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A bstract: This study presents the results from research of influence of structural-geological properties for
defining engineering-geological quasi-homogeneous zones within the monolithological granite environment of the
Otinja dam site. For this purpose, a series of field investigations and tests were carried out, which consisted of detailed
geological mapping of the foundation pits and core from exploratory boreholes, as well as sclerometer tests of the rock.
In addition, cadastres of discontinuities and sclerometer tests were formed. Based on a detailed analysis of obtained
data, four quasi-homogeneous zones were distinguished within the granite massif. In addition, the excavation
conditions for each of these quasi-homogeneous zones were defined. By preparing engineering-geological maps and
profiles, their representation on the surface and in depth was defined. By analyzing fracturing contour diagrams, the
influence of dominant fracture systems in different parts of the terrain was determined. It has been concluded that the
greatest influence on the fracturing degree is exerted by the faults on the right flank of the dam site, where five different
fracturing systems are present. It has also been determined that the degree of fracturing in zones with leucocratic

granites is significantly lower.
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INTRODUCTION

On 7 July 2021, began the “Otinja” Dam pro-
ject. According to the previously performed detailed
geological explorations for design level (Jovanov-
ski, 2018), relevant data was obtained based on
which the excavation and foundation elevations for
this object were defined. However, in practice, for
structural-geological properties of the terrain there
are almost always certain deviations in terms of de-
sign and data obtained during excavation of founda-
tion pits (Aswar et al., 2022). Often this occurs in
mono-lithological environments, such as the granite
massif in the zone of the “Otinja” dam site. This
primarily refers to the occurrence of certain fault
structures and joint sets that are difficult to detect
due to high degree of surface rock weathering, or
sediment coverage. In such cases, the exploration
level of the terrain obtained by vertical surveying

using structural boreholes, or geophysical surveys,
does not represent a linear value, i.e., there is no
proportional dependence between the level of ex-
ploration and the level of awareness (Best, 1984).
This situation results in a certain deviation from the
initially determined structural-geologic data, quan-
tities of rock mass by excavation categories, and due
to this, a certain change of foundation elevations for
the structure (Stapeldon, 1976). Therefore, during
the excavation phase, it is very important to make
detail analysis of the structural-geological proper-
ties, and assess the condition of the rock mass in
“one to one scale” (Paige, 1950).

In the R.N.Macedonia, according to the techni-
cal norms for excavation of rock mass in civil engi-
neering, the so called GN200 Brauns-Stini norm is
used (Jovanovski et al., 2012). In accordance to this


https://doi.org/10.46763/GEOL2640149k

50 L. Kulakov, G. Petrov, G. Dimov, I. PeSevski

norm, the entire rock mass is divided into 7 cate-
gories through which the method of excavation is
determined, and due to this the cost of excavation.
This situation results in need for determination of
quasi-homogeneous zones within the granite mas-
sif, which would be based on fracturing level and

physical condition of the rock mass (Jiongchao et
al., 2020). For this purpose, in order to have better
engineering-geological overview of the terrain,
several rock mass classifications and categoriza-
tions were applied.

METHODOLOGY AND USED EQUIPMENT

According to standard practice in geotechnical
engineering, during excavations for foundation of
the dam (Figure 1), a detailed geological mapping
of construction pits was carried out. By this, all
structural geological characteristics that define the
division of quasi-homogeneous zones within the
rock massif had been determined. In addition to de-
termination of all registered discontinuities (faults
and fracturing sets), using sclerometer (i.e., Schmidt
hammer), surface examination for establishing
physical-mechanical condition of the rock was also
performed (Aydin and Basu, 2005). With combi-
nation of these two methods, precise data was
obtained by which quasi-homogeneous zones were
defined. To that aim, cadasters of discontinuities,
and sclerometer rebound values were created.

Fig. 1. Geological mapping of foundation pit at the Otinja dam

During the geological mapping of the con-
struction pits (Figure 1), special emphasis was given
to joint sets because they represent a basic structural
element for determining the fracturing level of the
rock mass (Palmstrom, 2001). Also, joint length,
visibility, mutual distance, opening width, type of
infill, surface roughness, and water presence where
noted for each discontinuity (Ulusay et al., 2007).
These data were also used for calculating slope
stability in some excavation zones. For this process,
as a special zone of interest are considered the fault
locations because often, they can represent the
border between the quasi-homogeneous zones
(Xiao et al, 2016). As elementary tool for this
purpose a “Brunton” type of geological compass
was used.

Essential parameters for defining the frac-
turing level of the rock mass are determination of
the rock quality designation (RQD) and fracture
spacing (Ls) parameters (Zhang, 2016). RQD was
established along the axis of the foundation pits
simultaneously having in consideration the vertical
impact on both sides of the pit. “Ls” was determined
side wise. RQD was also defined for the borehole
core.

Important segment of geological mapping for
this purpose is also macroscopic determination of
mineralogical-petrologic properties of the rock
mass. The overall strength of the rock depends on
the proportion within the rock mass (Keikha and
Keykha, 2013). Also, the degree of mineralogical
decomposition of individual minerals can have a
major impact on the physical-mechanical condition
of the rock. As special zone of interest is considered
quartz streaks and zones of silicification, since they
usually increase the mechanical strength of the rock.

Sclerometer tests were performed on average
for every 10 — 15 m distance along the foundation
pits (Figure 2). The procedure was applied by min.
20 strikes for each measurement point, out of which
average arithmetic value was established (Aydin,
2009). Also, for each measurement, testing angle is
recorded as it has essential impact to the results. For
this purpose, L-type PCE-HT 75 sclerometer model
was used, which has 0.735 Nm impact energy
(Lozano, 2025).

Fig. 2. Sclerometer test point in leucocratic granite

Approximate value of uniaxial compressive
strength (UCS) of the rock mass was obtained by the
correlation chart between UCS and Schmidt hammer
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rebound value (SHRV) (Figure 3). For this purpose,
also rock density input data was used. Rock density
was determined according to B.B8.032 [MKS]
standard. Then the joint compressive strength (JCS)
of the rock mass for every measurement point was
determined. This was provided by using standard
empirical formula (Barton et al., 1977):

logio(JCS) = 0.00088yR + 1.01
where
JCS = joint wall compressive strength (MN/m? or
MPa)
y = dry density of the rock (kN/m?)
R = Schmidt hammer rebound value

Detail information for structural-geological
properties (joint sets and faulting) was provided by
joint stereonet analysis. This was performed by
using DIPS v5.0 software.

By providing analytical data for the disconti-
nuities of the rock mass, as well as the values for the
UCS and JCS, basic hardness parameters for exca-
vation conditions were established.

Based on the overall terrain investigation, de-
tailed engineering geological maps and profiles in
scale 1:100 and 1:200 were produced. This way,
detailed divisions of quasi-homogeneous zones
within the rock massif were provided.

RESULTS AND DISCUSSION

Based on geological mapping of the terrain,
several types of sedimentary and two varieties of
granite rock were determined (Dumurdzanov and
Petrov, 2005). The sediments are represented by
proluvial granite debris and clayish layers with
small thickness on the flanks, and alluvial gravel
sediments within the river bed. Granite rocks mainly
appear with fine-grained texture and in gray color,
and less often as leucocratic with a porphyritic
texture. Detail overview of the rock mass in general
was established while performing the foundation
pits for the dam, spillway and drainage pipeline. The
excavation was performed predominantly in
monolithological granite rock by using excavator,
hydraulic hammer and partially with blasting. From

beginning this gave a clear picture of the physical-
mechanical condition of the rock mass, which
basically depends on the degree of fracturing and
the strength properties of the rock and rock
discontinuities.

In addition, zones with different degrees of
fracturing and joint orientation sets were distin-
guished (Dumurdzanov, 1999), as well as zones
with different petrological composition of the rock
mass. As most representative zone in terms of struc-
tural and physical-mechanical variability is consid-
ered to be the axis along the drainage pipeline. In
this zone the biggest variation for SHRV values and
fracturing sets is registered (Table 1).

Tablel
Sclerometer test results along drainage pipeline foundation pit
. Hammer SHRV JCS UCS
A e (yEaT s orientation (average) (kN¥m3) (Mpa) (=Mpa)

1 0+10m granite 4 18 26,20 25,55 38
2 0+22m granite & 34 26,20 53,96 62
3 0+22m granite 4 19 26,20 25,82 37
4 0+30m granite & 39 26,20 66,34 83
5 0+30m granite 4 25 26,20 33,90 50
6 0+36m granite N 33 26,40 52,03 70
7 0+44m granite & 37 26,40 60,88 71
8 0+53m granite < 40 26,40 70,61 87
9 0+58m granite 4 41 26,40 76,70 96
10 0+71m granite 4 39 26,40 66,97 93
11 0+78m granite & 39 26,40 69,46 89
12 0+94m granite &< 36 26,40 59,36 55
13 0+100m granite 4 33 26,40 51,35 72
14 0+112m granite < 39 26,40 68,78 88
15 0+115m granite & 45 26,40 92,72 112
16 0+120m granite 4 58 26,70 177,11 220
17 0+133m granite v 52 26,70 132,89 153
18 0+155m granite 4 57 26,70 166,71 185
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Obtained results for approximate values of
uniaxial compressive strength (UCS) of the rock
mass is presented on the following UCS / SHRV
correlation chart (Figure 3).

Average dispersion of strength
for most rocks - MPa
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Fig. 3. Correlation chart between UCS and Schmidt hammer
rebound value (SHRV)

By combining the obtained data from scle-
rometer tests (UCS & JCS) and fracturing level of
the rock mass (RQD), four quasi-homogeneous
zones were defined:

y B  Low fissured and very little altered
granite rock with occurrence of 1 or 2 joint sets and
big joint spacing. Value of JCS is generally >100
MPa.

y" B — Medium fissured and locally altered
granite rock with occurrence of several (2 to 4) joint
sets and medium joint spacing. Value of JCS is in
range 50 to 100 MPa.

y" - Highly fissured and altered granite rock
with occurrence of 4 or more joint sets and very
close joint spacing. Value of JCS is in range 25 to
50 MPa.

y" [L]— Totally fissured and completely altered
granite rock. Value of JCS is generally <25 MPa.

As usual, obtained UCS values in this case are
higher than those for JCS (Engin, 2026).
Characteristic for these results is the small variation
between the values of UCS and JCS. For low
fissured granite (y) UCS value is on average 19%
higher, for medium fissured granite (y’) is 22%, and
for highly fissured granite it is 32%. This makes
approximate variation of around 13% between low
and high fissured granite zones. The reason for
relatively small deviations in ratios between low
and highly fissured granites is considered to be the
roughness of the joint surfaces, which in this case is
smooth and almost uniform. As main cause for
difference in UCS/JCS values can be considered to
be the degree of fracturing of the rock mass and the
uniform dip angle of the joint sets, which in this case
is quite steep. However, for totally fissured and
completely altered granite rock (y’’”), no such
correlation can be provided because in most cases
no measurement data can be obtained. The rock is
usually so soft that no rebound value on the Schmidt
hammer is registered.

For better overview of the quasi-homogeneous
zones, several types of rock classifications have
been used.

Geological strength index (GSI) is one of most
used classification (Hoek, 1994). Since there are
several ways to calculate GSI (Vasarhelyi et al.,
2016), in order to establish the connection between
RMR and GSI, in this case as most suitable was
chosen the one that takes in consideration rock
quality designation (RQD) and joint wall conditions
(Jeond-89) (Hoek et al., 2013):

GSI = 1.5 Jeonaso + 0.5 RQD

According to this formula, following results
were obtained (Table 2):

Table2
Result for GSI calculation

QHZ RQD Jeondso GSI
y 17 25 40 - 55
Y’ 13 20 30-40
Y 8 10 15-25

y 3 0 0-10

Obtained results from GSI calculation are
graphically shown on the following chart (Figure 4).

Geologica Macedonica, 40 (1), 49-60 (2026)



Influence of structural-geological properties in determination of engineering-geological quasi-homogeneous zones..... 53

GEOLOGICAL STRENGTH INDEX FOR
JOINTED ROCKS (Hoek and Marinos, 2000)
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Fig. 4. GSI chart for obtained results
(Chart according Marinos and Hoek, 2000.)

As more important in this case are considered
classifications for the rock masses with reference to
excavatability. For this purpose, two-parameter
classification charts have been used in which one of
parameter is density spacing (Ls), and the other is
uniaxial compressive strength (UCS) and bulk
density (Figures 5 and 6).
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Fig. 5. Assessment of rock masses with reference to
excavatability classification system (Franklin et al., 1971)
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Fig. 6. Assessment of rock masses with reference to
excavatability classification system (Jovanovski, 2018)

By comparing the result from the charts (Fig-
ures 5 & 6), it is obvious that all four types of granite
that represent the quasi-homogeneous zones are
clearly distinguishable by reference to excavatabili-
ty. However, in most cases the border between the
zones represents gradual transition. By this, it is
important to note that the border between y & y” and
y" & y" is more clearly visible than the one between
y' & y". The easiest to distinguish are the zones with
the occurrence of leucocratic granites where the
demarcation between the zones is most clearly
visible (Figure 7).

Fig. 7. Border between y” gray granites
and y’leucocratic granites

Also, in some cases a fault structure is noticed
to represent the border between the zones. This case
is generally dominate on the right flank of dam site
and is mostly noticeable within the dam foundation
pit (Figure 8). As previously noted, the mineralogi-
cal and petrographic properties of the granite rock
mass also have significant impact. Besides occurr-
ence of leucocratic type of granite, frequently small
enclaves (2 — 3 m in size) of gneiss appear in the
main granite mass.
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The process of silification and mineralization also
have significant impact to structural properties of
the granite rock mass. This process is registered
predominantly on the right flank of the dam site,
during excavation of the foundation pits and by core
drilling. It is manifested by long thin quartz and
pyrite streaks, and silification of surrounding host
rock. In these zones joint surfaces are predominately
covered with dark and yellowish oxidation layer
which gives negative physical impact to the rock.

For detail structural-geological analysis stere-
onet for discontinuities of the granite massif, was
created (Dumurdzanov, 1999). This way, detail
overview for total amount of joint sets and dominant
discontinuities was created (Figures 9, 10, 11).

Fig. 8. Tectonic border between y” highly fissured
and y’' medium fissured gray granites
By analyzing the joints stereonet, it was deter-

mined that in the middle (bottom) part of the dam

They are result of assimilation of an older
neighboring metamorphic rock complex during the
process of granite plutonism. These gneiss enclaves
generally have lower physical properties compared

there are three dominant joint sets (DA: 57/58°,
297/82°, 234/71°). The analysis was performed on
53 measurement points, and it was concluded that
the most dominant is the one with DA 57/58°..

to surrounding rock, and are very distinguishable.
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Fig. 10. Joint stereonet analysis for middle (bottom) part of the dam (DIPS v5.0.)
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Fig. 11. Joint stereonet analysis for right flank of the dam (DIPS v5.0.)

On the left flank, the analysis was performed
on 65 measurement points, and 5 joint sets were de-
termined (DA: 175/67°, 105/73°, 308/84°, 287/81°,
24/87°) which are in general evenly distributed.
Such systematic joint characterization consists of
established engineering-geological practices for
dam site investigations, ensuring reliable input for
stability assessment and engineering-geological
zoning.

On the right flank, the analysis was performed
at 82 measurement points, where 4 joint sets were
determined (DA: 58/74°,287/86°, 124/76°, 215/77°).
Similar to the left flank, a uniform distribution of
joint systems was also concluded.

Regarding faulting, at the bottom (middle)
section of the dam site four major faults were
registered with following dip direction/angle DA

9]

a)  b)

015 ) o

225/60°, DA 218/60°, DA 147/75°, and DA 60/58°.
As most important is considered the last one: (DA
60/58°) since it has the greatest impact to the
fracturing set occurrence.

On the left flank also four major faults were
registered with following dip direction/angle DA
350/80°, DA 282/76°, DA 220/78°, DA 258/78°.

In this section almost all noted faults have
equal impact to the fracturing sets.

The right flank of the dam site is considered as
most fissured. Here also four major faults are
registered: DA 218/80°, DA 82/46°, DA 120/80°,
DA 224/88°. As most influential is considered the
one with dip direction/angle DA 82/46°.

Based on previously noted geological research
and examinations, an engineering geological map
for the Otinja dam site was created (Figure 12).

0

Fig. 12. Engineering geological map of the “Otinja” dam site.
Legend: [1] sandy to dusty debris, [2] sandy to dusty clay with debris, [3] sandy gravel, [4] low fractured granite, [5] medium
fractured granite, [6] medium fractured leucocratic granite, [7] highly fractured granite, [8] totally fractured and alterated granite,
[9] lithological border: a) normal b) gradual transition, [10] fault: a) established, b) approximated, c) fault zone
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As previously noted, definition of quasi-homo-
geneous zones in depth was carried out using core
data from structural boreholes. Fracturing level was
determinate by using RQD parameter on one meter
interval. This was performed on 21 vertical and in-
clined boreholes. This way fault spreading in depth
was also detected (Figure 13).

Fig. 13. Core from ID 25 vvborehole

Sharp increase of fracturing level and appear-
ance of oxidation minerals and stretch marks on
joint surfaces clearly indicated the fault presence in
depth (En-Chao et al., 2007).

CONCRETE SLAB FOR
FOUNDATION GROUTING

OZOZOTTOTOTATOTOe%

For detail overview of the rock mass, engi-
neering geological profile along the dam axis was
created. By this, detail information for quazi-homo-
geneous zone spreading in depth was determinate
(Figure 14).

It has been determined that the rock mass on
the right flank is significantly more fissured in depth
compared to the rest of the granite massif. Almost
in every borehole there are traces of secondary
minerals on the joint surfaces (Stan¢k and Géraud,
2019; Ait Baha et al., 2025).

At the lowest elevations of the terrain, in the
foothills of the right flank, the lowest fracturing has
been determined. This was established by borehole
137 which is located between two larger faults (DA
147/75° and DA 60/58°) (Fig. 14). Registered RQD
value ranges from 40% to 95% which most impor-
tantly is almost evenly distributed in depth. This
makes this zone to be defined as relatively isolated
block in the granite massif.

Opposite to previously noted, the higher levels
of the right flank are intensively fissured. This was
determinate by several boreholes (145, K2, K3,
DK14, 157 & K4). RQD in this zone is predominant-
ly 0% or frequently up to 25% (Figure 15).

100% RQD

Fig. 14. Section of the engineering geological profile along the dam axis with RQD values (bottom of right flank)

Geologica Macedonica, 40 (1), 49-60 (2026)
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CONCRETE SLAB FOR
FOUNDATION GROUTING

100% RQD

Fig. 15. Section of the engineering geological profile along the dam axis with RQD values (middle of right flank)

The left flank is considered as relatively less & K7) (Figure 16). Although numerous faults have
fissured compared to the right flank. This was been identified here also, the rock mass is still more
concluded according to data from boreholes (117, I5 compact and solid compared to the right flank.

CONCRETE SLAB FOR
FOUNDATION GROUTING

100% RQD

Fig. 16. Section of the engineering geological profile along the dam axis with RQD values (middle of left flank)

Geologica Macedonica, Vol. 40, No. 1, pp. 49-60 (2026)
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CONCLUSION

Based on comprehensive and detailed geologi-
cal research, it has been determined that the terrain
on which “Otinja” dam was designed represents a
monolithological granite environment with com-
plex structural properties. This terrain is dominated
by major faults with a northwest-southeast trending
direction, which are typical discontinuities in the
Vardar geotectonic province. In addition, several
lower-rank faults with various deepening elements
also have been identified. This situation is result of
influence of regional tectonics due to relative proxi-
mity of this granite massif (as part of the Vardar
geotectonic province), to the Serbian-Macedonian
geotectonic province to the east. According to struc-
tural-geologic data 12 major joint sets with variable
level of fracturing have been registered. Most fis-
sured is considered the right flank of the dam site
where dominant faults appear. Although numerous
faults have been registered on the left flank also, the
rock mass is still more compact and solid compared
to the right flank. As least fissured is considered to
be the bottom (central) part of the dam site.

Also, it was noted that significant impact to
structural properties have the mineralogical-petro-
logic composition of the granite massive. Leuco-
cratic granites were determined within the dominant
gray granite massif, as well as occurrence of quartz
veins and silicification zones. At these sections the
rock mass usually has better physical properties.
Opposite to this, at several locations predominately
on the right flank, small gneiss enclaves appear
which have lower physical properties than the sur-
rounding granite rock.

According to data form detailed geological
mapping, and examinations with sclerometer, four
quasi-homogeneous zones were determinate: low
fissured — y’, medium fissured — y’, highly fissured —
y”, and totally fissured granite rock — y”. These
quasi-homogeneous zones in general have clearly
distinguishing structural and physical properties
which are manifested during excavation. Due to
this, excavation assessment was made, by which
different types of excavation methods were applied:
blast to loosen — y, blast to fracture — y’, ripping — y",
and digging — y". Regarding the fact that in Republic
of North Macedonia, GN200 ease of excavation

categorization norm is still in use, excavation
methods had to be accommodated to it. By this, the
quasi-homogeneous zones were determinate as fol-
lowed: y" — VI cat., y' — V cat., y" and " — IV cat. It
is important to note that within the separate zones,
locally structural and physical propertiecs can vary
greatly. The boundary between these zones is usu-
ally a gradual transition, except in cases where
faults represent the dividing line. Also, it is impor-
tant to note that inside these quasi-homogeneous
zones some small variations of higher or lower
category of rock mass appear. This situation is result
of frequent appearance of gneiss enclaves or
silification zones which were previously noted.

According to stereonet data, it was determined
that in the middle (bottom) part of the dam there are
three dominant joint sets (DA: 57/58°, 297/82°,
234/71°), on the left flank five (DA: 175/67°,
105/73°,308/84°,287/81°,24/87°), and on the right
flank four dominant joint sets (DA: 58/74°, 287/86°,
124/76°, 215/77°).

Regarding faulting, major occurrences are
registered predominantly on the right flank (DA
218/80°, DA 82/46°, DA 120/80°, DA 224/88°) and
at the middle (bottom) section (DA 225/60°, DA
218/60°, DA 147/75°, and DA 60/58°).

By data provided from borehole core, it was
established that on the right flank highly fissured
granite y” is present up to 20 m in depth. For com-
parison, on the left flank this zone is shallow (3 —
5 m). This situation is due to the fact that the right
flank of the granite massif represents the contact
zone with the older surrounding gneisses. At the
central (bottom) part of the dam, relatively low
fissured granite block between two major faults is
registered. This appearance is most likely result of
fracturing isolation by these two older faults through
which the tectonic movement was absorbed.

According to all previously presented data, it
can be concluded that structural - geological proper-
ties have great and complex impact to engineering-
geological determination of quasi-homogeneous
zones in the granite massive. This situation is result
of combination between complex tectonic and
petrological properties of the rock mass..
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Peszume

BJIMJAHUETO HA CTPYKTYPHO -IT'EOJIOIIKUTE CBOJCTBA ITPU JE®OUHUPAILE HA
NHXEHEPCKO-I'EOJIOIIKHA KBA3U-XOMOI'EHU 30HU BO MOHOJIUTOJIOHIKA
CPEJIUHA HA ITIPETPAJHOTO MECTO HA BPAHATA ,,OTUHA“

Jbynue Kyiaakos"*"

,Towe Ierpos!, l'opiu Jlumor!, Urop IMemescku’

! @akyamen 3a upupogru u wexnuuku Hayku, Ynueepsuiuei ,, I'oye Jeauee “— Llinuil,
bynesap I'oye Jleaues 89 MK-2000, i, Peityoauxa Cesepna Maxegonuja
2Ieoxugpounicenepunt JJOO Ckoiije,

1606 yauya. op. 8, MK-1000, Ckoiije, Peityoauxa Cesepna Maxegonuja,
3Ipagesicen Gpaxynivein, Ynusepsuiueia ,, Ce. Kupuar u Meiogu — Croiije,
bynesap Hapiuuzancku ogpegu 24, MK-1000, Ckoiije, Peitybauxa Cesepna Maxegonuja
*ljupcekulakov@gmail.com

Knyuynu 300poBu: kapTupame; JUCKOHTUHYHTETH; KaTacTap; KIacHu(HUKaIH]ja; CKIEPOMETap; UCKOII

Bo 0B0j Tpyx ce npHKa)kaHU Pe3yNTATUTE O UCTPaXyBa-
ara 3a BIMjaHUeTO Ha CTPYKTYPHO-TEOJIOIKUTE KapaKTepHC-
THKH Ha KapIuTe Ipu JehUHNIpake Ha MHKEHEPCKO-TEOIONIIKH
KBa3M-XOMOTCHHU 30HU BO MOHOJIUTOJIONIKATA TPAHUTHA CPEIIH-
Ha Ha MPETpagHOTO MecTo Ha Opanara OTuma. 3a Taa men ce
U3BPILICHH HU3a TEPEHCKHU HCTPAXYBalbha M UCIIUTYBaba KO Ce
cocTogja OJ] ACTaJbHO TeONIOIIKO KAPTUPAkE Ha TEMETTHUTE ja-
MH H jaJpoTO OJf UCTPAKHUTE TyITHATHHHU, KaKO U UCIHUTYBatba
Ha Kapnure co ckiepomerap. PopmupaHu ce KaTacTpH Ha
IVCKOHTHHYUTETHTEe W HCIHTYBamara co cKiepomerap. Bps
OCHOBA Ha JICTaJIHA aHAIN3a Ha TOOMEHUTE IOJaTOLH U3IBOCHU
Ce YeTHPH KBa3H-XOMOTEHH 30HHM BO PAMKHTE Ha IPaHUTHHOT

MmacuB. Ha Toj HauuH ce neuHUpaHM yCIIOBH 32 HCKOI 33 CEKO-
ja ox oBHe KBa3H XxoMoreHu 30HH. Co M3paboTKa Ha MHIKEHEp-
CKO-TEOJIONIKH KapTH H Npoduin e nedprUHupaHa HUBHATA 3a-
CTaIleHOCT Ha MOBPILIMHATA U BO JabounHaTta. Co aHaM3a Ha
KOHTYPHH JIfjarpaMy Ha TyKHATHHU € YTBP/ACHO BJIMjaHUETO HA
JOMHUHAHTHHUTE yKHATHHCKH CUCTEMH BO Pa3iIM4HHU JCIOBH OJf
TEPEHOT. YTBPICHO € JIeKa HajrojeMo BIIMjaHUE BP3 CTENCHOT
Ha NCIKAaHOCTa MMaaT paceJuTe Ha JECHHOT Oper oxn
IIPErPaHOTO MECTO KAAEIITO CE 3aCTANCHH 5 Pa3JIMYHU CUCTE-
MH Ha IykHaTiHU. VcTo Taka, € yTBpJICHO U JieKa CTeIIeHOT Ha
HCITyKaHOCTa BO 30HUTE CO JISYKOKPATHH T'PAHUTH U CHIN(H-
Kall{ja € 3HAUMTEIHO MOMAJIKy H3pa3eH.
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