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ELECTRICALLY CONDUCTIVE OF NANOCOMPOSITES  

FOR SYSTEMS DIAGNOSTICS OF THE ENVELOPE WALLS  

TECHNICAL CONDITION OF NPP 

BOLSHAKOV V. I.
1
, Dr. Sc. (Tech.), Prof., 

SAVYTSKYI M. V.
2
, Dr. Sc. (Tech.), Prof. 

1 Department of Materials and Materials Processing, State Higher Educational Establishment «PrвНЧТЩrШЯЬ’ФК SЭКЭО AМКНОЦв ШП 
Civil Engineering and Architecture», 24-A, Chernyshevskogo str., Dnipropetrovsk 49005, Ukraine, Tel. +38 (0562) 745-23-72,  

e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
2* Department of Reinforced-Concrete and Stone Constructions, State Higher Education Establishment «PrвНЧТЩrШЯЬ’ФК SЭКЭО 
Academy of Civil Engineering and Architecture», 24-A, Chernyshevskogo str., Dnepropetrovsk 49005, Ukraine, e-mail: 

sav15@ukr.net, ORCID ID: 0000-0003-4515-2457 

Summary. Raising of the problem. Enveloped concrete wall type structures of localizing safety systems for 

restaint and localization of radioactive decay products or in the case of special natural or man-made impacts on the 

power unit is one of the most important components to ensure the safety of nuclear power. The promising direction for 

the development of the NPP technical system monitoring is to use conductive nanocomposites as primary elements of 

information. The purpose of the article is to review the theoretical background and experience in the conductive 

nanocomposites creating for diagnostics of localizing nuclear safety systems. Conclusions. A promising area for the 

development of diagnostic systems of localizing nuclear safety systems is the use of electrically conductive 

nanocomposites (conductive concrete - bethels, plasters, paint coatings). A mechanism for conductive nanocomposites 

creating is the use of the filler metal and carbon nanoparticles. As binders is promising to use nanocomposites of the 

mineral binders (cement) and water glass. 

Keywords: safety of NPPs, diagnostic systems, electrically conductive nanocomposites, carbon nanoparticles 
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Summary. To study the structure of metals and alloys and its influence on their properties are widely used 

traditional methods of macro- and microanalysis, X-ray, spectral, thermal and inspection (X-ray, magnetic, ultrasonic). 

They have their own threshold, often narrowly focused and applied directly depending on the purpose of the research 

object (pipe, forming rolls, metal, etc.). Currently existing mathematical models of forecasting the qualitative 

characteristics of metal products based only on an analysis of statistical data do not provide physical-chemical 

interpretation of the processes that occur during the formation of the structure or who could definitely take into account 

the effect of the chemical composition and other parameters of the technology. Therefore, the forecast results can not 

always meet the requirements. In order to obtain acceptable quality results produced by the product specifications 

developed by the forecast methodology should include the use of both classical and modern methods of structure 

evaluation. So, to determine the relationship between mechanical properties and structure elements of cast iron roll is 

planned to use the theory of fractals and multifractal. The proposed method is the most appropriate to quantify the 

majority of real structures, which the integer approximation of the figures of Euclid introduces some uncertainty, and 

therefore not always acceptable in practical problems of modern materials. In this regard, it is assumed conducting 

special experiments, the analysis of which allows to develop a qualitative evaluation of the mechanical properties of the 

investigated steels and cast iron. As a result of analysis of the production technology of steel and iron and research work 

aimed at solving the problem of evaluating the mechanical properties of the formulated problem statement of 

operational forecasting of these properties and the basic ways of its solution. 

Keywords: database, fractal, steel, cast iron, forecast, multifractal 
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Summary. It were investigated micro- and substructure processes formation with the multiple hot deformation of 

austenite. 
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At present, hot rolling is the most common 

process used in working slabs of low-carbon 

steels smelted with no carbide-forming 

additions. Although this process ensures 

relatively moderate strength characteristics in 

plates, such steels possess good weldability and 

plasticity at relatively low costs [1–6]. 

Some strengthening is connected with 

saturation of metals with numerous faults 

which in its turn results in a necessity of 

application of complicated processes and high 

production costs. For the most part, rolled 

product strengthening by various methods of 

thermomechanical treatment is economically 

more feasible than expensive alloying [1–6]. 

Specifically, an example of such leading-edge 

processes is controlled rolling used in making 

plates for the production of large-diameter 

pipes used in the construction of Arctic oil and 

gas pipelines.  

This R&D work objective was 

improvement of mechanical properties of the 

steel plates produced by controlled rolling. The 

main problems consisted in retention of 

polygonized structure of hot-deformed 

austenite and creation of conditions for its 

inheritance with proeutectoid ferrite 

precipitated before the finish rolling step.  

Temperature and deformation conditions of 

the controlled rolling are usually realized as 

follows: heating slabs in a continuous furnace 

to temperatures between 1100   КЧН 1200  , 
homogenizing holding during 4 to 6 hours, 

rough rolling completed at 980–1100  , 
cooling down to 720–820  , ПТЧТЬС rШХХТЧР ЭШ К 
required thickness and slow cooling to room 

temperature (see Figure 1, conventional 

schedule). This process has its advantages but it 

has certain disadvantages as well.  

Firstly, it is the necessity of an additional 

alloying to suppress austenite grain growth 

through the formation of particles of high-

temperature carbonitrides (otherwise, the plate 

impact toughness can degrade) [1–6]. 

Secondly, this process has only proved 

itself well in the production of plates not 

thicker than 20 mm as the thicker is the rolled 

product the worse are tensile strength and 

impact toughness because of smaller total 

reductions. 

Thirdly, it is necessary that temperature-

deformation parameters of the controlled 

rolling process were optimized for each rolling 

mill and individual plate rolling schedules were 

corrected depending on the planned service 

conditions of the rolled product.  

This R&D work has resulted in a new 

schedule for the process of polygonizing 

controlled rolling featuring a higher 

deformation fractioning in the rough stand with 

the final rolling temperature being 10–30   
ХШаОr ЭСКЧ 3 ЭОЦЩОrКЭЮrО КЧН К ЬСШrЭОr 
holding of the intermediate product at the 

bypass table to prevent recrystallization and 

maintain the rolling rate. When the temperature 

of start of working in the finish stand is 

achieved, rolling is carried out by the design 

schedule and the rolled product is cooled in a 

way ensuring retaining of subgrain boundaries 

in ferrite and escaping formation of special 

boundaries in the middle layers (see Figure 1, 

the proposed schedule). 

The larger number of unit cycles at a 

constant total deformation ratio favors 

formation of a more developed polygonal 

austenite structure and the longer deformation 

time at a lower temperature at the end of rough 

rolling makes austenite subgrains fixed. The 

resulting deformed austenite structure saturated 

http://pgasa.dp.ua/ru/dept/materials-science/
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with subgrain boundaries is favorable for 

achievement of homogeneity of the finite ferrite 

structure [7]. 

 

Fig. 1. Conventional and proposed controlled 

rolling schedules /    

   

ЦЩОrКЭЮrО КЧН НОПШrЦКЭТШЧ МШЧНТЭТШЧЬ ШП 
the proposed schedule imply the temperature at 

the end of rolling in the rough stand to be 

within a range where there is no 

recrystallization which is a prerequisite for the 

formation of fine ferrite grains during cooling 

in the intercritical temperature range. But if 

22 mm and thicker plates are rolled, a 

possibility of formation of both recrystallized 

and non-recrystallized regions in the plate body 

exists.  

To prevent recrystallization processes in 

austenite, the temperature at the end of rough 

rolling was shifted somewhat below the critical 

ЩШТЧЭ 3 аСТМС КХШЧР аТЭС ЭСО rОНЮМed time of 

staying at the bypass table creates conditions in 

which the deformed austenite is not 

recrystallized or rerystallized to a minute 

degree.  

The polygonized austenite structure 

preserved in this way contains a large number 

of additional sites of heterogeneous nucleation 

of ferrite (polygonal boundaries, their interfaces 

and nodes), cf. Figures 2a and 2b. Reduction of 

the temperature at the end of rough rolling to 

ЭСО ЯКХЮОЬ ЛОХШа 3 rОЬЮХЭЬ ТЧ К ПШrЦКЭТШЧ ШП 
fine ferrite nuclei fixing the polygonized 

substructure and preventing recrystallization 

and austenite grain growth (Figure 2d-f). 

 

Fig. 2. Sequential stages of -crystal nucleation at polygon boundaries at temperatures reduced down to the values 

below point 3; d – f: precipitation of hypoeutectoid ferrite in steels which underwent austenite decomposition after cooling in 

air, 800: d: from a single heating by 1050  , e: after 16% hot reduction at 1000  ;f:  after 36% hot reduction at 1000    
/    -        

 3; d – f:          800: 

d:  1050  , :  16%    1000  ;  
:  36%    1000   

 
 

Structure investigations of quenched 

samples have shown that cooling down to the 

temperatures below point 3 РТЯОЬ rТЬО ЭШ 

nucleation of new crystals of hypoeutectoid 

ferrite not only at large-angle boundaries but at 

polygonal ones as well (see Figures 2c, f). In 
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particular, Figure 2f shows that the internal 

volumes of the former austenite grains (their 

boundaries are seen due to the continuous 

ferrite fringes) are covered with ferrite nuclei of 

an average size 0.5–1.5 μЦ. 
In case of very small or zero temperature 

drops after rough rolling, parameters of the 

polygonal substructure develop in a reverse 

order: polygon sizes get smaller and the mean 

angle of orientation disorder decreases. 

Furthermore, the ability of polygonal 

boundaries to serve as the sites of ferrite crystal 

nucleation decreases.  

Additionally, low-angle polygonal 

boundaries are formed in fine ferrite grains 

during finish rolling which results in refining of 

the final structure and a simultaneous upgrade 

of strength and plasticity of the finished plates.  

Delivery batch tests of 40 mm thick plates 

rolled by the proposed schedule have 

demonstrated simultaneous improvement of 

tensile strength and stabilization of viscosity as 

compared to the plates rolled by the 

conventional technology: tensile strength in Z 

direction being 1.5–2 ЭТЦОЬ СТРСОr (230 Э  
480 P ). 

It is important that specification of 

properties in Z direction (direction of the rolled 

product thickness) has to be an integral part of 

engineering requirements to steels as the steel 

plasticity can fall abruptly because of an effect 

of tangential tensile forces, especially forces 

normal to the plate plane.  

Percent narrowing (Z) is the parameter 

most sensitive to the variation of all mechanical 

characteristics of thick plates in Z direction.  

Actual percent narrowing in Z direction in 

the plates produced by the proposed schedule is 

20–25 % higher than that in the plates produced 

by the conventional technology and almost 2 

times higher than it is required by the standards 

for Z 35 quality rating.  

Microstructure of 22 mm thick plates of 

microalloyed low-carbon steel 10G2FB rolled 

by the conventional technology and using the 

ЩrШЩШЬОН ЬМСОНЮХО ТЬ ЬСШаЧ ТЧ FТРЮrОЬ 3 , Л. 
Visual estimate shows that the structure in 

the plates rolled by the proposed schedule is 

more dispersed than that in the plates rolled by 

the conventional technology. Pearlite striation 

is less pronounced than in case of an ordinary 

hot-worked metal.  

Photographs of shadow-cast replica show 

that the large-angle and subgrain boundaries 

interact with their energies and the subgrains 

can be 0.5 μЦ ТЧ НТКЦОЭОr КЧН ЬШЦОаСКЭ 
elongated in the rolling direction (Figure 4a). 

 
    

 
   b 

Fig. 3. Structure of 22 mm thick plates of low-carbon 

steel 10G2FB rolled by conventional technology (a) and 

with the use of the proposed schedule (b) /  

  22    

 10 2     

 ( )     ( ) 

Images of thin foils prepared from the 

metal rolled by the experimental schedule 

reveal dislocation arrangement of subgrain 

boundaries (Figure 4b) and networks formed by 

several dislocation families. They contain 

mostly hexagonal cells and sometimes 

rectangular ones. Individual dislocations are 

discernable if the distance between them is 3 to 

5 nm, otherwise they merge into a strip with a 

contrast typical for the large-angle boundaries 

although their mean off-orientation angle does 

not exceed 3–6 degrees. 
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   b 

 
   c 

 
d 

Fig. 4. hin structure in 22 mm thick plates of low-
carbon steel 10G2FB rolled by the experimental 

schedule: , b, c:  electron microscope image of subgrain 
(polygonal) boundaries; d: dispersed carbides of (Nb, V)  type 

in ferrite /     22   
  10 2    

 : , b, c: 
   

( )  ( ) ; 
d:   (Nb, V)     

Cementite bands part into short sections 

with evidently rounded edges. 

Some of them take a disk or an ellipsoid 

shape (Figure 4c). Such changes in the pearlite 

component promote growth of plasticity and 

decrease in strength of the finished plates. 

However, a different process is 

simultaneously taking place. Contrary to the 

first one, it increases strength and decreases 

plasticity: precipitation of excess phases. In the 

ferrite component, a relatively high density of 

disperse particles is observed. These particles 

СКЯО МШЧЭrКЬЭ ЭвЩТМКХ ПШr МКrЛТНОЬ ШП (NЛ, V)  
type [8, 9]. Figure 4d shows their uniform 

distribution in the entire internal volume of the 

ferrite grains. Some dislocations are conjugated 

with carbonitride particles restraining their 

displacement at critical loads, increasing start 

stresses and strengthening the metal in this 

way.  

The high-magnification image patch in the 

upper left corner of Figure 4d shows a 

characteristic 20 mm diameter ring-shaped 

contrast formed by diffracting electrons. Such 

contrast reveals itself due to the elastic stresses 

arising around the carbonitride particles [5]. 

These particles themselves have smaller sizes, 

not larger than 3–7 nm. Their diameter is 

smaller than the light spots in the centre of the 

ring-shaped images. 

Based on the foregoing, the following 

conclusions can be drawn:  

– the proposed hot plate rolling schedule is 

based on a creation of a polygonized austenite 

structure being formed during hot working and 

forcibly kept stable up to the temperatures of 

the upper part of the intercritical range. The 

further multiple nucleation of preuetectoid 

ferrite at both large-angle and polygonal 

boundaries improves dispersity of ferrite grains 

in the metal entering the finish rolling stand, 

therefore a more dispersed final ferrite structure 

is formed in the finished plates and accordingly 

better mechanical properties are achieved; 

– the proposed plate rolling schedule can be 

implemented with no capital investments at the 

existing equipment of Ukrainian metallurgical 

works; 

– the proposed plate rolling schedule 

promotes gain in and stabilization of plasticity 

and viscosity at sub-zero temperatures and 

reduction of plate rejections over unsatisfactory 

mechanical properties; 

– the results of comprehensive studies 

allow to recommend plates of steel grades 

10G2FB and S355j2 for their use as a material 
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for the production of large-diameter oil and gas 

line pipes and construction of frames for high-

rise buildings and large-span floors. 
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THE MECHANISM OF FORMATION OF REDISPERSIBLE  

POLYMER POWDERS  
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1
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CТЯТХ EЧРТЧООrТЧР КЧН ArМСТЭОМЭЮrО‖, Chernyshevskogo str., 24-a, Dnepropetrovsk 49005, Ukraine, tel. +38 (0562) 47-59-51,  
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Ukraine, tel. +38 (0562) 47-16-22, e-mail: derev@mail.pgasa.dp.ua, ORCID ID: 0000-0003-4131-0155 

Summary. Statement of the problem. In recent years, products based on gypsum binding materials is 

widespread, as their application allows to increase the productivity and quality of work. However, their production is 

constrained by lack of efficient dry additives. Domestic additives for adjusting the properties of gypsum binders are 

mainly in the liquid state. The use of imported additives increases the cost of products. One of the ways to obtain the 

dry additive is the use of polyvinyl acetate dispersion, which is widely used in liquid form to adjust the properties of 

cementations materials. But by the reworking to the dry condition the dispersion is aggregated. Furthermore, the 

additive does not have the required functional properties.  

The main problem of the production of dispersible polymer powders is development of the mechanism of their 

dispersion and film formation, and selection of regulators. So the stabilizers in the system prevent the coagulation of the 

emulsion (dispersion). Protective colloid provides obtaining of the dispersion powder, then is able to disperse in the 

water. And, finally, drying (moisture removal) leads to the film formation. 

Keywords: redispersible powder, binding materials, additives, emulsion, polyvinylacetate dispersion
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1 1,3 : 1 1,7 0,0304 0,164 

1,5 1,3 : 1 2,54 0,045 0,111 

2 1,3 : 1 3,4 0,0607 0,0823 

2,5 1,3 : 1 4,24 0,0757 0,066 

3 1,3 : 1 5,1 0,091 0,0549 
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Summary. Raising of problem. Currently of particular relevance was given to the matter of introduction in 

manufacture of building materials and products, resource-saving techniques and technologies; integrated use of raw 

materials and materials that prevent or significantly reduce their harmful impact on the environment. This allows you to 

recycle hundreds of thousands of tons of the fiery liquid slags of silicon manganese and to develop effective structural 

materials that can replace metals, non-metallic building materials of natural origin, concretes, cast stone, plastics and 

refractories. Purpose. The study of the structure and properties of building materials and products from electric furnace 

slag of silicon manganese. Conclusion. Slags from the smelting of silicon manganese are classified as acidic. Their lime 

factor is in the range of 0.47–0.52. The composition of the slag located in the heterogeneous region SiO2 near the line of 

separation of cristobalite spread to the crystallization of wollastonite, according to the ternary system MnO-CaO-SiO2, 

which in consideration of their stability, allows the development of technology of building materials (gravel, sand, 

granulated slag, etc.) and products (foundation blocks, road slabs, containers for transportation and storage of hazardous 

waste, and others). 

Keywords: silicon manganese slags, structure and properties of the fiery-liquid slags, the chemical composition of 

the slags, building materials and products, the strength properties of slagcast products 
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Abstract. Purpose. Systematization and formalization of organizational, technological and economic factors 

reflecting the specific features of the construction of affordable housing and performing substantial impact on the cost 

of building production and the duration of works. Methodology. Substantiation of the list of factors exercising a 

decisive influence on the cost and duration of construction of affordable housing, using the methods of expert 

estimations. Findings. It was formed the system of organizational and technological and economic factors that reflect 

specific features of construction of affordable housing and carry out a significant impact on the cost of such 

construction products and the duration of works. Originality. Further development of the system of organizational-

technological and economic factors that affect the performance indicators organizational and technological decisions of 

the construction of affordable housing. Practical value. Implementation of scientific and practical research results in the 

activities of design and construction organizations in the process of organizational and technological design of 

affordable housing will improve the validity of decisions. 

Keywords: residential construction, affordable housing, duration of construction, cost of construction, town-

planning design characteristic 
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THE FORMATION OF DESIGN AND ORGANIZATIONAL AND 

TECHNOLOGICAL DECISIONS OF THE CONSTRUCTION OF HIGH-

RISE MULTIPURPOSE COMPLEXES 
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and Architecture», 24- , CСОrЧТЬСevskogo str., Dnipropetrovsk 49005, Ukraine, tel. +38 (0562) 47-39-56, e-mail: 

bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 
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of Civil Engineering and Architecture», 24- , Chernishevskogo str., Dnipropetrovsk 49005, Ukraine, tel. +38 (056) 756-33-66,  

e-mail: zei83dici@mail.ru, ORCID ID: 0000-0002-7382-919  

Abstract. Purpose. The formation of the many ways the construction of high-rise multipurpose complexes. 

Methodology. The formation of system implementation variants of creation and functioning of high-rise multipurpose 

complexes using combinatorial morphological analysis and synthesis. Findings. Many life cycle options of high-rise 

multipurpose complexes. Originality. The developed method of formation of organizational and technological solutions 

adapted to the conditions of the construction of high-rise multipurpose complexes, which provides the opportunity for 

multi-variant conditions, taking into account regulatory requirements for fire safety, insolation of buildings and 

premises, protection against noise and vibration, energy efficiency, infrastructure and population density of a residential 

district with a full range of institutions and enterprises of local significance, within existing resource constraints, to 

ensure the commissioning of objects with specified technical and economic characteristics. Practical value. The 

proposed model and the methodology allow to determine a rational variant of high-rise building according to specified 

criteria and constraints. 

Keywords: high-rise construction, high-rise mixed use complex, design decisions, organizational and 

technological decisions, resources, duration, cost 
 

 .   
   є   

    
.     

 є     
   ,   

  ’є   
, ’є - , 

  -  
,    

     
  ,   

     , 
      

, ,  ,  
   
  ,  

   ,   
 . 

    
   , , 

  , 
 ,  

   . 
 , , , 

     
    

-  , 

   , 
     

,    . 
    

 є   
 ,    
   

   
 (  ).  

   
      

   є    
 ( , , 

, ) -

 .  , 
, є    

     

[1–14]. 

   є  
 ґ   

   
     

.    
  , , 

ґ     
-   

   
,    

mailto:bolshakov@mail.pgasa.dp.ua


      , 2016, № 5 (218)  ISSN 2312-2676 

73 

     
     
  . 

,   
 ґ  -

    
    

   –  , 
-  . 

і  і   і і . 

    
     

  є  
 ,     

 ,      
-  , 

   
   

-    
  ґ  -

   є 
 ,  
      

  .  
    

є     
-   

     
.    

’   , ґ  
    

    
 ;   

,   
 ,    
      

 ;   
    ,   

,   є  
    

 . 
     

, , , 
  -

 ґ   
,     

     
  . . є , . . -

є , . . , . . , 
. . , . . , 

. . , . . , . І. , 

. . , . . , . І. , 
. .   . 

    
     

: . І. , . . є , 
. . , . . , . . -

, . . , . І. , 
І. . , . .    

. 
    

 ,   
    

   -

 , ’   
, є , є , 
 ,   , 

   ;  
,     

є     
 -  ; 

 ,   
    
 .    

 Є. . , . . , 
. І. , . . Є , . . -

, . . , . . , 
. . , . . , . . -

, . . , І. . , 
. . , . . є , . . , 
. . , . . , . . -

, І. . , . .   
 . 

є    
     

  -

    
   

 є   Д1–14]. 

 і.   є 
    

   

  -  
  . 

 і .   
   -

    
  

    
     



      , 2016, № 5 (218)  ISSN 2312-2676 

74 

 є   
     . 

    
    

-   
   

 —     
      
ґ   -

   є  
    

  —   
 -  
  ,    
     

    , 
   

   , 
    

    
 ,   
   . 

    
   

    
,    

    
     

   ( . 1). 

 1  

В         
  

 
 ( )     

-  
 

1 2 3 4 

 

  

 ґ   ( 11d ) 

1D    ( 12d ) 

  ґ   ( 13d ) 

  

  ( 21d ) 

2D  

     (  « ») ( 22d ) 

 ,      
( ) ( 23d ) 

 -   ( 24d ) 

  
 

 10,0  ( 31d ) 

3D   10,0   20,0  ( 32d ) 

 20,0   30,0  ( 33d ) 

 

 
 30,0   40,0  ( 34d ) 

 
 40,0  ( 35d ) 

  

     ( 41d ) 

4D  

-   ( 42d ) 

   -    
( 43d ) 

  ( 44d ) 

-   ( 45d ) 

 ( )  ( 46d ) 

-   ( 47d ) 

  
 

1   ( 51d ) 

5D  2   ( 52d ) 

3     ( 53d ) 

  
 

  ( 61d ) 

6D   ( 62d ) 

 ( 63d ) 



      , 2016, № 5 (218)  ISSN 2312-2676 

75 

 
  ( 71d ) 

7D  
  ( 72d ) 

   
 

 ( 81d ) 

8D  

 ( 82d ) 

 ( 83d ) 

 ( 84d ) 

 ( 85d ) 

 ( 86d ) 

’є     

 ( 91d ) 

9D   ( 92d ) 

 ( 93d ) 

  

 73,5   100,0  ( 101d ) 

10D  

 100,0   200,0  ( 102d ) 

 200,0   300,0  ( 103d ) 

 300,0   400,0  ( 104d ) 

 400,0  ( 105d ) 

 

  
 

    
 

   ,     
   ( )     

( 11b ) 

1B  

  є  ,     
 ,        

( )   ( 12b ) 

    ,  
        

  ( ) ( 13b ) 

 

  
   

 

  ( 21b ) 

2B  

  ( 22b ) 

  ( 23b ) 

 «top-down» ( 24b ) 

  ( 25b ) 

   
 

     , 
  ґ     ( 31b ) 

3B  

  ( 32b ) 

«   ґ » ( 33b ) 

      ( 34b ) 

  (jet-grouting) ( 35b ) 

  
   ( 41b ) 

4B  
   ( 42b ) 

  
 

 

 ( 51b ) 

5B   ( 52b ) 

 ( 53b ) 

 

  ( 61b ) 

6B    ( 62b ) 

   ( 63b ) 

 

  
  

,  
,   

-   ( 11 ) 

1E  ’є   ( 12 ) 

-   ( 13 ) 



      , 2016, № 5 (218)  ISSN 2312-2676 

76 

  

  
   

  
  

      
  ( 21 ) 

2E  

   ,   
   ( 22 ) 

     
     ( 23 ) 

   ( 24 ) 

 ( ) 
   

 

     ,  
,      ( 31) 

3E  
    ,  

,      ( 32 ) 

 
   є  

   
 є   : 

ebd
KKKN  , 

 d
K  –   
   

 ; 
b

K  –    
  

 ; 
e

K  –    
  

 . 
   
  

  
є   : 

uq

u

q
q

d
DDDDDK 


......2

1
1 , 

 qD  –   ( ) 
 q -   ( )  

  
 ; 

u  –   ( ) 
   

 . 
   

  
  

є    : 





z

e
zee

b
BBBBBK

1
21 ...... , 

 eB  –   ( ) 
 e -   ( )  

  -

 ; 

z  –   ( ) 
   

 . 
   

  
  

є   : 

ys

y

s
s

e
EEEEEK 


......21

1

, 

 sE  –   ( ) 
 s -   ( )  

  
 ; 

y  –   ( ) 
   

 . 
.    

    
    

  —  
     

    ґ  
 -  

  є    
    — 

   -

   . 
  —  -

 ,   є  
:    -

  є   , 
   ,  

’      -
 ,   є   , 

   ,  є 
  .  

    -



      , 2016, № 5 (218)  ISSN 2312-2676 

77 

   ,  є -
 .     -

   
   

( ’є ),     
. 

   
  є    

  ( -
, , )  -

   . 
   -

    -
    

  ,  
   , -

    
    -

      
   є  . 

  

1.   .       :  .2.2-24–2009 

/  . –   ;   2009-09-01. – , 2009. – 161 . – (  
 ). 

2.     .   :  .1.2-12-2008 /  . 
–   ;   2009-01-01. – , 2008. – 34 . – (   ). 

3.    ’є :   .3.1-22:2013 /  . – . . – 

  2014-01-01. – , 2014. – 30 . – (   ). 
4.    :  .3.1-5-2009 /  . –   2012–01–

01. – , 2011. – 61 c. – (   ). 
5.        ,    : 

 1.04.03-85* /  . –  1985–08–01. – , 1985. – 137 . 
6.  . .     / . . . –  : . . 

.- . - , 2009. – 296 . 
7.  . .   -   :  / 

. . , . . , . .  ;  . . . . –  : + , 2013. – 

128 . 
8.  . .   / . . , . .  , . . . – 

 : , 2005. – 309 . 
9.  . . -       : 

. ... . .  : 05.23.08 /    ; . .- . - . – , 
1993. – 145 . 

10.     / Д  ,  ,  ,  Ж. – 

 : , 2008. – 469 . 
11. Mir V. A. Evolution of concrete skyscrapers: from Ingalls to Jin mao / V. Ali Mir // Electronic Journal of 

Structural Engineering. – 2001. – Vol. 1, № 1. – . 2-14. 

12. Richard L. Urban construction project management / L. Richard, J. Eschemuller. – New York : McGraw-Hill, 

2008. – 480 p. 

13. Shevchenko G. Multi-attribute analysis of investments risk alternatives in construction / G. Shevchenko, 

L. Ustinovichius, A. Andruskevicius // Technological and Economic Development of Economy : Baltic Journal on 

Sustainability. – 2008. – Vol. 14, № 3. – P. 428-443. 

14. Sidney V. L. Project management in construction / V. L. Sidney. – New York : McGraw-Hill, 2006. – 402 p. 

REFERENCES 

1. Minregionbud Ukrainy. Budynky i sporudy. Proektuvannia vysotnykh zhytlovykh i gromadskykh budynkiv: 

DBN B.2.2-24:2009 [Houses and structures. Designing of high-rise residential and public buildings: SCN V.2.2-

24:2009]. yiv, 2009, 161 p. (in Ukrainian). 

2. Minregionbud Ukrainy. Budivnytstvo v umovakh ushchilnenoi zabudovy. Vymogy bezpeky: DBN B.1.2-12-2008 

[Building in the compacted area. Safety requirements: SBC .1.2-12-2008]. yiv, 2008, 34 p. 

3. Minregionbud Ukrainy. Vyznachennia tryvalosti budivnytstva obiektiv: DSTU B A. 3.1-22:2013 [Determination of 

duration of construction. State standard of Ukraine V.A. 3.1-22:2013]. yiv, 2014, 30 p. (in Ukrainian). 

4. Minregionbud Ukrainy. Organizatsiia budivelnogo vyrobnytstva: DBN A.3.1-5-2009 [Organization of building 

production: SBC .3.1-5-2009]. yiv, 2011. 61 p. 

5. Gosstroy SSSR. Normy prodolzhitelnosti stroitelstva i zadela v stroitelstve predpriyatiy, zdaniy i sooruzheniy: 

SNiP 1.04.03-85* [Norms of duration of construction and backlog in the construction of enterprises, buildings and 

structures. CN and R 1.04.03-85]. oscow, 1991, 137 p. (in Russian). 



      , 2016, № 5 (218)  ISSN 2312-2676 

78 

6. Generalov V. P. Osobennosti proektirovaniya vysotnyhkh zdaniy [Features of design of tall buildings.]. Samara, 

Samara state architecture and civil engineering university, 2009. 296 p. (in Russian ). 

7. Goncharenko D. F. Vozvedenie mnogoetazhnykh  karkasno-monolitnykh zdaniy [The construction of multi-storey 

frame-monolithic buildings: monograph]. Monografiya- Monograph.Kiev , A+S, 2013.  128 p. ( in Russian ). 

8. Kirnos V.M., Zalunin V.F. and Dadiverina L.N. Organizatsiya stroitelstva [Organization of construction]. 

Dnepropetrovsk: Porogi, 2005, 309 p. (in Russian).  

9. Kirnos O. I. Organizatsionno-tekhnologicheskie aspekty obosnovaniya tseny na stroitelnuyu produktsiyu. 

Avtoreferat Kand. [Organizational and technological aspects of the justification of prices for construction products. 

Abstract of Ph. D. dissertation]. Dnepropetrovsk, 1993, 145 p. (in Russian). 

10. Syuy Peyfu, Fu Syusi, Van Tsuykun, Syao Tsunchzhen   Proektirovanie sovremennykh vysotnykh zdaniy [The 

design of modern high-rise buildings]. Moscow, ASV, 2008. 469 p. (in Russian ). 

11. Mir V. Ali. Evolution of concrete skyscrapers: from Ingalls to Jin mao .Electronic Journal of Structural 

Engineering. 2001.,Vol. 1,no.1, pp. 2-14. 

12. Richard L. Urban construction project management / L. Richard, J. Eschemuller. – New York : McGraw-Hill, 

2008. – 480 p. 

13. Shevchenko G. Multi-attribute analysis of investments risk alternatives in construction / G. Shevchenko, 

L. Ustinovichius, A. Andruskevicius // Technological and Economic Development of Economy : Baltic Journal on 

Sustainability. – 2008. – Vol. 14, № 3. – P. 428-443. 

14. Sidney V. L. Project management in construction / V. L. Sidney. – New York : McGraw-Hill, 2006. – 402 p. 

: -  . ., .  . . 
  : 18.04.2016 .   : 21.04.2016 . 

  



      , 2016, № 5 (218)  ISSN 2312-2676 

79 

 669.017:621.771:621.785.66-97 

  – –
     

 . .1 , . . ., ., 
 . .2, . . ., .,  
 . .3*

, . . . 
1     ,     «  

    », . , 24- , , 49005, ,  
. +38 (056) 745 23 72, О-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 

2     ,     «  
    », . , 24- , , 49005, ,  

. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3     ,     «  

    », . , 24- , , 49005, ,  
. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

.   ,      -
        . .  : 

  , ,    -
 . Ц   – ,     -

    0,2         
        400…700 . .  -

,       γ→α+(α+θ).  . 
         

     α  θ ,       -
      ,     -

         .  

 : -   ,  ,  , -
 ,   

 '  – –   
    

 . І.1, . . , ., 

 . .2,  .  . ., ., 

 . І.3, . . . 
1     ,     «   

   », . , 24- , , 49005, ,  
. +38 (056) 745 23 72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID ID: 0000-0003-0790-6473 

2*     ,     «   
   », . , 24- , , 49005, ,  

. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3*     ,     «   

   », . , 24- , , 49005, ,  
. +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353 

і .   ,   є      -
       . .  :  

 , ,     .  і-
 - ,         0,2 -

  є             
  400...700 . .  ,     -

  γ → α + (α + θ).  .  є     
        α  θ ,     

    '     ,    
           . 

і : -  ,  ,  , є  -
,   



      , 2016, № 5 (218)  ISSN 2312-2676 

80 

CRYSTALLOGRAPHIC RELATIONS OF CEMENTITE–AUSTENITE–
FERRITE IN THE DIFFUSIVE DECOMPOSITION OF AUSTENITE 

BOL’SHAKOV V. I.
1
, Dr. Sc.(Tech.), Prof., 

SUKHOMLIN G. D.
2*

, Dr. Sc.(Tech.), Prof.,  

SUKHOMLIN V. I.
 3*

, Senior researcher  
1 Department of Material Sience and Treatment of Materials, State Higher Educational Establishment «PrвНЧТЩrШЯЬ’ФК SЭКЭО AМКНe-

my of Civil Engineering and Architecture», 24-A, Chernishevskogo str., Dnipropetrovsk 49005, Ukraine,  

tel.+38 (056) 745 23 72, e-mail: bolshakov@mail.pgasa.dp.ua, ORCID 0000-0003-0790-6473 
2* Department of Material Sience and Treatment of Materials, State Higher Educational Establishment «Pr вНЧТЩrШЯЬ’ФК SЭКЭО AМКd-

emy of Civil Engineering and Architecture», 24-A, Chernishevskogo str., Dnipropetrovsk 49005, Ukraine, 

 tel. +38 (0562) 47-02-62, e-mail: g_suhomlin@mail.ru, ORCID ID: 000-0001-5840-169X 
3* Department of Material Sience and Treatment of Materials, State Higher Educational Establishment «PrвНЧТЩrШЯЬ’ФК State Acad-

emy of Civil Engineering and Architecture», 24-A, Chernishevskogo str., Dnipropetrovsk 49005, Ukraine,  

tel.  +38 (0562) 47-39-56, e-mail: alma31@mail.ru, ORCID ID: 0000-0002-3673-1353. 

Summary. It was made a search for new and more accurate orientation relations between the crystal lattice in the 

pearlite and bainite austenite decomposition products. Methods. It were used the methods: transmission electron 

microscopy, the micro-, mathematical matrix and stereographic analysis. The purpose of the research is with 

theoretical, numerical and experimental methods to set up to a 0.2 degree angular orientation relations between the 

lattices of ferrite and cementite in the austenite decomposition products in the temperature range 400 ... 700 . Results. 

It was established a new, refined value for grids in the diffusion decay of γ → α + (α + θ). Practical significance. It was 

proposed a new oriented dependence and the corresponding double gnomonic projection with poles to planes α and θ 

phases, which can be used in patterns of crystallographic lattices relations studies at phase transitions, as well as the 

subsequent modeling of complex physical processes of structure formation in metals and binary systems. 

Keywords: low-carbon steel, decomposition of austenite, phase transformations, oriented relations, pearlite crys-

tallography
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