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)J,n11. pac'!eTa nepo11.THOCTeii pacrra)J,a T11.)1{enhiX noJ6y)I{

)J,eHHhiX H)J.ep, 06pa3yiO~HXC11. IIpH CTOnKHOBCHHHX HOHOB C 

11.)J.paMH H B HeynpyrHX peaKQHHX IIO)J, )J,CHCTBHCM 6hlCTphlX 

qacTHQ, neo6xo)J,HMO JHaTh BhlCOTY 6aphepon )J.eneHH11. Br 
rrpu pa3nH'lHhiX JHa'leHHHX A H Z /J)J.ech H BCJ)J,e HH)I{e 

A Maccosoe 'lHcno, Z - 3ap11.)J. H)J.pa, N =A- Z /. 
llOCKOnhKY JKCIIepHMCHTanhHaH HH~OpMaQHH HC)J,OCTa-

TO'lHa, a TeopeTH'lCCKHH paC'lCT Br O'lCHh cnO)I{CH H He 

6 v 6 /1,2/ 
)J,aeT IIOKa Tpe yeMOH TO'IHOCTH, B pa OTaX )J.nH OIIH-

CaHHH 6aphepos )J,eneHHH 6Lmo rrpe)J.nO)I{eHo rrony~eHoMeuo
noruqecKoe Bhlpa)l{eHHe 

I3r(A,Z)=B¥(Z 2 /A)- !\(A.Z)+5(A.Z), /1/ 
/3/ 

BKniO'laiomee MacconyiO rrorrpanKy KaMepona !\ . rrorrpas-

KY Ha HC'lCTHO-'lCTHhiC J~eKThl 0 H rrpOCTYIO aHanHTH

'lCCKyiO arrrrpOKCHMaQHIO rna)J,KOH 'laCTH I3 ~ . 
PeJynhTaThi, rrony'leHHhle c rroMO~hiO /1/, xopowo 

cornacyiOTCH C JI<CIIepHMCHTanhHhiMH )J,aHHhiMH. lfCKniO

'lCHHC COCTaBnHeT nHWh o6naCTh aKTHHOH)J,OB, r)J,e HMCIOTCH 

)J.Ba na6opa JKcrrepnMeHTanhHhiX JHa'leHHii Br : Me)J,neHHo 

YMCHbWaiOIQHXCH C pOCTOM Z , OIIpe)J.eneHHhlX ITO Ha6niO

)J,aCMhiM rrepHO)J,aM CIIOHTaHHOrO )J,eneHHH /3TH 3Ha'ICHH11. 

CornacyiOTCH C arrrrpOKCHMaQHCH /1//, H rrpaKTH'lCCKH IIO

CTOHHHhlX I Br = 6,1±0,2 M3B 14 1 
/, rrony'leHHhiX H3 HJ

Mepenuii JHepreTH'lCCKOH JaBHCHMOCTH CC'ICHHH )J,eneHHH. 

TaKoe paJnH'!He, rro-BH)J.HMOMy, CBHJaHo c TeM, 'ITO B 11.)1,

pax C Z ~ 90 6aphep HMeeT cnO)I{HYIO ~OpMy H OIIHCaHHe 

)J,eneHHH O'lCHb T 11.)1{CnhlX H)J,ep Ha OCHOBe MO)J,eneii C O)J,HO

rop6hlM 6apbepoM HMeeT xapaKTep rrpu6nH)I{CHHOH ~eno-
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MeHonoruqecKoii annpoKCHMaUHH, napaMeTphl KOTopoii ~a

BHCBT oT Toro, KaKHe acneKThl npouecca paccMaTpHBaroT

CB B ,IJ;aHHOM cnyqae * · 
B HacTOBIUeii pa6oTe Mbi CTaBHM 3a,IJ;aqy BhlBCHHTh, 

KaKHe 3HaY:eHH.Il 6apbepOB CJle,IJ;yeT HCDOJlb30BaTb B pac

qeTaX ,IJ;eneHHB TB:>KenMx Bo36Y:>K.IJ.eHHhlX B.IJ.ep. MM TaK:>Ke 

paCCMOTpHM, K KaKHM H3MeHeHH.IIM npHBO)J.HT HCDOJlb30Ba

HHe yTOY:HeHHOH nonpaBKH KaMepoHa H3 pa6oTbi 16 '. 3Ta 

nonpaBKa npuro,IJ;Ha .D.mi 6onee wupoKoii o6nacTH MaccoBMX 

H 3apJI)J.OBhlX Y:HCeJI, Y:TO OC06eHHO Ba:>KHO )J.Jl.ll pacY:eTOB 

BHYTPHJI,IJ;epHbiX KaCKa,IJ;OB, r,IJ;e OCTaTOY:Hble .ll,IJ;pa HMeiOT 

caMhle pa3JIHY:Hbie 3HaY:eHHB A H Z . 
flonpaBKY !\ Mhl DOJIO:>KHM paBHOH CYMMe 060JIOY:eY:HbiX 

nonpaBOK )J.JIJI HeHTpOHHOH H npOTOHHOH KOMDOHeHT .ll,IJ;pa 

S H napHbiX 3HeprHH HeHTpOHOB H npOTOHOB p: 

!\(A .z )..,S(N)+S(Z) + P(N)+ P(Z ). /2/ 

BMpa:>KeHHe .D.JIJI rna.D.KOH qacTH 6apbepa B~ BM6epeM Te

neph paBHhlM Bhlpa:>KeHHIO .D.JIJI :>KH.IJ.KO- KanenLHoro 6apbe

pa, a He npocTo HeKoTopoMy <lJeHoMeHonoruqecKoMy BM

pa:>KeHHIO, KaK 3TO ,IJ;enanocb B pa6oTax / 
1

•
2 

/. 3To ,IJ;aeT 

60JlbWYIO yBepeHHOCTb B pacY:eTax, T .K. npH HeKOTOphlX 

3HaY:eHHJIX A H Z <lJeHoMeHonoruqecKoe Bhlpa:>KeHHe B ~ 
MO:>KeT OKa3aTbCJI BeCbMa HeTOY:HhlM H3-3a OWH60K B HC

DOJlb30BaHHhlX .D.JIJI ero onpe.IJ.eneHHB 3KcnepHMeHTanLHhlx 

3HaY:eHHJIX B r . 

)I(.K. 2/3 B1 = Br = a8 A { 

3 
0,83 (1-X) , 

0,38(3/4-X), 1/3<X<2/3, 

2/3<X < 1 

/3/ 

r.D.e 
2 2 2 -1 

x = (Z /A)(ak/2a8 )[1-k(N-Z) /A l . 

* Ecnu npouecc ,IJ;eneHHJI onucbiBaTL .D.Byrop6biM 6apbe

pOM, TO Ha6op 3aBHCBIUHX OT Z 3HaY:eHHH B f OKa3biBaeTC.Il 
6Jl113KHM K H3BeCTHbiM CeHY:aC 3J<CnepHMeHTaJlbHbiM 3HaY:e

HH.IIM BHeWHero, a ua6op DOCTO.HHHWX 3HaY:eHHH - K 3KCne
puMeHTaJibHbiM 3HaY:eHH.HM BHyTpeuuero 6apLepoB ,IJ;ene-

HHB/CM.,Hanp., CBO.D.KY 3HaY:eHHH BfHern. uBf"YTP-/5, c .127/;. 
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/7/ 
as= 17,944 M3B, ak = 0,7053 M3B, k = 1,7826 . llo-

npaBKa Ha HeY:eTHO- qeTHLie 3<b4JeKThi cnapuBaHHJI: 

D (A. Z ): { ~ r 
2Dr . 

N 

A 

N 

qeTHhle 

- HeY:eTHOe 

- HeY:eTHOe, 

; 25/., 
r.D.e Dr = 1,248 M3B · · 

z - qeTHOe 

/4/ 

B ma6A. 1 co6paHLI H3BeCTHhle B HaCTOJIIUee BpeMJI 
·~ KCfl 

6apLepbi ,IJ;eneHHJI B r nonyY:eHHLie H3 aHanu3a pa3-

JlHY:HbiX 3KCnepHMeHTaJlbHbiX ,IJ;aHHbiX, H COOTBeTCTBYIOIUHe 
Teop 3Ha"'leHHJI B · BhlY:HcneHHLie no <lJopMynaM I 1/-/4/. r . 

3aMeTHbie pa3JIHY:HJI / = 200/o/ Me:>K.D.Y pacY:eTHbiMH H 

3KCnepHMeHTaJlbHblMH ,IJ;aHHblMH HMeiOT MeCTO )J.JIJI .IJ.BYX 

caMbiX nerKHX JI,IJ;ep, Eu H Ho. O,IJ;HaKO 6apbepbl siKCfl. B 

3TOH o6nacTH onpe,IJ;enJIIOTCJI BeCbMa HeTOY:HO. MeHee no

HJITHLIM JIBJIJieTCJI npeBbiWeHHe TeopeTHY:eCKHX 3HaY:eHHH 

6apbepOB HaJJ. 3KCDepHMeHTaJlbHbiMH )J.JIJI Y:aCTH H30TODOB 

Ra , Th H Pa. 
PacqeTHhle 3HaY:eHHJI Br ,IJ;eMoHcTpupyiOT oqeHL cna-

6yiO 3aBHCHMOCTb OT A H Z npu nepexo,IJ;e K JI,IJ;paM c 

60JlbWHM Y:HCJIOM HeHTpOHOB H Me,IJ;neHHOe yMeHbWeHHe 

6apbepa c pocToM z /eM. puc. 1,2/. 
3TH BbiBO)J.bl He 3aBHCJIT OT TOrO, KaKaJI H3 .IJ.BYX 

B03MO:>KHbiX annpOKCHMaUHH HCDOJlb3yeTCJI )J.Jl.ll L\ (A , Z ) * * 

* PeJynLTaTLI pacqeToB H3MeHJIIOTCJI He CHJIL!Ul . ecnu 

B cooTBeTCTBHH c pa6oTOH '9
1 

nono:>KHTh Dr= 111\
1 
A . O.D.

HaKo nocTpoeHHaJI Dr = 1,248 M:JB ,IJ;aeT HecKonLKO nyq

wee cornacue c 3KcnepuMeHTanLHbiMH 3HaY:eHHJIMH B f 
/npu 3TOM nyqwe nonyqaeTCJI Ha6niO,IJ;aeMoe B onLITe pa3-

nuque B f .D.JIJI JI.IJ.ep c qeTHLIMH H HeY:eTHbiMH MaccoBLIMH 

Y:HCJlaMH/. 

* * B p-a6<.nax 11.2/ nonyqeHo 3HaY:HTenLHO nyqwee corna-

:JKcn. 
cue c Br )J.JIJI JI,IJ;ep Eu H Ho. 3To o6ycnoBneHo TeM, 

Y:TO BLipa:>KeHHe .D.JIJI rna.IJ.KOH Y:aCTH B 
0 

(A. Z ) HOpMJlPo-

BanocL Ha 3TH TOY:KH. 0.IJ.HaKo B caMHX 3HaY:eHHJIX tl~Kt:II. 
MoryT 6MTL 3HaY:HTenLHLie norpeWHOCTH. liapbephl B r .D.JIB 
Eu H Ho, nonyqeHHLie B pa6oTe/30iu3 conocTaBneHHJI 3K

cnepHMeHTanLHbiX H HeKOTOphlX MO)J.eJlbHblX )J.aHHbiX, TaK:>Ke 

uecKOJibKO npeBbiWaiOT s3
Kcn • f • 
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Puc.l. 3a6UCUMOCmb pac'lemHbiX 3HQ'leHUU 6apbepo6 oeAeHUJI 

om 'lUCAa npomoHoe u HeilmpoH06 e Rope. 
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,l],JHI H30TOITOB, yKa3aHHhiX B ma6A. J, pa3nH'IHe 6apbepOB 

nr~op ,IJ,nH nonpaBOK A H3 pa6oT 13 •6 / ueaenHKO. Pa3nH'IHJl 

CTaHOBHTCJl 6onee 3aMeTHblMH ,IJ,llJl o6e,IJ,HeHHblX HnH CHllbHO 

neperpy)KeHHhiX ueiiTpouaMH H30Tonoa. B 3THX cny'laHx 

HCITOllb30BaHHe ,IJ,aHHblX pa60Thl 
161 

JlBllJleTCJl, no-BH,ll,HMOMY, 

6onee npe,IJ,ITO'ITHTenhHhiM. 

Ha puc. 3 npuae,IJ,eHbi oTHOIIIeHHH ucnapuTenLHOii u ,IJ,e

nuTenhHOH wupHH [~1 I l~ f , Bhi'IHCneHHhle npu ,IJ,Byx pa3-

llH'IHbiX npe,ll,ITOllO)KeHHHX 0 3aBHCHMOCTH 6apbepOB ,IJ,eneHHJl 

OT Z: ,IJ,llJl 6apbepOB, paCC'IHTaHHblX ITO <lJopMynaM /1/-/4/, 
u nocTOHHHhiX 6apbepoa Br = 6,2 M:JB, nony'leHHhiX a 

'4 ' pa6oTe · '. KaK BH,IJ,HO, a cnyqae TJl)Kenhlx TpaucypaHOBhiX 

H,IJ,ep npe,IJ,nono)KeHue o He3aBHCHIDeM OT A H Z 6apbepe 

,IJ,eneHHJl llpHBO,ll,HT K pe3KOMY H yaenH'IHBaiOIUeMyCH C 

pOCTOM Z paCXO)K,ll,eHHIO C 3KCnepHMeHTOM, B TO BpeMH 

KaK Bbipa)KeHHe /1/ ,IJ,aeT 3Ha'leHHJl ~~1 /{'f • 6nH3KHe K 3K-

cnepHMeHTallbHbiM. 

I 1 2/ 
3TO ITO,ll,TBep)K,ll,aeT BbiBO,ll, pa60T . ' 0 TOM, 'ITO an-

llpOKCHMaUHH /1/ MO)KeT HCfi0llb30BaThCJl ,IJ,llJl pac'leTa pac

na,IJ,OB B036y)K,IJ,eHHblX Jl,IJ,ep npH CaMhiX pa3llH'IHblX 3Ha'le

HHHX Z, BllllOTb ,ll,O TJl)KeilblX TpaHCypaHOBblX Jl,IJ,ep. 

~Puc. 2. 3a6UCUMOCmb 6apbepo6 oeAeHUJI mJIJICe/lbiX JIOep 
~ om z2 I A 0 • - 3KCnepuMeHmaAbHble OQHHble U3 pa6o-

mbl-' 14/; /\ - 6apbepbl oeAeHuJI, onpeoeAeHHble no :JKcne-
puMeHmaAbHbiM 3HQ'leHUJIM t l 1)2 ; () - :JKCnepuMeHmaAb-
HOe 3Ha'leHue Br OAJI Ra . . /IyHKmup - JICUOKo- KaneAbHQJI 

lt<.K. z2 3Q6UCUMOCmb I3 f ( /_<\), CnAOWHble Kpu6ble - pac'lem-

Teop Hble 3Ha'leHUJI B r oAJI Th , u , Cm u Cf . B KaJICoou 
nape eepXHJIJI KpU6QJI OmHOCUmCJI K U30mOnQM C He'lemHbiM 

A, HUJICHJIJI KpueaJI ·- K u3omonaM c 'lemHbiM A . 
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Ta6Aulla 1 IlpoooAJK:eHue ma6AU'llbl 1 

liapbepbi ~eneHHH Br / M3B/ 

H,npo 8 Teop B 3KCTI H.npo Teop B. sKcn 

H,npo B Teop p, :JKcn H.npo 

149 El( 
63 39,4 32,5 (ej rBBo.s 19~" 22,a 21,1 [9} 232 6,0 [II} 

76 23,8 23,9 [9/ 

' 
J80 Th 90 6,5 

I57H 31,6 26,5 [a] 
23,7 (IO] 2UOH 23,0 [91 

5 , 40:!:.0 , 22 [raJ 

067 
23,1 

24,2!_0,5{II/ I 
a au 6,3* 

173 L14 

201re 233 

7I 30,4 2a,o [9} I900s 24,a 25,1 /9] 
22,6 20,4 [9] Tit ~0 7,3 6 4 In 4] 

76 
81 6 ,0±0 .~ [Ia} 

27,3 {Io] 
raE l'l 

22 ,3:tQ, 5 fn7 234-rh 

28,7'!_3 [rrj 77 20,2 20,4 [a} 
22,5'!_1,5 [!3/ 90 6,6 6,1 [II/ 

175 1( 
I98 p6 

231 fl 

a. 73 25,9 25,1 [9} ra7I't 21,0 21,6 fr2l a2 17, ~ 17, o [a] ll-91 6,1 ~ b,6* 

77 
I791Q 27,7 26,3 [9] 

21,8±3,5{IIj 2U7 B· c2,a 20,a !Jl 
232 ~ 7,0 5,~0,5{18] 

73 1a9I 
'"83 

It 91 

26,2 [IO] 'Z77 21,9 20,6 [9/ 209 s· 
21,2'!_0,5 {Irj 6 ,25'!_0 ,II {19} 

27'!_3 [Ill 21,7 [raJ 24,1 22,6'!_0,b [II} 232 

I7a 'W 74 24,6 23 ~0+3, 5 [II] 
'"83 1{ 92 5,3 5,4* 

I ,5 [12/ 
22!_3 {II/ 22,0 [9] 233 5,a* 

I?9W 
I9II'l 

20U~ 'U 92 6,1 

74 25,7 25,0!_3,5 [r 77 23,0 21,5 {9/ 0 84 19. 9 ra • 7 {9} 5,7!,0,3 {II] 

23,2 [12] 
22,a fro] 2IL 

23±,3 [II} 
Poa4 21,2 19,2::,0 ,8 fs41 

5,5 [20] 

roow 25,3 25,? [9] I~OPi 
20,0 9} 5,8-±0,I {21] 

74 I9,I I9,a [8} 
28,7+3,5 [II 

7a 20,4!_0,5 {II 
5, 18±0 ,27 {IS) 

I92 2II 234'U 

25:0 [I2] Pi 7a 20,7 21,0 [9] Po 84 <::G,8 1a,r [91 92 5,4 5,7* 

l81w 26,3 24,6 [9] 193 Pt 7a 20,9 [9] 
21,5 {10 

6,0 {II} 

74 21,9 19,7!_0,5 {II 5,2 [22] 

Ia2 'yJ 26,4 26,0 [9] I94pi 
212 

5,3 [23] 

74 22,5 21,9 {9] Po 84 19,2 18, I [9} 
7a 

5,31'!_0,27 {Ia) 

I84w 27,1 26,7 [9] 196pf 
ra, 6!_o, 5 [nj 

74 24,3 24,3 [9} 
235 6,2 7 5,8* 

ra1 Re.75 

78 zr3Ai I? ,4 15,2 [9} '1A 92 

23,6 24,0 [12] I91pt 
85 5,75[2ol 

25,0+3,5{II 
79 ra,7 ra,4 [aJ 16,8+0,5 {II 6,2 [4 1 

I95pf 
22..- 6,5'!_0,5 [15] 

Ia5 Re. 25,5 24,9 [9] 21,2 19,5 [9] 
v Rll88 8,5 5,31!_0,27 [raj 

75 
79 236 

I97pt 
226 a,5;t0,5 {1~ 't( 92 5,6 5,7* 

I86(}s 22,8 23,9 [9] 79 22,a 21,8 [9} 
Rct 88 7,9 

76 

5,9 [n] 

22,5 [ro] I94 t; 
227 8,5'!_0,5 [15 

18,3 I9,4'!_3,5{II/ 
Ra. 88 8,5 5,44[23] 

23,4'!_0,5 [II 
ao 

196H 
229Th 6,7 

5,8 [22) 

1870s 23,a 23,1 [9] ,so 19,8 19,5 [9] I' 
9(J 6,4 c 4J 2371,{ 

76 23uT\ 
90 

92 6,3 6,1 fnl 

22,5 Erol 198H 
5,8* 

j80 21,4 21,3 (9] 'J 
6,3 6,4 (20,4/ 

22,7t_0,5{I 2I ,Bt.I,5{II} 231 Th90 7,2 6,2 (II,4} 
I 
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IlpoooAJKeHue ma6Au~&l 1 IIpoooAJKeHue. ma6Au~&l 1 

H,npo B Teop 8. 3KC!l H.npo 

238u 5,5 5,6* :C43 P14 5,8 [n.~ 
H,npo 6 

Teop ~31\Cll H,npo 

~2 
5,4 

5,8 [2ol 
94 

244 p11 5,o* 
250 5,4 5,8 [n} 255 Hcl 4,6 >3,4* 

5,6 [24,25] 94 4,8 8~<. 97 IOI 

5,0B±CJ,I5 [raj 
5,4:t<J,3 [rrl 246c~ 98 4,2 4,o* 2561f4 4,9 >3,3* 

239~ 
245 

IOI 

6,2 6,!5[20/ PI( 94 5,4 5,8 [41 248 c 257Md 

92 5,4 [II} 
4,3 4,2* >3,4* 

6,3 [4 ,24 ,25} 
f98 

I01 -

240~ 
24IA 5,2 5,4* 

24';;: 5,o* 
252 -7 2,8* 

92 5,5 5,7 {II] 111 95 6,0 [24, 
C.f 98 

4,9 I02 
3,6 

236 lip 6,2 [26} 

250 4,2* 
254 ~3,3* 

6,4 
25] Ct98 

4,2 3,5 

93 5, 9:tO ,3 {II} 
I02 

237 Np ~5.9* 

25:C 3,8 3,9* 
256 3,0 ~3.r* 

93 5,8 242A"" 5,9 5,4* 
C.f 98 102 

5,&±,0,3 {II) 
95 

6 ,35:t<J, I2 {I9) 253ct 4,1 5,8 [411 
5,5 [26] 6,4 [II~ 

98 5,3 :t.0,3 {II 

238M 6,5 5,3:t<J,4 [18] 
24,2y 254Ct 3,5* 

f 93 
-

5, 98±.U,I2[I9) 243A 5,1 5,4* 
98 

6,0 [26/ 
""'s 6,2 [4~':} 256Cf - <3,2* 

24, 
'J8 

239Np 5,? >5,2* 6,3 [nJ 253 Es 4,3 4,4* 

93 
5,6 [26] 

99 

24oc 4,6 4,4* 254 fs 
rn96 4,6 ?4,6* 99 

236 p~ 94 4,7 4,8* 242 Cwt 96 4,5 4,5* 255 fs 
9'J - 4 ':r* 

238~ .. 4,8 5,o* 94 244c 4,5* 
'"96 4,4 244 4,4 :C,4* f, roo 

239~ 5,5 5,6* 94 245£Mt 6,4 [4] 
6,I (4} 96 5,1 246 2,8* 

5,8 [IIJ 
6,2 [1rj 

f1ll IOO 4,3 

246~ 
248 

5,31:!;.0,25 {IB} 96 4,4 4,&r 
r,. roo 4,1 3,3* 

240 Pic 4,7 4,9* 247c.n 
250 3,7* 

94 5,1 6,2 {4 1 f"'IOO 4,I 

5,9 [II] 
96 

5,9 {II} 
\ 

252 3,9* 

4,8 [23 1 248~ 
F"'-IOO 4,I 

241 5,5 6,1 [4] 
96 4,4 4,5* 254 

~ 94 249~ 
r"roo 3,7 3,6* 

6,2 [22} 5,0 6,2 [41 
==================================== 

96 I 255j; 4,r* 

5,9 [II} 5,5 {II I "'roo 3,9 *)Buqac~eHo no ~OPMY~e ~f = 

242 . 4,7 5,o* 250~ 4,1* 

t 
256r111 3,2* 

0,125(21,5+ f1 t'h ['~tK] ). IIepH~ 

PI( 94 96 4,0 -
5 ,B:t.O ,3 {II j 

roo nN no~ypacnana (cnoHT8HHOe ne~eHHe) 

249BK 4,9 4,8* 
257r"' 3,9* t'lz. E3fiTbl H3 o6sopa {5/ • 

97 t 
roo -

5,9 [n) 258Ft.. roo - 2 3* 

I 
• 
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L: 
(: 
L.. 
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I I 1 IJ 
I I I 
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' 

0.1 

230 235 

I 
I 

,.,I 
I • 

~ I 
~ I I I 
II I 'o 

' I 1 I 
II I ', 
I 1 I 
I IJ . 

I I 
II 

• 

Amgs :'. ~· • , ' ,, 
I\ I I 
I II 

A, I f 

A ' \ I 
I I • 

II I 

I \t/ •• 
I ' • 

235 2/.JJ 245 

,\: 
I II 

' I 

~ 
1\ I 
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