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§ 1 • BBE.IlEHHE 

B nocneAHHe roA~ 5~n npeAflo*eH PRA noAXOAoa 11·~ AnA onHca­
HHR HH3K03HepreTH4eCKOrO paCCeAHHR OHOHOB H~ RApax, cy~eCT­

SeHHO OT11H48~~HXCR OT MOAenH OnTH4eCKOrO nOTeH~Hana. Peaynb­
T8Tbl 3HtX pa60T nOKS3biB810T, 4TO npl4 3HepnUIX nHOHa, He. npeabi­

WSIO~HX 3HeprHH 6nHma~wero nopora, aoo6~e He B03HHKaer Heo6xo­
AHMOCTH BBeAeHHR nOHRTHR OnTH4eCKOrO nOTeH~Hana 14 BCeX npH6nH­
meHH~, CBR38HHbiX C HCn011b30BaHHeM OOTH4eCKO~ MOAenH. 

6 AaHHOH pa6ore Ha OCHOBe OAHOrO H3 ynOMHHSBWHXCR OOAXO­
AOB/2/ Hac:iAeHbl A11HHbl ·s-pacceRHI'IR H p-aOilHOBble 06"beMbl pacceR­
H\.1R rr-Me30HOB Ha COBOKynHOCTH RAeP 4He, 12C , 16Q , 28Si , 
32s. 40 Ca. 

npH 3TOM HCC11eAOBS11HCb C11eAYIO~He Bonpocbl: 811HRHHe npHH~Hna 
nay.nH, P011b $OpMbl B011HOBO~ $YHK~~~ OCHOBHOrO COCTORHHR, BKJlaA 

3aKpbiTbiX KaHaJlOB, 3aBHCHMOCTb OT Be11r.14r.1Hbl npOTR>!<eHHOCTr-1 p -

BOJ1HOBOrO 11N -nOTeHLlr.1aJ1a. 

TeKcT opraHr.130BaH cneAY~~r.'IM o6paaoM: e §2 npJ.~~BOARTCR sxoA­

Hbre AaHHble, T. e. 11N -noTeH~J.IIallbl r.1 r.1cnonb3yeMaR MOAe!lb RAP a; 

8 §3 nony4eHbl ypaeHeHJ.~~R; peaynbTaTbr AaHbr 8 §4; §5 - aaKnJ04eHr.1e. 

§2. BXO.QHbiE .QAHHbiE 

":+-... v !' 4 4 

v(k.k')~};Pv (k,k'), 
v /1/ 

v 4 -+ ' v 
v (k,k') ~ 7 [(21+ l)vp+(k.k') /2/ 

3AeCb E+ oaHa4aeT 17N-eaa~MOAeiilcTBJ.IIR s cocTORHJ.IIJ.II c j = E ± Ih, pv 
- npoeKTop Ha COCTORH~e C nOJlHbiM lo130Cnlo1HOM T17 N"" 1/2,3/2 · Mbl ony­

CTJ.IIJ11o1 B /2/ RBHYIO 3a81o1Cio1MOCTb OT Cnlo1H08biX nepeMeHHbiX, nOCKO.nb­

KY cornacHo pa6oTe141 A11R c$epH4eCKio1X RAeP 3Toiil aaelo1Cio1MOCTbiO 

MOmHo npeHe6pe4b. 

B paanomeHHl-1 /2/ Y41o1Tb1Ba!llo1Cb TOllbKO -s- 1o1 p-eonHbl, a npocT-

paHCTBeHHaR 3aBio1Cio1MOCTb noTeH~Io1aJ10B Bbi6Hpa.naCb 8 BY1Ae 

vv (k.k') ~- ~j_ g (k)g (k'), 
lj 4rr2r p e /3/ 

g (k)~(k2+/l2)-1, g (k)3 k(k2+ /l2)-2 
0 s 1 p 
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nnR onwcaHHR RAep wcnOJlb30Banacb o6ono4e4HaR MOAeJlb c oc~wn­
JlRTOPH~M nOTeHQHaflOM. 04eBHAHO, 4TO B ynpyroM HH3K03HepreTH­
~eCKOM pacceRHHH nHOHOB HeT He06XOAHMOCTH Y4HT~BaTb KOPOTKO­
Ae~CTBY~~~~~e napH~e KOppe11RQHH, nOCKOilbKY OHH MOryT fi~Tb JlHWb 
e npo~eccax c 6onbWHM nepeAaHH~M HMnynbcoM. HasecTHaR npo6ne­
Ma HCKil~4eHHR AYXOBNX COCTORHWH cornaCHO pa6oTe/ 5/ MOmeT 6~Tb 
npH6IJI.1)1{eHHO peWeHa BBeAeHHeM B 17 -RAePHYIO aMOflHTYAY ~ HaiiAeH-"2 ~ 
HYIO no o6ono4e4HbiM <IJYHKI.IHRM, MHO>InnenR exp(6. · const), rAe A -
nepeAaHHbiH HMnyJlbC. nocKOJlbKY Mbl HHTepecyeMCR npoQeCCaMH C A~O, 
TO 3Ta AOnOJlHHTeJlbHaR nepeHOpMHpOBKa HC4e3aeT. £AHHCTBeHHb1H 
HeH3BeCTHbl~ napaMeTp BOJlHOBOH ¢YHKQHH ~KCHpyeT~R 3KCnepHMeH­
TaJlbHbiM 3Ha4eHHeM cpe,qHeKaa,qpant4Horo pa.QI;!l,Ca r 2 R,qpa. 8 
Ta6n~ 1 npHBe,qeHbl HC0011b30B8HHble 3Ha4eHHR r 2 • 

r2f~l 
C/A/ 

1 ,672 
I 

2,453 
13/9 

2,718 
3/2 

!!a Si 

3,078 
13/7 

82g 

3,238 
23/12 

40ca 

3,480 
2 

C(jA) - 4HCJ1eHHbiH KO:><Il<l>>t4HeHT. AllR <i>OPM<!laKTOpa RA"P 8 -o6ono4-
KH, HMeto~qero npocTo£1 a~oo~,q F(q 2) ... e-qPa 2 , napaMeTp a cne,qyiO!JtMM o6-
paaoM a~pamaeTcR 4epea cpe,qHeKaa,qpaTH4H~W pa,qHyc: 

a ~ ;-2; /oS·QiA) 

IAnR R,qep BbiCWHX o6ono4eK CM. np~oo~no*eHHe/. 

§3. nOflY4EHHE OCHOBHOrO YPABHEHHH 

KaK 6bl!10 CK838HO BO BBe,qeHHH, MHOr048CTH4HY~ 38~84Y ynpyro­
ro rr.A -pacceRHHR npH HyneeoW 3HeprHH rr -MeaoHoa 6y,qeM pewaTb 
Ha ocHoee no,qxo,qa, paae~oo~Toro e pa6oTax 12/, H,qeR 3Toro no,qxo,qa 
COCTOHT B nepe$QpMy11HPOBKe MeTo,qa CH11bHOH CBR3H K8H8110B Ha oc­
HOBe aapHa4HOHHOro npHH~Hna WaHHrepa. TaKaR nepe¢opMynHpoaKa 
n038011ReT yme B nepBOM ypaaHeHHH y4eCTb BK118A OT 3aKpb1TbiX Ka­
H8110B. 

nepaoe ypaaHeHHe A11R $YHK4HH IF>, KOTopoe Mbl H 6y,qeM pewaTb, 
HMeeT BH,q: 

/4/ 
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A trN 
3AeCb V = <1~ I. V: \ 1> - ycpeAHeHHbtH no OCHOBHOMy COCT.ORHHIO RA-

11 i= 1 1 . -l 

pa 11> cyMMapHbiK rrN-noTeH4>tai1, Ga(~~(E-ho), h0 - K>tHeTH-.ecKaa 

3Kep1"HR mtoHa, E - nonHaR aHeprKR cwcreMbt. ..... _. 

AMnnHTyAa ynpyroro pacceRHKR nHoHoB Ha RAPe f(k, k') Bbtpama­

eTCR cneAY~~HM o6pa30M ~epe3 peWeHHe ypaBHeHHR /4/\F>: 

.... -+ 2 Ap; ·m· ..... ,
1 f{k.k"l~-(217) <kV} 11F>~ 

~+:A-m 

~ l: f f (k 2)(2f + l)P f (emil). 
f 

/5/ 

p. , m - Macca nHOHa H HYKJlOHa COOTBeTCTBeHHO, .A- 4HCJ10 HyK-

JlOHOB. 

AnHHa /o6beM/ pacceRHHR onpeAenReTcR Bblpa~eHHeM 
e 

.e_lim~, r~o.1. 
k..O k 

HTaK, A11R peweHHR ypaeHeHHR ;q; Heo6xoAHMo HaHTH MaTpH4Hble 

:>IleMeHTbl <11 VrrAil> H <11 v,.AGo (E)VrrAil>. He Aena~ 60I1bWOH OWH6-

Ka.t161 ~ 6yAeM Bbi4HC11RTb 3TH MaTpH4Hble 3JleMeHTbl B- CTaTI'I4eCKOM' 

npeAene, T.e. ~/m-0. B 3TOM cny4ae HMeeM: 

l ..... - -+2 _IJ v 
-- < k IV I P> ~ S(q ) l: d' > v (k, p) • 
A v 

/6/ 

1 -+· ..... _... .... &. 

-l:<lklvP:J'Po 0(E)v~Ptitk'> ~ S((k-k"l J x 
A i I 1 l 171 

_.., 2 v_..,-+v-+_.., mv 
x(dpG (E,p )l:V(k,p)v (p,k')<J >, 

0 v 
_.., _.., _.., _.., " _.., """, S(k4 2) m m 

rAe q"" k- p, q" '=' p-k • .- ..,opM..,aKTOp ,.,3122'3 "'1121'3 AApa, <J -:-----, , , <.1 >""" ,. 

- AnR BCeX RAeP C HyneB~M H30CnHHQM . 

.£\IlA i f. j HMeeM 

..... .... 1.1. .......... 2 
4<1kiv~pfG0 (E)vv

1 
p vi k'l > ~ (v (k,p)G0 (E,p ) x 

i 1' j I 1 J 

v _.., _.., _.., mP.mV _..,_.., .... , .... ,. I 
x v (p,k")dp. l:. <ltriJ; Jj exp(iqr i + iq 'i) ltr>. 

'~ J 

mi.L'' mil mV 11 mfl : ,. 1111 ,. !LV 
Jii ~<J, Ji + P, ·'i L2. <rrt,ti iP,i it, tirr> ~Ptt'• 

<trt. t~ I p~VI t~ t.rr> ~ op,,v, 
1 J lJ l J 

/8/ 
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mjlV _ "'. !'v "'p.v ""' p.v 
J - '''hlit + J -'.0-lit +.,.,,,.-lit ' 

oP-V = r:~ + ~~lit + 2Q v: -lit· 
rAe t- npoeKt4HR H30TOnJ.14eCKOrO Cnl-tHa HyKJlOHa; jnfjm> =o\ym>-
O~H04aCTH4HaR BOnHOSaR ~yHK4HR. lOrA? ~llR CYMM~ B npaBO~ 4aCTH 
~pa~eHHR /8/ 6yAeM HMeTb: 

_:I <lnl~tl.Veiq"r~ eiq':j jhr>"" 
1 ~ j , .. 

= l: l: [9'1'~ Eym(QlEy,m -(ii'J-
y.,y" m,n; tt ym y m 

t.t .... 
- Q~'':EY m(QlE Y}"'(q')) 

tt ym y m 

/9/ 

~~ 

ym ... iqr 
3}:leCb Ey'm'(q),<y'm'j e jym>, 

npH nOJ1y4eHHH COOTHOWeHHR /9/ MOmHO BOCn011b30BaTbCR npaaH­
naMH, ~anomeHH~MH, HanpHMep, a 171. 

CyMMw nO OpoeK4HRM a nPaaoH 4aCTH /9/ nerKo HaXoARTCR, a 
peaynbTaTe nony4aeM~ 

AnR y = y' 

JW ym ... ym'.... ILV ym' .... ym ... , ~ J P,,• Eym (<!) Fy•m·(q')- Q tt'Eym (q)Eym'(q')) 
m,m 
t,t' ..... ..., p.v p.v . JLV {h.o.) ........ 
=,ZyFy (q)Fy(q')[Zy9' - Q ] ,- Q F y (q,q'), 

AJlR yf,y' 

3AeCb Fy (q 2)= 1, fj<f>n£(r)j 2 eiqtd,:' , <f>n£ (r) - P~AHaJlbHaR 4aCTb 

BOJ1HOBOa:1 ¢YHKL!,YU.1 HYKI10Ha B no,q060J104Ke jn£j> , Z - 4J.1CJ10 tiyKDO-

HOB OAHOrO c0pTa B no,qo60J104Ke (}')=(n£j}, 04eBHAHO, Zy= 2j + 1, 

$YHKI...Il-1J.1 Ft"·o·~<i. <11 J.1 F~;0 ·\Q..{i') np~t~se,qeHbl B npi.1IlO>KeHJ.1VI. 4~t~cneH­
Hble 3Ha4eHJ.1R K03¢$J.11...1HeHTOB pp.v VI QIL11 T8K>Ke ,Q8Hbl B 0pVIIlO>KeHVIJ.1. 

B peaynbTaTe npo.QenaHHbJX BbiKna,qoK .QilR R.Qpa 8 K8a.QpaTHbiX. 
CK06KaX 8 ypa8HeHJ.1J.1 /4/ VIMeeM: 
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~ ~ 
p.v i,j 

/10/ 

+ ~ F ~h.o.)(~. q')] 
y 

noACTaBflRR /6/ H /10/ B ypaBH€H>Ie /4/ >I OTAeflRR nap4>1anbHble 

BOJlH~, np~XOAHM K OAHOMepHOMy ~~TerpanbHOMY ypaaHeH~~, KOTOpOe 

pewanocb 4~cneHHO. 

§4. PE3YflbTATb1 

CHa4afla nocMoTpHM, KaK anvtReT y4eT aHT~CHMMeTpH3a~vtH son­

HOBO~ ¢yHKQHH MHWeHH, T.e. npvtHqHn naynH, Ha Be~4~Hy peSllbH~ 

4aCTH AllHHbt rr-RAepHoro pacceAHHA. AnR cny~aA rr 4He -pacceAHHR 

OKS3SJ10Cb, 4TO 

"'• = l~·i-ia•l= 4 •6 %. 
I as I 

rAe a 5 - AllHHa pacceRHHA, HS~AeHHaR c Y4eTOM aHTHCHMMeTPH3a­

~HH, as- 6e3 y4eTa, npvt4eM c pOCTOM A aenHqHHa ~a naAaeT npH­

MepHO KaK 1/:A2
• Ponb aaKpbtTbiX KaHanoa, o4eBHAHO, MOJKHO ou.eHHTb, 

3aMeHRR B ypasHeH>I>I /4/ RAPO < ll VGo(E)VIl> Ha vllGO(E) Vu·Bbl4>1C­

JleHHble A!lR 3TH X ABYX cny4aee I a 5 H. a ~oh cooTaeTcTaeHHo/ Aillr1-

HbJ pacceRHVIR npHBeAeHbl B Tafin. 2. 

Ta6nHu;a 2 

.ILrrHHhl " -ap;epHoro ·s -pacceHHHH; a
8 

- pe3yJihTaT pemeHHH 

ypaBHeHHH /4/, a~Oh - pe3YJibTaT pemeHHH ypaBH€HHH /4/ 
B rrpeae6peJKeHHH 3aKpbiTDIMH KaHana.MH, "N- p;aHHbie B3HTbl 

H3 pa6oT /8/ 

40ca 

-a 8 /¢M/ 0,1320 0,3623 0,4765 0,7883 0,8880 I ,0760 

-a• h/¢M/ 0,1935 0,5217 
co 

0,6688 1,0440 1 '160 1 ,3780 

5 



KaK BH,QHO 1-13 Ta6n~~~, y4eT BKna,Q~ OT 38Kp~T~X KaHanoa 3H84H­
TenbHO H3MeH.ReT Be!1H4HHY peaJlbHO~ 48CTH ,Q!1HHbl S -.pacce.RHH.R o 
BMecTe c TeM oKaaanocb, 4To o6DeM pacceRHHS aP npH 3TOM .QnR 
acex paccMoTpeHHbiX R.Qep MeH.ReTc.R He 6onee 4eM Ha .2%·o 

TaKHM o6paaoM, Afl-R Bb14HcneHI-1fl p -aonHOBbiX o6'beMoa pacceflHHR 
MOmHO nOJlb30B8TbCR npOCTbiM ypaaHeHHeM 

~ 

V
11

1F> =V11 1k> +V11 G 0 (E- E 1)V11 1F>. /11 I 

Ha OCHOBe ypaaHeHHR /11/ C $OPM$8KTOp8MH rayCCOBCKOrO BHA8 
p -aonHOBble o6DeMbl pacceRHHR aP 6b111H Bb14HC!leHbl AI1R R,Qep ~~Cr 
~Fe , e4zno PeaynbTaTbl AJlR· acex paccMoTpeHHbiX ·R.Qep npa-tBeAe­
Hbl B Ta6no3o 

Ta6JIHn;a 3 

06'beMbl p -BonHoBoro pacceRHHR aP /<f,M 3 I, cooTBeTCTBYIOIItHe 

p;ByM 3HatieHHRM IIPOTHiKeHHOCTH p -BOJIHOBOro 1TN -rroTeHQHBJia (3p 

4He 12C 160 28s; a2 8 40ca 52cr 56 Fe 64zn 

{:3, = 0,60 1,89 2,60 3,83 4,03 4,63 4,02 3,75 2,81 =Z, II <I>M- I 

f3p = 0,063 0.092 0,050 0,058 -0,004 -0.14 
=3,5 <I>M-I 

3,91 ± 4,19 ± 4,42± 3,40 ± 2,69 ± 
3KCilo 0,14 0,12 0,05 0,17 0,23 

3.qecb (3p =2, 11 <f>M-1 COOTBeTCTByeT rrN - ,QaHHbiM pa60Tbi/S/, a (3p = 
= 3,5 ¢M- 1 - pafiOTbl /g/ 3KcnepHMeHT8!1bHble 3H84eHH.R B3.RTbl H3 

CTSTbl-1 I 10~ npH 3TOM 3$¢eKTbl norJ10ll.leHJ.1R 6bl!ll-1 Y4TeHbl B COOTBeTCT­
BJ.1J.1 C npe,QnJ.1C8HJ.1eM I 11,12/, 

Ha Ta6no3 BH,QHo, 4TO TaK ~e, KaK 1-1 a113<J.1MeeTCR peaKa.R aa­

Bl-1CHMOCTb 06beMOB p -BOJlHOBOro pacCe.RHI-IR OT npOT.RmeHHOCTJ.1 p -
aonHoeoro rrN -noTeH~~-tana, npvt4eM Ha6op rrN -,QaHHbiX IS/ ,QaeT xo­

powee cornacHe c vtMe~li.IHMl-1CR 3KcnepJ.1MeHT811bHbiMH peaynbTaTaMHo 
Cne,QyeT aaMeTvtTb, 4TO a eenH4HHY p -eonHoaoro o6DeMa pacce.RHHR 
B paBHO~ Mepe BHOC.RT BK118A s- 1-1 p -BOJlHbt 3J1eMeHT8pHOro rrN -
aaaHMO,QeHcTBI.1.R o KaK H3aecTHO, a AI1HHbl s- pacce.RHH.R aKna,Q rrN 
p -aonH npeHe6pemHMO Man, HanpHMep, a Haw1.1x pac4eTax AI1R 40ca 

OH COCT88!1ReT BeJ1H4HHY 3,5% H nplo1MepHO JlHHe~HO C A na,QaeT ,QJ1.R 
6onee TRmenbtX .R,Qep 0 

HaKoHe~, Ta6.no4 co,Qep}f(HT peaynbTaTbl pac4eTa "-.R,QepHblx AI1HH 
'S -pacce.RHHR AJl.R 4eTbtpex H.Me~li.IHXCR Ha6opoB 3!1eMeHT8PHbiX rrN -

6 



,QaHHbiX. 3Kcne.PHMeHTa!lbHble 3Ha4eHH-R, B3RTble 1-13 063opa/14(npHBe-

AeHbl c y4eToM 3¢¢eKTOB nor!lOU\eHHR cornacHo npe.QnHcaHHIO P.a-

6oT I 11,121, . 

Ta6nHn;a 4 

,U.TmHbi rr-sr:~epHoro s-pacceaHHsr: a·s /~/, Hai'I~eHHble 

Ha OCHOBe ypaBHeHHH /4/ AJISI pa3JIH~HhlX Ha6opOB rrN -AaHHbm 

4He 12c lib 28s; 32g n 40ca 

a 0,99 0,277 0,3682 0,6281 0,7117 0,8737 
b 0,132 0,3623 0,4765 0,7883 0,8880 1,0760 
c 0, 1583 0,4269 0,5700 0,9101 1,0190 1,226 
d 0, 117 0,345 0,463 0,75 0,861 0,997. 

S.KCn. 0, 101 0,356 0,45 
:!:_0,04 :!:_0,06 !_0, I 

3 _/151, b _/81, c _/16( d _/211. 

KaK BH,QHO 1-13 Ta6n. 4, Ha6op rrN -.Qat:IHbiX/16/RBm~eTCR HaHMeHee 

npe.Qn04THTenbHbiM cpe,QH scex ocTaflbHblx. 

§5. 3AKJ1104EH~E 

l·haK, peay!lbTaTbl paC4eTOB ,QilHH S -pacceRHHR J.1 06beMOB p -

pacceRHHR, npe,QCTa8JleHHble 8 Ta6!l, 2-4, C8H,QeTe!lbCTBYIO-T 0 B03MO>t<­

HOCTH ,QOCTaT04HO xopowero OnHCaHHR HMeiO~HXCR 3KCnepHMeHTaflbHbiX 

,QaHHbiX no rr -R.QePHOMY 83aHMO,Qe~cTBHIO npH HI-13K~t~X. 3HeprHRX. Ha 

0CH08e 3TOro MO>I<HO C,Qe!laTb Cile,QyiO~He 3aKJ1104eHHR. Bo-nepBbiX, 

npo~e,qypa y4eTa 3¢¢eKTOB norno~eHHR rr -Me30Ha, npe,QilO}I(eHHaR 

8 pa6oTei1V.no-sH.Q~t~MOMy, RBilReTCR snonHe npa8,qono,Qo6Ho~. B 

CBR3J.1 C 3THM TeM 6o11ee npe,QCTaBJlReT HHTep.ec TeopeTH4eCKOe 

o6ocHosaHHe 3TO~ npo~e,qypbl, HanpHMep, a paMKax no,QXO.Qa, paa­

B~~tsaeMoro a pa6oTax /17 • 18/, Bo-BTOPbiX, paccMOTpeHHble ,QilHHbl pac­

ceRHHR CI1a6o 3aBHCRT OT BH,Qa pa,Q~~taflbHO~ 3aBHCHMOCTH BOilHOBO~ 

¢YHK~HJ.1 OCHOBHOrO COC!ORHHR, TaK KaK ,Qilfl BOCnpOH3Be,QeHHR rr­

A,QepHbiX ,QilHH pacCefiHHR OKa3aJ11.1Cb ,QOCTaT04HbiMJ.1 npOCTble O,QHOna­

paMeTp~~t4eCKJ.1e nJlOTHOCTH HYKilOHOB B R,Qpax. nocDe.QHee o6CTOATe!lb­

CTBO 7 a TaK}I(e pe3KaR 3aBHCJ.1MQCTb 06beMOB rr -A,qepHOrO p -paCCeR­

HHA OT npOTAM<eHHOCTH 3JleMeHTapHOrO rrN -nOTeH~HaJla n038011AIOT 

npoi-13BeCTH .QHCKPI-1Mi-1HaU,HIO pa311J.1l.fHbiX Ha6opos HMeiO~HXCfl 

rrN - ,QaHHbiX. 

HaKOHe~, KaK 1-1 ,QilA Ha1-1ner4a~WJ.1X A,Qep/21, OKa3ailCA Ol.feHb cy­

~eCT8eHHbiM BKila,Q B036y>K,QeHHbiX COCTOAHHJ71 R,Qep B peaflbHble 4aCT"" 

S -sOJlHOBblX ,QJlHH rr-A,QepHOro paCCeRHI-ifl, 

7 



Pea~MHPYR s~weHano*eHHoe, MO*HO CKa3aTb, 4TO c 6onb~ ~o­
CTosePHOCTb-10 MHOr04aCn'I4HyJO C.HCTeMy 'tT+:A CSJI3aHHbiX HyKJ10HOB npl-1 
HH3KO~ 3~eprMH nHOHa MOmHO paCCMaTpHBaTb KaK A~HaMH~eCKY~ CV1C­
TeMy TOnbKO C OAHOH HeTpHBH8flbHOH CTeneHb~ ceo60~bl. 

B aaKn~4eHHe aaTop~ Bblpa~~T 6naroAaPHOCTb .A.fl.3y6apesy 
.a.1 M.M.MycaxaHosy aa HHTepec ~ pa6oTe. 

nPMnOli!EHHE 

~AeCb Mbl npwBeAeM flBHble B~pa*eH.HR 
a TaK*e ~HCJleHHble -3HaLteHHR !J'p.V, Ql~-', 

Oo onpeAeneHHtO 

F<•·?·l(~~" F(h.o;),~ ·•-, _ ( ,_ yy q,q ,, y ,q,q ,, Fy q-J, 
sse~eHHbiX a paaAene 3. 

1ym> .. tn. 1/ 

jym> ~ jnf jm>. 

Pa3110*HM BXOAR~He C~Aa 3KCnOHeHTbl no nap~HanbHbiM BOflHaM H, 
ocnonb3Y.f! TeopeMy B.HrHepa-·3KKapTa, npoae,AeM cyMMHpoaaHHe no 
m,m:TorAa HMeeM: 

F~;, 

e~ 2 j+j~ 
xhyy'(q' )S {{" '\ii,-rii" (-1) 

x<(1 'll)i'IIY- 11C £ \lli>j[EJ. 1' . 

/[1.2/ 

(~1) m <( 1 %) j IIYf II U 'II) i '> x 

rAe ~ - -

re J ~ (21 + 1). h;r'<<i 2 ) ~ q
1 <y-<<i 2 J 

q-f. ~·(<il~j j,-(qr)¢y (r2)¢y'(r2)r 2<1r. 
0 ' -ie (z)- c<PeP•4ecKaR <l>YHK4"" 6eccenR • .<isHbli1 B"A dryy' AaH a o6-

aope' 19(noACTaBJ..1B B /0.2/ f1Pt.1BeAeHHble M8TPJ..14Hble 311eMeHTbl 

<(f'h)ii IYL ~I( 1 'II) j> >1a <l>OPMYI1bl /9.5. 8/,AaHHOH s KHwre/
20

;noJ1Y4l<M 

,qnR F~~-,.0·~q,q~) cneAYIOU:Iee Bblpa)f(eHI'Ie: .... 

F(h·?-{q,q')=4rr[jj'H1(-l/+1'...L Y[-(;J)Yf- (q')xh 1 ,(q~~ x 
YY 1m m m yy /n . 3/ 

xhf•{q'2)x ( 1 f I'J"{i j' f }2· 
yy 0 0 0 I 1' 1 II 



0 o o e e li ., 
3AeCb BbiP8')1(eHHR (t f- £ ') ., { j ~ -. j', t-} -COOTBeTCTBeHHO '3j-

H -6j- Cl-1MB01lbl BHrHe,pa. 0TC-JO.Aa, a 48CTHOCTH npH (y),., (y")_=(nfj), 

nony~HM cneAY~~ee BbiPa*eHHe: 

/fl. 4/ 

noxameM Tenepb npas~~a oT6opa, BbiTeKa~~He H3 aaKoHa coxpaHeHHR 
OOilHOrO MOMeHTa H 4eTHOCTH. 

nycTb 

HLM (k,p)" 4" ~ dl m tie rn!12 m2><1 ''m"IAm.\ i LM>. X 

1m 

x<LMI1 -A, m~~~ 1 l"m"> c~m (k,p)dyee'Y'(k';p'), 
" m.\ 12 

rAe ..... ,.,. .... ,.. 
<11 ml 112 m2113 m3> = [dkY/'tmt(k)Y12m2(k)Y1gmg(k). 

0TC10Aa BIIIAHO, 4TO HLM(k,p) He pasHa HYiliO npH BblnO.nHeHHH C1leAyi0-

114HX YCilOBHH: 

1+11d2"2N1, 

I"+L+A"2N2 , 

I"+ L-A+1"2N 3, 
3TO 03H848eT, 4TO 

ID
0

= rnA + M I 

M=m-m.\+mn, 

N; "0,1,2, .... 

1 I (h.o.) 4 4) , ( , ) 
F (q,q~ ,.,Q AI1R He4eTHbiX 3Ha4eHHH E 1 +r-2 , T. e. nepexOAbl 
YtY2 

Me>KAY COCTOf!Hio1RMH pa3JU14HOH 4eTHOCTI-1 3anpeiJ.IeHblj 
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2/ e cyMMe no me ;n.3/ H ;n.4/ AaK>T HeHyneeo.:i eKnaA TOn~­
KO 4fleHhl C ffi "" 0. 

B aaKnn4eKHe 3Toio pa3Aena npHBeAeM RBH~e B~pameHHB ~yHK-

UHH FJ(Q~.onpeAenReMWe Kat< 

r.t2. 1 ;~t "2 ~ 
F0 g '" 1 = 4" f e l<l>nl'(r, dt , 

-+2 .... 2 2 x=q .. a, 

a onpeAei1ReTCR KaK a=r2/y6·C(A);f2 ,C(A) ,qaHbl B Ta6n.1. 

JJHTEPATYPA 

Ta6JIHI.,\a 5 

t.J:HCJieHHbie 3HatJelill.H :J' {.LV, Q~£11 

~v 33 

p~v 16/0 
r:i''' 12/9 

31 

8/9 
0 

II 
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