




1 06:rn;a5I xapaKTepMCTMKa pa60Tbl 

1.1 AKTyaJibHOCTb TeMbI 

HacT05Illl,a5I ,IJ,HccepTaIJ,HOHHa5I pa6oTa rrpe,IJ,cTaBJrneT 9KcrrepHMeHTaJibHbre pe-

3YJibTaTbI HCCJie,IJ,OBaHl15I ,n,.u:¢paKIJ,HOHHbIX rrpou,eccoB B rJiy6oKOHeyrrpyroM ep 
pacce5IHHH, rroJiyqeHHhre B sKcrrepHMeHTe Hl Ha KOJIJiafi,IJ,epe HERA (DESY, 

Germany). ,[(aHHhifi THII co6bITHtl: BrrepBbie Ha6JIIO,IJ,aJIC5I B 3Kcrrep.u:MeHTax H 1 
H ZEUS Ha KOJIJiafi,IJ,epe HERA B rJiy6oKoHeyrrpyroM pacce5IHHH (rHP, deep 

inelastic scattering, DIS) B o6JiaCTH MaJibIX BeJIHqHH rrepeMeHHOtl: BbepKeHax ~ 

io-4, He,IJ,OCTYIIHbIX B 9KCrrepnMeHTaX Ha cPHKCHpOBaHHbIX MHllieH5IX. 06beK

TOM HCCJie,IJ,OBaHHfi 5IBJI5IIOTC5I llHKJII03llBHbie peaKIJ,II.U: ,IJ,IIcPPaKIJ,IIOHHOro o6Me

Ha B rHP, HX aHaJI.U:3 B paMKaX KOM6IIHI1pOBaHHOrO IIO,IJ,XO,IJ,a Ha OCHOBe ¢e

HOMeHOJIOI'HI1 IIOJIIOCOB Pe,IJ,)Ke 11 KBaHTOBOfi xpoMo,n,1rnaMIIKII (KX,[(, quantum 

chroma dynamics, QCD) ,D,JI5I BblqJicJieHII5I ,IJ,I1cPPaKIJ,HOHHbIX cPYHKIJ,Hfi pacrrpe

,IJ,eJieHH5I rrapTOHOB (DPDF, diffractive parton distribution function, DPDF) B 

rrpOTOHe. 11ccJie,IJ,OBaHI151 o6pa30BaHII5I ,IJ,BYX ')KeCTKIIX' CTpyfi a,n,poHOB B peaKIJ,II-

5IX ,IJ,HcPpaKIJ,HOHHOro o6MeHa B rHP II03BOJII1JIII ocylll,eCTB.U:Tb rrpoBepKy YHIIBep

caJibHOCT.U: DPDF ,IJ,JI51 om1caHH5I pa3Hb!X THIIOB rrpou,eCCOB rHP. IToJiyqeHHbie 

pe3yJibTaTbI B ep B3a.U:MO,D,efiCTBII5IX 5IBJI5IIOTC5I YHIIKaJibHbIMH, TaK KaK II03BO

JI5IIOT 11ccJie,IJ,0BaTh CTPYKTYPY ,IJ,IIcPPaKu,.u:oHI-IOro o6MeHa B 'qIIcToM' BII,D,e 6e3 

BJil15IHII5I BTOp.u:qHbIX rrpou,eccoB M5II'KIIX rrapTOH-rrapTOHHbIX B3aIIMO,IJ,efiCTBHi1, 

xapaKTepHbIX ,IJ,JI51 peaKu,IIti Ha pp n pp KOJIJiati,IJ,epax. 

1. 2 II;eJib pa60Tb1 

Il.eJiblO rrpoBe,IJ,eHHbIX .U:CCJie,IJ,OBaHHfi 5IBJI5IeTC51 IIOJiyqeHHe HOBbIX pe3yJibTaTOB 

ITO ll3MepeHHIO ceqeI-II151 I1HKJII03llBHbIX peaKIJ,Hll B ,IJ,HcPpaKIJ,IIOHHOM rHP C o6-

pa30BaHHeM Jill,IJ,HpyIOw;ero rrpOTOHa B KOHe'-IHOM COCT05II-Il1H; aHaJIH3 ,IJ,aHI-IbIX 

B paMKax KX,[( ,IJ,JI51 Bb1qncJieHH5I ,IJ,IIcPPaKIJ,IIOHHhIX cPYHKIJ,Hfi pacrrpe,IJ,eJieHmI 

rrapTOHOB B rrpOTOHe B CJie,IJ,yIOill,eM-3a-JIH,IJ,IIPYIO:lIJ,l1M rrop5I,D,Ke (next-to-leading 

order, NLO) BbI'-IHCJieH11fi; rrpoBepKa yHnBepcaJihHOCTH DPDF ,IJ,JI51 rrpou,eccoB 

o6pa30BaHH51 ,Il,BYX ')K8CTKIIX' CTpyti a,IJ,pOHOB B ,IJ,HcPPaKIJ,HOHHOM rHP; rrpoBep

Ka rIIIIOTe3bI 0 ¢aKTOpl13aIJ,HH rrpou,ecCOB ,IJ,HcPpaKIJ,HOHHOro o6MeHa B rrpOTOH

HOH BepurnHe n rJry6oKoHeyrrpyroro pacce5IHH5I BHpTyaJibHoro ¢oToHa Ha rrap

TOHe; ll3Mepemrn rrapaMeTpOB ,n,11¢paKIJ,llOI-IHOrO o6MeHa IIOMepoHOM, rrpoBepKa 

YHHBepcaJihHOCT.U: TpaeKTOplHI IIOMepOHa ,IJ,JI51 IIpOIJ,eCCOB rHP ll M5II'KllX a,IJ,pOH

a,n,pOHHbIX B3aHMO,IJ,ei1CTBlli1 rrpH BbICOKllX 9Heprl15IX. 
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1.3 HayqHa~ HOBH3Ha pa6oThI 

9KcrrepHMeHTaJibHbie ycJIOBH51 KOJIJiaii,n;epa HERA rro3BOJIHJIH BrrepBbie sapern

cTpHpoBaTb H HCCJie,D;OBaTb ,IJ;:mppaKIJ,HOHHbie rrpoIJ,eCCbl B peaKIJ,H5IX rHP. 9KCIIe

pHMeHTaJibHbie B03MO:IKHOCTH ycTaHOBKH Hl H, B ..._iacTHOCTH, rroJiyt..ieHHbie ,n;aH

Hbie co crreKTpOMeTpa JIH,D;HpyIOIIJ,HX rrpOTOHOB II03BOJIHJ1H H3MepHTb ceqeHI15l 

HHKJ1I03HBHbIX ,D;HcppaKIJ,HOHHbIX rrpou,eCCOB B rHP B IIIHpOKOH KHHeMaTWieCKOH 

o6JiaCTI'I BHpTyaJibHOCTeH cPOTOHa Q2 (2 < Q2 < 700 r9B2), a TaK:IKe BIIepBbie 

H3MepHTb ceqeHI15l o6pa3oBaHH51 ,D;Byx ')KeCTKHX' CTpyii a,D;pOHOB B ,IJ;HcppaKIJ,H

OHHbIX rrpou,eccax rHP C JIH,D;HpyIOIIJ,HM rrpOTOHOM B KOHeqHQM COCT051HHH. I1o
JiyqeHHble pesyJibTaTbl 6bIJIH HCIIOJ1b30BaHbl ,Il;J151 BbiqHcJieHHZI ,n;n¢paKIJ,HOHHbIX 

cPYHKIJ,Hii pacrrpe,n;eJieHH5l rrapTOHOB B rrpoToHe B paMKax KX,ll.. CeqeHnZI o6paso

BaHHZI ,IJ;Byx '.II<:eCTKHX' CTpyif a,n;pOHOB B ,D;HcPpaKIJ,HOHHbIX rrpou,eccax rHP 6bIJ1H 

corrocTaBJieHbI c rrpe,n;cKasaHH5IMl1 KX,Il; B cJie,n;y10II.I,eM-3a-JI11,n;11py10II.I,11M nopa,n;

Ke Bb1qncJier-rnii n rroKasaHa yttnBepcaJibHOCTb DPDF ,IJ;JIZI ,IJ;aHHbIX rrpou,eccoB. 

B pa6oTe o6ocHoBatta rrp11MeHHMOCTb n:1rroTe3bI o ¢aKTop113au,n11 rrpou,eccoB ,IJ;H

¢paKIJ,HOHHoro o6MeHa B rrpoTOHHOH BeplliIIHe 11 rJiy6oKoHeyrrpyroro paccemrn7.! 

B11pTyaJihHoro ¢oToHa Ha rrapToHe. ITpttMeHeHHe ¢opMaJIH3Ma Pe,n;:1Ke rrpH aHa

mrne rroJiyqeHHbIX pe3yJibTaTOB Il03BOJil:IJIO BbiqHCJIHTb napal\!IeTpbI TpaeKTOpHH 

ITOMepoHa, HaKJIOH KOTOpofi B ,n;aHHOM cnyqae 3HaqI:ITeJ1bHO MeHbllle HaKJIOHa 

TpaeKTOpHl:I IlOMepoHa ,IJ;JI51 a,n;pott-a,n;pOHHblX B3al:IMO,IJ;eHCTBHH. 113 cpaBHeHH7.! 

ceqeHHH ,IJ;HcPPaKIJ,l:IOHHOrO rHP C o6pa30BairneM B KOI-JeqHOM COCT07.IH1111 Jil1,D;l1-

pyIOIIJ,ero rrpOTOHa H o6pa3oBaHHeM 6oJiblliOro 6bICTpOTHOrO l1HTepBaJia (BBI1, 
large rapidity gap, LRG) Me:IK,n;y rrpo,n;yKTaMH ,IJ;Hccou,HaIJ,HH rrpoToHa H BIIPTY

aJibHoro ¢oToHa c,n;eJiaH BbIBO,IJ; 06 yHnBepcaJibHOCTII ¢opMbI pacrrpe,n;eJieHHfi no 

KHHeMaTnqeCKl1M rrepeMeHHbIM ,n;aHHbIX peaKIJ,HH H l13MepeH BKJla,D; rrpon.eccoB 

,n;ttccou,nau,HH rrpoToHa B ceqett11e peaKIJ,l:Il1 c o6pasoBaHHeM LRG. 

1.4 HayqHo-rrpaKTHqecKa~ 3Haq11MOCTh pa6oThI 

9KcrrepHM8HTaJibHbie pesyJibTaTbI HCCJie,D;OBaHl17.! ,n;11¢paKU,l10HHbIX rrpou,eccoB B 

rny6oKoHeyrrpyroM pacce5IHHH, rroJiyqeHHbie Ha ep KOJIJiafi,n;epe HERA, ZIBJ151-

IOTC7.! YHl1KaJibHblMH H B TeqeHHe ,IJ;J1HT8JibHOro BpeMeHl1 OCTaHyTC5l e,n;HHCTBeHHO 

,IJ;OCTYITHbIM l:ICTOqHHKOM ,IJ;J17.l TeopeTHqecKHX l1CCJie,D;OBaHHH c u,eJibIO ITOCTpOeHl151 

MO,D;eJI11 ,D;HcPpaKIJ,l10HHbIX B3aHMO,IJ;eHCTBl1H. ,ll.H¢paKIJ,l10HHbie cPYHKIJ,1111 pacrrpe

,D;eJieHH7.! rrapTOHOB B rrpOTOHe IIOJiyqeHbl B BH,D;e napaMeTpH3aIJ,HH c yqeTOM 9KC

rrepHMeHTaJibHbIX 11 MO,D;eJibHbIX rrorpelllHOCTe:ti: H y:IKe BOCTpe6oBaHbI rrpH rrpo

BepKe yHHBepcaJibHOCTI:I rrpe,n;cKasaHnii KX,ll. ,IJ;JI7.! orrI:IcaHH51 rrpon.eccoB ,n;H¢paK

IJ,HOHHoro o6pa30BaHH5I ')KeCTKHX' CTpy:ti: a,n;poHOB H T.51:/KeJibIX KBapKOB B peaKIJ,H-
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5IX ¢0TopmKAeHJ15I 'YP i-rn Ko.rr.rrarr,n;epe HERA, a TaKllie B pp B3a:HMo,n;errcTBH7IX 

Ha Ko.rr.rra:ti,n;epe Tevatron l1 pp B3al1Mo,n;errcTBH5IX Ha KOJIJialiAepe LHC. ITpe,n;

cTaBJieHHbie pesyJibTaTbl yMe HCITOJib30BaHbl ITPH ITJiaI-rnpoBaHHH HOBblX 3KCITe

pHM8HTOB, r-rnrrpnMep, B paMKax ITpoeKTa HoBoro ep KOJIJiarr,n;epa LHCe. ITo.rry

qeHHbie pesyJibTaTbI rro3BOJI5II-OT cyw;ecTBeHHO yJiy-cum1Tb ITOHHMaHne CTPYKTYPbI 

,n;11¢paKLJ;HOHOro o6MeHa BO B3aHMO,n;errCTBH5IX 3JieMeHTapHbIX qaCTHD; ITPH BhICO

KHX 3HeprH5IX H 3HaLJ:HT8JihHO ITp0,1J;BHHYTbC5I B ITOCTpOeHHH MOAeJIH ,n;M¢paKu;11-

0HHbIX B3aHMOA8HCTBHH a,n;poHOB. TipeACTaBJieHHbie B ,il;HCCepTau;HoHHOH pa6oTe 

,n;n¢paKu;HOHHbie cPYHKLJ;l1I1 pacITpe,n;eJieHH5I rrapTOHOB B ITpOTOHe yMe HCITOJib3y

I-OTC7I B MoHTe Kap.rro reHepaTopax RAPGAP H PYTHIA. 

1. Cos,n;aH crreKTpol\treTp JII1,n;Hpy1-0w;nx rrpoTOHOB ycTaHOBKH Hl c Koop,n;11HaT

HbIMH AeTeKTopaMH Ha OCHOBe CLJ;HHTHJIJI7ILJ;l10HHbIX cPH6epHbIX ro,n;ocKOITOB 

H IT03HLJ;HOHHO- LJ:yBCTBI1T8JibHbIX cPOTOYMHO)KHTeJie.ti; paspa6oTaHa MeTO,D;H

Ka peKOHCTPYKLJ;HH HMITYJihCOB JIHAHPYI-Olli,HX rrpoToHos; 

2. I1sMepeHbI ceLreHH5I ITpou;eccos ,n;rr¢paKu;rroHHoro rJ1y60KoHeyrrpyroro sJieK

TpOH - rrpOTOHHOro pacce5IH115I c JIHAHPYI-Oill;I1M rrpOTOHOM B KOHeLJ:HOM co

CT05IHl1l1 B 11n1pOKOM ,n;HaITa30H~ BHpTya.rrbHOCTerr cPOTOHa; 

3. I1sMepeHbl rrapaMeTpbI HaKJIOHa 3KCIIOI-IeHLJ;HaJibHO.ti 3aBHCHMOCTl1 ceqeHl17I 

,n;rr¢paKu;noHHoro r.rry6oKoHeyITpyroro pacce5IHI17f c Jirr,n;rrpy1-0w;11M ITpOTO

HOM B KOHeLJ:HOM COCT07IHl1l1 OT KBa,n;paTa rrepe,n;aHHOro 4-x HMIIYJibCa B ITpO

TOHHOH BeplIIHHe B 1III1pOKOM ,n;rrarra30He BHpTyaJihHOCTerr cPOTOHa; 

4. Tipe,n;JIOMeH MeTO,D; aHaJIH3a 3KCITepnMeHTaJibHbIX ,n;aHHbIX ITO ceLJ:eHI15IM ,1J;H

¢paKLJ;l10HHbIX ITpou;ecCOB B rny6oKOHeyrrpyroM 9JI8KTpOH - rrpOTOHHOM pac

ce5IHI1I1 B paMKax Mo,n;em:1 ITOJII-Ocos Pe,n;Me H Bb1q11cneHbI rrapaMeTpbI Tpa

eKTOpHH IIOMepoHa B ,n;aHHbIX ITpou;eccax; 

5. Tipe,n;JimKeH MeTO,D; aHaJirr3a 3aBHCI1MOCTH ITapaMeTpOB TpaeKTOpHH IIOMe

poHa OT BllpTyaJibHOCTH cPOTOHa, B pe3yJibTaTe rrprrMeHeHH5I KOTOporo rro,n;

TBepM,n;eHa rnrroTe3a o ¢aKToprrsau;n11 ITpou;eccoB B ITpOTOHHOH BeplIIHHe H 

cPOTOH-rrapTOHHOro pacce5IHH5I; 

6. I13MepeHO OTHOllieHHe ceqeHH5I ,n;1.1¢paKD;HOHHOro rny6oKOHeyrrpyroro 8JieK

TpOH - rrpOTOHHOro pacce5IHI15I c o6pa30BaI-meM 60Jib1IIOro HHTepBaJia ITO 

6bICTpOTe aApOHOB K ceqeHHI-0 ITpou;eccoB c o6pa30BaHHeM Jll1,1J;Hpy1-0w;ero 

rrpoToHa n orrpe,n;eJieH BKna,n; rrpou;eccoB ,n;11ccou;11au;1111 ITpOTOI-ra B ceqett11e 
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,II,11¢paKu;110HHoro rny6oKotteyrrpyroro pacce.HHll.H c 06pasoBa1rneM 6oJiblllO

ro llHTepBaJia ITO 6bICTpOTe a,II,pOHOB; 

7. Ilpe,II,JIOIK:eH H ITpI1MeHeH KOM6I1HI1pOBaHHbIJd MeTO,Il, aHaJII13a ,II,aHHbIX ITO ce

qeHI15IM rrpou;eccoB ,II,HcppaKu;110HHoro rny6oKoHeyrrpyroro 9JieKTpoH- rrpo

TOHHoro pacce.HHll.H Ha ocHoBe 9BOJIIOIJ;Hl1 rrapTOHOB DG LAP B paMKax KX,I( 
H ¢eHoMeHonormI ITOJIIOCOB Pe,II,.>Ke. Orrpe,II,eJieHbI ,II,11¢paKIJ;HOHHbie ¢YHK

u;n11 pacrrpe,n;eJieHH.H ITapTOHOB B ITpOTOHe B CJie,II,yIOIJJ,eM-3a-Jil1,IJ,HpyIOIJJ,IIM 

rrop.H,n;Ke BbFrncnemI.11 KX,D;, ou;eHeHbI 11x 9KcrrepnMeHTaJibHbie H Mo,n;eJib

Hbie rrorpelllHOCTII II BbJqJticJieHbI BKJia,Il,bl rJIIOOHa ll CHHrJieTa KBapKOB B 

rrpou;eccbI ,n;IIcppaKIJ;HOHHoro o6Metta; 

8. l1sMepeHO OTHOilleHIIe ceqeHllll ,n,11¢paKIJ;IIOHHOro II IIHKJII03I1BHOro rJiy6oKO

Heyrrpyroro 9JI8KTpOH-ITpOTOHHOro pacce5IHH.H; B pesyJibTaTe c,n,eJiaH BbIBO,Il, 

o rro,n,o6ttorr CTPYKType rrpoToHa, KOTopa71 rrpo5IBJI.HeTC5I B 9TIIX rrpou;eccax; 

9. BrrepBbie II3Mepetto ceLieHue o6pasoBaHH5I '.>KeCTKHx' cTpyfi a,n;poHoB B ,II,II

¢paKu;noHHOM rny6oKOHeyrrpyroM 9JI8KTpOH- rrpOTOHHOM pacce5IHIII1 c JIII

,Il,HpyIOIJJ,IIM ITPOTOHOM B KOHeqH()M COCT05IHI1II; 

10. IloKasaHa yHHBepcaJibHOCTb ,n,11¢paKIJ;IIOHHbIX ¢yttKu;nfi pacrrpe,n,eneHIIZI rrap

TOHOB B rrpoToHe, ITOJiyLJeHHbIX B paMKax 9BOJIIOIJ;III1 DG LAP B cne,n,yIOIJJ,eM

sa- nn,n,11pyIOIJJ,IIM rropZI,II,Ke BbiqIIcJieHIIfi KX,I(, ,II,JI5I orrncaHHZI rrpou;eccoB ,n,11-

¢paKIJ;IIOHHoro o6pa3oBamrn cTpyrr a,n,poHOB B rny6oKoHeyrrpyroM 9JieKTpOH

rrpoTOHHOM pacce.HHI1H; 

11. IloKa3aHa ITPIIM8HI1MOCTb rllIIOTe3bI 0 ¢aKTOpH3aIJ;I1I1 rrpou;eccoB B rrpoTOH

HOH BeplllIIHe ,II,JI5I 01rncaHII5I rrpou;eccoB o6pa3oBaHH.H cTpyrr a,n,poHOB B rny-

6oKoHeyrrpyroM pacce.HH1111; 

12. IlpoBe,n,eHo cpamrnmrn ceLJe1mrr 06pasoBaH11.H cTpyrr a,n;poHoB B ,n;11¢paKu;11-

0HHOM rny6oKOHeyrrpyroM pacce5IHHII c MO,II,eJI.HMll JIH,II,llPYIOIJJ,ero rropZI,II,Ka 

BbILJIICJieH11fi KXg 11 ITOKasaHo, LJTo Mo,n,eJih cocTaBHoro rroMepoHa orrIICbI

BaeT ¢opMy pacITpe,n,eJieH11rr, B TO BpeMZI KaK ,II,JIZI rronyqemrn a6coJIIOT

HbIX 3HaqeHHfi ceqeHHH Heo6XO,Il,I1MO yLJeCTb rrpou;ecCbI CJie,n;yIOIJJ,ero- 3a

JII1,II,HpyIOill,IIM rrop.H,II,Ka BhFIIICJieHIIfi KX,I(. 

1.6 ,D;ocTOBepHOCTb pe3yJ1bTaTOB 

,Il;ocTOBepHOCTb rrpe,n;cTaBJI€HHblX B ,Il,HCCepTa:o;mI pesyJibTaTOB IIO,Il,TBep.>K,n;aeTC5I 

,II,eTaJibHbIM paCCMOTpeHIIeM CllCTeMaTW-IeCKIIX I1 MO,II,€JibHbIX Heorrpe,n;eJieHHOCTerr 
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pesyJihTaTOB ITO ceqemI.HM ,lJ.HcPPaKu;HOHHbIX ITpou;eccoB B rJiy6oKOHeyITpyroM pac
ce.HHHH H BblqHcJieHHbIX ,lJ.HcPPaKu;HOHHbIX cPYHKIJ;Hfi pacITpe,[!.eJieHH.H ITapTOHOB B 

rrpOTOHe; COITOCTaBHMOCTblO pesyJibTaTOB ITO ceqeHH.HM ,lJ.HcPPaKu;HOHHbIX rrpou;ec
COB B rJiy6oKOHeyrrpyroM pacce.HHHH, IIOJiyqeHHbIX MeTO,[I.OM perHCTpau;HH JIH,[I.H
py10w;ero rrpOTOHa H MeTO,[I.OM perHCTpau;HH 6oJibUIOro HHTepBaJia no 6bICTpOTe 
a,[!.pOHOB; cpaBHeHHeM pesyJihTaTOB H3MepeHHfi ceqeHHfi, IIOJiyqeHHbIX B 3KCne
pHMeHTax H1 H ZEUS; UIHpOKHM rrpHMeHeHHeM noJiyqeHHbIX ,lJ.HcPpaKIJ;HOHHhIX 
cPYHKIJ;Hfi pacITpe,[!.eJieHH.H rrapTOHOB B npOTOHe ITPH cpaBI-IeHHH c ,[!.pyrHMH 3KC
rrepI:IMeHTaJibHbIMH ,[I.aHHbIMH H ITPH MO,[I.eJirrpoBaHHH HOBbIX 3KCITepHMeHTOB no 
rJiy6oKoHeyrrpyroMy pacce51HHIO. 

1. 7 Arrpo6au;1u1 pa6oTbI 11 rry6Jn:1Ka:u;1111 

OcttOBHhie pesyJibTaThI, cocTaBJI.HIOru;rre ,[I.HccepTau;HottttyIO pa6oTy, .HBJI.HIOTCZI 0¢H
u;1rnJihHhIMH pesyJihTaTaMH KOJIJia6opau;HH Hl. 0Hrr 6bIJIH rrpe,[!.cTaBJieHhI aBTO
poM Ha Me)K,[I.yHapO,[!.HHX KOH¢epeHu;m1x: 

4 7th Rencontres de Moriond: QCD and High Energy Interactions (La Thuile, 
Italy, 2012), 

Low x workshop on deep inelastic scattering, diffraction, final states and related 
subjects, Lowx 2012, (Paphos, Cyprus, 2012), 

Ringberg workshop: New Trends in HERA Physics 2011 (Ringberg Castle, Bavaria, 
Germany, 2011), 

Low x workshop on deep inelastic scattering, diffraction, final states and related 
subjects, Lowx 2010, (Kavala, Greece, 2010), 

18th International Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2010 (Florence, Italy, 2010), 

17th International Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2009 (Madrid, Spain, 2009), 

16th International Workshop on Deep Inelastic Scattering and Related Subjects: 
DIS 2008 (London, England, 2008), 

International Workshop on Diffraction in High Energy Physics: Diffraction 2008 
(La Londe-les-Maures, France, 2008), 

International Conference: HADRON STRUCTURE'07 (Modra-Harmonia, Slovakia, 
2007), 

33th International Conference on High Energy Physics: ICHEP 2006 (Moscow, 
Russia, 2006), 
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11th International Blois Conference on Elastic and Diffractive Scattering: Towards 
High Energy Frontiers ( Chateau de Blois, Blois, France, 2005), 

32th International Conference on High Energy Physics: ICHEP 2004 (Beijing, 
China, 2004), 

12th International Workshop on Deep Inelastic Scattering: DIS 2004 (Strbske 
Pleso, Slovakia, 2004), 

10th International Blois Conference on Elastic and Diffractive Scattering, (Helsinki, 
Finland, 2003), 

37th Rencontres de Moriond: QCD and Hadronic Interactions (Les Arcs, France, 
2002), 

16th International Workshop on High Energy Physics and Quantum Field Theory: 
QFTHEP 2001 (Moscow, Russia, 2001), 

7th International Workshop on Deep Inelastic Scattering and QCD: DIS 1999 
(Zeuthen, Germany, 1999), 

HERA and the LHC: A Workshop on the Implications of HERA and LHC Physics 
(CERN-DESY, 2004-2005), 

a TaK)Ke ,IJ,OKJla,IJ,bIBaJurcb aBTopoM Ha pa6o-ciMx coBeru;aHM5IX KOJIJia6opau,MM H1 
H ttay-ciHbIX ceMMHapax Ofrbe,IJ,HHeHHoro MHCTMTyTa 71,IJ,epHbIX HCCJie,IJ,oBaHHM B r. 
,1J;y6Ha. 

OcHOBHbie pe3yJihTaThI ,n;MccepTau,IIn orry6mmoBaHbI B pa6oTax [1]- [24], B TOM 
qllcJie B pe¢epnpyeMhIX ttayqHbIX )Kypttanax: European Physics Journal C, Nuclear 
Physics B, Nuclear Instruments & Methods, 9qA5L 

1.8 06heM M CTPYKTypa pa6oThI 

,1J;YiccepTau,1rn COCTOYIT ll3 BBe,IJ,eHI15I, ,IJ,eB5ITll rJiaB, 3aKm-oqeHI15I ll CIIllCKa 6n6JII10-
rpa¢nn. OfrbeM ,n;nccepTaU,YIYI cocTaBJI5IeT 212 CTpattnu,, BKJiroqa71 85 pYICYHKOB, 
10 Ta6JIYII1, I1 CIIYICOK 6¥I6JIYIOrpa¢n¥I li3 225 HaYIMeHOBaHYI:ti:. 

BBe,z:i;eHMe 

Bo BBe,IJ,eHHYI o6ocHoBaHa aKTyanhHOCTb Hccne,n;oBamrw ,IJ,¥IcppaKU,¥IOHHbIX rrpo
u,eccoB B rny6oKotteyrrpyroM ep pacce5Imrn; orrpe,IJ,eJieHa u,eJib pa6oThI YI c¢opMy
JIYipoBaHbI r-rnycrna5I HOBH3Ha M HayqHo-rrpaKTMqecKa5I 3Haq¥IMOCTb pa6oTbI. Bo 
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BBe,n;eHHI1 TaKIB:e rrepeql1CJI5IIOTC5l OCHOBHbie pe3yJibTaTbI, KOTOpbie BbIHOC5ITC5l Ha 

3all.J,I1TY, ,n;aeTC5l o6ocHOBaHHe HX ,Il;OCTOBepHOCTH l1 IIpI1B0,1J;I1TC5l CIIHCOK Me)K,n;yHa

pO,lJ;HbIX KOHcpepeHIJ,HH, Ha KOTOpbIX 3TH pe3yJibTaTbl ,lJ;OKJia,D;bIBaJIHCb aBTOpOM. 

2.1 ,II;11cppau;I:I5.I l:I a,n;poH-a,n;poHHbie B3al:IMO,l1;€MCTBI:I5.1 

B rrepBoil rJiaBe ,n;aeTC.H KpaTKOe BBe,n;emrn B TeopeTwrncKne rro,n;xo,n;b1, rrpHMeH5le

Mbie rrpH HHTeprrpeTaIJ,HH 3KCrrepHMeHTaJibHbIX ,n;aHHbIX ITO ,1J;I1cppaKIJ)1H B a,n;poH

a,n;pOHHbIX B3aHMO,D;eHCTBI15IX, BB0,1J;5ITC5l OCHOBHbie TepMI1Hbl TeopmI IIOJIIOCOB Pe

,Il;)Ke, rroH5ITI1e TpaeKTOpHH pe,n;)KeOHa H TpaeKTopnn IToMepaw-iyKa ( rroMepoHa) 

,D;JI5I orrHcaHH.H rrpou,eccoB yrrpyroro pacce.HHH.H H rrpou,eccoB ,n;Hccou,HaIJ,mI a,n;po

HOB rrpH BbICOKHX 9HeprI15IX. 

2.2 rJiy60KOHeyrrpyroe ep pacce5IHH€ 

Bo BTOpOH rJiaBe rrpHBO,Il;5ITC5l OCHOBHbie KHHeMaTW-IeCKHe rrepeMeHHbie ,Il;Jl.H OIIH

caHI15l rrpou,ecCOB rJiy6oKOHeyrrpyro pacce.HHI15I (rHP)' BBO,Il;HTC5I IIOH.HTHe CTpyK

TYPHbIX cpyHK1J,HH rrpoToHa H ,n;aeTC5l Hx HHTeprrpeTaIJ,HR B paMKax KBapK- rrap

TOHHoil MO,D;eJII1 H TeOpHI1 CHJihHbIX B3aHMO,D;eMCTBHH - KBaHTOBOH xpoMO,Il;HHa

MHKH (KX~). ~aJiee BBO,Il;I1TC5l TeopeMa KX~ o KOJIJIHHeapHoii: cpaKTOpHsau,nn 

H rrpHBO,Il;5ITC5I pa3JIHqHbie cxeMbl 3BOJIIOIJ,HH rrapTOHOB, I1CIIOJih3yeMbie rrpH HH

TeprrpeTaIJ,HH 3KcrrepHMeHTaJihHbIX ,n;aHHbIX. B rJiaBe TaK)Ke yKa3aHhI Mo,n;eJIH, 

KOTOpbre CB513bIBaIOT ,n;HcppaKI.J,HOHHbie rrpou,eccbI H rrpou;eccb1 rJiy6oKoHerrpyroro 

pacce5IHH5I. B 3aKmoqeHHe Ha rrpHMepe ,D;IIarpaMM BB0,1J;5ITC5l OCHOBHbie KHHeMa

TnqecKHe rrepeMeHHbie ,Il;Jl5I OIII1CaHH5I ,D;HcppaKIJ,I10HHbIX rrpou,ecCOB B rJiy6oKO

HeyrrpyroM pacce5IHI1H (~rHP) H o6cy)K,n;aIOTC5I TOIIOJIOrHqecKHe oco6eHHOCTI1 

peaK1J,I1H. 

KHHeMaTHqecKHe rrepeMeHHhie, orrI:IcbrnaIOillHe rroJiyHHKJII03HBHbIH rrpou,ecc 

~rHP, rrpIIBe,n;eHhI Ha PHc. la. ~OJIR rrpo,n;oJibHoro HMITYJibca (x IP), rrepe,n;aHHaR 

rrpoToHoM B pe3yJihTaTe 6ecI.J,BeTHoro o6MeHa rroMepoHoM IP H ,n;oJIH rrpo,n;oJib

noro HMIIYJihca IP, rrepe,n;ammR KBapKy, pacceRHHOMY rrn BHpTyaJibHOM cpoToHe 

((3)' CB5I3aHbl c MaCillTa6HOH rrepeMeHHOH BbepKena x COOTHOill8HHeM: {3x IP = x. 
'BnpTyaJibHOCTb' cpOTOHa, orrpe,n;eJieHHa.H KaK OTpHIJ,aTeJibHa5I BeJII:IqHHa OT KBa,n;

paTa ero 4-x I1MIIJJibCa, Q2' 5IBJI5IeTC5I MaCillTa6oM ( IllKaJioti) ')KeCTKOCTH' rrpou,ec

ca rHP. B aHaJII13e rrpou,ecCOB rHP I1CIIOJib3JeTC5I TaK)Ke rrepeMeHHa.Hy, KOTOpa5I 

Ha3bIBaeTC5I 'HeyrrpyroCTbIO' peaKIJ,HH l1 orrpe,n;eJIReT ,Il;OJIIO I1MIIJJibCa 9JieKTpO

Ha, rrepe,n;aHHYIO BIIpTyaJibHOMY cpOTOHY B CIICTeMe IIOK05I rrpOTOHa. ITepeMeH

Hbie rHP He 5IBJI5IIOTC5I He3aBI1CI1MbIMI1 H CB5I3aHbl COOTHOIJleHHeM: Q2 = sxy, 
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Pnc. 1: ,Il;narpaMMhI JIH,11,ttpyrorn;ero rropH,n;Ka: a)rroJiyHHKJII03HBHOM peaKI.I;HH ,n;n¢paKI.I;HOHHOro 
fHP ep -t eXp; 6)peaKI.I;HH cPOTOH-rJIIOOHHOrO CJIHHHHH ep -t ejjX'p. 

r,n,e s npe,IJ,CTaBJrneT KBa,n,paT HHBapHaHTHOH MaCCbl CHCTeMbl ep. I1epeMeHHa5I 

MaH,n,eJiblllTaMa t onpe,n,eJrneT KBa,n,paT nepe,n,aHHoro 4-x HMIIYJihca B npoTOHHOfi 

seplllirne. ITepeMeHHa5I Mx orrpe,n,eJI5IeT HHBapHaHTHYIO Macey a,n,poruwtl CHCTe

MbI X. Ha PHc. 16 rroKa3aHa ,n,HarpaMMa npou;ecca ¢oToH-rJIIOOHHoro CJIH5IHH5I 

ep -t ejjX'p c o6pa30BamrnM ,IJ,BYX CTpyfi a,n,pOHOB jj l1 JIH,IJ,HpyIOr.u;ero npOTO

Ha B KOHeqHOM COCT05IHHH. )::(JI5I xapaKTepMCTHKH npou;ecca o6pa30BaHI15I ,IJ,BYX 

CTpyfi a,n,pOHOB BBO,IJ,l1TC5I nepeMeHHa5I ZJp, KOTopa5I npe,IJ,CTaBJI5IeT ,ll,OJIIO HMIIYJih

ca ,n,tt¢paKJJ;MOHHoro o6MeHa ( rroMepoHa IP), nepe,n,aHHYIO napTotty, yqacTBYIO

r.u;eMy B KX)::( 9BOJIIOJJ;MH H rJiy6oKoHeynpyroM pacceZIHHH. )::(JIZI ,n,HarpaMMbI JIH

,D,Hpyror.u;ero IIOp5I,IJ,Ka KBapK-IIapTOHHOfi MO,IJ,eJIH (KTIM), IIOKa3aHHOfi Ha PMC. la, 

BepHO COOTHOilleHHe: z IP = /3. ,Il;JI5I npou;eccoB IIOp5I,IJ,Ka as l1 Bbl Ille, BepHO COOT

HOilleHHe: 0 < /3 < ZJp. 

2.3 9KcrrepHMeHT Hl 

B TpeTbefi rJiaBe rrp11BO,IJ,5ITC5I ocHOBHbre napaMeTpbr aJieKTpoH- npoTOHHoro KOJI

Jiafi,n,epa HERA (Hadron Electron Ring Accelerator) 11 ,LJ;aHo onHcaHHe ,n,eTeKTO

poB ycTaHOBKH Hl, KOTOpbie Ba)KHbI ,n;Jrn MCCJie,IJ,oBaHH5I ,IJ,HcPpaKJJ;HOHHbIX npo

u;eccoB B rJiy6oKoHeyrrpyroM ep pacceZIHHM. 8Kcnep11MeHTaJibHbre ,n,aHHbre no 

)::(rHP, KOTOpbie aHaJIH311pyroTc5I B ,n,aHHotl pa6oTe, noJiyt-reHbI Ha ycTaHoBKe Hl 

B ep B3al1MO,IJ,eficTBI15IX np11 9HeprHH B Cl1CTeMe u,eHTpa Mace Vs = 301 l1 319 

raB B rrep110,n, Me)K,IJ,y 1997 11 2007 rr .. 

)::(aJiee o6cy)K,IJ,aIOTC5I 9KCIIepHMeHTaJibHbie MeTO,D,bI perHCTpaU,HlI ,D,I1<ppaKU,lI

OHHbIX rrpou;eccoB B rJiy6oKoHeyrrpyroM ep pacce5IHHH. )::(H¢paKU,HOHHbie rrpou,ec

CbI B rHP xapaKTepI13YIOTC5I HaJIMqYJ:eM B KOHeqHOM COCT05IHHM JIM,D,MpyIOII.J,ero 

rrpoToHa, Hecyrn;ero 6oJibIIIYIO ,D,OJIIO 9Hepr¥rn rrpoToHa rrytrna (E~/ Ep > 90%), 
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I:IJII:I HaJiwrneM 6oJibllloro 6bICTpOTHoro I:IHTepBaJia (BBI1, large rapidity gap, 

LRG) Me)K,IJ,y JII:I,I1,I:Ipy10ru;HM npOTOHOM ( I:IJII:I npo,IJ,yKTaMI:I ,IJ,I:Icco.u;I:Iau;I:III ITPOTOHa 

- cI:IcTeMo:tl Y) II CI:ICTeMo:tl a,IJ,pOHOB X (PIIc. 1). B nepBoM MeTo,IJ,e paccem-1-

HbI:i1 ITPOTOH perI:ICTpI:IpyeTC5I B CIT8KTpOM8Tpe Jll:I,1J,I:Ipy1olll,I:IX ITpOTOHOB (forward 

proton spectrometer, FPS) - cI:IcTeMe TpeKOBbIX ,IJ,eTeKTopoB, ycTaHOBJieHHbIX Ha 

paCCT05IHl:Il:I 60-90 M ITO HaITpaBJI8Hl:IIO npOTOHOB OT TOqKI:I ep B3aI:IMO,IJ,e:tlcTBl:I5I 

B ycTaHoBKax Hl II ZEUS. CI:IcTeMa MarHI:ITOB ycKopIIT8JI5I HERA OTKJIOH7IeT 

pacce5IHHbie npoTOHbI, LJTO IT03BOJI5.IeT I:I3MepI:ITb I:IX IIMnyJibCbI. XapaKTepIICTI:I

KI:I cITeKTpoMeTpa JII:I,1J,I:Ipy10ru;I:Ix ITpOTOHOB FPS ycTaHOBKI:I Hl OITI:ICaHbI B pa6o

Tax [1, 3, 4, 22-24]. Bo BTopoM MeTo,IJ,e BbI,IJ,8JI7IIOTC7I co6bITI:I7I, B KOTOpbIX oTcyT

CTBYIOT BbICOK03HeprI:IqHbie a,n,pOHbI B 60JiblllOM l:IHTepBaJie ITO ITC8B,IJ,06bICTpOTe 

B ITepe,IJ,He:tl o6nacTI:I ycTaHOBOK Hl II ZEUS OTHOCI:ITeJibHO HaITpaBJieHI:I7I ITyqKa 

npoToHoB [2, 5]. Bepo7ITHOCTb B03HI:IKHOBeHI:I7I 6oJiblllOro I:IHTepBaJia ITO ITCeB

,IJ,06brcTpoTe !:lry 3KCITOH8HIJ;I:IaJibI-IO ITO,D;aBJieHa B H8,IJ,l:IcPPaKu;I:IoHHbIX co6bITl:I5IX. 

cho IT03BOJI5I8T Ha,IJ,8)KH0 l:I,1J,8HTI:IcPI:IIJ;I:IpOBaTb ,Il,l:IcPPaKIJ)JOHHbie ITpOIJ;8CCbI, Be

p05ITHOCTb KOTOpbIX paBHOMepHo pacITpe,n;eneHa ITO BeJIWrnHe I:IHTepBaJia flry. B 

,Il,l:IcPPaKu;I:IOHHbIX npo.u;eccax !:::.. T/ rv ln 1 Ix IP l:I Tpe6oBaHI:Ie LRG !:::.. T/ BbI,IJ,eJI5IeT 

co6bITI:I5I c MaJibIMI:I XIP ;S 0.03. MeTo,n; LRG He no3BOJI5IeT II,IJ,eHTI:IcPI:IIJ;I:IpoBaTb 

co6bITI:I5I c 6oJibllll:IM x IP II 6oJiblllO:i1 I:IHBapIIaHTHOti: Macco:i1 Mx, T.K. ITpI:IMecb 

He,IJ,IIcPPaKu;I:IoHHbIX co6bITI:I:i1 yBeJIHqI:IBaeTC7I c pocToM x IP ( Mx). 

MeTo,IJ, 6oJibllloro 6bICTpOTHoro I:IHTepBaJia ,IJ,aeT 3HaqI:ITeJibHO 6oJiblllYIO cTa

THCTHKY ,lJ,l:IcPPaK.u;I:IOHHbIX co6bITI:IH, qeM MeTO,Il, JIH,IJ,I:Ipyr-oru;ero ITPOTOHa, KOTO

pbI:i1 orpaHI:IqeH MaJibIM aKcerITaHcoM cITeKTpoMeTpa FPS. 0,IJ,HaKo co6bITI:I5I c 

LRG BKmo11ar-oT ITpou;eccbI ,IJ,IIcPPaKu;rroHHO:i1 ,IJ,I:Icco.u;I:Ia.u;I:II:I npoTOHa B cocT05IHI:I5I 

C MaJIOH MaCCOM My, BKJia,IJ, KOTOpbIX ( rv 20%) HeB03MO)KH0 ITOHl:I3l:ITb l:I3-3a 

orpaH11qeHH:i1 aKceITTaHca 3KCITepI:IMeHTaJibHbIX ycTaHOBOK Hl II ZEUS B ITepe,IJ,

Heti: o6JiaCTI:I no 6bICTpoTe. OcHOBHbIMM I:ICToqHI:IKaMI:I cI:IcTeMaT11qecKIIX ITorpelll

HOCTe:i1 B MeTo,IJ,e LRG 5IBJI7IIOTC5I HeperncTpau;I:I5I JII:I,IJ,I:Ipyr-olll,ero npOTOHa, BKJia,IJ, 

cPOHOBbIX He,IJ,I:IcPPaKIJ;l:IOHHbIX npou;ecCOB M ll\YMOB ,IJ,eTeKTOpa, KOTOpbie ITo,n;aBJI5I

IOT LRG. B MeTo,IJ,e LRG HeB03MO)KHO II3MepeHI:Ie BeJIHLJI:IHbrt ,IJ,JI5I I:IHKJII03I:IBHbIX 

ITpou;eccoB )J;rHP, IT03TOMY H3MepeHHbie ceqeHI:I5I I:IHTerpIIpoBaHbI not B 06Jiacn1 

It I < 1 r3B2. CI:ICTeMaTI:ILJeCKI:Ie ITOrpelllHOCTl:I MeTO,IJ,a JIH,D;I:Ipy10w;ero rrpOTOHa 

oITpe,IJ,eJI5IIOTC5I Heorrpe,IJ,eJieHHOCT5IMH rroJIO)Kemrn ,n,eTeKTopoB FPS OTHOCHTeJibHO 

ITyqKa npoTOHOB 11 HeoITpe,n,eJieHHOCT7IMI:I MarHI:ITHOti: OITTIIKI:I ycKopI:ITeJI5I HERA, 

a TaK)Ke MaJibIM aKceITTaHCOM FPS. K rrpeIIMyru;ecTBaM 3Toro MeTO,IJ,a MO)KHO OT

HeCTH rrp5IMOe H3MepeHI:Ie B8JIHqHH x IP l:I t ITO 3Heprl:Il:I l:I norrepeqHOMY l:IMilYJibCY 

Jll:I,1J,HpyIOlIJ,8rO IlpOTOHa. ropI:I30HTaJibHbI8 perI:ICTpI:IpyIOlll,l:I8 CTaHIJ;l:Il:I CI18KTp0-

MeTpa Hl FPS qyBCTBI:ITeJibHbI K npou;eccaM )J;rHP B 6onee lllHpoKoi1 o6nacTI:I 

x IP ;S 0.1 no cpaBHeHHIO c o6JiaCTbIO I:I3MepeHI:I7! MeTo,n;oM LRG. B 3To:tl 06-
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JiaCTli B03MO:IKHO l13MepeHrre npou;ecCOB o6MeHa noMepOHOM, a TaK:IKe BKJia,.u;a B 

ceLJ.emre npou;eccoB o6MeHa pe,.u;:1KeOHOM, KOTOpbie no,.u;aBJieHhI B o6JiaCTI:I MaJihIX 

x1p. B npou;eccax ,D;rHP, I:I3MepeHHbIX c noMOill,bIO roprr30HTaJibHbIX ,.u;eTeKTopoB 

cneKTpoMeTpa FPS, 011eHb MaJI BKJia,.u; npou;eccoB ,.u;I:Iccou;rrau;1rn: npoToHa. MeTo

,Ll;bI l:I3MepeHl15l ,IJ;I:ICppaKIJ;l:Il:I B rHP c nOMOill,bIO MeTO,IJ;OB LRG l:I FPS HMeIOT 

pa3Hbie l:ICTOLJ:Hl:IKI:I Cl:ICTeMaTI:I1IeCKl1X norpeIIIHOCTeti I:I, TaKI:IM o6pa30M, ,.u;aIOT 

,.u;onOJIHI:ITeJibHYIO npoBepKy T01IHOCTI:I l:I3MepeHI:Ill. 

,l];aJiee B r JiaBe onI:ICbIBaeTC5l M8TO,IJ; perI:ICTpaIJ;I:Il:I JII:I,IJ;I:IpyIOill,l:IX npoTOHOB B 

cneKTpoMeTpe FPS ycTaHOBKI:I Hl. IlpoTOHhI, pacce7lHHhie B ep B3aI:IMo,.u;eticTBI:II:I 

Ha yrJibI ~ 1 Mpa,.u;, OTKJIOH5lJII:ICb nyLIKOBbIMI:I MarHI:ITaMI:I KOJIJrnti,.u;epa HERA 

Ha paCCT05lHI:Ie HeCKOJibKl:IX caHTHMeTpOB OT u;eHTpaJJbHOll op6I:ITbI npOTOHHOro 

ny11Ka l:I perI:ICTpI:IpOBaJII:ICb Cl:ICT8MOH ,.u;eTeKTOpOB, ycTaHOBJieHHbIX B6JII:I3l:I ny11-

Ka npoTOHOB c noMOill,bIO no,.u;BI:I:IKHbIX cTattu;I:Iti, TaK Ha3hrnaeMbIX Roman Pots. 

Ka:1K,z:i;a51 no,.u;BI:I:IKHa5l cTaHIJ;I:I5l cneKTpoMeTpa FPS [24] co,.u;ep:1Kana 11eTb1pe Koop

,Ll;I:IHaTHbie nJJOCKOCTl:I CIJ;l:IHTllJI5lIJ;l:IOHHbIX qrn6epHbIX ,.u;eTeKTOpOB, KOTOpbie BMe

CTe I:I3Mep51JII:I ,IJ;Be opToroHaJibHbie KOOp,IJ;I:IHaTbI nepece11eHI:I5l TpeKa pacce51HHO

ro npoToHa B nnocKOCTI:I ( x, y). CBeT c CIJ;I:IHTI:IJ151IJ;I:IOHHbIX q:rn6epoB co6I:Ipanc51 

Ha MHoroKaHaJJbHbie n03I:IIJ;I:IOHHO-LJ:YBCTBrrTeJibHbie ¢oToyMHO:IKI:ITeJJI:I (II-Y: <I> Y, 
position sensitive photomultipliers, PSPM). Koop,z:i;I:IttaTbI pacnono:1KeHI:I5I ny11-

KOBbIX MarHI:ITOB, a TaK:IKe l:I3B8CTHbie 3Ha1IeHI:I5l MarHI:ITHOro nOJ15l B MarHMTax, 

Il03BOJI5IJII:I BOCCTaHaBJII:IBaTb HMnyJibC l1 yron paCC851Hl:I5l JII:I,IJ;I:IpyIOill,ero npOTOHa 

B T011Ke ep Bsamvro,z:i;eticTBI:I5l. B rJiaBe npI:IBO,IJ;5lTC5l aKcenTaHc cneKTpoMeTpa FPS 

l:I a¢¢eKTl:IBHOCTb peKOHCTPYKIJ;l:Il:I TpeKOB, onI:ICbIBaeTC5l MeTO,IJ; KaJJI:I6poBKl:I no

JIO)K8Hl:I5l ,.u;eTeKTOpOB OTHOCI:IT8JibHO ny11Ka npOTOHOB l1 MeTO,IJ; peKOHCTPYKIJ;l:Il:I 

I:IMnyJJbCa pacce5lHHOro npOTOHa, npl:IBO,IJ;51TC5I ou;eHKl:I pa3peIIIeHI:I5l cneKTpOMeT

pa l:I Cl:ICTeMaTI:I1IeCKl:IX rrorpeIIIHOCTefi l:I3MepeHI:Ill. 

,D;attHbie FPS HERA I 6bIJII:I HaKonJieHhI B sKcnepI:IMeHTe Hl B e+p B3aI:IMO

,.u;eticTBM5lX B Te11eHI:Ie 1999 I:I 2000 rr .. ,lJ;aHHbie HERA II c JII:I,IJ;I:IpyIOill,I:IM npo

TOHOM, saperI:IcTpI:IpoBaHHhIM B cneKTpoMeTpe FPS, 6hIJII:I nony11eHbI B e-p I:I 

e+p B3aI:IMo,.u;e:ti:cTBI:I5lX nocJie Mo,.u;epttrr3aIJ;I:II:I Konafi,.u;epa HERA I:I ycTaHOBKI:I Hl 

B nepI:Io,.u; c 2005 no 2007 rr. Pa3peIIIeHrre FPS no 3HeprI:II:I pacce5lHHoro rrpoToHa 

COCTaBJI518T rv 5 rsB. PaspeIIIeHI:Ie no KOMnOI-IeHTaM nonepe11Horo l:IMilYJibCa pac

C85IHHOro npOTOI-Ia COCTaBJI518T rv 40(50) MsB ,IJ;JI5l Px l:I rv 100(150) MsB ,IJ;JI5l Py, 
cooTBeTCTBeHHo, ,IJ;JI5l ,.u;aHHbIX FPS HERA I (HERA II). OcHOBHoti BKna,.u; B pas

peIIIeHI:Ie cneKTpoMeTpa FPS ,.u;aeT pas6poc rrpoTOHHoro ny11Ka no rrorrepeqHoMy 

I:IMrrynhcy B TOLJ:Ke B3aI:IMo,.u;eticTmrn. Pa3peIIIeHI:Ie cneKTpoMeTpa rro KBa,rr,paTy 

rrepe,.u;aHHoro 4-x I:IMIIYJJbca B rrpoTOHHOti BepIIII:IHe t ,IJ;JI5I ,.u;aHHbIX FPS HERA 

I l:I3M8H518TC5l OT 0.04 rsB2 rrpl:I ltl = 0.08 rsB2 ,.u;o 0.08 rsB2 npl:I ltl = 0.5 

raB2 . CooTBeTCTBYIOI.LJ,ee paspernei-rne no t ,IJ;JI51 ,.u;aHHbIX FPS HERA II l:I3MeH7I-
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eTC51 OT 0.06 raB2 rrpI1 ltl = 0.1 raB2 ,n;o 0.17 raB2 rrpI1 !ti = 0.7 raB2. Pa3HHil,a 

B paspeIJJeHHH oITpe,n;eJrneTC51 6oJibIJJHM pa36pocoM ITyqKa rrpoTOHOB ITO Px I1 Py 
B rrepno,n; HERA II. B ITepHO,Il, HERA II cTaTMCTMKa peKOHCTpynpoBaHHbIX co-

6hIT.Hti: ,LI,rHP c JII1,I1,I1py1oru;11M ITPOTOHOM COCTaBMJia ('-.) 69000, qTo B ry 21 pa3 

6oJihIJJe rro cpaBHeHMIO c rrepwo,n;oM HERA I. YBeJinqeHne cTaTI1CTI1KI1 cTaJio B03-

MO:IKHbIM sa cqeT yBemrqeHI151 cBeTYIMOCTYI KOJIJiati:,n;epa HERA, aKceITTaHca FPS, 

acpcpeKTYIBHOCTI1 peKOHCTPYKil,YIH TpeKOB B FPS, a TaK:IKe sa cqeT 6oJihIJJefi OITe

pau;woHHOti: acpcpeKTYIBHOCTYI Ha6opa ,n;aHHhIX B pe3yJibTaTe rrpm.vreHeHYI51 6oJiee 

coBepIJJeHHoti: CYICTeMhI IT03I1Il,HOHI1pOBaHYI51 YI KOHTpOJI51 ,n;eTeKTopoB FPS. 

B saKJIIOqeHYie rJiaBhI ITpYIBO,Il,51TC51 ycJIOBI151 BhI,IJ,eJieHYI51 co6bITHti: MeTO,Il,OM 

LRG B u;eHTpaJibHbIX ,n;eTeKTopax ycTaHOBKH Hl, ,IJ,aIOTC51 ou;eHKH acpcpeKTHB

HOCTH MeTO,IJ,a H BKJia,IJ,a rrpou;eccoB ,Il,MCCOI.l,Hal.l,HH ITPOTOI-Ia, orrpe,IJ,eJI51eTC51 KHI-Ie

MaTnqecKa51 o6JiaCTb M3MepeHH7I ITO ITepeMeHHbIM My H t. 

2 .4 AHaJu1s 9KcrrepuMeHTaJihHhIX µ;aHHhIX u M3MepeHue ceqeHM.H ,n;u

¢paKu;MoHHoro rJiy6oKotteyrrpyroro ep pacce.HHM.H 

,Ll,aI-IHhie FPS HERA I, ncrroJih3yeMhre B aI-IaJIMse HHKJII03MBHbIX ceqeI-Inti: rrpo

u;eccoB ,LI,rHP c JIH,IJ,Hpyroru;HM ITPOTOHOM B KOHeqI-IoM COCT051HHH, COOTBeTCTBy

IOT HHTerpaJibHOH cBeTHMOCTH 28.4 rr6-1. ,Ll,aI-IHbie HERA II c JIM,IJ,npy10ru;11M 

rrpoTOHOM, saperncTpYipOBaHI-IhIM B cITeKTpoMeTpe FPS, wcrroJibsyeMhre KaK ,IJ,JI7I 

aHaJm3a I1HKJII03HBHbIX ceqeHHti:, TaK If ceqeHMH o6pa3oBaHM51 ,Il,BYX ':IKeCTKI1X' 

CTpyti: a,IJ,pOHOB B ,IJ,McppaKil,HOHHOM rHP, COOTBeTCTBYIOT HHTerpaJibHOll CBeTM

MOCTI1 156.6 rr6-1. B rrepHO,Il,bI FPS HERA I 11 FPS HERA II KOJIJiati:,IJ,ep HERA 

ycKOp51JI ITyqKM e± H rrpOTOHOB ,Il,O 3HeprMti: Ee= 27.6 raB H Ep = 920 raB, qTo 

orrpe,IJ,eJI.HJIO 3HeprMIO B CMCTeMe I.l,eHTpa Mace ep CTOJIKHOBeHMH Vs = 319 raB. 

,Ll,JI51 aI-IaJIMsa rrpou;eccoB ,.o;rHP c o6pa30BaH11eM LRG B KOHeqI-IoM cocT051I-IHH 

MCITOJib30Bam-rcb pa3Hbie Ha6opbl ,IJ,aHHbIX ,Il,Jl51 pa3HbIX o6JiaCTffH l13MepeHHM ITO 

Q2. ,Il;JI51 Bcex Ha6opoB ,n;aI-IHhIX KOJIJiati,n;ep HERA pa6oTaJI B pe:IKMMe rros11TpoH

rrpoTOHHbIX CTOJIKHOBeHI1ll. ,1J;JI7I H3MepeHMll B HHTepBaJie 3 < Q2 < 13.5 rsB2 

rrpnMeH.HJIHCh ,n;attHhie, Ha6paHHbie B 1997 r. c MCITOJib30BaHMeM Tp11rrepa Hl 

minimum bias. B rrpoMe:IKyToqI-Iofi o6JiaCTM 13.5 < Q2 < 105 raB2 rrpMMeH51-

JIHCb ocHOBHhre ,IJ,aHHbie, Ha6paHHbre B TeqeHne 1997 r .. B 3THX ,n;aHHhIX pacce7IH

Hhiti: IT03HTpoH peKOHCTpywpoBaJic51 B sJieKTpoMarHHTHOM SpaCal KaJiopHMeTpe. 

B KHHeMaTMqecKOti: o6JiaCTH Q2 > 133 raB2 rrpHMeH51JIHCb ,IJ,aHHbie, Ha6paHHbie B 

TeqeHHe 1999-2000 rr .. B 3THX ,IJ,aHHbIX pacce.HHHbiti: II03HTpoH per11cTp11poBaJIC5I 

B LAr KaJiopHMeTpe. 9Heprl151 ITyqKa II03HTpOHOB COCTaBJI51Jia Ee = 27.6 raB. 

9I-IeprH51 IIT-IKa rrpOTOHOB COCTaBJI51Jia Ep = 820 rsB B 1997 r. H Ep = 920 raB 
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B rrep110,n. 1999-2000 rr., 'ITO orrpe,n.emrno 3Heprmo B cMcTeMe o;eHTpa Mace ep 
CTOJIKHOBeHMfi, COOTBeTCTBeHHO, Vs= 301 r3B H Vs= 319 r3B. 

)J;aJiee OITMCbIBaIOTC51 MeTO,D;bl peKOHCTPYKD;MM KMHeMaTHqecKMX rrepeMeHHbIX. 

ITepeMeHI-Ibie rHP y, Q2' x orrpe,n.emurncb KOM6MHHpOBaHHbIM MeTO,II.OM, KOTO

pbIM B pa3HbIX KMHeMaTHqecKHX o6JiaCT5IX CBO,II.MTC5I K MCITOJib30BaHMIO ITOJI5IpHO

ro yrJia H 3HeprHH pacce51HHoro 3JieKTpoHa ('electron method') MJIM ,n.syx rrOJI51p

HbIX yrJIOB: paccemrnoro 3JleKTpOHa H KOHe'IHOro a,n.pOHHOro COCT051HH51 ('double 

angle method'). KoM6MHHposaHHbifi MeTo,n. rro3BOJ15.IeT Ha,n.e:tKHO peKOHCTpy11po

BaTb KHHeMaTHKY rHP B urnpOKOH o6JiaCTH M3MepeHHH ITO y. 

l11rnapvrnHTHa5I Macca Mx a,n.poHHofi CHCTeMbI X (P11c. la) CB.~13aHa c ,n.pyrMMH 

rrepeMeHHbIMM )J;rHP COOTHOwemrnMH: 

f3 = Q2 /(Q2 +Mi - t) ; XIP = (Q2 +Mi - t)/(Q2 + w2 - m;) ' (1) 

r,n.e W - 3Heprrrn B CMCTeMe u;ettTpa Mace peaKD;HH 1*p, mp - Macca rrpoToHa. ITe

peMeHHbie fHP CB513aHbI COOTHOUiemreM: W2 t"V sy - Q2. IT pH aHaJIH3e co6bITMM 

c LRG BeJUI'IMHbI f3 H x IP BbiqHcJJ.HJIHCb corJiacHo cpopMyJiaM 1. B peaKD;H51x, 

r,n.e c rroMOio;bIO crreKTpoMeTpa FPS H3MepeHbI 3HeprH.H H rrorrepe'IHbiti: HMITJJibC 

JIH,D;Hpy10rn;ero rrpoToHa, rrepeMeHHbie XIP YI f3 orrpe,n.eJI.HIOTC51 cJie,n.y10rn;eM o6pa-

30M: 

x1p = 1- E~/Ep; f3 = x/xrp (2) 

ITpH HCIIOJib30BaHHH MeTo,n.a JIH,n.Hpy10w;ero rrpoToHa B o6JiaCTH MaJibIX XJp ;S 
0.01, rrepeMeHHa.H f3 peKOHCTpy11pyeTC5I rro cpopMyJie 1. TaKofi MeTo,n. ,n.aeT nyq

wy10 TOqHOCTb H3MepeHH51. 

KBa,n.paT rrepe,n;aHHoro 4-x MMIIYJibCa B rrpoTOHHOti: BepIIIHHe t = ( P - P')2 

peKOHCTpyHpyeTC51 no rrorrepe'IHOMY HMITYJibCY JIH,II.Hpy10w;ero rrpoToHa Pt H rre

peMeHHoiI x IP corJiacHo cpopMyJie: 

p; 
t = tmin - ---

1- XIP 

2 2 
x 1pmp 

tmin = - 1 -XJp 
(3) 

r,n.e ltminl eCTb KHHeMaTH'leCKH MHHHMaJibHO ,n.ocTyrrttoe B peaKD;HH 3Ha'leHHe It!. 
BeJIH'IHHa ZIP, orrpe,n.eJrneMa51 ,IJ;JI51 rrpou;eccoB o6pa3oBaHH51 ,n.Byx cTpyiI a,n.po

HOB B )J;rHP (P11c. 16)' CB5I3aHa c ,n;pyrHMH rrepeMeHHbIMH )J;fHP COOTHOUiemi:eM: 

Q2 + M?. 
z - JJ 

IP - Q2 +Mi' (4) 

r,n.e Mjj rrpe,n.cTaBJI5IeT co6oI1 scp¢eKTHBHYIO Macey ,n.Byx cTpyti: a,n.poHOB. 
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)J;aJiee B rJiaBe OIHICbIBaIQTC5I KpIITepIIM OT6opa co6bITIIfi ,IJ;rHP c JIII,II,IIpyro

IIJ;IIM rrpoTOHOM IIJIII LRG B KOHe-Y:HOM cocT07IHIIII, KOTOpbie BKJIID-Y:aIDT ycJIOBII5I 

sarrycKa (TpIIrrepa) ycTaHOBKII Hl, KpIITepIIII, HaJiaraeMbie rrpII peKOHCTpyKIJ,IIII 

BepIIIIIHbl B3aIIMO,ll,ei1cTBII5l, pacce5IHHOI'O 9JieKTpOHa, JIII,II,IIpyroIIJ,ero rrpOTOHa II 

KIIHeMaTIIqecKIIX rrepeMeHHbIX rHP. KpIITeprrn OT6opa co6bITIIfi TaK)Ke BKJIIQ"Y:a

IQT rrpIIMeH7IeMbie orpaHIIqeHII.8 ,II,JI5I IIO,II,aBJieHII.8 cpOHOBhIX He,IJ,IIcppaKIJ,IIOHHbIX 

rrpou.eccoB II rrpou.eccoB cpOTOpO)K,II,eHII.8, a TaK)Ke cpOHOBbIX co6hITIIll B crreKTpo

MeTpe FPS OT raJio rry-Y:Ka rrpoTOHOB. PeKoHcTpyIIpoBaHHhie ,II,aHHbie FPS HERA 

II co,II,ep)KaJIII oKoJio 68200 co6bITIIfi B o6JiaCTII 11poMe)KyTO-Y:HhIX 4 < Q2 < 110 
r9B2 H OKOJIO 400 co6bITIIfi B o6JiaCTII 60JibIIIHX 120 < Q2 < 700 r9B2. Pe

KOHCTpyIIpOBaI-IHbie ,II,aHHhie FPS HERA I co,II,ep)KaJIII OKOJIO 3300 co6bITIIfi B 

o6JiaCTII 2 < Q2 < 50 r3B2. 

Ha ,II,aHHhIX FPS HERA II ,II,eJiaJiach BhI6opKa co6hITHi1 ,IJ;rHP c ,II,BYM.H cTpy

.HMH a,II,pOHOB. KpIITepIIII oT6opa orrpe,II,eJI.HJIIICh o6JiaCTbID no rrceB,ll,06hICTPOTe 

r; = - ln tan() /2 CTPYII a,II,pOHOB, 110 rrorrepe-Y:HOMY HMIIYJibCY CTPYII PY, B CH

cTeMe u,eHTpa Mace 1*p II 110 3¢¢eKTIIBHoi1 Macce ,II,Byx CTpy:H Mjj. )J;JI.H peKOH

CTpyKIJ,HII CTpy:H a,II,pOHOB HCIIOJih30BaJIC.8 KJiaCTepHblll kr-aJiropIITM, rrpIIMe:HeH

HbIH B CHCTeMe u,eHTpa Mace 1*p. )J;JI5I TOIIOJIOI'IIH co6bITJiill c ,II,BYM.8 CTPY.HMH B 

u,eHTpaJibHOll o6JiaCTII 6hICTpOT (UOB) 11pHMeH5IJIOCh aCCHMeTpII-Y:HOe Tpe6oBa

HHe Ha PY, ,IJ,JI5I JIII,II,IIpy101u.ei1 H cJie,II,yIOIIJ,ei1- sa-JIH,II,IIpy10IIJ,ei1 cTpy:H a,IJ,pOHOB. 

)J;JI5I TOIIOJIOI'IIII co6bITHfi c O,II,HOH CTpyefi B IJ;OB II 0,II,HOti CTpyei1 B rrepe,II,Hefi 

o6JiaCTII 6bICTpOT (ITOB) rrpHMeH5IJIOCb orpaHrrqeHrre Ha 3cp¢eKTIIBHYIO Macey 

,IJ,Byx CTpyi1 Mjj. TaKIIe orpam1qeHH5I II03BOJI5IIOT BhI,II,eJIHTb KIIHeMaTrrqecKyIO 

o6JiaCTh, r,II,e KX,z::I; B cJie,II,yIOIIJ,eM-sa-JIH,II,HpyroIIJ,HM rrop5I,IJ,Ke BhI'(_rncJieHH:ti (next

to-leading order, NLO) ,II,aeT Ha,II,mKHhie rrpe,II,cKa3aHH5I. Bcero 6hmo saper11cTpH

poBaHo 581 co6bITIIe c JHI,II,Hpyiorr.:i;HM 11pOTOHOM II ,II,BYM5I CTPY5IMH a,II,pOHOB B 

UOB H 309 co6bITHi1 c O,II,HOH cTpyei1 B UOB rr O,II,HOH cTpyei1 B TIOB. 

B rJiaBe rrpHBO,IJ,HTC5I ou,eHKa BKJia,II,a cpoHOBhIX co6hITHi1, KOTOpbie BhiqHTa

JIHCh rrpII orrpe,II,eJreHIIII ceqemrn HCCJie,II,yeMhIX 11pou,eccoB. OcHOBHO:ti cpoH B co-

6hITH.HX ,IJ;rHP c JIII,[1,rrpy10IIJ,HM 11poToHoM B FPS rrpoIIcxo,II,HT oT cJiyqaiIHhIX 

COBIIa,IJ,e:HIIH no BpeMeHII He,II,HcppaKIJ,IIOHHbIX co6hITHH, peKOHCTPYHPOBaHHbIX B 

IJ,eHTpaJihHOM ,II,eTeKTope Hl, rr pacce5IHHhIX rrpOTOHOB H3 raJio 11pOTOHHoro rryq

Ka, saperIIcTpHpoBaHHbIX B FPS. TiocJie 11pIIMeHeHH.H KpHTepHeB oT6opa ,II,JI.H 

BhI,II,eJieHH5I IIHKJII03HBHhIX rrpou,eccoB ,IJ;rHP cpoH B FPS oT raJio rryqKa cocTa

BHJI B rreprro,II, HERA II B cpe,II,HeM 133. B rrepHO,II, HERA I cpoHOBbie ycJIOBII7I 

6hIJIH 6oJiee 6JiarorrpII5ITHhie II ¢oH OT raJio rryqKa He rrpeBbIIIIaJI 73. 

)J;aJiee B rJiaBe orrIIchrna10Tc5I ,II,eTaJIH MO,IJ,eJIHpoBaHH5I MeTO,IJ,OM MoHTe KapJio 

rrpou,eccoB ,IJ;rHP ,II,JI51 orrpe,IJ,eJiemrn rrorrpaBOK Ha paspeIIIeHHe H 3cpcpeKTHBHOCTh 
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ycTaHOBKM Hl, ,Il,J15I pacqeTa aKcerrTaHca M CMCTeMaTwrncKMX rrorpernHocTeH:, ,IJ,Jrn 

011,eHKM rrpMMecM cPOHOBbIX co6bITM:H, ,IJ,JI5I pacqeTa BKJia,IJ,a rrpou,eccoB K8,IJ; M3Jiy

qeHM5I cPOTOHOB 9JieKTpOHOM c 11,eJibIO KOppeKU,MM 3KCrrepMMeHTaJibHbIX ,IJ,aHHbIX 

Ha 9TM aQ:>Q:>eKTbI. TipM aHamrne ,IJ,aHHbIX FPS HERA I ,IJ,JI5I MO,IJ,eJIMpoBamrn pe

aK11,M11 ep---+ eXp MCITOJib30BaJiaCb ,Il,MI10JibHa5I MO,IJ,eJib HaCbII11,eHM5I ('saturation' 

model), peaJI113oBattHa5I B reHepaTope co6hITMH RAPGAP. TipM aHaJIMse 6oJiee 

rro3,IJ,HMX ,IJ,aHHhIX FPS HERA II ,IJ,JI5I MHKJII03MBHhIX rrpou,eccoB M po:>K,IJ,eHM5I ,IJ,Byx 

'*eCTKlIX' CTpyH: a,IJ,pOHOB 1ICITOJib30BaJiaCb MO,IJ,eJib COCTaBHOro IlOMepoHa, pea

J1M30BaHHa5I B rettepaTope co6hIT1IH RAPGAP. B ,IJ,aHHo:H MO,IJ,eJIM rrpe,IJ,rroJiara

Jiach Q:>aKTOp1I3aU,H5I rrpou,eccoB B rrpOTOHHOH BepnrnHe H, Hap5I,IJ,Y c JIM,IJ,I1PYIOI11,I1M 

o6MeHOM IlOMepOHOM, yq11TbIBaJIC5I TaK:>Ke BTOpllqHbIH o6MeH pe,IJ,)KeOHOM. ,IJ;m1 

mmcaH115I rroToKa 11 CTPYKTYPhI rroMepoHa 11crroJih30BaJiacb rrapaMeTpM3aU,H5I 'Hl 

2006 Fit B' (rJiaBa 6). TipH attaJIH3e rrpou,eccoB ,IJ;fHP c o6pasoBaHMeM LRG 

B KOHeqHOM COCT05IH1IlI KOM6HH1IpOBaJIHCb HeCKOJibKO MO,IJ,eJie:H. )J;mI rettepau,MH 

co6bIT1IH B o6JiaCTM x IP < 0.15 1ICITOJib30BaJiaCb MO,IJ,eJib COCTaBHOro ITOMepoHa. 

,[I;mI MO,IJ,eJIHpOBaHI15I cPOHOBbIX rrpou,eccoB He,IJ,HQ:>paKU,MOHHOro f HP 113 o6JiaCTM 

Xfp > 0.15 H My > 5 raB HCITOJ1b30BaJIC5I rettepaTop co6bITMH DJANGO. Tipo-

11,eCCbl a,IJ,poH11sau;MH rrapTOHOB MO,IJ,eJIHpoBaJIHCh, rrcrrOJib3Y5I CTPYHHYIO MO,IJ,eJib 

Lund B BepcMH, peam1soBaHHOH B rrporpaMMe PYTHIA. 0TKJIMK ,IJ,eTeKTopoB Hl 

,IJ,eTaJibHO MO,IJ,eJIHpoBaJic5I, 11crroJih3Y5I rrporpaMMY GEANT3. Mo,IJ,eJIMpoBaHHhie 

co6bIT1I5I rrpoxo,IJ,MJIH qepes TY *e u,erroqKy attaJIHsa, qTo 11 ,IJ,JI5I 9KcrrepMMeHTaJib

HhIX ,IJ,aHHbIX. 

Ha PHc. 2 rrp11Be,IJ,eHo cpaBtteHMe ,IJ,aHHbIX FPS HERA II ,IJ,JI5I co6bITHH ,IJ;f HP 

ITOCJie BbiqHTaHH5I Q:>otta c pesyJibTaTaMH MO,IJ,eJIHpOBaHM5I TaKHX co6bITMH reHe

paTopoM RAPGAP. I1oKa3aHbI pacrrpe,IJ,eJieHH.H no rrepeMeHHhIM XJp, Px, Py 11 ltl. 
MottTe KapJio MO,IJ,eJIMpoBaH11e BocrrpoM3BO,Il,HT pacrrpe,IJ,eJiemrn, peKOHCTpyHpo

BaHHhie B crreKTpoMeTpe FPS, B rrpe,IJ,eJiax aKcrrep11MeHTaJibHhIX rrorpelllHOCTe:H. 

,[l;aJiee B rJiaBe OITMCbIBaIOTC5I ,IJ,eTaJilI I13MepeH1I5I ,IJ,McPcPepeHu,HaJibI-IOrO ce

qeHH.H ,IJ,McPpaKIJ;HOHHbIX rrpou,ecCOB fHP. 8KcrrepMMeHTaJibHbie pacrrpe,IJ,eJieH1I5I 

KoppeKTHpoBaJIHCb Ha aKcerrTaHc ycTaHOBKM Hl, BeJIMq11tta KOToporo orrpe,IJ,eJI5I

eTc5I CBOHCTBaMH ,IJ,eTeKTOpa H 1-IaJIO:>KeHHbIMlI orpaHMqeH1I5IMM Ha KHHeMaT11qe

CK1Ie rrapaMeTpbl co6bITI1H. )J;JI5I KOppeKU,lllI 9KCI1epHMeHTaJibHbIX pacrrpe,IJ,eJieHlIH 

Ha aKcerrTaHC ycTaHOBKlI lICI10Jlb30BaJIC5I bin-by-bin MeTO,IJ,, KOTOpblll rrpe,IJ,ITO

JiaraeT 1ICI10Jlb30BaHMe TOJibKO ,IJ,MaroHaJibHbIX 9JieMeHTOB B unfolding MaTp1111,e. 

TI p11 orrpe,IJ,eJieHHH BeJIMqHHhI HHTepBaJia no KMHe:t\rnTI:IqecKMM rrepeMeHHbIM Tpe-

6oBaJiocb, qT06bI qI:ICTOTa BbI6opKH COCTaBJI5IJia He Mettee 70%, TO eCTb COOTBeT

CTBOBaJia ,...._, la- paspewemrn no IICCJie,IJ,yeMo:H rrepeMeHHOi1. CTa6I:IJibHOCTb MeTo

,IJ,a rrpoBep5IJiaCb rryTeM BapbIIpOBaHlI5I Q:>opMbI MO,IJ,eJII:IpOBaHHblX pacrrpe,IJ,eJieHIIH 

ITO KIIHeMaTHqecKIIM rrepeMeHHbIM Xfp, /3, Q2 lI t H 011,eHKII MO,IJ,eJibHbIX CIICTeMa-
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Pn:c. 2: Pacrrpe.II.eJieHMR co6hITMii ,ILfHP c JIM.II.Mpy10rn;n:M rrpoTOHOM, peKOHCTpyn:poBaHHhIM B 

FPS, no a) XJP, b) Px, c) Py, d) Jtl (ToqKn:). <Pott OT rano rryqKa rrpoTOHOB BhrqTeH M3 ,ll,aHHhIX. 
Pacrrpe.II.eJieHMR MottTe KapJio co6hITMM RAPGAP rroKa3aHhI KaK mcTorpaMMhI c oKparneH
HhIMM IIOJIOCaMM, COOTBeTCTBYIOillJ-IMM 9Kcrrepn:MeHTa.JlbHbIM CMCTeMaTn:qecKMM rrorpernHOCT5IM. 

TrrqecKrrx rrorpell1HOCTei11 H3MepeHHbIX ceqeHHi11. ,II,rr¢¢epem.:i;rraJibHOe ceqeHHe B 

liHTepBaJie KOHeqHoro pa3Mepa KOppeKTrrpoBaJIOCb K 3HaqeHrrIO B u;eHTpe HHTep

BaJia. Ilprr 3TOM Y''..!HTbIBaJic5I KaK pa3Mep HHTepBana, TaK n orpattrrqeHH5I ¢a3o

Boro rrpOCTpaHCTBa, KOTOpbie orrpe,n,eJI5IIOTC5I HaJimKeHHbIMH KHHeMaT11qeCKITMH 

orpaHrrqemI7.IMH rrp11 rettepau;1111 co6bITHti. Ilp11 Bh1q11cneHHH ceqeHH5I B BopHOB

CKOM rrprr6JimKeHHI1 ,[I,eJiaJIHCb KOppeKlI,Hli I13MepeHHbIX BeJIHqHH Ha 9¢¢eKTbI 

K9,II, H3JiyqeHH7.I ¢oTOHOB 9JieKTpOHOM rr:cnoJib3Y5I rrporpaMMY HERACLES. 

CeqeHH7.I o6pa3oBaHrr7! ,[I,Byx ':JKeCTKrrx' CTpyti a,[I,pOHOB B ,Il,fHP orrpe,[I,eJI5IJIHCh 

,Il,JI5.I rrpou;ecCOB Ha ypoBHe a,[i,pOHOB, po.>I<,Il,€HHbIX B ep B3aHMO,D,etiCTBITH. Ilpe,n,

CKa3aHIT5I KX,II,, rronyLieHHbie ,D,JI5I rrpou,eccoB Ha rrapTOHHOM ypoBHe, KoppeKTrr

poBanrrch ,n,na rrepexo,[I,a K rrpou;eccaM Ha ypoBHe a,[I,pOHOB c rr:crrOJib30Battrr:eM 

,ll,Byx MO,[I,enei11 rrapTOHHhIX JIITBHeti B MoHTe Kapno reHepaTope RAPGAP. ,Il,n7! 

yqeTa 9¢¢eKTOB aKcerrTaHca rr: pa3pellleHH5I Hl no peKOHCTpyrr:poBaHHbIM nepe-
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MeHHbIM rrpttMemwach rrpou,e,n;ypa MaTpHqHoro ampoJI,n;m-ira (unfolding) sKcrre

pmv1eHTaJihHbIX ,n;aHHbIX. TiepeMeHHbie Xtrue ,l1,JI5I rrpou,eccos, orrpe,n;eJieHHbIX Ha 

ypoBHe a,n;pOHOB, BOCCTaHaBmrnaJIHCb H3 H3MepeHHbIX B 3KCnepHMeHTe rrepeMeH

HbIX Yrec c HCIIOJib30Bam:IeM COOTHOlllemuI AXtrue = Yrec· 3,n;ecb A - unfolding 
MaTpttu,a, noJiyqeHHa5I H3 pe3yJibTaTOB MoHTe KapJio Mo,n;em1posaHH5I, KoTopa5! 

yqHTbmaeT pa3perneHHe 11 aKcenTaHc ycTaHOBKH Hl. 

IlpH H3MepeHI1H ceqeHHH ,LJ;rHP c JIH,II;HpyIDI.I.I,HM npOTOHOM 6bIJIH yqTeHbI 

CHCTeMaTHqecKI:Ie rrorpelllHOCTH H3 CJie,II;yIOI.IJ,I1X HCTOqHHKOB: norpelllHOCTI1 rrpH 

BOCCTaHOBJieHHll 3Heprirn H KOMnOHeHTOB IIOrrepe-crnoro HMnyJibCa Jill,IJ;HpyIOI.IJ,ero 

rrpoTOHa; Heorrpe,n;eJieHHOCTH B H3MepeHHH 3HeprHH H IIOJI5IpHoro yrJia pacce.HH

HOro 9JieKTpOHa; CHCTeMaTnqecKHe norpellIHOCTH IIpH BOCCTaHOBJieHHH 9HeprHH 

KOHeqHoro a,n;pOHHOrO COCT05IHH5I; MO,IJ;eJibHa5I 3aBHCHMOCTb aKcenTaHca rrprr Ba

pbHpOBaHHH ¢opMbI MO,II;eJirrpoBaHHbIX pacrrpe,n;eJieHHH no rrepeMeHHbIM Xfp, (3, 
Q2 H t; MO,n;eJibHa.H 3aBHCHMOCTb npH KOppeKIJ,HH ceqeHH5I K 3HaqeHmo B IJ,8HTpe 

HHTepsaJia. B aHaJIH3e TaK)}(e yqnTbIBaJIMCb Heorrpe,n;eJiem-rncTH, CB5!3aHHbie c 

BbiqHTaHHeM ¢oHa OT raJio rryqKa npoTOHOB, rrpoI.IeccoB ¢oTopO)}(,l1,eHH5! H ,n;11c

cou,ttau,11tt rrpoTOHa; CHCTeMaTHqecKa.H rrorpelllHOCTb rrpH peKOHCTPYKI.IHH Bep

lllHHbl co6bITirn; Heorrpe,n;eJieHHOCTH HOpMI1pOBKH ceqeHH.H, o6ycJIOBJieHHbie 9cP

¢eKTHBHOCTbIO TpHrrepa, s¢¢eKTHBHOCTbIO BOCCTaHOBJieHH5I TpeKa npOTOHa B 

cneKTpoMeTpe FPS, norpelllHOCTbIO H3Mepe1-rn5I HHTerpaJihHOfi CBeTHMOCTH 9KC

rrepnMeHTa Hl, rrorpelllHOCThID 9KCTparroJI.HI.IMM ceqeHH5! M3 o6JiaCTI1 nsMepeHM.H 

cneKTpOMeTpOM FPS B o6JiaCTb Jtminl < jtj < 1 rsB2. 

TioJIHbie CHCTeMaTrrqeCKHe norpelllHOCTH H3Mepemrn ceqeHHH IIOJiyqeHbI rry

TeM cyMMHpOBaHI15I B KBa,n;paTe BCe BKJia,l.J,OB, KpOMe Heonpe,l.J,eJieHHOCTH HOpMH

pOBKH, qTo npHBO,IJ;HT K cpe,l.J,Hefi norpelllHOCTH ,Il;JI5I ,l.I,aHHhIX FPS HERA II B 8%. 
,l.J;onOJIHHTeJibHa.H Heonpe,n;eJieHHOCTb HOpMHpOBKH ceqemrn COCTaBJI.HeT 4.3% ,Il;JI5I 

06JiaCTH H3MepeHI1H 0.1 < jtj < 0.7 rsB2 I1 6% ,Il;JI5I ceqeHM.H, 3KCTparrOJIHpOBaH

HOrO B o6JiaCTb jtminl < jtj < 1 r3B2. I10JIHa.8 3KCnepHMeHTaJibHa5! norpeI.II

HOCTb ceqeHI15I npe,n;cTaBJI5IeT KBa,n;paTI:IqHyID cyMMY CTaTHCTHqecKofi, CHCTeMa

TllqecKOH H HOpMI1pOBOqHOH rrorpelllHOCTefi H3MepeHHH H ,Il;JI5I Hatt6oJiee ToqHbIX 

H3MepeHHH COCTaBJI5IeT rv 10%. CTaTHCTnqeCKHe norpelllHOCTH H3MepeHHbIX ce

qeHHH, a TaK)}(e CHCTeMaTrrqecKrre rrorpeI.IIHOCTH OT Ka)}(,II;Oro HCToqHHKa ,l.I,JI5I 

BCex H3MepeHHbIX HHTepBaJIOB no KHHeMaT11qecKHM rrepeMeHHbIM ,l1,Jl5! ,n;aHHbIX 

FPS HERA II rrp11Be,n;eHhI B pa6oTe [3], a TaK)}(e Ha web-site [27]. 

CTaTHCTHqecK11e H CHCTe:tvi:aTttqecKHe rrorpernHOCTH ceqeHrrfi ,n;JI.H scex H3Me

peHHbIX HHTepBaJioB rro KHHeMaTHqecKMM rrepeMeHHhIM Ha ,n;aHHbIX FPS HERA 
I npttse,n;eHbI B pa6oTe [1]. IloJIHbie cncTeMaTHqecKtte rrorpelllHOCTH ceqeHHti: ,n;11-

¢paKIJ,HOHHoro rHP, H3MepeHHbIX Ha ,n;aHHbIX FPS HERA I, COCTaBJI5IIDT 12% 
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,11,Jl5.! 06Jiacnr l:I3MepeHHM 0.08 < \t\ < 0.5 rsB2 l:I 13% ,11,Jl5.! Ce'-IeHH5.!, 3KCTpa

IlOJIHpOBaHHOrO B o6JiaCTh \tmin\ < \t\ < 1 roB2. ,I.\OIIOJIHl:ITeJihHa5.! Heorrpe

,LI,eJieHHOCTh HOpMHpOBKH ceqeHH5.! orrpe,LI,eJI5.!JiaCh B OCHOBHOM rrorperuHOCTbIO B 

orrpe,LI,eJieHI:IH 3cPcPeKTHBHOCTM peKOHCTPYKU:HH TpeKa JIM,LI,Hpy1or.n;ero rrpOTOHa M 

COCTaBMJia 10.1 %. 

CncTeMaTnqecKHe rrorperuHOCTI:I l:I rrorperuHOCTI:I HOpMI:IpOBKI:I ceqeHI:I5.! o6pa-

30BaHI:I5.! ,11,BYX ')KeCTKl:IX' CTpyit a,LI,pOHOB COCTaBI:IJIM, COOTBeTCTBeHHO, 11 %(7%) 
,11,Jl5.! TOIIOJIOrl:Il:I co6hITl:IM c ,LI,BYM5.! CTPY5.!Ml:I B I.J;OB l:I 17%(6.2%) ,11,JI5.! TOITOJIO

rIIII co6hITHfi c 0,11,HOfi cTpyeit B I.J;OB I:I 0,11,HOfi cTpyefi B IIOB. CI:IcTeMaTwieCKI:Ie 

rrorpeIIIHOCTl:I rrpH H3MepeHMM ceqemrn o6pa30BaHI:I5.! ,ll,BYX ')KeCTKl:IX' CTpyli a,LI,

pOHOB OT Ka)K,LI,Oro l:ICTO'-IHI:IKa rrpI:IBe,LI,eHhI B pa6oTe [4]. 

CHcTeMaTwiecKHe rrorpernHocTH ce'-IeHIIfi rrpou;eccoB ,nrHP c o6pa3oBaHI:IeM 

LRG, l:I3MepeHHhIX Ha ,L1,aHHhIX HERA I, BKJIIO'-Ia.JII:I Heonpe,L1,e.JieHHOCTI:I B l:I3-

MepeHI:Il:I 3HeprHH H noJI5.!pHoro yr.Jia pacce5.!HHoro 3.JieKTpoHa B KaJiopI:IMeTpax 

SpaCal l:I LAr, a TaK)Ke Heonpe,LI,e.JieHHOCTH KaJII:I6poBKH ,LI,eTeKTopa Hl rrpl:I H3Me

peHHH sHeprI:II:I a,D,poHoB. TaDKe yqHThIBa.JIHCh Cl:ICTeMaTI:IqecKI:Ie norpelllHOCTII 

rrpI:I BhI,ll,e.JieHI:Il:I LRG B KOHe'-IHOM cocT05.!HHH peaKIJ;I:II:I, onpe,L1,e.JI5.!eMh1e 3¢cpeK

Tl:IBHOCThIO nepe,ll,HHX ,L1,eTeKTopoB ycTaHOBKH Hl. CI:IcTeMaTI:I'-IeCKI:Ie rrorpelllHO

CTI:I TaK)Ke yql:J:ThIBam1 MO,LI,eJihHYIO 3aBHCHMOCTh ceqeHI:I5.!, KOTOpa5.! 6hIJia ou;eHe

Ha nyTeM BapHa.IJ;HH ¢opMhI MO,LI,emipOBaHHhIX pacrrpe,L1,e.JieHHH ITO rrepeMeHHhIM 

X[p, /3, t H Q2. IlpH ou;eHKe MO,ll,8JlbHOH 3aBHCHMOCTH ceqeHH5.! TaK)Ke BaphH

poBa.JIC5.! OTHOCHTe.JihHHM BKJia,11, rrpou;eccoB o6MeI-rn pe,ll,)KeOI-IOM, BKJia,ll, cpOHOBhIX 

He,LI,HcppaKIJ;HOHHbIX rrpou;eccoB H3 06.JiaCTH 60.JiblllHX x IP H My H BKJia,ll, cpoHOBbIX 

rrpou;eccoB ¢0TopO)K,L1,eHH5.!. CTanrcTH'-IeCKHe rrorpernHOCTH ce'-IeHHil ,nrHP c o6-

pa3oBaHHeM LRG, H3MepeHHhIX Ha ,LI,aHHhIX HERA I, a TaK)Ke CHCTeMaTI:I'-IeCKHe 

rrorpeIIIHOCTl:I OT Ka)K,ll,Oro lICTO'-IHHKa ,LI,JI5.! BCex l:I3MepeHHbIX l:IHTepBaJIOB no KH

HeMaTI:I'-IeCKl:IM nepeMeHHhIM rrpHBe,n,eHhI B pa6oTe [2], a TaK)Ke Ha web-site [25]. 

2.5 CeqeHHe 0}?(4) ,n;H¢paKIJ;HOHHoro rJiy6oKoHeyrrpyroro ep pacce~
HH~ H rrpoBepKa rHIIOTe3bl 0 <PaKTOpH3au;HH rrpou;eccoB B rrpo

TOHHOM BepIIIHHe 

Il5.!Ta5.l rJiaBa CO,ll,ep)KHT pe3y.JibTaThl l:I3y'-IeHH5.! peaKIJ;HH ep --+ eX p B TepMI:IHaX 

,LI,ncp¢epeHIJ;Ha.JibHoro ceqeHH5.! ,LI,HcPpaKIJ;l:IOHHoro rJiy6oKoHeyrr~yroro ep pacce-

5.!Hl:I5.! (,nrHP) ITO rrepeMeHHOll t H rrpI:IBe,ll,eHHOro Ce'-IeHl:I5.! af (4 ' no.JiyqeHHhie c 

IIOMOI.IJ;bIO crreKTpoMeTpa JIH,11,Hpy10r.n;I:Ix rrpoTOHoB FPS ycTaHOBKI:I Hl H ony6.JII:I

KOBaHHbie B pa6oTax [1, 3] I:I Tpy,ll,aX KOH¢epeHIJ;HH [10]- [15]. 
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Pttc. 3: ITapaMeTp HaKJIOHa B ~mr 3KCITOHeHIJ;MMbHOit 3aBMCMMOCTM ~mp¢epemi;MaJibHOro 

ceqeHM5I OT t, M3MepeHHhrit Ha ,n;aHHbIX FPS HERA I ~JI5I pa3HbIX MHTepBaJIOB ITO Q2, j3 M x1p. 

lfa aHaJIH3a 3aBMCliMOCTM ,D,mp¢e- r;-
pem:r,naJibHOro ceqenmi ,IJ,HcPPaK- ~ 10 ~ 
u;rronnoro rJiy6oKoneyrrpyroro pac- ~ -

ct H1 FPS HERA II 
Regge Fit IP+IR 

0 H1 FPS HERA I 
D ZEUS LPS 1 

ZEUS LPS 2 ce5IHM5I dO" / dt ex: exp ( Bt) H3Me- CC 
pen rrapaMeTp HaKJIOHa B ,D,JI5I 

pa3HbIX llHT8pBaJIOB ITO rrepeMeH

HbIM Q2, (3M X[p [1,3]. IloJiyqeno, 

qTo ,Il,Jl5l cPHKCHpOBaHHOro 3Haqe- 5 -
mm x IP rrapaMeTp B He 3aBHCHT B 

rrpe,D,eJiax rrorpellIHOCTefi H3Mepe-

nrri1 OT BeJinqnr-1 Q2 .u: (3, xapaK

Tepn3yIOIIIHX rrpou,ecc rHP. 9TO 

BM,Il,HO Ha P.u:c. 3 na rrpllMepe ,D,aH

HbIX Hl FPS HERA I. Ana.TIO-

rI:fqHbIH BbIBO,Il, c,n;eJiaH Ha OCHOBa

HI1I1 ,D,aHHbIX c JIIi!,IJ,MpyIOill;l'.IM rrpo

TOHOM, IIOJiyqeHHbIX B 3KCIIepI1-

M8HTe Hl B rrepMO,Il, HERA II, a 

TaKJK:e pe3yJibTaTOB 3KCrrepI1MeH

Ta ZEUS. Ha PMc. 4 rrpnBe,D,eH 

rrapaMeTp naKJIOHa B ,IJ;JI5I 3Kcrro-

HeHIJ,I1aJibHOi1 3aBI1CJIIMOCTI1 ceLre-

2.5 ._ ....... ._! _ __..._...__..._...,_. ...... .._, .._! _ __.___...__..._..._.._.,..,I 

10 ·3 10 ·2 10 ·1 

x,P 
Pttc. 4: IIapaMeTp HaKJIOHa B ~JI5I 3KCITOHemi;HaJib

noH: 3aBHCHMOCTM ~mp¢epem:i;ttaJihHOro ceqemrn OT 

t, M3MepeHHbrit Ha ~aHHbIX FPS HERA I H FPS 

HERA II KaK ¢YHKIJ;M5I x IP H ycpe~HeHHbrti ITO ITe

peMeHHbIM Q2 H /3. I1pHBe~eHbl TaKiKe pe3yJibTaTbl 

3KCITepMMeHTa ZEUS. CITJionrna51 JIMHM5I ITpe~cTaB

JI5IeT pe3yJihTaT ¢ettoMeHoJiorwrncKoro <PttTa Pe~iKe 

,IJ;JI5I ~aHHbIX Hl FPS HERA II, KOTOpbrli yqHTbmaeT 

o6MeH ITOMepoHoM IP M pe~>KeOHOM IR. 

HI15l OT t, rroKa3aHHbii1 KaK cPYHKLl,M5l Xfp. Pe3yJibTaT rroJiyqen ,IJ;JI5l ,D,aHHbIX FPS 

HERA I H FPS HERA II, ycpe,D,HeHHbIX no rrepeMeHHbIM Q2 n (3. I1p11Be,IJ,eHo 
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TaK/Ke cpaBHemrn c pe3yJibTaTaMH 9Kcrrep11MeHTa ZEUS. B 9KcrrepHMeHTe Hl rro

JIY'IeHO, qTo B 06.JiaCTJil MaJibIX X[p ~ 0.03, r,II,e ,Il,OMHHHpyeT o6MeH IIOMepoHOM, 

rrapaMeTp HaKJIOHa B ~ 6 r9B-2. cho 3HaqHTeJibHO MeHbIIIe, qeM BeJIHq1rna, H3-

MepeHHa5I B rrepu:<Pep11qecKHX a,II,pOH-a,II,pOHHbIX B3aHMO,II,eMCTBH5IX H corJiacyeTC5I 

c BeJIHqHHOM, H3MepeHHOH B rrpou;eccax 9KCKJII03HBHOro po:tK,II,eHH5I BeKTOpHbIX 

Me30HOB B rHP ep ry e V p H ITpou;eccax cPOTOp0.1K,II,eHH5I T5I./KeJibIX BeKTOpHbIX 

Me30HOB, Macca KOTOpbIX 3a,n;aeT IllKaJiy '.IKeCTKOCTH' ITpou;ecca. IlpH X[p ~ 0.05, 
r,n;e 3HaqHTeJieH BKJia,II, o6MeHa pe,n;.1KeoHoM, Ha6JIIO,II,aeTC5I yMeHblllerrne ITapaMeT

pa HaKJIOHa ,Il,O B ~ 5 r9B-2' qTo COOTBeTCTByeT ry*p pacce5IHHIO Ha paCCT05IHHH 

3apR,II,OBoro pa,II,11yca ITpoToHa. BoJiee paHHHe ,n;aHHbie 9Kcrrep11MeHTa ZEUS co

rJiacyroTC5I B rrpe,II,eJiax ITorpeillHOCTeti c pe3yJibTaTaMH Hl B 06.JiaCTH x1p ~ 0.05. 
IIocJie,n;HHe pe3yJioTaTbI 9KcrrepHMeHTa ZEUS cooTBeTCTBYIOT HecKOJibKO 6oJib

IIIeMy 3HaqeHHIO B ,....., 7 r9B-2' KOTOpoe He 3aBHCHT OT rrepeMeHHbIX Q2' Mx H 

XJp. 

IlpHBe,n;eHHoe ceqemre af(4) CB5I3aHo c H3Mep5IeMbIM ,II,mp<l:>epeHu;HaJibHbIM ce

qeHHeM ITO <PopMyJie: 

daep-+eXp 47ra2 y2 

df3dQ2dx1pdt = f3Q4 [1 - y + 2l af(4)(/3, Q2, XJp, t) (5) 

B rrpH6JimI<eHHH O,II,Ho-<PoTOHHoro o6MeHa B o6JiaCTH Q2 << M1 ITPHBe,II,eHHOe 

ceqeHHe orrp~,n;eJIRTC5I BKJia,n;oM CTPYKTYPHbIX cPYHKIJ;Hti Ff 11 Ff: 
2 

O"D(4) = F.D(4) _ Y FD(4) 
r 2 1 + (1 _ y )2 L 

(6) 

BKJia,D; B ceqeHHe rrpou;ecCOB rHP rrpO,II,OJibHO IIOJI5IpH30BaHHbIX cPOTOHOB, KOTO

pbIM orrpe,n;eJI5IeTC5I CTPYKTypHoti: cPYHKIJ;Heli Ff, rro,n;aBJieH B o6JiaCTH y ~ 0.5. 

I13MepeHHe ceqeHHR af(4) Ha ,n;aHHbIX HERA I (HERA II) rrpoBe,n;eHo B KHHe

MaTHqecKoti o6JiaCTH ITO BHpTyaJibHOCTH cPOTOHa 2 < Q2 < 50 r3B2 ( 4 < Q2 < 
110 r3B2)' ,II,OJie rrpO,II,OJibHOrO HMIIYJibCa, rrepe,II,aHHOH rrpOTOHOM B ,n;H¢paKIJ;H

OHHOM o6MeHe x IP < 0.1 II KBa,II,paTy rrepe,n;aHHOro 4-x HMIIYJibCa B rrpOTOHHOH 

BepillHHe 0.08 < !ti < 0.5 r9B2 (0.1 < !ti < 0.7 r3B2). Cu:cTeMaTu:qecKHe IIO

rpelllHOCTH H3MepeHHti: cocTaBJI5IIOT B cpe,II,HeM 12% ,D;JI5I ,II,aHHbIX HERA I u: 8% 
,II,JI5I ,II,aHHbIX HERA II. ,I(orroJIHHTeJibHbie rrorpeillHOCTH HOpMHpOBKH ceqeHu:ti 

,II,JI5I ,II,aHHbIX HERA I (HERA II) cocTaBJIRIOT 10.1% (4.8%). 

Pe3yJihTaT ,D;JI5:I rrpu:Be,n;er-rnoro ceqeHH5I x 1paf(4), rroJiyqeHHbiti Ha ,n;aHHbIX 

HERA II, rroKa3aH Ha PHc. 5. I13MepeHHbie 3HaqeHH5I ceqeHH5I, a TaK*e HX 

CTaTHCTHqecKHe H CHCTeMaTHqecKHe rrorpeIIIHOCTH rrpu:Be,II,eHbI B pa6oTe [3] H 

,Il,OCTYIIHbI Ha web-site [27]. IloJIHa5I 9KCIIepu:MeHTaJibHa5I rrorpelllHOCTb ,n;aHHbIX 
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e ltl=0.2 GeV2 

0 ltl=0.4 GeV2 

.6. ltl=0.6 GeV2 

H1 FPS 
Regge fit IP+IR 

o __ ......_ __ '"-'-"__.......___._ .......... __._....___.._ .......... _.._..___.__.+-.......... ~ .......... ....._.........___.-'-l 
0.1 

0.05 

o.__.......____.......u.__.__.__.._...u.. .......... ....__,_.u........_.__....._...._.......,~......i...'--'-'---'....u 
10·2 10·1 10·2 10·1 10·2 10·1 10·2 10·1 10·2 10·1 10·2 10·1 

X1p 

Pnc. 5: ITpnBe,n;emwe ceqeHHe x1pa}?(4), H3MepeHHoe Ha ,n;aHHbrx FPS HERA II KaK <i>YHK
u;mr Xjp ,D;JI5l pa3JIHqHbIX BeJIHqHH t, /3 H Q2. 0Tpe3KH oum60K rrpe,n;cTaBJI5IIOT KBa,n;pan1qHyIO 
cyMMY cTaTHCTHqecKoit M cncTeMaTnqecKoit rrorpeIIIHOCTeit. Heorrpe,n;eJieHHOCTb HOpMHpOBKH 
ceqeHH5I 4.33 He rroKa3aHa. CrrJIOIIIHbie JIHHHH rrpe,n;cTaBJIHIOT pe3yJibTaTbI <i:>eHOMeHoJiomqe
cKoro <i:>nTa Pe,n;)Ke, KOTOpbrit BKJIIOqaeT o6MeH rroMepoHOM IP H pe)J;)KeOHOM IR. 

FPS HERA II ITO O'f(4), KOTopa.H ITpe,r:i;cTaBJIIIeT co6o:ti KBa,r:i;pani:qHyIO cyMMY 

cTanrcnrqecKofi, cncTeMani:qecKofi ITorpernHOCTefi n HeoITpe,r:i;eJieHHOCTI1 HOpMI1-

poBKH ceqeHH51, COCTaBJI51eT 10% ,r:l;JI51 HaH60Jiee TOLJHhIX H3MepeHHH. ,11.aHHbie 

FPS HERA II ITO O'f(4) noJiyqeHhI B 6oJiee un1p0Ko:ti KMHeManrqecKofi o6Jia

CTH H BKJIIOLJaIOT H3MepeHH51 ITPH MeHbillHX /3 H 60JihillHX Q2 no cpaBHem1IO c 

6oJiee paHHHMH H3MepemrnMH FPS HERA I I1 ,r:i;aHHhIMH 9KcnepMMeHTa ZEUS. 

CeqeHH.H, ITOJiyqeHHhie Ha ,r:i;aHHhIX FPS HERA II, MMeIOT MeHhurne 9KcnepI1MeH

TaJibHbie norpernHOCTI1. 

,11.aHHhie Hl FPS no O'f(4) [1, 3] 6hIJII1 MHTepnpeTHpoBaHhI B paMKax ¢eH0Me

HOJior11n ITOJIIOCOB Pe,r:i;:tKe. ,11.JI.H 9TOro CTPYKTypHaII cPYHKIJ;H51 Ff napaMeTpH30-

BaJiaCh Bhipa:tKeHMeM: 

Ff(4) = fip(x1p, t) · F1p(j3, Q2) + nIR · fJR(X1p, t) · FIR(/3, Q2) ; (7) 
eBIP,IR t 

fJP,IR(XJp, t) = AIP,IR. 2aIP,IR(t)-l ' 
Xfp 
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KOTopoe rrpe,n;rroJiaraeT ¢aKTop113au;rno 3asnc11MOCTH Ff no nepeMeHHbIM x JP n 

t ll 3aBHCHMOCTll ITO rrepeMeHHbIM rHP {3 H Q2 , OT,lJ;eJibHO ,1J;Jl5I rrpou;eCCOB 06MeHa 

IIOMepOHOM 11 pe,n;)KeOHOM. Bem11:!HHbl fip H f JR orrpe,n;eJI5IIOT IIOTOKH o6MeHa IIO

MepOHOM IP, KOTOpbIH ,n;oMHHHpyeT B o6JiaCTH x1p ;S 0.03, H o6MeHa pe,n;)KeOHOM 

IR, KOTOpbiit 5IBJI5IeTC7I BTOpHi::rHbIM no seJI11q11He, HO ,n;aeT 3aMeTHbIH BKJia,D, npH 

x1p ~ 0.05. I10ToK11 fip 11 fm sa,n;aIOTC7I napaMeTp113a1weti: B paMKax ¢eHoMe

HOJIOrHH rroJIIOCOB Pe,D,)Ke. TaK KaK rrpou;ecchI B rrpoToHHoti: sepnrnHe xapaKTepH

syIOTC5I rrepeMeI-IHbIMH X]p H t, a cPOTOH-rrapTOHHOe pacce5IHHe, COOTBeTCTBeHHO, 

nepeMeHHbIMl.1 f3 H Q2, TO rrpe,n;rroJiaraeMa7I B aHaJI11se yH11BepcaJibHOCTb ¢opM 

pacrrpe,n;eJieH11ti: ceqeH11H no rrepeMeHHbIM x IP 11 t' He3aBl.1Cl.1MO OT nepeMeHHbIX 

rHP, Ha3hIBaeTC5I ern;e r11n0Te30H 0 ¢aKTOpH3aD;l1H rrpou;ecCOB B rrpOTOHHOti: Bep

IllHHe. B KaqecTBe FIR(f3, Q2) HCIIOJib30BaJiach TeopeTHi::recKa7I napal\ireTp11sau;H5I 

Owens ,1J;JI5I CTPYKTypHoit cPYHKIJ.Hl.1 7r-MesoHa. B cPHTe TaK)Ke cPHKCHposaJIHCb 

rrapaMeTpbl IIOTOKa pe,n;)KeOHa fJR. l1x BbI6op COOTBeTCTBOBaJI HaHJiyqllleH rra

paMeTpH3aD;HH HaKJIOHa 9KCIIOHeHu;HaJibHOit 3aB11CHMOCTH ,n;11¢¢epeHu;11aJibHOro 

ceqeHH5I not rrpH pa3HhIX 3HaqeHH5IX XIP, noJiyqeHHoro Ha ,n;aHHhIX FPS HERA 
I. HopM11poBKa ceqeHH5I npn cPHKc11poBaHHbIX f3 H Q2 sa,n;asaJiach qepes cso60,n;

Hb1e napaMeTpbI ¢11Ta FIP(/3, Q2). He6oJiblllOH BKJia,n; CTPYKTypHo.tt cPYHKIJ.HH 

Ff B 113MepeHHoe npHBe,D,eHHoe ceqeHne af(4) ou;eHeH no ¢opMyJie 6 corJiacHo 

rrapaMeTp11sau;1111, rroJiyqeHHo.tt B pa6oTe [2]. PesyJibTaTbI cPHTa ,D,aHHbIX FPS 

TiapaMeTp 3ttaqeHI·Ie 

a1p(O) 1.10 ± 0.02 (9KCII.) ± 0.03 (Mo,n;eJib) 
I 

a IP 0.04 ± 0.02 ( 9KCII.) ~ g:g~ (Mo,n;eJih) f9B-2 

B1p 5.73 ± 0.25 ( 9KCII.) ~ g:gg (Mo,n;eJih) f9B-2 

nm [0.87 ± 0.10 ( 9KCII.) ~ 8:~8 (Mo,n;eJib)] · 10-3 

Ta6mui;a 1: Pe3yJihTaTbI cl:>rna ,n;aHHbIX FPS HERA II no CJ{?(4) B paMr<ax cl:>ettoMettoJionn1 rro
mocoB Pe,n)Ke. 9KcrrepMMeHTaJihHaH norpeIIIHOCTh rrpe,n:cTaBJIHeT KBa,n:paTMqttyIO cyMMY cTa
TMCTMqecr<oil H CMCTeMaTMqecKoif rrorpeIIIHOCTeif. Mo,n;eJibHaH rrorpenraocTb orrpe,n;eJietta rryTeM 
Bap11a11,MH cPMKCHpOBaHHbIX rrapaMeTpOB cPHTa. 

HERA II rro af(4) rro ¢opMyJie 7 rrpHBe,n;eHbI B Ta6JIHU,e 1. B pesyJibTaTe ¢11Ta sa

Bl.1CHMOCT11 ceqeHH5I 110 nepeMeHHbIM XIP 11 t H3BJie<IeHbI napaMeTpbI TpaeKTOpHH 

IIOMepoHa O'.Ip(t) = O'.Ip(O) + a~pt. <l>11T ,D,aeT x2/ndj = 273/289 C yqeTOM CTa

Tl.1CTHqecKHX 11 HeKoppeJIHpoBaHHbIX CHCTeMaTWieCKHX rrorpelllHOCTeit. BKJia,n; B 

ceqeH11e rrpou;eccoB o6MeHa pe,n;)KeOHOM IR saBHCHT OT x IP 11 ,D,OCTHraeT 503 npH 

XIP = 0.075. I1epeceqe1-rne TpaeKTOpHH rroMepoHa IP c t = 0 (intercept, HH

TepcenT) 0:1p(O) = 1.10 ± 0.02(sKcn.)±0.03(Mo,D,eJib) corJiacyeTC5I B rrpe,n;eJiax 

IIOrpelllHOCTeil H3MepeHHH C BeJI11qHHOit O'.Ip(O) ,....., 1.08, 113MepeHHOH B M5IrKHX 
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a,II,pOH-a,II,pOHHbIX B3aI:IMO,II,eticTBM5IX. Pe3yJibTaT, rroJiyqeHHbIH ,ll,JI5l aqp(O), TaK:IB:e 

corJiacyeTC5l c ,II,aHHbIMM Hl B ,II,mppaKIJ,I:IOHHbIX rrpoIJ,eccax c o6pa3oBaHMeM LRG 

B KOHeqHoM cocT05IHI1M [2] M pe3yJibTaTaM11 sKcrrepMMeHTa ZEUS. B paMKax <Pe

HOMeHOJiorm:I IIOJIIOCOB Pe,II,:IB:e llHTepcerrT IIOMepoHa O'.Ip(O) orrpe,II,eJI5leT CTeIIeHb 

pOCTa IIOJIHOrO ceqeHI15l ry*p B3aMMO,ll,8i1CTBI15l C 3HeprMei1: <5tot( ry*p) CX: W2°'IP(0)-2. 

CorJiacHo <f>opMyJie 8 rrapaMeTp O'.Ip(O) TaK:IB:e orrpe,II,eJI5leT pocT rrp11Be,II,eHHoro 

ceqeHM5l Xfp<5f ( 4) rrp11 MaJibIX x IP, KaK BM,ll,HO Ha PMc. 5. 

IloJiyqeHHbitl HaKJIOH TpaeKTOplll:I IIOMepoHa a/p COIIOCTaBI1M c HyJieM ll 3Ha

qMTeJibHO M8Hbille, qeM BeJillqMHa O'.Jp ~ 0.25 rsB-2, ll3MepeHHa5l B M5lrKMX 

a,II,poH-a,II,pOHHbIX B3allMO,II,eticTBll5IX . Bm:I3KI:Itl pe3yJibTaT ,ll,JI5l a/p rroJiyqeH TaK

:IB:e B attam:I3e ,II,aHHbIX FPS HERA I 11 B sKcrrepnMeHTe ZEUS. B paMKax ¢eH0Me

HoJior1111 rron10cos Pep,:IB:e HaKJIOH mrnetiHotl TpaeKTopnn rroMepoHa a/p orrpe,II,e

JI5leT C:IB:ani:e (shrinkage) ,ll,I:IcPPaKIJ,l:IOHHOI'O KOHyca c yMeHbilleI-rneM x IP corJiaCHO 

<f>opMyJie: B(xIP) = BIP - 2a/p ln XJP. cho COOTB8'l'CTByeT pocTy rrapaMeTpa B 
c sHepr11eti B cncTeMe IJ,eHTpa Mace peaKI.J,llll W, TaK KaK XIP ex: 1/W2 cornacHo 

<f>opMyJie 1. Manoe 3HaqeHI:Ie a/p rv 0 rrpe,II,CKa3bIBaeTC5l B MO,ll,8JI5IX rrepTyp6a

TllBHoro rroMepoHa, a TaK:IB:e B paMKax 3BOJIIOIJ,llll rrapTOHOB BFKL. Pe3yJibTa

TbI aHam:I3a ceqeHntl o6pa3oBaHll5l seKTOpHbIX Me30HOB B sKcrrepI:IMeHTax Hl 11 

ZEUS TaK:IB:e ,II,aIOT M8Hbillll8 3HaqeHll5l a/p, qeM BeJillqllHa 0.25 rsB-2. )J,JI5I 

rrposepKll I'lll10T83bl 0 ¢aKTOpll3aI.J,lll:I rrpou,eccoB B rrpOTOHHOH BepillllHe, cPMT 

,II,aHHbIX no <5f (4) c McrroJib30BaHI:IeM napaMeTpll3aIJ,I:IM Pep,:IB:e no <f>opMyne 7 6bIJI 

BbIITOJIHeH OT,II,eJibHO ,II,JI5I Tpex o6JiacTetl no Q2. Pe3yJibTaTbI attam:I3a rrpnBe,II,e

HbI Ha Pnc. 6, OTKy,n;a rroJiyqeHo, qTo B rrpe,n;eJiax 1.5<5 rrorpeIIIHOCTe:f.i: I:I3MepeHI:I:f.i: 

rra.paMeTpbI Cl.Ip(O), a/p I:I BIP He 3aBI:IC5IT OT Q2. 

B pe3yJibTaTe aHaJII:I3a rronyqeHo, qTo rrapaMeTpbI TpaeKToprrn rroMepoHa I:I 

HaKJIOH 3KCIIOHeHI.J,llaJibHOH 3aBIICI:IMOCTI:I ,ll,I:IcP<f>epeHI.J,MaJibHOro ceqemrn no t He 

3aBllC5IT OT BI:IpTyaJibHOCTI:I <f>oToHa Q2. Ha ocHoBaHllll 3Toro c,n;enaH BbIBO,ll, o 

rrpMMeHMMOCTI:I I'llIIOTe3bl 0 ¢aKTOpll3aIJ,lll:I rrpoI.J,eCCOB B rrpOTOHHOH BepIIIMHe l:I 

cPOTOH-rrapTOHHOI'O pacce5IHll5l. 9To I103BOJI5leT llHTeprrpeTllpOBaTb ,n;aHHbie no 

ceLJeHI:I5IM ,IJ,rHP B paMKax KOM6I:IHI:IpoBaHHOI'O <f>eHOMeHOJIOrllqecKOI'O IIO,ll,XO,II,a, 

KOTOpbIH rrpe,n;rroJiaraeT o6MeH B npOTOHHO:ti: BepllII:IHe TpaeKTOpI:Ie:ti: IIOMepoHa 

l:IJII:I pe,II,:IB:eOI-Ia c IIOTOKaMI:I fip l:I fm, 3aBllC5IIII,I:IMI:I OT XIP l:I t. IlpI:I 3TOM 3aBI:I

Cl:IMOCTI:I ceqeHI:I5l no Q2 M ;3 orrpe,n;eJJ5IIOTC5l B paMKax KX,IJ, aHaJII:I3a cornacHo 

ypaBHeHI:I5IM 3BOJJIOI.J,llI:I rrapTOHOB DGLAP ,ll,JI5l ,n;M<f>paKIJ,I:IOHHbIX cPYHKIJ,Mi1 pac

rrpe,II,eJieHI15l rrapTOHOB, KaK OIII:ICaI-IO B rJiaBe 6. 
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PHc. 6: Pe3yJihTaThr cPHTa Pe,ll)Ke ,n,mr napaMeTpos TpaeKTOpHH rroMepoHa a1p(O), a~p 11 B1p, 
noJiy'-leHHhre Ha ,LJ.aHHbIX FPS HERA II no 0}?(4) JJ:JIH Tpex o6JiacTell: no Q2. 0Tpe3KH 3Kcne

pHMeHTaJibHbIX onrn6oK COOTBeTCTBYIOT KBa,LJ.paTH'-IHOH cyMMe CTaTHCTHqecKOH H HeKoppeJIH-

poBaHHbIX CHCTeMaTII'-!eCKHX norpelliHOCTell:. 

2.6 AHaJIM3 ,n;aHHhIX B paMKax KXfli 9BOJIIDIJ;MM 11 M3BJieT.feHMe ,n;11-

cppaKu;110HHhIX cpyHKIJ;MM pacrrpe,a;eJieHM.SI rrapTOHOB 

lliecTa5I rJiaBa rrocB5Iru;eHa KX,.U aHam:I3y npirne,n;eHHbIX ce11eHI:Ifi af (3), noJiyqeH

HhIX MeTo,n;oM LRG. 9TI:I ,n;aHHhie o6Jia,n;aJII:I HaI:I60Jibrnefi cTaTI:ICTI:I1!ecKoti T01!

HOCThIO I:I OXBaTbIBaJII:I rrrnpoKyIO KJ1HeMaTI:I1!eCKYIO o6JiaCTb ITO Q2. PesyJibTaTbl 

orry6JIJ1KOBaHHbI B pa6oTe [2] 11 B Tpy,n;ax KOHcpepeHU,llM [10], [13]- [21]. 

CorJiacHo TeopeMe KX,.U o KOJIJillHeapHofi cpaKTop11sau,mI, rrp11MeHeHHOfi K 

rrpou,eccaM ,II,11cppaKU,HOHHOro rHP, ceqeHI:Ie MO)l(eT 6bITb rrapaMeTpI130BaHO B 

CJie,n;y10ru;eM BH,II,e: 
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r,n;e JieIITOH-IIapTOHHbie cet.IeHH5l o-ei aHaJIOrM'"IHbI ceqeHH5IM rrpou,eccoB IiIHKJII0-

3HBHOro rHP, a j p - ,n;mppaKJ:.J;MOHHbie cPYHKI.l,Hli pacrrpe,n;eJieHH5! rrapTOHOB ( 

diffractive parton distribution functions, DPDF) B rrpoToHe. 0HH rrpe,n;cTaBJI5!

IOT co6ofi pacrrpe,n;eneHH5! Bepo5ITHOCTH ,Il,JI5! rrapTOHa i B rrpoToHe M orrpe,n;eJieHbI 

nptt sa,n;aHHOM 4-x HMIIYJibce pacce5IHHoro rrpoToHa HJIH cttcTeMbI Y c s¢¢eK

THBHOfi Maccofi My, B KoTopyIO rrpoToH ,n;Hccou,ttttpyeT. DPDF He MoryT 6bITb 

BbP1HCJieHbI B paMKax rrepTyp6aTHBHOfi KX,IC a orrpe,n;emIIOTC5I MS cPHTa sKc

rrepHMeHTaJibHbIX ceqeHHH c HCIIOJ1b30BaHHeM ypaBHeHHM 3BOJIIOI.l,HH rrapTOHOB 

DG LAP. TeopeMa KX,Il; o KOJIJIHHeapHofi ¢aKTopttsau,HH rrpttMeHMMa ,Il,JI5l rrpo

u,eccoB ,II,rHP rrptt ,n;ocTaT011Ho 6oJihruHx Q2 H <PttKcttpoBaHHbIX xrp, t H My. 
9TOT TeopeTH11eCKlill IIO,Il,XO,Il, TaK)Ke MO)KeT 6bITb npHMeHeH ,Il,Jl5! OIIHCaHH5l ceqe

HHH rrpou,eccoB, HHTerpIIpoBaHHbIX rro My 11 t. 
11s-sa KHHeMaTMqecKHX orpatttt11eHMfi, rrpm,rnH5IeMbIX B sKcrrepHMeHTe Hl, 

H€B03MO)KH0 OXBaTHTb BCIO o6JiaCTb li3MepeHHH ITO x H Q2 Ha OCHOBe ,n;aHHbIX 

rrpli 0,Il,HOM cpHKClipOBaHHOM x IP. IlosTOMY liCIIOJib30BaJIC5l cpeHOMeHOJIOrJ1qeCKHM 

rro,n;xo,n;, B KOTOpOM rrpe,n;rroJiaraJiaCb ¢aKTOpH3ar.:t;H5! rrpou,eccoB B npOTOHHOM Bep

IIIHHe. ,Il;JI5l ST Oro f p napaMeTpH30BaJIHCb B BH,n;e: 

JP(x, Q2 , xrp, t) = frp(xrp, t) · fi(/3 = x/xrp, Q2) +nm· fm(xrp, t) · J[R(/3, Q2), 

(10) 
TO eCTb cyMMHpoBaJIHCb BKJia,Il,bI B ce11eHHe rrpou,eccoB o6MeHa rroMepoHoM IP 
( rrpou,ecc JIH,Il,HpyIOw;ero rrop5I,n;Ka) H pe,n;JKeOHOM IR ( rrpou,ecc BToporo rrop5!,n;

Ka). 9Ta rHIIOTesa He MMeeT cTpororo TeopeTHqecKoro o6ocHoBaHHZI B KX,Il;, HO 

corJiacyeTC5l c ,n;aHHbIMH sKcriepttMeHTa Hl, KaK rroKasaHo B rJiaBe 5, a TaK)Ke 

sKcnepHMeHTa ZEUS. 3aBHCHMOCTH JP OT x1p H t onttchrnam1cb qepes rroTOKH 

o6MeHa IIOMepOHOM frp II pe,n;)KeOHOM fIR c rrapaMeTpaMH TpaeKTOpHfi, TIOJiyqeH

HbIMH HS Pe,n;)Ke aHaJittsa ,n;aHHbIX c JIH,Il,HPYIOW:IIM rrpoTOHOM HERA I [1]. MeTo,n; 

napaMeTpH3aU,Hli TIOTOKOB frp H !IR OIIHCaH B rJiaBe 5. 3aBI'.ICHMOCTH JP OT ;3 
H Q2 napaMeTpli30BaJIHCb Ha OCHOBe ,n;11¢paKI.J,HOHHbIX cPYHKI.J,HH pacrrpe,n;eJieHHZI 

napTOHOB B noMepoHe, fi(/3, Q2 ), H pe,n;JKeoHe, J/R(/3, Q2 ), B paMKax DGLAP 

3BOJIIOU,HH rrapTOHOB HaqHHaZI co CTapTOBOH IIIKaJibI Q5. c u,eJibIO yMeHbIIIeHHZI 

q11cJia cBo6o,n;HbIX napaMeTpoB cPHTa ,Il,JI5! orrI:IcaHII5! cTpyKTYPbI pe,n;)KeOHa HC

IIOJib30BaJiacb TeopeTtt11ecKaZI rrapaMeTpttsaU,H5! Owens ,Il,JI5l cTpyKTypHofi cpyHK

U,I:IH 7r-Meso1-m. HopMttpoBoqHbIM rrapaMeTp nIR ,n;mr BKJia,n;a IR orrpe,n;eJI5IJICZI I:I3 

cPHTa sKcnepHMeHTaJibHbIX ,n,aHHbIX. TaKIIM o6pasoM, ,n;ttcppaKU,I:IOHHbifi rrpou;ecc 

paccMaTpttBaJICZI KaK o6MeH rroMepoHoM IP co CTPYKTypoti, orrpe,n,eJIZieMofi rrap

TOHHbIMH pacrrpe,n;eJieHHZIMH fi (;3, Q2 ). IIepeMeHHaZI ;3 osHaqaeT ,n;oJIIO rrpo,r:i;oJib

Horo liMIIYJibCa IIOMepOirn, nepe,n;aHHOrO KBapKy, pacce5IHHOMY Ha BIIpTyaJibHOM 

¢oToHe, a rroTOKH fJP(XJp, t) H fm(xrp, t) osHaqaIOT BepoZITHOCTI:I ,Il,JIZI IP M IR 
c sa,n;aHHbIMH x IP H t B rrpoToHe. A:rrnJIII3 rrpoBO,Il,IIJIC5! ,Il,JI5! rrpI:Ise,n,eHHbIX ceqe-
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x1P = 0.03 

x=5E..05 • H1 Data 
H1 2006 DPDF Fit A ::J.='· p=o.0011 (i=13) 

;Ii • x=BE·05 
(extrapol. fit) 

tJ·::J· p=o.0021 (1=12) 
10 4 ::·· 

10 

10 

x=0.00013 
p=0.0043 (i=11) 

x=0.0002 
p=0.0067 (1=10) 

x=0.00032 
p=0.011 (1=9) 

x=0.0005 
p=0.017 (i=8) 

x=0.0008 
p=o.021 (1=7) 
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Q2 [GeV2] 

PHc. 7: I1p1rne)J,eHHoe ceqemie xwaf(3) rrpou;eccoB ,Il,fHP c o6pa3oBaHHeM LRG B KOHe"'IHOM 

COCT05IHHH. I1oKa3aHa 3aBHCHMOCTb ceqeHH5I OT Q2 H /3 )J,J15l cPHKCHpOBaHHOro 3Ha"'IeHH.H XJp. 

,Il,aHHhie cpaBHHBaIOTC5I c pe3yJ1hTaTOM KX,II, cPHTa B CJ1e,n;yrolll,eM-3a-J1H,Il;HPYIOIIl,HM rrop5I,n;Ke 

BhI"'IHCJ1emrit 'Hl DPDF Fit A'. 

HRH o-f(3)' HHTerpHpOBaHHbIX B o6JmCni My < 1.6 rsB If ltl < 1 rsB2. 1fa
MepeHHbie Cel.JeHH5I, a TaKJKe CTaTHCTHl.JeCKHe H CHCTeMaTHl.JeCKHe rrorpeWHOCTH 

rrpHBe,II.eHbI B pa6oTe [2] II ,n;ocTyrrttbI Ha web-site [25]. KaK rroKa3aHo B rJiaBe 7, 
B rrpe,II.eJiax 0III1160K H3MepeHHi1. He tta6mo,II.aeTC5I pa3JIH9:Hi1. B ¢opMe pacrrpe,II.e

JieHH5I ceqeHH5I ITO /3 M Q2 ,Il.JI5I rrpou;eccoB c ,Il.HCCOI..l;HaIJ,HeM. rrpOTOHa B CHCTeMy 

c Maccofi My < 1.6 rsB II rrpou;eccoB c coxpaHeHHeM JIH,II.HpyIOI.II,ero rrpOTOHa 

(My = mp). <l>HT ocylll,eCTBJI5IJIC5I ,II.JI5I 9KCrrepHMeHTaJibHblX ,II.aHHblX B o6JiaCTH 

8.5 < Q2 < 1600 rsB2' Mx > 2 rsB II /3 < 0.8, r,II.e He npe,II.ITOJiaraeTC5I 3a

MeTHOro BKJia,II.a rrpou;eccoB, He orrH:cbrnaeMbIX ypaBHeHH5IMI1 9BOJIIOD;HH DGLAP .. 
B cPHTe HCITOJib30BaJIHCb 190 9KcrrepHMeHTaJibHbIX H3MepeHHfi o-f (3) ,II.JI5I pa3-
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HhIX 3Ha'IeHII:i1: Q2, f3 rr x 1p. CTpyKTypa ITOMepoHa KaK o6heKTa c KBaHTOBhIMH 

l.JHCJiaMrr BaKyyMa BKJIIOl.JaJia DPDF crrHrJieTa :E(z) JierKrrx KBapKOB rr aHTrr

KBapKoB ( u = d = s = u = d = s) H rJIIOOHa g ( z). ,Ii,JI51 ITpou;ecca ,[(rHP 

JIHJJ,rrpy10ru;ero ITOp51,II,Ka (PHc. la) ,IJ,OJI51 ITpO,II,OJihHoro HMITYJihCa rrapToHa z = /3. 
TorJJ,a KaK ,IJ,JI51 rrpou;eccoB 6oJiee BhICOKoro ITOp51,IJ,Ka ITO a 8 BhIIIOJIH5leTC51 ycJioBrre 

0 < f3 < z. IIapaMeTprr3aIJ,H51 DPDF B q:mTe BhIIIOJIHeHa c rrcrrOJih30BaHrreM cxe

MhI ITepeHopMrrpoBKrr MS. TmKeJihie KBapKrr c H b rrpe,II,ITOJiaraJirrch MaccHBHhIMH 

rr rrx BKJia,II, B ce"lleHrre Yl.!HThIBaJiczr BITJIOTh ,IJ,O rropzrJJ,Ka Bhil.JHCJiem1:0: a; -qepe3 

rrpou;ecchI ¢oToH-rJIIOOHHoro CJIII5IHH51 (Prrc. 16). Berylll,azr KOHCTaHTa CHJihHO

ro B3aHMOJJ,eHCTBH51 COOTBeTCTBOBaJia MI:IpOBOMY cpeJJ,HeMy 3Hal.JeHI1IO JJ,JI5I IT5ITH 

apoMaTOB KBapKOB: a~5)(M~) = 0.118 ± 0.02. 

DPDF KBapKoBoro crrHrJieTa 11 rJIIOOHa rrapaMeTprr3oBaJirrch ITPH cTapTOBOH 

lllKaJie DG LAP 9BOJIIOIJ,HH Q6 = 1. 75 - 2.5 r9B2' TaK l.JTO BhIIIOJIH5IJIOCh ycJIO

BHe Q6 << Q~in· I1apaMeTprr3au;rr51 DPDF 3a,IJ,aBaJiach B BHJJ,e zfi(z, Q6) = 
AizBi (1 - z )0 i, ocyw;ecTBJI5IJiacb 11x 9BOJIIOIJ,H5I B o6JiaCTh Q2 > Q6 c rroMOill;hIO 

ypaBHeHHfi DGLAP B cJie,II,y10ru;eM-3a-JIH,II,Hpy10ru;11M ITopzr,II,Ke Bhil.JHCJieHHH (next

to-leading order, NLO) rr ITporr3BO,II,HJiach cBepTKa (convolution) DPDF c Ko9¢

¢rru;11eHTHhIMI1 ¢YHKI.l;II5IMI1, KOTOpbie Bbipa)KaIOTC51 -qepe3 ¢oTOH-rrapTOHHhie ce

l.Je:HII5I B ¢opMyJie 9. Bb16op OITTIIMaJihHoro Q6 ocyru;ecTBJI51JIC5I ITO MHHHMaJihHO

MY x2 B pe3yJihTaTe ¢11Ta. B aHaJII13e He yqrrThIBaJIC51 B03MO)KHhIH BKJia,II, ¢YHK

IJ,Hll pacru;eITJieHH5I 'rrp5IMOro' ITOMepoHa (direct Pomeron) B rrapTOHhI, KOTOphifi 

ITPHBOJJ,Wr K Heo6xo,IJ,HMOCTH yl.JeTa 'HeroMoreHHoro' l.JJieHa (inhomogeneous term) 

B ypaBHeH11zrx 9BOJIIOIJ,HH ITapTOHOB. Yl.!eT TaKoro l.JJieHa B 9BOJIIOIJ,I1I1 rrpHBO,IJ,HT 

K yMeHhllleHHIO ,IJ,OJIH rmooHa B ¢YHKIJ,H:5IX pacrrpe,II,eJieHI15I rrapTOHOB ( rJiaBa 9). 
TaK KaK ¢11T He qyBCTBrrTeJieH K ¢opMe DPDF ITPH /3 > 0.8, IT09TOMY JJ,JI5I 

BhIITOJIHeHI15I ycJIOBH51, l.JT06hI DPDF cTpeMHJIC51 K HYJIIO rrp11 z --+ 1, DPDF 

,II,JI5I KBapKOBoro CHHrJieTa rr rJIIOOHa yMHO)KaJIHCh Ha BeJIHl.JHHY exp ( - ~~!). Ta

KHM o6pa3oM, 3HaqeHrr5I Cq 11 C9 MOrJIH 6hITh KaK ITOJIO)KHTeJihHhIMrr, TaK 11 

0Tp11u;aTeJihHhIMrr. BKJia,II, CTPYKTypHofi ¢YHKIJ,HI1 Ff (3) oITpe,II,eJI5IJIC5I H3 ee 3a

BI1CHMOCTrr OT DPDF crrHrJieTa KBapKOB H rJIIOOHa B cJie,II,y10ru;eM-3a- JIH,IJ,rrpy-

10ru;rrM ITOp51,II,Ke Bhil.JHCJieHrri1:. TaK KaK OTHOCHTeJihHbie HOpMrrpoBKH DPDF rro

MepoHa (peJJ,)KeOHa) I1 ITOTOKa ITOMepoHa (pe,II,)KeOirn) B ¢opMyJie 10 He ¢rrKCII

poBaHhI, rrpaBHJIO coxpaHeHI15I cyMMhI I1MITYJihCOB ITapTOHOB He ITprrMeH5IJIOCh. 

3aBI:ICI1MOCTh IIOTOKa ITOMepoHa (pe,II,)KeOHa) OT x IP ITapaMeTpI130BaJiaCh corJiac

HO ¢opMyJie 8, B KOTOpoli TpaeKTOpmI ITOMepoHa (pe,II,)KeOHa) rrpe,II,IIOJiaraJiaCb 

JirrHefiHofi: arp(t) = a1p(O) + a~pt. ,Ii,JI5I rrapaMeTpoB B1p(BIR) rr a~p(a~R) rr rrx 

HeoITpe,IJ,eJieHHOCTeli 6bIJII1 rrcITOJib30BaHhI pe3yJihTaThI Pe,II,)Ke aHaJirr3a ,IJ,aHHhIX 

FPS HERA I ( rJiasa 5). 

I1MIIYJihCI-IOe pacnpe,II,eJieHrre ITJIOTHOCTH: (DPDF) CHHrJieTa KBapKOB onpe,II,e-
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mi:eTcII BeJrn:q11Ho:ti CTPYKTypHo:ti cpyHKIJ,HM Ff (3) c ToqHOCTbIO, KOTopyIO ,n;aIOT 

,n;aHHhie no CJf(3), H qyBcTBHTeJihHO KO BCeM TpeM napaMeTpaM Ag, Bg H Cg, 
HCIIOJib3yeMbIM B rrapaMeTpH3au;:vrn DPDF. I1MrryJihCHoe pacnpe,n;eJieHHe IIJIOT

HOCTH rJIIOOHa onpe,n;eJIIITCII Bem1qJJHofi npoH3BO,D;HO:ti cTpyKTypHo:ti cpyHKI.I,HH 

Ff (3) no In Q2, LITO ofrhIICHIIeTCII BKJia,n;oM rrpou;ecca pacrn;errJieHMII g -+ qq, 

KOTOpbI:ti ,D;OMHmipyeT B o6JiaCTH /3 ;S 0.4. IlpH 60Jihllil1X /3 qyBCTBHTeJibHOCTb 

,n;aHHhIX K HMnyJihCHOMY pacrrpe,n;eJieHHIO rJIIOotia yMeHblllaeTC5I. B pe3yJihTaTe 

aHaJIH3a 6bIJIO rroJ1yqeHo, qTo cpHT HeqyBCTBMTeJieH K I-IaJrnqHIO napaMeTpa Bg. 
ITosToMy B cpMTe KOJIHqecTBO CBo6o,n;HbIX rrapaMeTpoB ,D;JI5I DPDF rmootta 6h1-

JIO orpaHJJqeHo Ag H Cg. ,Il,JI5I npoBepKn qyBCTBHTeJihHOCTH pe3yJihTaToB cpnTa, 

6bIJIH McnoJib30BaHhI ,n;Ba Bn,n;a napaMeTpH3aI.I,HH rrMnyJihCHoro pacrrpe,n;eJieHnII 

rJIIOOHa rrpH cTapToBofi lliKaJie Q6: c ,D;BYM5I rrapaMeTpaMH Ag H Cg ('Hl DPDF 

Fit A') rr c O,D;HHM rrapaMeTpOM Ag ('Hl DPDF Fit B'). B qmTe MHHHMH3Hpo

BaJiaCh cpyHKIJ,ll5I X2, rrpH OITpe,n;eJieHHH KOTOpOfi yqHThIBaJIHCh CTaTHCTJ1qeCKHe, 

HeKoppeJIH:pOBaHHhie CllCTeMaTJJqeCKHe norpernHOCTH, a TaK:tKe KOppeJIHpOBaH

Hhie C.HCTeMaTJJqeCKHe rrorpelliHOCTH ,D;JI5I ,n;aHHhIX ITO (Jf (3)' H3MepeHHhIX MeTo

,D;OM LRG. Pe3yJibTaThI cpnTa npMBe,n;eHhI B pa6oTe [2], a TaK:tKe ,n;ocTyrrHhI Ha 

web-site [26]. cI>rrT ,n;aeT x2 /ndf = 158/183 ,D;JI5I rrapaMeTpM3aIJ,HH 'Hl DPDF 

Fit A' H x2 /ndf = 164/184 ,D;JI5I rrapaMeTpM3aI.I,HH 'Hl DPDF Fit B'. Ha Pnc. 7 
rrpHBe,n;eHhI ,n;aHHbie no CJf (3) B 3aBHCHMOCTll OT Q2 H j3 rrpn cp.HKCHpOBaHHOM x IP 

H rroKa3aI-IbI pe3yJihTaTbI rrapaMeTpM3au;mr 'Hl DPDF Fit A'. CTaTrrcTnqecKne 

H 3KCrrepnMeHTaJibHbie CllCTeMaTMqecKMe norpernHOCTH ,n;aHHbIX H I1X KOppeJI5I

IJ,I1M TpaHCJIHpOBaJIHCb B 3KCrrepHMeHTaJibHbie rrorpelliHOCTI1 rrapaMeTpOB cpHTa. 

Mo,n;eJibHbre norpelllHOCTH cp11Ta onpe,n;eJI5IJIHCb rryTeM Bap11awrn Q6, a TaK:tKe 

cp11Kcn:poBaHHbIX napaMeTpOB cpMTa, TaKHx KaK fJR(XJp, t), a~p, B1p, a8 (M~), 
me, mb. B pe3yJibTaTe cpnTa 3Kcnep11MeHTaJibHbIX ,n;aHHbIX 6bIJIH rroJiyqeHbI rra

paMeTprr3au;mr DPDF ,D;JI5I CHHrJieTa KBapKOB rr I'JIIOOHa, HHTepcerrT TpaeKTop11H 

IlOMepoHa Qfp(O), KOTOpbiti onpe,n;eJIIIeT 3aBHCHMOCTb ceqeHM5I OT X[p, M napa

MeTp nIR ,D;JI.H HOpM11poBKH BKJia,n;a npou;eccoB o6MeHa pe,n;:tKeOHOM. B pe3yJihTaTe 

aHaJIH:3a noJiyqeH MHTepcerrT Qfp(O) = 1.118±0.008(3KCn.) ~~:~i5(Mo,n;eJih), KOTO

phiti B rrpe,n;eJiax 3KCrrepHMeHTaJibHbIX rrorpelllHOCTeti He 3aBHCI1T OT o6JiaCTH ITO 

Q2 H j3' qTo corJiacyeTC5I c rrrrroTe30:ti 0 cpaKTOpH3aIJ,HH rrpou;ecCOB B rrpOTOHHO:ti 

Beprnirne. 

BeJIJJq:vrna a1p(O) HeCKOJibKO Bbirne, qeM MHTepcerrT rrorvrepoHa a:IP(O) ~ 1.08, 

M3MepeHHbI:ti B M5JTKHX npoI.I,eccax a,n;poH-a,n;poHHoro pacceIIHMII. BeJIJJq11HaaIP(O) 

corrocTaBMMa c pe3yJibTaTorvr, noJiyqeHHhIM Ha ,n;aHHhIX FPS HERA I 11 HERA II 
(rJiaBa 5), M c rrocJie,D;HMMM pe3yJihTaTaMH 3KcnepHrvreHTa ZEUS, rroJiyqeHHhIMM 

,D;JI5I npoI.I,eccoB ,II,rHP KaK c o6pa3oBaHHervr LRG, TaK 11 c JIM,n;MpyIOIIJ,HM rrpoTo

Horvr B KOHecrnoM cocTOIIHirn. Pe3yJibTaTbI KX,II, cpHTOB 'Hl DPDF Fit A' H 'Hl 
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Pnc. 8: M:MrryJihCHhie pacrrpe,n;eJieHHH IIJIOTHOCTH cirnmeTa KBapKOB n rmootta B rroMepotte 

,D;JIH pa3Hhrx BemrqnH llIKaJihI Q2. IloKa3aHbI pe3yJihTaTbI KX,.n cPHTOB B cJJe,n;yro:rn;eM-3a

Jin,n;:rrpyro:rn;nM rropH,n;Ke BhrqncJJettni1 'Hl DPDF Fit A' :rr 'Hl DPDF Fit B'. 

DPDF Fit B' ,II,Jrn I:IMrrynhCHbIX pacrrpe,ri:eneHI:IH rrnoTHOCTI:I CI:IHrneTa KBapKOB I:I 

rmooHa rrpI:IBe,II,eHbI Ha PHc. 8 ,ri:n5I 

pa3HbIX 3HaqeHI:Iti: rnKaJlbI Q2. Pac

rrpe,ri:eneHI:Ie DPDF cm-1rneTa KBapKOB 

cornacyeTc5I ,!J;J15I ,ri:Byx rrapaMeTpI:Isa

~I:Iti l:I orrpe,ri:eneHO c TOqHOCTbIO 5 -
10%. TiorpewHocTh B orrpe,ri:eneHI:II:I 

DPDF rn100Ha cocTaBJ15IeT rrop5I,ri:Ka 
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60J1billl:IX z qyBCTBI:ITeJlbHOCTb qmTa K 
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napaMeTpI:Isa~I:Iti: 'Hl DPDF Fit A' I:I 

'Hl DPDF Fit B' OTJ1HqaIOTC5I. KaK 

n0Kasa1-rn Ha PI:Ic. 9, I:IHTerpanhHa5I ,ri:o

JI5! l:IMTIYJihCa ,II,mppaK~llOHHOro o6Me

Ha ( noMepoHa IP), rrepe,ri:am-Ia5I rmoo
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cTeti: He 3aBHCHT OT Q2. I1HTerpaJihHbI:ti BKJia,II, HMITYJihca rJIIOOHa B IP HecKOJib

Ko MeHhUie ,II,JI5I rrapaMeTpH3aD;HH 'Hl DPDF Fit B' H3-3a MeHhUie:ti ITJIOTHOCTH 

f'JIIOOHa ITPH 6oJiblllHX z. 0,II,HaKO pe3yJibTaTbI ,IJ,JI5I ,ll.BYX napaMeTpH3aIJ,Hti: corJia

cyIOTC5I B npe,II,eJiax rrorpeUIHOCTe:ti. TaKHM o6pa30M, B ,IJ,HcPPaKIJ,HOHHOM o6MeHe 

,II,OMHHHpyeT BKJia,II, rJIIOoHa. AttaJiorHqHbI:ti BbIBO,Il, 6hrn C,IJ,eJiaH IT03,II,Hee no pe-

3YJibTaTaM KX)J; attaJIHSa B sKcrrepHMeHTe ZEUS. ITo pesyJihTaTaM cPHTa Hl rro

JiyqeHo, qTo BKJia,II, rrpou,eccoB o6MeHa pe,II,)KeOHOM IR c HHTepceITTOM CY.JR rv 0.5 
B ceqemrn )J;rHP rrpH XJp = 0.01(0.03) COCTaBJI5IeT 103(303) H CTaHOBHTC5I 

rrpHHe6pe)KHMO MaJibIM rrpH MeHbllIHX X[p. 

2. 7 CeqeHHe af (3) ,n;m:);>paKIJ;HOHHoro rJiy6oKotteynpyroro ep pacce~
HH~ 

B ce,IJ,bMO:ti rJiase aHaJIH3HpyeTCII npHBe,IJ,eHHoe ceqeHHe af (3) (;3, Q2, x IP), rroJiy

qeHHOe HHTerpHpOBaHHeM af(4\;3, Q2, X[p, t) B o6JiaCTH H3MepeHH:ti ITO rrepeMeH

HO:ti t H 3KCTpanOJI5IIJ,HeH B o6JiaCTb It/ < 1 rsB2. 9KCTparrOJI7IIJ,H5I ocyru,ecTBJIII

JiaCb c HCI10Jib30BaHHeM H3MepeHHOti: 3aBHCHMOCTH ceqeHHII OT t, KaK OilHCaHO B 

rJiaBe 5. PesyJihTaThI orry6JIHKOBaHbI B pa6oTax [1 3, 5] H Tpy,[I.ax KoH¢epeHIJ,Hti: 

[10]- [15]. 

ITorpeUIHOCTH HOpMHpoBKH ceqeHH:ti af (3) rrpou,eccoB c JIH,[1.Hpyroru,HM ITPOTO

HOM B KOHeqHoM cocToaHHH, H3MepeHHbIX Ha ,II,aHHbIX Hl FPS HERA I (HERA 

II), cocTaBJI5IIOT 10.13 (63). ,[(aHHhre FPS HERA II pacUIHparoT HSMepeHHa 

af(3) B o6JiaCTb MaJibIX ;3 < 0.01 H 60JibllIHX Q2 > 120 r3B2. 

TipHBe,IJ,eHI-rne ceqeHHe Xrpaf(3) npou,eccoB c JIH,II,HpyIDI.IJ,HM rrpOTOHOM B KO

HeqHOM COCT05IHHI:I IIOKa3aHO Ha PHc. 10 B saBHCHMOCTH OT ;3 ,[l.JI5I BbI,IJ,eJieHHbIX 

sHaqerrH:ti Q2 H x1p. I1sMepeHHbie srraqeHH5I ceqeHHa Ha ,IJ,aHHbIX FPS HERA II, 
a TaK)Ke CTaTI:ICTHqecKHe H CHCTeMaTHqecKHe norpeUIHOCTH ceqeHHII np11Be,IJ,eHbI 

B pa6oTe [3] H ,IJ,OCTYTIHbI Ha web-site [27]. TioJIHaa 3KCITepHMerITaJibI·rna rrorpeUI

HOCTb ,IJ,JI5I HaI:I60Jiee ToqHbIX H3MepeHH:ti COCTaBJI5IeT 103. PesyJibTaT H3MepeHH5I 

Ha ,II,aHHbIX FPS HERA II cpasmmaeTca c ceqeHHeM ,ll.HcPPaKIJ,HOHHoro rJiy6oKo

Heynpyroro ep pacceaHHa c 06pasoBaH11eM 6oJibUIOro 6bICTpOTHoro HHTepBaJia 

(BBI1, large rapidity gap, LRG), rronyqeHHbIM r-rn ,IJ,aHHbIX HERA I B pa6oTe [2]. 
)J;aHHbie ITO af (3)' TIOJiyqeHHbie M8TO,IJ,OM perHCTpaIJ,HH JIH,IJ,Hpymru,ero npoTOHa, 

COTIOCTaBHMbI ITO 3KCIIepHMeHTaJibHO:ti TOqHOCTH c ,II,aHHbIMH, ITOJiyqeHHbIMH Me

TO,Il,OM LRG. MeTO,II, LRG o6ecITeqttsaeT 60Jibrny10 3¢¢eKTHBHOCTb perHcTpau,mr 

co6bITH:ti, HO ,II,aHHbre LRG cooTBeTCTBYIOT MeHbrne:ti HHTerpaJibHO:ti cBeTHMOCTH. 

,[(aHHbie c JIH,IJ,Hpy10rn;11M rrpOTOHOM pacrn11p5IIOT KHHel\rnT11qecKy10 o6JiaCTb H3-

MepeHI:I:ti ITpou,eccoB )J;rHP ,IJ,O BeJinq11H x1p ~ 0.1, He,[I.OCTYIIHbIX B MeTo,II,e LRG, 
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H, TaKHM o6pa30M, II03BOJI5IIOT 6oJiee ToqHo orrpe,IJ,eJIHTb BKJia,I.J; B ce-1:.1eHHe ,II.rHP 

rrpou,eccoB o6MeHa pe,IJ,:tKeoHoM IR. CeqeHHe ,II.rHP c o6pasoBaHneM LRG orrpe-
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Pwc. 10: ITpwBe,II,eHHOe ceqe1me XJp(}j?(3) B 3aBMCMMOCTM OT j3 ,n:Jrn: BhI,II,eJieHHhIX 3HaqeHMH Q2 M 

x1p, M3Mepettttoe ,n;JI.H rrpou;eccoB c JIM,IJ,Mpy10ru;MM rrpoTOHOM (FPS HERA II) M LRG B KOHeqttoM 

cocTO.HHMM (LRG HERA I). CrrJIOIIIHhre JIMHMM rroKa3brnaroT pe3yJihTaThI rrapaMeTpM3au;irn 'HI 
2006 DPDF Fit B', rroJiyqeHHOM B KX,II, attamne ,n:attHhIX LRG HERA I (rnaBa 6). 

,IJ,eJieHO ,ll,Jl5I rrpou,eccoB, B KOTOpbIX B KOHeqHOM COCT05IHHH IIOMHMO o6pa30BaHH5I 

JIH,ll,HPYIOIII;ero rrpOTOHa B03MO:tKHa ,I.J;HCCOIJ,HaIJ,mI rrpOTOHa B CHCTeMy c MaCCOH 

My < 1.6 raB. l103TOMY OTHOIIIeHHe ceqemuI rrpou,ecCOB c o6pa30BaHHeM LRG 

K ceqeHHIO rrpou,eccoB c o6pasoBaHHeM JIH,IJ,Hpy10rnero rrpoToHa B KOHeqHoM co

CT05IHHH I103BOJI5!eT OIJ,eHHTb BKJia,I.J; ,I.J;HCCOIJ,HaIJ,HH rrpOTOHa B rrpou,ecCbI rrepBoro 

THIIa. ,11.mI COBMeCTHOro aHaJIH3a ,IJ,aHHbIX Ba:tKHa TaK:tKe rrpoBepKa ymrnepcaJib

HOCTH pacrrpe,I.J;eJieHHti. ITO Q2' f3 H x IP ,I.J;JI5.! rrpou,eccoB c JIH,I.J;HpyIOIII;HM rrpOTOHOM 

II c o6pa30BaH11eM LRG. 0THOIIIeH11e ceqeHIIH ,LJ,JI5I cTaTHCTIIqecKII HesaBHCHMbIX 

,LI,aHHbIX HERA I H HERA II rroKasaHo Ha PHc.11 B 3aBHCHMOCTH OT rrepeMeHHbIX 

Q2, f3 II x1p ,I.J;JI5! o6JiaCTH x1p < 0.04, ,I.J;OCTyrrHofi B H3MepeHII5!X MeTO,ll,OM LRG. B 
rrpe,LJ,eJiax HeKoppeJIIIpOBaHHbIX rrorpeIIIHOCTeM H3MepeHHM He Ha6JJIO,IJ,aeTC5! 3a

BI1CI1MOCTII OTHOlIIeHII5! ceqeHIIti. OT yKasaHHbIX rrepeMeHHbIX. Ycpe,LI,HeHaoe oT

HOIIIeHHe ceqeHII:ti, rroJiyqeHHbIX Ha ,LI,aHHbIX HERA I II HERA II, cocTaBJI5!eT 

cr(My < 1.6 r3B)jcr(My = mp) = 1.20 ± 0.11 (3KCrr.), r,LI,e 3KCrrepIIMeHTaJib

Ha5I rrorpelIIHOCTb rrpe,LJ,CTaBJI5I8T KBa,I.J;paTIIqHyIO cyMMY CTaTIICTHqecKOti, KOp-
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peJJlilpOBaHHoi1 JiI HeKoppeJJHpoBaHHofi c11cTeMan1qecKux rrorpellIHOCTeti:. TaKHM 

o6pa30M, ,IJ.Ba MeTo,IJ.a aHaJJM3a rrpou,eccoB ,n;rHP ,IJ.aIOT corJJacyrow;HecR pe3JJJb
TaTbI H MoryT 6bITb HHTeprrpeTupoBaHbI B paMKaX O,Il.HOM ¢eHOMeHOJJOruqecKofi 

MO,IJ.em1, KaK OIIJiICaHO B rJJaBe 6. 

-c.. 1.5 -c..1.5 .....------------. 
E - H1 E 

f : :: : i t ~ i , ~ t I ! f : :: 
H1 

<'? 
~ 

v .;t 0.9 I- II!! H1 LRG/FPS HERA II 

t) 0 H1 LRG/FPS HERA I 

~ 
"'"" v .;t 0.9 I Iii! H1 LRG/FPS HERA II 

'6' 0 H1 LRG/FPS HERA I 

0. 7 ................... -........-....... ,_.._._..--..;..._....._ ........................ 
10 ·2 10 ·1 

-c..1.5 
E 
II 
> 

H1 

! 1.3 :_ ! 
> 
~ 1.1 _-

II H1 LRG/FPS HERA II 
0 H1 LRG/FPS HERA I 

LRG/FPS HERA II Norm. uncert. 

0. 7 ........ .........,_3,,__...__.~ ................ ..,_2,,......__........_~ 
10 10 

XIP 

1 
p 

P:rrc. 11: 0THOIIIeH:rre ceqeH:rrti: ,D;rHP, M3MepeHHoe B 3Kcrrep:rrMeHTe HI ,n,Jia rrpou:eccoB c o6pa-
30BaH:rreM LRG (My< 1.6 r3B) M JIM,!],Mpy10m;ero rrpOTOHa (f\lfy =mp) B KOHeqHOM COCT05IHMM 
B o6JiaCTM ltl < 1 r3B2. 

,.[l;aJJee B rJJaBe aHaJJ11311pyeTC5I saBMCHMOCTb rrp11Be,IJ.eHHoro ceqeHMR O"f (3) rrpo

u,eccoB ,n;rHP c m1:;1,11pyIOIIJ,l1M rrpoTOHOM B KOHeqHQM COCT05:£HHH 0'1' rrepeMeHHblX 

x IP, j3 11 Q2 H rrp11Bo,n;11TC5:l cpaBHeHMe c rrpe,IJ.cKa3aHH5IMI1 KX,Il; B cJJe,n;y10w;eM-
3a-JJH,IJ.Mpy10w;11M rropR,n;Ke Bb1q11cJJeH11i1 Ha ocHoBe DPDF, rroJJyqeHI-IbIX B rJiaBe 

6. Ha P11c. 12 pe3yJihTaTbI ,D;JI5I x1pO"f(3), rroJJyqeHHbie Ha ,n;aHHbIX FPS HERA II, 
cpaBHMBaIOTC5I c rrapaMeTp113au,11ei1 'Hl DPDF Fit B'. B rrpe,n;cKa3aH115:lX DPDF 

yq11TbIBaeTc5I BKJia,n; rrpou,eccoB o6MeHa rroMepottoM IP 11 pe,n;)KeOHOM IR. TaK KaK 

rrpe,IJ.Ka3aH115I DPDF rroJiyqeHhI no pe3yJibTaTaM aHaJJ113a rrpou,eccoB ,n;rHP c o6-

pa30BaH11eM LRG, OHM yMeHblll8HbI Ha BeJI11q11Hy 1. 20 ,D;JJ5I KoppeKu;1111 BKJJa,n;a 

rrpou,eccoB ,n;11ccou,uau,m1 rrpoToHa. PocT ceqeH115I np11 60JJblll11x x1p corJJacyeTCR 

31 



• H1 FPS HERA II, My=mP 
- H1 2006 DPDF Fit B, IP+IR ··· ·· IP only 
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PRc. 12: IlpRBe,n;ettttoe cetJeHRe x1p(}'f(3) rrpou;eccoB ,Il;fHP c JIH,D;HpyIOlll,HM rrpoTOHOM B 3am1-

CHMOCTH OT Q2 ,IJ:JI5I pa3HbIX 3Ha'leHHH f3 H Xfp. ,Il;aHHhie cpaBHHBaIOTC5I c rrpe,n:Ka3aHH5IMH 'Hl 
DPDF Fit B' B CJie,n:y1oru;eM-3a-JIH,n:Hpyrom.HM rrop5I,n:Ke BhPIHCJieHHti:. 

c yBeJIMqem1eM BKJia,IJ,a rrpou,ec

coB o6MeHa pe,IJ,)KeOHOM IR. ITpn

Be,IJ,eHHoe ceqeHMe yMeHbrnaeTC7I 

c pOCTOM /3 3a HCKJIIoqeHH8M 06-

JiaCTH /3 -7 1 rrpH MaJibIX 3Ha

qeHI17IX Q2 II x IP. TaKoe rroBe,IJ,e

HMe BOCIIpOH3BO,Il,I1TC7I rrpe,n,cKa-

3aHH7IMI1 KX,IJ; B cJie,n,yIDIIJ,eM-3a

JIH,Il,MPYIDIIJ,MM rropll)J,Ke BblqHc

JieHffH Ha octtoBe DPDF, B KOTO

pbIX IIJIOTHOCTH pacrrpe,IJ,eJieHI17I 

KBapKOB HMeIOT IIHK B o6JiaCTH 

6oJibllII1X /3 I1 MaJibIX Q2 (P11c. 8). 
3aBMCI1MOCTb rrpHBe,II,eHHOro ce

qeHH7I 0}?(3) OT Q2 rrpH cpYIKCM-

poBaHHbIX x IP H /3 xapaKTepH3Y

eTC7I ITOJIO)KHTeJibHbIM HaKJIOHOM 

'b 0.03 

.E 
"C -;;;-

H1 FPS HERA II 

49 X1p = 0.0025 • X1p = 0.016 A X1p = 0.035 

0 X1p = 0.0085 /:J,. X1p = 0.025 

~ .. 0.02 · - H1 2006 DPDF Fit B 
H1 

"C 
0.. 

><-

0.01 . 

0 

-0.01 ~' ..,,_2-~~~~~~..,_1-~~~-~~ 
10 10 1 

~ 

PHc. 13: IlpoH3BO,n;Ha5I rro ln Q2 rrpHBe,n:emwro ceqe-
D(3) 

HH.H XJp(}'r rrpon;ecCOB c JIH,IJ;HPYI01I.IJ1M rrpOTOHOM 

,IJ;JI5I pa3HbIX 3Ha'leHHH fJ H XJp. IloKa3aHbl TaK/Ke 

rrpe,n;cKa3aHR5I DPDF B cJie,n:y10rn;eM-3a-JIH,IJ;Rpy10rn;RM 

rrop5I,n;Ke BhI'lHCJieHRil: 'Hl DPDF Fit B'. 
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rro ln Q2 (HapylllemrnM MacnITa6Hoti: HHBapMaHTHOCTH, scaling violation) sa 11c

KJIIOLieH11eM o6JiaCTI1 60JibllIHX f3 > 0.5, r,rr.e HaKJIOH CTaHOBHTC5I OTpHU,aTeJibHbIM. 

B KX,II, TaKoe rroBe,rr.eHHe 5IBJIZieTcH pesyJibTaTOM DGLAP 3BOJIIOU,HH DPDF 11 

osHaLiaeT 6oJiblllOti: BKJia,rr. rJIIOOHa B DPDF (rJiasa 6). KaK BH,11.HO M3 P11c.12, 

6bICTpbIH pOCT ceLieHMH c Q2 MO)KHO o6bHCHI1Tb BKJia,11.0M rrpou,eccoB o6MeHa rro

MepOHOM IP )J,a)Ke B o6JiacTn 6oJibllIMX x JP, r)J.e 3HaLJMTeJieH BKJia,rr. o6MeHa pe

,11.)KeOHOM IR. AHaJiorHLIHoe rrose,rr.eHHe Ha6JIIO)J.aeTCZI ,11.JIH rrpMBe)J.eHHoro ceqemrn 

<Yr rrpoI..I,eCCOB MHKJII03MBHOrO rHP B 3aBHCMMOCTM OT Q2 rrpM pa3HbIX 3HaLJeHM5IX 

rrepeMeHHOti: BbepKeHa x. 3aBMCHMOCTb ceLJeHMH CYf(3) OT In Q2 rrapaMeTpn3o

BaJiacb JIMHe:H:Ho:ti: ¢YHKu,nefi M orrpe)J,eJIHJIC5I HaKJIOH b D ((3, x IP). BeJIMLIMHbI b D 

,11.JI5.! pa3HbIX 3HaLJ:eHM:ti: f3 n Xfp rrpMse,rr.eHbI Ha PMc.13 ,11.JIZI o6nacTM XJp < 0.035. 

BKJia,11. pe,11.)Keotta B 3TO.ti: o6nacTn cocTaBJI5.!eT Mettee 153. TaM )Ke rrpMBe)J.eHo 

cpasHeHne c rrpe,rr.cKa3aHM5IMM KX,II. B cJie,rr.yIOill,eM -3a-JIM,1J.MpyIOI11,MM rropZI,11.Ke 

BbILIMCJieHMfi c MCIIOJib30BaHneM rrapaMeTpMsau,MM 'Hl DPDF Fit B'. BeJIMLIMHbI 

bn )J,JI5I cPMKCilpOBaHHbIX (3, HO pa3HbIX 3HaLieHMH XJP, corJiacyIOTC5I, LJTO II0,11.

TBep)K)J,aeT rHITOTe3y 0 ¢aKTOpM3aU,HH rrpou,eccoB B rrpOTOHHOti: BepurnHe. 

o'" 
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• H1 FPS HERA II, My=mP 
- H1 2006 DPDF Fit B 
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Pnc. 14: BeJIHqHHa (l-/3)X1paf(3) I O'r ,II;JI5I rrpo:u;eccoB ,n:mppaKTI;HOHHOro H HHKJII03HBHOrO rHP 

B 3aBHCHMOCTH OT Q2 ,II;JI5I pa3HbIX 3Haqem1H: /3 H XJP. 

CpaBHeH11e 3as11c11MocTeti: ceLie1-ni::ti: ,n,11¢paKU,MOHHbIX H MHKJII03HBHbIX rrpo-
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I~eCCOB rHP OT Q2 H X 5IBJI5IeTC5I Ba)KHbIM HHCTpyMeHTOM ,IJ,JI5I npoBepKH npe,IJ,

CKa3amri1 KX~ Ha ocHoBe ,IJ,HcPpaKw10HHhIX H HHKJII03HBHhIX PDF, a TaK)Ke 

rrpe,IJ,CKa3aHHM cpl13W!eCKHX MO,IJ,eJieti B o6JiaCTH MaJibIX 3HaqeHHti x' KOTOpbre 

npe,IJ,TIOJiaraIOT B3aHMOCB5I3b TaKHX npo~eccoB. ~JI5I 3TOro B aI-faJIH3e BblqHc

JrnJiaCb BeJIHqHHa OTHOUiemrn (1 - (3)XIP o-f(3\XIP, /3, Q2)/o-r(X = f3xip, Q2) 

npH cPHKCHpOBaHHbIX Q2, /3 H XIP c HCTIOJih30Bami:eM napaMeTpH3an1rn O'r, no

JiyqeHHOti B sKcnepHMeHTe Hl. YKasaHHoe OTHOIIIeHHe rrpHBe,IJ,eHo Ha PHc.14 

B 3aBHCHMOCTH OT Q2 ,IJ,JI5I cPHKCHpoBaHHhIX (3 H XIP· IIpHBe,IJ,eHHa5I BeJIHqm-m 

3KBHBaJieHTHa OTHOIIIeHHIO M}daD(3)(Mx, W, Q2)/dM}/ a7:,~-+X (W, Q2), KO

Topoe 6brJio HsrvrepeHo B sKcnepHMeHTe ZEUS. IIpH cPHKCHpoBaHHOfi BeJIHqHHe 

x IP OTHOilleHHe ceqeHHfi CJia6o 3aBHCHT OT /3 H Q2 3a HCKIOqeHHeM o6JiaCTH 

6oJibllIHX /3. 0THOUieHHe ceqeHHti pacTeT npH 6oJibllIHX x IP 3a cqeT yBeJIHqe

HH5I BKJia,IJ,a rrpo~eccoB o6rvreHa pe,IJ,)KeOHOM. Ha PHc.15 noKasaHa BeJIHqHHa Ha

KJIOHa ( rrpOH3BO,IJ,Ha5I) OTHOUieHH5I ceqeHHH no ln Q2 ,IJ,JI5I cPHKCHpOBaHHbIX (3 H 

XIP· Ha TOM )Ke pHcyHKe pe3yJihTaThI cpaBHHBaIOTC5I c npe,IJ,cKa3aHH5IMH KX~ 

c HCIIOJib30BaHHeM ,IJ,H¢paKnHoHHhIX n HHKJII03HBHbIX PDF B cJie,IJ,y10~ervr-3a

JIH,IJ,HpyIO~HM rrop5I,IJ,Ke BhrqncJieHHfi. IIpe,IJ,cKa3aHH5I KX~ BocnpoH3BO,IJ,5IT no

Be,IJ,eHHe OTHOUieHH5I ceqeHHll BO BCe:ti o6JiaCTH x = /3XIP, B TOM qrrcJie noBe

,IJ,eHHe npoH3BO,lI,HOif OTHOIIIeHH5I no ln Q2 c pocTOM /3. II pnBe,IJ,eHHbie ceqemrn 

,IJ,HcPpaK~HOHHbIX H HHKJII03HB-
H1 FPS HERA II 

HhlX rrpo~eCCOB Bbipa)KaIOTC5I qe- 0 0.02 .....------------------.. 

pe3 cPYHKnnn pacrrpe,IJ,eJieHH5I KBap- s:: 

KOB B npoToHe. IIpoH3BO,IJ,Hhre 

ceqeHH5I no ln Q2 nponopnHo

HaJihHbI cPYHKn1m pacnpe,IJ,eJie

HH5I rJIIOOHa B npOTOHe B o6JiaCTH, 

r,IJ,e rrponecc pac~errJieHH5I g --+ 
qq ,IJ,OMHHHpyeT s KX~ :::>BOJIIO

nnH. Ha Puc. 15 BH,ll,HO, qTo npo

H3BO,IJ,Ha5I OTHOlliemrn ceqeHHfi no 

ln Q2 M€,IJ,JieHHO yMeHhIIIaeTC5I c 

pOCTOM /3' O,IJ,HaKO cpe,IJ,H5I5I BeJIH

qHHa npOH3BO,lJ,HOti corJiacyeTC5I c 

ttyJieM s rrpe,IJ,enax 3a :::>Kcnepn

MeHTaJihHO:ti norpeIIIHOCTH. 

I13-3a 6JIH30CTH npOH3BO,lI,HOH 

., -
-

-c::i.. 
I ..... - 0 

fJ X1p = 0.0025 • X1p = 0.016 

D x1p = 0.0085 fl x1p = 0.025 

- H1 2006 DPDF Fit 8 

A X1p = 0.035 

H1 

·0.01 ......... -=.2-------~--"--1:---------"--~ ....... 
10 10" 1 

~ 
PHc. 15: Ilpou:3BO,n:Ha.H rro ln Q2 ,II;JI.H BeJiwurnbI 

(1 - f3)x1puf(3) /ur B 3aBHCHMOCTII OT f3 II XJp. 
CrrJiomHa5! JIIIHH.H rroKa3hIBaeT rrpe,n:cKa3amrn KX,II; 
Ha ocHoBe ,n:mppaKI1HOHHhIX H IIHKJII03HBHhIX PDF B 

OTHOUieHH5I ceqeHHfi ITO ln Q2 K CJie,n:yIOllI,eM-3a-JIH,II;HpyIOllI,HM II0p5!,II;Ke Bbl'IHCJieHHH. 

HYJIIO B pa6oTe c,ri:eJiaH BhIBO,IJ,, qTo 

OTHOUieHHe cPYHKnHH pacnpe,IJ,eJieHH5I CirnrJieTa KBapKOB K cPYHKnHH pacrrpe,IJ,e-
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JiemI.H rmomrn, 113MepeHHbIX B rrpou,eccax ,nrHP, 6Jil13KO ITO BeJI11q11He K OTHOIIIe

mno COOTBeTCTBJIOilJ,I1X cPYHKU,11M pacrrpe,IJ,eJieH11fi ,IJ,JI.H rrpou,eccoB 11HKJII03MBHOf'O 

rHP B o6JiaCTl1 MaJibIX X. 

2.8 CeqeHHe o6pa3oBaHH.H ,D;Byx '*eCTKHx' cTpyfi a,D;pOHOB 11 JIH,[1;Hpy-
10m;ero rrpOTOHa B ,[!;HcppaKu;HOHHOM rJiy6oKOHeyrrpyroM ep pac

ce.HHHH 

B BOCbMOti: rJJaBe aHan11s11pyroTc.H rrpou,ecchI ,nrHP c 06pasoBaH11eM JIH,IJ,Hpyro

ID,ero rrpOTOHa 11 ')KeCTKHX' CTpyti: a,n;pOHOB ,IJ,BYX TOIIOJior11ti:: ',n;Be CTpy11 B u,eH

TpaJibHOti: o6JiaCTH 6bICTpOT (U 0 B)' 11 'O,IJ,Ha CTPY.H B u,eHTpaJibHOfi o6nacnr M 

o,n;Ha CTPY.H B rrepe,n;Hefi o6JJaCTM 6bICTpoT (Il 0 B) '. PesyJibTaTbI aHamrna orry6-

JI11KoBaHbI B pa6oTe [4], a TaK)Ke B Tpy,n;ax KOH¢epeHU,11fi [9, 10]. 

PeaKU,11.H o6pasoBaHM7! ,IJ,Byx ')KeCTK11x' CTpyfi a,n;poHoB rrpo11cxo,n;11T B ocHOB

HOM qepe3 rrpou,ecc ¢oToH-rJIIOOHHoro cn11.HHH7! (Pnc. 16). TaKofi rrpou,ecc qyB

CTB11TeneH K ,IJ,McPpaKu,110HHOfi cpyHKu,1111 pacrrpe,IJ,eneHH.H rnrooHa B rrpoToHe. ITo

rrepeqHbie MMIIYJihCbI cTpy:ti a,IJ,pOHOB Pr B cncTeMe u,eHTpa Mace ~*p, a TaK)Ke 

B11pTyanbHOCTb cl:>oToHa Q2 sa,n;aroT IIIKaJiy rrepTyp6aTl1BHbIX Bb1q11cneHM:ti KX,n. 

Ilp11 OIIHCaHMM ceqeHMM o6pa30BaHM.H ,IJ,BYX ')K8CTKl1X' CTpy:ti a,IJ,pOHOB B u,eH

TpaJibHOfi o6JJaCTH 6bICTpoT MO)KeT 6bITb rrpoBepeHa yHMBepcaJihHOCTh DPDF 

rnrooHa, KOTopaH rroJJyqeHa H3 DG LAP aHan11sa 11HKJII03HBHbIX ,n;ncppaKu,110H

HbIX ceqeHl1M rHP, OIIMCaHHOf'O B rJiaBe 6. PaHee ceqeHl1.H o6pa30Bamrn ,IJ,BYX 

')KeCTKnx' cTpyli a,IJ,pOHOB 113Mep.HJIMCb TOJibKO B peaKU,11.HX c o6pa30BaH11eM LRG 

Me)K,IJ,y a,n;pottaMM - ns-sa 6oJibIIIoro aKcerrTattca ycTaHOBOK Hl M ZEUS K TaKHM 

peaKU,M.HM. )l.aHHhie HERA II, rrony-Y:eHHbie ,IJ,JI.H peaKU,HM 06pas0Batt11.H ,IJ,Byx 

')KeCTKl1X' CTpy.ti a,IJ,pOHOB c Jil1,IJ,MPYIOilJ,HM npOTOHOM B KOHe-Y:HOM COCTO.HHl1H, 

II03BOJI.HIOT I13Mep11Tb 3aBl1CHMOCTb ce-Y:eHM.H no t H npoBepMTb rrpMMeHMMOCTb 

f'HIIOTe3bI 0 cl:>aKTOp113aU,HH rrpou,eccoB B rrpOTOHHOM BepIIIMHe. 9Tl1 ,IJ,aHHbie TaK

)Ke .HBJI.HIOTC.H MHCTpyMeHTOM ,IJ,JI.H rrpoBepK11 yHMBepcaJibHOCTM NLO DPDF ,IJ,JI.H 

OTIHCaHl1.H rrpou,eccoB ,nrHP 6e3 ,IJ,MCcou,11au,1rn rrpOTOHa 11 B 6oJiee III11pOKOfi KH

HeMaTHqecKOH 06JiacT11 X1p < 0.1, qeM ,IJ,OcTyrrHo B MeTo,IJ,e LRG. Hccne,IJ,0BaH11e 

co6hITH.fi c Torronor11efi 'o,n;tta cTpy.H B UOB 11 O,IJ,Ha cTpy.H B ITOB' MOTHBHpoBaHo 

rrpoBepKofi yHHBepcaJibHOcT11 DPDF B peaKu,1111, r,IJ,e MO)KHO O)K11,IJ,aTh OTKJIOHe

H11fi OT rrpe,IJ,cKa3aHHfi KX,n Ha ocHoBe 3BOJIIOU,H11 rrapTOHOB DG LAP. B TaKHX 

co6b1T11.Hx rro,n;aBJieH rrop.H,IJ,OK pocTa Pr rrapTOHOB OT JI11,n;11pyroID,ero rrpoToHa K 

B11pTyaJihHOMy cPOTOHy, KaK rrpe,n;rronaraeTC.H B DGLAP 3BOJIIOU,M11 rrapTOHOB. 

TaK11e co6bITl1.H He,IJ,OCTyrrHhI ,IJ,JI.H perMcTpau,1111 MeTO,IJ,OM LRG 11 MoryT 6bITh 

113MepeHbI TOJibKO B ,IITHP c Jil1,IJ,11pyIOilJ,11M rrpoTOHOM B KOHe-Y:HOM COCT05IHl111. 

TaK)Ke rrpe,n;cTaBJrneT HHTepec, HaCKOJibKO pasJJWrnbie MoHTe KapJio MO,IJ,emr, 
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ocHoBaHHhie Ha JIH,n,Hpyrow;eM rrop2,n,Ke BhJqHcJieHnfi KX)J,, crroco6HhI orrHcaTh 

ceqeHH7I TaKHX rrpou;ecCOB. 

B pe3yJihTaTe aHaJin3a H3MepeHo ceqerrne rrpou;eccoB ,.QrHP c o6pa3oBarrneM 

11:.BYX '2KeCTKHX' CTpyli a,n,poHOB H JIHAHPYIOill;ero rrpOTOHa B KHHeMaTWieCKOM 

o6JiaCTI1 4 < Q2 < 110 rsB2 , XJp < 0.1. )J,mI cpaBHeHH5! C pe3yJihTaTaMH, 

rroJiyqeHHhIMH ,n,JI51 rrpou;eccoB c o6pasoBarrneM LRG II rrpe,n,cKa3aHHIOMH DPDF, 

ceqeHI15! rrpou;eccoB c JIHAHPYIOI.I.I,HM rrpOTOHOM 9KCTparrOJII1pOBaHhl H3 o6JiaCTH 

H3MepeHHll 0.1 < jtj < 0.7 rsB2 B o6JiaCTh jtj < 1 rsB2. 

Pe3yJihTaThI, rroJiyqeHHhie ,n,JI5! ceqeHnti o6pa3oBaHH5I ,n,Byx '2KeCTKnx' cTpytt 

a,n,poHOB H JIH,n,npyrow;ero rrpoTOHa, cpaBHHBamICh c rrpe,n,cKa3aHH5IMH KX)J, rra 

ocHoBe DPDF B cJie,n,yrow;eM-3a-Jin,n,npyIOJJJ;HM rrop71,n,Ke BhiqHcJieHH:ti 'Hl DPDF 

2006 Fit B' (rJiaBa 6) n 'Hl DPDF 2007 Jets'. YKa3aHHhie DPDF rroJiyqeHhI 

B paMKax rHIIOTe3bI 0 cpaKTOpH3aU,HH rrpou;eccoB B rrpOTOHHOM BepIIIHHe. )J,JI5I 

Bhiq11cJieHH5! ceqeHHll o6pa30Bamrn 11:.BYX CTpyli rrapTOHOB B ,.QrHP rrpH cPHK

CHpOBaHI:IOM x1p HCIIOJih30BaJiach rrporpaMMa NLOJET++. B pacqeTax B Ka

qecTBe IIIKaJihI rrepeHOpMHpOBKH I1 ¢aKTOpH3aII,HI1 HCIIOJih30BaJiaCh BeJIHqHHa 

µr = µf = y'Q2 + (P;.)2, r,n,e (P1') - cpe,n,H5!5! BeJIHqHHa rrorrepetrnoro HMITYJihCa 

11:.BYX CTpyfi a,n,poHOB B CHCTeMe u,eHTpa Mace 1*p. )J,JI5I ou;eHKH BKJia,n,a 6oJiee 

BhICOKHX IIOp5I,1J;KOB BhlqHCJieHHH, UIKaJia rrepeHOpMHpOBKH µr I1 IIIKaJia cpaK

TOpH3aU,HI1 µ f O,l:J;HOBpeMeHHO BapbI1pOBaJII1Cb B rrpe,n,eJiax OT 0.5 ,n,o 2 OT u;eH

TpaJihHOro 3Haqemrn. Cpe,n,H5!5I BeJIHqHHa Heorrpe,n,eJieHHOCTH H3-3a BapnaII,HH µr 

11 µf cocTaBHJia 33%. BKJia,n, Heorrpe,II,eJieHHOCTe:ti rrapaMeTp113aD,In1 DPDF TaK):Ke 

yqHThIBaJIC5! B aHaJIH3e I1 COCTaBHJI B cpe,n,HeM 7%. Beryw;a5I KOHCTaHTa CHJibHO

ro B3aHMO,n,eilCTBH5f 11:.Jl5I II5ITI1 apoMaTOB KBapKOB COOTBeTCTBOBaJia BeJIHqHHe 

a:~5)(M1) = 0.119 ± 0.002. Heorrpe,n,eJieHHOCTh H3-3a Bapnau,IIH 0:8 cocTaBHJia 

B cpe,n,HeM 1.5%. ,Il;JI5I OII,eHKH BKJia,n,a CJie,l:i;yIOJJJ;ero-3a-JII111:.I1PYIOJJJ;HM rrop5I,n,Ka 

BbiqHcJieHH:ti, rrpe,n;cKa3aHH5I KX)J, 6bIJIH rroJiyqeHhI TaK):Ke B JIH,n,Hpyrow;eM rro

p5I,n,Ke Bh1q11cJieHHtl:. Ilpe,n,cKa3aHH5I ,D;JI5I ceqe1rni1: o6pa3oBaHH5! ,n,Byx cTpyli rrap

TOHOB 6bIJIH CKOppeKTHpOBaHhI 11:.Jl5I oma:caHH5I rrpou;eccoB Ha ypoBHe a,n,poHOB c 

HCITOJih30BaHHeM pe3yJibTaTOB MO,n,eJIHpOBaHH5I rrapTOHHbIX JIHBHe:ti ,D;JI5I rrapTO

HOB HaqaJibHoro II KOHeqHoro cocT05IHHti, rrpou;eccoB cpparMeHTaII,HH 11 a,n,pomrna

II,HH. Heorrpe,n;eJieHHOCTb KoppeKII,H:ti Ha a,1J;pOHH3a1~mo rrapTOHOB orrpe,n,eJI2JiaCb 

KaK pa3HHII,a rrpe,n,cKa3aI-rn:ti ,D;BYX MO,D;eJieti rrapTOHHhIX JIHBHefi I1 COCTaBIIJia B 

cpe,l:i;HeM 73. TaKnM o6pa3oM, ocHOBHOli BKJia,n; B rrorpeIIIHOCTH rrpe,n;KasaHHti 

KX)J, BHOC5IT Heorrpe,n;eJieHHOCTH UIKaJihI ,l:i;JI5I rrepTyp6aTHBHhIX BhP-rncJieHHfi µr 

11 µf. Heorrpe,l:i;eJieHHOCTH rrapaMeTpHsau;1111 DPDF II KoppeKu,11ti Ha a,n;poHH3a

II,HIO rrapTOHOB ,n;aIOT 3HaqHTeJibHO MeHbllIHH BKJia,n;. IloJIHa5I Heorrpe,n;eJieHHOCTh 

rrpe,n;cKasarrnfi KX)J, BhiqHCJI5IJiach KaK KBa,n:paTwrna71 cyMMa Heorrpe,n;eJieHHO

cTefi 113 pa3HhIX HCToqHHKOB. 
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,Il;HcppaKJJ,HOHHbre cPYHKII,HH pacrrpe,n,eJreHH51 rrapTOHOB 'Hl 2006 DPDF Fit B' 
H 'Hl 2007 DPDF Jets' 6hIJIH rroJiyqeHhI H3 KX,II; aHaJIH3a ceqeHHil rrpoJJ,eccoB 

,n;rHP c o6pa3oBaHHeM LRG, BKmoqaIOrn;Hx ,n;11ccoJJ,Hau,mo rrpoToHa B cHcTeMy 

c Maccoil My < 1.6 rsB. I103TOMY ,D,JI51 cpamieHH51 c H3MepeHHbIMH ceqeHH5IMH 

,IJ,HcppaKJJ,HOHHOro o6pa30BaHH5I ,D,BYX CTpytt a,n,pOHOB H JIH,D,HpyIOrn;ero rrpOTOHa 

rrpe,D,CKa3aHH51 DPDF 6hIJIH yMeHbIIIeHbI Ha BeJIHqHHY 1.20 (rJiaBa 7). 

CeqeHH51 ,II;rHP ,D,JI5I ,D,Byx TorroJiorHil cTpytt a,D,poHoB, HHTerp11poBaHHbre rro 

KHHeMaTHqecKoti o6JiaCTH H3Mepem1ti:, rroKa3aHhI B Ta6m1JJ,e 2. ITpe,n,Ka3aHH5I 

2 CTpyn: B UOB 1 CTPY5I B UOB M 1 CTPY5I B IIOB 
a [rr6] a [rr6] 

~aHHbJe 254 ± 20(CTaT.)±27(cIICT.) 150 ± 19(cTaT.)±26(cIICT.) 
NLO KX~ 

Hl 2006 Fit B 27o:~~(rrrn:a.rra):i~(DPDF) ±16( a,n;p.) 148:~~ ( IIIKaJia) :~3 (DPD F) ±6 ( a,n;p.) 
Hl 2007 Jets 25 7:=~~ ( IIIKaJia) ±22 ( a,n;p.) 12s:~f (rnKa.rra)±7( a,n;p.) 

Ta6mui;a 2: Ceqemrn o6pa3oBaHII5I co6bITIIfi ,nrHP ,n:Byx Torro.rrom:H: 1) ,n:Be CTPYII a,n;poHOB B 
UOB; 2) o,n;tta cTpy.H B UOB u o,n;Ha CTPY.H B ITOB. ,D;attHhre cpaBmrnaIDTC.H c rrpe,n;cKa3aHH.HMH 
KX,D; B CJie,n;y10ru;eM-3a-JIM)J;Hpyroru;uM rrop5I,n;Ke BhrqucJieHHit. 

KX,II; B cJie,n,y10rn;eM-3a-JIH,D,Hpy10r.u;HM rrop5I,D,Ke BbiqHcJieHHH corJiacyIOTC5I B rrpe

,D,eJiax rrorpeurnocTeti: c H3MepeHHhIMH ceqeHH5IMH. lfaMepettoe ,D,Hcpcpepem:_\MaJib-

c;r10 

~ e H1 FPS two central jets 

Q. t>. H1 FPS inclusive DIS 
co 81-

I 
l>. 

t 61- l 
I I T 
1' l>. l>. 

J J 
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J 
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2 
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H1 

I 
l>. 
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l>. 
J 

,........, 
..Q 
c. .......... 

two central jets 

H1 
'" H1 FPS Data 
0 H1 LRG Data I 1.2 

LRG phase space 
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log(x1p) 

Puc. 16: a) HaKJIOH B 9KCIIOHeHIJ;HaJihHOH 3aBIICHMOCTH ,n:u¢¢epemi;HaJihHOro ceqemrn OT t 
)];JI5I pa3Hhrx 3Haqemril xrp, H3MepeHHhrit ,D;JI.H rrpou;eccoB ,II,I'HP c o6pa3oBaHHeM ,II,Byx ')KeCT
KHx' CTpyit a,n;poHOB Il )J;JI5I HHKJII03HBHhIX rrpou;eccoB ,II,rHP. 6) )J;u¢¢epeHIJ;HaJihHOe ceqeHHe 
o6pa30BaHH5I )J;BYX ')KeCTKHX' CTpyit a,n;pOHOB B 3aBHCHMOCTH OT log X[p. )J;aHHbie c JIH,l1,H
py10ru;HM rrpOTOHOM cpaBHHBaIOTC5I c pe3yJihTaTaMH, IIOJiyqeHHhIMH ,[I;JI5I rrpou;ecCOB ,nrHP c 
o6pa3oBaHHeM ,II,Byx ')KeCTKHx' cTpyit u LRG B KOHeqHoM cocT05IHHH. 
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Hoe ceqemrn o6pa3oBarrn.H ,D,Byx '.lli:eCTKMx' CTpyH: a,D,pOHOB 110 t ITapaMeTpH30Ba

JIOCb B BM,D,e: da/dt ex exp (Bt). KaK rroKasaHo Ha PMc. 16a, rrapaMeTp HaKJIOHa 

ceqeHM.H B corJiacyeTc.H c BeJrnqMHofi, M3MepeHHoH: B MHKJII03MBHOM ,D,mppaK

IJ;MOHHOM rJiy6oKOHeyrrpyroM pacce.HHMM 11pI1 TOM )Ke 3HaqeHMI1 X[p (rJiaBa 5). 
TaKHM o6pa3oM, ,n;aHHbie corJiacyIOTC.H c rH110Te3oi1: o ¢aKTOpM3aIJ;MM ITpou;eccoB 

B ITpOTOHHofi BeprrrnHe. Ha PHc. 166 rrpHBe,n;etto cpaBHeHMe ,D,McP¢epettu;MaJibHoro 

ceqeHM5I 110 log x IP c ceqemi:eM o6pa30BaHH51 ,JJ;BYX CTpyH: a,n;poHOB, I13MepeHHbIM 

paHee B 9KcrrepMMeHTe Hl MeTo,n;oM LRG. IIocne KoppeKIJ;MM Ha BKJia,D, ITpou;ec

coB ,D,Hccou;Mau;HM ITpoToHa B co6bITM.H ,n;rHP c LRG ( rJiaBa 7), pe3yJibTaTbI ,D,Byx 

MeTO,lJ,OB corJiacyIOTC5I. ~aHHbie c Jlll,D,MpyIOill,MM 11pOTOHOM B KOHeqHOM COCTO.H

HMM 1103BOJI.HIOT pacrrmpHTb KMHeMaTMqecKyIO o6JiaCTb I13MepeHMM ,Il,O BeJIH'IMH 

XJp .:s 0.1. ,Il;M¢¢epeHIJ;I1aJibHbie ceLJ:eHM5I o6pa30BaHM51 ,D,BYX '.lli:eCTKMX' CTpyti 

a,D,pOHOB ITO rrepeMeHHbIM ZJP, PY, 1 JIM,D,Hpyroru,eti CTPYH I1 rrceB,D,06bICTpoTbI 7JJ 
' 

cTpyH a,D,pOHOB B TIOB 110KasaHbI Ha PMc. 17. PesyJibTaTbI cpaBHMBaIOTC.H c 11pe,D,-

cKasaHM.HMM KX~ r-rn ocHoBe ,D,HcPPaKIJ;HOHHbIX PDF. ~M¢paKIJ;MOHHbie PDF, 110-

Jiy'IeHHbie B CJie,D,yroru,eM-3a-JIM,D,MPYIOill,MM 110p51,1J,Ke Bbl'II1CJI8HMM B pe3yJibTaTe 

KX~ cPMTa ce"Y:eHHfi MHKJII03MBHbIX ITpou,eccoB ~rHP, ,D,aIOT rrpMeMJieMoe 011H

caHMe Ce"Y:eHMM o6pa30BaHI151 ,D,BYX '.lli:eCTKMX' CTpyi1: a,D,pOHOB, rrpMHMMa.H BO BHI1-

MaHMe 11orpernHOCTM I13MepeHHti M ITpe,D,cKasaHHH: KX~. 0TJIM'II1e Ha6JIIO,D,aeTC.H 

TOJibKO B o6JiacnI MaJibIX 'r/f, r,D,e rrpe,D,cKa3aHH5I Ha ocHoBe DGLAP 11peBocxo,D,.HT 

9KC11epMMeHTaJibHbie ,D,aHHbie. 

TaKMM o6pa3oM, pe3yJihTaTbI ITO ce-qemrnM o6pasoBaHM.H ,D,Byx '.lli:eCTKMx' cTpyrr 

a,D,pOHOB rro,D,TBep*,D,aIOT yHMBepcaJibHOCTb ,D,11¢paKIJ;MOHHbIX cPYHKIJ;Mti pacrrpe

,D,eJieHH.H rrapTOHOB B 11poT0He ,D,JI.H orrMcaHH.H TaKHX 11pou;eccoB. IIpM 9TOM, rrpe,D,

CKa3aHM.H Ha ocHoBe DPDF, 110Jiy'IeHHbie B JIII,D,Hpyrom;eM rrop.H,D,Ke BbiqHcJieHMi1 

KX~, MeHbIIIe M3MepeHHbIX ce"Y:eHIIfi ,D,JI.H ,D,Byx To11onorMi1 co6bITMi1 Ha BeJiwrnHy 

2.0 -7 2.5, 'ITO yKa3hmaeT Ha Heo6xo,D,MMOCTb y'IeTa rrpou;eccoB cJie,D,yIOru,ero-sa

JIM,D,MpyIDill,IIM rrop.H,D,Ka BbI'II1CJieHIIi1 KX,Il;. 

B paMKax 9BOJIIOIJ.III1 BFKL B03MO.lli:HO MsnrrnHMe ,D,OITOJIHIITeJibHbIX rmoo

HOB Me*,D,Y cTpy.HMH rrapTOHOB, 'ITO ,D,OJI)KHO rrpHBO,lJ,MTb K ,D,eKoppeJI.HIJ;MH B pac

rrpe,D,eJieHMM ITO pa3HOCTI1 a3MMyTaJibHblX yrJIOB CTpyrr a,D,pOHOB 1~¢* 1. 0,n;HaKO 

Ha6nro,D,aeTc.H corJiac11e Me*,D,Y I13MepeHHbIM ce'-IeHMeM 1101~¢* I I1 11pe,D,cKa3aHH

.HMM Ha ocHoBe DGLAP B cne,D,yIDm;eM-sa-JIH,JJ;MpyIOill,MM 11op.H,D,Ke BbI'IMCJieHHi1. 

TaKHM o6pasoM, B KHHeMaTH'IecKofi o6nacTH M3MepeHMi1: He Ha6JIID,II,aeTc5I s¢

¢eKTOB, KOTOpbie He 011HCbIBaIOTC.H 9BOJIIOIJ;Heti rrapTOHOB DG LAP. 

Ce"Y:eHM.H o6pasoBaHH5I ,II,Byx '*eCTKHx' cTpyrr a,II,pOHOB M JIM,II,MpyIOru,ero rrpo

TOHa B KOHe'IHOM COCTO.HHMM cpaBHMBaIOTC5I TaK)Ke c 11pe,IJ,CKa3aHM5I MoHTe-KapJIO 

MO,II,eJiei1: JIM,II,Mpyrow,ero rrop.H,II,Ka, B KOTOpbIX 11pou;eCCbI 6onee BbICOKMX 110p5I,II,KOB 
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PMc. 17: ~Mcpcpepemi;MaJihHOe ceqeHMe o6pa3oBaHM5! ,n;Byx ')KeCTKMX' cTpyiI a,n;poHOB M JIM
,n;Mpyrom:.ero rrpoTOHa B 3aBHCMMOCTM OT z1p, Pr,1 JIH,n;rrpyrom:.eiI cTpyM 11 rrceB,n;o6hrcTpOTbI TJJ 
cTpyM a,n;poHOB B ITOB . ~aHHhre cpaBHHBaIOTC5I c rrpe,n;Ka3aHM5IMM DPDF B cJie,n;yrom;eM-3a
JIM,n;Mpyrom:.MM rrop5I,I(Ke BbiqHcJieHMM. 

CHMYJIHPYIOTC5I qepe3 napTOHHbie JIMBHH. B aHaml3e paccMaTpHBaIOTC5I cJie,LI.yIO

rn;Me Mo.n.em1: 

- MO,LI.eJib cocTaBHoro noMepoHa (resolved Pomeron, RP), B KOTopo:ti rrpn:MeH5I

eTC5I rHIIOTe3a 0 ¢aKTOpM3aIJ;Hll rrpou;eccoB B npOTOHHOH BeprrrnHe H pe3yJ1bTaTbI 

DGLAP cPMTa 'Hl 2006 Fit B' ,LI.JI5I rrapaMeTpH3aIJ;HH rroTOKOB o6MeHa rroMepo

HOM H BTopwrnhIM pe.n..tKeOHOM, a TaK..tKe M HX DPDF CTPYKTYPbI B JIH,LI.HpyIDru;eM 

rrop5I,LI.Ke BbJqllCJieHH:ti; 

- MO,LI.eJib ,LI.Byx-rJIIOOHHoro rroMepoHa (2 gluon IP), B KOTopo:ti rrpou;ecc ,n;rHP 

MO,LI.eJIHpyeTC5I KaK B3aHMO,LI.eHCTBMe 6ecu;BeTHOti napbl rJIIOOHOB H3 npOTOHa c 

,Ll,HIIOJieM qq MJIM qqg' B KOTOpbIH cPJIYKTyHpyeT BHpTyaJibHbiti cPOTOH; 
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- MO,IJ,eJih M5U'KHX napTOHHhIX B3aHMO,I1,eti:cTBHi1 (soft color interactions, SCI), 
B KOTOpOti ,11.HcPpaKIJ;HOHHbIH o6MeH MO,I1,eJIHpyeTC7I KaK rrpou;ecc rHP C IIOCJie

,11.YIOI.lI,HM rrepepacrrpe,IJ,enemrnM rrapTOHOB c Bepo7ITHOCThIO P, B pe3yJihTaTe KO

Toporo MoryT o6pa3oBaThC5.I cHcTeMhI u;BeTOBhIX CHHrJieToB, pa3,I1,eJieHHhIX LRG. 

)J,JI5.I sepo5ITHOCTH SCI 6hIJia Bb16paHa senwrnHa P = 0.3, qTo rro3BOJIHJIO Boc

rrpoH3BeCTH B MO,IJ,eJIH a6COJIIOTHYIO BeJIJiiqJiiHY ceqemrn o6pa30BaHirn ,I1,BYX CTpy:ti: 

a,IJ,pOHOB B 11ccJie,IJ,yeMhIX rrpou;eccax )J,rHP KaK B o6JiacTH IJ;OB, TaK 11 B IIOB. 

Mo,IJ,eJIH 'resolved Pomeron' 11 '2 gluon IP' peaJIH30BaHhI B MoHTe KapJio 

reHepaTope RAPGAP, Mo,IJ,eJih SCI - B rrporpaMMe reHepa:u;1111 co6hITH:ti: LEPTO. 
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Puc. 18: ,Il;mp¢epett:u;ua.rrbttoe ceqettue o6pa30Bamu1 ,IJ;Byx ')KeCTKnx' cTpyH: a,IJ;pOHOB u JIH,IJ;H
pyIDm;ero rrpOTOHa B 3aBHCHMOCTH OT log XJp H ZJp. ,Il;aHHbie cpaBHHBaIDTC.H c rrpe,IJ;Ka3aHH5IMH 
MottTe KapJio MO,IJ;eJieti B JIH,IJ;HpyIDm;eM rropa:,IJ;Ke BhI'IHCJieHHH. 

)J,11cl:>cl:>epeHu;HaJihHbie ceqeHH5I o6pa30BaHH7I ,I1,BYX CTpy:ti: a,IJ,pOHOB B ,.nrHP no 

rrepeMeHHhIM log xrp 11 zrp rroKa3aHhI Ha PHc. 18. I13 cpaBHeHH5I 113MepeHHhIX 

ceqeHHti c MO,IJ,eJI5IMH MO:IKHO C,IJ,eJiaTh BbIBO,I1,, qTo MO,I1,eJib COCTaBHOro IIOMepoHa 

(RP) onHChIBaeT cPOPMY ,I1,HcPpaKIJ;HOHHbIX pacnpe,IJ,eJieH11ti:, HO He,IJ,oo:u;eH11BaeT 

a6cOJIIOTHYIO BeJIJiqHHY ceqeHHM ,IJ,JI5I ,11.Byx TOnOJIOrmJ: co6bITI1H B 1.5 7 2 .2 pa-

3a. TaKHM o6pa3oM, MO,I1,eJI11poBaH11e npou;eccos JIH,IJ,11pyIOI.lI,ero rrop5I,IJ,Ka H nap

TOHHhIX JIHBHeti: tte,IJ,OCTaToqHo ,IJ,JI5I Bocnpo11sBe,IJ,emrn ,n;aHHhIX. IIapaMeTp11sau;115I 

noTOKOB o6MeHa noMepoHoM H pe,IJ,:1KeottoM, peaJIH30BaHHa7I B M0,11.eJIH RP, ,IJ,aeT 

corJiacyIOI.lI,HeC5I pe3yJihTaTbI c 3KcnepHM€HTaJihHbIMH ,IJ,aHHbIMH ,I1,JI5I 3aBI1CI1MO

CTl1 ceqeHI15I OT x IP 11 t KaK ,IJ,JI7I HHKJII03HBHbIX npo:u;eccoB ,.nrHP ( rJiaBbl 5 I1 6)' 
TaK 11 ,I1,JI7I npou;ecCOB o6pa30BaHl17I ,I1,BYX ':1KeCTK11x' CTpyti: a,IJ,pOHOB B ,.nrHP. 

Mo,n;eJib M5IrK.11x napTOHHhIX B3aHMO,IJ,eti:cT)KHH (SCI) He orrHcbrnaeT ¢opMy 

,11.HcPpaKIJ;HOHHbIX pacnpe,11.eJieHHM no log XJp H Z[p H pacrrpe,I1,eJieHH5I no Q2' HO 
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BOCIIpOII3BO,ll;HT 3aBIICIIMOCTb ceqeHH5I IIO rrepeMeHHbIM, OIIIICbIBaIOm;HM TOIIOJIO

rIIIO co6bITH5I, TaKHM KaK y, P; II TJ cTpy:ti a,n;poHOB. 9To yKa3brnaeT Ha rro,n;o6IIe 

rrocJie,IJ;HIIX pacrrpe,n;eJieHIIH B rrpou,eccax ,n;mppaKU,IIOHHoro II He,n;mppaKU,IIOHHoro 

rHP. A6coJIIOTHa5I BeJIIIqHHa ceqeHII5I B MO,IJ;eJIII SCI 3a,n;aeTC5I BbI6opoM rrapa

MeTpa p ,ll;JI5I Bep05ITHOCTH M5IrKIIX rrapTOHHbIX B3aIIMO,IJ;eHCTBH:ti H, TaKHM o6pa-

30M, He rrpe,n;cKa3bIBaeTC5I MO,IJ;eJibIO. 

Mo,n;eJib ,n;Byx-rJIIOOHHoro rroMepmrn (2 gluon IP) onIIcbrnaeT a6comoTHYIO Be

JIHqIIHY ce1-Iemrn o6pa30BaHII5I CTpy.i1 a,n;pOHOB TOJibKO B o6JiaCTH MaJibIX x IP ~ 
0.02. B o6JiaCTII 6oJibIIIHX XJp B Mo,n;eJIH He,n;ocTaeT BKJia,n;a rrpou,eccoB, KOTOpbie 

MoryT 6bITb orrncaHbI o6MeHoM pe,n;MeOHOM. B ,n;aHHOH Mo,n;eJIM ,n;Byx-rmooHHbIH 

rroMepoH B3aMMo,n;e.i1cTsyeT KaK u,eJioe (direct Pomeron) c ,IJ;MTIOJibHO.i1 KOHcPMry

pau,IIe:ti, B KOTOpyIO cPJIYKTyMpyeT BI1pTyaJibHbIH cPOTOH. B MO,IJ;eJIH OTCYTCTByeT 

BKJia,IJ; npou,eccoB, B KOTOpbIX B rHP y11aCTByeT TOJibKO COCTaBHa5I 1-JaCTb IIOMe

pOHa. TaKMe rrpon,eccb1 ,n;a10T BKJia,n; B o6JiaCTb MaJibIX z1p, r,n;e Mo,n;eJib He,n;oou;e

HMBaeT I13MepeHHOe ceqeHIIe. 

2.9 CpaBHeHHe pe3yJihTaTOB c ,n;pyrHMH M3MepeHH5IMH 11 rrapaMeTpH-

3aD;H5IMH rrapTOHHbIX pacrrpe,n;eJieHHM 

B u u D(3) 
HaqaJie ,n;eB5ITOl1 rJiaBbl rrpI1BO,IJ;5ITC5I pesyJibTaTbl cpaBHeHII5I ce11eHI1I10-r ' IIO-

nyqeHHbIX B ,n;aHHOli pa6oTe ,IJ;JI5I rrpou,eccoB ,D,rHP c o6pasosaHMeM JII1,IJ;Mpy10iu;e

ro npoToHa, c pe3yJibTaTaMII sKcrrepIIMeHTa ZEUS. I1oKa3aiw, "ITO pesyJibTaTbI 

,n;syx 9KcnepI1MeHTOB COIIOCTaBIIMbl B rrpe,n;enax 9KCrrepIIMeHTaJibHblX norpern

HOCTe.i1. 9To I103BOJII1JIO rronyqMTb KOM6MHI1pOBaHHOe ceqeHMe IIO HeCKOJibKMM 

I13MepeHII5IM B ,n;syx 9KcnepIIMeHTax c y11eTOM KOppeJIIIpOBaHHbIX II HeKoppe

JIIIpOBaHHbIX rrorpeIIIHOCTe:ti. 9KcrrepMMeHTaJibHa5I TOqHQCTb KOM6J.IIHHpOBaHHOro 

ceqeHH5I npeBOCXO,IJ;lIT pesyJibTaTbl OT,IJ;eJibHbIX H3MepeHIIH II COCTaBJI5IeT 6% ,IJ;JI5I 

Ha.H6onee T011HbIX IISMepeirn:ti. 

,D,anee rrpHBO,IJ;HTC5I cpasHeHHe rrpe,n;cKasaHHH KX,D, Ha ocHoBe rrapaMeTpnsa

I.l,IIH 'Hl DPDF Fit A' M 'Hl DPDF Fit B', orrncaHHbIX B rnase 6, c ceqeHH5IMII 

o6pasosaHH5I cTpy:ti a,n;poHoB B rrpou,eccax ,D,rHP c LRG, IISMepeHHbIMH B 9KC

rrepIIMeHTe Hl. CeqeHII5I TaKHX rrpou,eccos qyscTBIITeJibHbI K pacrrpe,n;eJieHHIO 

rmooHa B npoToHe. TipIIBO,IJ;5ITC5I TaKMe pesyJibTaTbI KX,D, aHannsa ceqeHail o6-

pasosaHII5I CTpyil a,n;poHOB B ,D,rHP II ,n;aHHblX no a-f (3) B BII,IJ;e rrapaMeTpII3aU,IIH 

'Hl DPDF Jets'. TioKasaHo, qTo pesynbTaTbI rrapaMeTpIIsau,nII 'Hl DPDF Fit B', 
KOTOpa5I ,n;aeT MeHbIIIIIH BKJla,IJ; rJIIOOHa rrpII 60JlbIIIHX ,ll;OJI5IX HMIIYJlbCalP, Jiyqrne 

cornacy10TC5I c ce11eHH5IMH rrpou,eccos o6pasosaHH5I cTpy.i1 a,n;poHOB. PesyJibTaTbI 

aHamISa ony6JIIIKOBaHbl B pa6oTe [7], a TaKMe B Tpy,n;ax KOI-IcPepeHU,Mll [10,13-·16]. 
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B rJiaBe TaK*e orr11cbrna10Tca oco6eHHOCTH H pesyJibTaTbI KX~ aHaJIH3a ce

qeHnti HHKJII03HBHbIX rrpou;ecCOB H rrpou;eccoB o6pa30BaHH5I CTpyli a,n;poHOB B 

~rHP c LRG, BhIIIOJIHeHHoro B 9KcrrepHMeHTe ZEUS, 11 rrp11Bo,n;11Tc5I cpaBHeH11e 

pesyJihTaTOB rrapaMeTpnsau;11f1 DPDF ,n;Byx 9KcrrepHMeHTOB. KX~ aHaJIH3 ,n;aH

HbIX 9Kcrrep11MeHTa ZEUS ,n;aeT ,Il,OMHHHPYIIJ,HH BKJia,n; rmooHa B DPDF rrpoToHa, 

qTo corJiacyeTca B rrpe,n;eJiax rrorpeIIIHOCTei1 c pesyJihTaTaMI:I KX~ aHamISa B 

9KcnepHMeHTe Hl, rrpe,n;cTaBJieHHoro B ,n;aHHofi pa6oTe. 0TJIHq11H B a6coJIIOTHOti 

BeJinqm-rn rrpe,n;cKasaHHM: DPDF oTpa:tKaIOT pasH11u;y B a6comoTHOi1 BeJinqm-rn 

ceqeH11ti, rronyqeHHbIX MeTO,Il,OM LRG B 9KcrrepHMeHTax Hl n ZEUS, KOTopaH 

COCTaBJI5!8T rv 13%. 

):I,anee o6cy:tK,n;aIOTCH oco6eHHOCTM KX~ aHaJIHsa ceqeHHH rrpou;eccoB ,I(rHP, 

BbIIIOJIHeHHoro rpyrrrroi1 Martin-Ryskin-Watt (MRW). B ¢eHOMeHoJiornqecKoM 

aHaJinse MRW ,n;aHHhie 9KcrrepnMeHTa Hl rro ceqeHMHM ,LITHP c LRG ¢nTHPYIOT

cH c HCI10Jih30BamreM MO,Il,8JIH, B KOTOpofi yqnThIBaIOTC5I BKJia,Il,bl Tpex npOI.l,eCCOB 

B ):I,rHP: o6MeHa HerrepTyp6aTIIBHbIM COCTaBHbIM ITOMepoHOM, rrepTyp6aTHBHbIM 

cocTaBHbIM rroMepoHoM II rrepTyp6aTHBHbIM 'rrpHMbIM' rroMepoHoM. PesyJihTaTbI 

aHaJinsa MRW cpaBHMBaIOTC5I c rrapaMeTpnsau;nHMM 'Hl DPDF Fit A' n 'Hl 

DPDF Jets'. YqeT B ¢vITe npou;eccoB o6MeHa 'rrpHMbIM' rroMepoHoM, KOTopoMy 

coOTBeTCTByeT 'HeroMoreHHbIM' qJieH (inhomogeneous term) B ypaBHeHMH 9BO

JIIOU,HH rrapTOHOB, rrpMBO,Il,HT K MeHbIIIeMy BKJia,n;y ['JIIOOHa rrpn 60JiblllHX ,IJ;OJI5IX 

IIMTIYJibca IP no cpaBHeHMIO c pesyJibTaTOM rrapaMeTpH3al.l,HH 'Hl DPDF Fit A'. 

PesynbTaTbI npe,n;cKasaHHti Ha ocHoBe rrapaMeTpH3au;m1 'Hl DPDF Fit A' H 

'Hl DPDF Fit B', a TaK:tKe rrapaMeTpnsal.l,MH MRW cpaBHMBaroTca c ceqeHM5IMH 

o6pasoBaHMH oqapoBaHHbIX KBapKOB B rrpou;eccax ~rHP. B pacqeTax KX~ B 

KaqecTBe IIIKaJibl ¢aKTOpl13aIJ,HH H rrepeHOpMHpOBKH HCIIOJib30BaJiaCb BeJIHqnHa 

µ} = µ; = Q2 + 4m~, r,n;e me - Macca oqapoBaHHoro KBapKa. Bee rrapaMeT

pn3au;HII OITHCbIBaIOT 9KCrreprrMeHTaJibHbie ,n;aHHhie B rrpe,n;eJiax rrorpelllHOCTei1 

H3MepeHHH, KOTOpbie, O,Il,HaKO, He o6Jia,n;aIOT BbICOKOH TQqHOCTbIO. 9KcrrepHMeH

TaJibHa5I rrorpeIIIHOCTb cyIIJ,eCTBYIOIIJ;HX ,n;am-IbIX He II03BOJI5IeT orrpe,n;eJIHTh BKJia,Il, 

'rrp5IMOro' ITOMepoHa, KOTOpblll ,Il,OJI:tKeH rrpmIBJI5ITbC5I rrpH 60JihllIHX ,Il,OJI5IX HM

rryJibCa rroMepmrn f3, rrepe,n;aHHoro pacceaHHOMY rrapTOHy. 

):I,pyrHM rrpou;eccoM, qyBCTBHTeJibHbIM K ,Il,llcPPaKI.l,HOHHOMY pacrrpe,n;eJieHHIO 

rJIIOOHa B rrpOTOHe, 5IBJI5IeTC5I rrpOI.l,eCC ,Il,HcPPaKu;MoHHOro ¢oTOpO:tK,Il,eHH5I oqapo

BaHHOro KBapKa. B 9TOM rrpou;ecce Q2 rv 0 H lllKaJia ')J{eCTKOCTH:' ,Il,JI5I rrepTyp-

6aTHBHbIX Bb1qncJieHHfi KX):I, 3a,n;aeTca Maccoi1 me, a TaK:tKe rrorrepeqHbIM MM

rryJibCOM PT oqapoBaHHoro KBapKa. ):I,aHHbie 9KcrrepnMeHTa ZEUS, rronyqeHHhie 

,Il,JIH 9Toro rrpou;ecca, orrHCbIBaIOTC5I rrpe,n;cKasaHHHMH KX,I( Ha ocHoBe rrapaMeT

pnsau;HM: 'Hl DPDF Fit A', 'Hl DPDF Fit B', a TaK:tKe 'ZEUS LPS+charm Fit'. 
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BoJihIJHie Heorrpe,n;eJieHHOCTH BbiqHcJierrnfi CB5:!3aHbI c TeM, qTo IIIKaJia '.IKeCTKO

CTH' rrpou,ecca, orrpe,n;eneHHa5:! KaK µ] = µ; = m~ + p~, HeBeJIHKa. 

"Y HHBepcaJibHOCTb ,n;ncppaK1l,.I10HHbIX cPYHK1l,.I1H pacrrpe,D;eJieH.I15:! rrapTOHOB MO

.IKeT 6bITb rrpoBepeHa B ,D,HcPPaKLJ;lfOHHblX rrpori;eccax cPOTOp0.1K,D;eH.I15:! '.IKeCTKHX' 

cTpyfi a,n;poHoB, r,n;e B.HpTyaJibHOCTb o6MeHHoro ¢oToHa 6JI.H3Ka K Hymo. B TaKHX 

rrpou,eccax IIIKaJia ,D;JI51 rrepTyp6aTHBHbIX BbJqHcJieHnfi KX,IJ; 3a,n;aeTC5:! BemrqHHOfi 

Pr JIH,D;Hpy101u,efi CTpyn pacceRHHbIX rrapTOHOB. B TaKHX rrpori;eccax s¢¢eKThI 

BTOpwrnoro B3a.I1MO,D,etiCTB.I15:! rrapTOHOB COCTaBHOro a,n;pOHOIIO,D;06Horo cPOTOHa 

.I1 rrpOTOHa IIp.I1B0,1J,5:!T K IIO,D;aBJieH.HIO Bep05:!THOCT.H o6pa30BaHirn ,D;HcPPaK1l,.I10H

HOH TOIIOJIOr.I1.I1 co6bIT.I1H. 3HaqI1T€JibHbIH s¢¢eKT IIO,D;aBJieH.I15:! ,D;HcPPaKU,HOHHOH 

TOIIOJIOr.HH co6bIT.I1H (Ha IIOp5I,D;OK BeJIIf"t.J.I1Hbl) OTHOCHTeJibHO rrpe,n;cKa3aHJJti Ha 

ocHoBe NLO DPDF, rrony"(_reHHbIX n3 ,n;aHHbIX no ,D;HcPpaKIJ;HOHHOMY rny6oKo

HeyrrpyroMy ep pacce5:!HHIO Ha KOJIJiafi,n;epe HERA, Ha6mo,n;anc5:! B rrpori;eccax 

o6pa30BaH.I15:! '.IKeCTKHX' CTpyfi a,n;poHOB B pp B3a.I1MO,D;efiCTB.I15:!X Ha KOJIJiati,D,epe 

Tevatron. E11l,e MeHbllla5:! Bepo5:!THOCTb coxpaHeHH5:! ,D;HcPpaK1l,HOHHofi TorronorHH 

co6bITH.ti: (gap survival probability) mKH,D;aeTC5:! rrpH 6oJiee BbICOKHX 9Hepnrnx B 

pp B3aHMo,n;eficTB.I15:!X Ha KOJIJiati,n;epe LHC. 

l13MepeHHhJe B 9KcrrepHMeHTe Hl ceqeHH5:! ,n;ncppaKu,m-rnoro ¢0Topo.1K,D,eHH5:! 

,D,BYX CTpyti a,n;pOHOB COCTaBJI5:!IOT BeJIIfqm-ry 0.58 ± 0.21 OT rrpe,D;CKa3aH.I1H Ha 

ocHoBe NLO DPDF 'Hl 2006 Fit B'. Ko9cPcPHIJ;HeHT rro,n;aBJieH.I15I ceqeHH5:! OTHO

CHTeJihHO rrpe,n;cKa3ar-rnti B rrpe,n;eJiax Heorrpe,n;eJieHHOCTefi rrpe,n;cKa3arrnti He 3a

BHCHT OT BeJIIf"t.IIfH x'Y H Z[p, KOTOpbie orrpe,n;eJI5:!IOT ,D;OJI.I1 4-x HMIIYJibCOB cpoTO

Ha H rroMepoHa, rrepe,n;aHHbie rrapToHaM, yqacTBYI011l,HM B rrpori;ecce '.IKeCTKoro' 

pacce5:!HH5I. 0,D;I-IaKO Ha6JIIO,D,aeTC5:! HeKOTOpbIH pocT OTHOIIIeHH5:! ceqeHH51 cpoTO

p0.1K,D;eHI15I cTpyfi K rrpe,n;cKa3aHM5IM NLO DPDF c pocToM rrorrepeqttofi sHeprnn 

Er JIH,D;Hpyro11l,eM: CTPYH a,n;poHoB. Pe3yJibTaTbI aHaJIM3a orry6JIHKOBaHbI B pa6o

Tax [6, 8], a TaK.1Ke B Tpy,n;ax KompepeHu,nfi [10, 13--16]. 

I1o,n;o6Ha51 ./Ke 3aBHCHMOC'rb OTH01Il8Hl:I51 ceqeHH5:! ,1J,I1cPPaKI.J;I:IOHHOrO cPOTOp0.1K

,D,eHH5:! CTpyti a,n;poHOB K rrpe,D,cKa3amrnM NLO DPDF OT rrepeMeHHhIX x'Y n Er 
mr,D;Hpyro11l,eM: cTpyn a,n;poHoB tta6JIIO,D;aeTC51 B sKcrrepHMeHTe ZEUS. O,n;ttaKo a6-

coJIIOTHa5:! BeJIHqHHa ceqeHmI, M3MepeHHoro B 3KcrrepI:IMeHTe ZEUS, cornacyeTC51 

B rrpe,n;eJiax rrorpeillHOCTeti c rrpe,n;cKa3aHH5:!MH NLO DPDF H, TaKMM o6pa3oM, 

yKa3bIBaeT Ha OTCYTCTBHe ITO,D,aBJiemrn rrpou,eccoB ,n;n¢paKU,HOHHOro cPOTOp0.1K,1J,e

HH51 CTpyfi a,n;pOHOB 3a cqeT BTOpHqHoro B3aHMO,D,eHCTBH5I rrapTOHOB COCTaBHOrO 

¢oToHa n rrpoToHa. Heo6xo,n;nMo yKa3aTb, qTo B sKcrrepHMeHTe ZEUS M3MepR

JIHCb rrpou,eCCbl ¢oTopmK,D,eHH5:! c Er > 7.5 r9B ,1J,J151 JIH,D;Mpyro11l,efi CTpyH a,n;po

HOB, Tor,n;a KaK B ::>KcrrepHMeHTe Hl rrpnMeH7IJIOCb 6oJiee M7IrKoe Tpe60Ba1-1ne Ha 

'.IKeCTKOCTb' rrpo11ecca Er > 5 r::>B. 
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2.10 3aKJnoqenne 

B saKmoqeHI:HI rrpirne,n;eHhI ocHOBHbie pesyJibTaTbI ,n;MccepTaIJ,I:IOHHOti: pa60Tb1: 

1. Cos,n;aH crreKTpoMeTp JII:I,II;Hpy10:w;nx rrpoTOHOB ycTaHOBKI:I Hl c Koop,n;HHaT

HbIMH ,n;eTeKTOpaMI:I Ha OCHOBe CIJ,IIHTI:IJIJI.HIJ,HOHHbIX qm6epHbIX ro,n;oCKOIIOB 

ll II03llIJ,I:IOHHO- "Y:YBCTBllTeJibHbIX cPOTOYMHO:tKI:ITeJie:ti:; paspa6oTaHa MeTO,II;I:I

Ka peKOHCTPYKIJ,llll llMIIYJibCOB JII:I,II;HpyIOru;Hx npOTOHOB c HCIIOJib30BaHI:IeM 

CIJ,HHTllJIJI5IIJ,HOHHbIX KOOp,II;I:IHaTHbIX ,n;eTeKTOpOB H MarHHTHOti: OIITHKH KOJI

Jia:ti:,n;epa HERA. 

2. I1sMepeHo rrpHBe,n;eHHOe ceqeHHe 0{?(4) rrpou;eccos ,n;n¢paKIJ,llOHHoro rJiy6o

KOHeynpyroro ep -+ eX p pacce5IHI15I c JIH,II;Hpyroru;HM npOTOHOM B KOHeq

HOM COCT05IHIIH B KHHeMaTW-IeCKOll o6JiaCTH, onpe,n;eJI5I8MOH BHpTyaJibHO

CTbIO cPOTOHa 2 < Q2 < 110 rsB2 ' ,II;OJie::ti: rrpO,II;OJibHOro HMnyJibCa, ne

pe,n;aHHOti: npOTOHOM B ,n;11¢paKI.J;HOHHOM o6MeHe Xfp < 0.1, BeJIHqHHOti: 

0.001 < /3 = x/XJp < 1 I1 KBa,rr,paTOM rrepe,n;aHHOro 4-x I:IMIIYJibCa B npOTOH

HOH BeprrrnHe 0.08 < Jtl < 0. 7rsB2. I1oJIHa5I sKcnepmvreHTaJihHa.H norpern

HOCTb ,II;JI5I HaH6oJiee TOqHbIX H3MepeHHH COCTaBJI5IeT 103. 

3. I1sMepeH rrapaMeTp HaKJIOHa B ,II;JI5I saBHCI:IMOCTH ceqeHH.H ,n;Htj)paKIJ,HOHHO

ro rJiy6oKOHeyrrpyroro ep pacce5IHH5I c JIH,II;Hpy10ru;HM rrpOTOHOM B KOHeqHOM 

COCT05IHHH da /dt ex exp (Bt) rrpH pa3HbIX BeJIHqHHax XJp H /3 = x/XJp, B 

urnpoKoti: o6JiaCTH BHpTyaJibHOCTe:ti: ¢oTona Q2 . B o6JiaCTll MaJibIX x IP ,:S 
0.03, r,n;e BKJia,n; o6MeHa IIOMepOHOM ,Il;OMHHHpyeT, napaMeTp HaKJIOHa co

CTaBJI5IeT B '.::::'. 6rsB-2, qTo MeHbIIIe, qeM seJI11q11na, H3Mepem-ra.H B rvrnrKHX 

a,n;poH-a,n;poHHbIX B3aHMO,II;eti:CTBll5IX, II COOTBeTCTByeT BeJIW-rnHe, H3MepeH

HOH B rrpou;eccax ,II;Htj)paKIJ,HOHHoro rHP npH 3HaqHTeJibHOti: lIIKaJie ':tKeCT

KOCTH' rrpou;ecca. 

4. I1pe,II;JIO:tK8H MeTO,Il; aHaJII13a ,n;aHHbIX no ceqeHI:I.HM ,lJ,HcPpaKIJ,HOHHOrO rHP 

Ha ocnoBe ¢enoMeHoJior1111 rroJIIOCOB Pe,n;:tKe. B pesyJibTaTe anaJI11sa saBH

CHMOCTH ceqeHH5I no nepeMeHHbIM XJp I1 t BbJqHCJI8HbI napaMeTpbI TpaeK

TOpI1I1 noMepoHa a1p(t) = aIP(O) + a~pt. I1HTepcenT TpaeKTOpirn Qfp(O) = 
1.10 ± 0.02(sKcn.)±0.03(Mo,n;eJib) corJiacyeTC5I B npe,n;eJiax rrorpernHOCTeti: 

II3Mepemr:ti: c BeJIHqHHOH a1p(O) '.::::'. 1.08, H3MepeHHOti: B M5IrKI1X a,n;poH

a,n;pOHHbIX B3aHMo,n;e::ti:CTBH5IX. HaKJIOH TpaeKTop1111 a~p corJiacyeTC.H c ny

JieM I1 MeHblIIe, qeM BeJIHqJIHa a~p '.::::'. 0.25 rsB-2, I13MepeHHa5I B M5IrKHX 

a,n;potI-a,II;pOHHbIX B3aHMO,II;e:H:CTBll5IX. 

5. Tipe,II;JIO:tKeH MeTO,Il; aHaJIH3a 3aBHCI1MOCTH rrapaMeTpOB TpaeKTOpHI1 noMepo

Ha OT BHpTyaJibHOCTll ¢oToHa Q2. B pesyJibTaTe rroJiyqeHo, qTo napaMeTpbI 
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TpaeKTOpirn IIOMepoHa H HaKJIOH 9KCnOH€HlI,HaJibHOfI 3aBHCHMOCTH ceqeHH5I 

OT ITepeMeHHOti t He 3aBHC5IT OT BHpTyaJibHOCTH cpOTOHa B ITpe,IJ,eJiax l.5a 
norpellIHOcTeti H3MepeHHfI. Ha ocHoBaHHH ::>Toro c,IJ,eJiaH BbIBO,ll, o npnMe

I-IHMOCTH I'HITOTe3bI 0 cpaKTOpHsau,mr ITpou;eccoB B rrpOTOHHOti BepIIIHHe H 

cpOTOH-rrapTOHHOI'O pacce5IHH5I. 

6. I13MepeHO IIpHBe,IJ,eHHOe ceqeHHe af(3) ITpOU,eCCOB ,IJ,HcppaKU,HOHHOI'O rHP 

c JIH,IJ,Hpyr-or.u;HM ITpOTOHOM B KOHeqHOM COCT05IHHH B KHI-IeMaTnqecKofI 06-

JiaCTH 2 < Q2 < 700 raB2 , Xfp < 0.1, 9KCTpaITOJIHpOBaHHOe B o6JiaCTb 

ltl < 1 raB2. 9KcnepHM8HTaJibHbI8 ,LJ,aHHbie B o6JiaCTH 120 < Q2 < 700 raB2 

nonyqeHbI BrrepBbie. floJIHa5I 9KCITepHMeHTaJibHa5I rrorpellIHOCTb ,1J,JI5I Ha1160-

Jiee TO"(-IHbIX H3MepeHHti COCTaBJI5IeT 10%. 

7. I13MepeHO OTHOIIIeHHe ceqeHH5I af (3) ,IJ,HcppaKU,HOHHOrO rHP C o6pa30Ba

HHeM 60JibIIIOro HHTepBaJia ITO 6bICTpOTe M8)K,IJ,y a,IJ,pOHaMH K ceqeHHI-0 ,IJ,H

cppaKlI,HOHHOro rHP c o6pa30BaHHeM JIH,ll,Hpyr-olll,ero rrpoTOHa. B pe3yJibTaTe 

ITOJiy-c.reI-Io, qTo BKJia,IJ, ITpou,eccoB ,IJ,Hccou,HalI,HH ITPOTOI-Ia B ceqemrn ,IJ,:HcppaK

lI,HOHI-Ioro rHP C o6pa30BaI-IHeM 60JibIIIOI'O 6hICTpOTHOrO HHTepBaJia COCTaB

JI5I8T 20 ± 11(9KCIT.)% H B rrpe,LJ,eJJax ITOrpernHOCTefI H3MepeHHti He 3aBHCHT 

OT KHHeMaTWieCKOti o6JiaCTH ITO ITepeMeHHbIM Q2' x IP H f3. 

8. ITpe,IJ,JIO.IB:eH KoM6rrnnpoBaHHbifI MeTO,IJ, aHaJIH3a ,IJ,aHHbIX no ceqemrnM npo

u,eccoB ,ll,HcppaKU,HOI-IHOI'O rHP, OCHOBaHHbIIl Ha npmvreHeHHH ypaBHer-rnti 

9BOJII-Oll,HH napTOHOB DG LAP B paMKax KX)J; ,IJ,JI5I napaMeTp11sau;m1 saBH

CHMOCTH ceqeHH5I no nepeMeHHbIM Q2, f3 H cpeHOMeHoJiorn11 noJir-ocoB Pe

,IJ,.IB:e ,IJ,JI5I napaMeTpH3alI,HH ceqeHH5I no rrepeMeHHbIM x1p 11 t. B pe3yJibTaTe 

aHaJIH3a BblqHCJieHbI ,IJ,HcppaKlI,HOHHbie cpyHKU,HH pacnpe,IJ,eJieHH5I CHHI'JieTa 

KBapKOB H rmooHa B npoTOHe B CJie,IJ,yI-Oill,eM-3a-JIH,IJ,HpyI-Oill,HM nop5I,1J,K€ BbI

qncJieHHfI KX)J;, ou;eHeHbI 9KcrrepHMeHTaJibHhie H MO,IJ,eJibHhie Heonpe,LJ,eJieH

HOCTH pacnpe,IJ,eJieHHti. 

9. I13MepeHO OTHOIIIeHHe ceqeHH5I af(3) ,IJ,HcppaKU,HOHHOI'O rHP C JIH,IJ,Hpyr-o

Ill,HM npOTOHOM B KOHeqHQM COCT05!Hilil K ceqeHHI-0 O"r HHKJII-03HBHOro rHP 

B KHHeMaTnqecKOti o6JiaCTH 4 < Q2 < 700 raB2 . IToKa3aHo, qTo pesyJib

TaT cornacyeTC5I c npe,IJ,cKa3aHH5IMrr KX)J; B cJie,IJ,yI-Oill,8M-3a-JIH,IJ,Hpyr-olll,HM 

nop5I,IJ,Ke BbrqrrcJieHHfI. C,IJ,eJiaH BbIBO,IJ,, qTo OTHOIIIeHrre cpyHKU,HH pacrrpe,IJ,e

JieHH5I CHHrJieTa KBapKOB K cpyHKlI,HH pacnpe,IJ,eJieHH5I I'JII-OOHa, H3MepeHHbIX 

B npou;eccax ,IJ,HcppaKlI,ilOHHOI'O rHP, 6mi3KO ITO BeJIHqHHe K OTHOIIIeHHI-0 

COOTBeTCTBYI-Oill,HX cpyHKU,HfI pacrrpe,LJ,eJieHH5I ,IJ,JI5I ITpou,ecCOB HHKJII-03HBHO

ro rHP B o6JraCTH MaJibIX X. 
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10. BrrepBbie H3MepeHo ceqeHHe o6pasosaHH5I ')l<:eCTKHx' cTpyif a,n;poHOB B ,D,ll

¢paKIJ,HOHHOM rHP c Jill,D,llPYIOill,HM rrpOTOHOM B KOHeqHOM COCT05IHllH. Ce

qeHne H3MepeHo ,D,JI5I ,D,Byx TorroJiorn:H co6bITHH ( ',D,Be cTpyn B u,eHTpaJib

HOH o6JiacTH no rrceB,n;o6bICTpoTe' H 'o,n;Ha cTpy2 B u,eHTpaJibHOti: 06Jiacrr11 H 

O,D,Ha CTPY5I B rrepe,D,Hefi o6JiaCTM ITO rrceB,D,06bICTpOTe') B KHHeMaTHqecKoti: 

06JiaCTH 4 < Q2 < 700 rsB2 , XJp < 0.1 H 3KCTpaITOJIHpOBaHO B 06JiaCTb 

jtj < 1 rsB2 . 

11. TioJiyqeHo, qTo rrapaMeTp HaKJIOHa B ,D,JI5I saBHCMMOCTH ceqeHH5I o6paso

BaHH5I ,D,BYX ')l{eCTKHX' CTpy:ti: a,D,pOHOB B ,IJ,HcppaKU,HOHHOM rHP C JII:I,IJ,Hpy

IOill,HM rrpOTOHOM B KOHeqHOM COCT05IHHH da /dt ex exp (Bt) corJiacyeTC5I c 

BeJIMqHHOti: B' I13MepeHHOH B HHKJII03HBHOM ,IJ,McppaKIJ,HOHHOM rHP. 8TOT 

pe3yJibTaT ITO,IJ,TBep)l{,D,aeT rHITOTe3y 0 ¢aKTOpH3aU,HH rrpou,eccoB B npoTOH

HOH Bepurntte. 

12. TioKa3aHa ymrnepcaJibHOCTb ,D,HcppaKI.J.HOHHbIX cpyHKIJ,HH pacnpe,D,eJieHH5I nap

TOHOB B rrpoToHe rryTeM cpaBHeHM5I pe3yJibTaTOB ,D,JI5I ceqeHHfi o6pa3oBaHM5I 

,D,BYX ')l{eCTKMX' CTpy:fi a,D,pOHOB B ,D,HcppaKll,HOHHOM rHP C JIH,IJ,HpyIOill,MM 

npoTOHOM B KOHe-crnoM cocT05IHHH c rrpe,IJ,cKasaHMHMM KX,a B cJie,n;yIOill,eM

sa-JIM,D,HPYIDill,MM rrop5I,IJ,Ke Bb1q11cnemrfi. 

13. TipoBe,D,eHO cpaBHeHMe ceqeHM5I o6pa30BaHM5I ,IJ,BYX ')l{eCTKMX' CTpyti: a,IJ,pO

HOB B ,D,HcppaKIJ,MOHHOM rHP C JIH,D,MpyIOill,I1M npOTOHOM B KOHeqHOM COCT0-

5IHHH c npe,n;cKa3aHI15IMM MoHTe-KapJio MO,IJ,eJieti: B JIM,D,HpyIOill,eM rropH,IJ,Ke 

Bb1qttcneHH:fi KX,a. IToKasaHo, qTo MO,D,eJib cocTaBHoro rroMepoHa onttchrna

eT ¢opMy ,IJ,McppaKIJ,MOHHblX pacrrpe,D,eJieHMti:, B OTJIWIHH OT MO,D,eJIM M51TKMX 

napTOHHbIX B3aHMO,IJ,eHCTBHH ll MO,D,eJIM 'rrp5IMOro' ITOMepoHa. ,an5I OITMCaHM71 

a6comoTHhIX 3Haqem1:fi ceqeHM5I Heo6xo,IJ,MM yqeT npou,eccos cne,n;yrorn;ero

sa-JIM,D,Hpyrorn;HM rrop5I,IJ,Ka Bb1qttcnem1fi KX,a. 
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