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 This pa per deals with the im prove ments of the lin ear ar ti fi cial neu ral net work un fold ing ap -
proach aimed at ac cu rately de ter min ing the in ci dent neu tron spec trum. The ef fects of the
trans fer func tions and pre-pro cess ing of the sim u lated pulse height dis tri bu tions from liq uid
scin til la tion de tec tors on the ar ti fi cial neu ral net works per for mance have been stud ied. A
better en ergy res o lu tion and higher re li abil ity of the lin ear ar ti fi cial neu ral net work tech nique 
have been achieved af ter im ple men ta tion of the re sults of this study. The op ti mized struc ture
of the net work was used to un fold both monoenergetic and con tin u ous neu tron en ergy spec -
tra, such as the spec tra of 252Cf and 241Am–Be sources, tra di tion ally used in the nu clear safe -
guards ex per i ments. We have dem on strated that the ar ti fi cial neu ral net work en ergy res o lu -
tion of 0.1 MeV is com pa ra ble with the one ob tained by the ref er ence max i mum like li hood
ex pec ta tion-max i mi za tion method which was im ple mented by us ing the one step late al go -
rithm. Al though the max i mum like li hood al go rithm pro vides the un folded re sults of higher
ac cu racy, es pe cially for con tin u ous neu tron sources, the ar ti fi cial neu ral net work ap proach
with the im proved per for mances is more suit able for fast and ro bust de ter mi na tion of the
neu tron spec tra with suf fi cient ac cu racy.

Key words: un fold ing, neu tron spec tra, pulse height dis tri bu tion, MCNP-PoliMi nu mer i cal code,
lin ear ANN, max i mum like li hood method

INTRODUCTION

Ac cu rate de tec tion and char ac ter iza tion of nu -
clear ma te ri als are of an ur gent need in the area of nu -
clear non-pro lif er a tion and home land se cu rity [1].
Spe cial nu clear ma te ri als, as well as sev eral
radionuclides, many of which are in reg u lar use in in -
dus try, med i cine or en ergy pro duc tion need to be mon -
i tored to avoid risks. Neu tron mea sure ments are
widely used for nu clear safe guards ap pli ca tions since
they do not ex pe ri ence the prob lem of self-shield ing
that g-rays ex hibit in larger sam ples. A way of de tect -
ing neu trons from sam ples is by us ing or ganic scin til -
la tion de tec tor be cause of its good ca pa bil ity to dis -
crim i nate neu trons against g-rays by means of pulse
shape. One pos si ble way of a neu tron source iden ti fi -
ca tion is based on an op ti mized fast pulse-shape dis -
crim i na tion al go rithm in a mixed ra di a tion field [2] or
nu mer i cal tech niques which do not re lay on the un -
fold ing tech nique [3]. An other pos si bil ity of de tect ing

and iden ti fy ing nu clear ma te ri als in non-pro lif er a tion
and home land se cu rity ap pli ca tions is based on the de -
ter mi na tion of the en ergy spec trum of the neu tron
source [4]. Neu tron spec trom e try by un fold ing the
light pulse am pli tude spec tra is ap pro pri ate in the field
mea sure ments for safe guards pur poses. The neu tron
spec trum is a unique char ac ter is tic of each neu tron
source and there fore it is of high pri or ity for ac cu rate
neu tron source iden ti fi ca tion.

Or ganic scin til la tors (liq uid and plas tic) are used 
in many nu clear ap pli ca tions, in clud ing iden ti fi ca tion
and char ac ter iza tion of nu clear ma te ri als [5]. De tec -
tion of neu trons in such de tec tor is based on mul ti ple
scatterings on hy dro gen and/or car bon, as the main
con stit u ents of the scintillator ma te rial. The neu tron
de pos its a por tion of its ini tial en ergy in the scat ter ing
col li sions and the en ergy de pos ited is con verted to
scin til la tion light, which is col lected by the
photomultiplier tube (PMT) and con verted to a mea -
sured pulse. Pulse-height dis tri bu tions (PHD) from
the de tec tor based on pro ton re coil are used to un fold
neu tron en ergy spec tra.
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Over view of the tra di tional un fold ing
techniques (based on least-squares, it er a tive, and
Monte Carlo meth ods) is given in [6, 7], while the al -
ter na tive un fold ing tech nique based on neu ral net -
works is de scribed in [8-10] and the ref er ences
therein. One of ob jects of our in ves ti ga tion was to
achieve a better en ergy res o lu tion and higher re li abil -
ity of the lin ear ar ti fi cial neu ral net work (ANN) tech -
nique, since very small de vi a tions from the tar get val -
ues can cause un cer tain ties of the un folded re sults.
The im prove ment of the en ergy res o lu tion of the lin ear 
ANN leads to better per for mances of the neu tron un -
fold ing tech nique. This pa per also deals with com par -
a tive anal y sis of the mod i fied ANN tech nique with the
ref er ence method based on the max i mum like li hood
ex pec ta tion-max i mi za tion (MLEM) method with one
step late (OSL) al go rithm, hav ing ex cel lent un fold ing
per for mances [11-13].

MONTE CARLO SIMULATION OF THE
DETECTOR RESPONSE MATRIX 

The re sponse ma trix of the de tec tor should be
avail able for the un fold ing pro ce dures. The de tec tor
re sponse ma trix is de ter mined by cal cu lat ing the pulse
height spec tra of in com ing neu tron with var i ous en er -
gies. Cal cu la tion of such re sponse ma tri ces and their
use in un fold ing an un known neu tron spec trum has
been in ves ti gated to a large ex tent in the past (see [14]
and the ref er ences therein). The re sponse ma trix has
been sim u lated with high-fi del ity and ac cu racy by us -
ing the MCNP-PoliMi nu mer i cal code based on the
Monte Carlo method [15]. This code pro vides a very
ac cu rate sim u la tion of each neu tron in ter ac tion in a
scintillator ma te rial. We used a post pro cess ing Matlab
code for the anal y sis of the in ter ac tions oc cur ring in
the scintillator ma te rial. The mea sured pulse-height
dis tri bu tions from neu tron sources tra di tion ally used
in nu clear safe guards ex per i ments were com pared to
dis tri bu tions sim u lated with the MCNP-PoliMi code
and very good agree ment was achieved [16].

In the re sponse ma trix, each row cor re sponds to
a given neu tron en ergy and each col umn cor re sponds
to a given pulse height. The de tec tor re sponse, the
count rates, and the neu tron spec trum, are re lated
through the Fredholm in te gral equa tion of the first
kind. The con tin u ous equa tion can be re duced to the
fol low ing dis crete form

N r
i

j ij i= å f (1)

where Nj is the count rate re corded in the jth chan nel of the
pulse height dis tri bu tion, Fi – the in ci dent neu tron
fluence in the ith en ergy group, and rij – the cor re spond ing 
el e ment of the re sponse ma trix. The re sponse ma trix of
the de tec tor (5 cm ́  5 cm cy lin dri cal NE-213 scintillator) 
was cal cu lated by the MCNP-PoliMi nu mer i cal code in

the en ergy range be tween 0 and 15 MeV. The de tec tor re -
sponse ma trix is re lated to 150 neu tron en ergy groups of
0.1 MeV width and 256 chan nels for dis tri bu tions of
pulse am pli tude for each en ergy bin. Only one part of the
de tec tor re sponse ma trix for neu trons in the en ergy  range  
be tween 4 MeV and 5 MeV with step of 0.1 MeV is given 
in fig. 1.

CHARACTERISTICS OF THE MLEM AND
LINEAR ANN UNFOLDING METHODS 

The linear ANN unfolding with
improvement of the energy resolution

The re sults pre sented in pa per [8] have shown
that the lin ear ANN tech nique can be suc cess fully
used for the un fold ing of pulse height dis tri bu tions ob -
tained by the MCNP-PoliMi cal cu la tions, or mea sured 
by liq uid scin til la tion de tec tors. The neu ral net work
con structed with a trans fer func tion f, per forms a map -
ping of the de tec tor data, y, to the neu tron en ergy spec -
trum, x, i. e., x = f(y) [17]. One fea ture of this ap proach
is that con tin u ous spec tra can be ex pressed as a lin ear
su per po si tion of known monoenergetic spec tra by us -
ing a lin ear trans fer func tion. The lin ear net work was
trained with a large num ber of light pulse dis tri bu tions
(re corded in 256 chan nels) for a num ber of dif fer ent
neu tron en er gies up to 15 MeV (150 en ergy groups
with 0.1 MeV width).

In the pre vi ous work [8] it was dem on strated that
the best re sults in the iden ti fi ca tion of un known neu tron 
spec tra had been achieved with the lin ear net work with
the width of en ergy group of 0.6 MeV, which rep re -
sented a trade off be tween en ergy res o lu tion and ac cu -
racy of the un fold ing pro ce dure. How ever, we no ticed
that there were de vi a tions be tween tar get and cal cu lated 
val ues in the train ing pro cess that caused some un cer -
tain ties in the un folded monoenergetic and con tin u ous
spec tra. In this pa per we have shown that tak ing into ac -
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Fig ure 1. The de tec tor re sponse ma trix for neu trons with
en er gies be tween 4 MeV and 5 MeV with step of 0.1 MeV



count new pre-pro cess ing of the in put data, i. e. der i va -
tion of the pulse height spec tra with am pli fi ca tion
(which was left out in the pre vi ous work), the un folded
re sults can be ob tained with both good prop er ties, i. e.
re duced en ergy res o lu tion of 0.1 MeV and good agree -
ment with the ref er ence spec tral data.

The lin ear neu ral net work was con structed for
un fold ing of neu tron en ergy spec tra with 150 out put
neu rons for 150 en ergy groups of 0.1 MeV width. Oj,
the out put of the jth out put neu ron is given as

O f b w xj j ij i
i

= + ×å( ) (2)

where f is the lin ear trans fer func tion of the neu rons,
wi,j  – the weight con nect ing the ith in put neu ron to jth

out put neu ron, bj  – a bias, and xi – the in put of the ith

neu ron in in put layer.
We have stud ied the ef fect of the trans fer func -

tion on the lin ear ANN per for mance with “purelin”,
“satlin” and “satlins” trans fer func tions shown in fig.
2. The un folded neu tron peak with en ergy of 5 MeV
ob tained af ter train ing pro cess with the trans fer func -

tions men tioned be fore and with bias and no bias is
pre sented in fig. 3. It is ob vi ous that satlin trans fer
func tion con trib utes to the best per for mances of the
ANN ap proach in the case of one monoenergetic neu -
tron peak. How ever, in the case of neu tron spec tra with 
a few neu tron peaks of equal prob a bil ity at en er gies of
4, 8, and 12 MeV (shown in fig. 4.), the third peak at
en ergy of 12 MeV dis ap peared by us ing satlin trans fer
func tions. All three peaks have been de tected by us ing
“purelin” and “satlins” trans fer func tion (de vi a tions
be tween “purelin” and “satlins” un fold ing re sults are
neg li gi ble). In ten si ties of the peaks ob tained by
‘purelin’ trans fer func tion are equal up to about 11
MeV but at 12 MeV in ten sity of the peak is smaller
from the tar get value of 1 for about 30%.

It was dem on strated in ref. [9] that dif fer en ti a tion
of neu tron re sponse func tions led to a highly peaked
func tion so that the un fold ing prob lem be came ap prox i -
mately lin early sep a ra ble prob lem. In this pa per the ef -
fect of the way of pre-pro cess ing of the in put data on the
ANN un fold ing re sults has been in ves ti gated with pulse
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Fig ure 2. Trans fer func tions (“purelin”, “satlin” and
“satlins”)

Fig ure 3. Neu tron peak at 5 MeV ob tained by the lin ear
ANN with var i ous trans fer func tions

Fig ure  4. Three neu tron peaks of equal prob a bil i ties
ob tained by the lin ear ANN with var i ous trans fer
func tions

Fig ure 5. Three neu tron peaks of equal prob a bil i ties
ob tained by pre-pro cess ing the train ing data in two ways



height dis tri bu tion for neu tron spec tra with three peaks.
Fig ure 5 shows the un folded re sults ob tained af ter ap ply -
ing the sim ple der i va tion of the pulse height spec tra and
am pli fi ca tion of the in put data der i va tions, i. e., af ter
mak ing larger the first dif fer ence be tween neigh bour ing
pulse height chan nels. It is ob vi ous from fig. 5 that the
lat ter method of pre-pro cess ing of the in put data con trib -
utes to the im prove ment of the lin ear ANN per for mances 
tak ing into ac count less os cil la tions and more ac cu rate
in ten si ties of the peaks.

Af ter im ple men ta tion the re sults of the study
men tioned above, we have con structed the op ti mized
net work with a better en ergy res o lu tion of 0.1 MeV,
which is com pa ra ble to the en ergy res o lu tion ob tained
by us ing the MLEM method, ex plained be low. Op ti -
mi za tion of the net work for un fold ing both
monoenergetic and con tinuos spec tra was per formed
by us ing “purelin” trans fer func tion and en larg ing first 
dif fer ences of the in put pulse height dis tri bu tions.

Unfolding by the MLEM method
with OSL algorithm

Max i mum like li hood method is a pop u lar sta tis -
ti cal method used to make in fer ences about pa ram e ters 
of the un der ly ing prob a bil ity dis tri bu tion of a given
data set. The method in creases the like li hood that the
neu tron spec trum es ti mate will gen er ate the mea sured
data un til an ab so lute max i mum dur ing each it er a tion.
Neu tron spec trum is con strained to re main pos i tive in
each it er a tion. The MLEM [11] al go rithm takes into
ac count the Pois son na ture of the noise in the am pli -
tude dis tri bu tion data. This fea tures of MLEM al go -
rithm lead to the neu tron spec tra that are not noise.
How ever, neu tron spec trum re con struc tion is slow, es -
pe cially when ac cu rate re sponse ma tri ces are used.

A pos si ble way to model the Pois son na ture of
the mea sure ments is to treat the data as sto chas tic vari -
ables and not as ex act mea sures. This is the usual case
in un fold ing for a Pois son dis tri bu tion, with out mak -
ing any a pri ori as sump tions about neu tron spec trum
dis tri bu tion. The log like li hood func tion is

ln ln ln( !)P r x y r x yr ij j i ij j i
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where yi are  binned count rates, xj – the in ci dent neu -
tron fluence in the ith en ergy group, and rij – the cor re -
spond ing el e ment of the re sponse ma trix. The MLEM
is used to find non-neg a tive val ues of each xj. 

The MLEM has a draw back that it gen er ates
noisy neu tron en ergy spec tra when the it er a tions pro -
ceed. This sort of over-fit ting can be avoided if the it er -
a tions are stopped be fore the con ver gence. This ap -
proach suf fers from a noise-bias trade-off. If the
con ver gence is reached, the so lu tion is too noisy. On
the other hand, if a small num ber of it er a tions are used,

the so lu tion is less noisy, but the quan ti ta tive level of
so lu tion val ues are bi ased to wards the ini tial so lu tion.

The so lu tion is re quired not to fit with the data as
well as pos si ble, but also be con sis tent with ad di tional
cri te ria in or der to make an ill-posed re con struc tion
prob lem to a well-posed one. The ob jec tive func tion to 
be max i mized is not the like li hood (eq. 3) but a pos te ri -
ori prob a bil ity den sity func tion (PDF).

The prior is de scribed by the Gibbs dis tri bu tion 
P x U x( ) exp[ ( )]µ -b   [12], the pen alty term, where b  is 
a sca lar weight ing pa ram e ter, and U(x) – the en ergy
func tion. 

One of the Bayesian for mu la tions, OSL al go -
rithm, uses a cur rent es ti mate x(k) when cal cu lat ing the
value of the de riv a tive of the en ergy func tion U [13].
The OSL up date can be solved as

x
x

r
U x j

x

r
y

r x
k
k j

k

ij
ji

I ij
i

I
i

il l
k

l

J

+

=

=

=

=

+å
å

å

1

1

1

1

b
¶

¶

( , )
,

, ,j J= 1K (4)

where U (x, j) is en ergy func tion cho sen as

U x j w v x xjb j b
b N j

( , ) ( )= -
Î
å (5)

where  wjb is the weight of en ergy bin b in the neigh -
bour hood of en ergy bin j and pa ram e ter b ex presses the
con fi dence of the prior. The Gibbs dis tri bu tion and en -
ergy are math e mat i cal con structs and they are not re -
lated to real phys i cal quan ti ties. In our in ves ti ga tions
we used a well-known choice of qua dratic prior v(r) =
r2. The reg u lar iza tion pa ram e ter b con trols the de gree to 
which the mod els of the prior are ac cen tu ated, and
keeps con stant dur ing the it er a tions. An ap pro pri ate
value for pa ram e ter b should be em pir i cally se lected.
For b = 0, the OSL is re duced to the usual MLEM al go -
rithm. 

THE RESULTS OF UNFOLDING BY
THE OSL AND LINEAR ANN

Monoenergetic neutron sources

The re sponses of the OSL and ANN to the in put
data are shown in fig. 6. We in ves ti gated three neu tron
peaks of equal prob a bil ity with en er gies of 4 MeV, 8 MeV,
and 12 MeV. It can be seen that the MLEM method with
OSL ex actly pre dicts en ergy of sharply un folded neu tron
peaks with en ergy res o lu tion of 0.1 MeV, but the in ten si -
ties of the peaks are not equal. The peak at 4 MeV is cor -
rectly es ti mated, but the peak at 8 MeV is about 80% of the 
ref er ence peak by its in ten sity, and the in ten sity of the peak 
at 12 MeV is 85% of the ref er ence peak in ten sity. It can be
no ticed that the peaks ob tained by the OSL are slightly
nar rower com pared to the ones ob tained by the lin ear
ANN.
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The lin ear ANN method iden ti fies the peaks with
en er gies of 4 MeV, 8 MeV, and 12 MeV with the en ergy
res o lu tion com pa ra ble with the en ergy res o lu tion ob tained 
by the max i mum like li hood method. It is ob vi ous that the
en er gies of the neu tron peaks have been cor rectly iden ti -
fied, how ever, their in ten si ties de vi ate some what from the
tar get val ues, but still less com pared to the peak in ten si ties
ob tained by the MLEM method with OSL al go rithm.
Max i mum de vi a tion of about 25% was de tected for the
third peak at 12 MeV, while the in ten si ties of the first two
peaks achieved the tar get val ues. On the other hand, the
lin ear ANN re sults show more os cil la tions than the
MLEM un folded re sults. It can be ex pected that ap pli ca -
tion of an ap pro pri ate smooth ing pro ce dure can re duce the 
ANN os cil la tions. 

It can be no ticed that both un fold ing ap proaches
cor rectly iden tify en er gies of neu tron peaks, while their
in ten si ties de vi ate some what from the ref er ence data.

Continuos neutron sources

The MLEM method and lin ear ANN have been
also ap plied to con tin u ous spec tra, such as the spec tra
of the 252Cf and 241AmBe neu tron sources, tra di tion -
ally used in the nu clear safe guards ex per i ments. The
re sults of the un fold ing of the sim u lated pulse height
dis tri bu tions from the 252Cf neu tron source, ob tained
by the lin ear neu ral net work, trained only with the sim -
u lated monoenergetic neu tron sources, are shown in
fig. 7. A fairly good agree ment can be seen be tween
252Cf neu tron source spec trum ob tained by the lin ear
ANN and the ref er ence spec trum. The re sults ob tained 
by the ref er ence OSL al go rithm are also pre sented in
fig. 7. In can be no ticed that the best agree ment with
the ref er ence data is ob tained by the MLEM with OSL
method. The ANN ap proach still pro vides the un -
folded neu tron spec tra with suf fi cient ac cu racy, al -
though the lin ear ANN un folded re sults show larger
de vi a tions from the ref er ence spec trum com pared to
the OSL re sults.

Fig ure 8 shows the ref er ence spec trum and the
un folded spec trum of the 241AmBe neu tron source
from the sim u lated data. Very good agree ment be -
tween the MLEM with OSL re sults and the ref er ence
spec tral data can be no ticed, whereas the re sults ob -
tained by the lin ear ANN show slightly higher de vi a -
tions from the ref er ence spec trum.

CONCLUSIONS

This pa per deals with the fast and ro bust un fold -
ing method based on the lin ear ANN ap proach with
im proved char ac ter is tics for eval u a tion of neu tron en -
ergy spec tra ob tained by the or ganic scin til la tion de -
tec tor. We have con sid ered the ap pli ca tion of lin ear
ANNs in neu tron spec trom e try with the aim of op ti -
miz ing a net work that could be used for the iden ti fi ca -
tion of both monoenergetic and con tin u ous en ergy
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Fig ure 6. The un folded spec tra from the sim u lated data
with three neu tron peaks

Fig ure 7. Un folded spec tra of  252Cf source from the
sim u lated data by us ing the MLEM with OSL and lin ear
ANN com pared with the ref er ence data

Fig ure 8. Un folded spec tra of the 241AmBe source from
the sim u lated data by us ing the MLEM with OSL and
lin ear ANN com pared with the ref er ence data



spec tra. By us ing the prin ci ple of su per po si tion, con -
tin u ous spec tra can be ex pressed as lin ear com bi na -
tions of monoenergetic spec tra so that the un fold ing of
con tin u ous spec tra can be per formed us ing a net work
that is trained only with monoenergetic spec tra.

Im ple men ta tion of the re sults re gard ing the ef -
fects of trans fer func tions as well as pre-pro cess ing of
the in put data has pro vided con struc tion of the net -
work with the op ti mized un fold ing per for mances.
Thus, the lin ear ANN with “purelin” trans fer func tion
and with am pli fi ca tion of the pulse height de riv a tives
was used to un fold both monoenergetic and con tin u -
ous neu tron spec tra.

It was dem on strated that the lin ear ANN ap -
proach can be ef fi ciently used for the un fold ing of
pulse height dis tri bu tions ob tained by the
MCNP-PoliMi sim u la tion of in ci dent neu tron in ter ac -
tions with liq uid scin til la tion ma te ri als for ei ther
monoenergetic or con tin u ous neu tron sources. The
MLEM method with OSL al go rithm has been cho sen
as a ref er ence un fold ing method, be cause of its ex cel -
lent un fold ing per for mances.  Anal y sis of the re sults
has shown that the MLEM with OSL method pro vides
the un folded re sults with very good en ergy res o lu tion
and with cor rectly iden ti fied neu tron en er gies for
monoenergetic neu tron peaks as well as for con tinuos
neu tron spec tra. On the other hand, a draw back of the
MLEM method is that neu tron spec trum re con struc -
tion is slow since the great num ber of it er a tions is re -
quired, es pe cially when ac cu rate re sponse ma tri ces
are used. The ANN tech nique with the im proved per -
for mances is more suit able for fast and ro bust de ter mi -
na tion of the neu tron spec tra with good en ergy res o lu -
tion and suf fi cient ac cu racy. The mod i fied ANN
ap proach rep re sents a trade-off be tween ac cu racy and
time con sump tion in un fold ing pro ce dure.

Re cently it has been sug gested [18] that the an a -
lyt i cal method de vel oped sup plies a fast and
computationally sim ple method for gen er at ing such
train ing sets. It is planned in the next stage of re search
to com pare the re sults ob tained by an a lyt i cal and nu -
mer i cal train ing data.
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Senada AVDI], Predrag MARINKOVI], Be}o PEHLIVANOVI]

ANFOLDING  EFEKTI  PRENOSNE  FUNKCIJE  I  OBRADE
AMPLITUDSKE  RASPODELE  IMPULSA

U ovom radu je razmatrano poboq{awe performansi linearne neuralne mre`e u ciqu
postizawa ta~nije evaluacije upadnog neutronskog spektra. Ispitivani su efekti prenosnih
funkcija i obrade simuliranih amplitudskih raspodela impulsa iz te~nog scintilacionog
detektora na performanse konstruisane linearne mre`e. Postignuta je boqa energetska
rezolucija i ve}a pouzdanost neuralne mre`e posle implementacije rezultata ispitivawa.
Optimizovana struktura mre`e je kori{}ena za anfolding monoenergetskih i kontinualnih
neutronskih energetskih spektara, kao {to su spektri  252Cf i 241Am–Be izvora, koji se
tradicionalno koriste u eksperimentima nuklearne sigurnosti. U ovom radu je pokazano da je
postignuta energetska rezolucija linearne mre`e od 0.1 MeV uporediva sa energetskom
rezolucijom koja je dobijena primenom referentnog anfolding metoda koji je baziran na primeni
metoda maksimalne verodostojnosti, a implementiran koriste}i OSL algoritam. Mada metoda
maksimalne verodostojnosti obezbe|uje ve}u ta~nost rezultata anfoldinga sa sporom
rekonstrukcijom neutronskog spektra, posebno u slu~aju kontinualnih neutronskih izvora,
linearna neuralna mre`a sa poboq{anim performansama je pogodnija za brzu i robustnu
evaluaciju neutronskog spektra sa dovoqnom ta~no{}u.

Kqu~ne re~i: anfolding, neutronski spektri, amplitudska raspodela impulsa,        
.........................MCNP-PoliMi numeri~ki kod, linearna ve{ta~ka neuralna mre`a, metoda
.........................maksimalne verodostojnosti


