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§1. BeeoeHue 

AMrrnHTY.IJ:a pa.IJ:HauHonnoro trp ·-pacceHHHH rrpH peJo
naiicHhiX :ni:eprHHX CO,Il;epmHT 3Ha 1iHTenhHbiH BKna,IJ; CTpyK
Typnoro HJny'leHHH. TaK, BKna.D: MarHHTHoro MOMenTa H3o-
6apbi B o6naCTH pe 30Hanca rrponopuHonanen w l~w· + i r I 2) 
I (i) - 3HeprH.!I lPOTOHa, r- WHpHHa pe 30Hanca/ H IIPH w "' r 12, 
cpaBHHM C BKna,IJ;OM OT MarHHTHOrO MOMeHTa· IIpOTOHa. ·3io 
o6cToHTenhcTao, a TaKme 'fo, 'ITo .D:nH ·npouecca ., +p ~ 
-+rr+p y CyiUeCTByeT KHHeMaTH'IecKa.!l KOHlPHrypaUHH, IIpH 
KOTOpOH- IIO,IJ;aBneH BKJia,IJ; H3ny'leHH.!I 3apHhOB · rr+ -Me30Ha 
H IipOTOHa /".D:eCTPYKTHBHaH" HHTepd>epeHUHnh:' CTHMYllH· 
poaano npoae,IJ;eHHe 3KcrrepHMeHTa I I/·. no Hccne,IJ;oaanHio 
pa.IJ:HaUHOHHoro .,+P -pacce.RHH.!I. BnepBhie ·aonpoc o BoJ
MomnocTH Bhi.IJ:eneHH.!I CTPYKTypnoro H3ny'leHH.!I B 3TOM 
rrpouecce /accMaTpHaanc.R B pa6oTe Kon.D:paTIOKa H Ilono~ 
Mapeaa /2 · a JaTeM B pa6oTe <I>Hwepa H MHHKOBCKoro I 3 ~ 
B · 3THx· p~6oTax aMrrnHTY.IJ:a, CBH3anna.R. c H3.ny'leHHeM 
3apH,IJ;a H306apbi, BOCCTaHaBnHBanaCb C IIOMOIUhiOrpa,IJ;HeHT· 
HOH HHBapHaHTHOCTH .. 0,IJ;HaKO, KaK IIOKa3aH1 B pa6o.Te ~~ ~ 
TaKaH rrpoue.IJ:ypa neo.D:H03Ha'lna, H KoppeKTHoe Bhl.IJ:ene~He 
BKna,IJ;a CTpyKTypnoro H3ny'leHH.!I B03MO)KHO nHWb B paMKaX 
KaKoii-nH6o MO.IJ:enH. HHme, a .§2 rro,IJ;po6no paccMaTp~aa
eTcH BKna,IJ; OT H3ny'leHHH 3ap.!I,IJ;a H306apbi B paMKaX MO,IJ;enH, 
r,IJ;e H3o6apa •fl(l236) paccMaTpHaaeTcH KaK necTa6HnhHaH 
'laCTHUa CIIHHa 3/2"/T.H. H306apHaH MO,IJ;enh/. 3neKTpOMar
HHTHOe B3aHMO.IJ:eHCTBHe· BBO.IJ:HTCH MHHHManhHhiM o6pa30M. 
Y'IHThiBaeTC.!I TaKme BKna.D: anoManhnoro MarHHTHoro Mo
MeHTa H3o6aphi. AMrrnHTY.IJ:a rrpouecca . rrp -+ rrp y a 3·TOM 

. cny'lae CO,Il;ep:>K_HT e,IJ;HHCTBeHHhiH . rrapa~eTp. -- MarH~THbiH 
MOMeHT H306apbi • 
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Bonpoc o B03MO)KHhiX napaMeTpax paccMoTpeH B §3, 
r,I:(e c no·Moi.QhiO PCAC H anre6phi TOI<OB nccne,I:(oBaH "MHr

I<OnHOHHLiii" npe,I:(eJI aMnJIHTY.[(hi *:. B 3TOM npe.[(ene aMnJIH

Ty,I:(a npo:u;ecca rrp -+ rrp y Bhipa)KaeTcH qepeJ MaTpH'!Hhin· 

3JieMeHT ai<cHaJILHoro TOI<a <p 1 J / 1 p rr > , I<OTOphiH 6Lm 

paCCMOTpeH B pa6oTe / 5/,r,I:(e aHaJIH3rlpOBaJIHCh peJyJihTaTbi 

3I<CnepHMeHTOB /6,7/ no HeHTpHHOpO)K,I:(eHHIO nHOHOB. IITai<, 

HCCJie,I:(OBaHHe "MHri<OnHOHHOrO" npe,I:(eJia n03BOJIHeT onpe

,I:(eJIHTh pH.[( napaMeTpoB aMnJIHTY.[(hi rrp -+ rrp y. 
B §4 paccMoTpeHa aMnJIHTy,I:(a :npo:u;e cca B I<OJIJIHHeapHoii 

I<HHeMaTHI<e. 0I<:a3aJIOCh, 'ITO B 3TOM npe,I:(eJibHOM CJiyqae 

;}_MnJIHTy,I:(a pa,I:(HaiJ;HOHHOrO npo:u;ecca Ha'!HHaeTCH C 'IJieHOB, 

JIHHeHHhiX no 3HeprHH _ tPOTOHa. •BepOHTHO, 3Ta I<HHeMaTHI<a 

HaH6onee 6JiaronpHHTHa - ,[(JIH H3MepeHHH MarHHTHOrO MO-

MeHTa H30_6apbi. , · \. 

B §5 o6cy)K,I:(aeTCH ceqeHne. npo:u;ecca 17 +p -.:..· rr+p y 
.H npOBO,I:(HTCH CpaBHeHHe-C pe3yJihTaTaMH He,I:(aBHero 3I<· 

cnepHMeHTa / 1~ 3TH pe 3YJibTa Thl npHBO,I:(HT B p~MI<aX MO,I:(eJIH 

I< BeJ]H'_IHHe MarHHTHOrO MOMeHTa H306apbi • .,p. Ll++= 3,6 ± 2 
fa e,I:(HHH:u;ax eh/2m c j. 0TMeTHM, 'ITO TeopHH SU(6) p 
CHMMeTpHH npe,I:(CI<a:lbiBaeT p. tl++ =. 2/lp,. 

B npHJIO)KeHHH paccMoTpeHb! Bb!pa)KeHHH .[(JIH narpaH

)KHaHa H nponaraTopa·; llpHMeHHeMb!e npH Bhi'IHCJieHHHX. 

§2.· AMnAumyoa npo!Jecca rr +( q 1 )p_(p 
1

)-+ rr +(q
2 

}p(p
2 

}y(k) 

HcnoJILJyeM narpaH'}maH(II 5)n nponaraTop(ll
6

) H ai>mn

weM ,I:(Harpa'MMhi, ,I:(aiOI.QHe BI<Jia,I:( B Haw npo:u;ecc: 

q1 K q,2 
v~ '. .., 

\ \· ··- V-
' . ' \Ia \ \ . I6' . \ 

p1 ·p2 
* Cxo,I:(Hhie peJyJILTaTb! 6LIJIH nonyqeHhi paHee B pa6o,-

Tax I 8,9/, nocBHI.QeHHhiX tiJoTopo)K,I:(eHmo 2- x nHOHOB. · ·· 
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06cy.nnM BKna.n oT.nenhHhiX .nuarpaMM. ,LJ;uarpaMMhi 4 H 4' 
npe,ncTaBnHIOT BKna,n JapH,na H MarHHTHOrO MOMe.HTa H306a
phl cooTBeT-CTBenno. Bhl'mcnenue BKna.ria- .nuarpaMM 2 U: 4' 
npuso.nnT K M:aTpH'-IHhiM :JneMeHTaM * - - '· 

• - • 2 , .- . --· ----··· . ··'· •t M 4 :;-" · ......... :"~ + , 
... .,..,- ..,_ 

;'I 

. . .:.· _.,.;,o'C;~ . 

~~ -: .. 

COBlla,armH_r C c'9_qTBeTCTBYIOlQHMH Bhlpa:>KeHHHM_~·pa- _ 
6oTh! 2 

( M + M 4 ) Kn • ,BKna,nhi .nuarpaMM 1 H 3 MO:>KHO 
npe,nCTBBHTh B BH,I:(e 

la 3a 1 a · 3a 
M + M = rp 1 ( M + M ) Kll ' 

16 36 16 36 
M + M = rp (M + M ) 

2 KU 

/1/ 

3.nech . ·.• 

rp = 
1 

rp((ij_r-."'- 2• (p -"' 2' = A{(ql_-k)t,(p ~")2) _-
-- . . 'A(m;, (R,.-kl:~} -.~ 

- ·- . - ~ ' 

¢2= rp((q;+k/2;p2), p =p +q 
1 1 

<f>opM<f>aKTOPLI no Macce BHpTyanLnoro " -Me Jona B .nuarpaM
Max 1au t6~ BKna.nLI .nu.arpaMM 3a u 36 TaK:>Ke .non:>KHhi 
CO,nep:>KaTL 3TH <f>opM<f>aKTOphl, TaK KaK narpaH:>KHaH (ll

5
) 

nonyqen JaMeHoii 

a,.,. ... a,.,.-ieA,.,.. 
lionee no.npo6no <f>opM<f>aKTop rp 6y.neT paccMoTpen 

B §3. . 
3aiiMeMCH~ BKmi,noM .nuarpaMMhl 4, ·_-KQT,OPLIH'· HMeeT 

cne.nyroutl{ii · su.zi: · · . 

4 e ll~P (P- k) 
£ M = -- 'A 'A f q q u(p .) :-------
.P. p. 2 1 2 p. 1{3 2a 2 S ·- M2 + iMf' 

m ·. ·- 2 2 TT . 

. .. 
-.- . /21 

* HcnonhJyeM B .nanhneiiweM o6oJHa'-leHHH pa6oThi 

6 

r p.,pq 

r.ne 

1' 

n~13 (PJ 

s 1 - M 2 + i M r u (p 1 ) • 
1 

2 2 S 1 =P, S
2

= (P-k), 

r 1 2 = r r s 1 2J . . A1,2= 'A(m; 's,,2 ), 

k p.rp..pa = 2(~pu (P-k)- Apa (P)), 

Apa {P)llaa (P);,. llpa (P)·Aaa (P) = (P
2
-M

2
) 8pu. 

/2/ 

1 2 3 4 4'· 
CyMMa MaTpH'-IHhiX :JneMeHTOB 'p.(Mp. +Mp.+Mp.+ Mp.+M p.) 
He HBnHeTCH rpa,nHeHTHO-HHBapHaHTHOH, TaK KaK: 

a/ JHaMeHaTenu nponaraTopos co.nep:>KaT MHHMYIO 
'-IBCTL, CBH3BHH)'IO. C UIHpHHOH H306aphi; . 

6/ BBenH 3BBHCHMOCTh A H [' OT 3HeprHH, cne,nyH /2/; 
s/ BBenu clJopM<f>aKTop rp B MaTpH'-IHLie :JneMeHTLI · M 1 H: 

M 3 • . . . -

Hcno'nh3YH /1/ H /2/ H <f>opMynLI /4-9/ H3 pa60Thl /2/, 
. HBXO,I:(HM, '-ITO 

~-

1 2 3 4 4' s 2e 
k p. (Mp. + M ,.,_ + MIL + Mp. + M p.) = - kp. M p. = -;;;-r q 2 q 

1 
t:~. u (p2) 

TT a. tJ 

l(2Pk 'A 'A,+ 'A 2 ¢2-1) llaf3 (P) 
1 1 2 Sl-M2+ iMf'l + 

+ (2Pk'A A'- 'A 2 
'2 ' 2 

rp -1 lla{3(P-k) 
L-) + 
2 S - M 2 + iMr 

2 ' . 2 

-2 P k iMr'll a,8 (P) + Oif' 
1 

(llaf3(P)- lla/3 (P ~ k)) 
+ 'A 'A .· . ·. - . . .. - }u(p ), 

1 2 rs
1

.:..M 2 + iMr~ J(S
2

- M 2+£Mr
2
·r 1 
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. . 2 ' . .2 2 

'A'·= 
aA(m;,P 2

) 

aP 2 
, r'=·· 

d r (P J , _,.._. ·, , = a ¢( q , P ) 
. . . , ¢ . -. ___;.~--'-....:. 

dP. 2 "·, · aq 2 ' 

;3; 
ilOJIL3YHCL /3/, HaH)J.eM, qTo )J.OITOJIHHTeJihHOe CJiarae

MOe, Heo6XO)J.HMOe )J.JIH BOCCTaHOBJieHHH rpa)J.HeHTHOH HH
BapuaHTHOCTH, HMeeT BH)J.: . 

5 2e ., (2pp.A. 1 >.'·+A.~·'.¢/:q2 )ITa{3(P) 
M = _, -- q q ;; (p ) I ll' + 

ll m 2 2 .1{3 2 S •f· 2 "~ . 
17 ; a · , . , 1 ~- ll , + l ltf r 

1
. 

na/3 (P- kJ 
. I \2(,/..'q +..!_j__P)]. '" 2' . . 

+[2Pp.i\'A +1\ 2 '~' 1/l aP_2 P.. s2 ,~M +.~Mr2 + 

-2P iMr'n_ rfPJ.f. iMr··an (P'JldP' 1• , 
+A.A. a 1 a(:3 .. f.L·P=P.}( ). 

1 2 . . . . . . . . . u PI 
· ' ( S - M 2 + i MT }(S -M 2 + i'!tl r ) 

.1 1 2 2 

/4/ 
ilpu nonyqennn /4/ MLI npe.u.noJIO:lKHJIH, qTo nepaoe 

cnaraeMoe CBH3aHo c .n.narpaMMaMH 16 , 26, 3 6, BTopoe -
C la, 2a, 3a, a TpeTM~ H qeTBepTOe- C 4. 

ilocne ne CJIO:lKHLIX BLiqncnennii naii.n.eM BLipa:lKenne .D.JIH 
M 4+ M 5 B cncTeMe noKOH H3o6apLI: 

t: (M 4 + M 5 ) 
p. p. p. 

~I A.1A.2 

m 2 M ( E - M + i ..!J. )( E - M- (Ll + i r2 ) _ 
1T 2 2 

. J' 
[.(E-M - (Ll + i -·-1 )w t ; +(.E-M + i. ~1 I(Ll t q ] + 

2 2 e 1r 1 r 2e 

\ 2 ,!..'( ...... ) \ ~.,~..,r>_· ... ) 
1\· · '~' c q 11. · '~' r E q · · . . 

[ 1 •2 ·2 • 1 ]' 
+: + ------···-, -· q 

E If • r, E M . . I •} . 2 
-Lt. +t;;..o__ - -w+z-.....;;....o,. ·e 

2 2 

/5/ 

l d 
·. c, q] 

r. 

·8 

1 
r.n.e d = o - -rr- u· .u H on~en BKna.n. oT HopMaJILHoro er er .J e r 
MarHHTHOrO MOMeHTa. ~ 

Pa3HOCTL Me:lK.D.Y /5/ H ~opMynoii /13/ H3 pa6oTLI hi 
CBO)J.HTCH K BLipa:lKeHHIO 

E (M 4 +M 5 }-t: (M 4 + M 5
) = 

P. EL P. 11 11 · P. Kn 

. 2 e I A. A. [ ( (Ll . • r1 - r B) -- -+J (Llq E-
-2 M(E M . r1 )(E M . r., I 2 . 2 1 2 r m - + t-· - -(Ll+t-"-' • e 
1T 2 2 

-(..!:!-i 
2 

A. 2 1 .... -+ 

r,-rn;(Ll q f 1+[ z¢(t:q2J + 
2 · 2 1 e , M • rl 

r f -· + J-
2 

+ 

)..2 ,l..'(i .... ) 
. 2'~' ql 

-::---::----=-~--] . . 
E-M-(Ll+i•r2 q2 ql lde 2 e r r 

qTo 3aMeTHO MeHHeT 3aKmoqeHHH pa6oTLI /2/;t 
.. 

§3. "MJtzKonuoimbtii" npeoeA u napa'Mempbt 

/6/ 

e aMnAumyoe rr +(q 1 )p(p1 )--.rr+(q2)p(p 2 )y(k) .. 
ilO)J. "MHrKOllHOHHLIM" npe)J.eJIOM .ITOHHMaeTCH npe.n.en 

q
2 

.... 0:ilPHMeHHM ~nre6py TO_KOB SU(2)xSU(2).,runo"te3y PCAC 
H BLiqHCJIHM ' . • 

'" . 

, , -tq " A,+.. . em . 
tq 2 T = tq

2 
fdxe 2 <fl8(x)[lv · (x),l (O)]Ii> 

vllV v f.L · 

A m 2 f 
=-T.-i ·rr rr 

fL 
' 

• .. /7/ 
q2 ·- m 2.· · 

,M . .. 
'fL 

2 1T 

. 9' 



}.ne_cb TILA=<fP :.~ i > . , MIL=< rr +(q2 ) fl f ;ml i,?' :n nc-

nonh3oaana runoTe Ja_ PCAC H KOMMyTa·fop' anre6pbl' TOKO~ 

0 p.1;·+= m: frr¢rr+• [f:'+(;,o), f;m(O)].~'-J~'+(O)B-3 (;)+.;. 

Bbt6epeM li>=lrr+(q 1 )p(p 1 )> ., lf>~lp(p2):> 
,nanee C'IHTaTb lPOTOH BHpTyanbHhiM (k 2-j, 0). 

flepexo.n11 K npe.neny q 
2

... 0, nony'lnM 

lim f l1 
q ... olliL 

2 

-£ T A 
f ll (.1. • 

TT 

•. ,_< 

! 

-H 6y,neM 

/8/ 

r.ne M = M MHHyc a·Kna.n .nnarpaMM HJnyqenuR MRrKoro 
nnona ll aneJtun'Mu nnnu RMH a nee a.noae KTopnoii Teopnn. 

I ' • • 

Bbi'IHCllHM neBylo 'laCTb' •/8/' c llOMOlublO narpan>Knana 
. /fl5/ u nponaraTopa /I16/. TaK me KaK a' §.2 88e-:neM.!lJopM
lbaKTop ¢ u JaancHMOCTb ).. u I~ oT :JHepruu. 

B npe,nene q -... 0 OCTaeTCR. BKna,n KOHTaKTHOH. ,nuar-2 . 
paMMbl 3 6, paBHblH 

"' e)..2 - - llfLa (P) 
lim f M = _ _L ¢ E q u(p ) u(p 

1 
), 

ll ll m2 3 ll 12 2 s -M2+ iM[ /9/ 
q2 ... 0 '; . rt ; . . ' . . 1 ' ·. • . . 1· 

r.ne_ :~3 = ¢(k2,P2 ). 
'·· 

B npaaou' Y:a.'crn /8/ B o6nacru' p~~onailca .noMHHliPY~T. 
.nnarpaMMa 4 

Jf3 C006pa:>KeHHH KOBapHaHTHQCTH 

. . A,+ ++ - · : p v 
' < p ( p ) I 1 I 6. (P) > = u ( p ) I A 0 + .(A .. - + 

2 p. 2 1 11-a : 2 · m 
p 

10 

; .. 

II 
/ 

l' 

·; 

·+·A·'' P.2 V· -+:'·:4 · : /.L(lJ'> 'k'- ;_· t/ k' f+'' 
. - 3 4 Y.v .. ·m - " a v·· "V 'a · ·· · ·-- . m · . . . .. . .· ._ r r- -. J •• '-· .. p p ':. ,\ '1!:- • • l .~ ~-:: 

r·-; 

. .A . : 
. ( ... , rt 1 '..!.· •.• 
+' -- ';' + 

; .!' r 1- 'it . . . . '. :.,.. . .. · .. 
-2-· 

5
·)k k l u ··( ·.) ... /,10/' 

m p.a aP·. -· · 
m2 

TT 

k2 m 3 
rr: 

. ' 2-. . 2 ·. 

3.necb A. =·.A, (k ,P ) . .-' . . 
A . 

rnnoTe3a PCAC npnao,nJIT K COOTHOuienmo 

k-2 . ·)..1·. 

-A =f -¢ 
2 

5 TT 3 
m m 
:A TT 

AI + 

" 
\ : .... 

·'/11/ 

... 
Ilo.ncTaauM /9/ u /10/ a: !lJopM'yny·/8/. Jleri<o· JaMeTHTh. 
npn 3TOM, 'ITO aMllllHTy,na B Harneif MO,nenu HMCCT npaBUllb
HbiH "MHrKOllHOHHbiH" Iipe,nenl ecnu ... ' • -~ '. ··· · '· : 

-. f ·I:: - . ·. : ~ 

A=[~¢. A--= A j =-A4 = 0. /12/ 
1 11 m 3 2 

1l 

B .nononnenue K 3TOMy: 'H3· /ll/ H /12/ cne.nyeT, 'ITO 

' .. -_. A 
5 

=· 0. ~: /13/ 

TaKnM o6pa3oM, a o6meM ~nyqae npu •npou3aonhHhiX A2 , 

A , A , A 
5
. neo6xo.nnMo an.noHJMeHHTb !lJopMyny /9/ 

3 4 . 6 
/.nnarpaMMa 3 I, .no6aana K neil Bbtpamenne 

1 p . . ·,;' 
c q·

1 
f- u(p )[(A ~+A ~"+ 

p. Q TT 2 2 m 3 -
tJ P mP • 

·'· .· 1 ... :· ·. . . . 
A y )-(8 k - 8 k .) 

4 v p.a v p.v a 
mP 

; .:_. ~ ·' 

' . :_. '/14/ 

~ . ' '- '. i; 1 • !"~_ : f :. .: ... , · n· ··rpr· -_ ·_ _ -
+ ·-· -

1
- A (k 2 lJ ·- k· 'k )] 'af3 ·_. '"'' u:(p':) .'' _ 

- . :·m 2 ' s. • p.a . ll,, a .. : . S ·- M 2 + . i M r' . -. z . . : . 
. _. A . ,. l . . . , . ·: . - 1.. . __ , _. 

Bbtpa~enne 'It~/ ~BnReTC.SI,, rpa~ne,HTHO-HHB~pnaiiTHOH ae
llH'IHIIOH npn. q

2
·= o·.. . . -- ' . ,. , -~ .· .. ·· .. ,. . _.·,:., · .. >.,.,, ', , 

II' 



'f' 

llpH nepexo,ne K lPH3H'leCKHM 3Ha'leHH.f.!M HMnyJibCa q 
6 ~ I . ::z HeO ·xo,IJ;HMO COXpaHHTb 3TO CBOHCTBO ,nJIH rpa,IJ;HeHTHOH 

HHBapnaHTHOCTH Bceii aMnJIHTY.IJ;hi nponecca 11 p .... up y I 
.H,BepOHTHO,CJie,nyeT ,no6aBHTb JIHHeHHOe no q

2 
CJiaraeMOe 

na,B (P) 
_, Jo k J 

£ q u(p )B((Icq 2 11a-q2 a S -M2 + iMr
1 

fJ. z,a 2 
I' 1 

( u(pl) .. \ 
.' \ 

llpn'leM Bee <lJopM<iJaKTOphi A l =A i ((k + q 
2

) 
2

, p 2 ), 

B = B (( k + q 
2

) ~ P 2 ). 

. /15/ ' -...__ 

0TMeTHM, 'iTO <lJopM<iJaKTop B HBJIHeTcH noJIHOCThiO 
aeonpe,neneHHhiM. ,D;ane e npe,nnonarae M 

B = o. /16/ 
~To .. KacaeTcH <lJopM<iJaKTopo~ · A. , To .IJ;JIH .nx oneH'KH Mhi 
Mo)KeM :BocnoJih30BaTbCH pe3yJib~aTaMH aHann3a /s/ 3Kcne
pnMeHTOB /6,7/ no HeHTpHHOpO)I{,IJ;eHHIO nHOHOB, H3 KOTOpo-
ro cne.nyeT: ~~. 

a/ npn k 2= 0 A1=1,2/PCAC/, ~A 2 = 0,3 A 3 = A4 = 0 
A5 -Heonpe,neneHHO /17/ 

2 

I 2 2 2 ' 2 k -2 
6 A(k ,P =M )=A(O,M )(1--), 

m = {0,84 ± 0, 14) f9B, 

,D;anee npe.nnoJIO)KHM,. 'iTO 

A5 = o. 

m2 
A 

'{ J' 

/18/ 

3To- npe,nnoJIO)KeHne no3BOJIHeT onpe.nemiTh <lJopM<iJat<
Top ,pc noMOinhiO /11/ n /17 I. 

,D;anee, npn 3Ha:":IeHnn, A
2

, ,naHHOM B /17/, y'leT era 
6biJI 6bi npeBbiWeHHeM TO'lHOCTH, n03TOMY HM npeHe6peraeM., 

B HTOre, npJi yKa3aHIJ;bl~ :BbiWe. npe,niJOJIO)KeHHHX /1.6/; 
/18/ n ou.eHKax /17/ npnxo,nnM K aMnJIHTy,ne npou.ecca 
u+ p 4 ''u+p y ~. r,ne e.i:J.HHCTBeHH'i,IM. riapaMe-Tpo~ ~BJi~eTC~ 
MarHHTHbiH MOMeHT H306apbl. · ~ ·"' '., . ,;··>:· 

121 

§4: AMn;zrlmyoa a KOAAUHeapHoiiKuH.e,MamuKe"· 

AMnnnTy,ny _pa.nnau.HoHHoro npou.ecca .(a .... {3 y) MO)I{HO 
Bhipa3HTh qepe~ .aMII.TJ;HTy,LJ;ynpmiecca(a.-+ ,B)u ee~.:npon3-· 
BO~Hhle C TO'lHOCTbiO ;II,O qneHOB,.JIHHeHHhiX no ·uMnyJihCy 
<iJoToHa k = (f?, cu) • . 3To yrBep)K.IJ;eHne cocTaBnHeT co,nep)l{a
Hue TeopeMbi Jloy /H/.J,lonpo6yeM Ha·H:Tn KttHeMaTnqecKne 
YCJIOBIIH, rrpH: KOTOPhiX . BKJia,D; - CTPYKTyimoro niriy.JeHJIH 
cpaBHIIM c aMIJJIIITy,noii B IIpu6JIII)KeHnn Jloy. AMnJIIITy,na 
npou.eccaTTz(q1 )p(p 1) .... TTz(q 2 }p(p 2 ), z=+;- HMeeT BII.IJ; 

Z Z A A Z 

T =A (s 1 t)+(q1 +q~)B (s
1

t), 

/19/ 
s = (qi+ p·I)~ t (pl-p2,)2 •. 

0603Ha'liiM :~-->-:<•· 

a A a B a T a A "' " aB a T. - + (q + q )·-=--. --+(q + q ,_. =-· 
as 1 2 as as at 1 ·.-. 2 at at 

p + q = p ' 
1 •. ·z pl-p2= f.. .. /20/ 

Tor.na IIepBbie ,nBa "IJieHa pa3JIO)KeHIIH IIO cu .nn1_1 aMIIJIIITY.IJ;hi 
TTz(q 1 )p(p 1 ) ->TTz(q2 }p(p2 }y(k)BblrJIH.IJ;HT cne,nyrornnM o6pa-
30M: 

;. 

t:q2 -~q ·. f,P _Ep · 
£ M =e![z(----~)+~....:~]T+ 

/l fl. kg kg kp kp 
2 1 2 1 

t q £ q £ p . E.p a T · 
2 k A r r . 2 . 1 1 1 · 2 ·+ Ll z ---- -t --.-.-]--:+ 

k 9 k q · ·k P . k P · a t 
2 I · 1 2' 

') . (q 
+ - k P ( z -·---L 

kq 
I 

c P aT 
+ __ J_. )-- + 

kp ,J$ 
. 1 . 

l q] ·' 
~r __ -t 

~. ~.ql 

( q .. 

kq; 

.... 

A 

J k B 
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ar A 

-2PE(z+s)- -2Z£B+ 
as 

r.tp A "· 

+ -8[2f{kq +kq }-2(Eq +Eq )k] + 
2kp 1 2 1 2 

1 
/21/ 

, 
P.p 

+-
kll. AA 

-·- Ek T 
kp 

/l . A 
+ --[2t:A+2fEq +Eq )8]-

. 1 2 
2kp 

1 

ll' 
2m p 

ll'=ll -1. 
p 

2m 
2 p 

Ep 1 A Ep2 A 

(--Tk + -·--kTJI + 0((1)), 
kp kp 

1 2 

)J.anee ~;:J;o6uo rrepeii:TH ~ c.u.M. q1 + p{ = 0. PaccMoT-
PHM cnylfaH, KOr;:J;a (} <<...1, IOq ki=IO kl == ()q q • 
B 3TOM cnylfae q 1 q2 l q2 1 2 

-+-+ -+-+ A2 (}2 
f q "" f q "" (} , t = L\ = 

l 2 q q q 1q2 
1 2 

B rrpe;:J;ene ()q q .... 0 aMrrnHTY ;:J;a .B rrpu6nH:>KeHHH Jloy I ., . 
/Bhlpa:>KeHHe B {blirypuoii: cKo6Ke /21/ I cTpeMHTCH K uymo, 
a BCH aMIIflHTy;:J;a CTaHOBHTCH IIOpH;:J;Ka 0 ( w). 5JCHO, 'ITO B 
3TOM. cnyqae cne;:J;yeT O:>KH;:J;aTb 6onhmoro BKna;:J;a OT cTpyK
Typuoro H3nylfeHH>I. 

§5. PeaKtiUJl "+P .... u +P y u MaZHUTIZHbli1 

MOMeHm U3o6apbl /l. ++ 

B KHHeMaTHKe I 2 ~ r;:J;e rro;:J;asneu BKna;:J; oT 3apH;:J;OB, 
celfeHHe BhirnH;:J;HT cne,nyromnM o6pa3oM 

du 

d(J)d81d82· 

2 . 
~ mp•q:z-w 

2 4 w 72 rr mrr q
1 
E(E- w(l+-=.2.)) 

. . q2 

tC
0 

+ C
1

8
1
+C

2
8

2
). 

-~A-

-+ ... 

81,250,3, 81 2= 1 + cos () 1 2 ' () 1 2= ( k ' q 1 2 ) . . . . . . 

14 

·. 
. w w 

c .. IF(¢ +ll )-F (¢i+p.f- - 2 F .+:~F..-+.F 1
2

' 
0 1 2 2·-··2 1··.1 .. : .·· 5 ·- 6·· 4" 
. . ... · -- . ~ . q 2 .• ;ql_ ;" · ... 

2 . . •. . . ' 1 . 2 

c 1,2 =IF1,2 I (( 4 r/J2,I -1Jr~J2,1 - 3 ~-'2,I ¢2,1. - 21l2,1 J + 

+IF 2,1 
2q1 2 )-,/.. (1 +· . 1 2[4A2 -21LI,2'~'1,2 .. E '-:-pl2 

. . 1, 2 1,2 • 

3 2 
·--ll -2a (s +ll )] 

4 1,2 1,2 1,2 1,2 
/22/ 

-··-······· .... : 3 . '·· 
+ 2 Re F * F [ -4 A ( ¢. + .J..Il ) + ¢ ¢ +--. ,.t. ;p· + ,.t ¢ 

1 2 1,2 ·2,1 4 2,1 ··.I 2 2 1,2 2,1 2,1 1,2 

5 (,I. .. -· ., q 1 2 . ( ,/..' )] +-ll,.t:+a '~'. +,.t + ,i .'t' +,.t .. 
4 1 2, 1,2 2,1 ·2,1 E .. ·1,2 2,1 2-,1 · 

' -p -
1,2 I, 2 

w . 1 
+2ReF* (F_,F) · 2

•
1 ·(; . .'4cp' +-_p.·-)+.,· 

I, 2 5 6 q. · . 2,1 2 2,1 
:2,1 

.. w 1 
+2ReF* (F,F) 2•1 (~¢ :""-·,.t +4A · )+ 

2,! 5 6_· •. q 2,1 2· 1,2 . I,-2· 
2,1 . 

w 2 
2 2 1 

+51 F , F I ' + 2 Re F* 
5 6 - 2 . I, 2 

1 
( F , - F )- r ¢ - JL ) 

4 · 4 2 . 2,I 2, I 

2,I . 

-2ReF* (F ,-F )[5/2A -ll (7/8 + q1.2 ) -
• 2,1 4 4 1,2 1,2 . E .. _-E!-

1,2 .. .. :1,2 

// 
f 

-r/r -a ] 
~.2. 1, 2 v;•' 

2. (iJ • • .: 

+_§_IF I -7/2 1•2 · Re.(F
5

;.F )'(F ~·-F· )~ ·· 8 4 .. · . 6· 4.-4. 
. . q 1,2 . .. .• 
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IL '=p. ·. ' q 1,2' (1.:. 2p. p -,1 . . Pz ~ ) , 1,2 P E 
1,2- p1 2 2p. m 

. . p p 

. ... 

¢ =0+,-1,2 

2q . k -2 
1, 2 ) 

m 2- m 2 
.A·~. "TT' 

a - f+ ) 2 .rl. 1,2 -' '- q ( 'I' 1,2 
1 

p'.k +,-¢') 1,2 
q 1,2 k 1,2 . • 

AI 2 = al 2+ . . q 1 2 . 
+ 

w:· + q. 

M . 
....L2. 
4 

F 
1 

F 
4 

F = 
5 

F6 

": 1-; 2 . c 1, 2 

2 
>..1 q l 

E-,· M +.i 

2p.ll 

.n_ 
·2 

,.· F 
2 

>..2 q 
....l.. 2 

E - M - w + i .£.2. ' . 2 

>..1 >.. 2 q l q j. :w 
--.;-·· , r1 . · r 

m (E - M + i- ) f E-M- w + i -l,) 
p 2 ' . 2 

r 
q 1 q 2 _( E - M. - · w '.+ i + ) 2>.. >.. 

' 1 2 -
(E - M + i r 1 )(E-M - w + i r 2 / 

2 ' 2 
M 

2 >..1 >.. 2 
q q ( E - M - w + i _s. J - 1 

1 2 2 • M 
·. - j 

Qt)cy,nn~ ~OpMyny /22/: 

Bo-rrepBLIX, B OIIHCaHHOH BhiWe KHHeMaTHqeci<OH KOHqlll'". 
rypaUHH 3HaqeHHH HHBapnaHTOB k q

1 
H k q

2 
, .BXO,D;HLQHX 

B clJopMI}JaKTOp ¢ , 6JIH3KH K · MaKCHMaJILHLIM /II pH 3a,D;aHHOH 
:meprnn I}JoToHa/, cne,noBaTeJILHo, yqeT I}JopMI}JaKTopa ¢ H~
o6xo,nnM. ,[t;anee, \ CTPYKTypHoe n;myqeHne '.naeT)J OCHOBHO;M · 
BKna.n B C

0 
, a C 1 h ·c 2 ''co.rl,ep)KaT, .r.paBHLIM o6pa3oM, 

'16'' ;>~ 

qJieHLI TOpM03HOrO H3JiyqeHHH B COOTBeTCT~HH C pe3yJILTa
TaMH §3. Ba)KHOii: oco6eHHOCTLIO I}JopMYJILI /22/. HBJIHeTcH 
cmii.Ho{coKpallieiiif~-!J ··_,q0 'ri)?n :~ 1 ,;;~qo'~:(~B(c, ~-A+~ := 2-~~ • 

06cy,nHM He,D;aBHO orry6JIHKOBaHHLie pe3yJILTaTLI 3KCIIe
pHMeHTa /1/ IIO pa,nnaUHOHHO~y· rr+p- pacceR'Hmo, rrpoBe,neH
HOro B OIIHCaHHOH· BhiWe. KHHeMaTnqecKOH-KOHI}JHrypaUHH 

.J_o
1

;
2 

< 0,3; T
11 

= 294 M3B/. H3Mepeiml,rii ·3Heprein<iecKnii: 
CIIeKTp I}JOTOHOB ·.HMeeT B OCHOBHOM xapaKTep CIIeKTpa 
I}JOTOHOB. OT TOpM03HOrO H3JiyqeHHH, T.e. 

da 1 
·"' --. 

dwds~ds2 w 
qTo COOTBeTCTByeT MaJIO'CTH ·. BKJia,na OT C B '. ceqeHiie •.. 

· AHaJIH3-crreKTpa I}JoTOHOB,H3MepeHHor.o B 3TOM gi<crrepnMeHTe 
,li;O Ci.l = 100 M3B * /rrepBLie CeML · 3KCIIepHMeHTaJILHhiX 
Toqer(/,, C IIOMOIQhiO ~-I}JopMyJILI ji2f IlpHBeJI K. ,}Ha..feHHIO 

· IL A:t-+ =_3,'6±..2. rx = s:l3J . ·. . 
rrpn_: m -1 ~ _600 M3B, A 5 =0 a I}Jop~ynaxj 11/ n '(17/, nnn /IP~ 
m A- HOO M3B, As= A1 • pocKOJILKY A1 , A5 ~ m:t. Bxp_,nHT 
B aMIIJIHTy,ny Heii:TpHHOpO)K,D;eHHH IIHOHOB, HCCJie,D;OBaHHe 
pa.nnaunoHHoro rrp -pacceJ:IiinH ,naeT. cBei:(elin.Si'o Il'apaMer
pax B aMrrnnTy,ne Heii:TpHHopo)K,neHHH rrnoHoB. · 

B 3aK.JiroqeHne aBTOP BeCLMa rrpH3HaTeneH H.K.IloTaw
HHKOBoii: 3a rrpoBe,neHne qncneltHi.ix ·. pacq~TOB Ha 3BM. 

ABTOP BLipa)KaeT rny6oKyiO 6naro,napnocTL JI.H.Jlarrn
,nycy 3arro.n.riep)KKy'n nHTepec K'pa6oTe, aTaK)Ke JI:A.KoH.ri
pai'ro.Ky, JI.A.IloH.OMape:By ~ ·A.B.Ta.pacoBy 38. 'rrone3HLie 
o6cy)K,neHHH n ueHii:bre 3aMe<iaH:nH: ABTop BeCLM8: rrpH3Ha
TeneR· K·:JieyHry, rr·pncnaBII!eMY Ta6nnuy' 3KcrrepnMeHTaJIL-
HhiX ,naHHLIX. 

JlpUAOJICe_HUe 

CBo6o,nHLiii: narpaH)KHaH rronH co crrHHOM .·3/2. HMeeT 

BH,ll; /13,14,15/ L ="¢·A tfr· ,~A = ra·+M)o ' +· 
CB #1 fll' V f.LV . [.LV ., ·. 

A ' 

+ A r r a " y a J .. I! r a r. ..:eM y y , 
. ./L y .. v.f.L. . . p .. v .. '··· /.! y 

* 310 orpa11H';H.'IIJI('· CJHI33.HO C Ilp.e,nenclJ.,{ npHMCIIHMOCTH 
Haweii MO.D.CJIH. 

;:'.-, 
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ij 

!\ 

I 
;j 

r.u.e A f. -1/2 
C = 3A 2 +3A _; 1. 

2 
rrp,oH3BOJibHoe. 'IHCJIO, B = 3/2 A +A+ 1/2 , 

H3 /Ill I cne.u.yeT ypamieHH'e. H .IJ.OIIOJIIIHTeJibHbie ycno-

BHH, HCKJIIO'laiOIUHe JIHIIIHHe KOMIIOHeHTbl y BeKTOp-CIIHHOpa r/1 . ' ' . ' ,_ . 
p.. A p. v t/J v = 0 , · Y'p. t/J p. = a jt. r/1 p. = 0 • . 

IlpH ~OHTaKTHOM rrpe.o6pa30BaH'Hif' 

t/J -+ t/J' = ip + a y y r/1 , a =/ - 1/4 
!l !l !l p.VV 

/II i 2 

Lca(ifl'!A) = Lca(ifl,A'), 

r .u.e -A'::,-·A.TT+·4-dT+2~ . -·· . ·-· 
IIporraraTop /II6. I TaK>Ke co.nep>KHT rrapaMeTp A, TaK 

KaK 'IHCJIHTeJib rrporraraTopa llaf3(P) Haxo,IJ,HTCH H3 ycnoBHH/ 121 
·• ' - ._:- ·-

A (p) ll (p) = ll (p) A (p) =( P 2-M 2
) o · . /II / 

pa a.r pa ar pr 3 

O.u.HaKo H3 /II 2 / cne.u.yeT, 'ITO paaHorroaBHbi JII06bie 3Haqe

HHH napaMeTpa A • IIOCKOJibKY IIOJIH t/JIJ. H . r/i: . paBHOIIpH-

rO,IJ,Hbl ,IJ,JIH OIIHCaHHH IIOJIH CO CIIHHOM 3/2. . . 
· Peiiie~He, rrpo6JieMbl /JS.~ COCTOHT B. TaKO~ BKJIIO'leHHH 

B3aHMO,IJ,eHCTBHH, 'ITO 

L b ( 1/J ', A) = L b ( ifJ , A') 
3 3 

/IT4/ 

H HCIIOJib30BaHHH TeopeMhl /I6~ COrJiaCHO KOTOpOH ~H3H
_:qeCKHe Ha6nro.u.aeMble BeJIH'IHHbl HHBapHaHTHbl no OTHOIIIeHHIO 

K JII060MY KOHTaKTHOMY rrpeo6pa3oBaHHIO IIOJIH. 

CorJiaCHO :noH Teope,Me aMIIJIHTY.IJ.bl, IIOJiyqaeMbie c no
MOIUblO · narpaH>KHaHOB /IT1 I, /IT 4 I H nporraraTOP(l /II 6 I, 
He 6y.u.yT 3aBHceTb OT rrapaMeTpa A, a Ha rrpoMe>KyTotiHbiX 

:narrax Bbi'IHCJieHHH Mbl MO:>KeM HCIIOJib30BaTb mo6oe Y.IJ.06-

Hoe 3Ha'leHHe 3Toro rrapaMeTpa • 

. B pe3yJibTaTe rrony'IHM: .. 
L b 

3 

A -
• '1/J 8, v t/Jv (a p. + ie All ) ¢ 17 + 
lm r · 

\ 

TT 

+ e r/1 [ Q A r . All + 2.. 
· .· p . u p., pr r 3 

~ 
2mP 

s ELV • p r ' F ELV ] i/1 r ' 
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r~ 1 . . 
f)p. v = op.v + [ z + 2 A ( 1 + 4 Z)ly llyV ' 

r =-r o - A r r o + r o J - B r r r . /II 5 1 fl, pr p. pr p p. r r p. p p p. r ' 

1 
p.v,pu 2 

_ Q l1 H 'p.' l1 -. 3apH.IJ. H aHOMaJibHbiH MarHHTHbiH MOMeHT 
..... __ -----H3o6apLI.... ... - - · - - - --- --· ·--------- ---

llpH YCJIOBHH, 'ITO H306apa He ,IJ,OJI>KHa ,IJ,aBaTb BKJia,IJ,a 

B .s-aonHy trp ->trp peaKUHH Ha rropore, Z= 1/2. 
IIporraraTop, cne.u.yromHH H3 /II3 1, HMeeT BH.IJ.: 

n p[PJ ,.. 
Ca~ (p) = a , IT -fP}=(P+ M)[o ~+ 

~" p2_M2+ iMr(P2) ap a~" 

1 1 2 
+-y y + - ( y p _,p y ) + --P p ] -

3 a {3 3M a f3 a f3 3M2 a f3 

P 2 -M2 1 A + 1 1 A+ 1 "' --· [- Py y-
M 2 32A+l 2 2A +1 a f3 

A A 
. -Myy,B+y Pf3+ p y ,8]. 
2A+1 a a 2A + 1 .a - · 

IlpH KOHKpeTHbiX Bbi'IHCJieHHHX y.u.o6Ho rroJIO>KHTb A = ~1. 
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i_ 

Y CJIOBH.H 06MeHa 

llpenpHHTbl H C006UleHH.II 0J1JIJ1 paCCbiJiaiOTC.II_ 6ecnnaTHO, Ha OCHOBe 

B3aHMHOro 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, na6opaTOpH.IIM, 

6H6JJHOTeKaM, Hay'IHbiM rpynnaM· H OT)J;eJJbHbiM y'leHbiM 6onee 50 CTpaH. 

Mbi mKH.n;aeM, 'ITO nonyqaTeJJH HJ,laHHH OHJIH 6y.n;yT caMH npo.IIB

JJ.I!Tb HHHUHaTHBY B 6ecnna THOH nOCbiJIKe ny6JJHKaUHH B ,1J;y6Hy. B nop.II,D;Ke 

06MeHa npHHHMalOTC.II Hay'IHble KHHrH, )l(ypHaJJbl, npenpHHTbl H HHOro 

BH.n;a ny6nHKauHH no TeMaTHKe OHJIH . 
E.n;HHCTBeHHbiH BH.ll; ny6JJHKaUHH,KOTOpbiH HaM npHCbiJJaTb He cne.n;y

eT,-3TO penpHHTbl /oTTHCKH CTaTeH, y)l(e ony6JJHKOBaHHbiX B Hay'IHbiX 

)l(ypHanax/. 

B p.11.n;e cnyqaeB Mbi caMH o6pamaeMC.II K nonyqa TeJJ.IIM HaUIHX HJ.n;a

HHH C npOCb60H 6ecnJJaTHO npHCJJaTb HaM KaKHe-JJH60 KHHrH HnH 

BbiiTHCaTb .li;JI.II HaUieH 6H6JJHOTeKH Hay'IHbie )l(ypHaJJbl, HJ)J;alOUlHeC.II B HX 

cTpaHax. 

0TAeJibHWe 3anpocw 
JiJ,!J;aTeJJbCKHH OT,!J;eJJ e)l(erO,!I;HO BbiiTOJJH.IIeT OKOJJO 3 000 OT.ll;eJJbHbiX 

JanpocoB Ha BbiCbiJJKY npenpHHTOB H coo6meHHii OHJIH. B TaKHX Ja

. npocax cne.n;yeT o6.11JaTeJJbHO yKaJbiBaTb HH.n;eKc JanpaUIHBaeMoro 

HJ,!I;aHH.II. 

AApeca 

llHCbMa no BceM BonpocaM o6MeHa ny6nHKaUH.IIMH, a TaK)I(e Janpo-

Cbi Ha oT.n;enbHbie HJ.n;aHH.II cne.n;yeT HanpaBJJ.IITb no a.n;pecy: 

101000 MocKea, 
F;zaeHblii no'lmaMm, n/JI 79. 
H3oameAbCKuii omoeA 
06'beOUHeHHOZO UHCmumyma 
JIOepHbiX UCCAeOoeaHUU. 

A.n;pec )J;JJ.II IIOCbiJJKH Bcex rry6JJHKaUHH B ITOp.ll.li;Ke 06MeHa, a TaK)I(e 

,!J;JI.II 6eCIIJJaTHOH no.n;nHCKH Ha Hay'IHbie )l(ypHaJJbi: 

101000 MocKea, 
FAaBHblii no'lmaMm, n/R 79. 
llay'IHo-mexHu'lecKaJI 6u6AuomeKa 
06'beOUHeHHOZO UHCmumyma 
JIOepHbiX UCCAeOoeaHUii . 


