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KOPPEJ.f.ffi.U1J1 TIPOnOJThHbIX 11 IIOIIEPEIIHbIX IiMIIYJIbCOB B rrn:OH:...HYK7l0HHbL1 
Ii ffi10H-mLEPHhIX B3Al1'MO,TI,EMCTBIDIX C OEPA30BAH11EM CTPAHHbIX 1IACTHU: 
IIpenpJ2lHT MT~ 2:5=991 

O.B.Ey~eRoB+~A.].EH~a~OB+~H.~.Kzce~eBZq+B.M.M~~3Xa~q~HK0,
 
B.A.OROpOROB ,A.K.lloHoeoB , ~.M.CepreeB ,M.8.Te~bHoB ~
 
M. , 199? - 8e. 

HCCrre,ZlOBaHbI KopperrSIIUiR nOnepe"tlHhIX IiI np0,ZlOJThHhIX HMnynhcoB B IIlIOH

HyKJIOHHIiIX II IIlioH-il,ZlepHIJX B3aB:Mo,n:eHcTBH.KX C o6pa30BaHIiIeM CTpaHHbIX "tIa

CTHIl npH Ha"tIaJIbHOH 3HeprHH 4 r3B. Bm:BIHHe mepRoll Cpe,ZlbI Ha pacnpOCTpa

aeHHe a.npOHOB npOilBJHI:eTCil B ocna6rreHHlI Koppem1nmI Mex.n:y p1.. 1I p~. O.nHaKO 

cymecTByeT 06JIaCTb KlIHeMaTlI"tleCKlIX nepeMeHHbIX., B KOTOpOH Koppemrr(lIIl He 

1I3MeR.KIOTCit., - 3epq>eKT np03pa"tlHOCTH it..llpa. Cpe,ZlHlIH rronepe"tJRbIH HMnyJIbC A

THnepOHOB, 06pa30naHHhIX Ha lI.npax, pacTeT C yBenl'PleHHeM HeyrrpyrocTH (C 

y.n:aJIeHHeM OT rpamm;bI KyMyJHITHBHOH 06JIaCTH). 

PMO. - 4, CUMCOR ~T. - 4 HaMM. 

C£) ~BCT~TYT TeOpeT~qeCKOI E 8KcrrepBMeHTa~DBoft ~BSBKmt 1997 

+)MOCKOBCKI1BI rocy.uapcTBeHHbm HIDKeHepHo-<pH3l2ftIecKIrii HHCTHTyT 

(TeXHH"tIeCKHH YHIIBepcHTeT) 



RMllYJIbCHhIe CneKTphI BTOpHTJHhIX qaCTlrn;, P0.IK.n;aroIIUIXCK B HeynpyrHx B3a

IIMo.ueiIcTBHIDC a,n:pOHOB, rrpe,n:CTaBJ1SIIOT He1I3MeHHhIH lIHTepeC B nepBYIO Oqe

pe.n;b B CBX3H C BhIXCHeHl'IeM ,n:lfHaMHKB 3JIeMeHTapHOrO npOnecca B3aHMO,n:eH

CTBJ2UI, a TaIOKe IIpH H3y-qeHHH 60JIee CJI02KHhIX rrpOn;eCCOB - npOn;eCCOB B3aHMO

,n:eHCTBIIjI a.n;pOHOB C K,n:paMH 1I K,n:ep C K,n:paMII. 

OCHOBHoe CBORCTBO nOrrepeqHOrO HMrryJlhCa - ero MaJIOCTb no CpaBHeHIDO C 

npOnOJIbHbIM HMIIYJIhCOM KBJIKeTCg 3MllBpnqeCKHM 3aKOHOM, o6Hapy2KeHHhlM D 

CaMhIX nepBhIX 3KcnepHMeHTax no HCCJIenOBaHlllO MHO.lKeCTBeHHhIX rrpoueCCOD 

[1]. OKa3aJIOCb, 'qTO Bli,ll; pacnpeneJIeHnH no nOnepeqHoMy HMrryJIbCy CBj[3aH C 

n:HHaMl1UWE: reHepaJlRH pe30HaHCOB. 

CooTBeTcTByIOlI.(He KIllIeMaTHqeCKHe J2[ ,nliIHaMlflleCKHe 34)(peKThI ,nmr peaK

UHE: C y-qaCTHeM rHuepOHOB lI3YQeHbI eme HenOCTaTO'tffiO [2]. 

HaCTOmIlaJI pa60Ta nocmrm:eHa HCCJIe,nOBaHHIO KOppeJIgn;HH npO,n:OJIbHbIX 

II nOnepe"llHhIX liIMnYJIbCOB BTOpIftIHhIX qaCTliID; B llHOH-HyKJIOHHhIX II nIIOH

Kn:epHhIx B3aHMo,n:eikTBHKX C o6paJoBaHlIeM A-rHIIepoHoB II K-Me30HoB. 

3KcnepHMeHTaJIbHhlH MaTeplIaJI norryqen Ha 2-MeTpoBoH BO.D:OpO.D:HOH ny
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3hIpLKOBOH KaMepe MT3et> H 105-eM eppeOHOBOH ny3hIpLKOBOE: KaMcpe 11Met>I1, 

3KCIIOffilpOBaHHbIX Ha mwHHhIX I!YTIKax npOTOHHoro ClIHXpOTpOHa MT34> [3]. B 

3KCnepliIMeHTe Ha BOnOpO.ll:HOH KaMepe 3aperRcTplIpoBaHO 2202 C06hITKjI, Y.QO

BJIeTBOpsiIoIIUlX BceM KpHTepliISIM oT6opa liI B pe3YJIbTaTe cpHTRpoBamHI KaHaJIOB 

peaKIJ;lIH OTHeceHHhIX K O,llHOH lI3 ITHTlI peaKruriI: 

7r+ +P ---+ A + K+ + 7r+, (1) 

7r+ + P ---+ A + ]{+ + 7r+ + 7r0 , (2) 

7r+ +P ---+ A + KO + 7r+ + 7r+, (3) 

7r+ + P ---+ A + K+ + 7r+ + 7r+ + 7r-, (4) 

7r+ +P ---+ A + 1(0 + 7r+ + 7r+ + 7r0. (5) 

Pe3YJThTaTbI cpHTRpoBaHliHI npe.n:CTaBJIeHhI B Ta6JI. 1. 

Ta6JlBua 1. IIapmraJIbHhIe ce-.:remUI KaHaJIOB 7r+p-peaK~ C o6pa.30naImeM 

A-rIIIIepOHOB. 

KaHaJI peaKI(lm qHCJIO C06bITHH Ce-qeHliIe, MK6 

AK+7r+ 456 64±6 
AK+7r+7r° 814 149 ± 10 
AK°7r+1T+ 731 94±7 
AK+7r+7r+7r 143 35±6 
AK°7r+7r+7r° 58 43± 10 
Bcero: 2202 385 

B 3KcnepHMeHTe Ha cppeoHoBoH KaMepe (..4=22,5) 3aperlIcTpHpoBaHO 620 co

6bIT:HE: C A-rrrnepoHoM Ii K-Me30HoM B peaKIUuI 
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rr- + A -+ A+ !{ + X. (6) 

Ha pac. 1 rrpIIBeneHO pacnpeneJIeHHe A -nmepOHOB 1I3 peaKrm::ft (1) - (5) no 

nOnepe'tlHOMy lIMIIyJThCy. CmIOillHaJI JIHHIIJI COOTBeTcTByeT llJa30BoMy pacrrpe

lleJIeHIDO c noCTOKHHhIM MaTpH'tlHhIM ::meMeHTOM. KaK BHL(HO, ep330BhIH 06'beM 

He OillICbIBaeT 3KCIIepllMeHTaJThHOe pacnpe,n;eneHne no rrorrepe'tlaoMy liIMrryJII:,

cy. q To6hI epeHOMeHOnOrH'tleCKn Y'tleCTh nepHiPeplPIHOCTb B3aHMo.uenCTBH&, MbI 

BbI6paJIIiI KBa.n:paT MaTpWIHoro 3neMeHTa B BRne IMI2 
rv exp(-kit!), rAe t 

KBa.n.paT nepe,n;aHHoro 4-HMIIYJIbCa A-rl:IIIepoHy. IIapaMeTp k HaXoD;HJICH 4>:0:-

THpOBaHHeM 3KCnepHMeHTan:OHoro pacrrpeneneHII.K no IIOnepe"tffi0MY liIMnyJI:ocy 

Kp:ffBOH C B:bI6paHHhIM MaTpHq}Jh[M 3neMeHTOM. IIoJIy-qeHHaJI: TaKRM o6pa30M 

Kpl2IBa.K (rrYHKTRp Ha pHe.I) xopomo onlICLIBaeT pacnpe.ueJIeHMe A-nmepoHoB 

no IIOnepe'tlnoMy lIMrryJI:ocy. 3Ha'tleHHe napaMeTpa k = 2,83 ± 0.14 (r3B/ct2 

rrpFI X2 = 21,48 Ha 21 cTerren::o cBo6o,n;hI. 

Ha pHc.2 II pIlc.3 rrpe,nCTaBJIeH:oI 3aBHCIIMOCTli cpe,IIHerO rrorrepe'tlaoro llM

nyJI:oca OT npo.uOJI:oHOrO HMlIyrr:oca B U-clIcTeMe 7rp-B3aHMo,n;eHcTBHH ,I1;JIH A

rHrrepOHOB H K-Me30HoB H3 pea.KJ:UiriI (1) - (5) R pearaum (6) c 3aperHCTpH

POBaHHbIMR AK-napaMIL lb CpaBHeHIHI 7rp- II 7rA-B33J'IMo,n;eRcTBri BH.II:HO, "tlTO 

H,IIepHhIe B3aHMo.uen.cTBH.K OCJIa6mnOT Koppemln;JZ[Ii[ rrpo,nOJIbHOrO H nOIIepe-qHoro 

HMnyrr:oca. O,n;HaKO CYIIleCTByeT KlIHeMaTlI-qeCKaR o6nacT:O, B KOTopon xapaKTe

pnCTlIKH BTOpH'tlHhIX "tlaCTHU O,IIHHaKOB:bI .uml 7rp- H 7r A-B3aHMO,IIenCTBRH (npo

3pa'tlHOCT:O K.rr;epHoro Bem:ecTBa) [4]. KOHe"tlHO, cne.uyeT rOBopHTb JIHIDb 0 TOM, 

"£lTO .uHHaMlNeCKIlli 6anaHC npoueCCOB B IITOre COXpaH.KeT KoppemlllHH npo,n;orr:o

Horo H Cpe,IIHerO nonepe"tlHoro HMlIyJI:oCa. YCHJIeHHe HeynpyrocTH YBeJIH9lIBaeT 

-
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Hcnp03paqnOCTb. Cpe.n;HllH nonepe"tlllDIll HMnyJIhC A-rIIIIepOHOD, 06pa30BaHHI:.L~ 

BO B3alIMOneHCTBHIDC nHOHOB C an:paMH, pacTeT C yneJIlf'IeHliIeM HeyrrpyrocTlI 

(C yJJ;aJIeHHeM OT rpa.H:1llIbI KyMyJI.sITHBHOH 06JIaCTH). CnJIOillHhIe KpHBhIe sa 

pHc.2 H pHc.3 COOTBeTCTBYIOT q,a30BoMy o6'beM)' C nOCTO.aHHhIM MaTp1fqHbIM 

3JIeMeHTOM, a nyHKTlIpHhle - C 3KcnOHeHUIIaJIbHOB: 3aBHCHMOCTLIO KBaJJ;paTa 

MaTp~oro 3JIeMeHTa OT KBaJJ;paTa nepeJJ;aHHOrO 4-HMnymca C napaMeTpOM 

k, nplIBe.n:eHHhIM BbIIIIe. 

Ha pHC.4 npeJJ;CTaBJIeHa Ta .iKe KOppeJH.lUHOHHaJI 3aBHClIMOCTh JJ;JUI llHOHOB 

II3 peaKIlHH (1) - (5). llJIK CpaBHeEIDI aa plIc.2-4 uaueceHbI KpHBhle q,a30Boro 

06'heMa C y~eToM BKJIa.n:a peaKD;mI (1) - (5).113 p:ac.2-4 BHAHO, ~TO .n;JI~ Me30BOB 

Ha6moJJ;aeTcH 3aBHCllMOCTh TlIIIa "3cPcPeKTa 'tIaHKlI" C MlImIMYMOM rrpn p" = 0, B 

TO BpeMK KaK JJ;JIH rJiIlIepOHOB npH p~ = 0 cpe.n;:mriI nonepe"tJHbI:0: liIMIIYJIhC HMeeT 

MaKCHMaJThHOe 3Ha-qeHHRe. 

B pe3YJIbTaTe HCCJIeJJ;OBaHHK Koppemmni! BTOpfflIHhIX 'tIaCTH!l B rrnOH

HYKJIOHHhlX n IIHOH- jI,IJ;epHhIX peaKIJ;lIS.lX C 06pa30BaJIlIeM KaoHOB H rnnepOHOB 

B KOHe-qHOM COCTO.sIHliIR MO)KHO C€pOpMyJmpOBaTb CJIeAYJOID:He OCHOBHhIe BhIBO

AhI: 

1. <I>a30BbIe KpEBhIe He O:rm.CbIBaIOT 3aJUICHMOCTH npO.n;OJIhHhlX II nOnepe"tlHbLX 

KOMllOHeHT HMIIyJIbCOB BTOplI"tffihIX "tJaCTHU. YqeT nepHq.epHtIHOCTlI B3aHMOJJ;en:

CTBHH cymecTBeHHO yrryqmaeT COrJIaClIe C 3KCnepHMeHTaJIhHhIMliI .n:aIIIffiIMIiI. 

2. Bmunne jI.lI;epHoii cpe.n;hI Ha pacnpocTpaneHHe a.n;pOHOB npOHBJHleTC.sI D 

oCJIa6JIeHl1IlI Koppemm:J21:H Me2K,lly p1. IiI PO' OAHaKO cymecTByeT 06JIacTL KlIHe

MaTl:f1=leCKliIX nepeMeHHLIX, B KOTOpoi KOppeJIKIl;JIH He H3MeHKIOTC.x, - 3q>q,eKT 

np03pa'IHOCTH .SI,IJ;pa. 
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3. Cpe,n;IIHii: IIonepe"tJII.bIi HMnyJIhC A-nmepoHoB, o6pa30BaHBbIX Ha K)l;pax, 

pacTeT c ynemrTIeHIiIeM HeyrrpyroCTH (c y,n;aJIeHIIeM OT rpaHIIIJ;bI KyMymITHBHoB 

o6rracTH). 

Pa60Ta BLIrrOJIHeaa rrpB 4ll1lHaHCOBOR nonnepX{Ke PoccIIikKOrO epoHlIa epyn

.n:aMeHTaJILHhIX nccrre.n:oBa.III'Ii: (KO,n; rrpoeKTa 96-02-17542). 
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PliC.I. Pacnpe.nerremre A-rmrepoHoB, o6pa30BaHHhIX B 7Tp-B3aHMo,n;eHCTBlI.SIX, 

rro rrorrepe'tJROMY HMnyrrhcy. CUnOllIHaJI KpHBaJI - ¢la1oBbIR 06'heM, nYHKTnp-

HaJ[ KpHB<UI cooTBeTcTByeT pacnpe.llerreHI:IlO CKBa,n;paTOM MaTplPIHOro::meMeHTa 

/)\,11 2 ,...., exp( -kit!). 
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PHc.2. KOppemIIl;JiUI cpe~Hero nonepe~oro H npo,n:OITbHOrO HMnYJIJ~Ca A

rlInepOHOB: • - ,IlJUI BO,IlOPO.uHOH: MJilIIIeHH, 0 - .D:JIH HnepHoR MlImeHH. CnJIorrmasl 

KpImasI - tPa30BhIB 06'beM, nyHKTJiIPHasI KpHBCUl cooTBeTcTByeT pacnpeneJIemuo 

C KBa.upaToM MaTpH'TIIOrO 3JIeMeHTa IMI2 '" exp( -kltl). 
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PHc.3. Koppemm:wr CpeJJ:Hero nonepe"tffioro H rrp0.llOJIbHoro HMIIyJIbca K

Me30HOB: • - ,l];JHI BOJJ:OpOJJ:HOH MmneHH, 0 - .umr Sln:epHOH MJZImeHH. CnrroIDmUI 

KpRBasI - q,a30B.bI:H 06'beM, nyHKTnPH3jJ: KplIBaJ[ cooTBeTcTByeT pacrrpe.uerremno 

C KBanpaToM MaTpH'tffioro 3JIeMeHTa IMj2 rv exp( -kit!). 
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PlicA. KOppeJlID:J;lIiI cpe.n;Hero nonepe'lHoro Ii:! np0D;OJIbHOrO JiIMIIYJIbca 7f

Me30HOB. CmIOIIIHaJI: KpHBaJI: - epa30BhIH 06'heM, rryHKTHpHasI KpHBasI COOTBeT

cTByeT pacnpe.n:enemno C KBa.n:paToM MaTplI'tIHOrO 3JIeMeHTa IMI 2 '"'" exp( -kltl). 
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