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METHODOLOGY OF INVESTIGATION OF THE INFLUENCE OF THE EXPLOSION ON THE
ELEMENTS OF PROTECTIVE STRUCTURES

The technique of investigation of dynamic processes in elements of protective structures caused by explosive
action is developed. The applied technique is based on obtaining a mathematical model of the process dynamics in
the elements of the protective structure and the use of special Ateb-functions in constructing the solution of the
latter. Analytical dependencies were obtained that describe the laws of change of the defining parameters of the
dynamics of a element of the protective structure. They serve as a basis for evaluating its strength characteristics
and selecting the basic parameters of the elements of the protective structures that would reliably protect the objects
from explosion. It is proposed to change the design of the interaction of the protective element and the environment.
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Problem statement

Different types of protective structures and protective
equipment are used to protect various objects and
personnel from the effects of the damage [1,2]. The
effectiveness of their use depends on many factors: the
structure of construction [3-5]; the properties of the
material used in the protective structure or equipment
[6]; fixing methods or interaction with the object of the
external action etc. Although the impact of the means of
destraction (it is only an explosive action of the striking
elements) is characterized by a small duration of action,
the magnitude of the shock impulse can cause
considerable destructive effects on the objects of
protection. Improving the protective ability of protective
structures under the conditions of use of this material
can, at first glance, by changing the geometric dimensions
of the protective structure (increasing the thickness of
the protective structure). However, this approach is not
always effective because it requires a significant increase
in material resources. In our opinion, more effective are
the ways of making changes to the structural
characteristics of the protective structure or the use of
materials with improved properties. This work is devoted
to reasoning of making changes to some of the simplest
types of protective structures against explosive action of
a striking factor. In it a nonlinear elastic body models
the elements of the protective coating. In order to reduce
the dynamic effect of the explosive force, which has
taken place in the immediate vicinity of the object of
protection, it is proposed to change the method of
fastening the elements of the protective structure. Using

the specified type of fastening elements of the protective
structure, a mathematical model of the dynamics of such
a modernized structure was constructed. Its analytical
solution shows the effectiveness of the above.

Analysis of basic research and recent
publications

The action of an explosive wave or projectile on
protective structures and other objects leads to their
deformation and in some cases to destruction [6-10]. It
is possible to estimate the magnitudes of deformation of
the elastic elements of the protective structures, and
therefore their protective ability, on the basis of the
relations that describe the “dynamic equilibrium” of the
element of the protective structure. The elastic properties
of the elements of the protective structures are described,
as a rule, by nonlinear relations of elasticity theory.
Therefore, mathematical models of the dynamics of
elements of protective structures that take into account
the effect of the explosion on the deformation of the
latter are boundary value problems for differential
equations with partial derivatives [11]. We can find
their solution, and therefore, determine the maximum
deformation and evaluate the efficiency of the elements
of protective structures on the basis of the analytical
solutions of the named mathematical models. Such
studies have only been considered in individual cases
(see, for example, [12-14]) for restrictions that are too
rigid to analyze the effects of the impact of an explosion
impulse. In connection with the above, the paper
attempts to obtain analytical dependencies that would be
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basic for the evaluation of the strength characteristics of
the elastic elements of the protective structures, the elastic
properties of the material of which are described by
nonlinear relations. In addition, the paper proposes to
slightly change the design of the interaction of the
protection element with the object that act on it that is
with external environment, on which will be emphasized
below.

Results. Research methodology

Modern elements of protective structures use
different materials whose elastic properties are described
by relationships that do not satisfy the linear elasticity
law under their large deformations (wood, reinforced
concrete, etc.). With a sufficient degree of accuracy,
they can be described by the relation

o=Ee N+ pf(e.g),
where o, E, € are the intensity, the "modulus of elasticity",

the relative deformation of the material of the protective
element respectively. The analytical function pf(e,¢)

describes a small deviation of the elastic properties of a
material from a power law, that indicate a small
parameter p, v+1= w m,n=012,... . The element
2n+1

of the protective structure can be modeled with a one-
dimensional elastic body. In the case when the explosion is
a short distance from the object of protection, the main
value of the explosive action on the protective structure
(we speak about the overlapping of the blind) is
transmitted by soil. The maximum value of its action on
the protective element (closest to the explosion pillar of
the protective structure) depends on the type and
magnitude of the charge, the properties of the medium
(soil) [7, 8] etc. In a mathematical model, the named
action is modeled by a boundary condition. Thus, the
dynamic explosion action on the projective element
depends on the method of contact between the projective
element of the blind and the environment (soil). As will
be shown below, the use of the traditional fixing of the
ends of the protective element (the classical boundary
conditions [11] in the mathematical model of the
dynamics of the protective element respectively) in
comparison with the proposed in the work does not
reduce the dynamic effect of soil oscillations on the
element of the protective structure. Therefore, it is proposed
to put the ends of the elastic element of the protective
structure on a sloping surface whose angle to the horizon is
equal to o . Then the protective elastic element will perform
longitudinal oscillations and mathematical model of this
process will describe by the equation

2 |
Vg — O (Vx )V Vi =¢f [Vt >V

N Iy sin a exp(— kd )cos nt

:Ef(wt’wx’wtxx) 1)
p

with boundary conditions
w(t,0)=0, w(t,)=hgsinaexp(—kd)cosmt. (2)
We denote by w{t,x) the longitudinal movement of the

cross section of the protective element with a coordinate
x at arbitrary moment of time ¢. The coefficient o is

defined by the formula o? _E where p is the running
p

mass of the protective element. By [ it is denoted the
length of the protective element, d — the distance of the
right support of the protective element (closest to the
explosion) to the explosion point, &g — the amplitude of

soil oscillations caused by the explosion [7], k£, n are

the coefficients expressed by the viscoelastic properties
of the soil [8,9] (n is the frequency of wave

propagation in the soil). The initial conditions for
equation (1), must consistent with the action of the shock
wave on the protective element, the initial velocity of
movement of the protective element must be consistent
with the velocity of the shock wave at the point of
contact between the soil and the protective element.

Thus, the solution of the named problem was reduced
to the construction and analysis of the solution to the
equation (1) under boundary conditions (2) and the
initial velocity of movement that follows from the above.
Before constructing the solution to the equation (1) under
nonhomogeneous boundary conditions (2) by replacing
variables

wix,2) = v(x,1)+0(x,7) (3)

we reduce it to the simplest one with homogeneous
boundary conditions.
The function 6(x,z) in the formula (3) has to solve

the homogeneous differential equation
9xx(x, t): 0
with nonhomogeneous boundary conditions
0(¢,0)=0, 6(¢,1)= hg sinaexp(—kd )cosnz .
It is easy to find that

G(x, t): hg sina expg— kd)cos nt .

Then from the relation (1) implies that the function
v=v(x,7) have to satisfy the nonlinear non-autonomous

equation

/ ’Vbcx):f'g(vt’vxad)bcxant) (4)
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with homogeneous boundary conditions
W(t,0)=0, v(t,7)=0. (5)

In order to solve the nonlinear non-autonomous
differential equation (4) under homogeneous boundary
conditions (5) we can apply the principle of the single-

Wx,t)= a(t)sa(z,vi,nx

+1

v v+2

S I
where o(a)= oa? (Tx] 2 denotes the own frequency,

a(t) — the amplitude of the longitudinal oscillations of

the protective element, 6(t) — their phase. They are

determined by different relations depending on the ratio
between the own frequency (a) and the frequency of

propagation of the explosion shock wave in the soil. The
simplest case of oscillation of the protective element is
non-resonant. It occurs when the own frequency of the
oscillations does not coincide with the frequency of

11 (ale)

We denote by {Xk(x)}z{sa(],

1 k
—,H —x|b a
v+l -]

system of eigenfunctions that describe the forms of eigen

oscillations, and by I, =11 (Lij — their period.

v+1

217 |

" 217 Ploy(a)

v =oy(a)+

00

2Aly

(v + 2 l}
4aHT IP(,O]_ 0

In the formula (8) I1; denotes the period of the

phase of eigen oscillations of the element of the protective
structure.

1
w(x t) asa( o1

where the parameters a, y; are related by the

differential equations (8).

As an example of the effectiveness of using the
general ideas of the described method, consider the
single-frequency oscillations of the protective element,
provided that the resistance force (viscoelastic friction)
is proportional to the velocity at the power 2s+1. The

Jf( )y (xealy + 1Ly (1)

,Hx%xjca(v +11Lyq )+

frequency oscillations and asymptotic methods of
nonlinear mechanics [14] summarized in [15] for the
specified types of boundary value problems. Thus, the
single-frequency oscillations of the protective element
of the considered structure are described by the Ateb
functions [16, 17] by the relation

%cha(V+LLW1) wy = ola)+6(z), ©)

oscillations of the soil or when there is a relation
between the specified parameters of the form
moo(a);t nm, where m, n are relatively simple numbers.
For this case the amplitude and phase of oscillation vary
in time according to differential equations

i) = p 2V LA (ale)h v e)
2l e ) ©
7T

where

B

2a(t)

20 kel v+ L)t o

Taking into account that during the oscillation
period, the amplitude and oscillation frequency of the
element of protective structure change by a small amount,
then the last equations can be simplified to the form

" jjsa(z,v+1,W1)x1(x)f(a(t)xl(x)ca(v+11,W1(t)),...,_jafz)m(a)xl(x)sa(l,v+1,W1(t))jdxdw,

(®)

fealy +1L yy )f(a(t)xl(x)ca(wl,l, \ul(t)),...,—i(tz)m(a)Xl(x)sa(Lv+1,\|/1(t))jdxd\pl.

Summarizing all said above, we can state that in
the first approximate dynamic process of the elastic
protective element is described by the dependence

hq sin a exp(— kd )cos nt .

©)

right-hand side of differential equation (1) in that case

will have the form ef (...):S(Bl(w, )2”1) where By, s

are the known constants.

To find the change in time of the amplitude and
oscillation frequency of the protective structure element
according to the dependences (8), we obtain
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et vt 1)

(10)

i l_,[Bl (Zao)(a)]zs-ﬂ
711, Poy(a) (v+2) F(Z(s+l)+1+ v+1jr[2(s+1)+l+ 1

v+2 2 v+2j

v v+2

— H T4
W:aaz[TxJ 2 .

As for the practical use of the obtained results,
then according to them, it is easy to find the maximum
displacements of points of the protective element. As
follows from (9), they are determined from the algebraic
equation

aw(a@)+hynsinaexp(—kd) =1y, (11)

v+2
where V, denotes the velocity of propagation of the wave

in the soil, more precisely at the point of contact of the
protective element and the soil.

0,005 o

Below in Fig. 1. the maximum deformation value
of the elastic protection element for different values of
parameter v is presented.

Note that for the graph a) we choose the following

values for the parameters =g, d =1.0,15,2 and for

the graph b) — B :g, d=10,15,2.

a)

o1 -04

T
-0,1

b)

Fig. 1. Dependence on the parameter of maximum movement of the element of the protective structure

Conclusions

Analysis of the obtained results and graphical
dependencies based on them show that the dynamic
effect of the explosion on the element depends both on
external and internal factors. To the external factors we
refer the parameters /g, n, d that denote the magnitude

and type of charge of the explosive device, soil type, its
humidity, the distance of the explosion to the protective
structure. The parameters E, v, oo are the internal factors

which denote the physical and mechanical properties of
the material of the protective element, the type of its
contact with the external environment.

The dynamic movement of the points of the
protective element (for unchanged characteristics of the
explosion and soil) is less for the cases of material of
protective elements with a smaller parameter v and a
higher value of the modulus of elasticity. In order to reduce
the dynamic effect of the explosion on the elements of

the protective structure, it is advisable to make its
support plane inclined to the horizon. Reducing the specified
angle implies the maximum dynamic movement of the
points of the protective element, and therefore increases
the reliability of the protective structure.

Concerning the influence of external factors (explosion
distance to the protective object, soil characteristics,
etc.), then from the dependencies (9-11), when

v:O,cx:g, as a separate case, it is obtained the

results from the literary sources known for linearly
elastic longitudinal oscillations of the protective elements.
This, in turn, is a validation of the results obtained in the
work.

It should be noted that the above results can serve
as the basis for calculating the protective structure from
the impact of the explosion or other instant force and
these methods may be understood in cases of more
complex constructions.
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METOIUKA JOCJILIKEHHS BIIJIUBY BUBYXIB HA EJJEMEHTH 3AXUCHUX KOHCTPYKLIN
A.l. Arnpyxis, H.M. I'y3uk, B.I. Coxkin, M.b. Cokin, 0.A. Yaran

Po3spobneno memoouxy 00criodicenuss OUHAMIYHUX NPOYECI8 Y eleMeHMax 3aXUCHUX KOHCMPYKYIll, GUKTUKAHUX 8UOYX08010
diero. 3acmocosana memoouxa 0a3yEMvCsi HA OMPUMAHHI MAMEMAMUYHoi MoOeli OUHAMIKY Npoyecy 8 eleMeHmax 3axucHoi
KOHCMpPYKYIi ma euxopucmanti cneyianonux Ateb-¢ghynxyiti npu noo6y0osi poss ’a3ky ocmannwoi. [1Jooo mamemamuunoi mooderni,
MO 80HA 8PAXOBYE WUPOKULI CNEKMP 306HIUHIX MA HYMPIWHIX YUHHUKIG, MAKUX AK OCHOBHI XapaKmepucmuku eubyxogoi oii Ha
306HIWHE cepedosuuye (TPYHM), 83AEMOOII0 OCIMAHHBOZO 13 eleMEeHMOM 3aXUCHOI KOHCMPYKYii; (hi3uxo-mexauiyni enacmusocmi
Mamepiany elemMeHmy 3axXucHoi KOHCMPYKYil ma s61s€ cob6or Kpailogy 3a0ayy 015 HEeNiHiliH020 OUDEPeHYianbHo20 DIGHAHHSI
einepboniunoeo muny. Ompumano aHARIMUYHI 3a1€HCHOCTI, SIKI ONUCYIOMb 3AKOHU 3MIHU 8USHAYATLHUX NAPAMEempPI8 OUHAMIKU
elleMeHmy 3aXUCHOI KOHCMPYKYIL (GaMnIimyou ma 4acmomu no3008XCHIX Koausanv). Bonu ciyscams 6a3010 0ns oyinku it miy-
HICHUX Xapakmepucmuxk ma eubopy 0CHOBHUX NAPAMEMPI6 eNeMeHMI6 3aXUCHUX KOHCMPYKYIl, sSKi 6 Hadilino 3axuwany 06’ ekmu
wo Ha GIOMIHY 6I0 eleMEHMI8 3AXUCHUX KOHCMPYKYIU, RPYXICHI 61aCMUBOCHI SAKUX 3A0060JbHAIOMb JIHIUHOMY 3AKOHY OJ5
PO32AHYMO20 Yy pOOOMI GUNAOKY, GIACHA YACMOMA iX KOIUBAHL 3ANEAHCUMb GI0 aMNAIMYOU, OUHAMIYHE nepemMiljeHHs. MO4OK
3AXUCHO2O elleMeHmy (01 He3MIHHUX XapaKmepucmuk euOyxy ma IDYHMY) € MeHwum 018 8UNAOKie mamepianie i3 MeHuum
3axuUcHoi KOHCMPYKYIT 0OYinbHO iT NAOWUHU ONOPU POOUMU HAXUNEHUMU 00 2opusonmy. Llnsaxom euxopucmanms oCmanHb020
MOACHA 3MEHWUMU AMAIIIMYOY KOTUBAHb 3AXUCHO20 eleMeHmy, a 8i0maK — MAKCUMATbHI OUHAMIYHI HABAHMANCEHHS, 3YMOBIEH]
cunu 8ubyxy Ha 3axuchy KOHCMPYKYIl0, a cnpageonugicms niomeepotcycmocs OMpUMAHHAM ) SPAHUYHOMY BUNAOKY 8i00MUX Y
HayKo8UX Odicepenax pe3yibmamis, ki Cmocyiomscst IHIUHO-NPYICHUX XAPAKMEPUCMUK eIeMEHNI@ 3aXUCHUX CNOPYO.

Knrwwuoei cnosa: indcenepna cnopyoa, 3axucHa 30amuicmo, 8UOYxXo8a 0isl, N030084CHI KOTUBAHHSL.

METOJAUKA UCCJIEJOBAHUS BJIAUSHUS B3PBIBOB HA SJIEMEHTBI OT PAXKIAIOIIUX KOHCTPYKIMI
AWM. Aunpyxus, H.M. I'y3sik, .M. Coxnn, M.b. Coku, FO.A. Yaran

Paspabomana memoouxa uccredosanus OUHAMUYECKUX NPOYECCO8 6 INEMEHMAX O02PadCOAoWUX KOHCMPYKYuil om
83pui6Ho20 Oeticmeus. IIpumenennas memoouka 6asupyemcs Ha NOAYYEHUU MAMEMAMUYECKOl MOOeu OUHAMUKU npoyeccd 6
eMeHmax oepasxcoaloujeli KOHCMpPYKYuu 1 UCNOAb308aHUU CheyuanbHblx Ateb-@ynkyuil npu nocmpoenuu peulenus nocieoHel.
Mamemamuueckas mooenb yuumolgaem wWupoKuli CHeKmp 6HeWHUX U 6HYMPEeHHUX PAKmMopos, MaKux KAk OCHOBHbIE
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XapaxmepucmuKu 83pul6HO20 O0elCMEUs HA OKPYHcarowyio cpedy (noygy), 83aumooelicmaue nocieoOHe2o ¢ INeMEHMOM 02PaiC-
oarowjeli KOHCMPYKYUll; PUIUKO-MEXAHUUECKUE C8OLICMBA MAMEPUANd SeMEHMA 02PadlcOarujeti KOHCMPYKYUU U npeocmagisiem
coboil Kpaegyio 3a0ayy Oiisl HeluHelH020 Jupgepenyuanrvioco ypagnenus cunepbonuieckozo muna. Ilonyuenv anarumuyeckue
3aBUCUMOCIIY, ONUCHIBAIOWUE 3AKOHbL USMEHEHUS NApaMempos OUHAMUKU dleMenma ogpadcoaroweii konempykyuu. OHU cayscam
6a301i 015 OYeHKU ee NPOYHOCMHBIX XAPAKMEPUCIIUK U 8b100PA OCHOBHBIX NAPAMEMPOS INEMEHINO8 02PAHCOAIOUWUX KOHCIPYKYUL,
KOMOopble HAOENCHO 3awuiyani 00veKmyvl om 63pbleHo20 Oelicmeus. [Ipednodiceno usmenenue KOHCMPYKYUY 63aUMOOeUCmEUs
3aUWUMHO20 eMeHma u eHewHell cpedbl. IIoKa3aHo, Ymo 6 OMAULUL OM DEMEHMOS 3AWUNHBIX KOHCIMPYKYIll, Ynpyeue Xapak-
MepUCmuKU KOMopsix yOO6IemeopsAIont IUHEUHOMY 3aKOHY YAPY20Cmu OJid pACCMAMPUBAEMO20 Cy4ds, COOCMEEHHAs Yacmoma
UX KOIeOAHUL 3a8Ucum om amuaumyobl;, OUHAMUYECKOe NepemMeujeHue MmodeK 3auumHo20 deMeHma (01 NOCMOSIHHBIX XapaK-
MepucmuK 83pi6a U NoY8sl) MeHbvule Ol CIyYaes MAmepuaios ¢ MeHbUUM 3HAYEHUeM napamempa u OONbUUM 3HAYEeHUeM
mooyas ynpyzocmu. C yenvto yMeHbUuleHUs OUHAMUYECKO20 B030€LICIBUS 63PbIBA HA IJeMEHNbl 02padtcOaujell KOHCMpYKYuu
YenecooopasHo ee NIOCKOCHIU ONOPbL 0elanb HAKIOHEHHLIMU K 20pu30Hnty. Tlymem ucnoib308aHus nOCIeOHe20 MOXCHO YMEHbUIUIMb
amMnaumyody KoneOaHull 3auumHo20 1eMeHmd, Cle008amebHO MAKCUMATbHbIe OUHAMUYECKUE HASPY3KU, 00VCIOBNeHHbIe GIUSHUEM
6HeuwiHe20 83pbleH020 Oelicmeus. OcHo8HbIE pe3yIbmamsl pabomsl Mo2ym oums 0600ujeHbl U HA CYUall HenocpeoCcmeeHHO20
OetiCmeust 63pbléa HA 3AUUNHYIO KOHCIPYKYUIO, d UX OOCHOBEPHOCHb NOOMBEPHCOAEMC NOTYYEHUEM 8 NPeJebHOM Cyude U38echi-
HbIX 6 HAYYHbIX UCIOYHUKAX Pe3YIIbIMAMO8, KACAIOWUXCS TUHEUHO- YIPY2UX XapaKMepUchuK 1eMeHmos 3auunHbIX COOPYICEHU.

Knroueevie cnosa: UHIICEHEPHOE COOpYIHCEHUE, 3AUUMHAs CI’ZOC06HOCmb, 83pbleHOE ()echm@ue, npOOOJleble KoneOanusl.
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OIIHKA E®GEKTUBHOCTI 11 MOBLJIbHUX BOMOBUX POBOTIB METOJIAMMA
TEOPIi MACOBOTI'O OBCJIYTOBYBAHHSA

Y emammi 0oeeodero, wo na cyuacnomy emani po3gumky 8imuu3HAHOL BIICLKOBOI HAYKIUL MOOETOBAHHS 60U08UX Oill
€ 6ANCTUBUM THCMPYMEHMOM 011 NPOSHO3VEAHH MOJICIUBUX De3VIbmamie 00106020 3IMKHEHHA 3 NOOANbUUM
BUPOOIEHHAM PEKOMEHOAYill w000 1020 NAAHYB8ANHS MA 6edeHHs. Buznayeno, wjo inwi Mamemamuini Memoou 0aions
WUPOKT MONCTUBOCI SUPIUIEHHS YACKOBUX 3A80aHb NI0 YAC peanizayii npUHyUnie ilicbkoso2o mucmeymsd. 3a
O00NOMO20I0 PIZHUX MAMEMAMUYHUX MemoOie ma eleKMpOHHOI 0OUUCTIOBATIbHOI MEXHIKU € MONCIUBICIb 8UPOOIAMU
KIMbKICHI pexomenoayii 01 npuiiHAmms pilueHsb y pisHux 60U08ux cumyayisx.

Posenanyma mooicnugicmos 3acmocy8anHa MemoouK CUCHEM MAco8020 O0CHY208Y8aAHMS Ol MOOENI0BAHHSA
botiosux Oitl MOOIILHUX DOUO0BUX POOOMIE. 3acmOCy8aHHs MAKUX MeMOOUK O00380JUN0 OMPUMAMU AHALTMUYHULL
onuc QinanvHux UMosipHocmel OfiA HENO8HO OOCMYNHOI CUCEMU MACO8020 00CIY208Y8AHHA MA POSUUPUMU
MOANCIUBOCMI BPAXYBAHHI YMO8 GUKOHAHHA OOUOBUX 3A80AHL BIICHKOBUX NIOPO30iNi6, AKI OCHAUjeHi MOOLTbHUMU
bouosumu pobomamu. 3 yicio Memoro npueedena ma po3eiAHyma MoOeisb, Wo ONUCYE Oill, Koau cmpinbba eedemvcs
N0 CNOCMepPediCy8anUxX Yiiax i, y pasi ypasicenus Yini, 6020Hb MUMmMEBO NePEeHOCUMbCs Ha Heypadiceri. 1l modens
npoinocmposana yHKYionaibHow cxemMol0, KA HA0YHO NOKA3YE pOOOMY NO YiiAX n’Amu 0OHOMUNHUX MOOITbHUX
bouosux pobomis. Ilpu yvomy eusenenns yinetl 30iliCHIOEMbCA 34 NOKAZHUKOBUM 3AKOHOM 3 (YHKYIEIO pO3NOOIY
uqcy obcny2o8y8anHs yini ma cepeoHill IHMeHCUBHOCMI iX USABNEHHSA U 3HUWYEHHSL.

Busnaueni xapakmepucmuku epekmugHocmi pooomu cucmemu Maco8o20 00CLY208Y6aHHs Y CIMAYIOHAPHOMY
(ycmanenomy) pedxcumi, moomo npu HeoOMeHCeHO 3pOCmaroyoMy daci it pobomu. Taxodic yeedero 0sa koeghiyicHmu, sKi
Xapaxmepu3zysamumyms GIOHOWEHHS MIJIC MPUBALICIIO (a3 HAHeCeH s yOapy ma 4acoM 6Cb020 npoyecy 00ciy2o-
sysanna yini. Ha ochnogi npogedenux 00CHiodicenb O0as Npukiady Oyau nposedeni 6i0N0GIOHI pO3PAXYHKU MA
OKPECNICHI MeNCT MONCIUBO20 3ACMOCYBAHHS 2PYNU MOOLTLHUX OOUOBUX POOOMIB, KA CKIA0AEMbCA 3 N AMU 0OOUHUYb, OJIs1
8ILICbK0B020 Nidpo30iny. Busnauena 3asanmasicenicms K0J’CHOT Mauwunu i, 8ION0BIOHO, epheKmueHicms niopo3oiny 6
Yinomy, Ha0aui pekomeHoayii wooo ix KitbKiCHO20 CK1aody.

Knwouogi cnosa: egpexmusrnicms 3acmocysaniisi, MOOIbHULL O0UO8ULL pOOOM, MOJeno8arnHss 6otosux Oill, meopis
MaAco8020 00CIY208Y8AHHSL.
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