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Methods of X-ray reflectometry (1 = 0.154 nm), cross-sectional transmission electron microscopy and re-
flectometry in the EUV region (1 = 41-51 nm) were used to investigate the barrier properties of CrB: layers
0.3-1.3 nm thick in Sc/CrB2/Si multilayer X-ray mirrors (MXMs) deposited by DC magnetron sputtering. It
is shown that barrier layers of ~ 0.3 nm separate Sc and Si layers completely and prevent interacting the
Sc and Si layers. Thinner chromium diboride layers interact with the matrix layers forming interlayers
containing mostly ScBz on the Si-on-Sc interfaces and CrSiz on the Sc-on-Si ones. Scandium-silicon MXMs
with barrier layers on the both interfaces are shown to retain high reflectivity at the wavelength of

A~47 nm.
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1. INTRODUCTION

Silicon based multilayer X-ray mirrors (MXMs)
have the highest realized reflectivity in the EUV and
soft X-ray regions with respect to their theoretical val-
ues: RE/Rth > 0.8 [1-4]. The main multilayer defect that
hinders further increase in their efficiency is presence
of silicide interlayers at the interfaces formed during
the mirror fabrication [5-7]. These interlayers begin
growing under external influence (for example, heat or
irradiation) resulting in either moderate deterioration
[8] or complete degradation [9, 10] of the MXM optical
properties.

Thickness of the mixed interlayers in Sc¢/Si multi-
layer system reaches ~5 nm and further heating even
up to ~ 370 K can result in their growth [11]. Thus re-
taining or even improving the optical properties is a
topical problem for the current system.

One of the ways to stabilize the structure of the
multilayer system and reduce the width of the interlay-
ers is to use the barrier layers. In this connection, bar-
rier layers of B4C [8, 12-14], ScN [8], W [15, 16] were
used for the ScSi MXMs. An introduction of barrier
layers impedes mixing of matrix layers, but the effi-
ciency of the Sc/Si optical pair decreases because gen-
erally the barrier layers have higher absorption in the
region of extreme ultraviolet. Therefore, the selection of
material for the barrier layers, taking into account the
peculiarities of its deposition, as well as controlling the
interaction with matrix layers, are important for in-
creasing the efficiency of a multilayer mirror.

In this work we applied CrBz barrier layers to the
Sc-Si interfaces in order to reduce the interaction of Sc
and Si matrix layers and increase the efficiency of the
ScSi MXMs in as-deposited state. This material was
selected for the following reasons. Firstly, CrBs has a
sufficiently high melting temperature (~2500 K), in
relation to the above-mentioned materials of the barri-
er layers. That contributes to a decrease in the activity
of diffusion processes at the interfaces. Secondly, on the
one hand, Cr does not interact with scandium [17], un-
like B4C, and, on the other hand, boron can provide a
chemical bond between diboride and scandium. On this
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basis, thin and continuous barrier layers can be grown
at the Si-on-Sc interfaces, which is fundamental for
this type of mirrors. We expect to achieve continuity for
CrB2 barrier at earlier stage in comparison to W which
grows in island-type mode up to thickness of
tw~ 0.6 nm [16]. In addition, CrBz should be less active
in the interaction with silicon than chromium, since
borides have already proven themselves as diffusion
barriers in silicon technology [18-20]. Previously, we
used this material to increase the thermal stability of
the Sc/Si MXMs [21]. This work is focused on the study
of the growth and the structure of the barrier layers.
We will monitor how the thin layers of CrBz will inter-
act with Sc and Si, i.e. how they will perform their bar-
rier functions.

2. EXPERIMENTAL

Multilayer mirrors were prepared by direct-current
magnetron sputtering. The targets were scandium,
silicon and CrB: plates ~ 100 mm in diameter with pu-
rity of 99.3%, 99.99% and 99.7% respectively. The sili-
con target was a (111) Si single crystal wafer. During
each experiment, the currents at all magnetrons and
the argon pressure (2.4 mTorr) were kept constant to
ensure a constant rate of deposition. The deposition
rates for scandium, silicon and chromium diboride were
~0.26 nm/s, ~ 0.37 nm/s and ~ 0.131 nm/s, respectively.
Mirrors were deposited onto silicon or super-smooth
glass substrates with RMS surface roughness of 0.3-
0.5 nm.

The samples were measured at X-ray diffractometer
DRON-3M equipped with a primary crystal-
monochromator (110) Si to select CuK, radiation
(A=0.154 nm) only from the X-ray spectrum created by
a copper tube. The use of such a scheme ensures the
formation of an X-ray beam with a divergence of ~ 0.15°
and the intensity of ~ 106 cps, which allows recording
reflected radiation in a dynamic range of intensities
covering 6 orders of magnitude. The phase composition
of the samples was estimated at another diffractometer
with a graphite analyzer that provided the emission of
CuK, radiation without separation of the K, -doublet
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(1=0.1542 nm) with a divergence of ~ 0.5° and the in-
tensity of ~ 107 cps.

Cross sections of multilayer samples for investiga-
tion in a transmission electron microscope (TEM) were
prepared using mechanical and subsequent ion thin-
ning. The investigations were carried out using the
«PEM-U» microscope (Ukraine) with a resolution of
~ 0.2 nm.

Measurements in the EUV region were carried out
in the 6.3.2 synchrotron ring ALS line of the Berkeley
National Laboratory (USA) [22]. The line design pro-
vides a spectral width of the incident radiation to en-
sure 1/AA < 7000 and a high accuracy of the reflectivity
measurements (AR/R ~ 0.2 %).

3. RESULTS AND DISCUSSION

Since chromium and boron can interact with silicon
while boron can interact with scandium during the
deposition process, we fabricated a series of Sc¢/CrB«/Si
multilayer samples in which the nominal scandium and
silicon thicknesses were constant, and the thickness of
the CrB: barrier layers was successively changed, and
its influence on the MXM period was tracked step-by
step. In order to minimize the effect of random devia-
tions of Sc and Si layer thicknesses associated with the
fluctuation of their deposition rates in different exper-
iments, we deposited an additional multilayer stack
without barriers to each substrate. Then the difference
in the periods, Ad, between the multilayer stacks with
barriers (d) and without barriers (do) will compensate
the influence of random deviations of the matrix layers
thicknesses in a particular experiment and will charac-
terize only the effect of the barrier layers on the volume
changes in the Sc¢/CrB2/Si MXMs.

To reduce the number of samples, three different
stacks were deposited at each substrate at once: one
without barriers and two with barriers of different
thicknesses. The thickness range of the applied barri-
ers was 0.3-1.3 nm.

3.1 Investigations in the Hard X-ray Region
(1=0.154 nm)

X-ray diffraction patterns were recorded for each
sample. An example of an experimental diffractogram
for a sample with three multilayer stacks, two of which
have barrier layers of ~ 0.3 nm and ~ 0.8 nm, is shown
in Fig. 1. As it can be seen from the figure, a rather
large number of maxima (n > 35) is observed in the dif-
fractogram. The first 3 maxima for all the stacks in the
diffractogram are not distinguished. Peaks from differ-
ent stacks are seen separated beginning from the 4th
maximum. We sorted out the peaks into the stacks (in-
dicated by numbers with respect to the stack) and used
them to determine the periods of the deposited multi-
layer stacks.

The features of the interaction of the barrier layer
with the Si and Sc layers should be revealed in the Ad
dependence on the time (z-CrBg) of barrier layer deposi-
tion, Ad = f(-CrBgz), since the deposition time is also a
measure of thickness. In Fig. 2 we plotted two such
dependencies for different interfaces: Si-on-Sc (Fig. 2a)
and Sc-on-Si (Fig. 2b). For each interface type two iden-
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tical samples (A, B series and C, D ones) were prepared
in each experiment to retrace a possible fluctuation in
the results.
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Fig. 1 - Experimental diffraction pattern (6-26 scan) of a sam-
ple with three Sc/Si multilayer stacks and CrBg barrier layers
0nm, 0.3 nm and 0.8 nm thick

In Fig. 2 we can observe dependencies close to line-
ar for both interfaces. Linearity can be caused by three
reasons: 1) the absence of any interaction; 2) there is an
interaction, but it is fixed for all barrier layers; 3) the
interaction in the Sc¢/CrBg/Si multilayer system is still
ongoing. The barrier layer deposition rate can be esti-
mated by the slope of these dependences. For the Si-on-
Sc interfaces, it is Pra=0.128+0.002nm/s and
Prg=0.127 £ 0.003 nm/s, and for the Sc-on-Si ones, it is
Prc=0.134 £ 0.003 nm/s and Prp=0.133 + 0.002 nm/s.
These values are close to the nominal deposition rate of
CrBz (0.131 nm/s), which may indicate an absences of
interaction in the multilayer system or a fixed nature of
the interaction.

It was previously found that Sc/Si MXMs have
mixed interlayers at both interfaces with the composi-
tion of ScSi accompanied by a period shrinkage of
0.64 +0.08 nm [23]. The formation of one such inter-
layer with the same scale of mixing at a particular type
of the interface should lead to a period shrinkage of
Adscsi~ 0.32 nm. So the dependences of Ad = f(r-CrBg)
for both interfaces in Fig. 2 should cross the ordinate
axis (i.e. when 7-CrBz =0) at the point of Ad ~ 0.32 nm,
which indicates the separation of the matrix elements.
However, they cross the Y axis at a point below
0.32 nm, which indicates that the barrier layers inter-
act with the matrix materials. This interaction is ac-
companied by larger volume shrinkage at the Sc-on-Si
interfaces (the intersection with the Y axis at
~ 0.14 nm) compared to the Si-on-Sc ones (the intersec-
tion with the Y axis at ~ 0.24 nm); shrinkage volume
for them is ~ 0.18 and ~ 0.08 nm, respectively, i.e. the
difference is ~ 0.1 nm.

We calculated the expected period (dg) of the
Sc/CrB2/Si MXMs in the absence of any interaction in
the multilayer system, as the sum of the nominal
thicknesses of the barrier layer (¢crB2), the experimental
period value (dexp) and the shrinkage value in the bar-
rier-free sample (Adscsi):

dE =tcB2 + dexp + Adscsi. (1)
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Fig. 2 — Experimental dependence of Ad (the difference of the
Sc/Si MXM periods with and without barriers) on the CrB:
deposition time for the Si-on-Sc (a) and Sc-on-Si (b) interfaces

The calculated value of de is plotted in Fig. 2 as
wide straight lines. Both graphs show that dg are
slightly higher than the experimental values: by
0.097 £ 0.016 nm for the Si-on-Sc interfaces and by
0.158 £ 0.013 nm for the Sc-on-Si ones. Thus, the ver-
sion with zero interaction in the mirrors is not viable. It
remains only a version of interacting barrier layers
with matrix materials, and the difference between dg
and dexp is related precisely to this interaction.

The linearity for the experimental values of Ad in
Fig. 2 indicates that barrier layers of tc-B2< 0.3 nm
interact with the matrix layers. In other words, in the
Sc/CrB2/Si mirrors with barrier layers of ¢z~ 0.3 nm,
pure CrBg layers are absent, and the barrier layers are
almost completely consist of reaction products.

3.2 Transmission Electron Microscopy

Sc/Si multilayer sample (d~27nm) on a Si-
substrate with barrier layers at both interfaces was
fabricated for TEM studies. At the top interlayers (Si-
on-Sc), the nominal barrier thickness was ~ 0.76 nm,
and at the bottom ones (Sc-on-Si) it was ~ 0.33 nm. The
cross section of the sample is shown in Fig. 3. In this
image, layers of crystalline scandium are visible in the
form of wide dark bands and layers of amorphous sili-
con in the form of lighter broad bands. Sc-grains have a
columnar structure and extend through the entire layer
from the bottom till the top interfaces. Narrow dark
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bands are the denser barrier layers of CrBz that lie
between the Sc and Si layers. They are also amorphous.

In the picture we measured thicknesses of all layers
relying on the multilayer period. The period was cali-
brated according to a diffractogram recorded in X-rays.
The ratio of the high-absorbing layers, including the
CrBz layers, in the period is ~ 0.46, which is close to the
optimal value for the effective performance of the MXM
in the EUV region. The measured thickness of CrB2 for
the bottom interfaces was 0.89 + 0.08 nm and for the
top ones was 1.29+0.06 nm. These thicknesses are larg-
er than the nominal values (~ 0.33 and ~ 0.76 nm re-
spectively). Such discrepancies may be associated, on
the one hand, with a slight slope of the sample in the
column of the microscope, which should result in
broadening of the thin barrier layers. Then the meas-
ured values define the maximal thickness of the formed
barrier layers. On the other hand, this discrepancy may
be due to the interaction of the barrier and the matrix
layers. In this case, the measured value will character-
ize the thickness of the reaction products.

Fig. 3. —- Transmission electron microscope image of a Sc/Si
MXM with CrB: barrier layers of nominal thickness 0.3 nm
and 0.7 nm (the substrate is at the bottom)

The linear dependence in Ad(zCrBg) for the Sc-on-
Si interfaces at thicknesses tcrBz > 0.33 nm (Fig. 2 b)
indicates that the top barriers ({¢rB2~ 0.76 nm) react
with the matrix layers incompletely. If we assume that
a CrBz layer of ~ 0.3 nm thick only reacts at the top
interfaces, then the top barriers should consist of two
sublayers, with the reaction products accounting for
1.29 —(0.76-0.33) = 1.29 — 0.43 ~ 0.86 = 0.06 nm.

3.3 Estimation of the Barrier Layer Composi-
tion in the Sc/Si MXMs

To estimate the composition of the barrier layers of
the Sc/CrBa/Si MXMs due to the interaction of CrBz
with the matrix layers, we calculated the volumes of
the initial components and final products for various
reactions that can occur with the participation of exist-
ing types of atoms, and also determined some useful
ratios. A total of 24 reactions were considered. We as-
sumed that at a minimum barrier thickness of
~ 0.33 nm, CrB: interacts with the MXM material com-
pletely. The results of the study in the hard X-ray re-
gion (subsection 3.1) showed that the deposition of the
barrier layers is accompanied by period shrinkage,
therefore, the reactions that occur with increased vol-
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ume were omitted from the consideration. The results
of calculations are presented in the table. We sorted the
reactions by the interface type for the convenience of
analysis: the first four reactions refer to the bottom
interfaces (Sc-on-Si), when CrBz is deposited on Si; the
5-th reaction refers to the Si-on-Sc interfaces, when
CrBz is deposited on Sc; and the remaining reactions
refer to the case where the barrier layer reacts with
both matrix elements. The molar volume of boride, Va,
is an analog to the barrier layer thickness, tc:B2, and
volumetric shrinkage, AV, in each reaction corresponds
to shrinkage of the period, Ad.

We calculated the ratios of AV/Vp for each reaction,
and they are presented in the fourth column of the ta-
ble. As can be seen, these ratios are individual for each
reaction. The experimental ratios Ad/tcrB2, as follows
from subsection 3.1, for the first experimental point are
0.085/0.33 ~0.26 for the Si-on-Sc interfaces and
0.162/0.33 =~ 0.49 for the Sc-on-Si ones. Comparing the-
se data with the calculations in the table and taking
into account the error in the determination we can dis-
tinguish the following reactions: No. 1-4, for which
AVIV3p is close to 0.49; and reactions No. 5 and 10, for
which AV/V3 is close to 0.26.

From the TEM data we obtained that the ratio of
the apparent thickness of the barrier layer to the nom-
inal at the top interfaces (Si-on-Sc) is
0.86/0.33 ~ (2.6 = 0.2). Similar calculated data are pre-
sented in the penultimate column of the table, as the
ratio of the reaction products volume (Vp) to the volume
of CrB2. Here the reactions closest to the experimental
values are No. 6-9. In all these reactions, chromium
silicides and scandium borides (ScBi2 or ScBs) are pre-
sent. The Ad/tc:2 ratios for the Sc-on-Si interfaces have
close values (2.7 +0.2), and reactions No. 1-4 are also
suitable here.
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A small difference between the experimental and
calculated values may be due to some difference be-
tween the real densities and tabular ones, incomplete-
ness of reaction or non-stoichiometry of the compounds
obtained. Thus, we can make a preliminary conclusion
that the structure of the top barrier layers can include
scandium borides and chromium silicides, and the bot-
tom ones include CrSiz and silicon borides.

These data are supplemented by calculations of the
thermal effects, which are given in the last column of
the table. The enthalpies of formation in all reactions
are reduced to one mole of CrBs. It can be seen from
these calculations that reaction No. 4 is unlikely, since
it occurs with the heat absorption. Although a suffi-
cient amount of energy is supplied when sputtered at-
oms arrives onto the substrate, yet other exothermic
reactions have an advantage. Here, from the thermo-
dynamic point of view, the most probable reactions are
No. 2, 5, 7-9.

X-ray measurements show that for Sc-on-Si inter-
faces preferred reactions are No. 1-4, and for Si-on-Sc
ones these are No. 5 and 10. TEM data confirms the
results of X-ray studies for Sc-on-Si interfaces, but give
an alternative manifested in reactions No. 6-9 for Si-on-
Sc interfaces. Calculations of thermal effects with the
exception of reaction No. 4 support both versions for Si-
on-Sc interfaces. Since TEM studies, as indicated
above, are more qualitative by nature, we tend to rely
on the results of X-ray studies.

From the data obtained in this subsection, it can be
concluded that at the Sc-on-Si interfaces the main reac-
tion product is CrSiz and one of the silicon borides (B4Si
or BsSi). It is primarily ScBs and Cr for Si-on-Sc inter-
faces; although ScBi2 and CrSi may also appear here
according to our estimates, but this is unlikely from the
thermodynamic point of view.

Table 1 — The results of the calculation for chemical reactions expected at interfaces in the ScSi MXMs with CrB: barrier layers:
AV are volume changes, V3 is the molar volume of CrBg, Vr is the volume of final products, AHzes is the enthalpy of the chemical
reaction per mole of CrBa. (r) and (c) refer to the rhombic and cubic modification of BeSi, respectively

No Reaction Molar volumes, cm3 AVIVE | VHVB K ﬁgﬁf K
1 3CrBg + 7Si = 3CrSiz + BeSi(r) 42.3+84.4—65.2+39.1 -0.53 | 2.47 -12.6
2 2CrBz + 581 = 2CrSiz + B4Si 28.2+60.3—43.5+29.6 -0.55| 2.59 -17.3
3 3CrBz + 7Si = 3CrSiz + BeSi(c) 42.3+84.4—65.2+43.2 -0.43| 2.56 -12.6
4 CrBz+ 25i = CrSiz + 2B 14.1+24.1-21.7+9.2 —-0.52 ] 2.19 +28.1
5 CrBz+ Sc = ScBz2+ Cr 14.1+15—18.2+7.2 —-0.26 | 1.80 - 178
6 | 6CrBz+ 12Si + Sc = 6CrSi2+ ScBi2 | 84.6+144.6+15—109.8+61.6 [ — 0.86 | 2.03 —52.0
7 CrBz+ 2Si + Sc = CrSiz + ScB2 14.1+24.1+15—-21.7+18.2 | —0.94 | 2.83 - 279
8 CrBz2+ Si + Sc = CrSi + ScBe 14.1+12.1+15—-14.9+18.2 | —0.57 | 2.35 — 250
9 | 5CrBz2+ 3Si + 5S¢ = CrsSis + 5ScB2 | 70.5+36.2+75.2—60.3+90.9 | — 0.44 | 2.14 — 238
10 | 6CrBz2+ 681+ Sc=6CrSi+ ScBi2 | 84.6+72.3+15—89.64+61.58 | —0.24 | 1.79 —22.7
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3.4 Measurements in the Soft X-ray Area

We measured the reflectivity of the CrBa/Sc/CrBa/Si
MXM with parameters close to the sample described in
subsection 3.2, at near normal angle of incidence
(0= 85°) in the wavelength range of 41-51 nm. We used
measurements for Sc¢/Si mirrors with mixed zones of
~ 1.5 nm and ~ 5 nm thickness as a reference. The re-
sults are shown in Fig. 4. The peak reflection coefficient
for MXM with barriers is 0.443, which is slightly inferi-
or to the sample with interlayers of 1.5 nm (0.447) and
one and a half times higher compared to a mirror hav-
ing 5-nm interlayers (0.279). The main purpose of the
barriers application is to increase the stability of the
multilayer system, and as a rule, this is achieved due to
deterioration of properties, i.e. at the expense of a de-
crease in reflectivity. We see that with the insertion of
the CrB: barriers, the loss in the reflectivity is less
than 1%, which is a very encouraging result.

0.5 T T T T T
—-4v- SCISi (1.5 nm)
I ; HOARDR
o-- CrB,/Sc/CrB,/Si « FDBA 9

0.4 | —o=sc/Si (5 nm) £ B ]

0.31
o
0.24
0.14
0.0 T T T T T
42 44 46 48 50
A, NmM

Fig. 4. — The reflectivity of the Sc/Si mirrors with the inter-
layers of tsesi~1.5 nm (triangles), CrBz/Sc/CrB:/Si (squares)
and the Sc/Si mirrors with the interlayers of tsecsi~ 5 nm (cir-
cles) in the 41-51 nm wavelengths range at near normal inci-
dence (6= 85°)

It was earlier shown that the Sc/Si MXMs with bar-
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rier layers are more stable if compared to mirrors with-
out barriers [21]. An increase in thermal stability of
~100° has been obtained on multilayer samples with
the same barrier layers. Considering the fact that the
optical characteristics of the MXM deteriorate insignif-
icantly, it can be concluded that chromium diboride is
promising material as the barrier layer.

4. CONCLUSIONS

X-ray reflectometry (4= 0.154 nm) and cross-section
transmission electron microscopy were used to study
the effect of CrBz barrier layers 0.3-1.3 nm thick on the
interface interaction in the Sc¢/Si multilayer X-ray mir-
rors. At thicknesses of ¢-CrBz < 0.3 nm there is no in-
teraction between the matrix layers. Multilayer
shrinkage of the period is observed due to the interac-
tion of the barrier layers with the matrix material,
which is ~0.08 nm for the Si-on-Sc interfaces and
~0.18 nm for the Sc-on-Si ones. The interaction is ac-
companied by the barrier layers broadening by
~ 0.6 nm in average. The reaction products at different
interfaces were evaluated. For the Si-on-Sc interfaces
the reaction products mainly consist of ScB2 and Cr,
and for Sc-on-Si interfaces they are CrSiz2 and silicon
borides (BsSi and/or BsSi).

Measurements in the EUV (1=41-51 nm) showed
that the reflectivity for the MXM with CrBz-barriers is
inferior to the Sc¢/Si MXM with 1.5 nm interlayers by
only 1% and is ~ 0.443 at a wavelength of ~ 47 nm. This
is a record result for a mirror with barrier layers on
both interfaces at the given wavelength.

These studies have shown that chromium diboride
is a promising material as a barrier for Sc/Si multilayer
mirrors.
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Bararomaposi peurreuniscoki g3eprasa Sc/ Si 3 6ap'epaumu mapamu CrB2

I0.I1. ITepmmuul, O.10. Jlepizenxo!, E.H. 3y6apes?, B.B. Kornparenxo!, D.L. Voronov2, E.M. Gullikson?

1 HauionanvHutl mexuiuHull yrnisepcumem «XapKi8CbKUll NOJILMEXHIMHUL THCTMUMYm»,
eys. Kypuamosa 2, Xaprie 61002, Vikpaina
2 Advanced Light Source, Berkeley National Laboratory, 1, Cyclotron Road, MS 15R0217, Berkeley, CA 94720

Metonamu pentreHiBebrol qudpariiii (4 = 0,154 HM), TpocBiuyBav0i €JIeKTPOHHOI MIKPOCKOIIII moIepedy-
HUX 3pi3iB 1 pedexToMeTpii B 0biacTi excrpemaibHoro ympTpadionery (A4 =41-51 um) mocrmimskeHi 6ap'epHi
Biactusocti mapiBe CrB: rtoBmmuono 0.3-1.3 HM B OararomapoBux peHTreHiBebkux azepranax (BPJI)
Sc/CrB2/Si, BUroTOBIEHUX METOIOM MPSIMOTOYHOIO MATHETPOHHOTO po3muieHHs. llokasaHo, mo Gap'epHi
mrapu TOBIIAHOK ~ 0,3 HM MIOBHICTIO PO3ILJIAIOTH MIapu Sc 1 Si i MepelrkoakanTb YTBOPEHHIO IIepeMINTaHuX
30H ScSi. Binbin TorKl mrapm nibopuma XpoMy B3a€MOMIIOTH 3 MATPUYHUME IIApaMu, (POPMYIOUH IIAPH 3 TIe-
peBaxxHuM BMicToM ScBz Ha ropmonax Si-on-Sc i CrSiz Ha ropmonax Sc-on-Si. ITorazano, mo BPI Sc/Si 3
bap'epamMu Ha 000X KOP/IOHAX 30€piraTh BUCOKY BIIOMBHY 3aTHICTb HA JOBKUHI XBWI A ~ 47 HM.

JIIOYOBi ciioBa: TaToIIapoB HTTEHIBChKE [T JI10, MilIaHl 30HH, Hi mapu, Bigousa
Karouosi ciiosa: Bararonrapose pentreHiBcbke Asepkraltio, Ilepemimani 30 Bap'epni ma Bino a

3maTtHicTh, ExcTpeMansamii yabprpadioser.
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