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C .n.nccepTau;neii MO)KHO 03HaKOMUTbC5I B 6n6JiliOTeKe 06'be.n.nueuuoro uucTn

TyTa H,ll,epHbiX HCCJie,ll,OBaHUH. 

AsTopecpepaT pa30CJiau <<--->> 2011 r. 

0T3biBbi H 3aMe'!aHU5I ITO aBTOpecpepaTy B ,ll,BYX 3K3eMITJI5Ipax, 3aBepeHHbie 

ITe'IaThiO, ITpocb6a BbiChiJiaTb ITO BhiiiieyKa3auuoMy a,n,pecy ua HMH yqeuoro 

. ceKpeTapH .n.nccepTau;nouuoro COBeTa. 

Y qeuhrii ceKpeTapb 

.n.nccepTau;nouuoro coBeTa 

,ll,OKTOp (i>n3.-MaT. uayK, ITpo(i>eccop 4 IO.A. BaTycoB 

06m;aSI xapaKTepHCTHKa · pa60Tbl 

AKTYaJihHOCTh pa6oThi O.n.noii H3 aKTYaJihHhiX TeM ,ll,JIH nccJie.n.osamrH 

BOT y)Ke HeCKOJibKO ,L~;eC5ITIIJieTIIii 5IBJI5IeTC5I CTpaHHOCTb B HYKJIOHe ( ITpOTOHe IIJIII 

ueiiTpone). OrcyTcTBIIe "BaneuTHbiX" ITO rpyiTITe SU(3)F cTpaHHhiX KBapKoB B. 

HYKJIOHaX He 3aiTperu;aeT HaJIII'!IIe "MOpCKIIX" CTpaHHbiX KBapKOB, KOTOpbie 6biJIU 

o6uapy)KeHbi y)Ke B ITepBbiX 3KCITepiiMenTax ITO rJiy6oKo-ueyiTpyroMy pacce5I~IIIO 

(rHP) JiellTOHOB ua HYKJIOHax [1]. TaKIIe rHP ITpou;ecChi, xapaKTepii3yeMbie 6oJib-
• • < < ' 

IIIOii ITepe.n.aqefi 4-IIMITYJibca Q, IT03BOJIHIOT IICCJie.n.onaTb BnyTpeumoro crpyKTYPY 

uyKJioua. B uacToHru;ee BpeMH uaKOITJieH ,ll;OBOJihHO 6oJibiiiOii 3KCITepiiMeHTaJihHhiii 
; . ·. -

MaTepliaJI ll pa3BliTbl TeopeTII'!eCKIIe MeTO,ll;bi II3BJie'!eHIIH ITapTOHHbiX ( KBapKD-

BbiX II rJIIOOHHhix) paciTpe.n.eJieuuii B uyKJioue H3 auanii3a 3KCITepiiMeHTaJihHbiX 

.n.anHhiX [2]. B TO npeMa KaK paciTpe.n.eJieHIIH aanenTHhiX u MOpCKIIX u-. u d-~nap-

KOB B HYKJIOHaX II3MepeHbl ,lJ;OCTaTO'IHO XOpOIIIO, paCITpe,L~;eJieHIIH CTpaHIIbiX ~~ap

KOB S li aHTHKBapKOB S U3BeCTHbl C 60JibiiiOii HeOITpe,L~;eJieHHOCTbiO, ,lJ;OCTIIraiOIU,eii 

100% [3]. ilpH'IIIHa TaKOit HeOITpe,L~;eJieHHOCTII 3aKJIIO'faeTCH, B OCHOBHOM, B TOM, 
. . ' ' 

'ITO ITapTOHHble paCITpe,L~;eJieHIIH S- II·S-KBapKOB U3BJieKaiOTCH TOJ!bK? U,3pe3yJibTa-

TOB II3MepeHIIll 3KCITepiiMeHTOB C iJyqKaMII HeiiTpiiHO II aHTIIHeitTpiiHO. 9TII 3KC-

ITepnMeHTbi, ua aHaJIII3e KOTOpbiX OCHOBaHbi COBpeMeHHbie ,L~;aHHbie 0 KBapKOBblX 

paciTpe,L~;eJieHHHX, xapaKTepii3YIOTCH 60JiblliiiMII CTaTIICTII'IeCKIIMH II CIICTeMaTII

'!eCKIIMII OUIII6KaMII. 

9KcrrepnMeHTaJihHhiii MeTO,ll; II3MepeuiiH IIMITYJihCHbiX paciTpe.n.eJiennii (an

TII)cTpanuhrx KBapKOB II pO)K,ll;eHIIH O'!apoBaHHb!X KBapKOB B vN-B3aiiMO,ll;~llCTBIIHX 

3aKJIIO'!aeTC5I B II3MepeHIIli Ce'!eHHH pO)K,ll;eHUH ,lJ;IIMIOOHHbiX C06hiTHii - C06biTHii 

C ,ll;BYMH IIpOTUBOIIOJIO)KHO 3apH:>KeHHbiMII MIOOHaMII, ,L~;eTeKTIIp:yeMhiX B ITpou;ecce 

B3anMo.n.eiicTBHH Mroonnoro neiiTpnuo Ha uyKJionax c po:>K.n.enneM oqapoBanuoro 

a.n.poua vi'N --+ J.L-hcX II B ITOCJie.n.yroru;eM ITOJIYHHKJII03HBHOM p_acrra.n.e oqaposau

uoro a.n.pona he --+ J.L+y c ycpe.n.nenuoii BepOHTHOCThiO BJ.L ~ 8% [3] . 

fio CBOeMy IIOCTpOeHHIO KBapKOBaH MO,ll;eJib [2, 4, 5] OIIIICbiBaeT CTaTII'IeCKIIe 
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CBOHCTBa a)J,pOHOB, He HMe.H BHJTpeunero )J,HHaMlf'ICCKOrO MeXaHH3Ma )J,Jl.H rrpe)J,

CKa3aiiH.H KOppeJI.H~Hfi MC)K)J,y pa3Jilf'IHhiMH CTerreH.HMH CB060)J,bl. cho IIO)J,TBep

)K)J,aeTC.H B p.H)J,e 3KcrrepnMeHTa.JibHhiX ¢aKTOB (crrHHOBhifi KpH3HC, cHrMa-qnen), 

ue HaXO)J,.H~HX eCTeCTBeHHOrO 06'b.HCHeHH.H B paMKax KBapKOBOll MO)J,eJIH [2, 6]. C 

)J,pyrofi CTOpOHhi, CJ~CCTBJeT p.H)J, MO)J,eJiefi, IIpOHCXO)J,.H~HX 113 KBaHTOBOll XpOMQ

)J,HIIaMHKH (KX,lJ;), o6Jia)J,aiO~HX COOTBeTCTBJIO~efi )J,HIIaMHKOfi, KOTOpb!e MOrJIH 

6hi YJIJ'IIliHTh KBapKOBJIO MO)J,eJih )J,06aBJICHHeM B nee Ue06XO)J,HMhiX KOppeJI.H

~Hll. 0)J,HOH 113 TaKHX MO)J,eJiefi .HBJI.HeTC.H MO)J,eJib KHpailbHhiX COJIHTOHOB, KOTQ

pa.H necbMa ycrreumo OIIHChiBaeT 3KcrrepHMeHTa.JihHhie )J,aHHhie B rrpe)J,eJie · cna6o 

napylllennofi SU(3)L x SU(3)R CHMMeTpHH KHpanbnoro narpaH)KHana KX,ll; [7]. 

KpoMe Toro, B paMKax 3Tofi MO)J,CJIH rrpe)J,cKa3biBaeTc.H ne TOJihKO cy~ecTBOBaime 
. • + 

OKTeTa II )J,eKyiiJieTa 6apHOUOB, JIO H aHTH)J,eKyiiJieTa 6apHOHOB C JP = ! C 3K-

30TH'IeCKHMII CBOHCTBaMH. 9TII a,JJ,pOIIbl )J,OJI)Kllbl COCTO.HTh 113 'IeTbipex KBapKOB 

11 o)J,noro aHTHKBapKa B "na.rrcnTHOM" cocTO.HHHH. CaMhifi nerKHfi H3 HHX, rrenTa

KBapK e+, HMCCT COCTaB uudds, T.e. 3TO 6apHOH C IIOJIO)KlfTCJlbHOll CTpaHHOCTb!O 

H oqeHh Ma.rrofi IliHpHHofi pacna)~a rrop.H)J,Ka 15 MaB/c2• B TO npeM.H KaK B Mo

)J,eJIII KllpaJibllhiX COJIHTOIIOB JIIOM.HHJTa.H Ma.JIOCTh IliHpiiHbl pacrra)J,a e+ )J,OBOJlh

HO eCTeCTBCHIIO 06'b.HCH.HCTC.H )J,IIUaMHKOll If Ma.JihiM yrJIOM CMelliHBaHII.H OKTeTa 

If aUTII)J,eKyiiJICTa 6apHOIIOB, KBapKOBa.H MO)J,CJlb Bh!HJ)K)J,eHa )J,eJiaTh ~eJiblll p.H)J, 

rrpe)J,IIOJIO)KeUIIll )J,Jl.H 06'b.HCHCHII.H TaKOll Ma.JIOCTH. 9KCIICpHMeHTa.JibHa.H "MCTKa" 

pacrra)J,a IICIITaKnapKa e+ - COXpaH.HIO~eeC.H 6apHOHHOe 'IIICJIO II OTKpb!Ta.H IIOJIQ

)KHTCJlhHa.H CTpaHHOCTb - orrpe)J,eJI.HeT MO)J,hl pacrra)J,a e+ Ha nefiTpOH If K+-MC30H 

HJIH na rrpOTOII If K
0

-MC3011. He60Jibiiia.H rrpe)J,CKa3bJBaeMa.H IllllpiiHa pacrra)J,a e+ 

II03BOJI.HCT II3J'IeHIIe ero pO)K)J,CHH.H Ha 60JihlliCCTBC COBpeMCHHh!X 3KCIIepHMeU

Ta.JibllblX ycTanonKax )J,JI.H pa3JIII'IHOro Knacca peaK~Hfi [8]. 

AHa.JII13 )J,aUHhiX 3Kcrrepi1Menm NOMAD (Neutrino Oscillation MAgnetic 

Detector, WA-96) [9-11], rrpoBO)J,IIMOM Ha ycKopHTene SPS B CERN c 1995 no 

1998 rO)J,hi, no II3MepeniiiO pO)K)J,eHnR oqaponaHJIOro KBapKa rrocpe)J,CTBOM co6hi-
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Tlfll )J,HMIOOHHOrO THIIa 113 pacce.HHH.H nefiTpHIIO Ha IIJKJIOHe If O~eHKe cy~eCTBQ

BaHH.H rreHTaKBapKOBOro COCTO.HHH.H e+ ( uudds) MO)KeT 3Ha'IHTeJihHO YJIJ'IIllllTh 

3HaHH.H 0 CTpaHHOM MOpe HJKJIOHa H Jie)Ka~efi B OCHOBe )J,HHaMHKH B3aHMO)J,efi

CTBH.H KB.apKOB B cy~e~TBeHHO llerrepTyp6aTHB~Ofi 06JiaCTH. 
. . 

IJ;eJih ,ll;HCCepTaiJ,HOHHOM pa60Thl IJ;enb!O pa6oTbl .HBJI.HeTC.H H3J'IeHHe 

CTpaHHOrO KBapKa B HJKJIOHe B nefiTpHHHh!X B3aHMO)J,CllCTBH.HX B 3KCIIepHMeHTe 

NOMAD. ,ll;n.H )J,OCTH)KeHH.H 3TOfi ~eJIH 6biJIH rrocTanneHhi CJie)J,JIO~He 3a)J,a'IH: 

1) O~enKa cy~eCTBOBaHH.H rreHTaKBapKa e+ B pacrra)J,e na rrpoTOH H K~-Me30H, 

II3MepenHe UHTCrpa.JibiiOll II )J,HcPcPepeH~IIa.JibHOll BepO.HTHOCTH pO)K)J,eHH.H 

IICCJIC)J,yCMOI'O COCTO.HHII.H KaK cPYHK~lllf )J,OJIH ero IIpO)J,OJlhHOrO HMIIJJibCa B 

CliCTeMe I~eHTpa MaCC Ha.JICTa!OI~ero HefiTpHHO If MIIIlleHH XF. 

2) JbMepeHHe )J,IIcP.cPCpCH~IIa.JihHbiX OTHOIIIeHIIll CC'ICHIIH oqapOBaHHOro KBap

Ka ITO )J,HMIOOHHOH CIIrHaType K. IIHKJ1103IIBHOMY CC'ICHHIO B3aHMO)J,efiCTBII.H 

nefiTpiiHO C )KCJIC30M B rrepe)J,HCM Ka.JIOpiiMeTpe ITO KaHaJIY 3ap.H)KeHHOrO 

TOKa. 

Hay'IHmi HOBH3Ha 

- B pa6oTe nrrepBbie II3Mepen nepxnHfi rrpe)J,eJI na 90% yponnc )J,OCTOBepno

CTII Ha pO)K)J,CHIIC IICH.TaKBapKa e+ KaK ¢YHK~IIII XF Ha 0)1,110 IICHTpiiHHOC 

co6hiTHe B o6nacTII Mace 1530 MaB/c2• Ih rronyqennoro pacrrpe)J,eJieHII.H 

JCTaHOBJICHbl IIpC)J,eJihl Ha pO)K)J,eHH.H e+ B 06JiaCTII <iJparMeiiTa~IIlf KBapKa 

II B o6JiaCTII ¢parMCHTa~IIII MIIIliCHII, paBHhJe rv 2,5 • lQ-3 II rv ~,0 • lQ-3 

cooTBeTCTBeHno. O~eHIIBaeMhifi IIHTerpa.rrhHhifi nepxHIIfi rrpe)J,eJI Ha O)J,IIO 

HefiTpiiHHOC C06biTIIe COCTaBJIReT 2,13 • 10-3• 

- ·li)J,eHTIIcPH~IIpOBaHa peKOp)J,Ha.H CTaTIICTIIKa C06biTIIll )J,IIMIOOHHOI'O TIIIIa C 

JIJ'IlliiiM Ha TCKJ~IIll MOMeHT rroporOM 'IJBCTBIITeJibHOCTII K pO)K)J,eHHIO O'Ia

poBaHHOrO KBapKa Ha peKOHCTpyi1ponannyiO anepriiiO HefiTpnno •. B rrepe)J,-
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HeM KaJiopiiMeTpe ,n:eTeKTopa NOMAD noCJie Bhi'IeTa ¢oHa 3aperiicTpiipo

aaHo 15 340 TaKIIX C06biTIIfi B lfHTCpBaJIC ::mepriifi HCfiTpiiHO OT 6 )J;O 300 f3B: 

- BnepBhiC IIOJIY'ICHhi ,ll;II¢¢epCHIJ;II3JihHhiC pacnpe,n:eJICHIIH OTHOIIICHIIfi Ce-

'ICHllfi O'IapoBaHHOrO KBapKa IIO )J;IIMIOOHHOfi CllrHaType K IIHKJII03IIBHQ-

MY ceqeniiiO B3aiiMo,n:efiCTBIIH nefiTpiino c )KCJIC30M no KanaJiy 3apH*en

noro TOKa R 1111 = cr1111 /CTcc IIpll 3HepriiHX ny'!Ka B IIIllpOKOM IIHTCpBaJie 

Ev E [6;300] f3B )J;JIH x E [0;0,75] II Q2 > 1 f3B
2 jc2

. CTOIIT OTMeTIITh, 'ITO 

B ,n:aHHhifi MOMenT HII o,n:IIn nefiTpiiHHhifi 3KcnepiiMCHT ne 'IYBCTBIITe.TieH K 

o6JiaCTII [0,3;0,75j,n:JIH nepeMeHHOfi X-BbepKena npii II3MCpCHIIII pO)K)J;CHIIH 

)J;IIMIOOHHhiX C06hiTIIfi. 

IIpaKTu:qecKa.SI 3naqu:MOCTh 

- Pa3pa6oTannaH npou,e,n:ypa npe,n;cKa3aHIIH ¢oHa Ha ocnoae MeTo,n;a "cMeiiiii

naniiH" nap npo,n:yKTOB pacna.n;a pe3onanca II3 pa3HhiX co6hiTIIfi B 3Kcnepii

MeHTaJihllhiX ,D;aHHb!X MO)KCT 6hiTh IICnOJih30Bana npii lf3Y'ICHIIII pe30I!ai!C

Hh!X COCTOHHIIfi B ,n;pyriiX 3KCnepiiMCHTax, IICCJIC)J;YIOlll,IIX fHP B3aHMO,D;efi

CTBIIH JienTOHOB c HYKJIOHaMII, nanpiiMep, COMPASS [12]. 

- l13MepeHI!b!C ,ll;II¢¢epeHU,II3JihHh!C OTHOIIICHIIH CC'ICHIIfi R 1111 = CT /1/11 CT cc n03-

BOJIH.IOT yTo'IniiTh KBapK-napTonnyro ¢ynKU,HIO P!lcnpe,n:eJieniiH no nMnyJih

caM CTpaHHOrO KBapKa C TO'IHOCTblO Bh!IIIC, 'ICM B )J;Ba pa3a [3]. 

- B .n;na pa3a yToqneH napaMeTp ¢parMeHTau,nn oqapouaHnoro KnapKa B na

paMCTpii3au,uu KoJIJIIIH3-CnnJIJiepa {Collins-Spiller) [13], KOTOphrfi cocTaa

JIHeT COBMCCTHO )J;JIH 3KcnepHMCHTOB E531 [14] II NOMAD: E = 0,165 ± 

0,025. TioJiy'ICHHh!C pe3yJihTaThl ,n:aiOT 60JICC TO'IHYIO IIH¢opMaiJ;IIIO 0 pO)K

,Ll;CHIIII O'IapOBaHHhiX 'IaCTllll, B HCfiTplll!Hb!X B3aiiMO)J;CHCTBHHX, HaiipHMep, 

)J;JIH O!J;CHKH ¢ona IIpii H3Y'ICHHII v11 ~ Vr OC!J;HJIJIHU,Hfi B 3KCnepiiMCHTC 

OPERA [15]. 

4 

- I13MepeHHOC OTHOIIICHIIC BCp051THOCTCfi pmK)J;CHIUI . nOJIO)KIITCJihHh!X II OT

piil.J;aTe.TihHb!X Me30HOB (Nrr+ + NK+ )/(Nrr- + NK-) BO B3aiiMO,n:eficTBIIHX 

HCfiTpiiHO C yrJiepO)J;OM KaK ¢YHKll,IIH IIMIIYJihCOB Me30HOB npe)J;OCTaBJIHCT 

HOBYIO IIH¢opMaiJ;IIIO )J;JIH HaCTpOfiKII MO)J;CJIII pO)K)J;CHIIH YIIOMHHYThiX a,n:-

pOHOB. 

Ha 3am;u:Ty BbiHOC.SITC.SI CJIC,IzyiOUJ;U:C OCHOBHbiC pe3yJibTaThl H IIOJIO-

)KCHU:.SI: 

Pa3pa6oTKa "CJienoro" MeTo,zia ,n:~H IICCJie,n:oaaniiH cneKTpa IInaapiiaHTHOfi 

MaCChi npii pe30HaHCHOM aHaJIII3e HOBhiX COCTOHHIIfi B nefiTpiiHHhiX B3aiiMQ-

)J;CHCTBIIHX. 

- Tipe)J;JIO)KCHIIC II Plt3JIII3all,IIH npou,e,n:yphl Oll,CHKII KOM6IIHaTopnoro ¢ona, 

ocnoaamraH na MeTo,n:e "cMeiiiiiBaHIIH" nap npo,n:yKTOB pacna,ri,a pe3onaH

ca II3 pa3Hh!X co6hiTIIfi B 3KCnepiiMCHT3JihllhlX )J;aHHhiX, )J;JIH fHP B3aiiMD

,n:efiCTBlffi JienTonon c nyKJionaMII. TioKa3ano, 'ITO yqeT 3Hepriiii a,TJ;ponnofi 

' 
CTpyii, yrJIOBhiX II IIMnyJihCHhiX pacnpe,n:e.TieHIIfi npe.n;noJiaraeMhiX npo,n:yK-

TOB pacna,n;a OT C06hiTHH K C06b!TIIIO n03BOJIHCT XOpOIIIO npe,n:CKa3hiBaTh 

,n:aHHhlfi IICTO'IHIIK ¢oHa. 

- TiocTpoeniie aJiropiiTMa II)J;CHTII¢IIKaU,IIII npoTOHOB ,D;JIH naii6o.rihrnefi qyn

CTBIITe.TihHOCTII K CIIrHaJIY OT neHTaKBapKa e+ ,Ll;JIH pa3JIII'IHb!X 3Ha'ICHIIfi Xp 

II COS()*, r,n;e ()* - yroJI MC)K)J;Y npOTOHOM B CIICTCMe nOKOH e+ II IIMnyJihCOM 

e+ B Jia6opaTOpHOfi Cl!CTCMC OTC'!CTa~ 

- Pe3yJihTaT ucCJie,n;oaanu~ cneKTpa HHBapiianTnofi MaCChi pK~ )J;JIH OIJ;CHKH 

CYlll,CCTBOBaHIIH neHTaKBapKa e+ ,D;JIH BCCX 3Ha'ICHIIfi nepeMCHHOfi Xp B VJlN 

B3aiiMo,n:eficTBliHX 3KcnepnMenTa NOMAD. I13MepenRe nepxnero npe,n:e.Tia 

Ha 90% ypOBHC )J;OCTOBCpHOCTII Ha pO)K,Ll;CllliC nenTaKBapKa e+, COCTaBJIHIO

lll,CrO 2,13 ·10-3 na o,n:no nefiTpunnoe co6hiTRe B o6JiaCTR Mace 1530 M3B / c
2 

IIOCJIC IIHTerpiipOBaHliH no BCCM 3Ha'ICHliHM Xp. 
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- 0T60p C06b!Tlfll )J.lfMIOOHHOro THIIa B rrepe)J.HCM KaJIOpHMeTpe )J.CTCKTOpa 

NOMAD c rroporoM 'IJBCTBHTeJJhHOCTH K pO:tK)J.eHHIO oqaponauuoro KBap

Ka ua peKOHCTpyHponauuyro :mepmro HefiTpHHO paBUblM 6 raB. Ou.euKa 

cl>oua OT pacrra.n;on 7r+, K+ Me30HOB rro JierrTouuofi MO)J.e pacrra.n;a ua v,.J.L+. 

IlocJie Bhi'IeTa cl>oua 3aperHcTpHponauo 15 340 co6biTHfi )J.HMIOouuoro THrra 

B IIUTCpBaJie 3Hepmfi OT 6 ).1.0 300 raB. 

- 113MepeHHC )J.HcPcPCPCHIJ,lfa..'JbHbiX OTHOlllCH11ll CC'ICHlfll )J.lfMIOOHHOro pO:tK)J.e-

H1151 C-KBapKa 11 lfHKJII03lfBHOrO B3a11MO)J.CllCTB1151 HCHTp11HO C HJKJIOHOM IIO 

KaHa.rry 3ap51:tKCHHOrO TOKa 'Rf.ll' = (J f.ll'j CJcc KaK cPJHKIJ,lfll peKOHCTpyHpo

BaHHOll 3HeprH11 HCfiTpHHO, rrepeHOCHMOrO lfMIIJJihCa B3aHMO)J.CllCTBJIOIIJ,C

ro rrapToHa (KnapKa) x-BhepKena H rroJiuofi anepnm n cHcTeMe u.enTpa 

Mace W-603oua If B3aHMO)J.eficTBYIOIIJ.ero rrapTOHa (KnapKa) rrpH aHepm

ax IIJ'IKa B lll11p0KOM miTepna.rre Ev E (6;300] raB )J.JI51 X E (0;0, 75] If 

Q2 )>'1 raB2jc2
. 

- YTO'IHCHHe 3Ha'IeH1151 rrapaMeTpa cl>parMeHTaiJ.I1H oqaponanHoro KnapKa B 

rrapaMeTp113aiJ,I1H KoJIJIHH3-CII11JIJiepa, rroJiyqennoro 113 conMecTnoro aHa

JI113a .n;aHHhiX 3Kcrrep11MCHTOB E531 11 NOMAD: t = 0,165 ± 0,025. 

- 113MepeHHC OTHOlllCHlf51 Bep051THOCTefi pO:tK)J.CHI151 IIOJIO:tKI1TCJlbHO 11 OTp11IJ,a

TCJibHO 3apa:tKeHHhiX Me30HOB (N1r+ + NK+ )/(N1r- + NK-) no B3aHMO)J.efi-. . 

CTB1151X HefiTpi1HO C yrJiepO)J.OM KaK cPYHKIJ,lflf 11MIIJJibCOB MC30HOB )J.Jl51 MQ

)J.eJJ11pyeMb!X C06b!TI1ll 11 HaKOIIJICHHbiX 3KCIICpHMCHTaJlbHb!X )J.al!Hb!X. 

Anpo6au,MR pa6oTbi OcHOBHhie pe3yJihTaTbi )J.HCcepTaiJ.llli )J.OKJia)J.hiBaJIHCh 

If 06CJ:tK)J.aJII1Cb Ha CJIC)J.yiOIIJ,HX Hay'IHbiX pOCCI1llCK11X 11 MC:tK)J.yHapO)J.HbiX KOH

cPCpCHIJ.lf51X: VIII, IX, XIV uayqnhie Koncl>epeHIJ.I1H MOJIO)J.hiX yqeHhiX If crreu.Ha

JIHCTOB 011.5!11 (,[Ly6Ha, 2004, 2005, 2010), XXXIII MC:tK)J.JHapo.n;uaa Koncl>epeu

U.IIa rro cPII3HKe BhiCOKHX anepriifi (MocKna, 2006), XXVIII II XXX MC:tK)J.JHapo)J.

Hhle pa6oqlfe COBCIIJ,aHH51 IIO HefiTplliiHOll cPH3lfKC Ha JCKOp11TeJJ51X (,[Ly6ua, 2006, 
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2008), XII MC:tK)J.yHapo.n;ua51 Koncl>epeHIJ,H51 rro crreKTpocKOIIHII a.n;ponon,(<PpacKa

TH, 11TaJilf51, 2007), pa6oqee COBeiiJ,aUHC IIO IIOJI51pH3aiJ,Hlf CTpaHHOrO KBapKa B 

rJiy6oKo-HeyrrpyroM pacce51HHH JieiiTOHOB c HYKJIOHaMn (TpeuTo, 11;a:iJ~51, 2008), 

XIV MC:tK)J.yHapo.n;ua51 JloMouoconcKa51 Koucl>epeuu.na rro cPII3HKe qaCTHU. (MocKna, 

2009), XVIII MC:tK)J.yHapo.n;uoe pa6oqee coneiiJ,anHe rro cPII3HKe rJiy6oKo-ueyrrpyro

ro pacce51HH51 (<PJiopeHIJ,H51, 11Ta.rrn5!, 2010), a TaK:tKe ua pa6oqnx coneiiJ,aHH51X If 

uayqnhiX ceMHnapax JI.5III H JI<PB9 011.5!11, 11<PB9, 11H<PH, 11rY, Koima6opa

IJ.11H NOMAD, Ha poccHfiCKHX 11 Me:tK)J.ynapo.n;HhiX lllKOJiax: IV, V, VIII, X JieTHHe 

BafiKaJibCKlfe lllKOJihi011.5I11-11rY no cPH311KC 3JICMCHTapHblX qacTHIJ.lf aCTPOcPI~-. 
3IIKe (B.KoThi, 2004, 2005, 2008, 2010), EnporreficKaa lllKOJia rro ·cPH3HKe BhiCOK11X 

anepmfi Il,EPH-011.5!11 (TpecT, ~ex1151, 2007), II MC:tK)J.yHapo.n;naa lllKOJia rro cPI1-

3HKe nefiTpHHO (HoKoraMa 11 ToKafi, .5IrroHI151, 2010), IV MC:tK)J.yHapo~Ha51 m~oJia 

rro cPH311Ke nefiTpHHO HM. B.M. IIonTeKopno(AJiyrma, YKpaHna, 2010). 

IIy6JIHKaU,MH. MaTepHa.rrbi ).1.11CcepTaiJ,HH orry6JIHKOBaHbi n.12 rreqaTHhiX pa-

6oTax, H3 n11x 3 cTaTblf B peu.en311pyeMhiX :tKypua.rrax [A1, A2, A3], 6 CTaTefi n 

c6opn11Kax Tpy.n;on KOHci>epenu.«fi [A4, A5, A6, A7, A8, A9] H 3 TC311Ca )J.OKJia

.n;on [A10, All, A12]. 

JinqHbiii BKJia,n; aBTopa AnTop yqacTnona.rr no ncex pa6omx, pe3JJihTaThi 

KOTOpb!X BOlllJII1 B )J.11CCCpTaiJ,11IO: H3y'Ielllflf If HaCTpOfiKe MO)J.CJI11pOBaH1151 lfCCJIC

)J.yCMbiX rrpOIJ.CCCOB, o6pa60TKC 3KCIICpHMCHTaJlbllb!X )J.aHHb!X 11 11HTeprrpeTaiJ,Hlf 

pe3JJibTaTOB, lfX llpC)J.CTaBJICIIlfl1 11 orry6JI11KOBaH1111. 

CTpyKTypa II 06'beM ,D;MCCepTa:IJ,HM· ,[LI1CCepTaiJ,I151 COCT011T 113 BBC)J.CHH51, 

'ICTb!pCX rJiaB, 3aKJIIO'ICHlf51, CII11CKa Jli1TCpaTypbl 11 BKJIIO'IaCT CIIHCOK ~OKpaiiJ,e

Hlfll 11 0603Ha'ICH11ll If IIpHJIO:tKCHI1C. 
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Co,n;ep)KaHJie pa6oTbi 

Bo BBeAeHHH o6ocnoBana aKTYaJihHOCTh ~HccepTaiJ.IIOHHOfi pa6oThi, c<Pop

MYJIIIpoBana IJ.Mh II apryMCHTil.pOBaHa nayquaH HOBII3Ha Il.CCJIC~OBaHHH, 110Ka3aHa 

llpaKTIIqecKaH 3uaqiiMOCTh IIOJiyqeHHhiX pe3yJihTaTOB, 11pC~CTaBJICHhl BhiHOCIIMhiC 

na 3a!IJ.IITY nayqnhie IIOJIO:>KCHil.H. 

B nepBoii rJiaBe 11piiBO~HTCH o63op JIIITepaTypnhiX HCToquiJ.KOB 110 TeMe 

~uccepTaiJ.IIII. Konc11eKTIIBHO H3JiaraeTCH SU(3)F KBapKOBaH Mo~enh II ciJ.cTeMa

TII3aiJ.Il.H a~OIIOB Ha ee OCHOBC. I1piiBO~HTCH CBC~CHIIH 0 MYJihTIIIIJieTaX a~pOHOB. 

PaccMaTpll.BaiOTCH KBapKOBaH CTPYKTypa llpOTOHa Il. COBpeMCHHhJe MCTO~hl ee Teo

peTIJ.qecKoro Il. 3KC11CpiiMCHTaJlhHOrO IICCJIC~OBaHIIH. I1piiBO~Il.TCH 0630p 3KC11Cpii

MCHTaJlhHhiX ~aiiHhiX 110 II3MepeHIIIO ceqeunfi ~Il.MIOOHHOrO PQ:>K~CHIIH B HCHTpiiH

HhiX B3aiiMO~CHCTBIIHX. I1o~p06HO 06Cy:lK~aiOTCH cero~HHIIIHIIC HCOIIpe~eJICHHO

CTII B 3HaHil.II CTpaHHOrO MOpH HYKJIOHa. ,lJ;aeTCH 0636p TCOpeTnqeCKil.X Il. 3KC11Cpii

MCIITaJlhHhiX IICCJIC~OBaHIIfi 110 OIJ.CHKC CYIIJ.CCTBOBaHIIH II BepOHTHOCTII pO:lK~CHIIH 

3K30TIIqCCKil.X IICHTaKBapKOBhiX COCTOHHIIfi. 

Bo BTopoii: rJiaBe ~aeTCH OIIIJ.canHe 11yqKa nefiTpiino II Bcex Ba5imefiiiiiiX 

KOMIIOHeHTOB ycmnoBKII NOMAD ua ycKopiiTene SPS B IJ,EPH. 011pe~enHeTCH 

Cll.CTCMa KOOp~HHaT ~CTCKTOpa, KpaTKO OIIIICh!BaiOTCH CHCTCMa BCTO, 11epe~HIIfi Ka

JIOpll.MCTp, ~pefi<i>OBhiC KaMCphi, Tpll.rrepHhiC IIJIOCKOCTH, ~CTCKTOp llepeXO~HOrD 

ll3JiyqeHIIH, ~CTCKTOp Jlll.BHefi, 3JICKTpOMarHliTHhlll KaJIOpll.MeTp, a~pOHIIhiH KaJio

piiMCTp n MIOOHHhie KaMephi. Ha pHc. 1 11pe~cTaBnena cxeMa ~eTeKTopa NOMAD. 

B rnaBe 011pe~eJIHIOTCH Tpnrrephi (na6ophi cHrna.rron 3JICKTponHKII), liCIIOJih-

3YCMhie Ilpll na6ope ~aHHhiX. ,lJ;aeTCH 11pll.HIJ.Il.llll.aJlhHaH CXCMa peKOIICTPYKIJ.IIIl. CQ-

6h!TIIH, IJ.CIIOqKa nporpaMM MO~eJIIIpOBaHil.H 11yqKa HCHTpliHO Il. C06hiTIIfi B3aiiMQ

~efiCTBllH nefiTpHno B ycranonKe NOMAD. 
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PRe. 1. J(emer;mop NOMAD (eua c6or;y). 

B TpeTbeii rJiaBe II3JIO:lKen aHaJIII3 110 ou.eHKe cyiiJ.eCTBOBaHIIH IICHTaKnapKa 

e+ B paclla~e Ha llpOTOH II Kg-Me30H B Il.HKJII03IIBHhiX HCHTpliHllhiX B3aiiMO~efi

CTBllHX 3KC11epiiMCHTa NOMAD. ,[J,nH auaJIII3a liCIIOJib30BaJIIl.Ch ~aHHhie, naKOII

neHHhie B ~pefi<i>OBhiX. KaMepax 3a qeThipe ro~a pa60Thl ~eTCKTOpa. vbJIO:lKCH 

IIO~XO~ "CJICIIOrO" MCTO~a ~JIH OIJ.CHKII pO:lK~CHllH IICUTaKBapKa e+. C npe~CKa3hi

BaeMOH Maccofi B o6nacTII 1530 M3B j c2, KOTOphifi ocnoBaH na CIICTeMe 3apanee 

llpO~MaHHhiX 11p0IJ.C~p ll KpHTepneB KaqeCTBa, llpHMCHHCMhiX K 3KCIIepiiMCH

TaJlhHhiM ~aHHhiM O~IIH pa3,. qTQ 1103BOJIHeT Il.CKJIJOqiJ.Th npe~B3HTOCTh 3KC11Cpll.-

MCHTaTopa K IIOJiyqaeMOMY pe3YflhTaTy. 

06napy:lKCHIIC pe30HaHCHOH qaCTil.IJ.hi, paclla~aiOIIJ.CfiCH Ha HCCKOJihKO qaCTlliJ., 

011pe~eJIHeTC.H HaJIIJ.qiJ.eM Illl.K<j. B CIICKTpe Il.HBapll.aHTHOH MaCChi ee npO~KTOB pac

lla~a. 9TO CBH3aHO C TCM, qTO qnCJIO pO:lK~aiOIIJ.Il.XCH qaCTil.IJ. 11p0110piJ.liOHaJlhHO 

ceqeuiiiO npou.ecca, KOTopoe HMeeT IIHK n6JIII3II MaCChi pe3onanca [2, 16]. 

TIIniJ.qHhlll BII~ peKOHCTpyiiponannoro rHP co6hiTil.H vi'N -+ JCpKgx B 

~peii<l>OBh!X KaMepax C Il.HBapll.aHTHOH Maccofi llaphl pKg B o6JiaCTH npe~CKa3hi

BaeMOH MaCChi e+ IIOKa3aH na puc. 2. 
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Ev = 106,9 raB 

Ell = 73,1 raB 

Q2 = 19,8 raB2 fc2 

w2 = 44,5 rsB2 fc4 

pP = 492 MsB/c 

PKg = 764 MsB/c 

MpKg = 1535 MsBfc2 

Puc. 2. Co6'blmue tl3 :n:cnepti.MeHmaAtJH'biX daHH'biX c KaHdudamo.M. a neHmaKaapKoaoe cocmoJI-

Htle e+ {run 16 737, co6'blmtle 14 693}. B JleZeHde C.lleaa npuaedeHa tiH!JjOp.M.atjtiJI 0 co6'blmuu: 

peKoHcmpyu~oaaHH'ble :mepzuu Ha.llemawtllezo HeilmpuHo Ev u a'bl.llemawtllezo .M.WHa Ell, Kaaa

pam nepedaHHozo 4 -u.M.nyAtJca om HeilmpuHo 1e aaati.Modeilcmaywtlle.M.Y Kaap~CY Q2 u 1eaadpam 

uHaapuaHmiloil.M.acc'bl poduaweilCJI aiJpoHHoil cucme.M.'bl W 2, ti.MnyAtJC'bl npomoHa u K'};-.M.eaoHa, 

uHaapuaHmHaJI .M.acca nap'bl. pK'};. 

B rnaBe omiCbiBaiOTC.H npou.e,n,yphi oT6opa He11TpHHHbiX co6hrTH11 no KaHanaM 

3ap.H:a<eHHOro ·H HetiTpaJihHOro TOKOB, lf)J,CHTHcPHKaiJ.HH Kg-Me30HOB If npoTOHOB. 

IlOJIHa.H CTaTliCTliKa OT06paHHbiX C06hiTlill I10Ka3aHa B Ta6. 1. 

Ta6Jinn;a 1. KoJinqecrBo peKoHcTpynpoBaHHbiX vllN B3aHMO,ll,e.l!cTBil.l!, H,ll,eHTHcpnu;npoBaHHbiX 

Kg-Me30HOB n cpe,li,Hllll MHO:lKeCTBeHHOCTh npoTOHOB Ha O,li,HO aeliTpllHHOe co6b!Tile. 

Nvi'N NKg 
3ap.H)KeHHbill TOK 785 232 15 934 

Heii.TpaJibHhiii TOK 393 539 7 657 

IIonHa.H CTaT. 1178 771 23 591 
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Np/Nv,.N 

0,77 

0,72 

IlpoBO)J,liTC.H cpaBHCHHe peKOHCTpyMpOBaHHhiX KliHCMaTifqecKMX nepeMeHHhiX 

B MO)J,eJilipoBaHHH MoHTe Kapno If B HaKonneHHhiX sKcnepHMCHTaJihHhiX )J,aHHhiX. 

PaccMaTpliBaiOTC.H rno6anhHhie nepeMennhre HetiTpliHHhiX B3aHMO)J,eiiCTBlfii, nepe

MCHHbie, onHChiBaiOIIJ.11e pmK)J,CH11e 11 pacna)J, Kg-Me30HOB, H nepeMeHHhie, xapaK

TepH3JIOIIJ.11e nOBC)J,CH11C npOTOHOB B a)J,pOHHOii CTpye. 

.ll:CTanhHO onHChiBaeTc.H npou.erorpa ou.enKH ¢onoBoro pacnpe)J.enen11.H ila oc

HoBe MeTO)J,a "cMeiiiaHHhix" nap npo,n,yKTOB pacna)J,a pe3onanca 113 pa3HbiX co-

6biTHti B 3KCnCp11MCHTaJihHhiX )J,aHHhiX • .IJ:n.H OIJ.CHKH ¢oHOBOrO CnCKTpa HHBap11-

aHTHOii MaCChi pKg )J,Jl.H Ka)K)J,Oro npsnona 113 O)J,HOrO C06hiTH.H 6hiJl11 OT06paHhi 

necKOJihKO Kg-Me30HOB 113 )J.pymx co6hiT11ii B sKcnep11MCHTaJihHhiX )J,aJmhiX. Ilp11 

no)J,6ope TaK11X nap 6hiJIO J)J,CJICHO oco6oe BHHMaH11C CBOHCTBaM Op11r11HaJihHhiX 

co6biT11ti, TaK11X KaK MHO)KCCTBCHHOCTb po)K~CHH.H npoTOHOB 11 K~, 11x 11MnyJihChi, 

yrOJI MC)K,liJ' HHM11, a TaK)KC SHCprH.H 11 HanpaBJICHHC pacnpOCTpaHCH11.H a)J,pOHHOii 

CHCTCMhi B co6hiT11.HX. CneKTP 11HBapHaHTnoii MaCChi iionyqeHHhiX nap .HBJI.HJI

c.H ocnOBHhiM MCTO)J,OM ou.enKH ¢ona. Ilpou.e,n,ypa 6biJia npoBepena Ha pacna)J,ax 

A -t pn-, Kg -t n+ 1r- 11 Ko± ~ Kgn±. Bo Bcex cnyqa.Hx na6JIIO)J,aeTC.H xopo

IIIee cornacHe MC)K,liJ' sKcnepHMCHTMhHhiMH )J,aHHhiM11, MO)J,CJI11poBaHHCM MonTe 

Kapno H npe)J.CKa3hiBaCMhiM11 ¢oHOBbiM11 pacnpe)J,CJICH11.HMH. Ha6JIIO)J,aeTC.H TaK

)KC XOpOIIICC COrJiaC11C )J,Jl.H CIICKTpa 1111Bap11aHTHOH MaCChi pKg BO BC~ll 06JiaCT11 

paCCMaTpHBaCMhiX Mace, 11CKJIJOqa.H CHrHaJihHJIO 06JiaCTh e+. 
ArnopHTM oT6opa rrpoTonoB HCIIOJih3JCT Hn¢opMaiJ.HIO Tpex no)J,)J,CTCKTopoB 

np11 IIOCTpOCH1111 cPJHKIJ.Hll rrpaB)J,OnO)J,0611.H )J,JI.H OT)J,CJICHH.H IIpOTOHOB. OT )J,pJrHX 

rroJIO)K11TCJibHO 3ap.H)KCHHhiX qacTHIJ., perHCTpHpyeMhiX B )J,CTCKTOpe. Kp11Tep1111 

OT6opa IIpOTOHOB 6hiJI11 nO)J,06paHhi )J,Jl.H HaH60JihiiiCii qyBCTB11TeJihHOCT11 (MaKC11-

MaJihHOH 3Haq11MOCT11) K C11rHaJIY OT neHTaKBapKa e+ )J,Jl.H pa3JI11qllhiX 3HaqeJI11ll 

XF 11 cos()*. AnropHTM 6hiJI npoBepen na pacna)J,e A.-+ p1r- B6JIH3H rrepBHqnoii 

BCpiii1111hi VJ.IN B3a11MO)J,CHCTBHii KaK )J,Jl.H MO)J,CJIHpyCMbiX C06hiT11ii, TaK 11 )J,Jl.H Ha-

KOilJICHHbiX SKCIICpHMCHTaJihHhiX )J,aHIIbiX. 
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B crreKTpe liHBapuaHTHOil. MaCChi pK~ Mbi He Ha6~UO,D,aeM curHaJI OT e+ )J,JUI 

scex 3Haqenuil. rrepeMeHHOil. Xp B VpN B3aliMO,D,eil.CTBliRX B paccMaTpHBaeMOM 3KC

rrepnMeHTe. · B Ta6. 2 rrpe,D,CTaBJieHbi rroJiyqenHhie sepxHue rrpe,D,eJihi Ha quCJia co-

Ta6mm,a 2. PeayA'bmam annpo~ecu.Ma~uu cne~Cmpa ml6apuaHmHoii .Maccu pl(J; 6 npeanoAo:JICe

uuu HaJIU'IUJZ CUZHaJia om e+ 6 o6Jiacmu MaCe 1530. Jipu6eaeHU: aoem06CpHOem'b eU2HaJia 

SL Ha 'IUCJIO eumaA'bHUX eo6umuii 6 cne~empe Ns {fit) u oep:rnue npeaeAu Ha 90% ypooHe 

aoemooepHoemu Ha 'IUCJIO e+ ~eaHauaamoo N;p u Ha omHocumeJI'bHOe po:JICaeHue R"P Ha 103 

HeiimpuHHUX oaaUMoaeiiemouii. 

Xp liHTepBaJI [-1;-0,6) [-0,6;-0,3) [-0,3;0) (0;0,4) (0,4;1] [-1;1] 

Ns (fit) 12 29 -26 -34 24 -33 

SL 1,38 1,72 1,35 1,85 • 1,25 0,97 

N.up s .· 28 68 39 36 52 67 

RUP 2,80 2,60 0,84 0,79 1,00 2,13 

6bl'fllil. li Ha BepORTHOCTb po:>K,D,eHliR e+ Ha O)J,HO Heil.TpliHHOe B3aiiMO,D,eil.CTBIIe 

)J,JIR IIRTli liHTepBaJIOB IIO ITepeMeHHOil. Xp. lbMepeHHbiil. BepXHIIil. ITpe,D,eJI Ha 90% 

ypOBHe )J,OCTOBepHOCTII Ha pO)K)J,eHUe ITeHTaKBapKa e+, COCTaBJIReT 2,13 • 10-3 Ha 

O,li,HO neil.TpuHuoe co6hiTue B o6JiacTn Mace 1530 M3B/c2 ITOCJie unTerpuposaHUR 

ITO BCeM 3UaqeHURM Xp, Ha OCHOBaHUU KOTOpOrO HeJib3R C)J,eJiaTb JTBep)K)J,eHUe 

0 pO)K,D,enuu ITeHTaKBapKa e+. ITpoBe,D,eHHbiil. HaMil aH8JIU3 He ITO)J,TBep)K,D,aeT 

ITOJiyqeHHbiil. paHee ¢aKT 06Hapy)KeHUR ITeHTaKBapKa e+ II3 aH8JIU3a ,D,aHl!biX 

ITJ3biphKOBhiX KaMep BEBC (WA21, WA25, WA59) B IJ;EPH u 6oJihiiiux 15-Tu 

,D,IOil.MOBhiX ITJ3bipbKOBhiX KaMep (E180, E632) B Jia6opaTopuu <I>epMu (17]. Ha 

puc. 3 IIOKa3aUbi qyBCTBUTeJibHOCTh, BepXHIIil. ITpe,D,eJI pO)K)J,eHUR e+ U paCITpe,D,e

JieHUe OT ITOTeHIJ,UaJibHOro e+ CllrHaJia KaK ¢JHKIJ,liU Xp. 

ProyJihTaThi Tpei'heil. rJiaBbi oiTy6JIUKOBaHhi B pa6oTax [Al, A2, A4, A5, A6, 

A7, AID]. 
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Puc. 3. CAeoa no~eaaaHu 'lyoemoumeA'bHocm'b u 6epxHuil npeaeA po:JICaeHwl Ha 90% ypooHe 

aoemooep1wcmu {CL) e+ ~CalC rPYH!e~UU XF aJIJl pa3JIU'IHUX 3Ha'ICHUii .Mace e+: 1510, 1530, 

1550 M:JB/c?. Cnpaoa npeacmaoJieHo pacnpeaeAeHue no nepe.MeHHoii XF om nomeH~UaA'bHozo 
• < ~ ' • 

e+ CU2HaJia. 

B qeTnepToii rJiane H3JIO)KeH aH8JIU3 pO)K,D,eHUR oqaposaHnoro KBapKa ITO 

,D,liMIOOHHOil. curHaType B neil.TpUHHhiX B3aUMO,D,eil.cTBURX 3KCITepuMeHTa NOMAD. 

.lJ:JIR aH8JIU3a liCITOJib30B8JIUCb )J,aHHbie, JiaKOITJieHHbie B ITepe,D,HeM KaiJ:OpUMeTpe 

3a qeTbipe ro,D,a pa6oThi ,D,eTeKTOP.a. TuiTnqHhiii BU,ll, peKOHCTpyupoBaHHoro co6bi

TUR vpN -+ J.L- J.L+ X B ,D,eTeKTope.NOMAD c rrepBuqHoil. BepnmHoil. B3auMO,D,eil.

cTBUR B ITepe,D,HeM KaJIOpUMeTpe IIOKa3aH Ha puc. 4. 

B rJiaBe orruchmaiOTCR rrpou,e,D,ypbi oT6opa ueil.TpUHHhiX co6hiTuil. no KaHaJIY 

3apR)KeHHOrO TOKa, U)J,eHTH¢uKaU,UR IIOJIO)KUTeJibHO U OTpUIJ,aTeJibHO 3apR)KeH

HbiX MIOOHOB. OrruchmaeTcR cucTeMa TpurrepoB ITepe,D,nero KaJiopuMeTpa, 3¢¢eKT 

HaCbiiiJ,eHUR curHaJia perncTpau,~u 3JieKTpOHUKU u ee KaJIU6poBKa. ITpoBO)J,UTCR 

cpaBHeHUe peKOHCTpyupOBaHHbiX KUHeMaTnqeCKUX ITepeMeHl!biX B MO)J,eJIHpOBal!

HbiX co6biTHRX u B HaKOITJieHHhiX 3KcrrepnMeHT8JihHhiX ,D,aHHhiX. PaccMaTpnBaiOT

CR rJI068JibHbie ITepeMeHHbie Heil.TpUHHhiX B3aiiMO,D,eil.CTBUil. U rrepeMeHHbie, OIIU

CbiBaiOIIJ,lie pO)K)J,eHUe )J,UMIOOHllbiX C06biTUil. B a,D,pOHHOil. CTpye . .lJ:JIR BCeX rrepe

MeHHbiX na6JIIO,D,aeTCR xopowee corJiacue Me)K,D,y ,D,aHHhiMH u rrpnMeHReMhiM Mo

,D,eJinposaHueM. 
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Ev = 81,4 f3B 

E~'- = 32,6 f3B 

El'+ = 19,Q f3B 

M1414 = 0, 945 f3Bjc2 

Q2 = 3, 26 f3B2 fc2 

w2 = 89,4 f3B2fc4 

Pnc. 4. ,l{"UM!OOHHOe co6umue U3 3ncnepu.MeHmll.ilb1tbiX aamtux {run 8 138, co6umue 23 906}. 

B Jteze~tae CJteea npueeae~ta tmrfiop.MaqWl o co6umuu: pe-x;o~tcmpyupoeaHHUe 3Hepzuu Hll.lle

maiDUlezo He~mpu~to Ev u 6biJ!emawtllux .M!OOHoe, Jtuaupywtllezo E14- u "ootapoeau~tozo" E14+, 

u~teapuaum1laJI .Macca :Jmou napw JF/-l+, -x;eaapam nepeaa~t~tozo 4-u.MnyAbca om ~teumpu~to -x; 

eaau.Moaeucmey!Otlle.MY -x;eap-x;y Q2 U neaapam UH6apuaHmHOU .Mace~ poaueweuCJI aapoHHOU 

CUCffie.M'bt W 2. 

,Il;eTaJihHO oniiChiBaeTcH npo~e.eypa ou;eHKII ¢aHa OT pacna,D;OB n+, K+ Me3o

HOB no .iienTOHHOli MO,D;e pacna,D;a Ha Vp/-L+. ,Il;nH pac'!eTa 'IIICJia ¢oHOBhiX co6hi

THi1 6hiJIII IICnOJih30BaHhi )l;llMIOOHHhiC C06hiTII5I O)l;IIHaKOBOrO 3HaKa B nepC)l;HCM 

KanopnMeTpe (FCAL), yMHO)KCHHhJe Ha Koa¢¢IIu;HeHT II3 MO,D;eJIHpOBaHHH MonTe 

Kapno (MC) 
DCH 

ND':A = NFC~L. (NM~ /NM~) 
~P.by ,...,.,. P.l'bg P.P. corr 

9TOT K03cPcPHIJ;llCHT 6hiJI paCC'IHTaH npii II3MepeHHII OTHOIIICHII5I BCp05ITHOCTCll 

p0)K)l;CHII5I nOJIO)KIITCJlhHO II OTpH~aTCJlhHO 3ap5I)KCHHhiX JierKIIX MC30HOB (N1r+ + 
_ NK+ )/(N'lr- + NK-) KaK ¢YHKIJ;HH IIMnynhCOB Me30HOB B ,D;pei1¢oBhiX KaMepax 

(DCH).· 

TaKIIM o6pa3oM, nocne Bhi'IeTa ¢ana peKonCTpyupoBaHo 15 340 ,D;IIMIOOHHhiX 

C06hiTIIfi ll nOp5I)l;Ka 9 MJIH. C06hiTllll IIHKJII03llBHhiX B3aiiMO)l;CllCTBIIll VpN no Ka

HaJiy 3ap5I)KCHHOrO TOKa Ha )KeJie3e. ,Il;aHHa5I CTaTHCTHKa )l;llMIOOHHhiX C06hiTIIft 

5IBJl5IeTC5I peKOp)l;HOll Ha TCKYIIJ;Hft MOMCHT (eM. Ta6. 3). 
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Ta6;nu~a 3. ConocmaeJteHue .Mupoeux aaHHUX no cmamucmune au.M!OOHHUX co6umuu u 3Hep-

zuu Heumpmmozo nyotna {auanoaoH u cpea~tee aHaoteHue). 

9Kcn •. I1y6n. CTaT. (Npp,) Ev (raB) 

CDHS [18) 5InB 1982 9 922 30-250 (20) 

CHARM II [19) 0KT 1999 3 100 35-290 (24) 

CCFR [20, 21) Cl>eB 2001 5 030 30-600 (150) 

NuTeV [21) ci>eB 2001 5 102 20-400 (157.8) 

CHORUS [22) Anp 2008 8 910 15-240 (27) . 
NOMAD 2011 15 340 6-300 (27) 

,Il;JI51 auaJIII3a Mhi Bhi6panii II3Mepeniie OTHOIIICHH5I ,D;BYX CC'ICHIIH, )l;llMIOOH

HOro a JJJJ ll llHKJII03IIBHOrO ace, KaK cPYHK~llll KllHCMaTH'ICCKHX nepeMCHHhiX 

nPI,(x) = ap,Jl/acc ~ NjJp,/Ncc(x), r,D;e X= Ev, x, ..[§ 

3,D;eCh NJJJJ> Nee - 'IIICJia perncTpHpyeMhiX co6hiTHi1 no ,D;HMIOonuoli ciiruaType H 

HCHTpHHHhiX C06hiTIIll ITO KaHaJIY 3ap5I)KCJIHOrO TOKa COOTBCTCTBCHHO, Ev - 3Hep

rll5I neliTptiuo, x - MaCIIITa6ua51 nepeMennaH BhepKeua u V§ = Q2 ( 1/ x- x) - rron

na51 aHepriiH B CIICTeMe u;eHTpa Mace W-6o3ona H B3aiiMO,D;eiiCTBYIOIIJ;ero rrapTOHa, 

II03BOJI5IIOIIJ;a5I II3MCpHTh 3Ha'ICHHC MaCChi C-KBapKa. I13MepeHHC OTHOCIITCJlhHOfi 

xapaKTepHCTIIKH Rpp, II03BOJIHeT IICKJIIO'IIITh cncTeMaTII'IecKHe OIIIH6KII, BXO,D;H

Iu;He B ee 'IIICJIHTeJih II 3HaMeHaTeJih. 

I13MCpCHhi ,D;HcPcPCpeH~llaJlhHhiC OTHOIIICHH51 CC'ICHIIfi )l;IIMIOOIIHOro p0)K)l;e

Hll5I C-KBapKa ll llHKJII03llBHOrO B3aHMO)l;CHCTBll51 HCHTpHHO C HYKJIOHOM no KaHaJIY 

3ap5I)KCHHOrO TOKa 'RJl!J C O~CHKOH CllCTCMaTWiCCKHX norpeiiiHOCTefi, CB5I3aHHhiX 

B OCHOBHOM C npe,D;CKa3aHHCM cPOHOBhiX C06hiTHfi, ¢parMCHTaiJ;HCfi C-KBapKa B 

O'lapoBaHHhiC a,D;pOHhi ll OIIIH6KOH Ha 3Ha'ICHHC MaCChi C-KBapKa ( CM. pH C. 5). 
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PHC. 5. OmHO!J.leJtUe nl'l' .Me:>~eay ce'leHUJ!.M!.I au.MJOOHH020 po:>~eaeH!.IJ! C-K6ap-x:a 1.1 !.1!liC.III03!.16HO-

zo BaaU.MoaeucmB!.IJ! HeumpuHo c HYIC.IIOHO.M no -x:aHaJty aapR:>~eeHHozo mo-x:a: :mepz!.IJ! HeumpuHo 

(BBepxy), -nepeHoCU.M'blu U.MnyA'bC B3aU.MoaeucmBywu;ezo napmoHa (-x:Bap-x:a) x-B'bep-x:eHa {cepe-

auHa) u noJtHUJ! :mepzuR 6 cucme.Me ~eHmpa .Mace W-6oaoHa u Baau.MoaeucmBywu;ezo napmo

Ha {-x:Bap-x:a} VJr {mmay). OmaeJt'bHO cmamucmu'lec-x:ue (zucmozpa.M.Ma) u cucme.Mamu'lec-x:ue 

~ 
{noaJto:>~e-x:a) HeonpeaeJteHHocmu no-x:aaaH'bl Ha pacnpeae~teH!.IJ!X cnpaBa. IlpeacmaBJteHHaR ifiyH-x:-

~!.IJ! {Model) nocmpoeHa HeaaeucU.Mo om aaHH'blX a-x:cnepU.MeHma NOMAD, u ocHOB'blBaemCR Ha 

ZJtOfiaJt'bHOU annpo-x:cU.Ma~U!.I cyu;ecmByWIJ.l!.IX aaHH'blX 1.13 UHa/t!.l3a {3}. 
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Pe:JyJihTaThi qeTnepmit rJiaBhi OITy6JIHKOBaHhi B pa6oTax [A3, AS, A9, All, 

A12]. 

IlpMJIO)KeHMe 3aneprnaeT ~nccepm~mo 6oJiee ~eTaJihHOit Im¢opMa~neit o 

ceqeunn pO:lK).l.CHHR oqaponauuoro KBapKa. IlpnBO).l.RTCR Ta6mi~hi 3naqeunit OT

uornennR ceqeunit pO:lK).l.CHHR oqaponauuoro KBapKa ITO ,D.HMIOouuoit cnrnaType 

H HHKJII03HBHOPO B3aiiMO).l.CllCTBHR HCHTpHHO C HJKJIOHOM ITO KaHaJIY_ 3apR:lKCH

HOPO TOKa R/111 = U 1111/ U cc KaK cPJHK~Hll KHHCMaTnqeCKIIX ITCpCMCHHhiX: auep

riiH ueitTpiino, ITepeuocnMoro HMITYJihca B3aHMO,D.eitcTnyro~ero ITapTona (KnapKa) 

x-BhepKeua II ITOJIHoit aueprnn B cncT~Me ~enTpa Mace W-603oua II B3aiiMO,D.eit

cTnyro~ero · ITapToua ( KnapKa) ...rs. 
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B 3aKJIIO'leHHH c¢opMymiponaHbi ocHOBHbie p83yJihTaThi 11 BhiBO.D.hi: 

e J1CCJIC.II.OBaU cneKTp 1111Bap11ai!THOH MaCChi pK~ B. HCHTpllHHbiX B3ai1MO.n,eit-

. ' 
CTB11~X 3Kcnep11MCHTa NOMAD .n,JI~ OIJ,CHKI1 cyiiJ,eCTBOBaHI1~ neHTaKBapKa 

e+ npii pa3JIU'IH~IX 3HaqeHII~X .D.OJII1 ero npo.n,OJibHOrO IIMnyJibCa B CI1CTCMC 

l\CIITpa Mace HaJICTaiDIIJ,ero Hei1Tp11HO 11 MHIIICHII XF. B · II3yqaeMOM cneKTpe 

HC Ha6JIID.n,aeTC~ 3HaqHMOrO Cl1rHaJia OT neHTaKBapKa e+ C npe.n,CKa3bJBae

MOH Maccoit B o6nacTI1 1530 MaB/c
2 .n,n~ nceit o6JiaCTII 3Haqeu11it XF. 

• BnepBbie B ueitTpiiHHhiX B3aHMo.n,eitcTBH~x 113MepeH nepxHI1i1 npe.n,en ua 90% 

ypOBHC .D.OCTOBCpHOCTH na pO)K.II.CHIIC neiiTaKBapKa e+, COCTaBJI~lOIIJ,HH 2,13· 

10-3 na o.n,no neitTpHnnoe co6biTI1e n o6naCTI1 Mace 1530 MaBjc2 
nocne IIH

TerpHponanH~ no nceM 3uaqeiii1~M XF· OIJ,enKa 6bma rtonyqena "cnenhiM" 

MCTO.D.OM, BnepBbiC pa3pa6oTaHHbiM II peaJIII30BaHHbiM B HCHTp11HHbiX B3a

llMO.D.CHCTBH~X .n,JI~ pe3onancnoro aHaJIII3a. 

e ,Ll;JI~ aHaJIII3a p830I!aUCI!biX COCTO~HHH pa3pa6oTaHa npOIJ,e.n,ypa OIJ,CHKI1 KOM-

6IIHaTOpnoro cPOHa, OCHOBalllia~ Ua MCTO.n,e "CMCIIIHBaHII~" nap npO.D.JKTOB 

pacna.n,a p830HaHCa H3 pa3Hb!X C06b!THH B 3KCnepHMCHTaJibllb!X .n,aHHbiX, 

.n,n~ fHP B3aiiMo.n,eiicTBIIi1 nenTOHOB c HYKJIOHaMH. IIoKa3ano, qTo yqeT 

3Hepriiii a.n,pOHHOH CTpyii, yrJIOBb!X II IIMnyJihCHbiX pacnpe.n,eJICHHH npe.n,

noJiaraeMb!X npo.n,yKTOB pacna.n,a oT co6hiTH~ K co6hiTIIID no3BOJI~eT npe.n,

CKa3hiBaTb .n,aHI!biH HCTQqHifK cPOHa C TOqHOCTbiD, paBHOH CTaTHCTHqCCKHM 

3KCnepHMCHTaJibllbiM OIIII16KaM. 

• OcJiOBhiBa~cb na 11n¢opMaiJ,11H Tpex noMeTeKTopon NOMAD, np0113ne.n,eH 

pacqeT cPYHKIJ,HI1 MaKCHMaJibHOrD npan.n,ono.n,o6H~ .D.JI~ npOTOHUOH II cPOHQ

BOH rHIIOT83 C naH60JihlllCH 'IYBCTBHTCJibHOCTblO K C11rHaJIY e+ npH pa3-

JIIfqllbiX 3HaqeHH~X XF II COS 0*, r.n,e 0* - yroJI MC)K.D.J IIpOTOHOM B CHCTCMC 

IIOKO~ e+ ll HMnyJibCOM e+ B Jia6opaTOpHOH CHCTCMC OTcqeTa. 
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• B nepe.n,neM KanOp11MeTpe .n,eTeKTopa NOMAD 3aperHcT{mponana Han6oJib-. 

rna~ B MIIpe CTaTHCTIIKa C06b!THH .D.HMIDOHHOro THna C pO)K.II.CHHCM C-KBap

Ka, panna~ 15 340. Mlllii1MaJihHa~ peKOHCTpyHponanua~ anepm~ HeitTpHHO 

B CnCKTpe 3aperHCTpHpOBaHHbiX C06b!THH, COCTaBJI~lOIIJ,a~ 6 faB, o6ecneqlf

BaCT HaHJiyqiiiyiD qyBCTBIITCJibHO.CTb .n,aHHh!X K MaCCC C-KBapKa cpe.n,H BSCX 

HCHTpHHHh!X 3KCnepHMCHTOB, HCCJIC.D.OBaBIIIHX .D.HMIDOHHh!C C06b!Tll~. 

• Ha ocHonanHH nonyqennhiX .n,aHHhiX 3KcnepHMCHTa NOMAD H3MepeHo OT

HOIIICHHe ceqeHIIH pO)K.II.CHII~ oqapOBaHHOrO KBapKa no .II.IIMIDOHHOH CHrHa

Type ll HHKJIID31IBHOro B3aHMO.D.CHCTBII~ HCHTpHHO C HYKJIOHOM no KaHaJIY 

3ap~)KeHnoro TOKa Rp.p. = ap.p./acc npH aueprH~x nyqKa B IIIIIpOKOM HHTep

nane Ev E (6;300] faB npH x E (0;0,75] H Q2 > 1 faB
2 jc2

• Ilpone.n,eHa 

OIJ,CHKa CHCTCMaTifq~CKHX norpeiiiHOCTCH, CB~3aHHh!X B OCHOBHOM C npe.n,

CKa3aHIICM cPOHOBhiX C06b!THH, ¢parMCHTaiJ,HCH C-KBapKa B oqapoBaHI!h!C 

a.n,ponhi H onm6Koit Ha 3naqeHHe Macchi c-KnapKa. IIo cpanHeHHID c .n,pyrHMII 

3KcnepiiMCHTaMI1 ToqnocTh H3MepenH~ Rp.p. .n,JI~ nceii KHHeMaTHqecKoit o6-

JiaCTH ynenHqeHa B 2-3 pa3a. BnepBhie B neitTpHHHhiX n3aHMo.n,eiicTBH~x oT

HOIIIeHHe Rp.p. nonyqeno n o6nacrH (0,3;0,75] .n,n~ nepeMennoit x-BhepKeiia • 

• YToqHeH napaMerp ¢parMeHTaiJ,IIH oqaponanuoro KBapKa B napaMeTpH3a

Il,HH KonJIHH3-CnHJIJiepa, KOTOpbiit conMecTno .n,n~ aKcnepHMen.fon E531 11 

NOMAD cocrann~eT E = 0,165 ± 0,025. 

e J13MepeHO OTHOIIICHHC Bepo~THOCTCH pO)K.II.Cllll~ nOJIO)KllTCJihHO ll OTJ?Hil,a

TeJihHO 3ap~)KCl!UhiX MC30UOB (Nrr+ + NK+) / ( Nrr- + NK-) BO B3a!IMO.D.eiicTBH

~x IICHTp!IHO C yrnepo.n,OM KaK cPYHKIJ,II~ !IX HMnyJihCOB .II.JI~ MO.D.eJIHpyeMbiX 

C06biTHH II .II.JI~ HaKOnJICHllh!X 3KCnepHMCHTaJihllbiX .n,aHHh!X. 
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