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EFFECTIVENESS OF STRENGTHENING CASES OF METALLIC
CYLINDRICAL TANKS BY FRP REINFORCEMENT BASED ON
FIBERS OF DIFFERENT TYPES

Dziuba S.V., PhD, Associate Professor,
Korobko, 0.0., ScD, Professor, Bespalova A.V., ScD, Professor
Odesa State Academy of Civil Engineering and Architecture

The park of metal cylindrical tanks in Ukraine is characterized by
significant wear of load-bearing structures, corrosion of elements and metal
fatigue of vertical connections. One of the solutions to the replenishment of
the lost load-bearing capacity of their walls is the reinforcement by external
transverse FRP. It is also make it possible to ensure tightness and anti-
corrosion protection of these constructions. At the same time, existing
recommendations assessing the effective use of various types of FRP,
differing in strength, deformation and thermal deformation parameters, are
insufficient in relation to the strengthening of metal cylindrical shells.

The purpose of the work is to systematize the method of practical
determination of the parameters of the stressed state of elements of metal
cylindrical tanks, as well as detecting the main factors influencing the
effectiveness of the use of FRP based on fibers of various types in
combination with steels of different strengths.

The sequential consideration of the operation of the cylindrical steel
shells strengthened by transverse FRP elements continuously located along
its height made it possible to obtain the values of the maximum hoop stresses
in the elements of FRP reinforcements and the steel parts. These results were
confirmed by testing models of metal cylindrical structures strengthened by
external transverse CFRP.

Limiting the stress value of the steel by the yield strength of the material
or by stress value premised from the fatigue conditions of the joints of steel
structure and taking into account the condition of equilibrium of the acting
forces it becomes possible to get the required thickness of an external
transverse FRP reinforcement and coefficient of the external FRP
reinforcement.

A significant difference in the values of the coefficients of linear thermal
deformation of FRP and steels determines the substantial effect of changes in
operating temperatures on the stress state of cylindrical shells strengthened
by such type of the external transverse reinforcement.

The results of numerical calculations of FRP reinforcements made on
the basis of different fibers, that considered the change in the coefficient of
required FRP, obtained with excess of stresses Ao, =1 over the limiting
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value of yield strength or over the stresses permissible from the fatigue
conditions in different ranges of operating temperatures, indicate their
multiple variability.

The relevant analysis indicates a characteristic influence of the
temperature factor determined by the condition of limiting the strength of
metal shells: in the case of the using FRP based on various types of structural
fibers, thermal deformations can repeatedly change the value of the
considered coefficient in combination with steel shells that characterized by
low material strength, while similar combinations with high-strength steels
practically neutralize the influence of temperatures. It should also be noted
that from the point of view of the influence of mutual temperature
deformations the relative inefficiency of using aramid fibers as part of
complex structures that involve combination with low-strength steels of
shells.

The dependences of the change in the values of the coefficients of
external transverse FRP reinforcement by the strength parameter of the
material of steel shells with the considered most unfavorable change in
operating temperatures ®7=-4(0 <C were obtained for different types of fibers.
These dependences emphasize the tendency of the determining influence on
the reinforcement coefficient by the modulus of elasticity of FRP, as well as
the strength of the steel shells: with an increase in these indicators a decrease
in this coefficient is observed. At the same time, a sharp increase in the
required degree of reinforcement is observed when the strength of the
material of the steel bases of the shells is limited by a value of less than
fyd _18kN /em?2 - Not taking into account the influence of the factor of

longitudinal deformations of the reinforced shells is justified only when
combining high-modulus carbon FRP with a base material that has a strength

index ;=24 42kN/cm?-

A joint consideration of the dependencies obtained for various external
reinforcement materials, taking into account the influence of longitudinal
deformations of shells, allows to conclude the efficiency of use of low-
modulus (much cheaper) FRP for reinforcement structures with high strength
characteristics of steel bases Fya =30..42kN / em? - At the same time, for

structures characterized by low steel strength limits Fra =15..20kN /em? >
Yy

effective external reinforcement is achieved only when using high-modulus
FRP.

Analysis of the obtained interdependencies indicates the applicability of
abstracting from longitudinal deformations for metal shells under
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temperature changes ®@7=-40 < only in cases of using high-modulus FRP in
combination with high-strength steel bases with an insignificant degree of
required external reinforcement. Otherwise, failure to take into account the
factor of longitudinal deformations of shells under conditions of a significant
decrease in operating temperatures leads to a substantial distortion of the
calculation results.

Conclusion

1. The mandatory factors to be taken into account for strengthening of
the metal cylindrical shells by external transversely directed FRP
reinforcement that perceives the actions of ring forces are the temperature
deformations of the used FRP materials, as well as the longitudinal
deformations of the metal components of complex walls.

2. The main factors determining the effectiveness of the obtained
solutions are the residual strength of the material of the metal shells, as well
as the modulus of elasticity of the used FRP.

3. In the case of the using FRP based on various types of structural
fibers in combination with steel shells that are characterized by low
material strength, thermal deformations can repeatedly change the required
degree of external reinforcement of structures, while similar combinations
with high-strength steels can neutralize the influence of temperatures.

4. Under the influence of temperature deformations the FRP
reinforcements made on the basis of aramid fibers demonstrate relative
ineffectiveness in combination with shells characterized by low steel
strength.

5. The effective use of low-modulus FRP can be achieved for
reinforcements of the structures with high strength characteristics of steel
bases of the shells. At the same time, for structures characterized by low steel
strength limits, effective external reinforcement is achieved in combination
with high-modulus FRP.



COMPARISON OF GENERAL TECHNICAL PARAMETERS,
WORKABILITY AND FIRE PROTECTION OF ROLLED
PROFILES VS. RHS STEEL FRAMES OF 3D-VOLUMETRIC
MODULES

Maslyanenko Y.V., PhD (Tech), Associated Professor
Odesa State Academy of Civil Engineering and Architecture

The global challenges to the European Community related to the COVID
pandemic - providing of temporary, prefabricated efficient medical buildings,
the chronic shortage of affordable housing and, finally, the war in Ukraine
with demand of providing the shelter for displaced persons - have drawn
special attention to three-dimensional volumetric prefinished building
modules.

Although interest in prefabricated modular construction can be tracked to
the 1940s, researches on design problems and limitations of practical
implementation of volumetric modules today are fragmentary and obviously
insufficient. Along with reduced design flexibility and lack of real projects
experience, it poses significant challenges for the construction industry
worldwide.

Problems are even in terminology and taxonomy — shall modular
construction be referred to prefabricated construction, or separated as a class
of unique building structures (Off-site Modular Construction)? Shall panel
systems be considered as modular ones, or such definition shall be limited to
three-dimensional volumetric modules only?

Currently in Ukraine, modular buildings and structures are defined as
made of three-dimensional volumetric modules, primarily with a timber
(wooden) and metal frame.

A new strategy framework: "Closing the loop - New circular economy
package" launched by the European Parliament at the end of 2015. According
to it, the economic aspects of construction and the impact of human activity
on the environment have led to a shift in the emphasis of the construction
industry from the research, development and implementation of new
materials and structures towards the efficient use and reuse of well-known
building materials.

Traditionally, timber-framed buildings are highly praised for their
potential for contribution to a circular built environment and many studies
focused on volumetric modular timber design.

However, steel and other alloys provide a number of benefits that make
them equally attractive for modular building systems in the long run. Steel is
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a fully recyclable material, and the industrial joints of the steel framed
modules allow them to be reused. Despite the relatively high initial cost, the
durability of steel frame elements allows a service life of decades for modular
buildings and structures, reducing the maintenance cost.

Significant number of researches focused on the efficiency of steel frame
of three-dimensional volumetric modules and their performance-based
optimization is related either to the design of joints or study the problems of
spatial stability of multi-storey modular buildings, considering the own
weight of load-bearing structures as a criterion for design efficiency.

Among the factors of durability and sustainability of the structure the
required level of fire resistance is one of the most important, and the criteria
of the economic efficiency of design also includes the fire protected surface
area of the steel elements.

For comparison purposes, steel modules with overall dimensions of
3825x7650%3360 mm with a frame made of rolled sections (IPE i-beam) and
square rigid hollow sections (RHS) were designed, respectively, with two
flooring and ceiling decking options — 1. a thin reinforced concrete (RCC)
slab with a galvanized corrugated sheet and 2. composite panels.

The results of the comparison of structural design in terms of the dead
weight of steel structures (Fig. 1), the construction weight of the structural
elements of the module (Fig. 2) and the cost of the fire protection of steel
structures by applying intumescent paint to fulfill the requirements of fire
resistance class R120 (Fig. 3) are shown in the following diagrams (the most
effective of the solutions for each comparison category considered as 100%).

Conclusions: the cross-sections of the module frame elements in the form
of [-beams are more economically effective in terms of steel consumption per
sq.m. of total area, however, the difference in steel consumption and higher
RHS costs is practically compensated by the smaller surface area of steel
RHS elements for applying intumescent paint (for fire resistance class R120
and more). To ensure the lowest construction weight of the module, it can be
recommended to use composite panels instead of RCC decks, unless this is
specified by technological or operational requirements.



Weight of Steel per Module

154%
124%

128%
200%  100% ]
100% Composite panel

RCC deck
0%

IPE RHS

Fig.1 - Comparison of structural design in terms of the dead
weight of steel structures

Module's Total Structural Weight

400% 206% 100%220% 114%

200% .
Composite panel

RCC deck

0%
IPE RHS

Fig.2 - Comparison of structural design in terms of the construction
weight of the structural elements of the module

Total Strctural cost per sq.m. including Fire
Protection (R120)

135% 133%

200% 103% 100%

Composite...

RCC deck
0%

IPE RHS
Fig.3 - Comparison of structural design in terms of the cost
of the fire protection of steel structures
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TEST METHOD FOR STRENGTH IN BENDING
OF 3D PRINTED PLASTIC PRODUCTS

Somina Yu.A., PhD, Associated Professor
Odesa State Academy of Civil Engineering and Architecture

Within the work of the scientific circle of the department of metal,
wooden and plastic structures, the solution to the task of developing a
methodology for conducting a bending strength test, as well as preparing
relevant samples made with the help of 3D printing, was chosen. According
to the results of the literature review, 2 series of samples were formed, which
differ in the shape of the cross-section: rectangular (series 1) and T-beams
(series 2).

According to the requirements of standards, the samples should have the
following dimensions: length (/) — not less than 80 mm; width (b) — (10.00 +
0.50) mm; thickness (%) — (4.00 = 0.20) mm. If it is impossible to produce a
sample with the specified dimensions, it is allowed to use samples, the ratio
of length and thickness of which should be / > 20h, the width of the sample
should be from 10 to 25 mm, and for materials containing large particles of
filler — from 20 to 50 mm. Samples must have a smooth surface without
bulges, chips, cracks, shells and other visible defects.

Taking into account the use of additive technologies for the manufacture
of test samples, it is possible to adjust the degree of filling of the internal
cavity of the beams to save materials and determine the optimal amount of
filling to ensure the necessary bending strength. Thus, 3 variations of the
filling percentage of the internal cavity of the experimental sample were
chosen: 10%, 50%, 100%. The material of all samples is ABS plastic
(acrylonitrile butadiene styrene), which is characterized by high strength and
impact resistance, therefore it is widely used for the manufacture of structural
elements.

Taking into account the given recommendations on the size of the
samples, as well as the technical characteristics of the 3D printer used for
their production next dimensions were taken: x4 = 10x10mm; / = 200mm.
Each series includes 6 samples with the following filling percentages of the
internal cavity: 10%, 50% and 100%. For each filling percentage, 2 identical
twin specimens were made to establish the average bending strength between
them.

The tests will be carried out on a PROFLINE hydraulic press with load
capacity 10 tons. A device with a loading tip and supports will be placed on
the test machine. Their convergence will take place at a constant speed.



Before testing, in the middle third of the length of the sample, measure
the width of the sample with an error of £0.1 mm and the thickness — with an
error of £0.02 mm. Before the test, the samples are conditioned according to
the requirements for at least 16 hours at a temperature of (23+2)°C and a
relative humidity of (5045)%. The tests will be conducted under the same
conditions.

The distance between the supports is taken as (15...17)A. For samples
reinforced with unidirectional fiber and having a very large thickness, the
distance between the supports is chosen based on the largest value of I/ / to
avoid failure by shear. The sample is placed on supports with the wide side.
If the sample was subjected to mechanical processing on one side, then it is
placed on the supports with the side that was not subjected to mechanical
processing. The loading of the sample will be carried out in the middle of the
span between the supports smoothly, without jolts.

Two cases of sample deformation and destruction are assumed:

1. The sample will destruct at the specified deflection value or before
reaching this value. At the same time, we will determine the load and
deflection at failure.

2. The sample does not collapse at the specified deflection value or until
this value is reached. We determine the load at the moment of reaching the
given deflection.

The tests will be continued until the destruction of the sample or until the
specified maximum load is reached. In any of these cases, we determine the
load and deflection. If, during the test of the sample, the maximum value of
the load is observed before reaching the specified amount of deflection, then
we determine the maximum load and the corresponding value of the
deflection. If the sample collapses beyond the middle third of the distance
between the supports, the result obtained will not be counted and the test will
be repeated on a new sample.

Conclusions:

1. In order to carry out indicated research, a 3D model of the experimental
samples was made and 2 series of experimental samples with 6 prototypes
each, made of ABS plastic using 3D printing, were prepared for testing.

2. Each series contains 2 twin samples with different percentages of filling
the internal cavity with plastic: 10%, 50% and 100%.

3. A sample loading scheme was prepared, and an algorithm for
conducting experimental studies of the strength of plastic structures in
bending under the action of short-term loads was drawn up.
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ANALYTICAL REVIEW OF THE METHODS OF INSPECTION
AND PLANNING THE REPAIR OF REINFORCED CONCRETE
AND METAL BRIDGES

Talavira G.M., PhD, Associate Professor, Talavira O.G., engineer
National Aviation University

Bridges are a key element of the road network. They are strategically
located over natural or other obstacles, so any bridge failure can restrict traffic
with consequent losses for the local community.

Replacing bridges is a more expensive option than repairing them and can
lead to economic losses. In addition, it can have an impact on the environment
and cause overloading of the adjacent infrastructure. It has become an urgent
task to conduct a survey to monitor the deterioration progress of bridge
structures in order to maintain optimal performance throughout their service
life.

This study focuses on the peculiarities of implementing bridge inspection
and maintenance planning, as well as the international experience of bridge
inspection procedures, systematization of condition assessment and urgency
of repair, level of inspection and its frequency.

The main documents in the regulatory framework of Ukraine are DBN
B.2.3-22:2009 "Bridges and pipes. Basic Design Requirements", which
establishes the basic requirements for the design of new, reconstruction and
overhaul of existing permanent bridges.

Inspection, testing, and monitoring of bridges is an integral part of the
management system and a key factor in achieving the lowest cost of operation
and ensuring an adequate level of service. The bridge condition reporting
system should contain the required amount of information about each bridge
in electronic form using BIM technologies.

In order for bridge inspections to be effective, it is important to have
appropriate timelines for different types of inspections; proper equipment and
techniques; consistency in data and record management; appropriately
trained personnel; and effective quality control processes.

Types of bridge inspections are generally divided into three categories:
routine inspection, in-depth inspection and special inspection. Routine
inspection is usually performed by visual inspection for components that are
visible and accessible from the ground. Defects that can be detected during a
routine inspection include road surface defects, missing bolts, and corrosion.
In-depth inspections take photographs of the structure and conduct detailed
engineering studies of the elements if warranted by accidental damage or
obvious rapid changes in the structural condition. Special inspections are
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performed for complex and unique structures that require specialized
knowledge or equipment to accurately determine the condition of the bridge.
These types of inspections include detailed technical inspections, underwater
inspections, and inspections of hard-to-reach areas.

An experienced and qualified inspector plays a fundamental role in the
inspection of bridge structures, whose reports are included in the design and
estimate documentation and repair work is carried out.

Repair is a set of works whose main purpose is to maintain the bearing
capacity and geometric parameters within the limits close to the original
condition.

In civil engineering, depending on the complexity of the repair work,
there are current and overhaul repairs.

Regular preventive maintenance on time prevents physical deterioration
of the main structures of bridge structures and maintains their standard
service life. Examples of preventive maintenance include patching pavement,
partial repair of expansion joints, crack filling and injection, corrosion
protection of reinforcement and concrete, and cleaning of drainage pipes.

The actual overhaul periods of bridge elements are affected by factors
such as the age of the structure, environmental conditions, and traffic
intensity.

Overhauls are carried out according to the projects developed by
specialized organizations. In this case, vehicle traffic may be partially
restricted or completely blocked.

Selective repairs are works to replace some elements of the bridge
structure (for example, replacement of the railing, waterproofing of the
roadway). Comprehensive repair works are works with simultaneous
performance of all types of selective works (for example, replacement of
supporting parts).

Thus, it can be summarized that planning of repair works of existing
bridge structures should start with their inspection. In order to maintain the
optimal performance of bridges during their service life, it is necessary to
conduct regular inspections to monitor the progress of deterioration.

It should be noted that in order to conduct productive bridge inspections,
there is a need to create a unified bridge inspection manual to standardize and
simplify the monitoring procedure that will be applied throughout the
country.
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DESIGN OF INDUSTRIAL HALLS WITH A STEEL STRUCTURE
DUE TO AN ACCIDENTAL DESIGN SITUATION - THE IMPACT
OF A VEHICLE ON A FRAME COLUMN

Wojnar A., PhD, Rzeszow University of Technology
Chernieva O., PhD, Associated Professor
Odesa State Academy of Civil Engineering and Architecture
Sleczka L., PhD, DSc, Rzeszow University of Technology

The paper presents an analysis of checking the stability of the structure in
an accidental design situation relating to the exceptional load, which is the
impact of a vehicle on a structural element - a column of the main load-
bearing system. The calculations were carried out on the example of a single-
bay industrial hall with a steel structure. The dimensions of the hall are: width
18.00m, height at the ridge 8.00m, height at the eaves 7.00m, length 42.00m,
spacing of the main support systems every 6.00m (see  Fig. 1).

Fig. 1 - Structure of the industrial hall - 3D view

In the permanent design situation (ULS check), the following values of
loads and actions (characteristic values) were assumed:
permanent load: self-weight of the steel structure, weight of purlins
and roof sheathing of 0.30kN/m?;
wind load - 1 wind load zone, base value of base wind speed
vb,0=22m/s, base speed pressure q,=0.30kN/m?;
snow load - zone 2 ground snow load, si=0.9kN/m?;
In the accidental design situation, the load from the impact of the vehicle
on the column of the main frame structure was assumed.
For the computational analysis, spatial models of the industrial hall's steel
structure were created. Columns and beams were modelled using beam-type
bar elements with 6 degrees of freedom at the node. The vertical and
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horizontal bracing rods were given attributes to allow them to carry only
longitudinal forces (compression/tension).

Static calculations were performed using first-order linear analysis. The
computational analysis was carried out on a plane frame isolated from the
model. Frames whose columns and beams are made of HEA, HEB and IPE
profiles were considered. Pinned and rigid fixing of the column in the
foundation was considered, this gave a total of 6 computational models.

During the research the general stability of the steel frames of the hall
structure, the analysis of the behaviour of the structure due to vehicle impact
and the dynamic design were made.

Analysing the values of internal forces in the frame structure generated
from the impact of the vehicle and comparing them with the values of forces
at the ultimate limit state, it was found:

1) Longitudinal forces reach relatively small values and can be ignored in
future analyses.

2) For the considered impact scenario, the value of the bending moment
in the column caused by the impact of the vehicle reaches about 1/3 of the
value of the bending moment calculated at the ultimate limit state and does
not pose a significant threat to the safety of the structure.

3) For the considered impact scenario, the values of the bending moment
in the frame transom caused by the impact of the vehicle on the frame column,
changes significantly depending on how the column is fixed in the
foundation:

- in the case of an articulated joint, represents about 1/3 of the bending
moment calculated at the ultimate limit state and does not pose a significant
threat to the safety of the structure,

- in the case of a rigid connection is negligibly small.

In conclusion, it can be said that at low vehicle speeds the impact is not
dominant due to the stability of the structure. In the case of frames made of
HEA, HEB and IPE profiles, the internal forces in the structure and their
distribution in individual bars did not pose a serious threat to the safety of the
hall.

The final part of the paper also compares the values of the bending
moment in the column and the horizontal displacement of the frame corner
caused by the impact, obtained using static and dynamic analysis. It can be
noted that static analysis does not consider dynamic effects, resulting in the
determination of underestimated values of forces and displacements. These
differences increase as the mass and speed of the striking object increases.

In order to use static analysis effectively, it is required to assume
equivalent forces from impact in the calculations - which is described in more
detail in EN 1991-1-7.
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DESIGN OF INDUSTRIAL HALLS WITH A STEEL STRUCTURE
DUE TO A FIRE DESIGN SITUATION

Wojnar A., PhD, Szewczyk A., Eng., graduate student
Rzeszow University of Technology

The article presents the behaviour of a structure subjected to fire - fire
design situation. A portal industrial hall with a span of 18.0 m, a length of
42.0 m and a column height of 7.0 m was considered. The spacing of frames
- the main transverse systems - was assumed equal to 6.0 m. A case was
considered in which the elements of the structure are unprotected from the
influence of high temperature. The load carrying capacity, critical
temperature and time required to reach the critical temperature were analysed
for column cross sections. The calculations were performed using Autodesk's
Robot Structural Analysis 2024 computer software.

The calculations adopted the Standard temperature-time curve in
accordance with the Eurocode EN 1991-1-2. The temperature of the gas ©,
in the fire compartment after time t, was determined according to the formula:

0, =20 + 345log,((8-t + 1)

0, — the gas temperature in the fire compartment

t — the time

The critical temperature 0, of carbon steel elements was calculated
according to formula:

Oqcr = 39,19 In 1|+ 482

0,9674 - u>%%*
po — degree of utilization.

For the computational analysis, spatial models of the steel structure of the
industrial hall were developed. Columns and rafters were modelled using
beam-type bar elements with 6 degrees of freedom at the node. Vertical and
horizontal bracing rods were given attributes to allow them to carry only
longitudinal forces (compression/tension).

Static calculations were performed using first-order linear analysis.

In the first stage of calculations, the overall stability of the steel frames of
the hall structure was checked. Optimization of the sections of the structure
was carried out. As a criterion, the minimum mass of individual elements
while maintaining their stability was adopted.

Based on the results of the calculations, the following conclusions were
drawn:

1. The compressive capacity of the cross-section of the column, under fire
conditions, is several times lower than the capacity at normal temperature
(see Table 1). Therefore, it seems mandatory to use protection of elements
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against temperature - Contour encasement of uniform thickness or Hollow
encasement of uniform thickness.

Table 1. Values of internal forces and the other parameters calculated in
Fire Design Situation

Calculation Column Section Nerd Temperature | Temperature Time
model profile factor Neitrd Qa.max, °C Qaerr °C {6 maxs
name min.

Frame 1 HEA340 134 3125 757 635 17
541

Frame 2 HEA300 152 2655 770 560 15
422

Frame 3 HEB320 110 3783 736 603 20
715

Frame 4 HEB280 123 3078 744 575 18
564

Frame 5 IPE500 151 2726 790 350 9
366

Frame 6 IPE500 151 2726 790 350 9
366

Q.max - temperature of the element after time t=30 min (time assumed for calculations
corresponding to fire resistance class R30), Q. — critical element temperature, tgmex — fire
resistance time of the cross-section, N¢rgq — resistance of cross-section in normal temperature,
N ra — resistance of cross-section in temperature Qp max-

2. The critical temperature of a section (the temperature at which it loses
its compressive capacity), decreases as the slenderness of the section
increases. This means that solid elements with thicker walls show greater
resistance to temperature. Therefore, for structures exposed to high
temperatures, it is recommended to use elements made of HEB profiles. IPE
profiles are less favourable and not recommended.

3. In the case of HEB-type profiles, the time required to reach the critical

temperature at which the cross-section of the element loses its compressive
capacity is significantly greater compared to that of IPE-type profiles. This is
(as above) a recommendation for the use of solid elements, with low wall
slenderness, for structures significantly exposed to fire and high
temperatures.
In conclusion, it can be said that in the case of structures where there is an
increased risk of fire, this fact should be considered at the stage of structural
design. Thick-walled profiles with walls of low slenderness show greater
resistance to high temperatures compared to slender profiles with high wall
slenderness. However, it should be noted that steel structures exposed to fire
should be compulsorily protected against the effects of high temperatures by
using appropriate insulating layers. Only in this way can the required safety
of the structure be ensured during longer periods of fire exposure.
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YUCEJBHE MOJAEJIOBAHHA NOCUJIEHHA
CTAJIEBOT'O IIIBEMHOTI'O HUJIIHAPUYHOI'O PESEPBYAPY

Bakyuain €.A., k.m.n, doyenm, Ycenko M.B., k.m.H, cm. euxnaoay,
Bakyaina B.M., cm. gukiadau
Hayionanvuuti ynieepcumem biopecypcis i npupoooxkopucmyseants Yxpainu

V peanbHHX yMOBaX eKCIUTyaTarlii, mia3eMHi pe3epByapy Ipu3HAuCHI IS
30epiraHHs piKUX MaTepianiB, BTpayaloTh eKCIDTyaTalliiHy MPUAATHICTh 3a
KOPOTKHUH TepMiH excruryaTtanii. Haif0inbnra KUTbKiCTb 1edeKTiB 1o’ s3aHa 3
BTPATOO MICIICBOI CTIHKICTIO 00OJIOHOK pe3epByapy.

Y po0oTi JoCHiKyBaBCS MiN3EMHHUA pe3epByap, MpU3HAYCHHU IS
30epiraHHs NaauBHUX MaTepianis, 06’emoM 75,0 a°. PesepByap ckaamaeThes
3 MWITIHAPUIHOT TBOIIAPOBOi 0OOJIOHKH, 3BAPEHOI 13 TIO3IOBKHIX JIUCTIB Ta
JIBOX OOKOBHH eNinTUYHOI popmu. 30BHIIIHIN AiaMeTp pe3epByapy CKiIagae
3,24 m; BHyTpimHINA miamerp — 3,22 wm; HOBXMHA pesepByapy — 9,68 w;
TOBIIVMHA 30BHIMIHBOI CTIHKK — 4 Mm; BHYTpiIHBO — 5 mm. I1’Th Kineupb
JKOPCTKOCTI CKIIAQJAarOThCs 13 KyTWKa 75%X75%5 mm Ta cMmyroBoi craii
TOBIIIUHOIO 5 M.

PesepByap BCTaHOBIICHUI Ha 3ariuOICHUN 3al1i300€TOHHUHN (yHIAMEHT
Ha SIKOMY BCTAHOBIICHO J[Ba JIO)KEMCHTa 3 KyTOM OOXBaTy MMIIHIPUIHOT
obomonku y 120° Ta dikcamiero pesepByapa cTajieBUMH mosicamu. Hwuz
(mHUIE) pe3epByapa 3HAXOIUTHCS Ha TO3HAYIl — 4,74 M, BEpX Ha TIO3HAYKH
— 1,50 m Bim moBepxHi 3eMyi. HanwB manwBa 3MiHCHIOETHCS dYepe3 JIIOK
(ropnoBuny) miamerpom 800 Mm, IO 3HAXOAUTHCS Y BEPXHIH LEHTpaJbHIN
YacTHHI pe3epByapy. 3 METOI0 3amobiraHHs 3a0pyIHEHHIO OTOYYKUYOTO
CepelioBUIIa TAJWBHAMH MaTepiaylaMH, II0 TEepUMeTpy (QyHAaMEHTY
BJANITOBAaHAa JPEHAXHA CHCTEMa 3 HAKONWYYBAJIBHOIO EMHICTIO Ta
reoMeMOpPaHHUM 3aXUCTOM.

Memoio pobomu € BU3HAYCHHS HANPYKEHO-1e(HOPMOBAHOIO CTaHY
pe3epByapy, SKHI MpalIOe Yy pealbHUX yMOBAaX eKCIUTyaTalii Bif
(hakTHYHOTO HABaHTAXEHHS JUIS BUSABIICHHS MPUUYWH AeopMaliiii Kkoprycy
Ta Ha/IaHHA BiJIMOBIIHIX PEKOMEHAIIIH 1010 HOTO OCUIICHHS.

OCHOBHMM HaBaHTKEHHSM HA II3EMHHH pe3epByap € 30BHIIIHINA THCK
IpyHTy. Po3paxyHOK pe3epByapy BHKOHYETbCS SK TOPHU30OHTAIBHOL
MUITIHAPUYHOT 0OOJIOHKH 13 eNINTHYHIMA OOKOBHHAMU HA JIIF0 30BHINIHBOTO
THCKY. 3arajlbHAN BUTIISA pe3epByapy, puc. 1. 3araibHui BUTIIA CKIHIEHO-
€JIeMEHTHOT MOJIeI pe3epByapa (puc. 2).

Po3rnsHyTO HACTYNMHUH pO3paxyHKOBHH BHUIAQNOK: pe3epByap 0Oe3
NPOAYKTa TOBHHEH BUTPUMYBATH THUCK IPYHTY. AHaIITHYHI (popmynn
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HaBeJICHI JUISA BUIIAAKY Jii 30BHIIITHBOTO TUCKY, MMOCTIHHOTO 5K 32 JOBXHHOIO,
TaK 1 3a KOJIOM OOOJIOHKH.

Puc. 1 — TpuBumipHa gncensHa 3D Monens pesepByapy

Po3paxyHOK MiZ3eMHOTO pe3epByapa HPOBOIUTHCS Ha CEPEelHIH THCK,
eKBIBaJICHTHHH THCKYy TIpyHTY, IO BH3HAYaeThcs 3a HACTYIMHHUMH
3aJIC)KHOCTAMMU.:

P, =07(P.+P,); M

P)(s:}/f'yO'(H+0915Dn); (2)

3)

2( geo _ P
P.=y; 7 -(H+O,5Dn)tg (45 —2) ’
ne: P, — cepeHiil THCK IPYHTY; P, — iHTCHCHBHICTh BEPTHKAILHOTO THCKY
IPYHTY; P, — IHTEHCUBHICTb TOPH3OHTAILHOTO (6i4HOTO THCKY IDYHTY);
7rp=13 - KOoeQIIIEHT HAMIHOCTI 32 HABaHTAXKCHHSM BiJl TUCKY IPYHTY;
7o =1,73 mc/ 3 — TIMTOMA Bara IPyHTy; H — BHCOTa 3aCUNIKH JI0 BEPXY
pesepByapa; ¥ — KyT BHYTpIWIHBOIO TepPTs IPYHTY; D, — 3OBHIWIHIA

JIiaMeTp pesepByapa; k = 2,4 — Koe(illieHT 3anacy CTIHKOCTi.

Bmmierp

:'{J\

Puc. 2 — 3aranbHuil BUTIIL CKiHYEHO-€TIEMEHTHOI MOJIETIi pe3epByapa
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Emropa NpUpOJHOro THMCKY IPYHTY 3MiHIOEThCA Bim 2,25 mc/m® Ha
nosHaumi - 1,50 u Bix nosepxui 3emi g0 9,72 mc/m® na pisni Gpynmamenty

pesepByapa, puc. 3.

73 BeB
SR e

a)

Puc. 4 — IlopiBHsAIBbHUIT aHATI3 peanbHUX AehOpMaLii HUITIHIPUIHOTO
pesepByapy (a) i3 YuCceTbHO-aHATITHIHOIO MOAEILTIO (0)

BuchHoBku. Y po0OTI NPOBENCHO aHaNi3 HaNpyXeHO-1e(hOpMOBAHOTO
CTaHy TUIOBOTO pe3epByapy 06’emom 75,0 4 3 umininapruHOi ABOMIAPOBOT
000J10HKH. Bu3HavyeHi NMpUYMHU BTpAaTH MICIEBOI CTIMKOCTI OOOJIOHOK Ta

HaJIaHi BIATIOBIAHI peKOMEHIAIT].
PeanbHi nedopmatii cranesoro pesepsyapa 06’ emom 75,0 4% (puc. 4, a)
Ta Pe3yJIbTaTH PO3paXxyHKY YHCEIbHOI MOJeIi pe3epByapa (puc. 4, 6) MatoTh

CXOXHUI XapakTep.

PesepByap MoOke BHKOPHCTOBYBATHCH i3 YMOB 30UNBIICHHS TOBIIMHU
30BHIMHKOI 00nvariku 10 10,0 /m Ta yCYHEHHIO BUSBICHUX JIe(EKTiB.

-19-



BUITPOBYBAHHS CTAJIEBUX IIBAXIB
JJI1 KOHCTPYKIIU 3 JEPEBUHH

Bbannikos J1.0., 0.m.u., npogecop, Knouxo JI.1., macicmpanm
Yrpaincovruii 0Oeporcasnuii ynigepcumem HayKu i mexHon02it

KoHcTpykiii 3 IepeBHHN OCTaHHIM 94acOM Ha0YBalOTh BCE OLIBIIOTO Ta
IIMPIIIOTO PO3MOBCIOKEHHS. Le MoB’3aHO 3 HOBUMH MOKIIMBOCTSIMH IIOJI0
BUpINICHHS TPAJUIIAHUX MPOOJEMHHUX NHTaHb iX OyIIBHHITBA Ta
eKCIUTyaTallii, TaKuX SK HEBHCOKAa MIIHICTh, JXOPCTKICTh, 0i0o- Ta
BOTHECTIHKICTh TOIIIO.

He3Baxaroun Ha BHCOKY MONYJSPHICTh KICEHUX KOHCTPYKIIH,
KOHCTPYKIIi i3  3’€IHAaHHAMH  HArelbHOTO THITY  TPOJIOBXKYIOThH
MIPOEKTYBAaTUCh Ta 3BOJUTHCH. BimmoBimHo mo uymHHOTO cTaHmapry JBH
B.2.6-161:2017 omHuM i3 OCHOBHHMX BHIIB TaKMX 3 €IHAHL € IBIXOBE
3’eaHanHs. J[s TEOpeTHYHOT OMIHKK KOHCTPYKTUBHUX TOKa3HUKIB TaKOTO
3’eananns crangapt JIBH B.2.6-161:2017 Bumarae BenWuWHY TpaHMII
TEKYJOCTI MaTepialy IBsxa. TOMYy METOI0 IMPOBEIEHUX JOCIiKEeHb Oyra
OIliHKA PiBHS MIITHOCTI Ta Ae(h)OPMATHBHOCTI CTaJi ISl IBSXIB.

BunpoOyBanHsl MpoBOAMINCH Ha po3puBHiH MammHi Y120/2 (puc. 1).
BukopucroByBanuch 3pa3ku LBsXiB giamMeTpoM 4 MM i 5,5 MM, HasBHI Ha
puHKY VYkpaimu. OTpuMmaHi pe3ylbTaTH JaOOpaTOPHUX BUIPOOYBAaHb
HaBeJleHi B Tabaumi 1.

Tabmumg 1 — MexaHiuHI XapaKTepUCTHKHU CTaJll IBAXIB

Hiametp, | I'paHuis TeKy9oCTi I'pannns Bignocue
MM ymoBHa 6o2, MIla | minHOCTI 65, MIla | BUmOBXKEHHS, %
4.0 710 760 39
5,5 570 620 61

3a pesyibTaTaMu TPOBEACHHUX JIA0OPATOPHUX JOCITIDKEHb OyIIo
BCTAHOBJICHO, IO CTadi IS 3pas3KiB 000X JiaMeTpiB HE MarOTh YiTKO
BHPaXEHOI JUITHKM TekydocTi. ToMy Oyna BH3HAYeHa YMOBHA TPAHMIIS
tekydocTi. [Ipore nedopmyBanHs Ta pylHYyBaHHS 3pa3KiB BigOyBaiocs 3a
IUIACTUYHOI0 cXeMoro (puc. 2). 3a piBHEM MIIlHOCTI BHIIpPOOyBaHi craii
BignoBigHo 1m0 BuMor JIBH B.2.6-198:2014 Moyt OyTH BigHeceHi 10
BHUCOKOMIITHHX CTaJeu.
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Puc. 1 — 3aransuuii BUrIsa po3puBHOi Mammau Y120/2

U'Hfi

Puc. 2 — JlebhopmyBaHHS cTaeBUX IBSIXIB

B minomy oTpumaHi pe3yibTaTH CBif4aTh HpPO Te, IO HEMAaE YiTKOI
3JIKHOCTI  MDK ~ JiaMeTpaMu  3pa3kiB  Ta  IX  MEXaHIYHHMH
xapakTepucTukamMu. OTke, I NPAKTHYHHX PO3PAaxyHKIB HEOOXiTHO
MIPOBOJIUTH JTa0OPATOPHi TOCIiKSHHS Ta BU3HAYATH I1i XapaKTEPUCTHKH B
KOXXHOMY KOHKPETHOMY BHITQIKy OKPEMO.
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BUITPOBYBAHHS CTAJIEBUX IIBAXIB
JJI1 KOHCTPYKIIU 3 JEPEBUHH

Bannikos J1.0., 0.m.u., npoghecop, Knouko JL1., macicmpanm
Yrpainucovruii 0Oeporcasnuii ynigepcumem HayKu i mexuono2it

3rigHo ynHHOTO crangapty JbH B.2.6-161:2017 ogauM i3 HOBUX BHIIB
CTaJICBUX HATCJbHUX CJICMCHTIB, MPU3HAYCHUX JUIS 3’ €THAHHSI KOHCTPYKIIH
3 IEpeBHHHU, € caMOopi3u abo caMoHapi3Hi TBUHTH. OOCATH iX BUKOPHCTaHHS
OCTaHHIM YacOM 3HAYHO 30UTBIIMINCEH i TOMY MUTaHHS 100 ¢(EeKTUBHOCTI
X 3aCTOCYBaHHS MOPIBHSHO 3 IHITUMH BUAAMHU HATCIHHUX 3’ €THAHD, TAKIMH
SIK IBSIXH, TIypyIH a00 OONTH, CTa€ JOBOJI aKTyaIbHUM.

OCKITbKM Ha CyJacHOMY PHHKY YKpaiHU B 0arathbOX BHITaJIKaxX ITOBOJI
BaXKO BHU3HAYUTH Martepiall, 3 sSIKOTO BUTOTOBIIAIOTHECS CaMOpi3H, a YNHHUN
cragaapt JIBH B.2.6-161:2017 BuMmarae sl OLMIHKHM X HECYYOi 3aTHOCTI
BUKOPHUCTOBYBATH MEXaHIUHI XapaKTepPUCTHKH, TO TOCTAa€ MHUTAaHHSA IX
1a00pPaTOPHOTO BU3HAYCHHS.

JlaGopaTtopHi JOCTIIDKEHHS BHKOHYBAJIMCh Ha PO3PUBHIA MamIuHi
VI'20/2, o6magHaHoi CrHELialbHUMH JOJATKOBUMHK 3aXBaTaMH s
MOXIIMBOCTI ~ YyTPUMaHHA pi3b0OBHX dYacTWH camopi3iB  (puc. 1).
JlocmimKeHHIO TUIATaIy 3pa3ky caMopi3iB 3 AiaMeTpoM 110 pizb0i 4,2 MM i
6,0 MM, HasiBHI Ha pUHKY YKpaiHu. IIpu nmpoMy niaMeTp camMoro CTepikKHs
camopi3y 0e3 ypaxyBaHHs pi3p0H JTOpiBHIOBaB B 000X BUMamkax 3,8 MM,
TOOTO (akTHYHA BIOMIHHICTH B JiaMeTpax caMoOpi3iB 0OyMOBJICHA
BEITMYHMHOIO Pi3p0n. OTpuMaHi pe3yabTaTH JTabOpaTOPHHUX OCIIHKECHb
HaBeneHl B Tabmumi 1.

Tabmmrs 1 — MexaHiuHI XapaKTepUCTHKU CTalli caMOpi3iB

Jiametp, I'pannns Bignocue
MM MIITHOCTI G5, MIIa | BumoBkeHHs, %
42 799 44
6,0 1027 38

3a pesynpTaraMHM IpOBEICHHUX J1a0OpPaTOPHHUX JIOCHIPKEHb OYIo
BCTAaHOBJICHO, IO CTaJli JUIA 3pa3KiB 000X AiaMeTpiB MOBHICTIO 030aBieHI
JIUITHKE  TekydocTi. Tomy Oyia Bu3HAayeHa TUIBKM TIPAHMIS MiLHOCTI.
PyiinyBaHHs1 BinOyBa€eTbCsi 3a KpHUXKOIO cxeMoro (puc. 2). 3a piBHeM
MilHOCTI BUNpoOyBaHi crani BiamosigHo mo Bumor JIBH B.2.6-198:2014
MOXYTh OyTH BiJIHECEHI JJO BUCOKOMIIIHUX CTaJICH.
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Puc. 2 — lebopmyBaHHsI CTaJICBUX CaMOpi3iB

B minoMy oTpumani pe3yiabTaTH CBiIYaTh MPO Te, M0 YiTKa KOPEISIis
MDK JiaMeTpaMHd BHUIPOOYBaHMX 3pa3KiB Ta iX piBHEM MIIHOCTI U
nedopmaruBHOCcTI BifcyTHs. lle moTpeOye TpoBeneHHsS IONEPEAHiX
71a00paTOPHUX JOCIHIIKEHb Uil BU3HAYCHHS MEXaHIYHUX XapaKTEPUCTHK
JUTSl TIPAKTUYHUX PO3PaxyHKIB.
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MOPIBHAHHSA METOJAK MPOHUKHEHHA JIIi 3ACOBIB
MOBITPAHOI'O HAITAZY TIPOTUBHUKA B 3A/II3OBETOHHI
KOHCTPYKIIi CIIOPY/] 3AXHUCTY OB’€EKTIB KPUTUYHOT
IHOPACTPYKTYPH

Binux C.L., 0.m.1, npoghecop, Binuk A.C., k.m.n., ooyenm
Kuiscoruii nayionanvruil yHisepcumem 6yo0isHuymea i apximexkmypu,
Yupaeninna innosayivinux npoexmis Llenmpanonoeo 60€HHO-HAYKOB020

ynpaeninua I'lll 3CY

Beryn. 30poiina arpecis p¢d 3ymMoBWiIa HaHOLIBIIMK BHKIHMK JUIS
HaIlioHAJLHOT Oe3rekn YKpaidu 3a Bech gac 3 1991 poky. BHacnigok atak Ha
TepuTOopii YKpaiHW BXKe ypaXeHO JIOCUTh BEIUKY KUIBKICTh 00’€KTiB
kpuTu4HoOi ingpacrpykrypu (OKI) [1].

B 2022-2023 pokax Oyna po3po0ieHa i moxyduia po3BUTOK KOHIICTIIIist
«Kpaina-hoprersn», peanizailis SK0i CTBOPIOE YMOBH 3aXHCTY BUPOOHUIHX,
BIMICBKOBHX Ta 1HPpPAaCTPYKTypHHX 00’e€kTiB Ykpainu [1]. Jlus BTigeHHS
BKa3aHO! KOHIENUii HeOoOXiAHO pPO3BMBAaTH Ta BHPINIYBaTH HOBI HayKOBi
TEOPETHYHI, EKCIICPUMCHTANIBbHI 1 METOIOJIOTIUHI 3a71a4i, sIKi BAHUKAIOTh IiJT
Yyac IH)KCHEPHO-TEXHIYHOIO Ta HAYKOBOTO CYIPOBOJY MPOEKTYBaHHS 1
OyMiBHHIITBA 3aXHUCHUX KOHCTPYKTHBHHX CHCTEM. 3TiTHO KOHIICIIIiT
«Kpaina-doprens» BBeneHo Tpu piBHs 3axucty OKI. 3axucHi iHXeHEpHi
CHIOPYIH JPYTOTO PiBHSA MOBUHHI BUTPHUMYBATH IpsiMe BiydanHs briJlA, a
TPETHOTO PiBHSA — MPAMi BIIy4daHHs pakert [1].

Jlnst  moTykHOrOo 3abe3medeHHs BKa3aHOI KOHIEMIi HeoOXiJTHO
PO3BUBATH Ta BHPINIYBaTH HOBI HAYKOBI TEOPETHUYHI, CKCIIEPUMEHTANbHI 1
METOJIOJIOTIUHI 3ajadi, SKi BUHUKAIOTH IiJ 9ac iHKEHEPHO-TEXHITHOTO Ta
HayKOBOTO  CYNPOBONY TPOEKTYBaHHA 1 OymiBHUIITBA 3aXHUCHUX
KOHCTPYKTUBHHX cucTeM [2-4, 7-9].

Jlo doprtudikaniiHuxX, IHKEHEPHUX 3aXUCHUX CIOpPYH, Ta CIOPYA
LUBUILHOTO 3aXUCTY — BUCYBAIOThCS Pi3HI BUMOT'H, TA 3aCTOCOBYIOTBCS Pi3HI
MiAXOU Y MPOCKTyBaHHi. [10CIiJOBHICTh 30UIBIIICHHS BUMOT J0 3aXHUCHHX
CHOPY/I TICHO MOB’s13aHi 13 yIOCKOHAJIICHHSIM (PaKTOPIB ypaskeHHSI.

[upokomaciitabHa BiliHa p¢, siKa BelETbCsS Hapasli NpoTH YKpaiHu,
3aCBiIUMIIa TIOSIBY HOBHIX, paHillle HE BPaXxOBaHMX 3arpo3 Ui CIOPYI Bif
BrucokoTouHuXx 3ITH npoTuBHUKA, 30Kpema pakeT Ta briJIA. Tle mpuzBoauTh
JI0 PO3IIMPEHHS CIIEHApiiB 3arpo3, HaBaHTaXXEHb 1 BIUIMBIB Ha OymiBIi i
criopyau. AHani3 gocmikeHs[ 1, 8, 9] Bkazye Ha HEOOXiTHICTh y3araabHEHHS
knacugikamii CHIOBUX Ail Bif cydacHUX (DaKTOpiB ypaskeHHS IS CTIOPY 3
ypaxyBaHHSIM BOEHHOTO CTaHy 3 Pi3HUMH XapaKTEPUCTHKAMH 1 HACIiIKaMH.
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[ToTeHmiitHi aHTpOMOTeHHI (AKTOPU YpaKEHHS BOEHHOTO dYacy, sKi
BIUTUBAIOThH HA 3aXVCHI CITOPYAH, MOKHA PO3IITUTH Ha:

1) kimetmuni, 2) BUOYXOBi, 3) TemreparypHi, 4) OCKOJKOBi, 5)
KyYMYJIATHBHI, 6) ymapHi sapa, 7) ximiudi, 8) enekTpoMarHiTai, 9)
koMOiHoBaHi, 10) HepsMi 1 BTOpUHHI €(eKTH.

B HopMmax, 3okpema JIBH B.1.2-14 i y mocranoBax (mocranoBa KMVY
Ne471) 3akazieHa KOHIENIST OAMHUYHOT KHUBYYOCTI, 1110 B TAHOMY BUIIAJKY
NOB’si3aHa i3 €()EeKTHBHICTIO CHCTEM NpOTUNOBITpsiHOTOo mpHKpHUTTS OKI,
PEMOHTOIIPUAATHICTIO 3aXWCHHUX CIIOpYJ, BYACHICTIO Ta OIEPAaTHBHICTIO
MIPOBEACHHSI PEMOHTHHX POOIT MICIIS BIYYaHb.

Jist pisuux tumniB 3[TH Ha cniopyny Biapi3HAETbCS (i3UKOI0 YTBOPEHHS
MUHAMIYHOTO HABAHTAXXCHHS, 4YacoM YAApHOTO IMITYJIBCY, CHEKTPOM
HaCTiAKIB TMOMKOKeHb Il Tomo. BaxkmuBumu QakTopamu, ski
XapaKTepU3yIOTh yAapHi i BuOyxoBi mii Bix 3[TH € Bara, BHAKICTE B MOMEHT
KOHTaKTy, XapaktepucTuku b4, xyt Bmydanus. Ha omip nporuknennto 3[TH
BCEepEAMHY 3aXHUCHOI KOHCTPYKIIi abo BHOYyXOBOi XBWJII BIUTMBAIOTH TakKi
XapaKTePUCTUKHU 3aXHCHOI CTIOPYIH SIK 11 TyCTHHA, KOHCTPYKITiS 1 MIITHICTB
MarepiayiB, YMOBH OOTHpaHHS, B3aEMOJii 3 IHIIUMH KOHCTPYKIIISIMH
KOMIUIEKCHOT CHCTEMH 3aXHCTY TOLIO.

AHai3 pe3ynbTariB IOCTIPKEHb PI3HUX aBTOPIB MOKazas, mo cepex 20
MeTOMUK [5-9] po3paxyHKy Ha ynap 3 NPOHMKHEHHSM B 3alli300€TOHHY
KOHCTPYKIIIFO BHIUISIOTH 3-4 METOIMKH, SIKi TAIOTh HAHOUIBII JOCTOBIPHUI
pesynbrar. PoO3riIsHYTO OCHOBHI METOJWKH PO3pPaxyHKy 3aXHCHHX
3aTi300€TOHHUX 3aXUCHUX KOHCTPYKIIIA Ha yJapHI HaBaHTaXKEHHS Bif
3ac00iB MOBITPSHOTO HAIATY.

Orsan mocmipkeHb T0Ka3aB, IO B OCHOBI (GOpMyn 3 BU3HAYCHHS
nporukaerHs 3[IH y Tilo 3aXxWCHOT KOHCTPYKINI BHKOPHUCTOBYIOTH
EeMITIpUYHY MOJEIh, IIO0YIOBaHy Ha XapaKTePUCTHKAX aHAIITHIHOI MOJIENi
Ta eKCIIePUMEHTANBHUX JaHuX. @DopMynu, SK CBII9aTh pe3yNbTaTH
JOCTIKCHb, OTPUMAaHI Yepe3 CTATHCTHUYHHUIA aHalli3 CKCIEPUMEHTAIBHUX
JAaHUX Ta AaHAJTITHYHO 3B’s3aHi 3 (HI3MUHUMH 3aKOHAMH, SIKI OIHMCYIOThHCS
TEOpi€I0 TPYXKHOCTI, OMOpPY MaTepiaiiB, TEOpil0 pyHHYBaHHS, TEOpIEr0
MIITHOCTI Oy IiBETBHUX 3a1i300€TOHHHUX Ta METAJICBUX KOHCTPYKIIIi.

JIis OIIHKM eKCIePUMCHTATbHUAX JAaHUX Ta PE3yJIbTaTiB YHUCIOBUX
JIOCHI/KEHb  3alpOTNIOHOBAHO y3arajbHEHO KPHUTEpiil MPOHUKHEHHS 3ac00y
MIOBITPSTHOTO HAraay Ta yJIaMKiB.
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IMPOEKT PEABLIITALIMHOI'O HEHTPY JIJISI
BINCHKOBOC.JIYKBOBIIIB TA BETEPAHIB BIIiHU B
m. JKHTOMMP, IKU 3AMHSIB IEPILE MICLIE B
APXITEKTYPHOMY KOHKYPCI «<STEEL FREEDOM»

Bo3zuiok JLL., x.m.u., doyenm, bad’ sk B.1., x.apx., doyenm,
Mazsyp IA.B., cmyoenm, Jleiiomua C.P., cmyodenmxa,
Kiiixo C.1O., cmyoenmxa, IBacwkiB $1.51., cmyoenm,
Munuxk O.C., cmyoenm
Hayionanvnuii ynieepcumem «JIo8iscora nonimexuikay

PeabunitamiiiHuid HEHTp — 1€ TPOCTIp, IKUIl MaKCUMaJIbHO OPIEHTOBAaHUN
Ha MaJIoMOOLUTBHI Tpymny HaceneHHs. Ha BiIMiHy Bif] iHIIUX THIIB OyIiBeb,
JIe apXiTeKTOPHU MOXKYTh TMPOCTO TPHUCTOCYBATH CBIM MPOEKT Tij MOTpeOH
monel 3 0OMEXEeHOI0 MOOUTBbHICTIO, pealimiTalliiHuil  [MEeHTp BHUMAarae
BpaxyBaHHS 1HKJIFO3UBHOCTI TIPH MPUHHATTI YCiX pillIeHbh 3 CAaMOT0 TIOYaTKy
npoekTyBaHHsA. OTUPArOYNCh Ha I1i CYJKSHHS, IPU po3po0Ili KOHIIETIITi1, MU
BHIUTHIIN JJIs1 ce0e OCHOBHE 3aBJAaHHS — CTBOPUTH MAaKCUMAJIBHO 3pYy4HE i
IpocTe IUIaHYBaHHS JUIS HaLi€HTIB HAIIOTO LEHTPY.

Sk BiOMO, MeTaneBi KOHCTPYKINI 3aBISKU CBOIM BHCOKiH HaAiHHOCTI,
IHyCTPIaNBbHOCTI, MOXIIMBOCTI HAQJaHHA apXITEKTypHOI BHPa3HOCTI,
I30TPONHOCTI CaMoro Matepialy i HEBpa3IMBOCTI 10 pPi3HOMaHITHUX
¢dakTopiB  mocimaloTh 4imbHe Micue |y cdepi  OyniBHMOTBa B
MalMHOOY/IyBaHHs. B3sBIIM 10 yBard BHIICHABEICHE Ta BUMOTH O
CTY/ICHTCHKOT'O KOHKYPCHOTO TPOEKTY, OYJIO PO3pOOJIEHO MPOEKT KOMaHAN
R-240 “PeabimiTamiitHuii 1ieHTp A BiHCHKOBOCITY>KOOBIIIB Ta BETEpaHiB
BiiiHM B M. JKWTOMHUp” i3 3aCTOCYBaHHSM METaJEBUX BEIUKOMPOITBOTHUX
KOHCTPYKIIIH.

KoHCTpykTHBHAa CcXeMa TPOEKTOBAHOTO pPEadUTTAMIMHOTO IICHTPY —
METaJIeBUI paMHO-B’SI3€BHUI KapKac, y SKOMY KOJIOHH Ta pHUreli (OpMyIOTh
OCHOBHI HECY4i OJIMHUIIl CHCTEMHU KapKacy — IOTIepeyHi paMu.

[IIo6 yHMKHYTH TIOSIBM HEKOHTPOJBbOBAHMX HETAaTUBHHX 3CYBIB 1
PO3MEXyBaTH 30HH PI3HOTO (YHKIIOHAILHOTO TPHU3HAYEHHS, OyIiBIA
po3nineHa paedopmariiiauMu mBamu Ha Tpu Onoku. Koken Omok €
He3aJIe)KHUM KapKacoM 1 He TIOB'SI3aHUH 3 CYCIAHIMH KOHCTPYKIISIMH.

JKopcTkicTh Ta CTIHKICTh KapKacy B MOTIEPETHOMY HAMPSMKY (Y IIONTHHI
pamMu) 3a0e3MedyeThCs KOPCTKICTIO CaMHX €JIEMEHTIB 1 JKOPCTKHUMH
3’€HAHHSIMU pHUreNliB 3 KOJIOHAMH; Yy TO3/0BKHBOMY  HAMpPSIMKY
(mepneHANKYIAPHO 10 TUTOIIMHU PaMH) — TPyHaMy BEPTUKAILHUX 3B’ SA3KiB.
KpiMm 1poro, Baromy pojib y CTBOPEHHI T'€OMETPHUYHOI HE3MiHHOCTI
BiIrpatOTh MOHOJITHI JI(QTOBI MAXTH-AApa Ta IWUCKH TEPEKPUTTIB TIO
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npodHACTHITy, [0 MEePEIIKO/PKAIOTh B3a€EMHOMY 3CYBY BEpPTHKAIbHUX
€JIEMEHTIB.

CucteMmu B’si3eil 3aPOEKTOBAHO OKPEMO ISl KOXKHOTO TEMITEPaTypHOTO
Omoky OymiBmi. 3acTocoBaHO XpecToBI B’s3i B IuIomuHI  (acamiB Ta
MOpTaibHI — B MICHAX TPOXOMIB ISl 30epekeHHS (YHKIIOHAIBLHOCTI
BHYTpimHKOTO 00’eMy. [Tomepeunuit mepepis B’s3eit — TpyOa mpodinpHa
KBaJpaTHOTO Iepepildy. B’s3i 3a0e3neuyroTh NpaBWIIBHY poOOTY Kapkacy
(puc. 1), cupuiiMarOTh TOPWU3OHTANBHI 3YCHJUIA Ta MEPEJaroTh iX Ha
(byHIaMEHTH.

a)

AN T T |
".: s | R OO CN G0 1 } 42 J,

| |

6) 4 |

Puc. 1 — Cxemu poboTu Kapkacy: a) HEeKOpeKTHa poboTa Kapkacy
(BimcyTHi B’s131); 0) mpaBMIIbHA POOOTA KapKacy

[Toxputts GaceliHy Ta imaJbHI — MPOCTOPOBI CTEPKHEBI CTPYKTYpH HA
OCHOBI IeHTae/piB i3 OyMiBETbHOI0 BUCOTOIO B OJUH METP, IO TO3BOJIMIH
MIEPEKPUTH BEITUKI MPOJLOTH Ta HAJATH apXiTEeKTYpHOI BHUPa3HOCTI
MIPUMIIIEHHSAM, 30epirarou iXHIO BUCOTY. Taka KOHCTPYKIliS JUCKPETHO
PO3MOIISIE 3YCHILIS BCEPEANHI CUCTEMH U TIepeiae iX Ha OTIOPH.

CBO€EPIHOIO  OCOONIMBICTIO KapKacy € TMPOCTOpoBa KOHCOJbHA
KOHCTPYKIIisl 3 BUWILOTOM 9 M, sIka BUHUKJIA K (DYHKIIIOHATHHA BiIIOBIIbh HA
nBa (axTopu (puc. 2).

Criepury Oynmo BHPIIIEHO 3pOOHMTH 4epe3 OYIiBIIO MPOXia MOCEpEArHI,
JUTS 3pYYHOCTI TEepPEeCyBaHHS MO IUISHIN, ajle IUIAaHYBAJIBHO TaKe PIllICHHS
MaJlo HU3KY HenodikiB. HaTomicTe Hidoro He 3aBa)kajio 3pOOHMTH TakKH{
npoxin 300ky. Po3mimeHHs mamat y Mexax 2-4 piBHS BHUMarajio
MIPOTSDKHOCTI IIMX TIOBEPXIB MO BCil TOBXKUHI JIISTHKH, a0H iX BMICTUTH, TOJI
SIK TIPUMIIICHHS Ha TIEPIIOMY IOBEpCi HE 3aiiMalid CTiJbKK Michs. Takum
YHHOM, IJTaHYBaJIbHO Taka KOHCOJb € BUMpaBaanow. KpiM toro, BoHa mae i
eCTEeTHYHY (QYHKIIO, pPoOUTh 00’€M JermmmMm, a camy OymiBIiO —
BITI3HABAHOIO.
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v ’ e - -
Puc. 2 — Bizyanizanist rogoBHUEX (acaiB 3 IPOCTOPOBOIO KOHCOIBHOIO
KOHCTPYKIIi€I0

Bucoke criBBiZHOIIEHHS MiX MIIHICTIO i TYCTHHOIO CTajli Ta OTpHUMaHi
JOTyCTAMi 3HAYeHHS TIPOTHHIB Y PO3PaxyHKOBIM mporpami JOBOIATH
JOUITbHICTH BUKOPHCTAHHS CTAIEBUX KOHCTPYKIIiH MPH IPOEKTYBaHHI TaKO1
KOHCOJTi Ta peaybHICTh peaiizamii 3axymy (puc. 3).

a)
Puc. 3 — Po3paxyHKkoBa cxeMa KapKacy: a) Mo3aika IepeMilleHb
€JIEMEHTIB KapKacy B3JIOBXK 0Oci Z; 0) BuxiznHa Ta 1e(hopMOBaHA CXEMH

Ha sxanp, y 3B’sa3Ky i3 BifiHOIO, Ky pocis Beme NHpoTH YKpaiHw,
YKpaiHCBKi  MiANPHEMCTBA BUTOTOBISIIOTH  OOMEXEHHH  acCOPTHMEHT
MPOKAaTHUX NpO(diiiB, TOMY y MPOEKTi, OyJ0 3aCTOCOBAHO 3BapHi CKIaAeHI
mepepisu Ta mpodimi HagBHI B YKpaiHi, 30KkpemMa H IMIOPTHI 3 KpaiH
€pporeiicekoro Corosy.

BBaxxaemo, 1110 3aCTOCYBaHHS CTaJIeBUX KOHCTPYKIIN Y IPOSKTYBaHHI Ta
OyMiBHUITBI MaTHME Ba)kJIMBE 3HAUCHHS y TIOBOEHHIN BiOYyNOBI YKpaiHH,
OCKIJIBKH 3aCTOCYBAaHHS CTaJll JloroMarae OynyBaTH HaliifHO Ta LIBHIKO, a
TaKOX JI03BOJISIE CTBOPIOBATH CKJIAJ(HI Ta YHIKaJIbHI apXiTeKTypHi (OPMH.
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CYYACHI 3AXUCHI ITOKPUTTS AJ1 JOPOXKHIX
BOJAONPOIIYCKHUX CHHOPY ] 3 METAJIEBUX TO®POBAHUX
KOHCTPYKIIHN

Tapkyma M.B., k.m.n., ooyenm
Hayionanvnuti mpancnopmuuil ynigepcumem

He wmenme Hix 29% HOpOXKHIX BOJOIPOIYCKHUX CIOPYA B YKpaiHi
BUMaraloTh PEMOHTHHX 3axofiB. OCHOBHUMHM iX Ae(eKTaMH € TPILMHU
KUIeIb Ta iX MPOCiTaHHs, MOPYIICHHS T1IPOi30JAIii CTUKIB MiX KUTBISIMH,
KOpO3isl eJIEMEHTIB CHOPYIH, PYHHYBaHHS JOTKA 1 YKPIIUIEHb, TOIIO.

3rigno niteparypuux mkepen B CIIA 6mu3pko 40% 3arambHOi KUTBKOCTI
TPAHCHOPTHHUX CHOPYZ, IO BXOIITh IO CKIAAY JOpPOXKHBOI MEpexi
OTpeOYIOTh TEPMIHOBOTO peMOHTY. B €Bporu € 6arato MOCTOBUX CIIOPYI,
sIKi IOTPeOyIOTh TEPMIHOBOT MOJEpHi3amii abo peKOHCTPYKIlii abo HaBiTh
3aMiHu. YacTHUM pe3yJIbTaTOM 3HOCY KOHCTPYKINI € 3Ha4YHEe 3HMKECHHS
HaBaHTaXyBaJIbHOI 3AaTHOCTI, YaCTO BHACTIAOK [ii pyWHIBHUX TIPHUPOTHUX
CHJI, TAKUX SIK TTOBiHb, HETIPABHIILHE 00CITYroBYBaHHS a00 Mi3HS peakilisi Ha
BHUHUKIII MTOITKOJKCHHSI.

OpHi€lo 3 TNPUYMH  TEeperdyacHOro  pyHHYBaHHA  JTOPOXKHBOI
BojonponyckHoi copyn 3 MI'K e kopo3sist MeTany, a TakoX BiJCYTHICTh
Cy4YaCHHX IMIiJXOMIB aHANi3y Ta BPaxyBaHHS KOPO3IMHOTO ITOIIKOJKCHHS
BOJIOTIPOITYCKHOI TpyOH Ha ii ojanbIry HaliiHICTh Ta JOBTOBIYHICTS.

BayumBiCTh TPaHCIOPTHHX CIIOPY[, IIOB’s3aHA, HANPHKIAL, 3 iX
CTpaTeriYHiM PO3TAITYBAHHIM, BUKJIMKAE€ HEOOXITHICTh TIOMIYKY Cyd4acHUX
OyIiBeIbHUX PillleHb, IO MOETHYIOTH IIBUJIKE BUKOHAHHSI, HU3bKY BapTICTh
1 33JJOBUTLHAN TEPMiH CITYKOH.

ExoHOMiUHI po3paxyHKH HACHTIIKIB KOPO3ii TOPOKHIX BOAOMPOITYCKHUX
CIIOPY/I CBiMYaTh, IO BOHA € CIPaBXHHOIO CKOHOMIYHOIO Ta €KOJOTITHOIO
npobemoro. Jocmimkenns nposeneni B 1949 poui B CILA cBiguaTs, oo
BUTpaTu Ha 00poThOY Ta HacHiIku Koposii ekBiBaneHTHI 2,5% BBII CIIA.
B 2016 poui Harmionanena acormiamis imxkenepiB 3 koposii (NACE)
omyOIiKyBajla JOKYMEHT IIpO BHUTpaTh Ha OOpoThOy 3 Koposiero Ta ii
HACJIJIKH, OLIHMBIIHY, 0 Y 2013 pomi cBiTOBI BUTpaTH Ha KOPO3il0 METaly
cxianu 2,5 tpaH gonapi CLIA, mo exsiBanenTHo 3,4% ceitroBoro BBIIL. B
poOOTiI 3a3HAYAETHCSA, IO BUKOPHCTAaHHS METOIIB OOpPOTHOM 3 KOPO3i€ro
Moske 3aomaanTH Big 15% mo 35% BapTOCTi KOHCTPYKIII.

3HIDKEHHS  METaJOMICTKOCTI  KOHCTPYKTHBHHUX  €IIEMEHTIB  3a
BCTAHOBJICHUX YMOB O€3BiIMOBHOiI pOOOTH B KOPO3IHHUX CepeoBHINAX
nependadae o6mik mosoxkenb JlupextuBu Pamm €sporm 89/106/€EC,
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€BpONEHCHKUX HOPM TMPOEKTYBAaHHS Ta BKIIOYAE aHANI3 TEXHOJOTIYHOL
paIioHaIbHOCTI 3aX0/iB HA IPOTHUKOPO3IMHUN 3aXHCT.

Kopoz3is Metainy, 5K 1 eKCIuTyaTariiiHa MillHICTh, Ma€ BEJIMKHWIA BIUIMB HA
JIOBTOBIYHICTH BOJOTIPONYCKHIX criopyn 3 MI'K.

BiamoBigHO 70 AifoUMX HOPM iCHYE N1Ba TIOKPHTTS: Tapsde OIMHKOBAHE
Ta MOJIIMEPHE TIOKPUTTSL.

OnuHKOBaHI MOKPHUTTS AaryloTbes 1930 pokamu i noOpe Bigomi B
MOCTOBI# mpomuciioBocTi. Yepes noripieHHs eeKTHBHOCTI OLMHKOBAHOTO
MOKPHUTTS y MEBHUX CEepeOBHINAX OyJo AOCTiKEHO Ha modaTtky 1970-x
POKIB MOJIMEpHE JIaMiHyBaHHS, 1110 3acTocoByBajocs B [liBHIUHIN Amepui
B pe3yibTaTi 4yaoBOi HPOAYKTHBHOCTI B INHPOKOMY Jiarna3oHi YMOB
excrutyatanii. OfHaK, 3aBISKH MPOLEC JIaMiHyBaHHS, LIEH THIT OJIMEPHOTO
TIOKPUTTSA OOMEXKYETbCS HEIMOOKUMHU TOGPOBAaHUMHU TPODIiIIMU  Ta
TOHKHMHU OCHOBaMH HaHeceHHsS. Y 2005 porri 3’SBHIOCS TEPMOIIACTHYHE
MOJIIMEPHE TOKPUTTS, JJIs TiJABUINEHHS JTOBrOBIYHOCTI BHpOOYy MpH
BCTaHOBJICHHI B CEPEIOBUINAX 3i CrIeln()iTHOI0 KOPO3iHHOIO Ta a0pa3HBHOIO
ximMi€ero Ta ske Mae TMOmiOHI XiMIYHI BJIACTHBOCTI JO IOJIMEPHOTO
JAMIHOBaHOTO TOKPHUTTSA, aje 3 IIPOLECOM HaHECEHHS, IO JI03BOJIIE
HAHOCHUTH MOKPUTTS Ha CTPYKTYPHY ILTUTY TOPPYBaHHS T4 BUTHH.

IcHye Tpu OCHOBHI YMOBM HaBKOJIMIIHBOTO CEPENOBHUINA, SIKI CIIJI
BpaxoBYBaTH IIpH BU3HAYCHHI TOTO, SIKi Marepianu OyayTh HaWOLIbII
JIOBIOBIYHUMH TSI BUKOPHCTAHHS: IPYHT, BOJA Ta aHTPOIOT'€HHHH BILJIMB.
TepmonnacTiyHa MOJIMEpHA CHUCTEMa CKJIAJaeThesl 31 CTaleBOi OCHOBH,
TPYHTOBKH, 30aradeHoi HWHKOM, OO0 MICTHTh MiHIMyM 60% 0uHKY, i
BEPXHBOTO TOKPHTTS 3 cOmoiiiMepy eTmieHakpuioBoi kucinotu (EAK), mo
MicTuTth MiHiMyM 85% EAK.

JlaGopatopHe BumMpoOyBaHHS TOKa3ajo, IO 3a BCiMa MapaMmeTpamu
MOJIIMEpHI TOKPHUTTSA 3HAYHO TEPEBEPINYIOTH 3aXHCT, KU IPOIMOHYE
OIIMHKOBaHE MOKPUTTS. J[Ba 3 IMX BUIPOOYBaHb MPENCTABIISIIN TOJOBHUN
IHTepec: CTIHKICTb OO0 KOpO3ii, SIKE BHUMIPIOETHCS BILIMBOM COJILOBOTO
TyMaHy; 1 CTIHKICTb [0 CTHpaHHsS 3aBASKH IMKIIYHIA MiCKOCTpYMHHHIH
00po6mi mpoxykry. Ilin wac BunmpoOyBaHP Ha BIUIMB COJISHOTO TyMaHY
MOJIMEpHI TOKPUTTS nepeBepiryBain meranesl Ha 5000 roawn. Ilix wac
BUIIPOOYBaHb Ha CTHpaHHS IICIs 3aBEPLICHHS MOBHUX YOTHPHOX IHUKIIIB
84% 1mo4aTKOBOT OIMHKOBAHOI TOBIIUHU 3HUKIIO, aje juiie 0,5% ToBImMHU
TEPMOILIACTUYHOTO TOJIMEPHOTO MOKPHUTTS Oyio Buuepmano. OUiKyeThes,
10 B pe3yJbTaTi BUNPOOYBaHb KOHCTPYKIIHHA TUTUTA 3 TEPMOIUIACTHIHUM
MIOJIIMEPHUM TTOKPHUTTIM 3a0€3MeYuTh 3HAYHO IMOKPAIIEHY IOBTOBIYHICTH
KOHCTPYKIIIH y Ha0araTo MIAPIIOMY JMialla3oHi CEPEelOBHIN, HiX Ie OyIo
MOXKJIUBO paHilie. 3aBAsSKd aHAJ3y BCiX JaHUX BUMPOOYBaHb i MTUPOKOMY
OTJISIAY JIITEpPAaTypH 3 KOpo3ii, MPOrHO30BaHa MOJIENb Oyia po3poliieHa Jist
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OI[IHKK JIOBFOCTPOKOBHX EKCIUTyaTallifHUX XapaKTEPHCTHK Mmarepiamy. 3
MOMEHTY TIEpIIOTO BCTAHOBIEHHS Tia HinsHKoI mmoce 401 mobmmszy
Kiarcrona, Omnrtapio y 2005 pori, TmiacTiHa 3 TEPMOIUTACTUIHUM
MTOJIIMEPHUM TIOKPUTTAM HaOyIa MOMyJIsPHOCTI Ta Terep MONTUpeHa Mo BCiit
Kanani ta CIIIA.

B €Bponi paHi THUNU TOKPHUTTIB 3’SBISIOTBCS y 3aCTOCYBaHHI B
CKaHJIMHABCHKUX KpaiHax.

3 ormsamy Ha Te, MO KOPO3is € OCHOBHUM (PaKTOpOM, IO BHU3HAYAE
JIOBTOBIYHICTh ~ TOPOXKHIX  BOJOMPOMYCKHHUX CIOPYI 3  METalleBUX
ro)poBaHUX KOHCTPYKIIH 3aXUCHI TIOKPUTTS 3a0€3MCUYIOTh 3aXUCT METaITy
1 3HayHI NOKpameHHS (aKkTHYHOTO TEepMiHYy CIIy’)KOM — CIIOpYIH.
HalinommpeHimmmu  1okputTst € OiTymHi, mnomiMepHi. Ha ocHoBi
MPOBENIEHOTO aHami3y Oylo po3po0JICHO BHUMOTH JIO 3aCTOCYBAaHHS
JIOIATKOBOTO 3aXHCHOTO aHTUKOPO31MHOTO TIapy (T1Apoi30IsAIiiHOTO Mapy)
JIOPOKHIX BOJIOTIPOIYCKHUX CHOPY/l 3 METAIEBUX TOGPOBAHUX KOHCTPYKIIIH
32 paXyHOK METHJIMETAKPHIATHOTO TOKPHUTTS, SIK JOJATKOBOTO 3aXHCHOTO
IIapy Ha OIIMHKOBAHE ITOKPUTTSL.

[ToxasHuku (Pi3UKO-TEXHIYHUX BJIIACTUBOCTEH T1APOI30JIAIlii CKIaNat0Th:
KUTTE3RATHICTH 32 20°C, He MeHIIe HiX 15 XB.; 9ac momiMepu3arii 3a 20°C,
He MeHIe Hixk 60 XB.; 4ac BUCHXaHHS JI0 cTyrneHs 3 3a temmeparypu 30°C,
He Mmeniie HiK 30 XB.; BOJOIOINIMHAHHS 3a Macoro, He Oinbine Hix 0,1%:;
MiIHICTE Ha po3puBHe MeHmre Hix 10,0 Mlla; BimHOCHE MOTOBXCHHS Ha
po3TsryBaHHs He MeHIne HiX 100%; MIIHICTh 3YCIUICHHS 3 OCHOBOIO, HE
MeHIIe Hixk 2,5 MIIa; XiMiuHa CTIHKICTh — CTIMKICTh 0 Jii KUCITUX, Ty>)KHUX,
COJIbOBUX PO3YWHIB 1 HAPTONMPOIYKTIB, CTiHKi; MOpPO3OCTiHKiCTh (32
temrieparypu 25°C) BUTpUMY€EThCs. BUKOHaHA 32 TPOEKTOM TiIpOi30JIsIIIist
MMOBUHHA OYyTH: BOJOHETIPOHUKHOIO IO BCi TOBEPXHi, SKY 130JIIOI0TH, Y
MICIIIX CIIOTYYCHHSI KOHCTPYKIIHHHUX €JIEMEHTIB; TEPMETHIHOIO Y MICIIX
MIPUMHKaHb; MIITHO 34YEIICHOIO 13 i30JIbOBAaHOIO TIOBEPXHEIO 1 30epiraTu
MIIHICTh 34EIUICHHS 3a 3CYBY; MIIJHOIO i 30epiraTé eJacTUYHICTh Yy 4aci Ta
IHTepBai pO3PaxXyHKOBHUX TEMIEPaTyp; MOHOJITHOIO Ta Oe3MepepBHOIO, O3
3IyTTs, OYIBOAIIOK Ta XBIJISICTOCTI; IIUTICHOO Ta 30epiraTu Tipoi30sIiiHi
BJIACTHBOCTI, HE YIIKOPKYBAaTHCh Yy pa3l TPUBAJIMX BIUIMBIB HOCTIHHOI Ta
TUMYacOBOI HABAHTATW i MOXJIMBHX JaehopMalliif; 31aTHOI MEPEeKPUBATH
TPIIIUHY; XIMIYHO Ta Oi0JIOTIYHO CTiiKa Ta CTiliKa JO MPOHUKHCHHS XJIOPH/I-
10HIB; TEIUI0O Ta MOPO30CTiiiKa, BIJIMB TEIIOBOI HAaBaHTarM HE TIOBHHEH
ICTOTHO BIUIMBAaTH Ha IIOKa3HWKH Marepiany; ©0e3 KOMIIOHEHTIB, SKi
CIIPUYMHSIOTH KOPO3ilo MeTaly.

Ha croromuimHiii geHb 3acTOCYBaHHS KOMOIHOBaHHX IOKPHTTIB Yy
BHTJISAI OIMHKOBAHOTO METAy Ta JOJATKOBOTO 3aXHCHOTO ITOJIIMEPHOTO
mrapy HaOMparoTh IMHPOKOTO 3aCTOCYBAHHS.
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TEXHOT'EHHI PU3UKHN HA ETAIII TEMOHTA’KY KPAHOBHUX
METAJIOKOHCTPYKIIHN

Ticanenxo O.M., n.m.u., npogpecop, I'ibanenko B.A., k.m.n., doyenm
TOB « Yxpincmanvxon im. B.M. [llumarnoecokoeoy
Tepemenko C.A., acnipanm
TOB «Cgimogi cmandapmuy
Trkavenko €.10., acnipanm
TOB «llepuie ykpaincoke excnepmue 00poy

3HMKCHHS PU3HUKIB MOXJIMBOTO BUHHKHEHHS BUPOOHUYUX HEOC3MEK il
4ac JIEMOHTaXy METAJOKOHCTPYKIIi OalITOBOrO KpaHa, pPO3TAIIOBAHOTO B
30HI MIChKOI 3a0yIIOBH, CTOCYETbCS OYHIBEIBHOTO TMPOIECY B yMOBax
00ME)XEeHOT0 TPOCTOPY OyMiBEILHOTO MaiTaHYMKa Ta MiChKO1 arjoMepartii.
Businenss ¢paxkTopis, 0 BIUTMBAIOTH HA 0€3MEKY TEXHOJIOTIYHOTO MIPOLECY
JNIEMOHTaXy, aHaJl3 1 CHUCTeMAaTH3allis JaHUX TMPO Xix poOIT B yMoBax
00MEXEHOT0 MPOCTOPY OYAiBENBHOTO MalaaH4dWKa, 3’sSCyBaHHS BapiaHTIiB
JNEMOHTaXY KpaHiB, sKi € HaWOUIBII BHTIAHUM JUIS MiJIPUEMCTBA €
aKTyaJIbHUM 3aBJaHHAM y cepi OyaiBHUIITBA.

3abe3neueHHsT TEXHOJIOTI9HO1 Oe31eKn B OyaiBENIbHIN Trany3i eKOHOMIKH,
3armo0iraHHs BHHUKHCHHIO aBapiil 1 HaI3BUYAHHUX CUTYalliil TEXHOTCHHOTO
XapaKkTepy € OCHOBOKO CTBOPCHHS OC3MEYHUX YMOB JKUTTEMISUTBHOCTI Ta
HEBiJl'€MHOIO YacCTHHOI (YHKIIOHYBaHHS OyIiBEeTbHOI Taiy3i B IiJIOMY.
HenpunycTuMicTs NMOJaNBIIOTO 3HIKCHHS PIBHS OC3MEKH Ta 3MCHIICHHS
HAJIMHOCTI BAXJIMBUX OO0'€KTiB OYyMIBHUIITBA T 4Yac eKCIUTyartarii
BAaHTAXOMITIHMaIbHIX  MEXaHi3MiB, KOHCTPYKI[iH Ta  MeXaHi3MiB,
HE3a/I0BIJIbHUI CTaH yCTaTKYBaHHS Ta IHXEHEPHHUX MEPEX, L0 MPAIFOI0Th B
yMOBax OOMEKEHOTO0 BHPOOHHYOTO MPOCTOPY Ta CTAHOBIATH MOTCHIIHHY
HeOe3MeKy ISl SKHTTEMISUIBHOCTI, BIJICYTHICTH CHCTEMHOTO IIXOIy IO
pPO3B'I3aHHA IMi€i 3amadi 3yMOBIIOIOTh HEOOXIMHICTh BHKOPUCTAHHS
CHUCTEMHOT'0 MiAXOMy O PIlICHHs MpoOiieMu 3a0e3MeveHHs] TeXHOIOTi9HOT
0e3meKr Ta 3HMKSHHS PU3UKIB.

BuxopuctanHs yMOB HaJilHOCTI Ta KOHCTPYKTHBHOI PaIliOHaJILHOCTI 3
OJIHOYACHOIO PO3POOKOI0 METOIIB JIEMOHTaXy, TPAHCHOPTYBaHHA 1
JIOBFOCTPOKOBOTO ~ 30epiraHHs  JOCATAEThCS  IUIIXOM  3a0C3ICUCHHS
TEXHOJIOTIYHOT  Oe3lmekr 3  ypaxyBaHHSM METOJOJIOTII  3aralbHOTO
YIOpaBIiHHS SKiCTIO. 3HAYyHMKM pIBEHb 3HOCY NpW 30UIbIIEHHI Yacy
3HAXO/KCHHS y HECHPHUATIMBUX yMOBaX € 3arp0o3aMH 3HIDKCHHS SKOCTI
BaHTaXOITi IIHMaTbHOTO O0JIaTHAHHS, & BIIACHO OYIiBEJb 1 CITOPY/I, IO TATHE
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32 co00I0 TMiIBHINEHHS BHUMOT JI0 TIOJIIMIICHHS eKCIUTyaTaliiHuX
BJIACTHBOCTEH KOHCTPYKIIH, 10 BTPAYalOTh SKICTb.

Jlnst  oTpumaHHS OCTOBipHOi iHQOpMaIi Ta MaHWX HA OCHOBI
CTaTUCTHYHOTO aHalli3y HEJOCKOHAJIOCTEH KOHCTPYKIIH HEOoOXimHuit
YacOBHH NPOMIXKOK, 3a SKOTO YCKIaIHEHO 30upaHHs, 0OpoOIeHHS,
HakoNMW4eHHA Ta 30epiranHs iHpopMmarii. [Ipy mboMy, XapaKTEpPHCTHKH
HaJIHOCTI MOXYTh OyTH BH3HA4YCHI Ha OCHOBI BIACTHBOCTEH KOHCTPYKIIIT
Ta eKCIUTyaTallifHOrO CepeloBHINa, M0 MAalTh MAacoOBHH Xapakrtep 1
OLIHIOIOTBCS CTAaTHYHMMHM MeTonaMH. [lo IMX BJIACTUBOCTEH HaleKaThb:
BIIACTHUBOCTI MaTrepialliB KOHCTPYKIIH; BEJIMYNHHU 30BHINIHIX BIUIMBIB, SKi
YacTO TOBTOPIOIOTH 1 PEECTPYIOTh; I'€OMETPUYHI IapameTpu OyaiBens,
cropyn Ta iXHIX KOHCTPYKTHBHHMX EJIEMEHTIB; XapaKTEpPUCTUKH BY3IIIB,
CITOJTYYECHb 1 3'€THAHDh BAHTAXKOTITi IIMMaThHIX MEXaHI3MiB.

JlocmimKeHHsT cTaHy KOHCTPYKIiH, 10 TEMOHTYIOTBCS, 3 ypaXyBaHHIM
HaWOIIBII HECHPUATIMBOTO IIOEJHAHHS TEXHOJIOTIYHMX BIUIMBIB Oynn
PO3TIISTHYTI BiAMOBITHO METOJAMYHOTO MIAXOAY 3 OOTPYHTYBAaHHS CKJIamy i
CTPYKTYpH TIapaMeTpiB JOBIOBIYHOCTI KOHCTPYKIIH IS YIpaBIiHHS
TEXHOJIOTIYHOIO OC3MEKOI0 IIISXOM 3HWKEHHS pu3ukiB. lle cBimuuTh mpo
MOXIUBICTh ~ 3a0e3ledeHHss  pecypcy  KOHCTPYKIIH 33  paxyHOK
KOMOIHOBaHOTO BHUKOPHUCTAHHS METOMIB aHaJi3y, IO OOYMOBIIOETHCS
panioHAIFHOIO TEXHOJIOTIYHOIO CTPATETIEr0, PO3POOKOI0 Ta BUKOPUCTAHHIM
MmepesioBUX  3aco0iB  IUIaHyBaHHS Ta 3a0C3MCUCHHS PaIliOHATBHOCTI
OyIiBeIbHUX TPOIIECIB.

[IpoBeneHo MOCHiIKEHHST 3 aHANI3Y MPOLECY NEMOHTaXy OalToOBHX
KpaHiB B yMOBaXx OOMEXEHOTO IpocTopy OyIiBeIbHOTO MalIaH4MKa Ta
Micbkoi 3a0ymoBu. MeToauka CHOpsIMOBaHA Ha 3HIDKEHHS PH3HUKIB
TEXHOJIOTIYHOTO  TIPOLECY JIEMOHTaXy KpPaHOBHX KOHCTPYKIIH, €
aKTyaJbHHUM 3aBJIaHHSIM Yy Tany3i HUBUIBHOTO OyaiBHHITBA. Kpanu 3Ha4HOT
BaHTaXOITI THOMHOCTI 06araTo B YOMY TIOJIETIIYIOTh CydacHe OYIiBHHUIITBO i
3a0€3Meuy0Th CTBOPEHHS OpPWTIHAIBHUX (BOpPM  KOHCTPYKIIH  TIpH
JOTPUMaHHI SKOCTI 1 TepMiHIB OymiBHMUNTBA. Posrmsmarorecs eranu
OyIiBHUIITBA TICIIA 3aBEpIICHHS «YOPHOBOTO OYHiBHHUIITBA» KOMIUIEKCY
OymiBenb KHUTIOBOTO paioHy. IIporiec meMoHTaxy OamToBOrO KpaHy Ta
nepeMilieHHst Horo 10 Micls TpuBasloro 30epiraHHs BiOyBa€eThCs 3TiAHO 3
rpadikoM poOOTH, TEXHOJIOTIT Ta BAMOTaMH TEXHOJIOTIYHUX MPABIJI 1 IPaBHIT
Oe3IeKH.

[Tpu anani3i TEXHOJOTIYHOTO Mporpecy OYAIBHUITBA 3 BUKOPUCTAHHSIM
MiIHOMHUX TPUCTPOIB BHUKOPUCTOBYETHCS METOAMKA «MOZENI CHCTEM
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MacoBOTO OOCITYrOoBYBaHHS» [UIsi BH3HAYEHHS HEOOXigHOTO dacy 3
JIEMOHTa)Ky METAJIOKOHCTPYKIIIH KpaHa Ta HOro MeXaHi3MiB.

OcobnmuBOCTI po30MpaHHsS Ta JEMOHTaXy KpaHa BKIIOYAIU €Taru
po3'emHaHHS BY3JIiB i JEMOHTaXXy OKPEMHX €JIEMEHTIB, MEXaHi3MiB 3TiJTHO, 3
NIPOEKTOM, IIEPEMIIlCHHS Ha BH3HA4YCHI MaWJaHYMK{ MU TTOJABIIOTO
TPAHCIOPTYBAaHHS 3 TIPOCTOPY BHUKOHAHHSA pOOIT, 3aBaHTAXCHHSA Ha
m1aTGopMu Ta BUBE3ECHHS 3 OyAiBeIbHOTO MalaHauka. [Iporiec reMoHTaxy
KpaHa BifiOyBaBCsl B HOPSIKY, IPOTHIC)KHOMY MOHTa)Xy KOHCTpYKIii. [Tpn
OMY BPaxOBYBaBcs (haKTOp PO3TAIIYBaHHS 1HITUX MOHTaXXHHX MEXaHI3MiB
pi3HOTO THUNy Ha OyAiBEJbHOMY MaiJaHIMKy. 3 METOIO paIliOHaJILHOTO
BUKOPHCTaHHS OyIiBENbHOTO MaiilaHYMKa JUISHKY AEMOHTAXY PO3IUTHAIN
Ha 0JI0KH, a poOOTH — Ha UKJIK. Y Ci IIUKIM BUKOHYBAJINCS aBTOKPAHOM.

Kputepii oOMeXeHOCTI TpocTopy I TPOBEACHHA podIT Ha
OyniBeJIbHOMY MalaHUIMKy 3a0y0BaHOI YaCTHHU MICT BCTAHOBJICHI 3TiHO
3 NII0OYMMH HOPMaMH 1 XapaKTepU3yIOThCS HAsSBHICTIO HU3KH CYTTEBHX
YUHHUKIB. Po0OOTH TpoBOAMIMCS B MIChKii 3a0ymoBi. BaxinBoio
npoGiemoro Oyii OymiBim B Oe3rmocepenHiil OJIM3bKOCTI BiJ OYyIiBEITHHOTO
MalilaH4WKa, SKi MOTPAliId B 30HY JOCSDKHOCTI KpaHy. bamrty kpaHa
HeoOxigHO Oyio posramryBaTd Tak, MO0 11 cTpiia TPOXoawmia Mik
ICHYFOUMMH KOHCTPYKITISIMH 1 B TOW ke dac OyB OOMEKEHHUH KyT HaXWITy
cTpinm.

MopentoBaHHS B3aeMoOJii (akTopiB 1 mNapaMeTpiB HaBKOJIMIIHBOTO
cepeloBuIIa (cUcTeMa BAILITOBUM KPAH — 30HA 3ABYJIOBU —
BHVYTPIIIHI TA 30BHIIIHI BIIJIMBHN) 3xilicHIOETECS 32 TOMIOMOTOIO
OpIEHTOBAHOTO AIMKIIIYHOTO rpada

MOHITOPHHT TIpOLleCYy MAEMOHTaXy KpaHa i 3a0e3ledeHHS YMOB
LUTICHOCTI METaJOKOHCTPYKIIHM, MeXaHi3MiB 1 Oe3lekn BUKOHAHHS POOIT
BIINOBiIa€ YMOBaM 3 JETAILHUM OIMCOM KOXKHOTO KOHKPETHHX HEIOJIKIB,
HETOCKOHAJIOCTEN a00 HEBIAMOBIMHOCTI BUKOHAHHSA TeXHOJIOTII. MeTomnka
JIO3BOJISIE BU3HAYWTH Ta OLIHUTH DPHU3WKH MPH IUIAHYBAaHHI MPOLEAYpH
BUBEJICHHS 3 eKCIUTyaTamii 0amroBoro kpana. Y IbOMY BHUNAIKy BHHHKA€E
MOXITUBICTh E€KOHOMIYHOI ONTHMI3allii MarepialbHUX BHUTpPAT 3 METOIO
3HIDKEHHSI BapTOCTi OymiBHUIITBA B IIiioMy. [limBuIeHHS €QEKTUBHOCTI
JTAHOTO METOJY 3a0e3NedyeThCsl NPH BUBEICHHI 3 EKCIUIyaTalii KiJbKoX
KpaHiB, 3aJisIHUX y OyNiBHHUITBI.
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OCOBJINBOCTI OB'€EMHO-IIVIAHYBAJIBHOI'O PIINEHHA
MOBLIBHOTI'O KYIIOJIBHOI'O BYAUHKY 3 JIEPEBUHU

Tinogo O.Y0., x.m.n., doyenm, Apcipiii A.M., k.m.n., ooyenm
Ooecvia deporcasna akademisi OYOIBHUYMBA MA apXimeKmypu
Apcipiii O.1., cm. suxnadau, Odecvkuii depacasHuli MOPCLKUL YHIBepcUumem

KymnonbHae OyniBHHIITBO BiZIOMO B CBiTi 3 70-X POKIB MHHYJIOTO CTOPIYYSs,
aJie KynoJbHUH OyIMHOK Bee IIe 3aJIMIIAETHCS BIJHOCHO HOBUM HAIIPSMKOM
B XHUTJIOBIH apxiTekTypi. Kynonbauii Oy TMHOK — 11e 01HO, 00 IBOTIOBEPXOBA
cropyna, sKa BipI3HSAETHCS BiJ 3BHYAHOI NMPU3MATHYHOI HEOOXiTHICTIO
BpaxyBaHHsI KPHUBOJIHIMHOCTI 30BHINTHIX CTiH. lle MpU3BOAWTH O TIOSBH
crieruiYHIX 30H 3 00MEXEHOI0 eKCINTyaTalliiHOI0 MPUAATHICTIO, 0 MOXKE
BBa)KaTHCS HEJJOIIKOM a00 IepeBarolo, B 3aJI€XKHOCTI Bi/l 3aIIPOITOHOBAHOTO
apXiTeKTypHOTO pimenHs. Jjis Toro, mo6 BigidTH Bix TpamuiiitHux Gopm
MOTPIOHO TIpen SIBUTH CYTTEBI TIepeBard KyIoJia, IO CTaHyTh JUIs
MOTEHUIHNX 3aMOBHHKIB BHpIMIAILHUMH. B OCHOBHOMY 3aCTOCOBYIOTh
BEJINKOIIPOTOHOBI KYTOJIbHI KOHCTPYKIIT NMPH NMPOEKTYBaHHI BHCTaBKOBUX
IIEHTPIB, CTAi0OHIB, MPOMHCIIOBHUX OyIiBeNbh a00 HayKOBUX 00 €KTiB. Ti, XTO
3po0iATE BUOIp Ha KOPHUCTH KyIoOJla OTPHUMAIOTh HE TiJIbKM HE3BUYHHN
(GYTYpUCTHYHMI 30BHIIIHIM BHIVISA, €CTETHYHE 3aJ0BOJICHHS 1 BUIbHE
IJTaHYBaHHS BHYTPIIHIX TNPUMINICHb, aje 1 MiHIMaJIbHI BHMOTH [0
(byHIaMEHTY, MOXKJIMBICTh OYIBHUITBA B CEHCMIUHO HEOE3MEYHNX paoHaXx,
MiHIMaJbHY IUIOIIY TEIUIOBigAaui i NPUPOJHY KOHBEKLIHHY BEHTHJIALIIO.
Anle )KUTTS B CY9acHOMY TJI00ali30BaHOMY CBITI BUMarae BiJ MPUBATHOTO
OyInuHKY 111e ofHiel pucu — MOOiUTEHOCTI. Bee Oinblne roaei 3MiHIOE Miciie
MIPO’KMBAHHS B 3aJIEKHOCTI Bl HAIBHOCTI poOOTH, OCOOIMBOCTEH KIliMaTy,
ciMelHuX o0cTaBuH. ToMy IPOEKTYBaHHS MOOUTEHOTO KYIOJLHOTO OYIHMHKY
€ aKTyaJbHOIO 3ajadeto. MU TIPONIOHYEMO CBil BapiaHT 00 €MHO-
IUIAaHYBaJILHOTO PIIIEHHS, KWl TOB S3aHUH 3 KOHCTPYKTUBHHMM, Ha 0asi
MeBHOI KUIBKOCTI THIOBHX OYyIiBENIBHMX KOHCTPYKIIi: KOJOH, NaHeiel
TIEPEKPHUTTS 1 3BUYAHO HECYUHX €JIEMEHTIB KYIIOJIa, 110 JTO3BOJIIE 3i0paT
OyIiBIIO «ImiJ KIIOY» 3a JAEKIJIbKa THXKHIB 0€3 3aCTOCYBaHHS BaKKOI
OyniBesbHOT TEXHIKH. A TpH HEOOXiJHOCTI LIBUIKO po3iOpaTH 1 mepeBe3TH
Ha HOBE MiCII€.

Bynunox, miamerpom no QynmameHty 12 M, po3poOneHui s ciM'i
KijbKicTio 4-5 moanHu. BrucoTa nepuoro noBepxy 3 ypaxyBaHHSIM TOBIMHA
MIePEeKpUTTS, 2,7 M, APYroro, B IEHTPi Kymosa — 3 M, KPOK KOJIOH B
IEHTPANBHINA YacTUHI — 4 M, B YacCTHHI, II0 MPUMHUKAE IO CTiH — 2,65 M.
[lepumeTpanbHi KOJOHM 3 ypaxyBaHHSAM KpPHBHM3HM CTIHKM KyHoOJa,
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BiICTOATH Bix Hei Ha BifcTani 1 M. 3aranbHa mioma OyauHKy — 136,18 M2,
Ha mepmomy moBepci LeHTpajlbHYy YacTHHY 3aiiMae IpocTopa KyXHS 3
BETUKUM OOITHIM CTOJOM. B 0JHOMY TpOCTOpi 3 KYXHEIO pO3MilIeHa
koM(OpTHA BiTaNBHS, JIe¢ 3pYIHO 30MPATHUCS YCI€I0 POAMHO0. Y BITAIBHI €
30Ha, SIKy MOXKHa BHKOPHUCTOBYBAaTH sIK KaOiHeT /it pobotu. Jlo BiTanbHi
MIPUMUKAE BETTMKA CBITJIA CITANIBHS, 31 CBOEIO BOMPAIbHEIO Ta BAHHOIO. Takox
Ha IIbOMY TIOBEpPCi € TOCTHOBHM CaHBY30JI, MiACOOHE MPHUMINICHHS, IO
BHUKOPUCTOBYETHCS SK TPANbHSA, a TaKOX IS PO3MIMICHHSA KOTIIB IS
omaneHHs Ta rapsaoi Bogu. [Ipu Bxoni nependadeno TamOyp i rapaepobHa
JUTSI BEPXHBOTO OJATY. Y MPOCTOPOMY XOJIi pO3MIIIEH] CXO/H, SKi BEIYTh HA
npyruii moBepx. Ha npyromy mnoBepci po3MicTHiMCS Bl cHalbHI i3
3arajbHOI0 BAHHOIO KIMHATOIO.

KoHCTpyKkTHBHA cXeMa [OMYy 3BHYAifHO 3MilIaHa 1 CKJIaJgaeThes 3
CaMOHECY4Oro JEpeB sTHOTO KapKacy KyIoJia i BHYTPILIHIX KOJIOH, Ha SIKi
cnupaeTbesi 0e30ajouHe IMEpeKpUTTS 3 TEePEeXPecHO-OAIKOBUX ITaHEJNeH,
o0mepTuXx Mo KyTax. BiCyTHICTh OallOK MO KOJIOHAX 3MEHIIY€ KiJIbKiCTh
THTIOPO3MIpiB €JIEMEHTIB OyIMHKY Ta MIPUCKOPIOE MOHTaXH1 poOoTH. [TmuTt
MOXYTh MOBHICTIO 30UpaTHCh Ha MIANPHUEMCTBI a00 HOCTABISATHCH Ha
OymiBebHWA MalJaHIYUK OKPEeMHUMH eJeMeHTaMH. llpu OyIiBHUIITBI
JIBOMIOBEPXOBOTO OYIMHKY KOJOHM Ha OJHMH IOBEPX IO MEePUMETPY
JIOCTABJISIOTh HAa IUIOMIAJKY B TOTOBOMY BUTIJAAl. B 3ampomoHoBanomy
BapiaHTi OyaWHKY JiaMeTpoM 12 M IIeHTpalbHa IUIMTa HEPEKPUTTS
po3mipamu B mmiaHi 4 x 4 M. Ilnutm mo mepuMmeTpy Kymoja IBOX
TUIOPO3MIpIiB: TPSAMOKYTHI 3 OJHIE€I0 KPHBOJIIHIIHOIO KOHCOJBEHOIO
CTOPOHOIO 1 TPUKYTHI 3 OIHI€I0 KPHBOJIIHIHHOIO KOHCOJBHOIO CTOPOHOIO.
Kapkac kyrmona BUKOHY€ETBCS 3 TUIIOBHX MPSIMOJIIHIHHUX JeTaNel 3 KIe€HOT
JICPEBUHU, SIKi 3 €QHYIOTBCS CTAaJEBUMH KOHEKTOPAaMH, 3 YTBOPEHHSIM
IICCTUKYTHUX KOMIPOK, IO HAIal0Th MOXKIHBICTH YTBOPIOBAaTH BIKOHHI
MIPOpi3H B OYIb-SKUX MICISX MOBEPXHi, B 3aJI€KHOCTI BiJl TBOpUOi (haHTa3ii
apxiTekTopa i 6akaHb 3aMOBHHUKA. [TOKPIBIISA 3 M SIKOT YepEeTHIli 110 HACTHITY
3 ymctiB OSB i yremmoBaueM 3 MiHepasibHOT BaTH. PyHIaMEHTH i1 KOJIOHU
MOXYTh OYTH y BHUIJISAI 3a1i300€TOHHOI MOHOJITHOI TUTHTH, a00 Yy BHUTJIS I
3aJTi300€TOHHOT CTPIUKH ITiJ] KapKac KyIoJia i CTOBITYACTI 3al1i300€TOHHI, a00
3 TBUHTOBUX IAJTb ITi]] KOJIOHH - B 3aJICKHOCTI BiJl YMOB MiCIIEBOCTI Ta CKJIATY
OCHOBH.
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PEKOHCTPYKIISI BAPOGHUYOI BYIIBJII 31 CTAJIEBUM
KAPKACOM

Tonomguos O.1., 0.m.1., npoghecop
Hayionanvuuii agiayiinuil ynisepcumem
Trauyk LA., x.m.n.

TOB «Ocm-Becm Excnpecy

Pa3zom 3 HOBMM OYIiBHUIITBOM BCE€ dYacTillle BUHWUKAe HEOOXIAHICTH B
NPOBEIECHHI pPOOIT 10 BiJHOBICHHIO EKCIUTyaTallifHOi NpUIATHOCTI
OyniBeNbHUX KOHCTPYKLiil OyNiBellb, a TAKOK JOOYIOBH Y 3B SI3KY 31 3MIHOIO
(yHKIIIOHATEHOTO ~ TpW3HA4YeHHS a00  HEOOXiMHICTIO  TOKpaIlaHHsS
eKCIUTyaTalliiHuX TOKa3HUKIB OymiBii. [Ipu mboMy HEOOXiTHO BHPILTYyBATH
MMUTaHHS, TIOB'SI3aHI 3 BU3HAYCHHAM HAIpPYXEHO-Ie(POPMOBAHOTO CTaHY i
BUKOHAHHSM POOIT 13 MPOJIOBKCHHS TEPMIHY CKCILTyaTallil CIiopy/I.

Bkazani po6oTH HEOOXiJHO BHPINIYBaTH B KOMIUIEKCi, TOOTO MPOTHO3Y
MO>KITUBOTO TTPOJIOBXKEHHS TEPMiHy eKCIUTyaTallil KOHCTPYKIi OymiBesb Ta
CIIOpYI TIOBHHHI TIepeAyBaTH pOOOTH, TOB'sI3aHI 3 OIIHKOIO iXHBOTO
TexHIYHOTO cTany. Lli po6oTn HEoOXiAHO BUKOHYBATH BiAIMOBITHO 10 BUMOT
YUHHUX HOPMATHUBHUX JIOKYMEHTIB.

OmiHKka TEXHIYHOTO CTaHy BHKOHYETBHCS HA OCHOBI pE3yJbTaTiB
o0cTexXeHHS 1 IEPEeBIPOYHUX pO3paxyHKiB Tomo. [lepeBipodHi po3paxyHKH
BUKOHYIOThCS, SIK IIPABUIIO, 13 3aCTOCYBaHHSM CIIPOIIEHUX PO3PAXYHKOBUX
cxeM 0e3 ypaxyBaHHS (PAaKTUUHOTO CTaHy KOHCTPYKLIH 1 IIPOrHO3Y
Jerpanaiii BiIacTUBOCTel MarepiamiB. Takuii Wiaxin HE TO3BOJSE
monemoBatu HJIC cnopyz B TuHaMilli pO3BUTKY MPOLIECIB Aerpajaliii Ta He
JIa€ MOKJTMBOCTI TIPUHHSATH MPaBUIbHE PIMICHHS MPO CKJIa 3aXOJiB, SKi O
3a0e3meuyBa i TOJAIBITY  HamiiHy Ta  Oe3MedyHy  eKCIUTyaTalliio
KOHCTPYKLIH.

Uepes Bce BHIICBUKIAZCHE MepeadayaeTbes, L0 WAETbCS IIPO
pO3paxyHOK 1 3acTocyBaHHS NOcwieHHS (10o0ynoBH) OyaiBil 3a LIJIKOM
MIEBHOIO CXEMOIO i3 3a3Najerigp 3alaHuMHU IapamMeTpaMu i TpU BiIOMUX
BrMBaX Ha Hei. [liATBep/KeHHSM TPaBOMIPHOCTI TPUHHATOI CXEMH
HOoCHJICHHS a00 100ynoBU Oy[iBii MalOTh OYTH PE3yJIbTaTH MOJICIIOBAHHS
KOHCTPYKLil Oy/iBJli 3 BUKOPHCTaHHSIM Cy4acHUX IPOIPAMHUX KOMIUICKCIB
METOJIy CKIHYEHHUX €JIEMEHTIB JUIS PO3PaxyHKY KOHCTPYKIIiH 1 MOCTiHHOTO
MOHITOPHUHTY OYJiBEJb y BiATOBIIHOCTI 3 BAMOTaMH YHHHUX HOPMATHUBHUX
JIOKYMEHTIB.

Mera ni€i podoTH nosAraina B po3poOli B3a€MO3B'sI3aHUX 3aXO0/IB 11010
BU3HAYCHHS NapaMeTpiB TEXHIYHOTO CTaHy EKCIUIyaTOBaHUX OyHiBEIbHUX
KOHCTPYKIIIH iCHYI040i BUPOOHUYIO1 Oy IiBIIi, OOTPYHTYBAaHHI MOMJIUBOCTI ii
PEKOHCTPYKIi y 3B'AI3Ky 31 3MiHOIO ()YHKI[IOHAILHOTO TNPU3HAYCHHS
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(HEOOXiMHICTIO TepeoOaTHaHHs BUPOOHUYMX TPUMINIEHb TMiA CKJIAI 3
MEeTOr0 30UTbIIeHHST 00°eMy OyIMiBNI IUISl CKJIa[yBaHHS TOBapiB MEANYHOTO
NpU3HAYCHHS), a TaKOX HEOOXIJHICTIO MOKpaIlaHHS eKCITyaTalliHHuX
MTOKa3HUKIB OYAiBIIi, B TOMY YHCII 1 3aMiHH OTOPOJKEHHS.

IcHytoua OyiBIIs SABIISTIA COOOIO OJTHOTIOBEPXOBY OTHOTIPOJIITHY CTIOPYTY
31 CTajJeBMM KapKacoM MpsMOKYTHOi ¢opmu B 1iaHi. KoHCTpykTHBHA
cucreMa OyniBimi — kapkacHa. KolloHM Hackpi3HOTO mepepily BUKOHaHi 3i
craneBux mBesnepiB Ne2(. 'abapuThi po3Mipu nepepizy konon — 200x400
MM. KosnoHW 3’e¢qHAaHO 3 OKpeMHMH 3alli300eTOHHUMH (DYHIaMEHTaMHU 3a
JIOTIOMOTOI0 aHKEPHHUX OOJITIB.

IokpiBmo OyxiBial BHKOHAHO 3 TpoKaTHUX npodumB. Sk Hecydi
€JIEMEHTH TOKpIBJIi BHKOPHCTAHO CTaJIeBi apKW, Ha BEpXHI IIOSICH SIKUX
00NHPaIOTHCS TPOTOHH.

CTiHOBE OTOPOJKEHHS 1 TOKPUTTS BHKOHAHO 31 CTaJIEeBUX JIMCTIB.
VYTemnneHHs KOHCTPYKIH 0yJI0 BUKOHAHO NIJITXOM YCTPOIO BHYTPIIIHIX CTiH
3 miHoOeroHy ToBmMHOK0 100 MMm. IMokpiBiaro He Oyno yTemieHO, Oyno
BUKOHAHO MIJBICHY CTEJIO.

IIpocropoBa KOpCTKICTE KOHCTPYKWiH OymiBii  3a0e3medyBaiach
CYMICHOIO pOOOTOIO JKOPCTKO 3’€AHaHMX 3 (yHZAMEHTaMH KOJIOH,
KPOKBSHUX KOHCTPYKIIif, CHCTEMOIO BEPTHKAIBHUX B'S3iB MO KOJOHAX,
TOPHU3OHTAILHUMH PO3MIPKaMU II0 KOJOHAX, IIPOTOHAMHM Ta CHCTEMOIO
TOPHU3OHTAIBLHHX 1 BEPTHKAIBHUX B'A31B [0 TOKPUTTIO.

Ha niepion yxBaJIeHHs pillIeHHS TIPO MOKJIMBICTh PEKOHCTPYKIIIi Oy IiBIIs
HE eKCILTyaTyBaach.

ITepen BUKOHAHHAM POOIT 13 MOJIEITIOBAHHS, PO3PAXYHKY 1 TPOEKTYBAHHS
KOHCTPYKLiH OyB BHKOHAHMI aHaJi3 HasABHOI INPOEKTHOI JOKyMEHTauii
icHyro4Oi OymiBii, TpoBelneHI OOMipHI pOOOTH 3 METOK BHU3HAYCHHS
(hakTHIHUX PO3MIPIB KOHCTPYKITi# 1 OymiBIIi B IiJIOMY.

B xoni mpoBeneHHss oOMipHHUX pOOIT OyJI0 MPOBENECHO OOCTEKEHHS
HECY4YHX CTaJeBUX KOHCTPYKIIIH, BU3HAYCHO X TEXHIYHUU CTaH, BUKOHAHO
KOMIT FOTEpHE MOJICJIIOBAHHS, PO3PaxXyHKH 1 IMPOEKTYBaHHS KOHCTPYKLIH
peKoHCTpyioBaHOi OyniBii BiANOBIAHO 10 BUMOT YMHHUX HOPMATHBHHUX
JIOKyMEHTIB 1 3po0JeHO BHUCHOBOK TIIPO MOXKIIHUBICTh TPOBEACHHS
PEKOHCTPYKITiT OyiBITi.

Ha migcTaBi BUKOHAHUX PO3PAXyHKIB OyaM BU3HAYCHI 3yCHIUII B
eJIeMEHTaX KOMITFOTEPHOI MOJIeNi 1 BCTAHOBICHI HEOOXiJHI mepepi3u
€JIEMEHTIB KOJIOH, (hepM, TPOTOHIB TOLIO.

IcHytoui KOHCTPYKIii OynM 4YacTKOBO JEMOHTOBaHi. 3alpoOeKTOBaH,
BHT'OTOBJICHI Ta 3MOHTOBaHI KOHCTPYKIIii TOCHJICHHS Ta 3aMiHH. BUKOHaHO
nocwieHHs  QyHgameHnrtiB. ToBmMHA — yTelulloBaya  OrOPOIKYIOUMX
KOHCTPYKIIIi IPUIHSITA 3T1THO BUMOT YNHHUX HOPMATHBHHUX TOKYMCHTIB.
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NIACHJIEHHSI BAJIOK 13 JEPEBUHM I YAC
EKCILTYATANII 3A PAXYHOK APMYBAHHSA

T'omon C.C., 0.m.n., npogpecop, T'omon CB.CB., 0.m.H., npoghecop,
Myrau FO.B., acnipaum
Hayionanvuuii ynieepcumem 6001020 2ocnooapcmea ma
NPUPOOOKOPUCTTYBAHHS

HeoOxinHicTh peMOHTY Ta TIJICHICHHS ICHYIOUHMX JIEpeB’SIHUX
KOHCTPYKIIH, 1[0 NPALIOIOTh Ha NMPSIMUH MONEPEYHNI 3TMH, HE BHKIHKAE
cymHiBy. Yacto mi  KOHCTpYKHii  3aMiHIOIOTH  CTaJeBUMH YU
3a)1i300€TOHHUMH. AJle Taki pillleHHs 3aHaJATO IOCHilIHI, 00 aepeB’sHi
CJIEMEHTH IIpH TAaKHX PIMIEHHSIX JIETKO JEMOHTYIOThCS, Xouya Micis
MiJCWICHHS PI3HUMH CIIOco0aMy, B TOMY YHCJHi i MACHBHUM apMyBaHHSIM,
MOTJTH O HaJIe)KHO BUKOHYBATH CBO1 (PYHKIIIT MPH MOJAIBIIIH eKCILTyaTallii.

3a TpOBEACHWM aHATI30M HAmpaIioBaHb TOCIITHUKIB Pi3HUX KpaiH
TIPOIIEC TiACHICHHS MOYKHA PO3IUTATH

a) JIOKaJdbHE TIICHWICHHS KOHCTPYKII 3a paxyHOK 3MiHH (i3HKO-
MEXaHIYHUX BJIACTHBOCTEH MaTepialy B NPOOJEMHHX MICISIX — CYUKIB,
YTBOPEHHS TPIIIMH, HA HEBEJIMKHUX 00 €Max IMOYaTKOBOI CTail 3arHUBaHHS,
TOIIO;

06) miobanbHE MJACWIEHHS 3a paxyHOK ITaCMBHOTO apMyBaHHS B
pe3ynbTaTi [OBEPXHEBOTO KpIIUICHHSA mojiMepHUX cTpivok FRP B
PO3TATHYTIM 30HI, YM 3a paXyHOK BCTAaBJIECHHS apMaTYpHHX CTAJICBHX UM
MOJIIMEPHUX CTEP)KHIB a00 TUTACTHH BCTABJIICHUX B Ta3HW B IIH e 30HI IS
JIOCSTHEHHST BIAMOB Yy pOOOTI elleMeHTa BHACHIJOK IUIACTHYHOTO
pyWHYBaHHS CTUCHYTOI 30HH (puc. 1);

a) 0)

— N

Puc. 1 - IlizcuneHHs po3TATHYTOI 30HU KICEHUX 3rUHAILHUX €JIEMEHTIB 3a
pPaxyHOK: a) BKIICEHUX apMaTypHUX CTEPXKHIB; 0) MOJIIMEPHUX a00 CTAIEBUX
CTPiYOK

B) m1o0aJbHE IiICUICHHS €IEMEHTa 3 AEPEBUHH 32 paXyHOK MOABIHHOTO
apMyBaHHS, SIKE BBAXKAETHCS O1TbII e(eKTHBHUM (pHC. 2).
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VY 0GaraThox iHO3EeMHHMX KpaiHaX BHUKOPHCTAHHS CTAJIEBOI apMaTypu Ta
KOMITO3UTHUX MAaTepialliB Uil apMyBaHHS [I€PEB’SIHHX €JIIEMEHTIB HE €
HOBUM. AJile B YMHHHMX HOpMax, Hi B KpaiHaX €Bpocorosy, Hi B YkpaiHi
MIJCWICHHS JEPeB’SHUX EJIEMEHTIB 3a JOMOMOTOI0 apMyBaHHS HisSIKHUM
YUHOM HeE BiZJOOpa)KEHO 1 HiZle HE PETIaMEHTYEThCS.

a) 0)
S —

|

e | —

Puc. 2 - [TigcuneHHs KICEHUX 3TUHAIBHUX EIEMEHTIB 33 PaXyHOK

MOJIBIHOTO apMYBAHHSI: &) 3 BUIBHUM JOCTYIIOM JI0 BEPXHBOTO TIOSICY;
0) 6e3 JOCTYIy 0 BEPXHBOTO MOSICY

JlokanpHe uu rito0anbHe MiJCHICHHS 3THHABHUX IEPEB’THUX CIEMCHTIB
3 IMUIBHOT YW KJIGEHOI JCPEBHHHU, SKEe HEOOXiTHO BHUKOHATH I dac
eKCIUTyaTallii, MpOBOIATh 3 IMOBHUM ab0 YAacTKOBHM pPO3BaHTAXKEHHSIM
koHCTpyKIii. EQekT miacuieHHs mpyu MOBHOMY PO3BaHTXKEHHI KOHCTPYKIIIT
OUTbIIMIT B TIOPIBHSAHHI 3 YacTKOBUM, 0O €JIEMEHTH TiACWICHHS TpH
MIpOBeIeHHI poOIT Ha TIOBHICTIO PO3BAaHTXKEHIH KOHCTPYKIIT BKJIIOYAIOTHCS
B p0o0OOTY 3 IOYATKOM HOBOTO 3aBaHTa)XKEHHS Pa30M 3 JIEPEBUHOIO.

JlokanpHe TMmiACWICHHS KOHCTPYKLII 3a paxyHOK 3MiHH (i3HKO-
MEXaHIYHHX BJACTHBOCTEH MaTepially B NPOOJEMHHX MICIX YacTo
nependavae iH’€KIiI0 TPIINMH KIESAMH 3 HACTYITHUM HaHECEHHSM OOpaHOi
cucteMu 3MilHEeHHs. L[ikaBo BiJ3HAYWTH, IO HA MOYATKY iH'€KIIIHOT
TEXHOJIOTIT 3 JEPEBUHOI0 (3aMO3MYCHE 3 MPAKTHKH PEMOHTY OCTOHY Ta
3amizobetony kiHmg 1950-x  pp.) poOwiucs CcrnpoOH  BiTHOBUTH
MepeHanpy>kKeHi KJIACHYHI KPOKB’siHI 9 0ajo4YHi CHCTEMHU TNEPEKPHTTS 3a
JIOTIOMOTOK0 JIBOKOMIIOHEHTHUX €MOKCUIHMX CMOJI 3 HU3bKOIO B sI3KiCTIO. B
MTOTATIBIIIOMY MICIIeBE 3MIIIHEHHS 3a JOMMOMOTO0 iH'€KIIHHOTO aJre3uBy B
NIJISTHKA TPIIIWH HaOpajo X04 1 HEBEIUKOTO, ajieé PO3MOBCIOHKCHHS 3
BHKOPUCTAHHSM 1 iHIIMX KOMITO3MTIB, Hampukian «Cumop» [1]. IIpote
TYCTHI KJIW IJIsl 3alTOBHEHHS TPIIIUH, SIKUH JUI 30UThIICHHS TYCTHHU Ma€
HATIOBHIOBAYi, Ba)XKO MPOHHKAE Y HEBENWKI IYCTOTH, IO € BCCPEAMHI
JIepeB’sTHOTO €IICMEHTA, TOII SIK Ty’Ke PIAKI KIIeT YU KOMIIO3UTH MPOHUKHYTh
nermre. ToMy Kpaille MOETHYBATH 3MIIIHCHHS YPaXXCHUX TUISHOK CIIOYATKy
PIAKMMHE TOJTIMEPHIMHU KOMITO3UTAMU, & 3TOJIOM 1 TyCTHMH.
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Jist 301mbmeHHsT €()eKTUBHOCTI JIOKAJILHOTO TiACHICHHS MOIIKOHKEHOT
TITSTHKA HaHOUTBIT HANPY)KEHUX PO3TATHYTHX 30H 3THHAILHUX CJIEMEHTIB,
JiEBUM € CIMoci0 MiICHIICHHS 3a PaxyHOK 3MIIHEHHS ii 3a JO0MOMOTOI0
TIPUKJICIOBAHHS Bif[pi3ka MeTaleBOl YW TOJIMEPHOI CTPiYOK y 30Hax 3
IOCTATHBOIO IOBXKHHOIO KJIEHOBOrO IIEIUIEHHS 3 000X OOKIB Bij MicCIs
TIOIIIKOKEeHHS (pHC. 3).

[MigcuaeHHs CTUCHYTOI 30HU SIK JIOKAJTbHE TaK 1 TI00abHE 3THHATBHUX
€JIEMCHTIB 3 I[UTBHOT YH KJICEHOT ICPEBUHH JOIIFHO MPOBOJIUTH 32 PAXyHOK
BKIICIOBAHHS B TOIEPEIHBO 3pOOJICHI Ta3u Oa)kaHO CTaJeBy apMmarypy.
CraneBa apMaTypa Mae OUIBIIMH MOAYJIb TPYXKHOCTI B TOPIBHSHHI 3
MOJIIMEPHOIO CKJIOBOJIOKHHCTOI0, 0a3aJlbTOBOI0 UM BYTJICIEBOI 1 TOMY
CTBOPIOE B CTHCHYTIA 30HI XOPCTKHHA JUCK 1 THM CaMHM 3MCHIIYE
nedopmyBaHHs 1Mi€i 30HE OamkW. Alle HEOOXITHO 3ayBaKHTH 1 Te, IO
KpUTHYHI AedopMaliii mpu IMOB3IOBKHHOMY OCHOBOMY CTHCKY IEPEBHUHH

XBOMHHUX IOPiJ HOCATAIOTh BEIMKUX 3HAUCHD Yo s = (30=40)-107 'ronpy mg
CTBOPEHHS YCITIITHOI CyMiCHOT pOOOTH JEPEBHHHU 3 CTaJEBOIO apMaTypolo
HEOOXiHO BUOMpATH apMaTypHY CTallb BUCOKHX KJIACiB, B SIKUX TUIOIIAIKA
TEKYJIOCTI 3HAXOJUTHCS OJM3BKHAX MEXaM JI0 MEX KpUTHIHHUX aedopmariit
JIEPEBHHU 32 TIO37I0BXKHBOTO CTHCKY.

I'moGanpHe TiNCWICHHS 3THHANBHUAX CICMCHTIB 3 JICPCBHHH, IO
EKCIUTYaTYIOThCS, 3@ PaXyHOK NACHBHOI'O OJJHOCTOPOHHBOTO apMyBaHHS B
pe3ynbTaTi [OBEPXHEBOIO KpIIUICHHS mojiMepHUX cTpidok FRP B
PO3TATHYTIH 30HI, YM 32 PaXyHOK BCTAHOBJICHHS apMaTYPHHUX CTAJICBUX YH
MOJIIMEPHUX CTEP)KHIB BCTABJICHUX B MA3W B MiH K¢ 30HI MPOBOJUTHCS IS
JIOCATHCHHS BIIMOB y pOOOTI eIIEMEHTAa BHACTIIOK IUIACTHYHOTO
pYWHYBaHHS CTUCHYTOI 30HH 1 MOKe 301IbIINTH HECYUy 3aTHICTD JIUIIIE IO
20%, ane B JaHOMY BHUIIAJIKy 3a1100irae mporpecyrouoMy pyiHyBaHHIO [2].

Hatikpammii edexT 3a riao0abHOTO MiJCHICHHS 0aTKOBUX KOHCTPYKIIIH
Jla€ TMOJBiifHE apMyBaHHS YU TO CTaJ€BUMH aAPMATYPHUMH CTEP)KHSIMH
BHCOKHX KJIACiB (pHC. 2a) UM apMyBaHHAM PO3TATHYTOI 30HHU MOJIMEPHUMH
CTpiYKaMH OIHOYACHO 3 BIALITYBAHHIM CTAJICBOT apMaTypH B CTUCHYTY 30HY
(puc. 26) [3]. HeoOximHO KOHCTaTyBaTH, LIO IO JIOBXHHI apMyBaHHS
JiepeB’sTHUX OaJOK MOXIIMBO JIMIE HA BIIBHIA MUISHIN (BiJ Kparw OHI€l
ornopu 10 Kparo iHmoi). [ns 3anmobiraHHs K BIIPHUBY Kparo HONTIMEpHOI
CTPIYKM HEOOXITHO MTPOBOMTH 3aKpiTUICHHs (aHKeTyBaHHS) ii 10 epeB’THOT
0aJIKM 3aCTOCOBYIOUM BIJPI3KH IIi€T 5K CTpiukH (puc. 3.)
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Puc. 3 - KpimteHnHst kpaiB KOMITIO3UTHOT CTPIYKH Ha AepeB’stHil Oauri

Puc. 4 - [TincuneHHs MOXWINX NepepiziB AepeB’stHOT OaIKK 1Sl 301IbIICHHS
CIPUHHSATTS 3CYBHHUX 3YCHIIb

[MuTaHHA WiACWICHHS JOepeB’SHUX KOHCTPYKIIN, IO EKCIUTyaTyHOThCS,
JIOCUTH CKIIAJTHE 1 MOTPeOye B KOXKHOMY BHUITAJKY 1HAMBITyaTbHOTO MMiXOIY.
Po3pobka crmocobiB TiJACHICHHS 3THHAIGHHUX EJIEMEHTIB 3 NIEPEBHHH Ha
JTAHOMY eTalli IIle YCKJIQAHEHEe THM, 0 JOCUTh Majo JOCHiTHUKH Ha JTaHWHA
Yac NPUIUIIIOTH YBaru HoMy, TOMy MaJlo HaIlpaImioBaHb Ta if Hemae B YKpaiHi
HOPMAaTHBHOT 0a3¥ JJIsl KOMILIEKCHOTO BUPIMIEHHS IIHOTO MATAHHS.
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KIJTBKICHAM MTOKA3HUK )KUBYYOCTI CTAJIEBUX
KAPKACIB BAT'ATOIIOBEPXOBHUX BYAIBEJIb ITPHU ITOXKEXKI

Haypos M.K., dokmop ¢inocogii
Kuiscoruil nayionanohutl ynisepcumem 0yo0igHUYmea i apximexmypu

AKTyanpHICTh TIMTaHHS JKMBYYOCTI 3pOCTAa€ II0 Mipi 3pOCTaHHA
CKIamHOCTI OyIiBemb SK CHCTEM. YBara J0 JKHBYYOCTI Ta sBHINA
MIPOrPECy0Yoro pyHHYBaHHS 0araTomoBEpXOBHX OYIiBETb 3pociia IMiCis
pyliHyBaHHs Benukoi yacTuau OyniBii Ponan IToinT y Jlongoni B 1968 porri
BHACTiIOK BHOYXy moOyToBOro rasy. Takok 30UTBIIYETHCS KIUTBKICTh
(akTOpiB, IO MOXYTh MPU3BECTH 10 MPOTPECYIOYOT0 PYHHYBAaHHS B CHITY
PO3BHUTKY HAayKOBO-TEXHIYHOTO TIporpecy JroacTBa. Ilokeka Takox €
3arpo3010 IS pyHHYBaHHS OyniBensb. OJHIM 3 OCTaHHIX MPUKJIIAIiB TOBHOTO
pYHHYBaHHS BiJ TOXKEXi OyIiBJIi 3a CTaJEeBUM KapKacoM € pyHHYBaHHS
OyniBJI TOProBO-pOo3BaKAILHOTO IEHTPY B KpemeHdy3i micis BirydaHHS B
OyniBio pociiicbkoi paketu 27 yepBHs 2022 poky.

B ymoBax YkpaiHu akTyaJIbHOCTI JAaHii TeMi Ie 1oaae ToMy (akr, 1o 3
2019 poxy JBH B.1.2-14: 2018 «3aranpHi OpUHIMNKA 3a0€3MCYCHHS
HaJiHOCTI Ta KOHCTPYKTHBHOI Oe3meku OyniBelsb, Cropyad, OyAiBelIbHUX
KOHCTPYKIIIH Ta OCHOB» periaMmeHTtye: «Po3paxyHOK Ha HEmpormopiliiiHe
PYWHYBaHHS i Ji€0 aBapiifHUX HaBaHTaKE€Hb MPOBOAMTHCS IS 00’ €KTIB
knaciB HaciakiB «CC3» ta «CC2y, SKII0 He mependadeHi I 3aX0/IH, SKi
BHKJIIOYAIOTH 1X Hemporopiiiae ooBaneHHs ». JIbH B.1.1-7-2016 «IToxexHa
Oesneka 00’ekTiB OymiBHUNTBA. 3aranbHi BHUMOTH» 13 2017 poky
pernamenTye: «BynuHKY, 110 MarOTh Kiac HACHIAKIB (BIAMOBITaIBHOCTI)
«CC3» BigmosimHo mo JCTY-H b B.1.2-16, ciig po3paxoByBaTH Ha
CTIHKICTH J0 TIPOTPECYIOY0T0 0OBAJICHHS BHACIIITOK TTOKEXI.

JlocmimpKeHHsT KMBYYOCTI  CTaleBUX KapKaciB  0araTormoBepXOBHX
OynmiBeb MalOTh Ha METi: BH3HAYUTH, SKUM YHHOM BiJOYBa€ThCS iX
nporpecylodue pyWHYBaHHS; SIKI 3aXOQW MOXYTh 3HU3UTH DHU3UK
MIPOrPECy0Y0ro pyHHYBaHHS; SKi KiTbKICHI Ta SIKICHI ITOKa3HUKH KUBYYOCTI.
lopu3oHTanpHI ayTpUTepHI CHUCTEMH K 3aXOAW 3HIKCHHS pPH3HKY
MpOrpecyodoro pyHHyBaHHS OyJIH JOCITIKEHI Uil BUOYXy SK 3arpo3d B
nparsix BueHux binuka A.C., KoBamenka A.B. JIJis )KUBYYOCTI TIpH TIOKEXKI
Ta CEMCMOCTIHKOCTI Oynmu po3poOsieHi KOMOIHOBaHI ayTpHUTEpHI CHCTEMH
(Bueni A. Wada, K. Ohi, H. Suzuki, Y. Sakumoto, M. Fushimi, H. Kamura,
Y. Murakami, M. Sasaki, K. Fujiwara), mocnijukeHuii pesepB Hecydoi
3IATHOCTI BY3JIiB CTAJIEBUX KapKaciB rmpu noxexi (BueHi R. Sun, 1. Burgess,
Zh. Huang, G.Dong) Ta MeToauKa MOCHUJICHHS >XMBYUYOCTI NPH TIOXKEXI 3
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ypaxyBaHHSIM HeCydol 3MaTHOCTI OaJIOK i KOJIOH, HarpiBaHHS €JIEMEHTIB 3
pi3HUMH (QopMaMHu TIepepi3iB Ta BY3TiB 3’€THAHHSI MK €IIEMEHTaMH B
JIOCITIHDKEHHSAX aBTOpa.

B mHaykoBiii Ta HOpMaTHBHIH JiTepaTypi Yacto QIirypye MTOHAITTS
«3a0e3MneueHHs KUBYJOCTI». 3 OTJISIAY Ha Te, MO MOTEHIliHEe pyWHYBaHHS
BHACTIZIOK Jii TO3aMpOeKTHUX HAaBaHTa)XCHb € IMOBIPHICHOIO KaTeTopi€ro,
MPONIOHYETHCSI BBECTH TOHSTTS «IOCHICHHs jkuBydocTi». B JIBH B.1.2-
14:2018 npucyTHE MOHATTS «HENpOHopLiiiHe oOBaneHHs», a B JIBH B.2.2-
41:2019 «BucotHi OymiBmi. OCHOBHI TIOJOXKEHHSI» — «IPOTPECyrOUe
oOBaneHHM». [IpOMOHYEThCS TEPMIH «BTpaTa >KUBYUYOCTI», IO O3HAYAE
MaJiHHSA BUIIE PO3TAlIOBAaHWX IOBEPXIB HA HIDKYE PO3TAIIOBaHI 1 HE
BUKITUKAE MTUTAHB IIOJI0 CTYIICHIO MPOMOPIIIITHOCTI Ta MPOTPECUBHOCTI.

Bynp-siki 3aX0y TIOCHJICHHSI KUBYYOCTI MOXYTh B Till UM iHIIIH Mipi
3HIKYBATH PU3HUK IIPOTPECYIOUOT0 PYHHYBaHHS: TOPH30HTAIBHI ayTPUTepHi
OJIOKH MOXYTh TIEPEPO3MOAUIATH 3yCHUIA BiJi 3pyWHOBAaHOI KOJOHH Ha
HE3pyWHOBaHI; BCTAHOBICHHS pI3HUX pe3epBiB HeCydoi 3JaTHOCTI B
eJIeMEeHTax KapKacy Ul PETYNIOBaHHS ITOCHIOBHOCTI TIOTEHI[IHHOTO
pyWHYBaHHS; BpaxyBaHHA (OpMH Tiepepi3y eJeMEHTIB KapKacy JyIst
pEeTyIIOBaHHS iX TeMIepaTypu Tpu mmoxkexi. J[ns Bu3HaueHHS IX
e(heKTUBHOCTI HEOOXINHMI KUIBKICHHN TOKa3HHK. Tak SK TOXKeka B
MOPIBHSAHHI 3 BHOYXOM, yJapoM, 3eMIIETPYCOM € PO3TATHYTUM Yy daci
(haKTOpOM, TPOTOHYETHCA B SIKOCTI KUIBKICHOTO MOKa3HUKa JKHMBYYOCTI
BHUKOPHCTOBYBATH HACTYITHI YaCOBI MapaMeTPH:

— Yac )KUBYYOCTI — MPOMIXKOK Yacy BiJ] TOYATKOBOTO PyHHYBaHHS (KOJIH
OJIMH 3 €JIEMEHTIB KapKacy 3pyHHOBAHO) JI0 HACTAHHS «BTPATH JKUBYYOCTi»
(Tak MPOTIOHYETHCS HA3MBATH MPOTPECYIOUe PYHHYBaHHS);

— Yac BTPATH JKUBYYOCTI — MPOMDKOK Yacy BiJ NOYATKY Jii TIOXKEXi 70
«BTPATHU )KUBYUOCTI».

Yac >XMBYYOCTI MOXe XapakTepu3yBaTH €()EeKTHBHICTh 3aXOiB, IO
BXKUBAFOTHCS [UIS TIOCHIICHHS )KUBYUYOCTI. [ '0JIOBHOIO METOIO IIUX 3aX0IiB Ma€
Oyt 30iTbIICHHS [HOTO YAaCOBOTO IPOMIDXKKY IO TaKOro, IO JO3BOJISE
eBaKyIOBaTUCS MiJ 4Yac aBapii BHACHIZOK MoXkexi. Yac BTpaTu KHUBYUYOCTI
MOXE XapaKTepH3yBaTH OJHOYACHO 1 €(DEKTUBHICTh 3aXOJiB MOCHICHHS
KHUBYYOCTI, 1 3aX0/[iB 30UTBIIICHHS BOTHECTIHKOCTI, IO SIKHX MOKHA BiTHECTH
HAHECCHHS BOTHE3aXUCHOTO MOKPHUTTS Ha CTalleBi KOHCTPYKIIii, 301TbIIICHHS
pe3epBiB HECydoi 3JaTHOCTI €NEeMEHTIB Kapkacy, 30UIBIICHHS pe3epBy
MIITHOCTI CTaJi, siKa 3MEHITYETHC ITi]T 9ac HAarpiBaHHS BHACIIIOK MTOXKEXKi.
TakoX BIIKpUTUM THTAHHAM B JIOCTIDKCHHSIX IKHUBYYOCTI HECYUUX
KOHCTPYKIIH OymiBeNb € BHU3HAYCHHs SKICHMX TIOKa3HWKIB. Pi3Ha
TIOCITIIOBHICTh PYWHYBaHHSI €JIEMEHTIB KapKacy N0 BTpPATH J>KUBYYOCTI €
OJIHAM i3 BapiaHTiB TAaKOTO MOKA3HUKY.
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YPAXYBAHHS CYMICHOI POBOTH JUCKIB IIOKPUTTIB
3I3BIPHOT'O 3AJIIBOBETOHY Y CKJIAII ITPOJITHHUX
3I'MHAJIBHUX METAJIEBUX KOHCTPYKIIU

Jmurpenko €.A., x.m.n, ooyenm, AnapieBcbka M.A., mazicmpanmxa,
Sxosenko L.A., 0.m.u_, npogecop

Hayionanvuuii ynieepcumem diopecypcis i npupoodoxopucmysanms Ykpainu

Ha panmii MomeHT B VYKpaiHi €KCITyaTyeTbcs 3HAa4HA KiIBKICTh
OJTHOTIOBEPXOBHX ITPOMHUCIIOBHX OY/iBelb, BAKOHAHUX Y CTAIEBOMY KapKaci
3 HACTHJIOM 13 3aJ1i300€TOHHUX IUTHT TOKPHUTTA. SIK IMOKa3yrOTh YHCICHHI
oOcTexxeHHs, KOHCTPYKIIi TakuxX OyAiBenb MaioTh JaehekTH Ta
MIOIIKO/KEHHS, SKi Habarato TMEpeBHINYIOTh JAOMYCTHMiI HOpMaMH, TOOTO
moTpeOyIoTh peKOHCTpyKIii. OcoOMMBOI aKTyalbHOCTI HAOyBarOTh 3ajadi
Bu3HaueHHs aiicHoro HJC eneMeHTiB KapkaciB  OJHONOBEPXOBHX
MPOMUCIIOBUX Oy/IiBEIIb, IPHUOMY, SIK TIPH PEKOHCTPYKIII, TaK i IpH HOBOMY
OyniBHMIITBI. JlOCBim 3acTOCYyBaHHS CTalle3ali300€TOHHUX KOHCTPYKIIii,
ypaxyBaHHs CyMiCHOI poOOTH HECYUHX €JIEMEHTIB i3 cTaji Ta OETOHY MpH 1X
pPO3paxyHKy Ma€ TPHU3BOAWTH JIO0 CYTTEBOTO EKOHOMIYHOTO e(eKTy
MOPIBHSHO 13 po3paxyHKaMu 3a ifeanizoBanumu PC.

VYpaxyBaHHS CyMiCHOI pOOOTH JaHMX MaTepialiB NMpU HaBaHTaKCHHI
CTaJIO MOXIJIMBHM 3aBJISIKH pealtizamii MeTony ckinueHHux enemenTiB (MCE)
y pi3HHX po3paxyHkoBux komruiekcax (SCAD, JIIPA CAIIP, ANSYS,
Nastran TOI110), TOCTYIHUX PSJOBOMY iH)XKEHEPY-TIPOCKTYBAJIbHUKY.

Memoio 0ocnioncenns € OLIHKAa €KOHOMIYHOTO e(eKTy 3a paxyHOK
3HW)KEHHS ~ MaTepiajomicTkocTi  (BHTpaTH  MaTepialy)  3THHAJIbHUX
METaJIeBUX KOHCTPYKIIIH TpHW BpaxyBaHHI I1XHBOI CyMiCHOiI poboth i3
JKOPCTKAMHU JUCKAMH TIOKPUTTIB 31 30ipHOTO 3aI1i300€TOHY.

Ocnogni pesynvmamu. MoOJEITIO TOCTIDKEHHS € MPOCTOPOBHUIT OJIOK
MOKPHUTTS OJHOIIOBEPXOBOi NMPOMHUCIOBOI OyaiBii 3 po3Mmipamu y IUIaHi
24x60 m. [lo #oro ckiamy BXOISATH TPH KPOKBSHI (epMH 3 yXHIOM
BepxHBOTO Tosica 1,5 % 3a cepieto 1.460-4. IIpomit dpepm — 24 m, KpoK — 6 m.
Bucora dgepm 3a reomerpuuaumu ocsimu — 3000 am. CriupanHs gepM Ha
KOJIOHM — 3BepxXy (mapHipHe). Y $KOCTI HOKpPIBEIBHOIO HACTHILY
3aCTOCOBYIOTHCS 30ipHI 3a1i300€TOHHI peOpHCTi HTH 3a cepiero 1.465-7
JIOBXKUHOIO 6 v, upuHOI0 3 M 1 Bucotoro 0,3 . [Inutu npuBaprorThCs 10
CTaJIeBUX HAKJAIOK, MPUBAPEHUX JI0 BEPXHBOTO Tosica epM IIOHAHMEHIIIe
y TpbOX TOYKax. [lo3MOBXKHI Ta TOMEpEeYHi IIBH 3aMOHOJIYYIOTHCS
npibHo3epHucTHM GeToHOM Kitacy C12/15.

Y paMkax JIOCHiIPKEeHHS! BUKOHAHWH PO3PaxyHOK BHYTPIIIHIX 3yCHJIb Ta
migdip mepepi3iB eNeMEHTIB Yy KPOKBSHUX (epmax, sfKi CKIaJaloTh OJOK
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MOKPHUTTS 32 TPAJUIIHHOIO METOAMKOI0, PO3TILIIAtouu (epMy OKpeMO Bij
KOHCTPYKIIA KapKacy OYIiBIIi, 30KpeMa 3ali300eTOHHUX PEOPUCTHX ILTUT
nokputTs (puc. 1).

Lp.u.na. £.28,08 ln-za,as lp-zs.as Patt 0i
Chieobe vabenmemernn, oH {2 Bapuanm]

L Pela, 04 | P=28,08 lP:zs,na lF:zs.os l 2=28,08 LP:zu,oe l P=i8,00 J P=20,08 l"-”»-m
(CHizote subormexernss, ¢H {1 Bapuosm)

lP:zms lp:e.s.s ‘P:&}ﬁ lP:&lQ lp:u.s lp:u_s lP=¥3-9 1P=~3-9 1?:2195

Noemidiie nabosmaxerss, kH
1 z & 5 5 3 7 [] v

3000

0 1k
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Puc.1 - Po3paxyHkoBa cxema (epMH i3 HABaHT@KEHHIMHU

Bukonyemo Takox mialip repepizis 3B'I3KiB OJI0KY, 10 PO3TIIAAETHCS.

[TotiM oTpmMaHi Tepepi3u eJIeMEHTIB OJOKY IOKPHUTTS BBOIUMO B
IIPOCTOPOBY PO3PAXYHKOBY CXEMY Ta PO3PAXOBYEMO 3YCHIUISL y CTEPIKHAX
HaOUIBII HaBaHTAXXEHOI (epMH OJOKY 3 ypaxyBaHHSIM CIUILHOT poOOTH 3
IUINTaMU TIOKPUTTS Ta 3BSI3KaMH (puc. 2). 3a 3HaYCHHSAMM OTPUMAaHHUX
3ycHib MiAOMpaEMo Tepepi3u  eJIeMEeHTIB  (epMH Ta BHKOHYEMO
TOPIBHSIBHUHM aHaji3 BHYTPINIHIX 3YCWJIb Ta €JIEMEHTIB, OOYHCICHHX 3
ypaxyBaHHIM Ta 0e3 ypaxyBaHH;{ cninLHo'f pOOOTH KOHCTPYKITiH MOKPUTTSL.

7 I
|
l:lﬁ"al“!:l\l‘ld tﬁl:q&ﬁwqa

Puc. 2 - Po3paxynkoBa cxema OJIOKY TIOKPUTTS 3 pO3OMBKOIO TTOJIULI IUTUTH
HAa KiHIIeBi eneMeHTH po3MipoM 500500 rm

Buxonsuu i3 oTpIMaHUX pe3yNbTaTiB, MOXKHA 3POOUTH BUCHOBOK IIPO
Te, [0 ypaxyBaHHI CyMiCHOI poOOTH KPOKBSIHOT KOHCTPYKIIii Ta JKOPCTKOTO
JMCKA TIOKPUTTS NPU3BOJUTH J0 3HAYHOTO 3MEHIICHHS 3YCHJIb Y IMOsicax
¢depmu (Tabm. 1).
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Tabmuus 1
IopiBHsIJIbHA TA0JIUIS PO3PAXYHKY 3YCHJIb Y CTPHKHAX (hepMu

PospaxynkoB | Po3zpaxyHkose Edhexr pir
e 3ycuius 0e3 3yCHILIA 3 . N
Enementn | Homep Ne yYpaxyBaHHs ypaxyBaHHSIM CHLTbHOL poGoru
. . : .. (3MiHa 3HaYCHHSA
CHIJIBHOT CMITBHOI
pobotu, kH pobotu, kH 3ycuiis)

1-2 0 69,1 —
BepxHniit 2-3 -404 0,691
n‘lﬂc 3-4 -584,71 -150 0,257
4-5 -779,62 -243 0,312
Hwxnii A-11 341,08 276 0,809
T105IC 11-12 730,89 620 0,848

A-10

2-10 -482.,4 -573 1,189

Poskocu 1-10 0 -0,309 -
2-11 344.98 389 1,128
4-11 -206,6 -256 1,239
4-12 88,64 99 1,117
- 3-11 -97.9 1,005
Criliku 512 -97.45 101 1,036

Bucnoeku. Po3paxyHOK KpOKBSHHX (epM i3 ypaxyBaHHAM CHUIBHOL
poOOTH 3 TUCKOM MOKPUTTS 31 301pHOTO 3aJ11300€TOHY NPU3BIB 10 3HAYHOTO
3HIKCHHS 3YCHIIb ¥ BepXHbOMY mosici — 48,2%. Tako mO3I0BXKHI 3yCHIUIA
JIeTI0 3HU3WINCS y HIDKHBOMY mosci (Ha 17,9%) i 3pocmu B omopHOMY
po3skoci (aa 18,9%) Ta enemenTax pemritku (1o 23,4%).

3MiHa 3Ha4Y€Hb BHYTPILIHIX 3YCHIb Y CTEpXHAX (epMH miJ dyac
PO3paxyHKy i3 ypaxyBaHHAM CYMICHOI pPOOOTH 13 JHCKOM MOKPHUTTS
npuU3Belia 0 3HAYHOTO 3HIKCHHS MAaCH €JICMEHTIB KPOKBSIHOT KOHCTPYKIIT —
14,14% mopiBHSHO 13 pO3paxyHKOM 3a TPAOWIIHHOIO IIIOCKOIO
PO3paxyHKOBOIO CXEMOIO.

VYpaxyBaHHs CHUIBHOI pPOOOTH JMCKIB MOKPHUTTIB 31 30ipHOTO
3aJ11300€TOHY il 4ac pOo3paxyHKy CTaJIEBUX 3THHAIBHUX KOHCTPYKLIH, 1ae
3MOTY 3Ha4HO 3a0IIa/DKyBaTH Marepiall OMOPHUX KOHCTPYKIIN 1 Mae OyTH
000B'I3KOBO BpaxOBaHUH IiJl 9ac MPOEKTYBaHHS 1 PEKOHCTPYKIii OyIiBeNb
Ta CHOPYI.

OpHak Ui po3poOKH TOYHOTO Ta HAAIHHOTO PO3PaxyHKOBOTO arnapary B
JTAHOMY HampsMi BBaKA€TbCs 332 HEOOXIJHE NPOJOBXKEHHS YHUCEIbHUX
JIOCHI/DKEHb  IIUIIXOM  MOJICNIIOBaHHS  HEJNiHiMHOT poboTm Matepiaiis,
ypaxyBaHHS Pi3HUX KJaciB OETOHY IIBa Ta KOHCTPYKITiH, 3aKJIaTHUX JAeTalei
IUTUT 1 Bepudikallis pe3yibTaTiB MIIIXOM MPOBEIEHHS eKCIIEPUMEHTATEHUX
OCHIIKEHD.
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OCOBJHUBOCTI HAIIPYKEHO-JE®@OPMOBAHOI'O CTAHY TA
CTIMKICTb OUJIIHAPUYHUX PE3EPBYAPIB ITPU BITPOBOMY
THUCKY

€ropos €.A., 0.m.1., npogpecop, Isuenxo 10.B., x.m.n.,
IBuenko O.M., acnipanm
HHI «IIpudninposcwra oepoicasna akademis OyOieHuymsea ma
apximexmypuy, YKpaincoKull 0epicagHuil yHisepcumem HayKu i
MexHoN02it

IMocranoBka mpoéaemu. CraneBi  BepTHKaNbHI  IMIIHIPUYHI
pe3epByapu Ha3eMHOTO THIY € OJHHM 3 HAWIMONIUPEHIIIUX y CBITI BHIIB
HadrocxoBuml. Ha manmii yac Garato TakuxX CHOPYI BUSIBUJIHCS CEPHO3HO
TIOIIKO/PKEHUMH a00 3pyiHOBaHUMU. Lle BHKIHMKAaE rocTpy HEOOXiTHICTh Y
MacoBOMy OymIiBHWITBI HOBHUX pe3epByapiB. B Takux Bumagkax
aKTyaJIbHUMH CTalOTh Oy/b-SKi METOJIH, B TOMY YHCIi 1 pPO3paxyHKOBI, SKi
JIO3BOJITFOTH  CKOPOTHUTH BUTPATH MaTepialiB Ta 3arajibHOi BapTOCTI
CIIOPY/DKYBaHUX O00'€KTIB 3 OIHOYACHUM 3a0e3MeueHHsSIM iX BHCOKOL
HanifiHOCTI. 3a3HayeHi BHUINE CIOPYAM MAalOTh HaWBUINMM  Kjac
BignoBiganeHOocTi CC3. V monmaHiii JOMOBiMI PO3TIAMAIOTECS  JIESKI
OCOONMBOCTI  TOBEIIHKM  CTAJCBHX  BEPTUKAIBHUX  IHIIHIPHIHIX
pesepByapis HazemHoro Tumy (PBC) mpu il BitpoBoro HapanTaxkeHHs. Taxi
MMMTaHHS HEOJHOPA30BO PO3TISAAANNCSA Y TEXHIUHIN Jiteparypi. [IpoTe, Ha
JIYMKY aBTOPiB, €Ki OCOOIMBOCTI IILOTO SBUIIA 3aJIHITHIMCS 11032 yBaroro.
Kpim Toro, oCcTaHHIM 4YacoM 3 THX YH IHINMX MPUYUH 3aMOBHUKH XOYYTh
OynyBaTH pe3epByapH, OCHOBHI IapamMeTpH AKX (BHUCOTa LMTIHIPUIHOT
CTIHKHM, 11 JIiaMeTp) CHJIBHO BIJpI3HSIOTHCS BN TPAAWIIHHO NPUHHATHX
paHillie 32 THIIOBUMH POCKTAMH, IO MPHBHOCUTH CBOI JIOJATKOBI HIOAHCH Y
noBeainky PBC min BIiIMBOM BiTPOBOTO THCKY.

3rifHO HOpPM MPOCKTYBAaHHS BITPOBE HABAHTAXCHHS Ha CIOPYIH
OWTHAPUIHOT  QopMH  TpeAcTaBiisie  co0OI0  THCK, HEPIBHOMIPHO
po3mnonineHuii mo nepuMetpy koia. B PBC 30BHImHIN BITPOBHI THCK MOXe
ZiATH B KOMOiHaIii i3 BHYTpilHIM BakyymMoM. [IeBHO, came 111 0OCTaBUHA
crpusia TOMYy, 10 B IHXKEHepHUX po3paxyHkax PBC HepiBHOMipHMIA
BITPOBHH THCK 3aMiHIOETHCS PIBHOMIPDHHUM 30BHIIIHIM  THCKOM
€KBiBaJICHTHUM BaKyyMoM. [lepeTBOpeHH BUKOHY€ETHCS MIITXOM MHOKEHHS
aMIUTITy 11 HEPiBHOMIPHOTO BITPOBOTO THUCKY Ha KOe]ILEHT Ky, STKUH UL
BCIX pe3epByapiB HE3aJCHKHO BiJl IX KOHKPETHHX MAapaMETPIB MPUAMAETHCS
kw=0,5. Y miacymMKy po3paxyHKOBa OLiHKa CTIHKOCTI BHKOHYEThCS 3a
CyMapHOIO Ii€I0 JBOX 3a3HAa4eHHX BakyyMiB. Ha nmyMmKky aBTOpiB, Take
MOJAHHS BITPOBOTO HABAHTAXKCHHA HE BpPaxOBYe MIHCHOI KIHETHUKH
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TTOBEAIHKH MIJTIHAPUIHOI CTIHKHA pe3epByapiB MpH Mii BITPOBOTO THUCKY B
KOMOiHaIli i3 BHYTpPIIIHIM BaKyyMOM, IO MOXE CYTTEBO BIUIMBATH Ha
TOYHICTh IHKEHEPHOT OIIIHKH CTIHKOCTI BEPTUKAILHUX PE3EPBYapiB.

MeTow  JOCJigKeHHSI € aHaji3 O0COOJMBOCTEH  HamNpyKEeHO-
ne(hOpMOBAHOTO CTaHY IMTIHIAPUYHOT CTIHKH BEPTHKAIBHUX IITIHIAPUIHUAX
pe3epByapiB mpH Jii BITPOBOTO THCKY 1 BpaxyBaHHS IX B pO3paxyHKax
3arajibHOi CTIHKOCTI WX CHOPYAL.

Pe3yabTaTn JOCJiIKEeHbD. JocmimpKkeHHs MIPOBOIWIINCH st
MWTHIPUYHAX OOOJIOHOK 3 TAaKHMH TCOMETPUYHHUMH TapaMeTpaMHu:
r/t=1500; [/r=0,8+1,6, 1m0 BINNOBIaE TEOMETPUYHHM IIapaMeTpaM
BEPTHKAILHUX pe3epByapis 06’emom 1000 - 30 000 m>. ¥V AKOCTi rpaHUYHEX
YMOB PO3IIISIAIOCS J1BA BapiaHTH: MIapHIpHE 1 )KOPCTKE 3aKpiIUIEHHS 000X
TOPIIiB OOOJIOHKHU. JIOCHIMKEHHSI TPOBOIWINCH METOJAOM CKiHUEHHUX
eJIeMeHTiB. POo3paxyHKN BUKOHYBAJIACH NPHU BEJIUYMHI BITPOBOTO THCKY, IO
BIMOBiZIa€ 3HAYEHHSIM BITPOBOTO HABaHTAXCHHsS Ha TepUTOpii YKpaiHw.
AHani3 Hampy)xeHO-Ie(OpMOBAaHOTO CTaHy IOKa3aB, MO I OOOJIOHOK
PO3TIITHYTOTO THITY yCi KOMIIOHEHTH HAIPYXKEHOTO CTaHy BiJl BiTPOBOTO
THCKY € JTAJIEKUMH BiJ] CBOTX TPAaHUYHUX 3 TOYKH 30PY MIIIHOCTI 3HAYECHb.
Tak, MeMOpaHHi KiJIbIICBI HAPY>KEHHS /LuﬂKienpeBanKHOqHNulynaHOMy
BUIAJIKY, JocsAraroth BenmwuwHA 17 - 20 MIla. 3HaveHHS KiIbIEBUX
3THHABHUX HATPY>KeHb BKpail He3HAYHI: /2:20=0,12 10,20 MITa. T'onoBHOM0
ocoOmuBIicTIO nedopMalliii CTIHKA Ha IUISHI[ MaKCHMAaJIbHOTO BITPOBOTO
TUCKY € IX SICKPaBO BUPaXCHUN XBIJIHOBHU XapakTep. Take XBIIbOBE
Je(opMyBaHHs BUHUKAE NIPU HAWMEHINNX 3HAYCHHSX BITPOBOTO THUCKY 1 CTa€e
BCe OUIBbII BUpaXXEHUM P 3pOCTaHHI I[bOTO THCKY. Tpeba 3a3HauuTH, 1m0
Taka 0coOJMUBICTh Ae(OPMYBaHHS LMIIHAPUYHOT 000JIOHKH criocTepiranacs
1 IpM HATYPHHUX €KCTIEPUMEHTAX.

BucHoBkn. TakuM YHHOM OTPHMAaHO, IO TIOBEMIHKA TOHKOCTIHHUX
000JIOHOK TIpH [Iii BITPOBOTO THUCKY € CYTO HETIHIHHOIO 3 CaMOro TMoYaTKy
nedopmyBanHus. lle cyTTeBO BiApI3HAETBCA Bim mporecy AehopMyBaHHS
TakuX OOOJIOHOK IIiJ{ Ji€l0 BHYTPINIHBOTO Bakyymy (piBHOMipHOTO
30BHIITHBOTO TUCKY). JlaHa 0OCTaBMHA MOKE CYTTEBO BILTMBATH Ha 3arajibHy
CTIMKICTB 0OOJIOHOK MPY CYMICHIH JIiT ABOX 3a3HAYCHUX BU/(IB HABAHTAXKCHHS
1 ToTpe0ye MoJaIbIIOro JOCHIHKEHHS.

BusiBnena ocoOnuBicTh NeOpMyBaHHsS CBIAYUTH MPO TE, IO OI[HKA
CTIMKOCTI TOHKOCTIHHHMX OOOJIOHOK IpH Aii BITPOBOTO THUCKY 3BOJHUTHCS 10
pilieHHs1 HeniHiHOI 3ajga4i negopMyBaHHS 3 BH3HAYEHHSIM TIPaHUYHOI
(MakcHMaNbHOT) BEIMYMHU BITPOBOTO THCKY, SKY 3JaTHa BHUTPUMYBATH
ob6ononka. [Ipu mbomy ctocoBHo PBC rpanndHa BeMYrHA BITPOBOTO THCKY
MOX€ BH3HA9YaTHCS 33 THMH 4YH IHIIAMH JOJATKOBHMH O3HAKAMH,
HaIPHUKIIA, 332 ICBHUMHU OOMEXXESHHAMH JepopMaltiii.
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CTBOPEHHSI HAJIIMHUX TA J)KUBYUHUX 3EPHOCXOBHIIL B
YMOBAX BIMHU TA CBITOBOI IIPOJOBOJIbYOI KPU3U

Maxinbko H.O., 0.m.n., npogecop
Hayionanvuuii asiayitinuii ynisepcumem

Heratueni Hacninku nannemii COVID-19 ta BoeHHE BTOPTHCHHS B
VYkpainy HOPYIININ GaaHc ($yHKIIOHYBaHHSA CBITOBOI
arponpoJ0BOJIbYOi CHCTEMH, BHKJIMKABIIM MaclITabHy NpOJOBOJIbYY
Kpu3y. UucieHHa  KUIBKICTH  3€pHOCXOBHII  OTPHMalW  3HA4HI
MOIITKOJIPKCHHST BHACHIOK OOCTpLNiB. AKTyaJbHUM 3aBIaHHSM CTaJlo
HayKOBE OOIPYHTYBaHHS, po3poOKa Ta BIPOBAUKEHHS Yy cdepy
CITbCHKOTOCTIONAPCHKOTO OYIIBHHUIITBA HAYKOBO-TEXHIYHUX PIllIEHb i3
MPOEKTYBAaHHS Ta 3BEICHHA HAMIMHMUX Ta J>KUBYYMX 3EPHOCXOBHUIL,
MPALIOI0YNX B MPOEKTHUX Ta OCOONMBHX yMOBaxX BOEHHOTO dacy. B
JIaHOMY JIOCTTiPKeHHI OCHOBHA yBara Mpu/IijieHa BU3HAYCHHIO MEXaHi3MiB
PETYNIOBaHHS HAMIHHOCTI KOHCTPYKIIIH 3€pHOCXOBHII B paMKax
3aCTOCYBaHHSI HAIMBIMOBIPHICHOTO pO3paxyHKy B QopMi MeToay
TPaHWYHUX CTaHIB BIANOBIJHO CHCTEMH 3arajlbHOEBPONEHCHKOTO
HopMyBaHHs Eurocode ta po3poOri OGararoeramHoi MOBHOI METOAWMKH
MIepEeBIPOYHOTO PO3PAXyHKY CTAIEBOrO LMJIIHIAPHUYHOTO 3€pPHOCXOBHINA
BianoBigHo 10 monoxens JIbH B.2.6-221:2021 ta ICTY-H B EN 1991-
4.

Be3BiAMOBHICT  KOHCTPYKIIi  CHJIOCIB,  BIANOBIAHO  HOPM,
3a0€3Meuy€eThess PO3PaXyHKOM 33 METOJOM YAacCTKOBUX (HE3aJICHKHHX)
koedimieHTiB HafgiitHOCTI TphoX rpymn. Ilepma rpyma koedilieHTIB
BiZlirpa€e poJib PETyNATOpa HAMIHHOCTI KOHCTPYKIIiH Oe3mocepenanbo y
TpPaHMYHUX HEPIBHOCTSAX METOAY TpaHWYHHX cTaHiB. [pyra rpyma
BpaxoBYE€ MIHJIMBICTh OKPEMHX 30BHINIHIX BIUIUBIB, a TpPETsS Tpymna
BpaxoBy€ Mally HMOBIPHICTH OJHOYACHOI peamizalii po3paxyHKOBUX
3HAYCHB IMX BIUIUBIB.

Krnacudikaniss cuiaocy 3a piBHEM BiAINOBIJaJbHOCTI BU3HAYAETHCS
3aJeKHO BiJl HACHiIKIB pyHHYBaHHA a00 HecmpaBHOI poOOTH HOro
KOHCTPYKTUBHHMX  €JEMEHTiB. 3  ypaxyBaHHsIM, IO  CHJIOC
XapaKTepU3yeTbCs  HU3BKOIO  HWMOBIPHICTIO  CKYIYEHHS  JIIOJICH,
npuiiMaeThes kiac HachinkiB RC2 i3 koedinienrom HamiiaoCT 1,0.

Ile omHi€l0 CKIAIOBOIO PETYJIOBAaHHS HAMIWHICTIO € Kiacuikarlis
cuioca MO0 BIUIMBY Ha HBOTO MPOAYKTY 30epiraHHs. Kiac BIumBiB
BpPaxoOBY€ €MHICTh CHJIOCY W EKCIEHTPHUCHUTETH HOTO 3aBaHTAKCHHS.
BpaxoByrounm, IO CHJIOC Mae IEHTpaJbHE 3aBaHTAXKEHHSI, SKeE
YHEMOJXXJIMBITIOE TIOSIBY €KCIEHTPUYHMX THCKiB Ha HOTO KOPIYC, KJIAC
BIUIMBIB 11eHTU]IKyeThCS Ik AAC3.

-50 -



I[Ipu po3paxyHKy CHIOCY TMPOTPaMHHMH 3aco0aMH CKiHYEHO-
€JIEMEHTHOTO aHaJi3y, BAYKIIMBIM MUTAaHHSM € 0OYI0Ba PO3PaXxyHKOBOT
CXeMH — MOJIET, 1110 B TIOBHIM Mipi BpaXxOBY€ BCi YMHHUKH, SKi MArOTh
ICTOTHWH BIUTMB HA HampyXeHo-AeGOpMOBaHHIA CTaH KOHCTPYKITii. Bona
(hopMy€eThCS y BUTIIAII HAOOpPY CTPHIKHIB Ta TUTACTHH 3 BiIIOBITHUME
YMOBaMH TIPUMHUKAHHS €JIEMEHTIB JI0 BY3JiB: IOCTaHOBKAa B’s3eil y
By3JIaX Ul OOMEXECHHSI CTYIEHIB BUIBHOCTI, BJIAIITYBaHHS KIHIIEBUX
LIApHIPIB Ul BHU3BOJICHHS B3a€MHHUX JIHIHHHMX Ta KyTOBHX 3MIIICHB,
BBEJICHHS JKOPCTKMX BCTaBOK IS BiJCYHCHHS TPYXKHHX YaCTUH
CTPWKHIB BiJl BY3JIB TPUMHUKAHHA. BpaxoByruHW, IO 4YacTHHA
KOHCTPYKIIH BHKOHaHA 13 XOJOJHO(OPMOBAHHUX TOHKOCTIHHHUX
€JIEMCHTIB, MOJEIh BHUKOHYETHCA y JBOX BapiaHTax. [lepmuit
BHKOPUCTOBYETHCS IIJII BU3HAYCHHS BHYTPIIIHIX 3yCWJIb 1 HACTYITHOI
MEePEeBIPKHU  HECydol 3MaTHOCTI KOHCTPYKIIIH 3a TMEepIIol TIPyIoro
TPaHUIHUX CTaHIB, IPYTHH — JUISI OIIHKA KOPCTKOCTI CHJIOCY B IIJIOMY
Ta Ne)OpMATUBHOCTI KOHCTPYKITiH, TOOTO IJISl APYTOIl TPYIH TPAHUIHHUX
craniB. Ha oCHOBI CKiHYEHO-€JIEMEHTHOI MOJENi BHKOHYETHCS
PO3PaxXyHOK Ha CyMicHY Jit0 (kKoMOiHAIlif0) OKpEeMHX HaBaHTaKEHb.
KoskHa KOMOIHAIIiSI BKITFOYAE MTOCTIHHUH 1 JOMIHYIOUHN BIUIUB 31 CBOIMH
MMOBHUMH PO3PaXyHKOBUMH 3HAYCHHSIMHU, a 3HAYCHHS CYMyTHIX BIUIMBIB
3MEHIIYETHCS Ha KOMOIHAIIMHMI Koe(iieHT (Koe(imieHT CrIoaydeHHs)
JUIl  BpaxyBaHHS 3HIDKEHOI WMOBIPHOCTI OJHOYACHOI peajizamii
PO3paxyHKOBHX 3HAYCHBb. 3a pe3yabTaTaMH PO3PaXyHKY OTPUMYETHCS
iH(hOopMAIIis PO H.JI.C. CHIIOCA Ta HOTO OKPEMHX KOHCTPYKITIH MPH Pi3HUX
BIUIMBAX Ta X KOMOIHALIIfAX.

TakuM YWHOM, MOXHA MiACYMyBaTH, IO 3MiHa PIiBHA HaJIHHOCTI
KOHCTPYKIII CTaJeBUX 3EPHOCXOBHII B pPaMKaX METOAY TIPAHUYHHX
CTaHIB BHUKOHYETHCS 4Yepe3 CHUCTEMY YaCTKOBUX KOEQIIli€HTIB, sKi
BpPaxoOBYIOTh CTOXACTHYHI BJIACTUBOCTI 30BHIIIHIX BIJIUBIB, MIHJIUBICTh
XapaKTEepUCTUK Marepially, THIIM PpO3pPaxyHKIB, CTYHIHb Ba)KJIMBOCTI
KOHCTPYKTUBHHMX EJIEMEHTIB B CIIOpYJi Ta CTYHIHb BiAINOBIJaJIbHOCTI
CUJIOCY Y CKJIaJl MiNprUeMCTBA. 3HAUCHHS KOE(II[I€EHTIB PEryIol0ThCs
BUKIIFOYHO HOPMATHBHUMH BHMOTaMH 1 HACTAaHOBaMHU HAI[IOHATBHOTO
OJATKY 1 HE MOXYTh OYTH CKOPUTOBaHI TEXHIYHMM 3aBIaHHSIM Ha
MPOEKTYBaHHs. BOHN 00MEXYIOThCS TIEpEBIpKaMK TPAHUYHUX CTaHIB 3a
HECY4YOI0 3/IaTHICTIO Ta €KCIUIyaTaIliiHOIO TMPHIATHICTIO KOHCTPYKITIH
Opu  [Oil CTATUYHOTO HABAaHTAXKEHHS, BKIIOYHO 3 BHIQJKAMH, Ji€
IUHAMIYHUHA BIUTUB OINHIOETHCS 3 BHUKOPHCTAHHSIM EKBIBaJICHTHHX
KBa3iCTATUYHUX HAaBaHTOKEHb 13 BIAMOBIMHUMHU  KoeQilli€eHTaMHI
MM ACYIEHHS.
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TMEPEBIPKA 3ATAJIbHOI CTIMKOCTI CTAJIEBUX EJJEMEHTIB
3MIHHOI'O TEPEPI3Y 3I'l/IHO 3 IGH B.2.6-198:2014
3 BAKOPUCTAHHSAM 3MIHHOI PO3PAXYHKOBOI JJOB)KUHU
Y ITIPOI'PAMHOMY KOMIIJIEKCI «JIIPA 10»

MogsmoBuy ¥O.Jl., kepisuux 6iodiny asmomamusayii i po3paxyuxy
memanesux koncmpykyiti, I pyna komnaniu "JIIPA", m. Kuis, Ykpaina
€snoximos F0.B., nposionuii inocenep 6i0diny asmomamu3zayii i
po3spaxyuky memanesux koncmpyxyiu, I pyna komnaniii "JIIPA", m. Kuis,
Yrpaina

IK «JITPA 10» e cygacHu# IporpaMHUil KOMILIEKC, SKUI Ma€ IMUPOKUI
(YHKIIOHAT 3 PO3paXyHKY CTAJICBUX KOHCTPYKIIIH.

B mporpamMHOMY KOMIUTEKCI BHKOHYETHCS SIK TIEpeBipKa, Tak 1 minodip
CTaJICBUX KOHCTPYKII MO TepImIoMy Ta IpPYroMy TpaHHIHOMY CTaHy
BIZIMIOBIJTHO /IO JIFOYMX BITYM3HSHHUX Ta €BPONEHCHKUX HOPM MPOEKTYBaHHS.
HopmatuBHa 06a3a mNpoKaTHHX MPOQUTIB IOCTIHHO PO3NIUPIOETHCS Ta
MIiCTUTh MPOQ1iT, IO BUTOTOBJISAIOTHCS I AMPUEMCTBAMH Y KpaiHH, a TaKOXK
KpaiHaMu OJIDKHBOTO Ta Jajlekoro 3apyOibkoks. Marepianm craneBux
KOHCTPYKIIiH Tiepen0adaroTh HaABHICTh Pi3HUX CTANIEH, SIK 32 BITIU3HIHUMH,
TaK 1 3a €BpPOMEWCHKUMH CTaHIAPTaMH, TAKOXK TeperadadeHa MOKIHBICTh
CTBOPEHHSI KOPUCTYBAallbKUX COPTAMEHTIB MNepepi3iB 1 crajed, Ha OCHOBI
HasBHUX a00 CTBOPCHUX paHiIIe.

Opniero 3 inHoBaninHux Qyskmiin B [IK «JIIPA 10» € MOXIHUBICTH
CTBOPEHHS 1 pO3paxyHKy CTaJleBUX €JEMEHTIB 3MIHHOTO Hepepisy, 3
ypaxyBaHHSIM 3MIHHOI PO3PaxyHKOBOI IOBXHHH.

Jlst po3paxyHky 3MiHHEX TiepepisiB y T1K «JITPA 10» moctymHi 3BapHi
JIBOTaBPOBI TMEpepi3u K 3 IBOMA, TaK 1 3 OAHIEI0 BICCIO CHMETPIi, a TAKOXK
3BapHi CHMETPHYHI KOPOOKHM MPSIMOKYTHOTO Ta KBaApaTHOTO repepizis. [Ipn
IbOMY TIPUIHSITO, 10 BUCOTA CTIHKH 1 IMUPUHA TIOJIHIh 3MiHIOIOTHCS TUTBKH
3a JIIHIHHAM 3aKOHOM, PUYOMY B OJTHOMY TIepepi3i 3MiHIOBATHUCS MOXYTh i
CTiHKH, 1 IOJIUIII.

[loka3zaHoO  MOXJIMBICTH  CTBOPEHHS  pO3PAaxXyHKOBHX  CXeM, 3
BUKOPUCTAHHSIM pPi3HOI HOMEHKJIATypH €JEMEHTIB 3MIiHHOTO Tepepisy,
30KpeMa HeCTaHIapPTHUX, CKIaJHOT GopMH.

Oco0nMBY yBary HpHUAIIEHO PO3PaxyHKY 3arajbHOI CTIHKOCTI TakuX
eJeMeHTiB 3aunHHUMHU HopMamu JIBHB.2.6-198: 2014.

OpHUM 3 OCHOBHHMX IHTaHb IIPH PO3pPaxyHKax CTaJEeBUX EJIEMEHTIB
3MIHHOTO TIepepi3y 3TiIHO 3 BiTuM3HAHUMEH HOopMmamu JIBH € muranHs
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BH3HAYEHHS PO3PaxyHKOBOIO NOBXKHHH TaKHX €JIEMEHTIB TPH IEpeBipIi
3arajpHOi CTIHKOCTI CTUCHYTO-3TMHAILHUX EJIICMEHTIB.

B ocHoBi mpuitHATOi y BiTuM3HSHHX HOpMax JIBH Teopii po3paxyHKy
3arajgbHOI CTIMKOCTI 3a 3rHHAILHOI0, 00 3THHALHO-KPYTHIILHOIO (OopMOr0
TPAIMLIIHO JISKHUTH ITOHATTS PO3PAXYHKOBOI JOBXKHHH, SIKE OYJIO BBEACHO
®.C. ScunachkuM HanpukiHmi XIX CTOMITTS, 10 JO3BOJISE 3aCTOCOBYBATH
kmacuuHy ¢opmyny Einmepa uisi BU3HAYCHHS KPUTHYIHOI CHIIH, sKa
CHPUYHMHSE BTPATy CTIHKOCTI CTEP)KHEBHMX €JIEMEHTIB, IO NepeOyBaloTh y
PI3HHX YMOBax poOOTH.

VY IIK «JIIPA 10» BUKOPHUCTaHO HACTYITHI MPUITYIICHHS, 1[0 BUTIKAIOTh
i3 Teopii po3paxyHKy CTIMKOCTI TakumxX eJeMEHTIB 1 0aratopazoBo
MATBEP/KEHI pEATbHUMM pO3paxyHKaMu O0'€KTiB, II0 BKIIOYAIOTh
KOHCTPYKIIii 3MiHHOTO TIepepizy:

1. Ilig yac mepeBipKH CTIHKOCTI €JIeMEHTY 3MiHHOI KOPCTKOCTI HOTO
pO3paxyHKOBa JIOBKMHa TaKOXX € BEJIMYMHOIO 3MIHHOIO 110 JIOBXKHHI
€JIeMeHTA.

2. Skmo BimoMe 0a30Be 3HAYCHHS PO3PAXYHKOBOI JOBXUHHU TaKOTO
€JIEMEHTa Y BH3HAYCHOMY MiCLli, TO MOXHA 3HAWTH HOro pO3paxyHKOBY
JIOBXHHY y Oy/Ib-IKOMY 1HIIIOMY MICIIi IIbOTO €JIEeMEHTA.

IIpu 3amanHi po3paxyHkoBoi moBxkuHU enementa B IIK «JIIPA 10»

BKa3yeThCs HE JHIIE 11 BeTMIMHA B KOXKHIH 3 TOJIOBHUX TUIOIINH, ajie i Miciie
IO JIOBXHHI CTEPKHS, JIe 116 3HAUYCHHS CIIpaBe/UIMBe. TakuM MicIleM MOXKE
OyTH TOYaToK, cepenuHa a00 KiHEIb JAaHOTO KOHCTPYKTHBHOTO
(CKIHYEHHOTO) eJeMEeHTa, a TaKOXK Miclle MaKCMMallbHOi ab0 MiHIMaIbHOL
3TUHAJIBHOT JKOPCTKOCTI KOHCTPYKTHUBHOTO (CKiHYEHHOTO) eneMeHTta. Lle
3HaueHHs 1 Oyzme OazoBum. Ilpm mepeBipkax 3araJibHOI CTIHKOCTI
KOHCTPYKTHBHOTO (CKiHYEHHOTO) eJleMeHTa Yy PpIi3HHX Horo mepepizax
BiamoBigHO 10 BUMoOTr HOopM JIBH B.2.6-198:2014 mporpama, BuXoasdu 3
0a30BOr0 3HAUCHHS PO3PAXYHKOBOI JOBXKHHH, BHU3HAYAE PO3PAXyHKOBY
JNOBXHHY Y BignmoBimHOMY Micti.Takox y iHKeHepa € MOXJIHMBICTh 3aJaTH
MTOCTIHHY 1O BCii JOBXKHHI €JIEMEHTa PO3PaXyHKOBY JIOBXKHHY.
VY JOMOBIiIi MPONOHYIOTHCS Pi3HI CIOCOOM BU3HAYEHHS 0a30BOT KOPCTKOCTI
Ta 0a30BOi PO3pPaxyHKOBOi MOBXHHH €IIEMEHTa, OCHOBHHUM 3 SIKHX €
pEeKOMEHIaITis, {010 BHKOPHUCTAHHS MACUCTEMH «CTIAKICTE»
K «JIIPA 10».
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KIJACH®IKALISA TA HABAHTAXKEHHS CTAJIEBUX
IVIABYYUX ®OTOEJEKTPUYHUX CUCTEM

Hipymana M.M., Dipl.-Ing.
Baukammer Berlin, Deutschland

Cranesi raBy4i ¢poroenexkrpuuni cucremu (FPV - Floating photovoltaic
systems) CKJIaaloThesl 3 (POTOCICKTPUYHHUX TMaHeJeH SIKi BCTAHOBIICHI Ha
IUTaBy4i TIOHTOHU Ta IMOEJHAHI CIICKTPUYHHMHU KaOelIsIMHU 3 1HBEHOpPAMH.
Takox cucTeMa o0O0JaJiHAaHA IIBAPTOBHOI CHCTEMOK a00 CYTHOBHMH
SIKOPSIMH, KOHIICHTPATOPaMH Ta P HEOOX1THOCTI — XBHJIeIOMaMu. ButpaTu
HA BHPOOHMIITBO CHEPTii JJIA IIaBy4IHX (POTOENEKTpHUYHUX cucTeM Ha 10
BiJICOTKIB BHWIIlE, HI’)K BUTPATH JJIsl 3BHUAHUX Ha36MHHX YCTAaHOBOK depe3
BHKOPHUCTAHHS IIBAPTOBHUX JIiHIM Ta ITOAATKOBUX BUMOT JO MIITHOCTI Ta
CTIHKOCTI KOHCTPYKITiH.

[MepeBaru miaBarOYMX GPOTOCTCKTPUIHUX CHCTEM:

- BEJIMKa KUTbKICTh HEBUKOPUCTAHUX TUIONI: Kap €pHI 03epa, CTaBKH,
BOJIOCXOBMIIA, JaMOH, 3aTOKH;

- BUIIA e(CKTUBHICTE MOIYNCH 3aBAsku e(eKTy OXOJIOIKCHHS
BOJIOIO;

- 3MCHIIICHHS BUTpPAT BUIIAPOBYBAaHHA BOAHM Y CYXOMY KIiMarti
3aBIITKU 3MCHIIICHHIO IIIBUIKOCTI BUIAPOBYBAHHSI,

- MCHIIIA COHSYHA padiallii 3aXUINA€ CKOCUCTEMY BOJOMMH Bij
MTOTEHIIIMHO IIKiIJTUBOTO MBITIHHS BOJOPOCTEH;

- MOJXIJTUBICTh CIIOJIYYCHHSI 3 BITPO abo0 TiApOCHEPTeTHKOI0 Ta
MO/IBifiHE BUKOPUCTAHHS 1HPPACTPYKTYPH, 3MEHIINEHHS BHTpAT IS
eKcInuTyaTallii Ta 00CITyroByBaHHSI.

UucneHHI TPOEKTH 3a OCTaHHI KiJbKa POKIB MPHU3BEIH 10 PO3POOKH
PI3HMX TUIABYYMX KOHCTPYKIIH, IO  XapaKTepU3YIOThCS  Pi3HUMH
KOHCTPYKIISIMH Ta MaTepialaMH 3aJie)KHO BiJl MiICIi BCTAHOBJICHHS Ta
MPU3HAYCHHS. 3 METOI0 3a0C3MCUCHHS CTaHIAPTU3AIIT TIAaBYYi KOHCTPYKITT
KIacu(iKylOTbCS Ha TPH OCHOBHI BHIM IO THUIY HiITPUMYIOUHX
KOHCTPYKIIiH:

- YHCTI TOIUJIABKH, J¢ (DOTOCNEKTPUYHI MOJIYJIl BCTAaHOBIIOKOTHCS
0e3rmocepeIHBO Ha MOTUIABKAX;

- MOJYJBHI TJIOTH, Ji¢ TaHelIb MIATPUMYETHCS CTPYKTYPHHM KapKacoM,
3'€ JHAHKMM 3 TIOTUIABKOM;

- MeMmOpaHH, Je¢ TaHeNi KpilusIThes 0 apMOBaHOI MeMOpaHH, SKa
MiATPUMYETHCS TPYOIACTUM KIJTbIIEM, IO 3a0e3MeUye MIaBydiCTh.

[InaBydi cHopyau TMPOTATOM CBOTO JKUATTSA MAJAIOTHCA Pi3HUM
HaBaHTAXCHHSIM: IIOCTIHHIM, EKCTUTyaTalliiHUM, €KOJIOTTYHAM, MOHTKHAM
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Ta BHUIAAKOBHM. DBiNBIIICTP HMX HaBaHTa)KEHb TECHEPYIOTHCS yMOBAMH
HaBKOJIMIITHEOTO CEPEIOBUINA i MOXYTh OyTH CIPOTHO30BaHI HAa OCHOBI
ICTOpUYHHX JaHWX 3 BiAKpUTHUX 0a3 maHuX. OCHOBHUMH €JIEMEHTaMH, SIKi
CITiT BpaXOBYBaTH, € HACTYITHI: BiTep, CHIT, XBWJIi 1 Tedii, TemrmepaTypa i
COHSYHE BUIPOMIHIOBAHHS:

- BiTEp: € JOMIHYIOYMM 30BHIITHIM ()aKTOPOM, CTBOPIOE TiTHOMHY CHITY
i cuity J1oOoBoro onopy Ha cuctemy FPV, a Takox TUHAMIYHI HABAaHTAKCHHS;

- CHIFOBE HaBaHTAXKCHHS, SIKC 3aJICXKHTH SK BiJ] CHITOBOI 30HU, TaK 1 HaJ
BHCOTOIO HaJ PiBHEM MOPS;

- XBWJI: XBHWJI HEPO3PUBHO IIOB'SI3aHI 3 BITPOM: KOJH AME BiTEp, BiH
30ypro€ MOBEPXHIO MOPSI Uepe3 TePTsI 1 KOJIMBAHHS TUCKY, CTBOPIOIOYH XBHIII.
VY Bunanxy Benukoi FPV-cuctemu, uepe3 3Ha4Hy KiJBbKICTh 3'€THAHUX MK
c00010 TIOTIIaBKiB, TiAPOINHAMIYHY B3a€EMOJIII0 MK OKPEMHMH MOTIABKAMK
HEOOXiHO BPaxOBYBATH T'iAPOIUHAMITHY B3aEMOIIIO;

- Tedii: Teuil moB's3aHi 3 OIYHUMH HaBaHTAXEHHAMHU a00 CHIIAMH OIIOpY,
SIKi MOKYTh BUKJIMKATH BUXPOBI 1HIYKOBaHI KOJWBaHHS;

- COHSYHE BUINPOMIHIOBaHHS: BHUPOOHWITBO  €HEPTii  MOXHA
knmacu(ikyBaTd Ha JBI OCHOBHI ¢opMu: TIIOOATbHE TOPH3OHTAIBHE
OTIPOMIHEHHS 1 MpsIME HOpMaJIbHE ONPOMIHEHHS, IO BUMIPIOEThCS B KBT-
rop/m?. BuXoJSuM 3 IMX JaHUX Ta BPaxOBYKOUM e(EKTHBHICTh MaHEI,
MOYKHa MO>KHa OLIHUTH PiuHMIA 00csT BUpOOJIEHOT eHeprii;

- TEeMIIepaTypa: TeMIIepaTypa HaBKOJIUIIHEOTO CEPEAOBHUINA BILTHBAE HA
BTpaTH Iepeadi yepe3 BUpOOJICHE TETLIO.

OCHOBHUMH BHMOTaMH JJisi po3paxyHky € Hopmu JIBH T1a EC3 Ta
HaIliOHAJBHI TOMATKH JJIs1 KOXKHOT KpaiHu. 3BayKaloyu Ha Te, IO KOHCTPYKIIist
mae knacc CC2, mu mpoBoanMo pospaxyHok PC2 3amicts PC1, mo go3Bosie
BHKOPHUCTOBYBAaTH KOMOIHAIII0O HABAHTAXCHHSI:

- BJIaCHA Bara + CHIrOBe HABaHTA)XKCHHS;

- BJIACHA Bara CHIrOBE HABAaHTAXECHHS + BITPOBE HABaHTAXCHHS 3
koedirieaTom 0,6;

- BJAacHA Bara + BITPOBC HABAaHTAXXCHHS + CHIFOBE HABAHTAXKCHHS 3

koedinientom 0,5.
[TnaBaroya coHsiuHa eHepris, sika 3apa3 Ha 10-15% mopoxkya, HIX NMPOEKTH
HA3¢MHOTO MOHTaXY, € MPUBAOIMBOIO MPOIO3HUIIIEI0 B paiiOHaX Ta KpaiHaX,
ne 3emus  gedinurHa. MiKHApoAHAa Trpyna JIOCHITHHKIB ITiapaxyBaia
MIOTEHINANl «IJIaBalovO0i» COHSYHOI €Heprii Mo BchbOMY CBITYy. PesymbTaTtu
MOKa3yIoTh MoTeHIian reHepaiii 9434 TB1-roa Ha pik y 114 555 rinobansHux
BOJIOCXOBHIIAX, oXorumorodu 30% ix mromi. Cromyueni LltaT migupyors
3 moteHmianoMm 1911 TBt-rox Ha pik, 3a Humu Wayte Kuraii 3 1107 TBt-rog
Ha pik i bpazwuiis 3 865 TBT-rox Ha pik.
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PO3PAXYHOK HAJITMHOCTI METAJIEBUX
CIIIPAJIBHO-®AJIBHEBUX CHJIOCIB

Miuyrin C.®D., 0.m.n., npogecop,
Oxcenenko K.O., acnipanmka
Hayionanvuuii ynieepcumem «Ilonmaecvka nonimexuixa imeni FOpis
Konopamioxa»

OmHUM 3 BaXJIMBHX TEXHIKO-€KOHOMIYHHX TMapameTpiB OymiBeIbHUX
KOHCTPYKIIHA € IXHA HaailiHicTh. BimmosigHo mo OynisenpHMX HOpM JIBH,
HaJIAHICT 00’€KTa BU3HAYAETHCA SK BIACTHBICTH BHKOHYBAaTH 3ajaHi
(YHKITIT TPOTATOM PO3PAXyHKOBOTO CTPOKY €KCILTyaTallii, BOHa BKIIOYAE
OCHOBHI KOMITOHEHTH - 0€3BIIMOBHICTb, JIOBTOBIYHICTb,
PEMOHTONPUAATHICT, KHUBYYICTh. [l cTameBUX CHIIOCIB HaWOiNbIIe
3HAYCHHS Ma€e 0€3BiIMOBHICTH — BJIACTHBICTh 00’€KTa BUKOHYBAaTH HOTPiOHI
¢yHKIIT B TEBHUX yMOBaX IPOTATOM 3aJaHOTO IHTEpBAIY Yacy UM
HapoOITKy.

CyuacHi HOpMH IIPOEKTYBaHHs OyIiBEIbHUX KOHCTPYKIIH BpaxoBYIOTh
IMOBIpHICHHH XapaKTep HaBaHTKEHb Ta HECYYOi 3aTHOCTI KOHCTPYKIIIH
TUTEKH B YaCTHHI 00pOOKH BUXITHUX NaHWX. METOI TpaHMYHUX CTaHIB, SKHI
3aKJIaJIeHUl B HOpMax MPOEKTYBaHHS € HaIliB-HMOBIPHICHHM, TIPH ITLOMY
HaJIAHICTh KOHCTPYKIIIH TIPH MPOEKTYBaHHI 320€3MeUyeThCs 3a JOMOMOTOI0
BHKOPHUCTAHHS BiAMOBIMHUX KoedimieHTiB 3anacy. Jleski 3 mux KoedirieHTH
HE MaTh JOCTaTHBOI'O TEOPETHYHOTO Ta  EKCIEPHUMEHTAILHOTO
0OIpyHTYBaHHSI.

Meroau Teopii HagIHHOCTI HAOLIBII TOYHO BiOOPakatoTh IMOBIPHICHY
MPUPOJY OCHOBHUX pO3PaxXyHKOBHX BCIUYMH Ta B3AaEMO3B’SI30K MiXK
30BHIIIHIMY BILUTUBAMH Ta MII[HICTIO KOHCTPYKIIiH.

Tpeba BiAMITHTH, 110 HA CHOTO/IHI PO3PAaXyHOK HaAIHHOCTI KOHCTPYKIIH
CTAJICBUX  CHipalbHO-(ANBIEBUX CHJIOCIB 3aIHIIAETHCS  aKTyaJbHOIO
obmacTio mociimkenb. OIHIOBAaHHS HAIIHHOCTI METalleBOTO CITipaIbHO-
(danprieBoro cwiocy Oyle TNPOBOJUTHCS Ha OCHOBI aHali3y pe3epBy
MIITHOCTi, SIKAH OymeMo BH3HAYaTH B TMPOCTOPI HAMPYKEHb HACTYITHUM
YHHOM:

Y—R—S—Uy—O'iZO. 1)
BumankoBuMH BeNWYMHAMH Yy TIOCTaBIeHIH 3amadi  OIIHIOBAHHS

HaailHOCTI €:Uy " BHIAJKOBA BEJIMYMHA MEXi TEKYy4OCTi CTai,
BUIIaJKOBA BelnunHa (DiOpOBHMX HampyXeHb B CTiHII cuiocy. OcHOBHi
HAaBaHTa)KCHHS Ha CHJIOCHY €MHICTh — II€é BHIIAJKOBUH THCK CHITy4OTO
Mmarepialy, TOMY BHUIQJKOBHIl XapakTep IPHBEICHUX HAINpPyXKeHb €

oO. —
i
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HACTiIKOM IMOBIPHICHOI TPHUPOAA THCKY, OOYMOBJICHOI CTaTHCTUYHHM
PO3KHIOM XapakTepUCTHK cuiydoro wmarepiany. L[i HanpyxeHHS €

(yHKIi€I0 BUNAIKOBUX apryMEHTIB, TaKMX K / ~ NHTOMa Bara CHUIy4ux
Matepianis; 4 —koedilieHT 60K0OBOro THCKY cumydoro Matepiany; ¢ ~ kyT
BHYTpIilIHLOTO TepTs, rpa; A~ koedilient TepTs cumyuux matepialis 06
CTiHU CHJIOCY.

®Di0poBi HANPY>KEHHS B CTiHI[I BU3HAYAIOTHCSA 332 (HOPMYIIOIO:

5, =61 (©)-5,(H5,()+ 5,5 @

e Oy (f), Gk(f) — BIAMOBITHO BUMAIKOBI BeTHYUHH (HiOPOBHX
MO3JIOBXKHIX Ta KIJIBIIEBUX HAMPYXEHb B CepeluHi oOWYaiiku, sKi
BH3HAUYAIOTHCA 32 popmyIamu:

B 6M(E) N, __E N
G, () =t—F - G (=B —-v—
t t , r t , 3)
e ‘7)(5), M) _ BiJIMOBITHO BUTAJKOBI BEJWYUHH TMPOTHHY Ta

IIO30BXHBOTI'O 3IrMHar4oro MOMCHTY B CCpe,HI/IHi 061/[‘1&17[1(1/1,

Ny BHIAJKOBA BEIMUMHA TO3IOBKHIX 3ycmib, £ —mMomyns mpyxHocTi

Marepiany 06010HKH, vV — koedinient [lyaccona, ! —TOBIIMHA CTIHKH.

Ha ocHoBi onepkanux Gopmya Oyiu mpoBeieHi po3paxyHKU HaTIHHOCTI
cripanbHO-(banbieBoro cwiocy. s po3paxyHKiB Oyiia NpuiHATa peanbHa
CWJIOCHA KOHCTPYKI[iSI 3 HACTYIIHUMH BUXITHHUMH IaHWUMH: i — BHCOTA
kopnycy 20 M, d — niameTp cuitocy 8 M, £ — TOBIIMHA CTIHKH HIDKHIX SIPYCIB
0,004 ™M, cramp kiacy DX51D+Z140. CwunocHa  KOHCTPYKLIis
3aBaHTAXYBAJIACh PI3HUMH CUITYYHMHU MaTEpiaaMH.
3a pe3ysbTaTaMu po3paxyHKy OyJI0 OTPUMAHO, IO XapaKTePUCTHUKA Oe3MeKU
[ IS BKazaHOTO CHJIOCY HAaOyBae HACTYITHUX 3HAYCHB: MPH 3aBaHTAKEHHI
KYKypyn3o1o =5,85; npu 3aBaHTaXeHHI coero =5,82; mpu 3aBaHTaXCHHI
nmeHunero [=5,43; npu 3aBaHTaXeHHI saMeHeMm [=5,64. BimmosigHo 10
JIBH B.1.2-14:2018, Tabn. b.2 pekoMeHn0BaHa BETMYUHA XapaKTEPUCTUKHI
0e3mneKu (IanbHOCTI BiIMOBH) 8 IJIsl pO3pax0oBaHOTO CHIIOCY (KJIac HACHTIAKIB
CC2, xareropist BiAMOBINATBHOCTI KOHCTPYKIII A, ycTajneHa po3paxyHKOBa
CUTYyallis]) TOBMHHA BiINOBIiTaTH 3Ha4YeHHIO f=4,27, TakUM YUHOM, 32
pe3yiabTaTaMu TMPOBEIACHHUX pPO3PAaXyHKIB MOXXHA CTBEPIXKYBaTH, IO
HAIIHHICTh PO3MIIIHYTOT CHJIOCHOT EMHOCTI 3a0€3MeUcHa.
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ABAPIi HA OT'OPOJI)KYBAJIBHUX CIIOPYJIAX
XBOCTOCXOBHUII: AHAJI3 CTATUCTUYHHUX JAHUX

Paguyk O.J., acnipanm
I « YxpHI{Isoooxkanannpoexmy
Maxinbko A.B., 0.m.n., npogecop
Hayionanvuuii asiayitinuii ynisepcumem

Ha cygacHoMy erami pO3BHTKY TipHHY0-T00YBHOI IPOMHMCIIOBOCTI
VYkpainu Ta 3a KOPJAOHOM IIUPOKOTO PO3MOBCIOKEHHS HA0YII0 Oy /1iBHUIITBO
MIPOMHUCIOBAX HAMHUBHHX TiIPOTEXHIYHHX CIIOPYX — XBOCTOCXOBHII,
NMPU3HAYCHUX s CKJIaIyBaHHS MiHEpaJbHUX BIAXONIB 30arauycHHS
(XBOCTIB) Ta Il OCBITJIICHHS BOAM. lIpW TMpOeKTyBaHHi, OYIiBHUIITBI Ta
eKCIUTyaTallii XBOCTOCXOBHII HAWO1IbIIE yBard MPHUIIISETbCS X HAMIHHOCTI
Ta Oe3rmeri, OCKUIbKM pyHHYBaHHS TakMX OO0’ €KTIB MOXE IPH3BECTH MO
KaTacTpoiYHUX HACTIIKIB.

VY cBiti HamigyeTses mpubauzno 18000 xBocrocxoBwui, 3 skux 3500 €
akTUBHUMH. 3a octanHi 100 pokiB yacToTa pylHyBaHb 1aMO XBOCTOCXOBHIIL
craHoBuTh npuOmm3Ho 1,2%. PiBeHp aBapifiHOCTI JaMO XBOCTOCXOBHII
3HAYHO BWINUH, HDK y TPATUIIHHUX BOAOHAMIPHUX Tpedesb 3 IPYHTOBHX
marepianis (0,01%). IpyHToBi BogoHamipHi rpe6ii 3a3Bu4ail OymyrOTbCS
BiZ[pa3y Ha IOBHY BHCOTY 1 HaJlaJli €KCIUTyaTyIOThCs y BITHOCHO CTa0iIbHUX
MPOEKTHUX  peXHWMaxX. DBymiBHUOTBO  OTOPOKYBAIBHUX  CHOPYA
XBOCTOCXOBHINIA BUKOHYETHCA, SIK PABUIIO, TIOETAITHO, 1T0 Mipi 3alIOBHEHHS
€MHOCTI XBOCTOCXOBHIIA. TOOTO 3/1iHCHIOETBCS OJJHOYACHE OYAIBHHUITBO i
eKCIUTyaTallis XBOCTOCXOBHINA. [Ipy mboMy B Tiporieci OymiBHHITBA i
eKCIUTyaTallii XBOCTOCXOBHINA (hi3MKO-MEXaHIuHI XapaKTepUCTHKH Tija
JaMOM 1 OCHOBM 3a3HAIOTh CYTTEBHX 3MiH, IO YCKJIAIHIOE 3a0e3IedeHHs
BHUCOKHMX CTaHJAPTIB SKOCTI TaKHX TiIPOTEXHIYHUX cropyd. KpiMm Toro
MarOTh MiCIle 3HAYHiI BiIMIHHOCTI B KOHCTPYKTHBHUX PIillIEHHSIX, BHOOPY
MaTepiaiiB mpu OyIIBHUIITBI 1aMO Ta MPOLECIB, MO MPOTIKAIOTh B TUI Ta
OCHOBI IPYHTOBHX BOJIOHAIIPHUX Ipedestb Ta 1aM0 XBOCTOCXOBHIIL.

B paMkax maHoTO MOCIHIIHKEHHS y3araJlbHEHO CTATUCTUYHY iH(OpMaIlio
0 aBapii, MONIKOKEHHS Ta pyHHyBaHHs 373 namM0 XBOCTOCXOBHII Pi3HUX
Kkpainax cBiTy B nepiox 1915-2024 pp. 3rifzHO 3 OHOBIEHOIO 0a3010 JaHHX,
4acToTa aBapiiHUX CHTYyallii Ha XBOCTOCXOBHIIAX 3a 3BITHHH Tepiof
cknagae npubimsHo 3,42 aBapii Ha pik. 3okpeMma, y niepion 3 1915 mo 1960
pik Tpammitocst 25 aBapiit 3 yacToToro B cepennsoMy 0,55 Ha pik. Binmiueno
3HAYHI CIUTeCKW 30UThIICHHSIM aBapiid 3 1960 poxy, 1o MmoB’s3aHO 3i
301JIBIICHHSM CBITOBOTO BUIOOYTKY PYAH B IpYTiil OJOBHHI XX CTOJITTS,
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i BIOMOBITHO 00’€MiB Ta IHTEHCHBHOCTI CKJIaIyBaHHS XBOCTiB B
xBocTtocxoBuma. Tak B mepiox 3 1960 mo 2000 pik 3aramom cranocst 230
TIOIIIKO)KEHD 1 pYHHYBaHb aMO XBOCTOCXOBHIIL, III0 CTAHOBUTH MPUOIHU3HO
62% Bin 3aranpHOI KUTBKOCTI aBapiii (5,75 aBapiit Ha pik). Y 2000-x pokax
CIIOCTEPIraeThCsl 3MCHIICHHS KUTHKOCTI BHIAJKIB MOPIBHSIHO 3 MHUHYIUMH
JNECATWIITTAMH, B TOH 4yac gk miciist 2010 poKy criocTepiraeThecsi TCHISHITIS
IO 3pOCTaHHsI KUTBKOCTI iHIUACHTIB (5,9 aBapiii Ha pik).

l'eorpadist aBapiii Ha XBOCTOCXOBHIIAX IIOKa3ye, L0 HakOiibIIe
aBapiiiHux cutyauii BinOysocs B IliBHiuHi# Amepuni (41%), ne kpaiHamu 3
HaiiOiIpIor0 KinbKicTio aBapiii € CIIA (33%) ta Kanana (8%). V Ilinennii
Awmepuni KUTBKICTh aBapiii Ha XBOCTOCXOBHUINAX € Bucokoro B Yumi (11%),
Bpazunii (5%) ta B Ilepy (5%). B Azii Kuraii (6%) ta ®ininninu (5%) €
TaKOXX KpaiHAMH 3 YaCTHMHM aBapisiMu Ha mambax xBoctocxoBuml (5%). B
€BpoIi KUIBKICTh MONIKO/KEHB 1 aBapiil 1aM0 XBOCTOCXOBHIL € HAHBUIIIOO
y Benukiii Bpuranii (5%).

AHai3 CTaTUCTUYHHMX NMaHuX B mepion 1915-2024 pp. cBim4uTh, 110
OCHOBHMMH NPUYMHAMH PYHHYBaHbB 1 MOIIKO/DKEHb 1aM0O XBOCTOCXOBHII €
MepeuB BOJM uepe3 rpebinb gamou (21%), mOpyIIeHHS CTIHKOCTI gaMOu
(16%) Ta ceiicmiuni BrumBH (15%). Bucota mamOm XBOCTOCXOBHIIA € IIe
OJTHUM BaXXTUBUM (DaKTOPOM. B pO3IIIHYTHX HaHWX CTATUCTHYHHUX aBapii
XBOCTOCXOBHII] JIOCTYITHA iH(OpMALisl PO BUCOTY AamO st 195 Bumaakis.
[Mpubauzno 90% aBapiii OB’ s13aHO 3 JaMbamu BHCOTOIO 10 50 M, B TOH yac
K Tpu BUCOTI mam6 monany 100 M — 2%. HaiiGumemn BpazaMBHMHU IIOAO
BiZIMOB y poOOTi BHSBHIHCA JaMOM XBOCTOCXOBHI] 3aBBUIIKK 10-20 M —
npuomm3Ho 28%, 0-10 M — 21% Ta 20-30 M — 20%.

JlocmimKeHHSIMHA ~ BUSBIICHO CEpENHIA KOPEAMiNHUN 3B’SI30K  MiX
00’€MOM XBOCTIB, III0 3aCKJIaI0BAaHO B XBOCTOCXOBHIIIE, Ta 00’€MOM BUIJIUBY
XBOCTIiB B HaBKOJIMIIHE CEPENOBHIIE Micis aBapii. 3riHO 3 perpeciiHuM
aHaTi30M, 31 30iIbIIeHHS 00’ €My CKJIalyBaHHS XBOCTIB B XBOCTOCXOBHIIII Ha
1% 06’em BuimBY 36inmbiryetscs Ha 0,25%.

[ligBoasiuM MiACYMKH JAaHOTO JOCHIDKCHHS, BapTO BiI3HAYHTH, IO
OTIPAIfOBaHHS CTATUCTHUYHOI iHQoOpMAIlii MpO OCHOBHI TONIKOKEHHS 1
pYWHYBaHHS 1aM0 XBOCTOCXOBHIII IO3BOJIMJIO BUSBUTH HAOIIBIT Bpa3IuBi i
HaiMEHII HamiiHI eJNeMEHTH KOHCTPYKUIH OTOpo/KYBaJbHHUX CIIOPYA
XBOCTOCXOBHIL], 1110 JIO3BOJINTH 3aCTOCYBATH IX NPH BUKOHAHHI PO3PaXyHKIB
1010 BU3HAYCHHS HMOBIPHOCTEH BUHMKHEHHS aBapii Ha JaHUX CIIOpYyIax.
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BOTI'HE3AXUCT JEPEBUHHU KOMIIO3UIISIMU HA OCHOBI
HEOPI'AHIYHHMX TA OPTAHIYHHUX PEHOBHUH

Hanko FO.B., 0.m.n., npogecop
Yrpaincoruii deporcasnuii nayxoso-oocrionuti incmumym “Pecypce”, m. Kuis
Bbonnapenko O.IL., x.m.1., doyenm
Kuiscoruii nayionanehuil ynisepcumem 0y0ieHUYmMSa i apximexmypu
Hanxko O.10., x.m.n., doyenm, c.H.c.

Kuiscoruii Hayionanehuil yHisepcumem 0y0ieHUYMSA i apximexkmypu
Ypaincoruil deporcasnuii Haykogo-docrionutl incmumym “Pecypc”, m. Kuisg
Kagepun K.O., x.m.x., doyenm, Cemirpan 1.¥O., cmyoenm
Kuiscoruii Hayionaneruil ynisepcumem 0y0ieHUYMSA i apximexkmypu

JlepeBuHa, sk OyIiBeIbHWHA MaTepial, IIUPOKO 3aCTOCOBYETHCS B
OYIIBHUIITBI i apXiTEKTypi 3aBASKH CBOTM MEXaHIYHUM Ta €KCILTyaTalliiHAM
BIIACTHUBOCTSAM, aJie¢ y 3B’A3Ky 3 IIJBHIICHOI TOPIOYICTIO €
MoXkeXKoHeOe3meyHuM MatepianoM. [TiIBUIINTH piBeHb MOKEKHOT Oe31meKu
00’€KTIB, 1€ BUKOPHUCTOBYIOTHhCS OYIiBENbHI KOHCTPYKIII 3 IE€pPEBUHH,
MOXIJIMBO 3a JIOTIOMOTOIO ii BOTHE3aXHCHOTO OOpOOJICHHS, CYTh SIKOTO
MOJIsiTa€ B HAJAHHI JIEPEBHHI 3MaTHOCTI MPOTHCTOSTH Jil TOIyM s,
MOLITUPEHHIO TIOTYM sl TOBEPXHEI0, B 3aMI00IraHHI BUTbHOMY JOCTYITY KHCHIO,
SIKMIA CIIPUSIE ECTPYKIIT JEPEBUHMU 1 MPUCKOPECHHIO MPOIIECY TOPIHHS.

JI1s BCTAaHOBJICHHS €)EKTHBHOCTI 3aXHCTY JICPEBUHH, BUKOPUCTOBYBAIU
3pa3ku, HeoOpOoOIeHMI Ta SIKi 0OPOOIISIIM KOMITO3HUINIEIO, IO YTBOPIOE HA
MOBepXHi 0€30apBHY IUIIBKY Ta 3JaTHA Iia Ji€l0 BHUCOKOI TeMIepaTypu
CTBOPHTH Ha TIOBEPXHI MIHO KOKCOBUI 3axucHUi map. Ha puc. 1, 2 mokazano
pe3yJIbTaTH BUIPOOYBaHb.

Sk BUIHO 3 pHC. | michs BIUTMBY MOJIYM sl TTaJbHUKA 3pa30K 3aropiBCh,
IO TPHU3BEJO 0 HOro BHUIOpaHHS Ta 3HAYHOrO OOByriroBaHHS. [lpu
TepMiuHIM mii Ha 3pa3kM JepeBHHHM OOpOOIEHOI MPOCOYYBaJbHUMH
pO3YMHAMHM Ha OCHOBI cymim ¢ocdary amoHito 3 antucenTukoM “T'embap”
MTOKAa3ally, 110 3Pa30K IiJ] Ti€F0 MOTyM sl 3BYTIIMBCS, aJIe 3HAYHOT'O BUTOPAHHS
He OyI0.

Pesynbrati  HOCHiDKEHB 3 TMPHPOCTY MAKCUMAIbHOI TEMIEpaTypHu
ra3ononioHnX mpoxykTiB ropinas (At, °C) ta BTpaT Macu (Am, %) 3pa3kiB
JIEPEBUHM, sIKi OyIJI0 MPOBEACHO B JIA0OPATOPHUX YMOBaX, HABEJICHO HA PUC.
2,3.
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a
Puc. 1 - Pe3ynpraTy BU3HaYEHHS TOPIOYOCTI IEPEBUHHU: a — HEOOpOOIIeHa;
0 — 3pa3ok, 00poOIIeHNH TPOCOYYBATLHUMH PO3YHHAMHU Ha OCHOBI CyMIllI
(ocdary amoHniro 3 anTHCcenTHKOM “T'embap”; B — 3pa3ok, 00pobieHuit
KOMIIO3HUITIETO 3 KapOaMiny, pochOopHIX KUCIOT Ta KPOXMAIIO

B
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Puc. 2 - Jlunamika HapOCTaHHS TEMIIEPAaTypH JUMOBHUX Ta3iB
BOTHE3aXHIIEHOI JiepeBUHU: 1 — HeoOpoOIieHa; 2 — 3pa3ok, 00podIeHMI
MMPOCOYYBATHHUMH PO3UNHAMH Ha OCHOBI cyMill ¢ocaTy aMOHiIO 3
anTucentukoM “T'embap”’; 3 — 3pazok, 00poOICHNI KOMIIO3HITIEO 3
kapbaminy, pochOopHUX KHCIOT Ta KPOXMAIIIO

JocnimkenHss mnokasanu (puc. 2), mo HeoOpoOlieHa jaepeBUHA
BIZTHOCUTBCS /10 TOpIoYMX MarepianiB. [IpocoueHa nepeBnHa BUTpHMana
TEMIIEpaTYpHUH BIUIMB 1 BIJIHOCHUTBCS 10 Ba)KKOTOPIOUMX MaTepiajiB 3a
NoKa3HUKOM BTparn Macu (puc. 3). Ilpu mnowarkoBiii Temmeparypi
razononioanx mpoaykTiB ropinas T=200°C, mpu aii moxy™m’s HaJbHUKA Ha
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3axXHIIEHUNA 3pa30K, 00poOICHNH MPOCOTyBATFHIMU PO3YMHAMH HA OCHOBI
cymim ¢ocdary amonito 3 antucentukoMm “T'embap”, Temmeparypa
ra3onoAiOHNX MPOAYKTiB ropiHHs cranoBmia T6260°C (puc. 2, kpusa 2), a
BTpara Macu He mepesunmma 9% (puc. 3). llle Oumpmry edexTHBHICTH
MoKa3aly 3pa3kd, sKi Oymo o0OpoOIeHO KOMIO3MIi€I0 3 KapOaminy,
¢dochopHUX KHCTOT Ta Kpoxmairo (puc. 2, kpuea 3). Ilpu oMy BTpaTa Macu
cranoBmia 3,6% (puc. 3).

60

=
=

Brpara macu. %

[
=

0 - =
L 2 3
Puc. 3 - Pe3ysnpraru BTpatu Macu 3pa3kiB ®m, % BOTHe3aXHIIEHOT
nepeBuHH: 1 — HeoOpoOIeHa; 2 — 3pa3oK, 00poOIeHNIT TPOCOTyBATHPHUMHU
po3UMHAMHU Ha OCHOBI cymim ochaTy aMOHIIO 3 aHTHCETITUKOM
“T'embap”’; 3 — 3pa3ok, 00poOIeHNIT KOMIO3HIIETO 3 KapOamiy,
(dhochopHUX KHCTIOT Ta KPOXMAITIO

VY pesynpTaTi MPOBEACHUX MOCHIKEHb BCTAHOBICHO €(EeKTHBHICTPH
BOTHE3aXMCTY JIEPEBMHU IPOCOYYBAJBHUM 3aCO00M Ta KOMIIO3HUIIEI0
CIy4yBaJIbHOTO THILy Ha OCHOBI KapOamingy, (GOChOpPHHX KHCIOT Ta
KpPOXMAITIO. 30kpema, BUIPOOyBaHHS HA  MOICTBHHX  3pa3Kax
BOTHE3aXHMIIICHOT JCPEBUHH IMOKA3alld, 10 MPOCOYCHHS XapaKTePU3YEThCS
PO3KJIAZIOM aHTHITIPEHIB i AI€I0 TEMIECpPATypH 3 MOMIMHAHHIM TEIUIa Ta
BUIICHHSIM HETOPIOYMX ra3iB, BiIOYBa€ThCS TajJbMyBaHHS OKHUCIICHHS B
ra3oBiii 1 KoHAeHCOBaHiN ¢azi. HaTtomicTh MOKpPHUTTS mpu Aii BUCOKOL
TEeMIEepaTypH YTBOPIOE 3HAYHUN KOe(illi€HT CITydeHHs, CIIPHsI€ YTBOPCHHIO
TEIUIOI30JAIIMHOTO mapy KOKCy, IO 3amo0irae BHUTOPAHHIO JOEPEBUHH i
MPOXO/PKEHHIO BUCOKOT TEMIIEPATYPH 10 MaTepiaiy.
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BIONNO3UTHUBHA BY AIBJISA
PEABLUIITAOIMHOI'O ITIPU3HAYEHHS

Mlexopkina C.€., 0.m.x., npoghecop, MepuiioBa L.O., x.apx., doyenm,
Hixigoposa T.[., 0.m.n., npogpecop, KocsiueBcbka C.M., k.m.H.,
ooyenm, KoBtyH K.A., acnipanm, T'oay6eBa-Cyaakina B.A.,
cmyoenmka
Yipaincoruil deporcasnuil ynieepcumem HayKu i mexnonozit

B ymoBax BiiicbkoBOi arpecii mpotu Ykpainu okpemoi yBaru notpe0ye
po3poOKa IHHOBAIIMHUX pIllIeHh B PI3HUX Tally3sAX, SKi 3a paxyHOK
CHHEPTETUIHOTO e€(eKTy T03BOJIATH e(DEKTUBHO peabdiliTyBaTH BeTepaHiB Ta
IUBUTLHUX. ByiBIIS SIK IITYYHE CEPEOBUIIE € HEBIT' €MHOIO YaCTUHOIO TOTO,
SIK JTFOIMHA TIEPEKMBA€E TPAaBMY, i TIOTEHIIIHHO 37aTHA 3aCIIOKOITH PEaKIliio
OpraHizaMy Ha CHOPUHHATI CTPECOPH, MOAYJIOIOYH Ta HIBEIIOIOYH
HaBKOJIMIITHI MOJApa3HUKH. Po3po0Oka MPOEKTHUX pillleHh 3a KOHIICTIIiE0
010MO3UTUBHOTO AW3aliHy Nependavae BpaxyBaHHS KpuUTepiiB OiodinbHOT
apXITEeKTYpH, BUKOPUCTAHHS «3€JEHUX» EKOJIOTIYHO Oe3MeYHNX MartepialliB
Ta pecypcoeeKTHBHUX KOHCTPYKTHBHHX pimleHb. [l yMOB Hamoi KpaiHu
aKTyaJIbHOIO € pOo3po0Ka THIIOBHUX pillleHb, MI0 OyAyTh BiANOBiTaTH
KpUTepisiM OlOMO3UTHBHOCTI Ta 3a0e3nedyBaTH INBUAKE OyIIBHUITBO
peabimiTanifHNX KOMIDIEKCIB B Pi3HHX perioHax. Tomy MeTo0 poOoTH €
po3poOka Ta OOTPYHTYBaHHS KOHCTPYKTHBHOTO PIIICHHS Oi0TIO3UTHBHOL
OymiBii peabimiTamiifHOTO PU3HAYEHHS 31 30ipHUX MOIYJIBHUX €IIEMEHTIB 3
BHKOPHUCTAHHSIM €KOJIOTIYHIX MaTepiaiB.

JI1s1 excriepruMeHTaIbHOTO MPOSKTYBAHHS 0i0TIO3UTHBHOI OymiBiIi OyIio
MIPUHHSATO apXiTeKTypHE PIMIEHHS MPOEKTY-MPOTOTHITY KHUTIOBOTO OJIOKY
peabinitaniiinoro kommiekcy. [Ipm po3poOri KOHCTPYKTHBHHX pillIeHb
OCHOBHUMH KPHUTEPISIMU OYJIO NMPUHHATO BiINOBIAHICTH BUMOTaM HeCy4oi
3MATHOCTI Ta eKCIUTyaTamiiHOi NMPUAATHOCTI, 3aCTOCYBaHHS MartepialiB 3
MiHIMAJIbHUM OOCSATOM IIKIJUIMBAX BHUKHIIB TPOTATOM YCHOTO JKHUTTEBOTO
LUKITY, IPUAATHHX JI0 TIEPEPOOKH Y BTOPUHHY CHPOBHHY 200 0 HOBTOPHOTO
BUKOPHCTaHHS Ta BIQNOBIAHUX minxonam OiodinpHoro musaiiny. Cepen
OyIiBeIbHNX KOHCTPYKIIIMHUX MAaTepialliB BCIM HaBEJICHUM BHUMOTaM
BIMOBiZIa€ MepeBUHA Ta iHKEeHepHi BUpoOHM Ha ii ocHoBi. ToMy Bci Hecydi
KOHCTPYKIIii TIPOTIOHYETHCS BUTOTOBIIATH 3 KICEHOI Ta TIEpEXPECHO-KICEHOT
nepesuHn (CLT). 3aBOsku perysipHUM pO3MipaMH KOOPIWHAIIIHHOI CITKH
ocel 3ampoIrlOHOBaHE KOHCTPYKTHBHE PIIICHHS CKIAJA€THCS 3 OKPEMHX
MOIYJTbHHUX €JEMEHTIB — CTIHOBMX IIaHEeNeH, MaHeledl NepeKpurTs Ta
TIOKPHTTSL.

3anpornoHoBaHe KOHCTPYKTUBHE pillleHHs OlOMO3WTHBHOI OyniBii-
MPOTOTHIIA, IO CKJIAJAETHCS 3 MOYJIBHUX 301pHUX €JIEMEHTIB:
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- TPUIIAPOBUX MaHeNeH I CTiH Ta MOKPUTTS, IO CKIIAJAIOTHCS 3 IBOX
mapiB 3 MEPEXPECHO-KICEHOT AePEBUHH, 3’ €THAHUX MiXK COOO0I0 THYYKHMH
3B’SI3KaMM, Ta BJAIITOBAHOI MiX IMIapaMH TEIUIO- Ta 3BYKOI3OJIAIIS 3
e(heKTHBHOTO €KOJIOTIYHO Oe3TMeYHOro MaTepiay;

- peOpHUCTUX TaHeNel TepEeKPUTTS, IO CKIATAIOThCS 3 0AOK 3 KIICEHOT
JIEPEBUHM Ta ITUTH 3 TIEPEXPECHO-KIICEHOT ICPEBUHH, 3’ € THAHUX MiXK COOO0
3a JIOTIOMOT0I0 BUCOKOMIITHOTO He()OpMaIbJIeTiTHOTO KJIer0 Ha OioJoridHil
OCHOBI.

Ha ocHOBi apXiTeKTypHO-IUTAHYBaJIbHUX PIIICHh Ta 3alpOMOHOBAHUX
KOHCTPYKTUBHHMX pillleHb Oynu po3po0JieHI KOHLIENTyalbHI KpPECICHHS
OyniBeJIbHUX KOHCTPYKIIH Ta OCHOBHHX BY3JIIB CIIOJy4YeHb O10MO3UTHUBHOI
OymiBIIL.

Jns oOrpyHTyBaHHS 3alpOIIOHOBAHOTO KOHCTPYKTHBHOTO PIIICHHS
Oiormo3uTuBHOI OymiBii OyJio TPOBENEHO JOCIIKEHHS HAIMpPyKEHO-
nehOpMOBAaHOTO CTaHY 3 BHKOPHUCTaHHIM TporpamHoro komruiekcy JIIPA-
CATIIP. CdopmynboBaHi TEOPETHUYHI TOJOKEHHS Ta BHUKOHAHO OIHKY
CTYIICHS] BHKOPHCTaHHS HECY4Oi 3JaTHOCTI KOHCTPYKTHBHHX €JEMEHTIB 3
MIePEXPECHO-KIICEHOT Ta KIIEEHOI JCPEBUHH, MPOBEACHO aHAJI3 MPOTHHIB i
NepeMilICHb.

B pe3ynbTaTi CTATHYHOTO PO3paxyHKy OyJIM OTpHMAaHI JaHi Ipo MPOTUHU
Ta TEPEMINICHHS KOHCTPYKTUBHHX CJICMCHTIB, a TaKOX pPO3pPaXyHKOBI
3YCHJUIS, 10 BHHUKAIOTH Yy HUX TPU HAWOLIBII HEBUTIMHUX KOMOIHAINISIX
MPUKIAJICHUX HaBaHTaXeHb. CTYIiHbP BHKOPHUCTaHHS HECYdYoi 3JaTHOCTI
TaHeNl TePEeKPUTTS 32 HOPMAJTLHUMH HANPYKCHHSIMH Bia il 3rHHAIBLHOTO
MOMEHTY ctaHoBmia 45%, 3a HampyXeHHSAMH cKomoBaHHSI — 18%. [lnsa
CTIHOBUX TaHeJled Ta TaHeJed TMOKPUTTSA 3a OJHOYACHOI il HampyXeHb
CTHCKY Ta 3TWHY CTYMiHb BUKOPHCTaHHS HECY4Ol 3JaTHOCTI ckiamae 58%
Po3paxyHkoBUi TPOTMH TIEPEKPUTTS 3 ypaxyBaHHIM aedopmartiit
MTOB3YYOCTI CTAaHOBHUTH 25,8 MM, II0 HE MEPEBUIIYE TPAHUIHO TOTMYCTUMY
BenmunHy 1/250 Bin pospaxynkoBoro mponsoTy L=9.0 M. MakcumanbHi
TOPU30HTAJIbHI NEPEMIIIeHHs] Y BEPXHIH TOYII MOKPIBIIi CKIafatoTh 44 MM i
He nepeBHITyIOTh 1/250 Bix 3aransHoi Bucotu Oyaismi H=11.4 m.

BukoHaHe nocnifpKeHHS HaNpyXeHO-Ae(OPMOBAHOTO CTaHY HECYUYHX
KOHCTPYKILiH, M0 (OPMYIOTh KOHCTPYKTHBHY CHCTEMY OyIiBIi, ITOKa3ajo
BIJINIOBITHICT, TIOCTABIICHHMM KPUTEPisIM MIOJ0 HECydol 3JaTHOCTI Ta
eKCILTyaTaliiHo1 MPUIATHOCTI.

3a paxyHOK MOIYJBHOCTI PO3pOOJIeH] PIllICHHS MOXYTh OYTH BiATBOpEHi
B PI3HUX YMOBax, IO JIO3BOJIUTH B CTHUCITI TEPMiHH CTBOPUTH PO3TATYKEHY
cHUCTeMy peaOuTiTallifHMX [EHTPiB M BITHOBJIEHHSA (i3UYHOTO Ta
TICUXOJIOTIYHOTO 3J0POB’SI BETEpPaHiB Ta IUBIIBHUX, MOCTPAKIAUTAX
BHACJIJJOK BifHU.
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ITPOEKT PEARIIITALIIHHOI O JEHTPY JIJIA
BIHCBKOBOCJIVKBEOBIIB TA BETEPAHIB BIHHH B m.
JKUTOMUP, AKHUY 34AHHAB I[EPLIE MICLIE B
APXITEKTYPHOMY KOHKYPCI « STEEL FREEDOM»

I'apkyma M.B.

CYYACHI 3AXHCHI ITOKPUTTA JIJIA JJOPOKHIX
BOJOITPOITYCKHHX CITIOPY]] 3 METAJIEBUX T'O®POBAHHUX
KOHCTPYKLIH

Ticanenko O.M., I'idanenko B.A., Tepemenko C.A.,

Trkauenko €.10.

TEXHOI'EHHI PU3UKHU HA ETAIII JIEMOHTAXXY KPAHOBHUX
METAJIOKOHCTPYKLIH

Tinogo O.FO., Apcipiii A.M., Apcipiii O.1.
OCOBJIUBOCTI OF'€MHO-IIJIAHYBAJIPHOI'O PILIIEHHA
MOBIJIPHOI'O KYIIOJIBHOI' O FY/IUHKY 3 IEPEBUHU

T'oaoanos O.1., Tkauyk LA. )
PEKOHCTPYKIIA BUPOFHUYO!I FYIBJII 31 CTAJIEBUM
KAPKACOM

T'omon C.C., 'omon CB.CB., ITyrau 10.B.
HIJJCHIIEHHA BFAJIOK 13 JEPEBHUHMU I11]] YAC
EKCIT/IVATALIII 34 PAXYHOK APMYBAHHA

Haypos MLK.
KUIFKICHUH [1OKA3HUK KUBYYOCTI CTAJIEBUX
KAPKACIB FAI'ATOIIOBEPXOBHUX BYJ[IBEJIb T[IPU ITOKEXI

JAmurpenko €.A., AuapieBcbka ML.A., SIkoBenko L. A.
VPAXYBAHHA CYMICHOI POEOTH JJUCKIB IIOKPHUTTIB 31
3BIPHOI'O 3AJII3ORETOHY Y CKJIANI ITPOJIITHUX
3TUHAJIPHUX METAJIEBHUX KOHCTPYKILIH
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€ropos €.A., IBuenko F0.B., IBuenko O.M.

OCOKBJIUBOCTI HAIIPY)KEHO-/[EQOPMOBAHOI'O CTAHY TA
CTIUKICTb [JUJIIHAPHUYHHUX PE3EPBYAPIB ITPA
BITPOBOMY TUCKY

Maxinbko H.O. 5
CTBOPEHHA HAIJIMHNX TA JKUBYYHUX 3EPHOCXOBHII] B
YMOBAX BIHHH TA CBITOBOI ITPOLOBOJIPYOI KPHU3U

MoBmosuy FO.J1., €Bgokimos 10.B.

IIEPEBIPKA 34T AJIbHOI CTIMKOCTI CTAJIEBUX EJIEMEHTIB
3MIHHOI'O IIEPEPI3Y 3I'I/IHO 3 JIFH B.2.6-198:2014 3
BUKOPUCTAHHAM 3MIHHOI PO3PAXYHKOBOI JOBJKUHU YV
IIPOI'PAMHOMY KOMIIJIEKCI «JIIPA 10»

Hipymanag M.M.
KITACU®DIKALIIA TA HABAHTAKEHHA CTAJIEBUX
IVIABYYUX @OTOEJIEKTPUYHUX CUCTEM

Hivyrin C.®., Oxcenenko K.O.
PO3PAXYHOK HAJJIMHOCTI METAJIEBUX CIIIPAJIbHO-
@AJIBL[EBUX CHJIOCIB

Pauqylg 0./1., Maxinbko A.B.
ABAPII HA OI'OPOIDDKYBAJIBHUX CIIOPYV][AX
XBOCTOCXOBHUII]: AHAJII3 CTATUCTUYHUX JAHUX

Hanko FO.B., bouaapenko O.I1., Hanko O.10., KaBepun K.O.,
Cemirpan /I.1O.

BOI'HE3AXUCT JEPEBUHHU KOMITIO3HUL[IAMH HA OCHOBI
HEOPI'AHIYHUX TA OPTAHIYHHUX PEYOBHUH

Hlexopkina C.€., Mepuiiona 1.0., Hikigpopona T./L.,
Kocsuescbka C.M., Koetyn K.A., T'ony6eBa-Cynakina B.A.
BIOIIO3UTUBHA BVIBJIA PEABIIITALIIHHOI O
ITPU3HAYEHHA
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