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I A. JhiTynrnHCKH, K.3y6ep, H. 3y6ep, 

A. fioTeMrra, 8. XyK 

METO~KA nonYqEHHH KOPOTKOXHBYmHX 

CEfiAPMPOBAHHHX M30T0ll08 

PE~K03EMEnbHMX 3nEMEHTOB 

6 - 7469 



e,QKHeHHOrO KHCTKTyTa H.QepHbiX 

CCJie,QOBaHKJi 

06bC,1lHHCHHOrO HHCTHTyTa Jl.ll.CPHhiX 

CJI CaMOCTOJITCJlbllhlMH ny6JIHKaUHJIMH. 

HH co cT. 4 YcTasa OH.HH. 0TJIH4HC 

JII04aCTCJI B TOM, 4TO TCKCT npcnpHHTa 

BC.ll.CH B KaKOM • JIHOO uay'lHOM )l(ypuanc 

-13 UP• 
y6nuKaUHH OHJIH HMCIOT 

COCTaBJlll!OUlYIO nocne,a • 

CT 6~Tb npC.ll.CTaBJICH 

aHrJIHHCKOM Jl3hiKaX . 

TCH TOJibKO B CTpaHhl" 

---;:;;!}'] ( CHHCM , Onpe.ll.CJIJICT 

Ei'i::: ~~ C'lCHb TCMaTH'ICCKHX 

~ TCII HX fiOJiy'laTCJIJIM. 

- B npaBOM BCPXHCM 

111111 . -

2 A. JhiTJ'lllHHCKH,1 K.3y6ep, H. 3y6ep, 

A. lloTeMna,2 B. lKYK 1 

METO~KA llORYqEHHH KOPOTKO:«HBYmHX 

CEllAPHPOBAHHHX HlOTOllOB 

P~03EMEnhHNX 3REMEHTOB 

Hanpasneno 8 )l(ypnan "Nucleoni ca 11 

1 YMCU, fl106nun, nHP. 
2 11 HCTHTyT .HJJepnoii $H3HKH, KpaK os. 
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Jl.IITYIIIliHCKH A., 3y6ep_ K., 3y6ep H., noTeMna A., IKyK B. 

MeTOAHKa nony'IeHH.II KOpOTKOlKimymHx cenapl!poBaHHhiX 
1!30TOHOB pet:IK03eMellbHbiX 3llel.:feHTOB 

6 - 7469 

Pa3pa6oTaHa MeTOAI!Ka 6biCTporo nony'IeHI!.II H3o6ap P33, l13Mepena 

a~~eKTIIBHOCTb npouecca AII¢¢Y31111 P33 H3 TaHTanoBofi MllmeHH B 3aBI!CHMOCTH 
OT TeMnepaTypbl H npO/lOlllKI!TeJibHOCTH .npouecca, l13MepeHa a~<jleKTHBHOCTb 
npouecca cenapauHH B pa3lii!'IHhiX ycnoBI!HX pa6oThi, 

llpenpKHT 06'be,nKHeHHOrO HHCTKTyTa g,nepHbiX KCC.ne,QOBaHJdi. 

fur6Ha, 1973 

C) I97J 06~eOuNu~wtl UNcllli•Y• JIOepxwx ucCAeOosaHutl Ay6Ha. 

BBe~eHKe 

HcnOBL3yeMHe ~0 CKX nop MeiO~H no.nyqeHKR KCIOqHKKOB 

pe~K03eYe.nLHHX aneueHrOB (P33) ~~n cneKrpocKOnKqecKKx Hccne

~OBaHHA c npHueHeHHell nponecca rny~oKoro pac~enneHKR BKnD

qanK cne~YDI!IKe onepanHH: 

I. OO.nyqeHHe MHWeHH Ha nyqKe nporoHoB. 

2. XHMKqecKOe B~e.neHHe 3B6ll6HIOB. 

3. llpHroroB.neHKe npenaparoB ~nn ~anLHeAmero cenapKpo

BaHHR no H30IOnaM, 

4. JneKrpouarHHrHoe cenapHpOBaHHe npenaparoB no H30to-

naY. 

CyMMapHoe Bpelln onepanKI 2- 4.paBHnnocL npK~nKsxrenLHO 

30 llHHYiallo 3ro OrpaHHqHBMO B03ll0EHOCTL' cneKtpOCKOnKqec:KKX 

Hccne~oBaHHI H30tonoB· c nepHOAOll nonypacn~a·T112 ~ IO llHHyt. 

B pa~ote/II ~Hna nOKa3aHa B03llOZHOCIL nonHol ~H~Y3HH 
P33 H3. o~nyqeHHoro taatana 3a Bpelln nop~Ka I llHHyru. Aaro

PH 3tOI pa~otu H3MepnnH cyllllapHyD a~eKrKBHOCtL ~·~Y3HH 

P33 H3 llHW6HK tOBI!IKHOA 0,2 llll.B ~Hana30He teuneparyp_I900. 

.3100°K. ilpHlleHeHH6 HCtOqHHKa HOHOB C OOBep~HOCTHOI HOHH3a

UH61 (HKITH) B anextpOYarHKtHOll Yacc-cenaparope Aaet B03ll0Z

HOCTL HCll0BL30BaHHR nponecca ~H~Y3HH, qto 3HaqHrenLHO CO

Kp61!1aer BpellR ·no,nyqeHHR ~HOaKTHBHHX HCTOqHHKOB,· TaK KaK 

HCKnJJqaJJTCR XHllHqecKHe onepanHH. O~.nyqeHHaR llHW6HL norpyza

etCR npRllO B HcnapHt6XL HOHHOrO KCTOqHHKa, !TOllH P33 ~H~yH

AHPYJJT H3 KarepHana llHWeHH B o~~ell HOHH3aropa H 3areu, nocne· 

HOHH3~1 H aneKrpoMarHHrHoro pa3~eneHHR Ha KonneKrope cena-
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paropa·,coCiHpaDTCII OI.IJ;eJILHHe. H30CiapH. B03M0l!CHOCIL DOJIY.tleHKII . . . 
TUKHM nyreM ll30IODOB P3J H3 IaHiaJIO.BOi1 MHDleHit CiUJia npe.n;JIO-

llt9Ha B paCiOie/2/, B KOIOpOR paCCt!HiaHH aKIHBHOCIH paccenapH

pOBaHHUX 3Jl9MeHIOB 1 C ytieiOM TOr0 1 t!TO K03~11~HeHTH .D;H~Y3HH H3 

raH:rana Ciy.n;y:r TaKHMH xe, KaK H na rpa~n:ra/3/. 

Hac:roamaa paCio:ra nocBII!lleHa 3Kcnep~tMeH:raJILHOMY onpe.n;e

JieHHD ycJIOBHR .n;H~Y3HH H anex:rpouarHHTHOR cenapa~HH P3J H3 

TaHTaJIOBOR 1 peHHeBOtt H BOJIL~paMOBOi1 MllD19HeR H npHM9H9HHD Me

TO.D;HKH K cneKT.pOCKOllHtleCKHM HCCJie.D;OBaHHIIM. 

0CHOBH MeTO.D;HKH 

B paapaCio:raHHOR ue:ro.n;HKe Ciuc:rporq nonyt~eHHII uao~ap P3J 

npo~ecc H3rOTOBJieHHII cneK:rpOCKODHt19CKHX npenapa:rOB paa.n;eJieH 

Ha cne.n;yDmHe a:ranu: 

I. OCinyt~eHHe ue:raJIJIHtlecxott MHWeHH H~ nyqxe npo:roHoB. 

Bpeua oCinyt~eHHII. no.n;CiHpae:ran B aaBH~HMOCTH or T 112 uccne.n;ye

uoro uao:rona no ~opuyne (7).· 

2. TpaHCnOpT OCiJiyt!BHHOi1 MHDleHH B HOHHHR HCTOt!HHK.B HamHX 

aKcnepnMeH:rax Bpeua :rpaHcnop:ra paBHHJIOCL I•2 wmy:rau. 

3.IIpo~ecc onepa~HH cenapHpOBaHHII BKJIDtlae:r B ceCin: · 

a) .D;H~Y3HD 3JieM9HT0B H3 ua:repHaJia MHW9HH; 

Ci) HOHH3a~HD Ha nOBBpXHOCTH H0HH3a:ropa HOHHOrO HCTOt!-
~ . 

HHKa; 

B) 3KCTpaK~HD HOHOB H3 HOHH3fiTOpa JlHH30BOtt CHCTBMOA 
uacc-cenapa:ropa H nepeaoc cenapupoBaHHUX aneuea:ros 
Hfi KOJIJIBKTOp. ' 

Bpeun·aneK:rpouaranrHoR.cenapa~HH, rn~BHHM oCipaaou, 

oripe.n;enne:rcn cKopoc:r:&D .n;uqxpyaHH. J~eKrHBHOCTL npo~ecca ce

napa~n ·~ onpe.n;enne:rcn a~eKrHBHOCTLD ,llH~Y3HH ?_o · o:r

,ll9JILHUX 3JieMeHTOB·H HX K03~H~H9HTOM.HOHK3anHH jb B HOHHOM 

4 

I 
! 

r 
I 

·! 

. 
Hc:roqaHKe, a raKJte xoacWmnHeHrou noneaaoro .n;ei1cTBHn uacc-

cenapa:ropa ~' 

(I) '1." rl_o • Jb · '1.c . " 'lo · '1.~ , 
r.zte H3Mepaeuaa HaMH 3~9KTHBHOCT:& HOHHaanHH ~< f·'[c. 

K03~H~BHT DOJI83HOrO ,It9ACTBH11 ~c yqHTUBaer. HCKUXBHHII paB-
. ,, ' . 

HOB9CHOrO COCTOIIHKII B HOHHOM HCTOqHHxe, no:repH HOHOB B npo-

neccax axc:rpaxnHH, nepeHoca H OCfiX.JlBHHII c_enap~tposaaHoro ane-

ueara Ha xonnexrope uacc-cenaparopa. 
. .. 

HCXO,llll H3 ypaBH9HHII O,llHOM9pHOA ,ItH~Y3HH (nepBHI 3fiKOH 

~HKa): · 

dM=- D*&dt 

,It.lll DJlaCTHHKH TOJ!!IlHHOI S' H D0B9pXHOCT:&D 5 DpH ycJIOBHH 

DOCTOIIHHOro rp~HBHTa DJIOTHOCTK ~ "' consf .. 
1 

DOJiyqaeu: 

4D 
H• Moe-O'"t t 

r,~te Ho ~ KOJIHqecrso .JtK~YH.ItKPYillltBro aJieueara. B MHillBHH 

B aaqanLHHi uouear speueBH ( .t .•0); M- KOJIHqec:rso aneuea

ra B MHmeax B uouear speuea• t ; D- xoa~HnHeHr .JtH~Y-

3KH. 0rcll,IJ;a 3~9KTHBHOCT:& ,ltll~y3HH 0Dp9,ll9JUl9TCII lflOpMyJIOA 
'•: 

rJ • &:!1 • 1- '- ~Pt 
(.D Ho Cl ,"JI"". • (2) 

KOa~~ear .ztHcMJyaHH' D aaBHcxr or rel41Ieparyps T , no 
< • •- • .- ., • -. 

IPOPMYJI9: 

D AE 
1m. D;, .. - k1" , (3) 

r,Jte Do H , .. AE ;,., DOCTOIIHHHe. B8J1KtjHHH1 .3HaqeHHII XOTOpHX , . 

aaaxcnr or uarepxana MHmeHH ~ csolcrB ,llK~YH.JtHPYD!Ilero axe

Mesra. I( - nocronHHall liOJI:&nuaaa. 
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A 

B na~epa~ype o~cy~c~Bye~ HH~opuanna o sHaqe~Hax K03~H

~HeH~a D ·. ,D;na P33 B ~aH~ane, peHHH H BOnbcppaMe. llo:nouy 

HaMH H3Mepanacb 3~BK~~BHOC~b ,D;H~Y3HH 1n. B cnenH<PHqecKHX 

ycnOBHax pa6o~u HJUlli B saBHCHMOC~H o~ ~eunepa~ypu, Bpe~eHH 

H ~on~HHU MHillBHH. 

Kos~HuneH~ noBepxHoc~Hott HOHHsanHH Jb ,D;aHHoro ane

MeH~a onpe,D;enae~cst <PopMynon Caxa-JlaHrMDpa, .BUBe~eHHOlt ,D;na 

· YCJI0BHtt 1 6nH3KHX K yCJiOBHSiM1 c~ec:r.BYDIJlHM B IDiilli 

tl• 0(. f= ,~.,.. = TtCi". 

oL=..!!!.. =A .Hi no exp kT 

(4) 

r,D;e n. - qHcno HOHOB, no - qficno Hett~panen, A · - noc~o-

SiHHaa ,D;na ,D;aHHoro a.neMeH~a, f - pado~a Bl:lXO,D;a ua~epHana 

HOHH3a~opa, V;. :... nepBun no~eHnaan HOHHsanHH ,D;aHHOro ane

MeH~a, 1' - ~eMIIepa~ypa HOHH3a~opa. 

.de yqH~uBaa no~epb;· onpe,D;eneHHI:lX K03~HllH6H~OM _nonesHoro 

,D;BltC~BHSi 1 MOXHO npHHSi~b, q~O 3HaqeHH~· 7• dnH3KH 3HaqeHHm.t 

J 
CornacHo ~opyYne (4hB ,D;HanasoHe .~eunepa~yp 3000+ 
0 . 

+3500 K ,D;Oc~a~oqHo ·BucOKaSi c~eneHI> HOHHsanHH nonyqaerca ,D;na 

3nBMBH~OB·; y KO~Opl:lX V~ < 7 3Bo. 3~0 ycnOBHB BUTIOnHSiB~CSi 

,D;nH Be ex P33. PaccqH~aHHue no q,opMyJie ( 4) sHaqeHHSi f' ,D;JISi 

HOHHsaium P33 Ha noBepxliocrH peHaeBOro aoinmaro]:ia C · 'f 
=5,43 aB) npH reMneparype 'T' .. 3100°K, npe,D;craBJieHu Ha 

pHc. 4. 

3aBHCHMOCrD ~i. or reKneparypu HOHHsaropa H BpeueHa· 

cenapanHH raxxe aBnHJiac» npe,D;ueioK HamHX Hccne,D;oaaaal. 

. 

I 

l 
t"l ,, 

; 

l-
' 

l:, '"' Ce.. \' "- N c{ ~ ~ ~"' ~ C..~ol f\ .e ~ \-'Vb a~ ~""" Y~ L" . . i \ 
. ' 7\ 

.· 

.·· 

MerO,D;HKa HsMepeHHit 

MHmeHH ronmaHoR 0,05 ·MM n 0,1 MM odnyqanacb nyqxoM npo-
. -'. .,._ ·. . •' 

rOHOB C 3HeprHett 660 M3B Ha CHHXPOnHKnOrpOH.e OHID:l. Bp6MSi Od-.. . . . -~ : . . . . . . . . 

nyqeHHSi H Bp6MSi H3M6p6HHSi ng,D;OHpanHCb ,D;na KaX,D;Oro H30~ona 

B 3aBHCHMOCrH OT nepHO,D;a. er() nonypacna,D;a •. 

Cenapanna.npoBo,D;Hnaci> Ha aneK~pOMarHH~HOM cenapa~~pe, 

padoraDIIleK_ B ·nporpaMMe flCHAilli":"1/4/ npH Himonb30BaHHH RJurn/5/. · 
. . _.. . . ··. . 

TeMIIeparypu .Hcnapa~ena .H_ ~OHHsaropa Hc~oqHHKa onpe,D;enHJIHCI> · 

no KpHBOtt saBHCHMO~~H reMIIepa~ypu or MO~HOC~H ~OKa ::meKTpOHOB 1 

. dOMdap,D;HPYDIJIHX HCnapueni> ,H HOHH3arop. ,l{na noc~pOeHHSi 3~0it 
. ., 

KpHBOtt BUTIOJIH6H cnenaanbHHlt onu~, .B KOTOpOM HCnOJI1>30BaHa· 

~eMneparypa nnaBneHHR q.Hc~l:lX Me~annon, raKHX KaK W , 'Re 
Ta , Ho , 1,. , l't ,.l'd , Cu • YcnOBHa, npa KO~Opl:lX .H3-

MepanHCb 3HaqeHHll ~» H ~i. 1 Bapl>HpOBanHCb B CJI6,D;YDillKX 

,D;HanasoHax: 

reMnepa~ypa 

Bpeua:cenapanaa 

~OniJlHHa lmll6HH 

aroMHutt HOMep Hccne,D;yeMHX· 
aneueH~OB · 

MarepHM. MHill6HH: 

2000 ~ 'T' .~ 3300°K, 

t 415 wmyr, ' · 

o,os ~ s ~-· o.,1 w 
57~ z ~ 71 

(sa HCKnDq6HH6M ·Z =61 

H Z'"62)' 

~aH~M, peHHtt 1 BOni><PpaM. 

TexHHqeci<He napaMerpu cenapa~opa pa3pemanH O,D;HOBpeueHHO 

IIOJiyqan Ha KOnJieK~Ope H30C!apH BC6X HeitrpOHO,D;eqJHnHrHhlX P33 1 

.r,e. Hso~onu c Maccrum 126~ A·~ 173. 

3qxpeKTHBHOC~b ,D;HipilysHH Zn H 3qxpeY.TllBHOCn HOHn3anHH 

'7 onpe,D;eJutnac» no tjJOpuyne.Y 
l' 

(} r jO(l(l"..:t~) Dt 

. L~ 1~ 
1

o 
·~-) 
i .. ~ I . 

;,':- {0..'1t'_]~ )-:· 
(• ltt"'l~ .. :,-: • 

(6) 

z" rz+ 
o:~ D,"l.. 

N ~ <"\~ 
0 -~ ·0 .r:;;-

1 

:b.-t.t· 1~ .. \C.:. N-
·b.-

-'L 
'tS. \A) '~''11. 

I . 
; \. & • \.-o- . ~ 



r~e IH- - HHreHcHBHOCTL raYMa-nxHHH ~aHHoro H30rona B KK-. . 

llleHH ~o cenapa~HH, I~ - ro lite ca:Y:oe nocne cena~HH, IK -
HHT6HCHBHOCTL raMMa-nHHHH ~aHHOro H30TOna Ha KOnneKTOpe cena

paropa. 

BenHqHHH IH, I~ , I.. OHnH B3HTH H3 H3MepeHHit coorBer

CTBY~HX rauua-cnexrpoB • 

. li3MepeHHH 'npOBO~HnHc:L Ha Ge (li) -~erexrope 00'L6llOll 

50 Cll3 C pa3p61116D~eit Cll0C00HOCTLD ·2,8 K3B ~nH.3HeprHH 
I300 K3B. OOpadOTKa raMYa-cnexrpOB npOBO~HnacL Ha 3BM 

"MHHCK-2" npH HrinonL30BaHHH nporpauMH KAToR/6/. 

OOc~eHHe pe3yn:r,raroB 

a) l!H!£<P.F~H-

3aBHCHllOCTL 3~6KTHBHOCrH ~H~Y3HH ~ or reMneparypH 

KKIII6HH ~nn· pa3Hmt BpeJJeH ~H!MJY3HH noxa3aHa Ha pxc. IA,, Ha 

npxuepe. Eu H Tb • 3HaqeHHH 7.n ~u P33, ~HqxjJyH~HPYD

~Hx H3 raHrana ron~HHOR O,I Mll, npxBo~nrca Ha pxc. IE. Or-

cyrcraxe 3HaqeHHR ~JJ ~nn Sm H l'm OO'LHCHnercn or-

cyrcrBHeM no~xo~n~xx Ann H3KepeHHR H30ronoB 3THX 3nelleHrOB. 

3HaqeHHH 7o ~nn P33 npx pa3nHqHHX BpeueHax AH~Y3HH H30-

0paxeHH Ha pHc. 2E, a 3aBHCHuocrL ~ or apeueHH ~H~Y3HH, 

Ha npHMepe Eu H Tb ~aercn Ha pxc. 2A. HaOnn~a~ron pe3KaH 

3aBHCHMOCTL'3HaqeHHit Zo or reYneparypH H BpeueHH·~H~Y3HH, 

qro cornacyercn c ~OpMynaMH (2) H (3). lloqrx IO~ 3~6KTHB

HOcr:b ~H~Y3HH )tnn Bcex P33 nonyqaercn npH_ reYneparype 

·~ 3000°K 3a Bpeun t ~ 3 MHHyrH, qro cor~acyercn c pe-

3yn:r,rar~ paOorH/I/. ll3 pHc. IE B~Ha Hexoropan xoppena~HH 
uex~y 3HaqeHHHMH 100-~ ~aHHoro 3nelleHra H ero reunepary

poit KHll6HHH. · · 

.. 8 

r· 

B 

noo-4,,.., 

x-· •i 

711i ~ Z101°K 

•t 
UII"K 

Plc .. ll. 3aBHCHll0CTL l$jl6KTHBHOCTH ~Hqxpy3HH·?, '/> 01' rellnepary:.. 
pw 1' · ·. ~nn Eu· (KpHBan I H 3) H Tb (KpHBaa 2 H 4) npH Bpelie
HH ) llHH (KpHB!i6 3 H 4) H I5 MHH (KpHB!i6 1· K 2) •. 

Ii •. 3HatleHHil BenxqHHH (IOO- ?_o )'l>:~u P33 npH relli1epary
pax: KpHBa·a I'- 'T'=2000°K, · 2 - . 1'=2200°K, .· 3 - . 'i=2400°K. 
Bpelln t•I5 wm. KpHBan 4 ~aer 3HatieHHn reYneparyp KHneHHn 
¥33191 're 
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B 

. 'l.D"Io. 

T•2400"K 

60 

so 

401 JISmin. 

301 1~ ~ IOmin. 

zot J~Smfn. 
i~Jmin. 

10 

1111 

10 

D • . 
La C• Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb lu 

PHc.2A •. 3aBHCHMOCTL atP<.'.eKTHBHOCTR ,JJ;H<IxlJY3RR ?_o • ,JtJill · Eu 
(KpHBaa 2 R 3) R 'Tb · (KpRBaa I) or BpeueHR~ ,JtJia :reMilepa:ryp 

1' "'2400°K (KpRBaa I R 2) R '\ =2600°K (KpHBall 3) • 

E. · 3HatteHRII "1_
0 

P33 ,JtJIII pa3HHX BpeMeH .JtRtPPY3HR: KpRBaa 
I - I5 WIHi 2 - IO wm, 3 - 5 WIH. t 4 ~ 3 WIH. Te.rmepa:rypa . 

T=2400°K. 

10 

), 

,'. 

B raOJIRUax I R 2 npHBe~eHH aaatteHRa a~eKTHBHOCTH ,JJ;H~ 

lPY3HH HBKOTOpHX P33 B 3aBHC_HliOCTH OT JmTBpHaJia .H TOJIIIIHHH liM.:_ 

mea ell. BH,l{Ho, q:ro a(MleKTHBHOCT:& noxyt~aerca Oox_:&well ,JJ;JIII UHWe

HR c itea:&weit re.rmeparypoil nJIIUlJIBHHa, 'T'ffll • O,Jtaaxo UHWBHH 

c HH3KOll TnA He yoryr Our:& Henocpe,D;crBeHHO HcnoJI:&30BaHH 

B ,JtaHHOil KOHCrpyKUHH EliTmo 3(MJBKTHBHOCr:& ,JJ;H~Y3HH YOXHO 

YBBJIH'lHr:&, yueH:&Waa rDJIIIIHHY liHWBHHo llpH HCDOJI:&30BaHHH uero

,JJ;HKH ,JJ;Jill cnexrpOCKODHtlBCKHX HCCJIB,JJ;OBaHHil IIBHJiaCh.OnrRKaJI:&

HOil TaHraJIOBaa liHWBH:& rDJIIIIHHOI 0,05 lilio 

0) _!!O_!!R!a,!¥1_! 

llOJIY'lBHHHB HaUH 3Ha'IBHHll a(p:peKrHBHOCrH HOHH3aUHH ~·BX8DT 

3aBKCXYOCr~ or reKneparypa noB8pxHOCTX BOHX3aropa KOHHOrO 

. xcro"IIHU8. • pesXJD siUlBCIDiocr:r. or no.reHltJIUa xousanu .-aa

aoro 8.118YBHTa (pKc.3,4).3Ha"II8BBII 'l.i JIOJIY"IIlVIHC:&., TU XI XU X 

B paOoru/4, 7 /,-sHa'IHrBJI:&HO OOJI~!JIB 3Ha~BHHI_fi1paCC.'IHraHHHX 
no ·IPDPJLYJIB Caxa-JlaHrJmpa ( 4), HO xapax:rep aaBHcoocrx 'l.i. or 

Z 3JIBliBHTOB OCraJIC~ TBY XB (p~c. 4). Tax KaK .B ~pJLYJIB (4) 

HB O~H yqreHH norepH,; CBll3aHHHB C JIBpBHOCOY HOHOB ,epes 

JmCF-cenaparop H HX ~CC811HHBY Ha JmrepHaJIB KOJIJIBKTOpa; XC~ 

rHHHH8 3HatlBHHll fl 81118 BHIIIBo 

Ilpxmm aexo:roporo pacxo~eHHa :ue~y saaqeaxSIIOI.II!i. , .. 

JIOJiyqeHHHliK ·axcnepHKeHran:&ao B aroR paoore, B paOoraxf4,7/· 

B BHtlKCJI8HHWH no lPDPJLYJIB (4) BBJIBIIJIJia:uB j, :uoryr JIBHT:&ca: 

- reoyerpxtlBCKHB napa:uerpH.XOBHOrO BCrOtlHHJta B 3JIBKT-

pHt~ecue ycJlOBHa sxcrpaltlUUI, xs-aa xoropax npoBO)tiDIOCTJ. 

BHXO)tHOrO OTBBpcTHll OOJI:&IIIB .. Jill JIOJIODrBJl:&HHX KOHOB, qey )tJill 

BelrpaxeR cenapapoBaHHOro aJieKeHra; 

- paOora saxo.-a nosepxaocrx xousaropa Koxer Oar:& suae, 

"'IBM JipBHaroe cnpaBOtlHOB 3Ha"IIBHBB XS-sa OKHCJIBHBll JIOBBpXHOCTX; 
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PHC. ·J. 3HatteHHR a~ifJ6KTlrfl3HOCTH HOHH3aiUm P33 ,ItJIR pa3HiiiX TeMne
paTyp peHH9BO~O HOH~sa:r,opa: KpHBLI~. I - 'f'=.3I00°K, 2 -: 'f= .·· 
~ 2900°K, _.3 - ·. ~ T.o 2600°K. Bpelo!R" cenaparum t=I5 MH~. 
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Lo C• Pr Nd Pm Sm Eu Gel Tb Oy<;_ro Er Tin Yb Lu 

PHc. 4. MaKCHMRxhHOe aHat~euue q. ~~fi P33, nonyt~eHHOe: xpHBaa 
I- B Hamel paoore, 2- B paoore/7, 3 -pacc.-r&BBoe uo 40PMJI8 

. 0 
Caxa-laarxmpa aHat~eHue· ~ npH ycnoBHfiX T·xoHHaaropa·•3100 K, 

A al, 1 •5,43 3B. lloreH~axH HOHH3aqiH P33 B38%H K3 
paOorw'101. 
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- B HameM cJiyqae Ha-aa cpaBHIUeJihHO Me.nJieHHOro nponecca 

,l\H~Y3HH B HCTOt!HHKe HOHOB He npOHCXO,l\HT pe3KHX CKat!KOB llJIOT-

HOCTH napoB cenapHpOBaHHOro aneMeHra. 

UaMepeHHHe aHat~eHHfi '/_i. .I\JIH OOJihlllHHCtBa P33 tOJihKO 

B H83Hat!HieJibHOit creneHH 3aBHCHT OT BpeMeHH cenapannH. . 

B) £e!!a.Ea_!!R_!! 

llpHBe.neHHHe Ha pRe. I-4 3Hat~eHHH 'L~ H "l.o .nanr B03MOJI

HOCTh paCCt!Htarh no ~pMyJie (I) a~eKTHBHOCTb cenapanHH 

.nna P33 H3 oOnyt~eHHHX raHranoBux MHmeHeit. B Kat~ecrBe npHMepa 

Ha puc~ 5 .naerca aHat~eHHe 'L .nna cne.nyD~Hx ycnoBHll cena

panHH: reMneparypa HOHHaaropa 2400; 3I00°K, BpeMH cenapanuu 

3 H 15 .MHHYT. 
AKtHBHOCih cenapHpOBaHHHX pa.nuoaxrHBHHX npenaparoB 

3aBHCHI ~I ycnOBHI OOJiyt~eHHH, cet~eHHH 00pa30BaHHH H30t0llOB . 

(}- _; Bp8M8HH nonypacna.na HCCJie,l\yeMOrO H30TOna; BpeMeHH 

_no.nrorOBKH HCtOt!HHKa ,ltJIH cenf!-panaH H e~:o a~eKtHBHOCrH. 

B HamHX 3KCll8pHM8Ht8X BpeMH cenapanHH OKOJIO 2-3 YHHyt H 

T <::> 3000°K OKa3aJIHCh s~~craTOt!HWH ,1\JlH nonyt~eHHH npenapatOB' 

Ha,l\8:1:HHX ,1\JIH cneKtpOCK0llHt!eCKHX,H3MepeHHit. Uuea B BH.I\Y Bpe

MH tpaHCllOptHpOBKH MHllleHH H llO,l\rOtOBKH HCtOt!HHKa.Macc-cena

paropa, nonyt~aew cywyapHoe Bpewa or xoHna oOnyt~eHHH .no KOHn~ 

cenapanaH He o.onee 5-6 :wniy!. 3ro cywapuoe BpeMa orpaHHt!H- · 

Baer npHMeHeHH8 MetO,l\HKH ,!\Jill HC~Jie,l\OBaHHI H30t0UOB c·nepHO~ 

.now nonypacn8,!\a Tl/2 <. I MHHyrH. 
AitrHBHocn nonyt~aewux Ha xonJiexrope Macc-cenaparopa 

arowoB aaorona c nocroaHHOl pacna.na 1 Ha MHmeHH ( No aro

MOB), oOnyt~aeuol B ret~eHHB to . nyqKOM npOtOHOB C HH'J:IHCHB

HOCT~D. 4 nocne BpeJ.!eHH no,JtrorOBKH HCTOt!H,I{Ka tn. ' onpe)te-

!fi8tCfi lPOPMY.IIOI: 
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N• No~~~ ll-Un (A~ e-llo -) . (7) 

Ha OCHOBe H3MepeHHHX B padore Be~HqHH ~ no wopuyxe 

(7)· paccqHraHH aHaqeHHS N ~~a xoporxozHBY~HX HearpoHo~e-
- . 

WH~THHX P33. Peay~LrarH pacqera ~~a KOHKperHHX ycxOBHI axc-

nepHMeHra npHBe,IteHH Ha pHc. 6. 3HaqeHHs '1. ~JIB Sm H'Pm 

BHqHcneHH Ha .ItaHHHX, yxasaHHHX B padorax/3,7/. CeqeHHa od

paaOBaHHs H30TOnOB ~ B3STH H3 padOTH/B/. 

PHcyHKH 5 H 6 ,ItaDT B03MOEHOCTL nO,ItOdparL CaKHe nO~XO~S

~He ycnoBHs nonyqeHHH nDdoro H3 yxaaaHHHX HaoronoB B aaBHCH

wocrH or WHSHqecxoa aa,ItaqH. IIo ~aHHW pHc. 6 llOXHO onpe,ItenH:n. 

xaoronHua cocraB B KaX.l\Oil H3 cenapHpOBaHHHX Haodap, o6nerqaa 

rell caKH~L cocraBneHHe nporpa~ Hccne,ItOBaHHK H HHrepnpera~D 

nonyqeHHHx peayxLraroB. IIpH nocrpoeHHH pHc. 6 He yqHrHBaxacL 

B031lOXHocr• cdopa Ha xoxxexrope ~~acc-cenaparopa, xpolle axe

weHrapHHX HOHOB ,ItaHHoro aneueHra Mt ., a raKKe H HOHOB ero 

OKHcxoa MOt , sarpsaHs~_HX aaoClapy c ~~accol A xaodapol 

c wac col. A-. 46 • O,~tHaxo. aawepeHKa noxaaanx, qro ,B H8.WllX 

ycnoBHax cenap~H o6paaynrca B aaaqHrex,How xonHqecrae 
- . -~ 

rouxo OKHCJnl La 11 Ce (~a arxx aJieweHrOB H•tHO• 

-"0,2•0,3). Yxe ,~~;.u 'Pt- x Nd coorHomeHHe H~f~o• npx

xepao , 0,1, a ~xs ocranHHX P33 OHO eDte weHLme. Taxoe xo

xxqecrao OXHCJIOB c~ecrBeHHO ae wemaer HHrepnpera~ cnexr

poa.(pHc. 7). 

IIpHMepH HCnOJIL30BaHKII. werO,JtHXH ,JtJUI cneKrpocKOnHqecKHX. 

HCCJII,ItOBaHXI 

IIpHMeHeHHe ~aHHoa wero,ItHXH ,~~;ano Boa~oXHocr• H,D;eHrH~-

~poaarL HOBHe XOpOTKOXHBY~He H30TOUH H H30K6pH, a raxxe 

--- 16 
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l 
T•2400•K 

t• lmtn 
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LQ C• Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 

' PHc. 5. 3uaqeHHa· a~eKrHBHocrH cenapa~H P33, paccqHraHHHe no 
c.I>opuyu (I) ~na paaHHX ycnoBHit padoru IDIIDI. KpHBaa I - · 'f= 
=3I00°K, t.=I5 .wiH, 2 - T=3I00°K t=3 wm, 3 - T=2400°K 

t=I5 wm, 4 - T ;.2400°K t= 3 KHH, THOHHaaropa = 3I00°K. 
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PJ!Co 6. 0THOCHT8Jil>HH8 :3Hati8HHH B8JIH'IIHH tJ ,paCCtiHTaHHHX IIO 

~opuyJie (7) ~JIH or~eJI&HHX HsoronoB P33 npH cJie~y~HX ycJioBHax: 

Macca MHmeHH 0,5 r, t =IOII rrpOTOH/CeK.clL2, Bp9lLSi OC!JiytleHHH 

to = 5 MHHo, Bpe~H no~rOTOBKH -~OaKTHBHHX HCTO'QHHKOB t ~ = 

= 5 MHH., sHa'lleHHH 1 BSHTH ~JIH reltneparypu i =3I00°K x Bpe

KeHH cenapanxH t = 3 MHH. 
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rrpOB8CTH p~ CII8KTp0CKOIII1ti8CKHX HCCJI8,JJ;OBaHHli. llpHMephl HeKOTO

pHX pesyJit.TaTOB H3M9p8HI1H H30Clap, IIOJIY'IIBHHHXH3 OClJiy'lBHHOH 
c • • • ~ • 

B T9'l9HH8 5 MHHYT TaHTaJIOBOli lffinieHH, TOJll!lHHOli 0,05-MM, BBCOM 

0,5 r, rrpHBO,n;nrca B raelJin~e_ 3. Ha pHc. 7 B KaqecrBe npuMepa 

npHBO,n;Hrca rat.~Ma-crreKrp Maccu c A =149. 

J(eJiaJIHCb IIOn:b!TKH HC~OJib30BaTb MBTO,l\HKY ,1\JIH II0JIY'l8HI1H _ 

KOpOTKO~HBYlllHX H30TOIIOB ;ipyrHX 3JI9M8HTOB. 0ClJiaCTb HalllHX HC

CJI8,l\0BaHHH, KOTOphle rrpO~OJillta!OTC!i, ~IlpHBO,ll;HTCH B TaelJIH~e 4_. 

·J(aHHhl9 TaC!JIH~ 4 yKa3UBaDT Ha B03MO~HOCTb l1CIIOJib30BaHHH 

MBTO~HKH ~JIJI IIOJIYt!BHHH p~HOaKTHBHHX HCTO'lHHKOB llll1pOKOrO 

Kpyra 3JI9M9HTOB. 3TO IIOKa3WIO Ha IIpHMepe IIOJiytzeHHH.I130TOIIOB 

Jn. H3 OJIOBHHHOH M!rllll9HH. B 3TOM CJiyqae BO Bp9MH OClJiy'lBHHll 

IIpOTOHaMH OJIOBHHHOH MHlll9HH.~pa_OT,l\atiH·TOpM03HTCH B TaHTa

JIOBOli ~OJILre. J(aJiee ara ~OJILra, KaK H B cJiytzae c P33, noMe

lllaerca B UillHf. IlpH 3TOM 3~9KTHBHOCTb ~H~Y3HH-H3~ICliiOB' 
ltH,ll;Hil H3 ·TaHTaJia ~OCTHrrura IIO'QTH !0()%. B. CBH3H C TBM, ~TO 

HOHHsa~HOHHhle noreH~HaJIH corryrcTByro[JlHX sJieMeHTOB Cd . ~ Ag 

l'd , 'Rh , 'Ru C!OJiblll9 7. 3B, Ha KOJIJIBKTOpe MaCC-cenapaTQ

pa IIOJiytzaJIHCb .tiHCTUe H30TOII!l HH,l\Hllo !IOJiyqeHHe ~30TOIIOB HH,ll;HH 

lt C!Jiaropo,n;HUX ra30B liBJlHBTCil npHM9pOM TOrO, tiTO, IIpHll9Hllll 

HBKOTOpue MO~H~HKa~HH, MOXHO HCII0Jlb30BaTb MBTO,l\HKY ,1\Jlli 

IIOJiytzeHHll H30TOIIOB C 'pa3Hh!MH v. H npHMBHHTb MHlllBHH:C -HH3-

KOH reuneparypon rrJiaBJieHHJI. 

BUBO~H 

PaspaelOTaHHall MBTO~HKa, COKp~aH Bp9MH IIOJiytzeHHH pa

~HOaKTHBH~ H30TOIIOB pe~K039M9Jil>HhiX 3JteMBHTOB ,l\0 ~ 5 UHHyT, 

,n;aJia B03MOXHOCTb Cy[Jl9CTB9HHO pacmHpHTb CII8KTpOCKOIIHti9CKH9 

. Hccne,n;OBaHHH, rrpOBO,ll;ltKHe no rrporpaKMe HCHAIIll-I/4/. 
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Ta<lJIHqB. 3 

npxxepw peay~»raroB, noJiyqeuawx paapa<lorauHol Kero~xxol • 

A 

I 55 

Haoron 
TI/2 

I55E,., (5,3 KHB) 

HoJwt ~xaxqecxxe 
peay.urarH 

Er 

ISif"'Ho(3,2 KKH) Er I54 .. 
I54Ho (II,6 KXB) ~O<laBoqJwe BOBW8 

YJ)OBBX 
153 ... 

IS3 Ho (~,3 KKH) Er , cxexa pacn~ 
I53n.Ho (2,0 KBH) Er , cxexa pacn~ 

I52 IS2Ho (2,7 KKK) 

I5I I5Iny (I7,0·xxu) 

ISO I50Dy (7 ,I KKK) 

Ill9n':l (4,6 KKK) 

I49mlb (4,2 .IIXB) 
149 

I48 148.o':l (3,5 KXI) 

147 I47mrb (I,8 KXH) 

Er 

Er , cxea pacu~ 

Et. , cxea pacua..a 

Et. , BOBWI JPOBBX 
E r , cxexa pacu~a 
HOJwl X30!011 

fi/2•3,5,±0,2KXK 

Er •620,1 n• 

Er •1397,2.xu 

• Pesr••rarw uo•r•••w coBKecruo c I.UeBeBWK. 
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Pac. 7. raMMa-cneKrp uaccu A =149, nonyqeHHHl:t B ycnoBaax, 
cxo~HNX c ycnoBHHMH, noKaaaHHHMH Ha pHc. 6. Bpeua aauepeHHH 

t=5 MHH. 

PeaynLraru HauepeHHI a~eKTHBHOCTH npo~ecca cenap~H 

yKa3HBaDT Ha B03UOXHOCTL ~anLHel:tmero C~eCTBeHHOrO COK~e

HHH BpeKeHH nonyqeHHH HCTOqHHKOB npH paOore B0BH3H nyqKa HBH 

Ha nyqxe ycxopHrena. 

·ABropH Onaro~apHH K.H.rpouoBy.aa no~ep.KXy H nocroaH

HHI- HHtepec K paOore, B.R.BaHKO H H.R.rpoKOBOI aa OOc~eHHe 

peaynLraroB, a raxze A.KonaqxoBcxouy aa OKa3aHHYD OonLmyD 

flOUO~L B OKOHqarenLHOA no~rOTOBX8 paOorH. 
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