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A H H o T a u H a 

C.ae'naHa nonbiTKa o61>RCHHTb pacmenneHHe .txayxKBaaH'ISCTH'IHbiX ypoaHeA a '19THo-'leTHbiX. 

R.Opax C OOMOlllbiO U9HTpanbHOI"O B38HMO.aeltCTBHR HecnapeHHbiX HyKnOHOB. noKS38HO, 'ITO oc

HOBHOA .BitnaLt B 9H9pi"HIO pacmenneHHR .OSIOT 06MeHHbi9 CHnbi, npH'IeM HH:>KSAWHM no 9HeprHH 

RBnReTCR COCTORHHe C SHTHnapannenbHbiMH COHHSMH HyKnOHOB. HanH'IH9 COHHOBbiX CHn npHao- . 

.OHT It yMeHbWeHHIO aaeprHH pacmenneHHSI. Ecna cnHHOBbie CHnbi cocTaanaiOT 25% o6max nap

HblX can, TO pacmenneHHe HC'IeaaeT. PacmenneHHe .aayxKaa3H'ISCTH'IHoro ypoaHa HeCHMMeTpH'IHO, 

aa HCKniO'IeHHeM cnyqaa, Kor.aa K • 0. 

N.J.Pyatov 

SPLITTING OF TWO-QUASI-PARTICLE LEVELS 
IN EVEN-EVEN NUCLEI 

Abstract 

An attempt baa been made to account for the splitting of the two-quasi-particle levels in even-even nuclei by means of 

the central interaction of the unpaired nucleon•. It has been shown that the main contribution to the splitting energy ia pven 

by the exchange forces, the state with anti-parallel nucleon spins being the lowest one by its energy: The presence of .the spin 

forces leads to the decrease of the splitting energy. ff ,the spin forces are 25 % of the total pairing ones, then the aplitting 

disappears. The splitting of the two- quasi- particle level is not symmetrical except when K "' 0 • 



B HSCTOSIWee BpeMSI C nOMOWbiO csepxTexyq e A MOLlellH SI.Opa B HeKOTOpbiX LlecpopMHpOBSHHhiX 

Ill 
"'eTHo-qeTHhiX S1Llp8X HLleHTHcpHUHpOB8Hhl LlBYXKB83H'I8CTH"'Hbie COCTOSIHHSI , TaKOBhl 1 HSnpHMep, 
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a pSILl Llpyrax. 

0LlH8KO 6e3 yqeTa OCTSTO'IHhiX B38HMOLleACTBHlt Het::napeHHhiX HyKllOHOB K8)KL10MY TSKOMY 
, 

COCTOSIHHIO MO)KHO npHnHC8Tb LlB8 B03MO)I(Hb!X 3HS'IeHHSI np09KUHH MOM9HT8 H8 OCb CHMMeTpHH 

SILlpa K = nl ~ n 2 (aLleCb f! I H 02- npoeKUHH MOMeHTOB ilecnapeHHhiX HYKllOHOB), B pa6oTe 

Ill 
rannaxepa H Conosbesa YK83h!B89TCSI Ha B03MO)KHOCTb pac w enneHHSI T~KU~ Lly6neTHbiX LlByx-

KB83H"'8CTH"'HblX COCTOSIHHA, npH"19M HH)K8ltWHM no 9HeprHH SIBnSieTCSI COCTOSIHHe C 8HTHnapannenb· 

HblMH CnHH8MH HYKllOHOB, 

3aMeTHM, 'ITO aaanoraqaoe Lly6neTaoe pacwenneaae aa6nJOLXaeTCH a aeqeTao-ae'leTHbiX 

' /2/ 
Ll9cpOpMHpOB8HHblX SILlpax H MO)KeT 6biTb 06'bSICH9HO C nOMOWb!O U9HTp8llbHhiX CnHHOBhiX CHll 

noK838H0 1 'ITO "'HCTbl9 BHrHepOBCKHe CHllhl BKll8Ll8 B pacwenneHHe He Ll810T (aa HCKllJO'IeHH9M 

acaMnTOTH"'ecxa acqeaa10wero sxnaLXa s cnyqae K -o). 

B L18HHOA pa6oTe Mhl XOTHM noCMOTpeTb, KSKHe ueHTp8llbHhie CHllhl MoryT npHB9CTH K pac

wenneHHIO LlBYXKB8aHK8CTH"'HhiX COCTOSIHHA B 'leTHo-qeTHhiX S1Llp8X, Bhi'IHCll9HHSI npOB9Ll9M B 

131 
MOLlena Hanbccoaa a nepsoM nopHLlKe Teopaa soaMyweaaSJ, 

AHTHCHMM9TpH30B8HH8SI BOllHOB8SI cpyHKUHSI COCTOSIHHSI "19TH0-'19THOrO S1Llp8 

'l' (IMK) =y21+1 ¢ 
32;1 "{3"y 

( 1 ) 

B ( 1) aaaxa 0 1 a 0
2 

npoaasonbHbi; N - rnasaoe KBSHTosoe qacno, xapaxTepaayeT OL1HO"'8CTH'I-

14/ 
HOe COCTOSIHHe; onepaTop R I CHMMeTpHayeT BOllHOBYIO cpyHKUHIO no 3H8Ky 0, H onpeLXeneH B ; 

~ - KOne6aTellbH8SI BOllHOB8SI cpyHKUHSI 1 npH"'eM nonaraeM, 'ITO 
'#' n n 

f3 y 

<¢ 1¢ >=1 
"f3 "y "{3 "y 

(2) 

nnSI npOCTOTbl Bhi6epeM nOT9HUH8ll LlBYXHyKnOHHOrO B38HMOL19ACTBHSI B BHL19 

V -= · - 4rrA8(-; -'! J[1-a +a ;;
1 
;.], 

12 ' I 2 • (3) 

rLle A = conat, a xapaxTepaayeT sxnaLl cnHHOBhiX CHn B o6wMe napHhie CHnhi 
I 

Vicnonb3yH csollcTsa onepaTopa R 
1 

a cpyaxuall D MK HaALleM MaTpH'IHhill sneMeHT a nepsoM 

nOpSILlKe TeOpHH B03MYW9HHSI 

E
12 

= ( 'l' , V 
12 

'l' ) c ( )( f! ( 1) )( f! ( 2) , V
12 

x 
N I I N2 2 

X)( (1) )( {} (2))- ()(• N n (1))(N n (2), V )( {} (1))( f/(2)) + 
N n N u u 12 N • • N1 I 

I .,1 2 2 I I 2 2 • • 
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nocneLXHHll qneH B (4) OTnH"ieH OT HynH nHWb -D.nH COCTOSIHHSI C K "' 0 1 + fl 2 "' 0 i 

MHO:lKHTenb ( -l) N I+ N2 +I HMeeT 3HSK np?THBOnOnO:lKHblll qeTHOCTH COCTOSIHHH; 

E' 
12 

"'()(N -t!1( 1 ))(N -0 ( 2 ), V12 XN -0(1))(N 0 ( 2 ))-
l, · 2' 1, 2, 

- ()( n (1),)( n(2), 
N 1 u N 2 ,- u 

v 
12 )(N -n( 2)XN 0(1)• 

1, 2' 

HaKoaeu, saepi"HH pacwenneHHH .0y6neTa 

tl. E "' E (K = 0 - 0 ) - E ( K "' !1 + !1 ) 12 12 1 2 12 I 2 

- (x ·' n (1))( n(2), v )( n (1) )( n. (2))-
N u N -u 12 N u N -u 

1 1 2. ·v 1 1 2. 2 

-(x n(1) )( of2), v )( n (1) )( n (2)) + 
N J"' 1 N 2 2 1 2 N 1 u 1 N 2 u 2 

+(xN n ( 1JxN oC 2J' v12 xN o(lJxN n(2.JJ-
1 1 2' 2 2 2 1 1 

-(xN !1 ( 1 )XN -!1 ( 2 )' V12 XN -0 ( 1 ))( N !1 ( 2 )) + 
1 1 2. 2 2. 2 1 1 

l -N - N -1 
+ (~ 1) 1 2 8 en 1 - n2 J E' 

12 

(5} 

(6) 

B (6) pasaocTb nepBbiX nsyx qneaoa cosnanaeT c saepi"Hell pacwenneHHH B He"ieTHo-aeqeTHbiX 

/2/ 
HLlpSX H OTnH"iHS OT HynH nHWb D.nH 3SBHCSIWHX OT CllHHOB CHn , npH a -+ 0 9TS pa3HOC1'b 

CTpeMHTCSI K Hyruo, 

8blllHWeM OCTSBWHeCSI MSTpH"'Hbie sneMeHTbl 

l:! 

It) 

1 1 "' ( x N o ( 1 > x N - n ( 2 > • v12 x N · O ( 1 > x N n ( 2 n = 
11 22 22 11 

,. I l'-l li.) 
an· a 

(
e I> L 1 n 1 - I 1 e ' 2 -o - I, 
,. ' 2 2 

(&) 

a e ~ n 2 
2 

(a.) 

I'ae, n -I' 
2 1 1 1 

X [ ( 2 f ~I + __u ( 2 e, .a..:_:!)] 'n • F 0 ( n e . n , e , . e . , e I ) 
(2 

1
+ 1)(2f

2
+ 1) 1 1' 1 1 ,n2 2'n 2 "2 x 

X 

x[(1-a +4ai1 ! 2 )8~ ..;: 1 8..;: ..;: 1+ 2a 8I I' 8I -I' 8I -I] x 
..(.,1"'"'2 "'"'2 .... 1 1,-1 2. 1 1, 2 

X I (-1) q(2k -+1) < f ' kOO If 0 > d ' kOO If 0 > X 

" 

. 1 2 2 1 
,q 

x < e '
2 

k o 2 - I' 
2 

q 1 e 
1 
n 

1 
- I 1 > < e ~ k n 1 - I '1 - q 1 e 2 o 2 - I 2 > 

}2"' ()(N Q (l) )(N -(2 ( 2 )' V12 XN -!1 ( 1)XN !1 ( 2 )) 
1 1 2. 2 2. 2 1 1 

=I a ( 1 ) 

cf I> e 1 o 1 - I 
~ ' 1 

a ( 2 ) a ( 2 J x 
£2o2-I. 2 e~n1-!'1 

a ( 1) 

f'2 ° 2 - ~'2 
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/ 

X [ (2£', + 1 )(2f'2+ 1)] 'h F 0 (n 1 e ,; n't e•, 
c 2 e 

1 
+ 1 J c 2 e 

2 
+. 1 J 

X I 
k,q 

n' f' ) x 
2 2 

3 0 /2/ 
.aecb F - pa.auanbHbie HHTerpanhi, Bbipa.>KeHHe .anSI ~oTopbiX ll8Ho B ; 

I 
2 

) X 

' llHeHTbl p831IO.>KeHHSI cpyHKilHJI: X N O IIO OCUH1111SITOpHbiM B011HOBbiM cpyHKilHSIM; CyMMHpOB8HHe 

B ( 7) H ( 8) npoBOllHTCSI no BCeM opCKi T811bHbiM (e) KB8HTOBbiM 'IHC118M H CIIHHOBbiM ( I ) 

nepeMeHHhiM. 

Yfccne.llyeM 8CHMIITOTH'leCKOe IIOBe.lleHHe j H ] npH O'leHb 6011bWHX .llecpopM8UHSIX / 
1 2 

(KOr.lla I CTSH<?BHTCSI H8pst.ay c n xopOWHM KB8HTOBbiM 'tHC1IOM). PacCMOTpHM llB8 B 0 3MO.>K-

Hb1X cnyqast: 

l. CnHHbl HYK110HOB 8HTHnapannenbHbl, I,= - l; :1 ( npH II0110.>KHTe11bHbiX 3H8K8X n 1 H 0 2 ), 

JlerKO BH,aeTb H3 (7) H (8) B ] 1 BK118ll ll810T 11HWb CIIHHOBbie CH1ibl 1 a ]
2 

COBCeM He aa-

BHCHT OT Be11H'IHHhl CIIHHOBhlX CH11, 

2. CnHHbi HYK1IOHOB napannenbHhi, I 1 =I 2 ( onS!Tb npu nono.>KHTenbHbiX aHa'leHHS!x 0 ·
1 

H 0 2). 

B STOM cnyqae, H8060pOT1 }
1 

He 38BHCHT OT B e 11H'IHHbl CIIHHOBb iX CH11, 8 B j 
2 

ll810T BK118ll 

11HWb CIIHHOBble CH1ibl, 

npe.llii0110.>KHM, 'ITO Mbl HMeeM 'IHCTbJe BHrHepOBCKHe CH11bl (a = 0), MO.>KHO H8ltTH 8CHMIITO~ 

TH'IecKoe Bbipa.>KeHHe ll11S! 11 E 
12 

B su.ae ( K f, 0) : 

2 e ,+ 1 

2£
2 

+ 1 
• F ore 

1 
, e 

2 
J I c 2 k + 1 J 1 < e 1 k o o 1 e 2 o > 1 

2 
x 

k. q 
( 9) 

2 
x 1 < e, k n , - ·I, - q 1 e 

2 
n 2 -I 2 > 1 

2 e 1 + 1 
- 0 I -I . X 

1. 2 2f+1 
2 

x F
0 (ej,f 2 ) I (2k +1J l<f

1
koo!£

2
o > 

k. q 

1 
2
1 < e k o -I - q 1 e - n +I >1

1 

1 1 1 2 2 2 

B 38BHCHMOCTH OT HanpasneHHJI: CIIHHOB BK118ll B pacLUenneHHe ll8eT OllHH H3 't11eHOB p83HOCTH 

( 9) • nocK011bKY F O ( f J 1 f 2 ) < 0 , nonyqaeM, 'ITO HH3WHM SIB11SieTCSI COCTOSIHHe C 

K = 0 1 - n 2' ecnH n 1 = A 1 ± 7'2 

H C 

0 
2 

A
2 

+ v, • 

npH'IeM K8.>K,abill: p83 BHrHepOBCKHe CH11bl CllBI!r8JOT BBepx COCTOSIHHe C napanne nbHb!MH C TIH Ha

MH, T.e. pacLUenneHHe nonyqaeTCSI H e CHMMe TpH'tHbiM. nony'leHHbi e B biBOllbi cornacyJO T CSI c 

/1/ 
cpeHoMeHonorH'IeCKHMH npasunaMH • Ecm1 a :/ 0 B 11 E 

12 
nostB11SIJOTCSI .llo6aB KH llBOS!K o ro 

Tuna. 3TOJ, so-nepBbiX, 'lneHbr, ll8JOLUHe pacLUenneHHe B He'leTHo-He'teTHbiX S!.ll pax, u, s o -sTo p hrx , 

5 



· 'lneH.bi, o6ycnoaneHH.bre aanH'IHeM o6MeHHOI'o cnHHOBOI'O saaHMo.neAcTBHH, VI Te, H .npyi'He 'lneH.bi 

npHBO.LlSIT K yMeHbWeHHIO 3Hepi'HH pacwenneHHSI, C ysenH'IeHHeM a senH'IHHa 6. E yMea&-
12 

waeTCSI 1 npH'IeM cyweCTBy_eT KpHTK'I9CK09 3Ha'I9HH9 a 1 npH KOTOpOM 6. E = 0 
12 

B .nan&-

aeAweM c p(JcToM a · pacwenneHHe noHBnHeTCH onHTb, o.nHaKo,Tenepb npasHna cno»eeHHH Mo-

MeHTOB CTaH08SITCSI TaKHMIC »ee, KaK H B H9'19THO-H9'19TH.b!X SI.Llpax, T,e, HH»eaAWHM CTaHOBHTCSI 

COCTOSIHH9 C napannEmbH.biMH CnHHaMH, lfHcneHH.bl9 paC'I9T.bl nOK83biBaJOT, 'ITO H B ne!"KHX H B 

TH>K9ni>IX .nectx>pMHpOB8HH.blX Sl,llpax a ., 0 1 25 , nocKOnbKy B '19THO-'IeTHblX SI.Llpax OCy W eCTBnSJ-

IOTCSI npaBHna ( 10), MO»CHO yTB9p»C.Ll8Tb0 'ITO B HyKnoH-HyKnOHHOM B3aHMO.LleACTBHH CnHHOBble 

CKnbi COCT8BnHIOT MeHee 25% o6WHX CHn, 

C y'leToM cnHHOBbiX cHn HeCHMMeTpH'IHOCTb pacwenneHHH coxpaHHeTcH. CnHHOBbie cHnbi 

H9CKOnbXO ysenH'IHB810T 3H9pi'HIO COCTOSIHHSI C 8HTHnapannenbHbiMH CnHHaMH H nOHH»C810T 9Hepi'HIO 

COCTOHHHSI C napannenbHb!MH CnHHaMH HyKnOHOB (eM, pHC, J ), Vfccne.nyeM cny'laA, KOI'.Ll8 K "" 01 

T,e. 0
1 

• - 0 
2 

• B 9TOM cny'lae B 6. E 
12 

.naeT sxna.n .nononHHTent:.HbiA 'lneH E ~ 
2 

• .!leTan&aoe 

. ( ) /5/ 
Kccne.no8&HKe nep80I'O cnai'aeMoi'o E~ 2 8 5 npo8e,neao 8 pa6oTe H&J06H , s KOTopoA noKa-

-aaHo, 'ITO 'IHCT.ble 8HI'Hepo8CKHe cHnbi ae .naJOT 8Kna.na B 3TO cnai'aeMoe, a ueaTpan&Hbie cnHHo-

8.bl9 CKnbi .Ll810T 8Kn8.Ll TOnbKO 8 cny'l89 0 KOI'.Ll8 CnHHbl HyKnOH08 aHTHnapannenbH.bl, 

80 8TOpOe Cn8I'89MOe 8 ( 5) BKn8.ll .Ll810T KaK 8HI'H9p08CKHe, TaK H CnHH08bl9 CHnbi, O.LlHa

XO TO»ee TOnbKO B cny'lae, KOI'.ll8 CnHH.bl HyKnOH08 8HTHnapannen&H.bl ( 8CHMnTOTH'I9CKOe npa8HnO). 
\ 

npH88.ll9M 8CHMnTOTH'I9CK09 8.blp8»C9HH9 E 112 .LlnSI COCTOSIHHSI. C 8HTHnapannen&HblMH CnHH8MH 

HyKnOH08: 

E I .. 2 a F 
0 

(f I I f ) !. ( 2 k + 1 ) < e 1 k 0 0 I e 1 0 > < e 2 k 0 0 l e 2 0 > X 
1.2 .2 k,q 

x < t
1 

k - o +I 
1 

q 1 e 
1 

n - I 1 > < e 2 k o - I 1 - q 1 e 2 - n + I 1 > -

0 
-(1-2a)F (f

1
1f

2
)• 

2f 1 +1 I. 

2e 2 +1" 

2 
x l<f 1 k0-I 1 0lf 2 0-I. 1 >1 

2' 
(2k+1Jl<f 1 kOOlf 2 0 > l x 

( 11) 

EcnH a • 0 , TO acHMnTOTH'I9CKoe ·E ~ 
2 
> 0 • 3aaK BKna.na E 112 B 6. E 12 aa8HCHT OT cnHHa 

.H '18THOCTH cocTOHHHH, Tax, ecnH lrr .. 0- , To .no6a8neaHe E 112 npHBO.LlHT K yMeH&weHHJO 

9H9pi'HH. pacwenneHHH (8 8CHMnTOTHKe 9H9pi'HH COCTOSIHHSI 0 H ( 2 ·n ) - o'leHb 6nHaKH). Ha-

o6opoT, ecnH I rr • 1 (K • 0.) 8Kna.n E1
12 

ysenH'IHB&eT saepi'HJO pacwenneHHH cocTOHHHA 

J- H (2 0)': 8 3TOM cny'lae nOHH>K89TCH 9H9pi'HSI COCTOSIHHSI .f- aa c'leT 8Kna.na E't2 • T,e. 

pacw.enneHHe t:TaHOBHTCH no'ITK CHMMeTpK'IHbiM, KpoMe TOI'O BKna.n E '12 ~ cny'lae I rr - 1 

npKBO.llHT X TOMY, 'ITO 3TH ypOBHH MOI'yT ne»eaTb HH»ee, '19M .Llpyi'He .LlBYX'IaCTH'IHbl9 ypOBHH, 

38M9THM, O,llH8K0 1 'ITO Tpy .LlHO O»CH,llaTb nosmneHHSI T8KHX ypoBHeA B cneKTpax 'leTHO-'IeTHbiX 

g,nep, T&K K&K B cxeMe HHnbCoHa no'ITH HeT 6nH3KHX yposaeA c paBH.biMH 0 H I • lfawe 

BCTp9'1810TCSI l)nH3KH9 COCTOSIHHH C paBHblMH Q H npOTHBOnOnO>KHbJMH aCHMnTOTH'I9CKHMH 3Ha-

'19HHHMH I . BKna.n >Ke E ~ 
2 

B TaKKe cocTOHHHH, K&K OTMe'leHo Bbiwe, aCHMnTOTH'IeCKH Man. 

no-,8H,llHMOMY 0 ,nml T8KHX COCTOSIHHA 89CbM8 cyweCTB 9HH.biM OK83.b!B89TCH BKna.n H9U9HTpanbHb!X 

CHn. 
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B nepsoM nopRLlKe TeopHH aoaMylUeHHA S38HMoaeAcTsHe aecnapeHHbiX HyKnoaos c napaMH 

HYKIIOHOS H8 Sblp0)1{Ll9HHbiX op6HT8X He Ll89T SKII8Ll8 S p8ClU9llii9HH9 Lly6neTHbiX COCTOSIHHlt, 

4HCII9HHbl9 p8C'I9Tbl npH T9X )1{9 3H8'19HHSIX n8p8M9Tp0S g /2/ 
H a 1 'ITO H S llOK83bi-

S810T 1 'ITO S nerKHX RLlp8X aaeprHR pacmenneHHR MO)I{9T LlOCTHr8Tb S911H'IHHbl 1 Mas H 6onee; 

S TSI)I{911b1X RLlp8X . /:'1 E 
12 

CHIIbHO 38SHCHT OT KOHcpHryp&UHH COCTORHHR H 0K83b!S89TCR nopRLlK8 

200 Kas • .LlnR nposeaeHHR aeT&IIbHoro cpasHeHHSJ c aKcnepHMeHTOM aeo6xoaHMo, no-sHLlHMOMY, 

Bb!6p8Tb 6onee peanHCTH'I9CKHA ll0T9HUH811 C CH118MH KOH9'1HOro p8LlHYC8 Ll9ACTSHR, 

B aaKIIIO'IeHHe as Top Sbipa)l{aeT rny6oKyiO 6naroaapHOCTb B.:r. Conosbesy a a nocTORHHoe 

SHHM8HH9 H nOMOlUb S pa6oTe. 

R.K. OeKep o6paTHII Hallie sHHMSHHe Ha S03MO)I{HOCTb cymecTsosaHHst poTaUHOHHbiX nonoc 

Ha asyxKsaaH'I&CTH'IHbiX yposHRX c K .. o a '19THo-'leTHbiX stapax, EcnH HyKnOHbi s aToM cocTost

HHH HM910T 8HTHn8p81111911bHbl9 CnHHbl, TO aHeprHR yposHeA pOT8UHOHHOA llOIIOCbl onpeaenst!OTCSI 

no cpopMyne 

E c E0 + :]
2 

1 (1 + 1) + (-1)
1 

E'
12 

, 

rae E'u onpeaeneHO s /5/ H /11/, ti Eo - aHeprHst 683HCHoro yposHst rpynnbi. 3aMeTHM, 

'ITO 3H8K E '
12 

npoTHsonono)l{eH '19THOCTH cocTORHBR, HanH'IHe E ~ 
2 

npHBOLlHT K noHH)I{9HHIO 

- - + + 
yposHeA 1 , 3 , 0 , 2 H T.Ll. B 'I&CTHOCTH, yposeHb ( K •0) MO)I{eT ne)I{&Tb HH)I{e yposHR 

Q , 00Ll06HbiA Clly'laA Mbl M0)1{9M HM9Tb S G d 1 u, 9CIIH MO)I{HO HS61110Ll8Tb yposeHb C KOHcpH-

rypauaeA nn I J/2 + [ 651] I - 3 I 2 - [ 521] I l H aHeprHelt 1,5 Mas. 
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i 
lH) At\--

( f.t) t 
ll Eu. 6E12. 

l ~ lH) ~.a.i_ --(ttL (H) 
(H) 6d. ___ 

(i) ' (2) (a) 

Puc. 1. ~ 1) - Bhlpo>K.aeHHhiA saepreTH'IeCKHA ypoaeab 6ea yqeTa 
B38HMO.OeACTBHSI HecnapeHHbiX HYK!IOHOB, 

( 2) - pacwenneaae npH a =0 ; 

( 3) - pacwenneaae npH a -lo 0 ; c.aaHr !!11
1 

o6ycnoanea 
06bi'IHbiMH CIIHHOBbiMH CHJI8MH ( K8K H B He'leTHO-He'leTHb!X 
SI.Opax), C.OBHr /). 2 .0810T 06MeHHhle CIIHHOBbie CHJibi), 

(CTpeJIK8MH YK838Hbl HanpaaneHHSI CIIHHOB HyKnOHOB 
B COOTBeTCTBYIOWeM COCTOSIHHH) • 
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