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/1/ 
I. B ps6oTe newKHHS npeJll!O)KeH MeTOJl onpeJleneHHSI CITHHS II 'leTHOCTH HeCTS6H11b-

HOll 'ISCTHUbl, pO)KJlSIOWellcSI B peSKUHH 

( 1) 

H. psCITSJlSJOWeilcSI aaTeM Ha JlBe 6eccnHHOBble 'laCTHUbl 111160 Ha 'laCTIIUY co CITHHOM HYl!b H 
. ' /2/ 

y - KBaHT. 3TOT MOTOJl 6aa11pyeTCSI Ha npaBHne Eopa 

m1 -m 1 
(-ll • I , (2) 

Bb1TeKa10meM 

weHHH (2) 

H3 HHBapHSHTHOCTH OTHOCHTel!bHO OTpa)KeHHll B Ill!OCKOCTH peaKUHH. 8 COOTH0-

1 = I I OTHOCHTOl!bHaSI qeTHOCTb 'ISCTHU, Y'ISCTBYIOlllHX B peSKUHH ( 1) , 
~ 

( I 1 ( Ir l npoHaBe)leHHe BHyTpemmx 'leTHOCTell HS'ISllbHblX ( KOHe'IHbIX 'ISCTHU) ) ,s 

m 1 ( m·, -npoeKUHH ITOIIHOI'O CITHHS HS'ISl!bHblX (KoHe'IHblX) 'ISCTHU HS HOpMSllb K 

Ill!OCKOCTH peSKUHH. 

Yrnoaoe pscnpeJleneHne npoJlyKTOB pscns)ls qscTnu co cn11HOM 

MO)KeT 6b!Tb 3SITHCSHO a BHJte: 

31 
N{O) • ½ I a k Pk (cosl1 l 

k-O,'leT 

B HX CHCTeMe IlOKOSI 

(3) 

rile O - yron Me)KJly HOpMSl!blO K ITIIOCKOCTH pesKUHH (I) n HMITYllbCOM KOHe'IHOil 'ISC

THUblo Koaq,<jmuneHTbl 81,: 3SBHCSIT OT yrns, IlOJl KOTOpblM B&IneTseT 'ISCTHUS co CITHHOM 

B peSKUllll ( 1), H onpe)lel!SIIOTCSI JlHHSMHKOil npoueccs pO)K)leHHSio Hcnon&aySI npaBHIIO OT-

6ops (2),TTeWKHH ITOKS3Sl10 'ITO K03q>q>HUHeHT a 31 , T.e. K03q>q>HUHeHT IlpH ITOIIHHOMe ne)KSHJl

pS MSKCHMSl!bHOI'O nopSIJlKS a pscnpeJlel!eHHH (3)_,He MO)KeT o6psmSTbCSI a HYllb HH npn Ka

Koll JlHHaMHKe npouecca pO)KJleHHSI H 'ITO 3HaK 3TOI'O K03q>q>HUlleHTa COBila)lseT C OTHOCH-

Tel!bHOJI BHyTpeHHeil 'leTHOCTblOo 0H IlOKa3all TaK)Ke, 'ITO Jlllll )laHHOI'O MoryT 6b!Tb 

HsllneHbl BepXHSISI H HH)KHllSI rpaHHUbl K03q>q>HUHeHTa •31 '· npH'leM 3TH rpaHHUbl He aa-

BHCSIT OT yrns, non KOTOpbIM Bbll!eTalOT 'ISCTHUbl co CITHHOM B peaKUHH (I). ToT 

q>SKT, 'ITO HMeeTcSI OTIIH'IHaSI OT ay11SI HH)KHSISI rpaHnua Koaq,q,nuneHTa H noaaonSI-

eT onpeJlel!HTb aHaqeHHe cnn11a. Ileno B TOM, 'ITO ecnn HSilJleHHoe HS onb!Te yrnoaoe psc

npeJleneane npOJlYKTOB pscnsJla YJlOBneTBOpHTenbHO OilHCbIBSeTCSI Bb!pa)KeHHeM THna (3) c 

HeKoTOpblM k max , TO cornacne c aKcnepnMeHTOM MolKeT 61,1Tb acer)ls ynyqwe110, ec-

nu K aToMy a1,1ps)KeHH10 Jl06SBHTb c MSllbIM aecoM eme OJlHH nonnHoM nelKSHJlps Pk (cos Ill 
C 0JlHaKo cymecTBOBaHne OTIIH'IHOll OT HYITSI HHlKHell rpaHHUbl 
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K03qxj,HuHeHT8 npH CTapweM nO/lHHOMe ne)KSHApa aanpewaeT AOOSB/leHHe /lHWHero nonHHOMa 

ne)KaHnpa C MSIIblM B8COM, 'ITO ll AO/l)KHO npHBOAHTb K npaKTH'l8CKH OAH03H8'1HOMy onpenene-

HHIO k mu • 2 J • 

/3/ B paOOTe 3TOT M8TOll Obin pacnpoCTpaHeH Ha C/ly'lail HeCT80ll/lbHblX '18CTHII C no-

ny11e/lb!M cnHHOM 8' ( '18CTHII8 CO CnHHOM • pacnanaeTcsi no cxeMe a .. " + O ) , 

pomABIOWHXCSI B peaKUHH BHll8 

o+" .. o+a 
(4) 

C nonsipH30B8HHb!MH H8'18/lbHblMH q,epMHOHSMH. 3necb Mb! paccMOTpHM npyrHe peaK!IHH C no-

nsipH30B8HHblMH '18CTHII8MH. HMeHHO, B paanene II 6ynyT paCCMOTpeHbl peaK!IHH THna 

0+" .. j+s (5) 

c nocneny10mHMH pacnanaMH o6paayromHxcsi B peaK!IHH ( 5) '18CTHII no cxeMaM: 

B .. "+0, J .. o+o (6) 

a B paanene Ill peaK1111n: 

y+0 .. j+0 ,. (7) 

.. 0 + 0 (8) 

MM 6yneM npennonaraTb, 'ITo 'leTHOCTb coxpam1eTCH B peaK1111six (5) n (7). CoxpaHeHne 

"'e qeTHOCTH.B pacnanax (6) H (8) npennonaraTbCH He 6yneT. Eaanpysicb nnwh Ha coo6pa

)KeHHSIX HHBapnaHTHOCTH, Mbl noKameM, 'ITo,nayqasi yrnoaoe pacnpeneneHne nponyKTOB pac

nana 'ISCTHII, o6paayromw::csi B peaKIIHSIX C nonsipH30BaHHblMH H8'18/lbHbIMH '18CTHII8MH, MO)K

HO onpenenHTb cnHHbl H '18THOCTH 3THX HeCTSOH/lbHblX '18CTH1I. KpoMe Toro, 6yneT noKaaa

HO, 'ITO B onpeneneHHblX ycnoBHSIX onb!Tbl no onpeneneHHJO 'leTHOCTH B peaK!IHH (5) non 

HOCTbJO aHanorH'IHbl onbITSM no onpeneneHHJO qeTHOCTH B peaK!IHH O + " .. 0 + 8 • 

/4/ . 
o6cy)KllaBWHMCSI B pa6oTe • 

/5/ 
Ycnoane HHBapHaHTHOCTH OTHOCHTe/lbHO OTpa)KeHnil B nnoCKOCTH peaKIIHii HMeeT 

Birn: 

➔, ... .., ➔ -1 
·IM(p , p) = R 1 M(p , p) R 1 

(9) 

3necb M ( p', p -MaTpH!Ia peaK!IHH ( 
.. , 
p H 

.. 
p -KOHe'IHblH II H8'18/lbHbiii OTHOCHTeJlb• 

Hble HMnynhCbl B C.!I.H.), R I ( R ! ) -npsiMoe npoHaaeneHne onepaTopoB noaopoTa cnHHOB 

H8'18JlbHbIX~ (KoHe'!HbIX) '18CTHII HS yron IT 

I • 
l1 

Ir 

BOKpyr HOpM8/lH K nnocKOCTH peaKIIHH, a 

( 10) 

4 

i 

rne 11 (1 1 ) -npOH3B8AeHHe BHyTpeHHHX 'leTHOCTeil H8'18/lbHblX (KOHe'll!b!X) '18CTHII• CTonqepK

HeM, 'ITO npeo6pa30B8HHe 0Tp8)K8HHH B nnOCKOCTH peaK!IHH SIB/lS18TCSI enHHCTB8HHblM npeo6-

pa30B8HHeM, conep)KaWHM OTHOCHT8/lbHYIO BHyTpeHHIOJO 'leTHOCTb H He MeHHIOillHM apryMeH"." 

TOB 
.. 
p H 

.. , 
p MaTpHllbl peaKIIHH M ( p' : p ) • CnenoBaTenbHO, ace COOTHOWeHHSI Me-)K-

ny 3Kcnep11MeHT8/lbHO H3M8pHMbIMH Bellll'IHH8MH, coneplKamHe 1 1 SIB/lSIIOTCSI C/lellCTBHeM 

Tpe6oBaHHSI HHB8pH8HTHOCTH (9). CooTHOWenHe (9) yKa3bIBaeT TaKme, KaKyIO HMeHHO HH¢<,p

M81IHIO O COCTOSIHHH'nOIISlpH38!IHH '18CTHII, Y'l8CTBy10mnx B peaK!IHH, cnenyeT npHB/le'lb ll/lSI 
. , . /5/ . 

onpeneneHHSI BHyTp8HHeii '10THOCTH 

OnepaTop noBopoTa R ll/lSI Ka)Klloil H3 '18CTHII paBeH 

R • e ,n;,: 

rne s -onepaTop cnnHa COOTBeTCTByromeii '18CTH!Ibl, a 

nnoCKOCTH peaKIIHH. O'!eBHllHO, 'ITO a cnyqae cnHHa 1/2 

.. .., 
➔ p X p 
ll • ----

• · Px P' 
onepaTop noaopoTa 

( 11) 

-HOpM8/lb K .... 
paBeH lun . 

CocTosiHne nonsipHaauHn y -KBSHTOB 6yneM onHCblB8Tb B opTOHOPMHpOB8HHOM 6aance .. .. 
et • e I .. 

rne BeKTOp e1 OpToroHaneH K nnocKOCTH peBKIIHH, 8 BeKTOp :a ne)KHT B neil. B 3TOQ 

6aaHce onepaTop OTpa)KeHHSI B nnoCKOCTH peaKIIHH paaeH - r, - I y r a a onepaTop no-

aopoTa Ha yron 

/6/ 
IT 

r, 
BOKpyr HOpMa/lH B cnyqae 

- MaTpHII8 naynH). 

y -KB8HTOB paaeH, cnenoBaTe/lbHO, 

r, 

II. Ha'IHeM C paCCMOTpeHHSI peaK!IHii 

0 + " ➔ + ti J 

rne '18CTHII8 co cnHHOM 

8 '18CTHII8 CO cnHHOM • 

pacnanaeTCSI Ha ABe 6eccnHHOBbl8 '18CTH!Ibl 

1:.0+0 

pacnanaeTcsi no cxeMe 

... " + 0. 

( 12) 

( 13) 

(14) 

CocTOSIHHe nonsipH381IHH '18CTHII co cnHHOM s. 6yneM xapaKTepH30B8Tb cpenHHMH 3Haqe~HSI-

MH TeH30pHbIX onepaTOpOB 

HblX ycnoBHSIMH, 

(-J~M.:,J 0.:,J.:,2s) 

+ 2• + l lJ 
T ,• -- .JJ Sp T .JM .1 'M 2 J + l 

s_, 

HOpMHpoBaH-

(15) 

CTpn TaKoil HOpMHpOBKe MaTpll'IHblii aneMeHT T .JM B npencTnBneHHH, rne n11aroHaneH one-

paTOp T10 (S • ) , paaeH 

< sm'I T.JM Jsm > • (omJMI aJsm'). (16) 
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-Aaanorn'<Hhle onepaTophl unn qacTHU co cnnHoM o6oaaaqnM qepea 1k., 

npeJKUe qeM nepexouHTb K o6cy)KU0HHIO o6o6meHHH M0TOUa 'MaKCHManbHOi! cno)KHOCTH', 

·cuenaeM aecKOnbKO aaMeqaani!. ITpeunono)KHM, '<TO KaKHM-nn6o o6paaoM BhlUenneTcn onpe -

.ueneHHOe aaaqeane npoeKUHH cnnHa qacTHUhl co cnllHOM Ha HopManb K nnocKOCTH peaK-

unn (o6oaaa'IHM ee K ) • CooTB0TCTBYIOmHi! onepaTop noBopoTa Ha yron tr BOKpyr Hop-

Mann B ycnOBHH (9) MO)KHO aaMeHHTb B 3TOM cnyqae co6CTB0HHhlM 3Ha'i0HH0M (-1) K • 

YcnoB11e (9) CB0U0TCH npn 3TOM no BIIUY K ycnOBHIO HHBapnaHTHOCTH OTHOCHT0nbHO OTpa)Ke

HHil a.nnoCKOCTH peaKuni! UnH peaKuHil THna: 

O+½ ➔ O+o, (17) 

rue ponb BHyTpeHHei! qeTHOC~H 6yueT 11rpaTb aenH'IHHa I'•(-l)K I • TaKHM o6paaoM, B 3TOM 

cnyqae BCH COBOKynHOCTb B03MO)KHblX onh!TOB no onpeueneHHIO qeTHOCTH B peaKUHH ( 12), 6y

ueT B_TO'IHOCTH TaKoi! )1{0, KaK H B peaKUHH (17). Ecnn, HanpHMep, OT6HpaTb TOnbKO TaKne 

cnyqan, Korua OTHOCHT0nbHblil HMnynbC npouyKTOB pacnaua qacTHU co cnHHOM napan-

neneH (aHTnnapanneReH) HopMan11 K nnocKoCTH peaKunn, To npn aToM BhlUenneTcn npoeKunn 

K • 0 • B TaKHX ycnOBHHX MO)KHO onpeuenHTb qeTHOCTb H83aBIICHMO OT 3Ha'l0HHH cnnHa 

-6oaoHa j B OnbITax, aaanorH'IHhlX onbITaM no onpeueneHHIO '18THOCTH B peaKUHHX ( 17), 
- /4/ 

paccMoTpSHHhIM B • Dna onpeaeneana I MO)KHO aocnonbaoBaTbca, Hanp11Mep, cooTHome-
~/ ' 

HH0M (cM. ) Me:>KJJ.y llCHMMeTpneil f , B03HHKa10mei! B peaKUHH ( 12) c nonapnaoeaa-

HblMH aaqanhHblMH qacTHUaMH ( nonnpnaaunn 
➔ ➔ 
P • Pn HanpaaneHa no HopMann K nnocKoCTH 

peaKunn, OCb KBaHTOBaHHH TaK)Ke HanpaBneHa no HOpMann) H cpeUHHMH aHaqeHHHMH < TJO >o 
xi 

B peaKUHH C HenonapH30BaHHhlUH qacTHUaMH : 

, • IPI(-i)aJ < TJo >0 
J-HeqeT 

( 18) 

Koa¢<1,HuneHThI a 
J 

/4/ 
, ,Pnryp11py10mne B ( 18), np11Beueab1 a • OqeanaHo, '<TO unn onpeue-

neHIIH '10THOCTH B paccMaTpnaaeMhlX ycnoannx MO)KHO ncnonb30BaTb n106b1e, COJ:10p)Kamne I , 

COOTHOWeHIIH Me)KJ:ly Ha6n10uaeMhlMH, HMe10m11e M0CTO um1 peaKUHH Tllna ( 17). HaKoHeu, unn 

onpeueneHHH • n MO)KHO aocnonb30BaTbCH M0TOUOM, onncaHHhlM B ynoMIIHaBWOilCH 

Bh1me pa6oTe
I3I

• 

ITocne aTHX aaMeqaHnil nepeilueM K Hamel! OCHOBHOil aauaqe. ByueM C'iHTaTb, 'ITO OCb 

KBaHTOBaHIIH HanpaBneHa no HopMan11 K nnocKOCTH peaKunn, a nonnpnaaunn aaqanhHhlX qac-

THU paBHa: 

PaccMoTpHM cpeaHee aHa'leHne 

➔ 

p ➔ 
Pn. 

xi . 
tJ:acTHblil cnyqaJ! aTOl! T80p8Mbl unH • • I{ 

6 

( 19) 

6bm paccMoTpeH BapwaeM
I7I

• 

~t, 

il 
f 
! 
i ·, 

,, 
/, 

1 r } 
~ 

< T 2•0 1:110 ~ 
(7P 

Sp Tllao I 11½(1+ P;:)M+ 
llJO (20) 

Hcnonbayn ycnoBne·nHaapnaHTHOCTH OTHOCHT0nbHO OTpa)K0HHi! B nnocKOCTH peaKUHH (9), Ha

XOUHM: 

<Tllo0 1llJO >p Up-<ThO 1210 >_p u_p 
S T -1 . -1 

• IP(!) p ll ■O R • I llJO Rf MM + 

a + u 
p -P 

SpMM+ 

(21) 

• IP(-1)•-K(~• +l K (-l) J(-~J + 1 K .,,;,/•ma-mjo■2oO)(j,cJ-KIJ);jO)jMID/C:µ 
4o+l 4 J+l I lid I 

m,K.jl mlC I /J, 

ll 

I 

3uecb R0 H RI -COOTB0TCTBylOillll0 onepaTophl noaopoTa Ha yron IT BOKpyr HOpMan11, 

a m • N. H p. -SHa'leHHH npoeKunil KOHS'IHhlX II aaqanhHOro cn11HOB Ha HOpManb K 

nnoCKOCTH peaKUHH. CyMMHpOBaHlle B (21) npOH3BOUHTCH, ecTeCTBeHHO, nllWb no TaKIIM 

3Ha'ISHHHM npoeKUHl! cnHHOB, KOTOphle yuoBneTBOPHIOT npaenny Bopa 
m +K-p. 

(-1) (22) 

0TCIOJ:1a BHUHO, 'ITO CYMMHpoBaHHe npoH3BOUHTCH no BCSM aaaqeHHHM m H K • B 

cyMMe )Ke no ,,. np11 Ka)KJ:IOM aHaqeHHH m H K OCTaeTCH nHWb OUIIH 113 ueyx B03-

MO>KHbIX qneaoa. 

/1/ 
Bxouam11e B Bhlpa)KeHlle ( 21) K03q,qJIIUll0HThl Kne6wa-fopJ:1aHa nono,1<HTSnbHb[ H paBHbl : 

2 

(ams - m I ss2s0) • [(2s) 1] __ _:l'------;-:--

~ (s-m) !( • + m) I 
(23) 

3To oaHaqaeT, 'ITO OTHOW0H110 aa6mouaeMhlX eenH'IIIH, CTOnmee B neaoil 'iaCTH COOTHome

HHH (21),ae M0)1{0T o6paTIITbCH B Hynb II 'ITO 3HaK aToro OTHOW0HIIH onpe~enneTcH BHyT-

peHHSi! '10THOCTblO II aaaqeHHHM cn11aoa, 06paay10mHXCH B peaKUIIII ( 12) qacTHU. 

nepeilueM K paccMoTpeHHIO yrnoBoro pacnpeueneann npouyKT~B pacnaua. MaTpaua 

nnocTHOCTH, onHCbIBalOlilaH cnllHOBOe COCTOHHlle qaCTHU, 06paay10m11XCH B peaKUHH ( 12)' 

MO)K0T 6bITh aan11caaa B B11ue: 

P • a I (2 J + 1 l cu +. ll + + 
--- T 1 

k

J,M (2s +1) (2j + 1) JM kq < T JMlkq >. 
,q 

(24) 
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O6oaHa'IHM qepe3 M a Ota ) H _ M I {ti ) MaTpHUhl pacnanoa (13) H (14) 
.. 

Ji:• H r 
I 

en1rHH'IHhle aeKTOpbl B aanpaaneam,x -OTHOCHTenbHblX HMnynbCOB nponyKTOB pacnana B CHC

TeMaX noKOH pacnanaIOUlHXCH 'IBCTHU), YrnoaaH KOppenHUHH nponYKTOB pacnana naeTCH cne

nyIOlllHM BbipaJKeHHeM ... ... ... .. + .. + ... 
w{k

8 
,Ji: 1 l•SpM

8
{k 8 )M 1 {k 1 )pM 8 {k 9 )M1 {kl) 

(25) 

noncTaBnHH c10na paanoJKeaue (24) nng MaTpHUhl nnoTHOCTH, nonyqaeM 

.. .. 2J + l + + 2 k+l + + 
w('t

8
_,k

1
)•'1 I ___ SpM

8
TJMM

8 
___ SpM1tk M1 f:/' 2s .+ l 2J + l q 

<TJMtkq > . (26) 

/8/ /1/ 
J1cnonbayg peaynbTaTbI pa6oT Ballepc H <l>eacTep_ H TTemKHHa , HaxonHM cneny10mee Bhl-

paJKeHHe nnR yrnoaoll Koppenguua: 

3necb 

2a 21 J I 
w{8

8 
,cp. ; 8

1 
, </,

1 
> •u I I ,aJ (s)c 1r. {j) I I Y* (88 cp 0 ). 

9 . J-0 p0 k qeT M•-J q•-1 JM 

88 H cf>. {Bi H 

y:q (BI ,cpl )<TJMtkq > • 

<p I ) 
.. .. 

- ccpepaqeCKHe yrnbI BeKTopa k • ( k I 

(27) 

B CHCTeMax nOKOH C OCHMH • 

neHHH. Ko:,¢<pHUHeHTbl a J (s) 

, aanpanneHHhlMH no aopManH K nnocKoCTH npouecca poJK
x/ 

H Ck (j) naIOTCH <popMynaMH : 

- •-K( 2s+l} K a~{s)•aJ(-1) --.,.- {o¼s-¼l•sJO), 

'(2J+l)K ck {j) • (-1) -.-;-· (jOJOIJikO). 

B BbipaJKeHHH (28) 

rne 

a • l 
J 

a = a 
J 

a • 

npH J qeTHOM, 

npH J aeqeTHOM, 

2Reab* 

I a 12 
+ I b I 

(28) 

(29) 

(30) 

(31) 

npencTaBnHeT co6oll_ napaMeTp aCHMMeTpHH, xapaKTepH3YIOlllHil pacnan '18CTHU co cnHHOM 

8 ( a H b - aMIInHTYllbl pacnana C op6HTanbHbIMH MOMeHTaMH s - ¼ H •+ ¼ 

x/ OTMeTHM, 'ITO • J H Cir. HopMHpoBaHbI TaK, 'ITO fw d0 0 dO 1 • u . 

8 

l 

COOTBeTCTBeaao). 11HTerpHpy~ (27) no "'· H <f, 1 H aaong o6oaaaqeaae 

2rr 2rr 

N(B. ; 8 1 ) • f f w{8
8 

,c/)
8 

;8
1 

,cp
1 

)dcf>
9

d¢,
1 0 0 

H3 (27), (28) u· (29) nonyqaeM 

A{8
8 

;8 1 ) • 
N P (8 • r 8 I ) - N_ p (8 • ;8 I ) 

f[ NP (8 • 8 1 ) + N_p (8
0

; 8 1 )]o1n8 • d8
0 

sln8
1 

d8
1 

(32) 

(33) 

28-1 

■¼P[ I 
J-0,J'leT 

~ ~ ~ 
I aJ k PJ {coo8 11 )Pk (coo8 1 )+ a I I •J:k PJ {cos8a )Pk{cos81 )) 

kaO ,k He'leT I J•l,J 'leT kaO,k He'leT 

11aneKc P { - P) 
P1(-Pit). a 

y N 03HaqaeT, 'ITO nonupH38UHH HaqanbHbl X cpepMHOHOB B ( 12) paaaa 

•-K I 
8 J;lr. • (-1) (-1) [(2o+l}(2J+l)(2J+l)(2k+l)] Ii x 

<T t > u -<T t >, u 
X(s ¼s -¼I as2sO}(jOJOlfi2JO) JO kO P P JO kO -P -P 

·P{uP +u_p) 

Dng K09<p<pHUHeHT8 a
28121 

C nOMOlllbIO ( 21) HBXOllHM 

• 29121 ~ l(2s +1}(2j +l)(s¼s -¼lss2sO}(jOjOI jj2j0), 

2 
I (sms - m I ss2sO}(jKj -Kl jj2j0) IM ml(•µ I 

m_.1<.L__ • 

m].µ li.!mK;µ I 

(34) 

(35) 

J13 cpopMynbI ( 23). oqeaanao,' 'ITO K09<p<pHuHeHT a 2a I 21 OTnli'leH OT aynu, a 3H8K 9Toro 

K09<pcpHuHeHTa coananaeT c I • 3aaqeaae K09cp<pHuHeHTa a 20 121 
npu • > ¼ u 

j > 0 onpenenHeTCH 3Ha'leHHHMH MaTpH'IHbIX 9neMeHTOB M ml(:µ ' T.e • .QHHaMUKOii: 

cHnbHbIX B38HMonellcTBHli, o6ycnoanHBaIOUlHX npouecc pOJKneHHSI ( 12). OnaaKO MOlKIIO nail-

TH aepXHIOIO H HH}KIIIOIO rpaHHllbl ft 2~ ; a I • Rcao, 'ITO 9TH rpaHHUbl onpenenHIOTCH MHIIHManb-

Hb!MH H MaKCHManbHbIMH 3Ha'leHHHMH KO:,¢<pHUHeHTOB Kne6ma- ropnana, BXO.llHIUHX B ( 35). 

C IIOMOlllbIO (35) a (23) nonyqaeM: 
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a 
(2s+ll(2J+ll[(2s)1{2j)!] <Ia < 

2 2a I 21 -
(4s)I (4j)l(s-¼)I ( s +¼)I ( JI) 

(2s + l )(2 j + l l[ (2s) ! (2 j) I ] ' 
. 2 ' •(36) 

(h)!(4j)l[(s-¼)l(s +¼!] (jl) 

Hayqag Ha onwTe pacnpeueneHHe (33),MOlKHO onpenenHTb T8KHM o6pa30M 0TH0CHTenbHYIO 

BHyTpeHHIOIO qeTH0CTb 

napaMeTp aceMMeTp1m a 

n cnnaw o6enx 06paay10mnxc11 B peaKUHH { 12) qacTnu. Ecnn 

, xapaKTepnayromnil pacnan qacTHll co cnHH0M s , Man, To nn11 

onpeneneHHH cnHH0B n qeTH0CTH Heo6xouHMO nayqaTb KoppenltllHIO npononhHoil non11pnaannn 

qacTHll co cnnHoM 1/2, 06paay10mexc11 npn pacnane (14) c HanpaaneHneM 0TH0CHTenbHoro 

nMnynbca 'a pacnane (13). 

ilo CHX .nap Mb! cqHTanH, qTQ yron, non K0T0pbIM BhlileT3IOT qacTHUbl 1 polKna10meec11 

B peaKUHH (12),¢HKCHpOBaH. QqeBHUHO, qTQ M0lKH0 npoH3BeCTH HHTerpHp0BaHHe no 3T0MY 

. yrny B ( 2.1 ) H ( 33) ( HHTerpHpyroTCll oTnenbH0 qecnHTenb e · aHaMeHaTenb). .RcHO TaKlKe, 

'ITO rpaHHllbl nn11 KO~HuHeHTa a 
2a121 

ocTaIOTCll npH 3T0M HeH3MeHHbIMH. 

III. nepeilneM Tenepb K paCCM0TpeHHIO peaKUHil THna 

y+O ➔ j+O, 

rne qacTHUa co cnHH0M pacnanaeTCH Ha nae 6eccneHoBbie · qacTHUbI 

j ➔ 0 + 0. 

(37) 

ITycTb nanaromHil nyqoK y -KBaHT0B non11pH30B8H, TaKoll nyqoK onHCbIBaeTCll, KaK H3BeCT-
/9/ 

HO • MaTpeueil nnoTH0CTH 

y 
p = ¼Cl+ el r1 ) , 

rne e I -napaMeTpbl CTOKCa, B nanbHeilweM 6yneM . npennonaraTb1 qTQ 

nom,pJI30B8Hhl nHHeilH0. napaMeTpbl CToKca B 3T0M cnyqae paBHbI: 

e I • e sm 2v, 

e2 = o 

(38) 

y -KBaHTbl 

(39) 

rne 

ea - - e cos2v, 

e -CTeneHb IlHHeilHoil nonHpH3aUHH1 a .,, - yron MelKny nnoCK0CTblO peaKllHII If 

nn0CK0CTblO nl!HeilHoil non11p11aau1111 ( CM, pee. 1) 

10 

\ 
/ 

-ei -, p 

r--~---== ~ ? 

➔ 

Ea3HCHblil➔ BeKT0p e·1 nepneHnHKym1peH nnoCK0CTll peaKUHH, BeKT0p e 2 nelKJIT B 

Heil. BeKTOp f I BX0nllT B 'cMecb' 0ilHCb!Baromyro Ill!HeilH0 nom,pH30BaHHblil nyqoK y 
KB8HT0B C BeC0M ~ , BeKT0P ;; - C BeC0M ~ • 

KaK H paHbwe, cqJITaeM, qTo 0Cb z Hanpasne11a no H0pManH K nnocK0CTll peaKunn. 

CpenHee aHaqeH11e onepaTopa tk
0 

T0B paBHo: 

B cnyqae nHHeilHo non11peaosa11Horo nyqKa Y -KBaH-

< Ito > • _!_spt kO M ¼ (l +eom2v,r 1 -ecos2v,r3 )M + 
u (40) 

rne ·u - u11¢¢epeHueanbHOe ceqeH11e npouecca B 3T0M cnyqae. nerKo seneTb, qTo qneH 

C eain2v, BKnana B (40) HO uaeT, ileilCTBl!TenbH01 HCn0ilb3yH Tpe6oea1rne IIHB8pllaHT-

H0CTll (9), K0Topoe B paccMaTpHBaeM0M cnyqae npl!HllMaeT BHn (B 

H0CTb ¢oTOHa ly --1) 

H8X0llllM 

( ➔, ➔ ( .. ' .. IM p , pl • R
I 

M p , p lr8 

+ 
Sptto Mr 1 M 

+ 
liSpttO R 1 Mr2 M 

BKnroqeHa H qeT-

(41) 

(42) 

xi 
O5a wnypa, BX0UHmlle B 3T0 C00TH0W8HHe,semecTB8HHbl TaK KaK wnyp B npasoil qacTH 

yMH0lK8eTCll Ha • TO 0TCIOna cneuyeT, qTo 

+ 
Sptt0 Mr1 M •.O 

Ha (40) H (43) nonyqaeM 

<ttO >u •<I tO >o Ug - ecos2,{, ¼SptkO Mr3 M + 

(43) 

(44) 

xi . . ( 
OnepaTopbI t to 11 R1 

11an1111cb onepaTopoM nosopoTa Ha yron " 
-uenoe) apMl!T0BbI, KpoMe Toro, onepaTop R 1, 
B0Kpyr H0pM an11,K0MMYTHpyeT C 'to • 

II 



J· 

rne <tkO >o H 17
0 

-cpenHee aHs'!eHHe '1r.o H ceqeHHe B cnyqse nenom1puaoasHHbIX 

y -KBSHTOB. OTClOllS c nOMOWblO ( 41) nonyqseM 

+ 
<tk0>17 •<l1r.0>ol7o - fcoe21V~ISptlr.ORMM 

(45) 

O6oaHs'IHM nu#epeHuusnbHb1e ceqenusi npoueccs npH IV - : H IV • · o qepea 17 l H 17!1 

COOTBeTCTB8HHO; < tlr.O ), l H < llr.O >1r 0003HS'ISIOT CpellHHe 3HS'I8HHSI onepaTops 

lkO B 3THX llBYX cnyqssix. lfa (45) H ( 16) nonyqseM npH k • 2j : 

<t21o>l 17 l - < t21 o >11 ail 
171 + all 

.,l(-i> 1{21+1 \K K7,<iKJ-Klu2io>l1.110 1
2 

4J+1J 2 • (46) 

K7• IMK, I 

3necb 

¢,oTOHS 

➔ 

K - npoeKUHSI cnHHS J HS HOpMSnb, S HHll8KC 0THOCHTCSI K nonS!pH3SUHH 

r • OTBeqseT nonsipH3SUHH, nepneHllHKynS!pHoil nnOCKOCTH peSKUHH, s r -2 -

neJKsmeil B Heil). CyMMHpOBSHHe B (46) np0H3B0llHTCSI no BCeM 3HS'IeHHSIM K npH'!eM npH 

llSHHOM K HHlleKC npHHHMSeT nHWb OllHO H3 llBYX B03MOlKHblX 3HS'IeHHil. 

113 ( 23) oqeBHllHO, 'ITO 0TH0WeHHe HS6n10nseMbIX, CT0S!mee B neB0H 'ISCTH psB8HCTBa 

,(46), He MOJKeT o6paTHTbCSI B Hynb. 

Mb1 npennonoJKHnH, 'ITO qacTHUa co cnHHOM l , 06psay10mssicsi B pesKUHH (37), 

pscnsnseTcsi Ha nae 6eccnHHOBbie 'ISCTHUhI. Yrnoaoe pacnpeneneHHe npollyKTOB pacnsna B 
, /1/ 

CHCTeMe noKOSI HCXOllHOil 'ISCTHllbl HM88T npn 3TOM cn~llYIO!llHH Bllll : 

21 k 

w((I,¢,) • I air. 
k•O ,k 118T 

I <t1r.q>l7Y: (6,¢,l 
q•-k q 

(47) 

rne 

a Ir.•(-~>' ( 2~; 
1 t (jOJOljjkOJ • 

(48) 

11HTerpupysi np ¢, , nonyqse.M 

211 21 
N((/J fw(9,cf,Jd¢, • 211 I air.< T1r.o>l7Y1r.o (49) 

0 k-O,k 110T 

nycTb Nl((IJ o6oaHsqseT yrnoaoe pacnpeneneHHe qscTHU pacnsna B cnyqse, Korna 

KBBHThI B pesKUHH {37) nonsipuaoBSHb1 .. opToroHsnbHO nnocKOCTH pesKuHH (IV• ;, J 

}'-

a 

NII ((IJ - yrn~aoe pscnpenenenue B cnyqae, Korns BeKTop nonsipuasuuu. 

nelKHT B nnoCKOCTH peaKUHH ( IV = 0). Ha {49) u (48) HSXOllHM, 'ITO 

y. -KBSHTOB 

12 

e((/) • N_L (9)- NJI (6) 
21 

-~eI b1r.P1r.(cos(/), 

JIN f ((IJ + Nil (9)]eln6d (I k-0,k lJ:eT 

!rile 

I 1. K < 
b1r.·<-ll [(2J+1)(2k+ll] (j0J0llJk0) '1r.0>.l

17
.j._-<l1r.0~!

17 ll 
(17l +uU >e 

11cnonb3ySI ( 46). nony'IHM cneny10mee BblpSlK8HHe llnSI K03¢,¢,HUHeHTa b 21 

b2J • 
1(2J +l)(JOJOIJJ2JO) K~ (JKJ-Kl·JJ2jO)lldKr 12 

K~ IMK, I 

(50) 

(51) 

(52) 

TsKHM o6pa30M, K03¢,¢,HuHeHT npH nonHHOMe neJKSHllpa MSKCHMSnbHoro nopS!llKS B pacnpene-

neHHH (50) 0TnHqeH OT Hynsi. 3HSK 3Toro K03¢,¢,HUHeHTa COBnanaeT C BHyTpeHHeil qeTHO-

CTbtoL 3To 03HS'!SeT, 'ITO cnHH H qeTHOCTb 'ISCTHUhI, POlKllatomelicSI B peaKUHH (37) C nH-

aeliao nonsipH3013SHHhlMH y -KBSHTaMH, MoryT 0b!Tb OllH03H8'IHO onpeneneHbI, ecnH H3Me-

peHo yrnoaoe pacnpeneneHHe npollyKTOB pacnana. C noMoWbto ¢,opMynbl (23) nerKo nony'!HTb 

BepxHIOIO H HHJKHIOIO rpaHHUhl K03qxpHuHeHTS b 2 I : 

(2J + 1)[(2J) I ]
8 

(4 j) I ( j I) 

~lb210 ~ (2j +l l[(2j)I]' 

(4j) I (J I) 
(53) 

QqeBHllHO, 'ITO anecb M0JKHO noBTOpHTb 3SMe'!SHHe OTHOCHTenbHO HHTerpHpOBBHHSI no yrny 

BbineTa qacTHllbl co cnHHOM, cnenaHHOe B KOHUe npellblllymero naparpacj,a. 

ABTOpbl 6nsronapHbl n.11. na1rnnycy H 51.A. CMOPOllHHCKOMY 38 o6cy)KlleHHe paCCM0T

peHHhlX BbIWe aonpocoB. 
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