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P -1404 
EHneHbKHil C.M., HryeH BaH Xbey, PbIHLtHH P.M. 

06 SCHMilTOTH'leCKHX COOTHOW0HHHX Me:iKay nonHpH3SUHHMH B 

nepeKp0CTHbIX peSKUHHX, . 

nony'l0Hbl SCHMilTOTH'l0CKHe COOTHOW0HHH M0:lKLtY nonHpH3SUHHM 

B nepeKpecTHbIX peaKUHSIX. B qacTHOCTH, noKaaaao, 'ITO npH 6onbwex 

aaeprHHX nonHpaaauHH npoTOHOB OTLtS'IH B npoueccax ynpyroro pacce-

HHHH . IT+_: H IT-· -Me3OHOB .Ha npoTOHax OL{HHSKOBbl no B0nH'IHHe H 

npOTHBOnono:lKHbl no 3HaKy. PaccMOTp0Hbl TSK:lKe nonHpH3SUHH B npo

ueccax pacceSIHHH HyKnOHOB H SHTHHyKnOHOB HyKnOHSMH H B peaKUHHX 

C' yqacTHeM CTpaHHb!X qacTHU, 

OpenpHHT 06~AM~Horo IIHCrA-ryTa Jl,QepllblX IICCl8AOBBHHi1. 
,lly6aa 1983 r. 

Bilenky S.M., Nguyen Van Hieu, Ryndin RiM. 

On Asymptotic Relations between the Polarizations in Crossed 
Channels. 

•· ' . . 

P-1404 

Asymptotic relations between the polarizations in crossed channels have been. 

obtained. In _particular it has been shown that the polarizations of the recoil protons 

in elastic. IT+ and rr -scatt~ring on protons are ~al in magnitude and opposite in 

sign at high energies. 

:The polarizations in the scattering of nucleons and antinucleons on nucleons and 

in reactions involving strange particles have also been examined. 

Preprint Joint Institute for Nuclear Research . . 
Dullla. 1963. 
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t'. 8 nocnerrnee BpeMll Lllill nonyqeHHll aCHMIITOTH'leCKHX COOTHOwenHl! Me)KLlY 

ceqeHHllMH pa311H'IHblX npoueccoa 6bma HCIIOIIb30BaHa H3BeCTl!al! B TeOp1rn qJYH·KU!ICf 

/1/ 
KOMnnexcHoro nepeMeHHOl'O TeopeMa <t>parMeHa-nHHLlenecpa • Tax, a pa6oTe Mel!-

MaHa121 11a OCHOBe 3TOl! TeopeMbl 6bll1H nonyqeHbl COOTHOWeHHll Me)KLlY IIOIIHb!MH ce

' 
q0HHSIMII B3aHMOLl0l!CTBHll 'laCTHU H aHTH'IOCTHU. 11pH Bb!COKHX 3Hepl'HllX, LlOKaoaHm,1a 

paHee TToMepaH'IYKOM c IIOMOlllblO TeXHHKH LlHCIIepCHOHHb!X COOTHOWeHHl!
131

• B pa6o-

/4-6/ 
Tax ·noryHoBa H Llp, C nOMOlUblO TeopeMbl <Ppal'MeHa-nFiHLlenecpa COOTHOllJeHHll 

TToMepaH'lyKa o6o6meHbl Ha cny'lall LlHcpcj:,epeHuHanbHblX ceqen11l! npH OTIIH'IHOl! 'ciT nynsi 

nepe!la'le HMnynbca. HH,Ke Mb!, 11cnonb3yst aTy TeopeMy, 11ony'l11M ac'irMnTOTH'leCKHe 

COOTHOWeH!lll M0)KLlY 11011llpH38UHllMH B nepexpeCTHblX peaKUHllX, 0TMeTHM, 'ITO coa

LlaH11e IIOnllpH30BaHHb!X BOLlOPOLlHblX MHwenen
17

•81 
cymecTaenno o6nerqaeT H3MepeHHe 

11011llpH3aUHH npH Bb!COK<!X 3Hepr<Il!X H MO)K0T CLlenaTb B03MO,KHOl! npoaepxy 9THX co

OTHOWeH<il! y)Ke B HeLlaneKOM 6YLlYW0M, Mb! orpaH<i'IHMCll H3Y'l0HHeM npOCTel!WHX 

cnyqaea peaKuHl! c yqaCTlleM qaCTHU co cnHHOM O 11 1/2. Hawe paccMoTpeHlle _llBIIll

eTCSI 'IIICTO_ cj:,eHOMeHOIIOl'H'leCKIIM, H Mb! He 6yLleM 06cy)KLlaTb MeXaHH3Ma B03HIIKHOBe

Hllll 11011llpH3aUIIH np11 Bb!COKHX 3Hepl'Hl!X, TTepe'IHCIIHM OCHOBHble peaynbTaTbl pa6oTbl, 

TTp11 60IIbWHX 3Hepl'HllX: 

1) nonllp1138UIIH npOTOHOB B 77"'.:.._p H 77 - p pacceSIHIISIX np11 OLlHHSKOBb!X 3Ha-

. qeHHllX 3Hepl'HH H yrna paBHbl no B011H'IIIHe H npoTHBOnonO)KHbl no 3HaKy; 

2) 11onllp11oauHll nel!TpoHa a npouecce nepeoapl!LlKH 77-+ P ➔ 77° +· n 

Cl! B HYIIb; 

o6pamaeT· 

3) nonllp11oauH11 r11nepoH0B a npoueccax 77+p-+K+Y 11 

11p0TIIBOl10110)K}lbl neaa·BIICHMO OT OTHOCl!TenbHOl! BHyTpeHHel! 'leTHOCTH qac.Tuu; 

TO )Ke caMOe aepHO II Lllill npoueccoa K- + p ➔ K0 + a O H fr,+ p -+ K + + ):! 0 -

4/ 11onHp11oau1111 KOHe'IHb!X qacT11u a npoueccax THna 
-·+ 

p·+He ➔ HeA+I 

~- + He ➔ He A + p 

II npoTHBOIIOIIO)Kllbl, ecnH OTHOCl!TenbHSSI 'leTHOCTb I 

'laCTIIU paaHa + 1, II paBHbl, ecnH OTHOCHTelibHaSI qeTHOCTb paaHa :1; 

5) nonllpH38UHII xone'IHbIX qacTHU a npoueccax ynpyroro paccel!HIISI 

H A 

N+N ➔ N+N II N + N ➔ N + N , a TSK,Ke a npoueccax · ynpyroro 

paccesiHHSI CTpaHHblX 'ISCTHU Y +N ➔ Y + N II npo-

TIIBOnonO)KHbl; KpOMe TOl'O, npOTIIBOnonO)K,!!bl II nonsip11oau1111 Hel!TpOHo·a OTLla'III, Ha-

np11Mep a npoueccax I ~ p .. A + n H A + p ➔ ~ - + n 

6) nonsipHaau11S1 S -· -rHnepoHa a npouecce K + P ➔ K + + S o6pa-

waeTcll a Hynb; 

7) o6pamaeTCSI B Hynb II nonllp11oauHll npOTOHOB OTLla'III np11 ynpyroM 

paccel!HIIH y -KaaHTOB Ha npOTOHax •. 

Bee CK838HHOe Bb!We OTHOCHTCSI K nonl!pH3aUHSIM, B03HHKa!OlUHM · np11 CTOIIKHO

B0HHSIX Henonsip1130BaHHb!X '18CTHU, 

.3 



.,. 
:, II • HaqHeM c nonpo6Horo paccMoTpeHHH npocTel!wero cayqag pacceHHHH "-· 

M830HOB HyKaOHSMH. AMnaHTYilbl nponeccoB 

+ + 
:;•,'.:'."'.•"' ?1t"'+'p·-+,r .+ p, ;, 

;·""'.;.·-;,:➔ •"-+ p 

HMeIOT cneny10mul! a11n: 

M ''· "b 'q•~ q'' '• '!:J p q , ,, P q J = 8+ + _l !:, ~-·· L • 

• C,la) 

(its) 

(2) 

rne •. q ·u ' q: ,-.. HaqaabHbll! ,11 .KOH~qHbll!. HM~YabCbl ~eaoHa, ·p: • H p~ 
. 2 

- cpyHKUIIH S = :': (p + q ) COOTB8TCTBY!Olllll8 IIMllyabCbl npOTOHa,: a+. H b+ ll, .. . 2 . ' . . - -

t =-(p -p'),,.: a ")HaqKH + ,ll. "'.', O!HOC~'I'.CS1 .. K,pacceS1HIIIO noaO)KIJTeabHblX .H .OT-, 

p11uaT~abHblX ,MeaoH.OB. 

noa11p11aa111110 · npoToH·a o'rna<iii, ·aoaiiiiKa10my10' npu•·paccei1H1111 MeaoHoa Ha· Heno-
. . . .. . . . ;, ·'·. · . . . ii "' /9,i0/ 

aHp!!aOBBHHblX npoTbHax, · nerKo · HSnTII, BOCIIOab30BSBWIICb caeny10me .,,opMyaol! ·: 

,; IL 
Sp i ;s y11 M A_(P) MA ;p') 

Sp JI A(p) M A (p'J 
(3) 

rne ,; IL qeTb1pexMepH1>1l! aeKTOp noaS1pHaau1111, opToroHaabHbtl! 11MyabCy p' 

a· A(p) H A(if) - 11poeuupy10m11e onepaTopi,1;· 3aMeTHM, qTo B i1a6opaTopHol! 

CHCT8M8 H B CIICT8M8 U8HTpa IIH8pUHH ,; 4 06pamaeTCSI B Hyab, a ,; COBnanaeT 

co cpenH11M aHaqeH11eM onepaTopa 
➔ 

u a CHCTeMe llOKOSI HYKnOHa OTnaqu. Ma /2/ 

11 /3/ noayqaeM caeny10mee- Bbipa)KeHHe nag nom1puaauuu:· 

+· e-·=· 2lm a+bi [t(su-(M 2
-1L

2
)

2
) ]½ 

IL la+ l2(4M 2-tJ+2Re a+bf u (u -s )+¼lb+l2l(u-s)lt(t-4µ 2J) 
nlL ' /4/ 

- -, - . -
rne M H IL MSCCbl HYKllOHa II MeaOHS, U = - (p - q)2= 2(M 2+ IL2) - S - t 

a a IL en11HH'IHbll! npoCTp8HCTB8HHO-nono6Hbtl! 4-aeKTOp, nponop11110HaabHbil! 

EILvpu P., qp P; 

TTpH s »t H 

+ 
r 

IL 

B CHCTeMe ueHTpa m1ep1111u 

:J 2 
Ha /4/ noayqaeM: 

2 Im a +. b l, s,J - t 

12:.t a+ - s b+l '
2 

.,..tla+I 2 
n 

IL 

n 
4 

==· O ' a ii =.P. xp' 
1; xp'I 

/5/ 

Ma 9Toro Bbtpa)KeHHSI .B11nuo, qTo }.IOaS1pHaa11HS1 OTa11qHa OT Hyag np11 S ➔ °" H cpHK-

11 ~ Be,llyT ce6n onHHaKOBO B 
M 

CHpOBBHHOM TOabKO B cayqae, Korna a 

yKaaaHHOll o6aaCTH aHaqeH11l! nepeMeHHblX s H 

· TT pennoaO)KIIM, qTO a+ 

s a(t) cp(s, t ) , 

rne a (t) H cp ( S, t ) -

II _'!_by aenyT ce6SI ac11MIITOTllqecK11 Ka K 
M 

cpyHKUHH, onpeneneHHbte B/4-B/. · Tor.Ila, KaK 

aaHo a
141 , Ha TeopeMbI ¢>parMeHa-ll11Hit.eaecpa caenyeT, qTo 

4 

IIOKa-

', 

/' 
)-

., 
·, a..(..'..s,t) i/"a(t), a+( s;{J, 

b+( -s,· t) ,;,_,ei" a(t) b+( s, t J. 
/7/ 

, I 

Bocnoab3yeMCH Tenepb ycaoaKeM nepeKpecTHol! CHMMeTpmi, · KOTopoe CBHabrnae-r· aMnau-· 
\ ' 

TynbI ·M + H M _ • 
'I('' M+'( · ,··,) • -· p q ; p q 1 =, v, ➔ p - q ; p -•q y 4 • 

Ma '/8/. Bb!T8KSIOT cae.ciyJ91UHe COOTHOW8HIISI nag cpyHKllHl! , a H 

·a _ ( s, t ) = a* ( u, t) , ' · 
. + . 

KoM6HHIIP,YS1 /9/ c /7 /, 
i,~rs.tJ=-i,;ru,t, .. ' 

noayqaeM npa s ~ "" H cp11KciipoaaHHOM 

a_( s, t) =•e-i"a(t) 
' ' . 
b_,( s, t J = e•i"a(t) I 

a; (s, t), 
'* \ 
b+ ( s, t). -

/8/-· 

b 

/9/ ' 

/10/ 

' Ma / l 0/ 'H' /5/ 'HaxonHM caeny10mee . SCIIMIITOTH'18CK08 COOTHOWeHHe Me)Knr IIOaS!pll"'." 

aaUHSIMH: + -. e (s,t) =-•,; ( s,t). 
IL IL /11/; 

TaKIIM o6paaoM, ecaH npH 6oabWHX 9Hepr11S1X nonS!pHaauHSI npoTOHOB oTna'IH B . ' + . . .· \ •. 

pacce!lHHH " -MeaoHOB HS npOTOHSX OTllH'IHS OT HyaSI, TO noaspHaauHH npoTOHOB 
I 

0Tnaq11, B ·". -•p - pacceSIHIIH TSK)Ke He _paBHS, uya10 H OTauqaeTCSI OT noanpuaau11H 

' +·. . ' ' 
B " - p -paccenHllll a11Wb' aHaKOM. 

TTepel!,cieM Tenepb K pSCCMOTpeHIIIO npouecca nepe3apsnKH 

·" -+ P -+. "o + n • '1121 

Dp11MeHS1S1 nepeKpecTHYIO c11MMeTpH10, Mb! CBSl)K8M aMnaHTY.llY peaK11H11 /12/ B, uect,uau.,. 
' • < • ' - -~ \ ' 

qeCKOl! o6aacTH c SM1la11Ty.lloll,npouecca 

,,r+ -t: n. ➔ " 0
· +-p '/13/ 

OnuaKO a· cuay aapS!,llOBOl! CSIMMeTpllH aMna11Tynbl npoueccoB /12/ II /13/ COBllll,llSIOT;, 

c' IIOMOlllb!O nepe~peCTHOll CIIMMeTpllll H TeopeMbI ¢parMeua-n_HH,lleaecpa ,llan .nponec~a . ' 

, . nepe'.3apn.llKH nony_qaeM: 

· ,,;; 0 (s,tJ 

·b
0

(s,tJ=· 

0
-i."a(tJ 

,;i,ra(t) 

a!(s,tj, /14/ 

• bo (s,tJi. 

· . ..,, 

3TH paBeHCTBa oaHa'!SIOT. '!TO Im a.· b: =:o H qTo nongp11aa1111S1 Hel!TpOHS OT-

na'IH a /12/ o6pamaeTc'n a' uym;.11p11 6oahm11x auepr11!IX,H B cayqae:onuuaKoaoro 
' ; . ·, ' . ' . s bo' ' 

SCIIMIITOTH'l8CKOrO noaeneHHSI cpyHKUHll 8 0 H ~ 

5 
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'· ' 

/· 

I_ 
'\·'.·.,. 

~ ,, ' 

JU• ,1-cn,..l,MU.l'fJHM peaKUHH 
1 ,r .. . ,·, ,' , 

1r+p·_~ Y+!C 
/· 

K+p ➔ Y+;. 

I 

/ 

f' 

\' '/15~/ 

/1561' 

E,cm1. BHYT?emrn ~eTHOCTII l;' 11 

aMn'n11Tyi:ta .npou~cca /15a/ paaaa: 

It HB'i8IlbHblX II KOHe'iHblX 'i8CTHU coanai:ta!OT, TO 

:M(p'q';_P q)=a+ib ~•+;;,, 
. .. ; . ' _. 2 /16/ 

ri:te q ·u q' -11MilYilbCbl ;, . II :(· Me30HOB, a p 1 11 p' -11MnyilbCbI HyK-,, . , 

noHa 11 \11nep0Ha. 

TTp11 ll3MeHeim11 BH_YTpeHHIIX qeTHOCTell .. ( 1 f;,, _, j L 8MililllTYJ:t8 ·aToro. ~pouecca 

'. . .:ianuci:.i'aaeTC!I a a11ae: 

TTp11· s ➔ .. :. 

eTC!I pa~Holi: · 

" " 
M(p'q'.,pq};=c'y +.idy ..:!_!_:{ 
, , , .s. · · S- , 2 . 

11 cpaKc11poaa~~OM t. ·a cnyqae lt= 1; 

* 

elL 
2 Im a b' sJ•t 

la(:.t+M')-sb l2 ~t l;;.1 2
-

n/1.., 

/17/, 

I]On51pll38Ull!I OK83b1B8-

/18/ 

,· 
rae M II , M'' -~aCCbl HyKnOH8 II r11nepOH8 1 a_· n IL IIMee·T TO_T )Ke. CMhICn, , 'iTO II 

paHbllle; AHanorll'iHO 8CIIMilTOTll'ieCKOe Bblp8)1{eH11e i:tn51 Il onS1p11aau1111' np11 It'= -1; ,, . / , . 
HMeeT aui:t: 

,; ·= _, .· 2lm c a· .sJ•t 

~ ; lc(!J-M)..:.'sdl~- tic 1 2 
n .. 

IL· /18/ 

Ycnoa11e nepeKTpecTHOli ~IIMMeTpllH T~na /8/ CB!l3b1B8eT_aM'1nllT[AY peaKUIIII 

/15a/ B HE!cp11311'iecirnli ·oon'aCTII C. 8MilnllTYJ:tOli. peliKUIIII ·; +. ·y. ➔ !{·_ + p , 51BU51• 

romelicg o6paTHOli. no OTHowe'Hmo. K peaKu1111 / 1561.' A~nnii-ry.tty · aToro npouecca · nerirn 

CB!l38Tb c aMnn11Tyi:t;li· .-peaK~1111 / 156/, ecn11 aocnonb3oaaTbC!I ,. . .... 
' .. , ' . _- . . •)· 

via nepeKpeCTHOll CHMMGTp1111",a11aa /8/; II _PT' -11HBap11aHTHOCTII nonyqaeM: 

PT' -uHaapuaHTH?C ThlQ 

·u < , , J • , . ,- u·1 
. c p -q, pq ... ., Y 

4 
U M ( P - q, p - q} • y 

4 
',• 1~91 

-aMni:t11Tyi:ta npouecca 
1

/156/, U ~- ~ . . . 3aecb Mc 

17 "7cpB30Bblll 

Tu' •I .· 
·Uy. =· y _, IL I IL 

MHO)l{l!Tenb;.aoaH11Ka10m11JI npu 

-:-MaTp11ua, yaoaneTaop!l!OlllB!I ycnoau~ ' 

PT ·-npo6paaoaaH1111. B cnyq~e 1; =~ 

COOTHOWeHHe /20/ .. aaeT: . 
\ . 

_ac(·s,t)=·'l a•(u,t), /21/ 

. .. . *· 
bc(s,t)=·11b (u,t). 

TTpu li=•l• nonyqaeM: 
\ . t. 

6 

• I' 

·f, 

. 
ii 
·1,··· 
~ t . ', 

I, 
'/ 

·,j 
.·,11, 

',/ 
'1 

} 

:;1 

' 

"I 

··:1 

',,.-,- \ 
v I '" . . * 
c cf s,t) = •17 c. (u, t),;• 

. . .. * . 
d~(s, t),;. r, d ( u, t J. 

•" .,, /22/ 

8 3THX cpopMyJHlX.,cpyHKUIIII a ', .b II' c, d •CB!l38Hbl C a~inn11Tyao11: 
, . . . , 0 , C , · 0 0 · 

· Ale/ p' q\ ·p,q J npouec1::a / 156/ cooTHoweH11!IM11·, aaanor~'iHhi°M11,/ l6/ 11 1171. 

TTpei:tnon~ra!I, K8K ll B fl, 0J:tllH8KOB6e ·acllMTOTll'ie'cKoe IlOBei:teH11·e ;8Milil11Tyi:t'• 

a, !!J!.._ ·, H . c'. >+ct.. II 'np11MeH!l!1 npll .. S ➔ ~ II cp11KC11p0B8H
1

HOM ' t TeopeMy 
M •.' ., M .· . I 

¢>pB_I:?-fE!Ha:.nmii:tenecpa,, nonyqae?.!: 

-'if = [ I 
'! ·. 

,, -::I I 

~i 1ra (t) _- • 
a c ( s, t ) = 17 e · 1, a ( s, t ) , 

b., ( s,t J_ = 17 e•i~al(t) ·b
0 

(s,t J ; 

cc (·s,iJ ;;,_,., e•i1ra2(!J 

' ' 
d cf s, t J = - 11 e•i1raa (t} 

,'. 

*; .• 
_c (s,tJ, 

* . 
d(s,tJ •. 

/23/. 

/24/ 

C 

Bhlpa)l{eHll!I i:tn!I non!lp1138UIIII ,; IL-: B03Hl!Kaiomeli B peaKUIIII / 156/, -MOryT 

OblTb nony'ieHhl l!3. list II /18/ 3BMeHOll a ' ➔ a. ,II T.a; Y'illT~,IBBSI 3TO, 113 / 18/, 
- t O · _ ,•. 

I 191, '/23/. 11 '/24/ honyqiJ.eM, 'iTO ·nongp,iaau1111 ·a, pea KU.ll!IX '/15a/. 11 /156/. Heaaa11- 1, 
• • • I 

CIIMO OT OTHOC11TeJibHOll • qeTHOCTH paBHhI no· aen11q11.He II npoT11aono~O)l{HhI · n; _aHaKy: 

·,'. .flL =-,,;IL • /25/.' 

EcTE;CTBE!HH_o, 'iTO· 3TO OTHOCIITC!I, 11 K peaKUll!IM: 

ec1111, en.a a 
K=-+·~P ➔ ~ + E o 
-· +· , , !{o + P ➔ K + ·Eo, ~ , 

_-r11nepoH3: paaeH 1/2. , 

3_al>AeTIIM ·T8K~e, 'iTO, npll_MeHeHHe ycno~ll_!I_ nepeKpeCTHOli CIIMMeTpllll /20/ II 

_: Teop~MhI <t>parMeHa"'.'nuaae~ecpa K. peai<u1111 

·K-+ p ➔ K++ S-
- •, ' . ' . ~ ' - ' 

.noarioirneT 3BKJIIO'iMTb, 'iTO npH S ➔ co II (p11KC11p0B8HHOM . . t nonHpH381UH1 S: -

.-r11nepOH8 o6pamaeTCSI B Hyni, He3BBIICIIMO OT npeanono)l{eH11ll 06 BCIIMilTOTH'ieCKOM . ~ - ·'. ,. ,· 

IlOBe1;(eHIIII OTi:ten~HhIX qneHOB 8MilnHTYJ:tbl. 

( 

rrie 

TToKa)l{eM Tenepb,' 'iTO B ,peBKUll!IX 

~+·Ac ➔ Y2 + B 

A II B 

y, + A 
2 

- '-' 
• ➔ ,YI "': B 

-qacTHUhl co cn11aoM 0, .a YI 
1 

.. 

non!!p11aau1111 c. f/l II < 'i8CTIIU y2 ,II 

' -' -e; =,-,t,. 
ecnu , 11 =-1; H oi:t11HBKOB,hl: 

·e; · ~ell 

'7 

I 

12aa1 

/266/ 

' I! ,Ya -qaCTIIUbl_CO CilllHOM 1/2, 

Y1' ':'P.OT11aonono)l{Hbl: 

/27/ 

/28/_ 

"-

t'. 
:--., 



/ 

·, ' 

n -cny<tae 1 f - - 1 i Jlm1 aToro aanriweM M,nou~1rne aneJeHTbl npouec'coD /2Ba/. · . ~ . . 

H ./266/ D .DH.Ile: 

u(p')_ N(/ q', p ~J u(pJ, 

u(p'JN)p'q~ p _q J ~ (pJ ,, 
r.ne , U(p) H u(p) . •.: cnii'nopbl c nonO)KHTenbnoll aneprHell. A_MnmiTy.llbl N H-N. 

, . 
HMeJOT DH.n '/16/ H /17/ D aaBH.CHMOC.TH OT OTH~CHTenbH<>-ll 'leTHOCTH 'ISCTHU. YcnODHe 

nepeKpeCTHOli CMM8TpHH HMOeT B .llSHHOM cny'lae DH.ll: 

JV.(p'q~~qJa11'v,N+(p-q~ p'-q)y
4 

, 
/29/ 

, 
, r.ne r,' -cpaaOBbill MHO)KHTen~; aoanHKSIOlllHll npH aapst.llODOM conpst)KeHHH. B cnyqae, 

Kor.oa: 'l8THOCTb He M8HSl8TCH, /29/. 'npHBO.llllT K COOTHOlllOHHSIM DH.Ila /21.(. B cnyqae 
"'. I 

H3MeHOHHSI DHyTpeHHell 'l8THOCTH B03HHKHYT COOTHOllleHHSI, OTnH'lSIOlllHOCSI OT. /22✓- nHWb 
. . . 

3H8K~M Y_DTOporo paneHCTBa. nocKOnbKY Bblp8)KOHHSI .nnst nonsipH38UHH 6y.nyT HM8Tb 

DH.n, /18/ H_ /19/, Mbl ~pHXO.llHM K /27/. u /28/. npuMepaMH' peaKUHll /2B/ 'stDnSIIOTCSI 

. cne.oyromue napb1: 

+ -
:S + fle .. He A+: p II' 

-+ 
p + He .. HeA+:S , 

E-+·He .. HeA+:I D :s-+:He .. He A ~E 7 

1 Y. nepell.lleM Tenepb K 6onee cnO)KHOMY cni,:'la!O peaKUHli_ C 'l8CTHU8MU co i::nu

HOM 1/2. PacCMOTpUM BH~'lane peaKUHU 

:s- +·p -.. A +:n /30/ 

u 

.A +p .. i-+n. /31/ · -

AMn~HTY .na - npouec_ca / 30/ MO)KeT · 6bITb aanuc·aHa D DH.Ile: 
/' 

II( P; p;, p1 p2} ~a+ b~2' +· ' /32/ 

+-c'v<') K + dv<'>'v<'>K . J S ' I 

r.ne P1 K '11; -uM_nynbCbI npoToHa K ·uell'I'pona, , p; -uMnynbCbl :s H 

A 
1 

rKnepoHOD, K, '-½(p,+p;J a 1, 

P2 H 

C H d . .;.MaTpHUbI, .nellcTByJO--

lllHe Ha ClIHHOBbl0 nepeM0llllbl8 HyKnoK·on, 
. I 

1 np0.lllIDn0)KllM,' '!TO DHyTpeHHU0 'l0THOCTK 

.Tor.na 

:t H A -rHnepoHon O.llHHSKoB1,1, 

a "'.-a, +ia 2 ../". '[{ 2 
· ,· 

·c·•c 1 +ic 2 yCt>. K2 ., 

b = b1 I~'+ ib 2 y~1>;l 1
~ K

2
, 

' (I) 
cl= d -/''+ id 2 Vs . J I • 

y(I), K 2 
/33/ 

r.oe 

K -½(p +p' ). 
2 2 ·2 

8 

) · 

8bip8)K8HHe .llnSI nonstpH38UHH KOHe'lHOrO' H0i!:TpOHa· MO)KeT 6bITb H8ll.ll0HO; c' no-. 

MOWblO_ cpopMynbl, -ananorH'lttOll /3/, npHD8./l0M OKOH'l8TenbHblil ,peaynbT8T .nnst S➔ ~ 

H cpHKCHpOD8:HHOl-:,C>,. • t. 

't: ' 2 8'/•t.: 1[(. 'J2 ' tl'i•" ' * [(' ,, --, 2 -: t} lrn b';z,* + i.,,IL==-;;;--nl.L m+-m - ma 1 a 2 -.m-m - 1 2 

+s 2 Im c 1 c! 

r.ne 

-s 2 1.,,d
1 

a;+(m+m'JsRe(a2 c! 

+ (m -m'J s Re( li
1 

d
2
*-b

2
d

1
*J I, 

-a1 c!)+ 

2 2 , ' ' ·- ·. •. ' ' 2 -
u=[(m+m',2-t][la,1 (4,ll -tJ-4MsRea

1
a;+s2 ia

2
1 l 

. . . , . -· ,. 
+[(m-m'J2 -tH-tlb l

2
+2(m' 2-m'~MReb b +-s 2 lb 12 1 

I 1 2 2 · 

+s2 [1c l 2 (4M 2-t{-4MsRec,c*'+·s 2 1c 12
1 

l 2 2 . . 
+s2 [-t Id l 2+2(m' 2-m2 ) M Red a·+s 2 ld,1 2 l 

. I 1 2 
- - . 

, 
2 I * 1 * * 1 *l + ( m + m J s [ ( 4 !( - t) m a i c 

1 
- 2.11 s m ( a

1 
c 

2 
+ a 

2 
c 

1
J + s2 m a

2 
c 

2 

+ (m -m'J s * 2 2 * * * [-t Im b1 d1 +(m'--m Jlm(b
2

d
1
+btd,J+s2 lm b 2 d 2 l, 

m H m' -MaccbI I H A rHneponon, a !.I -Macca nyKnona. 

/34/ -

/35/ 

YcnOBHe nepeKp8CTHOl! CHMMeTpHH HM08T DH.ll: 

*T(2) 

J/ 0 (p; p; , p
1
p,)=f:>y~tx;<OM (-P,' P

2
, -Pt P;) 

·t c'' ..,m y(2) /36/ 
• 4 

3.necb M0 (p' p', p pJ -aMnnHTy.na peaKUHH /31/, r<•> 
l 2 1 2 oanaqaeT Tpancnounpo-

DSHHe no ClIUHOBblM Ull.ll0KC8M rHnepoHOB, a C -MaTpHua aapst.OODOro co11pst)K8HHS1, 

y .oonneTDOp>110lll8SI ycnOBHSIM C y: c ·1 = -· y IL H c T =--c • 0TM0THM 1 

'!TO n pH H81IHC811HH /3B/ Mbl onyCTHnH necymecTB8Hllblll .nnst .llSnbHellwero cp830Bblll 

Ml!O)KHTenb B03HHKBIOlllHi!: npn aapst.llODOM conpst)KeHHH. O'!eDH.llHO, '!TO 8MllnHTY.ll8 

".<P; p~! p~ P,) HM00T TOT )KO DH.ll, '!TOH SMnnHTy.Oa /32/. CoOTD8TCTDYIOlllHe 

K03!pcpHUH8HTbl. Mbl 6y.neM 06oaHS'18Tb a • 
1 

a• 
2 

n T • .ll. Ma /36/ nony'laeM: 

r.ne. 

a; (s,t)= a~(u,t), 

b0 (s,t)= b*(u,t), 
t l 

a; (s,t) = -a; (u,t), 

b
0 

(s,t)=- b* (u,t), 
2 2 

C $ C $ 
ct (s,t)=c

1 
(_u,t), c

2
(s,t)=-c

2 
(u,t), 

• * 
d

1 
(s,t)=-d

1
(u,t), a; ( s,tJ = a; (u,t), 

u ,.2.1f2 +m 2+m'1-s -t 

/37/ 

nonstpH38UHSI 11el!TpOHa B peaKUHH /31/ 11ony~aeTCSI H3 /34, H /35/ 38M8HOll . 
al ➔ al H T.Jl, 1 a T8K)K0 38M8HOA m t m' 
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npe/lfiOIIO>KHM BH8'18fi0, 'ITO cpyHKUHH 

, a1 , s a 2 , b
1 

, sb 2 , s c·1 , s 2 c 
3

, s d1 H s 2 d 2 /38/ 

BeJlyT ce6>1 0/lHHSKOBO npH s ➔ .. H cpllKCHpOBSHHOM B 3TOM cnyqae, KaK 

BH/lHO H3 Bbipa>KeHHll /3'4/ H /35/, no11>1p11aau11>1 o:r1111'1H8 OT ay11>1. yf3 /37 / II Teope

Ma <t>parMeaa-n11u)le11ecpa nonyqaeM n p11 s-: 00 

C 7l1Ta (I) 
a* 

c -1,ra(IJ 
a* a

1 
= e a = e 

' 2 2 

C 
=·e•l,ra (IJ b* b c = e•l1Ta(t) * b, . I I 2 b2' 

/39/ 

C •IITa(I) • c •l!Ta(I) * c
1 

= -,e c,, c
2

-=-·e C 2 , 

d c = e•f,ra (I) • d c . -1,ra(IJ d • 
t . d, • 2 = e. 2 

. yf3 /39/ II a1,1pa>Keu11l! Jl/1>1 no11>1p11aauHl! uel!TpOHOB B peaKUIIHX /30/ H /31/, O'leBIIJl

HO, 'ITO no11>1p1!38UHH B 3TOM cnyqae npOTHBOnono>KHl,I: 

~ C =-,e 
/L /L 

/40/ 

npe;::1110,IO)KIIM Tenepb, 'ITO He BCe cpyHKUHII /38/ Be)lyT ce6>1 0/ll!HSKOBO npH 

8 ..... • Tor/la JlnH Toro, 'IT061,1 no11>1p11aaun>1 61,111a 0T1111qaa OT ay11>1, aeo6xoJlHMO, 

'IT061,1, no Kpaiiuel! Mepe, JlBe ua116011ee 61,1cTpo pacTyI.UHe cpyHKUHII ae1111 ce6>1 O/ll!Ha

KOBo /ecTeCTBeauo, 'ITO 3T8 napa cpyHKUlll! JlO/l>KHa BXO/lHTb B BIi/le npo11aBe)leH11>1 B 

'IIIC/ll!Tenb Bblp8>K0HIIH Jl/1>1 nom1p11aau1111/ • 0'1eBll/lHO, 'ITC II B 3TOM cnyqa e BbinO/IHH

eTCH COOTHOI11ea11e /40/. 

M1,1 paCCMOTpe1111 cnyqaj\ 0/ll!HSKOBl,IX BHyTpeHHIIX '10THOCTeil :£ II A r11ne-

pOHOB. ·Mo>KHO fi0K838Tb, 'ITO II B cnyqae npOTIIBOfiO/IO>KHl,lX ·auyTpeuu11x qeTHOCTel! 

no11>1p11aau1111 aeilTpOHOB B npoueccax /30/ II /31 / CBH38Hl,I 'coOTHOI11eH11eM /40/. 

06paTl!MCH Tenepb K ynpyroMy pacce>1HHID rHnepOHOB II 8HT11r11nepOHOB HYK/IOHa-

MIi: 

Y+p .. Y+p, /41/ 

Y+p .. Y-1p. 
/42/ 

AMnniiTyJl1,1 3TIIX npoueccoa 11MeroT B11/l /32/-/33/ c b 2 = i, = 0 nocne/lHl!e ye-

/10B11>1 Bl,lTeKSIDT H3 IIHBap11aHTHOCTH OTHOCl!Te/lbHO o6paI.UeHIIH BpeM0HII. noaTOMY BC0 

npe/lhlllylll11e cooTuoI11eu11>1 cnpaBeJlmIB1,1 H n11>1 npoueccoa ynpyroro pacce>1H1IS1 /41/ 

II /42/., H no11>1p11aau1111 npoTOHOB OT/l8'1H .B 3TIIX npoueccax TSK>Ke, CB!l38Hl,I COOTHO

I11eu11eM /40/. 

AaanorH'IHbIM cnoco6oM Mo>Kuo noKaaaTb, 'ITO no1111p11aau1111 KOHequ1,1x r11nepouoa 

II au11r11nepoHOB B /41/. II /42/ YllOBJleTBOp!!IDT COOTH011Teu11ro·· /40,'; 3aMeTHM, 'ITO B 

cnyqae BOCbMll'l/10HHhlX aMn/lHTYJl, OilHCbIBSIDI.UHX npouecc1,1 /30/ H /31/, H0/lb3>1 C)le-

10 

118Tb 38K/IID'l0HHil O COOTHOllleHIIH Me)l_{Jly Il~:J~Pll38UH!IMII rHnepoHOB H 8HTHrHnepOHOB, 

ue 38B!!CHLUHX OT npe)lnOIIO>K0HHil. 0 xapaKTepe BCIIMIITOTH'leCKOro 110B0/leHIIH OT/l0/lb-

HbIX 'l/10HOB BM_UIIHTY/lbl ITpll S ➔ II <pllKCHp0B8HHOM 

Ha c·Kaaaauoro 06 •· ynpyroM pacce11a11H r1111epouoa >1cuo, 'ITO n np11 pacce>1u11H 

HYKIIOHO~ HYK/IOH8MII H 8HTIIHYKIIOHOB HYKIIOHSMII Il011HpH38UHH HyKIIOHOB II 8HTHHyK/IOHOB 

H COOTBeTCTBeauo no1rnp11aaun11 HYKIIOHOB. OT/l8'1II CBH38Hl,l COOTHOlll0HH0M /40/. 

Y; B aaK11'roqeu11e paccMoTpHM BKpaTue KOMnToa-acpcpeKT aa npoToae. AMn1111TyJla 

IIpOUSCCB MO>K0T 61,1Tb 38Ill!CSH8 B BHJle: 

M(p'k',pkJ=·':P'.,.P' 
p'2 

[A,+iA2K,]+~N ,.N 
N2 

[ A 
3 

+ i,A 
4 

l( ] /43/ 

,:!I'' ,.N -•~N ,.P' 
J2P,2 N 

2 

i y
6

A
6

+ ,:P ,.N ·+,~N ,.P' 
Ys K A . ' 

J2P' 2N 2 

rile p H p' -HMny11i,c1,1 uaqan1,uoro .'! KOHeqaorc;> npoTona, k H H k' H ,' 

-HMilYllbCl,I H IlOll>1p11aau1111 uaqaJibHOro II KOHequoro <pOTOHOB, !( = '/2 ( k + k') 

P'= P _..!.__]£ K, P=½ (p+p'J a Na.=i, fJ ~ P;, K (k-k'J~ K2 a· yo µ y u 

npH. S ➔ oo 

paauoil: 

H <pHKCHpOBSHHOM no11>1p11aauH!I npOTOHa OT/l8'1II OK83bIB80TCg 

* * 
/44/ 

,: .. ,, = s 1Jct 2lm(4 1 A 2 +A A 4 J n 

(I A, 12 
+ I A,l 2J ( 4M 2- t ) + rl A2 12+ I A .1 2

) s2-,tRe(A,A2+A3A J .Its - tlA sl'!i-s2 l A,1 2 " 

npHM0H!IH yCJIOBHe nepeKpeCTHOil CIIMMeTpHH 

* 
A,,3,5,6 ( s, ')=A,,3,s,• (u,t), /45/ 

* 
A 2,4 (s,tJ=-A (u,t) 

2,4 

H -reopeMy <PparMeaa-:n11u)lenecpa, MO>KHO y6e)lHTbCH, 'ITC IlOJIHp113BUH!I npOTOHa 06-

pamaeTCg B HY/lb np11 S ➔ 00 H <pllKCHpOBBHHOM He3BBHCHMO OT npe/lllOJIO>KeHH!I 

06 SCIIMIITOTH'leCKOM IIOBe)leHIIH SMilJIIITYJl. 

AaTop1,1 np11aoc>1T rny6oKyro 6naroJlapaocTb H.H; 6oronro6oay, A.A. noryaoay, 

B.A. Memep>1Koay, H.A. CMopo/lHHCKoMy n H. T. ToJlopoay aa naTepecaw; 06cy>K

JleH11>1 paccMaTpHBaeMbIX 3/leCb BonpocoB. 

11 



n HT e 'pa Ty pa 

1. P. HeeaHnHHa. 0.nH03H8'1Hb!e 8H8llHTH'ICCKHe q:,yHKUHH; rvITTn, 'M-n., 1941. 

2. H.H. MellMaH. HeKOTOpb!e CB0l!~.TBS 8!lallHTH'l9CKHX q:,yHKUHli. B co. ,'BonpOCbl q:,u-
3HKH sneMeH:rapHbIX qac:ruu•. J.1a.n. AH ApM.CCP, EpeeaH, 1962. 

3. J.1.Sl. noMepaH'lyK. )K3T<l>, -84, 725 /1958/. 

4. A.A. noryHoB, HryeH BaH Xbey, J.1. T. To.nopoe, O,A. Xpyc:ranee. AcuMnTOTH'lecKHe 
C00TH0WeHHSI Me>K.ny ce'l9HHSIMH B .noKanbH0l! :reopHH no1rn. npenpHHT 
OJ.1.HJ.1 P-1353 ilyoHa 1963, CM, :raK>Ke L.V~_Hove. Phys. Lett., 5, 252(196S). 

5. A.A.Logunov, Nguyen Van qieu, I.T,Todorov, O.A.Khrustalev. Phys. Letters 
la neqa:ru/. 

6. A.A.Logunov, Nguyen Van !lieu, I.T.Todorov, O.A.Klirustal~v. f'hys. Letters 

/B ne'!a:ru/. 

7. A .. \bragam et al. ·Phys. Lett., 2, 310 (1962), 

· 8. O.Chamberlain, C.D.Jeffried et al. Bui. Am. Phys. Soc., 8, 33 (1963). 

9
0 

L.~licliel, A. Wightman. Phys. Rev., 98, 1190 (1955). 

10. C.M. BuneHbK.Hl!, P.M. PhlHJlHH. )K3T<l>, 36, '1609'·/1959/. 

PyKOUHCb nocTynuna B H3Jl8TenbCKHli o:r.nen 
6 ceHTsiopH 1963 r. 


