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TEXHIKA TA METOJAHN EKCHEPUMEHTY

PYROLYTIC GRAPHITE AS A SELECTIVE NEUTRON FILTER

M. Adib, N. Habib, M. Fathalla

Reactor Physics Department, Nuclear Research Center, Atomic Energy Authority, Cairo, Egypt

The transmission of neutrons through pyrolytic graphite (PG) crystals, set at different angles with respect to incident
beam, were calculated using an additive formula. A computer program HOPG was developed to provide the required
calculation. An overall agreement between the calculated neutron transmissions through a slab of 1,85 mm thick PG
crystal with an angular spread of c-axes of 0,4°, set at different angles to the incident beam, and the available
experimental ones in the wavelength range from (0,02 to 1,4) nm were obtained. A feasibility study for use of PG
crystal as an efficient second-order neutron filter is detailed in terms of crystal thickness, angular spread of c-axes and
its orientation with respect to the neutron beam. It was shown that a PG crystal with an angular spread of 0,8° is
sufficient for optimum scattering of second-order neutrons in the wavelength band (0,384 - 0,183) nm, by adjusting the

filter in an appropriate orientation.
Introduction

The filtering characteristics of PG were first
discussed by Brockhouse and Diefendorf [1]. Its use
as an effective filter for low energy (less than
15 meV) neutron beam has been further advocated
by Loopstra [2]. Good filtering characteristics were
reported for oriented graphite crystals [2] with
mosaic spread of 5°.

Last years, a significant advance has been made
in producing high quality PG crystals. Graphite
crystals are now available with mosaic spreads
between 0,4 to 3,5°. It was shown by Riste and
Otnes [3], that these graphite crystals are exceptional
good monochromators for neutron scattering
experiment. Highly oriented pyrolytic graphite
(HOPG) is shown by Shirane and Minkiewicz [4] to
be an extremely efficient A/2 filter in the energy
range between 13 - 15 meV.

Recently Adib et al. [5] calculated the nuclear
capture, thermal diffuse and Bragg scattering cross-
sections as a function of graphite temperature and
crystalline form for neutron energies from 1 meV <
<E < 10 eV. A computer program PG has been
developed [5] which allow calculation for the
graphite hexagonal close-packed structure in its
pyrolytic form. The calculated attenuation of thermal
neutrons through PG (mosaic spread > 2° ) crystals
with c-axis parallel to incident neutron beam showed
that such crystals can be used effectively as second
order filter within energy intervals (4 - 7) and (10 -
15) meV.

As shown by Frikkee [6] that PG crystal with
perfect alignment of its c-axes may be tuned for
optimum scattering of second-order neutrons in the
wavelength range between 0,112 and 0,425 nm, by
adjusting the filter in an appropriate orientation.
However, Frikkee [6] neglected the effect of PG
mosaic spread value on the width of the wavelength
tuning interval. Moreover, the attenuation factor of
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second-order neutrons as a function of PG crystal
thickness is not also given by Frikee [6].

The recent measurements, reported by Mildner et
al. [7], of neutron transmission through highly oriented
1,85 mm thick PG (mosaic 0,4°) crystal set at different
angles to the incident beam justifies the existence of
the tuned intervals reported by Frikkee [6].

Therefore the present work concerns a feasibility
study for use of PG crystal to tune for optimum
scattering of second-order neutrons in the
wavelength range between 0,183 and 0,384 nm by
adjusting the filter crystal in appropriate orientation.
The neutron transmission through PG crystals were
calculated as a function of both their mosaic spread
value and thickness for efficiently removing of the
second-order neutrons.

Theoretical treatment

The graphite absorption cross-section due to
nuclear capture is very small (= 3 mb at E, =
=0,025¢eV). Therefore the total cross-section
determining the attenuation of neutrons by a PG
crystal is given by the sum:

o= ths + aBragg H (1)

where o, is the thermal diffuse scattering and

Ogragg correspond to Bragg scattering cross-section

due to reflection from (hKl) planes.
As shown by Freund [8] ocan be split into
O (multiple phonon) and o, (single phonon)

depending on neutron energy.

The single phonon scattering cross-section,
concerns the energy range E << Kg0p, where Kg is
Boltzmann's constant and Op is the Debye
temperature characteristic of the graphite. The
second part of TDS is predominant in the range
E > KgT where down scattering and multiphonon
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processes occur. As shown by Freund [8], the
predicted empirical equation for o, fits the

experimental results rather well except for graphite.
However, using the static incoherent
approximation Cassels [9] has estimated the short-
wavelength  elastic  cross-section. Hence the
multiphonon scattering cross-section term given by
Freund [8] in the range E >> Kg0 can be replaced by:

G =af,ee{1— (“4u) [1—exp(—2%2”}, @)

where e is the Debye-Waller factor [10] and o,

is the free atom cross-section given as:

O-free = O-bat %A-F 1)2 H (3)

where o, is the sum of the coherent and incoherent

scattering cross-sections of the bound atom, and A is
the atomic mass number.

Following Frikkee [6], in PG the crystallites are
aligned to a high degree with their hexagonal c-axes
parallel, whereas the a-axes are oriented at random.
In the case of perfect alignment of the c-axes, the
lattice planes (hkl) are tangent to a cone with its
axis along the c-direction and an apex angle 6.,

determined by:
. 1
siné,,, = Edhk' .

The interplanar distance d,, is given by the

relation:

213
LI (e an)+ L
d, [3a C

When a PG plate is oriented with the c-direction
parallel to the incident neutron beam, a strong
attenuation due to coherent elastic scattering by the
(hkl) planes will occur if the neutron wavelength

satisfies the Bragg condition:
A=2d,,sinb,,. 4)

However, it is possible to tune the PG plates for
optimum scattering of second-order neutrons in a
continuous wavelength range by varying the angle
between the c-direction and the incident neutron
beam.

If this angle is denoted by y , and if the mosaic

spread is negligible in comparison with y , the
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lattice planes (hkl) will scatter neutrons in the
following wavelength intervals:

2dy, sin(6,, —w ) <A<2d, sin(Gy +v)

for 6., 2y,

)
0<A<2dy,sin(Gy +v)

for 6, <y .

The planes (OOI), on the other hand, scatter
neutrons with a discrete wavelength

A =2d,, cosy = 2d,,siné,

where @ is the glancing angle.
The contribution of Bragg scattering arises from
coherent elastic scattering due to reflections from

different (hkl) planes is given by K. Naguib and

M. Adib [11]. In case of PG the Bragg scattering
cross-section due to reflection from (OOI)planes is

given by [5].

T grage (001) = —NLtoln(l ~Pa), (6)
where N is the number of unit cell/cm’, t,is the
effective thickness and P, is the reflecting power of
the (001) plane when the neutron beam inclined by
an angle i to the c-direction.

The reflecting power P, for zero absorption of
imperfect graphite crystal is given by [10].

Puor =[ (Qty /75 )W &)/ {1+(Qty /7, W (A} ] (7)

where Q is the well-know crystallographic quantity
given by [10]:

_AN? )
sin20 ™’

where F,,, is the amplitude of the diffracted neutron
beam for the hkl reflection, y,, is the direction
cosine of the diffracted beam relative to inward
normal to the crystal surface, W (4) is the Gaussian

distribution of the graphite mosaic blocks and given

by:
ol ] o
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where 77 is the standard deviation on the mosaic

blocks.

However, it was shown by Frikkee [6] that the
scattering cross-section due to non-00l planes
reaches pronounced maximum at the boundaries in

the (/1;1,1/) plane given by:
A% =2d, sin|@y | )

It is also shown by Frikkee [6]; that number of
crystallites N (4;hkl) with the proper orientation for

(hkl) Bragg reflection of the neutrons in the interval

between A and A+dA, diverges at the values 4,
according to the asymptotic form

N, (A:hkl)oc |2 - A5, 2 (10)

Consequently the Bragg scattering cross-section
due to reflection from non-00l planes of a PG
crystal with mosaic 7 and set at angle y, at
wavelength A in the interval between A~ and A",
can be given as

N, A’ F, e

—001
Obragy = .

4dy siny cos 6, Vv ~ Za|?

While at boundaries the Bragg scattering cross-
section is broaden by mosaic spread and can be
expressed as

non-001 __ No /13 I:h2kI e—sz (A)
Bragg 1°

4d,,, siny cos6,, (51)?

where o4 is the wavelength spread.
Consequently, the Bragg scattering of PG crystal
set at angle y versus wavelength due to reflections

from (hkl) planes can be given as:

(12)

___ool non-00l
O-Bragg - O-Bragg + Z O-Bragg s
hkl

where summation is taken over all non- (OOI) planes
satisfying the inequalities given by (5).

A computer code HOPG has been developed in
order to calculate the transmission of neutrons in the
wavelength range between 0,02 and 1,4 nm incident
on PG at different angles. The HOPG code is an
adapted version of the PG code [5]. The adapted
version can additional provide the following
calculations:

1. The o7y term using both Freund’s [8] and

Cassels’s [9] formula each in its given energy range.

2. The Bragg scattering cross-section term due to
reflections from both 00l planes and non- 00l
planes when the crystal is set at different angles
w.r.t. the incident neutron beam.

3. For comparison the experimental neutron
transmission data with the calculated values, the
program takes into consideration effect of both
wavelength resolution and beam divergence in either
constant A4 mode of experimental set up or

constant resolution A’% one.

Comparison with experimental results and discussions

The main graphite physical parameters required in calculations are listed in Table 1.

Table 1. Physical parameters of graphite

Atomic weight 12
Crystal structure HCP
Space group P63/mmc (Nr. 94)
Lattice parameters a=0,2456 nm ¢=0,6696 nm

Atomic positions

4 atoms / unit cell

0,0,0;0,0,%; %, %4,05 4,4, 1

Number of unit cells / m’ 0,284 E29
Coherent scattering length b, 6,61 fm
Absorption cross-section o, (E =0,025) 0,0035 barn
Total scattering cross-section (o, ) 5,551 barn
Debye temperature 1050 K
Boiling point 4827 °C

The values of wavelengths for various reflections (hkl) having non-zero structure factor and for different

PG crystal setting angle@ relative to the incident beam are calculated using HOPG code. The result of
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calculations is listed in Table 2 along with the calculated values reported by Mildner [7]. Where the angle &

is the complementary angle of .

Table 2. The calculated wavelengths (nm) for various reflections (hkl) and for different crystal setting

w =0° w =45° w =58° v =68°

hkl ®=90° ® =45° ®=32° ®=22°
Mildner Mildner Mildner Mildner

A, nNm A, M A, nNm A, nm
A, Nm A, NmM A, Nm A, Nm

002 0,6695 0,6696 0,473 0,4735 0,335 0,3548 0,251 0,2508
004 0,3348 0,3348 0,237 0,2367 0,177 0,1774 0,125 0,1254
006 0,2232 0,2232 0,158 0,1578 0,118 0,1183 0,084 0,0836
008 0,1674 0,1674 0,118 0,1184 0,089 0,0887 0,063 0,0627
| e 0,3008 0,3008 | 0,3608 0,3608 0,3944 0,3944
101 0,1227 0,1227 0,3600 0,3600 | 0,3927 0,3927 0,4042 0,4043
102 0,1925 0,1925 0,3505 0,3505 | 0,3591 0,3591 0,3531 0,3531
103 0,3124 0,2125 0,3079 0,3079 | 0,3016 0,3017 0,2863 0,2863
104 0,2067 0,2060 0,2612 0,2612 | 0,2475 0,2475 0,2283 0,2283
105 0,1918 0,1918 0,2210 0,2210 | 0,2041 0,2041 0,1838 0,1838
106 0,1750 0,1750 0,1887 0,1887 | 0,1706 0,1706 0,1507 0,1507
110 | | - 0,1737 0,1736 | 0,2083 0,2082 0,2277 0,2278
111 | - 0,0436 | - 0,1148 |  --——--- 0,1238 | - 0,1265
112 0,0794 0,0794 0,2092 0,2060 | 0,2257 0,2230 0,2305 0,2305

The good agreement obtained between both sets
of calculations supports the application of HCP
structure with four atoms per graphite unit cell.
However the wavelength value at which the
reflection from (111) plane occur is not included in
our calculation since it has a zero structure factor.

Fig. 1 shows the transmission results reported by
Mildner [7] for the graphite monochromator crystal
set at nominal angles of 90, 45, 32, 22°, to the
incident beam. Where the (0,4° mosaic) PG
monochromator crystal, 50 mm high , 75 mm wide
and 1,85 mm thick was placed in a sample position.
The measurements were performed on the C3 beam
line at the Intense Pulsed Neutron Sources at
Argonne National laboratory. Mildner [7] reported
that the positions of the dips due to (001) reflections
were used to determine the wavelength calibration of
the data. The calibrated orientation angles & are
shown in Fig. 1.

For comparison, the calculated transmission
versus neutron wavelength using HOPG code at
calibrated angles @ and taking into consideration
that, the measurements were set to a time resolution

of 2 % or A% = 2 %, with experimental ones are

also given in Fig. 1.

An overall agreement between the calculated
neutron transmissions and measured ones at longer
wavelengths (> 5 nm) for different angles. However,
the slight disagreement observed may be due to the
lake of the experimental transmission data through
such thin PG crystal used by Mildner [7].Where the
transmission at some wavelengths exceed one. Such
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inconsistent at = 30,3° is also observed by Mildner
[7]. They reported that, they have no adequate
explanation for this.

The calculated position and depth of the major
Bragg dips in the transmission caused by

various (hkl) reflections are found to be in good

agreement with the measured ones. Such agreement
supports the application of the HOPG code for
calculations.

From Fig. 1 one can note that at shorter
wavelengths, in the region where the non-00I
reflections are available, the transmission is reduced
considerably. For small 6 settings, the 10l
reflections with their broad asymmetric dips in the
transmission occur at wavelengths longer than the
002 reflection, whereas the opposite is true for the
larger 6 . Therefore, highly aligned graphite crystal
may be tuned for optimum scattering of second-
order neutrons, by adjusting the crystal in an
appropriate orientation. Hence, as shown by Frikkee
[6], one may expect to realize optimum scattering of

neutrons by the (hkl)planes at the boundary curves

(hkD)* in (A, y ) space defined by Eq. (9). Possible

tuned positions of second-order neutrons are
calculated and displayed in Fig. 2. On the basis of
structure factors and multiplicities of Bragg
reflections the best results may be expected at the

curves (111)" for even 1, (002) and (006).

To show the filtering efficiency of PG, the
neutron transmissions through 1 cm thick PG crystal
(0,4° mosaic) were calculated as a function of wave-

SJIEPHA ®I3UKA TA EHEPTETUKA Ne2 (18) 2006



PYROLYTIC GRAPHITE

y=46",0=854"
14
I . A
. l .
002

' Mildner etal.(7

MNeutron Transmission
o
o
T

|
0.5 ! — Calculated
|
04} b
03} |
|
0_2 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
Neutron Wavelength 2.(nm)

w=59.7",0=303"

1 (101)

" 100) -

1
" ! {—s_Mildner et al.(7).
| — Calcul

Neutron Transmission
=4 § $ £
@
T

0.0 0.2 0.4 0.6 0.8 1.0 12 14
Neutron Wavelength i(nm}

=46°,0=44"
11 b !
A a N
LA FRA AW AR

=
i
€
w
=
£
-]
g ’
§ o5k | & | Midneretal(7) |
= 002 — Calculated

0.4

0.3

0.2 L L |

0.0 0.2 04 06 0.8 1.0 1.2 14

Neutron Wavelength & (nm)

1p=53.9°,9:21.l °
11 |
10 F ] I N O VN
L (103) [r'|I ; B B _&‘&_/_\

o
2 o8 "'"f“"('j . —
2 o f'!;ﬂﬂ’f (102)
E o7 [TY 1L (101)
2 1 i H (oo
£ 08— ! ¢ IS | 1 |
S i (004) ‘
£ [ | |7 * Mildner et al.{7)
5 04l | — (‘.Ll:dated

0.3 I |

ol . |

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

Neutron Wavelength  (nm)

Fig. 1. Transmission results for PG set at different angles.
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Fig. 2. Tuning diagram for a PG filter.

length at different setting angles v between v =

=50 - 70° within steps of 1°. At each setting the

transmission at boundary (002) reflection (i.e. at

/ly) is deduced along with the transmission at
2
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double (002) boundary (i.e. at A). The result of
these calculations is displayed in Fig. 3, a as a
function of setting angley . The indication is that

such 1 cm thick PG crystal is an efficient second-
order filter in the wavelength range (0,228 -
-0,384) nm corresponding to setting angles

between 70 and 55° respectively.

Similar calculations of neutron transmissions at
(006) boundary were carried out at setting angles
v =0-40°. Where the same parameters for

calculations are used as in the previous case except
that a 3 cm thick crystal was used. These
calculations are displayed in Fig 3, b. Fig. 3, b
shows that 3 cm thick PG crystal is also an efficient
second-order filter in the wavelength range (0,183 -
- 0,228) nm.

The deduced wavelength intervals are narrower
than that calculated by Frikkee [6]. Such
discrepancy is due to the broadening effect of
mosaic spread.

To obtain more wider wavelength interval where
the filtering factor T( A )/T( /”ty ) is constant, a highly

2
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First order (101)
08| } !
& %= 0.8878 nm =04 m
o
3 0.6
€
]
c
£
5 04 Lo 0384 nim \
B 1 *,,=0.228 nm
] 2
2
0.2
{ Second order
00 ( L o
50 55 60 65 70 75
Angle ' beh c-direction & incident r beam (deg
a

Selective filtering of second-order neutrons by (006)

(101)

F:ri.st order 102)

08 t
220440 nm |
06 -

04

A, 0220 nm

£,
2
0.2 \ T
\ Second order

Neutron Transmission

neutron beam (degree)

Fig. 3. Selective filtering intervals of second-order neutrons.

oriented bulk PG crystals may be needed. On the
other hand, the interference from different non- 00l
planes due to the broadening edges at boundaries
may provide that the filtering coefficient is not
constant within the wavelength interval. Therefore
an optimum choice of the crystal mosaic spread is
essential. The neutron transmission at the boundary
due to reflection from (002) plane for different
values of standard deviation 7 were calculated.

Fig. 4, a shows the result of calculation through PG
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0.20
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c

k=l

3

2

13

g 0.10 - PG crystal thickness t = 10 mm
Hd

=

c

2

5 0
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Standard deviation n on PG mosaic blocks-mRadian

a

crystal at setting angles w = 60 and 64°. As may be
observed, the standard deviation 7 = 6 mradian, the

neutron transmission of second-order is less than
2 %. Similar calculations of neutron transmission at
boundary due to reflection from (006) were carried
out at setting angles 15 and 35°. The result of
calculation is displayed in Fig. 4, b. From Fig. 4 it
seems that PG crystal with FWHM on mosaic spread
0,8° has a constant filtering factor within the whole
wavelength interval.
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Fig. 4. Neutron transmission versus mosaic spread.

To find the optimum PG thickness, the neutron
transmission due to reflections from both (002) and
(006) planes, were calculated and displayed in
Fig. 5, a and Fig. 5, b respectively.

It would appear that, 1 cm thick PG crystal (0,8°
FWHM on mosaic blocks) when it set at angle =

=64° is sufficient for removing neutrons with
wavelength 4 =0,2935 nm (T<1,5%), while
providing high transmission (T > 88 %) for neutrons
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with wavelength A =0,587 nm. Moreover, PG
crystal (3 cm thick, 0,8° mosaic) set at angle =

= 35°1s also sufficient for removing ﬂy = 0,183 nm
2

(T <3 %),while transmitting more than 87 % of
first-order one. Almost the same filtering factors
were obtained for neutrons with wavelengths within
the interval (0,183 - 0,228) and (0,228 - - 0,384) nm
due to reflections from (006) and (002) planes
respectively.
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Fig. 5. Neutron transmission versus PG crystal thickness.

Conclusions thick PG is also a good second-order filter for
neutrons within wavelengths (0,228 - 0,384) nm by

Use has been made of an addive formula ,4iting the crystal in angles y from 55 to 70°.

determining the attenuation of neutrons by PG
crystal, together with the HOPG code, which has
been developed and presented in this paper.
Calculation shows that, 3 cm thick PG crystal
(0,8° FWHM on mosaic spread) can be efficiently

More calculations are needed to search for
favorable intervals for continuous tuning at shorter
than 0,18 nm wavelengths where the PG crystal can
be used as high efficient second-order filter. Such

used as a second-order filter for neutrons within
wavelengths (0,183 - 0,228) nm by adjusting the
crystal in angles y from 37 to 8°. While only 1 cm

intervals are expected at the curves (11|)i for even
| as predicated by Frikkee [6 ].
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MIPOJITUYHUN I'PA®IT SIK CEJEKTUBHUN HEUTPOHHUIN ®LIHTP
M. Ani6, H. Xa6io, M. ®daraniaa

BuxopucroByroun agutuBHy (GopMmyity, Oyio po3paxoBaHO NPOIYCKaHHs HEHTPOHIB Yepe3 KPUCTAIIM MIPOTITHIHOTO
rpadity (I1I"), ycTaHOBICHI ix Pi3HUME KyTaMHu BIIHOCHO Majgaro4yoro nydka. 11106 3abe3mneunTt HeoOXiaHI PO3paxyHKH,
Oysno cTtBOpeHO Komm'toTepHy mnporpamy HOPG. Byjino oTpuMaHO TMOBHE VY3rOJDKEHHS MDK pPO3paxOBaHHMHU
NPOINYCKaHHAMHM HEWTpoHIB uepe3 miactuHy [IIT kpucrana ToBumHO 1,85 MM Ta po3xomkeHHsM c-oceit 0,4°,
YCTaHOBJICHUM TIiJl PI3HUMH KyTaMu JI0 M13/Ial0U0ro Iy4Ka, Ta eKCIIEpUMEHTAIbHUMU JaHUMH B Jlialia30Hi JOBKHH XBUIIb
Bix 0,02 mo 1,4 M. Byno neranbHO mpoaHasi30BaHO NPHHHATHICTH BHKopHcTaHHs [IIT kpucrana sk e(eKTUBHOTO
HEUTPOHHOTO (INbTpa APYroro MOPSIKY Bif TOBIIMHM KPHCTAJla, PO3XOKEHHS C-OCel Ta HOro opieHTawil BiIHOCHO
HeWTpoHHoro myuka. Ilokazano, mo III' kpucran ¢ po3xomkeHHAM c-oced 0,8° NMpUHHATHUM A7 ONTHMAJIBHOTO
HEHTPOHHOTO PO3CIIOBAHHS JPYroro Mopsaky B giama3zoHi mposxuH xBwib (0,384 - 0,183) HM npu BuOOpi BiANOBiIHOT
opieHTanii GpimbTpa.
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MUPOJIUTUUYECKUN I'PAOGUT KAK CEJEKTUBHBIA HEUTPOHHBLINA ®UJILTP

M. Anuob, H. Xaou6, M. ®@arania

Ucnone3ys aaautiBHyio (opmyny, ObUIO PacCUUTaHO MPOIYCKaHHE HEWTPOHOB Yepe3 KPHUCTAJUIbl MHPOJIHUTH-
yeckoro rpadura (III), ycTaHOBIEHHBIE MOA PAa3IMYHBIMH YTIAMH OTHOCHTEIBHO MAMAIOMIET0 Iy4dka. YTOOBI
obecrieunTh HEOOXOAWMBIE pacyeThl, OblIa co3maHa KommbioTepHas nporpamvMa HOPG. Beuto momyueHo moiHOe
corylace MEXAy PacdeTHBIMU IPOIMYCKaHUSAMH HEWTpoHOB uepe3 miuactuHy [II' kpucramna tommmuoit 1,85 MM u
pacxomguMmocTei0 c-oceii  0,4°, yCTaHOBIEHHOM TOJ pa3IWYHBIMH YIJaMH K [ajaolieMy IydKy, ¢
JKCIICPUMEHTATBHBIMH JaHHBIMHU B Juana3oHe JUIMHbI BoHbI oT (0,02 mo 1,4) HM. Bbuia neTanbHO poaHaTU3UpOBaHA
NPUTOIHOCTD Uctoib3oBanus 11" kpucraia kak 3 heKTHBHOIO HEUTPOHHOTO (PUIIBTPA BTOPOTO MOPSAKA OT TOJIINHBI
KpHUCTalja, PacXOJUMOCTH C-OCEd M €ro OpUEHTALUH OTHOCUTENbHO HEWTpoHHOro myuka. IlokaszaHo, uro IIT’
KpHCTajjia ¢ pacXoJUMOCTbhI0 c-ocei 0,8° mpuemiieM Ui ONTHMAaJIbHOTO HEHTPOHHOIO paccenBaHMs BTOPOTO MOpSAIKa
B snanazone JumH BouH (0,384 - 0,183) HM npu BEIOOpE COOTBETCTBYIOIIEH OpHEHTalUH QHIbTPa.
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