
P2 - 9562 

JI.C .,ll,y JihHH, Ap .M .KOI.V-tHHH, P .H. cflaycToa 

PA3BAA PEAHTHBHCTCKOrO ll03HTPOHHH 
B llOAE ATOMA 



F TOB P.H. P2 - 9562 

p U03RTpOHRll B none 8TOM8 

~CTCKOrO U03RTpOHRll BH6WHRM noneM 

6Hiflf, llnll Bbl'ii!CneHRll C6'16HRll npo-

aonHOBbl6 1\JyHKURR CBli38HHOll CRCT6Mbl 

i'roMaCa-¢lepMR. noK838HO, 'ITO C6'16HR6 

~Rll H8 ero RMnynbC, llnll OCHOBHOrO, 

OliHHll nony'I6H8 38BRCRMOCTb C6'16HRll 

pRR TeopeTR'!eCKOll $R3RKR OHHH. 

HCTMTyTa BAepHNX KCCAeAOB8HHi 

i5Ha 1976 

2619/I-76 np. 
,llyJihHH,JI.C.H ,I(p. 

fl,- 81 ~ Pa3BaJI 
peJIHTHBHCTCKOrO TI03HTp0-
HHH a noJie aroua. 
P2-9562. 197_§_ __ 

I 

P2 - 9562 

Jl.C.,ll,yJibliH,* Ap.M.KouMusu,** P.H.~aycToB 

PA3BAJI PEJIHTHBHCTCKOrO 003HTPOHHH 

B OOJIE ATOMA 

Hanpae11eHo a .Jl~ 

* VfHCTHTYT Mal'eMal'HKH AH ApM CCP. 

* * u EpeBaHCKHH ~H3HqecKHH HHCTHTyT, 

'l!l!,li¥ill.,;~:lLJ! mfl:'I'BTY' f 
epH!dX HcCJJe.llO '" \ 
GMGJWiOTEKA 

• 



J. lly'IKH pemiTHBHCTCKHX nOJHTpOHHeB npe.IJ.CTaBmiiOT 

JHa'IHTeJJbHblH HHTepec BO MHOrHX OTHOWeHHJIX /I :2/ o He
TO'IHHKOM TaKHX nOJHTpOHHeB JIBJJJIIOTCJI pacna.IJ.bl HeHT-

panbHblX MeJOHOB: 

I t.l/ 

r.n.e CHMBOJJ A 2•· o60JHa'1aeT CBJIJaHHOe COCTOJIHHe JJJet<TpO

Ha H nOJHTpOHa. ~JJJI onpe.n.eneHHJI HHTeHCHBHOCTH ny'IKOB 

noJHTpouue8, reuepupo8aHHbtX 8 pacna.n.ax /l.l/ ua npo

TOHHbtX KOJlbUe8blX yCKOPHTeJJJIX, He06XO)J,HMO JHaHHe Ce

qeHHJI paJuana unu pacmenneHHJI noJHTPOHHJl 8 8ewecT8e. 

rpy6aJI QUeHKa 3TOrO ce'leHHJI 6blna .n.aua 8 pa6oTe Jl.JI.He

MeHo8a II 1 
0 

HaMH nocne.n.o8aTenbHO paccMoTpeua Ja.n.aqa 

0 paJBane 8 none aTOMa peJJJITH8HCTCKOrO noJHTpOHHJI 

c JHeprueii: nopJI.n.Ka l F3B, xapaKTepuoii: JJ,JJJI clloTOH08 OT 

pacna.n.a rr 0 -MeJOH08 ua ycKopuTene H~B3 /Cepnyxo8/. 

B yKaJauuoii: peaKUHH noJHTpouuii: pmK.n.aeTCJI TOJJbKO 

8 TpHnJJeTHOM COCTOJIHHH jopTOnOJHTpOHHH/, npuqeM OH 

MO)l{eT HaXO)J,HTbCJI H 8 pa.n.uanbH0-80J6y)l{JJ,eHHblX S -co

CTOJIHHJIX. HaM y.n.anocb noKaJaTb, 'ITO nonuoe ceqeuue 

paJ8ana noJHTpOHHJI Ja8HCHT OT npoeKUHH cnuua Ha ua

npa8neuue nMnynLca jcnupaJJbHOCTH/. ~nJI 80J6y)l{.n.eHHbiX 

COCTOJIHHH paJHHUa Me)l{JJ,y ce'leHHJIMH paJuana noJHTpOHHe8 

C paJJJH'IHOH cnupanbHOCTblO yMeHbWaeTCJI. 

ext 
2. B HHJWeM nopJIJJ,Ke no 8uewueMy noJllO A /J. aMnnu

Ty.n.a npouecca paJ8ana noJHTpOHHJI npe.n.cTa8nJieTCJI 8 8n.n.e 
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m ext_ 11 , 
= A 11 J p-> PP ' /2.1/ 

r.n;e 

1
11 -> .... 11 .... 

P .... pp' =<p,s,p',s 'I 1 (0) I P,B > - /2.2/ 

MaTpHqHLIH 3JieMeHT onepaTopa TOI<a M$)K.IJ;y CBB3aHJILIM 

cocroauueM I P.B ::::c noJIHLIM HMnyJILCOM P ( E =V p2 't-M2)u co

croauueM I p, s, p' ,s '>.n;Byx CBo6o.n;uLix qacruu: c HMnynLca-
... ->, 

MH p H p . 
,lJ;JIB BLiqHCJieHHB MaTpHqHLIX 3JieMeHTOB Me)K.IJ;y CBB3aH· 

HLIMH COCTOBHHBMH CYIIJ:eCTByeT CTaH.n;apTHLIH annapaT B 

paMI<ax qerLipexMepuoro «l!opMaJIH3Ma /3/, pacnpocrpaueu
HLIH Bnocne.n;cTBHH /4,5/ ua rpexMepHLIH I<BaJunoreuu:uanL

HLIH Mero.n; Jloryuosa H Tasxenu.n;Je /6/. 3ror Mero.n;, I<ai< 

H3BeCTHO, BBJIBeTCB HaH60Jiee 3«ll«ilei<THBHLIM H 3I<OHOMHLIM 

CllOC060M OllHCaHHB CBB3aHHLIX CHCTeM B I<BaHTOBOH TeOpHH 
llOJIB. 

HcnoJIL3YB o.n;uu H3 sapuauros Tai<oro rpexMepuoro 
anna para /7 • 8/, MLI llOJiyqHM, qro B HH3WeM llpH6JIH)KeHHH 

/6e3 yqera B3aHMO.IJ;eHCTBHB B I<OHeqHOM COCTOBHHH/ MaT· 
puqHLIH 3JieMeHT /2.2/ 3allHCLIBaeTCB B BH.IJ;e 

111 =ir 8 (f})y11x (p',s')+x (f>,s)yl1 v 8 ,(p). 
p -~ pp' B p B p /2.3/ 

J.n;ecL BOJIHOBLie «l!YHI<U:HH 

XBP(p,s) =< p,s,(+) 11/J(O)I P,B > /2.4a/ 

- -Jo -+ -

XBp(p,s) =<p,s,(-) 11/f(O) I P,B>, /2.46/ 

1/J(x) - re:B:Jeu6eprosci<HH oneparop B3aHMo.n;e:B:cTBYJOIIJ:ero 

3JieKTpouuo-no3HTpouuoro nona, Juaqi<u /+/ H /-! oTuo

CBTCB I< ll03HTpOHHLIM H 3JieKTpOHHLIM COCTOBHHBM, a U H 

v - noJIO)KHTeJILHo- H OTpuu:areJILHo-qacToTHLie .n;upaKos

CKHe CllHHOpLI, HOPMHpOBaHHLie YCJIOBHeM uu =-VV =2m. 

Tai<HM o6pa3oM, B BLI6pauuoM npu6JIH)KeHHH npou:ecc 
H306pa)KaeTCB .IJ;BYMB .IJ;HarpaMMaMH puc. 1. 

4 

=k ~\ ~ __. e+ --
e+ 'e-

Puc. 1 

Bu.n;uo, qro uenocpe.n;crseuuo c BHeWHHM noJieM 
aToM:a B3aHMO.IJ;eHCTByeT JIHWL O.IJ;Ha H3 qacTHU:, B TO BpeMJI 
I<ai< .n;pyraB uaxo.n;HTCB ua Maccoso:B: nosepxuocru. 

Kai< 6LIJIO noi<aJauo B pa6orax17 ,R/, senuquuLI /2.4a,6/ 

npe.n;cTaBJIBIOT C060H TpexMepHLie peJIBTHBHCTCI<He BOJI• 

HOBble «l!YHI<U:HH CBB3aHHOH CHCTeMLI .IJ;BYX qacTHU:, O.IJ;Ha H3 

I<OTOpLIX HaXO.IJ;HTCB Ha MaCCOBOH llOBepXHOCTH. 0TMeTHM, 

qro npH llOMOIIJ:H 3THX BOJIHOBLIX «ilYHI<U:HH MO)KHO BLiqHCJIBTL 
H BLICWHe nopB.IJ;I<H TeOpHH B03MYIIJ:eHHH. 

Ha OCHOBaHHH onpe.n;eJieHHH /2.4a,6/, HCllOJIL3YB TpaHC • 

«l!opMaU:HOHHLie CBOHCTBa Bei<TOpOB COCTOSHHH H llOJieBbiX 

oneparopos npu npeo6pa3osauuu Japs.n;osoro conps)Keuua, 

JierKo llOKa3aTL, qro X H X CB113aHLI COOTHOWeHHeM 

-a(_.) C {i(->) 
XnP.p,s =en a{3XnPp,s' /2.5/ 

r .n;e C a{!' Ma rpuu:a JapB.n;osoro conps)Keuus, a c 11 - JapJI· 

.IJ;OBaJI qeTHOCTL ll03HTpOHH11 /.IJ;JIS OpTOll03HTpOHHB CIJ= 1 /. 
ll03TOMy TOK /2.3/ MO)KHO 3allHCaTL B BH.IJ;e 

1 11 -s r!) 11 ( ' ') -s '( ->,) Jl (-> ) a> ,=u·\py X a>p,s +U pYX a>p,s, 
J -> PP . lJ ·' H J /2.6/ 

CO.IJ;ep)KaiiJ:eM TOJILKO llOJIHOBYIO «ilYHKU:HW C ll03HTpOHOM Ha 
MaCCOBOH llOBepXHOCTH. 

3. Bonuosag «ilYHJ<U:Ha X BP no.n;quuseTcs Mo.n;u«l!uu:u-
posauuoMy ypasueuuro ,lJ;upaKa /7/ 

A A 1 d3 , -> 
(P -p-m)x iP.s)=::-:3lf~V(p,s,p',s',-P)~i(p;s'), 

B (2 77 ) s' 2p 0 
./~-2-2 /3.1/ 

Po = v p + m . r.n;epA -y11o • 
- • 11 
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3To TpexMepuoe KOBap8aHTHoe ypauueu8e nonyqeuo ua 

OCHOBe O~HOrO 83 Bap8aHTOB KBa38nOTeHU8aJibHOrO no~xo

~a Jloryuoua 8 TauxeJI8~3e. B onepaTOpuoii cllopMe KBa38-

noTeuu8aJI 

1 -I -I) V=-:-(g -gr 
1 13.21 

8 onpe~eJIReTCR qepe3 cllYHKU88 rp8Ha CJie~~~ero B8~a: 

4 (4) -+ -+ p 
(2rr) o (p+q-p'-q')g(p,s,p',s', )= 

. . , , 
•qx -•q I -+ -+ 

= f dxdx 'e < p,s IT t/J(x) t/J(x ')I p ',s '>, 

p = P+ q' 13.31 

8 HeCBR3HYIO qacTb nOJIHOB cllYHKU88 rp8ua: 

--> 3 -+ -+ ... -I 
gf(p,s,p',s', 9')=(2rr) 2p

0
o(p-p')o

88
,i(p-m) . 13.41 
/6/ 

Kua38noTeuu8aJI V TaK)Ke MO)KHO swpa38TL qepe3 

aMnJI8Ty~y pacceRH8R BHe MaCCOBOB nOBepXHOCT8. B np8-

6JI8)KeH88 O~HOcllOTOHHOrO 06MeHa eii COOTBeTCTB~T ~Be 
~8arpaMMbl ua puc. 2. 

+ 

'"' 
Puc. 2 

B C8CTeMe nOKOR n038TpOH8R ~B8)KeH8e COCTaBJIRIO~X 
ero qacT8U HOC8T HepeJIRT8B8CTCKHB xapaKTep, n03TOMy 

BKJia~ OT aHH8r8JIRU80HHOB ~8arpaMMbl npeue6pe)KBMO MaJI, 

a BKJia~ OT o6Meuuoii ~8arpaMMbl np8o6peTaeT B8~ Ky-

6 

JIOHOBCKOrO noTeHU8aJia, KOTOpbiB Mbl 8 8CnOJib3yeM B Ka

qeCTBe KBa38nOTeHU8aJia B nepBOM np86JIIDKeH88: 

... 2 2 V(-+ -+, ' 0) o me p,s,p ,s , = - y o ,. . 
( -+ -+,)2 ss p-p 

13.61 

YpaBHeH8e 13.11 B :noii CHCTeMe 3an8Cb1BaeTCR B B8~e 

0 2 d3 , 
....... .... ye P .... I I I y0 (M-p )+y p-m !x .... (p,s)=- --

3 
f--x _[p',s). 3.7 

0 RO (2rr) (p-p')2 BO 

BcnoM8uas, qTo ~JIR ~8paKOBCK8X cn8uopos 

(y0 p0 +yp-m)u(-p) =0, 
npe~cTaB8M x -.(p,s) B B8~e 

BO 
, 

X ... (p,s) = I a ,u" (-p) \fl (p). 
BO , ss s 

13.81 

Ko3cllcll8U8eHTbl ass' 6y~yT onp~~eJIRTb Cn8HOBYIO CTPYI<Ty

py XH' a BOJIHOBaR cllYHKU8R lfl(p) B uepeJIRT8BHCTCKOM npe

~ene 6y~eT y~osneTsopsTL ypau8eHHIO Wpe~8urepa c npa

ue~euuoii MaC COB m /2 B KYJIOHOBCKOM IIOJie: 

-+2 2 3 , 
(.£. + d\fl (p )= ....L_3 f d p,. \fl (p-+,), 13.91 

m (2rr) <P-P' 
r~e 3Hepras CBR3H -("" M -2m. 

Peweu8s 3Toro ypauueH8R xopowo 83BeCTHbl. )J;ns 
OCHOBHOrO COCTORH8R (n = 1, e =0) BOJIHOBaR cllYHKU8R 

w (p) = ~c __ 
(p2+md2 

13.101 

llocTosuuyro C Mbl onpe~eJIHM 83 ycJIOB8R uopM8pOBK8 ~JIR 
'8; 

cllYHKUHH X I . : 

B 

XBP [ a pa2 (ig ;I - V) 1 p2=M2 xsP 1 , 

r~e YMHO)KeHHe noHqMaeTCR KaK 8HTerp8pOBaH8e C BHBa

p8aHTHOB Mepoii no npOCTpaHCTBy TpexMepHbiX 8MnyJILCOB 

H CYMM8pOBaH8e no nOJIRp83aUHOHHbiM 8H~eKCaM. 

fipOCTble Bblq8CJieH8B ~aiOT 

IC12 =28rrm6 (!-.)5/2 
m ' 

2 
f = a m 

-4~ 13.111 

1. 



~ng OnRCaHRX CnRHOBOH CTpyKTyp~ BOnHOBOH ~YHK~RR 
B Kaq·eCTBe OCR KBaHTOBaHRX B~6epeM OCL Z · B pa3nRqH~X 
cnRHoa~x cocToxHRxx opTono3RTPOHRx Xoss 6y.D;eT RMeTL 
BR.D; z 

( .... ~ .... .... 
X · p , S ) = o 11 u ( -p) 'I' ( p ) 

011 /2 s ' 

( .... ) 1 -~ .... ~ .... .... 
X010 p,s =-lou u (-p)+o 11 u (-p)J'I'(p), V2 ~s -/2s 

.... -~ 
X 01-l(p,s) =O-~ s u 

.... .... 
(- p) 'I' (p) . /3.12/ 

TaKRM 06pa30M, HaM R3BeCTHa BOHHOBax ~YHKI.I,RX no-
3RTpOHRX a CRCTeMe u.eHTpa Mace. ~nx nepexo.D;a K na6o
paTopHoH CRCTeMe, r,D;e aTOM-RCTOqHRK BHeWHero nonx 
noKORTcx, a nonH~H RMnynLc no3RTPOHRX paaeH P, aoc
nonL3yeMcx TpaHc~opMa~ROHH~MR CBOHCTBaMR XB 171 

llycTL L p - npeo6pa3oBaHRe JlopeHu.a, nepeao.D;xlll,ee 4-aeK
Top I M, 0 I B IE( P\ P\ Tor.D;a 

----+ 
a -+ + ~ W ) {3 ( -1 ) 

X m(p,s) = l, D , (RL-1 S {3X 
0 

Lp p,s , /3.13/ 
B J s ss p ,p a B 

r.D;e S a{3 - ~aTpR~a cnRHOpHoro npe.D;cTaaneHRX rpynnLI 
JlopeHu.a, Ds~, (RAW ) - MaTpR~a BRrHepoacKoro apameHRX ,p 

w -1 
RA = L AL 

,p Ap P 

llo.D;cTaanxx /3.8/ a npaayro qacTL /3.13/ R RcnonL3yx 
R3BeCTH~e ~OpMyn~ npeo6pa30BaHRX CnRHOpOB, nonyqJ!M: 

XB tP· s) = 

:t o~ w 
s 's" s- s s' ( R _1 ) a ~ 'I'(~ Lp•P •'•' D ••• - (RW 

k 

L. P P) ' Lm ,k 

"Lp I , J 
Po, -p 1. 

/3.14/ 

s- --+ 
)u (Lpk)x 

r.D;e 

8 

l 

) 

TenepL paccMoTpRM no.D;po6Hee apryMeHT BOnHOBOH 
~YHKI.I,RR 'I' B npaBOH qacTR /3.14/: 

-1 P p 1 .... .... Pp 
L=Lm P=l-, --[p(E+M)-P(p +-)]1. /3.15/ 

J M E+M o M 

TiocKonLKy .D;nx nonyqeHRX nonHoro ceqeHRx M~ B .D;anLHei
weM .D;OH)I(H~ 6y,D;eM RHTerpRpOBaTL no rrepeMeHHOH p , 
y)l(e 3.D;eCL yqTeM, qyo R3- 3a KYHOHOBCKOrO xapaKTepa 

. 'l'(p) OCHOBHOH BKHa.D; B RHTerpan .D;aeT o6naCTL 

-+ 

I e I ~ am /3.16/ 

/ a= 1/137 - nocTOXHHax TOHKOH CTPYKTyp~/, a 3TO, KaK 
BR.D;Ho R3 /3.15/, cooTBeTCTByeT 6onLWRM IP I - 1/21 p+l 
llo3TOMy M~ MO)I(eM npeHe6peqL MaccaMR m R M no cpaaHe
HRIO c RMnynLcaMR tT> I R I :1' I· Tor.D;a a CRCTeMe, r.D;e non
HLIH RMnynLC n03RTpOHRX HanpaaneH no OCR Z, T .e. 
1 =(0,0, p ), .D;HX . BeKTOpa f nonyqRM npOCTOe B~pa)l(eHRe 

e =P , e =P , e = 2m_(p -1..). 
X X y y Z p Z 2 /3.17/ 

Henocpe.D;CTBeHH~M a~qRcneHReM HeTpy.D;HO y6e.D;RTLcx, 
-+ -+ 

qTo k "' P -p. AHarrorRqH~e coo6pa)l(eHRX noKa3~aaroT, qTo 
0-MaTpRU.~ B /3.14/ MO)I(HO 3aMeHRTL Ha e.D;HHRqH~e. Bpe
lynLTaTe npe.D;CTaaneHRe· /3.14/ 3anRWeTCX B npOCTOM BR,D;e: _ _.,. 

' .... -l 
X m(p,s), !a ;us (P-p)'I'(Lm p). 

B J s' ss J 
/3.18/ 

HanpRMep, 
---+ 

( ~ a; -> -1 
Xm (J,s)=ou u ( J -p)'I'(Lm p). 

Jll /2S J 
H3 /3.16/ R /3.17/ cne,D;yeT, qTo RMnynLC j}, a 3HaqRT 

R k, HanpaaneH "noqTR" B.D;OnL nonHoro RMnynLca :1, T .e. 
no ocR Z. llo3TOMY ~YHK~RR us a /3.18/ MO)I(HO cqRTaTL 
CnRHOpaMR, COOTBeTCTBYIOili,RMR onpe,D;eneHHOH CrrRpanL-
HOCTR. 

4. ~RcWJepeH~RanLHoe ceqeHRe paccMaTpRaaeMoro npo
~ecca RMeeT BR.D; 
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m 2 d 3 d3 , 
da= ... 11lU~---. _P. -1:_ B(E-p -p' ), /4.1/ 

(2 TT )5 8 p p 0 p~ 0 0 

r.n:e m onpe.n:eJIJICTCJI paBeHCTBOM /2.1/. 

llpu BLI6ope noTeHu;uana noJIJI aToMa Mbl 6y.n:eM pyi<o
ao.n:cTaoaaTLCJI cne.n:yroJ.D;HMH coo6pa)KeHHJIMH. HcnoJIL3YJI 
I<HHCMaTHI<y, Jieri<o llOI<a3aTL, 'ITO pa3BaJI ll03HTpOHHJI 
B03M0)KCH 'y)Ke llpH O'ICHL MaJibiX nepe.n:aqax, 'ITO COOTBCT· 
CTByeT B3aHMO.IJ:CilcTBHIO Ha 60JILWHX paCCTOJIHHJIX. fio3· 
TOMy He06XO.IJ:HMO Y'IHThiBaTL 34Mbei<T 3I<paHHpOBaHHJI3JICI<T
poHaMH flOJIJI JI.IJ:pa, H llOTCHD;HaJI Mbl BLI6epeM B COOTBCT
CTBHH c MO.IJ:eJILIO ToMaca-"'epMH- MonLepa 191 : 

r.n:e 

ext ext _. 3 a. 
A. =0; A0 (q)=Ze! 1 ; /4.2/ 

I i=.J {3 _2 + q 2 

.... 
ii =P+l>'- P 

I 

mbi 1/3 
f3j = 121 z a

1 
=0,10; a

2 
=0,55; 

a 3 =0,35; b 1 = 6,0; b
2

=1,2; b
3

=0,3. 

,lJ;aJiee 3aMeTHM, 'ITO llOCI<OJILI<y Mbl HHTepecyeMCJI 
YJILTpapeJIJITHBHCTCI<HM ll03HTpOHHCM, TO HCHC'1e3aiOJ.D;HB 
BI<Jia.n: .n:aroT JIHWL nepexo.n:LI c coxpaHeHHeM cnupaJILHOCTH 
a 3Jiei<TpoMarHHTHoii aepwuHe. B 3TOM npu6JIH)KeHHH H3 
COCTOJIHHJI CO CllHpaJILHOCThiO +1 /·1/ B03MO)KeH nepeXO.IJ: 
TOJILI<o B cocTOJIHHe, r .n:e o6e qacTHD;LI o6na.n:aroT cnupaJIL
HOCTLIO +1/2 I -1/2/. HcnoJIL3YJI nonyqeHHLie .D:JIJI BOJIHOBLIX 
<i>YHI<D;HB X B p Bhlpa)KeHHJI /3.18/ H JIBHbiB BH.IJ: CllHHopoa, 

3aflHWeM MaTpH'IHble 3JieMeHTbl TOI<a /2.6/ .D:JIJI 3THX ne
peXO.D:OB. 0'1eBH.IJ:HO, 'ITO B CHJIY BLI6opa flOTeHD;HaJia BRew
Hero flOJIJI /4.2/ HaC HHTepecyiOT JIHWh HX BpeMeHHble 
I<OMflOHCHTbl: 

Jo . 
P II .... P I/2. p't/2 =-2i [ v Po (E-po->e f(¢-¢, > X 

10 

e -::I... i 
x cos 2'1' ( Lp p ')+ ylp'(E-p- )e -j-<¢-¢ ') 

0 0 X 

__. 
0' -I 

X cos 2 IJI ( L p p )] ; /4.3/ 

JO • 
p I-I-+p-I/2,p'-I/;2i [ylpo(E-p~)e- -}(¢-¢') X 

---+ 
-1 

X COS ..fl_ IJI 
2 

( L (i) p ') + v p '(E-p ) X 
J 0 0 

--> 
-J.<¢-¢'> O'IJI(Lii>1p)]. x e 2 cos 2 J /4.4/ 

J.n:ecL 0, cp H 0 ', cp' - flOJIJipHLie yrJibl Bei<TOpOB p Hp ', npH
'leM Y*e Y'ITeHo, 'ITO B CHJiy YCJIOBHJI /3.16/ B COMHO)KH
TCJIJIX llpH IJI (L"j p) MO)KHO llOJIO)KHTh 0=0, a npH IJI(L ·~,Ip ') 
COOTBeTCTBeHHO 0 '=0. 

,ll;JIJI COCTOJIHHJI )Ke CO CllHpaJILHOCThiO 0 B03MO)f(Hbl 
.D:Ba BH.D:a I<OHe'IHhiX COCTOJIHHB, OTJIH'IaiOJ.D;HXCJI 3aMeHOB 
3Jiei<TpoHa Ha no3HTpoH. CeqeHue a 3TOM cnyqae 6y.n:eT 
onpe.n:eJIJITLCJI CYMMoii I<Ba.n:paroa Mo.n:yneii .n:ayx cne.n:ym
J.D;Hx MaTpH'IHbiX 3JieMeHTOB: 

p 
PIO-+pl/2,p'I/2 

0 

J (t) ' 
J l0-+p-1/2,p 1/2 

~¢--¢') . 
= - i yl 2 e 

2 
[ yl p ( E -p' ) cos ~ x 

0 0 2 

---+ 

x IJI (L~1 
p')+ylp'(E-p )cos 0 ' IJI(L-J p)], 

J 0 0 2 J 

/4.5a/ 

-- _!.(¢-¢'> e 
= i yl 2 e 2 [ yl p (E-p ' )cos- x 

0 0 2 

-----. ---- e' I 
x IJI( L a,1 p')+ylp' (E-p) ca. --IJI(Gp)]. 

J 0 0 2 J 

/4.56/ 
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~nx BMqacneHHH ITOllHMX ceqeHHB ITO~CTaBHM ~OpMynM 
/4.3/, /4.4/ H /4.5a,6/ BMeCTe C BbiQpaHHMM HaMH rro
TeHI.{HanOM /4.2/ B BMpa>KeHae /4.1/ ~nx ~H~~epeanaam.-.... ...., 
HOrO ceqeHHH H ITpOHHTerpapyeM ITO HMITYJI&CaM p H p . 
O~HO HHTerpHpOBaHHe CHHMaeTCH DpH DOMOII.{H 0 -~yHICI.{HH, 
BMpa>KaJOmei JaiCoH coxpaaeaax :mepraa, a noJIHble ceqe
HHH nonyqaJOTCH B BH~e ITHTHMepHbiX HHTerpanoB. fipH 3TOM 
ceqeHHH paJBaJia IT03HTpOHHeB CO CDHpaJI&HOCThiO +1 H -1 
coana~aJOT - o6oJaaqaM ax a 1 , a a 0 

- ceqeaae ~nx cna
pan&HOCTH 0 - OTnHqaeTCH OT HHX. 3arrHWeM 3TH ceqeHHH 
B BH~e CYMMM ~BYX cnaraeM&IX: 

r~e 

12 

a 1 =A+B, 

a 0= A+ C, 
/4.6/ 

3 (}' 3 a 2 pp' cos - (!. __ i __ ) 

A=K 
2 i=lf3 2 .... z 

i +q 
d 

' 2 f dp d 0 ° 2 P )2 + p2 sin (} I 4m2(pcos(J- 2 
p 

4 
+ mf I 

/4.7a/ 
27 m6 5/2 

K = --(!....), 
2m m 17 

J 3 a. 2 
p2p,2 cos(¢-¢')(i;l ~t 

2 B=Kfdpd{}dO' 4 2 P)2 ...2sin2(J+mfl2 1p-+p'l 
1 ~(pcose-- +p 

p2 2 /4.76/ 

d {} = sin (Jd(J d¢, 

2 3 a 2 p'Zp' (!. i ) 

C=K JdpdOdO' i=l {3~+<1::...2 _____ _ 

4m2 p 2 2 2 (} 2 2 
I-( pcose- -) +P sin - +mf I I P-+P 'I p2 2 2 

/4.7B/ 

HHTer:pan A ' o6mai ~nx a I H a~ COOTBeTCTByeT BICna~aM 
OT ICa>K~OB H3 ~HarpaMM puc. J B OT~en&HOCTH~ a 8 H 
C yqHTMBaiOT HHTep~epeHI.{HIO Me>K~y HHMH. 0TMeTHM, qTo 
ceqeaae paJaana napanoJHTpoaax, BMqacneaaoe TeM >Ke 
cnoco6oM, coarra~aeT c a 0 • 

HHTerpan A y~aeTcx npa6na>Keaao BMqacnHT& aaa
naTaqeciCH. 3aBHCHMOCT& A OT aTOMHoro HOMepa Z ~aeTcx 
~opMynoi 

A= 0,692 .1Q-l
9z 413 CM~ 

/4.8/ 

HHTerpanM B H C ~o Koana aaanaTaqeciCH npoHHTerpa
poBaT& He y~aeTCH, H OHH 6&mH BMqacneHhl Ha 38M ~nH 
paJHhlX Jaaqeaai Z. PeJyJI&TaT&I npe~cTaanea&I B BH~e 
IIU6AUijbl. 

Ta6Auija 

Al 
Ni 
Mo 
w 

Al 
Ni 
Mo 
w 

z 

13 
28 
42 
74 

13 
28 
42 
74 

11=1 

I 17 2 
a X 10 CM 

0,193 
0,556 
0,968 
2,091 

0,211 
0,587 
1,008 
2,147 

n=2 

17 2 
a

0 x10cM 

0,145 
0,446 
0,800 
1,79"4 

0,208 
0,582 
1,001 
2,135 

~llH BhlqacneHHH ceqeHHH paJBana D03HTpOHHH B BOJ· 
6y>K~eHHhlX S ·COCTOHHHHX BMeCTO /3.20/ Ha~o HCDOllhJO· 
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Ba TL COOTBeTCTBYIOIJ.\He Wpe.n;uurepOBCKHe BOJIHOBLie cllYHK
~HH. llpu 3TOM oKa3LIBaeTC.fl, 'ITO HHTerpan A ue 3aBHCHT 
OT rnaauoro KBaHToaoro <JHcna n, a HHTe'rpaJILI B H C 6LicT
po y6LIBaiOT ITO a6COJIIOTHOH BeJIH'IHHe, T .e. pa3HHI.(a Me)l()l;y 
ce<JeHH.fiMH yMeuLwaeTc.fl. HarrpuMep, ecnu .n;nH ocuoauoro 
COCTO.fiHH.fl (n=l) 

a I -ao 
Tf= ----

a1+a0 
8 7 14%' 

TO .I:J;JI.fl rrepaoro Bo36y)K,n;euuoro cocTO.fiHH.fl (n =2) Tf < 1 % 
,l].JI.fl CJie.I:J;yiOll{HX B036y)K,Il;eHHLIX COCTO.fiHHB pa3HH~a Me)l()l;y 
a

1 
H a° CTaHOBHTC.fl MeHLWe TO<JHOCTH BLI'IHCJieHH.fl HHTer

pana A, u ce<JeHH.fl MO)KHO C'IHTaTL coarra.n;aiOll{HMH a paa
HLIMH A 0 

B 3aKJIIO<Jeuue aaTopLI BLipa)KaiOT rny60KYJO 6naro.n;ap
HOCTL JI.JI.HeMeHOBy 3a IIOCTaHOBKy 3a.I:J;a<JH H ~eHHLie CO

BeTLI, H.H.fioron106oay, A.H.Taaxenu.n;3e u ,ll..ID.fiap.n;uuy 
3a HHTepec K pa6oTe u rrone3HLie o6cy)K,n;euu.fl, B.B.fiypoay 
3a IIOMOll{L B 'IHCJieHHLIX pac<JeTaX Ha 3BM. 
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