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H,11e~ C)'JlBJ)CTJ))'Hbl /1/ JI9%~T B OCHOBB COBJ)BMeHHOfO nO,llXO.S K: 

nocTpOBHHKI B.llHHOR TeOPHH 3JIBMBHTaPHbiX 4SCTHU· K.ll104eBoR eonpoc 

'1'3Jt0f0 OOCTpQBHH5l OOJJY48HM8 H3 C)'nepCTP)'HUbiX npe,llCTa.BJIBHHR 

attcnepHweHTa.llbHO npoeepSJeMJ:JX CJIB.ACTBMA. C4HT8BTCSI. 4TO 

~ec>ITI1t.tepHa~ reTepc•~·~ E8xK6 cynepcTpyHa /2/ noc.Ke 

KOMOSKTI'JcXlHK:al.i,HH OPYIBO.D.HT K 4.8TblpexMePHOA N=.l , cynepCHMMBTPYIY.HOA 

TeOP"" C KaJI•6pOB04HO~ rpynno~ E6 . Pa3PYW9H"e E6-c.MM8TP"" JJ.o 

rpynnw CTaHJJ.aPTHO~ MOJJ.e~ su 30xsu2LxUlY(CM) np.BOIJ."T K 

KaJI•6POB04HOR rpynne, 6oJiee WltPOKOR. 49M CM. npH HH3KHX 3HeprH~X 

BbiJCYIBSBT K:SK MYIHYIM)'M O,dHa .n.onOJIHHTeJibHaSI U 1 -c~MMBTPHSI, C K:OTOPOA 

accOUHHpyeTCSI HBATPSJibHhiA Z'-6030H8 C MaCcoA HH~e 1 T3B /3/. XOTSI 

CY~CTBOBaHHB ,llOOOJIHHT9JibHOf0 Z'-6o30Ha H He ,llOK:838HO, TBM He 

MeHBB B peaJIHCTI'I48CK:YIX CXBMaX cynBPCTPYHHOR ~8HOM8HOJ10fHH OH 

paccMaTpHaaeTCSI K:aK HaH6o.nee eepoSITHhiA aTpH6YT /4/. Ha.nH4He 

Z' -6030HS JlOJIXHO OPYIBOAHTb K xapatc;TePHOMY OTK:JIOHBHYIIO 3K:C09PHMBiiTa 

OT CM eo ecex npol,\eccax, o6ycJIOBJIBHHbiX HeATDilJibHbiMH TOK:aMH. 

CJIB.ltYBT OTMBTHTb, 4TO .AOnOJIHHTeJI.bHble HBATPSJlbHble 6030Hbl MOfYT 

noSIBJISITbCSI H a o6bi4HbiX oO'bB.llHHBHHblx TSOPHSIX /6/. noaToMy 

B03MOXHOCT'b HHTepnpeTaUHYI OTKJIOHBHYIA OT CM KSK YK838HH8 Ha 

cynepCTPYHHbiA Z '-6030H Tpe6yeT H3Y4BHHSI B03MO%HO 60.1188 WHPOK:OfO 

tt.nacca npoueccoe c Y43CTHBM z·-6oaoHa. 

Bonpocbl aKcnePHMeHTaJibHoro noHcKa z ·- 6oaoHa aaHMH eaxHoe 

MBCTO B ~YI3H48CKYIX nporpaMMaX HCCJIB,llOBSHYIA Ha YCKOPYITBJI~X H 

KOJIJiaRJiepax HOBOfO OOKO.II9HH~ (HERA, YHK, SSC " T.~.) /6/. 

Y ,ll9JlS\eTC~ 60JibW09 BHHM3HH9 T80J)BTH'i9CKOMY YI3)'49HYIIO 0::£H,lla9Mb!X 

3KC08PHM9HTSJibH~X npOSIBJIBHHR Z'-6o30Ha B rJI~60KOHeynpyrHX, ynpyr~x 

H KB83H)'nP¥fHX HSATPHHO-H)'KJIOHHbiX B3SHM0~9ACTBH~X, B pacce~HHH 
+ -

HeRTPHHO H8 3JI8KTPOH9, B 11POl~eccax e e -8HHHfYIJI!r1UHH H 'lp-

CTOJIKHOBBHHSIX, a TaK:::£9 B 8TOMHbiX SISJI9HHSIX, npoTBKSIOIU;1X C 

H9COXJ)8H9HH9M P-49THOCTH, H fJiy6oKOHBJ'npyrOM 3Jl9KTJ)OH-H)"KJIOHHOM 

pacce~""" /4,7,8/. 

B HacTo~eR pa6oTe paccMaTpHBSIOTC~ KOCBBHHble npo~BJIBHHSI 

Z' -6030H8 B CJI9,l[)'IOIU,H'X ynpyrHX, KB83HynpyrHX H f Jiy60KOfiB)'npyrHX 

npoueccax 
( - l ( - ) v e ... v e, 

~.e 1-J, e 
cV' N -+ c V' N, 

1-1,e 1-1,e 
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+ + 
eL,RP .... eL,Bp; 

'V' A .... (v> n°A, 
JJ,e 1-1,e 

<;) N <;> p 0 (A0 )N-
JJ,e JJ,e l ' 

<i:,J N .. <v> X. 
J..J.,e 1-1-,e 

3TM npo~~eHH~ MOfYT 6hlTb 06Ha,Dy.E9HM B npe~a~OHH~ 3KC09PHMeHTaX 

no on:.n:oHeHYJIO npeJI.cK:aaaHH~ CM OT 3KnepHMeHTa.JibHbiX .llaHHbiX- C sTOH 
ueJibiO 06bNHO aHam13HPYIOT B9JIYI"WWHY r (A) : 

r(A) = A(Z,Z") - A(Z) (l) 
A(Z) 

r Jl9 A { Z, Z. ) - Ha6JDO,.naeMa51 BSJDot\lliHa, BbNMCJieHHaSI C ytl9TOM Z. -6030Ha, 

VI A( z )-Ta :x:e B9JW!lllo1Ha B CM. CpaeHeHwe r(A) c TO\.lHOCTblO 3KCnepYJMeH

Ta 003BOJISieT B OPHHI.1,YI09 BbiSICHHTh B03MO:I:HOCTb pen1CTP3l.1,YIH 3THX C09-

l.1,YI~YJqeCKVIX OTKJI:OH9HHH Ha WQHe 3KC09.DHMeHTaJibHbiX H900P9ll.9A9HHOCTeH. 
8 § 1 H3JIO:JC9Hbi H906XO.m1Mble CBe.lreHHSI 0 H9HTI>aJibHbiX TOKa.X B 

cynepcTPYHHOH E6 -MO.ll9Jn1, OPHBe,leH 3W(peKTI1BHblt1: JiarpaH:Z:MaH C ytreTOM 

Z-z· CM9IDMB3HYJ51. B §2,3,4 ,llaHbi onpe.zreJieHHSI H 06Cy.E.lreHbi peay~TaTN 

KoJn1qecTBeHHoro aHam1aa on:.n:oHeHHA OT CM, o6yc.n:o~eH~ z·-6oaoHOM 
8 r~60KOHeynpyroM, ynpyroM Yl KBaaHynpyroM HB£iTPHHO-HYK~OHHOM 

pacce~HH, B ynpyrOM pacce~HH no~pHaOBaHHWX 3~BKTPQHOB Ha 

HYKJIOHax. 

B paccMaTPHBaeMoH cxeMe HH3K03HepreTI11.ffiCKoro npe.zte.na cynep

CTPYHM Ka~6poBOYHa~ rpynna E6 HapymaeTC~ Ha MaCmTa6e KOM

naKTH~HKa!..I,HH M0 (M0 ::S MP ~ 10
1

9- f38 nocpe,llCTBOM MeXaHH3Ma TOnO~O
rH~€CKOrO HapymeHH~ CHMMeTPHH (flux breaking) ,llO flO.llrPYTIITM 5-ro 

G5 ~ SUSC X SU2L X U1y X 0 1~ 

HAM no,llrpynnM s-ro paHra 

GS ~ SUSC X SU2L X UlY x 0 1~ X 0 1~. 

(2) 

(3) 

B~o:m:eHHe G6 B E6 onpe.zteJI519TC~ nOCJI€.llOBaTeJibHOC'lbD MaKCHMaJibHWX 

no,llrpynn: E6~ S010x 0 1~ ~ SU5x 0 1~ x 0 1~, npH~eM CM CO.ztePZHTC~ B 

su5~ su3c x so2Lx o1y· 
,llJISI G5 c Heo6XO.lll1MOC'lbl0 soaHHKaeT O.llliO .li.OflOJIHHTeJibHOe (K CM > 

Heei:TpaJibHO€ 6030HHO€ flOJie Z~, COOTB€TCTBYJOIQ€€ Uln -CHMMeTPHH· 8 
CJIY'ffi€ G6 HMeeTC~ ,llBa ,llOnOJIHHTeJibHWX H€£iTpaJibHbiX 6030HHbiX no~ ZlJI 

H Z • Q,llliaKO Cl.ll1TaeTC~, ~TO CYIIJ.€CTBY€T npoM€ZYTOYHhlA Ma.Cnrra6 M1 ~ 

101~-••f38, Ha KOTOPOM aa Cl.ffiT CflOHTaHHOrO HapymBHH~ O,llHO H3 3TI1X 

noJieH npHo6peTaeT Macey M ~ M1 . TaKoe HapymeHHe MO:m:eT 6bl'I'b 
C P€.li:HHMM 
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cynepnap'Iliepoe vc VI n YJ3 27-nJieTa E6 . B peayJibTa.Te H a 3TOM 

C~e OCTaeTC~ TOJibKO O~H JieTKYJ£1 (M < 1T38) Z"-6o30H /3/. 

EMY oTBetJaeT reHeparop : 

Qz" = QY'cos(&EB) + Qxsin(&86 ), (4) 

r.ne QY' YJ QxreHepaTOphl u1Y' YJ u1x. Yro.n &EB onpe,lleJISJeTCSI cxeM0£1 

HapymeHYJSI CJIIMMeTPVIH Ha npoMe:EYTQlJHOM MaCmTa6e. feHepaTOp Q"f) ,llJISI G5 
MO:EeT paCCMaTPV!BaTbCSI KaK lJaCTiibJH C~£1 (4) npH &EB = 142,24°: 

Q" = -m Q"' + -r378Q,. (5) 

Co6cmeHHble aHatreHHSI 3TVIX reHeparopoe .llJISI no.ne£1 YJ3 27 -nJieTa 

E6 npHBB,lleHb.l B Ta6Jmu,e 1. 

Ta6Jm~ 1. KeaHTOBNB ~c~ no.Jie£1 27-n.JieTa E 6 .(Qi(Y'R)=-Qi<~t)) 
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1 
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.neooe 
noJie 

e 

v 

d 

n 

0 

-1/2 

1/2 

-1/2 

1/2 

0 

0 

0 

0 

-1/2 

1/2 

0 

1/2 

-1/2 

1 

1/3 

-1 

0 

-1/3 

2/3 

-2/3 

1 

0 

1/3 

-1 

0 

-1/3 

1 

0 

0 

1/6 

1/6 

1/6 

-1/3 

-1/3 

-1/3 

-1/2 

-5/6 

1/6 

1/6 

1/6 

2/3 

2/3 

2/3 

-5/6 

-.'372/2 
-.'372/2 

-.'372/2 
--1176/2 
--1176/2 
--1176/2 
--1176/2 

-5-1176/2 
--1176 
--1176 
--1176 

-1176 
-1176 
-1176 

0 

-{572;6 

Y5/2/6 
-{572;6 

Y5/2/6 
Y5/2/6 
-{572;6 

Y5/2/6 
-{572;6 

--{572/3 

--{572/3 

--{572/3 

--{572/3 

--{572/3 

--{572/3 

-ffD/3 

C yq€:TOM JlOOOJIHHTeJibHOTO Z. -6030Ha JiarpaHJEHaH He£1TpaJibHhiX 

TOKOB OPYIHYJMaBT BY!Jl (g0 =e): 

J:m = E Qo~ r~Y', J~,z·= E Qz,z·~ r~Y', 

3JlBCb Q
0

- 3JIBKTPH4eCKYIA9 a Qz= I 31 - XwQ
0
-CJia6bM 

CM • Xw=sin
2
&w=O. 23 /9/. EYJlBM CtW!Ta.Th: 

-,lj{ (1-X,_,)-t.fz. gz = w gi = go .. 

(6) 

( 7) 

aap~ WepMV!OHOB a 

(8) 

Y.TO onpaB.ztaHO peHOPMTPYf100BbJM aHa.Jm30M /10/ YJ COOTBBTCTBYeT 

)'CJIOBHffi E6 06be~HBHHSI ,llJISI rpynn G5 , 6 (2),(3). 
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3ro npl1BO.ztHT K Z
0 -z ~ CMeim1BaHHJO. B peayJibTa:re .ztHaroHa.miaai..J,HH 

Ma.Tp111.1,bl (9) HaXO,li;HM OOJISI Z,~., 2 

(~:J = ( 
cose 

-sine 
sine) (z ) 
cose Z' (10) 

C onpe.neJieHHbiMJ.i MaccaMH M'"t.K M
2 , KOTOPble, Kat<: 11 YT'OJI CMetmtBaHl-151 e, 

BhlpazaJOTCSJ ~epea Kcxo~ble napaMeTPhl 

( 11) 

B Mo.neJISIX c su2- .ztY6JieTHbM1 YJ: cHHrJieTHhiMH x11rrcoacKHMH noJISJM11 
JlJIS! M - Maccoeoro napaMeTpa, coenaJiaJOm,ero c Maccot1: Z

0 
- 6oaoHa a 

CM, YIMeeM M :::: Mw /cos&w :::: 92.2 f3B· B cynepcTPYHH0£1: E6 -Mo.ZI:eJrn c 
npoMelCYTQ~Ho£1 rpynnoA G5 11M99TC51 ,ZtBa SU2L .ztY6JieTa (H,ii) Yl O,lll1H 
CMHr.n:eT N xHrrcoacKHX noire£1. B 3TOM CJfY\ffie 

+ 25.::l 
2 • 

v ) 
( 12) 

r.ne v= <H
0

>= <N~>, V= <H0 >=<~E>, x= <N>= <~>; NE, vE, n -cKaJISJPHble 
cynepnapTHepbl cooTBeTCTBYJOIIU1X WepMHoHOB 11a 27-n.n:era .. 

Ha JiarpaH:m:11aHa C 6) MO.XHo no.nyq11Tb 3~KTHBHbi1: .n:arpaH:m:KaH 
JT€!0TOH-HYKJIOHH0f0 eaaHMO.ll9£fCTBKSI (.t = v,V,e- ,e+ J.1 T.J(. ): 

L .tH 4G - J/-IH 1 1-1H .t .1. ( ) ) ( 13) NC =-yz [.tL;v1-1lL L + Rr1-1lRJR ], ( L,R= z.l±r!$ Y't, 

T.lle J~H = L{cB(qL)qL;vl-lqL + cB(qR)qR;v/-lqR}' B = L,R; 

cB(qL R) = ~ :8 Qi(qL R)' 
' i=o l. ' 

(Macca WoTOHa M0 = O), 

Q, ( fB) = Qz(fB) cose + z' sine, " g2jg.l. Q (fB) 

Qz(fB) 
z-= Q (fB) cose - gJg2 Qz(fB) sine. 

( 14) 

(15) 

(16) 

3<MeKT.BHblil ~rpaHZYiaH HeATPHH0-3JI9KTPOHHOfO B3a11MO.ztet1:CTB1151 
HMeeT BYI.ll nepaoro c.n:araeMoro e ( 13) , r JJ.e JienTOHHblt1: TOK no.nyr..~aeTCSI 
H3 a.liPOHHOfO ( 14) aaMeH0£1: KBapKOBblX OOJie£1: JI90TOHHbM1. 

A.ll.POHHhlH CJia6bM Heti:TpaJibHbrlt: TOK (14) MOZHO aanHCaTh, SIBHO 
B~JIMB l130COHHOBYJ0 lot npOCTpaHCTB9HHO-BpeMeHHYJ0 CTPYKTYPY /9,11/: 
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H • 3 9 o o 
J~B ~ z [oBV~ + ~BA~ + rBV~ + 6BA~ + .... ] . ( 17) 

Totn<YJ COOTBeTCTBYJOT BKJiaJIY T51%€JibiX KBapKoB. a BXO,ll5IlltM€ B ( 17) 

napaMeT.Dhl CB513aHbl C :3~€KTI1BHbM1 KHpaJibHbiMH KOHCTaHTaMH ( 15) • 

3Hat.J.eHYJ51 KOTOJ)biX npYJBB.li:BHbl B Ta6JIHU,e 2: 

"B o .eB(uL) 

11B &B(uL) 

rB &B(uL) 

6 B &B(uL) 

+ &B{uR) 

eB(uR) 

+ eB{uR) 

eB(uR) 

Ta6m<$ 2. (v 

napaMeTP 

e(eL) 

e(eR) 
a 

" y 

6 

- &B(dL) - &B(dR)' 

eB(dL) + eB{dR)' 

+ eB{dL) + eB(dR)' ( 18) 

+ eB(dL) eB{dR). 

-.1572 cosB-E 6;6, ~ fi/6 sinB-E6;2) 

z" z· 
-1/2+sin

2
e 3~+v 

w 
sin

2
e ~-v 

1-2sin'~e •e • 
1 -•e 

-2sin
2
e /3 -·~ •• 0 + ( ) 4v 

*)OonpaBKa ( /12/ 06YCJIOBJieHa BKJia.liOM Tsti::BJibiX KBapKOB B 
Yl30CKa.JI5JPHYJO llaCTb CJia6oro a.npOHHOfO aKCYJaJibHOfO TOKa (C ~TOM 
s,b,t-KsapKOB ( ~ 0.06). 

OpYJ aHa;mae r.ny6oKoHeynpyrHx npoueccos o6bJllHO HcnoJib3YBTCSI 

napaMeTpYJ3all,l1SI CJia60fO a.npoHHOfO HBtfTpaJibHOfO TOKa B BH.ll€ ( 14) • 

TOrJla Jl.JISI onYJcaHYJSI ynpyrYJX YJ KBaaYJynpyrHx npou,eccoe Y.li06Hee 

npYlMeHSITb napaMeTpHaal..I,YJID (17). 

Opex.lle lJ.eM nepexo;o.tTb K paccMoTpeHHIO npoSIBJIBHH£1 .liOnOJJHHTeJib

Horo z·- 6030Ha B KOHKPBTH~ npou,eccax. OTMBTHM. t.J.TO, WaKTHI..J.eCKYJ, 

HaJIH~e Z'-6030Ha CBO;o.tTCSI K H3MeHBHHID npocTpaHCTBBHHO-BPBMBHH0£1 H 

Yl30TOflYJ1~€CK0£1 CTPYKTYPbi a.npoHHOfO HetfTpaJibHOfO CJia6oro TOKa (cp. 

(7) YJ {14)), a YJMBHHO K nepeonpe}le.JIBHYJIO KYJpaJibH~ KOHCTaHT (15) 

H.Jm napaMeTpos < 18). Cesreas 3TI1 napaMeTPhl c :3KcnepYJMeHTaJibHO 

H3MepSieMbiMH BBJIH~HaMH. MO:&CHO He TOJibKO onpe,.lle.JIHTb 3Hat.J.eHYJSI :3THX 

napaMeTpOB, t.J.TO Ba:&CHO caMO no ce6e, HO Yl flOflbiTaTbCSI, no OTKJIOHBHYliO 

HX or CM. YBYl.liBTh npoSIBJieHYl51 Hoeo£1 WHaYJKH, a t.IaCTIIOCTH • 

.liOflOJIHHTeJibHbM cynepCTPYHHhiR Z'-6oaoH. 

§2. z·-6o30H B r~60KOHBYTIPYTOM HetfTPHHO-H)'KJIOHHOM paCCB51HHH 

OpYJ BhiCOKHX 3HeprHSIX nOJJHMB celJ.eHH51 r~6oKoHeynpyroro v(V)N

pacce51HYJSI B KaHaJie He£1TpaJibH~ TOKOB npe,.llCTaBJISDOT co6o£1 JIHHe£1HYIO 
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KOM6HHal..l,1110 KBa,lij)aTOB KHpaJibHhlX KOHCTaHT ( 15), B KOTO.DhJX, 6.na.ro.zta.p51 
3~€KTPOHeATpaJibHOCTM HeATPHHO, OTCYTCTBY€T nepsoe c~raeMOe CYMMN, 
OTB€4aiOmee 3~€KTPOMarHHTHOMY BSaHMO~eACTBHIO: 

3~eCb C = 2?
2
MpEvD;h/n, h - l.iHC~O Hy:K~OHOB B MHW€HJII 

no~Hb~ JIIMTIY~bC Ba~eHTHhlX d(u)-KBapKOB B npoTOHe; 

UL= n-~+~+(1+w)(S+C)/D~, 

UR= w(n-~+~)+(1+w)(S+C)/D~, 

DL= 1-~+~+2{~+w)S/D~, 

DR= w(1-~+~)+2(1+w)S/D;, 

(19) 

S,C- OOJII-ibl€ JI!MnJ'JibChl MOpCKHX s- Jil c-KBapKOB B npoTOHe, ~=n/h -
~C~O HeATPOHOB B MHW€HH h, ~ ={0;1/2;1) ~ npOTOHa, H30CKa~pa H 
He~TPOHa COOTBeTCTBeHHO, n = U~/D~, 6y~eM C4MTa.Tb n=2 (T.e· SU 2 -
CIDr1MeTpRtmHe pacnpe~e~eHHSI sa~eHTHblX KB3PKOB), w=1/3 - KHHeMa
'I'Hl.ieC KHA '*'aKTO p. 

PaccMOTPHM on;:~oHeHHSI oT CM s noJIHbiX ce11eHHSIX rJIY60l<:o
Heynpyroro H€~TpHHO-HYK~OHHOfO P3CC€51HH51 c(vh~vX) H c(Vh•VX) (HAH, 
~TO B AaHHOM CRYYae 3KBHBa~eHTHO, B OTHOIDeHHSIX Rv,V =c~Cv!c~cv). 

flo~TaB~SISI (19) 8 (1), orpaHH\iHBaSICb H30CK3~51PHOA MHIDeHbiO (~= 
0 1/2) H '*'JIIKCJIIPOBaHHbiM yr~oM &g6=142.24 {5), MO:Z:HO BbJt!MC.mtTb se-

JIJII\iJIIHbl r(Rv) Jil r(Rj;)· f'~c.1a,6 nOK33biB3€T 33BJIICJIIMOCTb 3TMX B€Jn1l!HH 
OT '*'H3Jill.i€CKOA MaCChi Z- -6030H3 M

2 
npH yrJiaX z-z- CMelm1BaHH51 e, 

paBHblX -0.1, -0.05, 0., 0.05, 0.1pa~. (KPHBM€ 1-5 COOTBeTCTB€HHO). 

0.16 
rCR,) 2 0.14 I( Q.1) 

0.12 

'I 0.10 '5 
0.08 

0.06 

0.04 
0.02 

0.00 3 
-0.02 

-0.04 -0.06 
0 200 400 600 0 200 400 600 

M2.,r~e M2' r~B 
a 

Pl!c.I 
6 
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0TMeTMM xapaKTePHM€ OC068HHOCTM DORY~8HHMX KPMBb~: 

1. Ecx. M,~M,~M. TO BMnaAaeT aas~c~MOCTb oT yrAa z-z
CMemKBaHM~ H BC8 KPMBM€ nepeceKa~TC~ 8 0~0~ TO~Ke. _, 

2. OpH e = 0 lr<Rv,i) 1 nponop~oHaJibHO M
2 

)II 6wcTpo cna.aaeT 

II.O HYJISI C POCTOM MaCChi M2 , DPH <lJHKCMPOBaHHOM H8HYJI880M e BKJia.ll 8 

jr(Rv,V) 1, nponop~OHaJibHh!M M;
2 

• TaK~e 6b~TPO 3aHyJISieTC~ C POCTOM 

M2 , O,llliaKO sa C~eT Z-Z' CM8Im18aHHSl C POCTOM M
2

)'M8Hblna8TC51 Mt. 1-1 

paCTeT BKJiall 8 jr(Rv,V) 1, nponopLJ,HOHaJibHblH M~ 2 
• ~TO H npHBOJU1T K 

3Ha'-U1TeJibHOMY OTJIW·Wf~ Rv V OT COOTB8TCTBY~I!J)1X BBJIH~MH B CM. 
3. HaJil.1~He 3KcnepM~eHTaJibHO M3MepeHHoro aHa4eHH51 <l!MaM~ecKo~ 

MaCChi Z
0 

-6030Ha Mt. = 91. 5±1. 2±1. 7 /13/ COf JiaCHO '*'OPMYJie ( 11) 

HaKJia.ltbJBaeT orpaHH48HJ.18 Ha OTM848HHblH Bb!We poeT OTKJIOHBHHSI OT CM: 

no 3Toti npwmHe c poe TOM I e 1 !<:PMBbie o6pbrBaJOTcSI npM MeHt.>lliYIX 

3Ha~8HJ.151X M:. KpoMe TOfO, 06JiaCTb CJIMUIKOM 60JiblliOfO OT!<:JIOH8H)I!51 OT 

CM lrCRv,V) I ~ 5-10% yxe HCKJI~4eHa .llOCTHfHYTO~ T04HOCTb~ 3KcnepM

MeHTa.JrbHbiX .llaHHbiX • 

HaH60Jiee MH!l>OpMaTI1BHO npe,llCTaBMTb OOJiyY.8HHb!8 peayJibTaTb! Ha 

DJIOCKOCTI1 (8 1-1 M2 ). Ha PMC.2a(26) JlASI Rv(R;:;) KOHTYP 1 /14/ 

600~------TT---------------, 600,------,,--------------. 

r( R,) 

600 600 

2 3 2 

400 400 

200 200 
2 

o+---,-~---.---r---r--- o+---,---r--.---r---r~ 
-0.10-0.05 0,00 0.05 0.10 0,15 0,20 -0.10-0.05 0,00 0,05 0,10 0.15 0,20 

E) (RAD) fj (RAD) 

a P11c.2 6 

orpaHJ.14)1!838T 06JiaCTb JlOOYCTI1MblX B HaCTO..ffilt€8 epeMSI 3Ha~eHM~ napa

MeTPOB e H M
2

, TOf.lla KaK KOHTYPbl 2 H 3 Jl8MOHCTPiiJPYKlT cyxeHHe 3TOA 

06JiaCTI1 npM H3M8P€H)I!)I! Rv<R;:;) Ha J.130CKa.JISIPHO~ MHID8HJ.1 C T04HOCTbKl 1% 

Iii 0, 5% COOTB8TCTB8HHO. ~MBHHO TaKOfO nopSU{Ka TO~HOCTI1 OJia.HM-

8 



pyeTCSl ,ZJ;OCTI11..J.b B HeAT.PHHHblX 3Kcne.pHMeHTa.X Ha YHK. HcnoJibaoaaHHe 
Y.HCTO npOTOHH0£1: HJIYI He£1TPQHHOA MHJDeHH He .n;aeT KaY.eCTBeHHO. JrY4]IMX 
orpaHHY.eHH£1 /15/ ~ O,li;HaKO JlOCTH:Z:eHHe COOTBeTCTBYJOute£1 TOY.HOCTH 
( npou,eHTH0£1) B 3TI1X C.nytla5IX Tpe6yeT cym,ecTBeHHO 60JibiiiHX YCHJIH£1: CO 
CTO.POHhl 3KCnepHMeHTa. 

PacCMOTPHM OTKJIOHeHHSI OT CM B C00THOJlleHH5IX namoca-BOJib~H
IIITeAHa, onpeJreJI.s:!eMbiX BKJla.li:OM VA-HHTel>WepeHLJ,HH CJla6biX TOKOB, K 

orpaHHY.HMCSI H30CKaJISI,DHO£f MMIDeHbm: 

Ph::: o-(vh .. vX) - o-{Vh .. VX) • (20) 
o-(vh .. ~-X) - o-(vh .. ~+X) 

3aBHCHMOCTh r(P) (1) OT MaCCbl Z • -6030Ha npH ~HKCH.POBaHHhlX yr JiaX 
Z-Z- CMemHBaHKSI HMeeT BK,Zt, aHaJlOrKY.HhlM npeJlCTa.BJieHHOMY Ha .DHCla, 
o.zr;HaKo c HeCKOJibKo 6oJibmMMM aHaqeHH~ OTKJioHeHKSI OT CM npH MaJINX 
Mz (npKMe.PHO 5% 8 OTJI:HY.Me OT 1%. Ha .PHCla). K CO:Z:aJieHH~, TOY.HOCTb 
K3MepeHKSI BeJIHY.MHbl P H9BeJIHK8. (Ha YPOBHe 10-15%), qTQ He .aaeT 
HOBb~ OrpaHHY.eHH£1. Ha pKc.3 nOMHMO KOHTYPa 1 npeJlCTa.BJieHN KPHB~ 2 

800 

\'\2 1"(1') 

600 

2 
400 j I ~ 

l__, ?, 3 

~~ 
200 

0 
-0.10-0.05 o.oo 0.05 0.10 0.15 0.20 

(Y (RAD) Pl!c.3 

H 3, OTBeY.a~ID,He H3MepeHH~ BeJIYI\il1Hbl P Ha K30CKaJISipH0£f MHJneHK C 
TOY.HOCTh 3% H 1, 5%. )lOCTif:Z:eHHe TaK0£1 KJIYI 60Jibme£f TOY.HOC'Il1 n03BO
JIHT, no-BK.lU1MOMY, Ha,lle:EHO KCKJIIOY.MTh 06JraCTb OT,DKLI,aTeJibHblX yr JIOB 
CMemHBaHKSI 8 (~ &E6:::142.24°). 

AHaJIKa OTKJIOHeHKA OT CM B owomeHKSIX ceqeHHA 

Rn/p _ o-(vn .. vX) R~/p :::: o-(Vn .. VX) (Z 1 ) 
v - o-(vp .. vX)' v o-(vp .. VX) 

noKaaaJI, qTQ eeJIHY.MHbl r(R~/P) K r(R~/P) He npeeNma~T 7%, K 3~KT 
He BbiXOJJ:KT aa paMKH 3KCnepKMeHTaJibHblX TOY.HOCTe£1:, COCTaBJI5110lli,HX 10%. 

9 



AocTMzeHHe ~ze npoQeHTHoH T04HOCTM HawepeHM~ se~~H R~/p 
He TI03BO~T BaTb HOBWX orpaHM4eHMM Ha napaMeTP~ e H M

2
• 

0THOCHTe~HNe paaHOCTM 

~ = o(vn•vX) - o(vp~vX) ~-= o(Vn•VX) - a(Vp.VX) 
v o(vn•~X) - o(vp•~X) v o(Vn•~X) - o(vp•~X) 

(22) 

npe,llCTaBJISOOT HaM60JibnMA HHTepeC C TOliKM apeHH~ DOYICKa OTKJIOHBHYIA 

OT CM aa ClJeT .llODOJIHHTeJibHoro z'- 6oaoHa. B napTOHHoA MO.zte.Jrn 

.. 
v 

1>- = v 

Ha pHc.4 

' ' ' ' eL(uL) - eL(dL) + w {eL(uR)-eL(dR)}, 

' eL(uL) - e~(d1 ) 
-:l 2 2 

+ w {e1 (uR)-e1 (dR)}. 

nox:aaaHa aaBHCYIMOCTb r(.t.v) OT Ma.CC~ 

8.00 

6.00 

4.00 
2 

2.00 

0.00 
3 

~ 
-2.00 

5 
-4.00 

0 200 400 600 

t-12.r•B 

M, 

(23) 

npH e = -0.1, 

PRC.4 

-0.05,0,0.05,0.1pa1[. (KPI18hle 1-5) • .li.AA r(.t.v) xapaKTeP KPHBhlX He 

MeH~eTC~, O.l(HaKO 3~8KT npHMepHO Ha nop~OK MeHbme. 0TK:JIOH8HYI~ OT 

CM aHalJYITeJibHbJ: .zto 600% .ltJI5I av H l[O SO% 1IJI5I .t.v• TOr.zra x:aK 3Kcne

PMMeHTa.JibHbte TOtfriOCTI1 1[0CTI1raJOT COOTBBTCTBBHHO 400% Y1 80% /16/. 

CTOJib 6oJibma~ OTHOCHTeJibHa~ oUM6Ka 11.V o6bSJCH~eTcSJ 6JrnaocTbiO e CM K 

HYJIJO 3HaYBHYISI .t.V ~ Xw(l-4Xw) npH Xw=0.23. HHb~ CJIOBaMYI, OUM6Ka B 

600% oaHa1..laeT, liTO z-- 6oaoH .zraeT BKJiall e .t.v e 7 paa 6oJibme, lJ.eM 

o6bii..J.HbiA Z-6oaoH. Ha pYle. 5 KPMBa~ 2 oTBe1..laeT VJaMepeHHJO .t.v c 

TOI..J.HOCTbJO 20%, a KPYIBbJe 3 H 4 COOTB8TCTB8HHO 113MepeHYIIO .t.i:> C 

T04HOCTb!O 80% 11 60%. OTMeTMM, l.JTO .ztAA H3YlJeHYI~ .t.v• .t:.v HeT 

He06XO.l(HMOCTM HMBTb l.JHCTO npOTOHHYID Y1 HeATPOHHYKJ 

.llOCTaTOI..J.HO pacno.naraTb ~~ MYIWBHSIMYI C pa3JrnlJ.HhlMYI YI30CflHHaMYI. 

10 



800 

700 M2 t'(ll.,) 

600 4 
r(b;) 

3 
500 2 

400 

300 

200 

100 

0 
-0.10 -0.05 0.00 0.05 0.10 0.15 0.20 Pl!c. 5 E) (RAD) 

~Ta.K, f~BHhlM YC~OB~eM Ha6~~€HM~ AODO~MTeRbHOfO Z"-6030Ha B 
r~60KOHeynpyroM H€~TPMHO-HYK~OHHOM. paCC€~MH ~~TC~ 
CYID,€CTB€HHO€ YB€JWI1..leHI1€ TO"'HOCTI1. 8 HeiiTPHHHb!X 3K:CnepHM€HTaX Ha 
YHK /17/ n~HHpyeTC~ yseJWll.leHHe cTaTHCTHKH npHMepHo a 10-15 paa no 
cpaBH€H1110 C COBP€M€HHbiM YPOBH€M- Pe3YJibTa.TOM .llOJIXHO CTaTb 3-4-
KP3THO€ Y~€Hblli€HH€ OmH60K H3MepeHHH. ~306pa:Z:€HHM€ B n~OCKOCTK 
napaMeTPOB e H M2 KPHBb!€ OTBeY.aiOT HM€HHO Ta.KHM OltH.zta€MbiM 
TOY.HOCTSIM- 0HH C~€CTB€HH0 CYJCalOT 06JiaCTh 803MO%HhlX 3HatteHHH 
napaMSTPOB- 0TMeTI1M Ta.K:Z:€, \iTO npQSIBJieHH€ Z. -6030Ha HMe€T 6o;ree 
O~eTJWIBhlH xapaKTeP B aHTWH€ATPHHHb!X 3KCnepHMeHTaX. 

l13JIOX€HHhl€ BbiBO.zn,I 633HPYIOTCSI Ha paCCMOTpeHm1 HaH60Jiee 
1-IYBCTBHTeJibHbiX K BKJia.llY Z "-6030Ha 8€JG'il.U1H, COCTa.BJI€HHbiX H3 C€1.l€HHi1 
v(V)N-pacce~~~- CTeneHb ~osep~Te~HOC~ no~06HMX BNBO~OB BO 

MHOrOM 3aB~C~T OT BJIYI.ffim~ Heonpe~e.JieHHOCTe£1:, 06yCJIOBJI€HHblX 

CTPYKTYP0£1 3.lij)OHH0£1 MJ.1IUeHH: SUl€PHb001 3if!~KTa.MJ.1, Bhl60poM BM,lla 
CTPYK:TYPHbiX if!YHKI..V1£1 Hj'KJIOHa, YJX Q

2
-3BOJOOI..J,VIe£1:, TB~CTOBblMH 

nonpaBK3M. 00CKOJibKY 6bl.JIH ~CDOJib30B3Hhl B€JIYIY.Y!Hhl TOJibKO 8 B~~e • OTHOIOOHYI~ pa3JIYIY.Hb1X C€ll€H~£1 { 1), TO )'KaaaHHhl€ H€00P€.ll€JI€HHOC~ 
npaKTHI.J.€CK~ COKpampDTC~. 

§3. z·- 6030H B ynpyroM Yl KB33HYDPYTOM pacce~~H He£1TPHHO 

Opo~ecchl KorepeHTHOro HeHTPHHOo6paaosaHH~ n°-Me30HOB Ha ~ax 
~ .ztH!flpaKUHOHHOrO He£1Tp~HOpOlt.ll€HH~ P

0
- YJ A;-Me30HOB Ha H)'KJr:OHaX 

ODHChlBa~TC~ .ztHarpaMMoH DOMePOHHOro o6MeHa. 

II 



·~-w~,p 

~~---
N(A) N(A) 

(n) 

0TiiOIDeHHSJ Ce4.eHHH 3THX npo~eCCOB K COOTBeTCTBYIOIIJ,HM CeY.eHYISIM B 

KaHa~ aap~eHHMX TOKOB 6Aaronap51 fHOOTe3e 0 HOMHHHPOB3HHH OOMepO

Ha npocTO BblpaxaJOTCSI 1..1epe3 napaME!TPbJ 3!fl~K1l1BHOfO 3.lij)OHHOfO TOKa 

(14),(18) /9,11(: 

coh 
Rno 0 

0.2 

0.1 

0.0 

-0.1 

-0.2 

-0.3 

-0.4 
0 

u( <i:/ A '- > n°A) 
'- > a( v A 

difr 
R o 

p 

c(Qr) 

v 

+ " 

2. 

6l,,. o· 

200 400 
.,.f38 

a 

+ + 
n A) 

" 
& 

600 

(lz 

0 
L 

2' 

0.20 

0.16 

0.12 

0.08 

0.04 

0.00 

-0.04 
0 

difr. 
RAo 

' 

r(Qr) 

0 

z 
OL 
z· 

200 

u< ( v} N 

a((V)N 

' 
• 

3 

400 
t.t2,,f38 

Puc.6 6 

. (V)A~N) 

. +A±A) " . 

0.16 

0.12 

0.08 

0.04 

0.00 

-0.04 

-0.08 
600 0 

f'z 
L 

2 , C24l 

(25) 

~CRs) 4 
< • 

e£6 •t'lz· 

200 400 
M:z,r~s 

B 

• 

B BeJrYIYMHaX {24)~ r(RAo), 8 3a81101MOCTI1 OT MaCCb! Z'-6030Ha M2 OPH 

yrJiax z-z~cMelfll.1BaHYISI e:::-O.l,-o.os,o,o.os,o.lpa,ll. (KPYIBbie 1-5). )lJISJ 
• OTiiOllleHHSI ( 25) COOTBeTCTBYJOilJ,He rpatllJIIKH npHBe,lleHbl 8 pa60Te /18/. 

600 

06pa~eT Ha ce651 BHYJMaHHe 3H3lll1TeJibHa51 3aBHCYJMOCTb OT yrJia 

&ES, napaMeTp~3YJOmero CXBMY HapymeH~SI 01MM8TPioU1 Ha npOMeJICj'TOtlliOM 

MaCWTa6e. 8bl,li;BJI518TCSI CJI)'l-ffi£1 &E 6 =0, KOrlta B3aHMOllei1CTB~e Z' -6030Ha 

c o6bNHoi1 MaTepHei1 cTa.HOBHTCSI Y:HCTO aKCHaJibHb~. PHc.7 HJIJIJOCTPHPYBT 

CyX8HH8 06JiaCTI1 napaMeTpOB e H M
2 

npH H3Mep8HHH Rno (RAo) C TOY:

HOCTbiO 3% H 1% (KpHBble 2,3), a Rpo C TO\ffiOCTbJO 3%, 5% (KPHBhle 4,5). 

PaccMOTPHM npoSIBJieHHe z · -6osoHa B lfiiCTO ;renTOHHblX ssaHMo

~eHcTBH~ Ha npHMepe ynpyroro pacce~HSI Hei1TPHHO H aHTHHeATPHHO Ha 

12 
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Ml 

600 

400 

200 
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-0. 10 -0.05 0.00 0.05 0.10 o. 15 0.20 

9 (RAD) 
PRe. 7 

3~8KTPOHe. 0pHBe~eM B KaqeCTBe H~CTPaUHH BhlpazeHH:e ~ nOAHOrO 

ceqeHH~ pacce~H~ MIDOHHOfO HeKTPHHO Ha 3~9KTpoHe /9,11/: 

G2 M E e v 2 2 
o(vJ..le-ovJ..le) = 2--n--- {e1 (e1 ) + w e 1 (eR)}. (26) 

8 CJrY~-Iae aHTI1H8HTpHHO w CTOYIT nepe,ll nepBbiM CJiaraeMbiM B ( 26), 

~ 3~KTPOHHOfO (aHTI1)HeATPHHO Heo6xo~MO yqeCTb B03MOZHOCTb 
o6MeHa W-6030HOM, YTO ,llOCTI1raeTC~ ,ll06aB~HHSM1 K c 1 (e1 ). 

B pa6oTe /18/ BhN11CJreHhl oTKJJoHeHHSI oT CM .ztJI5I noJIHw:: cel!eHHA 
H HX pa3HOCTeA: a( <v> e), o(v e)-o(V e), a(v e)-a(V e), 3,ll8Cb :z:e 

~e p J..l e e 
DPHB8.ll8M .ID1Ulb KPYIBb!€ B nJlOCKOCTI1 e Y1 M2 .l{J[SI HaH60Jiee tzyBCTBYITeJib

HhlX K Z"-6030HY 89JI1.1lll1H o(v e), et(V e) H o(v e)-o(V e). Ha pHC.8 
- •• 1-!_ --- - J..l - f.J. ____ }!:_ - ----

KPHBb~ 2,3 COOTB8TCTBYIDT r(o(vJ..le)):Z%,1% H KPHB~ 4,5 - r(o(vJ..le))= 

2%,5%. Ha pHc.9 KPHBaSI 3 OTBe"ia.eT r(o(v,ue)-o(V,ue))=10%. KOHTYP 1 

/14/ orpaHH1..!J.1BaeT ..nonyCTI1MYIO s HacTo~ee speMSI o6Jrac'Ib napa

MeTpos M
2 

H e. KaK B"H.ll}tM~ no .n;ocTI1lCeHH~ YKaaaHHbiX TOllHOCTet1: ~Me

eTc~ XOpoma~ B03MOlCHOCTh CY3"Th 06JraCTh 3THX napaMeTPQB· 

0pHB€.ll8M He06XO.ll}tMble B .llaJibHet1:meM !lJOPMYJibl~ OTH0CsniU18CSl K 

ynpyroMY pacce~~ID Ha HYN~OHax. n"~~epeH~aJibHOe ce4BH~e ynpyroro 

pacce~H~ JrenTOHa l(v, V, e-, e + ,,u- ... ) , o6Jia..n;aiD~ro B-cn~paJibHOCTbiD 
(B=+l HJIH L, -1 HJIH R}, Ha H8flOJI51P~30BaHHOM HYKJrOHe N MOlC€T ¢blTb 

aanHCaHO B BH,ZJ;e: 

• 
I: k.;p.(N,Q

2
,B), 

i;;:t ~ ~ 

13 
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8(RAO) 
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Pnc.8 

Pnc.9 

Q2 Mz z Mz z 
T,lle y;::;2Pi" ~ ks.::::yj)k, k2 =2y-y , k 9 =1-y-yZpk' k•=y /2 - K~H9Ma.TI1'1..leC-

KHe MHO:E~Te.Jrn. CTPYKTYPHhle WYHKI..J,HJII t:>i Bblpa:z:aJOTC~ 1..1epea CTaHJlaPTI-fbiM 

o6pa30M' onpe.zteJieHHbie aKCJ.1aJibHhlH AB' BSKTOPHhl£1 VB H MaTHMTHhGi MB 
q>opMWaKTOPbl 3~eK:TI1BHoro Hei1TpaJibHoro al(DOHHoro TOKa ( 17): ( T 

:;; Q
2
/4m;): 
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~9 {N,Q
2 ,B)::: 
, 

~4 (N,Q ,B)::: 

(28) 

np~H~Ma5J 80 BH~MaH~e r~nOTe3Y COXpaHeH~SI B8K:TOPHOTO TOK:a H 

~COOJib3Y51 06bNHb!M ~30TOOW·i€CK:~£1: W0PMaJIH3M~ a Ta.K:I:e xopomo anpo-

6~posaHHYI0 3Mn~P~Y.eCKYIO carob Me:EJIY WOpt.t<PaKTOPaMK (T.H. wa.cnrra6HblA 

3aK:OH): G~~ G~/~p~ G~/~n' G~~ 0, MO:EHO Bblpa3~Th /18/ CJ!Opt.@aK:TOpbl 

AB,vB,MB Y.epea 3~eKTPOMarH~THhM npoTOHHhiM WoPMWaKTOP G~(Q2 ) H 
WoPMWaKTOP aK:c~aJibHoro aapsmeHHoro TOK:a FA c Q2 >: 

FA(Q') 
Ap,n(Q')- (M < } 

B - -I>B + H: VB -.--

(29) 

GP(Q2) 
M~'n(Q2)::: ±{(~B±3rB){~P-1) - (~B+3rB)~n} 4~1+T)' 

rne ~::: 2,79, ~n:::-1.91 - npoTOHHb!M ~ HeATPOHHbM MaTH~THhle MOMeHTbl; 

H: ::: F~ ( 0) /C A::: . 0. 3 onpe.zteJl.HeT HOPMHPOBKY CJia60rO aK:C~aJibHOTO ~30-
CK:aJI51PHOTO Wopt.tWaKTOpa F:(Q

2
) B HepeJfSJTHB~CTCKoA SUC6J- K:sapKosoR 

MO~eJIH, CA::: FA(O) ::: 1.25 ± 0.06. 

JierKo aaMe-rn'Th ~ Y.TO aecb BKJla.zt z · -6oaoHa nocpe.ztcmoM napa

MeTPOB ~B~·f1B,rB,6B COCpeJl.OTOY.eH B 3if!if!eKTI1BHbiX !JiopMWaKTOpax (29)7 

KOTOpble C flOMOlll,biO if!OPMYJI ( 28) OOP€ll€JISIIOT CeY.eH~e ( 27) B CJIYf-iae 

np0~3BOJibHOfO Heti:TpaJibHOfO B€KTOPHOfO 6030Ha. 

06pa-rnMC5J K ynpyroMY v(~)N-pacce5JH~IO- ~a n.PellblllYmero aaMeY.a

HMSI 5JCH07 Y:TO OTI'\~OHeH~e oT CM a ceY.eH~SIX ynpyroro v(V)N-pac

ce5JH~5J. o6ycJios~eHHOe z · -6oaoHOM, r[ c( ( V) p, n .. < V) p, n)) onpe.lleJISI

eTCSI OTI'\JIOH€HH~ OT CM B WoPMWaKTOpax r(AE'n), r(VE'n) H r(ME'n). 
3aM€TI1M7 Y.TO 3TM B€JiHY.HHbi CB060llHbl OT Heonpe.lle~eHHOCTe£1: aADOHHOA 

CTPYKTYPbl? Ta.K? Hanp~Mep, llJISI r(AE> ~MeeM 

1. 

BKJia.ll z · -6oaoHa e tflopMWaKTOPbi C 29) ~aY'ieH a pa6oTe /18/. ,llJISI 
~JIJIIOCTpaUYJ~ 3TOfO BKJia.zra Ha IJ~C .10a,67B flP€.llCTaBJI9Ha 

r(AE> OT MaCChi Z"-6030Ha M2 npH if!~KC~posaHHJ:JX 
cMerm1BaH~5J e :::-0.1,-o.os,o,o.os,o.tpa.ll. (KP~Bble 

B€TCTB€HHO) H &ES ::: 0;90;142.24°. 

3aBHC~MOCTb 

Yf'JiaX Z-Z' 

1-5 COOT-

)lJISI C€\ffiH~£1: ( 27) 'IaK:Ee MOXHO OOCTPQ~Tb COOTHOIDeHHe, 

'-!YBCTB~TeJibHOe K BKJia.l{Y Z.- 6030Ha Y1 CB060llHO€ OT Heonpe.zteJieHHOC

Teti: a.npoHH0£1 CTPYKTYPhl· TaKOBbiM 5JBJISieTC5J o6o6m.eHYie H3BeCTHOTO CO

OTHOW€HH5J namoca-BonbWeHmTeAHa Ha c~A ynpyroro pacce~H~ /19/: 

IS 
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-O.O!S -0.10 
200 400 600 0 200 400 600 0 200 400 

"•· r.a "•. r.a "'2.·r~s 
a P11c. IO 6 B 

&NC(vp,n)-oNC(Vp,n) (~±3y )~ -(a +3y )~ 
~ B p,n B B n,p(k6B±~B), (30) 

o(vn~~p)-o(vp~~n) 2cos9c(~p-~n) 

cnpaee~eoe KaK ~ no~MX. TaK H ~ ~~~epeHUH3~Hb~ ce~eHH~. 

Ha PHC.9 Kp~Ba~ 2 COOTBeTCTBYeT r(6P) ~ 1%. 

5o~ee noppo6H~e peayRbTaThl MO~Ho Ha~~ 8 pa6oTe /18/. 

~TaK, paCCMOTpeHO npOSJBJieHHe Z. -6030Ha 8 ynpyrHX H KBa3H

ynpyrVJX HeRT.PHHHblX saaHMOJ(eticTBHID. B aasHCVJMOC~ OT napaMeTpos 

cynepCT.PYHHOA E6-MO,l(e~ OTKJioHeHH~ OT CM aa C4ST Z' MO~eT AOCTH

raTb 3Ha~Te~HMX BeA.HYMH. r~BHb~ YCJI08HeM o6Ha.Py.EeHJ.1~ npOSIBJieHH~ 

z · -6oaoHa SJBJI51eTC~ no8biDieHHe TO'-!HOCTH H3MepeHH£f. HaH6o;ree llYBCT-

8HTeJibHb~ K Z' 8e~llJ.1HaMVJ, n0-8HJ(J.1MOMYo SIB~TC~ CelleHHe i:i~e-pac
Ce.HHH~, pa3HOCTb celleHH£1 o(vl-le)-o(VJ.le). eeJIH~Ha RPo (25) H 6p+n 
(30). noc.ne.l(Hee 6~ro.napSI TOMY. liTO CJ'MM3, 3KCH3~Hb!X q>opM9)aKTOP08 

npoTOHa H HeAT.POHa 8 CM F~ +F~ ~ 0. HaMepSISI .o.p+n 8 ynpyroM 

vd-pacce51HHH, MOJitHO nOntn"!'a.TbC51 BbUieJIHTb 8KJI3.ll Z. -6030Ha 8 Y.HCTOM 

8H.lle. B OTJIHl{VIe OT r JIY60KOHeynpyroro vN-pacceffiiJ.151 paCCMOTpeHHble 

npo~eccM o6~~mT H36HpaTeJibHO£i qyecTBVJTeJibHOCTb~ K paaJIHllHhlM 

KOHCTaHTaM B33HMO.ll€£iCTBH51 Z. -6030Ha. 3TO B€CbMa 83:1:HO ,llJI5I 

pacnoaHaeaHH~ BKJia.ll3 z · npH aHaJIH3e :3KcnepHMeHTaJibHbiX .ztaHHbJX. 

§4. Z'-6o30H B ynpyrOM 3JieKT.POH-npoTOHHOM paCCe51HHH 

i1CCJie.ll0B3HH€ HOBOtf il!H3HKH, 8 TOM trnc~e VI npOSIB.li€HH£f z·-

6030Ha, flJiaHHpyeTCfl B rJlY{SOKOHeynp>'f'HX ep-CTOJIKHOBeH~SDC Ha 

BCTP€llHbiX 3JieKTpoH-npOTOHHbOC n)'llKaX YCTaHOBKH HERA. 8 ynpyrOM 

ep-paccef!HHVI fli>H 3HeprH51X HERA He y.l(a.CTCfl JlOC'rnllb He06XO.zo.tM0£1 

TOllHOCTif H3Mep€HH£1 ..l[.lrn roro • 4T06bl COCTaBHTb KOHKY.PeHUYJIO 
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r~6oKoHeynpyroMY pacce~H~ s sonpoce o6HapyzeHH~ npo~eHHR 
Z. -6030Ha /fO/. 

O~aKo, KaK yxe OTMeYa~ocb, r~BHhlM ~~Tc~ He soapacTaHHe 
3Hepnm, a YM€HbiUeHHe Olill160K 3KcnepwMeHTa. TaKoro copTa 3Hatrn:
TeJibHOe yBeJll11.!€HHe TOl!HOCTI1 npe1fJ10~raeTC~ OO.nytll1Tb Ha )'CTaHOBK€ 
Continuous Electron Beam Accelerator Facility (CEBAF), rJle 
O:Z:H.llaBMa~ CBBTI1MOC'lb 6YJ!.BT OKOJIO 10 38 CM-2

/C /21/. 8 3TOM 
c~e, K OPHMBPY, 1-2% )'poBeHb T04HOCTI1 MOXBT 6hlTb AOCTI1rHYT npH 
J13Mep€HHJ1 yYBCTBHTeJibHOH K HapymeHH~ 1.!€THOCTI1 aCHMMeTPHH B ynpyrOM 
3~€KTPOH-HYK~OHHOM pacce~HH /22/: 

do - ---(e
1

N-.e N) 
dQ2 
da --(e

1
N-+e N) 

dQ2 . 

do - · + --( eRM-+e N) 
dQ2 

(31) 

Ce~eHH~ ynpyroro pacce~H~ no~pH30BaHH~ aJieKTPOHOB Ha 
HYKJIOHaX (npoTOH3X) onpeJ!.e~TC~ BhlpaxeHH~ (27)-(29). 3~KTpo

MarHHTHOe saaHMOJ!.eHcTBHe npeJ!.CTaBJieHo s WOPMYJiaX (15),(18) nepsNM 
c.naraeMbiM, nponop!..J,i10HaJibHbiM nOCTOSIHHOH TOHKOH CTPYKTJ'Phl ct ::: g:/4n= 
= 1/137. 8 npeJ!.nOJioxeHHH Ma.JIOCTH nepe.lJaHHoro HMDYJibca Q

2 
napaMeTPhi 

( 18) MOTYT 6biTb nepenHcaHbl B BH..lt.B 

ctiQi(e~) 
2 

t>iQi(ejil -.'22 2 m• 
t>B= 

-.'22 2 "'B= 4G >: gi - >:--2, 4G >: gi 
• M2 Q • M~ i 1 

yiQi(e~) 
2 

6iQi(e~) -.12' 2 "' m• -.'22 2 
rB::: 4G >: gi - 3 Q2' 6B::: 4G >: gi (32) 

• M~ • M~ 
1 1 

rJJ.e :t::: 2nafl;Gm: ~ 0.6 106
, mp-Macca npoTOHa H B :::L,R. 

Do..lt.CTaB~ WoPMY~ (32) a cel.!eHH~ (27)-(29) H s~c~ 
aCHMMBTPH~ A ( eL -eR) ( 31), MOJICHO OUBHVJ'Th BJrnSIHVJe J!.OOOJIHHTeJibHOro 
Z · -6oaoHa, T.e. HaHTI1 r(ACeL -eR>) = r(eL -eR>. 8 Kal.!eCTBe npHMepa 
paCCMOTPHM TOJibKO pacceSIHVJ€ no~pVJ30BaHHb~ 3JieKTPOHOB Ha He
nO~PVI30BaHHb~ npOTOHaX, opHBHTHPY~Cti Ha B03MOJICHOCTI1 CEBAF/21/. 

DpH WHKCHPOBaHHOH 3HeprHH 3JIBKTPOHOB E:::2f38 r(eL-eR) aaBHCHT 
OT KHHeMa.TI11.!€CKHX nepeMeHHhiX Y (H.ill1 Q

2
) H napaMeTPQB M2 , e J1 ~E~

KaK H paHee, orpaHH1.!HMC~ aHal.!eHH~ YTJia &E6 ::: 0°, 90° H 142.24 • 
).tJI~ 3THX YTJIOB J1 Q

2
::: 0.5 f38 2 /c2 (HJIJ1 Y ~ 0.1) Ha pHc.11a,6,B 

noKaaaHo on<:JIOHSHHe OT CM, r<eL -eR>, KaK WYHKI..U1~ M2 npH 
WHKCHposaHHb~ e, paaH~ -0.04 (KPHBa~ 1), -0.02(2), 0(3), 0.02(4), 
0- 04(5). 0pH H3MeHeHHVI y KPHBble MBH5110TC~ CJia6o. XapaKTePHOe 
nose.zteHHe Hx: 6biCTpoe aaHyJieHHe npVI e=o H aoapacTa.HHe (OT .ztoJieH 
ITPOUBHTOB AO 25-30%) ITPH eJII!O C .POCTOM M2 J1 T· .zt. COXpaHSieTC~ H 
HM€BT TO xe npOHCXO%JJ.BHHe, l.!TO J1 B T~OKOHeynpyroM pacce~HVJ. 
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Q.3 .r:(e -e ) 0.3 r(e. -e ) 0.3 r(e -e ) 
L R L R L R 

0 5 5 5 
E6 -142 

0.1 
2 

0.1 
2 0.1 

2 
4 4 4 

2 2 
3 

2 2 
3 

2 
3 

2 
Q 0.5 Gev Q 0.5 Gev Q 0.5 Cev 

-0.1 M -0.1 M -0.1 M 
100 600 r3B2 100 600 r3B2 100 600 r3B2 

a 6 B 

Pl!c.II 

CpaBHBHKe KOHTYPOB 2(~ r{eL-eR)=l%) H 3(~ 2%) c KOHTYPOM 
1 Ha pHC-12 ~eMOHCTPHPYBT 803MO%HOCTM no~eHH~ AOCTaT04HO XBCTKHX 

- 0 . orpaHHY:BHYH1 Ha napaMeTPbl Mz J1 e npH &E6=142. 24 H3 npel1)13i10HHbiX 

3KCnepHMeHTOB Ha YCTaHOBKB CEBAF. ~~ 1% (2%) T04HOCTM M2 ~O~Ha 
6b!Tb 60J!bJne 450(320)f38 ~ 1e1 He .l(OJI%€H npeBbliiJaTh 0.01(0.03) 

pa.l(HaH. npYJBB.liBHHble KOHTYPhl COOTBeTCTBYJOT y:0.5, C )"MBHbnteHHeM Y 

orpaHHY.eHHSl' CTaHOBSITCSI MeHBe :m:eCTKYJMl-1, i1 B CJIYI-lae y ~ 0 KOHTYPb! 

npaKTifYBCKYJ He OT.Jrn4aiOTCSl' OT OOJIY'-f€HHbiX paHee .llJISI r.ny6otm
Heynpyroro HeRTPHHO-HYK~OHHoro pacce~HSI (eM. pHc.2). T.o., ynpyroe 
ep-paccesnme o6.na.zr.aeT 6oJibme£i 1..lYBCTBHTeJibHOCThiO K Z · -6oaOHY JIY!Ulb 
OPH .D:OCTa.TOl!HO 60JibiiiHX Y • KOHTYP 1 COOTBBTCTBYBT YJMBIOIII,HMCSJ 

orpaHHY.BHYI51M Ha napaMeTpbl M2 H e !23!. AHaJiorw.ffibie peayJibTaThl 

DOJiy\!eHbl B pa60Te /24/. 

600 

700 1'12 l"(e-L-~) 

600 

500 2 
3 I_ 3 

400 

300 

~~ 200 

100 

o+---r-~~~---r---r~ 
-0.10-0.05 o.oo 0.05 0.10 0.15 0.20 
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3aMeTI1M, YTO ynpyra:n ac~MM6T.PH5l A(eL -eR) .ztaeT B03MO:Z:HOCTh 

nOJrYY,Y!Th HHI.f!O.PMalJ.'110, r JiaBHbiM o6pa30M, TOJibKO 0 B€KTO.PHOM 1.UieH€ 

CJia60fO a.ztpOHHOfO TOKa V q,. KOTOpbJi1 BXO,lij1T B HapymaiO~H llBTHOC'Ib 

'3t.l>({leKTY!BHb.ltf JiarpaHJR:HaH 8 8H.zte npo~aee.zteH~SI Ae v q. TaKoro co pTa 

HHti>O.PMaU11SI 8 HaCTOSilll,€6 BPSMSI C xopomeH TOllHOCTbiO OOJIYll€Ha H3 

r.ny60KOHeynpyroro ep-paCCBSIHHSl H H3Yll€HYISI P-HellBTHbiX '3!fl!f!EH..:TOB B 

aTOMHb~ 3KCnepHMeHTax /8,9,25/. Aono~H~TenDHaR ~HW0PMaQMR,He

o6xo~MaR BA5l onpe.n:e~eHYISl aKc~aADHoH YacTY! c~a6oro a.n:poHHoro TOKa 

Aq, KOTOPblH BXOJU1T R .n:8rpt:~HJR:J.1aH 8 BHJI:O V eAq, He MOJR:eT 6btTb HaJielCHO 

W38~6ll6Ha H3 3THX 3HCll9pHM9HTOB. 

8 TOR o6~aCTYI, fJI€ Y He 0 YI~YI 1, YICTOYHYIKOM Ta.KOH YIHI.f!OPMaWiH 

0 Aq MO:ai:ST 6bJTb npeU!ti3YIOHHO€ YI3YY.€HH6 33P511IOBOA aCHMMeT.PHH 
- + 

A(e1 -eR)' TaK KaK OHa nponopUHOHa~bHa BK~aJIY napaMBTPOB 

aKCHa~bHOfO C~a6oro TOKa ~L Yl D
1 

(17): 

-+ z emem 
A(eL-eR) ~ {~L+~DL} ks FA(Q) (FV +FM )/cem· 

CoeMeCTI!bie pesy~bTa.Tb.l H3MepeHHA aCYIMMeTp~A A(eL -eR) H 
- + 

A(eL -eR) JiaiOT B03MOJR:HOCTb OOJIHOCTb!O onpeJIBJIH'Ib npOCT.PaHCTB€HHO-

BPBM€HHYJO CTPJ'KTYPY HapymaiOmero 1..J.eTHOCTh '31.fl!fleKTYIBHOfO .narpaH:Z:HaHa. 
- + 

00JI '3TYIM yr~OM 3PBHHSI OUBHHM npOSIB~BHHSI z· B A(e
1

-eR). n~ 06cy.E-

' ' ' ..zraeMbJX yr ~08 &ES H Q = 0. 5 f'38 /C Ha PHC. 13a, 6, B npeJI:CTa.B.JieHO 

r(A(eL-e~))- OTK~OHBHHe OT CM JIASl sap5U[osoH acHMMeT.PHYI. Bee 

0603HaY.e~Sl TaKHe JR:e, KaK H Ha PYIC.l1. 

HTaK, BKJia.zt Z'-6oaoHa B acYIMMeTpHIO TY!na A(eL-eR) sapb~pyeTCSI 

OT JtOJieH npotteHTa .llO 20-25% 8 3aBHCY!MOCTI1 OT napaMeTPQB 

cynepCTPYHHoA E6-MOJI6~11. OpeUH3HOHHb.le YI3MepeHHSI ynpyroA 

ep-aCHMMSTPHH Ha YCTaHOBKe CEBAF ll03BOJIJ!T SCJIYI He 06H3.PYXYITh 

KOCBBHHOe npOSIBJISHYI€ Z'-6030Ha, TO, no KpaAHeA Mepe, CMOryT ,lla.Tb 

cym,ecweHHbl€ orpaHI1Y.SHI1Sl Ha 3HaY.eHI1Sl 3TI1X napaMeTpoe. 
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YKaaaHa TaKxe aap~oea~ acHMMeTPH~ A<eL-e;), nponopUHoHa~Ha~ 
BK.Jla.l!Y aKCHa~HO-B€KTOPHOfO c.na.6oro a.liPOHHOfO H€£1Tpa~HOfO TOKa. 

Ee H3ytleHH€ .llaCT B03MOltHOC.Tb OOJIYYJ1Tb Ba:EHYJO HH!llOPMaU~·tJO 0 

CTPYKTYpe P-HeqeTHoro 3~KTMBHoro .narpaH:m:HaHa. 

3aKJIJ04€HHe 

8 cynepCTPYHH0£1 E6-MO,lle.mf H3yt{eH B~Jia..ll .llOOOJlHYJTe~Horo Z'-

6030Ha BO B3aHMO.lle~fcTBl1ffi:: He£1TPHH09 aHTMH€£1TPHH09 DOJI5lpH30BaHHb1X 

3~KTPOHOB Yl D03HTPOHOB C ~YJ~CYIPOBaHH0£1 a.liPOHH0£1 (~enTOHH0£1) 

MHW€HbJO. 0oKa3aH0 9 l!TO r~aBHhlM YC~OBYI€M KOCB€HHOfO Ha6JIJO.ll€HYJ~ npo

SIBJIBHH£1 Z. -6030Ha SIBJI51eTC5i aHaYJ1TeJibHO€ DOBblllleHH€ CTaTYICTYil!€CKOti: 

TOllHOCTI1 H3M€P€HYI£1. 13Jra.fO.llaPSl TOMY 9 l!TO aHa.mf3HPYJOTC~ H3MBP51€Mbl€ 

BBJD1l!YIHbl YJ.mf HX KOM6HHaUHH, CJia.60 l!YBCTBHTeJibHbJe K a.l{[)OHHOA 

CTPJ'KTYpe, Y.ztaBTCst CYIIl,BCTBBHHO CHH3Wib B.ID1SIHH€ CHCTeMaTI14€CKHX 

HBODPB.llBJIBHHOCTe£1, CB513aHHb1X C 3TOti: CTPYKTYPOti:. 

Cpe,l(l!f Hal160JI€€ l!YBCTBHTe~HbiX K Z'- 6030HY _B€.mfi{HH MO%HO 

OTM€TI1Tb 8 r.ny60KOHeynpyroM v(i:.)N- paCC€SlHHYJ Rv ::Q'~C /O'~C (19) Y1 

OTiiOCHTeJibHbl€ pa3HOCTYI l!.i)• l!.v(22); B ynpyrOM Y1 KBa3YJYDPYfOM Heti:T

PYIHHOM paCC€51HHYJ ~!llpaKUHOHHOe PO%.ll€HHB P
0

-Me30Ha Rpo (25), 

coonwmeHHe namoca-BoJibtl>eHirrre£1Ha lV!SI ynpyroro pacce51HYJSI Ha wao

cKaJISIPHOH MHmeHYI l!.p+n < 30), noJIHoe cel!eHHe V 1-le- pacceSIHYJSI YJ paa

HOCTb O"(vi-Je}-O'(VI-le}. 8 ynpyrOM ep-paCCBSJHHYJ 3Hal!HTe~HaSI 1.JYBCT

BYJTeJibHOCTb K Z' -6030HY 06HaPYXHBaeTCSI npYI He Ol!BHb Ma.Jib!X nepe

.llal!aX B P-Hel!eTHoH aCHMMBTPHYI A(eL-e;}. 

0Ka3aJIOCb, l!TO 0THOCHT€JibHO CTaH.zta.PTH0£1 MO.liBJIH Z' MO%eT 

,llaBaTb BKJia.,ll, aapbMPY!Olli,Ylikst OT ltOJI€£1 OpOIJ,€HTa .llO COTBH npoiJ,BHTOB B 

3aBHOlMOCTI1 OT napaMBTPOB E6-MO.lt€JIYI 1 H3YllaBMbJX ll!Y13Hl!€CKYIX 

npou,eccoe, a ra~:z:e WopMbJ npe.ncTaBJieHHSI cooTBeTCTBYlOIII,Yix 3KcnepH

MeHTa~HbiX ,llaHHbiX. Cy~ecTBeHHbiM SIBAAeTcSl z-z • cMemYJaaHYJe. Opw 

HBHYJIBBbiX yr JiaX CM€iliYJBaHYJSI e YJM€€T M€CTO BOapaCTaHYI€ OKJIOH€HYI£1 OT 

CM npaKTMqecKYI .llJISl ecex paccMOTPBHHbiX npoueccoe. AHaJIYJa npoBO.lllifJICSI 

Ha .llP€B€CHOM YPOBH€9 6ea ytl€Ta pa,ltYiaUHOHHbiX nonpaBOK, 3TO 

.llOnycTHMO ~ nporHoaYJpoaaHYISJ 3WWeKra. O.llHaKo npYI o6pa6oTKe 

JlaHHbiX KOHKPBTHOfO 3KCO€PHM€HTa C U.B~biO Bb.ISIBJIBHYISI BKJia.zta Z' -6030Ha 

He06XO,l(l!fMO npYIHYJMaTb 80 BHHMaHYJ€ H KOPPBKTHO ytll1TbJBaTb ~JrnSIHYIB 

3JI€KTPOCJia6b.IX pa,ltYiaiJ,HOHHbiX nonpaBOK/26/. 

i1HTepec K YI3Yl!eHY!fO BKJialta Z '-6030Ha B paCCMOTPBHHhl€ npoiJ,eCChl 

o6bSJCHSJeTCSI • HX H36YipaTeJibHOti: l!YBCTBYIT8JlbHOCTbiO K pa3JIHllHbiM 

KOHCTaHTa.M aaaVJMO.lleAcTBYISI z- c WepMHoHaMH. ,lla:z:e ecJIH z · -6oaoH 

6y.ll8T 06Hapy:z:eH SIBHO B pp- H.mf e-e + -CTOJIKHOBBHHSD< npYI BhiCOKYIX 

3HeprYISIX9 3a.lla~a Y13MepeHY!Sl 3T!.1X KOHCTaHT OCTa.8TC~ H 6y,lleT pemaTbC~ 
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B 3KCnep~MeHTa.X Ha !}.IHKC~POBaHHOt1 MHllieHH no 1'\0CBeHHblM npo51BJieHHsn.l Z' 

s yKaaaHHhlX npo~eccax. EcJIH xe ero Macca 6y~eT c~mKOM eeJIHKa, TO 

KOCBeHHble 31'\CnepHMeHTh! OCTa.H,YTCSI eJ0.1HCTBeHHbiM HCTOI..!fU1KOM 

HHWoPMaUHH o Z'-6oaoHe. 
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