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P2 • 4687 

X.BH6HKe*, O.,lzyMHTpecKy* ,* B.K.JlyKhHHOB, 

H.lK.OeTKOB, r .lliyJJb~*' 

MHOPOCTYOEHqATHA CPHB 
HA ~E«>PMHPOBAHHHX H,l\PAX C BKJIIOqEHJ1EM 

HEBPAmATEJibHHX COCTOHHHA 

Hanpaaneuo a Nucl. Phys. 

* HncTHTYT smepllbiX uccneAOBa!lllll, Pocceunop<jl, rnP. 
* * I 6yxapeCTCKilll YHIIBepCI!TeT, 



1. _I'~OCT8HOBK8 38Jl8'1H 

Oco6eHHOCTb peaKuHli: CpbiBa Ha ae¢opMHpoBaHHbiX SIJlpax cagaaua c cy

wecTBOBaHHeM B HHX HH3KOne.lK8WHX nerKO B036y:>~<JlaeMbiX COCTOSIHHfi, KOTOpbie· 

BMeCTe C OCHOBHblMH COCTOSIHHSIMH JlOn.lKHbl BKniO'IBTbCSI B pacCMOTpeHMe 

Ha OCHOBe MeTOJla CBSI38HHblX KaHanos. 

/1 2/ 
Pauee ' 6bmo paccMoTpeuo BnMSIHHe apawaTen&HbiX rronoc SIJlep 

A H B ua ceqeune peaKUHH cpbiBa. Ebmo rroKaaauo, 'ITo, B rrpoTHBorrono.lK

HocTb o6bi'IHOli: TeopnH MHB
131

, aTo paccMoTpeune aaeT TO'IHbie rrpaBHna 

OT6opa H cyweCTBeHHO H3MeHSieT CTpyKTypy IIOIIepe'IHbiX Ce'leHHli: H tPOpMy 

/4/ 
yrnoBbiX pacrrpeaeneunn. 0Kaaanoc& TaK.lKe , 'ITO rroao6Hbie ·peaKuHn MO.lKHO 

MHTeprrpeTnposaTb KaK MHorocTyrreH'IaTbie, TaK KaK, KpoMe IIpSIMoro rrepexoaa, 

cywecTBYIOT aorronHHTen&Hbie uerrpSIMbie rrepexoJlbi qepea HH3Kone.lKaWHe coc

TOSIHMSI SIJlep A H B 

OauaKo anSI rrpaKTH'IeCKHX rrpnno.lKeHHli Ba.lKHO paccMoTpeT& TaK.lKe 

BnHSIHMe Ha ceqeune peaKUHH Cpb!Ba HM3Kone.lKaWHX HeBpamaTenbHblX COCTOS!Hllfi, 

B OCo6eHHOCTH COCTOSIHMli: He'I~THOrO JletflopMHpOBBHHOrO S!Jlpa, Y'IBCTBYIO-

Wero B peaKUHHo npyrMMH CnOBBMH,STO 03HB'IaeT, 'ITO B JlOIIOnHeHMe 

K BpaWaTenbHbiM JlOn.lKHbl 6b!Tb BKniO'IeHbl HeKOTOpb!e JlOIIOnHHTenbHbie KaHa-

nbl1 KOTOpb!e BMeCTe C IIepBbiMH KOHKypHpyiOT C BXOJlHbiM H BblXOJlHbiM yrrpy

rHMH KaHanaMn. OauaKo s aToM cnyqae Tpyauo rrpHMeHSITb aana6aTnqecKoe 
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npn6nHmeane 1 KOTopoe eymeeTBeaao ynpomano Bee aamM paeeMoTpeHMH 
.. ' /1 2/ 

M 'IMeneHHbie pae'leTbl B npe,Ubl.UYIDMX ra6oTax I .• B npHHUMne a.ueeb 

Momao nenonbaoBaTb TO'IHbtil: ( aea.una6aTM'IeeKMil:) · MBTOA1 r.ue Bee H.Uepubxe 
. /56/ 

eoeTOHHMH BKniO'I810TeH paBHOnpaBHO ( eM. 1 HanpMMep1 
1 

) • O,naaKO npaK-

TM'!eeKM sToT MeTo.n aey.no6ea1 TaK KaK Tpe6yeT 6onbmoro eqeTaoro BpeMe-

HM .UnH paayMHOrO '!Mena BKniO'IeHHbiX KaHanoB. 

' 
0o9TOMY B .U8HHOil: eTaTbe pa3BMT npyroil: 1 nonyanna6aTM'!eeKMM Me.TOil 

llnH paeqeTa MeKameHHbiX BOnH B none .Ue~opMMpOB8HHOrO Hllpa. 0eHOBUaH 

MlleH 9TOrO MeTOil8 eoeTOMT B TOM1 'ITO TO'IHO (ueanna6aTM'IeeKM) Y'IHTbiBa

eTeH ae6onbmoe 'IMeno aan6onee BamHbiX aeBpamaTenbHbiX c;:oeToHUMil:1 KOTo

pbte MOmHO OITHebiB8Tb KaK B MHKpO- T8K M MaKpOMOilenHX Hllpa 1 B TO Bpe

MH KaK Bee BpamaTenbHbie eoeTOHHMH Y'IMTbiB810TeH 81lM86aTM'!eeKM• TaKMM 

o6paaoM
1 

9TOT MeTO.U IT03BOnHeT eymeeTBeHHO eoKpaTMTb BpeMH 'IMeneHHbiX 

pae'leTOB. 

2. BonHOBbte ~YHKUMM 

DnH aaxom.ueHMH ee'leHMH peaKUMM. epb!Ba A ( d, p) B B paMKax MHB 

He06XO.UMMO noeTpOMTb BOnHOBbie ~yHKUMM BXOilHOrO (A+ d >' M BbiXOilHOrO 

( B + P) KaaanoB. · PaeeMoTpHM eaa'lana BXOilHOil: KaHan. 

3annmeM raMMnbTOHM8H eMeTeMbl (A+ d) B BM.Qe 

-t rot in rot -+ N ...., 
H=Hd(p) 'I-T, +Vop£r)+HA (e 1) + HA(~)+Vrez (r,OI) +Vrez (r,~). (1) 

I . ...., 

3neei:. nonaoeTb!O paa.QeneHbl .QBMmeHMH HepOT8UMOHHOrO TMITa (~ ). M Bpama,;. 

TenbHbie (el ) 1 T8K KaK B raMMnbTOHMaHe OTeyTeTBYIOT KOpHOnMeOBbl 

M T.n. B38HMO.Qeil:eTBMH 1 eBH3biBaiOmMe Ko'opllMH8Tbl ~ M el , 0eHOBBHHeM 

nnH sToro enymMT a.una6aTM'IeeKoe npennonomeane1 KOTopoe o6bt'IHO BBO-

;; 

, 
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'.· .. _ 

lll!TCH npn nocTpoemm Moneneii Hnpa. OcTaTO'IHbJe naarrMoneiiCTBI!SI nanmomeii 

'!aCTIIULI C nepeMeHHbiMH ( ~) l! ( 0 i ) T8KX<e rrpeniTOJl8r'8!0TC51 8/l/ll!TJIB-

Vrot(-> O ) \' N (->r, !:) . . HLIMII II O!IIICLIBll!OTCH llBY.MH He38BHCIIMbiMJI CJllli'lleMLIMII rez r, l! rez S 

BonuonaH rj'JyHKUIIH ypanuemm llJpell!IHrepa c raMHJJbTOHnauoM (1) 

npn BLiopannoi1 acnMrrTOTI!Ke HMeeT nnn: 

( +) 

·.jl d+ A 
(+) 

x A < -r, o i , ~ > cp d < iJ > 1 s d > . ( 2) 

np0113Be)leM lipl!OJJIIIIWil!IOe paaneneune rrepell.leHHbiX 

(3) 

rne 

( 3) 

rot rot 
HBJJHeTyH npamaTeJJbHOii rjlymcuneii COCT051111!H Hnpa (II A n A~ E A DA ) • 

<+> 
CnaoaH aanucnMoCTh rjlynKunu 1/ A OT yrnon 3iinepa rroanonHeT paccMaT-

pnnaTI. nx KllK rrapaMeTpL! ypanuemm 

N (+) 

U'l '0! )+ vrez (r,~-E]qA 
-> 

( r, 0 1 , .;) "'0 . ( 4) 

rot 
TaKoMy paanenemno (;j) rrpemiTCTnyeT onepaTop II A (0

1 
), IWTopL!ii 

(+) -· t: neiicTnyeT na (~ym<umo 1/ A (r, 0 1 , s·) • Omwi<o, ecnn BblflonnHeTcH ycnonue 

annaoannm r >> t , rne r ( "'1i/ Erot - xapaKTepnoe npeli.IH npauwTenhHoro 
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2m 
JlBll)I{9HlH!. a t ( '"R v r> - xapaKTepnoe BpeMSI rrponeTa tJaCTHUhl .B03ne 

SI)lpa. TO 

rot (+k < rot (+) , (+) 
HAXA-E XA«EXA 

( 5) 

H TaKoe pa3nenenHe ocymecTBnSieTcSI c TOtJHOCThiD no tJnenon rropSinKa 
rot 

E /E « 1. B cHcTeMe KoopniiHaT. )l{eCTKO CBSI3annoii c smpoM• ypaBtie- · 

Hll9 ( 4) liM99T rrpOCTOll BHJl: 

In rot --> N 

[II A ( ~) + T r' + V opt ( r '} + V rez ( r '} + V rez 
... , (+) ... , 
(r,~)-E]1JA (r,~)=O, ( 6) 

(+) ... 
a rrpeo6pa3oBauue rronytJeHHOii H3 nero cpyl!KUHH 17 A ( r ~ ~) B na6opaTop-

nyro CliCTeMy OCylll9CTBnSieTCSI rrpOCThiM llOBOpOTOM Ha yrnhl 8finepa ( 0 I ). 

PernenHe ypanuenun ( 6) MO)I{JIO naiiTH MeTonoM cnn3aiUihiX Kauanon. Pa3-

<+> , l:) nO)IUIM 1J A (r , <, 110 C06CTB9HHhiM cpyHKUHSIM ci> a ( ~) BHyTpeJIHero JlBII-
In In 

)1{91!HSI (II A If> = E If> ): a a a 

(+) ... (+) ... 
17 ( r ,' ~ ) = l If> ( ~ ) 'l' A ( r '), 

A a a a 

(+) 
a 111 rrpencTannM n BHne pnna ccjlepnqecKHX rapMOIIIIK: 

(+) - __ , " 

Ill A Cf')= __ l H m;f' (r) Yr- (r')Ye*,_, 
a f£';;-,;;' Aa. . m .. m 

•. .< .~: ... "j' 

6 

... 
( k ~ ) • 

( 7) 

.... ( 8) 

I 
'l 

I 

"l 
. ' 
j 

I 



.. ,· ... 

Ilocne noBopoTa kd' B na6opaTopHyro cncTeMy c ocbro z no k ~ , nony"'HM 

(+) 

· IJIAa 

rne 

- ... , .... f' ... m m .. , 

(r') = _:t ~A -;,;r~r) Yo- (r')D 0 m_,(o,)) 
ff'iii~' au. Lm 

--, m m f' to;;-, 
L 1 -

e --ell oo, kdr Aau 

-- ~--. -. 

( 9) 

( 9') 

H 3aTeM, nO)lCTaBHB ( 7) H ( 9) B ( 6) 1 HaH)leM CHCTeMy CBSI3~HHhiX ypaBHe

HHH Ha paJlHanbHbie cpyHKUHH 

BHJl: 

d2 f(f+l) 
[--

dr2 r 2 

Y 
rot 

= --:t < - I v 
o - f m rez 
Ll ml 

N 

- :t < Yo- ell 1 v 
a'fl 'in l r.. m a rez 

- - , 
- m 1m 

>ell -
Aaftf' 

-- , 
- m 1m 

lei> Xii- >ell fifi, 
a Ll m I A aLl L 

( 10) 

TaKHM o6pa30M1 nonHaSI BOnHOBaSI cpyHKUHSI BXOJlHOrO KaHana HMeeT 
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3.uecb HH.!leKCaMH a 0603Ha"'eHbl KBaHTOBbie "'HCna KaHanoB, COOTBeTCTByiO-

IUHe HeBpamaTenbHbiM COCTOSIHHSIM SI.!lpa A , Ka)I(Jloe H3 KOTOpbiX MO)KeT 

nMeTb CBOIO BpamaTenbHYIO nonocy. · Ynpyrnfi KaHan a~ A cooTBeTCTByeT 

COCTOSIHHIO CHCTeMbl ( d +A) t KOr.!la B aCHMnTOTHKe HMeiOTCSI CXO.!lSIIUHeCSI 

H pacxo.uSimHecSI BonHbi. Bo Be ex .upyrnx KaHanax a.;, A - BonHbi TOnbKO 

paCXOJlSIIUHecSI: 

- -, 
- m m 

~ -
A af f ' "'(Fe 

--, 
m m 

-iG- )8-- o +S -- (F-+iG- ). 
f f f' a A Aaf f ' f f 

( 12) 

3JleCb F f n G f ~cooTBeTCTBeHHO perynSipHaSI n HeperynSipHaSI KynoHOBCKHe 

<J!yHKUHH. 

AHanorH"'HbiM o6pa30M MO)KHO noCTpOHTb BOnHOByiO <J!yHKUHIO BbiXO.!l

HOrO KaHana CHCTeMbl (p+B) CO CXO.!lSIIUeHCSI aCHMllTOTHKOH. O.unaKO, "'T0-

6bi He peruaTb sanoBo ypaBHeHHSI, aHanorH"'Horo ( 6), no c .upyrofi acnMn-

"' 
TOTHKofi,, MomHo BocnonhSOBaTbOSI onepaunefi o6pameHHSI BpeMeHH R 

ITocKonhKY Mbi nonb3yeMcSI s.uecb a.u:Ha6aTH"'eCKHM p:pn6nnmeHHeM no Bpa

meHHIO, TO aTa onepaUHSI 6y.ueT onpe.uenSITbCSI H3 HHBapHaHTHOCTH npH 

o6pameHHH BpeMeHH ypaBHeHHii ( 6) t onHCbiBaiOIUero .!lBHmeHHe "'aCTHUbl 

B none .ue<J!opMnpoBaHnoro SI.Upa. TaKHM o6pasoM 

<-> (-) "' 
'~' p +B = nB < o 1 > 11 B <1, o 1 • f > 1 ap > • 

( 13) 

-. 
r.ue 

" <-> R <+> 
71B"" 71B 

A =:s mm A "' 

R :£ ~{3· (f)R · (r) Y (r ') Y* (k ' ) 
{3ff'mm' B{3f£' · fm f'm' P • 

(14) 

_,;;. 

8 

. ( 

~~--t: 

\, 

( 

I ., 

J 
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J1 Mell B BUllY 

~ ~ e· 
R Yf'"'' (k;)=(-1) 

"' n Yfm ( ~') = Ye: (; '); 

····- .. 

(+) 

"''I' ... * 
-k 

nony'!HM nnll nonaonoii · !flyHKUIIH BbiXOJlHor-o KaHana ( p +B): 

(-) 

'I' * 
P+ B 

rne 

mm -f' 
9l =217i 

n f3 ee· 
' a e· 

e 
k r 

p 

<fJ 

, 
mm 

n f3 ee ; 

(15) 

( 10) 

I 

( 16) 

a !jlyHKUllll <fJ yJlOBneTBOpll!OT ypaBH9Hlll01 aHanorll'iHOMy ( 10) C T9Mll >1{9 

rpann<iHhir:m ycnonnllMH .( 12). 

B aaKnroqemm sToro paanena ocTaHOBIIMCll Ha Bbi6ope ocTaTo'!HbiX 
rot N \ , 

B3811MOJl9iiCTBIIH Vrez . II V rez KaK IIOK838H01 IICIIOnb30BaHHe anua6aTII-

. 'i9CKOrO II~116nH>K9HIISI llpiiBOJliiT K ypaBH9HIIIO ( 10) II IIO;BOnSieT 381l8B8Tb 

3TH B38UMOJleil:CTBIIll BO BHyTp9HHefi CIICT9Me KOOpJliiH8To 

9 



'• 

Y·•UITbiB8SI 1 KBK o6bJqf!o 1 ll!III!b KBanpyrronb'Hbie ( ,\ o" 2) II OKTyJJonhHbie 

( ,\ ~ 3) netflopM8Uliii Sillpa, MOlliHO 38Jil!C8Th: 

y rot 

rez 
(r,) =· ~ u,\(r)P,\ (;'), ( 17) 

,\=· 2. 3 

rne tf>yHKUIIII u,\ ( r) BbipalliaJOTCSI qepe3 rrpon3BOllHbie onTnqecKoro rroTen-

UIIana V opt(r), Tor.ua COOTBeTCTBYIOIUlle MaTpiiqHbJe ::meMellTbl B ypaB-· 

HeHIIII ( 10) IIMe!OT Bli.U: 

_ rot _ 4rr , m m
1 

0 
<Yo-l V !Yo->=~ v-- P-- u,(r), 

L m rez L m A 2A + 1 e£ A 1\ 
I I I 

( 18) 

r.ue 

m m 1 P. 

P rc "' 
_ ( ze + 1 H ze + 1 > _ _ _ _ _ 

=(-l}m+p.v 1 (e
1
WO!X.OH'

1
£m

1
-miX.-,.d 

.4rr(2X.+ 1} 
( 19) 

.... 
OcTaToqnbie B3aiiMo.ueiicTBIISI nanaJOIUeii qacTIIUhi ( r) c . .upyriiMll 

CTeneHSIMII CB060Jlbl SI.Upa ( ~ ) MOlliHO 38Jl8Th B o6IUeM Bl!.Ue: 

N -. A -Jo -+ 
V (r, ~)= ~ V(r-r ). 

rez ' 1 
·I= I 

( 20) 

11MeSI B BII.UY IICnonh30B8UIIe B .uanhneiimeM Ml!KpoMonenii".SI.upa, aarrnmeM 

aTo B3aHMO.UeiicTBIIe B rrpencTarneann qncen aarronneHIISI c onepaTopaMII 

+ 
pOlli.UeHIISI an II yHIIqTO:H<eHIISI an qaCTIIU 118 IIIInhCCOHOBCKIIX op6II-

Tax, onpe.uenSieMbiX KBaHTOBhiM.n qiicnaMn I n l 
B KOOp.UIIH8THOM npocTpaUCTBe N n (X ) • 

10 
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Tor.lla 

N -+ 
V (r',~)~ 

rcz 

~ 4 .-+ -* + 
~ < N ( x) I V ( r '- x ) I N ,( x) > a a , 

, n n n n 
nn 

' nn va. 
P 

v a ( r ) y' ( ;'. ) a+ 
' n nn va a '' n 

( 21) 

r,lle p va' COO'rBeTCTByeT rrepeXO.IlHOH rrnOTHOCTII H.llpa II B cnyqae 0 -
nn 

o5pa3Horo B38IIMO.Il9HCTBIIH M9.>K.Ily Hy,KnOH8MII ( v ( r '-X) ~ g 0 ( r'- X)) 
·- ~··· -· 

IIMeeT 1IpOCTOH BII.Il: 

va ~ ... 
p ( r ) ~ g < Y ( r ) N ( r) I N ,( r ) >-. 

, va· n n 
nn 

( 22) 

Terrepb MO.>KHO aarriicaTb MaTpii'!Hhie sneMeHThl ocTaTo'!HhiX aepoTauiioHHhiX 

B38IIMO.Il9HCTBIIH1 BXO.IlHIIIIIe B ypaBH9HIIe ( 10): 

N mm 1a ( + - ( <Y-;-·¢ IV I¢ ,Y; _ >~ ~ p;;:- p 1/o;r)<¢ Ia a ,I¢ ,>. 23) 
L m a rez a L m nn 'v a Lr 1 v nn a n n a 

Docne.llHIIH MaTpii'IHhiH sneMeHT Bhl'IIICnHeTC51 B paMK8X mo5o·ii MIIKpOMO.Ilenii 

51,1lpa IIOCne rrepeXO.Ila K KBa3II'I8CTIIUaM 1 B 1Ip9.1lCTaBneHIIII KOTOpbiX 3a.lla

IOTC51. o5bi'IHO BOnHOBbl9 ljlyHKUIIII H.ll9p!IbiX COCTOHHIIH. 

3. Ce'!eHIIe cpbiBa 

C IIOMOlllbiO BOnHOBbiX <fJyHKUIIH BXO.IlHOro II BhiXO.IlHOrO KaHanoB 

( 11) II ( 16) Bhi'II!CniiM aMrr~nHTY.IlY n .llnljltjlepeHuiianhHoe ce'IeHne peaKunu 

cphiBa A ( d p ) B 

11 



(-) (+ l 
Tdp=<'l'p+ B JVnpJ 'I'd+ A> ( 24) 

aUJ) = [ (2J + 1)(2s +Or1 
I. 

A d · 

iT. lz dp ( 25) I. 
M M a a 

A B d p 

llnH :noro nocrronh3yeMCST rrpn6nn>KeuneM 0 -rrcennorroTeHUHana 

( np) -B3811MOll9ifcTBIIH 

vnp¢d=g.o(rn-rp), 
( 26) 

a ljlyHKUHH cBst3aHHoro cocTOHHIIST Kone•moro stnpa B pa3nO>KIIM no ljlyHKUIISTM 

~mpa A n nnnbccononcKnM ljlyHKUIIHM uyKnoHa: 

R* "' 
¢ (~=~+1 )= 

{Jik/3) 
I, yn ,{k{3=k ,+!l)cjJ*, N n)(f''), (27) 

, {3a a a ( k , l n ( u 

a (k •)n(!l) a 
a 

rne 

( 28) y n ( k = k + n ) = < ¢ R INn ,n) ¢a ( k l > ' 
{3a {3 a f3<k f3' a_ ... -. 

a 

( 29) 
(r')~ :s 

N n t!l=A+I. I e"A 

( n l ( n) " 
a r "A R r " ( r ) y r :• A ( r,) I. 

. .a . 
n 

* . 
Dsn~(O)Js"{a )> 

o ,:. 1 n n 
n 

·.,¥:; 
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\1 ' 

eCTb HH1IbCCOHOBCK8S1 cpyHKUHSI HeiiTpOHa, B KOTOpOii ClliiHOB8S1 '18CTb nepe

BeneHa B na6opaTopHyJO cncTeMy KoopnnHaT. l1c;nonh3YSI npHBenennbie Bbi

pa>KeJUISI II llpOBOllSl B cpOpMynax ( 24) Jl ( 25) COOTBeTCTBY!Oll!He IIHTerpnpoBa

HIISI .H npeo6pa30B8HIIS1 1 llOliY'IIIM OKOH'IaTelibHblH pe3y1IbTaT: 

...._. 
KA·- MA 

t n = C 
( -1) .. " ~ (n) 

J A J B --~ ~ af"A a{3 4 V TT ee ·ee· fL f"Aan J L 

,- -, 
mm m m 

X (e'f' m 'iii 'I Lm '+m' )( e f 00 I f"O)(e f mml f" A) X 

, X 
Al3cz{3n 

I -H'U 'm ;;;' 

A 

Yo~{kP), 
l. JL 

(30) 

,,~ 

ce 
" 

,, X 

e , J 2 

2 
. 2 -1 "'-2 

a { 0 ) = C [ 16 TT { 2 S n + 1) ] ~ L ( J J 
J L A 

KA 0 IJ K ) X (32) 
13 13 

I A 13-~ n 
ee 'H 'mffi 

2 m m , (n) (il m m , 

f r dr;R13{3U' lle,!f: Aaff'-

- HHTerpan nepeKpbiTIISI pannanhl!blX cpyHKunii. 
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/1/ 
T aK · )Ke KaK paaee , G.oecb BhmonamoTcH npaBnna oT6opa: 

0 =Ks -KA t r.oe 0 - npoeKUl!H MOM9HT8 HyKnoHa B Hllpe B , a CaM .. .. .. 
nepe.oaHHblit MOM9HT J =J - J 

B A 
, soo6me roBopH,' He coBnanaeT c Heco-

. xpaHHIOIIll!MCH MoMeHTOM HyKnoHa B Hllpe B • O.oHaKo B .oononlieHne K npe-

. n 
llbl.llYIIl9My 3.ll9Cb llOHBnHIOTCH Cll~KTpOCKOlll!'l9CKl!9 8Mllnl!TYilbl Y {3 a 

'ITO CBH3aHO C B03MO)KHOCTb!O npoMe)KyTO'lHOrO B036y)K.ll9Hl!H ypOBHeit Hepo-

TaUHOHHOit llpHpO.llhlo 

CTpyKTypy nonyqeHHhiX Bhipa)KeHHit MO)KHO nponnniOcTpnpoBaTb Ha 

npHMepe, KOr.Oa npe.ononaraeTCH ManoCTb OCT8TO'lHOrO B38HMO.ll9itCTBl!H 

IVre: I~ E I V,7: I (E« 1). llnH aToro GannllleM cxeMaTH'l,eCKH ypaBHeHHe 

( 10) Ha CBH3aHHbl9 K8H8nhi 

"' mm' mmt mlm' mml 
L n <1> on, = I. C 0 <1> 0 n ,+ E I. F '" n 

L Aaa f m Lft J}aLtL. a'fm aaLLt 
1 1 1 1 

no.ocTaBnHH C!O.ll8 pell!9HH9 B BH.Oe: 

, 
mm 

<ll AaU' 

(O)mm 

=<l>AAe£' 0 + ( 
A a 

, 
(1) mm 

<1> A a r£' 

, 
m\ m 

<1> Aa£tf' 

( 34) 

(35) 

H npHp8BHHB8H 'ln9Hhl O.llHOrO llOpH.OKa llO E t nony'lHM .llBa ypaBH9Hl!H 

.OnH 9THX $yHKUHit: 

,, (0) m m' . mm 
1 

Le <I> A A w = I- c ee 
e 1m 1 

, 
(O)mtm 

<1> AAfr 

, 
(1) m m, 

Le<l>Aafe' 
. mm 1 ( 1) m 1m, 

I, Cfft <1> A aft f' + E 
flmt 

-..... 

I, mm 1 (O)m 1 m' 

n F aAH 
1 

<1> AA U' 
L I ml l 

A nanorJI'lHhie Bhipa)KeHJISI nony'laiOTCH .onH npoTOHHoro KaHana. 
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.. · ...... . 

TaKIIM · o6paooM 1 c qJyiiKUII51MII ( 35) aMrmnTyAa cpbiBa c TO'IHOC'!'biO 

2 
AO 'IlleHOB IIOp51lUW f npeACTilBl15leTC51 B BJJAe: 

Tdp "'}ilA [tOAB +c I 1 \B J H)'b_ ( f3 f B)t f3 + cy (ad A) i 
' pa lA ncz · taB. ( 37) 

Dpn c .. o 3Aecb o'cTaeTC51 nepnoe cnaraeMoe 1 IWTopoe npn YnA ."'1 
Ill 

connaAaeT c nonyqennwM·paHee peaynbTaToM. OcTBllbHWe cnaraeMwe 

n (37) omrcb!BBJOT np·;~ex(yTo'IIIbie aMnmiTYAhi. BnAnol 'ITO ecnu cymecTny

eT CllllbHb!II npoMe:>KyTo'IHb!II nepexoA c Y {3A (nn6o Yncz ) "' c-
1 

Yn A 

.TO BKllllA ero B Ce'IeHHe MO:>l<eT OKil31lTbC51 cpaBHIIMbiM C OCHOBHblMo TeM 

6onee Bll:>l(IIO Y'IIITbiBBTb npoMe:>l<yTO'IHbie CTeneHII Cpb!B8 1 KOI'AB OCTilTO'I

JIL>Je B3BIIMOAeiiCTBII51 HeMBllbl (c-"' 1) 
n 

Pacc'IHTaeM Tenepb cneKTpocKomr'IeCKI!e al\ml!HTYAhi y f3cz 
/7 8/ 

B pal\max Mimpo!\wAenu Ae¢opMHponanuoro 51Apa 
1 
.• DnSJ aToro nepenu-

meM ( 28) B npeACTllBllCHHII 'IIICCll 38110l!HeHl!51 1 IIOApa3yMeBaSJ IIOA HHAeKCOM 

In I coBoKynnocTb KBBHTOBbiX qncen yponneii cpeAnero nonSJ- s , r ( .. ±. 1), 

B TOM 'IIICllC npoeKUIIH MOMeHTa f! II 'JeTHOCTb TT 

R 
C'IIITBSI Ill f3 

(38) 

' ~/ 
IIOACTBBHM B ( 38) BOllHOBbie ljlyHKUHH 'Ii?THOJ'O S!Apa A 

Ill 
a== A 

l 0 > 
(39) 

( ocnonnoe cocT051HHe c K A"' 0 1 KOTOpoe onpeAeneuo KaK Q 1 ( Af!) I 0 > = 0 ) 1 
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ct>afA 
+ Q l( t. p. ) I o > ! . 

(40) 

(onuo~ououuoe cocToHHrre c I a I ~I i, ,\,p. 
/5/ 

K a , ' TT I ) n ue'l~THoro 

Hnpa B : 

,\ ' ' 
ct>(:3 ':" [~ C a+ a+ ~ D : \K(:3TTJa+ Q+(,\'p.~)J \0 > (41) 

pa P P >./t'tya Y fS ya I· 

(anecb I (:31 =IK(:3 "(:3 I ). 
OepexonH nanee K KBaanqacTrruaM 

a+ 
ST 

u + a 
s s -r 

+ r V a 
. (42) 

S ST 

nocne ueKoTopbiX npeo6paaoaaunii nonyqaeM cooTaeTcTaeuuo nmi nepe

xona na ocuoalmro (A) rr onuo~ououuoro (a) ..:cocTommii qeTuoro Httpa 

a cocToHurre ct> (:3 ue'leTuoro Httpa cnenyromrrii peaynbTaT: 

sr 
y (:3A 

v 
~ y sr (K =0)=U C + --1!-- ~ 

Kf3"{3 (:3 s s .,J"r >..p.ty 

D Aft1(K TT ) cf> 1 
y-r (:3 (:3 y s 

( 43) 

·- .. - -· 
( 

/8/ . . 
eM. TaK>I<e , TaM ue nprraeaeuo aTopoe cnaraeMo€!1 KOTopoe Mano,a a npn-

6nu>Keunn TaMMa-namwaa HC'leaaeT) 
. - .... 

.· . v 
ysr:ysr (K ""p.+O)=U ~ o>.p.1 +-=~ C 

{Ja K {3"/f'P-{3 8 P p s-T ,j2 p P 

'l' * 1 -
ps 

- ~ ~ D ,\ JLl' ( 'l' I, 'l' H 

2 p 1' y p.' p.y-r p. 's p.'y 

+ cf> 1, 
p. 'y 

17 8/ 
BciOllY a.necb npHHSITbl o6oauaqeunR pa6oT ' • 
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cf>*' 
fl 's 

(44) 
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I; 

\ 

4. lJncneHHbie peaynbTaTbi ll o6cylli.ueane 

B npenbinymnx paanenax nocTpoeaa Teopnn n naao KaqecTneaaoe 

nccnenonaane nnnnann Hli3Kone)Kamnx aenpamaTenbHbiX cocTonanii: aa 

peaKUllll cpbiBa c yqacTneM netiJopMnponaHHbiX nnep. B aToM paa~ene 

Mbi npoaaannanpyeM peaynbTaTbi qncneHHbiX pacq~Ton, nponeneHHbiX nnn 

peaKunn 154 Gd ( dp) 1 55 Gd llnn npOCTOTbl Mbl yqliTbiBaeM anecb CBH3b 

TOnbKO nnyx aenpamaTenbHbiX cocTonanii: Kc>Heqaoro' nnpa 3/2- [ 521 ] 
, , - ...... , 

( ocH. co cT.) n3/2 [ 532] ( E "' 0,4 MeV ) ll ncex nocTpoeHHbiX a a HliX 

npamaTenbHb!X COCTOHHll!i1 a TaK)Ke CBH3b. ypOBHeii: OCHOBHOH BpamaTenbHOH 

.
154 Gd. B · nonocbi aaqanbHor·o nnpa aTOM cnyqae cnnaaHHbJe ypanaeann 

( 10) nnn aenpamaTenbHbiX yponaeii: Bbixonaoro KaHana MO)KHO aanncaTb 

cxeMaTnqecKll KaK 

" L <11 
1 .. 

L <11 
2 

v <11 + v <11 
11 1 12 2 

V<ll+V<Il 
21 1 22 2 

MaTpllqHbie aneMeHTbl OCTaToqaoro B38liMOneii:CTBliH ( vll 'v 12' v 21' v 22) 

paccqliTb!BanliCb C UOMOmblO 8 -Cllli ll 6a3liCHbiX tPYHKUliH netlJopMllpOBaH-

Horo noTeHUllana Bynca-CaKCOHa, npnqeM . KOStPtPliUlleHTbl a n B 
/9/ f"A 

yp.' ( 29) 6bmll B3HTbi na pa6oTbi • KaK ll mKnnanocb, B aToM cnyqae 

BbiUOnHHlOTCH cnenyromne npOCTbie COOTHOIIIeHliH: 

v 
12 

v 
'2) 

v 
11 

v ·22 

Cnnonoii: napaMeTp 8 -cnn Bbi6npancn paBHbiM g = 60 MeV fm 
3 

, 

TaK qTo6hl nennqnaa ocTaToqaoro naanMoneii:cTBliH aepoTaunoaaoro Tnna 

V
N V mt . 

. . .. 6hma· Toro )Ke nopnnKa, qTo ll .CneKTpocKonnqecKne aMnnnTyllbi , 
~z ~z 

( 43) paccqliTbiBanliCb C liCITOnb30BaHlleM BOnHOBb!X tPYHKUliH Monenll1 pa3Bll
/8/ 

TOR B pa6oTaX , ll 6binll paBHbi 

y ( 0+,. 3/2-[52l 1 ) "' O.S6 ; y ( o+,. 3/2-[532 1 ) 0.42; 
! 
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PaccMaTpnsanncb asa cny~a9 nepexonos H3 Ha~anbHoro nefiToHHoro 

KaHana B KOHe~Hblll npoTOHHbiH: 

(a) nepexon Ha ypoBHH J =3/2, 5/2, 7/2 

ro COCTORHHR 3/2- ( 521. ] • 

',. 
BpalllaTenbHOll nonOCbl OCHOBHO-

( 6) nepexon Ha yposeHb 3/2-[532 ] HepoTaunoHHoro Tnna. llnljxpepeHunan~-

Hbie ce~eHHR anR cny~ag (a) npnseneHbi Ha pnc. 1 ( KpHBbie 2). B no non-

HeHne K HMM TaM :lKe npuseneHbi ce~eHUR 1 pacc~uTaHHbie no ca~neposcKofi 
· 171 Ill \ 

!jiopMyne ( KpHBbie 3), a TaK:lKe no MeTony, naHHOMY B pa6oTe 1 rne 
' : 

B aana6aTH~eCKOM npn6nU:lKeHHH y~HTbJBaeTCR BKnaa B ce~eHHe TOnbKO 

spamaTenhHbiX ypoBHefi Ha~anbHoro H KOHe~Horo Rnep ( g = 0 1 KpHBbie 1). 
/2/ . 

(lleTanH 9THX pac~~TOB CM, B pa6oTe ), 

11a puc. I BHnHo 1 ~To B paccMaTpnsaeMoM cny~ae BKmo~eHHe ypoBHR 

HeBpamaTenbHOH npHpOnbi npHBOaHT K He6onblllHM H3MeHeHHRM B ce~eHHRX 

_,·.tno cpasHeHHJO c ce~eHHRMH I, rne y~TeHbi numb spamaTenbHbie cocTo-

RHHR Rnep, 0nHaKO 9TH H3MeHeHHR OKa3biBaJOTCR HenpeHe6pe:lKHMbiMH, npn 
0 

ManhiX yrnax snnoTb no 40 1 nnifl~PepeHunanbHbie ce~eHHR ropa3ao cnnhHee 

HCnbiTbiBaJOT BnHRHHe BKnJO~eHHOrO ( HeBpamaTenbHOro) ypOBHH1 ~eM npH 

6onbmnx yrnax. TaKoro :lKe xapaKTepa H3MeHeHHR snaHhi Ha pnc. 2, rne 

npnseneHbi pe3ynbTaTbi aHanorn~HbiX pac~~TOB ce~eHHfi nnR nepexona 

B B036y:lKneHHOe HeBpamaTenbHOe COCTORHHe 3/2-(~ j • 3necb1 KaK H npe:lK-

ne, y~~T B npoToHHOM KaHane CBR3H nsyx HespamaTenhHbiX ypoBHefi npnsonnT 

B OCHOBHOM K OTnH~HJO a6conJOTHblX BenH~HH ce~eHHll npH ManbiX yrnax,' 

npHBOnHMblll npuMep noKa3.b!BaeT1 ~TO BnHRHHe HH3KOne:lKalllHX ypOBHefi 

HeBpamaTenbHOfi npnponhi Ha nonepe~Hoe ce~eHue oKa3biBaeTCR nocTaTo~Ho 

ManbiM, xoTR n He npeue6pe:lKHMbiM. HeKoTopbie li3MeHeHHR Mor.yT B03HHK

HyTb1 Korna 6onbmee ~ncno YP,O~Hefi 6yneT BKnro~euo B pac~~T. OnHaKo 

H3-3a soapacTaHHH npn 8TOM ·Bbi'~ncnnTenbHbiX npo6neM nono6Hbifi pac~~T 
I 

ropa3no 6onee cno:lKeH. B 1-o :lKe speMR y~~T/ spamaTenhHbiX yposueii RBnReT-
./ . 

CR 06H3aTenbHbiM
1 

TaK KaK npnBonnT K CyllleCTBeHHbiM 113MeHeHHHM o6bi~HbiX1 

' ' D\'!TH _13/ 
onHOCTyneH~aThlX '~ - ce~eHHII 

18 

~jt. E"'l 
L....:.....! 

.!glst3 
-1 

10 
. /'\ \_. 

J."' ~~..# ~ 

\ J-~ 
·\ ___ . 

:J:.§ 
2 

41 ·\ 
, I . ·"'--/ \ '<::::,"""-=~ 
I \ J·~ 

\_.\ 
154 Gd(d.p)lssGd ·\. 

~- [521} \ 
---1 
--2. 
---:-·-3 

20 ItO 60 80 100 120 l'iO 

,3, 1pag 
Puc, 1, 
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