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OBIIJ;A.SI XAPAKTEPHCTHKA PABOTbl 

OfrbeKT HCCJie,n;oBaHH.SI H aKTYaJibH0CTb TeMbl 

TTpe,z:i;MeTOM )],aHHOtl: )],HCcepTaIIHH HBJIHIOTCH a,z:i;poHHble npoIIeCCbl, OTHO

CHIIi;HeCH K oco6oMy KJiaccy ::HCecmx:ux npou,eccoe, B KOTOpbIX npHCYTCTBYIOT 

)],Ba ( HJIH 6oJiee) 3HepreTH'1eCKHX MaCI11Ta6a: O)],HH - 3TO "MHI'Ktttl:" ( a,z:i;pott

Hb!tl:) MaCIIITa6, a BTopotl: - ":>KeCTKtttl:" MaCI11Ta6 xapaKTepttoro nepe,z:i;attttoro 

HMilYJibCa. TTpttMepaMH TaKHX npoIIeCCOB HBJIHIOTCH rJiy6oKo-tteynpyroe pacce

HHHe lp -. l' X, IIHKJII03HBttoe (pp -. H X) H 3KCKJII03HBttoe ,z:i;ttcppaKIIHOHttoe 

(pp -. pH p) o6p83oBatttte xnrrcoaCKoro 6o3otta H, a TaK:>Ke po:>K,z:i;ettne a,z:i;pott

HhIX CTpytl: c 6oJiblllllM nonepe'1HblM HMilYJihCOM. 

Hantt'1He ":>KeCTKOro" MaCIIITa6a 1103BOJIHeT IIpHMeHHTb MeTO)],bl nepTyp6a

TllBHOtl: KBaHTOBotl: XpoMo)],HHaMIIKH (nKX,II;), o,z:i;ttaKo tteKoTopaH qacTb 11po-

1Iecca HMeeT HCKJIIO~IHTeJihHO He11epTyp6aTHBHYIO IIpHp0)],y ll IIJ)HCYTCTByeT B 

BH)],e KBapKOBhIX ll l'JIIOOHHhIX cpyttKIIHtl: paCIIpe,z:i;eJieHHH ( HJIH <pparMeHTaIIHH) 

a)],pOHOB. CeqeHHH :>KeCTKHX U'H,'l\:.ll,'/03U6'H,'b/,X 11po1Iecc0B MoryT 6b!Tb npe)],CTaBJie

Hbl B BH)],e CBepTOK KBa)],paT0B MaTpH'1Hb!X 3JieMeHTOB :>KeCTKOro Il0)],1Ip01i;ecca, 

Bb1'1HCJieHHb!X B paMKaX nKX,II;, C 11apTOHHb!MH pac11pe,z:i;eJieHIIHMll coy,z:i;apH

IOIIi;HXCH a,z:i;pottoB. TaK H83hIBaeMhie meope.M'bt rfiax:mopu3au,uu [1, 2] o6ecne

'1HBaIOT B03MO:>KHOCTb OT)],eJieHHH ( <paKTOpH3aIImI) nepTyp6aTHBHOtl: qacTII OT 

cyui;ecTBeHHO tterrepTyp6aTHBHOtl:. TTocJie)],HHH HBJIHeTCH YHHBepcaJibHOtl: B 
0

TOM 

CMblCJie, '1TO MO:>KeT 6bITb Bbl)],eJieHa B 0)],HOM IIPOIIecce ll HCIIOJib30BaTbCH )],JIH 

11pe,z:i;cK83aHIIH H attaJIH3a ,z:i;pyrttx rrpoIIeccoB. 

rJiy6oKo-tteynpyroe pacceHtttte JieIITOH0B Ha a,z:i;pottax lh-. l' X paccMaTpH

BaeTcH a paMKax x:0.11,.11,utteapttou rfiax:mopu3au,uu [2]. B KOJIJitttteapttoM 110,z:i;xo,z:i;e 

BCe yqacTBy1oui;He B 11po1Iecce qaCTHIIbl rrpe)],IIOJiaraIOTCH Hax0)],Hlli;HMHCH Ha 

Macconotl: IIOBepxH0CTH ll nepett0CHIIi;llMH TOJlbK0 11po)],OJibHb!e HMIIJJibCbl. Oc

HOBHb!MH HenepTyp6aTHBHb!Mll 3JieMeHTaMH, OilllCbJBaIOIIi;HMH MHrKyIO qacTb B 

rJiy60Ko-ttey11pyroM pacceHHHH, HBJIHIOTCH cmenetttt'bte nonpaex:u onepaTopoB 

Bh!Clllero TBHCTa [3]. B HaCTOHni;ee BpeMH 0HH ll3BeCTHbl He)],0CTaTo~rno xopo

III0, oco6etttto B o6JiacTH nepe,z:i;a~1 HMIIYJibCa Q2 ~ 1 f3B
2 

II Mettee. B BII)],y 

MaJIOCTH 3HepreTH'1eCKoro MaCI11Ta6a rrepTyp6aTHBHblit aHaJIH3 K03<p<pllIIHeHT

Hb!X <pyHKIIHtl: 0CJIO)KHHeTCH IIpHCYTCTBIIeM cnnryJIHJ)IIOCTeit B <pyHKIIHH CHJib-

i 06ie,l(meuHiiH HHCTHTY'f 
, Sl,D;epH~IX H:Ccne,qOBalilffl 

I. BHBnHoTEKA 



HO ti CBH311 as ( Q2 ), MCKa)KaIOlll,MX pe3yJibTaTbl ,l];JIH M3BJieKaeMbIX napaMeTpOB 

Bb!ClIIMX TBMCTOB. Pe11IeHMe 3TOti npo6JieMbI MO)KeT 6bITb ,!l;OCTMrHyTo MCilOJib-

3OBaHMeM attaJIMTM'IeCKoti Teop011 B03Mylll,eHMti (ATB), pa3BMToti B pa6oTax 

lllMpKoBa M CoJIOBI.I,OBa [4-6], a TaK)Ke Mo,n;eJIM CttMOHOBa ,!l;JIH MH<ppaKpactto

cTa611JibHoti KOHCTaHTbl CBH3M, ''3aMopo)KeHHOti" Ha Macce rmo6oJIJia [7J. 
IfaBeCTHO, qTo paCXO)K,l];eHHH npe,n;CKa3aHMti KOJIJIHHeapttoti <paKTOpH3aI.I,MM 

C 3KCnepMMeHTaJibHbIMM ,n;aHHbIMH no a,n;pott-a,n;poHHbIM B3aMMO,n;etiCTBMHM o6'b

HCHHIOTCH TeM, qTo npM MaJiblX ,l];OJIHX npo,n;OJibHOro MMnyJihCa X BJIMHHMe KO

Heql!b!X nonepeqHbIX MMnyJihCOB napTOHOB CTaHOBMTCH BCe 6oJiee cylll,eCTBeH

HbIM. MeTO,I]; yqeTa nonepeqHbIX MMnyJibCOB napTOHOB npHBO,l];MT K TaK Ha3bIBa

eMOMY .Memoay k1_ -<f>ai.mopu3av,uu [8, 9]. MHrKaH qacTh B )KeCTKMx HHKJII03HB

HhIX a,n;pon-a,n;pOHHbIX B3aHMO,n;etiCTBHHX npn: 3TOM onHCbIBaeTCH ttenpouttme-

2pup0Ba'HH'bt.MU 2/l,'/001-t'H,'bt.MU rfiyttX:V,U.R,.MU pacnpeaeAe'l-tUJI, (Hn:r<I>yP). 8TH cy

lll,eCTBeJfl!O nenepTyp6aTHBHbie HHrpe,n;11eHTbI B HaCTOHlll,ee BpeMH He,n;ocTaToq

l!O xopOlIIO onpe,n;eJieHhI, oco6eHHO B o6JiaCTH MaJiblX nonepeqHbIX HMilYJibCOB 

(m,wryaJibHOCTeti) rmoottoB Ql. KaK n: B cnyqae rny6oKo-tteynpyroro pacceH

HMH, xapaKTepttblti MaClIITa6 nonepeqnbIX HMilYJibCOB rJIIOOHOB MaJI no cpaB

neHHIO C )KeCTKHM MaC1IITa60M npou,ecca q1_ ;S 1 r3B, qTO onpaB,l];bIBaeT HC

noJib3OBaI-rne anaJIMTHqecKoti KOHCTaHTbl CBH3H npn: cpaBHMTeJibHO ne60JibllIOti 

Macce po)K,n;a101IJ,eticH qacTflI.I,hI [10]. 
Ba)KHO npflMettflTh no,n;xo,n; k1_ -<paKTOpfl3au,n:n: TaK)Ke K flCCJie,n;oBattmo 31-c

X:J1,'/03UBH'btX aurppai.v,uo1-t1-t'btX npou,eccoB, noCKOJibKY COOTBeTCTBYIOIIJ,He na6mo

,n,aeMble 6oJiee '-IYBCTBHTeJibHbl K ,n;eTaJIHM nenepTyp6aTMBHOll ,l];flHaMHKH nap

TOIIOB, oTpa)Kemwti B CTPYKType Hn:r<I>yP, qeM B flHKJIIO3HBHhIX npou,eccax. 

lfacnihIM CJIY'IaeM ,ll,fl<ppaKI.I,HOHHbIX npou,eccoB HBJIHeTCH TaK Ha3bJBaeMblti 

v,e1-tmpa/l,'b'l-t'btil 31-CX:J1,'/03UB'l-t'btil npov,ecc pO)K,l];eHHH a,n;pOHHOll CHCTeMbl X -

npou,ecc npOTOH-npOTOHHbIX ( flJifl npOTOH-aHTflnpoTOHHblX) B3aflMO,l];eticTBHti 

pp -----; pX P, B KOTOpOM flMeeT MeCTO OTCYTCTBMe a,n;poHOB B KOHe'-!HOM COCTOH

HMM Me)K,n;y Bb!XO,ll,HII~HMH npoTOHaMfl fl npo,n;yKTaMH pacna,n;a I~enTpaJibHOti CH

C'l'eMbl X. CorJiacHo no,n;xo,n;y ,n,BOtiHoti ,ll,fl<ppaKI.I,flH Kati,n;aJioBa, Xo3e, MapTn:

na 11 Pb!cK11na (KXMP) [11 J aMnJIMTy,n,a u,eHTpaJibttoro npou,ecca MO)KeT 6hITb 
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3ann:cana B Bn:,n;e: 

M = A~ J d2Qt V. •--.x !~.~(xi, Xi, Q;, kt,t, t1)f~.~(x2, x~, Q;, klt, t2) 
g g 2 2 2 
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r,n;e V
9
c.1;:--.x - aMnJin:Ty,n,a )KeCTKoro no,n;npou,ecca po)K,n;ettn:H cn:cTeMbI X np11 

CJIHHHHH ,n;Byx BHPTYaJibHbIX rJIIOOHOB c nonepeqnhIMfl HMHYJihCaMn: k1; 2,t, 

J~ff ( x, x', Q;, k;, t) - 06061IJ,eHHh1e ne,n;n:arnnaJihHbie H0r<I>y P, onn:chrna101IJ,fle 

MHrKyIO qacTb npou,ecca, t1,2 - KBa,n;paTbl nepe,n;aHHblX HMHYJibCOB B,l];OJib Ka)K

,n;oti npoTOHHOti JIHHHH ( CM. Pflc. 1). 

H,1/,X 

Pn:c. 1: AM1l.l!Umyaa '4e1tmpa.1Lb'H0W aurjJpaX:'4UO'lt'ltOW npo'4ecca pp ...... pp{ H, 1/, x}. 

BbICOK03HepreTn:qecKaH ,n;n:<ppaKI.I,HH CTaJia aKTyaJihHbIM npe,n,MeTOM flCCJie

,l];OBattn:il: HOCJie,l];HHX JieT BCJie,l];CTBHe orpoMnoro MHTepeca, HHHI.I,HHpoBaHHOro 

,n;attHhlMH no a,n;poHHhIM B3an:Mo,n;eil:cTBHHM na KOJIJiail:,n;epax HERA fl T3BaTpon 

[12], a TaK)Ke B CBeTe ope,n,CTOHIIJ,HX 3KCOepn:MettTaJibHblX flCCJie,n;oBattflil: opn: 

e1IJ,e 6oJihllIHX 3ttepmHx na BoJibllIOM A,n;ponnoM Konnail:,n;epe (BAK) [11, 13]. 
3ttaqn:TeJibHOe OTHOllleHHe CMrHaJia K <pony, BO3MO)KHOCTfl ,ll,JIH BbICOKOro pa3-

pellleHflH no Macce u,enTpaJibHOil: CHCTeMbl M npHMbIX H3Mepettflil: ee KBaHTOBbIX 

q0ceJI, ,n;eJiaIOT 3KCKJII03HBHbJti u,eHTpaJibHbltt opou,ecc BeCbMa npMBJieKaTeJib

HbIM flHCTpyMeHTOM KaK ,l];JIH 03yqenn:H neoepTyp6aTHBHOil: ,l];HHaMHKH KX,IJ:, 

TaK n: ,!];JIH oon:cKOB 3JieMeHTOB Ho Boil: <I>113MKfl [ 11, 14 J. 
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:QeJib pa60Tbl 

• IlpHMeHHTb MeTO,ll. k1_ -<paKTOpH3aU,HH H 01.1,eHHTb BKJia,ll. rmOOHHbIX BHp

TyaJibHOCTeti B ,ll.H<p<pepettu,HaJibHOM H TIOJIHOM ce'leHHHX HHKJII03HBHOro 

pmK,ll.eHHH XHrrcoBCKoro 6o3otta Ha BAK. 

• ,ll.eTaJibHO HCCJie,ll.OBaTb npou,ecCbl u,ettTpaJibHOro ,ll.H<ppaKU,HOHHoro pmK

,ll.eHHH XHrrcOBCKoro 0030Ha, TH)KeJibIX KBapKOHHeB Xc(J++) H JierKoro 

nceB,ll.OCKaJIHpttoro r/ Me3otta npH Bb!COKHX 3HeprHHX. 

• I13BJie'lb BKJia,ll.bl Bb!CIIIHX TBHCTOB H3 npeU,H3HOHHbIX ,ll.aHHbIX Jia6opaTO

pHH HM. ,LI.)Ke<p<pepcotta (JLab, ClllA) no npamrny cyMM BbepKetta [15] 

B TIO,ll.XO,ll.e attaJIHTH'leCKOti TeOpHH B03My11.1,ettHA. 

Hay'IHrul HOBH3Ha H npaKTH'IeCKrul ~eHHOCTb 

Hay"l,1-f,ll.R, 1-f,06U31ill COCTOHT B TOM, '-ITO B paMKax TIO,ll.XO,ll.a k1_ -<paKTOpH3aU,HH 

MbI 060611.1,HJIH MeTO,ll. ,ll.BOtittoA ,ll.H<ppaKU,HH Kati,ll.aJIOBa, Xo3e, MapTHHa H 

Pb1cKHHa (KXMP) [11] BKJIIO'leHHeM rJIJOOHHbIX BHPTYaJibHOCTeti B aMTIJIHTY

M )KeCTKoro TIO,ll.Tipou,ecca H yTO'lHeHHeM pOJIH He,ll.HaroHaJibHblX HHf<l>y p -

HenepTyp6aTHBHblX 3JieMeHTOB k1_ -<paKTOpH3aU,HH. Mb! TIOKa3aJIH, 'ITO TaKoe 

o6o6ll(eHHe OKa3bIBaeTCH Heo6xo,ll.HMbIM npH cpaBHHTeJibHO He60JibIIIOti Mac

ce o6pa3yI011.1,etic51 u,eHTpaJibHOti CHCTeMbl Mx ~ 1 f3B, TIOCKOJibKY OCHOBHOti 

BKJia,ll. B aMTIJIHTY,ll.y B 3TOM CJiyqae npHXO,ll.HT H3 HenepTyp6aTHBHOti o6JiaCTH 

MaJiblX nonepe'IHblX HMTIYJibCOB rJIIOOHOB [16]. 

Mb! npoBeJIH pacqeT ,ll.H<p<pepeHU,HaJibHbIX H TIOJIHblX Ce'leHHA ,ll.H<ppaKU,H

OHHOro pO)K,ll.eHHH XHrrcOBCKOro 6o30Ha [17], TH)KeJibIX KBapKOHHeB Xc(J++) 

[10, 18] H nceB,ll.OCKaJIHpHoro T/ 1 Me30Ha [16] B npOTOH-TipOTOHHblX coy,ll.apeHH5IX, 

TIOJIY'IHJIH ,ll.eTaJibHble 01.1,eHKH TeopeTH'leCKHX Heonpe,ll.eJieHHOCTeti, 'ITO npe,ll.

CTaBJIHeT HeCOMHeHHYIO npa'ICmU"l,eC'ICY'IO '4ettttocm'IJ B CBeTe npoBO,ll.HMbIX B Ha

CTOH11.1,ee BpeM5I H3MepeHHA Ha T3BaTpOHe [12], a TaK)Ke 3aTIJiaHHpOBaHHblX 3KC

nepHMeHTOB Ha KOJIJiati,ll.epax RHIC H BAK [13]. 

B o6Jiacr~ MaJibIX nonepe11Hb1x HMTIYJihCOB rJI100HoB B TIO,ll.XO,ll.e k1_ -

<paKTOpH3aU,HH B03HHKaeT npo6JieMa He<pH3H'leCKHX CHHryJIHpHOCTeti B 6ery-

4 

11.1,ett KOHCTaHTe CB5I3H KX,LI., KOTOpaH pernaeTCH B anaJIHTH'leCKOA TeopHH B03-

Myll.l,eHHA (ATB) (cM., HanpHMep, ofoop [6] H CCbIJIKH BHYTPH Hero). I1pe

HMy11.1,ecTBa ATB HCTIOJib30BaHbI npH o6pa6oTKe ,ll.aHHhIX JLab no npaBH

Jiy cyMM BbepKena H anaJIH3e BKJia,ll.OB Bb!CIIIHX TBHCTOB - nenepTyp6aTHB

HbIX 3JieMeHTOB KOJIJIHHeapHoti <paKTOpH3aU,HH. KaK pe3yJibTaT, HaMH 6hIJIO 

IIOJiyqeno xopornee OIIHCaHHe 3KCIIepHMeHTaJibHbIX ,ll.aHHbIX BHH3 BIIJIOTb ,ll.O 

Q ~ Aqcv ':::' 350 M3B [19]. 

Pe3yJihTaTbl ,ll.aHnott ,ll.HCCepTaU,HH npe,ll.CTaBJI5IIOT npa'ICmU"l,eC'ICY'IO '4ettttocm'IJ 

,ll.JI5I TeopeTH'-IeCKHX HCCJie,ll.OBaHHA B O6'be,ll.HHeHHOM HHCTHTyTe H,ll.epttb!X HC

CJie,ll.OBaHHti ( 0 I15II1, r. ,ll.y6Ha), I1HCTHTyTe TeopeTH'leCKOti H 3KCTiepHMeHTaJib

HOA <pH3HKH HM. A.H. AJIHXaHoBa (I1T8<I>, r. MocKBa), B <l>H3H'leCKOM HHCTH

TyTe HMeHH Il.H. Jle6e,ll.eBa PoccHtkKoti aKa,ll.eMHH HayK (<I>HAH, r. MocKBa), B 

I1eTep6yprcKOM HHCTHTyTe H,ll.epnott <pH3HKH HM. B.Il. KoHcTaHTHHoBa PoccHA

CKoA aKa,ll.eMHH HayK (I1I15I<I>, r. C.-I1eTep6ypr), I1HCTHTYT <pH3HKH Bb!COKHX 

3Hepmtt (I1<I>B8, r. IlpoTBHHo) H ,ll.pymx yqpe)K,ll.eHHHX. 

Anpo6~HSI pa60TbI 

MaTepHaJibI ,ll.HCCepTaU,HH ,ll.OKJia,ll.bIBaJIHCb Ha: 

1. ceMHHape B I1HCTHTyTe TeopeTH'-IeCKOA H 3KCIIepm,1eHTaJibHOA <pH3HKJI 

(I1T8<I>), 20 anpeJIH 2009, r. MocKBa; ,ll.OKJia,ll. "IlpaBHJIO cyMM BbepKena, 

BKJia,ll.bl Bb!CIIIHX TBHCTOB H MO,ll.H<pHKaU,H5I TeopHH B03MYU~eHHt1 KX,LI.". 

2. II Helmholtz International Summer School on Heavy quark physics, 

Dubna, August 11 - 21, 2008; ,ll.OKJia,ll. "Double-diffractive production of 

heavy quarkonia". 

3. Seminar at Institut fiir Theoretische Physik II, Ruhr-Universitiit, 

Bochum, October 23, 2007; ,ll.OKJia,ll. "The Bjorken Sum Rule in APT". 

4. XII WORKSHOP ON HIGH ENERGY SPIN PHYSICS, DSPIN-07, 

Dubna, September 3 - 7, 2007; ,ll.OKJia,ll. "Double diffractive production 

of mesons and spin effects". 
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5. XLI PNPI Winter School on Nuclear and Particle Physics, Repino, 19-

25 February, 2007; ,LI,OKJia,LI, "Double-diffractive 77'-production: the QCD 

mechanism". 

6. ceMHHapax TeMbI "Ilomr H qacTHU,bI", JIT<I>, OIUill, r. ,ny6Ha. 

Ily6m1K~HH 

Pe3yJibTaTbl ,LI,HCcepTaIJ,HH ony6JIHKOBaHbl B II.HTH pa6oTax [10), [161, [171, [181, 

[19), H3 KOTOpblX qeTbipe - B pecpepHpyeMbIX :>KypHaJiax H3 CIIHCKa BAK. 

CTpyKTypa H o6'beM ~ccepT~HH 

,ll.HccepTaIJ,H.H COCTOHT H3 BBe,LI,eHH.H, IUeCTH rJiaB H 3aKJIIQqeHH.H. O6IIJ,Hfi o6'heM 

,ll,HCCepTaIJ,HH COCTaBJI.HeT 119 CTpaHHU, MaIUHHOIIHCHOro TeKCTa, BKJIIQqa.H 90 

pHCYHKOB, 11 Ta6JIHU, H CIIHCOK JIHTepaTypbl H3 201 HaHMeHoBaHH.H. 

KPATKOE CO,Ll;EP)KAHHE PABOTbl 

Bo BBep;eHHH o6cy:>K,LI,aeTC.H COBpeMeHHOe COCTO.HHHe npo6JieMbI, OTpa:>KeHa 

aKTYaJibHOCTb HCCJie,LI,yeMofi TeMbl, ccpopMyJIHpOBaHbl u,eJIH H MeTO,ll,bl peIUeHH.H 

IIOCTaBJieHHbIX 3a,LI,aq, H3JiaraeTC.H KpaTKOe co.n.ep:>KaHHe ,ll,HCCepTaIJ,HH. 

B nepaoii rnaae - "tPopMaAuaM ancn11,10auatto20 '4ettmpaAbtto20 

po:HCdettus,," - npe,LI,CTaBJieH 1Cpam'ICUU o6aop TeopeTHqecKHX MeTO,ll,OB, COCTaB

JI.HlOIIl,HX q>H3HqecKy10 OCHOBY aHaJIH3a 3KCKJil03HBHbIX ,LI,H<ppaKU,HOHHbIX npo

u,eccoB. ,l],JI.H HJIJIIOCTpaIJ,HH MeXaHH3Ma ,ll,BOfiHofi ,ll,H<ppaKIJ,HH, Ha IIpHMepe ,ll,H

cppaKU,HOHHOro pO:>K,LI,eHH.H XHrrcOBCKoro 6030Ha IIOCTpOeHa COOTBeTCTBYIOIIJ,a.H 

aMIIJIHTy,LI,a Ha napTOHHOM ypOBHe, ,LI,aJiee IIOKa3aH nepexo,LI, Ha a,LI,pOHHblfi ypo

BeHb BBe,LI,eHHeM HenpoHHTerpHpOBaHHbIX rmooHHbIX cpyHKU,Hfi pacnpe,LI,e.TieHH.H 

(HHf<I>yP), KpaTKO OIIHCaHbl HX CBOfiCTBa. HaKOHeu,, paCCMOTpeH aJibTepHa

THBHblfi MeTO,ll, IIOMepoHHOrO o6MeHa, H IIOKa3aHo, qTO c IIOMOIIl,blO o6IIJ,HX 

CBOACTB pe,Ll,'K~~CKOfi TeopHH MO)KHO IIOJiyqHTb Ba:>KHbJe orpaHHqeHH.H Ha CIIH

HOBylO CTpyKTYPY aMIIJIHTY,LI, :>KeCTKoro no,LI,IIpou,ecca. 

6 

! 

IloCKOJibKY aMIIJIHTy,LI,a u,eHTpaJibHOro pO:>K,LI,eHH.H a,LI,pOHHOfi CHCTeMbl <paK

TOpH3yeTC.H, H3JIO:>KeHHbie B nepBofi rJiaBe MeTO,ll,bl MoryT paccMaTpHBaTbC.H KaK 

o6IIJ,HA HHCTpyMeHT HCCJie,LI,OBaHH.H a,LI,pOHHbIX ,ll,H<ppaKU,HOHHbIX npou,eccOB. B 

HaCTOHIIJ,ee BpeMH Bee eIIJ,e HeHCHO, HaCKOJibKO Ha,LI,e:>KHbl TaKHe BbJqHcJieHHH, 

H 6hIJIO 6bJ oqeHb IIOJie3HO HCIIOJib30BaTb 3TOT q>OpMaJIH3M ,ll,JIH aHaJIH3a ,ll,H

cppaKU,HOHHbIX npou,eccoB, 6oJiee ,ll,OCTYOHbIX ,ll,JIH 3KCoepHMeHTaJibHbIX HCCJie

,ll,OBaHHfi. OnHcaHHblfi Ha npHMepe o6pa3oBaHHH 6o30Ha X0:rrca MeTO,ll, ,ll,BOfiHofi 

,ll,H<ppaKU,HH npHMeHHeTCH B OOCJie,LI,ylOIIJ,HX rJiaBaX ,ll.HccepTaU,HH ,ll.JIH H3yqeHHH 

peaKU,Hfi ,LI,H<ppaKU,HOHHOro pO:>K,ll.eHHH Me30HOB. 

Bo BTopoii rnaae - "Po:,,ciJettue 6oaotta X uuca a noiJxoiJe k1. -

<f,anmopuaa"4uu" - BnepBbie npoaHaJIH3HpoBaHo BAUR1tue 1te1tyAeB'btx eupmy

aA'b1tocmeu 61te'U.l1tUX 2A'/001t06 B aMOJIHTy,ll.e o6pa3oBaHHH CKaJIHpHoro 6o30Ha 

XHrrca. IloJiyqeH MaTpHqHhlfi 3JieMeHT 3TOro npou,ecca C yqeTOM rJIIOOHHblX 

BHPTYaJihHocTefi 

M(g*g* - H) = -ic5abO:s ! [(m~ + ki1. + k~J. + 2lkullk2..LI cos¢) cos¢ G1 -
41r V 

_ 2(m~ +kf1. +k~J. +2lk11.llk21.lcos¢)
2

lk11.llk21.I G] 
(m2 + k2 + k2 )2 2 , 

h 11. 21. 

;, 

(r,LI,e mh - Macca XHrrcoBcKoro 6o3oHa, k 1,21. - nonepe'-IHbie 111\ITI}'.TJbCbI BXOrTJ,H-

IIJ,HX rJIIOOHOB), H Hafi.n.eH HOBblfi no cpaBHeHHIO C pe3yJihTaTa11111, n0.lJJ'le!lllbll\111 

B paMKax noxo.n.a C 3<p<peKTHBHblM JiarpaH:>KHaHOJII [20] BKJia/J. B a11111.1111Ty,.'1,y, 

nponopu,HOHaJibHhifi cpopM<paKTopy G2 [17]. 

Henocpe.n.cTBeHHblM 0pHJIO:>KeHHeM pe3yJihTaT0B .n.annoro a11a.mna HB.'J}ll'TCH 

CJiyqafi U1t'ICJl,'/03U61t020 po:>1eae1tUJ1, XUi!2C06C'IC020 6oaoua B ll!)0Tllll-lIJ)0T0llllblX 

B3aHMO,LI,eficTBH.HX Ha BAK. Bb1JI0 ou,enetto, '-ITO 0T11oc11Tl'.'Ihll0l' 11a;w11lll' ,Yqw;i.

Hettttoro KBa.n.paTa MaTpH'-IHoro aJieMeHTa, n1,1:mai1110t' :1,n1e11011 1wa.•11,111,1x r:110-

0HOB BHPTYaJibHbIMH, COCTaBJIHeT nopHlJ.J<a 1 % II J\1('11('(' 11p11 <Jrn:lll'l('('J,IIX 11a

paMeTpax, xapaKTepHblX ,ll.JIH 6y,LI,yIIJ.HX :➔ J<Cm'pl!JIH'IIT0II Ila BAI-.:. T,rn 'IT0 :➔TOT 

3<p<peKT M0:>KeT 6bJTb npoBepeH T0JJbK0 n 11pP1J.Jl:lll0ll!ll,JX 11:JJll('\ll'llll>IX (' llhl

COKOfi CTaTHCTHKOfi. O,ll,HaKO BJIHHIIUC IICll.)'.lll'llh!X IIIIJ)T~'a,111,11\ll"J'\'I1 II .\'1'.'I0B0JI( 

pacnpe,LI,eJieHHH npH ¢ ~ 7r /2 60J1ce 31111.'IIITCJlhll0 ll('.1ll','J.{'Tlllll' 0hlC'l'pon> pocnt 
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BTOporo cpopM cpaKTOpa G2 KaK cpyHKU:IUI nonepe'lHblX HMnyJihCOB rJIIOOHOB. 

0THOCHTeJibHblfi pocT KBa,n;paTa MaTpH'IHOro 3JieMeHTa npH ¢ = 1T /2 COCTaB

m1eT nopH,n;Ka 45 % ,!l,JIH lk1,2.LI ~ 50 GeV. Ha6mo,n;aeMbifi 3<pcpeKT, o,n;HaKo, 

3KCTpeMaJibHO MaJI H cocpe,!l,OTO'leH JIHIIlb B OKpecTHOCTH <I> = 1T /2, 'ITO qpe3-

BbI'lafiHo ycJIO)KHHeT ero H,!l,eHTH(pHKau;mo B 3KCnepHMeHTaX C MaJIOfi CTaTH

CTHKOfi. 

Ou;eHeHO TaK)Ke OTKJIOHeHHe HHKJII03HBHoro Ce'leHHH OT cos2 </J-

3aBHCHMOCTH, npe,!l,CKa3bIBaeMofi npH OTCYTCTBHH rJIIOOHHblX BHPTYaJibHOCTefi 

B aMnJIHTy,n;e )KeCTKOro no,n;npou;ecca. Hafi,n;eHa He3Ha'IHTeJibHaH aCHMMeTpHH 

Ha ypOBHe 10-3 OKOJIO <I> = 1T /2. Y'IHTbIBaH, 'ITO </J-3aBHCHMOCTb He HBJIHeTCH 

Henocpe,n;cTBeHHO H3MepHeMofi BeJIH'IHHOfi, npe,!l,CKa3aHHblfi 3cpcpeKT 6y,n;eT 

,!l,OBOJibHO CJIO)KHO H,!l,eHTH<pHu;ttpoBaTb 3KCnepHMeHTaJibHO. 

,l(u<jjpa'Kv,uott1-we ce"{ettue po:>1Caettu.11, 6o3otta X uuca OKa3aJIOCb 6oJiee 'IYB

CTBHTeJibHhIM K Bb16opy Httr<I>yP, 'leM HHKJII03HBHOe ce'leHHe. Pac'leT C nHTblO 

pa3JIH'IHhIMH BapttaHTaMH Httr<I>yP - pacnpe,n;eJieHHHMH XJ1 [21], GBW [22], 

B<I>KJ1 [23] H rayccOBbIM pacnpe,n;eJieHHeM c ,!l,BYMH pa3JIH'IHhIMH IIIHpHHaMH 

ao = 0.5, 1.0 r3B - noKa3aJI ,!l,OBOJibHO 3Ha'IHTeJibHblfi pa36poc B COOTBeTCTBY

IOiu;HX ce'leHHHX. 9To YKa3bIBaeT Ha CHJibHYIO 'IYBCTBHTeJibHOCTb ,n;H<ppaKU:HOH

HbIX 3<pcpeKTOB K HenepTyp6aTHBHOfi ,!l,HHaMHKe rJIIOOHOB C MaJibIMH nonepeq

Hb!MH HMnyJihCaMH. Pacnpe,n;eJieHHe B<I>KJ1 npHBO,!l,HT K CHJibHO 3aBhJIIIeHHhlM 

Ce'leHfiHM w Tpe6yeT MO,!l,H(pHKaU:HH c yqeTOM HCJIHHefiHbIX nonpaBOK CJie,n;yJO

U.J,Cro IIOpH,!l,Ka. 

TioJiy•1eHhI TaK)Ke pa3JIH'IHbie ,n;ttcpcpepeHu;ttaJihHbie pacnpe,n;eJieHHH H noKa-

3atto, B qacTHOCTH, 'ITO B paMKax no,n;xo,n;a KXMP CHJihHO ttapyIIIeHa cos2 ~-

3aBHCHMOCTh no yrJiy Me)K,n;y Bb!XO,!l,HIU:HMH npOTOHaMH, KOTOpaH B03HHKaeT 

B O,!l,HOCTyneH'laTOfi peaKU:HH. PeaJibHblfi 3KCnepHMeHT noMO)KeT ocyIII,eCTBHTb 

BbI6op He TOJibKO Me)K,n;y Pa3JIH'IHbJMH MO,!l,eJIHMH, JIC)Kaiu;HMH B OCHOBC )];H

cppaKU:HOHHbIX npOU:CCCOB, HOH 3Ha'IHTeJibHO Cy3HTb tta6op ,ll,OnyCTHMbIX HHr

<l>yP, nocTaBHB orpaHH'ICHHH Ha COOTBeTCTBYIOiu;HC ,!l,H<pcpepeHU:HaJibHble pac

npe,n;eJieHHH. 

". 
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Hma'K, enep6'bte npoeeaett'bt pac"{em'bt, y"{um'bteaio~ue 'K0tte"{tt'bte eupmya11,'b

ttocmu 2/1,'/00'H,06 6 aMn11,umyae U'H'KJ1,103U6'/i020 U au<jjpa'K'IJ,UO'/i'H,020 po:>!CaettUR 

c'Ka11,.11,ptto20 60301-1,a Xu22ca e npomott-npomotttt'btx e3auMoaeucmeu.11,x. l/uCJ1,ett

tt'bti1 :J<jxpe'Km 0'Ka3aJl,C.R, ao6M'b'HO MaJl,'btM (nopRa'Ka J %), U ao11,:>1Ce'/i y"{Uffi'bt-

6am'bCR 11,uw'b e 6yay~ux 3'KcnepuMettmax c 6'btC0'Koi1 cmamucmu'Koil {17/. 

B TpeTbeii rJiaee - "f:hcc'IM'/03U6ttoe po:>1eiJettue c,ca.11,Apttozo Xc(o++) 

Meaotta" - npoBe,n;eH ,n;eTaJibHblfi pac'leT au<jjpa'Kv,uotttto20 o6pa3oeattuR 

Xc(o++) Me30'Ha B 11pOTOH-aHTHnpOTOHHbIX H 11pOTOH-npOTOHHbIX coy,n;apeHH

HX. ,Ll,HcppaKU:HOHHaH KOMnOHCHTa 3Toro npou;ecca Bbl'IHCJICHa HaMH B no,n;xo,n;e 

KXMP, pa3BHTOMY B pa6oTax [11,24]. E,n;HHCTBCHHhIM ecTeCTBCHHhIM )KeCTKHM 

MaCIIITa6oM paccMaTpHBaeMoro npou:ecca npH Bbl'IHCJICHHH nOJIHOro ce'leHHH 

HBJIHCTCH Macca KBapKOHHH, KaK 6hIJIO BnepBblC npe)J.JIO)KCHO B paMKax no,n;xo,n;a 

KXMP. HaMH o6Hapy)KeHa ,!l,OBOJihHO CHJibHaH 3aBHCHMOCTb HHTerpaJibHoro ce

'ICHHH OT 3Toro MaCIIITa6a. 9To 03Ha'laeT, 'ITO 6oJihIIIaH 'laCTb CC'ICHHH npttxo

)];HT H3 HenepTyp6aTHBHOfi o6JiaCTH MaJibIX nonepC'IHblX HMnyJibCOB rJIIOOHOB. 

0,n;HaKO B ,!l,H<p<pepeHU:HaJibHblX pacnpe,n;eJICHHHX no nonepe'IHOMy HMnyJihCY 

Me30Ha )KCCTKHM MaCIIITa6oM HBJIHCTCH ero nonepC'IHaH Macca, no3TOMY npn 

He3Ha'IHTCJibHOfi Macce Me30Ha 6oJibIIIaH BeJIH'IHHa ero nonepe'IHOro l!MilYJibCa 

npHo6peTaeT CMhICJI HOBoro 111acwTa6a cpaKTOp113au;1I11 npou;ecca [16]. 

B cpaBHeHHH c op1Ir1IttaJibHhIMII pac•1eTaM1I KXMP MbI Y'IJIII BIIpTyaJih

HOCTH rJIIOOHOB B ,!l,IIarpaMMC )KCCTKOrO no,n;npou;ecca II Bbl'IIICJIIIJIII COOTBCT

CTBYIOiu;Hfi MaTplI'lHbJfi 3JICMCHT. B ,n;aHHOfi rJiaBe noKa3aHo, 'ITO BKJIIO'lemie 

rmooHHblX BIIPTYaJibHOCTefi YMCHbIIIaeT ce'ICHIIe B 2 - 5 pa3 B 3aBIICIII\IOCTII 

OT KIIHCMaTII'ICCKOfi 06JiaCTII II HCnOJib3YCMblX HIIr<I>y P. Heonpe,!l,eJICHHOCTb B 

TpaKTOBKe HenepTyp6aTHBHOfi o6JiaCTII II B BbJ6ope MacmTa6a cpaKTOp113au;nn 

B ac1IMMeTpH'!Hh1x HIIr<I>yP ,n;onoJIHHTCJihHO yBeJIH'nrnaeT 06iu:y10 Heonpe,n;e

JICHHOCTh CC'ICHIIH B 2 - 3 pa3a. 

HeK0Topb1e ,n;pyr1Ie H1Ir<I>yP, IIIIIpoKo 1IcnoJih3yeMb1e B mITepaType, 6b1J111 

TaK)Ke npHMCHCHbl ,!l,JIH Bbl'IIICJieHIIH pacnpe,n;eJICHHfi: no cpefi:HMaHOBCKOfi ne

peMCHHOfi XF H 6blcTpOTe MC30Ha Y, no KBa,n;paTaM nepe,n;a•1 4-IIMnyJihCOB (t1 

H t2), a TaK)Ke no OTHOCIITeJibHOMY a31IMyTaJibHOMY yrJiy MC)K)];y KOIIC'IHbIMH 

npoTOHaMH ~- KpoMe Toro, npoaHaJIII31IpOBaHbl KOppeJIHLl,HII no t1 H t2, 
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Pe3yJihTaThI ,u;oaoJihHO CHJihHO 3aBHC.HT OT Bh16opa HHf<l>yP. '.::ho CB.H3aHo 

co 3HaqHTeJihHOtl: qyBCTBHTeJihHOCThlO ceqeHH.H paccMaTpHBaeMOtl: peaKrt;HH K 

HenepTyp6aTHBHOtl: o6JiaCTH oqeHh MaJihIX rJIJOOHHhlX nonepeqHhlX HMIIYJihCOB. 

TaKHM o6pa30M, H3MepeHHe ,u;mpcpepeHIJ,HaJihHhIX pacnpe,u;eJieHHtl: MO)KeT 6h1Th 

BeChMa noJie3HhIM npH TeCTHpOBaHHH HeIIpOHHTerpHpOBaHHhIX pacnpe,u;eJieHHtl: 

B 3TOtl: o6JiaCTH. 

,Il,JI.H IIOJJHOThl H3JJO)KeHH.H BhJqHCJJeHo TaK)Ke ceqeaHe B no,u;xo,u;e C IIOMepoH

IIOMepoHHhIM B3aHMo,u;etl:CTBHeM pe,u;)KeBCKoro THIIa. IloJJyqeHhl ceqeHH.H To

ro )Ke IIOp.H,u;Ka BeJJHqHHhI, qTo " a KX,II, no,u;xo,u;e. 0,u;HaKO KoppeJJ.HIJ,HOHHhJe 

cpyHKIJ,HH IIO a3HMyTaJJhHOMY yrJiy ,IJ;JJ.H ,u;ayx IIO,IJ;XO,IJ;OB CHJJhHO OTJJHqaJOTC.H. 

BhJqHcJJeHhl TaK)f{e ,IJ;H<pcpepeHIJ,HaJihHhle pacnpe,u;eJJeHH.H ,IJ;JJ.H <pOTOH

<pOTOHHOro CJJH.HHH.H. 9TOT BKJJa,u; OKa3aJIC.H ,IJ;OBOJlhHO MaJihJM (,u;oJJH HaHo6ap

Ha). CooTBeTCTBYIOIIJ,He ,IJ;H<pcpepeHIJ,HaJihHhie pacnpe,u;eJJeHH.H pacTyT IIpH 

oqeHh MaJihlX BeJJHqHaax t1 H/HJJH t2, B OTJJHqHe OT ,IJ;H<ppaKIJ,HOHHhIX pac

npe,u;eJJeHHtl:. KoppeJJ.HIJ,HH no a3HMYTaJihHOMY yrJJy TaK)f{e OTJJHqaJOTC.H: cos <I> 

,IJ;JJ.H -y-y-MexaHH3Ma H 6oJJee CJJO)KHa.H cpopMa ,IJ;JJ.H ,IJ;H<ppaKIJ,HOHHOtl: KOMIIOHeH

Thl BCJJe,IJ;CTBHe neTJJeBoro HHTerpHpOBaHH.H B cpopMyJJe ,IJ;JJ.H aMIIJIHTY,IJ;hl. 

BhmOJJHeHhI TaK)Ke BhJqHcJJeHH.H pacnpe,u;eJJeaHtl: da / dx F, da / dy H noJJHhIX 

ceqeaHtl: ,IJ;JJ.H 3HeprHtl: RHIC H BAK. CpaBHHBa.H 3TH pe3yJJhTaThI c pe3yJJhTa

TaMH ,IJ;JI.H TeaaTpOHa, Mhl npHXO,IJ;HM K 3aKJJJOqeHHIO, qTo TOJJhKO H3MepeHH.H 

IIpH pa3JJHqHhIX 3HeprH.HX CMoryT HaJIO)KHTh cyIIJ,eCTBeHHhle orpaHHqeHH.H Ha 

Bh!6op ,u;onycTHMhIX HHf<l>y P. 

Ta-x;u.M o6pa30.M, 31'C'IC./1,'/03U6'H,0C ihuppa'X:V,UO'H,'H,OC po~aettue Xc(o++) .MC30tta 

6 npomott-npomotttt'blX coyaapettuJ£x noc.11,eao6ame.11,'btto pacc.Mompetto 6 pa.M-x;ax 

KXJJ, <fia-x;mopu3a11,uu C ucn0.!1,'b306ll'HUC.M .MY.!1,'bmupea~e6C1'020 npeae.11,a KXJJ, 

U .Memoao6 ttepe.11,J£mU6Ucm-x;ou KXJJ,. B'IC./1,aa .Mll.11,'blX nonepC"l'H,'blX U.Mny.11,'bC06 

2.11,'/00'H,06 6 a.Mn.11,umyay au<ppa'X:'LJ,UO'H,'H,020 po~aettUJI, mR~C.11,'blX 1'6llp1'0'HUC6 

o-x;a3'bt6aemcJ£ cyw,ecm6etttt'bl.M. Ycmatto6.11,etto, "lmo y"lem 2.11,10otttt'bLX 6Upmy

a.11,'bttocmeu YMC'H'bWaem CC"lC'HUC au<ppa1"LJ,UO'H,'H,020 po~aettUJI, 6 2 - 5 pa,3 6 

3a6ucu.Mocmu om -x;utte.Mamu"lec-x;ou 06.11,acmu u ucno.11,'b3ye.M'blX HuI'<PyP /10/. 

' 
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B qeTaepToii: rJiaoe - ''Jl:u<J>po:~:u,uott'Hoe o6paaoea'H.ue nceeiJoc-x:a

.11,s,,p'H.ozo r,' Meao'H.a" - anepahle npoaHaJIH3HpoaaHo 31'C'IC./1,'/03U6ttoe po~aettue 

r,' .MC30'H,ll B IIpOTOH-IIpOTOHHhIX CTOJJKHOBeHH.HX pp-. pr,'p IIpH Bh!COKHX 3Hep

rH.HX B cpopMaJIH3Me He1IpOHHTerp0poaaHHhlX rJJJOOHHhIX pacnpe,u;eJJeHHtl:. Cy

IIJ,eCTBYIOIIJ,He MO,IJ;eJJH HHf<l>y p npe,u;CKa3hJBalOT ceqeHBe, KOTopoe IIO BeJIHqHHe 

MHoro MeHbllle ceqeHH.H, IIOJJyqeHHOro WA102 KOJJJJa6opau,Hetl: IIpH 3HeprHH B 

CHCTeMe u,eHTpa Mace w = 29.1 f3B. 9To MO)f{eT 6h!Th CHrHaJIOM O IIpHCyT

CT.BHH HeJJH,IJ;HPYJOIIJ,HX pe,l];)KeOHOB npH 3HeprH.HX 3Kcnep0MeHTa WA102 HJJH 

yKa3aHHeM Ha cyIIJ,eCTBeHHYJO MO,IJ;H<pHKaIJ,HJO HHf<l>yP a HenepTyp6aTHBHotl: 

o6JJaCTH oqeHh MaJihJX nonepeqHhIX HMIIYJJhCOB. 9KcnepHMeHThl IIO 3KCKJJI03HB

HOMY u,eHTpaJJhHOMY po)K,u;eHHJO r/ Ha RHIC, T3BaTpoHe H BAK cyIIJ,ecTBeHHO 

IIOMOrJJH 6h! B pellleHHH 3TOtl: npo6JJeMhl. 

Xopolllee onHcaHHe ,u;aHHhix WA102 no noJJHoMy ceqeHHJO MO)KeT 6hITh ,u;o

CTHrHyTo npH IIOMOIIJ,H HHf<l>yP, IIOJJyqeHHOro rayccOBhlM crJJa)KHBaHHeM KOJI

JJHHeapHhlX rJJJOOHHhIX pacnpe,u;eJJeHHtl: C ,IJ;OBOJJhHO MaJJOiI BeJJ0q0Hotl: napaMeT

pa IllHpHHhl ao ~ 0.2-0.3 f3B, .HBHO YKa3hJBa.H Ha HenepTyp6aTHBHhitl: 3cpcpeKT. 

EcJJH napaMeTp ao 3a<pHKCHpOBaH IIO 3KCIIepHMeHTaJihHOMY 3HaqeHHIO IIOJIHOro 

ceqeHH.H, TO O,u;HOBpeMeHHO Mhl IIOJJyqaeM xopolllee OIIBCaHHe ,u;aHHhIX pacnpe

,u;eJJeHH.H da/dxF B OKpecTHOCTH /xF/ < 0.2. 9Toro HeB03MO)f{H0 ,IJ;OCTHqh np0 

pe,l];)KeBCKOM OIIHCaHHH npou,ecca (c IIOMOIIJ,h!O IIOMepoHHOrO o6MeHa) [25], KOT0-
1' 

poe npHBO,IJ;HT K CJJHillKOM pe3KOMY IIHKY npH XF :::::! 0. 0,u;HaKo, no,u;xo,u; KXMP 

,u;aeT CJJHIIIKOM aCHMMeTpHqHoe ( OKOJJO <I> = 1r /2) pacnpe,u;eJJeHHe no OTHOCH

TeJJhHOMY a3HMYTaJihHOMY yrJJy Me)f{,u;y KOHeqHhlMH IIpOTOHaMH IIO cpaBHeHHIO 

c ,u;aHHhIMH WA102. 9Ta MO,IJ;eJJh ,u;aeT onpe,u;eJJeHHhie npe,u;cKa3aHH.H npH 6oJJh

IIIHX 3HeprH.HX, r,u;e BKJia,u; HeJJH,IJ;HPYIOIIJ,HX pe,l];)KeOHOB npeHe6pe)f{HMO MaJI. 

9KcnepHMeHTaJJhHhJe ,u;aHHhJe IIpH pa3JJHqHhIX 3HeprH.HX B3aHMO,u;etl:CTBH.H MOr

JIH 6hJ npoaepHTh 3TH Bh!BO,IJ;hl H IIpOJJHTh CBCT Ha ,IJ;HHaMHKY o6pa30BaHH.H r/ 
Me3oHa. 

BcJie,IJ;CTBHe neTJJeaoro BHTerpaJia B aMIIJIHTy,u;e ,u;HcppaKIJ,HOHHhltl: Mexa

HH3M IIpHBO,IJ;HT K OIIJ,YTHMhIM OTKJJOHeHH.HM OT sin
2 

<l>-3aBHCHMOCTH (npe,u;

CKa3hIBaeMotl: B MO,IJ;eJJ.HX C O,IJ;HOKpaTHhIM CJIH.HHHeM ,u;ayx BeKTOpHhlX ofrheK

TOB). IloJiyqeHHa.H 3aBHCHMOCTh ceqeHH.H OT cpetl:HMaHOBCKOtl: nepeMCHHOtl: X F 

HeCKOJlhKO Kpyqe 3aBHCHMOCTH, 3KCIIep0MeHTaJihHO Ha6JIJO,IJ;aCMOtl: WA102 KOJI-
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Jia6opau,0eiL 

Mo,LJ,eJib c ,*,* CJimrnHeM IIPHBO,ll,HT K ceqeHHIO nop.H,LJ,Ka ,LJ,OJiefi HaHo6apHa 

np0 3Hepr00 WA102 W = 29.1 r3B, T.e. MeHee 1 % OT H3MepeHHoro ceqe

HH.H. TaKofi MexaHH3M MO)KeT 6bITb Ba)KeH TOJibKO IIpH 3KCTpeMaJibHO MaJiblX 

nepe,LJ,aqax KBa,LJ,paTa 4-HMIIYJihCa. K TOMY )Ke OH MO)KeT HHTep<pepHpOBaTb c 

KX,IL MeXaHH3MOM, qTo HaOOMHHaeT H3BeCTHYIO KYJIOHOBCKYIO HHTepcpepeH

ll,HIO B ynpyroM pacce.HHHH 3ap.H)KeHHblX a,LJ,pOHOB. 

HaKOHeu,, npe,LJ,CTaBJieHbl pe3yJihTaTbl ,LJ,JI.H 3KCKJII03HBHOro ,LJ,H<ppaKU,HOHHO

ro pO)K,LJ,eHH.H 'f/c Me3oHa. IloJiyqeHhl OOXO)KHe ceqeHH.H, KaK B CJiyqae o6pa30-

BaHH.H r,'. KaK H O)KH,LJ,aJIOCh, pe3yJibTaTbl TaK)Ke CHJibHO 3aBHC.HT OT Bbr6opa 

H0r<l>yP. 

Jfman, enepe'bte npoa1-ta.11,uaupoea1-to augjpanv,uo1-t1-toe po:>teae1-tue r,' .Meao1-ta 

e npomo1-t-npomo1-t1-t'btX cmo.11,n1-toee1-tuRx. X opowee onuca1-tue aa1-t1-t'btX WA 102 

no no.11,1-to.My ce"le1-tu10 aocmwmymo npu no.M0?.«U HuI'<l>yP, no.11,y"le1-t1-to20 2ayc

coe1,i.M C2.11,a:HCUBa'HUe.M 1'0.11,.11,U'Heap'H'blX 2.11,'IO0'H'H'blX pacnpeae.11,e1-tU'U C aoB0.11,'b'HO 

.Ma.11,oil wupu1-toil ao ~ 0.2 - 0.3 I':JB, RB'H0 ynaa1,ieaR 1-ta 1-tenepmyp6amue1-t'blil 

:Jefjgjenm. 

B rrnToi:i: rJiaee '',l{utppanu,uottttoe po:HCdettue ancua.n.btto-

eenmop1-1,020 Xc(l ++) u mettaoptto20 Xc(2++) Meaottoe" - BnepBhie 

IIOJIY'ICBa KX,IL aMIIJIHTy,LJ,a 31'C1'.11,'I03UB'H020 augjpanv,uo1-t'H020 po:>teae'HU.H, 

a'K:cuam11w-aenmop1to20 Xc(l ++) u me1-taop1-to20 Xc(2++) .Me30'H0B. Bhrq11cJieHbI 

COOTBeTCTBYIOII~He ,LJ,11<p<pepeHU,11aJihHbie ceqeHl1.H, KOTOpbre cpaBHHBaIOTC.H 

C pe3yJihTaTaMH 11:Jl.H Xe (o++). IJoJiy<IeHhl aHaJil1TWleCKl1e Bhlpa)Kelil1.H ,LJ,JI.H 

COOTBeTCTBYIOill,HX BepmHHHblX <pyHKU,11fi g*g* -; Xc(l ++) 11 g*g* -; Xc(2++), 

npoBepeHbl HX acHMOTOTW-IeCKHe CBOfiCTBa. 

Bepm11Ha B3al1MO)\efiCTBl1.H g* g* Xe ( 1 +) 11C'Je3aCT B npe,r\eJJe peaJibllbIX rmo

OHOB (TaK Ha31>rnaeMa.H TeopeMa Jlan;~ay-5Iura). CorJiacno TeopeMe Jlan,LJ,ay-

5Inra [26, 27] CHMMeTpmI OTHOCHTCJlbHO npocTpaHCTBemmro Bpau~eHH.H 0 HH

ncpc1111 3anpelll,a10T pacna,LJ, '-JaCT111\hI cmma 1 na /\Be peaJI1>n1>1e BeKTopHbie 

'laCT111\hl (11~11-Ba <pOTOI-Ia 11Jil1 rmooua). To )Ke cnpaBe,LJ,JIHBO 11 ,LJ,JI.H CJIH.HHH.H 

,l\BYX pcaJJbHhlX I'JJIOOHOB. ,ILJI.H B11pTyaJibHbJX I'JIIOOIIOB TaKHX CHMMeTpHfiHhlX 

01·pa11w1c1111fi IIC cym,CCTBYCT. 9TOT cpaKT 61,1JI paccMoTpen panee npH 03yqeHHH 
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HHKJII03HBHOrO pO)K,LJ,eHH.H Xc(l ++) Me30Ha [28, 29]. B CJiyqae 3KCKJII03HBHOI'O 

po)K,LJ,eHH.H Xc(l ++) o6Hapy)KeHHhifi 3<p<peKT TaK)Ke Tpe6yeT yqacTH.H BHPTY

aJihHhIX rmooHOB ( C ne0cqe3aIOill,HMH nonepeqHblMH HMOYJibCaMH). 

BeJI0q0Ha ceqeHH.H OKa3blBaeTC.H oqeHb qyBCTBHTeJihHOfi K BbI6opy H0r -

<l>y P, B OTJIHqHe OT <pOpMbl pacnpe,LJ,eJieHHfi. TaK)Ke npoaHaJIH3HpoBaHa 3a

BHCHMOCTb ceqeHHfi OT 3HeprHH. Ilpe,LJ,CKa3aHHOe HHTerpaJibHOe ceqeHHe pO)K

,LJ,eHH.H Xc(l ++) (noJiyqeHHOe 03 "roJiofi" aMOJIHTY,LJ,bl 6e3 yqeTa nonpaBOK Ha 

norJiolll,eHHe) HMeeT BeJIHqHHbl npH 3HeprH.HX T3BaTpoHa OT ,ll,OJiefi HaHo6ap

Ha. ,ll,O HeCKOJihKHX HaHo6apH, B 3aBHCHMOCTH OT MO,LJ,eJIH H0r<l>yP. 9To 

Ha ,LJ,Ba nop.H,LJ,Ka BeJIHqHHhl MeHhllle, qeM COOTBeTCTBYIOill,He ceqeHH.H ,LJ,JI.H 

pO)K,LJ,eHH.H Xc(o++) Me3oHa [10], qTO .HBJI.HeTC.H Op.HMblM CJie,LJ,CTBHeM Teope

Mbl JlaH,LJ,ay-5IHra. 0,LJ,HaKo, OOCKOJibKY 6peHq0HrH pa,LJ,HaU,HOHHOro pacna,LJ,a 

BR(xc(l ++) -; J /1/J + ,) » BR(xc(o++) -; J /1/J + ,), MO)KHO O)KH,LJ,aTh 3a

MeTHblfi CHl'HaJI B KaHaJie J /1/J + I - COOTBeTCTBYIOill,Hfi CHrHaJI OT Xc(l ++) 

OKa3aJIC.H JIHIIIb B HeCKOJibKO pa3 MeHhllle, qeM OT Xc(o++). TaKa.H CHTyaU,H.H 

pe3KO OTJIHqaeTC.H OT HHKJII03HBHOI'O pO)K,LJ,eHH.H P-BOJIHOBoro KBapKOHH.H, r,LJ,e 

c0rHaJI ( B KaHaJie J / 1/J + 1 ) Xe ( 1 ++) Me3oHa MHoro 6oJihllle, qeM cooTBeTCTBY

IOill,Hfi CHI'HaJI ,ll,JI.H Xc(o++) Me30Ha. BoJiee Toro, CHrHaJI OT Xc(2++) Me30Ha 

OKa3aJIC.H ,ll,OMHHHpyIOill,HM H ,LJ,a)Ke npeBbllllaeT BKJia,LJ, Xc(O++). 

Mbl BbfqHCJIHJIH ,ll,H<p<pepeHU,HaJibHhie ceqeHH.H ,LJ,JI.H pa3JIHqHblX CfIHHOBbIX 

noJI.Hp03au,0fi Xc(l ++) H Xc(2++). l1HTerpaJibHOe ceqeHHe ,r\JI.H noJI.HpH3all,HH 

>. = ±1 (>. = ±2 B CJiyqae Xc(2++)) nptt6JIH3HTeJibHO Ha nop.H,LJ,OK BeJIHqHHbl 

6oJihllle, qeM ceqeHtte ,r\JI.H >. = 0 noJI.Hp03au,00. BKJia,r\ Pao qJieHa ,LJ,OBOJihHO 

MaJI H ero, BepO.HTHO, oqeHh TPY,ll,HO H,LJ,eHTH<pHU,HpoBaTb 3KCnepHMeHTaJibHO. 

0THOIIIeHHe ceqeHHfi CJia6o 3aBHCHT OT H0r<l>yP, HO ,[\OCTaToqHo CHJibHO 3aBH

CHT OT t1 H t2. AHaJIHTHqecKH npe,ll,CKa3aH KHHeMaT0qeCKHfi 3<p<peKT ycttJieHH.H 

MaKCHMaJihHOfi cnttpaJibHOCTH B ceqeHHH H COHpaJibHbIX aMOJIHTy,LJ,ax. 

B ,r\06aBJieHHe K 3TOMY Mb! npoaHaJIH3HpOBaJIH yrJIOBOe pacnpe,[\eJieHHe J /1/J 
,LJ,JI.H pacna,LJ,a Xc(l ++) -. J /1/J + 1 B CHCTeMe noKo.H Xc(l ++). TaKHe pacnpe,LJ,e

JieHH.H MoryT 6hITb, B npHHll,Hne, H3MepeHbl Ha T3BaTpoHe, ,LJ,aBa.H B03M0)KHOCTb 

npoBecTH He3aBHCHMYIO npoBepKy o6cy)K,r\aeMoro ,r\H<ppaKU,HOHHoro KX,IL Me

xaHH3Ma. 
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Ta'K:UM o6pa3o.M, ycma'lt06/!e'lto, 'lmo 61'/!aa cocmo.R'ltuu c B'btcwu.M cnu'lto.M 

3a.Meme'lt. B C/!y'lae au¢pa'K:'LJ,UO'lt'lt020 po::>ICae'/tUJI, Xc(l ++) 06'ltapy::>1Ce'lt'lt'btU 3</J
<pe'K:m UMeem 'lUcmo eupmya/!'b'ltYW npupoay, y'K:a3'btBaR '/ta 'ltapywe'ltue meo

peM'bt Jla'ltaay-f!'lt2a 2/!100'/t'lt'bt.M,U eupmya/!'b'H,0Cm.RMU /18/. Cu2'1ta/! om paaua

U,U0'/t'H,020 pacnaaa Xc(2++) Me30'lta 0'K:ll3ll/!CJI, ao.MU'ltUpyWW,UM U npe6'bt'ULaem 

e'K:11,aa Xc(o++). 

B wecToii rna.Be - "A"HaJ1.umu"tec1Ca.ii meopu.ii aoaMyui,e"Huii B 

cnu"H-aaaucuMOM 2J1.y601Co-"HeynpyzoM pacce.ii"Huu" - BnepBbie o6cy)K,n;a

eTcH BJIHHHHe CHHryJIHpHOCTet1 B K03cpcpHu;HeHTHblX cpyHKI.J;H}IX Ha npe,n;CK8.3a

HH}I ,Ll;Jl}I HenepTyp6aTHBHbIX 3JieMeHTOB KOJIJIHHeapHofi cpaKTOpH3aI.J;HH - 61'/l,ll

aoe onepamopoe 6'btcwe20 meucma B onepaTopHOM p8.3JIO)KeHHH ,LJ;JIH MOMeHTOB 

CnHH-3aBHCHMbIX CTPYKTYPHbIX <PYHKI.J;Hfi. ,ll;eJIO B TOM, 'ITO p8.3,n;eJieHHe nep

Typ6aTHBHOt1 H HenepTyp6aTHBHOt1 (pH3HKH MO)KeT OTJIH'laTbC}I npH HCnOJib30-

BaHHH p8.3JIH'1HbIX MO,LJ;H(pHKau;Hfi TeopHH B03Myiu;eHHt1. Mb! npoBeJIH CHCTeMa

TH'leCKOe cpaBHeHHe BKJia,LJ;OB onepaTopoB BhICIUero TBHCTa, H3BJie'1eHHbIX H3 

TO'lHbIX ,n;aHHbIX Jia6opaTOpHH HM. ,ll;)KecpcpepcoHa (JLab, CIIIA) no npaBHJIY 

cyMM BbepKeHa B paMKax o6bI'1HOt1 TeopHH B03Myiu;eHHt1 H ATB. 

3aMe'1eHO, 'ITO KOHCTaHTa CB}l3H KX,ll; as B "npe,n;cTaBJieHHH 3HaMeHaTe

m1" OK8.3bIBaeTC}I 6oJiee npe,n;rr0'1THTeJibHOt1 B o6JiaCTH MaJibIX Q [30]. KpoMe 

Toro, Ha6mo.n;aeTC}I HeKOTOpaH .n;yaJibHOCTb Me)K,LJ;y Bb!CIIIHMH nopH,n;KaMH Teo

PHH B03MyII.J;eHHt1 H BKJia,n;aMH onepaTOpOB BbICIUero TBHCTa TaK, 'ITO BbICIUHe 

nopH,n;KH KaK 6b! "BnHTbIBaIOT" B cefo, qacTb BKJia,LJ;OB BbICIIIHX TBHCTOB, nepe

Meru;aH rpaHHI.J;y npHMeHHMOCTH nepTyp6aTHBHOt1 KX,ll; Me)K.n;y nepTyp6aTHB

HblMH H TBHCTOBblMH BKJia,n;aMH K 6oJiee HH3KHM Q. 
TaKaH CHTyau;HH eiu;e 6oJiee cyiu;ecTBeHHa B ATB, B KOTopott cxo,n;HMOCTb 

pH,n;a nepTyp6aTHBHhIX nonpaBOK H pH,n;a TBHCTOB HaMHoro JIY'lllle. B TO BpeMH 

KaK BKJia,n; TBHCTa-4 no BeJIH'lHHe OK8.3aJICH 6oJibIIIe B ATB, 'leM B cTaH,n;apTHofi 

TeOpHH B03MyII.J;eHHt1, nocJie,LJ;yIOII.J;He BKJia,LJ;bI cyiu;ecTBeHHO MeHbIIIHe H 6b!CT

po y6brnaIOT. cho MO)KeT 6bITb cJie,n;cTBHeM Toro, 'ITO ATB "B6HpaeT" B ce6H 

HeKOTopyIO qacTb HenepTyp6aTHBHOt1 ,Ll;HHaMHKH, onHCbIBaeMOfi Bb!CIIIHMH TBH

CTaMH, 'ITO RltdrneTC}I BTOpott npH'1HHOt1 C,LJ;BHra rpaHHI.J;bl npHMeHHMOCTH nep

Typ6aTHBHOt1 KX,ll; K 6oJiee HH3KHM 3Ha'1eHHHM Q. KaK ocHOBHofi pe3yJibTaT, 
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y,n;oBJieTBOpHTeJibHOe OnHCaHHe 3KCnepHMeHTaJibHbIX ,n;aHHbIX BHH3 BnJIOTb .n;o 

Q ~ AQc D ~ 350 M3B .n;ocTHraeTcH o.n;ttoBpeMeHHbIM yqeToM aHaJIHTH'-IeCKHX 

nepTyp6aTHBHblX BKJia,LJ;OB H BbICIIIHX TBHCTOB ( CM. PHc. 2). 

0,20] r p-n 

:::J;;,.:;~;,;,;;;,:,;;;.:,ii,:,;i;i,i1,~iii.iiir.iiiniiiiiiiit,ii<iiiffi•"i1"''1"''M.!'"""'''"'!'~'!"!!~!•~!•~~,,~,,..,,,, 
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0,02 

APT tit (a la Rel. (3)) 

f
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µ4,6 

0,2 - Q.J 0,4 
-0,02 µ4,u' µ4,6,s µ4,6 
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e .!Lab Hall (CLAS E01b)C2Q081 
C--111r019Cffi) 

• JI.JlbHdaA.8Et«t11WE01•[201)21 
♦ .A.IDHalB(CLASEG1a)l2003) 
■ Sl.ACE143(2000J 

0,1 O,t 1,0 

Q,GeV 

P0c. 2: Jly""wue 1, 2, 3-napa.,w.empu""ec,cue <fium'bl, aa1t1t'b!X JLab u SLAG no npaau• 

11,y CYMM B'bep1ee1ta, 6'bl,"1,UC/!e'lt'lt'bl,e C aayxnem/!eBOU 1CO'ltC11W'ltffiOU C6R3U O's 6 "npea

cmaB/!e'ltUU 31taMe1tame/!R" (cn.n,ow'lt'bte 11,u1tuu) u a <fiopMe 1/ L-pa3.11,o:J1Ce1tttR tt3 PDG 

(wmpuxOB'bl,e .11,u1tuu), a ma1e:J1Ce e mpexnem11,eaou ATE (wmpux-ny1t1rnwp1t'bte mt-

1tuu) npu <fiu1ecupoea1t1toM MupoeoM cped'lteM 31ta"l,e1tuu AQc o. 

B paMKax ATB c noMOII.J;bIO npaBHJia cyMM repac111110Ba-,ll;peJ1JJa-:X11p1rn 

(r,LI;X) [31] ocy~ecTBJieHa npou;e.n;ypa rna,n;Koro npo,n;OJI)KeHn.H cpy11K1~1111 

rf-n(Q2 ) B Q2 = 0. IlOK8.3aHO, LJTO T0'1Ka "CIIIHBKH" nepTyp6aTI113IIOl'O II 

HenepTyp6anrn11oro pc)KHMOB B ATB Q~TB ~ AQcD, T.e. Haxo,n;11Trn c)·uw

CTBeHHO HH)KC, 'ICM IIOJIY'ICillla.H B paMKax CTaH,n;apTHOfi Teopm1 B03111YIIW1111tt 

QbT ~ 1 r3J3. 

B HeKOTOpOM CMblCJI{) CCTCCTBeHHO, LJTO rJiaBHOfi npHqHHOfi CTOJib 3ua•111-

TeJibHOro npo/1,BH)KCIIH}l B11113 110 Q .HBJIHeTC}I HC'1e3HOBeHHe HecpH3H'1eCKIIX CIIH

ryJIHpHOCTefi H3 pH/1,a TCOpHH B03Myiu;eHHfi. 3aMe'1eHo, 'ITO CBo6o.n;ttaH OT CJIJl

ryJI.HpHOCTefi ATB H KX,LI; Mo,n;eJib CHMOHOBa ,LJ;JIH ''3aMopo)Kettttot1" KOHCTaHTbI 

CBH3H O'leHb 6JIH3KH B o6JiaCTH Q ;::: 400 M3B. B CBeTe 3THX pe3yJibTaTOB 6b!

JIO 6bI O'leHb HHTepeCHO HCCJie,n;oBaTb COOTHOIUeHHe Me)K.n;y nepTyp6aTHBHOtt 11 

HenepTyp6aTHBHOt1 (pH3HKOfi TaK)Ke H Ha ,n;pyrHX HH3K03HepreTH'1eCKHX 3Kcne-
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p11MeHTaJihHb!X ,n;aHHb!X. 

Jfmar.:, a1-w.11,umu"i,ecr,;a.R, meopu.R, eoaMyw,enuil enepe'bte npuMettena a.11,.R, ua

e.11,e"i,enu.R, er,;.11,aaoe onepamopoe B'btcwe20 meucma ua nuar.:o.91tep2emu"i,ecr.:ux 

npeu,uauontt'btX .9r,;cnepuMe1tma.11,'b1t'btX aattn'btX no npaeu.11,y cyMM B'bepr.:ena .n,a-

6opamopuu UM. ,l(:J1Ceifxpepcona (ClliA). ,l(ocmu2nymo xopowee onucanue aatt

tt'btX en.11,om'b ao 'H,U3'K:UX nepeaa"i, UMny.11,'bca Q ~ AqcD '::::' 350 M.9B {19}. 

B 3aKJIIO'IeHHH KpaTKO Cq>OpMyJI11poBaHbl IIOJIY'1eHHhie B ,n;11ccepTaU.MM 

pe3yJihTaTbl, KOTOpble 11 Bb!HOC.HTC.H Ha 3aru.11Ty. 

Ha 3aIIJ,UTY Bbl)].BUraroTC.sl CJie)].yIDIIJ,Ue pe3yJibTaTbI: 

1. I3nepBb!C npoBe,JJ;Cllbl paC'ICTbI, Y'l11TbIBaIOru.11e KOHe'IHhJe B11PTYaJibHO

(;T11 ['jfJOOIIO!l B aMrIJI11Ty,n;e 11HKJil0311BHOl'O 11 ,n;11cppaKU.1IOHHOro pO)K,JJ;e-

111151 <:KajfHplIOl'O 6o30Ha X11rrca B npoTOH-npOTOHHblX B3aMMo,n;eikTB11RX. 

~!Hc:1Cllllb!H 3cpcpeKT OKa3aJIC.H ,JJ;OBOJibHO MaJih!M (nop.H,ll;Ka 1 %), 11 ,JJ;OJI

;.Kcll Y'll1Th!BaTbC.H JI111Ub B 6yA)'lll.11X 3KCnep11MCHTaX C Bb!COKOti CTaT11-

CT11KOH [17]. 

2. 8KCKJil0311BHOe ,n;11cppaKIJ;1IOHHOe pmK,JJ;CHHC TH)KCJlh!X KBapKOirneB B 

npoToH-npoTOHHhIX coy,n;apemrnx 11p11 311cprm1x RHIC, T3naTpmm 11 

BAK 11ocne,n;oBaTeJibHO paccMoTpeHo B paMKax KX,l], cj>aKTop1nau;1111 c 

11CfJOJib30BaHl1CM MYJibT11pC,JJ;)KeBCKOl'O npe,n;eJia KX,l], 11 MCTO/~OB 11epeJIR

Tl1Bl1CTKOH KX,l],. Y'leT rJIIOOHHhIX BllpTyaJibIIOCTe/1: yMem,maeT ce,1en11e 

,n;11cppaKI~l10HHOro pO)K,JJ;eHHR B 2 - 5 pa3 B 3aBl1Cl1MOCTl1 OT KH!ICMaTWie

CKOH 06JiacT11 11 11cnoJih3yeMhIX H11fct>yP [10, 18]. 

3. AnaJJl1TWieCKa.H TeOp11.H B03Myru.eHMH BIIepBblC np11Me1Ie11a ,l\JI.H 113-

BJie'ICHl1H BKJia,JJ;OB onepaTopoB BbICIIIero TBl1CTa 113 11113K03Hepre

TWJeCK11X npeu;113110HHbIX 3KCIIep11MeHTaJibHbIX ,n;aIIHblX no npaBMJiy 

cyMM BbepKeua Jia6opaTOp11tt HM. ,l],)Keq>cpepcoHa (CllIA). ,l],ocTMruy-
.. ,1'!· 

TO xopoIIIee OIIHCaHHe ,n;aHHbIX BIIJIOTb ,n;o H113K0X nepe,n;aq HMIIYJihCa 

Q ~ AqcD -:::c 350 M3B [19]. 
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