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Be11Rea H.M. H Ap. 
CmlHOBble 3q>q>eKTbl B KyMynRTHBH0M o6pa30B8.HHH np0T0H0B H AeihpoHOB 
B np0T0H•RAepHblX B3aHM0AeliCTBHRX npH 3HeprHRX 16 + 64 r3B 

Pl-89-463 

H3MepeHa nonRpH3aUHR KyMynRTHBHblX npoT0H0B, BblneTlllOUIHX 00A na6opaTOpHblMH 
yrnaMH 168° H 95° npH B3aHMOAelicTBHH nepBHIIHblX npoT0H0B C 3Heprneli OT 16 AO 64 r3B 
C RApaMH Be, C, Mo. H:1MepeHHR Bbm0nHeHbl 8 HHTepa81le HMnynbC0B KYMYnRTI18HblX npo
T0H0B OT 605 AO 1120 M3B/c. npHBOARTCR AaHHble 06 aCHMMetpHH pacceRHHR KYMYnRTHB• 
HblX AeliTpoHOB B HHTepaane HMnynbCOB OT 606 AO 1220 M3B/c. 3BBHCHMOCTb nonRpH38UHH 
OT 3HeprHII IIBCTHU nepBH'IH0ro ny11Ka BblpB)t(eHa cna6o. Ha6nlOAaetCR poet nonRpH38.UHH OT 
(3,3 :t 2,1) % AO (12,0 :t 1,0) % c H3MeHeHHeM yrna c 168 AO 95°. A·38BHCHMOCTb npoRB/UI· 
ercR 8 yMeHbWeHHH nonRpH38UHH C poCT0M aT0MH0r0 H0Mepa impa·MHWeHH. B 38BHCHM0CTH 
no11Rp1138UHH OT HMnynbCa KyMynRTHBHblX npot0H0B tta6nioAaetCR He60nbWOH no)l1>eM 
np11 660 + 800 M3B/c )lnR yrna BblX0AB 96°. 

Pa6on Bbmonttetta a Jia6opatopHH BblC0KHX 3Heprnli OHRH. 

Coo611.1et1He O61>eAt1HeHHoro HHCTHTyTa ,mepHblX HccneAOBaHHA. Jly6Ha 1989 

nepeBOA aBT0poB 

Belyaev I.M. et al. 
Spin Effecta in Cumulative Production of Protons and Deuteron& 
in Proton-Nucleus Interactions at 16-64 GeV 

Pl-89-463 

The polarization of cumulative protons produced at 168° and 96° laboratory angles In 
proton-nucleus interactions with nuclei Be, C, Mo for the beam energy of 16-64 GeV is measured. 
The experimental results are obtained over a momentum range of 606-1120 MeV/c for cumu
lative proton, and of 606-1220 MeV /c for cumulative deuteron,. The polarization dependence 
on the projectile energy la weakly expressed. The polarization of cumulative protons Increases 
from (3.3 :t 2.1)% to (12.0 :t 1.0)% for angles 168° and 96° respectively. The A-dependence 
manifests ltaelf In decreasing polarization with increasing the target atomic number. A weak 
bump of the cumulative proton polarization at a momentum range of 660-800 MeV/c and 
the yield angle of 96° are observed. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

Communication of the Joint Institute for Nuclear Reaearch. Dubna 1989 



1. BBE,n:EHHE 

B HaCTOHI.QeH pa6oTe Mbl npe,u;CTaBJIHeM ,Il;aHHbie no H3Mepemno acHM
MeTpHH npoToHoB (AP), ,neHTpoHo~ (Ad) H no1mpu3auuu aj)oTOHOB (PP)• 
BhmeTaromux no.n yrnaMH 95° H 185° n.c. u o6pa3oeaemtjxcH a HHKJII0-
3HBHOM npoQecce 

p+ A ➔ p(d)+ X (1) 

npu 3HeprHH npOTOHOB nepBHIJHOrO . nyqKa OT 16 .no 64 r3B. HaMH 6bIJIH 
ony6JIHKOBaHbI B pa6oTax 11 •2 / npe,neapHTeJibHbie proyJI1>Ta1'bI H3MepeHHH 
nonHpH3aQHH KYMYJIHTHBHbIX npoTOHOB, o6pa30BaHHbIX Ha n:,npe C, nony
qeHHbie C nOMOI.QbIO nonHpHMeTpa C ,npeHq>OBbIMH KaMepaMu13 /. 3,necb npu
B0,Il;HTCH pe3yJI1>TaTbI o6pa6oTKH nOJIHOH CTaTHCTHKH C ,neMqHCTpauuen: 3a
BHCHMOCTH noJIHpH3aQHH npoTOHOB OT HX HMnynbca. (q), Yina BbIJieTa H3 
MHllleHH (0) ' 3HeprHH npOTOHOB nepenqHoro nyqKa (E) -d OT aTOMHoro 
HOMepa H,npa (A) . . 

Ilpe,nCTaBJieHHbie ,Il;aHHbie - nepBbie pe3yJihTaTbI no ~ccne,nOBaHHIO 
cnHHOBbIX 3cpcpeKTOB B peaKQHH (1) Iij)H 3HeprHHX CBbillle $ r3B B KYMY· 
JIHTHBHOH o6nacru o6pa30BaHHH npoTOHOB u ,neHTpoHoB. I · 

Ilpu 6onee ~H3KHX 3HeprHHx · H3BeCTHLI ,nee rpynnhI o~ITOB, e KOTO
pbIX 03yqanuc1, CnHHOBbie 3cpq>eKTbI B KyMYJIHTHBHOM po:ac.netnm Iij)OTOHOB. 
IlepeaH H3 HHX CBH3aHa C 3KcnepHMeHTaMH, ucnon1,~yromuMH! nonHpH30BaH
Hbie npOTOHHbie nyqKH ,Il;JIH H3MepeHHH aHaJIH3Hpyromen: cn~co6HOCTH npu 
HHKJII03HBHOM pOiK,D;eHHH npOTOHOB Ha3a,D; B Iij)OTOH-H,nepHbp( B3aIIMo,nen:
CTBHHx 14- 6 1 npu npoM~iKyToqHbIX 3HeprHHx (,;;;; 800 M3B). 3TH H3Me-

' peHHH noKa3anu tte6on1,my10 eenuqnHy aHaJIH3HpyromeHi cnoco6ttocTH 
AY < 10% (.nna A> 12) npu HMnyn1,cax q < 800 M3B/c. IlpnMeqaTeJibHOH 
cnoco6ttocT1>10 .n;aHHbIX, npe,ncTaeneHHbIX a 16 1 , 6bmo .H3MeHettne 3HaKa 
aHaJIH3Hpyromen: cnoco6ttocTH c KpoccoeepoM npu q :!! 800 ~faB/c:: H 6b1CT
pb1n: pocT AY c yeenmettneM q (Ay ~ 30% npu q ~ 1,0 r3B/c) ;. 

BTopaa rpynna H3Mepettun: CBH3aHa c uccne.noeaHueMl nonapu3auHH 
KYMYJIHTHBHbIX npoTOH0B B OnhITe no ,neoHHOMY pacceHHHIOl 3TH 3Kcnepu
MeHThI BbinOJIHeHbI 'coBeTCKHMH rpynnaMH q>H3HKOB B O11.HHf' 1 , JIH.Hct>19 1 , 

HT3ct> 11 0 • 1 1 1• Hau6onee ,neTanbHO H3MepeiIHH 6bIJIH BhmonH~HbI e o6nacTH 
npoMeiKYTOlJHbIX 3Heprun:17.; 9 /. Ha6op ,Il;aHHbIX B 3TOH rpynne OnbITOB 

I 
He ,naeT, _o,nHaKo, qeTKOH KapTHHbI noee,neHHH nonHpH3~H e o6naCTH 
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3HeprHii 0,6-:- 8 r3B. TaK, npH 3HeprHH 1 r3B 191 6hma HaiineHa 6nH3KaH 
K Hymo noJIHpH3aLUlH npoTOHOB npH yrnax Bhixona OT 59 no 145°' B TO 
BpeMH KaK npu 0,68 r3B 17 / OTMeqeHbl 3HaqHTeJibHhie cnHHOBhie 3cpcpeKThl 
H HaJmqHe y HHX yrnoBoii H A-3aBHCHMocrnii. YKa3aHHH Ha 6oJiblllYIO BeJIH
qHHy nonHpH3au1m (~ 30-;- 50%) nonyqeHbl TaK,Ke B 3KcnepuMeHTax C IlH
OHHhIMH H npoTOHHhIMH nyqKaMH B o6naCTH HeCKOJihKHX r3B / I O , I I I. 

06nacrh 3HeprHii CBhillle 4:i-5 r3B nna KYMYJIHTHBHhIX 3cpcpeKTOB B HyK
JIOHHhIX nyqKax xapaKTepHa ycTaHOBJieHHeM pe,KHMa npenenhHOii cpparMeH
TaQHH, Karna OCHOBHhie xapaKTepHCTHKH npouecca HaqHHaIOT neMOHCTpH
poBaTh c xopolllHM npH6JIH,KeHHeM cKellJIHHroaoe noBeneHue no 3HeprHH. 
IloBeneHHe cnHHOBhIX 3cpcpeKTOB B 3Toii o6nacTH HBJIHeTCH HHcpopMaTHBHO 
·ueHHoii nononHHTeJibHoii xapaKTepucTHKoii npouecca • 

2.0TIMCAHME3KCTIEPHMEHTA 

ll3MepeHHH BhmonHeHhI Ha ycKopmene Y-70 (llct>B3, IlpoTBHHo) 13 1 

B onhrre no nBoiiHOMY pacceHHIUO C nOMOLQbIO nonHpHMeTpa C npeiicpOBhlMH 
K~MepaMH. B KaqecTBe aHaJIH3aTopa BO BTOpOM pacceHHHH HCnOJib30BaJICH 
yrnepon TOJilQHHOll OT 35 no 50 MM. Ilonpo6Hoe OnHCaHUe anropHTMOB 
o6pa6oTKH naHHhIX npencTaBJieHO B pa6oTax 11 

• 3 /. . 

IlonHpH3aLUIH (P ) KyMYJIHTHBHblX npoTOHOB onpenenHJiaCb HaMH 
. u p ( ) . no JieBo-npaBOH aCHMMeTpHH A pacceHHHH C yqeTOM cpe,D;HeB3BellleHHoro 

6 
u P u 

6 no COBOKYnHOCTH co hITHH 3HaqeHHH aHaJIH3HpyromeH cnoco HOCTH yrne-

pona (Ac). 

PP= AP/<Ac>. (2) 

)lJIH onpeneneHHH <Ac> 6bIJia ucnoJib30BaHa annpoKCH!'viaQHH 3aBHCH
MOCTH aHaJIH3Hpyromeii cnoco6HocTH nJIH yrnepona OT yrna pacceHHHH u KH
HeTuqecKoii 3HeprHH npoTOHOB Ac (0,T), npenno,KeHHaH B pa6oTe1111 . 

B HallleM nuana30He KHHeTITTeCKHX 3HeprHii npoTOHOB T > 140 M3B H yrJIOB 
pacceJ'IHIDI 0 = 6-:-14 ° TQqffQC'.['b annpoKCHMaQHH oueHHBaeTCH B :i: 2,5%. 

JlO)KffaJI aCHMMeTpHH, 06ycJIOBJieHHaH B03MQ)KHhIM HenocTOHHCTBOM 
3cpcpeKTHBHOCTH no nnomanH KoopnHHaTHhIX neTeKTOpOB, onpenenHJiaCh Ha 
nyqKe 1T-Me30HOB C HMnyJihCaMH q = 300-;- 500 M3B/c OTneJibHO nnH Ka)K,!l;Oll 
cepHH H3MepeHHH. 1T-Me30HHaJI aCHMMeTpHH (A1T) , napaMeTpH30BaHH~ 
B BH,D;e noJIHHOMa BTOpoii CTeneHH OT yrna pacceHHHH qaCTHUbl, BBOnHnacb 
KaK KoppeKQHH C yqeTQM ee CTaTHCTITTeCKOii 3HaqHMOCTH npH onpenene
HHH acHMMeTpHH npOTOHOB H neiiTpOHOB. CHcTeMaTHqecKaa OlllH6Ka a on

peneneHHH acHMMeTpHH KyMyJIHTHBHhlX qacTHU, o6ycJIOBJieHHaH HeToq
HOCThIO IOCTHpOBKH npeiicpOBhIX KaMep, no KOopnHHaTaM H yrnaM, He npeBbI
lllaJia 0,007 nnn Bcex cepui1: U3MepeHHH. 
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llMnyJibC nuoHOB u npOTOHOB onpeneJIHJICH c TOqHOCThIO He MeHee 5% 
(nnn q ~ 550 M3B/c) no OTK.JIOHeHHIO B MarHHTHOM none. MaKCHMaJibHaR 
BenuqHHa yrna noBopoTa cnHHa B MarHUTHOM none COCTaBnHJia 40° (nnn 
q = 550 M3B/c). llneHTHcpHKaUHH BTopITTHhIX qacTHU ('IT, p, d) npoH3BO
n1macb no BpeMeHH nponern. BpeMeHHOe pa3pellleHHe CQHHTHJIJIHQHOHHhIX 
cqeTqHKOB ( 400 nc ) . Il03BOJIHnO 3cpcpeKTHBHO pa3neJIHTh npOTOHhl H 

neiiTpoHhI ~nnoTb no HMnynbCOB 1200 M3B/c. 
Oco6eHHOCTblO 3KcnepHMeHTa HBJIHeTCH era BhIIlOnHeHue Ha BffYTpeH

HeM nyqKe npoTOHOB YC'KOIJHTeJIH. 3Kcno3HQHH npOBOnHJiaCh Ha impacraro
meM MarHHTHOM none npOTOHHoro CHHXpOTpOHa, qTQ o6ecneqHBaJIO Henpe
pbIBHOCTb H3MepeHUll BO BCeM nHana3oHe 3HeprHii nepaHqHoro nyqKa OT 
16 no 64 r3B npH MHHUMH3aQHu cucTeMaTuqecKoii olllu6Ku B onpenene
HHU :mepreTuqecKUX 3airncHMOCTeii. B 3KcnepuMeHTe Ha BHyTpeHHeM nyqKe 
ycKopUTeJIH MO,KHO o6ecneqUTh BhICOKYIO CBeTUMOCTb MUllleHH, 3TO nano 
B03MO,KHOCTb HaM 3a BpeMH 3KCn03UQUH nopHnKa 10 ,D;Heii o6ecneqUTb 
CTaTUCTuqecKyIO TQqffQCTb U3MepeHUll nonHpU3aQUU + 2% B ,KeCTKOH qacTU 

cneKTpa (q > 1000 M3B/c) npoTOHOB npu 3cpcpeKTUBHOCTU nonHpHMeTpa 3%. 

3. PE3YJibTAThl 03MEPEHMA )lJIH YrJIA 158° JI.C. 

Ilpu 0°6pa60TKe naHHhIX Ha6paHHaH CTaTUCTUKa 6bma pacnpeneneHa 
no 6 UMnynbCHhIM UHTepBanaM KyMyJIHTUBHhIX npoTOHOB n 3 HHTepnamiM 
no 3Hepruu nepBITTHhIX npOTOHOB. 

Ha puc.1 noKa3aHhl UMfIYJibCHhie cneKTpbl perucTpupyeMhIX qaCTUU, 
KOTOpbie OTo6pa,KaIOT COOTHOllleHue npOTOHOB u ,neiiTpOHOB nnH pa3JIUq
HhIX YCJIOBUH 3KCil03UQUU, a TaK,Ke CTaTUCTUqecKyIO o6ecneqeHHOCTb B pa3-

nUqffbIX HMnynhCHhIX HHTepBanax. Ilpu aHaJIU3e naHHhlX UMilYJibCHhlll HH
TepBan nnH npoTOHOB Mhl orpaIJUqHBaJIU CHU3Y 3HaqeHUeM 505 M3B/c, 
noCKOnbKY npu q < 500 M3B/c aHaJIH3UpyromaJI cnoco6HOCTh yrnepona 
6hICTpO nanaeT. HU)KHHH rpaHuua no UMnyn:bcy ,!l;JIH nei1:TpOHOB COCTaB· 
JIHna 625 M3B/c u onpenenHnacb HX npo6eroM B BemecrBe aHanU3aTopa 
u neTeKTOpOB ycTaHOBKU. 

)lHana30H no 3HeprHH (E = 16 -;- 64 r3B) nepBUqffbIX npoTOHOB onpe
nenHJICH pe;irn:MOM pa6oThl ycKopHTeJIH, npu KOTOpOM B03MQ)KH0 6bIJI(? 
ocymecTBJIHTb paBHOMepHhIH c6poc nyqKa npoTOHOB Ha MHilleHb llyTElM 
HCilOJib30BaHHH o6paTHOH CBH3U ,!l;JIH KOppeKTHpoBKH p~yca paBHOBec
HOH op6HThI. Ha puc.2 noKa3aHa CKOpOCTb cqeTa MOHHTOpOB ~ 3aBHCHMOCTH 
OT 3HeprHH ycKopeHHbIX npOTOHOB: ,!1;JIH pa3JllfqliblX cepHH H3MepeHHH rpa-
HHUhl pa6oqero nHana30Ha OTJIHqaJIHCb Ha + 2 r3B. . 
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3aBHCHMOCTb aCHMMeTpHH paccemma KYMYJIHTHBHblX npoTOHOB OT 

HX HMnynLca B pa3JIHlllibIX E-HHTepmuiax WIH a.n;ep Be, C, Mo noKa3aHa 

Ha pHc.3. IlocKOJlbKY HeT cymeCTBeHHOro pa3JIHqH.fI B HMilYJibCHbIX 3aBH

CHMOCTHX aCHMMeTpHH ,wIH pa3JIHllliOH 3Heprim nepBHlllibIX npoTOHOB, 

Mbl npHBO,ll;HM TaK:>Ke pe3yJibTaT ycpe.n;HeHHH AP no nOJIHOMY E-HHTepmliiy. 

3HepreTffqecKaH 3aBHCHMOCTb aCHMMeTpHH ,D;JIH npoTOHOB B ,D;Hana3oHe 
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HX HMnyJihCOB OT 505 .no 950 MsB/c 

IlOKa3aHa Ha pHc.4 • 

AHanorHqHble 3aBHCHMOCTH 

,wIH aCHMMeTpHH pacceHHHH (Ad) 
,D;eHTpOHOB C HMnyJibCOM q = 
= 625+ 1100 MsB/c noKa3aHbI Ha 

pHC.5,6. • 

Jlo:>KHaH aCHMMeTpHH IlOJIH

pHMeTpa (A1r) , onpe.n;eneHHaH npH 

pacceHHHH Ha aHaJIH3aTope 7T -Me-

30HOB, B pa3,D;eJibHbIX 3KCil03H· 

UHHX Ha H.n;pax Be, C H Mo cooT

BeTCTBeHHO paBHHJiacb: -0,0012 ± 
± 0,0086, -0,015± 0,020 H 0,004 ± 
± 0,010. 

·3aBHCHMOCTb IlOJIHpH3~HH 

KYMYJIHTHBHbIX npoTOHOB OT HM

nyJibCa B pa3JIHllliblX 3HepreTH

qeCKHX HHTepBaJiax npe.n;cTaBJieHa 

Ha pHc.7. B HMnynhcHoii 3aBH-

.WclI 
2500-------------

2000 

1500 

1000 

500 

/\ 

~

i \ "-" ~-- ¢,= 
~~,;\ •. 

. ·\ ; \,4: 
~., j ·..,.,_.,_.,__.,.._....,..,.-. ~'. \ I y , . • ~ 

I~ l ··~~-
/.{ 'J_ ·.1 l 1{' .111111111 

&l1~~llljlllilllllllil llllllllljllllllllllljl, 

12 9 % 
o-C, □ -lle,-·lll 

10 22 34 46 58 11 
31£P[llll [

0
( [311 l 

Puc.2. PaCTRJJCKa c6poca npoTOH06 nep-

6U'lHOZO ny'lKQ Ha MUUleHb. 

Ap:.·, le,158' c .1s1· 

£: 18·32 r,e, (Ap) : L5 +/· L3 F. [:17·32f,B.<Apl:21•1·LB 
' I 

Ii- + I -r L 
+ b7- L i· + +-H- _L7 7 

- 1 
·Ii . 

[:]l-47[,e, (Ap) :J,81/-l,I: 
Ii· . ' 

i ~ + + -~-+ 
·Ii ,---~----,----_J 

('). 22 ♦ I· 1.1 £ , 32.47 r,e, ,p · 

-~ 
~}--{-+ ++ 

Mo,158 

£: 20-32 r,e. <Ai>: L4 1/- L 4 

' _L __J 
-f--}- ---y-,L 1 7--

~

£,i2-11rae.<,i>:a1,1-1.3 

' 
- l _l_ 

-1-, .... L r 

[:47-64[,B, (Ap) :J,6 ♦/·1.i £: 47-62 r,e, <AP>: as ,1-1.r· J £: 47-64 r,e, <Av> :•L 8+1-=-i:T° 
Ii 

-t- -t--t--t--t--
. i 

i -t--t--t--t-- -+ J --t--t--t----t---t-+--t-
·Ii 

11J 
£ : 11-64 rae. <AP> : u ,,_ a 1 i ] [: 11-62 r,e, (Ap): 1.5 ♦/· i.9 J [ : 2H4 r,e .. (Ap) : l 3 +/· 8.1 

i• -•--•--l--1-=-l--j- j -♦----1--•- --f- . ~ -•--1-1--1--+-t-, -♦- -l-
•I& 

Iii 6ill 1iO 800 Iii !ill 100 1111 lill lili 19'1 Bill !iii 
KHn9AbC. q, N,1/C N n n 9 A b C , q , Holle MR n 9 Ab C, Q, lb!\<, 

Ap ,¾ le, 158° 
IZ 

q : 525-850 M3B/c, <Rp) : 1. 6 +/- 0. 7 

Puc.3. HMnyllbCHble 3aBUCUMOCTU acUMMeT

puu 011.R npoTOHOB, o6pa30eaHHblX Ha .ROpax 

Be, C, Mo noo y2110M 158°. 

-1.............1-1---
. .......................... J .................. r ...................... ! .................... .. 

-4-1-~~~~~~~~~~......-1 

12 
c , 158° 

q : 505-805 113B/c, (Ap) : 1. 5 +/- 0. 9 

4~ -+--t-=4=·· ................. ............. . ... . 

-4 -1--r----r----r--r'--r--,.-.-,--r---,--.--l 

Ho, 158° 
lZ-r------.....;;:....:.....c.c:.------, 

q : 5Z5-850 11:!B/c, (Ap) : 0. 3 +/- 0. 7 

B +··············==t.===-t =·············· y=::::=·· 
-4 +--,---,-......,.~.--.......... ..,...... ......... ......,............,,_....,.........,......--1 

19 29 30 40 Si 69 11 
3HEPrlln,Etfo8) 

Puc.4. 3nep2eTU'leCKUe 3Q6UCUMOCTU aCUMMeT

puu 011.R npoTOH06, o6pl1306aHHblX Ha .ROpax 

Be (o), C(□), Mo (V) noo y2110M 158°. 

5 



.1 

I 

I 

Ad,% s -----,-,-- .It, Ila° 
E :ti·l2 r:A < _ 

,.J + + +f"'"'" I 
-11 -t-------,---'--,---1 

l:ll-411311, <!J):·i.17.+/- z.z,. 

11 ~ 

"+++++ 
E :IHH,11, <l/°4.31. t/· Z,lt 

Iii +-H-+· 
-lit--,-,--------1 

E :IHI r:13. <A,,1:t lt fl- L 31. 

Ii~ 

+-:--•-+--r--r 
-18+------~-----, 

158 11111 ?Si 8111 8lll 91111 951 1121 
M ftn l Ab C, Q. , IWC , 

9'11o, 118' 

[:211-JH:£, <1,i>:t!J.1/·Ll!. 

+-+++± ....... . 
r., (l,j):-L17,t/- l,4!. [:32-4'I.., 

+c4-+ +-+-'-
l:17-64r311, <l,i>:i!7,t/•L31. 

.:-+-:--+-- t t t 

I:2i-!4r:IJ..(A;):1.5t•l·Ut 

-l--,-_...,.,-1--,-

'51 71111 750 811 850 91111 951 11111 . 
MMn!AbC, q,Wc, 

Puc.5. lfMnyllbCHble 3a8UCUMOCTU aCUMMerpuu d11J1 

deurpoHoe, O6pa3oea11HblX Ha Rdpax Be, C, Mo nod 
YZIIOM 158°. 

A.i,?. 

!2 -I :re~=~,,, I 
. I I I I • I I 

CliMOCTH IlOJIHpHsarnm HBHO BblpIDKeH

HbIX oco6eHHOCTeH He Ha6moJJ;aercH. 

~d• •-' 

3HeprerttqecKaH saBHCliMOCTb IlOJIH· 

pma1um (pttc.8) BhipIDKeHa CJia6o, 

Hee BeJIHqlU{a npaKTHqecKH He H3Me

HHeTCH B npeJJ;enax KOpHJJ;opa onm-

601<. 

10 -j q:675-1050 M:ill/c, <Ad):1. 51.. t/· II. 87., 

Mo 
BenttqlU{a IlOJIHpH3aUHH npH yrne 

3MHCCHH npoTOHOB 158° )];JIH acex ii:;nep 

HeBeJIHKa == 2 + 4%. TeM . ue Mettee 

-t~6- ~ I -0 ·1 . ' -... -r-.. -....... . . MOiKHO OTMeTHTb onpeJJ;eJieHHYIO TeH 

JJ;eHUHIO · B A-3aBHCHMOCTH, BblpIDKeH-
-5 1 1 , , v 

10 20 30 40 50 60 70 Hyro B YMeHbllleHHH cpeJJ;HeH BeJIH'llillbl 

3 HEP r H ~ , E , r:il , IlOJIHpH3aUHH <Pp> C yaeJIHqeHHeM 

Puc.6. 3HepzeTU'leCKUe 3a8UCUMOCTU aTOMHOrO HOMepa HJJ;pa-MHIUeHH: 

acUMMerpuu d11J1 deurpoHoe, 06pa30- <P (Be)>= (4,2 + 1,6)%,<P (C)>= 
·. I;> p 

eaHHblX n_a Rdpax Be(o), Mo (V) nod =: (3,3 + 1,5) % H <PP (Mo)>= (0,8 + 
YZIIOM 158°. + 1,8) %. . 

6 

r, __ 

Pp% 1,,158' C ,lW 11o, 158. 

28
~ £: 18-32 r,e. <PP>: u ,,_ 3.1 ! ' £: 17-32 r,e, <P,>: 5.9 ,,_ u 

1:r + +++--r :~-- +-r- ++ 
·Ii~+ .l I + 
-Zi +± 

r: 20-32 r,e, <Pp> , u ,,. 3.9 

-++++++ 
::1 _t- £~;:~~~~:,tl+/·tl i 

1 
£~::~~<Pp):3.8'/•Uj +++ 

1 
84 -t- t -t- ;-i-_l_ T _l_L . _L 1 -i-

·li ~ T T T 1 --

[: l!-47 r,e, (Pp) : 1,8 I/· 3,3 

-21+---------i +1 
---------' ~-~---'---'----i 

r: 47-64 r,e, <Pp>: 15 ,,. t5 
Iii J_l 
11 +--+++- T I 

·18 

28 

·28 , .•.• -,--

20. £: 18·6H:J8, <Pp> : t21/- L6 

IY 
0 -+--i.--~--•--+-=-+-

-18 

£, 47-62 r,e, <Pp>: 1.1 ,,_ u 

]-}-t--t--t--t--t-

~ [ = 11-,2 r,e. (Pp) , l 3 1/- 2.1 I i 
~:_\--!-+-!- _L -r- I ~ 
a f I • 

r : 4H4 r,e, <PP> :-t 5 ,,. 3. a 

+-t-+ ·~++ -t- -
[ :'20-6H:Jll, (Pp)::8.8 I/· L8 

-♦--+-•--!--t--~-
·20t---,------r---1 I _,...; ---------1 

511i 600 700 8111 lii 11111 71111 808 508 600 700 81111 91111 
Mn n 'Ab C. q. n,iy,' Mn n9,lb C , Q . n,!lc. Mnn9AbC .q ,11>8/,. 

Pr, 01, Be 

Puc. 7. JfMny11bCHble 3a8UCUMOCTU no11J1pu3a

l/UU dllJI npoTOHO8, o6pa3O8aHHblX Ha Rdpax 

Be, C, Mo nod y211OM 158°. 

10 (P ):3, 87. 1 /· I.?% 
q,575-950 IIVc. p . I . 

++:-+::-1 
-5 +--,---,--.,......,.......,....,-,--,--..,.......,.--1 

Pp, "I. C 

10 · 3 37. !/- 2. 17. ~++ 
·J +--.----.--~-r-,,-r--,--,--,---; 

Pp, 'I. Mo 
10 q:m-950 M:iB/c, (P,>:1. 57. t/- 1. 97. 

0 
-t-' t · ·· ·· ..... · ·· ::::--:::: ~ ... · ..... t:::=·· .. I Puc.8. 3Hepzeru11ecKue 3aeucUMocru no11J1-

-5 ....-...--...--~...--~...---,--.,.....-,,....,........,...-, pu3a11uu dllJI npOTOHO8, o6pa308aHHblX Ha 

10 2B 30 40 50 60 70 Rdpax Be (o), C (□), Mo .(V) nod YZIIOM 
3 H E p r " fl ' E ' r30 ' 1580. 
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4. I13MEPEHI1E IIOJIHPl13AU:I1I1 )];JIH YrJIA 95° JI.C. 

IlpH noCTaHOBKe om,rra nop; yrJIOM 95° no,n;rOTOBKa nomipHMeTpa 
npoBO,IJ;HJiaCb c 6oJibllleH Tm;aTeJibHOCTblO c :QeJiblO CHH:>KeHHH CHCTeMaTHtJe
CKHX norpellIHOCTeH H. coxpaHeHHH CTaTHCTHtJeCKOH TOlJHOCTH npH paCllIHpe
HHH HMnyJILCHoro HHTepaana H3MepeHHH. TpeKOBaH tJaCTb 61,ma ,n;onoJIHeHa 
tJeTaepTOH . ,n;peiicpoaoii KaMepoii nepe,n; aHaJIH3aTopoM-pacceHBaTeJieM p;nH 

YBeJIHtJeHHH TOlJHOCTH B onpep;eJieHHH HanpaaneHHH tJaCTH:Q, BXO,IJ;Hlil;HX 
a yrnepo,D;HLIH aHaJIH3aTop. )];JIH 6onee 3cpcpeKTHBHoro no,z:i;aaneHHH pacceHH
HLIX. B aHaJIH3aTope tJaCTH:Q Ha yrJibl MeHLllle 6° B TpHrrep 61,m BKJIIOtJeH 
,n;onOJIHHTeJibHbIH aHTHCOBna,IJ;aTeJibHbIH. C:QHHTHJIJlH:QHOHHblH ClJeTlJHK, yMeHb
llla!Om;HH pa3Mep "nonyTeirn" a BeTo-o6JiaCTH. 

B 3KcnepHMeHTax, BbIIlOJIHeHHblX paHee Ha BHellIHHX nytJKax/7- l l ,, 

H3MepeHHH noJIHpH3a:QHH KYMYJIHTHBHbIX tJaCTH:Q 6bIJIH orpaHHtJeHbl caepxy 
HMnyJILCOM q = 750 + 800 M3B/c H3-3a 6bICTporo na,n;eHHH cetJeHHH HX o6pa-
30BaHHH. Il03TOMy aK:QeHT B H3MepeHHHX 6bIJI c,n;eJiaH Ha Ha6op CTaTHCTHKH 
B :>KeCTKOH tJaCTH cneKTpa B o6JiaCTH HMnyJILCOB q > 800 M3B/c. I1cnOJib3YH 
npeHMyrtiecraa npH pa6oTe Ha BHyTpem1eM nytJKe ycKopHTeriH (6on1,lllaH 
CBeTHMOCTb MHllleHH)' HCCJie,n;yeMbIH HMnyJILCHblH HHTepaan KYMYJIHTHB
HbIX. npOTOHOB paCllIHpHJIH ,IJ;O HMnyJILCOB q = 1100 M3B/c. KpoMe 3TOro, 
0,Il;HOBpeMeHHO C npOTOHaMH H3MepHJiaCb aCHMMeTpHH KyMyJIHTHBHblX ,z:i;efu-

. p0HOB, lJTO p;aaano B03MO:>KHOCTb cpaBHHBaTb OTHOCHTeJlbHOe noae,n;eHHe 
acH~MeTpHH ,Il;JIH KYMYJIHTHBHbIX cpparMeHTOB co CnHHOM 1/2 n 1 c MHHH
MaJibHOH CHCTeMaTHtJeCKOH norpellIHOCTblO. 

JlO:>KHaH acHMMeTpHH (A1r), nepHO,IJ;HtJeCKH H3MepHeMaH HaMH 3KCne
pHMeHTaJibHO no acHMMeTpHH pacceHHHH 1r -Me30HOB, COCTaBJIHJia B cpe,n;HeM . 
A1r = 0,009 + 0,010. 

)];Halla30H no 3HeprHH nepBHlJHbIX npOTOHOB E H3MeHHJICH OT 1 7 ,Il;O 
62 r3B npH HenpepbIBHOM HaBe,IJ;eHHH BHyTpeHHero nytJKa Ha TOHKYIO yrne
po,D;Hyro MHllleHb (pHc.2). )];Hana30Hbl aHaJIH3a no HMnyJILCY COCTaBHJIH: 
,Il;JIH npoTOHOB q = (52()+1120) M3B/c, ,Il;JIH·,IJ;eHTpOHOB q =(740+1220) M3B/c. 
)];JIH aHaJIH3a HMnyJILCHOH H 3HepreTHtJeCKOH 3aBHCHMOCTeH Ha6paHHaH CTa
THCTHKa pacnpep;eJIHJiaCb no TpeM HHTepBaJiaM nepBHlJHOH 3HeprHH H 7 HH
TepaanaM no HMnyn1,cy. 

BHCH:~:~e:;: ::in~:::B a::::e:: H~~::~:.H B ~~=Jl::H~!p ~a:H;:: 

MOCTH Ha6n10,z:i;aeTCH MaKCHMYM acHMMeTpHH npOTOHOB AP= (6,7 + 1,0)% 
B paiioHe q = (650 + 800) M3B/c, KOTOpbIH 6onee tJeTKo Bbipa:>KeH B ,z:i;ayx 
nepBbIX E-HHTepaanax. Cpe,D;HHH BeJIHlJHHa aCHMMeTpHli npoTOHOB ~ = 
= (4,8 + 0,5)% H npaKTHtJeCKH He 3aBHCHT OT E (pHc.10). )];JIH KYMYJIH
THBHbIX ,n;eiiTpOHOB (pHc.96) BeJIHlJHHa JieBo-npaBOH aCHMMeTpHH pacceHHHH 
a npe,n;enax OllIH6oK He oTJIHtJaeTcH OT HYJIH Ad = (0, 71 + 0,52) %. Ilpe,n;-

8 

~ 

\0 

ti! 

L +tlg} 
0\n ~ I I ~· ! 

O"'> a.. ~ ·, . ~ --ti~ 
- I_ ' ffl . 

~ .. t N I ~~ \~ + . I~. -y-

: + _, . l. , -~-; t I
~- l 

; " I +; -i'"'+ ' . > I. . . . . .:...),_ 

I~ j_ 
s; , -

~ I I 

!5 -, 
~ ~ I 

I ~ r 
~ :.:.. T 
. I 
I -<>-

~ ~ 
-t--.1,·' 

~ l-~T- . .--,----I- I I I' . ·+ 
epCVIISl!CSI o;St(:5)0:::,C'i.1 

+-
~ ~ 

0. 
(l_ 

"'3 - 7 ~ ---1 t 

.., 
= 
"" 

~ 

I "" ::, 

I ~--i-- ll~ 

,~ T ~ ! 
~ - u 
.!.!, I ~ 
~ --- 2.. ~ I ~ . 'i<i =er ._ . 
~ T ·~~ 
:!:: I =~ 
:.:.. T 

-1 ~ 
\ i 
f, t-~ 

__..;._. 

1~ I 
I I I 

= ~ ~ C!i) ~ 
' 

t; 

I "" ~ 

--... 
<:c 

--<:c 
C 
:i:: 

E! 
C 

~ 
5 
:::r 

~ 
~ 

I 
:::s 

~ 
---<:c 
C 

~ e, :+• d ::, 
~ 

~ +. + -:;: 
~ 
~ 

~ 

:: T I• 

t 
::, -~ 

I I <;'! 

~ "",c 
a> 
::: -

>;:s 
<u 

'1;) 

;1~ t 
+ 

? f ~ 
I;: I 
~ + " ... 

+ 
~ ~ U"') cs, "? :'! 

-0 
<t 

I~ + 
:1 + , ... 

~ -r.r = ~ 
- .g + '-' ._ 

~ 7 + . = 

= + . 
+ 

~ i -, + 
o ... ~i.r,a>"? 

a. 
<{ 

rt 
i + 
I++ -

t 
+ 

-:!-,. II"> IC',;> Ir", -· ' 

~ 
~ 
~ -0-

~ I I 

T, 
-<>--

I 

";" ~ U"') CD "?, 

~ J_ cs, 

::, 
,!~ 

I I ..... 
~ ;~ 

+ ~ 

~ I 
.... ' I I 

I I. --I 
~ I.no (SI v;, 

~ -~ t ~ ... 
1-
I 
I -I 

:'! 

~ 

r "" 
~ --:;; 

,1 ":': 
~ T ~ -:i: I I 
-;-: i ... t 

I 
I -i I I 

~ 

' 

0- ~ 
el 
:'!..., .... 
~ 

... = == = 

81 
"" 

~ 

~ 

<:c 
C 
:i:: 

~ 
C 
§-
:::s 
:::s e, 
<u 

i 
" ~ u 
~ <u 

" % C i,:· 

~ ~ 
" :i:: "-' :::s 0 

-~~ ~ ~ ~:c r,, -, 
<u ~ 

!SJ, C7 - 0 
B: - ~ ,:; 

'-' ~ ~ = ... ,:; '1;) 

~~ ~ ~ 
= :l( >< 

a"" ~ -r-:s ~ 
ij 

~ 
<:c 

• C 

I T 
r---,~--r--+ s! 

~ ~ 
:::s i§

R., C ~ ....... ISi "? 

9 



!i 
.•/ 

I 

Qp, % Puc.JO. £-3asucu:.tocTU acuMMerpuu nporo

HOB, i)eurpoHOB u nomipU3al{UU npoTOHOB, 

o6pa308QHHblX 1100 yZIIOM 95° HO Rape C. 

I 

10 ~ Q:580-1120 lbB/c, <Ap>:4. Br..11- 0. 57. I 

s - ---❖--------◊---❖---

0 -

-s.;..·-----------r-
A,1, % 

CTaBJrneTCH MaJIOBepOHTHbIM HaJIHtm:e 

MexaHH3Ma, KOTOphIH MOiKeT o6ycno

BHTh noHneHHe 3HaqrnenbIIOH BeKTop-

rn ~ 
' s ~ , 

9J 

Q:665-1225 M:ill/c, (A,j):(t 71.. 1/- 0. 57. HOH nonHpH3aI.J;HH KyMynJITHBHbIX JJ;eHT

pOHOB, Il03TOMY Ha6nro)];aeMbIH Hyne-

--¢-- i BOH 3cpcpeKT aCHMMeTpHH pacceHHiiH 

~ ! )];eHTpOHOB MOiKHO pacuemrnaTb KaK 

-s _,_----,---,-~--,---,---,---,--1 ecTeCTBeHHhIH pe3ynhTaT. B cpaBHeHHH 

Pr,% C HHM 3HaqttTenbHaH BenITTHHa aCHM

30-,---------------; MeTpHH pacceHHHH npOTOHOB B0Cnp0:HH

Q:Se0-l120 M:illtc, <Pr>:12,07• 11- I. 07• I MaeTCH KaK KOcBeHHOe noJJ;TBep)K)J;eH0:e 

20 ~ 
10 ~ 

I 
' 

peaJibHOCTH 3cpcpeKTa nonHpH3aI.J;llH KY· 

MynHTHBHbIX npoTOHOB C yrnoM BbI

neTa 95°. 
9 ..1,-_____ __,_ __ -,---,---,----,--..--1 3aBHCHMOCTb BenITTHHbI nonHptt3a-

10 20 :J;J .(O 50 60 70 UHH KyMynHTHBHbIX npoTOHOB OT HM-
• 3 H E Pf M fl E , hB , . 

nynoca q B pa3JmqHhIX E-HHTepBaJiax 

IlOKa3aHa Ha pHC.9B. B E-HHTepBane 16-:- 32 r3B OHeTnHBO npoHBnHeTCH 

IlO)];'beM nonHp0:3aI.J;llH npH q = 650 + 800 M3B/c, rJJ;e OHa )];OCTHraeT BenttqiiHbI 

17 + 18%. YcpeJJ;HeHHaJI no HMnynhCY nonHpii3aI.J;IiH OT 3HeprHH nepBiiqJJbIX 

npOTOH0B npaKTITTecKH He 3aBHCHT {pttc.10)' ee H3MeHeHtte He BbIXO)];HT 3a 

npeJJ;enbI ourn6oK,H B cpeJJ;HeM <PP> = (12,0 + 1,0) %. 

5_ YrJIOBA.H l1 A-3ABl1Cl1MOCTl1 I1OJI.HPl13AU1111 

ConocTaBneHtte pe3ynhTaT0B JJ;nH yrnoB 158' tt 95° n.c. no3BOnHeT 

CJJ;enaTb BbIBO)]; 0 HanttqttH yrnoBo·ii 3aBHCHMOCTii nonHpH3aI.J;HH npOTOHOB B 

KyMynaTHBHOM npouecce (1); B cnyqae yrnepoJJ;HOH MmueHtt JJ;nH yrna 158° 

cpeJJ;HHH BenttqRHa · nonHp0:3aUHH <P > = (3,3 + 2,1) %, a JJ;nH yrna 95° 

<PP>= (12,0 + 1,0)%. P 

KaK OTMeqanocb Bhillle, · B cepttH H3MepeHHH c HJJ;paMtt Be, C, Mo npo

cMaTpttBaeTcH TeH)];eHI.J;llH K y6hIBaHiilO BenHqHHhI nonHp0:3aI.J;HH KyMynH

THBHbIX npoTOHOB c poCTOM aTOMHOrO HOMepa HJJ;pa {pttc.11) • EcTeCTBeHHO 

npeJJ;nonoiKllTb, qTo IlOJJ;06HaH A-3aBHCiiMOCTb IlOJIHpH3aI.J;llH MOiKeT 6bITb 

CBH3aHa c JJ;enonHpH3aUHeii np0: yBenttqemm KpaTHOCTH nepepaccemIHH 

C pOCTOM A pO)I(,ZJ;eHHbIX KyMynHTHBHhIX npoTOHOB Ha KBa3HCB060)J;HbIX 

. uyKnoHax HJJ;pa. 
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Puc. 11. A-3aBUCUMocn, no11RpU30lJUU KJ'MY· 
llllTUBHblX 17pOTOH08. 

MexaHtt3M reHepaUHH eyMynHTHB-

HhIX npoTOHOB, nO-Bll)J;HMOMY, Henh3H 

CBO)];HTb T0nhK0. K aKzy nepBHqff0ro 

B3attMOJJ;eikTBHH B HJJ;pe. KonttqecT

BeHHhie npeJJ;CKa3aHHH 3cpq>eKTa Il0nH-

ptt3aI.J;llH eyMynHrnBHbIX np0T0H0B, oc-

102 H0BaHHhie Ha M0J];enHx HX po~eHHH, 

paccMaTpHBalOllnfX T0nhK0 nepBHqffyIO 

CTa)];IiIO IiX cpopMHpOBaHHH, He )];alOT aJJ;eKBaTH0ro 0illlcaHHH 3KcnepttMeH

TaJlhHhIX ,IJ.aHHbIX. TaK, Il0ilbITKa KoimqecTBeHHoro OilllCaHHH Il0nHptt3aI.J;ll0H

HbIX )];aHHbIX npH npoMeiKYT0qHbIX 3HeprHHx 18 
,
9 I Ha 0CH0Be M0)];entt np.!I

M0ro BhI6HBaHHH /l 3 / ycnexa He IiMena. MoJJ;enb iKeCTK0ro ·C0yJJ;apeHHH 

napT0H0B
11 4 / JJ;aeT npe)];CKa3aHHH, cornacyroIUHeCJI C Ha6nrop;aeMbIMH HaMH 

3aBHCHMOCTHMH OT yrna H 3Heprllll nyqKa, HO l!,PeJJ;nonaraeT cyrueCTBeHH0 

6onbl1IHH ypoBeHb nonHpH3aI.J;HH H ee He3aBHCHM0CTb OT copTa MHllleHH. 

B cnyqae cneKTaTopHoro MeXaHH3Ma115 1 o6pa30BaHHhIH nptt pa3py

llleHHH KBapKOBoro KnacTepa KyMynHTHBHbIH npoT0H JJ;0mKeH HMeTb eyne
Byro nonaptt3aI.J;llro; 

TaKHM o6pa30M, H3BeCTHbie M0)];eJibHbie ou;eHKH aeimqHHbI nonHpH3a

UHii He Il0Ka3bIBaIOT YJJ:OBneTBOptt'i'enbHOrO cornacttH C Ha6nroJJ;aeMbIM 

noBe)];eHHeM nonHpH3aI.J;llH B KyMynHTllBHOH o6naCTH. B 3TOH CBH3H HaM 

npeJJ;CTaBnHeTCH onpaB)];aHHbIM Il0)];X0,IJ. K o6'bHCHeHHIO CilliH0BbIX 3cpcpeK

T0B npH KyMynHTiiBH0M o6pa30BaHHii 6apHOHOB, CBH3aHHbI:ii C yqeTQM 

ponH BT0pHqttbIX B3aHMO)J.eHCTBHH B H)];pe. K BbIB0JJ;y 0 He06XO)];HMOCTH 

pacCM0TpeHHH B3attMOJJ;eiicTBHll B K0HeqHQM C0CT0JIHHH nptt aHaJIH3e CnH

H0BbIX 3cpcpeKTOB B po)K)J;eHHH npoTOH0B Ha3a)J;, B qaCTH0CTH, npttlllnH .aB

T0pbI pa60Th11161 B proynbTaTe C0il0CTaBneHHH ,11.aHHbIX 06 aHaJIH3Hpyrorueii 

cnoco6HOCTH B peaKI.J;llHX (1) H )];aHHhIX no H3MepeHttIO pp-KoppenHUHll JJ;nH. 

npoT0H0B, po)K)J;eHHbIX Ha3a.I( B pA-peaKI.J;llH. 

C.I(enaHHbie HaMH npeJJ;BapttTe.llbHhie ou;eHKH BenttqffHbI nonHpH3aI.J;llll, 

B03HHKaIDIUeii npH ynpyroM nepepacceJIHHH KyMynHTllBHbIX npoT0H0B 

C HMilYilbCOM 500 + 1000 M3B/c Ha KBa3IiCB060.I(HbIX HYKnOHax HJJ;pa, Il0Ka· 

3bIBalOT, ~o yrnoBaJI A-3aBHCHMOCTb H BenITTHHa nonHp0:3aI.J;llll M0ryT 6bITb 

yJJ;oBneTBopHTeJihHO ofuHcHeHbI Mexatttt3M0M nepepacceHHHH. B HacToHruee 

BpeMH MbI npoBO.I(HM IlOJJ;06Hhill aHaJIH3 Ha 6onee JJ;eTanbH0M ypoBHe. 

6. 3AKJII01IEHl1E 

PeJynhTaThI H3MepeHHll aCHMMeTpHH pacceJIHHH H nonHpH3aI.J;llll'KYMY· 

nHTHBHbIX np0T0H0B, o6pa30BaHHbIX B peaKI.J;IiH (1), OTpaiKaIOIUHe 3Hepre-

11 



I 

i 

l ! 

I 

'i , I 

:,i 
''1 

,:,11 

,· 

i 

'. 
ii 
I 
,! 
I 

THtieCKYIO, HMnynbCttyIO, yrnoayIO H A-3aBHCHMOCTH, npHBe.n;eHbl B Ta6n.l-7. 

Ilpe.n;craBneHHbie ,!l;aHHbie Il03B0JIRIOT c.n;enaTb cne.n;yroume BbIBO)];bI: 
1. Ilom1pH3a~ KyMymITHBHbIX npOTOHOB, o6pa30BaHHbIX B npoTOH-

11.n;epHbIX B3aHMo.n;eiicrau11x npH :meprHH npoTOHHoro nytJKa OT 17 no 64 r3B, 
HMeeT He3HatJHTenbHYIO (~ 10%) , HO ,!l;OCTOBepHO OTnHlJH}'IO OT HynR BenH

tJHHy. 
2. 113 HCCne.n;oBaHHbIX HaMH 3aBHCHMoCTeH non11pH3aUHH (E, A, q, 8) 

HaH6onee cHnbHO npo11en11eTc11 yrnoea11; B cnyqae 11.n;pa yrnepo.n;a 
npH H3MeHeHHH yrna 8 OT 95°.n;o 158° aenHtJHHa noJIRpH3aUHH yMeHbIIIaeTCR 

Ta611u[la 1. P + 9 Be ➔p{l58°) + X 

I I 
I E, <q> 1 <T> 1 q 1 TI AX +/- dAX n +/- d~ l 
I raB MaD/c 1'188 1'188/c MaB l 
I l 

I---------------------------------1 
I • l 
I 18-32 550 149 525-575 137-162 -1.6 +/- 2.7 -4.6 +/- 8.9 l 
I- 600 175 575-625 162-laq 4.6 +/- 2.6 12.2 +/- 6.7 l 
I 650 203 625-675 189-218 0.3 +/- 2.8 1.5 +/- 6.2 l 
I 700 232 675-725 218-248 1.0 +/- 3.3 1.4 +/- 6.9 I 
I 750 263 725-775 248-279 0.6.+/- 4.4 2.1 +/- 8.7 I 
I 813 303 775-850 279-328 7.2 +/- 4.8 14.8 +/- 10.B I 
I l 
I <E>=25 688 233 525-850 137-328 1.5 +/- 1.3 4.3 +/- 3.1 I I ---------------------------1 
I I 
I 32-47 550 149 525-575 137-162 0.3 +/- 2.3 0.1 +/- 7.7 I 
I •600 175 575-625 162-189 0.5 +/- 2.3 2.4 +/- 5.9 I 
I 650 203 625-675 189-218 2.9 +/- 2.5 6.3 +/- 5.5 l 
I 700 232 675-725 218-248 1.0 +/- 3.1 1.5 +/- 6.4 l 
I 750 263 725-775 248-279 5.7 +/- 3.8 11.0 +/- 7.4 l 
I 813 303 775-850 279-328 4.5 +/- 4.2 11.1 +/- 8.6 I 
I I 
I ~E>=40 688 233 525-850 137-328 1.8 +/- 1.1 4.9 +/- 2.7 l 
I ---------------------------1 
I I 
I 47-67 550 149 525-575 137-162 2.9 +/- 2.2 9.5 +/- 7.5 I 
I 61110 175 575-625 162-laq -2.0 +/- 2.1 -6.0 +/- 5.5 I 
I 650 203 625-675 189-218 3.7 +/- 2.3 7.9 +/- 5.0 I 
I 700 232 675-725 218-248 1.5 +/- 2.7 2.9 +/- 5.5 I 
I 750 263 .. 725-775 248-279 4.8 +/- 3.4 9.6 +/- 6.7 I 
I 813 303 775-850 219-328 -0.7"+/- 3.8 -2.3 +/- 7.9 l 
I l 
I <E>=55 688 233 525-850 137-328 1.6 +/- 1.0 3.5 +/- 2.5 l 
I --------------------------1 
I I 
I 18-64 550 149 525-575 137-162 0.8 +/- 1.4 2.5 +/- 4.6 I 
I 600 175 575-625 162-189 0.6 +/- 1.3 1.6 +/- 3.5 l 
I 650 203 625-675 189-218 2.6 +/- 1.4 5.7 +/- 3.2 l 
I 71M't 232 675-725 218-248 1.2 +/- 1.7 2.0 +/- 3.6 I 
I 750 263 725-775 248-279 4.1 +/- 2.2 8.2 +/- 4.3 I 
I B13 303 775-850. 279-328 3.0 +/- 2.4 6.6 +/- 5.1 I 
I I 
I <E>=41 688 233 525-850 137-328 1.6 +/- 0.7 4-2 +/- 1.6 I I ------------------------1 
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BTpoe:<PP(C, 95°)>= (12_
1
0+ 1,0)% H <PP(C, 158°)>= (3,3+ 2,1)%; 

A-3aBHCHMOCTh npo11an11eTc11 B yMeHbIIIeHHH non11pH3au1m C B03pacTaHHeM. 
aTOMHOro HoMepatMHIIIeHn: <P (Be, 158° )> = (4,2 +, 1,6)% H <P (Mo, p • p 
158°)> = (0,8 + 1,8)%; 3HepreTHtJecKaR (E) lI HMnynbCHaR (q) 3aBHCH-
MOCTH Bbipa)l(eHb~ <:Jia6o B IIIHpOKOM llHTepaane 3HalJeHHH E (16 7 64 r3B) 
n q (500 -a- 1100 M3B/c). 

·3. Bnepabre H3Mepemi non11pn3aun11 B )l(ecTKO» tJacrn cneKTpa KYMY
JIRTHBHbIX npoTOHOB, po)l(naeMbIX Ha3a)]; (q > 900 M3B/c); 3aM.eTHOrO ll3-
MeHeHH11 cnHHOBbIX 3cpcpeKTOB, no.n;o6Horo OTMetJeHHOMY B pa6oTe16 / lIX 
6bICTpOMY pocTy B 3TOH o6JiaCTll q, He 06Hapy)l(eHO. 

Ta611u[la 2. P + 12 C➔p( 158°) + X 

I I 
I E 1 <q> 1 <T>, q , . T, AX +/- dAX PX +/- d~ l 
I raB NsB/c l'las NsB/c Mau I 
I , I I-- -------------------------------1 
I l 
I 17-32 530 139 5!115-555 127-152 -5.7 +/- 4.1 -15.6 +/- 14.4 I 
I 589 165 555-605 152-178 5.4 +/- 3.6 13.0 +/- 9.5 I 
I 638 192 605-655 178-206 10.4 +/- 3.8 18.7 +/- B.5 I 
I 6B9 221 555-705 206-235 3.0 +/- 4.4 -4.7 +/- a.a 1 
I 730 251 705--755 235-266 2.2 +/- 5.9 17.0 +/- 11~2 I 
I 780 282 755-805 266-2'18 D.9 +/- 6.2 0.3 +/- 12.0 l 
I I 
I <E>=25 655 211 505-805 .127-298 2.7 +/- 1.8 5.9 +/- 4.2 I 
I---------------------------------1 
I I 
I 32-47 530 139 ,505-555 127-152 0.3 +/- 4.0 0.1 +/- 14.1 I 
I 589 165 555--605 152-178 -0.9· +/- 3.5 • -2.0 +/- 9.3 I 
I 630 192 61115--655 178-206 4.5 +/- 3.5 8.9 +/- 7.9 I 
I 6B9 221 655-705 206-235 B.5 +/-. 4.1 15~8 +/- 8.3 I 
I 730 251 71115-755 235-266 -2.8 +/- 5.7 -5.0 +/-. 10.9 I 
I 780 282 755-805 266-298 -3.0 +/- 5.9 -4.9 +/- 11.5 I 
I I 
I <E>=40 655 211 505-805 127-298 2.2 +/- 1.7 3.8 +/- 4.0 I 

I--------------------------------1 
I I 
I 47-62 ·530 139 505-555 127-152 1.1 +/- 3.0 4.9 +/-. 10.5 I 
I 500 165 555--605 152-178 1.8.+/- 2.6 4.5 +/- 7.0 I 
I 638 192 605-655 178-206 -1.4 +/- 2.7 -3.4 +/- 6.0 I 
I 680 221 655-705 206-235 0.8 +/- 3.2 2.0 +/- 6.3 I 
I 73'1 251 705-755 235-266 -6.1 +/- 4:.3 -8.1 +/- B.1 I 
I 780 282 755-805 266-298 '5.3 +/- 4.4 10.9 +/- 8.5 I 
I I 
I <E>=55 655 211 595-805 127-298 0.5 +/- 1.3 1.7 +/- 3.0 I I---------------------------------1 
I I 
I 17-62 530 139 505-555· 127-152 -0.6 +/- 2.1 -1.5 +/- 7.3 I 
I 580 165 555-605 152-178 2.3 +/- 1.B 5.0 +/- 4.8 I 
I 630 192 61115-655 178-206 3.3 +/- 1.9 5.3 +/- 4.2 I 
·z 680 221 655-705 206-235 2.3 +/- 2.2 4.3 +/- 4.4 I 
I 730 251 71115-755 . 235-266 -2.5 +/- 2.9 -3~5 +/- 5.6 I 
I 700 282 755-805 266-298 2.0 +/- 3.1 4.0 +/- 5.9 I 
I I 
I <E>=40 655 211 505-805 127-298 1.5 +/- 0.9 3.3 +/- 2.1 l 
I · I 
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4. AcHMMeTpHH pacceHHHH KYMYJIHTHBHhIX .u.enTpOHOB, o6pa30BaHHhJX I Ta611ul{a 4. p+C➔p(95°) +X 

Ha H,!J,pax Be, C, Mo npH yrnax 95° H 158°, B npe,!J,enax oum6oK H3MepeHHH 

(~ 2%) paBHa HYJIIO. 3TOT BhIBO,!J, MO:lKHO paCnpOCTpaHHTh lI Ha BeKTOpHyID 

IlOJIHpH3aUHlO KYMYJIHTHBHhIX .u.empoHoB, ecntt aHaJIH3ttpyromaH cnoco6-

HOCTh ymepo,[1,a cymecTBeHHO OTJlHtJHa OT HYJIH (> 10%). 

l 
I I 

5. Hatt6onee aepoHTHhIM MexaHH3MOM, OTBeTCTBeHHhIM 3a Ha6JIID)J.ae- IE, <q>. <T>, q, T • AX+/- dAX PX+/- dPX I 

KYMYJIHTHBHhIX npOTOHOB, HBJlHeTCH, BH)J.HMO, HX I rae l'laB/c 113B l'laB/c l'laB I 
MYlO IlOJIHpH3auHro 

I I 
nepepacceHHHe Ha KBa3HCB060,!J,HhIX HYKJIOHaX H,[1,pa. I I 

I I 
I 55111 149 52111-580 135-:165 1.1 +/-:- 2.4 4.2 +/- B.1 I 
I 16-32 61111 1B1 58111-64111 165-198 2.7 +/;_ 2.1 7.5 +/- 5.3 I 

Ta611ul{a 3. p + 9 6 Mo ➔p (158°) + X I I 6B111 221 64111-72111 198-244 a.111 +1- 1.a .. 17~9 +1- 3.e I 
I 76111 269 72111-8111111 · 244-295 7.B +/- 2.111 17.1 +/- 3.9 I. 
I B4111 321 81110-eee 295-34B 5.2 +/- 2.1 12.4 +/- 4.6 I 
I 93111 383 880-98111 34B-419 4.B +/-, 2.2 13.5 +/- 5.7 I· 

I I 11115111 47111 98111-111111 419-515 111.5 +/- 2.7 1.4 +/- 8.2 I 
I I I 
I E, <q>. <T> I q. T, AX+/- dAX PX+/- dPX I I <E>=24 B45 34111 588-111111 165-515 5.4- +/- 111.9 13.3 +/- 2.111 I 
I raB 113B/c 113B NaB/c l'laB I I I 
I I I I 
I I I 55111 149 52111-58111 135-165 2.8 +/-.2.2 -.9.B +/- 7.5 I 
I I I 32-47 6U1 1B1 58111-64111 165-198 5.3 +/- 1.9 14.7 +/- 4.7 I 
I 21!t-32 55111 149 525-575 137-162 -0.3 +/- 2.5 -0.9 +/- B.5 I I 6B111 221 6-4111-72111 198-244 6.111 +/- 1.6 13.7 +/- 3.4 I 
I 600 175 575-625 162-18'1 0.5 +/- 2.5 · 2.1 +/- 6.5 I I 76111 269 72111-8111111 244-295 7.1 +/- 1.7· 15.:S +/- 3.4 I 
I 65111 21113 625-675 189-218 2.7 +/- 2.B 5.3 +/- 6.1 I I B4111 321 80111-BB111 295-34B 3.2 +/- 1.9 7.B +/- 4.2. I 
I 70111 232 ·675-725 21B-248 1.111 +/- 3.4 2.B +/- 6.9 I I 93111 383. 88111-98111 348-419 1.1 +/- 2.,;111 :s.111,·+/- 5.1, I 
I 75111 263 725-775 24B-279 6.3 +/- 4.3 11.1 +/- B.5 I I 11115111 47111 98111-111111 419-515 6~1 +/- 2.4· 19.5 +/- 7.3 I 
I 813 31113 775-850 279-328 2.2 .+/- 5.111 5.4 +/- 1111.3 I I I 
I I I <E>=4111 B45 34111 588-1110 165-515 4.9 +I-:- a.a 12.:s +1- 1.e I 
I <E>=26 688 233 525-850 137-328 1.4 +/- 1.4 4.1 +/- 3.0 I I I 
I I I I 
I I I 55l!I 149 52111-58111 135-165 2.1 +/- 2.2 e.2 +1- 7.5 I 
I 32-47 55111 149 525-575 137-162 111.B +/- 2.5 1.5 +/- B.7 I I 47-64 61B 1B1 588-64111 165-198 4.7 +1- 1.e 12.e +1- 4.6 I 
I 60111 175 575-625 162-189 2.3 +/-,2.5 6.0 +/- 6.6 I I 6B111 221 641!t-72111 198-244 :S.9 +/- 1.6 9.111 +/- :S.3 I 
I 65111 21113 625-675 189-218 2.7 +/- 2.9 6.1 +/- 6.5 I I 76111 269 72111-8111111 244-295 5.6 +./- 1.7 12.1 +/- :S.3 I 
I 71110 232 675-725 21B-24B -3.2 +/- 3.B -6.5 +/- 7.7 I I 84111 321 81110-88111 295-34B 4.2 +/- 1.9 Ul.1 +/- 4.1 I• 
I 75111 263 725-775 248-279 -5.6 +/- 4.9 -11.3 +/- 9. 7 I I 93111 383 BBlll-98111 24B-419 4.4 +/- 1.9: 12.2 +/- 5.111 I 
I B13 31113 775-850 279-328 1.3 +/- 5.8 2.2 +/- 12.1 I I 11115111 47111 98111-1110 419-515 111.9 +/.::. 2.3 3.111 +/- 7.111 I 
I I I I 
~ <E>=40 688 233 525-850 137-:-328 0.7 +/- 1.3 1.0 +/- 3.3 I I <E>=55 845 34111 580-111'!1 165-515 4.2 +/- 11.7 1111.4 +/- 1.7 I 
I I I I 
I I I I 
I 47-64 55l!I 149 525-575 137-162 -111.B +/- 2.4 -1.9 +/- 8.0 I I 55111 149 52111-580 135-165 2.0 +/- 1.3 7.5 +/- 4.4 I 
I 600 175 575-625 162-189 111.7 +/- 2.4 1.7 +/- 6.3 I I 16-64 61111 181 588-64lil 165-198 4.4 +/- 1.1 12.111 +1- 2.e I 
I 65111 21113 625-675 189-21B -1.5 +/- 2.B -2.5 +/- 6.1 I I 6B111 22111 641!t-72111 198-244 5.B .+/- I.Iii 1:s.2 +/- 2.111 I 
I 700 232 675-725 218-248 .;,.4.6 +/- 3.5 -10.1 +/- 7.1 I I 76111 269 72111-BIIIVI 244-295 6.7 +/- 1.11, 14.6 +/- 2.B I 
I 75111 263 725-775 248-279 -111.2 +/- 4.5 -111.1 +/- 9.0 I I B4111 321 81110-BB111 295-348 4.1 +/- 1.1 9.B +/- 2.5 I 
I ~13 31113 775-850 279-328 -111.6 +/- 5.3 -2.2 +1- 11.a I I 93111 •' 383 "BBlil-98111 248-419 :S.4 +/- 1.2. 9.:4.+/- 3.111· I 
I ! I I 11115111 47111 9Bllt-111111 419-515 2.6 +/- 1.4 e.:s.+1- 4.:S I 
I <E>=55 688 233 525-85111 137-328 -1.111 +/- 1.2 -2.5 +/- 3.0 I I I 
I I. I <E>-45 845 34111 58111-111111 165-515 ,4~J:I +/- 111.5 12.B +/- 1.111 I 
I I I I 
I 2111-64 55111 149 525-575 137-162 -111.1 +/- 1.4 -111.5 +/- 4.8. I 
I 60111 175 575-625 162-189 1.1 +/- 1.4 3.2 +/- 3.7 I 
I 65111 ·283 625-675 189-218 1.2 +/- 1.6 2.8 +/- :S.6 I 
I 71118 232 675-725 21B-24B -2.2 +/- 2.1 -4.:S +/- 4.2 I 
I 75111 263 725-775 24B-279 111.7 +/- 2.6 1.111 +/- 5.2 I 
I B13 31113 775-85111 279-328 · 111.9 +/- 3.1 2.111 +/- 6.4 I 
I I 
I <E>=42 688 233 525-850 137-328 111.3 +/- 0.7 0.0 +1- 1.0 I 
I I 
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Ta6llUZJa5. p+ 9Be ➔ d(158°) +X Ta6.ilUlJU 6. p + 96 Mo ➔d (158°) + X 

I I 

I E, <q>. <T>' q, T, AX +/- dAX I 
I raB tlsB/c HaB tlaB/c tlsB I I I 

I I I E 1 (q) I <T>, q • T, AX +I- dAX I 

I I I raB 113B/c tlsB tlsB/c tlsB I 

I I I I 

I 65111 11119 625-675 11!11-118 111.4 +/- 6.7 I I I 

I 18-32 70B 126 675-725 11B-135 1.9 +/- 5.6 I I I 

I 75" 144 725-775 135-154 -1.1 +/- 4.B I I 658 11119 625-675 11111-UB 0.111 +/- 12.6 I 

I BBB 163 775-825 154-174 7.1 +/- 5.3 I I 20-32 700 126 675-725 11B-135 1.2 +I- 3.4 I 

I B5B 1B4 B25-B75 174-194 7.1 +I- 7.4 I I 750 144 725-775 135-154 111.5 +I- 2.2 I 

I 913 21111 B75-95111 194-227 -3 +/- 9.B I I BOO 163 775-825 154-174 3.4 +I- 3.B I 

I 1000 25111 95B-105111 227-274 11.4 +/- 16.9 I I 1350 184 B25-B75 174-194 -l'l.4 +I- 3.5 I 

I I I 913 21"1 B75-95B 194-227 6.9 +I- 3.9 I 

I <E>==25 B63 195 675-1"5111 llB-274 2.3 +/- 2.9 I I 1000 25111 950-1050 227-274 5.2 +I- 6.1 I 

I I I I 

I I I <E>=26 B63 196 675-1"50 llB-274 2.1 +I- 1.3 I 

I, 1· 65lil 11119 625-675 11111-llB 4.7 +/- 5.5 I I I 

I I ,J· I 32-47 70B 126 675-725 Ua-135 -2.3 +/- 4.B I I I 

I 75111 144 725-775 135-154 2.111 +/- 3.B I I 65111 11119 625-675 11111-llB 17.5 +/- 15.B I 

I BBB 163 775-825 154-174 -3.IIJ +/- 4.7 I I 32-47 71110 126 675-725 11B-135 B.3 +/- 3.9 I 

I B5iJ 1B4 825--B75 174-194 -1.4 +/- 6.B I I 750 144 725-775 135-154 1.4 +/- 2.5 I 

I 913 21111 B75-950 194-227 3.4 +/- 8.3 I I BOO 163 775-825 154-174 3.3 +/- 3.111 I 

I 101110 25B 950-105" 227-274 . -2.2 +/- 14.7 I I 850 1B4 B25-B75 174-194 -2.4 +/- 3.7 I 

I I I' 913 2Ul B75-95B 194-227 -1.3 +I- 4.4 I 

! I <E>=4111 B63 196 675-1"5111 HB-274 -B.7 +/- 2.2 I I Ul00 2511) 9511t-1"511J 227-274 -2.2 +/- 6.7 I 
I I I I I 

I I I I <E>=40 863 196 675-11115111 118-274 -1.8 +I- 1.4 I 

I 65" 11119 625-675 11111-118 -2.9 +/- 5.111 I I I. 

I 47-64 71110 126 675-725 llB-135 2.7 +I- 4.2 I I I 

I 75" 144 725-775 135-154 5.B +I- 3.6 I I 65lil uw 625-675 101-llB 24.1 +/- 13.6 I 

I B0111 163 775-825 154-174 6.3 +I- 4.5 I I 47-64 709 126 675-725 llB-135 2.B +I- 3. 7 I 

I B5fll 1B4 B25-B75 174-194 -1.1, +I- 6.1 I I 75l11 144 725-775 135-154 1.1 +/- 2.3 I 

I 913 21111 B75-950 194-227 13.9 +/- 7.6 I I B09 163 775-825 154-174 -B.7 +I- 2.7 I 

I 11110(11 25B 950-1"5111 227-274 -B.0 +/- 10. 7 I I 850 1B4 B25-B75 174-194 -0.7 +I- 3.6 I 

I I I 913 21111 B75-950 194-227 -0.6 +I- 4.0 I 

I <E>=55 B63 196 675-1"50 11B-274 4.3 +I- 2.1 I I 111100 25B 950-1050 227-274 4.2 +I- 6.5 I 

I I I I 
I I I <E>=55 B63 196 675-111150 118-274 0.6 +I- 1 .3 I 
I 65111 11119 625-675 101-118 111.2 +I- 3.2 I I I 
I 18-64 7BB 126 675-725 118-135 111.7 +I- 2.7 I I ~·., I 

I 75111 144 725-775 135-154 2.6 +/-_ 2.2 I I 65lil Ul9 625-675 101-UB 14.0 +I- B.0 I 
I BBB 163 775-825 154-174 3. 1 +I- 2.B I I 20-64 700 126 675-725 UB-135 3.B +I- 2.1 I 

I 85111 1B4 B25-B75 174-194 1.111. +/- 3.B I I 75111 144 725-775 135-154 1.111 +I- 1. 3 I 

I 913 21111 875-95111 194-227 5.7 +I- 4.8 I I BOO 163 775-825 154-174 2.111 +/-_ 1.6 I 

I 1B1110 25B 95111-105111 227-274 -3.6 +I- 7.7 I I 85111 1B4 825--B75 174-194 -1.1 +I- 2.1 I 

I I I 913 21111 B75-958 194-227 1.0 +I- 2-4 I 

I <E>=41· B63 196 675-1"50 11B-274 2.1 +I- 1.3 I I 111l08 250 950-105111 227-274 2.3 +I- 3. 7 I 

I I I I 
I <E>=42 863 196 675-11115111 11B-274 1-5 +I- 111.e I 
J I 
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Ta6llU/,/a 7. p + 12 C ➔d (95°) + X 

I I 
I E, (q> I <T>, Q, T, A'X +/- dA'X I 

I rao l"laB/c t1aB t1aB/c t1aB I 

I I 

I I 

I I 

I 635 11i!15 605-665 95-114 -4.2 +/- 14.4 I 
I 18-32 695 125 665-725 114-!35 -3.2 +/- B.0 I 

I 788 156 725-835 135-154 8.4 +/- 3. 5 I 

I B60 188 835-895 154-174 1.9 +/- 2.1 I 

I 940 222 895-985 174-194 3.3 +/- 1 .0 I 

I 1038 264 985-1075 194-227 -2.1 +/- 1.9 I 

I 1150 224 1175-1225 227-274 7.3 +/- 2.4 I 

I I 

I <E>=25 945 194 665-1225' 114-274 2.5 +/- 1. 0 I 

I I 

I 
I 635 

I 

11i!15 605-665 95-114 -16.7 +/- 14.4 I 

I 32-47 695 125 665-725 114-135 -3.6 +/- 7.8 I 

I 780 156 725-835 135-154 0.5 +/- 2.9 I 

I B60 188 835-895 154-174 -0.5 +/- 1.0 I 

I 940 222 895-985 174-194 -2.2 +/- 1. 7 I 

I 1038 264 985-1075 194-227 2.4 +/- 1.0 I . 
I 1150 324 1175-1225 227-274 1~2 +/- 2.3 I 

I I 

I <E>=40 945 194 665-1225 114-274 0.·1 +/- 0.9 I 

i I 

I I 

I 635 11i!15 61i!15-665 95-114 -3.9 +/- 14.0 I 

I 47-64 695 125 665-725 114-135 -6.4 +/- 7.3 I 

I 780 156 725-835 135-154 -2.3 +/- 2.0 I 

I 860 188 835-895 154-174 1.2 +/- 1.0 I 

I 940 222 895-985 174-194 -0.7 +/- 1. 7 I 

I 1038 264 985-1075 194-227 -0.8 +/- 1.0 I 

I 1150 324 1175-1225 227-274 1.5 +/- 2-3 I 

I I 

I <E>=55 945 194 665-1225 114-274 -0.2 +/- 0.9 I 

I I 

I I 

I 635 11i!15 605-665 95-114 -6.1 +/- 0.3 I 

I 18-64 695 125 665-725 114-135 -4.5 +I- 4.4 I 

I 780 156 725-835 135-154 1.4 +/- 1- 7 I 

I 860 188 835-895 154-174 0.8 +/- 1.1 I 

I 940 222 895-985 174-194 -0.0 +/- 1.0 I 

I 1038 264 985-1075 194-227 -0.1 +/- 1.1 I 

I 1150 324 1175-1225 227-274 3.2 +I- 1.4 I 

I I 

I <E>=41 945 194 665-1225 114-274 0.7 +/- 0.5 I 

I I 
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