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11aOTon 
95

zr pacnanaeTc!I c nepaonoM nonypacnana 65 naell as nsa aaoMepa 
95

Nb, 
95mNb 

npaqeM B 2% CnyqaeB o6pa3y9TCII M9TSCTS6HllbHblll H30TOU (Tl/2 •3,75 JlHell), ltOTo-

pblll JlSllbme pacnanaeTcll as 
95

Nb ( T 
112 

= 35 nHeA). 98% 
95z r nepexoJ:tHT HerrocpenCTBe H-

ao s 
95

Nb • HecMOTp!I as OTHOCHTem.Ho A1IIIHHbtll nep11on nonyp8CII8A8 
95zr, cnyC T!I ylKe He­

citom.Ito ABell nocne ero oqHCTKP. H91Ih3ll npeae6per8Tb H81IH'iHBM noqepHell 8KTIIBHOCTH B 

npen8p8T8X UHpKOHHII. B csros c TeM, qTo H30Ton 
95zr IIB1Ill9TC!I H8H6onee p8CllpOCTp8-

HBHBblM BRABKSTOpOM B p8AHOXHMH'i9CKBX BCC119AOB8HBIIX UO XBMBII UHpKOHHR, K H8CTOII­

liiBMY Bp9MBHB C ymeCTByeT 6om.woe K011H'i9CTBO p860T, UOCBIIWBHHblX npo6neMe 6biCTpOi! 

H YA06Roll oqHCTKB 
95zr OT JlOqepHell SKTHBHOCTII, 

Hapgny C XHMH'iBCKHMB MBT0Jl8MII O'iHCTKB OT cymeCTBYIDT II p 8AIIG-

MeTpaqeCKIIB CllOC06bl onpeA9119HBH STIIX ABYX 1130TOllOB B CM9CII 6e3 HX npeAB8pHT911bHOCO 

paaneneHBH. B naTep8rype onac8HHbie cnoco6hi OCHOB8Hbi as p83ROCTH s n e paon8x nonypac­

nana MaTepaacKoro 11 noqepaero 11a~onos 11 Ha p83HOCTB s sHepriiRX ~ -p8CII8AOB. 

Ha npSKTBKe STH cnoco!Shi, OAH8Ko, He nony'illnH w11p0Koro p8cnpocTpaHeHBR ssany 

IIX C110lKHOCTB, M81IOII TO'iHOCTII II He06XOAIIMOCTH 6om.woll 38Tp8Tbl Bp9M9HH, 

faMM8-cneKTpoMeTpbi c N a] (Tf) KPHCT8111IOM nnll 8118111138 CMec11 
95

z r 11 
95

N b He 

npBM9Hll1111Cb BBIIAY TOf'O, 'iTO BX p83p9W8ID!II8R CllOC06HOCTb K01!e6neTC!I OT 6 AO 8 %. 3T8 

sen .~qHH8 HS MHOf'O npeBblW89T p83HHUY npHBOAIIMblX B 1IHTep8Type SHeprlli! Y - nepeXOAOB 

95
zr (0,726 11 0,760 Mss) 11 

95Nb (0,770 Mssl
11

, s peaym.T8Te qero o6paayeTCR 

OJlHH CyMMSpHblll <jiOTOUIIK IIX CM9CII, 8 1111Tep8rype OllHC8H T011bKO OJlHH CIIOCOO 8H811H38 

COCT8Ba CMecH 
95

zr H 
95Nb C 11Cll01Ib30BSH119M y -cneKTpOMeTp8, COCTO!Ill.lef'O 113 

Naj (Tf )KpHCTS11118 H 512 -It8H811bHOf'O SHS11H38TOp8 / 2 /, HO H OH He ll03B01I HBT llpOBOAHTb 

8H81IH3 C yAOB1!eTBOpHT91IbHOII TO'iHOCTbiD, 0wH6K8 onpeneneHHII 38BHCIIT OT OTHOCHTenb-

HOf'O COA9plK8HHII 
95

N b B CM9CH II COCT8B1Ill9T 6o11bwe 50%, 9C1111 COA9plK8HHe 
95N b 

MBHbWe 2Q%, 

3 



OnaaKo c noRBneaaeM nonynpoaonaaKoawx neTeKTopos nna peracTpauss y -aany~eaaa 
Db Db 

B03BBKA8 B03MO)KHOCTb onpeneneBHH Zr B npBCYTCTBHH Nb C Bb!COKOli TO~HOCTbiO, 

TaK KaK paapernaiOmaa cnoco6aocTb Ge(LI) -neTeKTopoa a. o6nacTa 1 Maa nocTsraeT 

4 K3B B M6Hbllle/
3

/ • TipHM6H6HHB T8KHX neTeKTOpOB npH XHMH~eCKHX BCCnenosaBHHX no 

XBMHH nHpKOHHSI II HH06HH rrpeJJ.CT8BnSI9TCH B8CbM8 HHT9p9CHblM1 T8K K8K ll03BOnSieT He T01Ih-
Qb Db 

KO o6xonHTbCH 6e3 npensapaTenbHOli O~HCTKH Zr OT no~epaero H30TOna Nb , BO 

OnHOBp6M6HHO n03BOASieT CnenHTb 3a noaeneBHBM nayx pa3HblX 3 ABM6HTOB. 

B Te~eaae 1965 rona aaMH 6bm paapa60TaH MeTon onpeneneHHH Db Zr 
Db 

H Nb npa 

BX COBM9CTHOM npHCYTCTBHB C RCnOnh30B8HH9M Ge(Lil-neTeKTopa a MHoroKaaanbHOro 

aMnABTynaoro aaanaaaTOpa H TaKlKe YTO~HBBbl HBKOTOphlB <j>H3H~BCKUB KOBCTaHTbl 3THX 

nsyx B30TOnOB. 

3KcnepBMBHTaAbHaH ~aCTb 

1) AnnapaTypa a BCTO~HHKB 

B aarn11X B3MepeaaHx HCnonbaosanca y -cneKTPOMBTp c nonynpoaonaBKOBbiM Ge(LI) 

neTBKTOpOM H 2048-K8118nbHblM aMnnBTynHblM 8H8AII38TOpOM • .lleTBKTOp 6bin H3rOTOBABH 

s HacTaTyTe smepHbiX accnenosaaal!, PlKelK ('iCCP) a ere ~yscTaaTenbHbtl! o6'beM 6btn 

1,8cM
2 

X 0,6 CM. 3<jJ<jleKTHBHOCTb neTBKTOpa B o6naCTH 750 K3B COCTaBARAa 0,15% H pa3-

pernaiODlaH cnoco6aocTb nps aaeprna 1332 K3B ( ·Ca
80

)-4 Kaa. 

Db Db 
B Ka~ecTse HCTO~HHKOB cnylKHAH npOMhirnneaHhie npenapaTbi Zr a Nb s mase-

A6BQ-KHCAOM paCTBOpe. Tiepen HX npHM6HBHH6M nposonanaCb panHOXHMH~BCK8H O'II!CTK8. 

ll!ipKOHilll ( nocne no68BABHHH HOCHT6AR) O~HDl8ACSl nayKp8THblM OCalKneHHBM B Bane 

Ba ZrF6 H MHHnanRTa UHpKOHHR; nnH O'IHCTKH HB06HR HCnOnb30B8AaCb 3KCTpaKUHSl XAOpO-

<jlopMeHHbiM pacTsopoM N -6eaaosn<jleaanranpoKcanaMHaa a nocne peaKCTpaKnHH ocalKneaae 

HH06HBBOli KHCAOTbl H3 KOHUBHTpHpOBaHHOll HN08 npa aarpeaaaaa. KaK noKaaans nan&-

HBliliiHB H3MepeHHR, panaOXHMH'IBCKaH 'IHCTOTa npenapaTOB 6btna ynOBABTBOpHT6nbHOll. 

Db 
2) Pac'!eT OTHOCHT9nbHOrO C 0 A e p lK a H H H Db Zr H Nb B CMBCH 

Db 
Ha pac. 1 npenCTaaneHbi cneKTpbi 'IHCThiX npenapaTOB Zr H Db Nb • B o6meM 

cnyqae MOlKHO npennonOlKHTb, 'ITO y -Cli6KTp HX CM6CH COCTOHT H3 Tpex nHKOB N1 , 

N~ a N8 (eM. pac. 2). Torna nnomana non OTABnbHbiMH <jJOTonaKaMH MOlKHO o6oaaa'!aTb 

qepe3 N II , N ~~ , N88 H nnomana cneKTpa, BXOAHlUHB B o6naCTb A[Jyrax <jJOTOliHKOB
1

-

qepe3 N12 , N18 , Nn H N8 ~ • .llanee HMBBM OTHOW<>ilHct: 

Nl~ 

N ~2 
kl2 

4 

~a kl8 
NBB 

(1) 

:1 
J 



[ 

(1) 

Bellli'IHHhl k il HeTpyaao onpeaenHTb 3KcrrepaMeHTBITbao, H oaa ana aaaaoa arrrrapaTyphl 

.IIBniDOTCa npa6opHblMH fiOCTOHHHbiMH. nnomaaa ITHKOB N 1 • N2 H Na 

aaae: 

MO)I{HO 38llHCBTb B 

N a • N a a+ N a2 (2) 

noacTaHOBI<OJI OTHOW9HHJI (1) B YPBBHeHHe (2) H HX peweHHeM rro N 11 • N22 H Naa rrony-

'IHM YPBBH9HHR: 

1 - k23k82 

Na8 • N8 -N2k82 

1 - ~28 k32 

(3) 

B aanbaellweM <jlOTorrHI<II N 11 H N
22 

COOTB9TCTB9HIIO H <jlOTOITHI< N88 - C 

OTOJKaeCTBneHbl C y -nep exoaBMH 724 H 756 K3B 
96 Zr 

9Lb x) y -rrepexoaoM 765 K3B N 

OTaoweaae HHTeHCHBHOCTell y -naaall 96 
Zr paaao: 

J(- (4) 

rae 'Ita o '/28 - <'<jl<jleKTHBHOCTH npa60p8 llpH COOTBe·rcTBYIOWHX SHeprHHX B OTHOW9HHH 
96 

K 3HeprHH 765 I<SB Nb • 

98 95 
OTaoweaae Zr H Nb B CMeCH MOlKHO p8CC'IHT8Tb H3 COOTHOW9 HHH (5) 

p -
N 11 'In + N22 'Ita 

N aa 17 18 '128 

noacTaBJiaa {3) a (4) a (5), rrony'laeM anR P BbipaJKeaae 

p -
(N2 -k28Nal(K +1) 

'In (N8 -k28 N2 ) 

x) 3necb a nanhwe npaaeneHbi HBMH aallneHHbie 3Ha'leHHSI saeprall 
(eM. TB6n. I, pac. I). 

5 

y -rrepexonoa 

(5) 

(6) 



a OTBOCBTeJlbBiiR norpewaOCTb P pasaa 

8 yN2 +yk2aNa vNa +yka2 N2 
p s + 

N2 - kuNa Na- ka2N2 

+ 8'128 + _K_ 8K 
K +I 

D8 D8 
npa pliC'IeTiiX OTHOCBTeJlbHOrO COneplKiiHBR Zr B Nb aeo6xonaMo y'IHTbiBSTb, 

98 
'ITO H8 IIOliiO y -nepeXOIIOB Zr C 9HeprHSIMH 724 H 756 K9B npHXOIIHTCSI TOllbKO 08 % 

o6melt 8KTBBHOCTB, B pe3yJlbTaTe qero p B ypaBHeHBSDC (5) B (6) He06XOIIHMO YMHOlKBTb 

HB K09¢¢HUB8HT 1/0,08. 

98 D8 
BBBIIY ae6oJibwolt pa3HBUbi MeJKny aaepr&HMB OTnenbHbiX y -nepexonos Zr B Nb 

MOlKHO 6e3 OC06b!X norpewHOCTeli npHHRTb, 'ITO ¢opM8 COOTBeTCTBYlOIUBX ¢OTOOBKOB 0/IBHB­

KOBB. Torna seliH'IBHbi k If aeTpyuao onpenenaTb B3 cneKTpa 'lHCToro u Nb • IlnR yno6CTBa 

WHpHHB IIBKOB N
1 

6blliB Bb!Opaaa T8K, 'IT06b! ORB COOTBeTCTB OBBIIB IIBYKPBTHOMY 3HB'l8HBJO 

ax nonywapHHbl. 

Pe3ynbTBTbi a o6cyJKneaaa 

1) 3aepraa 
98 

y - n e p e x o n o B Zr 
98 

H Nb Ha pac. 2 noKB3BHbi cneKTpbi 

'IHCTblX npenapaTOB 
D6 D8 

Zr (a) a Nb ( 6). Ha M H nposonanacb H3MepeHHR aaepraa OT-

88 88 
nenbHbiX y -naaall Zr a Nb , llpH'i8M B K8 'ieCTBe KBIIH6pOBO'!HblX HCTO'<HHKOB HCIIOJlb­

• nony'leHRble pe3yllbT8Tbl npaseneHbl B TBOIIHUe 1. 
187 80 

30BBIIHCb npenapaThl Cs a Co 

2) I13MepeHI(8 OTROCI!T8llbHblX BRTeRCBBHOCTell y -n epeXOJlOB 

HaMa 6b!no 3BMe'leHo, '<TO npa BOJlRMbie B naTepaType IIBHHbie OTHOCRTenbHO RHTeacas-
98 

HOCTell y -nepeXOIIOB 724 H 756 K3B B cneKTpe Zr (eM. TllOIIHUY 1 ) He COOTBeTCTBY• 

JOT aawaM aa6nJOneaaaM. C uenbJO npoaepKa naaaoro aonpoca nposonanocb H3Mepeaae npe-
98 

napaTa '!HCToro Zr • CooTseTCTByJOmae pac'leTbl nposonanacb no ypaaaeHRJO (4). 

Ilna Bbiweonacaaaoro npa6opa HBMH OblliH nony'leRbl cnenyJOmae 3aaqeaaa k If 

k 12 = 0,0364 k a2 -o,00428 

k 18 ~ 0,0364 k 28 ~0,0502 • 

OTaocaTenbHbie a¢¢eKTRBHOCTa: 

'12 'It 
'I -- = 1 059 '128=~ = 1,024 ta 'I a • 

0TROCHT8llbHBH OWHOKB 8'1 

'It 
'lu- --= 1,085 • 

'12 

COCTBBIIRIIB 1,5%. 

6 
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J10ACT8SJISIH COOTBeTCTBYIOWHe 9KCnepHMeHT8ltbHble AaHHble B ypaeHeHHe (4) AnSI K) 

Mbl nony'!RnH 3Ha'!eBRe K -(),814 C OTHOCRTenbBOA norpemHOCTb!O IlK c 3%. Ilp<>-

neaTsoe conep~sae OTAenbBbiX nuaaa 724 R 756 K9B B cneKTpe 

Tat5nane 1. 

95 
Zr npaeeneao B 

ABTOpbl Bblpa>Ka!OT ISnaronapHOCTb .SI. Ypt5asny, .SI. nanTaKy H 11. PlKe3aHKe 3a OKa-

38BHYJO fiOMOWb npR BhlfiQnBOHRR AaHHOl! paOOTbl. 

T a t5 n H n a 

11aOTon 
nuTepaTypHble AaHHble HamH li.8HHbl9 

Ill 14 / 

3aeprHR 11BTeBCHBH. 3 aeprHR 11HTeac. 3Heprall 11HT9HCHBH. 
(KaB) % (Kae) % K9B % 

95 726±.2 55±.5 7:!2,0±.1,4 43 724±.1 44±.2 Zr 

760±.3 43±.5 754,4±.1,4 54 756±.1 54:!:_2 

Um 
2x) 2

xx) Nb 236 235 2 

D5 
770±.2 100 764,0±_1,4 765±.1 Nb 

x) B -2% 
95 

pacnanoe Zr 
Um 

ot5paayeTCR MeTacTaORnbBhlA asoMep Nb. 

xx) 
BenR'IHHa ae onpenen!IJiaCb aKcnepHMeaTanbBO. 

BbiBOAbl 

1) noKa3HHa B03MOlKHOCTb HCfiOJlb30BaBRSI Ge(LI) AeTeKTOpOB An!! COB-

M9CTHOrO KonR'!9CTB9HBOrO OnpeneneHR!I 95 Zr 
R 

D5 
Nb H npennoJKeHhl COOT-

BeTCTBYIOWHe ljlopM)'nbl AnSI pac'!eTa HX OTHOWeHHH H OTHOCHTenbHOl! OWHOKH. 

95 95 
YTo'!HeHhl aaeprua y -nepexonoe Zr H Nb • 2) 

3) Onpeneneao OTHOW9HR9 HHTeHCHBHOCTel! Y -nepexonos 724 H 756 
95 

B cneKTpe Zr 

7 
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