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OBIIJ;A.H XAPARTEPHCTHRA PABOTbl 

AKTyam,nocTb TeMhl. · 

B IIOCJie.n;nee BpeMR 6hlJI pa3BIIT IIO.l(X0,ll K HII3K03HepreTIIqecKoi1 a.n;

ponnoii cpII3IIKe, OCHOBaHHhlii na KBapKOBOi1 MO,lleJIII C B3aIIMO,lleiiCTBIIeM 

KBapKOB qepe3 BaKyyM KX,LI:. B paMKax 3TOfi MO,lleJIII rroKa3aHo, qTo rro

Ten11;1rnJI l{OHcpaiiHMeHTa CBR3aH C B3aIIMO,llei1CTBIIeM KBapKOB C ,llJIIIHHO

BOJIHOBhlMII BaKyyMHhlMII (pJIJKTJaI(IIRMII, ROH,lleHCaTaMII, B TO me BpeMR 

CIIIIHOBhle pacrn;errJieHIIR MelK,lly II BHJTPII MJJII,TIIIIJieTOB o6'bRCHRIOTCR 

B3aIIMO,llefiCTBIIeM KBapK0B qepe3 KOpOTROBOJIHOBhle cpJIJKTJaI(IIII, IIH

CTaHTOHhl. IlapaMeTphl MO,lleJIII BhlpamaroTCR qepe3 cpyH.n;aMeHTaJII,Hhle 

BeJIIIqIIHhl KX.D: BaKyyMa, a HX 3HaqeHIIR rroJiyqeHhl B paMRax cpeHoMe

HOJiorIIqecKHX MO,lleJieii BaRyyMa KX,LI:. 
ORa3hlBaeTCJI, qTO crreRTpOCROIIIIR MJJII,TIIRBapROBhlX COCTORHIIii oqeni, 

qyBCTBIITeJibHa R ,llIIHaMIIqeCROMY MeXaHII3MY pacrn;errJieHIIR MelK,lly pa3-

JIIIqHI,IMII COCTORHIIRMII. Ilo3TOMY IICCJie,llOBaHIIe MJJII,TIIRBapIWBhlX co

CTOJIHIIll IIMeeT cpyn.n;aMeHTaJII,HOe 3HaqeHIIe ,llJIR IIOHIIMaHIIR rrpIIpO,llhl 

CIIJII,HhlX B3aIIMO,llei1CTBIIi1. B IIOCJie,llHIIe r0,llhl, B CBR3II C pa3BIITIIeM 3RC

rrepIIMeHTaJII,HOii TeXHilRII, B crreI<TpOCR0IIIIII Me30HOB IIORBIIJIOCI, 6oJII,

rnoe qIIcJIO HOBhlX' 6oJiee CTaTIICTIIqeCRII 3HaqIIMhlX ,llaHHhlX. Ilo3TOMY 

TeopeTIIqec1rne onemrn Mace, IIIIIpIIH, OIIIICaHIIe KaHaJI0B pom,lleHIIJI II 

pacrra,llOB MJJII,TIIRBapROBhlX COCTORHIIH JIBJIReTCJI aRTyaJII,HhlM. 

MMeIOTCJI TaRlKe cepbe3Hhle OCIIOBaHIIR cqIITaTh, qTO CJIOlKHaR CTpyK

Typa BaRyyMa KX,LI: IIMeeT caMoe nerrocpe.n;cTBenHoe OTHOIIIeHIIe RaI{ I{ 

crreRTpOCROIIIIII a.n;poHOB II IIX CTaTIIqecRIIM xapaRTepIICTIIRaM ' TaR II 

R ,llIIHaMIIqec1rn:M rrponeccaM II,llyill;IIM rrpII BhlCORIIX 3Hepnrnx. B CBR3II 

C 3TIIM rrpe,llCTaBJIRIOT 6oJihIIIOll IIHTepec rrpo}leCChl B3aIIMO,llei1cTBIIR IIO

JIRpII30BaHHhlX qacTIII( rrpII BhlC0RlIX 3HeprIIJIX. 9TOT IIHTepec Bhl3BaH. 

B rrepByro oqepe,llh pe3JJibTaTOM ll3MepeHIIR EMC ROJIJia6opari:IIeii Cllll-· 

paJibHOCTII 3apJimeHHhlX C0CTaBJIRIOIIl;IIX npoTOHa. AnaJIII3 ,llaHHhlX npII

BeJI I{ BhlBO,llJ' qTo CJMMa CIIIIpaJibHOCTeii RBapR0B BHYTPII rrpoTOHa 

rrpaRTIIqecirn paBHa HJJIIO (~:E ~ 0). 9TOT pe3JJibTaT HaX0,llIITCJI B JIB

HOM rrpOTIIBOpeqIIII C OlKII,llaHIIRMII KOHCTIITyeHTHOii: RBapROBOi1 MO,lleJIII 

( ~E ~ 1 ), r.n:e Bee cnnpaJihH0CTll rrpoToHa rrepeHOCRTCJI BaJieHTHhlMil 

HBapI£aMII. OfrbJICHeHIIe 6oJihIIIIIX IIOJIRpII3aI(IIOIIHhlX JIBJieHIIi1 rrpII 6oJih

IIIIIX 3HeprIIJIX B paMRax II0.l(XO,lla, 0CHOBaHH0ro Ha rrpe,llCTaBJieHIIII 0 

cJimRHofi cTpyuType BaKyyMa KX,LI:, JIBJIRCTCJI TaRlKe aRTyaJihHhlM. 

l(eJib pa60TI>!_ C0CT0IIT B paCCM0TpeHIIII CBOi1CTB MJJihTIIRBapROBhlX 
r-~ .. nM>~•·• •• •1 ~•• .• '•• .... •<>c,:.;·o 
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ROHq>Hrypan:n:tl: n onncaHHH oco6eHHOCTeit cnHH - saBHCHMhlX CTPYRTyp

HhlX cpyHRU:Hii: npoToHa B npon:ecce rny6oRo - Heynpyroro pacceRHHR B 

J>aMRax no,n;xo,n;a, yqnTLIBaroru;ero CJIOlKHYIO CTPYRTYPY BaRyyMa I{X.ZJ:. 

HayqHan HOBH3Ha n npaRTnqecRan'n:eHHOCTb. PaccMaTpnnaeTCR RBap

ROBM MO,ZJ;eJib, B ROTOpo:tl: caMOCOrJiaconaHHhlM o6pa30M yqnTLIBaeTCR 

nsa1IMo,n;eil:cTBne RBapRoB qepes HenepTyp6aTHBHLI:tl: BaRyyM I{X.ZJ:. Ilo

RasaHo, qTo oco6eHHOCTH cneRTpa qeTLipeXRBapROBhlX COCTORHHH onpe

,n;eJIRIOTCR B3aHMo.n;e:tl:CTBHeM RBapROB qepe3 o6MeH nenepTyp6aTHBHhlMH 

q>JIYRTyan:HRMH KXJJ:- BaRyyMa - HHCTaHTOHhl. <l>nsnqecRHH cneRTp qe

ThlpeXRBapROBhlX COCTORHHH npe,n;cTaBJIReT co6oii: CHJII,HO CMelliaHHhle 

cocTORHHR ns pasJinqnhlx MYJibTHIIJieToB SU1(3) rpynnLI. Ha ocHoBe 

BhlqHCJieHHoro 6a3HCa q2 iJ.2 Me30HOB paCCMOTpeH npon:ecc pom,n;eHHR qe

ThlpexRBapKOBhlX COCTORHIIfi B // pacceRHIIH II ,n;ano ero RaqecTBeHHOe 

onncanne. BLiqncJieHLI ceqennR pom,n;enIIR q2q2 MesonoB B N N paccen

HIIn,_ II c,n;eJiaHJ,I rrpe,n;cKa3aHIIR no 3RCIIepIIMeHTaJII,HOMY o6HapymeHHIO 

qeTLipeXRBapKOBhlX pesoHaHCOB B 3TOfi peaRU:IIII. 

Ilpe,n;JIOlKeH HOBhlfi no,n;xo,n; R perneHIIIO npo6JieMhl "cnHHOBoro RpH-

3Hca", cnnsannoro c MaJio:tl: BeJIIIqnno:tl: MaTpIIqnoro 3JieMeHTa no rrpo

Tony OT cnnrJieTnoro no apoMaTy aRcHaJibHO - B·eRTopnoro TORa. IloRa

sano, qTo B3aHMo,n;efiCTBIIe qepe3 IIHCTaHTOHhl npHBO.ZJ;HT R 3HaqJ-ITeJII,HO:tl: 

KOMnencan:nn c1mpaJII,HOCTH BaJieHTHhlX RBapROB 3a cqeT B03HIIRHOBe

HHR npHM~CII MYJibTHRBapROBhlX ROHq>IIrypan:nii: B BOJIHOBO:tl: cpyHRU:HH 

rrpoTOHa, IIOJIRpII30BaHHhlX npOTIIB crinna npoTOHa. Ilpe,n;JIOll{eHa HO

BM rrapaMeTpnsan:nn cnnH-3aBHCHMhlX cpynRn:n:tt pacnpe,n;eJiemrn RBap

KOB B npoToHe. OTMeqaeTcR, qTQ ,n;aHHhle gf(x) noJiyqeHHhle B EMC-

3RcnepnMenTe MOlKHO ofo,RCHIITI, JIHIIII, B npe,n;IIOJIOlKeHHH aHOMaJII,HOrO 

IIOBe,n;eHHR CIIHH-3aBHCHMhlX CTPYRTYPHLIX cpyHRU:HH B o6JiaCTH MaJihlX 

3Haqennii CKeHJIHHrOBOH nepeMeHHOH ( X - 0). JJ:aeTCR ROirnpeTHOe 

npe,n;CRasanne ,n;JIR cTpyRTypnoii: cpynRn:nn gf(x ). Mcxo,n;R ns TOro, qTo 

anoMaJii,noe rrone,n;enne CTPYRTypn1,1x cpynRn:ntt rrpn MaJILIX x cnnsano 

c _HeBLIMHparoru;nMn c 3Heprneil: BRJia,n;aM'n B a,n;poHHhle ceqennn, npe,n;

Jiomen HOBLiii o6MeH "anoMaJioHoM" B ynpyroe pp, pp - paccennne npn 

BhlCORHX 3HeprIIRX. 

Arrpo6an:nn pa6oTLI. OcnoBHLie pesyJii,TaTLI pa6oTLI Heo,n;noRpaTHO 

,n;oRJia,n;LIBaJinci, na ceMnHapax I1<l>B9 AH PI{, B Jla6opaTOpnn Teope

THqecRott q>H3IIRII O61,e,n;nnennoro HHCTHTyTa R,n;epIIhlX HCCJie,n;onannfi, 

B nncTnTyTe MaTeMaTIIRH CO AH CCCP, a TaRme 06cym,n;aJinc1, ua IX, 
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XI Mem,n;ynapo,n;noM ceMnHape no npo6JieMaM cpnsmm BhlC0RHX 3Hep

rnfi (peJIRT11B11CTCRM R,n;epnan" q>11311Ra H RBaHTOBM xpoMO.ZJ;11Ha1'nrna, 

JJ:y6na, 1988, 1992), na ceccnn OR<l> AH CCCP (l.Jacrnn:LI H n,n;pa 

npn BhlCOKHX 3neprnnx, non6pi,, 1989), na IX Mem,n;ynapo,n;noit Rompe

penn:m1 no crrnnonon: cpnsnKe BLICOR11X 3Heprnfi (IlpoTBHno, 91 ). 

Ily6JI11Kan:n11. Ilo MaTep11aJiaM ,n;11cceprnn:11n orry6mrnoBano 11 pa6oT 

CTpJilTypa n 061,eM ,n;11ccepTan:nn. JJ:nccepTan:11n cocTonT 113 BBe,n;e

nnn, Tpex rJiaB n saRJIIOqemrn. Ona co,n;epmHT 102 cTpannn: TeRcTa, 

19 pncy1mon, 11 Ta6JI11n:. B116JI11orpacp11qeCK11fi crr11coK BRJiroqaeT 120 
CChlJIOK. -

co,n:~PJKAHHE PABOTbl 
Bo nne,n;emrn co,n;ep}KlITCR ofoop JIIITepaTyphl, nocnnru;eHHhlfi BI,IqH

CJieHHRM cnoi1cTB a,n:ponon B pa:r,max perneToqnoil: nepcmI KXJJ: npaBn

JiaM cyMM I{XJJ: 11 cocTaBHhlM RBapRoBLIM Mo,n;eJIRM. CcpopMyJinponana 

n:eJib pa6oThl 11 nsJiomeno RpaTRoe co,uepmaii:ne. 

B rrepnoii: rnaBe Mhl ,n;aeM cpopMyJI11poBRY Mo,n;eJin. B I{aqecTBe na

qaJii,noro rrp116JIHlKeHHR 11CIIOJII,3JeTCR MO,n;eJII, RBapIWBhlX MeIIIROB. Bsa

HMO,n;eil:CTBlle Mem,n;y RBapRaMH nn,n;yn:npyeTCR ofo.ieHOM BaRYYMHhlMll 

q>JIJRTyan:HRMH 11 nerrepTyp6aTHBHO no CBOeMy xapaRTepy. HenepTyp-

6aTHBHhle IIOJIR MOlKIIO pa36HTI, Ha ,n;Be qacTn: .ZJ;JI11HIIOBOJIH0BM, R0-

T0paR onpe,n;eJIReT ROHcpail:HMeHT, H R0p0TR0BOJIH0BYIO, R0T0paR ,n;aeT 

BRJia,n; BO B3aH1'IO,n;eiiCTBHe RBapK0B Ha MaJihlX paCCT0RHlIRX. IloRa3aHo, 

qTo B3aIIMO,n;eiiCTBHe RBapR0B qepe3 K0p0TK0B0JIH0Bhle nerrepTyp6an1-

BI1hle noJIR - IIIICTaHT0Hhl, np11B0,Zl;IIT K cmrn - cnHH0BhlM ClIJiaM, 0TBeT

CTBeHHhlM sa cpopMupoBamie cTpy1lTyphl cneRTpa a,n;ponon. Macconan 

cpopMyJia, IIMeeT BII,n;: 

MiJ = E2- < p2 >' (1) 

r,n;e 3Hepnrn 1rnapRoB B MernRe 

E = Ekin + flEoGE + flEinst + Evac (2) 

ecTI, cyl\r:Ma IrnHCTIIqec1mii: 3IIeprIIH RBapR0B II 3neprHH HX B3aHMO,n;eit

CTB11R C naKyyMHhlM II0JieM 1I 3a cqeT o,n;norJIIOOHHOl'O o6Mena, a < P 2 > 
- rrorrpaBirn Ha .ZJ;BJilKeHIIe n:eHTpa Mace, Ni- qncJIO BaJieHTHhlX RBapH0B 
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orrpe,n;eJieHH0ro apoMaTa, HaX0,1.VIIIl;IIXCR B ,n;aHH0M a,n;poHe. IloJiyqeH 

erreRTp Mace oeH0BHhlX C0CT0RHllit a,n;poH0B. IloRa3ano, qTo M0,n;eJih 

061,neHReT rrpIIpo,n;y crrnn-emmoBLIX MemRBapR0BhlX CllJI n B qaeTH0eTH 

0IIllChlBaeT oeH0BHhle oeo6enHOCTll crre1<Tpa: (~ - N) -, ('.=: - E) - II 

( 1r - p) - paern:errJieHnR. 

Bo BT0pott rJiaBe BhlqneJIReTeR crreRTp qeTLipexRBapR0BhlX ( q2ij2) co

eT0RHllit. B3allMO,n;eitCTBlle RBapK0B qepe3 llHeTaHT0Hhl ,n;aeT eHJibH0e 

eMemIIBaHne coeT0RHllit ll3 pa3JIHqHhlX Herrpnno,n;IIMLIX rrpe,n;cTaBJienIIit 

rpyrrrrhl SU1(3). BLiqIIcJienLI yrnhl IIX eMemnBaHnR. 

IloJiyqenHhlii 6a3IIe q2 ij2 eoeTORHHii CTaJI rrpe,n;MeToM rrp0BepIrn n 

pa3Jill'IHhlX <pll3ll'IeeKIIX IIpllJI0}I{eHIIRX. TaR, narrpnMep, Bee oeo6en

H0eTll a0 (980) Me3ona o6'bRcHenhl 6Jiaro,n;apn ero CBJI3II e C!(91 ), II 

C1r(36 f ). OnneaHhl cnrnaJihl pe3onancnoro Tnna n pacceRIIIIH 1 - RBaII

T0B B BeRT0pHhle Me30Hhl . .l(ocTnrHyTo cornacne 3RCIIepnMenTaJibHhlX 

pe3JJibTaT0B rrapn:naJibH0 - B0JIH0Boro aIIaJIH3a B pp CHCTeMe, e Teo

peTH'IeeRHMH pae'IeTaMn, II0JIJ'IeHHhlMil B paMRax paeeMaTpHBaeMOH 

Mo,n;eJin. 

Ce'IeHHR paeeeJIHHJI N N cncTeMLI B ( q2ij2 )( qq) Me30HLI nMeeT Bn,n;: 

da(NN--t mm') oc II"< NNIC;~" >< C;m"lmm'm" >12 (3) 
~ m7 - s - z(vsr(s) +a;* m; * r 0 ) 

' 
< Cim"lmm'm" >ex:< m"lm" >< Cdmm' > 

BLI'IHCJieirn MaTpH'IHLie 3JieMeHTLI < Ci Imm' >, < N NIC;m" > 
.l(aHo orrncamw 3Rerrep1IMeHTaJibIIhlX ,n;aHHhlX B N N --t a0 (980)w 

peaRn:nn. Ilpe,n;eRa3hlBaIOTeR ce'!eHnJI pom,n;emrn ao(980) Me3oHa B pa3-

JIH'IHhlX RaHanax N N --t a0(980)1r, 77, w, p. B 3T0il rJiaBe Mhl rrpnBo,n;nM 

TamKe MHoroqneJieHnhle rrpe,n;cRa3aHHJI ,n;JIR N N peaKn;IIn, B ROTopoii 

pom,n;aIOTeJI q2q2 Me30Hhl. 

B TpeTbeit rJiaBe paeeMoTpeHhl crrun-3aBncnMLie eTpyRTypnhle cpyn

RUHH paerrpe,n;eJieHIIJI RBapK0B B rrpoTone. B BO,Zl;HOH qaeTH paceM0TpeHa 

mrneMaTnKa rroJIJipH30Ba1rnoro rny6oKo-neyrrpyroro pacce11nn11, n rrpn

Be,n;eHLI ,n;anm.re EMC 3KerrepnMeHTa. PaeeMaTpIIBaeTeJI errIIH rrpoToHa 

B eoeTaBH0H RBapK0B0it M0,n;emr n nerrepTyp6aTIIBHOit KX,n:. 
B3a:IIMO,n;eiteTBIIe Mem,n;y RBapRaMII, HH.n;JUIIpyeMoe IIHeTaHT0HaMII 

HMeeT BII,n;: 

4 

l ,, 

.
1.J'. 

,\: ,, 

i=u,d,s 

~{,inst = L nc(-k')2• 
i>j 

·{if.iRqiLif.;Rq;L[l + :2,\i · ,\.i(l - ~at.,· at.,)]+ (R - L)} 

(4) 

HerrepTyp6aTIIBHoe B3aHMo,n;eiteTBIIe ( 4) H3MeHReT crrnpaJihH0CTh KBap

K0B Ha BeJIJI"IHHY -2N1. cho o6eTORTeJibeTBO eTaH0BIITCJI 0CH0B0II0-

JiaraIOrn;IIM B rroeTpoeHIIII ,Zl;IIHaMII'IeCK0ro MexaHII3Ma, KOTOphltt rropo

m,n;aeT cyrn:ecTBennyIO pe,n;yRUHIO CIIIIHa IIp0T0Ha. TaR II0Ra3ano, 'ITO 

cyrn:ecTneHIIhIH BRJia,n; B cmrn rrpoTona MoryT ,n;anaTb M0pCRIIe RBapRII, 

pom,n;ennhle IIHCTaHT0HaMH. BLI'IHCJieH BHJia,n; B cpyHKUHIO pacrrpe,n;eJie

HHJI M0pCHHX KBapR0B nan6oJiee namnoit rrpn x --t 1 IlRTIIRBaprmnoit 

ROH<pIIrypan;IIll B rrpoTone, B031IlIRaIOrn;eit 3a C'IeT llHCTaHT0H0B. Ilpn 

x --t O n cpynRIJ;HI-0 pacrrpe,n;eJieHHJI M0pCRHX KBapR0B ,n;aIOT nee MJJl!,

TllRBapK0Bhle RoncpIIrypan;IIII n rrpoTone, II03T0MY ,n;JIR orrncanIIJI EMC-

3RcrrepnMenTa nne,n;ena nonan oco6ennocTb-" anoMaJion". Ilpe,n;JiomeHa 

rrapaMeTpII3aIJ;HJI crrnn-3aBHCHMhlX CTPYRTYPHLIX cpynRu;nti: 

0.151 
9i(x) = --2-(1 - x)5 + 0.625(1 - x) 2

·
57

• (5) 
xln x . 

PaccMOTpena ,n;nnaMHKa a,n;p0HHhlX B3am.m,n;eilCTBilil npn BhlC0KilX 

3Heprnnx c y'IeToM o6Mena "anoMaJionoM". 

B 3aRJIIO'IeHIIII ,n;ano RpaTK0e o6cym,n;enIIe 0CH0BHhlX pe3JJibTaT0B 

pa60Thl. 

OCHOBHhIE PE3YJihTAThl 

1. B paMHax KBapHonoti Mo,n;eJin J'IHThlBarorn:ett B3am.m,n;eitcTBne 

RBapK0B C BaHyyMHhlMII II0JIRMH, paCC'IIITaII crreRTp 'IeThlpeXRBapR0BhlX 

COCTOJIHHH. 

2 . .l(aao orrncaHHe 3KcrrepIIMeHTaJII,HhlX ,n;aHHhlX B II pacceJIHIIII e 

pom,n;eaneM q2q2 Me30H0B. 

3.Bhl'IHCJieno ceqeaIIe N N pacceJIHIIH B (q2q2)(qq) Me30Hhl. 
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4 . .J;(aHO orrncaHIIe ao(980) Me3oHa KaK 'JeTI,IpeXKBapKOBoro. Ilpe.n;
CKa3aHI,I OTHOllieHIDI ce'!eHnii B pa3JIH'IHhlX KaHanax po}J{,Zl;eHHH uo(980) 
Me3oHa B N N pacceHHIIII. , 

5. Ilpe.n;cna3aHhl OTHOllieHlIH ce'!eHIIH pom.n;eHIIH TeH30pHhlX q2ij2 

Me30HOB B N N pacceHHIIII. 

6. Ilpe.n;nomeHa napaMeTpII3aD;IIH CIIIIH - 3aBIICIIMhlX cTpyKTYPHhlx 
cpyHKD;IIii MOpCHIIX KBapnoB B HYKJI0He. Ilpe.n;cKa3hlBaeTCH aHoMaJII,HOe 
IIOBe,n;eHIIe CTpynTypHott cpyHKD;HII 9i ( x) npn MaJihlX x. 

7. Ilpe.n;nomeH MexaHII3M a.n;poHHhlX B3aIIMO,n;ei1cTBIIH IIpII BhlCOKIIX 
aHeprHHX rrpII lIOMOm;II lIOBOro o6MeHa-" aHOMaJIOHa". 

8. B paMKax npe.n;nomeHHOro MeXaHH3Ma .Zl:0CTIIrHyTo y.n;oBJICTBOpH
TeJII,HOe OlIIICaHIIe ynpyrIIX PP, pp B3aIIMo.n;eitCTBIIH rrpII BhlCOKIIX 3Hep
rnHX. 
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