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BBE,QEH~E 

11-41	 222-224RaKe,gaBHHe Ha6n~,geHHR cnOHTaHHoro pacna,ga C ~C
nycKaHHeM 14C. 232 U H 231 Pa C HcnycKaHHeM 24Ne 'H npo,gonlKq~uiHe
CR HHTeHCHBH~e nOHCKH HOB~X cny4aeB pacna,ga ~,gep C HcnycKaHHeM 
r axenax <l>parMeHTOB,. CTaBflT aa,ga4y TeopeTH4eCKOH HHTepnpeTa~H~ 
H nporHoaHpOB~HHfl ,gaHHoro Knacca ~BneHHR. I 

B ~HKne pa60T/5-6t~na B~CKaaaHa rHnoTeaa 0 CBflaH HOBoro BH,ga 
ga,gHoaKTHBHOCTH C aCHMMeTpH~HOH Mo,goR ~eneHHn.C,genaH~ onpeAe
'neHH~e npe,gCKaaaHHfl /5;, KOTop~e cTHMynHpoBanH HHTepec 3KcnepH
MeHTaTopoB K YKaaaHHoR npo6neMe. 

SaMeTHM, 4TO B nocne,gHHe ro,g~ ,gpCTHrHyT cepbeaH~R ycnex 
B onHcaHHH OTHOCHTenbH~X H a6con~THblX BepOflTHOCTeR a -pacnaaa 
Hd oCHoBe,He"R-MaTPH4H6ro'no,gxo,ga / 7-81 npH HcnO~baOBaHHH ~6o
n04e4HoR Mo,genH co' cnapHBaTenbH~M B3aHMo,geHCTBHeM. Ta6n.l Hn

~T~P	 ,
n~cTDHpyeT or aoureuaa TeOpeTi-14eCKHX La H axcrtepaaeu r ans uux 

'!lKch . r a WHPl1H ,gnn'6onbwoR r pynna a -pacnanaux fl,gep. Teopua TaKH<e 
ycneuiuo onacuaae r «-neoexona paanH4HoH c t eneua o6ner4eHHO'CTI-1, 
noaaonna ner ansuo Y4eCTb BnHflHHe GTPYKTYDHblX 3<l><l>~KTOB Ha aepo
ar aocr a a -pacnena, BH,gHO, 4rO sa I:1cKn~4eHHeM H,gep C N = 12.8 

~	 ~.
TeopeTH4eCKHe a-WHpHH~ OTnH4a~TCfl OT 3KcnepHMeHTanbH~X Ha <!>aKTOp 
~ 3 1Ta6n.l/. B cBna~ t 3THM MO~HO n~TaTbcn Hccne,gODaTb pacna,g 
fl,gep C I-1CnycKaHl-1eM, TfllKen~x 4aCTH~ Ha ToR ~e TeOpeTHyeCKOR OCHO
Be, 4TO 1-1 a -pacnan. 

1.	 KnACTEPHblE CnEl<TPOCKOnH4ECKHE <l>AKTOPbl HllKEnblX I-lACTHll 
H KnACCH~HKAllHR PACnAAOB 

.Qnfl KJlaCCI-1<l>I-1Ka~l-1l-1, rnyuoKonb,g6apbepHblx pacnanoa fl,gep C .HC
nycKaHl-1eM r axenux 4aCTI-1~ x eCTeCTBeHHO BaeCTH B paccnor peuae 
1l0BepXHocTHylO KnaCTepHY~ ofinac r s pacnaaaouer-oca fl,gpa (R IIl1 ~R;:;;R1)' 
rne <!>par'MeHTbl oacnana nonuocr so c<l>opMHpoBaHblo 8 ,HoR 06J1aCTH 
BonHoBylO <l>YHK~H~ Wjl"IMI po,gI-1TenbCKoro fl,gpa A. HMelOlIle"o cnHS 
J1 , ero npoexuwn rll , 4eTHOCTb '" i 1-1 np041-1e KBaHTOBble 4'Hcna 0'1 , 

MOH<HO npel;\cTj:lBHTb B BI-1Ae 17/: 
J." MI'Kn 

WJI"I M1 = L ~ I Uel,! I We x (R) l, 
/1/ul ex R 

J1"·M, 
rne c - paaJJ)-14Hble KaHanbl pacnane (c" Jf"f afL), a U I \ <!>yHK

~	 ex 
~l-1fl KaHan~: 
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PaCnaltH°e 1ltR~fI! (5'''Gd f52GJ liZ»!; .154£'1. 174Hi (~W fBOlii 

iJ~ 

Jl,u.po 11:-; r,t /4/-
... .1,,nop. /(;:1KC , 0.58 2.04 1.15 1.32 0.89 3.20 9.52 O'~ 

nO,Q6ap'bepHoC1
 
PacnaItHoe
 nOBopoTa.
 
JlIijX)
 

1S2HJ IC'tHg 186#9 1~6pO 198pO 200po 202pO 2.0~o 
- perym'lpHaR 

,,- 
'[;T~!J 1KC ,0.4.., 0.43 0,36 0.35' Pp-310.52 0.44 ~.42
<.( I;" 

Pacnaaaoe 2a6p~ 20KPO 2l0fb 2.00R" 202e; ~RI1 ~(}6Rn. 2O~A
KJU)O 

Os .... 

"re0l)'t;. 3KC 0,59 0.52 0,43 0,62 0.65 0.59 0.6 ·O.~2 

i-- , - /5/
Paellanaoe 2(ORfl 206Rq 20ERC! 2iORa ?I2Ra 2f4Pa,' 2~4Th ?.f6Th.. 

I,
,1!iJl1ij)O ,i

b.69 ' 1.66 ' 0.55, 1 I~0.93 0,33 0,41 0,41,1l'~'1/(C t48' 

-
PacnalUloe 2l2po 211fpo. !H4Rn. ZI6RIf. 216Ra 2/gRct 2f8rh' ~2°Th. 
HJtPO .' 

I,74 8,;JO 3.15 5.4 3.2 6.92 4'07. ,9~If~t.;3KC 
- i'l 

~~ 

J TT, M, Jf 11r Mf Y (n -+ ) I ~~.,
u I 1 1= I 'Ii x x LM R JiM! 11$ ~
 ex erf /21 

np~4eM ~nR npOCTOT~ paCCMOTpeH cny4aA 4~THO-4eTHOA 4aCTM~~ X , 

~Me~~eA Hynes6A cn~H. 

'B ~opMyn~x /1/, -)2/ A - onepaTOp aHTHc~MMeTp~3a~M~; Xx - BHyT
. -+ 

P~HHRR aonuoaaa ~YHI<~~fl 4acn1~bl x! R·· pa,Q~yc-BeI<Tol;l! onacuaac
1I1l1A OTHOC~,.enbHoe AB~>keH~e 4aCT~I.~bl X 11 .Q04epHero fI,Qpa A f =A-A x ' 

Knac'repHbli1 (jJopM~aI<TOp I{I::(R) npl1 npeHe6pemeHI111 c sa s sio pa3flM4HbiX 
KaHanOB pacna,Qa Y,QOBneTBopAeT ypaBHeHHIO Wpe,QMHrepa 

2 2 2 .h d h L (L +1) KynRA KI)I- - ,- + ---- + V (R) + V (R) -Q Iqt ~R) = 0 • /3/2 J1. dR2 2 R2 • x x ex ex x J1. x j , 

r,Qe IQ - 3H~pr~R OTHOCMTenbHoro ~BM~eHMR RAP~Af M 4aCTM~~ X 
:~ I 

ex 
D «auane c. J1. x - ee npMseJJ,eHHaR Macca, VxKyn(R) M V;A(R) - KYflO- t,l 

" 2 3~ 
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OAH 
~HH' (R), HOpMHpOBaHHaH Ha eAHHH~Y, 6YAeT COOTBeTC~BOBaTb 

C "~ 
IIKBa3HMOlleKYIlHpHOMY" KBa3HCTa~HOHapHOMY COCTOHHHld 4aCTH~bl x 

H A04ePHerO HApa A f • WHpHHa oacnena r axoro- IOtlH04~cTH4Horo" 
COCTOHHHfl B xauan C -r~x Ha3blBaeTCA OAH04aCTH4HOH WI'1PHHOH •.•
 

Torna , HMeH 13 B~1AY, "ITO no onpeneneuao (j)YH.t<~H~ 'II;; (R).l1
 

OAH 3KC 0J'II (R) OTIlH4alOTCH Ha (j)aKTOp r /r ,3KCnepl1MeHe ex . ex , 
. .....3KC .....0.

TallbHYIO ~HPHHY 1 ex ~.OmHO Bblpa3HT,b 4epe3 WHPHHY 1 ex COOT HOWe

Hl1eM
 
Kn
 

3KC W
I' ~ I' ~' -----'l.X-.
 /7/ex ex WO 

ex 

rne W~ - oAH04acTH4Hblj;J KJlaCTepHblH cnexrpockonuuecxaa (j)a,KTop. 

3aMeTH~, "ITO B KBa3HKllaCCH4eC/<OM npH61li-llKeHHH BellH4HHa r~~ CBH

aaua p4eHb npocrua coornoureuae» C BepOflTHOCTblO P npOHHkHOBeHl'1'Rx e
 
"lac TI1~bl x 4epe3 noreaua allbHblH fiap s ep :
 

I"? '" J1~p 
ex 7T xc /8/ 

rne hw", 41 A 
1/3 

M3B - paCcTOHHHe MemAY coceAHHMH 0601l04KaMH.
 

Anfl HAep C Af~ 208:
 

re~ ~ 2 • P xc /11313/ 

-, B Ta61lH~e 2 npencr aaneuu 3Ha4eHIIlH r~x III W ~x AIlH pana, H!:Iep 

H COCTaBHblX 4acTH~ x. 

3aMeTHM, LITO (j)aKTopbl npouauae-ocr« P xc' paCC4HTaHHbie no
 

(j)opMYlle /8/ 4epe3 WHpHHbl ro ,OTIlH4aIOTCH or aHallorlll4HbiX (j)aK"To

e..fbIX 

POB npOHH~aeMOCTIIl, nOIlY4eH B / 21 Ha (j)aKTop 5.10 3 AIl'H 14e H 

'" 106 AIlH 24N e• nplll4Hlia aroro ppc~omAeHHH CBH3aHa' ,c 'rpy60cTbKl 

MeToj:\a o'~eH'KH npOHH~aeMOCTH/21 , I1CnOllb3YIOU\ero 06pe3aHHblH' Ha pa

AHyce'/6/ 4HCTO KY~OHOBCKI1H nOTeH~Hall. 

B Ta61l.2 npeA~TaBlleHbl pacc4HTaHHble no (j)opMy~e /5/ 3Ha4eHHH 

«nacr'epaux cnexrpockonauecxax oaxropoa W Kn 'AIlH 14e H 24 Ne. 06
ex Kn ' 

paU\aeT Ha ce6H .BHHMaHlIle pe3Koe YMeHbWeHl1e'W /Ha 7 nopflAKoB/cx
 
nplll nepexoAe aT 60llee llerKO~ 4aCTH~bl 14e.K 24Ne.
 

14 kn 222 224RB cIlY4ae e 3Ha4eHHH WAllA 4eTHO-4eTHblX AAep Ra III a 
ex . Kn
 

OKa3blB~IOTCH 61l1ll3KHMH III B TO me BpeMA npeB~llalOT 3Ha4eHHe W
ex 
223Ra~H He4eTHOrO HApa Ha ABa nopAAKa. no aHallorHH C d-pac~
 

naAOM pacnan 4eTHO-4eTHbIX HAep 222f(a III 224 Ra C HcnYCKaHHeM 14e
 
232 U
111 ~ I-1CnycKaHl1eM 24Ne MomHO paccxarpa BaT b Ka K 06ller4eHHblH. 

B TO iKe' BpeMfl no aHallOrl1H C a. - pacnano» nepexonu 223 Ra (1/2 + ) ... 
... 209Pb(9/2-)A.(lR 4eTHO-He4eTHbIX AAep 11 231Pa(3/2-) ...207 Tl(1/2+) 

AIlH He4eTHO-4eTHbIX BAep C pa,31l114Hb1MI1 3Ha4e,HI1f1MI1 Cn"I1HOB pOAI1Tellb

cxoro 1-1 A04epHero .FlAep Asnruo r ca t10Ily06Jler4eHHbIM~1. AIlH i-1X xnac
Cl1(!JHKa~I1H YA06HO BBeCTI1 It>aKTOPbl aanpera (HF) : 

ex 

4, 

~'( ;.{" ,l" 

WKn I"4 I
tUF) ~ ex' • 4. , , /9/

c;x WKn /H ~'4. ~11l11 4. H.) 
Kn ex 

'rAe W{x {H. "I.} .. ~acrepH,blH cneKTpOCKOnl14eCKl1H (j)alHOp AIlH I1CClle' 

AyeMor-o 'nepexona B He4eTFlO- -rer HOM RApe, w;; (4. ~. ) - KllaCTepH!?IH 

cneKTPOCt<01)J.14eCKl1~1 oarcrop 'AnH 06Ile,r4eH,Horo 'r:lepeXOAaB cocenaen 
4eT{'10-4eTHOM HApe. 

Ta 6JUI:U;a 2 

3KCo J. / KA
A X a; 1;//'1~8 Wcx .r; 1'(913 YVCX' 

-- 0(,.' 6..679 0,9_10-21 .'0,27 :lfl,2'10-23 

"222Rq- 'f2C 29,'055 -Q,21.1O-29. 0,35 
(+C 33,059 0.,'79.10-23 . p.37 4,4-10-33 2.10-10 

0(. 5,977 0,7,10724 0,27 *4 ,6-10-28.
223Ra

,I f2C 27,,'120 0,29,10-32 -0,35
I 

I~C 3:1:,£47 0.49'10-25 0,37 3·10-37 2.10-12 

0(. . "5,-788 O,8.1O-?5 0,27 :lfl,-45' 10-27' 
j" ~4Ra IJC a;.3~\ 0",21'10-35 0,35 , 
I,' 14(; 30',528 1,3,10-28 0,37 6,2'~0-38 2'1O-IO 

'0(, 5,413 0,56'10-29 0,27 :lf2,3-ro-31 
l\ M~ 49,J94 0,22'10-44 0,33 
r 
~ Q32.ll 

220M? 57,353 O,'26-IO~l 0,33 
2~Ke 62",299 0~17'10-24 0,-33 2,3-10-43 4,5'10-19, 

iI, 

oC. 5,120 0,« 10-31 O,~, 
]f4,4-10-34 

",2.3pa 24M> 60,405 0,75 IO~a; 0,33 4..7-10-45 1,2'10-19 

'l * - ,I:\JlH a. -qaCTUU; YKa3aHa gOJIHaH a. -uIlipuHa! • 
:d,~ 

\ 223 d. 
1)., cnyuae pacnene Ra C I1CnYCKaH1.1eM 14C 11 pacnana 231Pa .", 

t I1CnycKaHl1eM 24 Ne (j)aKTopbl.{HFh 'OKa3b1Ba1OTCfl paBHblMI1 102 11 ,3,5 
COOTBeT,CTBeHHO. 3aMeTI1M, "ITO B'~nY4ae 231Pa cyuiec r ayer , n07"BI1AI1

MO~y, B03MpmHOCTb 113MeHl1Tb 3~CneDI1MeHTanbHoe '3Ha~eHI1e. (HF)ex 

'or 3.,5 AO 5. Iloaaneuue (j)aKTopoB a anper a '" W 2 cBHAeTellbcTByeT 

a 3aMeTHO~ POIlI1 c..TpyKTypHbiX 3(j)l!>eKToB B MeXaHl13Me oacnana RAep 

'c I1Cn~~KaHl1eM TAmellblx,(j)p~rMeHToB. 3aMeTI1M, ~TO YKa3aHH~e (j)aK 1 
~OPbl 3anp~T~ o~eHb TpyAHo'BcicnpoH3BeCTI1 B cxeMe pa6oT / 5-6<no

'"r 

5 

'"~ 



"''':f \" .. ~-;;~p~' <~'f(1 ~I>!" ~'~, t} If' 'I p;ji, )1, - -
j{l,! .. 1'£\ ff,
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'. >t ~ 
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CKonbKY OHH Tpe6Y~T 3aMeTHHX H3MeH~HH~ 4aCTOT HyneB~x Kone6a ,r ."~ Anfl nepeXOAOB MelXAY OCHOBHblMH COCTOflHHflMH 4eTHo-4eTHblx flAep 
HH~ • 3aBHCHMOCTH OT THna nepeXoAa. • V 

Anfl a -uac ruu 6blna npOAeMOHCTPHPOBi'.lHa{7-SI 6nH,30CTb ,3Ha4eHH~, 
xnac r epuax cneKTPOCK,onH4eCKHX ¢laKTOpOB 'Anfl acex ' r arios aW:: 
nepekOAOB ~ COOTB~TCTBY~~HM '3Ha4eHHflM 060n04e4H~x cne~TpOCKO
nH~eCKHX oaxropoa W06 .pa~C41.1TaHHbIX Ha OCHOB~ 060n04e4Ho~ M~AenH ex ' 
flApa C Y4eToM 3¢l¢leKToB cnapHBaHHfl. 

B ~~fl3H C 3TH~ 3KcnepHMeHTanbH~e a -WHPHH~ YAaeTCfl xdpowo 
BocnpOH3BecTH /cM,Ta6n.1/ Ha OCHOee ¢lopMynbI / S/' 

Woo 
r - T? ex /10/ex - ex~' 

ex I Kn06 
rionY4eHHO~ H3 /7/ npu aa-ieue W Ha W • n03TOMY B03HHKaeTex xe 
aonpoc 60~00THouleHHH 3KcnepHMeHTanbHbiX KnckT~PHbIX W:;,' H 060no
4e4HbiX Wex cneKT-PoCKonH4eCKI1X ¢laKTGlpOB Anfl pa3nH4HbiX 4aCTH~ 1 , 

60nee Tfl~en~x, 4eM a-4aCTH~a, H 0 B03MO~HOCTH onHCaHHfl 3Kcne

pHMe~TaflbH~X WHpHH paCnaAa flAep C HcnycKaHHeM ~aC~H~ x H~ O~HO
Be ¢lopMynbl /10/. 

I 
2. 050n04E4HWE CnEKTPOCKOn~4ECK~E ¢lAKTOPW 4ACt~U. , 

" 0(1Anfl pe cuer a ofiono-revnax cneKTpOCKonH4eCKHX ¢laKTQPOB W HC-ex 
nOflb3yeTcfl MHor04aCTH4Hafl 060n04e4Hafl MOAenb flApa 'c Y4e~oM nap~ 

HblX Koppenfl~Hi1/10-11, 7-S~ B~YTpeHHRfl BonHOBaR ¢l}iHK~Hfl X x HeTHo-' 

4eTHo~ 4aCTH~~ ~,C Nx~ Zx Ha o~HoBe, TPaH~nfl~HoH~q-HHBapHaHTHo~ 

oqOn04e4Hb~ MOAenH/121 npeAcTaBnRetcfl ~a~ 

'" { (1 1 ' -1 -1') (~ ~', ~ Z~)X =lLA X ." •.• X ,.' , ,- - x 
. xU a a 2 2 2 2
 

...~ ! --- . - .
 
Z N -

x X «_.:.l. +1) ,(~ + 1) ').••• X (.:.:.L. &)1> I. /
' 0 2 2 . 0 2 2 . , 11/ 

rne )(a 0.1 '.1.1') - BHyTpeHHflR c1JYHK~HI1 ue rupex HyKnoHoB C 01M- ' 
Me;'PHe~ a -4aCTH~bl, npH4eM 1;1' (I, i» -KooPAI1HaTbl nporcuoa 

Z Z ,
/He~TPoHo8/; Xo«~+l)'(T+l)') - cHlirneTHilfl'IS -(\JYHK~Hfl Hei1rp"cm-

HoA nap~; ¢ - oC~HnnRTopHafl ¢lYHKl\Hfl' OTHOCHTenbHoro ABHweHHfl 
la-4aCTHl\" H, He~TpoHHbIX nap. 

060n04e4HblH cneKTpocKonH4ecKH~ (\JaKTOp wg~ 4acT~~bl x B KaHa
(ne c aapaxaer ca -repea 060n04e4Hbl.~ (\JoM¢laKTop 'l'ex (R); 

06 5'iR R") Jr17rMr I J 17 M.h

'I' (R) = < A [VI. - Ill' Y (n ) I 11'P i i 1 > 
(IX . R' ar LM

L
it Xx J 

j 
Mi aj /12/ 

COOT~oweHHeM THna /5/:
 
'~ 06 ec 06 2
 

W '" f,[ 'I' (R)l dR.ex o ex /1'3/ 

6 

( I 

11 B cnyuae 4eTHO-4eTHbIX uacrau x $o'PMyna /12/ I)pe06pa3yeTc'fl1
K BI1,AY 

HD NO 
'I' (R) = I <Pr \PIP ><N IN\N > (lL)2 (-1 )''1'' (R) • 

ex PN i r i A PNLf..•'~' r /14/}\ 
'i~ ~~ilJ rAe <Pr IP·I Pi > -' reHeanorH4eCKHH K03¢l¢lIo1~HeHT OTAeneHHfl Z x -nporo
\'~ , 

~PB B 060n04e4HOM COCTOflHHIo1 IP>; N o- rnaBHoe KBaHTOBoe oC~Hnnfl
'iL 
,IV) idpHoe 4Hcno OTHOCHTenbH9ro ABH~eHHfl 4acTH~bl x H RApa A r , 

\: N'o ~NpN-N x' npH4eM NpN H N x - rnaeuae qc~~mlflTopHble KBaHTOBbl€ 
411cna oTAenfleMO~ 060n04e4HO~ KOH¢lHrypa~I1H IP> IN> 'vI 4acTH~bl x • 

I·~., 

~ ~ ~oPM¢laKToP 'l'pNL (R)onpeAenfleTcfl KaK 
~' ~1 

:~ '~: 'I' (R) = < 'B(R-~ Y X IP >IN, >. /15/PNL R' LM x 
~ 
~ Bblpa~afl B /14/ MHor04acTH4Hbi,e reHeanorIo14!,SK~1e K03¢l<pH~HeHTbl 
/, 
't' . .B pasucax c aepxreky-ren MOAenH aronaoro flApa 17,10,111 4epe3 nap
11" , 
'III"I, ! Hble r-eueanoravecxue K03¢l¢lH~HeHTbI H npeuefiper-aa Het<orepeHTHblMH 

,KOMnOHeHTaM~ ¢lopMepaKTopa 'I' PNr..(R) / 1~/, He! HCnblTbJBa~~HMH c aepx1£.: TeKy4ero YCHneHHfl, Anfl W06 /lj/ nonY4HM 
exl'l~ 

·Z Z (N..L) 
I "

" 06 A No '2 (1) .<'?), (r+1) . 2 00 2

't.t Wex '" (A/ ao,Wa •.. \'I ",W 2n (J~e(R)dR.
a W2n &1

\> Z 'i 0 
/16(
 

lit.( (1) (-r) .
 
'~ rae W '" W -a - 4ilCTH4Hbie CneKTpOCKOnH4eCKHe ¢laKT'Opbl Anfl nocnea a 'z .' , 

." • 7., (_1+ 1) (Nx/2)I {~'i~ AOBaTenbHoro OTAeneHHfl H3 HApa A '(.:1.) a-4ac'TH~; W 2 .. W "-, 
2 ·2n 2n

I.~~ ..,~ 'aHanorH4HblM 06pa3Q1'-I onpeneneuuue 6HHe~TpoHHble cnexrpocxonavecxae 
oaxroou ; - HHTerpan nepexnsrraa %x a-4aCTH4HbIX H (N1ZX) -6HJ xe ~ He~TpoHH~X ¢lopM(\JaKTopoB, HOPMHpbBaHH~x Ha eAHHIo1~y, ~ YHKlIHe~ ¢ 

"~ 
,l~, 

H3 /11/. <!>oPMyna /16/ ner-xo 06,06~aeTcR Ha cnY4a~ .,He4eTHblx H He
II'l 4.eTHo .J He 4eTHblx 4aCTHlI X H flAep A. 

,'1:" 
3. KorEPEHTHOE CBEPXTEKY4EE Yt~nEHHE 060D04E4H~X 

, l 
3)1 ·cnEl{TPOCI(Qn.H4ECI<~X ¢lAKTOPOB 4ACT~U x . 

\?
 nOCKonbKY cnapHBaHHe HyKnoHoB B nApax npHBOAHT K B~AeneHHOCTIo1
1 
ABH~el'{l-1R AByX npOTOHOB. /Hei1TpoHoB/ C OTHOCHTenbHblM MqM~HToM, ~ 

'teo l~ paBH~M H~n~, TO GHHe~TpOHH~e H a-4aCTH4Hble 060n04~4H~e cneKTpo
CKom14eCKHe c1JaKTopbl AflR 06ner4eHHbiX a-nepeXOAOB YCl'1neHb1 / 10,71 

,} B k2~ ~ 3,0 H k ~ (k 2n )2 '" 10 3 p as B flApax cAr ~ 208 no ';paBHe-: 
t,· a 

HH~ C aHanorH4H~MH ¢lilKTdpaMH, paCC4HTilHHblMH B paMKax npocTo~ 

050n04e4HOv. MOAenH. Tor'na cneKTpOCKOflH4eCKHe ¢laKTop,bl III~~ 4aCTHI~ 
~ ,AflR 06ner4eHH~X no BceM napaM ~e~TpoHoB H npoTOHOB nepexoAqB".~::~. ~'i' 
Io1cnblTblBa~T auanoru-n-oe ycuneuue , onpeaenaeaoe (/laKTopol1 k x • -rne 

~ /t"'''1'·' 
~ ,~ k - (k2 )A x/~ (\JaKToP k x 6blCTPO -pacr er C ppCTOM A v HAOCTv.raeT 
~ x F ' &1 ~'k A 
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orpOMHblX 3Ha4eHl-1l1 "'] 0 '18 Am'! ~4Ne. 3TOT ()lakr. IHllllOCTpl-1pyeTcfI
 
Ta61l.3. ' ',- ,
 

\ ,. 

-T a6J1I;l4ct 3 

I' ' 

x 8Be 12 C 14 'C 160 20Ne 24 Ne 40 Ca 

K 8.10 5 7.10 8 J.OlO 7.}'011 6.1014 5'10 17' 3.102 \'lx 
------------'------_..------. ---,-----'------- <; 

C'T04Kl-1 3peHl-1f1 caepxr exyuea MOAefll-1 f1Apa Allfl pacnanoa .flAep 'c MC

nycKaHl-1eM r mxenslx -racrau x ~PlKHO OlKl-1AaTb 60nbworo pa3H006pa3l-1f1
 
nepexonoa pa31l114HbiX nopamcoa aanper a n • Tlepexonsl flYllesoro -no

pfiAKa aanper a /n '" 0/, Ha3blBaeMbie 06bl4HO .o6Iler4eHHbIMl-1, COOTB\n

CTBylOT oTAerl~eMblM KOH()ll-1rypa4l-1RM npcrouoa \P> f1 HeC1TpoHoB IN'>,.
 
B KOTOpblX see nporoauue l-1 HeC1TpoHHble napu .IlBllfilOTCfI cna'peHHbltSll-1.
 

Ilepexonu nepaoro nopanka aanper a / n = 1/ cooTl3;:d~T-BYIOT cnyaao ,
 
KorAa OAHa' HeC1TPoHHclfl l-11ll-1 nporoauaa napa oKa3bIBaK?T-Gn He,,~l1apeH:

HbIMl-1. B 3TOlt ,CIlY4ae MOlKHO OlKl-1AaTb oaxrop aanper a HF '" (t.2~}, 1i'~0.
 
nepexbAbl aroooro nOpflf\Ka aanpe r a / n = 2/ CBfl3aHbi C'f\BYMfI Hecoa

'peHHblMI1 napaMl-1 fOlKAecTBeHHblx HyKIlOHOB '11 ~apaKTepH~YIOTCfI ()laK~O- ,c"
 

paMI1 aanper a HF",(k 20)2 '" 10 3 • • 3TY -l-1epapxl-11O 'nepe'xO~OB MOlKHO
 
npOAOlllKl-1Tb AO cny-raa n =A'x 12. coo-r ee tc r ayouter-o nonuocr s» He06-"
 
ller4eHHbiM nepexonax, ! 

3aMeTl-1M, 4T,0 13 cnyuae ,c -pacnaae 3KCnepl1MeHTall,bHo~H,a6I1IOAaIOTCfI 
TOllbKO 06Ii'er4eHHble/ n, = 0/, nOllY061ler4eHHble / 11 = 1 l l-1 \ He06
ller4eHHble / n = 2/ a -nepexoAbl,' • " 

4 .ObOJl04E4HbIE:, H 1<JlACTEPHbIE cnEKTPOCKonH4ECKHE clJAKTOPbt 
" I 
~ACTHQ x , ~ 

" I
Ha OCHOBe ()lOPMYllbl /16/ MOlKHO npOBeCTl-1 ~aC4eTbI 0601l04e4H~X 

cneKTpOCKOnl-14eCKI1X ()laKTOpOt3 4aCTl-11..1 X'B Tl'llKellblx f1Apax C A I"~ 2oB. 
06CYAl-1M aua-rane cBoC1c,TBa oTAellbHblX 41leHOB ,r BXOAfllqHX 13 ()lqPt:lYIlY. 

/1-6/. N '
 
, eaxrop (AlA f) B03HHKaeT -nPl-1' l-1CKIl104eHl-1l-1 ~1ll-1f1Hl-1f1 .QBl-1lKeHl-1f1
 
ue-rrpa Macc pacna'AalilU\erOCflflApa Ha 0601l04e4Hbie ',cneKTpOC1<Onl-14e,

<:K~e ~aKTopbl. MaTeMaTl-14eCK~ OH onpe~ellfleTCfI,06paTH0C1 BeIl114l-1~0~
 
KBaApaT-.3 K03()l()ll-14l-1eHTa T~nbMl-1 1121 1-1', KaK Bl-1AHO' H3 TaOIl,. 4" .ero
 
3Ha4eHl-1f1 Moryt 3aMeTHO npeBblwaTb eAl-1Hl-1I..1Y.
 

8/,Kal;< nOKa3bll3alOT- KOHKpe:n'lble pac4'eTbI / 7 - 0601l04eQHble' ()lopM()laK
~', .. ;I' 

~OPbl a -4aCTl-1~ l-1 6l-1HeC1TpOHoBAllfl 061ler4eHHblX nepeXOAQB l-1MeIOT 
'61ll-13KYIO ()lOPMY ~~f1 Bc~x'f1Aep ~' 220 s;: A ~ ~'40 BoneA,cTB!'1e BK~~Aa 
fioh suior-o '4l-1Clla «o repe-rrusix cBEfPxTe~y4'P1X, n,?pHbIX· KOH()l';1rypa4l-1C1'. 
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n03TOMY nOfiBllfleTCfI YH~kallbHafi B03MOlKHOCTb l-1CnOllb30BaTb '13 Ka-
I '. 

4eCTBe '8elll-14l-1H W l-1 W 13 ()l0pMYlle /16/ 3Ha4eHl-1f1, .nonyvaenuea 2 0 
npocrua nepecveroa l-13 3I1:cnepl-1Me~Ta:nbHblx «nac'repr-ux <;:neKTpOCKO

nH4eCKl-1X ()laK~opoB a -4aCTl-11..1 I1Pl-1 l-1CnOllb30BaHl-1l-1,YHl-1BepCallbHOCTII\
 
()lOpMbl a.-·4aCTl-14HbIX, 6l-1He~1TpOHHbIX l-1 6l-1npOTOHHbIX cj>oM()laKTopOB.
 
3atofenlM", ,4T()' 13 3~OM C;lly~ae ~BTOMaTl-14eCKl-1 Y4l-1TbIBaIOTCfI diaxropu ,
 
cBfl3aHHbie C nepeXOAOM f1Aep OT C()lepl-14eCK0C1 paBH,oBecHoC1, ()lOPMbI .K
 
K Ae()loPMl-1~OBaHHoC1. ' ' .
 

Ta6JIflJJ;a 4 

--' 

x , N NA-NA_A 
N (~ )Nx _ x 

f , 
8B e 4 L.4 40 4,5
 

r r4
 e 10 78 68 84-16 0 12 88 '76 2,8. 102 

20Ne 20 110 90 4 • 103 
\ 

'~4N{f 28 134 106 105 

2.10 1240ea 60 220 160 
\ 

, 

T 

B r aort, 5 npencraeneuu 3Ha4eHl-1f1 0601l04e4HbiX cnekrpockonuue
CKl-1X' ()laKTopoB AIlH 4eTHO-4eTHbIX 4aCTl-11..1 X AIlJ'l 06ller4el-fRblX nepexo

'AOB ,13 4eTHO-YeTHbI~ f1Apax. B 3T0C1 lKe Ta61ll-1l..1e npeACTaBlleHbI 3Kche
pHMeHTaIlbHble «nacr epuue cneKTpOCKOnl-14eCKl-1e oexroou Allfl 14e l-1 
24Ne. ' 

Ta6J1uJJ;a S 

~---

x 8
Be 12e 14 160 20Ne 24 Ne e 

-,-- '·W06 3.10-7 2.10-10 10-11 2.10- 13 8 '10- 16 5' 10-18 
\' 

ex
 
W xn
 2. 10-10 4.10-19 

~ 

ex 

o~l-1AHO " 4TO 0601lb4e'IHble cneKTpOCKOrll-14eCKl-1,e oaxropa 4aCTl-1q x
 
W BOCnp0l-13BbAfiT 3aBl-1Cl-1MOCTb KilaCTepHblX cneKTpOCKOnl-1yeCKl-1X
ex
 

oaxropoa WKIl OT Ax. Bonae Toro, -8 npenenax T04HOCTl-1 BbI4l-1ClleHl-1f1
 
W06" ex . . WKn u
 u 

ex l-1 T04HOCH1 l-13Blle LleHl-1H ex' cocr aanaomea Allfl '1<alKAm1H3 ae-
l'1Jl-14l-1H npl-16J1l-13l-1TellbHO nopanox , icnacr epaue l-1 0601l04.e4Hble cnexrpo
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CKom14eCKl-1e <jlatn'Opbl cornacysrrca ~ no- a6"coIlIOT,AoH' aena of
4~l:ie. , 06 Kn . I'l 

np"" cpaSHeHl-111l- W l-t W B CIlY4ae oacnane lie4eTHbl)< HAep ,3Ha;- ,ex ex 
4eHl-1H W06" npl.-lBeAeHHble B Ta6Il. 5 r Heo6xbAl-1Mo. AOMHOll(l1Tb Ha CTPYK;:, 

r ypaue '7PaKToPbl aanpera (HF}ex 191. AIlH YKa3aHHbiX B Ta6Jl.2 p.acna- I 

AOB flAep 223Ra l<t 231 Pa C BblileTOM !4.C l-1 24 N'e . COelTBeTCTBe~HO 1 
I •l

pe.anaayerca sanper nepaoro ,noparnca In", 1, Ji, " J r I.B' 3T,~M cny
4ae C ?eOpeTl-14eCKOA TO~Kl-1 apeHl-1fl MOll(HO Oll(~Aa~b <jlaKTopoB 3anpeTa 

(HF)cx ' QIll-13Kl-1X ,K aHaIlOrl-14Hbr~ CIlaKTOpaM"..sanp'e;a (HF)a AIlR nOIlYo6,. 

Iler4eHHoro a -pacnaAa, rne (HF)a '::! 5 - 200. ,KaK OTMe4aIlOCb euure , I~ 
,AIlH YK.33aHHblx pacnano e RAep ,223~a 1-1 231.pa 3KCnepl-1MeHTaIlbHble .~ 
CIlaKTopbl aanpe r a (HF~eL oxaauaaorcn paBHb\tll-1 100 l-1 3,5'cooTBeT<;T

'~ 
BeHHO. C Y4eTOM npl-1BeAeHHbiX BeIll-14l-1H (HF) ex 3HaLfeH~fI W06 YAOB .'Kn ex ' I, 
ne r aopar e ne uo corriacyorca C W l-13 Ta6Il.2..ex "~' tit

f 

,r"TaKl-1M o6pa30M, pa3Bl-1TblH Ml-1KpOCKOnl-14eCKl-1A nOAxOA "Io3BoilHeT' .,' 
YAOBileTBOPl-1TeIlbHO BOCnp0l-13BeCTl-1 3KCnepl-1MeHTaIlbHble cn~KTPOCKon~ ! 

4eCKl-1e <jlaKT,opbl W:: 6e3 l-1CnOIlb30BaHl-1fl nOAroHo4HblX napawerpoe • t I 

Torna no aHaIlOrl-1l-1 C Teopl-1eA a-pacnaAa MomH'o l-1Cr;JoIlb30BaTb eop ~ 
MYilY 110/' AIlH BblL1l-1CIleHl-1H Wl-1PHH pacnana HAep c 'l-1CnycKaHl-1eM THll(e,IlbIX I I 
4a'CTl-11..l x . B Ta,6f!.6 AaHbl HeKOTopble TeOpeTl-14eCKl-1e npeAcKa3aH'l-111 !'

\OTHOWeHl-1H 'lex Ifa • nonyueuuae, Ha OCHOBe fPOP,qYIl 1101 ."./;61 .
11,3KCnepl-1MeHTaIlbHbIX BeIll-14l-1H fa • AIlll snep , ko'ropue MOrYT Aa-Tb 'f ~, 

1i'1 
Hal-160IlbWl-1e 6blXOAbl 4aCTl-11..l x. 

~~' I!' ~~. 
\\: 
" 

" 1> 
j
I I" 

Ta6J1HlJ,a 6 
I 'Jr'(' 

- ~ ~ . 
RAPO II I; Ila RAPO x' lx Ira 

, 
230 Th 24Ne 16.10-13 234U 28Mg 4' 10- 12 , 
232 Th 26 N e 7'10- 12 235U 25M~ 5_10- 14 "~f

!233 U 24Ne ~ 10- 12 23f1U 26Ne o '10 -'1~ 

233 U 25 Ne 5'10- 13 235 U 30 Mg, ::;2.10- 12 .~ '\" ~ 
233 U 28 Mg 236 U 30 Mg 5' 10-0 ' '" ! •::;;8'10- 13 

f 

234 U 24 Ne 3'10- 14 '237 Np 30 Mg :; 6;' 10 -,13 l 
~. . 
I

234 U 26 N~ 7 '10- 14 \ ~iJ" 
*'HAPO 232Th neasrr-ozmo AJm H3Mep,eHHll H3-3a otIeHi, 6onbllloro, ., "1 t",..l:

3H~~~HHH nepHOAq nonypaqhaAa.
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6-. saner TIllKEnblX LJACH1l.\ 'x H3 BbICOK0I3036Y)KA~HtlbJX
 

,COCTORHH~ '5t,llEP
 

rTPl-1 'l-13YI.j'eHl-1l-1 pacnaae flAep c: l-1CnYCKaHl-1eM. 4aCTl-1l\ x l-13 BblCOKO

B036Yll(AeI-!Hb!,X COCTO>1Hl-1H, l-1MelOll\l-1X CIlO>KHYIO MHorpKoMnoH,eHTHYIO npu
POAY, MOll(liO Oll(l-1AaTb 3aMeTHoro, l-13MeHeHl-1R MeXaHl-13Ma pacnaAa no 

cpaBHeHl-1~ C MexaHH3MOM pacnaAa l-13 CpaBHl-1TeIlbHO npOCTblX OCHOBH~X 

l-1' Hi:1'aKoIlem8w,Vlx, B036YlxAeHHbix COCTORHl-1~' flAep. B 3TOM CIlYHae M0lK,HO 
, 

O>KHAaTb nOIlHO~ aHaIlOrl-1H C nepeXOAOM OT MeXaHl-13Ma a-pacnaAa 

l-13 OCH'oBHbIX COCTORHHi1 flAep, K MeXaHl-13MY a -pacnena Hei1TpoHHbIX pe

30H~HCOB /7/ . 

npl-1 pacnaAe CIlOll(HblX COCTORHl-1A cnpaSeAIll-1BbI npeACTaBIleHHH CTa

THCTI1~eCKOH T~OPl-1l-1/11; COOTseTCTBYIO~l-1e HCnapl-1TeIlbHoi1 MOAeIlH, 

KO~Aa U1l-1pI'IHa pacnena rex onpenenaer ca cl>OPMYilOH 17/: 

r = ~,Td 
ex 2 TT ex 1171 

rAe D i - paccr oauae Mel:<AY YPOBHRMl-1 ppcnaAHo~ Cl-1CTeMbl C AaHHblMI'I 

3Ha4eHHR,...:l-1 cnuua J i l-1 4eTHOCTl-1 TT, ,To - K03<p<jlI-1I..ll-1eHT TpaHCMl-1C
1 

Cl-1l-1 A.nH 4aCTl-1l..lbl x, BbI4l-1CIli'leMbl~ c nO~\~ufblO, OnTl-14eCKOH MoAeIll-1. 

OQCKOIlbKY .,AIlH a -4aCTl-11..l l-1 60Ilee rnxenux 48CTl-11..l x cnnaeennaau 
npencr aaneawa MogeIll-1 "4epHorol,1 HApa, TO K03¢QlHI..ll-1eHTbl TpaHCMl-1C

Cl-1l-1 T~~ 04eHb npOCTO CBR3aHbI C OAH04aCTl-1\lHOH Wl-1pl-1HoA 

rgx 2 TT
T ° ex 118/Dx 

rue D - oaccroauae Me>KAY 0AHOl..laCTl-14HbIMl-1 YPOBHHMH 4aCTl-1l..lbC xx • , 
C <jli?II<Cl-1pOBaHHbl.MH 3Ha4eHl-1HMH L. Y4wllblsaH. 4"rO OeIll-14l-1Hb/ D Allnx 
acex nocrarcvao TR>KeIlbIX 4aCTI-1L1 C Ax ~ 4 np~16Il1"3WfeIlbHo 0Al-1Ha

KOBbl (D x - 211w). . oruouie-u-e naPI..ll-1aIl,bHbIX Wl-1Pl-1H AIlH I3blileTa 

4aCTl-1l..lbl x l-1 a -uacruuu MOlKI-!0 ortpenena r s KaK 

r olex _ ~ 
--- -- ro 1191 
re'a e'a 

'I 

H3 cl>OPMYIlbl 1191 BHAHO, 4TO nnn rny601(OnOAOapbepHblx pacnanoa 

BbiCOKoB030ymAeHHbiX COCTORHHi1 POAHTeIlbCKI1X HAep B OTIlH4l-1e OT 

pacnaAOo CpaBHl-1TeIlbHO npOCTblX H HeCTBTl-1cTl-14eCKl-1K OCHOBH~X 

l-1 Hl-13KOilemaw,I1X BoaOY>KAeHHbIX COCTOIlHl-1H 3cl>cl>el<TI1BHble CIlaKTopbl cop
'" WKnMl-1pOBaHl-1R ~-4aCTI-1I..l l-1 COCTaBHblX 4aCTI-1I..l, BHdJlOrl-1HHble ex' CTa-

HOBHTCfl 6Ill-13Kl-1Ml-1 l-1 OTHOWeHl-1H Wl-1PI-1H pacnaAa l..leIll-1KOM onpeACIlRIOTCH 

6apbepHo~ npouauaeaocr uo, 13 CBRa", C :Hl-1M MOIKHO OlKl-1AaTb cyuiecr-. 

aeuuoro l-13MeHeHl-1H OTHoweHlo1R BblXOAOB a -4aCTl-11..l ~ COCTaBHblX 48C

TI-1I..l X (Ax> 4) IlPl-1 l-1CCIleAOBaHl-1l-1 pacnana BbICOKOB03Q.y>KAeHHblx 

COCTOflHl-1H HAep. 
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KaAMeHCKHl1 c.r" OYPMIlH 0.11., 4YOHIlbCKHl1 10./1. P4-85-368
 
IIHKpOCKonH4eCI(Oe onHCOHHCI pocnaAa nAep
 
C HcnycKaHHClM TmKOIlbiX 41lCTHlI
 

Ii,] OCHODCI MHor040CTH41l0H MOAeIlH OUOIl04eK c Y4eTOM OCTilT04HblX B3a,HMo
Ae~ICTDHH U03 HcnOIl~30DaIlHA c~'A60AHblX napexerpoe MHKpOCKonH4eCKH paCC4HTaHbI 
cneKTpOCI«)nHI~OCKHll 1Il0KTOpl. WE AIlll CIlOlKHblX 4acTHlI x/4 < A ::; 40/ B Tll)l(eIlblx, 

Kn 
llAPax,JI(CnOpHMoIlTOIl~HblO cneKTpOCKonH4eCKHe oaKTopbl WE , nOIlY4eHHble 1013 AaH-
HbiX no cnOltTIlHHOMY pllcnOAY nAep c HcnycKaHHeM 14e 101 24 Ntt, cBHAeTe.'lbCTBYIOT 
0 HOlIlH4HH CTPYKTyplloro aanpe'ra HFE = 10 2 pacnana 4eTHO-He4eTHoro llApa 

223Ra C DblIlOTOM He no cpODHeHHIO c OlHaIlorH4HblM oacnanca 4eTHO-4eTHbiX llAep 
~22Ra 101 224 RIl. P~C40T YAOBIleTBopHTeIlbHO BonpOH3BeIl a6cOIlIOTHbie 3Ha4eHHll 
W:" II IIX ~;)OHCHMOCTb OT CTPYKTYPbl COCTORHHH HYKIlHAOB 101 BblIleTa~ero 
KIlaCTepa x , IlPH pacuere cneKTpOCKonH4eCKHX ljlaKTopoB W~6 npHHlIHnHaIlbH,o 

~Ba)l(HbiM OKa30Ilcn Y4C1T coepXTeKY4HX KoppeIl.nllHH, .4.To.nPHBeIlO K 4pe3Bbl4aHHO 
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Kadmensky S.G. et al. 
Microscopic 6escription of "uclear Decay 
~ith Emission of Heavy Particles 
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Spectroscopic factors \.l"b for complex particles x(4 < AES 40) in heavy 
nuclei are calculated In the'framework of the many-particle shell model 
approach taking Into ~ccount residual In~oroctlons without using free pa
rameters" Th~ spCJctros~oplc ~octor!l W~I ox t rnc te d from data on s pon taneous I~ 

'decay with the eml ss Lon of 14C ond ~4140 Indicate that there"oxists the 
structural h l ndrance ~actor IlFE"IOo for docay even-odd nucleus 2l!3Ra with 
emission of 14C In c~npDrlBon with n .Iml lor decoy of even-even nuclei 
222Ra and 224Ra. Absoluto voluos w:1 lind their dependence on the cluster, 
parent -and daughter nuc l e l Hr~!cturo Ore reproduced satisfactorily. 

<The prihcipal importance of super f l u l d correlations for calculation 
of!spectr~scopic factors W"b Is domonstratod, It leads to extremely large 
enhancemen t/coef f lc l en ts (urto 10 20 for 40CO), On the basis of obtained 
a~reeme'nt be tween \I~l and W:b the cbso luee ducny widths r.. of the nuc l e l 
the most favorable t~r observation aro clllculoted. 
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The Investigatl9n has been performlld lit tho Laboratory of Neutron 
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