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!.t, 

/1/ B pa6oTe anepB&re ·6bma npeanpHHRTa nonbrTKa .pacc"<IHTaTb ocTaTo"<I-.. , 
Hoe· asan:Moaeil:cTane, ncnonbsyeMoe B MO.llenH. o6oriot:IeK,· :1rcxoasi. H3 peann

. CTll'<I9CKHX .llBYX"<IaCTH'<IHblX CHTI ( IlOT9HU~an XaMaaa,-n)KOHCTOHa) • Tpy.ll-
• . .' ' ; I~' 

HOCTH 1 CBSI3aHHbl9 C TB9p,lloil: C9p.llU9BHHOM: IlOT9HUHana XaMa.ll&-ll)KOHCTCHia, 

6blllll o6oit.ll9Hbl C IlOMOlllbIO TeopHH MaTpHUbl peaKUHll ( G. - MaTpHua). j 
nn". ""ep t~_. _O ., is F 6 .n .n,... n binli Bbl'<IHCn9Hb1 .llBYX'<I8CTll'IHb10 M8TpH'<I~1?19 ane,-

M9HTbl .B MoaenbHOM npOCTpaHCTBe ( s-; d - o6onoqKa), npH 9TOM Y."<IllTbl.:. 
·, ' 

aann:cb '<I8CTll'<IHO-Ablpo'<IHbl9- Boa6y)KJl0HHSI ,, OCTOBa,, ( HyKnOHbl B aanonHeH:-

HOit o6onotJK9). 0Ka3ariocb, 'ITO )la)Ke .. ~TOT t:IaCTli'<IHbiit Y"<I~T nonsipH3aUHH 

"oCTOBa" HYKnoHaMH B.HeaanonHeHHOil: o6ono4Ke Il03BOnSieT nonyt:IliTb 

. · . , 1s O ., 1s F 
Hennoxoe cornac:1re · c aKcnepn:MeHTOM ansi cneKTpOB · ,. 

B casian: c aTHM· ·. ycnexoM npeacTaBnsieT HHTepec noriy"<IHTb oc.TaToq

Hoe ·aaan:Mo,!leil:cTBHe apyrn:M cnoco6oM - Bapbnpysi noTeHun:anbHYIO aHep-
. ./2/ 

r:1r10 sinpa no nnoTHOCTH. B pa6oTe · · aTo y)Ke aenanocb, Ho Hcnonbaoaa-

nacb . cjJeHOM0HOnOI'H'<I0CKll onpeaeneHH8Sl 38BllCHMOCTb _9H0pI'llH OT ImOT

HOCTHe 3aecb. IlOT9HUHanbH8Sl 9Heprn:si 6yaeT Bbl'<IHCnsiTbCSI Ha OCHOBe nci-
:. ,: 

T0HUHana XaMa)la-n)KOHCTOH8 ll TeopHH . . G. -MaTpHUble IlpH 9TOM IlOSIBnSieT-

CSI B03MO)KHOCTb Bbl.llenHTb · ua OCT8TO'<IHOI'O B3aHMO)l0M:CTBHSI n: Hccneno

B8Tb TaK uasbIBaeMbJe acjJcjJeKTbI nepecTpoitKn:, · B03HHKa10m:1re na-aa aaanc:1r

MOCTH G -MaTpHUbl OT nnoTHOCTH. 
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II 
/2/ 

B pa6oTe ITOK838HO, qTo, K8K ll B Teopnn ¢epMll-)KllaKOCTll, ocTa-

Toqaoe B38llMoaeiicTBlle B siaepHbIX Moaensix, CBSl38HHbIX C MeToaoM XapTpll

cfioKa, MO)KHO rronyqnTh, B3SIB BTopyro BapnaunoHHyro rrpc,H3Boaayro oT rro

TeaunanhHOii aaeprnn siapa rro aneMeHTaM MaTpllUbI rrnoTHOCTH. llnsi rroTeHunanb

aoii aaepnm MO)KHO :;I8ITHC8Tb : 

1 
E ":2tr1tr2G12(p)p, P2' 
ITOT. 

( 1) 

rae G 12(p) - MaTpnua peaKunn, 

HHTerpHpOB8HHe rro KOopaHHaTaM 

pl - MaTpnua rrnOTHOCTll, tr l O3HaqaeT 

MaTpHUbI rrnOTHOCTll P, • Toraa 

lE 
• rroT. op 

8 
I - G ( 8G (p) 

3 
p 4 P=P - 34 P ) + [ tr 

14 

0 O I--~ 
op 

3 

2 
oG (p) l 8 G12(p) 

p +tr 13 p +-tr tr2 · P
1
P

2 
l 

1 1 8 1 2 1 op op p=P . 
p4 3 4 0 

( 2) 

BTopoii qneH B 8TOii ¢opMyne .H eCTb. rrorrpaBKa K OCTaToqHOMY B38HMoaeii

CTBllIO, KOTOpyro H83bIB8IOT o6brqHO "a¢¢eKTOM rrepecTpoiiKH". Terrepb Haao 

BbISICHllTb, KaK ocymecTBHTb 8TO B8pbllp0B8HH9 rrpaKTHqeCKHo C 8TOii uenbro 

rreperrmrreM Bbrpa)KeHne Jlnsi rroTeHunanbHOii aaepr1m B BIIae 

1 . 
E =-- I. 

IlOTo 2 a,b 
J aci=-1 ,?2)¢: <~)cfo*b <12 )¢ .. c? t')¢b <r2 > d11 dr2, (3)° 

rae cf, (r) 
a 

..,. oaaoqacTIIqHbie BOnHOBbie ¢yHKU,HH rapMOHHqecKoro OCUHnnsiTo-

pa, a - COOTBeTCTByromne KB8HTOBbie qncna. BbrqncnHM BTopyro Bapna-

UllOHHyro IlpOll3BOaHyro: 

4 

L 
!\ 

i 

·l 
.I 

82 E 8 2 ( .h ( ➔ ) _,_* (➔ ) (➔ ➔ ] 
___ rr_o_T·=l.I. fl G(r~,r2) 'r'._ rt 't'b r2 cfo .. r1)¢b(r2) 
8p4 op3 2 a,b . op3 8p4 

·+ 

oG(rJJ olcfo*(r )cfo* ci=- )¢er)¢. (r) 1 
al b2alb2 

+ . + 
op4 opa 

oG(r: .~) 8[cp: (;1 )_cp~(r2)<?a (r1)cpb (r➔2 )] 
(4) 

+ . + 
op op 

3 4 

+ 
8

2
G(r"r2 ) .... 

---· - ¢* (r .... )¢* (r )¢ (r .... )¢ (t )I dr dr. 
op 8 a 1 b 2 a 1 b 2 1 2 

4 Pa 

IlepBbrii qneH 3aecb aaeT rrpocTo G (i\ , r; ) , n B· aanbaeiillieM MbI ae 6yaetv 
. ➔ ➔ 

ero paccMaTplIB8Tbo IloCKOnbKY G - MaTpuua 38BHCHT TOnbKO OT ( r l -r 2 ),. 

yao6Ho caenaTb 3aMeHy rrepeMeHHhIX ~ 

➔ ➔ ➔ ➔ 

➔ 
r 1 - r2 ➔ r1+r2 

r = , R= --
,J2 ,J2 

Toraa 

¢,.(r:)cpb(r2 )= a,1 M (ab,a{:l) 'Pa (r) <'P{:l (R), ( 5) 

rae M(ab,a{:l) - Koa¢¢uuueHThI Bpoau-MollIIIHCKor/
31

• TioacTaBnsisi ( 5) B (' 
' ➔ 

II BbIITOnHSISI HHTerpIIpOB8HHe rro R. 

~F =! I. M(ab,a{:l)M(ab,a'{:l) JI 
OCT, abaz '/3 

oG~) 8(¢~ (r )cf,a,(r)] 
+--

·oPa op4 

82 G(t) 
+ 

op4opa 

, rron:yqaeM 

oGD) ol¢~(r)cf,a, (r)] 
+ 

op4 opa 
( 6) 

¢* <1)¢ ,c1 )I dr. 
a a 
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I C.11enaeM 11pe.1111onO:ll<eHHe, 'ITO G - M8Tpnua 38BHCHT TOnbKO" OT cpe.11-., . 
Heii IInOTHOCTll BeIIIeCTBa H He MeHSieTCSI HH npn ll3MeHeHHll ¢opMbl n.11epHOH 

noBepXHOCTH, Hll Ilpll 11epepac11pe.11eneHnll BeIIIeCTBa, npn KOTOPOM coxpaHn

eTCSI cpe.11HeKB8.llp8Tll'IHblH pa.11nyc n.11pa <r2 >. Ho 

1 2 <r2 >= -tr r p 
A 

(7) 

r.11e A - 8TOMHbl_H Bee nnpa. B K~'leCTBe O.llHO'l8CTH'IHbIX BOnHOBbIX ¢yHKUllH 

Mb! ncnonbayeM co6CTBeHHbJe ¢yHKUllH cifiepn'leCKOI"'O rapMOHH'leCKoro ocunnm1-

TOpa, IIOSTOMy 

2 1 n ~ ( 3> < r > .. - -- .&. 2n + f + - .. 
A µ<u nfmur 2 

J._1'1_.c 
A Jl<u 

( 7a) 

r.11e w - ocunnm1TopHa.n 'laCTOTa, n, f, m, u , r - KBaHTOBbie 'lncna HyKno-

Ha, f' - ero Macca, cyMMHpOBaHHe IlpOll3BOllllTCSI 110· 38HSITbIM ypOBHSIM. 

Ha STHX llBYX paBeHCTB cne.11yeT 

s 1 2 a ----r ---=-
8p A a< r 2 > 

2 
w I' 
lie 

2 a-
r -· -·• ac,J 

Hcnonb3y.SI (8)_. MO:ll<HO 38IIHC8Tb ~F,ocT. B BH.lle 

2 2 
~F. ,;, '•

2
1 ~ 2 r/ rl :_I, M(ab,a{:J )M (ab,a '{3) x 

OCT. C abaa /3 

xJI 2 att,~(r) aG(r) cp (i1')+24'*(;) aG(r) i1¢a'(r) + 
. aw . aw a, . a aw aw 

+ 4'* (; )[ a2G(r) . + ~ aG(~)] 'P (r) I dr-: 
C aw 2 W ao, a' 

6 

( 8) 

( 9) 

l 
l 

' \ 

rne y = /l w ---ti 
o"cunnnnTopHbIH napaMeTp. TaKHM o6paaoM1 MbI nony'lnnn 

~F =K.r. 2 r, 
OCT. l 2 • 

( 10) 

rne K - KOHCT8HTa, KOTopan 38BHCHT ¢aKTH'leCKll TOnI,KO OT A .- B cne

ny10meii rnaBe o6cy:ll<llaeTcn crroco6 ee BbI'lncneHHn. 

III 

BbrnHIIleM ¢opMyny nnn M8Tpll'1Hb!X sneMeHTOB G - MaTpllUbI, C IIOMOillbIO 

111. 
.KOTOpb!X 6yneT Bbl'IHCnSITbCSI E 

IIOTo 

< abJTIG!cdJT> 
1 

-==;::=:==::=- I X 
y(l + ·s X 1 + 8 )LL 's 

ab od 

f 1 . 
a 2 Ja 

.· 1 . 
eo· ·_2 J 0 

e b ! j b \' x / fd 1 j d 

L S J L'S J 

X 

( 11) 

L+L' 
(-1) ..,/(2 L+1X2L '+1) I M(nf Nf,Lln f nbfb,L)M(n'f'Nf,L'ln0 f0 ndfdL')• 

· nfn'f'Nf a a 

f+s+T 

X [1-(-} 
£ f L £ f 'L' 

] t (2A+ 1) I S J A II ' s J A 

06oaHa'1eHhl KB8HTOBhle 

l<nf STAIG!nTSTb . 

. 'IHcna cifiepn'lecKoro ocunn-3necb llH.lleKCOM a 

nnTopa n a , fa , j a. • I ab J T > - HOpMannaoBaHHan n aHTHCHMMeTpnaoBaH-

Han BOnHOB8SI ¢YHKUHSI .llBYX '18CTHU, CBSl3~HHbIX. B nonHhIH MOMeHT J 

n naocnnH T •. M(nfNf,LlnJan~fb ,L) - Kos¢¢nuneHT npeo6paaoBaHnn 

Eponn-MoIIIHHCKOro, n ' f - ocunnnnTopHble KBa~TOBbJe 'll!Cna OTHOCll-

7 



TeiibHOI'O ABIOKeHirn ABYX qacTnu, N, f_ - ocunnmITOpHbie KBaHTOBbJe qncna 

ABII*eHIISI IIX ueHTpa Mace. X 

K L-s cssisn
141 1 5?. e L 1 6 · 

' SJ A - l 

KOS<p<pnuneHT npeo6pa30B8HIISI OT j - j 
/4/ 

- CIIMBOn 

G 
/1/ 

- MaTpIIUY 6yAeM CTpOIITb TO'lHO TaK ?Ke, KaK n B pa6oTe , 

HCIIOnb3YSI B Ka'leCTBe ABYX'laCTH'lHOI'O IIOTeHunana V( r) IIOTeHUHan XaMa-

Aa-n*OHCTOHa. B llHTerpanax <n STAI G(r) ln'f'ST A> IIHTerpupoBaHne 

no yrnaM Bb!IlOnHSieTCSI cpa3y, H Mb! 6yAeM IIMeTb Aeno TOnbKO C pa-, 

AIIanhHbIMII HHTerpanaMn <nf I G(r) In'£'> • lfa <popMynbI (9) BI!llHO, 

qTO HaM HY*HO 6yAeT Bbl'lll_CmITb senH'lHHbl 

f o , o•, 
nL, n L 

f I 2 
0 

a G(r) 

aw 
¢ nfJr)+2cp (r) aG(r) 

n e aw • 

2 • 

a G(r) 2 aG(r) 
+c/>o(r)[ 

2 
+---]¢ , 0 ,(r)}dr, 

nt. aw w aw n {_ . 

,, ,-··-

a¢r:rl...r) 

aw 
( 12) 

rAe cf, nf (r) - pamianbHb1e <pyHK~IIII cqiepn11ecKoro rapMoan11ecKoro ocunnnsi

Topa. f1oCKOnbKY IIOTeHUHan XaMaAa-n*OHCTOHa 3aBHCHT OT cyMMapHOI'O 

CIIHHa ABYX 'l8CTIIU S H cyMMapHOI'O II30CIIIIHa T I MO*HO pasAennTb 

E Ha 11eTb1pe qacTn ( E 8 T 
IIOT 

ll Bbl'lllCnHTb COOTBeTC.TBeHHO qeTb!pe 

KOHCTaHTbl KST • 

B cny11ae 8=0,T=l(singlet-even) n S=l, T=O (triplet-even) 

Amr IIOCTpoeHIISI G - MaTpIIUbl llCIIOllb3YeTCSI MeTOll cenapaunn CKOTTa-Mom

KOBCKOI'O.HiteSI MeToita saKn1011aeTCSI B TOM, 'lTO llBYX'laCTII'lHhlfi IIOTeHunan Hano 

pa3nenIITb Ha nae qacTII, KOpOTKOJlefiQTBYIOIUYIO v,. ll JlnHHHOJlefiCTBYIOIUYIO VL: 

V(r}= V ,.(r")0(d-r)+ VL (r) 0(r-d), (13) 

8 

I'Ae JJ ( x) - <pyHKUHSI XesncafiAa. ITapaMeTp cenapaunn d noA6npaeTCSI 

TaK, 'lT06bI IlpIITSII'IIB8IOIU8SI qaCTb V" ' rpy6o I'OBOpSI, KOMIIeHcnposana 

TBepAyIO cepAuesnuy IIOTeHUIIana. Hs OCHOBHoro ypasueHIISI TeopIIII G -MaT

pIIUbl 

G <; > cf> <r > = v <1 > 'P < --; > 
( 14) 

B cny11ae S =0, T=l nony11aeTcsi cneAy10mee ypasueune AnSI paAnanhHofi 

/1/ 
qacTII KOppenIIp0B8HHOfi <pyHKUIIII 1/f ( r) : 

,. 
ip" (r)= Kip (r), 

I'Ae 

" f (f + 1) 2 2 2 V 3 
K= 2 +vr +-.-V

0
(r)-2v(2n+ e +-

2
),ip"(,r) 

r 1fw 
a2

1p(r) 

ar 2 

( 15) 

VO (r) - UeHTpanbH8SI 11aCTb IIOTeHUTana XaMaAa-n*OHCTOHa. fpaHH'lHbJe 

ycnosnsi: 'P (r., ) = 0 ( r,.,,. - pannyc TBepAofi cepnueBHHbI noTeHunana 
; · · · ip '(r) ¢'(r) .. 

X. -n. ) , [~ 'P ( r) - ¢ (r) .. 1 , =d,. = O. BTOpoe , ycnosne 06ecne11nBaeT 

BbillieyIIOMIIHYTYio 'KOMIIeHC8llHIO., H onpenenSieT napaMeTp cenapaunn d 

B cny11ae s,..1, T = 0 nnsi npocTOThI paccMaTpIIBaeTc~ HeKoppennpo-

B8HH8SI BOnHOBaSI <pyHKllllSI <p ne TOnbKO IlpII f = 0 1 T~e. S - BOlIH8• 

KoppennpOB8HH8SI BOnHoBaSI <pyHKUIISI tp H3-38 nefiCTBHSI TeH30pHbIX cnn 

6yneT Y*e CMeCb!O s - n 

Bh!X <pyHKUHfi u ( r) H w ( r) 

D - BOnH. nnsi: COOTBeTCTBYIOIItHX BOnHO-
. , /1/ 

nony11a10TCSI CBSI38HHbie ypaBHeHirn 

9 



,. " 
u "(r) =L

1 
u(r) + T\\(r), 

,, " 
w "(r) =L 2 w(r) + T u(r), 

( 16) 

rne 
" 2 2 3 " - 2v 
L =v2 r + ..L.. V (r)-2v (2n + -), T ""VS-•- V (r), 

t 1\w O 2 fl eu .T 

" 2 2 6 3 2v [ ( ] L2 =vr + 2 -2v(2n+°")-.._-- 2V r)+3V (r)+3V (r)-V (r), r ~ ueu T LS LL C 

VT ' V Ls II V LL - COOTBeTCTBeHHO TeH3OpHaH,. cmrn-opoIITanbHaH II KBaLl

paTIItJHaH CnIIH-OpOIITanbHaH qacTII,noTeHUIIana X.n. fpaHII'IHhle ycnoBIIH! 

'() ¢:o(r) [ w'(r) H'2(yr) 1 -0 
[ u r ---1 =0 -- - - • 

u(ro)=O, w(ro )=0, ~- <Pno(r) r=dT ' w(r) J(2(yr) r=dT 

( 1) ( 1) 
3necb H2(yr)=yrh 2 (iyr) , h 2 - aKcnoHeHuIIanbHo yohrnaioruaH IPYHK-

. /1/ 
UIIH XaHKenH, y - napaMeTp • 

TaKIIM o6pa3oM, nnH G - MaTpIIUbI MO)KHO HanIIcaTb 

Torna 

G(r) .. V (r) 0 (r- d). 

l..Q.. .. _~ V(r)8(r-d), aw a(;) 

2 a G cl2d ad 2 
V(r)8(r-d)+(~) V(r)8'(r -d). aw 2 ,._a7" 

10 

( 17) 

~ 

ad 
TipoII3BOJ::tHbie -·-aw 

J2d 
II 8eu2 MO)KHO onpenenIITb, ecnII npIIHHTb BO BHIIMa-

HIIe, 'ITO rpaHII'IHbie ycnOBIIH 

[ t{l'(r) _ ¢,;£ (r) ] =0, 

tp ( r) cp nf (r) r =d" 

[ u'(r) _ ¢;0 (r) 

u( r) cp (r) 
nO 

] 
r=d 

T 

0 

LlOn)KHbI BbIIlOnHH'J'.bCH npII moObIX W ~ BaHB ·nonHyJO npOII3BOLlHYIO no Cu 

OT K8)KL1OI'O II3 8TIIX COOTHOllieHIIH, nerKO nonytJIITb 

ad ,1,.' - •1·' " 't'eu 'l'w 

--r;;;-= "'".-cf,,, l,,.,d,, 

a2 d 

0

( 18) 
' ' 

--" = _1 -I 2 ad"(cp" -t/J ") + ( ad.,) (</>'" -t/1"')+( cp, -t{I' ) I 
aeu 2 tp "-cf,,, aeu CIJ Cu aeu eu2 w

2 
r=d,. 

2 a,,, a tfJ .•· 
rne if; =..::...z.. 1 tp 2 = -a 2 • AHanOI'II'IHbie paBeHCTBa nonyqaJOTCH 

Cu aw Cu Cu 

ad a2dT 
nnH -;rc;f- II &., 2 C TOfi nIIllib pa3HIIgeu, 'ITO tf, aaMeHHeTCH Ha u .. 

Tenepb Hy)KHO onpenenIITb tpyHKUIIII- rµ w· , ,fr m2 , u w II "w2 • 

nIIiptpepeHUIIPYH ypaBHeHIIe ( 15) no w . , nonytJaeM ypaBHeHIIH nnH tf, a, 

.Ir rfr 2 I 
Ct) 

" " 
tf,'(u (r)=K t{lw(r)+Mt{l(r), 

" " .ifi,, 
2
(r)= K if,, 2 (r) + 2M t/J (r) + 

CJJ (JJ Ct) 

" 2 · 3 
rne M = --[ v 2 r 2;.. v(2n + £ ·+ 2 )L 

1i Ct) 

2v
2
r 

2 
ifi (r), 

2 (1\w) 

fpaHHtJHbre ycnoBm:r: 

11 
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,· 

d d2 
ip (r ) =0, rp 2 (r )=0, -[rp(r)-¢(r)] · =0, --[ip(r) ...,cf.,(r)] =0. 

(iJ o (iJ o d (iJ . r=d., d (iJ 2 . r=d,. 

llmjiqiepeHUHpySI II0 "' ypaBH8HHSI ( 16)' rronyqaeM ypaBHeHHSI nm1 

u H 

"' 
u • w2. 

A A A 

,•u;(r)=M0 u(r)+ .L 1 u(i.)(r)+'I;/w(i.) (r), 

A A A 

w':(r)sM
0 

w( r) + L 2\w"'(r)+ TuJ.r), 

2 2 2 A A A 

u" (r) = 11 
r u(r)+2M u (r)+L u 2(r)+Tw 2( r), 

(i.)2 . (1\w >2 0 w I W (iJ . 

( 20) 

. 2v2r2 ,. ,. '.' 
w" 2 (r)=--w(r)+2M

0
w (r)+L w 2 (r)+Tu 2(r), 

w (1lw) 2 (iJ 2 w w 

" 2 3 rne M
0
=-[v2 r 2 -v(2n+ -

2 
)]. 

Ttw · 
fpaHH'IHbie ycn0BHSI: 

u(iJ(r
0 

)=0\ ""w(i.) (r 
0
)=0, u(i.) 2 ( r 

O 
) "'0, w 2 (r ) = 0, -d; d [ u(r) -¢(r)] ~=0, 

(iJ c (iJ •~T 

£[u(r)-cf.,(r)] =·0 ~[ wtj _H2'(yr)] =0, ~ { w'(r)_ H;(yr)] =0 • 
,d(i.)2 , .. dT ' d(i.) w r) J{2(yr) r=dT d(i.)2 w(r). J{2(yr) r=dT 

ad 
. TTony'IeHHbie BenH'IHHbf d , -" " aw 
IIpHB8ll8HbI B Taon. 1. 

a2d 
--~" d a(i.).J T • 

TTpH S =1 T=1 (triplet odd) H 

adT 
aw 

H. 
a2dT 

aaJ 2 

S=0, T =0 ('singl.et odd) 

rroTeHuHan x.h. BHe TBepnoil: cepnueBHHbI IiMeeT B 6onbllIHHCTBe cnyqaeB 

OTTanKHBaTenbHbIH xapaKTep. B T8K0M cnyqae 0CH0BH8SI Hll8SI M8T0ll8 cerra

paUHH ( "KOMIT8HC~UHSI" TBepnoil: cepnueBHHbI IIpHTSII'HBaromeil: qaCTbIO II0TeH-

12 

'l, i 
} ,\~ 
! 
·1 

1 

(~ 

·!.l ·J_ \, 
f 

' ' /1/ 
UHana) He rrpoxonHT, II09T0MY, K8K H B pa6oTe 'HCII0nb3yeM nnSI II0CTpo-

8HHSI G - MaTpHUbI reference spectrum method(r.s. -.JMeTon.)'l 

3necb G - M8Tpnua 6yneT 38BHC8Tb 0'1: fl) y:lKe H8SIBH0, qepe3 KoppennpoBaH
/1 / 

HYIO qiyHKUHIO rp nf( r) 1 K0TopaSI orrpenenSieTCSI H3 ypaBH8HHSI 

' 1 
ip 

O 
(t)=cp 

O
ct) - ,. V(r)rp 

O 
(r), 

ll(_ rt. p 2 
2 

fl2 nL 
-+y --

2µ 2µ 

( 21) 

"'2 

rne --..£.: - orrepaTop KHH8TH'I8CK0H .aHeprHH CBO0OllHOil: 'I8CTIIUbI, y 2 -rra-
2µ 

paMeTp, xapaKTepHbrii nnsi r. s. - MeTona. 

3arrnll!eM qiopMyny ( 12) B 6onee yno6Hoil: nnsi aToro MeTona qiopMe: 

00 a¢ne(-rJ 1 a acp ;(r) 
f e T = f 12[ a - cf., 0 (r) ][-(G(r)cf., , 0 ~r))-G(r) nf 1+ 

n • n O W (iJ nL a(i.) n L . • a Ci.I 

( 22) 

2 a2 a <p 'f'(r) 
+cf, (r)[-(G(r)cp,

0
,(r))-G(r) n ]ldr. 

nf a(i.)2 nL a(i.)2 

TToncTaBmISI crona Bbip8:1K8HHSI nnsi IIp0H3B0llHbIX 

acp e 1 - 3 1 1 -
_n_=-[y(n+1)(n +f+-)¢ 0 -yn(n+ f+-

2
)¢ oh,-¢ o a(i.) 2w 2 n+l,L n-1,L 2w nL ( 23) 

a2 ,1,, r> l . 3 5 
~ = -- Iv' (n +1)(n+2)(n + e +-

2 
)(n+ e +-

2
) ¢ ::i o -

aw2 (2(i.))2 ---- n+ ,L 

-2[y(n+1)(n+f + 3 )¢ 0 -yn(n+f + 
2
1 ) rp ol-[(n+1)(n+f+ 3

2
)+n(n+f+ 2

1 )]¢, 
2 n+l ,L ' n-1,L 

' 1 /:". 
+ v'n(n-1)( n+ e +.l.2 )(n+e -.1.2 ) ¢ 2 o I =--2i o 

n- , L ( 2w) nL 
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II Y'IIITb!B85I ( 14). rrony'laeM: 

1 00 - . 

f O , 0 ,= --:::-,fV(r)l2[¢ 0 (r) +2ef> 0(r)]t ,0 ~r) +¢ 0(r) g ,0 ~r) }dr. 
n L • n r. (2w J 6 . nr. nl. n r. nr. • n r. 

{24) 

3aech . BB9)l9Hbl o6o3H8'19Hll5I: 

. tnf =v'(n+l)(n+ e + ;> Xn+i,e-v'n(~+ e +~ >xn-t.f-Xnf 

gne=v'(n-t>1Xn+2)(n+ f +; )(n+ f +;) Xn+2,f "'.'[(n+l)(n+ f + ;>+n(n+ f+i)Jxne-

~-'- 3 · · 1 · 1 1 
-2[y'(n+f)(n+ f +2 ) Xn+t, f -y' n(n+ f +2 ) Xn-t£1+y'n(n-l)(n+'f + 2 )(n+f - 2 )xn-2°']!~\e, 

X nf = ¢ nf - ,fr nf ' X nf = 2w 
axne 
aw 

= 2 
, xnf =(2w) 

2 

a Xnf 
~-2 aw 

.cf>yHKUll5I X nf. H8XOJlHTC5I 113 ypaBH9H115I,. KOTOpoe MO)KHO rrony'IIITh 113 . { 21) 

" 2µ 
,-., Xne(r)=- -"°n"2 V(r)¢ne(r), 

( 25) 

" a2 e ( e +1) 2 2µ - = 
rae L = ~ - --2- • -y - ---=,r- V( r). YpaBHeHnsi JlnSI X n f- 11 X .,e _ ar r Ti . 
rrony'laIOTC5I rin-q,qiepe.aunpoBaHIIeM { 25) ·no w • ITpH 9TOM H8)l0 Y'IH-

TbI_BaTb, 'ITO y 2 "'w • B peaynbTaTe ~n5I q,YHKUHH 
Xne ' Xnf • tnf 

II gnf rronyqaeTC5I CHCTeMa ypaBH9HIIH: 

14 

" 2µ L )( 0 (r)=- --' .. V(r)¢ o(r), 
nr. 1i 2 • nr. 

" 2 µ -
Lxnf(r)=- ]2V(r)¢0 e(r)+2y

2 
x 0 e(r), 

. (26) 
A 2 
L t nf ( r) = - 2 y X nf ( r), 

" 2 
Lg

0
e (r)=-4y x

0
e(r) 

C rpaHH'IHb!MH ycnOBHSIMH: 

X o(r )= ¢ 0 (r ), X o(r )=¢ o(r ), t o(r )=0, g o(r )=O, 
nt.c nLo nt.c nl..c nt.c nL c 

)( (oo)=O, X (oo)=O, t (oo)=O, g O {oo)=O• 
nf nf nf · nl. 

CncTeMa ypaBH9HHH (26) pernanaCh TOnhKO IlpH f = 1 . ITpH f > 1 
,l., • /1/ 6 ansr 4'YHKUHll )( n f HCIIOnh30BanoCh rrpeanO)K9HHOe B IIPH nH)K9HHe: 

xnf(r)= ef,nf (r), r < re' 

X o(r)=ef, 0 (r)(2--r-), r <r< 2r 
DL Il[. f C C 

C 

X 0 ( r) = 0 
nr. ' 

r > 2r 
C 

B T8KOM rrpn6nH)K9HHH q,yHKUIIH t nf II g nf T0)K)l9CTBeHHO. paBHbl Hynro,· 

H BKJia)l B fnf,n'f' 

r 

aaeT TOnhKO o6'heMHblH qneH, T.e. f 
0 

IV 

B Jl8HHOH pa6oTe 6bmH Bbl'IHCneHhl K ST 

rrony'IHnHCh cneayromne 3HaqeHnsr: 

15 
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KOi = K (SE) 

K 00 = K (SO) 

0,0298 Maa, 

0,0049 Maa, 

K 10 = K (TE) =- 0,1464 Maa, 

K seeK (TO) = 0,0165 Maa. 
I I 

Ha 3TllX peaynbTaToa annHo, qTo a TpnITneTHOM ITO cyMMapHoMy CITllHY 

COCTOHHllll aaanMoneucTane CllnbHee, qeM a CllHrneTHoM,aa qTo oTaeT

CTaeHHhI, ITO-allJlllMOMy, TeHaopHb!e Cllllbl. KpoMe Toro, B3aUMO)lettcTane 

a qeTHb!X ITO OTHOCUTellbHOMy op6nTanbHOMy MOMeHTy COCTOHHllHX CllllbHee, 

qeM a HeqeTHbIX. 3To MO)l<HO o6'I>HCHUTb TeM, qTo C aoapacTaHneM op6u

TanbHOro MoMeHTa qacTllllbl cna6ee qyacTayIOT Taepnyro cepnueanHy. 

ilnH unnIOCTpauuu neucTallSI nonyqeHHb!X MOHOITOllb-MOHOITOllbHb!X cnn 

6bmll paccqnTaHhI cITeKTpb! SIJlep 18 O II 
18 F u ab1qucneHo naMeHenne 

· 2 16 
cpenneKaanpaTIIqnoro ITpoToHHoro pannyca 8 <r P > SIJlpa O ITpn no6aaneHnn 

K neMy onHoro HeuTpona. 

PacqeT. ITOKaabJBaer, qTo naHHbJe Cllllbl ITpaKTllqecKn He annSIIOT Ha cneKTp 

18 ( ) ' 18 0 pnc. , , ace ypoaHn KOToporo nMeroT naocITnH T = 1. B Sinpe F 

eCTb ypoann KaK C naoCITllHOM T = 1, TaK ll C naocnnHoM T = o. llo6a

aoqHble Cllllbl cnanraroT 3Tll nae rpyITITbl ypoaHeu npyr OTHOCllTenbHO npyra 

npnMepHO Ha 1,5 Maa a CTOpOHY nyqmero cornaCllSI C 3KCnepnMeHTOM 

·(pnc. 2). 
2 

B<rp> 
/5/ 

ab1qncnSinllCb ITO TOMy )Ke peuenTy, qTo ll a paooTe • Pe-

aynbTaTbl pacqeTOB JlllSI Tpex cnyqaea, Korna HeHTpOH caJlllTCSI Ha ypoBHll 

d5/2 s 1; 2 n d 3; 2 , npnBeneHbI B Taon. 2. Ha nee BnnHo, qTo no5a-

aoqHbie Cllllbl aaMeTHO anUSIIOT Ha BennqnHy 8 < r 2 > 
p 

n MoryT na)Ke 

naMeHllTb ee aHaK. IlonyqeHHb!H peaynbTaT cornacyeTCSI C ab!BOJlOM paoo-
/5/ 2 

Tb! ' qTo < r p > llMeeT TeHneHUllIO yaennqnaaTbCSI ITpll no6aaneHllll HeHT-

poHa, ecnn a pacqeTaX yqIITb!BaTb aaancllMDCTb :ajlcjieKTllaHblX cnn OT nnoT

HDCTll. 

PaccMOTpeHHbie naa ITpUMepa ITOKaabIBaIOT, qTo :ajlcjieKTbl nepecTpOHKll 

nMeIOT 5onbmoe anaqeHne He TonbKO npn onpeneneHnn caMocornacoaaHHbIX 

16 

I ,, 

J6/ IT DJ:lHOqaCTllqHb!X 3HeprnII • . 0.3TOMY. npencTaBnSieTCH llHTepeCHb!M npoaecTn, 

yqnTbJaaSI 3Q)QleKTbl nepecTpOHKll, pacqeTbl cneKTpoa, 8< r 2 >" ll npyrnx 
' . p 

xapaKTepllCTllK aTOMHh!X Sinep na paaHb!X oonacTeH nepnonnqeCKOH TaonllUhl. 

3To 5yneT cnenaHo a cnenyronmx paooTax. 

B aaKnroqeHne ITpnHomy ncKpeHHIOro 5naronapHOCTb H.H.Muxaunoay 

aa MHOroqncneHHh!e o5cy~eHllH ll ITDCTOSIHHb!H llHTepec K paooTe. 
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f n 

0 0 

I 

2 

2 0 

I 

2 
. 4 0 

I 

2 

Ta6nnua I 

CnarneTHhiii n TpnnneTHhiii napaMeTpbI cenapaum1 

11 llX npOll3B0AHbJe IIO hw 

ad 2 fm /d 4 fm adT 2 ~ ~04( fm °1 
d (fm) -• 10 ( -) -•10 (7 dT(fm) -a-10 (M a 2 M V • aw MeV a<,) 2 Me W e <,J I e 

I,016 0,196 0,269 1,064 O,I855 0,0295 . 
I,061 0,674 3,462 I,088 0,4141 I,0095 

I,132 I,824 24,295 I,109 0,7053 3,6746 

0,877 0,0503 0,0362 

0,882 0,0635 0,0972 

0,886 0,1215 · 0,1654 

. I,197 0,0631 0,0515 

I,200 0,0902 O,II04 

I,204 0,1207 . 0,1687 

18 

Ta5nnua 2 

1-faOTOITlI'IeCKIIe CllBHrH O < r: > ( fm 2 ) rrpn 

ao5aBneHHII K 
16 

0 Heil:TpoHa Ha ypoBHII d3; 2 , s 1; 2 , d 5; 2 • 

Heil:Tp. 

I "-- I Oda/2 1 s 1; 2 Od 5/2 

3qxp. B3-e 

I G(r 
1 

, r 
2 

) I o ,02a -0,368 -0,071 

I G(r r )+Kr 2 r 2 
I ' 2 I 2 

I o ,194 -O,I93 0,094 

19 



8 

1 ~ _I{+ 

I. ~ 
, :t 

6 ~ _l/ 
_t/ 

· I ~ l 
+ 2,.,,_ 

-1+ -l· 
-3+ 

I 

I + .2,+ s ~ q,)-
=1+ 

£,M9B J 
3 

-i-t _,_+ +-
+· z,.,, 

':J ~ 
. + £ M9B 

2,0-
- 2, 
-0+ 2 -~-t 

f+ 
- "+ +-o,,,....:. 3+-

_3+ _3+ -3-t 
3 I- ,+ 

o+ o,+-
2,+ 1 (1)-3+ 

=o.,. =2,+ 

2 ~ -ll - 4+ 
-2.♦ 

t o l - f t _{" -1+ 
a, 6 B 

i ~ 
I 

-2♦ -2/ 
Pnc. 2. CrreKTp 

18 F : a .- paC'!eT. C OCTaTO'IHhIM B38HMOJ:{9liCTBH9M 

• G( r 1 , r2 ) • 6 - pacqeT C OCTaTO'IHhIM B38HMOJ:{9liCTBH9M 

-o+ -o+ -:- o+ I G(r1,r; )+Kr~r22 , B - 9KCIIepnMeHT. 

D .. 

,a 6 B 

Pnc. 1. CrreKTp 
18 

0 : a - pacqeT C OCTaTO'IHhIM B38HMOJ:{9liCTBHeM 

G(r 1 , r 2 ) , . 6 - paC'!eT C OCTBTO'!Hh!M B3aHMOJ:{9liCTBHeM 

G( r l , r 2 ) + K r ~ r 22 . , . B - 9KCrrepnMeHT. 
21 
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