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HoeropOilOB A,q,,, Eallep r.-10., Koeanee A.C. 6-12113 

na¢lcl>y3HSI ynbTp8MHKpOKOflH'IeCTB cna,,oreHHhiX npOilyKTOB 

B ROflHKpHCT8flflH'IeCKOM {3 -UHpKOHHH 

HayqeHo BbiCOKOTeMneparypHoe ynery'IHBSHHe cnellOBhiX Ko.,u .. ecre 
pallH08KTHBHbiX H3oronoe Zn , Y , Sr , Rb H Kr If3 o6ny'leHHhiX nporo
H8MH C SHeprHell 660 MsB 4Jonbr U[tpKOHHSI, L!onll ynery'IHBSHHSI (F) 

STHX npollyKTOB H3{3-Zr y:~oteHbWSIOTCSI B PSLilY! Fzn >Fy > F 5, >F;l.b >FKr 
( 1130-2050 K). OnpelleneHbl re~meparypa~re 3aBI!CnMocru Ko3q.: itUKenrce 
llH¢lci>Y3HH yKa3aHHbiX sneMeHroe. 06HapylKeHa Heo6bJ'IallHo MeAneiinast 
llH¢lci>Y3HSI Rb H Kr B {3- Zr. CKOpOCTb Koropoll npH6.,11311Ter.:bHO B I 00 11 500 
p83 HHlKe CKOpOCTH C8MOilH4>4>Y3HH UHpKOHKSI, 

Pa6ora BbJnOnHeHa B na6oparopHH SJ;IepHhlX npo6ne!lof OIIHII. 

Coo6meaae 06bellHHeauoro uacraryra SlllepHbJX accnenoaaaHll • .:J.y6Ha 1979 

Novgorodov A.F',, Beyer G,-J., Kovalev A.S. 6 · 12113 

Trace-Diffusion of Spallation Products in Polycrystalline 
/L-Zirconium 

The high-temperature release (F) of carrier Cree isotopes 
of Zn , Y , Sr , Rb and Kr from the Zr -foils irradiated with 660 MeV 
protons has been studied. The release of investigated elements 
from the {3- Zr decreases in the follm~ing order: F z 0> F y > F Sr > F R? F Kr" 

The temperature dependences of the diffusion coefficients of 
these elements have been determined, The extraordinary slow 
diffusion of Rb and Kr in the {3-Zr has been found (DRb/Dselr ~ 0,01 
and DKr /D 88u a 0.002). 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR, 

Communication of the Joint Institute for Nuclear Research. Dubna 1979 

© 1979 06r.eP.HHeHBbl/l BHCTilryT SIJiepBblX BCCReP.OBBBBil Jly6HB 

BBE,4EHHE 

Hccne.n;osaHHIO caMo.n;u<!MPyJHH H .n;H<!MPYJHH paJnH'IHblX 3ne
MeHTOB B QHPKOHHH H ero cnnasax y,n;enJieTcJI oco6oe BHHMa
HHe. 3TO npO,D;HKTOBaHO WHpOKHM npHMeHeHHeM QHPKOHHJI 
B JI,n;epHOH TeXHHKe H, KpOMe Toro, TeM, 'ITO OH llpHHa,n;ne)I(HT 
K rpynne "aHOManLHblX" MeTannoB, ,nH<iMPYJHJI B KOTOpblX 
XapaKTepH3yeTCJI 6onee HH3KHMH, 'leM 06bl'IHO, BenH'IHHaMH 
D0 u E f. 11, sxo.n;JIIQHMH s ypasHeHue AppeHHyca: 

D=Do .exp(-EA/RT), /1/ 

r.n;e D - Ko3<!MPHQHeHT .n;u<!MPyJHH, eM 2/c, D 0 - npe.n;3KcnoHeH
QuanLHblii «!laKTop, eM 2/c, E A- 3HeprHJI aKTHBaQHH .n;H<!MPYJHH, 
Kaii/MOIIb. 

,ll;nJI "aHoManLHblX" MeTannos, B qacTHOCTH - ,n;nJI {3- Zr , 
He BblllOnHJieTCJI TaK*e 06IQenpHHJITOe 3MllHpH'IeCKOe COOTHO· 
weHHe 

EAcaM= (34 +36 ).T nJtaB /2/ 

r.ne E A caM - 3HeprHJI aKTHsanuu caMo.n;H<!MPYJHH, Kaii/MOIIb, 

a TnJJaB - TeMnepaTypa nnasneHHJI, K. 
PaHee C'IHTanocL, 'ITO "aHoManLHOCTL" .n;uclMI>yJHH npoJis

nJieTcJI H B HellOCTOJIHCTBe 3Ha'leHHJI E A npH H3MeHeHHH 
TeMnepaTypbl, KOTOfOe o6ycnoBnHBaeT HenHHeHHYIO JaBHCH· 
MOCTL (1ogD -1/'1)13 . O,nHaKO npoBe,D;eHHe MHOrO'IHCneHHblX 
3KCnepHMeHTOB B WHpOKOM ,D;HanaJoHe TeMnepaTyp llOKaJano, 
'ITO TaKaJI HenHHeHHOCTL npucyma He TOnLKO "aHOManLHblM" 
MeTannaM. 0Ha cKopee JIBnJieTcJI o6meii JaKoHoMepHoCTLID 
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,ZVI.II BCeX TBep~LlX Ten B 06'L.IICH.IIeTC.II B3MeH.IIIOIIUIMBC.II 

C B3MeHeHBeM TeMnepaTypLl BJcna~aMB pa3nB'IHLIX MeXaHB3-

MOB ~B~Y3BB: Me~y3enhHOrO, ~BCnOKaUBOHHOro, MOHO· 

B nonBBaKaHCBOHHLIX ,ZVI.II ~BcWJy3BB B MOHOkpBCTannax, a TaK

~e ~BcW!YlBB no rpaHBUaM 3epeH - B cny'lae nonBKpBcTannB

'IeCKBX TBep~LlX Ten/2,4 /. 

fipB aHanB3e ~aHHLIX no ~B~Y3HB cne~OB OT~eJihHLIX 

3JieMeHTOB C UeJihiO Bld.IICHeHB.II B03MO~HLIX MeXaHB3MOB 

OKa3LlBaeTC.II none3HLIM cpaBHeHBe BX K03~BUBeHTOB ~Bfl>

fl>y3BB D c K03~BUBeHTaMB caMo~BcW!YlBB D caM. 3Ha'leHB.II 

K034>1i>BUBeHTOB ~Bii>4>Y3BB D MHOrBX Bly'leHHLIX ~0 CBX nop 

3neMeHTOB B Zr HecneuB4>B'IHO BaphBPYJOT B WBpoKoi o6-

nacTB I20.,SEA .,S 60 KKaii/MOIIb B 10- 5~Do -::;_ 1,3 CM 2 /cl. 
~BcW!YH~BPYJOIIUie B Zr npBMeCB MoryT 6LlTh rpy6o pa3~ene
Hid Ha ~Be rpynnLl 1 51: 

- He06Ll'laHHO 61dCTpO ~B~YH~BPYIOIIUie 3JieMeHTLl, ~JI.II 
KOTOPLIX D 6onee 'I eM B 10 2 BLlwe, 'I eM D caM IHanpBMep, 
Be 161, c0 /7 I B Fel8/ j; 

- Me~JieHHO ~B4>1i>YH~BpyJOIIUie 3JieMeHTLl, ~n.ll KOTOpldX 

BLIDOJIH.IIeTC.II COOTHOWeHBe 0,1 S D /DCaM ::;_ 10. 3Ta rpynna, 

06'Le~BH.IIeT OCHOBHYIO Macey ~0 CBX DOp BCCJie~OBaHHLIX 

3JieMeHTOB. 

K nepBOH rpynne OTHOC.IITC.II 3neMeHTLl, OTHOWeHBe pa

~YCOB KOTOpldX K pa~BYCY TeTpa3~pB'IeCKBX DYCTOT B f3- Zr 
no3BOJI.IIeT BldCKa3aTh npe~nono~eHBe o Me~y3enhHOM Me

xaHB3Me ~BcW!YlBB 3TBX 3neMeHTOB 
191. BTopa.ll rpynna 3Jie

MeHTOB ~BcWJYH~BpyeT npeBMYIUeCTBeHHO no ~BCnOKaUB.IIM, 
DJIOTHOCTh KOTOpldX B f3- Zr npB MapTeHCBTHOM a- f3 npe

BpaiUeHBB MO~eT ~OCTBraTh O'leHh BLICOKBX 3Ha'leHBH ~~0 
1011 - 1012AuHuu/cM 2 11 10~ Cne~yeT no~'lepKHYTh Heo6~a~'lai
HYJO ycTOH'IBBOCTh ~BCJIOKaUBH npB noBLIWeHHLIX TeMnepa

Typax IBnnoTh ~o TnJJaB I B {3- Zr, a TaK~ e B B- Ti B 

{3-Hf/11: KpoMe Toro, npB BJ.ICOKBX TeMnepaTypax 

10,8 - 1,0 T n.JiaB I B ~B~Y3BOHHOM nepeHoce BTopoi rpynnLl 

Bly'leHHLIX 3neMeHTOB Ha'IBHaeT DpO.IIBn.IIThC.II MOHOBaKaH

CBOHHLIH MexaHB3M. liTO ~e KacaeTC.II ~BBaKaHCBOHHOr<5 

MeXaHB3Ma, TO TeopeTB'IeCKBe OUeHKB 121 noKa3LlBaJOT, 'ITO 

.IVI.II f3·4>a3 Ti , Zr B Hf OH HeB03Mo~eH BnnoTh ~o T,.. TIIJJas· 
BLl~eneHBe B Bly'leHBe KaKoro-JIB6o o~Horo uexaBB3Ma 

~~Y3BB B pafl>BHBposaHHOM BMe HeB03UOlKHO, O~ako, 
Y'IBTLIB&.II, 'ITO H&B6onee CYIUeCTBeHHOe BnB.IIHBe H& xap&KTep 
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~BB~eHB.II npBMecHoro aToMa oKa31dBaeT ero pa3Mep IBnB 

pa3Mep ero BOHal, BHTepeCHO DpOBeCTB aHaJIB3 ~aHHLIX no 

~4>1i>Y3BB 3JieMeHTOB, pa~BYCLI aTOMOB KOTOpLIX B3MeH.IIIOTC.II 

B WBpOKOM ~ana30He. 

Heo61d'laiHo nepcneKTBBHYIO B03MO~HOCTh ~n.11 peweHB.II 

nOCTaBJieHHOH 3a~a'IB ~aJOT yCKOpBTenB lap.ll~eHHLIX 'laCTBU 

BldCOKBX 3HeprBH. 06ny'leHBe 3TBMB 'laCTBUaMB pa3JIB'IHidX 

3JieMeHTOB npBBO~BT K o6pa30BaHBIO npo~yKTOB .ll~epHLIX 

peaKUBH r ny6oKoro paciUenneHB.II I cnanoreHHLIX npo~yKToBI, 
3Ha'IBTeJihHO OTJIB'IaiOIUBXC.II aTOMHLIM HOMepoM (Z) OT Z 
MaTepBana MBWeHB. TaK, npB o6ny'leHBB MeTaJIJIB'IecKoro 

UBPKOHB.II Ha CBHXPOUBKJioTpoHe OHJIH npoToHaMB c 3HeprBei 

660 M:JB B HeM c ~ocTaTO'IHO BldCOKBM BLIXO~OM o6pa3yJOTC.II 

:meMeHTLl OT Zn ~o Y. B ma611. 1 npe~cTaBneHLl pa~BYCLI 
&TOMOB B BOHOBI l2/ CDaJioreHHidX npo~yKTOB, o6pa3yJOIIUIXC.II 

B UBpKOHBB npH o6Jiy'leHBB ero npOTOHaMB BLICOKHX 3HeprBH, 

a TaK)Ke BX OTJtOWeHB.II K pa~Bycy TeTpa3~pB'IeCKBX nyc TOT I 41 
B f3- Zr(0,458A ). 

XapaKTepHo, 'ITO B3·3a 6onhworo npo6era npoToHOB Bld

coKoi 3HeprBB cnanoreHHL.Ie npo~yKTLl pacnpe~eneHid roMo

reHHO B ManLlx no pa3Mepy MBWeH.IIX. 3To o6ner'laeT 3a~a'ly 

paC'IeTa K034>1i>BUBeHTOB ~B~Y3BB no ~On.IIM yJieTy'IBBaHB.II 

(F). ~OCTOBHCTBOM MeTo~a BCDapeHB.II cnanoreHHLIX npo

~yKTOB B3 MaTepBaJia MBWeHB .IIBn.lleTC.II B03MO~HOCTh cpaB

HeHH.II ~aHHLIX no ~B~y3BB pa3JIB'IHLIX npBMeCHidX 3JieMeHTOB, 

DOJiy'leHHLIX B O~HOM 3KCnepBMeHTe. 

Ta6.11Ufla 1 

Pa~BYCLI aTOMOB IBoHoBI HeKoTOpLlx cnanoreHHLIX npo~yKTOB, 
o6pa3yJOIUBXC.II npB o6ny'leHBH UBpkOHB.II, B BX OTHOWeHBe 
K pa~Bycy TeTpa3~pH'IeCKBX nycToT B f3 - Zr • 

SJieMeHT ( HOH ) 
Pa.nHyc aTe».la ~HorneH'e panayca aTOMa 

0 i!OHa I< pa,D;HyCY TeT-
( l'!oHa ), A. paa~pwqecKHx rtycTOT. 

Zn ( Zn2+ ) !,37 ( 0,83 ) 2,99 ( !;8! ) 
Kr !,98 4,32 
Rb ( Hb+ ) 2,48 ( !,49 ) 5,4! ( 3,25 ) 
Sr ( sr2+ ) 2,!5 ( !,20 ) 4,69 ( 2,62 ) 
Y < r3+ > I,8I ( 0,97 ) 3,95 ( 2,!2 ) 

5 



B HacTOJIII,.eB: pa6oTe Mbl H3yqanH ~HI}Mily3HJ06e3HOCHTenL-
HbiX cnanoreHHbiX npo~yKTOB Zn , Y , Sr , Rb H Kr B 

{3- Zr. Cne~yeT ynoM.RHYTL, qTo ~aHHLIX no ~HI}Mlly3HH 
nocne~HHX Tpex JneMeHTOB B nHTepaType HeT. 

I.J.enLIO JKCDepHMeHTOB .RBn.RnOCL HaXmK~eHHe ODTHManL" 
HbiX napaMeTpOB, DpH KOTOpbiX TOT HnH HHOH JneMeHT MO)I(eT 
6LITL 6blcTpo Bbl~eneH H3 Zr - .PonLr, a TaK)I(e oueHKa 
ycnOBHH, npH KOTOpLIX 3TH cPOnLrH MOryT cny)I(HTL MaTepua
noM MHWeHeH ~n.R nonyqeHH.R KOpOTKO)I(HBY~X pa~HOHyKnH· 
~OB Ha ISOL -ycTaHOBKax (Isotope Separator on-line). 

3KCllEPHMEHTAJihHA.JI fJACTh 

IIonHKpHcTannuqecxue .PonLrH UHPKOHH.R TOniUHHoB: 0,1 MM, 

a TaK)I(e UHPKOHHeBa.R )l(eCTL TOniUHHOH 0,7 MM aKTHBHpo
BanHCL Ha BHyTpeHHeM nyqxe CHHxpouuxnoTpoHa OHJIH npo
ToHaMH c JHeprueB: 660 M3B. IIocne cooTBeTCTBYJOIUeB: 
BLI~ep)I(KH ~n.R pacna~a KOpOTKO)I(HBYIUHX pa~HOHyKnH~OB H3 
MHWeHeB: Bblpe 3anucL npo6bl pa3MepoM -10 MM 2 u Harpeaa
nHCL B KBapueBOH annapaType OT 5 ~0 180 MUH B ycnOBH.RX 
"MaCn.RHOro" BaKyyMa IS10- 5 Topl HnH B aTMOCcPepe BLICOKO" 
qHcToro renH.R npu TeMnepaTypax B ~uana3oHe 

1140ST I Kl S 1375. ~n.R 3a~Tbl oT BnH.RHH.R xaapueablx 
cTeHOK UHPKOHHH ynaKOBLIBanc.R B Ta -.PonLrH lreTTepl. 
B o6nacTH TeMnepaTyp 1400:5 Tl Kl :52100 npo6bl, 3ana
KoBaHHLie B Ta -.PonLry, HarpeaanucL B BbiCOKOM aaxyyMe 
l1+3x10- 6 Topl B ycTaHOBKe C HarpeBOM JneKTpOHHOH 6oM-
6ap~HpOBKOH. YneTyquaaJOIUa.Rc.R npu HarpeaaHHH qacTL cnano
reHHbiX npo~yKTOB l~on.R yneTyquaaHH.RI onpe~emmacL y -

cneKTpoMeTpuqecKH, ~n.R qero H3nyqeHHe npo6bl ~o H nocne 
Harpeaa H3Mep.RnocL Ha Ge(Li) -~eTeKTopax. 06pa6oTKa 
y-cneKTpOB npOBO~HnacL Ha 3BM HP- 2116 C DOMOIULIO 
nporpaMM JKCDpecc- o6pa60TKH cneKTpOB 3IIOC ·1, 
3IIOC- 21 131 H SUCHE 1 141. tiacTL cneKTPOB HaxannuaanacL 
Ha 3 B M "MHHCK- 2" H o6pa6a TLIBanacL C DOMOIULIO CBeTOBOrO 
xapaH~awa1151u nporpaMMLI KATOK 1161 . 

1 17 I 
B •a6A. 2 npuae~eHLI .D.aHHLie o pa.D.HOHyKnH.D.ax , 

HCDOnL30BaBWHXC.R ,IJ.n.R ODpe,IJ.eneHH.R HH,IJ.HBH,IJ.yanLHbiX ,IJ.OneB: 
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Ta6Aur~a 2 

~aHHble 0 pacna~e pa~HOHyKnH~OB, o6pa3YIOIUHXC.R 
o6nyqeHHH UHPKOHH.R DpOTOHaMH BLICOKHX 3HeprHH I 17 I 

npH 

3HepriDI raMMa- l1HTeHCHBHOCTL HyKJIH.IJ: TI/2 rw.~r,~a-KilaHTOD, 
1\Ba!ITOB, KaB. ' na nacrra,n. 

65zn 243,8 JtH 1II5,5 19.8 
'15::;e 120,0 JtH 121,1 16,5 

I35,9 58,0 
264,5 53,5 
279,5 25,0 
400,7 12,C 

79Kr 1,45 JtH 261,3 II,O 
397,6 8,0 
606,0 8,0 

83Hb 83,0 .J:(H 520,4 47,0 
529,7 30,4 
552,6 16,6 

84Hb 33,0 l!H 88!,5 75,3 
85sr 64,5 JtH 5!4,0 99.:1 
88y !07.0 JtH 898,0 93,0 

1836,! 99,4 

yneTyquaaHH.R. CB.R3L Me)I(JJ.Y F H KOJI}MiluuueHTOM .D.HI}Mily-
3HH D .D.aeTc.R ypaaHeHueM /21, nonyqeHHLIM npu peweHHH 
ypaaHeHu.R BToporo 3aKoHa «<>uxa: 

F 800 "" 1 · (2n+1) 2 • 172 • Dt (%)=100---- ~ ---- 8XP(- ---------), 
· 17

2 n=0(2n+1)2 d 2 12/ 

r.D.e d - Ton~Ha .PonLrH B eM, t- apeM.R Harpeaa B c. 
3To ypaaHeHue .D.eilcTBHTenLHO, ecnu cTa.D.HeB:, onpe.D.en.RJOJ:Ueii 
cxopocTL npouecca yneTyquaaHHJI, .RBn.ReTC.R TpaHcnopT K no
BepxHoCTH .PonLru, a He ucnapeuue I .D.ecop6uu.R/. lf3 TeMne
paTypHOH 3aBHCHMOCTH KOJI}MilHUHeHTa .D.HI}Mily3HH Onpe,IJ.en.RnHCL 
JHepruJJ: aKTHBaUHH E A H cPaKTop D0 . Jionee .D.eTanLHo npoae
,IJ.eHHe JKCDepHMeHTOB H o6pa60TKa pe3ynLTaTOB ,IJ.aHLI B paH· 
Heii: ny6nuxauuu 1 181 . 
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PE3YJibTATbl H O.DCY)J(J(EHHE 

Ha puc. 1 npencTaaneHa xapaKTepHas qacTL y-cneKTpa 
npo6L1 Zr, BLinep>KaHHoii a TeqeHHe nayx Mecsuea c KOHUa 
o6nyqeHHR H H3MepeHHoii no Harpeaa (A), a TaK>Ke nocne 
Harpeaa npu pa3nHqHLIX TeMnepaTypax I B H B /. ,Uons 
yneTyquaaHHR OT nenLHLIX 3neMeHTOB B 3aBHCHMOCTH OT TeMne
paTypLI Harpeaa npencTaaneHa Ha puc. 2, H3 KOToporo cne
nyeT, qTo F yMeHLwaeTcs a cnenyro~QeM psny: 

F Z n > F Y > F Sr > F Rb> F K r. /3/ 

Ha puc. 3 noKa3aHLI TeMnepaTypHLie 3aBHCHMOCTH /a Koop
nHHaTax logO -1/T I Ko3cWluuueHTOB nucWly3HH HeKoTopLix 
cnanoreHHLIX nponyKTOB. ,Uns Kr H3- 3a oco6wx TPYnHocTeii 
npoaeneHHR y-cneKTPOMeTpuqecKoro aHanu3a paccquTaHHLie 
3HaqeHHR HMeiOT 6onLWHe OWH6KH, qTo, C onHOH CTOpOHLI, 
He ll03BOnHnO npencTaBHTL TeMnepaTypHyiO 3aBHCHMOCTL 
a aune nocTaToqHo Hane>KHoii Kpuaoii:, a c npyroii: - pac
cquT~l.TL K03cWIHUHeHTLI 3aBHCHMOCTH AppeHuyca /1/. ,Uns 
npyrHX H3yqeHHLIX 3neMeHTOB 3TH K03cWIHUHeHTLI naHLI B 
ma6A. 3. Ha puc. 3 Kpuaoii: 1 npencTaaneHa TaK>Ke TeMnepa
TypHas 3aBHCHMOCTL CaMonucWly3HH UHpKOHHR/3/. IJpenenLI 
H3MeHeHHR COOTHOWeHHH K03cWIHUHeHTOB nucWly3HH H3yqeH
HLIX cnanoreHHLIX nponyKTOB B f3- Zr H K03cWIHUHeHTOB caMO
nHcWIY3HH naHLI B 111a6A. 4. 
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Ta6Auija 3 

Ko3cWluuueHTLI 3aaucHMOCTH AppeHuyca nns nHcWIY3HH 
6e3HOCHTenLHLIX cnanoreHHLIX nponyKTOB B {3-uupKOHHH 

~- 06JraCTh log D
0 EA, I<KaJI/Mo.m. pymudt TeMIIepaTyp,K ( D

0 
B cM2/c ) aJieMeHT 

Zn II75 - I470 I,I6 :!: 0,30 54,9 :!: 2,0 
y II30 - I200 53,4 :!: 3,6 346 :!: 20 
y I200 - 1470 0,57 ± 0,48 53,0 ± 2,8 
Sr I250 - I900 2,06 ± 0,43 69,4 ± 3,0 
Rb II70 - I?OO - 6,63 :!: 0,70 2I,6:!: 4,7 
Rb I700 - 2050 - 2,I4 :!: 0,84 55,2 :!: 6,8 

I 
f 

' f 
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Puc. 1. Y'lacmoK y - cneKmpa Zr- npo6 oouHaKoeou ucxoi>Hoil 
aKmueHOCIIIU: A - oo Hazpeea, .D u B - nocAe Hazpeea e me
'leHue 10 MUH npu 1275 U 1625 K, COOI/I6e111C1116eHHO, U F
y'lacmoK cneKmpa y - U3Ay'leHUJI Ta -!PoAbZU, e KOIIIOPYJO 61>1A 
ynaKoeaH ijUpKOHUU. 
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Puc. 3. 3aeucUMOC11fU AppeHuyca 0/VI ourjJrjJy3UU U3y'leHHbiX 
cnaAozeHHbiX npooyK11foe. KpueaJI 1 npeoc11fa6AJ1e11f caMoourjJ
rjJy3uto Zr /3/, a 3KCnepuMeH11fQAbHble 1110'-IKU - ou(x/Jy3UIO Kr . 

BLICOKHe CKOpOCTb .IJ.HcWlY3HH Y H 'IYBCTBHTenbHOCTb y -
cneKTpoMeTpaqecKoro onpe)J.eneuaJI ero H30Tona 88Y noJso

nana 06Hapy>KHTb pe3KOe H3MeHeHHe K03cWlHUHeHTa .IJ.HcWlY3HH 
noro 3neMeHTa B o6nacTH TeMnepaTyp 1130-1200 K. IIo

.IJ.06HblH 3cWleKT ua6mo)J.anCJI B pa6oTe/ 19( llOCBJIIUeHHOH HJ+''Ie
HHIO .IJ.HcWlYJHH Ce B f3- Zr, a TaK>Ke s uawax pauuax 

HCClle)J,OBaHHJIX .IJ.HcMIY3HH cnanoreHHblX npo,IJ,yKTOB B raw
HHH/20~Ha6mo)J.aeMOe BO BCeX 3THX cny'laJIX CKa'IK006pa3HOe 

11 



Ta6Aut~a 4 

OTHoweuue Ko34l4!BuueHTOB .IJ.B414JY3BB cne,IJ,OBbiX KonuqecTB 
cnanoreHHbiX npO,IJ,YKTOB K K03414JBUHeHTaM CaMO.IJ.B414JY3BB 
B {3-UBPKOHBB. 

3JieMeHT 06JiacTL TeMnepaTyp, K D I Dear-.~ 

Zn I200 - I500 I,S- IS 
y I200 - T500 I - 8,5 

Sr I200 - I750 0,03- 7,I 

Hb I750 - 2000 O,OI - 0,04 

Kr I200 - I900 0,002 - 0,003 
- -~ 

ysenB'IeHBe K03414JHUBeHTOB .IJ.B414JY3BB pe,IJ,K03eMenLHbiX 3ne • 

MeHTOB /a B ,IJ,auuoii pa6oTe - Bx auanora - Y I npu TeMne

paTypax, uecKonLKO Bblwe TeMnepaTypbl 4la3osoro nepexo,IJ,a, 

He MO*eT 6biTL B HaCTOSIUee BpeMR CKOnLKO"HB6y,IJ,L Y.IJ.OB· 

neTBOpHTenLHO 06'LRCHeHO. Bo BCRKOM cnyqae, HB O,IJ,HOMY 

B3 B03MO*Hb1X )l.nR 3TBX TeMnepaTyp MeXRHB3MOB /.IJ.B414JY3BR 

no rpaHBURM 3epeH, Me*y3enLHbiH B )l.BCnOKRUBOHHbiH/ HenL· 

3R OT ,IJ,a TL npe,IJ,no'ITeHBe, Y'IBTbiBag orpoMHYIO 3HeprBIO aKTB

sauuu .IJ.BcWIY3BB Y I EA = 346±20 KKaA/MoAr./. 
JluueiiuocTL 3RBBCBMOCTB Appeuuyca ,IJ,nR Sr B wupoKOM 

,IJ,Bana3oHe TeMnepaTyp TaK*e TPY.IJ.HO o6'LSCHBTL, TeM 6onee, 

'ITO npB TeMnepaTypax BbiWe 1700 K /0,8 TnJiaB / .IJ.o~eH 
CTaHOBBTLCS CYIUeCTBeHHbiM H BKna,IJ, MOHOBaKaHCBOHHOrO 

MexaHB3Ma B f3- Zr. 
KaK Y*e OTMe'lanocL Bblwe, B ,IJ,auuoii pa6oTe o6uapy*e

Ha ueo6bl'laiuo Me,IJ,neuHa.ll .IJ.B4M)y3BJI Rb B Kr B f3- Zr, cKo· 

pOCTL KOTOpOi B 100·500 pa3 HU*e CKOpOCTB CaMO.IJ.HcWly-

3HB Zr I •a6A. 4/. OcHOBHbiM MexaHB3MOM .IJ.BcWIY3BOHHoro 

nepeuoca 3TBX 3neMeHTOB npu T ~1700 K, Y'IBTbiBa.ll 

yMeHLWeHBe nnOTHOCTB ,IJ,BCnOKa:UBB B 3TOB o6naCTB TeMne • 

paTyp, MO*HO C'IBTaTL MOHOBaKaHCBOHHbiB. 

Cpasuusas ,IJ,aHHble •a6A. 1 B 4, MO*HO o6uapy*HTL 

'leTKYJO 3aBBCBMOCTL K03cWIBUBeHTOB .IJ.BcWly3BB OT pa3MepOB 

HOHOB .IJ.HcWlyH,IJ,BpyiOIUBX 3neMeHTOB. Cne,IJ,yeT OTMeTHTL, 'ITO 

uouuwi xapaKTep ,IJ,Bc)clly3BB, ua KOTOpbli yKa3biBanocL B pa
-6oTax121.22/, llO,IJ,TBep,IJ,Hncg B ,IJ,aHHOM BCCne,IJ,OBaHBB KpaiHe 
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Me,IJ,neHHbiM .IJ.B414JY3BOHHbiM nepeHOCOM KPBDTOHa. lie3 3TOB 

"TO'IKH OTC'IeTa" • DOBeAeHBJI HeBOHJI3BpOBaHHOrO aTOMa 

KpBnToHa - MO*Ho 6blno 6bl o6uapy*HTL " 3aBBCBMOCTL" 

K03c)ciiBUBeHTa ,IJ,Bc)clly3HB OT pa,IJ,Hyca &TOMOB npHMeceii, a Kr 
pacnonO*HTL no CKOpOCTSM ,IJ,Bc)clly3HH Me*.IJ.Y Y B Sr. 

lJO,IJ,TBep*)l.eHBe BOHHOrO xapaKTepa .IJ.HcWIY3BB CTano 803" 

MO*HbiM B OCHOBHOM B3 • 3a HCnOnL30BaHHS rOMOreHHOH aK" 

TBBaUBB MHWeHeii npOTOHaMB BbiCOKOH 3HeprBB Ha CBHXpo-. 

UHKnOTpOHe. B ,IJ,anLHeiiweM 3TOT MeTO,IJ, BcnapeHBJI MO*eT 

6biTL pacnpocTpaHeH ua 6onee wupoKBii Kpyr 3neMeHTOB, 

o6pa3YIOIUBXCS npB o6ny'leHBB UBPKOHBS B BB,IJ,e BX ,IJ,OCTa

TO'IHO ,IJ,onro*BBYIUBX B30Tonos /uanpuwep, Be , Na , Ar 
K , Ca , Sc • Co , Cu , Ga /. Ilonyqeuue TaKoii o6wupuoii 

BH~OpMaUBH, a TaK*e npoBe,IJ,eHBe MeTannorpa~B'IeCKBX BC" 

cne,IJ,osauaii o6ny'leauoro Ma Tepuana .IJ.O B nocne Harpe sa 

.IJ.O~Hbl ,IJ,aTL B03MO*HOCTL 6onee rny6oKoro auanB3a, yqu

TbiBaJOIUero, HanpBMep, 3neKTpOHHOe CTpOeHBe ~BcWIYH.IJ.H" 
PYIOIUBX qacTBU. 

~auuoe accne,IJ,osauae oKa3anocL none3HbiM npB Bbl6ope 

ycnOBHH pa60Tbl CHCTeMbl MHWeHL • BOHHbiH BCTO'IHBK Ha 

ISOL -ycTaHOBKax. Ha ocuosaHBH pe3ynLTaToB 3Toii pa6oTbl 

npe,IJ,nO*eHa KOHCTPYKUHJI TaKOH CBCTeMbl, n03BOnSIOIUaS no

ny'IHTL KOpOTKO*BBYIUHe MOHOH30TOnHble npenapaTbl Sr /23/. 

B 3aKniO'IeHHe aBTOpbl C'IHTaiOT CBOBM npBSTHbiM ,IJ,On· 

roM Bblpa3BTL 6naro,IJ,apuocTL npo~. B .A.XanKBHY 3a no

CTOSHHbiB HHTepec K pa6oTe H ps,IJ, UeHHbiX 3aMe'laHHH. 
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