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OEl.UAfl XAPAKTEPHCTIIKA PAEOThl 

AKTyaJibHOCTb, 3KcnepIIMeHTMnHOe n3yqeHIIe Me30HOB, o6pa30BaHHnIX B 

ueHTPaJinHOH o6JiaCTII a.n;pOHHI,IX CTOJIKHOBeHIIH 5IBJI5IeTC5I aKl)'aJII,HI,IM JJ;JI5I 

upoBepKII MHOrIIX OCHOBOilOJiaraIOlI.U[X IlOJIO)KeHIIH H Ba)KHI,IX npe.n;CKa3aHHH 

KBaHTOBOH XpOMOJJ;IIHaMHKII (KX)l). K 'IHCJIY TaKHX npe,nCKa3aHHH OTHOCHTC5I 

BI,IBO,rf O B03M0)KHOM cyw:eCTBOBaHIIII CB5I3aIIHI,IX rJIIOOHHl,IX COCT05IHHH -

rnro6onoB. TeopeTHl.J:ecKoe onIICaHIIe II pac'IeTLI npoueccoB c o6pa30BaHHe!'f 

rnro6onoB BeCLMa 3aTPYJJ:HeHLI B CB5I3II C B03HHKIIIIIMH B KXJl rrpIIH[(IIIlHaJil,

HI,IMII TPYJJ:HOCTjlMII npII pac'IeTax B HH3K03HepreTII1IeCKOii o6naCTII. Pe3yQn

TaTI,I TaKIIX pac'IeTOB OTJIHl.J:aIOTC5I 60JII,IIIIIM pa3H006pa3HeM, l.J:aCTO npOTHBOpe

'IaT ,npyr ,npyry. B uo,no6ttoii ~nryau1m pernarol[(ee 3Ha'IeHIIe npIIo6perneT 3KC

uepIIMeHTaJILHoe o6Hap~eHIIe II IICCJie,nOBaIIIIe HOBl,IX 'IaCTH[(, KOTop1,1e ne
)KaT 3a paMKaMH o6Ll'IHOH KBapKOBOii MO.n;eJIH. 

CornacHo KXJl 6naronpII5ITHnie ycJIOBII5I JJ;JI5I o6pa30BaIIII5I CBHJaIIHLIX 

rJIIOOHHblX COCT05IHIIH cyw:ecTByroT B [(eHTPc_UILHOH o6JiaCTII a.n;pOHHl,IX CTOJIK -

HOBeHIIii (xF~O) npH BLICOKIIX 3HeprII5Ix. Ilpe,nrronaraeTC5I, 'ITO B peaKUIIH 

,nBoiittoro o6MeHa pp➔ptCX0 )p. npH BLICOKIIX :meprII5Ix .n;oMHHIIpyeT ,nByxno

MepoHHLIH o6MeH, KOTopr,rn B KXJl IIHTepupeTilpyeTC5I KaK MYJILTIIrnIOOHHnrn 

upouecc. 
B~HI,IM qJaKTOpOM JJ;JI5I 3KCnepIIMeHTaJII,HI,IX IlOHCKOB rnro6onoB 5IBJI5IeT

Cjl pa3BHTIIe MeTOJJ;HKII ,neTeKTOpOB. lfonOJIL30BaHHe JIIIBHeBoro ro,nOCKOUHl.J:eC

KOro ,neTeKTOpa B TaKHX 3KCnepIIMeHTax cyw:ecTBeHHO paCllIHpIIJIO B03MO)K

HOCTH II3yqeHII5I pacua.n;oB C 1t0-, 11- II 11 '-Me30HaMH B KOHe'IHOM COCT05IHHII. 

He Mettee aKl)'aJILHLIM 5IBJI5IeTC5I pa3BHTHe HOBLIX MeTo,noB TPHrrepHoro 

oroopa co61,ITHii. BKnro'IeHne cHrHanoB c 3JieKTPOMarHIIrnoro KanopIIMeTPa B 

CIICTeMY 3auyCKa ycTaHOBKII B 3KCrrepIIMeHTe WA91 Il03BOJIIIJIO 3Ha'IIITeJinHO 

YMeHLllIIITL co,nep)KaHIIe ynpyroro pp-pacce5IHII5I B Ha6paHHOM MaTepIIane. 

Pa6oTa IIOCB5Il[(eHa H3yqeHHIO 3KCKJII03HBHOH peaK[(HII J(BOHHOro o6MeHa 

pp➔ Pr(1t+1t-1t+1t-)p. npII IIMnyJI1,ce nyqKa 450 faB/c. 3Kcnepm.teHT WA91 

npoBe,neH Ha n-cneKTPOMeTPe npoToHHoro CIIHXPOTPOHa UEPH. 

U:eJib pa60Tb1: 
- BKJIIO'IeHIIe B COCTaB 3KCnepIIMeHTaJII,HOH ycTaHOBKII ,nereKTOpOB JJ;JI5I pemc

TPa[(HH cpoTOHOB II 3JieKTPOHOB. 

l l.t!H,U~i;;· .. t~a L'ii~ry·. , 
1 nne~!i!:lK uccJ1e1a~asu, 
" f;MSJif..!OT~Hfo, 



- IlpoBeAeHHe TeCT0BLIX H3MepeHHif xaprucrepHCTHK 3JieKTP0MarHHTH0ro KaJIO
pHMeTPa B ll)"IKe 3JieKTp0H0B C 3Hepl"IDIMH (1-50) faB. 

- Co:maHue cncTeMLI TPHITepHoro oroopa co6LITHii B 3JieKTP0MarHHTH0M Kano- ~- . _ 
pHMeTPe. ) · \ 

- lliyqeHHe peaKuun pp ➔ Pr(1t+1t-1t+1t-)p1 npn HMnym,ce 450 faB/c; onpe- •~ j' 

AeJieHHe 0CH0BHLIX napaMeTP0B X(l450) n X(l900) pe30HaHC0B, Ha6JIIOAaeMbIX 
B cneKTpax 3q>qJeKTHBHI,IX Mace (47t) Me30H0B. . ,~ 

H3Y'IH3H HOBH3H3: 

- B~epB1,1e ITOAP06Ho H3yqeH1,1 X(l450)- u X(l900)-Me30HLI, o6pa30BaHH1,1e B · 

Ul!ffTPaJILHOii"o6nacm pp-B3aUMOAeHCTBIDI npH HMnyn1,ce 450 faB/c. B pe3yJII,

TaTe aHaJIU3a cneKTPa 3q>qJeKTHBHLIX Mace ( 7t + 7t-7t + 7t-)-Me30HOB H3MepeHI,I 

Maeea H IIDipHHa YKa3aHHI,JX pe30HaHeOB, onpeAeJieHI,I HX KBaHTOBI,Ie 'IHeJia. 

- BnepBLie o6Hap}')KeHa 3aBHeHMOCTL BLIXOAa H3BeCTHI,IX p0 (770), 11 \ .fi (1285) 

n .'2 (1270)-eocTO.SIHHii OT pa3H0CTH nonepetIHhIX HMnyn1,eoB o6MeHHhix qaeTHU 

B npoueeee ABOiiHoro o6MeHa pp➔pc(X0 )p •• )laHH1,m 3cpq>eKT YKaJ1,rneT Ha 

eymeeTB0BaHHe KOppeJI.Siunii Me)K)zy o6MeHHLIMH BepIIIHHaMH B npoueeeax 
AByxnoMepOHHOro o6MeHa. 

IlpaKTl{'leCK3H IIeHHOCTL pa6on1 3aKJIIO'laeTC.SI B TOM, 'ITO 

- Ilonyqem1 Maeea, IIDipHHa· H KBaHTOB1,1e 'IHCJia X(l450)-pe30HaHea, AOnon

HHB TeM eaMHM P.SIA }')Ke o6Hap}')KeHHLIX B AaHHOH o6naeTH Mace eKaJI.SipHl',IX 
Me30HOB, paceMaTPHBaeMI,IX KaK KaHAUAaThI B 3K30TH'leeKHe eoeTO.SIHIDI. 

- O6Hap}')KeH KHHeMaTH'leeKHH enoeo6 BhIAeJieHIDI 3K30TH'leeKHX (He-qq) eoc

TO.SIHHII ua q>oHe o6Ll'IHhIX Me30HOB B npoueeeax ueffTPaJihHOro po)K,L(eHIDI 

Me30HOB npH BI,ICOKHX 3Hepl"IDIX, Koma npeo6na.n;aeT MeXaHH3M AByxnoMepoH
HOro o6MeHa. 

- YenelIIHo BHeAPeH B coeTaB n-cneKTPOMeTPa KOMITJieKe AeTeKTopoB, o6ee

neqnBaIOIUHX onpeAeJieHue KHHeMaTH'leeKHX napaMeTPOB 1t0- H 11-Me30HOB e 

BLieOKOH TO'IHOCTI,IO. HeCJieAOBaHI,1 OeH0BHhie xapaKTepHeTHKH AeTeKTOpon B 
eOCTaBe AaHHOro KOMITJieKea. 

- C03AaHa enereMa TPHITePHOro oroopa eo6I,ITHH B 3JieKTPOMarHHTHOM KaJIO

pHMeTPe. CneTeMa oronpaeT eo61,1TIDI e onpeAeJieHHLIM quenoM 3JieKTP0Mar

HHTHhIX JIHBHeii e 3Hepl"IDIMH 6on1,111e 3a.n;aHHOro nopora. BKJIIO'leHHe enrnaJIOB 
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e KanopHMeTPa n eneTeMY 3anycKa yeTaHOBKH B 3KcnepHMeHTe WA91 o6ecne

'IHJIO 3Ha'IHTeJihHOe ITOAaBJieHne eo61,rmii ynpyroro pp-paeee.SIHIDI. 

- C03AaHa TPHrrepmUI euereMa ,nJI.SI oroopa 3JieKTPOHOB H q>OTOHOB e. 60JILIIIHM 

nonepe'IHI,IM HMnyn1,eoM. YKa3aHHLie TPHrrepHbie eHCTeMbl H pa3pa60TaHHhie 

,nJI.SI Hux eneunanH3upOBaHHhie 6hlCTPOAeiicTBYIOIUHe 3JieKTPOHmIe Mocynu B 

eTaHAapTe KAMAK Moryr npnroAHThC.SI B MHoroqneneHHhIX on1,rrax, rAe uc

non1,3)'IOTC.SI .SI'leHCThie KaJIOpHMeTPLI. 

ABTOp Jammnae:r: 
1. 3KenepHMeHT3JII,Hhle pe3yJILTaT1,1: H3MepeHue Maec1,1 H IIDipHHhI, a TaIOKe 

KBaHTOBI,IX queen X(l450)- "X(l900)-Me30HOB, o6pa30BaHHLIX B ueHTpaiIL

HOH o6naeTn pp-B3aHMoAeiicTnIDI npu HMITYJihce 450 r3B/c. 

2. Pe3yJihTaTI,I 3KCnepHMeHTaJILHOro HCCJieAOBaHIDI, xapaKTepucTHK JIHBHeBoro 

fOAOCKOnH'leCKOro AeTeKTOpa n nyqKe 3JieKTPOHOB C 3Hepl"IDIMH (1-50) faB. 

3. Co3AaHne cucTeM1,1 TPHrrepHoro oroopa co6h1Tnii B 3JieKTPOMarHHTHOM Ka-

nopHMeTPe. 

Anpo6amm: pa60TLI H ny6JIHK31IHH. OcHOBHLie pe3yJibTaThI AHCCepTaUHH AOK
JIMbIBaJIHCL Ha Me)K,L(yHapOAHOM COBeIQaHHH Aop01-tbl'93 B liTaJIHH H Ha 27-_0H. 

Me)K,L(yHapOAHOH KOHq>epeHUHH no q>H3HKe BbICOKHX 3Heprnii B IlIOTJiaffAHH 

(ICHEP'94), Ha Ha}"IHbIX ceMuHapax JUIII OH5IH u Ha pa6oqux coBeIUaHIDIX 

KOJIJia6opauuu WA91 (UEPH); ony6JIHKOBaHLI n BUAe CTareii B )KypHanax 

"Nuovo Cimento", "Physics Letters", a TaIOKe n BHAe ny6nHKauuu UEPH u 

O:IDIH. 

J:(uceepTauIDI HanneaHa Ha OCHOBe Ha}"IHl,IX pa6oT, BbIITOJIHeHHhIX e yqac

meM aBTopa n 1991-1996 rr. n JUIII O:IDIH u UEPH. OCHonm1e pe3yn1,TaT1,1 

H3JIO)KeHLI B 6 ny6JIHKal(IDIX. 

Crp,yKTypa H 061.eM lIHCcep:raIIHH. J:(ueeepTaQIDI eocTOHT H3 BBeAeHIDI, TPeX 
rJiaB H 3aKJIIO'leHIDI, B KOTOpOM npHBO,roITC.ll oeH0BHhie BLIBOAbl. 

CO)lEPiKAHHE P AEOTbl · 

Bo nneneunH rroKaJaHa BIDKHocn u aKTYaJILHocn pa6on1, cq,opMYnHpo
naH1,1 UeJIH pa6on1, OTMe'leHa ee HOBH3Ha H DpaKTU'leCKa.ll ueHHOCTb. Ilepe-
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quCJICHI,I 0CH0BHbIC rrpo6JICMLI, B03HHKaIOIQIIe rrpH II0CTaH0BKe 3KcrrepHMCHT0B 

no II0HCKY 3K30TUqCCKHX qacTHIJ; H rrpHBCJJ:CHI,I B03M0)KHI,IC IIYTH HX peweHIDI. 

B nepBOH rJIRBC JJ:HCCCpTau;HH IIpHBCJJ:CH0 o6oCHOBaHHe .II0HCK0B CBH3ilH

HI,IX mrooHHLIX cocT0HHmi B a;ettTpaJILHOii: o6JiacTH an:poHHLIX CT0JIKH0BeHuii:. 

HccJienoBaHIDI B 3KcrrepHMeHTe W A91 rrp0B0JJ:HJIHCL B 3KCKJII03HBHoii: peaKa;uH 

JJ:BOIIHOI'O o6MeHa 

PP ➔ Pr(X0 )p,, (1) 

rrptt HMrryJI1,ce rryqKa 450 faB/c. 3nec1, Pr H P. - "61,1cTP1,1ii:" u "MeMCHHLiii:" 

IIp0T0HI,1 B Jia6opaTOpHoii: CHCTCMe 0TcqeTa, a x0 - HCCJienyeMaH MC30HHaH 

CHCTCMa. IloKaJaHO, qTQ B peaKIJ;HH (1) JJ:ByxrroMep0HHI,lll o6MeH CTaH0BHTCH 

rrpeo6Jian:ruorruIM rrptt BLIC0KHX aHeprmi:x B CUM, KBa3ttyrrpyroM paccexHHH 

HCX0JJ:HI,IX qacTHa; C I Xp' ~ 0. 9 H o6pa30BaHHH MC30H0B B IJ;CHTPaJibHOii: o6Jiac

TH c I Xp 1:::-0, a TaIOKe rrpH MaJII,IX rrepenaHHI,IX qeTLipCXHMrryJILCax B o6MCHHI,IX 

BepWHHax. O6MeH II0Mep0H0M B KXJJ: HHTeprrpeTrrpyeTCH KaK MYJILTHrJIIO0H

HI,lll o6MeH, tt CJICJJ:0BaTCJibH0, B TaKHX co6LITIDIX II0BI,IIIICHa Bep0HTH0CTI, 

o6pa30BaHIDI mro60JIOB. 

Orrttcatta rrocTaH0BKa aKcrrepHMeHTa W A91 Ha n-crreKTPOMeTPe rrpoToH

Horo CHHXPOTPOHa UEPH. CxeMa ycTaH0BKH n:JIH H3yqeHIDI 3KCKJII03HBHoii: 

peaKIJ;HH (1) rrpHBeneaa Ha PHc.1. 

,ll;K AK rrr.n; 

~ I MC,!J; ~ LJ MC,!J; MC,!J; ITK r~ ~ . m1 LJ :,1l~~~r-- -t~--11□----t-
r., zL 

X 

PHc.l CxeMa n-crreKTPOMeTPa B aKcrreprn,1eHTe \VA91. 

.IlnH peK0HCTPYKIJ;HH TPCK0B rryqK0BLIX 11 "61,1cTPLIX" BTopnqa1,ix qacTna; 

npHMCHHIOTCH KpCMHHCBI,IC MHKp0CTPHII0BbIC neTeKT0pI,1 (MC.Il) c waroM 20, 
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25 H 50 MKM. M11weHb H3 )Klfn:K0ro B0JJ:0pona HaX0JJ:IITCH B IJ;HJIHHJJ:pllqecK0M 

K0HTCii:Hepe H3 Maii:Jiapa II aJIIOMHHIDI MHHOii: 60 CM, qTQ C00TBCTCTBYCT 0.15 

MHHI,I B3allM0neii:CTBIDI. 

Ilporropa;HOHaJILHI,Ie KaMep1,1 (IlK C) 11 ca;HHTHJIJIHa;noHHI,Ie ronocKon1,1, 

pacrr0JI0)KCHHLie BHYTPH MamnTa C JJ:BYX CT0p0H OT MHWCHH, IICII0JIL3YIOTCH 

MH B0CCTaH0BJICHIDI TPCK0B "MeMCHHbIX" BT0pHqHI,IX qaCTHII;, 15 Moeyneii 

rrporropu;noHaJILHLIX KaMep BffYTPH MamHTa (IlK A, B) rrpnMeHHIOTCH MH pe

K0HC'fPYKIJ;Im TPCK0B BT0pnqHI,IX 3apH)KCHHI,IX qacTHIJ; C rrp0MC)KYT0qHI,IMH 

3HCprIDIMH. l13MepeHIIC HMIIYJILC0B BT0pnqHI,IX 3apH)KCHHI,IX qaCTIIII; rrp0H3B0-

JJ:HTCH c rr0Mom1,ro crreKTP0MeTPnqecKoro ::ineKTP0MamHTa Q; pa6oqee 3Haqe

HHe HanpH)KeHH0CTH MamHTH0ro II0JIH B naHH0M 3KCrrepm,teHTe C0CTaBJIHJI0 

1 .35 TJI • .IlnH perncTPaa;nH q>OTOHOB u ::ineKTP0H0B B cocTaB cneKTP0MeTPa 6bm 

BKJIIO'IeH JIHBHCBI,lll ron:OCKO~HqeCKHH JJ:CTeKT0p (llrJl). 
TpnrrepHLiii: oroop co61,1THii: B aKcnepnMeHTe W A91 opraHH3oBaH MH 

Bbin:CJieHHH npou;eccoB a;eHTPaJILH0ro po)KJJ:eHIDI MC30H0B B peaKIJ;HH (1). Ilpu 

HHTeHCHBH0CTH nyqKa (4.5-5)-106 np0T0H0B 3a c6poc qJICJI0 TPHITepHI,IX co-

6L1THH C0CTaBJIHCT (500-600). B TeqeHne JJ:BYX ceaHC0B Ha6opa naHHblX B 1991-

92 IT. 61,mo HaK0IIJleH0 0K0JI0 120 MHJIJIHOH.OB TPHITep0B. 

z 

~l' X 

o.s~ 
y 

PHc.2 KoM1IJieKc nereKTopoB MH perncTPau;nn q>OTOHOB n ::ineKTP0H0B. 
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B .nattttoii rnaue IT0,npo6Ho onucatt Ko1.mneKc .neTeKTopou wrn perucTPa-

1.um y-KBaHTOB .H :,meKTPOHOB (Puc.2). 3neKTPOMarnHTHhIH KanopuMeTP npe.n

crnrurneT co6oii MaTPHIIY H3 18x19 qepeHKOBCKl1X cqeT1fUKOB ITOJIHOro ITOrJIO

meHIDI. Pa.n11aTOphI cqeT1fHKOB H3fOTOBJieHhI 113 CB11HUOBOfO CTeKJia B mme npH

MOyroJihHhIX ITPH3M pa3MepoB 14x14x47 CM3, qTQ COCTaBmieT 18.5 pa.nua

UHOHHhIX JJ;Jil1H ITO HaITpaBJieHl1IO ITyqKa. AKTHBHhIH KOHBeprnp (AK) COCTOHT 

H3 2x19 3JieMeHTOB C pa3MepaMH 145x14x10 cM3, a CUHHTHJIJIHU110HHhle 

ro,nOCKOIThI - H3 672 cqeT1fHKOB C pa3MepaMH 153xl.53xl CM3. 

lf3MepeHHH xapaxTep11CTl1K 3JieKTPOMarHHTHOro KanopuMeTPa ITPOBO

JJ;HJil1Ch Ha KaHane X5 ITPOTOHHOro c11HxpOTPOHa UEPH. }lnH 3THX H3MepeHuii 

6hl.Jia 11CITOJih30BaHa c6opKa 113 3x3 qepeHKOBCKHX cqeT1fHKOB IlOJIHOro ITOrJIO

meHIDI, 3JieMeHTOB AK H CUHHTHJIJIHUHOHHhIX ro,noCKOilOB (Puc.3). J(eTeKTOpbI 

o6nyqanuch a rryqKe 3JieKTPOHOB c 3HeprHHMl1 OT 1 .no 50 r3B. 

ZLX AK fy,z nr~ 

__ '.:_d 

,j,, ,j,, ... "' ... .. .. 

Puc.3 C6opKa .neTeKTopoa wrn TeCTOBhIX H3MepeHuii. 

Ilpuue.neHhI pe3yJihTaThI UCCJie,noBaHHH xapaKTepHCTHK JKa3aHHhIX ,neTeK

rnpoB. B HCCJie,nyeMOM .nuaITaJOHe 3Heprnii 3aBHCHMOCTh aMIIJI.HTJJJ:hI curnanoB 

C KanopuMeTPa OT 3Heprnu 3JieKTPOHOB B ITyqKe HMeeT JIHHeHHYIO q>OpMy. 

3HepreTuqeCKUe IIOTepn B I.I.{eJIHX JirJ{ JJ;JI5I 3JieKTPOHOB C HMIIYJihCaMH 10 H 25 

f3B/c He npeahrI.1.IaIOT 3%. 

B . CI.IHHTHJIJIHI.IHOHHhIX ro.nocKonax. H3MepeHa 3aBHCHMOCTh aMIIJI.HTJJJ:hI 

CHrHaJIOB OT KOOp,nirnaThI TOqKU uxo.na qaCTIU.{hI BJJ;OJih cqeT1IHKa. CpeJJ;H5I5I 

MHO)KeCTBeHHOCTh cpa6oTaBI.1.IHX cqeT1fHKOB npu ITOITaJJ;aHHH B AK 3JieKTPOHOB 

c 3HeprrrnMu (2-25) foB MeH5IeTCH B ITpe.nenax. OT 3 .no 6. IloKaJaHo, qTo oc

na6nem1e curnanou BJJ;OJih pa.nuarnpa AK cna6o 3aaucuT OT 3Heprnu 3JieKTPO

HOB (Pnc.4). 
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6000 
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< Y=Aexp(-X/11.) 
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2000 
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P11c.4 3aBHCHMOCTh aMIIJI.lfl)'JJ;LI cnrnanoB c AK OT MecTa BXOJJ;a qacrnu 

ITO JJ;JIHHe pa.ntta'iopa (X - paCCTOHHHe OT qJOTOKaTO,na <I>3Y) 

ll3Mepetto :mepreTnqecKoe pa3pemettne cqeTtrnKOB nm (Pnc.5): 

er = (1.4 ± O. I). 10 ... 2 + (5. 8 ± 0.1) · 10-
2 
faB

112 

E ✓E(r3B) 

5025 10 5 3 2 1 E (ThB) 
I I I I I I 

8 ~ cr/E= 5.8% ✓ E+1.4% I 
/t' ,-... 

'$. 6 
'-' 

~ 
tl 

4 

2 

0 
0.0 0.3 0.6 0.9 1.2 

1/✓E (ThB-112 ) 

Puc.5 '.3HepreTH'IeCKOe paapeweHHe KWIOpW.!e-rpa B 3aBHCHMOCTH OT 

3Hepmu 3JICK-rpOHOB 
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llpH H3nlf'IHH HH!pOpM~HH co Cl.{HHTHJIIDII.{HOHHbIX ro.nocKOIIOB KOOp,nHHaTHOe 

pa3perneHHe JilJl .nocTHraeT cr=4 MM. 

BTopaa rnasa ,nHccepT~HH co,nep)KHT orrHcaHHe TPHrrepHoii cHcTeM1>r, 

co3,naHHoii ,nm1 oroopa co61,rmii B 3JieKTPOMarHHTHOM KanopHMeTPe. Cm"I1an1,r 

C nm HCIIOJlb30B3nHCb KaK ,nIDI BOCCTaHOBJieHIUI 3Hepnm H KOOp,nHHaT !pOTO

HOB H 3JieKTPOHOB, TaK H ,nm1 TPHrrepHoro 3aJIYCKa ycTaHOBKH. 

Co3,naHHIDI TPHITePHIDI cHcTeMa CJl)')KHT ,nm1 oroopa co6I,ITHH c orrpe,ne

neHHbIM 'IHCJIOM 3JieKTPOManmTHbIX JIHBHeii, C 3HepnUIMH BbIIIIe 3a.D:aHHOro 

rropora. C l.{eJibIO Ol.{eHKH KOJIH'IeCTBa IIOIIaBIIIHX B KanOpHMeTP y-KBaHTOB 

3JieMeHTbl ,neTeKTOpa 061,e,nHHeHbl B 16 rpyrrrr {PHc.6). llpH Manoii MHO)KeCT

BeHHOCTH !pOTOHOB 'IHCJIO rpyrrrr B nm C 3HeproBbJ,neJieHHeM BbIIIIe IIOpora 

rrpHMepHO COOTBeTcTByeT KOJIH'IeCTBY y-KBaHTOB. 

PHC.6 TpHrrepHI,Ie rpyrrIII,I nm B 3KCIIepHMeHTe W A91 

CHCTeMa TPHITepHoro oroopa co61,rmii B nm C03,naHa Ha OCHOBe 16 

3JieKTPOHHbIX Mo.nyneii, n1,monHeHH1>IX n CTaH,napTe KAMAK. l(a)K,nI,Iii Mo.nyn1,, 

cxeMa BKJIIO'leHIUI KOTOporo rrpHBe,neHa Ha PHc.7, co.nep)KHT: 

• TOKOBbIH CJMMaTOp Ha 20 BXO.D;OB, 

• JIHHeiiHyro CXeMJ rrporrycKaHIDI, 

• BbIXO.D;HOH ycHJIHTeJib CJMMapHOro CHrnana IIOCJie mrneiiHOH cxeMI,l rrporryc

KaHIDI, 

• aMIIJIHTy,D;HbIH ,nHCKpHMHHaTop, 

• BbIXO,nHoii !pOpMHpOBaTeJII, CHIBaJIOB IIOCJie aMIIJIHTJ.D;HOro .D;HCKpHMHHaTOpa. 

8 

.,;;, 

~ 

I~, 

''f 

1 

2 

Jif ,[\ : 
:)}IeMeHTLI < : 

20 

A~Il 

Al.lll 

r---------------------
1 cy>DlaTOp& 
i mrn.BopoTa ,z:incxp. 
I 

I 
I 
I 
I 
L---------------------1 

A~Il 

E ~ Err 

Pnc.7 EnoK-cxeMa BKJiio'leHIDI 3JieKTPOHHoro Mo.nyn,i ,nng TPHITepHbIX 

rpyrrrr B 3KcrrepnMeHTe W A91. 

CHrnaJII,I C 3JieMeHTOB K~Oii TPHITepHOH rpyrrIII,I nr.u no,naroTC$1 Ha 

o,nnH MO.D;yJib. CJMMHponaHHI,IH B HeM CHrnan IIOCJie rrpOXO)K)l;eHIUI JIHHeiiHOH 

cxeMbl rrporrycKaHIDI IIOCTyrraeT Ha aMIIJIHTJ.D;Hblli .D;HCKpHMHHaTOp, rropor 

,nHCKpHMHH~HH Ha KOTOpOM H orrpe,nengeT TPe6yeMoe 3Hepron1,r,neneHne B 

rpyrrrre. <I>opMHpOBaHHbre CHIBaJII,l co ncex 16 Mo.nyneu IIOCTyrraIOT Ha Ma)KO

pHTapHyIO cxeMJ conrra,neHIDI ,nng orrpe.neneHIDI MHO)KeCTBeHHOCTH 3JieKTPOMar

HHTHI,IX JIHBHefi. 

llpn Ha6ope 3KCIIepHMeHT3nbHI,IX ,naHHI,IX TPe60BaJIOCI, HaJIH'IHe O.D;HOro 

HJIH 6onee nnnHeii:, K~1>rii c 3HepronM,neneHneM Bblrne 2 f3B. lloKa3aIIO, 'ITO 

BbIIIOJIHeHHe ,naHHOro ycJIOBIDI rrpHBO,nHT K 3Ha'IHTeJibHOMY rro,nanJieHHIO co-

61,ITHH yrrpyroro pp-pacce,iHIDJ. 

B KOHI.{e rnan1,1 orrHCaHa TPHrrepHrui cncTeMa ,nng oroopa :meKTPOHOB n 

!pOTOHOB C 60JibIIIHM rrorrepeqHI,IM HMIIYJil>COM. YKa3aHHIDI CHCTeMa C03,naHa Ha 

OCHOBe 14 rrporpaMMHO yrrparurneMbIX 3JICKTPOHHbIX MO,nyneii. 

B TPetLen mane .nnccepTal.{HH rrpnne,neHI,I pe3yn1>TaTI,I myqeHIDI peaKQnn 

pp ➔ Pr(1t+1t-1t+1t-)p, npn nMrryn1,ce rryqKa 450 f3B/c. llo,npo6no pacCMOT

peHa rrpoQe,nypa oroopa co6I,ITHii: YKaJamroii: peaKQHH. B cneKTPe 31p1peKmB

H1>rx Mace (7r+JZ"-JZ"+JZ"-)-Me30HOB OT'leTJIHBO Ha6mo,naIOTC$1 Y3KUH IIHK B o6nac

TH Mace 1.28 f3B, COOTBeTCTByIOII.{HH o6pa30BaHHIO J; (l 285)-pe30HaHca, u 
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ClJ)}'KryphI B o6nacrn: Mace 1.45 tt 1.9 faB. B o6JiaCTH Mace 0.8 tt 1.1 faB 

Ha6mo,qaroTC5I 01J)a)KeHH5l ri'- H Ii (1285)-pacna,qoB Ha (TJ7t7t)-Me30HhI, B KOTO-

pwc a0
-Me30Hhl OT pacna,qa T] ➔ 1t+1t-1t0 HMeIOT He60JihllIOH HMITYJihC. ECJIH B 

3JieK1J)OMarHHTHOM KaJIOpHMelJ)e He 3apernC1J)HpoBaHhI y-KBaHThI, 3TH 01J)a)Ke

Hml cyrnecTBeHHO no,qaBJI5IIOTC5I. YKa3aHHOe YCJIOBHe He BJIH5leT Ha ClJ)}'Kryphr 

c Maccru.m OKOJIO 1.28, 1.45 n 1.9 f3B, no,qrnep)KJ(M TeM CaMHM, qrn OHH He 

5IBJI5IIOTC5I OlJ)a)KeHtteM ,qpyrnx KattaJIOB, co,qep:iIrnmnx a0 -Me30Hhr. 

L{OCTOBepHoe OITHCattHe cneKlJ)a 3cpcpeKTHBHhIX Mace ( Jr+ Jr - Jr+ Jr - )-Me30-

HOB ,qocrnraeTC5I npn yqeTe J; (1285)-, X(l450)- n X(l900)-pe30HaHCOB, OlJ)a

)KeHnii T] ·- H Ii (I 285)-pacnMOB Ha (T]7t7t)-Me30Hhl H cpoHa. L{JI51 OITHCaHH5l cpo-

Ha ncnOJih30BaJIOCh Bhipa)KeHue a· (m - mrrop)b • e(-cm-dm
2
), r,qe m - Macca 

( ;r + ;r - ;r + ;r- )-cncTeMhr, mnop. - noporoBM Macca Toii :lKe cncTeMhr, a, b, c, d -

napru.1e1J)hl cpnrn. 3HaqeHH5l Mace n rnnpnH }'Ka3aHHhrx pe3oHaHcoB B cnyqae 

HaHJiyqrneii annpOKCHMal.{HH COCTaBJIHIOT: 

J; (1285): 

X(l450): 

X(l900): 

M=(l280±2) M3B, f=(40±5) M3B, 

M=(l446±5) M3B, f=(56±12) M3B, 

M=(l926±12) M3B, f=(370±70) M3B. 

(3) 

YKa3aHH5l Ha X(l 450)- n X(l 900)-pe3oHaHchr ONeTJittBO Ha6nro,qaroTc»: 

JIHllih nptt MaJihIX nepe_qaqax. yqHThIBM TaK:lKe, qTo 3TH qacTHI.{hl He 6hmH 06-

napy)KeHhI nptt 6onee HH3KOH 3Heprntt B 3KcnepnMeHTe w A 76, MO:lKHO npe,q

ITOJIO)KHTh, qTQ OHH po)K,qaIOTC5I B pe3yJihTaTe ,qByxnoMepoHHOro o6MeHa. 

Lln5I pameneHH5l n Konnqecrnennoii oueHKn BKJIMOB OT pa3HhIX npoMe

:lKYTOqnhlx KaHaJIOB B KOHeqnoe (47t) COCTOHHHe npttMeH5IJICH MeTo,q npaB,qono

,qo6HH KaHaJIOB /1/, KOTOphrii 5IBJIHeTC5I pacllIHpenneM CTan,qapTHOro MeTO,qa 

MaKCHMaJihHOro npaB,qono,qo6HH. Ilpn pacqeTax HCITOJlh30BaJiaCh MO,qH<pHI.{HpO

BaHHM BepcHH nporpaMMHoro naKeTa CHAFIT 121. 3m nporpaMMa onpe,qen»:eT 

OTHOCHTeJihHhie Bepo»:THOCTH paccMalJ)HBaeMhIX npoMe:lKYTOqHhIX KaHaJIOB B 

Ka)KJ(OM co6hITHH, a B KOHI.{e. HTepal.{HOHHOH npoue,qyphr - BKJIM 3THX KattaJIOB 

. B ITOJIHOM 061,eMe 3KCnepnMeHTaJihHhIX ,qaHHhIX. 

B pe3yJihTaTe aHaJIH3a OKOJIO 100000 co6hITHH C o6pa30BaHHeM B ueHT-

paJihHOH o6JiaCTH (Jr+ Jr-Jr+ ;r-)-Me30HOB onpe,qeJieHO, qrn 

• J;(l285)- tt X(l450)-pe30HaHChI B OCHOBHOM pacna,qaIOTC5I Ha (p01t+1t-) 

Me30Hhl, 

IO 

I 

1 
J 

1~

1

, 
1, t, 

\ \ I 

• X(l 900) COCT05IHHe C O,qHHaKOBOH Bep05ITHOCTI,IO pacna,qaeTC5I Ha 

a2(1320)1t- H fi{1270)(7t+7t-)-Me30Hhl, 

• HMeeTCH He3HaqHTeJII,HI,IH BKJIM OT (p0p0)-KattaJia. 

AHaJIH3 cnuH-qernocrn Ha6nro,qaeMbIX pe3oHattCOB npoBe,qeH B npe,qno

JIO:lKeHHH, qTO BKJIM BHOCHT JIHllih yrJIOBhie MOMeHTI,I co 3HaqeHHe!-f ,qo 2. Pac-

CMOlJ)eHhl CJie_qyroll.{He npoMe:lKYTOqHhie · COCT05IHH5l: p0 p0
, p0 (Jr+ Jr - )s-BOJIHa> 

P° (;r+ ;-)P-oOJitta• P° (;r+ ,.-)D-BOJitta• a1 (1260),r, a2 (1320),r, fi (1270)(,r,r)S-BOJitta• 

/2 (1270)( 7rlr)p_80JIHa' /2(1270)( !r!r)D-BOJitta. 

C ueJihIO orrpe,qeneHH5l KBattTOBbIX qHcen JP tta6nro,qaeMbIX B crreKlJ)e 

3(p(peKTHBHI,IX Mace ClJ>YKTYP ClJ)OHJiaCh BeCOBM q>Y1fKU:H5I ,nIDI Ka)K,!(Oro i 
co6hITH5l H j rrpoMe:lKYTOqHoro COCTOHHH5l: 

. 1Mii)l2 

P-(1) = ( )' 
J E/m4x) · IM/m4x)l2 

(4) 

r,qe M1 - MalJ)ffqHbrii 3JieMeHT j npoMe:lKYTOqttoro cocTo»:HH5l, c1 - aKcernattc 

ycTattOBKH K rrpoueccy C npoMe:lKYTOqHHM j COCTOHHHeM npn Macce CHCTeMbl 

IIHOHOB m4,r- B KaqecTBe MalJ)ffqHI,IX 3JieMeHTOB HCIIOJib30BaJIHCI, CIIIIHOBbie 

aMIIJIHry,q1,1 rrpoMe:lKYTO'IHbIX COCTOHHHH, onpe,qeneHHhie B CIIHH-op6HTaJII,HOII 

cxeMe c IIOMOIQI,IO ccpepffqeCKHX rapMOHHK /3/. Ha Puc.8 npHBOMTCH crreKlJ)bl 

3cpcpeKTHBHhIX Mace ( ,.+ ,.-,.+ ,.-)-Me30HOB, . IIOClJ)OeHHbie Bhlllle}'Ka3aHHI,IM 

crroco6m,f .nrni: pa3HhIX npoMe:lKYTO'IHhIX KattaJIOB. BH,qHO, 'ITO B cnyqae . 

JP= 1+ pi_1r1r)p_BOJIHa rrpoMe:lKYTO'IHOro COCT05IHH5l B crreKlJ)e 3<pcpeKTHBHI,IX 

Mace ONeTJIHBO np05IBJI5leTC5I IIHK OT 1+ /i(1285)-pe30HattCa (PHc.8,-a), 'ITO 

rro)(I'Bep)K,qaeT ,qOCTOBepHOCTI, Harnero attaJIH3a. X(1450) pe30HattC rrp05IBJI5IeTCH 

rrpH OIIHCattHH JP= 0+ p_,r,r)P-BOJitta COCTO.lIHHeM_ (PHc.8,-6), a X(1900) - O,qHHa

KOBO rrpO»:BJI5leTCH rrpH BhI6ope KaK JP = 2+ a2 (1320),r, TaK H 

JP= 2+ /2(1270)(,r,r)s-ooJIHa npoMe:lKYTO'IHOro COCT05IHH5l (PHc.8,-B,-r). YKa3att

Hhie pe30HattChl He tta6nro,qaroTC.lI B cnyqae IIOMe:lKYTO'IHI,IX COCTOHHHH 

pi_,r,r)s_BOJIHa- H p_,r,r)D-BOJIHa' }'Ka3hIBM 3THM, qTQ HMeIOT H30CIIHH l=O. 

IIapaMelJ)bI J; (1285)-, X(1450)- H X(l 900)-pe30HaIICOB, IIOJiyqeHHhie B 

pe3yJihTaTe rrpoBe,qeHHOro aHarIH3a, rrpHBe,qeHbl B Ta6JIHU:e 1: 
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Ta6. I 

Macca (M3B) lliIIpnHa (M3B) Mo.n.a pacna.n.a /(JPC) 

Ji (1285) 1280±2 40±5 pmt 0(1++) 

X(l450) 1446±5 56±12 pmt 0(0++) 

X(l900) 1926±12 370±70 az(1320)1Z", .fi (1270)JZ"1Z" 0(2++) 

P'.l 6000 
(T) 

t-. g a) ~ 6000 

~ t-. 

~ 4000 ~ 

2000 I 

tr'J\\ ! 4000 

1n - 2000 

0 ~ 

1 2 3 0 

-~ . B) C 

'&i soool M(4,J r,B '- I,,, 4000 

~ 4000 A . i 3000 

2000 

2000 
1000 

6) 

\,WW1ullll 

____ J __ 
1 2 3 

M(41t_2 faB 

r) 

0 ~__,_ __ __,__--'-----'---'----' 0'----"------'------1-------'---.L.._.J 

2 3 2 3 
M(41t) raB M(41t) faB 

Pnc.8 CneK-rphI 83BerneHHhIX 3q_Jq_JeKTHBHhIX Mace ( 1Z" + 1Z" - 1Z" + 1Z" -)-Me30HOB JJ.JUI 

npm.1e)Kyr0'IH0ro C0CT05IHIDI: a) 1+p(mt)p.BOJllla' 6) o+p(1t1t)p.nom1a' 

B) 2+ a2(1320)n, r) 2+ f2(1270)(7t7t)s. 8onna 

12 

IloKa3aHO, 'ITO C IlOMOI.UhlO HHTepcpepeHI.(HH .D.BYX CKaJI5IpHhIX JP = 0++ 

fo(l365)- n fo(l520)-Me30HOB, o6Hap~eHHhIX B 3KCnepHMeHTe Crystall 

Barrel, M0)KHO Ha Ka'IecTBeHH0M ypoBHe onncaTb X(l450) cocTO.srnne. 

B npOCTOH M0.D.eJIH npoQeCC0B .n.ayxnoMep0HHOro o6MeHa OTCyrCTBYIOT 

K0ppemIQHH Me)KJJ.y o6MeHHhIMH BepUIHHaMH n, CJie.D.OBaTeJII,HO, Me)KJJ.y BhIJie

TalOIUHMH np0TOHaMH B peaKQHH .D.BOIIHOro o6MeHa (1) npH BhIC0K
0

HX 3Hepnuix. 

O.n.HaK?, npH HCCJie.D.OBaHHH QeH'fl)aJihHOro po)KJJ.emui: ( JZ"+ 1Z"-)-Me30HOB B 3Kcne

pnMeHTe WA91 Ha6JIIO.D.aeTC.s! CHJihHa51 3aBHCHMOCTh BhIXO.D.a p0 (770)- n 

A (1270)-MeJOHOB OT HanpaaneHHH BTOpH'IHhlx npoToHOB /4/. B '!aCTHOCTH, 

3TH Me30Hhl C 60JihUieii BepO.s!THOCThlO po)KJJ.a!OTC.s! B co6hITIUIX, B KOTOphIX 

BTOpH'IHhie npOTOHhl BhIJieTalOT B npOTHBOilOJIO)KHhie nonyccpepbl OTHOCH

TeJihHO HanpaaneHHH nyqKa. ~o.n.ennpoaaHne B pa6oTe /4/ no.n.rnep.n.HIIo, 'ITO 

YKaJaHHhIH 3cpcpeKT He .s!BJI5IeTC.s! cne.n.crnneM aKCenTaHCa ycTaHOBKH. 

CornaCHO /5/ npn MaJIOH pa3HOCTH nonepe'IHhIX HMilYJihCOB o6MeHHhIX 

'IaCTHQ B npoQecce .n.ao«Horo o6MeHa (1) MO)KHO mIm.n.aTh no.n.aBJieHne KBap

KOBhIX ( qq)-COCTO.s!HHH. Jlrr.s1 6onee no.npo~Horo H3YlJ:eHH.sI o6Hapy)KeHHOrO 

3cpcpeKTa npoae.n.eHo nccne.n.oaaHne QeH-rpaJihHOro po)KJJ.eHHH Me30HOB B pa3HhIX 

.J · 2 2 HHTepnanax no dPr, r.n.e dPr=(P, 1 - Py2 ) + (~1 - ~ 2) , a Py; n ~; - none-

pe'IHhie KOMnOHeHThr nMnyJihCOB o6MeHHhIX qacTnQ B CUM. 

Ha Pnc.9 BH.D.HO, 'ITO npn dPr<0.2 foB B cneK-rpax 3cpq>eKTHBHhrx Mace 

( JZ"+ JZ"- JZ"+ 1Z"-)-Me30HOB pe3KO YMeHhUiaeTC.sl BhIXO.D. .Ii (l 285)-Me30Ha, Tor.n.a KaK 

X(l450)- H X(l900)-COCTO.s!HHH OCTalOTC51. AHaJIOrH'IHO, B cneK-rpax 3cpcpeK

THBHhlX Mace (T]7t7t)-Me30HOB npn MaJihIX 3Ha'IeHIUIX dPT yMeHhUiaeTC.s! BhlXOJJ. 

11 '- n Ji ( 1285)-Me30HOB - H3BeCTHhIX ( qq)-COCTO.SIHUH. 

. BbIBO.D. 0 B03MO)KH0M no.n.aBJieHHH KBapKOBhIX Me30HHhIX COCTO,SJHlfU npn 

MaJihIX 3Ha'IeHHHX dPT n, cne.n.oBaTeJihHO,, BhlJ.(eJieHHU Ha nx cpoHe rJII060JIOB, 

Hy)KJJ.aeTC51 B TeopeTn'IecKOM o6ocHoaamrn . 

B KOHQe rnaBhl npnBO.D.HTC.s! o63op OCHOBHhIX pe3yJihTaTOB 3KCnepn

MeHTaJihHhIX IlOHCKOB 3K30TH'IeCKUX COCT05IHUH B o6nacTn Mace 1500 M3B. 

IlOKa3aHO, 'ITO X(l 450) Me30H ycneumo BilHChIBaeTC.s! B p51.D. y)Ke o6Hapy

)KeHHhlX CKaJI.s!pHhIX COCTO.s!HHH, paccr.m-rpnaaeMhIX KaK KaH.D.n.n.aThl B rJIIOOH

Hhle COCT05IHHH. OTMe'IeHO, 'ITO 3TH COCT05IHHH o6Hapy)KeHhl npn Inyqemm 
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npoueccoa, 8 KOTOpbIX ycHJieHa rJIIOOHHasI KOMilOHeHTa - pa.QHal(HOHHblX pac

Ila,QOB J/\jf-qaCTHll, pp-aHHiffHJUII.(HH H uem-panbHOro po)K,IJ.eHirn Me30HOB. 

"' aoo ! \ a) , 3000 
C '1 I 2500 

. N 600 C: . I 2000 
0 1 
: 400 \ I 1500 

8 \ I 1000 

Z 200 } ,,\ I 500 

0 I I I I I I 0 

2 3 

150 [ I 
I 1 soo 

c 125 ~ r) I 1250 

8 ,oo l J\ 1000 

~::! !1 

750 

500 

z 
2~ ~II, I'~ 

250 

0 
1.5 2 

~ 

2 

<S) I 3000 

2500 

2000 

1500 

1000 

3 

500 

0 

s) 

2 3 
5000 ,-------, 

A) 4000 

3000 

2000 

1000 

e) 

0 ~-'--'-_.__,__,__.. 

1.5 2 1.5 2 

M3cpcp. (faB) 

Pttc.9 CneKTp 3cpcpeKTHBHbIX Mace ( ;r+ ,i-- ;r+ ;r-)-Me30HOB .wur: a) dP7 <0.2 faB, 

6) 0.2<dPr<0.5 faB, B) dP7 >0.5 f:;iB, H cneKlJ) :;icpcpeKTHDHbIX Mace (rprn)

MC30HOB .D:iui: r) dP7 <0.2 f:;iB, ,D;) 0.2<dP7 <0.5 faB, e) dP7 >0.5 faB 

B 33KJIIO'IeHHH ccpopMyJittpOBaHbl OCHOBHble pe3yJibTaTbl ,ll;HCCepTaUHOH

ll01I pa60TbI: 

1. Tipe.lJJIO)KeH H Bh!IlOJIHCH 3KCnepnMeHT WA91 Ha n-cnCK1J)OMe1-pe 

npoTonuoro cmrxpo1-p0Ha UEPH n1rn 113yqeuIDI ueH1-panbuoro po)K,IJ.emui x0 

i1e30HOB B peaKUHH pp➔p 1( x 0
) Ps nptt HMnynbce 450 faB/c. B 3KcnepnMeH-

14 

TaJlbHbIX ceaHcax Ha6opa ,D;aHHblX 1991-92 IT. B o6rueit: CJIO)KHQCTH H<lKOIDICHO 

OKOJIO 120 MHJIJIHOHOB 1-pHITepHbIX co6bITHH. 

n-crreK1J)OMC1J) ,ll;OIIOJIHCH KOMIDICKCOM ,ll;CTCKTOpOB, o6ecrreqHBaIOll(llX 

onpe,D;eJieHHC KHHCMaTWICCKHX rrapaMClJ)OB n°- H 11-MC30HOB C BbICOKOH 

TQqHOCTblO. BbmOJIHCHbI pa60TbI no MO,D;epHH3al(Hll ,ll;CTeKTOpOB B COCTaBC YKa-

3aHHOro KOMIDieKca. 

2. IIpoBe,D;eHbl TeCTOBblC ll3Mepemrn xapaKTCpHCTHK JIHBHCBOro f'O,ll;OCKOIIH-

qecKoro ,D;eTeKTopa (Jir,II:) B IIyqKC 3JICK1J)OHOB C 3HCprIDIMH (1-50) faB. 

B ,D;HaIIa30He nccneeyeMblX 3Heprnit: 3JleK1J)OHOB 3aBHCHMOCTb OTKJIHKa 

KaJIOpmre1-pa OT 3Heprnn IIyqKOBbIX qacnm HMeeT JlHHeHttyIO q:>OpMy. 3Hep

reTUqecKHC IIOTCpH B ll(CJUIX IlfL{ .UJUl 3JleK1J)OHOB C ID.HJYllbCaMU 10 H 25 

faB/c He rrpeBhIUiaIOT 3%. · 

lfaMepeHO 3HepreTWICCKOe pa3peUieHne 3JICK1J)OMarHHTHOf'O KaJIOpH

Me1-pa: 

O' = (1. 4 ± 0.1). 10-2 + (5. 8 ± 0.1). 10·
2 

f:3B
112 

E ,JE (f:;iB] 

Ilptt HaJIIl'IHU UH<pOpMaQHH CO CIJ;HHTUJIJUIIJ;HOHHbIX f'O,ll;OCKOIIOB KOOp,D;H

HaTHOC pa3pCllICHHC JIIJ{ ,ll;OCTHraCT cr=4MM. 

3. Co3,D;aHa CHCTCMa 1-pHITepHoro oroopa co6blTHii B KanopHMe1-pe MH 

3KCIICpHMCHTa W A9 l; CUCTCMa orottpaeT C06bITHH C OIIpC,D;CJICHHbThf qnCJIOM 

3JlCK1J)OMarHHTHI,IX JlllBHCH C 3HCprIDIMH 60JII,llIC 3a,Qammro rropora. BKJiroqe

HHC CllrHaJIOB C KaJIOpHMe1-pa B o6ruyro CllCTCMy 3aIIyCKa ycTaHOBKH o6ecrre

qUJio 3HaqHTCJlbHOC IIOJ:{aBJICHHC co6blTHii ynpyroro pp-pacceJJ:HHH. 

Ha 6a3e rrporpaMMHO ynpaBIUICMbIX 3JlCK1J)OHHblX MO,D;yJICii C03,D;aHa 1-pllr

repHasI CHCTCMa .wur oroopa 3JICK1J)OHOB ll q:>OTOHOB C 60JII,lllllM rrorrepeqHI,Thf 

HMITyllbCOM. 

4. IJpOBCJ:{CHbl HCCJIC,ll;OBaiiIDI I.(CHlJ)a.,'lI,HOf'O pO)K,ll;CHIDI ( 7t + 7t - 7t + 7t -)-MC30HOB 

B pea.KUHR pp ➔ Pr(1t+1t-'/t+1t-)p. rrpu nMnyn1,ce rryqKa 450 faB/c. Ha ocHoBe 

aHaJIH3a crreK1-pa 3<pq:>CKTHBHI,IX Mace (47t)-MC30HOB BrrepBblC IIO,ll;p06HO H3yqe

Hbl X(1450)- tt X(1900)-pe30HaHCbl, KOTOpble c 60JII,lllCH BCpOHTHOCTblO 

Ha6nIO,D;aIOTCJJ: rrpn 60JII,lllllX 3HCprIDIX II MaJII,lX rrepe,ll;aHHI,lX qeTblpCXHMITyllI,

cax. Y,D;OBJICTBOpHTCllbHOe OllIICaHHC YKa3aHHOro CllCKlJ)a rronyqaeTCH rrpH 

3HaqeHHHX MaCCbl H lllllpHHbl y X(1450)- ll X(l900)-pC30HaHCOB COOT

BCTCTBCHHO (1446±5) MaB n (56±12) M:;iB, H (1926±12) MaB u (370±70) 

MaB. Ecnn B 3JICK1J)OMarHHTHOM KanopHMe1-pe He 3apernc1-pnpoBaHbI y-
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KBaIIThl, CHnlaJILI OT X(1450)- H X(1900)-Me30HOB He }'MeHLlllaIOTC.ll, 
IlO)tfBep)KJ:{ruI TeM CaMHM, 'ITO OHH He .llBJUUOTC.ll OTPIDKeHHeM ,n;pym:x KaIIaJIOB, 

co.n;ep:xc~x ,/l-Me30HLI. 

5. C IlOMOIULIO aII3JIH3a CilHH-'leTHOCTH CHCTeMLI (1t+1t-1t+1t-)-Me30HOB ycTa

HOBJieHO, 'ITO X(1450)-Me30H HMeeT KBaHTOBLie tJHCJia /(JPc)=0(0++), a 

X(1900) - I(JPc)=0(2++). Ilpu 3TOM, eCJIH pacna,n X(1450)-pe3oHaIIca imeT 

qepe3 npoMe:xcyTO'IHOe cocTO.SHHe JP =0+p(1t1t)p.8 0JIHa• TO X(1900)-pacna,n B 

O.D;HHaKOBOii: CTeneHH MO:XCeT H.nTH KaK qepe3 JP =2+a2(1320)1t, TaK H qepe3 

JP =2+ fi(1270)(1t1t)s_80_.1Ha npOMe:XCYTO'IHLie COCTO.llHH.ll. 

6. O6Hapy:xcCHO, 'ITO npH MaJIOii: pa3HOCTH nonepetJHLIX HMnyJILCOB o6MeH-

HLIX tJaCTHO: B peaKn;HH pp➔pc(X0 )p. no,n;aBJieH BLIXO.D; H3BeCTHLIX p0 (770)-, 

ri'-, fi(1285)- u .fi(1270)-cocTo.sHHii:. llaIIHLiii: 3q>qJeKT YKa3LIBeT Ha cyin:ecT

BOBaIIHe KOppen.sn:uii: Me:xc,n;y o6MeHHLIMH BepIIIHHaMH B npon:eccax ,n;Byx
IlOMep0HHOro o6MeHa. IIpH 3TOM BLIX0.D; X(1450)- H X(1900)-pe30HaHCOB, 

Ha6n10,n;aeMLIX B cneK"rpax {1t+1t-1t+1t-)-Me30HOB, He }'MeHLUiaeTc.s. 
7. . Hccne,n;OBaIIa B03MO:XCH0CTh OilHCaIIH.ll Y3KOro X(1450)-pe30HaIICa C 

Il0M0IULIO .n;Byx CKaJI.llpHLIX JP =0+ fo(1365)- H fo(1520)-Me30HOB. IIOKa3aIIO, 

'ITO C Il0M0IULIO HHTepq,epeHO:HH YKa3aHHLIX Me30H0B MO)KH0 Ha KatJecTBeHH0M · 
yp0BHe 0ilHCaTh X(1450)-pe30HaIIC. 
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