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REVIEW OF SCIENTIFIC INSIGHTS AND A CRITICAL ANALYSIS OF PILE
CAPACITY AND PILE INTEGRITY TESTS
0ODGHQûRVLü 1, 5DGRPLU)ROLü 21HQDGâXãLü 3
ɉɊȿȽɅȿȾɇȺɇȺɍɑɇɂɌȿɉɈɋɌɂɀȿɇɂəɂɄɊɂɌɂɑȿɇȺɇȺɅɂɁɇȺ
ɇɈɋɂɆɈɋɉɈɋɈȻɇɈɋɌɌȺɇȺɋɌɔɅȻɈȼȿɂɌȿɋɌɈȼȿ ɁȺɂɁɉɂɌȼȺɇȿɌɈɂɆ
ɆɥɚɞɟɧɄɨɫɢɱ 1, ɊɚɞɨɦɢɪɎɨɥɢɱ 2, ɇɟɧɚɞɋɭɲɢɱ 3
1.

Introduction
Modern geotechnical engineering is based on a multidisciplinary approach to solving complex
geotechnical problems through engineering-geological soil testing, laboratory analyses of physical
and mechanical soil properties, developing constitutive models of soil behaviour, in-situ testing of
geotechnical structures, experimental-laboratory testing of geotechnical structures and developing
of analytical-numerical models for the analysis of geotechnical structures. In addition to structures
formed only from the soil, geotechnical structures also include geotechnical injections, combination
of soil and reinforced concrete (RC) elements, primary RC structures in the soil, structures from
geotextiles/geogrids/geocells and the like. In the group of geotechnical structures, where the
primary role is played by the RC structure in the soil, a specific place is taken by the issue of
analyzing the capacity and integrity of piles. There are a large number of analytical and numerical
methods developed for the purpose of determining the capacity and integrity of piles, as well as a
large number of in-situ tests of real piles constructed in the ground. Also, a series of alternatives
were developed for solving problems in the everyday engineering practice and scientific research.
Despite of this, there are a number of unresolved issues in determining the capacity and integrity of
piles, especially in case of piles in existing structures. This raises a number of questions, such as:
what method, when and for what type of piles should be used? Answers to these questions can be
found in a variety of publications, but there are a considerable number of questions to be answered
in order to enhance the practice and scientific knowledge in terms of analyzing the capacity and
integrity of piles, and develop new sophisticated and reliable solutions. This paper provides a
summary of pile capacity and integrity tests for quick and reliable assessment and the choice of the
type of test in different situations. The paper analyzes the most commonly used tests in practice, as
well as tests of new generation which have been increasingly used and may replace some proven
reliable tests.
2.

Basics of pile testing
Pile tests can be divided into pile capacity and pile integrity tests. Pile capacity tests are aimed
at determining the capacity at the pile base and pile shaft, as well as the cumulative capacity of the
pile, so in terms of the stress state in piles the testing is conducted using high strain testing (HST).
Pile integrity tests in terms of the stress state induced in piles are conducted using low strain testing
(LST). Given that the HST approach is based on inducing high stress states and strains in the pile, it
can lead to failure of the pile and inability to its use in service. Similar thing happens when using
1
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the HST method in case of excessive settlement. Based on the analysis of the pile quality before,
during and after testing, the testing can be destructive (DT) and non-destructive (NDT). When a
state of failure or near-failure occurs in the pile, then the HST test belongs to the group of DT tests.
Due to the methodology of executing the tests, LST tests always belong to the group of NDT tests.
Common to the pile capacity and pile integrity tests is that they are both carried out in in-situ real
conditions in accordance with the pile testing program. The program includes several important
phases: analyzing the macro location (construction site) where the piles will be tested, selecting the
pile types to be tested (trial or permanent piles), analyzing the micro location (near the piles),
planning the organization and accommodation of the testing equipment, analyzing safety and
protection during the execution of tests. The equipment and the program of testing are much more
complex in case of testing the pile capacity than in case of testing the pile integrity.
Due to their greater importance in practice, this study presents only tests of pile capacity
against vertical load. These belong to the group of direct methods of testing, and all tests are carried
out directly by inducing stress states in the pile, either through the pile head or in the pile depth.
However, pile integrity tests belong to both direct and indirect methods, as in the former methods
the testing is carried out by inducing stress states in the pile, while the latter allow other effects to
be used in the interaction with the soil, such as wave propagation in the soil and pile.
Procedures of implementation of the pile capacity and pile integrity test are clearly defined by
engineering codes. The most detailed and most reliable among these are the American ASTM
(American Society for Testing and Materials) codes, which provide clearly defined test procedures.
3.

Pile capacity tests
Methods of analyzing the capacity of piles can be divided to three groups: analytical, numerical
and experimental (test). Analytical and numerical methods are based on solutions obtained by insitu soil testing or laboratory testing of soil samples in order to determine its mechanical properties.
For the higher reliability of results, the priority should be given to experimental methods, if
possible. In most cases, pile capacity tests are carried out in two steps. The first step consists of
testing a real pile, using some of the existing methods, and determining the force-settlement ratio
through the curve of the test load. The second step is determining the discrete value of pile capacity
using some of the existing mathematical methods of analyzing pile capacity. For some tests this
second step is implemented by iteratively matching the signals obtained from the test. Load tests
can be of static and dynamic nature:
- static load test (SLT),
- bi-directional static load test (BDSLT),
- dynamic load test (DLT),
- pile driving test (PDT),
- hybridnamic pile test (HPT),
- statnamic pile test (SNPT).
The static load test (SLT) belongs to the group of most reliable pile capacity tests, but in
terms of preparation and procedure it is the most demanding test. The procedure of conducting this
test is defined in ASTM D1143 / D1143M-07 codes [3]. Generally, there are two variants of
conducting this test: testing with counterweight and testing with reaction piles (figure 1). In the first
case, the counterweight should be adequately piled-up, which can be very heavy, depending on the
bearing capacity of the pile. The weight of the counterweight should be 10% larger than the
ultimate capacity of the pile. The reaction piles, used in the other case, are loaded with tensile force
during the experiment. The head of the pile is exposed to the incremental increase of action of the
piston of a hydraulic press. Due to the displacement of the piston and the opposition of the
counterweight or the reaction piles, the tested pile is pressed in the soil. The pile head settlement is
monitored using a comparator. Using geodetic devices the pile settlement is monitored, and the final
result is determined by comparing the values. The conducted test yields with a test load curve as a
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force-settlement ratio, while the capacity of the pile is determined by one of the analytical methods.
Compared to other tests, this test requires much more time for preparation and execution in order to
obtain high-quality solutions.

a)

b)

Figure 1. Static load test (SLT): a) test with counterweight (photo by the author from the test site),
b) testing using reaction piles [17]
The bi-directional static load test (BDSLT) is a new generation test which does not require
using counterweight or reaction piles [28]. Specific to this test is that the main part of the test
equipment is built in the pile body, so that these piles cannot be further used (figure 2). The test is
prepared by welding two circular steel plates to the prepared reinforcing cage, between which the
Osterberg cells are placed (press or presses) along with hoses for the hydraulics and extensometers,
after which the cage is filled with concrete. The test is conducted when the concrete is hardened.
Under the action of hydraulic pressure fracture occurs in the concrete at the place where the
Osterberg cells are located, so that the pile is pushed upwards, and then downwards. The
instruments monitor the pressure in the Osterberg cells and the pile deformation (settlement). The
pile settlement is also monitored with geodetic devices, so that the final results are determined by
comparing the values. The test ends when the maximum displacement of 150 mm, or the maximum
load as defined by the test project, is reached. This test requires a certain amount of time for
preparation and execution, and the equipment and piles used for the test cannot be used for further
testing and operation.
The dynamic load test (DLT) is based on determining the pile capacity under externally
induced dynamic action. The test procedure is defined in ASTM D4945-08 codes [1]. There are two
alternatives to conducting the test: testing with the own system for lifting the weight, and testing
with an auxiliary system for lifting the weight to a certain height (figure 3). In both cases the weight
is exposed to free fall from a certain height, with the dynamic action in the pile being induced by
the blow of the weight on the pile head. This is enabled by system which raises the weight to a
certain height and stops it there with brakes. The equipment can be connected to the pile head or
mounted on the surrounding ground (for larger weights). Accelerometers and strain gauges are
mounted in the zone of the pile-head for acquiring the signal which is subsequently processed by
spectral matching to determine the total capacity, as well as the capacity along the base and shaft.
Compared to the other tests, this test requires shorter the time for preparation and the execution, and
provides medium-quality solutions. After the test, in some cases, the pile can be further used.
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a)

b)

Figure 2. Bi-directional Osterberg static load test (BDSLT): a) schematic view [15], b) O-cells
connected with the instruments [24]
The pile driving test (PDT) is based on the analysis of capacity and monitoring the behaviour of
the pile during the driving. The external dynamic excitation is achieved using a pile driving
machine (figure 4). The test can be performed with driving the pile under blows (cyclic process) or
vibrations. The test procedure is defined in accordance with the ASTM D4945-08 codes [1]. The
advantage of this dynamic test over the dynamic load test (DLT) is that here the reaction force in
the pile base and pile shaft can be monitored and determined in various stages of driving the pile in
the soil. Other effects can also be monitored, such as checking the pile integrity (large fissures,
damage, fracture etc.). Through the phase of construction, this method inspects the pile capacity in
several steps. Although a complex test which requires a larger volume of work during data
processing, the quality of solution obtained by the PDT method is higher than those obtained by
using the DLT method, while after the test the pile can be further used.

b)
c)
a)
Figure 3. Dynamic load test (DLT): a) test with the own system for lifting the weight with the equipment connected

only to the pile head (photo by the author from the test site), b) test with the own system for lifting
the weight with the equipment mounted on the surrounding soil [14], c) test with an auxiliary
system for lifting the weight to a certain height [12]
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a)

b)

Figure 4. Pile driving test (PDT): a) pile driving machine under blows, the mounted equipment for
data acquisition, and the test pile [13], b) vibration pile driving machine, the mounted equipment for
data acquisition, and the TP [20]
The hybridynamic pile test (HPT) is based on a combination of the static load test (SLT) and
the dynamic load test (DLT), while the propagation of waves in the pile can be ignored, so that the
stress state due to the external excitation is very similar to the stress state obtained in the static load
test (SLT) (figure 5) [16]. Thanks to the developed hybridynamic cushion, the duration of applying
the external excitement (weight) to the pile head is considerably longer than in the case of the DLT.
The hybridynamic cushion is of honeycomb shape and consists of steel plates, cells filled with air
and elastomers with the properties of rubber. This cushion prevents the creation of additional blows
in when the weight bounces off from the pile head, which adversely affects the testing. In addition
to hybridynamic cushion, after the action of the external excitement (weight) and its bouncing off
from the pile head, some hybridynamic pile tests (HPT) solutions retain the weight using a braking
mechanism, preventing additional blows from occurring. The time required for the preparation and
execution of the HPT tests is almost identical to that required by the DLT, but it also requires a
relatively high level of safety to be provided. The quality of solutions provided by this method is
higher than those obtained using the DLT, and after the test, in some cases, the pile can be further
used.

a)

b)

Figure 5. Hybridynamic pile test (HPT): a) comparison of static, hybridynamic and dynamic pile
tests, b) equipment for conducting the hybridynamic pile test [16]
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The statnamic pile test (SNPT) is based on the combination of static (SLT) and dynamic
(DLT) pile tests, but the external excitation which acts on the pile head is realized through the
explosive action of fuel (figure 6) [6]. There are two alternatives for this test. In the first alternative
the weight is lifted vertically upward under an explosive action and then falls freely back on the
gravel that lies between the pile head and the weight. In the second alternative the weight is lifted
vertically upward under an explosive action and then restrained with a braking mechanism at a
certain height, preventing it from falling freely back. In the first case the gravel reduces the effect of
dynamic action and the subsequent blows that would be realized by the weight bouncing off from
the pile head, while the second case takes into account the vertical downward pressure of the pile as
a result of the upward motion of the weight. Due to the explosive effect when lifting the weight
vertically upward, the reactive force applied to the pile head is up to 20 times greater than the
weight's own weight. The time required for the preparation and execution of the test is almost
identical to the time required for the dynamic load test (DLT). A high level of safety during this test
is ensured, although the test is carried out using explosive material. The data processing and
interpretation is more complex, and the quality of the obtained solution is higher than in the case of
the DLT method. The possibility of using the pile in service after conducting the experiment is
debatable.
4.

Pile integrity tests
Most of the pile integrity testing methods are based on the propagation of waves through the
pile and soil, and can generally be divided in two groups: direct and indirect. The state of pile
integrity can be inspected directly, while indirect methods are used to inspect the state of pile
integrity through the soil. Both cases are characterized by the fact that the signals obtained by
testing are subsequently processed and analyzed using the time, frequency or time-frequency
domain. The signal processing is based on scaling, filtering, spectral matching, generating and
transforms. Generally, pile integrity tests can be divided as follows:
- pile integrity test (PIT) or sonic echo test (SET) or pulse echo test (PET),
- singlehole sonic logging (SSL),
- crosshole sonic logging (CSL) or crosshole acoustical testing (CAT),
- crosshole sonic logging tomography (CSLT),
- parallel seismic method (PSM),
- gamma-gamma logging (GGL),
- thermal integrity profiler (TIP).

a)

b)

Figure 6. Statnamic pile test (SNPT): a) schematic view, b) equipment
for conducting the statnamic pile test [10]
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The pile integrity test (PIT) is based on the theory of wave propagation through the pile in
order to determine the defects/discontinuities, and the length of the pile. The test procedure is
defined in the ASTM D5882-16 codes [5]. This test is carried out on the principle of induction,
propagation, reflection, refraction and reception of waves in the pile (figure 7) [8]. The induction of
waves is initiated through an external action by striking hammer, so that the transmitted signal has
the character of an impulse. Propagation of waves through the pile is carried out after initiating the
wave, from the head to the pile base, and reversely. The effect of reflection occurs at the interface
of two different media, in this particular case at the location of the pile base-soil interface, where
the wave propagates towards the pile head. Wave refraction is the effect of refraction of waves at
the interface of two different media, such as the interface between the pile base and pile shaft, and
the ground. Given that the length of the wave which is initiated is longer than the pile diameter, the
wave propagation through the pile can be considered by applying the one-dimensional theory of
wave propagation in solid medium. The record of changes in the propagation of waves through the
pile in time is presented through reflectograms. Generally, changes in the reflectogram occur as a
result of changes in the pile base, changes in diameter along the pile body, partial inclusion of soil
in the pile domain, fissures, uneven quality of the pile material, uneven in soil layers, and the
influence of reinforcing steel in the pile (heavily reinforced piles). Compared to other tests, this test
is characterized by the following: it is a very fast, reliable and inexpensive test for determining the
length of the pile, ease of data processing, does not require a high levels of training, and is able to
detect defects/discontinuities in the pile, but speaking about their actual dimensions along the pile
and at the level of the cross section is disputable.
The singlehole sonic logging (SSL) is used to analyze the defects/discontinuities in the pile,
and is based on wave propagation by using a hydrophone which houses the transmitter and the
receiver (Figure 8). The waves are emitted through the transmitter, they propagate through the pile,
they are reflected in places of contact with the ground and caught with the receiver. Since the
hydrophone is lowered vertically downward along the pile, the signal which is obtained through the
receiver is continuously monitored. Thus, this test is mainly used for the direct analysis of defects in
the cross section, so that the integration of responses provides a more complete picture of the state
of the pile. This single tubelet echo sound test is mainly used in smaller diameter piles or piles
where the limitations allow only a small cross-sectional area to be used for testing. Compared to
other tests, this test is characterized by the fact that is should be prepared as early as in the stage of
construction of the pile, since the tubelet must be installed in the pile body, it is more reliable than
the pile integrity test (PIT) but more demanding in terms of quantity of data to be processed,
requires a relatively high level of training, it can detect defects / discontinuities in the pile, but is
less effective than the other methods, which are described below.

a)
b)
Figure 7. Pile integrity test (PIT): a) schematic view [19], b) propagation of waves in pile with a discontinuity [27]
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Similar to singlehole sonic logging (SSL), crosshole sonic logging (CSL) is also based on
wave propagation by using a hydrophone, but here the transmitter and receiver are separated
(figure 9). The procedure of performing these tests is defined in ASTM D6760-08 codes [2]. The
transmitter and the receiver are placed in two separate tubelets, so that the state of the pile along

a)

b)

Figure 8. Single hole sonic logging (SSL): a) schematic view [7], b) waves are emitted through the
transmitter, propagate through the pile, reflect in places of contact with the ground and are accepted
by the receiver [18]
its cross section is monitored by gradually moving the transmitter and the receiver vertically in
downward/upward direction. Integrating the analyses obtained along the pile provides a complete
picture of possible defects/ discontinuities, whereby smaller defects can also be detected, such as
fissures, cavities, intrusion of water / soil, as well as concrete nests (honeycomb). The largest
number of defects is identified in the vicinity the tubelet, but for larger diameter piles the test can be
conducted using a larger number of tubelets. This produces a higher quality picture of the state of
pile integrity. Compared to other tests, this test is characterized by the fact that is should be
prepared as early as in the stage of construction of the pile, since the tubelets must be installed in
the pile body, it is more reliable than the pile integrity test (PIT) and the single hole sonic logging
(SSL), but also more demanding in terms of quantity of data to be processed, it requires a relatively
high level of training, and can detect a larger number of small defects/discontinuities in the pile.

a)
b)
Figure 9. Crosshole sonic logging (CSL): a) schematic view, b) presentation of identification of defects in the pile [7]
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2D or 3D crosshole sonic logging tomography (CSLT) is the further enhanced version of
crosshole sonic logging (CSL) with two or more tubelets installed in the pile. Instead of recording
the signals emitted directly between the transmitter and receiver, this test also records the signals
emitted at different angles. Since the signals are in fact emitted in a large number of directions and
at different angles, subsequent processing and reconstruction provides 2D and 3D views of the state
in the pile, so that defects/discontinuities can be visually clearly distinguished (figure 10). This 3D
pile model with defects/discontinuities can be used for further numerical analysis using the finite
element method (FEM), with the prior generation of an appropriate network of 3D solid finite
elements. Compared to the other tests, this test is characterized by the fact that is should be prepared
as early as in the stage of construction of the pile by installing several tubelets, this test is more
reliable than the other pile integrity tests (PIT, SSL and CSL), requirements regarding the quantity
of data to be processed are further increased, it requires a relatively high level of training, and it can
detect very small defects/discontinuities in the pile.

a)

b)

c)

Figure 10. 2D or 3D crosshole sonic logging tomography (CSLT) with 2D or 3D display of
discontinuities and defects in the pile: a) schematic view of reconstruction of defects in the pile
using CSLT [25], b) 3D model of reconstruction of defects in the pile using CSLT [23], c) 3D
model of the highlighted defect in the pile using CSLT [22]
The parallel seismic method (PSM) is a procedure where the presence of
defects/discontinuities in the pile are detected in an indirect way, based on the propagation of waves
through the ground, with the pile length being also determined (Figure 11). This test is particularly
useful for determining the depth of the existing piles in the structure.
By applying external excitations to the pile head vibrations are created which are transmitted
through the ground, where using a hydrophone or receiver the signals are recorded in digital format
which are then subsequently processed. The actual pile length and the possible presence of
defects/discontinuities are determined by analyzing the series of recorded signals.
Compared to the other tests, this test is characterized by the relative quickness of preparation
because there are no tubelets to be installed in the pile, it is mainly used to analyze the length of the
pile in cases when the pile integrity test (PIT) cannot be easily conducted, it does not require high
level of training, and it can detect only larger discontinuities in the pile while small
defects/discontinuities remain undetected.
The gamma-gamma logging (GGL) is based on the emission and propagation of gamma rays
though the pile, analyzing the density/porosity of concrete and thus identifying the
defects/discontinuities (figure 12). The procedure of gamma-gamma logging (GGL) is defined in
codes [26]. The test is conducted by moving a transmitter and a receiver probe vertically
upward/downward through one or two tubelets (completely dry). On the basis of the reference value
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of the density of concrete, deviation for each step of measurement is determined and a diagram
constructed presenting the high density, the low density and the transitional zone. Compared to the
other tests, this test is characterized by the fact that it should be prepared as early as in the stage of
construction of the pile, given that the tubelet (tubelets) must be installed in the pile body. This test
is more reliable than the pile integrity test (PIT), requires intermediate level of training, it can detect
defects/discontinuities in the pile, but not so well as the previously shown methods.

a)

b)

Figure 11. Parallel seismic method (PSM): a) schematic view, b) a series of recorded signals based
on which the actual pile length and the possible presence of defects/discontinuities is determined
[21]
The thermal integrity profiler (TIP) is based on the analysis of temperature of hydration of
cement in order to identify defects/discontinuities in the pile (Figure 13). The procedure of thermal
integrity profiler (TIP) is defined in ASTM D7949-14 codes [4]. Similar to previous tests, this test
is conducted using tubelets through which the probe moves vertically downwards/upwards.
Compared to the other tests, this test is characterized by the fact that it should be prepared as early
as in the stage of construction of the pile, given that the tubelets must be installed in the pile body.
Compared to the CSL and GGL test, this test is able to analyze the entire cross-sections along the
pile and indicate the zones of concrete of higher and lower quality. It requires intermediate level of
training, and can detect very small defects/discontinuities in the pile.

a)

b)

Figure 12. Gamma-gamma logging (GGL): a) schematic view, b) identification of defects in the pile by
analyzing the density/porosity of the concrete [9]
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5.

Conclusion
Given the complex nature of the issue, a review of scientific insights and critical analyses of
pile capacity and pile integrity tests cannot be presented in detail with a single article. Thus, this
paper presents only the basic elements and provides a brief critical analysis of tests. The complex
issue of testing the piles is a multidisciplinary problem that requires commitment, not just from
engineers and scientists of civil engineering, but also from engineers of geology, geomechanics,
geophysics, as well as software and electrical engineers for analyzing and interpreting the signals.
On the other hand, the development of new technologies and their implementation in pile testing
requires continuous education for engineers, as well as specialization in certain fields. In general, it
can be said that the biggest problem in testing the pile capacity is inspecting the piles which are in
service conditions and in which determining the capacity and integrity is the most difficult to
conduct. The existing pile capacity tests are mainly intended for testing newly built piles, while
certain pile integrity tests can be used for piles that are already in service. Since settlement
represents the key problem in structures which are already in service, in most cases instead of
conducting pile capacity tests, new piles are directly constructed or the old ones reinforced.

Figure 13. Thermal integrity profiler (TIP) - test results [11]
Pile capacity tests which will be developed in the future, need to demonstrate more effectively
and in more details the distribution of stress state along the pile shaft and pile base, and to indicate
the activation of capacity of the newly designed and existing piles. The key solution is to analyze
the mobilization of soil around the pile during the service for the level of limit capacity state, which
could further affect the design and form pile capacity tests. Regarding the pile integrity tests, their
development is going in the direction of software-hardware engineering and signal theory and
signal processing. The problem is in the installation of tubelets in the pile which certainly can
further affect the pile capacity, especially if their number is high (up to several dozen). In this sense,
the development of new pile integrity tests should be directed towards developing low-cost sensors
that would be connected by conductors of small cross-section or wirelessly. A higher number of
sensors would be built into the pile body during construction, which would communicate with the
data processing server wirelessly or maybe through a cable. Also, there is a possibility for sensors
embedded in the pile body to have a wireless or maybe cable communication with a GPRS device
mounted on each pile, which would emit a signal to the main data processing server in a completely
different place than the location where the pile is built. In this way, pile integrity tests would be
conducted very efficiently, and even real time monitoring could be conducted in service conditions.
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THE NEW EU PROCURMENT DIRECTIVES: WHOLE LIFE COSTING AND DYNAMIC
PROCUREMENT SYSTEMS FOR CIVIL ENGINEERING ORGANISATIONS, ARE THEY
CONTRADICTORY?
Robert Eadie 1 and Samuel Potts 1
ɇɈȼɂɌȿȾɂɊȿɄɌɂȼɂɇȺȿɋɁȺɈȻɓȿɋɌȼȿɇɂɉɈɊɔɑɄɂɉȿɊɂɈȾɇȺ
ɈɋɌɈɃɇɈɋɌəȼȺɇȿɂȾɂɇȺɆɂɑɇɂɋɂɋɌȿɆɂɁȺɁȺɄɍɉɍȼȺɇȿɁȺɋɌɊɈɂɌȿɅɇɂɂ
ɂɇɀȿɇȿɊɇɂɈɊȽȺɇɂɁȺɐɂɂɂɆȺɅɂɉɊɈɌɂȼɈɊȿɑɂə
Ɋɨɛɟɪɬɂɞɢ1, ɋɚɦɭɟɥɉɨɬɫ1
1.
INTRODUCTION
Two European Union (EU) directives controlled the processes used for construction procurement until 2014.
These were: EU Directive 2004/17 which standardized the procurement procedures for entities operating in
the water, energy, transport and postal services sectors (Eur-lex, 2004a) and EU Directive 2004/18 which
controlled the processes used in public works contracts, public supply contracts and public service contracts
(Eur-Lex, 2004b). A large consultation process took place across the EU and revisions were suggested to
remove some of the bureaucracy associated with above threshold procurement. This resulted in the
publication of 3 new EU directives on 11 February 2014. These are: (1) EU Directive 2014/23 relating to
procedures for concession contracts (Eur-lex, 2014a), (2) EU Directive 2014/24 that replaced EU Directive
2004/18 (Eur-lex, 2014b) and (3) EU Directive 2014/25 which replaced EU Directive 2004/17 (Eur-lex,
2014c) for utilities contracts.
The United Kingdom (UK) incorporated these directives into law through the Public Contracts Regulations
(PCR) 2015 (The Stationary Office, 2015). This paper looks at EU Directive 2014/24 as it affected the way
contracts were awarded and the procedures used in construction and civil engineering.
1.1 CHANGES TO THE AWARD CRITERIA
Article 67 (2) (Eur-lex, 2014b) stipulates the award criteria to be used for over threshold tenders and
replaced Article 53(1) (Eur-lex, 2004b). The removal of lowest price from Article 53(1)b (Eur-lex, 2004b)
KDVEHHQUHSODFHGZLWKDFODXVHWKDWHPEHGVµZKROH-OLIHFRVWLQJ¶ :/& DQGVWUHQJWKHQV0RVW(FRQRPLFDOO\
$GYDQWDJHRXV 7HQGHU 0($7  E\ PHQWLRQLQJ EHVW ³price-quality ratio´ DV D PHDQV RI DZDUG 7KHUHIRUH
cost-effectiveness must be determined for contracts above the European Threshold. WLC is the more
commonly used term for life-cycle costing (LCC) now mentioned in the directives.
In addition the quality element of bids must now take into consideration the use of environmental and social
aspects relevant to the project. The EU directive now lists staff competency and structure, after sales, and
delivery conditions, as some of the award criteria which may be used. In relation to the cost element, Article
68(1)a (Eur-lex, 2014b) stipulates that all elements of the construction process from conception to demolition
must be taken into account during the LCC element of the assessment.
Piga (2015) suggests that these changes were implemented to provide smart, sustainable and inclusive
growth. However, Verma (2015) suggests that the correct implementation of LCC is a very challenging
process, requiring strict cost visibility, verifiability and contracting discipline at all stages of the process.
Loosemore (2016) suggested that while the revision to the EU directives had given impetus to the inclusion
of social aspects of construction, there was still a long way to go in changing perceptions that LFC instead of
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lowest price was the best way forward for public sector procurement. Hupponen et al (2015) suggested that
the new environmental aspect to the award process should now include greenhouse gas emissions as a result
of the change to the directives, resulting in a reduction in global warming potentials. Kingston (2016) has
highlighted that this has increased the amount of litigation at the interface between environmental and
financial aspects of the contract. What has had little investigation is whether contracting organisations are
preparing for the inclusion of this and when they consider that government authorities will fully implement it
within tender documents.

1.2

CHANGES TO THE SYSTEMS

According to Khorana et al (2015) the European Commission strategy to integrate government procurement
into a single market across borders is fulfilled by enforcing e-procurement. CCS (2014a) state that for
µ&HQWUDO 3XUFKDVLQJ %RGLHV¶ WKH GHDGOLQH IRU IXOO DGRSWLRQ RI H-procurement is April 2017, for other
authorities it is October 2018. This will require them to allow electronic submission of requests to participate
and for tenders.
For procurement that uses the open and restricted procurement procedures, the use of e-Procurement means
reduced timescales (Eur-lexD 7LPHVFDOHVFDQEHUHGXFHGIXUWKHUZLWKWKHXVHRIDµ3ULRU,QIRUPDWLRQ
1RWLFH¶ (PIN). The new timescales for these two procedures are summarised in Table 1.
In addition, changes to the rules regarding Dynamic Purchasing Systems (DPS) have been implemented. A
DPS is an electronic catalogue of goods and services. Electronic searches are carried out and awards are
based on lowest price. The UK Cabinet Office, 2015, report that they are rarely used, due to the excessive
rules and the need to advertise each DPS in the OJEU. However there is little empirical data to enforce this
claim. This paper seeks to fill that knowledge gap. The changes aim to simplify the rules on DPSs, remove
the obligation to carry out the call-off stage of these procurements in the OJEU, and are designed to
encourage the use of this method. However, little research has been carried out into whether the changes will
make a difference for construction contracts. This paper examines the use of e-procurement and DPS in light
of the changes to the EU directives.
Table 1Minimum Timescales for Procurement (Eur-lex, 2014b)

2. RESEARCH METHOD
Prior to the changes to the EU directives the UK Cabinet Office consulted for a response to the changes. The
feedback released on 30th January 2015, contained 204 replies, but just 15 were from businesses (Cabinet
Office, 2014, pg 3, Table 1). This shortage of views from organisations indicates a gap in knowledge and the
need for further research and views which this paper provides.
The research employed two discrete questionnaires. The pilots ensured consistency of meaning. The first
related to the views of those who had won Government contracts over the last 5 years. An examination of the
awarded contracts section of the Central Procurement Directorate website of the Department of Finance and
Personnel in Northern Ireland (DFPNI) resulted in 438 organisations being identified. An initial phone and
email sift removed 99 organisations who had not been awarded contracts over the EU Financial threshold
where the EU directives apply. From the 339 remaining, 107 said they would provide a response. However,
only 71 responded with a further 16 opting out once they saw the contents of the questionnaire. The final
response rate is sixty-eight percent, which is regarded as good, and is close to the very good value of seventy
percent prescribed by Rubin and Babbie (2009). The LimesurveyTM survey package was used to provide
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automatic statistical analysis of the quantitative responses. Qualitative responses were examined
individually.

3. FINDINGS ON THE CHANGES IN THE EUROPEAN UNION DIRECTIVES
3.1 FINDINGS ON THE CHANGES TO THE AWARD CRITERIA
There is always a lag in changing the culture of procurement. While WLC have been specified by the new
regulations as the preferred way forward, the quality/price philosophy based on capital costs is still
acceptable. Little research had been carried out into when those tendering for government work expected to
see this implemented within the UK. Table 2 indicates that once the third of respondents who are uncertain
are removed (32.39%, 32.39% and 35.21%), the majority consider it unlikely in the next year (47.89%), but
likely in the one to two year timeframe (40.85%), increasing to 46.48% within the next 5 years. This shows
that it is expected that there will be a trend towards WLC rather than capital costs in government tenders
over the next number of years.
Table 2 WLC implementation

Give your opinion, on when the additional measures being introduced to allow for whole-life-costing
in tendering are likely to impact
Answer

Within a year
Count

Within a year
%

1-2 Years
Count

1-2 Years
%

2-5 Years
Count

2-5 Years
%

Very likely
Likely
Unlikely
Very unlikely
Uncertain

4
10
29
5
23

5.63%
14.08%
40.85%
7.04%
32.39%

1
28
18
1
23

1.41%
39.44%
25.35%
1.41%
32.39%

5
28
11
2
25

7.04%
39.44%
15.49%
2.82%
35.21%

Table 3 indicates the perceived impacts of the changes to the regulations. It shows that there was very little
negativity about the introduction of WLC to contracts (only 5.63% considered this was a negative) and the
majority of those not neutral considered it to be a positive (38.03%). Furthermore there was an even greater
percentage in support of the additional award criteria, which may now include; technical competence, details
of staff structure relevant to the contract, after sales service and delivery conditions, with 56.34% in support
and only 1.41% considering it to be a negative. Again the majority considered additional social and
environmental proofs of compliance incorporated within contracts to be a positive thing (43.66%) but there
was more negativity regarding this aspect with 11.27% against their implementation.
Table 3 Expected impacts of the changes on organisations

On a scale shown below, please rank the expected impact of the issues on your organisation
[Whole-life
costing]

[Social and environmental
proofs of compliance]

Answer

Count

%

Count

%

Very positively
Positively
Neutral
Negatively
Very negatively
Do not know

5
22
23
4
0
17

7.04%
30.99%
32.39%
5.63%
0.00%
23.94%

4
27
17
7
1
15

5.63%
38.03%
23.94%
9.86%
1.41%
21.13%

[Additional award criteria now may include;
technical competence, details of staff
structure relevant to the contract, after sales
service and delivery conditions]
Count
%

11
29
16
1
0
14

15.49%
40.85%
22.54%
1.41%
0.00%
19.72%

3.2 FINDINGS ON THE CHANGES TO E-PROCUREMENT
It can be seen from Table 4 that three of the 4 elements investigated in relation to e-procurement were
positive. It was considered that it would allow cross-border tendering (74.65%), negate the need to provide
similar information multiple times (52.11%) and speed up the procurement process (49.30%). However,
almost half of the respondents were unsure as to its capability to remove corruption from the process
(49.30%) and 43.66% considered that it would not. The manipulation of electronic systems, security and the
ability of humans to be influenced, impacts heavily on the outcome.
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Table 4 Impacts of e-procurement across Europe

Do you consider that the use of e-procurement across Europe will
[allow cross border
tendering]

[remove corruption
from the process]

[speed up the
procurement process]

Answer

Count

%

Count

%

Count

%

Yes
No
Uncertain

53
4
14

74.65%
5.63%
19.72%

5
31
35

7.04%
43.66%
49.30%

35
16
20

49.30%
22.54%
28.17%

[negate the need to provide
similar information multiple
times]
Count
%

37
11
23

52.11%
15.49%
32.39%

3.3 FINDINGS ON THE CHANGES TO DYNAMIC PURCHASING SYSTEMS
The final element examined related to Dynamic Purchasing Systems (DPS). Table 5 provides the responses
provided on this element. The Cabinet Office (2014) statement that they were rarely used is borne out in that
66.2% had never used such a system with a further 29.58% uncertain. The level of uncertainty also increases
when examination of the benefits of a DPS is considered, with 77.46% unsure that it will provide benefits
and a further 18.31% stating that it will provide no benefit. This indicates that even with the changes, DPS
systems still have little benefit in relation to construction. This can be seen with the results in relation to
project procurement with 91.55% being uncertain as to whether it can be used. This drops to 78.87% for
construction materials procurement. However, it shows that there is little use for a DPS in construction.
Table 5 Dynamic Purchasing Systems

Answer
Question
Has your organisation ever used a DPS?
Do you consider that a DPS can be used for
Project Procurement in Construction?
Should a DPS be limited to Construction
Materials Procurement?
Do you expect D36¶s to benefit the business
you represent?

No.
3
2

Yes
%
4.23%
2.82%

No.
47
4

No
%
66.20%
5.63%

Uncertain
No.
%
21 29.58%
65 91.55%

6

8.45%

9

12.68%

56

78.87%

3

4.23%

13

18.31%

55

77.46%

4. CONCLUSIONS
This paper examined the impact of the changes to the EU Procurement regulations. It specifically examined
EU Directive 2014/24 (2014b) in relation to the changes to the award criteria for Quality/Price contracts, eprocurement and dynamic purchasing systems.
Whole Life Costing (WLC) was seen as a positive measure in the strategic move away from lowest cost by
the majority of respondents (38.03%, 23.94% did not know). The implementation of WLC as part of the
GHWHUPLQDWLRQRI³%HVW9DOXH´LVH[SHFWHGLQDRQHWRWZR\HDUWLPHIUDPHThis finding supports the work of
Sapountzis et al. (2009) who indicate that benefits need to be evaluated and provided over the whole lifespan
to ensure value for money is achieved. The most beneficial aspect of the changes is seen in the introduction
of additional award criteria, which may now include; technical competence, details of staff structure relevant
to the contract, after sales service and delivery conditions, with 56.34% in support and only 1.41%
considering it to be a negative. Less support was gained for the Social and Environmental proofs of
compliance. This is in accordance with the findings of Eadie and Rafferty (2014) that showed that these
HOHPHQWVUDQNHGEHKLQG³Economy/profit´³Technical/quality´ DQG³Process/ management´ in determining
the best tender. Despite this, the result was still positive in regard to the implementation of environmental
and social award criteria.
In relation to e-procurement the results showed that it is anticipated to promote cross border tendering (an
aim of the EU consultation; EC, 2011), speed up the procurement process and negate the need for provision
of information multiple times (both aims of the UK consultation; CCS, 2014b). However, the findings show
that e-procurement is not expected to remove corruption from the process. This was one of the main reasons
for making its use mandatory (Eur-lex, 2014b). Therefore further work will have to be carried out in this
area. Dynamic Purchasing Systems (DPS) are little used in construction and it is not expected that their use
will increase despite the changes in the regulations.
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ACTUAL STATE, ADVANCE AND PROBLEMS OF THE REALIZATION OF
THE EUROPEAN POLICY FOR ENERGY PERFORMANCE OF BUILDINGS CONFORMING
TO DIRECTIVE 2010/31ȿ8
Gergana Nikolova, Ana Yanakieva, Yachko Ivanov
1.

ȼɴɜɟɞɟɧɢɟ

Ⱦɢɪɟɤɬɢɜɚɬɚɨɬȿɋɧɚȿɜɪɨɩɟɣɫɤɢɹɩɚɪɥɚɦɟɧɬ ȿɉ) ɢɋɴɜɟɬɚɧɚɫɴɪɱɚɜɚɩɨɞɨɛɪɹɜɚɧɟɬɨ
ɧɚɟɧɟɪɝɢɣɧɢɬɟɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɚɧɨɜɢɢɫɬɚɪɢ ɫɝɪɚɞɢɤɚɤɬɨɢɧɚɨɛɨɫɨɛɟɧɢɱɚɫɬɢɨɬɬɹɯɜɪɚɦɤɢɬɟ
ɧɚɋɴɸɡɚɤɚɬɨɫɟɜɡɟɦɚɬɩɪɟɞɜɢɞɜɴɧɲɧɢɬɟɤɥɢɦɚɬɢɱɧɢɢɦɟɫɬɧɢɭɫɥɨɜɢɹɤɚɤɬɨɢɢɡɢɫɤɜɚɧɢɹɬɚɡɚ
ɩɚɪɚɦɟɬɪɢɬɟ ɧɚ ɜɴɬɪɟɲɧɢɹ ɜɴɡɞɭɯ ɢ ɫɴɨɬɧɨɲɟɧɢɟɬɨ ɪɚɡɯɨɞɢ-ɟɮɟɤɬɢɜɧɨɫɬ. ɋɴɝɥɚɫɧɨ ɬɚɡɢ ɞɢɪɟɤɬɢɜɚ
ɞɴɪɠɚɜɢɬɟ± ɱɥɟɧɤɢ ɧɚȿɜɪɨɩɟɣɫɤɢɹɫɴɸɡ ȿɋ ɫɟɡɚɞɴɥɠɚɜɚɬɫɥɟɞɞɟɤɟɦɜɪɢɜɴɜɜɫɢɱɤɢɫɬɚɪɢ
ɢ ɨɛɳɟɫɬɜɟɧɢ ɫɝɪɚɞɢ ɢ ɞɨ ɤɪɚɹ ɧɚ  ɜɫɢɱɤɢ ɧɨɜɢ ɫɝɪɚɞɢ ɞɚ ɩɨɫɬɢɝɧɚɬ ɛɥɢɡɤɨ ɞɨ ɧɭɥɟɜɨ ɧɟɬɧɨ
ɩɨɬɪɟɛɥɟɧɢɟ ɧɚɟɧɟɪɝɢɹ ɋȻɇɇɉȿ -NZEB), [1]. ɉɨɧɚɫɬɨɹɳɟɦ ɜ Ȼɴɥɝɚɪɢɹɢɦɚ ɫɥɟɞɧɢɬɟ ɧɨɪɦɚɬɢɜɧɢ
ɞɨɤɭɦɟɧɬɢ
(1) ɇȺɊȿȾȻȺʋɈɌȽɁȺȿɇȿɊȽɂɃɇȺȿɎȿɄɌɂȼɇɈɋɌɇȺɋȽɊȺȾɂ ɁȺȽɅɂɁɆ ȾȼȻɊɈɌȽɂɁɆ- ȾȼȻɊɈɌȽȼɋɂɅȺɈɌɢɡɞɚɞɟɧɚɨɬ
Ɇɢɧɢɫɬɟɪɫɬɜɨɬɨɧɚɪɟɝɢɨɧɚɥɧɨɬɨɪɚɡɜɢɬɢɟɢɛɥɚɝɨɭɫɬɪɨɣɫɬɜɨɬɨɋɧɚɪɟɞɛɚɬɚɫɟɨɩɪɟɞɟɥɹɬ
ɦɢɧɢɦɚɥɧɢɬɟɢɡɢɫɤɜɚɧɢɹɡɚɟɧɟɪɝɢɣɧɚɟɮɟɤɬɢɜɧɨɫɬ ȿɎ ɧɚɠɢɥɢɳɧɢɢɨɛɳɟɫɬɜɟɧɢɫɝɪɚɞɢ
ɢ   ɬɟɯɧɢɱɟɫɤɢɬɟ ɢɡɢɫɤɜɚɧɢɹ ɤɴɦ ɬɟɯɧɢɬɟ ɟɧɟɪɝɢɣɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɟɬɨɞɢɤɚɬɚ ɡɚ
ɢɡɱɢɫɥɹɜɚɧɟ ɧɚ ɟɧɟɪɝɢɣɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢɬɟ ɝɪɚɧɢɱɧɢɬɟ ɫɬɨɣɧɨɫɬɢ ɧɚ
ɩɨɤɚɡɚɬɟɥ ɫɩɟɰɢɮɢɱɟɧ ɝɨɞɢɲɟɧ ɪɚɡɯɨɞ ɧɚ ɩɴɪɜɢɱɧɚ ɟɧɟɪɝɢɹ ɜ N:KP ɤɨɟɮɢɰɢɟɧɬɚ ɧɚ
ɬɨɩɥɨɩɪɟɦɢɧɚɜɚɧɟ ɩɪɟɡ ɨɝɪɚɠɞɚɳɢ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɟɥɟɦɟɧɬɢ ɧɚ ɫɝɪɚɞɢɬɟ ɢɡɢɫɤɜɚɧɢɹɬɚ ɡɚ
ɜɥɚɝɨɭɫɬɨɣɱɢɜɨɫɬ ɜɴɡɞɭɯɨɩɪɨɩɭɫɤɥɢɜɨɫɬ ɜɨɞɨɧɟɩɪɨɩɭɫɤɥɢɜɨɫɬ ɢ ɫɥɴɧɰɟɡɚɳɢɬɚ ɩɪɟɡ
ɥɟɬɧɢɹɩɟɪɢɨɞɬɟɯɧɢɱɟɫɤɢɬɟɢɡɢɫɤɜɚɧɢɹɩɨɨɬɧɨɲɟɧɢɟɧɚɟɮɟɤɬɢɜɧɨɫɬɬɚɧɚɝɟɧɟɪɚɬɨɪɢɬɟɧɚ
ɨɬɨɩɥɟɧɢɟɨɯɥɚɠɞɚɧɟ ɜ ɫɝɪɚɞɢɬɟ ɜɤɥɸɱɢɬɟɥɧɨ ɧɚ ɞɟɰɟɧɬɪɚɥɢɡɢɪɚɧɢɬɟ ɫɢɫɬɟɦɢ ɡɚ
ɨɩɨɥɡɨɬɜɨɪɹɜɚɧɟ ɧɚ ɟɧɟɪɝɢɹɬɚ ɨɬ ɜɴɡɨɛɧɨɜɹɟɦɢ ɢɡɬɨɱɧɢɰɢ ɢɡɢɫɤɜɚɧɢɹɬɚ ɤɴɦ
ɢɧɜɟɫɬɢɰɢɨɧɧɢɬɟɩɪɨɟɤɬɢɩɪɢɨɰɟɧɤɚɬɚɧɚɪɚɡɯɨɞɚɧɚɟɧɟɪɝɢɹ
(2) ɁȺɄɈɇ ɡɚ ɟɧɟɪɝɢɣɧɚɬɚ ɟɮɟɤɬɢɜɧɨɫɬ Ɉɛɧ Ⱦȼ ɛɪ  ɨɬ . Ɍɨɡɢ ɡɚɤɨɧ ɭɪɟɠɞɚ
ɨɛɳɟɫɬɜɟɧɢɬɟɨɬɧɨɲɟɧɢɹɫɜɴɪɡɚɧɢɫɩɪɨɜɟɠɞɚɧɟɬɨɧɚɞɴɪɠɚɜɧɚɬɚɩɨɥɢɬɢɤɚɡɚɩɨɜɢɲɚɜɚɧɟ
ɧɚ ɟɧɟɪɝɢɣɧɚɬɚ ɟɮɟɤɬɢɜɧɨɫɬ Ɂɚɤɨɧɴɬ ɢɦɚ ɡɚ ɰɟɥ ɩɨɜɢɲɚɜɚɧɟ ɧɚ ɟɧɟɪɝɢɣɧɚɬɚ ɟɮɟɤɬɢɜɧɨɫɬ
ɤɚɬɨɱɚɫɬɨɬɩɨɥɢɬɢɤɚɬɚɩɨɭɫɬɨɣɱɢɜɨɪɚɡɜɢɬɢɟɧɚɫɬɪɚɧɚɬɚɱɪɟɡɢɡɩɨɥɡɜɚɧɟɧɚɫɢɫɬɟɦɚɨɬ
ɞɟɣɧɨɫɬɢɢɦɟɪɤɢɡɚɩɨɜɢɲɚɜɚɧɟɧɚɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬɩɪɢɩɪɨɢɡɜɨɞɫɬɜɨɬɨɩɪɟɧɨɫɚɢ
ɪɚɡɩɪɟɞɟɥɟɧɢɟɬɨ ɤɚɤɬɨ ɢ ɩɪɢ ɤɪɚɣɧɨɬɨ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɟɧɟɪɝɢɹ ɜɴɜɟɠɞɚɧɟ ɧɚ ɫɯɟɦɢ ɡɚ
ɡɚɞɴɥɠɟɧɢɹɡɚɟɧɟɪɝɢɣɧɢɫɩɟɫɬɹɜɚɧɢɹɪɚɡɜɢɬɢɟɧɚɩɚɡɚɪɚɧɚɟɧɟɪɝɢɣɧɨ-ɟɮɟɤɬɢɜɧɢɭɫɥɭɝɢɢ
ɧɚɫɴɪɱɚɜɚɧɟ ɩɪɟɞɨɫɬɚɜɹɧɟɬɨ ɧɚ ɟɧɟɪɝɢɣɧɨ-ɟɮɟɤɬɢɜɧɢ ɭɫɥɭɝɢ ɜɴɜɟɠɞɚɧɟ ɧɚ ɮɢɧɚɧɫɨɜɢ
ɦɟɯɚɧɢɡɦɢ ɢ ɫɯɟɦɢ ɩɨɞɩɨɦɚɝɚɳɢ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɧɚɰɢɨɧɚɥɧɚɬɚ ɰɟɥ ɡɚ ɟɧɟɪɝɢɣɧɚ
ɟɮɟɤɬɢɜɧɨɫɬ
(3) ɇɚɪɟɞɛɚ ɡɚ ɢɡɦɟɧɟɧɢɟ ɢ ɞɨɩɴɥɧɟɧɢɟ ɧɚ ɇɚɪɟɞɛɚ ʋ  ɨɬ  ɡɚ ɬɟɯɧɢɱɟɫɤɢ ɩɪɚɜɢɥɚ ɢ
ɧɨɪɦɚɬɢɜɢ ɡɚ ɩɪɨɟɤɬɢɪɚɧɟ ɢɡɝɪɚɠɞɚɧɟ ɢ ɟɤɫɩɥɨɚɬɚɰɢɹ ɧɚ ɨɛɟɤɬɢɬɟ ɢ ɫɴɨɪɴɠɟɧɢɹɬɚ ɡɚ
1
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(4) ɩɪɨɢɡɜɨɞɫɬɜɨɩɪɟɧɨɫɢɪɚɡɩɪɟɞɟɥɟɧɢɟɧɚɬɨɩɥɢɧɧɚɟɧɟɪɝɢɹ ɨɛɧȾȼɛɪɨɬɩɨɩɪ
ɛɪ  ɨɬ  ɢɡɦ ɛɪ  ɨɬ ). ȼ ɤɪɚɹ ɧɚ  ɛɟɲɟ ɩɪɢɟɬ, ɫ Ɋɟɲɟɧɢɟ ʋ  ɧɚ
Ɇɢɧɢɫɬɟɪɫɤɢɹɫɴɜɟɬ Ɇɋ ɇɚɰɢɨɧɚɥɟɧɩɥɚɧ ɇɉ ɡɚɫɝɪɚɞɢɫɛɥɢɡɤɨɞɨɧɭɥɟɜɨɩɨɬɪɟɛɥɟɧɢɟ
ɧɚ ɟɧɟɪɝɢɹ ɋȻɇɉȿ . Ɍɨɣ ɢɦɚ ɡɚ ɰɟɥ ɞɚ ɩɪɟɜɴɪɧɟ ɤɨɧɰɟɩɰɢɹɬɚ ɡɚ ɋȻɇɉȿ ɜ ɩɪɚɤɬɢɱɟɫɤɢ
ɩɪɢɥɨɠɢɦɨɛɴɞɟɳɨɚɥɬɟɪɧɚɬɢɜɧɨɧɨɜɨɫɬɪɨɢɬɟɥɫɬɜɨɜȻɴɥɝɚɪɢɹɫɥɟɞɢɩɪɢɨɛɧɨɜɹɜɚɧɟ
ɧɚɫɴɳɟɫɬɜɭɜɚɳɢɫɝɪɚɞɢɫɴɝɥɚɫɧɨɪɚɡɥɢɱɧɢɬɟɢɦ ɤɚɬɟɝɨɪɢɢ
(5) ɇɚɪɟɞɛɚɡɚɨɛɫɥɟɞɜɚɧɟɡɚɟɧɟɪɝɢɣɧɚɟɮɟɤɬɢɜɧɨɫɬɫɟɪɬɢɮɢɰɢɪɚɧɟɢɨɰɟɧɤɚɧɚɟɧɟɪɝɢɣɧɢɬɟ
ɫɩɟɫɬɹɜɚɧɢɹɧɚɫɝɪɚɞɢɬɟ ȿ± ɊȾ± 04 ± 1 / 22. 01. 2016)Ɍɚɡɢɧɚɪɟɞɛɚɨɩɪɟɞɟɥɹɭɫɥɨɜɢɹɬɚɢ
ɪɟɞɴɬ ɡɚ ɢɡɞɚɜɚɧɟ ɧɚ ɫɟɪɬɢɮɢɤɚɬɢ ɡɚ ɩɪɨɟɤɬɧɢ ɟɧɟɪɝɢɣɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɜɴɪɲɜɚɧɟ ɧɚ
ɨɛɫɥɟɞɜɚɧɟɡɚɟɧɟɪɝɢɣɧɚɟɮɟɤɬɢɜɧɨɫɬɧɚɫɝɪɚɞɚɢɱɚɫɬɢɨɬɫɝɪɚɞɢɜɟɤɫɩɥɨɚɬɚɰɢɹɢɡɞɚɜɚɧɟ
ɧɚ ɫɟɪɬɢɮɢɤɚɬɢ ɡɚ ɟɧɟɪɝɢɣɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢ ɢ ɱɚɫɬɢ ɨɬ ɫɝɪɚɞɢ ɜ ɟɤɫɩɥɨɚɬɚɰɢɹ
ɤɚɤɬɨɢɡɚɢɡɝɨɬɜɹɧɟɧɚɨɰɟɧɤɚɧɚɟɧɟɪɝɢɣɧɢɬɟɫɩɟɫɬɹɜɚɧɢɹɧɚɫɝɪɚɞɢ
(5) ɇɚɪɟɞɛɚɡɚɩɨɤɚɡɚɬɟɥɢɬɟɡɚɪɚɡɯɨɞɚɧɚɟɧɟɪɝɢɹɢɟɧɟɪɝɢɣɧɢɬɟɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɚɫɝɪɚɞɢɬɟ ȿ
±ɊȾ± 04 ± 2/ 22. 01. 2016)ȼɬɚɡɢɇɚɪɟɞɛɚɫɚɪɟɝɥɚɦɟɧɬɢɪɚɧɢɭɫɥɨɜɢɹɬɚɡɚɨɩɪɟɞɟɥɹɧɟɧɚ
ɩɨɤɚɡɚɬɟɥɢɬɟ ɡɚ ɪɚɡɯɨɞ ɧɚ ɟɧɟɪɝɢɹ ɢ ɟɧɟɪɝɢɣɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢ ɟɞɢɧɧɚɬɚ
ɦɟɬɨɞɨɥɨɝɢɹ ɡɚ ɮɨɪɦɢɪɚɧɟ ɧɚ ɩɨɤɚɡɚɬɟɥɢɬɟ ɡɚ ɪɚɡɯɨɞ ɧɚ ɟɧɟɪɝɢɹ ɢ ɟɧɟɪɝɢɣɧɢɬɟ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢ ɩɚɪɚɦɟɬɪɢɬɟ ɧɚ ɫɤɚɥɚ ɧɚ ɤɥɚɫɨɜɟɬɟ ɧɚ ɟɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɡɚ
ɪɚɡɥɢɱɧɢ ɩɨ ɩɪɟɞɧɚɡɧɚɱɟɧɢɟ ɤɚɬɟɝɨɪɢɢ ɫɝɪɚɞɢ ɝɪɚɧɢɱɧɢɬɟ ɱɢɫɥɨɜɢ ɫɬɨɣɧɨɫɬɢ ɧɚ
ɢɧɬɟɝɪɢɪɚɧɢɹ ɟɧɟɪɝɢɟɧ ɩɨɤɚɡɚɬɟɥ Äɋɩɟɰɢɮɢɱɟɧ ɝɨɞɢɲɟɧ ɪɚɡɯɨɞ ɧɚ ɩɴɪɜɢɱɧɚ ɟɧɟɪɝɢɹÄ ɜ
kWh/m2, ɨɩɪɟɞɟɥɟɧɢ ɫɴɫ ɫɤɚɥɚɬɚ ɧɚ ɤɥɚɫɨɜɟɬɟ ɧɚ ɟɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ ɡɚ ɪɚɡɥɢɱɧɢ ɩɨ
ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɤɚɬɟɝɨɪɢɢɫɝɪɚɞɢ
2.
2.1.

ɇɚɰɢɨɧɚɥɟɧɩɥɚɧɡɚɋȻɇɉȿɢȽɨɞɢɲɟɧ ɨɬɱɟɬɡɚɢɡɩɴɥɧɟɧɢɟɬɨ ɦɭ
ɉɨɨɬɧɨɲɟɧɢɟɧɚɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚɇɉ ɡɚɋȻɇɉȿ

ɇɚɰɢɨɧɚɥɧɢɹɬ ɩɥɚɧ ɡɚ ɫɝɪɚɞɢ ɫ ɛɥɢɡɤɨ ɞɨ ɧɭɥɟɜɨ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɟɧɟɪɝɢɹ ±  ɇɉ ɡɚ
ɋȻɇɉȿ  ɟ ɪɚɡɪɚɛɨɬɟɧ ɧɚ ɨɫɧɨɜɚɧɢɟ ɱɥ  ɚɥ ɨɬ Ⱦɢɪɟɤɬɢɜɚ ȿɋ, ɨɬɧɨɫɧɨ ɟɧɟɪɝɢɣɧɢɬɟ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɚɫɝɪɚɞɢɬɟɉɥɚɧɴɬɫɟɨɫɧɨɜɚɜɚɧɚɄɨɧɰɟɩɰɢɹ ɡɚɫɝɪɚɞɢɫɩɨɱɬɢɧɭɥɟɜɨɩɨɬɪɟɛɥɟɧɢɟ
ɧɚ ɟɧɟɪɝɢɹ ɞɨɤɥɚɞɜɚɧɚ ɨɬ ɛɴɥɝɚɪɫɤɢɬɟ ɜɥɚɫɬɢ ɧɚ ȿɜɪɨɩɟɣɫɤɚɬɚ ɤɨɦɢɫɢɹ ȿɄ  ɩɪɟɡ  ɉɥɚɧɴɬ
ɨɬɝɨɜɚɪɹ ɧɚ ɧɚɪɚɫɬɜɚɳɚɬɚ ɧɟɨɛɯɨɞɢɦɨɫɬ ɡɚ ɟɮɟɤɬɢɜɧɨ ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɟɧɟɪɝɢɣɧɢɬɟ ɪɟɫɭɪɫɢ
ɩɨɞɨɛɪɹɜɚɧɟ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɠɢɜɨɬ ɱɪɟɡ ɟɧɟɪɝɢɣɧɚ ɟɮɟɤɬɢɜɧɨɫɬ ɢ ɨɝɪɚɧɢɱɚɜɚɧɟ ɧɚ ɧɟɝɚɬɢɜɧɨɬɨ
ɜɴɡɞɟɣɫɬɜɢɟɜɴɪɯɭɨɤɨɥɧɚɬɚɫɪɟɞɚ, ɜɪɟɡɭɥɬɚɬɧɚɭɩɨɬɪɟɛɚɬɚɧɚɩɪɢɪɨɞɧɢɪɟɫɭɪɫɢ [2].
Ɉɱɚɤɜɚ ɫɟ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɇɉ ɡɚ ɋȻɇɉȿ ɞɚ ɨɛɟɞɢɧɢ ɝɨɥɹɦ ɛɪɨɣ ɭɱɚɫɬɧɢɰɢ ɢ ɪɚɜɧɢɳɚ ɧɚ
ɜɡɟɦɚɧɟɧɚɪɟɲɟɧɢɹɩɨɪɚɞɢɤɨɟɬɨɭɫɩɟɲɧɨɬɨɩɥɚɧɢɪɚɧɟɩɨɥɢɬɢɱɟɫɤɢɹɬɤɨɧɫɟɧɫɭɫɢɦɨɧɢɬɨɪɢɧɝɚɧɚ
ɢɡɩɴɥɧɟɧɢɟɬɨɫɚɤɥɸɱɨɜɢɮɚɤɬɨɪɢɡɚɭɫɩɟɯɚɩɪɢɢɡɩɴɥɧɟɧɢɟɬɨɧɚɩɥɚɧɚ
ɉɥɚɧɴɬ ɫɴɡɞɚɜɚ ɭɫɥɨɜɢɹ ɡɚ ɢɡɩɴɥɧɟɧɢɟ ɧɚ ɧɨɜɚɬɚ ɟɜɪɨɩɟɣɫɤɚ ɩɨɥɢɬɢɤɚ ɡɚ ɟɧɟɪɝɢɣɧɚ
ɟɮɟɤɬɢɜɧɨɫɬ ɧɚɫɨɱɟɧɚ ɤɴɦ ɩɪɨɦɹɧɚ ɜ ɫɴɨɬɧɨɲɟɧɢɟɬɨ ɧɚ ɞɹɥɨɜɟɬɟ ɧɚ ɟɧɟɪɝɢɣɧɢɬɟ ɢɡɬɨɱɧɢɰɢ
ɢɡɩɨɥɡɜɚɧɢɜɫɝɪɚɞɢɬɟɤɨɟɬɨɜɫɴɱɟɬɚɧɢɟɫɦɧɨɝɨɞɨɛɪɢɢɛɚɥɚɧɫɢɪɚɧɢɟɧɟɪɝɢɣɧɢɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɚ
ɨɝɪɚɠɞɚɳɢɬɟɟɥɟɦɟɧɬɢɞɚɞɨɜɟɞɟɞɨɨɩɬɢɦɢɡɢɪɚɧɟɧɚɝɨɞɢɲɧɢɹɪɚɡɯɨɞɧɚɟɧɟɪɝɢɹɞɨɧɢɫɤɢɧɢɜɚɛɟɡ
ɨɬɬɨɜɚɞɚɟɩɨɜɥɢɹɧɤɨɦɮɨɪɬɴɬɧɚɨɛɢɬɚɜɚɧɟɜɫɝɪɚɞɢɬɟ
Ʉɚɬɨ ɩɴɪɜɨɧɚɱɚɥɧɨ ɢɡɢɫɤɜɚɧɟ ɤɴɦ ɫɬɪɚɧɢɬɟ ± ɱɥɟɧɤɢ ɧɚ ȿɋ ɫɴɝɥɚɫɧɨ Ⱦɢɪɟɤɬɢɜɚɬɚ ɨɬ
ȿɋ>@ɧɚȿɉɢɋɴɜɟɬɚɟɛɢɥɚɜɫɹɤɚɫɬɪɚɧɚɞɚɨɩɪɟɞɟɥɢɫɜɨɹɹɫɧɚ ɧɚɰɢɨɧɚɥɧɚɞɟɮɢɧɢɰɢɹɡɚ
ɋȻɇɉȿ ɜ ɫɴɨɬɜɟɬɫɬɜɢɟ ɫ ɨɛɳɚɬɚ ɪɚɦɤɚ, ɮɨɪɦɭɥɢɪɚɧɚ ɜ Ⱦɢɪɟɤɬɢɜɚɬɚ ɚ ɢɦɟɧɨ ÄNZEB - ɨɡɧɚɱɚɜɚ
ɫɝɪɚɞɚ ɫ ɦɧɨɝɨ ɞɨɛɪɢ ɟɧɟɪɝɢɣɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɇɟɨɛɯɨɞɢɦɨɬɨ ɤɨɥɢɱɟɫɬɜɨ ɟɧɟɪɝɢɹ ɫ ɛɥɢɡɤɚ ɞɨ
ɧɭɥɟɜɚɬɚ ɢɥɢ ɫ ɦɧɨɝɨ ɧɢɫɤɚ ɫɬɨɣɧɨɫɬ, ɫɥɟɞɜɚ ɞɚ ɛɴɞɟ ɩɪɨɢɡɜɟɞɟɧɨ ɜ ɡɧɚɱɢɬɟɥɧɚ ɫɬɟɩɟɧ ɨɬ
ɜɴɡɨɛɧɨɜɹɟɦɢ ɢɡɬɨɱɧɢɰɢ ɧɚ ɟɧɟɪɝɢɹ ɜɤɥɸɱɢɬɟɥɧɨ ɢ ɨɬ ɬɚɤɢɜɚ ɪɚɡɩɨɥɨɠɟɧɢ ɧɚ ɦɹɫɬɨ ɢɥɢ ɜ
ɛɥɢɡɨɫɬ´ ȼɨɬɱɟɬɧɢɹɬɞɨɤɥɚɞɧɚȿɄɞɨȿɉɢɋɴɜɟɬɚ>4@ɩɨɤɚɡɜɚɱɟɞɨɸɧɢȻɴɥɝɚɪɢɹɟɛɢɥɚɨɬ
ɫɬɪɚɧɢɬɟ± ɱɥɟɧɤɢɤɨɢɬɨɧɹɦɚɬɧɢɤɚɤɜɚɞɟɮɢɧɢɰɢɹɡɚɋȻɇɉȿ
Ɉɤɨɧɱɚɬɟɥɧɚɬɚ ɤɴɦ ɞɧɟɲɧɚ ɞɚɬɚ ɛɴɥɝɚɪɫɤɚ ɞɟɮɢɧɢɰɢɹ ɡɚ ɫɝɪɚɞɚ ɫ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɟɧɟɪɝɢɹ
ɛɥɢɡɤɨɞɨɧɭɥɟɜɨ ɟɞɚɞɟɧɚɜɁɚɤɨɧɡɚɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬ ɬȾɨɩɴɥɧɢɬɟɥɧɢɬɟɪɚɡɩɨɪɟɞɛɢ
ɧɚ Ɂȿȿ >5@ɢɟɤɚɤɬɨɫɥɟɞɜɚ ɋɝɪɚɞɚɫɛɥɢɡɤɨɞɨɧɭɥɟɜɨɩɨɬɪɟɛɥɟɧɢɟɧɚɟɧɟɪɝɢɹ - NZEB ɟɫɝɪɚɞɚ
ɤɨɹɬɨ ɨɬɝɨɜɚɪɹ ɟɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɭɫɥɨɜɢɹɬɚ: ɚ  ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɬɨ ɧɚ ɫɝɪɚɞɚɬɚ ɨɩɪɟɞɟɥɟɧɨ ɤɚɬɨ
ɩɴɪɜɢɱɧɚ ɟɧɟɪɝɢɹ ɨɬɝɨɜɚɪɹ ɧɚ ɤɥɚɫ Ⱥ ɨɬ ɫɤɚɥɚɬɚ ɧɚ ɤɥɚɫɨɜɟɬɟ ɧɚ ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɡɚ ɫɴɨɬɜɟɬɧɢɹ
ɬɢɩ ɫɝɪɚɞɢ ɛ ɧɟɩɨ-ɦɚɥɤɨɨɬɧɚɫɬɨɨɬɢɡɩɨɥɡɜɚɧɚɬɚ ɟɧɟɪɝɢɹɡɚɨɬɨɩɥɟɧɢɟ ɨɯɥɚɠɞɚɧɟɜɟɧɬɢɥɚɰɢɹ
ɝɨɪɟɳɚ ɜɨɞɚ ɡɚ ɛɢɬɨɜɢ ɧɭɠɞɢ ɢ ɨɫɜɟɬɥɟɧɢɟ ɟ ɟɧɟɪɝɢɹ ɨɬ ɜɴɡɨɛɧɨɜɹɟɦɢ ɢɡɬɨɱɧɢɰɢ ɪɚɡɩɨɥɨɠɟɧɢ ɧɚ
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ɦɹɫɬɨɧɚɧɢɜɨɫɝɪɚɞɚɢɥɢɜɛɥɢɡɨɫɬɞɨ ɫɝɪɚɞɚɬɚ Ⱦɟɮɢɧɢɰɢɹɬɚɟɛɚɡɢɪɚɧɚɧɚɦɧɨɠɟɫɬɜɨɫɢɦɭɥɚɰɢɢɧɚ
ɟɧɟɪɝɢɣɧɨɬɨ ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɪɟɮɟɪɟɧɬɧɢ ɫɝɪɚɞɢ ɨɬ ɪɚɡɥɢɱɧɢɬɟ ɤɚɬɟɝɨɪɢɢ Ɍɚɛɥɢɰɚ  ɢ ɧɚ ɧɚɭɱɧɢ
ɢɡɫɥɟɞɜɚɧɢɹɜɨɛɥɚɫɬɬɚɧɚ ɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬɧɚɫɝɪɚɞɢɬɟɜȻɴɥɝɚɪɢɹ
Ɍɚɛɥɢɰɚ1. Ɉɫɧɨɜɧɢɝɪɭɩɢ ɬɢɩɨɜɟ ɧɚɫɝɪɚɞɢɬɟ
Ƚɪɭɩɢɫɝɪɚɞɢ
ȽɊɍɉȺȺ ȿɞɧɨɮɚɦɢɥɧɢɢɦɧɨɝɨɮɚɦɢɥɧɢɫɝɪɚɞɢ
ɫɊɁɉɞɨP

ɂɡɢɫɤɜɚɧɢɹɡɚɢɡɩɴɥɧɟɧɢɟɧɚɋȻɇɇɉȿ
ȾɚɫɟɩɨɫɬɢɝɚɤɥɚɫȺɧɚ
ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɩɨɩɴɪɜɢɱɧɚɟɧɟɪɝɢɹ
ɤɚɬɨ
ɇɟɩɨ-ɦɚɥɤɨɨɬɨɬɩɨɬɪɟɛɧɚɬɚ
ɟɧɟɪɝɢɹɡɚɨɬɨɩɥɟɧɢɟɝɨɪɟɳɚɜɨɞɚɡɚɛɢɬɨɜɢ
ɧɭɠɞɢɜɟɧɬɢɥɚɰɢɹɢɨɯɥɚɠɞɚɧɟɟɨɬȼȿɂ

ȽɊɍɉȺȻ ɋɝɪɚɞɢɫɊɁɉɨɬɞɨP±
ɠɢɥɢɳɧɢ ɫɝɪɚɞɢɨɛɳɟɠɢɬɢɹɩɨɱɢɜɧɢɞɨɦɨɜɟ
ɫɝɪɚɞɢɫɴɫɫɦɟɫɟɧɨɩɪɟɞɧɚɡɧɚɱɟɧɢɟɫɝɪɚɞɢɡɚ
ɨɛɳɟɫɬɜɟɧɨɩɨɥɡɜɚɧɟ± ɡɚɨɛɪɚɡɨɜɚɧɢɟɢɧɚɭɤɚɜ
ɨɛɥɚɫɬɬɚɧɚɤɭɥɬɭɪɚɬɚɜɨɛɥɚɫɬɬɚɧɚɫɨɰɢɚɥɧɢɬɟ
ɭɫɥɭɝɢɚɞɦɢɧɢɫɬɪɚɬɢɜɧɢɫɝɪɚɞɢɜɨɛɥɚɫɬɬɚɧɚ
ɬɴɪɝɨɜɢɹɬɚɨɛɳɟɫɬɜɟɧɨɬɨɯɪɚɧɟɧɟɢ
ɯɨɬɟɥɢɟɪɫɬɜɨɬɨɫɝɪɚɞɢɡɚɛɢɬɨɜɢɭɫɥɭɝɢɫɝɪɚɞɢɡɚ
ɨɛɳɟɫɬɜɟɧɨɨɛɫɥɭɠɜɚɧɟɜɨɛɥɚɫɬɬɚɧɚɬɪɚɧɫɩɨɪɬɚɢ
ɟɥɟɤɬɪɨɧɧɢɬɟɫɴɨɛɳɟɧɢɹɫɝɪɚɞɢɡɚɫɩɨɪɬ
ɩɪɟɞɫɬɚɜɢɬɟɥɧɢɫɝɪɚɞɢɤɨɧɝɪɟɫɧɢɢɤɨɧɮɟɪɟɧɬɧɢ
ɰɟɧɬɪɨɜɟɥɟɱɟɛɧɢɡɚɜɟɞɟɧɢɹ

ȾɚɫɟɩɨɫɬɢɝɚɤɥɚɫȺɧɚ
ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɩɨɩɴɪɜɢɱɧɚ
ɟɧɟɪɝɢɹɤɚɬɨ
ɇɟɩɨ-ɦɚɥɤɨɨɬɨɬɩɨɬɪɟɛɧɚɬɚ
ɟɧɟɪɝɢɹɡɚɨɬɨɩɥɟɧɢɟɝɨɪɟɳɚɜɨɞɚɡɚɛɢɬɨɜɢ
ɧɭɠɞɢɜɟɧɬɢɥɚɰɢɹɢɨɯɥɚɠɞɚɧɟɟɨɬȼȿɂ
Ⱦɟɥɴɬɧɚɟɥɟɤɬɪɨɟɧɟɪɝɢɹɬɚɜɝɨɞɢɲɧɢɹ
ɛɚɥɚɧɫɧɚɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɬɨɧɚɫɝɪɚɞɚɬɚ
ɩɨɩɴɪɜɢɱɧɚɟɧɟɪɝɢɹ ɜɬɱɟɥɟɤɬɪɢɱɟɫɤɚɬɚ
ɟɧɟɪɝɢɹɡɚɟɥɟɦɟɧɬɢɬɟɧɚɫɢɫɬɟɦɢɬɟɡɚ
ɨɬɨɩɥɟɧɢɟȻȽȼɜɟɧɬɢɥɚɰɢɹɢɨɯɥɚɠɞɚɧɟ ɟ
ɧɟɩɨɜɟɱɟɨɬ

ȽɊɍɉȺ& ɋɝɪɚɞɢɫɪɚɡɝɴɧɚɬɚɡɚɫɬɪɨɟɧɚɩɥɨɳɧɚɞ
7 000 m2 ± ɠɢɥɢɳɧɢɫɝɪɚɞɢɨɛɳɟɠɢɬɢɹɩɨɱɢɜɧɢ
ɞɨɦɨɜɟɫɝɪɚɞɢɫɴɫɫɦɟɫɟɧɨɩɪɟɞɧɚɡɧɚɱɟɧɢɟɫɝɪɚɞɢ
ɡɚɨɛɳɟɫɬɜɟɧɨɩɨɥɡɜɚɧɟ± ɡɚɨɛɪɚɡɨɜɚɧɢɟɢɧɚɭɤɚɜ
ɨɛɥɚɫɬɬɚɧɚɤɭɥɬɭɪɚɬɚɜɨɛɥɚɫɬɬɚɧɚɫɨɰɢɚɥɧɢɬɟ
ɭɫɥɭɝɢɚɞɦɢɧɢɫɬɪɚɬɢɜɧɢɫɝɪɚɞɢɜɨɛɥɚɫɬɬɚɧɚ
ɬɴɪɝɨɜɢɹɬɚɨɛɳɟɫɬɜɟɧɨɬɨɯɪɚɧɟɧɟɢ
ɯɨɬɟɥɢɟɪɫɬɜɨɬɨɫɝɪɚɞɢɡɚɛɢɬɨɜɢɭɫɥɭɝɢɫɝɪɚɞɢɡɚ
ɨɛɳɟɫɬɜɟɧɨɨɛɫɥɭɠɜɚɧɟɜɨɛɥɚɫɬɬɚɧɚɬɪɚɧɫɩɨɪɬɚɢ
ɟɥɟɤɬɪɨɧɧɢɬɟɫɴɨɛɳɟɧɢɹɫɝɪɚɞɢɡɚɫɩɨɪɬ
ɩɪɟɞɫɬɚɜɢɬɟɥɧɢɫɝɪɚɞɢɤɨɧɝɪɟɫɧɢɢɤɨɧɮɟɪɟɧɬɧɢ
ɰɟɧɬɪɨɜɟɥɟɱɟɛɧɢɡɚɜɟɞɟɧɢɹ

ȾɚɫɟɩɨɫɬɢɝɚɤɥɚɫȺɧɚ
ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɩɨɩɴɪɜɢɱɧɚ
ɟɧɟɪɝɢɹɤɚɬɨ
ɇɟɩɨ-ɦɚɥɤɨɨɬɨɬɩɨɬɪɟɛɧɚɬɚ
ɟɧɟɪɝɢɹɡɚɨɬɨɩɥɟɧɢɟɝɨɪɟɳɚɜɨɞɚɡɚɛɢɬɨɜɢ
ɧɭɠɞɢɜɟɧɬɢɥɚɰɢɹɢɨɯɥɚɠɞɚɧɟɟɨɬȼȿɂ
Ⱦɟɥɴɬɧɚɟɥɟɤɬɪɨɟɧɟɪɝɢɹɬɚɜɝɨɞɢɲɧɢɹ
ɛɚɥɚɧɫɧɚɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɬɨɧɚɫɝɪɚɞɚɬɚ
ɩɨɩɴɪɜɢɱɧɚɟɧɟɪɝɢɹ ɜɬɱɟɥɟɤɬɪɢɱɟɫɤɚɬɚ
ɟɧɟɪɝɢɹɡɚɟɥɟɦɟɧɬɢɬɟɧɚɫɢɫɬɟɦɢɬɟɡɚ
ɨɬɨɩɥɟɧɢɟȻȽȼɜɟɧɬɢɥɚɰɢɹɢɨɯɥɚɠɞɚɧɟ ɟ
ɧɟɩɨɜɟɱɟɨɬ

ȼɴɡɨɫɧɨɜɚɧɚɬɚɡɢɞɟɮɢɧɢɰɢɹɫɚɩɪɢɟɬɢɇɚɰɢɨɧɚɥɧɢɰɟɥɢɡɚɢɡɩɴɥɧɟɧɢɟɧɚɢɡɢɫɤɜɚɧɢɹɬɚɣɡɚ
ɋȻɇɉȿ ɡɚ ɫɬɪɨɢɬɟɥɫɬɜɨɬɨ ɧɚ ɧɨɜɢ ɫɝɪɚɞɢ. ɂɞɟɹɬɚ ɢɦ ɟ ɞɚ ɫɟ ɩɪɢɟɦɚɬ ɪɟɞɢɰɚ ɦɟɪɤɢ ɡɚ ɪɚɡɜɢɬɢɟ ɧɚ
ɫɬɪɨɢɬɟɥɫɬɜɨɬɨ ɧɚ ɧɨɜɢ ɫɝɪɚɞɢ ɢ ɞɚ ɫɬɚɧɟ ɜɴɡɦɨɠɧɨ ɨɩɪɟɞɟɥɹɧɟɬɨ ɧɚ ɧɟɨɛɯɨɞɢɦɢɬɟ ɢɧɜɟɫɬɢɰɢɢ ɡɚ
ɢɡɩɴɥɧɟɧɢɟɧɚɢɡɢɫɤɜɚɧɢɹɬɚɧɚɞɟɮɢɧɢɰɢɹɬɚɡɚɋȻɇɉȿ ɡɚɬɪɢɬɟɨɫɧɨɜɧɢɝɪɭɩɢ ɇɚɬɚɡɢɨɫɧɨɜɚɜ[6]
ɫɚ ɨɩɪɟɞɟɥɟɧɢ ɩɨɤɚɡɚɬɟɥɢɬɟ ɡɚ ɪɚɡɯɨɞ ɧɚ ɟɧɟɪɝɢɹ ɢ ɟɧɟɪɝɢɣɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢɬɟ Ɂɚ
ɰɟɥɢɬɟ ɧɚ ɨɩɪɟɞɟɥɹɧɟɬɨ ɧɚ ɟɧɟɪɝɢɣɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚ ɫɝɪɚɞɢɬɟ ɬɟ ɫɟ ɪɚɡɝɥɟɠɞɚɬ ɤɚɬɨ
ɢɧɬɟɝɪɢɪɚɧɢ ɫɢɫɬɟɦɢ ɚ ɪɚɡɯɨɞɴɬ ɧɚ ɟɧɟɪɝɢɹ ɤɚɬɨ ɪɟɡɭɥɬɚɬ ɨɬ ɪɟɞɢɰɚ ɤɨɦɩɨɧɟɧɬɢ ɫɝɪɚɞɧɢɬɟ
ɨɝɪɚɠɞɚɳɢɤɨɧɫɬɪɭɤɰɢɢɢɟɥɟɦɟɧɬɢɫɢɫɬɟɦɢɬɟɝɚɪɚɧɬɢɪɚɳɢɦɢɤɪɨɤɥɢɦɚɬɚɜɴɬɪɟɲɧɢɬɟɢɡɬɨɱɧɢɰɢ
ɧɚɬɨɩɥɢɧɚɨɛɢɬɚɬɟɥɢɬɟɤɥɢɦɚɬɢɱɧɢɬɟɭɫɥɨɜɢɹɁɚɨɩɪɟɞɟɥɟɧɢɬɟɟɧɟɪɝɢɣɧɢɯɚɪɚɤɬɟɪɢɫɬɢɤɢɫɚɜɡɟɬɢ
ɩɨɞ ɜɧɢɦɚɧɢɟ ɢ ɨɪɢɟɧɬɚɰɢɹɬɚ ɪɚɡɦɟɪɢɬɟ ɢ ɮɨɪɦɚɬɚ ɧɚ ɫɝɪɚɞɚɬɚ ɫɢɫɬɟɦɢɬɟ ɡɚ ɨɬɨɩɥɟɧɢɟ ɢ ɝɨɪɟɳɚ
ɜɨɞɚ ɨɯɥɚɠɞɚɧɟ ɜɟɧɬɢɥɚɰɢɹ ɢ ɨɫɜɟɬɥɟɧɢɟ ɑɥ ɧɚ ɬɚɡɢ ɧɚɪɟɞɛɚ ɫɟ ɩɨɤɚɡɜɚ ɤɚɬɨ ɫɴɳɟɫɬɜɟɧ
ɤɨɦɩɨɧɟɧɬ ɩɪɢ ɨɩɪɟɞɟɥɹɧɟɬɨ ɧɚ ɟɧɟɪɝɢɣɧɢɬɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢ ɤɚɬɟɝɨɪɢɹɬɚ ɧɚ ɫɝɪɚɞɚɬɚ ɫɩɨɪɟɞ
ɩɪɟɞɧɚɡɧɚɱɟɧɢɟɬɨ ɣ ɇɚɮɢɝ ɢɮɢɝ ɫɚ ɞɚɞɟɧɢ ɫɤɚɥɢɬɟ ɧɚ ɧɨɪɦɚɬɢɜɧɨɬɨ ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ  ɡɚ
ɠɢɥɢɳɧɢɢɚɞɦɢɧɢɫɬɪɚɬɢɜɧɢɫɝɪɚɞɢ
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ɎɢɝɆɢɧɢɦɚɥɧɨ ȿɊmin) ɢ ɦɚɤɫɢɦɚɥɧɨ(EPmax) ɟɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟɡɚɠɢɥɢɳɧɢɫɝɪɚɞɢ [6]

ɎɢɝɆɢɧɢɦɚɥɧɨɢ ɦɚɤɫɢɦɚɥɧɨɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɡɚɚɞɦɢɧɢɫɬɪɚɬɢɜɧɢɫɝɪɚɞɢ [6]
ɋɪɚɜɧɟɧɢɟ ɧɚ ɩɪɢɟɬɨɬɨ ɧɨɪɦɚɬɢɜɧɨ ɟɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɜ ɧɹɤɨɢ ɫɟɜɟɪɧɢ ɫɬɪɚɧɢ ɫɪɟɞɧɚ ɢ
ɘɝɨɢɡɬɨɱɧɚȿɜɪɨɩɚɫɚɩɨɫɨɱɟɧɢɜɌɚɛɥɢɰɚ2Ɉɬɞɚɧɧɢɬɟɧɚ ɬɚɡɢɬɚɛɥɢɰɚ ɹɫɧɨɫɟɜɢɠɞɚɢɜɥɢɹɧɢɟɬɨ
ɧɚɝɟɨɝɪɚɮɫɤɨɬɨɩɨɥɨɠɟɧɢɟɧɚɫɬɪɚɧɢɬɟ
Ɍɚɛɥɢɰɚ2Ⱦɚɧɧɢɡɚɩɪɢɟɬɢɬɟɧɨɪɦɚɬɢɜɧɢɫɬɨɣɧɨɫɬɢɡɚɟɥɟɤɬɪɨɩɨɬɪɟɛɥɟɧɢɟ
ɋɬɪɚɧɚ
ɒɜɟɰɢɹ
ɉɨɥɲɚ
ɋɥɨɜɧɢɹ
Ⱥɜɫɬɪɢɹ
Ȼɴɥɝɚɪɢɹ

ɀɢɥɢɳɧɢɫɝɪɚɞɢ
ȿɊPLQ
ȿɊPax
kWh/m2
kWh/m2
55
120
65
75
45
90
160**/ 200***
40
90

Ⱥɞɦɢɧɢɫɬɪɚɬɢɜɧɢɫɝɪɚɞɢ
ȿɊPLQ
ȿɊPD[
kWh/m2
kWh/m2
55
130
190*
70
100
70
140

Ɉɬɧɚɫɹɫɟɡɚɡɞɪɚɜɧɢɡɚɜɟɞɟɧɢɹ; Ɉɬɧɚɫɹɫɟɡɚɧɨɜɢɠɢɥɢɳɧɢɫɝɪɚɞɢɫɬɪɨɟɧɢɫɥɟɞ
Ɉɬɧɚɫɹɫɟɡɚɪɟɧɨɜɢɪɚɧɢɫɝɪɚɞɢɫɥɟɞ
Ɂɚɧɚɲɚɬɚɫɬɪɚɧɚɧɚɪɟɞɫɴɫɡɧɚɱɢɦɢɬɟɧɟɨɛɯɨɞɢɦɢɢɧɜɟɫɬɢɰɢɢ ɡɚɢɡɩɴɥɧɟɧɢɟȾɢɪɟɤɬɢɜɚɬɚɧɚ
ȿɋ ɬɪɹɛɜɚ ɞɚ ɫɟ ɜɡɟɦɟ ɩɨɞ ɜɧɢɦɚɧɢɟ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɬɚ ɨɬ ɩɪɨɮɟɫɢɨɧɚɥɧɢ ɡɧɚɧɢɹ ɭɦɟɧɢɹ ɢ
ɬɜɨɪɱɟɫɤɢ ɩɨɞɯɨɞ ɤɴɦ ɬɴɪɫɟɧɟɬɨ ɧɚ ɪɟɲɟɧɢɹ ɉɨɫɬɢɝɚɧɟɬɨ ɧɚ ɢɡɢɫɤɜɚɧɢɹɬɚ ɧɚ ɧɚɰɢɨɧɚɥɧɚɬɚ
ɞɟɮɢɧɢɰɢɹ ɢ ɇɚɪɟɞɛɚɬɚ [6] ɳɟ ɫɟ ɨɫɴɳɟɫɬɜɢ ɱɪɟɡ ɤɨɦɛɢɧɢɪɚɧɟ ɧɚ ɟɧɟɪɝɨɫɩɟɫɬɹɜɚɳɢɬɟ ɦɟɪɤɢ ɫ
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ɬɜɨɪɱɟɫɤɢɹ ɢɧɬɟɝɪɢɪɚɧ ɩɨɞɯɨɞ ɧɚ ɟɤɢɩɢ ɨɬ ɢɧɜɟɫɬɢɬɨɪɢ ɩɪɨɟɤɬɚɧɬɢ ɫɬɪɨɢɬɟɥɢ ɚɪɯɢɬɟɤɬɢ ɢ
ɤɨɧɫɭɥɬɚɧɬɢ ɱɪɟɡ ɫɴɱɟɬɚɜɚɧɟɬɨ ɧɚ ɫɴɜɪɟɦɟɧɧɢɬɟ ɟɧɟɪɝɨɟɮɟɤɬɢɜɧɢ ɮɨɪɦɢ ɧɚ ɫɝɪɚɞɢɬɟ ɫɴɫ
ɫɴɜɪɟɦɟɧɧɢɬɟ ɡɟɥɟɧɢ  ɫɬɪɨɢɬɟɥɧɢ ɦɚɬɟɪɢɚɥɢ ɩɪɨɞɭɤɬɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɉɨ ɬɨɡɢ ɧɚɱɢɧ ɳɟ ɦɨɠɟ ɞɚ
ɛɴɞɟɨɫɢɝɭɪɟɧɚ ɧɟɨɛɯɨɞɢɦɚɬɚɛɚɡɚɡɚɢɡɩɴɥɧɟɧɢɟɧɚɢɡɢɫɤɜɚɧɢɹɬɚɡɚɋȻɇɉȿ
2.2. Ƚɨɞɢɲɟɧ ɨɬɱɟɬ ɡɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɇɚɰɢɨɧɚɥɟɧ ɩɥɚɧ ɡɚ ɞɟɣɫɬɜɢɟ ɩɨ ɟɧɟɪɝɢɣɧɚ
ɟɮɟɤɬɢɜɧɨɫɬ (ɇɉȾȿȿ) 2014-2020
Ɉɫɧɨɜɚɧɢɟɬɨ ɡɚ ɪɚɡɪɚɛɨɬɜɚɧɟ ɧɚ ɝɨɞɢɲɟɧ ɨɬɱɟɬ ɡɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɇɉȾȿȿ ɟ ɢɡɢɫɤɜɚɧɟɬɨ ɧɚ
ɱɥ  ɨɬȾɢɪɟɤɬɢɜɚȿɋɢɟɪɟɝɥɚɦɟɧɬɢɪɚɧɨɜɪɚɡɩɨɪɟɞɛɚɬɚɧɚɱɥ ɚɥɬɨɬɁɚɤɨɧɚ
ɡɚ ɟɧɟɪɝɢɣɧɚɬɚ ɟɮɟɤɬɢɜɧɨɫɬ Ɂȿȿ  Ɉɬɱɟɬɴɬ ɩɪɨɫɥɟɞɹɜɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɞɟɣɧɨɫɬɢɬɟ ɢ ɦɟɪɤɢɬɟ ɨɬ
ɉɥɚɧɚɡɚɞɟɣɫɬɜɢɟɩɪɟɡɤɚɬɨɡɚɧɟɝɨɜɨɬɨɢɡɝɨɬɜɹɧɟɟ ɩɨɫɥɭɠɢɥɚɩɪɟɞɫɬɚɜɟɧɚɬɚɜȺɝɟɧɰɢɹɬɚɡɚ
ɭɫɬɨɣɱɢɜɨ ɟɧɟɪɝɢɣɧɨ ɪɚɡɜɢɬɢɟ ȺɍȿɊ  ɢɧɮɨɪɦɚɰɢɹ ɡɚ ɢɡɩɴɥɧɟɧɢɬɟ ɩɪɨɟɤɬɢ ɞɟɣɧɨɫɬɢ ɢ ɦɟɪɤɢ ɩɨ
ɟɧɟɪɝɢɣɧɚ ɟɮɟɤɬɢɜɧɨɫɬ ɨɬ ɨɪɝɚɧɢɡɚɰɢɢɬɟ ɢ ɢɧɫɬɢɬɭɰɢɢɬɟ ɢɦɚɳɢ ɤɨɧɤɪɟɬɧɢ ɡɚɞɴɥɠɟɧɢɹ ɩɨ Ɂȿȿ ȼ
ɨɬɱɟɬɚ ɡɚɩɟɪɢɨɞɚɞɨɟɩɪɟɞɫɬɚɜɟɧɨɢ ɢɡɩɴɥɧɟɧɢɟɬɨɧɚɧɚɰɢɨɧɚɥɧɚɬɚɰɟɥ Ɏɢɝ3) .

Ɏɢɝ3ɂɡɩɴɥɧɟɧɢɟɧɚɇɚɰɢɨɧɚɥɧɚɬɚɰɟɥɡɚ ɟɧɟɪɝɢɣɧɢɫɩɟɫɬɹɜɚɧɢɹ ɢɡɨɬɱɟɬɚɧɚ ȺɍȿɊ)
Ɂɚ ɩɨɫɨɱɟɧɢɹ ɩɟɪɢɨɞ ɞɨ ) ɟ ɩɨɫɨɱɟɧɨ, ɱɟ ɩɨɪɚɞɢ ɢɤɨɧɨɦɢɱɟɫɤɚɬɚ ɤɪɢɡɚ ɩɪɟɡ  ɫɚ
ɫɪɟɳɚɧɢɬɪɭɞɧɨɫɬɢɢɧɟɫɚɢɡɩɴɥɧɹɜɚɧɢɦɟɪɤɢɬɟ ɡɚɩɨɜɢɲɚɜɚɧɟɧɚɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬ
ɇɚ ɛɚɡɚɬɚ ɧɚ ɫɬɚɬɢɫɬɢɱɟɫɤɚɬɚ ɢɧɮɨɪɦɚɰɢɹ ɡɚ ɫɴɫɬɨɹɧɢɟɬɨ ɢ ɬɟɧɞɟɧɰɢɢɬɟ ɧɚ ɟɧɟɪɝɢɣɧɚɬɚ
ɟɮɟɤɬɢɜɧɨɫɬ ɧɚ ɧɚɰɢɨɧɚɥɧɨ ɧɢɜɨ ɩɪɟɡ  ± ɩɨɫɥɟɞɧɚɬɚ ɝɨɞɢɧɚ ɡɚ ɤɨɹɬɨ ɢɦɚ ɨɮɢɰɢɚɥɧɢ
ɫɬɚɬɢɫɬɢɱɟɫɤɢɞɚɧɧɢ Ɍɚɛɥɢɰɚ3) ɟɧɚɩɪɚɜɟɧɢɡɜɨɞɚɱɟɪɟɡɭɥɬɚɬɢɬɟɨɬɢɡɩɴɥɧɟɧɢɟɬɨɧɚɧɚɰɢɨɧɚɥɧɚɬɚ
ɰɟɥɩɨȾɢɪɟɤɬɢɜɚȿɋɩɨɤɚɡɜɚɬɩɪɟɢɡɩɴɥɧɟɧɢɟɧɚɭɫɥɨɜɧɚɬɚɰɟɥɡɚɩɟɪɢɨɞɚ± 2014 ɫ
ȼ ɫɴɳɨɬɨ ɜɪɟɦɟ ɞɚɧɧɢɬɟ ɨɬ Ɍɚɛɥɢɰɚ 4 ɩɨɤɚɡɜɚɬ ɱɟ ɧɟ ɫɟ ɩɨɫɬɢɝɚɬ ɩɨɤɚɡɚɬɟɥɢɬɟ ɧɚ ɧɨɜɚɬɚ ɰɟɥ ɡɚ
ɟɧɟɪɝɢɣɧɢɫɩɟɫɬɹɜɚɧɢɹ, ɨɩɪɟɞɟɥɟɧɚɜɫɴɨɬɜɟɬɫɬɜɢɟɫɱɥ ɧɚɞɢɪɟɤɬɢɜɚȿɋ.
Ɍɚɛɥɢɰɚ3ɂɡɩɴɥɧɟɧɢɟɧɚɧɚɰɢɨɧɚɥɧɚɬɚɰɟɥɡɚɟɧɟɪɝɢɣɧɢɫɩɟɫɬɹɜɚɧɢɹɜɩɟɪɢɨɞ± ɫ
ɧɚɬɪɭɩɜɚɧɟ
ɉɟɪɢɨɞ
2008-2010
2008-2013
2014
2008-2014

ɐɟɥɡɚɩɟɪɢɨɞɚ
*:Kɝɨɞ
%
3
2 430
6
4 860
1
810
7
5 670

ɉɨɫɬɢɝɧɚɬɢɫɩɟɫɬɹɜɚɧɢɹ
*:Kɝɨɞ
%
4,40
3 549
6,76
5 472
1,24
1 002
8,00
6 474

Ɍɚɛɥɢɰɚ4ɂɡɩɴɥɧɟɧɢɟɧɚɧɚɰɢɨɧɚɥɧɚɬɚɰɟɥɡɚɟɧɟɪɝɢɣɧɢɫɩɟɫɬɹɜɚɧɢɹɩɪɟɡ

ɉɟɪɢɨɞ
2014
ɇɚɰɢɨɧɚɥɧɚɰɟɥ-2020

ɐɟɥɡɚɩɟɪɢɨɞɚ
1 189,4
8 325,6
40

ɉɟɪɢɨɞ
1 002,4
-
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Ɋɚɡɝɥɟɞɚɧɢɫɚɨɬɞɟɥɧɢɬɟɫɟɤɬɨɪɢɧɚ ɢɤɨɧɨɦɢɤɚɬɚ, ɤɚɬɨɫɚɨɬɪɚɡɟɧɢɢɡɦɟɧɟɧɢɹɬɚɧɚɨɫɧɨɜɧɢɬɟ
ɩɨɤɚɡɚɬɟɥɢ± ɛɪɭɬɧɚɞɨɛɚɜɟɧɚ ɫɬɨɣɧɨɫɬɟɧɟɪɝɢɣɧɨɩɨɬɪɟɛɥɟɧɢɟɢɟɧɟɪɝɢɣɧɚɢɧɬɟɧɡɢɜɧɨɫɬ.
ɇɚ ɛɚɡɚɬɚ ɧɚ ɩɨɫɨɱɟɧɢɬɟɞɚɧɧɢ ɫɥɟɞ ɫɴɨɬɜɟɬɧɢɹ ɚɧɚɥɢɡ ɢ ɨɬɱɢɬɚɣɤɢɱɟ ɜ ɧɨɜɢɹ Ɂɚɤɨɧ ɡɚ ɟɧɟɪɝɢɣɧɚ
ɟɮɟɤɬɢɜɧɨɫɬ ɡɚɞɴɥɠɟɧɢɹɬɚ ɡɚ ɩɨɫɬɢɝɚɧɟ ɧɚ ɟɧɟɪɝɢɣɧɢ ɫɩɟɫɬɹɜɚɧɢɹ ɫɟ ɤɨɧɰɟɧɬɪɢɪɚɬ ɢɡɤɥɸɱɢɬɟɥɧɨ
ɜɴɪɯɭɬɴɪɝɨɜɰɢɬɟɫɟɧɟɪɝɢɹɫɚɧɚɩɪɚɜɟɧɢɩɪɟɞɥɨɠɟɧɢɹ, ɡɚɫɹɝɚɳɢɩɪɟɞɢɦɧɨɬɹɯɢɮɢɧɚɧɫɢɪɚɧɟɬɨ ɧɚ
ɧɚɱɢɧɢɬɟɡɚɩɨɜɢɲɚɜɚɧɟɧɚɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬ.
3. ȼɴɡɦɨɠɧɨɫɬɢ ɡɚ ɢɡɩɨɥɡɜɚɧɟ ɧɚ ɪɟɰɢɤɥɢɪɚɧɢ ɦɚɬɟɪɢɚɥɢ ɜ ɫɬɪɨɢɬɟɥɧɢɹ ɫɟɤɬɨɪ ɜ
ɫɦɢɫɴɥɚɧɚȾɢɪɟɤɬɢɜɚȿɋ ɡɚɋȻɇɉȿ
Ɉɩɢɫɚɧɢɟ ɧɚ ɩɟɪɫɩɟɤɬɢɜɢɬɟ ɡɚ ɪɚɡɜɢɬɢɟɬɨ ɢ ɧɚɰɢɨɧɚɥɧɢɹ ɩɥɚɧ ɡɚ ɞɟɣɫɬɜɢɟ ɡɚ ɟɧɟɪɝɢɣɧɚ
ɟɮɟɤɬɢɜɧɨɫɬɧɚɫɬɚɪɢɬɟɢɧɨɜɢɫɝɪɚɞɢɜɊɟɩɭɛɥɢɤɚȻɴɥɝɚɪɢɹ - ɟɞɚɞɟɧɨɜ[7-8]. ɋɬɪɚɧɚɬɚɧɢ
ɟɪɚɡɪɚɛɨɬɢɥɚɞɜɚɩɥɚɧɚɡɚɞɟɣɫɬɜɢɟɩɨɟɧɟɪɝɢɣɧɚɟɮɟɤɬɢɜɧɨɫɬ
ɋɬɪɨɢɬɟɥɧɢɹɬ ɫɟɤɬɨɪ ɜ Ȼɴɥɝɚɪɢɹ ɢɝɪɚɟ ɨɫɨɛɟɧɨ ɜɚɠɧɚ ɪɨɥɹ ɡɚ ɩɪɟɨɞɨɥɹɜɚɧɟ ɧɚ ɟɮɟɤɬɢɬɟ ɨɬ
ɝɥɨɛɚɥɧɢɬɟɩɪɨɦɟɧɢɜɤɥɢɦɚɬɚɱɪɟɡɩɪɢɥɚɝɚɧɟɧɚɦɟɪɤɢɡɚɩɨɜɢɲɚɜɚɧɟɧɚɟɧɟɪɝɢɣɧɚɬɚɟɮɟɤɬɢɜɧɨɫɬɢ
ɱɪɟɡ ɨɩɪɟɞɟɥɹɧɟ ɧɚ ɤɚɱɟɫɬɜɨɬɨ ɧɚ ɫɪɟɞɚɬɚ ɡɚ ɨɛɢɬɚɜɚɧɟ ɢ ɪɚɛɨɬɚ ɋɬɪɨɢɬɟɥɧɢɹɬ ɫɟɤɬɨɪ ɢɦɚ
ɫɬɪɭɤɬɭɪɨɨɩɪɟɞɟɥɹɳɚ ɪɨɥɹ ɜ ɛɴɥɝɚɪɫɤɚɬɚ ɢɤɨɧɨɦɢɤɚ. Ɍɨɡɢ ɫɟɤɬɨɪ ɟ ɨɩɪɟɞɟɥɹɳ ɢ ɡɚ ɧɚɰɢɨɧɚɥɧɚɬɚ
ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢɩɪɢɜɥɢɱɚɧɟɬɨɧɚɱɭɠɞɟɫɬɪɚɧɧɢɢɧɜɟɫɬɢɰɢɢɇɚɥɢɰɟɫɚɢ ɪɟɞɢɰɚɫɬɪɨɢɬɟɥɧɢ
ɩɪɚɤɬɢɤɢɫɴɫɡɚɞɨɜɨɥɢɬɟɥɧɢɪɟɡɭɥɬɚɬɢɤɨɢɬɨɦɨɝɚɬɞɚɫɥɭɠɚɬɡɚɟɬɚɥɨɧɜɩɨɧɚɬɚɬɴɲɧɢɢɧɢɰɢɚɬɢɜɢ
ɌɭɤɦɨɝɚɬɞɚɛɴɞɚɬɫɩɨɦɟɧɚɬɢɧɹɤɨɥɤɨɹɪɤɢɩɪɢɦɟɪɚɡɚɬɚɤɢɜɚɩɪɚɤɬɢɤɢɜȻɴɥɝɚɪɢɹ Ⱦɟɬɫɤɚɝɪɚɞɢɧɚ
³ɋɥɴɧɰɟ´Ƚɚɛɪɨɜɨ - ɬɨɜɚ ɟɩɴɪɜɚɬɚɫɝɪɚɞɚɜȻɴɥɝɚɪɢɹ ɢɡɰɹɥɨɩɪɨɟɤɬɢɪɚɧɚɢɢɡɝɪɚɞɟɧɚɩɨɫɬɚɧɞɚɪɬɚ
ɉɚɫɢɜɧɚ ɤɴɳɚ ɋȻɇɉȿ ; ɏɭɞɨɠɟɫɬɜɟɧɚɬɚɝɚɥɟɪɢɹɜȻɭɪɝɚɫ; ɄɚɩɢɬɚɥɎɨɪɬȻɢɥɞɢɧɝɜɋɨɮɢɹ Ɏɢɝ. 4 );
Sofia Airport Center, ɢɡɝɪɚɠɞɚɳɢɹ ɫɟ Ƚɪɚɧɞ Ʉɚɧɶɨɧ ɜ ɋɨɮɢɹ - ɜ ɦɨɦɟɧɬɚ ɬɨɜɚ ɟ ɧɚɣ-ɚɦɛɢɰɢɨɡɧɢɹɬ
ɪɟɚɥɢɡɢɪɚɧ ɩɪɨɟɤɬ ɜ ɨɛɥɚɫɬɬɚ ɧɚ ɟɧɟɪɝɢɣɧɚɬɚ ɟɮɟɤɬɢɜɧɨɫɬɌɨɜɚɟ ɩɴɪɜɚɬɚ ɫɝɪɚɞɚ ɜ ɨɛɥɚɫɬɬɚ ɤɨɹɬɨ
ɳɟ ɫɟ ɩɨɫɬɪɨɢ ɫɩɨɪɟɞ ɫɬɚɧɞɚɪɬɚ ɋȻɇɉȿ ɜ ɤɨɦɛɢɧɚɰɢɹ ɫ ȼȿɂ Ɍɨɜɚ ɧɚɫɴɪɱɚɜɚ ɩɪɨɟɤɬɚɧɬɢɬɟ ɞɚ ɫɟ
ɨɛɪɴɳɚɬɤɴɦɬɨɡɢɧɚɱɢɧɧɚɩɪɨɟɤɬɢɪɚɧɟɢɫɬɪɨɢɬɟɥɫɬɜɨ

Ɏɢɝ4. ɄɚɩɢɬɚɥɎɨɪɬɜ ɋɨɮɢɹ
ɉɨɪɚɡɥɢɱɧɢɨɩɟɪɚɬɢɜɧɢɩɪɨɝɪɚɦɢɫɟɮɢɧɚɧɫɢɪɚɬɩɪɨɟɤɬɢɡɚɜɴɜɟɠɞɚɧɟɧɚɟɧɟɪɝɨɫɩɟɫɬɹɜɚɳɢ
ɬɟɯɧɨɥɨɝɢɢ ɜɴɡɨɛɧɨɜɹɟɦɢ ɢɡɬɨɱɧɢɰɢ ɧɚ ɟɧɟɪɝɢɹ ɢ ɢɡɝɪɚɠɞɚɧɟ ɧɚ ɫɝɪɚɞɢ ɨɬ ɬɢɩɚ ɋȻɇɉȿ ɉɨ ɬɟɡɢ
ɟɜɪɨɩɟɣɫɤɢ ɩɪɨɝɪɚɦɢ ɫɚ ɫɤɥɸɱɟɧɢ ɨɤɨɥɨ  ɞɨɝɨɜɨɪɚ Ɉɫɜɟɧ ɬɹɯ ɤɴɦ Ɏɨɧɞ ɧɚɭɱɧɢ ɢɡɫɥɟɞɜɚɧɢɹ
Ɏɇɂ ɢɦɚɫɤɥɸɱɟɧɢɞɨɝɨɜɨɪɢɩɪɟɡɡɚɢɡɫɥɟɞɜɚɧɟɧɚɦɚɬɟɪɢɚɥɢɱɢɟɬɨɩɪɢɥɨɠɟɧɢɟɟɧɚɫɨɱɟɧɢ
ɤɴɦ ɟɧɟɪɝɢɣɧɨ ɟɮɟɤɬɢɜɧɢ ɫɝɪɚɞɢ ɢ ɤɨɧɫɬɪɭɤɰɢɢ ɑɚɫɬ ɨɬ ɚɜɬɨɪɢɬɟ ɧɚ ɫɬɚɬɢɹɬɚ ɭɱɚɫɬɜɚɬ ɜ ɩɪɨɟɤɬ
ɫɜɴɪɡɚɧɧɚɣ-ɨɛɳɨɫɦɟɯɚɧɨ-ɦɚɬɟɦɚɬɢɱɧɨɦɨɞɟɥɢɪɚɧɟɧɚɩɨɜɟɞɟɧɢɟɬɨɧɚɛɢ-ɦɚɬɟɪɢɚɥɧɢɤɨɧɫɬɪɭɤɰɢɢ
ȿɞɧɚɫɴɳɟɫɬɜɟɧɚɱɚɫɬɨɬɬɨɡɢɩɪɨɟɤɬɫɟɡɚɧɢɦɚɜɚɫɚɧɚɥɢɡɧɚɩɨɜɟɞɟɧɢɟɬɨɧɚɪɟɰɢɤɥɢɪɚɧɢɦɚɬɟɪɢɚɥɢ
ɡɚ ɩɪɢɥɨɠɟɧɢɟ ɜ ɫɬɪɨɢɬɟɥɧɚɬɚ ɩɪɚɤɬɢɤɚ ɉɪɨɜɟɠɞɚɬ ɫɟ ɢɡɫɥɟɞɜɚɧɢɹ ɧɚ ɪɟɰɢɤɥɢɪɚɧɢ ɩɨɥɢɟɫɬɟɪɧɢ
ɛɟɬɨɧɢ >9-10@ ɫ ɦɧɨɝɨ ɜɢɫɨɤɢ ɹɤɨɫɬɧɢ ɩɨɤɚɡɚɬɟɥɢ ɂɞɟɹɬɚ ɧɚ ɬɟɡɢ ɢɡɫɥɟɞɜɚɧɢɹ ɟ ɩɪɹɤɨ ɫɜɴɪɡɚɧɚ ɫ
ȿɜɪɨɩɟɣɫɤɚɬɚ ɞɢɪɟɤɬɢɜɚ ɡɚ ɫɝɪɚɞɢ ɫ ɩɨɱɬɢ ɧɭɥɟɜ ɪɚɡɯɨɞ ɧɚ ɟɧɟɪɝɢɹ (ɋȻɇɉȿ). Ɍɹ ɟ ɢ ɪɟɡɭɥɬɚɬ ɨɬ
ɧɚɬɪɭɩɜɚɧɟɬɨ ɧɚ ɨɝɪɨɦɧɨ ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɨɢɬɟɥɧɢ ɨɬɩɚɞɴɰɢ ɤɨɢɬɨ ɡɚɦɴɪɫɹɜɚɧ ɨɤɨɥɧɚɬɚ ɫɪɟɞɚ ɢ
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ɚɧɝɚɠɢɪɚɬ ɡɧɚɱɢɬɟɥɧɢ ɩɥɨɳɢ ȼ ɫɴɳɨɬɨ ɜɪɟɦɟɫɬɪɨɢɬɟɥɫɬɜɨɬɨɫɟ ɧɭɠɞɚɟɨɬ ɡɧɚɱɢɬɟɥɧɢ ɤɨɥɢɱɟɫɬɜɚ
ɞɨɛɚɜɴɱɧɢ ɦɚɬɟɪɢɚɥɢ ± ɩɪɨɢɡɜɨɞɫɬɜɨɬɨ ɧɚ ɬɚɤɢɜɚ ɦɚɬɟɪɢɚɥɢ ɜ  ɫɬɪɚɧɢ ɨɬ ȿɋ ɱɥɟɧɤɢ ɧɚ
ȿɜɪɨɩɟɣɫɤɚɬɚ ɚɫɨɰɢɚɰɢɹ ɡɚ ɞɨɛɚɜɴɱɧɢ ɦɚɬɟɪɢɚɥɢ  ɩɪɟɡ ɞɨɫɬɢɝɚ ɩɨ  ɦɥɧ ɬɨɧɚ ɝɨɞɢɲɧɨ (2000)
ɩɹɫɴɤ ɱɚɤɴɥɢɬɪɨɲɟɧɤɚɦɴɤɬɟɩɨɬɧɚɝɥɚɜɚɨɬɧɚɫɟɥɟɧɢɟɬɨȿɞɧɨɜɪɟɦɟɧɧɨɫɬɨɜɚɫɬɪɨɢɬɟɥɧɢɬɟ
ɨɬɩɚɞɴɰɢɨɬɪɚɡɪɭɲɚɜɚɧɟɬɨɧɚɫɝɪɚɞɢɢɫɴɨɪɴɠɟɧɢɹɜɴɡɥɢɡɚɬɧɚɦɥɧɬɨɧɚɝɨɞɢɲɧɨɤɨɟɬɨɩɪɚɜɢ
ɩɨɤɝɧɚɞɟɧɧɚɝɥɚɜɚɨɬɧɚɫɟɥɟɧɢɟɬɨ [11]Ɍɟɡɢɨɝɪɨɦɧɢɤɨɥɢɱɟɫɬɜɚɫɚɫɡɧɚɱɢɬɟɥɧɨɜɴɡɞɟɣɫɬɜɢɟ
ɧɚɨɤɨɥɧɚɬɚɫɪɟɞɚɢɩɪɢɪɨɞɧɢɬɟɪɟɫɭɪɫɢ ± ɪɟɲɟɧɢɟɧɚɩɪɨɛɥɟɦɚɢɜɫɴɝɥɚɫɢɟɫɦɟɪɤɢɬɟɡɚɧɚɦɚɥɹɜɚɧɟ
ɧɚɪɚɡɯɨɞɚɧɚɟɥɟɤɬɪɢɱɟɫɤɚɟɧɟɪɝɢɹɤɚɤɬɨɢɫɢɡɢɫɤɜɚɧɢɹɬɚɡɚɭɩɪɚɜɥɟɧɢɟɧɚɫɬɪɨɢɬɟɥɧɢɬɟɨɬɩɚɞɴɰɢ
ɟ ɫɢɡɩɨɥɡɜɚɧɟɬɨɧɚɪɟɰɢɤɥɢɪɚɧɢɫɬɪɨɢɬɟɥɧɢɦɚɬɟɪɢɚɥɢȼɫɬɪɚɧɢɤɚɬɨȾɚɧɢɹɏɨɥɚɧɞɢɹɢȻɟɥɝɢɹɫɟ
ɢɡɩɨɥɡɜɚɬ   ɨɬ ɫɬɪɨɢɬɟɥɧɢɬɟ ɨɬɩɚɞɴɰɢ ɤɚɬɨ ɪɟɰɢɤɥɢɪɚɧɢ ɫɬɪɨɢɬɟɥɧɢ ɦɚɬɟɪɢɚɥɢ ɍ ɧɚɫ ɜɟɱɟ ɟ
ɧɚɬɪɭɩɚɧ ɡɧɚɱɢɬɟɥɟɧ ɨɩɢɬ ɜ ɢɡɫɥɟɞɜɚɧɟɬɨ ɧɚ ɛɟɬɨɧɢ ɫ ɪɟɰɢɤɥɢɪɚɧɢ ɞɨɛɚɜɴɱɧɢ ɦɚɬɟɪɢɚɥɢ [12- 14].
ɂɡɫɥɟɞɜɚɧɢɹɬɚ ɢ ɩɨɥɭɱɟɧɢɬɟ ɪɟɡɭɥɬɚɬɢ [15] ɩɨɤɚɡɜɚɬ ɱɟ ɪɟɰɢɤɥɢɪɚɧɢ ɦɚɬɟɪɢɚɥɢ ɨɬ ɛɟɬɨɧɧɢ
ɤɨɧɫɬɪɭɤɰɢɢ, ɫ ɭɫɩɟɯ ɫɟ ɢɡɩɨɥɡɜɚɬ ɡɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚ ɨɛɢɤɧɨɜɟɧɢ ɢ ɩɪɟɞɜɚɪɢɬɟɥɧɨ ɧɚɩɪɟɝɧɚɬɢ
ɟɥɟɦɟɧɬɢɡɚɦɨɫɬɨɜɟ
ɉɪɢɥɚɝɚɧɟɬɨ ɧɚ ɪɟɰɢɤɥɢɪɚɧɢ ɦɚɬɟɪɢɚɥɢ ɨɫɨɛɟɧɨ ɜ ɫɬɪɨɢɬɟɥɫɬɜɨɬɨ ɧɚ ɧɨɜɢ ɫɝɪɚɞɢ ɛɢ
ɫɩɨɦɨɝɧɚɥɨ ɡɚ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɞɢɪɟɤɬɢɜɚɬɚ ɤɚɬɨ ɬɨɡɢ ɧɚɱɢɧ ɩɪɢɪɨɞɧɢɬɟ ɢɡɬɨɱɧɢɰɢ ɳɟ ɛɴɞɚɬ
ɡɚɩɚɡɟɧɢ ɚ ɟɧɟɪɝɢɹɬɚ ɢ ɪɟɫɭɪɫɢɬɟ ɜɥɨɠɟɧɢ ɡɚ ɩɪɨɢɡɜɨɞɫɬɜɨɬɨ ɧɚ ɧɟɪɟɰɢɤɥɢɪɚɧɢ ɦɚɬɟɪɢɚɥɢ
ɪɟɞɭɰɢɪɚɧɚ ɉɪɢɱɢɧɚɬɚɡɚɢɡɩɨɥɡɜɚɧɟɬɨɜɢɡɫɥɟɞɜɚɧɢɹɬɚɧɢɧɚɪɚɡɥɢɱɧɢɜɢɞɨɜɟɪɟɰɢɤɥɢɪɚɧɢɛɟɬɨɧɢ
ɢɫɬɨɦɚɧɨɛɟɬɨɧɢ ɫɦɧɨɝɨɜɢɫɨɤɢɹɤɨɫɬɧɢɩɨɤɚɡɚɬɟɥɢ ɫɚɬɟɯɧɢɩɪɟɢɦɭɳɟɫɬɜɚɢɩɨɥɡɢɤɚɤɬɨɫɥɟɞɜɚ
1) Ɉɬ ɬɹɯ ɦɨɝɚɬ ɞɚ ɛɴɞɚɬ ɢɡɝɨɬɜɟɧɢ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɧɢ ɤɨɧɫɬɪɭɤɬɢɜɧɢ ɟɥɟɦɟɧɬɢ ɤɨɢɬɨ ɦɨɝɚɬ ɞɚ
ɜɥɹɡɚɬ ɜ ɭɩɨɬɪɟɛɚ ɤɚɬɨ ɟɤɨɥɨɝɢɱɧɨ ɛɟɡɜɪɟɞɧɢ ɢ ɟɧɟɪɝɨɫɩɟɫɬɹɜɚɳɢ ɤɨɦɩɨɡɢɬɢ ɜ ɫɴɨɬɜɟɬɫɬɜɢɟ ɫ
ɝɥɨɛɚɥɧɢɬɟɢɡɢɫɤɜɚɧɢɹɡɚɨɩɚɡɜɚɧɟɧɚɨɤɨɥɧɚɬɚɫɪɟɞɚ Ɍɟɦɨɝɚɬɞɚɫɟɢɡɩɨɥɡɜɚɬɢɤɚɬɨɚɝɪɟɝɚɬɡɚ
ɩɪɨɢɡɜɨɞɫɬɜɨɧɚɧɨɜɛɟɬɨɧɢɥɢɤɚɬɨɞɨɩɴɥɜɚɳɢɥɢɛɚɡɨɜɦɚɬɟɪɢɚɥɡɚɢɡɝɪɚɠɞɚɧɟɧɚɩɴɬɢɳɚɬɪɨɬɨɚɪɢ
ɢ ɛɟɬɨɧɧɢ ɩɥɨɱɢ Ⱦɨɪɢ ɚɪɦɚɬɭɪɚɬɚ ɜ ɛɟɬɨɧɚ ɤɨɹɬɨ ɱɟɫɬɨ ɟ ɧɚɩɪɚɜɟɧɚ ɨɬ ɪɟɰɢɤɥɢɪɚɧɢ ɦɚɬɟɪɢɚɥɢ)
ɦɨɠɟ ɞɚ ɛɴɞɟ ɪɟɰɢɤɥɢɪɚɧɚ ɢ ɢɡɩɨɥɡɜɚɧɚ ɨɬɧɨɜɨ  Ɋɟɰɢɤɥɢɪɚɧɟɬɨ ɧɚ ɛɟɬɨɧ ɩɨɦɚɝɚ ɞɚ ɫɟ ɧɚɦɚɥɹɬ
ɪɚɡɯɨɞɢɬɟɡɚɞɨɛɢɜɧɚɧɟɨɛɪɚɛɨɬɟɧɢɢɧɟɪɬɧɢɦɚɬɟɪɢɚɥɢɤɚɬɨ ɩɹɫɴɤɬɪɨɲɟɧ ɤɚɦɴɤɢɱɚɤɴɥ , ɱɢɟɬɨ
ɢɡɩɨɥɡɜɚɧɟɧɚɪɭɲɚɜɚɨɤɨɥɧɚɬɚɫɪɟɞɚɈɬɩɚɞɴɰɢɬɟɨɬɛɟɬɨɧɨɬɫɬɪɨɢɬɟɥɧɢɨɛɟɤɬɢɦɨɠɟɩɨɜɬɨɪɧɨɞɚ
ɛɴɞɟɩɪɟɪɚɛɨɬɟɧɜɬɪɨɲɟɧɤɚɦɴɤɡɚɞɚɩɨɦɨɝɧɟɬɟɡɚɫɴɯɪɚɧɹɜɚɧɟɧɚɩɪɢɪɨɞɧɢɪɟɫɭɪɫɢɢɧɚɦɚɥɹɜɚɧɟ
ɧɚɧɟɧɭɠɧɢɬɟɨɬɩɚɞɴɰɢɜɫɦɟɬɢɳɚɬɚ
4. Ɂɚɤɥɸɱɟɧɢɟ
ɉɨɤɚɡɚɧɨ ɟ ɚɤɬɭɚɥɧɨɬɨ ɫɴɫɬɨɹɧɢɟ ɢ ɧɚɩɪɟɞɴɤɚ ɩɪɟɡ ɩɨɫɥɟɞɧɚɬɚ ɝɨɞɢɧɚ ɫɜɴɪɡɚɧɢ ɫ
ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ ɩɨɥɢɬɢɤɚɬɚ ɧɚ ȿɋ ȿɜɪɨɩɟɣɫɤɢɹɬ ɫɴɸɡ  ɨɬɧɨɫɧɨ ɫɝɪɚɞɢɬɟ ɫ ɛɥɢɡɤɨ ɞɨ ɧɭɥɚ ɧɟɬɧɨ
ɩɨɬɪɟɛɥɟɧɢɟ ɧɚ ɟɧɟɪɝɢɹ ɋȻɇɉȿ  Ⱥɤɬɭɚɥɧɨɬɨ ɫɴɫɬɨɹɧɢɟ ɜ Ȼɴɥɝɚɪɢɹ ɩɨ ɢɡɩɴɥɧɟɧɢɟɬɨ ɧɚ
Ⱦɢɪɟɤɬɢɜɚɬɚȿɋɡɚ ɩɨɫɥɟɞɧɚɬɚ ɝɨɞɢɧɚ ɫɴɳɨ ɟ ɚɧɚɥɢɡɢɪɚɧɨ ɤɚɬɨ ɟ ɨɬɱɟɬɟɧ ɢ ɧɚɩɪɟɞɴɤɚ ɜɴɜ
ɜɪɴɡɤɚɫɢɡɝɨɬɜɹɧɟɬɨɧɚɇɚɰɢɨɧɚɥɧɢɹɩɥɚɧɡɚɋȻɇɇɉȿɡɚɩɟɪɢɨɞɚ-2020. ɋɩɟɰɢɚɥɧɨɜɧɢɦɚɧɢɟɟ
ɨɬɞɟɥɟɧɨ ɧɚ ɜɪɴɡɤɚɬɚ ɦɟɠɞɭ ɋȻɇɉȿ ɢ ɭɫɬɨɣɱɢɜɨɬɨ ɫɬɪɨɢɬɟɥɫɬɜɨ ɩɪɢ ɤɨɟɬɨ ɫɟ ɪɚɡɝɥɟɠɞɚɬ ɤɚɤɬɨ
ɤɪɢɬɟɪɢɢɬɟɧɚɤɨɢɬɨɬɪɹɛɜɚɞɚɨɬɝɨɜɚɪɹɬɫɝɪɚɞɢɬɟɬɚɤɚɩɪɨɛɥɟɦɢɬɟɫɜɴɪɡɚɧɢɫɬɹɯɧɨɬɨɢɡɝɪɚɠɞɚɧɟ
ɇɚɩɪɚɜɟɧɢɫɚɢɫɴɨɬɜɟɬɧɢɬɟɡɚɤɥɸɱɟɧɢɹɢɩɪɟɩɨɪɴɤɢɤɨɢɬɨɛɢɯɚɛɢɥɢɩɨɥɟɡɧɢɡɚɛɴɞɟɳɢɬɟɪɟɲɟɧɢɹ
ɫɜɴɪɡɚɧɢ ɫ ɬɨɡɢ ɜɢɞ ɫɝɪɚɞɢ ɋȻɇɉȿ  ɉɪɟɩɨɪɴɱɜɚ ɫɟ ɢɞɟɹɬɚ ɡɚ ɩɪɢɥɚɝɚɧɟɬɨ ɧɚ ɪɟɰɢɤɥɢɪɚɧɢ
ɦɚɬɟɪɢɚɥɢɜɧɨɜɢɫɝɪɚɞɢɢɩɪɢɪɟɧɨɜɢɪɚɧɟɬɨɧɚɫɬɚɪɢɫɝɪɚɞɢɤɨɟɬɨɳɟɫɩɨɫɨɛɫɬɜɚɡɚɫɴɯɪɚɧɟɧɢɟɧɚ
ɟɧɟɪɝɢɣɧɢɬɟɡɚɩɚɫɢɜɨɛɳɩɥɚɧɢɩɪɢɋȻɇɉȿɜɱɚɫɬɧɨɫɬ.
ɇɚɥɢɰɟ ɫɚ ɜɫɢɱɤɢ ɩɪɟɞɩɨɫɬɚɜɤɢ ɡɚ ɭɬɜɴɪɠɞɚɜɚɧɟ ɧɚ ɫɬɪɨɢɬɟɥɧɢɬɟ ɞɟɣɧɨɫɬɢ ɫɜɴɪɡɚɧɢ ɫ
ɨɫɢɝɭɪɹɜɚɧɟɧɚɟɧɟɪɝɢɣɧɢɬɟɯɚɪɚɤɬɟɪɢɫɬɢɤɢɧɚɫɝɪɚɞɢɬɟɢɡɚɩɨɫɬɢɝɚɧɟɧɚɋȻɇɉȿ
ɋɬɪɨɢɬɟɥɫɬɜɨɬɨɨɬɝɥɟɞɧɚɬɨɱɤɚɧɚɋȻɇɉȿɢɚɞɟɤɜɚɬɧɨɬɨɭɩɪɚɜɥɟɧɢɟɩɪɟɡɰɟɥɢɹɠɢɡɧɟɧɰɢɤɴɥ
ɧɚɫɝɪɚɞɢɬɟɟɝɚɪɚɧɰɢɹɡɚɛɴɞɟɳɟɬɨɪɚɡɜɢɬɢɟɧɚɧɨɜɚɬɚɫɬɪɨɢɬɟɥɧɚɬɟɯɧɨɥɨɝɢɹɱɪɟɡɤɨɹɬɨɫɟɪɟɲɚɜɚɬ
ɡɚɞɚɱɢɬɟɡɚɬɹɯɧɚɬɚɜɢɫɨɤɚɟɧɟɪɝɢɣɧɚɟɮɟɤɬɢɜɧɨɫɬɢɡɚɫɴɡɞɚɜɚɧɟɧɚɡɞɪɚɜɨɫɥɨɜɧɚɠɢɡɧɟɧɚɫɪɟɞɚ
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ɂɁɆȿɇȿɇɂȿɇȺɄɅɂɆȺɌȺȼɔɁȾȿɃɋɌȼɂȿɋɆȿɄɑȺȼȺɇȿɂȺȾȺɉɌɂɊȺɇȿ
Ɋɚɨɂɋɭɪɚɦɩɚɥɢ 1
ɂɡɦɟɧɟɧɢɟɬɨɧɚɤɥɢɦɚɬɚɫɟɨɬɧɚɫɹɡɚɜɫɹɤɚɡɧɚɱɢɬɟɥɧɚɩɪɨɦɹɧɚɤɚɬɨɬɟɦɩɟɪɚɬɭɪɚɜɚɥɟɠɢ
ɢɥɢɜɹɬɴɪɩɪɨɞɴɥɠɚɜɚɳɨɨɩɪɟɞɟɥɟɧɩɟɪɢɨɞɨɬɜɪɟɦɟ ɞɟɫɟɬɢɥɟɬɢɟɢɥɢɩɨ-ɞɴɥɝɨ Ɍɨɦɨɠɟɞɚɟ
ɪɟɡɭɥɬɚɬ ɨɬ   ɟɫɬɟɫɬɜɟɧɢ ɩɪɢɱɢɧɢ ± ɢɡɦɟɧɟɧɢɟ ɜ ɫɥɴɧɱɟɜɚɬɚ ɢɧɬɟɧɡɢɜɧɨɫɬ ɢɡɦɟɧɟɧɢɹ ɜ
ɰɢɪɤɭɥɚɰɢɹɬɚ ɜ ɨɤɟɚɧɢɬɟ ɢ ɬ ɧ ɢ   ɨɬ ɱɨɜɟɲɤɚɬɚ ɞɟɣɧɨɫɬ ± ɢɡɝɚɪɹɧɟ ɧɚ ɤɚɦɟɧɧɢ ɜɴɝɥɢɳɚ
ɨɛɟɡɥɟɫɹɜɚɧɟ ɭɪɛɚɧɢɡɚɰɢɹ ɢ ɬ ɧ Ƚɥɨɛɚɥɧɨɬɨ ɡɚɬɨɩɥɹɧɟ ɢɥɢ ɢɡɦɟɧɟɧɢɟɬɨ ɧɚ ɤɥɢɦɚɬɚ ɟ ɟɞɧɨ
ɫɪɟɞɧɨ ɩɨɜɢɲɚɜɚɧɟ ɧɚ ɡɟɦɧɚɬɚ ɬɟɦɩɟɪɚɬɭɪɚ ɤɨɟɬɨ ɦɨɠɟ ɞɚ ɞɨɩɪɢɧɟɫɟ ɡɚ ɢɡɦɟɧɟɧɢɟ ɧɚ
ɝɥɨɛɚɥɧɚɬɚ ɤɥɢɦɚɬɢɱɧɚ ɧɚɫɨɱɟɧɨɫɬ Ⱦɧɟɫ ɢɡɦɟɧɟɧɢɟɬɨ ɧɚ ɤɥɢɦɚɬɚ ɨɛɢɤɧɨɜɟɧɨ ɫɟ ɨɬɧɚɫɹ ɞɨ
ɡɚɬɨɩɥɹɧɟɤɨɟɬɨɦɨɠɟɞɚɫɟɩɨɥɭɱɢɤɚɬɨɪɟɡɭɥɬɚɬɨɬɭɜɟɥɢɱɚɜɚɧɟɟɦɢɫɢɢɬɟɧɚɩɚɪɧɢɤɨɜɢɝɚɡɨɜɟ
ɨɬɱɨɜɟɲɤɚɬɚɞɟɣɧɨɫɬɄɨɝɚɬɨɫɥɴɧɱɟɜɚɬɚɫɜɟɬɥɢɧɚɞɨɫɬɢɝɧɟɡɟɦɧɚɬɚɩɨɜɴɪɯɧɨɫɬɬɹɦɨɠɟɢɥɢɞɚ
ɛɴɞɟ ɨɬɪɚɡɟɧɚ ɨɛɪɚɬɧɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨɬɨ ɢɥɢ ɞɚ ɫɟ ɚɛɫɨɪɛɢɪɚ ɨɬ ɡɟɦɹɬɚ ȼɟɞɧɴɠ ɚɛɫɨɪɛɢɪɚɥɚ
ɩɥɚɧɟɬɚɬɚ ɨɬɞɚɜɚ ɱɚɫɬ ɨɬ ɟɧɟɪɝɢɹɬɚ ɨɛɪɚɬɧɨ ɜ ɚɬɦɨɫɮɟɪɚɬɚ ɤɚɬɨ ɬɨɩɥɢɧɚ ɫɴɳɨ ɧɚɪɢɱɚɧɚ
ɢɧɮɪɚɱɟɪɜɟɧɚ ɪɚɞɢɚɰɢɹ  ɉɚɪɧɢɤɨɜɢɬɟ ɝɚɡɨɜɟ GHGs  ɤɚɬɨ ɜɨɞɧɚɬɚ ɩɚɪɚ (H2O  ɜɴɝɥɟɪɨɞɧɢɹ
ɞɢɨɤɫɢɞ (CO2 ɢɦɟɬɚɧɚ (CH4 ɚɛɫɨɪɛɢɪɚɬɟɧɟɪɝɢɹɡɚɛɚɜɹɣɤɢɢɥɢɩɪɟɞɨɬɜɪɚɬɹɜɚɣɤɢɡɚɝɭɛɚɬɚɧɚ
ɬɨɩɥɢɧɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨɬɨ ɉɨ ɬɨɡɢ ɧɚɱɢɧ ɜɴɡɞɟɣɫɬɜɚɬ ɤɚɬɨ ɨɞɟɹɥɨ ɩɪɚɜɟɣɤɢ ɡɟɦɹɬɚ ɩɨ-ɬɨɩɥɚ
ɨɬɤɨɥɤɨɬɨɬɟɟɜɟɧɬɭɚɥɧɨɢɧɚɱɟɛɢɯɚɩɪɟɞɢɡɜɢɤɚɥɢɢɡɦɟɧɟɧɢɟɧɚɤɥɢɦɚɬɚɌɨɡɢɩɪɨɰɟɫɟɢɡɜɟɫɬɟɧ
ɤɚɬɨ Äɩɚɪɧɢɤɨɜ ɟɮɟɤɬ´ ɋɬɪɨɢɬɟɥɧɢɬɟ ɢɧɠɟɧɟɪɢ ɢɦɚɬ ɡɧɚɱɢɬɟɥɧɚ ɪɨɥɹ ɜ ɫɦɟɤɱɚɜɚɧɟɬɨ ɧɚ
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Climate change refers to any significant changes in climate (such as temperature, precipitation, or
wind) lasting for an extended period (decades or longer). Climate change can occur from a variety of
causes, both natural and human. It may result from: 1) Natural causes (changes in the sun's intensity,
changes in ocean circulation, etc.); and 2) Human activities (burning fossil fuels, deforestation,
urbanization, etc.). Global warming or climate change is an average increase in the Earth's temperature,
which can contribute to changes in global climate patterns. Today, climate change commonly refers to
the warming that can occur as a result of increased emissions of greenhouse gases from human
activities. :KHQVXQOLJKWUHDFKHV(DUWK¶VVXUIDFHLWFDQHLWKHUEHUHIOHFWHGEDFNLQWRVSDFHRUDEVRUEHG
by Earth. Once absorbed, the planet releases some of the energy back into the atmosphere as heat (also
called infrared radiation). Greenhouse gases (GHGs) like water vapor (H2O), carbon dioxide (CO2), and
methane (CH4) absorb energy, slowing or preventing the loss of heat to space. In this way, GHGs act
like a blanket, making Earth warmer than it would otherwise be causing climate change. This process is
FRPPRQO\NQRZQDVWKH³JUHHQKRXVHHIIHFW´7KHFLYLOHQJLQHHUVKDYHVLJQLILFDQWUROHLQFOLPDWHFKDQJH
mitigation, particularly in infrastructure development that have minimum or zero greenhouse gas
emissions and also in developing appropriate infrastructure facilities for climate change adaptation. The
presentation will discuss the causes and impacts of climate change, as well the mitigation and adaptation
methods.
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