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B H8CTOH~ee Bp6MH YCT8HOBX6HO, qro.KB88HcranHoHapHue 

KOXX6KTHBHU6 COCTOHHHH HAPS BO86YEA8~TCH He TOXhKO npH WOTO­

nornO~8HHH, HO raue B nenoM PHA8 APYrHX peaKnHA, KaK; HanpH­

wep, npH norno~eHHH orpHnarenoHYX MD-M68OHOB HAP8MH, P8AH8-. 

nuoHHOM re -aaxBare H r•A• 

TeopHH KOXX8KTHBHoro BO86YEA6HHH HAPS npH MD-aaXBare 

6Hna cwcpwynHpoBaHa B pa6orax /I,2/. ABropaM /I,2/ YASnoco 

BUqHCXHTo 8HaqeHHH B8POHTHOCTH MD-aaXBara B nerKHX HAPSX, 

KOTopwe xopomo cornacoBanHCo C 8KcnepHM8HT8XhHUMH ABHHUMH. 

B pa6ore 121 6Hna ycraHOBneHa KOnHqecTB6HH8H CBH8o Y8EAY Be­

POHTHOCToE aaXBara MD-M68OHOB HAP8MH H ceqeHHeM rHraHTCKOro ., 
AHnonoHoro peaoHaHca npH woronorno~eHHH. npyrott ycnex TeopHH 

KonneKTHBHoro BOa6yZA8HHH HAPS npH MD-aaXBare COCTOHT B TOM, 

qro nHHettqaran crpyxrypa cnexrpoB HettTpoHoB Ha wm-aaxBara B 

nerKHX HAPSX, llP8ACK888HH8B Ha ee OCHOBe C yqeroM peaoHaHCHO­

ro M8X8HH8M8 HCilYCK8HHH HettrpoHOB /I/, IlOATB6PAHX8Co 8KCnepH­

M6BT8XoBWUH HCCX8AOB8HHHWH 131. lHHettqaTSB crpyKTypa o6Hapyze­

Ha H B cneKrpax WQTOHelrpoBOB HS nerKHX HA8P• RccneAOB8BHH 

cneKTPOB ueArpOHOB Ha MD-aaXBara B CBHHne HXH aeB impax, OT­

~zqalllJUDCCH or imep CBHBna aapH~OM Ha O~BY e~HHHny,noKa3a.JIH,qro 

B cnyqae rnaenux HACP XHBe!qaras crpyKrypa He o6HapyaHBaercn 

H cneKrpw CT8HOBHTCB llOXOZHMH Ba HCnapurenoHUO. 

Hacron~aa AHCC8PT8nHH- IlOCBH~eHa CHCT8M8THqecKoMy Hayqe­

BHll cneKTPOB HettTpOHOB HS peaKnHH MD-aaXBaTa H WOTonorno~e­

HHH B THE8XYX HAP8X C nenom HCCX8AOB8BHH M8X8HH8M8 pacnaAa 

KB88HCT8nHOH8PHUX COCTOHHHA. PeaynhT8TU HCCX8AOB8BHtt 6HXH 
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ony6JIHKOBa!W B CTaTI>.HX H npenpHH'faX / 4-B/, ]lOIUia]ll,IBaJIHCI, Ha ~­

YewHapO]lHOtt KOHWepeHUHH no WHSHKe BHCOKHX 8Hepr1,1tt H CTpyK­

Type .H]lpa B YnncaJia (lllBenHH, 1973 r.), Ha Mex]lyHapO]lHOI KOH­

wepeHUHH no WOTO.H]lepHw peaKnHHM B AcWiaMope (CIIIA, 1973 r.) H 

aa ceccHsx OT]leJieHHH H]lepuolt WHSHKH AH CCCP B 1973 H 1974 rr. 

l(HccepTa~H.H COCTOH'f I,13 BBe]leHHH H qeTHpex rJiaB. 

Bo BBel!eHHH KpaTKO HSJIOJteHH OCHOBH!ie ]lOCTmteHHH TeopeTH-. 

qecKHX H SKcnepHMeHTaJILHHX HCCJie]lOBaHHA npouecca H]lepHoro llll-

38XB8T8 H ~OTOB036y:rt]leHH.H .H]lep. CWOPMYJIHPOBaHa 38]laqa ]lHCCep­

Ta~HH. 

IlepBa.H rJiaBa npe]lcTaBJI.HeT co6on o6aop urepaTypHHX ]l8H­

HHX no HCCJI8]lOBaHHJO cneKTPOB H MHOZeCTBeHHOCTH HelTpOHOB HS 

pea.KUHH MIJ-SaxBaTa I,I cneKTpOB He«xpoaoB, BOSHI,IKaDl!lHX npH ~OTO-

BOa6yx.ir;eHHH H]lep. IloKaaaao nocJie]lOBaTeJibHOe paaBHTHe ~eH 

KOJIJI8KTHBHblX B036YJE,ll;eHH« npH ~OTonorJio~eHHH H B.~epHOM Mll­

aaxBaxe. IlpHBe]leHH peayJibTaTll HCCJie]lOBaHH« BHXO]la aapazeHHHX 

qacTHU H OCHOBHHe BliBO]lli pa60T no aCHMMeTpHH He«TpOHOB I,13 

pea.KUHH MIJ-SaxBaTa. 

BTopaa rJiaBa IlOCBH~eHa OilHCaHIW MeTO]lHqecKon qacTH pa6o­

TH: 000CHOB8HHIO BH6opa ]l8TeKTopa H8ATpOHOB, HCCJI8]l0B8HHIO era 

OCHOBHHX xapaltTepHCTHK, cnoco6y o6pa60TKH annaparypHHX_ cneET­

poB H MeTO]lHKe onpe]leJieHHH a6COJIDTHOro BliXO]l8 HettrpoHOB HS 

peaKUHH MJJ-SaXBara. XapaKTepHCTHKH ]l8T8KTopa HettrpOHOB onpe­

]l8JI.HJIHCI, C noMO~l,D MOHOXpouaTHqecKHX HettTpOHOB C aaeprHett 

En=- 3,1 MaB 1,1 En~ 14,l llaB, HcroqHHKa HeltrpoHOB Po-Be H 

cneKTpoweTpHqec1rnx HcToqHHKOB O -KBaHTOB 22 NQ , 24 NQ , 
56 Mn , 88y H 137c~ . IlpHBO]l.HTC.H OCHOBH!ie napaweTp!i 
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]leTeKTopa HeltTPOHOB, llOJiyqeHHHe Ha 6ase 8THX HCCJie]lOBaHHA. 

8KcnepHM8HT8Jll>HO, nyreM onpe]leJieHH.H noTOK8 HeArpOHOB, na]laD­

D!HX Ha ]l8'f8KTOP, npH HCCJI8]lOBaHHH C MOHOXpOU8THqecKHMH HeffTPO­

BaMH 61iJIO llOJiyqeao SHaqeHHe a~eKTHBHOCTH perHCTP8UHH H8ATpo­

HOB npn aaeprllH En~ 3,l MaB. 

B TP8T1>elt rJiaBe OllHCaHH 6JIOK-cxewa YCT8HOBKH 8JI8KTpOHH­

KH, YCJIOBH.H npOB8]l8HHH axcnepHM8HTOB npH HSMepeHHH cneKTPOB 

HettTPOHOB H npH HSM8P8HHH BliXO]la HBITPOHOB I,13 peaKUHH wo~sa­

XB8Ta •. PacnoJIOllt8HHe a~napaTypH Ha nyqKe p- -M~SOHOB H 6 
KB8HTOB npe]lCTaBJI8HO Ha PHC. l H 2 COOTBeTCTB8HHO. CqeTqHKH 

1,2,3 H 4 HS llJI8CTHqecKHX CUHHTHJIJIHTOPOB CJIYllt8T ]lJIH onpe]leJie­

HH.H C06HTHH OCTaHOBKH )0)-MeSOHOB _B HHmeHH, H CHrHaJI O C06H­

THH OCTaHOBKH, KOTOPHtt onpe]l8JIHJICH• COBlla]leHHeM 1234,ynpaB­

JIHJI perHCTpauHeA HMllYJILCOB HS ]leTeKTopa BelTpOHOB (NB -213). 

IlpH HSM8P8HHH cneKTPOB WQTOHBffTpOHOB (Ha pac. 2) ]l8T8KTOp 

H81TpOHOB H MHmeBL pacnoJiaraJIHCI, B cneUH8Jil>HOM nOM8~8HHH, 

IlOCTPOBBBOM HS napaWUHOBliX 6JIOKOB TOJID!HHOI 80 cu, nyqoK O -
KBaHTOB BliBO]lWIC.H B 8KCil8PHM8HTaJILHHtt saJI qepea OTB8PCTH8 

B 68TOHHOI CT8B8 TOJID!HBOI l M. HOHHSaUHOHHa.H Kawepa, pacno­

JIOE8HHaH sa MHmeHLD, CJIYXWia ]lJIH KOHTPOJI.H IlOTOK8 0 -KBaHTOB. 

B STOA xe rJiaBe npe]lCT8BJI8Hli pesyJILTaTH HSM8P8HHtt H Cll8KTPH 

H8ITPOHOB, noJiyqeawe nyTeM ]lH~epeuqHpOB8HHH Cil8KTpOB npo­

TOHOB OT]laq1,1. 

-B qeTBepTol rJiaBe o6cyX]l8Jl'fCH IlOJiyqeHHH8 pesyJI1>TaTH H 

cpaBHHBaDTCH C HM8DIIIHMKCH JIHT8p8TYPHWH ]l8HlWMH, CWQPMYJIHpo­

B8HH OCBOBH!i8 pesyJILTaTH H BHBO]lli ]lHCC8PT8qHH. 

5 



~
 

~
 

0 . 
0 . 

!'J
 

H
 

c<
. 

. 
~
 

~
 

0 
_t

,' 
O

 

=
 

~·
 

0 

g 
._ 

' 
. 

=
 

~
 

g 
z 

i 
·-·"

 ~
 

' 
Il

l 
C

 

i 
~
 E

 
ia 

ID
 

gj 
w

 
:z

: 
(I

J 
C

l 
C

' 

"' 
CD

 
Il

l 
3 

a,
 

§ 
0 X

 

~ 
~
 

a,
 

X
 

C
l 

fJ 
'C

 
:0

 
ll

) 
n 

'C
 

.;
i 

m
 

~
 

3 
.;

i 

"' 
~
 

en
 

:,:
 

i:z
: 

C
 

IC
 

~
 

!a 
("

) 

5 
~
 

~ 
a::

 
(I

J 
:,:

 
w

 
(I

J 
a 

t~ 
=

 
:s;

: 
El 

Ji
 

r.:: 
~
 

-~
 

~ 
Q

 
~ 

3 0 
CD

 
a
, 

"C
 

. 
=

 
.;

i a ~
 

}-

,, 

,.. 
Il

l 
0 

1:1
 

,£
1 

.., 
=

 a
, 

.... 
:,:

 
'C

 
,.. 

0 
..., 

0 
(9

 
IS

i 
=

 
IC

 
a 

l:d
 

Il
l 

0
, 

1:1
 

CD
 

CD
 

1:1
 

'C
 

H
I 

Cl
" 

0 
CD

 
't

:I
 

« 
.. 

1:1
 

'":
I 

CD
 

0 
151

 
=

 
=

 
I:

 
<D

 
.. 

H
I 

Il
l 

CD
 

0 
0 

1:1
 

'":
I 

« 
" 

CD
 

« 
0 

Il
l 

0 
Il

l 
::a

 
=

 
CD

 
,.. 

0 
0 

,.. 
::a

 
1:1

 
Il

l 
.., 

H
I 

't
:I

 
,£

1 
CD

 
H

I 
,.. 

]:
:I

 

~ 
't:

I 
=

 
l:d

 
Il

l 
0 

CD
 

0 
Il

l 
0 

i;J 
Il

l 
0 

't:
I 

Il
l 

0 
't

:I
 

CD
 

CD
 

CD
 

H
I 

=
 

:,:
 

l;;
' 

H
I 

I:
 

::a
 

<D
 

H
 

0 
t:l

d 
=

 't
:I

 
Il

l 
ts

: 
t:l

d 
Il

l 
=

 I:
 

·1
-4

 
=

 
Il

l 
't:

I 
.. 

H
I 

'C
 

Ii
i 

« 
=

 <D
 

~ 
Il

l 
H

 
0

, 
~ 

=
 

'c
 

n 
l:d

 
CD

 
Il

l 
::a

 
Il

l 
I:

 
0 

. 
n 

,£
1 

E
 i

:l 
H

I 
l:d

 
I:

 
,._

 
IC

 
0 

0 
Il

l 
1:1

 
0 

.., 
l:d

 
il 

<D
 

l:d
 
~
 

't
:I

 
=

 0 
CD

 
0 

l:d
 

:s
i: 

H
I 

'C
 

Il
l 

=
 <D

 
g-

,.. 
! 

n 
H

I 
'C

 
151

 
~= 

CD
 

1!1
1 

Il
l 

't
:I

 
0 

0 
<D

 
Il

l 
Cl 

CD
 

't
:I

 
Il

l 
0 

Il
l 

Jg
 

H
 

H
I 
. 

td
 

.. 
CD

 
1:

,1
· 

Il
l 

,.. 
1:1

 
IE

I 
]:

:I
 

e 
Il

l 
Il

l 
]:

:I
 

=
 C

u 

" 
CD

 
CD

 

"' 
§ 

I 
=

 
=

 '
t:

I 
0

. 
0 

CD
 

is
: 

,.. 
't:

I 
l:d

 
=

 0 
<D

 
H

 
Il

l 
CD

 
=

 =
 CD

 
"I

P,
 

ta
 

CD
 

H
I 

« 
J:

I 
=

 IC
 

td
 

Il
l 

<D
 

td
 

=
 0 

I:
 

CD
 

=
 

.. 
~ 

CD
 

I:
 

H
I 

]:
:I

 
:s

i: 
CD

 
.., 

<D
 

0 
Il

l 
" 

0
, 

0 
<D

 
.. 

n 
't

:I
 

n 
.. 

't:
I 

H
I 

't:
I 

is
: 

0 
td

 
=

 ~
 

0 
0

, 
GI 

a
, 

=
 

=
 

CD
 

'":
I 

0 
ta

 
l:d

 
Il

l 
l:d

 
I:

 
=

 .., 
IC

 
,.. 

::a
 

=
 ~
 

=
 l:d

 
0 

. 
CD

 
« 

=
 CD

 
H

I 
fi 

~ 
><

 
0 

Il
l 

Il
l 

't
:I

 
=-

><
 

Il
l 

H
I 

I:
 

Il
l 

::a
 

<D
 

1:1
 

CD
 

:,:
 

"' 
=

 H
 

0 
0 

=
 

1:1
 

Il
l,

 
I»

 
0 

=
 0 

. 
=

 t 
'O

 
s,:

 
« 

Il
l 

H
I 

~ 
~ 

=
 1

:1 
0 

0 
0 

CD
 

Il
l 

td
 

0 
]:

I 
=

 I:
 

n 
n 

.., 
0 

,£
1 

~ 
't:

I 
,£

1 
0

. 
H

I 
M

 
~
 

td
 

td
 

CD
 

« 
IC

 
"d

 
=

 <D
 

Il
l 

H
I 

CD
 

Cl 
CD

 
J:

I 
<D

 
Il

l 
:c

 
--

:i
 

H
I 

]:
I 

i 
=

 I:
 

n 
Il

l 
IC

 
=

 H
I 

Il
l 

0 
=

 Q
I 

0
. 

n 
CD

 
0 

,., 
1!1

1 
• 

0 
CD

 
CD

 
Il

l 
H

I 
n 

=
 

Il
l 

CD
 

'C
 

=
 Il

l 
ti 

=
 

Il
l 

't:
I 
~
 
=

 
.9

, 
0

, 
V

1 
'C

 
=· 

:s:
 

=
 .

 0
 

,£
1 

l5l
C 

0 
.....

. 0
 

I 
=

 
0 

td
 

0 
.§

 
<D

 
<D

 
Il

l 
l5

l 
H

I 
1:1

 
(I

J 
IC

 
'C

l 
~
 ;::

: 
:a

 
IC

 
~ 

.., 
H

I 
l5l

C 
I 

I:
 

td
 

0 
'C

l 
t:l

d 
0

. 
>

ii 
<D

 
=

 CD
 

a
, 

0 
CD

 
ts:

 
H

I 
CD

 
Il

l 
~ 

:a
 

0 
J:

I 
=

 ~
 

Il
l 

H
I 
. 

=
 

P
l 

0 
]:

:I
 

,£
1 

=
 'C

l 
Il

l 
1-

1 
.. 

=
 n 

CD
 

IC
 

Il
l 

:s:
 

CD
 

.....
. 

• 
0 

Jo
i 

n 
n 

<D
 

'C
 

0 
"U

l-
0

0
 

0 
0 

1:1
 

CD
, 

i:l 
0

. 
.i:

: 
l5l

C 
n 

II
: 

l'J
 

Il
l 

.r
;i,

 
=

 H
I 

n 
<D

 
=

 
:,:

 
,.. 

l:d
 

« 
0 

CD
 

H
I 

I:
 

>4
 

'C
l 

0 
CD

 
Il

l 
P

l 
,.. 

0 
-= 

0 
,£

1 
t:l

d 
0

, 
0

, 
1:1

 
0 

'C
l 
. 

~
 

Il
l 

Il
l 

td
 

Il
l 

n 
td

 
Il

l 
..., 

H
I 

=
 n 

l:d
 

Il
l 

=
 I:

 
<D

 
P

l 
0 

=
 

H
 

1:1
 

IC
 

H
I 

s 
t:l

d 
0 

CD
 

0 
CD

 
n 

Il
l 

CD
 

is
: 

=
 ,£

1 
I»

 
0 

.., 
=

 'd
 

<D
 

Il
l 

Il
l 

=
 

fA 
'd

 
=

 ]:
:I

 
1:1

 
.i:

: 
ts:

 
a:

 
=

 <D
 

1:1
 

H
 

CD
 

I»
 
=

 
l:d

 
Il

l 
td

 
IC

 
H

I 
Il

l 
l:d

 
[? 

« 
CD

 
0 

=
 1!1

1 
II

: 
H

I 
15

1 
0 

:5l
C 

IC
 

Il
l 

1
:1

, 
I 

~ 
:s

i: 
't:

I 
=

 0 
,£

1 
=

 =
 0 

l5l
C 

l:d
 

=
 'C

 
'C

 
H

 
l:d

 
CD

 
Il

l 
1!1

1 
0

, 
0 

=
 <D

 
Il

l 
15

1 
« 

,.. 
'C

l 
CD

 
·~

 
0 

0 
'd

 
J:

,I
, 

,.. 
Cl 

p;
 

~
 

Il
l 

0 
0 

=
 
~ 

I:
 

<D
 

::a
 

n 
~ 

m
 

,.. 
'C

l 
l:d

 
IC

 
0 

Il
l 

Il
l 

'C
 

H
I 

t;1 
]:

:I
 

a 
0 

ai
 

:,:
 

n 
<D

 
. 

H
I 

H
 

Il
l 

=
 0

. 
=

 
« 

.., 
td

 
15

1 
a
, 

15
1 

td
 

Il
l 

,.. 
,£

1 
H

I 
IC

 
'C

 
=

 0 
0 

n 
=

 
.., 

l:d
 

0
, 

Il
l 

=
 1:1

 
=

 Cd
 

0 
II

: 
=

 =
 

<D
 

CD
 
=

 0 
H

 
Is

l 
0 

IC
 

1!1
1 

Il
l 

H
I 

CD
 

Il
l 

t 
'C

l 
<D

 
>4

 
15

1 
JS

 
l'J

 
P

l 
=

 l:d
 

0 
E} 

<D
 

II:
: 

H
I 

t;1 
Il

l 
=

 
0 

Il
l 

'C
l 

H
I 

0 
=

 
is

: 
Il

l 
l'J

 
0 

0 
l=

I 
is

: 
Il

l 
H

I 
« 

=
 

0
. 

.., 
CD

 
,.. 

I:
 

I:
 

0 
H

I 
"' 

0 
0

. 
H

 
0

\ 
Il

l 
'C

l 
CD

 
o'I

 0 
CD

 
0 

=
 I

ll
 

=
 

Il
l 

'C
l 

0 
g-

J:
I 

Il
l 

=
 =

 
fD

 
1:1

 
H

I 
0 

H
 

H
 

H
 

'C
 

Il
l 

CD
 

::a
 

1:1
 

>4
 

CD
 

~ 
0 

:,:
 

15
1 

Il
l 

=
 0 

0 
IC

 
15

1 
CD

 
0

. 
=

 =
 

td
 

=
 

=
 0

. 
0 

Il
l 

1:1
 

0 
J:

I 
0 

::a
 

,£
1 

l'J
 
~ 

CD
 

l'J
 

1:1
 

a 
CD

 
CD

 
't

:I
 

.C
)
 

H
 

« 
=

 CD
 

t1i 
l:d

 
.....

. C
D 

:s:
 

=
 'C

 
::a

 
J:

I 
0 

H
I 

Ill
 

·= 
<D

 
,£

1 
CD

 
0 

.. 
\0

 
0 

.i:
: 

]:
I 

H
I 

0 
<D

 
I:

 
:s:

 
la

 
"' 

0
. 

CD
 

,.. 
CD

 
'C

 
H

 
I 

· 1:
l 

.....
. :

,: 
CD

 
m

 
'C

l 
=

 H
I 

0 
II:

: 
l'J

 
0 

::.
 

:,:
 

:s:
 

=
 

:s:
 

II:
: 

=
 =

 . 
0 

0 
CD

 
0 

0 
0 

,.. 
CD

 
Il

l 
I:

 
15

1 
0 

=
 =

 
I:

 
~
 CD

 
=

 
Il

l 
0 

I:
 

:,:
 

H
I 

=
 l:d

 
::a

 
<D

 
1:1

 
0

\ 
C

, 
Il

l 
J:

I 
H

 
:s:

 
IC

 
CD

 
0

, 
a 

0
, 

t:l
d 

15
1 

0 
0 

1:1
 

1:1
 

0 
1:1

 
II:

 
0 

J:I
 

CD
 

=
 .....

. 0
 

cri 
:s:

 
]:

I 
is

: 
>< 

::a
 

l:d
 

::a
 

::a
 

is
: 

=
 i

s:
 

.., 
~ 

. 
't

:I
 

Il
l 

H
I 

.. 
=

 
I:

 
=

 
=

 =
 

l:d
 

,.. 
0 

J:
I 

1:1
 

0 
><

 
=

 
Il

l 
Il

l 
0 

15
1 

CD
 

0 
H

 
'C

 
0 

...
...

 
1:1

 
'C

 
'C

 
IC

 
I»

 
l::

d 
IC

 
0 

1:1
 

.., 
CD

 
I 

CD
 

Il
l 

0 
1-

1 
::a

 
0 

0 
.....

. 
I 

=
 0 

"' 
]:

I 
'C

 
0 

I 
.....

. 
I 

.., 
0 

1:1
 

=
 <D

 
td

 
I 

Il
l 

CD
 

IC
 

I!'
 

I 

---
-

-
-
-

-
--

-
~
 
-
-
-
-
-
~

~
 -

--
--

-~
-

-
-

-
-
-
-



OD 

TaClJIH~a I 

BilO]I; Hei!TPOHOB HS peaK~HH JW-SaDaTa B '} ' $ ' Co H p~ 
(Ha o~HH aKT JW-sanaTa) B HHT6PBaJie saeprHH HeiTPoHoB ~En (M3B) 

I 2 3 4 5 6 

0 o.52610,oGa o,6a o,54±D,I2 

AE11 (2,5-7,5) (2,5-7,5) (2 - IB,2) 

s 0,4I4±09 035 0,447±0,046 

A En (I.5 - IO) (I,5-I2,75) 

Ca 0.26310,033 0,296±0,042 0,706,±0,IO 0,706 

t.,. En (2 - IO) (2 - !3) 

I P& 0,536±0,031 I,77 I,636±09 343 

A En (2 - 7) (0 - IO) I,709±0,066 



H88HaqHTeneH). 9TH HccneAOB8HHH llOK88YB8DT, qfo T8OPHH KOH­

neKTHBHoro BOB6ysA8HHH npH HA8PHOM Mlll-8aXBaTe He TOHDKO npa­

BMDHO onHCYBaeT wopwy cneKTpa, HO TaKse·AaeT BenHqHHY aOco­

HDTHoro BHXOA8 HelTpOHOB. npH MD-BaXBaTe, YAOBH8TBOPHT8HDHO 

cornacyDIIIYDCH C axcnepHM8HT8HDHYMH A8HHHMH. 

SaeprHH BO86YxneHHH snep npH MJD-aaXBaTe 

B qerBeprol rnaBe Ha ocHoBe paHee uawepeHHlil aHaqeHHa 

BlilXOAOB H8IT~OHOB onpeAeneHa CP8AHHH aHeprHH BO86YJKJl8HHH 

HA8P npH J,W-aaXBare, qfo HBHH8TCH B8EHYM Ka.It npu BliqHcneHBH 

cneKTPOB qacTH~, HcnycKaewwc BOa6yEA8HHYM HAPOU, T8K H llPH 

BliqHcneHHH BepOHTHOCTH aaXBaTa Mlll-M88OHOB HAP8MH. Ha pHc. 3 

8HaqeHHH cpeAHea 8HeprHH BOa6yEA8HHH HAPS, BYqucneHHYe H8MH, 

cpaBHHB8JlTCH C ASHHHMH, nonyqeHHYMH Ha OCHOBe BHaqeHua Bepo­

HTHOCTH MD-aaXllaTa /IO/. YqHTYBaH, qfo ToqHOCTD llOCH8AHHX 

BYqHCH8HHI He nyqme 20%, cne~eT nonaraTD, qfo 8TH A8HHY8 

xopomo cornacyDTCH APYr C APYrow. KaK BHAHO H8 pHCyHKa, 

CP8AHHH aHeprHH Boa6yQeHHH HAP8 B mHpOKOM AHanaaoHe uacco­

BOro qHcna HAPS A B npeAenax omu6xu He weHnercn (B OTHH­

que or cnyqan woroBoa6yaAeHHH), qro o6ycnoBneHo yBenuqeHHeM 

BKH8A8 MOHOllOHDHliX H AHllOHDHliX nepeXOAOB C yBenuqeHH8M A • 

CneK!pY ael,poHoB Ha peaKUHH um-aaxBara 

B :J H Th H d>OTOBO8OYlltneHHH B 'lb , p~ , Bi. H Th 

Ha PHC. 4,5 B xaqecTBe npHuepa llP8ACT8BH8HH cneKTPY 

HelrpoHoB ua peax~HH IDl-aanata H qioroBoa6ylltA8HHH BTh 15,81. 

9 



U0M3f> 

25 I- • 

f f 
1 . . 

20 I- f • i 
• I 

15 ~ • 

10 

5 

I 
A 

50 100 150 200 250 

PHc. 8. 8a:eHCHMOCT1> cpe.lP{el aHepr:im :eos6y~emw: a.iu>a npx 
MD-sa:x::eaTe oT A . ? - .ItBHHHe. llOJ!Ytlewme HSMH 
Ha ocHo:ee BHXO;tta aelTpoHo:e, • - HS Jac11eTOB no 
BepOS:THOCTH 38Xll8T8 Ml>-M8SOHOB JJ,Jijl8Ml!I O/. 

i 
!10' 
C 

z 

10' 

2 l: L c r En<M.36) 
9 ,o 

PHc.4. 8HepreTH11ecRmi: crreKTP HeiTpoHOB HS peamum MJ>-38XB8TB 
B TOPHH/5/. 

10 

i 

l 

! 

I 

PBc.5. 

1~ 
B Th{t,xn) 
7 
6 
5 

4 
~ 

~ 3 a, 
Q) 

:,: 
E 2 s 
<: z 

101 

9 
B 
7 En(M3&) 
6 

2 3 4 5 

3HepreT:e:11ecRmi: cneKTP qoTOHelTpoHOB :as Th npH O6Jiy,1eHHH 
r -KB8HT81ffl TOPMOSHOro HSJiy,leHlfJi ( Er' = 3I (MaB). 

"+F 
1.0 

Q5 
L 

100 150 

l !Th 
Au ~ Pb 

~Bi 
u'11 

200 

1 
I 

\ 
\ 
\ 
\ 
', .........._ 

A 250 

PBc. 6. 8a:e:e:oHMOcTl> TeMnepaTypH SJtpa OT A • Kp:e::eBJI -
yope.lP{eHH1,1e axonepBMeHTam.HHe .ttamwe no(n,n') P.e~H/fI/ 
TO'llKH - .ItBHHHe no /fr.sanaTY; i - HS pa60THi'If' 
t - HEIIIIH .It8HHHe 5 ; ~/ - .ttaHHHe JIB pa60TH/ 3

{ 
i-yope.ttnemme no .ttaHHHM 3 •131. 

II 



KaK H B paHHHX Hccne'AOBaHHHX, nHHelqaTott CTPYKTYPli B cneKT- >· 

pax He o6aapyzHBaeTcH, B TO Bpeun KaK ee HanHqHe 6uno 6u 

Henocpe'ACTBeHHblM 'AOKSSaTenLCTBOU pesoHaHCHoro M8X8HHSU8 HC­

nycKSHHH HelTpOHOB HS KBSSHCBHSaHHUX BOS6YE'A8HHUX COCTOHHBI 

H'A8P B cnyqae 6onLmHx A (HnH l ). 
IlonyqeHHble HaUH cneKTpbl HeffTPOHOB MOEHO cpaBHHTL C npe'A­

CK8S8HHHUH CT8THCTHqecKoi! T80PHH. C 8TOI uenLD cneKTPbl HettT­

pOHOB B o6nacTH En ~ 5 MaB annpOKClr1MHPOBanH no cTaTHCTH­

qecKott TeopHH H Ha. anx cneKTPOB nonyqanH saa-qeaue Teunepa­

Typu H'APS T • AnnpoKCHUaIU!H npoBO'AMacL no ueTO'AY aaHueHL­

mHX KBa'ApaToB c HcnonLsoBaHHeM cTSH'ASPTHOU nporpaMus PLIMILI 
(OHHH) Ha SBM. 06pa60TKa noKasana, qTo wopua HHSKOBHepreTH­

qecKott qacTH cneKTpoB HeUTpOHOB wcpuanLHO xopomo onHcsBaeTcH 

MO'A8XLIO "HcnapeHHH 11 • Ho npH 8TOM nonylleHHble aHaqeHHH Teune­

parypbl H,D;pa CHHLHO padxoiaTCH C aHMOrHqHIDffl 'AaHHWffl HCCHe'AO­

BaHHH ,JtpyrHx peaKrui:R, 3aB8,ltOMO OllHCblBaeJ.WX aroa MO)tenLD. 

Ha p.1w. 6 npHBO)tHTCH SHaqeHHH TeunepaTyp1,1 H'AP8 t no­

nyqeHHble Ha OCHOBe cneKTPOB HeffTpOHOB HS pea~HH MD-saxBaTa, 

H cpaBHHBBDTCH co suaqeuHeu T , nonyqeHHHM HS ( n, n') • 
KaK BH'AHO, CHXLHOe paCXOX'A8HHe o6HapyzHB86TCH 'AXH H'AeP, OT­

nHqaJO~HXCH aapH'AOM Ha 5 -IO 8'AHHHU OT 'AB8%'Alil uarHqecKoro 

H'Apa CBHHUa. 

Ha pHc. 7 IlP8'ACTaBneHa saBHCHUOCTL napaueTpa nnoTHOCTH 

H'AepHsx ypoBHett Q OT A , nonyqeuHaH Ha ocHoBe HsuepeHHNX 

cneKTPOB HettTpOHOB H CP6'AHeff SHeprHH BOS6YE'A8HHH H'Apa npH 

MIO-saXBaTe H ¢oroaos6yx,n;euHH. IaHHble no MD-saxBaTy H WCTO-

12 
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PHc. 7. 8aBHCHMOcn napaMeTpa nnoTHOCTH ~epma ypoBHei! OT A • 

RpHBlile - TeopeTHll8C1Ule/I4/ ( 060SH8ll8Hllli 'ABHHblX no 
Ml>-SBXBBTY CM. Ha .PHC. 6. ) ' f - HBWH 'Aamme 
uo cneRTpaM qx>ToHeiiTpoHoB/87, x - 'Aamme, nony-
qemme no SHallelDD) T ,Jtna ¢oroaeRrpouoa H3 pa­
doTH /IS/. 
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BOaOyxAeHHD B npeAexax omHOKH xopomo corxacyETCH Kea~ co­

OO1, HO CMbHO paCXOAHTCH C npeACK838HHHKH CT8THCTHqecKOA 

TeopHH /l4/ (Ha PHCJHKe COOTBefCTByeT ABYK KPHBHK). GXeAye, 

OTK8THTb, qTo 3KcnepHKeHf8XbHHe auaqeHHH napaKeTpa Q Ha 

peaKUHH (n,n') , noxyqeHHHe TaKHM xe cnoco6oK, xaK H B Ha­

mel pa6oTe, xopomo corxacyETCH C npeACK838HHHKH Cf8THCTHqec­

KOI T8OPHH H B oOxacfH AB8EAH KarHqecxoro BAP8 CBHHUa HM8E'1' 

BHA8X8HHYE oco6eHHOC'1'b. KaK OWIO noKaaauo /l5/, ·Ha6nEA88K8B 

ocoOeHHOCTb B o6xacTH CBHHUa, o6ycxoBX8HH8H o6oxoqeqUHKH aip­

W8K'1'8KH, AOXEHa 6HTb cy~eCTB8HHOA AO aueprHH BO86YZA8HHB 

40-45 MaB. 
GHXbHOe paCXOZA8HH8 aHaqeHHH napaKeTpa MO'1'HOCTH HA8P­

HHX7POBHel no KE-88Xll8Ty H WoTOBOa0yXA8HHll C npeACK888HHffMH 

Cf8THCfHqecKol ,eopHH H OTCyTCTBH8 H8K8H8HHl·auaqeHHI napa­

KeTpa nJIOTHOCfH HA8PIWX ypoBHel·Q. B oOxaot• OBHHU8 noK88H­

BaeT, qTo A8E8 B CSKHX THE8XHX HAP8X pacnaA D88HCT8UHOHap­

HHX COCTOHHHI, BOa6yEA8eKHX B 8THX nponecoax, He onHCHB88TCff 

CTSTHCfHqecKOI TeopHel. 

GorxacHe ABHHHX no llll-aanaTy H wotoBoaOyxAeHHE e~e 

paa nOATBePEA88T rxy6oKyE 8H8XOrHD Mex~ 8'1'HKH peaKUHHMH. 

2.:.9 
llexeHHe Pu llllOHaKH 

B '1'8KHX 'l'ffE8JIHX M88O8fOKax, K8K 239 Pu. , npH K8CK8A­

HllX nepeXOASX B 1 $ -COC'l'OlJHHe, KPOKe oxe- H PBAHBUHOHHHX 

nepeXOAOB, C onpeAeJieHHOI B8POffTHOC'l'bE BO8KOEHH H Oeap8AH8-

UHOHHH8 nepeXOAH /l?/. IlpH 8'1'OM OCBO6OAHBmBHCH aaeprHH He-

14 

DOCP8ACTB8HHO nepe,11;aeTOB JJ,IU)Y, npDOAB Kero BO36Ylr,ltemm. B 

O.iryt1ae 
239pu. sueprM, cooTneTc'l'BYDl!ast 2p- 1 I:> - nepe-

DJ,J, '1'1.J(OBa, ll'l'O MO'lteT llli3HBl!Tb AeJiel!He K.11:K HCIJyCHl!HRe qacTKU 

Jl3 .lijU)_a. Ilo8'1'OMy aaperl!CTPllPOBl!Hml8 illlWJI Heih'poHH B HHTepBMe 

81!8PI'D 2,6 - 8,6 MaB, BKJr~ ROTOPl:lX H& OAHy OCTl!HOBHy M83OHa 

paBeH an = 1,15 ± 0,11 111, H8O6X0,1tJDIO paa,11;eJIHTb Ha MI'HO­

Bemme H 81,Jlepumwe. MraOB8HHH8 H8:l!:TPOHH o6yCJIOBJI8HH ,11;8JI8HHeM 

239 Pu. npx 6eap8,ll;HimHol!HoN noa6~emm JJ,IU)a, a a8,)tepnmme 

- nponeccow SQtepHoro 10>-a&XBaTa. 

Ha OOBOB8 3H&llemm fln H OTHOmeHliB KOJIHtl8OTBI! MrHOB8HllNX 

H 38,ll;8pD..YUD,iX H8i'lpOHOB onpeAeJiem HX BKlf~ B OT,11;8.JrI,HOCTH: 

AnMr: = 0,16 :t 0,03; Anaacl, a: 0,99 ± 0~12. 

IlyT8M opaBH8ffiUI AOMr C BHXO,ll;OM HehpOHOB DpH ,11;8.JI8IDIH 

288Pu '1'81UOBHMX K81TpOHaMH noJiyqeH.B8pXHmi npe,11;en ,ll;JIB Bepo-

239 
HTHOCTK 6eapa,Jt][&IUi0HKOro ,11;8.Jremm Pu Ji:P. O)l;mt OCT&HOBHBnnrl!-

CB weaoH: 0,21 ± o,04, a 'l'aHZe nepxind1 npe,11;eJt: B8POBTHOCTH ,11;8-
239 

JieHHB . ,Np B c.iryqae MI>-3&XB&Ta nJIYTOHHeM DpH .Jtl!YX HPafurnx 

npe,1tDOJIOZ8HHBX O B8p0BTHOCTK p88MHCCKH MD-M88OHOB DOCJI8 MrHO­

B8HHOrO A8Jt:8HHH SQtPa, BH3HB&8MOro 6eap8,ll;Ha.IUIOIIHHMH M88O8TOMH!l­

lffl nep8XOA&lOI: 0,74 ± 0,18 H 0,94 ± 0,23. 

IloK&31!.HO, qfO npe,11;em, ODp8,Jt8JI8Hml8 ,JtJI.II B8pOBTHOCTH ,Jt8JI8-

rum 
289 N'p ( W?.aa.ae,.) npH MD--3axB&'l'e n 

239pu , _ He npoTH­

Bopeqa'l' H3Be0'1'110MY OTHOmemm rn / rt ,ll;JIB H3O'1'ODOB Np 
Cii8K'1'J)H H8hpOHOB 113 MI>-39.XBa'l'a B 239 Pu no qx>pM8 xo-

pomo DP8AC'l'RBJIIW'l'CB ~e«, KOTOPaJi O6HtlHO HCilOJrb3Y8TC~ ,ll;JIB 

OIIHO&HHSi ·cneKTPa HehpoHOB ,11;eneHHH, H 3HaqeHHe napaMeTPa Ta..i ..... 
He npOTKBOpeqKT ,ll;PYI'ml ,ll;aHHHM. 
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0CHOB!Jll_!t w.l,JI1>1aT~ 

I. liauepeH!l cneKTpll HeffTPOHOB H8 peaK~HH lolll-aaXBara BJ H 

Th B HHTepBaJie aHeprHH I,6 f E' f. 9,6 MaB. 

2. Ha ocHoEe paHee HauepeHHWC BWCOAOB HeflrpoHOB Ha ax~,lolll­

aaXBaTa onpeAeJieH!l auaqeHHH cpeAHeA 8HeprHH B086YEAeHHH 

npouexyToqHoro HAPS npn lolll-aaXBaTe, xopomo corJiacymll!Heca 

co 8HaqeHHBLIH, noJiyqeHH!lLIH Ha OCHOBe A8HHWC no BepoaT­

HOCTH wo-aaXBaTa. 

3. CpaBHeHH8·llOJiyqeHHblX auaqeuuA napaMeTpa IUIOTHOCTH HAePHllX 

ypo~Heff C npeACKaaaHHBMH CT8'l'HCTHqecKoff TeopHH fiA8PHWC 

peaK~HA llOK88!lB88T, qro 8T8 reopHH He OllHC!lBSeT pacnaAa 

KOJIJI8KTHBHWC'COCTOHHHff, B086YEA88MllX B 'w:>-aaXBa'l'e. 

4. liauepeH cneKTP q>OToHeiiTpOHOB na To. , ffi , BL H Th npH 

B086YEA8HHH B]J,ep f -KB8H'1'8MH 'l'OPLI08HOrO H8JiyqeHHH C Ll8K­

CHM8Jil>HOff 8Heprnen E;0
" = 3I MaB. 

5. KaK H B CJiyqae lolll-88XB8Ta, cpaBH8HH8 noJiyqeHHWC 8HaqeHHA 

C npeACKaaaHHHLIH CTaTHCTHqecxon TeOpHH nOK88!lBaeT, qTo 

OHS TSKllte He OllHC!lBaeT pacnaAa KOJIJI8KTHBHllX COCTOBHHA 

rnna rHraHrcxoro AHllOJil>Horo peaoHaHca, Boa6yaAaeM!ilX npn 

qioronorJI01118HHH. 

6. ~aHHue, noxyqeuHue no cneKrpau HeiirpoHoB ua peaK~H IW-
'-

aaXBara H toroBoa6yEA8HHH HAeP, noKaauBamT,qro Kexa1a3& 
pacnBAB COCTOHHHff, B086YEA88LllilX B 8THX npo~eccax, CXO,J;Ill 

H 8TH COCTOHHHH AO pacnaAB He AHCCHllHPYJ>T B COCTOBHHB 

KOMqayH]J,~H]J,pa. 

?. liaMepeH a6COJIDTH!lff BWCO]J, HeffTPOHOB Ha BKT lolll-SaXl!ara B 

KHCJIOPOJJ.e B HHTSPBBJie 8HeprHH OT 2,5 ]1,0 7,5 KaB, i'i = 

0,52 :t o,068;cepe -oT 1 ~5 JJ.O 10 LlaB, fi = o,414 :t o,035; KMI,­

uo-OT 2 .a.o 10 MsB, i'i z: 0,265 ± o,033;CBHH~e -OT 2 ll,0 1 MaB, 

n • 0,.536 :t o,os1 • 
B. Hauepemme aCSco.rmHHe BHXO).tl.l HettTI)oHOB IJPH MJ'.l-JaXBaTe B cape, 

Ralll,ItJlK H on~e II03BOJIUH conoc;aBHTI, ]J,amme paCSor/3/ a: /1 8/ 

IIO Oll8R'fP8ll; YO'l'aHOBJI8HO, q'l'o 3TH ]J,aHHH8 B oCSJiao'l'H nepenpHBa­

HU oorxacymca B IJP9,11;8.IU: 09CSRlit • 

9. B OJiyql.8 J0>,38D3&Ta B RHO.IOPO.Jt8 ml88'1'0JI R0J[Hq80'1'B8ml08 corxa­

Cl!8 M8'1',lt7 IIOJIYTt8lllnD( SHaqemteM BliXO)t& HehpOHOB K IJP8)1;0K&8a­

JDll8)l p830HaJICHOI )10~~-- Ha OCHOB8 H3M8P8HHOrO HIUDI ma:o,;a Hel­

Tl)OHOB &B'l'OplJI paCSoTH/3/ Y.JtUOCI, ouemrn. ll!HT8HCJIBHOCTI, na~oft 

JIIIJDD:, H&CSJ[J),lt8HJIOi B Cll8R'fP8 Hei'l'poaon U Ul),,,3&XB&'l'& B RKCJIO­

PO.ite, q'!O T&D8 cor,11,078'1'CJI C T80P8'1'1[1l8CKJDIJ( IJP8)J;CKa3UUIDI. 

10. H8118peB Cll8K'fP uehpoROB H3 111),,SllXBa'l'a B 23%.t. B HHTepB&Jl8 

2'~4 - 10 llaD. OIJp9Ae.re• aCSooJll>'tHBI BHXO,ll Jiel'!'POBOB Ha O,llD aR'l' 

OC'l'&HOBRll JO:lo,M630K& /MrKOB8l!JIH8 + sauaTHHe/ B JDt'1'8PBUe 

2,6 - a,6 MeB, An = 1,15 :t 0,11. 
11 • OIIpe,;e,re11 11epxmdt IIP"'A8JI 11epOJ1THOC'fJ[ MI'HOB8DOro ,Jt8Jl8DSI, 06y­

CJIOB.1enoro &'l'OMmDDI 6eap8JtHaIUtol'JlWl£11 nepexoAaMH MlrMeaon, n 
O,llllH 00'1'8JlOBDDDdcs: M830R: Wor,aeA. n: 0,21 ± 0,04,H B8pXHJdt 

IJp8,ll8JI B8POSTHOOTK 31,l{epZ&Jmoro ,1teJiemm H& aK'l' Ml)o,31LXB&Ta B 

JIJ[)'!l'OJUIH IJpll ,ll;B)'X KJ)abu IJP8AllOJIO'liC8HWIX O B8POSITllOCH pesuno­

CJOI MD-U880110B JI00.18 MnlOJS8JIHOro ]J,8Jie!DtJI 239 PQ.: 0,74 ;!; 0,18 

n: 0.94 it; 0,23. 
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