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MODELING OF THE HIGH-SPEED PUNCHING DRUMMER BARRIERSAS
A SET OF HOLLOW CYLINDERS

Were analyzed the characteristics of damaging elements of artillery systems and small arms. Were analyzed the
characteristics and structures of personal Armor protection. Modern protection has layered structure. The main blow of
high speed sub munitions takes the hard plate. They can be made of metal or high-strength double-layer panels. At a
meeting with the panel the toe of bullet was destroyed. As a result of growing area of interaction between the bullet and the
panel, there is a deflection and uncoupling ceramic bullet while destruction. When you hit the drummer in the obstacle
created several types of wave perturbations that propagate with different velocities. These effects cause is a complex stress
state structure, whose intensity decreases rapidly with time. The aim of the article is to investigate the interaction of high-
striker with a protective barrier in the form of a set of hollow cylinders. The methods that are used: Improving personal
armor protection can be achieved by applying the optimum combination of new materials and advanced structural and
circuit design. Character penetration drummer an obstacle may change if the obstacle is to imagine a structure that consists
of a set of hollow cylinders. Considered the process of interaction, of high-speed impactor, with a protective barrier, in the
form of a set of hollow cylinders. In contact with the surface layer drummer obstacles by having an expanded, drummer enters
the hollow cylinder, which closely hugs the side surface of the impactor, creating resistance to motion. When moving drummer
in the cylinder is converting kinetic energy into energy impactor cylinder and deformation work to overcome friction. Thus,
the energy of drummer extinguished intermediate layer and redistributed to the power frame inner layer. following results are
obtained. The proposed a model to determine the depth of penetration drummer an obstacle in the form of a set of hollow
cylinders. There are results of the calculations. It is proposed to further improve the protection of personal Armor achieve
by applying the optimum combination of new materials and advanced structural and circuit design.
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hollow cylinder, penetrating power.

Formulation of the problem

Despite the rapid development of modern methods
of warfare and the development of weapons based on
new physical principles, armed with modern armies are
improved traditional means of destruction. Therefore,
urgent tasks are the development of modern means of
personal body armor.

When conducting modern military operations there
are different types of weapons and ammunition, each of
which has its own set of characteristics (mass, shape,
hardness, speed, etc.), which complicates the solution of
the problem of protection against them. The main
striking elements are the following:

1) fragments of artillery and rockets, grenades,
mines;

2) high-speed bullet;

3) low-velocity bullets.

Fragmental weapons can produce thousands of
pieces of small sizes of various shapes, most of which has
a mass of about 1 gram. Fragments have an initial speed
of 1000-2000 m/s, but with an irregular shape, quickly
losing it. They are a source of injury in a large area.

High-speed bullets have greater penetration than
fragments [1]. On penetration bullet affects its structure.
Bullet with a round toe, the core and the shell of a soft
alloy more amenable to deformation in a collision with
a protective barrier than steel shards. However,
elongated shape still increases its penetration. Heavier
bullets with low-speed weighing up to 15 grams of
reaching speeds of up to 400 meter per second.

Therefore, they have almost the same level of
penetration into the protective barrier that of high-speed
low mass fragments. With this in mind, personal body
armor must meet various requirements for protective
characteristics corresponding to different levels of
threat. In turn, the threat level is determined by the
nature of the fighting, weapons and views used in
accordance with this dictates the need for the degree of
security of the personnel.

It is known that the armor penetration [2] of
bullets of small arms is defined as the maximum
thickness for penetration of armor steel, and on the
ability of penetration through the protective clothing of
various classes of protection while maintaining after-
penetration effect action sufficient to guarantee the
decommissioning of the enemy. In various countries the
necessary residual energy of a bullet or bullet fragments
after the breaking of protective clothing is estimated
between 80J and more. In general, it is known that, as
used in armor-piercing bullets sorts cores after breaking
barriers have a sufficient lethal effect caliber core only
at least 7.6 mm, and its residual rate of at least 200
meter per second.

Modern protective equipment (Fig. 1) has a layered
structure [3]. The basic personal protective equipment
material is resistant to high-energy shock fabric fibers
made of synthetic, special composition and structure.
This fabric is used in the form of a package of several
layers, delays and low-speed bullet splinters. To keep the
high-speed sub munitions used rigid plate. Furthermore,
for cushioning, the cushion layer is applied.
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The main hit of high submunitions perceives rigid
plate. They can be made of high strength metal or
double-layer panels. Upon impact with the panel, bullet
sock destroyed. This increases the area of interaction of
the bullet and the panel comes deflection and splitting
ceramics while fracture the bullet.

Fig. 1. Types of body armor

In the scientific literature, most attention is paid to
the definition of required thickness barrier, depending
on the impact velocity [4—7]. It is noted that the reaction
of the hammer with the barrier with low speed inertial
forces are negligible compared to the strength
characteristics of the elements. Deformation covers the
entire structure and has is mainly elastic character. At
medium speeds the hit force of inertia can be impact
comparable with the static penetration resistance,
deformation is local and is characterized by high values
of the plastic deformation and its speed. At high speeds,
the hit becomes more prevalent inertial forces within the
material interacting elements close to hydrodynamic.

Different researchers have produced a variety of
empirical formulas which take into account the basic
parameters of the impact [4, 5] (formula by Petri,
Nobile, Saatchi and Kruppov, Havre, Thompson,
Davies, Berezanskaya and ets.), based on experimental
data obtained during shelling of armor plates at different
conditions, which narrows their field of application.

However, most studies have paid attention to the
mechanical characteristics of materials, much less
design parameters evaluated barriers. Common to the
known studies is that the protective barrier provided in a
plate (kit plate), while one of the components of
firearms is a mechanical system consisting of a striker
(bullet) and barrel (sheath).

Thus, these data suggest that the theory of the
mechanical interaction of projectiles from obstacles [8]
of various kinds has not received its completion, the
processes occurring in hit interaction of elements of
mechanical systems is not fully understood, and applied
models and methods of calculation depend on the
necessary the accuracy of the results, while not
measured structural parameters barriers. It is suggested

that further improvement of personal body armor can be
achieved by applying the optimum combination of new
materials and modern design-circuit design.

Processes occurring in the punching of barriers are
very diverse and depend on many factors. The main
ones are: the speed and direction of impact, size and
shape of drummers, the design and manufacturing
technology of protective equipment, the physical and
mechanical properties of materials and drummers
protective barriers.

The reliability of the forecast of the results of
impact interaction drummer barrier rises comparing the
results of the analytical and numerical modeling, and
data field tests. A comprehensive experimental- design
study features of the interaction of projectiles with
targets is essential for a reliable forecast of the results of
the interaction of the elements and can significantly
improve the efficiency of development of constructive
solutions. This research scheme (the study of the
behavior of structural elements under real conditions of
dynamic loading, numerical and experimental
modeling) allows you to create a basis for the
development and justification of recommendations for
the rational design and selection of materials and their
structural condition, to enhance the effectiveness of
their use in designs.

The scientific basis for studying the process of
breaking down barriers by high-speed strikers are theory
of elasticity, ductility and strength of materials,
theoretical framework for ensuring the survivability of
personnel departments in the conduct of hostilities, the
theory of reliability models, mathematical modeling,
mathematical design of experiments.

The aim of the article is to investigate the
interaction of high-striker with a protective barrier in the
form of a set of hollow cylinders.

The Main material

The process of penetration of the striker in the
traditional protection barrier which is integrates several
physical mechanisms. In this case, there is a stage
associated with apart of the target material and the stage
of knockout plugs (scabbing).

When you hit striker on the barrier there are
several types of perturbation waves traveling at different
speeds. These disturbances cause design complex stress
state, the intensity of which decreases rapidly in time.

The initial stage of penetration of the striker in the
barrier [9, 10] is determined by the point in time during
which the drummer penetrate the barrier at a depth of
about two of it diameters. During this period, for the
non-deformable drummer with conical warhead changes
the character of the movement and the stress-strain state
of the target material, and the penetration force reaches
a steady state value other than efforts in the surface
layers. (In the case of interaction between striker with a
relatively strong barrier at the initial stage of an
intensive deformation of the head of the striker and the
formation of its new form).

After reaching a certain critical penetration depth of
the crater size ceases stop change and starts to form the
main channel of the cavity. The final stage of penetration
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barrier is considered part of the process, which starts with
the approach striker to the back surface of the barriers to
a certain critical distance, and ends with the release of the
striker obstructions. Achieving the specified distance
associated with access to the back surface of the plastic
zone, it causes a change in the stress-strain state of the
interacting elements.

When approaching striker to the back surface of
the barrier, there arises the tensile zone of radial and
tangential stresses and o, and G, as expanding conical
funnel. As a result of these stresses in the material can
be damaged or cracked. Further movement of striker
leads to mechanical damage of the target material.

The nature of striker penetration into the target
may change if the barrier will be a structure consisting
of a set of hollow cylinders (Fig. 2).

4
/
a
a
/
9
9

Fig. 2. The construction
of the barriers

Structurally, the protective barrier of this type may
comprise outer, intermediate and inner layers [11].
Wherein the outer layer is made as a set of
interconnected hollow cylinder with a closed bottom
and a top part which extending and made of materials
possessing ductility property. The inner layer is a frame
structure in the form of spatial lattice consisting of a
plate connected to the placed perpendicular to the
reinforcement ribs, the distance between which is
greater than the outer diameter of the cylinder of the
outer layer. The outer and inner layers are
interconnected by means of an intermediate layer of
adherently-elastic material. The construction of outer
protective barrier layer can convert the kinetic energy of
striker to the work by plastic deformation of the
cylinder. Application of the inner layer as the power
frame, allows striker to redistribute energy over a larger
area. The use of an intermediate layer of adherently-
elastic material can reduce the energy transmitted by
drummer to inner layer of protective barriers.

Upon contact with striker outer barrier layer, by
having the divergent upper part, the hammer falls in a
hollow cylinder that fits tightly the lateral surface of the
moving striker, which creates a resistance to its
movement. When moving striker in the cylinder of the
kinetic energy is converted into energy of striker

cylinder and a deformation work to overcome the
friction force. In this case, part of the energy striker is
extinguished intermediate layer and redistributed on the
frame structure of the inner layer.

Consider the process of interaction between the
hammer (bullet) with thick-walled hollow cylinder
(tube) (Fig. 3), using the elements of the theory of
plastic deformation of thick-walled pipes which are
under internal pressure pi created penetrated into the
cylinder drummer. At the same time, ri - the inner radius
of the cylinder, ro - the outer radius of the cylinder.
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Fig. 3. Scheme of the interaction
of the bullets with a hollow cylinder

Of the three principal stressescy, G, ©;, occurred at
the same time in the cylinder design according to the
results given in this article [12], the most important is
the voltage oy, and the smallest o,. In this case, the
plasticity of the condition can be written as:

Cco-0; =2k, (1)

where k=0.5 o, — the criterion of plasticity of Saint-
Venant.

From the analysis of the expression for oy in
solving elastic problems for thick-walled pipes [12] that
the greatest tension will be in the interior of the pipe.
With increasing internal pressure p, in the plastic state
will go first inner layer. In order to determine the value
Py, wWhere plastic deformations appear in the inner layer,
substitute the plasticity condition (1) and the expression
for oy and o,, obtained by solving the plane problem of
elasticity theory, denoting the internal pressure
corresponding to the start of plastic deformation of p;:

P 2 2
;—g-(rn/rv +1)+pl =2k

hereof
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Consider a case in which the internal pressure
pv> pi. The internal portion of tube section will be in a
plastic state, and external - in the elastic. The boundary
between the plastic and elastic zones is a cylindrical
surface of radius 7. On the border of this layer is radial
stresses G;, which is denoted by ¢g. Thus, it is determined
by the formulas [10] to the outer layer of the pipe with
an inner radius ri, pressure q and an outer radius 7, of
voltage c,and Gy :

2
e -q
_ t 2/2 .
GV——ﬁ'(i’;n r —1),
Py =1
2
e -q
_ N . 2/2
Op = (rn r +1).
Py =1

To determine these values, consider the inner layer
of the pipe is a pipe under internal p, and external p,
pressures. The inner radius r, of the pipe and the outer
r.. This pipe is entirely in the plastic state. Therefore, in
addition to her equilibrium differential equation:

%y ,5r=% _ )
or r

Have plasticity condition (1).
After substituting this condition in (2) we get:

do, _ 2k

or r

After integrating this equation we obtain:
6, =2k-(Inr+ Q). 3)

The integration constant C we find the condition
that at » = r,, 6= - py, then 2k- (In r, + C) = - p,,where

C=—(In ry+ p,/2k).
After substituting the integrating for C (3)

c, =2k~ln(r/r3)—pB. 4
From plasticity conditions
og = 2k(In(r,/r,) + 1) = p,. (5)

Thus, for plastic (internal) stress area defined by
the formulas (4, 5). At the boundary between the elastic
and plastic zones, i.e. at r=r,, voltage o, and Gy,
defined by the formulas for the elastic (¢”; ,6%) and
plastic (c",6"g) zones should be the same, that is, to
determine the unknown q and r, are the following
conditions: when

r=rcy=-q, G¢=0C%,
the first condition:
g = —(2kIn (r[/rv) - Do)

from the second condition, we obtain:
2k - (ln(rl/rv) + 1) -p, =

= (pv - 2kln(r,/rv)) . (rnz, + rtz)/(rnz,

2
7).

From whence
p, =k- (2ln(rl/rv) - rtz/rn2 + 1).

If the plastic zone will occupy all the cross-section,
the bearing capacity of thick-walled tube is exhausted.
The value of the internal pressure limit is determined by
the formula:

pnp,=2kln(r/rv). (6)

The force P acting on the annular element unit
width of thick-walled pipes is determined by the
expression:

P=27T1 ppp. (7
The force causing the tangential stresses in the
cylinder, with the proviso that the plastic zone will

occupy all of the cylinder section and carrying capacity
is exhausted:

P=2Tcrk8cs@, (8)
where 7, — final (after deformation) radius of the
cylinder;

5 — the thickness of the cylinder.

The force pulling the striker within the cylinder
defined by the formula:

P =1, -P, 9)
where f] is effective coefficient of friction.
Drummer energy expended on overcoming the
forces of friction and deformation of the cylinder:
EZ = AETP, + AEHeq),.

The path traveled by the striker inside the cylinder,
by the formula:

Es =P h, (10)
where we find &
E
h=-—%. 11
A (11

Determine the magnitude of the penetration depth
of BSC-43 bullet weighing 7.9 g, and the initial speed of
715 meters per second with a steel core Kalashnikov
(AKM) in a steel cylinder, provided that the plastic zone
will occupy all of the cylinder section and carrying
capacity is exhausted.

Substituting in the formula (6)—(11) the following
parameters:

7. =0,0038 m;

6=10,01 m;

co = 1,22x10°H/ m?;

f1=1,2; bullet energy

Es=2019 J.
As a result, the calculations we get: 7 = 0,007 m.
Results of field experiments confirm the

fundamental possibility of stopping bullets barrier of a
set of hollow cylinders (Fig. 4).

Calculation of breaking the plate thickness of the
same material from the formula by Thomson gives the
following result.
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Fig. 4. Experimental results

The total energy absorbed by the plate during its
plastic deformation during expansion hole is defined as
follows:

Es = nR*h- [0/2 +p- uR/L],

where R — caliber of the bullets, m;
h — thickness of a punched layer barrier, m;
o — limiting stress for the environment, MPa;
p — density of the fluid kg / m?;
u — bullet speed, m/s;
L —length of the bullet head, m.
For steel barriers with parameters
6 = 1200 MPa; p = 7800 kg/m?;
characteristics bullet
u=715m/s; R=0.00762 m; L =0.012 m,
the energy
Es=20191
the thickness of the punched of barrier layer
h=0,018 m.
Dependence of thickness of the broken through
layer of barrier of # on the thickness of cylinder o,
presented on a Fig. 5.
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Fig. 5. Dependence of thickness of the broken through layer
of barrier on the thickness of cylinder

Conclusions

1. Investigated the process of the interaction of
high-drummer (bullet) with a protective barrier in the
form of a set of hollow cylinders.

2. Propose a model for determining the depth of
penetration of high-speed drummer into the hollow
cylinder.

3. The calculation of the depth of penetration of
bullets of BSC-43 weight of 7.9 grams and an initial
velocity of 715 m/s with steel core from a Kalashnikov
(AKM) in a steel cylinder, provided that the plastic zone
will occupy all the section and bearing capacity of the
cylinder is exhausted.

3. The calculation of the depth of penetration of
the BSC-43 bullets from a Kalashnikov (AKM) in a
plate of the same material from the formula Thomson.

4. Further studies are related to taking into account
the violation of the structural integrity of the bullet with
steel core and a lead jacket, the possibility of which
must be considered when designing the protective armor
constructions.
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MopesnroBanHs nponecy Npo0HBaHHSA BHCOKOIIBHIKICHIM YIapHAKOM IEePENOHH
Y BUIJIsiAi HA00py NOPOKHUCTHX MITIHAPIB

A. B. Kosrys, B. O. TabyHeHko

INpoanani3oBaHi XapaKTEepHCTUKH Bpa)kalOUMX EJIEMEHTIB apTHIepiichbkux cucreM i crpinenskoi 36poi IIpoananizoBani
XapaKTepUCTUKH M KOHCTPYKLII iHAMBigyaJlbHUX 3aco0iB OpoHe 3axucry. OCHOBHMI yJap BHCOKO LIBHJKICHHX BPa)karodqmx
€JIEMEHTIB NPUIMAIOTh KOPCTKI IIaCTUHU. BOHM MOXXyTh OyTM BHKOHAHI 3 BUCOKOMIIIHUX METaJliB a00 JABOIIAPOBUX IAHENEH.
Ilpm 3ycTpidi 3 Takow MaHEIIII0, HOCOK Kylli pyHHYyeThcs. B pesynprari 3pocrae miomia B3aeMOZil Kylli i MaHewi, BUHUKAE
IPOTMH 1 PO3UEINICHHS KepaMiKu IPU OJHOYACHOMY pyHHYyBaHHI Kyini. IIpu ynapi ymapHuMKa 1O HepelIkoji B Hili BUHHKAe
JIeKiJIbKa THIIB XBWIb 30ypIOBaHb, SIKi IOMIMPIOIOTHCS C PI3HUMM MIBUAKOCTSMU. LI BIUIMBM BUKIMKAIOTh B KOHCTPYKLIl
CKIIaJHUH HANpPYKEHWH CTaH, IHTEHCHBHICTb SIKOIO IIBHJIKO 3HIXKYEThCA B uaci. Mera cTaTrTi — JOCHIIKYBaTH IpOLEC
B3a€MOJIIT BHCOKOIIBHIKICHOIO yJapHHMKA i3 3aXHCHOIO HEPEIIKOJOI Y BUIVIAAI Habopy HycToTinumx Huiinapis. Merogu
JOCJi/KeHHsA. YIOCKOHAJICHHS 3aco0iB i1HAMBILyaJIbHOTO OpOHE 3aXHMCTy MOXe OyTH JOCATHYTO MUIIXOM 3aCTOCYBaHHS
OITUMAJILHOTO OEHAHHSA HOBUX MaTepialiB i CydaCHUX KOHCTPYKTHBHO-CXEMHHX DillleHb. XapaKTep IPOHUKHEHHS yIapHHUKa
B IIEPEIIKO/LY MOJKE 3MIHUTHCS, SKIIO MepelKkona Oyne ysABISTH cOO0K KOHCTDYKIIiIO, SIKa CKIIAIA€ThCs 3 HAOOpy MyCTOTiNNX
ITiHAPIB. PO3risHyro mpouec B3aeMOJil BHCOKO MIBHIKICHOTO yJapHHUKAa 3 3aXHCHONI0 MEPEIIKOIOK Yy BHIJIAAI Habopy
MYCTOTIMX UWIHAPIB. IIpy KOHTaKTi ynapHUKa 3 IOBEPXHEBUM IIAPOM IEPEIIKOAM, 3a PAXyHOK HAsBHOCTI PO3IIMPEHOI
BEPXHbOI YAaCTHHM, YJAPHUK IIONA/a€ B IyCTOTUINH LMIIHIP, SKUH LIIJIbHO 00ilfiMae OOKOBY MOBEPXHIO yIApHHUKA, ILI0 CTBOPIOE
cynporus ioro pyxy. Ilpu pyci ynapHuka B LWIIHAPI INPOXOIMTH IEPETBOPEHHsI KIHETWYHOI €Heprii ylapHUKa B €HEprio
nedopMyBaHHS LIIIHAPA I poboTy 1o nepeGopeHHto cuik TepTs. [Ipyu boMy YacTHHA eHeprii ylapHuKa raCUThCs MPOMIXKHUM
IApOM 1 Tepepo3NOALIAEThCS HA CUIIOBHM KapKac BHYTPILIHbOro mapy. PesyiabTaT. 3anmpornoHoBaHa MOJENb BU3HAUCHHS
IJIMOMHU TIPOHMKHEHHS ylapHUKA B MEPEIIKOy y BUMNIANI HaOopy IyCTOTiNMX LuutiHapiB. HaBeneHi pe3ynbraT po3paxyHKiB.
IponoHyeTbest mopaibllie  yAOCKOHAIEHHS 3aco0iB  1HAMBINYaJbHOIO OpOHE3aXHCTy MAOCSAraTH ILUIIXOM 3aCTOCYBAaHHS
OITUMAJILHOTO NOEIHAHHS HOBUX MaTepiajiB i CydaCHUX KOHCTPYKTHBHO-CXEMHHX DillICHb.

Kaw4yoBi ciooBa: OpoHe3axucT, BUCOKONIIBHAKICHHN yHAapHHK, IO Bpa)kae €JIEMEHT, PiBHI 3arpo3u, IEperKoa,
IuIacTH4Ha fiehopMmalis, OPOKHUCTUH LMIITHP.

MoaeanpoBaHue mpouecca MPOOHBAHUsS BbICOKOCKOPOCTHBIM YIaPHHKOM Mperpaibl B BUe HA00pa MOJIbIX IHJIHHAPOB
A. B. KoBryH, B. A. TabyHeHko

[IpoaHann3npoBaHbl XapaKTEPHCTHKU MOPAXKAIONIMX JJIEMEHTOB AapTHIUIEPUICKUX CHCTEM M CTPEIKOBOTO OpPYXKHS
[POAHATM3UPOBAHBI XapAKTEPHUCTUKH M KOHCTPYKLMH WHAMBHAYaIbHBIX CPEACTB OpoHe 3amiuThl. OCHOBHOM y/ap BBICOKO
CKOPOCTHBIX MMOP&KAIOIIUX 3JICMEHTOB MPHHUMAIOT KECTKHE IUAacTHHBL. OHM MOTYT OBITh BBIMOIHEHBI U3 BBICOKOIPOYHBIX
METaJUIOB WIM ABYXCIOHHbIX naHesnei. IIpu BcTpede ¢ Takoi maHesbro, HOCOK Iuapa paspymaercs. B pesymbrare pacrer
IUIOIIAAb B3aUMOJIEHCTBHS IIapa M IaHeNIH, BO3HUKAET NMPOru0 M pacleIuieHHs] KepaMHUKU IPH OIXHOBPEMEHHOM pPa3pyLICHHH
mapa. Ilpu ygape ymapHHKa MO TNPEHATCTBHSAM B Hel BO3HHMKAeT HECKOJBKO THIIOB BOJH BO3MYIICHHH, KOTOpbIC
PactpoCTPaHSIIOTCS ¢ Pa3HBIMU CKOPOCTSIMU. DTH BO3JECHCTBUS BBI3BIBAIOT B KOHCTPYKIMH CIOKHOE HAIPSHKEHHOE COCTOSHHE,
WHTEHCHUBHOCTH KOTOPOro OBICTpO CcHIKaeTcss Bo BpemeHu. lleqb cTaTbM - WcCienoBaTh IPOLECC B3aMMOACHCTBHS
BBICOKOCKOPOCTHOT'O yZapHHKa C 3allUTHOW Hperpanoi B Bujae Habopa IyCTOTENBIX LIMIMHAPOB. MeToabl MccJieqoBaHUS.
COBEpIICHCTBOBAHKUE CPE/ICTB WHAMBHAYAIbHOH OpOHE 3alMThl MOXET OBITh JOCTHIHYTO IyTeM IPUMEHEHHs ONTHMAIbHOrO
COUYCTaHHUsT HOBBIX MAaTEPHalOB M COBPEMEHHBIX KOHCTPYKTHBHO-CXEMHBIX PEIICHHH. Xapakrep MPOHUKHOBCHHUS YIApHUKA B
MPENSTCTBUE MOXKET W3MEHHUTHCS, €CIH IPEeNSTCTBUE OyleT NpeicTaBisTh COOOM KOHCTPYKIMIO, COCTOSIIYI0 W3 Habopa
ITyCTOTEJBIX IIINHIPOB. PaccMoTpeH nporiecc B3anMOIEHCTBHS BEICOKO CKOPOCTHOTO yIAapHHUKA C 3alUTHBIM TPEISITCTBUEM B
BUJie Habopa MyCTOTENbIX LIIMHAPOB. IIpH KOHTaKTe yJapHHKa C MOBEPXHOCTHBIM CIIOEM MPEIISITCTBHS, 38 CUCT HaIWUYHs
PpacIIMpEeHHOH BEpXHEil YacTH, YIapHHUK MOMaJaeT B IyCTOTENbIN IIHHIP, INIOTHO 3aHUMAeT GOKOBYIO MIOBEPXHOCTD yIapHHKA,
YTO CO3/IaCT COMPOTHBJICHHE ero JABMKCHUS. [Ipy IBMXCHUH yIapHHKA B LIIMHAPE MPOXOIUT MPeoOpa30oBaHUsI KHHETHYECKON
SHEPruM yJapHUKAa B SHEPruio jAeopMaluy IMWIMHApAa W paboTy IO IPEONOJIeHHH CHIBI TpeHWs. [Ipu 3TOM 4YacTe SHepruu
YIAapHUKa TacUTCs IMPOMEXKYTOUHBIM CIIOEM M IepepaclpesiessieTcsl Ha CHIOBOH KapKac BHYTPEHHero cios. Pe3yjbTaTsl.
IpeuiokeHHas MOJIENb ONpPEACNICHUsT TIIyOMHBI NMPOHUKHOBEHMS yJapHHKA B MpEMATCTBHE B BHIC HAbOpa MyCTOTEINBIX
mrHApoB. [IpuBeneHHbIe pe3ynbTaThl pacderoB. [Ipemaraercst qanbHeiee COBEPIICHCTBOBAHUE CPEACTB WHIMBUIyaIbHON
OpOHE3aLIUTBI IOCTUIaTh MYTEM MPUMEHEHHS OITUMAIILHOIO COYCTAHHUS HOBBIX MATEPHAJIOB M COBPEMEHHBIX KOHCTPYKTHBHO-
CXEMHBIX PEILICHHH.

KiaoueBbie caoBa: OpoHe3aluTa, BBICOKOCKODOCTHOH YNApHUK, IOPaKAIOMIMII O3JIEMEHT, YPOBHH YrpO3HI,
HpensTCTBHUE, IIacTHIecKast AedopManus, HOJIbIH HTHHIP.
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