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oNleMenma, e20 NOOKPenjieHus U XAPaKmepucmuKk eHewHe20 6030eicmeus chapsoos. Ilokazano, umo naubonee onacHvMu
CAYUAAMU, YHUMbBLEASL 3AUWUWEHHOCHTb COOPYICEHUS, AGISIIOMCSL me, K020a YOapHoe Oelicmeue NO8Mopsemcst 4epe3 00UHAKOBbLe
NPOMENCYMKU BPEMEHU, K MOMY Jice MOYKU YOapo8 HAxo0smcsi Onudice K cepedune sawumuozo snemenma. Ilonyuennoie
meopemuyeckue pe3yibmamvl mMo2ym Ovimb 0a301 014 vlOopa ewje HA CMAOUU NPOEKMUPOBAHUA OCHOBHLIX QUIUKO-
MEXAHUYECKUX XAPAKMEPUCUK DNEMEHMO8 UHIICEHEPHBIX COOPYICEHUT U UX NOOKPENIeHUsl C Yelbl0 HAOENHCHOU 3aujumol
JIUYHO20 COCMABA U MEXHUKU MAKCUMATbHO BO3MOJICHO20 B030€UCmBUsi HA Hee YOApHOU cepuu cHApsoos. JJocmoeepHoCHb
NOTYYEHHBIX Pe3YIbMAmos noomeepicoaemcsi: a) 00600ueHuem wupoko anpooOUpPOBAHHBIX MEMOOUK HA HO8ble KAACChl
OUHAMU4ecKux cucmem, 0) NoJAyueHueM 8 NPeOesibHOM CIyYae U36ECHHbIX 8 HAYYHBIX UCTOYHUKAX NOCIeOCMEUL, KACAIOWUXCS
JIUHEUHO YApYeUX Xapakmepucmuk 21eMeHmMO8 3AWUMHbIX COOPYICEHUl, 6) UX HenpomugopeyugoCmsplo Cymu camoeo
@usuueckomy npoyeccy, KOmopulii paccmampusaemcst 8 pabome.

Knrouesvle cnosa: umdicenepHoe coopydcenue, MameMamuyeckdas Mooelb Oelcmeus CUcmembvl 63Dblé0s, OYECHKA
3AUUMHOL CNOCOOHOCMU.

ON WAYS TO INCREASE PROTECTION OF SPECIAL STRUCTURES FROM IMPACT ACTION
A. Andrukhiv, A. Baranov, N. Huzyk, B. Sokil, M. Sokil

The technique of research of dynamic processes of elements of engineering constructions of special purpose from explosive
action of projectiles is developed. Elastically reinforced beams with hinged ends were chosen for the physical model of elements
of engineering structures. It is assumed that the elastic properties of the latter satisfy the nonlinear technical law of elasticity. A
mathematical model of the process of a series of impact actions of projectiles at different points of the element of the protective
structure is constructed. The latter is a boundary value problem for a partial differential equation. Its peculiarity is that the
external dynamic action is a discrete function of linear and time variables. To determine the dynamic effect of a series of impacts
on the object under study, and thus the level of protection of the structure, the basic ideas of perturbation theory methods are
extended to new classes of systems. This allowed to obtain an analytical dependence of the deformation of the elastically
reinforced element on the basic physical and mechanical characteristics of the material of the protective element, its
reinforcement and the characteristics of the external action of the projectiles. It is shown that the most dangerous cases, given
the security of the structure, are those when the impact is repeated at equal intervals, in addition, the point of impact is closer to
the middle of the protective element. The obtained theoretical results can be the basis for selection at the stage of designing the
main physical and mechanical characteristics of the elements of engineering structures and their reinforcement in order to
reliably protect personnel and equipment from the maximum possible impact on it of the shock series of projectiles. The
reliability of the obtained results is confirmed by: a) generalization of widely tested methods to new classes of dynamical
systems; b) obtaining in the limit case the consequences known in scientific sources concerning the linearly elastic
characteristics of the elements of protective structures; c) their consistency with the essence of the physical process itself, which
is considered in the work.

Keywords: engineering structure, mathematical model of action of the system of explosions, protection capability assessment.
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NANOMODIFIED RAPID HARDENING CONCRETES REINFORCED WITH
DISPERSED BASALTIC FIBERS

The article considers modern perspectives and directions of using fast — hardening high — strength concretes
for protection against striking factors of action of different types of weapons. It is shown that the use of concrete
materials in weapons and military equipment is one of the important components of defense structures and
protective fortifications during hostilities as platoons and bases, and structures for the protection of civilians. The
possibility of obtaining such concretes for the creation of special purpose fortifications is shown. Developed
concrete structures have increased strength and impact resistance to high-speed impact. Due to the reinforcement of
the concrete structure with mineral and chemical additives and ultrafine fibers, high rates of early strength,
viscosity, crack resistance and impact resistance are achieved. The paper presents the main indicators of water
consumption, strength and impact resistance of high-strength concrete. The results of the experimental study of
samples of the destroyed concrete elements are presented and the corresponding conclusions concerning the use of
various types of fibers for reinforcement of such concretes and increase of their crack resistance by basalt fibers are
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made. It is shown that a high-strength concrete with high construction and technical performance can be
successfully used to create protective fortifications and fortifications for special purposes.

Keywords: modification, high-strength concrete, water consumption, concrete structures, impact strength,

polycarboxylate plasticizer, high-speed impact.

Formulation of the problem

In a difficult military situation during the armed
confrontation between Ukraine and the Russian
aggressor, the use of protective materials and structures
is an urgent task in the development and use of modern
materials in armaments and military equipment. The
Ukrainian experience is unique, as the war waged
against us by Russia has no analogues in terms of the
intensity of shelling, the use of equipment, modern
weapons systems, intelligence and the use of new
principles of hybrid warfare in the XXI century. This
requires the implementation of appropriate innovative
solutions and the use of modern special protective
fortifications and structures. There is a need to develop
standard design solutions for buildings and structures of
increased security (in accordance with state standards
"Design and maintenance of structural safety of
buildings and structures in a terrorist threat"),
development and implementation of universal protection
systems, armor, mobile structures, fortifications,
improvement existing and creation of new perspective
solutions [1].

The protection of civilians both in the war zone
and in areas at increased risk of capture required
concrete action. Thus, in the period 2014-2015, the
Ministry of Defense of Ukraine made a number of
proposals that included effective actions in the field of
civil protection of the population from the dangerous
consequences of accidents and disasters of man-made,
natural and military nature [1]. In particular, in the field
of formation of new requirements for “civil protection”
and the draft norms of DSTU B A.2.2-7: 2010,
according to which separate decisions were made to
inspect existing storage facilities for civil protection
shelters, taking into account different degrees of impact
and the arrangement of new storages and structures of
special purpose with use of various materials and
designs. Some scientific developments in this regard are
carried out on the basis of the State program of creation
and development of high-strength concretes and special
purpose structures entitled "Fundamentals of technology
for nanomodified fast-curing Portland cements and
high-strength disperse-reinforced composites with high
toughness based on them" (state registration number
0117U004446), which were performed by scientists of
Lviv Polytechnic National University under the
guidance of Doctor of Technical Sciences, Professor
M.A. Sanytsky.
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Modern armored protective materials must be
characterized by high survivability, endurance, impact
resistance. Among the many different protective
materials and structures, concrete-based materials occupy
a prominent place. Such concretes must be characterized
by high strength, crack resistance and shock resistance
properties.

It is known that ordinary concrete, even with
significant compressive strength, is not able to provide
high protective properties of concrete structures due to
the increased fragility and heterogeneity of the concrete
structure. In this regard, to obtain concrete protective
structures there is a need for modern chemical and
mineral modifiers, polymer additives and the use of the
most possible potential resources of such concretes at
the micro and nanoscale [2]. To ensure the required
deformation resistance of such concrete structures, it is
necessary to use reinforcing polymer, metal and natural
fibers that provide the required crack resistance of
concrete [3].

The use of concrete as a fortification, a variety of
shelters, dugouts, hangars, open and closed firing
positions from small arms, artillery and other weapons
is possible thanks to its high mechanical properties, low
penetration rate, emission resistance, and low ejection
actions of bullets of different caliber [2].

One of the disadvantages of high-strength concrete
is their low impact strength and increased sensitivity to
cracking. The fragility of such concrete is primarily
manifested by the reduction of plastic deformations due
to various loads. At ultimate loads, such concrete
collapses quite quickly and poses a risk of destruction
due to excess design loads. During the operation and
reliability of such structures there is a question of
increasing the impact resistance of concrete and
reducing resistance due to thermal fire and changes in
temperature and humidity.

Concrete structures of fortifications perceive loads
of multidirectional or concentrated action. Therefore,
such concretes must have the maximum possible
homogeneous component composition [3]. It should be
noted that the stability of concrete is also associated
with the action of the atmosphere, which can partially
reduce its service life. Among the tasks often there is a
need for rapid construction of such protective
fortifications and structures and the need for rapid
hardening of the concrete mixture. Therefore, there is a
need to create and use fast-setting concrete with high
early strength and the necessary construction and
technical properties.
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Analysis of recent research and publications

Due to the use of modern innovative approaches
based on the analysis of the processes of structure
formation at the nanoscale, new potential opportunities
for regulating the processes of hydration of the cement
matrix open up. The potential of micro- and particles
with sizes (1-100) - 10° m creates the possibility of
maximum filling of the concrete matrix space and more
or less uniform redistribution of particles [4, 10]. In the
range of micro- and nanosized hydrated particles, you
can set the basic parameters and characteristics of the
concrete matrix, which will further determine the basic
properties of hardened concrete [2, 5, 10].

The creation of high-strength concrete protective
shelters and structures is possible through the use of two
main directions and strategies in construction. The first
direction involves the introduction into the concrete
mixture of synthesized nanoscale modifiers of different
nature. First of all, these are active mineral additives,
plasticizers and carbon nanomaterials. These include
nanosilicon, shungite and carbon materials (carbon
nanotubes and nanofibers) [5, 7]. The effect of
modifying the crystal nuclei is provided by the uniform
redistribution of nanosized crystallization centers
(seeding effect).

Strengthening the contact between the cement
stone and the aggregate allows to accelerate the process
of gaining early strength of Portland cements [6]. The
introduction of carbon materials of nanoscale
composition, which are close to the thickness of the
layers C-S-H phases of the cement matrix, makes it
possible to record a significant change in the properties
of the cement matrix in the early stages of hydration.
However, a negative factor in the creation of such
cement systems is the problem of homogeneous
redistribution of nanomaterials due to the increased
tendency to agglomeration. In addition, the synthesis of
carbon nanomaterials is quite expensive and
significantly affects the growth of the cost of
manufacturing high-strength concrete in general [7].

A widely known technique in the technology of
concrete production is their modification with
polycarboxylate superplasticizers with a high effect of
reducing water consumption and increasing the
plasticity of concrete mixtures. The effect of
polycarboxylate modifiers is due to the presence in their
molecules of reactive hydrophobic radicals, which are
able to increase the reaction component of the initial
hydration of cement phases. As a result of the creation
of adsorption layers, which inhibit the growth of
crystals, the degree of wetting of dispersed particles
increases [8, 9].

The implementation of nanotechnological approaches
to the creation of high-tech fast-setting concretes is
possible due to the mutual strengthening of the mineral
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and polymer components of the cement matrix and
concrete in general. At the same time dispersion
strengthening of system is provided and the possibility
of relaxation of internal stresses is created. The analysis
of perspective directions of control of crack formation
of concrete systems shows that modification of structure
of concrete by introduction of viscoplastic components
and reinforcing dispersed fibers allows to compensate
the increased fragility of concrete [3].

Artificial polypropylene, steel, or carbon fibers are
widely used to obtain a high-strength dispersed
reinforced concrete. However, when using high-density
steel fiber, it is not possible to distribute them evenly in
the concrete mixture [6]. This creates a protective layer
of only one heavier layer and the distribution of steel
fiber in different directions during loading will be
uneven. In addition, the metal fiber due to the high
surface hardness somewhat loses its ability to adhere to
the cement matrix of concrete.

At the level of macrostructure, mineral or artificial
fibers are highly effective, which have much better
looseness and low weight. Therefore, it is important to
use basalt fibers in such cement systems and create
strong fast-setting concretes based on them.

The use of a nano-technological approach to create
a homogeneous and stable structure of concrete and the
formation of its strength and impact properties can be
achieved through the introduction of nanodisperse
mineral components, active superplasticizers of new
generation and dispersed fibers that can be evenly
distributed throughout the concrete matrix.

Formulation of the purpose of the article

To develop fast-hardening high-strength dispersed
reinforcing concretes modified at nano-, micro- and
mesostructural levels, as well as to investigate their
properties, in particular in the conditions of high-speed
impact for protective shelters and military structures.

For the production of high-strength high-strength
concretes, Portland cement of general construction
purpose of the HRC 1-500 of PJSC “Ivano-
Frankivskcement” was used, which meets the
requirements of DSTU BV 27-46: 2010, quartz sand of
Zhovkva deposit with a size modulus of 2.2. Granite
rubble with fractions from 5 to 20 mm was used as a
filler. As a control sample, concrete of strength class C
32/40 was used. The density and mobility of concrete
mixtures were determined in accordance with the
standard DSTU BV 2.7-114-2002. Active additives
based on zeolite, microsilica and polycarboxylate
plasticizers were used as additives to modify the
concrete matrix.

Polypropylene, hydrophobic-modified and loose
natural basalt fibers were used for reinforcement. As a
result of the formation and hardening of concrete under
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normal conditions, five samples of concrete samples
were obtained. Tests for compressive strength of
concrete were performed in accordance with DSTU B B
2.7-214: 2009 after 2, 7 and 28 days of curing. 28 days
after complete hydration in accordance with the
requirements of the standards, the samples of the
developed high-strength concretes were subjected to
high-speed impact. To perform impact tests, concrete
samples were fired from a distance of 5 meters from a
gas pistol with spherical balls with a diameter of 3.0
mm and from a distance of 25 m using a conventional
5.45 caliber bullet from a Kalashnikov rifle single shots.
The experiment was performed at the Yavoriv test site.
A high-frequency (60 frames/sec) GoPro HERO 9
Black action camera with a slow-motion effect (slou-
mouschn) was used to study the effects of the
destruction of standard-sized concrete blocks. Also, the
study of samples of concrete samples at the macro level.
The analysis was performed using an optical
microscope with a resolution of 1.3 MPix and a
magnification of 500x.

Presenting main material

The use of building composites with active mineral
components in modern construction is determined by
the technological properties of the concrete mixture and
the construction and technical properties of hardened
concrete.

As a result of research it is established that the
mobility of the concrete mixture of the control
composition is characterized by the index of the cone
draft OK = 13 cm and meets the requirements of the
standard for lightness P3. (Fig. 1, a), With the
introduction of nanomodifiers and active mineral
additives (composition Ne 2) provides a significant
effect of modification of the concrete mixture. The
mobility of the mixture increases to OK = 24 cm (mark
of lightness P5).

The use of reinforcing fibers based on polymeric
polypropylene and basalt fibers causes some reduction
in the mobility of the concrete mixture and an increase
in the amount of water for wetting. In particular, the
cone sediment of a concrete mixture with polypropylene
fibers is reduced to 19 cm, while mixtures with basalt
fiber are reduced to 14 cm, which is caused by a higher
degree of dosing and hydrophilicity of the latter. The
introduction of a complex organo-mineral modifier with
the effect of plasticization causes an increase in the
initial density of the system. The average density of
dispersed-reinforced concrete mixtures increases to
2430-2480 kg / m3 (Fig. 1, b), which determines the
effect of increasing the number of contacts between
particles and accelerating the processes of structure
formation.

According to the results of determining the
strength at the design age, the concrete of the control
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composition corresponds to the strength class C 32/40
(Rst28 = 56.3 MPa). (Fig. 2). Moadification of concrete
with organo-mineral additives and plasticizers provides
an increase in its strength at an early age.
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Fig. 2. Strength of disperse-reinforced
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In particular, the strength of nanomodified
concrete without fiber (composition Ne 2) after 2 days of
hardening is 67.7 MPa, which is 2.7 times higher than
the strength of concrete of the control composition. The
compressive strength of such concrete at the design age
corresponds to the strength class C 65/75.

With dispersed reinforcement, the strength of
concrete after 2 days increases by 13-21% compared to
non-reinforced. The strength after 28 days is 108.6—
118.8 MPa, which corresponds to class C 70/85. When
reinforcing with synthetic fiber, the coefficient of
structural quality of nanomodified fast-setting
fibroconcretes increases to 44.8-49.1 MPa compared to
23.4 MPa for control concrete.

During the tests of concrete for impact resistance
using a gas gun and spherical balls of low weight and
low initial velocity, concrete cubes of standard size
were practically not destroyed. As a result of the
shelling, some surface damage to the concrete matrix
can be recorded only on the control sample.

On other samples of samples of high-strength
modified concrete only traces of defeat are visible. The
depth of destruction of the samples does not exceed 0.5 mm.
In contrast to these concrete samples in the control
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sample we observe deeper surface lesions up to 2 mm.
(Fig. 3, a, b).
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Fig. 3. General view (a) and average density (b)
of concrete mixtures

In this case, it is difficult to compare samples of
samples Ne 2-5. In this regard, the impact resistance of
high-strength concrete was studied at the Yavoriv test
site using a conventional 5.45 caliber bullet. During the
tests of concrete samples, single shots were recorded by
single video footage, which indicate significant
destruction of the concrete matrix of the base
composition (Fig. 4).

Fig. 4. Fragment of destruction of concrete of base
composition with strength class C 32/40

The concrete cube collapses almost completely to
obtain a significant number of fragments. After tests on
the effect of high-speed impact, the cubes of the control
composition of concrete, in addition to the chipped
particles, contain significant defects throughout the
volume of the cube with a grid of cracks (Fig. 5, a).

Fig. 5. General view (a) and microstructure (x50) of the
surface (b) of the cube samples concrete control
composition after high-speed impact tests
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The destruction of concrete took place along the
surface of the contact zone between the cement matrix
and the aggregate. The crushed stone remained virtually
intact, which indicates its weak interaction with the
cement matrix. Microstructural analysis of concrete
samples confirms the presence of deep cracks with a
width of more than 5 mm (Fig. 5, b).

Samples of nanomodified high-strength concrete
with dispersed fibers after the action of high-speed
impact (sample Noe 4) are characterized by individual
chipped particles, which is caused by a concentrated
impact of the bullet. The destructive load from axial
compression and bending took place in three main
directions of the cubic sample. Cracks on the surface of
the intact part of the cube are almost absent (Fig. 6). It
should be noted that the chipping of individual particles
of the structure was not on the contact surface of the
cementitious matrix and the coarse aggregate, and on
the plane of greatest impact load. The grains of crushed
stone were destroyed in the direction of force. This
indicates the point destruction of the nanomodified
concrete matrix. The base of the cube remained solid
and virtually intact. Microscopic studies of the surface
of samples of high-strength fast-setting concrete
reinforced with basalt fiber indicate a homogeneous
structure of the hardened cementitious matrix.
Strengthening the contact of the interaction between the
cement stone and the aggregate and the use of basalt
reinforcing fibers, which are evenly distributed in the
cement matrix (Fig. 6) indicates the effectiveness of the
composite under the action of shock loads.

B, T VI ¥ & - 2
Fig. 6. General composition concrete view (a)

Conclusion. Modification of the cement matrix in
concretes with organo-mineral additives, containing
ultrafine mineral components, fillers, polycarboxylate
superplasticizers and natural basalt fibers, provides
strong fast-setting concretes with increased impact
strength, crack resistance and compressive strength.
Achieving high strength of concrete and increased
impact resistance are ensured by increasing the density
of the cementitious matrix as a result of optimizing the
grain composition, reducing water consumption and the
use of basalt fibers. Separate tests of high-strength
modified concretes reinforced with fibers of different
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nature for impact resistance in the landfill conditions
and their construction and technical properties were
determined. Obtaining nanomodified high-strength
structural concrete of the new generation for the
construction of fortifications and shelters with a high
level of crack resistance, resistance to various types of
force, including shock loads opens up new potential
opportunities for the use of such materials for the
protection of personnel of units of the Armed Forces of
Ukraine and civil protection of the population.
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HanomonudikoBaHni BHCOKOMilHi 0eTOHHM, apMOBaHi JMCIIEPCHUMH 02321 TOBUMH BOJIOKHAMH
C.B. Kopousko, 5.0O. Cepentox

Y cmammi posensmymo cywacui nepcnexmueu ma HanpaMu 8UKOPUCIAHHS WBUOKOMBEPOHYUUX BUCOKOMIYHUX DemoHi
ona 3axucmy 6i0 ypascaruux ¢haxmopis Oii piznux eudig 36poi. Iloxasano, wjo euxopucmauua OemoHHUX mamepianié 6
030pOEHHT Ma BIICHKOBIL MeXHIYi € OOHUM I3 BANCTUBUX KOMNOHEHMIE 000POHHUX KOHCMPYKYIL Ma 3aXUCHUX YKPInIeHs, nio yac
botiogux Oil, 0114 6360016 MA ONOPHUX NYHKMIE, MAK i cnopyo 014 3aXUCMY YUBIIbHO20 HAceleHHA. B cmammi nokazano, wo
3ACMOCY8AHHSI APMYIOUUX BONOKOH HA OCHOBL NOJIIMEPHO20 NONINPONiLeny ma 6a3anbmosux GOJOKOH CHPUHUHSE OesiKe
3MEHUIEHHS, PYXAUGOCHI 6emOHHOT cymiuti ma 30inbueHHs KItbKocmi 600u samiutyeants. Iliomeeposicenuam ybozo € 30invuiena
2ycmuna 3ameepoinozo bemowny. BeedenHs KOMNIEKCHO20 OpeaHO-MIHEPATbHO20 Moougixamopa 3 eekmom niacmuixayii
CRPUYUHIOE 301NbUeNHs 2ycmuny bemonHoi cymiwi. Lle ceiouums npo 30inbuenHs KiTbKOCMI KOHMAKMI@ MIdiC YACMUHKAMU Ma
NpUCKopeHHs npoyecie cmpykmypoymeopenns. Iloxazano, wo npomsazom 080X OHI8 MIYHICMb HAHOMOOUPDIKO8AHO20 bemoHy Oe3
60J10KHA 6 2,7 pasu nepesuuiye MiyHicmos 6emony KOHMpOIbHO20 CKAady. B npoexmmuomy nepiodi miynicme Ha cMUCK mMakoo
6emony sionogioae xnacy miynocmi C 65/75. 3ae0saku apmyeannio cmpykmypu 6emony MiHepaibHumMu i XiMiyHuMu 0006aexamu
ma yivmpaoucnepcHuMu B0J0KHAMU 00CA2AIOMbCA BUCOKI NOKASHUKU PAHHBbOI MIYHOCMI, 8 aA3Kocmi, mpiyuHocmitikocmi ma
npomuyoaprozo egexny. Po3pobneni GemoHHi KOHCMpPYKYIl Maiome NiOSUWEHHI NOKA3HUKU MIYyHOCMI ma npomuyoapHoi
cmitikocmi 00 0ii’ 8UCOKOwWUOKICHO20 yoapy. [lokazano pezynrvbmamu eKCnepumMeHmanbHux O0CAIONCeHb 3PA3Kie 3PYUHOBAHUX
OemoHHUX eneMenmie ma 3poOaeHO GIONO0GIOHI GUCHOBKU WOO0 BUKOPUCHAHHS DIZHUX MUNIE GOJIOKOH O/l APMYGAHHS MAKUX
bemonie ma nidguuyenHst ix MpiyUHOCMIUKOCMI NONINPONINeHosuUMU ma 6azanvmosumu GonokHamu. Haiieuwi noxasnuku
mpiwuHocmitukocmi ma yoapHoi Miynocmi po3pobieno2o 6emony 00CA2armuCsi 3 GUKOPUCMAHHAM MOOUDIKOBAHUX
6a3anbmosux 80J10KOH. Buxopucmanns gucoxomiynux 6emonie 3 nioguwenumu 6y0ieeibHO-mMexHIYHUMU NOKAZHUKAMU MOJICYMb
VCRIWHO BUKOPUCMOBYBAMUCH OIS CMBOPEHHS 3AXUCHUX YKPINLeHb ma Gopmuikayitinux cnopyo cneyianbHo20 NPU3HAYEeHHSL.

Knrwuoei cnoea. mooughixysamns, eucoxomiynuii OemoH, 6o0onompeba, OemouHi KOHCMPYKYii, yOapHa 6 A3Kicmb,
NOAKAPOOKCUNAMHULL NAACMUDIKamop, BUCOKOWBUOKICHUT yOap.

HanomonugunupoBaHHbIe BLICOKONPOYHbIE 0€TOHBI, APMUPOBAHHBIE TUCTEPCHBLIMH §a3aJIbTOBBIMH BOJOKHAMH
C.B. Kopoubko, b.0O. Cepentox

B cmamve paccmompenvi coépemennvie hepcneKmugbl U - HANPAGLEHUS  UCHONb306AHUS  ObICIMPOMEEPOIOUUX
8bICOKONPOUHBIX DEMOHO6 OISl 3aUjUMbL 0N NOPANHCAIOWUX DAKIMOPOE 8030€UCIBUS PASIUYHBIX U006 opycus. [lokazano, umo
UCNONb308aAHUE DEMOHHBIX MAMEPUANIO8 6 BOOPYICEHUU U BOCHHOU MeXHUKe AGIAEMCA OOHUM U3 BANCHBIX KOMNOHEHMO8
000POHHBIX KOHCMPYKYULL U 3AUUMHBIX YKPENIeHUll, KaK 80 8pems 60esbix 0eticsull, 011 8360008 U ONOPHLIX NYHKMO8, MaK U
COOPYIHCEHUL OIS 3aUUMbL SPAHCOAHCKO20 HACeNeHUs. B cmambe nOKA3aHo, 4mo npumeHeHue apMupyiomux 60J10KOH Ha OCHO8E
HOUMEPHO20 NOTURPONUNEHA U 6A3ATbIMOBBIX BOIOKOH BbI3bIBAEN HEKOMOPOE YMEHbUEHUE NOOBUNCHOCHU OEMOHHOU cMecy U
yeenuuenue Koauvecmea 600vl samewusanus. Iloomeepcoenuem 5mozo A61aemcs yeeiuveHnds nIOMHOCMb 3ameepoesuieco
bemona. Beedenie KOMNIEKCHO20 OP2AHO-MUHEPATLHO20 MOOUPUKAMOPA ¢ dPPekmom niacmuurayuu svizvieaem ygeiuyeHue
naomunocmu  0emonnou cmecu. ImMo ceudemenbcmeyem 00 yeerudenuy KOAUYecmed KOHMAKMOE Medlcoy yacmuyamiu u
YcKopenus npoyeccos cmpykmypoobpasosanus. Ilokasano, umo 6 meyenue 08yx OHell NPOYHOCMb HAHOMOOUDUYUPOBAHHOLO
b6emona Oe3 60710KHA 6 2,7 pasa npesvluiaem NPOYHOCHL OEMOHA KOHMPOTILHO20 COCMABA. B npoeKmHom nepuooe npoyHocmy
Ha corcamue makoeo bemona coomeemcmeyem kiaccy npounocmu C 65/75. Brazooapsa apmuposanuio cmpykmypsl 6emona
MUHEPATILHOIMU U XUMUYECKUMU O00AsKaMU U YIbMPAOUCHEPCHBIMU BOIOKHAMU OOCMULAIOMCS 8bICOKUE NOKA3AMENU PAHHell
NPOYHOCIU, BA3KOCMIU, MPEWUHOCMOUKOCIMU U NPOMusoyoaphoz2o 3¢gexma. Paspabomanuvie OemoHHbie KOHCMPYKYUU
001a0aiom NOBbIUEHHBIMU NOKA3AMENAMU NPOYHOCIU U NPOMUBOYOAPHOU CIOUKOCIU K 8030€liCMEUI0 8biCOKOCKOPOCHIHO20
yoapa. [loxkaszanvl pe3ynomamvl S5KCHEPUMEHMATLHBIX UCCIEO08AHULL 0OPA3YOE PA3PYUEHHBIX OEMOHHBIX SNEMEHIMOE U COeNAHbI
coomeemcmeyiowue 818006l N0 UCNONLIOBAHUIO PASIUYHBIX MUNOE BOJIOKOH Ol APMUPOBAHUS MAKUX OEMOH08 U NOGLIUEHUS UX
MPpewuHOCMOUKOCHY NOIUNPONUTEHOBLIMU U OA3ANbMOBbIMU 6010KHAMU. Camble 6bICOKUE NOKA3aMeny MpewuHOCMOUKOCIU U
YOapHoul npoYHOCmU paspadoOmanHo20 Oemona OOCMU2AMCs ¢ UCNOTb30BAHUEM MOOUDUYUPOBAHHBIX OA3ATLIOBLIX BOIOKOH.
Hcnonvzosanue BblCOKONPOUHBIX GEMOHO8 C NOBLIUEHHBIMU CIPOUMENbHO-MEXHUYECKUM NOKA3AMeNaMU MO2Ym YCHeutHo
UCNONB308aMbCA OIS CO30AHUSA 3AUWUMHBIX YKPENAeHUl U (POPMUDPUKAYUOHHBIX COOPYHCEHULL CREYUATbHO20 HASHAYEHUS.

Knrwueesvie cnosa: moougpuyuposanue, 8b1COKONPOUHBILL OEMOH, 8000NOMPEeOHOCMb, OeMOHHbIE KOHCPYKYUU, YOapHas
8A3KOCHIb, NOIUKAPOOKCUNAMHBITL NAACTNUDUKAMOP, BbICOKOCKOPOCHHOT YOap.
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