
COOft1ll8HMR
13 Ko rr . 

Oftb8AMH8HHOrO 
MHCTMTYT8 

RA8PHbi X 
MCCn8A·O B8HMM 

AYft H8 

P l-88-760 

) () uexTHCU*, A.n .'Ie nJia KOB 

AHAJU1J CIlEKTPOB nOnEPE'IHOA 3HEPrHH 

B COY,LI,APEHHHX 

JII!:I'KHX PEJIHTHBHCTCKHX H,lI,EP 

Pen&KTOp E.E.KoneCOBa. MaKeT P.,U.<I>OMHHOH. 
Ha60 p fl.B .ITaxoMoBoH, E.M.rpaMeHH~KoH. 

n O,llllHcaHO B neqan 28. I I • 88 • 
~pMaT 60%90/ 16. 04K:eTHlUI nesars. Yq.-H311JIHCTOB 0,83. 

... 
H HCT HTy T <j>H3HKH AH A3CCP, Batey 

THp8JIC 470. 3 aKa3 41332 . 

H3n&TeJII>CKHA OTllM 061telJ,HHeHHOro HHCTHTYTa RllepHbIX HccnelloBlUIHA. 

~I 

I' 1988 
.lly6Ha MOCKOBCKOA o6naCTH. 



'1
 

Eionbwo~ II1HTepec Bbl3blBalOT B nocnea aee BpeMfl AaHHbie 3KCnepll1MeHTOB 

Ha v cxcparene CERN S PS 0 cnexrpax nonHo~ nOnepe'lHO~ 3Heprll1111 BTOPIl1'lHbIX 'la 

CTII111 B an po-an epusrx covaapeaaax. B pane pa50T Ha5nlOAeHII1e C05 blT lI1 ~ C 50nbwlI1

MII1 3Ha'leHlI1 fl MII1 E TOT paccwarpae aerca 111 KaK caraan 0 cPa30BOM nepexoae 
~ T ~ C ~ anpouaoa MaTepll1111 B COCTOflHl1e KBap K-r n IOOHHOI1 nna3Mb l. npvroa CTOpOHbl, aHa

fll13 E~OT -cnex r poa n aer II1HcPopMallll11O 0 npl1MeHII1MOCH1 MOAene ~ r navtiepoacxo 

ro r una, OCHOBaHHbl X Ha cynepno3 111111l1 111 He3aBII1CII1 Mbi X B3aI1MOAe~CTBII1~ aAPoHOB/ 2/ . 

Cnexrpsr nonHo~ nonepesaoa 3Heprll1111 BTOPIl1'lHbIX 3apfl>KeHHblX 'l acTII1 11 113Y'l a

nll1Cb HaMII1 BO B3a Il1MOAe~CTBlI1flX npor ou o a. anep Ae~Tepl1fl, renl1fl 11 vrnepoaa C flA 

paM II1 vrnepoaa 111 B v r n epon -r aar anoasi x covaapeuaa x npa 4,2.A r3B/c. 3Kcnepl1

MeHTanbHbl~ MaTepll1an 6bln nonvse« C nOMOlllblO 2 -MeTpOBo~ nponaaosoa KaMepbl 

Ha Ay5HeHcKOM CII1HXpocPa30TpoHe. B Ha~AeHHb lx Ha CHII1 MKaX Heynpyrll1x aapo-anep

HblX covnapeaaax 1I13Mepflnll1Cb ace TpeKI1 3apfl>KeHHblX 'laCTII111. Ilonaaa no nepesa aa 

nch 

3Heprl1fl Bbl'lI1CnflnaCb no cPOpMyne E T 0 T= ~ E i == ~ (ip-G-rr;2 - m ), 

n ch 

TIT 1 i T i i 

rae PiT' m i - nOnepe'lHbl~ II1Mnynbc 111 Macca 'laCTII111bl. ~3 aaanaaa II1CKnlO'laflll1Cb 

cPparMeHTbl flApa-MII1WeHI1 (l1cnapll1TenbHble nporoasil 11 cnexraropasre crp an naar o 

Bble cPparMeHTbl HaneTalOlllero AApa. Me TOAII1'lecKl1e ao npocst 05pa6oTKI1 C05bITII1~, 

BblAe neH(,1fl B3aI1MOAe~CTB(,1~ uanetaicuiax aaep C flApaMI1 vrnepoaa nOAP06HO 1I13no

>KeHbl B Apyrll1x patiorax. CM., Hanpll1Mep , / 3/ . 

B rafinaue npll1BeAeHbl II1cnonb30BaHHaA CTaTI1CTI1Ka 111 cpensae Benll1'lI1Hbl : MHO

>KecTBeHHOCTII1 BTOPIl1'lHbIX 3apfl>KeHHblX 'laCTII111 (6e3 cnexraropoa) <n ch > ,'lll1cno 

B3aIl1MOAe~?TBYI01llI1X nporoaoe < N p > , nonepe-raoa 3Heprl1(,1 3apA>KeHHO~ xa

CTI111bl <El > 111 
T 

4111cno C06bITII1~ * 

<nco> 

< N >p
 

<E~ » . M3B
 

< ETOT> M3B
 

nonHo~ nOnepe'lHO~ 3Heprl1111 B C05bITII1111 <E TO'!) . 
T 

Tetinuue 

pC dC aC CC CC MH 

3597 5106 1987 4216 1400 

2,45±O,02 3,17±O,02 4,92±O,05 6,52±O,05 14,O ±O,l 

1,83±O,O2 l,95±O,08 3,06±O,10 4,32±O,07 8,92±O,05 

150 160 170 170 180 

380±10 490±10 830±20 1050±30 2380±50 
~. L ' 

*C vseros« eece onR «epesoenennux (eooopoo-yznepod) co6blTuii. 
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PUC. 1. Pscnpeoenenun no nonnoc nonepesnoii snepeuu e nevnpvzux pC-, 

CC- U CC-MHozoHYKnoHHbl x e3auMoOeUCreuF/x npu 4,2 r3B!c «e HyKnOH. 

Fucraepesoss - paC'IeT no KacKaoHou Mooenu /5 / , KpecTuKu - Mooenb 

He3aeUCUMbiX coyoapeHuu / 6/ «e ocuo ee annpOKCUMaL/UU pC-oaHHblx 

M HO>KeCTBeHHOCTb 3 apA >KeHH b1X 'I aCTI1U , TaK 11 I1X nonuaa nonepesaas 3Heprl1A. Ha
K llOHbl I1HKll10311BHbiX cnexrpoa no E~, I1MelOU\I1X 3KcnOHeHUl1allbHbl~BI1,Q, cnaoo 

M eHAIOTCA ,QllA pasasix Hall eTalOU\I1X anep . 

Ha pac.t npI1BO,QATCA 3KCnepl1MeHTallbHb ie pacnpeneneaaa n o n OllHO~ non ep es

H O~ 3Heprl111 nna Hcynp yrl1x p C-, CC- 11 C C- M Ho r oHY KlloHHbIX B3aI1 MO,Qe i:1cT BI1 ~ . 

MHoro HYKlloHHbie B3aI1MO,Qe~CT B I1A anep vrnepona orfiapanac» npa cneu aan saora 
n p OCM OTpe / 4 / , OHI1 COCTaBllAIOT - 20% uevnpvroro ceveaaa a in c! == (790±50) M6. 

~ _ cc 
fl1CTOrpaMMa aa pnc .t - pacser no ,Qy6H cHCK0I1 KaCKa,QHOI1 MO,QClll1 (AKM) K.fY,QI1

Mbl 11 B .T oHeeBa / 5 / . AllA HarllA,QHOCTI1 pacnpeneneuaa HOpMl1pOBaHbl Ha e,QI1HI1UY B 

nepe ov I1HTep Ba ll e. B I1cnollb30BaHHo~ BepC1111 KacKa,QHo~ MO,Qelll1 He y'lTeHbl 611113 

Kl1e HyKllOH-HyKll oHHble KOppCllAUI1I1 . TeM HC MeHee, cornacae C MO,QellblO B uenora 
y ,QOBll eTBOpurenbHoe. 

Pacnpeneneuue no E ~O T MO>KHO TaK >Ke nonsrrarsca nonvsars, I1cnOllb3YA 

pacverst no MO,nClll1 MHorOKpaTHoro paCCeAHI1A / 6 / : 

(E TTOT)dNAB /dE TOT == L
A 

(J • f . (1)
T n == l n n 

3,QeCb a n - Bep OATHOCTb B3aI1Mo,ne~CTBI1A n HyKllOHOB Hall eTalOU\ er o anp a, Bbl 

'lI1Cll AeMaA B MO,Qelll1, a f (E~OT)_ BepOATHOCTb Ha611IO,neH I1A ET OT B n He 

3aBI1CI1MbiX pC -B3a I1MO,Qe~CT~ I1 A X . AHallOrl1'lHO / 7 / r pC-cneK Tp annpoJCI1 MI1 POB allCA 

C nOMOU\blO raMMa-cjJyH Klll1l1 cjJOPMY llO~ : 

p- l
f 1(E ) == [a /r(p)l (a E) e xp (-a E) , 

1rne	 a == (3,3± 0,2 ) r 3 8 - , p == 2,24±0,07, X 2 == 1,5. Peavnsrar TaK oH annpox -
C.T.CB. 

CI1Malll111 npencraenea Ha pac. t n y HK Tl1p OM . KpeCTI1KaM I1 n OKa3a Hbi p aC'leTb l ( 1) 

C I1cnOllb30B aHI1eM n OllY'l eHHbIX n ap a- 40 
MeTpOB a , p 11 B3 ATbiX 113 Mo,nelll1 PT <0,5 f 3 8 / c Pr> 1,0 f38/c 

sepoaraocrea 0 Y ,Qo Bll eTBOp l1- • - pC - 0 
n 

r ensaoe cornacue pacser oe 11 sxcne- _ - de - 0 

p l1MeHTa Ha 611IO,naeTcA ,QllA e c ex n ap 30 .. - l-IeC - l> t 
CTall K I1BalOU\ I1XCA anep, B TOM 'lI1Clle	 • - CC - 9 t
11 ,nllA C C -M Ho rOHY KllOHH cI X c OY,Qap e- .... - 1llC.t'\ -- 

H I1~ . 3 TO vxaasraaer u a OTCy Tc TBl1e Q..
 

aavreraoro B xnaaa KaKI1X-1l1160 He - O!
 

Tp l1Bl1allbHb l X M eXaHI13MOB B cOY,Qa 201-	
t 

peHI1AX n er x a x p ellATI1BI1CTCK I1X a n ep. 

PUC.2. Seeucumocrs HopMupoeaHHblX 
cpeonux MHO}/(eCTeeHHocTeu nporo t ~ .t

.. 
/::101 .r» Hoe C pa3HbiMU nOnepe'lHblMU UM

"~	 .," ..
'I	 

... ...nynscemu OT vucne e3aUMooeucreylO(nYHKTUp) . 
o • ~ , •U/UX nporouoe N p' BenU'IUHbl cpeo ... .-¥:-... l , ;.

HUX MHO}/(ecTeeHHoCTeu npu onpeoe
~., .BI1,QHO, 'I TO C POCTOM aTOMHoro a eca Hall eTalOU\er o aapa pacrer KaK c pe,QHAA I', neHHoM Np nooenenu «s coOTeeTCT I ...L01. I I .l.. ..1 

eYIOU/ue 3Ha'ieHUF/ npu MUHUManbHOM 024 6 8 10 12 
N~ i n == O. nYHKTUp U TO'lKU -pac Np
vet no ,llKM. 
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TeM He MeHee, onpeAeJleHHble HaAe>KAbl Ha B03MO>KHOCTb Ha6JlKlAeHIiIA "3K30

TIiIKIiI" AaKlT AaHHble, nOKa3aHHbie Ha plilc.2. 3AeCb npeACTaBJleHa 3aBIiICIiIMOCTb OT ~IiIC

Jla B3aIilMOAe~CTBYKl~IiIX npOTOHOB, N p , CTanK"'B aKl~IiIXCA AAep pOCTa, R p , cpeA

Helii MHO>KeCTBeHHocTIiI npoTOHoB C 60JlbWIiIM nonepe~HblM IiIMnYJlbCOM. 8eJlIiI~IiIHa Rp 
R BJlAeTCA OTHoweHlileM cpeAHlilx MHO>KeCTBeHHOCTelii nplil onpeAeJleHHOM N K COOT

BeTcTBYKl~e~ BeJlIiI~IiIHe nplil MIiIHIiIMaJlbHOM Np = 0 . 3Ha~eHlile N p npAMg nponop

UIiIOHaJlbHO BeJlIiI~IiIHe E ~O T B C06b1TIilIiI . 

nplil 1i13MeHeH.lli1 B Heynpyrlilx CC-B3aIilMoAeliicTBIiIAX BeJlIiI~IiIHbl N p OT a AO 12 

«E~OT > nplil 3TOM MeHAeTCA OT 1,2 r38 AO 11,9 r38) cpeAHAA MHO>KeCTBeHHOCTb 

npOTOHOB cPT < 0,5 r38/c YBeJlIiI~IiIBaeTCA B 8 pa3 (OT 0,7 AO 5,4), a AJlA P > 

> 1 r38 /c - B 30 pa3 (OT 0,03 AO 0,9) . B KacKaAHolii MOAeJlIiI (nYHKTlilp iii TO~KJ) 
pa3JlIiI~1iI1ii B nOBeAeHliI1iI cpeAHIiIX MHO>KeCTBeHHOCTelii npOTOHOB C 60JlbWIiIMIiI iii MaJlbl

Mlil nonepe~HblMIiI IiIMnYJlbCaMIiI He BIiIAHO. 

TaKIiIM 06pa30M, C POCTOM nOJlHOYi nonepe~HO~ 3Heprlillil Bce 60Jlee 3Ha~IiITeJlb

Hbl~ BKJlaA .B BeJlIiI~IiIHY ETOT AaKlT OTAeJlbHble 3Heprlil~Hble ~aCTIiIUbl C 60JlbWIiIMIiI 
T 

PT' 3TO MO>KeT CJlY>KIiITb YKa3aHlileM Ha HeTpliIBlilaJlbHbl1ii xapaKTep MexaHIiI3Ma IiIcnyc-

KaHIiIA npOToHoB. 

AHaJlorlil~HaA KapTIiIHa nOBTopAeTcA TaK>Ke iii AJlA CTa-COYAapeHIilIii 

nplil 4,2 A r3B / c, AJlA KOTOPblX cneKTp no E ~OT npliIBeAeH Ha plilc.3 (rlilcTorpaMMa

pac~eT AKM, KpecTIiIKIiI - MOAeJlb MHoroKpaTHoro pacceAHIiIA) . B 3KcnepIiIMeHTe BIiIAeH 

TaK>Ke 60Jlee 6blCTPblYi pOCT cpeAHeYi MHO>KeCTBeHHOCTIiI npOTOHOB CPT> 1 ,5 r38 /c. 
3 TIiI AaHHbie 141 cOrJlacYKlTcA C 1i13BeCTHblMIiI pe3YJlbTaTaMIiI rpynnbl KPOHIiIH-Cl /8 1 

n o 	 Ha6JlKlAeHIiIKl aHOMaJlbHoYi A-3aBlilcIiIMoCTIiI B 06pa30BaHIiIIiI aAPoHoB C 60JlbWIiIMIiI 

nonepe~HblMIiI IiIMnYJlbCaMIiI . 

Ha plilcA npeACTaBJleHbl CneKTpbl nOJlHoYi nonepe~Holii 3Heprlillil B (p, d, He, 
C) + C-B3aIilMoAeYicTBIiIAx B 3aBlilCIiIMOCTIiI OT BeJlIiI~IiIHbl z ~ ETOTI < ETOT> - aHa-

T' _T 
Jlora KNO -nepeMeHHOIiI AJlA pacnpe

AeJleHlil1ii no MHO>KeCTBeHHOCTIiI . BIiIA
10' 

HO, 'ITO pacnJ1l.eAeJleHIiIA AJlA pa3JlIiI'l 

.... HblX HaJleTaKl~IiIX AAep nOA06Hbi. 
o ........ 
 PaHee / 7 / TaKoYi 3cjJcjJeKT Ha6JlKlLlJ 

~ AaJlCA B cOYAapeHIiIAx npOTOHOB
Z 
-u VI JlerKIiIX AAep nplil 3HeprlilAx ISR. 


OAHOYi 1i13 Ba>KHbIX xapaKTepliI 


CTIiIK npouecca B3alilMOAeliicTBIiIA pe

16' 	 HI t 

JlATIiIBIiICTCKIiIX AAep ABJlAeTCA AO

II 
K 

" 

~l t t t tt 
Puc.3. PacnpeaeneHue no nonHorJ nojI nepe'lHou 3Hep2UU S CTa-s3auMo

10" 
aeucTsuRX npu 42 t3Bic Ha HyKnOH. 
tUCTo2paMMa - pac'leT no J/KM, 
KpecTUKU - Moaenb He3aSUCUMblXC0. 3. ETOT 

12. 

T 	 s3auMoaerJcreurJ. 

Puc.4. PacnpeaeneHUR no KNO -ne


peMeHHoiJ E~OT/< E~OT > S (p, 

.... o,l~ : .~ od, He, C) + C-coyaapeHuRx. .... ,... • 	 pC+.t' ~~ LlJ o dC 
'0 .. 	 fIeC" f • 

" 	 I; • t .'" ~ " CC 
Z 

CTlilrHYTaA nJlOTHOCTb 3Heprlillil . Ee Be '0 
" " ~ •• + 

JlIiI'lIilHY MO>KHO oueHIiITb, COrJlaCHO .... ~~~~ o1 ~.6b~pKeHy J 91 , KaK iii B APyrlilx z .... 0111 T~}f 
. 3KcnepIiIMeHTax I l l , OCHOBblBaACb 

Ha 6blCTPOTHbiX cneKTpax. 8 OTAeJlb  1\ 
. .... 

HblX CC-MHorOHY KJlOHHblX cOYAape o ........ 

LlJ

HIiIAX nJlOTHOCTb 3Heprlillil AOCTlilraeT ~~f~V
(max _ 0,8 r38 / cjJM 3, a B CTA

CC MH 
 I 
B3alilMoAeliicTBIiIAX - 1,6 r38/cjJM 3 . --.1-- 22I . 31 4 

!:pOl . TOT> 
8 060lilx CJlY'laAX 3TO HIiI>Ke O>KIiIAae o TOT I <E T 

ET 
Moro nopora AJlA cjJa30Boro nepexoAa 

B 	 COCTOAHlile KBapK-rJlKlOHHOIii nJla3

Mbl. 

8 	 3aKJlKl'leHlile aBTopbl Bblpa>KaKlT 6JlaroAapHocTb KOJlJleraM no COTpYAHIiI~eCT

By Ha 2-MeTpOBolii nponaHOBolii KaMepe 3a nOJle3Hbie AIiICKYCCIiIIiI iii nOMoLUb B pa60Te. 
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