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I. ITpH o6cy)K.uemm cnencrsHH T-HHsapHaHtHOCTH o6LP·IHO paccMatpHsaerc.s~ 
cnHHosas~ crpyKtypa a~mmny.ULI pacce»HHst [1-4]. Mo)KHO, O.JlHaKo, He ocraHas~ 
JHfB31"hC.si H3 3TOM 3tane, a cpa3y npoaHaJIH3HpOB3Tb 061U)'IO 3aBHCHMOCTb 3¢¢eK
THBHOrO CeLJemf5f ynpyroro pacce51HH51 OT H31.JaJlbHOH: H KOHei.JHOH nOn.sipH3ailHH, 
CJle.UyiOIUYJO H3 npHHUHnos CHMMetpmL 

PaccMotpHM npouecc ynpyroro pacce.siHHSJ .nsyx llaCTHu: 

a +b-> a +b. 

EyneM CliHtaTL, LJTO cnHH lJ3CTHULI a paseH I/2, a llacruua b ~m;KeT HMen 
npmnBOHLHLifl COHH. 

OycrL P
1 

- seKTOp non.s~pu3aUHH LJaCTHULI a JlO pacce.IJHJ .. HI, a P
2 

- BeKrop 

nomrpHJ3UHH, KOTOpLlfi BLIJlemreTCSI D.eTeKtOpOM, 3HaJIH3HpyiOlUHM COUHOBOe COC
T051HHe llaCTHUDI a nocne pacce.siHH51*. Upe.rmono;KHM ..nanee, liTO LJactHua b ue 
001151pH30B3H3, a ee KOHeLJHOe cmfHOBOe COCT05HHte He ¢HKCHpyeTC51. C )'lleTOM 
HHBapHaHTHOCTH OTHOCHTeHLIIO OOBOpOTOB B tpexMepHOM npOCTpaHCTBe, npH CO
xpaHemm npocrpaHcrseHnoH LJeTIIOCTH nH<P¢epeHUHaJILHOe cetJe~me pacce.s~tn!SJ 
LIOH)Kf-{0 6L!Th CKar'l51pm.1, mltleffHLIM (B paMK3X KB3HTOSQ~MeXaHHtJeCKHX npencras
neHHil) no KalKltO>~y 113 BeKTopos P 1 11 P2. B c.u.u. napbl (ab) 1lH<jl<jlepe11UIIaoblloe 
ceLJeHue ynpyro~o pacce.IHIH51 npencrasTI51etc.s~ s sane 

cr(k 1• k2: P 1• P 2) =A(k. 8) + D(k, 8)(P 1P 2) + (B(k, 8) I k2)(P 1 [k 1k 2]) + 

+ (C(k, 8)1 k2)(P2[k 1k2]) + (g 1(k, 8)1k2)(P1k 1)(P2k 1) + 

+ (g2(k. 9) 1 k2)(P 1k2J(P2k2) + (h1 (k. 9) I k2)[(P 1k 1J(P2k2) + (P1 k2)(P2k 1 )) + 

2 +(h
2
(k, 8)lk )([P

1
P

2
], [k

1
k2)). (I) 

Jaecb 6 - yron pacCe51ml51", k
1 

- m.my,1LC tJaCTHUhl a .UO pacCe51HU51, k
2 

-

11.\!nynbc "acTHUbl a nocne pacceHHHH. k = I k
1 
I = I k

2
l, A(k. 8), D(k, 9), B(k, 9), 

C(k, 8), g 1(k, 8). g/k, 8), h 1(k. 8) 11 hik. 9) - soo6me rosop•. HeJaBHCHMble 

*8epO!HHOCTH perliCtpaUIUI taKHM .:.teTCKtOp0!-.1 COCTO~HU •. I C npoeKUIIH~!U <:m111a +[t::! II -In Ha 
HanpaaleHne P 

2 
paBH!:.I coorsercrseuuo (I + I P

2
1 )/ 2 u (I - I P

2 
hi 2. 

2 

JieHCTBHTenhHble ¢YHKUHH 3Hepn1H H yrna 6. 3aMeTHM, '-ITO eme O.llHH CKaJUipHLIH 
LJneH 

4 (1/k )(PI[klk2])(P2[klk2]) 

He 51BllsteTC51 He3aBHCHMLIM B CHllY COOTHOWeHH51 

(P1P2) sin28 =(I I k4)(P1 [k 1k2])(P 2[k 1k2]) + 

+ (I I k2)(P I' k1+ k2)(P 2, k 1+ k2) sin
2

(8 12) + 

+(I 1 k2)(P 
1
, k

1
- k2)(P 2, k1- k2) cos

2
(8 12) =(I I k4

)(P 1[k1k2])(P 2[k1k2]) + 

+(I 1 k2)[(P 1k 1)(P2k 1) + (P 1k2)(P2k2)J -

-(cos 81 k2)[(P 1k1)(P 2k2) + (P 1k2)(P2k 1)]. (2) 

flo <inpeaeneHIIIO, ltH<jl<jlepeHUIIaf!bHDe Ce4eHite O"l npouecca, o6paiUeHHOfO 
so speMeHII, aaeTc• <jlop>tynoii (I) c JaMeHoii 

P
1
->-P2, k 1->-k2, P2 ->-PI' k2 ->-k1. 

113 ycnOBHSI HHBapH3HTHOCTH OTHOCHteJlLHO o6paiUeHl-i.SI BpeMeHH cne.llyeT, 
4TO s cnyqae ynpyroro pacce•1111• 

cr
1 

=cr(- k
2
,- k

1
;- P2.- P1) = cr(k1, k2; PI' P2). (3) 

3To npHBOJ:UiT K paBeHCTB3M 

B(k, 8) = C(k, 8), g 1 (k, 8) = gz<k, 8). ( 4) 

TaKHM o6paJOM, am T-IIHBapHaHTHoro ynpyroro npouecca nonyqae>t: 

cr(kl' k
2
; PI' P 

2) = A(k, 9) +D(k, 8)(P l 2l + (B(k, 8)1 ~)(P 1+ P2, [k1k2]) + 

+ (g l(k, 8) /k2)[(PI ki)(P2kl) + (P lk2)(P 2k2)] + 

+ (h
1
(k, 8)1 k2)[(P1k 1)(P2k2) + (P 1k2)(P2k1)J + 

+ (hz(k. 8) I k2
)([PIP2], [klk2]). (5) 

CornacHo (5), IIH<jl<jlepeHUI!anbHOe ce•eHHe ynpyroro pacceHHIIH qaCTIIUbi co 
CmfHOM }/2 Ha HeriOfl.slpH30B3HHOii MHllleHH, npOC}'MMHpOsaHHOe no KOHetfHblM 
nonapHlauH•M P 2 =I 11 P2 ~-I <III = 1), HMeeT BHll 
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' 

cr(k1, k2; P) =cr(kl' k2; P 1,1)+cr(k1, k2; PI' -I)= 

= 2[A(k, e)+ (B(k, e)l k2)(P 
1 
[k

1
k2])]. (6) 

113 <j>opMYJlbl (6) HenocpeJlCTBCHHO CJ!CJlyeT, qTo KOO<j><j>HUHCHT JlCBO-npaBOH 
3CHMMCTpHH npH paCCCSIHHH nonepettHO-fl0!151pH30B3HHOH qacntl.lhl a H3 HCflO

napH3083HHOfi. MHlllCHH b eCTb 

a(k, e)= B(k, e) . 
A(k, e) Sin e. (7) 

PaccMotpHM renepb cnyqaH, KOr.na T.JacrHua a JlO pacceSJHHSI taK::Ke He no
nSJpH30BaHa~ npH 3TOM :mepnuO H yron paCCCSIHHSI 6y.ueM C4HT3Tb npe)f(HHMH. 

EcnH nocne pacceaHHSI t.JaCTHUa a perHctpHpyetcSI .neteKtopoM, BbiJlemuOlUHM 
DpOCKUHIO COHHa (+1/2) Ha HOpMa!lb K OJ!OCKOCTH paCCCHHHH 

[klk2] 
0 

= I [k
1
kz]l 

(npH >TOM P1 = 0, P
2 

= n), TO, cornacHo (5), o<j><j>eKTHBHOe ceqeHHe pasHo: 

cr+ = cr(k1• k2; 0, n) =A(k, e)+ B(k, e) sin e. 

(8) 

(9) 

EcnH xe nocne pacceSIHH51 l.JaCTHUa a perHCTpHpyeTC.SI .nereKTopoM, BbUlCil.SIIO

lllHM DpOCKUHIO COHHa (-1/2) Ha HOpMa!lb K OJ!OCKOCTH pacce•HH" (npH 3TOM 
P

1 
= 0, P2 =- n), TO, cornacHo (5), o<j><j>eKTHBHoe ceqeHHe pasHo: 

cr _ = cr(k
1
, k

2
; 0,- n) = A(k, e)- B(k, e) sin e. (10) 

Cne)lOBaTenbHO, B peJynbrare pacce51HHSI tJacrHua a nonSipH3yercs BJlOJib Hop

ManH K nROCKOCTH pacce.SIHIDI: 

P = (cr+- cr_) 
(cr+ +<J_) 0 =a(k, e) n, (II) 

f)le BCJlflqHHa C<(k, e) COBOaJ(aCT C KO><j><j>HUHCHTOM JICBO-OpaBOH aCHMMCTpHH (CM. 
<j>opMyny (7)). 

Tru<HM o6pa30M, HCXOJl51 TOJibKO H3 T-CHMMetpHH JlH¢¢epeHuHanbHOro ce

tJCHH.SI ynpyroro paCC£SIHH.SI, 6e3 Tpa.LlHUHOHHOrO 3HaJ1H33 COHHOBOif CTpyKtypbt 

a.MnnHTYJl pacceSIHIDI, Mbt nOII)'l.JHJIH npocroe JlOKaJarenhCTBO reopeMbl Bonb¢eH

wreHHa (3,4]: CTeneHL OOII51pH33UHH BJlOllb HOpManH K OJlOCKOCTH paCCeSIHHSI, 

B03HHK3fOWeH npH ynpyroM pacceSIHHH HCOOil51pH30B3HHOH tJ3CTHUbl a H3 Heno-

1151pH3083HHOii MHllleHH b, COBna,aaeT C K03cflcl>HUHCHTOM Jieso-npasoH aCHMMeT

pHH npH ynpyroM pacce51HHH nonepelJH0-001151pH30B3HHOii 1.J3CTHUbl a H3 HenO

llS1pH30B3HHOii MHWCHH b B TOii JKC KHHCM3THKe. 

4 

2. Ecmt npocrpaHcrsetma51 l.!CTHOCTb ttapyrnaeTCSI, uo T-tteruocrb no-npe)f(He
MY coxpaHSJeTCSI, ro K Bbipa:>Kemuo (5) .no6asm:uorc.s~ ncesnocKruutpHbie 4!1eHbi 

~cr(k 1 , k2; P 
1
, P2) = ~cr(-k2,-k 1 ; -P2.-P 

1
) = (~(k, e) 1 k)(P

1
+ P 2• k

1
+ k

2
) + 

+ (8(k, e)lk)(P
1
-P2, k

1
- k

2
) + (y(k, e)lk)([P

1
P

2
], k

1
+ k2) + 

3 + (TJ 
1
(k, e)l k )[(P 1[k

1 
k

2
])(P 

2
k

1
) + (P 2[k1k2])(P 

1
k2)] + 

+ (TJz(k. e) I k3
)[(P I [klk2])(P 2k2) + (P 2[kl k2])(PI kl)]. (12) 

C yqeTOM ( 12) IIH<j><j>epeHUIIa!lbHOe ceqeHHC ynpyroro paCCCHHfiH OOll.pi130-
B3HHbiX t.t3Cl'HU H3 HCfl011Sip1BOB3HHOif ~HtWCHH, npOC}'MMHpOB3HllOC flO KOHelJ

HbiM OOi1HpH3aUH•M, )laCTCH <j>OpMy.OOH (cp. C (6)) 

cr(k 1, k2; P 1)=2[A(k, e)+ (B(k, e)lk2)(P1[k1k2]) + (~(k, e)lk)(P 1, k 1 + k2) + 

+(8(k,e)lk)(P
1
,k

1
-k2)]. ( 13) 

OrciO)la nerKO HaHtH Bbipa)l(eHHe .LL-1.51 K03Q:lQmw-teHra P-HetJenJOii cmmosoH 

3CHMMCTpHH npH pacCeSIHHH npO.UOllbHO-OOJJSipH30B3HHbiX l.J3CTHU: 

cr(kl' k2; P 1 = k 11 k)- cr(k 1, k2; P 1 =- k 11 k) 

cr(k1, k2; P 1 = k
1
1 k) + cr(k 1, k 2; P 1 =- k 11 k) 

E(k, e) 

= (21 A(k, e))[cos2(e 12) W. e)+ sin2(e 12) 8(k, e)]. (14) 

B TO ::+>e speMSI, ecnH tJaCTHUa a JlO pacceSIHH.SI He nonS1pH30BaHa, uo cfmK

CHpyeTC51 ee OOllSipH33UH51 p z OOClle paCCC51HH.SI, TO B COOTBCTCTBHH C ¢0pMyJJa~m 

(5) H (12) HMeeM: 

cr(k1, k2; 0, P
2
) =A(k, e)( I+ PP2), (I 5) 

rJie 

p = B(k, e) [k k ] + @(k, e) (k + k ) _ 8(k, e) (k _ k ). 
k2A(k, e) 1 2 kA(k, e) 1 2 kA(k, e) 1 2 ( 16) 

BeKTOp p HMCeT CMbiCJl BeKTOpa OOJJS1pH33UHH, KOTOpytO npH06peraeT nepso

H3tJaJlhHO HenonSipH30BaHH~ t~aCTHua s pe3yJJbTaTe ynpyroro pacceSIHHSI ua Heno

II51pH30BaHHOH: MHWCHH. CreneHb OOnepetJHOH OOJJS1pl133UHH B HanpaRIIef!HU HOp

MaJIH K OllOCKOCTH paCCCSIHHSl, K3K H npH COXp3HCHHH npOCTpUHCTBCHttOH "'eT
HOCTH, )laeTc• cjJopMynoii (II) H COBOaJ(aeT C KOO<j><j>HUHCHTOM J!CBO-npasoii 
acHMMeTpHH. Ho, KpoMe roro, npH HapyrneHHH P-HHsapHaHTHOCTH so3HHK.aer 
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ra!OKe H npo.aonbHa.si nonapH33UHSI, npHlJeM creneHb npo.aonhHOH nonapH33llHH 
pasua: 

~(k, 8) = (Pk1)/ k = (2/ A(k, 8))[cos
2
(8/2) PCk. 8)- sin2(8/2) B(k, 8)]. (17) 

Cpas""""" (14) H (17), Mbl sHaHM, •To, soo6we rosopa, 

E(k, 8) ;< ~(k, 8). 

TaKHM o6pa30M, MSJ npo.aonoHoH acHMMerpHH H npo.nonoHoH nonapH33UHH 
He cymecrsyer yHHBepcanhHoro coorHollleHHSJ THna reopeMbl BonhcfJCHlllTeHHa. 
TonbKO npH pacceSJHHH «snepe.a» scema HMeer Mecro paseHcrso 

E(k, 0) = ~(k, 0) 
2p(k. 0) 
A(k, 0) . (I 8) 

Ana pacceaHHa «Ha30Jl» (8 = 1t) napaMeTpbi E H ~ npH coxpaHeHHH T-HHBapHaHr
HOCTH paBHbl no a6C011lOTfiOH BCJ1IilJHHe, HO npOTHBOnOJlO;+CHbl no 3HaKy: 

3aMeTHM, lJTO 411CH 

E(k, 1t) =- ~(k, 1t) 
21i(k. 1t) 
A(k, 1t) . 

(y(k, 8)/k)([P1P2], k 1 + k2) 

(19) 

8 <jJOpMyne (12) OOHCb!BaeT OOBOpOT BeKTOpa 0011apH3aUHH qaCTHUbl BOKpyr Ha
npaBJICHHSI k

1 
+ k

2 
s nnocKOCTH pacceSJHHSI. TaKoH nosopor 51BJ1SJerca T-4eTHhiM, 

HO P-He4CTHLIM s¢¢eKTOM H, KaK nerKo BH.IleTb, HclJeJaer npH pacceSJHHH «Ha-
30Jl». KaK 6blllO snepBbie y<aJaHo s pa6oTe Jlo6osa [5], npH ynpyroM pacceaHHH 
«H33a.Jl» I.J3CTHllhf CO COHHOM 1/2 Ha mo6oH Hen011SipH30B3HHOH MHillCHH nosopor 
CnHH3 BOKpyr HanpaBJlCHHSI HMnyJlhC3 BOJMO;+CeH TOJlbKO llpH HapyweHHH T-HHB3-
pH3HTHOCTH. 

3. PaCCMOTpHM Tenepb ynpyroe pacceHHHe qaCTHU CO COHHOM J/2 Ha 6ec
COHHOBOH MHWeHH (B qaCTHOCTH, HeiiTpOHOB Ha 6eccnHH0BbiX aapax [5]). B 3TOM 
cnj'l{ae T-HHsapHaHTHa.si aMfillHTy.aa c yqeTOM HecoxpaHCHHSI npocrpaHCTBeHHOH 
"eTHOCTH HMeeT npoCT}'IO cTpyKTypy: 

f(k, 8) = a(k, 8) + (b(k, 8) I k2
)(cr, [k1k2]) + (c(k, 8)/ k)(cr, k 1 + k 2), (20) 

rae cr- seKTOpHbiii onepaTop naynH (npH o6paweHHH speMeHH cr ~-a [I]). B 
COOTBeTCTBHH C (20) K03<jJ<jJHUHeHTbl A, 8, p,li B <jJOpMynax (13)-(17) HMeiOT BHa 

A(k, 8) = I /2 (I a(k, 8) 12 + I b(k, 8) l2sin2
8 + 4 cos2(8 /2) I c(k, 8) I\ ·(2 Ia) 
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r 
l 

B(k, 8) = Re (a(k, 8)b'(k, 8)), 

PCk. 8) = Re (a(k, 8)c '(k, 8)), 

li(k, 8) = lm (b(k, 8)c'(k, 8))(1 +cos 8). 

(216) 

(21s) 

(21r) 

1-:13 <jlopMyllbi (2 I r) cneayer, •ro npH pacceaHHH <<HaJOJl>> (8 = 1t) napaMerp 
li(k, 1t) = 0. 3-fo TaK><e HenocpeaCTBeHHO BHaHO H3 <jJOpMyllbl (20) ana a\lnnHryabi 
pacceSJHHSI, s KoropoH npH k

1 
=- k

2 
ocraerca TOllhKO nepsbtH I.JJieH. TaKHM o6pa-

30M, ecnH T-qeTHOCTb COXpaHaeTCa, TO cornaCHO COOTHOWeHHIO (19) K03<jJ<jJH
UHCHT CnHHOBOfl 3CHMMCTpHH H CTeneHb npO.LlOJlbHOfl flOJIS1pH3attHH npH pacce
SIHHH «HaJao.» Ha 6eccnHHOBOfl MHllieHH .UOJDKHbi 6biTh paBHbi Hymo (B TO BpeMSI 
K3K B CJiyttae HCfl011SipH30B3HHOi:f MHWCHH C OTJIHI.JHhiM OT HYllSI CflHHOM 3TH napa
MeTpbl, soo6we rosopa, He paBHbi HyniO). 

Mhl BHLtHM, lJTO HHBapHaHTHOCTb OTHOCHTellbHO o6pameHH.SI speMeHH npH
so.aHr K nonHOMy HC4C3HOBCHHlO CnHHOBOH 33BHCHMOCTH 3MnJIHT)'Jlbl H Cei.JCHIDI 
pacceSJH~SI «Ha3a,n» HeHTpOHOB H3 6eCCflHHOBhlX Sl)lpax. CKa33HHOe, KOHCI.JHO, OT
HOCHTCSI H K CJ1yt!3l0, K0f.Ll3 HaJICT3fOlUa51 lJ3CTHU3 SIBJlSICTCSI 6eCCflHHOBOti, a «MH
lliCHb» HMCC'f CnHH 1/2 (B 43CTHOCTH, pC4b MO;+CCT H,LlTH 0 paCCCSIHHH 1t-Me30HOB 
Ha nporoHax). 

3aMeTHM, qTO paseHCTBO O(k, 8) = 0 HenocpeaCTBeHHO cneayeT TaK><e H3 CTpy
KTypHbiX <jJOpMyll (5) H (12) ana aH<jJ<jlepeHUHaJlbHOrO CeqeHHa, eCnH yqeCTb, qTO 
npH paCCCj!HHH «H33a,n» Ha 6eCCflHHOBOii MHWeHH npoeKUIDI CnHHa Ha Hanpas
neHHC HMnynbca coxpaHSJCTCjl, T.e. nepesopor (H3MeHeHHe HanpasneHHSI) cnHHa 
HeB03MO><eH. ,[(eiiCTBHTeJlbHO, COfllaCHO (5) H (12) 

cr(k,- k; Pi' P 
2

) = A(k, 1t) + D(k, 1t)(PiP2) + 2(g i(k, 1t)- h1(k, 1t))(Pi I)(P2 I)+ 

+ 2/i(k, 7t)(P 1 - P 
2
, I), (22) 

rae I= k/ k. 
3anpe-r Ha nepesopor cnHHa o.nonb HanpaBJieHH51 HMnynbca OJHat.Jae-r, t.JTO KaK 

npH pi =-P
2

=1, TaK H npH pi =-P2 :-( aH<jJ<jlepeHUHallbHOe ceqeHHe 

cr(k,- k; Pi' P2) = 0. nocKOllbKY npH nepexoae or nepsoro cnyqa>~ Ko sropoMy 
4JlCH, nponOpUHOHaJlbHbiii B(k, 1t), MCHSICT 3H3K, B TO BpCM.sl KaK. OCTaJlhHbiC t.JJlCHbl 
B <jJOpMylle (22) He MeHaiOTCa, RCHO, qro li(k, 1t) = 0. 

4. KaK BHJlHO H3 npooe.aeHHOro aHanHJa, Ha6mo.aeHHe cnHHOBOH: JaBHCHMOCTH 
.UHcj>cj>epeHUHaJibHOf'O Cet.JeHHSI pacCeSJHH.sl «H33all» t.J3CTHUIJ CO CflHHOM 1/2 Ha 6ec
CnJ.tHOBOH MHWeHH O.L(H03H34HO CBH)leTeJlhCTBOBaJlO 6bi 0 Hapywemm T-HHBa
pHaHTHOCTH. ,UeHcTBHTeJibHO, npH HapyweHHH T-HHsapHaHTHOCTH K BbipaxeHHlO 
(20) ana aMnnHrya•I ynpyroro pacceaH..a qacTHUbi co cnHHOM 112 Ha 6eccnHHO-
soH MHllieHH .no6aBJlj!CTC.sl lJJieH , 

(d(k, 8)/k)(cr, ki-k2), 
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KOtopbiH 51BJT51etc51 Kat\ T~HetteTHblM, raK li P~HettetHLIM. C ytteroM 3toro T-He
HHSapHaHrHoro ttJieHa aMnnHry.na ynpyroro pacce51HH51 «Ha3art» npmntMaer BH.Ll 

f (k, n) ; a(k, n) + 2(d(k, 1t) I k)(a, k). (23) 

Ha ocHose (23) Haxo.LlHM T-HeHHBapHaHtHMe non51pH33UHOUHLJe napaMerpbl: K0-
3<j)(jJHUHOHT CnHHOBOH aCHMMeTpHH E(k, 1t) npH ynpyroM pacce"HHH npOJlOnhHO
n01151pH30B3HHOii lJ3CTHULI «HaJa,n>> Ha 6eCCnliH080H MHWeHH H CteneHb npO!lOflb
HOH non"pHJaUHH ~(k, 1t) nocne ynpyroro pacce"""" Henon"pHJOsatmoii qacTHUhl 
«Ha3a,n» Ha roH )t(e MHtueHH. C yqeroM ManocrH orHoweHH51 I d I a I HMeeM: 

(~) e(k, n) ; ~(k, n) ; 4 Re a(k, 1t) . (24) 

TioJlqepKHeM eme pro, qro npH coxpaHeHHH T-qerHOCTH napaMeTP•• ~ " e s 
paCcMatpH83eMOM CJTyttae pacCe51HH51 «HaJa,ll» Ha 6eccnHHOBOH MHWeHH pa8Hbl Hy
mo; 8 CJI)"-Iae )t(e ynpyroro pacce51HH51 «Ha3an» Ha Henon.s~pH30BaHHOH MHweHH c 
OTJTHtt:HblM OT HYJI51 cnHHOM OHH paBHbl no MO.llymo, HO npOTH80nQJ10)t(Hbl no 3Ha
KY (CM. COOTHOilleHHe (19)). 

Tip1< MMbiX OTKn0fiOfi1<HX &B OT yrna B; 1t 8KnM 8 napaMeTpbl E H S )laiOT 
raiOKe " T-qerllble qneHbl. CornacHo cooTHOillefiH"M (14 ), (I 7) H (21 ), 8 nep-

80M HeHcqeJaiOmeM npH6nH>KOHHH no MMbiM napaMerpa\1 I cIa I (&9)2 
-

lclbi(&B/« 1: 

e(k, 1t- &B)- e(k, 1t); [ Re ( c(k, n) )+1m ( b(k, n)c '(k, 1t) )] (&B)2, (25) 
a(k, n) I a(k, 1t) 12 

~(k, n-&B) -~(k,n);[ Re ( :i~·. :l )-1m ( b(~~~t:)ki21t) J] (&9)
2 (26) 

EcnH ClJHtatb, tt:ro I b I ~ I a I. ro npH ycnosHH 

I &91 « 2 r d(k, 1t) r I 1
2 

(cos (arg d- arg a) )' /2 
c(k, n) cos (arg c- arg a) 

(27) 

T-HH83pH3HTHbie nonpaBKH K Bbipa;Kemuo (24) .JlQJT)KHbl 6h!Tb OTHOCHTeJTbHO Ma
JTbl. B coorsercrsHH c cospeMeHHbiMH npe.ncrasneHH51MH HapyweHHe T-HHBapHaH-

--4 10-3 tHOCTH npOHCXO.llHT Ha ypOBHe 10 + OT 06hi\IHOfO HecoxpaHeHH51 npocrpaH-

CT8eHHOH qeTHOCTH (r.e. I dl c I - 10--4 + 10-3, CM. [5-7]). 3-ro OJHaqaeT, qro, 
¢HKCHpy51 yrOJI paccesntH51 «HaJa,n» C TOlJHOCTblO .llO } 0

, MQ)KHO, B npHHUHne, Ha-
61TlO,[l3Tb T-HeHH8apHaHtH)'lO cnHHOBYJO aCHMMerpmo npH ynpyroM pacce51HHH 
«Ha3au». Cne.nyer HMeTL 8 BH.Uy, ttro npH He6onLwoH nonepelJHOH non.s~pH3auHH 
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' 

JlH<!>cj>epeHUHMhHOe ceqeHHe ynpyroro pacce"""" Ha yron (1t- &9) collep>KHT raK
)Ke P-tietHblii H T-4eTHLIH lJJTeH, coorsercrsywwHH neso-npasoH aCHMMerpmt. 
O.r:utaKo ecnu 3<f:>¢eKTHBHOCTb perucrpauHH He 3asHCHT or nnocKocru paccesmH51, 
a caMa nnocKOCTb pacce51HH51 ue q>uKcHpyerc~. ro nocne ycpenHeHHR no aJJ.f,\ty
TailbHOMy ymy 338HCHMOCTb OT nonepe4HOH fl01151pH33UHH flOJIHOCTblO HClJe3aet. 
3aMetHM raK;+;e, lJTO s peanucruqeCKHX Mo.aeJTSIX HapyweHH51 T-uusapua~tntocTH 
Ja ClJeT cMewHsaHHSI S- H P-sonHosoro pe3oHaucos [5,7] <f:>a3bl a~tnllHty.n c u d 
OTnHqaiQTC" Ha 1112. TaK qro B cpopMyny (27) BXOJlHT (tg (arg C- arg a))! 12

. B 
o6naCTH P-sonHosoro pe30Hanca arg c = n/2, arg a<< I H orpaHHlJeHue Ha cre
neHL OTKJTOHeHH51 yrna 6.8 or 180° craHOBHTC51 ewe 6onee cna6btM. 

0JIHaKo napaMeTphl e(k, n) u ~(k, n) 1111~ ynpyroro pacce~Hu~ «HaJaa» Ha 6ec-
- 10~ 10~ COHHOBOH MHWeHH, nO-BHtl.HMOMy, He npeBLIW3toT + , XOTSI C ~eTOM H3-

seCTUbiX MeXaHH3M08 pe30H3HCHOfO H .llHH3MHI.IeCKOfO ycHJleHH51 [5-7) 06bllJHa51 
T-qetHaSJ cnHHOBaJI aCHMMetpH51 s nomtbJX celJCHH51X B33HMo.aeiictBH51 npo.nonLHO
nons:~pH30BaHHLIX HeHtpOHOB C ~.apaMH (H B 3<f:>cfJeKTHBHbiX Ce4emt51X peaKUHH 
(n,YJ fla ~llpax) MO>Ker JlOcrurarb 10% [8]. lleno B TOM, qro B cnyqae ynpyroro 
pacCe51fUI51 B03HHK3et .llOflOJTHHTeJibHblH cfJaKtOp OOll3BJieHltSI BCeX 3<f:>cfJeKTOB He
COxpaHeHHSI npocrpaHCTBeHHOH lJeTHOCTH 

Q 1m (a(k, 0)) 
I a(k. 9) 1 

(28) 

CB5133HHblfi C MartOCTblO He~tpOHHbiX WHpHH H 60JThWHM BK113Ll0M noteHUHaJlhHO
fO S-sonuosoro pacce51HH51. flpu 3HeprHSIX HeHTpoHos nopSJ.uKa I 38 

I a(k, B) I - 10-12 CM, 1m (a(k, 0))- w-IS CM, 

T3K lJTO 

Q-10-3« I. 

Mbl He 6y.ueM nposo.UHTL J.necb .neranbHbiX MO.lleJTbHbtX BhtlJucneHHH*. 3aMe
THM TOJlhKO, qTQ HHTepecyiOWIDI Hac P- H T-HelJetHasi 3CHMMeTpH51 (CM. cf>opMyJTy 
(24)) HMeeT BOJlHqHHY nop"JlKa 

I e(k, n) I - I rJI QR, (29) 

r)le R- I dl c I - napaMerp HapyweHu" T-HIIBapHaHTHOCTH, 'l - K03cj>cj>HuHeHT 
npOllOJibHOH cnmJOsOH aCHMMetpHH 8 OOJIHOM CetteHHH 833HMOiteiiCTBH51 tteHrpo-

*B paMKax. MOlte.'lH CMCWHB3.HHSI S·BOJlHOBOrO H P-BOJTttOBOrQ peJOHaHCOB (CM. (:;i,7j) paC'!CTbl npo
.!IOJibHOH T-HeHHBapHaJJTHOH acHMMeTplm npH pacceSimm HeiiTpoHos «Ha33Jt» Ha 61:ccmtHOBOM SI.Llpe To
pHS! 6~>t..1H swnonHeflbl paHee AJl.Sapa6aHOBI>lM H B.P.CKoeM [9). Hx pcly:ti>TaTw comacytoTCSI c HawUMII 
oueHKa\tH. 
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1 

HOB C 6eccnHHOBbiMH Rllpa~IH, KOTOpb!H, 8 COOTBeTCTBHH C OOTHYeCKOH TeOpe,_toH 
" ¢opMynoi1 (20), onpeaen•erc• KaK 

= 2 lm c(k, 0) . (30) 11 lm a(k, 0) 

TaKHM o6pa:JOM, ecnH C4HTaTh, 4TO R- I 0-4 + 10-3, TO napaMerp 

E(k, 1t) -fj(I0-7+ 10-6), 

r.n:e T}- l0- 1, TaK t{TO paccMaTpHaaeMblli T-ueHHBapuaHTHbJH 21cflcpeKT sps:~.n: JIH Mo
;KeT 6b1Tb o6Hapy1KeH 3KCnepHMeHTaJlbHO B 6nmKaHwee Bpe~UI. 

Asroph! 6naroaap11hl B.E.Ey!!aKOBy, r.A.11o6osy, 11.E.0HKeflh11epy, JO.H.noKOTHROBCKOMY " B.P.CKOIO Ja o6cyJKJleHHe npo6neMhl HapyweHH• T-HHsapHaHT
HOCTH. 

JlaHHM pa6oTa BblnOJIHeHa npu t{3CTH'·IHOH no.LUtepJKKe PoccuikKOfO ¢oH.a:a ¢YHaaMeHTanhHh!X HccneaosaHHil (8.11.11., rpaHr N' 97-02-16699). 
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JII06owuu B.B .• J1106owHU BJI. P4-98-88 3a,te'!aHIHl o T-ttHBapHaHTHOCTH 11 noJJSI:pHJaUHOHHMX 3cp¢eKTax 
npn ynpyrOM pacceSI:H~UI '!aCTHUbl CO COIIHOM 1/2 Ha Hefl0.1SI:pH30BaHHOif MHWeHH 

B pa\tKax T·HHsapHaHTHOCTH swno:tHeH ana'IHJ o6weH JaBUCHMOCTII 3cf>¢eKTHSHoro ce'!eHHSI: ynpyroro pacCeSI:HHSI: 'l'aCTHUbl CO CfliiHOM l/2 Ha Hen0.1SI:pH30BaHHOfi ~UIWeHH OT Ha'!3.J1bHOif H KOHe'!HOif nO.'ISI:pnJattmf '!aCTHUbL Hcxo..lSI: TO.'IbKO HJ T-cH~I.\teTpHH .aH¢cf>epeHU,Ha1bHOro ce'-leHHSI: pacceSI:HHSI:, 6eJ Tpa.'IHUHOHHOfO a.HalHJa CfliiHOBOif CTpyKTypM a\HL1HT)'i.l pacceSI:HHSI:, ltaHO OpOCTQe .:lOKa.JaTI!.'lbCTBO TeOpeMbl BO:tbcf>eHWTefma, COr.laCHO KOTOpOif CTeneHb OOOepe'!HOif 00,'1SI:p113attHH, B03HHKa10Welf flpH ynp)'TOM pacceSI:HHH Hen0.15ipH30BaHHOif '!aCti!Ubl Ha Hefl0.1SI:pH30BaHHOH MHWeHH, COSOaJ;aeT C KO· 3<flcf>HUHeHTO!oi .'!eBO·OpaBOfl aCiniMeTpHH npu )TipyroM pacCeSI:HHH TOft ;liCe, HO nonepe'!HO·flO.'ISI:pH30BaHHOif <!C:.CTHUE.r Ha TOI'i ;IKe MI!WeHH. 8 TO ;liCe BpeMSI: yCTaHOB.'IeHO, "'TO 8 CJJY'·Iae HapyweHHSI: P-4CTH0CTII (npH COXpaHCHilH T·IIHBapllaHTHOCTII) aHalOfll'fHOrO )1111Bej)C3.JlbHOrO COOTHOWeHHSI: ,LL'lSI: CTeneHH npo· .ilO,lbHOif n0,1SI:pH3attltH Jl K03¢$HUHeHTa f·HC'!CTHOif COHHOBOH aCHMMClpiiH npH pacCeSI:HHif npOLlOJlb· HO·nO.'ISI:PHJOBaHHb!X 'l'aCTIIU He cyweCTsyer. noKaJaHo, J:alee, "'TO npH T-IIHBapHaHTHOCTII a).1!1J111T)',Ja H ce'leHHe pacceSI:HIISI: HeifTpOHOB <<Ha.Ja.J>> Ha 6eCCfli!HOBE.IX Sl:lipaX He JaBHCSI:T OT emma II Ha6moJ:eHHe noao6HoH JasHCHMOCTH o.'lHOJHa'!HO CBH1IeTe.1c.crsosa:1o 6E.I o HapyrneHHU T-HHBapHattTHOCTH. O.::tHaKO, cor.'laCHO npose.JeHHbl~t oueHKaM, T-HeiiHBapltaHTHM cnuHOBaJt acuMMerptiSI: npH pacceSI:HHII «Ha.Ja.J» secnMa Mala (nopS~:.:u<a 10-8-10-7
). 

Pa6ora swno.1Heua s J1a6oparopmt HeihpoHuoii ¢muK't uM. H.M.¢pal-!Ka 0115111 .. 

flpenpHHT 06oellHHeHHOf0 HHCTI!Tyra SUiepHbiX HCC,lellOBaHHti. lly6Ha, 1998 

Lyuboshitz V.V., Lyubo::hit7 V.L. P4-98-88 Note~ on T-lnvariance and Polarization Effects 
in the E!a<;tic Scancring of a Particle with Spin !/2 on the Unpolarized Target 

In che frames of T-invariance, the ana!y~i~ of the genera! dependence of the elastic scattering effeclive cross-section of a particle with spin 1/2 on che unpolarized targe1 with arbitrary spin upon lhe initial and final polarizations of the particle has been perfonned. On the base of the T-symmetry of lhe differenlial scanering cross-::eclion only, without traditional consideration of the spin structure of scattering amplitudes, a simple proof of the Wolfen::>tein theorem is-obtained (this theorem states !hat the degree of cransverse polarization, arising in the ela..~tic scanering of an unpolarized particle on the unpolarizcd targel, is equal to !he coefficient of left-right asymme1ry in the eJa..<;tic scauering of the same but transversally polarized particle on the same mrget). Meantime, it is ascertained that in the Ca<;e of ?-parity violation (conserving T-in variance) there exists no analogou.~ universal relation between the degree of longitudinal polarization and the coefficient of P-odd spin a-;ymmetry in the scauering of longitudinally polarized particlt:s .. h is shown, further, !hat under T-invariance the amplitude and cross-section of «backward•• scaltering of neutrons on zero-spin nuclei do not depend on spin, and the ob$ervation of such a dependence would le$tify unambiguously to the T-in variance violation. However, according to the fulfilled estimates, the T-noninvariant spin asymmetry in the «backward» scanering is very small (about 10-21-10-7). 

The investigation has been perfonned at lhe Frank Laboratory of Neutron Physics, JJNR. 
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