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ILA.Canun 

OBIIl;A.H XAPAKTEPHCTHKA PABOThl 

AKT}'aJibHOCTb npo6.'ICMbi 

KJlaCCII'IeCI<Uii cnoco6 II3)''ICHHH CTpyKTypbi MaTepiUI II CBOHCTB ee tPYH.llaMCH­

T<LlbllbiX COCT"dB.lHIOllJ,l!X 'IaCTCH - 3TO 06Jiy'ICHHC 06'hCKTa HCC,'IC.llOBaHHH ny'IKOM · 

30HJJ.IIPYIOIIl.UX 'IaCTHIJ, n n3y'Ienrre xapaKTepncTnK nponcxo)l.Rll.l,ero pacceRHHR, To­

qequaa: CTp.}'KTypa JICnTOHOB, a TaK)!{e fiX CBOHCTBO HC BCTj'TiaTb B CHJibHhiC B3an­

l\IO,'J,CHCTBmi, CJ'll.I,CCTBCHJIO 06JICr'IaCT flliTCpnpeTaiJ,IIIO KapTIIHbl IIX COj',L\apCHII51 C 

'-IaCTIIIJ,al\IH 1\IHIIICHII (o6'hCI<Ta), 'ITO .llC.TiaCT 3TOT nO.llXO.ll O.llHHM II3 Cal\lbiX n.TIO.J:\0-

TBOpHbiX nyTCH IICC.TIC.J:\OBaHIIR. J1CC.TIC.llOBaHII51 Heynpyroro paCCCRHIIR 3JICI<TpOHOB 

C 60JibHIOil nepe;~,aqeii HMnyJihCa Bb!RBIIJIO 6oJiee CJIO.lKHyiO I<apTHHj' Hj'I<JIOHHOH 

CTPYKTyp&I, yi<a3aB na cyll.l,eCTBOBanrre TO'IC'IHbiX paccenBaiOllJ,IIX IJ,CHTpos. Jle­

Ta"lbiiOMy II3Y'-IClHUO xapaKTCpHCTIIK rny60KO neynpyroro 3JICKTpOH-HYK•lOHHOrO 

paCCCRH1151(fHP) C IJ,CJibiO 3KCTICpiiMCHTa.TibHOH npOBCpi<n Tal< Ha3biBaCMOH nap­

TOHHOii MO.llCJIH u TeopHII CIIJibHbiX B3anMO.lleilcTBIIil: - KsanTosoil XpoMo)liiua­

MIIKII (KX)l) B nepHO.ll 60-7Qrr. 6biJIH nOCBRllJ,CHbl 60JiblliiiC 3KCnepnMCHTa.TibHbiC 

j'CIIJIIIR. )l.TIR BbiTIOJIHCHHH HOBOrO 3Tana IICC.TIC.J:\OBaHIIR fHP JICnTOHOB C IJ,CJibiO 

noJiyqenuR HOBbiX 3KcnepiiMCHTa.TibHbiX .llaHnhiX no CTP.YKType H.YI<Jiona npii Bbi­

coKux 3Ha•JeHIIRX Q
2 

II llpOBCpKe COBpCMCHHOH TCOpHII. B3aiiMO.llCHCTBII51 3JICMCII­

TapnbiX 'IaCTllll. (KnaHTOBOii XpoMO.lliiHaMIIKH) B IJ;EPH Ha crrc (Cynep IlpOTOH­

HOM CrruxpoTpoHe) 6biJia coopy:a{eua COBMeCTHbiMII yciiJIIIRMII cpu3III<OB BoJIOHhH, 

IJ;EPH, )ly6nbi, M1onxeua u Cai<Jie 3KcnepnMCHTa.TibHaR ycmnoBI<a - TopOII.lla.Tib­

Hbiil: MarniiTHbiH CneKTpOMCTp c npoTR)!{CHHoii MIIIIICHhiO, ycTaHOBJICHHaR na MIO­
OHHOM ny'IKC CITC IJ;EPH. 

KoJI.'la6opaiJ,HR, IIOJI)''-IIIBITiaR na3saniie BCDMS, BhiTIOJIHHJia 3I<cnepiiMCHTbi 

no II3MCpCHIIIO CTpyi<Tj'pHblX cpyHI<Il,IIH na yr.TICPO.llC, BO.llOPO.llC II .llCHTCpiiU C Bbi­

COKOH CTaTIICTII'-JCCKOH TO'IHOCTbiO II C Haii60JihlliiiMH 3Ha'ICHHRMH nepC,L\aHHOro 

'ICTblpCXUMnj'JibCa Q2 
B 3KCnCpiiMCHTax Ha tPIIKCIIpOBaHHbiX Ml!IIICHRX. 

IJ;eJib pa60Tbi 9J<CIICpiiMCHTa.TibHhiC UCC.TIC.llOBaHUR CTpyKTj'pHbiX cpyHI<IJ,IIH Hy­

KJIOHa C nOMOIIJ.b!O npOIJ,CCCa rJiy60KOHeynpyroro paCCCRHUR (fHP) MIOOHOB; aHa­

Jlii3 noJiy'IeHnhrx pe3yJihTaTOB B paMKax KsaHTOBoil: XpoMo)liiHaMIII<II (KX)l); 

CpaBHCHHC IIX C ,L\aHHbiMII .L\Pj'riiX 3KCnCpiiMCHTOB -II TCOpCTU'ICCKIIMH MO.llCJIR­

MII; II3j''ICHUC B03M0)!{HOCTII nOCTaHOBI<II HOBbiX 3KCTICpiiMCHTOB C IJ,CJlbiO j'COBCp­

IIICHCTBOBaHHR MCTO)l.IIKII fHP, paCIIIIIpCHUR 06JiaCTII HCC.TIC.llOBaHIIH CTpyKTJpHbiX 

cpyHKIJ,IIH II ITOBbllliCHIIR TO'IHOCTII IIX I13MCpCHIIR, B TOM 'IIICJIC: 

L l13Mepeniie c BbiCOKoil: CTa~IICTII'ICCKoil: TO'IHOCTbiO CTPYKTypHbiX cpyHKIJ.IIil: 

F~(x, Q2
) II R(x, Q2

) ua R.llpa.'<: yr.Tiepo.lla II H3MepenHe 3cpcpeKTa napymenuR 
CI<CHJIIIHra. 

2. I13MCpCHIIC C Bb!COI<Oil: CTaTIICTII'ICCKOH TO'IHOCThiO CTpyi<Tj'pHhiX cpyHKIJ,IIH 

FF(x, Q
2

) II RD(x) naR.llpax .llCHTepnR, orrpe)l.CJieniie OTHOIIIemm F2/ Ff II 

pa3IIOCTII pP-pn rr IIX x- 3aBHCIIMOCTII, II3Y'ICHIIe npaBHJia cyMM foTTcppu.lla 

H aCIIMMCTpiiH MOpCKUX I<BapKOB, H3Y'ICHHC HapyiiiCHIIR CKCH.Tll'm.ra. 

3. BhmoJinenHe KX)l- aHa.TIII3a CTPJI<TypHbiX cpyHKIJ.nil:, noJiy'ICHHhiX na R)l.pax 

yr.Tiepo;ia, BO.llOPO.lla H.llCil:TeprrR, n3BJie'Ienue cso6o.llnoro napaMeTpa KX,ti-
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MaCmra6HOrD K03¢qmiJ.HCHTa -A - li KOHCTaHTbl CHJibH<JrO B3aHMO;J;CHCTBIHI 

a
5

; H3J'ICHHC BJIH51Hll51 51)l.CpHbiX 3¢¢eKTOB Ha Q2 
3BOJIIOIJ.HIO C'fpJKTypiibiX 

¢ynKIJ.IIH. 

4. BbmOJinenne KX)l - anann3a CTpyKTypHbiX ¢YHKIJ.Mii:, no:I)"'H'llllbiX B ;q>y­
rnx 3KCnepnMeHTaX, H3BJie'!enne CBo6o.n.noro napaMeTpa KX,] ~JacwTa6IIo­
ro K03¢¢nu.nenTa A n KOHCTaHThi CHJibHoro B3anMo.n.eii:cTBH51 a.: H3Y'IPllllt' 

BJIH51HII5! HCllCpTypfiaTIIBHblX llOllpaBOK (
11

BblCWHX TBIICTOB
11

) H 51;!;CpllbiX 3cP-

. ¢eKTOB na Q2 
3BOJIIOIJ.IIIO C<I>. 

5. lby'lcHI!C B03MQ)KH0H llOCTaHOBKII l!OBblX 3KCnepHMCIITOB ,1,..1}1 llhlllO.:IH!'IIIW 

6oJiee TO'!HblX 3KCnepiiMCIITaJlbHblX HCCJIC,UOBaHHH no fHP .lCIITOIIOB. 

Hayqnaa noBII3Ha pa6oTbi 

IJOJIJ'!Cllbl HOBbie 3KnepeMeHTaJibllblC )l.aHHbie no fHP MIOOHOB Ha nyK.lOHaX I" 

nOMOIIJ.biO HOBOH JHIIKaJibliOH MeTO)l.IIKII. 

BnepBbie c BbiCOKOii: cTaTIICTII'lCCKoii: TO'!HOCThiO noJiy'leiibi 3KcnepHMCHTa.:Ih­

Hbie ·.n.aHHbiC B o6JiaCTII 6oJibWIIX 3Ha'leHIIii: KBa.n.paTa nepe.n.aBaeMoro 'IeTbipex­

IIMnyJibCa BnJIOTb ,LI,O Q 2 
rv 260 f3B

2 
)l.JI51 51)l.Cp yrJiepo,ualOn )l.CHTCpHR, KOTOJ>bll' 

6biJIH HC)l.OCTJnllbl npii IICnOJib30BaHIIII ,LJ,pyriiX MCTO,LI,IIK jl,Jl51 HCC.ilC;J;OBaiiHR fHP 

3ap51)KCHHblX JICllTOIIOB Ha ¢IIKCllpOBallllbiX MIIIIICH51X. 

IIoJiy'leHbi caMbie TO'!Hbie .n.annhiC no cTpyKTypnbiM ¢YHKIJ.IIRM na yrJiepo;.w 11 

)l.CHTCpllii B KIIHCMaTII'lCCKOH· OfiJiaCTII nepCMCllllblX 0.06 < X < 0.8 H 

8 f3B2 <Q2<260 f3B2 . 9TII )l.aHIIblC OCTaiOTC51 JHIIKaJibllbiMII. 

I13Mepena aCIIMMeTpii51 MOpCKIIX KBapKOB II nOKa3aHO, 'ITO B 3TOM CJiy'laC npa­

BIIJIO CJMM foTT¢pii)l.a BblllOJIH51eTC51. 

BnepBblC B npou.eccax rHP JICIITOHOB ll3MepeHO napyweHliC CKCHJlllHra ll noKa-

3aHO, 'ITO 3TO HapymeHIIC XOpOIIIO OIIIICbiBaCTC5! TCOpiiCH CllJlbHOrO B3aiiMO)l.CHCTlliUI­

nepTyp6aTIIBHOll KBaHTOBOii: XpoMo)liinaMIIKOii: (nKX)l), B npe.n.eJiax norpem­

nocTeii: 3KCIICpiiMCHTa OTCJTCTBJCT BJIII51HIIC 51)l.CpHblX 3¢¢eKTOB na Hapymel!II!' 

cKeii:mmra. B pe3yJibTaTe aHaJIII3a .n.aHHbiX no CTPYKTypHbiM ¢ynKIJ.IIHM H3BJIC'W­

no CaMOC TO'!HOC 3Ha'ICHIIC (B paMKaX O)l.HOrO 3KCnepiiMCHTa) CB060,LJ,H01'0 napaMCT­

pa nKX)l - MaCIIITa6noro napaMeTpa A II KO.HCTaHTbi CIIJibnoro B3aiiMO,LI,CHCTBmi 

a •. 
113 COBMCCTHoro, KX)l- aHaJIII3a .n.anHhiX no CTPYKTYPIIhiM ¢YHKIJ.IIHM, IIOJIY­

'lCHHbiX B 3KCnepliMCHTaX Ha ¢IIKCllpOBaHHblX MIIWCH51X, B IIJ'!KaX 3ap51)KCllllhlX 

JICIITOHOB, ll3BJIC'lCHa KOHCTal!Ta CllJlbHOrO B3aiiMO,UCHCTBHR II !IOJJJ'lCHa OU,CIIKa 

o6JJaCTII npiiMCHIIMOCTH nKX)l B fHP JICnTOHOB. 

BnepBbie BblllOJIHCH aHaJIII3 .n.aHHbiX B 3 nopa.n.Ke (N NLO) no KOBCTaiiTC CHJih-

noro B3al!MO)l.CHCTBH51 a •. 
11cnOJib3J51 nOJIJ'lCHllbiC 3KCnepHMCIITaJlbllblC ,uaHHbiC, BnCpBblC fibiJJ ll3BJIC'ICII 

MacmTa6HhiH napaMeTp -A II3 necunrJieTHOii: crpyKTypnoii: ¢YHKU.lllf (FP- pn). 
ll3MCpCHHOii B fHP 3apR)KCHHblX JICnTOHOB. 

Hay'!Ho-npaKTH'lcCKaH u.enuocrh nOJiy'leHHbiX pe3yJibTaTOB 

IIOJiy'lellhi ynnKaJibHbiC 3KcnepHMCHTaJibHbiC .n.anubie no CTJ>YKTYPHhiM ¢YBK­

U.HHM na yrJiepO,LI,HOH II ,UCUTCpHCBOll MllWCH51X, KOTOpblC aKTHBIIO HCllOJib3y 10Tnl 
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B ana.m!3C :IIIIOrHMII aBTOpaMu, )l.JI5! aHaJIH3a )l.aHHbiX 113 a)l.pOH-a)l.pOHHbiX B3aHMO­

;.~;ei1CTBHii, ,'1,.'151 n!Ia!mpoBaHHR HOBblX 3KCllCpHMCHTOB no CTpyKType HJKJIOHOB Ha 

~TKOpHTC.lHx n C.,'1AK, U,EPH, <I>EPM11JIAB H coopy*aeMOM KOJJJJaii:.n.epe LHC. 
Pa.1pa6onmBhiii. HOBbii! MCTO)l. KX,ll; anaJIH3a aKTHBHO ncnoJih3yeTc5! )l.Jl51 aua­

clH3a 3KCnCp1IMCIITa.lbHblX )l.aHHbiX. 

OnbiT, npno6peTCHHbiii: BO BpeMa BbiiiOJIHCHHH .n.annoro 3KcnepiiMCHTa na Kpyn­

HOM CnCKTpOMCTpe, WllpOKO HCnOJib3JIOTC51 )l.JI51 npOBC)l.CHII51 ,LI,pyrnx 3KCllcpiiMCH­

TOB (SMC,NMC(CERN),HERMES(DESY) H .n.p.) no CTpyKType MaTepiiH . 

Pe3yJJbTaTbi, no,,yqeHHbiC B .n.aHHOii: pa6oTe, aKTHBHO IICTIOJih3YIOTC51 II IJ.MTIIpy­

IOTCR B Jli!TepaTypc. Bca COBOKYTIHOCTb pe3yJihTaTOB, IIOJIJ'ICHHhiX B )l.HCCCpTa[\U­

OIIIIOii pa6oTe, 51llHJJaCb Ba)KHbiM MaTepiiaJIOM II IIpO)l.OJI)KaCT HCnOJJb30BaTbC51 )l.JJ51 

TCOpCTIIqeCKIIX HCCJIC,LJ,OBaHIIH B 06JJaCTII KBaHTOBOH TCOpiiH CTpOCHll51 MaTepiiii. 

t.{IICJIO CCbiJIOK B JIIITCpaType Ha 11 OQIOBIIbiX pa6oT, BOIIIC,UWIIX B )l.IICCCpTaiJ.IIIO, 
)l.OCTIIrJIO 1040. 

Anpo6au,IIH u ny6JJIIKaiJ.IIII 

Pe3yJihTaTbi, nowe.n.wne B ,LJ,IIccepmu,IIIO, )l.OKJia,LJ,biBaJIUCb H o6cy)K,LJ,aJIIICb na 

nayqHbiX cewmapax 0115.111 II U,EPHa, Ha Me*.n.yHapO,LJ,HbiX KOH¢epeHu;nax: n 

Menene {1979), B qiiKaro (1979), n BoHne (1981), B Jluca6one (1981); na KoH¢e­

peHIJ.IIH no BhiCOKHM 3HepruaM H a.n.epHoii: CTpyKType B ,ll;y6ne (1981 ); Ha CoBe­

IIJ.aHIIII ITO IICCJIC)l.OBaiiH51M B 06JJaCTII pCJI51TIIBHCT<;:KOii: 51,LI,CpHOH ¢H3IIKC B ,ll;y6He 

(1982); Ha Me*.n.ynapo.n.noii: l\on¢epeHIJ.Hil B BepJinne (1986); na Me*.n.yHapo.n.­

Hoii: EnponeilcKoil KoH¢epeHIJ.HII no ¢n3IIKe BbiCOKnx 3Hepmil, Yncana, illBCIJ.IIH 

(1987); Ha 9 Me)K.n.ynapo.n.HoM CeMIIHape no npo6JieMaM ¢H3HKn BbiCOKHx 3Hep­

mii:, ,ll;y6Ha (1988); na Me)K.n.ynapo.z:(HOM ConeiiJ.aHIIHno nporpaMMe IICCJie.n.onanuii 

Ha YHK,"UNK-600"IIpoTBHHO (1994); Ha 27 Me*.n.yHapo.n.Hoii: KoH¢epeHIJ.HII no 

¢II3IIKe BbiCOKnx 3Heprnii:, fJJa3ro (1994); na Me*.n.yHapo,LJ,HOM CIIMn03IIyMe:"DIS 

and QCD", BpiOcceJib (1998); Ha Me*.n.yHapo.n.noM ConeiiJ.aniiiino ¢II3IIKe Bhrco­

KIIX 3Heprnil II KBaHTonoii: TeopnH noJIR, MocKna (2001). 

OcnoBHhie pe3yJihTaThi )l.IIccepTau,nn ony6JinKonaHbi B 30 pa6oTax. 

CTpyKTypa )l.HCCCpTaiJ.IIll. )liiCCCpTaiJ.II5! COCTOHT il3 BBC)l.CHIIH, 11 rJiaB II 3a­

KJIIO'!CHII51. 06bCM TCKCTa )l.IICCCpTaiJ.ilH COCTaBJI51CT 243 CTpaHIIIJ.bl, BKJIIO'laR 131 

pncynoK n 58 m6JIIIU,. CnncoK IJ.IITIIpyeMoii: JIHTepaTyphr cocTOIIT H3 230 nanMe-
HonaHIIil. '· .• 

Co.n.ep)Kanne pa6oTbi 

Bo nne.n.ennii o6ocHOBhiBaeTca aKTYaJihHOCTb n pacKphmaeTca co.n.ep)KaHne Te­

Mhi )l.IICCCpTaiJ.llil, ¢opMyJJIIpJCTC51 OCHOBHa51 IJ.eJib pa60Tbi, ee HOBH3Ha II nay'!HO 
- IIpaKTil'lCCKa51 IJ.CHHOCTb. 

B nepnoii: rJiane KpaTKO npe.n.cTanJiena ¢eHoMenOJiorna rJiy6oKo Heynpyroro 

pacceaHna (rHP) 3ap51)KCHHbiX JienTOHOB Ha HJKJIOHe. IIpe.n.cTaBJieHa KuneMaTHKa 

II Bbipa)Kemw .n.u¢¢epenu.nanbnoro ceqenua rrpou.ecca HHKJII03HBHoro neynpyroro 

paCCC51Hil51 MIOOHOB Ha HYKJIOHax B npn6JIII)KCHHII )l.OMHHHpyiOIIJ.ero O)l.H0¢0TOH­

HOrO 06MeHa, )l.aHo KpaTKOe TCOpeTH'lCCKOC OniiCaHne fHP JICllTOHOB: 

06IIIHM CBOHCTBOM BCex· llHKJII03HBHbiX 3KCnCpilMCHTOB 51BJI51CTC51 HCB031\10)K­

HOCTb B HllX Bbl)l.eJIHTb CpC)l.il MHO)KCCTBa 3JICKTpOCJia6biX peaKIJ.IIH KaHaJI, KOTO-
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pbiH COOTBeTCTBJeT peaKIJ,HH O)l.H0¢0TOHHOrG o6MeHa. qT06bi Bbi'IHCJH!Tb CTpyK­

TypHbiC ¢ynKIJ,HH R(x, Q 2) n F2(x, Q 2) H3 3KcrrepnMeHTaJibiio mMepHel\IOro cP­

'ICHHH 1J HHKJII03HBHOrO rrpOli,CCCa HJ)KHO Bbi)l.CJIHTb ceqenue IJQ O,il,H0¢0TOHJ10f"O 

o6MeHa. )J,JIH 3TOH IJ,CJIH neo6XO)l.UMO H3 na6JIIO)l.aeMOrO ceqe!IU}I a Bbi'ICC"Tb BK.:Ia:l 

BbiCIIIUX ITO KOHCTaHTC 3JICKTpOMarHUTHOrO B3aHMO)l.CHCTlliUI llpOlll'CCOB. B KOJI­

KpeTHbiX pacqeTaX pa.n.uaiJ,HOHHblC rronpaBKII BBO)l.IIJIIICb C IlOMOillbiO ¢ynKUIIII 

8(Eo, X, Q 2 ), orrpe)l.eJICHHOH KaK OTHOIIICHHC HHKJII03HBHOrO CC'ICHUH npouecca II 

CC'ICHHH O)l.H0¢0TOHHOrO o6MeHa. 
<!>yHKIJ,HH 8 Bbl'IHCJIHJiaCb rrporpaMMOil. "TERAD

11
)l.JI51 KaX<)l.OrO BC!llCCTBa, KO-

Topoe IICll0Jib30BaJIOCb B )l.aHHOM 3KCrrepn~eHTC, C TOqHOCTb!O Jiyqmc 1%. 
B )l.HCcepTali,HH rrpe.n.cmnneno orrncanne KnapK- napTonnoil. MO)l.eJm 11 cmrll, 

pacrrpe)l.CJICHHH KBapKOB CO CTpJKTypnoil. ¢JHKIJ,HCH. 0TMf''IaCTC51. 'ITO COllpC~IPJI­
HOH II llOCJIC)l.OBaTeJibHOH TCOpHeii,· OllHCbiBaiO!llCH B3aHli.-!O)l.C'HCTBHC a;J,pOHOB 11<1 

MaJibiX paccTOHHHHX, HBJIHCTCH KBaHTOBaH xpoMO)l.J1HaMHKa (KX,.U). B KXD, npe;t­

rronaraeTCH, 'ITO KBapKH B3aHMO)l.CHCTBJIOT MC)K)l.Y co6oii, o6MeHHBa51Cb 6e3MaC­

COBblMH neKTOpHbiMn·qacTniJ,aMII, Ha3biBaeMbiMH "rmoonaMII
11

• Cuny B3anMo.n.eil.­

CTBIIH orrpe)l.CJIHCT 3¢¢eKTHBHa51 KOHCTaHTa CB5131I a.._, 3q:BIICH!lla51 OT KBa)l.paTa 

rrepe)l.aHnOrO 'ICTblpCXHMllYJibCa Q 2 , qTO aBTOMaTIIqeCKll npiillO)l.llT K napymenmo 

cKeiimmra. Y6bmanne a(Q2)e B03pacTanneM Q
2 

rro3BOJIHeT npn ;"J,OC'raTo~mo 6o:Ih­

IIIHXQ2 HCil0Jib30BaTb TCOpHIO B03MJili,CHllH (nepTyp6aTHBHbiC MCTO)l.bl) IIO aua:IO­

rllll C KBaHTOBOH 3JICKTpO)l.HHaMIIKOH, BblllOJIHllTb pa3JIO)KC!IllC no 3TOMY napaM<'T­

py COOTHOIIIC!Illil., OnHCbJBaiOIUllX · 3BOJIIDIJ,ll!O pa3Jillq!lblX ¢yHKllllH C ll3MCHCllllf.'M 

Q 2 , rrpOBCCTll cpaBHCHllC rrpe,ll.CKa3aHHH 3TOH 3BOJIIOIJ,llll. C 3KCilCpiiMCHTaJibllbiMl1 

)l.a!lllbiMll, B 'laCTIIOCTll, CO CTpyKTypHbiMll ¢yHKll,ll51Mll, ll3MCp51CMbiMll Ha OnbiTf' 

II II3BJIC'lh napaMeTp KX)J,-A nnn {II) a.. · 

Bo nTopoii rm1ne rrpe)l.CTaBJiena rrocmnonKa 3KcrrepnMCHTOB no fHP: onnca­

nne 3KcrrepiiMCHTaJihiiOii ycTaHOBKll - Topon)l.aJihiiOro MarnnTnoro cneKTpOMPT­

pa (MTC), na KOTOpOM 6hiJill BblllOJIHCHbi ll3MepeHll51 CTpyKTJpllhiX ¢ynKIJ,llil. na 

yrnepO)l.HOH, BO)l.OpO)l.HOH ll )l.CHTCpllCBOH MlliiiCHHX; oniiCallllC KaJIII6pOBKll Mai'­

HllTHOrO. llOJI51; H3MepeHHC 3HCpl'CTll'lCCKllX llOTCpb MIOOHOB; oniiCaHIIC MlllliCHCH, 

~Cnb30BaHHbiX B 3KCllCpllMCHTC ll KOHTpOJib pa60Tbi ycTaHOBKll BO BpCMH naKOn-

JICHll51 )l.aHilbiX. 
YcTaHOBKa pa3MCill,aJiaCh na rry'IKC MIOOI!OB cnc UEPH. Tipe;tCTaBJICilbi OCHOB-

HbiC napaMCTpbi MIOOHHOI'O rryqKa, OllllCaHa CllCTeMa ll3MCpCHll51 IIMnJJibCa nepBll'I­

HbiX MIOonon- Tiy'IKOBaH CmniJ,IIH (TIC). BeJIII'IIIHa CIICTeMaTll'ICCKOii norpemno­

CTII B ll3MepeHllll llMllYJibCa nepBll'IHOrG MIOOHa COCTaBJIHJia HC 6onee 0.15%. 
MTC rrpe)l.CTaBJIHJI ll3 ce6H ynnKaJibHJIO ycTaHOBKY )l.JIH ll3Mepelll151 rHP llO 

CaMb!X 60JihlllllX 3HaqeHIIH rrepe)l.aHHh!X qeTbipexnMnyJihCOB, )l.OCTYllllbl )l.JI51 ll3Ml'­

pennil. B 3KcnepnMeHTaX c <PnKciiponaHHhiMll MHIIICH51Mll. Ona cocronT II3 )l.JIIIHHO­

ro TOpOll)l.aJibHOrO MarHHTa C OTBCpCTHCM B IJ,CHTpaJibHOH 'laCTll, l')l.C pacrrOJIO)KCHa 

MIIIIICHb (TBCp)l.blC- )KeJle30, yrJiepo)l.; )KJI)l.KllC- )l.CHTCpiiii, BO)l.OpO)l., a30T IIJIII llX 

KOM6HnaiJ,llll). 0rrHCaH rrpiiHIJ,llll pa60Tbi II CBOHCTBa TOpOH)l.aJibHOrO cneKTpOMeT­

pa. MTC o6na.n.an CJie)l.YIOill.IIMII ocncBHbiMII cnoiicrnaMII: 3¢¢eKTIIBHOCTh 3axna­

Ta paccemiHbiX MIOOHOB na rrepHO)l.IIqecKyJO TpaeKTOpiiiO BHYTPII MariiiiTa 6JIJI3Ka 

K 100%; napaMeTpbl TpaeKTOpiiii paCCC51HHOrO MIOOHa npOCTO II llp51MO Bb!pa)Ka!OT-
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nl B CKCii:IIIIII"OI3hiX lll'pC~I<'IIIIbiX: YIIIIBCpea:IbiiMI laBIICII~IOl"Tb reO~ICTpllqecKIIX 
pa3~1CpOB TO!JOII;!a OT CKeil:IIIIII'OBbiX IICpC'~IC'IIllbiX 06C'CllC'IIIBaCT HC3aBIIC'IUIOC'Tb 

CI'O 3¢¢cKTIIBIIOCrJI OT 3Hepnm na;taiO!llCI'O ny•IKa, 'ITO }!B.l}lf'TC}I Ba)KHbni IIp<'­

II~IYII!CCTBO~I no cpaB!If'IUIIO C Tpa,il,Hll,IIOII!Ibl~lll cneKTpO~ICTpa~m. IUif'IOlllii~III 11 TO­

'IC'IIIYIO ~llllllellb 11
• CIC' yr:IOBaH 3¢¢eKTIIBHOCTb :umeiiHO 3aBIIC'IIT OT IIlllll_\".lbCa 

II~"'!Ka. 

B T<"H'IIIIl' npoBP."l<'IIIIH mT.w;J,onaunil BCD:\IS Ko.-I.la6opauneii 3Kcnepu~It'II­
Ta:Jhmui ynauoBKa :\IarmiTUI>Iil Toj.iou;ya.lbHhlil enPKTpo~wrp (:\ITC)- IDI~:m 
;Ill<' KOHtpm·ypattllll. f1epBMI K011¢m·ypaum1 :\lTCl COCTOH. Ia ILl J<'<"HTII IUC'IITII'I­

IIbiX C_\"IICp~IO;\y.wil. Ka:;.K;!blil 113 KOTOpb!X 511l.l51<'Tnl ca~IOCTOHT<'.lbllhni ~la!'IIIITml 
(puc.l), I!CIIO."Ih:JOBa."I<IC"b ;t.l51 n:nwpemm CTp_YKT~"pllbiX ¢yliKUllil 11a .\T.ll'pO:Il'. 

1 2\/3 4 ----- 1 -----.________ 6 

'~ ~-~~ o o~~- r 
- ... t-- 2751d 

, •. ny•o• . [] ~ _i 
CM I CM2 CM3 CM4 CM~ CM6 CM7 CM8 CM9. CMKl 

------------- ~5 ld--------:-------< 

Puc. 1: C:tc.Nta71!1t'l1!1JI:(t uud cne"Jo:mpo.~>tcmpa /i!TCJ: .1/l ~ 10-cyncp.lt.ody..w: l­

ny•t7S:06'bte zodoc"Jo:on'bt; 2 - :JICC.IU:37t'btil. :J"Jo:]}(l"H; 3- "aurnu?.tvw "cmeua: 4-mpuucjml!l.t' 

c•tern•twm; 5 ~ yz.11epoduaa .Atttweu"b; 6-npa.Moyco.!!"b7t'btc nponopu,uonaJti>Jt'bte "Jo:a.w:­
p'bt. 

BTopMI KomjmrypaiJ,IUI ~ MTC2 (Mo.n.epHH3onaHnaH KOH<lmrypaiJ,nH) nrno.:Ih-

3onanacb upn ua6ope 3KCHepuMCHT'dJibHbiX .n.aHHbiX na H<mopo:uwil. :teiiTPpueBoil. 

a30THoi1 11 x«~JIC:JHoil ~IHIIIeiiHX. Kon¢Hrypall,HH l\ITC2 <".\"llll'<TBPIIIIO pacutupu­

Jm 31p¢eKTIIIIIIOCTb CllCKTpOMCTpa B 06JiaCTH ~IaTJhiX ,\Ti!OII paCCl'51111HI ~110011a II. 

COOTBCTCTBCIIHO, ll 06JI<tCTH MaJibJX 3Uaqennil nepeMCIIHbiX .r II Q2 • 

B pa6oTe npe.n.cTanneno oniicanue TpeKOBbiX .n.eTeK-'ropoB, T!JIUTepnbiX C''lt;T'III­

Kon, ro)l.ocKonon, CHCTeMa 3anycKa u opramnaiJ,nH KOHTponH pa6oTbi ,\TTatiOBKII no 

BpCM51 11a6opa )l.allllb!X. fJiaBHbiM Tpe60Ba!IIICM )l.JI51 CJICTf'Mbi :mnycKa 6bUIO Ofil'C­

neqeniiC O)l.JIIIaKOBbiX yCJIOBnti per1Icrpaunu co6biTIIii no BC<'il ;vmue ~IIIIII<'HII. 

0)l.HOil. 11:3 I'JiallllbiX OC06C!II!Ol:Teii BhiiiOJIHf'IIIIbiX IICC • .TH'J\Oilallllil HB.:HH'T('}I IH"­

IIOJib30BaUJIP nponi}I{CJIHhiX ll.lllmeneii.. TipoT51X,eHHhi<' ~IIIIIIPIIII OU<'CIIC''III:m Jl<'­

KOP)\HYIO CBCTHMOCTb ycTaHOBKII (na yrJIPpO)l.IIOH 1\IH!Ul'IIII l(f15 • ua ;l('ilTt'JliH'BOii 

7 1033 ~2 ~1) * ll f')\. CM CCK . 

)J,ng lf3~1Cpemm a6coJIIOTHbiX ceqemiii (IIJIII CTPYKTYPIII>Ix <l>YIIKI~nil) O'I<'IIh 

Ba)KHO IIML'Tb l\.llllll!MaJibllbiC' norpeiiiHOCTII B KapTe MariiiiTIIOI'O IIO.TJH. Pae•I('Thl 

l!OJIH 6biJIII IIJlOKOIITJ>OJI11pOBallhi II3I1.1Cpelll!HMII .. BPJIII'Illlla IIOI'IJ<'IIIIIOCTII no OTIIO­

lUCIIHIO K pa:!JIIPIIIbiM TO'IKal\.1 KapTbl IIOJIH 6biJia Ol~f'II<'Ila na yponiH•, 1 · 10-:1• a 

TO'IIIOCTb <lUCOJIIOTIIOI\ IIOpMIIJ>OBKII ~ 2 · 10~3 . 
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0.UHIIM II3 rJJaBHbiX 3::Ie!\ICHTOB MTC HBJHieTC.H :iKCJlC3HbiH !\tarmtT, qcpc3 KOTo­

pbiH npOXO,ll.HT TOJibKO !\HOOHbi, a OCTaJibHbiC npo.rr.yKTbl B,3aU:\10,1,CHCTBIIH (3.1CI<Tp0-

Hbl, a.upoHbi, ¢oTOHbi) norJlOII{aiOTCH n :iKC.rie3e. B pa6oTe npe;~,craB..leHbi pe3y:Ib­

TaThi 3KCnCpli:\ICHTaJ1bi!Oro 113MCpCHIIH 3HCpreTI1'ICCKIIX nOTPJ1b :\IIOO!IOB. B IWIIH'­

CTBC npn BbiCOKIIX 311epr11HX li cpaBHCJIHC C pac•reTa:-.m. Y'I!'TIITbll!a!OIIllBIII UK:Ja­

,il.bl OCHOBIIbiX npOUCCCOB Ha 6o.nee COB[JC!\ICHH0!\1 II pa:3BIITO!\I ypOBJIP: TOJHIO'lllOI'O 

H3JIJ'ICHH.H, o6pa3onanHe 3.1CKTpoH-n03IITpOHHhiX nap 11 H;J.cpHbiX uponeccon. PP-

3JJibTaTbi 3KCnCpHMCHTa COOTBCTCTBOBaJIH paC'ICTal\1 nOTCpb 311CJ11'HU B npC.ll,C.'IaX 

1%. 
B TpeTLCii rnane npe,llcTanneuo onHcaHHe npoue.rr.yphl ncpmPmoii o6pa6oTKH 

3KCnepm.!CIITaJ'IbllbiX .n,aHHbiX: [JCKOHCTpyKb,H.H C06LITHii, 01IpC;J.P-1CIIIIC m.my;JLt"a 

paCCC.HIIHOI'O MIOOHa, npC;J.BapHTCJ'IbHOH npOll,C,l._VpLI <JT6opa eo6bJTIIii fHP. 

fCO!\ICTpli'ICCKa.H pCKOHCTp)'Killl.H KaK 3KCIIC[JII:'.ICIITaJihllbiX. TaK II :'.IO;lP."IIIJlO­

BaHHLIX co6LITHii ocylllcCTBJ1.H.1acb c no!ltolllbiO uporpa:-.t:-.JLJ PAT RAC. 9ToT ua­

KCT nporpaMM npOH3BO,llHJI ,llCKO.rJ.HpOBKJ IIH¢0pMall,HII 0 Ka)K;l_O:II C06bJTIIH, pCKOH­

CTpJKll,IIIO TpaCKTOpiiii TpCKa MIOOHa B CnCKTpOMCTpe, Oll[JC,'J.CJICHHC rCOMeTpWIC­

CKHX II KIIHCMaTU'ICCKHX napaMCTpOB paCCC.HHHOrO MIOOHa H Bcero C06biTH.H fHP 

n ue.'Im.L Pa6oTa nporpaMMbi PATRAC npoxO,lliiT CJie~IOJAHC ocHOBHbie 3TanLJ: 

1. feOMCTpH'ICCKa.H peKOHCTpyKIJ,Il.H MIOOHHOJ'O TpeKa B CIJCKTpOMCTpe: IJOCTpOCIIIIP 

CCJ'MCHTa TpCKa, 06bC,'l.HHCHUC CCrMCIITOB B TpCK. 

2. PeKOHCTpyKIJ,Il.H napaMCTpOB MIOOHHOJ'O TpCKa: HMIIJ.'ILCa MIOOIIa H yrna paccc­

.HHII.H. 

3. Knaccii¢HKaiJ,II.H II cCJieKun.a co6LITHii. 

IIoCJie BhiiTOJIHCHH.H 3THX 3Tanon co6LITH.H 3aniiCbiBaiuTc.a Ha JICHTbi cyMMapHLIX 

pe3yJILTaTOB (JICP). Ha JICP TaK:iKe nepenHCbmanacb mi¢opMaiJ,H.H c nepec'IcT­

HbiX CXC!\1 MOIIIITOpHpOBaHH.H MIOOHHOrO llJ'IKa. 

)laJibHCiillla.H o6pa6oTKa IIH¢0pMall,ll.ll., 3alliJ.CaHIIOH Ha JICP, BKJIIO'IaCT rCOMCT­

pll.'ICCKJIO pCKOHCTpJKll,ll.IO TpCKOB B rCKCarOHaJibHbiX KaMepax IICpC,llHCH 'IaCTII 

JCTaHOBKII (npH Ha6ope ,llaHHhiX Ha ,llCiiTepMM, Kou¢1Irypauii.a MTC2) II ananii3 

rD,llOCKOllll'ICCKOii Illl¢0pMall,IIII. 

. qaCTIIIJ,bl a,llpOHHOJ'O Jlll.BH.H B fHP 6biCTpO llOI'JIOIIJ,aiOTC.H B :iKCJIC3C MaJ'HIITa 

II J:iKC 'ICpC3 HCCKOJibKO MCTpOB (rv 2 M) B CllCKTpOMCTpe OCTaeTC.H TOJibKO TpCK 

pacce.HHHoro MIO(ma. Bnaro,llap.a 6oJibiiiOii II36hiTO'IHOCTII Koop,lli!HaTHOii IIH¢op­

Mall,llll (nJIOCKOCTII nponOpll,IIOHaJibllbiX KaMep pacnOJIO:iKCHbl Ha paCCTO.HHIIII 1.2 

M) MIOOIIflbiH TpCK JICrKO pacn03HaeTC.H, 'ITO n03BOJI.HCT C03,llaTb npOCTOH II Ha-

. ,lle:iKHhlii anropll.TM pacn03HaBaHIJ..a MIOonnoro TpeKa nporpaMMHhiM nyTeM. 

PeKoHcrpyKIJ,U.H TpeKa ocyll{ecran.acrc.a n TPII. 3Tana: nocTpoenue cerMCHTa Tpe­

Ka; 06bC,llll.HCllllC CCJ'MCHTOB B TpeK; peKOHCTpJKll,U.H napaMCTpOB paCCC.HHHOrO MIO­

OHa. 

Hanu'IIJ.e CJIO:iKHoro Marnll.THoro nOJI.a u noTepb 3Hepruu npu npOXO:iK,lleHuu 

MIOOIIa B :iKCJIC3C CnCKTpOMCTpa B OCHOBHOM OnpC,llCJI.HIOT OC06CHHOCTU BOCCTaHOB­

JICHU.H KUIICMaTII'ICCKUX napaMCTpOB TOJibKO O,llHOii BTOJlll'IHOH 'IacTUll,bl - BCKTOpa 

- IIMnynLca yacce.ammro MIOOHa P. B 3KcnepnMCHTe ,llJIH peKoHcrpyKIJ,IIII BCKTopa 

I!MnynLca P n nporpaMMe PAT RAG ucnOJib30BaJIC.H MCTO,ll W i71d' a, o6o6lll,eHHLJii 
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,i.WH CJiy'Ia.a, KOr,lla Ba:iKHbi 3HCprCTll.'ICCKUC nOTCpll MIOOHa B :iKCJIC3C TOpOII,llaJib­
HOrO Mai'HIIT"a. 

Pa6ora nporpaMMLI peKOHCTPYKunu 6LIJia npoaepeHa B cneunaJibHOM onbiTe, 

B KOTOpOl\1 ny'IOK MIOOHOB C II3BCCTHOH 3HCprueii BXO,lliiT B :iKCJIC30 Mai'HIITHOro 

cneKTpm!eTpa (Muny.a llnnneHL). IIporpaMMa peKOHCTpyKunu noccTanaanunana 

11:\IllYJibC !\IIOOHa B TO'IKC BXO,lla MIOOHa B TCJIO CllCKTpOMCTpa. Pe3yJihTaTbi peKOH­

CTJlYKUIIII II0Ka3a.'IH Ha HCCMCIIJ.CHHOCTb CpC,llllll.X 3Ha'ICHHii KOOp,llll.HaT II IIMIIYJib­

COB no OTHomemiiO K U3BeCTHbiM napaMcrpaM ny'IKa. IIporpaMMa PAT RAG a 

aBTOMaTn'IecKoM pe:iKHMe ocyiiJ.CCTBJI.aJia KJiaccii¢1IKauiiiO co6LIT1Iii II 3an1Ichmana 

HX C COOTBCTCTBJ!Oill,l!Ml! MCTKaMU Ha JICHTLI CYMMapHhiX pe3yJILTaTOB. B ,lllfCCCp­

T"dll,HII npe,llCTaBJICHo onncanue TIInon co6LITnii, 3aperncTpnpoaaHHLIX yCTaHOBKoii, 

IIX OCHOBIILIC npH3HaKu II npoue.rr.ypa npC,llBapiiTCJihHOrO OT6opa C06b!TIIH. chan 

llJlC,llBapiiTCJILHOrO OT6opa COCTO.HJI B oT6paKOBKC TJlCKOB, PCOMCTpii.H KOTOpLIX HC 

COOTBCTCTByeT Tpe6oBaHII.HM, npC,llb.HB.'I.HCMhiM CIICTCMOii 3anycKa ycTaHOBKII. )lna 
Ka:iK,a:oro C06b!TII.H OCYIIJ.CCTBJI.HJiaCb JlCKOHCTpyKIJ,II.H Tpllrrepa, 3aKJIIO'IaiOIIJ.a.HC.H B 

IIJlOBCpKC COBna,a:eHII.H HOMCpOB TpnrrepHLIX C'ICT'IHKOB, 'ICJlC3 KOTOpbiC npornna 

TpaCKTOJllf.H MIOOHa, C HOMCpaMII C'ICT'IHKOB, CHrHaJILI OT KOTOJlhiX Bbi3BaJIII cpa-
6aTLIBaHHC TpllrrepHb!X CTaHIJ,HH. 

B 'ICTBepToii rnaae npe,llcTaaneHLI: Mcro.n: II3BJIC'ICHII.H CTPYKTypHLix <l>YHKIJ,IIii 

n3 ,llaHHbiX no fHP nenToHoa; MO,llCJI11poaan11e co6LITHii THP; npoue.rr.ypa BLI'IIIC­

JICHH5I aKCCHTauca; MCTO,llHKa 113MCpCHII.H nOTOKa nepBII'IHhiX MIOOHOB . 

B nepno,ll npoae.n;eHIIa 3Kcnep11MeHTa u nony'Ien11.a ,llaHHLix no cTpyKTypnhiM 

<l>YHKIJ,II..H!\1 aBTOpOM COBMCCTHO C KOJIJICraMII.6biJI pa3pa6oTaH 1\ICTO,ll; 113BJIC'ICHll.5! 

C<I>, KOTOJlLiii nony'IIIJI Ha3BaHIIe 
11 ~eTo,a: KoppeKIJ,IIII aKcenTanca 11 • 011 cocTOIIT n 

IITCpaiJ,IIOHHOii nO,llrOHKC pacnpC,ll;CJICHIIii 3aperiiCTp11pOBaHHbiX C06LITIIH MO,llCJIH­
ponaHIICM flO CJIC.llYIOIIJ.Cii CXCMC: 

1. 3a.n;aeTca Bll,ll; 
11
npo6Hoii

11
CTPYKTypHoii ¢YHKIJ,IIII F

2
(x, Q2 ). 

2. MeTO,llOM MouTe-Kapno reHepnpyiOTC.a co6LITII.H c Y'ICTOM yCJIOBIIii BbiiTOJIH.ae­

Moro 3KcnepiiMCHTa. IIpo6na.a CTPYKTy{ma.a <l>YHKIJ,II.a IICnOJIL3ycrc.a ,llJI.H BLI'IIIC­

JICHII5! TCOpCTII'ICCKOrO CC'ICHII.H , KOTOpOMy ,ll;OJI:iKHhl COOTBCTCTBOBaTb pacnpC,llC­

JICHII.H MO,llCJIIIpyeMLIX cooLITIIii. CooTBCTCTBIIe .n:ocTIIraeTc.a IICnOJIL30BaHIICM Me-
TO,lla 

11 
B3BCIIIIIBaHII.H 

11 
C06LITIIH. I' .• 

3. BLI'IIICJI.HeTc.a 
11
a¢¢eKTIIBHLiii aKcenTaHC 11 3KcnepiiMCHTaJILHoii ycTaHOBKII. 

4. BLI'IlfCJiaeTc.a C<I> F2 (x, Q2
) a, Ka:iK,a:oM IIHTepaane ( i, j). IIony'leHHa.H C<I> F

2 
napaMeTpn3ycrc.a 11 onpe,llCJI.HIOTC.H HOBLie BCJIII'IIIHLI napaMeTpon 11 npo611oii 11 C<I>. 

llTepau;IIII npo,llOJI)KaiOTca ,llO ,llOCTII:iKCHII.H xopomero cornacu.H pacnpe,lleJieHIIii co-

6LIT11ii, OTJIU'IH.H B F2 nOCJIC,llHCii II TIJlC,ll;hl.llYIIJ.Cii HTepaiJ,IIII MCHee, 'ICM Ha nOp.H,llOK 

oum6oK onpe,llCJI.HCMbiX CTPYKTYPHLIX <l>YHKIJ,IIii B ,a:aHHOM 3KcnepnMeHTe. 

IIpaKTIIYJecKa.a npoue,zzypa BLI'IIICJICHII.a C<I> 6LIJia ocylll,eCTBJieHa B nporpaMMax 

PLISKA u ANDIS u npe,llcTaaneua B ,llllccepTaiJ,UII. 

Mo,a:CJIIIpoBaHIIe 3KcnepiiMCHTa - na:iKHhlii 3Tan B nony'ICHIIn 3KCnepiiMCHTaJIL­

HLIX ,llaHHLIX no CTPYKTYPHLIM <l>YHKIJ,II.HM. f;mana.a ll,CJIL MO,a:CJiuponaHII.H - BLI­

'IIICJienlle ¢n3u'lecKoii a¢¢eKTIIBHOCTu (aKcenTauca) ycTaHOBKII 11 oripe,llCJICHIIe 

xapaKTCpiiCTIIK CnCKTJlOMCTpa. )lCTaJILHOC J'vlOHTe-Kapno MO,llCJIHpOBaHIIC B 3KC-
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nepHMCHTC BblllOJIHRJIOCb c noMOIIJ;biO nporpaMMbi GEANT. ,!.I,m1 pa3:IWIIIbiX :-m­

meHeii: (yrnepo)l.a, )l.Cii:TepHR) II Ka:lK,ll,Oro ceaHca no Ha6opy )l.allllhiX renepupcma­

nach OT)l.eJibHaR Bbi6opKa MoHTe-Kapno, OTpa:lKaiOrn;aR ycnoBHH ero npoBe..'l,enmL 

)J.JIR MO)l.eJIIIpOBaHliR C06biTIIH fHP HCllOJib30BaJiaCb CJIC)l,yiOIIJ;a}J BXO)l.Ha51 11HcpOp-

1iaUHR: 
1. feOMeTpH'ICCKIIH cpaii:JI, CO)l.Cp:lKaiiJ;HH )l.eTaJibHOC onucanue nOolmKCHll51 l1 pa·J-

MCpOB BCCX Y3JIOB 3KCnCpHMCHTil.JlbHOH yCTaHOBKH. 

2. V!HcpOpMaii;IIR 0 MIOOHHOM llY'lKC. 

3. 9cpcpCKTllBHOCTll Tp!IrrCpHbiX C'leT'lllKOB .. 

4. 9cpcpCKTIIBHOCTII nponopii;HOHaJibHbiX KaMep. 

TaK:lKC B nporpaMMY MO)l.eJillpOBaHHR 6biJIII BBC)l.CHbl )l.aHHbiC, o6rn;uc )l.JlR BCCX CC'-

aHCOB: 
1. ,ll;eTaJibHaR KapTa MarHHTHOrO nOJI51 CllCKTpOMCTpa. 

2. ,ll;aHHb!C 0 llOTCpe 3HCprHU M!OOHOB B pa3JIU'!Hb!X cpe)l.aX. 

3. IIapaMeTpH3aUHR xapaKTepHCTHK a)l.pOHHbiX JIHBHeii:. 

4. OnHcaHHe cpa6aThiBaHH51 )l.CTCKTopos oT J-3JICKTpOHOB, 

o6pa3yiOIIJ;HXCR B)l.OJib TpeKa MIOOHOB. 
~ 

,ll;aJibHCHillaR o6pa60TKa MO)l.CJIHpOBaHHb!X C06biTIIH BbiiiOJIHRCTC51 nporpaMMOH 

PATRAC. 9To o6ecne'lHBaJIO MaKCHMaJihHYIO ll)l.CHTII'lHOCTh peKOHCTPYKUHU u 

yCJIOBUH OT6opa 3KCllCp11MCHTil.JlbHbiX If MO)l.CJIHpOBaHHbiX C06hiTUH. 

IIpH MO)l.enuposanuu noTeph 3Hepnm MIOonaMH B semecTne ycTanosKu s npo­

rpaMMe MonTe-Kapno 6biJI peaJIH30BaH CToxacTH'lCCKHii: xapaKTep ux y•rcTa. Dpu­

Menenue 3TOrO aJirOpliTMa 06CCllC'lllJIO TO'lHOCTb MO)l.CJIHpOBa!IH51 nOTCpb 3HC{JriiH 

MIOOHOB B BCIIJ;CCTBC cneKTpOMCTpa b.E IE < 1%. II pH MO)l.CJIHpOBaHIIU npoXO:lK)l.C­

HIIR M!OOHa qepe3 MllillCHb II :lKCJIC3Hbie )l.IICKH MarHHTHOfO CIICKTpOMCTpa Y'lliThi­

BaJIIICb 3cpcpeKTbi ynpyroro pacceHHIIR n KynonoBCKOM none H)l.ep (MnoroKpaniOc 

KynonoscKoe pacceRnlle). 

,UnR Bhi'lHCJICHIIH Cll> IICIIOJih30Banach CJIC)l.yiOIIJ;aH npouc)l.ypa pac•Iera aKceii­

Tanca cneKTpoMeTpa. Ka:lK)l.OMY renep11posannoMy co6biTIIIO npmmchmacTCH twe 
w(x, Q2 ), KOTOpbiH Bbi'IIICJIRCTCR C llOMOIIJ;blO .ero rencpupOBallllbiX nepCMCHHbiX. 

AKcenTaHC TJ(X, Q2) B )l.aHHOM IIHTepsane (b.x;, b.QJ) onpe)l.CJIHCT~R Bbipa:lKe-

HHCM: 
Wr LrW/?. 

TJ=-=---9, 
W9 I;9 Wn 

(1) 

r)l.e W
9 

- cyMMa secos w~ co6biTIIil., crenepHposannhiX B IIHTepnanc b.x;, b.QJ, a 

Wr - CYMMa BCCOB v•/?. C06biTIIH, o6napy:lKCHllbiX B 3TOM UHTC{JBaJIC IIOCJIC pCKOH­

CTfJYKIJ:llll, i, j - HOM epa IIHTCpBaJIOB. Bbipa:lKCIIIIC )l.JIR Beca CO)l.C{J)KIIT crpyKTyp­

HYIO cpyHKUIIIO F2 (x, Q2), KOTopaH onpe)l.CJIHCTCR n 3KcnepHMCIITC. IIo3TOMy, KaK 

6biJIO CKa3ano Bbime, BBO)l.nJiacb "npo6HaH"crpyKTypnaH cpyHKUUH F2 (x, Q2
). 

B )l.uccepTaiJ:llll npe)l.CTaBJICHbi cpn3H'ICCKIIC xapaKTepHCTIIKII cneKTpoMeTpa, 

nony'leHHbie MO)l.eJIIIposaHIICM co6biTllii: MeTO)l.OM MonTe-Kapno. Pa3pemenne no 

OCHOBHbiM nepeMCHHbiM (x II Q2 ) COCTaBIIJIO: )l.JIR Q2 
OT 5% )l.O 8% B IIHTCpBaJif' 

OT 20 )l.O 300 f3B2 , a )l.JIH X OT 5% )l.O 16% )l.JIH IIHTCpBaJia OT 0.1 )l.O 0.8. 

8 

I3 ':'JTOii 1:1aBe OIIIIC311hl ~lf'TO.J,bl onpPJ!C.1f'llll51 nOTOKa :\IIOOIIOB. B :~KCHCp!L\ICIITP 
IICIIO:Ib30Ba:mcb ..J,Ba IIPJaBIICII~lbiX !IICTO..J,a OHpC..J,C.lC!IIHI IIOTOKa :\IIOOIIOB IIO 113:\ll'­

j>f'lll(}l:\1, Bhi!IO:IIHIP~Ihl~l II_\''IKOBbll\1 fO..'J:OCKOn0:\1 f6. KOTOpblii pacnO.la!<l:ICH IICpP;l 
llepBOii :\IIIIIICIIblO: 

1. 011pC;{C:H'IIIII' J/0 110 OT.J,e.:Jbllbnl 3.1C:\ICHT3:\I rO;IOCKOIIa. 

2. Bbi'IIICH'III!e J/0 110 cy:\I~Iapnmty c•1eTy f6. 

I h:\U'JlPIII151· IIOTOKOB .lB~':\IH :\ll'To;ra:-.m cor.laCOBhiB<Lli!Ch na ypoBHP 1 - 1.59(. 

I3 liHToii I":JaBP IIJll'.l.n-an:IPHbi pe3~".lbTaTbl no 113:\H'prHmo CIJ:> na yr.1rpo.1.noii 

:\IIIIIH'IIll. I3 JW3~'."IhTan• Bhi!IO.'IIH'HIIOro 3Kcnepu:\tCHT"d Ohl."lll no:IY'ICI!hl .l.ilHHhil' npn 

311Ppl"llll m•pnn•mhiX :-.noonou 120. 200 11 280 f38. DepHII'IH<UI umpop:".laJUUI Ohi­

Jia o6pa6oTalla nporpa~!l\IOii peKOIICTPYKUIUI co6biTIIii PAT RAC. B pr3y.1~>Taw 
o6paOOTKII II npe;mapiiTColbHOrO OT6opa .l]aiiHbiX Ha .lCHTbl c.n1~13pllb!X pr3y.lhT<l­

TOB 6hwo 3iliii!GliiO OKOolO 1.5 ~!Jill. co6biTHii: - K3HJin;~aTOB B COOhiTIIH fHP. Bo 

BpC!\1}1 HaKOII:I!'IIIIH '1Kt'lll'J>II!\Il'HTaJibllbiX ~aUHblX .],.151 Ka:lK;~oii rp~·nllbl C06biTIIii. 

:mpl'I'IICT!Jil!JOBallllb1X BO BJ)(':\J}I 0,],1101"0 c6poca ~1100111101"0 11,\''IKa. Ha .. lCP :3ali11Chi­

Il<lJiaCb T<UGK!' llllt}>olHiaiUHI t' llt'JJ!:'C'I!'TIIhiX l'Xl':\1. IIO;[K."IIO'It'llllhiX K l"l>.J.Ot'KOI!a:\1. 

OciiOBIIOii xapaKTt'J>11CTHKoii t'Ta6n:JbiiOl'TII pa6oTbl .\TTaHOBKII }lll:UIPTCH "Bh1XtU 

co6biTHii"fHP: 
11

Bb!XO)! C'OObiT1111 11 = .Vgoodevents/Jfv, 

l".l]C .'Vgoodevents- 'IHCJIO 
11

XOJ>OIUIIX
11

COObiTHii, Jfv- IIOTOK :\1100111101'0 IIY'IKa. "l3b!XO­

.l]hl co6biTIIii"("l ·I ELD") 6b1JIH armpoi<CHMIIponaHhi 3aBHl'II:\IO!'ThiO: l ·I ELD = 
a + b * Nrun If IIOJIY'ICHbl CJIC/I,YIOIIJ:IIC 3Ha'ICHH51 napa~IeTpOB: a = (0.1131 ± 
0.005)-

5
, b = (0.125 ± 0.420)- 9 1~ 3Ha•IeniteM x.2 j DOF = 0.85. 

DoJI)''ICIIIIbie :311a'ICIIIHI napahiCTpoB aHnpoKcnl\IallHII YK<UhlllaloT 11a CTa6n:Ih­

uyio pa6oTy ,VCTaHOBKH llJ>II 11a6ope )~<lllllhiX na ,\'I'.Til'J>!UIIOii :\lllllll'llll. I3 ;!lllTl'pTa­

IUU! Ilj>C,ll,C'I'<lBJICIIbl Kj>HTCJ>IIII ..'I,JIH OKOII'IaTCJ1hiiOI'O OT6opa !'llOhrrm1 fHP. I3 pt•­

:3YJihTaTe OKOII'IaTeJ1hlloro OT6opa .l]JIH Bhi'IHCJICIIHH Cll> 1H'no.:Ih:lOBa.TJocb 680 Thl!". 

C06b!Tl!H B 06JiaCTH 311a'ICHIIH KIIIICMaTl!'ICCKIIX nepl'MCIIHhiX 0.25 < .r < 0.80 II 
25. < Q2 < 280 f3B2 . 

Mo)l.ennponauue 3KcnepHMCHTa 6hrno nhmonueuo n cooTBl'TCTBUu c npoup;~~-­
poii, ouucaunoii Bh1IUP. -lnH Ka)K)l.Oii 113 Tpex 3H!'pruii ObiJIO t'l"l'IIPpllpoBauo 3.5* 106 

co6biTlliL HcnoJibJ.VH HapaMeTpbi prKomTpyuponaHIIhiX 11 n'IU'J>Hponai!HhiX co6J.J­

THil., 6biJia Bbi'IIIC.JICIIa :~cpcpCKTIIBIIOCTh CHCKTpmieTpa K t'OOhiTII}I:\1 fHP. TIIIIII'I­

IIOC 3Ha'ICIIIIC 3ci>cpCKTIIBIIOCTII -75%. IJdene II3BJIC'lCIIInl CTJ>YKT,\'j>IIh1X tl>yHKI[IIii 

II IIX llapaMeTpii3aiJ:UII, 6b1JIII IIOJIY'ICiibJ pa3JIII'lllhle fCO!\ICTJlll'll'CKIIC II KIIIIP~JaTII­
'lCCKlle pacnpe)l.r..JieHH51 MO,ll,enupoaannh!x co6uTnii c Y'IeTOl\1 napal\uvrpon anpoK­

CIIMan;mt Cll>. Mo;~enuponamlhle pacnpe)l.enemm cpaBHIIBa.Jillrb l' cooTne1TTny1o­

m;nMn pacnpe;~e..JicmmMn :~Kcnepnl\leHTa.Jihllh!X co6hiTnii. OIWHKa cm::~aem1 Ohi:Ia 

C.!l,CJialla C 11CnOJib30BaiiHCM npOCTOro COOTHOIIICIIIUI: J = ( (l ;
11 

- l ;.)j ~c.rp) )2. l:"ll' 

l ~" ~~-MO)~CJIIIpOBaHJH,Je II 3KC11Ppl!MCIITa.llbllbie 3Ha'll'IIIUI 11!'pl'~1('1IIIh1X, COOTII('T­

CTBCIIIIO, a b.cxp - cTaTIIC'TII'ICei<aH oum6Ka. Cpe..'I,Hee 3Ha'I\'HIIP BP:m•mHbl t5 ;vn1 

Ka)K)l,oro pacnpC)l.PJICIIII51 paBHHJIOCh 1.4. 
,ll;nH II3BJieqemm Cll> 6blJia ncnOJih30BaHa npou,e,u,ypa pa;~II<lUIIOIIHh!X noHpa­

noK. 3na'Iemm Cll> F2 (x, Q2
) 6h!JIII onpe)l.r..Jiellbi )l.JIH Ka)KJ~OI1 113 Tpex 311Ppmii 

I!TepaiJ:HOIIIlhlM CIIOC060M HOC..Jlf' lmppl'KlVICii Ha t}JaKTOp Ka.nHflpomm hapTbl ~1<\1"­
IIHTI!Ol"O noJIH ( n JVH:epnu~nn npHBeN'Hhl ·m6JIIIl~hi Cll>). IIeno.:n.:lyH ;~aHHhll' F~· 
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npn Tpex 3ueprnax nepmPmoro Mroona, 6bwa U::lBJie<teua C'rp~xrypuaa q)yHKlUni 
R = aLfay. Onpe.:re.11IB oruocure.lhHbie uopMupOBKII :-.u•:rK;ty :laHHhnlll np11 
pa3•1n'!HbiX 3nepruax, 6bi.10 c.:re.1ano ux o6'be.:runennt•. JW".l.\".lbT<IThi KOToporo npo­

e,J.CTilB•leHhl na puc. 2. 

q 
X 

.: 

-I 
10 

I0-2 

10. 

• - 0.275 

• • OJ5> 

• - 045 

• - 0.55 

• - 065 

• & {' 75 

......... 
..... 

• • • • • • • • .J 

..... 
••••••••• t 

............... 
• + 

• ~ 

...... ...... 
• • + + f 

•••••••• 
••• + + 

+ + t t 
102 

0 2 (Gev') 

Puc. 2: Cmpy-x:mypH.tte rfiyH.-x:u,uu F2 H.a yz.ILepoae. 06BeauH.eH.ue :mepzuit. 

B .n.nccepraiJ,un npe.n.craBneHhi pe3ynhTaThi napaMerpn3au,nn C<D. TiapaMerpn­
;3aiJ,na cnpaBe.n,,lnBa B o6nacrn KnneMaruqecKnx nepeMeHHhiX 113MepeHHhJX B 3KC­

nepnMeHre. 
B 3TOT :rKe nepilo.n. BpeMenn, Kor.n.a 6bWII BbiiionHeHhi II3Mepenna C<D na yrnepo­

.n.e, BFP n EMC Konna6opaiJ,UHMII 6hrmr BhmonneHhi II3Mepenna C<D na :rKene3Hoii 
MIIIIIenu B nyqKax MIOOHOB. Pe3ynhTaThi cpaBnenua npe.n,craBnenhi B .n,IIcceprau,nn. 
l'b cpaBnemm Haiiiux .n,aHHhiX c EMG 6hw c.n,enan o.n,H03Ha'!Hhiii Bh!BO,II., 'ITO 
EMC .n,aimhie ne cornacyroTca c .n.anHhiMII BGDMS. Ecnii yqecrh, qTo ;l.anHhie 
BFP Konna6opali,IIII uMe!OT ncpe.n,HeM cncreMaTn'!ecKne oum6KII Ha ypoBne 4%, 
TO cne.n.yer Bhmo.n., 'ITO B npe.n.enax 3KcnepiiMeHTa.TihHhiX oum6oK .n,aHHhre BF p II 
naum .n,aHHhie cornacyroTca Me:rK.n.y co6oii. Konna6opa11,na CCFR nonyqnna 3KC-

'i 
I 

nepnl\Ienrd..'JhJibie ,.'J;aHHbie no C<D Ha :rKene3e, ncnonh3ya BhiCOKo 3HepreTII'!Hhrii 
neiiTpiiiiiibiii ny•IOK B Jla6opaTopnn IIM.<'DepMu. Hamn .n,aHHhre 11a yrnepo.n,e xopo­
IIIO CornacyJOTCH C 3TIIMII .n,aHHhlMII. 

Tiony•IeHHhie 3KcnepnMeHTanhHbie .n,aHHhie no C<D 11a yrnepo.n.e B o6nacTu 6onh­
IIIIIX 3lla'!eHJiii nepe.MeHHOU Q2 OCTa!OTCH YHIIKMhHh!Mll B HaCTOHIII,ee BpeMa, OIIII 
aKTIIBHO HCnOJih3YIOTCH II IJ,IITilpyiOTCH B JlllTepaType. 

B mecToii r.laBe npe.n,craBneHbi pe3ynhTaThi no Il3MepeHIIIO C<D na .n,eiiTepne­
Boii l\mmeuu. 8KcnepHMeHT no 113yqemi10 CTPYKTypnhrx ¢YHKIJ,nii na .n,eiiTepHn 
llpOBO,!I.UJIC51 Ha llY'!Ke llOJIO:rKilTeJihHO 3apa:rKeHHhiX MIOOHOB np11 Tpex 3Ha'!eHilHX 
:mepruii nepBH<tHoro nyqKa MIOOHOB 120, 200 u 280 f3B na ycraHOBKe TMC2. 06-
pa6oTKa nepBU'IHOll HH<flopMaiJ,Uil fihlna BhiiiMHeHa nporpaMMOU peKOHCTpyKIJ,llll 
PAT RAG, Mo.n.epHI13upoBannoii .n.na o6pa6oTKil .n.annhiX, nonyqennhrx B Kon¢u­
rypaiJ,Ilii cneKTpoMerpa TMC2. Tiocne o6pa6oTKil co6hiTilii nporpaMMoii PAT RAG 
Hn¢opMaiJ,ua 3amicbmanach B onpe.n.enenii:oM ¢opMaTe na neHThi cyMMapnhiX pe-
3YJihTaTOB (JlCP) . 

B 3KcnepHMeHTe Ha .n.eiiTepiieBoii Mllmenll cyMMapnaa CTaTHCTHKa - KaH.n,Il.n.a­
TOB B fHP- COCTaBiwa 1145 Th!CH'I C06bJTJill . 

Tip11 o6pa6oTKe .n.anHhiX Ha .n.eiiTeplleBoii MllllieHH .n.na nyqmero OT6opa co-
6hiTilii fHP IlCIIOJib30BMaCb IlH<flopMaiJ,IIH (upocrpaHCTBeHHaa 11 BpeMeHHaa) CO 
Cli,IlHTIInnaiJ,nonHhiX ro.n.ocKonoB TIC (ny'!KOBoii CTaHIJ,II), f6II f7. ,ll,na cylll,eCTBeH­
noro yMeHhllieHilH HeO)l,H03Ha'!HOCTil B onpe.n,eneHilii fHP MIOOHa npii o6pa60TKe 
,.');aHHhiX ncnonh30Banca Mero.n. K"oppenaiJ,Illl BpeMeHHOii lllf¢opMaiJ,Illl ro.n,ocKOnll­
<tecKoii CIICTeMhi II TpurrepHhiX C'leT'!IIKOB. I1cnonh30Banue 3Toro MeTo.n,a II03BO­
nnno no.n.aBnTh ¢on u CHu3nTh Heo.n,H03Ha'!HOCTh .n.o ypoBna nyqme 2%. 

KaK 11 B cnyqae aHanH3a .n.aHHhiX mi. yrnepo.n.e, 6hwn npoaHanll3npoBaHhi 11Bhi­
xo.n,hi11co6biTnii B 3aBnCIIMOCTn oT HOMepa paHa. Pe3ynhTaThi aHann3a npo.n,eMoH­

crpnpoBann cra6nnhHYIO pa6oTy ycraHOBKil BO BpeMa Ha6opa .n,aHHhiX Ha .n,eiiTe­
pueBoii MIIllieHII. 

B ,II.IICCepTali,IIII OniiCaHbl OKOH'!aTeJibHhie KpnTepnu OT6opa C06hiTIIii fHP .n,na 
Bbl'IIICfleHJia CTpyKTypHhiX <flyHKIJ,IIH II npnBe)l,eHbi Ta6JIIliJ,hl KllHeMaTII'!eCKilX ycno­
Bllll II CTaTilCTIIKII nocne OKOH'IaTenhHOrO OT6opa C06biTIIll. B pe3yJihTaTe OKOH'Ia­
TeJihHOrO OT6opa co6biTnii .n.na Bhl'lncneHua C<D Ha .n,eiiTepiin 6hino IIcnonh30BaHo 
883 Th!C. C06biTIIll. (' .• 

OcHOBHhiM ¢onoM npii na6ope .n.annhiX na .n,eiiTepueBoii MIImenii 6hlnu co6hr­
Tila, o6pa3yiOIII,IleCH B pe3yJihTaTe B3aiiMO,II.eiiCTBIIH MIOOHOB B TOpiJ,eBbiX CTeHKax 
cocy.n,oB .n,eiiTepiieBoii MIIIIJeHII. ,ll,mr IICKJIIO'!eHIIa 3Toro ¢ona 6hiJIIl npoBe.n,enhi 
CIIeiJ,IIMhHhie ceaHChl no 06Jiy'!eHIIIO 11nyCThiX 11MIIllieHeii MIOOHaMII npu BCeX TeX 

:rKe caMhiX ycnoBIIax, KaK na 3anonnennhrx .n,eiiTepueM MIImenax. CyMMapHhie 
nonpaBKII na nycrym MIIIIIenh pa3JIH'!aiOTCa .n.na "Cran.n,apTnoii"u "<Dponranh­
noii"qacreii cneKTpOMeTpa II npiiBe.n,enbi B .n.nccepTaiJ,IIII. Bbi'!liTaHIIe ¢ona OT 
11
uycroii

11
MIIiiieHII BhiiiMIIHJIOCh B npOIJ,e.n.ype li3BJie'!eHHH CTpyKrypHhiX <flyHKIJ,II.ii 

- B KafK,II.OM JIHTepBaneno XII Q2• 

Mo.n,enllpoBaniie co6hrTIIii B 3KcnepiiMenTe iia .n,eiiTepiiii Bhmonnanoch c no.Mo­
lll,hiO nporpaMMhi GEANT. CraTuCTIIKa renepupoBannhrx II peKoncTpynpoBannhix 
co6hiTII.ii npe.n,craBJreH<i. B .n.irccepra~IIII II cocraBnaer ne Menee 2.5 MJIH. renepu-



poBaHHhiX co6hiTIIii. ,LI;JIH Ka.lK,LI;Oil 3Hepriiii. 9¢¢eKTIIBHOCTh ycrdHOBKII Bhi'IHC­

JIHJiaCh C IICll0Jih30BaHIICM napaMeTpOB I'CHCpiipOBaHHhiX II peKOHCTpynpOBaiiHhiX 

co6hiTIIH. TIInii'lHOe 3Ha'fCHIIe 3¢¢eKTIIBHOCTII Ha ypoBHe 75%. TioCJie Bhi'llle.w­

HIIH cTpyKTYPHhiX ¢ynKu;IIil 11 IIX napaMeTp113aU:IIII ¢YHKU:neil !\to.ac_rmpoBaHHL>H' 

co6biTIIH 6hiJIH B3BCIIICHhl COOTBeTCTBCHHO C BCCOM ITO 3TOii rrapa!\l!'Tpii:JaU:IIII II 

IIOJIY'lCHhl pa3JIIl'!HhiC I'COMCTpii'ICCKIIC II KIIHCMaTII'lCCKIIP pacnpe;rC.'IeHl!H ·nux 

co6hiTIIil. KaK II B CJiyqae c ,LI;aHHhiMII na YI'Jiepo,LI;noii MHIIICIHI, e:rc:JaHa KO:III­

qecTBCHHaH OIJ;CHKa COI'JiaCHH MC.lK,LI;y MO,LI;CJIIIpOBaHHhiMll If ·~KCHCp11MCH1<L:lhiiL>nlll 

co6hlTIIHMII. Cpe,LI;nee 3Ha'!eHnH BcJIII'liiHhi o = 1.5. 
CTpyKTypHbie ¢ynKIJ;IIII na ,LI;eiiTepnii QbiJIII II3BJie'leHhi B cooTBCTCTBilll c npo-

u;e,LI;ypoii, OIIIICaHHOll BhllllC. 

)],JIH II3BJie'leHIIH CTPYKTypnhiX ¢ynKIJ;IIi1 6hiJia npiiMem•na 11pou:e;zypa paJlH­

au;uo!lnhiX nonpaBOK (PTI). Pa,LI;naiJ;IIOHHhiC rrorrpaBKII B BHJIP 4JYIIKUIIH 6(x. Q') 
6hiJIII Bhl'llfCJICHhl C TO'lHOCThlO JIY'IIIIC 1%. 

3Ha'!eHIIH CTPYKTYPHhiX ¢ynKu;ni1 F2 na ,LI;eiiTepiin 6hiJIH onpc;w:Icllbi ;t.;JH TpPx 

3Ha'lCHIIH3HCpi'IIII rrepBII'lHOI'O MlOOHa OT,LI;CJihHO ,LI;JIH 
11

¢pOHTa.JibHOH
11

II 
11

CTaH)IapT­

HOH11'laCTCH CIICKTpOMCTpa C IICll0Jih30BaHIICM BOCbMII IITCpa!!lfH. 

IlOCJIC IIpOIJ;C,LI;ypbl 06hC,Li;IIHCHIIH ,LI;aHHhlX 
11 

¢pOHTa.JlhHOif'
1 
H 

11 
CTaH,LI;apTHOH 

11 

qacTeil ycTaHOBKII rroJiy'leHhi C<D ,LI;JIH Tpex 3Ha'leHIIi1 3Hepruu E0 = 120 E0 = 200 
u Eo = 280 f3B, KOTOpbre rrpe,LI;CTaBJicHhi na puc 3. 
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x=0.18 (•2) 

. ~ -0.225 0 O 0 0 0 0 0: f ~ + • f 0 It X (•1.5) 

~ . • 6 • + =0.275 
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100 0 , (Gev') 

~ 

0 
.i. ..:: x=0.35•"•o"•• '""""•*••• 0 o 

x=0.45ooooo o o 'l'lt!"$t•: ~ + 
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x•0.5~~ooooh,ff~~~~\l ~ 
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,I 
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·'111/il/n 
1 1 

,I 
100 Q' (GeV') 

. . 
Puc. 3: Cmpy'lilllyp'H.'bte ifiY'H."'U,uu F2 11.a aeii.mepuu npu anepzuu 120, 200, 280 F:JB. 

ITpuHI!MaH BO BHUMarme, 'ITO TMC KpyrrnaH 3KcrrepiiMcHTa.JihHa~l ycTaHOBKa, 

o6Jia,LI;alOIII,aH 6oJihiiiiiM Mai'HIITOM, 11 KpyrrHhiMII ,LI;eTeKTopaMII, 6biJIO DhinOJIHPIIO 

H3Y'leHue · ycT~il'lnBOCTII rroJiy'leHHhiX pe3yJihTa.TOB. Bee KCHITpOJibHLie npoBepKn 
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11e :1am1 l'.\'lllCCTB('IIIIhiX cumro11 ;~;:m I!313.1PKae!\lbiX C<D ua ;J;PiiTepJm (B rrpe;~;P.lax 
1\11';). ,ZJ;151 Hil.1t')J·\I!Oro IIO.:I_\''IPII115! ;(HHHblX llO CTJl.\'KTYJlllbl:\1 <fJyHKIUIH:\1 Ha ;J;t'ilTe­

IJIIIl II pa:\IKilX KO:uafiopa!UIII ('TP.\'KT_\'j>llbiC cp_\'HKIUIII Bbi'IIIC.-IH.111Cb ;lB~<:\151 pa'JHLI­

:\!11 ~>IPTO,'la.\111 11 IIJ>OI'J><HI.\IH.\!11 (CaK.w 11 Jy6Hbl). PP3~·.:thT<lThl 61>un cor.1aconaHLI 

13 llj>e,J,e.:tax O.:it;{. l3hiii0.111PI!IIL1ii ai!H:Ill3 CT'd.1 XOpOIIlPii lllJOBCpKOii Ha;(E')KHOCTII 
IIO.TI_\''ICIIIIblX pe3y:tbTaTOII. 

IlciiOJIL3_\'H 110.1.\"ll'llllhH' C<D ,'J,eiiTpoHa np11 Tpex 'llla<IeHnHx 3Hepnm rrepnii•I-

1101'0 n~"IKa. onpe;~;P.lf'Ha C<D R B Ka.lK;(Ollt IIHTepBa.1e nepe.\IPHoii :r. rrone;~;PHI!P 
KoTopoii couacyen·~t c npe,1cKa:JamiH~UI KX,Q. 

C;w..;1a11o cpamw11ne ;~;amlhiX .·~.151 Tpex 3Heprnii 120. 200 11 280 f3B. 110.1_\''If'llhi 

IIOj).\IIIJlOBO'IIlhiP .\1110)1(111'('.111 (KOTOpb!(' OKa:JaliiCL B 11pP;(P.1HX 1CJt) II BblliO:IIIPIIO 
11x o6·be;rniH'IIlll'. 

I3 ;111CC'epTa!UIII ;(P.\IOHC'TpllpyeTCH cpaBHE'lllle !laiiiiiX ;J;aHIIhiX C pP3_\':IbT.lTa:\III. 

II0•1Y'IE'IIllhl.\lll SLAC' u E665. Pe3y:IhTdTbl 3TUX 1!3.\Iepeunii xopowo cor.lac~·toT­
CH c Haum~m ;-~;aHIIhll\111. I3 J1nccepTauuu TaK.lKe npe;rcTaBJ1CIIO cpanneHue naiiiiiX 

;~;aHHhiX c pc'3_\'Jih1<1Tallm EMC, KOTOJlLIP n o6nacTn :O.Ia,1hlx 311H'IeHnii llepP.\tPuoil 
:1: lie COI'.TiaC_v!OTnl C H<lllllllllll ;J;aHIIbi:\IH. 

CTpyKT.\'J>IIhiP <1).\'IIKI~llll 11a .c~;eiiTPpuu, IIO.'I_\''IPIIHhiC' 11 ·~T0:\1 ·~Kcm'J>li.\I!'HH' 11 

06JiaCTII 60.i!hllii!X :l!Hl'IC'III!H IICpPlii('IIIIOH Q2 ( ;(0 230 f3I32 ). Ol"I<IIOTCH C'<Hibl.\111 

TO'IHhl!\111 II ,\'lllll..:a:Jbllbllllll ,1Clllllbllllll ll MII}JI', 0111! llllllJOKO II!'IIO:II>l.\'l!l'l'nl pa:lllhnlll 
ai3TOJlal\ll!. 

B CC.:Jh!\Ioil I'Jial3e npe,LI;eTaBJICIIhi: aHa.1u3 C<D, no.Tiy'I'eflllhiX 11a no;ropo.1uoii 11 

JJ:ei-iTepJieBoii llll!IIIelmx; pe3yJibTaTbi H3BJIC'lemtH OTHOWf'IIIIH F~' IFf lr pa3uocTn 

Ff- F2n; nponep1m 11pamwa cyMM t'oTT<l>pn,LI;a; pe3yJihTitTbt 110 113!\Iepellmo acmi­
MeTpun 1\IOpCKIIX I<BapKOB. 

KoJIJra6opau:mi BCD AI S II3Mepnna C<D Ha llpOTOH!' 11 ;J.PiiT<'pmt. I kllo:u,:J.nl 

3TH )J:ai!IIhiC 11a npoTouax n .aeiiTponax 6biJIH n:m.:re•renhl: OTHOIIIPIIIH' FJ.' IFf n pa:J­

nocTb Ff- Rj'. ,Ll,JIH Y'IeTa 3cp¢eKTOB, CBH3aHIIbiX c <Depl\11! ;1B!I)K<'Hilei\I. ncno:Jh3o­

Ba.JII! ITap!DKCKYlO BOJIHOByro cpyHKIJ;mo n rrpou;e,LI;ypy :rJIH Bbi'IIlC.'H'IIIIH Kopp<'KU:Illl 

II3 pa6oTbl <Dpam<¢yp-ra 11 CTpHKMaua. Ha pnc. 4 rroKa'lano 3TO OTHOWPHIIE' 13 3a­

nucnMOCTII OT Q2 
,Li;JIH pa3JIH'IIIb!X llHTCpBa.JIOB llO X. 

B npelleJiax :~KcnepnMeHTrlJ!bllbiX qwn6oK ne na6mo,'J,m'Tl'H 3al\IeTHaH 3annci!­

MOCTh OTIIO!IJeiiiHI F2n IFf OT Q2
. IT.oJI.);'ICIIHble pe:Jy:Ii:·raThi HaX0.'1HTCH B xopOIIH':\1 

COI'Jiaclm c O.lKH,LI;atlllel\1 1n rrcpTpy6aTJmno1i KX,l],. ;:J:.iiH OilPIIKII Q2 :mnncmw­

CTH OTHomeimH F?_'l Ff 6biJIH 13bl'lllCJICHhl Jna•wmui JIOr<lpiHl>MII'I<'cHx 11pH:mo;~;HhiX 
dln(F?_'IFf}ldlnQ2

, ll3 11013C,LI;CIIIIH KOTOpblX CJie,LI;OB<lJIO, 'ITO ll npP;ll'.'IaX 3KCIIl'IJI!­

MCIITa.JJbUbiX llO!'pCIIIIIOCTefi Q2 
3aBHCIIMOCTb HC na6JIJO}~aeTnl. 

B paMKax rmapK - napTOHHoii MO,LI;CJIII oTnowemte F?_' IFf 1\tO)IWO npe,J,CTai31!Th 

KaK oTnomeiine cpyHKIJ;Hii paciipe,LI;CJicHnii KBapKOB n nyK.JIOIIP. B o6.:racTII 6o:u.­

mnx 31Ia'IC1111ii IIC}JCMCIIHOH X (x > 0.30): 

FN Ff = (1 + 4dfu)l(4 +diu), 

I')J:C 'U II d- q>yHK(\1111 pacnpe)J:eJICIIIIH "!tp" II "down" KBapKOB ll HpOTOIIe. 9Kc­

IIepliMCIITa.JJhllbiC 3Ha'!eHnH OTIIomemtH F!j f FJ xopomo Olllll'hiBaiOTCH napalln'T-
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PI!C. 4: Omuoweuue Cl]J p2n I F.{, U38Jte"te'H'H'b£X U3 aa'H'H'bLX ua eoaopoae u aeume­
puu. 

pr13au.uefi : 

P(x) = 1 - 1.85x + 2.45x2
- 2.35x3 + x4

. (2) 

fiOJiy•wnnoe none.n;enue OTnornenuH Ff IFf npu x "' 1 yKa3hiBaeT naTo, qTo 3naqe­
nue ero naxo.n;uTCH HH)Ke npe.n;cKa3anufi nauniiofi KBapK - napTonnofi MO,ll;eJiu, T.e. 
npu 60JihlliHX 3naqeHU5IX U KBapK B UpOTOHe 3naquTeJihHO ,li;OMHHHpyeT. ::ho 6h!JIO 

o6napy)KeHo TaK)Ke B nefiTpHHHhiX 3KCnepuMeHTaX. B .n;uKnapKonofi Mo.n;enu OTHD­
rnenue Ff IFf ,li;OJI)KHO na.n;aTh cyru.ecTnenno CKopee c yneJiuqenueM nepeMennofi x 
npu BhiCOKux 3naqenuHx Q2. Hanm .n;aHHhie ne npoTunopeqai TaKOMY none.n;enmo 
B npe.n;enax 3KcnepuMenTaJihHhiX ornu6oK. Mhi cpaBHHJIH narnu pe3yJihTitTbi no 
II3Mepenmo OTHornenuH c .n;anHhiMH SLAG- KOJIJia6opau.uefi u N .MC- KOJIJia6o­
pau.uu. B npe.n;enax 3KcnepuMenTaJihHhiX ornu6oK na6mo.n;aeTC5l xopornee corJiacue 
Me)K,ll;y .n;aHHbiMU. 

Ha puc. 5 npe.n;CTanJiena C<I> Ff-n KaK cPYHKIJ.HH OT nepeMeHHOfi x. 
I1cnOJih3YH .n;annhie no C<I> Ff - Ff 6biJia c.n;e.nana nponepKa npanuJia cyMM 
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Pile. 5: Pa31WCrnb ccp FJ - p2n' U38Jte"teU'Ha.!! U3 aau'lt'bLX ua 6oaopoauoil u aeume­
pue6oil MUUte'H.!!X . 

foTTcl>pu.n;a: 

f ll 111 211 -Scu = -3 dx(uv(x)- dv(x))-- dx(il(x)- d(x)), 
0 • 3 0 (3) 

a B npe.n;noJimKenuu, qTo JierKue MopcKue KBapKu o6Jia.n;aiOT CHMMeTpuefi no apo-
. sfull- 1 MaTy. G - :J 

)J.JIH nponepKu npanuJia cyMM foTTcl>pu.n;a 6hiJI BbJquCJieH HHTerpan : 

Sc = fo.s dx (Ff(x)- p2n(x)) = 0.197 ± 0.006 ± 0.036. 
lo.o6 x (4) 

C yqeToM m~enKu BKJia.n;a oT neu3MepHeMofi o6JiacTu, noJiyqennofi u3 N M C .n;an-,. 
Hb!X1 IIOJIHaH BeJiuquna HHTerpana COCTaBHJia: . ·"Sc = 0.261 ± 0.047 

1 
r.n;e 

B OIIIU6Ky BXO,lJ;HT CTaTHCTuqecKaH ll CHCTeMaTuqecKaH OIIIU6Ku 3KCrrepuMeHTaJib­
HhiX .n;aHHbiX u tieonpe.n;eJiennoCTb, CBH3annaH c 3KCTpanoJIHIJ.uefi C<I> K 3HaqenuiO 

x = 0. 3naqenue noJinoro HHTerpana Hlf)Ke 3naqenuH, npe.n;cKa3hiBaeMoro npanu­
JIOM CYMM, O,li;HOKO HeJib35I C,ll;eJiaTb O,lJ;H03Haqnhifi Bh!BO,ll; 0 napyrneHUU npaBUJia 

cyMM foTTcl>pu.n;a ( TOJibKO 1.5a OTJiuque OT npe.n;cKa3anuit 3Toro npaBuJia cyMM). 
Cneu.naJibHbiH 3KCnepuMenT, BhiiiOJIHeHHhifi rpynnoit N MC, no.n;Tnep.n;uJI narn pe-
3YJihTaT c cyru.ecTnenno Jiyqrnefi ornu6Koit u OTJiuqueM OT npe.n;cKa3anuit na 5a. 
IJ03TOMy 6biJIO o6pai-IJ.eHO BHHManue Ha BTOpOe CJiaraeMOe B COOTHOIIIenuu (3) H 
B CJiyqae HepaBeHCTBa ero 0, rrpe,lJ;IIOJIO)KeHue 0 CliMMeTpHll MOpCKUX KBapKOB He 
nepno. 

8KcnepuMenT HERMES H3MepuJI acuMMeTpuiO MopcKux KBapK~B 1 ucrrOJih3YH 
OTHOIIIeHUe r(x, z) - pa3HOCTH 11BhiXO,li;OB1 3apH)KeHHhiX nUOHOB ll3 IIpOTOHHOfi H 
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,ll.CiiTpOHHOll MHIIICHeii B npou;ecce IIOJIYHHKJII03HBHOrO fHP JJellTOHOB. B rrpC;l,IIO­

JIQ)!{CHlUI II30TOIJIIqecKOll CIIMMeTpHII II HHBapnaHTHOCTII 3apa,!l;OBOrO COIIpa)KCIIIIH 

OTHOIIICHIIC r(x, z) qyBCTBHTCJibHbl K aCIIMMCTpllll MOpCKHX KBapKOB II, H3MCpiiB 

ee, MO:>KHO OllpC,!l;CJillTb pa3HOCTb d(x))- u(x) KaK ¢YHKIJIIIO rrepeMCHHOll X H OUf'­

HUTb BTopoe c.naraeMoe B HHTerpane (3). 

B .n.nccepTau;nH npe.n.cTaBJICHO onucauue 3KcrrepuMeuTa no 1n~wpenmo annt­

MeTpHH JICrKIIX MopcKnx KBapKOB, BhiTIOJIHCHHOM Ha yeTaHOBKe HER..:.IES. pac-no­

JIO)KCHHOii B BOCTO'IHOM 3aJie KOJIJiaii.n;epa HERA. YcTanoBKa- Tllnll'tHbtil cneKTpu­

MeTp- COCTOIIT II3 : BHyTpCHHCll IIOJIHpli30BaHHOii MHIIICHH, :l.tai'IIIITIIOI'O CIICKTpo­

MCTpa U nyqKOBOrO ITOJIHpHMCTpa. fJiaBHaH • .OC06CHHOCTb yC'raiiOilKII - :no IICIIOJib-

308aHIIC BHJTpCHHCll ra30BOH MIIIIICHII, qTQ o6eCIIC'II!BaCT Bb!COKYIO CBCTII:I.IOCTb 

:3KCITCpliMCHTa; IIIIIpOKafl arrrrepTypa CIICKTpOMCTpa, 'ITO II03BOJiaCT !\!Cp11Tb ll0•1.V­

IIHKJII03IIBHbJe rrpOJJ;CCChi; HaJIH'IIIC ,ll;CTCKTOpOB H,li;CHTH4;>11Kal~IHI 'laCTIIL~, KOTOpbH' 

'xopOIIIO OT,ll.CJIHIOT JICIITOHbl OT a,ll.pOHOB ( JIY'IIIIC 1%) 11 IIHOHbl OT 6o.1CP T5DK('.'Ih!X 

a,ll.pOHOB. 

,Il.JI51 H3MCpCHH51 aCHMMCTpHH JICrKHX MOpCKIIX KBapKOB IICIIOJ!h30Ba:JIICh 3KCII!'­

pHMCHTaJibHb!C ,ll.aHHbiC ITOJIY'ICHHbiC Ha BO,ll.OpO,ll.HOii II ,ll;CllTCpHCBOH MHIIICHHX. 8 
,!1.11CCCpTall;IIH rrpe,ll.CTaBJieHa npou;e.n.ypa Bbl,ll.CJICHH51 C06hi'rllll~ I10JIHaH CTaTHCTI!Ka 

C06hiTHii ITOCJIC OT60pa COCTaBHJia 1.5 * 10
6

. 

Pe3yJihTaThi no H3MepeHHIO aciiMMeTp11II npe.n.cTaBJICHhi ua pnc. 6. 3.n;ecb TaK)Kf' 

IIOKa3aHhl pe3yJibTaThl KOJIJia6opaJJ;I1ll E866 ( CBCTJib!C TO'!Kll), 113 KOTOpOI'O llll,1l,IIO 

xopoiiiee corJiacne ,ll.Byx 3Kcnep11MCHTOB. 

McnoJih3Y51 noJiy'leHHhie 3Ha'leHna pa3HOCTH (d - u), Bhl'IHCJien mrrerpa:1 11 

li3MCpCHHOll 06JiaCTII 3Ha'!CHI1ll nepeMCHHOH x: 
0.3 - - . f0.02 (d- u)dx = 0.107 ± 0.021 (cmT.)±0.017 (cncT.) 

I10JIHblll III!TerpaJI BO BCCH 06JiaCTII rrepeMCHHOH X paBCH: 

f0
1(d(x)- u(x))dx = 0.160 ± 0.03 (3KCnep. OIII.), 

I',ll.C B oiun6Ky BXO,ll.l!T TaK)KC HCOTipC,ll.CJICHHOCTb, CBa3aHIJaa C 3KCTpOTIOJIHIJIIf'il B 

x = 0. ECJin ncnOJib30BaTb pe3yJihTaT 3Toro 3KcrrepnMeHTa, TO "noJIHhiH
11

IIII'rerpa.:l 

paBeH: 

Sbull = 0.227 ± 0.020, qTQ XOpOIIIO COrJiacyeTCa C pC3YJihTaTaMll, 

rroJiyqeHHhiMII B 3KcnepiiMCHTax EMC, BCDMS II NMC. 
TaKIIM ·o6pa3oM, npaBHJIO cyMM foTT¢pn.n;a coxpaHHCTCH B OTCYTCTBIIII CliM­

MeTpiiii MOpCKIIX KBapKOB. C ,ll.pyroii CTOpOHhl, pe3JJibTaTbl ITO II3MCpCHIIIO pa31!11-

JJ;bl d - u IIMCIOT caMOCTOHTCJihnoe 3Ha'leHIIe - OHH YKa3b!Ba!OT na CY!IJCCTBOBamu• 

_aCIIMMCTpiiH B pacnpe,ll.CJICHIIII MOpCKIIX KBapKOB. 8n1 pe3yJihTaThl IIOJIY'ICI!bl B 

,ll.Byx 3KcnepiiMCHTaX -HERMES II E866. 

B BOChMOii rJiaBe: npe.n.cTaBJieHa ¢eHoMeHOJiorna KBaHTOBOil xpoMo.n.nnaMIIKH 

(KX,B,) B ee npiiJIO)KCHHII K ITOIJ.CCCaM fHP; ITpiiBO,ll.HTCH Bhipa>KCIIII51 ,ll.JIH TCOpP­

Tli'ICCKIIX MOMCHTOB C<D; onncaHbi napaMeTpH3aJJ;nii KBapKoB u rmoonoB ( HOpMII­

pOBKa MOMCHTOB), neo6xo,ll.IIMhiC npu BhiTIOJIHennn KX,II. anamna C<D; npe,ll.CTaJJJie­

Hhi COOTHOIIICHIIH, CBH3biBa!OliJUC napaMeTpbi KX,II.- An a.; rrpuBC,ll.CHhl ¢opMyJiht 

,ll.JIH n3yqeuua BJinanua noporoBhiX 3:f>¢eKTOB npn l!3BJieqennn rrapaMeTpoB KX.LI.; 

11pC,ll.CTaBJICHbl ¢opMJJibl ,ll.JIH KOppCKJJ;llll na Macey MHIIICIUI ll IICI1CpTyp6aTI!llflhH' 

3¢¢eKTbl ( 
11

Bb!Cllll!C TBHCTb1
11

); IIpUBC,ll.CHbl ¢opMyJibl ,ll;JIH Oll;CIIKII TeOpCTII'ICCKIIX 
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Puc. 6: (a) Ornuow.euue (d - u) I ( u - d) 'KU1-i: rjjy?t1-i:1jUJl 01i! .r. Jhl1!1lJlMll 7!01\:1/.,/(l­

H'bt pa3JtU'tHbte napa.Aternpu3aljuu; b)6CJ!U'lUit'bt d- TI 11:a11: di;t}lt'IC'lflt.H. .r (mc.M-1/.IJU' 

mO'l'KU}. CnJtOW.1taJl (nyu'KmUp1taJt) npU6'btC COOTn6erncm6y10m G Rl"94LO napa­

MempuaaljUU. ,ll,~tJt E866 nmm3a'H'bt moJtb'KO cucmeMamu•tec"~Cue owu61i:u. 

llCOilj)C)W.iH'IIIIOt'Tefi, CBH:3allllh!X C TO'!Ka~lll lll']WIIOp~IIIpOBKII II <lliiKTOplt:laiJIIII ~10-
~WHTOB. 

B 3TOM pa3)\CJIC ;~nccepTaiJl!H ormcan IIOBbiti 1\ICTO;\ h:X_J aua.:11na C<D, p;npa-

6oTami&Ii1 aBTOpOM COBMCCTI!O C TCOpCTIIKal\,JH. J\JeTO)J, OCllOB<lH IIa llt'IIOJll,:lOilaHIIII 

pa3JIO)KCHH5I C<D 110 opTorOH<WihHbi~I IIOJIHHOMaM 5IKo6n. l\lrTo;~ 6hiJI 113_\"'H'H c TO'I­

KH 3pcnna TO'IIlOCTH n yc-roii'IIIBOCTH pe3yJihTaTon KX;:J: anamna. )l.ru1 ana.11na 

erpyKTYPIIhiX c!>YIIKL~IIil KaK B IICCHHI'JICTHOM, TaK li CHHJ:rwmo~l CJIY'Iaax 61>1.1a co­
:J,ll.aHa npaKTJI'ICCK<UI IIpOIJC/~ypa (nporpal\11\Ia). I1porpal\I~Ia ll<"IIO.'IKlOBa:tarh ;(."1}1 

KX.LI. - amwuna cTpyKTYPHhiX cl>YHKL~IIil, IIO.JIY'ICIII!hiX BC' DJI S Ko:uaGopat\11-

cilna yrJiepomwti, BOJ\OPOl\IIOti n .n.eiiTcpnenoii MIII!Iemtx, a TatGK<' :\atiilhiX ;u>yrHx 

3KCTICpliMCIITOB ( s LAC, EM C, N M C, B F P). 

Ocnonoii MeTo.n.a HBJIHeTca ¢opMyJia pa3JIO)KCHI!H C<D no IIOJIIIIIOl\taM 5IKo6H: 

N'ma.r k 

Ffv~ .... JQ2
, x) = x"(1- 1:) 13 L 8~13 (x) L Ckj(o:, f)). M'"U + 2, Q2 ). (5) 

k=O J=O 

1')\C 8~1\1:) - IIOJIIIIIOI\Ihl 5IKOOII, Ckj(O:, {3) - Km<l><IHII\II<'IITI•I IIO."IIIII!n!OB. 

!t.fl
12
(j + 2, Q

2
) - TeopeTJI'IeeKue MmteiiThi KX,II., :r"(l - .r)3 - II<'<' Ho.rmiiOMOB. 
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Jlcn0.1b30Balll!C pa3;!0)KCIIIUI (5) npP;J,CTaB.15IeT UpaKTl!YCCK,\'10 IttiiiiOCTb H C;Iy­

qae, KOr,la p51,l 6y;J:CT ,lOCTaTOYHO 6biCTp0 CXO;J,HTbC51 H ~!OfKIIO orpaHl!'ll!TLC'51 pa-

3Y:\IIIhl:\l KOHCY!Ihl:\1 'HIC.10:\I ero Y.1CIIOB i\'ma.r:· TaKIHI oGpa·JOxl. :\IPTO..J. COCTOIIT 

B TOl\1, YTO HCn0.1h3j'CTC51 KOHCYHhiH p51;1, (5) B KaYCCTBC TPOJ>CTII'H'f:KHX ·ma•(('­

HHH (FflmaJ CTPYKTJ'PHhiX ¢ynKu;nfi ll Bhmo.1H51CTC.H cpaBHCHI!C IIX c "3Kcnepn~JPII­
TaJihHhi:\UI 3HaYCHH.HMll Fexp B H3MCpCt!Hb!X TWIKaX KHIIC:\laTJI'ICCKIIX uepe:\H'III!hlX 

x, Q2 . TeopeTnYeCKHe MOMCHThi (,\fth(j + 2, Q2)) BbiYHC.151IOTC51 1n KXD. 

Bee ucKO:\!hiC napaMeTpbi uaxo,n:51TC51 B Bhipa)KeHn>Ix ,.'l.JIH :VIOMCHTOB 11 :...IoryT 

6hiTh 113B.1CYCHbl npu :'vlllllll:\lli3aiJ;l!li ¢YHKIJ;liOHa.;1a: 

Nv (Ft~ .L.·. pexP)2 
X2 = L t>.,'!;Fexp l 

t=l l 

(G) 

r,le b.F;exp - 3KCnepHMCHTa.JihHh!C OUIH6KH H3MCpCHllhiX CTpyKTypllbiX cpyHKIJ;IIii 

F;exp B Np TOYKax KHHeMaTHYCCKHX nepeMeHHhiX x u Q2 . 

8 )J:HCCCpTaiJ;HH OT:\ICYCHO, YTO YYBCTBHTCJihHOCTh 
11

rJI06a.JJLIIOr0 11 X2 (6), KaK 

KpHTCpH51 OIJ;CHKH npu cpaBHCHHH .n:amih!X c Teopueii, He BCJ1HKa. n.151 C<I> cyw:e­

CTBVCT TaiOKC "cneu;u¢nYecKoe"npe,n:cKa3auue KXD:. 3To npe,:J;cKa3aHue ocnoaa11o 

Ha ~OBC,lCHHH o1orapH¢MHYCCKHX npOH3BO.IJ:HhiX KaK q>yi!KIJ;~il nepeMenuoi1 .r. B 
Ka)K.IJ:OM HHTCpBaJIC no nepeMCHIIOfi x CTPYKTypnyiO ¢ynKIVIIO MOfKIIO onucaTh 

3aBHCHMOCTh!O F2 = a;(Q2 )~ , r,n:e a;, b;- cno6o,n:nhiC napar-.ICTpLI B i- HHTCpBa:w 

nepeMCHHOH X. 83518 JIOrapn¢M OT JICBOH li npaBOH YaCTeii li 3aTCM npOH3BO.U,HYIO, 

noJiyYHM: b; = dlnF2 jdlnQ2
• 

TiapaMeTp b; onnchmaeT napyrnenHe CKeiiJiunra B Ka)K.U,OM nnTepBaJie no nepeMen­

noii x. l1cnOJ1h3Y51 3KCnepHMCHTaJihHhiC ,n:anHhie no C<I> - F;xp II TeopeTHYCCKHC 

3naqenu51 F~h, MO)KHO BhiYHCJIHTb napaMeTphi b:xp )J:JI51 3KcnepnMCHTaJibHhiX ,:J;an­

HbiX u blh .u,;m npe,n:cKa3aHHii KXD: .U,JI51 Ka)K.U,oro HHTCpsa;m x u cpaBHHTh ux c· 
nOMOW:biO l'Hl!OTC3bl X2 . 

l1CCJIC)l,OBaHHC MCTO.LJ,a li llJIJIJOCTpaiJ;H51 ero pa60Thl C 3KCIICpliMCHTaJibHh!MH 

,n:aHHbiMH onucaHhi B ,n:uccepTau;uu na npnMepe ,n:aHHbiX EMC. l13yqenue TOY­

HOCTH pCKOHCTpyKIJ;llli C<IJ C l!OMOW:b!O KOHCYHOrO YIICJia 'IJICHOB pa3JI0)KCHII51 110 

nOJIIIHOMaM 5JK06H l!OKa3aJio, 'ITO OHa CJia6o 3aBIICIIT OT napaMCTpOB BCCOBOH 

¢ynKIJ;IIH (a, {3) II 'IHCJia 'IJICHOB pa3JIO)KCHH51 Nmax. na'!HHa51 c Nmax = 6. D:JI51 

CHnrJieTnoro Bn,n:a C<I> MO)KHO noJiy'IHTb TO'!HOCTb "' 10-4 c YIICJIOM YJICHOB p.H.u,a 

N 2: 7. AHaJIH3 ,n:m1 necunrJieTnoro BII.IJ:a C<I> nOKa3aJI, 'ITO y)Ke npu YHCJie 'IJICIIOB 

pa3JIO)KCHH5I Nmax "' 5 MO)KHO noJiy'IIITh TO'!HOCTh peKOHCTPYKIJ;IIH "' 10-4. B .U,IIC­

cepmu;uu OTMC'ICHO IIpCHMYIIJ;CCTBO pa3pa6oTaHUOro MCTO)J:a, KOTOpoe n03BOJIHJIO 

BhiiiOJIHIITh BiiepBhie KX,LI: anaJIH3 B N N LO B necHHrJieTHOM CJiyqae. 

B .IJ:CB51Tofi rJiase rrpe,n:CTaBJICHhi pe3yJihTaThi KX,LI: anaJIII3a C<I>, H3MepenHhiX B 

3TOM 3KCnepHMCHTC Ha yrJICpO.IJ:HOH, BO.IJ:OpO.IJ:HOH li .IJ:CHTCpHCBOH MHlliCH5JX; CTpyK­

TypHOH ¢YHKIJ;HII Ff - F2n; HCCHHrJICTHbiH anaJIH3 B N N LO. AuaJIH3 Bb!IIOJIH51JIC51 

MCTO.IJ:OM pa3JIO)KCHH51 C<I> no IIOJIHHOMaM 5IKo6u, onucannoM B BOCbMOii rJiaBe. 

)l:aHI!biC !Ia yrJiepO.IJ:HOH MHlliCHH 6b!JIH H3MCpCIIbl B 06JiaCTH nepeMCHOH 0.25 < 
X < 0.80 II Bb!COKHX 3Ha'!CHHii nepe,n:aunoro 4- X liMIIyJibCa 25. < Q2 < 280 f382 . 

AnaJIH3 6biJI BhiiiOJIHeH B necHnrJicTHOM rrpu6JIII)Kennll:, a 3aTeM c,n:eJiaH noJI­

Hhili: KX,n: anaJIH3, rrpe,n:cTaBJiennblii B ,n:ll:ccepmu;IIH. 3.u,ecb TaK)Ke orrucaHbi pe-
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3Y•1LTaTbi n3yqenn51 BJIH.HHH.H napaMCTpoB MCTo,n:a na pe3yJILTaTbi anaJIII3a. MeTo.u, 

"nommm.WB 5JKo6u"n03BOJI51CT BblllOJIHHTb annpOKCHMaiJ;Hlo )J:aHHhiX .IJ:BYM.H IIYT.H­

~Ill: onpe.u,eJIHTb napaMeTphi pacnpe.u,eJieHII51 KBapKOB (MeTo.u, napaMeTpH3au;IIn); 

Onpe,lC.111Tb MOMCHTbl OT pacnpe.U,CJICHIIH KBapKOB < b.(Q6) >n (11 np51MOH 11 MCTO.U,). 

TaKofi aua..'Iu3 no3B0.151CT ou;eHHTb BJIH51HIIC Bbi6panuoii napaMeTpH3aiJ;HH na pe-

3y:IbTaTbi ana..1H3a. BLwo H3yqeno TaK)KC BJil!51HIIe 3KcnepiiMCHTaJihHhiX neonpe.u,e­

.'JeHHOCTeil, CB5I3aHHb!X C KOHCYHh!M pa3pClliCHHCM cneKTpOMCTpa, HC.U,OCTaTO'!HOM 

3HaHIIII MarHHTHOrO nOJI51 B )KCJIC3C, a TaK)KC OTHOCHTCJibHOH HOpMHpOBKOH MC)K­

.LJ,y .U,aHHLIMH, IIOJIYYCHHbiMII npH pa3Hb!X 3HeprH51X IIYYKa M!OOHOB, Ha pe3yJihTaTbl 

KXD: aHaJIII3a B 3aBIICIIMOCTH OT yCJIOBHii no KHHeMaTH'ICCKOii nepeMennoii Ymin, 

KOTOpa51 OC06CHHO 'IYBCTBHTCJibHa K 3TOH CHCTCMaTIIKC. 

BLIJia n3yqena ycToii'IIIBOCTb pe3yJihTaTOB no H3BJieqenHIO MacrnTa6noro rrapa­

McTpa B 3aBHCHMOCTH OT Bhi6opa TO'!CK no MIIHHMaJibHOMy 3Ha'!CHII!O IICpCMCHHb!X 

X min If Q;nin · ~ 
T. o. B pe3yJihTaTe anaJIII3a ,n:annhrx no C<I> na yrJiepo.u,noii MHrnenH B paM­

Kax nKX)l: C YYCTOM nonpaBOK BTOporo nop51)J:Ka no KOHCTaHTC a B HCCl!HrJICTHOM 

npH6JimKCHHH IIOJIY'ICHbl CJIC.LJ,y!OIIJ;HC Bb!BO)l,bl: 

1. CTpyKTypnbie ¢YHKIJ;IIII na ymepo,n:e B o6JiaCTH Q2 > 25 f3B2 xoporno orrH­

CbmaiOTC.H nKX)l: li HC Tpe6yiOT nonpaBOK na 
11

Bh!ClliHC TBHCTbi 11 II Macey MIIlliCHH. 

2. AnaJIH3 B ueciinrJieTHOM rrpH6JIH)KCHHH cnpaBC.U,JIHB npu yCJioBIIH x > 0.27. 

3. iloJiyYCHO 3HaYCHHC MaClliTa6noro napaMeTpa nKX)l: : 

AZ~ = 235 ± 20 (cmT.orn.)±50 (cHCT.orn.) . 

co 3HaYCHHCM x2 I DOF = 1.07, DOF- '!HCJIO CTeneneii CB060.LJ,bl. 

3aTCM 6biJI Bb!IIOJIHCH CHHrJICTHhiH aHaJIH3, pe3yJihTaTbl KOTOporo npe,n:CTaBJIC­

Hhl B .IJ:IICcepTau;uu. KaK II B CJiyqae necHnrJieTnoro anaJIH3a, 6hrJia n3yqena 3a­

BHCHMOCTh napaMeTpa A OT YIICJia 'IJieHOB pa3JI0)KCHH51 (Nmax) li 3Ha'!CHHH TO'l­

KH HOpMIIpOBKH ( Q6). 3Ha'!CHH51 napaMeTpa A npaKTH'!CCKH HC MCH51IOTC51 IIpli 

Nmax > 5 II Q6 OT 5 )1,0 100 f38
2

• 

CHHrJieTHbiii anaJIH3 .IJ:aJI CJIC.LJ,JIOIIJ;He pe3yJihTaTbi: 

1. TIOJiyqennhie 3naqenu51 napaMeTpa AMs cTa6HJihHbie B 3aBnCIIMOCTH oT KOJIH­

'ICCTBa 'IJICHOB pa3JIO)KCHH51 noJIHHOMOB 5IKo6H. Pa36poc rrapaMeTpa A - 4 M3B. 

2. TioJiyqeno cpe.u,nee 3naqenHe napaMeTpa AMs = (237±21(cmT)) M3B, 'ITO 

XOpOlliO COrJiacyeTC51 C pe3yJihTaTaMH aHaJIH3a B HCCl!HrJICTHOM npH6JIII)KCHHU. 

3. 3na'!CHH.H x;d DoF )J:JI51 Jiorapli(pMH'ICCKIIX npOH3BO)l,Hb!X YKa3biBa!OT na xopo­

rnee comacHe rrpe,n:cKa3aHHii rrKX,LI: c 3KcrrepHMCHTaJihHhiMH ,n:aHHhiMII 6e3 rrpii­

BJIC'ICHH51 nonpaBOK Ha 11 BhiClliHC TBHCTb! 11 H Macey MHlliCHII. 

TaKIIM o6pa3oM, B pe3yJILTaTe KX,LI: aHaJIH3a CTPYKTypnbiX ¢ynKu;nii na ymepo.u,e 

B 06JiaCTH 60JihlliHX 3Ha'ICHHH nepeMCHHOH Q2 > 25 f382 nOJiy'ICHO 3Ha'!CHHC 

MaCrnTa6Hoii KOHCTaHThl BO BTOpOM nOp51.IJ:KC 110 a 8 : 

AMs = 235 ± 20 (cmT.)±50 (CHCT.) (M3B). 

)l:JIH ,n:annhiX na Bo,n:opo,n:noii MHrnenn 6b!JI BhiiiOJineu TaK)KC KX,LI: KaK B ne­

CHHrJieTnoM npii6JIH)KCHHll, TaK li IIOJIHhlfi BO BCCfi 06JiaCTII nepeMeHHOH X. Bb!JIO 

ll3y'!eHO BJIH51HHC napaMCTpOB MCTO)J:a Ha pe3yJibTaTbl aHaJIH3a. )l:JI51 HCCHHrJICT-
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HOrO aHa.r:IH3a 6hiJIO II3J'!CHO BJIIUIHIIC B03MO)!{JI0rO BKJiaJ.(a IH'rJ('pT_vp6aTIIBllh!X 
3¢¢eKTOB ( 11 BbiCIIIHX TBIICTOB 11

) B ~aHHbiC Ha 1IpOTOHaX B o6;IacTII J' > 0.3. J.-1}1 

3Toro npii ¢IIKCIIpoBaHHOM 3Ha'!CHIIII napaMeTpa A, IIOJIY'IeHHOro 1n Hecrmr;wmo­

ro aHa.r:III3a, 6hiJia BbiiiOJIHCHa arrrrpOKCIIMal!H51 C l!C.1bl0 H3B:H"-If'!IIUI napa~ICTfJOB 
CTCIICHHOrO BKJia~a . B rrpe~eJiaX CTaTIICTII'!CCKHX OIIIH60K BCC O!IH OKa3<L1llCb paB­

HbiMH 0. B CJiy'!ae arrrrpoKCIIMal!IIH, KOr~a rrapaMeTp A 6bw cBo6oAHhll\I, pe3yJihTaT 
HC II3MCHHJIC51 Ilpll 3Ha'IIITCJibHO 60JibiiiHX OUIH6KaX. T.o. 6biJI C~eJiall Bb!BO.J,. 'ITO 

BKJia~ 11BbiCIIIIIX TBHCTOB 11 ~JI51 IIpOTOHHblX ~al!HbiX B o6,1aCTll 6o:lbllllfX 3Ha'-!Cllllii 
rrepeMCHHOH Q2 (Q2 

:::: 20 f3B2
) rrpene6pe)!{IIMO Ma.r:I. 

B noJIHOM aHa.r:In3e rrapaMeTphr rJiroonnoro pacrrpe~e"TCIIII}J A.c; 11 br; l\IOI',VT 6I>rrh 

TaK)!{e orrpe~eJICHhr, KaK II MacniTa6nhri1 na'paMeTp KX)l - :\. E~>I:IO pacc~wTpPHo 
~Ba CJiy'!a5r: napaMeTp Ac RBJIRCTC5r cBo6o~nhrM; rrapaMeTp Ac; onpe~e:meTni IH 
npaBHJia CJMM ~JIR IIMIIJJibCa npOTOHa. 

Pe3yJihTaThi KX,IJ, ana.r:III3a na BO~opo~e rrpe~cTaBJICHhi 13 ~nccepTal!HH. 
B pe3yJihTaTe rrpoBe~eHHOrO KX,IJ, aHa.r:IH3a C<I> rHP Ha no;~opo~e IIOJIY'-!CIIbl 

CJIC~IOIIIHC pC3JJihTaThl, rrpe~CTaBJICHHhiC B ~HCCCpTal!HH: 

1. HapyiiieHIIe CKeilJinHra, Ha6Jiro~ael\we B 3KcrrepnMeHTa.r:IbiiLIX ;~armhiX - C<I> 11a 
rrpOTOHaX- XOpOIIIO COrJiacyiOTCR C rrpe~CH:a3ai!IIRMH rrKX;:{.~ 

2. HerrepTyp6aTHBHbJe 3¢¢eKThr ( 11 BhiCIIIHe TBIICThr") He Tpe6yroTC}I ;~JHI o6·hm·­

HCHII5r napyiiiennn cKeilJinHra B C<I> B KIIHeMaTn'leCKoil o6JracTH 3KcrrepiiMenTa. 

3. fipOBCpC!IO rrpaBHJIO CJMM ~JIR IIOJIHOrO HMIIJJihCa IIpOTOHa, KOTOpoe CIIpaBC;!­
JIIIBO B npe~eJiaX CTaTHCTH'!CCKOH OIIIII6KII. 

4. HeciiHrJieTHhiH II noJIHhiH KX,IJ, ana.nn3 ~aeT 0~110 3Ha'leniie MacniTa6noro na­

paMeTpa J\MS' 

B pe3yJihTaTe KX,IJ, aHil.JIII3a C<I> rHP Ha npOTOHaX IIOJIJ'-ICHO 3Ha'-Iel!HC MaCW'ra6-

HOro napaMeTpa: i\MS = 212 ± 22 (CTaT.OIII.)±55 (cncT.Olll.) (l'vbB). 

B ~IIccepTal!HH npe~cTaBJICHhi pe3yJihTaThi ana.nn3a ~aHnhix na ~ei1TepHH. Me­
TO~nKa TIOJIJ'ICHIIR pC3JJihTaTOB OIIIICaHa B 3TOH rJiaBe. 

B pe3yJihTaTe KX,IJ, aHa.r:III3a C<I> rHP Ha ~ei1Tepiiii 6hiJIO IIOJIJ'ICHO 3Ha'-ICHHP 
MaCIIITa6noro napaMeTpa KX,Il,: 

i\MS = 230±35 (cTaT.OIII.)±65 (CIICT.OIII.).(M3B). 

B CIICTeMaTH'ICCKJIO OIIIII6Ky BXO~IIT HCOIIpe~eJICHHOCTh, CBR3amran C OTHOC!l­

TCJihHOH HOpMIIpOBKOH MC)!{~ TpCMR 3Heprll51MH rrepBH'-IIIOro IIY'IKa. 

B ~nccepTal!HH rrpe~CTaBJICHhi pe3yJihTaThi KX,IJ, ana.n113 C<I> Ff - F2', np!~;!­
CTaBJIRIOIIIIIH Orrpep,eJieHHhiH llHTepec, KOTOph!H CB5~3aH C rrponepKOH Q2 :-mOJIIO!(IIH, 

Kor~a neT BKJia~a rmooHOB. Bo BpeMR npoBe~eHnR BCDMS 3KCnepHMCHTa ypo­
. BCHh CTaTIICTII'leCKOH o6ecne'!CHHOCTII II3Mepeniii1 C<I> na npoTol!ax n ~ei1Tponax 

Y*C II03BOJIIIJI IIOJIJ'IIITh rrpaKTII'!CCKH nepBhiH 3Ha'!IIMhri1 pe3yJihTaT. Ha piic. 7 
nOKa3aHo Jiorapn¢MII'leCKIIe HaKJIOHhl ~aHHhiX n rrpe~CKa3aHIIi1 KX,IJ,. I13BJie•reH­

noe II3 ana.nn3a 3Ha'!eHIIe MaCIIITa6noro napaMeTpa B CJie~IOIIICM K Jin~npyroiL(eMy 
nopn~KY (N LO) OKa3a.r:IOCh CJie~IOIIIHM: 
AMs = 250 ± 120 (cTaT.OIII.)±90 (cncT.om.) M:om. 

T.o. ·BrrepBhre 6hiJIO II3Mepeno 3H<J'!HMOe Hapyiiienne CKeilJIHJira C<I> F? - F?.' 
IIpii BhiCOKIIX 3Ha'!CHH51X rrepeMeHHOH Q2, KOTOpOe XOpOIIIO OnHChiBaCTCR nKX,IJ,. 

11cnoJih3Jn MeTo~ pa3JIO)!{CHIIa C<I> no rroJIIIHOMaM 5IKo6II, BnepBhre BhiiTOJIHen 
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Puc. 7: PcayA1>11W11l1JL mw..rm:w C(JJ Ff- F.J•. 3'Ha"te'HWl JWcapuifum"teC'IWX 'Ha'II:.JW'/100. 

KX,IJ, anaJiil3 .J,HIIIIbiX ua npoToHax 11 ~ei1Tpouax B Hccnur:reTno~t npn6.1mKeHIIII 

B 3 nopa~rw no KOUCTaUTe CBR3H a,NN LO. Pe:Jy,ThTaThi ana.:m3a npe.J,t'TaB:JeUhi 
n Ta6mriie 1. 
Ta6JIIUJ;a 1. Pf':~y.:JhTaTbi KXD. anrum:Ja ~JIR 3-x rropa.J,KOB no KoucTaHTe CBR3II. 

BO/J.OPO,'\ AMs( l\hB) \~ / DoF 
LO 200 ± 30 52.8 GO 

NLO 222 ± 29 50.0iGO 
NNLO 209 ± 23 --18.8. GO 

,'l,etiTepuil 

LO 223 ± 30 65.1 G5 
NLO 235 ± 34' 65.5 G5 

NNLO 218 ± 23 G5.5 G5 

BhlnoJineHHhiH KX,IJ, aururn3 C<I> BIIJIOTh ~o 3 nopn/~Ka no KOHCTaHTe cmnu 

IIOKa3a.r:I Ha JMCHhiiiCHHe l!CHTpa.r:IhHOrO 3HH'!CHHR MaCUITa6HOI'O napmteTpa :\.\/ S 

npu nepexo~e OT N LO K N N LO. Tai<oe noBe~eune .• MacniTa6uoro napar.teTpa co­

rJiacyeTCR c pe3yJILTaTaMII aua.nn3a OTHomeHIIR R B npol!eccax an11r11m!l\llll t'+ c-. 
pacna~oB r JrenToHa n no 113BJie'!eumo MaCIIITa6Hoi1 KOHCTaJIThi KXJJ, 1!3 npanu.:1 
cyM M fpocca-JIJteBCJIJIII H-Cl\tllTa . 

B 3aKJIIO'telllm ':!TOil t'.Itallbt uprHw~eHbi BhiBO,'l,hi no pP3y.TJhTaTai\I a11a:nna ;vw­
HbiX no C<IJ na yr'.Irepo;!l\ /\CHTPJHIH n BO~opo~e. n •racTBOeTu: 

1. fiOJIJ'!Cllllh!C ~lUI!Ib!C l1 TII\<tTCJ!hHh!i:'J lfX aHa.r:Ill3 BIICJlllblt' npo;!('I\!Olll'TJlllpOBa;I 

xopoiiiee corJiaciie c npe~cKet:JaHHRMn nKX,IJ, 6e3 nptmJIP'-Iemnr neJHyp6aTIIBIIbiX 

(ua Macey Mllll!CIIII) H Hl'1ICpTyp6aTIIBIIhiX nonpaBOK ( 11 Bh!CIIIIIX TBIJ('TOB 11
) IIJ>ll 

60JihllliiX 3IIH'ICI!IIRX Q2 • 

2. l-1cnOJih3YH CIICIIH¢n•recKne npe~cK<l3aHna KX,IJ, ;~JIR C<I> no nonP.'l,enmo .:mm­

pn¢Mn'ICCK!Ix naKJ!OliOB Bl!Cpllh!C llhHIOJII!Clla IIpOBCpKa nKXlJ. If• fiOKa3aHO. 'ITO 

npe~cKa:mmw 11KX;:J, 110 uapymemno cKeilmmra xopomo cot'JiaCYPTCH e 3K('[H.'-
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pH~teHTa..lbiibnm ,J;aiiHbi~IIL Cym;ccTsosamrme B 3TO B!W~I5I rr.:ru .uo:I.\''IPIIHhre III'­
CKO,lbKO pamrce ,J;ai!Hhlf' nponmope•m:m KX.J: ( ·no ,J;e:-.wucTpllpyeTnr pny:rr>ra­

Ta~m aua.1n1a ,J;al!fibiX ua ;.r;P:H'·3e EJIC K0:1.1a6oparuw II n<'iiTpuiiiihiX .1aiiiihiX 
CDHS). 
3. B pe3y"lbTaTe aua:una noolY'IeHo O,J;HO 3Ha'-!CHHe napa~wrpa KX.J: - .\ Jia yr.w­

po,n,e, )J,CHTCpHH H BO,Ll,OpO,J;C B npe,n;e,laX CTaTHCTH'-ICCKHX OIIIH60K, 'ITO yKa:lblllaPT 

na OTCYTCTBIIC Bolmmn~ ~,LI,epnhrx 3¢¢eKTOB na Q2 3BO.lrouuro C<I>. TipH~roe OT­
noureHHe C<I> F2 / Ff TaK;.n:e no,n;TBep;.n:.zr;aeT 3TOT BhiBO)J,. 

4. BnepBbie no.ly'-ICHa 3Ha·m~raH se:IH'IHHa napa~!('Tpa .'1._\/s rn aua:urJa •mcTo II!'­

CI!Hr.1eTHoi1 C<I> Ft - F.J.'. ::ho uapymeiiHS cKeil:nmra xopumo ou IWI>I B<H'T<:H KX.J. 
5. Pa3pa6oTaiiHbii1 ~IC'JO.J. aHa.1113a no"JBOJHLl BnepBhie BhiiiO:rurrrr. KX.J: awurrs 
.zr;aHHbiX B 3 IIOp~,'IKC no a. 

B ,n,ec~Toi1 rJiaBe npe,n,cTaBJlCHbi peJy.lhTaThi COBMCCTHoro KX.J: 
aHMH3a BCD.~;JS n SLAC,NMC,BFP ,LI,aHHbiX no CTpyKTypHbii>I ¢YHKU,mr~r 
nyKJlOHa H H3BJ1C'-ICIIH5I KOHCTaHTbi CHJlbHOro BJaHMO,LI,eiicTBHH ct

8
• BLmO.lHCIIIH' 

TaKOrO ai!a,1H3a nOTpe60B~l0 HaJlH'-111~ MOill;HhlX KOMnhiOTCJ>Oll (upmnBO,n,I1TC:Ib-
IIOCTb Ha ypomre 600 AI z). • 

B npou,ecce KX)l aHa.1113a 11CnO,lh30BMOCb ";~11HaMH'ICCKor"BKJIIO'Ielll1e '-IIIC:Ia 

apoMaToB KBapKOB B npou,ecce Q2
- 3BO•liOU,1111 CTPYKTYPHbiX <J>ymnrni1, T.e.: n

1 
= 3 

B o6nacnr Q2 < 9 f3B
2

; n1 = 4 B o6nacTn 9 < Q2 < 80 f3B2 ; nf = 5 B o6nacnr 
Q2 > 80 f3B 2 . 

B nepBOM pa3,n,ene rnaBbi npe,n,cTaBJlCHhi peJyJlhTaTbi conMeCTIIoro KX,ll aiia.1n-

3a ,LI,annhrx Ha yrnepo,LI,e, BO,LI,opo,n,e 11 .n;ei1Tepn11. ITpn BhmonneH1111 3Toro ananH:m 

ncnonh30Bam1cb ,n,annhre, 113Mepennbre )J,JlH Ka;.n:,n,oi1 3Hepr11H nepnwmoro ny•rKa. B 

Ha'-!a..le·npe,n,cTaBnenbi pe3yJlhTaTbi KX,ll aHM113a B HCCI1IIrJieTIIOM np116JJI1/KeHIIH 

( T.e. np11 yc:IOB!111 x > 0.25, Bcero 607 3KcnepnMeHTMhHLIX TO'-IeK). B 3TOM cny'-!ae 

,LJ,aHHh!C HaXO)J,HTC~ B 06JlaCTI1 60J1hlli11X 3Ha'-!CHI1H I!CpCMCHIIOH Q2 , 'ITO 1103BOJI5JeT 

Bh!6paTb 3Ha'-!CHI1C TO'-IKI1 HOpMHpOBKII Q5 = 90 f382 . BLIJlO 113Y'-ICHO BJIH5!Hl1C 

3KCnepliMCHTaJlhHLIX HCOIIpC)J,CJlCHHOCTCH Ha p€3)'JlhTaTbl aHMH3a B 3aB!1C11MOCTII 

OT Ymin3,Ymin4 11 Ymin5 - ycnOBI1i1 no nepeMeHoi1 y. Pe3yJlhTaThl npe,n,cTaBJlCHbi na 
pnc. 8. 

11CKJ110'1HB 113 aHaJ1113a ,LJ,aHHbiC .c Cylll;CCTBCHHh!Ml1 CIICTCMaTWICCKIIMI1 HC011pe­
)J,CJ1CH!IOCTHMI1, Mhl IIOJ1J'-111Jlli CJlC,LJ,y!Oill;IIH peJyJlhTaT: 

a,(Q
2 

= 90 (f38)
2

) = 0.1737 ± 0.0029 (cTaT.Olll.) ±0.0050 (cnC.Olll.) ±0.0025 
(IICOIIp.IIOpM.) 
11J111 

a,(Mi) = 0.1153 ± 0.0028 (nonnaH 3Kcnep. Olli116Ka) 

9TO 3Ha'-!CH11C KOHCTaHTLI CI1JlhHOrO B3al!MO)J,CHCTBI1~ COOTBCTCTBJCT CJlC,LJ,y!Oill;CMY 
3Ha'-leHI1IO MaClliTa6noro rrapaMeTpa KX,IJ, : 
A(nJ=5) ( 

MS · = 181 ± 32 IIOJlHa~ 3KCrrep. OUIH6Ka) (M3B), 
11mt nocne rrepec'-!eTa : 

A(n,=4) 
MS = 257 ± 40 (IIOJlliaH 3KCnep. Ollll!6Ka) (M3B). 
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Puc. 8: lf3y'teHue cucme.Mamunu napaMempa a, 6 3a6ucu.Mocmu om ycJ!o6uil no 
Ymin 6 C06MeCm"HOM a"/ta.ttuae aa"lt"lt'btX BCDMS. BHympeHHUe (61tC'W"ItUe} 02pa1tU­
"'.Ume.t!U yna3'bt6awm cmamucmu"'.ecnue (cucme.Mamu"'.ecnue) ow,u6nu. 

3aTCM 6LIJ1 BhiiTOJlHCH nOJlHhiH aHaJ1II3 C IICnOJlh30BaHIICM HCCHHrJlCTHOH II CIIH­

rJlCTHOH '-!acTei1 Q2 3BOJ1JOIJ,HH MOMenToB; orrnChiBaJOIII,IIX C<I>. B 3TOM ananii3e 

ncrronL3JIOTCH ,n,aHHhie, co,n,ep;.n:alll;11e Bcero 762 TO'-IKH. B Ka'-!eCTBe TO'-IKH ,LJ,JlH 

HOpM11pOBKH 1\IOMCHTOB Mhl BLI6HpaeM 3Ha'-!CHI1C Q5 ='= 20 (f3B) 2 
( npli Hli3KHX 

3Ha'-!CHII5!X nepeMCHHOH X ,n,aHHbW HaXO)J,HTCH B 06JiaCTli 3Ha'-!CHI1i1 Q2 = 8 - 50 

f3B2 ). 

J1cnOJlh3YH 590 TO'-ICK 6b!Jl BLIIIOJlHCH IIOJlHLIH (HCCHHrJlCTHa~ li CIIHrJlCTHaH 

3BOJ1IOIJ,HH) COBMCCTHhri1 KX,ll anann3 CTPYKTypnhiX <l>YHKIJ,ni1 F2 , rrony'-!ennhrx B 

,n,annoM 3KcnepnMenTaX na Bo,n,opo,n,e, ,n,ei1Tepu:u: u: yrnepo,n,e. 

ITony'-leno 3Ha'-!eHne KOHCTaHThi cu:nhHoro B3au:Mo,n,ei1CTBHH : 

a,(Q2 = 20) = 0.2160 ± 0.0047 (cmT.Olli.)±Q.QQ68 (C11CT.Olli.)±0.QQ31 (HopM.Olll.), 

'-ITO COOTBCTCTBYCT CJle,LJ,yiOill;CMY 3Ha'ICHHIO 3TOi1 KOHCTaHThl I!pii Q2 = Mi : 
a,(Mi) = 0.1175 ± 0.0026 (nOJlH~ 3KCII. Ollll16Ka). 
B orrpe,n,eneHnn a, B rrocne,n,nei1 Ollln6Ke (nopM.) Y'-IHThiBMCH c,n,Bu:r, CBH3aHHhri1 

CO CB060)J,HOH II ¢11KCIIpOBaHHOfic HOpMiipOBKOi1 ,LJ,aHHhlX pa3Hb!X 3Hepru:i1. 

ITony'-lennoe 3Ha'-lenu:e KOHCTaHThl a. nocne rrepec'IeTa ,n,aCT cne,n,yiOIII,He 3Ha'-le­

HII~ MaClliTa6noi1 KOHCTaHThi KX)J, : 

A~~=4) = 290 ± 35 (nOJ1H.3Kcn. omu:6.) (M3B), 

A~~=5) = 206 ± 29 (nonH.3KCn. omu:6.) (M3B). 

B cne,n,yrolll,eM pa3,n,ene 3TOi1 rnaBhi rrpe,n,craBJlCHhi pe3ynhTaThi KX,Ll. ·aHaJ1113a 

nau:60J1ee CTaTHCTH'-!eCKH o6ecne'IeHHhlX .u.aHHhlX, nOJ1y'IeHHhiX SLAG, N MC, BF P 
KOJ1Jla6opali,H~Mli ua <J>u:KCHpOBaHHhiX MU:illeH~X li B 3ap~MCHHhiX JlCIITOHHhlX IIY'-1-

Kax. B ua'-!ane 6hiJ1 BhiiTOJ1HCH auan~3 ,n,aHHhiX SLAG, N MC, BF P B HecnnrnCT­

HOM rrpn6nu:;.n:enu:u:, npu: ycnoBnu: x > 0.25 u: TaK:>Ke Q2 > 1 (f3B/c)2
• Tipu: 3THX 
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yc.rromurx noJIHOe 'IHCJIO TO'IeK- 345, B TOM 'IHCJie BKJia)J. 3KcnepiiMenTon: SLAC-
238, N MC- 66 II BF P- 41. ,Il.annhre naxo)J..HTC.H B o6JiaCTII 3na•JeHIIii nepe:-.teHnoii 

Q2 > 1 f3B
2 

II 6hiJIO Bh!6pano 3Ha'ICHHe TO'JKII HOpMllpOBKII Q6 = 20 f3B2 . 

B pe3JJibTaTC aHaJIH3a IIOKa3ana pOJih, KOTOpJIO IIrpaiOT CTCIICHI!bl(' IIOIIp<!B­

KH )J.JI.H corJiaconaHH.H KX,II. c )J.aHHhiMH, IIOJIJ'ICHHhiMH 3TIIMII KO.JI:m6opauii}UIII. 

Oco6eHHO 3TO BH)J.HO rrpH cpaBHCHIIH x;zl DO F - JIOrapii<pMII'ICCKHX HaKJlOIIOH. 

KOTOpbiC OTJIII'IaiOTC.H B 8 pa3 B aHaJIH3C C J'ICTOM II 6e3 BKJia)J.OB CTCIICIIHhiX 

rrorrpaBOK. 3aTCM IIpC)J.CTaBJICHhl pC3JJihTaThl IIOJIHOI'O (HCCHHrJICTHh!H II CHHI'Jie'f­

HhiH) aHaJIH3a 3KcrrepHMCHTaJihHhiX )J.aHHhiX S LAC, N lvf C, B F P. ,IlJm a11a.mna 

6biJI HCIIOJih30BaH IIOJIHhlll na6op )J.aHHhiX IIpii JCJIOBIIH Q2 > 1 (f7B) 2 • CO.l.P(J- · 

)!ffiiiJ:liH BCCrO 719 TO'ICK, B TOM 'IHCJie: 

SLAG- 364 TO'IKII; NMC- 300 ll BFP -55 TO'ICK. 

3Ha'ICHHC TO'IKH HOpMI1pOBKI1 MOMCHTOB 6biJIO Bh16pa110 Q2 = 20 (f3B) 2 . KaK 

B aHaJII13C B HCCHHrJICTHOM rrpn6JIIDKCHI111 B anaJI!13C )J.CMOHCTp11pyeTC.H BmKHOCTL 

11CIIOJib30BaHH.H CTCIICHHhiX IIOIIpaBOK. 

B 3aKJIIO'Ienuu 3Toro pa3)J.eJia )J.eC.HTOii rJiaBhi rrpe)J.CTaBJICHhi pe3yJihTaThi KXJ. 

anaJin3a 3KCrrepnMeHTaJihHhiX )J.aHHhiX BCDMS II SLAG, N,~1C, BF P ( Ta6mu(a 

) . ~ 2. 
Ta6nnu;a 2. Pe3yJihTaThi KX,II. rroJIHoro ( CHHrJieTIIOro II HCCHIII':JeTHOro) aHa­

JIII3a 3KCrrepHMCHTaJihHhiX )J.aHHhiX BCDMS II SLAG, N A1C, BFP. 

,Il.annhre a.(Q:l = Mi)±(rroJina}I 3KCII. OIII.) 

BCDMS(C1
'/., Hz, D2) 0.1175 ± 0.0026 

SLAG, N MC(H2 , D 2);BF P(Fe56 ) 0.1170 ± 0.0028 

113 Ta6niiiJ,hi 2 BH)J.HO, 'ITO rroJiyqennhre n pe3yJihTaTe aHaJI!!3a )J.annhrx SLAG, 
N MC, n BF P 3naqenii.H KOHCTaHThi a 8 xopoiiio. corJiacyiOTC5I e pe3yJihTaTaMII 

COBMCCTHOrO atlaJIH3a HaiiiiiX )J.atltlhiX Ha yrnepo)J.e, BO)J.OpO)J.C II )J.eiiTepHH. 

B CJIC)J.y!OIIJ:CM pa3)J.eJIC 3TOH rJiaBbl rrpe)J.CTaBJICHhl pe3yJihTaThl COBMCCTHOI'O 

KX,II. anaJIII3a BCDMS,SLAC,NMC,BFP )J.annhiX n naqane B HecnHrneTHOM 

IIpH6JimKCHIIH, a 3aTeM IIOJIHhiH anaJIII3. flpii 3TOM HCIIOJih3Je'TC.H JCJIOBHC Ha IIC­

·peMCHHJIO Q2 > 1 (f3B)Z. ,Il.JI.H BCDMS ,ll,aHHhiX B 3TOM aHaJIII3C IICIIOJih3Je'TC5! 

JCJIOBne, llCKJIIO'IaiOm:ee TO'IKII C 60JihiiiOH 3KC11CpiiMCHTaJihHOH CHCTCMaTifKOH B 

pe3yJihTaThi anaJIH3a. ,Il.JI.H HOpMHpOBKII MOMeHTOB C<I> IICIIOJih30BaJIIICh 3Ha'IeHHe 

TOqKH HOpMHpOBKll Q5 = 90 (f3B)Z. TioCJie BhiiiOJIHCHII.H 3THX JCJIOBHH .)J,JI}I 

KX,II. aHaJIH3a B neciinrJieTHOM rrpii6JIII)!(CHIIH ocTaeTC.H nccro 797 ToqeK. ,II.ocTa­

Toqno llHTCpCCHb!M BOIIpOCOM .HBJI.HCTC.H 3HaqCIIHC rpaHHIJ,hl 110 IICpCMCHHOH Q'l., 
KOr,ll,a J)!(C MO)!(HO U:CIIOJih30BaTh rrKX,IJ. 6e3 KOppCKIJ,HH Ha HenepTyp6aTIIBHhiC 

3¢¢eKTbl. fl03TOMJ BHa'IaJIC 6biJia C,ll,eJiaHa cepH.H arrrrpOKCHMaiJ,HH 6e3 KOppeK­

UIIH Ha CTCIICHHhiC IIOIIpaBKII (HTC), HO rrpiiMCH.H.H YCJIOBIIe no nepeMeHHOii Q;,.in 
OT 1 ,li,O 12 (f3Bjc)2 C maroM 1 f3B2 . 

,PC3yJihTiiTbi allaJIH3a IIOKa3aJIH, qTo rrpn Q2 > 10 f3B2 CTCIICIIHhiC IIOIIpaBKH 

He Tpe6yiOTC.H. 8TO XOpOIIIQ COI'JiaCye'TC.H C pe3JJibTaTaMH aHaJIH3a, KOI')~a HCIIOJih· 

3Je'TC.H YCJIOBHe Ha rrepeMeHnyiO W 2 > 4 (M.H 6oJihiiiHX 3na•teHHii x :·no eooTBPT­

crsyeT Q2 = 10 f3B2). 
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B pP:3y:IhTi\Tt' a11a:una no:ty•tcHLI KnapKOBLIC pacupe;J.e.1cmm. npe;:I.cTan:IeHHLIP 

ll ..lliCCl'pTaiUIII. 

TaKim oopa3mi. 13 CO!n!CCTIIO~I KX.J,ana..1113C ;:I.aii!ILIX BCDJIS. SLAG, SJIC. 
BF P B Hecnm·:tcTnmr npon6.11!)!(CHIIII rro.1y•reubi C.1C..J.YIOIUIIC pe3y.1hTaThi: 

rrpn x2 j DOF = 0.97 KOHCTaHTa a. panna: 

o,(Jfi) = 0.111-1±0.0007 (cTaT.om.) ±0.0021 (rnn.om.) ±0.0005 (nop~I.om.). 
11.111 

a,(Mi) = 0.117-1 ± 0.0022 (110.111<UI :~KCf!Pp. OIII.). 

B CJ1C;\_\'IOIJV':\I pa3;:I.Co1r 3TOii r.1aBLI npe)J.CTaB.1l'Hhi pC3_\'.1hTaThi KX.J. ana.1H-

3a rro;moro 11a6opa 3Kcnepn~H'IITaJihHLIX )J.aHnhiX BCD 1U S. S LAC. N JJC. BF P 
KOJIJia6opai(IIii ll CJH',1,)'1011\C~I IIOJl.H)J.KP K JIII)J.HpyiOIUE'~IY (NLQ). B KOTOJl0:\1 ;:I..1.H 

OIIUCaUUH ;J,aiiULIX 6y;J,yT IICIIOJib30BaTbC.H :~BO:IIOUII.H HCCIIlii':If'TIIOfi II CIIIII'.1PTHOii 

•mcTeii ~IO~Il'IITon C<I>. B ·~TO~I a11a:m:w IICII0.1b3_\'IOTCH ·~KCnPplDIPHTa.lbllhll' TO'IKII 

JJ,JIH ncex 3H<PH'IIIIii Hcpe~Iellnoii x. On"aJihHhie y(~10BIIH no or6opy ;umHhiX TC :tKe. 

'ITO 11 BCJIY'Ial' anaml3a ll IICCIIIII'JICTIIO~I npn6.11!)!(('111111, IIOC:IP IIpii~IPHPHIIH KO­

TOJlhiX )J.JI.H allaJIII3a OCT'dCTC}! 1309 3KCIICpHMCIIT<l.1hllhiX TO'WK. _],,151 IIOp~IIIpOBKII 

:\IO~ICHTOB IICIIOJih3YCTCSI 3Haqenue Q5 = 20 (f3B) 2 • 

KaK II B r~'ly•rae aiiaJIU3a n necimrJICTIIOl\I npn6JIII)!(CHHn. 6ht:m 113y•reno B.1HHIH' 

IIOpaBOK 11a 
11 

IlhiCliiiiC TBHCTLI
11 

II B03!\10)!(1101'0 H<lXO)!..:;H'III!}I I'Jlilllllll,bl IIJ111l\I('IIIDIO­

C'rii nKXJ. ,·1,.:n1 omteamm ;J,an·HLIX no C<I>. Pe3_\'.:lhTaThi a11a:IIna npe,l.CTan.wm-.I 11 

;J,IICCCpTai\1111. rpaHIIUa llplll\ll'IIIIMOCTH nl\::'\_], B no:IHO~·I aHa:III'W ( llt'CIIIII:'I!'TII<HI 

I! CIIHI'JICTII<Ul 3BOJIIOI~II}I ~IO~I('IITOB) mixo;vrrei npH Q2 "' 10-12 r·~B2 . KaK 6hi:ro 

yKa3aHO BhllllC, cpaBIICIIIIC TCOpCTifqeCKIIX II 3KCIICpiiMPIITa.:IhllbiX 3Ha'ICIIIIfi :mra­

pH¢Mif'ICCKIIX llaKJIOHOB o6Jla,ll,aCT 60JihiiiOfi 'I)'BCTBIITe:IhHOCTLIO K JlC3Y.'IhTdTiHI 

aHaJIH3a, 'Ie~I O~CHI<a IIO o6IIJ,CMJ 3Ha'ICIIHIO X:l. 8TII cpaBIIl'lllm IIpC;:I.CTaB.'H'Hbl II 

)J.HCCCpTaiJ,llll )J,JISI JIOrapnq>MHqeeKUX HaKJIOHOB · 11p11 pa3JIII'IIIh1X yc.'IOBII}]X aHa:m­

:m. B pe3yJihTaTc noJmoro ana..TJn3a no;ry•reHLI napal\teTphi paeiipP;\P.:IcHIIii KnapKon 

II f'JIIOOHOll 13 llh!6pallliOll TO'IKE' HOJlMIIJlOBKH, :maqCIIIIH nap<UIPTpOB - IIOIIpaBOK 

11a 
11

Bb!Cliii!C TBIICTLI 
11

• 3)J.CCL TI\K)!(C np1I13C)J.CHLI pC3_\'JibT<lThl II:lY'Il'HII.H KOppe.:IH­

~IIil MC)!()J.y I'JIIOOHaMH ll CTCIICHIIhiMH II011pa13KaMH BBCJJ,l'IIIIP~I 'i:ll'lla rv .f-..: II 

pacrrpC,li,CJ!CIIllll MOJlCKIIX KBapKOB II r.h!OOHOB C W = .. 0 II W = 0.18, COOTBPTCTBl'II­

HO. l13 aiiaJIII3a llll,li,HO, 'ITO rrapaMCTpbl BaJICHTHh!X KBapKOB :laMCTIIO HC II3~ICIIII­

JII1Ch. 3na•ICIII151 rrapaMCTJlOil - IIOKa..1aTCJICil CTCIICHII B pacnpl'.'J;CJICIIJI.HX I'.TJIOOHOB 

II MOpCKIIX K13apKOB ba(20) II b5 (20) JMCHhiiiHJIHCh 11 Y*C H<lXO,.'.\.HTCH B npr,l,C.:lilX 

npe,ll,eKa3aiiHil npamur rmapKonoro c•rrTa. 3Ha•Ienn.H IIOK<Dan~Jm w n :r-w n pr:ly.:rh­

TaTe aHaJIH3a paBIIO 0.18, 'ITO XOpOlliO COI'JiaC,VCTCH C pC3YJib'l(l.Ta!\III. OCIIOI3<lllllhDIII 

na ,li,IIHaMnKe BF I< L, a T.lK*e c pe3yJILTaTaMII ue;~anncro <lwno~rciio:wrwu•cKoro 

H3yqemm 13CJIII'IIIHLI HIITepcenTa TioMepoua. 

TaKHM o6pa..1oM, n pe3JJihTaTe noJmoro aHaJIH3a BCDMS,SLAC,NJIC n 

BF P 6hiJI rroJiy•wH CJie)J.JIOru:nii pe3JJILTaT ,li,JI.H KOHcTaHThi cnJihnoro B3<UI:..ro;wii­

CTBII.H as C Y'le'TOM CHCTeMaTUKII: 

ns(20) = 0.2167 ± 0.0024 (cTaT.Olll.) ±0.0080 (cliCT.OIII.) ±0.0012 (IIop~t.Olll.), 
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a,(Jf1) = 0.1177 ± 0.0007 (cTaT.om.) ±0.0021 (cucT.om.) ±0.0006 (uop:-.1.om.) 
ll.'lll . a,(M1) = 0.1177 ± 0.0023 (3KCIICpHlll. om.). 

B 3TOH r.1ane TaKJKe npe;~.cran,leJibi pe3yJlbTaTbi IB.Pit'IIIUI IU115111lt5I uoporo­
BhiX 3¢¢eKTOB B Q2 

3Bomoumo C<I>. 9To n,lH51HHe OKa'3a:JO<:h uecyHlCCTB<'IIIIhnL 
3_n;eCb JKC, I!CnO,lb3Y51 TCOpCTH'ICCKHC tPOpli!YJibl r,l. 8, npP;:{CTaB:H'IIbl pe3y:JbTaThl 
OUCIIKII TCOpCTI!qCCKHX IICOnpe,n;eJICJHIOCTCH, CB513aHHbiX C TO'IKOii IICJlCHOpMIIpOB­
KII n ¢aKTopr13auun MO:\ICHTOB C<I>. 9Tu Heonpe.n;eJieHnocTn ;:{:151 ana:nna n N LO 
3HaqJ1TCJibHO npCBbiiiiaJOT 3KCIICp11li!CHTaJibllhiC OlliHfiKH. 

B noCJlC;J.HC~I pa3;1.e.1e )1CC51TOii I'.'JaBhi npe1cTaBJienhi pP'3YJihl<lThi npocToro aua­
•ln3a CJIUCCTBJIOJUIIX ;J.aHHbiX l!O Q 5 • 9TH ,iaUHb!C no KOIHTallTI' n, IIO:Iy'If'llbl 11 
pa3JIHqtJhixclm3HqecKnx npoueccax- B fHP, e+e- anHrn:Imlllll. pp- B3au~J0,1PH­
cTBH51X, B )ln¢¢paKUHOHHbiX npoueccax u ;~.p ( puc. 9). Bcem n<:Ho;u>:3ouano 52 
T~qKu npu 3HaqeHJmx Q2

, H3MepeHHhiX B 3KcnepHMCHTC. B Ka•wc:-rue cno6o)luoro 
napaMeTpa 6bma npHH51Ta neJinquna a. npn Q2 = 1111 ( B npOilC;J.ype napaMeTpb!: 
A(2) .i:JJI51 N = 1, 2, 4, A(3) ,n;JI51 N = 3). 
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Puc. 9: MupoB'b!e aa'H'H'b!e no 10:0'HCmaHme a. CTULOW'IULR 'K:pUBaR - npedC'K:Il3a'HUR 
nKXJI.; ny'H'K:mUp'HaR - npednoJ!o:>JCeH.ue, otmo a. - x:oH.cmaH.ma; mo"'x:u - 11: nKX/1, 
npu6ae.IUiemc.R. cmene'H'H.a.R. nonpaex:a npu MMt>tx a'H.a"'e'H.U.R.X. nepe.MeuH.oii Q2• 

Pe3yJihTaThr auann3a npe.n;cranJieHbi B Ta6Jinue 3. 

26 

Ta6n1Iu.a 3 Pe:JyJibTaTbl aHaJIH3a MHpOBbiX .n;aHHbiX no KOHCTaHTe a •. 

Nan. a, A(1) A(2) A(3) x2/Nv 
1 Koncmum 0.1201 ± 0.0008 909./52 
2 nKX,I1, 0.1176 ± 0.0006 35./52 
3 .-1.(3) + .-l(l)/Q• 0.75 ± 0.03 0.1182 ± 0.0008 322./52 
4 nKX)l+A(l)/Q2 -0.081 ± 0.041 0.1185 ± 0.0007 31./52 

Ih noJiyqeJIHbiX pe3_YJibTaTOB anaJIH3a 6h!JIII <:.n;eJiaHhl BhiBO.LJ;br: 

1. Bee .n;amihie no a. xopoiiio y.n;onJieTnopmoT Q2
- 3BOJIIOuHH, npe.n;cKa3biBaeMoii 

nKXJI. (N = 2). )J,eiiCTBHTeJibHO KOHCTaHTa a 8 - YHHBCpCaJihHa51 A1151 BCCX ll3MC­
peHHbiX npoueccon. 
2. IJone_n;enue a 8 HC Y.LJ;OBJICTB0p51CT rHTIOTC3e TIOCT051HCTBa H CTeneHHOH 3aBHCII­
MOCTII OT Q2 (N = 1, 3). 
3. 803MOJKIIa CTeneHHa51 IIOnpaBKa npu HH3KIIX 3HaqeHII51X Q2 (N = 4). 

4. Pe3yJihT"dTbi aua.mna (N = 2) .LJ;JI51 <:Jiyqa5J nKX)J, xopoiiio corJiacyiOTC51 c BeJIH­
qmJOii a 5 , IIOJIY'Ieii!IOH TOJibKO ll3 ,n;aHHbiX no fHP. 
M11pona51 KoncTaHTa CIIJibHOro B3anMo.n;eiicTBH51: a. ( Q2 = Jl.f1) = 0.1176±0.0024 
(3KCnep. OIII. ). 
9Ta oueuKa xopoiiio corJiacyeTC51 co cpe.n;neii BCJIHqnuoii: 

a.(Q2 = M1) = 0.1181 ± 0.002 H3 "Review of Particle Physics"2000, cTp.91. 

B o.n;unna.n;uaToii rJiane npe.n;cTanJieno npewrmKeuue no B03MO)KHOMY .LJ;aJihneii­
meMy uc<:Jie.n;onauniO npoueccon fHP c noMOIUhKi ycTaHOBKH CTOPC - cnepx­
rrpono,n;51II~ero Topon,n;aJihHOro cneKTpoMeTpa - B MIOOHHhiX nyqKax ( B03MOJKHO B 

IJ,EPHE UJIH <DEPMMJIAB, npaHnponanoch ·Ha YHK-600). 

11c<:Jie.n;onanue cncTeMaTnqecKux·norpeiiiHOCTeii B TMC BCDMS- KOJIJia6o­
pauuu nOKa3aJI, qTO OCHOBIIhiMII IICTOqHHKaMH neonpe_n;eJieHHOCTeii 51BJI51IOTC51: KD­

nequoe pa3peiiieHHe IIO UMnyJihCJ pacCe51HHOrO MIOOHa U3-3a MHOI'OKpaTHOI'O pac­

Ce51Hil51 B :>KeJie3e U <:yJUeCTBeHHbie HeOnpe,n;CJieHHOCTH npH KaJIH6pOBKaX MarHHT­
HOrO nOJI51 B )KCJIC3e. 9TH <lJaKTOpbl _n;aiOT OCHOBHOH BKJia_n; B CHCTeMaTnqeCKHe 

omn6Kn npH H3BJieqeHHH CTPYKTYPHhiX ¢YHKuuii. 
CyiUecrneuuoe yMeHhiiiemie 3Tnx neonpe.n;MennocTeii MOJKeT 6biTh .n;ocTHJKHMO 

3aMeuoi1 JKeJie3noro cep_n;eqnHKa MarnuTa TMC ua cnepxnpoBO.LJ;51JUHC IIIHHhi, crro­
co6Hhle C03.LJ;aTb noqTH 3KBHBaJieHTHOe no BeJinquue MarHHTHOe nOJie B B03.LJ;YXC. 

TaKa51 ycTauonKa ( CTOPC) MO)KeT o6ira.n;aTh JiyqmHMH KaqecTnaMn Topou.n;anh­
Hhrx MarHHTHbiX cneKTpOMeTpOB ( •100% a¢¢eKTIIBHOCTbiO, peKOp.LJ;HOH CBCTHMO­

CTbiO) II He CTpa,n;aTb HX HC.LJ;OCTaTKaMII (He BbiCOKOH pa3peiiiaiOJUeH CnOC06HOcThiO 
no KIIHeMaTnqeCKHM rrepeMeHHhiM). 

CxeMa u onucauHe TaKoro cireKTpOMCTpa npe,n;CTaBJieHa n ,n;HccepTaunu. JI,JIR 
pa3pa6oTKn rrpe,n;JIO)KeHn51 no co3)l;anuiO yCTaHOBKH c cBepxnpono.n;5IJUIIM MarHH­

TOM (CTQPC) fihiJIII BhiTIOJIHeHbl TfUaTCJihHhie pacqCTbi. 9TH pacqCThi npo,n;eMOH­
crpupoBaJIH B03M0)KHOCTb C03.LJ;aHH51 CBepxnpOBO.LJ;51fUero MarHIITa II rJiaBHhie Ka­

'!eCTBa TaKOii ycTaHOBKII - xopomyiO o.n;nopo.n;HyiO 3qJ¢eKTHBHOCTh K co6hiTHRM 

fHP, BhiCOKYIO pa3peiiiaiOruyiO cnoco6HOCTb cneKTpOMCTpa no KHHeMaTnqeCKHM 

nepeMeHHhiM, ueo6XO.LJ;HMJIO ATI51 cyrueCTBeHHOro yMeHbllleHH51 CHCTeMaTHqeCKUX 
OIIIHfiOK. JI,JI51 onpe_n;CJieHH51 OCHOBHhiX xapaKTCpllCTIIK cneKTpOMEITpa : 3<lJ¢eK­
THBHOCTII K C06biTII51M fHP, pa3peiiieHII51 no IIMnJJibCJ (/1pfp) II yrJiy pacce51Hil51 
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(t.J..O jB) 6hiJIO BbiiiOJIHeHO MO)l;eJinponarme co6biTUH fHP. 

J-b o~eHOK IIOJiy'leHO, 'ITO KOHe'IHOe pa3pernenne .. '1)151 KHIIC:\IaTll'ICCKHX IH'Jl<'­

MeHHbiX X II Q2 
"' 1% H CJia6o 3aBUCHT OT 3TUX rrepeMCHIIbiX, 'ITO Ba)f{!IO ;(:HI 

rrpe~n3HOHHhiX II3Mepennii CTPYKTypnhJX ¢ynK~Hii B nmpoKoii o6:mcn1 KIIIIP~ta­

THtlCCKHX rrepeMeHHbiX fHP. 9To B 10-15 pa3 JIY"!Ille, 'ICI\1 6bi:IO llOJIY'lf'IIO ll<l 

:lKeJie3HhiX crreKTpoMeTpax. 

B ,ll;HCcepTa~uu rrpe,ll;CTaBJiena ocnonna.H ¢u3wiecKaH rrporpa~II\Ia, KOTopy1o l.ltn­

MO:lKHO BhiiiOJIHIITh na ycTanonKe CTOPC, IIO)l;Tnep:lK,1J;CHHa5I pac<JeTa~m n cooT­

neTCTBYIOliiHMH UJIJIIOCTpa~U51Mll. 

1. l13Mepenne CTPYKTypnhiX ¢ynK~nii Ff}n) n rnnpoKoii o6JJaCTII nepe!\ICllllhiX 

0.01 < X < 0.9 II 1 < Q2 < 500 f3B
2 

C TO'IHOCTh!O 1%. 

2. l13Mepenue KOHCTaHTbl CUJibHOI'O B3aUMO,ll;CHCTBU51 0:5 C TO'UIOC"TbiO JIY'IIIJ(' l'l\·. 
3. l13Mepenue C<l'> na 51,11;pax B o6JiacTu 6oJibiiiUX 3Ha<Jenuii rrepe~ICHI!Oii x (.I~O 1.6). 
3. Coopy2Kenue ycTaHOBKU CTOPC OTKpbiJIO 6br conepmeHIIO HOBbie B03MO)f{!lo­

cTu ITO llCCJIC)l;OBaHUIO MCXaHU3Ma pO:lK)l;CHUH J j'lj; 'laCTU~ B JICIITOIHIYKJIOHilh!X 

B3aiiMO,ll;CMCTBll51X, !IpOBCpKe ~BCTHOH CUHrJieT!IOH MO,ll;CJJU, Bbi51CHC!IU51 BJIII51HH51 

51,11;epnoii cpe,ll;hi na Mexann3M pO:lK)l;eHu51 J /'1/J. 
4. Ha ycTanonKe B03MO)f{HO u3y'lenne CIIIIHOBhiX 3¢¢eK"TOB~l.l C<l'>. CTaTHC:THKa 11 

3THX 3KcrrepuMenTax 3aBHCHT OT pa3Mepon noJJHpH3onannoii MHlllen11. Hanp11r-.wp. 

11p11 )l;JIUHC MUIIICHU OKOJIO 2 M MOryT 6h!Tb IIOJiy'leHbl )l;aH!IhlP 110 C<l'J g 1 B IIHIJ>O­

KOH 06JiaCTI1 110 llepeMCHHOH Q2 
BIIJIOTb ,11;0 120 f3B2 . C TaKOH MHIIICIIblO yC'raHOI.IKa 

B COCT051Hllll 3aperHCTpHpOBaTb 2000 C06b!TliH pO:lK)l;CIIliH J /1/J ( 200 )l;HeH Ha6o­

pa )l;aHHb!X C 3cPcPCKTliBHOCTb!O 50%) )l;JJ51 Ka:lK)l;OI'O HarrpaBJJCHll5l IIOJJ51pH3a~I!H 
( rrapaJIJieJihnoro H anTHrrapaJIJICJibHOro). 

Bee Bhrrne llepe'!Hc.irennhre 3a)l;a'IH ne orpaHH'IHBaiOT B03MmKnucTH ycTaHOB-. 

Kll .CTOPC. OcnaliiCHIIC ee )l;eTCKTOpaMH Il,ll;CIITHcPUKa~un 'IaCTI!I~ ll03BOJ!l1Jl0 Ohl 

BbiJJOJIH51Tb 3KCIIepHMCHTbl IIO H3Y'ICHIIIO IIOJIYIHIKJII03HBHbiX llpO~CC:C:OB B fHP 

JJeiiTOHOB. 

OCHOBHbiE PE3YJibTATbi ,LJ;I1CCEPTAU:I1I1 

1. PmnuTa MCTO,ll;HKa o6pa6oTKH u anaJin3a 3KcrrepnMeHTaJibiihiX )l;aHHhiX, 3a­

perncTpuponannhiX B MaCIIITa6nOM 3KCIIepHMCHTC C YIIHKaJibllhiM Mai'HHTHhiM 

crreKTpoMeTpOM (peKOp,ll;Ha51 cneTHMOCTb 1035 ) n Kpy11neiimei1 B Mupe Kpno­

rennoii MHIIICIIhiO: 

• BbiiiOJIHC!IO MO)l;CJJHpOBaHne rrpou;ecca fHP MIOOHa C 1Ip11!3JIC'ICHHCM ,ll;C­

TaJibHbiX na CCI'O)l;H51ll!HHH. )l;eHb paC'!eTOB IIOTCpb 311CprnH MIOOHa B llC­

liiCCTBe H pa)l;Ha~HOHHbiX IIOIIpaBOK K fHP; 

e pa3pa6oTaHa MCTO,ll;HKa paC"!CTa 3cPcPCKTHBHOCTCH TpHrrepHblX CIJ;IIIJTH­

JJ5l~HOHHb!X C'ICT'IHKOB 6oJJbiiiHX pa3Mepon c y•IeTOM BJIIIHHH51 MepTBhiX 

30H; 

e 110Ka3aHO, 'ITO paliHCC BbiiiOJ1HeHHbie TCOpCTH'ICCKHe pac•ICThl IIOTepb 3IH'p­

I'UH MIOOHaMu B BelileCTBe rrpH 6oJiblllnx 3HeprHHX ( E>50 f3B) ne corJJa­

cyiOTC51 C 3KCIIepHMCHTaJibHb!Mll )l;aHHb!MU, 'ITO .IIpHBO,ll;HT K CYlileC:TBCIJ-
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Hmry e;J.Bnry ·ma•reHnii CTPYKTYJlHhiX <l>YIIKI~nii (..J.u 10% 11pn 3Ha'lemm 

llC}J<':\ICIIIIOii X ·. 0.5); 

• pa3pa6onma nporpa:\1:\Ia CTaTIICTII'ICCKoro amL"I1!3a :~annhrx n Bhi'lliC.."Ie­

mm CTPYKTYJlllhlx <l>YHKIUiii nyK.luna c y•1eTo:>.1 pPa."IhHOii 3¢¢eKTHBHO­

t"Tll _\TT<lllOBKII. IIOT<'Jlh ':JHCIJriiii II pa;rl!aiUIOHHbiX IIOilpaBOK; 

2. BHcpBhiC 11 oG:mt"TII 6o.lhllii!X ·:'lneprllii (E11 > 50) Bhmo:m<>llhl nperUI3110HIIbiP 

ll"J~H'jJl'llll>l IIOTl'Jlb ":'li!Cpl'llll ~£ ~llOOHa:\III B BPIIIeC:TB<'. flm<a:laiiO. 'ITO TPOpe­

TII'ICCKI!l' paC'IeThl 1!0 .!:1£ COI'.'IaC_\"IOTCH C ':JKCllf'J>lL\ICIITO~I l" TO'IIIOC"ThiO -v 1 l){ 
n CJiy<Jae Y'IPTa "Gu.TJhiiinx"noTcpb. 

3. B11epBhiC IIO.'IY'Jellbl 3KcnepnMenTaJ"IbllhiP ~annhie 110 r""Iy6oKoneynpyrmly pac­

ccHnmo ~I!OOIIOB na 11_\'KJIOIIaX II H;Ipax B 06JI3CTII 60JJbiiii!X 3lla'leHI!ii KB<l."l­

J>cl'ra I!P}W;VIl!IIO!'O 'll'TbiiJPXII~III_\".'lhC.a 8 :::::: Q1 
:::::: 260 f3B1 . H!',1,0CT_\"IIIlbH' ;J."IH 

J>Cl'IICTpaiUI!I !" llO~IOil\hiO ,1,p_\TIIX ;\ll'TO}J:HK B ':JKC"Ilf'}>II~IPI!T<tX C cPHKCIIj)OBHII­

IIhl~lll :\l!!IIIPII>I~lll. Bn•ro B OllhiTax c· ~TJrepo;r11oii. uo;topo:woii 11 :rPfiTepm•Bofi 

:\lllliiC'IW:\!11 1!0:1_\"ll'IIO "-' 3. 2 · 106 C06biTilii fHP :\I!OOIIOB. flo.:ly'IPI!Hbl!' 3Kl"­

nepnMeiJTa.:lbllhll' ;~ai!Hb!e OCTaiOTC5l YIIIIKa.lbllhll\!1!. 

4. C JJY'llliCll TO'lliOCTbiO BhlllOJIJieHO li3Mepenne HYKJIOIII!blX CTJl_\'KTY}>HhlX <}>yi!K­

~HH F2 (:r, Q2
) II R(x) n I'Jiy6oKoHeynpyroM pacremum ~11oonoB na yr.TJPPO-lt' 

B KllHC~IaTII'IeCIWii u6JJaCTll 0.25 :::::: ;r < 0.8 II 25 f3B2 :::::: Q2 
:::::: 260 f3B2 npn 

TJlCX :llla'IC!!IIHX :mepnm nepBI!'IIIOI'O llj'"!Ka 120. 200 II 280 f3B. flone;Il'III!P 

F2 (:1:, Q2
) oT l!cper-.ll'HIIoii Q2 cor.lacyeTcH c rnnoTe:Jol! napyml'III!H l"KPii:l!lllra. 

3Ha•rennH R(x) n rn~rcp<'nlloii ,?6-'mtTn nepe~leHHoii x <:OLI<H"~"IOTl"H t· 11pt>.l­

cKa3aJil!HMI! KXD B npe)l;cJJax omn6oK 1131\lepeHnii. Cp<>.:UIPP :ma'H'lllll': 

R = a-L/a-r = 0.015 ± 0.013 (cTaT.) ±0.026 (cncT.). 

5. flOJJY'ICIIhl caMbie TO'lllhie )l;aHHhie no cTpyKTYJlHhll\1 ¢ynKI\ll5lM F2 (:r, Q1 ) l! 

R(x) na ,11;ei1Tepnn npn Tpex 3na•wnnHx 3neprnn nepnn•moro ny•1Ka ;-.11oonon 

120, 200 ll 280 f3B B Kl!IICMaTH'leCKOii 06JJaCTll: 

0.06:::::: :::::: 0.80 11 8 f':JB
2 

:::::: Q2 
:::::: 260f::JB

2
. floBe:wn111~ F2 or ne}W~Iemwn Q2 

COl'JiacyeTC>I C l'li!IOTC30ii napyiiiCIHIH CKCiiJill!ll'a. 

3Ha'ICIIIIH R(x) corJJacyiOTCH c rrpe,ll;CKa3amurMn KX,l n ll}lf'-lC.iiaX oum6oK 

H3Mepemri1. · ·• 

6. I1cnOJJh3Y51 ,11;annhre rro cTpyKTYPHhiM ¢ynKIJ;HHI\I F2 , noJJy'lcnnhle na no.1.o­

po,11;e II ,ll;CHTCpllll, li3BJJC'ICIIbl OTI!OIIleHll51 CTpyKTYIJIIbiX cl>YHK~IIii IICiiTpOH<\ 

11 nponma F!j j F!j. fluJIY'ICllllhiC t\aHHhle no OTnomeHmo Fl' j F!j yK<ni,maroT 

na ,ll;OMimnponanne 1L rmapKa npu :r. ---t L B npe~C'.'JaX To•moeTH 1!3~Iepl'liHii 

He na6Jno)l;aeTcH 3anncnMOCTh oTnomennR Fl' / Ff OT Q2
. OniO!IIl'HHc F~' / FJ' 

xopomo corJJacyiOTCH c ,ll;pyrHMU)l;a!IIIhiMll, rrOJJy•lellllbl:\lll n 3Ke1wpn~tPI!Tax. 
B TOll }Ke KlllleMaTII'!eCKOii, 06JiaCTll. 

7. I1cnOJJb3Y51 3Ha'ICIIH51 pa3HOCTU Ff- F!}, nOJJy•reHHhiC II3 ;~ann hi X na ,11;ciin~pn11 
ll BO,ll;OpO,ll;C, IIOJJY'lei!O 3Ha"!eHl!e HIITCrpaJia.: 

1
o.s dx 

[Ff(1:)- F;(x)]- = 0.197 ± O.OOG ± O.O:JG. 
o.oG dx _ 
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3Ha•ICIIIIC 110-lHOro IIIITCrpa.:la liOC • .lC 3KC:TpanO-l>IUlfll B II<' WHH'p>IC:\Ibl(' ofi­
JlaCTII oKa3aJlOC:h paBIIhi:o.I 0.261 ± 0.047 (3Kcnep). TaKO<' "JIIil'ICIIII<' HHTerpa­

.la VKa3biBa.lO Ha HapylllCHHC 11pann.1a CY:\I:\1 fonflpii~a ll IIJlC;UIO.lO;.I{PIIIIII 

CJU,;l\ICTpHH MOpCKHX KBapKOB (u = d)- pacnpe;J,C"lCinHI Il IIpC,lC•laX 1.5 rJ. 

O;:~,naKo o~uo3uaquoro 3aKcliO'!eHn>I o napyrnemm npann:1a fonppH,la C:l<'­

JlaTh HC y;:~,a..'IOC:b H3-3a 3!Ia'!HTC,lbHOH CHCTCl\laT!I'ICCI<OH OIIII16KII, CBH3aiiiiOi1 

C 3KCTpaiiOJl>IUHCH B HCH3MCp51Cl\IYIO 06JlaCTb (x --7 0). ;:(a • ."IbiiCfiliiiiC ':JKCIICJlll­

l\ICHTbl, BhiiiOJlHCHHhie N.UC KO,l.la6opaunei1 no;:~,Tnep;Ul.lll ·-noT pc3y:IhTaT 11 

yc:TaHomL'Ill napyrneul!e npanu,la cy:\I:\1 n C.ly•Iae CII:\1:\IPTJ>IIII :\IOp>I n IIpc;w­

,lax 5 a. 3Kcnepu:\ICHT H ERI\l ES, ncn_s>.lhJya no:IyHHICIIO'lllBHhiC npouectbi 

pO;.I{;l,Cllll>l 3ap51)KCJUlbiX a.--l[JOIIOB, BhiiiOJillllJl lB:\ICpelll!(' IIIITC'I'Jla:Ia 

l (u- d)dx = 0.160 ± 0.030. 

ECJlii IICIIOJlh30BaTb 3TOT pe3yJlhTaT, TO "noJIHhiii"mrrerpa:J paBeu: 

sbull = 0.227 ± 0.020, 

'ITO xoporno cor.'!acyeTC>I c pe3yJJhTaTaMn, IIOJlY'ICH!JhiMf'l n 'lKC:nepnMcHTax 

BCDA1S H N1\fC. TaKnM o6pa3oM, npaBHJlO cyMM foTT<flpn,na coxpa!IHCTC>I 

B OTCJTCTBHII CHMMCTpHH MOpCKHX KBapKOB. C _npyroii CTOpOHbl, pe3yJlhTaTbl 

110 II3MCpCHHIO pa3HIIUbl d- U HMCIOT CaMOCTO>ITCJlhHOC 3Ha'JCHHC - OHH yKa-

3hiBaiOT Ha CJmCCTBOBaHHC aCHMMCTpHH B pacnpC)l,CJICIIHH MOpCKHX KBapKOB. 

8: BhiiTOJlHcno cpannenne 3KcnepnMCHTaJJhHhiX )l,aHHhiX, noJly'lcHHhiX n 3Kcne­

piiMCHTax na yrJlepo)l,e n )l,ciiTcpiin c )l,aHHhiMH 3KCnepnMeHTOB E A1 C , B F P, 
Nlv!C, SLAG, CCFR. IToKaJaHbi npoTnnopc'!H>I c ,:~;aHHhiMn EMC H n o6-

Jlacni MaJJhiX 3Ha'IcnHii nepeMennoii x, xopornee corJJaCHc c ,L~amihiMn N,\!C. 
SLAG, CCFR II y,LIOBJJCTBOpiiTCJJhHOe corJlacne c )l,aiiHbiMH BFP. 

9. ConMCCTJIO C COTpy,LIHHKaMII JIT(f> pa3pa6oTan HOBhiH MCTO)l,, Ha OCHOBC cro 

C03)l,aua II IICCJlC)l,OBana 3cpcpcKTHBHa>I nporpaMMa )l,Jl>I BhiiiOJlHCHH>I KX)J, 

anann3a CTPYKTypHhiX ¢ynKIJ,Ilii B rJiy6oKo-lieynpyroM paccemmH JienTonon. 

)J,Jl>I peKOHCTPYKUIIII CCI> IICIIOJlh3YCTC>I pa3JlO)KCHIIc 3TIIX ¢ynKunii no noJln­

HOMaM 5IK061I. J1CCJlC)l,OBaHa TO'IHOCTb BOCCTaHOBJlCHH51 CTpyKTypHhiX cpyHK­

ll,IIH B 3aBHCIIMOCTII OT KOJlll'ICCTBa 'IJlCHOB pa3JlQ)KCIIll51. IJoKa3aHO, 'ITO Bhi­

COKa>I TO'IHOCTh noccTanonJicnH>I CCI> )l,OCTHraeTc>I Y*e npii 7 'IJlcHax. pa3JlO­

)KCHIHI. J13J'ICHa CTa6IIJlhHOCTh pe3yJlhTaTOB aHaJJH3a. J1cnO..'!h3J>I C03)l,aHHYIO 

npo~paMMy, nncpBhiC )1,0 nop>I)l,Ka CJlC)l,y!Olll,Cro K J!II)l,IIpyiOIII,CMY {NLQ) Bhl­

nOJlHCH KX)J, anaJJII3 3KCnepiiMCHTaJJhHhiX )l,aHHhiX no fHP MIOOHOB, noJly­

'ICHHhiX KOJ1Jla6opau1Ieii BCDMS Ha >I,Lipax ymepo)l,a, )l,ciiTepii>I II BO,Liopo)l,a, 

KaK B HCCHHrJICTHOM, TaK II B CIIHrJlCTIIOM CJlyqae, a TaK)KC aHaJJII3 ,LipyriiX 

)l,aHHhiX no fHP-JlcnTonon EMC, BFP, NMC, SLAC. 

10. B pe3yJlhTaTe auaJJn3a II3BJle'!enhi 3Ha'!CHII>I Macrnm6noro napaMCTpa KX)J, 

- A c HaHJIY'IIlleii B MIIpe TO'IHOCThiO n O)l,HOM 3KcnepiiMCHTc. AHaJJH3 )l,aHHhiX 

BCDMS nnepBhie npO)l,CMOHCTpllponan IIX xopolllee KOJIII'ICCTBCHHOe corJia­

cue c nepTpy6aTIIBHOii KnaHTonoii XpoMo)J,IIHaMIIKoii {KX)J,). )J,annhic no F
2

, 
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11. 

12. 

13. 

IIOJlJ'ICilllbiC B 3KCHCp1IMCHTC )Jli>I Bb!COKIIX 3Ha'!CHHH Q2 HC Tpe6yiOT npaK­

Tli'ICCKII nonpaBOK Ha Macey MIIIIICHH II 
11

Bb!CIIJIIX TBIICTOB
11

• IJOJIJ'ICHHb!C 

)l,allllhiC no F2 c BhiCOKoii TO'IHOCThiO II Tlll,aTeJihHhiii KX)J, anaJJII3 no3BOJlii­

Jlii nnepBbic BhiiiOJlHIITb npoBcpKy KX)J, B fHP JICIITOHOB, IICnOJlh3Y>I cne­

IJ,IIcpll'ICCKHC npc,LICKa3aHII>I KX.U )Jli>I rHP - noBC)l,CHIIC J!Orapi1cpM1I'ICCKIIX 

naKJIOIIOB (dlnF2 jdlnQ2 ) OT ncpCMCHHOH X. 

Aua..'!H3 .aanHhiX BCDMS na D2 H C 12 )l,aiOT O)l,HO 3Ha'!CIIIIC n npc)l,eJiax cm­

THCTli'ICCKnx ornn6oK Macrnm6norb napaMCTpa A, 'ITO CBII)l,CTeJihCTnyeT o6 

OTCJTCTBIIII BJlli>IHII>I >I)l,epnhiX 3cpcpeKTOB ua Q2 
none)l,eHIIe CTPYKTYPHhiX 

cpyHKIJ,IIH B o6JlaCTII Q2 > 20 f3B2 • 3TO nO)l,TBCp)K)l,aCTC>I OTCJTCTBIICM 3aBII­

CIIMOCTH OTIIOlllCilll>I Ceil Fi IFf OT Q2
• 

BnepnhiC BhiiTOJincH KX)J, - anaJJH3 crpyKTypnhlx ¢ynKII,Hii F2 Ha npoTo­

uax II )l,CiiTponax B NNLO (n npi16JIII)KCHIIII a~) )Jli>I uecnHrJICTHOro CJly'la>I. 

Haii)l,euo CJla6oe yMeHhiiiCHHC ( B npe)l,eJiax ornii60K ) napaMcTpa KX)J, - A 
OT NLO K NNLO. TaKoe rrone)l,eHIIC corJiacycTC>I c pe3yJihTaTaMII auaJJII3a 

R OTHOIIICHH>I n e+e- anniiriiJ!>Ill,IIII, T - pacna)l,a II npaBIIJia cyMM fpocca­

JiencJJJieH - CMIITa. 

11cnoJlh3J>I rrporpaMMY KX)J, anaJJII3a, BhiiTOJlHCH COBMCCTHhiii KX)J, anaJJII3 

CTpyKTYPHhiX ¢YHKII,IIii F2 , noJiy'!cHHhiX B 3KcnepiiMCHTe na yrJiepo)l,e, no­

)l,Opo.n;e II )l,CHTC[JIIII C Y'ICTOM 11 )l,IIHaMH'ICCKOr0
11

BKJ!IO'ICHII>I 'IIICJla apOMaTOB 

KBapKoB B npoiJ,ecce 3BOJI.IOII,IIII CTPYKTypnhiX ¢YH~II,IIii. Onpe)l,cJlcHa KOH­

CTaHTa CIIJlhllbiX B3aHMO)l,CifcTBIIH: 

a.(Q2 = 20f3n2 ) = 0.2160 ±0.0047 (cTaT.) ±0.0068 {ciiCT.) ±0.0031 (nopM.) 

IJOKa3aHO, 'ITO 3cpcpCKThl Ha Macey MIIIIICHII II 
11

BhiCIIJIIC TBIICThl
11 

Hecylll,cCTBCHHhi )Jli>I )J,aHHhiX BCDMS - KOJIJia6opaiJ,IIII, noJiy'!eHHhiX )Jll>l 

60JihiiiHX 3Ha'leniiii Q2• ITepcC'!CT K CTaH)l,apTnoii BeJIII'IIIHe KOHCTaHThi npii 

Macce M'f )],aCT: 

a.(Q2 = M;) = 0.1175 ± 0.0026 {nOJIH.3KCn. om} 

14. BhmOJinen KX.U anaJJII3 3KcnepiiMCHTaJJhHhiX )l,aHHhiX SLAG, N MC, BF P. 
J13BJ!C'ICHa KOHCTaHTa a 5 : !' 

a.(Q2 = M;) = 0.1170 ± 0.0028 (nOJIH.3KCn: oni\ 

l13y'lcHo BJlii>IHIIC HenepTyp6aTIIBHhiX BKJ!a)l,OB n CCI>. 

15. BhmOJIHCH conMeCTHhiii aHaJJII3 )l,aHHhiX BG D M S, S LAC, N M C, B F P c y'le­

TOM 11,LIIIHaMII'!ecKoro11BKJIIO'IeHIIH 'IIICJla apoMaToB n npoii,ecce 3BOJIIOIJ,IIII CTPYK­

TYPHhiX ¢YHKII,IIii. Onpe,L~eJieHa KOHCTaHTa CIIJihHhiX B3aiiMO,LI,eiicTBIIii: 

a.(Q2 = M'f) = 0.1177 ± 0.0023 {nOJIH.3Kcn. OIII.). 

l13y'leno BJIHHHIIC noporonhiX 3cpcpeKTOB Ha pC3yJihTaThi aHaJJII3a. C,L~eJiaHhi 
oueHKII TcopCTII'ICCKHX Heonpe,LI,eJICHHocreii; cnll:3aHHhiX co 3na'leHII>IMII To­

'ICK nepeHOJlMIIJlOBKH II cpaKTOJlH3aiJ,HH TCOJlCTII'ICCKHX MOMCHTOB CCI>. 

16. BhiiTOJlHCH aHaJJII3 MIIpOBhiX )l,aHHhiX no KOHCTaHTe CIIJ!hHOro B3aiiMO)l,eii­

CTBII>I a 5 • IJoKa3aHO, 'ITO BC>I COBOKynHOCTh Cylll,CCTBYIOIII,IIX )l,aHHhiX y,LI,OBJIC-

31 



TBOpaeT npe.n.cKa3aHII11M KX.LI, no Q2 3BOJIIOIJ;IIH KOHCTaHTbi ClWLHoro n·~au­
Mo.n.e.il:cTBH£. IIonyqennoe 3naqenne 0'5 H3 3Kcnepn~IeHT<WlhJJLix ;.(aHJJbiX 110 

fHP XOpOIIIO COrJiacyeTC51 C OCTaJibHblMH MHpOBhl:VIll ;.(aJJJJhi~IH. 

17. IIpe.n.cmnneno npe.ll.JlmKeHIIe no coopy)KemiiO nono.il: 3Kcnepl!i\Jeirra.lLHOii .\"<""ra-
. HOBKII · CTOPC .n.na Hccne.n.onaHII.il: rrpou;eccon fHP. C03;J.aHne yeraHOBKll 

CTOPC rro3BOJIIIJIO 6bi BhiiiOJIHUTh Hccne.n.onanna fHP Ha 6o.'lce BhiCOKml 
yponne, B qacTHOCTH: II3MepHTh CCI> c ToqnocTbiO 1 %; onpe).leJil!Th KOHCTaJJ­
TY £X5 (M';) Ha yponne TOqHOCTH 0.7% (ce.iJ:qac OHa H3Mepena C TOqHOC'TLIO 
2.5%); rronyquTb ynHKaJihHhie .n.anHhie II? CCI> n fHP JlO :macreHnii nepew•JJ-

. HOH X = 1.6 .lJ.Jl51 51).lep H fJIIOOHHb!e pctcrrpe.n.eJieHHH ).lJI51 npOTOHOB II }L"l!'Jl 

c TOqHOCThiO 3%. BbiiiOJIHUTh rrponepKy KX.LI, .ll.JI51 cmmo3anunmmx CTpyK­
TYPHhiX ¢YHKIJ;ll.il:. 

OcnoBHhie pe3yJihTaThi .lJ.IICcepTau;nii orry6JIIIKOBaiihi n pa60'rax 

1. D.Bollini, ... ,V.G.Krivokhizin,et.al.A high Luminosity spectrometer for dc<'p 
inelastic muon scattering experiment,Nucl.Inst.and Method,v204,1983,p.333. 

2. A.Argento ... ,V.G.Krivokhizhin, .. Phys. Lett., vo1.120B,I'f 1,2.3,1 983,p.245: 
IIperrpHHT OI15U1 E 1-82-847,1982. 

3. R.Kopp, .. ,V.G.Krivokhizhin, .. A measurement of energy loss distribution of 
Energetic muon in iron. Z.Phys. C Particles and Fields 28,171,1985. 

4, D.Billini, ... , V.Krivokhizhin , et.all.Deep inelastic muon scattering on carbon 
at large Q2

. Proceeding of the Inter. Symp. on Lepton and Photon Inter. at high 
Energies, August 23-29,1979,Batavaa,p.149. 

5. A.Argento, ... ,V.G.Krivokhizhin, A new results for nucleon structure function 
from DIS of muon on the carbon at High Q2 . Presented at the Inter.Conf. on High 
Energy Physics ,!981,Lisbon,Portugal , Proceeding,p. 786. 

6. A.Ap)KeHTO, .. , B.f.KpunoXH)KUH, YcTanonKa 11 ocnoBHbie pe3yJihTaTbi 3Kcne­
puMeHTa HA- 4.Tpy.lJ.hi Conelll,aHII51 no Hccne.n.onanu5IMB o6nacTH peJI5IT. a.n.epnoii 
¢II3IIKu,)l,y6na, 1982. 

7. A.BennenyTII, .. ,B.f.KpuBOXII)KilH, I13Mepenua nyKJIOHHO.il: cTpyKTypno.il: 
¢YHKIJ;HII B rJiy60KO-HeyrrpyroM pacceHHIIII MIOOHOB Ha yrnepo.z~e !Ipll Bb!COKHX Q"l. 
IIperrpuHT OI15II1 E 1-86-650; .Ll,oKJia).lna Me)K.n.yH. KOIHl>. no ¢u3l!Ke BLICOKIIX 
3Hepru.il:,BepKnu ( ClllA), 1986. 

8. A.BenneHyTH, .... ,B.f.KpnnoxH)KUH, ...... IIpeu;u3l!OHHbie H3Mepemia HYKJion-
HO.il: CTpyKTYIJHO.il: ¢YHKIJ;UH B rny6oKo-neyrrpyroM pacceanuu MIOOHOB Ha yrne­
po.n.e rrpii BhiCOKIIX Q2

• IIperrpnHT OI15II1 E 1-87-549,1987 ; IIpenpunT UEPH 
CERN-EP /87-100. Phys. Lett. 195B,1987,p.91. 

9. A.C.Benvenuti, .. ,V.G.Krivikhizhin, A high ststistics measurement of the of 
the.deutron structure function F2 and R from deep inelastic muon scattering at 
high. Q2 .Phys.Lett:B237,1990,592, Preprint JINR E1-90-284, CERN EP-89-170. 

lO.A.C.Be~venuti, .. ,V.G.Krivikhizhin,A high ststistics measurement ofthe of 
the proton structure function F2 and R from deep inelastic muon scatterii1g at 
high Q2

• Preprint:JINR1-89-540, CERN Ep-89-06,Phys.Lett 8223,1989,485. 

11. A.C.BenYenuti, .. ,\'.G.KriYokhizhin .. ,A comparison of the structure functions 
F2 of the proton and the neutron from deep inelastic muon ·scattering at High Q2 • 

Preprint JI~R £1-90-285. CER:'\ EP-89-171.Phys.Lett 8237.1990.599. 
12. K..-\ckPrstaff.. .. \".G.Krin>khijine. Tlw flaYor asym11wtry of the light quark 

sea from sPmiindusin• dePp inPlastic scattering. Phys.Re,·.Lett. ,·.81.n25.1998. 
13. K.Ackerstaff.. .. \".G.KriYokhijint>,The HER\IES Spectromett>r. :'\ucl.Inst. and 

.Method.A-117.1998.230. 
14. B.r. KpiiBoxmr-;rm II ..'I.P· KX.LI, aria.'ln3 cnnr.leTHhix cTpyKTYPHhix ¢ynKUIIii 

c nciiOJib3onaniie~r nO.'IImmron 5IKo6u., IIpenpnHT OII5III £2-86-56-1,1986 . 
15. A.C.BenYenuti, .. .Y.G.KriYokhizhin .. A high ststistics measurement oftlH' of 

the proton struetun• function and tests of QCD from dePp inelastic muon s~attering 
at high. PrPprint J[\R El-87-689. Report on the International Europhysics 
ConfPrem·p on High Em·rgy Ph~·sics, L'ppsala,1987. 

16. KriYokhizhin \".G. l't al. QCD analyses of singlet structun• function using 
Jacoby polinomials,Z.Phys.C.Particles and Fields,c.36.1987.p.51. 

17. Krivokhizhin V.G. et al. Next-to-leading-order QCD analysis of struetur!' 
function with the help of Jacoby polynomials.,Preprint JI:'\R E2-90-330.1990: 
Z.Phys.C.Partides and Fidds,cA8,1990,p.347. 

18. A.C.Bem·enuti .... V.G.KriYokhizhin, Tests of QCD and a mPasuremrnt of,\ 
from scaling Yiolations in thl' nuclron structurr functions F1 at high Q2

. PrPprint 
JINR E1-87-699. Phys.Lett.B195,1987,97. 

19. V. Genchev , .. V.G.Kri\'okhizhin, QCD analysia of thP nuc!Pon struetnrP 
function F2 , measuremented in DIS of the nmon on carbon.Proc. Int. ConferPnn• 
of Problems of High Energy Physics (1988), Dubna, V.2., p.6. 

20. A.C.Benvenuti, .. ,V.G.Krivokhizhin ,Tests of QCD and a nwasurement of,\ 
from scaling violations in the proton structure functions F2 at high Q2

. Pn·print 
JINR E1-89-541,Phys.Lett 8223,1989,-190. 

21. A.V. Kotikov. V.G. Krivokhijine, F2 structun• function and highrr twist 
contribution ( nonsinglet case). Procerdings of Internatio11al Workshop on DPPp 
Inelastic Scattering and Related Phenomena (1998), Brussels (hPp-ph'9805353). 
p.242-245. 

22. Parente G.,Kotikov A.V.,Krivokhizhin V.G. Next-to-next-to leading order 
QCD analysis of DIS structure funct.ion.,Phys.Lett.,y.B333,199-l,p.190. 

23. V.G.Krivokhijine and A.V.Kotikov, A systematic study of QCD coupling 
constant from deep inelastic measurements. Preprint JI~R E2 2001-190,:Jor-;:m;~ wt 
Me)K.n.ynapo.n.II0!\1 coBeru;;uum IIO qm31IKe BhiCOKIIX :mepr1Iii II KnauToBoii n•opuu 
nona, Moc1ma, 2001. 

24. G.Guoyot, .. ,V.G.Krivokhizhin,.Study Inelastic Scattering using 
Superconducting Toroidal Spectrometer(STORS).Lettcr of Intent,1991. 

25. A.A.Fechtchenko,.,V.G.Krivokhizhin,Superconducting Toroidal speetronwtPr 
for Precision Studies of Muon Deep Inelastic Scattering at CERN 
and Serpukhov(UNK) . .IT,oKJia;~ na 27 Me)K.n.ynapo.n.noii Kom}wpem~nn no t}m:mKP 
Bb!COKIIX 3!!epmii, fJra:lKo,Anrmm,1994,cTp.1363. 

26. A.A.Fcchtchenko, .. ,V.G.Krivokhizhin, .. ,Snpl'lTonducting Toroidal 
Spectrometer for Precision Studies of Muon Deep Inelastic Scattering at CER~ 



and Serpukhov(Ul'<K) . 

.lJ.oKJia;:~; Ha l\Ie)K,LlyHapo,!l,HOii cone~amm UNK - 600, IlpoTBIIIIO. 
1994,cTpi0101. Coo6~em1e OH5IH E1-04-232, 1994. 

27 .. B.Aunpeen, .. ,B.f.KpHBOXH)KHH, .. Cnepnpono,'l,aiua}! :-.wrnHTHa5I cnCTP:-.m To­

pon.:~:a.lbHOro cneKTpO:-.IeTpa CTOPC.IlpenpmiT OII5III Pl-92-319.1992. IlpPIIJliiiiT 
Oli5IH ?1-92-379,1992. 

28. A.f.AKimnm, .... B.f.KpimoxiLiKHH. Ilporpa:-.n1a :-.Io.w:IHJlOH<IIIIIH -~Kcm·pB­
:-.teHTa no fHP ,1emouon Ha cneKTpo:vwTpe STORS (GEATORS). 
P1-92-167,0H5II1,,:::Cv6Ha,1992. 

29. A.IO .EoHIOIIIKHHa, .. ,B .r.K pHnoxH:iKHH ,.l\1o,!l,em1ponaiiHe -~KcnPim:vtPuTou 11o 
1HP Ha cnepxnpono,~1,a~e;o.I MarHHTIIOM cneKTpo:vteTpe STORS. 
P10-92-370,0H5IH,::(y6Ha,1992. 

30. A.C.Benvenuti, ... V.G.Krivokhizhin, :'-Juclear Structun· function in carbon 
near x = 1. Preprint E1-93-133 .. 1Il\R,Dubna,l993. 

~ 

· IlonyqeHo 24 aHsapH 2002 rot{a. 

34. 

.· 


