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1. PacceJIHHe HeiiTpoHa Ha neiiTpoHe e HyneeoM npH6JimKeHHH 
no panHycy B3aHMO,neiicTBHJI 6hIJIO pa/CCMOTpeHo r. B .CKOPHJIKOBbIM 
H K.A. Tep- MapTHpocJIHOM /CTM/ 1 ! 11MH 6hIJIH nonyl.feHhl 
onHoMepHbie HHTerpaJibHbie ypaeHeHHJI ,nJIJI aMnJIHTYn 

n d -pacceJIHHJI, JI,npa KOTOpbIX HMelOT Ol.feHb npOCTYIO CTPYKTYPY 
H eMecTe c TeM OTpa)l(aJOT HaH6onee cymecTeeHHbie acneKThI, 
npHCYll.IHe Tpexl.faCTH'IHOMY pacceJIHHIO. 0,nHaKo ,nJIJI ,ny6JieTHoro 
COCTOJIHHJI /noJIHhlR en RH s =I /2 ,H 30ToncnHH T = 1/2/ ypaeHeHHJI 
CTM He HMeJOT o,nH03Hal.fHOro peweHHJI, TaK KaK e cnyl.fae 
neyxl.faCTH'IHhIX CHJI HyJieeoro pa,nHyca B03HHKaeT 6eCKOHe'IHOe 
'IHCJIO CBJI3aHHhlX COCTO.RHHH ,nJI.R CHCTeMbl Tpex HYKJIOHOB cs =1/2 
H T =l/2. bhlJIH npe,nJIO)l(eHbl MeTO,nhI 12 - 4 ( n03BOJI.RIOll.IHe noJiyl.faTb 
o,nH03Hal.fHhie peweHH.R ypaBHeHHR CTM, onHChIBalOll.IHX nd -
pacce.RHHe B ,ny6JieTHOM COCTO.RHHH. 3TH MeTonhI OCHOBaHhl Ha 
eeeneHHH e 3a,nal.fy KpoMe ,neyxqacTH'IHhIX napaMeTpoe nonoJIHH
TeJihHoro Tpexl.faCTH'IHoro napaMeTpa - JKcnepHMeHTaJihHoro 3Ha
'leHH.R 3HeprHH CB.R3H TPHTOHa. TaKHM nyTeM ,nJI.R ,ny6neTHOH ,nJIHHhI 
pacce.RHH.R HeHTpOHa Ha neHTPOHe 6hIJIH noJiyl.feHhl 3Hal.feHH.R a 2= 

=0,48 4i /31 H a2 =0,49 4i /4/ 6JIH3KHe K 3KcnepHMeHTaJibHOMY 
/5 I' 

3Ha'leHHIO a2 =0,65±0,04 4i . I. 
)1.n.R KeapTeTHoro cocTO.RHH.R / S =3/2/ ypaeHeHH.R CTM onHo-

3Ha'IHhl, H HX HenocpenCTBeHHOe peweHHe naeT ,nJIJI KBapTeTHOR 
,nJIHHhl n d -pacce.RHH.R 3Hal.feHHe 84 =5,09 4i /I ,4/, KOTopoe 3Hal.fH• 
TeJibHO OTJIH'l'e'CJI OT 3KCnepHMeHTaJibHoro 3Hal.feHH.R a = 
=6,35±0,02 4i 5 • 3To OTJIH'IHe, Ol.feBH,nHO, CB.R3aHO c Hcxon.thlM 
npH6JIH)l(eHHeM Hyneeoro pa,nHyca eJaHMo,neiicTBH.R. IloJTOMy onpe
neneHHhIR HHTepec npencTaBJI.ReT yl.feT cne,ny10mero /JIHHeiiHoro/ 
npH6JIH)l(eHH.R no pa,nHycy B3aHMO,neiicTBHJI. 

2. IlpH noJiy'leHHH ypaeHeHHH, onHCb!BalOll.IHX nd -pacce.RHHe 
B JIHHeBHOM npH6JIH)l(eHHH no panHYCY B3aHMO,neHCTBH.R, 6y,neM 
ucxo,nHTh H3 o6max ypaeHeHaii 4>anneeea1 6/, npH'leM 6y,neM y'IH
ThIBaTh TOJihKO S-KoMnoHeHTbl BHeMaCCOBhIX ,neyxl.faCTH'IHhIX t -
MaTpHu. Torna pacce.RHHe HeRTPOHa Ha neiiTpOHe c nOJIHblM cnHHOM 
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s =3/2 6y,lleT onHCblBaTbCJI 0,llHHM ypaeHeHHeM, B KOTopoe eo:H.neT 
s -KoMnOHeHTa TpHnJieTHOH .llBYXHYKJIOHHOH t -MaTpHUbl. )];JI.II 

s -KOMnoHeHTbl .llBYXHYKJIOHHOH t-MaTpH~bl '7~HMeM Bblpa)l(eHHe, 
nonyqaioiueec.11 e MO,lleJIH rpaHeqHblX ycnoeee 7 : 

+ 

c 

t ( p, k , Z ) = - ( p 2 
- Z ) -

1
- f d r sip p r sin k r + 

pk 0 

c 
f . (cos pc 

sin pc . ../ Z . 
f ) ( cos kc - ·1 --sm k c) , 

0 ·k 0 -·1 c ...rz pc /1/ 

r,lle c -pa,lleyc rpaHHqHblX ycnoeei, f 0 - 3HaqeHHe norape<l>Meqe
CKoi npOH3BO,llHOH s -KoMnOHeHTbl .neyxqacTHqHoi BOJIHOBOH <l>YHK
UHH npH r = c. ·.)],JI.II TpHnJieTHoro COCTOJIHHJI napaMeTp l 0 He -
nocpe,llCTBeHHO Bblpa)l(aeTCJI qepe3 3HeprHIO CBJl3H ;i;eiTpOHa a 2 : 

f 
0 

=-a c , /2/ 

npeqeM BOJIHOBa.11 <l>YHKUHJI ;i;eiTpOHa cf> d ( p) onpe,11;en.11eTCJI KaK Bbl" 
qeT t -MaTpHUbl /1/ npH z = -a2 ': 

cf> d (p)=2(2rra /' 
...... 

1 ( a . ) cos pc+ -·smpc . 
P2 +a 2 p 

/3/ 

Bene e ypaeHeHHH iz>a;i;;i;eeea yqeTbleaeTc.11 TOJibKo s -KoMno

HeHTa /1/ eHeMaccoeoi t -MaTpHUbl, To, cTporo roeop.11, e /1/ 
cne;i;yeT onycTHTb nepebli qneH, TaK KaK OH HMeeT TaKyio *e Ma
JIOCTb no pc, KaK H rnaBHble qJieHbl OT6pacbleaeMOH p-KoMnOHeH
Tbl noneoi t -MaTpBubl. B TaKOM cnyqae s -KoMnoeeHTa /1/ 
;i;eyxqacTBqeoe t - Ma TPBUbl npso6peTaeT <l>aKTOpB30BaHHblB BB,11;, 
qTo cyiuecTeeeeo ynpoiuaeT ypaeeeee.11 iz>a;i;;i;eeea. B qacTHOCTB, 

s -pacceJIHHe HeHTPOHa c HMnyJibCOM p 0 Ha ;i;eiiTpOHe npe noJIHOM 
cneHe s =3/2 6y;i;eT onBCblBaTbCJI 0,ll;HOB <l>YHKUHei i/l ( p, p 0 ) , 

Y.llOBJieTeOp.lllOIUeii cne;i;yioiueMy HHTerpaJibHOMY ypaeHeHHIO '/ s I 

ifi(p,po) U·( ) 2 J"" ,2. d 'U(. ') i/l(P~Po) 
~ ~ P•Po - ~ P · P p,p ,2 2 ' 

p 2 -p
0
2 -io rr p -p0 -·i o /4/ 

4 

( 
i: 

·{ 

r,lle 
U(p,p ') =J__ y dx f (Q,ZP)g(Q ') 

2 -1 2 , 2 , p + p +pp x - z 

f(p,Z)= c (cospc-·iyZsinpc), 

! 0 -icyZ P 

g(p) =cos pc _ 1
0 

sin pc 
pc 

Q2 1 2 '2 , Q ,2 2 1 ,2 , = 4 p + p + pp x , = p + 4 p + pp x , 

Z=E+·iO, Z =Z -1-p
2

, 
p 4 

E = -a 2+ L p 2 - nonHa.11 3Hepre.11. 
4 0 

/5/ 

/6/ 

B ypaeHeHHH /4/ <l>YHKUH.11 ifi (p, Po) HOPMHpoeaHa c yqeToM /3/ TaK, 
qTo ,llJIJI aMnJIHTY.llbl s -pacce.llHHJI HeiTpoHa Ha ,lleHTPOHe HMeeT 

MeCTO COOTHOWeHHe: 

1 2;0 
A ( p ) = -. - ( e - 1) = i/l ( p0 , Po ) , /7 I 

0 2·1 p 
0 

r,lle o - s - <t>aJa nd-pacce.11HHJ1. 
YpaeHeHm1 e JIHHeiHOM npe6JIH)l(eHHH no pa,llHycy :a3aHMO.lleicTBHJI 
Henocpe,llCTBeHHO cne,11;y10T H3 /4/' eCJIH npe,llnOJIO)l(HTb, qTo B /4/ 
cyiuecTeeHHbI HMnynhCbI p;;. .1 I c H orpaHHqHTbCH e /5/ H /6/ 
HyJieBbIMH H JIHHCHHbIMH qneHaMH no c • Tor.Ila c ToqHoCTblO .no , 

qJieHOB, JIHHCHHbIX no c' ypaBHCHHe /4/ 6y.neT HMCTb BH,ll: 

1-A{p)i/l (p,p )= _ 'G(P!!JI _ 1_ f""p'2cip' G(p,p') i/l (p~ 1-Q) 
4 0 2 --- ----, 

PP
0 

77 o 2pp' p'2-p2 -iO 

r.ne 

G(p,p') 

. pp' 

i\ ( p) 

+1 

r dic 

-1 p 2 + p , 2 + pp , x - z 

___ I 

(a+y J[l+c(a+y )] 
p p 

y2 =a2- .J...p2 + .J..p2 -iO. 
p 4 0 4 

0 

/8/ 

/9/ 
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IlapaMeTp c onpe,neneM H3 3Ha'leHHJI t ·MaTpHUbl /1/ Ha Macco
Boii noBepXHOCTH p =k, z = k 2 + ·iO c y'leTOM TOJlbKO HyJieBblX 
H JlHHeHHblX 'IJleHOB no c': 

t(k,k,k 2 + i0)•-1-(e 2 i8 -l) l+ac -ikc 
2ik -- . a +·zk 

/10/ 

r.ne 8 - TpHnJleTHaJI s -cl>a3a HYKJlOH"HYKJlOHHoro pacceJIHHJI. 
ConocTaBJIJIJI BLipa>1CeHee /10/ c H3BeCTHLIM pa3JI0>1CeHeeM 

k ctg8 = - .L + .L r k 2 

B 2 0 ' 

r.ne B H ro COOTBeTCTBeHHO ~HHa pacceJIHHJI H Jcl>cl>eKTHBHblA 
pa,neyc B TpHnJleTHOM COCTOJIHHH, nOJIY'IHM: 

c"' ..l.. r • /11/ 
2 0 

Ilpe nepexo.11e oT ypaeeeee.11 /4/ K ypaBHeHHIO /8/ 6blno c.nena
eo npeee6pe>1Ceeee 'lneeaMe nop.11.11Ka (pc )2 • 8 paMKax 3Toro 
npe6ne>1CeHe.11 .11n.11 cl>YHKQBB A (p) /9/ c y'l:eTOM /11/ HMeeT MecTo 
cne.11y101Qee Bblpa>1Ceeae: 

fl (p)• _l_ - l. r • /12/ 
a +y 2 O 

p 
~ COOTBeTCTBBH c 3TBM cl>YHKQBJI "'(p,po) MO>ICeT 6LITb npe,llCTaB-
Jieea BBB.Ile 

t/J(p,po )=I/Jo (p,po )+t/11 (p,po ), /13/ 

r.11e ip0 (p,pr)· peweeee ypaeeeeeJI /8/ npe r0 = O, t/11 (p, p0 ) -
nonpaBKa Ha KOHe'iHOCTL pa.11eyca B3aHMO,lleACTBHJI,t/11/t/J0 :JJ r 0 < 1, 
r.11e ;; - xapaKTepeblA HMnyni.c 3a,lla'IH. 8 JlHHeAeoM npe6nB>1CeHHH 
no ro ypaBHeeee /8/ c DOMO~Lr. /12/ H /13/ MO>ICHO npeBeCTH 
K BB.llY' noJiy'leHHOMY B pa6oTe 12 : 

.:!., _1_ ip (p,P.) = _ ~ _ .2. f
00 

.2d , G(p,p') I/Jo (p~ Po) 
4 a+y O O 2 rr p p p PP0 o 2pp' ,2 2 . O P - p0 -1 

/14/ 

L _1_ t/I (p,p ) .. 2.., t/I (p,p )- !.... Fp,2dp' 'G(p,e'J 
4 a +y 1 0 8 0 0 0 rr 0 2pp 

p 

t/J/p~p 0) 
.2 2 .0 P -Po _, 

s 

i 

' ! ! 

I 

~ 
f 
n 
I 
,'\ 

3. YpaBHeHHJI /8/ e /14/ 6Line peweHLI .llJ1J1,HecKoJI&KHX 3Ha'fe • 

HHH 3Hepree HeihpoHa HH>ICe nopora pa3Bana ,neiTpoHa(E=-a2+ -fp;<O), 

npe'leM 6LIJ1H ecnOJ1L30BaHLI CJle,nyIOIQHe 3Ha'leHHJI napaMeTpOB: 

-1 
a= 0,2316 .p , r 0 = 1,75 ct> 

2 
Ha pee. 1 npeBe,neHbl 3aBHCHMOCTH k ctg8 OT k .llJlJI KBapTeTHOil: 

s -cl>a3LI nd -pacce.llHHJI B HyJleBOM H JlHHeil:HOM npe6ne>1CeHHJIX 
no r 0 • ~nR neHeil:Horo npe6ne>1CeHHJ1 e306pa>1CeHLI ,nBe KPHBLie, 
nony'laIOIQHecJI cornacHo /7/ H3 peweHeil: ypaBHeHeil: /8/ e /14/. 

-0,10 3 

-0,15 

•O 20 l 1 
I I ' J ' ' I I J 1 1 : = I 

I 0, 025 0, 050 ta 075 
2 

Pee. 1. 3aBHCHMOCTL k ctg 8 OT k / 8 - KBapTeTHaJI s -cl>a3a 
n d -pacceJIHHJI, k ' - BOJlHOBOe 'IHCJlO HeiiTpoHa/. Ilo OCH OP.llllHa T 

0Tno>1CeHbl 3Ha'leHHJI k ctg 8 I ct>-1 /, no oce a6cuecc - 3Ha'leHHJI 
k2/cl> - 2;. KpeBaJI 1 - HyneBoe npe6ne>1Ceeee no pa,neycy B3aHMo

.11eAcTBHJ1 r 0, KPHBble 2,3 - JlHHeiiHLie npe6JIIDKeHHJI no r Q. Bbl'IHC
neHHble COOTBeTCTBeHHO 83 ypaBHeeeA. /14/ H /8/. KpeCTHKH 
H KPY>ICKH - 3KCnepeMeHTaJlbHble ,naHHble/9 • noJiy'leHHble COOTBeT
CTBeHHO H3 nd H pd -pacceJIHHJI • 

~JlJI KBapTeTHOH .llJlHHbl nd -pacceJIHHJI ypaBHeHHJI /8/ H /14/ npe
BO.llJIT COOTBeTCTBeHHO K CJle,nyIOIUHM 3Ha'leHHJIM: 

a 4 = 5,93 cP a 
4 

= 6,06<jt 

/5/ 
KOTOpble 6JIH3KH K 3KCnepHMeHTaJlbHOMY 3Ha'leHHIO a 4=6,35±0,024>. 
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Ha pHc. 2 B KaqecTBe. npHMepa npHae.n;eHhI 3aBHCHMOCTH OT 
p cliYHKUHH t/lo ( p, Po ) H t/l (p,po) =t/l o<p,pr)+t/11 (p,pr) npH p 0 = 0 ' no-

JiyqaJOIUHXCll npH perneHHH ypaaHeHHH /14/. IlpH p
0 

> 0 cliYHKUHH 
t/l (p,po) H t/lo(p,p o> HMelOT aHaJiorHqHhIH xapaKTep. 113 pHC. 2 

~5 to 
0....---..-~-.---,~--.-~~--r~-.-~.---.:=-1 

-2 

-4 

-6 

PHC. 2. rpacliHK cliYHKUHH t/J(p,po) /13/ B 3aBHCHMOCTH OT p npH 
P<J: o. KpHBall 1 - Hyneeoe npH6JimKeHHe no pa,n;Hycy B3aHMo-

,n;eHCTBH11 r O , KpHBall 2 - JIHHeHHOe npH6JimKeHHe no rO • TIO OCH 
op,n;HHaT OTJIO)l(eHhl 3HaqeHH11 t/l (p,O )/cli /,rro OCH a6CUHCC - 3HaqeHH11 

..ii I <P -1(. 

BH,D;HO, qTo B 3a,n;aqe HaH6onee cyiuecTBeHHhl HMnyJihChl p ::: a 
cne,n;oaaTeJihHO, JIHHeiiHoe npH6JIH)l(eHHe no r 0 cnpaee,n;JIHBO c Toq-
HOCThID (a r O) z '. B npe,n;enax 3TOH TOqHOCTH 3HaqeHHll k ctg o , 
nonyqeHHhle cornacHo /7 / H3 perneHHH ypaeHeHHH /8/ H /14/, xopo
rno cornacyroTc11 KaK Me)l(,n;y co6oii, TaK H c 3KcnepHMeHTaJihHhIMH 
,D;aHHhlMH / 9/, , 

Ta~HM o6pa3oM, pe3yJihTaThI HacT011iueii pa60ThI, a TaK:>Ke 
pa6oT 3 •4!, noKa3hIBa10T' qTO HH3K03HepreTHqecKHe napaMeTphI 

n d -pacce l!HH11, B qacTHOCTH KeapTeTHa11 a 4 H .n;y6JieTHa11 a 2 

,lJ;JIHHhl pacce11HH11, XOpOIIIO o6'h11CH1110TC11 B paMKax npoCTOH MO,D;eJIH 
- He 3aBHC11IUHe OT cliopMhI noTeHuHaJia HyJieBoe H JIHHeHHOe npu-
6JIH)l(eHHll no pa,n;Hycy B3aHMO,D;eHCTBH11 r • IlpH 3TOM )J;Jlj[ .n;y6JieT
Horo COCTOllHH11 B pa6oTaxh.4/ HCnoRh30BaJIOCh HyJieBoe npH-
6JIH)l(eHHe no r 0 c npHBJieqeHHeM cao6o.n;Horo TpexqacTHqHoro 
napaMeTpa - 3HeprHH CB113H TPHTOHa. B KBapTeTHOM COCT011HHH 
TaKoro napaMeTpa HeT, 0,D;HaKO, KaK noKa3aHO BhIIIIe, yqeT JIHHeii-
HOH no r 0 nonpaBKH npHBO,D;HT K xopOIIIHM pe3yJihTaTaM. 
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B 3aJCmo11eHue o.n;HH H3 aeTopoe /3.r. T ./ npuHOCHT rny601Cy10 
6Jiaro,n;apHOCTh npocti. H.A.Ileptunoey 3a nOCT011HHOe BHHMaHHe 
u no,n;,n;ep)l(JCY B npouecce BhlnonHeHHJI aacTo.11iueii pa6oTh!. 
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