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J21304-001 

UDK 691.31 

Solovyova M.V., Khozin V.G., Fomin A.Yu. 

STRENGHENED BY SULFUR STONE MATERIALS FOR USE IN THE 

ROAD CONSTRUCTION 

Kazan state university of architecture and engineering 

420043, Russia, Kazan, Zelenaya str.,1 

 

Introduction 

An important strategic task of the Russian Federation is to ensure the 

development of the road network to boost the economy and preserve the territorial 

integrity of the country. We should not forget about the quality of the materials used 

in the construction of the road. 

Modern road construction needs qualitative and accessible materials. Recently, 

the priority is the use of strengthened stone materials intended for use in road bases. 

Thereby one of the promising directions is strengthening soft gravel from 

carbonate rocks by impregnation it with molten sulfur as hardening of the pore 

structure of the building materials by impregnation is an effective method to improve 

their durability [1].  

Currently global sulfur market as well as Russian has the steady tendency of 

exceeding sulfur production over consumption. It is caused by the expansion of the 

development of sulfur-containing gas and oil deposits and increasingly deep cleaning 

product of oil drilling. The surplus of sulfur determines the relevance of the search of 

fields and methods of its effective utilization. 

One of these capacious fields is construction. However the question is the use of 

sulfur to produce materials in which its specific properties provide basic technical 

effect. 

Sulfur as a material for impregnation has a number of positive properties: a 

relatively low melting temperature 112,8-119,3 °C, low melt viscosity (6,5⋅10-3 Pa⋅  

s), after crystallization sufficient mechanical strength, hydrophobicity , high water 
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and chemical resistance [2]. Melt sulfur can penetrate deeply into the pores of 

different diameters, including capillaries, and during the process of crystallization 

upon cooling, can strongly connect with the matrix. In this case a structural material 

with interpenetrating structure is forming. 

There are examples of effective impregnation cement concrete, ceramics, 

asbestos tiles, wood and other porous materials by the melt sulfur [3], which supports 

the hypothesis of the availability of obtaining of the strength building gravel with 

such method. 

Results and discussion 

As a raw material in the experiment was used law-grade (M200-M400) 

carbonate gravel of fractions 10-30 and 20-40 of Aldermysh field of Republic of 

Tatarstan and sulfur GOST 127-76, obtained at the company 

"Tatneftegazpererabotka" OJSC "Tatneft" (Almetyevsk city) in the process of gas 

purification.  

It was established that as a result of impregnating the carbonate gravel by melt 

sulfur there is a gradient surface layer with a more compact structure forms on the 

surface of the grains. The formed gradient surface layer prevents the penetration of 

water in the pore space of the median “core” and secure encapsulation. 

The surface of the gravel for impregnation should be clean [4]. The presence of 

clay particles is highly undesirable, because the clay is extremely hydrophilic and 

even being impregnated with sulfur has a tendency to swell in water, which leads to 

cracking and fracture of the gravel grain.  

In quantitative terms, the degree of impregnation can be estimated by the 

percentage of weight gain of the samples (M). Figure 1 shows the kinetic dependence 

of the degree of impregnation of the gravel fractions 10-30 and 20-40. As can be seen 

from the figure, the curves of the impregnation process have fading character, which 

is common to all processes of saturation. In the first stage up to 30 minutes there is a 

rapid saturation; in the second stage we see the slow saturation approaching to a limit. 
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Fig.1 Kinetics of sulfur impregnation gravel of Aldermysh field: 

1 - fraction 10-30, 2 - fraction 20-40 

The main physical and mechanical properties of the original and impregnated by 

melt sulfur carbonate gravel, such as density, water absorption, frost resistance, 

crushability grade and wearability were determined in accordance with GOST 

8269.0-97.  

 
Fig.2 Kinetic dependence of water absorption of the impregnated gravel of 

Aldermysh field: 1 - fraction 10-30, 2 - fraction 20-40 

As can be seen from the experimental data, the water absorption of the 

impregnated gravel decreases monotonically as a function of the impregnation time 

(Fig. 2). This is explained by the deep penetration of the melt sulfur into the pores of 

gravel and formation of denser surface gradient layer. 
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Fig.3 Crushability grade of the carbonate gravel fractions 10-30 and 20-40 

of Aldermysh field depending on the impregnation time  

Crushability grade of impregnated by sulfur gravel characterized by strength 

also depends on the impregnation time of the melt sulfur (Fig. 3). Impregnation of the 

gravel in the melt sulfur for 3 hours strengthens the gravel in 3-4 times depending on 

the fraction. Thus, increasing the crushability grade of gravel fraction 10-30 in 4 

times is observed after 30 minutes of the impregnation. 

Table 1  

Changing the properties of carbonate gravel of Aldermysh field as a result 

of impregnation by the melt sulfur 

 
Name of the main indicators 

of gravel 
Test results, fraction 20-40 

Original carbonate gravel Impregnated by sulfur 
gravel  

Bulk density, kg/m3 1200 1330 
Water adsorbtion, % 4,5 1,1 
Frost resistance (accelerated 
method) 

F100 F300 

Gravel crushability grade 400 1200 
Gravel wearability grade I-2 I-3 

 

400 

600 600 

800 

1000 1000 

1200 

300 

600 

800 

1200 1200 1200 1200 

0

200

400

600

800

1000

1200

1400

0 5 15 30 60 120 180

C
ru

sh
ab

ili
ty

 g
ra

de
 

Impregnation time, minutes 

Fraction 20-40
Fraction 10-30

URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

Impregnation of gravel by the melt sulfur provides reducing water absorption, 

occurring hydrophobicity, increases frost resistance and strength (crushability grade 

of gravel) and abrasion resistance in comparison with the original gravel (Table 1). 

Table 1 shows that the impregnation of gravel by the melt sulfur changing its 

density only on 10-11% changes its basic “working” properties by several times. 

Initial crushability grade increases from grade 400 to 1200, frost resistance also 

increases, reaching a value F300, water absorption reduces by 4 times to reach 1.1%.  

The wearability grade increases from I-2 to I-3.  

Conclusions 

From the analysis of the results and comparing them with the requirements of 

GOST it follows, that the obtained material can be used in road construction for the 

effective roads bases and coverings making. 

Therefore the method of impregnation of law strength carbonate gravel by melt 

sulfur radically improves its construction and technical properties and opens up the 

possibility of replacing expensive imported gravel from high volcanic rocks in the 

first place for roads bases construction by strengthened gravel.  

Further research is aimed at developing impregnation technology of low strength 

gravel by melt sulfur.  
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J21304-002 

UDC 536.2 

Bondarenko P.V., Vasilieva L.A., Yasinskay A.O. 

THE THERMAL CONDUCTIVITY OF TWO-LAYER SYSTEMS 

Volgograd State University of Architecture and Civil Engineering 

 

In this report we describe the computer modeling of the phenomenon the 

thermal conductivity of two-layer systems. The analysis of the thermal conductivity 

for the system "concrete - fiberglass." 

Key words: thermal conductivity, heat saving, two-layer system, computer 

simulation 

Homes and public buildings in this country consume up to 50% of the thermal 

energy generated by burning of solid and gaseous fuels. Therefore, conservation of 

heat, reducing its expenses in buildings and hence fuel economy is one of the most 

important economic problems. 

Reduce heat loss is possible, using in conjunction with carrier materials with 

high thermal conductivity (χ), materials with a low value of the coefficient, but have 

low strength properties. Low value of χ materials have a porous structure, as the air 

contained in them, has a low coefficient of thermal conductivity. However, the pores 

should be closed and the small (compared to the mean free path of the molecules in 

the air at standard conditions) to prevent manifest convection. 

The purpose of this study is to investigate the heat losses in two-layer systems, 

which are now widely used in construction, use of residential and public buildings. 

To calculate the thermal conductivity of a two-layer system, you can use those 

obtained in [1] the expression: 
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where χ – the thermal conductivity of a two-layer system, χ1 -   the thermal 

conductivity of the first layer, χ2 - the thermal conductivity of the second layer, x – 

total thickness of the construction, ∆x – thickness of the base layer the construction. 

The thermal conductivity of two-layer systems was conducted by means of 

computer simulation in Lazarus programming language Object Pascal. 

The program interface allows the user to input the known values of thermal 

conductivity of the system components, such as the materials used in the construction 

of houses. Knowing the thickness of the base layer and a layer of insulation, the 

program allows you to determine the thermal conductivity of the wall.  

The calculation of the thermal conductivity of a two-layer system was carried 

out according to the ratio of the thickness of one of the layers to the total thickness of 

the system, with the construction of corresponding graph.  
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Fig.1 The program interface is calculating the thermal conductivity of a 

two-layer system. Double-layer system, "Concrete (χ1 = 0.275 W / m K) - 

fiberglass (χ2 = 0.03 W / m K). 

Figure 1 illustrates the working window of the program, which plot the thermal 

conductivity of the "concrete-glass" of the relative thickness. Using the graph, it is 

easy to determine that in order to reduce heat loss three times the thickness of the 

layer of insulation should be about 20% of the wall thickness for these materials. 

Therefore, the user, based on the need to reduce the costs of heating, with the 

help of this program, can pick up the material and thickness of the insulation for 

thermal insulation of buildings ready. 

Thus, the program allows you to determine the optimal ratio of the thickness of 

the carrier layer and the insulation in the construction and insulation of buildings, on 

the grounds of energy conservation. 
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Brodova I.A. 

«THE MUSIC OF THE WORDS» AS MEANING UNITY 
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150000 

In this report examines the concept of «music of the words» as a meaningful unity 

on the example of the comparative analysis of the tragedy Pushkin's «Boris Godunov» 

and created on its basis opera M.P. Mussorgsky and unrealized performance V.E. 

Meyerhold. The report formulates the main criteria for the interpretation of this concept 

with the aim of introducing it as a term of the art. 
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Key words: the concept of «music of the words» equivalent to the intonation state 

of sound in music and speech, sound score speech, voice notes, the music of the verse as 

alpha-sound synthesis, music as meaning the tuning fork of speech. 

«The music of the words» is a concept that is quite often found in a variety of 

texts, up to the present time not become the subject of special artistic study. The lack 

of generally accepted criteria of interpretation leads to the use of this term as a sort of 

metaphor, ambiguous толкуемой in the context of an utterance. More questions 

about the relationship between music and words occur when these concepts are 

separating and the authors, speaking of the evidence of their relationship, oppose 

«the conceptual nature of the word» and «emotional nature of music». 

This article is invited to consider one of the possible variants of the 

interpretation of the concept of the music of the words as a meaningful unity on the 

example of the comparative analysis of the tragedy A.S. Pushkin's «Boris Godunov» 

and created on its basis opera M.P. Mussorgsky and performance V.E. Meyerhold, 

where as a point of reference is taken to be «the music of Pushkin's words». All three 

authors of the emphasis are on the musical and voice intonation, which, according to 

academician B.V. Asafiev, «give the artist material, which is closely connected with 

the manifestations of mental life of man» [1, p. 7]. 

As is well known, and in the music and in the speech of tone is the sound of the 

nature. In this context, it is proposing to take as a common feature of the three 

«intonational states of sound», which can be equivalent to correlate: 

• music and voice sounds as acoustic (material) of the status; 

• musical note and voice letter as a landmark (semantic) status; 

• the musical tone and alpha-sound synthesis as a conceptual (symbolic) status. 

As a result of the music of the words can be considered and as acoustic 

characteristics, creating the «sound score of speech», and how the semantic 

component, when in the process of pronouncing words there are «voice notes», and, 

finally, as a kind of symbolic meaning, born in the process of «substitution» alpha-

sound synthesis of musical tone. 
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Choice of Pushkin's tragedy «Boris Godunov» is not accidental, as it is most 

fully revealing music of Pushkin's words. Evidence should be sought in the well-

known article of the poet «Of the people's drama and drama “Martha Governor's 

wife”» [6, p. 119], where he outlined his views on the nature of dramatic art. In 

particular, Pushkin wrote about the fact that the drama of the charge of the passions 

and the troubles of the human soul and what they feed our imagination. However, 

special attention poet paid to the «likelihood of feeling in the given circumstances» as 

a crucial requirement for the drama writer. 

Many researchers have admired the musical-poetic hearing of Pushkin, his 

technique the sound of painting, emphasizing the expression of poetic utterance, 

when, in the words of L.E. Feinberg, «no one - even the slightest detail of the music 

of the verse could not escape from his creative attention». 

If use the above triad as the principle of musical-poetic utterance of Pushkin, it 

can be argued that the essence of the music of the words in «Boris Godunov» is 

revealed through the plausibility of various «intonational States of sound», through a 

kind of acoustic instrumentation verse, рождающуюся in a result of a thorough 

musical-sound processing alpha-sound synthesis poetic speech, through the notes of a 

human soul in the given circumstances of the tragedy. 

The music of the words of Pushkin contains an extensive semantic potential, 

enabling differently interpret it. Clear examples of this are well-known reading of the 

music of Pushkin's words, made by Mussorgsky and Meyerhold. 

For the beginning, it is necessary to notice, that all comparable works relate to 

different kinds of art: the tragedy of Pushkin's play, folk musical drama of 

Mussorgsky’s opera, the version of the Meyerhold theatre and the drama of the play. 

One of the rallying cries began mentioned works can be of scenic action. 

However, scenic effect, as it is known, in the theater (and music, and drama) is real, 

and in the drama - the only potentially. For this reason, it cannot be consider revising 

as a common component of the works of different artists. 

Other rallying point can perform the music. However, in the music theatre of the 

music, of course, is the basis. In the drama she declared potentially, - and in the 
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process of staging the play Director can it be excluded. And in the drama theatre, the 

music is using arbitrarily, occasionally. For this reason, the music also cannot become 

a universal component of all three works. 

Thus, the only component in all three works of the present reality is the word. 

Therefore, the music of a word becomes a kind of «semantic tuning fork» regardless 

of affiliation works of the one or another type of art. 

So as the word of Pushkin is the primary source, the identification of the music 

of the word begins with a tragedy «Boris Godunov». Numerous changes to the text in 

the process of its creation testify кропотливости of work of the poet on the word: 

«As Montagne can say about my work, - Pushkin wrote, "C'est une oeuvre de bonne 

foi (This is a good product)» [5, p. 88]. 

The search for the accuracy of the thought, the dynamic development of events, 

and the acuteness of the conflict in the dialogues led to the fact that a single word 

cannot be deleting from Pushkin's tragedy or a substitute for another, for then lost the 

inner movement of the spirit, lost informative text. 

If the information capacity of the text of the play considered in the aspect of the 

triad thing as the spoken word is a sign of how the semantics of the spoken word - 

concept as the symbolic meaning of the spoken word, from the point of view of the 

music of the words of the full sound range of the tragedy can be combining in two of 

the triad. One of them correlate with stage performance on the external line: the 

sound - the subject; the sound - means of expression; the sound - an acting person. 

Another triad can be correlating with stage performance by inside line: the word-the 

sound - the outpouring of the waves of the human soul; the word-note - a sign of 

human emotion; the word-tone - the meaning of the spiritual movement (action). 

Consider how the above-mentioned triad help clarify the music of Pushkin's 

words.  

In the first scene of the tragedy «The Kremlin chambers» in a unhurried, 

«ordinary» dialogue of the two boyars music of the word manifested in a hidden form 

as a kind of «music of the facts», that is, as a reflection on the situation in the country 

tense political situation (...How do you think /Alarm will end?). 
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The «external word» does not coincide with «inside the word», which we do not 

hear, but feel the atmosphere created by a permanent increase in tension tone of the 

dialogue. And this is not due to the change of sound-pitch voice intonation, but rather 

by means of the variation of the meaning of, for example, by bringing evidence (…It 

can't be otherwise. / Who bribed Chepchugov, vainly? / Who sent both Bitiagovskys 

surreptitiously / And Kachalov?). 

The opposition of internal unrest and external tranquility of the characters is 

stored and in the second stage - «The Red square», the music of the words already 

manifested as «voiced inner speech» (…My God, whoever will be our ruler? / Oh 

woe is us!). In this situation, there is a new sounds «note of internal unrest», already 

known to us at the first stage. The music of the words in the third stage - «Girlish 

field. Novodevichy monastery» - this is already a United voice «of the notes of 

internal and external disturbances» - injection of sound tensions accumulated in the 

first two stages. It is in this stage of the Pushkin pays special attention to sound 

arrangement. The key moment of the entire scene is the noise, tangible, creating the 

atmosphere of an explicit concern and reveals the true the musical potential, which 

was founded in the prologue (The people howl, they're falling down like waves); the 

remarque – «Howling and weeping»). 

Noise, which is concretizing by Alexander Pushkin in the music of the words as 

notes, howls and weeping, gradually acquires a different meaning, thus emphasizing 

the transition from passive contemplation to action (notes requests, notes 

requirements to ascend to the throne). However, the paradox of the situation lies in 

the fact that not everyone in the noisy crowd aware of the meaning of howling and 

weeping (…What are they crying there for? / …Well, how do we know? ). 

Let us recall that according to the plot of the play of the people forcibly rounded 

up to the Novodevichy convent and forced those, weeping, ask Boris become a king. 

The easiest way to create the appearance of a personal interest in this «political 

show» there is no point in yells. In this regard, Pushkin holds a clear divide between 

the notes of a yell, howl and weeping. You can even make a kind of hierarchy of 

noise on the degree of clarity of the meaning of actions: from the senselessness of the 
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yell to a howl as something average between a yell and a howl and, finally, to a 

weeping, which can be born only for the real sincere awareness of the ongoing 

dramatic situation. However, Pushkin does not condemn all the people in the 

insincerity of mourning. Proofs of this are the notes of despair and confusion in the 

music of the words. Concluding the sound orchestration scene, in the final he 

succeeds the notes of a howl and a weeping, on the notes of joy and gladness, on a 

note of triumph, removing the tension of waiting (He's got the Crown! He's the 

Tsar! He has agreed! / Boris is our Tsar! Long live Boris!). 

In the music of Pushkin's words there is an imaginary (symbolic) the existence 

of sound, which is achieved by the visually visual techniques (...they're falling down 

like waves). In the context of the play wave is the word, the symbol of which is that 

of not so much the appearance of the crowd, comparable with the tempest, as the 

internal state of the people, uniting by a common experience. Not accidentally, for 

the characteristics of the worrying people, Pushkin picked up the related word – the 

wave. The sound of moving waves in the music of a word becomes a kind of 

substitute in a tone of excitement. 

The strengthening of the sound in music of the word occurs in the scene of 

«Night. The monastic cell in the Chudov monastery», in which the story of Pimen 

markedly similar to the epics, traditionally executed by chant with instrumental 

accompaniment. Gradation of noise in the story Pimen - wails, sobs, shouts of 

reminds us of a hierarchy of noise in the scene of «The Girlish field. Novodevichy 

monastery»: shout (yell) - wail (howl) - sob (weeping). By analogy, the music of 

words intensifies the degree of concretization of meaning: a shout of almost does not 

give an exact tone of what is happening; a wail – a tone something terrible; finally, a 

sob (notes of a pain and a suffering) specifies on the tragic tone. 

It should be specially noted the music of the words in the scene of «Place of 

execution», in which the people appears as the active power, electing out from its 

mass of the herald - the guy, which throws the rebellious clarion call (sound of revolt) 

from the height of the Church pulpit (People! To the Kremlin! To the Palace! / Go 

bind Boris, the whelp!). Pushkin reaches this stage of the limiting voltage of the 
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music of the words by bringing noise to a level clarion call (not a shout, not a wail). 

Clarion call sounds like an order that has no alternative. So terrible is he, because he 

does not give an opportunity and time to understand the future of the proposed 

actions.  

Pushkin completes the tragedy of the silence of the people. However, the 

seeming absence of the music of the word was sounding, in the words of V.G. 

Belinsky, as «a terrible tragic voice of the new Nemesis, scattering the court over his 

new sacrifice...» [2, p. 453]. 

If the word in the text of the «Boris Godunov» by Pushkin is the only carrier of 

music, then at the opera by Mussorgsky, apart from the dramatic words, there is a 

theatrical music as the interpretation of the music of words by Pushkin. Following 

«the instructions» of the poet, Mussorgsky, besides the fact the plunges of Pushkin's 

word in the other artistic (add, and historical) environment that is captured in a 

different from of the Pushkin's tragedy ideological and semantic accents. 

In spite of the careful attitude to the poetry of Pushkin, composer, for the sake of 

maximum proximity of music of the word to «the truth of feeling» of his 

contemporaries, significantly changed the text of Pushkin's tragedy. First, 

Mussorgsky moves from the descriptiveness of the poetic words to the musical-scenic 

verbal action, characteristic for musical theatre. For this reason, the music of 

Pushkin's words will inevitably lose its original meaning. Moreover, Mussorgsky 

consciously sought to break  through the laconic and strictly organized the verse form 

of dramatic text of Pushkin, thus, when the rhythmically free speech would identify 

through its plasticity and the emotional stress, reinforced music, uncover the musical-

theatrical expressiveness, «inaccessible» for the poetic word. 

In the name of the authenticity of living feelings, Mussorgsky often begins very 

actively to oppose of the music of words of Pushkin. An organization of row set of 

Pushkin’s words by him often rhythmically varies or shrinks, or stretched, or he 

replaces them by another word order. For example, the iambic pentameter, about 

which Pushkin mentions in the preface to the play, composer replaces by free verse, 

more natural for talk - on the stage-catchy phrases, thus creating a different feeling 
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the space of the stage action and, from the point of view of Mussorgsky, organic 

identification of the expression for the music of word of Pushkin. 

Just as Pushkin, Mussorgsky in the process is very laborious work with the word 

carefully thinks through his meaning, with account of the theatrical decision of the 

opera. A lot of editing in the text of the tragedy, finishing the whole scenes, 

Mussorgsky, however, kept the main thing - the approach to the music of the word of 

Pushkin’s, strongly differing the delicate gradation of the experiences of man. 

Mussorgsky was close also and to the principle of dialogue of Pushkin, based on 

the naturalness and ease. In this direction, the composer went ahead Pushkin through 

by a kind of naturalization of the operatic scenic images, which is creating the 

illusion, of the «now» is happening action: by Pushkin: «…What are they crying 

there for? / …Well, how do we know?»; by Mussorgsky: «…What holler? / …How 

do I know?».  

When comparing similar scenes drama and opera, it turns out that for all of 

divergence with the primary source Mussorgsky, however, carefully preserves every 

shaped particle of Pushkin's music words (unawareness of action, false weeping, the 

ignorance of the people, etc.). Every allusion in the music of Pushkin's words 

develops them in a musical-action situation. For example, the intentional use by the 

composer of lexically rough speech, the saturation of its interjections with the 

subsequent «dramatic development» in the solo and choral dialogues not only was 

leading composer to the direct musical illustrations of Pushkin's words, but also 

contributed to the creation of equal Pushkin drama of self-musical-verbal drama.  

According to his vision of music words, Mussorgsky changed not only the notes in 

the music of Pushkin's words, but the tone of her voice, which is most clearly 

manifested in the solo episodes of the opera. So, composer essentially reinvented the 

scene angle for monologue of Tsar Boris. From the throne speech, it turned into a 

sincere prayer - the musical note of etiquette was transforming into the musical note 

of introspection, without losing the scenic activity. This semantic modulation (first - 

spiritual, afterwards - royal) - a visual confirmation, how Mussorgsky puts the 

semantic accents in accordance with his vision of music of Pushkin's words. 
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Real sounding words in the opera by Mussorgsky enabled him, in contrast to 

Pushkin, clearly to divide the conflicting parties. On the one hand - the musical 

fixation of the rough national dialect, but on the other - oratorical melodies of 

monologues of Tsar Boris, determined by moral and philosophical attitude of the 

individual. Mussorgsky as if translates each micro-image in poetry in the unique 

forms of music, that in many cases, explains it corrections of Pushkin's text.  

For example, the oratorical pathos of tone of the words of Boris in the drama of 

Pushkin «So may I rule my people for the glory» Mussorgsky converts in the epic 

philosophy of tone in his opera «Yes, in glory I rule the people». 

Similarly the composer acted and with the people's dialect, trying to achieve the 

maximum differentiation not only of its sound structure, but also its semantics. So has 

occurred, for example, a gallery of female characters: the woman lamenting: «Oh, 

lihonko, absolutely hoarse»; the woman quarrelsome: «Look, boyar’s wife what»), 

the bright woman, with cocky speech by a tongue twister («Was yelling most 

strongly than all, was preparing least for yourselves). 

Through the details of the musical and speech figures, we see the gesture, 

posture. And just like in a painting or on the pages of the literary work, the external 

figure goes into our consciousness in a  image-psychological sphere, that be the word 

spoken musically, which is vested with a symbolic value. 

Unlike Mussorgsky, V. E. Meyerhold was intending to put the performance by 

the tragedy of Pushkin in theater of drama, but, unfortunately, the idea, which he has 

cherished for many years, has not being fully implemented. For this reason, only 

hypothetically we can speak about reading the music of Pushkin’s word of by 

Meyerhold, based on his statements and the experience of the implementation of the 

radio performance «the Stone guest», in the spring of 1935, with the actors of State 

Theater of a name of Meyerhold. 

The main expressive means of the performance «Boris Godunov», according to 

idea of Meyerhold, was to become the power of the sound of Pushkin's verse. 

Working with the actors, he demanded of them comprehension of science of the 

careful attitude to the text, which is impossible to «embellish», that is, violate the 
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«line of the so-called beautiful words» that is fundamentally different from the 

approach to the Pushkin’s text of Mussorgsky, who allowed himself to freely work 

with the text. 

Music of Pushkin words was hearing by the theatrical director, first, in the 

rhythm of verses. He even drew a famous and respected in the past the poet V.A. 

Pyast, and had gave him instructions to make rhythmic matrix of theatre plays. Pyast 

marked off the text of Pushkin with the help of conditional icons, which pointed at 

different length of the pause and caesuras, has allocated all accents, has marked all 

places of moving of the voice up and down, widely using the music of the 

terminology of [3, p. 214-217]. 

A kind of «melodic and rhythmic musical score» of «Boris Godunov», which 

has created Pyast, became for the Meyerhold the basis of the work with the actors, 

because all efforts theatric director was directing on achievement of intonation 

accuracy of the sound of Pushkin's words. However, Meyerhold admitted to the lack 

of real sound of the music that accompanies the Pushkin's words. It mostly has felt, 

that is «sounding» in the «rhythm of their voices», in speech gestures of the actors, in 

speech pauses. According to Meyerhold, the music of Pushkin's word is able to 

become not only the main expressive mean of the theatrical play, but also some of its 

structural principle. 

Admiring the diverse musical beauty of Pushkin's words, the Director, however, 

could not completely abandon the specially of music intended performance. For this 

reason, he turned to the S.S. Prokofiev. When concluding a contract with him, 

Meyerhold asked the composer not only write the music for the play, but also to 

exercise control over the audio side. 

A distinctive feature of the work of the Meyerhold centre with composers was 

the fact that he, as a rule, took already finished music and on its basis wrote the play. 

In the case of the Prokofiev it was «the Scythian Suite», through the prism of which 

Meyerhold heard the music of Pushkin's words. Their wishes and explanations on 

each picture in the form of a kind of music explication of Meyerhold handed 

Prokofiev with the requirement in writing the music fully preserve the developed his 
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musical concept of future performance, namely, the Director is expected to apply as a 

leading shaping principle in «Boris Godunov» a kind of counterpoint voice scores 

Пяста and music by Prokofiev. 

According to the intention of Meyerhold, «pair» the above lines in the actor's 

action should be most fully reveal the music of Pushkin's words. The inextricable link 

stage of the process the movement of the music of Pushkin's verse he explained that 

the Pushkin in the process of work on «Boris Godunov» sought a special type of 

musical sound of each word. And the Director, in turn, demanded from actors such 

sound of Pushkin's verse, when «the word here somewhere on the lips, and words like 

balls at the juggler, slide and fly through the air» [4, p. 311]. 

Unlike Mussorgsky, created the original melodies on the basis of Pushkin's 

verse, Meyerhold called as accurately as possible to follow the melody of Pushkin's 

poetic speech. «The movement of the verses by Pushkin, " he said, " requires every 

new line customize the hill, and not with the roller coaster <...> then there must be 

the desire of each of the following line to say above, except for rare cases, as with 

Pimen, where four lines are put in brackets and their need to read проходно» [4, p. 

335]. Not by accident in the process of rehearsals, seeking from the actors playing the 

exact мелодико-rhythmic pattern of speech, Meyerhold often used musical terms 

(«...in each piece has its own rallentando within the overall allegro...», etc.). 

At the same time he tried to avoid the definition of music of Pushkin's words 

«purely technical» terms. For example, the «volume», in his opinion, are entirely 

external indicator, does not have a deep inner content. Hence the stubborn desire to 

replace «external actor's cover volume» filled with the sound of the hidden in the 

word the meaning of which was accompanied by the explanation that in the volume 

no solemnity. The solemnity was for the Meyerhold, first of all, in the energy sector 

of pronouncing the words, their meanings, so the «resonance» no regarded them as a 

synonym to the word «volume». For «resonance» was the desire of the Director of 

«hear the voice of»producing justified-sensible «sound the score of speech», for it 

incorrectly taken emotional tone of the words, in his opinion, pushed for 

антимузыкальности. 
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But the viewer, considered Meyerhold, should not be passively react to the music of 

Pushkin the words. «It is necessary that the public felt in these verses, the music, " he 

emphasized. - Verse should... sound, and a spectator should feel at once that he came 

to play a particularly solemn, where will be a big event, be inflamed passions and 

there will be a large game» [4, p. 338]. 

To achieve the direct impact of music words on the viewer, Meyerhold not only 

paid great attention to the pronunciation of Pushkin's text, but also directed the actors 

in search of the internal melodiousness of speech. By the harmonious spoken word 

regarded them as a tuning fork created by the actors of the characters, hence the 

requirement that each of them possessed a unique melodic element of the speech of a 

specific character. For example, at the initial stage of «Boris Godunov» he said the 

following: «We are approaching the image through the music. For example, I feel 

that the composition would be absurd, if Shuysky was talking with a young man. 

That's the imagery and is expressed through this music,... It seems to me that this 

scene is not interior and exterior» [4, p. 337-338]. 

It is indicative, that in almost all cases, the work on each new scene Meyerhold 

began to search for her music of the decision: «“Tavern” (meaning the scene «Tavern 

on the Lithuanian border». - IB.) we will read only then, when we get the singing... as 

soon As it is ready singing, we instantly set the scene». Moreover, the rehearsal of a 

scene Meyerhold began only in the case, when they was up to the end of the thought 

out of her musical dramaturgy. For example, the first three episodes of «Boris 

Godunov» he considered as a single event, knit noise of the crowd. And this noise, 

according to Meyerhold, «like the noise of the ocean, has a great variety of colours - 

from the quiet, sleepy splashing lazy waves up to rumble, storms and, finally, of the 

coming storm, десятибалльного the storm.» The Director thought these episodes as 

great choral scene, in which, however, does not sing the chorus, but «in the ears of 

the climbs hum», arising unknown way. And this buzz («Moo»), supported by the 

close on the timbre of the musical instruments, according to Meyerhold, was to 

symbolize the image of the gathered crowd. 
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In the lecture «the Pushkin drama», delivered in October, 1935 in Leningrad, 

Meyerhold touched musical decisions of the other pictures of the performance - «the 

Girl's field. The Novodevichy monastery. Before proceeding to the rehearsal, he tried 

to imagine her in the finished («mounted») form. Meyerhold no doubt, that show the 

grandeur of the scene must musical means, but the «show, so that not lost none of the 

precious word of Pushkin, the giver of ironic lighting “pleas” people (“When he's to 

cry, he's quiet!”, “Have you got onion? / Let's rub our eyes”, etc.)» [4, p. 571-572]. 

And the Director finds, in his opinion, a happy combination of the two plans inspired 

by Pushkin, - visible (the«big plan» those persons, who are specified in the text as the 

original giants) and invisible (an unheard weep a crowd, hidden from the eyes of the 

audience). Both plan seamlessly interact with each other, forming something like a 

solo voice of melody on the background of choral accompaniment. 

A similar trick Meyerhold applies and in the scene of the «king's chamber». 

Strange people, by the Tsar's order свезенный from all over Russia, almost chock 

filled the bedchamber. Нестройному Gama these crooks-the charlatans (the old man 

with the screaming cock in a sieve, Eastern man with a snake in the bag, foolish, 

причитающих something, the blind old women fortune-tellers) opposed to the 

Kalmyk, sitting in the corner of a little mica window. Swaying, he is playing a pipe a 

plaintive Oriental melody, which according to the Meyerhold, was to become a sign 

of the inner state of Boris. That's right, «with amazing freshness and truth», was 

supposed to sound «запетый and played» the monologue of the king on the 

background of a kind of «noise jazz time of Boris Godunov», written by Prokofiev, 

with a surprisingly exact hit in the music of Pushkin's words.  

Through the prism of the musical vision of the word builds Meyerhold and the 

stage of «Moscow. The House Of Shuya». It is interesting to result with some cuts its 

description, recorded in the transcript of one of the rehearsals, where it is clearly 

visible approach the Director of the music of Pushkin's words: «...This is the scene of 

a drunken. “Give us more wine” - this is not for the sake of argument, it is not the 

words that are written only would fill a blank sheet of paper. Pushkin himself clearly 

represented: Shuya, a lot of guests, dinner <...> ...that is, when the lights came on, we 
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see the body of the boyars, it is “a lot of guests”, and the moustache, beard flowing 

honey and “velvet beer” in the abundance of <...> ...the Singing, and singing is not 

established or разлажено - who in the woods, who on the wood, this is a cacophony. 

Some sing, and others have been silent. It seems that this is a herd of cows - fat, 

hardened. And so the liquid sound the <a performer of the role of> Shuisky the word 

“Give us more wine”. There is no power in it. Further - “Well, dear guests, / The last 

cup!”. “The last cup!” - this is a scoop, which is not taken her hands, and then he 

stuck his head right into the “velvet beer”, and bubbles <...> ...When he goes on to 

say: 

“Excuse me, dear guests; 

Thank you for not detesting my bread and salt 

Excuse me, and good night”, 

– the guests have already, in fact, do not go and crawl away. Here we must see 

how the spreading that drunken herd <...> ...And here's the background of this 

drunken herds should be a monologue of a boy. The only one who is drunk in the 

painting, " it's a boy, and his voice must sound with amazing and sharp clean...» [4, p. 

311]. 

Music solution («guessing the overall tone») of individual scenes of «Boris 

Godunov», due to the music of Pushkin's words, was to unite all the layers of the 

performance Meyerhold in a single whole that makes you think about Wagner's 

approach to the musical drama. «Orchestration» of Pushkin's words, by Meyerhold 

different stage means, in the texture of the stage action «grows» in a kind of sounding 

the symphonic score the play, the Word of Pushkin as would materialize in this 

challenging stage just as alive music-the text in the Opera orchestra under the control 

of the brilliant conductor. 

In illustration of this kind of «интонируемого of the speech act» some 

characters are not just talking, but the «singing» - recitatives or Aria. For example, 

the prayer of the boy in the stage of «Moscow. The house of Shuya» he asks to do so, 

to a complete illusion singing: «All this prayer should be said on the same note, " 
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says the Meyerhold to the contractor. "This speech should be melodious <...> ...This 

should be read in Church lad» [4, p. 312]. 

In a speech Shuisky Meyerhold together with the contractor is looking for 

intonation «on the basis of the scene of Shakespeare's wing». «If this scene was not 

written by Alexander Pushkin, and, for example, Alexei <Konstantinovich> Fat, " 

explains Meyerhold, then there would have been otherwise» [4, p. 312]. Gravity with 

«historically accurate intonation» in many ways, brings together Meyerhold 

Mussorgsky, раскрывавшего implication of the poetic word means «of the 

naturalization of the genre», i.e. the approximation of the genre to the historical 

conditions of its formation. 

The convergence of voice intonation to the music genre gave Meyerhold the 

opportunity to discover invisible personality traits Shuisky through musical and vocal 

gesture. Apparently, the same considerations guided by Meyerhold, when introduces 

reclassified the Pushkin scene «of the Fence of the monastery» (with evil чернецом), 

in which the action takes place in a dream Gregory. On a plan of Meyerhold, most 

fully here should be given to the musical characteristics of the Gregory-the Pretender 

" he's not singing, that is not it says monologue, like речитативу in «don Giovanni». 

The comparison of the episode with the Opera Aria-scene, it could be suggested 

Meyerhold drama operas of Richard Wagner, whom he treated with great reverence. 

Presumably Meyerhold had planned this stage to do mainly music, that is, open the 

music Pushkin's verse by «replacement» alpha-sound synthesis of musical tone, 

something like a musical-speech Intermezzo, as in this episode of Pushkin 

dramatically changed the poetic dimension. About this intention to the Meyerhold 

theatre shows, in particular, a transcript of one of the rehearsals, where there is 

mention of the fact that he had instructed Prokofiev write the music for this scene. 

Repeatedly Director spoke about the naivety (transparency) music of Pushkin's 

words. Not by chance, that he come in delight from the music to the scene of the 

battle. Prokofiev's opinion, the Meyerhold centre, managed to come to a music 

disclosure of the scenes from the «Pushkin's naivety». The convergence of the three 

languages of the participants of the battle (Russian, German and French), composer 
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decides to as «the Holocaust» the sound of three different types of structure 

(полиритмического connections European military orchestra, Russian and Asian 

melodies).  

The naivety of sound music of Pushkin's verse Meyerhold looking for and have 

Pimen. The philosopher's tone of speech Pimen, in his opinion, is not suitable. His 

word must be easy. «The Leo Tolstoy difficult, " said the Meyerhold, " because he 

had to compose, and the historian must only record. To him the material floats in the 

hands and therefore it is easy for him». And as proof of his innocence, Meyerhold 

leads's text, when Pimen, continuing to work, gives instruction Gregory: 

«Young blood is playing, 

Restrain yourself with prayer, and the dreams 

You see at ease will certainly come true» [4, p. 317-318]. 

Correct the voice note is looking for Meyerhold and in the words of episodic 

character, focusing mainly on the music of various genres. For example, in the voice 

of melody Xenia he wants to hear the manner of narrators of folk tales, the way they 

lament, therefore, in contrast to the «naive notes» Pimen, in a speech Xenia should 

sound «ritual howl», as it is in the Holy week. 

Seeking the musicality of the word, Meyerhold paid attention not only on how 

sounded individual scenes and characters. He also wanted to «tune» the individual 

words, important in the context of future performance. «The noun is a certain 

characteristic, - emphasized the Director in the process of working on the stage 

«Krakow. The House Of The Vyshnevetskys». Therefore it is necessary that the word 

“devotion” a little bit to give the underscore, and then will stop. As in the printing 

say: “spaced”. So this needs to be a word to say. The sound of the last soft sign» [3, 

p. 290]. 

Specifically it should be noted great contribution of Prokofiev's in the sound of 

music, Pushkin speech in the process of working on unfulfilled performance of 

Meyerhold. Prokofiev, as Meyerhold, was captivated by the poetry of Pushkin, 

inspired him to create the music for the play, which, according to the testimony of his 
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contemporaries, Meyerhold had great hopes. It was funny fantasy Prokofiev, but the 

main thing is exact hit in «the tone of Pushkin's words». 

 The main method used by Prokofiev in writing the music for the play, can be 

defined as «a generalization through genre content of the music», when the «match» 

the acoustic conditions of musical and speech sounds. For example, the «Polish» 

ритмизация verse in the scene of «the Castle of the magistrates Мнишка in Sambir» 

преломлялась in the rhythms of the Polonaise and the Mazurka, «feast for the 

outpouring of» Barlaam and Mishael voiced singing genres, in an episode of boyar 

promenade sounded old Agnew, and beggars-blind sang spiritual verse. Otherwise 

Prokofiev voiced the lyrical episodes (recognition of the Pretender in the scene at the 

fountain, weeping Xenia in the Royal chambers), in which the semantics of the 

musical genre as «the unfulfilled desire to» do not coincide with знаковостью words 

(sham love Marina, feigned sympathy of Boris). Finally, the special the symbolic 

meaning of the «sounds of silence» in the finale of the performance (the famous 

Pushkin's remark «the people are silent»), which according to the Meyerhold, could 

be carried out only with the «musical decision of the national storm»that was under 

force only such a large composer, what is the Prokofiev. 

It remains only to regret that the joint work of these two outstanding masters not 

received its final completion. The tragedy «Boris Godunov» would be in their 

performance as the music of the outstanding personalities - artists music of Pushkin's 

words.  

Summing up the aforesaid, it should be noted that this study has confirmed 

justified choice of Pushkin's tragedy «Boris Godunov» to substantiate the concept of 

«music of the word». In her Pushkin demonstrates not only his brilliant poetic 

intuitions, but also gives an example of a directed work with a poetic word, a 

specimen of its alpha-sound synthesis. Sound matter of the tragedy, formed Pushkin 

by grossing up the forming of funds of different arts, revealed the new speech 

meanings, one of which - the music of Pushkin's words, has received a worthy 

refraction in the Opera by Mussorgsky and неосуществленном performance 

Meyerhold. And although each of the authors went his own unique way, in particular, 

URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

and because they all worked in different kinds of art, all of them combined approach 

to the resonant word as the chief means of artistic influence on a person. 

In «Boris Godunov» Pushkin finds harmony between the three most important 

components of the words " his sound (acoustic), landmark (alphabetic) and 

conceptual (alpha-sound) parties, which is equivalent to correlate with the well-

known musical triad (sound - note - tone) and in their unity constitute what could be 

called «music of Pushkin's words». 

Mussorgsky, due to the specifics of the Opera genre, double-converts's text - 

first in the libretto of the Opera, then in the score, where the dominant becomes the 

so-called a melodicised recitative - one of the variants of the music of the words. 

Following largely due to Pushkin's text in the field of fine differentiation of human 

emotions, composer still significantly expands his musical scope. So, the concrete 

definition of the music of Pushkin's words through intonations dialects allowed 

Mussorgsky additionally identify a whole range of personal tone, unique individual 

notes, which coincided with the General trend of the time, the essence of which can 

be defined words of the composer - «I want the truth!». In this he was not alone, for 

example, in the drama A.N. Ostrovsky meets the reverse process, when in his plays 

melodies of folk songs «converted» in the voice intonation actors, identifying the 

national-original musicality of their speech. 

«The artistic reproduction of the human voice in all the subtle curves of her,» 

lets Mussorgsky differentiate the musical characteristics of the characters. Thus it 

enhances the contrast inherent in the music of Pushkin's words (greatness - the horror, 

the court worldly judgment of God, the threat of silence, etc.), as well as the 

dynamics of development of this or any other experiences (EOS - howl - weeping). 

But, unlike Pushkin, Mussorgsky was trying to get away from the philosophical 

depth, shifting the emphasis on the psychological and everyday moments, 

reproducing such a way the music sounds, in the words of the composer, «not only 

the mood of feelings, but mainly a mood of human speech». As a result, there arises a 

method of musical and speech characteristics of the personages, the use of the 

diversity of living, social colored tones. 
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You can only make a guess - if Meyerhold in co-authorship with Prokofiev 

implemented the idea of staging of «Boris Godunov», and then, perhaps, we would 

have received the most complete identification of music of Pushkin's words. This is 

evidenced by, and how carefully treated Meyerhold to the text of Pushkin's tragedy, 

and the way he worked with artists in the process of rehearsals неосуществленного 

performance.  

The analysis of the transcripts of the rehearsals of the play allows to make a 

conclusion, that the Meyerhold still managed to «find» the music of Pushkin's words. 

This is due to its cooperation with Пястом and Prokofiev, created the independent - 

the voice and the music - original score of the performance, which , in the opinion of 

the Director, had «to be created» in the actor's action. But, " the idea of the 

performance has not been implemented, so we can only guess to what their unity 

could come Meyerhold in the interpretation of the music of Pushkin's words. 
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This paper describes the process of obtaining wood-polymer compositions on 

the basis of coniferous wood's bark. 
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Wood-polymer compositions - a modern composite material that takes on the 

Russian market increasingly stable positions. Field of application of wood-polymer 

composites due to their wide properties. This is an environmentally friendly material, 

with the possibility of applying to the different decorative coatings, good handled, 

with high physical and mechanical properties  and it can be adjusted during 

production. The surface of products from wood-plastic materials can be smooth or 

embossed, depending on the content of the polymer in the compositions look like 

plastic or a wood board (MDF, hardboard, particleboard). 

A waste of wood processing industry and a waste agricultural crops's recycling  

can be used as a filler in the manufacture of wood. As a polymeric material can be 

used- recycled waste polymers stores: polyethylene, polyvinyl chloride, 

polypropylene. 

As a result of mathematical processing of the experimental data were obtained 

by the regression equation that adequately describe dependence of the flexural 

strength of the mode pressing the samples 

of wood-polymer compositions based on polyethylene terephthalate 

σизг = 22,94 + 0,93Р + 1,1τ + 2,2Т +0,81Р 2  +0,34τ 2 –  

- 0,76Т 2 -0,81Рτ  -0,31Р Т-0,063τ Т       (1) 

of wood-polymer compositions based on polypropylene 

σизг = 36,01 + 1,25Р + 1,32τ + 1,58Т +1,59Р 2  +0,29τ 2 +  
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+ 0,79Т 2 -0,075Рτ  +0,225Р Т-0,35τ Т      (2) 

of wood-polymer composition based on polyvinylchloride 

σизг = 16,52 + 0,58Р + 1,01τ + 1,21Т – 0,52Р 2  -0,57τ 2 -   

- 0,27Т 2 + 0,05Рτ  - 0,05 Р Т + 0,62τ Т      (3) 

From these dependences defined between the compaction pressure and the 

strength of PDM directly proportional dependence exists in static bending, and the 

dependence has an extreme character. 

The strength increase of the final composition going with  a increase of the 

specific duration of pressing and pressing temperature. 

Thus, the pressing behavior of wood-plastic composites based on bark first of all 

determined by the type of used polymer , it's temperature and the rate of melting. 

Physical and mechanical properties of the wood-polymer compositions 

depending on structure shown in Table. 1. 

The use a manufacture of wood-polymer composition of softwood bark and 

waste polymers domestic purposes allows to reduce a amount of polymer in the 

composition to expand  raw materials for the manufacture preserving the physical and 

mechanical characteristics of the material, equipment and technology. 

Table 1 

Basic characteristics of wood-plastic composites based on the cortex 

An Index 

The composition of based on 
polyvinyl chloride 

The composition of a based 
on polystyrene 

1 2 3 4 5 6 7 8 

A density, kg/m3 1000 1010 1095 1180 1000 1010 1095 1180 

A limit 
flexural 
strength, MPa 

15,1 25,1 45,8 63,2 19,1 26,6 50,3 74,2 

A water 
absorption for 

10,2 6,6 4,5 3,5 8,2 5,8 3,5 2,9 
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24 h,% 

A swelling for 24 

h,% 
8,6 4,2 3,5 2,3 9,1 6,9 2,6 2,0 
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The features of air purification from hydrogen sulfide by absorption-

electrochemical method are discussed. The technological scheme of the setup for 

purifying air from hydrogen sulfide is shown. The results of experimental and 

industrial sewage treatment setup operation during 2 years at the sewage pumping 

station are given. 

Keywords: absorption, electrochemistry, purification, hydrogen sulfide. 

Recently, environmental problems are becoming more and more relevant. It is 

connected with the fact that all requirements for the industrial enterprises emissions 

are becoming tougher. As a rule, industrial plants emissions are dangerous to the 

environment and human health. They present the greatest danger in large industrial 

cities. Most often this is caused by the fact that the level of maximum permissible 

concentration (MPC) of harmful substances is much higher than the established 
URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

norms. Exactly this causes a disturbance of physiological functions of human body, 

which leads to serious disease. 

Hydrogen sulfide is a very toxic gas which refers to the second class of danger. 

Emission standards for hydrogen sulfide are very tough. Hydrogen sulfide MPC in 

the air of the working area is 10 mg/m3, the maximum single concentration of H2S in 

the working area must not exceed 0.008 mg/m3. The odor threshold of hydrogen 

sulfide in the air is close to 0,012…0,030 mcg/m3. 

Hydrogen sulfide is corrosive and active gas with strong acidic properties, which 

forming sulfides by reacting with almost all metals. This type of corrosion is called 

the hydrogen sulfide corrosion. In this way there is a rapid aging of buildings, 

structures and equipment in the places of hydrogen sulfide emissions into the 

environment. 

The hydrogen sulfide emissions into the atmosphere can be made separately or 

together with other sulfur compounds. More often mercaptans are also generated. 

Their properties are very similar to the hydrogen sulfide. Mercaptans also have high 

volatility, cause accelerated corrosion of pipelines and lead to the accelerated 

equipment deterioration. It should also be noted that the hydrogen sulfide emissions 

in comparison to mercaptans are much higher. 

For the preliminary calculation the volume of drinking water consumption is 

approximately 900 million liters per year in Ukraine. The concentration of SO-3 and 

SO-4 anions in water is between 250 and 500 mg/l. In the absence of oxygen by the 

action of bacteria which produce sulfates, they are able to recover to hydrogen 

sulfide. It causes a high level of hydrogen sulfide in wastewater. The concentration of 

hydrogen sulfide in wastewater can reach a value of 10 mg/l and higher. It greatly 

exceeds the established norm of 0.05 mg/l. 

The main sources of emission of hydrogen sulfide in the Ukraine are the sewage 

pumping stations (SPS), enterprises of viscose rayon and cellulose manufacturing, 

chemical, petrochemical, food and metallurgical industries, coke plants and oil 

refineries. 
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The anaerobic conditions are the most favorable for the development of bacteria 

that produce hydrogen sulfide. Such conditions are typical of sewers. Cyclical 

transportation of industrial and household wastewater in sewage network leads to the 

formation of large hydrogen sulfide quantities in these effluents. 

The adsorption method is one of the most popular methods of environmental 

protection from harmful air emissions. Activated carbon is often used as an 

adsorbent. Activated carbon is also used for the gases purification from the 

substances that have an unpleasant odor. 

The main disadvantage of the adsorption method is the large energy intensity of 

desorption stage and further division, which makes it harder to use for multi-

component mixtures. The main disadvantages of described methods of air 

purification from hydrogen sulfide [2] are the high cost of sorbents, the complexity of 

the regeneration process of the sorbent, large dimensions of the setup and formation 

of secondary effluents that have to be removed. 

The absence of a cheap and effective method of air purification from hydrogen 

sulfide, its danger for the human organism, corrosive activity, the presence of odors - 

all these reasons cause the relevance of the necessity to develop a new low-cost and 

effective methods of air purification from hydrogen sulfide.  

Absorption-electrochemical method refers to such methods. The main advantage 

of this method is the lack of necessity to use a large amount of expensive reagents, 

because required absorbents can be prepared from sodium salt and then regenerating 

them in the electrochemical reactor. 

On the basis of absorption-electrochemical method the setup for purifying air 

from hydrogen sulfide was developed. This setup is installed and successfully 

operated at the SPS-1 in Voznesensk. 

The SPS constructed by typical projects of 902 series [1] are so far operated at 

the urban sewer facilities in Ukraine. The sewage discharged into the SPS room 

through the rake department where the direct contact between sewage and the air is 

carried out. The large impurities are delayed on grates in the rake department. The 

peculiarity of exploitation of equipment for trapping large impurities is the necessity 
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of its periodic manual or mechanical cleaning. The contact between sewage and air 

leads to the air saturation by hydrogen which released to the environment through the 

work of purge ventilation. 

There are two problems due to the presence of hydrogen sulfide in wastewater 

effluents: 

- not compliance of the requirements of safety precautions for rooms of D class; 

- environmental pollution by hydrogen sulfide. 

The solution of these problems performs in two stages. At the first stage 

necessary to localize the emissions, at the second - to purify the air from hydrogen 

sulfide by using absorption and electrochemical equipment. 

The surveys SPS-1 in Voznesensk showed that the concentration of hydrogen 

sulfide in the SPS air space (built by project 902-1-37) near the tray incoming flows 

before the purifying system implementation varied from 20 to 80 mg/m3. The 

hydrogen sulfide concentration in the working area near the tray incoming sewage 

closes to equilibrium (which is defined by the Henry constant), significantly change 

over time and exceed the MPC. The special shelter and equipment for air purification 

was developed to locate the source of incoming hydrogen sulfide in workplace air of 

SPS grates room. 

A special shelter is a wooden construction that prevents hydrogen sulfide 

spreading in the working area of the rake department. The shelter was installed in the 

rake department and the optimal operating modes of exhaust ventilation were 

identified as a result of adjustment works. 

These measures allowed significantly reduce the concentration of hydrogen 

sulfide in the air of the working zone of grates room almost to MPC. 

The hydrogen sulfide was absent through the installation of shelter in the 

working area at the bottom of the grates room. The hydrogen sulfide entry into the 

grates room happens only when you open the hatch of shelter while performing work 

on cleaning grates. 
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At the second stage of works performance the absorptively-electrochemical 

setup of air purification from hydrogen sulfide was installed in the SPS grates room. 

The technological scheme of this experimental setup is shown in fig. 1. 

Both catholyte and anolyte can be used as hydrogen sulfide absorbent. The 

electrochemical decomposition of an aqueous solution of NaCl can be expressed by 

the following chemical equation: 

2 2 22NaCl 2H O 2NaOH Cl H+ → + + , 

                                         2 2Cl + H O HCl + HOCl→ .  

Thus, we have the following substances formation: at the cathode - NaOH, at the 

anode - HOCl, HCl. 

 
Fig. 1. Principal scheme of technological purification process. 

1 - absorber with anolyte supplying; 2 -  absorber with catholyte supplying; 

3 - absorptive apparatus; 4 - electrochemical reactor. 

 It should be noted that the absorptively-electrochemical for the air purification 

from hydrogen sulfide by using catholyte as absorbent was implemented at SPS-1 in 

Voznesensk. In this case, the following reactions take place: 
2H O

2 2 2H S+2NaOH Na S+2H O→ , 

2H O
2 2H S+NaOH NaHS+H O→ . 

The decomposition of the reaction products takes place in the electrochemical 

reactor.  
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A general view of absorptively-electrochemical setup of air purification from 

hydrogen sulfide is shown in fig. 2. 

Hydrogen sulfide emissions to the environment were reduced to values of 

2.5...4.0 mg/m3 as a result of installation of absorptively-electrochemical purification 

setup. The obtained concentration values of hydrogen sulfide in the working area 

complies with the stated requirements. 

 
Fig. 2. Absorptively-electrochemical setup of air purification from hydrogen 

sulfide in the SPS. 

Thus, the combination of absorption and electrochemical methods allows 

reaching high efficiency of air purification from hydrogen sulfide with rather simple 

instrumentational performance and the minimum of absorbents cost. The electricity is 

the main spendy part in developed setup. 

In the papers [5-6] noted that chlorine and its derivatives can act as an oxidant of 

hydrogen sulfide and sulfides. 

The chlorine effectiveness is connected with a hypochlorite HOCl high capacity 

to combine the properties of ion-radical (hydrogen acceptor) and Cl-atom (C-H agent 

communication). The speed and the reaction depth depend not only on the impurities 

nature, but also on temperature, pH, concentration of oxidizing agent, contact time, 

and other process parameters. H2S is oxidized and free sulfur is formed at small 
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chlorine expenses in case of contact between water with the increased concentration 

of chlorine ions and air polluted by hydrogen sulfide. The sulfates are formed when 

the concentration of chloride ions in water is high. This produces acids and hydrogen 

ions, which leads to a significant decrease of water pH. The researches of H2S 

oxidation by chlorine dioxide ClО2 are described [5]. The elementary sulfur, 

thiosulfate and sulfate ions can serve as the oxidation products depending on the dose 

of ClO2 and pH = 6,8...8,5. At small values of chlorine expenditures hydrogen sulfide 

is oxidized to elemental sulfur, which provides water turbidity and the characteristic 

opalescence.  

One of methods for producing chlorine and its compounds is electrolytic method 

wherein the NaCl salt is used as an electrolyte.  During the electrolysis of aqueous 

sodium chloride solutions in the electrolyzer (without diaphragm) at the anode will 

proceed the oxidation reactions with the formation of gaseous chlorine (from the 

chloride-ion), and oxygen from water molecules. The reaction of chlorine evolution 

mainly takes place at high anodic potentials. Water molecules are restored at the 

cathode. Chlorine that formed at the anode dissolves in water: 

                                                    Cl2 + Н2О → HClO + HCl. 

 The amount of chlorine which is formed during the electrolysis depends on the 

salinity and temperature of the electrolyte, current density, anode material and 

electrolysis duration. The total process of NaCl electrochemical decomposition can 

be expressed by the following chemical equation: 

                                                 2Н2О + 2Cl- →Cl2+ 2ОН- + Н2. 
        The voltage decomposition under standard conditions is 2.17 V for this 

reaction, and the theoretically calculated energy consumption for 1 kg of Сl2 – 1,64 

kW•h. According to the chemical equations, near the cathode the formation and 

accumulation of NaOH alkali will take place. In the absence of diaphragm sodium 

hydroxide can freely react with hypochlorous acid and form a well soluble salt such 

as sodium hypochlorite. Further, the obtained sodium hypochlorite dissociates with 

the formation of ClO- ions, which are subjected to the following anodizing processes 

with the formation of chlorate-ions ClO3-. At the anode the reaction with the 
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formation of sodium chlorate can be expected because the ClO- ions are oxidized at 

less positive potentials than the Cl- ions. Thus, NaClO, NaClO3 and O2 will be the 

main products of the electrolysis of neutral sodium chloride solutions (without 

diaphragm). It can be assumed that NaClO, NaClO3 and O2 will react with hydrogen 

sulfide which is absorbed from the air by the reaction: 

                                  NaClO + H2S = S ↓ + NaCl + H2O.  

Thus, these reactions confirm the possibility of sulfides expansion during their 

absorption by water with increased chloride content. However, it should be noted that 

sulfurated effluents have quite complex chemical composition, which can complicate 

the processes occurring during the sodium chloride electrolysis. 
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THE  STRENGTH OF  REINFORCED  CONCRETE  ELEMENTS WITH 
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The calculation procedure of strength of compressed reinforced concrete elements 

with helical reinforcement is presented in the article. The basic dependences for 

calculation of strain-stress state of such constructions are offered. 

Keywords: the calculation procedure of strength, compressed reinforced concrete 

elements, helical reinforcement, strain-stress state 

Helical reinforcement of the compressed elements is rather efficient in the area 

of small eccentricity. It allows to increase their bearing capacity or to reduce the 

cross-sectional sizes.  Existing methods of calculation of the strength of such 

elements are based on the experimental data and therefore they have a limited area of 

application. Wherefore, the theoretical elaboration of calculation procedure of the 

strength of the compressed elements with helical reinforcement, taking into 

consideration the main features of their strain-stress state, seems to have been 

currently important. 

Let us examine the central compressed reinforced concrete element of the 

circular cross-section reinforced with the helix of the diameter csd ,  (fig. 1).  Under 

loading action of N upon that element, the compressing stresses arise in the concrete 
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core, and the stretching efforts сss A ,σ  arise in the rods of helix with cross-section area 

csA , . As a result, the radial compressing stresses brσ  arise in the concrete core, which 

is sealed in the helix. Therefore, the helical reinforcement keeps operating under the 

uniaxial stretching, and the concrete core operates in the conditions of the triaxial 

compression.  

As a pitch of the helical turns is usually accepted to be rather small, the radial 

stresses brσ  in the whole internal area, which is limited by the diameter of the helix 

effd  and by the pitch of  the helical turns S , can be assumed equal in value. 

Taking into account the balance condition of the considered segment with the 

height S (fig. 1, b) and irregular prestressing of concrete core, we get the equation:  

02
2 , =− csseff

b

br ASd σ
ψ
σ

,                                                (1) 

where bψ  - the coefficient which takes into consideration  the irregularity of 

lateral prestressing of concrete core (for the round cross-sections bψ = 0,95).  

Then,   
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Fig. 1. Reinforced concrete element with helical reinforcement: 

a – side view; b – scheme of efforts in the considered segment 

scs
eff

cssb
br Sd

A
σµ

σψ
σ ,

, 95,04 −=−= ,                                      (2) 

 

where cs ,µ - the coefficient of the confined   reinforcement by helixes 

     On the assumption that the operation of steel is elastic, the equation is the 

following:   

 

                                                    ,95,0 , ssсsbr Eεµσ −=                                                   

(3) 

where sE - modulus of elasticity of steel; sε - relative tensile strain of helical 

reinforcement. 

The concrete stress state in elastic and elastic-plastic stages of operation is 

described by the generalized Hooke's law for transversal-isotropic material: 

( )brzrbz
bb

bz E
συσ

ν
ε 21

−= ;                                           (4) 

( )brrrbzzrbr
bb

br E
συσυσ

ν
ε −−=

1
.                                   (5) 

Physical nonlinearity in the equations which connect the stresses and strains is 

taken into account by variable coefficients of elasticity bν  and cross strains zrυ and 

rrυ  [1].  

The following dependence can be obtained on the condition of the compatibility 

of strain of concrete and steel: 

 br
cseff

eff
cs dd

d
εε

,
, +
= .                                                  (6) 
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Taking into account that cseff dd ,>> , it is possible to accept brcs εε =,  for practical 

calculations.  So we get the following equation from the joint solution of equations 

(3)-(5):  

bb

bz
cbz Eν
σχε = ,                                                          (7) 

where czrcc qр 221 υχ −= ;   ( )rrcc рq υ−+= 11 ;  bсscр ναµ ,95,0= ;  

bs EE=α . 

In the limit state the stress in helical reinforcement rises to the yield point of  yσ

, and the radial pressure in concrete rises to  the limit value of ycsbru σµσ ,95,0= .  

Taking into account the features of reinforcing of concrete elements with helical 

reinforcement the calculation of their strength should be carried out with the usage of 

nonlinear strain model. The "stress - relative strain" diagrams of loaded materials are 

the initial base for calculations according to this model. 

The type of the diagrams is recommended to accept according to existing rules.  

In this regard, the helical reinforcement is considered to be as centrally stretched and 

the concrete core is considered to be as volume – compressed under the axial 

application of load (fig. 1).  

The coordinates of diagram vertex " bzσ - bzε " (the stress bzuσ  and the 

corresponding relative strain 03bε ) mainly depend on the correlation of the basic 

compressing stresses ,bzσ byσ  and bxσ  for the concrete ("x" and "y" - the axes of the 

Cartesian reference system which are perpendicular to the longitudinal z axis).  The 

limit stress bzuσ  in the central compressed reinforced concrete elements with helical 

reinforcement, in which the uniform lateral pressure is created at any point, can be 

calculated by the formula received in work [2] for the special case bzbybx σσσ <= . 

 ,bxububzu kR σσ +=                                                  (8) 
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where buR – the uniaxial compressive strength; k - the coefficient of lateral 

pressure depending on the level of lateral prestressing bzubxum σσ= . 

Taking into account the equation (8) for the elements with confined  

reinforcement, we can get the following formula:  

      x
xx

bubzu R ρρρσ 9
2

1
2

1/
2

+





 −

+
−

= ,                                  (9) 

where xρ - the constructive coefficient of confined  reinforcement, which is 

calculated for the elements with helical reinforcement by the following formula:  

 
bn

sn
сscs R

R
,, 95,0 µρ = .                                              (10) 

The value of concrete strain 03bε  for the elements with confined  reinforcement 

is offered  to be determined by the equation: 
γ

σεε 







=

bu

bzu
bb R003 ,                                                         (11) 

in which the exponent γ is calculated out of the equation: 

                                                  ,5,02 , αµγ cs−=                                                           

(12) 

where 0bε − the value of relative strain of concrete in the diagram vertex 

"«σb−εb»" under axial compression (it is accepted according to existing design 

standards).  

Practical realization of the process of construction of the diagram of concrete 

core work is carried out by the incremental-iterative  method. It is recommended to 

increase gradually the axial strain of concrete bzε  and to determine stresses cs,σ , brσ   

and bzσ  for each level of strains in calculations. When stresses bzσ  get the limit value 

of bzuσ , calculated by the equation (9), the relative shortening strains 03bε  in the 

diagram vertex " bzσ - bzε " are specified. The calculation is being repeated up to the 

required accuracy of calculations. 
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The calculation of strength of eccentric compressed element with calculated or 

accidental  eccentricity is carried out at the second stage. The known dependences  

are used according to existing design standards. 

 

Conclusion 

The calculation procedure of strength of eccentric compressed elements with 

helical reinforcement, considering the specific properties of reinforced concrete, is 

developed on the basis of nonlinear deformation model. This calculation procedure 

can be used for the evaluation of strain-stress state of elements at any level of their 

loading. 
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In Russia in all times the construction of churches was regarded as a righteous 

deed. Today in theory and practice, to discuss and develop various aspects of 

mainstreaming temples construction in Russia. Accumulated to date, the practice of 
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the modern domestic храмостроения its inconsistency confirms the correctness of 

known ideas of preservation of continuity as foundations of civilizational processes. 

The acute question of the further evolution of an Orthodox Church building in 

the context of which experiments writing, as new images and transitional forms are 

very relevant. 

Key words: the architect, the Orthodox Church, Russian Church architecture, 

Christian culture, Church construction, modern temple. 

Introduction. Russian Church architecture of the passed centuries-old way of 

development, without which it is impossible to imagine the historical heritage of the 

Russian people and its culture. Gradually the Russian Orthodox Church have 

developed not only the architectural language of construction of Orthodox churches, 

but also methods of organizing, designing, financing, production and control of 

construction works. 

Today, we live in a time of revival of Church parishes and spiritual self-

consciousness. It's hard not to notice how many in Russia restored the Orthodox 

churches, and yet more construction of new ones. The topical issue: «How to be the 

Orthodox Church in the near future, in the new Millennium of Christianity?» What 

should be modern Church architecture and why? What role should play a temple in 

the new development? 

Temple architecture of the XXI century. History of foreign and Russian 

experience in designing Christian churches suggests that the Western cult architecture 

had no break in the development of which was in Russia. Abroad temple architecture 

developed: first, continuously and independently in the context of the modern 

approach to Church architecture, preserving national traditions and updating them in 

accordance with local and regional conditions; secondly, naturally in one channel 

with civil architecture. The development of the Russian Church architecture was 

forcibly interrupted for more than 70 years. After many decades, nobody in our 

country is engaged in this kind of architectural activity. Russian Church architecture 

in the post-Soviet period as art, was banned. Architect no longer considered as an 

artist, a master of the unique building, he played the role of the engineer, the obliged 
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only to "collect" the house of parts produced on the Assembly line. The 

corresponding teaching in Soviet architecture schools. So in post-Soviet Russia 

qualitative Church architectural projects could not a priori be. 

But the gap in the architectural tradition associated with the era of Bolshevik 

godlessness, and lack of qualified personnel is only part of the problem. As a result, 

today there is a situation when new churches have to be built, overcoming nearly a 

century of cultural and historical gap between the spiritual ideals of the past and 

worldview of our contemporaries. The famous Church architect Andrey A. Anisimov 

considers, on the one hand, the construction of new churches can not but rejoice, with 

the other open questions remain: continuity, compliance with style, Canon, artistic 

traditions, in the first place. Secondly, can we assume that the churches, which in 

many built now in Russia, reflect shape and regeneration of Orthodoxy and 

spirituality. These and many other questions in the field of religious architecture 

cannot be answered unambiguously. This means that in the study of problems of 

Orthodox temples construction are many controversial and unclear. This 

circumstance essentially confirms that today various aspects of mainstreaming 

architecture of the churches in Russia its relevance, complexity and versatility attract 

the attention of scientists, architects, representatives of the clergy, art historians and 

other. 

Analysis of the history of the construction of churches, to study the state of 

theory and practice in the field of Orthodox architecture in Russia in modern 

conditions allowed stating both positive and negative trends. From the point of view 

of scientists, architects, representatives of the clergy, critics is caused by the 

following circumstances. 

1. Describing the modern stage of the Church's life, it should be noted that 

positive changes in the development are the result of interaction between the Church 

and society. On the one hand - coordinated by the hierarchy of the activity of the 

clergy and laity, with the other is the desire of the authorities, the public and donors 

to engage in constructive dialogue. The results of such interaction is concrete case 

храмоздательства. 
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2. Many churches are being restored in its original form. In the preservation and 

restoration of temples we have many of the restorers enthusiasts, such as P.D. 

Baranovsky, who, risking their lives, restored churches, protected them from 

demolition or at least обмеряли destroyed temples and maintain the drawings. P.D. 

Baranovsky in his time restored the Church of the Kazan Mother of God on red 

square, but the Church was demolished, and he was subjected to repression. Now the 

Church is restored in his drawings of architect O. Журиным. 

3. Today, however, there is no centralized source of funding. Patriarchy finances 

only restoration and construction of large churches, the majority of the parish built on 

the donations of the parishioners and sponsors. So negative in the process of the 

restoration and construction of temples, for example, Magnitogorsk, can be 

considered a vicious, the method of so-called «people's construction» charitable 

donations of parishioners, entrepreneurs, organizations, enterprises. Without denying 

the importance of people's participation in the construction of the Orthodox churches, 

we still believe that the method of national building to a certain extent, negatively 

reflected on the authority of the Russian Orthodox Church among the people. 

4. The Church implies space, own environment. However, the modern temples 

construction missing reserved for building a Church. Unlike former times, when the 

Church was the dominant architectural and organized urban space around itself, 

today, on the contrary, he is forced to integrate into the architectural context of the 

new urban areas, which have little in common with the traditions of Christian culture, 

namely, near the stadium or in the shade of a shopping center. Therefore, in practice 

this is feasible only if the customer (the Church, the community) could redeem the 

relevant adjacent areas. 

5. Construction is being conducted, as a rule, not separate churches, and 

temples, including liturgical, economic, educational and other buildings. 

6. Apart from the question, how to be a modern Orthodox Church in modern 

conditions the question of preparation of future храмостроителей, theological 

reflection cult building. Today, despite the growing demand for the specialists in 

temple architecture, in the list of academic disciplines there is no such specialization 
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as храмостроение. In the modern educational process very little attention paid to the 

study of architectural symbolism, resulting in a young specialist receives only the 

external, not rooted in the traditions of knowledge. Therefore, the architect who 

undertake a creation of the project of the temple, must be not only professionals, but 

faithful man, because without faith it is impossible to understand the specifics of 

Church architecture. 

7. The temple, being only образоемким object is «doomed» to dominate the 

natural landscape. Some modern architects are taken to design the temple, driven by 

the desire to glorify his name. Personal attitude to the image of the architect of the 

temple should not go beyond the understanding of the global objectives pursued by 

the design of the Church facility. But in order to come closer to this understanding, 

you want total immersion in the sphere of Church culture. The temple, you cannot 

just invent and draw. You must go to the place where he will stand, to meet with the 

Bishop, to talk with the priest. In addition, you must deeply understand and live in the 

soul of the event, image, to whom the temple is dedicated. So in the city of 

Magnitogorsk, being a deeply religious person, selflessly worked ascension Church 

А.Г.Волобуев. Today the temple rose over the Ural river, above the village of 

Magnetic over the town, and thus lifted up and glorified his Creator. Therefore, you 

cannot work on the temple and in parallel to the project of a private country house. 

The architect must decide for themselves the fundamental question: or he is engaged 

only in Church architecture, or all the rest. This is the beginning of a professional 

approach to the creation of a Church. 

8. The temple is an object for a prayer to God, and not the object for man. The 

Church is built, for the Liturgy. In any Church can be of all ordinances, so as 

ordinances are equal. Now, unfortunately, the temples were created for man, for his 

convenience, so that you can come, but it is better to arrive, Park the car and go to 

Church shop, make some whirling, instead of getting down to the main prayer. This 

mosaic of consciousness prevents create a harmonious, simple temples, which are 

designed for prayer. Therefore, the development of religious architecture should 

follow not the way of decoration, pretentiousness, but, on the contrary, to return to 
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simplicity. And it really depends on a person's inner world. Today lost, on the one 

hand tradition, on the other - spiritual baggage, which is required for such 

architecture. It must be replenished. 

9. Church architecture is always different from the secular and their purpose, 

and the material and design, and value. Therefore, in deciding General features of 

designing of Church objects, it is logical to question their construction. For the 

contemporary practice of the temples construction are relevant to the construction and 

finishing materials. Today the world is experiencing a boom of the latest construction 

technologies, which allow to realize any project qualitatively, quickly and with 

minimal effort. However, among architects there is no consensus about how the latest 

technologies and materials applied at erection of new churches. In no way denying 

the achievements of modern construction science, in the current era of high and high 

technologies should not look down on what our ancestors did, and efface the high 

culture of construction, which has provided the ancient Church buildings of 

centuries-old life. 

10. In order to strengthen its activities in the field of храмоздательства and 

conservation transmitted Church monuments of history and culture, it is expedient to 

establish the post of diocesan architects included in the diocesan Commissions on the 

architectural and artistic issues. 

11. Today, of course, difficult to predict in what direction will develop in the 

Church construction, but the only promising route is the orientation on the creation of 

individual bright works of contemporary architecture. An appeal to all of its spectra, 

where the author of the project feels quite freely. Of course, given the religious 

canons, in accordance with which erected temples, - which, however, the architect 

has never prevented. 

Conclusion. Summing up thinking about the revival of the Russian Church 

architecture, it should be recognized that a serious conversation on this subject only 

begins. Modern temple, what will be the architecture of the XXI century? What 

prevents the development of Church architecture and why most of the temples under 

construction or copies, or pastiche of the monuments of past epochs? Is it possible to 
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combine modern technology and design proposals with the traditions of temple 

architecture? The solution of these issues and many other vitally necessary for the 

Russian Orthodox Church, Russia and the universal Orthodoxy. 

In this regard, it is very important to collect, compile and analyze the received 

scientific results, experience in the restoration and construction of temples, 

monasteries and parishes. It follows that Russia's entry to the path of stable, civilised 

development inseparably associated with the revival of morality, the rise of religious 

and spiritual culture of the Russians. The Genesis of the Orthodox churches shows 

that as in the olden times, now much is done for the spiritual enlightenment and 

uniting people. In the sermons of the clergy during divine services, in the prayers and 

hymns, committed by priests and parishioners, the words of the parish, for our city, 

village, for the Motherland, for Russia and for the whole world. Exactly this is 

created and saved to the spiritual connection of times and generations, it lives on 

earth of God Church, this rests on Earth peace. 
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In this article presents the results of feasibility studies of inter-settlement gas 

supply systems of settlements: recommendations on the choice optimal variant 

tracing inter-village gas pipeline branch from (mainline) gas pipeline 

Key words: tracing, gas pipeline, efficiency, metal capacity 

Currently in the Russian Federation widely used centralized system of gas 

supply, when the from a one gas distribution stations (GDS) they receive gas at once 

some settlements. Usually these stations are located randomly relative to each other. 

In this case, the question arises about the most a favorable arrangement of gas 

distribution station and method of laying a gas pipeline. Competent solution of this 

problem contributes to a significant reduction in expenditures of materials for gas 

distribution system without reducing the quality of their work. 

The authors of this article investigated the possibility optimization of the route 

of gas distribution networks from GDS in rough terrain going up to the issue in terms 

of geometry and on the basis of the research, came to the most successful algorithm 

to solve this optimization problem. 

The task of choosing the optimal routing of gas pipelines can be solved of 

algebraically and geometrically. In the first case, the problem will be decided 

accurately and quickly with only a small number of settlements in the area. In the 

second case, by the problem provisions is required to find the shortest network of 

straight segments interconnecting of a given set of points (the gas supplying 

settlements). 

One solution to tasks was suggested by the German mathematician of the 19th 

century by Jacob Steiner, his work has been devoted to the search one point of the 

sum of distances from which of all points given set could be minimal [1]. 

To solve the problem of finding the shortest network it was necessary to add 

new points, which are called "floating point". Currently developed a special 

algorithms for determining their number and location on the plan [2]. 

The problem was partly solved for electric lines, telephone lines, road 

construction, and can be applied to determine the optimal routing of gas pipelines.  

In Fig. 1 presents the solution proposed by Torricelli and Cavalieri [1]. 
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At longest side of the triangle ABC is constructed equilateral triangle ACX, 

around which is described by the circumference. At the intersection of the 

circumference with the segment BX is located point P, which is called the Steiner 

point. The segments AP, BP and CP form three of conjugate angle at 120 °, and their 

total length is equal BX. The result is the shortest network. In the case of increasing 

the number of points, this problem decides of the form of tree, having the form a tree, 

which was called "a Steiner tree." 

In the algorithm of optimal tree considered a plurality of compounds between 

the specified points and the set of possible locations of transitional points. Algorithm 

is conditionally shared into two parts. In the first part of the set of initial points are 

subdivided into subsets. In the second part of each subset is created a tree using 

decision, that was applied  to the problem with by three points. 

 
Fig. 1. Searching shortest network 

Let us consider this algorithm when designing of gas distribution systems. 

The object of optimization is an gas supply system in rough terrain of several 

populated centers from one gas distribution station. The purpose of work - by means 

of the geometrical approach determine the optimal location gas distribution station 

with respect to some number of settlements by decreasing material costs of the gas 

pipeline. 

For a basis Let us take plot countryside on the map of Saratov region, an area of 

2,200 km2.  

In the first case we combine the gas pipelines as rays gas distribution station 

which is disposed at the center of loads and consumers of gas fuel. The Rays have a 
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branching in the case of closely situated consumers (Fig. 2a). In this case, the total 

length of the gas pipelines will be 124 km. 

In the second case (Fig. 2b) consumers attached to GDS with a single common 

central line the gas pipeline and its offshoots to the consumers, in this variant the total 

length of the gas pipelines will be about 95 km. 

In the third case (Fig. 2c) GDS and customers are connected through an 

extensive a network of gas pipelines that more efficiently combines as offshoots as 

well gas main pipelines, and the length of the gas pipelines will be about 89 km. 

 And finally, the fourth case (Fig. 2d) is an algorithm for constructing an optimal 

Steiner tree, resulting from use of which we get a total length of  gas pipelines about 

68 km. 

      

 
                    а)                                                       b) 

URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

  

 
 c)                                                             d) 

Fig. 2 Variants determining an optimum route of gas pipelines 

From these examples we can conclude that the use of an algorithm of optimal 

tree in the practice of designing gas distribution systems allows to significantly 

reduce the aggregate length of gas pipelines (total consumption metal), thus proving 

its effectiveness. 

The studies let to optimize the device of gas network on the rugged terrain. 

In contrast to the algebraic method solving this optimization task, the geometric 

method is allows you to work with an unlimited number of points (in our case the 

gasified settlements) without requiring a time-consuming calculations. 

As well the use of this method does not require of computer calculations and 

specialized software which makes it more affordable to use. 
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THE CONCRETE STRING ELEMENT OF THE CIRCULAR AND 

ANNULAR SECTION’S DEFLECTION MODE UNDER THE ACTION OF 

TORSION TAKING INTO ACCOUNT THE SHEAR MODULUS 
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The version of the theoretical method for the deflection mode calculation of the 

reinforced concrete elements within pure torsion in application to the round and 

annular sections depending on the shear modulus has been worked out. 

Keywords: torsional stiffness, pure torsion, plastic deformation, stress-strain 

diagram for the concrete in pure torsion. 

The work of the reinforced concrete elements under the influence of the torsion 

must be researched equally with the deflection mode of them under the influence of 

bending, as far as it constantly acts at the spatial work of the bridges, overlaps and 

other structures’ elements [1,2, 4]. For the detailed studying of the concrete elements 

annular section the deflection mode of the researched element in pure torsion has been 

defined. The method [3] has been applied for the calculation of the circular and 

annular section’s elements calculation by determination geometrical characteristics 

through radians. 
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1 The stress-strain diagram τ-γ for the concrete in pure torsion. First the 

diagram must be built by the mentioned method to fix out the stiffness of the material, 

and the shearing stress-strain diagram should be used as the generalized characteristic 

of mechanical properties of concrete (fig.1), similarly to the compression stress-strain 

diagram. 

γ=∆ϕ/R

Gc= tgβ=   γ cGc0= tgβ 0

Gc1= tgβ 1

Gc2= tgβ 2

γ c0

τ c0

γ c1 γ c2

τ c1

τ c2

ascending branch descending branch

  τ c

β 0
β 2β 2

τ=M/W t

 

Fig. 1 General view of the concrete deformation  

under the influence of the pure short duration torsion 

 

So the shearing modulus of elasticity should be find out first: 
0

,
2(1 )

c c
c

c

EG ϑ
µ

=
+     

(1) 

where cτ  are tangent tensions; cγ  are angular deformations; 
cG  is the shear 

modulus; 0
cE  is the initial modulus of elasticity of concrete; cϑ  is a coefficient of 

change of the secant module of shear modulus, it is determined by [3];  cµ  is a 

Poisson’s ratio for the concrete. 

2 Study of cross-sectional geometry. Cartesian coordinates of the researched 

points of the sections express through the polar as 

2 2

2 2 2 2
;cos ;sin ;ci ci ci

ci ci
cici ci ci ci

x y yx y tg
xx y x y

ρ α α α= + = = =
+ +

  (2) 

The polar coordinates of the researched sector’s centre are 

0

0

cos
sin

ci

ci

x R
y R

α
α

=
 =

,
     

(3) 

where cx , cy are the researched sectors’ centre of gravity’s coordinates; 0R  is the 

section’s radius which crosses the researched sectors’ centre of the gravity; α  is the 

sector’s angle. 
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We examine the circular section and the main values of the polar angle α , thus 

accept 0 α π≤ ≤  and obtain the formulas to determine polar coordinates similarly to 

(2): 

2 2

0 2 2

arccos _ 0

2 arccos _ 0

ci

ci ci

ci

ci ci

x при у
x y

xR при у
x y

α

 ≥ += 
−

+


 
 

(4) 

For example, the point M (fig.2,a) has Cartesian coordinates ( ; ) (0;9.6)ci ciM x y M≡

which can be signed as 0( ; ) (9.6; / 2)M R Mα π≡  through polar. 

The area of the ring is 
2 2( ).o o

ring R rA A A R rπ= − = −   
 

(5) 

Size of the circle and rings’ sectors are equal to: 
2

2 2 2
, ,; , _ 2 , 180bi circle bi ê³ëüöå

rA r A R r ï ðè iπ π
π

= = = − = =   
 

(6) 
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 Fig. 2 Annular section 

a) correspondence of polar coordinates to Cartesian ones; 

b) circular section’s geometric characteristics 

    

The section’s coordinates we determine from the equation of the circle 
2 2 ; 1 0.8 0.9bi biy r x r sm= − = − = ; at the location of the i-th element [ ]0;0.9 ; 1 0.8 0.9bix r sm= − =

. The coordinates of the investigated i-th element are cos ; sinX r Y rα α= = . 

For the circle, ring, a thin-walled cylinder the geometric moment of inertia is 

taking accordingly to (7): 

   

44 4 4( ); ;
32 32 32p p p
d D dI I Iπ π πδ−

= = =
    

(7) 
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The circle’s sector’s centre of gravity is equal to  
2 sin
3sect

Rx α
α

=
    

(8) 

The ring’s sector’s centre of gravity subject to a change of the angle α (pic.2,b) 

can be found through the area of the ring’s sector:  
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where the area of the ring’s sector is 
2

2 2

360 360 2sect
RS R Rπ α π αα°

= = ° =
° °   

(10) 

 

3 Dividing the cross-section of the strint to the elements by sector and by 

thickness (fig.3). 

15
° 0°

i=1

15° π/12
i=2

τ с1=τ yzc1

τ с2

1.6
2

8

 
Fig. 3 Fragmentation of the string’s section into elements 

 

We defined the deflected mode components in the 1st quarter by changing the 

angle from 0º to 360º, because in the another quarters the diagrams will be 

symmetrical relative axes. The investigated concrete cylindrical string element can be 

divided into 24 sectors by 15º, and by length into 10-20 parts depending on the size; 

for the detailed studying one can divide the section into 360º in every degree and into 

n parts by length. In our case (fig.4,b) we assumed n=5, thickness is 0.4sm, so 

5x0.4=2sm. 
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Fig. 4 The stress state of the annular sector, considering 

a) section; b) the string by length (in space) 
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 Fig. 5 The deflection mode of the annular sector, 

considering the forses’ change by the ring’s thickness 

a) cross-section; b) the string by length (in space) 

 
 

 

4 Definition of the investigated cross-section’s bearing capacity 

The torsional moment within the pure shear as the particular case of the plane 

stress state is equal to 

( )
ci cixy ci yz ci xz ci

i
M A x yτ τ= −∑ ,

   
(11) 

where 
ciyzτ , 

cixzτ  are shear stresses in the i-th element of the concrete cross 

section; cix , ciy  are the centre of gravity’s coordinates of the i-th element relative to 

the centre of beams’s section’s symmetry; ciA  is area of the i-th element. 

Torsional stiffness calculation on the plane XOY [3]: 
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where ci
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G
τ
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= , ci

ci

yz
yzf

G
τ
θ

= −  are Saint Venants' movement function; 
ci cixz xzfγ θ= і 

ci ciyz yzfγ θ=  are the increments of the generalized angular deformations; θ  is the twist 
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angle of the beam; β  is the warping coefficient, for the circular cross-section is 

accepted as 1β = . 

The centre of the torsion can be found by coordinates as 

,

ci ci ci
i

c tor ci
ci ci

i

A y G
X y

A G
= =
∑
∑

, 
,

ci ci ci
i

c tor ci
ci ci

i

A x G
Y x

A G
= =
∑
∑

.
  

(13) 

Then the coordinates of the points relative to center of the torsion should be 

accepted as 

,ci ci c tor ci ciX x X x y= − = − , ,ci ci c tor ci ciY y Y y x= − = −  (14) 

,ci ci c torX x X= − , ,ci ci c torY y Y= −  – coordinates relatively to center of the torsion; ,c torX , 

,c torY  – the center of torsion’s coordinates. 

For the further calculation the deflection mode of the section was compared 

while accepting α=1º; α=2º; α=15º by finding internal forces and stiffness. So the 

error comes up 14% when comparing α=15º and α=1º and does not exceed 0,2% 

when comparing α=1º з α=2º. Thus it’s sufficiently to accept α=2º for the research 

with enough quality but shortening the calculations. 

At the end of calculation should plot the torsional moments and stiffness by the 

length or the thickness of the annular section only or both, depending on the 

calculation. One can also observe changes in the relative angular deformations, 

considering the corresponding diagram by the length of the element. 

Conclusions and prospects of researches. The work detaily describes the method 

of the deflected mode’s calculation of the annular and circular cross-section’s 

reinforced concrete elements at pure torsion. In case of need, one can add other 

unknown internal forces in a complex stress state to this method similarly to [2] or by 

the known the strength of materials’ formulas. The value of this work is in the 

establishment the precise characteristics and account the geometry of the investigated 

special cross-sections in the pure torsion. 
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The article presents the periods of interaction between Russian and French 

cultures. The author describes some of the features of each period with the dynamics 

of international relations. Is designated the importance of the two-way influence in 

Russian-French cultural connections. 

Keywords: cultural connections, creative heritage. 

At the present time the aspects of international cultural cooperation are cause an 

increased interest. Study of the connections of different national cultures is becomes a 

promising direction of the modern humanitarian science. In turn, it provides the key 

to a deeper understanding of one people by another. However, the study of modern 

processes of international cultural exchange is impossible without the knowledge of 

its origins; because many of its directions, forms and mechanisms are rooted in the 

history. 
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Throughout its history, Russia has often turned to Europe creative heritage: 

many aspects of Russian culture were shaped by European traditions. Especially 

strong and versatile were Russian cultural connections with France. Namely France 

as a country with an absolute monarchy and social dominance of the nobility was a 

sample for the Russian nobility, which was orientated in its organization on the 

«French model». French language, fashion, clothing and demeanor were used by 

Russian nobility for differentiation from other social classes. 

The activation of Russian-French relations at the present stage is characterized 

by the development of cooperation in science, education, culture and cinematograph. 

It is underscoring the relevance of the present work. 

The features of Russian-French cultural connections can be traced on the time 

line of the development societies: the second half of the XVIII century, the first half 

of the XIX century – the time of Russian-French War, the end of XIX - early XX 

centuries. 

The eighteenth century was the period of a breakthrough to Europe for Russia, 

the period of a reinforced learning and transferring of the basic scientific knowledge. 

Among other Europeans, which have become the mentors for Russians, French had a 

special place in the second half of the XVIII century. French made a significant 

contribution in the forming of new Russian culture: in the spheres of science, 

education, and arts. By French in St. Petersburg and Moscow was organized the 

cultural space, where representatives from all spheres actively interacted with each 

other [1]. The second half of the XVIII century is period of change of a thinking 

paradigm in the western world. At that time the interaction process of Russian and 

French cultures had highest rise. This was explained by the leading role of French 

culture in Europe and by the expedited Europeanization of Russia. Beautiful period of 

French culture in the Age of Enlightenment didn't exclude the needs of French 

society in getting to know Russia, which had the political power. 

The next period of cultural interaction is the first half of the XIX century. 

Frequent use of the national theme, large number of books, plays and performances, 

diverse information in the press, intensive personal contacts of the culture 
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representatives are indicate that between Russia and France in 1801-1812 was 

established a dynamic two-way cultural exchange [2]. Participants of the Russian-

French cultural connections were some social classes. In Russia are nobility and 

intelligentsia, which experienced the French influence. In France are senior officials, 

military officers, representatives of creative professions and French emigrants. 

Accordingly, for this period is characteristically the interaction of cultures in personal 

contacts and indirect forms such as literature, art, theater, information exchanges. 

In 1801-1812 a prominent place in life of Russian society had theater that was 

under influence of France. In St. Petersburg worked the opera and drama French 

troupes, which excelled in mastery all other acting troupes. Also, French artists were 

part of Russian opera and ballet troupes in St. Petersburg. At the beginning of XIX 

century in Russian culture actively formed the national direction. Russian-French 

cultural connections in 1801-1812 were strong. It developed without dependence on 

international relations. At that time there was a durable basis for interaction of 

Russian and French peoples in culture on a two-way basis [2]. 

Cultural connections at the end of XIX - early XX centuries developed very 

intensively. Status of Russian literature in France was quite high. Russian writers 

were in demand on the French reader market. Influence of their works on reading 

public in France was significant. The term «Russian literature» firmly entered the 

lives of French society. An important role in literary collaboration of two countries 

played activities of translators and critics. This activity was aimed to popularization 

of other culture, as well as personal contacts of litterateur. 

Great significance for development of the Russian-French cultural connections 

had Russian art organizations in France. At this period there was a change in 

perceptions about Russian fine art, which associated with their activities, as well as 

with the private initiative of individuals, European fashion for exotic art and the 

appearance of talented innovators in Russia. The most vivid manifestation of the 

influence on French art was «Russian seasons» [3]. 

Russian and French cultures have a long history of the two-way influence in the 

spheres of art, theater and literature regardless of international relations. 
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WEBS 
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During the last six years the modern market of assembled sections has offered 

new light beam constructions with corrugated webs (BCCW - structures consisting of 

optional section chords, as well as of a thin cross-cut corrugated web), manufactured 

by the Austrian technology «Zeman». Taking into consideration the increase in 

utilization capacity of such structures thus far, we consider to be one of the topical 

issues working out an engineering methodology and detailing current methods for 

assessing the strength and stability of BCCW for the further use in the design and 

implementation in Ukrainian national construction regulation project. 

Many native and foreign authors [1, 2, 3] claim that, in comparison with a flat 

one, the corrugated web does not perceive significant longitudinal (axial) efforts and 

the participation of the web in bending behavior can be neglected. It is worth noting 

that the beam moment is perceived the booms, in the meantime the transverse (shear) 

force is perceived by web plates. Having taken as a basis this statement, for the 
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elements with cross-corrugated web (Fig. 1) [4], which are bent in one of the 

principal planes, crest voltage check in the belts is performed according to a formula:  

cy
f

x
f R

hA
M

γσ ≤
⋅

= ,      (1)  

Where fσ  - are direct stresses in the belts of a beam with a cross-corrugated web;  

fA  - The square of the beam belt;  

fw thh +=  - The distance between the centers of gravity in the belts;  

ft  - The thickness of the beam belt.  

yR  - The design resistance of steel to tensioning, compression, bending at the 

point of fluidity.  

 
Fig. 1. A Beam with a Corrugated Double-Wall 

Legend : 1 – I beam shelves; 2 – a corrugated web, 3 – a short horizontal section of 

the corrugation; 4 – a long horizontal section of the corrugation; 5 – inclining 

section of the corrugation; 6 – knife-edges; 7 - continuous strip sealing. 
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It should be noted that some authors [5, 6] believe that the corrugated web in 

joint places to beam belts operates like a flat web of the same thickness. The 

backbone of this theory is the following: with gradual moving away, from the beam 

belt to its beam axis, the distribution of direct stress action extinguishes entirely in the 

specific section, depending on the height of the web and the corrugations apart with a 

particular corrugation pitch. Hence, there is a possibility to account the direct stress 

circle of influence in the calculation of the overall stability in the absence of local 

stress ( 0=locσ ) As follows:  

c
cr,

maxxy,

crx,

x γ
τ
τ

σ
σ

≤







+








2

0

2

,      (6)  

Where xσ  - are the normal stresses in the beam providing for non-linear work 

of the corrugated web (Taking into account  behavior in bending of a beam section);  

max,xyτ  - is the maximum  crest voltage in the beam web from the calculated 

load stress.  

With due account for the correlation of the web height to the corrugation pitch 

48,
a
hw ≤=β , critical axial stress of overall instability in the corrugated web cr,0τ

 [2]:  
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Where 
E
R

t
h y

w

w
w =λ  - is the conventional flexibility of the corrugated web.  

The factor, which is dependent on the ratio of the parameters of the corrugations 

( wb  and f )  
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Where γ  - the ratio of relative stiffness per unit length of the corrugated web to 

the cylindrical stiffness of a flat plate of uniform thickness:  

( ) ( )
3
w

3
w t

J
at

J
Da
EJ 22 112112 ννγ −⋅

=
⋅
−⋅

== ,   (9) 

Where J  - is the length second moment of area in the corrugated web;  

J  - is the second moment of area on the corrugation.  

According to [2], the formula (9) is valid only if the hypothesis 

( )574 2 −≤ βγ  is fulfilled. If ( )574 2 −> βγ , then cro,c  does not depend onγ . In 

this case the stability of the web must be determined by the formula of local stability 

of the panels, and the stability testing of the web on condition that 48,
a
hw ≤=β  is 

necessary to perform depending on the web form. 

Providing that 48,
a
hw >=β  the overall stability design is performed like that: 

ww
rс,о th

DD
,

⋅
⋅

= 2

4 3
21432τ ,     (10)  

Where 1D  and 2D  - the characteristics of load-deflection curve of the return 

in the corrugated web in principal directions:  

12s
atED

3
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⋅⋅

= ; 
a

JED2
⋅

= .     (11)  

Considering the corrugated web as a ribbed rectangular plate [7, 8], we take into 

account in the stability design flat sections of maximum size and hinge support. 

Having taken as a basis [9], we have proposed an improved calculation formula for 

the calculation of critical normal stress for such plates, relative to the main axis:  

max1,

w
2crх, a

t
-1
E, ⋅⋅=
ν

σ 383      (12)  
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Where max,а1  - maximum width of the horizontal part of the corrugated web 

cross-section;  

E - Steel elasticity modulus;  

ν  - Poisson's ratio;  

wt  - Thickness of the corrugated web.  

There is provided to perform stability testing with allowance for current local 

stresses ( 0≠locσ ): 

,c
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     (13)  

Where 
wef

ocl tb
F
⋅

=σ  - local stress in the corrugated web under stress of 

concentrated physical force, subject to its application to the upper belt of the beam 

fef 2tbl += , where b  - area width of load application of load.  

Let’s define crippling local stress:  
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Where 1С  - Coefficient (Table 1), which depends on the ratio of whS  to the 

magnitude δ :  
3

80 
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,δ .      (15)  

Table 1  

Determination of the coefficient С1 depending on δ  

δ  
 Value 1С  for beams with  corrugated web provided that whS  

 0.1   0.2   0.3   0.4  ≥  0.5  

 1   7.73   8.50   9.34   10.30   11.30  
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 2   7.67   8.50   9.50   10.60   11.80  

 4   7.57   8.50   9.53   10.70   12.00  

≥  6   7.69   8.67   9.77   11.02   12.40  

 

Most of authors [2, 3, 10], offer to rate the corrugated wall for the shear:  

cs
ww

max
max,xy R

kth
Q γτ

λ

≤
⋅⋅

= ,      (16)  

Where maxQ  - The maximum shear force in the beam cross-section; 

cγ  - Specific-conditions-of-use factor; 

ys R,R 580=  - Design resistance of steel to displacement; 

λk  - A factor that accounts for  geometrically nonlinear operation of the corrugated 

web [2] or its flexibility [10]; 

wt  - Thickness of the webs (taking into account a double wall (Fig. 1), we take up 

2tw). 

If we assume the statement that shear stresses are uniformly distributed over the 

entire height of the web, then with optimum ratio of thickness to the height of the 

web (the recommended flexibility λ (300 ... 400) within the range of [10] (200 ... 

600)), we propose to use an advanced formula to determine shear stresses:  

E
R

t
h,k y

w

w ⋅⋅−=
2

00801λ .     (17)  

Finally it is important to note that the proposed method of analysis of beams 

with corrugated web gives the opportunity to design this type of constructions with 

account for ensuring the strength and stability. It should be noted that in a real design 

one has to take into account composite stress in the near-bearing sections of the beam 

web. In cases of application of local loads (concentrated forces, loads of floor girders, 

pony girders or other influences), considering a thin corrugated wall, there often 
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occurs a necessity to erect stiffening cleats in order to ensure failure-free operation of 

the design.  
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On the basis of the law of conservation of energy dependence proposed allowing 

to chart the behavior of the material in time 

Keywords: time, the potential, energy, diagram 

Theoretical basis of communication time and energy. 

According to the initial axioms, the law of conservation of energy in which - the 

energy of an isolated system, with all the processes occurring in the system is saved. 

To evaluate the behavior of the material as a gradual kinetic, thermal activation 

process is necessary to consider the process in time. The material itself is a set of 

particles bound in a single system and the binding energy of the system is equal to the 

difference between the total energy of the particles in the free state (when the 

particles do not interact) and the energy of the coupled system under consideration of 

the same particles. 

We write the condition of failure of the binding energy of the sample over time: 

dA/dt ≥ dU/dt - at a time press the external energy (power) must be greater than the 

internal energy of the (power) of the sample [1,2]. 

If the power to take the form of external influence to press the studied object in 

the form of a rectangle В*tх , the condition of fracture energy connection at each 

sample time is written 
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𝐵∗ ∙ 𝑡𝑥  ≥  ∫ 𝐵(𝑡)𝑑𝑡       𝑡𝐿
𝑡𝑥

                                              (1) 

The value jf 

𝐵∗ =  
∫ 𝐵(𝑡)𝑑𝑡𝑡𝐿
𝑡𝑥

𝑡𝑥
 

will be given an acceleration energy of the sample at the current time tx.  The 

obtained value of   B* predicts the behavior of the binding energy of the sample over 

time. In the future, the value of  B*  will be called the " potential energy" to which it 

corresponds in substance and behavior - always decreases with time. The value of  

В*dt  is the elemental power of resistance of the binding energy of the sample. Then 

the distribution of its own power of the sample in time from the onset of exposure ta 

to the current time tx   written: 

𝑃(𝑡) =  �
∫ 𝐵(𝑡)𝑑𝑡𝑡𝐿
𝑡𝑥

𝑡𝑥
𝑑𝑡.                                                 (2)    

𝑡𝑥

𝑡𝑎

 

In relation ( 2 ) is considered the time from to = 0 to tL, subject tо = 0 < ta < tx < 

tL  The value of ta - tx appears due to the inability to take the value 0. 

In the proposed dependence of (2):  B* - potential energy , the characteristics of 

the material , B(t) - a function that characterizes the distribution of the acceleration 

energy of the material over time ; tx and tL - value of the current time and life span of 

the material. Предполагается существование ускорения энергии с единицей 

измерения  1 Дж/с2 = 1 кг×м2/с4. 

Assume that the function B (t), which describes the acceleration of the energy 

distribution in time and continuous in the selected time interval and can be 

approximately described by Taylor's formula. Taylor's formula we take as a 

polynomial: 

  .                    (3) 

The coefficients bi in this formula depend on the value of an argument to the 

point where we describe the function and the derivatives of the function at that point. 

We write down the value of the potential in line with the views of the distribution of 

...5
5

4
4

3
3

2
210 ++++++= xbxbxbxbxbbB
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speed:               𝐵∗ =
∫ 𝐵(𝑡)𝑑𝑡𝑡𝐿
𝑡𝑥

𝑡𝑥
= �

𝑏0𝑡𝐿 + 𝑏1𝑡𝐿
2

2
+ 𝑏2𝑡𝐿

3

3
+ 𝑏3𝑡𝐿

4

4
+ ⋯

−𝑏0𝑡𝑥 −  𝑏1𝑡𝑥
2

2
−  𝑏2𝑡𝑥

3

3
− 𝑏3𝑡𝑥4

4
− ⋯ 

� 𝑡𝑥�               

(4) 
 

We rewrite the last equation in relative units  tL =1; 0 < tх = x ≤ 1: 

 

                𝐵∗ =  𝑏0
1
�1
𝑥
− 1� + 𝑏1

2
�1
𝑥
− 𝑥� + 𝑏2

3
�1
𝑥
− 𝑥2� + 𝑏3

4
�1
𝑥
− 𝑥3� + ⋯             (5) 

The figure shows the graph of the function from the set: 

�1
𝑥
− 1� ; 1

2
�1
𝑥
− 𝑥� ; 1

3
�1
𝑥
− 𝑥2� ; 1

4
�1
𝑥
− 𝑥3� ; … 1

11
�1
𝑥
− 𝑥10� ; 1

21
�1
𝑥
− 𝑥20�.   

A number derived from the relation ( 4) , excluding the coefficients bi. The 

potential В* is obtained by summing the curves derived from a set of given 

coefficients bi. Considering the curves shown in Figure shows that the series 

describing the potential В* convergent. The resulting curves have similar shapes. The 

curvature of the plot (1/x-1) gradually decreases. In the following charts are bulging 

lines with changing curvature. The largest deviation from the smooth curvature of the 

decrease (buckling) for plotting the vertical of 0,025 for graphics with x9 (held in the 

figure below the reference line, showing a change of curvature of the graphs). The 

summation curves to the coefficients bi will produce curves similar to those shown in  
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the chart with a possible wave-like view. 

       

The tangent to the curve obtained can have a negative slope, or perhaps total 

intersection of the curve with the horizontal axis , which would mean the transfer 

point tL. 

     The main conclusions of the analysis functions: 

1.  The potentials of most functions have similar shapes, that is, the behavior of the 

potential energy in time for many objects alike. 

2.  Subject to the waves on the line potential, ie acceleration or deceleration to reduce 

it. Waves on the change in potential energy can be caused by a view of the function 

of acceleration energy and the way approximation (polynomial). 

3.  The potential function (without external influence) continuously decreases with 

time (his property). 

4.  The growth potential of an object over time is only possible due to the influence of 

external energy. 

     Knowledge of the potential to get the current capacity of the facility which in this 

case is written as: 
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𝑃(𝑡) = � 𝐵∗𝑑𝑡 =

𝑡𝑥

𝑡𝑎

� �
1
𝑥 𝐺 −

𝑏0
1 − 𝑥 �

𝑏1
2 +

𝑏2
3 𝑥 +

𝑏3
4 𝑥2 + ⋯�� 𝑑𝑡.    

𝑡𝑥

𝑡𝑎

 

Or 𝑃(𝑡) =  𝐺 ln 𝑥 − 𝑏0𝑥
1
− 𝑏1

4
𝑥2 − 𝑏2

9
𝑥3 −  𝑏3

16
𝑥4 − ⋯  −  𝐺 ln𝑎 + 𝑏0𝑎

1
+ 𝑏1

4
𝑎2 +

𝑏2
9
𝑎3 + 𝑏3

16
𝑎4 + ⋯or 

𝑃(𝑡) =  𝐺 ln 𝑥
𝑎

 + 𝑏0(𝑎−𝑥)
1

+ 𝑏1
4

(𝑎2 − 𝑥2) + 𝑏2
9

(𝑎3 − 𝑥3) + 𝑏3
16

(𝑎4−𝑥4) + ⋯           (6) 

 

     Suppose we know the modulus of elasticity of concrete E = 36x103 MPa and two 

specific points : the 1st point (the end of the conditional elastic material) : Px = 0.2 PL 

, tx - ta ≤ 0,05 tx ; 2nd point (tensile strength ): PL = 29 MPa , tL = 220x10- 5 . Then, 

based on the last record, we find: 

For the first point - ta = 0.2×29/(36×103) = 16×10 -5, tx ≈ 16×10-5/0.95 = 16.8×10-5. 

�В0 + В1
2
� ln 16,8х10−5

16х10−5
 +  В0(16х10−5 − 16,8х10−5) + В1

4
((16х10−5)2 −

(16,8х10−5)2) = 0,051В0 + 0,026В1 − 0,000008В0 − 0,0000000007 В1 =

0,050992В0 + 0,026В1 = 0,2х29МПа = 5,8 МПа  

For the second point we get - tа = 29/(36х103) = 80,5х10-5,  tх  =220x10-5. 

�В0 +
В1
2 �

ln
220x10−5

80,5х10−5 + В0(80,5х10−5 − 220х10−5)

+
В1
4

((80,5х10−5)2 − (200х10−5)2) =

= 1,011В0 + 0,5055В1 − 0,0014В0 − 0,0000011 В1 = 

= 1,01086В0 + 0,5055 В1 = 29МПа. 

From these equations we get B0 = - 2393, B1 = 4845, and a chart of concrete – 

 

а𝐸 =  29,5 ln 𝑡
а
−  2393(а − 𝑡) +  1211(а2 − 𝑡2).                         (7) 

The influence of the series with a degree higher than the third has virtually no 

effect on the calculation. Therefore, the analysis is sufficient to use only the first 

three terms of the series. Great influence of the first two terms of the series to look at 

the acceleration energy of the object and allows the use of pure logarithmic 
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dependence to analyze the behavior of concrete at the time. 
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AERATED CONCRETE CONTAINING WASTE INDUSTRY 
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Following the strategy of sustainable development and the principle of applying 

the best available technologies, energy saving in Ukrainian Housing and Public 

Utilities Sector is achieved by constructing energy efficient buildings due to applying 

efficient building materials. Development of modern building technologies in all 

technologically advanced countries is aimed at developing cost-effective, efficient 

materials the use of which can reduce energy costs and consumption of raw materials 

[1]. Aerated concrete is the optimal material for housing because it has wide density 

and durability range, the properties being important for solving various structural 

problems. The increased production of aerated concretes is caused by the increasing 

demand of housing construction. Recently, in construction industry a number of new 

regulatory documents have been adopted, aimed at reducing energy and raw materials 

consumption and improving quality and reliability of construction. Extensive use of 

non-autoclaved aerated concrete is one of the ways to increase thermal properties of 

external building envelopes in Ukraine. Research and practice in the field of non-
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autoclaved aerated concretes are aimed at improving product quality while reducing 

the cost of products. Improving physical and mechanical properties of aerated 

concretes due to applying modified cementitious systems containing additional 

cementitious materials that change properties of partitions between pores is a relevant 

problem of nowadays. Using industrial waste is of practical importance for building 

materials technology in general and aerated concretes technology, in particular, 

because it allows improving the basic material properties and increasing technical and 

economic performance; it will also improve ecology of the environment due to 

recycling industrial wastes [2]. It is relevant to create the cementitious systems that 

allow obtaining aerated concretes of improved performance quality with minimum 

production costs. 

In experimental studies Portland cement CEM I - 42,5R JSC “Ivano-

Frankivskcement” with the following characteristics: specific surface Sspec = 350 

m2/kg; residue on the sieve № 008 - 1.1%; beginning of hardening - 3 h 20 min.; end 

of hardening – 6 h 10 min. is used. Fly ash from Burshtynska thermal power plant 

was used as a finely dispersed filler with the following properties: true density - 2.21 

g/cm3 ; bulk density - 870 kg/m3; residue on sieve № 008 - 8.7 wt.%; chemical 

composition, wt.% : SiO2 - 54; Al2O3 – 23.75; Fe2O3 + FeO – 13.8; MgO – 1.91; CaO 

– 4.98; SO3 – 0.53; K2O + Na2O – 0.25. As supplementary cementitious materials 

there were used salt processing wastes, such as carbonate-containing and sulfate 

components with the following chemical composition, wt.%: carbonate-containing 

component: SiO2 - 1.8, Al2O3 -1.64, Fe2O3 - 0.54, CaO - 39.42 , MgO - 4.21, Na2 O - 

6.42, R2 O - 6.57; sulfate component: SiO2 - 0.85, Al2 O3 - 1.01, Fe2O3 - 0.14, CaO - 

31.47, MgO - 1. 38, Na2O - 2.85, R2O - 35.9. Physical and mechanical properties of 

cementitious systems and aerated concretes based on them were determined by 

standard test methods. 

An important technological feature in manufacturing aerated concretes aimed at 

providing the necessary average density and strength is creation of optimal conditions 

for two processes that occur simultaneously: gas release and curing of aerated 

concrete slurry. It is important to correlate the speed of gas release with that of 
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aerated concrete curing. Before setting of the cement - water system occurs, the 

process of gas release must be as close to its end as possible [3]. 

 The experimental studies of the effect of adding more cementitious materials on 

the time of cementitious systems hardening showed that including salt processing 

carbonate-containing waste (CW) in the amount of 10 wt.%  into the cementitious 

system composition accelerates the time of hardening (Fig.1).  

 

Fig. 1.  The effect of adding supplementary cementitious materials on the 

time of cementitious systems hardening 

 

The beginning setting time of such a system is 130 min. while that for Portland 

cement is 190 min.; hardening of the cementitious system containing carbonate 

wastes ends in 210 min., whereas for ordinary Portland cement hardening ends in 290 

min. Introducing sulfate salt wastes (SW) to the cementitious system reduces the time 

of its beginning of hardening by 30 min., the time of the end of hardening is reduced 

by 20 min., compared with those for Portland cement. 

To approximate conditions of aerated concrete production, testing of cement 

paste was carried out at W/C = 0.41 which provides self-consolidating concrete 190 

mm. The effect of adding cementitious materials on the strength of cementitious 

systems is presented in Table 1. 

After adding 5 wt.% of carbonate-containing waste to the cementitious system, 

its strength increases from 13.9 MPa to 14.6 MPa after one day of hardening in 

normal conditions (technical effect ΔR = 5.1%). After adding 10 wt. % of carbonate-
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containing waste to the cementitious system, its strength increases to 15.3 MPa ( ΔR 

= 10.1%). The further increase of the amount of carbonate-containing waste to 15 wt. 

% reduces the cement stone strength to 7.3 MPa. During longer time of hardening the 

highest level of strength is shown by the cement stone including 10 wt. % of 

carbonate-containing salt wastes. Thus, the strength of the cement stone on the basis 

of the cementitious system after 90 days of hardening is 70.8 MPa, while the strength 

of the cementitious stone based on Portland cement PC I-500 is 69.0 MPa. 

Table 1 

The effect of carbonate-containing wastes (CW) and sulfate-containing 

wastes (SW) on the strength of cementitious systems 

Type and 

content of 

additives 

W/C 

Compressive strength limit, MPa, after days of 

hardening 

1 2 7 28 90 

PC - І 500 0,41 13,9 23,0 27,3 45,1 69,0 

5 wt.% CW 0,41 14,6 27,5 45,1 37,9 65,9 

10 wt.% CW 0,46 15,3 29,7 35,6 38,1 70,8 

15 wt.% CW 0,48 7,3 14,9 23,6 30,9 36,1 

5 wt.% SW 0,41 11,4 20,0 25,3 28,8 38,6 

10 wt.% SW 0,44 10,0 16,6 17,8 24,4 36,0 

 

Research into the effect of sulfate wastes on cementitious systems properties has 

established that introducing sulfate-containing components to the composition of 

cementitious systems causes a decline in the strength of cement stone during all 

periods of hardening. Thus, after adding 5 wt.% of sulfate-containing components to 

the cementitious system, its strength declines by 18.3 % still after 1 day of hardening, 

after 7 days by 7.3 %, and after 28 days by 36.1 %. Further increasing the amount of 

sulfate components in the cementitious system to 10 wt.% , declines its strength by 

27.9 % in 1 day, by 34.8 % in 7 days, and by 459 % in 28 days. 

To obtain products with desired strength and average density, the technology of 

non-autoclaved aerated concrete production must have an important characteristic – 
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swelling multiplicity, which later defines the characteristics of the aerated concrete. 

Studies of the kinetics of swelling of aerated concrete mixes that include salt 

processing wastes showed (Fig.2) that aerated concrete mix based on common 

 
Fig. 2. Swelling kinetics of aerated concrete mass 

 

After adding 10 wt.% of carbonate-containing salt waste we can observe 

reduction of the concrete array swelling time to 12-14 minutes, after adding sulfate 

component the time reduces to 9-11 min. It should be noted that multiplicity of 

swelling of the aerated concrete mix on the basis of  the modified cementitious 

system including carbonate-containing salt wastes is 2.9, that including sulfate wastes 

is 2.3, while the multiplicity of swelling of aerated concrete mix based on Portland 

cement is 2.8. 

The experimental studies showed the effects of carbonate-containing salt wastes 

and   sulfate salt wastes on strength characteristics of aerated concretes. As shown in 

Fig. 3, adding salt wastes allows to improve the strength of aerated concrete during 

all periods of concrete hardening. Portland cement has the swelling time of 21 min. 

Fig. 3.   The effect of salt processing wastes on compressive strength of aerated 

concrete 
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Thus, when carbonate-containing salt waste is included, after 7 days of 

hardening the strength of non-autoclaved aerated concrete is 1.7 MPa (technical 

effect ΔR = 466%), maintaining average density of 650 kg/m3 , while the strength of 

aerated concrete based on Portland cement is 0.3 MPa. After adding the sulfate 

component we can observe increase of the aerated concrete strength to 1.6 MPa (∆R 

= 433%). After 28 days of hardening, the aerated concrete based on the modified 

cementitious system that includes carbonate-containing salt wastes has the strength of 

2.2 MPa (technical effect ΔR = 175%) whereas the compressive strength of the 

aerated concrete based on ordinary Portland cement is 0.8 MPa. It should be noted 

that after adding a sulfate component the aerated concrete slurry cures quickly, thus 

increasing the density of aerated concrete, and therefore its strength. Aerated concrete 

with sulfate additives after 28 days of hardening has the compressive strength of 1.8 

Mpa, but its density is 715 kg/m3. 

With optical microscopy it was discovered that when ordinary Portland cement 

is used as a binder,  the prevailing pores have the size of 1.1-2.2 mm, the number of 

them reaching 61%. When the modified cementitious system including carbonate-

containing salt wastes is used, it can be observed that the number of tiny pores having 

the size of 0.2-1.0 mm increases from 23.5 % to 76.4 % (Fig.4).  

  
A B 

Fig. 4. Porous structure of aerated concretes based on Portland cement 

(A) and a modified cementitious system (B) 

 

By the method of scanning electron microscopy it is revealed that there are 

carbonate crystals, plastic crystals of calcium hydroaluminates, and hydrocalumite 
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(HC) in the structure partitions between pores of non-autoclaved aerated concrete 

which includes carbonate-bearing salt wastes (Fig.5). The presence of these crystals 

in the structure of aerated concrete facilitates compression of microstructure of 

partitions between pores and this causes increase in strength characteristics of the 

finished products. Thickness of partitions between pores is 0.16 - 0.21 mm. 

  
Fig. 5. Microstructure of partitions between pores of aerated concrete 

based on modified cementitious systems containing carbonate-bearing salt 

wastes 

The results obtained by scanning electron microscopy are confirmed by X-ray 

diffraction analysis. Thus, after adding carbonate-containing salt wastes into the 

composition of aerated concrete, the X-ray diffraction pattern depicts intense lines 

corresponding to hydrocalumite  Са4Аl2(ОН)14·6Н2О (d/n=0.820; 0.388; 0.288; 0.245 

nm.) that belongs to the group of aqueous hydroxides and may contain in its lattice a 

significant amount of anion SO3
2-. It should be noted that introducing the sulfate salt 

waste into the composition of the cementitious system causes increase of Portland 

cement hydration in the early stages of hardening. Thus, after 2 days of hardening the 

degree of hydration of the modified cementitious system containing carbonate-

bearing salt wastes is 49.9 %, whereas the degree of hydration of Portland cement is 

23.7%. 

Regardless of the adopted technology, as well conditions and modes of 

hardening, the traditional drawbacks of aerated concretes are low resistance to tensile 

stresses and increased fragility. Non-autoclaved aerated concretes are characterized 

by high shrinkage strains, leading to intense fracture formation and even destruction 
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of products [4]. Fiber reinforcement significantly reduces or completely eliminates 

the appearance and development of shrinkage cracks during hardening and further 

use of the material. 

Experimental studies prove that introduction of the polypropylene fiber into 

aerated concrete does not affect kinetics of concrete array swelling. Thus, swelling 

multiplicity of aerated concrete without any reinforcing component in its composition 

is 2.83, whereas the aerated concrete mix containing 0.1 kg of polypropylene fiber is 

characterized by swelling multiplicity of 2.78.  Increase of the fiber content does not 

affect kinetics of gas release and growth of aerated concrete array. 

  The results of experimental studies show (Fig. 7) that introduction of 

reinforcing fibers into the composition of aerated concretes based on modified 

cementitious systems containing additional cementitious materials in the form of salt 

processing wastes enhances the strength of non-autoclaved aerated concretes. 

 
Fig.7. Effect of polypropylene fiber inclusion on the strength 

characteristics of aerated concrete 

 

After 28 days of hardening the strength of aerated concrete containing 

carbonate-bearing salt wastes with the inclusion of polypropylene fiber increases 

from 2.2 MPa to 2.7 MPa, whereas the strength of such concrete containing sulfate 

salt waste increases from 1.8 MPa to 2.2 Mpa, respectively.  

Application of salt processing wastes, on one hand, has a positive ecological 

effect as wastes are recycled; and, on the other hand, it has economic and technical 

effects. Including up to 10 wt. % of carbonate-bearing salt wastes into composition of 
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cementitious systems causes increase of cement stone early strength as well as that of 

later terms of hardening; and the use of sulfate-bearing wastes causes decline of 

mechanical strength at all terms of hardening. Aerated concretes containing 

carbonate-bearing salt wastes have better ability to retain gas, the evidence of which 

is shortening the time of aerated concrete array growth from 21 min. to 12-14 min. 

and increasing multiplicity of swelling from 2.8 to 2.9. Introduction of reinforcing 

components into the composition of aerated concretes, polypropylene fiber, in 

particular, improves the strength characteristics of aerated concretes. The aerated 

concrete based on the modified cementitious system containing an additional 

cementitious material, that of carbonate-bearing salt waste, and reinforced with 

polypropylene fibers is characterized by the compressive strength of 2.7 MPa with 

the density of 650 kg/m3 after 28 days of hardening. The thickness of partitions 

between pores is 0.16 – 0.21 mm, and the number of small pores with the size 0.2-1.0 

mm constitutes 76.4%. 
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This work views the humanistic ideas in the Scandinavian design, analyses it's 

socio-cultural origins and specifics of it's the artistic nature. 

Key words: design, humanistic ideas, Scandinavian functionalism, spatial 

environment.  

Due to the aggressiveness of present technogenic environment, the demand for 

researching ways of making it more harmonic and humanistic grows. Design is one 

of the most essential among them. Despite of it's short history, design has undergone 

several transformations. Such transformations have affected relations between design, 

fine arts and industrial production, as well as they concerned the role of the design in 

achieving moral ideals within national cultures and in modern culture in general.   

Scandinavian functionalism is a phenomenon in the worldwide design practice. 

Originated at the turn of XIX and XX centuries, this stylistic direction has received a 

wide response throughout the world. The key to the success of Nordic design is the 

presence of humanistic ideas in it.  

Humanism as an ideology, determines a human being as the highest value. 

Concerning design, humanism may be developed by creating environment and things 

ultimately comfortable and available for everyone. Social changes, which took place 

in Europe especially in the post-war period, required changes in spatial environment. 

As a result of urbanization emerged a necessity to reconsider design standards. 

Scandinavian design is usually called democratic, as it appeals to the common people 

through the creation of affordable and available things.  
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Democratization was followed by the will to produce objects with a high 

aesthetic quality available not only for person of high social status but for a common 

customer.  

This ideology goes back to regional institutions, such as the Swedish Society of 

Industrial Design. The main purpose of this organization was to promote the 

accessible and understandable design. Such goals were motivated by some social 

changes that occurred in Europe at that period. In spite of the fact that design 

products were intended for mass production, they were not devoid of beauty in the 

favor of usability. The importance of this balance was emphasized by Scandinavians 

long ago and still they continue to follow this philosophy.  

Humanistic ideas in Scandinavian design were expressed trough the creation of 

ergonomic, functional and beautiful things at the same time, through the development 

of both physiologically and psychologically comfortable space, also through the use 

of rational manufacturing processes [3]. 

Talking about Scandinavian design, interior space, furniture, home decoration, 

textile, etc. are usually kept in mind, so the main area of application for this stylistic 

direction is the house. In terms of severe northern climate, Nordic designers 

inevitably have to think about the comfort and aesthetic qualities of the living 

environment. Survival in the north requires a rational approach to everything that 

concerns design products and space environment from the layout of the apartment to 

textiles and furnishings. However, strictly functional approach does not fully 

response to the principles of humanism. Aesthetics of things is no less important, 

especially concerning human dwellings, and moreover, it should be available to 

everyone. Exactly the compromise between functionality and beauty of Nordic design 

differentiates it from other style trends [3]. 

Sweden was one of the first embarked on the implementation of these ideas. In 

the 1940's the Swedish model of the state appeared. In 1945 Sweden became the 

socialist state. Right here the democratic design was developing, formed by the 

adaptation of functionalism as a progressive and politically correct trend in aesthetics. 

The Scandinavian home style emerged with it's bright, friendly and democratic 
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atmosphere. Focus was made on the apartments for the middle class. In 1952, within 

the program "Housing test" administered by the design theorist Gotthard Johansson, 

appeared a well-known model of the functional organization of compact kitchen 

called "Swedish kitchen". Later the standardization of furniture - tables, chairs, beds - 

was introduced, which eventually spread to the whole living space. A certain 

guidance for Swedish designers was G. Paulsson's book "Aesthetics of household 

utensils", published in Stockholm in 1919. The main ideas of the book included: to 

stop imitation of the bygone eras' styles and to design objects as they reflects the 

technical and technological features of production, to proclaim the simplicity and 

beauty as an essential aesthetic value of things and produce them for the mass market.  

Danish designers of the XX century Kaare Klint, Arne Jacobson, Verner Panton 

made a great contribution to the development of product design. For instance Paul 

Henningsen's lamp demonstrates the humanistic approach to design - the author has 

created a construction which has been scattering light from the light bulb to a 

maximum distance without creating visible glare - the desire to create the most 

comfortable environment for a human.  

The Finnish school of design deserves special attention. In addition to the 

compromise between function and beauty, the Finns introduced profound respect for 

the nature in their works. Gentle attitude to natural materials, great attention to colors, 

textures, undeniable functionality - the master wanted to give people all the best what 

design can propose.  

Humanism is brightly represented in the works of the famous Finnish architect 

and designer Alvar Aalto: "Any architectural solution must carry a human motive, 

born from the analysis of the living reality" [1, p.33]. A comprehensive approach to 

the special design is typical for Aalto: working on the project, whether  it is a 

hospital, a library or a residential building, the architect thoroughly examined all 

functional processes specific to a particular environment, conducted experiments to 

determine the sense of a human in a projected space. As a result, such kind of 

approach was providing the author with an opportunity to efficiently organize the 

space, lighting, heating, insulation, etc., up to the choice of walls' and ceilings' 
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painting color, windows size, thus seeking to create a psychological comfort for the 

person who will use this premise. Functionalism is justified only if it involves 

psychology - this is the only way to humanize the architecture [1, 32]. Aalto also 

designed furniture intended for their architectural objects, which is now a classic 

Finnish furniture, for example, tables and chairs for the tuberculosis sanatorium in 

Paimio.  

Scandinavian design objects continue to exist reflecting the ideas of humanism, 

demonstrating how beautiful and comfortable at the same time a thing can be and 

providing each person an opportunity to create comfortable, functional and aesthetic 

environment. 
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Introduction. To date, one of the most pressing problems is the use national 

themes. 

Over time, the culture of industrial society has come to a point in his utilitarian 

development. In this regard, the need to appeal to their national roots, the sources of 

origin. Therefore, since the late XX - early XXI century gradually began to revive the 

use of national issues, which manifests itself in the synthesis of art and national 

symbols and design elements in interior design passenger spaces airports . What 

contributed to their use in the construction, reconstruction and design of complex. 

Thus, the use of national issues in the design of airports helps to improve and 

promote the country's image. For the use of "national subjects" in the design of 

airports helps to improve and promote the country's image. [2]. 

However, the use of national issues in some countries like in other different 

from each other, leading to some confusion regarding association of national issues in 

a particular country. 

To address the topicality of it is expedient to analyze trends in the use of national 

issues in interior design spaces passenger terminal. This analysis will identify factors 

in the formation of national subjects in the terminal in which the position synthesis of 

the arts. 

  This analysis allows: 

- determine the evolution of the use of national subjects in terminal based on 

characters in the synthesis of arts; 

- calculate the number of national symbols that are used in passenger spaces of 

airports in national symbols. 

The political situation in Western and Eastern Europe in the early twentieth 

century. The construction of public dispute, require underscores his greatness and 

URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

power. Terminal, in principle as a new type of structure is best suited to perform the 

task. Becoming propaganda firmness and power of the state. For this purpose, the use 

of national and nationalist character became one of the most more effective tools for 

achieving this goal. It is known that in the twentieth century totalitarian regimes have 

characters part of its powerful advocacy influence, using them extensively in culture. 

So the art that cultivated in the Third Reich, the Soviet Union or Maoist China, 

spread the use of nationalist symbols that celebrate life in Nazi or communist utopia, 

and the heroism and courage of selfless fighters. Facing whole new genre of romantic 

realism (a term used by Joseph Goebbels) and Socialist Realism (This term was 

created by the head of the Organizing Committee of the Union of Soviet Writers I. 

Gronsky in 1932), and most of the works that have fallen under the stated 

promotional agencies these modes canons [3]. 

Due to the fact that "Marx created the idea of communism reflects itself as the 

ultimate philosophical format and therefore almost equal to religion. Therefore, 

finding expression means leaders of the communist movement in the Soviet Union 

led by Joseph Stalin passing the open category "in the art [8, p. 6]. Since, the creation 

of Communism greatly influenced Western philosophical and ideological direction of 

empirical thought that formed as a result of European industrialism. In this case the 

choice of top communist leaders in the Soviet Union stopped and symbols that were 

Marxist teaching values and means formed Western culture, almost throughout 

history. With the advantage in the use of symbols in the style of socialist realism than 

the traditional style. 

However, over time it became increasingly difficult to distinguish one style 

from another, due to the fact that the national form imperceptibly turned into content, 

and content of nationalism manifested through worship forms. Factor in this 

development was that "... government of the country has forgotten what the lie " 

socialist content ", and when Gorbachev lost his Marxist language scales, single 

meaningful communication tool has all the familiar language of nationalism" [1; 

c.158]. Thus was formed the historical development of the use of national and 

nationalist symbols. 
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With the collapse of totalitarian states, nationalist symbols in the design of 

interior passenger space stopped using , and the characters using national subjects 

used in the future. So conventionally formed, a number of traditional national 

symbols identical to each other or purely individual. The development of such a 

phenomenon affecting a number of conditions: territorial location of the country 

(Eastern and Western Europe, Asia, the Middle and Far East), the degree of openness 

to the public, the political situation in the state ( communism, socialism, capitalism), 

religious beliefs, national roots, habits and traditions. Thus, the consistent use of 

national traditions in the interior passenger spaces airports gradually led to the point 

that they became international in forms and national content, contributing to the 

revival and promotion of national culture, becoming "visiting card" countries [2]. 

At present time, to identify the country and reduce the psychological pressure to 

passengers in passenger spaces interiors of most airports, there is the use of national 

symbols, "... that is expressed in the ornament, small architectural forms, brilliant 

colors" [4]. Promoting "... easy, comfortable ..." stay of passengers in the terminals 

[6]. 

Interior spaces in passenger airports using national symbols, acts as an artistic 

medium. However, it should be noted that each style and every type of characteristic 

space, their individual techniques with the use of symbols in the context of national 

identity. 

Depending on the religion of a country, geographical, political, historical and 

other factors change the subject of symbolic images. Based on the research on 

religious belief of every nation, found that the use of national symbols depends on the 

religious factor. Despite the fact that globally 2.1 billion people are Christians, 1.3 

billion Muslims, 900 million Hindus, 394 million Taoists , 376 million Buddhists and 

1.1 billion atheists percentage of national symbols significantly different from the 

basic parameters [5]. For more specific data was analyzed 300 airports. And found 

that the Christian religion is used (15% of 300th airports) national symbols in Islam 

(5.6 %), Hinduism (6%), Taoism (6%), Buddhism (6%) (Table.1). 
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Тable 1 

Percentage analysis of the use of symbols in the terminal 

Religious beliefs Total 

number of 

airports with 

the use of 

national 

symbols 

Percentage 

the total 

number of 

airports 

  using 

national 

characters 

Total number 

of 

national 

symbols in 

air terminal 

Percentage 

the total 

number of 

national 

symbols in 

the terminal 

Christianity 45 15% 68 22,7% 

Islam 17 5,6% 31 10,3% 

Hinduism, 
Taoism, 

Buddhism 

18 6% 72 24% 

  Against this statistical classification formed two kinds of public and political 

symbols divided into ideological, national and nationalist (Table 2). And used in 

Passenger terminal. 

The former include, for example, the red star, hammer and sickle or swastika. 

These symbols carry legitimacy of the political regime especially in the context of an 

ideology that claims to the imperial and universality. 

Second, have historical origins and are associated with such phenomena national 

life, national myths, historical traditions, mentality and so on. State which uses the 

following symbols positioned itself as representative of the nation, guarantor of its 

freedom and independence, thus maintaining its legitimacy [1; 139]. Historically, 

overseas, beginning the use of national issues in passenger spaces airports , aviation 

heyday came in the era of 1975 - 1980 's. During this period in interior design using 

national prevalence of acquired characters portrayed by frescoes, mosaics , paintings, 

sculptures and other art forms (Vancouver, Keflavik, Sokarno Hatta and others) 

(Figure 1, Figure 2).        
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Air terminal Sokarno Hatta Jakarta - Indonesia. 

Figure 1. Image airports. The sixth period (1980-1990 years). 

 
Vancouver. Canada 

 
Iceland. Keflavik 

Figure. 2. Image of national symbols in the interiors airports. 

In the former Soviet Union began to use national themes of 1940 - 1950 years. 

Yes, manifested in the use of nationalist and national symbols. Despite the fact that 

the design of public spaces gave preference to nationalist identity, the use of national 

identity was left aside (Fig. 3, Fig. 4). 
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Brest. USSR 

 
Chop. USSR 

Figure. 3. Image of national symbols in the interiors airports. 

 
Kіltseve. CPCP 

 
Donetsk. CPCP 

Figure. 4. Image of national symbols in the interiors airports. 

Table 2 

 Classification of characters in the interiors of passenger spaces airports 

 Types of characters  

political  state 

national ideological 

 
Ohara. USA. 

national ethnographic 

 
Riga. USSR. 

 
Denver. USA. 

abstract-figurative 

 
Burgas. USSR. 
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Denver. USA. 

heroic theme 

 
Chop. USSR. 

 
Denver. USA. 

historical 

 
Borispol. USSR. 

 
Fiumicino. Rome. 

religious 

 
Cairo. Egypt. 

 
Suvarnabhumi. 

Thailand. 

mythological 

 
Indira Gandhi. 

India. 

 

Conclusions. Due to the historical and political factors, formed over the years, 

interior design using national characters in certain countries (Asia, East) are dominant 

in the application of national identity. For example, in Europe the national identity 

allocating second, or completely ignore it (as opposed to the East and Asia, which 

dominated national design style). 
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MUSIC AND ARCHITECTURE. TO THE QUESTION OF THE 
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Display and type of interaction between space coordinates and time 

coordinatesin different types of art are specific. However, researcher still traditionally 

divide thememphasizing deep connection between artsinto so-called spatial, temporal 

and spatio-temporal types. Thereby, it is noted that poetry and literature are close to 

music. Search for correspondences between those types of art in which coordinates 

mentioned appearat a certain extent usually comes to quoting Schelling’s and 

Goethe’s statements. Known comparisons that architecture is frozen music or 

kingdom of sounds turned into stone are usedas beautiful metaphors. Nevertheless, 
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with those definitions being metaphorical they reflect recognizable and specific 

combination and substitutionof spatial and temporal features. Difficulties with 

detection of the specific patterns are connected with disunity of analytic methods that 

are aimed at exposure of specificity of a certain type of art. In our opinion, search for 

such connections is possible when composite principles are researched in other types 

of art. And combination of comparative, structural and culturological methods can 

beconsidered as a way of achieving consolidation of different spheres of 

humanitarian knowledge. 

Interdisciplinary approach urgent for modern science on the whole is used in 

Loktev’s [1] and Melodinski’s [2] researches. Loktev’s observations on connection 

between polyphony and polyvisual way of perception and Melodinki’s statements 

about “availability of research on the role of architecture rhythms in synthesis of arts” 

are very valuable and they give rise to the further search for integrative generalities 

on the level of structure regularities along the lines of Music-Architecture. 

In a number of genres of baroque music spatial category literally visualized in 

concerto grosso. Different ways of dividing memberships and theirs position were 

transferredfrom the Renaissancechoral concert and in their way interpreted in 

Corelli’s, Torelli’s, Locatelli’s and other authors’ compositions. It is notable that 

special features of structure of internal space of Italian cathedrals formed special 

acoustic environment and eventually got society interpretation in interiors of baroque 

palaces and villas. Experiments with space and dividing of sound masses are reflected 

not only in organization of the music text which fix differentiation of concertino-

ripiento but also in the concerti grossi texture. 

Corelli’s concert cycle can be considered as “spatio-integral construction of 

texture” (L. Krupina) that consists of consecutive changes of texture “links”. Such 

approach to understanding of composition provides for reversibility of the categories 

of space and time. On one hand, some texture formations appear as type muical-

spatial figures, “blocks” that play role of structure models. On the other hand, their 

internal structure connected with the behavior of all components of the texture and 

the type of their connection usually based on alternation obviously displays action of 
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a temporal factor. Apart from this in Corelli’s concerti grossi the level of interaction 

between texture and composition connected with texture configurations and sections 

of the form ratio can be considered as display of combination of spatial and temporal 

formants of music.  

If musical composition is understood as a science text which represents 

“specific sensual-sound forms” (M. Skrebakova-Filatova), then it would be rather 

interesting to find visual analogues for them. In architectural composition surface of a 

façade can be “read” as a text, which is constructed of separate spatial links. Their 

concordance and alternating are connected with display of so-called static rhythms. 

According to D. Melodinski time factor in them doesn’t display itself as much as in 

musical form. This factor is substituted by such definition as length. Taking 

specificity of the genre of concerti grossi into account in texture drawings in which 3-

dimensional space is modeled such comparison of texture configurations and 

architectural rhythm seems possible. They also can be concerned as structure 

universals, distinctive models of compositions. Take a look at some of them. 

In concert №4 (fig.1) in concertino group two thematic elements are sorted out: 

ascending fourth tune and figurations:  
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fig.1 «A. Corelli concerto grosso №4»  

They interact through horizontal coordinate – transfer of these texture 

components from one part to another happens when timbres are equal. Their ratio 

with another texture element – accompaniment – is built vertically as there are 

differences between them in register and timbres. In an accompaniment line, change 

in a number of orchestra parts draws attention: two or three by turn with basso-

continuo. This influences intensity of the sound and changes density of the musical 

texture. We will try to correlate features of the concert given with rhythmic specifics 

of facade of Kazerta villa where all the elements are coordinated by several areas 

(fig.2): 

 
fig.2 «Villa Kazerta» 

On the upper floors, there are windows with onion-like and triangular fascia 

alternated horizontally. On the other hand, their diagonal “transposition” is obvious. 

For the lower floor, which surface is trimmed with rustic stone, and volume 

demonstratively separated from the upper floor with horizontal ribbon of cornice, 

distinction betweensize of alternating arched apertures is characteristic. Their density 

is also different: two elements are of bigger size while smaller one is buried into the 

wall. While scrutinizing this façade you can guess similar musical logic in ratio of 

elements. This is the type of alternating and mutual transposition; there are two types 
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of volume and density ratio. Horizontal, vertical and diagonal intersection of all 

components create “music for the eyes”. 

Another example is in concert №8 (fig.3). Line of the first and second violins is 

based on mutual transpositions. In a cross-play of certain tunes, such approaches as 

addressing and cancrizans are used. This is less noticeable in a part of violins ripieno, 

as sounding of this group is fragmented and more connected with highlighting 

cadence turns. At these moments, voices are united in a vertical line and every 

movement is aimed at the final cadence. Seven segments of this fracture formation 

display combination of polyphonic and homophonic turns:  

 
Fig.3 «A.Corelli concerto grosso №8» 

Plastic drawing of St. Peter’s Cathedral in Frascati is based on such play (fig.4). 
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fig.4 « Cathedral of St. Peter’s in Frascati» 

“Static tranquility” overcomes special sequence of basic elements. Architect 

not simply alternate niches and doorways with onion-like and triangular fascia but 

transpositions them. With the power of rhythmic accents of the vertical elements (pair 

pilasters and columns), common rhythm is divided by seven separate parts. Similarly 

to musical pattern, in this example polyphonic (or polyvision – Loktev) and order 

mentality systems are united. This special feature is emphasized as a style 

characteristic and points that “forms of a mixed turn appear (similar to music forms 

that allow combination of polyphony and homophony” [1, с.167]. Besides that 

vertical and horizontal rhythms alternate they interact with each other. However 

structuring function of tectonic elements in this rhythmic model is clear as well as 

structuring role of Corelli’s cadence in concerti grossi. 

Such research perspective connected with studying structural regularities in art 

of baroque architecture and interspecific comparisons allow us not only to broaden 

conception of the age but also to truly see the architecture in music and hear the 

music in architecture. 
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Soil conditions of south of Kazakhstan are complex and very diverse. This is 

primarily due to the prevalence of collapsible loess soils of type I and II according to 

subsidence, which make up the range from weakly  collapsible ones to soils with 

vividly expressed collapsible properties. 

From the point of view of economy the foreign investors find the investment of 

finances into the  construction in the south of Kazakhstan to be attractive. But at the 

same time, the selected construction sites are often on the most complex in geological 

aspect areas of urban development. 

In this context very typical is the recent example, when the Western construction 

company  "Metro Cash & Carry"  was building a multi-functional shopping center in 

Shymkent. The construction  and commissioning of this object must provide the city 

with food products, to create new jobs and to enrich the market with new imported 

goods and to promote further qualitative development of  trade sphere. In this case 

the central street of recently  built microdistrict "Nursat" has been chosen as the  

location of the construction site. The largest part of this district is located at 15-20 

metres  thickness of collapsible loess soils of type II according to the  subsidence. 

The main method of preparing the beds of five-storeyed, more rarely of nine-storeyed 

URL: http://www.sworld.com.ua/e-journal/J21304.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-use 



Modern scientificresearchand their practical application. VolJ21304 

buildings of  local development is  deep seated moistening of the whole subsidence  

thickness through drainage wells with further compaction of the top 4.5-5 m layer by 

heavy earth rammers. The degree of dampening in this case was controlled by 

selection of samples along the  depth of the bed, and the reached soil density of  the 

top layer -through  the selection of samples by  method of the  "cutting ring". The 

greatest difficulty in this method of bed preparation  was to create  optimum moisture  

in the soil of backfilling at creating the top layer of compacted soil. In the dry, hot 

climate it is  practically very difficult to create  qualitatively a uniformly distributed 

moisture of the soil in its large massives on the construction site. 

The difficulty of achieving optimum moisture  in the  soil ,compacted by the 

builders, is compensated by  increasing  the number of earth rammer strikes on one 

track  i. e.  this  leads to  increased labor intensity and building  time. The building 

time is also influenced by a  sufficiently long cycle of moistening, that is why  the 

work only for bed preparation  in these  soil conditions makes  3-6 months. 

At  the construction of  "Metro" shopping centre the worked methods of funding 

were immediately rejected because of their long time of implementation. The 

customers indispensable condition was the building of this object in  

3,5 months. As a result, the following version  was approved: the  foundations of  

bored piles of great length (25 m) with cutting of the whole subsidence thickness and 

deepening of  low ends into  pebble gravel soil for 1,5 -2m. To prevent the 

development of negative friction forces at  possible emergency moistening the  field 

of  piles was supplemented by waterproof shield, located in the upper part  top of the 

bed. The work in foundations construction  was carried out in the following 

sequence: 

- a waterproof  shield  with thickness of 1 m was installed on the surface; 

- through it a well was bored to produce a bored pile with the length of 25m and  

1m  in diameter (the  size of diameter was specified  on the basis of seismicity of 

the region); 

- after the installation of the reinforcing cage, filling the well with concrete and 

the formation of grills,  one more layer of waterproof shield with thickness of 1m was 
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installed. Thus the upper part of the pile bore and grills were  covered by the 

waterproof shield with  total thickness of 2 m. The waterproof shield was also 

necessary, because significant loads on  floors (up to 3 t/m2) from the stored 

wholesale goods  are stipulated  in the shopping centre building. 

Figures 1,2 present photographs of wells boring, and view of the well with 

compacted soil in upper part of the bed 

 
Fig 1. Work to construct wells for bored piles 

 
Fig 2. View of the well with diameter (1m) and depth (25m) with compacted 

soil in the upper part of the bed 

At the moment of writing the article, the shopping centre ‘Metro’ successfully 

is maintained for more than one year. 
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