
V r '-"",,,,,, 

(-666 ~ 
061,E)UIHEHHbIH HHCTHTYT Jl,l(EPHhlX HCCJIE~JBAHHH 

KOP3EHEB 
AJieKCaHJ:i:p IOpI>eBJflI 

I 

1-2007-89 

Ha rrpaBaX p)'KOIIHCH 

Y~K 539.125 

I13MEPEHI1E CilI1HOBOH CTPYKTYPHOH <l>YHKQI1I1 g~ 

HA YCTAHOBKE COMPASS 

CneU:HaJibHOCTb: 01.04.23 - <pH3HKa Bl>ICOKHX :meprnii 

ABTOpeqiepaT .llHCCepTaUHH Ha COHCKaHHe yqeHOll CTeneHH 

KaH,llH,llaTa q>H3HKO-MaTeMaTHqecKHX HayK 

06'Iie,l{HHeHmrn HHCTHTYT 

sr,nepHLIX nccne.n;oaamu1 
B FfflJ!f~TEI<A 



Pa6om BbIIl0JIHeHa a Jia6opaTOpHH q>H3HKH 'lacTHIJ, O61,~HHeHHOI'O HllCTHTy

Ta .H,LJ,epHhIX HCCJI~oaattnii:, ,lfy6tta. 

Hay'IHhie pyKoao,n.nTeJIH: 

,ll.0KT0P q>H3HKO-MaTeMaTH'leCKHX HayK 

,n.oKT0p, rrpoq,eccop 

Oq,mi;naJihHhie orrrroHeHThl: 

,U.0KTOP q>H3HKO-MaTeMaTH'leCKHX HayK, 

rrpoq,eccop 

KaH,n.H,lJ.aT q>H3HKO-MaTeMaTH'leCKHX HayK 

Carro>KHHKOB 

Mmca.HJI rpnrOpbeBH'I 

q>OH Xappax 

,l(HTpHX 

Benocrou,KHH 

C-rattnCJiaB JlhBOBH'I 

IIIeJIKOB 

reoprnii:AJieKcaH,n.pOBH'I 

Be.n.y~a.H oprattn3au,m1: «l>H3H'leCKHH HHCTHTJT HM. II.H.Jle6e.n.eaa 

Poccnii:CKOH aKa,n.eMHH ttayK 

3a~HTa ,U.HCCepTaIJ,HH COCTOHTCH "--" ----- 2007 r. Ha 3ace,n.aHHH 

,U.HCCepTaIJ,HOHH0ro COBeTa ,l( 720.001.05 rrpH Jia6opaTOpHH q>H3HKH 'laCTHIJ, B 

O6'b~HHeHHOM HHCTHTyTe .H,LJ,epHbIX HCCJie,n.oBaHHH, r. ,lfy6Ha MocKOBCKOH 06-

JiaCTH. 

AaTOpeq>epaT paJoCJiaH " __ " _____ 2007 r. 

C ,u.nccepmu,HeH MQ)KHQ 03HaKOMHTbCH B 6H6JIHOTeKe O6'b~HHeHHOro HHCTH

TYTa .H,U.epHbIX HCCJie,ll.0BaHHH. 

Y'leHhIH ceKpeTapb ,u.n:ccepmu,noHHoro coBeTa KpnBOXlDKHH 

,U.OKTOp q>H3HKO-MaTeMaTH'leCKHX HayK , , ~ BaCHJIHH reHHa,lJ.heBH'I ((Jo/~~~ 

( 

I 

\ 
'i 

AKTYaJihHOCTh 

Ha npoT.H)Kemrn noCJie,u.Hn:x 30 JieT cnnH0BaJI CTPYKTypa HYKJIOHa 5rnm1eTe}1 o,u.
Hoii II3 rrrn:pOK0 o6cy)K,ll.aeMhIX TeM B Q)H3JIKe 3JieMeHTapHbIX 'IaCTIIIJ;. Comae

HO TeopJIII CJIJihHhIX B3aJIMo,n.eiicTBnii (KBaHTOBOii xpoMO,U.JIHaMlfKe / KX,II:), 

HYKn0H rrpe,u.cTaBIDieT co6oii CBH3aHH0e coeTOHHIIe KBapKOB, B3aHMO,U.eiieTBYK>

IIJ;HX rrocpe,u.CTBOM rmOOHOB. He CMOTpH Ha O'leBJI,U.HhIH ycrrex B OilHCaHJIH 3Ke

nep1IMeHTaJlbHbIX ,u.aHHbIX, ,u.aTb OTBeT Ha B0npoe, B Ki:tKOH nponopIJ,IIH KBapKH 

II rmOOHbl ,u.eJIHT CIIIIH HJKJIOHa Me)K,ll.y co6oii, KX,I( He MO)KeT. 9KcnepHMeH

TaJlbHbie )Ke ,zi;aHHbie CBH,U.eTeJibCTBJIOT B IIOJih3Y Toro, 'ITO JIIIIIIb MaJiaa 'laCTb 

CIIHHa HJKJIOHa MO)KeT 6hITb o6'hHCHeHa CJMMapHbIM BKJla,lJ.OM KBapKOB (1). Ee

Jill o6o3Ha'IJITh BKJia,lJ.hI KBapKOB H rJIIOOHOB B cnJIH HJKn0Ha KaK Ll:E n LlG, 
a L~ n L<j - HX op6HTaJibHbie MOMeHTbI, TO enHH HJKJI0Ha MO)KeT 6hITb rrpe,zi;-

CTaBJieH KaK: 

! - ! q G 2 - 2.!l:E + LlG + Lz + Lz . (1) 

Onpe,u.eneHJie BeJIH'IIIHbl Ka)K,IJ;Oro H3 'IJieIIOB ,zi;attttoro ypaBHeHJIH HBJrneTea 

O,IJ;HIIM H3 KJIIO'leBbIX MOMeHTOB B IIOHJIMaHIIH BHyTpeHHeii CTPYKTJPhl HJKJIOHa. 

IlepBaH nonbITKa onpe,zi;eJIJITb BeJIII'IIIHY KBapKOBoro BKJia,IJ,a, Ll:E, 6bma 

npe,zi;npJIHHTa B KOHU,e 80-x ro,u.oB. 9KenepJIMeHT EMC IIOJIJ'IIIJI HeO)KJI,IJ;aH

Hhiii pe3JJihTaT: Ll:E = 0, 12 ± 0, 09 ± 0, 14"[2). llpwieM 6h1J10 o6Hapy)KeHo ey

~eeTBeHHOe HapyIIIeHHe npaBJIJia 9JIJIJiea-,I()lffiq>q>e, npe,zi;noJmraroui;ero Heno

JIHp1I30BaHHJIO eTpaHHOeTb HJKJIOHa (Lls = 0). ,nm, JI36e)lffiHJIH npOTHBO

pe•mii e pe3JJihTa'raMH rmiepOHHbIX 3KenepHMeHTOB npHIIIJIOeb IIOTpe6oBaTb 

Lls = -0, 19 ± 0, 03 ± 0, 04. Pe3JJibTaThI H3MepettHii EMC BOIIIJIII B o6Hxo,zi; 

KaK "errHHOBblH Kp1I3He" I. ,I(JIH pa3peIIIeHJIH npo6JieMbl B Be,IJ;y~HX Hay'IHbIX 

ti;eHTpax MIIpa (SLAC, CERN, DESY) 6hIJIJI npe.n.Jio:>KeHbI HOBhie 3KenepRMeH

ThI, enoeo6Hhie npoBeeTII H3MepeHJIH B pa3JIIPIHbIX KUHeMaTH'IeeKHX o6Jiaenrx. 

HoBhie pe3JJihTaThI JIHIIIh nO,U.TBep,u.1wn BbIBO,IJ;bI EMC: BKJia,ll. KBapKOB B enJIH 

HJKJIOHa ,zi;eiieTBIITeJihHO MaJI. KX,II; aHaJill:3 Beex eyui;eeTBJIOIIJ;lIX H3MepeHIIH. 

eTpJKTypttblX <PYHKIJ;Hil. gf'n,d, IIOJIJ'IeHHhIX B peaKti;ll:HX rJiy6oKO-Heyrrpyroro 

paeeeaHJIH (rHP) JienTotta Ha HJKJIOHe, nplIBO,IJ;IIT K BeJIH'mtte Ll:E B npe.n.enax 

OT 0,2 ,Il,O 0,35 (eM. HarrplIMep (3, 4)). 

COMPASS (CERN/SPS) - o,zi;n:tt 113 ,zi;eiieTByroni;n:x Ha eero.n.mmrnJiii ;i;etth 

3KerrepHM~HTOB, IIOCBHIIJ;eHHbIX H3MepeHJIIO CIIll:HOBOH. eTpyKTJpbI HJKJIOHa. Ho
Boe IlOKOJieHn:e npeu,JI3HOHHbIX ,zi;eTeKTOpOB, pa6oTaIOIIJ;ll:X B BhieOKIIX IIOTOKaX 

'laCTHIJ;j 6hieTpaH 3JieKTpOHIIKaj eHCTeMa e6opa ,zi;aHHbIX, enoeo6nm1 ynpaBJIHTh 

60JibIIIHMll: ofrbeMaMII ,zi;eTeKTOpHOH. HHq>OpMaIJ;IIII, II03BOJIHIOT eym,eeTBeHHO 

13a.MeTHM, qTQ ''Kp113HC" CBH3aH IICKJIIQq11TeJihHO C HaIIIHMII IIHTYBTIIBHhlMH (HaBBHhlMH) 

rrpe.n,rrOJIO:lKeHHHMH O BeJinqnHe BKJia.n,a KBapKOB. ThK KaK IIOJ!Hhll!: yrJIOBOl!: MOMeHT coxpa

HHeTCH, OCHOBHaH qaCTb CHHa HYKJIOHa rrepeHOCHTCH rJIIOOHaMH 11/HJIH nepexO)l,HT B op6n

TaJihHhle MOMeHThl. 
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YJIY'mrn:Th T0qH0CTh q:m31piecKnx pe3JJihTaToB. AHaJIH3 cTpJKTypHoii cpyHK

r~HH at, npe,n;cTaBJieH_Hhlii n ,n;uccepTil.IJ,UU, np0B0)];UJIC.H Ha ,n;aHHbIX, Ha6paHHblX 

3KCIIepHMeHT0M B ceaHCaX 2002-2003 rr. 

ll;eJIH pa60Thl 

• PacqeT nHKJII03UBHbii rrpo,n;OJihHOii acnMMeTpuu nnp-ryaJihHOro cpoToHa 

At U CIIUH03aBUCHM0H CTPJKTYPHOii cpyHKU,UH gf C HCIIOJib30BaHHeM ,n;aH
HbIX, Ha6paHHhIX 3KCrrepuMeHT0M COMP ASS B ceaHcax 2002 n 2003 rr. 

• IIpoBe,n;eHne KX.II: aHaJin3a c u,eJihIO nOJiyqeHn.H 06pa3yrolll,nx cnuH Hy

KJI0Ha pacnpe,n;eJieHnii KBapK0B H rJIIO0H0B. 

• MeTo,n;uqecKa.H pa6oTa, K0Topa.H BKJiroqaeT B ce6.H: 

◊ lfaMepeHne MarHHTHoro nOJI.H ,n;nn0JihHoro MarHuTa SMl ycTaHoB

KH COMP ASS. BKJiroqemrn pe3JJihTaT0B n3MepeHnif B nporpaMMhI 

peK0HCTPYKIJ,Ull 11 M0,1.J;eJillp0BaHH.H co6hITllH 3KCIIepnMeHTa. 
. . . ' ' 

◊ Pa3pa60TKa aJir0pHTMa B0CCTaH0BJieHH.H napaMeTp0B BepIIIllHbl nep

BHqHoro B3aHM0,n;eiiCTBirn 11 nepIIIHH pacna,n;a HeiiTpa.JlbHblX qaCTHIJ,. 

◊ Pa3pa60TKa npor~e,n;ypbl OT6opa co6hITHii, K0T0pbre y,n;0BJieTB0p.HIOT 

KpHTepn.HM CTa6HJibHOii pa60Tbl cneKTP0MeTpa. 

◊ AttaJIH3 3cpcpeKTHBHOCTH pa60Tbl Tpllrrepa, Ka.Jrn6poBKa Tp11rrep

HbIX ro,n;oCK0II0B H pa3pa60TKa aJir0pHTMa 11,n;eHTH(pHKaIJ,Hll pacceJI

H0r0 MIO0Ha, 0CH0BaHH0ro Ha nponepKe C00TBeTCTBH.H TpeKa Tp11r

repHbIM yCJI0BllHM. 

HarIHruI HOBH3Ha 

1. Ilpe,n;cTaBJieHhI nepnhre pe3JJihTaThI 3KCnepnMe1rra COMP ASS no onpe

,n;eJieHnro CIIllH0BOii acnMMeTpHH ,n;eiiTpoua Af H ero _CilllH03aBllCHMOH 

CTPJKTypttoii cpyHKu,nn gf B o6JmcTH Q2 E [l; 100) raB2 if x E (0, 004; 0, 7). 

2. Ila cpanHeHHIO c npe,n;hl,n;JIIJ,HMH aKcnepm.teHTaMH or1m6Ka H3MepeH11ii gf 
/~Jrn o6JmcTH x < 0, 03 6hIJia yMeHhIIIeHa n 2-3 pa3a, 'ITO II0BblCHJI0 T0'I

H0CTh 3KCTpanOJIHI~llH gf B o6JiaCTh X = 0. 

3. O6uapy)KeHO, 'ITO ,l~JIH X < ,o, 03 H0B_hie H3MepeuHH gf BIIOJIHe conocm

BHMhl C, HJJieM H He HM.eIOT upe,n;paCIIOJI0)KeHH0CTH K 0TpHIJ,aTeJibHbIM 
BeJIU'BfUaM, KaK CJie,ZWBaJI0 H3 pe3JJibTaT0B npe,n;bl,n;yru,ero 3KcnepnMeHTa 

SMC. 

'2 

4. HcnOJib3J.H B aHaJIH3e BCe HMeroru,neCH Ha cero,n;H.HIIIHllii ,n;eHb ,n;aHHbie 110 
gf,n,d(x, Q2), c noM0IIJ,bIO nporpaMMbI KX,I( cp11m 6bwn paccq11TaHhI cn11-

H03aBHCllMhie pacnpe,n;eJieHH.H KBapK0B H rJIIO0H0B. IIoKa3aHO, qTo npn 
BKJiroqeunn B cpnT ,n;aHHbIX COMP ASS oIIIn6Ka onpe,n;eJieHH.H KBapKonoi1: 

nOJI.Hpu3au,nn yMeHhIIIHJiach Ha 26%. 

IlpaKTH'lJeCKrul :u;eHHOCTh 

1. Pe3JJihTaTbl ll3Mepettnii At n gf B nn,n;e m6Jinu, nueceHhI B Mnponyro 6a3y 

,n;aHHhIX (Durham HEPDATA) [5] n MoryT 6b1Th ncnoJih30BaHbI B KX,n: 
attaJill3e ,n;pyrux rpynn. 

2. IloJiyqeHHhre B pe3JJihTaTe KX,I( aHaJIH3a napT0HHhre pacnpe,n;eJieHH.H MO

ryT 6hITb HCIIOJib30BaHbl B nporpaMMax M0)];eJIHp0BaHH.H npou,ecC0B no

JI.HpH30BaHH0ro rHP. 

3. BbIIIOJIHeua MeTo,n;uqecKaH pa6oTa, Pe3JJibTaTbl K0T0poi1: BKJiroqeHhl n 

'npou,e,n;ypy cTatt,n;apTttoro aHaJIH3a ,n;attuhrx, tteo6xo,n;11Moro ,ll;Jl5I pacqeTa 

At H gf 

(a) Ilpone,n;etto H3Mepemrn MarttnTuoro IIOJI.H ,n;11nOJihHoro MarHnTa SMl 
JCTaH0BKH COMP ASS. 

(b) Ha1111caH nporpaMMHhrii naKeT peK0HCTPYKIJ,llH nepIIIntt, BhIIIOJIHH

IOIIJ,Hii B0CCTaH0BJieHne napaMeTp0B BepIIIHHbl nepnnqHoro B3allMO

,n;ei1:CTBH.H H Il0HCK BepIIIHH pacna,n;a ,n;OJir0)KHBJIIJ,UX Hei1:TpaJibHbIX 

qacTnu,. 

( c) Pa3pa6omtta nporpaMMa oT6opa co6b1T11i1:, K0T0phie y,n;onJieTB0p.HIOT 

KpnTepH.HM CTa6HJihHOH pa60Tbl cneKTP0MeTpa. 

( d) ,I(JI.H nporpaMMbl B0CCTaH0BJieHHH TpeK0B pa3pa6omH aJir0pllTM n,n;eH

TH(pHKaIJ,llH pacce.HH0ro MIO0Ha 11 aJir0pllTM yqeTa seru,ecTBa cneK

TP0MeTpa ,n;mi: K0ppeKTH0I'0 onncaHHH MH0I'0KpaTH0I'0 pacce.HHHH 

'!aCTlll~. 

ABTOp 3am;nm;aeT 

1. Pe3JJibTaTbI pacqeTa cnnttonoit acnMMeTpnn ,n;eiiTpoua At n era cnnHo-

3asnc11Moii CTPJKTypuoit cpyHKIJ,1111 gf B o6JiaCTH rHP. 

2. Pe3JJibTaTbI KX,I( aHaJI113a ,n;aHHbIX no gf'n'd(x, Q2) c ucnOJib30BaH11eM 

113Mepett11i1: COMP ASS. 

3. MeTo,n;11qecKaH pa6om: 
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( a) Pe3yJihTaThI H3Mepemdi MarHHTH0ro rrOJIB ,11,HIIOJihH0ro MarHHTa SMl 

crreKTpoMeTpa COMP ASS. 

(b) AnropttTM B0CCTaH0BJieHmr rrapaMeTp0B BepnrnHhI rrepBHqHoro B3a

HM0,n;eiiCTBmI H BepnrnH pacna,n;a HeiiTpaJibHbIX qacrmJ,. 

(c) Ilpou,e,n;ypy oT6opa co6hITHii, y,11,oBJieTB0PHIOllJ.HX KPHTepHHM cm-

6HJihHOii pa60Tbl crreKTp0MeTpa. 

(d) Pe3yJihTaThI aHaJIH3a acpcpeKTHBHOCTH pa6oThI TpHrrepa, a TaK~Ke 

MeT0,11,HKY KaJIH6pOBKH TpHrrepHblX ro,n;0CK0ll0B H anropHTM H,[J.eH

TH(pHKall,H~ pacceHH0r0 MIO0Ha, OCHOBaHHhlH Ha rrpoBepKe C00TBeT

CTBHH TpeKa TpHrrepHbIM yCJI0BHHM. 

Anpo6~H.H pa6oTh! 

Pe3yJibTaThl ,11,HCCepTaU,HH ,11,0KJia)];bIBaJIHCh aBT0p0M Ha HayqHbIX ceMHHapax 
JI<I>q (OII5III), lIHCTHTYTa H,11,epHoii cpH3HKH yHHBepcHTeTa r. MaiiHU. (repMa

HHH), Me)K,LIJ'Hapo,11,H0M XVIII ceMHHape rrpo6neM cpH3HKH BhIC0KHX 3Hepmii 

HM. BaJI,ll;HHa (25 '- 30 ceHTH6pH 2004, ,lfy6Ha), KOHcpepeHU,HH HeMea,Koro cpH-

3HqecKoro o6lll,eCTBa/ OT,[J.eJieHHe cpH3HKH H,n;Pa (8 - 12 MapTa 2004, KeJihH, 

repMaHHH), Me)K,LIJ'Hapo,n;HhIX KOHcpepeHU,HHX SPIN 2005 (7 - 3 aBrycTa 2005, 

Ilpara, qerncKaH Pecrry6JIHKa), QNP 2006 (5 - 10 HIOHH 2006, Ma,n;pH,n;, IIcrra

HmI) H QCD 2006 (3 - 7 HIOJIH 2006, MoHrreJihe, <I>pattu,mr). 
OcHOBHhie pe3yJibTaThl, BOllle,[J.llIHe B ,11,HCCepTaU,HIO, orry6JIHKOBaHhl B 6-TH 

pa60Tax. 

CTpyKTypa H o6'heM ,u.nccepT~HH 

,Ll;HccepTaa,HH cocTOHT H3 5-TH rnaB ("BBe,11,eHHe", "OrrHcamie ycTaH0BKH COM

PASS", "reoMeTpHqecKaH peKOHCTPYKU.HH co6hITHii", "IlOJiyqeHHe crrHHOBOii 

acHMMeTpHH H3 3KcrrepHMeHTaJihHbIX ,11,aHHhix'' H "KX,I( aHaJIH3"), 3aKnroqeHHH 

H 2-X rrpHJIO:lKeHHH. . . 

Co,u.ep)Kanne ,u.nccepT~HH 

B uepeoii: rnaee KpaTKO H3JiaraeTCH cpopMaJIH3M rny6oKo-Heynpyroro pac

ceHHHH 3apH:lKeHHbIX nerrTOHOB Ha HYKJI0He. IlpHBO)l;HTCH cpopMyJihl ,[J.JIH ce•1e

HHH IIOJIHpH30BaHI~0rO H HelIOJIHpH30BaHHOrO pacceHHHH, BBO)];HTCH CTPYKTyp

Hbie cpyHKU,HH H IIOHHTHe CKeHJIHHra, ,11,aHa HHTepnpeTaU,HH rrapTOHHbIX pacrrpe

,11,eneirnii B paMKax KBaHTOBoii xpoMo,11,n.IiaMHKH. · 
ECJIH o603HaqHTh CTpeJIKaMH B3aHMHYIO opHeHTaU,HIO CIIHHOB HaJieTarolll,e

ro MIO0Ha H ,11,eiiTp0Ha MHllleHH, TO H3MepHeMaH B 3KCrrepHMeHTe aCHMMeTpHH 
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ceqeHHii pacceHHmI A11 M0:lKeT 6hITh rrpe,11,cTaBJieHa qepe3 rrpo,u,onhttyro H uone

peqttyro acHMMeTpHH pacceHHHH BHPTYaJihHOro cpoTOHa Ha ,u,eiiTpotte A1 H A2 

KaK 
A = aH-att 

II aH + att = D(A1 + 17A2) , (2) 

r,L1,e 1J H D - KHHeMaTHqecKHe MHO:lKHTeJIH. If3 H3MepeHHH rrpe,[~bl,IJ.YIIJ.11X 3KC

rrepHMeHTOB H3BeCTH0, qTo rrorrepeqHaH acHMMeTpHH Ag MaJia l7). TaK KaK 

KoacpcpHa,HeHT 1J m~e Man B KHHeMaTHqecKoii o6naCTH COMP ASS, BT0phIM 

qneHOM B yp. (2) M0:lKH0 rrpeHe6peqh, T.e. A1 ~ A11/D. IIcrroJih3YH 3TO npH6JIH

)KeHHe, ,ll,JIH rrpo,ll,0JihH0ii crrHH03aBHCHMOii cTpyKTypttoii cpyHKU,HH gf M0)KH0 

3aITHCaTh 

Fl Ad 
d -----:::-------;'-' 1 · 91 = 2 X (l + R) (3) 

3,11,ech Fl - crrHH0He3aBHCHMM CTPYKTYPHM cpyttKU,HH ,11,eiiTpotta. 

,Ll;anee B 3TOM pa3,n;ene ,n;aeTCH HHTepnpemu,HH CTPYKTYPHh1x cpyHKU,Hii B 

paMKax HaHBH0H KBapK-rrapTOHHOH MO,[J.eJIH H KBaHTOBOH xpoM0,11,HHaMHKH. BBo

,11,HTOI CIIHH03aBHCHMble KOM6HHaU,HH KBapK0BbIX IIJIOTHOCTeii ~q(x). IIx rrep

Bhie MOMeHThl rrpe,n;cTaBJIHIOT co6oii ,11,0JIIO ,11,aHH0ro THIIa KBapKOB B CIIHHe Hy

KJI0Ha. C rrepBhIMH M0MeHTaMH CTPYKTYPHhix cpyHKU,Hii HJKJIOH0B CBH3aHhI ,11,Ba 

Ba:lKHhlX rrpaBHJia cyMM: BbepKetta H 9nnHci-,Ll;:lKacpcpe. Ilocne,11,Hee II0,ll,Pa3JMe

BaeT HerrOJIBpH30BaHHYIO crpaHH0CTb HJKJI0Ha. 9KcrrepHMeHTaJibHaH rrpoBepKa 

3T0rO rrpaBHJia CTaJia HaqaJIQM "crr11HOBOro KpH3Hca". 

Bo BTOP0M pa3,[J.eJie rJiaBhl rrpHB0,IJ,HTCH KpaTK0e OIIHCaHHe 3KCrrepHMeHTOB, 

rrp0B0,11,HBllIHX H3MepeHHH CIIHHOBhIX CTPYKTYPHblX cpyHKU,HH HYKJIOHa B HH

KJII03HBHblX peaKU,HHX nerrT0H-a)];pOHH0r0 pacceHHmI. AKIJ,eHT ,11,enaeTCH Ha Tex

HHqecKyIO CTOpOHY Borrpoca, T.e. MeTO,[J.HKY H3MepeHHH H oco6eHHOCTH Ka:lK,ll,OH 

ycTaH0BKH. PaccMaTpHBaIOTCH TOJibKO 3KCrrepHMeHThI, IIp0B0,11,HBllIHe H3Mepe

HmI B KHHeMaTHqecKoii o6nacTH rHP. 9To sKcrrepHMeHThl na6opaTopHH SLAC: 

E80, E130, E142, E143, E154 H E155; na6opaTOpHH CERN: EMCH SMC; 3KC

nepHMeHT HERMES na6opaTOpHH DESY H sKcrrepHMeHT Hall A na6opaTOPHH 

JLAB. Bee 0HH 6hIJIH BhIIIOJIHeHbI Ha cpHKCHpoBaHHhIX MHllleHHX. Oco6oe BH11-

MattHe y,11,eJIHeTCH MexaHH3MaM rrOJiyqeHHH IIOJIHpH3aU,HH nyqKa II 3cpcpeKTaM, 

Jie:lKalll,HM B OCHOBe IIOJIHpH3aU,HH MHllleHH. IlpHB0,11,HTCH Ta6JIHU,a C ,[J.Ha1Ia30-

H0M 3HeprHii, KHHeMaTHqecKOH o6naCTbIO H CBeTHMOCTbIO ,11,JIH Ka:lK,lJ,0ro 3KCne

pHMeHTa. 

Bo BTopoii: rnaee rrpe,11,craBJietto o6lll,ee orrHcaHHe cneKTpoMeTpa COM

P ASS. 9KcrrepnMeHT npoB0,11,HJICH Ha BbIBe,11,eHH0M MIOOHHOM KaHaJie M2 ycKo

PHTeJIH SPS B CERN. MrooHhI po)K,11,aJIHCh B rrpou,eccax pacna,n;a rrH0H0B H Ka

OH0B, KOT0pbie, B CBOIO oqepe,[J.b, HBJIHJIHCh rrp0,1J;YKT0M B3aHMO)l;eHCTBmI rryqKa 

IIp0TOHOB C rrepBHqHoii 6epHJIJIHeBOH MHllleHhIO. IlOJIBpH3aU,HH Pn nyqKOBbIX 
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Pttc. 1: CxeMaTR'IeCKHii Btt,n; ycTaHOBKH COMPASS B Kottqmrypau;tttt 2003 ro

,n;a. TpeKOBhie ,n;eTeKTOphI npe,n;cTaBJieHhI Ha pHCJHKe TOHKHMH BepTHfill.JihHhIMH 

JIHHH.HMH. 

MIOOHOB COCTaBmIJia -0, 76. MmneHh ycTaHOBJieHa BHYTPH CBepxnpOBO,Il;.Hiu;ero 

coJieHott,n;a. Otta npe,n;cmBJI.HeT co6oii ,n;Ba u;ttJIHtt,n;pa, KroK,IT.hiii ,D;JIHHOii 60 CM H 

,n;ttaMeTpOM 3 CM. ll;ttJIHH,Il;PhI pacnOJIO)KeHhl B,Il;OJih QCH nyqKa Ha paccTO.HHHH 

10 CM ,n;pyr OT ,n;pyra. MaTepttaJI MHIIIeHH - 6LiD. ,LJ:JI.H nOJiyqeHH.H nOJI.Hptt-

3au;tttt .H,D;ep HCnOJih30BaJIC.H MeTO,II; ,Il;HHaMHqecKoro OXJia)K,Il;eHH.H [9]. Cpe,n;H.H.H 

nOJI.HpH3au;H.H COCTaBJI.HJia 0, 50. 

YcTaHOBKa COMPASS (pttc.1) BKJIIOqaeT B ce6.H ,n;Ba ,n;ttnOJihHhIX Mamttm, 

SMl H SM2, pacnoJIO)KeHHhIX Ha pacCTO.HHHH 14 M ,n;pyr OT ,n;pyra H ttMeIOiu;ttx 

HHTerpaJihI MarHHTHhIX noJieii 1 TM H 4, 4 TM, cooTBeTCTBeHHO. IIcnOJih30Ba

HHe ,n;Byx ,n;ttnOJieii npo,n;HKTOBaHO Heo6xo,n;HMOCTblO ,n;eTeKTHPOBaTh qacTttu;hI B 

lIIHpOKOM HMnyJihCHOM H yrJIOBOM ,n;ttanroottax. B 3aBHCHMOCTH OT paCCTO.HHH.H 

,n;o MHllleHH H nOJIO)KeHH.H no OTHOllleHHIO K nyqKy HCnOJih30BaJIHCh pa3JIHq

Hhie THilbl KOOp,D;HHaTHhIX ,n;eTeKTOpoB: ro,n;OCKOnhI, co6paHHhie Ha OCHOBe cu;HH

THJIJI.Hu;ttoHHhIX BOJIOKOH, MICROMEGAS, GEM, MHoronpOBOJIOqHhie nponop

u;ttoHaJihHhie KaMephI tt ,n;peii(pOBhie ,n;eTeKTOpbI Pa3JIHqHhIX THnOB [8]. ,LJ:JI.H 

perHCTpau;tttt a,n;poHOB HCnOJih3JIOTC.H ,n;Ba a,n;pOHHhIX KaJIOpHMeTpa, KOTOpbie 

COCTO.HT H3 co6paHHbIX B MaTpttu;y MO,D;yJieii C C3H,Il;BHq-CTPYKTypoii )KeJie30-

cu;IIHTHJIJI.HTOp. O6a fill.JIOPHMeTpa pacnOJIO)KeHbl nepe,n; MIOOHHhIMH ,n;eTeKTO

paMH H 3aiu;ttiu;eHhl OT B03M0)KHOro nona.n;aHH.H e± H ,. 

MarHHT SMl pattee He HCnOJih30BaJIC.H. Ilo3TOMY 3a ro,n; ,n;o HaqaJia tta6opa 

CTaTIICTHKH 6hIJIH npoBe,n;eHhl U3MepeHUJl, Maettumttozo no.11.11,. ,LJ:JI.H H3MepeHHH 

HCnOJih30BaJIOCh o6opy,n;oBaHtte, npe,n;oCTaBJieHHOe rpynnoii CERN EP /EC. AB-
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Puc. 2: C.11eaa: cxeMa MexaHttqecKoro npttcnoco6JieHH.H ,D;JI.H npeu;tt3ttOHHoro ne

peMeiu;etttt.H ,n;aTqHKOB MarHHTHOrO nOJI.H. Cnpaaa: H3MepeHHa.H BeJIHqHHa Bep

THKaJibHOH KOMnOHeHThl H HHTerpaJI nOJI.H, paccqHTaHHhlH ,Il;JI.H qaCTttu;, KOTO

pbie npOXO,Il;.HT B,Il;OJlh OCH MarHHTa. 

TOP .HBJI.HJIC.H oTBeTcTBeHHhIM 3a 3TH H3MepeHH.H co CTopOHhI COMPASS. 

lf3MepeHH.H npOBO,Il;HJIHCh C nOMOiu;bIO Ma~'HHTOMeTpa, B H3MepHTeJihHOH ro

JIOBKe KOTOporo pacnOJiaraJIHCh ,n;aTqHKH XoJIJia. OHH KpenHJIHCh Ha KroK,lJ.OH H3 

rpatteii 4-x Ky6ttKOB (pa3Mep 15x15x15MM3), T.e. HCilOJlh30BaJIHCh 24 ,n;aTqH

Ka. PaCCTO.HHHe Me)K,D;y u;eHTpaMH Ky6HKOB COCTaBJI.HJIO 4 CM. IloKroamm BCex 

,n;aTqHKOB CHHMaJIHCb O,Il;HOBpeMeHHO H nepe,n;aBaJIHCh ,Il;JI.H 3anHCH Ha nepco

HaJihHhlH KOMilhIOTep (ITK). lI3MepeHH.H ,n;aTqHKOB, paciIOJIO)KeHHhIX Ha npOTH

BOnOJIO)KHhIX rpaH.HX o,n;Horo Ky6ttKa, ycpe,n;H.HJIHCh, ,Il;JI.H nOJiyqeHH.H 3HaqeHH.H 

nOJI.H B u;ettTpe Ky6ttKa. MexaHttqecKoe npttcnoco6JieHtte ,D;JI.H npeu;tt3HOHHOro 

nepeMeiu;eHH.H H3MepttTeJihHOH rOJIOBKH COCTO.HJIO H3 peJihCa ,Il;JIHHOH 5, 8 M, no 

KOTOpOMY C rnarOM 8 CM nepe,n;BHraJiaCh KapeTKa. KapeTKa TaK)Ke n03BOJI.HJia 

nepe,n;BttraTh rOJIOBKY B BepTHfill.JihHOM ttanpaBJieHHH c rnaroM 8 CM npH nOMOiu;H 

,n;Byx HanpaBJI.HIOiu;HX (pttc. 2). Bee nepeMeiu;eHH.H COBepIIIaJIHCh aBTOMaTHqe

CKH no KOMatt,n;e c ITK. 

IIcnOJih3J.H nporpaMMhl H fill.JIH6poBOqHhie ,n;aHHhie npe,n;hI,n;yiu;HX H3Mepe

HHH [6], Hanp.H)KeHHe Ha nJiaCTHHKaX XOJIJia npeo6pa30BaJIOCh B 3HaqeHHe Mar

HHTHoro nOJI.H B ,n;aHHOH TOqKe. TyT )Ke BBO,Il;HJIHCh nonpaBKH Ha OTHOCHTeJih

HOe nOJIO)KeHtte ,n;aTqHKOB H yqnThlBaJIC.H ITJiattaptthlii 3(p(peKT XoJIJia. Hatt6o

Jiee B~HOH H3 KOppeKu;ttii .HBJI.HJIOCh BhipaBHHBaHHe Kopo6KH B a6COJIIOTHOH 

CHCTeMe MarHHTa. 

KoHeqHhlM rnarOM o6pa60TKH .HBJI.HJiaCh napaMeTpH3au;H.H nOJI.H TpHrOHO

MeTpttqecKHMH <PYHKu;H.HMH, KOTOPa.H n03BOJIHJia CrJia,ll;HTh CTaTHCTHqeCKHe 

q)JIJKTyau;ttH H BBeCTH nonpaBKH Ha H3rH6 peJihCa. 9KCTpanOJI.Hu;H.H nOJI.H 3a 
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npe,n;eJihl H3Mep.HeMoii o6JiaCTH BblIIOJIH.HJiaCb C II0M0IIJ,bIO pacqeTHOll KapTbl 

(nporpaMMa TOSCA), cornacy10rn,eiiC.H c H3MepeHH.HMH Ha ypoBHe 5%. 

KoHCTpyKD;H.H MarHHTa CHMMeTpHqHa 0TH0CHTeJihH0 IIJI0CK0CTH x = 0 CM. 

Pacxo)K,Ll.eHH.H H3MepeHHll II0 pa3Hbie CT0p0Hbl 3T0ii IIJI0CK0CTH He npeBhIIIIaIOT 

3 • 10-3 T. Sha 3HaqeHHe 6hIJIO npHH.HT0 3a T0qH0CTh H3MepeHHii rrOJI.H, TaK 

KaK OIIIH6KH, CB.H3aHHhie C ,n;aTqHKaMH XOJIJia, Hax0,n;.HTC.H Ha yp0BHe 10-4 T. 

BeJIHqHHa BepTHKaJlbH0ii K0MII0HeHTbl By H paccqHTaHHblll ,ll;Jl.H Hee HHTerpaJI 

IIOJI.H II0Ka3aHhl Ha pHc. 2. Pe3yJibTaTbl H3MepeHHll 6hIJIH ycneIIIH0 BKJIIOqeHhI 

B nporpaMMhl Mo,n;eJIHpoBaHH.H H peK0HCTPYKD;HH co6b1THii COMP ASS. 

CHrHaJI Ha 3anycK CHCTeMhl cqHTbIBaHH.H ycTaH0BKH no,n;aeTC.H mpuaaepo.M 
IIPH HaJIHqHH B co6hITHH pacce.HHH0r0 MIO0Ha B onpe,n;e.neHH0M yrJI0B0M HJIH 

aHepreTHqecK0M HHTepBaJie. ,lJ;JI.H 6oJibIIIHHCTBa rHP co6hITHii pacce.HHHhiii 

MIO0H H,n;eHTHqmu;HpyeTC.H II0 cpa6aThIBaHHIO napbl ro,n;ocK0II0B, BKJIIOqeHHbIX 

B TpHrrep ''Ha COBIIa,n;eHHe". Onpe,n;eJI.H.H HanpaBJieHHe MIO0Ha B o6JiaCTH 3a 

SM2, 0HH Bhl,ll;eJI.HIOT TpeK HCX0,n;.HIIJ,Hii H3 MHIIIeHH. IlpHHD;HII pa6oThI TpHr

repa II0Ka3aH Ha pHC. 3. ,lJ;JI.H no,n;aBJieHH.H cpoHa, Bbl3BaHH0ro MIO0HHbIM ra.no, 

nepe,n; MHIIIeHhIO 6hIJia ycTaH0BJieHa CHCTeM_a BeTo-ro,n;ocK0II0B, K0T0pbie pa6o

TaIOT ''Ha aHTH-COBIIa,n;eHHe" C 0CH0BHbIM TpHrrepoM. IlOMHMO ,n;aHH0ro "HHKJII0-

3HBHOro" pe2KlfMa pa60Tbl TpHrrepa, KOT0pblll o6bIKHOBeHHO HCII0Jib30BaJIC.H B 

npe,n;hI,n;yIIJ,Hx MIO0HHhIX aKcnepHMeHTax CERN, TaIOKe npHMeH.HJIHCh ''nOJiyHH

KJII03HBHhie" TpHrrepa, 0CH0BaHHbie Ha OT6ope co6bITHll II0 II0Tep.HM 3HeprHH 

MIO0Ha B MHIIIeHH H Tpe6oBaHHH npHCyTCTBH.H CHrHaJia B a,n;p0HHblX KaJI0pH

MeTpax. B CJiyqae 0TCyTCTBH.H, II0 KpaiiHeii Mepe, 0,ll;H0ro KJiaCTepa C 3HeprHeii, 

npeBhIIIIaIOrn,eii B TPH pa3a THIIHqHoe 3Hepr0Bbl)];eJieHHe MIO0Ha, 0TKJIHK KaJIO

pHMeTpa paccMaTpHBaJIC.H TpHrrepoM KaK HHHD;HHp0BaHHblll MIO0HaMH raJI0 

H OT6paChIBaJIC.H. HaqHHa.H C 2003 ro,n;a B 3KCIIepIIMeHTe IIPHMeH.HeTC.H •~o

pHMeTpHqecKHii" TpHrrep, K0T0pblll He HaKJia,Ll;bIBaJI yCJI0BHll Ha TpaeKT0pHIO 

pacce.HHH0ro MIO0Ha, a cpa6aThlBaJI Ha 3Hepr0BhI,n;eJieHHe B KaJI0pHMeTpe, npe

BbIIIIaIOrn,ee B 9 Pa3 cpe,n;HIOIO II0TepIO 3HeprHH MIO0Ha. IIcIIOJih30BaHHe 3T0ro 

TpHrrepa II03BOJIHJI0 cyrn,eCTBeHH0 II0BbICHTb BepxHHll npe,n;eJI Ha KHHeMaTH

qecKyIO nepeMennyIO Q2 (KBa,n;paT nepe,n;aHHoro HYKJI0HY 4:;:HMIIYJibca), qTo 

3aMeTH0 yBeJIHqHJI0 CTaTHCTHKY co6hITHii rHP. 

9cpcpeKTHBHOCTb pa60Tbl pa3HblX rpynn ro,n;0CK0II0B B Tpnrrepe M0)KeT 

6bITb onpe,n;eJiena C II0M0IIJ,blO ''Ka.rropHMeTpHqeCKOro" TpHrrepa. ,LJ;.rur 3Toro 

HCIIOJib3YIOTC.H co6bITH.H C B0CCTaH0B.!leHHblM pacce.HHbIM MIO0HQM. 9cp<peKTHB

H0CTb onpe,n;eJI.HeTC.H KaK 0TH0IIIenHe qHCJia C06hITHll C pacce.HHbIM MIO0H0M, B 

K0T0pbIX cpa6oTaJia onpe,n;e.nennrur rrapa ro,n;0CK0II0B (BKJIIOqeHHbIX "na C0BIIa

,n;enue"), K IIOJIH0MY qifCJIY C06hITHll C pacce.HHblM MIO0H0M, nepeceKIIIHM 3TH 

ro,n;0CK0IIbl. B Ka,qeCTBe IIPHMepa Ha pHC. 3 II0Ka3aHa 3aBHCHM0CTb acp<peKTHB

H0CTH 0,ll;H0ro H3 "nOJiyHHKJII03HBHbix'' TpHrrep0B (Inner) OT KHHeMaTHqecK0ll 
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PHc. 3: C11eea: cxeMa pa60ThI TpHrrepa. Cnpaea/ceepxy: acpcpeKTHBHOCTh na

pb1 ro,n;0CK0II0B o,n;Horo H3 "IIOJIYHHKJII03HBHbI:x'' TpHrrepoB (Inner) KaK cpynK

ll;H.H OT y. Cnpaea/cuuay: a<p<peKTHBHOCTb pa60Tbl a,n;p0HHbIX KaJI0pHMeTp0B B 

TpHrrepe KaK cpyHKD;H.H OT II0Tepb aneprHH nyqKQB0ro MIO0Ha B MHIIIeHH. 

nepeMeHH0ll y (,n;OJI.H anepmH MIO0Ha, nepeIIIe,n;IIIa.H nyKJiony). B MaTpHu;y C0B

rra,n;eHHii ,n;annoro TpHrrepa 6hma 3aJI0)KeHa KHHeMaTHqecKa.H o6JiaCTh y;:: 0, 1, 

qTQ TaK)Ke 0TqeTJIHB0 BH,n;H0 II0 pHcynKy. B cpe,n;neM, no BCeM rpynnaM ro,n;o

CK0II0B, acp<peKTHBHOCTb KOJie6JieTC.H B HHTepBaJie OT 96% ,n;o 99%. AHaJIOmq

HbIM o6pa30M rrp0B0)];HTC.H npoBepKa pa60Tbl a,Ll;P0HHbIX KaJI0pHMeTp0B B TpHr

repe. TOJibKO TeIIepb IIP0H3B0,ll;HTC.H nopMHp0BKa na ''HHKJII03HBHbie" TpHrrepa, 

T.e. TpHrrepa, K0T0pbie BKJIIOqaIOT B ce6.H TOJibK0 ro,n;0CK0IIhI. 3aBHCHMOCTb 

acpcpeKTHBHOCTH KaJI0pHMeTp0B OT V (rroTepb aneprHH MIO0Ha B MHIIIeHH) IIO

Ka3ana Ha pHc. 3. BH,n;Ho, 'ITO ,n;JI.H v > 30 raB acp<peKTHBHOCTh BhIIIIe 80%. 

B TpeTbeU: rJiane no,n;po6no pacCM0Tpen aJir0pHTM B0CCTaH0BJieHH.H 3a

p.H)KeHHbIX TpeK0B H aJiropHTM naxo)K,n;emrn BepIIIHHbl nepBHqnoro B3aHMO

,n;eiiCTBH.H. IlpHBO,ll;.HTC.H pe3yJihTaThl paC'IeTa IIp0CTpancTBeHHOll T0qHQCTH pe

K0HCTPYHP0BaHHbIX ofrheKTOB H ou;enKa acp<peKTHBHOCTH aJir0pHTM0B. TaK)Ke 

0IIHCaHa npou;e,n;ypa OT6opa co6hITHii, K0T0pbie y,n;0BJieTB0p.HIOT yCJI0BHIO CTa-

6HJihHOii pa60TbI CIIeKTp0MeTpa. 

B nepB0M pa3,n;eJie rJiaBhI npHB0,ll;HTC.H onHcanne npoapa.M.MU mpe1-uuaa, B 

3a,n;aqy K0T0poii BX0)];HT II0HCK H onpe,n;e.neHne napaMeTp0B 3ap.H)KeHHbIX Tpe

K0B, II0IIaBIIIHX B anepTypy K0op,n;HnaTHbIX ,n;eTeKT0p0B. II3naqaJibHO He 3a

KJia,Ll;hIBaeTC.H HHKaKHX npe,n;IIOJIO)KeHHll 0 IIpHpo,n;e II0.HBJieHH.H TpeKa (TpeKH 

H3 BepIIIHHbI nepBnqnoro B3aHMO,n;eiiCTBH.H, TpeKH IIp0AfKT0B pacna,n;a, TpeKH 
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Puc. 4: C11eoa: pacrrpe,u;e.rreHIIe rrOJI0)KeHIIB rrepBII'lH0ii BepIIIIIHhI B,ll;OJih ocu z, 
pacc•rnTaHHoe ,lJ,JUI rHP co6hITIIii. Cnpaoa: 3aBIICIIM0CTh rrpocTpaHCTBeHHoro 

pa3peIIIeHIIB az OT z. 

MIO0HH0ro ra.rro II T.,u;.). Cy)I(eHIIe KJiacca TpeK0B, rrpe,u;cmBJHIIOII.J,lfX IIHTepec C 

T0'lKII 3peHII.H <pII3IIKII, rrp0IICX0,lJ;IIT Ha 60Jiee IJ03,ll;HHX CTa,lJ;IIBX aHaJIII3a. BbI

,ll;eJIIIM TPII 0CH0BHble CTa,lJ;lIII peK0HCTpyKIJ;IIII: Hax0)K,ll;eHIIe rrp.HM0JIIIHeiiHhIX 

qacTeii TpeKa II3 Ha6opa KJiaCTepoB ( cpa6oTaBIIIHe 'lJBCTBIITeJibHbie 3JieMeHTbl 

,u;eTeKTOpa), CIIIIIBKa cerMeHT0B II3 pa3HbIX 30H B 0,ll;IIH TpeK II pac'leT rrapa

MeTp0B TpeKa C y'leT0M MH0rDKpaTH0ro pacceBHIIB. 

CJie,ll;yIOIIJ;IIii pa3,u;eJI rJiaBhI rrocBBIIJ;eH ooccmattoo11ettu10 oepumttu rrepBII'l

Horo B3aIIM0,ll;eiicTBIIB. 3a,u;aqeii a.rrropIITMa BBJIBeTC.H Hax0)K,ll;eHIIe TpeK0B, IIC

X0,11;.HIIJ;HX II3 O,ll;H0H T0'lKII, orrpe,u;eJieHIIe rrp0CTpaHCTBeHH0ro IJOJI0)KeHIIB 3TOH 

T0'lKII II pac'leT B Heii rrapaMeTp0B TpeK0B. B ,ll;aJlbHeiiIIIeM <pII3II'leCKIIii aHaJIII3 

co6bITIIB 0CH0BbIBaeTC.H HMeHH0 Ha 3TIIX pe3JJibTaTax. 

Ha'laJihHhlii oT6op TpeK0B ,ll;JIB BepIIIIIHhI 6a3HpyeTCB Ha rrpoBepKe pacdo

BHIIB (B 3-xMepHOM rrpocTpaHCTBe) Me)K,ll;y IJJ'lK0BbIM MIO0H0M II TpeK0M, pe

K0HCTpyIIp0BaHHbIM B crreKTP0MeTpe IJ0CJie MIIIIIeHII. ,Ivrn T0'IH0ro pacqem 

rrapaMeTp0B TpeK0B B BepIIIIIHe II orrpe,u;eJieHIIB ee IJOJI0)KeHIIB rrpIIMeHBeTCH 

<pIIJihTP / <pIIT Ka.rrbMaHa. Ue.rrh npou;e,u;ypb1 - MaKCIIMaJihH0 c6JIII3IITb TpaeK

T0PIIII TpeK0B B T0'IKe B3aIIMO,ll;eiiCTBIIB, npII 3T0M MIIHIIMaJlbH0 II3MeHIIB 3Ha

'leHIIB IIX Ha'laJlbHbIX rrapaMeTp0B. 

Ha pile. 4 rrpe,u;cTaBJieH0 pacnpe,u;eJieHIIe IIOJI0)KeHII.H peK0HCTpyIIp0BaHHOH 

nepBII'lH0ii BepIIIIIHhI B,ll;OJih ocu z, pacc'lIITaHHoe ,lJ,JIB co6hITIIii rHP. Pacrro

JI0)KeHIIe ,ll;Byx B'leeK MIIIIIeHII 0TMe'leH0 2-MB JIIIHIIBMII CHII3y. ToT <paKT, 'ITO 

pacnpe,u;e.rreHIIe He 0IIJCKaeTCB ,u;o HJJIB B npoMe)KyTKe Me)K,u;y B'lettKaMII, o6'h

BCHBeTCB rrpIICJTCTBIIeM 0XJI~aIOiu;eii CMeCII 3He/4He, B K0T0pyIO IJ0Meiu;eH 

pa60'lllll MaTepua.rr MIIIIIeHII. 

Be.rrn'lnHa rrpocTpaHCTBeHH0ro pa3pemeHIIB BepIIIIIHbl B,ll;OJib OCH z IJ0Ka3a

Ha Ha pIIC. 4. O•ieBII,lJ;HO, 'IT0 'leM 6JIII)Ke BepnrnHa K BbIX0,ll;H0MY 0KHY COJieHO-
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Puc. 5: IIpuMep ,u;eTeKT0pHoro c6oB B ,u;aHHhIX 2003 ro,u;a. Bhma,u;aIOiu;IIe II3 

0CH0BH0ro pacrrpe,u;e.rreHIIB T0'lKII C00TBeTCTBJIOT 'laCTII'lHOH II0Tepe IIH<pOp

Mau;IIII OT ,u;peii<pOBOii KaMepbl. 

II,ll;a, TeM MeHhIIIe BJIIIBHIIe MH0r0KpaTH0ro pacce.HHII.H n 60JibIIIe TpeK0B B Bep

IIIIIHe. KaK CJie,ll;CTBIIe, MeHhIIIe omn6Ka. ,Ivrn caMoii ,ll;aJlbHeii no IIJ'lKY T0'lKII 

MIIIIIeHII Ilp0,ll;OJibHM ( a z) II IJ0ITepe'lHaB ( a :r; ,Y) OIIIII6KII C0CTaBJIBIOT: a z = 4 MM 

II ax,y = 0, lMM. ,Ll;JIB caMoii 6JIII)KHeii TO'lKII·: az = 20MM II ax,y = 0, 2MM. OT-

JIII'lIIe IJ0'lTH B ,ll;Ba IJ0PB,u;Ka rrpo,u;OJihH0r0 II norrepe'lH0ro pa3peIIIeHII.H CB.H3aH0 

c MaJlbIMII yrJiaMII pa3JieTa 'laCTIIIJ; B Jia6opaTOPHOii CIICTeMe. 

B 3aKJIIO'leHIIII rJiaBbI npnB0,11;.HTCB onn:caHIIe 11pou;e,u;ypb1 npooepx:u ,m"'e
cmoa Ha6paHHbIX ,u;aHHbIX. B npou;ecce II3BJie'leHII.H CIIIIH0B0ii aCIIMMeTpIIII A1 
Ba)KHJIO pOJib HrpaeT yCJI0BIIe CTa6HJibHOii pa60Tbl ,u;eTeKT0p0B cneKTp0MeT

pa BO BpeM.H Ha6opa CTaTIICTIIKII: 0TH0IIIeHne aKcenTaHceB2 ,u;Byx IIOJI0BIIH0K 

MIIIIIeHII ,ll;0JI)KH0 0CTaBaTbCB II0CT0BHHblM. HeBhIIIOJIHeHIIe 3T0ro YCJI0BIIB MO

)KeT .HBJI.HThCH npII'lIIH0ii IIOBBJieHII.H cucTeMaTII'leCKIIx norpemHocTeii A1 • Mc

T0'lHIIK0M ,u;aHH0ro po,u;a npo6JieM M0)KeT CTaTh II3MeHeHIIe IIOJI0)KeHIIB HJIII 

C0CT0BHII.H ,u;eTeKT0P0B. 

B Ka'leCTBe BeJIII'lIIH, 110 K0T0pbIM aHaJIII3Hp0BaJiaCb CTa6IIJibHOCTb pa60Tbl 

cneKTP0MeTpa, IICIIOJib30BaJIIICb: cpe,u;Hee 'llICJI0 nepBII'lHblX BepIIIIIH H Tpe

K0B B co6bITHII, IIOJIHbIH II0T0K IIJ'lK0BbIX MIO0H0B II nceB,ll;0-3<p<peKTIIBHOCTb3 

HeK0T0pblX ,ll.eTeKT0p0B. OcHOBHbie KpIITepIIII OT6opa C06bITIIH 3aKJIIO'laJIIICb 

B CJie,ll;yIOIIJ;eM. ECJIII 3Ha'leHIIe M0HIIT0pIIpyeMoii BeJIH'llIHbI, paC'lIITaHH0e ,lJ,JIB 

2
3.r1ecb IlO,L\ CJIOBOM aKcenTaHC IlO,LIPaJ)'MeBaeTCH He TOJlbKO yrJIOBM anepTypa, HO H 3q>

cpeKTHBHOCTb BOCCTaHOBJieHHH TpeKOB. 
3 

,IJ;OJJH IlOJIHOro <mCJia TpeKOB, npOXO,L\H~HX qepe3 qyBCTBHTeJibHj'lO 3OHY ,L\eTeKTOpa, KO

TOpble 6b!JIH peKOHCTpyHpOBa.Hbl. IlpHCTaBKa ''ncee.r10" IlOHBJIHeTCH no npnqnHe Toro, qTO 

,LleTeKTOp He HCKJIIOqaeTCH H3 nporpaMMbI TpeKHHra, KaK 3TOro 6bl Tpe6oean pacqeT scpcpeK

THBHOCTH. 
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O,ll;HOro c6poca ny'IKa4 ' OTCTOlfT OT cpe,z:i;Hero 3Ha'IeHmI Ha 4 CTaH,lJ;apTHbIX OT

KJIOHeHmI lfJilf cy~eCTByeT ClfCTeMaTlf'IeCKlfH C,ll;Blfr BeJilf'IlfHhI OTHOClfTeJihHO 

OCHOBHOro pacnpe,z:i;eJieH_mI, COOTBeTCTBYIO~e co6bITmI lfCKJIIO'IaJilfCb lf3 qm-
3lf'IeCKOro aHaJilf3a (pllC. 5). 

Bru1rnoe 3Ha'IeHlfe B MOHlfTOpllHre CTa6lfJihHOCTH ,z:i;aHHbIX HMeeT nceB,ll;0-

3cpcpeKTHBHOCTb ,z:i;eTeKTOpOB. XapaKTepHoe ee pacnpe,z:i;eJieHlfe ,ll;JUI ,z:i;eTeKTOpa, 

HMemnero TeXHlf'IeCKne npo6JieMhI B 2003 ro.z:i;y, noKa3aHo Ha pnc. 5. Bhma,z:i;a

ro~ne H3 OCHOBHOrO pacnpe,z:i;eJieHHH TO'IKH COOTBeTCTBYIOT 'IaCTH'IHOH noTepe 

,z:i;eTeKTOpHOH HH<pOpMau;nn. JlorH'IHO 6bIJIO 6hI OT6pOClfTb nx, o,z:i;HaKO 3TO npn

BO,lJ;lfT K cy~eCTBeHHbIM noTepHM CTaTlfCTlfKlf. II03TOMY 3aqacTyIO 6oJiee onTH

MaJihHbIM perneHneM HBJUieTCH nOJIHOe lfCKJIIO'IeHHe ,z:i;eTeKTopa H3 nporpaMMbI 

TpeKHHra Ha BCeM npoMe)KyTKe BpeMeHlf, r.z:i;e ero pa6oTa BbI3hIBaeT BOnpOCbI. 

B pe3yJihTaTe OT6opa KOJilf'IeCTBO co6hITHH B ,z:i;aHHbIX 2002 ro.z:i;a yMeHhIIIH

JIOCb ii:a 10%, a ,z:i;aHHbIX 2003 ro.z:i;a Ha 15%. 

B qeTBepTaSI rJiaaa nOCBJI~eHa (pH3H'IeCKOMY aHaJilf3Y 3KCnepnMeHTaJih

HbIX ,z:i;aHHbIX. B Heii H3JiaraeTCH MeTO,ll; H3BJie'IeHlfH CnHHOBOH aCHMMeTpHH. 1Io

.z:i;po6Ho paccMaTpllBaeTCH oT6op rHP co6b1Tnii n nx pa36neHne no rpynnaM. B 

3aKJIIO'IeHHH rJiaBhI npllBO,ll;HTCH pe3yJihTaThI H onncaHne pac'IeTa CHCTeMaTH

'IeCKOH ornlf6Kn Af n gf. 
qHCJIO co6bITlfH Ni, 3aperHCTpllpOBaHHhIX B H'IeiiKe MHIIIeHH i 3a onpe.z:i;e

JieHHhIH rrpoMe)KyTOK BpeMeHH, CBH3aHO co CIIHHOHe3aBHCHMbIM ceqeHtteM a H 

acttMMeTptteii Af KaK 

.Ni= ai<Pinia(l + PnPrf DAt) , (4) 

r.z:i;e Pn H Pr - nOJIHpH3aIJ;HH nyqKa n MHIIIeHn, ai - aKcenTaHc MnrneHn, </>i ~ no

TOK rrepBH'IHbIX MIOOHOB, ni - 'IlfCJIO JIAep Ha e,z:i;HHHIJ;Y IIJIOIIJ;a,ll;H MHIIIeHH, D -
.z:i;enOJIHpH3au;noHHhIH MHO)KHTeJih (yp. 2) If/ - K03cpcpnu;neHT ,ll;HJIIOIJ;HH MHIIIe

HH. IIOCJie,ll;HHH 3a.z:i;aeTCH OTHOIIIeHHeM ceqeHHH pacceHHmI MIOOHa Ha .z:i;eiiTpOHe 

K Ce'IeHlfIO pacceHHHH MIOOHa Ha BCex H.z:i;pax MlfIIIeHH. B K03<pcpnu;tteHT ,ll;lfJIIO

u;ttn TaK)Ke BKJIIO'IeHhI norrpaBKH Ha CBH3aHHOe COCTOHHlfe .z:i;eiiTpOHa B H.z:i;pe 
6Li (6 Li MO)KeT 6hITb rrpe,z:i;CTaBJieH KaK .z:i;eiiTpOH + a 'IaCTlfIJ;a) H pa.z:i;nau;ttOH

Hbie rronpaBKH, KOTOpbie onpe,z:i;eJIHIOT ,ll;OJIIO ce'IeHHH O,ll;HO(pOTOHHOro o6MeHa 

B IIOJIHOM Ce'IeHHH [10]. 
Bo BpeMJI Ha6opa CTaTHCTlfKH HarrpaBJieHHe CnlfHOB H,ll;ep ,ll;Byx H'IeeK MH

IIIeHH lf3MeHHeTCH Ha o6paTHOe Ka)K,ll;bie 8 qaCOB. B pac'IeTe Af HCnOJih3y

IOTCH ,z:i;aHHhie, Ha6paHHbie .z:i;o H noCJie noBopoTa CIIHHa. CoCTaBlfB OTHOIIIeHlfe 

(Nu,1Nd,2)/(Nd,1Nu,2) ,LVIH 'IeThipex ypaBHeHHH (4), r.z:i;e HH,ll;eKChI u H d co

OTBeTCTBYIOT ABYM H'IeiiKaM MlfIIIeHtt, a 1 If 2 - ABYM opneHTau;mi:M cnlfHa, 

4 ,ll;JIHTeJlbHOCb c6poca COCTaBJIHeT 4 CeK, qHKJI ycKopeHHH - 16 ceK, HHTeHCHBHOCTb - 2 · 
108 µ/c6poc. 
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Pnc. 6: ,.0:oJIH ''nHKJII03HBHbIX'', "nOJiyHHKJII03HBHbIX" H "KaJiopttMeTpll'IeCKOro" 

TpnrrepoB KaK cpyHKIJ;mI OT X (CJieBa) H Q2 (cnpaBa) B KOHe'IHOH BbI60pKe 

,z:i;aHHbIX. Co6bITHH 3aHOCHTCH B rnCTorpaMMbl C TeM )Ke BeCOM, C KOTOpbIM OHH 

BXO,ll;HT B pac'IeT aClfMMeTpHH (yp. 5). 

IIOJIY'IHM ypaBHeHtte BTOporo rropJIAKa c Helf3BeCTHoii Af B 3TOM ypaBHeHHlf, 

nptt yCJIOBlfH HeH3MeHHOCTH OTHOIIIeHHH aKcerrTaHceB ,ll;Byx H'IeeK .z:i;o H IIOCJie 

IIOBOpOTa CIIHHa, nOTOKH H aKcerrTaHChl COKpa~aIOTCH. ,.0:JIH yMeHbIIIeHHH CTa

THCTH'IeCKOH OIIIH6KH Ka,)K,ll;OMY co6hITlfI0·6hIJI rrpHnlfCaH BeCOBOH MHO)KHTeJib: 

w=PnfD. (5) 

KnHeMaTH'IeCKaH o6JiaCTh 3a,ll;aeTCH YCJIOBlfHMH Ha BHPTYaJibHOCTh (pOTOHa 

( Q2 > 1 raB2) H Ha ,ll;OJIIO 3HeprHH nepBH'IHOro MIOOHa, rreperne.z:i;rnyro BllpTy

aJihHOMY cpoToHy (0, 1 < y < 0, 9). TaK)Ke Tpe6yeTrn, 'IT06h1 ttMrryJihC uepBH'I

Horo MIOOHa 6hIJI orpaHH'IeH lfHTepBaJIOM 140 < Pµ < 180 raB. ,l1;Jlg BbipaB

HHBaHmi: nOTOKOB MIOOHOB, npoxo,z:i;H~X qepe3 MHIIIeHb, Tpe60BaJI0Ch, 'IT06hI 

TpaeKTOpHH MIOOHOB IIOJIHOCTbIO nepeceKaJilf o6e ee IIOJIOBlfHKH. TaJOKe rrpo

BO,lJ;lfTCH rrpoBepKa Toro, 'ITO pacceJIHHhIH MIOOH BOCCTaHOBJieH B rO,lJ;OCKOrre, 

HHHIJ;llHpOBaBIIIeM cpa6aThIBaHne Tpllrrepa. KoHe'IHM BhI60pKa BKJIIO'IaeT B 

ce6H 34 · 106 co6bITlfH, 71 % KOTOpbIX COCTaBJIHIOT ,z:i;aHHhie, Ha6paHHbie a 2003 
ro.z:i;y. 

"KaJiopnMeTptt'leCKHH" H ''nOJiyHHKJII03lfBHbie'' TpHrrepa o6pa3yIOT BhI6op

KY co6b1Tttii, KOTopyro a ,ll;aJihHeiirneM 6y,z:i;eM Ha3bIBaTh "a.z:i;poHHOii". AHaJIH3 

3THX co6bITHH rrpoBO,ll;HJICH rrapaJIJieJihHO aHaJIH3Y "HHKJII03lfBHbIX'' co6hITHH 

("nHKJII03lfBHhie" TpHrrepa), TaK KaK pa,z:i;llaIJ;lfOHHbie rronpaBKH ,ll;JIH HHX OT

Jllf'IaIOTCJI. B CJiyqae "a.z:i;pOHHbix'' co6hITlfH He06XO,ll;lfMblM YCJIOBlfeM HBJrneTC}I 

npncyTCTBHe peKOHCTpyHpOBaHHOrO a,ll;POHHOro TpeKa B BepIIIllHe B3aHMO,ll;eii

CTBHH. 3aBlfClfMOCTb OTHOCHTeJihHOH ,ll;OJilf TpHrrepoB OT X H Q2 rroIGl.3aHa Ha 

pttc. 6. 
Pe3yJihTaTbl pac'IeTOB aCHMMeTpllH ,ll;JIH BhI6opoK "HHKJII03HBHbix'' H "a.z:i;

POHHbIX'' co6hITHH xoporno corJiacyIOTCH a npe,z:i;eJiax CTaTlfCTH'IeCKHX oum6oK 
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X-IIHTepml.JI (x} (Q~} Af ± oAj'a' ± oA?m gf ± ogf'a' ± 09:7'8
• 

[raB2
] 

0,004-0,006 0,0051 1,18 0, 009 ± o, 009 ± o, 004 0, 190 ± 0, 195 ± o, 090 
0,006-0,010 0,0079 1,53 -0, 013 ± 0, 006 ± 0, 003 -0, 203 ± 0, 096 ± o, 047 
0,010-0,020 0,0141 2,28 0, 000 ± 0, 006 ± o, 003 -0, 001 ± o, 056 ± o, 025 
0,020-0,030 0,0243 3,38 o, 003 ± o, 009 ± o, 004 0, 018 ± o, 059 ± 0, 027 
0,030-0,040 0,0345 4,53 o, 008 ± 0, 013 ± o, 006 0, 039 ± o, 060 ± o, 028 
0,040-0,060 0,0486 6,08 o, 003 ± o, 013 ± o, 006 0,010 ± 0,044 ±0,020 
0,060-0,100 0,0762 8,74 o, 069 ± o, 015 ± 0,010 0, 149 ± o, 033 ± o, 020 
0,100-0,150 0,120 12,9 o, 080 ± o, 024 ± o, 013 0, 103 ± 0, 031 ± o, 017 
0,150-0,200 0,171 17,5 o, 116 ± o, 038 ± o, 021 0,096 ± 0,031 ± 0,017 
0,200-0,300 0,239 23,9 o, 217 ± o, 045 ± o, 029 o, 110 ± o, 023 ± o, 014 
0,300-0,400 0,340 34,0 o, 294 ± o, 086 ± o, 048 o, 074 ± o, 022 ± o, 012 
0,400-0, 700 0,474 47,5 o, 542 ± o, 139 ± o, 083 o, 050 ± o, 013 ± o, 007 

Ta6mrn;a 1: 3Ha'IeHmr aettMMeTpirn: At, cTpyKTypHoii <pyHKlJ,HH gf, HX CTaTH

CTH'IeCKHe If CHCTeMaTH'IeCKife ornn6KH, a TaK:a<:e cpe,n.HHe 3Ha'IeHmI X H Q2 ' 

paC'IHTaHHbie ,ll,JIB KIDK,l],Oro If3 12-TH 6HHOB no x. 

If He HMeIOT 3aMeTHblX ClfCTeMaTIPieCKifX CMelll,eHHii OTHOCHTe.JlbHO ,n.pyr ,n.py

ra BO BCeM x-,n;Halla30He. ,lJ;pyrHM CBH,D;eTe.JlbCTBOM OTCJTCTBmI cy111,eCTBeHHbIX 

ClfCTeMaTH'IeCKifX 3<p<peKTOB M02KeT CJIJ2KlfTh IfCCJie,n;oBaHHe, BbIIlOJIHeHHOe C 

IIOMOlll,hIO nporpaMMhI MO,D;e.JIHpoBaHmI ycTaHOBKH COMPASS [14]. 

CyMMHPY.H 3Ha'IeHH.H At, pacc•mTaHHhie ,D;JI.H "HHKJII03nBHb1x" H "a,n.poH

Hb1x'' Bh16opoK, MeTO,D;OM B3BerneHHOrO cpe,n;Hero, nOJiyqaeM KOHe'IHblll pe3JJib

TaT (rn6.1). 3aBHCHMOCTb At OT x IlOKa3aHa Ha pHC. 7, r.n;e ,D;JI.H cpaBHeHH.H 

npe,n.cTaBJieHbI H3MepeHH.H npe,n;hI,ll,yllJ,HX 3KcnepHMeHTOB. Pe3JJihTaThI COM

P ASS Haxo,n;.HTC.H B corJiacnH c 3THMU U3MepeHHHMH BO BCeM x-,n;Hana3oHe, a 

,D;JI.H 'IeTbipex TO'IeK B o6JiaCTH x < o, 03 HOBbie ,n.aHHhie YJIJ'IlliaIOT CTaTUCTH

qecKyIO TO'IHOCTb npHMepHO B 2, 5 pa3a. 

B KJia,n; B CHCTeMaTIPieCKYIO OllIH6Ky At' CBH3aHHhIH C HeTO'IHOCTHMH B onpe

.n;e.rreHHH PB H PT, COCTaBJI.HeT 6.5% OT Be.JIIPIHHbl aCHMMeTpHH. OrnH6Ka K03<p

q)HU,HeHTa ,D;HJIIOU,HH f, KOTopaH nOHBJIHeTcir B pe3JJibTaTe Heonpe,n;eJieHHOCTeii, 

CBH3aHHbIX C HaJIH'IHeM npHMeceii B COCTaBe MHllieHH, BHOCHT OTHOCHTe.JlbHYIO 

oum6Ky npHMepHO 6% BO BCeM x-.n;1mna30He. HeTO'IHOCTU napm.ieTpH3aU,HU 

R nepeHoC.HTCH -Ha .n;enomrpH3a11,HoHHh1ii <paKTOP D (yp. 2) H ,n;aIOT BKJia,z.i; B 

cucTeMaTHKY 4-5%. B yp. 2 MbI npette6peraeM nonepe'IHOii acHMMeTpHeii Af 
MaKCHMaJibHO B03M02KHaH OllIH6Ka, CBH3aHHa.H C 3THM ,n.ony111,eHHeM COCTaBJI.HeT 

:'.S 0, 005. OrnH6KH, CBH3aHHbre C pa,z.i;HaU,HOHHbIMH nonpaBKaMH, 011,eHHBaJIHCb 

napbnpoBamreM napaMeTpH3atVrn At (x) B npe,n.e.rrax CTaTHCTH'IeCKoii ornu6-

Kn TeKyII~lfX lf3Mepettnii. Ilopn,n,OK Be.JIH'IHHbl ,n;aHHOro 3<p<peKTa 10-4 - 10-3 • 
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PHc. 7: AcHMMeTpH.H At(x), H3MepeHHa.H B COMPASS. ,lJ;JI.H cpanHeHH.H npe,n.

CTaBJieHhI pe3JJihTaThI npe,n.hI.n.yllJ,HX 3Kcnep~MeHTOB: SMC[l3], HERMES[l 7], 
E143[15] H E155[16]. 9Kcnep1IMeHTaJibHhre TO'IKH IlOKa3aHhl c HX CTaTHCTH'Ie

CKHMH OrnH6KaMH. 3aTeMHeHHa.H IlJIOlll,a,n;h BHH3Y npe,n.cTaBJI.HeT ClfCTeMaTH'Ie

CKJIO ornH6Ky H3MepeHHii COMP ASS. 

Pa3MbITHe 3Ha'IeHHii aCUMMeTpHH B CHJIY nepeTeKaHif.H co6hITHH Me)K,ll,y co

ce,n.HHMU x-6HHaMH, npH'IHHaMH KOTOporo .HBJIHIOTC.H KOHe'IHOe pa3perneHHe 

cneKTpOMeTpa If pa,n;HaU,HOHHbie 3<p<peKThI, H3J'IaJI0Cb C IIOM0lll,bIO nporpaM

Mbl Mo,n;e.rrHponaHH.H co6h1Tuii ycTaHOKH. BhIJIO noKa3aHo, 'ITO HCKa2KeHne Af, 
CB.H3aHHOe C 3TlfM 3<p<peKTOM, npeHe6pe2KHMO MaJIO. 

McnOJih3J.H CTaTHCTU'IeCKHe MeTO,D;hI, 6hIJia npone,n;eHa 011,eHKa ClfCTeMaTH

'IeCKOii ornH6Ku OAJalse, BhI3BaHHOii npeM.H-3aBHCHMhIMH acp<peKTaMu. BhIJIO 

IIOKa3aHO, 'ITO n npe.n;e.rrax 2-x CTatt,n;apTHbIX OTKJIOHeHHii 

OAJalse < 0, 5 · oAftat (6) 

3Ha'IeHU.H gf (x, Q2 ), npune,n;eHHbie B noCJie,n;Heii KOJIOHKe m6JIHU,bl 1, 6hIJIH 

nOJiy'IeHhI H3 yp. (3) c ucnOJih30BaHHeM napaMeTpH3aU,HH Fl H3 [13] If napa

MeTpH3aU,HH R H3 [11, 12]. CHcTeMaTH'recKa.H ornH6Ka gf co.n;ep2KHT .n;onOJIHH

TeJibHhiii BKJia,z.i;, CB.H3aHHhIH c ornH6KaMu napaMeTpH3au,uH Fl. OTMeTHM, 'ITO 

BJIU.HHife norperuHOCTH napaMeTpH3aU,Hlf R yMeHblliaeTC.H H3-3a R-3aBHCHMOCTH 
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Puc. 8: 3HaqeHJrn gf(x), rrOJiy<IeHHhre B 3KcrrepttMeHTax COMPASS u SMC. 

KpttBhie lIBJUIIOTOI pe3yJihTaTOM <pHTttpOBaHHll rrptt 3HaqeHHIDC Q2
, COOTBeT

CTBJIOIU,lfX ,u;aHHhIM COMPASS. ToqKu SMC npuBe,u;eHhI K 3HaqeHttHM Q2 

COMPASS. BBe,u;eHa norrpaBKa Ha D-cocTOHHtte BOJIHOBoii cpyHKIJ,HH ,u;eiiTpoHa 

WD = 0,05. 

,u;enOJIHpH3aIJ,HOHHOrO <paKTOpa B yp. (2) H BblpIDKeHHll (1 + R) B 3HaMeHaTe

Jie yp. (3). 3aBHCHMOCTb gf OT x noKa3aHa Ha puc. 8. ,lJ;JUI cpaBHeHHll Ha ptt

CJHKe TaK)Ke noKa3aHhI pe3yJihTaThI SMC (13), KOTOphre 3aHttMaIOT npttMep

HO TY )Ke KHHeMaTuqecKyIO o6JiaCTb H rrpttBe,u;eHbl K TeM )Ke 3HaqeHHlIM Q2
• 

B o6JiaCTH MaJihIX x rrpeuMyIIJ,ecTBo COMP ASS oqeBH,ll;HO: ttHTerpupyH gf ( x) 
B,ll;OJib HHTepBaJia 0, 004 < x < 0, 03, Mbl rrOJiyqaeM ( -0, 3 ± 1, 0) · 10~3 tt 

(-5, 3 ± 2, 3) • 10-3 AJIH ,u;aHHhIX COMPASS u SMC, cooTBeTCTBeHHO. ,lJ;JUI 

X < 0, 03 HOBbie H3MepeHttll gf He HMeIOT TeH,u;eHIJ,HH K OTpttu,aTeJibHblM BeJIH

quHaM H BIIOJIHe COIIOCTaBHMbl C HJJieM. 
O6-he)l;ttHeHHbre c rrpeu,u3ttOHHhIMH ,u;aHHhIMH 3KcnepttMeHTOB SLAC u HER

MES B HHTepBaJie 60JihIIIHX x, HOBble H3MepeHHll COMP ASS 3aMeTHO yJiyqIIIa

IOT TOqHOCTb 3KCTparrOJIHIJ,HH gf B o6JiaCTb X = 0. XoTH, caMH no ce6e, OHH He 

no3BOJIHIOT nOJiyquTh 60Jiee TOqHoe 3HaqeHue rrepBoro MOMeHTa rf no npuquHe 

OTHOCHTeJibHO HH3KOH CTaTHCTHqeCKOH TOqHOCTH rrptt 60JihIIIHX x. 

B IlHTofi rJiaBe npttBO,ll;HTCH KX,n aHaJIH3 noJiyqeHHhIX ,u;aHHhIX. I(eJihIO 

aHaJIH3a lIBJilleTOI nottCK o6pa3JIOIIJ,HX CIIHH HJKJIOHa nOJillpH30BaHHblX pac

npe,u;eJieHHH KBapKOB H rJIIOOHOB. ,lJ;JIH 3TOro ttCnOJib30BaJIHCb BCe ttMeIOIIIHe

OI Ha cero,u;HHIIIHttii ,u;eHh ,u;aHHhre no cnttH03aBttCHMOii cTpJKTJpHoii <pyHKIJ,HH 

91 ( X, Q2 ). KX,n aHaJIH3 II03BOJIHeT ,u;aTb KOJIH'IeCTBeHHJIO ou,eHKY 3Ha'IHMOCTH 
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,u;aHHhIX COMPASS. 

Pe3JJihTaThI 6bIJIH noJiyqeHhI B cxeMe MS c noMOIIJ,bIO nporpaMMhI KX,n 

cpum, KOTOPM paHee ucnOJib30BaJiach B 3KCnepuMeHTe SMC (18, 19). KX,n 

pacqeTbl BbIIIOJIHlIIOTOI quCJieHHbIM HHTerpIIpOBaHtteM B npocrpaHCTBe (x, Q2). 

,l1;JUI napaMeTpII3aIJ,IIII napTOHHbIX pacnpe,u;eJieHIIH IICIIOJih3yeTOI CJie)];yIIIM 
<pyHKIJ,IIOHaJibHM cpopMa (x-3aBIICIIMOCTb npII <pIIKCIIpOBaHHOM Q2): 

6.f(x) = 
x°'' (1 - x)/31 (1 + 11 x) 

rJ, J; x°'(l - x)/3(1 + 1x)dx 
(7) 

IlapaMeTp O! OTBeqaeT 3a cpopMy <pyHKIJ,HII npII X -+ 0, a fJ 3a)];aeT xapaKTep 

cpyHKIJ,IIH nptt X -t 1. MHO)KIITeJib, co,u;ep)l{alllIIH I, n03BOJilleT 6.f ( X) MeHHTb 

3HaK. B CIIJIY HOPMIIpOBKH rJ paBeH IIHTerpaJiy <pyHKIJ,IIII II lIBJIHeTCll IJ,eJibIO 

HaIIIero aHaJIH3a, TaK KaK COOTBeTCTBJeT BKJia)];aM KBapKOB II rJIIOOHOB B CnIIH 

HJKJIOHa. 

CorJiaCHO rpynne SU(3), KOTOpM orrIIchrnaeT CIIMMeTpIIIO apoMaTOB Tpex 

JierKHX KBapKOB u, d II s, KBapKOBbie nJIOTHOCTII rpyrrnIIpyIOTCll B CIIHrJieTHYIO 

6.E(x, Q2 ) H He CHHrJieTHbie D..q3,s(x, Q2 ) KOM6IIHaIJ,IIII: 

6.E(x, Q2 ) 

D..q3(x, Q2
) 

6.qs(x, Q2 ) 

[6.u + 6.u](x, Q2
) + [6.d + 6.d](x, Q2

) + [6.s + 6.s](x, Q2 ) 

[6.u + 6.u](x, Q2
) - [6.d + 6.d](x, Q2

) 

[6.u + 6.u](x, Q2
) + [6.d + 6.d](x, Q2

) - 2[6.s + 6.s](x, Q2 ) 

(8) 
MMeHHO TaKoe npe,u;cTaBJieHIIe HaII60Jiee y,u;o6Ho, TaK KaK B ypaBHeHIIlIX 3B0JIIO

IJ,IIII AJibTapeJIJitt-IlapII3II He npOIICXO,ll;IIT CMeIIIIIBaHIIll HeCIIHrJieTHbIX KOM6H

HaIJ,HH C cpyHKIJ,tteii rJIIOOHHOrO pacrrpe,u;eJieHIIll. TaKIIM o6pa30M, nporpaMMa 

KX,n <pIITa noJiyqaeT Ha BXO,ll; HaqaJibHbie 3HaqeHIIH napaMeTpOB qeTbipex nap

TOHHbIX pacnpe,u;eJieHIIH 

6.f(x) = 6.E(x), D..q3(x), 6.qs(x), 6.G(x) (9) 

npII KaKOM-TO <pIIKCHpOBaHHOM Q5, noCJie qero, IICIIOJib3Jll ypaBHeHirn 3B0JIIO

IJ,IIII, npOII3B0,ll;HT 3KCTpanOJIHIJ,IIIO 6.f(x, Q5) B Q2 3KCnepIIMeHTaJibHbIX TO'IeK. 

Ilo XOAJ npou,e,u;ypbl HaqaJibHbie napaMeTpbI MeHHIOTCll C IJ,eJibIO MIIHIIMII3a

IJ,IIH x2 • B aHaJIII3 6hIJIII BKJiroqeHhr ,u;aHHhre 9-TII 3KcrrepIIMeHTOB: E142, E143, 

E154 II E155 (SLAC); EMC, SMC II COMPASS (CERN); HERMES (DESY); 

Hall A (JLAB). Bcero 199 TOqKtt. B pa6oTe (18] 6wJio noKa3aHo, qTQ qaCTh 

napaMeTpOB qeTbipex <pHTIIpyeMbIX <l>YHKIJ,IIH (9) MO)KHO onyCTHTh, JIII6o 3a
<pIIKCIIpOBaTb. qIICJIO CB060,ll;HblX napaMeTpOB 6hIJIO paBHO 10. 

Pe3JJihTaThI cpIITa )l;JIH CTPJKTYPHhIX cpyii:Ku,IIii, paccqIITaHHhre npII Q 2 = 
3 r3B2 , noKa3aHbl Ha pIIC. 9. BII,ll;HO, qTO pacqeTHbie KpIIBbie xopoIIIO onIICbl· 
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Puc. 9: Bee BMe10ru,eeCB tta cero,u,mmmuii ,11,etth ,11,attHhie no 9f'd'n(x, Q2
), nOJiy

T.JeHHhie ,II.JUI o6JiaCTH rHP Q 2 > l r3B2• 9Kcnepn:MeHTaJibHbie TO'-IKH npuBe,11,e

Hbl K Q2 = 3 r3B2• IIoKa3aHbl TOJibKO lIX CTaTHCTH'-IeCKHe oum6KH. JlHHIDI Ha 

rpaqmKaX npe,11,CTaBJIHeT pe3yJihTaTbl KXJJ: aHaJIH3a ,IVISI Q2 = 3 r3B2• 
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Ba!OT 3KCnepuMeHTaJibHbie ,11,aHHbie. IIepBbie MOMeHTbl napTOHHbIX pacnpe,11,eJie

HlIH npe,11,cTaBJIHIOT co6oii BKJia,11,bl napTOHOB B cnn:H HYKJIOHa. lipn: Q2 = 3 r3B2 

6hlJIO nOJiyT.Jetto: 

AE = 0, 25 ± 0, 02 AG= 0,43 ± 0, 11. (10) 

CucTeMaTB'-IeCKaH onm6Ka (pHTa, CBSI3aHHaH C oco6eHHOCTHMll aJirOpHTMa, B 

,u,uccepTau;n:u He HCCJie,11,0BaJiaCb, TOT cpaKT, '-ITO OTHOCHTeJihHaH onm6Ka onpe

,11,eJieHlISI AE paBtta JIHIIIh 0, 02, B TO BpeMH KaK ,U,JIH AG B otta B 5,5 pa3 60JihIIIe, 

He Y,11,HBHTeJieH. IIepBbie MOMeHTbl CTpyK'.rypHbIX cpyHKU,lIH npHMO nponopu;uo

HaJihHbl AE: 

rf(Q2) 

rf(Q2) 

1 
1 - 3/2wv rf(Q2) 

NLO 

= 

~ cf (Q2) AE(Q2) + 118 c["S(Q2) [3F + D] 

!cf(Q2)AE(Q2)- !ct7s(Q2)D 
9 9 

¾ cf (Q2) AE(Q2) + 316 c["S(Q2) [3F - D] 

(11) 

r,u,e F u D - KOHCTaHThI rn:nepoHHhIX pacna,u,oB (20). C yT.JeTOM Toro, '-ITO no 

Q2 H3MeHeHHe CTPYKTYPHhIX cpyttKu;uii CJia6oe (JiorapucpMuT.JecKoe), ,11,JIH Haxo

)K,11,ettn:H AE Ba)KHYJO pOJib urpaeT ,u,uana30H"H3MepeHuii: no x. TaKuM o6pa3oM, 

60JiblllaH CTaTHCTHKa B HHTepBaJie OT 0, 003 ,11,0 0, 8 xopoIIIO (pHKCHpyeT napa

MeTpbI CHHrJieTHOro pacnpe,11,eJieHHSI lI ero HHTerpaJI. C nOJISipH3au;ueii: rJIJOOHOB 

cuTyau;uH CJIO)Irnee, TaK KaK npHMhie H3MepeHuH AG B cpuTe He n:cnoJih30Ba

JilICh 5 ' a B 91 ( X' Q2 ) rJIIOOHHOe pacnpe,11,eJieHue BXO,IJ,lIT. TOJibKO B Bll,11,e npon:3-

Be,U,eHlISI C as, KaK CJie,U,CTBHe CJia6aH T.JyBCTBlITeJibHOCTb K ,11,aHHbIM no 91. ,1J;JIH 

AG Ba)KeH ,11,n:ana3oa H3MepeHn:ii no Q 2, KOTOpb1ii: BCe)Ke ,u,ocTaTOT.JHO orpaHn:

T.JeHHhiii: Q2 E [1, 60] r3B2• 

McnOJih3YH pe3yJihTaThI cpn:Ta (10), a TaK)Ke 3HaT.JeHHH runepoHHhIX KOH

CTaHT, Mbl MO)KeM onpe,11,eJIHTb BKJia,11, CTpaHHbIX KBapKOB B CnHH HYKJIOHa: 

1 
As + As = 3 (AE - Aq8 ) = -0, 11 ± 0, 01. (12) 

TaKHM o6pa30M, CTpaHHOe Mope B HYKJIOHe nOJISipH30BaHO B npOTHBOnOJIO)K

HYIO CTopoHy K cnuHy HYKJIOHa. AHaJioruT.JHbIM o6pa30M MO)KHO Haii:Tll BKJia,11,hI 

KBapKOB u u d: 

Au+Au = 0,82±0,01 Ad+ Ad = -0,45 ± 0, 01. (13) 
5 l!i.G M0JKeT 6b!Tb Il3MepeHa B npo~eccax <p0TOH-rJIIOOHHOro CIIHTeJa, B K0T0pbIX p0JKAa

eTCJI napa aAP0H0B c 60JiblllIIM nonepeqHI,IM IIMITYJibC0M. OAHaKO c~eCTBYIQ~Ile Ha cero

AHHIIlHiltt AeHb IIJMepeHIIH JKCnepHMeHT0B SMC, HERMES II COMP ASS IIMeIOT CJIHrnK0M 

60Jiblllile HeonpeAeJieHH0CTII II IICIT0Jib30BaTb IIX B KX,ll; aHaJIIl3e HeT CMbICJia. 
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K1rneMaTI1qecKruI o6JiaCTh, r,u;e orrncaHHhie B ,u;ttccepTau;1m H3MepeHm1 At 
H gt M0ryT rrpe,u;craBJIBTh rrpaKTHqecKHH llHTepec C00TBeTCTBYeT MaJihIM x. 
3,u;ech aJihTepHaTHB0ii ,u;attHhIM COMPASS MoryT BhICTYIIHTh TOJihK0 H3Me

peHmi SMC. ,lvrn Toro, qTo6hl KOJinqecTBeHH0 ou;eHHTh 3HaqnM0CTh ,u;aHHhIX 

COMP ASS, rrpoBe,u;eM KX,Zl; <pHT rrpn Tpex pa3JlnqHhIX yCJioBmix: BKJIJOqeHhI 

Bee Mttp0Bhie ,u;aHHh1e, MHp0Bhie ,u;aHHhle 6e3 H3MepeHHii COMP ASS H Mnpo

Bhie ,u;aHHhie 6e3 H3Mepettttii SMC Ha ,u;eiiTp0HHoii MmneHn. IlOJiyqeHHhle B 

pe3yJihTaTe KpHBhle gf(x,Q2), paccqnraHHhie ,u;JIB 3HaqeHnii Q2 COMPASS, 

Il0Ka3aHhl Ha pnc. 8. KaK n CJie,u;oBaJI0 oam,u;aTh, 0CH0BH0e Pa3JIHqne Me)K,Uy 

KPHBhIMH Ha6JI10,u;aeTC.H B o6JiaCTH MaJihIX x. Ilptt X = 0, 02 BCe KpHBhle MeIDI

IOT 3HaK H nptt x ➔ 0 yxo,LVIT B -oo. IlpnqeM ,u;aHHhie COMP ASS 0T0,lJ;BHmIOT 

KPHBhie 6mrarn K HyJieBhlM 3HaqeHmIM, TaKHM o6pa30M yBeJIHqHBruI 3HaqeHHe 

AE. CooTBeTCTBHe H3MepeHHii COMPASS KpttBhIM gt (x, Q2 ), B OTJinqne OT 

H3Mepettnii SMC, 3aMeTH0 Jiyqrue. 

3HaqeHH.H AE, nOJiyqeHHhie B pe3yJihTaTe <pttTa ,u;JIB Q2 = 1 I'aB2
, npe,u;

cmBJieHhI B Ta6. 2. Ilptt ncnOJih30BaHHH B <pnTe ,u;aHHhIX COMP ASS ToqH0CTh 

onpe,u;eJieHH.H AE yBeJinqnBaeTC.H Ha 26%. ,Zl;JI» cpaBHeHmi B Ta6Jinu;e raIOKe 

npHB0,LVITC.H pe3yJihTaThl KX,Zl; aHaJIH3a rpynn AAC [3] H LSS [4]. Xopornee 

C00TBeTCTBHe 3HaqeHHH AE pa3HhIX aHaJIH30B M02KH0. cqttTaTb He3aBHCHM0H 

npoBepK0H pe3yJihTaT0B ,u;aHH0H pa60ThI. 

AHaJill3 3T0H pa60Thl · AJihTep-Hhie pa6oThl 

6e3 ,u;aHHhIX I c ,u;aHHhIMH 

COMPASS COMPASS 
AAC06 I LSS06 

[AE(Q2 =1I'aB2
) I 0,25±0,03 I 0,26±0,02 II 0,25±0,03 I 0,22±0,04 I 

Ta6Jinu;a 2: BKJia,z:t, KBapK0B AE B cnHH HyKJioHa. IloMHMO 3HaqeHHii, rrOJiyqeH

HhIX B ,u;aHHoii pa60Te, npnBe,u;eHhI pe3yJihTaThl aHaJIH3a rpynn AAC 06 [3] H 

LSS 06 [4], K0T0phie BKJIJOqaroT B ce6» ,u;attHhie COMP ASS. Bo Bcex CJiyqaax 

aHaJIH3 npoB0,lJ;HJIC.H B MS cxeMe. 

IIpHJIO)KeHHe A II0CB.Hiu;eH0 KHHeMaTHKe pacce.HHH.H 3ap.H2KeHH0r0 JienTO

Ha Ha »,u;pax co CITHH0M ½ H 1. IlpHB0,11;.HTC.H <pOPMYJihl ,lJ;JI.H a,z:t,p0HH0ro TeH30pa 
»,u;pa co CilllH0M 1. TaIOKe rrpe,u;cTaBJieHbl napu;HaJihHhie ceqeHH.H pacce.HHll.H-Ha 

MttIIIeH.HX co cnHH0M ½ H 1. BhIBO,lJ;HTC.H Bhipa2KeHtt.H ,lJ;JI.H CTPYKTYPH0ii <pyHK

u;ttH R(x, Q2 ). IIpHJio:>KeHHe B co,u;ep}I{HT ra6JIHu;h1 c nOJI02KeHHeM H pa3Me

paMH K00p,lJ;HHaTHbIX ,u;eTeKT0p0B 3KCnepttMeHTa. 
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3aKJIIOqeHIIe 

0C'H,08'H,'bte peay11,'bmam'bt U 8'bt80a'bt 

1. Ila ,u;aHHhIM, Ha6paHHhlM 3KCnepHMeHT0M B 2002 tt 2003 ro,n,ax, paccqll

TaHa CilllH0BruI aCHMMeTpH.H ,n,eiiTp0Ha At Hera CITHH03aBHCHMruI CTPYK

TYPHruI <pyHKu;tt» gf B KHHeMaTwiecKoii o6JiaCTH Q2 E [1;·100] TaB
2 

tt 

x E [O, 004; 0, 7]. 

(a) 

(b) 

Ila cpaBHeHHIO C 11pe,n,hI,n,yiu;lIMll 3KCnepttMeHTaMH TQqH0CTh ll3Me

peHHii gt· ,ll,JUI 06.rracrn x < 0, 03 y.rry,mmJmch B 2-3 pa3a, qTO 110-

BhICHJI0 TQqHQCTb 3KCTpa110.rrHu;tttt gf B o6JiaCTh X = 0. 

O6Hapy2KeHO, qTQ ,l],JI.H X < 0, 03 H0Bhie ll3MepeHH.H gf BIIOJIHe C0IIO

CTaBHMhl C HyJieM ll He HMelOT TeH,n,eHu;tttt K 0Tpttu;aTeJihHhIM BeJIH

qttHaM, KaK CJie,ll,0BaJI0 H3 pe3y.rrhTaT0B aKc11epnMeHTa SMC. 

2. McnQJih3Y.H B KX,Zl; ami.rrtt3e Bee ttMe10iu;tteC.H Ha cero,n,H»IIIHttii ,n,eHh ,n,aH

Hhie no gf'n'd(x, Q2 ), paccqttTaHhl CllllH03aBHCHMhie pac11pe,n,eJieHH.H KBap

K0B ll rJIIO0H0B. O11pe,n,e.rreH cyMMapHhlii BKJia,Ll, KBapK0B B CIIHH HYKJIOHa: 

AE = 0, 25 ± 0, 02 11ptt Q2 = 3 I'aB2 • ll3MepeHttH COMP ASS YJIJ'IIIIHJIH 

cTaTttCTnqecKyJO T0qH0CTh 011pe,n,e.rreH¥1.H AE Ha 26%. 

3. IIpoBe,l],eHa MeT0,ll,llqecKruI pa6oTa, pe3yJihTaThl KOTOpoii BKJIJOqeHhl B 11po

u;e,n,ypy craH,n,apTH0ro aHaJitt3a ,n,aHHhIX Heo6xo,n,ttMoro ,n,JIB pacqera At H 

gt. OHa BKJIJOqaeT B ce6.H: 

(a) M3MepeHtte MarHHTHoro 110JI.H ,n,ttn0JihHoro MarHttTa SMl c11eKTpo

MeTpa COMPASS. 

(b) 

(c) 

(d) 

Pa3pa6oTKa H peaJitt3aI~H.H 11porpaMMHoro 11aKeTa peK0HCTPYKI~HH 

BepIIIHH, B 3a,z:t,aqy K0T0poro BX0,l],llT B0CCTaH0BJieHHe 11apaMeTp0B 

BepIIIHHhl 11epBllqHoro B3aHM0,l],eiiCTBllH ll II0HCK BepIIIHH pac11a,n,a 

,n,OJirQ)KllBYiu;llX HeiiTpaJibHhIX 'IaCTHIJ;. 

Pa3pa60TKa H peaJIH3au;tt.H 11porpaMMbl ,OT6opa co6hITHii, K0T0pbie 

y,ll,0BJieTB0p.HIOT KPHTepmIM CTa6ttJihHOii pa60Thl cneKTp0MeTpa. 

Pa3pa6oTKa tt pean1-13au;1-1H anrop1-1TMa tt,ll,eHTH<pHKau;ttII pacce~rnoro 

;.,_IOOHa. Kan1-16poBKa TpIIrrepHbIX ro,n,ocK0II0B H aHaJill3 a<p<peKTllB

H0CTH pa60Thl TpHrrepa. 
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