
qJ-3.S-

B. n. Dt06ow1,u,1 

COOfilllBHMR 
OtibBAMHBHHOro 

MHCTMTYT8 
RABPHblX 

MCCIBAOBBHMM 

AYfiHa 

P2-92-35 

YrnOBOE PACnPEAEDEHIIIE nPOTOHOB 

nPI/I PACnAAE B03MO>KHblX tJ,l/lnPOTOHHblX 

PE30HAHCOB 

1992 



J1lo6ourn:u; B • J1. 
YrrroBoe pacnpeAerreHHe npOTOHOB 
IlpH pacnaAe BO3MO~HbIX AHilpOTOHHbIX 
pe3OHaHCOB 

P2-92-35 

~aHa KrraccH¢HKaD;HR CHCTeMw ABYX npOTOHOB C onpeAerreH
Hb™ norrHb~ yrrroBb™ MoMeHTOM no ILS> -cocTORHHRM H c¢epH
tiecKHM cm1parrbHbIM COCTORHHRM. Ha OCHOBe ¢opMaJIH3Ma CnH
paJihHbIX aMnrrHTYA aHaJIH3HpyeTcR x apaKTep yrrroBoro pacnpe
AerreHHR npOTOHOB npH pacnaAe BO3MO~HbIX AHilPOTOHHbIX pe-
3OHaHCOB B 3aBHCHMOCTH OT CilHHa H npocTpaHCTBeHHOA qeT
HOCTH. 06cy~aeTcR CBR3b Me~AY HanpaBrreHHeM ABYXQaCTHQ
Horo pacnaAa H OCblO KBaHTOBaHHR IlHHa. 

Pa6oTa Bbmorrttetta B J1a6opaTopHH BbICOKHX ::rneprttA Ol1JUL 

Coo6w.cm-1e Om.e:urnemwrc HHCTHTYTa 11::iepHbtx ttcc.1e;:iosattHi1. Lly6tta 1992 

IlepesoA aBTOpa 

Lyuboshitz V.L. 
Proton Angular Distribution at the Decay 
of Possible Diproton Resonances 

P2-92-35 

The classification of a two-proton system with a fi
xed total angular momentum over LS-states ans spherical 
helicity states is given. The character of proton angu
lar distribution from the decay of possible diproton 
resonances depending on spin- and space parity is analy
zed on the basis of helicity amplitude formali~m. Con
nection between the direction of a two-particle decay 
and the spin quantization axis is discussed. 

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

Communication of the Jouu Institute for ~ uclear Research. Dubna 1992 



B nocneAHHe rOAW B PRAe pa6oT 6wnH 3KcnepHMeHTanbHO o6Hapy~. 
>KeHbl oco6eHHOCTH B cneKTpe 3¢>¢>eKTHBHblX Mace ABYX npOTOHOB' KO
Topwe HHTepnpeTHpy~TCR KaK Y3KHe AHnpOTOHHWe pe30HaHCW C WHPH
HaMM nOPRAKa HeCKOnbKMX Mera3neKTpOHBOnbT11 - 81 • npo6neMa AM-
6apMOHHWX pe30HaHCOB npeACTaBnReT 3Ha4MTenbHWR HHTepec AnR coa
peMeHHOA TeOpHH <l>YHAaMeHTanbHWX B3aHM6AeRcTBHR 19 - 111 • B CBR3M 
C 3THM sa>KHWM H aKTyanbHWM RBnReTCR onpeAeneHHe BHYTpeHHHX 
KBaHTOBWX 4Hcen o6HapymeHHWX pe30HaHCOB. 

KaK H3BeCTHO, ~H¢>OpMa4HR O cnMHe M 4eTHOCTM pe3oHaHca MrimeT 
6b1Tb nony4eHa npM MccneAosaHMH yrnosoro pacnpe,qeneHMR npoAYK
ToB era pacnaAa. B H~CTOR~eA pa6oTe aHanM3HPYeTCR xapaKTep yr
nosoro pacnpeAeneHHR npOTOHOB npM pacnaAe 803MO>KHblX AMnpOTOH
HWX pe3oHaHCOB B 3aBMCHMOCTM OT MX BHYTpeHHHX KBaHTOBWX 4MCen. 

1 • KBAHTOBblE 4HCJlA B03MO>KHblX AHnPOTOHHblX 
PE30HAHCOB 

a/ PaccMOTPMM KnaCCH¢MKa4H~ CHCTeMbl ABYX npoTOHOB no cocTo-· 
RHMRM c nonHblM 1irnOBblM MOMeHTOM J, nonHblM CnHHOM S M op6MTanb
HblM MOMeHTOM L 121 • H3 CMMMeTpHH /aHTMCMMMeTpMM/ OTHOCMTenbHO 
nonHoA nepecTaHOBKM ~pocTpaHCTBeHHWX H cnHHOBWX nepeMeHHWX 

' _cneAyeT' 4TO KaK AnR TO)l(,qecTseHHblX 6030HOB' TaK M ,qnR TO>KAeCT
BeHHblX ¢>epMMoHos peanMaY~TcR TonbKO TaKMe I JLS> -cocTORHHR, 
AnR KOTOpWX /

1131
, ~ 62/ 

L+S 
(-1) = 1. /1/ 

npH 3TOM npocTpaHCTBE·HHaR 4eTHOCTb CMCTeMbl ABYX TO)l(AeCTBeHHblX 
4aCTH4 

- L S 
P=(-1), =(-1) . /2/ 

nonHblR cnHH pp-cMcTeMbl MO>KeT npHHMMaTb TonbKO ABa 3Ha4eHHR: 
S = 0 HS= 1. EcnH S = 0 /cMHrneTHOe COCTORHMe/, TO op6MTanb
HWR MOMeHT L - 4eyHoe 4HCno, H npocTpaHCTBeHHaR 4eTHOCTb pp
CMCTeMbl P = + 1 • EcnM )l(e S = 1 /T

0

PMnneTHoe COCTORHMe/, TO OP"" 
6HTanbHWA MOMeHT L npMHMMaeT He4eTHWe 3Ha4eHHR, M npocTpaHCT
BeHHaR 4eTHOCTb p = -1. 



JlerKO BHAeTb' 4TO C y1.1eTOM / 1 I npH Hel.leTHblX 3Ha1.1eH"1HX non
Hora MoMeHTa J KOM61-1Ha4"1H KBaHTOBblX 1.11-1cen L = J, S = 0 Heaoa
MOmHa. 8 3TOM cny1.1ae npl-1 3aAaHHOM J pean1-13yeTCH TOilbKO OAHO 
COCTOHHHe 

IJ,L=J,S=l> 

C OTPl-1'-laTeilbHOH nPOCTPaHCTBeHHOH 1.1eTHOCTb~. TaK"1M 06pa30M, Al-1-
npoTOHHble peaoHaHCbl C He1.1eTHblM cn1-1HOM J MoryT "1MeTb TOilbKO oT
p1-14aTeJ1bHY~ P-1.1eTHOCTb /1-'' 3-, 5- ... / 1121 

Ec111-1 J.- 1.1eTHOe 4HCJ10 H npocTpaHCTBeHHaH 1.1eTHOCTb no11om1-1-
TeJ1bHa, B03MOmHo TOJlbKO OAHO /CHHrneTHOe/ COCTOHHHe C"1CTeMbl 
ABYX npoTOHOB 

IJ,L=J,8=0>. 

np1-1 1.1eTHOM J 1,1 OTPHL1aTeJ1bHOH npocTpaHCTBeHHOH 1.1eTHOCTH B co
OTBeTCTBHH C npaBHJlOM cnomeHHH ytJlOBblX MOMeHTOB pea111-13y~TCH 
ABa TpHnneTHblX COCTOHHHH 

IJ,L=J-1,S=l>, IJ,L=J+l,S=l>. 

np1-1 J = 0 HMeeTCH OAHO Hel.leTHoe COCTOHHHe 

IJ=O, L = 1, S= 1>. 

6/ BMecTo IJLS>-cocToHHHH YA06Ho oaccMaTpHBaTb c¢ep1-11.1ecK1-1e 
. /14/ /15/ 6 

cn1-1pa11bHb1e cocTOHHHH I J A1A2> /cM. , § 53; , § 1 I . 
3AeCb A1 1-1 A2 - cn1-1paJ1bHOCTH ABYX paccMaTpHaaeMblX 1.1acTH'-1 

a 1-1x c.4.1-1. ¢yHKL1HH npeo6paaosaHHH A1-1paKa oTLS -npeACTaBneHHH 
K npeAcTaaneHH~ cn1-1paJ1bHOCTeH HMeeT BHA /

1141
' § 53/: 

r:;-:-; JA sA 
. <JLS I J A1 A2> = J ~: Ci.osA cj ,\ j -,\' 

.. 2J + 1 · 1 1 2 2 
131 

rAe A = ,\ 1 - ,\ 2, h 1-1 j 2 - cnHHbl nepaoH 1-1 aTopoH 1.1acT1-14, C -
Ko3¢¢1-141-1eHTbl Kne6wa - ropAaHa. 

np1-1 onepa41-11-1 npocTpaHCTBeHHOH HHBepcHH cn1-1paJ1bHOCTH 1.1aCTH'-1 
MeHH~T 3HaK: 

J-jl-j2 

PIJ,\1,\2>=(-l) 71IJ-\-A,?, /4/ 

rAe 7) - OTHOCHTeJlbHaH 1.1eTHOCTb ABYX l.laCTH'-1. 

2 

~-

1 ~,. r 

i 
I 
1 

l 
i·. 

l 
~ 
l 

B c11y1.1ae ABYX npoToHoB 71 = +1, J1 = J2 = 1/2, A1, A2 = ± 1/2, 
a pa3HOCTb ·cn1-1paJ1bHOCTeH A MomeT npHHHMaTb TpH 3Ha4eHHH: ± 1 
1-1 0. KaK yme roaop1-111ocb, np1-1 pacnaAe AHnpoTOHHoro peaoHaHca 
C He1.1eTHblM cnHHOM J npOTOHbl pomAa~TCH B COCTOHHl-11-1 C KBaHTOBbl
Ml-1 4"1CJlaMH L =J's= 1' p = -1. B COOTBeTCTBHH C /3/, B 3TOM 
c11y1.1ae 3Ha1.1eH1-1e A= -0 aanpe~eHo a c1-111y paaeHCTBa cf810 = 0. 
np1-1 3TOM pea111-13yeTCH cynepno3H'-IHH c¢ep1-11.1ecKHX cn1-1pailbHblX COCTO
HHHH, OTBe1.1a~~aH OTpH4aTeJlbHOH P-1.1eTHOCTH: 

1 1 1 1 1 
li/J>= ..;2-(1.12 - 2>-IJ - 2 2>) =IJ,L=J,S=l>. 

np1-1 pacnaAe AHnpOTOHHOro pe30HaHca C 1.1eTHblM cnHHOM J "1 no11om1-1-
TeJ1bHOH P-1.1eTHOCTb~ pomAaeTCH cynepn03"1'-1"1H c¢ep1-11.1ecKHX cn1-1pa11b
HblX COCTOHHHH ABYX npOTOHOB C pa3HOCTb~ cn1-1pa11bHOCTeH A= 0: 

1 1 1 1 1 
I.;,>=--=.-( I J - - > - I J - - - ->) ss I J. L = J. s = O>. 

...;2 2 2 2 2 

np1-1 pacnaAe AHnpoTOHHoro peaoHaHca C 1.1eTHblM CnHHOM J 1,1 OT
p1-14aTeJ1bHOH P-1.1eTHOCTb~ npoTOHbl MoryT POmAaTbCH B ABYX COCTOH -
HHHX: 

1 1 1 1 1 
Iv, >=---(IJ - -->+ IJ-- - ->) 

1 . ...;2 2 2 2 2 ' 

1 1 1 1 1 
I t/1. > = --< I J - - - > + I J - - - > ) • 

2 ,/2 2 2 22 

nepaoMy 1-13 HHX COOTBeTCTayeT pa3HOCTb cn1-1pa11bHOCTeH A= 0, 
BTopoe HBJlHeTCH cynepno31,14HeH cn1-1paJ1bHblX COCTOHH"1H C A= + 1 
1-1 A= -1 1-1 pean1-13yeTcH TOJlbKO np1-1 J # 0. 06a cocToHHHH li/, 1> 
1-1 I iµ2 > MoryT 6b1Tb nPeACTaaneHbl B BHAe cynepnoa1-14HH Tp1-1n11eTHblX 
COCTOHHHH 

IJ,L=J+1,S=1> IJ,L=J-1,8=1>. 

2. YrJlOBOE PACnPEAEJlEH~E nP~ ABYX4ACT~4HOM 
PAcn.AAE 

01.1eHb YAo6HblM AilH $eH0MeH011or1-11.1ecKoro on1-1caHHH yrnoaoro 
pacnpeAeneH"1H npoAyKTOB ABYX1.1acT1-11.1Horo pacnaAa peaoHaHca Ha-
11HeTCH ¢opMaJ1"13M cn1-1paJ1bHblX aMnilHTYA 1161 , OCHOBaHHblH Ha np~
CTaBJleHHH c¢ep1-11.1eCKHX cn1-1pailbHblX COCTOHHHH /cM. 1141 ' § 53; 15~ 
§ 69/. . 
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06~aR ¢opMy11a AilR yr11oeoro pacnpeAeJleHHR npH ABYX4aCTH4HOM 
pacnaAe peaoHaHca co cnHHOM J .HMeeT BHA 

2J+1 J J (J) (J) i(M-M')<f> 
W(0, cf;)= 4 -- I I I RARe (p d (0) dA · ,(O)e ). /5/ 

TT M=-J M'=-J A MM, AM M 
• , ... 

, i B BblpameHHH /5/ 0 H ¢ - COOTBeTCTBeHHO no11RpHblH H a3HMyTaJlb
HblH yrilbl BblJleTa OAHOH H3 4acTHL\ B CHCTeMe noKOR peaoHaHca 
no OTHOWeHH~ K KOOPAHHaTHblM OCRM /z, X' Y/, KOTOpble onpeAeJlR- j 

w w * M M' ,~ ~TCR KHHeMaTHKOH H AHHaMHKOH pOmAeHHR pe30HaHCa ; H ~ npo- ,✓ 

eKL\HH cnHHa Ha OCb KBaHTOBaHHR z; PMM' - 3JleMeHTbl cnHHOBOH 
<J> l 

MaTPHL\bl n110THOCTH /I ·pMM= 1/; dAM(O) - 311eMeHTb1 yHHTapHoi:\ 1 
, M 

MaTpHL\bl' onHCblBa~~ei:i noeopoT Ha yro11 0 BOKpyr OCH y / d - ¢YHK-

L\HH BHrHepa; CM. 1141 ' § 49; 1131 
' § 58/; 

2 2 
RA= I !a(,\

1
\

1
)1 /I I la(,\,\2)1, 

,\1; ,\2=,\1-A ,\1 ,\2 

/6/ 

rAe a ( ,\1,\2) - cnHpailbHble aMnilHTYAbl ABYX4aCTH4HOrO pacnaAa, A -
pa3HOCTb cnHpa11bHOcTei1. Q4eeHAHO, RA> 0, IRA= L JlerKo BH-

A . 
AeTb, 4TO C y4eTOM COOTHoweHHR OPTOHOPMHPOBKH AilR d-¢yHKL\HH 

TT (J) (J') 

f dAM(O) dAM(O) sinfJdO 

0 

2 
-6 

2J + 1 JJ' 

yr11oeoe pacnpeAeJleHHe /5/ HOPMHPOBaHO Ha eAHHHL\Y= 

2TT TT 

f d ¢ J W ( 0, rp) sin I} d 0 = 1. 
0 0 

171 

/8/ 

~HTerpHpOBaHHe yr11oeoro pacnpeAe11eHHR W(O, ¢) no a3HMYTaJlbHOMy 

yr11y AaeT 

2TT 2J + 1 J (J) 2 

W(0) = f W(0, ¢) d¢= ~ I I RA'ilM(dAM(O)) 
o M=-J A 

/9/ 

*0 eCTb yron Me)K,l];y OCbID KBaHTOBaHHH cnHHa pe30HaHca z H Ha
npaBne1IHeM HMnynhca o,n;HOH H3 t1acTHu; p , a c;b - yron MeJK,D;y nnoc
KOC_THMH /z, p/ H /z, x/. 

4 
J'):,, 
'¥ 

t· 

Yrnoeoe pacnpeAeileHHe W(0, c;b) H yr110BaR Koppe11RL\HR W(O) MOrYT 
6b1Tb .TaKme aaAaHbl C noMO~b~ nOilRPH3al\HOHHblX MOMeHTOB pe30HaH

COB 

(J) -
< t L > = ,J 2J + 1 }: ,m 

M;M =m+M' 

J-M' 
(-1) 

Lm 

CJMJ-M'PM'M ' 

(J) m (J) 
YAOBJleTBOPR~~HX paseHCTBY .<tL >=(-1) .<tL >* ,m ,-m 

l 2J L (J) ~ 
W(O, ¢) = __ _:_ I I TJ(L, J) <t >* J-=-:..:... Y (0, c;b), 

2,Jrr L =0 m= -L L, m 2L+ 1 Lm 

- 2J 

W(0) = -~r;,;-:; I 
2 

L=O 

(J) 
TJ(L, J) .<t > P (cos/}), 

L,O L 

/10/ 

npH 3TOM 

/11 / 

/12/ 

rAe YLm(O,c;b)- wapoBble ¢yHKL\HH, PL(cos0) - no11HHOMbl JlemaHAPa, 

J-A LO 
71( L, J ) = I ( -1) C RA" / 13/ 

A JAJ-A 

BMM' 

Ec11H pe30HaHC pomAaeTCR HenoilRPH30BaHHblM (p = ----) , 
MM' 2J +. 1 

TO npH L 'F O see nOilRP"13al\"10HHble MOMeHTbl paBHbl HYil~ H yr11oeoe 
pacnpeAeileHHe H30TponHO HeaaBHCHMO OT cnHHa J. npH coxpaHeHHH 

npocTpaHCTBeHHOH 4eTHOCTH 

RA=R_N 
/14/ 

B CHilY /14/ npH He4eTHblX 3Ha4eH"1RX L HMeeM 

J-!AI LO 2J LO 

TJ(L,J) =l;l (-l) RIAl(CJIA\J-IAi (-l) cJ-'-IAIJA) =O. 
/15/ 

TaKHM o6pa3oM, ecilH npH pacnaAe coxpaHReTCR P-4eTHOCTb, TO yr
IlOBOe pacnpeAeneHHe npOAYKTOB ABYX4aCTH4HOro pacnaAa onpeAeilR
eTCR TOilbKO 4eTHblMH nOilRPH3al\HOHHblMH MOMeHTaMH; npH 3TOM 

W(0, ¢) =W(rr-0, ¢+rr). 
/16/ 

C y4eToM /15/ npH L\eilblX cnHHax J ¢oPMYilbl /11 / H /12/ MomHo ne

penHcaTb B BHAe* 

*IlpH nonyu;em,JX 3Hat1eHHHX J cyMMa no kB ~opMynax /17/ H /18/ 
6epeTCH OT I AO J - 1/2. 
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1 
W(O, ¢) = 4;- 1 

+ --=-
2 y TT 

J 

I 
k==l 

2k ~ (J) *Y ({J A.) 
I 'TJ(2k,J)v...::::.....:..<t2k,m> 2km •'11• 

m=-2k. 4k +l /17 / 

1 J 
W(O) == --(1 + Jii";T I 

2 k=l 

(J) 
17(2k,J) <t2k, 0 >P

2
k(cos0). /18/ 

B cny4ae pacnaAa pe3OHaHca Ha ABe TomAeCTBeHHwe 4acT1-14w pa
BeHcTsa /14/-/15/ swnonHR~TCR He3as1-1c1-1Mo oT Tpe6osaHHR coxpa
HeHHR P-4eTHOCTH. np1-1 3TOM BBHAY Hepa3nH4"1MOCTH TOmAeCTBeHHblX 
4acT1-14 yron 0 ecTecTseHHo 3aAasaTb s HHTepsane O ::;.. 0 ::; TT/2 . 
Ycnos1,1e HOPMHPOBKH 

2TT TT/2 

.f d ¢ f W ( 0, ¢,) sin fl d {J = 1 
0 0 /19/ 

npHBOAHT K YMHomeHH~ BblPameHH~ /5/, /17/ 1,1 /18/ Ha KO3cj)cj)1,141,1-
eHT 2. 

3. PACnA~ B03MOlliHWX ~HnPOTOHHWX PE30HAHCOB 

a/ Cn1-1H J - He4eTHbl~' p = -1. 

B_3TOM cny4ae IAI = 1, R1 = R_1 = 1/2, 1,1 s cooTseTcTs1-11,1 c cj)op
MYno~ /5/, YMHomeHHo~ Ha KO3cj)cj)1-141-1eHT 2, yrnosoe pacnpeAeneH1-1e 
npOTOHOB, HOPMHPOBaHHoe cornacHo /19/, HMeeT BHA 

2J+l J J 
W(O, ¢) = --- I ! I Re(p e 

MM' 4 TT M=-J M'=-J 

i(M'-M) ef> 
) X 

(J) (J) (J) (J) 
x [ d1M(0) d 1M,(0) + d_

1
i0) d_

1
M,(6)). 

/20/ 

YrnosaR KOppenR4"1R MemAY OCb~ KBaHTOBaHHR cn1-1Ha pe3OHaHca 1-1 Ha
npasneHHeM HMnynbca OAHOro 1-13 npoTOHOB B CHCTeMe noKOR pe3OHaH
ca on1-1cb1saeTcR cj)opMyno~ 

' ~ 2J + 1 J (J) 2 (J) 2 
W(O) =----- I p [(d (0)) +(d JO))]. 

2 MM 1M -1 
M•-J 

/21/ 

6 

-~' 
. l 

( 

1 

' ! 

i . ,~.4 
I 

I 
\ 
r 

8 TepMHHaX nonRPH3al.lHOHHblX MOMeHTOB HMeeM 

1 1 J 2k 2kO fi'i-:t (J) 
W(0,¢)=~+-= 2 }; CJ1J-1 v-."';-:7<t2k,m>*Y2km(0,</J),/22/ 

yrr k=l m=-2k 4k + 1 

,-- J 2kO (J) 
W(0) = 1 +y'2J + 1 2 CJlJ-1 <t2k O > p2k(cos0). 

k= 1 ' 

3AeCb 

M' + 1 2km 
(J) 

.<t 
2k,m 

>=~ ¾ (-1) CJMJ-M, PM'M. 

M=-J; M'=M-m 

6/ CnHH J 4eTHbl~, p = + 1 • 

B paccMaTPHBaeMOM cny4ae A = 0' Ro = 1 ' Rl = R_ 1 = 0; 

2J+l J J 
W(0, </J) =-- I I 

4 TT M'= -J M=-J 

i(M'-M) ¢ (J) . (J) 
Re ( p , e ) d ( fJ) d , ( 0) ; 

MM OM. OM 

- J (J) 2 
W ( 0) = (2 J + 1) }; PMM ( dOM ( 0) ) • 

M=-J 

/23/ 

/24/ 

/25/ 

/26/ 

ct>opMynbl /25/ 1-1 /26/ MOmHO nepen1-1caTb B. BHAe /22/ 1-1 /23/ COOT-
seTCTBeHHO C 3aMeHO~ C2kO -• C2kO np1-1 3TOM 

JlJ-1 JOJO" 

(J) ,-- J 2km M' 
.<t > = v 2J + 1 2 

2km M=-J M'=M-m 
CJMJ-M' (-1) 'PM,M 0 

/24' / 

s/ Cn1-1H J - 4eTHW~, p = -1. 

Pa3HOCTb cn1-1panbHOCTe~ A MomeT 
1-1 -1. C y4eToM /14( HMeeM 

np1-1 J f. o 
lleHHR: 0, + 1 

1-R 
Rl =R-1 =--2 o 0 .:; R0 :; l. 

Mw BHAHM, 4TO nPH 4eTHWX cn1-1Hax AHnpoTOHHoro 
1..1aTenbHO~ P-4eTHocT1-1 yrnosoe pacnpeAeneHHe 1-1 

npHHHMaTb TPl-1 3Ha-

pe3OHaHca 1-1 OTPH
yrnosaR KoppenR

l.lHR 3aBHCRT OT AOnonHHTenbHOro cj)eHOMeHonor1,14ecKoro napaMeTpa 
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R0, xapaKTep1-1ayiooiero pacna,q peaoHaHca. CooTseTcTsy1011j1-1e Bb1pa
meH1-1R ,qnR W(~ ¢) 1-1 i(0) np1-1H1-1MaroT B1-1,q 

2J + 1 J J 
W(0, ¢) = ---- I I 

4 17 M '=-J M=-J 

i(M'-M)¢ 
Re (P. , e ) x 

MM 

'~ 
1 - Ro (J) (J) (J) (J) (J) (J) ' i 

x [ 2--(dlM (0) dlM,(0) + d_1ifJ) d_lM,(0)) + Ro dOM (6) %M,(0)]; ''.) 

/27 / I ◄, 
J 1 - R0 (J) 2 (J) 2 

W(6)=(2J+l) Ip 1--[(d (0)) +(d (6)) l+ 
M=J MM 2 lM -lM 

(J) 2 
+ Ro ( doM ( 0) ) I; 

1 1 J 
2

K ✓ 2J + 1 
W ( 0, ¢) = -- + -.:- I I -

2tr ytr k=l m=-2k 41r 
X 

2k0 
x [ ROCJOJO 

2k0 (J) * 
-(1-Ro) CJlJ-1 l<t2k,m>Y2km (0,¢); 

/28/ 

/29/ 

wc0) = 1 +/2.i7i 
J 

I 
k=l 

2k0 
[ R C 

0 JOJO 

2k0 (J) 

- (1 - Ro) C JlJ -1] <t2k,O > P2k(cos0)/3 0/ 

r,qe nonRp1-1aa41-10HHb1e MOMeHTbJ onpe,qenRroTCR no ¢opMyne /24 '/. Jlc
Ho, 4To np1-1 J = 0 Yrnosoe pacnpe,qeneH1-1e npoToHoB Heaas1-1c1-1Mo 
OT npocTpaHCTBeHHOH 4eTHOCTl-1 peaoHaHca l-130TPOnHo OTHOCl-1TenbHO 
nro6wx KOop,q1-1HaTHWX OCeH. 

4. 06PA30BAHHE ~HnPOTOHH~X PE30HAHCOB 
B np-CTOnKHQBEHHJIX 

a/ PaccMOTPHM npo4ecc np ➔ R* TT-, R* ➔ PP, KOTOPblH 1-1ccne,qo-
sancR 3Kcnep1-1MeHTanbHO rpynnoH ID.A.TpORHa 11 - 41 Ha o,qHoMeTpo
BOH so,qopo,qHoH KaMepe fl83 OHJIH, o6ny4eHHOH nY4KOM MoHoxpoMaT1-1-
4ecK1-1x HeHTpoHoB OT Cl-1HXpo¢aaoTpoHa fl83. B Ka4ecTse OCl-1 KBaH
TOBaHl-1R Cnl-1Ha z BbJ6epeM l-1Mnynbc nepBl-14Horo HeHTpoHa B Cl-1CTeMe 
noKOR peaoHaHca, a B Ka4eCTBe OCl-1 y - HOPManb K nnOCKOCTl-1 61-1-
HapHoH peaK41-11-1 np ➔ R*1r- /npe,qcTasneH1-1e roT¢p1-1,qa - ~meKCOHa/. 

8 

:r 
'!.Y' 

' ,\ 
! 

Mw MOmeM B Ka4eCTBe OCl-1 KBaHT0BaH1-1R z BW6paTb TaKme 1-1MnYnbc 
peaoHaHca s c.4.1-1. peaK41-11-1 /cn1-1panbHoe npe,qcTasneH1-1e/. AHan1-13· 
noKa3blBaeT, 4TO ecn1-1 B peaK41-11-1 o6paaoBaHl-1R peaoHaHca coxpaHReT
CR npocTpaHCTBeHHaR 4eTHOCTb, a Ha4anbHWe 4aCT1-14w HenonRPl-130~ 
saHbl, To s npe,qcTasneH1-11-1 npoeK41-1H cn1-1Ha Ha nro6oH seKT~p B nnoc
KOCTl-1 pom,qeHHR peaoHaHca 3neMeHTW MaTp1-14w nnoTHOcT1-1 y,qosneTso
pRroT paBeHCTBaM / 1141 , §' 53/ 

M'-M 
p =(-1) p 

MM' -M-M' /31/ 

C y4eToM csoHcTs Ko3¢¢1-141-1eHTos Kne6wa - rop,qaHa 1,13 /31/ 1-1 /10/ 
cne,qyroT aHanor1-14Hble paseHcTea ,qnR nonRp1-1aa41-10HHblX MoMeHToB: 

(J') L -m 
<t >=(-1) 

L,m 

(J) 
<t ::,.. 

L,-m /32/ 

B 4aCTHOCTl-1, np1-1 m = 0 Bee He4eTHble nonRpl-13a41-10HHble MOMeHTbl 
paBHbl Hynro. Bee 4eTHble nonRp1-1aa41-10HHb1e MOMeH·n,, KOTOpble onpe
,qenRroT yrnosoe pacnpe,qeneH1-1e npo~KTOB pacna,qa /cM. ¢opMynb1 
/17/, /18//, s c1-1ny paseHcTsa .<tLJ)>=(-l)m<tL(J) >* RBflRroTCR 

m -m ,qeHCTBl-1TeflbHWMl-1. ' 

CooTHoweHHR /31/ 1-1 /32/ np1-1so,qRT K coKpa11jeH1-1ro ¢eH0MeHonor1-1-
4ecK1-1x napaMeTpos, onpe,qenRrollj1-1x yrnosoe pacnpe,qeneH1-1e npoToHoB 
np1-1 pacna,qe ,q1-1npOTOHHWX pe3oHaHCOB. 

6/ np1-1se,qeM RBHb1e Bb1pameH1-1R AnR yrnosoii KoppenR41-11-1 Mem,qy 
l-1MnYnbCOM npoTOHa B Cl-1CTeMe nOKOR peaoHaHca 1-1 OCbro KBaHTOBa
Hl-1R cn1-1Ha, Bbl6paHHOH B nnocKOCTl-1 peaK41-11-1 np ➔ R*tr- , np1-1 3Ha-
4eHl-1RX cn1-1tta J = 1 , 2, 3. 

p -
J =l,2p +p =1. 
- 11 00 

- 1 
W(6)=1+(p -p )P(cos0)=1+--(l-3P. )p_(cosO). 

11 00 2 2 00 2 /33/ 

JP= 2+, p + 2p + 2p = 1. 
00 11 22 

10 
W(0) =1+-(p +p -2p )P (cosO) + 

7 11 00 22 2 

6 
+ - (3p - 4p + p ) P ( cos 0) • 

7 00 11 22 .. 4 · 

/34/ 

p -
J = 2 , p + 2·p + 2p = 1 , 

oo n 22 2R +R =1, R .:---
1 0 1 2 

1- R
0 

9 



5 . 
W(fJ)=l+-(l+R )(p +·P. -2p )P (cos0) + 

7 0 11 00 22 2 

+ ~(5R0 -2) (3Poo -4p11 +p22) P4 (cos0). 

3,qecb , 
.. . 1 2 
P.2 ( cos 0) = - (3 cos 0 - 1) 

2 ' 

. 1 4 2 
P

4 
(cos0) = 8 (35cos0 - 30cos 0 + 3). 

p -
J = 3 , p + 2(p + p + p ) = 1. 

00 11 22 33 

- (3) 2 (3) 2 (3) 2 
W ( 0) = 7 {p ( d ( 0) ) + p [ ( d ( R) ) + ( d ( 0) ) ] + 

00 10 11 11 -11 

+·p [Ci3'<o>>2 +ci">ce)/J+p rci3>(A))2 +ci
3
>co>>

2
JI; 

22 21 2-1 33 31 3-1 

/35/ 

(3) 2 3 . 2 2 2 
(d (0)) =--(1-cos0)(5cos0-1), /36/ 

10 16 

(3) 2 (3) £ 1 6 4 2 
(d

11
(0))-1-(d_

1
f0)) =-

32
(225cos R-305cos O+lllcos 8+1), 

(3) 2 (S) 2 5 2 4 2 
(d

21
(0)) +(d

2
_J0)) = 16-(1-cos 0) (9cos0-2cos 8 +1), 

(3) 2 (8) 2 15 2 2 
(d_

3
_f fJ)) + (d

3
_fJ)) = 

32
- (1 - cos20) (1 + cos 0). 

s/ PaccM0Tp1-1M c11y4ai1, Kor,qa B npoi.tecce np ➔ R*11 - 1-1MnYJ1bCb1 pe
soHaHca 1-1 17--Me30Ha napa1111eJ1bHbl l-1MnYJlbCY nepBl-14Horo Hei1TPOHa 
/Ko11111-1HeapHaR KOH(IJ1-1rypa1.t1-1R/. Tor,qa B c1-111y saKoHa coxpaHeH1-1R 
npoeK41-11-1 yrnosoro MOMeHTa npoeKi.tl-1R cn1-1Ha pesoHaHca Ha Hanpas-
11eH1-1e l-1MnYJlbCa MomeT nPl-1Hl-1MaTb TOJlbKO 3Ha4eHl-1R M = 0, ±1. np1-1 
3TOM cn1-1HoBaR MaTpl-11.ta nJlOTHOCTl-1 /np1-1 YCJlOBl-11-1, 4TO nepBl-14Hble HY
KJlOHbl HenoJ1Rp1-130BaHbl/ RBJlReTCR ,q1-1aroHaJlbHOi1, Mb! l-1MeeM 

1 -·Poo 
P =P =----; p =p =P =p =.,.==0. 
11 -1-1 2 22 -2-2 33 -3-3 

/37/ 

RcHo, 4TO B o6cym,qaeMoi1 KOH(IJ1-1rypa1.t1-11-1 yrnosoe pacnpe,qe11eH1-1e npo
TOHOB He 3as1-1c1-1T OT a31-1MYTaJlbHOro yrna. C y4eTOM /37/ 1-13 COOT-

10 

., 

HOWeH1-1H /20/-/23/, /25/-/26/ 1-1 /27/-/30/ cne,qyeT, 4To yrnosoe 
pacnpe,qe11eH1-1e np1-1 pacna,qe ,q1-1npoToHHoro pesoHaHca co cn1-1HoM 
J ~ 2, BblJleTa~~ero B Hanpas11eH1-11-1 •~nepe,q11 , o6RsaTeJlbHO aH1-1so
TponHo. B 4aCTHOCTl-1, npl-1 J = 2 BblnOJlHReTCR HepaBeHCTBO 

11/2_ 

< P ( cos 0 ) > = ( W ( 0) P ( cos 0) sin 0 d 0 ~ 
2 O 2 

1 

14 

5. CnHH PE3OHAHCA H 4Hcno 3KCTPEMYMOB 
B Yrnoao~ KOPPEflRUHH 

/38/ 

np1-1 coxpaHeHl-11-1 npocTpaHCTBeHHOH 4eTHOCTl-1 YrJloBaR KoppeJlR
ltl-1R Mem,qy OCb~ KBaHTOBaHl-1R cnl-1Ha 1-1 HanpaBJ1eH1-1eM ABYX4aCTl-14Horo 
pacna,qa s Cl-1CTeMe nOKOR peaoHaHca onl-1CblBaeTcR Jll-1Hei1Hoi1 KOM61-1-
Ha41-1eH no111-1H0Mos flemaH,qpa c 4eTHblMl-1 3Ha4eHl-1RMl-1 L /cM. (IJopMyny 
/18// 1-1 B COOTBeTCTBl,11,1 C 3Tl-1M l-1MeeT CTPYKTypy 

W(fJ) = W(y) 
n 2k 

= I aky 
k=O /39/ 

r,qe y = cose, n = J, ecm1 cn1-1H J - 4eJ1b1i1, 1-1 n = J - ! , ec111-1 

cn1-1H J - no11y4e11bli1. Bs1-1,qy no11om11TeJ1bHOCTl-1 <llYHK41-11-1, W(y) BblnOJl
HR~TCR HepaseHCTBa 

a0 ~ o, 
n 

! ak 2. 0. 
k=O 

1 

lfa yc110B1-1R HopM1-1posK1-1 J W(y) dy = 1 cne,qyeT 
0 

n 

! 
ak 

= 1. 
''k=O 2k + 1 

;,, 

paeeHCTBO 

flerKQ B1-1,qeTb, 4TO BHYTpl-1 1-iHTepeana O < y < 1 nOJll-1HOM 

dW -dy 

2(k -1) 
2y ( I ka y ) 

k=l k 

n 

11 

/40/ 

/41/ 



He MomeT HMeTb 6onee n - 1 HyneA, a cne,qosaTenbHo, nonHHOM 
W(y) He MomeT HMeTb 6onee n - 1 3KCT.peMyMOB. TaKHM 06pa30M' 
cnpase,qnHso yTsepm,qeHHe: ecnH BHYTPH HHTepsana O < cos 0 < 1 
yrnosaR KoppenRI.IHR aHH30TPOnHa H HMeeT N 3KCTpeMyMoB, To npH 
coxpaHeHHH npocTpaHCTBeHHOA 4eTHOCTH CnHH 6030HHoro pe30HaHca 

J ~ N + 1, 

a cnHH ¢epMHOHHoro pe30HaHca 

3 
J>N+-• 

- 2 

/42/ 

/43/ 

B cny4ae AHnpoTOHHblX pe3oHaHCOB HMeeM J ~ N + 1 . B 4acTHo
CTH npH KBaHTOBblX 4HCnax JP= 1- yrnosaR KoppenRI.IHR W(y).,; 
= a + by2 RBnReTCR MOHOTOHHO BOJpacTalOU\eA HnH MOHOTOHHO .Y6blBa10-
1lleA ¢YHK1.1H~A y H He HMeeT· 3K~TpeMyMO~ B HHTepsane O < y < 1. 

EcnH J p = 2+ HnH 2-' ¢yHKLIHR W(y) nH60 MOHOTOHHO so3pacTaeT 
· /y5wsaeT/ s HHTepsane O < y < 1, nH6o HMeeT s 3TOM HHTepsane 

O,qHH 3KcTpeMyM. HanpHMep, npH 06pa3osaHHH ,qHnpoTOHHoro pe30-
Ha~ca co cnHH~4eTHOCTblO 2+ H npoeK1.1HeA cnHHa Ha OCb KBaHTosa
HHR 0 M= 0 yrnoBaR KOppenRI.IHR, cornacHO ¢opMY~e /26/, HMeeT 
BHA 

(2) 2 
w ( y) = 5 ( a

00 
( o) ) 

5 . 2 2 
= - (3y - 1) • 

4 

npH 3TOM 
5 . 1 

W(O) =-, W(1)=5, miDW=0, Y.. =-, 0. ~ 54,7°. 4 mm ..j:J mm ~ 

YrnosaR KoppenRI.IHR npH pacna,qe ,qHnPOTOHHoro pe30HaHca 
co cnHH-4eTHOCTblO JP= 3- MomeT 6WTb MOHOTOHHOA ¢YHK1.1HeA B HH
Tepsane O < y < 1' HMeTb B 3TOM HHTepsane OAHH 3KCTpeMyM i-1nH 
,qsa 3KCTpeMyMa /MaKCHMYM H MHHHMyM/. npe,qnonomHM, 4TO ,qHnpo
TOHHblA pe30HaHC 3- pom,qaeTCR B COCTORHHH C npoeK1.1HeA cnHHa 
Ha OCb KBaHTOBaHHR,paBHoA HYnlO.Torga cornacHo /21/ H /36/'yr-
nosaR KoppenRI.IHR 6yAeT HMeTb BHA 

(3) 2 21 2 2 2 
W(y) = 7(d

10 
(0)) = -- (1 - y ) (5y - 1) • 

16 

nerKO BH,qeTb, 4TO ¢yHKI.IHR W(y) HMeeT MHHHMYM Wmin = 0 npH 
Ymin = 1/./5 /Bmin = arccosymin :::64,5°/ HMaKCHMYM_ Wmax=. 
= 112/45 nPH y = -1TI7I!J /0 x= 31°/. npH 3TOM W(O) =21/16, max V ma 
W(l) = 0. . 

EcnH npoeK1.1HH cnHHa AHnpoTOHHOro pe30HaHCa 3- npHHHMalOT 3Ha-
4eHHR M = ±1, TO /cM. /36// 

12 

W ( y) = 7 [ ( a< 3) ( fJ) ) 2 + ( d ( 3) ('J) )2 ] = 
11 1-1 

7 . . 
~ --- ( 225 cos 6 0 - 305 cos 4 0 + 111 cos 2 0 + 1 ) • 

32 
B 3TOM cny4ae 

W(O) 

w max 

7 

32 
W(l) =7; 

2,88, y = 0,5, max 

Wmin "'1,31, ymin = 0,8, 

0 = 60°· max ' 

0min = 36,lo, 

ABTOp BblpamaeT rny60KYIO 6naro,qapHOCTb to.A. TpORHY' no HHH
I.IHaTHBe KOTOporo 6b1na BblnOnHeHa HaCTORU\aR pa6oTa' 3a none3Hble 
o6cymAeHHR. 
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