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1 OomaJI xapaKTep11cT11Ka paooThl ~ 
HacTOllll\all pa6oTa 0CH0BaJia Ha pe3yJihTaTaX 3KcrrepnMeHTaJibHb!X nccne.n;oBamtii, BbI

II0JIHeHIIblX rrpu yqacnrn aBT0pa B 1989-1994 rr. B Jia6opaTopnn BbIC0KlIX 3Hepn1ii: OH-

5IH. B pa6oTe rrp1rne.n;eHbI pe3yJihTaTbI H3MepeHnll CTpyKTypnoii: <pyHKUllll <poToHa ( C<l><I>) 

ll pe3yJibTaTI,I nccne.n;oBaHirn rrpouecca pmK.n;eHllll MIOOHHbIX nap B .D:BYX<pOTOHHbIX CTOJIK

HOBeHIIl!X. 3Kcrrep1meuTaJibHbie .n:aHHbie 6bmn rronyqeHbI Ha ycTaHOBKe llEJI<l>H (UEPH), 

pa60Ta1omcii: Ha IIY'!Kax KOJ1J1a1mepa 3JleKTpOHOB ll Il03llTpOHOB JI3II. 

AKTyaJlbHOCTb pa6oTbl. OcHOBHOil llHTepec B n3yqennll CTPYKTypHOil <pyHKUllll q>OTO

Ha CBl!3aH C TeM, 'ITO, B .UOIIOJIHeHue K ll3BeCTHOMY npoueccy <pnyKTyaullll q>OTOHa B 

HeKOTopoe a.upoHHOe COCTOl!Hlle, q>OTOH MOlKeT <pnyKTYllPOBaTb B 'CB060.n;Hy10' KBapK

aHTllKBapKoByIO rrapy, Kor.ua OTHOC.IITeJlbllbIH rronepe'!HbIH llMilYJlbC polK.n;eHHbIX KBap

Ka ll aHTllKBapKa .UOCTaTO'!H0 60JlbillOil. IlepBbIH ll3 rrpoueccoB rrpenMymecTBeHHO co

CTOllT B polK.UeHllU BllPTYaJibHOI'O BeKTOpHOI'O Me30Ha ll TiaCTO Ha.3bIBaeTCll 'a.n:pOHO

rro.uo6HbIM' rrpoueccoM. Ero OII.IICaHlle llBJll!eTCll ~errepTyp6aTllBHhIM ll BBO.UllTCll Tiepm 

MO,UeJib BeKTOpHOH ,!J;OMHHaHTHOCTll. Ilpouecc l)OlK.UeHllll CB06o.n;HOil KBapK-aHTllKB~pKOBOH 

napbl ('TOTieTIHO-no.uo6HbIH' rrpouecc) l!BJllleTCH BbITillCJllleMbIM B pa.MKax KaK KBapK

rrapTOHHOH MO.UeJlll TaK ll B KBaHTOBOH xpoMO.UllHa.MllKe. B pa6oTe1 6bIJIO npe.uCKa.3aHo, 

TITO TOTieTIHO-IIO.U06HbIH rrpouecc CTa.IIOBllTCl! .UOMllH.1Ipy10m.1IM rrpll 3Ha'leHllllX rrepe.n:aHHO

ro 4-x llMIIYJlbCa (Q 2
) BbIIlle 5 r:iB2. AHaJill3 CTPYKTYPHOH <pyHKUllll q>OTOHa II03BOJll!eT 

ynyTIIllUTb II0HllMaHlle o6naCTll rrepexo.n:a MelK.UY HerrepTyp6aTUBHbIM n rrepTyp6aTllB

HbIM pelKllMaMll B rny6oKoueyrrpyroM paccellHllU na q>OTOHe. C T0'IK:ll 3peHllll .U0CTlllKeHllll 

60JlbillllX Q2, 3KCIIepnMeHTaJibHbie ycTa.II0BKll Ha KOJIJlaH.n:epe JI3II llMeIOT xopornlle B03-

MO)KHOCTU, T.K. 3Heprllll CTaJIKUBaIOIUUXCll rry'IKOB .n:ocTaTOTIHO BeJIUKa .Il:Jlll llCCJle.UOBaHllll 

rrpoueccoB C Q2 ~ 100 r:iB2 • 

IlepBbie pe3yJlhTaTbI aHaJill3a C<l><I> 6bIJIU IIOJIYTieHbI ua yCTa.IIOBKe ll)K3Hll2• nanec 

Ka)K.n;all ll3 3KcrrepnMeHTaJibHbIX rpyrrrr, pa6oTaBillllX Ha 3JleKTpOII-II03llTPO,HHbIX KOJl

naJ1:.n;epax, rrpoBO.UllJla ananll3 C<l><I>. Pa6oTbI 80-x ro.n:oB IIO.UTBep.n;llJlll cymecTBoBanne 

TOTie'IHO-rro.n:o6HOH KOMIIOHeHTbI C<l><I>, a TaKJKe TOT <pa.KT, 'ITO C<l><I> ( B OTJlll'llle OT CTpyK

Typuo:il: <pyHKUllll HYKJIOHa) pacTeT C yBeJI.IITieHneM .n:omi: llMIIYJlbCa, rrepeH0CUMOI'O KBap

KOM •. B II0CJle.n;Hee BpeMll 6bIJIO rrpe.unoJKeuo MHO)KeCTBO rrapaMeTpll3aunft pacrrpe,ueneHllll 

KBapKOB n rJIIO0H0B B q>OTOHe. C<l><I> llBmieTCll 'IYBCTBllTeJibHOH K KBapKOBOMY co,uep2Kll

MOMY q>OTOHa. O.U.IIH ll3 OCHOBHbIX BOIIpOCOB B aHaJIIl:3e C<l><I> - llOBe,ueHne <pyHKUllll B 

o6nacTll MaJibIX 3Ha'!eHllH 'rrepeMeHHOR bbepKeHa x. 

1C.Petersop. et. al. Nucl.Phys. B174 (1980), 424. 
2W.Bartel et. al., JADE collaboration, Phys. Lett. B121 (1983), 203. 
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B pa6oTe · BnTTeHa3 6hlJIO noKa3aHo, 'ITO C<l><I> pacTeT c yBemI'!eHneM nepe.naHHoro 

4-x HMnyrr1,ca KaK rrorapmpM Q2• IlpoBepKa TaKoro npe,nCKa3aHH.II npoB0,ZJ;IITC.11 Ha 0CH0Be 

C0BMeCTH0ro npe,ncTaBJieHH.11 C<l><I>, II3MepeHHOH Ha pa3HbIX ycTaJI0BKax npII pa3JIII'lHbIX 

cpe.ZJ;Hnx 3Ha'lemrnx Q2• c>-

Hccrre,noBaHne nporrecca po:a,:n;emrn MIO0HHbIX nap IlHTepecH0 TeM, 'ITO, KaK n0Ka3aH0 B 

pa6oTe BepeH.nca II .np.4 , OTllOCIITeJII,Hblll BKJia.n pa3JIH'IHbIX TIIn0B .nIIarpaMM <l>eftHMaHa 

, B noJIH0e ce'!eHIIe 3aBIICIIT OT Q2• CIIcTeMa :meKTpoirnrHIITHbIX KaJI0pHMeTp0B ycTaH0BKII 

.IIEJI<l>ll no3B0JI.lleT II3y'laTI, .naHHhlll nporrecc B M:aKCIIMaJII,H0 B03M0)KHQM IIHTepBarre 

II3MeHemrn Q~. 

Uerr1, pa6oThl - H3MepeHHe C<l><I> npII cpe.nHeM 3Ha'!emfo nepe.naIrnoro 4-x IIMnyrr1,ca Q2 

= 12 r3B2; nccrre.noBaHIIe Me'!eHbIX JJ;Byxq>OTOHHbIX co6bITIIH npII cpe.nneM 3Ha'leHIIII Q2 

= 90 r3B2
; aHaJIIl3 KBaHTOB0-3JieKTpo.nIIHaMII'leCKOro npou;ecca po:a,:.neHII.11 MIO0HHI,IX nap 

B Me'!eHbIX ABYX<pOTOHHbIX CT0JIKH0BeHII.IIX. 

Hayqnax H0BII3Ha II npaKTII'leCKa.11 rreHH0CTI, pa60Tbl. B pa6oTe npe.ncTaBJieHbl H0BI,Ie 

pe3yrr1,TaThl HJMepeHIIX KXIl cTpyKTYPHOH qiyHKIIIIII q>oT0Jia npJI < Q2 >=12 f3B2, no

rry'leHHhle npH MaKCIIMaJil,H0 .nocTyrrnoft 3HeprIIH _3JieKTp0H-n03HTp01I!IbIX IIY'IK0B ycK0-

pHTeJI.11 JI3Il, 'ITO n03B0JIIIJI0 HCCJie,ZJ;0BaTI, q>yHKIIHIO pacnpe,neneHH.11 KBapKOB B q>OTOJie ,no 

3Ha'!e1rnft nepeMeHHOH B1,epKeHa x nopx,nKa 0.001. IlorryqeJIJJhlH pe3yrr1,TaT o 3Ha'leHIIlI 

C<l><I>, ycp~.nHeHHOH D HHTepBarre lI3MeJieHII.II nepeMeHHOll
0 

X OT 0.3 .no 0.8, .nonoJIJIIIJI lIMe

IOiljlICC.11 3KcnepuMe~TaJII,Hble .naHHhle 
0

0 Q2-3B0JIIOIIIllI C<l><I>. IlpoBe,neHJJOe uccne.noBaJIIIe 

npor\ecca B3aHMo.neftcTBH.II q>OTOHOB npII < Q2 >=90 f3B2 noKa3aJIO y.noBJieTB0plITeJII,HOe 

corrracHe 3KcnepHMeHTaJILHhlX lI Mo.nenupoBaHHhlX .naHJihlX, a TaK:a,:e .nononHurro 3Kcrrepu

MeHTaJILHhle .naHHble 0 ABYX<pOTOHHbIX B3aHMO,ZJ;eHCTBlI.IIX irpu rrepe.naHHI,IX 4-x lIMrryrr1,cax 

nopM;Ka 100 f3B2
• 

BrrepBbie 6bIJI rrpoBe,neH aHaJilI3 p0,K,ZJ;CHlI.11 MIO0HHbIX nap B o6JiaCTlI lI3MeneHII.II Q2 

OT 0.06 .no necK0Jil,KlIX TbIC.II'l f3B2
• BbIJilI nan:,nenhl 2 co6bITlI.II C rrepe.naHHI,IM 4-x lIM

rryrr1,coM 6orree 1000 r3B2
• IlpoBe.nennhlft cTaTHCTII'leCKHH aHaJIII3 rro3B0JIIIJI orrpe.nenuTL 

Bep0XTH0CTH po:a,:.nemrn co6bITlIH .naHHOH T0II0JI0I'UII B MYJILTUilepuq>eplI'IeCKOM KaJiaJie. 

B aHaJIII3e K3,II-C<l><I> 6bIJI BrrepBbie rrpo.neM0HCTpupoBaJI 3q>q>eKT HeHyJieBOH MaCCbl 

Mumennoro q>OTOJia u_ rrpuBe,neJio cpaBHenue U3MepeHJIOH C<l><I> c npe.ncKa3aHUXMu K3.II 

,ll;JI.11 pa3JIU'IHbIX crroco6oB KoppeKIIlIH Ha YKa3aHHhlll 3q>q>eKT. 

.Ilrrx anarrn3a Me'!eHbIX :ZlBYXq>OTOIIHbIX co6bITIIH aBT0p0M .nuccepTarruu 61,m pa3pa-

6oran rraKeT rrporpaMM, II03BOJIXIOIIllIH rrpoU3B0,ZJ;UTI, or6op co6bITilll II aHaJIII3IIpo~aTI, 

BKrra.n q>OHOBbIX nporrecc0Bj npoII3BO,ZJ;IITI, rronnoe M0,ZJ;eJIHp0Banue co6bITIIH u cpaBHeHne 

3 E.Witten, Nucl. Phys. B120 (1977), 189. 
4 F.A.Berends, P.H.Daverveldt and R.Kleiss, Comput. Phys. Commun. 40 (1986), 285. 

2 

C 3KCIIepnMeHTaJib!IbIMU crreKTpaMH. 

BbIJI pa3pa6oTaH MeTo.n, II03B,OJillIOIIlHII IICII0Jib30BaTb 0.ll!III na6op M0.nem1poBal!HblX 

co6blTIIll JJ;Jlll cpaB11emrn 3KCIIepHMCUTaJibHblX .nauHblX 11 Mo.nem1poBaH1UI co6blTIIII C pa3-

J1H'!Hb1MH rrapaMeTpll33UllllMH IIJI0TII0CTII rrapT0H0B B q>OTOHC . .IlaHHblll MeTo.n II03B0JilleT 

.;n6e:iKaTh MH0I'0KpaTHoro Mo.nennpbBaHHll co6b!T1111, 'ITO Tpe6yeT 3Ha'IHTeJibHblX Bbl'lll

CJIIITeJibHI,JX pecypcoB. 

Ilorry~eHHble Ha ycTaHoBKe .IIEJI<l>H pe3yrr1,TaThI o KX.II-C<l><I> MoryT 61,1Tb B nan1,Hei"1-

rneM IICII0Jib30BaHhl .llJlll pa3BIITUll TeopeTII'IC~KIIX Mi>.neneft 0 rrone.nemrn C<l><I>, a TaK:iKe 

rrpn anaJIH3C .llBYXq>OTOHllbIX co6b!Tllll na pa3J1II'IHI,JX 3K<;:rrepmIeHTaJibHblX ycTaH0BKax. 

Anpo6aIIHll pa60Tbl II ny6mrnamrn. Pe3yrr1,TaTbl l!CCJie.nonannH, C0CTaBHBillllX .nIIccep

TaIIIIIO, ,ZJ;0KJ1a,ZJ;b!BaJIIICb Ha nay'!HblX ceMirnapax no <jJH3!1Ke 3J1CMCHTapHbIX qaCTHU JIB3 

OH5IH n pa6oqnx conemamrnx Konna6opaunn .IIEJI<l>H. Pe3yJ1hTaTbl no H3Mepennro 

KX.II-C<l><I> npn cpe.nneM 3uaqeunn nepe.naIrnoro 4-x nMrryn1,ca, 12 n 90 f3B 2 6wm1 

BKJIIO'lenw n ofoopnwe .n0Kna.n1,1; rrpe.ncranneu1-11,Ie Konna.6opa.uIIen .IIEJI <l>H na. Me2K.ny

ua.po.nnhlX KOHq>epeHUllllX no q>II3IIKe BblC0KJIX 3~1eprm1 B r .Ma.pcene( <l>pa.HUl!ll) B 1992 ll 

r.fna.3ro(BeJ1IIK06p11Ta.Hllll) B 1994 ro.na.x; ua. pafoqeM conemamrn "Two-photon physics 

from DA<I>NE to LEP200 and beyond" (Ila.pu2K, <l>~a.HUIIll,.1994); 6wm1 rrpe.ncTa.nnenw 

a.BTopoM .nuccepTa.unn na. "Workshop on two-photon physics at LEP and HERA" (Jlyn.n, 

IIIBeUHX, 1994). Pe3yJ1bTa.Tbl nccne.noBa.HlI.11 p02K,ZJ;CHHll MIO0HHblX nap B .nByXq>OTOllllb!X 

cT0J1Knonemrnx 6blJ1H npe.ncTa.nneuw na KOHq>epenmrn "Photon-95" (Illeqicjmn.n, Bl?nnKo-

6pnTa.mrn, 1995). 

OcHOBHble pe3JJ1bTa.Tbl .nnccepTarurn H3JIQ)KC!lbl B 67TH rry6nnKaum1x, CIIHC0K K0T0pbIX 

rrpnBe.nen B K0HUe aBTOpeq>epaTa . .IInccepTa.UHll C0CT0HT H3 BBC,ZJ;Cllllll, 'ICTblpex rna.B II 

3aKJ1JO'leHH.II. 

2 Co,nep)Kaaue pa6oTbI 

Bo BBe.neHlIH paccMaTpnBaIOTCll 0CH0BHble oco6eHHOCTH .llBYX<pOTOHllb!X' B3am.m.neft

CTBHH, no,nqepKunaeTCll aKTY~hHOCTh rrpo6neMbl lI3MepeHHll c-rpyKTypnoil q>YHKUIIH qio

Tona, _qiopMynnpyroTC.11 uenn II 3a,naqn .nnccepTa.UHOIIHOii. pa.60Thl •. TaK2Ke 0TMC'ICII0, 'ITO -

ua COBpeMeHHOM yponne pa3BHTHll TCXHHKH ycKopeH!Jll 3JieMeHTapHbIX qacnm, KOJinaii..ne

pbI 3JieKTp0H0B lI Il031ITpOHOB rrpe.nnararoT rrpneMJieMble ycJI0Bllll ,ZJ;Jlll Il0HCKa II a.uamna 

.llBYXq>OTOHHblX B3aHMO,neii.CTBHH 5
• 

5B uacTOllll.lCe BpeMll 06cyJK.na10TCll npoeKTbl 11rcne.noBaH11ii na ll.npo-llJlepuoM Konaiinepe LIIC II co-

3_na11Hll <j}OTOH-<j}OTOllllblX Konnaii.nepOB . 

3 



electron 

ci = -q~ 

p2 = -q~ 

__ euntag, __ Euntax__ 

<=>'1a8, Etas 

2 w2 =(q1+q2) Yr 

positron 

PHcyHoK 1. llua2pa.M.Ma <Peii1t.Ma11,a d.;1,JI 

dayxefjomo11,11,020 B3au.ModeiicmauJI. 

B nepaou rnaae paccMaTp11aa10TcJ1 ocHo

Bbl <pll3l!Kl:I CTOJIKHOBeHl:IJI .LlBYX <pOTO

HOB, o6cyJK.z:taeTCJI IIO!Il!Tl:le CTPYKTyp

HOH <pyHKUl:ll:I <pOTOHa B paMKax coape

MeHHh!X TeopeT11qecKI1X rrpe.z:tCTaBJieHIIH 

l:I OIII1Cb!Ba!OTCJI OCHOBIJb!e KI1HeMaT11qe

CKI1e rrepeMeHHble .LlBYX<pOTOHIIb!X B3al:I

MO.L{eHCTBI1H. OcHoa11ax '.z:t11arpaMMa <l>eu

HMaHa .L{JIJI .LlByX<pOTOHHhIX B3al:IMO.L{eH-

CTBI1H (pncyHOK 1) MOJKeT 6b!Th <paKTO

pl130BaHa Ha .L{Be KOMIIOJieHTbl: ToqHo Bbl

qncJil!eMhIH KBaHTOB03JieKTPO.Lll1HaMnqe

CKl:IH IIO.z:trrpouecc l13JiyqeHI1ll :meKTpOHOM 

l1 II03I1Tp0HOM <pOTOHOB, 
a TaKJKe l1HTepecy10m11u Hae IIOJ:lllpouecc B3al1MO.L{eHCTBI1ll <pOTOHOB II -t X, corrpOBO-

lK.z:taeMhIH pOlK.L{eHl:leM HeKOTopoii: 2ncTeMbl X. 

K11HeMaTl:1Ka, c~qeHl:IJI l1 oco6eHHOCTl:I .LlBYX<pOTOHHOH peaKUI1I1 orrpe.z:teJIJIIOTCJI 3Hepr11-

l!Ml:10 11 yrnaM11 paccel!Hl:lll 3JieKTpo11a 11 II03I1TpoHa. Ilepe.z:taHIIb!H 4-x nMrrynhc B KaJK.z:toii: 

nerrToH-<pOTOHHoii: BeprrmHe orrpe.z:teJIJ1eTcJ1 (rrpe.z:trronarax, qT0 rrepaoHaqanhHo 3JieKTpoH 11 

II03l:1Tpou l:IMeJil:I paBHble 3Hepr1111) KaK 

(p; - p;)2 = 2m; - 2EbeamE:(l - COS O;), (1) 

r.z:te i 060311aqaeT 3JieKTpOH l:IJil:I II03I1TpoH. OcTaJihHb!Ml1 rrepeMeHIIb!Mll JIBJIJIIOTCJl: 

• p;,p; - 4-x HMIIYJihC 3JieKTpOHa(rro3HTpOHa) COOTBeTCTBeHHO .L{O l1 rrocne pacceJIHI1Jlj 

• Ebeam, E; - 3Hepr:HJI 3JieKTpoua(rro3HTpoHa) cooTBeTcTBeHHo .z:to n·rrocne pacceJIHHllj 

• me - Macca 3JieKTpoHa; 

• O; - IIOJillpllhIH yron paccel!Hllll 3JieKTpo11a(n~3IITpo11a) B rrpe.z:tIIOJIOJKeHIIH, q-ro rrep

BOHatJaJihHO JICIITOHbl JieTCJIH B.L{OJlh OCI1 z, T.e. HMeJIH Hyneaoii: rrom1pHb!H yron. 

11HaapnaHTHal! Macca pOlK.L{CHHOH CIICTCMb! paBHa 

W TI = 4El E'{ - 2E~ E~(l - cos 01 cos 02 - sin 01 sin 02 cos cf>), (2) 

r.z:te HH.z:teKc 1(2) COOTBeTCTByeT 3JieKTpOHy(n03HTpoHy ), £;(
2

) = Ebeam -E~(
2

) l1 q> JIBJIJICTCJI 

yrJIOM MelK.z:tY IIJIOCKOCTJIMH pacceJIHllll 3JieKTpOHa H II031ITpOHa. llnll Y.z:t06CTBa OIIIICaHIIJI 

4 

KIIHeMaTIItJeCKII Bbl.L{eJieHHOro CJIYtJal! .LlBYX<pOTOHHb!X CTOJIKHOBeHHii:, KOTOpb!II .l!BJIJleT

Cll UeJihlO .z:taHHOro. l1CCJie.L{OBaHI1ll, BBO.L{JITCJI crreUHaJihHble o6o3Ha'leHI1ll Q2 ll P2 COOT

BeTCTBeHHO .L{JIJI rrepe.z:taHHOro . 4-x llMIIYJihCa 3JieKTpoHa H II031ITpona. 3TH rrepeMeHnble 

JIBJIJIIOTCJI MepofI 'BllPTYaJihHOCTll' <pOTOHOB, T.e. ecnll, uarrpnMep, P2 paBeH nyn10, TO 

IICIIyrn;eHHb!II II03llTpOHOM <pOTOH HaXO.LlllTCJI Ha 'MaCCOBOII rroaepXHOCTll'. 

8 3aBHCHMOCTH OT Toro, 6b!JIH Jill 3aperHCTpHpOBa.Hbl paccel!Hble 3JieKTpOH ll II03HTpOH, 

rrpouecc Ha3b!Ba!OT HeMeqeHb!M, Mf'leHb!M HJIH rrponecCOM .L{BOHHOro Mf'leHIIJI COOTBeT

CTBeHHO .L{JIJI cnyqaea, KOr.z:ta o6a nerrTOHa OCTaJIHCh He.z:teTeKTHpOBaHHb!Mll, 0.L{HH HJIH o6a 

-JieIITOHa 3aperIIcTpnpoBaHhl B ycTaHOBKe. 8 .L{HCCepTa!lHII IIpHBe.z:teHa KJiaCCll<pllKa!lllll 3a

.z:taq aHaJIII3a .LlBYX<pOTOHHb!X B3aHMO.z:teii:cTBllii::, KOTOpax OCHOBb!BaeTC.ll KaK Ha KpllTCplll!X 

MeqeHHJI pacceJIHb!X JICIITOHOB, TaK ll na TOM, tJTO rrpe.z:tcTaBJil!eT ll3 ce6JI CIICTeMa X ll 

6b!Jia JIil Olla poJK.z:tena qepe3 KaKHe-m160 rrpoMeJKyTOtJHble COCTOJ!Hll.ll. O.z:tHOII ll3 3a.L{a'l·. 

J1BJIJ1eTcJ1 ll3MepeHlle cTpyKTypJioii:: <pyHKllllll q>oTona (C<l><I>) B aHan:ine Me'leHb!X .z:tByx

q>oTOHHb!X B3allMO.z:teii::cTBllH. li3Mepl!.ll 3Heprlll0 ll IIOJillpHb!II yron pacceJIHll.ll 3JieKTpona6, 

MOlKHO orrpe.z:teJillTh rrepe.z:taHHblll COOTBeTCTBYIOIIJ;eMy q>OTony 4-x llMIIYJihC Q 2 • II pe.z:trro

narall, 'ITO ne.z:teTeKTllpOBaHHb!H II03llTpOH llMeeT npaKTII'leCKll nyneBOH yron pacce.l!Hllll 

ll COOTBeTCTBYIOIIJ;llll eMy q>OTOH KBa3Hpeanen (T:e· P 2 ~ 0) H Q2 > 1 r3B2
, nponecc B3a

llMO.L{ellCTBllJI BblrJIJI.L{llT KaK rny6oKoneyrrpyroe paccel!HHC 3JieKTpoua Ha 'MllIDeHHOM' qio

TOHe. Jina .z:tpyrllMH CJIOBaMn, rrponecc BblrJIJI.L{llT KaK pacceJIHlle BllPTYaJihHOro q>OTOHa

rrpo6n1IKa Ha KBa3llpea..rrhHOM <pOTOHC-MHIDem1. 

OcnoBHOII llHTepec K ll3Y'lCHlllO C<l><I> rrpn pa3JilltJHb!X Q2 CBJl3an c rrpe.z:tcKa3a.HllJIMll, 

ocnoBaHHb!MH na KXll Bbl'lHCJieHll.l!X. Bb!no rroKa3ano7 , 'ITO C<l><I> HMeeT .z:tBe KOMrroneH

Tbl·, a.z:tpOHO- II TO'letJHO-IIO.L{06Hy10, ll tJTO 06JiaCTh 3HatJCHllll Q2=(5-10) r3B2 JIBJI.JICTC.ll 

rrepeX0.L{HOH B TOM CMb!CJie, 'ITO BKJia.L{ a.z:tpOHO-IIO.L{06HOII KOMIIOHCHThI C<l><I> B rronnoe 

ce'lenne, .L{OMUHnpy10mnfI. B o6JiaCTll MaJib!X Q2, IIOCTerreHHO YMeHhIDaeTC.ll ll IIpll .L{OCTa

TOtJHO 6oJihIDUX Q2 .L{OMUHUpyromen CTaHOBllTCJI TOqetJHO-IIO.L{06Hal! KOMIIOHenTa. 

Pa3.z:tenenne na .L{Be KOMIIOHeHThI CBJl3ano C pa3JIU'lHhIM IIOBe.z:teHlleM <pOTona-MnmeHll. 

· KatJeCTBCHHO, rrponecc B3aUMO.L{CllCTBHJI BUPTYaJihHOro q>OTOHa C KBa3llpeaJihHhIM <pOTOHOM

MnmeHhIO MOJKeT 6bITh rrpe.z:tCTaBJieH KaK B3allMO.z:teii:CTBne <pOTOHa-rrpo6HllKa C rrapTOH

HhlM CO.z:teplKUMhlM q>OTOHa-MnmeHn. liHb!MU CJIOBaMH, MnmeHHhlII q>OTOH <pJIYKTyllpyeT 

B qq_ ( UJIU B [+ [-) COCTOJIHUe H BTOpOll q>OTOH B3allMO.L{ellCTByeT C rrapTOHaMH .L{aHHOro CO

CTO.JIHUJI. TaKnM, o6pa30M, ecJill rrapT0Hhl o6pa3yIOT CBJI3aHHyro CllCTeMy, TO B3aHMO.L{eII

CTBUe BblrJIJI.L{UT KaK pacceJIHHe q>OTOHa na BeKTOpH0M Me30He H IlOJ:lIIponecc Ha3b!BaeTC.ll 

6 B .ZlaJlbHelimeM TePMHH ':meKTpoH' 6y.neT HCilOJib30BaH ,ZlJIJI o6o3Ha'!eHHJI Me'IeHOI'O nenTOHa, OCTaBJIJlll 

TepMHH 'no3HTpoH' .ZlJlll m:.neTeKTHpOBaHHOI'O nenTOHa. 
7T.F.Walsh and P.M.Zerwas, Phys. Lett. B44 (1973), 195; C.Peterson, T.F.Walsh and P.M.Zerwas, 

Nucl.Phys. Bl 74 (1980), 424. 
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a.n;poHo-rro.n:o6HhIM. Ecmr )Ke OTHOCliTeJJbHhlll rrorrepe'!Hhlll llMIIYJlhC KBapKOB .D:OCTaTO'IHO 

6oJJbIIIOll, roBOp5IT O B3aHMO.D:eii:CTBllll C TO'le'IHO-IIO.D:06HhIM q>OTOHOM-MHIIIeHh!O. KoJJH'le

CTBeHHOe OIIHCaHHe ABYX KOMIIOHeHT C<l><I> JJ:aHO B pa3.n:ene .z:urccepTannn O Mo.n:emrpoBaHHll 

KOHe'!HOro aApOHHOro COCT05!Hll5! B peaKIIllH ABYX q>OTOHOB. ,,!· 

IlpHH5ITO Bhlpa:lKaTb ce'leHne ABYXq>OTOHHhIX B3allMO.D:ellCTBllll qepe3 cne.n:yIOmne rrepe-

MeHHhle: 

Q2 = 4EtagEbeam sin2(01._9 /2), 

s = 4Ef,.m, 

Y = 1- (E109 /Eb,am)cos2(0109 /2), 
Q2 

X = 
Q2+w~_/ 

z = E-y,target 
--- ' 

Ebeam 

r.n:e Ebeam - ::rneprH5! rryqKa ::meKTpoHoB/rro3HTpoHoBj Etag - 3Heprng Me'!eHoro 3JJeKTpOHaj 

0tag - IIOJJ5IpHhlll yron pacce5!Hll5! · Me'!eHoro 3JJeKTpoHa H E-y,target - 3Heprng MHIIIeHHoro 

q>OTOHa. 

IlpeArronarag, 'ITO pacce5!Hhlll rro3HTpoH He.n:eTeKTnpoBaH, ce'!eHne rrporrecca MO:lKeT 

6hITb 3aIIHCaHO B BHAe: 

du 47ro2 s [ 2 dxdy = cJ4 (l + (l -y) )F;(x,Q2)-y2F2'(x,Q2)] f-y(z,0max)zdz (3) 

r.n:e f-y(z,0max) OIIllChIBaeT IIOTOK MHIIIeHHhIX q>OTOHOB C 3Heprneii: E-y; 0~ax - MaKCllMYM 
• I 

yrna pacce5IHH5! II03HTpoHa, KOr,[(a OH He .n:eTeKTHpyeTC5! B ycTaHOBKe BCJJe,[(CTBlle orpa-

Hll'leirnoro yrnoBoro aKcerrTaHca ycTaHOBKHj F;(x, Q2
) n Fl(x, Q2) 5IBJJllIOTC5! cTpyKTyp

HhIMH q>yHKIIH5!Mll q>OTOHa-MnIIIenn, orrpe.n:en5IeMhIMll CJJe.z:(JIOiIIHM o6pa30M qepe3 ce'lellllj{ 

B3aHMO.[(ellCTBH5! q>OTOHOB C pa3JJll'IHOll IIOJJ5Ipll3anneii:: 

F{(x,Q2) 

F2'(x,Q2) 

. Q2 
= (UTT+ ULT). 47r2o' 

Q2 
ULT • 47r2o' 

r,[(e rrepBhlll(BTOpoii:) llH.[(eKC B o603Ha'leHllll ceqennii: U OTpa:lKaeT IIOJJ5IpH3aIIll!O q>OTOHa

rrpo6HHKa(qioToHa-MHIIIeHH). IlocKOJJbKY MHIIIeHHhlli q>OTOH KBa3HpeaneH, ero IIOJJ5IpH3a

llH5! MO:lKeT 6hITb TOJJbKO rrorrepe'IHOii (T), B TO BpeM5! KaK BHPTYaJJbHhlli q>OTOH-rrpo6HHK 

MO:lKeT HMeTh n rrorrepeqnyIO n rrpo.n:onhHYIO (L) rrongp:u:3anmo. Ceqenng u 5IBJJ5IIOTC5! 

4>YHKIIH5!Mll llHBapnaHTHOli MaCChI W TI ll Q2. 

6 

Ecnn .n:orryCTllTh, 'ITO 3KcrrepHMeHTaJJhHble ycnoBH5! o6ecrre'lllBaIOT MaJJOCTb BeJJH'lllHbl 

rrepeMeHHOH y H nocne llHTerpnpoBaHll5! no nOTOKY MHIIIeHHbIX q>OTOHOB, ceqemre OKa3bl

BaeTCll 'IJBCTBHTeJJhHblM TOJlbKO K n: 
du 47ro2 F/(x, Q2 ) 

dxdQ 2 ~ Q4--x (4) 

OTMe'!eHbl npe.[(CKa3bIBaeMble oco6eHHOCTll B IIOBe.[(eHHll C<l><I>. Bw'lllCJJeHH5! n0Ka3aJJH, 

'ITO C<l><I> (B OTJJH'IHH OT CTPYKTypHoii q>yHKIIHH HYKJJOHa) pacTeT c x. 3aBHCHMOCTh 

C<l><I> OT Q2 , ycpeAHeHHall no x, BeAeT ce6l! KaK In Q2. B nocne.[(Hee BpeMll aKTHBHO o6cy

:lK.[(aeTc5! npo6neMa n0Be.n:enm1 C<l><I> B o6nacTu MaJJhlX 3Haqenuii x. 3To CBll3aHo c TeM, 

'ITO HeKOTOphle napaMeTpH3allllll C<l><I> rrpeACK.a3b!BaIOT ee pocT II pH MaJJb!X (::; 0.1) X. 

He.n:aBHo BBe.n:eHHble B 3KcnnyaTannIO e+e- ~onnaiiAepw (TaKne KaK J1311,TPHCTAH n 

CJICn) OTKpb!JJll B03MO)KHOCTb rrpoHl!KHOBeHllll B o6nacTb 3Ha'leIIHii X MeHblllllX 0.01. 

BTopag rnaBa co.n:ep:lKHT orrucam1e TeXHHKll 3KcrrepnMeHTa. B rnaBe rrpHae.n:eHo KpaTKoe 

OIIl!CaH!Ie KOJJJJaii.n:epa J13II n ero OCHOBHb!X xapaKTepncTHK. 3aTeM .n:aH KpaTKHii ofoop 

KoMrioHeHT .n:eTeKTopa .IIEJI<l>H, Han6onee cymecTBeHHhIX .D:JJll .n:ammro aHanH3a. OcHoB-
~ 

Hoe BHHMaHHe y.n:eneHO onncaHHIO TpeKOBOli CllCTeMbl, BKJJIO'!aIOmeii MHKpoBepIIIHHIIblli 

MHKpocTpllIIOBblli .n:eTeKTOpj BHyTpeHHllii .n:eTeKT0p, COCTOlliIIllli ll3 Apeiiq>OBOH ll rrporrop

llllOHaJJbHOli KaMep; .n:peiiq>OBble Tpy6KH BHeIIIHero .[(eTeKTopa n BpeM5!-rrpoeKIIllOHHYIO 

KaMepy. TaK:lKe B pa6oTe rrpnBe.[(eHO KpaTKOe orrncanne CllCTeMbl 3JleKTpOMarHHTHb!X Ka

nopnMeTpOB. 

Ilanee B rnaBe OIIHCaHbl oco6eHHOCTll IIOCTaHOBKll 3KcrrepnMeHTa ITO ll3MepeHJIIO C<l><I>. 

OcHOBHOe BHHManne yAeneno pa6o'!HM x~paKTepncTHKaM ycTaHOBKll, TaKHM KaK aKcerr

Tanc TpeKOBOli ClICTeMbI, 3HepreTH'leCKlle rroporn 3JJeKTpoMarHHTHb!X KanopnMeTpOB. OT

Meqeno, 'ITO c T0'!Kll 3peHH5! KHHeMaTIIKH rrporrecca n neo6xo.n:nMoii .D:JJll ananIna cTa

THCTHKH, JJ:Jlj{, Me'!ef!Jij{ .D:BYXq>OTOHHb!X C06b!Tlllf Ha .IIEJI<l>H rrpIIro;:i:Hbl .D:Ba .n:eTeKTOpa 

- KanopnMeTp Manwx YrnoB (KMY) n Ilepe.n:nnH 3neKTpoMarnnTHhlii Kanop11MeTp 

(113MK) . OTMe'!eHo, 'ITO npn .n:eTeKTllpOBaHllll paccel!HOro JJeIITOHa B OJJ:HOM II3 3THX 

KaJJOpIIMeTpOB rrpn JJ:OCTaTO'IHO BhlCOKOli (6oJJbIIIe 25-30 f3B) 3Heprnn, ycJJOBllll na Ma

JJOCTb BeJJH'lllHbl y II Q2 ~ P2 6y.n:yT YAOBJJeTBOpeHbI, 'ITO llBJJlleTCll ueo6xoAl!MbIM ,[(Jlll 

rrpe.n:cTaBnenug ceqenng rrporrecca B Bn.n:e ( 4). Bcne.n:cTBHe KHHeM~TH'lecKnx oco6eunocTeH 

.D:BYXq>OTOHHOI'O rrporrecca, .n:eTeKTHpoBannoii B ycTaHOBKe OKa3b!BaeTCll Jllllllb 'laCTb cu

CTeMhI pO:lK,[(CllllbIX a.[(pOHOB ll ,[(Jlll rrony'le!IH5! C<l><I> 11eo6xo.n:HMO rrpoBeCTll KoppeKIIllll Ha 

aKcerrTaiic ycTanoBKH (TaK Ha3hIBaeMM rrpoue.n:ypa aHq>OJJ.llllHra - unfolding). 

B 3aKJJIO'leHnn rnaBbl rrp1rne.n:eHo KpaTKoe orrncanue MaTeMaTU'lecKoro annapaTa, Ha 

OCH0Be K0Toporo TaKHe KOppeKIIHll MoryT 6b!Tb c.n:enaHbl: Ilp11MeHeH11e MeTO,[(a perynll

pn3allllll rrpn peIIIeHl!ll '06pan10ii' 3a;:i:aqu II03B0JU!eT rronyqJITb CTafo!JlbHOC K CTaTHCTll-
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qecKHM q>JiyKTyauulIM Ha6opa .naHHhlX peII1em1e. MaTeMaT11'leCK11H arrrrapaT 6b!JI peaJiu-

30BaH B BH.lle KOMIIbIOTepHOll rrporpaMMhl, pe3yJibTaTb! TeCTOB KOTopoif, rrpose.neHHbie Ha 

ypoBHe reHepaTopa co6bITIIH .llByXq>OTOHHb!X B3aHMO.llellCTBHH, rrpo.neMOHCTpHpOBaHbl B 

.nuccepTauuH. 

B TpeTbeH rrraBe rrpuse.neno orrHcanHe MeTO.llHKH 3Kcrrep1u.wnTa. llrrll oT6opa Me'leHbIX 

MYJihTHa.npoHHb!X .llByxqioionHb!X co6b!Tll11 6hIJIII rrpHMeHeHbl crre.ny10ru11e KpHTepHH ( q>lI-

3U'leCKOe o6ocHoBanne KOTOpb!X npnBe.neno B .nnccepTaUHn) : 

A B o.nnoM 113 Mo.nyrreu KMY HJIH 113MK 6blrra 3aperuCTpnpOBana qacTnua c 3Hepro

Bhl.llerrenueM 60Jib!Ile 30 f3B (KpnTepuu Me'leHnll), B TO BpeMll KaK B CHMMeTpH'lHOM 

no ocH z Mo.nyrre KMY ne 6blrro 06napy2Keno HHKaKnx qacTnU c 3HeproBbl.lleJienneM 

BbIIUe 10 f3B (KpHTepuu aHTHMe'leHHll, KOTOpb!H n03BOJilleT coxpaHHTb BemI'llIHY 

Macchi Mnll!eIUI 6JIH3KOH K HYJIIO). 

B 6b!JIO 3aper11cTpHpOBaHO KaK MHHHMYM 3 3apl12KeHHhIX 'laCTill.{bl. 3To TaK Ha3bl

BaeMoe ycJIOBHe 3ap.H.llOBOH MH02KeCTBeHHOCTH Nch• 3apll2KeHHall 'laCTUI.{a .llOJ12KHa 

Y.llOBJieTBOpl!Tb CJie.D:yIOIUHM KpHTepH.HM: HMnyJibC 'laCTHI.{bl .llOJI2KeH 6b!Tb 6oJibll!e 

0.4 f3B; norrllpHb!H yrorr .norr2KeH 6b!Tb OT 20 .no 160 rpa.nycOB; npHUeJihHb!H rrapa

MeTp B nJIOCKOCTH Rt/> - MeHb!Ile 4 CM n npnueJibHblll napaMel'p no OCH z - MeHbIUe 

10 CM, 

B norrnoe 3HeproBbl.lleJienne B 3JieKTpOMarHHTHb!X KaJIOpnMeTpax (HCKJIIO'lal! 3Hepro

Bbl.lleJieHHe Me'leHoiu 3JieKTpona) 6b!JIO MeHb!Ile 15 f3B. B OCHOBHOM, 3T_O 3HeprHll 

3aperHcTp1IpOBaHHb!X q>OTOHOB OT pacna.D:OB KOpOTK02KHByruux 1r0 Me30HOB. 3nepr~rn 

HeHTpaJibHOH 'laCTIII.{bl cyMMHpOBaJiaCb B norrnoe 3HeproBbl.lleJienue TOJibKO B TOM 

crryqae, ecmr ona(3Heprmr) npeBbllllaJia nopor, ycTaHoBJieHHhlH .nrr.H 0601Ix ('6o<mo

soro' 11 nepe.zlHero) KaJIOpl!MeTpos B 0.5 f3B. 

r IIHBap11aHTHal1 Macca cncTeMhl a.npoHoB, Bbl'llICJil!eMall B npe,!l;nOJI02Kemrn: MaCChl nJI

OHa .llJlll 3apl!2KeHHhlX 'laCTIII.{ II nyrreBOH MaCCbI ( q>OTOHa) .llJI.H HeHTpaJIOB, Haxo.nnTC.H 

B HHTepsaJie OT 2 .no 20T3B. 

1l yrorr o.n,t, Me2K.ny seKTopoM norrepeqnoro IIMnyrrhca Me'leHoro 3JieKTpona JI BeKTop

no.ii: cyMMOH nonepe'lHhlX IIMnyJihCOB a,!l;pOHOB II q>OTOHOB 6b!JI 6oJib!Ile 2.5 pa.nJiaH. 

KpHTepnH B-r 6bIJIII JICnOJib30BaHhl .llJlll Toro, 'lT06hl oT6pocJITb q>OHOBhle co6b!TII.H OT 

pacna.nos z0 6030Ha, Kpl!Teprru 1l 3q>q>eKTIIBHO B~r6pacbIBaeT C06b!TIIll, B KOTOpb!X Me'le

Hhlll 3JieKTpon 6bIJI IIMIITHpOBan qaCTIII.{aMH ny'lKa, Bbl6b!BIIIIIMII II3 npouecca ycKopeHII.H. 
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Ilrrll OT6opa co6b!TI11I p02K.lleHJill MIOOHHb!X nap B Me'leHb!X .nsyxq>OTOHHb!X CTOJIKHOBe

HIIlIX, 6bl1III IICnOJib30BaHbl Kpl!TepIIII A-B, Nch=2 II o.nHa II3 3ap.H2KeHHb!X 'laCTIIIJ 6b!Jia 

H.D:eHTIIq>IIUilposana KaK MIOOH. 

IlaHHhle, co6paHHhle s nepl!O.D: c 1991 no 1993 ron; nplI 3Hepr1IH IIY'!Ka OT 44.1 .llO 47.5 

f3B, 6b!JIII o6pa6oTanhl 11 6b!JIO HaH.D;eHo 977 (123) co6hlTHH, Me'leHb!X B KMY (113MK). 

CTa6JIJibHOCTb .naHHhlX pa3Hb!X nepuo.noB 6b!Jic, npoBepeHa Ha OCHOBe aHaJIJI3a 'lJICJia OT0-

6paHHhlX co6b!TIIH II COOTBeTCTBYIOIUeH JIM IIHTerpaJibHOU CBeTJIMOCTII, na OCHOBe cpaB

HeHilll pa3Jill'lllb!X pacnpen;eJieHHH (3ap.Hl!OBOH MH02KeCTBeHHOCTH, IIHBapl!aHTHOH MaCChl 

ll T.n.) II naH.D;eHa y.noBJieTBOpHTeJibHO.ll. 

Ksa.npaT 4-IIMIIYJibca, nepe.nanHoro q>OTOHy-npo6HHKY, Bhl'lllCJieHHhlll TIO ll3MepeHHbIM 

B KMY (113MK) napaMeTpaM Me'leHoro 3JieKTpoHa, rre2KHT B o6rracTn OT 4( 45) n;o 30(200) 

f3B 2 co cpe.IJHHM 3Ha'leHHeM 12(90) f3B2
• 

Ilrrll co6bITH.il:, Me'leHhlX B KMY, BKJian; q>onoBhlX co6bITJI.ii: po2Kn;eHH.H qq cncTeMhl 

nrrn -r nap B rrpoueccax 1 / zo ·aHnnrHJilIUHH 6hlrr HaH.D;eH rrpeHe6pe2K1IMo MaJihlM. <l>oH 

OT npouecca p02K.D;eHH.H 7 nap B Me'leHbIX .nsyxq>OTOHHhlX B3aHMO.D;eUCTB_ll.HX 6bIJI on;eHeH 

B 33±4 co6bITHll, ncnoJih3Y.H Mon;errnpoBaHHhle co6:i.,rTIIll, creHepl!pOBaHHhle nporpaMMOll 

TWOGAM8 • BKrran; co6hlTH.il: Heynpyroro KoMrrToH-paccel!HH.H 6bIJI HaH.D;eH rrpeHe6pe2Irn

MO MaJihlM. IlolIBJJeHne crryqa.fi:nhlx cnrHaJIOB B KMY, HMJITnpyrorn;nx Me'leHhl.ll 3JieKTpoH, 

npHBO.lllIT K TOMY, 'ITO co6bITH.H c po2K.neHHhlM zo HJIH HeMe'leHble .llBYXq>OTOHHhle co6hl

Tll.H 6y.nyT JI02KHO H.D:eHTIIq>HUHpOBaHhl KaK Me'leHble II co6b!Tll.H. Kpl!Tepn.il: Ha yrorr 0.R,p 

pe.nyn;npyeT BKJia.D; TaKIIX co6bITllll .D;O 1.5±0.5 B OTo6paHHOM Ha60pe .llaHHbIX, .Ilrr.H Toro, 

'lT06bI 01.{eHHTb q>OH co6bITllll paccel!HII.H 3JieKTpOHa Ha OCTaTO'IHOM B HOHOIIpOBO.lle ra-

3e, ·6bIJI ncnoJib30BaH TaK .Ha3bIBaeMhlll MeTO.ll IIOJIOC, OCHOBaHHhlll Ha npen;noJI02KeHUH 0 

pasHoMepHoM pacnpe.neJieHnn TaKUX co6bITH.il: B.llOJih ocJI z. <l>oH OT pacce.HJIII.H 3JieKTpo

Jia Ha OCTaTO'lHOM ra3e 6bIJI oueHe!I B 5.5±1.8 co6bITllll. Cy:1.wap!Ihlll BKJia.D; q>OHOBbIX 

npon;eccoB B 0To6pan1IOM Ha6ope .naHHhlX He npeBhlll!aeT 4%. 

IlJI.H co6bITJl.il:, Me'leHhlX B 113MK, ocnoBHhlM q>onoBhlM rrpon;eccoM .HBJI.HeTC.H po2K.nen1Ie 

qq cJicTeMhl B rrpouecce 1/Z0 anH1Ir;1m.HUH1I. CyMMapHhlll BKJia.D: n;aHHoro npon;ecca (9.4 

± 3.9 co6bITII.ll) B OT06paHHOM Ha6ope .llaHHhlX 6bIJI on;eIIeH Ha OCHOBe MO.D;eJIIIpOBaHll.ll 

TaKJIX co6bITllll. 

3aTeM B pa6oTe onJicaHO MO.D;errnpoBaHJie .nsyxq>OTOHHhlX B3aJIMO.D;e.il:cTBJI.il:, .HBJI.HIOin;eeC.H 

Ba2KHO.ll COCTaBJI.HIOIUe.il: n;aHHOro aHaJIJI3a BCJie.D;CTBJie Toro, _'ITO KOppeKIJIIll Ha aKCeIITaHC 

ycTaHOBKH MoryT 6bITb rrpon;erranhl Jlll!Ilb Ha OCHOBe MO.D;eJIHpOBaHHhlX co6bITllll. 

B crryqae, ecrru Mllll!eHHhlll q>OTOH q>JiyKTyHpyeT B CB.H3aHHOe COCTO.HHlle KBapKa- an-

8S.Nova, A.Olshevski and T.Todorov, 'A Monte Carlo event generator for two photon physics', 
DELPHI-note 90--35, 1990 (unpublished). 
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TllKBapKa, rrpon;ecc BblrmmnT KaK rny6oKoHeyrrpyroe B3a1IMoneiicTB1Ie 3JieKTpoHa c BeK

TopHhIM Me30H0M V (p,w, <P ••. ) ll M0)KeT 6b1Tb orrncaH B paMKax MonemI BeKTOpHOH JI.O

MllHaHTH0CTll (BUM). 1lm1 TOro, 'IT061,1 yqecTh BllPTJaJihH0CTh q>OTOHOB, 61,1na 11crronh-

30BaHa TaK HaJhIBaeMaJI o6o6m:eHHaJI Monenh BeKTopHoii noMl!HaHTH0CTll (OBllM). Ee 

0CH0BHaJI llJI,eX 3aKJIIO'IaeTC11 B rrpenrroJI0)KeHl!ll 0 q>aKTOp113JeMOCTll Ka)Knoii K0MII0HeHThl 

II0JIH0ro ceqeHll11 B BllJI,e 

u8VDM(Q2,P2, W) = J;(Q2)fi(P2)uo(W) (5) 

rne i,j 03Ha'IaI?T pa3Jill'IHble II0JI11pl!3a1{llll ( nponoJibHJIO L l!Jlll nonepe'IHJIO T) q>OTOHOB. 

llnx Ce'IeHl!11 O'Q 61,1na l!CII0Jib30BaHa 3aBllCllM0CTb, II0JIJ'IeHHaJI B pa6oTe~ 

KpoMe II0JIH0ro ce'IeHl!11 He06XOJI.llMO onpeneJil!Tb Kl!HeMaTIIKY KBapK0B anpoHo-· 

nono6HOH KOMII0HeHTbl. MyJihTllanpoHbl reHep11p0BaJil!Cb KilK Cl!CTeMa qq C pacrrpeneneHII

eM rronepeqHoro l!MIIJJibCa KBapKa, llMe10m:11M BllJI. du/ dp} ~ exp( -_5p} )10, 3aTeM c11cTeMa 

KBapK-aHTllKBapK 61,1na anpoHll30BaHa (qiparMeHT11poBaHa) nporpaMMoii JETSET7.3. 

llpyroii KOMIIOHeHTOH Monen11 11BJI11eTC11 TaK Ha3b1BaeMaJI Toqeq~o-nono6HaJI K0MII0HeH

Ta, Korna Ml!IIIeHHhIH q>0TOH q>JIYKTy11pyeT B KBapK 11 aHTIIKBapK C nocTaT0'IH0 60JibIIIIIM 

rrorrepe'IHhIM IIMIIJJibC0M npyr 0TH0CIITeJibH0 npyra II rrpon;ecc M0)KeT 6b1Tb rrpenc~aBJieH 

KaK pacceXHIIe BIIPTJaJibH0ro <P<?T0Ha Ha CBo6onHOM KBapKe(aHTIIKBapKe). Orr1IcaH1Ie nan

HOH K0MII0HeHThl M0)KeT 6b1Th rrpoBeneHo KaK B Teop1I1I B03Mym:eu1Iii KXll TaK II paMKax 

KBapK-rrapTonuoii M0JI.eJIII (KIIM). llnx reHepan;mr co6blTIIH 61,1no IICII0Jih30Bano JI.Ba pM

JIII'IHhIX rronxona. IIepBhlii 113 u11x, pean11JoBaHHhlll B rrporpaMMe TWOGAM, JaKJIIO'IaeT-. . 
ex B reHepan;1111 co6b1Tllll, J'Il!TblBaIOm:eii: JI.llq>q>epeHl!llaJlbHble Ce'IeHl!11 B3al!Moneii:CTBll11 

q>oToHoB pMJill'IHoii: rron11p113an;1111. OcHoBoii _nnx reHepan;1111 Toqeqm:)-nono6Hoii KoMno

HeHTbl 11Bn11~Tc11 K31l npon;ecc po)KneHnx nerrTOHHoii nap1,1 11 -+ /+ z-11 • llnx reHepan;~II 

anpoHHoro co6h1T1111, Macca n 3ap11n nerrToHa 6blJIII 3aMeHeHhl Ha Macey 11 3apxn KBapKa. 

E1,1n1I 11crroJib30BaHhl cneny10m:ne 3Ha'IeHII11 Mace KBapKoB: 300 M3B 'nnx u II d, 500 M3B 

JI.JIX s II 1.6 I'3B nnx C KBapKa. 1lm1 anp0Hll3a1{llll KBapK0B naHHOH K0MII0HeHThl 61,1na 

ncrroJib30BaHa rrporpaMMa JETSET7.3 6e3 KaKIIX-JI1I60 ll3MeHeHIIH BCTp~eHHhIX rrapaMe

TpoB. IIpoBeneHHOe TaKllM o6pa30M I-mnenllpOBaHIIe KBapK-aHTIIKBapKOBOH rrapbl C00TBe,T

CTByeT rrpon;eccy po)KneHl!11 CBOfiOJI,HhIX KBapK0B, 0IIIICbIBaeM0MJ n11arpaMMOll 'rmpo6K~'

'box' B paMKax KIIM. • 

1lpyr1IM rronxonoM K Monen1Ip0BaH1IIO, pean1130BaHHhIM B rrporpaMMe MCF2, JrnnxeTcx 

llCII0Jib30BaH11e aHaJil!Tll'IeCK0ro BllJI,a CTpyKTypHOll q>yHKI.{llll B Bblpa)KeHIIII (4). TaKOll 

91.F.Ginzburg and V.G.Serbo, Phys. Lett. B109 (1982), 231. 
10

Bh16op BH,lla 3aBHCHMOCTH 6bln C,llellaH C Y'<eTOM 3KcnepHMeHTallbHhIX pe3yllbTaTOB, nony'IeHHhIX Ha 

.11pyrnx ycTaHOBKax. 
11 V.M.Budnev et. al., Phys.Rep. 15C (1975), 181. 

10 

rronxon 6bm rrpnMenen nnx rrp1IBJieqen1I11 KXIl KoppeKnliii B mmnpy10m:eM nopxnKe12 nm1 

nerKnx KBapKOB. EhlJia IICIT0Jih30Bana, HaJb!BaeMax rro rrepBhIM 6yKBaM q>aMIIJIIIH aBTopoB, 

<l>KIT rrapaMeTp1nan1I11, KOTOpaJI conep)KllT rrapaMeTp p~ - norrepequ1,1ii: IIMIIJJihC KBapKa 

B Ml!IIIeHH0M q>OTOHe. 3TOT napaMeTp 6b!JI BBenen B rrapaMeTpH3al{IIIO nm1 T0ro, 'IT06bl 

pMneJIIITb onncaune anpoH0- II TO'Ie'IHO-IIOno6noii KOMII0HeHT II ll36e)KaTb IIOBT0pnoro 

c'IeTa co6b!Tllll. llaHHhlii rrapaMeTp Ha1I6onee cymecTBeHeH B cnyqae HeMe'IeHhlx co6bl

Tllii. 

CpaBHeHJie Ha6n10naeMb!X II MonennpoBaHHhlX pacrrpeneneHIIH llHBapnaHTHOH MaCChl 

a)lpouoB II rrepenaHuoro 4-x nMIIJJibca nnx co6bITIIii, Me'IeHhlX B KMY(I13MK), rrp1rne

neHo Ha pncyHKe 2(3),- BnnHo, 'ITO nBYXK0MIIOlieHTHa11 MoneJib ynoBJieTBOplITeJibH0 orrn

CblBaeT Ha6monaeMble crreKTphr. 
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P11cyHoK 2. CpaBueuue pacnpeae.t1euuii. ;n,cnepu,,11,e11,ma.t1b1tb1x u ,,11,oae.t1up0Ba1111b1x 

aa1t1tblX aJIJI U1t6apua11,m11,oii, .M.llCCbl cucme.M.bl aapo1t06 W U nepeaa11,11,ozo 4-X U.M.1!YJlbCll 

Q2 aJIJI co6b1muu C aemenmupo6ll1/,1/,bl.M. 6 [(MY J.t1enmpo1to.M.. 

12J.H.Field, F.Kapusta and L.Poggioli, Phys.Lett. 181B (1986), 362; J.H.Field, F.Kapusta and 
L.Poggioli, Z.Phys. C36 (1987), 121; F.Kapusta, Z.Phys. C42 (1989), 225. 
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PucyaoK 3. CpaBueuue pacnpeae.irnuii. ;mcnepuMeuma.i1,u1,1x u Moae.iupo6auu1>1x 

aa'll'llblX a.if[ U'/l6apua'/lm'llOU MaCCbl CUCmeMbl aapo'llOB W U nepeaa'/l'/1020 4-x UMny.,i1,ca 

Q2 a.ill co61>1mui1. C aemenmupoBa'/l'/lblM 6 Il3MK 3.,ienmpouoM. 

B JaKmoqemrn: rnaBbl omi:caHhl TeCThl rrporpaMMhl KoppeKUHH H3MepeHHoro pacrrpe

JJ.eJieHnx rrepeMeHHOH x. llnx TeCT0B 6hlJIH HCll0Jih30BaHhl reHepupoBaHHhle co6hlTHH H 

rrpnMeHeHbl HeKOT0pble KpHTepuu, 'MO.ll.eJIHpy10ruue' 3Kcrrepii:MeHTaJihHYIO ycTaHOBKY-

OcHOBHhle pe3yJihTaThI aHaJIH3a 3KCllepnMeHTaJihHhIX _ll.aHHbIX rrpuBe_ll.eHhl B 

qeTBepTOH rJiaBe _ll.HCcepTaUHH. Ilpe_ll.CTaBJieHbl pe3yJihTaThl HCCJie_ll.OBaHHH rrpouecca po

)K_ll.eHHH MIOOHHhlX nap B MeqeHhlX .ll.Byx<poTOHHhlX B3aHMO_ll.eHCTBHHX. Ilo_ll.06HhlH aHaJIH3 

HBJIHeTCH Heo6XO_ll.HMOH COCTaBJI.lIIOIUeii aHaJIH3a MYJihTHa_ll.p0HHhIX .ll.BYX<pOTOHHhlX CO~bl

THH, T.K. ll03B0JIHeT rrpoBeCTH cpaBHeHue 3KCrrepnMeHTaJihHhlX _ll.aHHhlX C MO_ll.eJiupoBaHH

eM TOqHo BhlqncnxeMoro B K3Il rrpouecca pO)K_ll.eHHH MIO0HHhlX nap H ,TaKHM o6pa30M, 

rrpoBeCTH TeCT pa60Tbl _ll.eTeKTOpa, ucnoJih3yeMoro _ll.JIH perncTpaUHH paccexnuoro 3JieK

TpOHa. AHaJIH3 co6bITHii:, MeqeHhlX B KMY u II3MK, 6hlJI JJ.ononneH ucnoJih30BaHHeM 

TaK Ha3bIBaeMoro KanopnMeTpa QqeHh Manhlx YrnoB (KOMY) u EotjKoBoro 3neKTpo

MarnHTHoro KanopnMeTpa (E3MK). TaKHM o6pa3oM, B pa6oTe 11poBe.D.eH aHaJIH3 pO,KJJ.e

nux MIOOHHbIX nap C HCITOJih30BaHHeM Bcex 3JieKTpoMarHHTHhIX KaJI0pHMeTp0B ycTaHOB°KH 

lIEJlct>M JJ.JIH perncTpaunu paccexnuoro 3JieKTpona. 3To no3Bommo npoBeCTH TecT K3Il 

npouecca B MaKCHMaJihHo B03M0)KH0M lIHTepsane H3Menenux Q2 OT npaKTnqecKH nynesoro 

3Haqenux ( qTo COOTBeTCTByeT CT0JIKHOBeHHIO .ll.BYX KBa3HpeaJihHhlX <pOTOHOB) _ll.O necKOJih

KHX Thlcxq f3B2. B pa6oTe noKa3aHO Y.ll.OBJieTBOpHTeJihH0e cornacue 3KCnepnMeHTaJihHbIX 

cneKTpoB c npecKa3aHHHMH K3Il JJ.JIH co6hITHii, Meqenhlx B KOMY, KMY II II3MK. Ehl

no naii:JJ.eno JJ.Ba co6hlTlIH c JJ.eTeKTnpoBaHHhlM B E3MK paccexHHhlM 3JieKTpOHOM. EhlJia 

Bhlqncnena BepoHTHOCTh pO)K_ll.eHHH c06hlTHH _ll.aHHOH KHIIeMaTHqecKOH TO!I0JI0rHH s MYJih

THnepuqiepn:qecKOM Kauane. 

12 

B JJ.HCcepTauuu noKa3aHhl pe;ynhTaThl H3Mepeuux K3Il-C<l><I>, rronyqeunhle c ncnonh-
3oaaun:eM Meqenhlx B KMY co6hlTHH. O6cy,KJJ.aeTcx 3aBHCHMOCTh Cct>ct> OT Macchi MHIIIeH-

uoro <pOTOHa (P2). OTMeqeno, qTo 3Ta 3aBHCHM0CTh orrpe.nenxeTCSI OTHOIIIenneM MaCChl 

MIIIIIeHII K Macce pO,KJJ.eirnoro <pepMnona. IloKaJauo, qTo K3Il-C<l><I> qyBCTBHTeJihHa K 

P 2
, B TO BpeM.sI KaK 3aBHCHMOCTh KXIl-Cct>ct> OT P 2 cna6ax. li3Mepenuax K3Il-C<l><I> y.D.o

BJieTsopnTeJihHO 0llHCbIBaeTcx MO_ll.eJihHbIM rrpe_ll.CKa3amreM, ycpe_ll.HeHHhlM no HeKOTOpoMy 

na6opy Pl (rronyqennoMy H3 MOJJ.enn), T.e. F:} =< F:}(Pl) >. 
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PucyHOK 4. Cpa6'/lf'/lUe pacnpeae.ieuUE 

U'/lBapUa'llm'llOU .li.aCCbl a.if[ 

31\:CnepUMe'/lma.tb'/lblX aa'/l'/lblX U 

npeacna3a'/lUU Moae.iu a.iE pa3.tU'l'llblX 

napaMempu3a~ui1. 

Ilanhneii:IIInii ananu3 6bIJI rrpoBe

JJ.eH JJ.Jill KXIl-C<l><I>. Ha pncynKe 

4 noKaJano cpaBnenue na6JIIOJJ.ae

Moro cneKTpa HHBapnaHTHOH Mac

Chi a_ll.pOHHdH CHCTeMbl C rrpe.n;cKa-

3aHllllMH MO_ll.eJieft C pa3JillqHhlM 

IIOBe,n;enHeM C<l><t> B 3aBHCllMOCTH 

OT_ KHHeMaTnqecKoii nepeMeHHoii: 

~: GS"(IIITpnx), D0 6 (rrynKrnp) n 

LACI 0 (IIITpnx-rrynKTIIp). 

4 L.E.Gordon and J.K.Storrow, MC
TH 91~29 (1991). 

6D.W.Duke and J.F.Owens, Phys. 
Rev. D26 (1982), 1600. 

•H.Abramowicz, K.Charchula and 
A.Levy, Phys. Lett. B269 (1991), 458. 

OTMeTnM, qTo GS rrapaMeTpH3auux rrpe.D.CKa3bIBaeT rra.D.eHn~ C<l><I> B o6nacTn MaJihlX 

x, a DO n LACI rrapaMeTpn3auun BKJI10qa10T pocT C<l><I> JJ.JIH x :M:eHhIIIllX 0.1. 

IlpoBe.D.eno H3Mepemi:e C<l><I> (pncynoK 5) ,nmr nerKHX KBapKOB. BKna,n co6h1Tnft.c po

)K,UeHnoii: cc rrapoii: 6hlJI BblqTeH lI3 3KCIIepnMeHTaJihHhlX ,naHHbIX B COOTBeTCTBHe C rrpe,n

CKa3aHlIHMH KBapK-napTonnoii: Mo,nenn. IloKa3ano, qTo C<l><I> HeqyBcTBHTeJlhHa K KXlI '. .. 
MaCIIITa6HOMy napaMeTpy A.. OueHeHbl pa3JIHqHhle llCTOqHllKll CllCTeMaTuqecKo:ii omn6KH 

rrpoBe,neHHOro ll3Mepeun.sr. IloKa3aHo, qTo pe3yJihTaThl ll3MepeHn.sr YKa3hlBaIOT Ha OTCyT

CTBHe pocTa C<t><I> B o6nacTu rrepeMeHHoii: x Menee _0.1. IlpHBe.ZJ;eH KOM~nHupoBaHHhlH (c 

pe3yilhTaTaMu, rronyqeHHhlMll Ha JJ.pyrux ycTaHOBKax) pe3yJihTaT O 3aBllCllMOCTll C<l><I> 

OT cpe,nnero 3Haqenux rrepe,nannoro 4-x HMrrynhca B o6nacT~ rrepeMeHHoft x OT 0.3 ,no 
I . . . • 

0.8 (pucynoK 6). HH)KHHH rpanuua 6hlJia Bhl6paHa ,nnx yMem:,menirx BKJia,na HeBhlqncnxe-

Moii a.D.pono-rro.D.o6noii: KOMII0HeHThl. Bepxnx.sr rpanuua y~TaHOBJiena rroToMy, qTo ~6na~Th 
. ; ', 

60JihillHX X COOTBeTCTByeT (B OCHOBHOM) MaJibIM 3HaqenHHM llHBapllaHTHOH MaCCbl po-
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,KJJ;~HHOH CHCTeM.hl a.npoHOB, r.ne (B CHJIY Heo6xo.n;HMOCTH npHMeHeHHll KpHTepHeB OT6opa 

co6bITHii)·cTaTHCTH'leCKal! omn6Ka HaH60JibIIIall. 

a o.8 

J' 
- 0.7 

~ 
-;.,N 0.6 

DELPHI <<i> =.12 GeV2/c4 

OPAL «:f> = 14.7 GeV2/c4 

0.5 

: ~~ ~-=-=-~~~~____Lj_:_:~~JT:h<,~~--
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X 

Pn:cyHOK 5. F; a.JI,}[ ./1,CZX:UX X:6apx:o6 npu 

cpeaueM 3'/lllV,e'/lUU nepeaatt'/lOW 4-X 
UMny./1,bCa 12 I':1B2• [(pU6ble nox:a3bl6ll10m 

cyMMY <f>KII napaMempu3aquu, 

6blV,UC./l,e'll'llY10 a.,,,Jl napaM.empa p~ = 0.1 
I':1B {BepxuJIJI x:puBaJI) u 0.5 I':1B 

(uu:»e'llJIJI x;pu6aK}, u OMBJI 
npeacx:a3a'/lUU M.oaMu. 'Kopuaop' 

U.J1,./l,10Cmpupyem :1gj(fiex:m ueuy.,,,eBoi1 

M,UCCbl M,UWe'/lU a.,,,Jl npeacx:a3ll'/lUU OMBJI 

M.oaMU. 
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Pn:cyeoK 6. Q2-3a6ucuMocmb C<P<f>, 

ycpeaueuuou B immepBa.,,,e U3MeueuuJI x 

om 0.3 ao 0.8. Jlu11,uu nox:a3bl6ll10ffi KXJI 
npeacx:a3ll'/lUJl a./1,Jl pa3JIUV,'/lblX 311,av,e'/lUU 

ffie11,oM,e'/lOJIOZUV,CCX:OW napaMempa p~ -
nonepev,11,ozo uMny.111,ca x:6apx:a 6 

MuweunoM gjomoue. 

B 3aKJIIO'leHHl! ccpopMyJIHpOBaHhl OCHOBHble pe3yJihTaThl ,lll!CcepTaUl!O!lllOH pa6oTbl: 

• Ilonyqeuhl H npoauanH3HpoBaHhl nepBbie 3KcnepHMeHTaJihHhle ~e3yJihTaThl m:cne

,noBaiIH.ll Me'le!lbIX JJ;ByxcpoTO!lllbIX B3aHMO.n;eiicTBl!li ua ycTaUOBKe JIEJI<l>H, pa60Ta-

10meii ua KOJIJiaii.n;epe :meKTpO!IOB l! IlO3l!TpO1IOB JI8II. 

• Il~Ka3auo, 'ITO Me'leHhle B Kanopl!MeTpe Manhlx YrnoB .n;ByxcpoToHHhle B3aH

Mo.n;eiicTBl!.ll MoryT 6h1Th' ormcaubl JJ;BYXKOMilO!leUTIIOli MOJJ;eJibIO, Y'll!TbIBaIO~eii 

.D;BOHCTBe!IUOCTh .B noBe.n;eHl!l! Ml!me1rnoro cpoTOHa npl! ero cpnyK-ryaUl!l! B KBapK

aIITl!KBapK.OBYIO napy. B .D;l!CCepTaUl!l! IlOKa3aIIO, 'ITO Oill!CaIIl!e npouecca B3allMO

.neiicTBll.ll B paMKaX KBapK-napTOHH?ii MOJJ;eJIH OKa3bIBaeTC.ll He,nocTaTO'lllbIM JJ;Jlll 

BocnpoH3Be,neuH.ll 3KCnepnMeUTaJibHhIX cneKTpOB. Ilpe.n;cKa3aHllll MOJJ;eJIH, Y'lllTbIBa- . 

10meii pa.D;11au~ouuhle nonpanKn, c.nenaIIHhle B nn.n;npy10meM nopl!.n;Ke KXIl, · y.no

BJieTBOpl!TeJibHo OilllCbIBaIOT (B cyMMe c uenepTyp6aTHBIIOH KOMilOIIe!ITOH Mo.n;enn) 

3KcnepnMeUTaJihIIble .n;aHHble. 
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• II porpaMMa KoppeKUllll ( unfolding) H3MepeHHhIX pacnpe.neneHuii 6bIJia a.nanTnpoBa

ua K 3KcnepuMeHTaJihHbIM YCJIOBlll!M ycTaHOBKll JIEJI<l>M. IloKa3aHa BO3MO2KHOCTb 

nonyqeHl!ll ll3 3KCnepnMe!ITaJibHOro cneKTpa nepeMeHHOH X JJ;OCTaTO'lHOro (.n;Jil! aHa~ 

Jll!3a OCUOB!lbIX oco6eHHOCTeii CTpyKTypHOH cpyHKUIIH cpoTOHa) 'lllCJia KoppeKTHpo

BaHHbIX TO'leK. 

e AuaJIH3 MIOOHHbIX nap, po2K,ne1IHbIX B MeqeHbIX .n;ByxcpOTOIIHbIX CTOJIKHOBeHllllX, no

Ka3aJI y,noBJieTBopuTeJibHOe cornac11e c npe.11cKa3aHHl!MH K8Il H no3BOJIHJI npoBe

CTH npoBepKy nporpaMMbl KoppeKUHII Il3MepeH!lbIX cneKTpOB ll 3KcnepuMeHTaJih

llbIX .n;al{flbIX C .n;eTeKTOpa, llCnOJib3YeMoro JJ;Jlll perncTpau1111 (Meqe!lllll) pacceJIUHOro 

3JieKTpoua IIJIII no3I!Tpoua. 

• BnepBble B npaKTHKe H3MepeHHll CTPYKTypuoii cpyHKUHlI q>OTOHa 6bIJI npo.neMOH

CTpnponau 3qicpeKT HeHyJieBoii MaCCbl MHIIIeHHOro q>OTOHa. IloKa3auo, qTo .naHHhlii 

3cpcpeKT, onpe,neJil!eMbIH OTHOIIIeuueM MaCCbl MHIIIe1111oro cpOTOHa K Macce po2K,11eu

uoro cpepMHOHa, np11cyTCTByeT B ll3Mepe1rnoii B auaJIH3e MIOOHHbIX nap K8JI-C<l><I>, 

· B To BpeMll _KaK KXJI-C<l><I> Meuee qyacTBHTeJihHa K .nauuoMy 3cpcpeKTy. 
~ 

• Ha: OCIIOBe noJIHOro (reuepaUHll co6b1Tllii ll M<?.lleJinpoBaHHe 3cpcpeKTOB ycTaHOBKll) 

Mo,nem1pOBal!llll co6b1Tllii, 6blJI pa3pa6oTall MeTOJJ; cpaBHeHllll 3KchepHMeHTaJihHbIX 

.n;aH!lbIX C npe.n;CKa3aHlll!MII MOJJ;eJIH C mo6oii 3aBI!CIIMOCTbIO C<l><I> OT nepeMeuuoii x. 

McnoJib3Y.ll 3TOT MeTo,n npoBe.n;euo cpaBueu11e H3MepeHHhIX pacnpe.neneunii c npe.n

CKa3aHHllM:'I ueCKOJibKHX napaMeTplnaunii C<l><I>. IloKa3aHO, qTo, .6a311pyl!cb Jllllllb 

ua H3MepeHHblX cneKTpax, HeBO3MO2KIIO c,neJiaTb CTaTI!CTHqecKH 3Ha'll!MOe 3aKJIIOqe

Hlle O noBe.n;eHHH C<l><I>, T.K. MO.D;eJIH C cymecTBeHHO pa3JIIlqHhlM none.neHI!eM C<l><I> 

.n;aIOT CXO2Klle pe3yJihTaThl nocJie MO,nennpoBaHHll ycTaHOBKH. 

• l13Mepe11a _KXJI cTpyKTypuaJI cpyHKUilll cpoToua np11 cpe.nueM 3Haqemrn nepe.nau

uoro 4-x HMnyJihCa 12 r3B2, B llHTepBane Il3MeHel!llll nepeMeuuoii X OT 0.001 .no 

0.85. IloKa3aHo, 'ITO C<l><I> ueqyBcTBHTeJihHa K KXil MaCIIITa6uoMy napaMeTpy A. 

IlpnBe,neuo cpaBueune H3Mepeuuoii C<l><I> c uan6onee qacTo 11cnoJih3yeMblMH napa

MeTpH3aUHl!Mll C<l><I> ll noKa3aHo, qTo napaMeTpI13aUI!ll 6e3 npe,ncKa3bIBaeMoro po

CTa B o6JiaCTll MaJibIX X y,noBJieTBOpHTeJihl!O OITI!CbIBaIOT ll3Mepem1y10 C<l><I>. B TO 

)Ke npeMjj, TO'lHOCTb npoBe.neuuoro ll3MepeHllll ue IlO3BOJil!eT c.neJiaTb O,UH03Haqnui1 

Bhl6op B IlOJih3Y KaKoii-.ri1160 o.nuoi1 napaMeTpI13aUHII. 

• Ha ocnoBe peJyJihTaToB, rronyqeuublx ua ycTaHOBKe JIEJI<l>M n ,npyrnx 3Kcnepn

MeHTaJI.hHhIX ycTaHOBKax, npe,ncTaBJiena JaBHCIIMOCTb C<l><I> OT cpe.nuero 3Haqel!IIll 

nepe.nauuoro 4-x HMnynhca B nnTepaane HJMenen11JI nepeMemmii x OT 0.3 .no 0.8. 

3uaqeune KXJI-C<l><I>, H3Mepeuuoe ua ycTaHOBKe IlEJI<l>H .UJill cpe.nHero JHaqeHnll 
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rrepe.uaHHoro 4-x nMrrynbca 12 f382, paano F;'(0.3 < x < 0.8)==0.45±0.08. B rrpe

.uenax oum6oK Il3MepeHHll, KOM6HHHpoBaHHblH pe3yJibTaT IIO,lITBeplKJJ:aeT rrpenrna-

3a1me KXIl o norapmpMn'-lecKoM pocTe Cct><ll c yseJ1w1e11ncM Q2 
• 

• IlpoBe)leIIO HCCJle)loBaHne JlByXq>OTOHHhIX co6b!THll, MC'1ellb!X B IlcpcnneM 3rrcKTpo

MarHHTHOM KanopnMeTpe ycTaHOBKH IlEJict>.H rrpn cpe,ll,HeM 311aqe11nn rrepenammrn 

4-x HMIIYJlbCa 90 f38 2
' n IlOKa3aHO Y.lIOBJieTB0pHTeJibHLe cornacne C rrpeJJ:CKa3arm

l!MH MO,lleJ1H. 

e IlpoBe)leH aHaJJH3 polK,ll,eHHll MIOOHHb!X nap p MC<Jem,rx J[ByxcjHJTOl!HblX CTOJIKIIOBC

HHl!X. IloKa3aHO Y.lIOBJieTBOpHTeJibHOe cornacnc crreKTpOB 3KCIIepHMCIITaJiblll,IX nau

HblX C npe,lICKa3aHJil!MII K3Il B o6JiaCTII H3MCHeHIIll Q2 OT 0.06 J[0 HeCKOJil,KHX Tb!Cl!'-1 
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