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Aalborg CEM I 52,5 N 3

- 3

-

(>50.000)
I 1,17 1,50 1,79 1,83 2,60
II 0,20 0,28 0,29 0,30 0,31
I 0,76 0,90 1,02 1,09 1,16
II 0,11 0,16 0,25 0,26 0,13
I 0,25 0,27 0,25 0,24 0,19
II 0,03 0,02 0,02

LED
I 0,20 0,21 0,23 0,24 0,24
II 0,02 0,02 0,01 -

LED I 0,28 0,30 0,30 0,32 0,34
II 0,03 0,02 0,01

LED I 0,49 0,52 0,55 0,56 0,56
II 0,03 0,02 0,01 0,01

LED I 0,51 0,55 0,57 0,58 0,61
II 0,03 0,02 0,01 0,01 0,01

LED I 0,57 0,61 0,65 0,67 0,68
II 0,03 0,03 0,04 0,04 0,04

LED I 0,64 0,67 0,68 0,7 0,72
II 0,07 0,08 0,01 0,01 0,01

a)
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-

5 10

(>50.000)

5 1,17 1,50 1,79 1,83 2,60
10 1,65 1,68 1,89 2,11 2,97
15 1,65 1,70 1,91 2,10 3,01
20 1,67 1,79 1,95 2,12 3,00
5 0,76 0,90 1,02 1,09 1,16

10 0,79 0,98 1,10 1,28 1,54
15 0,80 1,00 1,09 1,29 1,57
20 0,82 1,03 1,10 1,32 1,59
5 0,25 0,27 0,25 0,24 0,19

10 0,42 0,47 0,59 0,62 0,63
15 0,42 0,48 0,62 0,63 0,65
20 0,44 0,49 0,65 0,65 0,67
5 0,20 0,21 0,23 0,24 0,24

10 0,29 0,32 0,35 0,35 0,36
15 0,30 0,33 0,37 0,39 0,41
20 0,30 0,34 0,37 0,40 0,41
5 0,28 0,30 0,30 0,32 0,34

10 0,36 0,37 0,39 0,40 0,42
15 0,38 0,38 0,40 0,41 0,43
20 0,49 0,42 0,43 0,43 0,43
5 0,49 0,52 0,55 0,56 0,56

10 0,56 0,59 0,64 0,65 0,68
15 0,58 0,60 0,64 0,66 0,68
20 0,57 0,61 0,65 0,66 0,69
5 0,51 0,55 0,57 0,58 0,61

10 0,62 0,62 0,66 0,67 0,69
15 0,63 0,63 0,66 0,67 0,70
20 0,63 0,64 0,66 0,68 0,71
5 0,57 0,61 0,65 0,67 0,68

10 0,65 0,66 0,69 0,71 0,78
15 0,67 0,68 0,70 0,73 0,79
20 0,68 0,69 0,71 0,75 0,79
5 0,64 0,67 0,68 0,70 0,72

10 0,71 0,77 0,79 0,81 0,82
15 0,72 0,80 0,80 0,82 0,83
20 0,74 0,79 0,82 0,83 0,85

-

15 20].
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-

30 60 120 180 240 300 360 480

(>50.000)

5 2,60 1,59 1,18 1,02 0,92 0,80 0,66 0,52
10 2,97 1,80 1,35 1,21 1,05 0,89 0,74 0,61
15 3,01 1,81 1,36 1,22 1,06 0,90 0,76 0,61
20 3,00 1,81 1,36 1,25 1,06 0,91 0,77 0,62

(24.000)

5 1,16 0,71 0,52 0,51 0,41 0,35 0,29 0,24
10 1,54 0,93 0,71 0,62 0,54 0,47 0,39 0,30
15 1,57 0,94 0,71 0,63 0,54 0,48 0,41 0,31
20 1,59 0,94 0,72 0,64 0,55 0,48 0,41 0,33
5 0,19 0,15 0,08 0,07 0,06 0,05 0,05 0,04
10 0,63 0,38 0,28 0,25 0,22 0,19 0,15 0,13
15 0,65 0,39 0,29 0,25 0,23 0,19 0,16 0,14
20 0,67 0,39 0,28 0,26 0,24 0,20 0,17 0,14

LED
(990)

5 0,24 0,15 0,11 0,09 0,08 0,07 0,06 0,04
10 0,36 0,22 0,16 0,13 0,12 0,10 0,09 0,07
15 0,41 0,23 0,16 0,13 0,13 0,11 0,10 0,07
20 0,41 0,24 0,18 0,15 0,14 0,12 0,11 0,08

LED
(990)

5 0,34 0,20 0,15 0,13 0,11 0,10 0,08 0,06
10 0,42 0,25 0,19 0,16 0,14 0,12 0,10 0,08
15 0,43 0,26 0,20 0,17 0,14 0,13 0,11 0,08
20 0,43 0,26 0,21 0,17 0,15 0,13 0,12 0,09

LED
(1200)

5 0,56 0,34 0,25 0,22 0,19 0,17 0,14 0,11
10 0,68 0,40 0,30 0,27 0,24 0,20 0,17 0,14
15 0,68 0,40 0,32 0,28 0,25 0,21 0,18 0,15
20 0,69 0,41 0,32 0,28 0,25 0,22 0,18 0,16

LED
(1200)

5 0,61 0,37 0,27 0,24 0,21 0,18 0,15 0,12
10 0,69 0,41 0,32 0,27 0,24 0,20 0,17 0,14
15 0,70 0,42 0,32 0,28 0,25 0,22 0,18 0,15
20 0,71 0,43 0,33 0,33 0,25 0,22 0,19 0,15

LED
(1800)

5 0,68 0,40 0,30 0,27 0,24 0,20 0,17 0,14
10 0,78 0,35 0,35 0,31 0,27 0,23 0,20 0,15
15 0,79 0,36 0,35 0,32 0,28 0,23 0,21 0,15
20 0,79 0,36 0,35 0,33 0,30 0,24 0,21 0,16

LED
(1800)

5 0,72 0,43 0,32 0,28 0,25 0,21 0,18 0,15
10 0,82 0,49 0,37 0,33 0,29 0,24 0,20 0,17
15 0,83 0,51 0,38 0,34 0,30 0,25 0,22 0,18
20 0,85 0,52 0,38 0,35 0,32 0,27 0,23 0,19

LED

- -

-

.
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-
-

. 240

-
5 2,7 1,62 1,19 1,05 0,93 0,80 0,68 0,53

10 3,07 1,81 1,37 1,22 1,06 0,90 0,75 0,61
15 3,08 1,81 1,37 1,25 1,07 0,90 0,74 0,62
20 3,08 1,82 1,37 1,25 1,08 0,92 0,78 0,63

LED 5 0,75 0,45 0,33 0,29 0,26 0,22 0,19 0,16
10 0,84 0,50 0,38 0,34 0,29 0,25 0,20 0,18
15 0,87 0,52 0,39 0,35 0,30 0,25 0,23 0,20
20 0,88 0,52 0,38 0,36 0,33 0,28 0,23 0,19

-
5 2,67 1,60 1,20 1,05 0,93 0,81 0,67 0,54

10 3,14 1,82 1,37 1,22 1,06 0,91 0,76 0,62
15 3,15 1,82 1,38 1,22 1,06 0,91 0,76 0,63
20 3,05 1,83 1,39 1,26 1,08 0,93 0,79 0,63

LED 5 0,75 0,45 0,34 0,31 0,27 0,22 0,19 0,17
10 0,88 0,51 0,38 0,35 0,29 0,26 0,21 0,18
15 0,91 0,53 0,38 0,36 0,30 0,27 0,22 0,20
20 0,88 0,52 0,39 0,37 0,33 0,26 0,23 0,20

-
- -

-

(50.000)

5 1,59 1,18 1,02 0,92 0,80 0,66 0,52
10 1,80 1,35 1,21 1,05 0,89 0,74 0,61
15 1,81 1,36 1,22 1,06 0,90 0,76 0,61
20 1,81 1,36 1,25 1,06 0,91 0,77 0,62

(1800)

5 0,43 0,32 0,28 0,25 0,21 0,18 0,15
10 0,49 0,37 0,33 0,29 0,24 0,20 0,17
15 0,51 0,38 0,34 0,30 0,25 0,22 0,18
20 0,52 0,38 0,35 0,32 0,27 0,23 0,19

-

(50.000)

5 1,62 1,19 1,05 0,93 0,80 0,68 0,53
10 1,81 1,37 1,22 1,06 0,90 0,75 0,61
15 1,81 1,37 1,25 1,07 0,90 0,74 0,62
20 1,82 1,37 1,25 1,08 0,92 0,78 0,63

LED
(1800)

5 0,45 0,33 0,29 0,26 0,22 0,19 0,16
10 0,50 0,38 0,34 0,29 0,25 0,20 0,18
15 0,52 0,39 0,35 0,30 0,25 0,23 0,20
20 0,52 0,38 0,36 0,33 0,28 0,23 0,19

-

(50.000)

5 1,60 1,20 1,05 0,93 0,81 0,67 0,54
10 1,82 1,37 1,22 1,06 0,91 0,76 0,62
15 1,82 1,38 1,22 1,06 0,91 0,76 0,63
20 1,83 1,39 1,26 1,08 0,93 0,79 0,63

(1800)

5 0,45 0,34 0,31 0,27 0,22 0,19 0,17
10 0,51 0,38 0,35 0,29 0,26 0,21 0,18
15 0,53 0,38 0,36 0,30 0,27 0,22 0,20
20 0,52 0,39 0,37 0,33 0,26 0,23 0,20
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RESEARCH OF PHOTOLUMINESCENT PIGMENT FOR USE IN LUMINOUS
ARCHITECTURAL AND DECORATIVE CONCRETE

Abstract. Architectural and decorative concrete with the use of photoluminescent pigment accumulates
solar energy, which is converted into light in the dark. The use of products with the glow effect provides an
increase in safety in the dark. It is an additional mean of signaling on dangerous and poorly lit sections of
roads, parking lots, bike paths. In addition, it allows to characterize this material as functional (the possibility
of manufacturing a wide range of products), aesthetically expressive (highly decorative in the daytime), eco-
friendly (the possibility of manufacturing with the use of man-made waste). Concrete with the use of photolu-
minescent pigments should not lose the properties of the glow, while the intensity of the glow should be main-
tained for a sufficiently long period. The criterion for choosing Portland cement for luminous architectural
and decorative concretes is not only the aspect of decorative concrete, but also the effect of luminescence. An

http://fasadoved.ru/
mailto:arch@gmail.com
mailto:ludmilasuleimanova@yandex.ru
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experiment is conducted to determine the degree of luminescence of photoluminescent pigment in concrete

shown that in order to enhance the effect of the photoluminescent pigment glow in concrete, the surface of the
products must be sanded, which is also advisable for creating highly decorative surfaces of concrete products.
The optimally selected materials and the method of surface treatment of the products ensure the decorative
effect of architectural concrete even in the daytime.

Keywords: architectural and decorative concrete, photoluminescent pigment, luminous concrete, white
portland cement, luminous intensity.
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LOAD-BEARING CAPACITY OF THE FLANGE CONNECTION OF BEAMS,
COVERING OF A SINGLE-STOREY INDUSTRIAL BUILDING TAKING INTO

ACCOUNT ITS MUSHROOM SHAPE

Abstract. The article deals with issues related to the analysis of steel frame structures. The subject of the
study is the construction sector. The object of research is flanged joints of beams of coverings of one-storey
industrial buildings. In order to achieve these goals, the following methods are used: analysis, synthesis, de-
scription, generalization and comparison. According to the results of the work, the features of forming the
quality of interaction between flanged joints and high-strength bolts in the form of a nodal connection of
coating beams are determined. Additionally, the analysis of features during the design work and production
of flanged connections used for the implementation of popular design solutions for steel cross frames of single-
storey buildings is carried out. The main directions of analysis of the state of steel structures in the presence
of signs of deformation (mushroom shape) of the flange connection are disclosed. The obtained data helps to
optimize the composition of structural reinforcement elements, as well as reduce the level of labor intensity in
the production and installation of flange joints of single- coating beams. In the course of the
study, an experiment is conducted in which the principle of symmetry is used. The unidirectional connection
in and between nodes is modeled using the elements considered. In this case, it is necessary to mention the
phenomenon of the adhesive effect of the nodes during compression and the lack of adhesion during tension.
The model takes into account the physical nonlinearity of the material properties, the behavior of which is set
by bilinear dependencies under load.

Keywords: steel structures, flanged connections, coating beams, nodes.
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THEORETICAL JUSTIFICATION OF INCREASING THE EFFICIENCY
OF REINFORCEMENT OF FLEXIBLE CELLULAR CONCRETE STRUCTURES

Abstract. Aerated concrete is actively used in energy efficient construction, mainly as a masonry material
for vertical load-bearing structures. At the same time, the creation of a closed thermal contour of the building,
which is the basis of modern energy saving requirements, is rational by the use of aerated concrete in load-
bearing horizontal structures that require reinforcement. Traditionally bar reinforcement is ineffective in aer-
ated concrete due to low specific adhesion at the contact of the reinforcement with concrete and significantly
less than that of heavy concrete, the distribution capacity of concrete around a rod, which evenly transforms
concrete stress to bar extension, the consequence of which is the significant bar understress while pulling it in

cellular concrete, aimed at increasing the contact surface of the reinforcing element with concrete while main-
taining the original steel consumption, makes it possible to recommend tape reinforcement for use in rein-
forced aerated concrete structures. Punched steel tapes equal to the bar reinforcement of the cross-sectional
area, but having developed lateral surface, provide an increase in the adhesion strength of the reinforcement
and preventing its pulling. The article presents the results of a numerical study of stress-strain state in rein-
forced aerated concrete beam with rectangular section, reinforced with the proposed tape reinforcement in
comparison with traditional bar reinforcement.

Keywords: reinforced aerated concrete, aerated bent reinforced structures, aerated concrete beam, aer-
ated concrete slab, tape reinforcement, punched steel tapes.
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EFFECTS OF MECHANICAL VIBRATIONS ON ICE FORMATION ON
EVAPORATOR OF AIR HEAT PUMP

Abstract. The analysis of the reasons for the insignificant spread of air heat pumps in countries with a
cold winter period is carried out. Problems arising in the heat exchanger of the outdoor unit of the heat pump
during operation in heating mode are indicated. The existing methods of anti-icing of outdoor units are con-
sidered, and their effectiveness is demonstrated, taking into account the cost of electricity and the problem of
utilizing condensate. The possibility of removing ice from evaporators of air heat pumps using the method of
high-frequency mechanical vibrations has been investigated. Laboratory equipment has been designed and
tested for experimental research of high-frequency oscillations in the structures of evaporators manufactured
by an industrial method. The possibility of their use in heat pumps, where the fight against frostbite is carried
out by the method of mechanical vibrations, is considered. Investigations of evaporators of air heat pumps
with different types of coolant for removing ice by means of mechanical vibrations on the surface of the heat
exchanger have been carried out. Methods of fastening piezoceramic emitters to evaporators of various de-
signs are considered. A comparative analysis of the materials used in the design of evaporators, a comparison
of their acoustic properties and thermal conductivity, and recommendations on the selection of material for
further research to improve the efficiency of ice destruction from the surface of evaporators are given. Ways
of increasing the degree of cleaning of evaporators from ice are identified, recommendations are given for
further research on the use of mechanical vibrations to combat frostbite of heat exchangers in air heat pumps
under conditions of operation at low ambient temperatures.
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MODERN TRENDS IN THE DEVELOPMENT OF INNOVATIVE BUILDINGS AND
COMPLEXES

Abstract. The establishment of innovative facilities took a long way, therefore the existing innovative
infrastructure is diverse. Despite the huge number of different types of architectural structures of innovative
orientation, it is possible to track and identify similar areas of creation and operation of such objects. Build-
ings and complexes of innovative activity represent the association of high-tech firms for the purpose of their
economic growth in research and production facilities, which are located on the same territory. The main
functions of the newly formed research and production facilities are: the development of information transfer
technology between companies-residents of research and production facilities; assistance in the creation and
development of new forms and types of innovative facilities; provision of temporary ownership and use of
premises and territories for small and medium-sized businesses; organization of interaction between educa-
tional institutions and the business community in order to implement joint research activities necessary for
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technological development. The article considers the current trends in the development and formation of build-
ings and complexes of innovative purpose in the context of technological progress and socio-economic
changes, based on the analysis of the experience of design and construction of this type of objects, as well as
the study of scientific literature. It is concluded that the identified trends can be recommended for improving
the innovation infrastructure in the region.

Keywords: modern trends, development and formation, innovative complex, innovative focus, innovative
infrastructure, design experience.
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GEONFORMATION TECHNOLOGIES IN URBAN PLANNING

Abstract. The process of studying urban planning implies the involvement of land use and land surface
studies. They are largely necessary on a range of topics and issues. Sustainable development depends on con-
trolling the effects of change. GIS can achieve this through its various capabilities, which can be used by urban
planners and decision makers. GIS can operate as a tool and as a system, or even as a group of systems that
work simultaneously or sequentially. GIS is one of the most important applications of urban planning. This
study is devoted to the peculiarities of the use of geoinformation technologies in urban planning. The problems
of limiting the use of GIS in urban planning are identified. The main types of GIS in urban planning, which
are database management, visualization, spatial analysis and spatial modeling, as well as the most commonly
used functions (interpolation, map overlay, buffering and connectivity measurement) and options for their use
depending on different tasks and stages of urban development, as well as the advantages of raster and vector
data. The article also reflects the emergence and development of spatial decision support system (SDSS) and
planning support system (PSS) in urban planning. The role of GIS in the analysis of spatial planning is formu-
lated.

Keywords: GIS, decision-making, systems of urban planning, urban planning.
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HYDROPHOBIZATION OF FINE CHALK

Abstract. Natural fine chalk (calcium carbonate) is widely used functional filler for composite materials
used in many industries. The development of in-depth studies of the physicochemical properties of hydrophobic
chalk contributes to the expansion of its application. The analysis of scientific and technical literature has
shown that at the moment there are no studies of the parameters of the porous structure and textural parame-
ters of natural chalk of various granulometric composition, especially superficially treated (hydrophobized)
with fatty carboxylic acids. Carboxylic acids of C17 to C20 fractions are practically applied for hydrophobi-
zation of calcium carbonate that is conditioned by presence of these acids with enough long hydrocarbon
chains and reactive carboxyl group. The treatment of chalk with hydrophobizing additive gives it the following
advantages over untreated chalk: prevention of moisture accumulation, absence of caking and improvement
of technological properties (flowability, compatibility with polymer and others). The paper presents the results
of chemical and mineralogical analyses of natural chalk from the Sheinsky deposit, data on the differential
distribution of particles, the degree of hydrophobicity, and the study of the textural characteristics of natural
and hydrophobized fine chalk. The influence of the grinding method on the granulometric composition is eval-
uated and the cumulative effect of the grinding method and hydrophobization on the texture characteristics of
chalk is revealed. It is established that the surface treatment of chalk particles with fatty acids (C18 content
not less than 65 wt %) affects the process of nitrogen gas adsorption.

Keywords: chalk, calcium carbonate, filler of composite materials, hydrophobization, adsorption, de-
sorption, texture characteristics.
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ANALYTICAL STUDY OF THE UNLOADING PROCESS OF ELEVATOR BUCKETS

Abstract. The purpose of the article is to analyze the main results of the works that are used in the calcu-
lations of elevators with moderate speed modes, to clarify the suitability of their individual positions for de-
veloping the parameters of centrifugal unloading of high-speed elevators. Works devoted to the study of the
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operation of high-speed elevators, the results of which have not received a decent interpretation and develop-
ment, are of considerable interest. As the efficiency of high-speed elevators is determined by the quality of
centrifugal unloading and by the operation of the belt-drum mechanism without slipping, there is a need to
analyze the work aimed at solving this problem. The paper presents known solutions for determining the pa-
rameters of centrifugal unloading, which are based on various hypotheses of the movement of material parti-
cles inside the bucket. The physical and mechanical phenomena that affect the movement of material particles
in the elevator bucket are studied. The advantages and disadvantages of each hypothesis are revealed. The
theoretical study of the process of centrifugal unloading is complicated by the fact that during the movement
and exit of the material from the bucket, there is an unstable movement of the bulk material under the influence
of a changing system of forces: the forces of attraction, centrifugal and coriolis forces, and the friction force.
Meanwhile, even the simplest cases of material motion under a gravitational or mixed discharge regime are
difficult to analyze theoretically. In this regard, the dependencies and methods of constructing the trajectories
of the material movement are established, as well as the relevance of using a particular equation.

Keywords: centrifugal unloading, bucket elevator, trajectory, relative speed, noria, throwing angle.
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ACCURACY OF HOLE PROCESSING WITH A COMBINED TOOL

Abstract. Cement, powder metallurgy and various large-sized equipment are used in the industry of build-
ing materials for grinding raw materials. During operation, such equipment is exposed to external influences,
especially at the joints, which reduce the reliability of the units. This leads to the early replacement of wearing
parts. Large components of grinding mills are connected by flanges. The flanges are fastened with bolts, some
of which must be precision, since they take the load of the equipment and ensure the tightness of the connection.
The holes for precision bolts, respectively, must be accurate and of high quality. A study of the processing of
holes with a reamer is given. The cutting elements of the tool, in the form of multifaceted plates, are mechan-
ically attached to the body, which makes it possible to quickly replace the plate in case of wear or breakage.
Such an assembled combined cutting tool allows to perform countersinking and reaming in one operation and
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thereby reduce the processing time of one hole and, in general, all precision holes in the flanges of the mill
being repaired. The dependence of the precision hole accuracy on the shape and spatial deviation from the
cutting modes of processing when using a combined tool is derived. The dependence is established for pro-
cessing using a portable device with a rising spindle, as the most used equipment for repairs. The presented
dependence makes it possible to predict the accuracy of machining holes with a combined tool, taking into
account the rigidity of the technological system and calculate the required reamer accuracy.

Keywords: holes, mills, flanges, precision holes, combined tool.
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ALGORITHMS FOR KINEMATIC CONTROL OF MULTI-LINK MANIPULATION RO-
BOTS BASED ON A FUZZY NEURAL NETWORK

Abstract. The paper considers the possibility of constructing a kinematic control algorithm for manipu-
lating robots with a serial-connected links. The construction of a control system based on a fuzzy neural net-
work is proposed. The results of experimental studies on the selection of parameters of a fuzzy neural network
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in accordance with the set optimality criterion (in terms of speed), taking into account the subsequent iterative
refinement by the Newton-Raphson method, are presented. The following network parameters are considered:
the number and type of node membership functions, the size of the training sample with a different number of
training approaches. An algorithm for forming a training sample for fuzzy neural networks is proposed in
order to reduce the positioning error of the working body of the manipulating mechanism near the outer
boundary of the workspace. The possibility of adapting the kinematic control algorithms by adjusting the pa-
rameters of the membership functions in the network nodes when performing the same type of tasks, based on
the data of the Newton-Raphson refinement algorithm, is demonstrated. In the framework of this work, a com-
parative analysis of the developed kinematic control algorithm with algorithms based on iterative and neural
network methods for solving the inverse kinematics problem of a manipulative robot is carried out. The con-
clusion is made about the increase in the speed for calculations of kinematic control algorithms while main-
taining the required accuracy.

Keywords: inverse kinematics problem, manipulative robot, fuzzy neural network, kinematic control al-
gorithm, iterative refinement.
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