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Background. The most important task in choosing the shape of the structural elements of the ship’s hull is to en-
sure sufficient strength with a small mass. In recent years, great progress has been made in shipbuilding thanks to the
use of modern welding methods for connecting parts and components. Ships hulls have become much lighter than when
using riveted joints due to the transition to welding. A welded joint can provide optimum corrosion resistance, strength
and economy of manufacture. However, it must be remembered that any metal, including stainless steels, may undergo
certain changes during welding. Therefore, it is necessary to exercise a reasonable degree of caution during the weld-
ing process. In recent years, simulation has become a very popular method for studying processes and phenomena. In
addition to mathematical methods, more and more often, authors from all over the world are starting to use simulation
modeling as the main research method and compare the results with theoretical or experimental ones. There are many
software products that allow you to create geometric models of objects of varying complexity. One such program is
SolidWorks, which was chosen to create the geometric models in this study.

Objective. Therefore, the purpose of this work is to conduct geometrical modeling (construction of three-
dimensional models) and simulation (study of the object by its model) of a metal plate with a weld. Also, a liquid-
construction interaction analysis will be carried out to determine the stress-strain state of the metal plate (ship’s hull
element) with welds of different geometric shapes in the cross-section.

Results. /n this work, a three-dimensional model of the ship’s hull element with welded seams was built. To de-
termine the vector fields of the velocity of water flow and its pressure in the ANSYS software package, a simulation of
the load on the hull element was carried out using its constructed geometric model. The analysis of the obtained results
made it possible to determine the stress-strain state of the ship’s hull element.

Conclusions. Three forms of welds are considered, namely: V-shaped, Y-shaped and X-shaped. It is shown that at
a flow rate of Sm/s the minimum load is less than at least three times for the X-shaped (double-sided) weld. The maxi-
mum loads within the hull element of the ship are almost the same. It is shown that the smallest stress within the welds
(without considering the plate) arises when using an X-shaped weld. In further research it is planned to investigate the
effect of loads from the water stream on the damaged weld seams.

Keywords: weld seam, simulation and geometric modeling, ANSYS, SolidWorks.

Introduction

Each object has its own operating life, during
which the reliability of the design is guaranteed. At the
end of this period, the probability of destruction of the
structure is high. But objects can be destroyed not only
after the expiration of their lifetime. The consequences
of premature destruction can be significant material
costs and human lives. In order to avoid this, it is neces-
sary to prevent the development of defects [1].

The initial stage of the destruction of the struc-
tural elements of any construction or structure is dam-
age. The reasons for their appearance may be, for ex-
ample, external natural and man-made influences,
internal factors, design errors, defects and violation of
operating rules. External signs of destruction are
cracks. Cracks can appear due to many reasons and
have different effects depending on the combination of
external and internal loads. The opening of the crack

in the elements of the ship's construction can take
place in different ways [2]. This is especially true in
the conditions of operation of ships, when a crack or
defect of a welded joint can lead to damage or break-
age of the ship's hull. Therefore, the task of studying
the hull plate of the ship is important and relevant to
its operation.

When working with metal plates, the welding is
one of the methods of connection. Mild steel is a good
welding material, and welded joints can provide opti-
mum corrosion resistance, durability and cost-
effectiveness. However, it must be remembered that
any metal, including stainless steel, may undergo cer-
tain changes during welding. Therefore, it is necessary
to demonstrate a reasonable degree of caution during
welding. This will minimize any harmful effects that
may occur. It will also maintain a high degree of cor-
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rosion resistance and strength in the welding zone
(which is an integral part of the base metal) [3].

In addition to steel, the use of high-strength alu-
minum alloys, especially for the design and construc-
tion of warships, surface ships and high-speed passen-
ger ships, is increasing in the shipbuilding industry.
Currently, various welding methods are used for the
manufacture of aluminum structures of ships, namely:
gas welding, laser welding and friction stir welding,
but the most advantageous for the construction of
aluminum structures is the friction stir welding tech-
nology [2].

If the welding mode is not followed, the struc-
tural strength decreases. Therefore, most of the scien-
tific papers are devoted directly to the process of
welding. For example, in [2] and [4], the authors re-
viewed the process of welding various grades of alu-
minum alloys using the friction stir welding. Friction
welding associated with mixing the weld material is
an alternative to other welding techniques for alumi-
num alloys. In the present studies, mechanical proper-
ties of friction stir welded aluminum alloys are exam-
ined experimentally. The insights developed from the
study [2] are documented together with details of the
test database. The performed tests and subject-matter
literature research [4] indicate that application of FSW
method to joining aluminum alloys in shipbuilding is
rational.

There is also a list of works devoted to the choice
of methods for studying stresses in welds. For exam-
ple, in [5] were investigated geometrical distortions of
two steel plates jointed by metal inert gas welding.
The distributions of residual stresses in this welded
joint were measured by X-ray diffraction method.

In article [6], the authors state that value of angu-
lar distortions in a welded T-joint depends on many
parameters, including: weld geometrical dimensions,
weld penetration profile, mechanical and physical-
chemical properties of material, electric current
source. Also, the authors indicate that the most effec-
tive method in mitigating welding deformations, apart
from straightening, is an appropriate preparation of
production process.

In recent years, simulation has become a very
popular method of studying processes and phenom-
ena. In addition to mathematical methods, more and
more authors from all over the world begin to use as
the main method of research simulation and compare
its results with theoretical and experimental. So in the
article [5] the measured residual stress distributions
were compared with residual stress state obtained by
means of finite element analysis with using of
ABAQUS software and a good agreement was ob-
tained between experimental and analytical data.

In articles [7] and [8] thermo-mechanical finite
element analysis has been performed to assess the
residual stress in the butt-weld joints of IN718 plates
with help of the commercial software package
ANSYS, employing 2D plane stress models. The pre-

sent 2D plane stress analysis results are found to be in
good agreement with existing 3D finite element analy-
sis results.

In article [9] residual strains and stresses in a
hollow steel beam that had been welded to a D-shaped
cross-section have been simulated by plane deforma-
tion finite element models and compared with experi-
mental measurements obtained using the neutron dif-
fraction strain-scanning technique. The authors claim
that with the assumptions for material properties that
were made, the plane deformation model predicts the
overall bending of the beam and the overall residual
strains and stresses reasonably well.

Consequently, there are many scientific papers
devoted to the study of the process of welding directly
or mathematical modeling or simulation of loads that
arise in welds. Article [9] shows that simulation has
been used for research since the 90s of the twentieth
century. However, for today there are very few works
of joint analysis of fluid-construction for ship’s hull
elements.

Formulation of the problem

There is a large variety of software complexes,
the main task of which is simulation. Typically, such
software systems have different functionality. For
example, there are specialized software products for
medical simulations. Such programs can not simulate
most engineering tasks. However, there are a number
of universal software complexes that can be used in
many areas of science and technology including ship-
building.

The most important task when choosing the
shape of the structural elements of the ship's hull is to
provide sufficient strength at low mass [10]. In recent
years, great success has been achieved in this field
thanks to the use of modern welding methods for con-
necting parts. Due to the transition from riveting to
welding, the ships hulls became much lighter, mainly
due to the removal of connecting corners and riveted
joints.

Therefore, the purpose of this work is to conduct
geometrical modeling (construction of three-
dimensional models) and simulation (study of the ob-
ject by its model) of a metal plate with a weld. Also, a
liquid-construction interaction analysis will be carried
out to determine the stress-strain state of the metal
plate (ship’s hull element) with welds of different
geometric shapes in the cross-section.

Geometric modeling
Geometric models play an important role in the
simulation process. They are created in order to:
e to recreate the appearance and basic dimen-
sions of the object;
e to recreate the structure, properties and nature
of interaction with external conditions (loads
and influences);
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e to predict the effects of the impact on the ob-
ject of external or internal loads;
o simplify the design process.
In any geometric modeling four main stages can
be distinguished [11]:
e  statement of some geometric problem;
e  development of a geometric algorithm for its
solution;
e  implementation of the algorithm using some
tools;
e  analysis and interpretation of the results.

In our time, we can talk about three basic meth-
ods of geometric modeling - analytical, graphical and
computer [11].

The essence of the analytic method is that the
initialized geometric objects and operations carried
out on them become accountable for some numerical
objects and operations carried out on them. This is
accomplished by using appropriate analytical expres-
sions and their transformations.

The graphical method is characterized by the fact
that during the implementation of one or another geo-
metric modeling procedure geometric objects are used

a)

The next step is to build a geometric model of
weld seam. Fig. 2 depicts the main forms of welds
[13]. Seams of V-, Y- and X- shapes were chosen for
the study. This will determine which geometry of the
weld seams best accepts the given external load.
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Fig. 2. Forms of welds

and the operations carried out on them are interpreted
graphically. In this case, appropriate graphic construc-
tions on the plane are used, executed using a ruler,
compass and other drawing tools.

The computer method of geometric modeling as-
sumes that the functions of geometric algorithmization
of the process of solution of the initial problem, car-
ried out by a person. However, the necessary graphic
constructs in this case are performed using a personal
computer using specialized software. Geometric inter-
pretation of the results of graphic constructions, fur-
ther analysis of this interpretation and the interpreta-
tion of its results in categories of source application
problems, as before, performs a person [11].

There are many software products that allow you
to create geometric models of objects of varying com-
plexity in our time. Some of these programs even have
basic simulation modules. One such software is Solid-
Works [12], which was chosen to create geometric
models in this study.

First, a geometric model of a steel plate was cre-
ated (Fig. 1). According to [10], such 3mm thick
plates are used on boats longer than 12 meters long.

b)
Fig. 1. Boat hull element: a) sketch; b) geometric model

Thumbnails and geometric models of selected
welds are depicted in Fig. 3 and Fig. 4. After creating
the necessary geometric models, they were merged
into assembly units. Three assembly units were cre-
ated according to the types of welds in total. In each of
them, the weld is placed along the contour of the
metal plate, which acts as an element of the hull of the
ship. Also geometric models of welds were cut from
geometric models of plates, in order to avoid colli-
sions (mutual penetration of models).

In addition, it is necessary to create geometric
models of the liquid (separately for each weld) for
liquid-construction interaction analysis. These models
are a parallelepiped, the width and length of which
coincide with the size of the previously created as-
sembly units. Models of the aquatic environment after
the creation are added to the corresponding assembly
units. They should be placed in touch with the element
of the ship’s hull from the side of welds. It is also nec-
essary to cut the geometry of the welds from the geo-
metric model of the aquatic environment to prevent
collisions (mutual penetration of the models).
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Fig. 3. V-shaped seam: a) sketch; b) geometric model

c)

After creating all the necessary geometric mod-
els, simulation can be performed.

Simulation results

CAE systems use a large set of visualization
methods that are classified by the type of mathemati-
cal variables: scalar, scalar field, vector field (for ex-
ample, velocity), and geometry wused (three-
dimensional or two-dimensional). It is important that
the data can be displayed at any stage of the calcula-
tion. This allows you to track the dynamics of the
modeled process.

Types of models in engineering analysis:

1. Geometric model.

2. Calculation model is a simplified geometric
model used for analysis. Simplification of the geomet-
ric model occurs by removing those elements that do
not significantly affect the results of the analysis.
Geometric and calculation models are usually created
at the design stage in specialized programs (for exam-
ple, SolidWorks).

d)
Fig. 4. Weld seams: a) a sketch of a Y-shaped seam; b) geometric model of Y-shaped seam;
c) a sketch of a X-shaped seam; d) geometric model of X-shaped seam

3. The mesh model is a set of nodes and elements
on which the calculation model breaks down.

4. Simulation model is a mesh model with given
boundary conditions and loads.

To build a simulation model, we use ANSYS
Workbench [14], which gives the user a convenient
graphical interface to simplify and systematize the
necessary actions during modeling.

The simulation of the interaction of the liquid-
construction took place in two stages. In the first
stage, modeling was carried out with the help of a
module of hydro-gas dynamics. A feature of this
simulation is finding the value of pressure and flow
velocity within the calculated area. The flow rate was
chosen as 5m/s for this study. Fig. 5 shows the simula-
tion results in the form of a vector field of speed.

Fig. 5 shows that the flow velocity in the central
region of the plate is the lowest (0.45m/s) and in-
creases to the edges, accelerating to 6m/s. The pres-
sure of the water flow has an inverse picture, namely:
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the greatest values of pressure is in the central region
and decreases to the edges.

Fig. 5. Vector velocity field

The second stage is a static structural analysis,
the result of which is the calculated stress-strain state.
Fig. 6 and Fig. 7 show the contour pressure fields of
the plate with the weld seam and the weld itself, re-
spectively.

The results of the study showed that within the
whole assembly unit (welded plate) the distribution
and magnitudes of stresses and deformations are al-
most identical. The exception is the X-shaped weld
seam, in which the minimum stresses and deforma-
tions are at least three times less than in other cases.

According to Fig. 7 it can be concluded that the
stresses directly on the welds are also smaller in the
case of an X-shaped weld seam.

In the future, it is planned to carry out research
on the ship’s hull element in the case of damaged weld
seam. It is also necessary to consider the assembly
unit, which will consist of a large number of plates
(e.g. four), welded together.
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Fig. 6. Contour pressure fields using welds:
a) V-shaped; b) X-shaped; c) Y-shaped
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Fig. 7. Contour pressure fields of welded seams: a) V-
shaped; b) X-shaped; ¢) Y-shaped

Conclusions

In this work, a three-dimensional model of the
ship’s hull element with welded seams was built. To
determine the vector fields of the velocity of water
flow and its pressure in the ANSYS software package,
a simulation of the load on the hull element was car-
ried out using its constructed geometric model. The
analysis of the obtained results made it possible to
determine the stress-strain state of the ship’s hull ele-
ment.

Three forms of welds are considered, namely: V-
shaped, Y-shaped and X-shaped. It is shown that at a
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flow rate of 5Sm/s the minimum load is less than at
least three times for the X-shaped (double-sided)
weld. The maximum loads within the hull element of
the ship are almost the same. It is shown that the
smallest stress within the welds (without considering
the plate) arises when using an X-shaped weld. In fur-
ther research it is planned to investigate the effect of
loads from the water stream on the damaged weld
seams.
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C. O. Huoyabauk, M. O. XoueBuu, A. U. ToBoep
Hayionanonuii mexuiunuii ynisepcumem Ykpainu « Kuiscokuil nonimexniunuii incmumym imeni 12o-

pa Cikopcvkoeoy, Kuie, Ykpaina
MOJEJITOBAHHA HAITPYXXEHO-AED®OPMOBAHOI'O CTAHY IIJIACTHUHU 31 3BAPHUM
IIBOM

HaiiBa)xnuBimmM 3aBIaHHAM IIPH BUOOPI POPMHU KOHCTPYKTHBHUX EJIEMEHTIB KOPITyCY KopalJs € 3abe3rmeueHHs J0cTa-
THBOT MIITHOCTI TIpH Majiii Maci. B ocTanHi poku B Kopadyie0yyBaHHI TOCATHYTO BEIMKUX YCIIXiB 3aBISKH 3aCTOCY-
BaHHIO CyJaCHHX METOIiB 3BapIOBAaHHS /IS 3'€THAHHS JeTallell Ta eJeMeHTIiB. 3aBIIKH MEPEeXoay A0 3BaplOBaHHI, KOp-
ITycH KOpaOJIiB cTanu Ha 6araTo JIeTIIe Hi’K MPU BUKOPUCTAHHI 3aKJICTTKOBUX 3’ €IHAHb. 3BapHE 3'€ THAHH MOXe 3a0e3-
MEYUTH ONTHMAIBHY KOPO3iiHY CTIMKICTh, MILIHICTh i €EKOHOMIYHICTh BUTOTOBJIEHHA. O/iHaK HEOOXiTHO IaM'sITaTH, 10
Oy/ab-sKUH MeTall, BKIFOYAlOYH HEPIKABIFOUI CTalli, MOKE 3a3HABATH MEBHUX 3MiH ITiJ] 9ac 3BaproBaHHsA. ToMy HeoOXin-
HO IIPOSIBUTH PO3YMHY CTYIIiHb 00€PEXHOCTI IiJl Yac 3BaploBaHHs. B ocTaHHI pokM iMiTaniliHe MOJEIIOBaHHS CTa€E JIy-
e MOIYJIIPHUM METOJIOM JIOCHIKSHHS IPOIIECiB 1 siBuil. OKpiM MaTeMaTHIHUX METO/IIB BCE YACTIIIE aBTOPH 3 YChOTO
CBITY MMOYMHAIOTH BUKOPUCTOBYBATH K OCHOBHHI METOJ| JOCIIKCHHS IMIiTaIliifHE MOJICIIFOBAHHS 1 TIOPiBHIOBATH pe-
3YJIBTATH 3 TCOPCTUYHUMH UM CKCIICPUMCHTAIBHUMU. ICHY€e 0e3Ii4 mporpaMHUX MPOAYKTIB, SIKi JO3BOJISIOTH CTBOPIO-
BaTH T€OMETPHYHI MOeli 00’ €KTiB pi3HOI ckiagHOCTi. Jleski 3 IUX mporpaM HaBiTh MalOTh Y CBOEMY CKIaji 06a30Bi
Moy imiTariitHoro moaemoBanHsa. OxHiero 3 Takux nporpam € SolidWorks, sika Oyna oOpaHa 11T CTBOPEHHSI TeoMe-
TPUYHUX MOJIENIeH y TaHOMY JOCIiKeHHI. Y naHiid poOoTi Oyia moOymoBaHa TpUBUMIpHA MOJETH €JIEMEHTa OOIINBKH
Kopabms 31 3BapHUMHU IBaMH. /|1 BU3HAYCHHS BEKTOPHUX TIOJIB MIBUAKOCTI BOJSHOTO TIOTOKY 1 HOTO THCKY B TpOTpa-
MHOMY KomIutekci ANSYS mpoBeneHo iMmiTamiitHe MOIETIOBaHHST HAaBAaHTAXKCHHS Ha €JIEMEHT KOHCTPYKIIii 3 BUKOPHC-
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TaHHSAM HOTO MOOYZ0BaHOT TEOMETPUUHIN MOJelNi. AHaI3 OTPUMAaHUX PE3YNbTATIB JO3BOJIMB BH3HAUYUTH HaMpy>KeHO-
nedopmoBaHMii craH eyeMeHTa oOmMBKHM Kopabms. PosrisiHyro Tpu ¢opmu 3BapHuX IIBiB, a came: V-moniOHa, Y-
noxioHa ta X-noxaioxa. [TokazaHo, o0 IpH MIBHIKOCTI BOASHOIO MOTOKY B 5 M/C MiHIMaJIbHI HaBaHTa)XEHHS IIPU BUKO-
pucranHi X-1OMIOHOTO (ABOCTOPOHHBOTO) MIBA MEHIII MiHIMyM B TpW pa3Hu. MakcnMalbHI HaBaHTQ)XEHHS Y MeKax
eJleMeHTa OOIIMBKHU KOpadisl IpH LbOMY Maibke ogHakoBi. [lokazaHo, Mo HaliMeHII HaNpyXeHHs B MEXaxX 3BapHUX
mBiB (0€3 o3Iy IJIACTHHN) BUHUKAIOTh IPH BUKOPHUCTaHHI X-1OAI0HOTO mIBa. Y MOJANbIIOMY IUIAHY€ETHCS JOCITi-
JMTH BIUIMB Ha MOIIKOJ/UKEHI 3BapHi IIBU HABAaHTAXXEHb BiJl BOASHOTO IIOTOKY.

KurouoBi ciioBa: 3BapHUii moB, iMiTariiiHe Ta reomeTpuane MojaemoBants, ANSYS, SolidWorks.

C. A. Up10yabHuk, M. A. XoueBu4, A. U. Tosoep

Hayuonanvhvii mexnuueckul ynueepcumem Yxpaunwl « Kueeckuil nonumexnuieckuil UHCmumym
umenu Heopsa Cuxopckozoy, Kues, Ykpauna

MOJEJIMPOBAHUE HAIIPS)KEHHO-AED®OPMUPOBAHHOI'O COCTOSAHUA
[TJIACTHUHBI CO CBAPHBIM IIBOM

Baxnetimeit 3agadeii mpu BEIOOpE (HOPMBI KOHCTPYKTHUBHBIX AJIEMEHTOB KOpITyca Kopabiis SBIIsIeTCs oOecrieueHue 10c-
TaTOYHOH MPOYHOCTH MPH MaJIol Macce. B mocneanue ropl B KOpadIeCTPOCHUH TOCTUTHYThI OOJIbIIKNE yCHEeXH Oaro-
Jiapsi MPUMEHEHHI0 COBPEMEHHBIX METO/IOB CBApKH Ul COCJMHEHHs JeTajeld M 3JeMeHTOB. biaromaps mepexony K
CBapKe, KopIryca Kopabiiel cTald Ha MHOTO Jierde, 4eM MpH HCIOJIb30BaHUU 3aKJICTIOYHBIX coefnHeHnil. CBapHOe co-
¢IMHCHNE MOYET 00ECICUNTh ONTUMAIFHYI0 KOPPO3UOHHYIO CTOMKOCTh, IPOYHOCTh U SKOHOMHYHOCTh U3TOTOBIICHHS.
OpHaKO HEOOXOUMO MTOMHHUTb, YTO JIFO00I MeTaul, BKIFOUYAas HEPKABCIOIIUE CTAJIH, MOKET IPETepIIeBaTh ONpPeIeICH-
HBIC U3MCHCHHS BO BpeMsl CBapKu. [103TOMy HEOOXOAMMO MPOSIBUTH Pa3yMHYIO CTEIICHh OCTOPOXKHOCTH IIPH CBapke. B
MOCJIETHIE FOJIbl UMUTAIIMOHHOE MOJICIMPOBAHUE CTAHOBHUTCS OYCHB MOMYJIIPHBIM METOJOM UCCIICIOBAHHUS MPOIIECCOB
u sBieHUi. KpoMe MareMaTHYecKux METOMIOB BCE Yallle aBTOPBI CO BCETO MHPAa HAYMHAIOT MCIOJIh30BATh B KAYECTBE
OCHOBHOT'O METOJIa WCCIICAOBAaHUS UMUTALIMOHHOE MOJICIIUPOBAHKUE M CPABHUBATH PE3YIBTATHI C TCOPCTHICCKUMHU HITH
IKcrepuMeHTalbHbIMUA. CyIIECTBYeT MHOXECTBO HMPOrPAMMHBIX MPOIYKTOB, KOTOPbIE MO3BOJSIOT CO3/1aBaTh '€OMET-
pHYecKre MOJIeNn 00bEKTOB PA3IMYHOI clI0KHOCTH. HEKOTOpBIE U3 ATHX MPOrpaMM Ja)ke UMEIOT B CBOEM cocTaBe Oa-
30BbI€ MOIYJIM MMHTAIIMOHHOTO MozenupoBaHusa. OaHON m3 Takux mporpamm sisiercst SolidWorks, koTopast Opuia
BbIOpaHa JUIsl CO3JJaHMs] TEOMETPHUECKUX MOJIENeil B JaHHOM HCCieloBaHnu. B naHHO# paboTe Oblia OCTpOSHA TpeX-
MepHas MOJIeNIb AJIEMEHTa OOLIMBKU KOpalJisi CO CBapHBIMU LIBaMH. J[yisi ompeesieHns BEKTOPHBIX TOJEH CKOPOCTH
BOJIHOTO IMOTOKA M €ro JaBJICHUs B MporpaMMHOM Komiuiekce ANSYS mpoBesieHO IMHTAIIMOHHOE MOJICIIUPOBAHHUE Ha-
TPY3KU Ha 3JIEMCHT KOHCTPYKIUHU C HCIIOJIF30BAaHHEM €ro MOCTPOCHHOW T€OMETPUYECKON MOJCTH. AHAIIN3 MONydYCH-
HBIX PE3YJIbTATOB MO3BOJIII ONPEICIUTh HANPSHKEHHO-1e()OPMUPOBAHHOE COCTOSHUC 3JICMEHTA OOINUBKUA KOPAOJIs.
Paccmotpensr Tpu (GOpMBI CBapHBIX IIBOB, a UMEHHO: V-00pa3Has, Y-oOpasHas u X-oOpasHas. [loka3aHo, 4To mpu
CKOpPOCTH BOJHOTO IOTOKa B 5 M/C MHUHUMAJIbHBIC HATPY3KHU MPH HUCHOIB30BaHUU X-00pa3HOro (ABYCTOPOHHEIO) IIBa
MEHBIIIC MHHAMYM B TpH pa3a. MakcUMallbHbIC Harpy3Kd B MpeJeliaX 3JIeMEHTa OOLIMBKU KOpaOis MPH 3TOM MOYTH
onuHaKoBbl. [Toka3aHo, YTO HAMMEHBIIINE HATPSDKEHHE B TIpelieliaX CBapHBIX IBOB (0€3 pacCMOTPEHUS MJIACTHHBI) BO3-
HHUKAIOT MPH KCIOJIb30BaHNK X-00pa3Horo miBa. B manpHeiileM IJIaHUpYyeTCs MCCIEIOBATh BIMSHHE HAa TOBPEXKICH-
HbIE CBapHbIE LIBBI HATPY30K OT BOJHOTO MOTOKA.
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