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OBI.IJ;A.H XAPAKTEPMCTMKA PABOTbl 

AKTyaJibHOCTb TeMbl llCCJie)].OB1Ullrn:. J13y•1emrn rrpou;ecCOB o6pa30-

Bamrn T51::>KeJibIX a,ll,pOHOB rra COBpeMeHHbIX ycKopIITeJI51X BbICOKHX 3Hepruii 

o6ecrre'lIIBaeT Herrocpe,ll,cTBeHHyro rrpoBepKy .cyiu;ecTByroiu;eii TeopHII CIIJih

HhIX B3aIIMO,l],ei1cTBilii - KBaHTOBOH xpOM0,ll,IIHaMIIKH (KX,II,). PaccMOTpe

HHe IIOT0KOB CIIJibll0B3aIIM0,l],eiicTBYIOiu;IIX 'IaCTIIIl;, o6pa3yroiu;nxc51 J3 IIO,ll,06-

llb!X rrpou;eccax; ,l),aeT B03M0::>K!IOCTb' IICCJie,l],OBaTb BOnpoc O cnpaBe,l],JIIIBOCTII 

0CH0BHbIX TIOJIO)keHIIii Te0pIIII. II ee CJie,l],CTBIIii, KaCaIO!Il;HXC51 CTaTII'ICCKIIX 

CBOHCTB II ,l),eTaJieii B3aHMO,l],eiicTBII51 KBapKOB II rmOOH0B. 8 TI0CJie,l],HIIe rD,ll,bl 

0,ll,H0 . II3 Han6oJiee IIJI0,l],0TB0pllblX 1ranpaBJie1111ii, pea.TIII3YIO!Il;!l:X- ,YKa3aHHYIO 

npoBepKy, 0Ka3aJI0Cb CB513liH0,C <<peHeccaHC0M>> cp1I3IIKII •rapM0HJ-rn, 'ITO no

BJieKJIO 3a co6oi1 IIHTeHCIIBHh!H pOCT KaK 3KCnepIIMCHTa.TlbH0ii, TaK II TeO

peTII'leCKOH aKTHBH0CTH B 3TOH o6JiaCTII. Hap51,ll,y C OTKpb!TIIeM •rapM0HIIe

TIO,l],06HblX COCT0mrnii, He .TI0JIHOCTbIO YKJia,l],hIBaIOII~IIXC}I B Tpa,ll,l!Il;HOHHYIO 

IIHTepnpeTau;mo cmraaHHOH rrapbl KBapKa ~ aHTHKBapKa (cc)' cyrr~eCTBeHHbie 

ycrrexII ,ll,0CTHrHyThl B II3Mepe11nn Ce'leHIIii po::>K,l),eHH51 ,l],Ba::>K,l],b!T51::>KeJibIX Me-

30HOB, ''lT0, B CB0IO O'lepe,l],h, CJIY::>KHT MOTHBIIpyIOiu;IIM cpaKTOpOM ,l],Jl51 pa3pa-

60TKII HOBbIX MeTO,ll,OB OIIIICaHII51 CB513aHHblX C0CT051HIIi1 T51::>KeJibIX KBapKOB. 

MexaHH3M o6pa30BaHH51 T51::>KeJioro KBapKOHlrn rrpe,l],CTaBJI51eT xoporno II3-

BeCTHYIO 3a,l],a'IY KBaHTOBOH Te0pllll II0JI}I. B HaCT051Iu;ee BpeM}I TeopeTII'le

CKHe IICCJie,l],0Bamrn B YKa3aHHOM nanpaBJieHIIII 6a3npyIOTC51, B LI;CJIOM, Ha oc

' H0Be HepeJI51TIIBIICTCK0ii KBaHTOBoii xpoMO,ll,IIHaMHKII (HPKX,II,) [1], pea.Tin-

3yroiu;eii npIIHil;IIIlbl 3cpcpeKTHBHOH Te0pIIH Il0JI51, II KBapK0BbIX MO,l],eJieU [2]. 

T51::>KeJibIH KBaJ)K0HHii xapaKTepH3yeTC51 Ha.Tlll'IIIeM HeCK0JlbKIIX xoporno pa3-

,l],eJieHHblX cpu3H'IecKnx Macrnm6oB (Mqv2 )2 « (Mqv) 2 «-M~, npH'leM 

Mq >> AKx,ll, Il Mc;v2 ~ AKx,ll,, r,l],e 'Mq 0603Ha1raeT Macey TH::>KeJioro KBapKa, 

a V - ero OTHOCHTeJihHYIO CK0p0CTb B Me30!le. TaKIIM o6pa30M, B.paMKaX 

o6onx TI0,l],'x.O,ll,0B rrpm~ecc po)K,ll,eHII}I paccMaTpIIBaeTC51 B ,l],Be CTa,l],IIII. B X0,l],e 

rrepBOii CTa,l],Hll o6pa30BaHHe 0,ll,HOii IIJIII HeCKOJlbKIIX KBapK-aHTlIKBapKOBblX 

nap CB513aHO C MacrnTa6oM K0p0TKIIX paCCT05111IIH nop51,l],Ka 1/Mq, 'ITO ,na

eT 0CHOBaHII5l ,l],Jl5l npHMeHeHII}I Teopun B03Myru;eimii· K OilHCaHIIIO cpyH,l],a

' l\teHTa.TlbHblX B3allMO,l],eiicTBHH KBapKOB Ii rmoOHOB. BTopa51 CTa,l],II51 BKJIIO'la

eT •Il0CJie,ll,yIO!Il;YIO 3B0JII0il;Il!O KBapKOB Q II aHTHKBapKOB Q B cpH3II'IeCKIIe 

COCT05lllll51 •rapM0HIIH, rrp0X0,ll,}l!Il;YIO Ha MacIIITa6ax xapaKTepHoro pa3ME;Jpa 

Me3oHa 1/(Mqv) u Tpe6yroiu;y10 Herrepzy,p6aTHBHOro orrucaHII51. I1o,l],o6Hoe 

orrncaHne o6ecrre•mBaeTC51 MaTpH'lHhIMII. 3JieMeIITaMn orrepaTopoB B HPKX,II, 

-HJIII B0JIH0BbIMil cpyHKil;Il}IMil CB513aHHhlX COCT051Hllii B KBapK0BI,,IX MO,rr.eJI}IX. 

MaTpH'lHhie 3JieMeHThI HPKX,II,. rrpHHLI;HIIHa.TihH0 MoryT 6h1Th rroJiy'leHbI B 

pac•ieTax Ha perneTKax, T0r,l),a KaK 11a npaKTHKe oHn, qaiu;e -Bcero, H3BJieKa-

HAYqHO-TEKHIP.IECKAR 
BHBJIMOTEI'A 
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IOTC.H II3 cpanneHII.H npe,D,CKa3aHIIH TeopmI C ,D,aHHblllllI 3KcnepHMCHTa. KpoMe 

Toro, u;neT0-CHHrJieTHb!H KJiaCC MaTpH'IHbIX 3JieMeHT0B ,ll,0HJCKaeT onpe,D,CJie

HIIe Ha 0CII0Be B0JIH0Bb!X <PYIIKIJ;IIH B H0TCIIIJ;HaJibHbIX 11!0,ll,CJI.HX. Bbl'IHCJie

HII.H B KBapK0BbIX M0,D,eJI.HX 0CH0BbIBaIOTC.H Ha TOM IIJIII HII0M BII,D,e onepaTopa 

B3aIIMO,D,eiiCTBII.H C0CTaBJI.HIOIIJ;IIX 1-IaCTIIIJ;, 3a1IaCTYIO BKJII0'-IaIOJu;ero 60JiblllOe 

'1IICJI0 cpeHOMeHOJIOrII'leCKIIX napaMeTp0B II cno6o,D,Hb!X H0CT0.HHHblX. Heo,n;

H03Ha'1H0CTb Bh16opa ,D,aHHblX K0HCTaHT, C0BMeCTH0 C ll!HOroo6pa3IIeM CaMIIX 

M0,D,eneii II 0TH0CIITeJibH0H CJI0:lKH0CTbl0 IICH0Jib30BaHII.H 'IaCTII II3 .HIIX ,ll,JI.H 

pacqeTa Ha6JIIO,D,aeMblX BeJIII'IIIH, C0CTaBJI.HeT He,D,0CTaTKII ,D,aHH0ro no.n;xo,D,a. 

B onpe,D,enennoii CTeneHII, MIIKp0CK0Hil'IeCKa.H KapTIIHa KBapK-rJII00HHb!X 

B3aIIMO,D,eHCTBIIH, npIIcyiu;a.H KBapK0Bbllll M0,D,eJI.HM, 3aMeH.HeTC.H rno6aJibHbllll 

Ha6opoM MaTpII'1HhIX 3JieMCHT0B B HPKX,n:. O6a no,n;xo,D,a ,D,0H0JIH.HIOT ,D,pyr 

,D,pyra, II 0Tb!CKaHIIe C00TBeTCTBII.H Me)K,D;y napaMeTpaMII KBapK0BblX M0,D,e

Jieii II HPKX)];, B cnmo 0 1Iepe,D,h, M0:lKeT cnoco6cTBOBaTb npo.HCIIeHIIIO acneK

T0B u;neTOBOH ,ll,III-IaMIIKII KBapK0B II rJII00H0B. 

Ba:lKHOCTb peJI.HTIIBIICTCK0ro paCCM0Tpe11m1 p0)K,D;eim.H •mpM0HII.H, npII

HIIMaIOiu;ero BO BHIIMaHIIC 0TH0CIITeJihl!0e ,ll,BII:lKeime KBapKa II aHTIIKBapKa, 

C0CTaBJI.HIOIIJ;IIX !11e30H, .HBJI.HeTC.H Henocpe,D,CTBeHHbIM IIT0I'0M II0IIb!T0K..II!I

TepnpeTan;IIII 3KcnepIIMeHTaJihHhIX ,D,aHHhIX Konna6opa11,IIii Belle II BaBar [3] 
B paMKax JIII,ll,IIpymiu;ero uepemITIIBIICTCK0ro nop.H,D,Ka HPKX)];. TeopeTII'le

CKIIe ou;e11KII ce1IeHII.H ITapH0ro po)K,D;eHII.H Me30H0B J / 1/J II T/c B 3JieKTpou

IT03IITpOHH0ii aHHIIrIIJI.HIJ;IIII 0Ka3aJIIICb Ha IT0p.H,ll,0K 3aH11:lKel!HhlMII ITO cpaB

HeHm0 C ,D,al!Hblll!II 3KCITepII111eHTa, 'ITO CTaJI0 0TIIpannoii TO'IK0H ,[1,JI.H cepIIII 

IICCJie,D,0Bairnii, BKJII0'-Ia!OU~IIX KaK pac1IeT peJI.HTIIBIICTCKIIX IT0ITpaB0K, TaK 

II Bbl'IIICJieHIIe BKJ!a)];0B cne,n;ymiu;ero IT0p.H,D,Ka ITO K0HCTaHTe CIIJibH0ro B3a

IIM0,D,eiiCTBII.H, C0BMeCTHa.H KOM6I1HaIJ;II.H K0T0pbIX, n K0He 11110111 IITore,, cyiu;e

CTBeI!H0 C0KpaTIIJia pa3H0!'JiaCII.H TeopIIII II 3KCITepIIMeHTa. TipII 3T0M Hap.H,n;y 

c IT0,n;xo,D,aMII KBapK0BhIX Mo,D,eneii [4] II HPKX,n: [5], pen.HTIIBIICTCKIIe 3cpcpeK

ThI TaK:lKC y 1mThIBaJIIICh B MCT0,D,e cneTOnoro K0Hyca ·(PACK) [61, ycITCillH0 

,ll,0Ka3aBIUCM CBOI0 ITpIIMeJIIIM0CTb K pac1ICTaM 3KCKJII03IIBHh!X ce1IeHIIH. 3ua

'IIIMblH Bh!B0,ll,, KOT0pb!H CJie,D;yCT 113BJie'Ih 113 OIIIICaHH0H CIITyau;1111, C0CT0IIT B 

neo6XO,ll,IIIIIOCTII IT0CJie,D,0BaTCJlbH0I'0 Y'IeTa peJI.HTIIBII3Ma ITPII pacc1110TpCHIIII 

ITpou;eccoB p0:lK,D;CHII.H T.H)KCJI0I'0 KBapK0HII.H C I~eJib!O II0JIY'IeHII.H na,D,C:lKHb!X 

TC0pCTil'IeCKIIX npe,D,CKa3aHIIH. TaK, He,D,aBHIIC 113111CpCHII.H KOJIJia6opa1~11eii 

LHCb ce1 ie1111.H a(pp ➔ 2J /1/J + X) [7] ecTeCTBCHilhIM 06pmo111 npc,D,nona

raIOT IIOCTaH0BKY 3a,IT.a1 1II 06 on11caHIIII ,n;aHH0H peaKU,1111 B paMKaX 0,ll,l!0ro 

113 pa3BlITb!X peJI.HTIIBIICTCKIIX cpopMaJIII3MOB. Heo6xo,IJ,IIMO 0TMCTIITh, 'ITO 

peJI.HTIIBIICTCKIIe 3{p{pCKTbl cyiu;ecTnemn,1 npII 0IIIICaHIIII HC. T0JihK0 ITapH0-

ro, 110 II 0,ll,lIH011H0ro po,K,1J;eHm1· T.H:lKCJI0l'0 KBapK0IIII.H, X0T.H ITPII 3T0I\I II He 

IICKJII0'IeHbl c11ryau;i-rn, K0!',ll,a C00TBeTCTBJI0iu;IIe nonpaBKII K IIHKJII03IIBHbllll 

np01~ecca111 0Ka3bIBaIOTC.H npeue6pC:lKIIIIIO lllaJibI. 
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' ! 113 Bhl_W~II3JI0_)l{CJnI.QI'O. i:;ne,n;yer,. 'IT()_ ~~TYcWJhH0GT,h ,pq60TM_ qup_e»,e.rrne:fr 

ca, liI,ICOKQ_L.\ 13Kcnep1IMCH'faJihI19H, lI ,Te,op~'Jill'/,C,CKO~,a,KTiBffOCTI,IO, ;Ili oqn~c:rn 

cp13peMCHHor,., ,<pl,PtJK\1 T.H)KeJII,D_C i a,11,p0ilOB,,, 9:,apMOIIIIH, II:,D,PY!'IIC:' CB.H3aHHI:>!C 

C~CTO.Hl;li.H T.H~CJ!bIX KBapl).qB. B-; nep.B9N, ,ITP,.lI6HlI:lKeHIIII ~WfYT , P,ll:CGMaTpH

. BflTpc.H._~K,: gepe..J_J,m;IIn.IIcrqK,1Ie c;11CTC!\th11 o),I,HitKQ. ~o,mi6uqe,ITp1Jfim.p1~ettl1e 3a

'I\l._c;:ry1p, 0Klq?l,B,a(3.'fC.H: ~~()).l,?qaW,t!Hbl)\1 ,,1,1,JI.H. ,!I0J1,Y~ICHH5,l ,HWJ.e)I;\Hh,I{';; TCOpeTII~ 

1 ICCK,Ipc.ITpe),I,<;~{P!l.l!IlH;J?ac•~t>T, C~'ICHIIH ,p0fK,ACII_II~I T.H:ffiC~bIX: MPO.l\()B B _cy, 

iu;eqnyIO\IJ;IIX-111rnpcijCKTIIBllblX 3Kcnepm-ie11rax B 06iu;e111 CJIJ'.IaC ,D,0Jl)KCH ne

_CTIICb B pall!Ka)( pemITIIBIICTCKOH TC0plIII, ;II03BOJ!HIOIIJ;CH · Y'IHTbIBaTh 

OTIIOCIITeJibH0C ,ll,Bil)KCHIIe C0CTaBJI.HIOiu;HX KnapK0B II aHTIIKBapKOB . KaK B 

:lKeCTKOH 1IaCTII npou;ecca pacCCHIIII5I, TaK II Ilpll cpdp11rnponam111 CB5!3aHHOI'O 

COCTOHHil5I.' ' ., ' 

I.:t;eJlhIO ~lICCCpTal.l,JUI .HBJI.HeTC5I. HCCJIC,ll,0BaHHC p0JIII. peJI.HTHBHCTCKIIX 

3cpcpeKTOB B ITpou;eccax nap11oro p0:lK,D;CHII.H · . •mpM0IIII.H B 3JICKTpon

fl03J!TpOIIHOH anHIII'IIJI.HI.l;IIII II npOTOH-iip0T0HH0M B3a1IMO,!J,CHCTBIIH, Bhl,ll,CJIC

HIIC ,II aHaJII13-0CH0BllbIX HCT0'IIIIIK0B PE)JI5IT-HBIICTCKIIX nonpan6K, ITOJIY'ICHIIC 

, Te0pC'.1,'II~ecKHX npe,D,CKa3aimil Il IIHTCpnpCTaIJ;H5I . HMeIOIIJ;IIXC5I 3KCITepI1MCII

TaJibHbIX )],aHIIbIX,•a TaK:lKC o6o6n~emie ccpopMJJIIlpOBal!HhIX MCT0,ll,OB pac
1
1e

.' Ta Ha, CJIJ'Iall po)K,D;eHH.H ,D,Ba:lK,D,bIT5I:lKCJlb!X 6ap1IOHOB B pacc111aTpHBaCl\lb!X 
I • > • • 

ITpo~eccax • 

Hay'-lIIa.H HOBlI3Ha lI npaKTlI'-ICCKa.H l.l,CHHOCT.h• OcHOBHble pC3JJib

T8,Tbl ,lJ,IICCCpTa~IIII .HBJI5IIOTC.H opnrHHflJibIIb!MII H nony1Iellbl mrepBhIC. ,13 KBa-

311110TCHIJ;IlaJ!b!IOM Il0,ll,X0,ll,C II0JIJ'Iellhl peJI.HTIIBHCTCKIIe aMIIJIIITY,LJ;hl ITapnoro 

pmK,D,CHII.H P-sonHonoro 1mpM0HH5I n 3JICKrpo11...:.IT03HTpon11oii' aHHHI'IIJI5I~HH 

II o'npe,D,e:rrem,I COOTBCTCTBJIOII\IIC ITOnpaBKii K ce•1eHll.HM': B pa111KaX peJI.HTII

BHCTCKOH KBapKoaoii M0,D,CJIII, ociionannoii Ha:·06061u;eHH0M KX)]; noTCHIJ;1Ia

mf Bpeii.Ta, ;D,OHOJIHeHHOM 1 IJienaM1I KOHcpaii.HMCHTa C yqeTOM 'c1<.a.rrnpimro Il 

BeKT0pH0ro 06111eIIOB, Bhl'IlICJICHhl BOJIHOBb!e cpyHK~lilI CB.H':laHHi,IX C0CTO.HHHH 

rn:lKeJihIX KnapK0B, pacc1mTaH cneKTP, Mace 1 mp11101II151_ II ,ll,J:II.rnapKo,n. Bnep-
• , ;._ l , ~ . , , , ' · · ! >, ' • • : .' . ~ ·., · , . I , · 

Bb!C pacCM0Tpe!lhl peJI}ITIIBIICTCKIIe 11orrpaBKH K a111ITJIIITY,D,al\l II Ce'ICHII.HIII 

ITapnoro po:lK,D;eHH5I ,ll,IIKBapKon n e+e- anH1IrIIJI5IIJ;i11l. 

BnepBb!e . II0JIY'ICHhl aHaJIIITH'IeCKIIC Bbipa:lKenmr ',ll,JI.H pCJI5ITIIBIICTCKIIX 

aMIIJ!IITJ,ll, II ce 1ICHHH napuoro p0:lK)],eHII5I S-BOJlHOB0ro •mpM0Hirn II ,11,IIKBap

K0B ·B np0T0H-np0T0IIH0III B3aIIMO,ll,CHCTBIIII. Kpo111e T0I'0,, ·nony1ICII' ITCpBb!H 

nepemITIIBIICTCKIIii.•pe3JJlbTaT ,ll,JI.Sl napnoro pmK,IJ,CHH5I ,ll,IIKBapK0B B pp B3aII

MO,ll,ei-lcTBIIII. )];mt Ka~OH IJ3 'paCCl\i0Tpe1lllh!X peaKrinii. ,ll,i1H0 OIIIICa!IHC OC

H0B!lb!X IICT0'I!IIIK0B pemITIIBIICTCKlIX nonpaB0K, JKa3aHa HX pom; II BKJia,D, 

B MO~II(pIIKall,II!O CC 1 ICl!II.H. , . , . ; , , . , ,. 

Tiony 1reun1,1e pe3JJibTaTbI HCITOJih30na11b1 ,D,Jrn HHTepnpeT!}l(HH3KCI1ep11-- ..... \ ,- . 

ll!CHTaJihHbIX ,D,a!Illb!X no po:iK,D,eHIIIO napbl ] /1/J MC30H0B Ha BoJibWOIII a,D,pOH-
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HOM Koimafi,n;epe, npe,n;cTaBJieHHhIX KOJIJia6opa1Iuen LHCb. B cJiy•me rrapHo

ro po)K,l],eHllH P-BOJIHOBOI'O qapMOHllH ycTaHOBJieHO COOTBeTCTBlle C 3KCIIe

pllMeHTaJibHblMll pe3JJibTaTaMll KOJIJia6opaIIllll Belle, roBopmu;llMll O MaJIOH 

3HaqllMOCTll CllrHaJIOB OT YKa3aHHbIX IIPOIIeCCOB. 

lfaJIO)KeHHbie cnoco6bl pac•rnTa u aHaJillTifqeCKlle Pe3YJibTaTbl MOryT 6hITb 

llCIIOJib30BaHbl ,ll;JIH OIIllCaimH I.IlllpOKOro Kpyra IIPOIIeCCOB rrapHOI'O po)K,l],e

HllH TH)KeJibIX a,n;poHOB B 3JieKTPOH-II03llTPOHHOH aHHllrllJIHIIllll ll IIpOTOH

npOTOHHOM B3allMO,n;efiCTBllll, BKJIIoqaH B036y)K,l],eHHbie COCTOHHllH •mpMO

HllH, D-BOJIHOBOfi qapMOHllfi, Be Me30HhI ll ux op6llTaJihHhie B036y)K,l],emrn, 

6oTTOMOHllll ll ,n;p. 

Ha 3~HTY Bbl)J,BHraIOTCSI CJie)J,yIOrn;He OCHOBHhie pe3yJihTaTbl: 

I. IlocTpOeHbI peJIHTllBllCTCKlle aMIIJillTJ,ll;bl napHOI'O . pO)K,l],eHllH P
BOJIHOBOro •mpMOHllH ll S-BOJIHOBbIX ,ll;llKBapKOB B 3JieKTpOH

II03llTpOHHOi1 aHHllrllJIHIIllll ll orrpe,n;eJieHbl COOTBeTCTBYIO~lle rronpaB

Kll K ceqeHllHM. IloKa3aHO OTCJTCTBlle IIp0TllBOpe•mi1 C pe3yJibTaTaMll 

Belle. IloJiyqeHa OIIeHKa Ha Bh1xo,n; nap 6apHOHOB c ,n;ByMH TH)KeJibIMll 

KBapKaMll IIpll CBeTllMOCTHX COBpeMeHHblX B cpa6pllK. 

2. BhlqllCJieHbl peJIHTllBllCTCKlle nonpaBKll K ce•IeHllHM pO)K,l],eHllH nap 

J /'lf; u T/c Ha BoJibl.IlOM a,n;pOHHOM KOJIJiai1,n;epe. IloJiyqeHHhie pe3yJibTa

TbI l!CIIOJib30BaHbl ,D;JIH llHTeprrpeTaIIllll 3KCIIepuMeHTaJibHbIX ,n;aHHbIX 

KOJIJia6opaIIllll LHCb. 

3. IloJiyqeHhl nepeJIHTllBllCTCKlle ceqeHl!H rrapnoro pO)K,l],eHllH ,n;Ba)K,l],hl

TH)KeJibIX ,ll;llKBapKOB B npOTOH-IIpOTOHHOM B3allMO,n;ei1CTBllll ll peJIH

Tl!BllCTCKlle norrpaBKll K HllM. HccJie,n;oBaHbl pa3JIIfqHbie l!CTOqHl!Kll 

peJIHTllBllCTCKllX rronpaBOK ll BhlHBJieHa pOJib Ka)K,l],Oro llCTOqHifKa B 

ll3MeHeHllll BeJill'IHH ce•rn1mi1. 

Bee BbIHOCllMbie Ha 3a~llTY pe3yJihTaTbl IIOJIY'IeHbl JIH'IHO aBTOpOM. 

,ll;ocTOBepHOCTh IIOJIY'IeHHblX pe3JJibTaTOB onpe,n;eJIHeTCH llCIIOJib30Ba

HlleM CTporux MaTeMaTl!qeCKl!X MeTo,n;oB, Bb!COKOH CTeneHbIO aBTOMaTll3aIIllll 

pac•IeTOB C npllMeHeHHeM COBpeMeHHbIX KOMilbIOTepHblX CllCTeM CllMBOJibHbIX 

BblqllCJieHlli1, COBna,n;euueM npe,n;eJibHblX uepeJIHTllBllCTCKllX aHaJillTll'IeCKllX 

Bbipa)KeHllll C panee orry6JillKOBaHHb!Mll ll xopol.Ilo ll3BeCTHblMll pe3JJibTa

TaMll, IIOJiyqeHHb!Mll B aJibTepnaTl!BHblX no,n;xo,n;ax, a TaK)Ke corJiaClleM C 

cy~eCTBYIO~llMll 3KCnepuMeHTaJibHb!Mll ,n;aHHb!Mll. 

Anpo6~11H pa60Thl npOBO,ll;llJiaCb Ha CJie,n;yIO~llX nay•IHblX Kompepen

IIllHX ll ceMHHapax: 
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• xx MeiK,rzynapoP,1!0e' pa6b•1ee c0Be~aii11e rroicpH:3i1i<~ B};ICOKllX aneprufi 

ll KBaHTOBOfi Teop1m nOJIH QFTHEP'2011 (r. Coqn, 2011 r.), 

• Cecc1rn-Ko11cpepemi,1rn ceKIIlllJ H,n;epnofi cpu311K11 O<I>H PAH <<<l>11311Ka 

: 4>y11i~M~Hianb~blX'•n3aif~oi~uC'fBIIll; ;(~'- ¥ockait, 20h r.)',''' ' i 
, • ,, , • , , , / ', • • ' , , •• • ,- ' ' • • • • : , • ~,, • , • ; I , ; , • : • : , ! , l 

•. Mti)K,lJjuapo,n;HaS! I\I0JIO,n;e)KiiaH 1tay•maRK01IcpepeH1Ill51 «Ma-reMaTlI'IeC

KaH cpll31lKa ll ee hpitJIO)KeimH>>. {B paMI<aX cpe,n;epaJibl!OH '11,eJieBOH np6r

paMMbl <<HayqHbie II Hay•rno-rre,n;aronNeCKlle Ka,D;pbl llHIIOBall,l!OHIIOH 

Poccllll>> na 2009-2013 ro,n;hI, r. IfaTnropcK, 2012 r.), 

• 5th Helmholtz International Summer School-Workshop "Calculations 

for Modern and future .Colliders" (r. ,l]j6na, 2012 r.), 

•. Me)K,n;yuapo,n;naH ceccirn-KOHcpepeHIIll5I ceKIIIIH H,n;epnoi1 cp1I311Kll O<I>H 

._ PAH <<<l>H3HKa cpyn,n;aMeIITaJ.lhllhIX B3anMo,n;ei1cTBIIH>> 

(r. MocKBa, 2012 r.), 

• Helmholtz International Summer School "Physics of Heavy Quarks and 

Hadrons" (r. ,l]j6na, 2013 r.), 

• Me)K,n;Jnapo,n;naH ceccn11-Koncpepe111I1rn ceKIIIIH H,n;epHoi1 cp113HKH O<I> H 

PAH (r. IlpoTBIIHO, 2013 r.), 

• Cel\lHHap <<<l>H3HKa a,n;poHOB>> Jla6opaTOpllll TCOpeTl!'IeCKOH cpll3l!Kll 

Ol15Il1 (r. ,l]j6na, 31.01.2014 r.). 

Ily6JIHK~Im. Ilo MaTepHaJiaM ,n;11ccepTa1IHH ony6JIHKOBano 7 pa6oT, 

B_TOM ql!CJie 5 B Be,n;y~HX peIIeH3HpyeMblX nay•mbIX *YPHaJiaX ll 113,l],aHllHX, 

onpe,n;eJieHilbIX BbICI.Ilei1 aTTecTaIIl!OHHOH KOMIICCHefi. 

CTpyKTypa 11 o6'beM )J,HCcepT~HH. ,II,uccepTaIIllH cocTOHT H3 BBe,n;e

HllH, Tpex rJiaB, 3aKJIIO'IellHH, CIIl!CKa IIllTllpyeMOH JIHTepaTypbl ll IIpl!JIO)Ke

Hllll. O6~Hi1 ofrbeM pa60TbI 107 CTpaHHII, BKJIIO'IaH 12 Ta6JIHII II 10 pHCYHKOB. 

CnucoK JIHTepaTyph1 co,n;ep)f(l!T 125 uanMenoBamrfi. 

5 



OCHOBHOE CO,II;EP)KAHME PABOTbl 

Bo nne,l],CIIIUI IIJ)IIBC,ll,CH KpaTKllH ofoop COBJ)Cl\lCHHh!X IIO,Ll,XO,ll,0B K orrn

camno TJDKCJIOrO KBapKomrn, YKa3aIIbl OCl!OBHh!C 3KCIICJ)llMCHTaJibllh!C lI TCO

peTII'ICCKHC lICCJIC,ll,OBairn.H, MOTllBlipyrorn.uc lI3Y'IeHIIC J)CJIRTHBHCTCKHX IIO

npaBOK, 06oc110Ba11a aKTYaJihlIOCTh TC:l!hl ,ll,HCCCJ)Tal~llll. 

Ilepna» rJ1ana IIOCB5Illl,Cl!a peJIRTIIBIICTCKlll\l nonpaBKal\1 K CC'ICHII.HM 

napHOro J)O)K,ll,CIIII.H T.H)KCJ!h!X a,n:poIIOB B 3JICKTJ)OH-II031!TJ)OHHOH ammr11-

Jrnn1rn. B pa3,l],CJIC 1. 1 npe,n;cTaBJICII ,ll,CTaJihllhlH Bh!BO,ll, al\mmITY,ll,hl J)O)K

,z:i:cmrn rrap1,1 P-Bommnoro •rap111011ua he II XcJ, J = 0, l, 2, npn 3TOM oco6oe 

BlllIMal!HC Y,IJ,CJICHO 3aKOHy npco6pa30BaIIHR BOJIHOBhIX <pyHKl~IIH CBR3aHIIhIX 

COCTORHIIH Il3 CllCTCl\lhl IIOKOR !lte301!0B K CllCTCl\la111 OTC'IeTa, ,ll,BH)KYil~IIMCR 

C IIOJIIlb!MII 11111IIYJihCa!l!H p II Q KOHC'lllh!X COCTORHIIH 'IaJ)MOIIll.H. VhorOBI,IH 

pe3yJihTaT yKa.,ammro npco6pa30Bamrn 3a,z:i:aeTCR Bhipa)KeHIIRMn 

- 2 A ] - - \lit (p) VJ - 1 + VJ p - _E_ X 

\Yp,p - [.1El~] [ 2 2m(1:(p) + m) 2m 
m 2m 2 , ] 

, V1 + l , P + _E_ 
x75(l+vi) [-2-+v12m(i:(p)+m) 2m , 

- - '11~,,, ( q) [V2 -- 1 + !J2 q2 + j_] X 
\JIQ,q - [<(q) ,(q)+m] 2 2m(1:(q) + m) 2m 

m 2m 2 , ] 
, v2+l, q _ _J_ 

xie,1(Sz)(l + v2) [-2- + v2 2m(1:(q) + m) 2m ' 

(1) 

r,n;c BBC,ll,Cllhl 060311a•1CHil}I VJ= P/Ahc, V2 = Q/lvfxc.1' M - Macca 'IaJ)MOHIIH, 

m -- Macca c-KBapKa, E(p) = Jm2 + p2, EQ(Sz) - BCKTop r10nHpn3a1~m1 XcJ· 
3armc1, V 03Jia•raeT CBCJ)TKY KOMIIOIICHT 'ICThIJ)CXBCKTOpa C MaTpm~aMII ,D,11-

paKa: V = Va,'°' = V · 1'· I3 Jill,ll,llpy10n~e111 IIO!)H,ll,KC no KOIICTaHTe CIIJihHOro 

B3aHMO,ll,CttCTBII.H O's al\UJJIIITY,ll,a rrpOIJCCCa np111111MaeT B11,ll, 

321T2 0'0's✓Mh)v1XcJ - f3 
M(P-,P+; P, Q) = 

95 
v(P+h u(p_)x 

J dp J dq T {'11 rf3wir, ir, rf3wir, } 
X (27T )3 (27T r3 r P,p I Q,q,'w + Q,q 2 l',p,'w , 

rf3w _ D w( ) [ 13 m - [+Pi µ µ m + i - q1 13] 
I - Jl P2 + <]2 ,' (l )2 21' + ,' (l )2 21' ' - P1 - m - q1 - m 

(2) 

rf3w _ I) w(, ) [ /3 m - [ + (]2 Jl Jl m + l - P2 /3] 
2 - /I PI + <JI ,' (l )2 2 ,' + ,' (l )2 21' . - <]2 - m - P2 - m 

G 

.. 

3,z:i:cc1, l = P- + P+ = P + Q, s = l2 - KBa,11_paT ::i11epr1rn B cncTeMe IJCIITpa 

m1epIJ11II 11 D
1
w(k) -· rrponaraTop rmoo11a, B ,11_an1,ueurn11x pac'ICTax ucrron1,-

3ye1111,1u B <pCHH!l!aHOBCKOH KaJrn6pOBKC._ l1om11,1i1 P(Q) II OTHOCllTCJihHhlH 

p( <]) 'ICTblpCXIIMITYJihChl COCTaBJIR!Olll,HX KBapKOB CBH3al!bl COOTHOlIICHIIHMll: 

P1,2 ~ ip ± P, (pP) = 0; <J1,2 = iQ ± q, (qQ) = 0, (3) 

r,z:i:e OTHOCIITCJihHhie 11Mrryn1,c1,1 p = Lp(0, p) n q = LQ(0, q) orrpe,z:i:enHIOT

cH C IIOMOill,h!O rrpeo6pa30BaHllH JlopeHTIJa 'fCTh!pCXBCKTOpOB (0, p) n (0, q) 
K CHCTCMaM OTC'ICTa, ,ll,Bll)KYil~H!IICR C IlOJIHhl!llll IIMilYJihCal\rn p II Q. ViH

TerpilpOBaHllC B _(I) BC,ll,CTCR no OTHOCllTCJihllh!M 3-IIMIIYJibCaM KBapKOB 11 

aHTllKBapKOB B MC30HaX. 

Pa3JIO)KCHllC rrpoqaraTOpOB KBapKOB 11 rmOOHOB B (2) II() MaJih!M llMilYJih-

caM KnapKOB IPI/ Js lI lqf/ Js, npOB0,11,ll!IIOC ,11,0 BTOporo OTHOCllTCJihHOro no

pH,11,Ka BKJIIO'IHTCJihHO, COBMCCTHO C IIOCJIC,1],y!Olll,HM yrJIOBh!M llHTerp11poBaH11-

eM !103BOJIRCT ycTaHOBIITh TCH30J)HYIO CTYKTYPY a11mm1Ty,IJ,hl,HMC!Ol!JYIO Bll,ll, 

KOM6irna1~11j:j V1,2, BCKTOpa IIOJIHp113aI~·m1 he ·11 BCKTOpa llJil! T~H30pa no'mmro 

yrJIOBOrO MOMCHTa XcJ· ITp11 3TO!II 3aBIICllMOCTh IIO,ll,bll!TCrpaJibHOrO Bblpa)Ke

HIIR ,11,JI.H aMIIJIIITY,11,hl OT OTHOCIITCJibHhIX llll!IIYJihCOB !l!O)KCT 6hITh IIOJIHOCTh!O 

OIIIICaHa ua6opo111 cpyHKl~IIH Cij (p, q): 

(
m - E(p))i ('· m - c(q)). i 

Cij(p,q) = m + c(p) .m + c(q) (4) 

i = 0 ... 2, j = 0 ... 2, 

B pa3,l],CJIC 1.2 paccMaTpl!BaCTCH pCJIHTIIBIICTCKaH KBapKoBaH M0,11,CJih 

,11,JIH, ,rnp1110HI1:I 11 ,z:i:~a)K,ll,hlTR)KCJihIX ,11,IIKBapKOB, oc11onmrnaH Ha KX,D,-

0606u~eHn11 IIOTCHl~llaJia BpeuTa, ,ll,OIIOJIHCIIIIOM 'IJICl!aMII KOII<paHIIMCHTa C 

Y'ICTOM CKaJI5IpHoro II BCKTOpHoro ofornna. BoJIHOBhlC <pyHKI~llll CBH3aIIHhlX 

COCTOHHllH MOryT 61,1Tb IlOJIY'ICIIhl rryTelll ·•rncJie1-i110ro pernemrn ypaBIICHll
0

H 

lllpe,z:i:mrrepa, co,z:i:ep)Karn.ero orrepaTop KIIHCTll'IeCKOH 3Hepnm B <<paIJ11011a-

JilI30BaHHOM>>. m1,z:i:e: 

~--·-·_ p2 m2 
2Jp2 + m2 - 2m ~ -

2 
_ + --'::--~ 2m, 
µ m 

E 1 ✓· · rh·m m 
171 ,=2=.2 P~n+m

2
, {t=rh+m=2· 

(5) 

OcHOBHhIC napaMCTphl IIOTCIU\llaJia npmm11mloT TIIIIIl'IllhlC 3Ha'ICIIIIH ,ll,Jl}I 

paccMaTpirnaeMoro KJiacca KBapKOBblX 1110,11,CJICH, a ,ll,OIIOJIIIIITCJ!hllh!C KOII

CTaHThl, TaKne KaK ,!!_OJI}! BCKTOpHoro 06111ena fv II napaMeTp P~ff' 3<p<peK

TlIBHO ·Y'fllTb!BaIOill,llH pcJIRTIIBIICTCKIIC 3<p<pCKThl B KllHCTll'ICCKOM CJiarac

!IIOM, BbI611paIOTCH 113 coo6pa)KCI!lll1 OIITll!llaJihllOrO cornac11a C ,z:i:aHHh!Mll 
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Ta6mn.1,a 1 - PeJI.HTHBHCTCKHe H HepeJI.HTHBHCTCKHe ce•rnHH.H rrp01.1,ecca 

e+e- ➔ he+ XeJ rrpH 3HeprHH VS= 10.6 I':JB 

Ilapa aHPKX)]. [8]' <fi6 aNR, <fi6 arcl' <fi6 
he+ Xc0 0.053 ± 0.019 0.135 0.076 ± 0.038 

he+ Xc1 0.258 ± 0.064 0.601 0.096 ± 0.048 

he+ Xe2 0.017 ± 0.002 0.035 0.0024 ± 0.0013 

3Kcrrepn:MeiITa. Pe3yJILTaTLI •mcJiemroro pac•rnTa ,ll,JI.H crreKTpa Mace S- n: P
BOJIHoaoro •rnpMOHlI.H BOCC03,l],aIOT 3KCIIepn:Mel!TaJibHbie 31!a'IeHlI.H C orrrn6Kofi 

MeHee 1 %. MacCbl ,ll,Ba:lK,l],h!T.H)KeJibIX ,ll,lIKBapKOB HaxO,l],.HTC.H a COOTBeTCTBlllI 

C Bhl'IHCJieIIH.HMil B aJihTepHaTIIBHhIX IIO,l.l,XO,l],aX. 

IloJiyqeHHbJe BOJIHOBhJe <pyHKI.l,lllI rrpn:MeirnIOTC.H B pa3)..l,eJie 1.3 ,ll;JI.H pac

'IeTa Ce'IeHlIH rrapHOro pO:lK,l],eHII.H Me30HOB he lI XeJ B e+ e- aHHllrlIJI.HIJ,lllI. 

Bb1pa:lKeHII.H ,l],JI.H ce'IeHn:fi CO,ll,ep:lKaT o6IIJ,IIH Ml!Q)KlITeJih Jk~Jo)i2Jk~cJ(o)J2. 
r,l],e rrapaMeTp R'(O) orrpe,ll,eJI.HeTc.H KaK '' 

- 1 f; loo E(p) + m 3 R'(0) = - - --R(p)p dp 
3 7r o 2E(p) 

(6) 

H rrpe,l.J,CTaBJI.HeT co6ofi o6o6IIJ,eHn:e rrepaofi rrpDH3BO,l.J,HOfi pa,l.J,HaJihHOfi BOJI

Hoaofi <pyHKIJ,Hn: B ua•1ane KODp,ll,rmaT R'(0) = 1/3fi[ir J R(p)ridp, KOTO

pa.H BXO,ll,IIT B uepeJI.HTIIBIICTCKoe Bh1pa:lKeHn:e ,ll,JI.H cw1eIIII.H. ,l.l,oriommTe-JILHO, 

ce•rnmrn 3aBHC.HT OT 11errepTyp6aTIIBHhlX napaMeTpOB 11,2, onpe,l],eJI.H!OII.1,IIX 

peJI.HTIIBlICTCKIIe rrorrpaBKII: 

1 =1m 3R( )E(p)+m (m-E(p))1,2d. 1'2 op p 2E(p) m+E(p) p 
(7) 

lfn:cJieHHhJe pe3yJILTaTLI ,l.l,JI.H ce•rn1mfi po)K,ll,eHII.H rraphr l\Ie30HOB he II XeJ 
B e+e- aHHIIrIIJI.HIJ,IlII, COOTBeTCTBYIOIIJ,IIe 3HeprHII vs = 10.6 I':JB 3KCIIe

pn:MeHTOB Belle rr BABAR [3], rrpe,l.J,CTaBJieHLI B Ta6JirrIJ,e I. IlorpernHDCTh 

pacqeTa OIJ,eHIIBaeTC.H B 50% (55% ,l],JI.H Xe2) lI CB.H3aHa KaK C TO'IHOCThlO Ha

XO)K,l.J,eHII.H BOJIHOBhIX <pyHKIJ,IIfi, TaK rr c OT6poIIIeHHb!MlI peJI.HTlIBIICTCKIIMlI 

CJiaraeMh!MlI BhICIIIlIX rrop.H,ll,KOB rrpll pa3JIO)KeJllllI nporraraTOpOB B aMIIJIIITY

,l],e. IlDJIY'IeHHbie pe3.}'JlhTaThI IIOKa3hIBaIOT, 'ITO peJI.HTlIBilCTCKlle 3<p<peKTbl 

3Ha'IHMhIM o6pa30M IIOHII)Ka!OT ce•rnHil.H po)K,ll,emrn rrapb! P-BOJIIIOBOro •rnp

MOHlI.H., HeBhICOKlle BeJUi'IIIHhl IIDJIY'IeHHhIX ce•1eHIIfi BIIOJIHe COrJiacyIOTC.H 

C TeM <paKTOM, '!TO HII O,l],Ha 113 paccMaTpIIBaeMhIX peaKIJ,IIH IIO HaCTO.HIIJ,ee 

BpeM.H ne 6bIJia II3Mepe11a 3KcrrepHMeHTaJibHO. Ilpll 3TOM 11epeJI.HTIIBIICTCKOe 

rrpe,l.J,CKa3anIIe ,l],a:lKe ,ll,JI.H Han:Menee rro,l],aBJienuoro rrpoIJ,ecca e+ e- ➔ he+ x;,1 

COCTaBJI.HeT BCero 0.6 <fi6, 'ITO 6oJiee 'IeM Ha rrop.H,ll,OK MeHhIIIe II3MepeH!IbIX 
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ce•IeHIIfi pO:lK,l],emrn rrap J /'lj; + T/e 11 1 /'lj; + Xc0- Mana.H 3Ha•rnl\!DCTb CIIrHaJIOB, 

OTBe•rnIOIIJ,IIX P-BOJIHOBOH rrape, OTl\!e•reua II B IIOCJie,l],yIOIIVIX lICCJIC,l],OBaHirnx 

Belle [9]. 
Pa3BIIThre MeTD,ll,hI rrpHMe11eHhI B pa3,n;eJie 1.4 ,11,JI.H onIIcamrn rrapIIoro 

pO:lK,l],eHII.H ,l],Ba)K,ll,hlT.H)KeJihIX 6apIIOHOB a e+ e- amrnrIIJI.HIJ,IIII, OI],Cl!KII ,l],JI.H 

ceqenIIfi pO:lK,l.J,eHII.H KOTOph!X 1110ryT 6b!Tb IIOJiy'IeHhI na OCl!OBe pac•rcTa ce

'IeHilfi pO:lK,l],eHH.H ,l],Ba)K,ll,b!T.H)KeJih!X ,ll,IlKBapKOB: KOMIIaKT!Ib!X rrap KBapK

KBapKa IIJIIl aHTIIKBapK-aHTilKBapKa B aHTilCill\ll\leTpII'Il!Ol\l IJ,BeTOBOl\l COCTO

.HHilll, KOTOph!e IIOCJie CBoero o6pa30Bamrn 111oryT C Bh!COKOH BCpO.HTIIOCTblO 

rrpucoe,l],Il!IIlTh JierKIIfi KBapK Il a,l],pOHII30BaThC.H B 1ia6JIJO,l],aeMhie 6apll011hl. 

Pacc111aTpHBaeTC.H po)K,ll,eHue rrap S - S, S -AV n AV -AV cKam1pnr,1x ( S) 11 

aKCHaJihHO-BeKTOpHhrx (AV) ,n;rrKaapKOB (be) 11 (be), a TaK:lKC rrapu AV - AV 
,ll,lIKBapKOB (cc) II (cc). YcTaHOBJieHO, '!TO peJI.HTHBlICTCKlle rronpaBKH IIO!IIi

)KaIOT ce•rn1me rrpaKTII'IeCKil B 'ICTh!pe pa3a, 3a lICKJIIO'Iel!IlCl\l CJIY'Ia.H pO:lK,ll,C

Hil.H Itapbl CKaJI.HpHhIX ,ll,IIKBapKOB, rra,l],CHHC ,ll;JI.H KOToporo COCTaBJrnCT OKOJIO 

50%. IlpII CBCTlIMOCTlI B <pa6pIIK B .c = 103
{1 c.M-

2c1, OI~CIIKa 11a Bh!XO,l.J, 

rrap ,l],Ba)K,ll,hlT.H)KeJihlX 6aprrOHOB ( ccq) COCTa~JI.HeT OKOJIO 30 co6bITlIM a ro,l],, 

qTQ ,6oJiee 'IeM na rrop.H,ll,OK MeHhIIIe 3Ha'IeHlI.H B 103 co6hITHH, rrpHBC,l],eIIHO

ro B pa6oTe [10]. CorJiacue ,ll,BYX pe3yJihTaTOB nacTyrraeT IIOCJie IIpHII.HTII.H 

BO BHHMamrn MHO)KlITeJI.H 1/8, orryIIJ,eHHOro a [IO], a TaK:lKe ycTaHOBJICHl!Oro 

<paK-ropa peJI.HTUBIICTCKIIX norrpaaoK K ~ 0.25. 
Bo BTOpoii rmrne ,ll,IlCCepTaIJ,IIII paccMaTpHBaIOTC.H Ce'leIIH.H napIIoro 

po)K,ll,eHII.H S-BOJIHOBOro •rnpMOHlI.H B rrpOTOII-npOTOIIHOM B3au1110;.1,eHCTBilll 

11 peJIHTHBHCTCKrre rrorrpaBKII K HHM. KoJina6opaIJ,H.H LIICb rrpe,n;cTaauna 

CJie,l.J,YIOII.1,IlH pe3yJILTaT 3KCIIepuMenTaJibHOrO II3MepeHH.H ce•ICHil.H rrap11oro 

po)K,ll,eHH.H 1 /'lj; na BoJILIIIOM a,ll,pOHHOM KOJIJiai1,ll,epe (LHC) rrpu 3neprrrII 

../S = 7 T:JB [7]: 
a}~I~~,t,<4.5 = 5.1 ± 1.0 ± 1.1 1t6, (8) 

OTBe'IalOIIJ,IIfi ycJIOBil.HM 2 < YJN < 4.5 ,l],JI.H 6hICTpOT Ka)K,ll,oro H3 o6pa-

30BaBIIIlIXC.H •rnpMOHIIeB, 110, <paKTII'IeCKil, 6e3 orpaIIII'IeHIIH Ha BCJIIl'lllIIY 

rrx rrorrepe•moro HMIIYJihca (Pr < IO I':JB). Ilpu 3IICprrr.Hx LHC ocIIDBHOfi 

BKJia,ll, B paccMaTpuaae111oe ce•rnHue orrpe,n;eJI.HeTCR rrpoIJ,eccaMII rmommoro 

CJIII.HHlI.H gg ➔ 21 /1/J. ,l.l,anee, B paMKax MCXaHH3Ma O,ll,IIOIIapTOIIHOro pacce

.HHH.H, IICKOMOC ce•rnnrre MO:lKeT 6b!Th orrpe,ll,eJiel!O IIOCJie IIHTerpupoaamrn IIO 

COOTBeTCTBYIOlll,lIM <pyIIKIJ,II.HM rrapTOIIHOI'O pacrrpe,ll,CJICIIIrn: 

da[pp ➔ 21/'lj; + X] = f da[gg ➔ 21/'lj;lf9;p(x1 ,µ)f9;p(x2,µ) dx1 dx2. (9) 

B KBa3IIIIOTeHIJ,IIaJihHOl\l IIO,l.l,XO,ll;C al\lIIJIHTy,n;a rmomrnoro IIO,ll,IIpOI~ecca 

IlMCeT BII,ll, CBepTKII rrepTyp6aTIIBHOH aMIIJIIITY,ll,hl o6pmoBal!II.H rrap KBapKOB 

Il aHTIIKBapKOB T(p1, P2; Q1, q2) II KBa3IIIIOTeIIIJ,IIaJihllbIX BOJil!OBhIX <pyl!Kl~IIl1: 
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J dp J dq - -
M(k1, k2, P, Q) = (

2
1r)

3 
(
2

1r)3 lll(p, P)'ll(q, Q) 0 T(p1,P2; qi, q2)- (10) 

3aKOH npeo6pa30BaHJrn BOJlHOBb!X cpyHKIJ,llll •mpMOHHR B (10) 3a,I1,aeTCR co

OTHOllleHJrnMll, aHaJIOrH'IHh!Mll (1), c TO'I!IOCTh!O ,Il,O npOCKIJ,llOilllhlX onepaTO

poB na 3a,I1,a1rnoe cnHHOBOe COCTOHHHe MC30HOB J /1/J HJllI T/c· B Jill,D,HpymIIJ,eM 

nopH,!1,Ke no a_
8 

aMIIJ1IITy,I1,a pmK,I1,e1rna naphI J / 1/J onpe,I1,eJ1HeTCH 31 11,BeTo

c1rnrneTnoi1 ,Il,HarpaMMOii. rmomumro CJIHHHHH, TOr,Il,a KaK B c11y•me naphI T/c 
cyIIJ,eCTBYIOT eIIJ,e 8 ,Il,OJ,IOJlllllTCJlhHhlX ,Il,IIarpaMM. Pa3JIO)KeHHC nponaraTOpOB 

KBapKOB II rmOOHOB npOBO,Il,HTCH CJle,Il,JIOIIl,llM o6pa3oM: 

1 4 16 [ . 2 • ] -. - = - - - (p + q) + pQ + qP + ..• , 

(P1 + q1)
2 s s

2 

1 2 4 [2 ] 
(k2 - q2)2 - m2 = t - Af2 - (t - M2f q + 2 qk2 + .•• 

(11) 

r,I1,e s = (k1 + k 2)2 = (P + Q)2 H t = (P - k 1)
2 = (Q - k 2)

2 
- nepeMCH

Hhie Man,I1,eJ1hCTaMa•,I1,J1}1 rmommoro no,I1,npo11,ecca_ gg ➔ 21 /1/J; KllHCMaTII

'lCCKIIC orpaIIll'ICHIIH na BeJlII'UIHhl KOTOph!X n03BOJ1HIOT nOJIJ'UITh •oll,CHKII 

2p2 / M 2 II 2q2 / M2. Ha napaMeTphI pa3JIO)KCHHH B ( 11). BeKTophI , k1 ,2 o6o-

3Ha'Ia!OT HMnyJihCbl na'IaJihllblX rmOOHOB. B nO,Il,bIHTerpaJ!hHOM. Bblpa)KCIIIIII 

aMnJIHTY,Il,hl ( 10) coxpa1rnIOTCH cnaraeMblC BnJlOTh ,Il,O BTOporo nopH,Il,Ka no 

IIMnyJihCaM p II q, TOr,Il,a KaK HOpMHpOBO'Illhie cpaKTOphl BOJlllOBhlX cpyHKil,Illl 

B (1), CO,Il,Cp)KaIIJ,IIe• ,meprmo KBapKOB, Y'HITb!BaIOTCH TO'IIIO, 'ITO o6ec:nC'III

BaeT CXO,Il,HMOCTh IITOrGBbIX yrJIOBb!X IIHTCrpanOB. B 06IIJ,eM'CJ1y•me; CC'ICHIIe 

p0)K,Il,eHIIH naphI Me30HOB J / ijJ IIJIII T/c npe,Il,CTaBJIHCTCH B BII,11,e · 
t1''fi , 

dCl · · 1r M2a 4 -
3 

. 
dt [gg ➔ 2J /i/J(TJc)](s, t) = 

9216 8
~ jR(O)j4 L w;F('l(s, t). 

· · i=O 

(12) 

<l>yHKil,IIII p(O) ( s, t) B ( 12) onIIChIBaIOT BKJla,Il, Jll1,Il,HpyIOIIJ,ero nopH,Il,Ka no CKO

J)OCTI1 TH)KeJlOrG KBapKa, TOr,D,a KaK CJJaraCMh!C p(i>O)(s, t) CBH3allhl c· J)CJ1H

Tl1Bl1CTCKHMI1 nonpaBKaMH p2 l1 q 2 K aMnJ111Ty,n,e, npoI1CXO,D,Hll~IIMl1 II3 pa3-

JlO)K()~IIi1 ( 11) II 3aKOIIa n'peo6pa30BairnH BOJlHOBb!X cpyHKil,IIll ( 1). 8Jil1RHIIe 

peJI~TIIBII3Ma Ha cpopMy BOJll!OBOll cpyHKIJ,IIl1 'IaPMOHl1H npoHBJlHCTCH nocpe,!1,

CTBOM pH,Il,a HenepTyp6aTl1BHhlX u'a'paMCTpOB B COCTaBe (12): 

100 E(p) + m R(p)p2dp, 
Io = 2E(p) . o, J 

I =·1· m 2R(. ){:(p)+m (,,;-E(p))l,2 d 
, 1'2 0 p p 2E(p) m + E(p) p, 

R(O.) = f; Io, . Wo.= 1, 
1i· 

W1 = Io, 
h 

W2 = Jo' W3 =, Wi- (13) 
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PeJ1HTIIBl1CTCKI1i1 pe3yJlhTaT )~JlH ce•1emrn napnoro po)K,Il,eHHH J /1/J B pp 
B3al1MO,Il,CllCTBiiII, ,I1,0n0J1HCHilblll BKJla,D,al\!lI ,D,BOii.HOro napTOHHOrO paccea

HIIH [11], a TaK)Ke npm~ecca pp ➔ J/1/Ji/J' + X ➔ 2J/ijJ + Y, coCTaBJIHeT 

pcJJ.+,t,'-+ J/,prrrr+DPS = 4.2 ± 1.3 u6, 
(l2<yp,Q<4.5 · (14) 

'ITO naxo,D,IITCH B xopornel\l cornac1rn C 3KCnepl1MCHTaJihllhll\l 3Ha'IeHIICM (8). 

AHaJIOrll'Illhie Bbl'UICJleJIHH, npOBC,Il,Cllllhie B npene6pe)KeHIIII peJIHTIIBIICT

CKIIMl1 3cpcpeKTal\m, np11B0,ll,HT K HCCKOJ!hKO 3aBbllIIeHHb!M OI~eHKal\l B 8-9 1t6. 
CooTHOlllCHIIH ( 9) II ( 12) 11cnoJib30BaIIbl ,Il,JlH 'IHCJ1e1rnoro pac•rnTa Ce'IeHllll 

pO)K,ll,CHIIR nap J/ijJ II T/c npu 3Hepr11ax pp CTOJlKHOBeimii. ../S = 7 11 14 T3B. 
YcTaHOBJleno, 'ITO pemITlIBIICTCKlie nonpaBKII nplIBO,Il,HT K na,D,eHHIO Ha 60%, 

IIJ!lI 6onee 'IeM B ,Il,Ba pa3a; KaK nommro, TaK II orpaHll'ICJIIIOro no 6bICTp0-

TaM ce•rn1mH J /ijJ. B cny,me )Ke nap1,1 Me30110B T/c, nonHoe ce,rnmre TaK)KC 

yMeHhlllaCTCH Ha 60%, Bl\lCCTC c TCM na,I1,e1me ,Il,JlR HJITepBana 2 < y < 4.5 

0Ka3hIBaeTCH paBJibll\1 TOJlhKO 15%. 

B TpCTbe.H rJJane npOBO,Il,IITCH pac•1eT Ce'ICHllll napHoro pO)K,D,eHIIH 

,Il,Ba)K,Il,b!TH)KCJlh!X ,Il,IIKBapKOB (cc) II (be) B npOTOH-npOTOHHhlX CTOJlKHOBe

mrnx, BeJllI'Ill!lbl KOTOpb!X npe,!1,CTaBJlHIOT Bepxm1e rpaHIIIl,hl ,Il,JlH Ce'IeHllll 

pO)K,Il,eHIIH COOTBCTCTBYIOIIJ,IIX 6ap110110B, npocyMMlipOBaHHh!X no B03MO)K

Ilh!M apoMaTaM JierKoro KBapKa II CIIIIHOBhIM COCTOHHIIHl\l KOHe'IHh!X 'IaCTIIIJ,. 

OcHOBilhlC 3TanbI Bhl'IHCJlCHIIH CO0TBCTCTByIOT aHaJIOrII'IllhIM CTa,Il,IIHM pac

'IeTa ,Il,JlR panee paccMoTpemmii. 3a,I1,a•rn napnoro po)K,Il,eHHR impM0IIIIH B pp 
B3aHMO,Il,ei1cTBIIII. IIpu 3TOM aMnJ1HTY,I1,a B cny•me ,Il,IIKBapKOB xapaKTepu3yeT

CH HaJill'IlICM HCCOBna,D,aIOIIJ,IIX 11,BCTOBblX cpaKTOpOB y OT,ll,eJlbllhIX ee 'IaCTeii, 

'!TO CBR3aHO C OTHOCIITeJlbHO 60JlhllllIM o6IIJ,lll\l 'IlICJlOM ,Il,JiarpaMM C pa3JllI

'Ia!Oll~eii.rn l~BCTOBOll CTPYKTypoi'L 

l.1ucnem!hle 3Ha'IeHlIH CC'!Cllllll pO)K)~CIIIIH napbl CKMHpHl,IX (S) 
II aKCIIaJll,HO-BeKTOpHh!X (AV) ,Il,IIKBapKOB B IIpOTOH-npoTOHIIOM B3alll\lO

,ll,CllCTBIIlI, OTBC'IalOIIJ,lle 3HepnrnM pp CTOJlKHOBCJllill ../S = 7 lI 14 TcJB, 
npe,Il,CTaBJlCHbl B Ta6mn.1,e 2. I1HTeqrnpoBamrn ,Il,llcpcpepeHIJ,IIaJihHOro CWIC

HIIH OCHOBHOrO no,D,npo11,ecca rmOOHHOro CJllIHHIIH, aHaJIOI'll'IHO (9), npOBO

,Il,IIJlOCb c ,D,BYMH Ha6opaM11 cpynKIJ,Hii napTOnHoro pacnpe,I1,ene1rnH CTEQ5L 

11 CTEQ6Ll [12]. PeJ1HT1rn11cTcK11e pe3yJ1hTaTh1, npnBe,I1,eI111hie B Ta6nm~e 2, 

COOTBeTCTBYIOT Y'ICTY cpa3y JieCKOJlbKIIX IICTO'UIIIKOB nonpaBOK K CC'IelllIIO. 

I13Mene1rne cpopMbl BOJIIIOBOll q)yHKIJ,llll 3a c•IeT nonpaBOK BToporo nopH,ll,Ka 

no CKOpOCTJI TH)KeJ1oro KBapKa B IlOTCHIJ,liaJie B3al!l\lO,ll,CllCTBHH OTBeTCTBeH

HO 3a 6onee 'ICM TpexKpaTHOe nOIIIDKCHlIC 113J!a'laJibllOro nepCJIHTl!BlICTCKOI'O 

Ce'ICIIIIH. 3cpcpeKThl CBR3aHIIOCTII 'laCTIII~, 011pe,I1,eJ1HCMb!e npmrnTHeM BO BHlI

MaHne neHyJieBb!X 3I!Cprui1 CBH3H /J,IIKBapKOB w = M - me - mb i= 0, TaK)Ke 

yMem,maIOT ce,1eHue. I1cnom,3ouam1c 'IHCJICIIIIhIX 3ua•rnnui1 Mace ,Il,lIKBapKOB 
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Ta6nuu,a 2 :~ Ce~1em1k rrae_noro J)O)K):lemrn ,l.l,HKBapKOB pp'!...+· VfJ'+'X '(n6) 

9nepnrn VS 
' ··1 • 

IJapa_.11,IIKBapKOB CTEQ5L , 
~ - '. t, : '. 

' CTEQ6Ll ' . 
!/,: •11:, : :! ; ',' 

aucpcJ,. <TpcJI. Uncpcn. <TpcJI . 

, SD.be+ SDr,c, 0.063 0.018 0.057 0.016 
../§ = 7 T:JB AV Dbe + AV Dr,c 0,25 0,053 0.23 0.049 
,:\ ':!: '.' , , .AV.Dec+ ~VDcc 1.39 0,28 .· l,0,7 , ·' . 0.22 . 

SDbc+ SDr,c. 0.14 0.039 0,12 0.034 
../§ = 14 T:JB AVDbe + AVDr,c 0.55 0.12 0.48 0.10 

. AV Dee+ AV Dec 2.51.,, 0,51 1.94 0.40 

Msvbc = 6.517 I':JB, MAv Dbc = 6.526 I':JB II MAVDcc = 3.224 I':JB, oripe,11,e
JieHHb!X B paccMaTpIIBaeMOH pem!TIIBIICTCKOH KBapKOBOH MO,Il,eJIII, rrpIIBO,Il,IIT 
K pe3yJibTaTaM, 3aHII)Keilllb!M Ha 20-30% no cpaB11e11mo C COOTBe_T~TByIO
!Il,IIMll BenwmuaMu, IIOJIY'JeHHbIMH B IIprr6JIII)KeHIIII uyneBoi1 ::iuepr111t CB.H3II 
Mv,,c ➔ Mo= me+ mb, Mvcc ➔ l\1e = 2mc, Y•ieT 11e11yJ1eBCiro OTHO,CH'feJib
HOro llMIIYJibCa KBapKOB II aHTllKBapKOB B aMIIJIIITy,IJ,e pO)K,Il,eHH.H, C IIOCJie
,IJ,yIO!Il,IIM coxpaHeHIIeM CJiaraeMb!X BTOporo OTHOCIITeJibHOrO I!Op.H,Il,Ka TIO p 
II q, IIOBbIIIIaeT ce•rn1me, 0,IJ,HaKO COIIyTCTBYIO!Il,IIH IIOJIQ)KIITeJibllblll scpcpeKT 
OKa3bJBaeTC.H paBHb!M 10-20%, 'ITO He,IJ,OCTaTO'IHO ,Il,Jl.H KOMrreucau,1m Cy!Il,e
CTBeHHb!X OTpIIU,aTeJibHb!X BKJia,Il,OB II3 ,Il,pyrIIX IICTO'lIIIIKOB. 'B COBONYIIHO
CTII, paCCMaTpIIBaeMbie 3cpcpeKTb! OIIpe,IJ,eJI.HIOT IIpaKTH'JeCKII II.HTIIKpaTHOe 
I1a,11,e1rne Ce'Jellll.H. 11ToroBa.H rrorpeIIIHOCTb IIpOBe,IJ,eHHOro pac•ieTa OIIpe,IJ,e
JI.HeTC.H TO'IHOCTbIO HaXO)K,Il,eim.H BOJIHOBb!X cpyHKU,IIH CB.H3aHHbIX COCTO.HHIIit, 
a TaK)Ke oT6poIIIeHHb!MII I!pll pa3JIO)KeHIIII aMIIJIIITY,IJ,bl CJiaraeMbIMII I!Op.H,11,Ka 
'leTBepTOH CTeIIeHII OTHOCIITeJibHOro IIMIIYJibCa p4 II BbIIIIe. 061I1,a.H HeOIIpe,IJ,e
JieHHOCTb peJI.HTIIBIICTCKIIX Ce'leHIIH, IIpe,11,cTaBJieHHbIX B Ta6JIIIU,e 2, COCTaB
JI.HeT 48%, 'ITO TaK)Ke BKJIIO'IaeT IIOIIpaBKY B 15% Ha pa36poc B 3Ha'Iellll.HX 
cpyHKU,llll IIapTOHI!Oro paCIIpe,IJ,eJieHl!.H. 

fl 3aKmoqeHHH ccpopMyJIIIPOBaHbl OCHOBHbJe pe3yJibTaTbI ,Il,l!CCepTaU,II
OHHOH pa6oTbI. 

IlpHJIO)KeIIHH. ,[(HccepTaU,II.H co,11,ep)Kl!T Tpll I!pl!JIO)Kel!II.H, B KOTOpbIX 
IIpl!Be,IJ,eHbl BCIIOMOraTeJibllbie K03<p<pllU,lleHTbl II cpyHKU,llll, OIIpe,IJ,eJI.HIO!Il,lle 
peJI.HTIIBllCTCKlle IIOIIpaBKll K paCCMOTpeHHbIM IIpou,eccaM IIapuoro pO)K,Il,eHll.H. 
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