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INFLUENCE OF THE ROCK MASS STRUCTURE AND THE BLASTING
TECHNIQUE ON BLAST RESULTS IN THE HELIOPOLIS QUARRY

Purpose. To find a relative methodology which will help the systematic analysis of the parameters influencing the blasting plan
and a better understanding of the mechanisms of fragmentation of rocks with explosives.

Methodology. The approach uses the Kuz-Ram model to predict blast performance. Three models were used to consider the
effect of blast plan geometry on the quality of blast rock fragmentation. A new blasting plan is proposed using the Langefors
method and the Kuz-Ram empirical model. The results obtained were compared with those of previous blasts.

Findings. The research results show that the optimal fragmentation of 89.2 % with a balance between fine particles of 5.7 % and
outsized blocks of 5.1 % of rocks by explosive in the Heliopolis aggregates quarry is highly dependent on the type and quantity of
explosive used, the direction of initiation, and the cracks caused by the waves of shock (back effects).

Originality. The present work is concerned with the problem of the quality of rock blasting which will ultimately affect the costs
of drilling, blasting and the efficiency of all mining operations. Parameters influencing the processes of rock fragmentation during

mining operations are specified.

Practical value. The purpose of blasting is to disaggregate the material in order to facilitate its recovery by the extraction equip-
ment. It is therefore necessary to correctly define the blasting plan by optimizing these geometric parameters, the nature and the
quantity of explosive, the initiation sequences aim to have the right particle size distribution.

Keywords: rock mass, discontinuity, Kuz- Ram, fragmentation, fxplosive, Guelma, Algeria

Introduction. The blasting operation is thus the first pro-
cess of particle size reduction, and plays a particularly impor-
tant role in mining, a well-planned blast makes it possible to
limit the work of secondary breakdown of the oversize blocks
that can be generated by the blast, and to improve the working
conditions of other downstream operations such as loading,
transport, crushing and grinding [1]. Improving the fragmen-
tation of blasted rocks requires studying and analyzing the fac-
tors influencing the particle size distribution after blasting,
which may be classified into three categories: rock mass prop-
erties, geometric and explosive parameters [2].

Most of the research is oriented to study the influence of
the characteristics of the rock mass on the blasting results.
The propagation of seismic waves induced by blasting chang-
es significantly at rock discontinuities and the deep rock
masses [3]. Discontinuity persistence and spatial distribution
of rock bridges have a significant influence on the evolution
of blasting-induced damage [4].The cracking of the mass
starts from the discontinuity immediately after the detona-
tion in the case of the inclined discontinuities, However, for
the horizontal and vertical discontinuities, the cracks firstly
initiate from the borehole [5], and the smaller the angle be-
tween the discontinuity and axis of the blast holes, the more
stress occurs in the rock [6]. The drill and blast method
causes fine cracks in the rock mass, which leads to safety and
stability problems [7]. Then the results of the blast are influ-
enced by the presence of discontinuities, by the heterogeneity
of the rock mass, and by the presence of the free surface, to
ensure good fragmentation, it is important to have the right
understanding of the effects of these parameters on the re-
sults of blasting.
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Several studies have been conducted on the influence of
controllable parameters, The improvement in blasting perfor-
mance depends mainly on the blast hole charge structure [§],
the type of explosive and the blast hole diameter [9], the posi-
tion of the detonator [10], and the initiation time of the blast-
ing [11]. However, blast geometry parameters and explosive
properties play an important role in backbreaking [12].

The main objective of this work is to find a methodology
for the design of a blasting plan allowing the good fragmenta-
tion of hard materials, and to have the correlation between the
parameters which affect the results of the blasting operation
and the particle size distribution of fragmented rocks using the
Langefors method and the empirical Kuz-Ram model to pro-
pose another blasting model.

Methods and materials. The main purpose of blasting is to
obtain optimal fragmentation without generating induced nui-
sances such as cracking of the rock mass, projection, seismic
waves, and to facilitate its recovery by the extraction machines,
so if the results of the blasting operation represent a very high
rate of blocks out of gauge, in this case it is necessary to carry
out a secondary debitage which can be done using the use of a
quantity of explosive or by mechanical means (rock breaker)
which automatically increases the cost of the blasting process
and delays the steps of the other processes that follow.

A poorly fragmented material is more difficult to load,
which has a negative impact on the performance of loading
and transport equipment, this leads, on the one hand, to a re-
duction in the productivity of the quarry, and on the other
hand, to faster wear of these mining machines. It is therefore
necessary to correctly define and optimize the following blast-
ing plan parameters:

1. The geometric parameters (depth, inclination, diame-
ter, burden, spacing of holes and rows, number of holes and
rows, the shape of the arrangement of the holes).

20 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N° 1



2. Blasting charges (nature and quantity of explosives).

3. Initiation sequences.

4. The particle size distribution of fragmented rocks after
the blasting operation.

A new blasting model has been developed using the Lange-
fors method, which is the most manipulable and these results
are satisfactory and effective, because it has the advantage of
integrating a maximum of elements without requiring power-
ful means of calculation which is not the case of certain soft-
ware using mathematical routines such as calculation by finite
elements or by iterations.

The Langefors theory gives us satisfactory results, and it
correctly translates the direction of the variations of the key
parametres, but it does not characterize the rock mass by a
single parameter which is the pulling resistance, most of the
time whose value is unknown a priori. Moreover, it remains
incomplete at certain points because it does not predict the
quality of the fragmentation of the pile of rock felled.

Generally, blasting takes place in a heterogeneous environ-
ment, which complicates the design of a blasting plan. The
calculation method based on the Kuznetsov-Rammler model
is the theory that allows a quantitative study of the characteris-
tics of the rock mass unlike the Langefors method.

Generally, blasting is done in a heterogeneous environment,
which complicates the design of a blasting plan. At this point,
the optimization of the proposed blasting plan is completed by
the Kuz-Ram method, which is the most usable today.

This research applies the empirical Kuz-Ram model to
analyze the particle size distribution of three blast models on a
limestone-type rock in the Heliopolis-Guelma quarry.

Site description. About 5 km from this wilaya, to the north,
on the national road Annaba Guelma (RN 21) is the Daira of
Heliopolis, which has a number of quarries including the
UCPM quarry (Unit for construction and production of ma-
terials). From a strategic and geological point of view, this
massif is located in Douar BouZitoune with an area of 30 Ha
22 Ares, it is also limited by: Hammam Ouled Ali to the North,
city of Guelma to the South, Heliopolis to the East and the
municipality of El Fdjouj in the West (Fig. 1) [13].

Geological setting. The neritic formations are 160 km long
East-West and 80 km North-South, this area would have
emerged at the end of the Cretaceous and would have subse-
quently undergone a slight displacement towards the South.
The most complete series is represented by the eastern end of

[
- -
ot Wovet

e

e
[ -
1 -,

1 Coordnate Sysion WOS 1904 UTM Zone 32N |
l OUM EL BOUAGHI o—’:w—”n; e I

CONSTANTINE

220000 180000 200000 410000

Fig. 1. Geographic location of the study area

Djebel Debbagh which passes under the water table to reap-
pear as a window at the Roman pool of Heliopolis and in the
southern corner of the Nador station. This series includes:
compact limestone with intercalation of 150 m thick marls of
Senonian age, massive Albian and lower Cenomanian lime-
stone, compact Aptian limestone and upper Cenomanian reef
limestone [14, 15].

The rock mass of the Heliopolis quarry is part of the north-
eastern massifs of the Constantine neritic series. This complex
is subdivided into two partially overlapping parts, the first ne-
ritic sequence comprising a series of condensed formations
predominantly carbonated and siliceous from the Jurassic and
Triassic, and the second is the allochthonous formations pre-
dominantly clayey-marly and quartzic [15].

The land of Heliopolis is a plateau made up of loose rocks
(sands, clays and scree) of the Quaternary age, where the sub-
soil is made up of recent formations of the Miopliocene age
(sandstones, clays). More particularly the zone where the de-
posit is located given the compactness of the gray to beige
limestone rock which does not allow the infiltration of rainwa-
ter in depth, hence the non-existence of sources of outlets on
the flanks and at the foot of the deposit. The rocky massif of
the bouzitoune quarry, is part of the north-eastern massifs of
the Constantine neritic series [15, 16].

Tectonic of the study region. The region corresponding to
the chain of the Tell Atlas and the Tell, of which the Numidian
chain is a part, is extremely twisted and there are examples of
tectonic accidents of all kinds represented there. The tectonic
effects in the region of Guelma are manifested mainly by phe-
nomena of compression and intense repression of the folds
which are generally discharged towards the South and the
South-East. These folds, often stacked on top of each other,
and overlap like interlocking scales. This phenomenon of
scaled structure is frequent in the Atlas chain. In these over-
turned folds, the reverse flanks are most often removed by
compression and/or stretching. The syncline flanks are ob-
served in places, in areas more or less spared by tectonic ef-
fects. As for the anticlinal vaults, they are quite rare and when
they exist, they are rather in the state of brachy-anticlines or
domes, structured in horst and graben.

In the region of Guelma, the folds of East-West orienta-
tion are represented at the level of the chain of Taya-Debagh
and which extend towards the East by the massif of Bou Zi-
toun and Djbel Houara [17].

Topographic map of the quarry. The UCPM Quarry (Con-
struction and Materials Production Unit) is located in Mech-
ta, Bouzitoune (altitude 362 m), the Heliopolis quarry depos-
it is a hillside deposit with a slope varying from 25 to 30°. The
opening of this quarry consists in making a half-trench starting
from the base of the depression to its top which must be com-
mon to all levels of the quarry. Mining works start from the top
to the bottom of the anticline with a single edge, the mining is
carried out according to seven bleachers, which have heights of
13 to 15 m (Fig. 2).

The rock mass to be broken down is generally massive
limestone with intercalation of dolomites where the matrix is
composed of more or less continuous blocks. The most obvi-
ous character of observation of the rock mass is the presence of
the surfaces of the discontinuities of various geometrical as-
pects. These discontinuities are, from a mechanical point of
view, surfaces that do not ensure the continuity of the solid
mass [18].

At the level of the limestone quarry Heliopolis (Guelma-
Algeria) several types of discontinuities have been identified
(Fig. 3).

Optimization of the granulometry of fragmented rocks by the
Kuz-Ram model. Drilling represents the fundamental step for
mining extraction, in the first blasting plan, which digs 35
holes inclined at 80°; they are drilled in two rows with a spac-
ing of 1.80 m and a burden of 2.5 m. The hole is continuously
laoded with a 17.5 kg quantity of Marmanit III as priming
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Fig. 2. Topographic map of the limestone quarry — Heliopolis
(Google Earth)

Fig. 3. Different types of discontinuities in the rock mass of the
Heliopolis quarry:
a — stratigraphic joints; b — joints; ¢ — karsts; d — faults

laod, a 25 kg quantity of Anfomil and 24 kg of Timex as the
main charge.

The drilling work for the second blasting operation con-
sists of digging 19 holes inclined at 80°, with a spacing of 4 m
and a burden of 3 m. The holes are charged in a discontinuous
manner with a quantity of 15 kg of Marmanit III as priming
charge, and a quantity of 37.5 kg of Anfomil as main laod.

In the third blasting plan, the drilling works prepared
16 holes inclined at 80°, with a diameter of 89 mm and a depth
of 13.5 m following a spacing of 1.90 m and a variant burden,
that is to say a 2 m burden for 8 holes, after and because of the
problem of cracking of the rock mass in the unregulated zone of
the previous blast which makes drilling very difficult, in this
case it is mandatory to increase the burden to 3 m, but only for
6 holes with a spacing of 1.75 mm, and concerning the last two
holes having the same characteristics of the first 8 holes (Fig. 4).

To carry out a particle size analysis of the third blast, it is
mandatory to divide the latter into two parts:

The first part with a burden B, = 3 m, and the second part
with a burden B, = 2 m (Fig. 4),the holes are laoded with a
quantity of 7.5 kg of Marmanit 111 as the priming laod, a quan-
tity of 25 kg of Anfomil and 36 kg of Timex as main load. On
the other hand, for the second part the holes are loaded with a
quantity of 2.5 kg of Marmanit 111 as priming load, a quantity
of 25 kg of Anfomil and 36 kg of Timex as main load.

Fig. 4. Schematic of the third blasting operation with explosive:
0 — Instant electric detonator; A — Exploder; B — Electrical wire;

C — Detonating cord; E — Spacing; 1—12 — Mecro delayed deto-
nator =20 ms

The main objective of blasting is to have the right particle
size distribution to facilitate its recovery by mining equipment.
It is therefore necessary to define the blasting plan by optimiz-
ing these geometric parameters, the nature and quantity of
explosive, the initiation sequences.

To improve the quality of the fragmentation of the lime-
stone of the aggregate quarry of Heliopolis — Guelma, a new
blasting plan (Fig. 5) was developed using the Langefors meth-
od, which drills 14 vertical holes, distributed over two rows
with spacing of 3.35 m and a burden seat of 2.68 m. The hole
is laoded continuously with a 25.89 kg quantity of Marmanit
111 as priming laod, and a 30.16 kg quantity of Anfomil as a
main laod.

The parameters of the blasting plans made by the engi-
neers of the Heliopolis aggregate quarry and the one proposed
are recorded in the following Table 1.

The following photos represent the obtained results after
each blasting operation with explosive.

The percentages of the particle size distribution and the
parameters of the fragmentation of the rocks obtained after
each blasting are presented in the following Tables 2, 3.

The following curves show the particle size distribution of
the fragmented rocks obtained after the blasting operations
studied and the blasting operation proposed.

Results and discussion. All the research has been oriented to
study the influence of the natural discontinuities of the rock
mass on the fragmentation of rocks with explosives, while the
majority of cracks are created by the blasting operation itself
(back effect) which minimizes the performance of an explosion
by the escape of explosive gases through them, therefore this re-
search is based on improving the work of blasting in the lime-
stone quarry of Heliopolis, on the one hand, to increase produc-
tion with the minimum of extraction expenses, and on the other
hand, to minimize the cracking of the rock mass after the blast
by increasing the number of free surfaces for each hole with the
correct choice of the initiation sequence (Figs. 4 and 9). When

Fig. 5. Schematic of the proposed blasting plan
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Table 1
Summary table of parameters of existing and proposed

blasting plans
— w8 &8 <3
Blasting parameters :é _«é :é g «é é_

2] [2a] [aa] /m /m a
Burden, m 2.5 3 3 2 2.68
Spacing, m 1.80 4 1.75 | 1.90 | 3.35
Hole diameter, m 0.89 |1 0.89 | 0.89 | 0.89 | 0.89
Number of rows 2 1 1 1 2
Distance between rows, m 1.80 — — — 2.68
Intermediate stemming - 0.80 - - -
length, m
Hole inclination, ° 80 80 80 80 90
Number of holes 35 19 6 10 14
Explosive quantity per 66.5 | 52.5 | 68.5 | 63.5 56
hole, kg
Anfomil, kg 25 | 375 25 25 ] 30.16
Timex 50, kg 24 — 36 36 —
Marmanitlll, kg 17.5 15 7.5 2.5 |25.89
Volume blasted per hole, m® | 58.5 | 180 | 72.24 | 52.28 | 125.7
Specific charge, kg/m? 113 [ 029 | 0.94 | 1.21 | 0.44

Table 2

Target and predicted values of rock fragmentation obtained
after the studied blasting operations and the blasting
operation proposed (B-4)

g Predicted fragmentation (%)

g

Fragmentation TS
é’DDEOA B-1 | B-2 |B-3a|B-3b| B4

EEE

Oversize (undesirable) 0.8 1.5 |1243) 28| 0.0 | 5.1
Optimum (targeted) 0.4 85 | 71.8 | 84.4 | 85.5 | 89.2
Undersize 0.05 13.5] 3.8 | 12.8 | 145 5.7

Table 3

Rock fragmentation parameters obtained after the blasting
operations studied and the blasting operation proposed (B-4)

Parameters B-1 B-2 B-3a | B-3b B-4
Tirability Index 7.9502 | 7.9502 | 7.9502 | 7.9502 | 7.9502
Average fragment 18 46 20 14 29
size, cm
Uniformity coefficient | 1.21 1.29 1.18 1.40 1.42
Characteristic size 0.24 0.61 0.27 0.19 0.37
(D60), m

an explosive detonates a shock wave is produced which moves
from the center of the blast hole to the periphery causing radial
and tangential tensions in the rock, once the shock wave reaches
the free surface it is reflected in this case the solid mass around
the hole will be well cracked. So these free surfaces play the role
of a barrier stopping the propagation of the shock wave in the
rock mass of the blasting that comes afterwards.

In practice, to cause the detonation of an explosive, it is
necessary to create an explosive wave on contact with it, which
is obtained using an electric detonator or detonating cord. In
elongated loads, it is very important to emphasize the priming

Fig. 6. Fragmented rocks after each blasting operation:

a — first operation; b — second operation; ¢ — third operation; d —
proposed blasting plan

ulu u‘: ;“ c‘a c‘e “u
Fig. 7. Obtained curves of particle size distribution after the
blasting operations:
1 — first blast; 2 — second blast; 3a and 3b — third blast; 4 — pro-
posed blast

mode. Indeed, if the electric detonator makes it possible to
initiate the explosion of an elongated charge from its base or its
top, it is not the same for the detonating cord. In other words,
if the charge is initiated by the detonating cord, the impulse is
always perceived at the top of the charge; thus the explosive
wave goes from the top to the bottom of the bleacher, where as
in most cases we try to obtain the opposite which allows the
shock wave to be completely reflected.

In the case of the Heliopolis quarry, the initiating charge
(Marmanit) connected to the detonating cord would give the
necessary impetus to the main charge (anfomil). In this case
the detonating cord transmits the explosive wave almost at the
same time to the two explosives used. Thus the hope of seeing
the Marmanit initiate anfomil is in vain.

The best result would be obtained if the main charge is
primed by the primer charge; a solution is possible if the deto-
nating cord were to be introduced inside an insulating tube, in
this case, the anfomil being not in direct contact with the cord
will be initiated by the marmanit, and this makes it possible to
obtain a frank detonation with the very desired effects for a
good fragmentation.

According to the results recorded in Table 2 indicates a
variation of percentages of undesirable and fine fragments,
which depends on the type and quantity of explosive used, the
shape and the distance between the holes, the type of initiation
used and the degree of cracking of the mass to be pulled.
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The results obtained by the first blasting show that the per-
centage of oversized blocks is low (1.5 %); on the other hand,
a significant percentage of fine particles (13.5 %), the hole is
loaded with a quantity of 67.33 kg of explosive with a mixture
of Anfomil, Timex and Marmanit to blast a volume of 58.5 m?
per hole. To solve this problem it is necessary to increase the
distance between the holes, the rows and to minimize the
quantity of charged explosive in a hole, by neglecting the ex-
plosive Timex.

Concerning the second blasting, it is the opposite, the par-
ticle size obtained represents a large percentage of undesirable
fragments (24.3 %), but a small percentage of fine particles
(3.8 %), in this case to blast a volume of 180 m? per hole, the
latter is laoded with two types of explosives (Anfomil and Mar-
manit) of a quantity of 63.67 kg, thus to reduce the percentage
of oversized blocks, the spacing and the bench must be re-
duced.

In the third blasting, a major problem was created during
the drilling work due to the significant cracking of the solid
mass in place, to have the essential parameter which influences
the results obtained, the blasting plan is divided into two parts,
the first with a bench of 3 m and the second with a bench of
2 m. In this case a mixture of three types of explosive with a
quantity of 70.96 and 77.55 kg/hole was used to successively
fragment a volume of 72.24 and 52.28 m? of limestone. The
results obtained show that the percentage of undesirable blocks
of the first part (2.8 %), on the other hand, are nil for the sec-
ond part; the percentage of fines successively of the first and
the second are (12.8, 14.5 %). So this blasting operation gave
mediocre results, essentially bad fragmentation with a very
high rate of fine particles, and it created cracks (back effects) in
the rock mass of hole 10 (Fig. 4), since it is loaded by a large
amount of explosive (Marmanit I11, Timex and Anfomil), and
because of the incorrect choice of the blasting sequence.

The appropriate solution to this problem requires:

1. To create a free surface by changing the blasting se-
quence (Fig. 9).

2. To neglect the explosive (Timex) so the holes are loaded
only with two types of explosive (Anfomil, Marmanit III).

3. To increase the distance between the holes (Spacing).

To minimize these rear effects caused by excessive blasting
as much as possible, a blasting method is used which consists
of creating a crack in the rock mass of the following plane,
before any blasting action. It is recommended to carry out the
holes for preliminary adjustment of the profile which will be
drawn before the actual blasting holes, and have the effect of
cutting the rock according to the plane of the holes, without
back effect, nor significant displacement of the land: in this
case the holes are close together and contain only a small
quantity of explosive.

Conclusion. Satisfactory fragmentation represents the
main objective of any mining company; for this it is necessary
to study the parameters that influence quantitatively and qual-
itatively the results of a blast, such as the characteristics of the
rock mass and the parameters of a blasting plan

Improving the mining works of the Heliopolis aggregate
quarry requires the use of new optimization and analysis tech-

Fig. 8. Cracks created after blasting (Back effects)

Fig. 9. Proposed initiation sequence for the third blasting operation:
0 — Instant electric detonator; A — Exploder; B — Electrical wire;

C — Detonating cord; E — Spacing; 1—12 — Mecro delayed deto-
nator = 20 ms

niques to design blasting plans that ensure good fragmentation
with appropriate dimensions.

The analysis results obtained by the Kuz-Ram empirical
model of limestone fragmentation in the Heliopolis construc-
tion materials quarry show an optimal grain size of 89.2 % with
a dimension of 400 mm, undesirable fragments of 5.1 % with a
size of 800 mm, and fine particles of 5.7 % with a size of 50 mm.
To ensure these results, we must rely on the following points:

1. Blasting must be carried out by the type of punctual ini-
tiation instead of the type of lateral initiation.

2. The holes must be loaded with two types of explosives
(Marmanit III as the initiation charge and Anfomil as the
principal charge).

3. Holes should be drilled vertically instead of inclined
holes, with a staggered (triangular) mesh.

4. Choose the preferred initiation sequence to increase the
number of free surfaces of each hole.

The effectiveness of blasting in this quarry depends essen-
tially on the type and quantity of explosive used, the type of
initiation, and the free surface, which reduces cracking of the
rock mass after the completion of the blasting operation, which
makes the next blast more profitable.
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Meta. 3HaliTH BiANOBIAHY METOAUKY, sIKa JOTIOMOXE CUC-
TEMAaTUIHO aHaJTi3yBaTH ITapaMeTpH, 110 BIDTUBAIOTH Ha TUIaH
BUOYXOBHX POOIT, i Kpallle po3yMiTH MeXaHi3Mu pyiHaLlii rip-
CBKUX TIOPI[I ITiJT YaC BUKOPUCTAHHS BUOYXOBUX PEUOBUH.

Meroauka. Y 11bOMY TTiIXOIi BUKOPUCTOBYETHCSI MOJIEb
Ky3-Pama nporHo3yBaHHs epeKTUBHOCTI MigpuBaHHs. by
BUKOPHMCTaHi TPU MOJEJi 3 METOIO OLIIHKU BIJIMBY reOMeTpii
IJIaHy BUOYXOBUX POOIT Ha SKIiCTh APOOJIEHHS TipChKOi MO-
poay. 3anpornoHOBaHO HOBUI IUIaH MiAPUBHUX POOIT 3 BU-
KOpUCTaHHSIM Metony JlaHnredopca Ta eMmipyuyHOi Mofei
Ky3-Pamy. OtpuMaHi pe3ynbTaTu Oyju MOPiBHSHI 3 pe3yib-
TaTaMu IMOMepeIHiX BUOYXOBUX POOIT.

Pesynbratu. PesynabraTy HOCTITKEHHS TOKAa3yloTh, IO
onTUMaJTbHe MpoGIeHHsT Ha piBHi 89,2 % 3 GalaHCOM MiX Ipio-
HUMU YacTUHKamu 5,7 % i Benukumu 6;10kamu 5,1 % ripchbKux
MOpiz 3 BUKOPUCTAHHSIM BUOYXOBUX PEYOBUH Yy Kap’epi ['enio-
TOJTiC 3HAYHO 3aJIEKUTD Bill TUIY i1 KiJIbKOCTi BUOYXOBOI pe4yo-
BHMHMU, III0 BUKOPVCTOBYEThCS, CITPSIMOBAHOCTI BUOYXY Ta Tpi-
LIMH, CIPUYMHEHUX YIAPHUMU XBWISIMU (3BOPOTHI e(heKTH).

HaykoBa HoBu3Ha. [laHa po0oTa posmismae mnpodiaemMy
SIKOCTi TMiApUBaHHS TipCbKOI MOPOIH, 110 3PEITOI0 BIJIMHE
Ha BUTpaTU Ha OypiHHSI, BUOYXOBi poOOTH Ta e(heKTUBHICTb
yCiX TipHM4YOn00yBHMX ornepaliiii. BcraHoBieHi mapameTpu,
10 BIUTMBAIOTH Ha TIPOLIECH IPOOICHHS TipChKUX TTOPi TP
BUIIOOYTKY KOPUCHUX KOTaJIMH.

IIpakTuyna 3HaummicTs. MeTa MiApUBHUX POOIT — ApO-
OJIeHHSI MaTepiajly sl TTOJIETIIEHHST MOro BUJIYYEHHST 3a 10-
TIOMOTOIO TipHUYO-IIAXTHOTO OOJIaMHAHHI. TakuM YWHOM,
HEeOOXiAHO MpPaBUJbHO BM3HAYUTHU TUIaH BUOYXOBUX pOOIT,
ONTUMI3yBaBIIM T€OMETPUYHI MapaMeTpu, XapakTep i Kilb-
KiCTb BUOYXOBOI peYOBMHMU, TTOCTiAOBHICTh 31iliCHEHHST BUOY-
Xy 3 METOIO OTPUMAHHSI OTITUMAIEHOTO PO3ITOMLTY YACTUHOK.

KunrouoBi cioBa: eipcoxuii macus, pozrom, Kys-Pam, dpo-
oOnenns, eubyxoea pewosuna, leaoma, Anxcup
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