOB rpyrrrrhl 5, a TaK*e pe3yJihTaTbl 

H3yqeHIIH XIIMHqecKHX CBOHCTB .n:y6HIIH B off-line pe,KIIMe. 

B nepBOl\l pa3)],eJie OIIIICaHbl pa,nIIOXHMIIqecKIIe MeTO)],IIKH rronyqeHIIH 6e3HO

CIITeJibHblX KOJIIIqecTB pa,nIIOHYKnH)],OB Nb, Ta H Pa B peaKIIIIHX (a, xn) H (n, -y) Ha 

IIHKnOTPOHe Y-200 n MIIKPOTPOHe MT-25 (JUIP, 0115111). XapaKTepIICTIIKII II peaK

IIIIII rronyqeHIIH H30TOIIOB 3JieMeHTOB, HCIIOJib3YeMbIX B HaCTOHIIIeii pa6oTe, rrpe.n

CTaBJieHbl B Ta6JIHIIe 1. 

4 

Ta6mn-1a 1 
51.nepHbie CBOM.CTBa llCilOJib3YeMbIX B pa6oTe pa,n110ll30TOilOB 

ll30TOU 
3ttepnm, 10B 

Tin,CYT PeaKQHH UOJIY'ICHHH 
(OTHOCHTCJILHaH HHTCHCHBIIOCTL, %) 

9l"'N!J 104,6 (0,5) 
60,9 naty (a; xn) 1204,8 (2,9) 

~."'Nb 934,5 (99,0) 10,15 
177Ta 55,8 (41,8) 

2,36 natLu (a; xn) 
112,9 (7,2J 

232Th (n; ')') 233Th ~ 
233Pa 312,2 (38,6) 27,0 231Np ~ 

):(JIH Hapa60TKH pa.n;IIOII30TOIIOB HII06IIH H TaHTana Ha MIOMIIHHeByIO rro.n:

JIO)KKY IIOCJIOHHO HaHOCHJIII pacrnop HIITpaTa HTTPHH (HIITPaTa JIIOTeIIIIH) c .n:o6aB

KaMII 3TIIJIOBOro CIIHpTa II caxapa. Ilo)],JIO,KKH nocne HaHeceHHH Ka,K.L(Oro CJIOH rrpo

KMHBMII rrpH TCMIIeparype 300 - 350 °C. O6pa30BaBIIIHHCH OKCH)], Y2O3 (Lu2O3) 

(TOJIIIIHHa OT)],CJibHOro CJIOH COCTaBJIHJia OKOJIO 0,2 MrlcM
2
) TOJIIIIIIHOH 10,0 - 13,0 

MrlcM
2 

o6nyqanII a-qacTIIIIaMII HaqanbHOii 3Heprneii 32 - 33 M3B Ha BHYTPeHHeM 

rryqKe ycKopHTCJIH Y-200 (o6nyqaeMaH IIOBepxHOCTb MHIIICHII pacrrOJIO)KCHa IIO)], yr

JIOM 14° K nyqKy) B TeqeHIIe 10 q (6 q) nptt cpe,nHeM TOKe (
4
He+) 10 MKA (7 MKA). 

Ilo OKOHqamm o6nyqeHHH IIO)],JIO)KKY Bbl)],ep,KHBMH s TeqeHIIe 2 - 4 cyT )],JIH CHII

,KCHIIH ypOBHH HaBe)],eHHOH aKTIIBHOCTH. BbIXO)],bI pa,nIIOHYKnII)],0B COCTaBIIJIH 250 

KEKIMKA•q IIO 
92mm II 2 MEKIMKA•q IIO 

177
Ta. 

):(anbHCttlllee BbI)],eJieHIIe 11eneBbIX II30TOIIOB 3JieMeHTOB rrpoBO)],IIJIOCb C IIO

MOillb!O 3KCTPaKIIIIOHHbIX IIJIII oca)],IITCJibHbIX MeTO)],OB. MeTO)],IIKa nonyqeHIIH B IIO

cne.n;HeM cnyqae II03BOJIHeT rrpoBO)],IITb Bhl)],CJieHIIe 3JICMCHTOB rpyrrrrhl 5 rrptt6JIII3II

TCJibHO 3a 2 qaca. O6nyqeHHblH cnoii OKCII)],a pacrnopHJIH B 5 MJI KOHIIeHTPIIPOBaH

HOH HNO3• IIonyqeHHhIH pacrnop rrepeHOCIIJIII B Kon6y )],JIH IICHTPII<pyrnpoBaHIIH, 

r,ne nposo.n;IIJIII HeiiTPanII3aIIIIIO KIICJIOThI II oca,K)],CHtte Ln(OH)3 KOHIICHTPIIPOBaH

HhlM NH4OH (25 - 30 MJI). 3neMeHTbl rpyrrIIbl 5 COOCa)K)],MIICb C rn.n:poOKIICb!O. 

IIocne 3TOro KOJI6y HarpeBanll Ha BO)],HHOH 6aHe B TeqeHIIe 1 - 2 MIIH, a 3aTeM rrpo

BO)],IIJIII 11eHTPII<pyrnposaH11e B TeqeHIIe 10 MIIH rrpII 4000 06/MIIH. IIocne .n:eKaHTa

llIIII oca.n;oK pacrnopa:n11 B 6 M HCI II rroBTopa:nII orrepaIIIIII oca,K,n:eHIIH, 11eHTPII<py

rnposaHIIH II .n;eKaHTaIIIIII. BHOBh nonyqeHHhiii oca,noK pacrnopa:n11 B 6 M HCl II .n:o-

6aBJIHJIII HF )],JIH oca)K.L(eHIIH YF3 (LuF3) TaK, qT06h1 KoHeqHbitt cocrns cMecII cooT-

5 



BeTCTB0Ban ~ 0,5 M HCI/~ I M HF. YKa1aHHoe BhIIIIe cooTH0IIIemie KOHU:eHTJ)au:Jiii 

KJICJI0T Bhl.[(ep)KJIBanJI .nm, MJIHJIMallhH0r0 co.nep)KaHJIJI COJieii B .neKaHTaTe. IIocJie 

:noro rrp0B0.[(JIJIJI u:eHTJ)JicpympoBaHJie B TeqeHJie 5 MJIHYT (4000 06/MJIH) JI II0Jiy

qeHHhIM rrocJie .neKaHTaU:JIJI pacrnop, co.nep)Kall.(JIH 6oJiee 80 % HJI06JIJI JI TaHTana, 

yrrapJIBallJI .nocyxa JI rrepeyrrapJIBallJI C u:apcKoii B0.[(KOH. )];ooqJICTKY 3JieMeHT0B 

rrp0B0.[(JIJIJI c II0M0II.(hlO aHlIOHH0ro o6MeHa. Cyxoii 0CTaT0K pacrnopJIJIJI B I MJI I M 

HF, HaH0CJIJIJI pa.nJioHyKJIJI.L\hI Ha K0JI0HKY 6xl0 MM co CMOJioii Dowex lx8 (200 -

400 MeIII) JI .necop6JipoBanJI cMeIIIaHHhIM pacrnopoM 0,5 M HNO3/I,5 % H2O2. 

)];JIJI Hapa60TKJI rrpoTaKTJIHJIJI Ha6op T0pJieBbIX !pOJihr pa3JIJiqHoil: T0JIII.(JIHhl JI 

o6ll.(eil: Maccoil: 0,9 r II0Mell.(anJI B U:JIJIJIH,L\pJiqeCKJIH IIJiaCTMaCCOBhlM KOHTeil:Hep JI 

o6JiyqanJI TelIJI0BhIMJI Heil:TJ)OHaMJI C JICII0Jih30BaHJieM U-Be K0HBepTopa MJIKp0-

TJ)0Ha MT-25 (rrornK Heil:TJ)OHOB - 10
8 

HlcM
2
·c) B TeqeHJie IO q_ Ilo oKoHqaHJIJI 06-

JiyqeHJIJI q>OJihm BhI.[(ep)KJIBanJI_ B TeqeHJie 3 CYT0K JI pacrnopJIJIJI B IO MJI 11,3 M 

HCI c .no6aBJieHJieM I - 2 KarreJih 2 M HF (.nJIJI yJiyqIIJeHJIJI pacrnopeHJIJI). IloJiy

qeHHhIM pacrnop rrporrycKanJI qepe3 aHJIOH006MeHttyIO K0JI0HKY 8x40 MM co CMOJIOH 

AG lx8 (100- 200 MeIII). IIocJie qero K0JI0HKy rrpoMhIBanJI 9 MJI 8 M HCI .[(JIJI y.na

JieHJIJI cJie.noB TOPJIJI JI 3JIIOJipoBanJI Pa 6 MJI 2 M HCL CTerreHh BhI.[(eJieHJIJI Pa co

CTaBJIJia ~ 95 %. 

)];pymM crroco6oM rroJiyqeHJIJI JIBJIJieTcJI MH0roKpaTHoe JI3BJieqeHJie 
233

Pa (rro 

231 B Mepe ero HaKOIIJieHJIJI) JI3 MaTepJIHCK0ro pa.[(JI0HYKJIJI,[(a Np. 0CH0Be rrpJIHU:JIIIa 

Jie)KJIT C03.[(aHJie JI30T0IIH0ro reHepaTopa C JICII0Jih30BaHJieM CJIJlhH0KJICJI0TH0ro Ka

TJI0HJITa H pa36aBJieHHhIX pacrnopoB IIJiaBJIKOBOM KJICJI0Thl B Kaqecrne 3JIIOeHTa ,[(0-

qepHero rrpo.nyKTa. 

Bo BT0p0M pa3.[(eJie paccM0TpeHhl crroco6hl ceJieKTJIBH0ro BhI,[(eJieHJIJI Nb JI 

Ta JI3 MH0r0K0MII0HeHTHhIX pacTB0p0B. 

B 3KcrrepJIMeHTax 110 JI3yqeHJIIO II0Be,[(eHJIJI 3JieMeHT0B rpyrrrr 4 JI 5 rrpJI JiaH

TaHcpTOpJI.[(HOM oca)K,[(eHJIJI B CMeIIJaHHhIX HF/HNO3 pacrnopax o6Hapy)KeHO, 'ITO B 

IIIJip0K0M ,[(JiaIIa30He KOHI~eHTJ)aIIJIH KJICJI0T (I - 9 M) 3JieMeHThl rpyrrrrhI 4 JI 

rrpOTaKTJIHJIM rrpaKTJiqecKJI II0JIH0CThlO oca)K,[(aIOTCJI, a 3JieMeHThl rpyrrrrhl 5 (Nb JI 

Ta)- ocTaIOTCJI B pacrnope (pJic. la). 

IIocJie.[(HJie .[(0CTJI)KeHJIJI B o6JiaCTJI CJIHTe3a CBepXTJI)KeJihlX 3JieMeHT0B Ha-

6 

rrpJIMYIO CBJI3aHbl C JICII0Jih30BaHJieM 
48

Ca B Kaqecrne 6oM6ap.nJipyIOII.(eil: qacTJIU:hI. 
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Pnc. I. OTHOCHTeJihHOe C0.1\Cp)KaHHe 3JieMeHT0B B .!(eKaHTaTe rrpH oc~eHHII C 
LaF3 113 CMernaHHhIX HF/HNO3 pacrnopoa: a) Nb, Ta, Pa, Hf11 Sc, 6) Sc 

Ilo3TOMY rr106aJI l\teT0.[(JIKa, HarrpaBrreHHaJI Ha JI3yqeHJie XJIMJiqecKJix cBoil:crn TA3, 

.[(0Jl)KHa yqnThIBaTh rrpJICYTCTBJie B CJICTeMe rrpo.nyKT0B peaKIIJIH rrepe.naq, 
47

' 
48

Sc 

({f-H3rryqaTeJIJI MeIIJaIOT O'-ClleKTJ)OMeTJ)JIJI). Ha pJicyHKe 16 II0Ka3aH0, qTQ 0TH0CJI

TeJibH0e co.nep)KaHJie CKaH.[(JIJI B .neKaHTaTe II0HJI)KaeTCJI C yMeHhIIJeHJieM K0HU:eH

TJ)au:JIJI HF JI yBerrttqeHJieM K0HU:eHTJ)aIIJIU HNO3. 

B TpeTl>eM pa3.[\eJie paCCM0TpeHhl pe3yJihTaThl M0.[(eJihHhIX 3KCrrepuMeHT0B 

ITO JIOH006MeHHOMY H 3KCTJ)aKIWOHHo-xpoMaTorpacpJiqecKoMy pa1.nerreHJIIO 3JieMeH

TOB rpyllllhl 5. 

O.[(HJIM JI3 rrpeJIMyll.(eCTB KaTJI0HH0ro o6MeHa B n3yqeHJIU XJIMJiqecKJIX 

CBOHCTB rrepBblX TJ)aHcaKTJIH0JI.[(0B JIBJIJieTCJI BhIC0KaJI CTerreHb oqJICTKJI OT aKTJIH0-

JI.[(HhlX 3JieMeHT0B. KaTJIOH006MeHHbie pa1.nerreHJIJI 3JieMeHT0B rpyrrrr 4 JI 5, a TaK)Ke 

pe.nK03eMeJihHhIX 3JieMeHT0B, rrp0B0,[(UJIJI Ha K0JI0HKe 6x30 MM co CMOJIOH Dowex 

50x8 (100 - 200 MeIII). B 3TUX 3KCrrepJIMeHTax y.nanoCh 0T,[(eJIHTh 3JieMeHThl rpyrrrr 

4 JI 5 OT aKTJIH0JI.[(0B, B KaqecTBe r0M0JI0r0B K0T0phIX JICII0Jih30BallCJI caMhlll TJI)Ke

Jlhlll JiaHTaH0JI.[( Lu. IlOMJIMO 3Toro, B pa1.neJIJieMyIO CMeCb 6hIJI BHeceH JI30T0II 
87

mSr, 
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Pnc. 2. KaTHOH006MCHHOe pa3~CJJCHHC 3JJCMCHTOB rpyrrrrbl 5 Ha KOJIOHKC 6x30 

MM co CMOJJOll Dowex 50x8 (100 '-- 200 Melli) 

JIBJUIIOill,HllCJI ITO CBOeMy XHMHqeCKOMY IIOBe).(eHHIO ammoroM No, KOTOpblll MO)KeT 

o6pa.3oBaTbCJI rrptt pacrr~e: Db~Rf ~No. TaKHM o6pa.3oM, B cnyqae o6-

pa.3oBaHHJI No ITO YKa3aHHOll Bbillle cxeMe, rrpeMaraeMaJI MeTO).(HKa (pttc. 2) II03BO

JIJieT ocymecTBHTb IIOJIHOe OT).(eJieHHe 3JieMeHTOB rpyrrrr 4 H 5 OT Sr (aHanor No), a 

TaK)Ke OT Lu (aHanor 3x_BaneHTHblX aKTHHOII).(OB). 

AHHOHHblll o6MeH IICIIOJib30BaJIII rrpII H3yqeHHH XIIMIIqecKoro IIOBe).(eHIIJI 

AY6HIIJI B CBJI3H C o6pa30BaHIIeM IIOCJie).(HIIM IIpOqHO cop6IIpyeMbl~ qnopII).(HbIX 

KOMIIJieKCOB. O).(HaKO II3-3a BbICOKIIX 3HaqeHIIll K03cpqmu,IIeHTOB pacrrpe).(enemrn 

pa:3).(eJIIITb 3JieMeHTbl rpyIIIIbI 5 B cpe).(e HF II rronyqHTb He60JiblllIIe ITO o6beMy 

cppaKU,IIII Ka)K).(Oro H3 HHX ).(OBOJlbHO CJIO)KHO. ,r(JIJI pa.3).(eJieHHJI Pa H Nb IICII0Jlb30Ba

Jlll cMelllaHHble pacTBopbI HF/HCl H HF/HNO3• TaHTaJI B cHny BbICOKHX 3HaqeHHii 

K03cpqmu,HeHTOB pacrrpe).(eJieHIIJI ).(ecop6HpOBaJill pacTBOpOM HNO3/H2O2. 

Oco6oe MeCTO B H3yqeHHH XllMHqecKHX CBOHCTB CBepXTJI)KeJiblX 3JieMeHTOB 

3aHHMaIOT 3KCTPaKU,llOHHO-XpOMaTOrpacpHqecKHe MeTO).(bl. B XO).(e MO}l.eJibHblX 3KC

rrepHMeHTOB B KaqecTBe HHepTHOro HOCHTeJIJI llCIIOJib30BaJIH <pTopyrrrepO}l.Hblll rro

JIHMep, Ha KOTOpblll HaHOCHJlll MeTHJlll306YTHJIKeTOH (MI1EK), 3JIIOeHTbl - CMeIIIaH-

8 

r 

' 

·\ 
/ 

Hble HF CO).(ep)Kalll,IIe paCTBOpbl MHHepaJibHbIX KHCJIOT. 

113 paCCMOTPeHHbIX CllCTeM Hatt6orree YA06HOll ).(JIJI rrpHMeHeHHJI MO)KHO cqII

TaTb HF/HCl. B 3THX ycrroBHJIX }l.OCTHraeTcJI rrpoqHoe y}l.ep)KHBaHHe Hccrre).(yeMhIX 

3JieMeHTOB Ha KOJIOHKe, B OTJillqlle OT cpe).(bl HF/HNO3. B CHJIY IICIIOJlb30BaHHJI rrer

KO yrrapHBaeMbIX MHHepanbHblX KHCJIOT He B03HHKaeT CJIO)KHOCTeii C rrpttrOTOBJieHH

eM llCTOqHHKOB ).(JIJI CIIeKTPOM~llH, B TO Bpel',IJI KaK B cpe).(e HF/H2SO4 rrpll yrrapII

BaHIIll o6pa.3yeTCJI MaCJIJIHIICTblll OCTaTOK. 

TaKHM o6pa.30M, B TPeTbeM pa.3).(eJie rrpe).(JIO)KeHbl KaTHOHO-, aHHOH006MeH

Hble Ii 3KCTPaKU,llOHHO-XpOMaTorpacpHqecKHe MeTO).(llKH, II03BOJIJIIOill,IIe pa:3).(eJIJITb 

3JieMeHTbl rpyrrrrbI 5. 

B 'ICTBepTOM pa3).(eJie rrpHBe).(eHbl pe3yJibTaTbl 3KCIIepHMeHTa ITO II3yqeHHIO 

XllMHqecKHX CBOHCTB AY6HHJI, a TaK)Ke paCCMOTPeHbl B03MO)KHbie cxeMbl 6y).(ylll,HX 

3KcrrepHMeHTOB. 

24
).m(~IMricM1) 

BpamaIOLUal!Cl! ,./ KOJIJil!MaTop· 

MJIWCHb r J!.~Cp OT!la'IH 

--G- ' __ / ,12.5° 

I : ~ 
ny'IOK HOHOB 

48
Ca _.. -

KOJIJil!MaTOp / 

ny'!Ka IIOIIOB 

I 

>-------- J00MM 

,.c6opm1K 
J!!ICP OTila'm 

I 

l 
<2)50MM 

J 
Pnc. 3. CxeMa 3KCIICpHMCHTa no H~CHTH!pHKaUHH uerrOqKJI pacrra~a 

288 115 

3KcrrepHMeHT 6bIJI BbIIIOJIHeH Ha ycKOpHTerre TJI)KeJibIX HOHOB Y-400 JUIP. 

TipIIHU,llIIllaJibHaJI cxeMa o6nyqeHHJI IIOKa3aHa Ha pIICYHKe 3. MHllleHb B BH).(e Bpa

Ill,aIOill,erocJI ).(llCKa II3 TllTaHOBOll qJOJibrH TOJllll,llHOll 1,5 MKM Ii o6meii IIJIOill,a).(bIO 

32 CM
2 

C HaHeceHHblM Ha Hee 
243 

Am (99,9 %) B BH~e OKCH).(a TOJllll,~HOll 1,2 Mr/cM
2 

(no 
243

Am) o6nyqanach ttoHaMH 
48

Ca c 3Heprneii 247 M3B (3HeprnJI Ha cepeAHHe 

CJIOJI MHllleHH) • .51).(pa OT)_(aqll (rrpOAYKTbI peaKU,llll, BbIJieTaIOill,He ll3 MHllleHH) OCTa

HaBJIIIBaIIIICb B Me).(HOM c6opHHKe. C6opHHK JI).(ep OT).(aqll ).(llaMeTPOM 50 MM 6bIJI 

YCTaHOBJieH Ha paccTOJIHHH 100 MM OT MllllleHH ITO OCH IIY'IKa. Tipo6er JI).(ep OT)_(aqH 

B MaTepHane c6opHHKa He rrpeBbllllaJI 3 - 4 MKM. 

9 



Bcero 6bIJIO npoBe,L(eHO 8 3KCIIep11MeHTOB, BpeMH o6nyqeHIIH B Ka,K.L(OM 113 

HIIX COCTaBnHno OKOno 40 qacoB. no OKOHqamm o6nyqemrn IIOBepXHOCTb c6opHIIKa 

Tll(aTenbHO oq11man11 OT a3p030llbHbIX qacr1111, CO,Llep,Kall(IIX 243 Am. 3aTeM C IIOMO

ll(bIO MIIKpOTOKapHoro CTaHKa MeXaH11qecK11 cpe3an11 BepXHIIH cnoii TOllll(IIHOH 7 -

10 MKM (120 - 180 Mr Cu). Me,L\HyIO CTp~Ky pacrnopHnII B 10 Mn KOHIJeHTpIIpo

BaHHOH HNO3. QqlJCTKY OT 6annaCTHOro MaTep11ana, Me,LIII, IIpOBO,L\llllll C IIOMOll(bIO 

La(OH)roCa,K,L(eHIIH B aMMHaqHoii cpe,Lle (Me,L\b B BII,L\e aMMIIaqHoro KOMIIneKca 

ocrnBanacb B pacrnope ). 

.z:t:anee 6bIJIII pa3pa60TaHbl II peann30BaHbl ,L\Be paBHOl.(eHHbie cxeMbI, BKnIO

qaromne B ce6H CTa,LIHIO LaF3-0Ca)K,LleHHH, qTo II03BOn11no y,L\anIITb C oca,L(KOM 6onb

rnyIO qacTb aKTIIHOII,L\OB, CKaH.L(IIH, 3neMeHTOB rpyIIIIbl 4 II IIpOTaKTHHIIH. Tiocne qe

ro ,LleKaHTaT IICIIOllb30BanII nu6o ,L\llH aHHOH006MeHHbIX, nn6o ,L\nH 3KcrpaKIJIIOHHO

xpoMaTorpaqmqecKIIX nccne,L10BaH11ii. 

Tipn IICIIOllb30BaHIIII aHHOHH0ro o6MeHa (KOllOHKa 6x 10 MM co CM Ono ii 

Dowex lx8, 200 - 400 Mern, P--q>opMa) ,L1ecop6unro H110611H II TaHTana np0Bo.L1nn11 

.L\BYMH pa3HbIMH cnoco6aMH. B nepB0M cnyqae - 6e3 pa3,LleneHIIH JneMeHTOB - IIC

IIOllb30BanCH pacrnop 0,5 M HNOil,5 % H 2O2, BO BTopoM - Nb 3nro11p0Ban11 cMe

rnaHHhIM pacrnopoM 3M HNOil,5 M HF, a Ta - 0,5 M HNOil,5 % H2O2. Tipn 

3KCTpaKIJII0HH0-Xp0MaTorpaq>11qecKOM MeTO,L\e ,L\eKaHTaT nepenocnnn B K0ll0HKY C 

MIIEK, npe,L1BapIITenbH0 np0MhITYIO CMernaHHhIM pacrnopoM 6 M HCI/6 M HF. 

H1106nii pe3Kcrparnp0Ban11 nocne,L10BaTenbHO cMernaHHbIMII pacrnopaMn 3 M HCI/1 

M HF n 1,5 M HCI/0,5 M HF, nocne qero q>paK111111 061,e.L\HHHnn. TaHTan BhIMhIBan11 

C II0M0ll(bIO H2O. 

B rpex 3Kcrrepm,teHTax 113 q>TOpH.L\HOro oca.L(Ka H3BneKann JneMeHTbI rpyrrnu 

4 . .z:t:nH pacrnopeHIIH LaF3 K oca.L(Ky ,L106aBMnn H3BO3(Hac.) n HCI, 3aTeM oca)K.L(an11 

rn,L1pOKCH.L\ La(OH)3 c IIOMOll(bIO NH4OH. Oca.L(OK pacrnopHnn B 0,2 M HCI n IIO.L1a

Ban11 rronyqeHHbIH pacrnop B KOll0HKY co CM0noii Dowex 50x8, r,Lle rrpOBO,L\Hllll oqu

CTKY OT 3x_BanenTHbIX naHTanoH,LI0B n aKTHH0H.L\OB B cpe,Lle 0,2 M HCI/0,01 M HF. 

Bee o6pa31.(bl ,L\llH 113MepeHnii rOTOBHnH rryreM HaHeCeHHH C0OTBeTCTBYIOll(HX 

q>paKIJHH 3nIOaTa Ha IIO,L\ll0)KKY (nonH3THneHOBM rrneHKa B BH,Lle .L\IICKa ,L\IIaMerpoM 

15 MM n TOllll(HHOH 0,4 MKM) c nocne,L1yIOll(HM yrrapnBaHIIeM pacrnopa ,L\0cyxa B 

IO 

crpye ropHqero rennH. 

.,, : ,,.,, ,,.,,. , ,,. .,,., // 
Nb/Ta - XIIMll'ICCKHH / 

cjiparMcnT 
41t - ,UCTCKTOpbl 

OCKOJIKOB ,UCJICIIIUI 

.z:t:nH perncrpa111111 a-

qacTHIJ II 0CKOllKOB CII0HTannoro 

,L\eneHHH HCIIOllb30BanCH ,L1eTeK

THpyrom11ii MO.L\Yllb, COCTOHll(HH 

113 qerbipex H,LleHTHqHbIX KaMep 

c 2-MH nonynpOB0,L\HHK0BbIMII 

,LleTeKTopaMn (TIIT.z:t:) B Ka,K.L(Oii. 

Bee KaMepbI II0Mell(anIICb B neii-

Pnc. 4. HeihpoHHhiii .ueTeKTop rpOHHbIH ,L\eTeKTop (pnc. 4), pe-

rncTpnpyromnii HeiirpOHbl CII0HTaHH0ro ,L\eneHHH. HeiirpOHHblll ,L(eTeKTop C0CTOHn 

113 72 3He-cqerqnKOB B IIOllll3THneH0BOM 3aMe,L\nHTene, pacrrono)KeHHbIX B TPH PH.Lia 

Ha pa3nlJqHQM paccTOHHHH OT KaMep C o6pa3IJaMH. Ycn0BHH o6nyqennH (IIOTOK 110-

HOB 48Ca B Ka)K,LI0M IJIIKne) II pe3yllbTaTbl H3Mepennii MH Ka,K,L(0ro 06pa311a (3Hep-

rHH 0CK0llK0B CII0HTannoro ,L\eneHHH C yqeTOM·nornomeHIIH B T0llll(IIHe cnoH HCToq-

~ JH HHK0B II II0,L\llO)KKH; qncno HeIIrpOH0B, 3aperncrp11poBaHHbIX e-cqeTqnKaMH B 

Ka)K,LI0M co6bITHH CIIOHTannoro ,L\eneHHH, II BpeMH per11crpa111111 co6hITIIH OT M0MeH

Ta naqana 113Mepett11ii) npe,LlcTaBneHbI B rn6n11ue 2. 

Ta6mm,a2 

YcJIOBHll II pe3yJihT3Tbl 3KcnepHMCHTa no H3)"ICHHIO XHMHqecKHX, CBOHCTB ,uy6HHll 

3neprnH OCKOJIKOB qHCJIO 
BpeMH XnMnqecKaH 

,l],01a ,UCJICHHH E1/Ei, MJB HCHTpOHOB, 
pernCT- CXCMa Bhl,UCJie-

.N"2 HOHOB 
Pa/Zr/Hf- Nb- Ta-

B Ka)K.IIOM 
48Ca cofihlTHH 

paQHH, IIHH H pa3,UCJie-

$paKQHH $paKQHH $paKQHH 
C,l], 

q IIHH roMOJIOrOB 

1 5,2·10 11 
HeTC,l], 51/- 1 27 AmIOHHhIH 

2 4,2· IO" HeTCJl 40/53 3 37 o6MeH 

3 4,5· IO" HeTCJl' HeTC)l 22/3 6 30 3KCTP3Kl(HOHH3ll 

4 4,2·10" - HeTClI 45/5 2 16 xpoMarnrpaq>nll 

5 4,2·1017 - HeT CJl HeTCJl - -
6 3,9· 1011 - HcrCJl 66/8 2 18 AHHOHHbIH 

7 4,4· 1011 - HeTClI' HeT CJl - - o6MeH 

8 4,4· 10" - HeT CJl HeT CJl' - -

l13MepeHHll BCCX o6p33l\OB npoBO,UHJIHCb B TeqeHne 96 q, CCJIH He YK333HO HHOe. 

I - H3MepeHHll npoBO,UHJIHCb B Teqenne 48 q_ 
2 

- H3MCpllJIOCb ,UBa o6p33l(a: O,UHH - B TeqeHne 48 q, .upymii - 1152 q_ 

11 



B xo~e 3Kc11epttMeHrn 11ptt cyMMapHoii ~o3e tt0H0B 
48

Ca paBHoii 3,5· 1018 
61,rno 

3aperHClpttpoBaH0 5 cofo,JTttll Cll0HTaHH0ro ~eJieHIDI 3a BpeMeHH0ll llHTepBaJI 37 q C 

M0MeHTa Haqana H3MepeHttll. Bee cofo,JTHH o6Hapy)KeHI,I BO 4JpaKU:HHX 3JieMeHT0B 

rpy11m,I 5, ~B~hl - BO 4JpaKU:IDIX Nb/Ta (4JpaKI.J;HH ll0JI)"IeHhl 6e3 pa3~eJieHHH 3Jie

MeHTOB) H lpll~hl - B Ta-4JpaKU:HH. BepOHTHOCTh pernClpaU:ttH aKTa Cll0HTaHH0ro 

~eJieHIDI nJ:)KeJioro aKTHH0tt~a (11po~KTa peaKU:HH 11epe~aqu) He 11peBhIIIIaeT 1 • 10·3 

Cll/cyr. IlOCKOJihKY ~JIH pa3~eJieHIDI rDM0JI0rDB 11pttMemmHCh ~Be pa3JIHqHhie XH

MHqeCKHe cucTeMhI, HeJih3H ttCKJIIOqaTh, qTo B p»:~y ~ecop6u:ntt Nb > Ta ~y6Huii 

M0)KeT 0Ka3aTbCH KaK 3a Ta, TaK H Me~y CB0HMH roM0JI0raMH. C ~pyroii CTOp0Hhl 

M0)KH0 K0HCTaTIIp0BaTh, qTo Db B YKa.JaHIIhIX ycJI0BHHX 110 CB0llM XHMifqecKHM 

CBOllCTBaM OTJIIfqaeTCH OT l1CeB~0roM0JI0ra Pa (Ha 0CH0BaHHH 0Ca)K~eHHH C LaF3 H 

0TCYTCTBHH co6hJTHll Cll0HTaHH0ro ~eJieHIDI B o6pa3u:ax, ll0JiyqeHHhIX ll0CJie o6pa-

60TKH qJTOpH~Horo OC~Ka). Ilpu 3T0M K03qlqJHU:HeHThl pac11pe~eJieHHH ~y6mrn B 

cncTeMax 1,5 M HF/3M HNO3 -Dowex lx8 u 1 M HF/3M HCl-MMEK 6oJihIIIe, 

qeM aHaJI0ruqHhie l10Ka3aTeJIH HH06IDI. Ilo ~aHHhIM BCex 3aperHClpHp0BaHHhIX 23 

co6bJTHll Cll0HTaHH0ro ~eJieHHH ou:eHeH0 BpeMH )KH3HH ll30T0l1a 
268

Db paBH0e 2s:~
1 

q_ 

3q1q1eKTHBHOCTll BhI~eJieHHH pa~H0H30T0l10B 3JieMeHT0B rpy1111 3 - 5 H 7, 011-

pe~eJieHHbie 110 ~aHHhlM ClleKlp0MelpHqecKHX H3MepeHHll pa6oqux o6pa3U:OB B 

11epB0M 3KCl1epHMeHTe 110 XHMHqecKOll H~eHTllqJHKaU:HH ~y6mrn (I) H B 11poBe~eH

H0M (II), 11pe~CTaBJieHhI B Ta6JIHU:e 3. Co~ep)KaHHe 
175

Hf BO 4JpaKU:IIH 3JieMeHT0B 

rpyl1l1hl 5 C0CTaBHJI0 1, 7 ± 0, 14 %, qTQ C00TBeTCTByeT K03qlqJHU:HeHry pa3~eJieHIIH 

Kpa:ii1 (V,JIVrp) = 59 ± 5. 3m BeJIR'InHa 011pe~eJIHeTCH oqncTKoii Ha crn~nn LaFr 

lhoTon I 
IVN-dmai.:i-1uH 

Nb-92m 80± 6 
Ta-177 57±32 
Hf-175 64±6 
Zr-89 53 ± 8 
Sc-48 45±6 
Y-87 0,7±0,2 

Rh-IO Im 5±2 

Ta6J1u11a3 

CTerreHh BhI,[\eJieHllil pa,n,HOHYKJIH,l\OB, % 

II 
LaF3 IV-d>U3KLIHH V-dmaKI.IHH Nb-dmaKL{HH Ta-dluaK1111si 

1,3 ± 0,9· 0,37 ± 0,14· 86± IO 84± 7 0,11 ± 0,04 
- - 93 ± 8 - 85 ±4 
- 56 ± 11 1,7 ± 0,14 - 0,08 ± 0,01 

68±9 52±5 0,5 ± 0,2 0,4±0,2 0,07 ± 0,03 
76±7 - 0,14 ±0,05 0,10± 0,03 -

84± 8 0,38 ± 0,06 0,7± 0,2 - 0,06± 0,01 
4,4± 0,8 0,3 ±0,1 0,14 ± 0,07 0,51 ± 0,09 -

- rrpuae,l\eHhI 3HaqeHttll no H30Torry Nb-90 
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oca)K~eHllH If xop0III0 cornacyeTCH C pe3yJihTaTaMH M0~eJihHhIX 3KCl1epnMeHTOB. 

Co~ep)KaHtte ll30T0l10B cKaH~HH BO 4JpaKU:llHX 3JieMeHT0B rpy11llhl 5 CHif)KeHO 11oqn1 

B 300 pa.3 110 cpaBHeHllIO C ~aHHhIMH 3KCl1epuMeHTa 110 u~eHTUqJUKau:uu ~y6HttH. 

KpoMe 3TOrD K03qlqJHU:lleHT pa3~eJieHHH TaHTaJia u HH06llH (raqJHUH) C0CTaBIIJI Kpa:,11 

(Ta/Nb-Hf) ~9· 102
, a K03qlqJIIU:IIeHT pa3~eJieHllH 3JieMeHT0B rpy1111bI 5 II aKTIIHOU

~0B - KP= (V ,JAn) ~7-10
5

• 

Bo3MO)KH0CTh ll30KpaTIIqecKoro pa3~eJieHIIH HII06HH H TaHTaJia ~JIH 011poBep

)KeHIIH mm ~0KaJaTeJibCTBa HaJIIIqIIH UHBepcIIII CBOllCTB 110 rpy1111e 11pe~CTaBJIHeTCH 

11pII UCl10Jih30BaHIIII CMeIIIaHHhIX paCTB0p0B HF/HNO3. O~HaKO llpttMeHeHue TaKOll 

CIICTeMhI He B03M0)KH0 6e3 11pe~BapIITeJihHOll 0l1THMll3aU:HH 11pou:ecca pa3~eJieHIIH. 

0 6 12 18 24 

6MHF/ 
100--j.4MHCI,:, 6MHF/4MHNO, . •I 

,ft. 
_; 80 

g 
~ 
~ 60 

"' 0: 

"' ~ 
~ 40 

~ ... 
0 

~ 0 20 

0 

Pa 

Hf 

6 

Nb 

12 

3moaT, MJI 

a) 
4 X 80 MM 

Ta 

18 24 

100~------------, 

80 

60 

40 

20 

0 

Pa 

Hf 

6) 
4x220MM 

18MHF/2,5MHNO, 

Ta 

Nb 

6 12 18 24 30 36 

3JtroaT,MJI 

Puc. 5. OmuMaJihHhie ycnoBHll p33,lleJieHttll roMonoroB Db B cpe,lle HF/HNO3 
H3 KOJIOHK3X co CMOJIOH Dowex lx4 (-400 Melli) rrpu CK0p0CTH :mIOeHT3 0,25 
MWMHH 

OTHOCHTeJihH0 6oJihIIIlle 061,eMhI 4JpaKU:Hll Ka~oro 3JieMeHTa MO)KHO 

yMeHhlIIIITh, IICl10Jih3YH CM0JihI MeHhIIIero 3epHeHIIH II C MeHhlIIIIM co~ep)KaHtteM 

~UBUHttJI6eH30Jia. y JI)"IIIIIITh CTelleHb pa3~eJieHHH 3JieMeHT0B M0)KH0 3a cqeT ll3Me

HeHUH reoMelpH'IeCKHX 11apaMelp0B K0JI0H0K. Ha pncyHKe 5 l10Ka3aH0 pa3~eJieHIIe 

Hf, Pa, Nb II Ta Ha K0JI0HKax co cMoJioii Dowex lx4 (-400 MeIII). Ko3q14Juu:IIeHThI 

pa3~eJieHIIH Nb H Ta cocTaBJIHIOT lfyafNb ::::::2,2 (pnc. Sa) H llNbrra zl,3 (pIIc. 56). CyM-
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MapHbIH o6beM cppaKI]JIH HII061IH-TaHTaJI COCTaBJIHeT OKOJIO 15 MIT B o60IIX crryqaHx. 

Ha6mo.z:i:aeMhie npOTIIBOnOJIO)KHble nocrre.n:oBaTeJibHOCTII 3Jll01IpOBamrn Nb II Ta 

YKa3b!BaIOT Ha .z:i:onorrmneJibHOe npelIMYllleCTBO Bb!6paHHOH CIICTeMbl nplI 1IJyqeH1III 

BJIWIHHH peJIHTIIBHCTCKIJX 3<:pcpeKTOB Ha xm,mqecKIIe CBOHCTBa )J.y6HIIH. 

Ha OCHOBaHIIII npe)],CTaBJieHHbIX )],aHHbIX npe)],JIO)KeHa KOM61IH1IpOBaHHaH 

cxel\fa npoBe)],eHIIH 3KCnep1IMeHTa no IICCJie)],OBaHIIIO noBe)],eHmI )],OJirO)KIIBYllllIX 

II30TOnoB )J.y6Hm:1 B pacrnopax HF/HNO3. 

BblBO,lI,hl 

1. fIO)],TBep)K)],eHbl pe3yJibTaTbl XIIJ\mqecKOH II)],eHTil4JIIKaunn 3JleMeHTa 115 C Mac

COBbIM qlICJIOM 288, CHHTe3HpOBaJIHOro B peaKUIIII 243 Am + 48Ca, no ero KOHeq

HOMY npo)],yKTy pacna)],a, II30TOIIY )J.y6HH.SI. U:enoqKa 5-TII IIOCJie)],OBaTeJibHbIX a

pacna)],OB npepbrnaJiach cnonrnHHbIM )],errenHeM 268Db. 3aperncTPnpoBaHbI 5 co-

6hITHH CIIOHTaHHOro .n:erreHII.SI BO cppaKQII.SIX 3JieMeHTOB rpyIIIIbl 5. 

2. TIOKa3aHa IIplIHUIIIIIIaJihHa.H B03MO)KHOCTb IIpOBe)],eHH.SI XIIMnqecKOH H)],eHTH4llI

KaU1Ill uenoqeK pacna)],OB 6orree )],aJieKHX 3JleMeHTOB C IIOp.H)],KOBbIMII HOMepaMII 

117, 119, 121 II 123. fIOCTaHOBKa XIIMHqeCKIIX 3KCIIepIIMeHTOB (IIMelOlllIIX npe

IIMyllleCTBO IIO BbIXO)],y II30TOIIOB CT3 Ha)], qJII3IIqecKIIMII, IICIIOJlb3YlOlllIIMII 

K1IHeMan1qecKIIe cenapaTOpbI) II03BOJIIIT Ha)],e)KHO oueHHTb ceqeHIIH o6pa30Ba

HII.SI HOBb!X 3JleMeHTOB IIpll CyllleCTBeHHO MeHblllllX 3aTPaTax Ha )],OporoCTO.SllllIIe 

ceaHCbl pa60TbI ycKOpIITeJibHOH TeXHIIKII. 

3. TipoBe)],eno nepBoe XIIMnqecKoe IIccrre)],oBaHne CBOHCTB )J.y6mrn B off-line pe-
268Db )KIIMe. C IICIIOJlb30BaHIIeM )],OJirO)KIIBYlllero II30TOna B OT)],eJibHbIX 3KCne-

PIIMeHTaX nOKa3ano, qTo B CMeUiaHHbIX paCTBOpax MIIHepaJibHbIX KHCJIOT, co

.n:ep)KalllIIX HF, IIOBe)],enue .z:i:y6HIIH OTJIIIqaeTC.SI OT noBe)],eHII.SI npoTaKTIIHll.SI. 

Tipn 3TOM K034J4JIIUIIeHTbl pacnpe)],eJieHII.ll )J.y6HII.SI B CIICTeMax 1,5 M HF/3 M 

HNO3 - Dowex lx8 II 1 M HF/3 M HCl - MIIEK 6orrhIIIe, qeM aHaJiornqnh1e 

nOKa3aTeJIII HII06IIH. 

4. no )],aHHbIM Bcex 3aperIICTPIIPOBaHHblX Ha cero)],H.SI 23 co6bITIIH cnonTaHnoro 

)],erreHH.SI oueHeHO BpeM.H )KII3HII II30Tona 268Db, paBHOe 28::1 q_ 

5. Pa1pa60TaHa pa)],IIOXIIMIIqecKaH MeTO)],IIKa BbI)],eJieHII.ll II II30KpaTIIqecKoro pa3-

)],eJieHII.ll rOMOJIOrOB )J.y6HII.ll B off-line pe)KIIMe. TioKa3ano, qTo B CMeIIIaHHbIX 
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pacrnopax HF/HNO3 na6JIIO)],aIOTC.SI IIpOTIIBOIIOJIO)KHbie nocrre)],OBaTeJibHOCTll 

3JllOIIpOBaHIIH HII06HH ll TaHTaJia. TipIIMeHeHIIe 3TOH MeTO)],IIKII no3BOJIIIT oue

HIITb BJllI.SIHIIe peIIHTIIBIICTCKIIX 3<:p<:peKTOB Ha noBe)],eHIIe )J.y6nIIH, a TaK)Ke IIC

IIOJlb30BaTb cppaKUIIIO 3JieMeHTOB rpynIIbl 5 )],JI.SI onpe)],eJieHII.SI MaCCbl II30TOIIa 

)J.y6HII.SI c nOMOlllblO MaccenapaTopa. 

6. Pa3pa6oTaHHbie MeTO)],IIKII BbI)],eJieHIIH II oqnCTKII HII06IIH II TaHTaJia MOrYT 

npe)],CTaBJI.S!Tb 3naqnTeJihHbIH npaKTnqecKIJH IIHTepec npu pa3pa60TKe TeXHOJIO

ruu MeTaJIJIOB rpyIIIIbI 5, a TaK )Ke pa)],IIO<:papMIIpenapaTOB C ucnOJib30BaHIIeM 

pa)],IIOHYKJIII)],0B 90mNb II 178Ta. 
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