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BBEJlEHHE 

He,qaBHo np11 113y4eHI111 npol,\ecca np-+ pp~r- 6biDI1 3Kcnep~-tMeHTanb

Ho 06HaPY*eH~ oco6eHHOCTI1 B cneKTpe 3$$eKTI1BH~X MaCe ABYX npo
TOHOB, KOTOp~e MO*HO TpaKTOBaTb KaK Y3KI1e ,ql1npoTOHH~e pe30HaH
C~ C W11PI1HaMI1 nop~,qKa 1 M3B/l-~. np11 3TOM MaCe~ nepB~X He
CKODbKI1X pe30HaHCOB /CM. Ta6n.1 11 2 B CTaTbe'4/j OKa3aDHCb 
MeHbWe CYMM~ MaCC ABYX HYKDOHOO 11 ~r-Me30Ha. 3To 03Ha4aeT, 4TO 
np11 ,qocTaTo4Ho xopoweM 3HepreTI14eCKOM paspeweHI111 yKa3aHH~e pe-
3oHaHc~ ,qon*H~ OT4eTni1BO npo~BD~TbC~ B 411CTO ynpyroM pacce~HHH 
npoToHa Ha npoToHe, - npH 3Heprl1~x H11*e nopora MesoHoo6pasoea
HH~. B CB~3H C 3TI1M 3Ha411TeDbH~~ 11HTepec npe,qcTaBnReT T~aTenb
HOe 113MepeH~-te 3$$eKTHBHbiX ce4eHH~ ynpyroro pacce~HHR MoHoxpo
MaTH4ecKI1x npOTOHOB B o6naCTH HI13KI1X 3HeprH~. 

B HacTo~~e~ pa6oTe e paMKax YHI1TapHo~ $eHoMeHonorl14eCKO~ 
TeOp1111 aHaDH3HpyeTCR xapaKTep 3HepreTI14eCKO~ 3aB11CHMOCTH 3$
$eKTHBHOrO Ce4eHI1R 4HCTO ynpyroro pe30HaHCHOro pacceRHI1R 4a
CTHU C nDOI13BODbH~M CnHHOM n011 H~nH4HH norTORHHorn H~O~~nH~Hr
HOrO $OHa. HH*e 6y,qeT noKa3aHO, 4TO HHTep$epeHI,\HR pe30HaHCa 
C $OHOM BO MHOrli1X cny4aRX He BDH~eT Ha 11 pa3MaX 11 113MeHeHI1R HH
TerpanbHOrO Ce4eHHR paCCeRHHR HenonRpi130BaHH~X 4aCTI11,\ np11 npo
XO*,qeHI111 4epe3 O,qHOKaHaDbH~~ pe30HaHC. np11 CTODKHOBeHHH ABYX 
npoTOHOB C pas6poCOM 3Hepr11~ tiE<< fR , r,qe fR - WHPHHa pe-
30HaHca, "pa3Max" H3MeHeHI1~ 3~eKTI1BHoro ce4eHI1~ ynpyroro pac
ceRHI1R, npoHHTerpi1POBaHHoro no TenecHOMY yrny, cocTaBnReT 

Au= umax 
-(J - 21T min - -~(2JR + 1), /1/ 

r,qe JR- cni1H pesoHaHca, tk - 11Mnynbc o,qHoro 113 npoToHoa 
B c.~.H. Ecn~-t $YHKL\11R 3HepreTH4ecKoro paspeweHHR 11MeeT 6pe~T
BHrHepoecKy~ $OPMY C KOHe4HO~ Wl1pHHO~ f , TO 

0 

!!a= a -a max min 

rR 
-~(2JR + 1) 
- k2 

f... ·---i iH-~7 .• -::.-·~-~. 

'--, ...... ~ .... ·-··. 

/2/ 
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2. YnPYrOE PE30HAHCHOE PACCERHHE 
6ECCnHHO~X 4ACTHU 

KaK 1.13aecTHo, aMni11.1TYAa 41.1CTo ynpyroro pacceRHHR HeTO*AecT
eeHHbiX 6eccnHHOBbiX 4aCTH~ a H b npeACTaBilReTCR B BHAe /5/ 

C(O)= _!__I. (2J+1)(S(J) -1) P
1 

(cosO) 
2ik J ' 

rAe 0- yron pacceRH1.1R, P1 - nonHHOM Jle*aHAPa, 

S (J) = exp ( 2 i 8 (J) ) , Is <J> I= 1 . 

nycTb 1.1MeeTCR peaoHaHC C eA1.1HCTBeHHbiM KaHailOM pacnaAa 
R-+a+b. Ecmt cmtH peaoHaHca paeeH JR, To 151 

(J ) (J ) 
exp (2i 8 R ) = exp (2i 8¢ R + 2i8R (E)).' 

(J ) 
rAe o41 R - <)JOHOBaR <)laaa, 

/3/ 

/4/ 

/51 

ER - E + J_ rR i,f R 
exp(2i8 (E))= 2 ---=1+ • /6/ 

i i 
ER - E -- rR ER - E -- rR 2 2 

3AeCb ER = (MR -rna- mb)c2 ,rAe MR- Macca peaoHaHca, ·fa
w11p1.1Ha pe3oHaHca, m a 1.1 mb - Maccbl pacceHBaiO~HXCR 4aCTH~, E -
KHHeTH4eCKaR 3HeprHR B C.~.1.1. 

CornacHo onTH4eCKOH TeopeMe, nonHoe ce4eHHe 4HCTO ynpyroro 
pacceRHHR 

<1 = f I t( 0 ) 1
2 

d 0 = 
4
k" Im ( ( 0 ) = . ~ ) 

=--;-[( I. (2J+l) sin2 o~J)) +(2JR+l) sin 2 (8
41 

R +oR(E}}]. 
k J~JR /7/ 

B npeHe6pe*eHHH HepeaoHaHCHbiM <)loHoM c y4eToM /6/ nony4aeM 

·f2 
R • /8/ a = __!!__ ( 2 JR + 1) sin 2 BR ( E) = ......!!__2 ( 2 J R + 1 ) 

k2 k 2 1 2 
(E -E) +-·f 

R 4 R 

3aMeTHM Tenepb, 
HaHc <)laaa 

4To,cornacHo /6/,np~-t npoxo*AeHHH 4epea peao-

2 

ER-E 
oR (E) = arc cos --------------

[(ER-E)2 +.!_,r:]l/2 
4 

HenpepbiBHO pacTeT a 1.1HTepsane 0 ~oR (E) ~ rr 

rR 
np1.1 E - E >> --

R 2 aeni.141.1Ha oR "' 0; np1.1 E = ER 

/9/ 

,lle~CTBI.1TeilbHO, 

TT 
<)la3a 0R = 2 ' 

a np1.1 ER- E < 0, 
rR 

E- ER >> -- <)la3a 
2 

OR .. TT • no3TOMY RCHO' 
(J ) 

4TO He3aBI.1C1.1MO oT 3Ha4eH1.1R <)loHoBo~ <)la3bl Sq, R , e oKpecTHOCTI-1 
peaoHaHca o6RaaTeilbHO cy~ecTeyeT 3Hepr1.1R E , np1.1 KoTopo~ 

max 
( J ) 

sin 2 ( oq, R + oR ( Emax ) ) = 1 , 

1.1 3Hepr1.1R E min , np1.1 KOTopo~ 

sm ( o 41 + oR ( E min ) ) = 0 • . 2 (JR) \ 

TaKI.1M o6paaoM, He3aBI.1CI.1MO OT BKilaAa HepeaoHaHcHoro <)loHa, np1.1 
npoxo*AeHI.11.1 4epea pe3oHaHc 11 pa3Max11 1.13MeHeH1.1R nonHero ce4eHI.1R 
41.1CTO ynpyroro pacceRH1.1R 1.1MeeT onpeAeneHHoe 3Ha4eHI.1e 

!:!a =a max 
4,. 

-ai =-2-(2JR+1). /10/ 
m n k 

<!>opMyna /10/ cnpaeeAI11.1Ba np11 04eHb xopoweM 3HepreTI.14eCKOM 
pa3peweHHH, KOrAa xapaKTepHaR WHP1.1Ha <)JYHK~HI.1 paapeweH1.1R [

0 
«[ R" 

Ec1111, Hao6opOT [ O >> f R , TO OTHOCI.1TeJlbHbl~ BKilaA pe30HaHca 
B 3<)l<)leKT1.1BHOe ce4eHHe HMeeT Be111.141.1HY nOPRAKa rR I r 0 ' 11 ero 

* TPYAHO 3aMeTHTb . 
6yAeM C41.1TaTb 0 4TO HOPM1.1pOBaHHaR <)lyHK~I.1R paapeweHHR 1.1MeeT 

6pe~T-B1.1rHepOBCKYIO <)JOpMy: 

W(E) =-1 __ _ 
r2 

0 /11/ 
2rr (E-E)2 +.!...r 2 

4 0 

npH ycpeAHeH1.11.1 np paa6pocy 3Hepr1.1H MHO*I.1Teilb sin 2 ( o~R) + OR (E)) 
e (I>OpMyne /7 I aaMeHReTcR Ha Bblpa*eH~-te 

* BMeCTe C TeM B OllbiTaX JIO po:>K,LJ;eHHIO tiaCTHU BKJia,IJ; pe30HaHCa 

MOJK€T 6b1Th 3HatiHTeJibHbiM npH JII06biX 3HaqeHHHX napaMeTpa r R I r 0. 
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2 (~)· 2 (JR} 
<sin (Bell + 8R(E))>= JW(E) sin (Bell +BR(E)) dE= 

11 

4" 

2 r <J > 
f 

2 
° [ 1-Re exp ( 2 i 8 R + 2 i 8 R ( E ) ) ] dE = 

{E-E) +-t-r2 ell 
4 0 

1 < J > 1 rR 1 
= 2 11-Re [ exp (2i8ell R ) {(1+ i ) 2; 

2 

r o dEJI. 

ER-E-2'rR 
- 2 1 r;2 

(ER-E) +4' o 

HHTerpHpoeaH~e c noMo~b~ TeopHH B~4eToB AaeT 

(J } 
< sin 2 

( 8 ell R + BR ( E ) ) > = 

/12/ 

1 (JR) (JR) 
=- "2 [ 1 -cos 2 8 ell - Re ( exp ( 2 i 8 ell 

i[R 
·---·-)]. 

- i 
ER-E- -2-('[R +[o) 

3aMeTHM, 4TO 

rR 
---(e:xp(2i8R (E}) -l), 

"" "" i ( r . r \ r- + r~ 

i[R 
/13/ 

-a -- - ' ... K · ... u , "" v 

2 - -
rAe 8enH4HHa exp(2i8R(E)) onpeAenReTCR no $opMyn~ !61 c 3aMe-
Holit r R 4 r R +ro ; npH 3TOM nepeonpeAeneHHaR $a3a BR(E) COOT8eT-
CT8yeT 11 pe30HaHCY 11 C CYMMapHOH WHPHHOH ( r R + r O ) ; 

- - ER-E 
BR (E) = arc cos ---·----------

- 2 1 2 1/2 
[(ER-E) +'"T([R+[0 )] 

/9 1 1 

noACTaenRR /13/ e /12/, nocne npocT~x npeo6pa3o8aHHH nony4aeM 

2 (JR) rO 2 (JR} rR 2 (JR}- -
<sin ( 8 ell + BR (E)) >- sin 8 ell + sin ( 8 ell + 8R( E)). 

rR+ro rR+ro /14/ 

C y4eTOM /7/ H /14/, noBTOPRR apryMeHT~, npH8eAeHH~e npH · 
8~BOAe COOTHOWeHHR /10/, HaXOAHM, 4TO npH KOHe4HOM 3HepreTH4eC
KOM pa3peweHHH 11 pa3MaX 11 H3MeHeHHR HHTerpanbHOrO Ce4eHHR 4HCTO 
ynpyroro pacceRHHR npH npoxo*AeHHH 4epe3 pe3oHaHc onHC~8aeTCR 
$opMynolit 

4 

4 ·rR 
A- - _-. =-"-(2JR+1)---
UCT ""CTID&.X CTmfn 2 ,[ + r 

k 0 R 
/15/ 

nepeli!AeM Tenepb K cny4a~ TO*AeCTBeHHWX 6eccnHHOBWX 6030HOB. 
AnR OAHHaK08~x 6eccnHH08~x 4aCTH~ aMnnHTYAa pacceRHHR onpeAe-

neHa 8 HHTep8ane yrno8 0 .$ 8.$ ; /T. e. 8 nonoBHHe TenecHoro 

yrna/ H HMeeT CTPYKTYPY /!;-7/ 

F(8) =f(8) +f(77-8). 

C y4eToM npeAcTaeneHHR /3/ nony4aeM 171 

1 
F(8) = tk I. ' ( 2 J + 1 ) ( exp ( 2 i 8 (J) ) - 1 ) P J 

J-118TH. 

/16/ 

/17/ 

~ 
B $opMyne /17/ CYMMHP08aHHe npoBOAHTCR TonbKO no 4eTH~M yrno-
8~M MOMeHTaM. TaKHM o6pa3oM, pe3oHaHc, pacnaAa~~HHCR Ha pac
cMaTpH8aeMwe TO*AeCTBeHH~e 4aCTH~W, MO*eT HMeTb TOnbKO 4eTHbiH 
cnHH JR. HHTerpanbHOe ce4eHHe ynpyroro pacceRHHR nPH HanH4HH 
OAHOKaHanbHOrO pe30HaHCa CO CnHHOM JR npeACTaBnReTCR 8 8HAe 

1 2 417 
a = - f I F ( 8) I d 0 = - Im F ( 0) = 

2 k 

877 2 (J) 8 77 2 (JR} (E) 
=-2 [ I.' (2J+l)sin 8,.. ]+-;:r(2JR+1)sin (Bell +BR ) . /18/ 

k J ""JR "' k 118T H. 

Cpa8HH8aR /7/ H /18/, 8HAHM, 4TO e cny4ae TO*AeCT8eHH~x 4aCTH4 
11 pa3MaX 11 H3MeHeHHR HHTer.panbHOrO Ce4eHHR npH npOXO*AeHHH 4epe3 
pe3oHaHc 8 A8a pa3a 6onbwe, 4eM AnR HeTO*AeCT8eHH~x 4aCTH4 
npH TOM *e cnHHe pe3oHaHca, Toll! *e WHPHHe H Toll! *e pe3oHaHcHolit 
3HeprHH /3TO C8R3aHO C HHTep$epeH4Helit aMnnHTYA B $OpMyne /16/, 
cM. 181!. AnR MoHoxpoMaTH4eCKHX TO*AeCT8eHHwx 4aCTH4 

8" 
!!.a=--(2JR+1), 

k2 

a C y4eTOM KOHe4HOrO 3HepreTH4eCKOrO pa3peweHHR 

rR 
s" < 2 JR + 1 > r r !!.u = -2- . R + 0 
k 

/19/ 

/20/ 
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3. PE30HAHCHOE YnPYrOE PACCE~HHE HEnOn~PH30BAHH~X 

4ACTHU C nPOH3BOnbH~M CnHHOM 

a/ HeTO*AeCTBeHH~e 4aCT~4~ 

AMnn~TYAa 4~CTO ynpyroro pacceHH~R 4aCTH4 co cnHHaM~ j 1 
~ J2 ~MeeT 06UIYIO CTPYKTYPY 191: 

... ... .[4";; r;:--:. ,.. ( J) 
r , , (k',k) =-I I I v2L+l(<L's'IS ILs>-6 B ) • 
ml m2; ml m2 2 ik J L s L 's, - LL, ss, 

. c JM c J~ , c sM . c~ M :J.! , y , ( 0. ¢) • /21 I • 
LOsM L J.1 s M-p. J1 m1J2m2 J1 m1 J2m2 L 1L 

3AeCb ilk ~ Tllc' - ~Mnynbc~ OAHoJ:-1 ~3 4acT~4 e c. 4. ~. AO H nocne 
pacCeRH~R COOTBeTCTBeHHO, 0 H ~ - nOnRpHWJ:-1 H a3~MyTanbHWJ:i yrnw 
pacceRH~R, m1 ~ m2 , mi ~ m2- npoeK4~H cnHHOB o6e~x ~acT~4 
AO H nocne pacceRH~R Ha ocb z, napannenbHYIO aeKTopy k ( k = 

.. ... "(J) 
=I k I =I k' 1), <Ls'IS ILs > - 3neMeHTw S-MaTP~4~. cooTeeTcT-
BYIOIIIeJ:-1 onpeAeneHHOMY nonHoMy yrnoeoMy MoMeHTY J , e Ls -npeACTaa
neH~~ I L - op6~TanbHwl:1 MOMeHT, s - cyMMapHbll1 en~ HI, C - K03$
<Il~4HeHT Kne6wa-ropAaHa, YL'p.(O,~) - wapoeaR <llYHK4HR. H3 ceoJ:icTB 
K03$$H4HeHTOB Kne6wa-ropAaHa ewTeKaeT, 4TO 

M = ml + m2 ' p. = m 1 + m2 - m~ - m2 . /221 

,,..,.. ,,,... "_..,,..... ,,, .... ~ _.....,,,_,..._., .. c -·· _................ - .................. .... ,... ................................ ..... 
J-··--"'''' J'''''-1""''--'''..., ,.,....,,,....,,"11...,' .._..#1-MJ-' .... .....,...,,,,v~.~,~_,,,,_ 

I <L's'l s(J) I L"s"> <Lsi s (J) I L"s">*= a , B , • 
, , LL ss 

L s 
/231 

np~ coxpaHeHH~ 4eTHOCT~ AOn*Ho ewnonHRTbCR paaeHCTBo 
-+ _,. ... ... 

(,, (k',k)=f,, (-k',-k). 
mlm2; m1m2 mlm2; mlm2 

/241 
.. -+ 

nerKO B~AeTb, 4TO np~ nepeXOAe K aMnnHTYAe fm, m,. m m ( -k ', -k) 
1'. 2' 1 2 

Ka*AWH 4neH a 121 I YMHO*aeTcR Ha MHOlK~Tenb ( -1 )L + L' *. 0TC10Aa 

.. 
* k B <PoPMYJIY I 21 I <PaKTH'Ie CKH BXO~HT rnapOBbie <PYHK~H Y L m ( T), 

-+ 
KOTOpble npH Bbi60pe OCH KBaHTOBaHHH B~OJih BeKTOpa k npHHHMaiOT 

BH~ YLm (0, 0) = J 2L4:
1 

amo • IlpH onepa~HH npocTpaHCTBeHHOH HH
BepCHH HMeeM 

L j 2J:+1 
YL 0 (0,0)-+ YL 0 ( TT, TT) =( -1) -;;;-• YL 'i 0, ¢)-> YL ,J.I(TT-0,11+ ~) = 

L' = (-1) YL,J.!(O,cf;). 

6 

l 

• 

cneAyeT ~3BeCTHWH pe3ynbTaT: np~ COXpaHeHHH npocTpaHCTBeHHOH 
4eTHOCT~ OTn~4H~ OT HynR TOnbKO Te 3neMeHTbl 8 -MaTPH4bl, AnR KO-

TOp~X ( -1) L + L' = 1 • TaK~M o6pa3oM, 
L+L' 

1 + ( -1) 
<L's'IS"(J) ILs>=S(J~, 

L s , Ls 
1251 

2 

HHBap~aHTHOCTb OTHOCHTenbHO o6pa111eHHR BpeMeH~ HaKnaAWBaeT 
Ha 3neMeHTbl S-MaTP~4W a Ls-npeACTaeneHH~ AononH~TenbHOe ycno
BVIe C~MMeTpH~ 

<L's'l s(J) ILs>=<Ls I s(J)(!L's'>. 1261 

CornacHo onT~4ecKo11 T~~peMe, RBnRIOIIIe11cR npRMWM cneACTB~eM 
yHHTapHocT~ S-MaTP~4bl, nonHoe ce4eHHe 4~CTo ynpyroro pacceRH~R 
4aCT~4 c npoeK4~RM~ cn~Ha Ha ocb z, paeHwM~ m1 ~ m2 , nponop-
4~0HanbHO MH~Mol1 4aCT~ 11 KorepeHTHOi111 l6e3 nepeeopoTa cn~Hal 
aMnn~TYAbl pacceRH~R Ha Hyneaol1 yron 191: 

417 ->-+ 
u =--Imf (k,k). 

m1m2 k mlm2: m1m2 
1271 

Ecn~ 4aCT~4bl HenonRp~3oBaHw, To 

U= 
-trr 

·------ Im I f .... 
k(2J.+1)(2j +1 ) mm m1 m2 ;m1m2(k,k) 

1281 
1 2 1 2 

np~MeHRR <IJOpMyny 121 I npH 0 = cf; = 0 ~ ~cnonb3YR COOTHOWeH~R 
opToroHanbHOCT~ AnR K03<fl<ll~4~eHTOB Kne6wa-ropAaHa, HaXOA~M* 

* CyMMHpoBaHHe npoH3Be~eHHH K03<l!<PH~HeHTOB Krre6wa-fop~aHa 

B <PopMyrre I 21 I no npoeK~HHM m 1 H m 2 ~aeT 

I C JM 0 JM C sM C 1 'M 
mll.m 2 LOsM L'oa'M .. · J1 m1J2 m2 J1m1J2m2 • 

= I (CJM C 1~ , I C1 M cs'M 
M LosM LosM mlm2 jlmlj2m2 jlmlj2m2 

2J + 1 B ,5 , 
) = -- LL ss 

lcHMBOJI I 03HaqaeT cyMMHPOBaHHe no npoeK~HHM m1 H m2 npu <PuK

cupoBaHHOM 3Ha'leHHH cyMMapHo:H npoeK~HH MI. 

7 



I rm . m m (k,k) =-~-I (2J+1) I (<Lsls<J>ILs>-1)./29/ 
m1m2 1m2, h 2 2ik J Ls 

B peaynbTaTe ~MeeM 

2 TT "'(J) 
a=---- I (2J+1) I (1-Re<LsiS ILs>) 

k
2(2j

1 
+1)(2j 2 +1) J Ls 

~n~, ecn~-1 eeecT~ eA~HI-14HYIO MaTP~LIY I , 

2rr 
a= ------------

k2(2j1 + 1) (2j2 + 1) 
I ( 2 J + 1 ) Sp (I - ReS (J) ) • 
J 

/30/ 

/31/ 

nepe~AeM Tenepb K peaoHaHCHOMY pacce~HHIO. B~AenHM B ¢opMy
ne /31/ 4neH, COOTBeTCTBYIO~~~ pe30HdHCy CO CnHHOM JR: 

2rr "" "'(J) 
a (E) = -------- I I ( ( 2 J + 1) Sp (I-ReS ell ) 1 + 

k
2
(2j 1 +1)(2j 2 +1) UJR 

/32/ 

.. .. (J ) 
+ ( 2 JR + 1) Sp (I-Re SR R (E)) I. 

B oKpeCTHOCTH yaKoro peaoHaHca 3neMeHT~ MaTPHLI S~J) npH J I JR 
He aaeHc~T oT 3Hepr~~. B To ~e epeM~ peaoHaHcHa~ YHHTapHa~ 

.. (J ) -
CHMMeTpH4Ha.R MaTPI-11.1a SR R (E) ~MeeT CTPYKTYPY /lOI 

.. 
,.(JR) " i fR PR 
SR (E) =b(l+ , -

i 
E -E--f 

R 2 R 

AT ... ,. 2i8R(E) .. AT 
)b =b( l+(e -1)PR]b /33/ 

"" ... (J ) ...... T 
rAe bb+ =I , S <PR = bb - $oHoea~ S-MaTP~Lia, cooTeeTCTBy~a~ 
yrnoeoMy Mo~eHTY JR, Ba(E)- peaoHaHcHa~ <t>aaa, aaAaaaeMaR <Pop
Myna~ /9/, PR- MaTP~I.Ia npoeKTHpoBaHH~ Ha pe30HaHCHOe COCTO~
HHe I R > *. C y4eToM /33/ e~pa~eHHe An~ 3$4leKTHBHoro ce4eHHR 

* COCTOHHHe \R>, BOo6me rOBOpH, HBnHeTCH cynepll03HqHeH Ls-
COCTOHHHfi, B03MOJKHbiX npH ,ll;aHHoM 3HaQeHHH JR: I R > = I fJLs I Ls >, 

2 Ls 
I I f3L I = 1. 
Ls 1 

8 

l 

1 

u(E)MO~HO nepenHCaTb B BHAe 

4~r (2JR + 1) "(J ) ,. 
a(E) =a

0 
+ 

2 
jSpSCII R PR 1 sin2 (8R(E) +a) /34/ 

k (2i1+1)(2J2+1) 

rAe BenH4HHa a
0 

B OKpeCTHOCT~ pe3oHaHCa He 3aBHC~T OT 3HeprHH, 

"' (Ja ) ,. ,. (JR ) 
sp s41 PR = <R 1 s 41 1 R > , 

/35/ 
1 ... (JR) 

a = "2 arg <R I S 41 I R > . 

KaK y~e roeopHnocb, np~ npoxo~AeH~~ 4epea peaoHaHc <t>aaa 
8R(E) Henpep~BHO MeH.ReTC~ OT 0 AO TT. no3TOMY, He3aBHC~MO 

OT een~4HH~ a,MaKC~ManbHOe 3Ha4eH~e Sin2 (8R(E)+a) B OKpeCTHQ
CTH pe30HaHCa paBHO 1 , a MHHHManbHOe - HyniO. CneAOBaTenbHO, 
11 paaMax11 H3MeHeHH~ HHTerpanbHoro ce4eH~~ ynpyroro pacce~H~~ 
MOHOXPOMaT~4eCKHX Henon~p~30BaHH~X 4aCTHI.I CQCTaBn~eT 

l!.u =a -a 
4rr(2JR+1) ,.(JR) 

-----=-=---- I <R I s 41 I R > I . /36/ 
ma.x min _2.-. --·-· --

It ~i;;Jl+J.}\GJ2+.&) 

npH KOHe4HOM 3HepreT~4eCKOM pa3peweH~H C y4eTOM <1JOpMyn~ /14/ 
nony4aeM 

l!.u = uma.x 
4rr (2JR + 1) ,.(JR) f R 
2 I <PIs* IR>I---

k (2J
1

+1)(2J 2 +1) rR+r0 

--(1 
min 

/37/ 

3aMeTHM, 4To, aoo6~e roeop~, een~4~Ha 
,. (J R) 

I<R\S* \R>\ < 1. Ecn~ 
"(J ) ... 

~e MaTPHLI~ Sell R H PR KOMMYT~PYIOT APYr c APYrOM, TO 
... <JR.) .. {J ) 

<R!S41 IR> =e 21a, T.e. I<R\8 41 R \R>I= 1. TaKa.R CHTYai.IH~, 
B 4aCTHOCTH, HMeeT MeCTO, KOrAa Me~AY pacceHBaiO~HMHC~ 4aCTHI.Ia
MH AeHCTBYIOT l.leHT~anbH~e c~n~, 3aB~C~~He TOnbKO OT nonHero CnH-

"'(JR) "'(JR) 
Ha, - B 3TOM cny4ae o6e YHHTapH~e MaTP~LI~ SR (E) H Sell 

"'(J ) 
AHaroHanbH~ B Ls-npeACTaeneH~H. HcHo TaK~e, 4TO l<Rjs 41 R \R>\ ... 1 
npH ycnoBHH, 4TO BKnaA $OHa 04eHb Man /B 3TOM cny4ae MaTPHI.Ia 
... (JR) "' 
~~~~ no4TH He oTnH4aeTc~ oT eAHH~4HO~ MaTPHLI~ I/. C APYro~ 
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"(J ) 
CTOPOHbl, 8 npi-1H41-1ne B03MO>KHO, '-ITO Beill-141-iHa <R I sql R I R> pasHa 
HYI110, 1-1 TOrAa pe3oHaHC KaK 6bl 113KpaHI-1pyeTCR 11 CI-1IlbHbiM <f>OHOM 
1-1 B006~e He npORBilReTCR 8 pacceRHI-11-1 HenOI1RPI-130BaHHbiX l.laCTI-14 
loAHaKo 1-1 e 3TOM ManoeepoRTHOM cny1.1ae cel.leH!-1e pacceRHI-iR nonR
PI-130BaHHbiX l.laCTI-14 1-iMeeT pe3oHaHCHYIO CTPYKTypyl. 

61 To>KAeCTeeHHble 4acTI-14bl 

B cny1.1ae TO>KAecTeeHHbiX l.laCTI-14 e np1-1poAe peani-13YIOTCR AByx-
4aCTI-14Hble cocToRHHR I1H6o cHMMeTpHI.IHble IAI1R 6o3oHoel, I11-16o aH
THCI-1MMeTp!-14Hble IAI1R $epMHOHOBI OTHOCI-1Tei1bHO nOilHO~ nepecTaHOB
KI-1 1-1Mnynbcoe 1-1 npoeK41-1~ cn!-1HOB. KaK H3BeCTHo, 1-13 Cl-iMMeTpl-11-1 laH
TI-iCI-iMMeTpHI-11 OTHOC!-1Tei1bHO nOilHO~ nepeCTaHOBKI-1 CileAyeT, '-ITO KaK 
AilR 6o30HOB, TaK 1-1 AilR <t>epMHOHOB B03MO>KHbl TaKHe Ls -cocToRHI-iR, 
AI1R KOTOpbiX 

(-1) L+B = 1 

/5/ 

1381 
1HanOMI-1HaeM, '-ITO 8 CilYI.Iae ABYX TO>KAeCTBeHHbiX l.laCTI-14 nOilHbl~ 

cn1-1H s- ecerAa 4enoe I.IHcno!l. CneAoBaTeilbHO, 3IleMeHTbl S-MaTp!-1-
4bl, Oni-1Cb1BaiO~e~ pacceRHI-1e TO>KAeCTBeHHbiX l.laCTI-14, AOil>KHbl HMeTb 

CTPYKTYPY 

-· ,_,,;(J) ,. ~- "(J) 
...... 1..1 D llo,.l I ,u! .... / - .... L, s ', L s 

1+(-l)L'+s' l+(_:ll)L+B 

2 2 
1391 

npl-1 3TOM YCI10BI-1e YHHTapHOCTI-1 AaeT 

- (J) *(J) 
IS,, S,, ,=8 ,a,. 

L"s" L s ,Ls L s Ls LL ss 
1401 

noAI.IepKHeM, '-ITO CYMMI-1POBaHI-1e B 1401 npoBOAI-iTCR TOilbKO no Ta
KI-1M cocToRHI-1RM I L "s" > , AilR KOTopbiX cyMMa L" + s" - l.leTHoe 
41-iCilo, 6onbwee 1-1!11-1 paeHoe J. ~3 paeeHcTea 

L+s L'+s' 
(-1) =(-1) =1 

CileAyeT, '-ITO npl-1 COXpaHeH!-11-1 npOCTpaHCTBeHHO~ l.leTHOCTI-1 3IleMeHTbl 
8 (~), MoryT 6b1Tb OTI11-14Hbl OT HYilR TOilbKO npl-1 l.leTHbiX 3Hal.leH!-1RX 

L s ,Ls 
cyMMbl s + s' . 

np~-1 ynpyroM pacCeRHI-11-1 TO>KAeCTBeHHbiX 4aCTI-14 CO Cni-1HOM j nepe
XOAbl OCy~eCTBilRIOTCR Me>KAY CHMMeTPI-130BaHHbiMI-1 COCTORHI-iRMI-1, COOT
eeTCTBYIO~HMI-1 onpeAeileHHbiM 1-iMnYilbCaM 8 C.4.1-1. 1-1 onpeAeileHHbiM 
npoeK41-1RM cn!-1HOB Ha HanpaeneH!-1e Hal.lailbHoro 1-iMnynbca k. CocToR
HI-ie AO pacCeRHI-iR 1-iMeeT BI-1A 
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() 
tn 

.... 1 .... 2j ... 
I k,m1 m2 >=--=(lk,m1 m2 >+(-1) l-k,m2 m1 >), v2 1411 

a nocne pacceRHI-iR 

-+, , # 1 -+,. , , 2j ... , , , 
lk ,mlm2 >=--=-(k ,m1 m2 >+(-1) 1-k ,m2m1 >). v2 1421 

B COOTBeTCTBI-11-1 C 3THM aMni11-1TYAa pacceRHI-iR TO>KAeCTBeHHbiX l.laCTI-14 

onpeAeneHa e HHTepeane yrnoe 0 :S (} :S ; , 0 ~ ¢ :S 2rr 1-1 Bblpa>KaeT

CR 1.1epe3 HeCHMMeTpH30BaHHble aMni11-1TYAb1 1211, 83RTble npl-1 J
1 

= 
J2 = j , cneAY~HM o6pa3oM I eM. 11 ,S,lll/ I: 

.... ... 1 ... ... 2j ....... 
F, , (k',k)=-U , , (k',k}+(-1) r , , (-k',k)+ 

mllm 2 ;m 1m2 2 m1m2 ;m1m2 m2m
1

;mllm2 

2j .... ... ... ... 
+ ( -l) r , , . ( k ',-k) + r m, , . (- k '.-k) ] . 

mll m2 • m2n;.. 2ml • m2ml 

1431 

~3 paBeHCTBa 

csM = ( -1) B+ 2j CBM 
jmll jm2 jm2jm1 

CileAyeT, '-ITO npH nepeCTaHOBKe CnHHOB Hal.laJlbHbiX l.laCTI-14 Ka>KAbl~ 

I.IIleH 8 dlODMVIle 1211 YMHO>KaeTCR Ha (-1) 8 + 2j • a nOI-1 neoecTaHoB
Ke cnHHOB-KOHei.IHbiX l.laCTI-14- Ha (-1) 8 .+ 21, B To >Ke epeMR np~-1 ... ... 
nepecTaHoBKe Hal.lailbHblx I-1Mnynbcoe l3aMeHe k .. -k I noRBilReTCR 
MHO>K!-1Tei1b(-1)L, a npH nepecTaHOBKe KOHei.IHbiX HMnYI1bC09 l3aMeHP. 
k' ... - k 'I - M-+HO~HTeilb (-1 )L, , C yl.leTOM CKa3aHHoro aMni11-1TYAa 
F , , (k ', k) npeACTaenReTCR e BHAe 

mlm2;m1m2 ---
... ... v4rr -- ""(J) 

Fm'm'·m m (k',k)=--I I. I v'2L+1(<L's'IS !Ls>-8LL'8 ,)x 
ll 2' 1 2 2 i k J sL 8 'L' 8 8 

1441 
JM CJM 0 sM C s'M-J.t 

xCLosM L;ILs'M-JLJm1Jm 2 Jm~jm~ YL'1/9,¢) KLs,L's'' 

rAe K03<f><f>H4HeHT 

KLs,L's' = ~ (1+ (~·l)L+s .)(~+(-1)L'+s' 1451 

paeeH HYI110, ecn~-1 cyMMa L + 8 Hill-1 cyMMa L' + s' - Hel.leTHoe I.IHC
no, 1-1 paeeH 2 npH l.leTHbiX L + 8 1-1 L' + 8' . C yl.leToM 1391 

F ... m' , ( ... r;---
1m2 ; ml m2 k ', k) = .Y.!..!_ I 

ik sL 
I 

s 'L, 

(J) J 2L + 1 ( S L , 
8 

', L s -8 a )x 
LL' ss' 
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X CJM 
LOsM 

JM sM s'M-Il 
C,, C C,, 

L llS M-Il Jm 11 Jm 2 Jm 1Jm 2 
y L 'll (0, ¢) ' !46! 

rAe cyMMHPOBaHHe npoBOAHTCfl no "paapeweHHbiM11 Ailfl TOlKAeCTBeHHbiX 
4aCTH~ LB-COCTOfiHHfiMj npH 3TOM BblnOJlHfleTCfl COOTHOWeHHe yHHTap
HOCTH /40/. 

CornacHo onTH4eCKO~ TeopeMe, nonHoe ce4eHHe 4HCTO ynpyroro 
paccef!HHfl HenOilfiPH30BaHHbiX TOlKAeCTBeHHbiX 4aCTH~ onpeAeJlf!eTCfl 
no <PopMyne 

4" u=---- Im 
k(2j+1) 2 

I F ... 
mlm2 mlm2;mlm2 (k,i) 

Hcnonb3Yfl <PopMyny /29/, nony4aeM 

l F ...... 
mlm2 m1m2;mlm2 (k,k) 

1 

ik 
l ( 2 J + 1 ) 'i ( s (J) - 1 ) 

4" 
U=--::----=-

k2(2j+1)2 
l (2J+l) 
J 

J L• LB,LS 

l (1 - Re 8 (J) ) 
Ls Le,La · 

/47/ 

/48/ 

/49/ 

KaK"' a $0pMyne /46/, cyMMHpoaaHHe a /49/ npoBOAHTCfl TOilbKO 
ilv CuCiunnnnM '- "'"' • nbiM .$Md"1t::nllleM i.. T 11 • CpasHeHHe SblpalKeHHH 
/49/"' /30/ noKa3bleaeT, 4TO BKilaA peaoHaHca, pacnaAa~~erocf! 
Ha ABe TOlKAeCTBeHHble 4aCTH~bl, 8 nOJlHOe Ce4eHHe pacCef!HHfl 3THX 
4aCTH~ 8 ABa pa3a 60JlbWe, 4eM AJlfl HeTOlKAeCTBeHHbiX 4aCTH~ C TeM 
lKe CnHHOM j, TaKO~ lKe 3HeprHe~ Ill C TeMH lKe pe30HaHCHbiMH napa
MeTpaMH /S/. C y4eTOM 3TOrO npH onpeAeileHHH 11 pa3Maxa 11 H3MeHeHHfl 
Ce4eHHfl ynpyroro paccef!HHfl TOlKAeCTSeHHbiX 4aCTH~ npH npOXOlKAe
HHH 4epe3 pe30HaHC Mbl MOlKeM HenocpeACTBeHHO BOCnOJlb30BaTbCfl 
<PopMynaMH /32/-/37/. B peaynbTaTe HaxoAHM 

8"(2JR+1) .,.(JR) 
=-----I<RI8 IR>I. 

k2(2j+1) 2 cp 
!J.u = u - q 

max min 
/50/ 

8"(2JR+l) ... (JR) rR 
--=-~ I <R I 8 I R >I _ __,:;:...._ 
k2(2j+1)2 ro+rR 

A~ -uu=u -u 
1 max m n /51/ 

BblpalKeHHe /50/ OTHOCHTCfl K MOHOXpOMaTH4eCKHM TOlKAeCTBeHHbiM 4o
CTH~aM, a $OpMyna /51/ Y4HTb1BaeT WHpHHY 3HepreTH4eCKOro pa3-
peweHHfl r

0 
. 
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4. YnPYfOE PE30HAHCHOE PACCERHHE HEnOflRPH30BAHH~X 
nPOTOHOB HH~E nOPOrA ME30H006PA30BAHHR 

noJlHbiH CnHH CHCTeMbl ABYX npOTOHOB MOlKeT npHHHMaTb TOJlbKO 
ABa 3Ha4eHHfl: 8 = 0 Ill 8 = 1. npH coxpaHeHHH npocTpaHCTBeHHO~ 
4eTHOCTH nepeXOAbl MelKAY COCTOfiHHfiMH C 8 = 0 Ill 8' = 1 CTporo 
aanpe~eHbl, Ill COOTBeTCTBY~~~~~e 31leMeHTbl 8 -MaTpH~bl paBHbl HYil~. 

CornacHo /38/ np1o1 s = 0 op6HTa1lbHbl~ MoMeHT L MOlKeT npHHHMaTb 
TOJlbKO 4eTHble 3Ha4eHHfl, a npH 8 = 1 - TOJlbKO He4eTHble. 

flerKO BHAeTb, 4TO npH He4eTHOM yrnOBOM MOMeHTe J peaJlH3yeT
Cfl TOJlbKO OAHO COCTOfiHHe 

(-) 
la>=IL=J,s=l> , 

npOCTpaHCTBeHHafl 4eTHOCTb KOTOporo OTpH~aTeJlbHa. npH 3TOM 
eAHHCTBeHHbl~ 31leMeHT 8-MaTpH~bl 

s<J> .. (2·c.<J>) aa exp lv J1 , 

(J) 
TaK 4TO l8aa I = 1. 

/52/ 

/53/ 

ECJlH J = 0, B03MOlKHbl ABa COCTOfiHHfl: OAHO H3 
lKHTenbHY~ 4eTHOCTb, APYroe - oTpH~aTenbHy~: 

HHX HMeeT nono-

(+) 
la>=IL=O,s=O> , 

(-) 
lb>-IL=l,s=l> • /54/ 

R ~TnM 
JleHHH: 

rnvu~P Vl-ll.AT::.n1--1::aa u::.TnlAII::. ~ (0) n~~rn~~n~~~ R f~-nnPnrT~R-
• 0 I I I --

(0) (0) (0) . (0) (0) (0) 
8aa =exp(2i800)' sbb =e:p(218u). 8ab =8ba .. o. /55/ 

npH 4eTHbiX 3Ha4eHHfiX Jl 2 803MOlKHbl YlKe TPH COCTOfiHHfl: OAHO 
4eTHoe "' ABa He4eTHblx: 

(+) 
Ja>=IL=J,s=O> , 

(-) (-) 
lb> .. IL=J-1,8=1> , lc>=IL•J+l,8=-l> • 

!56! 
( y4eTOM YHHTapHOCTH Ill COXpaHeHHfl 4eTHOCTH 191 

S(J) .. e (2i8(J)) S(J) .. s<J> =8(.l) .. S(J) =0 
aa xp JO ' ab ba ac ca ' 1571 

( 

ff:J> 

s (J).,. bb 

s<J> 
cb 

s (J) ) .-
be 

s (J) 
cc 

( 

~ (J) (J) (J) ) v 1-r2 exp( 2i 8
1 

_
1

} trexp(i 8
1

_
1

•
11 

+i 8J+
1

,
1

) 

irexp(18(J) +i8
1
(J

1
) 

1
) y'l-r2 exp(2i8J(+J~ 

1
) 

J-1,1 + • • 

/58/ 
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nyCTb OAHOKaHanbHW~ pe30HaHC, pacnaAa~~H~CR Ha ABa npoTo
Ha/4/, HMeeT CnHH JR H npocTpaHCTBeHHY~ 4eTHOCTb P = ( -1) JR. 
TorAa, KaK RCHO H3 /53/, /55/ H /57/, pe30HaHCHoe COCTORHHe 
I R> =I a> RBnReTCR co6cTBeHHbiM cocToRHHeM cj>oHoso~ MaTPHI..Ibl 
(JR) 

Scp . 3TO 03Ha4aeT, 4TO B cj>OpMynax /50/ H /51/, onHCbiBa~~HX 
pa3Max H3MeHeHHR ce4eHH~ npH npoxo~AeHHH 4epes pesoHaHc, cne-

(JR) 
AYeT nono~HTb I<RIScp IR>I = 1. npHMeHRR 3TH cj>OpMynw K cny4a~ 
CnHHa j = 1/2, MW npHXOAHM K COOTHOWeHHRM /1/ H /2/, npHBeAeH
HWM BO BBeAeHHH. 

Cl>opMynbl /1 I H /2/ onHCbiBa~T "pasMax" H3MeHeHHR nonHero ce4e
HHR ynpyroro pp -pacceRHHR npH npOXO~AeHHH 4epe3 OAHOKaHanbHble 
AHnpoTOHHwe pesoHaHcw c ~e4eTHWM cnHHOM /Hx npocTpaHCTBeHHaR 
4eTHOCTb aBTOMaTH4eCKH OTPHI..IaTenbHa/ H AHnpOTOHHWe pe30HaHCbl 
C 4eTHWM CnHHOM H nonO~HTenbHO~ 4eTHOCTb~. 3aMeT~M, 4TO AnR 
pe30HaHca o-, KaK H AnR pesoHaHca o+, 

/).a- 277 --k2, 
fa 

217 ----
!:J.a=k2-ro +·fa 

/59/ 

s cornacHH c /1/ H /2/. 
EcnH ~e pe3oHaHc HMeeT 4eTHW~ cnHH JR ~ 2 H OTPHI..IaTenbHY~ 

4eTHOCTb, TO, B006~e roBOPR, 
2 2 ... (JR) 

ID-.... Dl'-'-.....5::'1,.,., IDI 1~1 11 1/DIQ 10 .... 1,.1 
I ......... -~ l ---- I L' l .... ,... , I tJ I I I ..... l --, l ......... ,""'ell l .... __. l.:::.-. 

TorAa cj>opMynw /50/ H /51/ Aa~T 

2 ... (JR) 
!:J.u=---T(2Ja+l) I<RIScp IR>, 

k 

277 ... (JR) [R 
/).u=--C2J + t) 1 <RI s,., IR> ---. 

k 2 ~ r +f 
0 R 

!C. n 1 
I ...,>JI 

/61/ 

!62/ 

npH pacnaAe HH3KOne~a~ero AHnpOTOHHOrO pe30HaHCa C 4eTHWM 
cnHHOM H OTPHI..IaTenbHO~ 4eTHOCTb~ nepeXOA B COCTORHHR C op6H
TanbHWM MOMeHTOM L = JR + 1 MO~eT 6WTb CHnbHO noAaBneH; T04HO 
TaK ~e napaMeTp f B npeACTasneHHH /58/ AnR cj>OHOBO~ 8-MaTPHI..Ibl 
npH H~3KHX 3HeprHRX MO~eT 6WTb Man no cpaBHeHH~ C eAHHHI..Ie~. · 

... <Ja> 
B3THXYCnOBHRX IR>=IL=JR-1, 8= 1>,I<RIScp IR>I""1, 
H pesynbTaTbl /1 I ~ /2/ ocTa~TCR s CHne KaK npH6nH~eHHwe. 

AsTop 6naroAapeH M.H.noAropei..IKDMY, ~.A.TpoRHY H M.r.Wacj>pa
Hoso~ sa HHTepec K pa6oTe H nonesHwe o6cy~AeHHR. 
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Jho6omHu s.n. 
Y 3KHe O,ll;HOKaHaJJbHbJe pe30HaHCbl H HX npOHBJleHHe 
B qHCTO ynpyi'OM pacce.RHHH HenOJJHpH30B<\HHbJX 
qacTHU 

P2-88-507 

Ha ocHoBe ycnoBHH yHHTapHoCTH S-MaTpHUbJ Hccne,o;yeTcH 
3HepreTHqecKaH 3aBHCHMOCTb 3~eKTHBHOI'O ceqeHHH qHCTO yn
pyi'OI'O p-e30HaHCHOI'O pacce.RHHH npH HaJJHqHH llOCTOHHHOI'O !l>o
Ha, llonyqeHbl COOTHOWeHHH, OllHCbiBaJO~e 

11 pa3MaX11 H3MeHeHHH 
llOJlHOI'O ceqeHHH qHCTO ynpyi'OI'O pacce.RHHH KaK TO~eCTBeHHbiX 
TaK H HeTo~eCTBeHHbiX HenOJJHpH30BaHHbiX qaCTHQ npH npoxo~
p;eHHH qepe3 Y3KHH op;HoKaHaJJbHbm pe3oHaHc. llpH 3TOM yqHTbi
BaeTCH KOHeqHaH mHpHHa 3HepreTHqecKoro pagpemeHHH. Pe3yJJb
TaT&I llpHMeHHIOTCH K aHaJJH3Y BJJHHHHH Y3KHX ,ll;HllpOTOHHbiX pego
HaHCOB Ha ynpyroe pp-pacceHHHe H~e nopora Me3oHoo6pa3oBa
HHH. 

Pa6oTa B&monHeHa B ITa6opaTopHH BbiCOKHX 3HeprHH OIDIH. 
Coo6weHHe 061.elUIHeiDioro HIIC'I'IITy'n ll,llepHWX HCCJIQOIWIIIA • .Ily6aa 1988 

llepeBop; IT . H. Bapa6aw 

Lyuboshitz V.L. P2-88-507 
Narrow One-Channel Resonances and Their 
Manifestation in the Pure Elastic Scattering 
of Unpolarized Particles 

An energetic dependence of the effective cross section 
of pure elastic resonant scattering in the presence of a 
constant background is investigated on the basis of the 
S-matrix unitarity condition. The relations are obtained 
which describe the range of changing the pure elastic scat 
tering total cross section for non- identical as well as 
for identical particles in the passage through a narrow 
one-channel resonance. A finite width of the energetic re
solution is taken into account. The results are applied 
to the analysis of the influence of narrow two-proton re
sonances on the elastic pp-scattering behaviour below the 
threshold of 11 -meson production. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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