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OB~A.51 XAPAKTEPl:ICTIIKA PABOTbl 

AKTYMbHOCTb IIcCJie,n;oaamrn. llcCJie,n;oaaHIIH, ttanpaaJieHHbre Ha 

II3y'leHIIe B3aIIMo,n;eitCTBIIfi a,n;poHOB BblCOKIIX II IIpOMe:~KYTO'lHblX 

9HeprHtt C H,n;paMII, B qaCTHOCTII II3y'leHIIe KOppeJIHIJ;Hfi qaCTIIIJ; 

C MaJlblM OTHOCIITeJibHblM IIMIIYJibCOM, npOBO,ll;HTCH ,Il;OCTaTO'lHO 

,n;aBHO. Eiu;e B 196O-x ro.n;ax 6b1JIO 9KCl!epIIMeHT8JlbHO IIOKa3aHo, 

'ITO BepOHTHOCTb o6pa30BaHIIH B ' O,ll;HOM B3aIIMO,n;eitCTBIIII napbI 

O,ll;IIHaKOBblX 6030HOB, IIMeIOIIJ;lIX 6JIII3KIIe IIMIIYJibChl, yaeJIII'lena 

no cpaaneHIIIO C neTO)K,ll;eCTBeHHhlMII. ,l],JIH cpepMIIOHOB CHTy_au;1rn 

o6paTHaH - 6JIH3Klle llMIIYJibCbl BCTpe'!aIOTCH pe)Ke. 9TOT scpcpeKT 

o6'bHCHHeTCH IIpOHBJienHeM KBaHTOBblX CBOitCTB o6pa3yIOIIJ;HXCH 

o6'beKTOB, a HBJieHIIe Ha3B~II ,,IIHTepcpepeHu;HOHHbIMH KoppeJIHIJ;IIHMH". 

Ha OCHOBaHIIII pH,n;a Teopen1qeCKHX MO,ll;eJiett 6bIJIO ,Il;OKa3ano, Y.TO 

.n;eyxqacTHqHble KOppeJIHIJ;IIH TO)K,Il;eCTBeHHblX qaCTIIIJ; HBJI.HlOTCH 

scpcpeKTHBHblM IIHCTpyMeHTOM, IIO3BOJIHIOIIJ;IIM, COBMeCTHO C 

HCCJie,n;oBanneM O,Il;HO'laCTII'lHblX CIIeKTppB, II3BJieKaTb reoMeTpnqecKne 

II ,Il;IIHaMII'!eCKIIe xapaKTepIICTIIKil 06J1aCTII pO)K,Il;eHIIH qaCTIIIJ;. 9TO 

Ba)KHO ,ll;JIH IIOHHMamrn MexaHII3Ma a,n;pOHII3aIJ;HH KBapKOB, TO ecTb 

,n;JIH ocyiu;ecTBJieHIIH npoaepKH pa3JIIIqHhIX 110,n;eJiett II cu;enapIIeB 

cpopMIIpOBaHIIH KOHe'!HblX COCTOHHHfi, II npe,n;cTaBJIHeT IIHTepec 

B CBH3II C aKTIIBHblM II3y'leHIIeM IIJIOTHbIX, BblCOKO9HepreTH'lHbIX 

COCTOHHHfi MaTep1m Ii IIOHCKOM KBapK-rJIIOOHHOfi IIJla3MbI. BoJ1ee 

Toro, KOppeJIHIJ;IIII, o6ycJIOBJICHHbie CHJibHbIM tt KYJIOHOBCKHM 

B3aniw.n;ettcTBIIeM a· KOHe'!HOM COCTOHHIIH, TaK)Ke IIO3BOJIHIOT IIOJIY'lIITb 

110.n;o6ny10 IiIIcpOpMau;mo llpII ll3Y'ICHHH ne TOJlbKO TO)K,ll;CCTBCHHhIX, no 

H HCTO)K,ll;CCTBCHHbIX qacTIIIJ;. 

B HaCTOHiu;ee BpeMH OCHOBHOit MaCCHB 9KCnepnMeHT8JlbHbIX 

,n;aHHbIX KacaeTCH KoppeJIHIJ;Hfi IIHOHOB, rettepnpyeMblX 11pn 

CTOJIKHOBCHHHX pa3JIHY.HblX 9JICMeHTapHbIX Y.aCTIIIJ; II H,n;ep BO BCeM 

snepreTII'leCKOM .n;naIIa3OHe, ,ll;OCTYIIHOM COBpeMeHHbIM ycKopnTeJIHM. 

I1o9TOMY pa60TbI, IIOCBHIIJ;CHHble KOppem1u;nHM Y.aCTIIIJ; OTJIII'lHbIX 

OT IIIIOHOB, upe,n;cTaBJIHIOTCH 'IpC3BbIY.attno aKTYMbllbIMil. B 
CJIY'Iae nap nettTpaJibHbIX KaOHOB KOppeJIHIJ;lIIl npn MaJlblX 

OTHOCHTCJihHhIX IIMIIYJibcax II3Y'IaIOTCH TOJihKO .n;m1 CHC'reM K~K~. 

J6ie,q1rneHH£li HHCTMTJ'l 
n:,qepHl>IX Hccne,qoBaHHR 

BMBnI10TEKA I 



I13yqeH11e KOppe.rrH~Hfi HefiTpaJibHblX KaOHOB HHTepeCHO TeM, qTO B 

OTCJTCTBHH KJJIOHOBCKOro B3aHMO,n;efiCTBHH MO)KHO 113yqIITb CHJibHOe 

B3aHMO,n;efiCTBHe B KOHeqHOM COCTOHHHH. AKTJaJibHOCTb ,n;aHHOfi pa60TbI 

TaK)Ke o6ycJIOBJieHa B03MO)KHOCTbIO cpaaHeHHH C paHee noJiyqeHHbIMH 

pe3JJibTaTaMH no KOppe.rrH~HHM nHOHOB, 3apH)KeHHbIX KaOHOB II 

A-rHnepOHOB B paMKax o,n;Horo 3KcnepHMeHTa C HCnOJib30BaHHeM 

O,ll;HOfi MeTO,ll;HKH. 9To no3BOJIHeT, HapH.n;y C ,n;onOJIHeHHeM MHpOBbIX 

,n;aHHbIX pe3JJibTaTa:MH H3MepeHHH xapaKTepHCTHK o6JiaCTH po)K,ll;eHHH 

HefiTpaJibHbIX KaOHOB B peaK~HH B3aHMO,n;eficTBIIH HefiTpoHa C H,n;poM 

yrJiepo,n;a, ,n;e.rraTb BbIBO,ll;bI O 3aBHCHMOCTH 3THX xapaKTepHCTHK OT 

THna 113yqaeMblX qaCTH~ II HCCJie,n;oaaTb o6JiaCTb npHMeHHMOCTH 

cym;eCTBJIOlll;HX MO,n;eJiefi a.n;pOHHoro po)K,ll;eHHH. 

)].aHHbie no KOppe.rrH~HHM nap, COCTOHlll;HX 113 HefiTpaJibHOro II 

3apH)KeHHOro KaOHOB, orpaH11q11aaIOTCH TOJibKO O,ll;HHM 3KCnepHMeHTOM. 

TaK KaK ,ll;JIH ,n;aHHOfi CHCTeMbI KOppeJIH~H C MaJlbIM OTHOCHTeJibHbIM 

HMnJJibCOM nOJIHOCTbIO onpe,n;e.n:HIOTCH B3aHMO,n;efiCTBHeM B 

KOHeqHOM COCTOHHHH, npe,n;CTaBJIHeTCH aKTJaJibHbIM noJiyqeHHe 

3KCnep11MeHTaJibHbIX pe3JJibTaTOB no KOppeJIH4HHM nap, COCTOHlll;HX 

113 HefiTpaJibHOrO II 3ap.H)KeHHOro KaOHOB. 

Ue.rrb 11 3a,n;aq11 11ccJie,n;oaaHHH. 

UeJibIO npe,n;cTaaJieHHOfi: pa6oTbI HBJIHeTC.H H3MepeHHe napHbIX 

KOppeJI.H~Hfi C MaJibIM OTHOCHTeJlbHbIM HMnJJibCOM HefiTpaJibHbIX 

KaOHOB (K~K~) 11Hefi:TpaJibHoro113apH)KeHHoro KaOHOB (K~K-) a nC­
B3a1rno,n;eficTBHHX npH cpe,n;Hefi: 3HeprHH HefiTpOHOB .51 r3B: 

n+ C-► KiKi +X, (1) 

n+C-► KiK-+X. (2) 

Pa6om BbIIIOJIHeHa Ha yCTaHOBKe 9KClJAPM, 3KcnoH11poaaHHOfi: B 

Hefi:TpOHHOM KaHaJie 5H CepnyxoacKoro ycKopHTeJI.H. O6pa6aTbIBaJIHCb 

,n;aHHbie O,IJ;HOrO H3 ceaHCOB crreKTpOMeTpa, KOTOpbie COCTaBHJIH ~ 172 . 
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HCXO,IJ;HbIX nefi:TpOH-yrJiepo,IJ;HbIX B3aHMO,n;efi:CTBHfi. 

HayqHaH HOBH3Ha H 3HaqHMOCTb pa60Tbl 

1. BrrepBbie Ha Hefi:TpOHHOM rryqKe HCCJie,n;oaaHbI KOppe.rr.H~HH npu 

MaJibIX OTHOCHTeJibHblX HMIIJJibCax nap Hefi:TpaJibHbIX KOOHOB 

2 

(K~Ki). B paMKax rrapaMeTpH3a~un roJib,n;xa6epa, Bepqa­

IlpaTTa u .Htto-KyHHHa-Ilo,n;rope~Koro H3MepeHhI xapaKTepucTHKH 

o6JiaCTH po)K,ll;eHH.H Hefi:TpaJibHbIX KaOHOB. BrrepBbie ,n;JIH CHCTeMbI 

Hefi:TpaJibHbIX KaDHOB B rrapaMeTpH3a~Irn roJib.n;xa6epa npH 

aHaJIH3e yqHTbIBaJIOCb CHJibHOe B3aHMO,IJ;efi:CTBHe B KOHeqHOM 

COCTO.HHHH. 

2. Pa3Mepbl o6JiaCTH rettepa~HH B nC-B3aHMO,n;efi:CTBHHX B 

paMKax napaMeTpH3a~uu roJib,n;xa6epa OKa3aJIHCb a npe,n;eJiax 

rrorpernHOCTefi: cpaBHHMbI C Pe3JJibTaTaMH, IIOJiyqeHHbIMH B e+ e­
aHHHrHJIH~HH u pp/ pp B3aHMo,n;eitcTBHHX u OKa3aJIHCb MeHbllie, qeM 

BO B3aHMO,n;efi:CTBHH T.H)KeJibIX HOHOB. 

3. IloKa3atto, qTo B paMKax o,n;ttoro 3KcnepuMeHTa pa3Mep o6JiaCTH 

po)K)l;eHHH a npe,n;e.rrax norpernttocTefi: coana,n;aeT ,n;JIH nap 

Hefi:TpaJibHbIX H 3ap.H)KeHHbIX KaOHOB, HO MeHbllie, qeM ,ll;JIH 

3apH)KeHHbIX IIHOHOB H 60Jibllie, qeM ,ll;JIH A-runepOHOB. 9TOT 

BbIBO,ll; HMeeT cym;ecTBeHHOe 3HaqeHHe B CBH3H C Heo,n;H03HaqHOCTbIO 

HMeIOlll;HXCH pe3JJibTaTOB no 3aBHCHMOCTH 3TOit xapaKTepHCTHKH OT 

MacCbI u3yqaeMbIX qacTH~. 

4. BnepBbie HCCJie,n;oBaHbl KOppeJIH~HH nap HeTO)K,ll;eCTBeHHbIX KaOHOB 

(KiK-). B CHCTeMe KiK- o6ttapy)KeHbI KOHCTpyKTHBHbie 

KOppeJIH~HH, KOTOpbie cau,n;eTeJibCTBYeT O BJIHHHHH CHJibHOrO 

B3aHMo,n;efi:CTBH5I B KOHeqHOM COCTO.HHHH qepe3 o6pa30BaHHe 

pe30Hattca ao(980). 

5. B HeitTpon-H,n;epHbIX B3am.m,n;efi:CTBH5IX H3MepeHO HHKJII03HBHOe 

ceqeH11e po)K,ll;eHH.H ,n;ayx Hefi:TpaJibHbIX KaOHOB B nOJIHOfi: 

KHHeMaTuqecKoit o6JiacTH. 

AaTop 3am;um;aeT 

1. Pe3JJibTaTbI aHaJIH3a KOppeJIH~Hfi: C MaJibIM OTHOCHTeJibHbIM 

HMIIJJibCOM B CHCTeMe Hefi:TpaJibHbIX KaOHOB B nC-
B3aHMo,n;efi:CTBH5IX npu cpe,n;Hefi: 3HeprHH 51 r3B. 
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2. ProyJihTaTbl aml.lIH3a KOppemu~un C MaJihIM OTHOCllT0JlbHhlM 

HMnyJihCOM B CHCTe.Me HefiTpaJibHoro ll OTpnu;aTeJihHO 

3apH)K0HHOro KaOHOB B nC-B3anMo,n;encTBHHX npu cpe,n;Hen 

3Heprnu 51 f3B. 

3. Pe3yJihTaThI H3MepeHHH ceqeHHH HHKJII03HBHoro po)K)];eHnH K 0 k 0 

Me30HOB B HefiTpOH-yrnepo,n;HhlX B3aHMO,D;efiCTBllHX B IIOJIHOfi 

KHHeMaTnqecKon o6JiaCTu. 

IlpaKTHqecKaH u;eHHOCTb pa6oTbl. 

Pa6oTa HBJIHeTCH qaCTblO nporpaMMhl llCCJie,n;oBaHHH KOppeJIHD;llfi 

C MaJibIM OTHOCHT0JlhHhlM HMnyJihCOM B HefiTpOH-yrnepo,n;HhlX 

B3anMo,n;eficTBHHX Ha ycTaHOBKe 9KCt.JAPM. IloMHMO nap 

HefiTpaJibHhlX ll HefiTpaJibHOro ll 3apH)K0HHOrO KaOHOB nporpaMMa 

BKJIJOqaeT llCCJie)];OBaHne nap A-runepoHOB, a TaK)Ke 3apH)K0HHhlX 

nap IIHOHOB ll KaOHOB. IfaMepeHue KOppMHD;llfi qaCTllll; B pa3JillqHhlX 

3apH,D;0BbIX KOM6HHaD;HHX .n;aeT B03MO)KHOCTh 3KCnepHM0HTaJihHO 

Bhl,ll;0JlllTb BKJia,D;hl cpll3HqecKHX 3cpcpeKTOB. (HarrpnMep, BKJia,n; 

CllJlbHOro B3allMO,n;eficTBllH B KOHeqHOM COCTOHHllll). ProyJihTaTbl 0 

rrpocTpaHCTBeHHhlX xapaKTepHCTHKax o6JiaCTll pO)K)];0HllH qacruu;, 

rrpe,n;cTaBJI0HHbie B ,n;uccepTau;uu, pacumpHIOT cpll3llqecKyIO OCHOBY 

,ll;JIH pa3BllTllH MeTO)];llKll a.n;poHHOfi cpeMTOCKOIIllll. IlonyqeHHbie 

,n;aHHbie n03BOJIHIOT npoBO)];llTh npoBepKll npe,n;cKa3aHHfi TeopeTuqecKHX 

MO,n;enen. Pe3yJihTaTbl 9KCrrepnMeHTaJibHOro llCCJI0,ll;OBaHHH MOryT 

6bITb llCIIOJlb30BaHbl rrpu nJiaHHpOBaHllll HOBblX 3KcnepHM0HTOB, 

HanpaBJieHHhlX Ha u3yqeHne npocTpaHCTB0HHO-BpeMeHHon KapTHHhl 

a,n;pOHH3aD;Hll ll ,ll;JIH COBepllleHCTBOBaHHH TeOpllll KOppeJIHD;llOHHOfi 

cpeMTOCKOIIllll. 

Anpo6au;nH pa6oTbI. 

l1oJIO)K0HHhie B OCHOBY .n;uccepTau;uoHHOfi pa60Thl pe3yJihTaThl 

llCCJie,n;oBaHun 6bIJill npe,n;CTaBJI0Hbl aBTOpoM: 

• Ha 106uJiefiHon KOHcpepeHu;nu ceKu;nu H,n;epHon cpu3nKu O<I> H PAH 

,,<I>H3llKa cpyH,n;aMeHTaJihHhlX B3allMO,n;eficTBllfi"' nOCBHIIl;0HHOfi 60-
JieTHIO l1T9<I> (l1T9<I>, 2005); 
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• Ha III u IV BcepoccuncKnx KOHcpepeHu;HHX ,~HHBepcnTeThI Poccuu 

- cpyH,n;aMeHTaJihHhie ucCJie,n;oBaHnH"(MH<I>H, 2002, 2003 rr); 

• Ha IV n V KOHcpepeHD;HHX HOIJ; CRDF ,,<I>yH,n;aMeHTaJihHhie 

ucCJie,n;oBaHHH MaTepuu B 3KCTpeMaJihHhIX cocTOHHHHx"(MH<I>H, 

2006, 2007 rr.); 

• MHOroKpaTHO )];OKJia)];bIBaJillCb Ha pa6oqux COBeiu;aHHHX 

coTpy,n;HuqecTBa 9KCt.JAPM JI<I>t.J (Ol15Il1, 2002-2005); 

• Ha 3aKJIJOqllT0JlbHOM COBeiu;aHllll no 3KcnepnMeHTaM Ha ycTaHOBKe 

9KCt.JAPM (IJ;apeBo, BoJirapnH, 2005); 

e Ha ceMHHape ceKD;llll cpll3llKll qacTllll; ll nOJIHpH3aD;HOHHblX HBJI0HHfi 

Jia6opaTOpllll JI<I>Bcr (Ol15Il1, 2008). 

l10 MaTepuaJiaM .n;uccepTau;uu ony6JIHKOBaHo 7 pa6oT [1-71, B TOM 

quCJie 2 B )KJpHaJiax H3 cnucKa BAK • 

CTpyKTypa u ofrheM .n;uccepmu;uu 

,I(uccepTau;nH COCTOHT ll3 BBe,n;eHHH, qeTbipex rJiaB, 3aKJIJOqeHHH ll 

cnHCKa Il;llTHpyeMon JlllTepaTypbl. Co,n;ep)KllT 115 CTp., 34 pucyHKa, 11 
m6Jinu; u 6u6mmrpacpu10, BKJI10qa10uzy10 136 HanMeHoBaHnn. 

CO,I(EP)KAHHE PABOTbI 

Bo 66eae'HUU o6~CHOBaHa aKTJMbHOCTh BblilOJIH0HHOrO llCCJI0,ll;OBaHHH, 

ccpopMyJIHpOBaHa u;eJib ,n;uccepTall;llOHHOfi pa60ThI, nOKa3aHa HayqHaH 

HOBll3Ha pa60Tbl ll onucaHa CTPYKTypa .n;uccepTau;uu. 

B nepeoiJ, 2,11,aee KOpOTKO paCCMOTpeHhl OCHOBhl MeTO)];llKll 

KOppeJIHil;llOHHOfi cpeMTOCKOnllll - ll3MepeHHH npocTpaHCTB0HHO­

BpeMeHHhlX xapaKTepHCTllK o6JiaCTll reHepau;uu qacTllll; nopH,n;Ka 

cpeMTOMeTpa ( R, CT ~ 1 cpM)' ucnoJih3YH KOppeJIHil;llll qacTHil;, 

OCHOBaHHbie Ha CTaTllCTnqecKHX CBOfiCTBax n/HJIH Ha B3aHMo,n;eficTBllll 

.n;pyr c ,n;pyroM. 
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B11epBbie MeT0)J; IIHTepcpepOMeTpIIqeCKIIX II3MepeHIIfi 6hIJI 

11pe,D;Jio)KeH P. XaH6epII-BpayHoM II P. TBIIccoM1 ,D;JIH II3MepeHIIH 

yrJI0B0ro ,D;IIaMeTpa 3Be3,D; II ,n;pymx aCTp0H0MIIqecKIIX o6'beKTOB. 

OH 0CH0BaH Ha II3MepeHIIII K0ppeJIHI.J,IIfi IIHTeHCIIBH0CTII cqeTa 

)J;B0fiHhlX C0B11a,n;eHIIfi cpoTOHOB B 3aBIICIIM0CTII OT pacCT0.HHII.H Me)K)J;y 

,n;eTeKT0paMII. 

B cpII3IIKe qaCTIII.J, roJib,lJ;XOOep II ,n;p.2 II3yqaJIII )J;ByxITII0HHbie 

K0ppeJI.HI.J,IIII B peaKI.J,Il.HX aHHIIrIIJIHI.J,IIII 11p0T0Ha-aHTIIl1p0T0Ha II 

o6Hapy)KI!JIII yBeJIIIqeHJie qIICJia 7r+ 7r+' 71"-71"- 110 0TH0IIIeHIIIO K 7r+ 71"-

11pII MaJibIX 0TH0CIITeJibHblX yrJiax. B acTp0H0MIIII scpcpeKT K0ppeJI.HI.J,IIfi 

0CH0BaH Ha B0JIH0B0fi 11pIIpo,n;e CBeTa, T0r,n;a KaK cpII3IIqecKa.H 11pIIpo,n;a 

IIHTepcpepeHI.J,IIOHHbIX K0ppeJIHI.J,IIfi T0)K)J;eCTBeHHblX qaCTIII.J, C MaJibIM 

0TH0CIITeJibHbIM IIM11YJibC0M - 11pIIHI.J,IIl1 CTaTIICTIIKII: qacTIII.J,bl C 

u,eJiblM Cl1IIH0M, 110,n;qIIH.H.HCb CTaTIICTIIKe Bo3e-9fiHIIITefiHa C 60JihIIIefi 

Bep0.HTH0CTbIO po)K)J;aIOTC.H C 6JIII3KIIMII IIM11YJihCaMII ( T.e. B 0)J;IIHaK0B0M 

KBaHT0B0M COCTOHHIIII); qaCTIII.J,bl C 110JIYI.J,eJibIM Cl1IIH0M, corJiacH0 

CTaTIICTIIKe <l>epMII-,ll.npaKa - C MeHblliefi. 

,ll.JI.H HefiTpaJibHblX Ka0H0B CIITyaI.J,II.H ,n;pyra.H: K~~ M0ryT 

po)K)J;aTbC.H KaK II3 T0)K,D;eCTBeHHbIX 11ap K° K 0 II go go, TaK II 

II3 HeT0)K)];eCTBeHHbIX 6o30H-aHTII6030HHblX 11ap K 0 go. B pa6oTe 

JI106omIIu,a B.JI. II IIo.n;ropeu,Koro M.11.3 110Ka3aHo, qTQ B cIIcTeMe 

K~K~ 6y.n;yT Ha6JI10,n;aThC.H IIHTepcpepeHI.J,IIOHHbie K0ppeJIHI.J,IIH, 

aHaJI0rIIqHbie Bo3e-9:fiHIIITefiHOBCKIIM. 

B11epBbie K0ppeJI.HI.J,II0HHa.H cpyHKI.J,II.H KaK 0TH0IIIeHIIe H0pMIIp0BaHHbIX 

Ha e,n;IIHIIey 9KC11epIIMeHTaJibH0ro II 0110pHoro pac11pe,n;eJieHIIfi (OP) 

02 = (-1. dNexp(Q))/ (-1. dNbu(Q)) 
Nexp dQ Nb9 dQ 

(3) 

)J;JI.H 011pe,n;eJieHII.H 11poCTpaHCTBeHHO-BpeMeHHblX xapaKTepIICTIIK 6bIJia 

11pe,D;Jio)KeHa Ko11hIJIOBhIM r.M II Ilo,n;ropeu,KIIM M.M.4, r.n;e OP 

110 011pe,n;eJieHIIIO He )];0JI)KH0 co.n;ep)KaTb II3yqaeMbIX K0ppeJI.HI.J,IIfi. 

1Hunbery-Brown R, 'I\viss R.Q., Phil. Mag., 1954, v. 45, p. 663. 
2Goldhaber G. et al., Phys. Rev., 1960, v. 120, p. 300. 
3 JIIo6o~ B.JI., II~peqKHtt M.H., llHTep<pepe~oHHhle KOp~ npn permJJa~m nap 

nettTpa.m,HWt K-Me30HOB, .H~, 1979, T. 30, crp. 789. 
4KoIIl>LIIOB r.H.,Ilo~peqKHtt M.H., .H~, 1973, T. 18, crp. 656. 
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CyII.J,eCTByeT HeCK0JihK0 c11oco60B 11ocTpoemrn OP: MoHTe-KapJio 

M0,n;eJIIIp0BaHIIe, 11epeMeIIIIIBaH1Ie, Kor,n;a 6epyTC.H qacTIII.J,bl II3 pa3HbIX 

co6bITIIfi, II sKc11epIIMeHTaJihH0e pac11pe,n;eJieHIIe ,D;JIH qacn1u, Toro )Ke 

TIIl1a, HO C 11p0THB0l10JI0)KHbIMII 3ap.H,n;aMII. 

B ,n;aHHofi pa6oTe OP 6bIJIO 11ocTpoeHo ,D;BYMH c11oco6aMH: 

M0,D;eJIHp0BaHIIeM C 110M0II.J,bl0 CK0ppeKTHp0BaHH0ro reHepaTopa 

FRITIOF5 II 11epeMeIIIHBaHHeM. ,ll.JIH yqeTa KHHeMaTuqecKHX 

K0ppeJI.HI.J,Hfi, CB.H3aHHbIX C B03M0)KHbIM HeBbll10JIHeHHeM 3aK0H0B 

coxpaHeHIIH sileprIIH H HMl1YJibca, 11epeMemaHHoe OP cTpoHJI0Ch B 

BII,n;e ,,)];B0fiHoro OTHOIIIeHH.H"- 9KC11epHMeHTaJibH0e pac11pe,n;eJieHHe, 

110JiyqeHH0e 11epeMeIIIHBaHHeM, H0pMHp0BaJI0Cb Ha aHaJI0rHqHoe 

M0,D;eJIHp0BaHH0e. 

,ll.JIH T0)K)J;eCTBeHHbIX 6o30HOB K0ppeJI.HI.J,HH, o6ycJioBJieHHbie 

KBaHT0B0fi CTaTHCTHK0fi, 110JI0)KI!TeJibHbl. Mx xapaKTepH0fi qepT0fi 

.HBJI.HeTC.H 11pucyTCTBIIe HHTepcpepeHI.J,IIOHHOro MaKCIIMyMa 11pH MaJI0fi 

pa3H0CTH 4-HM11YJihCOB 11apbl qacTHI.J,,~ a IIIHpHHa 011pe,n;eJI.HeTC.H 

o6paTHbIM 11pocTpaHCTBeHHO-BpeMeHHbIM pa3MepoM scpcpeKTHBHOfi 

o6JiacTII reHepaI.J,HH. MHcpopMaI.J,H.H 0 11poCTpaHCTBeHHO-BpeMeHH0fi 

CTPYKType o6JiaCTH reHepaI.J,HII co.n;ep)KHTC.H B CB0fiCTBax CHMMeTpHH 

MH0roqaCTnqHblX B0JIH0BbIX <PYHKI.J,Hfi, a HMeHH0 T0)K)J;eCTBeHHbie 

qacTHI.J,hI, H3JiyqaeMbie H3 o6'beMa, Ha11pHMep II3 o6JiaCTH CT0JIKH0BeHHfi 

,IJ.BYX H,n;ep 11pH 6oJibIIIOfi 9HeprHH, CBH3aHhl C00TH0IIIeHIIeM 

Heo11pe,n;eJieHH0CTH renseH6epra ~q ~ fi/ R, r.n;e R - pa3Mep o6JiaCTH 

reHepau,nu. 

KoHKpeTHhlfi BH)J; K0ppeJIHI.J,H0HH0fi <PYHKI.J,HII 3aBHCHT OT 

11pe,n.110JI0)KeHH.H 0 11poCTpaHCTBeHHO-BpeMeHH0fi CTpyKType o6JiaCTH 

reHepau,uu. B napaMempuaa4uu I'o.11,'baxa6epa 11pe,n.110JiaraeTc.H, qTO 

6030Hbl HC11ycKaIOTC.H 0,IJ.H0BpeMeHH0 o,n;HoqacTHqHbIMH HCT0qHHKaMH, 

pac11pe,n;eJieHHhIMH B o6'hel\rn cTaTnqHofi (110KOHII.J,eficH) ccpephI 110 

3aK0HY raycca. KoppeJIHI.J,HOHHa.H <PYHKI.J,H.H HMeeT CJie.n;yIOII.J,Hfi BH,n;: 

C2 = N ( 1 + ,\e-RZQ
2

) , (4) 

r,n;e HHBapnaHTHa.H 11epeMeHHa.H Q2 = -(p1 - P2)2 - KBa,n;paT pa3H0CTH 

4-HMl1YJibCOB 11apbl qaCTHI.J,, N - H0pMHp0B0qHa.H K0HCTaHTa, Ro 
11Hong Pi, Comp. Phys. Comm., 1992, v. 82, p. 74. 
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- napaMeTp, xapaKTepII3YIO~IIfi pa,n;IIyc ccpepII'leCKII-CIIMMeTpII'IHOro 

IICTO'lHIIKa B CIICTeMe IIOKOR napbl 'laCTIIIJ,, A - ,n;o;rn qaCTIIIJ,, 

pO)K,l];eHHhIX He3aBIICIIMO. 

qT06bI IIOCMOTpeTb Ha IICTO'IHIIK ,,c pa3HbIX CTOpoH" Heo6xo,n;IIMO 

pa3JIO)KIITb Q Ha HeCKOJibKO KOMIIOH0HT. 0,n;Ha II3 CTapefinrnx 

napaMeTpII3aIJ,IIfi - napaMempuaatfUR Bep"{a-Ilpamma. B Hefi 

IICIIOJlb3YeTC51 pa3JIO)K0HIIe B CTaH,n;apTHOfi rayccoBOfi napaMeTpII3aIJ,IIII 

Ha npoaM'bHyw (l), napaJIJieJihHYIO ocII ny'lKa, nonepe'IJ,1-1,yw (o), 
napaJIJI0JlhHYIO CKOpOCTII napbl B nepneH,n;IIKYJIRpHOfi IIJIOCKOCTII K OCII 

ny'lKa, II 601Coeyw ( s), nepneH,n;IIKYJIRPHYIO l II o, cocTaBJIRIO~IIe. B 

9TOfi napaMeTpII3aIJ,IIII KOppeJIRIJ,lIOHHM cpyHKIJ,IIR IIMeeT BII,n;: 

C2 = N (1 + .Xexp[-R;Q; - R~Q~ - R;Q; - 2R~tQoQl]). (5) 

,l];JIR CTaTII'lHOro ( IIOKOR~erocR) IICTO'lHIIKa IIOJiy'laeMbie pa,n;IIyChl (Rt' 
R0 , Rs) IIMeIOT o,n;H03Ha'lHOe cooTBeTCTBIIe reoMeTpII'leCKIIM pa3MepaM 

o6JiaCTII reHepaIJ,IIII. 0,n;HaKo ,n;JIR ,[l;BII2KY~IIXC51 IICTO'IHIIKOB ,n;aHHbie 

pa,n;IIyChl - JIIIHefiHaR KOM6IIHaIJ,IIR BpeMeHII )KII3HII II reoMeTpII'leCKIIX 

pa3MepoB IICTO'lHIIKa II HMIIYJibCa napbl 'lacTHIJ,. ,l];pyrofi rayccOBOfi 

TpexMepHofi napaMeTp113a11,uefi RBJIReTCR napa.«,empuaa'4UJ1, Jfoo­
K y1-1,u1-1,a-II oawpe'41Coeo. B npo,n;oJihHofi CIICTeMe 11,eHTpa Mace naph1 

6030HOB ( TOJlbKO npo,n;OJibHhlfi IIMIIYJibC nap bl 'laCTIIIJ, paBeH HYJIIO) 

KOppeJIRIJ,IIOHHaR q>yHKIJ,IIR IIMeeT oco6eHHO IIpOCTOfi BII,n;: , 

C2 = N ( 1 + .Xexp[-RlQl - RIT(Q; - ~(p)(Q0
)
2J), (6) 

r.n.e Q1_ = Q~ + Q;, Q1 - pa3HOCTb nonepe'IHhIX II npo,n;OJihHbIX 

IIMIIYJihCOB II Q0 
- pa3HOCTh aHeprnfi ,n;Byx TO)K)];eCTBeHHhIX qacTIIIJ,. 

IloJiy'leHHhie pa,n;IIyChl MO)KHO IIHTepnpeTIIpOBaTh KaK nonepe'IHhlfi 

(R1-), npo,n;oJibHhifi(R11) pa,n;IIyChl II BpeMR )KII3HII (Ro) IICTO'lHIIKa Bero 

co6cTBeHHOfi CIICTeMe IIOKOR, II OHII He 3aBIIC51T OT CKOpOCTll II3MepReMOfi 

CIICT0Mbl. 

,l];JIR H0B3aIIMO,n;efiCTBYIO~IIX TO)K,l];eCTBeHHblX qacTIIIJ, KOppeJI5IIJ,IIII 

RBJIRIOTCR CJie,[l;CTBIIeM IIpORBJieHIIR KBaHTOBOfi CTaTIICTIIKII. B 6oJiee 

o6~eM CJiyqae ,ll;BYX'laCTII'IHM KOppeJIRIJ,IIOHHM cpyHKIJ,II51 co,n;ep)KIIT B 

ce6e 3aBIICIIMOCTb TaK)Ke OT B3aIIMO,n;efiCTBII51 B KOHe'lHOM COCTORHIIII, a 

8 

He TOJibKO OT IIHTepcpepeHIJ,IIOHHbIX KOppeJIRIJ,IIfi: 

C2 = Ac· [1 + Ccorr + Cpsr] - 1, (7) 

Ac II Cpsr - q>aKTOphI, OIIIIChIBaIOIIJ,IIe KYJIOHOBCKoe II CIIJihHOe 

B3aIIMO,n;efiCTBIIe B KOHe'lHOM . COCTORHIIII, COOTBeTCTBeHHO, Ccorr -
IIHTepcpepeHIJ,IIOHHblfi cpaKTOp, onpe,n;eJIRIO~IIfiCR CTaTIICTIIKOfi 

Bose-9fiHIIITefiHa ( <l>epMII-,l];IIpaKa): KyJIOHOBCKOe B3aIIMO,n;efiCTBIIe 

,[l;OMIIHIIpyeT B CIICTeMax ,n;Byx 3apR)K0HHblX '!aCTIIIJ, IIPII MaJihlX 

OTHOCIITeJibHhIX IIMIIYJibCax IIOpR,n;Ka o6paTHOro pa,n;IIyca Bopa 

,n;JIR ,n;Byx'laCTII'lHOfi CIICTeMbl. 9cpcpeKT CIIJibHOro B3aIIMO,n;efiCTBIIR 

.n.ocTaTO'lHO MaJI ,n;JIR ,[l;ByxIIIIOHHhIX CIICTeM, Tor.n.a KaK ,[l;JIR 

KaOHHhlX CIICTeM IIM HeJib3R npeHe6peraTh. ,l];JIR II3y'laeMblX CIICTeM 

B3aIIMO,n;efiCTBIIe B KOHe'lHOM COCTORHIIII IIOJIHOCTbIO OIIIICbIBaeTCR 

CIIJibHhIM B3aIIMO,n;efiCTBIIeM: ,[l;JIR HefiTpaJibHhlX KaoHOB OHO 

onpe,n;eJIReTCH no.n.noporOBhIMII pe30HaHCll,MII ao(980) II /0(980), TOr,n.a 

KaK )J.JIR K~K- y)Ke xapaKTepII3yeTCR TOJlbKO pe30HaHCOM ao(980). B 

pa6oTe J1e,n.HIIIJ,KOro P. II J11060IIIIIIJ,a B.J1. 6 6bmo IIOJiy'leHO Bblpa)KeHIIe, 

OIIIICbIBaIO~ee BKJla,[l; B3aIIMo,n.efiCTBII51 B KOHe'lHOM COCTORHIIII. 

,l];aJiee npoBe,n;eH KpaTKIIfi o63op 9KCIIepIIMeHTaJibHOfi CIITyaIJ,IIII B 

o6JiaCTII KoppeJIRIJ,IIOHHOfi cpeMTOCKOIIlIII. 

Bo emopoiJ, e.11,aee onIIcaHhI ycJIOBIIR npoBe,n;eHIIR aKcnepIIMeHTa, 

a TaK)Ke IIpIIBO,[l;IITCR KpaTKOe OIIIICaHIIe MarHIITHoro cneKTpoMeTpa 

9KCqAPM J1<l>q 0115111. CneKTpoMeTp pacnoJIO)KeH B HefiTpOHHOM 

KaHaJie 5H -CepnyxoBcKoro ycKopIITeJIR Y-70. 9HepreTII'leCKIIfi cneKTp 

IIY'!Ka IIMeeT MaKCIIMYM B pafioHe 58 raB II IIIHpIIHY OKOJIO 12 raB. B 

COCTaB ycTaHOBKII (pIIc. l) BXO)J.RT: 

• yrJiepo,n.HaR MIIIIIeHb T TOJI~IIHOfi 1,3 r / CM
2 

no IIY'!Ky; 

• aHaJIII3IIpyIO~IIfi MarttIIT CII-40A c arrepTypofi 27 4 x 49 cM2 

II C MaKCIIMaJibHblM 3Ha'leHIIeM HanpR)KeHHOCTII IIOJIR 0,79 TJI; 

CIICTeMa 9JieKTpOIIIITaHIIR MarHIITa o6ecne'lIIBaeT B03MO)KHOCTb 

onepaTIIBHOfO nepeKJIIO'l0HIIR ero IIOJIRpHOCTII; 

6Jle)J;IIH~ P., Jbo6onnm; B.JI., .H«I>, 1982, T. 35, CTp. 1316. 
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Puc. 1: Cne1crnp0Memp 9KC'C/APM. 

• eneTeMa 113 11 MH0rorrpoB0JI0qHblX rrporropIIH0H8JlbHblX KaMep IIK 

(25 enrHMbHbIX IIJIOeKoCTeit), paerroJI0)KeHHbIX 11.0 (IIKl - IIK8) 11 

rroeJie MarHHTa (A, B H C); 

• f0ll,0eK0IIbl eIIHHTHJIJIHIJ;H0HHblX eqeTqHK0B rl H r2, HeII0Jib3yeMbie 

ll,JIH Bbipa60TKH enrHaJia, 3arryeKalOIIIero yCTaH0BKY (Tpnrrepa); 

• M0HHT0p HeitTp0HH0ro rryqKa MH ll,JIH K0HTp0JIH 3a ll,JIHTeJibH0CTblO 

11 paBH0MepH0eTblO e6poea rryqKa rrp0T0H0B yeK0pHTeJIH Ha 

BHyTpeHHIOIO MHmeHb H orrpell,eJieHHH II0T0Ka o6pa30BaHHbIX Ha 

3T0it MHmeHH HeitTp0H0B; 

• all,p0HHbiit KaJI0pHMeTp AK ll,JIH H3MepeHHH 3HepreTnqeeKoro 

erreKTpa HefiTp0HHoro rryqKa; 

• qeTblpHall,IIaTHKaH8JlbHblfi (MrrrqC-14) 11 TpHl1,IIaTHl1,Byx-

KaH8JibHblfi (MrrrqC-32) rropor0Bbie fa30Bbie qepeHK0BeKHe 

eqeTqHKH ll,JIH 1111.eHTH<PHKaIIHH 3apH)KeHHbIX qacniu;. CneTeMa 

II03B0JIHeT II0JIH0eTblO Hll,eHTH<}>HIIHpOBaTb KaOHbl B HMIIYJibeH0M 

HHTepaaJie 10,8 5: p 5: 40,3 rsB/c. 

,ll;aJiee IIpHBell,eHo orrneaHHe rrporpaMMH0ro o6eerreqeHHH,HeIIOJib3yeMoro 

ll,JIH re0MeTpnqeeKofi peK0HeTpyKIIHH TpeK0B, q>H3HqeeKoro aH8JIH3a 

11.aHHbIX H M0ll,eJIHp0BaHHH 3KerrepHMeHTa. 
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O6pa60TKa 3KerrepHMeHT8JlbH0it HHq>OpMaIIHH H oroop eo6bITHfi 

Bbill,eJieHHblX KOHq>HrypaIIHfi rrpoH3B0l1,HJIHeb B HecK0JibK0 3Tarroa: 

• o6pa60TKa rrepanqnott HHq>OpMaIIHH, paerr03HaBaHHe i'paeKT0pHfi 

3apmKeHHbIX qaCTHII ( TpeKOB), aoeeTaH0BJieHHe HX rem.teTpnqeeKHX 

uapaMeTp0B H oupe,l.l.eJieHHe llMIIYJibe0B e00TBeTeTBYIOIIIHX tJ:acTHII 

C YtJ:eT0M KapTbl MarHHTH0ro II0JIH; 

• OT6op eo6bITHfi, eo11.ep)Ka1IIHX HefiTpMbHYIO BHJIKY (rrapa TpeK0B 

np0THB0II0JI0)KH0 3apH)KeHHbIX qaeTHII, HMelOIIIHX 06IIIYIO T0qKy 

rrepeeeqeum1), HBJIHI0IIIYIOeH KaHll,Hll,aT0M B paena11. A0, A_O IIJIU J<0; 

• 3aIIHeb eo6bITHfi na ll,HeK B K0MIIaKTII0M BH,l.l.e, 06ee1IetJ:HBa10111eM B 

,Ll;8JlbHefimeM 6b1eTpb1.(:1 ,l.l.0eTyII K OT06paHHOit nmpopMa111m; 

• q>II3H'IeeKHit aH8JIII3 OT06paHHbIX eo6bITHit e 11e.TiblO uoneKa 

enrH8JI0B B erreKTpax scpcpeKTHBHbl~ Mace K0HetJ:HbIX eoeT051HHit 

paena11.a neeJiell,YeMbIX •meTIIII. 

Mo,n;emtpoaaune H3y<-IaeMbIX upo11eccoa ocy111ecTBJrnJIOCh 

nporpaMMoit SIMEX, pa.'3pa6omuuoit ua ocuoBe cncTeMbI GEANT--3. 

Ilpn npocJie)KHBaHHH 'IaCTHII co6bITH51 ncnoJib3yeTca ,n;eTaJibH0e 

onucanue Koncpnrypa1~nn ycTatt0BKH 9KCqAPM, rrpnMenemihIX B 

ee K0HCTPYKIIHH MaTepuarIOB 11 cy111ecTBy1011111x cpe,z\. B Kal1eCTBe 

reuepa'l'opa co6bl'l'l1fi 11Cll0Jlh3yeTC.H M0,l.l.eJib pmK11.emrn llaCTHII -

FRITIOF. ,I(Jia H3ytJ:eHn.H napttbIX K0ppeJiau;nit B CHCTeMe pa'3HbIX 

'IaCTIII~ 6bIJIH peaJIII30BaHhl CJie/~IOIJ~He B03MO)KH0CTH: 

• M0,11;em1poamrne JII06bIX tJ:acTIII~ H HX KOMfomar~Hit, '.:JaH0B0 ne 

K0MIIUJIIIpya uporpaMMY, a MeH.H.H T0JlbK0 cpafiJI C BX0,Ll;HbIMH 
,n;aHHbIMn; 

• renepHpoaanue qacTHII a(980), /0(980), B03M0)KH0CTb MemITb 

11x uapar.1eTph1: ceqemte B3a11Mo,I.1.eficTBm1, Macey u mnp1rny 

B uapat.teTIHI3a11,m1 BpeitTa-Buruepa HJIH Flatte7 a clmfi;1e c 

BX0ll,HbIMH ,n;aHHbIMH; 

7Flatte S.M., ,,On the nature of o+ mesons", Phys. Lett., 1976, v. 63B, p. 228. 
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• cpopMIIpOBamte cpatlJIOB c napaMerpaMII co6bITIIi1: HOMepoM 

co6bITII.H, 8HeprIIett HeitTpOHOB ny'IKa, KIIHer.mTII'leCKIIMII 

xapaKTepIICTIIKaMII ( npo,n,OJibHbIM H nonepe'IHbIM IIMnyJibCaMH) 

H nepeMeHHbIMII <I>etlHMaHa ,ll,JI.H qacTIILI;, 3a,n,aHHbIX B ci>~ttJie C 

BXO,ll,HbIMII ,D,aHHbIMH. 

B mpem'beU ZJ1,a6e HCCJie,D,OBaHbl ,D,Byx'laCTH'IHbie KOppeJI.HIJ;IIH 

npII MaJibIX Q nap HeitTpaJibHbIX KaOHOB II onpe,n,eJieHO ceqeHIIe 

HHKJIJ03IIBHOro po)K,ll,eHII.H ,ll,Byx HeitTpaJibHbIX KaOHOB. 

I1HTepcpepeHa;HOHHbie KOppeJI.HLI;IIH napbl HeitTpaJibHbIX KaOHOB 

H3J'laJIIICb B peaKIJ;IIII 

n + C --+ K 0 + .K0 + X. (8) 

IlpII OT6ope KaH,D,II,D,aTOB Tpe6oBaJIOCb HaJIH'!He B co6bITHH He Mettee 

,D,BYX nOJIO)KHTeJibHO H ,D,Byx OTpHa;aTeJibHO 3ap.H2KeHHbIX qacTIIIJ;. 

Il011cK K 0-Me30HOB ocyru;ecTBJI.HJIC.H B cneKTpax scpcpeKTHBHbIX Mace 

CJie,n,y10ru;nx KOHe'!HbIX COCTO.HHIItl: 
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{9) 

Puc. 2: oa1-w.Mep1toe - (a) u deyMepttoe - (6) pacnpedeAett'U.R 
paattocmu 9<fafie1,;mue1tou .Macc'bt 1r+1r- -.Meaottoe u ma6J1,U'l/,1tOu .Macc'bt 
Ko. 

Ha plic. 2a npe,n,cTaBJieHa pa3HOCTb scpcpeKTHBHOit MaCCbI CHCTeMbl 

1r+1r--Me3oHoB n Ta6Jinquon Maccbr K 0-Me3oHa ,D,JI.H co6hrTnit. B o6JiacTII 
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HYJI.H tta6JI10,n,aerc.a qeTKntt cnrHaJI. CnrHaJI annpoKCHMHpOBaJIC.H 

cynepn03Hu;Hett ,n,Byx cpyttKu;nn faycca. ,l(JI.a annpoKCHMau;nn cpotta 

ncnOJib30BaJIC.H nOJIHHOM BTOpon creneHH. Cpe,n,uee 3Ha'leHne MaCCbl 

COBna,n,aer C ,ll,aHHbIMH PDG8• 9TO ,n,aer OCHOBaHne C,D,eJiaTb BbIBO,ll, 0 

Ha,Il,e)KHOCTH npHMeHeHHOit npou;e,n,ypbl Bbl,D,eJieHH.H CHrHaJia. 

,lLJI.H ou;eHKH KOJIH'leCTBa 3aperHCTpHpOBaHHbIX nap Kg 6bIJIO 

npoaHaJIH3HpOBaHO ,D,ByMepHoe pac~pe,n,eJieHHe 3cp<peKTHBHbIX Mace 

KOM6Httau;Hit 7r+7r--Me30HOB 26. KoJIH'leCTBO KOM6Httau;Hit B CHrHaJie 

annpOKCHMHpOBaJIOCb ,ll,BJMepuott cpyHKLI;Hit faycca H COCTaBHJIO 

5780 ± 107. KoppeJIHpOBaHHbiit q>OH (coBMeCTHa.H perHCTpau;H.H 

Kg co CJiyqafiHbIMH 7r+7r--napaMH) a o6JiaCTH CHrHaJia COCTaBHJI 

~ 10%, HeKoppMHpOBaHHbiit q>OH ( co6bITH.H, a KOTOpbIX nHOHbl He 

.HBJI.HIOTC.H npo,n,yKTaMH pac_na,n,a Kg-Me30HOB) ~ 5%. l13 pacnpe,n,eJieHH.H 

ApMeHTepoca
9 

6bma ou;euetta aepXH.H.H rpaHHa;a cpoua OT npHMecH AO, 

A0-rHnepoHoB E ::; {O, 97 ± 0, 13)%. 
Ha6JIJO,D,a€'l'C.H (pHC. 3) xopomee cornac11e Me)K,D,y HOpMHpOBaHHbIMH 

Ha e,n,HHHey sKcnepHMeHTaJihHbIM H OP npo,n,oJibHbIX, KBa,n,paTa 

nonepe'!Horo HMnyJibCa II MH02KeCTBeHHOCTH 3ap.H2KeHHbIX 'laCTHIJ;. 

rE~ J·lt 1 .. 6 
'" Ju 

:I 
~ -~ 

0.3 I.: 0.1 t-·······I ·+·······l.;c·I ··············t ·····I 
0.2 

O.OIO I- ···I······+ ··········JQ.· .... ········t ······I .. 
0.1 :,:: 

00 0.2 o.• 0.8 o.e •, 
" .Pl(~). I'&B/c P,2 (~). (IsB/c)2 N3 

Puc. 3: (a),(6) UMnyJl,'bC'H'bte cne1,;mp'b, Kg-Meaottoe; (e) 
pacnpede.n,e1-1,ue no M1-toa,cecmee1-t1tocmu aap.Ra1Ce1-t1-t'b£X 'l/,acmu~. 3dec'b u 
tta puc. 7 eucmoepaMMa - 31,;cnepUMe1-tm; * - Mode.n,'b FRITIOF; o -

nepe.Mewuea1-tue. 

B napaMerpH3aa;H.Hx I'M'bdxa6epa, Bep..,,a-Ilpamma H H1-to-Ky1-tu1ta­
Ilodwpe~1,;ow • tta6JI10~aIOTC.H noJI02KHTeJihHbie KoppeJI.HIJ;HH ,D,JI.H acex 

8 Amsler C. et al.(PDG), Phys.Lett.B, 2008, v.667, p.l; (URL http://pdg.lbl.gov). 
9Podolyanski J., Armenteros R., Phil. Mag., 1954, v.45, p.13. 
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THilOB OP (pttc. 4a-6 H 5). Ha pttc. 4a-6 noK83aHhI 0 2 OT p83HOCTH 4-

HMilYJibCOB. CnJIOlllHbie KpHBbie npe.n;cTaBJI.HlOT co6ott annpOKCHMaD;HIO 

-·w---+-_.;_-+--+---'--+--+-~ 2 

~:; + 1 c-. ❖: • ' ~Ji:----~----ri-~-l;-=-+-;---+-:-.. --+-:-...;..:__;,;___;,-
8

-i...lil 

-.,--♦" 

oH-.! ~ ~; I : i i • l 
0" ... • • ... i .i ... i ... i.. , 

l.5 6 I 
~ 

2;~= ... , 
1.s~-r~ . i ❖; • 

1 ~--

o.sH , , ... i ... i 
.... i, .. ,I 

O 0.1 U U M ~ U U U ~ 1 

Q;r>B/c 

1.6 

1.4 

12 

1 

'r 

o.a r-;-__;=~...,.i~"' 
0.6 t-+---+-+-__j__.c::::::5 
04 ;~ 

0.2CD 06 0.8 I 
0 01 0.4 . 1.2 1.4 1.6 1.8 

Q;r'>B/c 

Puc. 4: Koppe.11.R,'4U0HH'bte <fiy11,1ru,uu 02(Q): (a)-(6) - aM KjKj; (a)­
(e) - aM KjK-. OP: (a),(a) - Moae.1mpoaa11,ue; (6),(e} - ,,aaou11,oe 
om11,owe11,ue ". 

<PYHKn;Hett fOJib.n;xa6epa ( 4), nyHKTHpHbie JIHHHH - <PYHKD;Hett 

foJib,D;Xa6epa C yqeTOM CHJibHOro B3aHMO.n;efiCTBH.H aHMHTnqecKHM 

Bbipa)KettueM, npe,D;JIO)KeHHbIM P. Jle.n;HHD;KHM. 06JiacTb h(1270)­

Me3otta, o6o3HaqeHHaH ,,o", 6hma ucKJ110qeHa H3 annpoKCHMan;uu. 

Ha puc. 5 noK83aHbl KOppeJI.HD;HOHHbie cpyHKD;HH ' 02 B npO,D;OJibHOfi 

CHCTeMe n;eHTpa Mace B 3aBHCHMOCTH OT npO,D;OJibHOtt H nonepeqHblX 

KOMnoHeHT p83HOCTH 4-uMnyJibCOB (napaMempuaaw.m Bep"la-Ilpamma) 
H B 3aBHCHMOCTH OT npo,D;OJibHOfi, nonepeqHOfi KOMilOHeHT p83HOCTH 

4- HMilYJibCOB H p83HOCTH 3Heprntt ( napaMempuaa'4M JfHo-K y11,u11,a,­
JI oawpe'4'K:OW). KpHBbie npe.n;CTaBJI.HIOT co6ott annpOKCHMaD;HIO 

3KcnotteHn;HMbHOfi cpyttKn;nett: 0 2(qi) = N · (1 + >..exp(-R;q;)) .D;JI.H 

npO,D;OJlbHOfi II nonepeqHblX KOMilOHeHT, H TOfi )Ke cpyHKD;IIett C yqeTOM 

HaKJioHa - ,ll;Jl.H p83HOCTn 3Heprntt. __ IloJiyqetto xopolllee corJiacne 

napaMeTpoa. annpoKcnMan;ttn npH p83HbIX OP, qTo no.n;qepKnaaeT 

ycTofiqnBOCTb pe3yJibTaTOB. B I{aqecTBe OKOHqaTeJibHblX npIIH.HTbl 
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BeJIIIqlfHbl, IlOJiyqeHHbie MeTO,ll;OM BbJqncJieHII.H cpe.n;HeB3BellleHHOro 

3Haqemrn (Ta6JI. 1). 

Ta6.1tu'4a 1: 3Ha"teHM R a paaAU"lH'btX napaMempuaa'4MX KjKj. 

IlapaMerp113a1~m1 
I'o11'baxa6epa 

I'OJl'baxa6epa C y"l,eIDOM 
CUJl'bttOW 63aUJ,waei1,cmaw,, 

Bep"l,0-Ilpamma 

fltto-Kyttutta-IIoa2opev,'IOO?.O 

R,cpM 
R = (0, 74 ± 0, 07 cnn :±: 0, 06c:HcrJ 

R = (0,68 ± 0,07cnn ± 0,07c:Hcr) 

RL = (0, 91 ± 0, 16craT ± 0;02c:Hcr) 
RTs = (0, 74 ± 0, 12craT ± 0, 03c:Hcr) 
Rro = (0, 62 ± 0, lOcraT ± 0, 03c:Hcr) 
R11 = (1, 00 ± 0, llcraT ± 0, lOc:Hcr) 
R1. = (0, 79 ± 0, llcraT ± 0, 09c:Hc:T) 
/lo= (5, 9 ± 1, 6craT ± 0, 3c:HCT) 

CuCTeMaTuqecKaH norpelllHOCTb CB.H3aIJa c no.n;6opoM napaMeTpoa 

MO,D;eJIH H onpe.n;eJI.HJiaCb nyTeM BapbHpOB~HH.H BeCOBblX <PYHKD;Hfi TaKHM 

o6p830M, qTO npu cpaaHeHHH Bcex ynoM.HHYTbIX 3KcnepuMeHTMbHblX 

H IlOJiyqeHHblX H3 MO,D;eJIHpOBaHH.H pacnpe.n;eneHHtt, 3HaqeHHe x2 , 

Bb1qnCJI.HeMoe c noMOill;bIO nporpaMMbI MINUIT, H3MeH.HJIOCb tte 6oJiee, 

qeM Ha BeJinqnHy 1, 07, onpe.n;eJI.HIOrn;yIO 70% ypoaeHb ,ll;OCTOBepHOCTH. 

,.[J;JI.H onpe.n;eJieHH.H ceqeHH.H HHKJII03HBHOrO pO)K,ll;eHH.H ,D;Byx 

HettTpMbHblX KaOHOB 6bma paccquTaHa 3cpcpeKTHBHOCTb perncTpan;uu 

€ c ucnoJib30BaHHeM cKoppeKTttpoaaHHoro rettepaTopa FRITIOF: 

€ = (0, 0754 ± 0, 0012craT ± 0, 0120cnCT)%. 

CuCTeMaTuqecKaH norpelllHOCTb onpe.n;eneHa MeTo.n;oM aapbupoBaHH.H, 

KaK 6bIJIO onucaHO Bblllle. 

Ilpe.n;noJiarrui, qTo ceqettue HHKJII03HBHoro po)K,ll;eHH.H K 0 H k 0-

Me30HOB B HettTpOH-yrnepO,D;HblX B3aHMO.n;ettCTBH.HX Unc(K0 k 0 X) ~ 
4 • Unc(KjKjX), MO)KHO Bb1qn:CJIHTb ero no cpopMyJie 

o-o o o ) NA 
une(K K X) ~ 4 · unc(K8 K 8 X = 4 · MnTNAt:Br2 ' (10) 

r.n;e N =5780 ± 107 - KOJIHqeCTBO 3apernCTpupoBaHHblX co6bITHtt 

pacna.n;a_KjKj; € - 3cpcpeKTHBHOCTb pemCTpan;ntt KjK"g; Br= (69,20 

± 0,05) % - aepo.HTHOCTb pacna.n;a Kj - 1r+1r-. 
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Puc. 5: KoppeM'4UO'H,'H,'bte <fiy'H'K:'4UU 02 aJI.R, K~K~ 6 8ll6UC'U.M0Cmu 
om oaHo.MepH'btX npoe-x:'4uu UMny/1,'bca 6 npoao/1,'b'HOU cucme.Me '4eHmpa 
~tacc: (a)-(e} - 6 napa.Mempuaa'4UU Bep"l,a-Ilpamma; ([)IC)-(M) -
B napa.Mempuaa'4uu HHo-KyHuHa-Jioawpe'4-x:ozo. OP: (a)-(B), ([)IC)­
(u) - .MoaMupoBaHue; (e)-(e), (-x:)-(M) - ,,aBouHoe omHoweHue". 
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CTaTHCTHqecKfill norpemHOCTb ceqeHH.H onpe,n;eJIBJiaCb norpemHOCTblO 

BblqHCJieHHOro KOJIHqecTBa saperHCTpHpOBaHHblX K~K~-Me30HOB. 
B CHCTeMaTHqecKyIO norpemHOCTb onpe,n;eJieHH.H ceqeHH.H BXO)];.HT: 

norpemHOCTb acpcpeKTHBHOCTH perHCTpa~HH ,ll;Byx HefiTpaJibHblX 

KaOHOB, norpemHOCTb H3MepeHH.H KOJIHqecTBa HefiTpOHOB, npome,n;mHX 

qepe3 yCTaHOBKY 3a BpeM.H 3KCil03H~HH, TQqHOCTb H3MepeHHOfi 

Bepo.HTHOCTH pacna,n;a K~ ---+ 1r+1r-. 

TaKHM o6pasoM, noJiyqeHo 

Unc(K0f<0X) = (4,28±0,08cr1n±0,68cncr) M6H/120. 

lfemBepmaR, Z.fl,a6a IlOCB.H~eHa HCCJie,n;oBaHHIO KOppeJI.H~Hfi B 

CHCTeMe, COCTO.H~efi H3 HefiTpaJibHOro II OTpH~aTeJibHO sapIDKeHHOro 

KaOHOB. Co6bITH.H HMeIOT CJie,n;yIO~IO TOilOJIOrHIO: 

n + C - K 0 + K,.- + X. (11) 

IlpH OT6ope KaH,ll;H,D;aTOB Tpe60BaJIOCb·HaJIHqHe B co6bITHH He MeHee 

O,ll;HOfi IlOJIO)KHTeJibHO H ,D;Byx OTpH~aTeJibHO sap.H)KeHHbIX qacTH~. 

~ 
i:i:l 3000 

:i ..... 
--- 2000 '[a 
1a 2000 

J 
:>I ,,oo 

§a 
g ,ooo 

i 
J 

M(1r+1r-) ...:. M(K0 ), raB/c2 

Puc. 6: oa'Ho.Mep'Hoe pacnpeaMe'Hue pa8'H0cmu ::efxfie-x:mUB'HOU .MllCC'bt 
1r+1r- -.MeaoHoB u ma6.fl,U"1,'HOu .Macc'bt K 0. 

HefiTpaJibHbie KaDHbl H,D;eHTHQ)H~HpOBaJIHCb no HX pacna,n;aM Ha )];Ba 

3ap.H)KeHHblX IlHOHa B Ha6JIIO,D;aeMOM COCTO.HHHH 

K~ - 1r+1r-. 

J61>e~imeJim.rn: HHCTHTJT 

,1,n;epHbIX Hccne,n;oaanml 
BI1BnM OTEI{A 

(12) 



Ha pIIc. 6 npe,n;cTaBJieHO o,n;HoMepHoe pacnpe,n;eJiemie no p83HOCTII 

scpcpeKTIIBHOtl: MacCbI CIICT0Mbl 7r+7r- II TaOJIII'<IHOtl: MaCCbl K0
-Me30Ha. 

B o6nacTII HYIDI Ha6mo,n;aeTCR qeTKIIfi CIIrHM. KonIIqecTBO K} 
M030HOB annpOKCIIMIIpOBaJIOCb cynepn03IID;IIetl: ,n;Byx cpyHKD;IIfi faycca II 

COCTaBIIJIO 28200± 1200. Cpe,n;Hee 3HaqeHIIe MaCCbl CIIrHaJia COBna,n;aeT 

c PDG. <I>oH B o6JiaCTII cIImana cocTaBIIJI ~ 5%. lfa pacnpe,n;eJieHII.H 

ApMeHTepoca ou;eHeHa Bepxrurn rpaHIIu;a cpoHa OT npIIMecII AO
, A.0-

mnepottoB c $ (1, 80 ± 0, 02)%. 

i~::: :::...:: .. :.:.:~:w:;.~H= ... ~:::;.::l:;:._:::=··-i::=··~::: ..... J !::: . ··r····o· ·1 
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Na 

Puc. 7: (a),(6) UMny.11,'bc'H'bte cne-x:mp'bt K~-Meao1-1,oa; (a),(z) 
UMny.11,'bc'H'bte cne-x:mp'bt K- -Meao1-1,oa; (a) - pacnpeae.11,e1-1,ue no 
M'Hoa,cecmae1-1,1-1,ocmu aap.R,a,ce'H'H'btX "tacmu4. 

Ha6mo,n;aeTC.H (pIIc. 7) xopomee cornacIIe Me)K,Jzy HOpMIIpoBaHHhIMII 

Ha e,n;IIHIIcy 9KCnepIIM0HTaJibHbIM II OP npo,n;OJibHbIX (a, B), KBa,n;paTOB 

nonepeqHbIX IIMnyJibCOB ( 6, r) II MH0)K0CTB0HHOCTII 3ap.H)K0HHbIX qacTIID; 

(,n;). 

Ha pIIC. 4B-r noK83aHbl KOppeJI.HD;IIOHHbie cpyHKD;IIII C2( Q) B 

3aBIICIIMOCTII oT 4-IIMnynhca K~K- -Me30HOB. ,[!;JIB Bcex BII,!J;OB OP B 

o6JiaCTII MaJibIX 3HaqeHIIfi Q Ha6mo,n;aIOTC.H KOppeJI.HD;IIII, aHaJIOfll"<{Hbie 

KOppeJI.HD;II.HM ,!l;Jl.H TO)K,!1;0CTB0HHbIX 6o30HOB. CilJIOillHbie KpIIBbie 
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npe,n;CTaBJI.HIOT co6otl: annpOKCIIMaD;IIIO MO,!l;lI(plID;IIpOBaHHOtl: c yqeToM 

HaKJIOHa cpyHKD;IIetl:, onIICbIBarom;etl: B3am.m,n;etl:CTBIIe B KOH0"<{H0M 

COCTO.HHHII qepe3 o6p830BaHne pe30HaHca aij"(980). 06JiaCTb a2(1320)­
M030Ha, o6o3HaqeHHa.H ,,o"' 6bma IICKJII0"<{0Ha ll3 arrnpOKCIIMaD;IIII. 

B aa'X",.1/,W"le'Huu ,n;nccepTau;IIn nepeqIICJieHbI ocHOBHhie Pe3YJibTaThI II 

CJie,n;yrom;ne II3 HIIX cpl13II"<{0CKHe BblBO,!J;bl. 

C nOMOID;bIO MeTO,!J;IIKll KOppeJI.HD;IIOHHOtl: cpeMTOCKOilHH 6bIJIH 

HCCJie,n;oBaHbl napHbie KOppeIDID;HH Hetl:TpaJibHbIX KaOHOB, Hetl:TpaJibHOrO 

H 3ap.H)K0HHOro KaOHOB. IlpH (plI3ll"<{0CKOM aHaJIH3e ,!l;Jl.H Bcex 

qaCTHD; HCilOJib30BaJiaCb e,n;HHa.H MeTO,!l;IIKa. 9KcnepHM0HTaJibHbie 

,n;aHHbie nonyqeHbI Ha MarHHTHOM cneKTpOMeTpe 9KClIAPM 011.HH, 
9KCnOHIIpOBaHHOM B Hetl:TpOHHOM KaHaJie CepnyxoBCKOro ycKOpIIT0JI.H. 

BbIJIH Bb1Il0JIH0Hbl MeTO,!l;ll"<{0CKHe pa60TbI, HanpaBJieHHbie 

Ha MO,!J;eJIIIpOBaHHe po)K,!l;eHH.H H perncTpau;nn nap KaOHOB II 

nnoHoB MamnTHbIM cneKTpOMeTpOM 9KClIAPM H onTHMI:13au;nro 

ycJIOBIIfi Bbl,!J;eJ10Hll.H l:ICCJie,n;yeMbIX peaKu;ntl:. OcHOBHbie pe3yJihTaTbl 

,n;1:1ccepTaD;l:IOHHOtl: pa60Tbl 3aKJiroqaIOTCR B CJie,n;y10m;eM. 

1. BnepBbie llCCJie,n;oBaHbl ,n;Byx"<{aCTl:l"<{Hbie KOppeJI.HD;Hl:I np1:1 MaJiblX 

OTHOCHTeJlbHbIX l:IMnyJibCax nap Hetl:TpMbHbIX KaOHOB, p0)K,!1;0HHblX 

BO B3al:IMO,D;etl:CTBl:I.HX Hetl:TpOHOB co cpe,n;Hetl: 9Hepr1:1etl: 51 fsB 

c yrnepo,n;Hotl: M1:1meHbIO. BnepBbie B paMKaX napaMeTp1:13au;1:1n 

foJib,n;xa6epa yqTeHO B3aHMO,n;etl:CTBIIe B KOHeqHOM COCTO.HHIIH 1:1 

ou;eHeH p83Mep o6nacTII reHepau;nn R = (0, 68 ± 0, 07 craT ± 
0, 07cnCT) cpM. Ilpn yqeTe BJll:I.HHH.H Cl:IJibHOfO B3aHMO,n;etl:CTBl:I.H 

ll3MepeHHbltl: p83Mep o6JiaCTll reHepaD;l:IH yMeHbilll:IJIC.H Ha 9 %. 9TO 
n03BOJI.HeT c,n;eJiaTb BbIBO,!J; 0 TOM, qTo ,!l;Jl.H n3yqeHI:1.H KOppeJI.HD;l:ltl: 

Hetl:TpaJibHblX KaOHOB Heo6:xo,n;HMO J"<ll:ITbIBaTb B3al:IMO,D;etl:cTBl:le B 

KOHeqHOM COCTO.HHIIH. 

2. P83MepbI o6nacrn reHepau;II1:1 B nC-B3aHMo,n;etl:cTBII.HX B 

paMKax_ napaMeTpH3aD;l:IH foJib,n;xa6epa C yqeTOM CHJibHOrO 

B3al:IMO,D;etl:CTBl:I.H B KOHeqHoM COCTO.HHHl:I OK83aJIIICb B npe,n;eJiax 

norpemHOCTetl: cpaBHIIMbl C Pe3YJibTaTaMl:I, IIOJiyqeHHblMH B e+ e­
aHHl:lfIIJI.HD;l:lll 1:1 pp/ pp B3a1:1Mo,n;etl:CTBH.Hx 1:1 OK83Ml:1Cb MeHbme, qeM 
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BO B3aIIMO,n;efiCTBIIII TIDKeJibIX IIOHOB. 

3. IToKa3aHo, qTo B paMKax o,n;Horo sKc11epI1MeHTa pa3Mep 

o6JiaCTII po)K)J;eHIIH B napaMeTpI13a~IIII foJib,n;xaoepa B npe,n;e.nax 

norpeIIlHOCTefi COBna,n;aeT MH nap HefiTpaJibHbIX II 3apH)KeHHbIX 

KaOHOB, HO MeHbIIle, qeM ,ll;RH 3apH)KeHHblX nIIOHOB II 60JibIIle, qeM 

MH A-rnnepoHOB. 

4. BnepBbie ,ll;RH CHCTeMbl HefiTpaJibHbIX KaOHOB B napaMeTpI13a~IIII 

Bepqa-ITpaITa o~eHeHbl npo,n;OJibHbifi II nonepeqHbie pa3Mepbl 

IICTOqHIIKa qaCTH~ B npo,n;OJibHOfi CIICTeMe ~eHTpa Mace: RL = 
(0, 91 ± 0, 16craT ± 0, 02cncr) <PM, Rrs = (0, 74 ± 0, 12craT ± 

0, 03cncT) <PM, Rro = (0, 62 ± 0, lOcraT ± 0, 03cncr) cpM. 
TaK)Ke B npo,n;OJibHOfi CIICTeMe ~eHTpa Mace B napaMeTpI13a~IIII 

5IHo-KyHIIHa-ITo,n;rope~KOro o~eHeHbl npO,ll;OJibHbiil II nonepeqHbifi 

pa3Mepbl II npeMH )Kll3HII IICTOqHIIKa qaCTII~. 

5. Hccne,n;oBaHhI Koppe.nH~IIH nap HeTo)K)J;eCTBeHHhIX KaOHOB K~K-, 
po)K)J;eHHblX BO B3aIIMO,n;efiCTBIIHX HefiTpOHOB co cpe,n;Hefi 3HeprI1efi 

51 rsB c yrJiepo,n;Hofi MIIIIleHbIO. O6Hapy)KeHbl KOppe.nH~IIII, 

KOTOpbie, CBil,n;eTeJibCTBYeT O BJIIIHHIIII CIIJibHOro B3aIIMO,n;efiCTBIIH 

B KOHeqHOM COCTOHHIIII qepe3 o6pa30BaHile pe30HaHca aij"(980). 

6. B HefiTpOH-yrJiepo,n;HblX B3aIIMO,n;efiCTBIIHX Il3MepeHO IIJIKRI03IIBHOe 

ceqeHile po)K)J;eHIIH ,n;nyx HefiTpaJibHblX KaOHOB B noJIHOfi 

KI1HeMaTI1qecKOfi o6JiaCTII ( -1 $ x F $ 1): 

Unc(K°K0X) = (4,28±0,08craT±0,68cnCT) M_6H/
12
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