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06rn;aa xapaKTepIICTHKa pa6oThI 

AKTyaJibHOCTb HCCJie,n;oBamui:. Ha rrpOT.IDKemni: rroc.rre,i::i;Hrrx ,i::i;ec.HTrr.rre

THH rrcc.rre,n;oBamrn B o6naCTH crrHHOBon CTPYKTypbI HYKJIOHa ocTaIOTC.H Ba)K

HbIM HarrpaBJieHIIeM ¢H3HKH qacTm:i;. c TOqKH 3peHH5I KBapK-rrapTOHHOH MO

,IJ;eJIH (KIIM) H 3aKOHa coxpaHeHH.H MOM€HTa KOJrnqecTBa ,Ll;BH)KeHH.H IIOJIHbIH 

CIIHH HYKJIOHa ,L1;0JI)K€H 6bITb COCTaBJieH II3 B03M0)KHbIX BKJia,IJ;OB CIIHHOB KBap

KOB (6.~) II rJIIOOHOB (b.G) H HX op6IITaJibHbIX MOMeHTOB (Lq H Lg): 

(1) 

8KcrreprrMeHTaJibHO ycTaHOBJieHO, qTo CJMMapHbIH BKJia,IJ; CIIHHOB BCex KBapKOB 

(6.~ = 0.30 ± 0.01 (cTaT.) ± 0.02 (rncT.) [1]), BKJiroqa.H cyrri;ecTBeHHbIH BKJia,IJ; 

CIIHHOB CTpaHHbIX KBapKOB, COCTaBJI.HeT He 6oJiee TpeTH OT CIIHHa HJKJIOHa. 

Ilpmi;eccbI HHKJII03HBHOI'O rHP1 l + N --t l' + x ChirpaJIH H HrpaIOT ,Ll;O CIIX 

rrop KJIIoqeByro pOJih B pa3BIITHH Haurnx 3HaHIIH o CTPYKType a,i::i;poHOB. BKJia,n; 

CIIHHOB CTpaHHbIX KBapKOB ( b.s + b.s), MO)KHO H3BJieqb H3 H3MepeHHH rrepBO

ro MOMeHTa crrrrHo3aBHCHMOil CTPYKTypHoil cPYHKI:i;HH HJKJIOHa 91 ( x, Q2). ,Il;JI.H 

9TOro IICIIOJib3yeTC5I npaBHJIO CJMM 9JIJIHCa-,Il;)!<a¢¢e [2], OCHOBaHHOe Ha Toq

HOH CHMMeTpIIII JierKHX KBapKOB ( u, d II s). 3aBHCHMOCTb OT 6bepKeHOBCKOH 

CKeHJIHHrOBOH rrepeMeHHOH x orrpe,n;eJrneTC.H B aHaJIII3e BCex cyui;eCTBJIOIIJ;HX 

,i::i;aHHbIX TIO 91 ( x' Q2), rrpoBe,LJ,eHHOro B paMKax TeOpIIII KBaHTOBOH xpOMO,Ll;HHa

MIIKH (KX,II; aHaJIH3). B IIO,LJ,aBJI.HIOllJ;eM 60JibillHHCTBe ¢rrTOB 91(x, Q2 ) BKJia,IJ; 

CTpaHHOCTH OTpHI:i;aTeJihHbIH BO BCeM HHTepBarre no x c OCHOBHbIM BKJia,IJ;OM B 

o6JiaCTII x ~ 0.1 - 0.3 [3-7]. 
BrrepBbie IIOJIHbIH MOMeHT pacrrpe,i::i;eJieHH.H CTerreHH IIOJI5IpH3aI:i;HH CTpaHHbIX 

KBapKOB f0
1(6.s(x) + 6.s(x))dx 6hrJI ori;eHeH KOJIJia6opari;IIeli EMC B KOHIJ;e 80-

x [8] c HCIIOJib30BaHIIeM npaBHJia CJMM 9Jimi:ca-,Ll;:tKa¢¢e (2], OCHOBaHHOro Ha 

TOqHOH CIIMMeTpmI JierKHX KBapKOB (u, d H s): b.s+b.s = -0.19±0.03(cTaT.)± 

0.05(crrcT.). B MO,IJ;emrx KOHCTHTJ9HTHbIX KBapKOB2 BKJia,IJ; CTpaHHOCTH IIOJia

raJIC.H paBHbIM HJJIIO IIJIH cqrrTaJIC.H rrpeHe6pe)KIIMO MaJibIM. Pe3yJibTaT EMC 

6bIJI IIO,IJ;TB€P)K,L1;€H c ynyqmeHHOH TOqHOCTbIO aHaJIH30M ,IJ;aHHbIX aKcrrepHMeH

TOB SMC [9], HERMES [10] (DESY, repMamrn): 

(6.s + 6.s)= -0.085 ± 0.008(aKcrr.) ± 0.016(Teop.+aBo.rr.) (2) 

H COMPASS (1] (CERN, IIIBenri;apH.H): 

(b.s + 6.s)= -0.08 ± O.Ol(cTaT.) ± 0.02(crrcT.) (3) 

1 .II:a.nee 6y,n;eT HCTIOJib30BaTb 3TO COKpam;eHHe ,!l;Jl51 o603Ha'!eHH51 rJiy60KO-Heynpyroro pac

ce5!HH51 JienToHa Ha HYKJIOHe. 
2B MO)J;eJrn npHHHMaeTC51, '!TO TIO'!TH BC51 Macca a,n;poHa cocpe,n;oTO'!eHa B KBapKax. 
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TaKIIM o6pa30M, BKJia,n; CTpaHHbIX KBapKOB B CIIIIH HJKJIOHa 5IBJI5IeTCII HeHyJie

BbIM II OTpnu;aTeJibHbIM. 

TaK KaK KBapKH H aHTMKBaprrn o,n;Horo apoMaTa IIMeIOT o,n;RHaKOBbIH no a6-

coJIIOTHOii B€JIH'IHHe 3apH,n;, HCCJie,n;oBaHH5I lIHKJII03IIBHbIX IIPO!IeCCOB He MOryT 

IIOMO'Ib B peUieHHII 0,D;HOH ll3 OCHOBHbIX 3a,n;aq - OIIpe,n;eJiemrn BKJia,D;OB CIIIIHOB 

BaJieHTHbIX3 ( !:::.qv) H MOpCKHX ( t:.q) KBapKOB B CIIHH HJKJIOHa TIO OT,D;eJibHO

CTII. Ha cerO,D;H5IIIIHHH ,n;eHh OCHOBHbIM IIPO!IeCCOM, KOTOpbIH CIIOC06eH IIOMO'Ib 

peUIHTb 9TY 3a,n;aqy HBJI7I€TC7I IIPO!IeCC IIOJIJHHKJII03HBHOro fHP (I111THP) 
l + N _, l' + h + x' r,n;e B KOHe'IHOM COCTOHHHII KpOMe pacceHHHOro JieII

TOHa perncTpnpyeTc.a TaK)Ke o,n;RH H3 a,n;poHoB. B TaKHX IIPO!Ieccax 1rncpop

Ma!IIIIO 06 apoMaTe B3aHMO,n;eiiCTBJIOID;ero KBapKa MO)KHQ IIOJiy<LIITb BbI6npaH 

THII perIICTpIIpyeMoro a,n;poHa. 06pa3oBaHIIe a,n;poHoB B rrpO!Iecce ITHTHP MO

)KeT 6hITh rrpe,n;cTaBJieHo c IIOMOI!IhIO cpyHK!IHH cpparMeHTa!Ifrn ( <I><I>) [11]. Bhr

pa)KeHIIe ,D;JIR CTPYKTypHoii cpyHK!IIIH co,n;ep)KIIT pa3Hhre KoacpcpHI!HeHTbI rrpII 

!:::.qv = !:::.q- !:::.q II t:.q, 'ITO II03BOJI5!€T pa3,n;eJIIITb BKJia,D;bI BaJieHTHhIX II MOpCI<IIX 

KBapKOB II, TaKIIM o6pa30M, IIOJIHOCTbIO peUIHTh 3a,n;aqy pa3,n;eJieHH5I KBapKO

BbIX pacrrpe,n;eJiemrii rro apoMaTaM. 

BrrepBbie II3MepeHHH IIOJIJIIHKJII03HBHOro rHP rrpOBO,D;HJIIICb KOJIJia6opa!IH

HMH EMC [8] II SMC (12]. CJie,n;yrorn;HMII aKcrrepIIMeHTaMII 6hIJIII HERMES [13] 
II COMPASS [1]. B HaCTOR!IIee BpeMH ,n;aHHhie IIOJIJHHKJII03HHOro rHP c pO)K

,n;eHHeM 1!"+, 1!"-, K+ n K- RBJIRIOTCH orrpe,n;eJIRIOI!IIIMII B aHaJIII3e HHKJII0-

3IIBHhrx n rroJiyMHKJII03HBHbIX ,n;aHHbIX. TaK, HarrpHMep, corJiacHo pa6oTe [14] 
TO'IHOCTh OIIpe,n;eJieHIIH t:.s cpaKTH'IeCKII IIOJIHOCTbIO o6ycJIOBJieHa TO'IHOCThIO 

B H3Mepernrn KaOHHbIX aCHMMeTpHH. 

ll, HaKOHeu;, XO'I€TC5I OTMeTHTb, 'ITO orrpe,n;eJieHHe BeJIH'IIIHbI !:::.s HBJIHeTCR 

HHTepecHoH: 3a,n;aqeft He TOJibKO ,D;JIR IICCJie,n;oBaHII.a CIIHHOBOH CTPYKTYPbI HYK

JIOHa. KaK 6hIJIO OTMe'IeHo B [15], TO'IHOe H3BJie'IeH11e 6-s 3Ha'IHTeJihHO yMeHh

UIHT Heorrpe,n;eJieHHOCTh B IIpe,n;CKa3aHlIHX CIIHH03aBHCHMOro ceqeHHH yIIpyro 

pacceHHHH qaCTlIII cyIIepCHMMeTplI'IHOH TeMHOH MaTepirn Ha rrpOTOHax II Heii

TpOHax. 

Il;eJiblO ,ll;HCCepTan;1rnHHOH pa6oTbI 5IBJIHeTCII OIIpe,n;eJieHIIe BKJia,n;a crrn

HOB CTpaHHhrx KBapKoB B CIIHH HYKJioua, 113 pacqeTOB acrrMMeTpHH A~ B IIpo

u;eccax HHKJII03IIBHOro rHP (µ+ + d _, µ+ 1 + X) lI acrrMMeTpIIH I10JIJHHKJII0-

3lIBHOrO po)K,n;emrn a,n;poHOB (µ+ + d _, µ+ 1 + h + X), A~d' r,n;e h - a,n;pOHhI 1!"+, 
1!"-' K+ II K-' B rHP MIOOHOB Ha rrpO,D;OJibHO-IIOJI5IpH30BaHHOH ,n;eiiTepneBoii 

MHIIIeHH. 

Hay-<IHa.H HOBll3Ha. 

1. IloJiy'IeHhl uarr6oJiee TO'IHhie pe3yJibTaThI CTilIHOBOH acrrMMeTpHII ,n;eiii:Tpo-

3Ba.rreHTHb!Mli Ha3bIBaiOT KBapKn:, KOTOpbre onpe,D;eJJJIIOT OCHOBHbie cPH3H'f€CKite CBOHCTBa 

'!aCTHIJ;. 
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Ha Ay Hero CTPYKTYPHOH cpyHKD;HH gt B npon;eccax rHP B KHHeMaTH'le

CKOii o6JiaCTH: 0.004 < x < 0.7 npH Q2 > 1 (raB/c)2 . 

2. BnepBbie noJiy'leHHbI 3Ha'IeH1u.1 noJiyHHKJU03HBHbIX cn:nHOBbrx acuMMeT-
+ - K+ K-

pHH ,n;Jia: 3apa:)KeHHbIX n:uoaos, Aid u Aid , u KaOHOB, A 1d H A 1d , Ha 

,n;eliTpOHe B KHHeMaTH'I6CKOH o6JiaCTH x < 0.03. 

IlpaKTJP1ecKru1 n;eHHOCTI> pa60T1>I. Pe3yJibTaTbI pac'IeTOB CIIHHOBbIX 
... A A'll"+ A'll"- AK+ AK- ... u 

aCHMMeTpHn ld ' ad ' ld ' ld ' ld ' CIIHH03aBHCHMOn CTPYKTYPHOH 

cpyHKD;HH .n;eliTpOHa gl ' a TaK)Ke BKJia,ll;OB CIIHHOB CTpaHHbIX KBapKOB tls B CIIHH 

HYKJIOHa B KHH6MaTH'l6CKOH o6JiaCTH H3MepeHH.H 0.004 < x < 0. 7 MOI'YT 6bITb 

HCITOJib30BaHbI B aHaJIH3ax T6KJIU,HX H 6y,rzyrn;Hx SKCnep:nMeHTOB. Pacnpe.n;ene

mrn ITOJia:pH30BaHHbIX KBapKOB .HBJI.HIOTC.H yHHBepCaJibHbIMH o6'heKTaMH, TaK 

KaK He 3aBHC.HT OT npon;ecca, B KOTOpOM HCCJie,n;yIOTC.H. c HX IIOMOID;bIO MO)KHO 

cBa:3aTb CTPYKTypHbie cpyHKD;HH H ceqeHHa: pa3JIH'lHbIX peaKn;:nii c yqacTHeM 

HYKJIOHOB. QqeBH,n;Holi o6JiaCTbIO npHMeHeHH.a nonyqeHHbIX pe3yJihTaTOB a:B

JI.HIOTca: nporpaMMbI Mo,n;eJIHpOBaHH.a cl;>H3H'leCKHX npon;eccoB. 3Ha'leHH.a Aid H 

gt B BH,n;e Ta6JIHD; BHeceHbI B MHpOBYIO 6a3y )J;aHHbIX [16]. 
ABTOp 3aID;Hru;aeT: 

TX u Ad A'll"+ A'll"- AK+ AK-1. .l!.l3BJie'leHHe CIIHHOBbIX aCHMMeTpHH 1 • 1,d• 1,d• 1,d H 1,d H CTpyK-

TYPHOH cl;>yHKD;HH .n;eliTpoaa gt B KHHeMaTH'lecKoli o6JiaCTH x E [0.004; 0. 7) 
H Q2 > 1 (raB/c)2 . 

2. Onpe.n;enemrn IIOJIHOI'O BKJia,n;a CITHHOB JieI'KHX KBapKOB H BKJia,n;a CIIHHOB 

CTpaHHbIX KBapKOB tls +!ls B CIIHH HYKJIOHa IIpH Q~ = 3 (rsB/c)2• 

3. Onpe,n;eJieHHe pacrrpe.n;eJieHH.H cTpaHHbIX (D.s) H HecTpaHHbIX sarreHTHbIX 

H MOpCKHX KBapKOB (Lluv + Lldv H flu+ tld, COOTB6TCTB6HHO) ITO 6bep

KeHOBCKOH rrepeMeHHOH x. 

4. HccJie,n;oBaHHe 3aBHCHMOCTH 3Ha'Ieau.a nepBoro MOMeHTa !ls = tls oT 

BbIOOpa napaMeTpH3an;HH cpyHKD;HH cpparMeHTaD;HH KBapKOB. 

Arrpo6an;m1 pa60T1>I. Pe3yJibTaThI pa6oTbI 6bIJIH orry6JIHKOBaHbI B 3apy-

6e)KHhIX aay'lHbIX )KypHaJiax, a TaK)Ke HeO,n;HOKpaTHO )J;OKJia,ll;bIBaJIHCb Ha pa-

60'IHX coBern;aaH.ax COMPASS, aay'lHbIX ceMHHapax H Me:>B:.n;yaapo,n;HhIX KOH

cpepean;H.ax, B TOM 'IHCJie caMHM aBTOpOM: 

1. XVIII Me2K,rzyHapo,n;HbIH Ban,n;HHCKHH CeMHHap no rrpo6JieMaM cpH3HKH 

BhICOKHX aaeprHii: PeJia:THBHCTCKa.H .a.n;epaa.a cpH3HKH H KBar-rToBa.a xpo

MO)J;HHaMHKa (!SHEPP 2006), OH.HM, ,llj6aa, PoccHa:, 2006 

2. Hay'lHbIM ceMHHap B HHCTHTyTe TeopeTH'leCKOH cpH3HKH PypcKoro yr-rH

BepcHTeTa r.BoxyM, repMaHH.H, 2009 
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3. Advanced Studies Institute: Symmetries and Spin (SPIN-Praha-2009), 
Charles and Chech Technical Universities in Prague, Ilpara, 1Iexmi:, 2009 

4. HarrnaR ceccirn-Kott¢epemi;irn ceKIJ;IHI 51<I> O<I>H PAH «<l>H3HKa cPYH
,n;aMeHTa.JihHhIX B3aHMo,n;eii:cTBHii:», CeKIJ;HR R,n;epHoli cPH3HKH OT,n;eJieHHR 
cPH3II'reCKHX HayK Poccttii:cKoii: AKa,n;eMHH HayK H llHCTHTYT TeopeTH'ie
CKOH H aKcrrepHMeHTa.JihHOii: cPH3HKH HMeHH A.ll. AJrnxaHOBa, llT9<I>, 
MocKBa, PoccHR, 2009 

5. XIV Hay'iHaR Kott¢epeHIJ;HR «OMYC 2010», Oll51ll, ,Il;y6Ha, PoccHR, 
2010 

6. XVIII International Workshop on Deep-Inelastic Scattering and Related 
Subjects (DIS 2010), Convitto della Calza, Firenze, 19th - 23rd April 
2010 

7. Hay'iHhIH ceMHHap B Jia6opaTopHH <l>H3HKH BbrCOKHX 9ttepm:i1 06'he,n;H
HeHHoro llHCTHTyTa 51,n;epHhIX I1ccJie,n;oBaHH:i1, ,Il;y6Ha, Poccmi:, 2010 

CTpyKTypa u: o6'beM .n;MccepTaD;MM. ,Il;ttccepTaIJ;HR co,n;ep:amT 116 cTpa
HHIJ; H COCTOHT H3 'ieTbipex rJiaB, BBe,ri;eHHR, 3aKJIIO'ieHHR H CIIHCKa H3 98 Ha
HMeHOBaHHH IJ;HTHpyeMoii JIHTepaTyphr. B ,n;ttccepTaIJ;HH TaKJKe rrpttBe,n;eHhI 46 
pHCYHKOB H 14 Ta6JIHIJ;. 

Co,n;ep)KaHHe pa60Tb1 

Bo BBe,n;eHu:u: c¢opMyJIHpOBaHa IJ;8Jih pa6oThI, rrepe'iHCJieHbI pe3yJihTaTbI 
pa60TbI, KOTOpbie BbIHOCRTC5I Ha 3aIIJ;HTy. TaKJKe rro,n;-qepKHYTbI HX HOBH3Ha H 
rrpaKTH'ieCKaR IJ;eHHOCTh. 

B rrepBOH rJiaBe rrpHBe,n;eH KpaTKHH ofoop COBpeMeHHOro COCTORHirn HC
CJie,ri;oBamrii: CIIHHOBO:i1 CTpyKTYPbI HYKJIOHa. BBO,lJ;RTCR ¢opMyJihI ,n;JIR ,ri;H<l:><l:>e
peHIJ;Ha.JihHhIX Ce'ieHHH IIOJHipH30BaHHOrO H HeIIOJIRpH30BaHHOrO I'HP, Orrpe,zi;e
JieHHR CTPYKTYPHbIX cPYHKIJ;IIH, cPYHKIJ;HH ¢parMeHTaIJ;HH, acIIMMeTpHli ce-qe
HHH HHKJII03liBHOrO H IIOJIYHHKJII03HBHOrO I'HP, rrpaBFIJia CYMM. 

Bo BTopoii rJiaBe rrpe,zi;cTaBJieHo o6IIJ;ee orrttcattIIe crreKTpoMeTpa COM
PASS [17] (COmmon Muon Proton Apparatus for Structure and Spectroscopy), 
KpaTKOe OITIICaHFie a.JiropIITMOB, HCITOJib3YeMhIX npH peKOHCTPYKIJ;IIH co6bITHH. 
B nocJie,n;HeM pa3,zi;eJie rnaBhI omi:caua rrpoIJ;e,n;ypa oT6opa co6brTH:i1, y,n;oBJieTBO
pRIOIIJ;HX KpHTepHRM CTa6HJibHOH pa60TbI ycTaHOBKH. 

,Il;JIR II3y'ieHIIR crrHHOBOH CTPYKTYPbI HYKJIOHa B aKcrrepIIMeHTe COMPASS 
HCITOJib3yeTCR c¢opMHpOBaHHbIH rry'iOK MIOOHOB BbICOKOH lIHTeHCHBHOCTII c 
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3HeprHeH 160 r3B. BcJie,II;CTBHe HapyIIIeHH.H qeTHOCTH B pacrra,n;ax IIHOHOB, MIO

OHHhrH IIJ'IOK rronyqaeT ecTeCTB€HHYIO rromrprr3au;mo. 3HaqeHrre CTeIIeHH IIO

JI.HpH3au;Hrr rryqKa MIOOHOB, Y'IliTbIBa.H H€3Ha'IIrTeJihHbie BI<Jia,II;bI OT rrpHM€CH 

KaOHOB (3.63) B rryqKe IIHOHOB, B 2004 ro,n;y COCTaBHJIO -0.80 ± 0.04. 
~JI.H M3BJle'IeHH.H CIIHHOBbIX aCHMMeTpMH HCIIOJih3yeTC.H MHIIIeHb, COCTO.H

ru;aa: H3 ,II;BYX a:qeeK ,!l;JlHHOH 60 CM Ka)K,IJ;a.H. 0HH pacrroJimKeHhI IIOCJie,II;OBaTeJib

HO B,II;OJih rryqKa Ha paCCTO.HHFIH 10 CM ,n;pyr OT ,n;pyra. B Ka'IeCTBe MaTep1mJia 

MFIIII€HH 6bIJI BhI6paH 6LiD, KOTOpbIH II03BOJI5IeT IIOJiy<-IaTh BbICOKYIO CTerreHb 

IIOJT5IpH3au;rrrr ,n;eiiTpOHa (~ 503). 5I,n;po 6Li B xoporrreM rrpH6JIH)K€HHH MO)K

HO paccMOTpeTb KaK He HMeIOru;ee CIIFIH a:,n;po 4He H ,11e:il:TpOH. IlpFIHFIMa.H BO 

BHFIMaHFie 3TOT cpaKT, Ha a:,n;pa ,n;eiiTepH5I rrpHXO,IJ;HTC5I rrpHMepHO 403 B3aFI

MO,II;eHCTBHH. 5{qeliKH MHIIIeHH IIOJI.HpH30BaHbI B rrpOTHBOIIOJIO)KHbIX HarrpaBJie

Hli.HX. ~Jl5I MHHHMFI3au;rm CHCTeMaTrrqecKOH Heorrpe,11eJieHHOCTH, CB.H3aHHOH c 

reoMeTprrqecKHM aKC8IITaHC8M MFIIII8HFI, 3HaK IIOJI5Iprr3au;HH MaTepuana 51qeeK 

MFIIII8HII II3M8H5IeTC5I Ha rrpOTHBOIIOJIO)KHbIH H8CKOJihKO pa3 B CJTKH. 

CxeMaTIIqecKIIIi BH,II; ycTaHOBKII (rro cocTO.HHmo Ha 2004 ro,11) rrpIIBe,n;eH Ha 

prrc. l. Bee ,n;eTeKTOpDI ycJIOBHO MO)KHO pa3,n;enrrTh Ha TPH rpyrrrrhI. IlepBa5I 

rpyrrrra )J;8T8KTOpOB pa3MeIT(eHa ,II;O MIIIII8HH. cha rpyrrrra ,z:t;eTeKTOpOB rrpe,n;Ha-

3HaqeHa ,LJ;JI.H H3MepeHH5I rrapaMeTpOB qacTFII! rryqKa. BTopaa: H TpeTh5I rpyrr

IIhI ,n;eTeKTOpOB pacnOJIO)KeHhI 3a MliIII8HbIO. I1M COOTBeTCTBYIOT CII8KTPOMeTp 

«60JihIIIHX yrnoB pacce.HHH.H» rr cneKTpoMeTp «MaJThrx yrnoB pacce.HHH.H». Hc

IIOJTh30BaHHe ,II;BYX crreKTpOMeTpOB rrpo,n;HKTOBaHO He06XO,II;HMOCThIO perHCTpH

poBaTb qacTHu;hr B IIInpoKOM yrnoBoM H IrMIIYJihCHOM ,11uana30Hax. Ka)K,z:t;hrli rr3 

,II;BYX crreKTpOMeTpOB COCTOHT H3 MarHHTa (SM), TpeKOBbIX ,n;eT8KTOPOB, a,n;

pOHHOro KaJTOpHMeTpa (HCAL), 3Jl8KTpOMarHHTHOro KaJTOpHM8Tpa (ECAL) 

H CTaHu;FIH MIOOHHhIX ,n;eTeKTOpOB ,z:t;JI.H li,IJ;8HTHQ:iHKau;urr MIOOHOB. ~eTeKTOp 

(RICH) ,z:t;JI.H H,n;eHTHcpHKaI!HH a,n;poHOB .HBJI5IeTC5I qacThIO crreKTpOMeTpa 60Jib

IIIHX yrJTOB pacce.HHII5I. 

~JIHTeJibHaa: ocTaHOBKa SPS B 2005 ro,n;y IT03BOJIHJia rrpoBeCTH HeCKOJTb

KO cyru;ecTBeHHbIX ycoBepIIIeHCTBOBaHHH crreKTpOMeTpa. 0,II;HliM H3 HaH60Jiee 

3HaqHMbIX yJiyqIUeHHH 5IBJI.H8TC5I ycTaHOBKa HOBOPO COJieHOH,II;a MFIIII8HH c yBe

JlHqeHHbIM yrJIOBhIM aKcerrTaHceM ,n;o 180 Mpa,n; BMeCTO 70 Mpa,n;. TaK)Ke 6hma 

ycTaHOBJieHa HOBa5I MHIII8Hb, COCT05IIu;a5I li3 Tpex 51'-IeeK BMeCTO ,L\Byx, FICnOJib-

30BaHHhIX paHee. 

Ilpou;e,n;ypa KOHTpOJI5I 3a CTa6HJThHOCThIO. HecTa6HJihHaa: pa6oTa OT,n;eJih

HhIX ,n;eTeKTOpOB MO)KeT rrpHBeCTH K CHCTeMaTH'IeCKOMY CMeIT(eHliIO pe3yJihTa

TOB H3Meperrnii cnHHOBhIX acHMMeTpHM. Ilo 3TOH npH'IHHe rrpOBO.LJ;FIJIC5I TIT(a

T8JihHhIH OT6op co6bITHH no TpeM OCHOBHhIM xapaKTepliCTHKaMFI, ycpe,n;HeH

HhIM no Ka)K,z:t;OMY IIHKJIY pa60ThI ycr<0pHT8JI5I ( 0,z:t;HOMY c6pocy rryqKa). 9Tn 

xapaKTepHCTFIKH COOTBeTCTBJIOT cpe,n;HeMy KOJ1H'I8CTBY peKOHCTpyrrpoBaHHhIX 

nepBFiqHbIX BepIIIFIH B co6bITHH, cpe,n;HeMy 'IHCJIY TpeKOB B nepBH'IHOH BepIIIFIHe 
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Puc. 1: CxeMamu"ieC?;UU eua ycma'IWB?;U COMPASS a,f/,JI, M'IOO'H!i-WU npoopaMM'bt. 

li cpe.n;HeMy KOJili'IeCTBY IIJ'iKOBbIX 'iaCTlill; B peI<OHCTpyupoBaHHOM co6bITlili. 

EcJJH xoTa 6hr o.n;Ha H3 BbIIIIe rrepe'iHCJieHHbIX xapaKTepHCTHK ,n;Jia c6poca OT

JIH'iaJiacb OT cpe,n;Hero 3HaT.f8HHa BO BC8M Ha6ope ,n;aHHbIX, TaKH8 c6pOCbI liC

KJIIOT.faJIHCb li3 .D;aJibH8HIIIero aHaJIH3a .n;aHHbIX. ,lJ,oJia HCKJIIO'ieHHbIX co6bITliH 

He rrpeBhIIIIaJia 103. 
B TpeTheii rJiaBe orrucaHbI ,n;Ba MeTo.n;a ,n;Jia pacT.IeTa crrHHOBbIX acHMMeT

puii:. MeTo.n; «B3B81IlHBamrn co6bITHH» no cpaBHeHHIO co «CTaH,n;apTHbIM» (B 

pac"<IeTax liCIIOJib3J8TCH T.fliCJIO B3aHMO,Il;8HCTBHH 6e3 B3BeIIIHBaHHa) rrpHBO.D;liT 

K yMeHhllleHHIO cTaTHCTHT.IecKoii: Heonpe,n;eJieHHOCTH. CTaH,n;apTHbrii: MeTo.n; rrc

TIOJib30BaJica .n;na KOHTpOJia CHCT8MaTHT.f8CKOH Heorrpe.n;eJieHHOCTH pe3yJibTaTOB. 

3aTIHllleM aCHMM8TpHIO ,n;mp¢ep8HIJ;HaJibHbIX CeT.feHHH rrpou;ecca rHP B O.D;

HOcPOTOHHOM rrpH6JIH)KeHHli: 

aT.U. _am 
A11 = aT.U. +am (4) 

r,n;e i H 11' o6o3HaT.faIOT OTHOCHTeJihHhie HanpaBJieHHH nomrpH3aD;HH IIY'IKa H 

MHlllemr ( npo.n;oJibHaa rronapu3au;Ha). 

06ru;ee T.fHCJIO B3aHMO,n;eii:CTBHH B Beru;eCTBe MHIIIeHH i 3a onpe,n;eJieHHbIH 

rrpoMe2KyToK BpeMeHH cBa3aHo c acHMMeTpueil: A11 H ceqeHHeM, He3aBHcaru;HM 

OT CIIHHa Cf, KaK: 

(5) 

r.n;e ai - aKcerrTaHC crreKTpOMeTpa, B KOTOpOM TaK)Ke yqTeHbI 3¢¢eKTliBHOCTli 

rrporpaMM BOCCTaHOBJI8HHa TpeKOB H BepIIIliHbI B3aHMO,n;eii:CTBHa; <Pi - IIOTOK 

MIOOHOB, rrepeceKaIOiu;HX o6e .aqeii:KH MHIIIeHH; ni - 'iHCJIO a.n;ep .n;efi:TepHa Ha 

e,n;HHHIJ;Y nnoru;a.n;H MnIIIemi:; Ps H Pr - a6coJIIOTHhre 3HaT.feHH.H noJJ.aprr3au;M:i1 
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rryqKa n MHIII6HH. Koacpcpnu;neHT ,ll;HJIIOu;nn f orrpe,L1;eJI.H6TC.H OTHOIIIeHneM cet:Ie

HH.H rHP Ha ,11;6HTpOH6 K IIOJIHOMY ceqeHHIO fHP Ha BC6X .H,ll;pax, COCTaBJI.HIOIIJ;llX 

MHIII6Hh. 

Bo BpeM.H Ha6opa ,ll;aHHbIX HanpaBJieHH.H CTIHHOB .H,!J;ep ,ll;BYX .H'I66K MHIIIe

Hll H3M6H.HIOTC.H Ha IIpOTHBOilOJIO)KHhie HeCKOJibKO pa3 B CJTKH. IlO,ll;CTaBJI.H.H 

yp. (5) B OTHOIII6HMe (Nu,1Nd,2)/(Nu,2Nd,1) 'IIOJIY'IHM ypaBH6HH6 BTOporo IIO

p.H,lJ;Ka c O,ll;HOH H6H3B6CTHOH A11 · 3,ll;eCb u H d COOTB8TCTBYIOT nepBOH M BTO

poii .H'I6iiKe MHIII8HM; u;HcppbI COOTB6TCTBYIOT ABYM opneHTaIJ;H.HM CIIHHa. IlpH 

ycJIOBllll paBeHCTBa OTHOIII6HHH aKcenTaHCeB ,n;Byx .H'I86K ,11;0 H IIOCJie Bparu;eHH.H 

cmrna, IIOTOKH H aKC8IITaHCbI COKparu;aIOTC.H. 

~JI.H YM8HbIII8Hll.H CTaTHCTll'I6CKOH Heonpe,lJ;eJieHHOCTH B M6TO,ll;e B3B6IIIHBa

HH.H co6brT:rrii: KaJK,n;oMy co6bITHIO rrpnn:rrcaH BecoBoii: MHO)KHTeJib w = f D PB, 
r,L1;e D - KoacpcpMu;MeHT ,n;enoJI.Hpn3arwn BMPTYaJihHoro cpoTOHa, OTB8TCTB€HHO

ro 3a o6MeH B peaKIJ;Hli rHP. B CTaH,!J;apTHOM M€T0,11;€ BbIIIIenepe'IHCJI€HHhie 

nepeM6HHhI6 ycpe,ll;H.HIOTC.H TIO BCeMy Ha6opy ,n;aHHhIX. 

Bee co6brTM.H, MCIIOJib30BaHHhre AJI.H pact:IeTa ac:rrMMeTp:rrii: yp. (4), :rrMeroT 

peKOHCTpyMpOBaHHyIO BepIIIHHY nepBH'IHOro B3aHMO,n;eii:CTBH.H. 9HeprH.H B3a

liM0,11;€HCTByIOru;ero MIOOHa Eµ HaXO,lJ;HTC.H B HHT6pBa.rre OT 140 ,11;0 180 raB. 

~JI.fl BbipaBHHBaHH.H IIOTOKOB, IIpOX0,11;.HIIJ;HX qepe3 .H'I6HKli MHIII€HH, cyru;ecTBy

eT Tpe6oBaHH6 K TpaeKTOpHli HaJieTaIOru;ero MIOOHa IIOJIHOCTbIO nepeceKaTb BC€ 

.HqeliKH. 9To ycJIOBHe .HBJI.H6TC.H Ba)KHhIM, TaK KaK COKparu;aeT IIOTOK MIOOHOB 

rrpn pact:IeTe ac:rrMMeTp:rrii:. 

B aHa.JIH3e Bee co6brT:rr.H 6bIJIM pa3,lJ;eJieHhI rm HHKJII03MBHbre H a,L1;pOHHbre. 

9TM ,ll;Ba TIUia ,ll;aHHbIX aHaJili3lipOBaJiliCb He3aBHCliMO, TaK KaK Heo6xo,n;HMO 

y'IHThIBaTh pa3JI:rrqHbie BKJia,ll;bI OT pa,L1;nau;noHHhIX acpcpeKTOB4 . I1HKJII03HBHbie 

co6bITH.H OT6HpaIOT no TpHrrepaM5 ' Tpe6yroru;:rrM HaJIH'Ili5! B co6bITHH Ha.rre

TaIOru;ero H pacce.HHHOro MIOOHa B orrpe,ll;eJieHHOM yrJIOBOM II 3HepreTFrqecKOM 

,L1;Hana30He. B a,n;poHHbIX co6bITH.HX ,ll;OIIOJIHHT6JibHO Tpe6yeTC.H npIICJTCTBHe 

TpeKa a,!J;pOHa, T.e. BbI,ll;eJieHMe 3Heprmr B a,n;poHHbIX Ka.rropIIMeTpax. B cJiy

qae nepeKpbITII.H HHKJII03HBHbIX II a,lJ;pOHHhIX Tp::rrrrepoB, co6bITH.H cq:11TaIOTC.H 

MHKJII03MBHbIMII. 

3ap.H)K€HHbre 1T :rr K M€30HbI II,n;eHT::rrcpmi;HpOBaJIIICb npn: rroMoru;n ,ll;eTeKTopa 

RICH. B rrpe,ll;CTaBJieHHOM aHaJIH3e MMIIJJibC a,n;poHoB orpaun:t:IeH o6JiaCTbIO 

10 < p < 50 raB I c, r,L1;e B03MO)KHa O,ll;HOBpeMeHHa.H H,11;6HTIIcpHKau;H.H ITIIOHOB H 

KaOHOB B RICH. 

KnHeMaTnt:IecKa.H o6JiaCTb co6bITHH, BKmoqeHHbIX B pacqfa ac::rrMMeTpnii:, 

orpaHnqeHa KPHTepn.HMH Ha rrepeMeHHyro BbepKeHa, x, Ha BHPTYaJihHOCTb cpo-

4 Pa,L111a11110HHbie rronpaBKll COOTBeTCTBY!OT BKJia,L\aM OT ,L\HarpaMM 6oJiee BhlCOKOro rro

p.H,L\Ka no 3JieKTpO-MarHllTHOH KOHCTaHTe a, "leM 0,L\HOcpOTOHHaSI ,L\l!arpaMMa rHP. 
5Ha6op Kp11Tep11eB ,L\JIH 3JieKTpOHllKH, IIO,L\a!O~eii CHrHaJI Ha 3arryCK CHCTeMbI C'IHTbIBaHH.H 

ycTaHOBKH. 
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TOHa, Q2 ' Ha ,n;o.mo 3Hepnur, ITepe,n;aHHOH OT ITY'iKOBOro MIOOHa BFIPTYaJibHO

MY ¢oToHy, y, FI Ha ,n;oJIIO ITepe,n;aHHOH a,n;poHy aHeprFIFI, z. "YcJIOBFie Q2 > 
1 (raB/c)2 ITpHMeH.H€TCH ,i::t;JIH OT6opa C06bITFIH rHP. °YCJIOBFie y > 0.1 y,n;aJIHeT 

co6bITFIH, o6Jia,n;aIOIII,Fie ITJIOXFIM pa3peweHFieM ITO KHHeMaTH'ieCKFIM ITepeMeH

HbIM. cho CBH3aHO C MaJIO:ii rrepe,n;aHHOM 3HeprFieft, B CJie,i::t;CTBHH 'lero MO.:tKHO 

ITepeITyTaTb pacceaHHbIH FI ITY'iKOBbIH MIOOHbI. TaK)Ke HCKJIIO'!aeTC5I o6JiaCTb 

y > 0.9, r,n;e 3aTpy,n;HHTeJihHO ou;eHFITh BKJia,n; pa,n;11au;110HHhrx :::i¢¢eKTOB. KFI

HeMaTFI'leCKa.a ITepeMeHHa.a x orpaHFI'leHa HHTepBaJIOM OT 0.004 ,n;o 0.7. HFI.:tK

HHii ITpe,n;eJI orpaHwmH KPHTepFieM Ha BFipTyaJihHCTb ¢oTOHa Q2. BepxHHH 

ITpe,n;eJI 5IBJIHeTC5I CJie,IJ;CTBFieM FI3-3a HFI3KO:ii CTaTHCTHKH co6bITHH B o6JiaCTFI 

x > 0.7. B aHamr3e IIOJIYFIHKJII03HBHOrO rHP co6bITFI5I ITPH x > 0.3 He Y"IH

TbIB&TIFICh, ITOTOMY 'ITO B 3TO:ii o6JiaCTFI Ce'leHHe B3aHMO,n;eiicTBFI:ii Ha MOpCKFIX 

KBapKax npeHe6pe)KlIMO MaJIO. IloJIHa.a 3Heprmr B rncTeMe u;eHTpa Mace 'Y* -
HYKJIOH ,i::t;JI5I OT06paHHhIX C06bITFIH Hax:O,IJ;lITCH B FIHTepBaJie 5 ;S W ;S 17 raB. 

YcJIOBHe z > 0.2 rrp11MeHeHo K 11,n;eHTFicPlIIIHPOBaHHbIM a,n;poHaM ,n;Jia Bhr,n;eJie

mrn o6JiaCTFI ¢parMeHTarrim ITY'lKa. BepxHH:ii rrpe,n;eJI, z < 0.85, ITpo,n;FIKTOBaH 

Heo6xo,n;MMOCTbIO yMeHbllIHTb ,n;o.mo rrpMM€ClI a,n;pOHOB c JIO)KHO:ii FI,n;eHTH¢FI

Kau;Heft. Eru;e HeCKOJihKO ,n;pyrHx ,n;orroJIHFITeJihHhrx Kp11TepHeB FICITOJih30BaJIMCh 

,n;Jia OT6opa TpeKOB: peKOHCTPYFIPOBaHHbre TpeKFI ,n;OJI)KHbI co,n;ep.tKaTh OTC'ie

TbI ,n;o SMl (pnc. 1); TpeKM, peKoHcTpyFipoBaHHhre TOJihKO ,n;o SMl, H qacTMIIhI 

( a,n;poHhI), rrepeceKarorrrne 6oJiee 'leM 30 pa,n;FiarrFIOHHbrx ,n;JIFIH MaTepHaJia, nc

KJIIO'ieHbr. 

IloJIHa.H cTaTHCTMKa COMPASS ,n;JI.a FIHKJII03lIBHoro, 11"+ (11"-) FI K+ (K-) 
Ha6opoB noc.rre Bcex orpaH11'leHFiii cocTaBJiaeT 135.1, 22.8 (20.5) FI 4.8 (3.3) 
MFIJIMOHOB co6hITHH. 

CHcTeMaTH'!ecKa5! HeoITpe,n;eJieHHOCTh FI3MepeHHhrx acMMMeTpFiii H3Y'laJiach 

HeCKOJibKMMFI He3aBHCHMbIMH CITOCo6aMH, lICITOJih3y.a KaK 3KCITep11MeHTaJibHhie 

,n;aHHbre, TaK H pe3yJibTaTbI Mo,n;e.rr11poBaH11.a MeTo,n;oM MoHTe-KapJio. Mcc.rre,n;o

BaJIHCb pa3JIH'!Hbre HCTO'iHHKH JIO.:tKHhIX acFIMMeTpHii. TaK.tKe FI3y'iaJIHCh cn

CTeMaTM'lecKHe Heonpe,n;eJieHHOCTH, BhI3BaHHbie pa60TO:ii TpHrrepHOH CHCTeMbI 

ycTaHOBKM FI KOH€'iHbIM pa3peweHFieM ycTaHOBKFI ITO KHHeMaTM'iecKFIM nepe

MeHHbIM. 3Ha"IFIT€JibHbIX CFICTeMaTM'i€CKMX OTKJIOHeHH:ii BbHIBJieHO He 6hIJIO. 

IIpo,n;o.rrhHaa acHMMeTpFI.a BFIPTYaJibHoro ¢oTOHa Ai cB.a3aHa c FI3Mep.aeMoii 

acFIMMeTpFie:ii A11 KaK Ai = A11/ D. 3Ha'ieHFI.a A~(x, Q2) B 3aBMCFIMOCTlI OT x 
IIOKa3aHbI Ha PHC. 2 npFI H3MepeHHbIX 3Ha'ieHM.HX Q2 . ,[(JI.a cpaBH€HFI.H Ha pFI

cyHKe TaK.tKe rror<:a3aHbI pe3yJibTaTbI rrpe,n;hr,n;yIII,HX 3KCITepnMeHTOB B CERN [9], 
DESY [13] H SLAC [18, 19). 3rra'leHFI.a COMPASS A~ ITO,n;TBep:tK,n;aroT c y.rryq

weHHoii CTaTMCTFI'i€CKO:ii TO'iHOCTbIO BbIBO,n;, c,n;eJiaHHbIH B [20]: aCMMMeTpFI.a 

cpaBHFIMa c Hy.rreM ,n;.rr51 x < 0.03. Pe3y.rrhTaThI ITO acHMMeTpH.aM A~, H3MepeH

HhIM B 3KcrrepHM€HTax rrpFI pa3JIH'iHbIX 3Heprn.ax, 6JIFI3KH, CJie,n;oBaTeJibHO FIX 

3aBFICIIMOCTb OT Q2 CJia6a.a. 

8 



~ 0.02 

Puc. 2: CrmnoeaJ! acnMMempuJ! Af CJ aamtC!L.Mocmu om x. Peay.11,'bmam'bt. SMC [9], 
HERMES /13/, SLAG E143 {18/ and E155 {19/ npn Q2 > 1 (I'aB/c) 2 ma'ICOICe npn
eedeu.'bt,. 

CucTeMaTWICCKaH ueonpe,n;eJieHHOCTb A~ BKJIIo•meT MYJibTHTIJIHimTHBHbIC 

¢a1<TOpbI, rro.rry-1eHHbie H3 Heonpe.n:e.JieHHOCTeii PB H Pr, Koa¢cpm::i;1rnnT f H 

OTHOIIIeHmI cetJ:mrnH: cPOTOTIOrJIOIIJ;CIIIrn npO)J;O.ITbHO, (JL(x, Q2), M nonepe•rno, 

(Jr(x, Q2), no.rr5IpH30BaHHbIX BMpTyai1:bIIbIX <f)OTOHOB na nyK.rrone 

R( Q2) = (JL(x, Q2) 
x, ( Q2) , (JT X, 

(6) 

ncnoJJb30Bammro pa.nee npH pac•1i~Te K03cpcpm::i;HenTa. ,D;eno.rrnpH3aIJ;HH D. 061>

e,D;HHeHHe ncex neonpe.n:e.rreuuocTeii cocTanmrn 10% OT 3HatJ:emrn A1. ,npyrHM 

Ba:>KHbIM BKJia)l:OM B CHCTeMaTWieCKYIO neonpe,n;e.JieHHOCTb 5IBJI5IIOTCR JIQ)KHbIO 

acmvIMOTpllH, CB5I3amibie c B03MO:;KIIOH HOCTa6HJibHOH pa60TOH OT,ll;OJibHbIX .n;e

TCKTOpOB crreKTpOMCTpa. ,nJI5I yMeIIbIIIen1rn :~THX 3cl)cl)eKTOB 3rrn.•iemrn A~,i B 

Ka:>K,IJ;OM HHTepBaJie no x paCC'-IMThIBa.rIHCb )J;JIR 184 1<ouqnrrypaIJ;Hli. Ka.%,n;aH 

M3 3THX KOHcPMrypaIJ;HH BK.iIIO'IaeT na6op ,n;aHHbIX B KOpOTKOM BpOMOHHOM HH

TepBaJIO. IIpe,n;no.rraraR, 'ITO .n;onycTHMaR ,n;Hc11epc1rn A1,i ne ,n;om1rna BbIXO,IJ;HTb 

3a npe,n;e.Jlbl ,ll;BYX CTan.n;apTHbIX OTKJIOHeIIHH, 6bIJI no.rrytJ:eH BCpXHMH npe.n;e.JI Im 

CHCTeMaTH'IOCKYIO ueorrpe,n;e.rreHHOCTb: O"syst < 0.4() stat• 

CmrnonaR CTPYKTypHa5I cpymo.i;n:R .n;eiiTpmrn, gf, BbI'IHCJiena c.rre,n;yIOIIJ;HM 

o6pa30M: 

d Ft Ad 
91 = 2 x (l + R) 1 ' 

(7) 

r,n;e Ft - crrHHO-He3aBHCHMa5I C'.I'PYKTypnaJI <i)YHKIJ;HR .n;eiiTpmm. 3natJ:eHH5I g~ 
paCC'IHTbIB3..JTHCb c napaMeTpH3ari;neii Ff [9], COOTBCTCTBYJ{)IIJ;Oll KHHeMaTH'Ie

CKOH o6JiacTn ,!J;armbrx COMPASS, H c napaMeTpmmri;Hen R [21]. CncTeMan1•1e-

g 



-0.005 

• COMPASS d>1 (GeV/cj 
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* SMC 
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------ fllwlth<IG<O 

-0.01 '-'---'--'--'-'-'-'-'----'----'--'--'-'-'-'-'-'---'--'---'----'--'-' 

x 
Puc. 3: 3aeucitMocm'b xgf om x [1/. Peay.n.'bmam'bt npueeiJcn'bt np·u uaMepcHWbtX 

Mta."leuv,JJx Q2 d,//,.R. COMPASS. Kpu,e'bt.c noica,3'bwaiam peayJ1ibmam'bt KX/l, ifmrnoe c 
b.G > 0 n b.G < 0 {cM. mencm). 

CKHe Heonpeµ;e.rreuHOCTn ,r:vrn: gf ou;eHeHbI TffMH :tKe cnoco6aMH KaK H ~rr.a Af, c 

µ;ono.rr.HHTE'JJbHbIM BK.rra,n;oM OT F~. 3uMerrn.a xgf(x) ,n:JI.a COMPASS noKa3aHbI 

ua pHc. 3. Onncarure KpHBbIX npe,n:cTa.B.rreuo B r,rre,n:ymru;ne:ii rJiaBe. 

Ha pHc. 4 n0Ka1aim1 pe3y.rrhTaTbI I'l3Meperm:H no.rrymm.mo3nBHbIX cmrnoBbIX 
u A.,,.+ A.,,._ AK+ AK -3CHMMeTpIU'.I ,D:JI.H 3ap.H)K€HHbIX IIHOHOB, 1 d H 1 d' H KaOI-IOB, 1 d H 1 d • 

~Jrn cpam1e1rn.H 11pnne,u;enh1 pe3yJibTaTbI, rroJiy'rnH~Ibie B 3KcnepmvI~HTe HER

MES [13]. 
qeTsepTasi: rJiaBa nocB.Hm;eHa H3BJieqerrnro pac11pe,D;eJie1rnii: cTenenH 110-

.rrnpn3au;nn CTpamibIX KBapKOB D.s, ITOJIY'I8HHbIX H3 npou;eCCOB rHP B pE'.'3YJib

TaTaX ana.rrn3a H3Mepmrn:H I1HKJII03HBHOH Af H noJiym1KJII03HBHhIX Af~, Af"d, 
A K+ AI<- 0 ' ' l d H l d aCHJ.liIM8TpHH. 

'I1m<Jllo'3HBHOe rHP fl-N. Vl3nJieqer:rne 11epBoro MOMeHTa CIIHH03aBHCI:IMOH 

CTpyKTypHOH tPYHKIJ;HH ,n;ei\:TpOHa rf(Q2) = f0
1 gf(x, Q2 )dx Tpe6yeT np1rne,n:e

HH.H ncex H3Mepe1rn:H CTPYKTypno:H ¢ynKu;nn K O,LIHOMY 3na•renmo Q6. 0603na

"IHM 11apaMeTpmau;mo CTPYKTypno:H ¢ynKu;nn I<aK g(it(x, Q 2), Tor,n:a :maqerrne 

gf B Q6 MO)KCT 6bITb TIOJIY'ICHO c_rre,n:yroru;HM o6pa:~OM 

(8) 

B airn.rrH3e 11cnoJib30Ba.rrocb 3na"!enHe Q5 = 3 (r3B/ c)2, TaK KaK ono 6JIH3KO 

cpe,n:HeMy Q 2 ,n:aHHbIX rHP COMPASS. B Ka'!eCTBe napaMeTpH3au;mr g{it 601-

.JTH ncrro.nb30BanbI necKO.JTbKO cpnTOB 91 I:I3 [16]: BB [3], GRSV [5] H LSS f4]. B 

3THX napaMeTp1rnau;H.ax 3Ha'IenH.H g?(x, Q 2) B 06.rracnr Ma.TibIX x 6JIH3KH. Pe-

3YJibTHpy10ru;ne 3naqerrn.H gf = (gf +gl) /2 TIOKa3aHbl OTKpb!TbIMH 1rna,n;paTaMH 

na pHC. 5. ,ILai1ee 6y,LJ;eM HCIIOJib30BaTb gf BMCCTO gf: 

(9) 
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0.4 

0.2 

0 

10·2 10·1 
0.4 

• COMPASS 0.2 

o HERMES 
0 

-0.2 

An-
1,d 

.d 
L~ce-~~-.Q----· 

10-2 10·1 

AK+ 
1,d 

----·~'+IJtl_ 
AK-

1,d 

10" 10-' x 
PHC. 4: Jf1-riK,./l,103U6'HaJI, Ai,d u nMyU'H'/iJ./l,103U6'H'bte cnU'H06'bte acUMMempuu a.11,JI, aapJl,

[)ICe'H'H'btX nuo'Hoe, A;,~ u A~,d, u -x;ao'Hoe, Af,;t u Af.i 'KJa'KJ if>Y'H'KJV,UU om x {13, 22}. 

r,n;e WD = 0.05 ± 0.01 (23] - rroTipaBKa Ha D-BOJIHOBOe cocToaHHe ,n;e:lhpo

Ha. Ha puc. 5 Mo:arno yBu,n;eTh, '-ITO KpHBaa, cooTBeTCTBy10ru;aa ycpe,n;HeHHO

MY pe3yJihTaTy rrapaMeTpmau;uii LSS, GRSV H BB, TIJioxo OIIHChrnaeT ,n;aHHhre 

COMPASS rrpn: x < 0.02 H, cJie,n;OBaTeJihHO, He MO:tKeT 6hrTh HCTIOJJh30BaHa 

,D;Jia ou;eHKH HeH3MepeHHOM qacTH gf. Ilo 9TOM TipH'-IHHe 6bIJI rrpoBe,n;eH HOBbIM 

KX,Il; aHaJIH3 B cJie,n;y10ru;eM 3a JIH,n;npy10ru;nM rropa,n;Ke KX,Il;, BKJIIO'-Iaroru;nii 

BCe ,n;aHHhie g1(x, Q2) TIPH Q2 > 1 (raB/c2) Ha ,n;eiiTpOHHOM [9, 13, 18, 19], rrpo

TOHHOM (8, 9, 13, 18, 24] n reJineBOM 3He [25-28] MmrreHax, BKJIIO'-IM ,n;aHHbie 

COMPASS. 

BbI'-IHCJiemrn cpyHKD;HH rrapTOHHhIX pacrrpe,n;eJieHHli (<I>ITP) H3 ,n;aHHhIX no 

g1 6bIJIH BhIIIOJIHeHhI ,n;ByMa pa3JIH'-!HhIMH TiporpaMMaMH. B rrepBoli - ypaB

HeHHa 3BOJIIOD;HH ,n;rJIAil peIIIaJIHCb B rrpOCTpaHCTBe (x, Q2) [6], BO BTOpoli 

- B rrpocTpaHCTBe MeJIJIHHOBCKHX MOMeHTOB [7]. 0TJIH'-!He Me:tK,n;y TIOJiy'-IeH

HbIMH rrapaMeTpaMn <I>ITP He TipeBbIIIJaIOT O,Il;HOrO CTaH,n;apTHOrO OTKJIOHeHm:I. 

B o6onx rrporpaMMax MHHHMI13aD;IUI X2 CXO,D;HTCH K ,D;BJM pa3Jill'-IHbIM perrre

HHZIM. 0,n;Ho perrreHne COOTBeTCTByeT IIOJIO:tKHTeJibHOM IIJIOTHOCTH rJIIOOHHOrO 

pacrrpe,n;eJieHna b.G > 0, ,n;pyroe - OTpnu;aTeJibHOli b.G < 0. Pe3yJihTaTbI <Pn

THpOBaHHZI gf ( x) OTJIH'-IaIOTCZI rrpn MaJibIX x (pn:c. 5). 
B Ta6JI. 1 rrpn:Be,n;eHbI 3Ha'-IeHHH TiepBOrO MOMeHTa r{" (Qa = 3 (faB/c)2), 

TIOJiyqeHHbie B pa3JIH'-IHbIX KHHeMaTH'-IeCKHX o6JiaCTZIX TIO x. 3Ha'-!eHna B rrep

BOM CTpO'-IKe ZIBJIZIIOTCZI pe3JJihTaTaMn, rroJiyqeHHbIMH H3 pa3JIH'-IHbIX TiapaMeT

pH3aD;HM n rrponHTerpnpOBaHHhre TIO o6JiaCTH H3MepeHna COMPASS. BTopaa 

n TpeTbZI CTpOKil IIOKa3bIBaIOT COOTBeTCTByroru;ne 3KCTparrOJIZID;HH BKJia,D;OB OT 

11 



.-.... 0.2 

..t!- 0.15 
lie; ..... 0.1 

bl,) 0.05 

10"2 

1 H3 tPHTa C A13>0 

d,' •a tl>•ra c AG<O 
d,' M3 LSS, GRSV, BB 

-- K)(,Q t!>•T c AG>O 

•• •• • •• • K)(,Q tPMT c AG<O 
............... K)(,Q tPMT LSS, GRSV, BB 

x 
PHc. 5: 3na"teuwi gf (x), no.fly"tmm'hte e ana.fl1J.se COMPASS npu Q2 = 3 (I'.9B/c) 2 • 

!Ioir,aaa1·t'bt mo.M,ir,o cmamucm11"tec-x;11e 11.eonpeae.flen1wcm11,, /f,.fl11, yao6cmea. npeaeu.ma
~uu aita,,.e11u11, gf, no.11y•iemt'bie c paa.flU"ti-t1>/ .. M1t efiumaMu, c.Meu~cw1>t no x om11oc11-
me..11.'bno apyz avyaa .. 

Ta6srnu.a 1: llepe'ble .MO.MC1t'Tn'bl rf (Q6=3 (I'aB/c) 2 ) 6 pa.3.MJ,'lU'bf,:J; -x;uue.Marrm
•teC'X:WZ: 06.fl,aCm.RX , '" 

,IJ,amme COMPASS, npvme.n;emrne K Q6 = 3 (D:iB/c)" 
06.'JaCTb ITO X C TIOMOIIJ,bJO Ana.1m3 

rrapaMeTpH3aIJ;r-n1 COMPASS [6, 7] 
BB j3j LSS [4] AG> 0 AG< 0 

[0.004, 0.7] 0.0455 0.0469 0.0469 0.0511 
[0.7, 1) 0.0014 0.0008 0.0011 0.0010 

[O, 0.004] -0.0040 -0.0029 -0.0014 0.0004 

[ 0, 1] II 0.0430 0.0448 11 0.0466 0.0525 

06.rraCTH 60.T!bIIIHX n MaJiblX x, r.n;e HeT ,n;a.HHblX. :VhITerpa.'I OT gf (x) B 06.rra
CTH H3Meperrn.H rro.'lrrmr H3 3I<cnepn!VIeHTaJrbHbrx 3na•rerrn:iI, rrpnne.n;eHHhIX K 
cl)Irn:cnponannoMy Q6 H ycpe.n;nfa·nrhrx ITO .n.nyM cPHTaM. Y•mTbIBa.H mrna.n.hr OT 
na.pa1vreTp113auuiI B neH3Mepem-IhIX 06.rra<:Tmc npn Ma.•mrx n 6mrhIIIHX x, ITo.rry
•rnJvI: 

ffi (Q6= 3 (fsB/c)2 ) = 0.050±0.003(cTaT.)±0.003(ano.rr.)±0.005(CHCT.). (10) 

,lJ,OMHHnpyrom;eM: .HBJI.HCTC.H CHCTeMaTI'I"ICCK35.I neonpe,lI.EmfaIHOCTb H3Mepenn:ii I1 

paC"!CTOB no.;rnpH3aIJ;I'.!H nrn<a H MHIII(nIH, a TaIOKe K03(l)(lm~HCHTa f. HeoITpe
,lI.8.1J1.~HHOCTh, CB.H3arrna..H c 3I<CTparrOJI.HIJ,Heii (3BOJIIO~Hei1) <I>IIP K Q6, onpe.n;e
JI.H8TC.H pa.3UI1IJ,8H M8)K,L{y )J;Byl\rn qmTaMH. 

Pa.nee :maqenue r{" 6bIJIO TIOJJ}"'IeHO B 3I<CnepHMenTe SMC [9]. Pe:Jy.T!bTaT 
SMC npH Q6=10 (faB/c)2 : 

ff, SMC = 0.021±0.007(cTa.T.) ± 0.014(9BOJI.) ± 0.003(CHCT.). (11) 

Pc1y"'TbTaT COMPASS ,ll..T!.H r{", ITpnBe,L{fa!I'IbIH K Q§ = 10 (f9B/ c) 2 ' paneu 
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o6pa30M: 

A1,d 

A~ 

r,n;e 

5(Auv+Adv) + lO(Au+Ad) + 4As 
5(uv + dv) + lO(u + d) + 2(s + s) 

D1(Auv+Adv) + D2(Au+Ad) + D3t::..s 
D1 (uv + dv) + D2(fl + d) + 2(D~s + D~s) 

(15) 

(16) 

B ,n;aHHOM a1rn.JI.113e rrpe,n;rronaraeTCH c11MMeTpwmo rronHpH30BaHHOe CTpaHHOe 

Mope 6.s = 6.s, a TaK>Ke ne3aB.11C11MOCTh acn:MMeTpnii: OT Q2. Yp. (15) .11 (16) 
MO)I{HO ITepeIT.11caTb: 

A= B 6.ij, r,n;e { A= (Ad A?r+ A?r- AK+ AK-) 
1, d ' d ' d ' d 

6.q= (6.uv + 6.dv, 6.u + 6.d, 6.s) 
(18) 

3,n;ecb B - MaTp.11u;a pa3MeprroCThIO (5 x 3), KOTopaH 3aBHCHT TO.JibKO OT rrenonH

pH30BaHHhIX <DTIP H cPYHKIIHii cpparMeHTau;.11n:. TarrnM o6pa30M, ,n;nH Ka)K,n;oro 

HHTepBaJia ITO x Mb! HMeeM CHCTeMy H3 5 JIHHeHHbIX ypamie1mii: c 3 H6H3BeCT

HbllvIH ITapaMeTpaMII. CIIcTeMa pernaeTCH MeTo,n;oM HaI:IMeHbllIHX rrna,n,paTOB. 

Cpe,n;ttee 3Ha'!eHHe OTHOIIIemrn x2 /ndf ,ll;J15I 10 11HT6pBl:W!OB (10 He3aBHCI:IMbIX 

anITpOKCHMau;IIii::) 6J1I:I3KO K e,D,mrn1i,e. 

B aHan.113e HCIIOJih30Ba.nncr, HGITOJ1HpI:I30BaH:Hhre cpy1mu;n11 rrapTOHHbIX pac

rrpe,n;eJreHHii:: H3 MRST [32] rr rrapaMeTp.113au;nH cpyrmu;nii:: cpparMeI-ITau;n:.11 B n.11-

,n;11py10ru;eM rropzr,n;Ke DSS [33], RBJrnroru;aHCH pe3yJ1nTaTOM 06'he,n;.11HeHHOro aHa

J1H3a ,n;aHHbIX ITO MHKJ1I03HBH0MY p0)K)l;8Hl1IO IIHOHOB 11 I<aOHOB B e+e- aHHl1rH

J15Ill,HH, ,n;aHHbIX ITO rro.JiyHHK.TII03HBH0MY rHP HERMES H ,n;aHHbIX B rrpOTOH

rrpOTOHHbIX CTOJIKHOBeHnHx. ToT cpaKT, qTo B atta..n113e DSS 11crronh30Ba.n11cr, 

,n;aHHhre HERMES, ,n;ai::lT B03MO:JKHOCTh pa3,n;e.rren.11H apoMaTOB rrp11 Ma..nr,rx 3Ha

'!eHHHX Q2. 

,ll;.JIH nccne,n;oBaHIU:I 3aBHCIIMOCTl1 3Ha'!eHHH IIO.JI5Ip1130BaHHbIX rrapTOHHbIX 

pacrrpe,n;eneHHii:: (6.uv + 6.dv, f:.u + f:.d 11 6.s) OT cpyHKu;11H: cpparMeHTau;.11n TaK

:lKe pacc'!IITbIBaJIHCb 11X 3naqeHl15I c 11CIIO.Jib30BaHl18M cpyHKD,11ll cpparMeHTau;nn 

KBapKOB EMC [34]. CTaTHCTn11ecKaR TO'UIOCTh pe3y.JihTupy1oru;ero 6.s ITporrop

u;nmra.nhHa cpyHKD,HH ¢parMeHTaIIHH CTpamroro (aHTH-) KBapKa. <DparMeHTa

ll,H5I CTpaHHOro KBapKa B a,n;pOHbI rrpHMeprro B ,n;Ba pa::m 60JiblII8 B ITapaMeTpl1-

3au;nH DSS ITO cpamrnHmo c EMC. IIo3TOMY /J,Jrn cnyqaa DSS cJre,n;yeT O)Kl1,ll;aTh 

CTaTHCTH'l8CKyIO Heorrpe,n;eneHHOCTb 6.s rrpnMeprrn B ,n;Ba pa3a M8HbIIIe. 

~JI5I l13BJie'-IeHH5I rrapTOHHbIX pacrrpe,n;eneHHH H3 H3MepeHHbIX acIIMM8Tpl1H 

B rrocne,n;1rne 6r,mu BK.JII-O'leHhI ,n;Be rrorrpaBKH Ard = Ard/ ( c1 c2). IIepBaa, c1 = 
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1 - 1. 5w D, pacc'!HThrna.rracn ,n;mi: BKJia,n;a D-BOJIHOBoro cocTO.HHH.H ,n;ell:TpoHa 
(wD = 0.05±0.01 [23]). BTopa.a rrorrpaBKa CB.H3aHa c OTHOrneHn:eM R = aL/(J'r, 
KOTOpoe B Jin:,n;n:pyrol.I(eM rrop.a,n;Ke KX,Il; paBHO Hymo. 0,n;HaKo HerroJrnpn:3oBaH
Hbre rrapTOHHhre pacrrpe,n;eJieHn:.H 6nIJIH rroJiyqeHbI H3 pacrrpe,n;eJieHn:ll: F2 , B KO
TOpbrx BeJin:qHHa R = (jL/(jT OTJin:qHa OT HYJI.H [21]. KpoMe Toro, B HaCTO.H
ureM aHaJIH3e rrpe,n;rroJiara.rrocn, qTo 3HaqeHn:e R o,n;Ho n: TO )Ke ,n;n.a HHKJII03HB
Hhrx n: rroJiyn:HKJII03HBHhIX peaKu;n:ll:. TaKHM o6pa3oM, o,n;Ha n: Ta )Ke rrorrpaBKa, 
c2 = 1 + R(x, Q2 ), HCTIOJih30BaJiacn ,n;n.a Bcex acHMMeTpn:ll:. 

Pe3yJibTaThr cpn:Ta, rronyqeHHhre c ,n;ByM.a Ha6opaMH cpyHKu;n:H: cpparMeHTa
u;n:n: KBapKOB, IIOKa3aHbI Ha pn:c. 6. Ha pn:cyHKe TaK)Ke TIOKa3aHbI KpHBbie, COOT
BeTCTBYIOI.l(He rrapaMeTpH3au;n:n: rromi:pn:30BaHHbIX rrapTOHHbIX pacrrpe,n;eJieHHH 
DNS [35]. KaK BaJieHTHOe, TaK H pacrrpe,n;eJieHn:e nerKHX (HeCTpaHHbIX) MOp
CKHX KBapKOB, xoporno COBMeCTHMbI c KpHBhIMH DNS. 0Tnn:qn:e Ha6nro,n;aeTC.H 
TOJihKO ,n;mI pacrrpe,n;eJieHH.H CTpaHHbIX KBapKOB. <I>opMa KpHBOH xD..s .HBJI.HeT
C.H Tn:rrn:qHoll: ,n;JI.a KX,II; cpHTOB ,n;aHHhIX no CTPYKTYPHOH cpyHKu;n:n: g1 ( x, Q2 ). 

Kpn:Ba.a n:MeeT MHHHMYM B o6JiaCTH cpe,n;Hn:x x (x ~ 0.2). B rroJiyn:HKJII03HBHnrx 
H3MepeHH5JX COMPASS rrpn: n:crrOJih30BaHHH cpyHKu;n:ll: cpparMeHTau;n:n: KBap
KOB DSS rro,n;o6Horo rroBe,n;eHH.H He Ha6mo,n;aeTc.a. B TO )Ke BpeM.a rrpn: n:crrOJih-
30BaHHlI cpyHKIJ;lIH cpparMeHTau;n:n: KBapKOB EMC Heorrpe,n;eJieHHOCTH CJIHillKOM 
BeJIHKH, II03TOMY HeJib35! c,n;eJiaTb KaKoe-JIII6o 3aKJIJOqeHn:e 0 3HaKe HJIH BeJin:
qn:He D..s. 

KoacpcpIIu;n:eHTbr KoppeJI.au;n:ll: Me)K,n;y rroJI.apn:3oBaHHhIMH KBapKOBbIMH pac
rrpe,n;enemrnMn: IIOKa3aHbI Ha pn:c. 7. Mo:arno BH,n;eTb, qTO KoppeJI.au;n:n: Me)K,n;y 
IIJIOTHOCT.HMH HecTpaHHbIX KBapKOB D..uv + D..dv H D..u + D..d 60JibIIIHe H OT
pn:u;aTeJibHbie. 9TOT cpaKT MO)KHO 06'b.HCHIITb BbICOKOH TOqHOCThIO 3HaqeHlIH 
HHKJII03HBHOH acn:MMeTpn:n: A1. Koacpcpn:u;HeHT rrpn: /ls B yp. (15) MeHbIIIe, qeM 
KoacpcpHu;n:eHTbI rrplI ,n;pyrIIx <I>IIP. TaKn:M o6pa30M, ypaBHeHn:e ,n;m1 A1 xoporno 
cpn:Kcn:pyeT cyMMY HeCTpaHHbIX IIJIOTHOCTell: H 3aCTaBJI.HeT HX aHTHKOppenn:po
BaTb. Mm1 ,n;pyrn:MH CJJOBaMn:, ecnn: pacce2Hn:e rrpoIIcxo,n;IIT He Ha BaJieHTHOM 
KBapKe, TO B3a!IM0,1J;€HCTB!Ie c 60JJhIIIell: Bep05!THOCTbIO cnyqaeTC.H Ha u !IJI!I 
d, IIOTOMY qTO BepO.HTHOCTb B3aHMO,n;ell:CTB!I.H c s KBapKOM rro,n;aBJieHa MaJibIM 
31-i:aqeHIIeM ero 3ap.a,n;a. 

3HaqeH!I5! nepBbIX MOM6HTOB D.uv + D.dv, flu+ D.d H /ls rrpirne,n;eHbI B 
Ta6JI. 2. CTerrepn rron2pn:3au;n:n: BaJieHTHhIX KBapKOB Haxo,n;HTC.H B xopoIIIeM co
rnacn:H co 3HaqeHIIeM, rronyqeHHhIM B npe,n;nr,n;yl.I(eM aHaJIH3e COMPASS ,n;n.a 
«pa3HOCTHbIX» aCHMMeTpHH HeH,n;eHTHcp!Iu;HpOBaHHbIX a,n;pOHOB (0.26 ± 0.07 ± 
0.04) rrpn: Q6 = 10(raB/c)2 [36]. IIepexo,n; OT Q6 = 3 (raB/c)2 K Q6 = 
10 (raB/c)2 MaJIO H3MeH.HeT pe3yJibTaT. 

M3BJie•mnn:e !ls n:3 acn:MMeTpHlI 3ap.a)KeHHbIX KaOHOB 3aBHCHT OT Bbr6opa 
rrapaMeTpn:3au;nn cpyHKIJ;HH cpparMeHTau;n:n: KBapKOB. He 6y,n;eM yqHTbIBaTb rrn:
OHHbre aCHMMeTpirn, TaK KaK BKJia,n; OT HHX B TOqHOCTb D.s(x) rrpeI-Ie6pe:arnMO 
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~M ' 
-0 I 'fit with DSS FFs I I 
~+ n o !it with EMC FFs i+ ...... 

~ 0.2 .•.. '.*:.:~:-~:.~:1~=-~ .. '.,,~,,JL·?+····j' .... J. .. ··~· .... ·· 
·0.2 1 1 1 1 1 I 

1'0 
1 
~ 0 
x 

·0.1 

,f i• r············t···· ··+········ ---+----q-+ -~--~ ut··· H 
I I ·0.05 6 I q . 

· 0·1 ~~~~10~.,--'---'---'--'-"'--'-'--'-10-'-.,---'----'---' 

x 
Pnc. 6: lloj/,.fl,puaoea'tln'bie napmmm'bie pacnpeaeAe't!U.fl, e aaeucuMocmu om x npu 
Q5 = 3(I'aB/c) 2 i}.n,.fl, iJeyx na6opoe if;y't!'/i',V,UU if;pa2Me'tlmav,uu '/i',6ap'/i',06 (DSS u EMC). 
Kpuea.fl, npeacmae.n,J1,em napaMempuaav,mo nOj/,.fl,puaoeantt'btX napmo'H'H'btX pacnpeaeAe
'HUU DNS e J1,UiJupy10w,eM nop.fl,d'Ji',e KXJI. {35]. 

~:: cor (6.uv+.6.dv,6.ii+D.d) cor (6.U'+.6.d,6s) 

0.2 
a,,_ ______ __,~~~~~---+--------< 

·0.2 

·0.4 

·0,6 

·0.8 

••••••• 
••• 

·1b!!!.J.J!!ll..,.'!_...,.,~!.u!!.1'!.!!l..!l!t:J...J...L.Wl~"-L..l-Liu..u..L~.........t:OL..U.wL_..J--'-.u..l.UJ.L--L_J 
10·2 10'1 x 

Pnc. 7: 3aeucu.1vtocm'b 'Ji',O:Jif;if;uv,ue'Hmoe 'X',OppeA.fl,V,UU 'Ji',6ap'/i',06'bix pacnpeaej/,enuu om 
x, noj/,y"len'Ha.fl, e a'HaJ1,uae c ucno.n,'baoea'HueM napaMempuaav,uu DSS. 

Ta6Jim::i;a 2: 3'Ha"lettU.fl, nepe?Jix MOMe'Hmoe ua iJatt'H?JtX COMPASS e J1,Udupy'IOw,e.1vt 
nop.fl,d'Ji',e aj/,,ff, 'Ji',UtteMamu"leC'Ji',OU 06,11,acmu 0.004 < X < 0.3, npu Q2 = 3 (I'aB/c)2. 

DSS EMC 
fluv + lidv 0.028 ± 0.06 ± 0.03 0.032 ± 0.08 ± 0.03 
liu +lid -0.03 ± 0.03 ± 0.01 -0.03 ± 0.04 ± 0.02 

!ls -0.Ql ± O.Ql ± 0.01 -0.05 ± 0.03 ± 0.01 
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e A~;1-K· COMPASS 
0.4 o A~~·" HERMES 

0.3 -A,, npeAC<a>aHMO DSSV 

·0.1 

10 .. 

Pnc. 8: Acu.MMempu.1! aap.l!OICG'HiH}btX ?CaOH06 Af,;+K- 6 aa6UCU.Mocmit om x ita aa'H

WbtX COMPASS [22} 11. HERMES [13}. Kpuaa.I! coomeemcmeyem napa.111,emp11aa.u,11u 

U'H?C.!1,103U6'HO't'i, acUMMempuu Ai,d ua DSSV [37]. 

Man:. Ta.K2Ke ne 6y.n;eM y'IMTbrna.Tb 3Ha.K a,L1poua 11 paccMoTpMM a.CMMMeTpmo 
K++K- v 

Bcex 3a.p5DK8HHbIX Ka.OHOB A 1 d • 9Ta acHMMeTpIUI .HBJureTc.a rrpOI13BO,D;IIOH , 
• v AK+ AK- . OT KaOHHbIX aCM!v!MeTpHM 1 d M 1 d 1 KOTOpbie CKJJa;L(bIBaIDTC.H C BeCal\rn, CO-

OTBeTCTBYJOIIJ;M!11H ycpe.n;nern;hIM no ~mmy ce•1emrnM K+ n K-

(19) 

B .1u1.n;npymr.u:eM rrop.a.n;Ke KX,LJ; OTHOIIle1rne ce~1eH11ii: aK- / aK+ 3a.B11C11T TOJibKO 

OT HGIIO.iUipH:JOBaIIHbIX cpyHIU\Hll rra.pTOHHbIX pacnpe.n;eJieHHH H OT OTHOIIIeHI:IH 

Q)YHKI\HH tj)parMGHTaI\I:IH: 

J D{t (z)dz J Df+ (z)dz 
Rup = J D!f+(z)dz' Rsp = J D!f+(z)dz' (20) 

KOTOpbre rrpH Q6 = 3 (rsB/c)2 ~rr.a DSS pa.BHbI 0.13 n 6.6, a .D,JI.H EMC 0.35 H 

3.4, COOTBeTCTBeHIIO. 3naqemrn aCHMMGTj)HH, TIOKa3aHHbie ua pHC. 8, 6bI.ITH no

JirJeHbI c <'DITP l\IIRST H <PYHKI\H.HMH ¢parMeHTaI\HH KBapKOB DSS. 0TMeTHM, 

"ITO OHM corJmcymTC.H c npHB8.D;E\HHbIMI:I Ha 9TOM )!(C pHCYHKG pe3y.1IbTaTaMI:I 

I13MepennH: HER.MES [13]. 
,LJ;.IT.H H30CKaJI.HpHOH lv!Hlll6HI1 a.cnMMGTj)Il.H 3a.p.H:lK8HHb!X KaOHOB H MHKJII0-

3HBI-Ia.H a.Cli!MMGTpmI MOryT 6bITb :mrmca.Hbl B .JUI.D;HpyIOII\GM IIOp.H,IJ,Ke KaK 

(21) 

rll,e ~ = C1 . C2, a. .6.Q(x) - CTGilGHb TIOJI.Hj)H3a.I\HH JICrKHX rmapKOB 

.6.Q .6.uv + .6.dv + 2(.6.u + .6.d) (22) 
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H MHO:IKHTeJib a, KOTOpbIH 3aBHCHT TOJibKO OT <l>YHKIJ;HH ¢parMeHTau;1rn KBap

KOB 

a= (2RuF + 2RsF)/(2 + 3Rup). (23) 

Y'IHTbIBM> 6mr3KHe 3Ha'IeHH.H acHMMeTpnli Af,;+x- H A1,d (cM. pnc. 8), BbI

pa)KeHne ,.!\JUI IIOJI.HpH3aIJ;HH CTpaHHbIX KBapKOB Y,ll;06HO 3aIIHCaTb B BH,[\e: 

D.s - ~[A (AK++K- -A )Q/s+a] 
- (: 1,d + 1 d l,d 0 8 . s .,, ' a- , 

(24) 

3,n;ecb Q(x) H s(x) - He3aBHC.HIIJ;He OT cmrna IIJIOTHOCTH HeCTpaHHbIX H CTpaH

HbIX KBapKOB, COOTBeTCTBeHHO. 3Ha'IeHH.H D.s(x), paCC'IHTaHHbie ITO 3TOH ¢op

My.rre rrpaKTH'IeCKH paBHbI TeM, KOTOpbre 6bIJIH IIOJiy'IeHbI c HCTIOJib30BaHHeM 

MeTo,n;a HaIIMeHblliHX KBa,ll;paTOB (pHC. 6), HO CTaTHCTWieCKHe Heorrpe,ll;eJieHHO

CTH HeMHOro 60JibUie, TaK KaK TIHOHHbie aCHMMeTpHH He HCTIOJib3YIOTC51. 

Jfa yp. (24) cJie,ll;yeT, 'ITO B c.rryqae, KOr,ll;a Af,; +x- TO'IHO paBHa Ai,d, cnH

pa.rrbHOCTb CTpaHHOro KBapKa He 3aBHCHT OT cPYHKIJ;HH ¢parMeHTaJJ;HH KBap

KOB, H ee rrepBbIH MOMeHT B 06JiaCTH H3MepeHHH Ma.JI H TIOJIO)KHTeJieH (D.s ~ 
0.009). OcHOBHYIO 3aBHCHMOCTb D.s OT cj;>yHKIJ;IIH cj;>parMeHTaJJ;HH KBapKOB orrpe

,ll;eJIHeT OTHOIIleHHe Rsp (yp. (20) H yp. (23)). Jfa yp. (24) CJie,n;yeT, 'ITO OTpHu;a

TeJibHOe 3Ha'IeHHe D.s B o6JiaCTH Ma.rrorx x, r.n;e Ai,d ~ 0, MO)KeT 6nrTh noJiy'IeHo 

TOJihKO B crry-qae oTpHu;aTeJibHhrx 3Ha'!eHHH Af,;+x-, a ,ZJ;JIH Toro 'IT06hr rroJiy

'IHTh OTp:m:i;aTeJibHOe 3Ha'!eHHe D.s B o6JiaCTH 60JiblliHX x, KaOHHa.H aCHMMeTpH51 

,ll;OJI)KHa 6bITb 3aMeTHO MeHbllie HHKJII03HBrIOH. 

Ha pIIc. 8 rroKa3aHa rrapaMeTpH3aIJ;H51 Ai,d(x) H3 aHaJIH3a DSSV (37). BH.n;

HO, 'ITO B o6JiaCTH 0.03 < x < 0.3 TO'IKH COMPASS, TaK)Ke KaK H TO'IKH 

HERMES, paBHOMepHo cTaTHCTH'IeCKH pacnpe.n;eJieHbI BOKpyr KpHBOH, H HeT 

cncTeMaTH11ecKHX OTKJIOHeHHH. C.rre,n;oBaTeJibHO, HeT npH'IHH ,IJ;JIH 3Ha'IHTeJih

Horo OTpI-ni;aTeJibHOrO D.s B 3TOH 06.rraCTH, B rrpOTHBOTIOJIO)KHOCTb npe,n;CKa3a

HH51M 60JibillHHCTBa cj;>HTOB HHKJII03HBHbIX .n;aHHbIX. 0,n;HaKO OTMeTHM, 'ITO B 

o6JiaCTH MaJibIX x HMeIOTC.H ,IJ;Ba H3MepeHH51 Af,;+x-, KOTOpbre OTJIH'!aIOTC51 OT 

HYJI.H Ha HeCKOJibKO CTaH.n;apTHbIX OTKJIOHeHHH (cM. pHC. 8). 9TO ,n;aeT OCHOBa

HHe TIOJiaraTh, 'ITO D.s MO)KeT 6hITb OTpHu;aTeJibHbIM B o6JiaCTH MaJibIX x, r.n;e 

H3MepeHII51 OTCYTCTBYIOT. 

Ha pIIc. 9 rrOKa3arra 3aBHCHMOCTh TiepBoro MOMeHTa D.s (HHTerp11poBaHHe 

TipOH3BO,ll;HJIOCb TIO KHHeMaTH'Iecrm:il: o6JiaCTII II3MepeHu:0:) OT RsF· B11.n;Ho, 'ITO 

,n;Jia RsF ~ 5 3Ha'-rerrue D.s 6JIH3KO K HYJIIO II 6oJibUie, 'IeM TIOJIHhIH MOMeHT, 

TioJiy'IeHHDIH B HHKJII03HBHOM aHa.rru3e (yp. (14)). Br<:Jia,ri; OT o6JiaCTH x > 0.3 
orpaHHqeH «yCJIOBHeM noJIO)KHTeJibHOCTH», ID.s(x)I ::; s(x), H He MO)KeT Tipe

BbrrnaTb 0.003 TIO a6COJIIOTHOMY 3Ha'!eHIIIO. Il03TOMY B TipHHIJ;IITie, JII06oe OTJIII

'!He Me)K,n;y H3MepeHIIbIM H TIOJIHbIM MOMeHTaMH MO)KeT 6bITb KOMTieHCHpOBaHO 
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~ HeonpeA.OTRUf 
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RsF 

PHc. 9: Hnme2paJ1, /::;.s '/W.'lf. <fiyiir.;v,ttJ! om omnow.cim,fl, RsF a.11,,fl, Ru F ifiv.r.cupo6a'/t'/£020 
nptt atta"!.ettuu DSS paatto.M 0.13 6 1L3.Mepetttto•u r.utte.Mamu"!.ecr.ou 06.11,acmu x {mo.n,
cma,fl, cn.n,ow.na.R, .11,unuJ1,}. Ceem.11.0-cepa.R, 06.11,acm'b nmwa'bl.eaem cmamucmu"!.ecr.yw 
tteonpeae.n,ennocm'l:J. 3awmpuxoeanna.f! "!.acm'l:J 6ttympu nee coomeemcmeyem aifiifien
my yee . .tm"1.C'/£?1..R, RuF ao 0.35 {ana"!.emi.e EMC}. I'op1tamima.11,'bnaJ1, no.11,oca npeacmaa-
.11,Jl,Bm nomt'bt.il. .M.o.Menm /::;.s, pacc"!.11mann'htt'i. iw nepao20 .M.o.Meiima gf (x) (yp. {14)). 
3i·ta"!.emt.f! RsF, coomaemcmayiow,11.e DSS [33}, EMC [34} ?J. KRE [38} napa.Memp?J.
aav,wt.M ifiy11.nv,1di. rfipa.2.M.e?Lmav,mi noapir.oe y-x;aaaii'bt. cmve.n,o"!.r.:a.Mtt, 

ney<:1TeHHhIM BKJia,n;oM B o6JiaCTH MaJihIX x. TaK, K npHMepy, MO:lKeT 6bITh B 

c.s.ry"tJ.ae cpyHKIJ,Hil cpparMeHTaIJ,HH KBapKOB DSS, Kor,n;a RsF = 6.6. Owwrne 

H3Meperrnoro H nommro MOM0HTOB He rrpeBbIII.IC1CT ,n;Ba CTan,n;apTHbIX OTKJIOHe

IUUI, Il03T0MY IWJib35I c,n;e.rraTb 0,D;H03Ha'!HOC 3aK.llI-O'tJ.e:Erne, OCHOBhIBa5ICb TO.TfbKO 

rm ,n;aHHhIX COMPASS [22). TeM He Menee, KaK cJie,n;yeT H3 pHc. 8, ,n;arrnbre 

HER.MES [13] npHB0)15IT K noxmKHM pe3yJihTa.TaM. 

B o6paTHOM c.rrycme, KOr,n;a RsF ;:, 4, acnMMeTpns Af,; +K- ropa3,n;o Menee 

'IJBCTBHTeJILIIa. K D.s, IIOTOMY 'tJ.TO BeJIH'IHHa Df+ 1v1a.na. TaI< 6y,n;eT, nanpmvrep, 

B c.rry'!ae ncnoJ!h30Banns cpynKIJ,Hil cpparMenTaIJ,HH KBapKOB EMC n napa1v1eT

pH3aIJ,nil TaI<HX KaK KRE [38]. 
TaKHM o6pa3oM, np1rne,n;em1r,1:H ariamrn HCHO noKa3nrnaeT, 'ITO pac•1eT b.s 

ny:lK,n;aeTC5I B TO'IHbIX 3Ha'!eHH5IX OTHOIIICHHH RuF FI RsF· 
CpaBneirne c noc.rre,ri;nHMFI napa1v1eTpFI3au;rrnMH b.s. 3Ha"tJ.enue b.s 6Lmo no

JJy'leno ,n;ByMH ~reTo,n;a.MFI: B npe,n;no.rrO)KeirnH npamma cyMM 8.rrm1ca-.II::tKacpcpe 

(yp. ( 14)' liHK.ITJ03IiBHbie ,n;aHIIbie) H B anamne IIOJIYHIIK..T!I03HBIIbIX aCHMlv18Tplill 

( Ta6JJ. 2). A1rn .. 1m3Hpy.5I TO.rrhKO HHK.ITT03HBHhre ,n;amILre, 110.rry'!aeM OTpHIJ,aTe,Jrh

nr,re 3Ha'ICHH5I b.s(x) BO BCCM KHHeMaTH'ICCKOM ,n;HaIIa30He TIO x. B o6JJ.aCTli 

x ::::i 0.1- 0.3, 3Ha"tJ.eHH5I D.s(x) - MHHHMa.rrhHbI. B amlJlFI3e no.rryHHKJII03HBHhIX 

aCFIM!vleTpliH pacnpe,n;e.rre:irne b.s(x) cpaBHHMO c HyJJeM BO BCOM HHTepBa.rre H3-

MepeHHH H HMeeT Ten,n;eHIJ,HIO K OTpmraTC.TfbHbIM 3Ha'ICHH5Ilvl B 06.rraCTH Ma.'IbIX 

X < 0.01 (pHC. 6). 
Ilpo6ne~rn HCCOOTBCTCTBH5I pe3JJibTaTOB a.naJIFI3a. HHKJII03HBilbIX H IIO.T:!JliH-
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KJII03HBHhIX ,n;aHHbIX 6hIJia pemeHa ,n;ByMa rpyITITaMH cPH3HKOB: ,Ll;.,n;e Cl>JIOpHaH, 

P. CaccoT, M. CTpaTMaHH H B. BoreJibCaHr (DSSV (14]), a TaK)Ke A.H. CHca

KaHoM, 0.IO. llieB"-!eHKO H 0.H. llBaHOBbIM (SSI (39]) c ITOMOII!hIO BBe,n;eHHa 

3HaKoITepeMennoii: rrapaMeTpH3au;mr cTpaHnoro Mopa. B o6JiaCTH cpe,n;nHx x 
CIIHpaJibHOCTb CTpaHHbIX KBapKOB IIOJIO)KHT8JibHaa (H3 ,n;aHHbIX ITO KaOHHbIM 

acHMMeTpHaM HERMES [13] H COMPASS (22]). 0TpHu;aTeJibHOe 3Ha"-!eHHe 

ITOJinoro MOMeHTa 6.s Ha6HpaeTca 3a cqi:\T o6JiaCTH MaJihrx x. K CO)KaJieHHIO, 

3KcrrepHMeHTaJibnaa rrpoBepKa ,n;aHHOro ITpe,n;rroJIO)K8HHa Tpe6yeT cyII!eCTBeH

noro yBeJIH'IeHHZ 3HeprHH rryi:rKa H ITpe,n;cTaBJI5!8TC5! B03M0)KHOH TOJibKO rrpH 

HCIIOJib30BaHHH KOJIJiaii:,n;epoB c IIOJI5IpH30BaHHbIMH IIY"-IKaMH 3JI8KTpOHOB H a,n;

pOHOB. 

B 3aKJiroqeH1n1 c¢opMyJIHpoBanhr BhIBO,n;hr n pe3yJihTaThI pa6oThr: 

1. lfa 3KCITepHM8HTaJibHhIX ,n;aHHhIX ITO rHP H3BJI8"-I8Hbl CIIHHOBbie aCHMM8T-

Ad A'11"+ A'11"- AK+ AK- A-. u d 
pHH 1, l,d, l,d, l,d n l,d H CTPYKTypnaa Y!YHKD;Ha ,n;eHTpona g 1 B 

KHHeMaTH"-I8CKOH o6JiaCTH H3MepeHH5! x E [0.004; 0.7] H Q2 > 1 (raB/c)2 • 

2. BITepBbre IIOJIY"-I8Hbl pe3yJihTaTbI ITO IIOJIYHHKJII03HBHbIM CIIHHOBbIM aCHM-

A + A - AK+ AK-MeTpHZM ,l.l;JIZ 3ap7DK8HHbIX IIHOHOB, f d H fd , H KaOHOB, ld H ld , 

na ,n;eii:TpOHe ,ll;JIZ o6JiaCTH 0.004 < x < 0.03. 

3. lfa rrepBoro MOMeHTa cTpyKTypnoii: ¢ynKu;HH gf orrpe,n;eJien rroJIHhrii: cyM

Mapnbrii: BKJia,n; nerKHX KBapKOB 

6.~ = 0.35 ± 0.03 (cTaT.) ± 0.05 (cHCT.) 

H BKJia,n; CTpaHHbIX KBapKOB 

1 
6.s + 6.s = 3(a0 - a 8) = -0.08 ± 0.01 (cTaT.) ± 0.02 (cHcT.) 

B crrHn HYKJIOHa rrpn: Q5 = 3 (raB / c )2. 

4. BbIIIOJIHeH aHaJIH3 HHKJII03HBHbIX H IIOJIYHHKJII03HBHbIX peaKD;HM rHP, 

BKJIIO"-IaIOII!HM cPHT HHKJII03HBHOM aCHMMeTpHH H aCHMMeTpHii: p0)K,ll;8HHZ 

3ap7[)K8HHbIX IIHOHOB H KaOHOB B JIH,l.l;Hpyrom;eM rropa,n;Ke Teop1rn B03My

m;eHHH KX,Ll;. IIony"-IeHa 3am1CHMOCTb BKJia,n;a B crrHH HYKJIOHa CTpaH

HbIX 6.s H H8CTpaHHbIX BaJI8HTHbIX H MOpCKHX KBapKOB 6.uv + 6.dv H 

6.u + 6.d, COOTB8TCTB8HHO OT 6bepKeHOBCKOH rrepeMeHHOM x, a TaK)K8 

B8JIH"-IHI-Ia rrepBoro MOMeHTa IIOJiap1mau;HH CTpaHHbIX KBapKOB B KHHeMa

TH"-I8CKOH o6JiaCTH H3MepeHHH 0.004 < x < 0.3 rrpn: Q5 = 3 (raB/c) 2 , 

paBHaa 

6.s = -0.01±0.01 (cTaT.) ± 0.01 (cHCT.) • 
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5. I1cIIOJib3Y5! pa3JIII'IHbie rrapaMeTpil3a!IHH <l>YHKI!HH <PparMeHTa!IHH KBap
KOB IIOKa3aHO, qTO 3Ha'!emi:e rrepBoro MOMeHTa 6.s 'IYBCTBHTeJibHO K Be
JIHqHHe OTHOIIIeHHSI <PparMeHTa!IHH CTpaHHOro KBapKa K <PparMeHTarrHH 
u-KBafKa B rroJI02KHTeJibH03ap5DKeHHbre K-Me30HbI 
J Df (z)dz/ J v{t (z)dz. B 'IaCTHOCTH, rrpH HCIIOJib30BaHHH <l>YHKI!HH 
<l>parMeHTau;mr KBapKOB DSS 3Ha'!eHHe 6.s B KHHeMaTHqecKoii o6JiaCTH 
0.004 < x < 0.3 B ,[\Ba pa3a MeHbIIIe, qeM rrpH HCIIOJib30BaHHH <l>YHKI!HH 
<l>parMeHTau;mr KBapKOB EMC. 
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