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BBeneHne 

PeaKUHH rrepeLla~H LlBYX HyKnO~OB CTanH BamHhiM HHCTpyMeHTOM HC-

0+ u 

cneLlOB8HHSI . CTpyKTyph! - COCTOSIHHH B ~9TH0-~9THhiX 8TOMHhiX SIJ:Ipax, 

B ~aCTHocTn, c rroMOI!lhiO peaKunil: ( t , p ) n ( p , t ) o5HapymeHo 

MHOro HOBh!X 0+ -B035ymneHHil: B Ll9$0pMHpOB8HHhiX SIJ:Ipax ( CM,, HSUpH

Mep, /1-5/), Ce~eHHSI. Boa5ymneHHSI aTnx cocToSIHHil: rrpoSIBnSIIOT pSIJ:I xa-

paKTepHhiX oco5eHHocTeil:, B SILlpax Nd , Sm n 'Gd rrepexonHoil: o5nacTn 

HH3KOnemamHe 0+ -ypOBHH B035ymJ:ISIOTCSI TSK me CHnhiiO, KSK H OCHOBII09 

COCTOSIHHe /1,2/, 0THOCHTenhHh19 ce~eHHSI Boa5ymneHHSI 0+ -ypoBHeil: B SIJ:I-

154-158. l 
pax Gd n SIJ:Ipax aKTHHHnHoil: o5nacTH MeHhrne, onHaKo HMeiOT 

perynSipHbiH xapaKTep (~ 15% Ce~eHHSI Boa5ymneHHSI OCHOBHoro COCTOSI-

HHSI) /4,5/ ~ HccnenoBaHHSI pSina naoTorroB Yb , W n Pt He. o5Hapyllm-

/3 4/ nn aHanorn~Hoil: perynSipHocTn ' • 

TeopeTn~eCKHe nccnenoBSHHSI CBSI3H CTpyKTyphl o+-COCTOSIHHil: c Be

poSITHOCTbiO B035ymaeHHSI. HX B peaKUHSIX J:IByXHyKnOHHhlX rre'pena~ UpOBO

J:IHnHCb B pSine pa5oT. Ehmo rroKaaaHo, ~To B rrpocToil: Monenn c rraplihiMH 

KOppenSIUHSIMH Ce~eHHe B035ymneHHil: 0+ -COCTOSIHHil: (rrapHb~X BH5pauni!:) 

CHnhiiO 38BHCHT OT ITOBeLle!IHSI ITnOTHOCTH OJ:IHO~aCTH~HblX ypoBHeil: B6nH3H 
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DOBepXHOCTH !l>epMH 16,1l H, cnenOBSTenbHO, He MO>KeT 6biTb perynHpHbiM 

nnSI uenhlx o6nacTeH: Slllep. KpoMe Toro, TeopnSI npencKa3biBaeT noHenenne 

napHbiX BH6paunit npn aneprHHX (i) ~ 26. (rne 2 6. anepreTn'leCKSH 

men&), a 0+- B036y>KJleHHSI B H30TOD8X Nd • Sm Gd n B aK·Tn-

HHJlSX, O'leBHJlHO, ne>KST 3H8'1HTenbHO HH>Ke menn. 

HenaBHO B pa6oTe 181 6bma npennomena Monn4JnKaunSI napnoro 

B38HMOJleii:CTBHSI, KOTOp8H DpHBOJlHT K cymeCTBeHHOMY H3MeHeHHID CBOHCTB 

napHblX BH6paUHHo l.JncneHHbie paC'IeTbl lgl DOK838UH B03MO>KHOCTb 06'bHC-

HHTb B paMKax aToii Monenn noeenenne ce'lennii ( p ) - peaKUHit 

B o6naCTH 8KTHHHJlOB, 0JlH8K01 ueHOH HCDOUb30B8HHSI pHJl8 JlODOUHHTenb

HbiX napaMeTpoe. B paMKSX aToii Monenn Tpynno n·oHHTb KonneKTHBHbiit 

xapaKTep HH3Konemamnx B036y>KJleHHH B H30Tonax Nd Sm 'Gd, 

·rh 

Ka'leCTBeHHoe nccnenoBanne SIJlepnoro MaTpH'IHOro aneMeHTa (cneKT

pocKonn'leCKoro 4JaKTOpa) JlUSI peaKUIIii JlBYXHYKUOHHblX nepeJlS'I DpOB.OJlH-

UOCb B MOJlenH C napHbiMH H KB8JlpynonbHbiMH CHUSMH BenHeBbiM H PyMHH

ueBbiM I 101 H B nenaeHeil pa6oTe aBTopoB I 111. B 'ISCTHOCTH, noKa3aHa 

CHUbH8SI 38BHCHMOCTb cneKTpOCKODH'IeCKOrO 4JaKTOp8 JlDSI HH3KOne>KaUIHX 

()+ -B036ymJleHHH ( Ct.l .<< 2/1 ) · OT xapaKTepa pacnpeneneHHSI 0JlH0'18CTH'I

HblX KB8JlpynonbHbiX MOMeHTOB B6UH3H DOBepXHOCTH !l>epMH. 0K838U0Cb,· 

'ITO ecnH B OKpeCTHOCTH DOBepXHOCTH !l>epMH OJlHO'ISCTH'IHble· KB8Jlpynonb-

Hble MOMeHTbl OJlHOrO 3H8K81 TO MO>KHO O>KHJl8Tb 3H8'1HTenbHOrO yeenH'IeHHSI 

cneKTpOCKODH'IeCKHX ~aKTOpOBo B OTUH'IHe OT napHblX BH6pauHii T8K8SI 

'BbiCTpOeHHOCTb' KBanpynonbHbiX MOMeHTOB yCHUHBSeT CDeKTpOCKODH-., 
'leCKHe 4JaKTOpbi B uenoii o6nacTH Sinep. 

llenb HSCTOHUieit pa60Tbl - HCCneJlOB8Tb B03MO>KHOCTb ODHCSHHSI 

CBOftCTB Q+-cOCTOSIHHil HJlep 8KTHHHJlOB B paMKSX cymeCTByro~eii MOJlenH 

C napHbiMH, KB8JlpyDOUbHbiMH H CDHH-KB8JlpyDOUbHbiMH CHUSMHo 

4 

1 
I 

I !l>opManH3M ·Mopenn 

Monen&Hblil raMHDbTOHHSH SIJlpa c y'leToM napHbiX, KBBJli 

CDHH-KB8JlpynonbHbiX B38HM~JleHCTBHit HMeeT BHJl /121 

H=H +H. +H+H ·sp pazr q t 

H = ~ ( E - 'A.)(a +a + ·sp v v · V 
a+ a ) v v v 

H =~G·r+r, r =~a a_, . • . . . v v 
.. p.tlr- v> o 

K ·+ 
H = - _.!. 'T 'T 

q 2 q q 

T ~ 1· 2 y ·1 ' . + = .<vr .v>aa, 
q , 20 v v . 

·VII 

H 
Kt + 

= --T T 
t 2 t t 

T ~ I 2 P I', + t =· · .< v r v .. > a a , • 
, 20 v v 

w 
3necb E V - 0JlH0'18CTH'IHbie aHeprHH, A -XHMDOTeHuHan CHI 

H aV -onepaTOpbl pO>KJleHHSI H yHH'ITO>KeJU!:SI '18CTHUbl B .CDC' 

cooTBeTCTBeHHO ( 1; > conpH>KeHnoe no epeMeHH cocTOHHHe 

CBS13H KB8JlpynonbHOrO, CDHH-KB8JlpynonbHOrO H napnoro B38E 

o6o3Ha'leHbi qepe3 K " H _K t 

onpenen~a 5 I 121. paTop p 21-' 

G COOTBeTCTBeHHO. 1 

KpaTKO H3UO>KHM cxeMy pemeanH.3BJlB'IH, cnenyH _MeTOl 

H BeHe3epa I 131, KOTOpbiit D03BOnHeT B SIBHOM BHJle BbiJleUH' 

0+ -cOCTOSIHHe
1 

DOSIBneHHe Kp'l'oporo Bbl3B8HO HeTO'IHblM COXpl 

'18CTHU B CHCTeMeo flpnBeJleM B KB83H6030HHOM npH6UH>KeHHF. 

HHSH (1) K 4JopMe 
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He MO:IKeT 6biTb perymlpHbiM 

IBI npellCK83biB88T nostBneHHe 

tte 2/l. SHepreTH'I8CK8H 

Sm Gd H B 8KTH-

1 MOllH!f>uxauust napaoro 

~eHHOMY H3M8H8HHIO CBOitCTB 

K838nH B03MO:IKHOCTb 06'bstC-

lfit ( p • ) - peaxuuit 

>BSHHH pstlla llononHHTen&

lHO nOHHTb KOnneKTHBHbiit 

nax Nd Sm 'Gd, 

lTpHtrHoro sneMeHTa (cnexT-

KnOHHbiX nepell8'1 npoBOllH

CHnaMH BemteBbiM H PyMHH

ll. B tracTaocTH, noxaaaaa 

KTopa llnst HH3KoneJKamux 

pacnpelleneaust OllliOtraCTHtr

ocTH. «PepMH. Oxaaanoc&, 

:. · auatrHTen&Horo ysenutreHHH 

18plibiX BH6p8UHit T8K8H 

HnHB88T cneKTpOCK?nH-

l03MO:IKHOCTb OnHC8HHH 

~x. cymecTByrorrteit MOllenu 

IbHbiMH CHnaMHo 

Mollen&Hbiit raMHnbTOHHaH stllpa c ytreToM napHbiX1 KBallpynonbHbiX .H 

cnua-xBallpynonbHbiX saaHM!)lleitcTBHit HMeeT BHll I 121 // 

y,y +H +H +H 
·sp pair q t 

H "'~(£ -ll.)(a+a +a+a.) 
, sp Jl ll ll . Jl il V 

H "'~G ·r +r , r "' ~ a a_, 
.,a:u.. . ~~ > o ~~ ~~ 

K ·+ 
- -..!·r ·r H 

q 2 q q 

T 
q 

H K t T + T 
t 2 t t 

~ .< v I;- 2 P I v' > 
, 20 

+ a a , . 
y Jl 

l/ll 

3Jlecb £ v -XHMnOT8HUHan CHCT8Mbi1 

( la) 

( 1a) 

(16) 

( 1B) 

( lr) . 

·+ a 
v 

H a v -onepaTopbi po:IKlleHHH H yHHtrToJKeHllst tracTHUbi B cocTostHHH I v .> 

cooTBeTCTBeHHO ( I ; > conpst:IKeHHoe · no BpeMeHH cocTostHHe). KoacTaHTbi 

CBSI3H KB8llpynonbHOr0 1 CnHH-KB8llpynonbHoro H napHoro B38HMOll8itCTBHit 

o6oaaatreHbi trepea K 
9 K t H 

paTop p 
2/l B

. I 121. 
onpeJleneH 

G COOTBSTCTBSHHOo TeH30pHbiit one-

KpaTxo nanoJKHM cxeMy pellleHHst.aallatrn, cnellyst . MeTOllY Mapwanex·a 

H Befl:eaepa I 131 1 KOTOpbiit noaBOnsteT B SIB HOM BHll8 BblllSnHTb "llYXOBOe" 

0+ -cocTOstHHe1 nostBneHHe Kp'l'oporo Bbi3B8HO H8TO'IHbiM COXpaHeHHeM .'IHCna 

'18CTHU B CHCTeMeo llpHB8ll8M B KB83H6030HHOM npH6nH:IK8HHH raMHnbTO-

HH8H (1) K 4>opMe 
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H 'const 
1 2 2 2 

+ 2 ::£ 19' + (j) f l 
ll ll ll ll 

( 2) 

B KOTOpOii: SpMHTOBbi onepaTOpbi p H f 
ll ll 

YllOBneTBOpHIOT KOMMyTa- . 

UHOHHbiM COOTHOIII9HIUIM 

[f/l, PA]. = i8Ail [9'1-' PA].= [fll,f.A] = o ... ( 3) 

l.JaCTOTbi KonneKTHBHbiX 0+ -B036y>KJ19HHH (I) HSXOJlHTCH H3 cne-
/l 

llYIOIIIHX ypaBH9HHii: JlBH>K9HHH 

[ H , 9' ] . = i w 
2 
f ,; 

ll ll ... (4) 

[ H , f ll ] . = -i 9'~ . 

B aaiiieM cnyqae onepaTopbi P u f MoryT 6biTb Bbipa>KeHbi t{epea 
· ll IL 

KB83H6030HHbie llBYXKB83H'I8CTli'IHbi9 onepaTOpbi. 

p 
ll 

1 . + 
-2 ::£ t/1 ~-', (A vv, + Avv , ) ' 

, vv 
·VV 

. ll + 
f = - ; ::£ ¢ , ( Aw'- Aw' ) , 

ll vv' IIV 

.A , = - 1-(a · a~,- a_a ,) , 
vv vT v v v v 

(5) 

(5a) 

r11e a - onepaTOpbl KB83H'I8CTHU 0 BB9Jl9HHbie C fiOMOIIIbiO ( U, V) -. v . 

npeo6paaoaaHHH Eoron106oaa, a 'I' u ¢ -aMnnHTYllhi cMeiiiHBaHHH. 11Mest 

B BHllY (5), nony'IHM ua (4) .ceKynHpHoe ypaaaeaue JlnH w,~, 

w:l[]-KqF(cu,~,J1D-K 1 S(w,~,J1-KqKt X 
2

(w,~,J} = 0, ( 6) 

B KOTOpOM HBHO BbiJleneHO 'llyXOBoe' peiiieHHe C (I) .1: "'' w0 = 0 • <f>yHKUHH 

F (w) • S (w} H X ( w) . onpeJleneHhi cneJlyiOIIIHM o6paaoM: 

6 

4/ 

. 2 q 

F(w)"' 2 ::£ 
vf,v'· 

B. ,q,2, U '· 2..._. vv [q 
vv. vv vv +·4!l ..w 2 2 )11.1 

2 2 v E (4E -w ) B ,-w v·v vv 

r(w) = 
a( w) 4.,(w) . 

b() ·y(w)- [(£ -A)b(w)- d(w}], 
cu b(w) v . 

.,(w) = 4[(c(w)b(~}-a(w)d(w)], 

y(w) = 4(4!l 2 -w 2 )b 2 (w} + J6d 
2
(w), 

q)ll.l 1 

a (w) = ::£ ; b( w) = ::£ 
. 2 2 2 

v 2E (4E - w ) v 2E (4E - w 
v v v v 

q ( £ -A) £ -A 
)11.1· .v v 

2 

c(w) = ::£· d ( w) = ::£· 
iE (4"E 

2
- w 

2
) 

.. 
2E (4'E 

2
·- w v v v v . v v 

.E L 2 2 , , t , 

S ( w) = 2 ::£ 
vv vv vv 
2 2 , 

·W E , - w w. 

w L , U , t , q ,· 
vv vv w·vv 

X (w) = 2 ::£ 
E 2 , - w :i 

vv 
, 

)11.1 

3Jl9Cb q , H vv. t ·VV,. - 0JlH0'18CTH'IHbl9 MaTpH'IHbie sneMeHT: 

T 2y 20 H T 2 p 20 , cooTBeTCTBeHHo, Bv. = y!l 2 +(£v-A) 2
-.o·ll. 

Hbi9 saepruu, 'Evv' ="Ev +' 'Ev' • a _aenH'IHHbl uvv'· H L vv 

c napaMeTpaM~ ( u , v ) - npeo6paaoaaHHH Eoron106o:Ba 

u , .:!· u v , + u '· v ' 
)11.1 v .v v v 

L ,= u v,-u,v 
w· v v. v v 
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(2) 

YllOBneTBOpSIIOT KOMMyTa- . 

w H8XOllSITCSI H3 cne
ll 

(4) 

ryT 6btTb Bbtpa>KeHbi itepea 

bl. 

(5) 

(5a) 

l c noMoiUbiO . ( u , v ) . -

.mnHTY!lbl CMeWHBSHHsr. H~esr 

He Hue .nnsr w 4 

0, ( 6) 

C CU.\=' w 0 = 0 • <l>yHKUHH 

JOIUHM o6paaoM: 

., 
I 

1 

F (cu) 

.E . 2 U 2 . , q I , , 

vv. w w 

'E2,_ (<) 2 
vv 

+4112}; qw [' 
2 2 q 

v E (4E -cu) w 
v . v 

a( w) 4rdw) . 
r(cu)- -- ·Y (w)- [(£ ->..Jb(w)- d(cu}], 

b(w) b(cu) v 

T/{cu) = 4[(c(cu)b(~)-a(cu)d(cu)], 

2 2 b2 d2 y{cu) = 4(46. -w ) (w) + 16 (cu), 

1 
a(cu) b( cu) = }; ---,-----, 

2E (4E
2

-cu
2

) 
v 

c(cu) 

S{cu) 

X (cu) 

q (£ ->..) 
_};• W· V ·' 

v 2'E (4'E 
2

- cu 
2

) 

d(cu) 

2 }; 
, 

·W 

2 }; , 
w· 

v v 

.E L 2 2 , , t , 
vv vv w 
2 2 

E , - cu w. 

w L , U ,t ,q , 
w w vv·w 

2 2 E ,- w 
vv 

{ - >.. 
" = }; 

v 2 E (4'E 
2

- cu 2
) 

v v 

(7a) 

(76). 

(7e) 

(7~)' 

(8) 

(9) . 

3.nec& q , H 
w· t vv'· - o.nHottacTHttHbte MaTpHttHbie aneMeHTbi onepaTopoa 

r 2y 20 H r 2 p 20 , cooTBeTCTBeHHo, E
11

• = y6. 2+((
11 

->..) 2-. o·.naoKBa3HttaCTHtt-

Hbie aHeprHH, 'E , ='E +" 'E , • a eenHttHHbl u .... '. H L w' CBSI38Hbl w' v v . vv 

c napaMeTpaMI;I ( u v ) - npeo6paaoaimusr Boron106osa 

u , 'E! u v , + u , ' v , 
W· V ,JI V V 

L , = 
w 

u v,-u,v 
v v v v 
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Ypa:BHeHIIe ( 6} nony'leHo B npesmono)l{eHHII, 'ITO CHllOBbie napaMeTpbi 

K II K OlliiH8KOBbl llllH ( n 1 11 } 1 ( p 1 p } II ( n 1 p } -
_q - t 

asaiiMolleftcTBHii •· B ( 7} -( 9} cyMMHpoBaHHe npoBOllHTCH no HeATpOHHbiM 

H npOTOHHbiM COCTOHHIIHM. B Clly'lae K q = IC t = 0 ypaBHeHIIe llllH Q+ -coc

TOHilllil: (napHbiX Bll6paUHft} IIMeeT Bllll: 

w 2 y ( w) = 0. (11} 

Tipll K q = 0 II K t f 0 nony'laeM llOnOllHHTellbHOe ypaBHeHHe llllSI cnHH

KB8llpynOllbHbiX aos6y)l{lleHHii 

1-KS(w)=O· 
t l 

( 12} 

BBHllY rpoM03llKoqTH Mbi He npHBOllHM 3llecb Bbipa)l{eHHft llllSI aMnnH-

Tyll 1/J H cP • 0llHO~OHOHHbie BOllHOBbie ~yHKUHH 0+-COCTOSIHHA MO)I{HO 

38nHC8Tb B BHlle 

+ 
Q_. IO> 

1 1 -1--P + .. ,- (<) y2 y-;;- .1 'vw1 o~.. 1 IIO>, 

Q IO > = 0 
l 

p I O·> = 0 
0 

l 

(w
1 

f,. O) 

(w = O). 
. 0 

CrieKTpocKonH,eCKIIe <baKTOpbi 

( 13} 

llnH Ka'leCTBeHHhlX oueHOK onepaTop nepell8'1H llBYX HYKllOHOB B peaK-

UHH ( p 
1 

t } HllH ( t 1 p } MO)I{HO. Bbi6paTb ~ Blllle /14/ 

·r(p, tJ = ~ 
v>o 

a a-, 
v v 

. + 
rrt,pJ = r (p,tJ .. 

8 

( 14} 

3anHIIIeM r ( p t t. } qepe3 onepaTcipbl !J>1 II ~l 

r(p,tJ = ~ 
i 

uv--=.~ 
v v y2 l 

~ .. (~1/Jl)+ 
v vv v 

1 {I) 2 2 l 
+ - ~ J. [ ~ (u -. v ) ¢ ..J2"1 .. v v v w 

] . 

CneKTpOCKOnH'IeCKIIil: ~8KTOp llllH nepell8'1H B OCHOBHOe COCT( 

ro Hllp8 Tenepb npH6llH)I{eHHO paBeH (c TO'IHOCTbiD llO p83llH 

COCTOHHHil: M8TepHHCKOrO II llO'IepHero Slllep} 
114/ 

s 
0 

2 /),.' 2 
= 1.< o I r I o > 1 ~ r c) . 

CneKTpocKonH'IeCKHA ~aKTop llllH nepella'IH B aos6y)l{lleHiwe ' 

HHe 
2 

s l<oi[Q_.,rJIO> 1 

Tiocne pS1ll8 HeCllO)I{libiX Bbi'IHClleHHft nony'IHM llllSI OTHOIIIeHHSl 

SIS 
0 

1 

w 3 Z ( w) 

2 · a( CtJ 

---- TJ (w)( w• b(w) ±. 2 d ( w)) ±. -
b(w)y(w) b(CtJ 

rile 3H8KH (+} H (-) OTHOCSITCH K peaKUHHM ( p 1 t H ( 

BeTCTBeHH0 1 8 Bellii'IHH8 Z ( w) onpellelleHa CllellyiDIIIIIM 06f 
I 

E 2 2 

z ( w) = ~ vv' qvv' ·Uvv' 

vf,.v' (E 2 ,-w2)2 
vv 

2 
K X (w) 

1 _a_l ' }. + --
4 w a w 1 - K s r ciJ) . 

t . 

+ 2 /).·2 ~ 

v 

(qvv - rv (wJ/.1 

E ( E 2.,.. 2)" 
v 4 v (t) 

B ypaaHeHHe ( 18} BXOllSIT ~YHKUHH y 1 TJ • a • b 

qeHHbie CyMM11pOB8HHeM TOllbKO no Heil:TpOHHbiM COCTOHHHHM, 

Z ( w) cyMMIIpOB8HHe npOBOllHTC.II no Hef!:TpOHHbiM H npOTOHH: 
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'ITO CHnOBbie napaMeTpbl 

p )H{n,p)-

npoaonHTCH no HeATpOHHhlM 

= 0 ypaaaea~e nns o+ -coo-

{ 11) 

nbHOe ypaBH9HH9 nnH CnHH-

{ 12) 

•nee& Bbtpa:meaHA nns aMnnH

:tUHH 0+~COCTOHHHA MO:H<HO 

1>, 

{ 13) 

. ' 

enatJ:H nayx HyKnoaoa a peaK

aT& B BHne / 14/ 

.. . 
(p' t) • . ( 14) 

3anHWeM r { p • t. ) qepe3 onepaTopbl P... H f ... 
i .1: r (P, t J = I. u v - - I. f ... r I. "' J + 

v v v ,{2 .1: v w 

+ . ~I. p • [ I. (u 2- v 2 ) ¢ k 1 . 
v2 A: .. v v v w 

{.15) 

CneKTpOCKOllH'19CKHA ¢aKTOp nnH nepena'IH B OCHOBHOe COCTOHHHe notJ:epHe-

I'O snpa Tenepb npHOnH:meHHO paBeH { C TO'IHOCTbiO no pa3nH'IHH OCHOBHbiX 

cocrosHHfi MaTepHHCKoro H notJ:epaero snep) /14/ 

2 l'l' 2 
= 1.< o I r I o >I ;;; r ~J . ( 16) 

CneKTpOCKOnHtJ:eCKHfi ¢aKTOp nnH nepena'IH B B030y;mneHHOe Q+ - COCTOH-

HHe 

s 1 < o1 r Q ... , ·n 1 o > 1 
2 

Ilocne psna aecno:mHbiX BbitJ:Hcneanfi nony'IHM nns oTHOWeHHH S I S
0 

SIS 
0 

1 2 a( (1.)) 2 
----., (w}{w·b(w) ±2d(w)):!: 1 
b(w}y(w) b(w) 

rae 3HaKH (+) H (-) OTHOCHTCH K peaKUHHM ( p , t H ( t , p 

BeTcTaeaao, a aenH'IHHa Z ( w) onpeneneaa cnenyromnM o6pa3oM 
I 

Z(w)= I. 

2 2 
B , q , ·U , 

w w w 

(E 2, _ w 2) 2 
J.IV 

2 

1 a K t X {w) 
+--1---1. 

4w aw 
1- K S(w} . 

t 

(qw - rv (w)l·y(w)) 2 

+ 
2 2 2 

B (4E .,... w ) v v 

( 17) 

(18) 

COOT-

( 19). 

B ypaaaeane (18) axonsT ¢yHKUHH-y TJ , a , b H d , nony-

tJ:eHHble cyMMHpoBaHHeM TOnbKO no HefiTpOHHblM COCTOHHHHM, a B ¢yHKUHH 

Z ( w} CyMMHpOBBHHe npoaonHTCH no HeliTpOHHbiM H npOTOHHbiM COCTOHHHHM. 

9 



QqeBlUUIO, 'ITO CllliH-KBallpynonbHbie B3aHMOileftCTB~H BnHHIOT Ha 

cneKTpOCKOnHqeCKHe ~aKTOpbl TonbKO 'iepea HOpMHpOBO'iHYIO ~YHKUHIO 

Z(w) , KOTopaH peaKo BoapacTaeT B6nHaH peweaHft ypaBHeHHH (12), T.e. 

B6nii31I cnHH-KBallpynonbHblX COCTOHHHfto B paCCMaTpiiBaeMOft MOilenii 'IHC-

Tbie cniiH-KBallpynonbHbie Boa6y:lKileHHH ( B cnyqae K 
q 

~ 0) He Boa6y:lKila-

IOTCH B peaKUHII nepell8'11I llByX HyKnOHOBo 0JlH8KO IIX npHMeCb B ~ -

BH6paUIIHX MO)KeT CHnbHO BniiHTb Ha S ~aKTOpblo 

PaccMoTpHM ( 18) llnH aecKonbKIIX npellenbHbiX cnyqaeB. 

1. O<w «26., K = 0. 
t 

3TOT cnyqaft COOTBeTCTByeT nO'iTH 'iHCThlM ~ - BH6paUHHM 0 KOI'Ila 

ocna6neaa ponh napHbiX BII6pauHil:. Tipeae6peraH HeKorepeHTHbiMH cyMMaMII 

T/ ( w) II d ( w) t a TaK)Ke C'iHTaH Manoil: Hellii8I'OHanbHYIO CyMMY B , Z ( w) t 

nony'IHM npocTyiO oueHKy /11/ 

S/ S "' _1 __ 1_ I a( w = 0) I 2 
0 3 ' w Z 0 b(w=O) ( 20) 

!:!.. 2 2 

zo = ~ 
qv 

8 E 5 (20a) 
v (n,p) v 

OTHomeHIIe I a/ b I B ( 20) IIMeeT CMbiCn cpellHero OllHO'i8CTII'iHOI'O KBall-

pynonhHoro MoMeHTa, Baaeweaaoro no ae6onhmoMy aaepreTH'ieCKOMy 

IIHTepBany B6nH31I noBepXHOCTH <l>epMIIo 3Ta BenH'iHHa cymeCTBeHHO B03-

pacTaeT B o6naCTH, rne BCe OllHO'i8CTH'iHhle KB81lpynonbHbie MOMeHTbl B 

OKpeCTHOCTII noaepXHOCTII <l>epMH OllHOI'O 3HaKa (B o6naCTH .,BbiCTpoeH

HOCTH')o B pa6oTe /11/ y)Ke oTMeqanoch, 'ITO cneuii~H'ieCKHe o6nacTH 

.,BbiCTpoeHHOCTII"' KBallpynonhHbiX MOMeHTOB XOpOWO npocne)KHBaiOTCH B 

Hllpax c A ~ 155 II B aKTHHIIIlHOil: o6nacTH. 

OueaKa, aaanorH'IHasr (20), 6bma nm:iyqeaa paaee a,pa6oTe EenHeBa n Py

MHHUeBa /!Of • 0TMeTIIM1· 'ITO OHa cnpaBellnHBa llnH Hllep, HaXOilHIIIHXCH B 

"10 

cepelliiHe o6nacTII '.sbiCTpoeaaocTII"' •· Ha KpaHx o6nacTH 6011 

IIrpaiOT. IIHTep~epeHuiioHHbie a¢qleKTbi (eM. ( 18) ) , o6ycnoBne 

peHUIIeft BaaiiMOileftCTBIIft B 'iaCTII'iHO~'iaCTII'iHOM II 'iaCTII'iHC 

KaHanax. B qacTHOCTII, npii STOM MOI'YT CIInbHO paanii'il 

pocxonii'ieCKIIe ~aKTOpbi llnH ( p , t ) II ( p ) - pe~: 

2. w "' 26., Kt = 0 

3TOT cnyqaft COOTBeTCTByeT npaKTII'ieCKII 'iiiCThlM nap 

UIIHM, onpelleneHHbiM ypaBHeHHeM ( 11) o TipocTaH oueHKa lla' 

HIIe 17/ 

!:!.. 3 -1 

S/S
0 

.. [ ~ 
v 
-----]. 
E (£ ->..)2 

v v 

3JleCb oqeBHilHa CIInbHaH aaBHCHMOCTb OT nnoTHOCTII ypOBHe 

BepXHOCTII <l>epMIIo S - ~8KTOp B03pacTaeT B cnyqae, KOI'. 

UIIan nonallaeT B menh B OllHO'iaCTH'iHOM cneKTpe ( I £ - >. v 
KaH CIITYBUIIH HBnHeTCH 'IIICTO noKanhHOil: ( HanpiiMep, B Slllp 

B oTnH'iiie oT npellbiilymero cnyqaH. 

Pac'ieTbi H o6cy)KneHHe peaynhTaToB 

tiiicneHHbie pacqeTbi 6btnii npoBelleHbi llnH Hllep aKTIII 

HcnonhaoBancH lle~opMIIpoBaHHbiil: noTeHuiian TIIna CaKcoaa· 

MeTpaMII ~ 
20 

= 0,22 II ~ 
40 

= 0,08 x/, oniicaHHbift B pafi 

CHnOBbie napaMeTpbi K II K noll61IpaniiCb II3 ycnoBII! 
q t ' 

+ 
oniiCaHIIH H3BeCTHbiX SKCnepiiMeHTanhHbiX ll8HHbiX 0 0 -B031 

aT oft o6nacTH Hnep ( CM., HanpHMep, o6aopbl /17 I). nonyqe 

x/ TaKoil: Bbt6op naP.aMeTpoB Jle~opMaunii cornacyeTc: 

MH HellaBHHX II3MepeHIIft /16/• 

11 



>pMHpOBO'tliYIO, !flyHKUHIO 

ellieHHli ypaBHeliHH ( 12) 1 T.e. 

~eMaTpuaaeMolt Monenu ttue-

·ttae K 
11 

'7 0) He Boa6y)KJla-

JaKo · HX npHMeeb B {J -

Opbl.: 

>IM {J - BH6paUHHM 1 Korna 

lSI lleKorepeHTHbiMH eyMMSMH 

IaroliSIIbHYIO eyMMY B , Z ( w) 1 

( 20) 

(20a) 

lHero OUHOttaeTH'tliDrO KBan

~OMY SllepreTHtteeKOMy 

~IIH'tHHa eYllieeTBeliHD B03-

BanpynonbHbie MOMeHTbl B 

1 (,a o6naeTu "a~xeTpoea

cneuu!flntteexue o6naeTH 

p01IID npoene~HBSIOTeH B 

tHee s,pa6oTe Bensresa H Py

nnsr srnep1 liSXOUHlliHXeH B 

eepenuHe o6naeTH ".BbieTpoeaHoeTH" • Ha xpasrx o6naeTH 6onblliYIO ponb 

urpaibT. HHTepljlepeliUHOliHbie aljlljleKTbi (eM. ( 18)) 1 o6yenoaneHllbie KOliKy

pelluHelt B38HMOUelieTBHli: B ttaeTH'tliO-ttaeTH'tHOM H ttaeTH'tHO-UblpOttHOM 

Kallanax. B ttaeTHoeTH 1 npu STOM 

poeKOUHtteeKHe !flaKTOpbi UIIH ( p 1 t 

2. W "' 2 /j. , K t "' 0 

MoryT 

) H ( 

eHIIbHO p831IH't8TbeH eneKT

p ) - peaKUHlio . 

3TOT enyttali: eOOTBeTeTByeT npaKTHtteeKH ttHeThlM napllhlM BH6pa-

uusrM1 onpenenellllbiM ypaBHeliHeM ( 11). llpoeTasr oueHKa naeT Bbipa~e

liHe 17/ 

fj.3 

S/50 "' [ ~ 
II E ( ( - A) 2 

II II 

-I 
-----]. (21) 

3neeb OtteBHUH8 eHnbH8H 38BHeHMOeTb OT UIIOTHOeTH ypOBHelt BfiiiH3H no

BepXHOeTH <llepMH. S - <flaxTop aoapaeTaeT a enyttae, xorna xHMnoTea..;. 

uuan nonanaeT a· menb a onHottaeTHttHOM eneKTpe ( I£ - A I "' fj. ) • Ta~ 
II 

KSH eHTyaUHH HBIIHeTeH ttHeTO IIOKSIIbHOti ( HanpHM'ep1 B HUpe 
17 4 f b /3/) · 

B oTnHttHe oT npenhxnymero enyttasr. 

PaetteTbi u o6ey?!SlleHne peaynbTaToB 

lJuene.HHbie paetteTbi 6bmH nposeneHbi nnsr srnep aKTHHHUHOlt o6naeTH. 

Henonbaosanesr ne!flopMHposaHHbilt noTeHuuan Tuna CaxeoHa-Bynea e napa

MeTpaMH f3 
20 

= 01 22 H f3 . = 0,08 x/ 1 onueaHHbilt B pa6oTax /15/ • 
40 

CHnOBbie napaMeTpbi K H K non6npanueb ua yenoBHH HaHnyttlliero 
9 t ' 

+ onueaHH!I H3BeeTHbiX SKenepHMeHTSIIbHbiX USHHbiX 0 0 -B036y~neHH!IX B 

aToli: o6naeTH Hnep (eM •• HanpnMep, o6aopbi /171). nonytteliHbie npu aToM 

x/ 
Taxoli: Bbi6op naP.aMeTpoa ne<flopMaUHH eornaeyeTeH e peaynbTaTa-

MH HenaBHHX H3Mepel1Hli: l16/• 

11 



aa:aYJea:nH napaMeTpoB noxaaaHbi a:a pnc. I. noBeJieHne napaMeTpa 

He MO)K9T 6biTb onncaa:o HllK8KllMll ll3B9CTHbiMll CTeneHHbiMll 38BllCllMOC-

THMll OT MaCCOBOro "!llCna x/ • HeperynHplfbiH XOJI K q "!8CTll"'HO MO)K9T 

6biTb CBH38H C ll3M9H9Hll9M Jie<fJopM8Ullll OT HJipa K HJipy1 B03MO)KlfO TaK

~e BnllHHll9 "!8CTOTHOH 38BllCllMOCTll 1 npeJinO)K9lfHOii: B /Ig/• 3aM9TH8 a:e-

KOTOpaH ll30TOllll"!9CK8H 38BllCllMOCTb K q 

1<38 
62 ~ Kt 

~ 

58 l "· 4 .· '.,_,~f65•fa9tr 
Sit L 

...... 
50 L ' 

""' ...... , ,, 
. 28 ~ K·~ 

2i ~ ;::/;;'...... ~ 
20 ~ Th 

228 ' 2.32 2J6 21f0 II 

Pnc. I. CnnoBbie napaMeTpbi BaanMOJieii:CTBnii:, ncnonb30BaHHbie B 
pacYJeTax. 

x/ !IBI 
. CM. T8K)Ke o6cy)KJleHne noBeJiea:nH K q B pa6oTe 

I2 

I· 
' 

'j 
I. 

) 
13 
J 
I 

1\~ 

3a:aYJeHnH napaMeTpa K 1 oTnnYJa:o onncbiBaroTCH npoc 

8 -4 
K 

1 
= 1,65 • 10 A [ MaB 1, 

YJT01 nO-BllJlllMOMy1 CBH38HO C T9H30pHbiM xapaKTepoM CllllH· 

HbiX B38llMOJl9HCTBllH1 He 0"!9Hb "lyBCTBllTenbHbiX K Jl9T8nHM 

Bepxa:ocTn <t>epMn. BoaMO)Klf01 ona:axo, "'TO cnnbHBH cTenem 

MOCTb (22) HBnHeTCH TOnbKO noKanbHOHo 

· KpoMe aHeprnii: n S -<f!aKTopoB BbiYJncnRnncb TaK)Ke I 

EO-n E2-pacnaJia o+ -B036y)KJI9Hllii: ( Benn"'lllfbl p 2 (EO) n E 

B9TCTB9HHO) 1 a T8K)K9 ll3BeCTHbiH 6eapa3MepHbiH napaMeTp 

X 
2 P (Eo) e 2R 4 

0 

B(E2,0+ ... 2+ ) 
· · k gr.st. 

BBnJiy Toro, "'TO B pacYJeTax yYJnTbiBanocb 6onhiiioe YJncno ( 

cocTOHHnii: (~ 60) BennYJna:a a<fl<f!eKTllBHoro aapRJia nnH a:eii:T 

Manacb paBa:oii: Hynro JinH o6onx EO-n E2-nepexoJioB. Peay1 

TOB nnH a:eii:TpOHHbiX napHbiX Bn6paunii: npencTaBneHbi B Ta6 

Hnx xapaKTepHbi Manbie aa:aYJeHnH SIS 0 It, , cnenoB~Tenb 

HllH1 o6Hapy)KeHHbie B pa6oTe /4/ 1 He MoryT 6biTb "lllCTbiMI 

Bn6paunRMri. 

XapaKTepncTllKll Hll)K8HIIIero o+-Boa6y)KJieHllH B MOJien 

n xBaJipynonbHbiMn cnnaMn npnBeneHbi B Ta6n. 2 BMecTe c 
. . ' . 

naBeCTHbiX axcnepnMea:TanbHbiX naHHbix. Bo Bcex Rnpax Bbi 

aHeprnn 6onbiiie axcnepnMeHTanbHbiX, TeM He Mea:ee OTHOIII 

cxonnYJecxnx <f!axTopoB SIS 0 a:aMHoro npeBbiiiiaiOT axcne1 

OTHOIIIeHllH ceYJeHnii: a.f a 0 JinH ( P 1 t ) -peaKUllH x/ • .E 

x/ 0 . COOTBeTCTBllll 8TllX Benn"!llH MO)Klf0 rOBOpllTb 1 e 
YJeCKlle <fJaKTOpbi B CeYJeHllHX OlllllfaKOBbi B OCHOBHOM ll B03( 
cocToHHllHX. KpoMe Toro, Heo6xoJinMo npennono)Kea:ne o6 o 
TOM xapaKTepe npouecca nepena"ln JIBYX HyKnoHoB. 

IS 



loBeaeHHe napaMeTpa 

MH CTeneHHblMH 3aBHCHMOC-

: XOa K q 'laCTH'IHO MO>KeT 

Iapa. K s:apy1 B03MO>KHO TaK-

. /19/ . 
KeHHOit B o 3aMeTHa He-

2it0 ,q 

HCflOllb30BaHHhle B 

/18/ 
B pa6oTe 

3Ha'leHliH napaMeTpa K t OTIIH'IHO OflH~b!BaiOTCH npOCTOit ljlopMyllOU 

Kt 
8 -4 

1,65 • 10 A [ M aB ], ( 22) 

'IT01 no-BHaHMOMy1 CBH3aHo C TeH30pHhiM XapaKTepoM CflHH-KBaapynonb

HbiX B3aHMoaeitCTBHH1 He O'leHb 'IYBCTBHTellbHhiX K aeTallHM B61IH3H no

BepXHOCTH 4>epMH, Bo3MO>KH0 1 oaHaKo, 'ITO CHllbHas: cTeneHHas: aaBHCH

MOCTb ( 22) HBIIHeTCH TOllbKO llOKallbHOHo 

· KpoMe aHeprHtt H S -.PaxTopoB Bhi'IHCIIHIIHCb TaK>Ke BepoHTHOCTH 

EO-H E2-pacnaaa o+ -Boa6y>KaeHHtt (BellH'IHHhl p 2 (EO) H B(E2) COOT-

BeTCTBeHHO), a TaK>Ke HaBeCTHhitt 6eapaaMepHhitf napaMeTp PacMycceHa 

X 
( 23) 

BBHay Toro, 'ITO B pac'leTax y'IHThiBanocb 6onhrnoe 'IHcno oaHo'laCTH'IHhiX 

COCTOHHHtf ("" 60) BellH'IHHa aifJifleKTHBHOro 3apHaa anH HeitTpOHOB npHHH.

ManaCb paBaott HYIIIO anH o6oHx EO-H E2-nepexoaoB. PeaynhTaThi pacqe

TOB ans: HetfTpOHHhiX napHhiX BH6paUHtf npeacTaBneHbi B Ta6n, 1, llmr BCeX 

HHX xapaKTepHhl Mallble 3Ha'leHHH I + . S S o It/ 1 cneaoBaTellbHO, 0 -COCTOH-

HHH, o6Hapy>KeHHhie B pa6oTe /4/, He MoryT 6b!Tb 'IHCTbiMH napHblMH 

BH6paUHHMH o 

XapaKTepHCTHKH HH>Kattrnero o+ -Boa6y>KaeHHH B MoaenH c napHhlMH 

H KBaapynollbHhiMH CHllaMH npHBeaeHbl B Ta6n, 2 BMeCTe C 60llbiiiHHCTBOM 

H3BeCTHhiX axcnepHMeliTanbllhiX aaHHhix. Bo Bcex Hapax Bhi'IHClleHHhie 

aHeprHH 60llh11Ie 3KCnepHMeHTallbHhiX 0 TeM He MeHee OTHOIIIeHHH cneKTpo

CKOflH'IeCKHX .PaxTopoB SIS 0 aaMHoro npeBhiiiiaiOT axcnepHMeaTanhllbie 

OTHOIIIeHHH Ce'leHHtf a/ a 0 allH ( p 1 t ) -peaKUHit x/ o ECIIH >Ke napa-

. . 
xl . · 

Q COOTBeTCTBHH 3THX BellH'IHH MO>KHO rOBOpHTb 1 eCIIH KHHeMaT~-
'IeCKHe ljlaKTOphi B Ce'leHHHX oaHHaKOBhi B OCHOBHOM H Boa6y>KaeHHhiX 0 -
cocTOHHHs:x. KpoMe Toro, Heo6xoaHMO npeanono>KeHHe o6 oaHocTyneH'Ia

ToM xapaKTepe npouecca nepeaa'IH aByx HYKIIOHOB, 

13 



Ci
i 

.... .. i o
.L

to
 

o
.L

to
 

..
 

0
•
 

..
 

0
•
 

2 
~
&
 
s 

~
s
 

.!
.t

o
o

 
o
~
o
 

9
• 

• 
• 

C
•
 

0 
0 

...
. 

1
0

 
\1

1\
11

 
CD

 
...

. 
\l

lt
-1

 

.... : 

.... .. N
 'i-

.... 
.... 

.... 
.... 

....
....

 
~
~
~
 
~
 ~
 ~
 

l 
o

o
s
 

0
0

 .
t 

....
....

... 
.!.t 

0 
0 

0 
.
.
.
.
 

~
s
 
~
 

.... -I
!;

 .... .. ~
 

0 

.... 
.... 

.... 
.... 

. .
. 

.. 
.. 

~
~
 
~
 
~
 

0
0

 
0 

0 

i
s
s
~
 

t t-
1

0
 

0 
0 

0
•
 

.
.
.
.
 

~
~
 
s 

s 

la
p

an
ep

.c
!D

K
 •

•a
ii

iU
 0

+ -
JP

O
JI

•e
l, 
D
U
~
e
 ..

 ile
 l

iP
• 

I(
 

-
0 

t 

•o
aa

aa
...

.x
 J

B 
p•

c.
 I

. 

.... .. N
 ~
 

...
...

...
...

...
. 

.. 
.. 

.. 
.. 

~
 
~
 
~
 
~
 

X
 

0 
0 

N
 

t-
1 

.. 
.. 

.. 
.. 

\I
I 

t-
1 

N
 

\I
I.

 

..
..

..
..

. x
 

I(
 q 

:3:
g_r

a 
.2

U
 'T

h.
 

za
oT

h. 
z.

uT
h 

a
3

,)
u

 
.u·

u 
,.u

•u
 

Z
II

U
 

W
1 

tM
J
IJ

 
0,

94
 

0~
94

 
0,

95
 

1,
02

 
1,

21
 

I,
II

 
1,

07
 

J
2 

(S
O

) 
0,

06
 

0,
13

 
0,

26
 

0,
05

 
O

,II
 

0,
07

 
O,

Oi
f. 

T3 
CE

i>
sp

to
. 

1,
47

 
2,

95
 

6,
00

 
1,

56
 

3,
43

 
2,

29
 

1,
29

 
.... 

X
 . 

0,
30

 
0,

30
 

0,
30

 
0,

22
 

0,
22

 
0,

22
 

. 0
,2

2 
• 0 

S/S
o 

Cp
,-0

 
'a

 
0,

31
 

0,
55

 
0,

74
. 

0,
38

 
0,

32
 

0,
17

 
0,

03
 

=
 

S/
So

 (l
,p

) 
0,

08
· 

0,
47

 
I,I

O
 

0,
31

 
O

,?
I 

0,
70

 
0,

57
 

co
 

W
, 

(M
"1

 
0,

83
 

0,
64

 
0,

73
 

0,
69

 
0,

81
 

0,
92

 
0,

93
 

.....
... •n
 

~C
BV

sp
-.

 
3,

0 
0,

!3
 

.. =
 

-
.-

.....
 

O
'l

t;
l 

X
 

.. . 
(0

,8
3)

 
0,

22
(1

0)
 0

,3
4(

8)
 0

,1
7(

4)
 

0,
50

(8
) 

N
IC

 
O

G
 

G"
/6"

o 
(p

,t)
 

.....
.. 

0,
18

 
0,

18
 

-
O
,
I
~
 

0,
!3

 
0,

!3
 

.. 

0 

.... • 

'fa
G

D
aa

 2
. 

.u
s 

Pu
 . 

av
DP

u. 

1,
13

 
0,

94
. 

0,
05

 
0,

05
 

1,
77

 
1,

91
 

0,
18

 
0,

17
 

0,
14

 
O

,II
 

0,
62

 
0,

97
 

0,
94

 
0,

86
 

0,
63

(2
0)

 0
,0

5(
!)

 

0,
!5

 



.. -
,o

· .
. -

Ja
:J

.~
 

-
-

0 
--

·~
, 

0 
I 

0 
1-

4 
, 

\l
o

ll-
4

, 

.!.t
 0

 010
 l-. 0

 
9

o
o

 ..
.... 

0
1

0
 

\lo
l\l

o
l 

co
 

...
 

\l
o

ll-
4

 

..
 -

0 
9 

~
 

J. 
\I

t 

l 
P

P
S

 
0 

0 
I 

1-
4 

1-
4 

\lo
l 

.
-

0 
.
-

0 
1

:1
-4

 
\lo

l 
\l

o
iN

 

~
 

0 
0 

0 
.
.
.
.
 

I 
0 

1-
4 

\I
f 

..
..

 
1-

4 

-..
 .

 -
, .. -

~
S
S
J
G
J
G
 
~
s
 i

 
1~
.~
 

l s
o

 0
 

0 
IN

 0
 

0 
\
l
o
l
~
 

1-
4 

1-
4 

l 
l 

s 
s 

p 
p 

,-
(/)

 
I 

I 
0 

0 
~
 
~
 

..
. 

\l
o

iN
 
I
V
~
 

"
i 

'-
" 

a 

• i 111
1 .... " "' " C
) 

'
-

liD'
 

f: I 1-
4 • 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
-
-
-
-
~
-
~
-
~
 

I 

'f
a

G
n

u
 2

. 

Ia
p

au
ep

ac
tD

II
 .

. a
tn

x
 o

+
-J

P
O

:I
•e

l, 
JI

IU
C

.t
 .
.
 JII

ie 
up

• 
I(

 
-

0 
..

..
..

..
. x

 
I(

 
t 

q 

•
o
u
a
a
~
 a

 
p

•c
. 

I.
 

~
r
a
 

22
8 

'T
'h.

 
za

oi
h.

 
z.

nT
h 

2
3

,1
u

 
~
·
u
 

,
~
'
u
.
 

z
u

u
 

.z
n 

Pu
 

.zv
11

pu
. 

W
1 

l:
H

"J
 

0,
94

 
0,

94
 

0,
95

 
1,

02
 

I,
2

I 
I,

II
 

!,
0

7
 

I,
I3

 
0,

94
 

cf2
 (S

O
}

 
0,

06
 

0,
13

 
0,

26
 

0,
05

 
O

,I
I 

0,
07

 
0,

04
 

0,
05

 
0,

05
 

-1
3 

C
 E
:L

>s
,..

. 
!,

4
7

 
2,

95
 

6,
00

 
!,

5
6

 
3,

43
 

2,
29

 
!,

2
9

 
1,

77
 

I,
9

I 
.... 

X
 . 

0,
30

 
0,

30
 

0,
30

 
0,

22
 

0,
22

 
0,

22
 

, 0
,2

2 
0,

!8
 

0,
!7

 
• Cl 

S/
So

 l
P,

·O
 

Ci
i 

1 
0

,3
! 

0,
55

 
0,

74
 

.0
,3

8 
0,

32
 

0,
!7

 
0,

03
 

0
,!

4
 

O
,I

I 
• 

S/
So

 (
l,p

) 
0,

08
· 

0,
47

 
I,

IO
 

0
,3

! 
0

,7
! 

0,
70

 
0,

57
 

0,
62

 
0,

97
 

'~
 

W
, 
(
M
~
J
 

0,
83

 
0,

64
 

0,
73

 
0,

69
 

0
,8

! 
0,

92
 

0,
93

 
0,

94
 

0,
86

 
... ()

 
IO

C8
Vs

p<
4 

3,
0 

0
,!

3
 

..
 

t:
l 

-
-

-
-

-
1

-4
. 

0
'1

0
 

X
 

0,
22

(!
0)

 0
,3

4(
8)

 0
,!

7(
4)

 
0,

50
(8

) 
0,

63
(2

0)
 0

,0
5(

!)
 

-. 
(0

,8
3)

 
-

-
N

l:
 

o
•
 

G"
/6"

o 
(p

,t,
) 

,.
 

0,
!8

 
0,

!8
 

-
0

,!
4

 
0

,!
3

 
0

,!
3

 
-

-
0

,!
5

 
.. 



• '"' -'I( 

• 
=-· a 
as 

1-t ... 
• >( 

i 
It 

I 
0 

i 
I .. 
• 1-1 

a o 
~~ 
u yl 
t:,l 
i: 
II 
i 
I 
u 
I 

I 
~ 

\Q It'\ CO tl\ N \0 0\ N CO 1:'- 1-1 N 1-1 1 1-1 l't'\l't'\ 1-1 0: ~q~""'!""'!~ qqlfl<'!_q('!_ '"';..0 q<'!_b q 
.. 001-1000 HQOOOO 1-11-1001-10 ·= ~ t 

~ tl\ N 1:'- "' N. N 0 '"' ..,. "' tl\ 1-1 ·~ ..,. "' Nit'\ "' 
F
~ 0\0COI-II-II't'\ NOCONOI't'\ fl'lll Nl I 

......................... •00 •00 
,.. cooooo 1-1ooooo 1-1 tttotot-t'1 

N 1-1 \D tl\"' '"'IN'"' 0 1:'- .... ..,.Il-l t"' tl\l't'\ 1-1 0\0ti\I-ION 1-101:'-NOI't'\ .or I Nl 0 ~ 1 .. .. .. .. .. .. . ... .. .. .. .. .. o -o .. :t 000000 1-100000 1-1 1-fi-IOI;fO 
<t ~ I ' 

.j. ... 

~~ 

a;s 

-i 
1-a 

N "' ..,. 1:'- ..,. \D I 0\ .. "' \D 1:'- \D 1 .. t"' tl\l't'\ "' 0\001-11-fl't'\ 1-101-fNOI't'\ It'\ I Nl I .. .. .. .. .. .. .. .. .. .. .. .. .. 0 .. 0 0 
001-1000 1-101-1000 1-1 tot 707tt 

1-1 N tl\ \D co tl\ I co \D N tl\ tl\ tl\ I 0 "' tl\ tl\ 0 1-10 COO!:'- I-ll-IN NOI:'-NOtl\ l't'\ 0 1:'-NI't'\ .. .... -- .. .. .. .. .. .. .. . .. .......... 
000000 1-1.01-1000 1-10 0000 

tl\ 

~~~~~~~~~~~~~~~ ~ ~~~~ 
0 0 0 0 0 0 1-1 0 ..... 0 0 0 1-1 0 0 0 0 0 

&i\ 

~~~~\d-~l~!!i~#i~5ll'tt ~ ~~~ 
0 0 N 0 0 H 0 It'\ 0 0 0 1-1 'jf .... 0 0 0 

.. F:::- .. .. .. .. .. .. .. 1=1 .. .. .. .. .. - .. .. .. c ..c I\$~ :R ~ t\1 ~I~ ~ ~ ~ ~ 1~ ~ ~ i1\ 2"" 
A 000000 Oc)NOCC 1-1 c 000~. 

~ 

!£:-

i 

~~.~~~~ ............ 
000000 

,., ~ i. -:: ~ 
"to~ .S~ 
~~"'". 0 w-~..-~~~ .g ~4l ~ 

~ ~ l;! f:\ ~ o~~'"'b ~ ~ S ~ .. .. .. .. .. .. .. ........ 
..... 0 0 0. c. 0 1-1 ~ 0 0 .0 0 

"""'- l.. ...... Ci:: .., ~ .... """ 
"to~ ~-t> "''to~·~~ 
rUJ~ ._.._. ~"'~ ~.:!! 
w ._ I.Al ><.s.t_ ~ ....., ..... l&a >< . • 
3'~~ ~ 0') 3' ~di ~ ~ 

II, 

MeTp K q fiOllOOpaTb TaK, 'ITOObi Bbi'IHCneHHbie aHeprHH COBfiaJlanH C 

axcnepHMeHTanbHbiMH1 To, KBK npaauno, OTHOIIIeHHe S/5
0 
~ 1 • 0JlHOBpe

M9HHO a llBa -TpH :paaa aoapacTaiOT aHa'leHHH B (E 2) I Ill. 

fTpH BKniO'IeHHH CfiHH-KBBllpynonbHbiX B38HMOlleiiCTBHii ( Taon. 3) 

npOHCXOllSIT cneJlylOIQHe KB'I9CTBeHHbie H3MeHeHHSI xapaKTElpHCTHKH 0+- BO~ 

oyJK]leHHA. 
+ . 

B) fToSIBnSieTCSI BTOpOe HH3KOneJKamee 0 -COCTOSIHHe ( . ru ·~ 2J\ )t 

OTOHpalOmee HB ceoSI 3Ha'IHTenbHYlO 'IBCTb KonneKTHBHbiX CBOHCTB . {3 - Bl 

pauuA. 

6) Bbi'IHcneHHbie aHepruu ru 
1 

npaKTH'Iecxu coanallaiOT c axcnepu

MeHTanbHbiMH, 'ITO ObinO ooycnoBneHo Bbi6opoM K q ' HO OllHOBpeMeaao 

yJlaeTcSI aaa'IHTenbHO yMeabiiiHTb cnexTpocxonuqecxue ~aKTOpbi llnH ~ux 

H 3li8'19HHSI B (E2) 0 npHB9llSI HX B COOTBeTCTBHe C aKcnepHMel!Tanbl!biMI 

OTHOIIIeHHSIMH u I u· 
0 

H HeMl!OrHMH llBliHbiMH 0 B (E2) (eM. Taon. 1), 

Bee BbiiiieneJKamue o+-COCTOSiliHSI HBnHlOTCSI npaKTH'IeCKH napl!biMH 

BH6paUHSIMH0 xapaKTepHCTHKH KOTOpbiX Cnaoo B03MYIUBIOTCSI CfiHli-KB8Jlpy-. 
nonbl!biMH CHnaMH. 0JlH8KO KBallpynonbl!bie CHnbi npHBOllSIT K cymeCTBeHHI 

My pOCTy CfieKTpOCKOfiH'IeCKHX ~aKTOpOB llnSI 8THX COCTOSIHHH B pHJle SIJle 

TopHSI u ypaaa (cpaBHH Taon. 1 H 3). 

0TM9THM 0 'ITO B Hllpe 
240 Pu TeopHSI npaKTH'IeCKH .BOCfipOH3BOllHT 

+ 14 21/ 
ace Tpu uaaecTHbie 0 -cocTOHliHH • • DnH o6'hSICHeliHH pacnalll!biX 

CBOHCTB /21/ 0+-B030YJKlleliHSI C 8Heprueu 1,41 MaB llOCTBTO'IliO npellfiO· 

1T 
noJKHTb1 'ITO OliO COJlepJKHT ae6onbiiiYlO npHMeCb llBYX OKTynonbl!biX ( K 

0 - ) ~DliOliOBo 

3aKnlO'Ieaue 

TaxuM oopaaoM, MOllenb c napabiMH u KBallpynonbHbiMH cunaMu 

. 003BDnSieT KB'IeCTBeliHD ooi.SICHHTb npU'IHHY perynHpaoro. XOlla OTHOCUTem 
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MeTp K q fi0Jl06paTb TaK, 'IT06bi Bbl'IHCneHHbie aHeprHH COBfi8Jl8nH C 

aKcnepnMeHTanbHbiMH, To, KaK npaBnno, OTHomeHne S /S
0 
~ 1 • OnHoBpe

MeHHO B JlBa -Tpn pa3a B03pacTaiOT 3Ha'l:eHHR B ( E 2) I Ill. 

IlpH BKniO'I9HHH CfiHH-KB8JlpynonbHbiX B38HMOJl9fiCTBHl1 ( Ta6n. 3) 

npOHCXOJlRT cneJlyiOmne Ka'leCTB9HHbl9 H3~9H9HHR xapaKTepHCTHKH 0+- B03-

6y>K)leHHlto 

+ . 
a) IlORBnRaTCR BTOpoe HH3KOne>Kamee 0 -COCTORHHe ( ru .< 2 fl )t 

. .. 
OT6HpaiOmee Ha ce6R 3H8'1HTanbHyiO '18CTb KOnneKTHBHbiX CBOfiCTB . {3 - BH6-

pannl1. 

6) .Bbi'IHCneHHbl9 aHeprHH ru l npaKTH'I9CKH COBfi8Jl810T C SKCnepn

MeHTanbHbiMH, 'ITO 6binO o6ycnoBn9HO Bbi6opoM K q J HO 0JlHOBpeM9HHO 

YJl89TCR 3H8'1HTanbHO yMeHbWHTb Cfi9KTpOCKOUH'Ie.cKHe tjlaKTOpbl JlnR ~HX 

H 3Ha'leHHR 8 (E2), npHBe)lR HX B COOTBeTCTBHe C SKCnepHMeHTanbHbiMH 

OTHOWeHHRMH a I a· 
0 

H H9MHOrHMH Jl8HHbiMH 0 B ( E2) ( CM. Ta6n. 1). 

Bee BbiWene>Kamne o+-COCTORHHH HBnRIOTCR npaKTH'IeCKH napHbiMH 

BH6paUHRMH, xapaKTepHCTHKH KOTOpblX cna6o B03MYIUBIOTCR CfiHH-KB8Jlpy·-. 
nonbHbiMH CHnaMHo 0JlH8KO KB8JlpynonbHbl9 CHnbi npHBOJl5{T K cymecTB9HHO-

My pOCTy Cfi9KTpOCKOUH'I9CKHX tjlaKTOpOB JlnR STHX COCTORHHll B pRJl9 51Jl9p 

TOpHR n ypaHa (cpaBHH Ta6n. I H 3) • 

0TMeTHM, 'ITO B RJlpe 
240 Pu TeopHR npaKTH'I9CKH .BOCOpOH3BOJlHT 

+ /4 21/ 
BCe TpH H3B9CTHbie 0 -cOCTORHHH ' o nnR 06'bRCH9HHR p8Cfi8JlHbiX 

CBOltCTB /211 o+ -B036y>KJl9HHR c aHeprnefi 1,41 MaB JlOCTBTO'IHO npenno

TT 
no>KHTb, 'ITO oHo conep>KHT He6onbWYIO npnMecb JlByx OKTynonbHbiX ( K == 

0 - ) tjloHOHOBo 

TaKHM o6pa30M, MOJlenb C. napHbiMH H KBBJlpynonbHbiMH CHnBMH 

U03BOnReT K8'19CTB9HHO o6iRCHHTb npH'IHHy perynHpHoro XOJla OTHOCHTenb-
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HbiX cetJ:eHIIii: a Ia· 
0 

B peaxunn ( p , t ) B HApax 8KTllHllAHOA o6nac-

Tn. KonntJ:eCTBeHHhle npencxa3aHnH Teopnn 3aMeTHO oTnntJ:aiDTCH oT sMnn

pntJ:ecxnx naHHbiX. B tJ:aCTHOCTn, Monenb npencxa3biBaeT cnnwxoM 6onbwne 

oTHOWeHnH cnexTpocxonntJ:ecxnx !flaxTopos SIS 0 • B aToM nyHKTe, onHa-

xo, Heo6xonnMa onpeneneHHaH ocTopo:1KHOCTb npn cpaBHeHnn S /S 0 c 

sxcnepnMeHTanbHbiMll OTHOWeHllHMll CetJ:eHnA af a 0 1 noCKOnbKY OHO 6a3n

pyeTCH Ha cnnwxoM ynpoweHHOM npencTaBneHnn o MexaHn3Me peaxuna. B 

tJ:aCTHOCTn, noxa HeHcHo, HacxonbKO cnpasennnso npencTaBn!'lHne o peaxunn 

nepeAatJ:n nsyx HyxnoHoB xax o6 onaocTyneHtJ:aTOM npouecce. 

KonntJ:eCTBeHHbie npencxa3aHnH Monenn c· napHbiMn n KBanpynonbHhi-

Mn cnnaMn 3aMeTHO ncnpasnHIDTCH sseneHneM cnnH-KBanpynonbHbiX cnn 

( B KaHane 'I8CTllUa-AblpKa) 1 KOTOpbie pacnpenenHIDT KonneKTllBHbie xapaK

TepllCTllKH {3 -Bn6paunA no HeCKOnbKllM 0+ -COCTOHHll.HM ll 1 B tJ:aCTHOCTll 1 

cHnbHo MeHHIDT cnexTpocxonntJ:ecxne !flaxTopbi. Ponb cnHH-KBanpynonbHhiX 

cnn oKa3biBaeTcH cymecTBeHHOfi n npn onncaHnn !X~ {3 · -pacnana Ha 
+ /22/ /23/ . . 

B036y:1KneHHbJe 0 -cocTOHHllH • HenaBHne nccnenosaHHH noxa3ann, 

'ITO sTn cnnhl noMoraiDT 3aMeTHo ynytJ:wnTb xonntJ:eCTBeHHoe onncaHne 

MoMeHTOB nHepunn Hnep. 

0TMeTnM TaK:1Ke pHA HeHCHbiX noxa BOnpOCOB B pacCMOTpeHHOA MO

nenn. Tax, TeopnH npencxa3biBaeT 6onbwne 3HatJ:eHnH Sl S0 nnH pHna 

BbiWene»tamnx o+ -Bo36y:1KneHnA. Ecnn ( p I t ) -peaKUllH HBnHeTCH OAHO

cTyneHtJ:aToA, To Taxne cocToHHRH 6bmn 6bi o6Hapy:1KeHbi. 8xcnepnMeHTanb-

/4/ + 2.3o Th 24o p 
Ho noxa aaaneHbi BTopbie 0 -cocToHHllH nnwb B n u 

(n3 paCCMOTpeHHbiX HaMn H.Uep), 

KpoMe TOr0 1 . TeopnH npe,llCKa3biBaeT .UOBOnbHO 6nn3KHe OTHOWeHllH 

Sl S nnH peaxunii: ( p , ) n ( t p ) B 6onbWllHCTBe paCCMOTpeH-
0 

HbiX Hnep. He.naBHO 6bmo nposeneHo Hccnenosaane /24; pH.na H.nep aKTnHn

noa B peaxunu ( t , p ) , .nnH KOTOpbiX a! a0 oKa3anncb -~ 2-4%. Ecnn 

( t , p ) - peaxunH HBnHeTCH onHocTyneHtJ:aThiM npoueccoM, To Heo6xo-

18 

.!lllMO ncnpaBllTb MOAenb1 ycnnllB KOHKypeHUlliD tJ:aCTll'IHO-'IaC 

tJ:aCTll'IHO-~blpO'IHOrO KaHanOB OCTaTO'IHhiX B3allMOAeii:CTBlli\:, 

B /24/ npenno:1KeHo BBecTn KBanpynonbHbie napHbie xoppenHu 

C STHM OTMeTllM1 'ITO BnepBbie KBanpynonbHbie. napHbie KOpp 

aseneHhi n paccMoTpeHbi BenHeBbiM H PyMHHueBbiM I 10, 19/. 

paaneHne Monenn no3BonnT coxpaHnTb xonneKTllBHhlii: xapaKT 

:1Kamnx 0+ -B036y:1KAeHllA1 He06XOAllMOCTb KOTOporo BbiTexaeT 

peHnH a -pacnana, pe3ynbTaToB xynoHoBcxoro Bo36y:1KAeHnSJ 

+ llpennono:1KeHne o .uayxtJ:acTn'IHOM xapaKTepe 0 -Bo36y:1KAeHn 

nnT x ecTecTBeHHOMy pa3nntJ:niD cnexTpocxonntJ:ecxnx xapaKT 

( p , t ) n ( t , p ) - peaxunHx, Hq no-annnMoMy, nm 

eTCH C ll3BeCTHblMll npyrnMn SMnnpntJ:eCKllMll AaHHbiMll, 

Onaaxo HaM xoTenocb 6bi eme pa3 nontJ:epxayTb, 'ITO r: 

Monn!flnunpoaaTb H.nepHyiD Monenb, aeo6xonnMo nccnenoBaTb 

cneKTpocxonntJ:ecxnx !flaxTopoB, n3BnexaeMbiX n3 oTHocnTenbJ 

Bo36y:1KneHnii: B peaxunHx nayxHyxnoHHhiX nepe.na'I, T.e. nccn 

xaHn3M peaxunn. 

B 3aKniD'IeHne aBTopbi Bbipa:1KaiDT 6naroitapaocTb A.n. 
C.H. <l>enoToBy 3a noMomb B tJ:ncneHHbiX pactJ:eTax. OnnH H3 

( H.n.) Bbipa:1KaeT npll3HaTenbHOCTb AOKTopaM n:1K. llincjlcjl.epy, 

ll ll:1K. fappeTy 3a npe.UOCTaBneHne pHA8 SKCnepnMeHTanbHbD 

AO ony6nHKOBaHHH. 

nnTepaTypa 

1. J .H. Bjerregaard, O.Hansen, O.Nathan and Hi: 
Nucl.Phys. 86, 145 (1966). 
J.R.Maxwe11, G.M.Reyno1ds, N.M.Hintz. Phys 
151, ~000 (1966). 

2. R. Chapman, W.McLatchie and J .E.~itching, P 
31B, 292 (1970) ·• 

19 



\.' . . ·. 
I B HApax aKTHRHAROA o6nac-

~MeTRO OTl.!H~aroTCH OT 9MllH

lCKaSbiBaeT cnHIIIKOM 6onbWHe 

IS 0 • B aToM nyRKTe, oaRa-

npH cpanReRHH S /S 
0 

c 

uf u· 1 nOCKOl.!bKY ORO 6aaH-
. 0 ' 

IHH o MexaRHaMe peaKUHA. B 

JHBO npeacTaBn~RHe 0 peaKUHH 

:aToM npouecce. · 

c· napRbiMH H KBaapynonbRbi

.t CllHR-KBaapynonbRbiX CHI.! 

lel.!HloT KOl.!l.!eKTHBRbie xapaK

:oCTOHRHHM H1 B ~aCTHOCTH1 

•• Ponb cnHR-KBaapynonhRbiX 

:IHH !X ~ f3 · -pacnaaa Ra 

HccneaonaRHH 1231 ~oKaaan~, 
tOl.!H~eCTBeRHOe OllHCaRHe 

lOCOB B paCCMOTpeRROft MO-

' :Ra~eRHH SIS 0 anH pHAa 

t ) -peaKUHH HBl.!HeTCH OARO-
'"· \. . 

6Rapy)KeHbi, 8KcnepHMeRTanb-

IHWb B 230 Th H 240 P'u 

IOl.!bHO 6nH3KHe OTROWeRHH 

B 60l.!bWHRCTBe paCCMOTpeR-

18RHe /24/ pHAa HAep aKTHRH

~O 'oKaaanHcb ·~ 2-4%. EcnH 

1TbiM. np'?ueccoM, To Reo6xo-

AHMO HCnpaBHTb MOAel.!b1 YCHI.!HB KORKypeRUHro ~aCTH~RO-~aCTH~Roro H 

~acTH~HO-J:Jbipo~Horo KaRanon ocTaTo~HbiX naaHMoaeftcTBHfi, B ~aCTROCTH, 
/24/ 

B npeano)KeRo BBeCTH KBaapynonbRbie napRbie KOppenHUHH, B CBH3H 

C 9THM OTMeTHM, ~TO BnepBbie KBaapyllOl.!bRbie napRbie KOppenHUHH 6binH 

nneaeHbi H paccMoTpeRbi BenHeBbiM H PyMsmueBbiM I 10,19/, TaKoe Hcn

panneHHe MoaenH noanonHT coxpaRHTb KonneKTHBRbiA xapaKTep RHaKone

)Kanmx 0+ -B036y)!{AeHHft, He06XOAHMOCTb KOTOporo BbiTeKaeT H3 pa~CMOT

peHHH a -:pacnaaa, peaynbTaTon KynoRoncKoro noa6y)!{AeRHH. HUep H T.a. 

npeAllOl.!O)KeHHe 0 AByx~aCTH~ROM xapaKTepe 0+-Boa6y)!{AeHHfi /9/ npHBO~ 

AHT K eCTeCTBeHHOMy paanH~Hro cneKTpOCKOUH~eCKHX xapaKTepHCTHK B 

( p , ) H ( t , p ) - peaKUHHx, Hq no-BHAHMoMy, nnoxo cornacy-

eTcH C H3BeCTHbiMH ApyrHMH aMnHpH~eCKHMH AaHHbiMH, 

OaHaKo HaM xoTenocb 6bi ewe paa noa~epKHYTb, ~To npe)Kae ~eM 

MOAH~HUHpOB8Tb HUepHyro MOAenb, Heo6XOAHMO HCCneaoBaTb HaAe)KROCTb 

ClleKTpOCKOllH~eCKHX ~aKTOpOB1 H3BnexaeMbiX H3 OTl!OCHTenbHbiX ce~eRHft . 

noa6y)KaeHHft n peaKuHHX anyxHyxnoRHhlx nepena~, T.e, HccneaonaTb Me-

X8HH3M peaKUHH, 

B aaKnro~eHHe aBTOpbi Bbipa)KaroT 6naroaapHDCTb A.n • . KoMony H 

C.H. cl>enoTony aa noMOIUb B ~HcneRHbiX pac~eTax. OaHH ifa anTopon 

(H.n.) Bbipa)KaeT npHaRaTenbHOCTb AOKTopaM n)K. lllH#.epy, K. BeMHCy 

H n)K, fappeTy aa npeAOCTaBneHHe pHUa aKcnepHMel!TanbHbiX UaHHbiX 
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