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<, 	T.C~aKp A.CTSnaHRK 
HHCTHTYT RAepHMX np06neM 

B.B.rnatone~~ p.H.ne6eAeB, r.A.neCTOBa, C.C.WHMaHCKHH 
06~eAHH~HHMH HHCTHTYT RAepHMX KccneAOBaHHH, AY6Ha 

H.CeMaH, n.WaHAOp 

HHCTHTYT 3KcnepHMeHTanbHOH ~H3HKH CAH, KOWH~e, 4CCP 


A.rnaBa40Ba, r.HapTHHCKa, A.naT04Ka, A.Yp6aH 

YHHBepCHTeT HM.n.A.Wa$apHKa, KOWH~e, 4CCP,
. 
K.Y.XaHpeTAHHOB 

$M3H4ecKHH HHCTHTYT HM.n.H.ne6eAeBa AH CCCP, HoCKBa 


r.6paYH, 1.-n.JI(ep5ep, n.JI(IOHo, A.HHwanOH 

UeHTp RAepHWX HccneAOBaHHH, CTpac5ypr, ~paH~HR 


A.K.Ka4apaBa, H.C.HHopaA3e, 3.P.CanYKBaA3e 

HHCTHTYT ~H3HKH BWCOKHX 3HeprHH TrY, T5HnHcH 


(SJ O61.eJIJIHeHHWA IDICTHTyT lUleJlHWX HCCJle.l1o.-aHA J1y6Ha, 1988 

B 	nocneAH~e rOAw 60nbwoe BH~MaH~e YAen~eTC~ ~ccneAOBaH~1O aA
pOH-~AepHWX cOYAapeH~~ np~ pen~T~B~CTCK~X 3Hepr~~x C ~enblO ~3Y
4eH~~ HOBWX $~3~4eCK~x ~BneH~~. Hie~Tc~ B B~AY, Hanp~Mep, Kon
neKT~BHwe B,a7MoAe~cTB~~ HYKnOHOB 1/, MynbT~KBapKOBwe COCTO~~ 
H~~ B ~Apax 2 , KOpoTKoAe~cTBYIO~~e Koppen~~~~/3/, KOTopwe MO~ 
rYT npeAOCTaB~Tb ~H$OpMa~~1O 0 CBO~CTBax ~ CTPYKType ~AepHoro 
Be~eCTBa, a TaK*e 0 npocTpaHcTBeHHo-BpeMeHHo~ KapT~He npo~ec~ 
ca pO*AeH~~ aAPoHoB/4 / . 

B 06nacT~ ~MnynbcoB HaneTa~~x 4aCT~~ AO 5 r3B/c Ha HYKnOH 
HaKonneHO 60nbwoe Kon~4eCTBO 3Kcnep~MeHTanbHWX AaHHWX ~ ony6n~

KOBaH P~A TeopeTH4ec7~x paC4eTOB, B 4aCTHOCT~, An~ B3a~MOAe~CT
B~~ C nerK~M~ ~APaM~ 51. OAHaKo B 3TO~ 06nacT~ 3Hepr~~ AalOT 
BKnaA pa3n~4Hwe npo~eccw,~ AO c~x nop HeT ~CHoro npeAcTaBneHH~, 
rAe pa60TalOT TpaA~~~oHHwe MexaH~3MW 1~-~306apa, BKC H T.n.I, 
a rAe MW Ha6nlOAaeM HOBwe 3$$eKTW ITaK~e, KaK 6q-COCTO~H~~, 
$nYKToHw ~ T.A.I. 60nbw~HcTBO ~MelO~~xc~ 3Kcnep~MeHTanbHwx AaH
HWX nonY4eHo B 3neKTpoHHWX 3Kcnep~MeHTax, npe~My~ecTBaM~ KOTO
pwx ~Bn~IOTC~ 60nbwa~ CTaT~CT~Ka ~ cpaBH~TenbHo 6wcTpa~ 06pa60T
Ka. CpeA~ ~X HeAocTaTKoB MO*HO OTMeT~Tb orpaH~4eH~e ~HKnI03~B
HWM ~n~ nonY~HKnI03~BHwM nOAxoAaM~, a TaK*e orpaH~4eHHoe $a30
Boe npocTpaHcTBo. C04eTaH~e nY3wPbKOBO~ KaMepw C nY4KoM YCKO
peHHwx ~Aep AaeT B03MO*HOCTb nonY4~Tb 60nee nonHYIO ~H$OpMa~~1O 
06 ~3Y4aeMWX peaK~~~X 6naroAap~ 4n-reoMeTp~~ ~ HaAe*Ho~ per~CT
pa~~~ 3ap~*eHHWX 4aCT~~. 

06cY*AaeMwe 3Kcnep~MeHaTnbHwe pe3ynbTaTw nonY4eHW C nOMO~blO 
100 CM BOAOPOAHO~ nY3wPbKOBO~ KaMepw nB3 OH~H, 3KcnoH~poBaHHo~ 
~ApaM~ ~He np~ ABYX 3Ha4eH~~X ~Mnynbca: 8,6 ~ 13,6 r3B/c. 06
pa60TKa C06WT~~ npOBOA~naCb no cTaHAPaTHo~ cxeMe: ABYKpaTHw~ 
npOCMOTP, ~3MepeH~~, reOMeTp~4eCKa~ peKOHCTpYK~~~ ~ K~HeMaT~

4eCK~~ aHan~3 C ~cnonb30BaH~eM aAanT~pOBaHHWX nporpaMM 6~6n~0
TeK~ CERN-HYDRA. Ha MarH~THWX neHTax CYMMapHWX pe3ynbTaToB Ha
KonneHO 38732 C06WT~~ np~ ~Mnynbce 8,6 r3B/c ~ 31145 C06WT~~ 
np~ 13, 6 r3B/c. 

B pa60Te 06cY*AaIOTc~ cneKTpw HYKnOHOB, BwneTalO~~X nOA 60nb
W~M~ yrnaM~ B C~CTeMe nOKO~ ~Apa ~He. 60nbw~e yrnw BwneTa BW
rOAHW TeM, 4TO n~A~pYIO~~e 4aCT~~W He AalOT BKnaAa B 3TY 06naCTb, 
a K~HeMaT~Ka KBa3~ynpyroro HYKnOH-HYKnOHHoro pacce~H~~ nOAaBn~
eT BKnaA HYKnOHOB OTAa4~. BKnaA B 3TY 06naCTb MorYT AaTb cneK
TaTopHwe HYKnOHW ~ijYXPPHW:~£~~TW Heynpyr~x B3a~MOAe~CTB~~, 
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~AY~~X 4epea 06paaOBaH~e ~ nOrnO~eH~e npOMe*YT04H~X B036Y*AeH
H~X 6ap~OHH~X/COCTOAHHH HnH BHpTyanbH~x n-Me30HOB, KYMynATHB
H~e HYKnOH~/2 • 

B Ka4eCTBe Hnn~CTpa~HH MO*HO COCnaTbCA Ha pa60T~/7-9/, B KO
TOP~X HCCneAOBanHCb CneKTp~ npOTOHOB, B~neTa~~HX B 3aAH~ nony
c~epy B peaK~HH dp+ppn npH HMnynbce AeHTpoHoB 3,33' raB/c. 
B aTHX cneKTpax Ha6n~Aanocb nne40 B 06naCTH 300f500 MaB/c, 
a TaK*e YCHneHHe aToro a~~eKTa B peaK~~~ nepe3apAAKH. OTHowe
HHe B~xOAa npOTOHOB K HeHTpoHaM B 06nacTH,6nH3KoH K 180o,cHnbHo 
B03paCTano H npH 3Ha4eHHAX x = T/TMaKc ,60nbwHx O,5.AocTHrano 
3Ha4eH~A. 6nH3Koro K 5/8 /. ,6~no npeAnono*eHO, 4TO YKa3aHH~e a4>
~eKT~ CBAaaH~ C B03H~KHOBeHHeM BHpTyanbHOH 8-H306ag~ C nocne
AY~~HM nepeXOAOM 8N + NN. npoBeAeHH~e B pAAe pa60T/ 10- 14/ Teo
peTH4eCKHe paC4eT~ nOATBepAHnH YKa3aHHoe npeAnono*eHHe. ~ccne

AOBaHHaA peaK~HA He cOAep*ana n-Me30HOB B KOHe4HOM COCTOAHH~. 
KpoMe Toro, HMnynbc. np~xoAHBWHHCA Ha OAHH HYKnOH (1.66 raB/c), 
HaXOAHnCR B6nH3H MaKCHMYMa pO*AeHHA 8-~306ap~. 

Han~4He aKcnepHMeHTanbH~X AaHH~X no 4He-p-cTonKHoBeH~AM npH 
ABYX HMnynbcax naAa~~ero AApa IB CHCTeMe nOKOA AApa 4He aTO 
2,15 raB/c H 3.40 raB/c. cooTBeTcTBeHHo/. a TaK*e B03MO*HOCTb 
B~AeneHHA 6e3Me30HH~X KaHanOB H KaHanOB, cOAep*a~HX n-Me30H~, 

AaeT B03MO*HOCTb AononHHTenbHoH npOBepKH CAenaHH~X paHee npeA
nono*eH~H. 

3KcnepHMeHTanbH~e pe3ynbTaT~ npeACTaBnA~TCA B B~Ae 3aBHCH
MOCTH HHBap~aHTH~X AH~~epeH~HanbH~x nonepe4H~X ce4eH~H OT HM
nynbca B CHCTeMe nOKOA AApa 4He. BenH4HH~ nonepe4H~X ce4eHHH 
npHBeAeH~ B OTHOCHTenbH~X eAHHH~ax. A6con~TH~e 3Ha4eHHA MorYT 
6~Tb nonY4eHbi YMHo*eHHeM Ha MHnnH6apH-aKBHBaneHT C06~THA. CO
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H 4,326 MK6/ c06~THe AnA AaHH~X 
d npH 13,6 ra~/c, XOTA AnA B~BO
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PHc.l. HHBapHaHTHNe AH~~epeH , 
~anbHNe CeqeHHR 06pasoBaHHR 
npOToHOB B 4He-p-BSaHMOAeHCTBH
RX npH HMnynbce 4He 8.6 r3B/c 
B SaSHCHMOCTH OT HMnynbca upo
TOHa AflH yrnoB BwneTa Cose E 
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E /-1, -0,666/ B CHCTeMe nOKOR 
RApa 4He. 0 - npOTOHN HS KaHa
nos, COAepxa~x n-MeSOH~ /ne
BaR mKana/; x - npOTOHN HS Ka
HanOB, He COAepx~ n-MeSOH~ 
/npasaR mKana/.OmH6KH CTaTHCTH
qeCKHe.P [r,Bld 
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AOB HaCTOA~eH pa60T~ OHH He cy~ecTBeHH~. Bce pacnpeAeneH~R 
npHBOAATCR AnA HHTepBana yrnoB Cose E 1-1, -0,666/ AnR peaK~HH 
C OAHOH HeHTpanbHoH 4acTH~eH H 6e3 HeHTpanbH~x 4aCTH~. KpecT~
KaM~ Ha pHCYHKax npeACTaBneH~ AaHH~e AnA HYKnOHOB H3 6e3Me30H
H~X peaK~HH, OTKP~T~MH KpY*KaMH - AnA HYKnOHOB H3 peaK~~H 
C pO*AeHHeM n-Me30HOB. 

Ha pHc.1 npHBeAeH~ aKcnepHMeHTanbH~e pacnpeAeneHHA AnR npo
TOHOB H3 4He-p-B3aHMOAeHCTBHH npH HMnynbce 8,6 raB/c. B~AHO 
pe3Koe pa3nH4He nOBeAeHHA cneKTpOB B KaHanax, COAep*a~~x n-Me
30H~. H B KaHanax 6e3 n-Me30HOB. CneKTp npOTOHOB H3 KaHanOB. 
cOAepma~HX n-Me30H~, perynApHo y6~BaeT C POCTOM ~Mnynbca npOTO
Ha. 4>HTHpoBaHHe aKcnepHMeHTanbH~X AaHH~X aKcnoHeH~~anbHoH ~YHK
UHeH y = a exp (-bp) AaeT 3Ha4eHHe HaKnOHa b=(25,2±l,5) (raB/c)-1 
C X2 = 2.1 Ha CTeneHb cB060A~. nepBaR T04Ka cneKTpa 6~na ~CKn~
4eHa H3 npo~eAYp~ ~HTHpoBaHHR. CneKTp npoToHoB H3 6e3Me30HH~x 
KaHanOB HMeeT ACHO B~pameHHoe nne40. 

Pa3HHua MemAY npHBeAeHH~MH Ha pHc.2 pacnpeAeneHHAMH AnR 
HeHTpoHoB B Tex me rpynnax KaHanOB He TaKaA RpKaR,KaK B cnY4ae 
npOTOHOB. OAHaKO Ha6n~AaeTCR nnaTO B HHTepBane ~MnynbcoB 350f 
f600 MaB/c AnA HeHTpOHOB H3 KaHanOB, He cOAep*a~Hx n-Me30H~. 
3TOT pe3ynbTaT Ka4eCTBeHHO cornacyeTcR C AaHH~MH/8/. npo~eAypa 
MHHHMHaa~HH Aana AflA HaKnOHa cneKTpa HeHTpOHOB H3 KaHanOB 
C n-MeaOHaMH aHa4eHHe b = (16,1±1,1) (raB/c)-1 C X2 = 1,22 
Ha CTeneHb cB060A~. 

Ha pHc.3 H pHc.4 nOKaaaH~ aHanorH4H~e pacnpeAeneHHR, HO AflR 
HMnynbca 13,6 raB/c. BHAHO. 4TO pa3nH4He MemAY KaHanaM~ C n-Me

30HaMH H 6ea n-MeaOHOB CTHpaeT
CR. 3Ha4eHHR HaKnOHOB AnR npo

d TOHH~X cneKTpOB COCTaBHnH b = 
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p[r,B/c] 

= (11.3±l,O) (raB/c)-1 H b = 
= (14,3±O.9) (raB/c)-1 COOT

~ BeTCTBeHHO AflA C06~THH 6ea n-Me
aOHOB H C n-Me30HaMH. B nepBOM 

~ cnY4ae X2 = 1,38, BO BTOPOM -
X2 = 1,28 Ha CTeneHb cB060A~. 
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0' 

PHc.2. HHBapHaHTH~e AH~epeH
UHanbH~e CeqeHHH 06paSOBaHHR 
HeHTpOHOB B 4He-p-BSaHMOAeHCT
BHRX UPH HMnynbce 4He 8,6 r3B/c. 
OCTanbHble 060SHaqeHHH. KaK 
Ha pHc.l. 
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PHC. 4. HHsapHaHTHble A~epeH

PHc.3. HHSapHaHTHWe AH~~epeH


~anhHWe CeqeHHH 05pa30SaHHH npo

TOHOS B 4He-p-S3aHMOAeHCTBHHX 

npH HMnynbce He 13,6 r3B/c. 

OCTanbHMe 0503HaqeHHH, KaK 

Ha pHc.l. 
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~anbHWe CeQeHHH o5pa30saHHH 10'.~ 10' 
HeHTpoHoB S 4He-'p-s3aHMoAeHcT

BHHX npH HMnynbce He 

13,6 r3B/c. OCTanbHMe o503Ha

qeHHH, KaK Ha pHc.l. 10 
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P fr3B/q 

AnR HeHTpOHOB pe3ynbTaTw aHanOrH4HW. HaKnOHW cneKTpOB COCTaB
nRIOT b = (15,6±1,3) (r3B/c)-1(x2 = 1,15 Ha CTeneHb cB060,qw) 
H b = (15.6±1,4) (r3B/c)-1 (x 2 = 1,88 Ha CTeneHb cB060,qw). 

nonY4eHHwe pe3ynbTaTw He npOTHBope4aT npe,qnono*eHHIO 0 npH
CYTCTBHH MexaHH3MOB B3aHMo,qeHCTBHR 6-H306apw B npOMe*YT04HOM 
COCTORHHH C HYKIlOHOM HIlH norIlOllleHH..·· BHpTyaIlbHoro n-Me30Ha na
POH HYKIlOHOB. YMeHbweHHe 3~eKTa B CIlY4ae He~TpOHOB no cpaBHe
HHIO C npOTOHaMH AIlR 6e3Me30HHWX KaHaIlOB cornacyeTcR C BWBo,qa
MH/9-13/, OCHOBaHHWMH Ha Hcnonb30BaHHH H30TonH4eCKHX COOT Howe
HHH. nOAaBneHHe 3~eKTa IlnIlaTO" B ,qHcP$epeH4HaIlbHWX ce4eHHRX 
npH 60nee BWCOKOH 3HeprHH MO*HO nOHRTb, eCIli ~4eCTb YMeHbwe
HHe ce4eHHR 06pa30BaHHA 6-H306ap. no ,qaHHWM I -161 nonepe4Hwe 
ce4eHHR np04eCCOB pp ~ 6++n 16 M6 H 6,3 M6. pp ~ 6+p 8,9 M6 
H 2,2 M6. pn ~ 60p 4,9 M6 H 2,4 M6 COOTBeTCTBeHHO npH HMnYIlb
cax 2,15 H 3,4 r3B/c Ha HYKnOH. TaK KaK B 06IlaCTH HMnYIlbCOB 
2 r3B/c 60IlbWHHCTBO n-Me30HOB po*,qaeTCA 4epe3 6-pe30HaHcw/151, 
nORBIleHHe n-Me30Ha B KOHe4HOM COCTORHHH,eCTeCTBeHHo,YMeHbwaeT 

BepOATHOCTb np04eCCOB THna N6 ~ NN HIlH norIlo~eHHA n-Me30Ha 
Ha 	 nape HYKnOHOB. 

3AKJD04EHHE 

1 
B pa60Te paccMoTpeHw HHBapHaHTHwe AH~~epeH4HaIlbHwe nonepe4

Hwe ce4eHHA ,qIlR HYKIlOHOB, BWIleTalO~Hx nOA 60IlbWHMH yrIlaMH B CH
CTeMe nOKOA A,qpa 4HeB 3aBHCHMOCTH OT HX HMnYIlbcoB B 4He-p-B3aH
MOAeHcTBHAX npH ,qBYX 3HeprHRx. npHBeAeHw aprYMeHTw B nOIlb3Y 
cy~ecTBeHHo~ POIlH TaKHX HeynpyrHx np04eccOB, KaK B3aHMOAeHCT
BHe npOMe*YT04HOH 6-H306apw C HYKIlOHOM HIlH norIlOllleHHe BHpTyaIlb
Horo n-Me30Ha napOH HYKIlOHOB. 

ABTOPW Bwpa*alOT 6IlarOAapHocTb H.CTerIlHKoBoH H A.XOMH4eBoH 
3a o~opMIleHHe PHCYHKOB. 
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