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ABSTRACT

Purpose. The substantiation of accounting the deformation-strength characteristics of the collapsed rocks and the
rocks consolidating near the reusable preparatory mine working of the mined-out space to optimize the loading
parameters of its fastening and security systems. Improving the research adequacy and recommendations reliability.

Methods. By means of computational experiments based on the finite-element method, the influence has been stu-
died of rigidity of the collapsed rocks and consolidating rocks in the mined-out space on the level of intensity of the
load-bearing elements of the fastening and security systems of mine working. The analysis has been performed of the
stress-strain state of the geomechanical system load-bearing elements, as well as comparative mine research.

Findings. The research results and analysis are represented of the stress-strain state of the fastening and security
systems elements in the preparatory mine workings with different degree of rigidity of the collapsed and consolidated
rocks of the mined-out space. The patterns of the rigidity influence of the collapsed roof rocks on the stable state of
preparatory mine workings have been assessed.

Originality. A different-valued relation has been established between the deformation-strength characteristics of the
collapsed rocks in the mined-out space and the elements of fastening and security systems of mine working, which
should be considered when optimizing the modes of their operation. It has been revealed that the increased loading
on the combined roof-bolting system elements protects the frame support from the increased rock pressure, which
contributes to reducing the section losses of mine working.

Practical implications. The research performed is the basis for the parameters optimization when maintaining the pre-
paratory mine workings for their repeated use and also for the rational parameters search of the combined roof-bolting
system in order to develop a method for choosing its parameters depending on mining and geological conditions.

Keywords: collapsed rocks, preparatory mine working, stress-strain state, deformation-strength characteristics,
support, roof rocks rigidity

1. INTRODUCTION

When considering the trends of the main geomechan-
ics factors influence on the state of fastening and security
systems of the preparatory mine workings in the zone of
the stope works influence (Bondarenko, Kovalevska,
Symanovych, Barabash, & Snihur, 2018; Kovalevska,
Barabash, Husiev, & Snihur, 2018), a certain impact
have been constantly observed on each other all of the
load-bearing elements constituting the diagram for main-
taining the mine working. And the degree of this impact
largely depended on how different their operation modes

are in the process of resistance to the rock pressure mani-
festations (Majcherczyk, Niedbalski, & Malkowski,
2007). For example, if rigid and pliable elements interact
with each other, then usually in the area of their contact
in the pliable element, the significant perturbations of
stresses components occur, which often reach the de-
structive values (Kulczycka, Hatasik, Nowaczek, Whirt,
& Szkop, 2017). Therefore, it is a very important issue of
matching between the deformation-strength characteris-
tics of the elements included into the fastening system of
mine working, against their total adaptation to the nature
of rock pressure, conditioned by the action of geome-
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chanics factors combination (Kovalevska, Barabash,
Husiev, & Snihur, 2018; Bondarenko, Kovalevska, Sy-
manovych, Barabash, & Snihur, 2018), including the rigid-
ity of the collapsed rocks and the rocks of immediate and
main roof being consolidated in the mined-out space of the
longwall face (Kovalevska, Vivcharenko, & Snigur, 2013;
Symanovych, Demydov, & Chervatuk, 2013).

Under the concept of rigidity of the longwall face col-
lapsed rocks we understand the dependence of their re-
pulse reaction to the lowering overlying layers of the
coal-overlaying formation on the shrinkage value of the
collapsed rocks in the mined-out space. As such, a de-
formation-strength characteristic of rocks in the zone of
uncontrolled collapse of the mined-out space near the
preparatory mine workings has been considered, which
integrally describes their behaviour in the process of
displacement of the coal-bearing massif behind the stope
face. The consideration of this geomechanics object is
conditioned by a number of factors that, in our opinion,
should be taken into account when substantiating and
choosing the rational operation modes of the fastening
and security systems of preparatory mine workings
(Bondarenko, Kovalevs’ka, & Fomychov, 2012;
Kovalevska, Symanovych, & Fomychov, 2013; Lozyn-
skyi, Saik, Petlovanyi, Sai, & Malanchuk, 2018; Rak,
Cieslik, Stasica, & Dvorak, 2018).

The main factor is that the more rigid the defor-
mation-strength characteristic of the collapsed rocks (the
increased repulse reaction with reduced shrinkage value),
the less the lowering of the main roof rocks, and the
more restricted area of their weakening, which leads to
the formation of a decreased load on the fastening system
and reduces the section loss of the drift. The subordina-
ted factor is closely related to the main one: the high
repulse reaction at a decreased vertical displacement
creates an effective bearing for the overlying layers of
the main roof from the side of mined-out space; if the
adjacent rock layers are still divided into blocks under
the influence of vertical rock pressure, then as the height
of the rock layer location increases, its stability will also
increase due to the presence of two bearings with a high
repulse reaction and decrease in the span length of the
rock beam owing to the expansion in the area of bearings
influence throughout the height of the roof (Kendzera &
Semenova, 2017; Lazarevi¢, Uro§, & Cengija, 2017;
Haiko, Matviichuk, Biletskyi, & Saluga, 2018; Khaly-
mendyk & Baryshnikov, 2018).

Thus, with a sufficiently rigid deformation-strength
characteristic of the collapsed rocks, the stabilization of
the displacement process of the coal-overlaying for-
mation occurs at a shorter distance behind the stope face
at a more restricted height of extension of the weakening
area into the roof; as a result — the decrease in the load on
the fastening system and the section loss of the drift.

The degree of the collapsed rocks rigidity in the mined-
out space is determined by the composing lithotypes, their
structure and mechanical properties (Hassani, Farokhnia,
Sarkheil, & Dizaji, 2010; Naduty, Malanchuk, Malanchuk,
& Korniyenko, 2015; Yu, Niu, Kong, Hao, & Cao, 2015).
From the classical provisions of mine rock mechanics, it is
known that the degree of fragmentation increases with an
increase in the strength and thickness of collapsing rock
layers (Bulychev, 1982), and also depends on the type of
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lithological variety: for example, the fragmentation degree
of sandstone is significantly higher than that of siltstone,
and the fragmentation degree of siltstone is higher than that
of argillite. The same provisions of mine rock mechanics
indicate the pattern of inversely proportional relation be-
tween the fragmentation degree and the thickness of the
zone of uncontrolled collapse, and the lower its height, the
more rigid deformation-strength characteristic: with a re-
duced lowering of the main roof rocks, the value of reac-
tion is formed, which is sufficient to stabilize the displace-
ment process of the coal-overlaying formation.

These considerations have substantiated the need to
study the degree of influence of the collapsed rocks rigid-
ity in the mined-out space on the state of the fastening
and security systems elements of the reused drift in terms
of assessing their operation modes rationality. The mod-
elling of different rigidity of the collapsed rocks has been
performed by the finite element method (FEM) (Bock &
Prusek, 2015; Witek & Prusek, 2016; Bondarenko et al.,
2017) by way of changing their deformation modulus,
which is an averaged characteristic of relation between
their reaction and the shrinkage value.

The analysis of the state of the fastening and security
system elements has been performed by two stresses
components: vertical o, and stresses intensity o.

2. RESEARCH AND ANALYSIS OF
VERTICAL STRESSES COMPONENTS

The two curves of the vertical stresses g, distribution
in the elements of the fastening and security systems of
the drift, which correspond to the variants of increased
and decreased collapsed rocks rigidity of the mined-out
space are shown in Figure 1.

With an increased rigidity of the collapsed rocks
(Fig. 1a), the distribution of g, in the fastening system is
characterized by the following peculiarities:

— the most part of the cap board length on its sides is
in a very unloaded state with a fluctuation from 5 MPa of
tension to 20 MPa of compression;

— in the central part of the arch with a length of about
1.2 m, the tensile stresses o, act up to 30 MPa, which
amount only 11% of the limit of strength of SCP steel;

—in the contact with the central prop stay of the
strengthening support, the moderate concentrations of
compressive stresses g, up to 40 — 55% of the estimated
yield limit value occur, which is also confirmed by mine
observations (Fig. 2).

The described distribution of ¢, in the frame cap
board is subjected to a series of changes for a variant
with decreased collapsed rocks rigidity (Fig. 1b):

—in the area of the yielding joists location, the curve
o, is not almost changed if compared with the previous
variant, but as it moves to the central part of the arch, the
compressive stresses g, increase by 2 — 5 times, reaching
70 — 100 MPa, and this, nevertheless, does not constitute
a danger to the cap board stability;

— there is also an increase in tensile stresses g in the
central part of the arch up to the values of 50 — 80 MPa,
which amount to 15 — 30% of the yield limit of the steel;

— at the same time, the concentration of compressive
stresses oy in the contact with the central prop stay of the
strengthening support is reduced very intensively.
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(a)

(b)

Figure 1. The fragment of the vertical stresses oy distribution
in the fastening and security systems of the prepara-
tory mine working, depending on the deformation-
strength rocks characteristics of the zone of uncon-
trolled collapse in the mined-out space: increased (a)
and decreased (b) rigidity of the collapsed rocks

(b)

Figure 2. The fragments of the state of a working flank (a)
and non-mining flank (b) of the reusable zonal drift
with increased collapsed rocks rigidity in the mined-
out space

The comparison of the obtained results indicates a
certain increase in the loading of the frame cap board
under the conditions of decreased rigidity of the col-
lapsed rocks, which, however, does not constitute a dan-
ger to its stability. Obviously, an increase in the load on
the cap board is conditioned by the increased shrinkage
of the collapsed rocks, but the yielding mode of the cap
board operation still copes with the function of its protec-
tion from the excessive rock pressure.

On the other hand, the wooden prop stay of the
strengthening support restricts the yielding mode of the
cap board operation, and here the following situation
arises relative to peculiarities of its deformation. The cap
board has three bearings: two pliable bearings on its sides
(near the frame joists) and one rigid bearing in the con-
tact with the central prop stay of the strengthening sup-
port. Under the influence of the vertical load, the half-
branches of the cap board tend to bend, since their
bearings along the edges work in a yielding mode and
allow for the possibility of significant movements. The
place of the cap board bending determines the location of
the rigid central bearing. In addition, an enough intensive
distribution of tensile stresses o, occur in the resin-
grouted roof bolts (which are close to the vertical axis of
mine working), therefore, a significant vertical load on
the frame is formed (from the stratified roof rocks),
which contributes to flexure strains of the half- branch of
the cap board relative to the rigid central bearing. Then it
is quite explainable the extended area of tensile stresses
oy in the central part of the cap board: when bending, the
cap board tends to elongate and its tension happens.

Here we are again faced with a mutual influence on
each other of operation modes of different elements of
the fastening system of the drift. Unlike the yielding
operation mode of the frame cap board, the rigid defor-
mation-strength characteristic of a wooden prop stay of
the strengthening support predetermines a significant
increase in its loading when worsening the conditions for
maintaining a drift according to the factor of the in-
creased shrinkage value of the collapsed rocks. Thus,
with their increased rigidity, the overwhelming part of
the wooden prop stay length is loaded with compressive
stresses 0, < 20 MPa, which does not exceed 50% of the
value of calculated resistance of pine to compression. In
the area with height up to 200 mm, near the contact with
the frame cap board, the vertical stresses reach 100% of
the calculated resistance of pine to compression and here
only a local wood contortion is possible (Fig. 2).

At the same time, at a decreased rigidity of the col-
lapsed rocks, a more intensive lowering of the coal-
overlaying formation causes a sharp increase in the load
on the wooden prop stay of the strengthening support,
which has rigid deformation-strength characteristics:

—the compressive stresses g, reach the values of
70 — 120 MPa and by 1.75 — 3.0 times exceed the calcu-
lated resistance of pine to compression;

—a differential of compressive stresses o, occurs in
the cross section of the prop stay, which indicates the
action of the bending moment, causing the bend of the
prop stay in the direction of mined-out space (Fig. 3).

This combination of predominantly superlimiting state
of wood with the impact of a bending moment makes it
possible to predict the stability loss of the central prop
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stay of the strengthening support, which excludes it from
the work to resist to the rock pressure. Thus, the degree of
the collapsed rocks shrinkage in the mined-out space
influences quite significantly on the state of a rigid
wooden prop stay of the strengthening support.

Figure 3. The fragment of a state of the zonal mine working
support with a decreased rigidity of the collapsed
rocks in the mined-out space

The same significant influence of the collapsed rocks
rigidity is also observed on the state of the rows of side
wooden prop stays of the strengthening support. With an
increased collapsed rocks rigidity, their significant re-
sistance to rock pressure contributes to a quite stable
state (mainly to prelimiting state) of the wooden prop
stays according to the factor of the component g, action.
When decreasing the collapsed rocks rigidity, their re-
sistance to vertical rock pressure decreases (at the identi-
cal displacements). This value of resistance decrease
should be redistributed to other elements of maintaining,
including the side prop stays of the strengthening support.
As a result, the value g, increased up to 70 — 120 MPa,
which exceeds the calculated resistance of pine to com-
pression by 1.75—3.0 times. In addition, a significant
bending moment appears (in the second and third rows of
prop stays — in two areas throughout their height), which
contributes to stability loss of the prop stays working in a
rigid mode of resistance to rock pressure.

In the prop stays of the frame support there is an am-
biguous influence of the collapsed rocks rigidity. Thus,
the prop stay from the side of mined-out space at an
decreased shrinkage of the collapsed rocks (Fig. 1a) is in
a quite unloaded state; the overwhelming part of its
length is subjected to o, <20 MPa, and only in a limited
area of a length of 0.3 — 0.4 m the compressive stresses
0, =25 —45 MPa act, which does not exceed 17% of the
yield limit of SCP steel. Such situation is caused by the
action of three components, which take up the main vo-
lume of the vertical rock pressure: the collapsed rocks
with increased rigidity, central wooden prop stays of the
strengthening support and three rows of side wooden
prop stays of the strengthening support.

The decrease in the resistance of the collapsed rocks
while reducing their rigidity (Fig. 1b) causes a redistribu-
tion of load (from the side of the roof rocks) to other
elements of the diagram for maintaining the drift, includ-
ing the frame prop stay from the side of mined-out space.
Here, except for the local area near the yielding joist, the
compressive stresses o, are changed in the range of
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90 — 150 MPa, which on average is half as much as the
yield limit of SCP steel and characterizes the state of the
prop stay as stable, despite its rigid mode of operation.
This is mainly conditioned by the resistance of the cen-
tral and side prop stays of the strengthening support.

Thus, on the one hand, the influence of the rigidity of
rocks collapsed in the mined-out space is very significant
in terms of o, growth (at an average by 4 — 6 times), but,
on the other hand, the prop stay does not lose stability
and is in a state far from the limiting one.

A different situation is observed for the frame prop
stay from the side of massif; it is subjected to considera-
ble load even in favourable conditions of increased rigi-
dity of the collapsed rocks: the vertical stresses o, are
either close or correspond to the value of yield limit of
SCP steel, but in cross section of the prop stay there are
no signs of any significant bending moment. The same
pattern is observed with decreased rigidity of the col-
lapsed rocks with a slight increase of ;, up to 8 — 11%.

The increased load on the frame prop stay from the
side of virgin massif is a very common phenomenon, and
the weak influence of the collapsed rocks rigidity can be
explained by their remoteness from the prop stay, where
the main loading factor is the weight of unstable roof
rocks from the side of massif.

The significant difference in the degree of loading the
two prop stays of the frame, working in approximately
the same rigid mode, is conditioned by the influence of
the deformation-strength characteristics not only of the
collapsed rocks, but also of other fastening elements
(central and side prop stays of the strengthening support).

3. RESEARCH AND ANALYSIS
OF STRESSES INTENSITY

The outcome of a significant influence of the rocks
rigidity in the zone of uncontrolled collapse on the state
and operation mode of the fastening elements in the pre-
paratory mine workings has been confirmed when ana-
lysing the curves of the stresses intensity o distribution
shown in Figure 4.

The cap board of the frame (under the conditions of
increased collapsed rocks rigidity) is in a relatively
unloaded state (Fig. 4a):

—in its peripheral areas near the yielding joists, the
minimal g, < 20 MPa act;

—when moving closer to the central part of the arch,
the stresses intensity increases up to 130 — 180 MPa,
which is conditioned by the influence of the central prop
stay of the strengthening support;

—at a distance of 250 — 380 mm from the vertical
axis of mine working, two concentration areas of
0,=210—-260 MPa are located symmetrically through-
out the entire height of the SCP section, where, primari-
ly, the limiting state is likely with the slightest worsening
of the mining and geological conditions;

— directly in the entire contact area of the cap board and
the central prop stay of the strengthening support, an area of
the SCP plastic state is formed to a depth of up to 40 mm.

The general state of the frame cap board can be as-
sessed as stable, but there are preconditions for the plas-
tic flow of SCP in the area of contact with a rigid wood-
en prop stay of the strengthening support.
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Figure 4. The fragment of the stresses intensity o distribution
in the fastening and security systems of the prepara-
tory mine working depending on the deformation-
strength characteristics of rocks in the zone of un-
controlled collapse in the mined-out space: in-
creased (a) and decreased (b) rigidity of the col-
lapsed rocks

The predicted plastic state of the central part of the
cap board (at length up to 1.3 m) occurs in the variant
with decreased rigidity of the collapsed rocks (Fig. 4b).
The main reason is the rigid operation mode of the wood-
en prop stay of the strengthening support, which induces
the plastic bending of the cap board half-branches.

The central prop stay itself of the strengthening support
is also subjected to a significant influence of the degree of
collapsed rocks shrinkage in the mined-out space. With
their increased rigidity, there is a uniform field (absence of
a bending moment) of stresses intensity with value not
more than 20 MPa, which is half the value of the calculat-
ed resistance of pine to compression. From this it follows
that despite the rigid mode of a wooden prop stay opera-
tion, the close location of another rigid element (collapsed
rocks) preserves the quite stable state of this prop stay.

On the contrary, when decreasing the collapsed rocks
rigidity, a part of the load is redistributed to the central
wooden prop stay of the strengthening support. As a re-
sult, not only the stresses intensity increases in it, but also
a bending moment occurs; the combination of the limiting
or superlimiting state of wood of the prop stay with the
bending moment, definitely leads to its stability loss.

A similar situation is observed with the rows of side
wooden prop stays of the strengthening support. Their
extremely stable state with an increased collapsed rocks
rigidity is replaced by an unstable one (the stresses inten-
sity exceeds by 1.5 —2.5 times the calculated resistance
of pine to compression) in the variant with the decreased
collapsed rocks rigidity. Obviously, the observed trends
reflect a single mechanism for the load redistribution on
the rigidity elements at least of one of them.
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The prop stays of the frame support according to the
factor of stresses intensity ¢ distribution react differently
to changes in the collapsed rocks rigidity. From the side
of mined-out space, with an increased collapsed rocks
rigidity, the prop stay of the frame is extremely unload-
ed: a value of g, <20 MPa, which does not exceed 7.4%
of the estimated yield limit of SCP steel; the bending
moment is almost absent. The main reason for this state
of the frame prop stay is that the most of the load from
the lowering rocks of the coal-overlaying formation is
taken up by the zone of uncontrolled collapse, which is a
very rigid and extensive in area, while maintaining the
thrust forces between the rock blocks above the mine
working and above the adjacent part of mined-out space
of the longwall face. These thrust forces of blocks make it
possible to create a resistive action to the vertical compo-
nent of the rock pressure and distribute it over a larger
area of the mined-out space, which reduces significantly
the lateral shifts of the collapsed rocks in the direction of
the security and fastening systems of the maintained mine
working. When decreasing the rigidity of this zone rocks,
a part of the load is redistributed to the frame prop stay:

—1in its curvilinear part, the stresses intensity reaches
200 — 260 MPa, that is, the state of the prop stay is ap-
proaching the limiting one (75 — 95% of the yield limit of
SCP steel);

— a significant bending moment acts with the direction
of the curvilinear part bend towards the mined-out space;

— along the main length of the rectilinear part of the
prop stay, a moderate bending moment acts with the
bend direction into the cavity of mine working.

The frame prop stay from the side of massif is very
poorly influenced by the collapsed rocks rigidity; it is in
the limiting and superlimiting states (without significant
bending moments), and the decrease in the collapsed
rocks rigidity increases the stresses intensity by no more
than 5 — 8%.

4. CONCLUSIONS

The influence of the collapsed rocks rigidity of the
mined-out space on the loading of the fastening and securi-
ty systems of the preparatory mine working is determined
by the thrust forces between the rock blocks above the
mine working and above the adjacent part of mined-out
space of the longwall face. These thrust forces of blocks
resist to the vertical component of the rock pressure and
contribute to its distribution over a larger area of the
mined-out space, which reduces significantly the lateral
shifts of the collapsed rocks in the direction of the security
and fastening systems of the maintained mine working.

A different-valued relation is evident of the defor-
mation-strength characteristics of the collapsed rocks in
the mined-out space, fastening and security elements of
the extraction mine working, which should be considered
in their operation modes optimization.

There is a mutual influence on each other of the de-
formation-strength characteristics of different elements
included into the diagram for maintaining the extraction
mine working after passing the stope face; this fact is
also required to take into account when substantiating
and choosing the rational operation modes of the fas-
tening systems as a whole.
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BIIVIUB )KOPCTKOCTI OBBAJIEHUX ITOPLJ ITOKPIBJIT
BUPOBJIEHOI'O ITPOCTOPY HA CTAH IIIATOTOBYUX BUPOBOK

B. bonpapesnko, I'. Cumanosuy, €. Kinki, M. Bapa6aii, 1. Caneen

Merta. OOrpyHTYBaHHS ypaxyBaHH: JeopMaIliitHO-CHIIOBOI XapaKTEPUCTUKHI 0OBAJICHNX 1 YIILUTEHIOIOUUX TIOPiT BUPO-
6JIEHOTO MPOCTOPY MOOIH3Y MiATOTOBYOT BUPOOKH, 1[0 MOBTOPHO BUKOPUCTOBYETHCS, [UIsl ONTUMI3allil TapaMeTpiB HaBaH-
Ta)KeHHS Ti KPIMMJIBHOI i 0XOpOHHOI crcTeM. ITiMBUIIICHHS aIeKBaTHOCTI JOCIKEHD Ta JOCTOBIPHOCTI PEKOMEH IALIiH.

MeToanka. OGUNCITIOBAIBHUMH €KCIIEPUMEHTAMH Ha OCHOBI METO/Y CKIHYEHHHX €JIEMEHTIB JOCIIKYBaBCs BILIUB
JKOPCTKOCTI OOBaJIEHMX 1 YIIUIBHIOIOUYHMX IOPiA BUPOOJIEHOrO MPOCTOPY Ha PiBEHb HANPYKEHOCTI BAHTAXKOHECYUHX
€JIEMEHTIB KpIMMIBHOT i OXOpOHHOI cucteM BHpoOku. [IpoBeneHo aHali3 HanpykeHo-1e(OpPMOBAHOTO CTaHy BaHTa-
JKOHECYYHX CJICMECHTIB T€OMEXaHIYHOI CHCTEMH Ta MOPIBHSIbHI IIAXTHI JOCIHKCHHS.
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PesyabraTu. HaBeneHo pe3ynbTaT 1OCITIHKEHb Ta aHAJi3 HAapyKeHO-1e(OPMOBAaHOTO CTaHy €JIEMEHTIB KPIlnilb-
HOi ¥ OXOPOHHOI CHUCTEM IiJAOTOBYMX BHUPOOOK IPH Pi3HOMY CTYIIEHI YKOPCTKOCTiI OOBaJEHHX 1 YIIIJIBHEHHX MOPi[
BUpOOIIEHOTO TpocTopy. OLIHEHO 3aKOHOMIPHOCTI BIUTMBY KOPCTKOCTI OOBaJEHHUX IOPIiJ MOKPIBIII HAa CTIHKWI cTaH
ITiATOTOBYHUX BUPOOOK.

HayxoBa HoBU3HA. BcTaHOBIICHO pi3HOBENMKHIA 3B 530K AedopManifHO-CHIIOBHX XapaKTEPUCTHK OOBAJICHHX I1O-
pin y BUpOOJIEHOMY MPOCTOPI 3 €JEeMEHTAaMH KPIiMMIbHOI i OXOPOHHOI CHCTEM BUPOOKH, SKMH HEOOXiTHO BpaxoBYBaTH
MIPYU ONITHMI3aIlii PeXMMiB iX poboTH. BusBIEeHO, 10 MiABHINEHA 3aBaHTAXKCHICTH €IIEMEHTIB KOMOIHOBAHOI aHKEPHOL
CHCTEMH 3aXUIIa€ paMHE KPITUICHHS BiJl IMiIBUIICHOTO TIPCHKOTO THUCKY, IO CIIPUSE 3HIDKEHHIO BTPAT Iepepi3y BUPOOKH.

IpakTHyHa 3HaYNMicTh. BUKOHaHI TOCTiHKEHAS € 0a3010 U ONTHMI3allii TapaMeTpiB MiATPAMAHHS TirOTOBYMX
BHPOOOK TP iX MOBTOPHOMY BUKOPHCTAHHI, @ TAKOX € OCHOBOIO IS TIONIYKY PalliOHATbHUX MapaMeTpiB KOMOIHOBaHOI
AHKEPHOI CUCTEMH 3 METOIO PO3POOKH METOIUKH BHOOpY 11 ITapaMeTpiB 3aJIe)KHO Bifl TipHUYO-TEOJIONTYHUX YMOB.

Knrouosi cnosa: obsaneni nopoou, niocomosua supooKa, Hanpyiceno-0eopmosanuli Cman, 0eQopmayitiho-cuiosd
Xapakmepucmuxa, KpinjieHHs, HCopCmKicms nopio NOKpiei

BJIMSHUE )KECTKOCTH OBPYIIEHHBIX ITOPO/ KPOBJIX BBIPABOTAHHOI'O
IMPOCTPAHCTBA HA COCTOSAHHUE NIOAT'OTOBUTEJIBHBIX BBIPABOTOK

B. bonnapenko, I'. CumanoBuy, E. Kuriku, M. Bapa6a, 1. Caneer

Leab. ObocHoBaHMEe yueTa Ne(OpMaMOHHO-CHUIIOBOH XapaKTEPUCTHKUA OOPYILEHHBIX M YIUIOTHSIOIUXCS BONN3U
HOBTOPHO HCIIOJIb3YEMOM IOATOTOBUTENBHON BBIPAOOTKH IOPOA BBIPAOOTAHHOTO MPOCTPAHCTBA AJISl ONTHMHU3ALNU
NapaMeTpOB HarpyXeHUsl ee KPEeNexKHOH U oxpaHHOU cucteM. [IoBbIIeHEe aeKBaTHOCTH UCCIEA0BAaHUNA U JOCTOBEP-
HOCTHU PEKOMEHAlNH.

Metoauka. BeraucnutensHbIMY SKCIIEPUMEHTAMU Ha OCHOBE METO/a KOHEUHBIX AJIEMEHTOB UCCIE0BANOCh BIMSIHUE
JKECTKOCTH OOPYIIEHHBIX U YILIOTHSIOIIUXCS MOPO BBIPAOOTAHHOTO TPOCTPAHCTBA Ha YPOBEHD HAIPSHKEHHOCTH TPY30-
HECYIINX JIEMEHTOB KPEMEe:KHONW W OXPAaHHOW CHCTEM BBHIPaOOTKH. IIpoBeneH aHaNM3 HaNpspKeHHO-Ie()OpMUPOBaHHOTO
COCTOSTHHSI TPY30HECYIIIUX 3JIEMEHTOB T€OMEXaHIMIECKON CHCTEMBI M CPABHUTEIIHHBIC [IIAXTHBIC HCCIICIOBAHMS.

Pesyabratsl. [IpuBeneHsl pe3yabTaThl UCCIESNOBAHMN M aHAJIHM3 HAMPSHKEHHO-IE(POPMUPOBAHHOTO COCTOSHHUS JJIe-
MEHTOB KPETIe)KHOI 1 OXpaHHON CHCTEM IMOATOTOBUTEIBHBIX BEIPAOOTOK IIPH PA3HOM CTENEHU )KECTKOCTH OOPYIICHHBIX
¥ YIUIOTHEHHBIX MOPOJ BEIpaboTaHHOTO mpocTpaHcTBa. OneHeHs! 3aKOHOMEPHOCTH BIHSHUS KECTKOCTH OOpPYIICHHBIX
HOPOJI KPOBIIM HA YCTOWYHMBOE COCTOSIHUE MOATOTOBUTEIBHBIX BEIPAOOTOK.

Hayuynasi HoBH3HA. YCTaHOBJIEHA pa3HOBENIMKAs CBSA3b Je(DOPMALMOHHO-CHIIOBBIX XapaKTEPUCTHK OOPYIIEHHBIX
MOPOJ B BBIPAOOTAHHOM IIPOCTPAHCTBE C AJIEMEHTAMH KPETEXXHOW M OXpaHHOI cHUCTeM BBIPaOOTKH, YTO HEOOXOANMO
YUUTBHIBATh IPU ONTHMHU3ALNN PEXHUMOB HX PaOOTHI. BBIsABIICHO, YTO MOBBIIICHHAS 3arpy’KEHHOCTh 3JIEMEHTOB KOMOH-
HUPOBAHHOM aHKEPHON CHCTEMBI 3aIlMINAET PAMHYIO KPEelb OT IMOBBIIIEHHOI'O TOPHOTO JABJICHUS, YTO CIIOCOOCTBYET
CHIDKEHHIO ITOTEePh CEYCHUS BHIPAOOTKH.

IpakTHyeckasi 3HAYUMOCTh. BRITIOTHEHHBIEC UCCIIEAOBAHIS SBILTIOTCS 0a301 I ONTHMHU3AIIUH TTapaMETPOB IO~
JIepKaHUS TTOATOTOBUTEIEHBIX BEIPAOOTOK MPH MX MOBTOPHOM HCIOIB30BAHUM, a TAKXKE SBISIFOTCS OCHOBOM IS TIOMC-
Ka palyOHAJBHBIX MapaMeTpoB KOMOWHHUPOBAHHOM aHKEPHOH CHCTEMBI C LIENbI0 pa3padOTKH METOAWKH BhIOOpa ee
MapaMeTPOB B 3aBHCUMOCTH OT TOPHO-TEOJIOTHYECKUX YCIOBUH.

Kniouesvie cnosa: obpywennvie nopoovl, ROOOMOGUMENbHAS GbIPAOOMKA, HANPSIHCEHHO-0ePOPMUPOBAHHOE
cocmosinue, 0epoOpMayuoHHO-CUN08ASL XAPAKMEPUCTNUKA, KPENb, JHCECMKOCHb NHOPOO KPOGu
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