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3 · [1], npo6neMa He M:o:>KeT n .· .. , .. ·-
C'IHTaTbCH pew1fiiHOH,, noci(oJibKY B 3T-OH pa6oTe, KaK H BO BCeX 

npe,nu.nymHX, 3!p!peKT --nonHpH3yeMOCTH npOHBJIHJICH B BH,ne HH'iTOlKHOH. 

,no6aBKH K MOmHUM H.D.epHUM 3lMJeKTaM, TO'iHO yqeCTb .. KOTOpUe -

HenpocTaH 3a.IJ.a'ia. 06 3TOM CBH.D.eTeJibCTBYIDT H cymecTBeHHUe 

pa3Hor.ri~CHH Me:>K.n.y aBTOp,a:M~ .' pa6o~ '[2~4 L aHaJI~; y H HCnpaBJieHHID 

OWH60K KClTOpUX no.cimueHa H~CTOHrUa·~, pa6o.Ta. . 

;i':·Ha'IHeM'- c Toro·, 'iTO~.· BunmueMc non~be' Bupa:>KeHHe .D.JIH 

HHTerpaJibHoro ceqeHHH pacceHHHH HeHTpOHOB H.D.paMH 'u npH 
, -· s 

3HeprHHX .Il.O '{.:2 K3B, · Kor.n.a BKJia.IJ.OM p-pacceHHHH MO:>KHO 

npeHe6pe'ib: T~K ·Ka'K 

u s=4rr( g+ I r;,l 2+g_l f _1 2 
)-, 

r·•-··· i ..•. :. 
- ±- 2k (1-:-S±), 

r.n.e g±- CTIHHOBUe .CTaTHCTH'IeCKHe !paKTOp~! k ·- BOJIHOBOe _'IHCJIO 

. HeHTpOH<~., TO, BOCTIOJib30BaBWHCb BUpa:>KeHHeM . .Il.JIH 3JieMeHTa 
.. c 

. ;:. . ' ~ 

S.-:-,Ma T_PHUU 
'·s· ·-: 2i5(·1 ± . ir n ) = e - ' •. ± -. . I E-E· Hr/2 · • 

... ( 1) 

llOJIY'IHM .HCKOMOe Ce'ieHHe: 

us - rr 
k2 

{g+ [< sin2o-L; cos.2o-L;~-~J12o) 2+(2sin2o-L; s.in20+ 

+L;cos2o) 2]+g_[(sin2o-L~cos2o;_L;siri2o) 2+ 

1
+( 2sin2o_:·L~ s.in2o.+L;cos2o) 2] }. = ( 2)r 

= !!:2 ( 4sin2o-2L
1 
sin2o':..4~2sin2o~L3+,2L4 ). 

k -~- · . 
(3) 

'. ~ . ' . 

. B;~THX ~upa:>KeHHHX. o-C.Il.BHr!p~3U llOTeHttHaJibHOro pacceHHHH, 

6y;BoH: L o6o3Ha'ieHu cyMMu pe3oHaHcHux qJieHoB, a E ,·E0 , rn .H r, -.. 
COOTBeTCTBeHHO TeKyma51 H pe30HaHCHaH 3HeprHH, HeHTpOHHaH H 

llOJIH~H. WHpHH~ pe30HaHCOB. CyM~U ll.O 'p~30~·aHCaM 6e.py;c'H: OT.Il.~~bHO 
. ,_,, ' . •: .·:·~: .. ' ' s .·:·~~ ;· ·. . 

.D.JIH Ka:>K.n.oro CllHHa H HMeiDT BH.D.: .. \ ~; '. -~ 

'' 

( ,.., ,.;~,-..,_.« .. ''fl uv~ \ ~ ;;;~ Qtrk.IH!~ w~~'a'l nn•l•• J • 

J ~s~~RM! ucc~eaontull 
$ 6HSnttOTEKA • ____.. . ' ......-.-

··:1; 
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= L (E::_Ea>2+r2/4 

. +- rnr12 

I:2 = L (E-E >2+r2/4 ,-
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(4) 

(5) 

~ ~-

I:+- = L ---,--r--:n;;:-
3' (E'-E) 2 +f"214··· 

..o .. -.. -. ,._ .. 
i· j : '.. i j .. 

.+'.; ·. r r [(E-E
0

)(E-E
0
)+r.r,/4]. 

I: - = ~- n n 1 J . 

: 4 · .L: [ (E:._E~) 2+r~ /4 ][ (E'-E~) 2+r~l4] 
1<J .. 1. ' • ,J ' 

....... ·. 

npH'IeM B -. ( 3) .J 
+ -

~ = g+Lk + g_~ 
_ .. -: 

-~"" ~ \_; ·. 
.l{JIH BCeX k~1+4.CJie.nyeT npOKOMMeHTHpOBaTb CTpyKTypy BUpa~eHHH 

(2) H (3). B nepB
1

UX KpyrJIUX CK06K'ax, (.2) CTOHT. YMHO~eHHaH· ~a .. 2k 

peaJibHaH tJacTb aMnJIHTy.nu PG\Cce~.H~H 2kRef, a.-~-~ B,Topux .c.~o6K~X_:_ 
MHHMaH tJaCTb 2kimf.",·t{JieHU

1
,(:3;) .C. Ll H. I:2 06H3aHu' HHTep!flep~HlUf,,Ji 

pe30HaHCOB. C noTe1JUHaJibHUM pacceHHHeM, ~j - 'IJ.!CTO pe30HaHC~<;J,e 

pacceHHHe,.naoHHaH cyMMa I:4 onHcuaaeT HHTep!fl~peiir.tHJO Me~.ny 

OT .ne.ri:bHUMH pe30HaHCaMH C O.l{HHaKOBUMH enHHaMH. .. . 
1 

2. CpaBHHTeJibH.O He6o'JibWaH OW!i6Ka, .rtonymeimc{~ B paflOTaX [ 2], 

COCTO.IiT B" TOM; 'ITO aBTOpU HrHOpHpyJOT MmiMyJO tJaCTh • 'aMnJIRTY .nu: 
pacceHHiiH, ., JteaepHO noiiaraH eif OTBeTCTBeiiHOH TOJibKO -3a 

norJIOII{eHHe HeHTpOHOB,a BO BTOpOM H TpeTbeM CJiaraeMUX peaJibHOH 

tJacTR nonaraJOT cos2o-=1 ·li -·siri2o=O. BMecTe c TeM, coaepwaH 

"o6~aTHyJO" OW!i6Ky, noTeHUiiaJibHYJO tiaCTb Re~ OHH 6epyT B BH.rte 

sino/k BMeCTO sin2o/2k, KaK .l{OJI~HO 6UTh. B pe3yJibTaTe B "liX" 

cetieHHH -~~ 21 
.. llOHBJIHEncw npaBRJihHUH lJJieH. noTeHUHaJibHOro 

pacceHHHH- 4rrsin2 o;,k2 : 

0WH6K~ B pa6-~~~; '[ 3] , 06Ha py~eHHaH aBTopaMR ( 4] , 3aKJIJO'IaeTCH 
. .. [31 

B TOM, 'ITO B ; liX nOJIHOM CetJeHiili Cit noTepHHU tJJieHU 

~e~pe30HaHCHOH HHTep!flepeHUHH,a B 

KoTopuM aaTo.pli [ 3] -cpaBHRBa~T c.lioe 

. 0WH6Ka aBTOpOB ( 4] B TOM, 'ITO 

KorepeHTHOM cetJeHRR, c 
[31 ,. 

Cit ,OH!i npRCYTCTBYJOT. 

OHH He · 3aMeTRJIH' "o6paTHOJ1:" 

OW!i6KH i-pi6oTaX (2] H B BapHaHTaX CBOHX pactJeTOB "C ytJeTOM 
; ·: .,. . - 4 

MHHMOH ~~6TH~ B CB~eM ~[ 1 

MlliiMOH 'I·acf~H aMnJIR~y,Iiu. s. 
RMeJIH !flaKTHtJecKR y.naoeHHUJ1: KBa.npaT 

' .- -' ~,.; - :!.. ; : ~ ' . '" ' ; -

3.llpHMeHHeMue HaMH BUpa~eHHH 
. _,. -. ~- ;:,. f< 

(3(' (2) H .l{JIH cetJeHHH 

.2 

;: 
li 
l 
i 
j: 

·\· •: 

t 

pacceHHHH 0" s noKOHTCH Ha 3aUHCH 3JieMeHTa S-MaTpHUU B BH.l{e 

( 1). Bo BTopoii H3 pa6oT T 4] o6pa-meHo BHHMaHHe -Ha HeTO'IHOcTi. 

3TOJ1: ~anHCH no.npH'IIiH~ Taro, 'ITO aHa npHBO.l{HT K noTepe lJJieHOB 

Me~pe3oHaucHoH HHTep!flepeHr.tHH _a ·•nanHoM cetJeHRH- B3aHi.fo.neHcTBHH, 
eCJUI era nonytJHTb · · no OnTH'IeCKOH TeopeMe H3 aMnJIHTy .lUl 
pacceHHHH, 
' , ,: ·' ~ :·. - < COOTB eTCT~ YIOII{7~. MaTpHUe pacceHHJ:!SI B BH.l{e l ( 1] . 

't' cor nacHo yTaepJK.l{eHHJO aBTOpOB [r4 J. K aMnJIHTy.ne pacceHHHH, .. ,• 
nonytJeHHaH· Ha·· OCHOBe ( 1), · Ha.no .l{06aBHTh .l{BOHHYKl CYMMY no 
pe3oHaHcaM o.nHoro cnHHa 

-r .. 
M = 2ikL rie:3rJ?e~. rPe3 .= - . n .. · . 

· i<j - . J . . 2k(E-E0~ir/2) 
EcnR 3To c.nena Th, To, npHMeHHH onTR,<IecKyJO TeopeMy K 

'' .. ' ····· . - \ 

nony'Ia~MOH. TaKiiM 'aClpa30M .noiJa'a'Ke K MHHMOH ~aCTH aMnJIRTY.ltU~ 
nbJI~~IiM'~~6aBKY ,K no~HOMY ceqeHHIO 

· . · Au = 2 rr :r~r~[ ~E-E~) (E~E~) - _rir/4]_ . · ·· 

rc 
5 

.k
2 ;2: [(E-E~) 2+r~/4][(E-E~) 2+12/4] 

- 1<J . 1 ' . . 

CpaBHHBa~ 3TO c- ~OCJie.rtHHM;. CJia~aeMUM (3) C :y4eTOM (5), 
.- ' {' ,. 

HaXO.l{liM,'ITO OHii pa3JIH'IaJOTCH TOJibKO 3HaKOM B BTOpUX. 'IJieHOB 

.CYMMax. •;·; ''JinH . pe3DHaHCOB, HaXO.l{HII{IiXCH B.rtaJIH OT . TO'IKH 

Ha6mo.rte~BfH, 3TO pa3JIIitiHe COBep~eHHO HecymecTBeHHO, 'ITO' H 

HMeeT .. ,M,eCTO B 3KCnepRMeHTaX [2/3, G).' XOTsi, B.· npHHUHne'; no 

·Kpai1:HeH Mepe o.rtRH. H3 niix ·:na}x cnoco6aa·< ytJeTa' Me~pe3oiiaiicii011: 
Rii-Tep'ciep~HuHu HeTat{e'u. · .·,~:-:~: '· <·,-:·:----~,~~~-
. ·4·: nimae.nei.f· Teneph Hei<o~opue. KOJIRtiec~aeHHue .naHHUe o6 
'<,f' '•·''.j .-. _., :· .. ·. . ~- , __ .~ .. ,-~;·,. 

yKa3aHHUX BUWe OW!i6KaX >:.H · npOHJIJIIO~TpHpyeM HX BJI!f,HHHe . Ha 
:~ ' . · t _ _ -- ' , •., • -; ~ _ r · ~ 

113 BJieKaeMUe .H3 , 3 KcnepHMeHTa 3Hati8HHsi nOJIHpH3 yeMOCTH ·an. . 
\ ' I .,- •" .:: • '"~ •"' ~ • ~ < • • • ' ' • 

B. Ta6JI.1 .rtaHU pe3yJibTaTU pactJeTOB BCeX paCCMOTpeHHUX. 

3.l{eCb BapHaHTOB CetieHRH , .rtJiH . .ltBYX .si:n-ep npli Tp~X 3HeprHHX 
. • ' ... \. :·· o•.. •. • : ' •• ~ '<; :> --· :•I";! :: r-, . ' ' 

HeHTpOHOB. "llpaBHJihHOe" CetJeHRe a paCC'IIiTUBaJIOCb'no 'lflOpMyJie 
·t·:· ~-:._·- . :··- ., __ ~,~-·-''"' •. 1- ••• ,s ... "' .... ,_,, 

< 2) c .s;;·~kR' · H H:cnonb3osaHHeM :napa!.re-fpaa· acex pe3oHancoa H3 

[ 5]. Bee, HeH.nepHue 3!fl!fleKTu oT.nen~Ho: .,~e ytJHTusa.JIHcb. B 

COOTBeTCTBH~ . co -CKa3aH~.;M .B nrHKTe· ~··. ~OniR6otii{ue',' .. ,.~etieHHH 
paCC'IHTUBaJIHCb no_ lflOIJMYJiaM: 1 - ··-i' , :'• 

a~21 = ~2 [g+(2sino-I:;)f+g,2(2sino'-I:~)~J·:,:··' 

3 



""!' ..; ,,.. 

r 31 2rr . 
(f s ·; '= (f s- k2 :E4 , 

o-r41 = o-r2J +'-4rrk2CR'.>4 
s .s ' ' " ' 

. ~~ -.n ~-1-
-.":. 

qHeJia B noeJie,llHeM eTOJI6Ue Ta6JIHUU,,,, , .. .., . - . . .. ... . , ._. ..2 •. 

uef ' ·= - rr a: -- . s 3 nn h ·. 
•. ,. A. P!>l.·- 8 .. -2- •. M. (Ze )···R'k 

~ ' ' • • ~--. ·.: • > _' • : ' --- • • -::-. .,:0: • ·1 ;+' ('1 .-,- ,-.• 

npe,lleTaBJIHIOT eo6ofi r JiaBHYIO, .. ~ae~b pa3HOeTH , BKJia,llOB B noJIHOe 

ee'ieHHe, B~~eHMHX · no~HpH3yeMo~hi<l · 'HefiTpoHa npH .naHHofi 11 
·-:c<.~>c : · O •' • · ·' ; ., -42' 3••*) ;(<·.I , '. 

HY neliofi 3HeprHHX B npe.nnonoJKeHHH a:n=l • 1? . , eM H R =9, 8 CflM 
208 , · 207 "·'' 

,nnH Pb H 9,3 CflM .llJIH ·Pb. 
. ' ' :,~-~-. ..-~~--~-~ £_~·:;~ .. ... .·-! 

TaK KaK. (f H3-3a a: >0 paeTeT e 3HeprHeH, JierKO BH)leTb, .; 

'iTO HenOJib3~~:~H!:~. BMee.TOn (f ee'ieHHH (f[ 21 :II (f[ 31 npHBe,lleT.. K .1 
" ' ' ., . ,, ' ,' ,.. ' s. ·,.. s '' s " 

, 3aBUilleHHIO a: , 'a. (f[ ;4J -_: K ero. 3'aH.¥1JKeHHIO. Ta~: ecnH onpe.neJIHTb . a:~ 
, ·, n' .,,.,_. n ·-·. ,., . ' , ,_ ... ···2o8 .. ,· . . .-· .. '· 

no.TOJihKO o.niiow' pa3HOCTH ·ee'ieHHH . Pb n{ni E=1970 H. 1, 26. 3B 

(T. e. (n-e)-B3aHMo.nefieTBHe e'iHTaTh .!~aecTimM ) , T-~·--·B ·::~-~Y~~e 
(f~ ;4) 3aHHJKeHJe' -~n eoci~BHT . ( 105; 0-0, 1 )/( 5;8-0, 1) "'18; (f~ 2 

I 

3aBmnaeT ·a: Iia' 4,t'/(5,8-o;1)"'o,'7, a o-l
31 

:·3aauwaeT MeHee 'ieM . n · s · 
Ha o,1/(5,8-0.,1)"'q,o2,, no.llTBepJK.lleHHe¥.~ n~pBoro H3. 3THX 

' .. -· • ' ,. . ' . t • ' • ~ • - • • • ' • 

npe,lleKa3aHHH (Kat:!eeT:BeHHo.ro, KOHe'iH!J) Morn· CJIYJKHTb·; BapHaHTH 
' . . ~-- --;, ' '. ·. ··.--·- ~ ,·. ··-·-····, ··-·~·· '~'"'- ,, ... ~· 
no,nrOHOK.,c

1 
B nepBOH H3.. pa60T. [ 4] :: nepeoueHKa aBTOpaMH MHHMOH 

! " .. ' . ' ' • ' • ( 4 ' ' ' . '' ' ... · '·· .. ' •, : ,,• 
.'iaeTH aMnJIHTY.llU MeHHeT HX a: 1=-:-0:· · e .. -8,,llO tO' . .llJIH··Pb H e. 2, ,llO 1 
.. '"' . .· . · ... n ,,., n ., ..... , , ·'' · , .• :.· .,,,,_. 
36 ,llJIH Bi. BTopoe. npe.neKa3aHHe, 6y .ne.r. no.nTBepJK.neHo HHJKe, a 

' ~. • '· ~ !. ~ ' •. - • • ' • • • . • ' ' 

TpeT.be ,nOKa nO,llTBepJK.llaTb He Tpe6y.eTeH .. • . , ", .. . 
;-- • . , ,· • . "..--) ... • ··'- "~ . ' · ... - '· • ' '" . , ..:.~t. ·"> ·- ~- I, \. •.1 'o + , t· 

l.:.... .. - . ....:.~~&.·Tenepb MU BnpaBe npe,nJIOJKHTb eBOM enoeo6, H3BJie'ieHHH 
- ' ' ~·J .~~'" '- C - .i ; A -,7r• 

K03CflCflHUHeHTa·.a: H .. aMnJIHTY.llU (n,-e) :-B3aHMO,llelleTBHH a =-:--- b ·· . ·· ··· .· .. n .. ·· .... ·: .. ·. ··.· .,;.,,.,.,, . , .,,.:_,_·ne. •A+1 ne 
(bne-,llJlHf!a B3aHMD.Ji'E!H(!TBHH) H3 (f , KOTOpHH YTO'iHHeT npe,llH.llYntHe 

**) ·. ' • . • .. ···.' .·' " s .. . . '"··•'·' ~--· ,.. ·"'''''"' .;. '·. 
[ 2-4] _H .llOJIJKeH .. xopowo pa6oTaTb, Kor:~a pa<;:eeiJBaTeJih, eo.nepJKHT 

.,·'- '.~' ·' ' > ~ -~~.:1 ,' .. ;;t.. .:-.t_~_,_;;~.L.".:,_:~t:.;:.;,-- :;:, r:.·:.'.' _,·' .:..,~-

aTOMH. npeHMymeeTBeHHO .o.nHoro H3oTona.rn·aBHoe ero .Tpe6oBaHHe 
·- . . -· - ... ~_·.. \' .• ·- , . ,_.·~ _;·:·1· -~; , • ~ , .,. -r _._ 

3aKJIIO'iaeTeH B, ,TOM,.'iTO . y'ieT . _npHMeeHUX aTOMOB . H Beex 

pe3oHaHeHU.X. 3CflctJe~To~ .• '.llOJIJKeH np~~·3BO~~Tbe~ B ee~~Hll~x~**) H, 
··-~ ... ~~- ._.. '·' '"''"" .... ' · ... ,_,, . ~:....~ .~!~ · .. · : '--~i·: . 

. TOJibKO .. noeJie noJiy'ieHHH 'iHeTO noTeHUHaJibHOro e~'ieHHH .~OJKHO 
' .. ' • ; ,_ ,·· •••• :: ··-' ; : > ·~-. • ' ' -. ; - ~ 

nepexo.n~Th ~-aMnJIH!Y.llaM paeeeHHHH~ 

*}i-I'm!Ce ,llJIH "a:c: BeiO.llY HenOJib3YIOTeH e~HHHUH 10-42 eM3 ':. 

**)MeTO,lla H3 pa60TU [1] MU 3,lleeb He ~~eaeMeH~-
***)B 3To.t.I' OH.,epO,llHH.,Me,To.lly [3]. 

4 

3Ken 6 •· HTaK, 3KenepHM8HTaJibHOe ee'ieHHe (f , OeBO OJK,lleHHOe OT . s ~ . . 
3aXBaTa, IIIBHHrepoBeKOrO ·. paeeeHHHH H;•TBep,llOTeJibHUX ·3qxp8KTOB ( HO 

He .. ~eKorepeHTHoro paeeeH~HH, cr .• no (2) H (3) ~ro eo.nepJKHT!), ' . . s " . . 
e~.e.ny,eT. euaqaJia OeB060)lHTb .. ~ OT. BKJia)la . npHMeeHUX aTOMOB ..... H 

llOJIY'iHTb !} 

, _·?.',_ o 1 ·(·-·~itcn_L_ ··· : i) . 
' u = - cr - p.cr ·.s p s · · 1:s 

r: Q, : ~ ~ f • :, 

- {_6) 
·' ,_~ : ' -

r.ne seea y.noBJieTBop.sliOT yenoBHIO. p
0
+ip

1
=1. 

' j • 

!a Ka'ieeTBe .d1
; ua.no . . . s 

·B3HTb BHpaJKeHHe (2),'no.neTaBHB B Hero napa~eTpU Beex H3BeeTHUX 

pe3oHaHeOB H 3Ha'ieHHe R'.' llla30BHH 'e.Ji'BHr n0ne3HO yeJIOJKHHTb ,llO 

o = -k(R'-a F-a q) , 
ne . p .(7) 

y'iTH B. HeM ( n-e) -B3aHMo.nefieTBHe e aTOMHUM cpopMCflaKTopoM. F· H 

BKJia,ll nOJIHpH3yeMOeTH e 

a:nMn ·( Ze)
2 

····· · a = --· -- , q = 
p R' . h .•, . [ 

rr 1 · 2 2 · ' 4 · ]. 
1-: '3kR + '3(kR) - 135 (kR), -:-·.. , (8) 

r.ne M - Maeea neliTpoHa, R-pa.nHye H.npa;< 3aTeM, 'iTo6u 'oeTaJioeb 
, nc> : . " , .·: • . .. ·: . . ' o . . . .. , . ,. 

'iHeTo noTeHuHaJibHoe •ee'ieHHe, H3'· cr HYJKHO BU'ieeTb Bee 'iJieHu, 
>·• ·; ..... ·. " '; ••. " s . ' .· _,.' ' . . 

eBH3aHHHe e pe3oHaHeaMw, -Bee eJiaraeMue (3), KpoMe nepBoro;. HJIH 

HHa'ie: 

o-no~ = cr~ -( o-
5
-4rrsin

2
o;k

2
) , (9) 

r.ne ci ··paec'IHTHBae1-eH no (2) • s . . 
.Hen~Jib30BaHHHe ,llO CHX nop 3Ha'ieHHH R'~:·R ,llJIH~Beex H,llep,a 

TaKJKe a H a , eJiyx~~H·· .. ·TOJibKO' JtJIH , BH'iHeJieHH~: .n,onpa~OK Ha 
ne p .... ,. , . ., .. . .... 

npHMeeH H pe3oHaHeu H'no3ToMy,Ha.no no~araTb; MaJI6 CKa~usa~TeH 

Ha OKOH'iaTenbHOM pe3ynbTaTe ' ( 'iTO;; KeTaTH, Beer',lla:~':MOJKHO 

npoBepHTb ). B .naJibHellrneM anei . ap H t:!aeTH'iHO R' 6y)lyT 

HeH3BeeTHHMH, :)lJIH' HaXOJK,llEmHH ·KOTOpHX' MOJKHO HanHeaTb 

cr 4rr · " 
noT = - sin~o • k2 .• 

';-. ~-

HJIH e y'ieTOM (7) 

aneF+a q· = R'- -k1 arcsin(k/-o-n . /4rr ) • ( 10) 
p . OT. 

3TO 

KaK 

OeHOBHOe ypaBHeHHe MeTO,lla.OHO JIHHeHHO no a ,a ;R' H, TaK 
. . .. ~ , ne p 

K03lfXPHUHeHTU npH HHX no-pa3HOMy .. 3aBHeHT OT k,n03BOJIHeT no 

MHOJKeeTBY 3KenepHMeHTaJibHO HaH,lleHHUX (fnOT.onpe,lleJIHT~ Bee T~H 

5 
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TABJIHUA 1 

· • cpasHeHHe HHTerpanbHUX · ceqeHHH FpaccemiH.H; paccqHTLisaellUX · · 

pa3HIDIH aBTOpaMH 1 , • . · r> ; r. 

'' 

<Ts,6 cr[ 2 )- <T M6 cr[ 3 )- <T M6 <T[ 4 )- .q M6 pol 
6 /:J.rr -., M · 

' ... s s' s s' s s' s' ' E,3B 
207Pb 208Pb 207Pb, 208Pb 2~7Pb :o8Pb 207Pb 208Pb 208Pb 

'' > ~ •• ' .• 

1,26 10,3289 11,1168 0,0 0,0 23,0 ; -5,1 0,1 0,1 0,1 
' 

1970 .10, 2345 11,0828 '-2,_0 :-'-4,1 ·2o, 1 -5;1; '86;5 105,0 .''5,8 ' 

4000 8,9947 10,7085 ':..68,3 :..51,0 -4,4' -5,4 io1o 1279' '2o, 4 ': . _ .. 

TABJIHUA 2 

Pe3yHbTaTU suqHcneHH.sl a 
n 

_N; 

1. 

2. 

3. 

4. 

-42 3 
c:tn,10 CM 

0,92±0,70 

0,34±0,66 

0,39±0,66 

0,32±0,66 

5. I o, 39±0, 66 

6. I 0,39±0,66 

7. I 0,25±0,66 

8. 0,62±0,66 

9. 1. 32±0,66 

KoMMeHTapm1 

o6pa6oTKa no MeTO.ny [2). ·Rz
08 

=(9,8±0;~) l!JM. 

o6pa60TKa HaUJliM MeTO)lOM,nacnopTHbiH H3oToncocTaB 
H R204 79.s,_n206= 9,_46,-.n207 ~9 •• 3. R208 =9,8.!1JM. 

To JKe, qTo H 2, HO H30TOnCOCTaB no lle3aBHCHMOMY 
•aHaJIH3y. · · :. · ·· · · -· < _;,c. 

To JKe, qTo H 2, HO BeeR', KpoMe R2
08

, yMeHbWeHbl 
Ha 1 l!JM. 

To JKe, qTo H 2, HO Bee. R'. KpoMe H2os• yBeJIHqellbl· 
Ha 1 !pM. . 

To JKe, qTo H 2, 110 R2
08

=9;4 $M. 

TO Jr.:~, qTQ H 2,_ HO Rzo8=10, 2 l!JM. 

TO JKe, qTo H.2, HO OTpHUaTeHbHbiH pe30IIaHC'H3 

Ta6JI. 3 y 206
Pb. 

To JKe, qTo H 2, 110 OTPHUaTeJibHbiH·pe3oHaHc H3 

Ta6JI. 3 y 208
Pb. 
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~I 
~ 

; _IJ. 
r : 
I ' 
! ' ' 

'I 

BenHqHHu~· none31Io~· o.ziiiaKo; •iaK H ·a' ·[2,-3]1 -Bocrionb3oBaTbc.H' 

H3MepeHHUM. npH oqeHb •. MaJIUX 3HeprH.siX' 3HaqeHHeM :KorepeHTHOH 
... _. ·, ·-··- A+1 . ··: -' ,." · ,:. 

.llJIHHU: pacce.HHH.sl b' =-~c_;h; ECHH. B' :acoh yqecTb pe30HaHCU 'H 

onpe.llenifT'h' ·' : ' " . '' ' · :. 
. '' ' +·-; ' - '•' . '· .-

•';, · a (O) =a +(g'l: +g l: )/2k ·"·1 

noT. · coh + 1 - 1 
'+ .;· _ _;"< •' ~ ·.t·.:_::- ·~ ·'-.- ; . .~ .;.'.' ',J 

r ,lle_ l:
1 

_ suqucn.He"J:C.II _no ( 4) • npH E=O 1 a .F /k - KOHC,Ta,HT_a 1 TO 
·-· . . - .. - , . . ·. . . . .. n. .. .. --

an~TfOl MO~eT 6~Tb npe,llCTaB~e~O K~K ., , .... 
anoT.(O) -:: .:-:R'+aneZ+ap·· 

BupaJKa.II OTCIO.lla R' H nO,llCTaBH.si.II,ero.B (10) 1_UOHY'IHM ypaBHeHHe 

C ,.llBYM.II_He~3BeCTHUMH: , . ,,, , . 

. - a·· (~~F)+~ (1~q) = -k1 :·arcsin(k/a-n·'··T/4~-)+a T(O).<(H·)·: 
ne p o • · no • 

i3un1nneM .zin.11 cpa-BiieHH.sl ocHormoe ypaBiieHne '< 2 > H3 -BT<)'i>aii 
pa6oTU nn I nepeft.ll.II B HeM OT .llHHH pacce.HHH.II Ha 'cB.H3aHHOM .II,llpe' 

K aMIIJIHTy.llaM Ha CB060.llHOldi 

F 
_ 1 A . , ro

1 
· 1 "<" _ .• 

ane +apq - k A+1 sl.n kR -va-s 4rr +2k "'r; .( 12) 

-~--

ORO 3KBHBaneHTHO ypaBHeHH.IIM (9) ·~ (10) (KpOMe He60HblliOH 

nep~HOpMHpos'im R'. ila' A/( A+1 h TOnbKO npH kR~ «1. :' 

.. 6 ."HMeH' tienbiO o6ocHosa Th · a,lleKBa THach ,_·;Hamero .MeTo.zia::~ · 
pacCMOTp~M · HeCK·-~HbKO Bap~aHTOB nonyq'eHH.II: ,, ex· ' ~3-; ~apu 
3KCnepHMeHTaHbHIIX 3HitieHHA ceqeHH.II a-3 Kcn~ i~~epeH~UX B pa6o~e 
[ 6] 

7 
Ha· o6orameHHOM 

208
Pb ·. npH 3~eprH.IIX HeATpoHOB 1 I 26 H 

1970 ; :3B: ·. · 11, 445±0 1 002' H i 11 ~~453±0~ 002 6apH COOTBeTCTBeHHO 

( OlliH6KH: yMeHbllieHU .llO peanbHO ''.llOCTHJKI1MOrO ~· ,llH.II • HCnOHb30BaHHOA · 

MeTO.llHKI1 ·· .ypoBH.II). 3HaqeHH.II; ... ex ;npe,llCTaBHeHHLie .; B.: :Ta6n. 21 
n 

HaXO.llHRI1Cb H3 ypaBHeHHA ( 12) t( MeTO.ll [ 2]) HH11 (1 0) ( Haill Me~O.ll) 

nyTeM · '3anHCI1 11X .llHH . .llB yx 3HeprHA- 11 HCKHJOqeHH.II. R' KaK 

HeH3BeCTHOrO B_npe,llnOHOJKeHI111 era He3aBI1CHMOCTI1-0T·k. ·BenHqHHU 

JKe. R' B Ta6HI1l.{e HCnOHb30BaHU TOHbKO .llHH. BLiqHcneHH.II nonpaBOK 

Ha 1130TOnU1 pe30HaHCU ·H CHHYC B ( 12) •.. l1cnOHb30BaHHCb TaKJKe 

bne=(-1132±0 104)·10-
3

!pM 1 f.F=13 17±0;6; R=7,126 <IJM Hpe3oHaHCHa.II 

nonpaaKa<t.b:R=0 10021 <IJM 113 pa6oTu [2]> 

< KaKI1e · B.UBO.llU CHe,llyiOT 113 Ta6HHUU? Bo-nepBLIX~'· MeTO.ll-:['2]· 

,lleHCTBI1TeHbHO npHBO.llHT . , K · f3aBUllieHI110 ex· · ; .. ~ 6ni13KoMy .. 1 :K nl -

7' 



npe.ncKa3aH~OM.Y . s,~m~. Bo:....BTopux •. HeTO'IHOCTL, H3()T?.ncoqTa_IJa . B psut_ 

JIH MOJKeT .cym,eCTBeHHO HOBJIHSITL Ha pe3yJILTaT(B BapHaHTaX. 2 _H. 3 . 
208 . . •. . . ·' , ' . :-' 

co.nepJKaHHe Pb. 97,3 H 97, 07.. COOTBeTCTBeHHO). B.-;-,TpeTLHX, .ztaJKe . -· .. - ' ·- ~-· -· . . -'' . . ''"~" ~ ._,,_,... ,,_,.' 

CTOJIL 3Ha'IHTeJILHOe H3:i.le~eHHe R' KaK '±t ¢M .. Y BCeX npHMeCHll~, 
•• • - J c -~ .- ~ . • J ' ' -

H30TOHOB B O.llHY eTopoHy • BJIHSieT ,Ha a cpaBHHT~JILHO· MaJio. 
. '· .. ',. n . ,. 

B-'leTBepTllX, 6oJiee CHJILHO, HO BDOJIH·e npHeMJieMo, BJIHSieT Ha 
. , -- --~ . : ~ .· ; . . . •. . , I . . 4: ~ . 

onpe.neneHHe an BeJIH'IHHa R208 • HaKoHeu. u-nsrTux.. 3Ha'leHHe __ an 

MOJKeT oKa3aTLcsr 3aHHJKeHHllM Ha BeJIH'IHHY · .no ·e.zuiHHUll, ecml • y. · 

sr.nep cBHHUa HMemTcH H He yqHThlBaiDTcH Heo6u'lJHo CHJILHue 
• . . . . . • : ,. , . . .; • .., .. . . t .. 

OTpHUaTeJIL.Hlle pe30HaHCll, a R' aiJoMaJILHO MaJIO. 

. nocne.nHHH 

o60CHOBaHHSI. 

BllBO)t, O,llHaKO, Tpe6yeT 6om~e 1
:: no.lipo6Ho'ro . 

Mu . HCXO.llHJIH: H3: Taro, · .. 'ITO .. npe.nnonaraeMUH 

oTpHuaTeJILHllH s~pe~c>HaHc yBeJIH'I_HBaeT ce'lJeHHe pa,llHaQHOHHOrO 
• ' • ~A • ' 

3axBaTa B .TennoBoH TO'IKe. Ha · BeJIH'IHHY /J.rr • paBHYID y.nB~eHHOH. , ',. . . 7 . . . ·• 
OWH6Ke era 3KCnepHMeHTaJILHOrO 3Ha'leHHSI H.3. [5] HJIH 'lJaCTH er~ 

(,llJISI 206Pb) CBepX .BKJia,lla H3BeCTHllX p~3-~HaHCOB (.eM: ~~OpOH 
CTOJI6eu Ta6JI •. 3). B pe3y~LTaTe Mil :m.ieeM COOTHOWeHHe:· ' 

· gr0r =· c E2 · ·- . . 

. _, o.:: , n 7 1.,,.9>· _:; .: r•:· ·•:·{a:. :iD 
( E« I Eo I. r«IEo I). '~.ne c1 t ,:- _H3BeCTHaSI Kt?HCTaHTa. CJie.ny~ut.HH, _,m;;r: . . v 
-Bll60p r ; 'I~M. r MeHLIDe, TeM CHJIL_Hee pe30HaHc. BJIHSie,T Ha .rr • 

. -· ~.<.,7 ' ... ' 7 t;.' ~1 ·, .. ' ~-·-••',.! ~ -.~ .•. , s 
B · TpeTLeM. CTOJI6Qe . Ta6JIHIU:l BeJIH.'IHHll, JIH60 B.zteCSITepo MeHLIDHe 

cpe.zi~Hx H3 · [5]. n~6o,. 'pa.BHlle __ o,t · 3~ xax npe.ne.~y. TenepL: HMeeM. . . ,, .. ·a·· .. 2. · ..... ··"·· .... :. •-.;·.c. ,· 
.. gr = c 2 E0 ... ,.. ~ (13).; . n .( . ~-. . 

JlOCTaTO'IHO, CHJILHllH ·~ OTpHrtaTeJILHllH :pe30HaHC· · . yBeJIH'IHBaeT.! 

Monynb aM:nnHTY;D;bl pacceHHHH·66nee ._qeM .,Ha ;1:•. ¢M,a · ce'leHHe·::Ha· 
~ . . . "( ·.. . 

HeCKOJILKO 6apH. ll03TOMy·; 'IT06ll . _ OCTaBHTL•; ;HX' cor JiacyiDW.HMHCSI: ~C 

Olll:lTOM [7, 8], !'; R' .llOJIJKH~ 6UTL :· COOTBeTCTBeHHO ""YMeHLIDeHo~'; :Mbi: 

.llODyeKaeM ,llJISI_, H30TOHOB CBHHita yMeH!>IDeHHe, ~~ ,llO 8 ;cpMi T. e. 

yMeHLII!eHHe ,Ha !J.R' H3 t{eTBepToro :CTon6ua Ta6n_. 3.- Tor.na :TO'lHO_, 

TaKoe. · xe. yBeJIH'IeHHe If I 3a c'leT ., p~3oHaaca- onpe.nensreT 'eme -

O;D;HY. CBH3b .era· napaMeTpOB :·; , 

"" ~: ,._, gro . =· c E . . ·• - • < 14 > n ·30" ·· -, 
PemeHHSI CHCTeMll ypaBHeHHH · ( 13) H ( 14) HOMeDJ.eHI:l · B,',HSITOM· :H 

me~:r:oM-.cT()JI6uax~. :TOJILKo .nn~}08Pb TaKoe p~meHHe(no~a3aHo HH~e 
B CK06KaX) ·.J:Ie HO~XO.llHT BBH.UY: >;oro, ,'ITO ·3HeprHH CBSI3H:;HeHTpOHa:• 
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T' 
~I 

:w 
--~ 

•np~:n:~~~HLie 
~ ---· - ·~. ... -~' ' . 

_f., -1 ~er'i,M6 

TAEJlliUA 3 
I :": , - , . ·-· . '• :..- ' : . ;;_- ~ .. . • , - "':' ,_ -, , -~ l..-, 

CBOHCTBa OTpHUaTeRLHUX.pe30HaHCOB 
: . •. ,-- . . • ., :-'- ~ • "\ !""" r;· ·"' <'~ l-~ 

r;n~13B :I ~H' ,!JlM_.I .~0 •. K3B 
0 

grn,3B Mer ,/"6 ;- ;1· pi Mer, M6 

204;' •140 1;s -~ :_. -1,93'1 . 1,27 1750' 

:236 

·•35, 5 

< 0,4 

1,5 

o;7 ' 

' . -~ ~~ . 

206 0,2 1;45· .. •.:.2s · .:15,9 · ~ 1.1 ~~ ;: , 

207 .. ;' 2o· .. .. '1,'3 . -112 ·· I ;;97;·6· 

208:· ' 0, 06 o;1 1(1 10,8 ..... . · .· o; 631 ··1 ·-19oo 
(1,8) (-5390), 

-527 . 
(4240) -~---

209. ' ' ',, ~ "· 1 + 
B .. P~ .OKOJIO 3, 9 M3B; <raK. KaK _,nepBI:lH ,ypoBeHL CO,· CHHHOM: z 

,_i 

B i!9.¥ .5l.D.IJ.~ H~H~eT 3HeprHIO. 2,0,M:3B,Ml:l Bl:l6paJIH E
0
=-1,9· M3B; H, 

(13} ... ro , 
cornacHo: .• ·_g n=527: 13B, , .... _.,. !; ~ ,· 

0 BJIHSIHHH OTpHUaTeJILHOrO pe30HaHCa , ·Ha ·,Ce':JeHHe H;· 

CJie.ztOBaTeJILHO, , Ha Bl:lliHCJI5!8MOe .• a 
-··· ·- ,_ ~' , i ·- ., .. - ' - n MOJKHO CY.llHTL no ··· ,tiHCJiaM 

nocne.nHero cTon6u~ ~a6n.3: 

66rr = [rr'(1,26)-rr'(1970)] - [rr(1,26)-d(1970)], 

r.ne WTpHXOM llOMetieHU CetieHHSI, paCCliHTaHHI:le c . .zio6anneHHeM 
. -·;~~: ~ 

OTpHitaTeJILQOro ' pe30HaHca · C napaMeTpaMH H3 Ta6JIHQI:l. JlJIH 

HpUMeCHI:lX H30TOHOB HO,D. .. rr UO.ztpa3yMeBaeTCSI HOJIHOe. CetieHHe rJ'i, 
-' · '··'-.: · · ·- · '2os · ,. · · · --·· ·.'.. .... . s 

¢HrypHpyiODJ.ee B ( 6 , a ,D.JIH Pb - TOJILKO npnpaBKa .Ha,pe30HaHCI:l 
rr -4rrsin2 o/k2 , HC oJIL3yeMaH B ( 9) .. ,. . . , . . .. .-.... , 

s ·, ·._., .. ,; 
3HatieHHSI . 0: B BapHaHTaX_. 8 .. .. ·-·' ,n ·• . " •.· ... 

~ ...... """ 

H 9 . Ta6,Jl .. 2. Ml:l CliHTaeM 
. !' ' . ~:, : ~ :! t;., • ' "'., •• ,r-

npe.neJILHI:lMH,H OHH OlleHb MaJIOBepOHTHI:l. Be,D.L ,llJIH HX"peaJIH3aUHH, 
;, •<. .- . . '' •; , . •' ", ; ; : 0 .· " .. ,! •• '"' 

KpOMe.aHOMaJILHO MaJioro R',Tpe6yeTCSI,liT06l:l r 6UJIO B;6 H~6oJiee 
:f,,_·r: 1: ,. ~--- -. , .': -·:."A·---~ ·--· . -~':",;,l; :·~ ,n ~ ,,,_-_, .·~- .. ; .. _.:'- .. ~-: 

pa3 60JILWe, a r B 4 H 6oJiee pa3 MeHLWe cpe.ztHHX.3HatieHHH. npH 

3TOMl'·· r 0 =S·27 , r3B : ,'f, ., ZOSp~~·<c~c-raB!}_HeT:,-·:,OK~~O, t ~~~;BepTH 
-"; t:l; ,_;·.' ' .·,.,·_; ; .;~" .. .,· ... -.;.·~! -''"-~··,......> .• Y · .-, -'-~• ;, '"· ''"';.:;.,·~-1•,;:·· ·-• 

O,llHOl!aCTHliHOro npe.zteJia BHrHepa,,llJIH H.ztpa C pa.ztHYCOMr8,¢M. 
•. : F -~ J~-; .: .{ '· · .. ·::~ -· . t, } .l.!"~ t <.• ..- .. 

7. Ha OCHOBaHHH BCero Bl:lWeCKa3aHHOro .. HaM .npe.nc;TaBJISieTCSI, 
,-,·. · ' <· · ... "·zos ·. · ···· ···' ,......... '· ... 

liTO if'3MepeHHe HOJIHOro . CetieHHSI .. Ha. · Pb ,llJISI ,H8CK()Jil,'KHX __rpynn 
,_.-: ~." _1_ 0 _--\: ;::..; ·._.!. 0 .P~" "' .0: 

KBa3HMOHOXpOMaTHlleCKHX HeHTpOHOB H:· o6pa60TKa, pe3yJILTaTOB 
~ ~ . ·. -· . . ' . \ . '• ~ y: . : >. • • • • 

npe,llJIO~eHHI:lM B 3TOH pa6oTe MeTO.llOM H03BOJISIT HOJIYliHTL a . • . . n 
. :cnoc'o6oM, 3KCnepHMeHTaJILHO H MaTeMaTHl!eCKH aJILTepHaTHBHI:lM 

• A_:i;~ 

cnoco6y, HcnoJIL30BaHHOMY B -pa6oTe- .· [ 1]. Ho .nnsr ycnexa 3Toro 
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3KCnepHMeHTa Ha,llO cyuteCTBeHHO yBeJIH'iHTb 3Hepr'HIO ' HefiTpOHOB, 

TaK, TOJibKO 3aMeHa B. paC.CMOTpe~HO~ Bllllle ilflHM~p~" ce~~HH,sl cr~KCil. 
npH 3HeprHH 1970 ·3B 'Ha era 3Ha'ieHHe npH '24 K::iB C TOH )((e 

O~H6KOH 2 M6 . .naci,~lllH6Ky an, pa~HYIO 0,20{ T.e •. cp~3Y BUBe,lleT 

3KCnepHMeHT no TO'iHOCTH Ha' ypoBeHb. pe3'yJibTaTa pa60Tll ( 1), 

KCTaTH, 3Ta OlllH6Ka 6,20; KBa.npaTH'iHO' CKJia,llUBaeTCH 'H3 Tp~X· 
KOMilOHeHT: 0,07, 0,10 H 0,16, COOTB8TCTBYIODtHX TO'iHOCTHM 

HCilOJib30BaHHllX .3Ha'ieHHH b , ~F-H Ce'ieHHH. 3aMeTHM, 'iTO npH 
~ ne 

3HeprHHX HefiTpoHoB Bllllle HecKOJibKHX K3B HY~Ho 6y.neT Y'iHTUBaT~ 

BKpa.n B ilOJIHOe ceqeHHe OT ~-BjaHMO,lleHCTBHR,' KOT6pufi .llJIR 

cBHHUa Mo)((eT cocTasn'HT.h HecKonbKo Mwm1H6apH, Bo3MO)((HO TaKiKe, 

~TO npH,ll~TCH CTOJIKHYTbCH C Heo6XO.llHMOCTbiO y~~Ta HenOCTOHHCTBa 

R' ,H 3TO ycJIO)((HHT 3a.naqy, 

ABTopu ·- a~pa)((aJOT 6naro.napHOCTb · 10. A. ·AneKcaH.npos y, 

B. r. HHKOJieHKO H A. E, nonosy 3a noJie3Hlle ,llHCKYCCHH. :• 
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