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1. B6eoeHue 

He.naaHo ony6nHKOBaHbi pe3ynbTaTbl H3MepeHHii ,nH!}>!}>e- . 
" . u " + -

peHu;HanhHbiX. ce'leHHH ynpyroro 11 p- H 11 p -pacceHHHH 

a o6nacTH :meprHii oT 88 .no 292 M3B ! 1
1.TollHOCTb H3Me­

peHHii 3,IJ;eCb 3Ha'IHTe_nbHO hpeBbiiiiaeT TO'IHOCTb. · paHee 

BbiiTOnHeHHbiX 3KCITepHMeHTOB. · Ha OCHOBe 3THX ~aHHbiX 
npoae.ne:u:· !}>a30Bbiii a:u:anH3 /2/, KOTOpbiH B .nanbHeiiiiieM Gbm 

HCIIOnh30BaH pa~oM aaTopoa .nna Bbi'IHcneHHH s:-H p :.aon­

HOBbiX ,nnH:U: pacceHHHH, ITllOH-HyKnOHHOH KOHCTaHTbi CBH3H 

f 2 H BeiiH'IHHbl a -qneHa B paMKaX .IJ;HCnepCHOHHbiX COOTHO-
-~~H~~~. . . . . . 

HH>Ke .nna a:u:anH3a s -aonH 11N -paccea:u:Ha Mbi Hcnonb-

3yeM cniTH'leCKYJO Mo.nenh. Pa:u:ee 3Ta Mo.nenb y>Ke npHMe­

:u:anacb B TaKOM a:u:anH3e 16 •7/. B :u:acToa~eii pa6oTe c.nena:u:a 

ITOITbiTKa ou;eHHTb Tal(~e H BenH'IHHY a -qne:u:a, KOTOpaH 

HeCeT Ba>KHyiO· HH!}>opMaiJ;HIO 0 MeXaHH3Me HapyiiieHHH npH-

6nH>KeHHbiX CHMMeTpHii, TaKHX, Kai< SU(2)xSU(2) · , SU(3) , 
SU(3)'xSU(3) H ,npyrilx. 3ToT no.nxo.n 3acTaanaeT 6onee 

TID;aTenbHO ITO.IJ;OHTH K Bbi6opy npoH3BOnbHbiX !}>yHKD;HH, OT 

KOTOpbiX 3aBHCHT 061l(He Bbipa>KeHHH ,nnH S -aonH. 

2. s -.60/IHbl 11N - pacceJlHUJl 6 cmamu'lecKoii MooeAu 

·A:u:anHTH'IHOCTb, ,nayxqacTH'IHaH yHHTapHOCTb H ycnOBHe 

nepeKpeCTHOH . CHMMeTpHH npHBO.IJ;HT K XOpOIIIO H3BeCTHbiM 

Bbipa>KeHHHM ,nnas -aonHOBbiX MaTpH'IHbiX 3neMeHTOB CTaTH-

qeCKOH S -MaTpHD;bi/8/: . . . . .. .· • 

S. = B(cu)[B(cu)-2] D(cu), 
• B2 (cu)-1 

.. B (cu) D ( cu ), 5
3 = B(cu)-1 

/1/ 
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J· 
i 

. 2io:(w) 
S j (w+i0)=e J ~JIH Ctl~ 1 , o j (w) :-.:, ~eHCTBHTellhHaJI 

!f>a3a pacceHHHJI B COCTOJIHHH C ll~llHhiM H30TOllH'LJeCKHM 
CllHHOM j/2, a CLl- .3HeprHJI 17 -Me30Ha B C.U,M. <l>yHKUHJI 
·B(w)HMeeT BH~ 

B (w) = l.. arc sin w + i v' w~ - 1. f3 ( w) . 
17 /2/ 

D(w) H {3(w) - . MepoMop!f>Hhie lf>YHKUHH B KOMnneKCHOH 
nnocKOCTH. c pa3pe3~u.m( ·--oo,-1 ],[+1,+oo), y~oaneTBOpHro­
~ne ycnoBiiHM 

. ' ' 2 
D ( (L)) = D ( -(L)), I D ( (L)) I ' = 1, D *( w) = D ( (L) *) ; 

f3(w) =-{3(-w), f3*(w)=f3(w*)·. 
/3/· 

,ll;n11 o6ecne'LJeHHH noporoaoro noae~eHHH 

S. (w) =1+2ia ,q+ .•• , q=v'li>2 -1 /4/ 
J J 

li>YHKUHH D(w) H {3(w) ~On:>KHJ>I o6na~aTb cne~YIOIUHM pa3~ 
IIO:>KeHHeM npH Ctl->1': 

' 1 
D ( w) = 1 + i q ( w ) [ -r ( a 1 + 2 a 3 ) + 0 ( w - 1 ) ] ; 

. 1 3 . /5/ 
f3 (w) = -. -

2 
. + 0 ( w - 1 ) . 

q 2(a
1
-a

3
) 

,lJ;nH ~anhHeiirneii KOHKpeTH3aUHH lf>yHKUHH {3 (w) H 0 (w) 
Heo6xo~HMO npHBne'LJb ~OllOllHHTenhHYIO HH!f>OpMaUHIO, He 
co~ep:>KaruyrocJI B caMoii cTaTH'iecKoiiMo~enn. llpe:>K~e acero 
CIIe~yeT yqeCTh BllHJIHHe t -KaHanhHhiX OC06eHHOC,TeH Ha 
3HepreTH'LJeCKHH xo.n lf>a3. Hannqne p-H a -Me3oHoB MO:>KHO 
o6ecrre'LJHTh BBe~euneM B !f>yHKUHH S. (w') nonrocoa, pacrro-. J 

. IIO:>KeHHbiX Ha !f>H3H'LJeCKOM llHCTe CLl -nnOCKOCTH B TO'LJKaX 

± iw n± iw , r~e w =v'q 2 -1 , q =m /2. KaK rroKa-
P o p,o p,o p.o p,o 

3aHo B pa6oTe 
171

, 3TO rrpnao~HT K cne~yrorueMy au~y lilYHK­
uuH: D(w) H f3(w): 

4 

,. 

(1-i~) 
D(w) = qo 

(1+i..i...) 
qo 

f3(w) 
f3(w)'= . 2 

(1+ ~) 
qo 

{1-'-.·. q 2 1'-.) 
___ 'lpr··-

(l+i .!L 2 D(w); 

q 
) . ' 

p ' 

_np~ ~ononHHTenhHOM Tpe6oaaHHH Ha <))yHKUHIO B (w·) · 

B(±iw·)=O, 
• p 

/6/ 

l 

/7/ 

/8/· 

· a !f>yHKUHH f3 ( w) n D (w) y~oaneTaopHIOT ycnoBHHM /3/ n He 
nMeiOT H:yneH: H noniocoa B TO'LJKax ± iw P , ·± iw 0 • 

BL.I'LJeT · B p -riOnroce Mo:>KeT 6biTh H:opM¥POBaH Ha KOHcTaH-
TY fp2 /:417= 2,8191 cornacHo lf>opMyne. · . . ,. 

2 
~ 1 fp -2 -

Res . =rq (-z-) ( 1) , /9/ 
~ w=±lwp . P 'iTT . . 

. ·' 
K KOTOpOH IIpHBO~JIT Bhi'LJHCneHHJI B 6opHOBCKOM npn6nH:>Ke­
HHH Ha O.CHOBe 3lf>lf>eKTHBHOrO i:uirpaH:iKHaHa J CM., Harrpn-
Mep, /10/ /. . . . . 

. <l>yHKUHJi {J (w), KaK He'LJeTHaH I}JyHKUHJICLl,. MO:>KeT HMeTh 
IIOJ!IOC HnH HOllh B TO'LJKe CLl = 0. HH:>Ke IIOKa3aHO, ~TO 
pa3yMHoe 3Ha'LJeHne o -q_neHa rronyqaeTcH TOnhKO ~nH rronroc-
HOro IIOBe~eHHJI !f>yHKUHH ·f3 ( CLl). , . 

3. o- 'lAeH e cmamu'lecKou MOOeAu 

o -q.neH B 1rN -pacce1lHHH orrpe~enHeTCH KaK MaTpH'iHhiH 
3IIeMeHT KOMMyTa TOpa ~HBepreHUHH aKCHallbHOrO TOKa C ero 
BpeMeHHOH KOMIIOHeHTOH 

a Jl b · 4 ) 
. [A

0
(x),a ·A P. (y)]o{x 0 -y 0

) =o
8
bo(y)o (x-y · 

Me:>K~y O~HOHyKnOHHhiMH COCTOJIHHJIMH 
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-~ (t)=i<p2·1 a(O)!p 1 >. . 110/ 

,lJ;nH o:u;eHKH BCJIHt{HHLI. a· -qneua /T.e. FN. {9)= c _ I MLI 
HCnOJih3yeM no,D;XO,Il; illHHT:u;epa /II H CTaTHt{eCKHH npe,D;eJI 
npocToii Mo.D:eim, pa3BHToii B pa6oTe /12/. YimTLIBaH npu-, 
6JIHiKeHHOe COKpall(eHHe BKJia,D;OB HYKJIOHHOrO nomoca H 
l3.3l-pe3ouauca B 3TOM npe,D;ene/13/, 3anuweM pe3yJILTaT, 
nonyqeHHhiH illHHT:u;epoM ,Il;JIH HHBapHaHTHOH aMllJIHTY.IJ:LI'-. ,-r . . 

. (+) (+) (+) 
M =A +vB 

/ v:= w B, cniTuqecKoM Iipe,D;enel 
B BH,D;e 

(+) -FN (t) 2t 2 
M (v,v.8 )=- (1-2)+,8v. 1111 

3 F 2 ll 
1T 

· BLipaiKenue /11/ npe,D;nonaraeTcH cnpaae,D;JIHBLIM nyu 
MaJibiX v 2 H t. flcnOJib3YH .D:H<il<ilep(m:u;HaJILHYIO TeXHHKY /l 4 , 
Bhi,D;eJIHM H3 aMnJIHTY,D;hl 111/ KpOCCHHr-qeTHYIO S -BOJIHOBYIO 
aMnJIHTY.D:Y 

r<+~w)=Ld1+>(w,O) + f<
1
+> (w, -4q 2 )], 112/ 

s . 2 . ' .. 
(+) ·- 1 • .+ 

r,D;e f 1 (w,t)=4iT"M (w,t) BCTaTuqecKoMnpe,D;ene.liy,D;eM 
paCCMaTpHBaTb ,D;Ba CJiyqa.H: 1/ ,8= 0, T.e. yqHTbiBaeTCH 
TOJihKO .npHBO,Il;HMa.H O,Il;HOt{aCTHt{Ha.H qaCTb no OTHOWeHHIO 
Ka -nonro/~l/;2/FN(t)=const.::c,. KaK 3T0_06blt{HO Ct{HTa­
eTCH. B nepBoM cnyqae, ,D;enaH o61l(enpHHHToe npe,D;nonoiKe­
HHe o nnaauocTH F {t) KaK IPYHKU~H t, HMeeM H3 /11/ 
H /12/ N 

+ I 
fs (w)=l2TTF-

2 
[3c+14F~(O)]- w 2 [2c+l5F'(O)]+:O(w \ 
- 6~F N 

1T 1T 

/13/ 

BO BTOpOM CJiyqae 

'6 

:l 
\ 
I 

-: 

J 
I 

! 

/
+) . ·C. ,8 C 2 ·. 4 

(w > = --+ < -
4 

- n ) w + o (w ) • - I 141 -
. s ·4" F2 · 11 · .; 

. • . 1T •. 

CpaBHHM TenepL BLipaiKeHHH /13/ u 114/ c auanoruq­
HLIM pa3JIOiKeHHeM ,Il;JIH f (+) ( w), KOTOpoe nonyqaeTCH H3 

s 
4lopMyJ1 II/ C yqeTOM CBOHCTBa H~OTOllHt{eCKOH nepeKpecT-
HOH CHMMeTpHH 

' ' . 2 
f(+)(w) = _1_ (S +2S ....:3)= _L [ B (w) D(w) 1 ]. 

8 
· 6iq 1 3 2iq . B 2(w ).:...1 / 151 

Ecnu· B(O)=O, To nepBLie ,D;Ba qneua pa3JIOiKeHHH aMnnu­
TY.D:LI /15/ B PH.D: no w 2 He 6Y.D:YT 3aBHCeTL OT cnoco6a 
napaMeTpH3a:u;HH q,yuK:u;Hii B(w) H D(w). 3ToT cnyqaii npu­
BO.IJ:HT . K Hepa3yMHO. 60JibWOMY 3HaqeHHIO'a -qneHa jc'=:. 

:::345 M 3B/. flo3TOMY cne,D;yeT Bb16pa Th IPYHKIJ;HIO B( w) , KO-
Topa.H ae,D;eT ce6H B uyne, KaK _ • Cyll(eCTBeHHLIM 

· ·w 2n::J:"l 

npe,D;nOJIOiKeHHeM BCeX llO,Il;XO,Il;OB K BhltfHCJieHHIO a -KOMMy­
TaTopa HBn.HeTCH ero nnaauocTL KaK q,yuK:u;HH t • KaK no­
Ka3LIBaeT Bbl6op pa3JIHt{HhiX napaMeTpH3a:u;uii ciiYHKUHH B(w) , 
nnaBHOCTh FN(t) .D:OCTHraeTcH, ecnu qJyHKIJ;HH B (w) ae,D;eT 
ce6H B uyne no Kpaiiueii Mepe, KaK -L 

w3 

4. IlapaMempu3aiJUJI (JyHKIJUil D (w) u B(w) u aHa/lU3 
3KCnepUMeHma/lbHblX OQHHbiX 

C yqeTOM CK~3aH~OrO BhiWe napaMeTpH3yeM "cilyHKIJ;ifH 
D(w) H ,8 (w) cne,D;yiOil(HM o6pa30M: 

- . 2 . 

(1-i ..!.__) (1-i..i_) (l+i ..L) 
qa qp ao 

D{w)= ----· · • --~ 

(1+ i . ...9_) 
qa 

. q 2 . q 
(l+i -) (1-i-) 

'lp ao 

(1 
. q 2 

+1--) 
al 

,/161 
- 2 . . 

(1-i _g_) 
at 

. 2 4 6 
b 0 + bl q_ ' + b 2 q + b 3 q 

,8 ( w) = _1_ R (w ) , R ( w) = 
w3q2 2 

(1+ ...9...::_) 
. q 2 

a 

/17/ 
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Y'lHThlBax cooTHomeH:ue ·arcsincu=; +. ifu{cu+ q)·, 

. m.ieeM n3 121 H 117 I 

. B(cu)= 
2
1 + .L fn( cu+q)+.+ R(cu). 

rr cu q . 
1181 

3KcnepuMeHTanbHLie ,!l;aHHLie no s -cl>a3aM )J;O :mepruu 
292 M3B 12,I5.....;I 9/ aHanH3HPYIOTCH c noMOU(LIO cl>opMyn 
111, Jl6l H 117 I. <l>eHoMeHonoruqecKHe napaMeTpLI a H 
b csa3aHbi. ycnosuxMii · 181 :H. 19 I, cl>uKcHpYJOU(HMH nono- . 

)KeHue H Bbi'leT p ~~e3ima. AHanu3 nposo.nuncx no MeTOAY 
• ~. • < .. ' • 

HaHMeHbWHX KBa,!J;paTOB npH cne,!l;yiOU(HX 3Ha'leHHHX MaCC 
p-H a -~e3oHa: 

.. ' mp = 770 M3B, rna = 600 M3B: 
Pe3ynLTaTbi npuse,!l;eHbi B Ta6nuue: -

x2 

llo 
a I 
ho 
hi 
b2 
1)3 

19,6 

1,439 ± 0,029 
4,055 ± 0,063. 

. 6,056 ± 0,599 
9,882 ± 0,424. 
2,164 ± 0,079: 
0,091 ± 0,004 

,D;nx ,JJ;nHH paccexHHH H3 cl>opMyn 151, 1161 u 1181 nonyqu:M 

.., 
a -a = .2.. b 

I 3 2 0 • 

a +2a =3(.L + 2_ 
I 3 ao ai 

.L 
qa 

..2.' ), 
qp 

'ITO ,JJ;aeT cne,!l;}'IOU(He 'lHClleHHbie 3Ha'leHHH: 
ai -a3 = 0,247 ± o:o24, 
ai +2a3 = -0,007 ± 0,05. 

IIo'cne,!l;HHii pe3ynLTaT 03Ha'laeT, 'ITO npaKTH'leCKH ai + 2a3=0. 
)J;nH cpaBHeHHH npHBe,!l;eM pe3yllLTaTbl Bbl'lHClleHHH ,!l;llHH 
pacceHHHH Ha OCHOBe )J;HCnepCHOHHbiX COOTHOWeHHH / 3/: 

8 

. a I -a3 = 0,262 ± 0,004 ;. 
ai +2a3 = -0,014 ± 0,005. 

3HepreTH'leCKHii xo,!l; cl>a3 H3o6pa)KeH Ha puc. 1,2. Mo)KHO 
C'lHTaTL, 'ITO cTaTH'lecKaH MO,!l;enL xopomo onHCbiBaeT ·s:..cl>a-. 
3bi B :noii o6nacni 3Hepruii, T.K. OTHomeHHe x.=:::0,98, r,!l;e 

. . nD 

n D- _'lHCllO CTeneHeH CB060.iJ;bi. · 0TMeTHM, 'ITO ,!l;llH aHallH3a 
Ha OCHOBe CTaTH'leCKOH MO,!l;enH BeCLMa Ba)I{Ha HHci>OpMaUHH 
o noBe,!l;eHHH 4>a3 B o6nacTH :mepruii HH)Ke 88 M3B, r,JJ;e 
,!l;aHHbie 3Ha'lHTenbHO MeHee TO'lHbl /l5-I9/, 'leMpe3yllbTaTbl 
pa6oTbi /2/ B o6nacTH. :mepruii OT 88 ,!l;O 292 M3B. OcHos- -
HOH. BKna,!l; B X 2 ,!l;aiOT TO'lKH, r,!l;e "CWHBaiOTCH" pa3Hble 
cl>a30Bbie aHanH3bi. ·rro3TOMY Ka'leCTBO onucamiH. s -sonH 
B paMKaX CTaTH'leCKOH MOJienH ·Mo»::eT 6biTb Cyll(eCTBeHHO 
ynyqmeHO, ecnH 6y,!J;eT . nOBbiWeHa TO'lHOCTb H3MepeHHH 
B 3KCnepHMeHTaX no rrp -pacceHHHIO npH 3HeprHHX HH)Ke 
88 M3B. 

•. CpaBHimaH Bbipa)KeHHH 113/ H 1141 c 1151 npu BLI6paH­
Hoii napaMeTpH3aUHH ci>YHKUHH D (cu) H B'(cu) , Haii,!l;eM ,!l;llH 
cnyqaes 11 n. 21 cne,!l;yiOIUHe 3Ha'leHHH a·qneHa: 

11 c = 49 M3B, FN(0)=0,028.f/IL; 
2/ c = 68 M3B, f3 = -0,245 {/ll. . 
Cne,!l;yeT oco6o· OTMeTHTL, 'lTo,,6naro,!J;apH BLI6paHHoii 

napaMeTpH3aUHH, a ·KOMMyTaTop ~ ,JJ;aHHOH M,O,!l;enH cna6o 
3aBHCHT OTt. Ilony'leHHble 3Ha'leHHH 6nH3KH K COOTBeT­
CTBYIOIUHM BenH'lHHaM, Bbl'lHClleHHbiM npH TaKHX )Ke npe,JJ;no­
llO)KeHHHX 11 H 21 Ha OCHOBe ',hucnepCHOHiihiX COOTHOWeHHH 
HiiH npH HCnOllb30BaHHH MO,!l;eneii C 3ci>ci>eKTHBHbiM narpaH)I{Ha­
HOM /4,5,I2/. 0'leBH)J;HO, 'ITO Bbi6paHHaH HaMH napaMeTpH3a-. 
UHH He e,!l;HHCTBeHHaH. Xopomee onucaHHe s -sonH rrN -pac­
ceHHHH MO)KeT 6biTb nony'leHO .H npH ,!J;pyrOM Bbi6ope ci>YHKUHH 

. B(cu) H D (cu). Tor,!l;a senH'lHHa a -qneHa MO)KeT H3MeHHTLCH 
B npe,JJ;enax 20o/o. 

HaKoHeu, paccMoTpHM sonpoc o nono)KeHHH nonrocos 
ci>YHKUHH S. (cu) Ha ci>H3H'leCKOM nucTe cu -nnocKoCTH. CucTe­
Ma nonro~oB B Hame:M: cnyqae TaKaH )Ke, KaK H B pa6oTe /7/. 
KpoMe nonrocos Ha MHHMoii ocu B TO'lKax ± i cuP , ± .i cu a 
ci>YHKUHH Sj (cu) . 6y)J;yT. HMeTb ,!l;Ba no,!l;noporOBbiX nonroca 
B TO'lKaX ± .cu

0 
=0,537, KOTOpbie CBH3aHbl C KOpHHMH ypas­

HeHHH 

9 
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"' '. "'~ I 

-:•· ~· ·(:: B{iu)±l=O. · '/ 

,lJ;pyrHXc·n~inocoB ·npH_~. I~ 1 ~- ~:-· ~2 
_ l·,M=;:. 1 T3B clJyHKUUiJ . · 

S . ( w) . He HMeior. HaJIH'IHe ~o,wxopo;c>BLIX nomoco~ ycroii~ 
J , .. · . · · · '' . · . C.: · \C 

'IHBO K pa3fiH':lHOMy Bbi~opy napaMeTpH3aUHH clJYHKUHH 0( w )"H 
'JB(w); H B:'3:MeHeHHe,napaMeTpH3aUHH.npaBO,D;HT_·TOJI~-KO K H,3-
.. · MeH..:eHHio ,.~oJI<?~~eHH~: ,nonrocon. Mo)I(H~':cqH'iar:b, · q~o no,Ii­
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