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~ .. pa~oTe rrpnBe.nenLI pe3yrrLTaThi ~nccrre.D;oBaHnH·.rrpo­
TOHOB, .. ncnyci<aeMhiX a rr-.-,xe · B3aHMO.II.eifcTBHHX · rrpn n:M:"' 
IIYJ1~C~ 3,5 r~B/c. B qacTHOCTH,; .II.aiOTCH Tai<ne xapai<Tepn-. ' ~ . . .. ' ~ . ~ . •. . . . . . . . . . . 

CTHI<:H,.,I<aK ·,qac:roTa: 3MHCCHH npOTOHOB, HX cpe.II.HHH I<HHe-.;:•. 
Tnqeci<aH.JHeprnH, rr_orrepeqHhiH HMrrynhc nyrrroBLie crrei<Tphi. 

Uccrre,noBaHHH BhTIIOJIHeHhi .na CHHMI<ax co 180-rrnTpo,-
~ .. : . . ~ . . 

BOll I<CeHOHOBOH IIY3hiphi<OBOH KaMepbl; 

";•' A 
:1 •·' 

! . ~ 1. OIIHCAHHE 3KCIIEPHMEHTA: ._. 
~ ~ : • i • ! 

B p'e3yJihT~lTe ,Z:lByi<paTHoro IIpOCMOTpa cmiMKOB co 180- ' 
JIHT~OBOH : I<Ce}JOHOB,O,ll IIY3biphKOilOH KaMepbl Bhi6npaJIHCh· · · 
BCe crryqaw rr; ,...Xe B3aHMO.!leHCTBHH, paciiOJIO'/KeHHhie iB OII" 
pene,iienH_oif U~HTparrhnoif o6rracrn .KaMephi.· Cpenn 3apH'IKeH­
HhiX IIPO.!IYKT-OB peai<unn rr +- M·e 3onhl .jJeri<o -BhiD.errnTh .no 
na6monaeMoil xapaKrepnoif uerroqi<e crrenoB 3apHmeHHhiX ''"' 
IIPO.II.YKTOB pacrra.!la rr +.... 11 + -+ e +. · 3a - crre.II.hi rrpoTOHOB 

IIpHHHMaJIHCh BCe. ~epHble CJie.!lhl OCTaHaBJIHBaiOIUHXCH B IIpe­
.II.errax KaMepbl BTOpnqHhiX qacTHU, He H.II.eHTH$HUHPYIOI.UHXCH 
KaK rr+ -·Me30Hhi. Cpe.!IH. Tai<nx crrenoa MoryT -6hiTh Tai<me 
crre.II.L~ rr:- ..:Me30HOB. Korrn~eCTBO crre.II.OB MenrreHHhiX TT~ "'Me-
30HOB c'pe.II.H C]le,IIOB, IIpHHHMaeMbiX HaMH _3a .IIpOTOHHble, 
OUeHHBaJIOCh H3 KOJIHqecTBa CJie.!IOB rr+-Me30HOB,,Ha6JIIO.II.ae­
MhiX B nccrre,nyeMbiX B3aiiMO.!leHCT

1
BHHX /iipn'HnMaJIOCh, qTo 

qncrro H3nyqeHHhiX rr+-::H TT- -'Me30HOB O.II.HHaKOBO/. OueHKH 
rrol<a3arrn, qTo Tai<aH rrpnMech norrmna cocT.aBJIHTh ·He 
6orrhrne •3o/o · o6mero qncrra crrenoB rrpoToHoB. IIpoToHaMn 
MOrJIH:'OI<a3aTbCH BTOpnqHbJe qacTHUhi, Bh13hiBaiOIUHe B I<a­
Mepe BTopnqHhie H.!IepHhte B3aUMO.!leifcTmiH. OueHI<a qncrra 
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Tai<~X IIpOTOHOB ocym:eCTBnnnach IIO'H3BeCTHOMy ll3 mi6mo­
,n;enni_i: qucny neiiTpani.HhiX. 3 ae J,n;, corrpoBO)J<,IJ;alO~Hx uccne­
,n;ye_Mble BJaHMOJleiici!mn. MI.I rrpnnnManu, ':ITO ripc>TOHI.I 
aenu ce6H ~ai< nc#ym:eHHI.Ie BO B3aHMO,n;eii:CTBHH.HeHTPOHbl •. 
Cornacno Tai<IIM oueni<aM, OI<Ono 3,5?/o IIPOTOHOB 6I.mo 

'< I • ~ , . • • 

neyq'reno. 
MnnHM~ni>naH · ,n;nnna na6nlO)laeMI.IX cne,n;oa .. rrpoTOHOB 

BO BC_eX .3Be3,n;ax, He3aBHCHMO. OT ':IHCna BTOpH':IHbiX 3apH­
)J<eHHhiX ·-4:acTuu·, ,coc"·raanna "" 5 MM .. Bo BJaHMo,n;eiicTmiH~ -
c qilcnoM cne,n;oa BTOPH':IHI.IX qacTHU He 6oni.uie. 4, :na 
,n;nn~a cocraanna ·c2 · MM .. .llnH nporonoa, ,n;nnH'I.I cne)loB 
I<OTOphlX H~ 6onhJir~ 200 MM, J<aMepa HBnfleTCH ,n;eTei<TOpOM 
c reoM~Tpneii • 411 -~ Tai<nM o6pa3-0M, B I<aMepe perncTpnpy­
lOTCH CO 100o/~·noii. 3¢¢ei<TII~HOCTblO IIpOTOHbi B ,n;narra30He 
3Ha':leHHH I<H.HeTH':Ieci<nx ::mepruii oT 15 ,n;o · 200 M3B. 
MoryT .ocTanaannaaTI.CH a I<aMep-e Tai<)J<e rrpoTOHhi c 3Hep­
rnHMH BIIJIOTh ,IJ;O 350 M3B, ecnH OHH HCIIyCKaiOTCH'B ripe­
~emi.x I<onyca c yrnoM. pacTaopa:'"~e 6oni.IIIe 6~ 0 ~ . . , ~ 

,llnHHbl cne,IJ;OB H yrnbl 3MHCCIIH IIpOTOHOB OIIpe,n;enHnHCb 
- -.., s. ••• •. _· ·:-

ITO reoMeTpH':IeCI<HM H3MepeHHflM~ BbiiiOnHeHHbiM Ha IIOny-
aBTOMaTH':IeCI<OM· ycTpoiicTae, rroc.rpo.ennoM na 6a3e Mn­
I<poci<orra 'ileiic-YMM. -ToqnocTb orrpe,n;enennn ,n;nnn cne,n;oa 
cocTaan1Ina l MM, ':leMy coo-TaeTcrayeT TO':IHOCTh orrpe.iierre-. 

· HHH · HMrryni.ca rrpo.Tona. ·"" IOo/o rrpn 3naqennn nMrryni.ca 
200· M3B/c H "'"lo/o 'rrpn 3Ha':leHHH. HMIIyni.ca 600 · M3B/c.·~:'­
·To':IHOCTI. orrpe,n;enennH y~noa 3Mnccnn rrpoTono8 anpeo6- ."-
na,n;a~m·eM ':IHC.ne c)ryimeB 5°. :· . . -~:· 

~ .. · 
2: '3KCIIEPHMEHTAJibHb/E J(AHHb/E 

._ .. 

Ilonyqefi'H:I.Ie cae.ziennfl: o rrpoTonax, · nciiym:eniii.Ix a nc­
cne,n;yeMI.IX B3aHMO,IJ;eHCTBIIHX, rrpe.ricTaBneHbl HH)J<e ~B BH,IJ;e 

· · rpa¢HI<OB 'H rHCTOrpaMM. 
·' 

2.1. Kpami-tocmb 2eHepa1JUU npomoHoe 
..... ·_ 

B I<a':leCTBe xapai<TepncTHI<H I<paTnocTn renepaunn rrpo­
Tonoa IIPHHHTa"3aBHCHMOCTb cpe,llHero ':IHCna npOTOHOB .. n 

... '~ n'r _':lncJi:a N c_H.iia6ino,i:(aeMi.IX Iiiopn':lni.Ix 3apH)J<e!fnhix qacrnl 
3T~ xapa~nepnCTHI<a rroi<~3aJ!a na pn_~. 1. . ... 
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2.2. Cpec>HJJ1l 1\UuemutJecl\aJl 31tep2UJl npomo11oe 

Ha pac. 2 .naaa cpe.nHHH KHHeraqecKaH 3HeprHH rrpoToHoB 
EP BO B3aHMo.neiicTBHHX c pa3HhiMH N CH· 

2.3. HMnYAbCbl npomo11oe 

Cpe.naaii , HMnynLc rrpoToHoB P Bo B3aHMo.neiicTBHHX 
. p 

c pa3HhiMH N CH rroKa3aH aa pac. 3. Cpe.naee 3Haqeaae 
rrorrepeqaoro ·, HMrrynLca rrpaae.neao aa pac. 4, cpe.naee 
3HaqeHHe JipO,Il,OTihHOH COCTaBmnomeii HMJIYTibCa rrpOTOHOB ·­
Ha pac. 5. · Ha pac. 6 .naao pacrrpe.neneaae 3Haqeaaii rrpo:. , . : 

,IJ,OTibHOrO HMJIYTibCa rrpOTOHOB. 

2.4. YzAoeoe pacnpeoe/leHue npomo11oe 

. Pacrrpe.neneaae cpe.naax 3Haqeaaii KocaaycoB yrnoB 
3MHCCHH JipOTOHOB B 3Be3,IJ,aX C pa3HhiMH qacnaMH JipOTOHOB 
nP rroKa3aHo aa pac. 7. Pacnpe.neneaae KocaaycoB yrnoB 
3MHCCHH npoToHOB B 3Be3_.nax c pa3HhiMH N CH .naao aa 

pHC. 8. 

3. OECY)l(,l(EHHE PE3YJibTATOB 

. -

. ll3 pHC. d BH,IJ,HO, qTo cpe,IJ,H BTOpHqHhiX 3apH)I(eHHhiX 
qaCTH:Q B HCCne.nyeMbiX HaMH B3aHMO,IJ,eHCTBHHX npeo6na.na-

' IOT Te, cne,IJ,hi KOTOPhiX npHHHMaeM 3a npoTOHhi. Cpe,IJ,HHH 
KbHeTaqecKaH 3HeprHH 3THX npOTOHOB JIQqTH JIOCTOHHHa 
B 3Be3.nax · c pa3HhiMH nP H ee. 3Haqeaae oqeHh 6nH3KO 
3Haqeaaro rronoBHHhi MaCChi 11 --Me3oHa. Mo)l(eT nH-KBa;m­
nocTOHHCTBO cpe,IJ,HeH 3HepriJH yKa3biBa Th Ha TO, qTO 6onh.-­
IIIHHCTBO HCJiymeHHhl~ H Ha6mo.naeMhiX npOTOHOB B03HHKTIO 
3a · cqeT nornomeHHH Me.nneHHhiX 11 --Me 30HOB napaMH ayK- · 
noaoB B H.npax? Ha B03MOiKHOCTh cymecTBOBaHHH Ta:Koro 
npouecca yKa3biBanoch yJKe B /l/. Cy~ecTBOBaHHe TaKoro 

·cnoco6a 3MHCCHH npOTOHOB He HCKnroqaeT cymeCTBOBaHHH 
HapH,IJ,Y C HHM MeXaHH3Ma B03HUKHOBeHHH rrpOTOHOB 3a cqeT 
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PHc. 5. CpenHee 3Hal.JeHHe npononhHOH cocTaanHIOuteii HM­
nynbcoa npoTOHOB Pp 11 so B3aHMO.D.eiicTBHHX c pa3HhiMH 
'IHcnaMH N08 aTopH'IlibiX 3ap.H:>KeHHhiX qacTHU:. 

10 

1000 

N 

500 

0 
-1000 -500' 0 +500 +1000. 

Pp 11 MeV·· 

PHc. 6. PacnpeneneHHe 3Hal.JeHHH npononhHOH cocTaamlio­
uteii nMnynhca npoToHOB. 

II 



.. 
.. . 

.·.:
 .

. 

- N . ';
 ..

. 

-··
 

(A
) 

. 
,.• 

..
. ,- .. ' 
. 

•
•
 

J 
·•

 

-~~
~~.

 '.
: 

:·
··

 
.f 

,.·
 

_..
...;

to·
,...

· -
-
-
-
-
-
-
~
-
-
-
-
,
.
~
 

co
s.J

'p 0.5
 

0 .. ' 

:;
 · ...

 

+
 +

 
+

 +
 +' 

··. 
+

 +
 'f 

t. f
 
t 

P
H

 c
. 

7.
 P

a
cn

p
e

.n
e

n
e

n
H

e
 c

pe
.n

nH
x 

3 
n

a
q

e
n

n
ii
 K
oc

nn
y~

·o
a 

y
rn

o
n

. 
3M

H
C

C
H

H
 c

os
 V

p
 

np
<J

TO
H

O
B

 
BO

 
B

3a
H

M
O

,Il
eH

C
T

B
H

H
X

 
C

 p
a

JH
b

iM
H

 
'IH

C
Ji

aM
H

 ~
P
?
T
O
H
O
B
·
n
p
.
 

.' 
·~ 

.15
 

., 
. 

., ' 

-1.
Q 
;
-
-
-
-
-
-
.
.
.
-
.
.
.
;
.
.
-
-
~
~
-
-
-
-
-
-
-
-
-
.
,
 ., 

. 

co
s.e

'p 
. ...

. 

·.
·;

 

'
'
 

; 
't

 

0.5
 

'""
 

... 

t 
~· 

~· 
+

 
+

 i'
 

1
''
 

T
 .

. 
. 

+
 f 

_ 
1 

t 
t·

 f 
f 

T
 t .

 t L
 

. ..
. ,

.,
 

.. 
1 o

· 
15

 
.. 

:,. 
·: 

P
n

c
 ..

 8
 .. 

·P
a

cn
p

e
.n

e
n

e
n

n
e

 K
o

c
n

n
y
c
o

n
 y

rn
o

n
 3

M
n

c
c
n

il
 n

p
o

T
o

n
o

a
 

;.·
 .

..
 · 

n
o

 
.B

Ja
H

M
o.

ne
iic

T
B

H
H

X
 

c
, 

pa
3H

M
M

H
 

'IH
C

Ji
aM

H
 

N
cH

n
:r

o
p

H
'IH

h
iX

. 
,. 

,3
ap

H~
eH

Hb
iX

 '
la
~T
HU
. 

·· 
.·.

:• 
'· 

. 
• 

~ 
·~ '

·
 

• 
0 

'· 
. 

' 
1 

I 

.· ..
 

2·
0'

 ,. 

.. 

. •
.: 

' 
. ·) 

.•
 

• 
L

. 
;:

-,
 



umpoi<o ucnonh3yeMoro pa3HbiMH aaTopaMH npu IIHTepnpe­
TaU:HH pe3ynbTaTO~. rrpouecca;· ·na3Ba1IHOrO'BHyTpHH,Il;epHbiM , 

~ Kaci<aAOM. B03Hlii<a·eT JlHliib BOllpOC, KacaiOII.(IIHC.sl. OTHOCH..: .. 
.fenbnoro BI<naAa 3THx._npoueccoa a 3MIICCHIO acex na6nw-

1
' .. . 

,Il;aeMbiX UpOTOHOB. .. ~.. ·: 
ITonepeqnaH · cocTabnHJOII.(aH nMnynbca npoTOHOB naxo- : .. 

AIITCH n' npe,Il;~JiaX cpe.uimx 3Hal.JeHHH OT 250 AO 300 M3B/c :, . 
, .... ~ . . . . . . . ·. . "' . .: ·-

BO B3aJI.MOAeHCTBHHX C: pa3HbiM l.JHCnOM BTOpH'IHbiX 3apH- ' 
;~<enn:bix qacTnu.' ,. - · · . i 
- He ·uMee.T Ten.iieiiimu l.JeT.Knx H3Menenuii TaK>Ke cpeAnee; - _..,. . - "' 

3Hal.JeHII.e KOCHHyca yrna 3MHCCllll npoTO!JOB BO B3aHMO,Il;eii- ~ 
CTBIIHX. C pa3Hb1Mll l.JHCnaMH npOTOHOB, KaK 3TO BIIAHO 113: 
puc. 7. :; . : 

AIJTOpbi 6naroAapHbi npoepeccopy H. B. qyanno n AOI<Topy; 
B.A.nie6anoay 3a np.eAOCTaanenne KaMepHbiX CHIIMKOB. 

Mbl. aecbMa npH3HaTenbHhi npociJeccopy M.H.Conoabeay; 
3a unTepec I< naUieii pa6oTe. 

Jiumi;pamypa 

1. E. C/loeuHcKuii, 3. C.Cmpyza/lbCKUii. Ilpenpuum OHJIH 
pJ:-3822, ,Oy6Ha, 19'6.8. · ···· 

PyKon!{cb nocmynu11a e U3oame/lbCKUii omoe11~ 
~ 8 aezycma 1973 zooa. 

14 


