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TPYBHIN PEIOITINI TEIIJIOOBMIHHHUKIB
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The present work is devoted to the experimental study of
methods of reaming thick-walled tubes in thick tube grids
used in modern heat exchangers. The efficiency of indus-
trial systems largely depends on the reliability of the
equipment, the main element of which are heat exchang-
ers. Recently, the use of thick-walled tubes is gaining
popularity, which provides higher indicators of strength
and tightness of connections. However, the use of such
pipes requires the use of methods of pre-deformation of
the pipe ends at an angle that corresponds to the conical
surface of the holes in the pipe grid. This provides a
tighter joint prior to subsequent welding and reaming
over the full thickness of the lattice.

The main objective of the work was to comparatively an-
alyze stepwise and continuous reaming methods, which
are widely used in industry. These methods differ signifi-
cantly in their productivity, quality and time consump-
tion. The evaluation of these parameters allowed to iden-
tify advantages and disadvantages of each of them, which
became the basis for the subsequent selection of the opti-
mal method depending on the operating conditions. Dur-
ing the study, special attention was paid to key indicators
such as joint strength and tightness, as well as the condi-
tion of the surfaces of the flared pipe sections. The re-
search was conducted on the basis of the production unit
of Yuzhenergo LLC, Dnipro city.

Experimental data were obtained on the basis of studies
of pipe joints made of A335 Grade P12 steel with differ-
ent parameters of diameters and wall thicknesses. In the
process of work also quantitative estimation of time spent
on execution of reaming operations by each method was
carried out. The results of the research have shown that
band-screw rolling is a promising direction for fixing
small diameter pipes in conditions where high strength
of joints is required at minimum time expenditures.

The results considered in the work can be useful for im-
provement of technological processes of production and
operation of heat-exchange apparatuses. Application of
the obtained data allows to increase not only reliability

and durability of the equipment, but also its economic ef-

ficiency, which is especially important in the conditions

of modern industrial requirements.

Keywords: heat-exchange, thick-walled tubes, step-by-
step reaming, continuous reaming, evaluation, tightness
of joints, tube grids.

Introduction. In the conditions of modern in-
dustrial enterprises, heat exchange apparatuses rep-
resent one of the key components of technological
processes [1]. Their reliability determines the effi-
ciency of heat exchange, safety of the production
process and durability of the equipment [2]. One of
the most important elements of such apparatuses are
pipe grids, which combine a large number of pipes,
providing the maximum heat exchange area [3]. The
most common material for tubes is alloy steels such
as A335 Grade P12 steel, which provide high corro-
sion resistance and mechanical strength [4].

Due to the increased demands on equipment
performance and durability, designers are increas-
ingly faced with the need to use thick-walled tubes
in tube array designs [5]. This is due to the fact that
such tubes have a higher resistance to internal pres-
sure, which allows them to retain their operational
properties under more severe operating conditions.
At the same time, the use of thick-walled tubes re-
quires the use of specialized fastening methods,
which has become the main problem in the produc-
tion of modern heat exchangers.

One of the most common methods of securing
tubes in tube arrays is flaring. Flaring is a process of
plastic deformation of pipe ends in order to tightly
connect them to the holes in the grid. This method
provides a high degree of tightness of the joint,
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which is critical for equipment operating under high
pressure [6].

In practice, various methods of reaming are
used, among which step-by-step and continuous
reaming occupy a special place. Step-by-step ream-
ing is performed using a set of rollers, each of which
has a larger diameter than the previous one. The
pipe is reamed sequentially with each roll, starting
with the smaller diameter [7]. This method has
proven to be one of the most reliable, but its main
disadvantage is its high labor intensity and consid-
erable time consumption.

The aim of this study is to comparatively eval-
uate two methods of reaming: stepwise and contin-
uous. The objective is not only to evaluate the
strength and tightness of the joints, but also to con-
sider the time required to perform each method and
to identify their advantages and disadvantages de-
pending on the operating conditions.

Materials and experimental methods. The
research was carried out on the basis of the produc-
tion unit of the engineering company Yuzhenergo
LLC, Dnipro city, Ukraine.

In the course of the study were used pipes from
alloy steel A335 Grade P12, which are widely used
in the manufacture of heat exchangers and other
high-temperature apparatus. This material was cho-
sen because of its high resistance to corrosion when
exposed to hot media, as well as its ability to with-
stand significant mechanical loads during operation.
The pipes had a nominal outside diameter of 25 mm
and a wall thickness of 4 mm. Pipes with different
characteristics in terms of the ratio of inner and
outer diameters were selected for the study, which
allowed us to evaluate the influence of these param-
eters on the reaming processes and the subsequent
quality of joints.

A516 Grade 55 steel plates with high strength
and impact toughness were used to fabricate the
pipe grids. These plates are used in high-pressure
applications and in contact with aggressive media,
making them the optimal choice for heat exchang-
ers. The plates had a thickness of 185 mm and a hole
diameter of 25.4 mm to ensure a tight connection to
the pipes.

The flattening process was performed using
PowerMaster's P-1000 (Fig. 1), 800 (Fig. 2) and V
Series (Fig. 3) specialized flattening tools, which
are widely used for mechanically securing pipes in
heat exchangers. The 800 and 1000 Series extended
adjustable rollers were used for stepwise reaming,
providing control over roller penetration depth and
contact pressure. Continuous reaming was per-
formed using V Series screw rollers, which allow

the entire length of the pipe to be deformed in a sin-
gle pass.

S ———

Fig.1. Rollers Series P-1000 powermaster [8]

Fig.3. Rollers Series V powermaster [10]

An MPG-3 roll drive equipped with torque
control system was used to drive the rolls. This
equipment allows precise control of the reaming
process, preventing the redistribution of stresses in
the pipe metal and ensuring uniform distribution of
contact pressures over the entire joint surface.

Mineral oil was used for cooling and
lubrication during the reaming process, which was
fed into the contact zone between the rollers and the
pipe, preventing tool overheating and reducing
friction.

Two types of specimens were prepared for the
study: multi-pipe and single-pipe specimens.

Multi-pipe  specimens - each specimen
contained 18 pipes fixed in a 185 mm thick pipe grid
(Fig. 4). These specimens were used to evaluate the
strength of the joints by means of press-out tests.

Single-pipe specimens - the specimens con-
sisted of a single pipe fixed in a pipe grid (Fig. 5).
This type of specimens was used to evaluate the
tightness of the joints.

Technological process of reaming. Step-by-step
reaming was carried out in several stages. Five sep-
arate passes of the rolling tool were used for each
pipe. In the process of the research the rollers of 800
and 1000 series were used (Fig. 1, 2) The first pass
of the rollers of 1000 deformed the pipe near its end,
and each subsequent pass of the rollers of 800 series
moved along the pipe, deforming it at the next sec-
tion. In this way, a consistent uniform deformation
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of the pipe along the entire length of its contact with
the pipe grid was ensured. This method allows for
precise control of metal deformation, preventing its
destruction and ensuring uniform distribution of
contact pressures.

Fig. 4. Multi-pipe specimen
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Fig. 5. Sketch of the pipe grid for a single-pipe
specimen

Continuous reaming can be accomplished ei-
ther in a single pass or by using tapered rollers that
deform the pipe gradually as the tool advances. The
V Series helical rollers (Fig. 3) deformed the entire
length of the pipe simultaneously, which signifi-
cantly reduced the time required to complete the op-
eration. However, this method required more precise
adjustment of the equipment, as the slightest errors
in adjustment could result in uneven deformation
and reduced joint tightness.

For each pipe, the time required to perform
reaming was recorded, including equipment set-up,
pipe installation, and execution of the operation.
Time for tool preparation and lubrication was rec-
orded separately, allowing for an accurate assess-
ment of the performance of each method.

Strength Testing. Strength tests were performed
on a Holzmann WP 100H hydraulic press (Fig. 6),
which develops a force of up to 100 kN. M20 thread

was cut into each specimen inside the protruding
pipe ends to install plugs. Strength tests consisted of
gradually increasing the axial force on the pipe until
it was pressed out of the pipe grid. This made it pos-
sible to determine the maximum force at which the
joint failed.

Fig. 6. Holzmann hydraulic press WP 100H

Tightness tests. Tightness tests were carried
out using a hydraulic press with pressures up to 160
MPa. In each sample, the inner surface of the pipe
had an annular groove into which water was ap-
plied. The pressure was increased step by step, with
a 5-minute dwell time at each stage. The moment of
depressurization was recorded by the appearance of
moisture on the surface of the sample, as well as by
the change in pressure on the manometer. These
data allowed us to evaluate the tightness of the joints
for each method of reaming.

Results and discussion. The following data
were obtained from the results of the strength tests
for both groups of specimens (stepwise and contin-
uous reaming) (Table 1).

The average press-out force values for the step-
wise method were 67 kN with a variation of = 4 kN
and for the continuous method were 69 kN with a
variation of = 6 kN, indicating that the stepwise
reaming method is more stable. It can also be said
that, on average, continuous reaming achieves
slightly higher joint strengths, but the variation was
greater for this method.
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Table 1
Pressing forces from pipe grids
Stepwise reaming Continuous reaming
No. |Force pressing force,| No. |Force pressing force,| No. |Force pressing force,| No. |Force pressing force,
kN kN kN kN
1 80,5 16 57,0 1 74,5 16 98,0
2 72,0 17 63,0 2 73,5 17 78,5
3 92,0 18 63,5 3 65,5 18 76,0
4 95,5 19 54,0 4 60,5 19 72,5
5 71,5 20 70,0 5 48,5 20 59,0
6 52,0 21 51,0 6 79,0 21 85,2
7 41,5 22 60,0 7 79,5 22 39,0
8 70,0 23 60,5 8 64,5 23 51,5
9 66,5 24 63,0 9 74,2 24 76,0
10 51,5 25 54,0 10 48,0 25 58,5
11 61,0 26 87,5 11 73,5 26 53,5
12 64,5 27 69,5 12 66,4 27 67,0
13 44,0 28 70,0 13 40,0 28 66,5
14 51,0 29 39,0 14 53,5 29 59,0
15 55,0 30 53,5 15 22,5 30 70,0
Table 2
Depressurization pressures of joint samples
Stepwise reaming Continuous reaming
No. Depressurization | No. Depressurization | No. | Depressurization | No. | Depressurization
pressure, MPa pressure, MPa pressure, MPa pressure, MPa
1 55 11 51 1 43 11 54
2 62.7 12 48 2 52 12 55
3 48 13 53 3 53 13 41
4 48 14 57 4 49 14 49
5 60 15 54 5 47 15 37
6 52 16 47 6 49 16 50.9
7 54 17 45 7 51 17 52
8 49 18 30 8 55 18 49
9 55 19 47 9 44 19 48
10 59 20 55 10 49 20 47

For incremental reaming, the press-out forces
ranged from 39 kN to 95.5 kN, which shows the sta-
bility of this method. The minimum values remain
quite high, indicating a more predictable behavior
of the joints when using the stepwise technique.
This is also confirmed by the small deviations from
the median (62.0 kN), which emphasizes the uni-
formity of the force distribution.

The range of values was wider for continuous
reaming, from 22.5 kN to 100 kN. This variation
can be explained by the fact that the continuous
method requires more precise equipment setup and

is subject to more factors that can affect the results.
The lower values of press-out forces in some cases
may be due to non-uniform deformation of the pipe,
which results in lower joint strength.

The coefficient of variation for step-by-step
reaming was 10%, indicating a high degree of pre-
dictability and stability of the method. For the con-
tinuous method, this coefficient was higher at 15%,
indicating a large variation in the extrusion forces.
This can be explained by the fact that with continu-
ous reaming it is more difficult to control the
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uniformity of deformation of the pipe along its en-
tire length.

Tightness tests (Table 2) showed that stepwise
reaming provides higher average depressurization
pressures than continuous reaming. The average
pressure value for the stepwise method was 51.5
MPa, with a deviation of £3 MPa, whereas for the
continuous method it was 49.0 MPa, with a higher
deviation of +5 MPa. This indicates that stepwise
reaming is better suited for applications where leak
tightness is critical and is more predictable in its re-
sults.

The minimum depressurization pressure values
for the step-by-step method were 30.0 MPa, which
is also higher than the minimum values for the con-
tinuous method (37.0 MPa). The maximum pressure
values for both methods were quite close: 62.7 MPa
for the stepwise method and 55.0 MPa for the con-
tinuous method. These data indicate that both meth-
ods can provide high leak tightness values, how-
ever, stepwise reaming is more predictable and reli-
able in this respect.

In order to identify the existence of a signifi-
cant difference between the presented methods, we
will perform a mathematical treatment of the data.
The analysis model will present the dependence of
depressurization pressure of joint samples at two
different methods of pipe reaming: step-by-step and
continuous methods. Let's calculate the average val-
ues of depressurization pressures for each group and
determine.

For each reaming method it is necessary to cal-
culate the average values of depressurization pres-
sures:

Average value for the step-by-step reaming
process Pay i

P
Pavst = Z = 2 (1)
Mgy
where Py - is the pressure for each sample, ng = 20
- number of samples.
Average value for continuous reaming method

Pav.con:

PavAcon = ZPCIM 4 (2)

ncon

where Peon - is the pressure for each sample, neon =
20.
To analyses the quality of the two methods, we
also calculate the variance and standard deviation.
Dispersion for the stepwise method Dy

1

st
ng —1

Z (sz - Pamt )2 . (3)

Dispersion for the continuous method Deon:

=S (Pyy = Prreon ) - 4
con n —l z‘( con av.con ) ( )

To test whether there is a significant difference
between the two methods of unmolding, we apply
Student's criterion (t-test) for two independent sam-
ples:

P, .—P, .
t = —avst av.con (5)

where t - statistic, Payv.st and Pay.con - are mean values,
Dy and Deon - dispersions, ng and neen - number of
samples.

The results of the calculations are presented in
table 3.

Table 3
Average depressurization pressures of each group
Average value of depressurization
pressure, MPa 51.49
- for the step-by-step method
- continuous method 48.75
Dispersion:
- for the step-by-step method 48.64
- continuous method 21.88
Importance of statistics, t 1.46

Critical t value for significance level a=0.05
amounts to 2.02.

Since the calculated t-statistic of 1.46 is less
than the critical value, the difference between the
mean depressurization pressures for the two ream-
ing methods is not statistically significant at a sig-
nificance level of 0.05.

In Fig. 7 and Fig. 8, we present the obtained
data, for a better understanding of the difference be-
tween the methods.

Fig. 7 shows a histogram of the depressuriza-
tion pressure distribution: The blue histogram
shows the pressure distribution for stepwise ream-
ing. The orange one is for continuous depressuriza-
tion. It can be seen that the pressure distributions for
both methods have similar trends, although the step-
wise flattening has more emissions, which corre-
lates with the previously described processes.

Fig. 8 shows the Scatter Diagram: It shows the
medians, quartiles and outliers for each method. It
can be seen that the medians of both methods are
close, but the stepwise unmolding shows a larger
variation in pressures. These visualizations confirm
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the results of the statistical analysis: there are no sig-
nificant differences between the methods.

mmm Stepwise flaring
Continuous flaring

Frequency
w

40 45 50
Burst Pressure (MPa)

Fig. 7. Distribution of burst pressures by flaring
methods
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Fig. 8. burst pressure boxplot by flaring methods

The calculated data and plots showed that there
is not enough evidence to claim that one method is
better than the other based on these data.

Time cost analysis. In terms of time costs (Ta-
ble 4), continuous reaming has a clear advantage
over step reaming. On average, it took 131 minutes
to perform a single reaming operation using the con-
tinuous method for 18 pipes, while step reaming
took 251 minutes (Fig. 9). This can be explained by
the fact that step-by-step reaming requires several
passes of the tool on each pipe, while continuous
reaming performs the entire operation in one pass.

Thus, continuous reaming is more productive
in mass production applications where time con-
straints are critical. However, for joints when leak
tightness is critical (e.g. in systems with high pres-
sures or aggressive media), the step-by-step method
remains preferable.

Table 4
Time costs for each method
Method, time (minutes)
Continuous Stepwise
1 | 142.64 | 11| 12644 | 1 |211.70 | 11 | 252.32
2 | 129.00 | 12 | 139.54 | 2 | 259.80 | 12 | 255.67
3 113478 | 13 | 132.61 | 3 | 262.96 | 13 | 236.68
4 | 14740 | 14 | 126.21 | 4 | 238.86 | 14 | 220.28
5 | 143.67 | 15112943 | 5 | 284.04 | 15 | 244.78
6 | 11522 16| 128.33 | 6 |228.18 | 16 | 252.34
7 113450 |17 | 139.94 | 7 | 250.68 | 17 | 268.45
8 [ 123.48 | 18 | 122.94 | 8 |247.19 | 18 | 268.03
9 | 12396 |19 |128.13 | 9 |272.99 | 19 | 244.19
10 [ 129.10 [ 20 | 116.45] 10 | 272.04 | 20 | 245.46
Average value
130.69 | 250.83

mmm Continuous Rolling
Stepwise Ralling

Frequency

155 260 2é5 2_“30 2}5
Time (minutes)

Fig 9. Comparison of time costs between rolling

methods

Effect of reaming methods on the surface con-
dition of the pipes. Visual inspection of the samples
revealed that the stepwise reaming resulted in a
slight delamination of the metal layers on the inner
surface of the pipes (“flaking”), which may be due
to metal riveting during repeated deformation. No
such defects were found in the samples rolled by the
continuous method, indicating that taper rolling
causes a more uniform and gentle deformation, pre-
venting excessive metal riveting.

Nevertheless, this tinning phenomenon is un-
likely to have a significant effect on joint strength,
but may be critical for equipment operating in high
temperature or corrosive environments where de-
fects on the internal surface can accelerate corro-
sion.

Conclusions. The results of the conducted re-
search allow us to draw the following conclusions:

1 Both methods of reaming - step-by-step and
continuous - provide high strength of pipe joints
with the pipe grid. The average values of press-out
forces for both methods were similar (62.8 kN for
stepwise and 64.5 kN for continuous reaming).
However, the step-by-step method showed greater
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stability and predictability in terms of extrusion
forces, making it preferable for use in applications
where precise performance is critical.

Continuous reaming, although showing
slightly higher maximum force values, showed a
wider variation in the data. This may be a result of
the difficulty in controlling the deformation of the
pipe while simultaneously reaming the entire length
of the pipe, as well as the heterogeneity of the pipe
material. Consequently, the continuous method re-
quires more fine-tuning and skilled equipment
maintenance to minimize the risk of weak joints.

2 Step-by-step reaming showed the best results
in terms of tightness, providing an average depres-
surization pressure of 51.5 MPa. This is especially
important for equipment operating at high pressures
or with aggressive media where leaks can cause sig-
nificant losses or accidents. The average value for
the continuous method was 49.0 MPa, which is also
a good result, but inferior to that of step-by-step
reaming.

For applications where absolute tightness is re-
quired, such as heat exchangers used in the chemical
or petrochemical industries, step reaming is the pre-
ferred method. However, if the requirements for
tightness are not as high, such as in systems with
less aggressive media or at low operating pressures,
continuous reaming may be a more cost-effective
alternative due to the lower time required.

3 Continuous reaming is far superior to step
reaming in terms of speed. The turnaround time for
a single reaming operation using the continuous
method averaged 130.69 minutes for 15 pipes, while
stepwise reaming required 250.83 minutes. This
makes the continuous method preferable for mass
production where time resources are critical.

However, it must be taken into account that the
high productivity of the continuous method is ac-
companied by higher demands on the accuracy of
equipment setup and process control. In environ-
ments where even small defects in connections can
lead to accidents or damage, the reduction in lead
time may not justify the risks.

4 Visual inspection of the samples showed that
step reaming causes tinning of the inner surface of
the pipe, which is due to the riveting of the metal
during repeated deformation. This phenomenon, alt-
hough it does not significantly affect the strength of
the joints, can be critical in conditions of operation
at high temperatures or under the influence of ag-
gressive media. Under such conditions, defects on
the inner surface of the pipe can accelerate corrosion
damage of the metal.

Continuous reaming does not cause such de-
fects, making it preferable for use in applications

where minimizing damage to the inside of the pipe
is required.

5 For high-volume production facilities, con-
tinuous reaming can significantly reduce the time
required to complete operations. However, in appli-
cations where there may be high losses due to poor
quality connections (e.g. chemical industry), the ad-
ditional time for step reaming may be justified.
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Cronauk O.B., Kupuiwok B.O. Oninka edek-
THBHOCTi MeTOiB PO3BAJBUIOBAHHS TOBCTOCTIHHUX
TpyO B TPYOHili pemriTui Tenj000MiHHUKIB

Poboma npuceauena excnepumeHmanoHoMy 00CTi-
02fCEHHIO MemoOi8 pO36abYbO8)E8AHHS MOBCMOCMIHHUX
mpy6 y moecmux mpyoHux peulimkax, wo 3acmocogy-
IOmbCcA 8  CYYACHUX — MenIooOMIHHUX — anapamax.

Egexmusnicmo pobomu npomuciogux cucmem bazamo 8
YOMY 3a1exHcUmsb 8I0 HAOIUHOCMI 00NAOHAHHS, OCHOBHUM
ENIeMEHMOM SIKO20 € KOCyXompybuacmi meniooomin-
Huku. OCmaHHiM 4acom HAOUPAEe NONYIAPHOCMIE BUKOPU-
CMAHHA MOBCMOCMIHHUX mpY0, wo 3abe3neyye OLnbu
BUCOKI NOKA3HUKU MIYHOCTI | 2epMemuyHOCMI 3'€OHAHD.
O0Hak, UKOpUCMANHA MAKUX MPYO 8UMA2AE 3ACMOC)-
6aHHsL Memoodie nonepednvoi degopmayii Kinyie mpyo
nio Kymom, saKutl 6i0no8ioae KOHIUHIll NOBEePXHI OMEOPI6
y mpyouii pewimyi. Lle 3abe3neuye oinvur winvhe 3'€o0-
HAHHA nepeo NooanbUUM 386aPIOBAHHAM i PO36ATLYIOBAH-
HAM NO 8CIU MOBWUHI peuimKu.

Ocnosna mema pobomu noasee 8 NOpiHANTLHOMY
AHANIZI NOKPOK0BO20 [ be3nepepeHoco Memoois po36aib-
YbOBYBAHHSL, K WUPOKO 3ACMOCOBYVIOMbCS 8 NPOMUCILO-
socmi. L[i memoou icmommo pizHAmMbCsL 34 CB0EH NPOy-
KmueHicmio, AIKicmio ma yacosumu gumpamamu. Oyinka
Yux napamempis 0ac 3mMozy UAUMU nepegazu ma Heoo-
JUKU KOHCHO20 3 HUX, WO CINAE OCHOBOIO 0718 NOOATbULO2O
8UOOPY ONMUMATLHO20 MEMOOY 3ANENHCHO 810 YMOB 8U2O-
moenenns. I1io uac docniodicenus ocodousy ysazy npuoi-
AU KAIOYOBUM NOKAZHUKAM, MAKUM AK MIYHICMb 1 2ep-
MemuyHiCb 3'€OHaNb, A MAKONHC CIMAH NOBEPXOHL DO3-
BALYLOBAHUX OLIAHOK mpY0. Jocniodcenns nposoou-
aucs Ha 6aszi supobHuyoeo nioposzoiny TOB FOxcenepeo,
M. [ninpo.

Excnepumenmanvui dani ompumani Ha 0cHO8E 00C-
Ji0dceHb 3'€Onans mpyo, sucomosienux 3i cmani A335
Grade P12 3 pisnumu napamempamu oiamempis i mos-
wuHY cMIHOK. Y npoyeci pobomu makoic npo8edeHo Ki-
JILKICHY OYIHKY Yacy, wo 8UmMpaydaemoscs HA 6UKOHAHHS
onepayitl po38anbybO8YEBAHHA KOMCHUM Memooom. Pe-
3YIbMamu 00CaAi0NCeHb NOKA3AU, W0 be3nepepene 8alb-
Y108aHHA € NPIOPUMEMHUM HANPAMKOM OISl 3AKPINIeHHs
mpyo manoeo oiamempy 6 ymMoe8ax, Koau nompiona eu-
COKa MIYyHICMb 3'€OHAHb 3a MIHIMATILHUX GUMPAM 4AC).

Pozenanymi 6 pobomi pesyniomamu modicyms 6ymu
KOpUCHUMU OJi NOJINUWEHHSI MEXHOI02TYHUX Npoyecis
BUPOOHUYMBA MA eKCRLyamayii menioooMiHHUX anapa-
mis. 3acmocysanuss ompuManux Oanux 0ae 3moey niogu-
wumu He MinbKU HAOIUHICMb | 008208iuHicCMb 001a0-
HAaHHs, @ U 1020 eKOHOMIUHY eheKmuUsHiCmb, ujo 0coo-
JIUBO BANCTUBO 8 YMOBAX CYUACHUX NPOMUCTOBUX BUMOL.

Knrouosi cnosa: mennoodmin, moecmocminmi
mpyou, NOKPoKose 8aIbYl08aHHA, besnepepsre 8alblio-
6AHH, OYIHKA, cepMemudHicms 3'€Onansb, mpyoui peuti-
MKU.
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