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1 06rn;aSI xapaKTepMCTHKa pa60Tbl 

1.1 AKTyaJihHOCTh TeMhI HCCJie,n;oBaHHH 

Bo BTopo:ti: rroJiomrne ,1wa,n;u;aToro BeKa p8.3BHTIIe TeopenrcrncKrrx II 9KcrreprrMeH

TaJibHbIX MeTo,n;oB rrpIIBeJIII K cos,n;aHrrIO CTaH,n;apTHO:ti: Mo,n;eJirr (CM) B cPII3IIKe 

sJieMeHTapHbIX LiaCTIIIJ,. C Tex rrop BcecTopoHH5I5I rrpoBepKa rrpe,n;cK8.3aHIIil CM 

5IBJI5IeTC5I O,Il;HO:ti: II3 rJiaBHbIX HayLIHbIX sa,n;aq, pewaeMbIX cp1:I3I:IKaMI:I BO MHO

rIIX 9KcrrepIIMeHTax. Ilpou;eccbI rJiy6oKoHeyrrpyroro pacce5IHH5I (rHP) cnrpanII 

H I:IrpaIOT KJIIOLieByIO pOJib B p8.3BHTI:III Harrrnx rrpe,n;cTaBJieHrril o cTpyKType a,n;

poHoB l:I MoryT scp¢eKTI1BHO HCIIOJib30BaTbC5I ,Il;JI5I rrpoBepKI:I ITOJIO:tKeHI:I:ti: KBaHTO

BOfi xpoMo,n;rrHaMI:IKI:I (KX,D;), o,n;Ho:ti: rrs cocTaBJI5IIOI.IJ;I:IX CM. 0,n;HI:IM H3 OTKpbI

TH:ti:, c,n;eJiaHHbIX Ha KOJIJia:ti:,n;epe HERA, 6bIJIO Ha6JIIO,IJ;eHI:Ie B rHP co6bITl:IH c 

,n;rr¢paKIJ,l:IOHHOH TOIIOJIOrIIe:ti:. Il09TOMY HCCJie,D;OBaHI:Ie ,IJ;I:IcppaKIJ,Hl:I B rHP, l:I3-

MepeHI:Ie ceqeHI:I5I TaKHX rrpou;eccoB nrpaIOT KJIIOqeByIO pOJib B rrpoBepKe KX,D; -
qacTH CTaH,n;apTHOfi MO,D;eJIH l:I 5IBJI5IIOTC5I aKTYaJibHbIMH sa,n;aqaMI:I B COBpeMeHHOH 

cPH3l:IKe LiaCTl:IIJ,. 

TepMI:IH ,n;rr¢paKIJ,I:I5I B ¢rrsrrKe LiaCTHIJ, 6hIJI BBe,n;ett1 B IT5ITH,n;ec5ITbIX ro,n;ax 

rrpowJioro CTOJienrn 113-sa Ha6JI10,n;a10iu;e:ti:c5I "attanorHH" cpopMbI ,n;mp¢epeHu;rr

aJibHoro ceqeHH5I yrrpyroro pacce5IHH5I a,n;poHOB rro yrJiy pacce5IHH5I c rrocJie,n;oBa

TeJibHOCTbIO qepe,n;yIOI.IJ;HXC5I JIOKaJihHbIX MaKCI:IMYMOB l:I MHHI:IMYMOB c xapaKTep

HOfi ¢opMo:ti: pacrrpe,n;eJieHI:I5I HHTeHCHBHOCTH orrTI:ILiecKo:ti: ,n;I:IcppaKIJ,HH. Mo,n;eJib 

rroJIIOCOB Pe,n;:tKe (pe,n;:tKHCTIIKa), paspa6oTaHHa5I B 1960-x rr. B paMKax aHaJIH

TwrecKo:ti: Teop1m S-MaTpl:IIJ,bI, OITHCaJia OCHOBHbie CBOMCTBa M5IrKI:IX ( T.e. nepH

¢epHLieCKI:IX, H,D;YIIJ,I:IX c MaJibIMH rrepe,n;aHHbIMH HMIIYJibCaMH) B3aHMo,n;eficTBI:Ifi 

a,n;poHOB c rroMOIIJ;bIO o6MeHOB TpaeKTOpH5IMH Pe,n;:tKe. 

B HaLiaJie 1990-x rr. Ha KOJIJia:ti:,n;epe HERA ( B ep pacce5IHI:IH), H3Ha'i:aJibHO 

rrpe,n;H8.3HaqeHHOM ,IJ;JI5I nsy"Y:eHH5I BHyTpeHHe:ti: CTPYKTYPbI npoToHa, 6bIJIH o6Ha

py:tKeHbI HOBbie 5IBJieHH5I, CB5I3aHHbie c ,n;mppaKIJ,I:Ie:ti:, a HMeHHO: B rJiy6oKOHe

yrrpyroM ep pacce5IHIH1 6bIJil:I o6Hapy:tKeHbI co6bITI:I5I, B KOTOpbIX OTCYTCTBYIOT 

a,n;pOHbl B 6oJibllIOM HHTepBaJie 6bICTpOT Me::tK,n;y pacce5IHHbIM rrpOTOHOM I1 rrpo

,n;yKTaMH a,n;poHH3au;m1 ¢oToHa (Large Rapidity Gap, LRG). ,Il;oJI5I TaK11x co6b1-

TH:ti: COCTaBJI5IeT rv 10% H He 3aBHCHT OT 9HeprHH B CHCTeMe IJ,eHTpa MaCC peaKIJ,Hll. 

TaKHe npou;ecchI 6hIJIH HHTeprrpeT11poBaHhI KaK ,n;rr¢paKIJ,HOHHbie. IlpH H3y"LieHHH 

,Il;llcPPaKIJ,l:IOHHblX rrpou;eccoB 6bIJIO ycTaHOBJieHo, LITO o6MeH rrpOHCXO,Il;HT 6ecu;BeT

HbIM o6beKTOM, HMeIOI.IJ;HM KBaHTOBbie LIHCJia BaKyyMa (B paMKax pe,n;:tKeOHHO:ti: 

TeOpHH - 9TO o6MeH IIOMepOHHO:ti: TpaeKTOpHe:ti: IP' KOTOpo:ti: He COOTBeTCTByeT Hll 

1 HMeHa CB.H3aHHbie c 3THMH pamrnMH pa6oTaMH TaKOBbI: JI.JlaH,z:i;ay, H.I10Mepaw1yK, H.<Peti:H6epr, 
A.Ax11e3ep, A.C11TeHKo, B.rp116os. 
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O,JJ;Ha I13 I13BeCTHbIX 11aCTI111,). 06Hapy)KeHI1e ,n;mppaKI.J,I1H B rHP CTI1MYJIHpOBa

JIO rrorrbITKH rroHRTb ,n;mppaKI.J,I1IO 11acTHU. c T011KI1 3peHI15I KX,D;, HCCJie,n;oBaTb 

CTPYKTYPY BaKyyMHoro o6MeHa - rroMepoHa B paMKax KX,D;. 

HecMOTpR Ha 6oJiblllI1e ,n;ocTI1)KeHH5I B rrOHI1MaHI1I1 ,n;mppaKI.J,I10HHbIX rrpoI.J,ec

coB, cylll,eCTBYIOT rrpo6JieMbI, KOTOpbre ern;e He pellleHbI, a HMeHHO: ymrnepCMb

HOCTb OITI1CaHI15I JJ;I1cPPaKI.J,I10HHbIX rrpou;ecCOB, TaKI1X KaK I1HKJII03I1BHbie rrpo

I.J,eCCbI HJIM rrpou;ecCbI p0)K,JJ;eHM5I BeKTOpHbIX Me30HOB, 011apoBaHHbIX a,n;poHOB 

M cTpytt a,n;poHOB B paMKax KX,D;. B TaKHX rrpoI.J,eccax KBa,n;paT rrepe,n;aHHoro 

4-MMIIYJibCa BI1PTYaJibHOro cPOTOHa, Macca c M b KBapKOB, rrorrepeqHbI:ti I1MITYJibC 

a,n;poHHO:ti CTPYI1 06ecrre11MBaIOT lllKaJIY ?KeCTKOCTI1 ,JJ;JIR rrpI1MeHeHH5I KX,D; pac-

11eTOB. I1o3TOMY TeMa )J;I1CCepTaI.J,MH "lfaMepeHHe ce11eHI15I )J;McPPaKI.J;I10HHOro rJiy-

6oKOHeyrrpyroro pacceRHI15I c JIM,n;Mpyrorn;HM rrpoTOHOM B 3KcrrepnMeHTe Hl Ha 

sJieKTpOH-rrpoTOHHOM KOJIJiatt,n;epe HERA" Ba?KHa I1 aKTYaJibHa ,Il;JIR pa3BHTH5I 

MeTO,JJ;OB I1CCJie,n;oBaHH5I ,JJ;I1¢paKI.J,I1I1 H JiIX I1HTeprrpeTaI.J,I1I1 B paMKax KOM6MHFipO

BaHHOro rro,n;xo,n;a, ocHOBaHHoro Ha TeopuH Pe,n;)Ke H KX,D;. 

1.2 II;eJib ,LJ;MCCepTail,MOHHOM pa60ThI 

ll,eJibIO ,n;aHHO:ti ,Il;I1CCepTaI.J,I10HHO:ti pa60TbI 5IBJI5IJIOCb I1CCJie,n;oBaHI1e ,n;H¢paKll,JiIOH

HbIX rrpou;eccoB B rJiy6oKoHeyrrpyroM ep pacceRHMH c perHcTpaI.J,Mett JII1,Il;MpyIOI.ll,e

ro rrpOTOHa crreKTpOMeTpOM JII1)J;MpyIOI.ll,HX rrpOTOHOB (FPS)' I13MepeHMe ce11eHH5I 

TaKMX rrpoI.J,eCCOB !i[ rrpoBepKa rrpMMeHMMOCTM rMIIOTe3bI 0 ¢aKTOpH3aI.J,mI rrpo

I.J,eCCOB B rrpOTOHHOM BeplllI1He ,JJ;JI5I OIIHCaHI15I ,Il;HcPpaKI.J,HOHHOrO rHP C ITOMOI.ll,bIO 

MHorou;eJieBott ycTaHOBKM Hl Ha KOJIJiafi)J;epe HERA. 

,[(M¢paKI.J,MOHHbre co6brTH5I Ha KOJIJiatt,n;epe HERA Ha,n;e)KHO M,n;eHTMcPMI.J,Mpo

BaJIMCb B I.J,eHTpaJibHbIX ,n;eTeKTOpax no HaJII111!1IO 6oJiblllOro 6bICTpOTHOro HH

TepBaJia Me)K,n;y JIH,Il;MPYIO:I.11,HM rrpOTOHOM JiI OCTaJibHbIMM rrpOJJ;YKTaMM peaKI.J,MM 

(LRG MeTo,n;)' HO rrpH 3TOM rrpHCYTCTBOBaJia qacTb co6bITM:ti c ,JJ;JiICCOll,Mau;Hett JIM

,JJ;MpyIOru;ero rrpOTOHa. IlpMHI.J,MIIMaJibHOM MeTO,Il;M11eCKOH 3a,n;a11ett 5IBJI5IJIOCb rrp5I

MOe M3MepeHMe MMITYJibca JIH,JJ;Mpyroru;Hx rrpoTOHOB c rroMOI.ll,bIO FPS (FPS Me

To,n;). Ilpe,n;rroJiaraJIOCb rrpoBeCTM cpaBHemrn pe3yJibTaToB, rroJiyqeHHbIX LRG M 

FPS MeTo,n;aMM ,n;mi: BbrnBJieHHR o6ru;rrx cBottcTB M OTJIM11Hfi, a TaK?Ke )J;JIR BbI11MC

JieHH5I BKJia,n;a rrpoTOHHOfi ,n;HccoI.J,rraI.J,HM B LRG. 

1.3 OcHOBHhie pe3yJihTaTbI ,n;11ccepTa11,110HHOM pa6oTbI 

B pe3yJibTaTe rrccJie,n;oBamrn ,n;rr¢paKI.J;I10HHbIX rrpoI.J,eccoB B rJiy6oKOHeyrrpyrHx 

ep CTOJIKHOBeHrrRx Ha KOJIJiati,n;epe HERA 6brJIH rroJiy11eHbI cJie,n;yroru;rre ocHOBHbre 

pe3yJibTaTbI, KOTOpbie BbIHOC5ITC5I Ha 3aIIJ;HTy: 
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• I1sMepeHbI Cel..J:eHH5I a-fC4) I1 (J~(3) B ,n;mppaKII;HOHHbIX rrpou;eccax rJiy6oKOHe

yrrpyroro ep pacce5IHirn rrpH BHPTYaJibHOCTH cPOTOHa 4 < Q2 < 110 rsB2 c 

JIH,IJ;Hpy10rn;HM rrpoToHoM B KOHel..J:HOM cocT05IHHH c rroMOIIJ;bIO FPS MeTo,n;a. 

8KcrrepHMeHTaJibHa5I rrorpelllHOCTb HaH6oJiee TOl..J:HbIX II3MepeHH:it COCTaBJI5I

eT rvlQ%; 

• BrrepBhre H3MepeHo ceqeH.He af (3) ,n;H¢paKn;HoHHoro rny6oKoHeyrrpyroro ep 
pacce5IHII5I c JIH,IJ;Hpy10rn;.HM rrpOTOHOM B KOHel..J:HOM COCT05IHHH rrp.H 60JiblllHX 

3Hal..J:eHH5IX BIIPTYaJibHOCTH cPOTOHa Q2 (120 < Q2 < 700 rsB2); 

• I1sMepeHbI rrapaMeTpbI IIOMepOHHO:it TpaeKTOpHH O'.Ip(t) = O'.Ip(O) + O'.~pt 
H HaKJIOHa Cel..J:eH.H5I B IP ( ~~ rv eBipt)' r,n;e t - KBa,n;paT rrepe,n;aHHOro 4-
HMIIYJibCa B rrpOTOHHO:it BeplllHHe peaKIJ;.HH. 3Ha"Y:eH.He IIOMepOHHOro IIHTep

cerrTa O'.Ip(O) = 1.10 ± 0.02(sKcrr.) ±0.03(Mo,n;eJib) corJiacyeTCR c H3Mepe

HHRMH a. IP ( 0), rrpoBe,n;eHHbIMII B rrpou;eccax MRrKoro a,n;poH-a,n;poHHoro pac

ce5IHH5I. B To )Ke BpeMR HaKJIOH rroMepoHHo:it TpaeKTop.HH a.~p = 0.04 ± 

0.02(sKcrr.)~8:8~(Mo,n;eJib) I'sB-2 B rrpou;eccax ,IJ;HcPpaKIJ;lIOHHOrO I'HP MeHb

Ille, qeM ,D;JIR MRrKIIX a,n;poHHbIX B3aHMo,n;e:itcTBH:it. IIapaMeTpbr rroMepoHHo:it 

TpaeKTOpHII He 3aBHC5IT OT Q2 B rrpe,n;eJiax rrorpelllHOCTe:it. IloJiyi:.ieHHbie 
I 

3Hai:.ieHHR a. IP H B IP xapaKTepH3YIOT ,n;11¢paKIJ;IIOHHbie rrpou;eccbr B )KeCT-

KOM pacceRHHH; 

• IloJiyl..J:eHbl HOBbie 3KCrrepHM8HTaJibHbie CBH,IJ;eTeJibCTBa YH.HBepCaJibHOCTH ,IJ;H

¢paKIJ;HOHHbIX rrapTOHHbIX pacrrpe,n;eJieHH:it B rrpOTOHe II rrpHMeH.HMOCTH rII

IIOT83bI 0 ¢aKTOpH3au;irn rrpou;eccoB B rrpOTOHHO:it BepIII.HHe )J;JI5I OIIHCaHH5I 

,D;HcPpaKIJ;IIOHHOro rHP; 

• IlpoBe,n;eHo cpaBHeHHe cel..J:eHHR af(3), II3MepeHHoro FPS (apps) H LRG 

( (J LRG) MeTo,n;aMH II Bbll..J:HCJieH BKJia,n; rrpou;eccoB ,n;H¢paKIJ;IIOHHO:it )1,HCCO

u;HaIJ;HII rrpoToHa B 0-LRG· 0THOilleHHe o-LRc/o-pps = 1.20 ± O.ll(sKcrr.) He 
saBHCHT OT Q2 H /3, i:.iTo yK83brnaeT2 Ha yHHBepcaJibHOCTb KX):( rrpou;eccoB 

cPOTOH-rrapTOHHOro pacce5IHlI5I B peaKIJ;II5IX c o6p830BaHHeM JIM,IJ;.HpyIO:w;ero 

rrpoTOHa B KOHe"Y:HOM COCT05IHMM lI c ,n;H¢paKIJ;.HOHHOH ,D;HCCOII;Hau;Heti rrpo

TOHa; 

• P83pa6oTaHa MeTO,D)1Ka peKOHCTPYKIJ;HH JIH,IJ;Hpy10:w;Hx rrpoTOHOB B crreKTpo

MeTpe FPS c HCITOJib30BaHHeM TexHOJIOrHH Roman Pot H cu;HHTHJIJI5IIJ;HOH

HbIX qrn6epHbIX ,n;eTeKTOpOB. 

2rrepeMeHHaR (3 = x/x1p, r,n;e x - rrepeMeHHM BbepKeHa, a x1p - rrpo,n;OJibHM ,n;oJIR HMIIYJibca rrpoToHa, 
rrepe,n;aHHM B ,n;n¢paKIJ;HOHHOM o6MeHe 
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1.4 Hay'1Ha.SI HOBH3Ha pa6oTbI 

B ,i::i;aHHOtt pa6oTe rrpe,i::i;cTaB.rreHhI HOBhie pe3yJihTaThI no H3Mepemno ce'IeHIIZI ,II,II

¢paKU:IIOHHoro rny6oKotteyrrpyroro ep -+ eX p pacceRHmI, rrony'leHHhie B sKcrre

pHMeHTe Hl Ha Kon.rra:tI;:i;epe HERA. ,Il;attHhie rrpon,ecchI xapaKTepH3YIOTC5I o6pa-

30BaHMeM B KOH€1:.JHOM COCT05IHIIII JIII,II,HpyIOIIJ,IIX rrpOTOHOB, KOTOpbie H3Mep5IJIHCh 

c rroMOIIJ,hIO crreKTpoMeTpa JIH,IJ;HPYIOIIJ,HX rrpoTOHOB (FPS). YBeJie'!eHHe cBeTH

MOCTII KOJIJiaM:,II,epa BO BpeM5I rrepHO,II,a HERA-2 rro3BOJIHJIO rrony'IHTh ,i::i;aHHbie co 

CTaTIICTII'leCKOH TO'IHOCTbIO rrpII6JIH3HT€JibHO B 20 pa3 rrpeBbIIIJaIOIIJ,ett rrpe,II,bI

,II,YIIJ,IIe FPS H3MepeHII5I (HERA-1 rrepIIo,II,). 

BrrepBhie 6bIJIO H3MepeHo ce'!eHIIe af (3) B ,II,IIcPPaKIJ,IIOHHbIX rrpou;eccax rny6o

KOHeyrrpyroro ep pacceZIHII5I c JIH,IJ;HpyIOIIJ,HM rrpOTOHOM B KOHe'IHOM COCTOZIHIIII 

B KIIHeMaTH'leCKOM o6JiaCTH 60JihlIIHX Q2 (120 < Q2 < 700 fsB2). 

BhIJIH rrpoBe,II,eHhI H3MepeHH5I ce'!eHHM af(4) II af(3) B ,IJ,HcPPaKIJ,HOHHhIX rrpo

u:eccax rny6oKOHeyrrpyroro ep pacce5IHH5I IIpH 4 < Q2 < 110 fsB2 C JIII,II,IIpyIO

Ill,IIM rrpoTOHOM B KOHe'IHOM cocTOZIHHH c rroMOIIJ,hIO FPS MeTo,IJ,a. 9KcrrepH:MeH

TaJihHaZI rrorpelllHOCTh HaII60Jiee TO'!HbIX H3MepeHHH COCTaBJIZieT rv 103. 

IIpoBe,i::i;eHHoe cpaBHeHIIe ce'!eHHZI af(3), H3MepeHHoro FPS (apps) II LRG 
( CILRG) MeTO,II,aMH, II03BOJIHJIO BhI'IHCJIHTb BKJia,II, rrpon,eccOB ,IJ,HcPPaKU:HOHHOH 

,IJ,Hccon,Mau;11M rrpoTotta B a LRG. BhIJIII rrony'leHhI HOBbie CBH,IJ,eTeJibCTBa yHMBep

CaJihHOCTH ,IJ,HcPPaKU:HOHHhIX rrapTOHHbIX pacrrpe,II,eJieHHH B rrpOTOHe H rrpI1M€HI1-

MOCTI1 rHIIOT83bI 0 ¢aKTOp113au;1rn rrpon,eccoB B rrpOTOHHOH BepIIJHHe ,IJ;JI5I OIIIICa

HI15I ,IJ;HcPpaKIJ,HOHHOro f HP. 

1. 5 Hay'1HO-rrpaKTHqecKa.SI 3Ha'1HMOCTb pe3yJihTaTOB 

Tio.rry'!eHHbie pe3yJibTaTbl ITO H3MepeHHIO ce'!eHII5I ,II,IIcPPaKU:HOHHOro rny6oKO

Heyrrpyroro ep pacce5IHI15I paCIIII1p5IIOT 9KCrrepHM€HTaJihHhIH MaTepHaJI I1 MOryT 

6bITb HCIIOJib30BaHbl ,IJ,JI5I ,II,aJibHefiIIJero pa3BHTH5I H YTO'IH€HH5I cyIIJ,eCTBYIOIIJ,HX 

rrpe,i::i;cTaBJI€HI1H 0 IIpI1pO,II,e ,IJ,I1cPPaKIJ,I10HHOro o6Metta, ,IJ;JI5I pa3BIITH5I MeTO,II,OB H 

MexaHH3MOB, Jie)KaIIJ,IIX B ocHoBe ,IJ;IIHaMHKH ;:i;11¢paKIJ,IIOHHbIX rrpou;eccoB. TaK:IKe 

3TI1 pesyJibTaTbI MoryT 6bITb I1CIIOJib30BaHbI rrpH IIJiaHI1pOBaHHI1 HCCJI€,IJ;OBamri1 

Ha ;:i;pyrHX 9KCrrepHMeHTaJibHbIX ycTaHOBKax I1 rrpH ;:i;pyr11x 9KCrrepHM€HTaJihHbIX 

YCJIOBHZIX. 

1.6 ,II.ocTOBepHOCTb pe3yJibTaTOB 

OcttOBHbie pesyJihTaThI, rrpe,i::i;cTaBJieHHbie B ,IJ,HccepTau;n11, 5IBJIZIIOTC5I o¢m.J,HaJih

HhIMH pe3yJihTaTaMH Ko.rr.rra6opau;nH Hl, 'ITO rapaHTHpyeT nx ;:i;ocToBepttocTh. 
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8TH pe3yJibTaTbI ,[I;OKJia,IJ,bIBaJIHCb Ha Me)K,II,yHapo,IJ,HbIX KOH¢epeHI.J,H5l:X, COBem;a

HH5IX H 6bIJIH orry6JIHKOBaHbI B pe¢epIIpyeMbIX HayLIHbIX H3,IJ,aHH5IX. 

Pe3yJihTaTbI ,rr,aHHOH pa6oThI TaK)Ke corJiacyroTca c H3MepeHH5IMH, rronyLieH

HhIMH ,rr,pyrHM, CTaTHCTH'IeCKH He3aBHCHMbIM, MeTO,Il,OM (LRG MeTo,rr,) I1 c pe-

3YJibTaTaMH aKcrrep11MeHTa ZEUS, o,rr,ttoBpeMeHHO pa6oTaBinero Ha Ko.n.nafi,rr,epe 

HERA. 

1. 7 JlM'l:HblH BKJia,n; ,n;ttccepTaHTa 

ABTop yLiaCTByeT B aKcrrepnMeHTe Hl c 1996 r. H BHec JIHLIHhifi BK.na,rr, B BbIIIOJIHe

mrn 3a,II,a'I, CB5I3aHHbIX c rrpoBe,rr,eHHeM 9KCII€pHMeHTa, I13MepeHH5IMI1 H aHaJIH30M 

,rr,aHHbIX. Orrpe,rr,enRIOIIJ;Hfi BKJia,rr,, c,rr,e.naHHhii1 aBTopoM B rro.nyLieHHe rrpe,rr,cTaB

JieHHbIX pe3yJibTaTOB, 3aKJIIO'!aeTC5I B cne,rr,yrom;eM: 

• Jia6opaTOpHbI8 T€CTbI I1 HHCTaJIJl5Ill,I15I ropH30HTaJibHbIX I1 BepTHKaJibHbIX 

perncTpHpyIOIIJ;HX cTaHI.J,H:ti: crreKTpoMeTpa FPS B TYHHeJie KOJI.nafi,IJ,epa HERA. 

• P83pa6oTKa H BBe,rr,eHHe B cocTaB rrporpaMMHoro o6ecrreLiemrn: aKcrrepHMeH

Ta Hl rrporpaMM MOHHTOpHpoBaHHR CIUHaJIOB FPS, Mo,rr,eJIHpoBaHH5I H pe

KOHCTPYKlJ;HII TpeKoB JIH,rr,11pyrom;11x rrpoTOHOB B ropH30HTaJibHhIX H BepTH

KaJihHhIX ,rr,eTeKTopax FPS. 

• IIocT05IHHa5I rro,n;,IJ,ep)KKa cPYHKIJ,1IOH11poBaHH5I ,rr,eTeKTopoB H rrporpaMMHoro 

06ecrreLieH115I FPS BO BpeM5I tta6opa cTaTHCTHK11 aKcrrepIIMeHTa Hl, MOHH

Top11poBaH11e cHrHaJIOB H a¢¢eKTHBHOCTH FPS. 

• Ka.n116poBKa ropH30HTaJibHbIX 11 BepTHKaJihHbIX per11cTp11pyIOIIJ;HX cTam:i;11fi 

FPS, peKOHCTpyKI.I,H5! sttepr1111 H rrorrepe'Ittoro HMrry.nbca JIH,IJ,Hpyrorn.Hx rrpo

TOHOB. 

• l1ttTerpaI.I,H5I rrporpaMM ,IJ,JI5I peKOHCTPYKI.I,HH 11 attaJIH3a FPS co6bITHfi B 

o6'beKTHo-opHeHTHpoBaHHoe nporpaMMHoe o6ecrreLieHIIe aKcrrepHMeHT~ Hl 

B paMKax rraKeTa ROOT. 

• l13Mepett11e ce'IeHH5I ,IJ,HcPpaKIJ,HOHHhIX rny6oKotteyrrpyrIIx rrpoI.I,eccoB FPS 

M8TO,Il,OM II aHaJIH3 xapaKTepHCTHK TaKHX rrpI.I,eCCOB, cpaBHeHHe 9KCII€pH

M8HTaJibHbIX pe3yJibTaTOB c TeopeTH'IeCKHMH rrpe,rr,cK83aHH5IMH KX,11, H c 

pe3yJihTaTaMI1, IIOJiyLieHHbIMH ,rr,pyrI1MI1 ( CTaT11CTH'I8CKIIMH He3aBI1CI1MbIMI1) 

MeTO,IJ,aMH. 

• IIo,rr,roTOBKa pe3yJibTaToB 11ccne,rr,0BaHI15I K rry6JIHKaI.I,H5IM. 
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1. 8 Arrpo6au;na pa6oThI H rry6JIHKan;1111 

Pe3yJihTaThI, rrpe,n;cTaBJieHHhre B ,n;l'.IccepTau;l'.Il'.I, Heo,n;HOKpaTHO ,n;oKJia,D;hIBaJil'.ICh H 
o6cy)K,ll;aJil'.ICh Ha ceMHHapax l'.I pa6o'l£HX coBern;aHHRX KOJIJia6opau;nn H1 H Ha ce
Ml'.IHapax JI<I>B8 OI15IliI. Pe3yJihTaThI 6bIJIH rrpe,n;cTaBJieHhI Ha Me:tI<,n;yHapo,n;HhIX 
COBern;aHHRX l'.I KOHcpepem1;:vrnx: 

• 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). 

OcHOBHhie pe3yJihTaThI ,n;l'.IccepTau;:rrn orry6m1KoBaHhI B )KypHaJiax "Nuclear 
Instru-ments and Methods"[l] M "The European Physics Journal C"[2]. 

1. 9 06'heM II CTpyKTypa pa60Thl 

,Il;nccepTau;mI COCTOHT H3 BBe,n;emrn, Tpex rJiaB, 3aKJIIO'l£eHH5I I1 CITMCKa 6M6m10-
rpacpHH. 06'beM ,lJ;HCCepTau;:rrn COCTaBJIReT 147 CTpaHMD;, BKJIIO'l£a5I 76 pncyHKOB, 
11 Ta6JIMD; H CIIHCOK 6M6Jmorpacp:rrn: l'.I3 91 HaHMeHOBaHHR. 

2 .1 BBe,n;eHIIe 

Bo BBe,n;eHHM ccpopMymrpoBaHhI u;eJil'.I ,n;MccepTau;MOHHO:tt pa6oThI, ,n;aHa KpaTKaR 
xapaKTepHCTMKa TeMbI H OIIMCaHa CTpyKTypa ,ll;HCCepTaD;HH. Bo BBe,n;eHHH OTMe
qaeTCR aKTYaJihHOCTh T8Mhl MCCJie,D;OBaHMR, HayL£Ha5I HOBI13Ha pa60ThI, J1M'l£Hhlll 
BKJia,n; aBTOpa B IIOJiyqemre rrpe,n;cTaBJieHHhIX pe3yJihTaTOB. 
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2.2 ,Ll;Hcl>paKD;llOHHOe rJiy6oKOHeyrrpyroe pacce5.lHHe B ep CTOJ1KHOBe

Hll5.lX 

B rrepBOH rJiaBe KpaTKO om1caHbl MexaHH3Mbl ,n;rr¢paKIJ,HOHHbIX H rHP rrpo11,ec

COB B ep CTOJIKHOBeHH.5IX, ornrcaHa KHHeMaTHKa TaKHX rrpo11,eccoB H rrprrBe,IJ;eHa 

Heo6xO,IJ;HMa.a TepMHHOJIOnrn. ~aH o63Qp cy11I,eCTBYIOI1I,HX 9KCrreprrMeHTaJibHbIX 

,n;aHHbIX H TeopeTW:-IeCKHX IIO,IJ;XO,IJ;OB ,IJ;JI.51 orrrrcaHH5I CBOHCTB ,IJ;HcPPaKIJ,HOHHblX 

rrpou;ecCOB B cPH3HKe BbICOKHX 9Hepnr:tt. 

2.3 IlocTaHOBKa 3KCrrepHMeHTa 

Bo BTopo:tt rJiaBe ,n;aeTCH KpaTKoe orr11caHrre KOJIJia:tt,II;epa HERA rr ycTaHOBKH Hl. 

BoJiee rro,II;po6Ho orr11caHbI ,n;eTeKTOpbI ycTaHOBKH Hl, KOTOpbre 6bIJIH 11crroJib30Ba

HbI B rrpe,n;cTaBJieHHbIX 11sMepeH11Hx: 11,eHTpaJibHbIH TpeKOBbIH ,IJ;eTeKTop ( CTD), 

sa,IJ;H.5151 rrporrop11,rroHaJibHaH KaMepa (BPC), KaJiop11MeTpb1 SpaCal 11 LAr. 

TaK:IKe KpaTKO orr11caHbI crroco6br 11,IJ;eHTHcPHKa11,1rn ,n;rr¢paKIJ,HOHHbIX co6bITHH 

Ha KOJIJia:tt,n;epe HERA: MeTO,II; 6oJibIIIOro 6bICTpOTHoro HHTepBaJia (LRG MeTo,n;), 

ocHoBaHHbIH Ha aHaJIM3e cTpyKTYPbI co6bITHH B rrpocTpaHCTBe 6bICTpoT ( rrceB

,n;o6bICTpoT)' H M8TO,IJ; JIH,IJ;Hpy10ru;ero rrpOTOHa (FPS MeTO,II;)' OCHOBaHHbIH Ha pe

rHCTpau;rr11 JIH,IJ;Hpy1011I,ero rrpoToHa (pacce.aHHoro Ha MaJibIH yroJI c HMIIYJibCOM 

6JII13KHM rrepBOHa'i:aJibHOMY) crreKTpOMeTpOM JIH,IJ;HpyIOIIJ,HX rrpOTOHOB (FP s). 

BoJiee rro,n;po6Ho orr11chrnaeTc.a crreKTpoMeTp FPS, cocTo.aru;Hi1: rrs 'i:eTbrpex 

CTaHIJ,HH (Prrc. 1)' KOTOpbIH 6bIJI ycTaHOBJieH B rrepe,IJ;He:fii: o6JiaCTH ,n;eTeKTOpa 

Hl Ha paCCT0.5IHHH 64-90 MeTpOB OT TO'-IKH ep CTOKHOB8HH5I, 'i:T06bI paCIIIMpHTb 

aKcerrTaHc Hl ,n;eTeKTopa B 9Tofi o6JiacTrr rr H3Mep.aTb HMIIYJibC JI11,n;11pyIOru;11x 

rrpoTOHOB, pacce.aHHbIX Ha yrJibI MeHbIIIe 1 Mpa,n;. CrreKTpoMeTp cocTo.aJI H3 ,n;Byx 

FPS y 

90V 81V 80H 64H 

Hl 
..__ _ _.,ZEUS 

PHc. 1: CxeMaTHquoe H306pa*e1me pacrroJIO)KeI·nu:r CTann;Hii crreKTpoMeTpoB JIH,II;HPYIOII.J;HX 

rrpoTonoB LPS (,n;eTeKTop ZEUS) H FPS (,n;eTeKTop Hl). 

ropH30HTaJibHbIX CTaHIJ,HH (64H, 80H), paCIIOJIO:IK8HHbIX Ha paCCT05IHHH 64 H 80 
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MeTpOB OT TOqKH B3ailMO,II,ei1cTBHR H ,II,BYX BepTHKa.JibHbIX ( 81 v' 90V)' pacrro

JIO:IKeHHbIX Ha paCCTORHHH 81 H 90 MeTpOB (Pnc. 1 )3. IlpoTOH, pacceRHHbiit B 

pe3yJibTaTe CTOJIKHOBeHHR Ha MaJieHhKMfi yroJI, rrpoit,II,R qepe3 rryqKQBbie Mar

HMTbI HERA, Ha paccTORHHH rrpn6JIH3HTeJibHO 60M OT TOqKn B3aHMo,n;e:ticTBMR 

HMeJI OTKJIOHeHne HeCKOJibKO caHTHMeTpOB OT o;eHTpa.JibHO:ti op6HTbI rrpOTOHHO

ro rryqKa 11 ero HMITYJibC M3MepRJICR c rroMOio;bIO crreKTpoMeTpa. Ka:1K,n;aR cTaH-

1l,HR co,n;ep:tK:a.rra MHOrOCJIO:ti:Hbie C1l,HHTHJIJIR1l,MOHHbie q:m6epHbie ,n;eTeKTOpbI, CBeT 

c KOTOpbIX co611paJICR Ha MHOrOKaHaJibHbie I103H1l,HOHHO-qyBCTBMTeJibHbie ¢0-

TOYMHO:IKHTeJIH (PSPM,rrq <lYY). Co;nHTHJIJIRIJ;HOHHbie rrJiaCTHHbI rrepeKpbrna.rrn 

qyBCTBlITeJihHYIO o6JiaCTb ¢n6epHbIX ,n;eTeKTOpOB H HCI10Jib30Ba.JIMCb ,II,JIR TpMr

repHoro cnrHana. q T06bI o6ecrreqnTh Heo6xo,n;HMYIO arrepTypy rry'-IKa rrpoTOHOB 

rrpM HH:IKeKo;nn B HERA, ¢tt6epHbie ,n;eTeKTOpbI ycTaHaBJIMBam1cb B rro,n;BM:IKHbIX 

rrJiyH:1KepHbIX cocy,II,ax, T.H. PnMCKMX ropIIIKax (Roman Pots), KOTOpbie Haxo,n;n

JIMCb B BbIBe,n;eHHOM ITOJIO:IKemrn BO BpeMR ¢opMMpOBaHHR rryqKa H HacTpo:ti

KM ero op6MTbI. Kor,n;a ,n;ocTnra.rrnch ycTofiqfIBbie rrapaMeTpbI rryqKa, ,n;eTeKTOpbI 

BBO,II,MJIMCb KaK MO:IKHO 6nn:1Ke K o;npKyJittpy10ro;eMy rryqKy rrpoTOHOB. Koop,n;nHa

TbI pac110JI0:1KeHMR MarHHTOB, c M3BeCTHbIM MarHMTHbIM rroJieM B,Il;OJib rry'1KOBO:ti 

Tpy6bI, 1103BOJIRJUI He TOJibKO perMCTpHpOBaTb pacceRHHbI:ti rrpOTOH, HOM BOCCTa

HaBJIHBaTb HMrrynhc H yron pacceRHHR nn,n;ttpy10ro;ero rrpoToHa. Me:IK,n;y ToqKo:ti 

CTOJIKHOBeHMR H FPS cTaHD;HRMM 6bIJJM pa3Mero;eHbI TOJibKO ,n;nrroJibHbie n KBa,n;

pyrroJJhHbie MarHHTbI. 8To II03BOJ1RJ10 He3aBMCMMO BOCCTaHaBJIHBaTb 9HeprMIO 

pacceRHHoro rrpoToHa B o6enx rrpoeKo;MRX X M Y. MarHMTHaR orrTHKa Me:1K,n;y 

FPS n Hl ,n;eTeKTopoM ncrronb30Ba.rracb KaK crreKTpoMeTp. 

Ha rrepBOM 9Tarre peKOHCTPYK1l,MM TpeKa cpa6oTaBIIIMe ¢n6epbI B Koop,II,MHaT

HOM ,n;eTeKTope rpyrrrrMpOBa.JIHCb B KJJacTephI, COBMeCTMMbie c TpeKoM. Ka:tK,n;aR 

CTaH1l,HR FPS cocToRna H3 ,n;Byx n,n;eHTMqHbIX ¢tt6epHbIX ,n;eTeKTopoB, pacrro

JIO:IKeHHbIX Ha paccTORHMH 60 MM ,n;pyr OT ,n;pyra. Ka:IK,II,bI:ti KJiacTep B rrepBOM 

,n;eTeKTOpe ofrbe,Il;HHRJ1CR c Ka:IK,Il;bIM KJiaCTepoM BO BTOpOM ,II,eTeKTOpe, qT06bI 

rronyqnTh rrpoeK1l,MIO TpeKa. HaKJIOH 9THX rrpoeKo;n:ti ncrroJib30Ba.JicR, '1T06hr BbI-

6paTb TpeKM JIM,n;ttpy10ro;nx rrpoTOHOB. Tmrn'1Hoe pacrrpe,n;eJieHMe yrJia HaKJJOHa c 

Y3KMM ITHKOM, COOTBeTCTBYIOID;HM TpeKaM JIM,Il;MPYIOID;HX rrpOTOHOB, 110Ka3aHO Ha 

Pnc. 2a. ,Il;Be rrpoeK1l,HM o6'be,n;nHRJIMCb B JIOKaJibHhI:ti TpeK. Ha Pnc. 2b rroKa3aHo 

pacrrpe,n;eJieHHe peKOHCTpyttpyeMbIX TpeKoB B o,n;Ho:ti cTaHo;MM B IIJIOCKOCTH XY. 

Bee JIOKa.JibHbie TpeKH B qyBCTBMTeJJbHOit o6nacTM ,n;eTeKTopa HCIIOJ1b30BaJIMCb 

,Il;JIR BOCCTaHOBJieHMR rJio6aJibHbIX TpeKOB ,Il;JIR Ka:tK,n;o:ti rrapbI BepTHKa.JibHbIX M 

ropM30HTaJJbHbIX FPS cTami;n:ti c yqeTOM KoppeKU,MH Ha rroJio:tK.eHne ,n;eTeKTopoB. 

BonbllIOe paccTORHHe Me:1K,n;y ,II,BYMR CTaHU,MRMM rro3BOJIRJJO M3MepRTh HaKJIOH 

3B rrepHo,n; HERA-2 rrepBa.H CTaHIJ;ll.H pacrroJioraJiacb Ha paccTO.HHllll 61 MeTp OT TOqKII B3aIIMo,n;eM:cTBII.H 
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a) 

0.1 

Slope I rad 

E .t11 

E. 
;: Ill! 

II 

Local Tracks X/mm 

PHc. 2: Tmm""!Hoe pacrrpe,n;e.rrerme HaKJIOHa peKOHCTpyHpyeMbIX TpeKOB B o.n;uofi cTam:J;HH (a) 
H pacrrpe.n;e.rre1rne TpeKoB B rr.rrocKOCTH XY (b). 

rno6aJibHbIX TpeKoB c TO'IHOCTbIO ,n;o HeCKOJibKHX MKpa,n;. ,Ii;JI5I rrepno,n;a HERA-
2, rrocne Mo,n;epHH3au;nn FPS ,n;eTeKTopa, s¢¢eKTHBHOCTb peKOHCTPYKTI;HH TpeKa 

nn,n;npyroiu;ero rrpoTOHa, rrepeceKaroiu;ero o6e ropH30HTaJibHbie cTaHu;nn, cocTa

BHJia 48%. 

I1HTepceIIT X H HaKJIOH X' rJI068JibHbIX TpeKOB B ropH30HT8JibHO:ti: IIpOeKTI;HH 

6bIJIH CB5I3aHbI c 9Heprneil E I:I yrnoM Ox pacce5IHHoro rrpoToHa c rroMOiu;bIO ,II,Byx 

JII:IHeMHbIX ypaBHeHHil: 

X = ax(E) + bx(E) ·Bx , x' = Cx(E) + dx(E) . Bx . 

<DyHKTI;HI:I rrpeo6pa30BaHH5I ax ( E), bx ( E), Cx ( E) H dx ( E) orrpe,n;eJIRJII:ICb H3 MoH

Te Kapno Mo,n;ennpoBaHHR pacceRHHbIX rrpoTOHOB B n;eHTpaJibHbIX TO'IKax Z = 
+85 M H z = + 72 M ,IJ;JI5I BepTHKaJibHbIX H ropH30HT8JibHbIX CTaHu;:rril COOTBeT

CTBeHHO. <DyHKTI;HH rrpeo6pa30BaHH5I BbI'II:ICJI5.!JIHCb OTHOCHTeJibHO HOMHHaJibHO:ti: 

op6HTbI rry'IKa. <DaKTH'IecKaR op6nTa rry'IKa H3Memmacb ,IJ;JI5.! pa3JIH'IHhIX rrpo

TOHHbIX 3arronHeH11il B KOJibn;e HERA H, rrosToMy, rrpe)K,n;e 'IeM ncrrOJib30BaTb 

rrapaMeTpbI TpeKOB ,II,JI5I BOCCTaHOBJI8HI:I5I 9HeprHH, Tpe6oBaJiaCb KaJIH6pOBKa IIO

JIO)KeHHll ,n;eTeKTOpa OTHOCHT8JibHO rry'IKa rrpOTOHOB. 

,Ii;JIR KaJIH6pOBKH ropH30HT8JibHbIX CTaHu;Hil HCIIOJib30B8JIHCb co6bITH5I ,IJ;H

¢paKTI;HOHHOro cPOTOp0)K,IJ;eHH5I p 0-Me30HOB (vy* -+ p1 p0 -+ p' 7r+7r-), r,n;e cpaB

HHBaJIHCb rrepeMeHHbie KOHe'IHOro COCT05.!HH5.! co6bITH5.! IIOJIHOCTbIO peKOHCTpyI:I

pyeMoro B u;eHTpaJibHOM ,n;eTeKTope 11 B FPS. KaJin6poBKa rroJIO)K8HH5.! ,n;eTeK

TopoB OTHOCHTeJibHO rry'IKa rrpOTOHOB ,II,eJiaJiaCb ,IJ;JI5I Ka)K,IJ;Oro sarrOJIH8HH51 rrpo

TOHOB B KOJibTI;e HERA. Ha P:rrc. 3 rrpnBe,II,eH Px,y-6aJiaHc Me)K,II,y JIH,IJ;HpyIOiu;HM 

g 
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PMc. 3: Px,y-6a.rraHc Me:/K,lzy JIM,n;:rrpy1orn;1nv1 rrpoTOHOM M p0-Me30HOM. ,Ll;aHHbie rrpoq:rnTMpoBaHbI 
cPYHKD;HeH faycca: a) cpe,n;Irn.H BeJurqmm µx = 0.013 ± 0.014 feB, (Jx = 0.037 ± 0.002 feB; b) 
µy = -0.0026 ± 0.0037 reB, (Jy = 0.096 ± 0.005 reB. 

rrpoTOHOM p1
, H3MepeHHbIM B FPS, n p 0-Me3oHoM, H3MepeHHbIM B u;eHTpaJibHOM 

,LI,eTeKTope. BH,LI,Ho, t.ITO 6aJiaHe Me:<>K,LI,Y HMIIYJibeaMH JIH,LI,Hpy101u;ero rrpoToHa 11 

p 0-Me3oHa eoxpaHRJieZI e xopoIUe:ti: TOt.IHOeTbIO. Heorrpe,LI,eJieHHOeTb B H3MepeHn

RX rrorrepet.IHoro HMIIYJihca cocTaB.mrna 10 MsB ,LI,JIZI Px 11 30 MsB ,II,JIZI Py rrp11 

pa3JIHt.IHbIX rrapaMeTpax rryt.IKa rrpOTOHOB ( IIOJIO:IKeHHe I1 HaKJIOH B TOt.IKe B3aH

MO,LI,e:ti:eTBI15I). 

2.4 AHaJIH3 H o6pa6oTKa 3KcrrepHMeHTaJihHhIX ,II,aHHhIX 

B TpeTbe:H rJiaBe orrneaHbI ycJIOBH.H oT6opa ,LI,HcppaKI.J,HOHHbIX ep co6bITHH B I'HP 
I1 rrpe,LI,eTaBJieHbI pe3yJibTaThI I13MepeH11.H eet.IeH11H B ,LI,HcppaKI.J,HOHHOM rJiy6oKO

HeyrrpyroM ep -+ eX p paeeeRH1111. Orr11eaHhI aJirop11TMhI ou;eHK11 11 BBe,LJ,eH11R 

KOppeKI.J,Hll Ha eMeII.J,aIOurn:e cpaKTOpbI I13Mepemr:ti:, pa3611eH115I KHHeMaTwieeKO:ti: 

o6JiaCTH Ha 11HTepBaJibI, pact.IeTa aKcerrTaHeOB 11 orrpe,LI,eJieH115I el1CTeMaT11Kl1 113-

MepeH11H. Bee aJiropnTMbI 6brn11 OTJia)KeHbI e rroMOII.J,bIO MoHTe KapJio MO,LI,em1-

posaH11.H ep eo6bITHil, crettepHposaHHbrx MK reHepaTopoM RAPGAP. 

,LLaHHbie, HeIIOJib3yeMbie B 9TOM aHaJI113e, eOOTBeTeTBYIOT llHTerpaJibHOM eBe

TllMOeTH 156.6 rr6-1 H 6hIJIH 3aperHcTpHposaHbI ,LI,eTeKTopoM Hl B e-p B3aHMO

,II,ei1:eTBH5IX ( eBeTHMOCTb 77.2 rr6-1) ll e+p B3aHMO,II,e:ti:eTBll.HX ( CBeTHMOeTb 79.4 
rr6-1) BO BpeMR rrepHo,LI,a HERA-2 c 2005 no 2007 rr. Bo BpeMR sToro rrep110,LI,a 

KOJIJia:ti:,LI,ep HERA orrep11poBaJI aJieKTpOHHbIM 11 rrpoTOHHhIM rryt.IKaMM e atteprH

RMH Ee = 27.6 raB M Ep = 920 rsB, t.ITO eOOTBeTeTByeT 9HeprHM B eucTeMe 

I.J,eHTpa Mace ep CTOJIKHOBeHHR Vs = 319 I'sB. 
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0T6op C06bITMH ,II;I1cPpaKIJ,I10HHOrO rHP, I1CITOJib3yeMbIX B ,II,aHHOM aHaJII13e, 

rrpOI13BO,II,IIJIC5I Ha ocHoBaHrrII coBrra,rr,eHn:R Tpn:rrepHbIX CMTHaJIOB FPS rr cIIrHaJIOB 

B 9JieKTpoMarHMTHOM SpaCal nJin: LAr KaJIOpMMeTpax. J1II,rr,Mpy10w;m'.t rrpoToH 

II3MepRJICR B FPS, a pacceRHHhrfi 9JieKTpoH peKOHCTpyn:poBaJICR B SpaCal IIJIM 

LAr KaJIOpIIMeTpax. 

,lI,JI5I rro,rr,aBJieHII5I cPOHOBbIX co6bITMH, Bbl3BaHHbIX CirnxpoTpOHHbIM lI3Jiyi:.:reHn:

eM lI B3alIMO,II,eficTBMeM rrpOTOHOB c OCTaTO'IHbIM ra30M B rryi:.:rKOBOM Tpy6e, ,II,JIR 

rro,rr,aBJieHII5I cPOHOBbIX rrpoIJ,eCCOB cPOTOpO::tK:,II,eHI15I lI co6bITlIM, B KOTOpbIX 9JieK

TpOH Tep5IeT 3Hai:.:rn:TeJibHYIO 9HeprlIIO Ha 9JieKTpOMarHMTHOe I13JIYLI8Hlle, rrpIIMe

HRJilICb CJie,n;yIOrn;n:e ycJIOBI15I OT6opa rHP co6bITIIH: 

• PeKOHCTpyIIpoBaHHaR z Koop,rr,IIHaTa BeprnMHbI co6brTIIR ,II,OJDKHa Jie:tKaTb B 

rrpe,rr,eJiax 35 CM ("' 3a) OT cpe,rr,Heit rro3IIIJ,MII. Tio KpafiHefi Mepe o,rr,IIH TpeK, 

BbIXO,II,Rrn;II:H II3 BeprnIIHbI B3aIIMo,rr,eficTBIIR 11 BoccTaHOBJieHHbIH B CTD, o6R

saH IIMeTb rrorrepei:.:rHbIH MMITYJibC BbIIIIe 0.1 r9B . 

• 9Heprn:R Ee' lI ITOJI5IpHbIH yroJI e e' pacceRHHoro 9JieKTpOHa orrpe,n;eJIRJilICb 

I13 SpaCal (LAr) KJiaCTepa, KOOp,D;IIHaTbl KOTOporo COOTBeTCTBOBaJilI KOOp

,Il;lIHaTaM TpeKa OT 3apR:tKeHHOfi t.IaCTMIJ,bI, BOCCTaHOBJieHHoro B BPC ( CTD), 

II BeprnIIHofi B3aMMo,n;eitcTBIIR, BOCCTaHOBJieHHoit B CTD. 8neKTpOH ,n;oJI::tK:eH 

y,II,OBJieTBOp5ITb ycJIOBI15IM 154° < ee' < 176° I1 Ee' > 8 rsB B SpaCal KaJIO

pHMeTpe lIJIM ee' < 154° I1 Ee' > 10 rsB B LAr KaJIOplIMeTpe. 

• BeJIIILIIIHa E - Pz, BbILII1CJieHHa5I II3 9Hepr11tt II rrpo,n;OJibHbIX MMITYJibCOB 

Bcex peKOHCTpyrrpoBaHHbIX LiaCTlIIJ,, BKJIIOLiaR 9JieKTpOH, ,Il;OJI::tK:Ha Jie::tK:aTb 

Me:tK,n;y 35 rsB II 70 r9B. ,lJ,JIR rHP C06bITIIit C HefiTpaJibHbIMM TOKaMn: 9Ta 

BeJIMLIMHa ,Il;OJI:tKHa 6bITb paBHa ,Il;BOHHOH 9Heprim 9JieKTpOHHoro rryLIKa, eCJIM 

rrpeHe6peLib s¢¢eKTaMII ,n;eTeKTOpa M 9JieKTpOMarHMTHbIM lI3JiyLieHIIeM. 

,Il;nR nn:,rr,11py10w;ero rrpoToHa, II3MepeHHoro B FPS, rrpHMeH5IJIHCb cne.n;yrow;ne 

Tpe6oBaHH5I: 

• I1sMepeHHe orpaHHi:.:reHo o6naCTbIO c BbICOKMM FPS aKcerrTaHCOM: ropn:soH

TaJibHa5I I1 BepTHKaJibHaR rrpoeKIJ,1111 rrorrepeLIHOro IiMITYJibCa Jie:tKaT B ,D;Ha

I1a30Hax -0.63 < Px < -0.27 r9B I1 IPyl < 0.8 r9B, COOTBeTCTB€HHO, I1 

9HeprHR JIM,II,Mpy10w;ero rrpoToHa Ep' 6onbrne 90% rrpoTOHHOfi 9HeprHrr rryLI

Ka Ep. 

• BenwrnHa E + Pz, rroJiyi:.:reHHa5I cyMMn:poBaHMeM no BCeM BoccTaHOBJieHHbIM 

t.IaCTIIIJ,aM, BKJIIOLia5I JIM,II,HpyIOIIJ;lIM IIpOTOH, ,II,OJI:tKHa 6bITb HH::tK:e 1900 r9B. 

,Il;JIR rHP C06bITHH C HeitTpaJibHbIMM TOKaMM 9Ta BeJIHLIMHa ,II,OJI:tKHa 6bITb 
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paBHa ,IJ;BO:tiHOM 9Heprinr rrpOTOHHOro rryLIKa, eCJIH rrpeHe6peLih 9¢¢eKTaMH 

,n;eTeKTopa. 8To Tpe6oBamre rrpttMemIJIOCh, '-IT06hr rro,n;aBHTh cJiyLiarr, r,n;e 

rHP C06bITH5I, peKOHCTpyttpOBaHHhI8 B IJ;8HTpaJibHOM ,n;eT8KTOpe, COBIIa,n;a

IOT co cJiyLiaHHbIM ¢oHOBbIM TpeKOM OT raJio rryqKa B FPS. 

6 

4 

2 

1700 

.!1l 
;1000 
> 

lJ.16000 

5000 

4000 

3000 

2000 

-Beam halo 
Syst. uncert 

+H1 FPS 
-· - Rapgap MC 

Syst. uncert. 

;

+ 

+ 
;-

+ 

920 

(a) 

(h) 

940 

E(GeV) 

PHc. 4: (a) Pacrrpe,n;eJierme E + Pz ,n;mI FPS rHP co6nrTHH (KpeCTbr) H ,IJ;JI.a rHP co6hITIIH, pe

KOHCTpyHpOBaHHbIX B u;eHTpaJibHOM ,n;eTeKTope Hl, cJiyqaH:no coBrra,n;aroru;Hx c raJio rrpoToHoB, 

,n;aroru;eMy CHrHaJI B FPS (mcTorpaMMa). Ilprrne,n;eabr CHCTeMaTH'!eCKHe rrnorrpe,n;e.JieHHOCTH 

( oKpaIIIeHI-rhre rroJIOChI). (b) 9r-repreTH1IecKoe pacrrpe,n;e.Jieirne JIH,IJ;Hpyroru;ero rrpoToHa, peKOH

cTpy11poBattnoro B FPS ( KpeCThI). <I>oH OT raJio rryqKa BbI1ITeH H3 ,n;amrbrx. Pacrrpe,n;e.rrerrne 

RAPGAP Mor-rTe Kap.rro (mcTorpaMMa) rrpHBe,n;er-ro c aKcnepHMeHTaJihHhIMH cHcTeMaTH'!e

cKHMH Heonpe,n;eJieHHOCT.HMH ( OKpaIIIeHHbre ITOJIOCbI). 

l.fro6br o:o;eHHTb c}JoH OT raJio rryt-IKa, BeJittqHHY E + Pz ,IJ;JI5I Bcex BOCCTaHOB

JieHHbIX LiaCTHIJ; B IJ;8HTpaJibHOM ,n;eTeKTOpe B rHP C06bITH5IX ( 6e3 Tpe6oBaHH51 

TpeKa B FPS) cyMMttpoBaJIH c BeJIHqHHOfi E + Pz, H3MepeHHOi1 B FPS OT co6b1-

TH:tt, 3aIIHCaHHhIX co CJiyqafiHbIM TpMrrepoM. TioJiyqaroru;eec5I cPOHOBOe pacrrpe-
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,n;enemrn 6bIJIO HOpMaJII130BaHO Ha pacrrpe,n;eneHHe FPS rHP ,n;aHHbIX B ,n;11ana-

30He E + Pz > 1900 rsB, r,n;e cPOH OT ra.rro nyLIKa ,D;OMI1HI1pOBaJ1. B o6naCT1I 

E + Pz < 1900 rsB cPOH COCTaBJ151JI B cpe,n;HeM 13 3. CrreKTp E + Pz ,D;JI5I 

!!l 10 c 
!!.! w 

B 

6 

4 

+H1 FPS (a) 

-·RapgapMC 

unoort. 

O.OI 0.03 0.05 0.07 O.Oll 

X1p 

(c) 

.0.11 ·0.6 ·0.4 .0.2 0 0.2 u 0..6 0.8 
Pv (GeV) 

·0.6 ·0.55 .0.5 ..Q.45 .QA .0,35 .0.3 

PX {GeV) 

(d) 

0.1 0.2 o.a u o.s 0..6 0..7 

ltl {GeV2> 

Prrc. 5: (a) Pacnpe.n;e.rrenm:r (a)x1p , (b)Px ,(c)py , (d) JtJ, peKOHCTpyrrpoBaHHbie B FPS (TO'I

Kn:). <Don OT ra.rro rryqKa BhI'lTeH H3 .n;aHHbIX. PHcTorpaMMa RAPGAP MorITe Kapno Mo,n;e.rrrr

poBaHH5! ( CIIJIOI.IIHa5! JIHHH5!) rrprrne.n;eHa BMeCTe c 3KCrrepHMeHTaJibHbIMH CHCTeMaTH'leCKHMH 

Heorrpe.n;e.rreHHOCT5IMH ( OKpaI.IIeHHbie IIOJIOCbI). 

JIH,D;Hpyroru;ero npOTOHa H rHP co6bITI1H rano rrpOTOHOB rrpHBe,n;eH Ha PHc. 4a. 

ct>oH onpe,n;eJI51JIC51, HCITOJih3Y51 pacrrpe,n;eJiem1e E + Pz, peKOHCTpyHpoBaHHoe KaK 

cPYHKIJ;H51 rrepeMeHHbIX x, Q2 H t. CpaBHeHHe FPS ,n;aHHbIX rrocne BhILIHTaHH51 

¢oHa H pe3yJihTaToB Mo,n;eJIHpoBaHH51 RAPGAP rrpe,n;cTaBJieHo Ha PHc. 4b ,D;JI51 

3HeprHH n11,n;11pyroru;ero rrpoToHa Ep' 11 Ha PHc. 5 ,D;J151 rrepeMeHHbIX x IP, Px, Py H 

it!. 
B ,n;aHHOM attaJIH3e Tpe6oBa.rrocb, "(IT06b1 a6conIOTHa51 BeJIHLIHHa KBa,n;paTa rre

pe,n;aHHoro 4-HMIIYJibCa B rrpoTOHHOH BepllIHHe itl Jie)KaJia B ,D;Harra30He 0.1 < 
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itl < 0. 7 fsB2 ll Xfp < 0.1. I13Mepemrn pa3,II,8JI.HJIOCb Ha o6JiaCTb rrpoMe)Ky

TOLJ:HbIX Q 2 (4 < Q 2 < 110 fsB2, 0.03 < y < 0.7)4 ll o6JiaCTb 60JibllIHX Q 2 

(120 < Q2 < 700 fsB2, 0.03 < y < 0.8) ,II,JI.H ,II,aHHbIX C paCC8.HHHbIM 8J1eKTpO

HOM, peKOHCTpyHpoBaHHbIM B SpaCal II LAr KaJIOpHMeTpax, coOTBeTCTBeHHO. 

,I(aHHblll aHaJII13 CO,II,ep)KaJI OKOJ10 68200 co6bITllll B o6J1aCTH rrpoMe)KyToqHbIX 

Q2 I1 OKOJ10 400 co6bITHll B o6JiaCTI1 60J1bllIHX Q2. 

ll3MepeHMe Ce"CJeHM5.l 

B ,II,aHHOM p83,II,eJie orrn:caHa MeTo,1:1;r1Ka H3Mepemur ceLiemur. )J;mp¢epeHI.I,HaJib

Hoe CeLJ:eHHe HHKJIID3HBHOro ,II,ll(ppaKI.I,HOHHOro rrpoI.I,ecca, KaK cPYHKI.I,l'I.H LJ:eTbI

pex KHHeMaTIILJ:eCKIIX rrepeMeHHbIX, MO)KeT 6bITb Bbipa*eHo Liepes CTPYKTypHbie 

cPYHKI.I,IIII Ff(4) II Ff(4) cJie,II,yIDlll,IIM o6p83oM: 

CYep-+eXp _ 1faem Y D(4) 2 d4 4 2 ( 2) 
df3dQ2dxipdt - {3Q4 l - y + 2 err (/3, Q 'XIP, t), 

r,II,e rrpHBe,II,eHHoe ceqeHHe crf(4) orrpe,II,eJ1.HeTCR Bbipa*eHIIeM: 

2 

(1) 

D( 4) (/3 Q2 t) _ p,D( 4) ({3 Q2 t) _ Y pD( 4) ({3 Q2 t) 
CY r , , X IP, - 2 , , X IP, l + ( l _ y) 2 L , , X IP, · 

(2) 
BKJ1a,II, B ceLJ:eHHe, BHOCIIMbiit ¢oToHaMH c rrpo,II,OJ1bHOit IIOJ1.HpH3aI.I,IIetl: Ff(4), qa

CTO rrpe,n;rroJ1araeTC.H rrpeHe6pe)KI1MO MaJibIM, qTo 5IBJ1.HeTC.H ,II,OCTaTOLJ:HO xopOilIHM 

rrpH6J1I1)K8HI18M rrpII He60J1bllIHX 3HaLJ:eHH.HX y. 

,I(II¢¢epeHI.I,IIaJibHOe ceLJ:eHIIe ,n;mppaK1I,HOHHoro rJ1y6oKoHeyrrpyroro ep pac

ceRHH.H, c yqeTOM KOppeKI.I,l'Ill ceLJ:eHH.H K 3Ha'IeHHID B I.I,eHTpe 6HHa, B ,II,aHHOM 

aHaJII138 Bbl'II1CJI.HJ10Cb CJie,II,yIDlll,HM o6pasoM: 

d4 CY ep-+eX p 

df3dQ 2dxrpdt c 

NDrs(t, XJP, /3, Q2) • (1 - fBa(t, XJp, Q2, E + Pz)) 
Apps(t, xrp) · cpps · L · AH1 (/3, Q2 ) 

BCC(tc, XIP,c, f3c, Q~) 
RadCor(XIP, /3, Q2 ) 

x 

(3) 

r,II,e N DIS - 'II1CJ10 OTo6paHHbIX rHP co6bITHH B ,II,aHHbIX ( rv 69000), f BG - ,Il,OJ1.H 

cPOHOBbIX co6bITH:tl: ('"'-' 0.13), Apps II AH1 - aKcerrTaHc FPS II Hl ,II,eTeKTopoB, 

Epps - s¢¢eKTI1BHOCTb peKOHCTpyKI.I,IIH TpeKa B FPS ,n;eTeKTOpe ( rv 0.48), L -
HHTerpaJibHaR cBeTHMOCTb (156.6 rr6-1 ), RadCor - pa,n;IIa1I,HOHHbie rrorrpaBKH , 

ECG - KoppeK1I,HI1 ce'!eHHZI K sHa'IeHHID B u;eHTpe 611Ha. 

CHcTeMaTH'IeCKHe rrorpellIHOCTII H3MepeHH.H ce'IeHIIiI BKJ1IDLJ:aJIH B ce6.H Heorrpe

,II,eJ1eHHOCTH MK MO,II,eJrnpoBaHH.H 11 TOLJ:HOCTH OI.I,eHKH xapaKTepIICTHK ,.n;eTeKTopa. 

4nepeMeHHa5! y H83hIBaeTC5! HeynpyrocTbIO npou;ecca. BeJIH'IHHa ee paBHa ,n;oJie sHeprHH Ha'laJibHoro sJieK

TpoHa, nepe,n;aHHO:lt BMPTYaJibHOMY cPOTOHY B CMCTeMe IIOK05! npOTOHa. 
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CrrcTeMaTwrecKrre rrorpelllHOCTrr, rroKa3aHHbre Ha pIICYHKax, rroJiy'IeHbI ,II,o6aBJie-

HrreM B KBa,II,paTe BCex BKJia,II,OB, KpOMe Heorrpe,II,eJieHHOCTH HOpMHpOBKH, 'ITO 

,II,aeT cpe,II,HIOIO rrorpelllHOCTb ,II,JI.H ,II,aHHbIX 8%. Heorrpe,IJ,eJieHHOCTb HopMrrpoBKH 

ceqeHH.H COCTaBJI5!8T 4.3% rr 6% ,II,JI5I af (4) rr af (3) II3MepeHHM. IloJIHa.H 9KCrrepII-

6 v v D(4) D(3) 
M8HTaJibHa5I rrorpeIIIHOCTb HaH OJiee TO'IHbIX H3MepeHHH Ce'IeHHH ar rr ar 

COCTaBJI5!8T rv 10% H rrpe,II,CTaBJI5!8T KBa,II,paTH'IHYIO CYMMY CTaTIICTH'I8CKOM, CH

CTeMaTII'IeCKOM H HOpMHpOBO'IHOM rrorpeIIIHOCTett II3MepeHHM. 

Pe3yJihTaThI H HX HHTeprrpeTaIJ;HZI 

3aBIICHMOCTb ,II,IIcPpaKII;HOHHOrO f HP OT rrepeMeHHbIX (3, Q2, X IP II t rr3yqaJiaCb 

B TepMIIHax rrpIIBe,II,eHHoro ce'IeHrr.H af ( 4) (/3, Q2, x IP, t) rr af (3) (/3, Q2, x IP). Pe-

3YJibTaTbI ,II,JI5I af(4) IIOJiy'IeHbI B Tpex o6JiaCT5IX ITO t: 0.1 < ltl < 0.3 faB2, 

0.3 < !ti < 0.5 f9B2, 0.5 < !ti < 0. 7 faB2, KOTOpbre HHT8pIIOJIIIpOBaJIHCb 

K BeJIH'IHHaM ltl = 0.2, 0.4, 0.6 f9B2' HCIIOJib3Y5I H3MepeHHYIO t 3aBHCHMOCTb 

rrpH Ka:tK,IJ,OM 3Ha'IeHHH /3, Q2 II XIP· Ha PIIc. 6 rroKa3aHo rrpHBe,II,eHHoe ceqeHHe 

x IPaf ( 4) KaK cPYHKIJ;HZI x IP ,II,JI5I pa3JIH'IHbIX 3Ha'IeHrrtt It I, /3 rr Q2. ,lJ;JI.H cpe,II,HHX H 

6oJibIIIIIX BeJIH'IHH /3 3aBrrcrrMOCTb x1paf(4) OT XIP rra,II,aeT HJIH rrocT05IHHa. TaKoe 

IIOBe,II,eHHe corJiacyeTC5I c ,JJ;OMHHaHTHbIM BKJia,II,OM IIOMepOHHOro o6MeHa, OIIHCaH

HbIM B paMKax TeopHH Pe,n;:tKe nrrHeiIHott TpaeKToprreM: aip(t) = aip(O) + a~pt c 

HHTepceIITOM O'.Ip(O) > 1. IlpH HH3KHX /3 ceqeHrre XIpaf?(4) pacTeT c yBeJie-qeHrr

eM x IP rrpH caMbIX 60JiblllHX x IP' 'ITO IIHTeprrpeTnpyeTC5I KaK BKJia,II, pe,II,:IK80Ha 

(IR) c HHTepcerrTOM O'.Ip(O) < l. 9To Ha6JIIO,II,8HHe cornacyeTC5I c rrpe,II,bI,II,YIII.HM 

Hl FPS aHaJIH30M. 

B paMKax rrapaMeTprr3au;IIrr Pe,II,:tKe orrpe,II,eneHbI rrapaMeTphI rroMepoHHOH 

TpaeKTOpHH. LITo6br orrrrcaTb 3aBHCHMOCTb ce'IeHH.H OT XIP rr t, CTPYKTYPHYIO 

cPYHKIJ;HIO rrapaMeTpH3YIOT B ¢opMy 

Ff(4)(/3, Q2, XIP, t) = fIP(XIP, t)F{P(/3, Q2) +nm· fm(xIP, t)F{R(/3, Q2), (4) 

KOTOpa.H rrpe,II,IIOJiaraeT ¢aKTOpII3au;:mo x IP rr t 3aBHCHMOCTett B rrpOTOHHOH Bep

IllHHe OT 3aBHCHMOCTett /3 rr Q2 ,[I,JI5I IIOMepoHa rr pe,II,:tKeOHa 6e3 HHTep¢epeH

u;rr11 Me:IK,II,Y 9THMH ,II,BYMZI BKJia,II,aMII. 3aBIICHMOCTH XIP rr t rrapaMeTpH3YIOTC5I, 

HCIIOJib3Y5I ¢aKTOpbI IIOTOKa IIOMepoHa fip rr pe,II,:tKeoHa f m, corJiaCHO Pe,II,:tKe 

¢eHOMeHOJIOrrrrr: 

eBIRt 

fm(XIP, t) = Am· ( )2a (t)-1 XIP IR 
(5) 

B paMKax Pe,II,:tKe TeopHH pe,II,:tKeoH HMeeT nrrHetiHyIO TpaeKTOpHIO am(t) 
am(O) + a~Rt TaK :tKe, KaK H IIOMepoH. Ilprr cPHTHpOBaHHH 9KCrrepHMeHTaJibHbIX 

Ff ( 4) ,II,aHHbIX c rroMOIII,bIO ypaBHeHH.H 4 paccMoTpeHbI CJie,n;yIOIII,He cBo6o,II,Hbie 
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8 ltl=0.2 GeV2 

0 ltl=0.4 GeV2 

A ltl=0.6 GeV2 

H1 FPS 
Regge fit IP+IR 

J3= 0.056 

P11c. 6: I1p1rne,n:emme ceqe1me x1p0"[?<4l KaK cJ:>yHKII;IHI x1p ,n:mr pa3JrnqHhIX Bemrq11H t, (3, Q2. 

31mqemrn rrorpellIHOCTH COOTB€TCTByeT cyMMe CTaTIICTFiqecKOH H CHCTeManrqecKOH rrorpellIHO

CT€H B KBa,n:paTypax. Heorrpe,n:eJieHHOCTh nopMHpOBKH ceqe1rn.H 4.3 3 ne rroKa3aHa. CrrJIOilIHhie 
KpHBhie rrpe,n:cTaBJI.HIOT pe3yJihTaThI ¢eH0MeHoJior11qecKoro cPHTa Pe,n:)Ke, BKJIIoqa51 o6MeH rro
Mepon:oM (IP) H pe,n:.>KeOHOM (IR). 

rrapaMeTpbI: I1HTepcerrT O:'fp(O) I1 HaKJIOH a~p IIOMepOHHOit TpaeKTOpI1I1, 9KCIIO

HeHIJ;IIaJibHbIM napaMeTp B IP ,n,mi: x IP -t 1, noMepoHHa5I CTPYKTypHa5I cPYHK1I,I15I 

F{P (/3) Q2) B Ka)K,Il,OM (/3' Q2) farne H rrapaMeTp n IR' OTII1CbIBaIOrn;11it HOpMI1pOBKY 

pe,n,)KeOHHOro BKJia,n,a. Pe,n,)KeOHHa5I cTpyKTypHa5I cPYHK1I,I15I F{R(/3, Q2) B Ka)K

,n;oM (/3, Q2) 611He 6epeTc.H 113 napaMeTp11sau;1111 TIHOHHOit CTPYKTypHoit cPYHK1I,MI1. 

IloBe,n,eH11e CTPYKTypHo:tl: cPYHK1I,MI1 F[>(4) rrpH 6oJTbIIII1X XIP 11HI13KI1Xf311yBCTBI1-

TeJibHO K pe,n,)KeOHHbIM rrapaMeTpaM aIR(O), a~R 11 BJR. 8T11 rrapaMeTpbI 6paJII1Cb 

113 paHee orry6JIHKOBaHHbIX ,n,aHHbIX: aIR(O) = 0.50, a~R = 0.3 f9B-2 11 BIR = 1.6 
f9B-2. IloJTy'leHHbie pe3yJTbTaTbI ,II,JI5I CB060,II,HbIX napaMeTpOB rrpHBe,n,eHbl B Ta6-

JII1LI,e 1. 8Kcnep11MeHTaJibHhre rrorpelllHOCTH napaMeTpOB ¢11Ta onpe,n,eJieHbI KaK 

KBa,n,paTwrna5I cyMMa cTaTHCTWieCKHX 11 c11cTeMaT1111ecK11x rrorpeIIIHOCTeti. Mo

,n,eJTbHbie rrorpelllHOCTH orrpe,n,eJTeHbI rryTeM Bap11au;1111 ¢11Kc11poBaHHbIX napaMeT-
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poB cPHTa, ,IJ,8.Jia.51 HX CB060,IJ,HbIMH ,n;pyr 3a ,n;pyroM rrpH Ka.IK,IJ;OM ITOBTOpeHHH. 

B.rrH.5IHHe Ma.rroro BK.rra,n;a Ff (4) B ceqemm <Jf(4) TaK.JKe BK.JIIO"tJeHo B Mo,n;e.rrbHYIO 

rrorpernHOCTb. IIo.rryqeHHbI:ti pe3yJibTaT ,rr,.rr.51 aIP(O) cor.rracyeTC.51 c rrpe,n;b1,n;yrn;H-

I IlapaMeTp I 3Haqemrn 

nm 

1.10 ± 0.02(aKcrr.) ±0.03(Mo,n;enh) 

0.04 ± 0.02(aKCII.)~8:8~(Mo,n;eJib) faB-2 

5.73 ± 0.25(aKcrr.)~8:~8(Mo,n;eJib) faB-2 

[0.87 ± O.lO(aKcrr.)~8:~8(Mo,n;enb)] · 10-3 

Ta6mu.J,a 1: UeHTpaJibHhre 3Haqerrn.H rrapaMeTpoa, rronyqeHHhre B pe3yJihTaTe qnITHpoaamrn 
cTpyKTypHoiI cPYHKI.J,HH p_f(4) B paMKa){ rrapaMeTpH3aI.J,HH Pe,1.1,)Ke, H Hx aKcrrepHMeHTaJihHhre 
H MO,n;eJibHhre rrorpeIIIHOCTH. 

MH Hl H3MepeHH.5IMH c HCTIOJib30BaHHeM LRG H FPS MeTo,n;oB H c H3MepeHH.5IMH, 

rro.rry'-IeHHbIMH KOJI.rra6opau;He:tt ZEUS. TaK.JKe rro.rry"tJeHHbri! pe3yJibTaT cor.rracy

eTC.51 B rrpe,n;eJiax norpelllHOCTei! c I13MepeHH.5IMH a1p(O) = 1.08, rrpoBe,n;eHHbIMH 

B rrpon,eccax M.5IrKoro a,II,pOH-a,II,pOHHoro pacce.5IHH.51. B TO .JKe BpeM.51, HaK.JIOH no

MepoHHOM TpaeKTOprrn M8Hblll8, T.IeM B8.JIH"tJHHa a~p C:::: 0.25 rsB-2, ITOJIY"tJ8HHa5I B 

M.5IrKOM a,rr,poH-a,n;pOHHOM paCC85IHHH, T.ITO xapaKTepH3yeT ,IJ;HcPpaKll,HOHHbie rrpo

n,ecCbI B )KeCTKOM pacce.5IHHH. 

)J;JI5I rrpoBepK11 cl>aKTop113au;1111 B rrpOTOHHOH Beprn11He HJIH Pe,II,.JKe ¢aK

TOpHsan,HH H3Y"tJa.JIHCb 3aBHCHMOCTH aJP(O), a~p H B1p OT Q2, ITOBTOp5I5I cPHT, 

orrHcaHHbIM Bbrrne, B Tpex pa3JIHT.IHbIX ,n;1rnrra30Hax rro Q2. Pesy.rrbTaTbI cPHTHpo

BaHH5I, rroKa3aHHbre Ha PHc. 7, yKa3bIBaIOT Ha TO, "tJTO HeT CHJibHOM saBHCHMO

CTH OT Q2. 9KcrrepHM8HTa.JibHbI8 rrorpellIHOCTH orrpe,rr,e.rreHbI KaK KBa,n;paTH"tJHa5I 

cyMMa CTaTHCTH"tJ8CKOH H H8KOppe.rrHpoBaHHOM CHCTeMaTH"tJ8CKOM rrorpelllHOCTe:i!. 

IT pH cPHTnpoBaHHH rrapaMeTp HOpMHpOBKH nm 6pa.rrc5I cPHKCHpoBaHHbIM, corJiac

HO Ta6JIHTI,e 1. 

ITpe,n;rroJiara5I, "tJTO t-3aBHCHMOCTb ce"tJeHH.51 ( d<J / dt ex: eBt) rrporropu;HoHa.JibHa 

sKcrroHeHTe, rrapaMeTp HaKJIOHa B H3MepeH KaK cPYHKIJ;H5I x IP rrpH pa3.JIH"tJHbIX 

cPHKCHpoBaHHbIX 3Ha'-IeHH5IX Q2 u j3. IT pH 9TOM He Ha6.rr10,II,a.rrocb cyrn;ecTBeHHOM 

saBHCHMOCTH rrapaMeTpa HaKJIOHa B OT Q2 H j3 ,rr,.rr5I ,n;aHHbIX c x1p < 0.025. 
ITosToMy B paMKax rrorpernHOCTefi t-saBHCHMOCTb ce"tJeHH.51 B o6JiaCTH HH3KHX 

X[p (,rr,oMHHHpyIOrn;H:tt BKJia,II, IIOMepoHa) MO./KeT ¢aKTOpH30BaTbC5I OT Q2 H /3 sa

BHCHMOCTefi. TaK KaK He Ha6JIIO,IJ;a.JIOCb cyrn;eCTB8HHOfi 3aBHCHMOCTH rrapaMeTpa 

HaKJIOHa B OT Q2 H.JIH (3, ycpe,II,HeHHbIM rro 9THM rrepeMeHHbIM rrapaMeTp B cpaB

HHBa.rrc.7I c pe3y.JibTaTOM napaMeTpH3all,Hll t-3aBHCHMOCTH, rro.rryqeHHbIM rrpH cPH

THpOBaHHH F2D( 4) B paMKax rrapaMeTpHsan,HH Pe,rr,)Ke. Pesy.JihTaT, KaK cPYHKll,H5I 
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Puc. 7: Pe3yJibTaTbI Pe,ll)Ke cPHTHpOBarrnzr B Tpex pa3JIHqHbIX .n;uaITa30Hax ITO Q2 .n;m:r (a) 

a 1p(O), (b) a~p H (c) B1p. 9KcITepuMeHTaJihHbie ITorpernHocTH H3Mepe1rnH: 11306pa.J>KeHbI Bep

Tl1KaJibHbIMl1 OTpe3KaMl1. ,Il;JI11Ha 0Tpe3Ka COOTBeTCTByeT cyMMe CTaTHCTHqecKOll 11 HeKoppe

JI11pOBaHHOll cucTeMaTuqecKoii ITorpernHocTe:H B KBa.n;paTypax. BeJihre JIHHHl1 11 oKparneHI-Ibie 

ITOJIOCbI IIOKa3bIBaIOT pe3yJibTaT 9KCIIepHMeHTaJibHOll HeOITpe.n;eJieHHOCTH CTaH.n;apnmro cPHT11-

poBaIIH.H ITO BCeMy Q2 .n;11aITa30I-Iy. 

x JP, rroK83aH Ha Prrc. 8, Ha KOTopoM TaK1Ke IIOK83aHbI rrpe,n;hr,n;yrn;rre Hl FPS pe-

3YJibTaTbI. Ha prrcyHKe BI1,II;HO He60JibIIIOe yMeHbIIIeHHe rrapaMeTpa B c 6 rsB-2 

,II;O rv5 fsB-2 Ilpl1 3Hat.IeHI15IX XJp > 0.05, r,n;e BKJia,II; pe,n;*eOHa cyrn;eCTBeHHbIH. 

YMeHbIIIeH11e rrapaMeTpa HaKJIOHa yKa3hIBaeT Ha TO, t.ITO p83Mep o6nacTH B3al1-

Mo,n;eiicTBI15I yMeHhrnaeTc5I .II;JI5I IR o6MeHa rro cpaBHeHHIO c IP o6MeHOM. 

IlpI:rne,n;eHHoe ceqeHHe a-:?(s) (/3, Q2, XIP) orrpe,n;eJI5IJIOCh KaK HHTerpan ce

t.JeHH5I af(4)(/3, Q2, XJp, t) B ,II;I1aII830He ltminl < ltl < 1 fsB2, KOTOpbIH 5IBJI5IeTC5I 

o6nacTbIO I13MepeHH5I Hl rrprr HCIIOJih30BamrH LRG MeTo,n;a. B ,n;aHHOM aHaJIH3e 

rrpHBe,n;eHHoe cet.JeHHe af (3) (/3, Q2, x IP) rronyt.JeHo rrprr 3KCTparroJI5IIJ;HH FPS ,n;aH

HbIX H3 06nacn1 H3MepeHI15I 0.1 < ltl < 0.7 rsB2 B 06.JiaCTb H3MepeHI15I LRG 
MeTo,n;a, HCIIOJib3Y51 t-3aBHCI1MOCTb B Ka:tK,II;OM (x1p, /3, Q2) HHTepBa.Jie. 

Pe3yJibTaTbI H3MepeHH5I cet.JeHH5I af (3), rronyt.JeHHbie c rroMorn;bIO Hl FPS .n;e

TeKTopa, cpaBHHBaJIHCb c pe3yJibTaTaMH, IIOJiyt.JeHHbIMH c IIOMOID;bIO crreKTpOMeT-
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Puc. 8: IIapaMeTp HaKJIOI-Ia B, rroJiyqeHHbili rrpu ¢rrTrrpoBaHFill ¢yHKD;FieM daj dt ex eBt, rro

Ka3aH KaK ¢YHKD;ll5! Xjp. 9KcrrepFIM8HTaJibHbie rrorpellIHOCTll ll3Meperrn:ti ll306palK8HbI BepTll

KaJibHbIMll OTpe3KaM:H. ,Il;JIFIHa BHyTpe1rnero 0Tpe3Ka COOTB8TCTByeT BeJirrqur-re CTaTFICTllqecKOH 

rrorpellIHOCTH, a .II;JIHHa BHellIHero 0Tpe3Ka - cyMMe CTaTHCTH'IeCKOM H CHCTeMaTHqecKOM rro

rpellIHOCTeM B KBa,n;paTypax. CrrJiorrrna.H Kpirna.a rrpe,n;cTaBJIReT pe3yJibTaT ¢enoMOJIOrMqecKo

ro ¢rrTa Pe,n;JKe K ,n;aHHbIM, BKmoqaa o6MeH rroMeponoM FI pe,n;:JKeonoM. IlyHKTFipHa.a KPFIBa.a 

rrpe,n;cTaBJIReT rrpe,n;cKa3arrne BHe x1p ,n;Marra3or-ra, MCITOJih3yeMoro rrpu ¢MTHpoBaHFIM. TaKJKe 

rrprrBe,n;eHbI par-ree orry6JIFIKOBaHIIhre Hl FPS pe3yJihTaThI (r-reoKpailleHHbre Kpyru). 

pa JII'.I,D,IipyIOr_u;I'.Ix rrpOTOHOB (LPS) Konna6opau;m1 ZEUS. B rrpe,n,enax rrorpern

HOCTe:fi He Ha6JIIO,IJ,anocb CMJibHO:fi saBMQMMOCTM OTHorneHMR Hl FPS ,IJ,aHHbIX K 

ZEUS LPS ,n,aHHbIM OT rrepeMeHHbIX x1p, (3, Q2 . 

ITpM cpaBHeHMII ceqeHM:fi a}?(3), rrony-Y:eHHbIX FPS I'.I LRG MeTo,IJ,aMM, yqM

TbIBaJIOCb pasHoe orrpe,n,eneHMe ceqemrtt B 3THX ,IJ,Byx cnyqaRx. ITpH M3MepeHMM 

ceqeHHR peaKIJ;HH ep -t eXY LRG MeTo,n,oM cHcTeMa Y BKJIIOqana rrpo,n,yKTbI 

rrpoTOHHO:fi ,n,Hccou;Hau;HH c Maccoti: My < 1.6 fsB, Tor,n,a KaK rrpH M3MepeHHM 

ceqeHHR FPS MeTo,n,oM, cHcTeMa Y orrpe,n,enRnacb KaK rrpoTOH. 0THorneHHe ceqe

HMti:, H3MepeHHbIX FPS M LRG MeTo,IJ,aMH, rroKasaHo Ha Pttc. 9 KaK cpyHKII;HR Q2 , (3 
M Xfp. B rrpe,n,enax HeKoppenMpoBaHHbIX rrorpernHocTe:fi (63 ) HeT cyru;ecTBeH

Hoti: 3aBMCMMOCTH OT Q2, (3 HJIII x IP. BenwmHa OTHorneHIIR ceqeHM:ti: LRG /FPS 

COCTamrna 1.18±0.0l(cTaT.) ±0.06(HeKopp.CIICT.) ±0.lO(HopM.). ~OMIIHaHTHbIM 

BKna,n, B rrorpernHOCTb BHOCIIT HOpMHpOBKa FPS M LRG ,n,aHHbIX. Pe3yJibTaT, B 

rrpe,n,enax rrorpernHocTe:ti:, cornacyeTCR c BenIIqMHOfi 1.23±0.03( cTaT. )±0.16( CMCT.), 

rronyqeHHO:ti: B rrpe,n,hr,n,yru;IIx orry6nMKOBaHHbIX FPS M LRG ,n,aHHbIX. 06'be,D,IIHe-
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PHc. 9: Onrome1me ceqe1rn:0:, rroJiy'-IeHHbIX rrpn: HCIIOJib30BaimH Hl LRG ,n;aHHbIX (My < 
l.6raB, !ti < 1raB2) H rrpn: HcrroJib30Bann:n: FPS ,n;an:n:b1x (My < mp, !ti < lfaB2). IlpH

Be,n;eHhI pe3yJihTaThI ,ll;JI5I HERA-II rrepHo,n;a (,n;aHIIhIH aHaJIH3) H ,ll;JI5I HERA-I nep1m,n;a (pa

nee ony6JIHKOBannhre ,n;annbre. Pe3JJibTaThI IIOKa3mlbl KaK cPYHKIJ;M5I (a) Q2, (b)/3 H (c) x1p 

IIOCJie ycpe,n;HeHM.H ITO ,n;pyrHM nepeMeHHhIM. 8KcnepHM8HTaJibHbie norpemHOCTM H3MepeHHH 

H306pa:iKeHhI BepTMKaJibHbIMH OTpe3KaMH. ,Il;mrna BHyTpennero 0Tpe3Ka COOTBeTBTByeT CTa

THCTH'-IeCKOH rrorpemHOCTH. ,Il;JIHHa BHemnero 0Tpe3Ka COOTBeTCTByeT cyMMe CTaTMCTH'-IeCKOH 

H neKoppeJIHpoBan:n:oH: CHCTeMaTwrncKo:H norpenrnocTeli B KBa,n;paTypax. Heonpe,n;eneHHOCTh 

HOpMHpOBKH 8. 5 3 BH,ll;Ha KaK OKpameIHia5I IIOJIOCa na pHCYHKe ( c). IlyHKTHpHaH mn-rnH na 

pliCJHKe ( c) npe,n;cTaBJIHeT pe3JJibTaT cPMTHpOBaHM5I ,n;aHHhIX B rrpHBe,n;eHHOH o6JiaCTH rrpH 

ycJIOBHH, qTo neT 3aBHCHMOCTH OT X[p. 

mre pattee rronyqeHHoro pesyJihTaTa c ,n;aHHbIM H3MepemreM rrp11Bo,n;11T K 6onee 

TOqHoMy 3HaqeHHIO OTHOllieHHZI Ce'!emtl1: a(~~<l_:_5Ger) = 1.20 ± 0.11 (8KCII.), 
a y-mp 

r,n;e 8KCrrep11MeHTaJibHaR rrorpellIHOCTb ZIBJIReTCR KOM6I1Harwerr CTaTHCT11qecKotl:, 

HeKoppen11poBaHHOM CHCT€MaT11qecKO:ti If HOpMHpOBQqHotl: rrorpeIIIHOCTe:ti I13Me

peHI1M. 

XopoIIIee cornac11e Me)K,n;y LRG ( c yqeTOM rrpoTOHHoii ,n;11ccoII,HaII,1111) 11 FPS 
,n;aHHbIMI1 ITO,ll;TBep)K,n;aeT, 'ITO ,n;Ba MeTo,n;a ,n;aIOT cornacyIOIII,HeCR pesyJibTaTbI, 

HeCMOTpR Ha I1X O'!eHb pasHyIO CI1CTeMaT11Ky. 0TcyTCTBI1e 3aBI1CI1MOCTH OTHOIIIe

HI1R ,n;mppaKII,MOHHbIX ceqett11tl: rro rrepeMeHHbIM Q2 11 (3, I13MepeHHbIX LRG 11 FPS 
MeTo,n;aM11 yKasbrnaeT Ha ytt11BepcaJibHOCTb KX~ rrpoII,eccoB B peaKII,HRX cpoToH-
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P11c. 10: IlpHBe,n.emme ceT.IeHHe x1pa-f?C3l(/3,Q2,x1p) ,n.m1 !ti < lfeB2 KaK cPYHKu;mr x1p ,n.mr 

p83JIHT.IHbIX 3HaT.IeHHE /3 H Q2 . 8KCIIepHMeIITaJibHbie rrorpemI-IOCTH H3Mepe1-rn:i1: H306paJ>KeHbI 

BepTHKaJibHbIMH OTpe3KaMH. )J;JIHHa 0Tpe3Ka COOTB8TCTByeT cyMMe CTaTHCTHT.I8CKOH H CH

CTeMaTHT.I8CKOH rrorpernHocTeH: B KBa,n.paTypax. CrrnomHaR KpHBaR rrpe,n.cTaBJIReT pe3yJihTaT 

rrpe,n.cK83aHHR Hl 2006 DPDF Fit B K LRG ,n.aHHhIM, yMeHbmeHHhril Ha ¢aKTOp 1.20 ,ll.JIR 

KoppeKIJ;HH Ha BKJia,D;bI OT rrpou;eccoB rrpoTOHHOH ,n;Hccou;Hau;HH. IIommR Heorrpe,n;eJieHHOCTh 

HOpMHpOBKH 6% I-18 IIOK83arm. IlyHKTHpHbie KpHBbl€ YK83bIBaIOT I-Ia BKJia,n. ITOMepoHa B 3TOH 

MO,Il;8JIH. 

rrapTOHHoro pacce11HM.H c o6p8.30BaHMeM JU1,D;HpyroIIJ,ero rrpOTOHa B KOHe'IHOM co

CTO.HHMM 11 c ,n;rrcppaKI.I;HOHHOi1 ,rr,Hccon;11an;Heti: rrpoToHa. Pe3yJihTaT rro,n;TBep,n;HJI, 

'ITO BKJia)J;hI OT rrpoTOHHO.ti )J;Mccon;rran;rrrr B M3MepeHMM LRG MeH.HIOT Q2, f3 MJIH 

x IP 3aBHCI1MOCTI1 H83Ha'IHTeJibHO 11, IIOSTOMY He MoryT CHJibHO BJIH.HTb ()J;o pa3JII1-

'IH.H B HOpMI1pOBOLJ:HOM rrapaMeTpe) Ha )J;licPPaKn;HOHHbie rrapTOHHbie IIJIOTHOCTI:I, 

II3BJie'IeHHbie Ms LRG )J;aHHbIX. 

3aBI:ICIIMOCTb ce'IeHI:I.H 0}?(3) OT rrepeMeHHbIX x IP 11 Q2 rrpe)J;cTaBJieHbI Ha P11c. 

10, 11. ,Il;aHHbie FPS cpaBHIIBaJIMCb c rrpe,n;cKasaHI:I.HMII KX,Il; B cJie,rr,yroIIJ,eM sa JIII

)J;HpyIOIIJ,HM rrop.H,IJ,Ke TeOpI:II:I B03MyIIJ,eHI:Ii1 (NLO)' IIOJiy'IeHHbIMI:I I:I3 rrapaMeTpI:I

san;I:III Hl 2006 DPDF Fit B ,IJ,JI.H orrncaHH.H Hl LRG ce'IeHnti:, BKJII011a.a BKJia)J;bI 

rrpon;eccoB c o6MeHOM rroMepoHoM II pe)J;:tKeOHOM. HopM11poBKa rrpe,rr,cKasaHIIi1 Hl 

2006 DPDF Fit B yMeHbIIIeHa Ha cpaKTOp 1.20 )J;JI.H KoppeKTIIpoBKII LRG ce'IeHIIi1 
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PHc. 11: IlpHBe,n;e1nme ce"!emi:e x1po}?<3) ((3, Q2 , xrp) ~Jrn Jtj < 1raB2 KaK ¢YHKu;Ha Q2 ,n;Jia pa3-

JIH"!Hhrx 3HaT.JeHHH x IP H (3. 9KcrrepHMe:HTaJibHbie rrorpeIIIHOCTH H3MepeHHH H306pa)KeI-IbI Bep

THKaJibHbIMH OTpe3KaMH. ,.[LJIHHa 0Tpe3Ka COOTBeTCTByeT cyMMe CTaTHCTHT.JeCKOH H CHCTeMaTH

T.JeCKOH rrorpe!IlHOCTe:if B KBa,n;paTypax. CrrJIOIIIHaa KpHBaa rrpe,n;cTaBJiaeT pe3yJibTaT rrpe,n;cKa-

3a1rna Hl 2006 DPDF Fit BK LRG ,n;aHHhIM, yMeHhIIIeHHbI:if Ha ¢aKTop 1.20 ,n;Jia KoppeKu;HH 

Ha BKJia)l;bI OT rrpou;eccoB rrpOTOHHOH ,ll;HCCOD;Hau;HH. Ilomma Heorrpe,n;eJieHHOCTb HOpMHpOBKH 

6% He IIOKa3aHa. IlyI-IKTHpHbie KPHBbie YKa3bIBalOT Ha BKJia,n; IIOMepmm B 9TOH MO)l;eJIH. 

Ha BKJia,I:i;bI OT npou;eccoB npoTOHHo:tt ,n;Mcco11;Irnu;IIII, KaK onpe,n;eJieHo Bb1rne. Ha 

PMc. 10 BII,n;eH pocT cet.i:eHM51 c yBeJIMt.i:emreM XIP, t.i:TO yKa3brnaeT Ha cyrn;ecTBeH

HbIM: BKJia,n; pe,Il)KeoHa B 9To:tt o6JiaCTM. Ha PMc.11 noKa3aHa 3aBMCHMOCTb cet.i:e

HM51 a-f (3) OT Q2 rrpM qrnKcnpoBaHHbIX 3Hat.i:eHM51X x IP n f3. HapyrneHne cKe:ti:JIHH

ra ( do-f (3) / d In Q2 > 0) Ha6mo,n;aeTC51 no BCeMy KHHeMaTnt.i:eCKOMY ,n;nana3oHy, 

KpOMe CaMbIX BbICOKMX j3 = 0.56. cho Ha6JIIO,D;eHIIe COrJiacyeTC51 C npe,D;bI,D;yrn;IIMll 

H3MepeHH51MM Hl npn MCnOJib30BaHHH LRG MeTo,n;a n no,n;pa3yMeBaeT 6oJihIIIYIO 

rJIIOOHHYIO KOMnoHeHTY B DPDF5. l1cxo,n;51 M3 npe,n;cKa3aHn:ti: KX,II,, HapyIIIeHne 

CKe:ttmrnra MO)KeT 6bITb rrpHIIHCaHO noMepOHHOMY BKJia,n;y ,n;a)Ke rrpM 6oJibllll1X 

3Hat.i:eHll51X x IP' r ,n;e pe,n;)KeOHHbIH BKJia,n; 3Hat.J:MTeJieH. 3aBHCllMOCTb cet.i:eHll51 no 

Q2 napaMeTpl130BaHa, qrnTIIPY51 ,n;aHHbie rrpII qrnKCIIpOBaHHbIX 3Hat.i:eHM51X x IP ll 

5DPDF - .n;rr¢paKIJ;HOHHaa <i:>YHKJ.J;Ha'. pacnpe,n;eJieHHa napTOHOB (oIIHChIBaeTca ypaBHeHHa'.MH 3BOJIIOIJ;HH 

DGLAP). 
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/3 cPYHKU;II8H 

XIpO"f(3)(/3, XIP, Q2) = an(/3, XIP) + bn(/3, XIP) ln( Q2/1GeV2) ' (6) 

TaK, qTo b D (/3' x IP) 5IBJI518TC5I ITpOH3BO,Il;HOH ceqemrn ITO ln Q2 YMHO)K8HHOrO Ha 

XIP· 9TOH cPYHKIJ,He:tl: ITPOcPlITHpOBaHbl ,n;aHHhie, ,IJ;JI5I KOTOpbIX 3HaqeHlI5I XIP B 

u;eHTpe 611Ha y,IJ;OBJI8TBOp5IIDT XJP < 0.035 lI ,II,JI5I KOTOpbIX lIHT8pBaJI ITO /3 CO,IJ;ep

)KlIT, ITO KpafiHe:tl: Mepe, 3 ToqKlI. BKJia,n; pe,n;)KeOHHoro o6MeHa ITPlI XIP = 0.035 
MeHhIIIe 15%. IIoJiyqaro:rn;MecR ITpOH3BO,IJ;Hhie rro ln Q2 rroKa3aHbI Ha PMc. 12. XoTR 

N 0.03 0 
c: • -

"Cl 
D --e 0.02 Q .. 

b 
"Cl 

fl. 
><-

0.01 

0 

-0.01 -2 
10 

H1 FPS HERA II 

X1p = 0.0025 11111 X1p = 0.016 

X1p = 0.0085 b,. X1p = 0.025 

H1 2006 DPDF Fit B 

·1 
10 

• X1p = 0.035 

H1 

1 

~ 

DW . 
PHc. 12: IIpoH3BO.II;HaH ceqerrnH x1pO'r no ln Q2 .n;n.a pa3JIH'!HhIX cl:>HKCHpoBaHHhIX 3Ha'!eHHii 

x IP H (3. 8KcrrepHM€HTaJibHbie rrorpemHOCTH H3M€pemrii H3o6pa)KeHbI BepTHKaJihHhIMH OT

pe3KaMH. ,[l;JIHHa BIIyTper·rnero 0Tpe3Ka COOTBeTCTByeT CTaTHCTH'.J:eCKOH rrorpeIIIHOCTH. ,[l;JIHI.J:a 

BHeurnero 0Tpe3Ka - cyMJ.V!e CTaTHCTH'!eCKOti: H CHCTeMaTHl.JeCKOti: rrorpeilIHOCTeti: B KBa,n;paTy

pax. CrrJIOIIIHaH KpHBaH rrpe,n;cTaBJI.HeT pe3yJihTaT rrpe,n;CK83amrn Hl 2006 DPDF Fit B rrpH X1p 

= 0.016, YM€HbIIIeHHhlH rm cl:>aKTOp 1.20 ,JJ;J15I KOppeKIJ,l:IH Ifa BKJia,II;bI OT rrpo11,eccoB rrpOTOHHOH 

.JJ;H CCO IJ,HaIJ,Hl:I. 

,IJ;aHHbl8 ITO (]"[?(3) rrpH p83JIWIHbIX 3HaqemI.5IX x IP ITOKpbIBaIOT p83Hhl8 o6JiaCTlI 

ITO Q2 ' rrpOH3BO,IJ;Hbl8 ceqeHH5I ITO ln Q2 rro,n;o6HhI, KOr,IJ;a paccMaTpHBaIDTC5I KaK 

cPYHKIJ;lI5I /3. 9To IlO,IJ;TBep)K,IJ;aeT ITplIM8HHMOCTb rHIIOT83bI 0 ¢aKTOpII3aIJ;HlI rrpo

u;ecCOB B rrpoTOHHO:tl: BepIIIIIHe ,IJ;JIR orrncaHIIZl TeKyru;nx ,n;aHHbIX. Pe3yJibTaTbr, rro

JiyqeHHhie FPS MeTo,n;oM, corJiacyIOTC5I c ITpe,n;cK83aHII5IMH, rroJiyqeHHbIMH II3 Hl 
2006 DPDF Fit B ,IJ,JI5I Hl LRG ,n;aHHbIX (Pttc. 12). 
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2.5 3aKJIIOqeHHe 

B saKJIIO"Y:eH1u1 rrp1rne,n;eHbI ocHOBHbie pesyJibTaTbI pa6oTbI, rrpe,n;cTaBJieHHbie K 

sarn;MTe. 

llsMepeHbI ce"Y:eHM.H 0}?(4)((3,Q2,xJP,t) M af(3)((3,Q2,XIP) B ,n;mppaKl~J;MOH
HbIX rrpou;eccax rJJy6oKoHeyrrpyroro ep pacce.HHM.H rrpM BMpTyaJibHOCTM cpoToHa 

4 < Q2 < 110 rsB2 C JIM,D;MpyIOill;HM rrpOTOHOM B KOH8'-IHOM COCT05IHMM C ITO

MOill;bIO FPS MeTo,n;a. 9KcrrepMMeHTaJibHa.H rrorpeIIIHOCTb HaM6oJiee TO"Y:HbIX M3-

MepeHMM cocTaBJI.HeT ,.._, 103. BrrepBbie 6bIJIO M3MepeHo ce"Y:eHMe af (3) ((3, Q2, x IP) 

,n;HcppaKn;MOHHOI'O rJiy6oKOHeyrrpyroro ep pacce.HHM5I c JIM,II.MpyIOrn;MM rrpOTOHOM B 

KOHe"Y:HOM COCTO.HHilM rrpM 60JibIIIMX Q2 (120 < Q2 < 700 rsB2). l13MepeHbI rrapa

MeTpbI rroMepoHHOli TpaeKTOpMM aqp( t) = aip(O) + a~pt M HaKJIOHa ceqeHM.H BIP 

(~~ ,.._, eBipt). 3Ha'!eHMe ITOMepOHHOI'O MHTepcerrTa llip(O) = 1.10 ± 0.02(9KCrr.) 

±0.03(Mo,n;eJJb) corJiacyeTC5I c M3MepeHM5IMM aIP(O), rrpoBe,n;eHHhIMM B rrpou;eccax 

M.HrKoro a,n;poH-a,n;poHHOM pacce.HHM.H. B TO :tKe BpeM5I HaKJIOH rroMepoHHOM Tpa

eKTOpMM a~p = 0.04 ± 0.02(9KCI1.)~8:8~(MO,II.eJib) I'sB-2 B rrpon;eccax ,D;HcppaKI.i;M
OHHOI'O I'HP MeHbIIIe, qeM B M.HI'KMX a,n;poHHbIX B3aMMO,n;ei1:CTBM.HX. TiapaMeTpbI 

ITOMepOHHOM TpaeKTOpMM He 3aBMC.HT OT Q2 B rrpe,n;eJiaX rrorpeIIIHOCTeii. TioJiyl:feH

Hbie 3Haqemrn a~p M B IP xapaKTepM3YIOT ,n;HcppaKI.i;MOHHhie rrpou;eccbI B :tKeCTKOM 

pacce.HHMM. IloJiy"Y:eHbI HOBbie 9KCrrepMMeHTaJibHbie CBM,II.eTeJibCTBa YHMBepCaJib

HOCTM ,n;HcppaKu;MOHHbIX rrapTOHHbIX pacrrpe,n;eJieHMM B rrpOTOHe M rrpMMeHMMO

CTM I'MI10T83bl 0 cpaKTOprrsau;MM rrpou;eccoB B rrpOTOHHOM BepIIIMHe ,D;JI5I OITMCa

HH.H ,II.HcppaKn;MOHHOI'O I'HP. TipoBe,n;eHo cpaBHeHMe Ce"Y:eHM.H af (3) ((3' Q2' x IP)' 

M3MepeHHoro FPS (a Fps) M LRG (a-LRG) MeTo,n;aMM M BhI"Y:MCJieH BKJia,n; rrpou,ec

coB ,D;HcppaKn;HoHHOM ,II.HCCOI.i;Mall,HM rrpOTOHOB B CJLRG· 0THOIII8HMe 0LRG/ CJFPS = 
1.20 ± O.ll(exp.) He saBMCMT OT Q2 M (3, qTo yKasbmaeT Ha yHMBepcaJibHOCTb 

KX,l]; rrpou;eccoB cpoToH-rrapTOHHoro pacce.Hmrn B peaKI.i;H.HX c o6pasoBaHMeM JIM

,n;Mpy10rn;ero rrpOTOHa B KOHeqHOM COCTO.HHMH rr c ,II.HcppaKn;MOHHOM ,Il;MCCOI.i;MaU,M

ei1: rrpoToHa. Paspa60Ta1rn MeTO,II.HKa peKOHCTPYKI.i;MM JIH,n;ttpyIOrn;Mx rrpoTOHOB B 

crreKTpoMeTpe FPS c ncrroJib30BaHMeM TeXHOJIOI'MM Roman Pot M cu;MHTMJIJJ.Hll,M

oHHbIX cpH6epHbIX ,n;eTeKTOpOB. 

OcHOBHbie pesyJihTaTbI ,n;MccepTan;m1 orry6JIMKOBaHbI B cJie,n;yIOrn;Mx pa6oTax: 
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[2] F. Aaron, ... , V. Spaskov et al. [Hl Collaboration], Eur. Phys. J. C 71 (2011) 
1578 [arXiv: 1008.1731]. 
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