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Eann1111 A.M. 11 np. p 1 - 11168 

KyMyllSIUII!I nerKHX !lllep 

MccnenoeaHa npenellbHaSI ~parMeHTaUIISI nerKHX !lllep (nellrepa!l 

II 1'8/IHS!), o6/ly'I88Mb1X npOTOHSMII C BM/ly/lbCOM 8,6 f<1B/c, <Jlpal'MeHTbl 

( /liiOHhl, npOTOHbl II nei!TpOHhl) pel'HCTpllpOBS/liiCb B IIHTepBalle Yl'IIOB 

Bhl/l8T8 50-180° OTHOCHT8/lbHO nepBH'IHhiX npOTOHOB II B IIMIIY/lbCHOM 

HHTepBa/le 150-800 M<~B/c, Ha6monaeMbl8 ~8l'M8HThl, COI'/ISCHO KHH8M8TIIK8 

CTO/IKHOB8HIISI nepBH'IHOI'O npOTOHa C /lOKOS!WellcSI MHW8Hb~, COOTBSTCTBY~T 

MSCCe MIIWeHII no 3 f36, TaKHM o6pa30M, no/ly'leHHSSI HH~OpMBUH!I COOTBeT­

CTByeT KYMYII!IUIIII no TpeTbero nop!lllKS KYMYII!ITIIBHOCTH. 

Pa6ora BhmonHeHa B fla6oparop1111 BhiCOKHX 3HeprHII OMHM. 

Coo6UleHBe 06WABHeBHOro BBCTBTYT& •.11epBWI BCCJJeJIOB&BBI. ,Lly6aa 1977 

Baldin A.M. et al. p 1 - 11168 

Cumulation of Light Nuclei 

Limit fragmentation of light nuclei (deuterium, h•?lium) bombarded 
with 8.6 GeV/c protons was investigated, Fragments (pions, protons 
and deuterons) were detected within the emission angle 50-150° 
with regard to primary protons and within the pulse range 
150-180 MeV/c. By the kinematics of collision of a primary proton 
with a target at rest the fragments observed correspond to a target 
mass upto 3 GeV. Thus, the data obtained correspond to the cumu­
lation upto the third order. 

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

Communication of the Joint Institute for Nuclear Research. DubDa 19'17 

© 1977 06 .. e~UHf?HHWrl IIHCBUB,YB Jf~epHWX UCCAf?0080HUrlJ{JitJHO 

Mccneaos~Ha npeaenbHaH ~parMeHT8UHH nerKnx Haep 

(aeATepHH H renng), o6nyqaeMhlX npOTOH8MH C HMnynbCOM 

8,6 f:aB/c, ¢parMBHTbl (nHOHbi, npOTOHbl H aeArpOHb!) pe­

rHCTpHpOsanHCb B HHTepBane yrnOB BbineTa 50- 180° OT­

HOCHTBnbHO uepBHqHhlX npOTOHOB H B HMnynbCHOM HHTepsane 

150-900 M:aB/c, Ha6moaaeMhie ~parMeHThi, cornacHo KH- (, 
HeMaTHKB CTOnKHOBBHHSI nepsnqHoro llpOTOHa C llOKOSIWBACSI . 

MHWBHbJO, COOTBBTCTByJOT M8CCB MHWBHH ao 3 f:aB. TaKHM 
o6p830M, nonyqeHHaH HH~OpM8UHSI COOTBeTCTByeT KyMynHUHH 

ao TpeTbero llOpHaKa KyMynHTHBHOCTH. 
B pa6ore111 6bma BbiCKa3aHa rnnoTe3a o roM, qro 

ClleKTpbl BTOpHqHbiX qaCTHU Bb!COKHX :aHeprHfi llpH CTOnK­

HOBeHHH penHTHBHCTCKHX gaep onpeaenHJOTCSI ~Jl:f?!!!>_IMH 
CBOllCTBaMH aapOHHOll M8TepHH, a He reOMBTpnqeCKHMH 

xapaKTepHCTHK8MH .CT8nKHB8IDWHXCSI 06'beKTOB ( ~OpM~8K:_ 
ropaMH): 3ra -rnnore3a ~aK rnqecKH 03Haqaer pacnpocrpa­
HeHHe M8ClliT86HOll HHB8pH8HTHOCTH H8 CTOnKHOB8HHe peng­

THBHCTCKHX Ht:tep. 
ITepswe aKcnepnMeHThl c penHTHBHCTCKHMH aefirpoHa­

MH121noarsepannn :ary rnnoTe3y, a aanbHefiwne nccneao­
BaHHH KyMynHTHBHOrO 8~~BKTa 06Hapy.>KHnH HOBbie 38KOHO­
MBpHOCTH! A -3aBHCHMOCTb o6'beMHoro xapaKrepa H aK­

cnoHeHunanbHhlfi BHa 3aBHCHMOCTH HHB8pH8HTHOrO ceqeHHSI 

po.>KaeHHSI qaCTHU OT HX KHHernqecKOA 8HeprHH/SA/. 

Macwra6Ho-HHBapnaHTHhifi xapaKrep · B3aHMOt:teficTBHH 

c qacTbJO s:~apa 03Haqaer, qro :aro B38HMoaeficrsne aon.>KHO 

XapaKTepH30B8TbCSI HOBOll KOHCT8HTOH - BepOSITHOCTb!O 
KyMynSIUHH qaCTH gapa ( rpyllllbl HyKnOHOB) • QqeBHaHO, qTQ 

.3aK:oa~Mep~o~~H o6pa3oBaHHSI noao6HhiX "Kanenb" HaepHofi 

M8TepHH H HX CBOHCTB8 uenecoo6pa3HO C roqKH 3peHHSI 
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coapeMeHHhlX npencraaneuuA o crpyKrype AnepHhlX o6beK­
roa uayqarb ua nerqaAwux Anpax ( neArepuH u renuA ). 
B 9TOM CMbiCJI nauuoro 9KcnepuMeura. 

3KcnepHMBHT BhlnOJIHBH MBTOllHKOH CUHHTHJIJIAUHOHHhlX 
H qepeHKOBCKHX nereKropoa. Bropuquwe qacruuw B HM-

nynbCHOM HHTepaane A_e_,., + 5% H TBJIBCHOM yrne 
p -

-4 
- 2 .I 0 cp BblllBJIAJIHCb no ape MBHH nponera ua 6aaax 
4 H I ,0 M c paapeweuueM .:!:_150 nc, a raK*B no norepAM 
9HeprHII Ha HOHII3aUHIO H aMnJIHTyne BCnbiWKII H3JiyqeHIIA 
Baaunoaa-YepeHKoaa. 

B Kaqecrse MHweueA ucnonbaosanacb cneuuanbHO paa­
pa6orauHaA KpHOrBHH8A MHWBHb/5!, B KOTOpOA B O,[lHOM 
BaKyyMHOM KO)!(yXe p83MBWBHhl cocynw H3 MaAnapa C )!(ll,[l­
KHM sonoponoM, neArepueM H renueM. MaAnaposwe OKHa 
BaKyyMHoro KO*yxa noaaoJIHIOT perucrpuposaTb sropuquwe 
qacruuhl B uurepsane yrnos awnera 0-I800. 

Mouuropuposauue a6coniOTHoA uureucusuocru nepsuq­
uoro nyqKa ocywecrsnAnocb MeronoM uaMepeHHH uaseneu­
uoA aKTHBHOCTH yrnepona (:t_5%). 

H a puc . 1 npuseneHbi nonyqenHbJe 9KcnepuMeHranbHbie 
BBJIIIqHHbl ceqeHHH pO)!(,[lBHHH TIOJIO}!\HTBJibdblX TIHOIIOB Ha 

~ Anpax sonopona, neArepuA u renuH B aasucuMocru or KH­
ueruqecKoA 9Hepruu nuouoa, swneraiOWHX non yrnoM 180° 
K uanpaaneHHIO nepsuqHbiX nporouoa. B r a 6 n Hue npuse­
neuw BBJIHqHHhl ceqeHHH KaK ,[lJIH TIOJI0)!(HTBJibHhlX

1 
T8K 

H OTpHUaTBJibHhlX (He nOKa38HHhlX Ha pHCYHKe) TIHOHOB. 
BepXHAH wKana ua pucyuKe naer Macwra6 KYMYJIAruauoro 
qucJia Q (B nepBOM npH6JIU)!(BHHH WKaJia JIHHBAHaH). 

YJa pHCYHKa BH,[lH0 1 qro ceqeHHA pO)!(,[lBHHA nUOHOB Ha HA­
paX aonopona H neArepuA B HeKyMynAruauoA o6nacru (Q<l) 
npaKruqeCKH coananaiOr. Ceqeuue PO*ABHHA TIHOHOB Ha 
Anpax renuA HMeer npuMepuo a rpu paaa 6onhwyiO aenH­
quuy. 3uepreruqecKaH aasucuMOCTh acex rpex aenuquu 
HMeer nono6HbiA xapaKrep. B KYMYJIATHBHoil o6nacru (Q> 1) 
9HepreruqeCKHB 3aBHCHMOCrH HMBIOT raK)!(B 9KCnOHBHUHaJib­
HbiA xapaKrep. BbiXOA nuouoa or Aaep renuH npuMepuo ua 
nopAAOK npeBbiwaer Bbixoa or Aaep aeArepuA. 
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100 200 300 ~00 500 600 

pH C, 1, 3KCllepHMBHraJihHbiB BBJIHqHHbl ceqeHHA pO:lK,[lBHHA 
noJIO:lKHTBJibHbiX TIHOHOB Ha Anpax BO,I:lOpona (f), neitTepHA 
(t) H renug(f) B 3aBHCHMOCTH OT KHHeruqeCKOA 9HeprHH 
llHOHOB

1 
BbJJieTalOIUHX TIO,[l yrnoM 180° K HanpaBJIBHHIO 

nepaHqHbiX npOTOHOB, 

YJ3 T a 6 JI H U bl BHllHO, qro ceqeHHA pO:lK,[lBHH51 OTpRUa­
TBJibHhlX llHOHOB Ha 51ApaX ,[lBHTepH51 H reJIH51 no nop51AKY 
BBJIHqHHhl coananaiOT C ceqeHHBM pO:lK,[lBHHA TIOJIO:lKHTBJibHhiX 
nuouoa, a nng gnep aonopona 9TH aenRqHHhi cywecraeuuo 

paanuqaiOTC51, 
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Ta6n11ua 
Tip0Jl0Jl)l<!?lll1C Ti.lO.'lHIIbl 

P+P-Tt.+X; Po = 8, 6 r:ll:!/c 

P + P-- Jf-+x . P.. = 8. 6 r3B/c I -

p:;l (9 .7T~" E~rn-·J E ff<1T•J PJr+ (311". pJT- 6Ji- E u(.1T-) 

w !50 9,38 :t I xo 8!0 4,32 :t 0,8 ' 180° ax> 1,17 .:t 0,21 !75 -·- 7,47 :i: 0,5 -·- 80o 5,C22 :t 0,15 
ax> -·- 3,92 :t 0,25 -·- 790 5,39 :t 0,5 250 180° 0,45 :t 0,07 
225 -·- 1,97 :t 0,16 -·- 780 4,89 t 0,4 xo I80° 0,14 :t 0,02 
250 -·- 1,47 :t O,I -·- ,0 5, Z3 :t o,8 
275 -·- o,95 :t o,~ -·- 76° 6731 :t O, I 

P-+ P -P+X 
J 

Po :::: 8, 6 r3ll;c 

xo -·- 0,76 :t 0,06 -·- 750 7,3 ;t 0,4 'PP Sp Elf(p) 
325 -·- 0,64 :t 0,05 -·- 700 8,72 * 0,3 
340 -·- 0,32 :t 0,03 600 ,0 o,&& :to,~ 500 f:{Jo 7,8 :t 0,12 
350 -·- 0,21 :t 0,02 -·- 7s0 o,65 :to,~ -·- 550 6,6 .t 0,21 
360 -·- O,I3 :t 0,015 -·- .74° o,m :to,~ -·- 500 s,oa .t o,:as 
370 -·- O, II3 :t 0,05 -·- 7:1' 071 :to,~ p + C{ - m-• +X; Po= 8, 6 r3B/c 
500 iiP 3,63 :t: 0,08 -·- 7~ 0,83 :t 0,08 PJT .. ejl• E Ol6' < Ji•) P.r.· 8.1T• E Ol o ( Jf .. J 
500 550 5,1 t O,I -·- 7r.O o,83 :t o,oa a CD! 
500 ooO 7,16 t 0,2 -·- 7Cf' o, 99 ± o,oa 150 1800 12,4 :t 1,08 600 180° (0,45 :t o,42) m-3 

300 I7s0 0,6 :t o,r3 -·- 680 O,l9 :t 0,00 175 -·- 8,38 :t 0,46 650 -·- (0,2I t o,os) ro-3 

300 I?Cf' o,n t 0,13 -·- 660 r,33 t o,oa ax> 
_ .. _ 

5,48 * 0,21 300 I7s0 o,97 t o,12 

-·- rssO 0,87 :t O,I -·- 640 r, 74 :t o,oa 225 
_ .. _ 

3,44 t o,15 
_ .. _ 

170° 0,92 t 0,1 

-·- If:lJo 0,79 :t O, I 900 680 o,rr t o,ra 250 -·- 2,07 j 0,075 -"- I6s0 1709 t O, II 

-·- rssO 0,83 :t o,r -·- 6,0 O, 14 ;t O,CDJ 2'75 
_ .. _ 

1741 :t 07066 
_ .. _ 

If:lJo I,II t 0,12 

-·- 150° 0,95 :t 0,09 -·- 660 o, I9 :t 0,02 300 
_ .. _ 

1,01 t 0,049 
_ .. _ 

155° r,2a t o,12 

-·- I4s0 0,98 :t 0,12 -·- ssO 0,19 ± 0,02 325 -"- 0,7 * o,039 -"- 150° 1,27 t 0,12 

-·- 140° 0,85 :t 0,09 
_ .. _ 

640 o, 24 :t 0,02 350 -·- o,39 1: o,032 -·- I..s<' 1,28 :t o,12 

-·- 85° 4,067 :t 0,4 -·- saD 0,25 ± 0,02 400 -·- o,1 t o,0075 -·- 140° 1,21 t 0709 .. 
-·- 840 3,98 t: 0,4 -·- ~ 0,34 :t 0,03 450 

_ .. _ 
(2,24 t o,1s> ror2 500 f:{Jo 5,53 t 0,12 

-·- 830 4,32 * 0,8 -·- 6ff> 0,39 ± 0,03 500 -·- (0,76 ± o,o2) ro-2 -·- ssO 7,64 :t 0,12 
"' -·- 8~ 47067 :t o,8 -·- s,o 0,56 ± 0,03 550 -·- (1,8 t o,J> w-3 -·- fJJO 9,3 ± 0,25 
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nponon*eHHe ra6nHUhl nponon*eHHe ra6nHUhi 

P+d-91-+-X; P =8 6 fsB/c 
0 • 

P • lie - g;:. X · f:, = l3.6 r3B/C EN (Jf-) a • P.1f- e,.-
E ~ (r.-) Pr.- er.-

200 180° 4,07 t 0,33 

' -250 I80° I,99 ± 0,083 200 I so• I6 i I 
300 -"- 0,95 ± 0,066 

250 -·- 6,06 :! 0,43 400 
_ .. _ 

o,ooa t o,0083 
o,I6) m-2 300 " 2,55 ± 0,2 500 -"- (0,83 ± --

600 
_ .. _ 

(0,62 ,.. o,47) m-3 400 -·- 0,65 :t 0,058 

p +He- :n•+x Po =8,6rsB/c 
500 

_ .. _ 
(7,97 :t o,83) m-2 .. , 

600 
_ .. _ 

(0,54 t 0,29)Io-2 

E ~car·) E I (Jf•) 
I 

f>jr+ 9r+ pjT ... 8Jf•1 
P ~ 1-4e- P· X; Po ; 8. 6 r3B/c 

150 Iao0 37,8 t 2,82 300 !55" 13,03 ~ 0,3? Pp 6p fd6'(P) Pp f}p £d5 
175 

_ .. _ 
28,7 t 2,I6 -"- I50° 3 ± 0,29 J! gl'it 

200 
_ .. _ 

I7,8 ± o,75 
_ .. _ 

::.45° 2,8 ± 0,3 300 I80° al,I t 3,0 ~ I78° I, 74 ± 0,066 
225 

_ .. _ 
II,2 t 0,66 -"- I40° 3,09 .t 0,33 400 -·- 6,40 ± 0,34 -"- I76 1,44 j- 0,0?4 

250 
_ .. _ 

6,59 ± 0,36 !i)() I7B0 o,o? ± o,OO? 
I74° 1,56 500 

_ .. _ 
1,74 :t 0,16 -"- ± 0,066 2?5 -·- 4,03 .t 0,25 

_ .. _ 
1?6° o,o8 ± o,o1 

300 -"- 2,85 ± o,I8 
_ .. _ 

I?t0 

1 

o,o65 ± o,ooe 550 -·- 1,04 t 0,16 -"- I73° r,6 ± O,OG6 
325 

_ .. _ 
2,16 t 0,12 -·- 173° 0,055 t 0,0062 600 

_ .. _ 
0,44 i 0,04 -"- I72° r,58 :!:. 0,046 350 

_ .. _ 
r,29 ::1: o,n 

_ .. _ 
172° o,o72 :t o,0062 

650 -"- 0,28 t 0,02 -"- 170° 1,66 .±-+D,066 400 
_ .. _ 

0,65 t 0,05 
_ .. _ 

I~ o,o67 :t o,OOGG 
450 -·- 0,21 t 0,015 

_ .. _ 
I6s0 o,o?6 .t o,oo5 700 -"- o,r3 t o,m2 -"- 165° 1,82 ± 0,058 

500 -·- (5,6 t o,25) 1or2 -·- 160° , o,o86 :t o,or 300 175° 2 I) t 3,0 -"- 160° I 9 
' 

± 0,058 
550 -·- (2,04 t o,rs>ror2 -" - 155° · o,r ± o,oos 

_ .. _ 
170° 18,6 :t 3,08 -"- 155° 2,04 ± 0,058 

650 -·- (I, 75 i 0,18) ror3 -"- I5o0 o,r t 0,005 _ .. _ 
160° 2I,8 ± 3,08 -"- 150° 2,26 :!: 0,05 

?00 -·- <o,4r t o,OG> ro-3 -"- 145'> 0 716 :t 0,02 _ .. _ 
155° 20,9 ± 2,9 -"- 145° 2,5 ± 0,058 

300 I? sO 2,16 ± 0,32 
_ .. _ 

1.,0 o, I6 .t o,02 _ .. _ 
150° 19,6 t 2,0 -"- 140° 2,64 ± 0,058 -·- I?Oo 2,59 j- 0,3 -·- oo0 13,9 .t o, 25 

' -·- 145° 21,6 j: 2,48 -"- 60° 41,2 ± 0,54 _ .. _ 
165'> 2,74 t 0,3 -·- ssO 17,8 t 0,42 -·- 140° 22,7 :t 2,48 -"- 55° 39,0 ± o,84 -·- 100° 3,09 t 0,37 -·- 50° 25,3 :t 0,66 I -·- 50° 43,8 z r,r6 
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IIJlOilOJJihGHHe raGJJHllbi 

/~ll.] 

Ji. Pp Bp 

4G.~ • 300 
&L+ . 400 

1tS'.O '.500 

~4~.'3 ~ 
l15.l.! 600 

Pd 

500 

-"-
-"-

Pd 

400 

500 

550 

GUll 

650 

700 

GUO 

-"-
-"-

-"-
-"-
-"-
10 

mo0 

_ .. _ 
_ .. _ 
_ .. _ 
_ .. _ 

Bd 

600 

55° 
500 

8d 

JL>CP 

-"-
-"-· 
-"-
-"-
-"-
I'iU0 

nco 

I74° 

I'i3° 

T7<P 
170° 

P +d- P+-JC, P0 = a.6 raB/c 

E ~ ( P) Pp . 6p E ~ ( P) --- -- rn 
3,50 .t 0,9 

o,53 ..!. o,IO 
0,15 .:. 0,02 

C7,o ... 1,ona-2 
2 (21 6 ~ 0,2)IlJ 

300 _ .. _ 
_ .. _ 
_ .. _ 

-·-
500 

-·-

1600 

15s0 

1500 

!450 

140° 

600 

550 
_ .. _ 500 

P+d-+d+-X 

ESj 
o, 74 - o, !3 

o,9B "' o,r3 

r,42 _ o,ra 

3,6 ;i.. 0,\184 

3.38 .r. 0,84 

4,34 .:.- o,B4 
3,52 ~ 0,84 

3.64 ..l. 0,84 

121 44 .. r 0,2 

12,54 -'. 0,22 

14,44 ~ 0,42 

Po= d.' GeV/c 

P t- ~Q _.. d +)(
1 

Po: 8.(; I'aB/Q 

£~(d) Pd 8d E~(d) 

0,8' - 0,23 

o, ~3 _ o,o43 
02,24 _ o,GJ)1o-2 

(3
1
95 _ O,GT)I0-2 

(2,s<; _ o,64)ro-2 

(l 21 I 27)T0-3 ' - ' 
u,23 _ o,CX'7 

0,43 _ o,OL3 

o,:n _ o,cx 3 

o,J7 _ o,092 

u,34 _ o,ose 
lJ, 2<3 _ o,os3 

500 
_ .. _ 

-"-
-"-
-"-
-"-
-"-
-"-
-"-

161' 

160° 

155° 
j5()0 

145° 

140° 

srP 
55° 
f:IJO 

0,4 - 0,049 

0,52 ..:. 0,092 

0,43 - 0,055 

0,42 _c: 0,058 

o,s5 _!.. o,r3 

o,as _ 0,13 

6,47 .:... 0,37 

5,9? - 0,55 

- 5, rs ::. o;n 

1 
~ 

1 

10 

0 

>10 
Nl.) 

'> 
Q) 

G -1 

110 
........... 
lOjiCL -u "U 

UJ -2 

10 

t 

" 
t 

t ; 
~ 
? 

t 
t 

t He ... p 
t 

+ ; 

+ 
~ 9 t D-p 

Y He-d 

100 200 
T /MeV/ 

pUC • 2. 3KCll8pi:IM8HT8JlbHbl8 aaHHbie 110 8HepreTH'l8CKOH 
3aBHCHMocru ceqenuil ¢parMenrauHH Haep aeilrponoa (f) 
1:1 reJJHH ( t) C o6pa3oaaHHeM rrpOTOHOB 1:1 C8'18HHH ¢parMeH­
T8UI:II:I Haep renHH c o6pa3oaanueM aeilrponoa (~). 

H a p 1:1 c. 2 (a raK*e B ra6n~:~ue) rrpHaeaeHbi 8Kcrrepu­
Menran&nwe aannwe no 8Heprer~:~qecKoA 3aBHCHMocru ce­
qen~:~fi ¢parMeHT8Ul:IH Haep aefirpOHOB (ao KI:IH8M8TI:I'leCKOfi 
rpaHI:!Uhl Q a 2 ) 1:1 reJJHH C o6pa30B8HlleM npOTOHOB ll 
Ce'!eHHfi ¢parMeHT8UHH HAep reJJHH C o6pa30B8Hll8M aefirpo­
HOB ( yron Bbinera ¢parMenroa cocraanHeT 180°). 
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10 

I 

~10 
"''"' '> 

Ql 

0 
0 

f 10 
........... 

\o\ICL -u-u 
uJ -1 

10 

-2 
10 

v 
v 

v 

He 
300 9 

500 v 

D H 
• • 
0 0 

0 0 \ •• 

D 0 \ ~ f W 

c \ ~~, fttf ''t " \ ' ', 
' \ .................. t•+ttttt• 

60° 

" ' --•"++'u• ' ' r ' ', 
" ' ' ' ' "' '\ !?~ 

", Vff~(f\ 
' 

100° 

8"11 

' " 

1~0° 

' ' 'o 

180° 

PH c. 3. Yrnoaasr 3aBHCHMOCTh ceqeHHH pO.lKllBHIHI rrono­

.lKHTenhHbiX IIHOHOB c HMnynbcaMH 300 H 500 MaB/c B 3a­

BHCHMOCTH OT yrna BbineTa llHOHOB llnSI pa3nH"'HbiX Hllep­

MHillBHBH. 

Ha pH c. 3 rrpencraaneHbi ce"'eHHH pO.lKlleHHH nono.lKH­

TenbHbiX nHOHOB c HMIIynbcaMH 300 H 500 MaB/c a 38BK­

CHMOCTH OT yrna BbinBT8 llHOHOB llnH pa3nH"'HbiX Slllep­

MHIIIBHBH. 

p H C. 4 COllBp.lKHT aHanOI'H"'HblB 38BHCifMOCTH llnH 

cnyqaeB C o6p830B8HHBM npOTOHOB H llBHTpOHOB. 

113 pHCYHKOB BHllHO, 'ITO nonyqeHHbie HHKm03HBHbiB ce­

"'BHHH cna6o B03p8CT8IOT C YMBHhiiiBHHBM yrna BbinBT8 
0 

'18CTHU, OC06eHHO B o6naCTH yrnoa,6nH3KHX K 180 . 
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P 11 c. 4. Yrnoaasr 38BHC11MOCTh ceqeHHH pO.lKllBHHH rrporo­

HOB H neiirpoHOB c HMnynhcaMH 300 11 500 MaB/c B 38BH­

CI1MOCTI1 or yrna a~nera ¢parMeHTa. 

B uenoM npencraaneHH~H B pa6ore aKcnepHMeHranb­

Hhiil: MaTepHan, Ha H8III B3I'nSill, COllep.lKHT llOCT8TO"'HO 

nonHyiO 11H¢opM8UHIO K8K ansr YTO'IHBHHH MBX8HH3M8 Ky­

MynHU11H, TaK If nnH pacqera B03MO.lKHbiX sKnanoa, o6y­

cnoaneHHhiX B3811MOllBHCTBHBM Ha 6onbiiiHX MB.lKHyKnOHHblX 

paCCTOHHHHX, a¢¢eKTOB ¢epMH-llB11.lKBHHH H nepepacCeHHHH. 

Aaropbr pa6oTbi npH3HarenhHbi B.r. TiepeB03"'HKoay, 

M.H.illKo6HHoii, O.IO.KynhiiHHOH 3a noM01llh B pa6ore. 
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