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Abstract. The paper discusses the reasons for the decrease in the strength of the composite
material in relation to the theoretical. A hypothesis is put forward according to which, along with
the known reasons; in particular, the presence of internal interfaces, and together with them, the
processes near the forming geometric features that arise during the structure formation of the binder
paste can act as reasons for the decrease in strength. To simulate the occurrence of features in
composite binder paste, the concept of the local formation of new growth on the nuclei of a new
phase present in the binder paste — layers of a hydrated binder on the surface of its grains — is used.
According to the proposed model, the growth of a new phase occurs according to the mechanism
associated with the formation of a wave front. The wave front also undergoes metamorphosis, as a
result of which its features are formed, near which structural defects are concentrated. Another type
of geometric features is hidden interfaces, which are formed as a result of opposite growth of wave
fronts and their contact. The proposed mechanism is confirmed by the data of a microscopic study
of the processes of structure formation of a gypsum binder — the formation of contact surfaces of the
crystalline phase with different geometric and structural properties is observed on a model sample.
As one of the main reasons for the occurrence of high concentrations of microcracks and other
stress concentrators near hidden interfaces of the two types, the coexistence of solid phases with
different structural characteristics in these regions is considered (there is a mismatch of the
structural order parameters near the forming interfaces), as a result of which the strength decreases.
This fact also explains the observed decrease in the ordering of the structure of the material in these
areas. On the basis of the considered mechanisms of the formation of structural features leading to
the destruction of the sample, methods are proposed for controlling the formation of the structure of
the material, in particular, the targeted local introduction of solid phase nuclei into the binder paste.

Keywords: strength, theoretical strength, geometric structure, hardening, binder paste, wave
front, gypsum.

Introduction. The main task of building materials science is to obtain building composite
materials with a given set of properties, the most important of which are their strength characteristics.
The maximum achievable tensile stress at break for a composite material, determined on the basis of
the strength of the chemical bonds of the molecules of its constituents, will be called the theoretical
strength by analogy with the theoretical strength of crystals [1]. Approximation of strength values to
the theoretical limit is carried out by selecting the optimal composition and structure. However, a real
approximation to the level of theoretical strength is difficult to achieve [2]. There are several reasons
for the drop in strength in relation to the maximum theoretical level. One of the most significant is the
presence of an internal structure in any solid, and especially in a composite material, which is not taken
into account during calculating the theoretical strength. Composite materials with a stochastic
hierarchical structure are characterized by the partial contributions of substructures of different scale
levels to the strength reduction.
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The elements of the structure, hereinafter referred to as the structure of destruction, is the inner
surface of the division, time and cracks, the formation under certain conditions (in particular, in the
presence of internal and loading stresses under operating conditions), the elements actively participate
in the processes of destruction [3], however, with their insignificant contains (up to 5%) the strength of
a rigid body for several years. Such structural elements appear and act in close connection with the
geometric features of the samples and structures under study, which is a clear manifestation of
consistency in materials science [4]. The analysis of the relationship between the geometric features of
the forming composite and its strength characteristics can be carried out in many ways at several scale
levels [5]. The paper assumes that at the mesoscopic level it is possible to describe the role of
geometric features based on the minimum number of initial model assumptions.

For a number of binders and composites based on them, their total process of structure formation
includes the stage of growth of neoplasms in accordance with crystallization mechanisms, followed by
the formation of coagulation, point and phase contacts, which is most typical for gypsum materials.
Such materials and the corresponding composites are characterized by the possibility of growth
processes of new formations in the form of a solidification front, which has a geometric character of a
wave front. Growth is carried out by a chain mechanism: neoplasms form crystallization surfaces of the
next layer, and then the process is repeated [6]. During their propagation, wave fronts are capable of
forming geometric features, and with their opposite growth, (hidden) interfaces are formed and, as a
result, areas with the highest concentration of defects, internal interfaces, cracks — elements of the
fracture structure are formed. Controlling the dynamics and geometry of the growing phase (in
particular, in the form of a wave front) and minimizing the number of elements of the fracture structure
are the way to improve the strength characteristics of the material.

Analysis of recent research. Theoretical strength is an important value in the field of
materials science, indicating the strength resource of the material under consideration (of both
inorganic and organic nature — polymers). It is calculated based on the assumptions of a
homogeneous material structure, the absence of defects, cracks, pores and internal interfaces [1].
During calculating the theoretical strength, most often only the inhomogeneity of the material due
to its molecular structure is taken into account [2]. The calculation uses the potentials of interatomic
interaction, for example, the Mie potential (1):

u)=-2+2, ®
where n>m,a, b— selected or calculated parameters of the potential, the first term corresponds to
the force of attraction, the second — to the force of repulsion. The bond strength is estimated by the
strength of the interaction of two atoms (2):
Fo_ du(r) . @)
dr

If we take into account that there are N bonds per 1 cm? we obtain an estimate of the

theoretical strength [7] (3):

o= N| f| : (3)

A more accurate calculation takes into account interactions over all pairs of atoms. The

determination of the interatomic interaction can be carried out on the basis of ab initio quantum
chemical calculations [8].

Since the structure of the composite is not known exactly, it is difficult to determine the

theoretical strength. This value, however, can be estimated. The theoretical tensile strength at break

can be estimated using the Orowan formula [1] (4):
1

on o *% )" @)

where o — free surface energy of a solid body, E — Young's modulus in the direction of extension,
r,— distance between atoms in an undeformed state. Taking into account that the maximum elastic

force corresponds to 10-20% elongation of the interatomic bond, we have (5):
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G, =% E- (5)

In this case, on average, y, =0,1.

It should be noted once again that the theoretical ultimate strength is an elusive value. So, the
analysis of the adhesion forces in the crystal of table salt leads to the values of the theoretical strength ~
200 kgf/mm?, at the same time the experimental values are 0.531 kgf/mm? (about 400 times less). And
only under special conditions in loffe's experiments [1] the strength reached 80% of the theoretical.
Defects of the crystal lattice in single crystals, cracks, internal interfaces, pores in composite materials
together form its structure of destruction, a three-dimensional "structure in the structure™ of the
material, consisting of internal observed and hidden interfaces, microcracks and defects, causing a
decrease in strength in relation to the maximum. The fracture structure, in addition, is closely related to
the geometric structure of the test sample [9]. One of the ways to describe the relationship between the
fracture structure and geometric properties at the mesoscopic level can be explained on the basis of the
scientific approach of A.N. Kolmogorov. In the so-called 3-model [10], all crystals-nuclei appear in the
mother liquor at the initial moment of time (for example, due to the addition of CaSO, - 2H,0 nuclei to
the binder paste). The growth of crystals of new formations is carried out starting from the surface of
the nuclei of a new phase already present in the binder dough. It was shown in [11] that, under
experimental and practical conditions, the nuclei of a new phase are introduced with binder grains on
their surface. For these two models, the Kolmogorov equations for the fraction of the mother (non-
crystallized) medium g have the form (6):

q(t)=exp (— chkt") v=const |, (6)
where k — the dimension of the model (and of the growing crystal), v — the growth rate of the nuclei,
c — the shape factor of the nuclei. In this model, the growth of nuclei of a new phase occurs in the
form of a wave front obeying the general regularity of the propagation of a disturbance in an active
medium [12]. In particular, for the case under consideration, Fermat's principle was effected [9]. If
the dynamics of the formation of the solid phase during solidification from the position of the
considered model assumptions described is relatively simple (e.g., on the base (6) [11]), then to
predict the strength characteristics of the forming composite based on its geometric features are
much more complicated. One of the phenomenological approaches applicable for this purpose was
proposed in the work under consideration.

The purpose of the study. The aim of the work is to develop a conceptual model for the
formation of the strength properties of composite materials based on its mesoscopic structural and
geometric characteristics. The corresponding tasks are the development of ideas about the
hardening process about the propagation of the crystallization front in the active medium formed in
the binder paste, and the subsequent interaction of the forming wave fronts and the formation of the
fracture structure in the region of hidden interfaces and geometric features of wave fronts. An
additional task is the experimental confirmation of the proposed model on the example of
microscopic examination data of the hardening gypsum binder.

Objects and methods of the research. The object of research is microscopic preparations of the
hardening gypsum binder paste as models of composite compositions, in the hardening of which
crystallization processes prevail. These are, first of all, gypsum binders and compositions based on
them. For cement compositions, the proposed approach can be applied on other (large) spatial scales;
in this case, the hardening monomineral binder plays the role of a primary simplified model.

For microscopic research of hardening processes, a gypsum binder was used (gypsum G-5-B-1I
(DSTU B V. 2.7-82:2010) produced by Ivano-Frankivsk cement). The water-gypsum ratio was taken
equal to 1 (taking into account the observation under the conditions of a microscopic preparation). The
formulation was an initial binder brought into contact with the aqueous phase and placed on a glass
slide. Observation and production of photographs was carried out on an installation based on a MIN-8
microscope at a total increasing of 70 times. The observation was carried out for 80 min, the
photographs were taken with a period of 3 min, after 60 min — after 10 min. In a series of photographs,
images were identified that reflect the main features of the hardening process.
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The results of the research. The considered full-scale microscopic model of structure formation
is a preparation of a water-gypsum dispersion, hardening under quasi-two-dimensional conditions.
Crystals of gypsum dehydrate CaSO, - 2H,0 can be clearly distinguished from about 18 minutes. The
process of dissolution of the initial binder material occurs simultaneously with dispersion. The
hardening product is dispersed particles surrounded by crystals of gypsum dehydrate.

It is characteristic that under conditions of moderate tightness (at the initial moment, the volume
of the solid phase approximately corresponds to the free volume), most of the neoplasms are formed on
the already existing nucleus located on the surface of the particles of semi-aqueous gypsum introduced
into the binder paste. In the case of gypsum, under equilibrium moisture conditions, the surface layers
have already been hydrated to a large extent. Thus, the stage of formation of crystalline nuclei is
shortened or completely absent. Let us consider in more detail the stages of formation of the structure
of the material, based on the results of microscopic examination. The first contacts of growing crystals
of a new phase, which have of a point nature, occur at 21 min. (Fig. 1, 3). At later stages, a network
structure from interlocked crystals of gypsum dehydrate was formed (Fig. 1, 4-8).

Fig. 1. Physical model of structure formation — hardening of gypsum dispersion.
Time from the moment of mixing: 1 — 3 min; 2 — 18 minutes; 3 — 21 minutes; 4 — 27 minutes;
5 — 33 minutes; 6 — 39 minutes; 7 — 45 minutes; 8 — 80 minutes. The black arrow marks the regions
of formation of contacts between growing crystals of a new phase

In all observed cases discernible boundary, which corresponds to most of crystallization
contacts. Under conditions of three-dimensional crystallization, this boundary corresponds to the
contact of the growth fronts of a new phase, which is characterized by the presence of a significant
number of defects, cracks, and other elements of the fracture structure. Such an area is a (hidden)
interface. The geometric properties of the crystals of the new phase on both sides of this surface are
different. Mostly different crystal orientations are observed near the interfaces.

A simplified model of the considered hardening system, taking into account the main observable
facts, can be represented using the following scheme. The nucleus of the new phase, introduced into
the binder paste directly or on the surface of the grains of the original binder, are the centers of
structure formation 1 (Fig. 2). From their surface in the volume of binder paste 2 (Fig. 2), the process
of growth of hydrated phase 3 began (Fig. 2). The process propagates in the form of a wave front. The
contact of the growth fronts is accompanied by the appearance of hidden interfaces 4 (Fig. 1). They are
characterized by weak orderliness and the presence of structural elements of destruction (microcracks,
internal boundaries). From the standpoint of the proposed conceptual model, in these areas self-
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generation and concentration of new structural elements was observed, which significantly affect the
properties of the sample and its strength characteristics.

Fig. 2. Formation of elements of the structure of destruction in the process of structure formation of
the composite material: 1 — structure-forming particles; 2 — unstructured part of the dispersed
system; 3 — the phase of neoplasms; 4 — (hidden) interface

The effect of disordering in these regions (Fig. 1) can be interpreted based on ideas about the
structural difference of crystals growing from different structure-forming centers (squares and
triangles in Fig. 2). Under conditions of dense spatial arrangement of binder grains in concentrated
dispersions and highly filled compositions; the probability of the considered mechanism (hindered
transfer processes) increases.

Along with the considered geometric feature, another object capable of concentrating
elements of the structure of destruction may be the features of the wave front from one structure-
forming particle. It is convenient to interpret the role of the features of the growth wave fronts
proceeding from the following formal assumptions:

1. A composite material containing a binder, aggregate, fillers and additives can be simplified
as a passive dispersed phase scatter in a dispersion medium corresponding to the binder dough.

2. The medium consists of active bistable elements, two states of which correspond to: 1 — a
seized binder and 0 — a binder component in a plastic-viscous state.

3. The setting process is considered as a switching wave in this medium, which is simplified in
Fig. 3.

1 1 ‘I\D 0 0 0

a) /b) c)

Fig. 3. The setting process as a switching wave:
a — model solid phase; b — plastic-viscous mass of the binder; ¢ — front of switching (hardening)

Under the considered conditions, the hardening wave obeys the Huygens principle. Let’s give
equation of the hardening wave front (7):

where X :{x, y,z} — spatial coordinates. Points corresponding to surface (3) are sources of

secondary hardening waves. The position of the propagating front is set by the envelope of all
secondary fronts (8) (Fig. 4):

S(X, t+dt)=0- (8)

Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2021, no. 82, page 73-81

77



78

BUILDING MATERIALS AND TECHNIQUES

S(X.t+dr=0

S(;Y—. f):U
Fig. 4. Huygens principle of propagation of secondary waves for hardening processes

For systems of this kind, Fermat's "optical" principle about the minimum propagation time of
hardening processes turns out: if hardening, propagating from point A in all possible directions, has
already reached along some road to point B, then all other roads connecting these points along
which hardening takes longer, no longer matter.

One of the advantages of the considered approach is the possibility of describing the
processes in the systems under consideration using the Hamilton — Jacobi equations (9) and the

canonical Hamilton equations.
§+H(x,y,z,§,§,§j:0, 9)
ot oX oy oz
where H — Hamilton function determined by the properties of the medium. Equation (9) specifies
the propagation of hardening processes in the form of wave fronts.

In a medium with complex geometrical characteristics, wave fronts have specific features and
undergo metamorphoses [13] (Fig. 5). One of the typical features of the wave front is the "dovetail"
(A3), which has edge of regression and self-intersection curves (Fig. 5, dotted line). Let's consider
the processes taking place in the composite material. In the region of the curves of self-intersection
of the forming wave front, the growing wave fronts of the solid phase with different structural
characteristics come into contact.

The feature of the material, corresponding, in particular, to the edge of the self-intersection of
the wave front (Fig. 5, dotted line) is one of the varieties of "hidden™ interfaces (not detected by
optical methods).

Fig. 5. Typical features and metamorphoses of wave fronts:
dotted line — curves of self-intersection; bold lines — cusp edges

Here, self-generation and grouping of stress concentrators of different scales, which are
elements of the fracture structure, should be expected (Fig. 6, 3).

Argumentation carried out in a similar sequence allows one to search for elements of the
fracture structure (stress concentrators) near the features of the hardening wave fronts. The caustics
associated with the spread of hardening processes are probably capable of performing a similar
function.

Under the conditions of a dense spatial arrangement of binder grains in concentrated
dispersions and highly filled compositions, the probability of the implementation of the considered
mechanism (hindered transfer processes) increases.
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Fig. 6. Scheme of the formation of structural features of the growth wave fronts of the hydration phase:
1 — the nucleus of a new phase; 2 — structural elements of the new phase; 3 — a feature of the growth
front of neoplasms; 4 — elements of the original dispersed system

The purposeful organization of the hardening structure on the proposed theoretical basis can be
carried out by several methods: using forms of a given geometry, which can be realized on significant
spatial scales and the formation of active surfaces by creating ready-made crystallization centers on
them (for example, coating an aggregate of a given geometry with a layer of gypsum dehydrate and the
formation of gypsum composite based on it). The theoretical and calculated aspects of the formation of
the geometric structure of stress concentrators, as well as options for controlling the structure formation
by geometric methods, can be based on the considered conceptual scheme, which is the subject of
future research.

Conclusions. An experimental-conceptual model of the influence of the geometric features of
composite materials on its strength characteristics was considered and argued. It is shown that the
elements of the fracture structure — explicit, optically detectable, hidden internal interfaces and
cracks — are able to concentrate in the area of geometric features that arise during the period of
structure formation. Geometric features of two types are distinguished: the contact of the wave
fronts of the growing phase of hydrates and the features of the wave front of hardening arising
during its metamorphoses. The heterogeneity of the structural characteristics of the new phase near
them is considered as one of the main reasons for the formation of a fracture structure in the regions
of the corresponding surfaces. Variants of controlling the processes under consideration by
purposefully coordinating the introduction of crystallization centers into the hardening composite
binder have been proposed.
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AHoTanis. B po6oTi po3risiiatoThCsl IPUUUHU 3HWKEHHS MIITHOCTI KOMIIO3ULIIHOTO MaTepiaity
BIZTHOCHO JI0 TEOPETHYHOI. byio BUCYHYTO rinotesy, 3riHO 3 SIKOI MOPs/A 3 BIIOMUMH IPUYUHAMU,
30KpeMa, HasBHICTIO BHYTPIIIHIX I'PaHUIIb PO3ALUTY, 1 CHUIBHO 3 HUMH, B SKOCTI IPUYUH 3MEHILIECHHS
MIIIHOCTI MOXYTb BUCTYIATH MPOLIECH MOOIM3Y T€OMETPHUYHUX OCOOIMBOCTEH, 110 BUHUKAIOTH MPU
CTPYKTYPOYTBOpPEHH1 B'sDKydoro Ticta. Jlns MonenroBaHHS BUHHKHEHHS OCOOJIMBOCTEM B
KOMITO3ULIITHOMY B'S)KY4OMY TICTI 3aCTOCOBYIOTHCSI YSIBIIEHHS NP0 JIOKalbHE (PopMyBaHHS
HOBOYTBOpPEHb Ha HAasIBHUX B B'SYKYYOMY TICTI 3apOJKIB HOBOI (pa3u — 1I1apiB T1JpaTOBAHOTO B'SHKYUOTO
Ha MOBEPXHI HOro 3epeH. 3riHO 3alpOIIOHOBAHOI MOJIENI, 3pOCTaHHs HOBOI (pa3u BiOyBaeThCs 3a
MEXaHI3MOM, TIOB'SI3aHUM 3 YTBOPEHHSM XBUJIHOBOrO (PpoHTY. XBUIHOBUN (POHT TAKOXK MIITAETHCS
Metramopdo3zam, B pe3ynbTari 4oro (GopMyroThess HOro 0COOIMBOCTI, MOOIN3Y SKUX KOHIIEHTPYIOTHCS
NeQeKTH CTPYKTYpH. [HIIMM BHIOM T€OMETPUYHUX OCOOIMBOCTEN € MPUXOBAHI TPAHULI PO3JILTY, 11O
bopMyIOTbCST B pe3yibTaTi 3YCTPIYHOIO 3POCTaHHS XBWJIBOBHX (POHTIB 1 iX 3ITKHEHHS.
3anponoHOBaHU MEXaHi3M TMIATBEPIKYETHCS JAHUMH MIKPOCKOIYHOTO JTOCIIPKEHHST TPOIIECIB
CTPYKTYPOYTBOPEHHS TiIICOBOTO B'SDKYYOro — Ha MOJIEIBHOMY 3pa3Ky CIocTepiraerbcst (popMyBaHHS
MOBEPXOHb KOHTAKTY KpUCTANI4HOi (a3u 3 pIBHUMH TEOMETPUYHUMH Ta CTPYKTYPHUMH
BJIACTMBOCTSIMHU. B sKOCTI OnHI€I 3 OCHOBHMX TNPHYMH BHUHUKHEHHS BHCOKHMX KOHIIGHTpAIll
MIKPOTPILIIMH Ta 1HIIUX KOHIIEHTPATOPIB Hampy>KeHb MOOIHU3Y NMPUXOBAHUX T'PAHULb PO3JALTY JABOX
BUJIIB PO3IJIIIAE€ThCA CHIBICHYBaHHSA B IMX OOJACTSIX TBEpAMX (a3 3 PpI3HUMU CTPYKTYPHHUMHU
XapaKTepUCTUKAaMH (CIIOCTEPIraeTbCcs HEY3TOJDKEHICTh CTPYKTYPHHUX HapaMeTpiB MOPSIKY MOOIU3Y
TpaHuIlb PO3IUTY, 11O (OPMYIOThCS), B pe3ylbTaTi YOro 3HWXKYEThCS MilHICTh. Lum Qaktom
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MIOSICHIOETBCS TAKOXK 3HIDKCHHS BIIOPSIKOBAHOCTI CTPYKTYpU Marepiaiy B IMX obnactsx. Ha ocHoBI
PO3IIISTHYTUX MEXaH13MIB (POPMYBaHHS CTPYKTYPHHUX OCOOJMBOCTEH, 10 MPU3BOAATH 10 PYHHYBAaHHS
3pa3Kka, MpPOMOHYIOTHCS METOAM YIpaBIiHHA (POpMYyBaHHSM CTPYKTYpH MaTepiairy, 30Kpema,
IiJIecnpsIMOBaHe JIOKIbHE BBEJCHHAM 3apOJIKiB TBEP/IOi (pa3u B B'sHKYUHH TICTO.

KirouoBi cjioBa: MillHICTh, TEOPETUYHA MIIHICTh, T€OMETPUYHA CTPYKTYpa, TBEPIiHHS,
B'SDKYYHH TICTO, XBUJILOBUW (DPOHT, TiIIC.
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AHHoTanusi. B pabore paccMaTpuUBarOTCS MPHUYMHBI CHIKCHHUS [TPOYHOCTH KOMITO3UIIMOHHOTO
Marepuaiga Mo OTHOMICHUIO K MAKCUMAIbHO BO3MOXKHOW. BbIIBHUIaeTCs rMIIOTE3a, COTIACHO KOTOPOW
Hapsilly C W3BECTHBIMH TMPUYMHAMH, B YACTHOCTH, HAIMYMEM BHYTPCHHHMX TpaHHWIl pasfena, |
COBMCCTHO C HUMH, B KQYCCTBC IMTPUYINH YMCHBIICHUA ITPOYHOCTHU MOT'YT BBICTYIIATh ITPOLCCCHI BOIH3H
(bOPMUPYIOIIUXCSI TEOMETPUUSCKUX OCOOCHHOCTEH, BO3ZHHMKAIONMX MPH CTPYKTYPOOOpa3OBaHUH
BsOKYLICTO TCCTA. I[JI?[ MOJAC/IMPOBAHNS BO3HUKHOBCHUA 0COOeHHOCTEH B KOMITO3MIIMOHHOM BAXKYLICM
TECTE MPUMEHSIOTCS TIPECTABICHUS O JIOKAJIbHOM (hOPMUPOBAHUH HOBOOOPA30BAHHI HA MMEIOIIHXCSI
B BSOKYIIEM TECTC 3apOAbllIax HOBOU (1)213I>I — CJIOCB THAPATUPOBAHHOI'O BsOKYLICTO HA IMOBEPXHOCTHU
ero 3epeH. CorjacHO TNPEUIOKEHHON MOJICIH, POCT HOBOH (Da3bl MPOUCXOIMUT IO MEXaHU3MY,
CBSI3aHHOMY C O0Opa3oBaHHMEM (QpPOHTa TBEpACHUS. ITOT (POHT, MOJOOHO BOJHOBHIM (POHTAM,
nojiBepraercs Meramopdo3am, B pe3yibrare 4ero (GOPMHUPYIOTCS €ro 0OCOOCHHOCTH, BOJIM3H KOTOPBIX
CaMO3apOXKIAIOTC U KOHLIEHTPUPYIOTCS TAKUE DIIEMEHTBI CTPYKTYPBI, KaK TPELIMHbI U BHYTPEHHHUE
rpaHuIbl paznena. JI[pyruM BHIOM TE€OMETPUYECKHX OCOOCHHOCTEW SIBIISIOTCS CKPBITHIC TPAHMIIBI
paszgena, GopMHpYIOLIMECS B pe3yJbTrare BCTPEYHOTO pOCTAa BOJHOBBIX (POHTOB U HX
COMPHUKOCHOBEHMS. [Ipe/IoKeHHBI MEXaHW3M TOJTBEPKIACTCS JIAHHBIMH MHKPOCKOITHYECKOTO
HCCIICIOBAHUS TIPOIIECCOB CTPYKTYpPOOOPA30BaHUs TMIICOBOIO BSDKYIIETO — HA MOJCIBHOM 00pasiie
HaOmomaeTcss  (OPMHUPOBAHUE TOBEPXHOCTEH KOHTAKTa KPUCTAUIMYECKOH a3kl ¢  pa3HBIMH
FCOMCTPUICCKUMU W CTPYKTYPHBIMH cBolicTBaMu. B KkadectBe 0I[HOI>1 N3 OCHOBHBIX TIIPHYXH
BO3HUKHOBCHHUS BBICOKMX KOHIICHTPALMH MHUKPOTPEIIMH M JPYTHX KOHIICHTPATOPOB HAIPSHKCHHIA
BOJIM3M CKPBITHIX IPAHUI] pa3jieNa JBYX BHIOB PACCMAaTPUBACTCS COCYIIECTBOBAHUE B 3THX 00JIACTIX
TBEpABIX (a3 C pasHBIMH CTPYKTYPHBIMH XapaKTePHCTHKaMH (HAOJIOJAeTCsl PacCOrIacoOBaHUE
CTPYKTYPHBIX MMapaMeTpOB TOpsaKka BOJM3K (OPMHUPYIOMIMXCSA TPAHUI] pa3jesia), B Pe3y/bTare 4yero
CHM)KAETCSI MPOYHOCTh. ITHM (PAKTOM OOBSICHSICTCSI TAKIKE HAOIIOAaEMOE CHUKEHHUE YIIOPSIOUCHHOCTH
CTPYKTYpBI MaTepHajia B 3THX o0acTsx. Ha ocHOBe paccMarpuBaeMbIX MEXaHH3MOB (POPMHPOBAHHUS
CTPYKTYPHBIX OCOOCHHOCTEH, TPUBOISIIMX K pPa3pyIICHUIO 00pasia, MpeIaraloTcs METOIbI
ynpasjieHus (OPMHUPOBAHUEM CTPYKTYPhl MaTepuaia, B YaCTHOCTH, IIEJICHANPABICHHBIM JIOKATbHBIM
BBEJICHUEM 3apO/IbIIIIeH TBEPI0i (ha3bl B BSHKYIIEE TECTO.

KiroueBble cj10Ba: MPOYHOCTh, TEOPETHUYECKas MPOYHOCTh, T'€OMETPHUYECKas CTPYKTYpa,
TBEpJICHHE, BXKYIIIEE TECTO, BOJHOBOM (PPOHT, rHIIC.
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