TEKA. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE — 2013, Vol. 13, No.4, 174-183

Model of the relationship of residual magnetization
and the elastic stress of ship’s hulls during cargo
and ballast operations

Vadym Myroshnykov!, Olga Zavalniuk?, Volodymyr Nesterenko?

'"Volodymyr Dahl East-Ukrainian National University
Molodizhny bl., 20a, Lugansk, 91034, Ukraine, e-mail: v.miroshnikov@mail.ru
2Kherson state maritime academy
20, Ushakov ave., Kherson, 73000, Ukraine,
e-mail: olga-zavalnjuk@mail.ru e-mail: nesterenko_mast@mail.ru

Received September 17.2013: accepted October 15.2013

Summary. The mathematical model of the
relationship of residual magnetization and the acting
elastic stresses of ship’s hulls during cargo and ballast
operations is determined. The validation of adequacy of
the approximating model by Fisher criterion and the
experimental check of adequacy approximating model
are carried out.
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INTRODUCTION

Cargo and ballast operations on the dry
cargo ship has always belonged to the category
of the most demanding. Typically, a long-term
effect of constantly changing the mechanical
elastic stresses accompany to the maintenance
of the ship’s hull. The nature and values of this
stresses vary and depend on sailing conditions,
correct loading and unloading, ballasting and
deballasting of ship and other factors [20]. In
some negative cases, individual components of
the ship’s hull are overloaded. Because of this,
there are risks of occurrence of excessive
permanent deformation and local destruction,
which in turn can lead to an accident —
disruption or loss of the general hull strength.

Therefore, today the control of the ship’s hulls
during cargo and ballast operations in
conditions of uncertainty as to the actual
(instantaneous) state of the ship’s hull remains
topical, which would apply principally new
methods of control, taking into account all the
features of operation of bulk carriers.

ANALYSIS OF PUBLICATIONS

The research in [1, 3, 8, 9, 17] show that
to estimate the elastic stresses are widely used
magnetic methods of non-destructive testing
(NDT), which are based on the relationship of
the magnetic and mechanical properties of
ferromagnetic  materials. Among  these
magnetic values are: initial y, and reversible y,
magnetic susceptibility, coercive force H.,,
magneto-elastic increase of magnetization
AM,(H;, 09) (H; — the internal magnetic field),
residual magnetization M,.

Made analysis of literary sources allows
to state that most of the control methods of
elastic stresses are special occasions (the
construction made of a particular grade of steel
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with specific structural and magnetic state). At
the same time, applying the mentioned
methods, it is difficult to determine the sign of
acting elastic stresses in ferromagnetic
structures, so they could not get wide
distribution in practice.

However, an exception is the ability to
estimate the elastic stresses on the value of
residual magnetization, that is connected with
a very large range of changes M, during the
transition from tension to compression [3].

THE PURPOSE OF ARTICLE

Get the adequate mathematical model of
the relationship of residual magnetization and
the acting elastic stresses in the ship’s hulls
during cargo and ballast operations.

MATERIALS AND RESEARCH RESULTS

A special interest is the determination of
the relationship residual magnetization and the
mechanical stresses in structural steels, which
including used for the manufacture of ship’s
hulls. The relatively low carbon content not
exceeding usually 0.3-0.4% and a low content
of alloying elements is characteristic for this
type of steel (St3S, 09G2S, 10ChsND etc).

1. Approximation of the dependence of
the residual magnetization of mechanical
stresses in ferromagnetic steel constructions.
During the carried out analysis of magnetic
characteristics shown that in magnetic method
of NDT magnetic parameter such as residual
magnetization essentially depends on the
elastic compression and tensile stresses. The
experimental results of measurements of the
values of plastic deformations & and true
stresses o, = F/S (where F — the load, S —

cross-sectional area of the sample at a given
value ¢) during modes «slow» and «fast»
loading on samples of steel St3S are obtained
in research work [10]. The value M, is

measured by the ballistic method, while the
residual magnetization measurement error was
3%. On the Fig. 1 it is shows the
experimentally the obtained dependence [10]
the residual magnetization M, of the tensile

and compressive stresses in the elastic
diapason: -0, <o <o;.
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Fig. 1. The residual magnetization — tensile and

compressive stresses relation in the elastic diapason:
—op <o < oy for steel St3S

The experiment was carried out on
samples of steel St3S after annealing at 650 °C
for 2 hours duration (cooling oven) in order to
eliminate  differences in  the initial
crystallographic and magnetic structures. By
its nature, the shown relations (Fig. 1) is
exactly the same as the dependencies for a
large number of ferromagnetic steel (40H,
30HGSA etc.) in other research work [8-10].
The difference from each other is only in the
numerical data.

At the same time dependence shows an
extremely large diapason of changes M,

during the transition from tension to
compression: M, (+0)-M,(-c)~450 kd/m,
that once again confirms the effectiveness of
application of function M, (o) to the NDT

stresses in ferromagnetic steel structures.
The experimentally obtained the residual
magnetization M, - tensile and compressive

stresses relation for steel St3S [10] is
approximated by a linear dependence, as well
as polynomials of the second, third, fourth and
fifth degree. One of the most effective way of
approximating the specified models is the
application of the program Mathcad 11 with
using  polynomial regression  function:
«regress». The obtained graphics and the
corresponding  regression  equation  of
mentioned approximating models are shown in
Fig. 2.
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Fig. 2. Graphics of approximation of the dependence of residual magnetization M, of the tensile and compressive
stresses in the elastic diapason: —o; <o <o, for steel St3S: a — a linear relationship, b — the second degree
polynomial, ¢ — the third-degree polynomial, d — the fourth degree polynomial, e — the fifth degree polynomial

Relying on the results of the foregoing
analysis of residual magnetization - tensile and
compressive stresses relation is justified to
take that as a kind of mathematical model for

approximating function is the most appropriate
model of a third-order polynomial.

2. Construction of a mathematical model
of the relationship of residual magnetization
and elastic stresses in ferromagnetic steel
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construction. The obtained above
approximating dependence f = M,(c) makes

sense in case of change only of acting in the
ferromagnetic structure (ship’s hull) elastic
stresses. In reality, the situation is somewhat
different. The experimental measurements
were carried out on the researched vessel at
various points on the surface of the horizontal
plate of hatch coaming as the upper plane of
equivalent girder [12]. Here solid coaming of
cargo holds (Fig. 3) is one of the most
important carrying longitudinal connections
and is therefore used as a control object of
elastic stresses in the ship’s hull during cargo
and ballast operations.
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stresses in ferromagnetic steel construction
(ship’s hull) during its operation (o), size of
the gap between the controlled surface of the
coaming and transmitter (5 ), the coercive
force of material of coaming ( H#,), which in

the course of the experiment was measured
previously by coercimeter, the normal and
tangential vector component of the magnetic
field strength of Earth, depending on the
spatial orientation of the ship’s hull (#,,H,),

the geometric dimensions of the field of
control in view of the edge effect (a,b,c)

(Fig. 4).
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Fig. 3. Hatch coaming: 1 — ship’s side (sheer-strake),
2 — deck plate, 3 — hatch coaming, 4 — coaming stay,
5 — beam, 6 — frame, 7 — coaming’s horizontal plate,
8 — deck stringer

Therefore, in practice, in the course of
the measurements, it was found that the
obtained values of the residual magnetization
depend on many different factors: the elastic

Hx, a, b, ¢)

Fig. 4. The structure of the system of mathematical
model of residual magnetization relation M,

The approximating model of the
relationship of the residual magnetization and
the considered above parameters was obtained
by the mathematical theory of experimental
design [2, 4, 6]. The effectiveness of the
method experimental design is that it allows to
build a approximating model of a certain value
in the form of a polynomial of n-th order
depending on a number of arguments — the
factors on the basis of data obtained by
carrying out experiments in a given set of
points. Furthermore, based on the obtained by
the method experimental design function, it is
possible to evaluate the effect of each factor on
the test parameter value, in this case — the
residual magnetization.
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All set basic requirements, according to
the method of experimental design for the
response function (M,) and the factors

discussed above are satisfied in full. That is,
the create of a mathematical model
approximating  dependence of  residual
magnetization of the influencing factors in the
form of a second order polynomial based on
the  theory  experimental design is
hypothetically possible.

In such a way, it is required to establish
the relationship of residual magnetization and
the three selected on the basis of a priori
information the most important factors: the
elastic stresses in the structure o, the coercive
force of the material of the coaming A, and

the gap size between the coaming and
transmitter & .
Relationship M, (0,H,,5) can be

approximated by a polynomial of the second
degree. The experiment was carried out on the
program planning of the central composite
rotatable the second order [4, 6]. Planning is
called a rotatable [2], if it is invariant to
rotation of the coordinate system. It means that
the information contained in the regression
equation to be equally distributed over the
hypersphere. When planning is rotatable the
predicted values of optimization parameter
have a minimum dispersion in a different
points of the factor space, that is determined
with minimal errors in all directions at the
same distance from the center plane.

The main advantage of rotatable plan is
to ensure the same accuracy of predicted value
in all directions at the same distance from the
center of the plan.

The intervals variation and natural levels
of: the elastic stresses o and the coercive
force H, are taken in accordance with relevant

mechanical and magnetic characteristics of the
material coaming ship’s hull [15], as well as
on the basis of experimental data [10]. But
varying intervals and natural levels of the gap
size between the coaming and transmitter have
been determined taking into account the
coaming surface unevenness (roughness, rust,
etc.).

Selected in the research the levels and
intervals varying factors are listed in a Table 1,
in which the following notation: 0 — ground
level, 1 —upper level, -1 — lower level, 1.682 —
maximum value, -1.682 — the minimum value
of the independent variable.

Table 1. Calculated planning matrix

Natural levels of factors
@ corresponding to coded factors
<
>
g| &
| E
=
o) an
.g .g\.
< Q o
Elg| 2 |C 2
E S é’ T T = n n
o,
X - -
MPa 1 210 265 210 0 210 265
H,,
¢ Xy 0.15 0.68 0.6 0.45 0.3 0.29
kA/m
0, X 0.75x | 3.5x 3x 225 | 1.5x 1x
m 31 x10® | x107 | x10° | x10® | x107 | x107

Compiled the central composite rotatable
the second order plan for the three factors
consists of the full factorial experiment plan of
type 2°, the six experiments in the «star
points» and the six experiments in the center
of the plan.

Based on the results of experiments
carried out in accordance with the plan of the
experiment it can be estimated the coefficients
of the regression equation of the form:

y=by+bx; +byxy +byx5 +bppxyx, +

(1

Using the formulas [2, 4, 6], coefficients
of the regression equation were determined:
by =77237, b =9982, b,=-1011, b,=4302,
by =17.16, by =048, byy =—4507, b, =—69,88,
by, =959, by; =—18,1.

The obtained regression equation is of
the form:

Y =772,37+99,82x; —101,1x, +43,02x; +
+17,16x,x, +0,48x,x; —45,07x,x;5 — (2)
—69,88x% +9,59x7 —18,1x%.
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Passing from a coded value of factors
(x,,x5,x3) to natural factors (o, H,,5), and after

the necessary transformations, the dependence
M, (c,H,,5) was obtained:

M, (o,H,,6)=464+0,220-156H , +
+382:10°5+0,550H, +3,0506 -4,01-10°H.6 - (3)
~1,58-10° 2 +426H? —3,22-107 5.

3. Verification of the accuracy and
adequacy of the obtained approximating
model of the vrelationship of residual
magnetization and the influencing factors.
Response function approximated by a
polynomial could not correspond to (to be
inadequate) the observed values of magnitude
y. So, before you use the obtained

mathematical model to validate its adequacy to
the experimental data. According to [2] for a
rotatable plans, the validation of adequacy of
the mathematical model is carried out in
several stages.

Stage 1. The  dispersion  of
reproducibility §? is calculated, which is

defined in this case by the results of
experiments in the center of the design
according to the expression:

A,

S

S2: l(yU_)_}) ’ (4)

" ny —1

<
Il

where: »n, — number of experiments in
the center of the plan, y — the average value
of the parameter y, from », measurements at
the center of the plan, then S? =1369 k4/m .

Stage 2. The dispersion characterizing
errors in the determination of the coefficients

of the regression equation is calculated
according to the formulas [2]:
2
Si?o = w Sr2 , ®)
N
Si =S (6)
N
2
szil :%Srz > (7)
52— Ac*{(k+1)2+(k -1)] 52, )

1l N

1 N
where: A=—7——— c=
b N b
22 (k+2)2 - k| 52
j=1
= k(no—Jrn”) , N — number of experiments in
(k + 2)n 3

the matrix, & — number of factors, y;, — the

value of the response function in the j-th

experiment, x;, x, — the coded values of i-th

and [-th factor
ng=N-ng.

Then the dispersions of coefficients of
the obtained regression equation will be:
S7, =22809, 7 =1002, S}, =171,2, S}, =95]11.

Stage 3. The confidence intervals are
calculated for the coefficients of the regression
equation:

in the j-th experiment,

Aby = *tS5 = 38,81,
Ab; = %1S;; = +25,73,
Aby = 1S5 = +33,63,
Ab;; = 1S5, = 25,06,

)

where: =2.57 — a table value of Student
criterion at the 5% significance level and
degrees of freedom f=5.

Stage 4. Dispersion of adequacy S2, is
determined by the formula:

Sk =Sk
7

2 _
Sad_

: (10)

where: S, — the sum of squared
deviations of the empirical values y; of the

response function from its values J,,

calculated by the model at all points of the
plan, S, = %(yu -%), f — number of degrees
U=l

of freedom, f=N-k'-(n,-1), k' — the
number of coefficients of the approximating
polynomial, then S2, = 6550 kd/m .
Stage 5. The adequacy of the regression
equation is tested by the Fisher criterion:
s,

exp 5 o Lexp =
r

4,78 .

4y
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The founded value of adequacy is less
than the table value [2] ( F =5,1) when adopted
5% significance level and the corresponding
number of degrees of freedom (/' =5), so the
hypothesis of adequacy of the calculated
model is adopted.

Defined by means of experiment and
from equation (2) the values of the residual
magnetization M, are of the same character as
the values obtained M, for a large number of

ferromagnetic steel (40H, St3S, 30HGSA) in

VADYM MYROSHNYKOV, OLGA ZAVALNIUK, VOLODYMYR NESTERENKO

difference from each other is only in the
numerical data that proves the curves shown in
Fig. 5. Here, the families of curves are for
different temperatures are tempering.

4. The experimental check of adequacy
the obtained approximating model of the
relationship of residual magnetization and the
acting elastic stresses. To test adequacy the
obtained model was also carried out an
experiment on a sample of steel St3S with
size: 240 mm x 69 mm x 10.25 mm (Fig. 6).

other investigations [5, 7, 8, 10]. The
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Steel grade: St3S
(H,=03kA/m)

Steel grade: 30HGSA
(H,=10kA/m)
c

Fig. 5. The experimental dependences of the residual magnetization and coercive force of elastic stresses for different steel

grades
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Fig. 6. Experimental samples of steel St3S

The sample was deformed by stretching
at the tensile machine ZIM GMS-100A (Fig.
7). The coercive force was determined under
load using structurescope — coercimeter CRM-
C-K2M.

Fig. 7. The tensile machine ZIM GMS-100A

By the magnetization curve for St3S
[16], the values of magnetic induction B,
corresponding to the measured values of the
coercive force, were determined. Assuming
that the test sample is a directly (rod) core with
a rectangular cross section, the value of the
magnetic permeability # [18] was determined

by the formula:

”12
H=—F=
4S(ln M —1)
b

a+

(12)

where: / — sample length, S — cross-
sectional area of the sample, a,b — transverse
dimensions of the sample, ¥ — coefficient,
depending on the shape of the sample [18].

Further from the well-known expression
for the magnetic permeability according to

[18], the values of the magnetic field strength
H were founded:

B
H=—-, 13
My (13)
where: y,=47x107 — the magnetic

permeability of vacuum.
According to expression:

M, =yH,

r

(14)

where: y — the magnetic susceptibility,
the values of the residual magnetization M,
were founded.

In the Table 2 values of the residual
magnetization, calculated from the above the
obtained approximating model M, (c,H.,5)
(Eq. 3), and the values M, , obtained from the
tests of the sample St3S, are presented. Error
of calculation totaled 10-12%.

Table 2. The comparative table of experimental verification
of the adequacy of the obtained mathematical model and by
Fisher criterion

g - = | =

= « = = g ﬁ

o2 o o) o = P =
1. |0 0.277 | 0346 | 5.985 | 269.5 | 708.29
2. [ 1414 1027 (0338 | 5.847 | 2633 | 711.43
3. [ 2121 027 0338 | 5.847 | 2633 | 966.31
4. 12828 031 [0388 | 6711 | 3022 | 789.17
5. 13395 035 [0438 | 7.642 | 341.1 | 473.37
6. | 3868 | 036 | 045 | 7.424 |3509 | 478.43
7. | 407.4 1038 [ 0475 | 7.871 | 370.3 | 800.03
8. | 4519 [ 040 |05 7.837 | 3903 | 624.81
9. [ 4962 043 [0534 | 7933 | 4172 | 742.57
10. | 782.8 [ 0.785 | 0.889 | 7.918 | 699.9 | 406.77
11. | - - - — — 629.45
12. | - — — — — 969.55
13. | - — — — — 793.52
14. | - - — — — 648.80
15. | - — — — — 77237
16. | - — — - — 77237
17. | - — — — — 77237
18. | - - — - - 77237
19. | - - — - — 77237
20. | - - — - - 77237

Mr* — a values of the response function M, (0, H_,o ) at the
points of factorial design
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CONCLUSIONS

1. As aresult of carried out analysis of
the  magnetic  characteristics of  the
ferromagnetic steels changing under the
influence of elastic stresses, it was found that
the change of residual magnetization M, of the
mechanical stresses occurs in a sufficiently
large range during the transition from
compression to tension, therefore estimate the
acting elastic stresses in the ferromagnetic
structures can be made in magnitude of
residual magnetization.

2. The mathematical model of the
relationship of residual magnetization and the
acting elastic stresses of ship’s hulls during
cargo and ballast operations was defined by
the mathematical theory experimental design.

3. The dependence M, (o, H. o) is
approximated by a polynomial of the second
degree. The obtained mathematical model is
adequate to the experimental data that proves
check of adequacy regression equation by the
Fisher criterion.

4. The experimental check of adequacy
approximating model of the relationship of
residual magnetization and the acting elastic
stresses was carried out.

5. The error of calculations of the
acting mechanical stresses by the obtained
mathematical model does not exceed 10-12%.

6. Insuch a way, it can pass to residual
magnetization [13, 14] by measuring the
magnetic field strength on the surface of the
control object — hatch coaming (eg, fluxgate
magnetometer), and from it by a numerical
method using the resulting model it can
determine the value of the acting mechanical
stresses in  the ship’s  ferromagnetic
constructions.

REFERENCES

1. Aginey R.V., Teplinskii Y.A., Kuzbozhev A.S.,
2004.: Estimate the stress state of steel pipelines
on the anisotropy of the magnetic properties of the
metal. // Control. Diagnostics. — Ne 9. — 48-50. (in

Russian).
2. Barabaschuk V.1, Kredentser B.P.,
Miroshnichenko V.I., 1984.: Design of

experiments in engineering, Kiev, Tehnika, 200.
(in Russian).

3. Bida G.V., Kuleev V.G., 1998.: Elastic
deformation effect on the magnetic properties of
steels with different structure. // Defektoskopiya.
— Ne 11. - 12-26. (in Russian).

4. Finney D.J., 1970.: An introduction to the theory
of experimental design, Moscow, Nauka, 288. (in
Russian).

5. Gorkunov E. S., Tsar’kova T. P., Smirnov S.
V., Vichuzhanin D. I., Kuznetsov V. Yu.,
Emel’yanov 1. G., 2004.: Effect of Deviation
from Coaxiality between the Directions of
Magnetization and Mechanical Strain on the
Results of Magnetic Testing of Elastic Strain in
Steels. // Defektoskopiya. — Ne 5. — 40-52. (in
Russian).

6. Johnson N., Leone F., 1981.: Statistics and
experimental design in engineering and science:
Methods of experimental design, Moscow, Mir,
520. (in Russian).

7. Kuleev V. G., Bida G. V., Atangulova L. A.,
2000.: Feasibility of NDT of Ferromagnetic Steel
Structures Based on Measurements of Residual
Magnetization as a Function of Elastic Stress. //
Defektoskopiya. — Ne 12. — 7-19. (in Russian).

8. Kuleev V.G., Gorkunov E.S., 1997.: The
mechanisms of the influence of internal and
external stresses on the coercive force of
ferromagnetic steels. // Defektoskopiya. — Ne 11. —
p. 3-18. (in Russian).

9. Kuleev V.G., Mikheev ML.N., Rigmant M.B.,
Nesterenko V.V., Lobanov L.V., Nazarov Y.l.,
Guzeev S.T., 1985.: To the problem of control
the magnetic state of ferromagnetic steel when
exposed to magnetic fields and the elastic stresses
after region of Rayleigh. // Defektoskopiya. — Ne
10. — 33-42. (in Russian).

10.Kuleev V. G., Tsar’kova T. P., Nichipuruk A.
P., 2006.: Effect of Tensile Plastic Deformations
on the Residual Magnetization and Initial
Permeability of Low-Carbon  Steels. //
Defektoskopiya. — Ne 4. — 61-74. (in Russian).

11.Langman R., 1990.: Magnetic properties of
mildsteel under conductions biaxial stress. / JEEE
Trans. on Magn. — Vol. 26, N 4. — 1246-1251.

12.Maksimadzhi A.L., 1988.: To the captain about
the ship's hull strength: Directory, Leningrad,
Sudostroyeniye, 224. (in Russian).

13.Miroshnikov Vadim, Karmanov Nikolay,
Kostin Sergey, Martynenko Natalie, 2011.:
Calculation of three-dimensional fields in tasks of
defectoscopy. // TEKA Kom. Mot. i Energ. Roln.
— OLPAN. 11A. 159-168.

14.Miroshnikov Vadim, Pobeda Tatyana, Kostin
Sergey, 2010.: Calculation of quantity
characteristics of the field created by local



MODEL OF THE RELATIONSHIP OF RESIDUAL MAGNETIZATION AND THE ELASTIC STRESS OF SHIP’S 183

magnetizing devices. / TEKA Kom. Mot. i Energ.
Roln. — OL.PAN. 10C. 190-197.

15.Mukhin G.G., Belyakov A.lL., Alexandrov N.N.,
2001.: Mechanical engineering. Encyclopedia.
Steel. Cast irons, Moscow, Mechanical
Engineering, 784. (in Russian).

16.Novikov N.N., Rodionov LE., Shutke V.F.,
2005.: Synchronous motors: a guide for students
of electrotechnical and electropower specialties,
Yekaterinburg, USTU, 36. (in Russian).

17.Novikov V. F., Yatsenko T. A., Basharev M. S.,
2001.: Coercive Force of Low-Carbon Steels as a
Function of Uniaxial Stress. // Defektoskopiya. —
No 11.—51-57. (in Russian).

18.Rosenblat M.A., 1966.: Magnetic elements
Automation and Computer Engineering, Moscow,
Nauka, 720. (in Russian).

19. Thompson S.M., Tanner B.K., 1994.: The
magnetic properties of specially prepared pearlitic
steels of varying carbon content as a function of
plastic deformation. // J. of Magn. a. Magn. Mat. —
N 132.-71-88.

20.Zavalniuk O.P., Miroshnikov V.V., 2012.:
Magnetic control of ship hulls during cargo and
ballast operations. // Visnik of the Volodymyr
Dahl East Ukrainian National University. — Ne 18
(189). — 76-82. (in Russian).

MOJIEJIb B3AUMOCBSI311 OCTATOYHOM
HAMATHUYEHHOCTU U VIIPYTUX
HATIIPSDKEHUI KOPITYCOB MOPCKUX CVYJIOB B
[IPOLIECCE I'PY30BbIX 1 BAJIJIACTHBIX
OIIEPALINI

Baoum Mupownuxos, Onvea 3asanvhiox,
Braoumup Hecmepenxo

AHHOoTanus. OnpeneneHa MaTeMaTHYecKast MOJICIIb
B3aMMOCBSI3M  OCTaTOYHOM  HAMAarHMYEHHOCTH U
JEUCTBYIOIMX YNPYIHMX HaNpsDKEHUH B - KOpIycax
MOPCKHX CYyJIOB B IIPOIIECCE I'PY30BBIX M OaIaCTHBIX
omnepauuil. BblllosHEHAa  MpoBepKa  aJEKBATHOCTH
annpoKcUMUpyoIeil Moaenu no kpureputo dumepa, a
TaKXKe SKCIEePUMEHTANbHAs IPOBEPKa.

KnoueBble cnoBa: MareMaTH4YecKas MOJENb,
OCTaTOYHAsl HAMarHUYEHHOCTb, YIPYTHE HANPKECHHUS,
KOPITyC CyIHa.



