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Results of calculations neutron and scale of fields are given in the filled polialkanimid with a variation of the content

on atoms of boron in him, with the purpose of an assessment of extent of decrease in density of a stream of thermal

neutrons and level of gripping gamma-radiation depending on atoms of boron additive. Dependence of spatial

distributions of density of streams thermal and fast (E > 2MeV ) neutrons and capacities of doses of neutrons and

gamma-quanta in a layer of a polialkanimid 1 m thick are received at content on atoms of boron in him from 0 to 5%.

The analysis of results of calculations has shown that the size of power of a dose of neutrons behind protection from

a polialkanimid practically doesn’t depend on an additive in his composition on atoms of boron. Extent of decrease

in intensity of gamma-radiation depends on contents in atoms of boron polialkanimid not linearly. For practical

purposes as rather optimum it is possible to consider on atoms of boron additive in polialkanimid in quantity up

to 3% of masses. At configuration of protective composition of a boron-containing polialkanimid in combination

with other materials it is necessary to consider that at significant increase in gamma-quanta from the previous layer

influence of an additive on atoms of boron on deceleration of power of a dose of gamma-quanta behind protection

from a polialkanimid with on atoms of boron falls.

PACS: 24.60.-k

1. INTRODUCTION

In biological protection of nuclear reactors broad ap-
plication was found by materials on the basis of poly-
mers and, first of all, polyethylene and polypropy-
lene. Thanks to the high content of hydrogen they
effectively weaken neutron radiation. However at
the same time have rather low temperature of op-
eration which for polyethylene and polypropylene re-
spectively, constitutes 80◦C and 140◦C.

Search and implementation of the polymeric ma-
terials possessing more high thermal and radiation
resistance has great practical value for the NPS (nu-
clear power stations) new projects.

The analysis of the developments performed in the
field of creation of designs with high temperature of
operation shows that as a polymeric basis of temper-
atures of fire-resistant polymeric materials combining
high deformation and chemical stability in a wide in-
terval poligeteroarilena can be effectively used. Lim-
iting heat and thermal stability it is characteristic
of poligeteroarilen which chains consist from contin-
uously alternating aromatic and heterocycles.

And applied polipiromellitimida - poliimida in
which receipt dianhydride of piromellitovy acid [1]
participates are the most widely known. They con-
tain hinged atoms and groups in a diamine a molecule
fragment. Polipiromellitimida - strong and elastic,

they have no expressed temperature interval of a soft-
ening.

Net aromatic poliimida having the greatest ther-
mal stability (temperature of the beginning of decom-
position is above 400◦C) and high heat resistance,
provide long operability of products on their basis at
temperatures up to 260...300◦C. But high heat re-
sistance, i.e. inability to be softened, does not allow
to perform conversion of poliimid from fusion [1, 2]
therefore application of aromatic poliimid is limited
to production of films and coverings.

A peculiar compromise between thermal charac-
teristics and a possibility of technological processing
is provided by the poliimida of fat aromatics called
by polialkanimid which receive polycondensation of
dianhydrides of aromatic tetracarbonic acids with
aliphatic diamines. Polialkanimid as thermoplas-
tic constructional materials are intermediate between
aromatic polisulfona and the thermostablest, but ex-
pensive poliamidoimida, poliefirimida and poliefirke-
tona [3].

Introduction in structure of polialkanimid of fillers
on the basis of fibrous boron-containing hrizotil con-
siderably improves their constructional and opera-
tional properties [4, 5]. At the same time use of the
atoms of boron having the big section of absorption
of neutrons in thermal and over thermal areas of a
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range is one of ways of improvement of protective
characteristics of a composite.

Therefore in work results of calculations neutron
and scale of fields are given in the filled polialkan-
imid with a variation of content of atoms of boron
in it, with the purpose of an assessment of extent
of decrease in density of a flow of thermal neutrons
and level of gripping gamma radiation depending on
atoms of boron.

2. MATERIALS AND TECHNIQUE

Composite materials received mixture of a powdery
polialkanimid and fibrous boron-containing hrizotil of
structure of MgO : SiO2 : B2O3 = 1.5 : 0.1 : 0.9
(content of atoms of atoms of boron of 11.3% of
masses) with the subsequent processing by a mold-
ing method under pressure or hot pressing. The way
of processing of compositions was determined by an
indicator of fluidity of fusion proceeding from which
samples from 30% filling of polymer and more re-
ceived by method of hot pressing. Respectively sam-
ples with filling of a polialkanimid a boron-containing
hrizotil received less than 30% of masses by a molding
method under pressure. Content of atoms of atoms
of boron in a composite at the same time varied from
0 to 5% of masses. The nuclear composition of the
materials used in calculation is presented in Table 1.

Table 1. Nuclear structure of the filled polialkanimid
with various content of atoms of boron, mass.%

C O N H Mg Si B

69.11 16.75 7.33 6.81 - - -
62.82 19.86 6.66 6.20 3.28 0.18 1.00
50.28 26.04 5.34 4.96 9.84 0.54 3.00
37.70 32.28 4.00 3.72 16.4 0.90 5.00

For carrying out alternative calculations and re-
ceiving spatial and power distributions of streams of
neutrons and gamma quanta in the considered ma-
terials of protection the compositions consisting of
an active zone of the reactor, a reflector, construc-
tional materials and a layer of the studied material
1.5m thick have been used. Calculations were carried
out according to the ANISN [6] program realizing the
solution of the one-dimensional transport equation
by method of discrete ordinates taking into account
anisotropy of dispersion. The range of neutrons paid
off for the 12th group splitting a power interval. The
range of gamma quanta had the 6th group splitting.
Geometry of a settlement task – flat [7-9].

Feature of calculations for this task is need to allo-
cate from all potential generators of gamma-radiation
(an active zone and materials of protective compo-
sition) influencing the size of a stream of gamma-
quanta in the studied material, only own source of
gripping gamma-radiation, having excluded or having
reduced to a minimum formation of gamma-quanta
from other layers of materials and from an active
zone. Series of calculations for two compositions have
been for this purpose carried out. In the first – be-
fore the studied material the layer of lead protection
settled down as much as possible to weaken gamma-

radiation from an active zone, intra reactor designs
and the case of the reactor. In the second – the layer
of lead was absent, the studied material settled down
after the steel case of the reactor to establish effect
of formation of gamma-quanta from an active zone
and from a metalwork. For adequate comparison of
results of calculations, the obtained data in each se-
ries were normalized at a size of density of a stream
of fast neutrons on forward border of a layer for op-
tion of a polialkanimid without atoms of boron and
further were submitted in relative units.

As the main characteristics of radiation protec-
tion (in this task with a variation of content of atoms
of atoms of boron in a polialkanimid) when passing
radiation on the studied materials were estimated:

– weakening of density of a stream of fast neutrons
(Eand gt; 2MeV );

– weakening of density of a stream of thermal neu-
trons;

– weakening of power of a dose of neutron radiation;
– weakening of power of a dose of gamma radiation.

3. RESULTS AND DISCUSSION

Result of calculation of distribution of functionalities neu-
tron and gamma-radiations on thickness of a protective
layer of 100 cm for two options of compositions (with
lead and without lead) at the different content of atoms
of boron in a polialkanimid are presented in Figs.1-8.
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Fig.1. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of
neutrons (Pn) and gamma-quanta (Pg) in an initial
polialkanimid behind a lead layer

Values of ratios of functionalities for a polialkanimid with
on atoms of boron and without on atoms of boron, the
decrease in density of a stream of thermal neutrons show-
ing frequency rate and the power of a dose of gamma-
radiation depending on atoms of boron additive size are
given in Figs.9-12.
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Fig.2. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 1% of masse. on atoms of boron a lead layer
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Fig.3. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 3% of masse. on atoms of boron a lead layer
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Fig.4. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 5% of masse. on atoms of boron a lead layer
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Fig.5. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons and capacities of a dose of
neutrons (Pn) and gamma-quanta (Pg) in an initial
polialkanimid behind a steel layer

In the studied materials from the beginning of
establishment of an equilibrium range (after layer
thickness 30 cm) the atoms of boron additive prac-

tically doesn’t influence distribution of density of a
stream of fast neutrons and capacities of a dose of
neutrons. At the same time the maximum relative
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Fig.6. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 1% of masse. on atoms of boron a steel layer
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Fig.7. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 3% of masse. on atoms of boron a steel layer
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Fig.8. Distribution of density of a stream of fast (Ff )
and thermal (Ft) neutrons, capacities of a dose of neu-
trons (Pn) and gamma-quanta (Pg) in a polialkanimid
with 5% of masse. on atoms of boron a steel layer

Fig.9. A ratio of density of a stream of thermal
neutrons for a polialkanimid with various content on
atoms of boron and a polialkanimid without on atoms of
boron in composition with lead

difference for a polialkanimid with atoms of boron
and without on atoms of boron makes 5...9%. On
the basis of received neutron and scale of fields sizes
of lengths of a relaxation for density of a stream of
fast neutrons and power of a dose of gamma quanta
in a polialkanimid with various content on atoms of
boron have been calculated. Results of calculation
are presented in Tables 2 and 3.
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Fig.10. A ratio of capacities of a dose of gamma-
quanta for a polialkanimid with various content on atoms
of boron and a polialkanimid without on atoms of boron
in composition with lead

Fig.11. A ratio of density of a stream of thermal
neutrons for a polialkanimid with various content on
atoms of boron and a polialkanimid without on atoms of
boron in composition with steel

Table 2. Lengths of a relaxation of density of a
stream of fast neutrons ( λfn, cm) in the filled
polialkanimid depending on thickness of his layer

(T , cm)

Content λfn, cm behind λfn, cm behind
on atoms a steel layer a lead layer
of boron, T = T = T = T = T = T =

% of 0... 30... 60... 0... 30... 60...
masse. 30 60 100 30 60 100

0 5.6 7.6 8.6 5.8 8.2 8.9
1.0 5.6 7.6 8.6 5.7 8.2 8.9
3.0 5.5 7.6 8.5 5.7 8.0 8.8
5.0 5.4 7.5 8.5 5.5 8.0 8.8

Analyzing the obtained data, it is possible to note
the following.

Availability of atoms of boron in a polialkan-
imid doesn’t influence formation of a range of neu-
trons in fast area and, respectively, at length of a

Fig.12. Ratios of capacities of gamma-quanta for a
polialkanimid with various content on atoms of boron
and a polialkanimid without on atoms of boron in
composition with steel

Table 3. Lengths of a relaxation of power of a dose
of gamma quanta ( λg, cm) in the filled polialkanimid
of dependence on layer thickness (T , cm)

Content λg, cm behind λg, cm behind
on atoms a steel layer a lead layer
of boron, T = T = T = T = T = T =

% of 0... 30... 60... 0... 30... 60...
masse. 30 60 100 30 60 100

0 23.4 28,3 33.4 20.1 25.0 29.9
1.0 25.9 33.0 36.1 17.5 28.3 33.4
3.0 27.3 33.7 36.2 16.7 29.8 35.0
5.0 27.6 33.7 36.1 16.2 30.4 35.5

relaxation of density of a stream of fast neutrons.

With increase in thickness of a settlement layer
of a polialkanimid of λfn increases owing to tough-
ening of a neutron range. A little smaller λfn values
for compositions with steel can be explained with the
fact that after steel softer range for neutrons in the
range of energiya higher than 2MeV in comparison
with a range after lead therefore the group section of
removal of fast neutrons will be more is formed, and
relaxation length, respectively, is less.

As for gamma-quanta, the size λg with increase
in a polialkanimid of content on atoms of boron in-
creases owing to toughening of a range of neutrons in
thermal and nadteplovy area, but at the same time
there is a decrease in an absolute value of density of
a stream of thermal neutrons to increase in content
on atoms of boron. As a result the total effect gives
noticeable deceleration of power of a dose of gamma
quanta behind protection from a polialkanimid with
on atoms of boron (1.0...5.0%) in comparison with
that for a polialkanimid without on atoms of boron
(in compositions with lead – 4.8...15.5 degree for a
layer of a polialkanimid 30 cm thick and 3.9...10.2 de-
gree for a layer of a polialkanimid 60...100 cm thick; in
compositions with steel – 2.1...2.9 degree for a layer of
a polialkanimid 30 cm thick and 1.7...2.3 degree for a
layer of a polialkanimid 60...100 cm thick). Some de-
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crease in frequency rate of weakening of power of a
dose of gamma-quanta in process of increase in thick-
ness of a layer of a polialkanimid is a consequence of
increase of λg with thickness of the studied material
at any content on atoms of boron in him. The size λg

in a polialkanimid at change of content on atoms of
boron in him from 0 to 5% increases on ∼ 15...20%;
on thickness of a polialkanimid from 30 to 100 cm the
size λg increases: for compositions with lead in ∼ 2
times, for compositions with steel in ∼ 1.5 times.

The effect of decrease in total intensity of gamma-
quanta depending on contents in atoms of boron po-
lialkanimid in compositions with steel is less, than in
compositions with lead. It occurs because in the first
case from a steel structure on a layer of a polialka-
nimid the considerable education of gamma-quanta
which weakening the additive on atoms of boron
doesn’t influence and which prevail over own gripping
gamma-quanta in a polialkanimid takes place. Sepa-
rately it is necessary to tell about nature of weakening
of power of a dose of gamma-quanta in compositions
with lead on the first 30 cm of protection from a po-
lialkanimid. Here reduction of λg, with increase in
an additive on atoms of boron is observed, on the
contrary. The matter is that from lead the consid-
erable education over thermal and thermal neutrons
takes place. On thickness 30 cm there is their sharp
easing, and that bigger, than the content on atoms
of boron is more. With further increase in thickness
of a polialkanimid thermal neutrons begin to reach
balance with fast, and is terminated effect of educa-
tion of thermal neutrons from lead. In general, the
analysis of the data given on Figs.9-12 shows that
introduction on atoms of boron in polialkanimid in
number of more than 3% doesn’t lead to essential
decrease in gripping radiation in material any more.

4. CONCLUSIONS

1. Calculations for definition of protective charac-
teristics of a polialkanimid are executed, including, at
introduction to his composition on atoms of boron for
decrease in gripping radiation. Dependences of spa-
tial distributions of density of streams thermal and
fast (E > 2MeV ) neutrons and capacities of doses
of neutrons and gamma-quanta in a polypropylene
1m thick layer are received at content on atoms of
boron in him from 0 to 5%. For an assessment of own
gripping gamma-radiation from a polialkanimid and
influence of a range of the falling neutrons calcula-
tions were carried out for two types of compositions:
before a polialkanimid composite were established or
lead (the first type), or steel (the second type).

2. The analysis of results of calculations has
shown that the size of power of a dose of neutrons
behind protection from a polialkanimid practically
doesn’t depend on an additive in his composition on
atoms of boron. Lengths of a relaxation of density of
a stream of fast neutrons in the field of establishment
of an equilibrium range (on thickness of a composite
from 30 to 100 cm) make: for compositions of the first

type (with lead) - 8.0...8.8 cm, the second type (with
steel) - 7.5...8.5 cm.

3. Extent of decrease in intensity of gamma-
radiation depends on contents in on atoms of boron
polialkanimid not linearly. So, at sizes of an addi-
tive on atoms of boron 1, 3, and 5 of % deceleration
of power of a dose of gamma-quanta behind protec-
tion with atoms of boron in comparison with that
without atoms of boron makes of a polialkanimid,
respectively, for a composite 30 cm thick layer: in
compositions of the first type – 7.2; 12.6, and 15.5
degree; in compositions of the second type – 2.4; 2.8,
and 2.9 degree; and for a layer of a polialkanimid
100 cm thick: in compositions of the first type – 5.4;
8.6, and 10.2 degree; in compositions of the second
type – 1.9; 2.1, and 2.3 degree. From 0 to 5% make
lengths of a relaxation of power of a dose of gamma-
quanta in a polialkanimid at change of content on
atoms of boron in him, respectively, for a compos-
ite 30...60 cm thick layer: in compositions of the first
type – 25.0...30.4 cm; in compositions of the second
type – 28.3...33.7 cm degree; and for a layer of a po-
lialkanimid 60...100 cm thick: in compositions of the
first type – 29.9...35.5cm; in compositions of the sec-
ond type – 33...36.1 cm.

4. For practical purposes as rather optimum it
is possible to consider on atoms of boron additive in
polialkanimid in quantity up to 3% of masses. At
configuration of a polialkanimid with on atoms of
boron in protective composition in combination with
other materials it is necessary to consider that at a
considerable education of gamma quanta from the
previous layer influence of an additive on atoms of
boron on deceleration of power of a dose of gamma-
quanta behind protection from a polialkanimid with
atoms of boron falls.

Researches were conducted with assistance of a ba-
sic unit of the State task of the Ministry of Education
and Science of the Russian Federation No.1300.
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ÐÀÑÏÐÅÄÅËÅÍÈÅ ÍÅÉÒÐÎÍÍÛÕ È ÃÀÌÌÀ-ÏÎËÅÉ Â
ÐÀÄÈÀÖÈÎÍÍÎ-ÇÀÙÈÒÍÎÌ ÊÎÌÏÎÇÈÒÅ Ñ ÐÀÇËÈ×ÍÛÌ ÑÎÄÅÐÆÀÍÈÅÌ

ÁÎÐÀ

Ð.Í.ßñòðåáèíñêèé

Ïðèâåäåíû ðåçóëüòàòû ðàñ÷åòîâ íåéòðîííûõ è ãàììà-ïîëåé â íàïîëíåííîì ïîëèàëêàíèìèäå ñ âàðüè-
ðîâàíèåì â íåì ñîäåðæàíèÿ áîðà, c öåëüþ îöåíêè ñòåïåíè ñíèæåíèÿ ïëîòíîñòè ïîòîêà òåïëîâûõ íåé-
òðîíîâ è óðîâíÿ çàõâàòíîãî ãàììà-èçëó÷åíèÿ â çàâèñèìîñòè îò äîáàâêè áîðà. Ïîëó÷åíû çàâèñèìîñòè
ïðîñòðàíñòâåííûõ ðàñïðåäåëåíèé ïëîòíîñòåé ïîòîêîâ òåïëîâûõ è áûñòðûõ ( > 2ÌýÂ) íåéòðîíîâ è
ìîùíîñòåé äîç íåéòðîíîâ è ãàììà-êâàíòîâ â ñëîå ïîëèàëêàíèìèäà òîëùèíîé 1ì ïðè ñîäåðæàíèè â
íëì áîðà îò 0 äî 5%. Àíàëèç ðàñ÷ëòîâ ïîêàçàë, ÷òî âåëè÷èíà ìîùíîñòè äîçû íåéòðîíîâ çà çàùèòîé èç
ïîëèàëêàíèìèäà ïðàêòè÷åñêè íå çàâèñèò îò äîáàâêè â åãî ñîñòàâ áîðà. Ñòåïåíü ñíèæåíèÿ èíòåíñèâ-
íîñòè ãàììà-èçëó÷åíèÿ çàâèñèò îò ñîäåðæàíèÿ â ïîëèàëêàíèìèäå áîðà íåëèíåéíî. Äëÿ ïðàêòè÷åñêèõ
öåëåé äîñòàòî÷íî îïòèìàëüíîé ìîæíî ñ÷èòàòü äîáàâêó áîðà â ïîëèàëêàíèìèä â êîëè÷åñòâå äî 3%ìàññ.
Ïðè êîìïîíîâêå çàùèòíîé êîìïîçèöèè áîðñîäåðæàùåãî ïîëèàëêàíèìèäà â ñî÷åòàíèè ñ äðóãèìè ìà-
òåðèàëàìè ñëåäóåò ó÷èòûâàòü, ÷òî ïðè çíà÷èòåëüíîì íàòåêàíèè ãàììà-êâàíòîâ èç ïðåäûäóùåãî ñëîÿ
âëèÿíèå äîáàâêè áîðà íà ñíèæåíèå ìîùíîñòè äîçû ãàììà-êâàíòîâ çà çàùèòîé èç ïîëèàëêàíèìèäà ñ
áîðîì ïàäàåò.

ÐÎÇÏÎÄIË ÍÅÉÒÐÎÍÍÈÕ I ÃÀÌÌÀ ÏÎËIÂ Ó ÐÀÄIÀÖIÉÍÎ-ÇÀÕÈÑÍÎÌÓ
ÊÎÌÏÎÇÈÒI Ç ÐIÇÍÈÌ ÂÌIÑÒÎÌ ÁÎÐÀ

Ð.Í.ßñòðåáiíñüêèé

Íàâåäåíî ðåçóëüòàòè ðîçðàõóíêiâ íåéòðîííèõ i ãàììà-ïîëiâ ó íàïîâíåíîìó ïîëiàëêàíiìiäi ç âàðiþâàí-
íÿì â íüîìó âìiñòó áîðó, ç ìåòîþ îöiíêè ñòóïåíÿ çíèæåííÿ ùiëüíîñòi ïîòîêó òåïëîâèõ íåéòðîíiâ i
ðiâíÿ çàãàðáíîãî ãàììà-âèïðîìiíþâàííÿ â çàëåæíîñòi âiä äîáàâêè áîðó. Îòðèìàíî çàëåæíîñòi ïðî-
ñòîðîâèõ ðîçïîäiëiâ ùiëüíîñòi ïîòîêiâ òåïëîâèõ i øâèäêèõ ( > 2ÌåÂ) íåéòðîíiâ i ïîòóæíîñòåé äîç
íåéòðîíiâ i ãàììà-êâàíòiâ ó øàði ïîëiàëêàíiìiäà òîâùèíîþ 1ì ïðè âìiñòi â íüîìó áîðó âiä 0 äî 5%.
Àíàëiç ðåçóëüòàòiâ ðîçðàõóíêiâ ïîêàçàâ, ùî âåëè÷èíà ïîòóæíîñòi äîçè íåéòðîíiâ çà çàõèñòîì ç ïîëiàë-
êàíiìiäà ïðàêòè÷íî íå çàëåæèòü âiä äîáàâêè â éîãî ñêëàä áîðó. Ñòóïiíü çíèæåííÿ iíòåíñèâíîñòi ãàììà-
âèïðîìiíþâàííÿ çàëåæèòü âiä âìiñòó â ïîëiàëêàíiìiäi áîðó íåëiíiéíî. Äëÿ ïðàêòè÷íèõ öiëåé äîñòàòíüî
îïòèìàëüíîþ ìîæíà ââàæàòè äîáàâêó áîðó â ïîëiàëêàíiìiä ó êiëüêîñòi äî 3%ìàñ. Ïðè êîìïîíóâàííi
çàõèñíî¨ êîìïîçèöi¨ ïîëiàëêàíiìiäà, ÿêèé ìiñòèòü áîð â ïî¹äíàííi ç iíøèìè ìàòåðiàëàìè, ñëiä âðàõîâó-
âàòè, ùî ïðè çíà÷íîìó íàòiêàííi ãàììà-êâàíòiâ ç ïîïåðåäíüîãî øàðó âïëèâ äîáàâêè áîðó íà çíèæåííÿ
ïîòóæíîñòi äîçè ãàììà-êâàíòiâ çà çàõèñòîì ç ïîëiàëêàíiìiäà ç áîðîì ïàäà¹.
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