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Bo MHOrHX 3KCrrepHMCHTaX RJJ.CPHOH cbH3HKH HCilOJJb-

3YIOTCR MHweuu H3 3JJeMeHTOB pRJJ.a aKTHHOHJJ.OB Th , U 
Pu , Am H JJ.p. B rrocne)].Hee apeMR TaKue MHllleuu wupoKo 

IlpHMCHRIOTCR B pafioTaX, CBR3aHHhiX C CHHTC30M CBCpX

T .H:>KCJlhiX 3JJCMCHTOB ua YCKOpHTCJJRX T R:>KCJlhiX HOHOB /I/. 
TexuonoruR npuroToaneHHR MHllleueu pa3uoo6pa3Ha -

BaKyyMuoe ucnapeuue /2,:J/ , pacrrLmeuue /1,!i/, uaueceuue 

H3 oprauuqeCKHX paCTBOpOB /fi/,3JJCKTpOJJHTHqecKoe Haue

CCHHC B BO)].RHhiX / 7 ,H/ H oprauuqecKHX /'J-l :l / paCTBOpax. 

Ka:>K)].aR H3 YilOMRHYThlX TCXHOJJOrHH HMCCT CBOH npeHMy

Jl.ICCTBa H HC)].OCTaTKH, KOTOphiC npORBJJRIOTCR B CBOHCTBaX 

IlOJJY'-ICHHhiX IlJJCHOK: paBHOMCpUOCTH ITO TOJJJl.IHHC, a)].rC3HH, 

MexauuqecKoif rrpoquocTH, KpHcTannuqecKou CTPYKType, xu

MH'-ICCKOM COCTaBe. 

IlpeJJ.naraeMaR pa6oTa nocsRmeua aonpocaM pa3pa6oTKH 

TCXHOJJOrHH IlOJJyqeHHR IlJJCHOK ypaua HCilapeHHCM B BaKyyMe 

C UCJlhiO HCil0Jlh30BaUHR HX B KaqecTBe MHlllCHCH. 0CHOB

HOC BHHMaHHC 6MJJO YJJ.CJJCHO H3yqeHHIO KpHCTaJJJJH'-ICCKOH 

CTPYKTypbl IlJJCHOK H BJJHRHHIO BaKyyMHhiX YCJJOBHH B npo

UCCCC HCnapeHHR Ha XHMHqeCKHH COCTaB KOH)].CHCaTOB. 

l13roToaneunLie B 0TJJ.ene uoawx MeTOJJ.OB ycKopeuug OIUIH 
IlJJCHKH ypaua Ha pa3JJHqHhlX IlO)].JJO:>KKaX npHMCHRIOTCR H B 

JJ.pyrux na6opaTOpHRX 11HCTHTyTa )].JJR.pa3JJHqHhlX RJJ.CPHMX 

:lKCilCPHMCHTOB. 

flonyqeuue IlJJCHOK ypaua OCYJl.ICCTBJJRJJOCh B BaKyyMHOH 

KaMepe C HCil0Jlh30BaHHCM 3JJCKTpOHHO-rrJJa3MCHHOrO /3fl/ 

ucnapuTenR. KoucTpyKUHR, pa6oTa H xafaKTepHCTHKH 3II 

ucrrapuTenR rrpuae)].euw a pa6oTax /! 4 - 1 I. Ilepaag cepug 

rrneuoK ypaua 6wna rronyqeua rrpu JJ.aBneuuu B KaMepe 

2.10-
5 Top /ucrronL3oaancR JJ.HcbcbY3HOHHhiH uacoc c BOJJ.o

oxna:>KJJ.aeMou JJOBYlllKOH/. flpH H3rOTOBJJCHHH BTOpOH cepuu 
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nneHoK noBywKa oxna)K.nanacL )KH,II;KHM a30TOM, qTo no3-
Bonano ynyqwaTL BaKyyM .no 3.1o-6 Top. AHo.n-TarenL 
acnapaTemi 3arpy)Kancg 238 U. CKopocTL KOH~eHcan;aa 
nneHOK ypaHa H3MeH.flnacL B npe.nenax 80 7 300 A MUH-

1 

npH HeCaMOCTO.fiTenLHOM pe)KHMe pa60TLI HCnapHTeng H 
.nocTarna 650 7670 A MUH - 1 npa caMOCTO.fiTenLHOM pe)KHMe. 
.l13MepeHHe CKOpOCTeii KOH,IJ;eHCaD;HH npOH3BO,IJ;HllOCL Ha BLICO
Te 10 CM. YpaHOBLie nneHKH ,IJ;ll.fl MHWeHeii HaHOCHllHCL Ha 
no.nno)KKH H3 Cu , Au , Al. B KaqecTBe KOHTponLHLIX ac
nonL30BanacL no.nno)KKH H3 Si , Be a cTeKna npa KOMHaT

Hoii TeMnepaType. 
~a30BLIH aHanH3 nonyqeHHLIX KOH,IJ;eHCaTOB npOBO,IJ;HllCR 

Ha peHTreHo.na!}lpaKTOMeTpaqecKoii ycTaHOBKe ZEISS c 
HCnonL30BaHHeM peHTreHOBCKOrO H3nyqeHHR C ,II;llHHOH Bon-

o v 

HLI ,\ = 1,542 A. XaMaqecKHH cocTaB accne.noBancs Ha 
pa3pa6oTaHHoii B OHMY ycTaHOBKe .nns ynpyroro pacces
HHR qaCTHU 3He Ha 6onLWHX yrnax. 

Ha puc. 1a npaBe,IJ;eHa peHTreHo.na!}lpaKTorpaMMa ypa
HOBOii nneHKH Ha amOMHHHeBOH nO,IJ;llO)I{Ke H3 nepBOH cepHH 
3KcnepaMeHToB; qeTKO Ha6nw.naiDTCR TPH pe!}lneKca, cooT
BeTCTBYIDIUHe aniDMHHHeBoii no.nno)I{Ke. I Al KpacTannH3H
pyeTcR B rpaHen;eHTpapoBaHHoii Ky6aqecKoii peweTKel. Pe!}l
neKc OT ypaHOBOH nneHKH B o6naCTH 6p3rrOBCKHX yrnoB 
e = 14°- 17 ° nonyqaeTCR HeqeTKHH, pa3MLITLIH. AHanH3H

poBaTL ero npaKTaqecKH HeB03MO)KHO. B CBR3H c 3THM 
nneHKH 6LinH nO,IJ;BeprHyTLI TepM006pa60TKe B BaKyyMe 
npa TeMnepaType 620°C lorpaHaqeHae, onpe.nenseMoe TeM
nepaTypoii nnaBneHHR Al I B TeqeHHe 200 MUH. PeHTre
Ho.na!}lpaKTorpaMMa OTO)K)KeHHoro o6pa3n;a npe.ncTaBneHa 
Ha pUC. 16. Pe!}JneKC OT ypaHa no -npe)I{HeMy HOCHT ,IJ;H!}J
!}Jy3HOHHLIH xapaKTep, HO B 6onee Y3KOH o6naCTII yrnoB 
e = 14°- 15°. MaTepaan no,IJ;llO)KKH nepeKpHCTannH30Bancs, 
Ha6niD,IJ;aeTCR BLipa)KeHHaR TeKCTypHOCTL B HanpaBneHHH 

12001. 

~a30BLIH aHanH3 nneHOK nepBOH cepHH OCllO)KHReTCR 
eiD;e H TeM, qTo ypaH RBll.fleTCR nonHMOp!}JHLIM MaTepaanoM: 
a-U KpacTanna3yeTcR B poM6aqecKoii peweTKe I c napaMeT-

o o o' 
paMH a = 2,858A; b = 5,877 A; c = 4,955 A/. 
f3- U - B TeTparoHanLHoii I a = 10,759 Ji; c = 5,656 A; 
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C: a = 0,5261 H y- U B Ky6aqecKOH 06'LeMHOD;eHTpHpOBaHHOH 
peweTKe I a= 3,542 A/171. 

YqaTLIBas yKa3aHHhle !}laKTOpLI, a TaK)Ke npHHHMas BO 
BHHMaHHe CHllLHLie reTTepHLie CBOHCTBa ypaHa / 1B/, npa
rOTOBneHHe BTOpOH cepHH o6pa3D;OB MLI npOH3BO,IJ;HllH npH 
.naBneHHH B KaMepe 3.10 -G Top. -

PeHTreHo.na!}lpaKTorpaMMLI 3THX nneHOK ypaHa Ha cTeK
nRHHLIX nO,IJ;llO)I{KaX npe,IJ;CTaBneHLI Ha pUC. 2a,6. llpoBe,IJ;eH
HLIH !}la30BLiii aHanH3 noKa3an, qTo nneHKH ypaHa .D;Byx!}la3HLI. 
rnaBHLie pe!}JneKCLI COOTBeTCTBYIOT KpHCTannH3aD;HH ypaHa 
B CBOeii OCHOBHOH poM6aqecKOH peweTKe a-U· )l;nR nepBOrO 
pe!}lneKca nonyqSHO 3HaqeHae Me)KnnocKOCTHoro paccTos
HHR d = 3,157 A, KOTOpoe He COOTBeTCTByeT HH O,IJ;HOH H3 
annoTponaqecKHX Mo.na!}laKan;aii qacToro ypaHa. Haii.neHo, 
qTo 3TO 3HaqeHHe pa3peweHO ,II;llR !}Ja3LI ,IJ;BYOKHCH ypaHa 
UO 2,KpHCTannH3yeTCR B Ky6aqecKOH peweTKe CTpyKTypHoro 
Tuna Ca F 

2 
( K6 Y1 ~1conaqecTBO o6pa3yiDID;eiic.fl B KOH,IJ;eHcaTe 

,IJ;BYOKHCH ypaHa 3aBHCHT OT CKOpOCTH HCnapeHHR H nap
D;HanLHOrO .naBneHH.fl KHcnopo.na B KaMepe. 

Bo3Bpall\a.f1Ch K nepBoii cepaa o6pa3D;OB I puc. 1, .naB
neHHe B KaMepe 2.10-5Topl, MO)KHO CKa3aTL, qTo nonyqeH
Hhie KOH,IJ;eHCa TLI B03HHKaiDT Ha OCHOBe UO 2 · )l;a!}J!}Jy3HOHHhiH 
xapaKTep pe!}lneKca OT ypaHa o6ycnoBneH MenKo3epHHCToii, 
aMop!}JHoii CTPYKTypoii. Pa3MepLI KpacTannHTOB Haxo,IJ;RTCR 
B npe.nenax 30770 Jilonpe.neneHLI Ha cKaHHPYIDIUeM 3neKT
poHHOM MHKpocKone JSM- 35 I. 

)l;nR HCClle,IJ;OBaHH.fl BllH.fiHH.fl TeXHOnoraqeCKHX ycnOBHH 
Ha XHMHqeCKHH COCTaB MHWeHeii nonyqeHHLie nneHKH o6-
nyqanHCL nyqKoM qacTHU 

3
He c 3Hepraeii E 0 = 3,0 M3B. 

llpH 3TOM CHHManCR 3HepreTaqeCKHH cneKTp ynpyro OTpa
)KeHHLIX qaCTHD; Ha 6onhWHX yrnax 0 = 135° C nOMOID;hlO 
KpeMHHeBLIX ,IJ;eTeKTOpOB C noBepXHOCTHLIM 6apbepOM. 3Hep
reTaqecKHe cneKTPLI npaBe,IJ;eHLI Ha puc. 3. TineHKH ypaHa 
6Lma HaHeceHLI Ha Be lcneKTP 3a, nepBas cepasl a 
Si lcneKTP 36, BTopag cepasl no.nno)KKH. Ka)K,IJ;OMY npa
cyTCTBYIDIUeMy B nneHKe 3neMeHTY C aTOMHOH MaCCOH m 2 
COOTBeTCTByeT CTpOrO onpe,D;eneHHaR 3HeprHR B CneKTpe 
E cs lnpa ycnoBHH, qTo .nnaHa CB060,IJ;Horo npo6era qacTHULI 
ropa3,IJ;O 6onLwe TOniD;HHLI nneHKHI. 3Ta 3Hepras onpe.nens
eTcH no !}lopMyne /20/: 
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Puc. 1. PeHmzeHoourjjpaKmozpa.M.Ma nAeHKU ypaHa Ha aAIOMUHueeou nooAOJKKe u3 nepeou 
cepuu :JKcnepuMeHmoe /a/, nocAe omJKuza npu 620°C /6/. 
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Puc. 2. PeHmzeHpourjjpaKmozpaMMbl nAeHoK ypaHa Ha cmeKAJIHHbiX nooAOJKKax U3 emopou 
cepuu :JKcnepuMeHmoe. 



E = E [ m1 cosOt-(m~-mjsinO) Y2 2 
se 0 -], 

ml+m2 

r,D,e: m 1 =3 - aTOMHall Macca 
3

He ; 0= 135 ·~ - yron pac

celiHHJI B na6opaTopHbiX KOOP.D.HHaTax. 

Cne,D,yeT OTMeTHTb y,D,o6cTBO aHanHJa nneHKH, HaHeceH

Hoii Ha llO,D,llO~Ky H3 6epHllllHJI, TaK KaK npH onpe,D,eneHHH 

co,D,ep~aHHJI B Heii yrnepo,D,a, KHcnopo,D,a, aJoTa - ocHOBHbiX 

KOMllOHeHT OCTaToqHWX ra30B B BaKyyMHOH KaMepe - co

OTBeTCTBYIOIUHe 3HaqeHH11 Ese 6onbliie H !IJoH OT no,D,no~
KH He MewaeT npoae,D,eHHIO ToqHoro aHanHJa. 

3Ha11 JapJI,D, paCCeJIHHbiX qaCTHU ,D,llJI OT,D,ellbHbiX 3lleMeH

TOB, ceqeHHe ynpyroro pacceJIHHJI H TenecHbiH yron ,D,eTeK

Topa, MO~HO onpe,D,ellHTb KOHIJ;eHTpaiJ;HIO 3THX 3lleMeHTOB 

B nneHKe / 2 1/ 
PeJynbTaTbi TaKoii o6pa6oTKH npHBe,D,eHhi B ma6AUlle, 

r,D,e npe,D,CTaBneHbl MaKCHMallbHbie 3HaqeHHJI KOHIJ;eHTpaiJ;HH 

npHMeceii B nneHKax. 

Ta6nHu;a 

MaKCHManbHbie 3HaqeHHJI co,D,ep~aHHJI npHMeceii B nneHKax 
ypaHa ,D,llJI nepBOH H BTOpOH cepHH 3KCnepHMeHTOB 

CepHH 
aKcrrepaM. 3neMeHT c N 0 Ti Cu Nb Sn 

BBKYYM Conep)K. 
I. 2.10..:STopB ar.% 0,5 0,3 12,1 0,1 0,015 0.1 1,4 

BaKyyM Conep)K. 
II.3.10-6 Top Bar.% 0,08 0,06 2,6 0,01 0,1 

MeTO.D. ynpyroro pacceliHHJI no3BOnJieT onpe,D,enliTb npH

cyTCTBHe TJI~enWX 3lleMeHTOB C aTOMHOH KOHIJ;eHTpau;HeH 

,IJ,O lQ-9 1221, JIBllJIJICb TaKHM o6pa30M O,D,HHM H3 CaMWX 
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Puc. 3. 
nAeHOK 

3Hepzemu~ecKui.i cneKmp pacce.RHHbiX ~acmut~ 3
He om 

ypaHa HQ noOAOJICKQX U3 6epUAAUJI U KpeMHUJI. 

qyBCTBHTellbHWX MeTO,D,OB XHMHqecKOrO aHallH3a B HaCTOJI

IUee BpeMll. 3HaqeHHe XHMHqeCKOrO COCTaBa MHWeHeH, co

,D,ep~aiUHX Tll~enbie 3neMeHTW, aecbMa cymecTBeHHO ,D,nJI 

O,D,H03HaqHOH HHTepnpeTaiJ;HH Ha6niO,D,aeMWX B JI,D,epHWX 3K

cnepHMeHTaX JIBllCHHH. 
AHallH3Hpy11 XHMHqecKHH COCTaB nneHOK o6eHX cepHH, 

MO~Ho cKa3aTb cne.D.YIOIUee. llpHCYTCTBHe Ti H Sn B nep

aoii cepHH CB113aHO C 3arpJI3HeHHeM caMHX THrneii HCna

pHTenJI 3THMH 3lleMeHTaMH H B ,D,allbHeHweM 6Wll0 ycTpa

HeHO. Me,D,b BHOCHTCJI B nneHKH B pe3yllbTaTe peaKIJ;HH 

pacnnaBneHHOrO ypaHa C Me,D,HWM THrneM, a HH06HH H3 

llpOBOllOKH TepMOKaTO,D,a 3ll HCnapHTellll, T.K. B npou;ecce 
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pafiOTbl n0,11. ,lJ.eHCTBHeM 6oM6ap,11.HpOBKH HOHaMH ypaua Tep

MOKaTO,lJ. pacnbmHeTCH. IlpucyTCTBHe yrnepo,11.a, KHcnopo,11.a 

H aJOTa Henocpe,l1.CTBeHHO CBH3aHO C BaKyyMHbiMH ycno

BHHMH B npouecce HCnapeHHH. IlpH 3TOM MO)KHO 3aMeTHTb 

no xapaKTepy cneKTpa Ha puc. 3, 'ITO XHMH'IeCKOe BOJ,lJ.eH

CTBHe ypaHa Ha KHCnOp0,11. npOHCXO,lJ.HT B Te'leHHe BCero 

BpeMeHH HCnapeHHH. Il03TOMY BbiCOKOe CO,lJ.ep)KaHHe KHCno

po,l1.a B nneHKax nepaoB. cepuu u o6paJoBaHne HOBOH HecTe

XHOMeTpH'IeCKOH /c He,lJ.OCTaTKOM KHCllOPO.D.a/ $a3bl Ha 

OCHOBe lJQ 2 HBllHeTCH BllOllHe JaKOHOMepHbiM. 

B&IBOObl 

l. llony'leHbl ypaHOBbie nneHKH ,lJ.llH MHIIJeHeH Ha nO,lJ.llO)K

KaX HJ paJnH'IHbiX MaTepuanoB c xopoiiJeH a,11.re3ueB. u paa

HOMepHOCTbiO no TOllliJHHe. 

2. llpoBe,lJ.eHHbie XHMH'IeCKHH 3neMeHTHbiH H $aJOBbiH 

aHallH3bl noKa3anH CHllbHYIO 3aBHCHMOCTb MeTanno$H3H

'leCKHX CBOHCTB nneHOK ypaHa OT BaKyyMHbiX ycnOBHH B 

npouecce npuroToaneHHH. 

3. B cepHH 3KcnepuMeHToB npu aaKyyMe 2.10-:.Top 
o6pa3oaanuch nneHKH c 6onbiiJHM co.D.ep)KaHueM KHcnopo.D.a 

Ha OCHOBe HOBOH HeCTeXHOMeTpH'IeCKOH tiJaJbl lJ02 . 
4. YnyqiiJeHue aaKyyMa ,11.0 3.10-6 Top cnoco6cTayeT 

o6pa30BaHHIO rineHOK ypaHa B OCHOBHOH $a3e a-U C npu

cyTCTBHeM HefiOllblliOrO KOllH'IeCTBa HeCTeXHOMeTpH'IeCKOH 

tiJaJhi U02 . 
5. 11CllOllb30BaHHe ceneKTHBHOH OTKa'IKH peaKTHBHbiX 

no OTHOllieHHIO K ypaHy raJOB MO)KeT llpHBeCTH K nony'leHHIO 

nneHOK C ynpaBnHeMbiMH CBOHCTBaMH. 

6. llpucyTCTBHe TH)KellbiX 3lleMeHTOB B nony'leHHbiX 

nneHKax ypaua He o6Hapy)KeHo. 
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