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Abstract. The study of the transformation of
Ukrainian cities in the post-Chornobyl and post-
totalitarian transition period highlighted a number
of general development trends and regional fea-
tures of the global urban process. Despite the so-
cio-economic upheavals, Russia's military aggres-
sion and population decline, Ukraine has entered
the ‘human development high category’ list of
countries. Studies have shown that the country ur-
banization level continues to grow, while balanc-
ing its spatial development potential. This is evi-
denced by the emergence of the ‘South-West Spa-
tial Vector’, the “West Sector’ and the ‘Meridional
Axis’ of the urbanization process development.
This indicates, first, the ‘spatial structures
memory’, the presence of which allows us to inter-
pret post-socialist transformations as a ‘return to
pre-socialist development trajectories’ of Ukraine
in common Pan-European space; secondly, on the
cyclical development and reversibility of ‘waves
vibrational motion’ of the world urban process;
thirdly, the ‘country urbanized space reaction’ to
the Russian military aggression in the FEast of
Ukraine, the annexation of the Autonomous Re-
public of Crimea and part of the Donbas territories.

The specifics of the post-socialist development
of the Kyiv Agglomeration reflect the new status
of Kyiv and the general trend of development of
the European metropolitan network, as well as the
‘gravitational pattern’ of spatial development,
which is manifested by territorial uneven economic
development and ‘growth poles wave migration’
from center to periphery and vice versa. The post-
Chornobyl growth of the tourist attractiveness of
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the Chornobyl Exclusion Zone, where 80% of visi-
tors are foreigners, will contribute to the further
transformation of Ukrainian cities. In particular, air
communication — the development of Kyiv and the
Kyiv Agglomeration; roads — development of bor-
dering cities in the west and south of the country,
as well as cities in the areas of Pan-European
transport corridors influence; railway - the devel-
opment of Kyiv, Chernihiv, Slavutych; the Dnipro
- Visla waterway project implementation, the pur-
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pose of which is the connection of the Baltic and
Black Seas - the development of city-river ports
along the Dnipro and Pripyat Rivers.

Keywords: urban processes, environmental and
town-planning systems, cities, settlement systems,
post-totalitarian period, Chernobyl exclusion zone
(area of alienation).

INTRODUCTION

35 years passed since April 26, 1986, when
the Chornobyl nuclear disaster took place,
which, according to the AEC (INES) Interna-
tional scale, was classified as the danger high-
est - seventh level, with the radioactive cloud
covering most of Europe. Then within a 30
kilometers radius around the Chornobyl nucle-
ar power plant more than 115 thousand of
Polissya inhabitants were evacuated and more
than a 2,500 sq. km territory was separated
from adjacent territories and transferred to the
radiation-hazardous lands category [1]. It will
soon be 30 years since August 24, 1991 — the
date of the declaration of independence of
Ukraine. What happened to us during this pe-
riod? What happened to the cities we live in?

Nowadays Ukraine adopted the Law "On
the National Program of Decommissioning of
the Chornobyl NPP and Shelter Transfor-
mation into an Environmentally Safe System",
according to which the NPP should be liqui-
dated by 2065. Therefore, among the topics of
the great interest in the world is Chornobyl
Tourism - the opportunity to visit the Chorno-
byl Exclusion Zone and the zone of uncondi-
tional (compulsory) resettlement for scientific
and educational purposes.

The number of the Chornobyl zone visitors
from 2014 to 2019 increased 15 times. Ac-
cording to the Center for Organizational,
Technical and Information Support of Exclu-
sion Zone Management State Enterprise’ offi-
cial website, 124 thousand people visited it in
2019, almost 80% of them are foreigners.
Among the leading countries whose citizens
visited Chornobyl: Great Britain — 18.5 thou-
sand people, Poland — 10.4 thousand people,
Germany — 9 thousand people, the United
States — 6.4 thousand people, the Czech Re-
public — 4.6 thousand people [2, 3, 4].

Among the second ‘attraction’ of scientific
interest in the world are the processes of urban
development that are inherent in the countries
that have long suffered due to communist to-
talitarian regimes [5, 6, 7]. Ukraine is one of
these countries. In terms of population, it is the
seventh (as of April 1, 2021 — 41.5 million
people, excluding the temporarily occupied
territory of the Autonomous Republic of Cri-
mea) [8, 9], and in terms of area — the largest
European country (603.6 thousand sq. km)
[10]. The post-totalitarian transition period of
the country's development, which began in
1991 on the post-Chornobyl background, after
2014 it was burdened by Russian military ag-
gression — the occupation of the Autonomous
Republic of Crimea and part of the territories
in Donetsk and Luhansk regions.

Post-socialist transformations, as economic,
political, institutional and ideological changes
associated with the communism rejection in
Central and Eastern Europe [5], are accompa-
nied by complex and lengthy reconfigurations
in many areas [11]. The projections of these
changes in the urban space are the transfor-
mations of the country settlement system and
the network of its populated cities. These
changes in Ukrainian cities in the post-
totalitarian transition period led to the layering
in the ‘globalization power field’ of several
identities: the past Soviet, national Ukrainian
and the desired European [12].

As for political and democratic transfor-
mations, the transition period of Ukraine's de-
velopment was marked by the revolutions of
2004 and 2013; reforming and decentralization
of powers, with its transition to local self-
government and transformation of the territo-
rial-administrative system. In the socio-
economic sphere, there was a transition from a
planned economy to a market economy and
privatization.

This has led to fundamental changes in the
paradigm of urban planning (at least in prac-
tice): if during the socialist (Soviet) period it
was the main subject of urban development, in
the post-socialist period the state, being not the
main subject that determines directions of ur-
ban development, belatedly responds to exist-
ing challenges [13].

Transfer of Innovative Technologies
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In the demographic sphere of the country
the depopulation process continues since 1993,
which during the first decade occurred due to
the accelerated reduction of its urban popula-
tion on the background of further expansion of
urban areas (Fig. 1) [14].

The environmental area of the country,
based on environmental pollution problems,
was marked by measures aimed at eliminating
the consequences of the unprecedented in the
history of mankind Chernobyl disaster [2].
These aspects of the transition period of
Ukraine's development have determined the
course of modern urbanization.

MATERIALS AND METHODS

The purpose of the study is to analyze the
trends of urban development and transfor-
mation of Ukrainian cities in the post-
Chornobyl and post-totalitarian transition peri-
od.

In the course of the work a systematic ap-
proach, methods of statistical and cartographic
analysis were used, namely: the method of in-
terval dynamic series, which is an effective
means of assessing phenomena trends and pat-
terns of development in time and space; cham-
ber method, where the map acts as a model of
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the object under study and an intermediate link
in the analysis of the spatial location and dy-
namics in the space of ‘growing cities’.

Cities of Ukraine with a population of over
50 thousand people were selected for analysis;
the period from 2001 to 2020 — after the first
All-Ukrainian census and the ‘abnormal dec-
ade’ of depopulation due to the accelerated re-
duction of urban residents (see Fig. 1). The in-
termediate dates are 2014 and 2018 - the be-
ginning of the Russian military aggression and
the fourth year of the invasion.

STARTING POINT

Urban planning is a continuous and long
process, which is conditioned by the transfor-
mation of spatial development systemic pat-
terns, changing the spatial development ideol-
ogy, its socio-economic basis, demographic
situation, environmental factors and condi-
tions. Management of this process, first of all,
is connected with search of compromises be-
tween the purposes of development of ecologi-
cal and town-planning system "population <
environment" at various stages and its spatial
integrity level, and also constant adaptation of
this development programs to new specific
conditions [15, 16, 17].

0s0
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Fig. 1. The average annual population decline in Ukraine during the depopulation

period from 1993 to 2020

Transfer of Innovative Technologies
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There are general trends in urban develop-
ment in a certain historical epoch [18, 19], but
it is possible to identify specific regional fea-
tures of the post-socialist transition period,
which may later be signs of a new ‘wave fluc-
tuations’ vector of the global urban process [6,
7, 20, 21, 22]. The relations between society
and urbanization in the transition period func-
tion in a unique way at the levels of ideology,
practice and urban change [23, p. 607].

KYIV NEW GEOPOLITICAL STATUS

The contemporary Kyiv geopolitical status
gives new impacts to Ukraine's movement to-
wards consolidation with the European Com-
munity countries, it started in 1995. The new
importance of the country in the Pan-European
space and its multidisciplinary ties with the
countries of Western Europe determines °
the need not only for political and economic
integration of all countries of the European
continent, but also for spatial planning’ [20, p.
107]. In this context, taking into account the
geographical location of Ukraine and the area
of three-hour accessibility of Kyiv airports,
covering almost all of Europe and North Afri-
ca (Fig. 2. a), the concept of ‘... Eastern Euro-
pean countries’ planning integration of into a

common European territorial structure — the
concept of the ‘extensive’ European space or-
ganization in the long run, taking into account
the general trends of political and economic
process integration’ (Fig. 2. b) [20, p. 107].

SOCIO-ECONOMIC AND DEMOGRAPHIC
SITUATION

Regarding the socio-economic development
of Ukraine, which is assessed by the UNDP
annual reports on the ‘human development in-
dex’ (HDI takes into account the welfare of the
population, life expectancy and learning). Ac-
cording to the UNDP Report on the human de-
velopment for 2019, Ukraine is in the middle
of the ranking, it ranks 88th among 189 coun-
tries [24, p. 23]. This includes Ukraine in the
list of ‘human development high category’
countries (HDI = 0.75 [25]), despite the fact
that for the period from 1990 to 2018 the wel-
fare of the population, measured by gross na-
tional income per capita, decreased by 25.6%
and since 1993 the population has been declin-
ing (see Fig. 1) [14].

That is, despite the socio-economic disturb-
ance and Russia's military aggression, Ukraine
is showing certain progress in human devel-
opment. Thus, for the period from 1990 to

Fig. 2. Kyiv airports three-hour accessibility (a) and the common Pan European planning
space area of influence, by Yu. Bilokon (b)

Transfer of Innovative Technologies
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2018, the HDI value increased by 6.4% (from
0.705 to 0.750); birth life expectancy increased
by 2.1 years (from 69.9 years in 1990 to 72
years in 2018); the study years average figure
— 2.2 years, the expected number of years of
study - 2.7 years [25].

As for the demographic situation (in terms
of population reproduction), during the period
from 1990 to 2019 (not taking into account
temporarily occupied territories data) birth
rates in Ukraine decreased (from 12.6 to 8.1;
average annual decrease — 1.26%) and mortali-
ty rates increased from 12.1 to 14.7, the aver-
age annual growth of 0.61%), which led to the
population negative values acquisition natural
growth rates (from + 0.5 to — 6.6) and follow-
ing 1993 the country's population reduction
(see Fig. 1) [14].

During the period of depopulation, which
has been burdened by Russian military aggres-
sion since 2014 (occupation of the territory of
the Autonomous Republic of Crimea and part
of the Donbas), the population of Ukraine de-
creased by 19.7% (from 52.2 million in 1993
to 41.9 million in 2020, excluding the tempo-
rarily occupied territory of the Autonomous
Republic of Crimea; average annual reduction
— 0.73%). As for the urban population, during
this period it decreased more slowly than the
total population of Ukraine — by 18% (from
35.5 million people in 1993 to 29.1 million
people in 2020; the average annual decrease -
0.67 %) [14].

Comparatively slower decline of the urban
population (overall decline of 18 <19.7%; av-
erage annual decline of 0.67 <0.73%) indicates
an overall increase in the urbanization level in
Ukraine. Thus, for the period from 1993 to
2020 it increased by 1.7% (the share of urban
population in 1993 — 68%, in 2020 - 69.7%)
[14].

TRANSITION PERIOD URBANIZATION
PROCESSES AS SOCIAL
TRANSFORMATION REFLECTION

Statistical analysis of urban development
processes found that in the period from 2001
to 2014 among 89 cities of Ukraine with a
population of over 50 thousand people, the

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 3-15

population grew only in 15 cities (Table 1)
[26, 27]. In the period under study, among the
biggest (over 800 thousand people) and big
(over 500 to 800 thousand people) cities of
Ukraine [28], only Kyiv grew in number (see
Table 1). As for the relatively faster than in
Kyiv average annual population growth
(0.76%) in the cities, it should be noted that
the cities of Brovary (1.07%) and Boryspil
(0.88%) are part of the Kyiv Agglomeration
and they are located in the first belt of Kyiv
satellite cities - at a distance of 25 and 39 km,
respectively; and Chornomorsk (0.81%) is one
of the largest seaports in the country.

Cartographic analysis of ‘growing cities’
spatial location on the map of Ukraine showed
the southern, in relation to the Kyiv Agglom-
eration spatial vector of average annual accel-
erated urban growth and ‘fading power’ of
growth of the outlying ones from the capital
(1.07 — 0.88 — 0.81%) (Fig. 3.a).

Population dynamics analysis of these cities
in the period from 2014 to 2018 showed that
among the 15 cities whose population grew in
the previous period (see Table 1), only 8 cities
in Ukraine continue to grow (no information is
available regarding the cities of Sevastopol
and Evpatoria,) (Table 2) [26, 27, 29]. The city
of Irpin joined the group of growing cities in
2017 (50.4 thousand people [30]).

In the period under review, only Kyiv con-
tinues to grow among the big and biggest cities
in the country (see Tables 1, 2).

Relatively faster than Kyiv (0.57%) growth
in urban population (see Table 2), in the first
zone of the Kyiv Agglomeration the cities of
Brovary (1.24%) and Boryspil (0.68%) con-
tinue to grow; the fastest growing city is Irpin
(5.3%), which is located 26 km from Kyiv,
may be added to them (see Table 2).

In the period under review, compared to the
previous period (see Tables 2 and 1), the
growth of the city of Ivano-Frankivsk acceler-
ated almost threefold (0.31 — 0.92%). This
‘turned’ the country spatial vector of the grow-
ing cities location from south to southwest
(Fig. 3.b).
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Table 1. Growing cities of Ukraine with a population of over 50 thousand people in the period
from 2001 to 2014

Number of available population (people) Average annual popu-
Cit .
Y 2001 ! 2014 lation growth, (%)
1. | Kyiv 2611327 2 868 702 0,76
2. Sevastopol 342 451 344 853 0,05
3. | Khmelnitskyi 253 994 266 095 0,37
4. | Rivne 248 813 249912 0,03
5. Ivano-Frankivsk 218 359 227 030 0,31
6. | Lutsk 208 816 216 076 0,27
7. | Bila Tserkva 210 128 211205 0,04
8. | Evpatoria 105915 107 040 0,08
9. | Kamyanets Podilskyi 99 610 102 254 0,20
10. | Brovary 86 839 98 874 1,07
11. | Mukacheve 82 346 85 487 0,29
12. | Kovel 66 401 69 032 0,30
13. | Boryspil 53 975 60 160 0,88
14. | Chornomorsk 54 151 59 840 0,81
15. | Horishni Plavni 51 740 51958 0,03
16. | Irpin 2 40 593 44 023 0,65
Notes:
1. according to the All-Ukrainian census of December 5, 2001
2. to be included in the group of cities under study in 2017
Table 2. Growing cities of Ukraine with a population of over 50 thousand people in the period
from 2014 to 2018 (no information available on the cities of the Autonomous Repub-
lic of Crimea)
Number of available population (people) Average annual popula-
Cit .
Y 2014 2018 tion growth, (%)
1. | Kyiv 2 868 702 2 934 522 0,57
2. | Khmelnitskyi 266 095 268 417 0,22
3. Ivano-Frankivsk 227030 237 686 0,92
4. | Lutsk 216 076 216 505 0,05
5. | Brovary 98 874 103 787 1,24
6. | Mukacheve 85 487 85 796 0,12
7. | Kovel 69 032 69 089 0,02
8. | Boryspil 60 160 61 807 0,68
9. | Irpin 44 023 53 361 5,3

Transfer of Innovative Technologies
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Fig. 3. Cities of Ukraine with a population of over 50 thousand people where the number
increased in the period from 2001 to 2020
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The analysis of the cities’ population dy-
namics in the period from 2018 to 2020
showed that in the trend of 8 cities, the popula-
tion of which has been growing since 2001
(see Tables 1, 2), there are only 6 left, these
are Kyiv, Khmelnytskyi, Ivano-Frankivsk,
Lutsk, Brovary and Boryspil; The city of Bila
Tserkva renewed its growing (see Table 1) and
6 ‘new growing cities’ were added: Odessa,
Chernivtsi, Ternopil, Uzhhorod, Kolomyia,
and Stryi (Table 3) [29].

It should be noted that in the period under
review, the second largest growing city of
Odessa appeared for the first time (over 800
thousand people); among the growing big cit-
ies — Chernivtsi (over 250 to 500 thousand
people), among the medium — Ternopil,
Uzhgorod, Kolomyia and Stryi (over 50 to 250
thousand people) [28] (see Table 3).

The appearance of the second biggest city
of Odessa, growing after Kyiv, testifies to cer-
tain ‘spatial alignment’ of the country's urban
development potentials along the North-South
axis (Fig. 3. ¢).

As is known, at the end of the 19th — be-
ginning of the 20th century, Odessa was sig-
nificantly ahead of Kyiv development in its
dynamics, because then its industrial and de-
mographic potential significantly exceeded the

potential of Kyiv [19].

The emergence of five ‘new growing cities’
in Western Ukraine (Chernivtsi, Ternopil,
Uzhhorod, Kolomyia, Stryi) in addition to the
three cities that have been growing since 2001
(Khmelnytskyi, Ivano-Frankivsk, Lutsk) has
significantly strengthened the south-western
‘urbanization spatial vector process’, which
was faster than of Kyiv (0.56%); growth of
Ternopil (1.1%), Khmelnytskyi (0.99%),
Uzhgorod (0.66%) and the ‘western spatial
sector’ formation of the growing cities of
Ukraine with a population of over 50 thousand
people (see Fig. 3.c).

Relatively faster than Kyiv (0.56%) average
annual population is the growth in the cities of
the Kyiv Agglomeration. In the first zone, the
cities of Irpin (6.3%), Brovary (2.2%) and Bo-
ryspil (1.1%) continue to grow steadily. In ad-
dition, in the second belt of satellite cities, the
city of Bila Tserkva (0.01%), located at a dis-
tance of 89 km from Kyiv, began to grow
again (see Fig. 3. a, ¢).

The specifics of Kyiv Agglomeration first
belt urban growth. In the near zone of Kyiv in-
fluence (up to 40 km) the ‘gravitational ten-
dency’ continues to gain momentum of [31]
acceleration the average annual population
growth of the cities of Irpin (0.65 — 53 —

Table 3. Growing cities of Ukraine with a population of over 50 thousand people in the pe-

riod from 2018 to 2020
City Number of available population (people) Aver.age annual popu-
2018 2020 lation growth, (%)
1. Kyiv 2 934 522 2 967 360 0,56
2. Odessa 1011 494 1017 699 0,31
3. Khmelnytskyi 268 417 273 713 0,99
4. Chernivtsi 265 682 267 060 0,26
5. Ivano-Frankivsk 235355 237 686 0,50
6. Ternopil 218 653 223 462 1,10
7. Lutsk 216 505 217 315 0,19
8. Bila Tserkva 209 176 209 238 0,01
9. Uzhorod 113 996 115512 0,66
10. | Brovary 103 787 108 349 2,20
11. | Boryspil 61 807 63 169 1,10
12. | Kolomiya 60 993 61265 0,22
13. | Stryi 59 099 59 730 0,53
14. | Irpin 53361 60 084 6,30
Transfer of Innovative Technologies
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6.3%), Brovary (1.07 — 1.24 — 2.2%) and
Boryspil (0.88 — 0.68 — 1.1%), which are lo-
cated at a distance of 26, 25 and 39 km from
Kyiv, respectively.

The accelerated growth of these satellite cit-
ies is due to the availability of jobs in the capi-
tal and lower housing costs in its suburbs. The
reverse side of the ‘first zone overheating’ is
the Kyiv Agglomeration core ‘cooling’, which
is manifested by a ‘reversible slowdown’ of
the average annual population growth of Kyiv
(0.76 — 0.57 — 0.56%) (see table. 1, 2, 3, Fig.
3) [21, 22].

This is a manifestation of the general ‘grav-
itational pattern’ of space development [31],
which is manifested in the territorial inequality
of economic development of countries, and re-
gions, disparities in income and living stand-
ards. As noted in the World Bank's 2009
World Development Report, prosperity leads
to the economy ‘oversaturation’; as a result of
which there is an economic activity ‘over-
flow’, but only in those areas that are closely
associated with prosperous areas’ [32, p. 16].

This causes business activity ‘overflow’
from the biggest cities to the space of urban
agglomerations, which in turn leads to cyclical
spatial development: alternating transition
from centralized to decentralized forms of set-
tlement and the emergence of ‘gravitational
waves’ that circularly spread from urban cities
to the peripheral urban areas [31].

Both these tendencies of contemporary ur-
ban development in the near zone of Kyiv in-
fluence demonstrate this, as well as the emer-
gence of the ‘western urbanization spatial sec-
tor process’ from the eight growing cities of
the country in Volyn, Lviv, Ternopil, Khmel-
nytskyi, Ivano-Frankivsk, Zakarpattia and
Chernivtsi that are in the near area of the Eu-
ropean Union influence (see Fig. 3.c).

No doubt, these processes are a manifesta-
tion of the post-totalitarian transformation of
the urbanization space of Ukraine, a projection
of social transformation and the reaction of
this space to the Russian military aggression in
the East of the country with the annexation of
the Autonomous Republic of Crimea. The
strengthening of the south-western ‘spatial
vector’ and the emergence of the western ‘spa-

Transfer of Innovative Technologies
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tial sector’ of the urbanization process (see
Fig. 3) may indicate the ‘memory of spatial
structures’, the presence of which allows to in-
terpret post-socialist transformations as ‘return
to pre-socialist development trajectories’ [33,
p. 558; 15] of Ukraine in a common European
political, economic and planning space (see
Fig. 2).

The western region of Ukraine is bordering
the European Union (Poland, Slovakia, Hun-
gary, Romania), whose development is sup-
ported by the EU's spatial policy, including the
new philosophy of governance [34], which di-
rectly relate to the development of metropolis-
es and the metropolisation process [35].

In the context of balancing spatial poten-
tials and adaptive management of sustainable
development of territories, the experience of
metropolisation can be useful in the post-
totalitarian transition period of Ukrainian cities
development.

METROPOLIS ESTABLISHMENT
AND TRANSFORMATION OF HISTORI-
CAL CITIES

The international significance and metro-
politan functions concentration (organization
and management, economic, information-
representative, cultural, innovation-creative,
transport and communication, social) gives cit-
ies the status of a metropolis. These cities are
the ‘poles of growth’, on which depends the
development of the surrounding area [35, p. 34
- 35].

According to research, the assessment of
the implementation level of these functions in
the cities — regional centers of Ukraine for
2005—2014 showed that Kyiv falls under the
status of a regional metropolis in the European
metropolitan network (see Fig. 2), and
Kharkiv, Odessa, Dnipro, Donetsk and Lviv —
under the status of regional metropolises as
part of the national metropolitan network. The
specialization of the Donetsk metropolitan
functions development (until 2014) was ad-
ministrative and economic; Dnipro - invest-
ment and economic; Kharkiv — educational-
scientific, innovative; Odessa — political, lo-
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gistical, cultural and tourist; Lviv — political,
transport, cultural and tourist [35, p. 456].

As for the development of metropolitan
functions in Western Ukraine regional centers,
their potential is enhanced by the emergence
of new types of economic activity. Realization
of their potential, taking into account the fea-
tures of these cities (Lutsk — mechanical engi-
neering; Rivne — mechanical engineering,
manufacturing; Uzhgorod — mechanical engi-
neering, logistics; Ternopil — educational cen-
ter, agro-industrial complex; Chernivtsi — edu-
cational center, trade; Ivano-Frankivsk — edu-
cational center, mining industry), will contrib-
ute to the inflow of additional resources (hu-
man, financial, material) [35, p. 34-36].

The effect of metropolization global pro-
cesses in the post-totalitarian transition period
of development of Ukrainian cities was re-
vealed by our research (see Fig. 3).

The transformation of historical cities, the
‘crossroads of civilizations’ [34]. Now these
cities face the dilemma of preserving the exist-
ing ‘spatial-planning environment’ and the
need for further active use of historical and
cultural potential. In historical cities monu-
ments of different eras and styles are closely
situated, coordinated and coexist, the appear-
ance of cities reflects the patterns of the past
and present. The main criterion for the trans-
formation of such cities in modern conditions
is their architectural and artistic succession and
an acceptable level of reconstruction.

Cultural and architectural monuments
should not be exclusively museum exhibits in
the authentic environment of the historic city.
They must be adapted to contemporary needs,
which can be one of the radical ways to pre-
serve them. Creative searches of Ukrainian ar-
chitects in the field of reconstruction of histor-
ic cities, in particular in recent years, present a
wide range of using the heritage of historic cit-
ies for various functions: cultural and educa-
tional (cinemas, exhibitions, libraries, educa-
tional centers); museum (city history muse-
ums; lifestyle museums); travelling (historical
and architectural reserves, tourist services, ho-
tels) [4].

The global attractiveness of Chornobyl
tourism; the main task of which is the aware-
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ness of humanity of the nuclear catastrophe
scale and its environmental and humanitarian
consequences. It should be noted that the natu-
ral and architectural-landscape heritage of the
exclusion zone can become an independent
unique object of cultural-cognitive, research,
educational-ecological, sentimental and reli-
gious (since the 18" century Chornobyl was
one of the Hasidism centers in Ukraine) tour-
ism [2, 4].

CONCLUSIONS

1. Despite the socio-economic disturbance
in the post-totalitarian transition period and
Russia's military aggression, according to
UNDP, Ukraine is among the ‘human devel-
opment high category’ countries and it shows
certain progress in this direction. Thus, during
the period from 1990 to 2018, the human de-
velopment index value increased by 6.4%
(from 0.705 to 0.750).

2. Along with the population decline in
Ukraine, the level of country urbanization con-
tinues to grow. Thus, during the period of de-
population - from 1993 to 2020 the population
decreased by 19.7% (from 52.2 to 41.9 million
people, excluding the temporarily occupied
territory of the Autonomous Republic of Cri-
mea), and the share of urban population in-
creased by 1, 7% (from 68 to 69.7%), which is
the evidence of cities ‘gravitational influence’
increase.

3. During the transitional period of devel-
opment of Ukrainian cities there is a balancing
of spatial development potentials of Ukraine.
This is evidenced by the appearance in the
south of the country following 2018 the sec-
ond largest growing city after Kyiv — Odessa,
and in the west - five growing cities with a
population of over 50 thousand people (Cher-
nivtsi, Ternopil, Uzhgorod, Kolomyia, Stryi),
in addition to three cities that were growing af-
ter 2001 (Khmelnytskyi, Ivano-Frankivsk,
Lutsk). This may help to renew the urbaniza-
tion process along the North-South axis and
strengthen its role in the ‘western spatial sec-
tor’ of the growing cities in Ukraine, which are
the nearest to the European Union border.

Transfer of Innovative Technologies
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4. The appearance of Kyiv — Odessa Merid-
ional axis, the south-west ‘urbanization pro-
cess spatial vector’, which turned out to be
swifter than the Kyiv growth, with the cities of
Ternopil, Khmelnytskyi, Uzhhorod and the
strengthening of the ‘west urbanization pro-
cess spatial sector’, may indicate: first, the
‘memory of spatial structures’, the existence of
which allows us to interpret post-socialist
transformations as a ‘return to the pre-socialist
development trajectory’ of the country in a
common Pan-European space; secondly, the
cyclical development and movement reversi-
bility in the ‘urban process world waves’;
third, the ‘reaction of the urbanization space’
of Ukraine to the Russian military aggression
in the East of the country with the annexation
of the Autonomous Republic of Crimea and
part of the Donbas territories.

5. The features of the Kyiv Agglomeration
post-socialist development reflect the new sta-
tus of Kyiv as a regional metropolis in the Eu-
ropean metropolitan network, and the general
‘gravitational pattern’ of spatial development,
which is manifested in territorial inequality of
economic development and ‘pole growth mi-
gration’. This manifest itself in the accelera-
tion of the average annual population growth
of the cities of Irpin, Brovary and Boryspil,
which are located in the Kyiv nearest area of
influence (up to 40 km), and the reversible
slowdown in the average annual population
growth in Kyiv.

6. The post-Chornobyl growth of the Chor-
nobyl Exclusion Zone attractiveness, where
80% of visitors are citizens from 130 coun-
tries, will contribute to the further transfor-
mation of Ukrainian cities. In particular, air-
way connection will positively influence the
development of Kyiv and the Kyiv Agglomer-
ation; road connection - development of west
and south border cities, as well as cities in the
area of influence of Pan-European transport
corridors Ne3, Ne5 and Ne9; railway connection
— development of Kyiv, Chernihiv and
Slavutych; implementation of the Dnipro-Visla
waterway E40 Project, the purpose of which is
to connect the Baltic and Black Seas — the de-
velopment of river ports on the Dnipro and
Pripyat Rivers, namely: Kherson, Nova

Transfer of Innovative Technologies
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Kakhovka, Nikopol, Zaporizhya, Dnipro, Ka-
myanske, Kremenchuk, Cherkasy, Kyiv and
Chernobyl.
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Tpanchopmanus yKpamHCKHX rOpo/I0B B IOCT-
YepHOOBIILCKHI U MOCT-TOTAJIUTAPHBIA
«IepexXoaHbIi» Nepuoa

Huxonaii /lémun, Tamapa I[lanyenxo,
Hpuna Ycemunosa

Annotamus. VccrnenoBanuem tpanc@opmamnuu
YKpPamHCKUX TOPOJOB B TMOCT-UepHOOBUTLCKHUN U
MOCT-TOTAJIUTAPHBIN MEPEXOAHBIN TEPUO BbISB-
JIeH DS OOMMX TEHACHIUM pPa3BUTHUS U PETHO-
HaJIbHBIE OCOOCHHOCTH MHUPOBOIO ypOaHHCTHYE-
ckoro mpomecca. Hecmorps Ha commambHO-
JKOHOMHYECKHE  TOTPSICEHHUS,  BOOPYXKEHHYIO
arpeccuto Poccnum W COKpallleHHE YHCIEHHOCTH
HaceleHus, YKpauHa BOIJIa B TEPEYeHb CTpaH
«BBICOKOW KaTErOpHH YeIIOBEUECKOTO PA3BUTHS.

HccnenoBanusi mokasand, 4TO YpPOBEHb ypoOa-
HU3AIMU B CTPaHe MPOJOJIKACT PacTd, IMPU STOM
MIPOUCXOANT OajJaHCHPOBKA MOTEHITHAIIOB €€ TPO-
CTPaHCTBEHHOTO pa3BUTUA. O 4yeM CBUIETEILCTBY-
€T TIOSABIECHHE «MEPHIUOHANBHON OCH», «IOrO-
3armagHoOro TMPOCTPAHCTBEHHOTO BEKTOpa» U «3a-
MaHOTO CEKTOpa» pPa3BUTH ypOaHM3AIMOHHOTO
mpolecca B YKpauHe.

OTMedYeHHOE MOKET YKa3bIBaTh, BO-MIEPBHIX, HA
«IaMATh MPOCTPAHCTBEHHBIX CTPYKTYpP», HAJIHUUE
KOTOpBIX TO3BOJSET HWHTEPIPETHPOBATH MOCTCO-
[UATUCTUYCCKHE TpaHChOpMAIlMK KaK «BO3Bpa-
IIEHNE K JOCOIUATUCTHIECKUM TPAECKTOPHAM pas-
BUTHS» YKpauHel B enuHoM Ilan-EBpomneiickom
MIPOCTPAHCTBE; BO-BTOPBIX, O HUKINYHOCTU Pa3BU-
THS ¥ PEBEPCUBHOCTH «KOJIE0ATENFHOTO JBUKCHUS
BOJIH» YpOaHHUCTHYECKOTO MPOIecca; B-TPETHHX, O
«peaknuu  ypOAHU3UPOBAHHOTO TMPOCTPAHCTBA»
CTpaHbl Ha POCCUMCKYIO BOOPY)KEHHYIO arpeccHio
Ha BOCTOKEe YKpawHbI ¢ okkymamuedr AP Kpeim u
yactu Tepputopuii Jlonbacca.
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Crienu¢yka mOCTCOIUAIMCTHYECKOTO Pa3BUTH
Kuenckoli ArioMeparinii OTpa)kaeT HOBBIM CTAaTycC
Kuesa u o0mIyI0 TEHOCHITMIO Pa3BUTHsI CBPOIICH-
CKOH METPOTOIUTAPHON CETH, a TAKKE «TpPaBUTa-
[IUOHHYIO 3aKOHOMEPHOCTH» OCBOEHHS MPOCTPaH-
CTBa, KOTOpas MPOSBISIETCA TEPPUTOPHUATHHON He-
PaBHOMEPHOCTBIO SKOHOMHYECKOTO Pa3BUTHUS U
«BOJIHOBOI MUTpaluel IMOJIOCOB POCTa» OT IICH-
Tpa K nepudepun 1 00paTHO.

ITocT-4epHOOBUTBCKHN  POCT  TYPUCTHICCKOM
aTpakTHBHOCTH YepHOOBUTLCKON 30HBI OTUYKIC-
Hus, 80% moceruTeneil KOTOPOH WHOCTPAHIIBL,
MOJKET COACUCTBOBATh AalibHEHiell TpaHchopma-
MU YKPaWMHCKUX roponoB. B uwactHoCcTH, aBHacO-
obmenne — paspututo Kuepa u KueBckoir Ario-
Mepanuu; aBTOMOOWIIPHOE — pa3BUTHIO MPHUTPa-
HUYHBIX TOPOJIOB 3arajia U Ira CTPaHbl, a TaKKe
ropogoB B 3oHax BiusHusa [lan-EBpomeiickux
TPAHCTIOPTHBIX KOPUAOPOB; KEJIE3HOJAOPOKHOE —
passutuio Kuesa, Uepnurosa, CiaByTuda; peaiu-
3amus npoekrta J{HenpoBcko-BucisHckoro BoaHO-
ro MyTH, HA3HAYEHHUEM KOTOPOTO SBIISIETCS COCIH-
HeHnue bantuiickoro n YepHoro Mopeit — pa3BUTHIO
TOpOJOB-PEUHBIX TOPTOB BIOJIb pek JHenp u
IIpunsrs.

KuroueBble cjioBa: ypOaHHCTHUECKHE TIPOIIeC-
Chl, PKOJIOrO-TPaIOCTPOUTENBHBIE CUCTEMBI, TOPO-
Jla, CUCTEMBI PACCEICHUS, MOCT-TOTAIUTAPHBIN Te-
puon, 30Ha oTuykeHus YepHoObuThcKO ADC.
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Abstract. The history of the Soviet Union, its
socio-economic, socio-political and socio-cultural
life is unique in comparison with other countries.
The USSR was created on the model of social de-
velopment, expressed by European and Russian
Utopian socialists and was grounded in the classics
of Marxism-Leninism. So, the system of govern-
ment, economic conditions and cultural activities
of a society built on the hegemony of the proletari-
at was a long-running social experiment that condi-
tioned the life of the Soviet people and influenced
other countries as well.

The experiment of a country with total state
property envisaged that the party leadership as-
sumed responsibility for defining all spheres of
political life - both internal and interstate relations
- and inevitably formed unified programs of cul-
tural activity and social development, managed
them, and financed and tightly controlled their im-
plementation. The Soviet people, the so-called
"working masses", were forced to live and act un-
der uniform rules. Depending on the planning of
the political, economic and social life of the party
leadership throughout the existence of the USSR,
the country went through several stages, which
differed in the directions of forming an architectur-
al and urban planning environment that had to
meet the tasks of state and ideological character.
Familiarizing yourself with this unique experience
and finding the reasons for its formation is im-
portant for understanding the trends of social de-
velopment in the twentieth century.

Keywords: Soviet Union, Ukraine, socio-
cultural activities, influence of political and eco-
nomic conditions, architecture and urban planning.
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THE INTRODUCTION

It 1s known that for a complete idea of the
depth and essence of the impact of cultural
heritage on social development, it is necessary
to study the historical heritage, analyze its val-
ue for the present, look for reasons for its for-
mation in the past. Due to the length of time
consideration, you can see a complete picture
of cultural dynamics and forecast it for the fu-
ture.

During the existence of our country in the
USSR, together with it, Ukraine has undergone
joint processes of economic development and
state formation. It is important to study the
parallels of the socio-historical and cultural
development of the country in order to find the
identity of architectural and cultural develop-
ment and to justify the causes of Ukrainian
identity when they exist, as well as to find out
the ways of using the synthesis of arts in
Ukrainian architectural and construction prac-
tice, which has always contributed to enhanc-
ing the desired effects in formation of architec-
tural and urban planning environment.

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 16-27


mailto:ludmila_bachina@ukr.net
https://doi.org/10.32347/tit2021.42.0102

Construction, Architecture

THE PURPOSE OF THE RESEARCH

So, the object of this study is the synthesis
of arts in the architecture of Soviet Ukraine.
The subject is the role and directions of the use
of art synthesis in the architecture of Soviet
Ukraine. The purpose of scientific research is
to identify the causes of the use of art synthe-
sis in different historical periods of political
and economic development of Ukraine and to
establish their role and main directions.

THE METHODS OF THE RESEARCH

Research methodology — the causation be-
tween the political and economic situation,
foreign and domestic policy directions and so-
cio-cultural activities; comparative analysis of
the consequences of the formation of architec-
tural heritage using the synthesis of arts at dif-
ferent stages of socio-historical development
of our country in the Soviet era.

THE RESULTS AND DISCUSSION

The connection between the periods of his-
torical, political and economic development of
the country and socio-cultural activity of the
population on the example of developing the
principles of creating an architectural and ur-
ban planning environment has been proved in
many author's publications [1 — 4] and many
others. They identify the main phases of politi-
cal and economic development of our country
during its existence in the USSR, which are
caused by foreign and domestic political activ-
ity - these are: the first after 1917 - the stage of
search for directions of optimization in the
system of government and management, which
was distinguished by diversity proposals, even
going back for a while to the old forms of the
capitalist economy (the so-called NEP) - 1920s
- 1932; the stage of establishing a totalitarian
system of government headed by a leader and
with total state property, characterized by the
construction of socialism (the so-called «Sta-
linist» period) - 1937 - 1953 and the stage of a
collegial system of government based on a
one-party system headed by the Secretary-
General. At that time, in 1955 - 1985, attention
was paid to social programs and the direction
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of building further economic development —
communism — was being worked out.

Each of these stages of socio-political and
economic development was preceded by tran-
sitional stages, which were characterized by
the search for new directions, understanding of
certain state-social needs, the gradual transi-
tion to changes in management systems and
corresponding changes in the directions of
formation of architectural and urban planning
environment. All of them that are listed the
three main and three transitional stages have
shown signs of centralization of the manage-
ment system in the orientation of planning, fi-
nancing, implementation of the system of con-
trol over the implementation of the planned
programs and the system of responsibility and
punishment for failure to meet the scheduled
time and amount of tasks.

The state-party government, which took re-
sponsibility for resolving all economic issues,
disseminated the principles of social ideologi-
zation, which was reflected in various areas of
cultural activity, including the means of creat-
ing an architectural and urban planning envi-
ronment.

The latter became the most prominent ob-
ject of propaganda of state ideology, which not
only was formed on the basis of state-
ideological programs, but also forced the pop-
ulation to constantly be surrounded by sym-
bols of totalitarianism.

So, let's consider the main directions of
formation of architectural and urban planning
environment, corresponding to the three stages
of political and economic development of the
USSR and Ukraine that was in it. The first
stage of the search for directions of political
and economic development was characterized
by a variety of proposals of representatives of
different architectural schools, in each of
which experts tried to prove the priority of
their direction among others in order to deter-
mine the correspondence to the Soviet-
socialist goal. These were representatives of
the old classical school; of eclecticism, which
prevailed in the pre-October times and, follow-
ing the tradition of «architecture of choice» by
A. Ikonnikov's definition [5], provided an op-
portunity to freely interpret the artistic and
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aesthetic image of an architectural structure by
architectural means; efforts were made to cre-
ate a purely Ukrainian school on a national
basis, which caused the greatest concern on the
part of the authorities. M.S. Ilchenko notes:
«In the 1920s, the avant-garde trend in Soviet
architecture was a colorful mosaic consisting
of many currents, groups and schools that pro-
fessed different artistic principles and set dif-
ferent creative tasks. Many of these groups
lacked a solid theoretical platform or clear set-
up and were therefore forced to navigate be-
tween more influential currents, periodically
joining one or the other community of archi-
tects» [6]. Among them, the direction of archi-
tectural formation generated by the Russian
Revolution had a special status, it was too
straightforward to reflect the symbolic and
ideological content of a new type of state. This
is constructivism, which by its industrial
forms, transferred to the social environment,
was doomed to embed in the public opinion
the idea of a new socio-political system result-
ing from the victory of workers and peasants.
That is why the process of intensifying the de-
sign and construction of various clubs and pal-
aces as centers of cultural and mass work (the
palaces of communism, Soviets, labor, work-
ers, railways, arts, pioneers, etc.) [7] has un-
folded, which did not stop in the following pe-
riods.

Analyzing the experience of constructivism
in the construction of buildings, we can con-
clude that the architectural form in this direc-
tion of styling was chosen as a solid monu-
mental image of the undeniable victory of
workers during the Soviet times (see Fig. 1, q,
b, ¢). As history of architecture proves, mon-
umentality does not need decorativeity, it
should impress with its laconic large-scale
forms. So, constructivism was not character-
ized by the use of small-sized decorative parts.
Rather, the decorative shape was determined
by horizontal lines, which were supposed to
reflect the idea of the dynamics of social life
(Fig. 1, d) and complex combinations of geo-
metrically simple volumes (Fig. 1, e). The
symbolic content of the architecture of con-
structivism over time began to manifest itself
in the formation of buildings that resembled
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technical achievements or symbolized signs of
statechood of a new type. This was especially
characteristic of the Russian Federation (there
is a construction in the form of a plane, an
opera house in Rostov-on-Don — in the form of
a tractor, and an opera house in Arkhangelsk —
in the form of a huge grandstand, Fig. 1, A,
same, factory-kitchen in Samara displays the
sickle and hammer). What we define as a syn-
thesis of the arts in architecture can be deter-
mined in relation to the direction that is
viewed as the Soviet-ideological symbolism of
a large-scale architectural form. In Ukraine,
the manifestations of symbolism in the form of
a building were much more modest (for exam-
ple, the facade of the Railway Culture Palace
in Kharkov has a surface like an accordion; in
Fig. 1, 1, g, the notorious building of Ukrainian
writers destroyed by Soviet power in Kharkiv -
under the name «Word» has the form of the
letter «C».

The second stage of the formation of Soviet
architecture, which coincides with the time of
a new period of economic and political devel-
opment, is the stage of embodiment of pseudo-
classicism in the architectural and urban envi-
ronment, and after the Second World War, for
the well-known reasons, due to the so-called
«victory over fascism», pseudo-empire that
was based on the prototype of the eclecticism
of the Russian Empire (see Fig. 2, a, b, d).

The transition from horizontal division of
the facade in constructivism to the vertical
one, characteristic of the newly chosen direc-
tion in architecture, took place against the
backdrop of fierce criticism of the authors of
architectural works by representatives of the
party elite. It was about a «boxed» monoto-
nous architecture, about the desire to show the
«mechanization» of the public space, about the
discrepancy between the theme of technization
in architecture to the living human being
[6 — 8]. Yes, Russian researcher Selivanova
O.N. writes that the avant-garde (constructiv-
ism) in this new context was viewed twice in
retrospect, because it denied the notion of
physicality in general, and in addition, the new
era judged it by its own standards presenting
constructivist buildings as ill, defective ord-
ismembered dead bodies [8].  She,
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Fig.1. Examples of new building architecture for workers in the style of constructivism: a — project of the
House of Books erected on the site of the Central Department Store, str. Khreshchatyk, 44, Kyiv,
Holovproject, 1930s; b — Derzhprom, Sq. Svoboda, Kharkiv, arch. S.S. Serafimov, S.M. Kravets,
M.D. Felger, 1925 — 1928; ¢ — Main Post Office, Sq. Pryvokzal'na, 2, Kharkiv, arch. A. Mordvinov,
1927 — 1929; d— 1st doctor's house, str. V. Zhytomyrska, 17, Kyiv, arch. P. Alyoshin, 1928 — 1930; ¢
— project of Dynamo restaurant, Petrovska alley, 3, Kyiv, arch. J. Karakis, P. Savich, 1932; f— g —
apartment building of the writers «Wordy, str. Kultura, 9, Kharkiv, arch. M. Dashkevich, 1926 —
1930: house facade and aerial view; 4 — factory kitchen of plant named after Maslennikov, Samara,
Russia, arch. K. Maximova, 1932.

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 16-27 19



Construction, Architecture

Forming of buildings

Fig.2. Examples of the shaping of buildings and the synthesis of the arts as a means of state and social sym-
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bolism in the period of historicism: ¢ — panorama of buildings on the str. Khreschatyk, Kyiv; b —
Railway station, Kharkiv, arch. G Voloshin et al., 1952; ¢ — VDNH, main pavilion, Kiev, arch. B.
Gégerine, 1949; d — building on the str. Khreshchatyk, No. 25, Kyiv; e — building on Sq. Of the Con-
stitution, Kharkiv, arch. V. Petit, Y. Chebotaryova, V. Kostenko, 1947 — 1950; f— sculptures at the
entrance to the Verkhovna Rada, Kiev, arch. V. Zabolotny; g — bay window of house Ne 23, str. Khre-
schatyk, Kyiv.
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quotes the famous Soviet urban planner M.
Milyutin: «If the creation of new forms of hu-
man beings depended on constructivists, they
would have exposed all his skeleton, tendons,
nervous system, and intestines. What is the job
of such an architect to create artistic images?»
Thus, the eclecticism of architecture was in
keeping with the contemporary needs of the
Soviet state at the time — to create an ideologi-
cally designed environment through various
means. When working on the compositional
fantasies of the Palace of Communism, Ya.
Chernikhov wrote: «Architecture, as the art of
spatial forms, as an image constantly visible
and tangible, is one of the powerful factors for
convincing propaganda of the great ideas of
communism. Undoubtedly, the heroics of the
Stalin era will find in architectural structures
that expressive and laconic image that puts
forward a special category of compositional
interpretations of spatial forms. Magnificence
and pomp, rise and triumph, joy and happi-
ness, power and strength...» [7]. The «heroics
of the Stalin era» coincided with the deifica-
tion of the leader, at least the main profession-
al editions of architecture in every way em-
phasized this, reflecting on the great inspirer of
Soviet architecture, who "created the doctrine
of socialist realism - the principle and creative
method of the Soviet art, about a galaxy of ar-
chitects, who «guided by ideas — ideas of
Marxism-Leninism... They are the creators of
the best examples of Soviet architecture, char-
acterized by high ideology and partisanship, ...
full conformity of ideological content and ar-
tistic form, critical development of the classi-
cal heritage of the past, the most progressive
national traditions of their people» [9]. The
Bulletin of the Academy of Architecture of the
USSR for the 1950s prints the editorial article
«Under the glorious banner of Soviet democ-
racy», the content of which resembles an essay
on the personality of the Generalissimos: «Sta-
lin! — It is the most expensive and most native
name for all the Soviet people and the workers
of the whole world, which is spoken with love
and pride in all corners of our vast homeland...
For us, Soviet people, there is no the most dear
and most native person than our leader and
teacher Joseph Stalin» [10].
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In order to justify the applied architectural
forms and details borrowed from the historical
heritage of the Russian Empire (which were
not even hidden, and in print publications it
was possible to meet praiseworthy reviews on
works of artists of classical architecture [9]), in
the architecture of buildings began to spread
symbolic signs of the new power and its eco-
nomic and political system. That is, the mass
use of state and social symbols (state in the
form of attributes of power — state and republi-
can coats of arms — Fig. 2. ¢, e — stars, flags,
sickle and hammer as signs of the working-
peasant power; social — the tools of labor, the
sun with rays, ribbons, flowers that symbol-
ized the happy life of the people in the Soviet
socialist state). In the pre-war period of «Sta-
linismy in architecture, one can find the use of
the theme of happy life of workers, which was
decorated with reliefs depicting people in the
process of work and rest. Over time, this ten-
dency in some examples began to turn into
significant in size and complex in number of
used decorative elements of the composition,
which contained vases, balusters (Fig. 2, g),
capitals of pilasters and more.

After World War II, sculptures of a large
size of an individual appear in work or sports-
wear with certain tools in their hands, which
adorned the facades of buildings and personi-
fied the Soviet people. In Kyiv, such examples
of sculpture use are: the building of the
Verkhovna Rada of Ukraine, separate dwell-
ings of the so-called «Stalin» time, and the
central street of Kyiv — Khreschatyk — accord-
ing to the reconstruction project it was to be
transformed into a museum of cement figures,
according to O. Mokrousova [11]). The sculp-
tures were used not only in the decoration of
the facades of buildings — in their completion
as the most significant place, at the base near
the entrance — closer to the conditions of per-
ception (Fig. 2, f), but also as dominant ele-
ments in symmetrically constructed large-scale
compositions of architectural and spatial or-
ganization of urban centers and town-planning
ensembles. Here, the sculpture was already
detached from a separate building, spatially
was reinforcing the emphasis in the structureof
the town-planning ensemble, becoming the
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main landmark in creating a single composi-
tion, which revealed the main content that glo-
rified power, the state, the conditions of Soviet
life (see materials of competitive projects after
the Second World War [12]).

Thus, the Stalinist state system actively
used the synthesis of arts in the form of plastic
arts to enhance the effect of decoration of ar-
chitecture, focused on a clearly defined ideo-
logical direction, from their decorative quali-
ties and ending with large compositions of
several figures or too large in size of a single
figure. On the one hand, there was the simplic-
ity of the structure of the spatial organization
on the basis of axial symmetry, on the other,
the complexity of constructing the most archi-
tectural form with variations in accordance
with the chosen theme of classical architecture
and the imaginative conditions of perception
of the sculptural composition, which was ar-
ranged and allowed it to be viewed from dif-
ferent points of space, in the light and shade
that changed position during the day mode.
This was increasing the overall impression and
met the conditions of formation on the basis of
increased decorative at the time.

In parallel with the implementation of a
course designed by the party to «creatively
rethink classical heritage» in Soviet architec-
ture, which was adopted at the First Congress-
es of Architects of the Soviet Union and
Ukraine in 1937 [13, p. 9], according to which
specialists and scientists of the Academies of
Architecture of the USSR and Ukraine contin-
ued to work hard, Ukrainian architects were
looking for ways to improve construction in
the direction of economic housing structure,
development of typical industrial products and
new construction materials. This was also de-
termined by the tasks of the party leadership.
These very first works on the industrialization
of construction constituted the experience
which in the following helped to define a new
course in construction, proclaimed by the Res-
olution of the Central Committee of the CPSU
and the Council of Ministers of the USSR «On
Combating Surpluses in Architecture» [14],
and in full to create a base, on which began the
formation of a school of typical design and
construction in the USSR and Ukraine.
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Thus, the transition to the third stage in
Ukrainian practice can be considered as im-
portant work in the field of construction tech-
nology and the search for economic housing,
which occurred in parallel with the implemen-
tation of grandiose ambitious projects of the
Stalin era [15 — 17].

Orientation by the Secretary General of the
CPSU Central Committee, M. Khrushchev, to
social programs [18], which arose from famili-
arity with the experience of a lifestyle in Euro-
pean countries, has led to a kind of revolution
in architecture, urban planning and construc-
tion. The scale of reform in the Soviet Union
and Ukraine is impressive, as well as the num-
ber of new design and research institutes and
building organizations that have emerged. The
presence of any decorative details in the shap-
ing of architecture has since been crushed by
criticism. The consequences of such an atti-
tude by the authorities to the architectural her-
itage of the previous period of «Stalin centrali-
zation» contributed to the bitter disappoint-
ment and recognition of these years of decora-
tion (Stalin's empire) as terrible for the archi-
tecture of the time (according to M. Barshch)
(quoted by M.S. Ilchenko [6]). The main thesis
for new directions of understanding of archi-
tectural formation and approach to creation of
architectural form became economy, which
envisaged extreme simplicity and possibility
of industrial execution. In Khrushchev's time,
there were appeared compositions made of ce-
ramics on the first objects of public service,
which were information-filled planes accord-
ing to the functional purpose of the building.
The announced new policy in architecture and
construction was completely opposed to the
previous era. The emphasized asceticism of
the forms and the mass of typical housing and
the extraordinary pace of construction aimed at
promoting the ideas of the invincibility of the
Soviet state, the greatness, the advantages of
the socialist type of economy, which can all —
«catch up and overtake» the leading states of
the world.

The harsh reality of the post-Stalinist time
eventually morphed into a direction that pur-
portedly continued the idea of restraint in
shaping. But at the same time, the USSR
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formed a socialist camp from part of the Euro-
pean countries, the Council for Mutual Eco-
nomic Assistance, the Warsaw Pact as a mili-
tary union of states, and international cultural
ties with the formation of relevant organiza-
tions were spreading. The leadership of the
Soviet Union led the newly formed interstate
alliances. The practice of cultural contacts be-
tween the USSR and the countries of the so-
cialist camp automatically led to the borrowing
of methods of creating an architectural and
urban planning environment, typical construc-
tion, methods of forming the artistic image of
buildings, and so on. Due to the expansion of
the spatial and territorial range of Soviet influ-
ence onto the culture of other peoples and the
leading role of the Soviet country in resolving
purely professional issues regarding the recon-
struction of historical centers of cities, three-
tier service system, organization of transport
routes, etc., the USSR exerts pressure onto the
leadership of friendly states through any mani-
festation of their independence in the direc-
tions of formation of architectural and urban
planning environment [19].

Orientation to improve the architectural
formation, that was proclaimed by the Resolu-
tion of the CPSU Central Committee and the
Council of Ministers of the USSR in 1969
[20], contributed to the diversity of forms (Fig.
3, a, b), the spread of vertical division on the
facade as elements of neoclassicism in repre-
sentative buildings (Palace of Congresses) and
the extraordinary spread of plane arts as an
additional way of expressing the state-
ideological essence of the Soviet state (Fig. 3,
¢, d). The mosaic was especially widespread
(Fig. 3, e). A rather expensive means of syn-
thesizing the arts in stingy rationalist forms of
architecture reflected the plots of state gran-
deur, ideological content, and social propa-
ganda. Mosaics over time have become an in-
variable attribute of Soviet architecture, giving
ideological content to any structure, even ur-
ban and suburban bus stops, they constantly
reminded of the joyful present and the ex-
pected bright future by their presence in the
lives of the working masses.
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THE CONCLUSIONS

Thus, the ideological component of a totali-
tarian Soviet state at all stages of its develop-
ment was an indispensable feature of architec-
ture. At the first post-October stage, it was a
specific form of constructivism born in Soviet
Russia that cannot be confused with European
functionalism. As the main idea of the emer-
gence of functionalism was contained, in addi-
tion to improving the living conditions of the
society, in the fight against the negative effects
of the spontaneously formed state of gigantic
cities, due to the emergence of industrial terri-
tories in their suburbs, that surrounded the city
with ring, prevented their connection with the
natural environment and their further growth,
facilitated the compacting of buildings and the
formation of slums. That is, the program of
functionalists was defined as the primary tasks
of solving functional, social and sanitary-
hygienic problems [21].

The stylistic trend was non-state, cosmopol-
itan. Constructivism, on the contrary, provided
new, not existing architectural tools in order to
demonstrate the ideology of workers and peas-
ants in the architectural and urban environ-
ment.

In the second and third stages, the means of

artistic expressiveness of the state-ideological
direction were increased decoration of forms,
the extraordinary spread of state and social
symbolism and the means of art synthesis: in
the Stalin period, it was the plastic arts, and
later — the plane arts.
Finally, a comparison should be made between
the Russian and Ukrainian legacies of the So-
viet era. When Ukraine was part of the USSR,
did she have any differences in the formation
of the architectural and urban planning envi-
ronment at that time, carefully following the
orders of one-party power from Moscow? So!
Studying the experience of design and con-
struction of the Russian Federation and
Ukraine and comparing them with each other
allows us to draw the following conclusions.

1. The Russian artists were quicker to re-
spond to the tasks, accomplish them with
scope, were more inclined to convey the main
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Fig.3. Examples of the Formation of Buildings and the Synthesis of the Arts as Means of State and Social
Symbolism in Ukrainian Architecture of the Modernist Period: a — Salute Hotel, Kyiv; b — facade of
a 22-storey large panel apartment building of the APVS series on the str. Mostytska in Kyiv; ¢ — pan-
el — photo by E Nikiforov; d — panel in the interior of the Bolshevik subway (now called Shulyavka),
Kyiv, Avt. L. Litovchenko, 1963, Peremoha avenue, 1967 — 1968, photo by E. Nikiforov; e — mosaic
in a residential complex in Kyiv.
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ideological thought and to implement it in the
architectural and spatial organization. This is
confirmed by competitive projects and com-
pleted structures (examples are Moscow sky-
scrapers [22 — 24]).

In Ukraine, the party-defined tasks were
performed on a smaller scale and slower. Most
likely, the reason was not only the periphery of
the territory of Ukraine relative to Moscow,
but also the mentality of Ukrainians, differ-
ences in their psychology, probably the condi-
tions of territorial density of habitation, as
psychologists point out [25, 26], the perception
of orders from above as a pressure on a free-
dom-loving people.

2. At the first post-revolutionary stage of
cultural development of the newly created
state, a series of projects of Kharkiv as the first
Ukrainian capital of workers was an example
of the implementation of new trends in archi-
tecture and real construction in Soviet
Ukraine. These are separate buildings, erected
as variations on the theme of industrial archi-
tecture, the workers' village of KhTZ and the
Metropolitan center of power on Sq. Dzerzhin-
sky (now the Freedom Square). Ukrainian ar-
chitects sought perfection and reality in archi-
tectural solutions in accordance with the latest
social needs, both in the functional part and in
the artistic-figurative form.

All of these facilities, which were built in
accordance with the revolutionary ideology of
creating an environment for workers, have
changed in appearance due to the length of
construction and the emergence of new re-
quirements for architecture. This is a testament
to the further refusal of the use of functional-
ism in urban planning and constructivism in
the architecture of buildings due to changes in
policy and ideological tasks.

3. The plasticity of Stalinist architecture
during the second period of socio-cultural de-
velopment in Ukraine compared to Russia was
relatively moderate. Large-scale compositions
for the reconstruction of the capital (Kyiv),
proposed in the competitive projects of Soviet
architects (Russian), have not been imple-
mented. Numerous sculpture groups on
Khreshchatyk, which had to demonstrate the
state majesty and happiness of the Soviet peo-
ple, disappeared from the project immediately
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after the death of the Generalissimos, and in
Kharkov and Kiev architects abandoned the
tower completions that Stalin so loved.

4. In the third stage, the Russian mosaic
panel prototypes had the emphasized ideologi-
cal content, in Ukraine, they rather acquired
the trait of folk art, became models of national
culture, which received a negative assessment
of state power, but it was welcomed by the
Ukrainian people.
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Cunres HCKYCCTB B COBETCKOIi APXUTEKTYPpE:
3Talbl Pa3BUTHI, IVIABHbIC HAIIPABJICHUSA,
NPUYHUHBI UX ITOABJICHUA

Jloomuna bauunckas

Annotamms. Mctopus Coserckoro Coro3a, ero
COLMAITEHO-DKOHOMUYECKOH, COIMATBHO-TIOJUTH-
YECKOH M COLMANIbHO-KYJIbTYPHON KU3HU SIBIISETCS
YHHUKaJbHOM B CPaBHEHHWH C APYIMMHU CTpaHaMU.
CCCP Ob1 co3maH MO MOJENTH OOLIECTBEHHOTO
pa3BuTHs, CHOPMYJIMPOBAHHOM €IIe E€BPOICHCKU-
MH U POCCHUHCKUMH COLIMATINCTaMU-YTOITUCTAMH, U
00OCHOBaH KIIACCUKaMH MapKCH3Ma-JICHHHU3MA.
[losTOMy cucTemMa TpaBieHHs, KOHOMHYECKHUE
YCIIOBHSA M KYJbTypHasl AEATENBHOCTh OOILECTBA,
MOCTPOSHHOTO Ha TereMOHUH TpoJieTapuara, Oblia
IPpOAOKUTEIIBHBIM COIMUAJIBHBIM SKCIIEPUMEHTOM,
KOTOPBII 00YCIIOBHJ >KU3HENESTEIbHOCTh COBET-
CKOr'0 HapoJa Y HOBJIHAJI Ha IPYTHUe CTPAHBI.

OKCHepUMEHT CTpaHbl C TOTAJbHON Trocynap-
CTBEHHOH COOCTBEHHOCTBIO IpEAIoyiarai, dro
nmapTuiiHas BepxXylka Opania Ha ceOs OTBETCTBEH-
HOCTB OTIPEJIENSATH BCe Cepbl MOTUTHICCKON KU3-
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HU — W BHYTPHUIIOJINTUYECKOH, M MEXIrocynap-
CTBEHHBIE OTHOLLUEHUS — U HEMHHYEMO (OpMHPO-
BaJla €UHbIE IPOrPaMMbI KyJIbTYPHOH AesATeNbHO-
CTH M OOIIECTBEHHOTO Pa3BUTHs, PYKOBOAMIA
UMM, OCYIIECTBJIsUIa (PUHAHCUPOBAHUE U KECTKUI
KOHTPOJIb 32 UX BbllloJHeHUueM. CoBeTCKuil Hapo,.
TaK Ha3bIBAEMbIE (TPYISILIMECS MAaCChD» OBUIM BBI-
HYXJICHBI )KUTh U AEHCTBOBATh 10 €UHBIM IIPABH-
JaM B 3aBuCHMMOCTH OT IJIaHUPOBAaHUS MAPTUM-
HBIM PYKOBOJICTBOM MMOJIUTHKO-YKOHOMHUYECKON U
OOIIECTBEHHONW XHM3HM B TEUEHHE BCEro Cylle-
ctBoBanua CCCP crpaHa mepexusia HECKOJIBKO
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ATamloB, KOTOpPbIE OTIMYAINCH TIO OCHOBHBIM
HaIpaBJICHUSAM  (OPMHUPOBAHHUS APXUTEKTYPHO-
rpagocTpou-TeiabHON cpeapl. Cpena JaobKHa Oblia
OTBEYATh 3aJaHUSAM TOCYyAapCTBEHHO-
HIC0JIOTHUECKOT0 xapakTtepa. (O3HAKOMIIEHHE C
3THUM YHHUKAQJIBHBIM OMBITOM M MOMCK MPHYUH €ro
CO3JaHHs SABJISIETCS Ba)KHBIM JUUIS ITIOHUMAaHHS TEH-
JEHIMI OOIIECTBEHHOTO pa3BUTHs B XX crToJe-
THH.

Kuarouessbie cioBa: Coerckuii Coro3, YKpau-
Ha, COIMAIBHO-KYJIbTYPHAS JEATCIBLHOCTh, BIIHS-
HHC TIOJUTHKO-DKOHOMHUYECKUX YCIIOBUH, apXu-
TEKTypa U TPaJOCTPOUTEITLCTBO.
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Abstract. The results of experimental studies
have shown a strong effect of diffusion hydrogen
on the static and cyclic parameters of crack
resistance of reinforcing steel. It was found that
with increasing flooding, especially when the
hydrogen content exceeds 5 ¢m?/100g, both static
strength and long-term strength (fatigue) decrease
sharply. Moreover, these areas of hydrogen
solution in reinforcing steel are characterized by a
viscous nature of fracture, while for heavily
flooded reinforcement (from 5 to 12 ¢cm?/100g) is
characterized by brittle fracture by the mechanism
of microcracking in the hardened (martensite or
troostite structure). The analysis of the obtained
experimental results allowed to determine the
optimal hydrogen content in the reinforcing steel
(3...5 cm?/100g), the excess of which can cause a
decrease in the crack resistance of the
reinforcement  during long-term  operation,
especially in corrosive environments.

The mechanism of hydrogen influence on crack
resistance of metal at static and alternating loading
which consists in diffusion and dislocation
movement of hydrogen in structure of a reinforcing
core that as a result that causes strong flooding of
steel and its embrittlement is offered. It is
established that carbon and low-alloy sieves, which
are characterized by ferritic-pearlitic and sorbitol
structure provide high resistance, especially to
long-term fatigue, and the transition to steels with
a structure of martensite or tempered (transient
structure of bainite) structure of bainite sharply
reduces reinforcing steel, which makes it
impossible to wuse in the manufacture of
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reinforcement involved in reinforced concrete
structures designed for long-term operation (more
than 50...60 years). Thus, the obtained diagram
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can be recommended to designers of reinforced
concrete structures for hydraulic purposes, as it
greatly facilitates the reasonable choice of
reinforcement in the development of reinforced
concrete structures for responsible and long-term
use.

Keywords: crack resistance, flooding, fatigue,
cyclicity, fittings.

Introduction. It is known that the fatigue
process begins with the plastic deformation of
the surface layers of the metal fittings.
Moreover, the displacement of dislocations
under conditions of re-alternating loads is
observed at loads below the elastic limit of the
metal. The rate of local plastic deformation
during cyclic deformation is several orders of
magnitude higher than the rate of deformation
under static loading. Dislocation slip begins in
grains with a favorable orientation near stress
concentrators. As the number of cycles in the
surface layers increases, the density of
dislocations and the number of vacancies
increases. When the base number of Nr cycles
is reached, a surface reinforced layer Af metal
with a large number of germinal cracks is
formed, the size of which does not reach a
critical value. Increasing the number of cycles
cannot cause further development of fracture
in such a layer. Only when the stresses exceed
the endurance limit of the crack reach a critical
length, after which the process of their
discharge into the main crack begins with the
spread of the latter. The results of
experimental studies indicate a strong effect of
diffusion hydrogen on static and cyclic
parameters of crack resistance. It was found
that with increasing flooding, especially when
the hydrogen content exceeds 5cm?®/100g,
both static strength and long-term strength
(fatigue) decrease sharply. Moreover, for these
areas of hydrogen solution in reinforcing steel
is characterized by a viscous nature of fracture,
while for heavily flooded reinforcement (from
5 to 12 ¢cm?/100g is characterized by brittle
fracture by the mechanism of microfission in
the hardened (martensite or troostite structure).
Allowed to determine the optimal hydrogen
content in reinforcing steel (3...5 cm®/100g),
the excess ofwhich will reduce the crack
resistance of reinforcement during long-term
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operation, especially in corrosive
environments. The results of the research
confirm the above data. bainite structure y
sharply reduces the crack resistance of
reinforcing steel, which makes it impossible to
use in the manufacture of reinforcement
involved in reinforced concrete structures
designed for long-term operation (more than
50...60 years). Thus, the obtained diagram can
be recommended to designers of reinforced
concrete structures for hydraulic purposes, as
it greatly facilitates the reasonable choice of
reinforcement in the development of
reinforced concrete structures for responsible
and long-term use.

It is known [1 — 5] that the resistance of the
metal to fatigue failure is characterized by the
limit of endurance (fatigue), ie it is the highest
stress that can withstand the metal without
failure at any number of cycles. The limit of
endurance is most often determined in tests
with alternating symmetrical cycle (R=-1) ,
and therefore the endurance limit is denoted by
o.1.

As a rule, the endurance limit is limited to
107 cycles (this number of cycles is called the
test base). Thus, it can be noted that the
endurance limit is the maximum cycle stress
that can withstand the material without
destruction at the base number of cycles (for
ferrous metals, this base is 107 cycles). Then
on fatigue curves it is possible to find such
important indicator, as durability at fatigue
under which accept number of cycles of
loading which maintains steel at destruction at
a certain pressure.

It is known from the literature [1] that the
endurance limit in metal correlates well with
the mechanical properties of metals. Thus, the
value of 6.1 is on average (0.4...0.6) o — for
carbon and alloy steels; (0.3...0.5) o — for
bronze and brass. This characteristic can be
similarly compared with Brinell hardness:
o_; =(0.128...0.156) HB - for carbon
steels; (0.168...0.222) HB — for alloy steels;
o_; = 0.19 HB - for aluminum alloys.

It is known from modern fracture
mechanics [2...4] that with increasing number
of cycles at any stresses above the endurance
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limit in metal, the following processes occur
sequentially:

1) plastic deformation;

2) the formation of cracks, the cells of
which are non-metallic inclusions (HB);

3) gradual development of some of them
with the predominant spread of the main
crack;

4) rapid final destruction.

The process of fatigue begins with the
plastic deformation of the surface layers of the
metal fittings. Moreover, the displacement of
dislocations under conditions of re-alternating
loads is observed at loads below the elastic
limit of the metal. The rate of local plastic
deformation during cyclic deformation is
several orders of magnitude higher than the
rate of deformation under static loading.
Dislocation slip begins in grains with a
favorable orientation near stress concentrators.
As the number of cycles in the surface layers
increases, the density of dislocations and the
number of vacancies increases. When the base
number of Nr cycles is reached, a surface
reinforced layer of metal with a large number
of germinal cracks is formed, the size of which
does not reach a critical value. Increasing the
number of cycles cannot cause further
development of fracture in such a layer. Only
when the stresses exceed the endurance limit
of the crack reach a critical length, after which
the process of their discharge into the main
crack begins with the spread of the latter.

Formulation of problems and relevance
of the topic. The ultimate stresses at which the
process begins, for example, hydrogen sulfide
fracture (HSF), are recommended as criteria
for comparing the stability of different
reinforcing steels [5, 6]. One of the important
factors influencing the resistance to HSF is the
composition and structure of steel. Yes, carbon
has a significant effect on HSF. It is known
[6, 7] that with increasing amount of carbon
the tendency of hardened steels to HSF
increases due to increasing internal stresses.
Hydrogen diffusing into the metal, even in
small quantities (2...3 c¢m?/100g) does not
cause sufficient for the development of cracks
of local plastic deformations in strong metal. It
is believed that steel loses its visco-plastic
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characteristics at a hydrogen content in the
range of 7...12 cm*/100g [8]. However, as
established in [9], hydrogen fragility can occur
with a small amount of absorption (absorbed)
hydrogen. Thus, in steel with a tensile strength
of 1600 MPa, doped with 0.7% Cu,
0.25% Mo, 0.8% Nb and 0.025% Al, a
decrease in plastic properties (6) was observed
from 45 to 3% at the level of flooding
0.03 cm?/100g.

In our opinion, this phenomenon can be
explained with the involvement of the
sorption-electrochemical mechanism of long-
term strength (fatigue) [10].

Static (hydrogen) fatigue is caused by
sorption processes:

1) diffusion of hydrogen into the defects of
the crystal lattice of the metal;

2) adsorption of hydrogen by the inner
surfaces of the crystal structure;

3) the pressure of moly hydrogen in the
Ieservoirs;

4) weakening of the bonding forces
between atoms in the crystal lattice of the
metal.

That is, even with sufficient viscosity and
ductility of the metal (for example, low-alloy
steel — O08I2C, 15XCHHO), due to the
adsorption of hydrogen in microdefects
(microcapillaries, pores), the formation of
microcracks is facilitated due to low resistance
of brittle material.

Analysis of the literature shows that
according to modern physical and mechanical
ideas about the nature of static fatigue of the
metal there is a critical concentration of
hydrogen, which sharply weakens the cohesive
bonds in the crystal lattice, ie the rupture of
interatomic bonds. According to the developed
diffusion model of hydrogen segregation, the
critical value of hydrogen depends on the
grade of steels, stress state, operating
conditions. In our case (underground sewer
system) the critical level of hydrogen in the
fittings is approximately 5...6 cm*/100g [11].
This volume is sufficient to dramatically
accelerate the process of nucleation and
development of cracks (submicrocracks).
Therefore, appropriate measures are required
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to influence the dislocation mechanism of
hydrogen delivery into the valve structure.

It is established [5...7] that the distance
between the sliding strips of dislocations is
(107%..107%) cm; the amount of slip is
(1077 ...107°) cm. The critical tangential
stress is T = (1075...1077)p, where p is the
shear modulus equal to (1..11)10* MPa.
Normal stress (perpendicular to the sliding
plane) o= (10"%..10"7)u Theoretical
lattice strength (shear strength in a perfect
crystal) is taken as or = w/30. It is assumed
that the dislocations can be concentrated in
some places, forming a cellular structure
(subgrain). The size of subgrains (blocks) is
equal (1077 ...107%) cm.

In the calculations, the stress required to
break the adhesion forces in the metal is taken
equal to 85 MPa. It should be taken into
account that in the structure of reinforcing
steels the diffusion of hydrogen is facilitated
by the presence of microdefects, dislocations,
temperature-pressure gradient and variable
loads (force factor).

It was found that the predominant amount
of diffusion hydrogen is concentrated in traps,
and the binding energy of atoms with them is
approximately HB = 58.6 kJ/mol [3]. At the
same time, its concentration in the crystal
lattice matrix decreases to 107...10° cm™, and
in Npp) traps. Under such conditions, at
temperatures below 300...320K, almost all
hydrogen is captured by dislocations and traps,
and the concentration in the lattice matrix is
almost zero.

As noted above (according to the text), the
critical concentration of hydrogen depends on
the stresses in the steel and is largely
determined by the structural composition.
Therefore, to determine the delayed
destruction by the mechanism of hydrogen
embrittlement, causing static (hydrogen)
fatigue, a binary combination of critical values
of hydrogen concentration and mechanical
stresses is required. The critical concentration
of hydrogen is created under the influence of
the three-dimensional space of the tensile
stress field of the directed (collective)
diffusion of hydrogen. The period during
which the critical value is reached (Certocr)
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corresponds to the incubation period of
microcracking growth. There are different
views on the mechanism of nucleation and
propagation of cracks caused by hydrogen
embrittlement, but the hypothesis of molecular
pressure of hydrogen is the most noteworthy,
ie the main cause of high pressure hydrogen in
non-continuous metal reinforcement, which
causes high internal stresses. Moreover, on a
microscale, the action of hydrogen can be
manifested not so much in embrittlement as in
the plasticization of the metal.

On a macro-scale, embrittlement looks like
a reduction in the fracture stress due to local
plastic flow and the destruction of metal
microvolumes at the crack tip.

The mechanism of hydrogen-initiated
nucleation of the microcrack and its
subsequent growth involves a series of the
following frequent processes:

— discharge of hydrogen ions on the surface
of the body (blocks, dislocation traps, non-
metallic inclusions, phases of introduction,
etc.) as a result of the cathodic reaction [10]:

2H" +e — [2H],

l
[Hlme (H2)1,
where [H]me — the concentration of dissolved
atomic hydrogen in the metal, (Hx) — its
concentration in the gas phase;

— penetration and transportation (by
diffusion or dislocation mechanism) of
hydrogen atoms in the region with high stress
concentration, 1ie to the vertices of
microcracking;

— ensuring the growth of microcracks as a
result of hydrogen-induced decrease in the
ductility of the flooded metal.

In [5], it was proved that hydrogen on
atomically pure surfaces of submicrocracks
forms a layer of anions resulting in a change in
the energy state of the surface and hence the
behavior of submicrocracks in the stress field.
hydrogen on the movement of dislocations
This peculiarity of the dislocation mechanism
of hydrogen transport is due to the abnormally
high coefficient of its diffusion and relatively
low binding energy with dislocations.

It is known from the literature that
microcracks form atomically pure surfaces on
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which hydrogen released from dislocations is
chemisorbed. Thermodynamic calculations
using the Gibbs equation show [2, 4] that
hydrogen adsorption sharply reduces surface
energy, especially at low concentrations on the
surface 6.0...7.5 J/cm? [9]). If you take into
account the actual energy consumption for the
destruction of iron (=10...20 J/cm?), such a
change will be very sensitive.

In addition, the formation of microcracks
on the outskirts of collisions of dislocations is
facilitated by stresses which at a distance of 1
um from the core of the dislocation are equal
(for helical dislocation according to Hooke's
law) [3]:

0 = (Gretb)/(2mr) =
=(0.8-10"2+2.5 10/ (2n-10*) =
=0.32 10% dyn/cm? = 32 N/mm?.

Here Gre = 0.8-10'2 dyn/cm? — modulus of
elasticity of iron; b =2.5-10% cm — Burger’s
vector; r = 1 um = 10 cm — distance to the
core of the dislocation; © 1 — coordinates of a
cylindrical system in which the y axis is
directed along the line of dislocation.
According to the formula, the stresses decrease
inversely proportional to the distance from the
dislocation nucleus.

Dimension b/2n = ye, — relative shift.

The total theurgy of the elastic deformation
of the helical dislocation per unit of its length
is equal to:

Vhelical = (G-b?)/4m)-InR/Vo =
=0.5-10'2 (3-10°%)/4n-In(1/(5-10°%)) =
= 6-10" erg/cm?-erg/interatomic distance =
=12.5-10" eV/interatomic distance.

This is a very large energy, and therefore it
contributes to the formation of microcracks in
the presence of a catalyst - hydrogen. Let's
calculate the effective mass of dislocations,
attributed to a unit of its length (for helical
dislocation):

Meg = b2y/2 =
= {(2.5-10%)%7.85}/2 =2.45-10"° g/cm,

where y = 7.85 g/cm? — metal density.
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As in 1 cm of length of dislocation keeps
within 5-10® — interatomic distances, a=2.5A
(angstrom) = 2.5-10" cm),

Then mer = (2.45-1079)/(1/1.25-10°%) =
= 6.1-10"% (g/interatomic distance).
The mass of 1 Fe atom is equal
m =M/(6.02-10%%) = 56/(6.02-10%) =
=9.3.10% g,

where M is the atomic weight equal to 1 g-
atom.

Therefore, the effective mass of the
dislocation at one interatomic distance is
approximately equal to the mass of one atom.
This indicates that the work of crack formation
and growth due to high stresses and
dislocation mobility is reduced in the presence
of hydrogen adsorbed on the crack surface.

Rapid diffusion and propagation of cracks
requires rapid diffusion of hydrogen atoms, if
we take the rate of propagation of cracks Viu=
= 102 cm/s, which is proportional to the
velocities of dislocations in ferritic-pearlitic
steels, which include reinforced concrete
reinforcement, and the coefficient of diffusion
hydrogen, for example in o-Fe Dy =~ 10*
cm?/c, and as a criterion for estimating the
propagation of the microcrack parameter X2 =
2Dp-t, where t is time, it follows that for a
certain period of time t at Vo = 102 cm/s
mobility of hydrogen atoms is sufficient, even
when Dy = 10 cm?/s.

The process of formation of fatigue cracks
takes only 5...10% of the operation time of
structures until the final destruction. The rest
of the term falls on the origin and gradual
growth of cracks, most of which eventually
slow down or completely suspend their
development (due to the strengthening of the
metal in places of concentrated stresses near
the top of the crack). Only those cracks which
have rather big length and sharp top receive
the further development. One of them can lead
to the final destruction of the reinforced
concrete structure.

It should be noted that the reduction in the
amount of cement in the steels of reinforcing
bars with a service life is according to X-ray
diffraction analysis of about 30...35% and
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electron microscopic data - about 20...25%. It
should be borne in mind that cementite is
easily decomposed under the action of
hydrogen atoms:

FesC <> 3Fe + C (24.3 +2.01), kJ;
C + 2H, <> CHy + (75.42 + 0.84), kJ.

In general, this process is described by the
reaction
FesC + 2H» «» 3Fe + CHa.

Atomic hydrogen easily appears at interac-
tion of hydrogen sulfide which is contained
even in insignificant amount of the stored
technological environment (for example, sew-
age waters, with metal of reinforced concrete
reinforcement):

4Fe + 6H,S = 2Fe>S3 +12H.

In the process of deformation on the surface
of the armature metal or the surface of the mi-
crocavity, active centers are formed, in which
the dissociation of hydrogen molecules and the
penetration of atomic hydrogen into the depth
of the armature metal takes place.

Decarburization of reinforcing steels takes
place over a long period of time, which is fa-
cilitated by the temperature-pressure mode of
transport of sewage in underground systems.
Since under such conditions the mobility of
carbon atoms in ferrite is low, the main hydro-
gen reaction takes place in the pearlitic grain.
The diffusion coefficients of carbon and hy-
drogen in a-Fe are as follows (temperature
20°C):

— for hydrogen — 15-107 cm?/s;

— for carbon —2-10717 cm?/s.

The accumulation of the reaction products
(methane and atomic hydrogen, which recom-
bines into molecules) takes place initially in
the pores and microcavities, in the boundary
volumes of the grains of the armature metal.
Atoms of impurities and cavities are concen-
trated along the grain boundaries, which pro-
motes the creation of segregation, especially
sulfur, as a result of which the boundary re-
gions of the grains are also enriched with car-
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bon. In addition, the grain boundaries are en-
ergetically metastable.

The pressure of moly hydrogen in such can
reach large wvalues, resulting in stresses
exceeding the cohesive strength of reinforcing
steel of reinforced concrete structures, which
often leads to the formation of microcracks in
the metal, and in general to the degradation of
reinforcing steels.

It should be noted that the analysis of
literature sources of domestic and foreign
researchers does not provide an unambiguous
answer to the question of the influence of
hydrogen and alternating stresses on the
embrittlement of reinforcing steel of different
brands, and the results of experimental studies
are usually obtained in different conditions
different external factors, and therefore
characterized by contradictions, making them
difficult to compare and draw final
conclusions, although the problem of
degradation of reinforced concrete structures is
relevant and, moreover, is important for the
construction industry of Ukraine, resulting in
additional ~ experimental and theoretical
studies.

The goal of the work — study of hydrogen
crack resistance of reinforcing rods of
reinforced concrete structures of long service
life in aggressive environments.

Methods of experimental research,
materials, criteria and equipment. The
object of research was reinforcing steel of the
following grades: 5; 35I'C; 20I'C; 0812C;
I15XCH/; X18H9, ie steel carbon, low-alloy,
which had a structure of ferritic-perlite,
sorbitol and troostite and martensitic with a
coefficient of endurance Ky = 0.40...0.50. The
effect of hydrogen on the endurance limit and
static strength limit was investigated on
samples of steel grade 20I'C which before
experiments were flooded to the required level
in special chambers with hydrogen medium.
The hydrogen content in steel samples cut
from reinforcing bars was determined by
vacuum melting on a chromatographic unit
VH-6 company Gereus (Germany) [10, 11].
The duration of flooding of the samples was
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about 72...78 hours, depending on the
required volume of flooding.

Samples of cylindrical shape with a length
of 162 mm, of which the working part was 50
mm, and the diameter of the capture — 70 mm
of the working part — 10 mm, which allowed
the fittings with a diameter of 32 mm (Fig. 1).
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Fig. 1. Samples for fatigue strength tests
(multi-cycle tests)

The samples perceived the deformation of
the bend with axial compression-tension. The
baseline test for prolonged fatigue was N = 107
cycles.

After fabrication, the reinforcement
samples were subjected to different heat
treatment modes depending on the steel grade
and obtaining the desired type of structure.
The samples were polished with a grinding
skin with a grain size of 3/0, and then
subjected to tempering in a vacuum chamber
at 620°C for 30 min to remove residual
stresses. The samples were tested on the
setpoint of the model "Instron" (UK). The tests
were performed on a bend with zero average
voltage and a cycle frequency of 20 Hz. The
tests were performed in air. The impact of the
aggressive environment was absent. We add
that the tests were performed in accordance
with the requirements of the Specification of
the International Association of Corrosive
(Specification TenquizOil and Gas Plant //
ProzessPlant.-Lurgi code: 65102-00-MAL-
TENGUIZ 1I. Specification Ne.SPC-62900-
XP-007). Fractographic and metallographic
studies were performed using an electron
scanning microscope model Jeol-35SF
(Japan). A fragment of the reinforcing rods,
from which the samples for flooding were cut,
followed by a test for long-term strength and
factual studies, is shown in Fig. 2.
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Fig. 2. Fragment of experimental reinforcement of
reinforced concrete structure

Research results and their discussion.
The results of experimental studies are shown
in Fig. 1 and 2. The data in Fig. 1 indicate a
strong effect of diffusion hydrogen on static
and cyclic parameters of crack resistance. It
can be seen (see Fig. 1) that with increasing
flooding, especially when the hydrogen
content exceeds 5 cm’/100g, both static
strength and long-term strength (fatigue)
decrease sharply. Moreover, these areas of
hydrogen solution in reinforcing steel are
characterized by a viscous nature of fracture,
while for heavily flooded reinforcement (from
5 to 12 cm’/100g is characterized by brittle
fracture by the mechanism of microfission in
the hardened (martensite or troostite structure).
experimental results allowed to determine the
optimal hydrogen content in reinforcing steel
(3...5cm’/100g), the excess of which will
reduce the fracture toughness of reinforcement
during long-term operation, especially in
corrosive environments. (according to the
text).

The results of the research presented in
Fig. 3 confirm the data of Fig. 4. It can be seen
from Fig. 4 that carbon and low-alloy sieves,
which are characterized by ferritic-pearlitic
and sorbitol structure provides high resistance
primarily to prolonged fatigue, and the
transition to steels with a structure of
martensite or tempered (bainite transition jet)
sharply reduces bainite structure. crack
resistance of reinforcing steel, which makes it
impossible to use in the manufacture of
reinforcement involved in reinforced concrete
structures designed for long-term operation
(more than 50...60 years). Thus, the obtained
diagram can be recommended to designers of
reinforced concrete structures for hydraulic
purposes, as it greatly facilitates the reasonable
choice of reinforcement in the development of
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reinforced concrete structures for responsible
and long-term use.

Steels with a tempering sorbitol structure
have the highest survivability. This is due to
the low growth rate of the fatigue crack due to
the high ductility of the metal (see Fig. 4) and
the presence of a developed substructure of the
ferritic phase of sorbitol. The dislocation walls
that separate the ferrite grains serve as barriers
to the fatigue crack, which causes it to change
direction in a zigzag pattern and spend more
energy and time growing to a critical size. In
addition, steel after heat treatment for
tempering sorbitol becomes insensitive to the
appearance of stress concentrators and
accidental shock load.
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Fig. 3. Graphs of dependence of fatigue strength
(o0.1) and static strength (os) on the hydrogen
content in the reinforcement samples. Rein-
forcing steel grade 20I'C. Test base N=10"
cycles. Designation: the red line refers to the
static axis strength and the blue line refers to
the axis of fatigue strength (c.1)

Steel heat-treated on cane or tempering
martensite has a higher .1, but its significant
resistance to the formation of fatigue cracks is
neutralized by increased sensitivity to surface
quality. In addition, high-strength steels are
characterized by low resistance to cracking.

Thus, the operating conditions require a
special combination of high resistance to the
formation of fatigue cracks and high resistance
to its propagation, which is almost impossible
to provide in reinforcing steel using alloying

and heat treatment. This problem is solved by
Transfer of Innovative Technologies
Vol.4, No.2 (2021), 28-40

the use of surface hardening technologies
(surface plastic deformation, chemical-thermal
treatment, surface hardening) for low- or
medium-carbon steels treated with the
structure of tempering sorbets. The result is
steels with a strong surface and a viscous
plastic core.

| | | p
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High-strength
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steel |

0 1 T T T
200 600 1000 1400 1800

Nialloy steel |

G5, MPa

Fig. 4. Influence of the type of reinforcing steel
structure on its endurance limit (c.1.)
Designation: Kv - coefficient of endurance;
o - tensile strength; o1 - limit of fatigue
strength (endurance); F - ferrite; P - perlite

At surface hardening two mechanisms of
increase of cyclic durability are used, in
particular there is an increase in resistance to
deformations of surface layers of metal and
there are residual compressive stresses
interfering with emergence and development
of fatigue cracks. Combined with external
stresses, compressive stresses reduce the level
of dangerous tensile stresses on the surface.

The efficiency of the application of surface
hardening methods increases with increasing
stress concentration. The most effective is the
combination of different hardening methods
(chemical-thermal treatment, HFC hardening)
with surface deformation because the latter
additionally (by 10...20%) increases the
hardness of the surface layers and the level of
residual  compressive  stresses. It is
recommended to use a surfactant that prevents
the development of the process of adsorption
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fatigue. It should be noted that most
technologies of surface hardening of
reinforcement have a positive effect on its
wear resistance and cyclic durability.

In the process of heat treatment, reinforcing
steel has undergone all stages of austenitic
transformation. In particular, as is known, the
pearlitic  transformation of  supercooled
austenite is crystallization in nature, its
mechanism is diffusion [3, 4]. This follows
from the fact that austenite is almost
homogeneous in terms of  carbon

concentration, decomposes with the formation
of ferrite (almost pure iron) and cementite with
a content of 6.6% C, ie a mixture of phases
with different concentrations of carbon

(Fig. 5).

Fig. 5. Structure of perlite and cementite needles
(Fes;C) in the decay of austenite reinforcing
steel (20XCHZIA) — (x500)

Fig. 6. Microstructure of martensite and residual
austenite of reinforcing steel (x600)

36

The main phase is martensite (Fig. 6).
The growth of the cementite germ is due to

the diffusion of carbon from the adjacent
volumes of austenite. This eventually leads to

its transformation into ferrite. At the same time

there is an increase in the thickness of the
plates of ferrite and cementite (see Fig. 4).
Thus, on the surface of the formed pearlite
grain there are also germs of cementite with a

different orientation. This process continues

until the collision of individual grains and the
transformation of all austenite. Moreover, the

lower the decay temperature of austenite, the

more dispersed is the ferrito-cementite mixture

(Fig. 7, 8).

Fig. 7. The effect of temperature on the formation
of the structure (fine) sorbitol during the
decay of austenite (transformation at
650...680°C)

Fig. 8. The structure of sorbitol of reinforcing steel
20XCH/IA during the decay of austenite
(conversion temperature — 400...599°C) —
(x1500)

Transfer of Innovative Technologies
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It should be noted that the degree of trostite ~0.2 um (see Fig. 9).
dispersion is usually characterized between the
lamellar distance A, under which take the
average sum of the thicknesses of the plates of
ferrite and cementite. It should be noted that
the thickness of carbide plates is determined
by the mobility of carbon atoms, which
depends on temperature. It is established
[2...4] that with a large supercooling (up to
temperatures of 500...550°C) a more
dispersion mixture called cane is formed

(Fig. 9). " N RE h; ,; AN
At magnifications of the order of 1,500 e e S R D AR
times or more, this is clearly visible on the : 1393
electron microscope. The authors of this work
found that the distance between the plate in Fig. 9. Microstructure of the rebar of
perlite is 0.5...1.2 um, sorbitol ~0.35 pm and reinforcing steel 20I'C (x1600)
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Fig. 10. Construction of the diagram of isothermal transformation of supercooled austenite
for reinforcing steel 20I'C. Notation: a) kinetic curves; b) diagram of isothermal
transformation of austenite
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It is known [5, 6] that the intermediate
transformation takes place at low cooling
temperatures of austenite 400...200°C, when
the diffusion of iron atoms is almost
impossible, and the diffusion of carbon atoms
is relatively easy. Therefore, the diffusion
process of ferrite formation becomes
impossible, and the formation of iron carbide
and its separation from austenite and ferrite
can occur [3, 4]. Therefore, the kinetics of the
intermediate transformation and the structures
formed in this case have features of both
diffusion (pearlitic) transformation and non-
diffusion (martensitic) transformation.

In general, the mechanism of intermediate
transformation is as follows. In the
intermediate temperature  range, the
supercooled austenite undergoes
transformation (decay) after some incubation
period. Initially, there is a diffusion
redistribution of carbon inside the austenite,
which leads to the formation of volumes of
austenite enriched and depleted of carbon (see
Fig. 10). Areas of carbon-depleted austenite
undergo a non-diffusion transformation y — a.
In the non-diffusion transformation y — a,
only the lattice type (FCC — BCC) changes
without changing the location of the carbon

Fig. 11. Schematic representation of the origin
and growth of pearlite grain.
Designation: C - cementite; F + C - fer-
rite plus cementite; 1 - high
concentration of carbon (6.67%); 2 -
low carbon concentration (0.002%); A,
- between the plate distance
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atoms in austenite. Therefore, as a result of
such transformation, a supersaturated solid o-
solution (martensite) is formed, which is an
unstable structure and decomposes into a
ferritic-cementite ~ mixture at isothermal
exposure. Thus, as a result of the intermediate
transformation, a structure is formed, which
consists of a mixture of a-phase and carbide
(cementite), which is called bainite (see
Fig. 1), and sometimes needle cane. Thus, the
intermediate  transformation of austenite
combines the diffusion redistribution of carbon
in austenite with the non-diffusion (martensite)
transformation y — a. It should be noted that
in the upper bainite is concentrated mainly the
structure of sorbitol similar to the structure of

Fig. 12. Microstructure of bainite of
reinforcing steel 20I'C (x1000)

perlite, and in the lower bainite carbide
particles are located inside the plate of the a-
phase (Fig. 11).

The above data are confirmed by the
microstructure of bainite grain (Fig. 12).

REFERENCES

1. Makhutov N.A., 1981. Deformation criteria of
destruction. Moscow, Mashinostroenie, 272 (in
Russian).

2. Archakov Yu.l., 1980. Hydrogen corrosion of
steel. Moscow: Metallurgy, 192 (in Russian)

3. Atomic mechanism of destruction, 1983, trans.,
ed. MA Stremel. Moscow: Mir, 660 (in Rus-
sian).

4. Kalachev B.A., 1985. Hydrogen brittleness of
metals. Moscow: Metallurgy, 216 (in Russian).

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 28-40



Engineering, Environmental Science

5. Meshkov Yu.Ya., 1985. Physical foundations of
the strength of steel structures. Kyiv, Naukova
Dumka, 266 (in Russian).

6. Petrov L.N. Sopronyuk N., 1988. Corrosion-
mechanical destruction of metals and alloys.
Kyiv, Naukova Dumka ,488 (in Russian).

7. Makarenko V.D., Mangura A.M., Sizonenko
A.V., Litvyak O.L., 2019. Mechanisms of
corrosion-carbon corrosion of structural tubular
steels for oil and gas application. Modernization
and engineering development of resource-
saving technologies in mining and processing
of minerals. Collective monograph. Petroshan,
Romania: Universitas Publishing, 424, 57-70
(in Ukrainian).

8. Makarenko V., Vynnykov Y., Liashenko A.,
Petrash O., 2019. Hydrate Formations Model-
ing for the Oil and Gas Facilities Reconstruc-
tion. Proceedings of the 2nd International
Conference on Building Innovations. ICBI
Lecture Hydrate Formations Modeling for the
Oil and Gas Facilities Reconstruction Notes in
Civil Engineering, Vol.73, Springer, Cham.
651-658 (in Ukrainian).

9. Boyko A.V., Makarenko V.D., Maximov
S.Yu., 2021. On some mechanical characteris-
tics of structural steels of cooling systems of
long operation. Problems of durability, No.2
(470), 77-81 (in Russian).

10. Makarenko, V.D., & Morgun, L.D., 1991.
Special features of the effect of barium on the
mechanical properties of metal deposited in
welding with calcium fluoride electrodes.
Welding International, 5(9), 726-728 (in
Ukrainian).

11. Pokhodnya I.K., Ponomarev V.E., Milichen-
ko S.S., Skorina N.V., Makarenko V.D.,
Marchenko A.E., Gorpenyuk V.N., 1987. Ef-
fects of type of binder and its composition on
the welding and properties of electrodes with
basic coatings. Welding International, 1(2),
116-118 (in Russian).

12. Sukach M.K., 2021. The Staple-ShapePlate
Springs Engineering Calculation Method. Sci-
ence and Technique. 20 (3), 268-274,
https://doi.org/10.21122/2227-1031-2021-20-3
(in Russian).

13. Pushkarova K., Sukhanevych M., Bondar K.
(2015). The principles of composite construc-
tion penetrability waterproofing mortars with
increased service life. Underwater Technologies
Iss.02, 46.

14. Mishchuk D., 2015. Research of the manipula-
tor dynamics installed on an elastic basis. Un-
derwater Technologies, Iss.02, 54.

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 28-40

15. Horbatenko Y., 2020. The production of the
splash phenomenon, as a way of dissipating the
energy of a gravitational wave. Underwater
Technologies, Iss.10, 58.

16. Sukach ML.K., 2018. The theoretical basis for
calculatingthe bracketed leaf springs. Transfer
of Innovative Technologies, Vol.1, No.2, 40-50.
https://doi.org/10.31493/tit1812.0201 (in Rus-
sian).

17. Chernyshev D.O., 2017. Methodological prin-
ciples of providing the reliability of organiza-
tional and technological solutions in projects of
biosphere construction buildings. Management
of development of complex system, Vol.32,
210-215 (in Ukrainian).

18. Khomutetska T.P., 2015. Ways to ensure the
effective operation of water supply companies /
TP Khomutetska. Khomutetska. Problems of
water supply, drainage and hydraulics: Science
and Technology, Iss.25, Kyiv, 273-279 (in
Ukrainian.

HccnenoBanne B3aMMOCBS3H Npeaena
NMPOYHOCTH M JOJITOCPOYHOI YyCTATIOCTH
CTAJILHOUj YKPeIUICHHUS KeJ1e300eTOHHBIX
KOHCTPYKU Ui

lenuc Yepnoviwes, FOnus Maxapenxo,
Tamovsna Xomymeyxas, Barepuii Makapenko

AHHoTamus. Pe3ybTaThl SKCIIEPUMEHTATBHBIX
WCCIICIOBAHUN TTOKa3aJld CUJIBHOE BIUSHHE aAu(-
(hy3MOHHOTO BOAOPOAA HA CTATHUYECKWE W ITHKIIH-
YEeCKHE TapaMeTphl TPEUTUHOCTOUKOCTH apMaTyp-
HOM cranu. bbuto 00HapyKEHO, YTO ¢ YBEIHYCHHU-
€M 3aTOIUIeHHUs, OCOOEHHO KOrja cojep)KaHue
BOJIopozia TpeBbimaer 5 ¢cm*/100 T, kak craruye-
CKasg TPOYHOCTb, TaK W MJIUTENbHAs IMPOYHOCTH
(ycramocth) pe3ko CHIKawTcs. [lpudgem 3T
YYacTKH PacTBOpa BOAOPOJAA B apMaTypHOU CTaiu
XapaKTePU3yIOTCS BS3KUM XapaKTepOM pa3pyllie-
HUS, TOTAa KaK JJIs CHIHbHO OOBOJHEHHOM apMary-
pol (0T 5 10 12 ¢M’/100 1) XapakTepHO XPYyIKOE
pa3pylieHHe 10 MEXaHU3My MUKPOTPEIIUH B 3aKa-
JIEHHOW (MapTEHCUTHON WM TPOOCTHUTOBOM) CTa-
TU. AHamM3 TONY4YEHHBIX SKCIIEPHMEHTAIbHBIX
PE3yJIETaTOB TO3BOJMII OMPE/SIUTh ONTHMAIBLHOS
comep:kaHue BOAOpONa B apMaTypHO# cramm (3...
5 ¢M*/100 T), IpEBHIIEHHE KOTOPOTO MOYKET BbI-
3BaTh CHW)KCHHE TPEIIMHOCTOMKOCTH apMaTypbl
MpU  JUIMTEIBHOH DKCIUTyaTallid, OCOOCHHO B
arpeccUBHBIX Cpelax.

[IpennoxeHn MexaHW3M BIMSHUS BOAOPOJAa Ha
TPEIMHOCTOMKOCTh, METallIa MPU CTATUYSCKOM U
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3HaKONICPEMEHHOM Harpy»KCHUH, KOTOPBIA 3aKJIr0-
yaercs B qu(Gdy3ur U NepeMEIICHUN AUCIOKAIMH
BOJIOpOJIa B CTPYKTYpE apMHPYIOIIETO CTEPIKHS,
YTO B pe3yJIbTaTe BBHI3BIBACT CHIILHOC 3aJIMBAHHE
CTaJM ¥ YBEJIIMYCHUS €€ XPYNKOCTH. Y CTaHOBIICHO,
YTO YIJEpOJMHBbIE M HU3KOJIETHMPOBAHHBIC CTaJH,
XapakTepusylomuecss  (GeppUTHO-NIEPIUTHON |
COpOUTOBOI CTPYKTYpO#, 00€CTIEYHBAIOT BEICOKYIO
CTOHKOCTh, 0COOCHHO K JUTUTENLHON YCTAJIOCTH,
Mepexojy Ha CTajd CO CTPYKTYpOH MapTeHCHUTa
WM OTIycKa (mepexonHas CTPYKTypa OeiHuTa).
CrpykTypa OeHHHTa pE3KO CHIDKAET MPOYHOCTD
apMaTypHOW CTalH, YTO JeJlacT HEBO3MOXHBIM

40

WCIIOJIb30BaHUE €€ NMPHU HM3TOTOBICHUHM apMaTyphbl
JUISL JKeJIe300€TOHHBIX KOHCTPYKIIHM, paccuuTaH-
HBIX Ha JJIMTEIbHYIO0 3KcIutyaranuto (Oomee 50...
60 ner). Takum 0Opa3zoM, MOJTyUYECHHAs] CXeMa MO-
XKeT OBITh PEeKOMEHJIOBaHa MPOEKTHPOBIINKAM
JKEJNe300€TOHHBIX KOHCTPYKLIMH THIPOTEXHUYE-
CKOTO Ha3HAYEHWs, TaK KaK 3HAYUTEIHLHO o0Jerda-
€T pa3yMHBII BBEIOOp apMaTyphl NpU pa3paboTke
KeJe300eTOHHBIX KOHCTPYKIUNA OTBETCTBEHHOTO U
JUTUTEBHOTO MCTIONIb30BaHUS.

KurueBbie c¢ji0Ba: TPEMIMHOCTOMKOCTB, 3a-
TOIUIEHHUE, YCTAJIOCTh, IUKJINYHOCTH, apMaTypa.
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Abstract. The main disadvantage of the mech-
anized arc welding process in shielding gases with
short circuits is the spatter during melting of the
electrode metal and its transfer to the weld pool,
which affects the productivity of the process, re-
ducing it. Its elimination is possible through the
implementation of the controlled transfer of molten
electrode metal into the weld pool. The implemen-
tation of such a transfer and the control of the pro-
cesses that take place in the arc gap to a large ex-
tent determine the conditions for the qualitative
formation of the deposited metal, the stability of
the process, the magnitude of the loss of electrode
metal and the manufacturability of the processes of
arc welding in shielding gases. At the present stage
of development of welding technologies, con-
trolled transfer of electrode metal is possible due to
the pulsed nature of arc burning. In this case, one
of the main methods for increasing the efficiency
of the process is to limit the maximum value of the
short circuit current by increasing the inductive
resistance of the welding circuit.

The research aimed to determine the effect of
the rate of rising of the welding current during a
short circuit on the stability of the welding arc. It
was found that an increase in the current growth
rate, starting from 1.23 kA/s to 50 kA/ s, leads to a
decrease in the average duration of short circuits
by at least 10 times. At the same time, the average
frequency of short circuits increases by more than
2 times, from 36...38 s to 80...86 s™'. The reason
for this is the increase in the values of the electro-
dynamics’ Lorentz force, the action of which leads
to the compression of the liquid metal bridge of the
drop (pinch effect) due to an increase in the short
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circuit current. At the same time, there is a viola-
tion of the stability of the pulse process, and this is
reflected in an increase in the average frequency of
arc breaks by more than 30 times from 0.33 s! to
10 s”'. An increase in the energy parameters of the
welding process led to a decrease in the average
frequency of short circuits (2...3 times) and their
average duration (2 times). The reason for this
should be considered a change in the type of trans-
fer of liquid metal — the welding process with short
circuits has turned into a mixed process in which,
along with short circuits, a droplet transfer of elec-
trode metal is observed.
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Keywords: mechanized arc welding in shield-
ing gases, arc stability, controlled transfer, current
source, inductive resistance, short-circuit current
rise rate.

INTRODUCTION

It is known that mechanized arc welding in
shielding gases with short circuits (s.c.) is per-
formed at moderate values of the welding cur-
rent (up to 180...220 A) and a relatively low
voltage (18...24 V) on the arc. The main dis-
advantage of the process is spattering during
melting of the electrode metal and its transfer
to the weld pool, which affect the productivity
of the process, reducing it [1, 2]. Authors of
publications [3 — 6], devoted to the improve-
ment of technological processes of shielded-
gas arc welding, based on theoretical and prac-
tical searches, came to the conclusion that the
elimination of drawbacks is possible through
the implementation of the controlled transfer
of molten electrode metal into the weld pool.
The implementation of such a transfer and the
control of the processes that take place in the
arc gap to a large extent determine the condi-
tions for the qualitative formation of the de-
posited metal, process stability, the amount of
electrode metal losses and the manufacturabil-
ity of the processes of arc welding in shielding
gases [7 — 9]. At the present stage of develop-
ment of welding technologies, controlled
transfer of electrode metal is possible due to
the pulsed nature of arc burning [10 — 13].

When pulsed-arc welding, one of the main
methods for increasing the efficiency of the
process is to limit the maximum value of the
short circuit current by increasing the induc-
tive resistance L in the welding circuit [14 —
16]. The parameters of the inductive resistance
of the welding circuit determine the current
growth rate v during short-circuit, on which

depends 1, snéax , the stability of the welding

process and spatter of the electrode metal
[1, 17, 18]. Under the stable behaviour of the
pulse-arc welding process, we will consider
such a process in which there is no violation of
the welding arc burning. A sign of violation of
the arc burning will be the transition of the
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power source to open-circuit voltage, which
will be recorded by the information-measuring
system when registering the instantaneous
values of current and voltage on the arc.

PURPOSE AND METHODS

Based on the features of mechanized arc weld-
ing, the aim of the research was to determine
the influence of the value of the welding cur-
rent growth rate during a short circuit on the
stability of the welding arc.

It should be noted that in a pulse power sup-
ply, there is a structurally absent inductor that
regulates the value of w, and, accordingly, the
maximum value of the short circuit current

1 Sniax To control these parameters, it is pro-

vided that the so-called virtual inductance Ly is
numerically laid in the controller at the pro-
gram level, which determines the reaction rate
of the source to a change in current in the
“source-arc” circuit.

In connection with this feature, before per-
forming experimental studies, the relationships
between Ly and v. were determined using a
computerized information-measuring system
(IMS) [19]. For this, the inverter [20] was
connected to the ballast rheostat according to
the circuit in Fig. 1. When the circuit breakers
were closed at 50 A, and then at 100 A at dif-
ferent Ly values, the analogue-digital converter
IMS recorded a current jump from 50 A to 150
A using a connected current transformer.

Fig. 1. Connection diagram of devices for deter-
mining the dependence of the value of 1;
from the parameter Ly: 1 — power supply
LET-500, 2 — ballast rheostat, 3 — current
transformer, 4 — information-measuring sys-
tem IMS 2007
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During operation, the IMS recorded the in-
stantaneous values of the current flowing in
the inverter-rheostat circuit, after which the
time interval at which the current increased
from 50 to 150 A was determined from the
oscillogram (Fig. 2).

100A

4948 495 4952 4954 495 4958

Fig. 2. An example of current oscillograms for
determining the current growth rate from
50 to 150 A. t is the current growth time
by 100 A

The value of v calculated according to a
simple formula: v = 100 [A] / T [s]. Depend-
ing on the value of Ly, T changed. The calcula-
tion results of 1 for different values of Ly are
shown in Table 1.

Table 1. The calculated values of v. for different
values of the parameter Ly

L.V, conven- Ve, KAVS L v, conven- v, KAVs
tional units tional units
9 50,0 21 1,23
12 35,7 24 0,35
15 11,4 27 0,22
18 4,15 30 0,06

The implementation of the experimental
work involved surfacing on a plate with pro-
gramming the inverter operation mode at dif-
ferent values of Ly=9, 12, 15, 18, 21, 24, 27,
30. For this purpose, current-voltage character-
istics (CVC) No.1 and No.2 were placed in the
inverter (Fig. 3) and set the pulse mode with a
frequency of /=25 Hz and a duty cycle of C =
2.

Plate material — steel of strength class X70,
wire — Sv08G2S with a diameter of 1.2 mm,
wire feed speed V= 5.1 m/min., shielding gas
— Ar + CO», welding speed V' = 30 cm/min.
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Fig. 3. CVC of a pulsed process with a frequency
f =25 Hz to determine the effect of the
growth rate of the welding current v arc
stability: 1, 2 — inverter operation according
to [-V characteristics No.l and /-V charac-
teristics No.2, respectively

The heat input Q for each experiment was cal-
culated using the well-known formula in
which the values of I,y and Usy were deter-
mined by statistical processing of instantane-
ous values of current and voltage by the in-
formation-measuring system IMS 2007:

60-1_ -U
— av av_ , 1
0 7 (1)

where V' — welding speed (cm/min.), 1 =0.7.
RESULTS AND EXPLANATIONS

The results of the analysis of the data rec-
orded by the computerized IMS, and conclu-
sions regarding the stability of the pulse pro-
cess are shown in Table 2.

Evaluation of all recorded oscillograms of
the arc voltage and their statistical processing
shows that the value of Ly significantly affects
the stability of the pulse process during the
transfer of metal with short circuits (Fig. 4).
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Table 2. Modes of the pulse-arc process at different values of Ly

N | Ly Ve, KA/s Lo, A Uar, V 0, kl/sm I A Note
1 9 50,0 161 23,1 5,207 467 Arc interruption
2 | 12 35,7 169 22 5,205 467 Arc interruption
3 15 11,4 167 22.9 5,354 460-467 Arc interruption
4 18 4,15 172 22,25 5,358 430-435 | Reduction of the
arc interruption
51 21 1,23 172 218 5,249 350360 | Reduction of the
arc interruption
6 | 24 0,35 173,5 21,8 5,295 330-350 E(‘)’narc interrup-
200-270/ | No arc interrup-
7 27 0,22 175,1 21,56 5,285 270-330 tion
200-260/ No arc interrup-
8 | 30 0,06 172,1 21,94 5,286 270-330 tion

So, at Ly =9...18, which corresponds to the
values of the welding current rise rate v =
50.0...4.15 kA/s, non-uniform breaks in the
welding arc burning are observed. On
oscillograms, this is reflected in the operation
of the switching power supply at open-circuit
voltage Uoc = 60 V (Fig. 4, a-d). An increase
in the value of Ly to conventional values of
24..30, which due to the inverter control
system significantly reduces the value of 1w,
Leads to the fact that the process of arc
burning is much more stable, almost without
breaks (Fig. 4, e-k). On the histogram, this is

displayed by a sharp decrease in the number of
instantaneous values of the power supply
operation at Uoc.

When analysing the oscillograms of the
welding current and the statistical processing
of the I-U characteristics of the process (Fig.
5), it was found that a decrease in the value of
v, leads to a significant limitation of the max-
imum value of the short circuit current. So, for
example, at v = 35.7 kA/s (Fig.5, a), there is,
in addition to the already identified violations
in the stability of continuous arc burning (Iy =
0, U4 = Uoc), a wide range of the spread of the

Voltage, V

1T T 7T

B706s 275 23 235 29

Voltage, V
g

]
2
5
§ 7000~
| g oo
< 5000~
4000-|
3000~

s 1 = = H—

35
25|
20|
15
10
t
¥

= 20000

1205 121 1215 122
Time

118148 1185 19 1195

1225 1230 0~

o 5 1 15 2 5 0 3 4 45 0 5 6 65
Amplitude

Fig. 4 (beginning). Oscillograms and histograms of the arc voltage at different Ly values: a — 9 (1. = 50
kA/s); b — 12 (ve = 37.5 kA/s); ¢ — 15 (ve = 11.4 kA/s); d — 18 (v = 4.15 kA/s); e — 21 (v, = 1.23

kA/s); f—24 (ve = 0.35 kA/s); g — 27 (ve =

0.22 kA/s); h — 30 (v = 0.06 kA/s). Usc — instantaneous

voltage values during short circuit, Upc — instantancous voltage values when the power source is

working at open circuit voltage
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instantaneous values Isc = 120...465 A zone.
The maximum value of the short circuit cur-

rent in many cases was I Snlax =467 A. When

surfacing, this was reflected in a high sputter-
ing of molten metal.

A gradual increase in virtual inductance to
Ly=24..30 (% =0.35..0.06 kA/s) led to a
significant change in the quality of the pulse
process (Fig. 5, f-h). The maximum short cir-

max

cuit current decreased by 130 A to I,

330...350 A and the zone of dispersion of in-
stantaneous values was Isc = 200...330 A.

The entire zone of instantaneous values Isc
is divided into two ranges: the first — 200...260
A and the second 270...350 A. It can be as-
sumed that the first range corresponds to a
short circuit at the time of operation of the

22000~

power supply according to CVC No.1, and the
second — according to CVC No.2.

Statistical processing of instantaneous val-
ues of the welding current showed that an in-
crease in the current growth rate w, starting
from 1.23 kA/s and up to 50 kA/s, leads to a
decrease in the average short-circuit duration
by at least 10 times (Fig. 6, a). At the same
time, the average frequency of short circuits
increases more than 2 times — from 36...38 s°!
to 80...86 s'. The reason for this is the in-
crease in the values of the electrodynamics’
Lorentz force, the action of which leads to the
compression of the liquid metal bridge of the
droplet (pinch effect) due to an increase in the
magnitude of the Isc. Energy characteristics of
the pulsed process for different v. did not

Arc burning

2001 Arc burning 2 interruption
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Fig. 5 (beginning). Histograms of the welding current and the current-voltage characteristic of a
pulsed process with short circuits at different Ly values: a — 9 (1. = 50 kA/s); b— 12 (v. =
37.5kA/s); c— 15 (ve = 11.4 kA/s); d — 18 (ve =4.15 kA/s); e — 21 (ve = 1.23 kA/s); £— 24
(ve=0.35kA/s); g— 27 (v. = 0.22 kA/s); h — 30 (v = 0.06 kA/s). 1, 2 — inverter operation
according to /-V characteristics No.1 and No.2, respectively
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Fig. 6. The influence of the short-circuit current growth rate on: a — the average frequency and duration
of short-circuit; b — the stability of the pulse-arc welding process

change significantly since the values of /4y and
U4y remained at the same level (160...170 A,
21...22.5 V), the heat input Q was in the range
of 5.20...5.35 kJ/cm.

Statistical analysis also confirmed the con-
clusion (Fig. 6, b) that the increase in v leads
to a violation of the stability of the pulse pro-
cess and this is reflected in an increase in the
average frequency of arc breakage by more
than 30 times from 0.33 s!' (for w =
0.06...1.23 kA/s) to 10 5™ (for v. = 50 kA/s).

To determine how the growth of the weld-
ing current 1 affects the stability of the pulsed
process if it is necessary to increase the heat
input Q, additional experimental and theoreti-
cal studies were carried out. To do this, the /-
V' characteristic was placed in the inverter (Fig.
7), in which the falling sections of the I~V
characteristics No.l and No.2 (in the range of
40 — 11 V) were shifted in the direction of in-
creasing the welding current by 100 A com-
pared to the previous version programming the
power source (see Fig. 3). The pulse process
was carried out with a frequency f= 25 Hz, the
welding speed V' = 30 cm/min., the wire feed
speed Vi = 7.7 m/h, the shielding gas —Ar +
CO..

The results of processing these data by a
computerized information-measuring system
are shown in Table 3.
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An analysis of the obtained data and their
comparison with the results of previous
experiments (Fig. 6, a) showed that an increase

o

0 50 100 150 200 250 300 350 400 450 500 550 600 €50

IA
Fig. 7. Current-voltage characteristics of the pulse
process to determine the effect of the
growth rate of the welding current v; on the
stability of arc burning at heat input O =
7.8...8.0 kJ/cm. 1, 2 — inverter operation ac-
cording to [~V characteristics No.l and
No.2, respectively
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Table 3. Welding modes and data processing results

Inw 0 Jmx Average fre- Short circuit
N | Ly | v kA/s A ’ Uaw, V K /s’m s.c. > |quency of short| average dura- Note
A circuits, s™! tion, s
1 9 50,0 220 25,8 7,946 467 27 0,00021
2 12 35,7 220 25,9 7,977 467 26 0,00050 ”
3 15 11,4 225 24,5 7,717 450 25 0,00080 %
4 18 4,15 223 25,4 7,930 410 22 0,00089 S
5 21 1,23 223 25,5 7,961 390 20 0,00090 =
6 | 24 0,35 222 25,9 8,050 385 17 0,00096 2
7 1 27 0,22 225 25,0 7,875 385 21 0,00098
8 | 30 0,06 225 24,9 7,843 385 22 0,00094

in the energy parameters of the pulsed-arc
welding to the level of /ew = 220...225 A,Usw
= 245.259 V, Q0 = 79..8.0 kl/cm led to
changes in the parameters that characterize the
process of pulse welding with short circuits. A
sharp decrease in the average frequency of
short circuits (2...3 times) and their average
duration (2 times) took place. The reason for
this should be considered that the increase in
energy indicators changed the type of transfer
of liquid metal — the welding process with
short circuits (Fig. 8a) turned into a mixed
process [15], in which, along with short
circuits, a droplet transfer of electrode metal is
observed (Fig. 8b). In the latter case, part of
the molten metal flows into the weld pool in
small drops, while the short circuit time is
much shorter (3..5 times) than with a
conventional short circuit. As a result of this,
the arc voltage remains at the level of Usc >
12...15 V and does not have time to decline to
the accepted values of Usc =5...10 V.

Since the IMS 2007 statistically calculates
the cases of short circuit for the condition Usc
=5...10 V and does not take into account larg-
er voltage values, the calculated average fre-
quency of short circuits is lower.

Processing oscillograms of the welding cur-
rent and voltage showed that pulse-arc welding
proceeds stably without disturbances in the
welding arc burning in the entire range of the
control value Ly = 9..30 (v. = 50.0...0.06
kA/s).

CONCLUSIONS

1. The increase in the inductance of the
power source, which due to the control system

Transfer of Innovative Technologies
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of the inverter significantly reduces the slew
rate of the short circuit current, leads to stabi-
lization of the pulse-arc welding process with
short circuits.

2. An increase in the growth rate of the
short circuit current v, starting from 1.23 kA/s
to 50 kA/s, leads to a decrease in the average
duration of the short circuit by at least 10
times. At the same time, the average frequency
of short circuits increases more than 2 times.

3. An increase in the energy indices of
pulse-arc welding led to a sharp decrease in
the average frequency of short circuits (2...3
times) and their average duration (2 times). As
a result, the process proceeds stably without
disturbances in the burning of the welding arc
in the entire range of changes in the inductance
of the power source.
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Cradniu3zanms npomecca MexaHM3MPOBaHHOMN
HMITyJIbCHO-AYTOBOH CBApKH

Cepeeii Maxcumos, Anamonuti I agpuniox,
Jlenuc Kpaoicarnosckuii

AHHoTauMs. ['TaBHBIM HEJIOCTATKOM MPOIIEC-
ca MEXaHU3UPOBAHHOW AYTOBOM CBApKU B 3allIUT-
HBIX ra3ax ¢ KOPOTKMMH 3aMbIKAHUSIMH SIBJIAECTCS
pa3OpeI3rUBaHUE TIPH IUIABJICHUH JJICKTPOJTHOTO
METaJIa U €0 MEPEHOCE B CBAPOUHYIO BaHHY, UYTO
CKa3bIBAIOTCSA HA MPOU3BOAUTENBHOCTH IIpoLiecca,
cHmkas ee. Ero ycrpaHeHue BO3MOXKHO ITyTEM
peanu3ald yIpaBsieMOro IEpeHoca paclljiaB-
JICHHOTO DJJIEKTPOLHOTO METaula B CBAPOYHYIO
BaHHy. Peanuzanus Takoro nepeHoca U KOHTPOJIb
MPOLECCOB, KOTOPBIE MPOXOJAT IPU 3TOM B Jyro-
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BOM IMPOMEKYTKE, B 3HAUHUTENBHOH CTEHCHU
OIIPEIEIISIOT YCIOBUS KAauyeCTBEHHOI'O (hOpMHpPO-
BaHUs HAIUIABIEHHOI'O MeTajlla, CTaOMJIbHOCTH
mpolecca, BEIMYHHY IOTEPb 3JIEKTPOAHOTO Me-
Tajjla ¥ TEXHOJOTMYHOCTh IIPOLIECCOB IYI'OBOM
CBapKM B 3aIIUTHBIX razax. Ha coBpemeHHOM
JTane pa3BUTHS CBAPOYHBIX TEXHOJOTWH ympaB-
JISIeMbI TIEPEHOC AJIEKTPOIHOIO METallla BO3MO-
J)KEH 3a CYeT HMILYJIBLCHOIO Xapakrepa TOpEeHHs
ayru. IIpu 3TOM OJHUM M3 OCHOBHBIX NPUEMOB
MOBBILIEHUS YPPEKTUBHOCTH Mpolecca SBISETCS
OIrpaHUYCHUC MaKCHUMaJIbHON BEJIMYMHBI TOKa
KOPOTKOT'O 3aMbIKaHUA 3a CUCT YBCIWYCHHA HH-
IOYKTUBHOTO COIPOTUBIICHUS B CBAPOYHOH LICTIH.
Lenp mpoBeAEHHBIX MCCIEAOBAHUN — OIpese-
JICHUEC BJIMAHUA BCIWYHMHBI CKOPOCTH pOCTa CBa-
POYHOTO TOKA HPH K.3. HA CTA0MIBHOCTD TOPEHHS
CBapOYHON AYId. YCTAaHOBJIEHO, YTO yBEIHMUYCHHE
CKOpOCTH pocTa Toka, HaunHas ¢ 1,23 kA/c go 50
KA/C, IPUBOJUT K YMEHBIIEHHIO CPEIHEH Mpo-
JOJDKUTEIBHOCTH KOPOTKOI'O 3aMBIKAHUSI HE Me-
Hee yeM B 10 pa3. OQHOBPEMEHHO C 3TUM yBEIH-
YUBACTCA CpCAHAAd 4aCTOTa KOPOTKHUX 3aMBIKaHUI
Gosee ueMm B 2 pasa, ¢ 36 ... 38 ¢! 10 80 ... 86 ¢
[Iprumua 3TOrO 3aKIIOYaeTCs B pocTe 3HAYCHHUIN
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3JIEKTpOoIMHaMUYecKoi cuibl JlopeHna, neicTaue
KOTOpOW MPHUBOIUT K CXKATHIO TEPEMBIYKU JKHI-
KOro Merajuia Karmu (MaHI-3(pQeKT) BciieacTare
YBEJIIMYCHHS BEIMYMHBI TOKA KOPOTKOTO 3aMbIKa-
Hus. [lpu »TOM HaOmromaeTcsi HapylIeHHE CTa-
OWJILHOCTH HMMITYJILCHOI'O Ipollecca M 3TO OTpa-
JKACTCS B YBEITUYCHUU CPEIHEN 4acTOThl OOPHIBOB
nyru Gosnee yem B 30 pas ¢ 0,33 ¢! 10 10 ¢!, VBe-
JTUYEHHE YHEPreTHYeCKUX MOKaszaTelel mpoiecca
CBapKH TPHUBENIO K YMEHBUICHUIO CPEIHEN YacTo-
Thl KOPOTKHX 3aMbIKaHuii (B 2 ... 3 pasa) u cpen-
HeU MPOIOJDKUTEIHHOCTH K.3. (B 2 paza). [Ipuum-
HOM 3TOrO ClieAyeT CYUTAaTh M3MEHEHHUE THIIA Tie-
peHoca KHMIKOTO MeTajula — IPOIECC CBApKU C
KOPOTKHMH 3aMBIKaHUSMHU TPEBPATWICS B CMe-
IIAHHBIN MPOLIECC, B KOTOPOM HapsAy ¢ KOPOTKH-
MU 3aMBIKQaHUSIMH HaOIFOJJaeTCsl MEIKOKAIelb-
HBII TIEPEHOC KUAKOTO MEeTalla.

KiroueBble cJioBa: MEXaHU3MPOBAHHAS Tyro-
Bas CBapKa, 3all[UTHBIC T'a3bl, CTAOMILHOCT rope-
HUS, CBapoyHas Jyra, YIpaBIseMbId IEepeHoc,
HMCTOYHUK TOKA, HHIYKTHMBHOE COIPOTHBIICHUE,
CKOPOCTh POCTa CBApPOYHOI'O0 TOKA, KOPOTKOE 3a-
MBIKaHHE.
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Abstract. Carbonization of concrete leads to a
decrease in the alkalinity of concrete, an increase
in the number of hydrogen ions in the pores, is one
of the main factors that lead to corrosion of rein-
forcement, the formation of cracks and the subse-
quent reduction of load-bearing capacity of struc-
tures. The study of the depth of carbonization of
concrete is to determine the pH of the pore liquid
at different depths. There are devices with auto-
matic maintenance of a given concentration of
carbon dioxide, to determine the diffusion permea-
bility of concrete to carbon dioxide, based on data
on the rate of neutralization (carbonization) of
concrete with carbon dioxide. Basically, this meth-
od is intended for use in the development of tech-
nology and design of concrete composition,
providing long-term maintenance of structures in
non-aggressive and aggressive gaseous environ-
ments, as chips are not prepared immediately be-
fore the test and after reaching the design age are
placed in the installation with reagents for 7 days.
But to determine the carbonization directly on the
construction site or object often use the pH meth-
od, i.e. the indicator method of pH determination.
To assess the concentration of hydrogen ions used
acid-base indicators - organic substances — dyes,
the color of which depends on the pH from the
obtained results the algorithm of definition of
depth of carbonization consists in the following
actions. The improved formula of definition of
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depth of carbonization of concrete taking into ac-
count degree of aging and corrosion damages for
what in the final formula the corresponding coeffi-
cients kg and kyor are entered: hcarb = {(2D.C.1) /
(mo-kg -kior)} 1/2, where the effective diffusion
coefficient of CO; in the concrete of the existing
reinforced concrete structure, which is determined
by the condition D = (m,-62) / (2C+t ). The thick-
ness of the neutralized layer o is determined exper-
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imentally on an existing structure using a physico-
chemical method (phenolphthalein solution or
using depth gauges. .Concentration of CO; in air C
should be determined by chemical analysis of air
samples taken directly from the structure or take ~
0.03%. Re. the ability of concrete mo is deter-
mined by the formula m, = 0.4 (C.p-f), taking the
amount of cement, kg per 1m?, respectively, the
strength of concrete. neutralization of concrete is
equal to f=0.5.

Keywords: carbonization, corrosion, rein-
forcement, concrete, hydraulic engineering, diffu-
sion.

INTRODUCTION

Carbonization (neutralization) of concrete
is a process of interaction with carbon dioxide
(CO2) which results in the formation of calci-
um carbonate with a reduced pH of the liquid
phase of concrete and the loss of passive ac-
tion on concrete reinforcement (Fig. 1, 2)
[1—4].

Moreover, the passive state is a state of the
metal in which the speed of the anode process
is very limited, ie corrosion is virtually absent.

Influence of chlorides — 65% carbonization
— 5...6% poor quality mortar — 3...4% frost
destruction — 5% fatigue of structures — 5%
construction and installation defects —
18...20% This is more clearly illustrated in
Fig. 3 [3, 4].

Despite the fact that carbonization occupies
only 5...6% of destruction, but its prevalence
in recent years in underground sewer-

RPN
. ' Concrete | -
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hydraulic reinforced concrete structures has
led to the need for urgent study of this im-
portant problem for the construction industry
[4, 5].

According to the analysis of literature
sources which are devoted to the problem of
carbonization, the main characteristic respon-
sible for the kinetics of carbonization is the
diffusion permeability of carbon dioxide CO>
into concrete.

According to Fick's first law, we have

Q=-D-. (dc/dd), (1)

where Q is the amount of transferred substance
that is proportional to the gradient of its con-
centration dc/ds; D is the coefficient of propor-
tionality or diffusion coefficient cm?/s (it is
assumed that the diffusion coefficient does not
depend on the gas concentration and time) [7].

The change in concentration with time
dc/do at point (x) in linear diffusion is deter-
mined by Fick's second law

de/dt = D. (d2¢/dd2). @)

Assuming that the concentration of CO2 in
the pores of concrete varies linearly from the
value of the concentration in the environment
to zero in the zone of chemical interaction, and
that the concentration gradient for small time
intervals is constant, we can determine the
effective diffusion coefficient by the formula

= Carbonized
concrete

Fig. 1. A concrete sample is taken from the reinforced concrete structure of the

underground sewer system
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Carbonization of

concrete \

Ingredients of
aggressive
environment

Flushing channel of
carbonization
products

Concrete without
carbonization

* Corrosion of
' reinforcement

Reinforcement

Fig. 2. Schematic representation of the occurrence of corrosion of reinforcing steel

D = (mo 282/2C-1), 3)

where D is the effective gas diffusion coeffi-
cient in concrete cm? / s; mo is the reactivity of
concrete or the volume of gas absorbed per
unit volume of concrete. This value depends
on the mineral composition, consumption and
degree of hydration of cement and the pore
structure of cement stone;  is the thickness of
the neutralized concrete layer, mm; t — dura-
tion of gas action on concrete, s; C is the con-
centration of CO» in the air in relative terms by
volume.

The reactivity of concrete to carbon dioxide
can be determined approximately by the for-
mula

m, = 0.4 (C.p-f), 4)

Concrete without
carbonization

1cm Carbonization of

concrete

2cm

II|IHI|II|I|IIII|IIII|

Fig. 3. Scheme of measuring the depth
of carbonization

where C is the amount of cement kg per 1 m?
of concrete; p is the number of basic oxides in

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 53-59

the cement in terms of CaO in relative terms
by weight. Accepted in the calculations ac-
cording to the chemical analysis of cement; f is
the degree of neutralization of concrete equal
to the ratio of the number of basic oxides that
reacted with the acid gas to their total amount
in the cement.

Since in practice it is often necessary to
note the diffusion permeability of existing re-
inforced concrete structures, for which it is
almost impossible to directly determine the
parameters C, p, f, they can be determined
approximately by the following assumptions.
Since the strength of concrete depends on the
amount of cement, kg per 1 m?, you can
roughly take C for concrete:

B25 (M300) — 300 kg; B30 (M400) — 400
kg; B40 (M500) — 500 kg. The concrete
strength of the existing reinforced concrete
structure can be determined by non-destructive
methods.

If it is impossible to perform chemical
analysis of cement, the value of p can be taken
taking into account the composition of Port-
land cement [7, 8]:

CaO = 58-72% MgO = 5% Na,O =
=1-2% K70 = 1-2%,

i.e. the value of p can be taken equal to the
average height = 0.7.

In addition, we can assume that the degree
of neutralization of concrete f, in which car-
bonization occurs, based on the conditions of a
linear drop in CO; concentration from the val-
ue of the concentration in the environment
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near the concrete surface to zero in the chemi-
cal interaction zone is = 0.5.

It should be noted that in many scientific
works [9, 10] where problems of carbonization
of concrete are considered and models of fore-
casting of its depth of penetration into concrete
are offered the main lack, in particular, in such
models consequences of aging and corrosion
of elements of concrete and reinforcement that
obviously overestimates results. theoretical
calculations. This shortcoming can be elimi-
nated by entering in the calculation models of
the aging coefficients kst and kkor corrosion
damage [11] kkor.

Table 1 shows the values of the coefficients
kst and kkor for reinforced concrete structures
of sewer systems depending on the service life
(from 0 to 50 years).

Table 1. The value of the coefficients of aging ky
and corrosion ki, reinforced concrete
structures depending on the service life in
underground sewers

Service life of structures, years
Coefficients
10 20 30 | 40 | 50
Kt 0.7 06 | 055] 05045
Kkor 085 | 0.76 | 0.65 | 0.6 | 0.55
ky 0.595 | 0.456 | 0.38 | 0.3 | 0.25

Note: ky = kg % kor 18 the total degradation coef-
ficient of reinforced concrete structures of
sewer systems

Given the above, the formula for determin-
ing the depth of carbonization will be as fol-
lows:

hkarb = {(2D*C*T) / (m0+kCT *kkor)} 1/2; (5)

Then, using the data of Table 1, according
to formula (5) we calculate the depth of car-
bonization of concrete of long service life. The
results of the calculation are summarized in
Table 2. Attention is drawn to the low error
(not more than 5...6%), which indicates the
adequacy of the theoretical calculations of

56

physical and mechanical processes that ac-
company the carbonization of concrete during
the long life of reinforced concrete structures
of underground sewerage [12].

Test methods:

- preparation of an alcoholic solution of the
indicator 1% alcoholic solution is used:
(1 gram of the drug is dissolved in 80 ml of
ethyl alcohol and water is added to a volume
of 100 ml) [11];

- the indicator is applied on a fresh section
of concrete made on an experimental structure
or on a sample of concrete powder drilled from
different depths from several holes. In the pH
range from 8.2 to 10, the color of the indicator
changes from colorless to red-purple. It is be-
lieved that when the pH of the pore fluid in the
concrete around the reinforcement decreases to
10, the concrete loses the ability to reliably
protect the reinforcement from corrosion and
in the presence of oxygen (oxidized) and mois-
ture (electrolyte) corrosion of the reinforce-
ment can begin. The depth of the carbonization
zone from the surface of the structure is meas-
ured with a caliper [12].

Thus, it can be emphasized that carbon di-
oxide COz, which is in the atmosphere, pri-
marily penetrating into the pores of concrete,
tends to neutralize the highly alkaline envi-
ronment in the presence of moisture, thereby
weakening its protective effect against rein-
forcement. This process is called carbonization
concrete — is a complex reaction of conversion
of calcium hydroxide into calcium carbonate,
which in a simplified form can be written [12]:

Ca (OH) 2 + COz + H2O = CaCOs + 2H,0.

THE RESULTS OF EXPERIMENTAL
AND THEORETICAL RESEARCH
AND THEIR DISCUSSION

Table 1 shows the values of the coefficients
of aging and corrosion of structures and
Table 2 shows the data for determining the
depth of carbonization of concrete depending
on the service life of the reinforced concrete
structure.

The carbonization process consists of a
number of intermediate stages, starting from
the surface of the concrete structure from the

Transfer of Innovative Technologies
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moment of its manufacture and attenuating as
carbon dioxide penetrates into the concrete
through open pores.

Table 2. Calculated and experimental values of
carbonization depth of reinforced concrete
structures of underground sewer structures

The service life of structures is
Depth of years
carbonization,
mim 10 20 30 | 40 50
hicor 7.7 12017 | 363|613 | 91.9
hexp 9.1 18.7 | 33.6 | 58.7 | 88.87

Note: The error between theoretical (calculated)
and experimental values of the depth of
carbonization is not more than 5...6% al-
lowed in engineering calculations

During the reactions, the pH value of the
porous liquid of concrete decreases from the
initial values of 12.5 to a level below 9. With
limited access of air, iron is not passivated in
alkaline solutions having a pH below 11.3 —
11.8. Carbonization of concrete is completely
completed at pH values of about 9. At such pH
values there is a depassation of reinforcing
steel (destruction of the protective film), re-
sulting in a risk of corrosion of the reinforce-
ment.

Carbonization of concrete leads to a de-
crease in the alkalinity of concrete, an increase
in the number of hydrogen ions in the pores, is
one of the main factors that lead to corrosion
of reinforcement, the formation of cracks and
subsequent reduction of load-bearing capacity
of structures. The study of the depth of carbon-
ization of concrete is to determine the pH of
the pore liquid at different depths. There are
devices with automatic maintenance of a given
concentration of carbon dioxide, to determine
the diffusion permeability of concrete for car-
bon dioxide, based on data on the rate of neu-
tralization (carbonization) of concrete with
carbon dioxide. Basically, this method is in-

Transfer of Innovative Technologies
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tended for use in the development of technolo-
gy and design of concrete composition,
providing long-term maintenance of structures
in non-aggressive and aggressive gaseous en-
vironments, as samples are not prepared im-
mediately before testing and after reaching
design age are placed in the installation with
reagents for 7 days. However, the pH method,
i.e. the indicator method for determining pH, is
often used to determine carbonization directly
on a construction site or site. To assess the
concentration of hydrogen ions used acid-base
indicators — organic substances — dyes, the
color of which depends on the pH of the medi-
um, in this case wusing phenolphthalein
C20H1404.

CONCLUSIONS

Based on the above, we can conclude the
following:

1 The proposed algorithm for determining
the depth of carbonization, which consists in
the following steps:

Improved formula for determining the
depth of carbonization of concrete, taking into
account the degree of aging and corrosion
damage, for which the final formula intro-
duced the appropriate coefficients ks and kior:
hiary = {(2D-C.1) / (mo-kst -kior)} 1/2, where
the effective diffusion coefficient of CO; in
the concrete of the existing reinforced concrete
structure, which is determined by the condition
D = (mo-62) / (2C-1).

2. The thickness of the neutralized layer 9 is
determined experimentally on an existing
structure using a physicochemical method
(phenolphthalein solution or using depth gaug-
es).

3. The concentration of CO; in the air C
must be determined by chemical analysis of air
samples taken directly from the structure or
take ~ 0.03%.

4. The reactivity of concrete mo is deter-
mined by the formula m, = 0.4 (C.p-f), taking
the amount of cement, kg per 1m?, according
to the strength of concrete. The amount of
basic oxides in cement in terms of CaO to take
the average values of p = 0.7. Moreover, the
degree of neutralization of concrete is taken
equal to f=0.5.
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YiaydueHne pac4eTHO-IKCIIEPAMEHTAJIBHOI 0
MeTo[a OLleHKH KapOOHHU3alUHU HKejle30-
0eTOHHBIX KOHCTPYKIUI MOJ3eMHBIX
CHUCTEM KAHAJIM3ALNU

Muxaun Cyxau, Barepuii Yueapes,
Hean Yebomap

AnHotamusa. Kap6onnzanus 6eToHa MPUBOIUT
K CHIDKEHHIO IIEJIOYHOCTH OETOHa, YBEITUYEHHUIO
KOJIMYEeCTBAa MOHOB BOJOPOAA B MOpax, SBISAETCS
OJTHIM U3 OCHOBHBIX (DaKTOpPOB, TPUBOJAIINX K
KOpPpO3UH apMaTyphl, O0Opa3oBaHMIO TPEIIMH U
MOCJEAYIOUIEMY CHM)KEHHIO HECyILIeld CrocoOHO-
CTH. BMECTHMOCTh KOHCTpykuui. McciemoBanue
ryOuHbl KapOoHM3anuu OeTOHAa 3aKI0YaeTCs B
onpenenenuy pH mopoBoil >KUAKOCTH Ha pa3HOU
riyOune. CylecTByIOT YCTPOWCTBA C aBTOMaTHYe-
CKUM TOJJEp)KaHUEM 3aJJaHHOW KOHIIEHTPALUU
YIJIEKUCIIOTO0 Ta3a, II03BOJIAIOIIME OIpENesaTh
¢ Gy3UOHHYIO TTPOHUIIAEMOCTh OeTOHa IS YT-
JICKUCIIOTO Ta3a Ha OCHOBE JAHHBIX O CKOPOCTU
HelTpanu3anuu (KapOoHU3alui) OETOHA YTIIEKUC-
JBIM ra3oM. B OCHOBHOM 3TOT MeTox mpenHasHa-
YeH IS UCTIOJIb30BaHUs IpU pa3pabOTKe TEXHOJIO-
MM ¥ KOHCTPYKIMHM OETOHHOTO cocTaBa, oOecrie-
YHMBAIOLIETO JJIUTEIbHOE OOCIy>KMBaHHWE KOH-
CTPYKLIMH B HEAarpeCCUBHBIX U arpecCHUBHBIX I'a30-
BBIX CpeJlax, TaK KaK CTPYXKa He TOTOBHUTCS HEMO-
CPEJCTBEHHO Tepe]l UCIbITAaHUEM U T0CNIE JIOCTH-
KEHHsI MPOEKTHOIO BO3pacTa MOMELIAI0T B ycCTa-
HOBKY C peareHTamu Ha 7 cyTtok. Ho mis onpene-
JeHHsT KapOOHHM3alWU MPSAMO Ha CTPOMIIIONIAaIKe
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WK O0BEKTE YacTo HWCHONb3yioT pH-meronm, To
€CTb MHIMKATOPHBIN MeTox onpeaenenus pH. Jns
OLIEHKM KOHIEHTPALlM MOHOB BOAOPOJAA HCIOJb-
3YIOTCSI KHCJIIOTHO-OCHOBHBIC MHIIUKATOPBI — Opra-
HUYECKUE BEIIECTBA — KPACUTENH, IIBET KOTOPBIX
3apucut oT pH. Ilo momydeHHBIM pe3yabTaTam
ANTOPUTM OIIpeIeNIeHns] TIyOnHBI KapOOHM3alnun
COCTOUT B CIEAYIOIIMX ICHCTBUSAX. Y COBEpLICH-
CTBOBaHHasl (hopMyJia ONpPECIICHUS TITyOUHBI Kap-
OoHM3anuy OETOHA C YYETOM CTENEHH CTApEHUS U
KOPPO3HOHHBIX TIOBPEXKICHHH, JIJISl Yer0 B OKOHYA-
TeNbHYI0 (hopMyJly BBOISTCS COOTBETCTBYIOIINE
ko3hduimeHT Ky U Kior: Nearb {2D.C.1) /
(mo-ker +Kior)} 1/2, rie addexTuBHBI KOIPPHULIN-
enr guddysun CO, B OeToHE CyLIECTBYIOLIECH
JKeI1e300€TOHHON KOHCTPYKITUH, KOTOPBIA Ompeie-
nseTcs ycnmopueM D = (mo-02) / (2C.t). Tommuaa
HEHTpaTN30BaHHOTO cJ0sl O OIpenenseTcs dKcre-
PUMEHTAIIFHO Ha CYIIECTBYIOIIECH KOHCTPYKITUH C
MOMOIIBI0 (PU3UKO-XMMUYECKOTO MeTo/1a (PacTBOp
¢deHondranenHa UM ¢ MOMOIIBIO TTyOWHOMEPOB.
Konnentparus CO, B Bozmyxe C no/bKHA ompee-
JAThCS XVUMHYECKUM aHajau3oM npobd Bo3myxa,
B3STHIX HEMOCPEACTBEHHO M3 KOHCTPYKLHH, JTHOO
B3aTh = 0,03% Re. CnocobHOCTH OeTOHA M, OIpe-
nensotT no dopmyie m, = 0,4 (C.p-f), npuHumas
KOJIMYECTBO [IEMEHTA, KI' HA 1M°, COOTBETCTBEHHO
npouHocTs OeToHa. Helitpanuzanust 6eToHa paBHa
f=0,5.
KiroueBble ciioBa: kapOOHH3AIIUS, KOPPO3HS,

apMHUpOBaHue, OETOH, THAPOTEXHHUKA, AU Y3HSL.
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Abstract. Project development and market-
ing on large oil and gas projects (LOGPs) by
engineering-procurement-construction (EPC)
contractors respond to massive capital invest-
ment (CAPEX) undertakings by oil and gas in-
dustry owners and takes on multi-lateral interac-
tions carried out by a dozen of actors proactively
participating in the EPC contractors’ business
ecosystem created to remain competitive toward
owner companies, which form of project market-
ing is different from a straight forward contrac-
tor — owner interaction found in the other
branches of contracting industry. Most of such
interactions are based on strategic trust among
the relevant members built over decades of
heavy win-win transactions.

This study has found the actors that compose
the project development and marketing cycle in
LOGPs, explored dominant logics of EPC con-
tractor’s project development and marketing,
and analysed how primary actors in LOGP de-
velopment and implementation co-create strate-
gic values for both the respective corporations,
and sustainable overall industry growth.

Keywords: project development and market-
ing, large oil and gas projects (LOGP), strategic
trust based value co-creation, hard vehicle and
soft vehicle of contractor competitiveness
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BACKGROUND

This study addresses project development
and marketing by the tier-one global EPC
(engineering, procurement and construction)
contractors  operating in  midstream-
downstream, onshore oil and gas projects.
The unit of analysis of this research is EPC
contractors’ project development and mar-
keting of large oil and gas projects (hereafter
referred to as LOGPs) amounting to US
$150 million and larger in investment costs.

International Energy Agency’ World En-
ergy Outlook (IEA, 2015) estimated that the
global oil and gas industry was expected to
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invest US$ 25 trillion from 2015 to 2040 in
development projects which stands at US
$1.02 trillion average per year. This ex-
pected oil and gas development investment
volume has been drastically reduced in 2020
and 2021 due to two reasons: the drastically
reduced demand for fuel caused by the pro-
longed COVID-19 Pandemic and accelerat-
ed global policy on energy transition by
which oil and gas major companies have
frozen a considerable part of oil and gas
development spending (as of May 2021). Yet
the fact that this industry is a typical capital
intensive industry remains unchanged. Alt-
hough projects in the industry include also
small and medium sized projects up to
around US$150 million, a salient character-
istic therein resides in a relatively large
number of LOGPs including mega projects
exceeding one billion US$ in investment
costs. Merrow refers to mega projects in the
oil and gas industry as those which are
USS$ one billion and larger in terms of con-
stant-0f-2003 $ terms (Merrow, 2012). Ac-
cording to E&Y report on mega oil and gas
projects (E&Y, 2016), 365 mega projects,
here with US$1 billion and larger costs too,
were counted as of 2016.

As most recent (2016) in-depth research
on modelling success of large oil and gas
projects, Redda (2016) defines large oil and
gas projects (LOGP) in excess of US$150
million. This study uses Redda’s term LOGP
to typically handle oil and gas capital in-
vestment projects which are frequently re-
ferred to as “CAPEX” projects as well.

This study addresses contractors’ project
development and marketing by the tier-one
EPC contractors regularly or often occupy-
ing the top ten positions in Engineering
News-Record’s Top 100 International Con-
tractors — EPC division published annually
(ENR, 2018) who almost exclusively handle
mega oil and gas projects (idem). Some au-
thors in this literature review describe the
LOGP EPC community as rather exclusive,
dominated by few players on both owner
side and tier-one contractor side, and form-
ing an entrance barrier (Mohammad & Price,
2006: Berends, 2007; Tanaka 2014); this,
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however, is not a result of entrance barrier
policy but owing to the natural law of the
LOGP EPC business, e.g. the strictly high
requirements of chemical plant technology,
highly experienced and EPC specific tech-
nical personnel and proactive project for-
mation capability based on time-honoured
stakeholder networking, all embodied in
contractors’ track records and reliability
brand, that cannot be acquired in one decade
or so. Also noted is that the EPC industry
has a highly narrow allowance for errors in
project management.

The literature review and EPC industry
review indicate that the global oil and gas
capital investment industry embraces a con-
stellation of actors focusing on owners and
EPC contractors, of which primary resources
are dedicated to the industry over the past
seven decades. This tradition has bonded the
actors strongly, founded on the agency theo-
ry of B2B marketing (Banerjee et al. 2012),
the convention of mutual rule setting and
coordination (Thévenot. L, 2001), cross-
fertilization and co-prospering ultimately
directed the sound growth of the total capital
investment industry; the author’s analysis is
that the project development and marketing
on LOGPs is value co-creating (Vargo and
Lusch, 2004) activities among echelons of
actors in both a cascading direction with the
prime EPC contractor at the top and the bot-
tom-up direction toward the owner company
at the top.

The objectives of this study are to find
the actors that compose the project devel-
opment and marketing cycle in LOGPs, ex-
plore dominant logics of EPC contractor’s
project development and marketing, and
analysed how primary actors in LOGP de-
velopment and implementation co-create
strategic values for both the respective cor-
porations, and sustainable industry overall
growth on the foundation of strategic trust.

The main research question (MRQ) is: Is
project development and marketing on large
oil and gas projects (LOGPs) broad-ranging,
multi-faceted, and highly structured interac-
tions among the relevant capital investment
industry members who co-create strategic
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values for, both the respective industry
members and the industry overall?

METHODOLOGY

This study is a qualitative and explorato-
ry exercise to find the logic of project devel-
opment and marketing on LOGPs and iden-
tify how it differs from project marketing in
other contracting industry. This article is
founded on a working paper “EPC project
marketing in the global oil and gas industry -
a constellation of stakeholders co-creating
strategic value for both enterprises and sus-
tainable industry overall growth: case study”
submitted by the first author to EDEN Doc-
toral Seminar 2018 — Perspectives on Pro-
jects organised by SKEMA Business School
on August 21° to 23, 2018 in Lille, France
(Tanaka, H., 2018).

The research is first founded on the au-
thor (Tanaka)’s employment experience in
the global contractor side of the oil and gas
industry for 42 years, with 20 relevant pro-
ject management articles being published in
a variety of ways, which provides us with an
ethnographic lens for this study, and on re-
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view of 60 literature items on project devel-
opment, project marketing and other theoret-
ical lenses, and oil and gas capital invest-
ment industry specific literatures and data in
ten domains (idem).

On this theoretical foundation of the subject,
we have conducted an analytical study for
sense-making logics of project development
and marketing on LOGPs by way of finding
further evidence, secondary data and Web
data such as analysis of tier-one EPC con-
tractors’ project news releases and profiling
the recently completed and ongoing EPC
joint venture LOGPs to construct the logic,
and co-relating qualitatively the factors
found to support the logics under construc-
tion.

The study has culminated in a conceptual
model of project development and market-
ing for recommendation to the oil and gas
capital investment industry, and identified
further research recommendation.

LITERATURE REVIEW

Construction Industry Institute (1994)
published its extensive research on capital
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investment industry project development
under the title of Pre-Project Planning which
has now been renamed as Front-end Plan-
ning. Pre-project planning, or front-end
planning, is defined as the process of devel-
oping sufficient strategic information with
which owners can address risk and decide to
commit resources to maximize the chances
for a successful project. The process begins
when a validated project concept has been
identified during the business planning pro-
cess and ends when a decision has been
made whether or not to authorize funding
for the execution of the project. The research
has drawn three conclusions:

= Pre-project planning is an owner-driven
process that must be tied closely to business
goals;

= Pre-project planning is a complex pro-
cess that must be adapted to the business
needs of the owner company, tailored to
specific projects, and applied consistently to
all projects in order to gain full benefits;

= Corporate goals and guidelines for both
pre-project planning and the project must be
well-defined and aligned among project par-
ticipants. Alignment requires involvement of
operations, business, and project manage-
ment early in the pre-project planning pro-
cess.

The findings of the PPP research include
influence and cost expenditure curves in
Fig.1.

Value Identification

The PPP study has revealed that many
projects, both large and small, failed due to
lack of careful planning in the upfront and
warns it is too late that right project man-
agement of EPC is in place if against ill-
defined or low quality plans. The graph
shows two curves based on research find-
ings: one, from left bottom to right above is
so-called cumulative capital expenditure
curve; the other, from up left to right bottom
is a curve representing roughly opportunity
to influence project performance at a given
progress point of the project.

The opportunity curve drops sharply to-
ward the award of an EPC contract. The
research suggests that 80% of the project
performance is potentially determined with-
in the 20% progress of the project in its en-
tire cycle down to mechanical completion.
Therefore front-end planning prior to EPC is
crucially important.

Later a graduate research by a middle
manager of a European major oil company
has been conducted on the correlation of
quality of front-end planning and overall
project value realization (Hutchison &
Wabeke, 2006). The research used actual
project data to demonstrate the value of
front-end planning. The correlation is sum-
marised in Fig. 2. In the extreme right, pro-
jects surveyed are categorized into four.
Clearly, projects which had good project
definition coupled with good project execu-

Value Realization

Good Project Execution

Good project definition
& execution

Good Project
Definition

Value

Poor Project
Definition

Good project definition
but poor execution

Poor project definition
but good execution

Poor project definition
& poor execution

Phase 1 Phase 2 Phase 3
Identify & ;
Assess Select Define

Phase 4 Phase 5

Execute Operate

Fig. 2. Influence of Project Development Quality on the Value of a Project (after Hutchison & Wabeke)
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tion is the best in project value realization,
and the reverse, poor plus poor is the worst,
and interestingly, projects having good defi-
nition but poor execution is much better in
value realization than well executed but
poorly defined projects.

Project marketing constitutes one school
of the Nine Schools of Project Management
proposed in ‘“Perspectives in Projects”
(Turner, J.R., Hueman, M., Anbari, F.T., &
Bredillet, C.N., 2010).

The marketing school argues that the var-
ious stakeholders of the project need to be
persuaded to be part of the project and sup-
port its objectives and that the project mar-
keting school therefore focuses on interac-
tion between stakeholders, alignment of stra-
tegic and tactical components, project advo-

cacy, and customer relationship management.

Project marketing elements include:

» Negotiating the fuzzy front-end;

= Structuring the project solution;

= Managing stakeholder relationships;

= Identifying interrelationships of mar-
keting and project management in specific
types of projects;

» Identifying and communicating value;

= (Creating and exchanging value.

Project marketing researchers (Cova et al,
2002; Skaates &  Tikkanen, 2003;
Lecoeuvre-Soudain & Deshayes, 2006; and
Blomquist & Wilson, 2007) suggest that
while project management deals with organ-
izational and management issues, project
marketing deals with sales and marketing
issues of projects.

Project marketing focused on a customer
based approach helps build and maintain
long-lasting relationships with key clients
avoiding short term opportunism. Cova et al
(2002) proposed a three stage model for
project marketing: 1) independent of any
project, 2) pre-tender, and

3) tender preparation. According to this
view, the goal of the project marketing pro-
cess is to win the contract. However project
marketing is a continuous process that oc-
curs during the realisation and project follow
up phases as well. The follow up phase
which occurs after the project has been de-
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livered is very crucial since this determines
client satisfaction, key account development,
and its success will reduce the discontinuity
of project activities (Lecoeuvre-Soudain, &
Deshayes, 2006; Cova et al, 2002). Vargo &
Lusch (2004) suggest the client gets no ben-
efit until the output works. For this reason
Lecoeuvre-Soudain & Deshayes (2006) add-
ed a fourth phase to the project marketing
process, the post project phase, giving four
phases of project marketing:

1) Pre-project marketing: The project
does not exist yet, but the supplier antici-
pates the customer’s requirements, develops
themes for the potential bid, and maintains
the relationship with the client;

2) Marketing at the start of the project:
The supplier starts with co-construction of
rules beside and within the network of influ-
ential relationships;

3) Ongoing project marketing: The client
and contractors proceed with re-negotiation,
modifications, follow-up, and meetings fol-
lowing one another with constant relation-
ship exchanges until the end of the project;

4) Creating the conditions for future pro-
jects: The supplier maintains the relationship
with the client, through logistics support and
“sleeping relationships” which enables it to
manage discontinuity in project business and
prepare for future projects. ¥

Lecoeuvre-Soudain & Deshayes (2006)
suggested that there are six foci of project
marketing: ¥

a. Relationship management (Rel);

b. Trust (Tru);

c. Collaboration (Col) ;

d. Communication (Com) ;

e. Training (Tra);

f. Going with (providing mentoring,
coaching and support) (Gwi).

Going with is identifying the customer’s
true requirement and working with the client
to provide a solution to their requirement.
Turner and Lecoeuvre (2017) take a per-
spective of the service dominant logic, (Var-
go & Lusch, 2004). The focus is on market-
ing with the client, collaborating with them
to produce and sustain value for the client.
The contractor collaborates with the client

Transfer of Innovative Technologies
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so that it can draw upon resources that con-
tractor provides to:

* Co-create value networks and processes,
(relationships);

* Co-create conversation and dialogue,
(communication);

* Co-create value propositions, (collabo-
ration);

* Co-create service offerings, (requiring
trust).

Turner and Lecoeuvre (2017) argued that
project marketing is a portfolio management.

Tikkanen H., Kujala J. and Artto K. pro-
posed The Four Portfolios Framework as a
marketing strategy of a project-based firm
(2007). The framework consists of the rela-
tionship portfolio management for the cus-
tomer relationship portfolio and network
relationship portfolio, and the project portfo-
lio management comprising the sales and
delivery project portfolio and the offering
development project portfolio.

CHARACTERISING THE OIL
AND GAS CAPITAL INVESTMENT
INDUSTRY

To profile the characteristics of the oil
and gas capital investment industry which is
the unit of analysis of this project develop-
ment and marketing study, we have re-
viewed the articles of Yao and Ning (2002),
Mohammad & Price (2006), Berends (2007),
Eweje (2012), Tanaka (2006b, 2014) and
Redda (2016) who all are researchers be-
longing to or have come from the oil and gas
industry. Eweje, Tanaka and Redda’s works
are based, in turn, on other industry re-
searchers’ work on broad oil and gas indus-
try artefacts. Initially 39 profiles were ex-
tracted from the article review, and selected
26 characteristic key words which were
mentioned more than twice, were selected.
The selected characteristics and density of
agreement are shown in Table 1.

Large oil and gas projects (LOGPs) are
vehicles of corporate strategy implementa-
tion for oil and gas companies. Due to their
cumulative huge investment costs (US $1.1
trillion per year, as of 2015), LOGPs repre-
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sent massive undertakings and require sig-
nificant stretch of corporate resources, hence
as a whole are an important economic activi-
ty. LOGPs require a dense focus on front-
end works up to final investment decision
(FID) lasting for a time period equalling to
half of the EPC phase and, once sanctioned,
span a long project cycle with the EPC
phase taking four years or longer to com-
plete. Mega grade LOGPs, in excess of
US$ one billion in investment costs, are
mostly developed by owner joint ventures,
and are implemented by plural EPC contrac-
tors, often forming an EPC joint venture(s),
under multi-country sources of financing,
located at a geographically challenging site,
undertaken by globally dispersed EPC con-
tractor teams, and operated by using project
resources procured from throughout the
world. Due to the huge size and CAPEX, a
long period of time of existence, and global
nature of project formation, LOGPs are ex-
posed to changes in P.E.S.T.L.E. (political,
economic, social, technological, legal, and
environmental) factors and may exert signif-
icant political, economic, environmental, or
social influence in the project host country.

Due to the interplay of all these important
project development and execution factors,
including phase overlaps, so many interfaces,
activity interdependence, the project execu-
tion environment is highly complex and is
exposed to all imaginable uncertainty and
even by wicked risk (Kdmpf Metal., 2011).

EPC contractors play a key role in the
development and implementation of LOGPs
as project stakeholder formation, front end
engineering design (FEED) defining the
project, plant systems integration, plant
technology integration and project resources
integration are all left to EPC contractors.
Hence, they must master complexity and
robust risk management.

THE BUSINESS ECOSYSTEM
FOR LOGPS

The oil and gas capital investment project
community, as seen from a prime EPC con-

tractor, consists of such primary actors as
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Table 1. Comparative review on characteristics of LOGPs

Characteristics of Large Oil & Gas Projects

Berends (2007)

Mohammad &

Price (2006)

Yao & Ning

(2002)

Tanaka (2014)
Eweje (2012) -
Compounded
views
Redda (2016)

Vehicle of corporate strategy implementation

Huge investment costs

o

Massive undertakings — scale, magnitude — an

Mostly multi-projects seen as a program

Significant stretch on the corporate resources

Multiple sponsors or owner joint venture partners

Multi contractors from multi countries

o
oO|O0|O|]O|O|O|O

EPC contractors playing a key role in the

Long project lifecycle, usually over five years

A significant number of stakeholders co-creating

Significant challenge to the stakeholders

Finance engineering

o|Oo|O]|O

Higher levels of uncertainty/risk

o|O0o|o]|jOo|O

Uncertainty in accurate prediction of desired

Uncertainty associated with long project period

Exposure to shift in PESTLE factors

Risk of scope change or cancellation

Logistic challenges, especially on mega projects at

High environmental risk

Robust risk management

High complexity — objectives, project organization

Dense focus on front-end works (up to final

O|O0O|O|O|O|O|O]|O

A challenging project location

o|j]O0o|Oo|]O|O]|O

Geographically dispersed teams

An inadequate supply of resources

Multi vendors from multi countries

Spasmodic delivery/supply schedules

Work fragmentation

Tens of thousands on-site workforces from multi

Extensive infrastructure requirements

Higher technology, new or alternative technology

Larger number of engineering disciplines (seven to

Socio-economic & political interest in the host

Attention of NGO and the media

Significant political, economic, environmental, or

Difficult regulatory constraints

Direct and indirect impacts on the environment

Direct and indirect socio-politico-economic

High level of corporate and public attention

oO|0|Oo|]Oo|O]|O|O
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the EPC prime contractor (ecosystem leader),
the owner, EPC joint venture partner(s),
ECA - export credit agency, large commer-
cial banks, government agencies of the pro-
ject export (contractor’s home) country,
government agencies of the host country,
process technology suppliers, equipment &
materials vendors, construction subcontrac-
tors, and communities around the project
site(s) (Tanaka, 2006a; 2006b).

The business ecosystem theory (Moore
1996) posits that a business ecosystem is an
economic community supported by interact-
ing organisations; the company holding a
leadership role is valued by the community
because it enables members to move toward
shared visions to align their investments —
this refers to the platform services theory
(Iansiti & Levien, 2004), — and to find mu-
tually supportive roles. This theory very
well explains the business domain of the
EPC community for LOGPs in which in
addition to the relationship with the owner,
there are multi actor interactions for value
co-creation founded on strategic trust — lev-
erage theory (idem), namely, the EPC con-
tractor and its business associates in plural
directions — and dominant chains of eco sys-
tem actors are tightly structured and con-
nected so that substandard performance of
one actor in the ecosystem can constitute a
bottleneck in successful completion of an
LOGP - bottleneck theory (idem), eventual
target of project marketing success and well-
functioning or overall health (idem) of the
oil and gas investment industry.

The roles of the respective actors of the
ecosystem in terms of fulfilling functions in
capital investment projects, degree that each
actor’s business is dedicated to the oil and
gas industry and the type of impact of each
actor’s participation in capital investment
projects as well as their positions in the EPC
contractor’s project marketing chain, are
portrayed based on Tanaka (2006a) and gen-
eral EPC industry practice, in Table 2.

Lecoeuvre-Soudain & Deshayes (2006)
proposed six foci to measure dependency
and relationship between the actors in pro-
ject marketing. They are Relationship man-
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agement (Rel), Trust (Tru), Collaboration
(Col), Communication (Com), Training
(Tra) and Going with (providing mentoring,
coaching and support) (Gwi). Considering
that the EPC contractor’s project develop-
ment and marketing for LOGPs is not just
enabled by the bilateral marketing relation-
ship between the contractor and the owner —
for instance, an LOGP is not materialized by
a contractor not having access to an ECA;
many of LOGPs need technology licen-
sor(s)’ participation in the project; mega
projects pricing US$1 billion and larger
need a joint venture EPC partner (s) who are
otherwise competitors; EPC bid competi-
tiveness depends on quotation competitive-
ness of major equipment vendors and core
construction subcontractors founded on mul-
ti-lateral marketing relationship, the authors
have analysed the relationship between the
11 actors in the EPC contractor’s ecosystem
posited above as depicted in Table 3.

Those relations labelled as “Tru” (trust)
or “Col (collaboration)” are considered as
most critical from the viewpoint of first
stage of project developing and marketing
success, or wining an EPC contract. Those
relations are the EPC contractor’s transac-
tion/relation with the owner, joint venture
partner (an EPC contractor ally), export
credit agency (ECA), commercial banks
joining a syndicated loan with the ECA and
the government agency (s) of plant export-
ing country.

THE PROJECT DEVELOPMENT
AND MARKETING PRACTICE
ON LARGE OIL AND GAS PROJECTS

The first questions that we should ask re-
garding the practice of project development
and marketing by the EPC contractor for
LOGPs is: what are the phases of an LOGP
as seen from the owner’s project lifecycle,
and how does the EPC contractor’s project
development and marketing activities fit in
in the owner’s cycle of project development,
implementation and post-completion com-
mercial operation?
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Table 2. Actors in large oil & gas capital investment projects marketing ecosystem

L . Degree of dedica- | Type of impact of par- | Position in EPC con-
Function in capital . . O . , .
Actor . . tion to the oil & ticipation in capital tractor’s project mar-
investment projects . . . . .
gas industry investment projects keting chain
EPC prime con- Provides professional Very high (it takes | As the agency theory Principal of project
tractor (leader EPC services to the own- | other non-oil and | dominates, the primary development and mar-
role in the eco- er to help realise the gas plants) agent to perform the keting on LOGPs
system) owner’s new capital asset project on behalf of the
and soft value owner
Owner Invests and owns the Full Project not existent Direct client of contrac-
plant for additional without an owner tor marketing
corporate capital value
EPC joint venture | Provides, together with | Very high (it takes | As the agency theory Partner of project mar-

partner(s) the EPC contractor, other process dominates, the primary keting to the EPC con-
professional EPC ser- plant and infra- agent, together with the | tractor toward the own-
vices to the owner to structure projects | EPC contractor, to per- er
help realise the owner’s | as well) form the project on
new capital and soft behalf of the owner
value

Export credit Provides government- Very high due to Indispensable in most of | Where ECA loan is

agency(s) (ECAs) | funded loan or covers magnitude of LOGPs in developing prerequisite, decisive
risks on project funds LOGPs and emerging economies | enabler; where not,
provided by own coun- maintain “silent rela-
try’s banks tionship”

Large commer- Provides project loans | High at a bank Indispensable for all Ditto

cial banks as part of fund required | division in charge | mega projects and most
to build the plant of project finance | of LOGPs

Government Supports own country’s | Part of important | Impact varies with type | Facilitator in the back-

agencies of the
project export
(contractor) coun-
try

prime contractor and
ECAs

national industry
promotion poli-
cies

of government involve-
ment; high where ECA
loan is provided

yard of EPC contrac-
tor’s project develop-
ment and marketing

Government
agencies of the
project host coun-

try

Provides government
permits to construct the
plant; supports the
owner company in
financing transactions
with foreign ECA(s)

Part of important
national industry
promotion poli-
cies

Impact varies with type
of government involve-
ment; high where sover-
eign guarantee is needed
for loan repayment

Regulatory agency that
affects post-contract
award project marketing

Technology sup- | Provides process tech- | Full (specialized Except for open art Facilitator of marketing
pliers nology for the plant in oil and gas) technology, high but
there is alternation
among like technologies
exists
Vendors Supplies to the EPC Very high (oil & Indispensable as func- Enabler in tender prepa-
contractor equipment, gas vendors are tion but alternation ration stage (competi-
machinery or materials | almost fenced) among vendors exists tive quotes) & EPC
phase
Construction Supplies construction High except civil | Indispensable but alter- | Ditto
subcontractors services to EPC con- and building sub- | nation among subcon-
tractor contractors tractors exists
Communities Provides community N/A May defer start, obstruct | Maintains silent relation-

around the pro-
ject site(s).

support to project con-
struction or affect con-
struction in a variety of
way

or crush construction;

conversely protects the
site project for smooth
construction execution

ship during bid prepara-
tion and a possibly com-
municate with during site
operation phase on
community sustainability
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Tanaka (2006b, 2014), Eweje (2012) and
Merrow (2012) described the phases of an
LOGP all from the owner’s cycle. The three
authors used slightly different nomencla-
tures but phasing is basically same. Fig. 3
delineates Tanaka’s LOGP phases and densi-
ty of project marketing effort on both the
EPC contractor side and the Owner side; the
density scale is for image.

explore detailed feasibility and later defini-
tion of the project, culminating with final
investment decision (FID) or withdrawal, or
postponement of the investment decision.
Project definition work, referred to as front-
end engineering design (FEED) in the sec-
ond half of this phase, is usually undertaken
with the owner employing a global EPC
contractor. Obviously, the EPC contractor

Table 3. Matrix of project marketing relationships among the actors of LOGP

Contractor| Owner |JV Partner ECA Banks |Govt. - Exp |Govt. - Host| Technology| Vendors | Subcontr. | Community

EPC Contractor Tru Col, Tru Col, Tru Col, Tru Col, Tru Rel Col Col Col (Tra) Com
Owner Tru Tru Rel Rel. Rel. Rel Col or Rel N/A N/A Com
EPC JV Partner Tru Col, Tru Col, Tru Col, Tru Col, Tru Rel Col Col Col (Tra) Com
ECA Rel Col, Tru N/A Col, Tru | Col, Tru Rel N/A N/A N/A N/A
Comm. Banks Rel Col, Tru Col, Tru Col, Tru Rel N/A N/A N/A N/A
Govt. - Export Ctr. Rel Col,Tru N/A Col, Tru Com Col N/A N/A N/A N/A
Govt. - Host Ctr. Col, Tru Rel Col Rel Com Col N/A N/A N/A N/A
Technology Suppli¢ Rel Col Col N/A N/A N/A N/A N/A N/A N/A
Vendors N/A Col Col N/A N/A N/A N/A N/A Com N/A
Subcontractors Com Col Col N/A N/A N/A Com N/A Com Com
Site Community Rel Com, (Tra) Com N/A N/A N/A Com N/A N/A Com, (Col)

Note: a code within a parenthesis indicates training requirement depending on local content clause of the contract

Project Marketing Foci Code after Lecoeuvre-Soudain & Deshayes (2006)
1. Relationship management (Rel)

2, Trust (Tru)

3. Collaboration (Col)

4. Communication (Com)

5. Training (Tra)

6. Going with (providing mentoring, coaching and support) (Gwi)

Tanaka (2006) described the four phases
and the authors have analysed the EPC con-
tractor’s project marketing in the respective
phase as follows (Tanji, N., Tanaka, H. and
Bushuyev S. (2014).

The Project Development Phase aims at
project conception as business and strategic
analysis of the project value. During this
phase, an owner carries out basic data gath-
ering, project need screening against the
corporation’s business strategy, and evaluat-
ing basic conditions for materializing the
potential project. This phase is basically
conducted confidentially by the owner and
the contractor’s project marketing function
endeavours to sense some sort of project
smell.

The Front-end Planning Phase is a pre-
amble to project execution and is intended to

Transfer of Innovative Technologies
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(s) who performs FEED work would be in a
considerably favourable position in the bid-
ding to the EPC work coming thereafter. The
EPC bidding takes place after the comple-
tion of FEED and contractors’ all out efforts
are expended for proposal success.

The Project Execution Phase is most
frequently called the EPC Phase. As the
phase term indicates, engineering, procure-
ment of equipment and materials to compose
the plant and site construction of the plant is
carried out with project management direct-
ing and integrating total project efforts. The
successful completion of the project is the
most eloquent vehicle of project marketing
for the contractor company and the contrac-
tor makes all required efforts to complete the
project according to prime contract terms.
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__Owner’s Project Marketing Cycle

Project Front-end
Planning

Development

Phase Phase

Operation
Phase

Fig. 3. Project phases and project marketing density cycle

The Operation and Maintenance Phase
on the plant completed is the owner’s re-
sponsibility. However, the EPC contractor
stands by for the owner’s call on any prob-
lems and difficulty on the plant according to
warranty clauses, or ‘trust’ relationship for a
year or two. All these post plant completion
relationship with the owner provides a vital
source of marketing for a future new con-
tract to the contractor.

There is a match of the EPC contractor’s
project development and marketing efforts
on this oil and gas industry specific context
of project lifecycle to the four-stage view of
the project marketing life-cycle proposed by
Er, et al. (2019) in that in 1), Pre-receipt of
invitation to tender: all the major EPC con-
tractors maintain early marketing coverage
of the market or potential market countries;
it provides a feasibility study, a key ground
work for project development for the owner,
as a separate contract; and conduct front end
engineering design(FEED) to firm project
definition on behalf of the owner on all the
LOGPs; in 2), Tender preparation and con-
tract negotiation: this is core of the EPC
contractor’s project marketing efforts, con-
suming 10 to 15% of available person-hours
(undisclosed industry data) of a contractor;
in 3), Project delivery: this cycle is a main-
stay business of the EPC contractor compa-
ny; and in 4), Post project: as discussed ear-
lier, contractors consider this as a valuable
opportunity for marketing for new contracts.

Assuming that EPC contractors’ primary
success is wining contracts, we have collect-
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ed survey results and have done an addition-
al survey on owners’ contractor proposal
evaluation criteria or contractor self-
evaluated proposal success factors. The tab-
ulated results are given in Table 4.

The surveys searched are U.S.A. consult-
ing company Transmar Consult’s owner
survey on contactor evaluation criteria cited
in Oil and Gas Journal June 14, 2003 issue
(Oil and Gas Journal, 2003) from 1995 to
2005; U.S.A. owner and contractor, and Jap-
anese contractor surveys on contractor eval-
uation criteria in 2004, originally conducted
by Construction Industry Institute and Min-
istry of Economy, Trade and Industry of
Japan, respectively (Tanaka, 2006a), and
analysis of tier-one EPC contractors (two
USA, two Japanese and one European)’
news releases on new projects on LOGPs
constituted by 228 projects from 2009 to the
first quarter of 2018, conducted by the first
author.

The evaluation criteria are compounded
from the four sources of survey. Those
ranked in the top three are shown in bold
letters. The tabulation indicates that the
ranking is considerably consistent among
the same survey (series) but is not so much
among the surveys.

This is judged to have been caused by
differences in the purposes of asking ques-
tions, differences in given criteria to rank,
and differences in time surveys were con-
ducted. Nevertheless, contractor’s price is
one of the top-ranked, and those criteria re-
lated to the contractor’s structural capability

Transfer of Innovative Technologies
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(hard marketing vehicle), e.g. quality of con-
tractor key personnel, project management
capability and experience in the same plant,
same geographical area (country) and same
client, were ranked in the upper side. Joint
venture strength, which is typical soft vehi-
cle of project development and marketing, is
found only in the 2018 contractor new pro-
ject releases survey; the background is that
news releases pertain to the five global tier-
one contractors and they are active players
of mega projects and use the JV delivery
method quite ordinarily. From the argument
of the rest of this article, it is obvious that
the contractor’s price (as marketing strength)
is a result of a balanced combination of the
structural capability, or the author-labelled
hard marketing vehicle and the EPC contrac-
tor’s business ecosystem constructing ability,
the soft marketing vehicle.

As analysed from the characterisation and
cycle of project marketing discussed above,
we have extracted five dominant logics of
the EPC contractor’s project development
and marketing for LOGPs.

Logic 1: Mastering characterization of the
complex, dynamic and risky market

As reviewed in Section 4, LOGP project
development and execution are exposed to
all imaginable uncertainty and even wicked
risk, including changes in P.E.S.T.L.E. fac-
tors. As the EPC contractor plays a key role
in the development and implementation of
LOGPs, e.g. project implementation scheme
formation, front end engineering design
(FEED) defining the project, plant systems
integration, plant technology integration and
project resources integration are all left to

Table 4. Tabulated results of multi-source surveys on evaluation criteria ranking for EPC

contractors' proposals

Tabulated Results of Multi-source Surveys on Evaluation Criteria for EPC Contractors' Proposals

2018 EPC .
T It t | I, July 2 -
Contractor Web 2004 US/Japan Suney ransmar Consult Survey (cited in Oil & Gas Journal, July 2003)
Owners only
suney
2USA, 2 Japanese, | g 3o us Japan 2005 2003 2001 1997 1995
1 European co's. Contractor Contractor
Total number key words asked for ranking
Contractor Proposal Evaluation Criteria
11 7 7 5 17 (selected top 10)
Project Management Capability 9 N/A 1 3 2 1 2 2 2
Contractors’ Price | Commercial Terms| Ot mentioned as 1&3 3 2 &5 5 2 3 3 6
self-explanatory
Quality of Contractor Key Personnel |nclud.ed n N/A 2 1 1 3 1 1 1
Experience
Project Control Systems included in Project N/A N/A N/A 7 4 4 8 3
Management
Detailed Engineering Capability included in N/A N/A N/A 4 5 6 10 5
Experience
Construction Capability included in N/A N/A N/A 3 6 8 5 7
Experience
Experience with Similar Work 1 N/A N/A N/A 6 7 5 7 8
Experience with Same Client 3 N/A N/A N/A N/A N/A N/A N/A N/A
Experience with Same Geographic Are: 2 N/A N/A N/A 8 8 7 9 10
Responsiveness & Flexibility N/A N/A N/A N/A 1 9 10 6 4
Safety Performance N/A (self-explanatory 2 4 N/A N/A N/A N/A N/A
Shorter Delivery Time 10 N/A N/A N/A Included in Project Control Systems
Joint Venture Strength 5 N/A N/A N/A N/A N/A N/A N/A N/A
High engineering capability, Innovative solution 4 N/A N/A N/A N/A N/A N/A N/A N/A
Transfer of Innovative Technologies 71
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EPC contractors, the EPC contractor must
have structured risk identification and miti-
gation capabilities toward the EPC ecosys-
tem being built and the project exterior envi-
ronment. The contractor’s proposal naturally
must have incorporated risk responses.

Logic 2: Building consistently the EPC
contractor’s structural capability

The EPC contractor’s sufficiency of
structural capability (Cova & Salle, 2007),
labelled as SSC, comprehends volume of
contracting business and financial stability,
track record on the same type of the plant,
the same client and the same country, safety,
security, health and environment (SSH&E)
policy, project execution and management
capability demonstrated from past projects
as well as proposed for a particular project,
access to an export credit agency and to
large commercial banks investing in projects
and having robust network with equipment
suppliers and construction subcontractors
throughout the world (ENAA, 1996). SSC
can only be built by decades of painstaking
practice and successful delivery of LOGPs
and proven mutually beneficially transac-
tions between the owner and the EPC con-
tractor.

Logic 3: Constructing proactively
the EPC contractor’s ecosystem
for a specific LOGP

EPC contractors form a project specific
business ecosystem (Moore, 1996; Insati &
Levin, 2004) and fulfil the leader role in
extracting proper value of the respective
ecosystem players and co-create overall val-
ue for the relevant EPC project with the
owner company since LOGPs are vehicles
of corporate strategy implementation for oil
and gas companies, e.g. ability to deliver
projects for superior cash-flow, operational
excellence, increased production via projects,
maximising resource and asset value, max-
imising value-chain returns, demonstrated
technological innovation (Tanaka, 2006a;
Tanaka, 2006b; Eweje, 2012: Redda, 2016).
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Project development and marketing on
LOGPs is no longer the mere transaction
between an EPC contractor and an owner.
Project marketing is multi-faceted and time-
consuming potential value co-creation activ-
ities as discussed in Section 5. Construct of
the EPC contractor ecosystem is core of the
soft vehicle of LOGP marketing.

Logic 4: Holding a deeper insight
into total project development
and marketing success on LOGPs

Successful project development and mar-
keting for LOGPs is total project cycle ef-
forts for the EPC contractors and is ex-
pressed as Layer 1 (in the bottom) Sufficien-
cy of structural capabilities (SSC); Layer 2
Success of proposal (SPR); Layer 3 Success
of project output (SPOP), and Layer 4 Suc-
cess of project outcome (SPOC). SSC is
argued in Logic 2. Winning a contract (SPR)
endows the EPC contractor with an oppor-
tunity to complete the project on behalf of
the owner thereby attaining the contractor’s
direct business objectives. Delivering the
EPC project (SPOP) meeting the contract
conditions, marks the EPC contractor’s suc-
cess of services, reinforcing its portfolio of
contractor track record. When the owner has
achieved project outcome, or strategic goals
embodied in the project, it would ferment
deeper trust in the EPC contractor who has
engineered and built the plant. Maintaining
responsive post-project completion relation-
ship with the owner is highly important.

Logic 5: Following a structured path
to LOGP EPC contract award

The oil and gas capital investment indus-
try is a mature industry which has proven
business practices, formality of owner-
contractor relationship, and market segmen-
tation by sizes of projects. On the assump-
tion that tier-one EPC contractors can evenly
complete the LOGP, marketing competition
should eventually focus on cost offerings as

Transfer of Innovative Technologies
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owners say that owners’ evaluation criteria
of contractor proposals is for the lowest
conditioned (and qualified) price (undis-
closed international oil company, 1996). All
the pre-EPC marketing efforts should be
concentrated to hammering out a competi-
tive price while allowing for project risk.
One acceleration route to LOGP award is to
secure a front-end engineering design
(FEED) contract defining the project defini-
tion for the owner to seek final investment
decision (FID) and as basis of EPC bidding.

As argued by Tikkanen et al. (2006) and
posited by Turner & Lecoeuvre (2016), we
have affirmed that the project development
and marketing for LOGPs is part of portfolio
management.

NEW EPC CONTRACT STRATEGY AND
ITS IMPACT ON PROJECT MARKETING

Mohammad and Price (2004) discussed
the arrival of innovative contract procure-
ment strategies; Turner (2007) introduced
partnering in projects whereby the owner
and the contractor work together in a spirit
(and in a contractual arrangement) of part-
nership, whereby they cooperate to achieve
a mutually beneficial outcome; and Tanaka
(2006b) enumerated strategic alliance be-
tween the owner and contractor operating in
an amalgamated project organization format
for totally shared work, profit and loss, and
liability; partnering; unincorporated joint
ventures (JVs) of EPC contractors who share
the totality of project work, profit and loss
and liability as new forms of LOGP EPC
delivery.

According to the analysis of 228 web-
based new project releases for the past ten
years up to the first quarter of 2018 issued
by the two USA, two Japanese and one Eu-
ropean tier-one contractors, conducted by
the first author (Tanaka, 2018), an absolute
majority of recently completed and ongoing
LNG and refinery projects have used or are
using the JV format, there are 11 cases of
partnering, but strategic alliance, often
found in the 1990’s, has not exited over the
past ten year up to 2018. It can be inferred

Transfer of Innovative Technologies
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that the EPC contractor should market the
project to its targeted EPC contractor partner
before doing it to the owner and that partner-
ing requires higher “trust” (Lecoeuvre-
Soudain, L. & Deshayes, P., 2006).

In facing the ‘existential crisis’ of capital
programme delivery (European Construction
Institute, 2018), however, closer owner and
contractor alignment is voiced (idem) and
there has occurred an industry initiative to
renovate the structures of capital program
(FEED + EPC) delivery for reducing trans-
action costs in the EPC chain (Construction
Industry Institute, 2018). There is situational
evidence to favour the JV EPC format and
partnering but no hard data to substantiate
the benefit is available yet. Possible impact
on project marketing by the emerging initia-
tive of re-structuring the capital program is
not known yet; it should take years before
any effect is found.

CONCLUSION AND FURTHER RE-
SEARCH RECOMMENDATION

The findings of this research have re-
sponded to the main research question
(MRQ) all positively in Sections 4 to 7. Pro-
ject development and marketing of LOGP:

» depends on multi-faced and highly
structured interactions among the capital
investment industry members which is based
on strategic trust; such relationship is repre-
sented by an EPC business ecosystem; and

= the EPC business ecosystem co-
creates strategic values for, both the respec-
tive industry members and the industry
overall.

In conclusion, we propose the model of
LOGP project development and marketing.

The EPC contractor’s project develop-
ment and marketing for LOGPs is founded
on both, a hard vehicle and a soft vehicle as
depicted in Fig. 4.

The hard vehicle represents the EPC con-
tractor’s structural capability comprehending
global level business volume and financial
stability; track records on plants, clients and
project host countries; structural services
efficiency and project completion reliability
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Fig. 4. EPC contractor’s project development and marketing model for LOGPs

— this is the EPC contractor’s brand based on
past hard achievement; access to financing
institutions for arranging for financing; and
the capability to perform front-end engineer-
ing design (FEED) on behalf of the owner
which basic designs the plant and defines
other key parameters of the project enabling
the owner to make final investment decision
(FID).

The soft vehicle concerns variable mar-
keting elements which all depend on
strength of strategic trust, and can be repre-
sented as the EPC contactor’s business eco-
system construct for a specific LOGP. The
soft vehicle develops and maintains mutual-
ly beneficially collaborative relationships
with a small number of industry colleague
EPC contractors, and for each project, se-
lects a partner during a pre-proposal phase
to win a bid; designs a supply chain of de-
tailed design centres, plant component ven-
dors and services/construction subcontrac-
tors out of registered vendor and subcontrac-
tor lists; find and conclude mid-term busi-
ness alliance agreements with EPC contrac-
tors and/or fabricators who have demon-

74

strated strength in certain expertise; and col-
laborate with owners on plant technology
innovation and initiatives for transaction
(supply chain) cost reduction for the sound
existence of the EPC industry — this is an
investment for the future.

The research has been conducted based
on literature review, analysis of existing,
time series of industrial research data, and
authors’ additional data collection by way of
web analysis. As the secondary data ac-
cessed were contributed by researchers in
the EPC industry mostly as part of industry
research institutes’ funded research, the au-
thors feel the confidence level is considera-
bly high. Yet, as the EPC industry is moving
quite fast in struggling with volatility of the
market and ever-increasing sizes and com-
plexity of LOGPs, it would be worthwhile
organising a more structured research on this
subject by accessing top-level practitioners
of project marketing and project manage-
ment on both the EPC contractors side and
the owners side, and preferably senior staff
of EPC industry research institutes.

Transfer of Innovative Technologies
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Abstract. Refined model of S.P. Timoshenko
makes it possible to consider the shear and the
inertia rotation of the transverse section of the
shell. Disturbances spread in the shells of S.P.
Timoshenko type with finite speed. Therefore, to
study the dynamics of propagation of wave
processes in the fine shells of S.P. Timoshenko
type is an important aspect as well as it is
important to investigate a wave processes of the
impact, shock in elastic foundation in which a
striker is penetrating. The method of the outcoming
dynamics problems to solve an infinite system of
integral equations Volterra of the second kind and
the convergence of this solution are well studied.
Such approach has been successfully used for
cases of the investigation of problems of the
impact a hard bodies and an elastic fine shells of
the Kirchhoff-Love type on elastic a half-space and
a layer. In this paper an attempt is made to solve
the axisymmetric problem of the impact of an
elastic fine spheric shell of the S.P. Timoshenko
type on an elastic half-space using the method of
the outcoming dynamics problems to solve an
infinite system of integral equations Volterra of the
second kind. It is shown that this approach is not
acceptable for investigated in this paper
axisymmetric problem. The discretization using the
Gregory methods for numerical integration and
Adams for solving the Cauchy problem of the
reduced infinite system of Volterra equations of the
second kind results in a poorly defined system of
linear algebraic equations: as the size of reduction
increases the determinant of such a system to aim
at infinity. This technique does not allow to solve
plane and axisymmetric problems of dynamics for
fine shells of the S.P. Timoshenko type and elastic
bodies. This shows the limitations of this approach
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and leads to the feasibility of developing other
mathematical approaches and models. It should be
noted that to calibrate the computational process in
the elastoplastic formulation at the elastic stage, it
is convenient and expedient to use the technique of
the outcoming dynamics problems to solve an
infinite system of integral equations Volterra of the
second kind.

Keywords: impact, elastic, elastic-plastic, half-
space, axisymmetric problem, fine, spherical shell,
S.P. Timoshenko.

INTRODUCTION

The approach [1 — 5] for solving problems of
dynamics, developed in [6 — 8, 10], makes it
possible to determine the stress-strain state of
elastic half-space and a layer during penetra-
tion of absolutely rigid bodies [1, 2, 7, 8, 10]
and the stress-strain state of elastic Kirchhoff—
Love type fine shells and elastic half-spaces
and layers at their collision [3 — 6]. This led to
the feasibility of developing other mathemati-
cal approaches and models. In [9, 11 — 14], a
new approach to solving the problems of im-
pact and nonstationary interaction in the elas-
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toplastic mathematical formulation [15 — 19]
was developed. In non-stationary problems,
the action of the striker is replaced by a dis-
tributed load in the contact area, which chang-
es according to a linear law [20 — 22]. The
contact area remains constant. The developed
elastoplastic formulation makes it possible to
solve impact problems when the dynamic
change in the boundary of the contact area is
considered and based on this the movement of
the striker as a solid body with a change in the
penetration speed is taken into account. Also,
such an elastoplastic formulation makes it pos-
sible to consider the hardening of the material
in the process of nonstationary and impact in-
teraction.

The solution of problems for elastic shells
[23 — 26], elastic half-space [27 — 29], elastic
layer [30], elastic rod [31, 32] were developed
using method of the influence functions [33].
In [23] the process of non-stationary interac-
tion of an elastic cylindrical shell with an elas-
tic half-space at the so-called "supersonic"
stage of interaction is studied. It is character-
ized by an excess of the expansion rate areas
of contact interaction speed of propagation
tension-compression waves in elastic half-
space. The solution was developed using in-
fluence functions corresponding concentrated
force or kinematic actions for an elastic iso-
tropic half-space which were found and inves-
tigated in [33].

In this paper, we investigate the approach
[3 — 6] for solving the axisymmetric problem
of the impact of a spherical fine shell of the
S.P. Timoshenko type on an elastic half-space.

It is shown that the approach [1 — 4], after
the reduction of the infinite system of Volterra
integral equations of the second kind [5 — 7,
10] and discretization using the Gregory meth-
ods for numerical integration and Adams for
solving the Cauchy problem, a poorly defined
system of linear algebraic equations is ob-
tained for which the determinant of the matrix
of coefficients increases indefinitely with in-
creasing size of reduction.

PROBLEM FORMULATION
A thin elastic spherical shell, moving

perpendicular to the surface of the elastic half-
space z >0, reaches this surface at time 7=0.

78

We associate with the shell, as shown in Fig. 1,
a movable spherical coordinate system r'¢'0,
where ¢ — is the longitude of the radius
vector », 0 — is the polar angle. The shell
penetrates into the elastic medium at a speed
vy (t), (0<¢t<T), the initial penetration rate

is ¥V, =v,(0), T — the time during which the

shell interacts with the half-space. The shell
thickness % is much less than the radius R of
the middle surface of the shell (#/ R <0,05).
Let us denote by u(£,0), wy(2,0), p(£,0),
q(t,0) the  tangential and  normal
displacements of the points of the middle
surface of the shell and the radial and
tangential components of the distributed
external load, which acts on the shell. With the
half-space we associate a fixed cylindrical
coordinate system roz , the Oz axis is directed
deep into the medium, ¢ — is the polar angle.
Angle 0 is plotted from the positive direction
of the Oz axis. The physical properties of the
half-space material are characterized by elastic
constants: volumetric expansion module K,
shear modulus p and density p. An elastic
medium with constants K, p, p will be
associated with a hypothetical acoustic
medium with the same constants K, p,
wherein p=0. Under C,, Cy, C;, we mean

the speed of longitudinal and transverse waves

Fig. 1. Scheme of the system spherical shell —
half space

in an elastic half-space and the speed of sound
in the considered hypothetical acoustic
medium.
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Let's introduce dimensionless variables:

A S N R S}
R s R ’ R s i R s
’ U, ' Wo ’ Gij
Uy=—, Wy=——, 0. =——, (1)
' R*° RV K
VT ! WT ! p
vV, :—, W. :—’ :—,
Yo TR P T ke
! q !
= , M'= i,j=r,0,z
9= 2r i (bJ=1.6,2)
2 2
S G L R
R U
C, K C, 3K
2
K 2 BT 3
0— > T T A A
o 3K + 4u
where w=(u,,u,,u.) — is the vector of
movement of points of the environment;
c,., 0, — nonzero components of the stress

tensor of the medium; M — is the shell running
mass; vr(¢), wr(t) — speed and movement of

the shell as a solid. In what follows, we will
use only dimensionless quantities, so we omit
the dash. The elastic half-space and the spheric
shell are in a state of axisymmetric
deformation.

Differential equations (of the S.P.
Timoshenko type) describing the dynamics of
spherical shells and considering the shear and
inertia of rotation of the transverse section, due
to (1), take the following form [34, pp. 297,
307]:

1 d’u, ctgb Ouy | 21+ vy )k, +1-v, 0w,
1-v; 0 1-v; 00 2(1=v{)k, 00
_v0+(1—v0)00526 N ) 0,

(I—vD)sin0 ° 2(+vk, o T
1 o’w, 1 Ouy ctghd  ow,
2(1+vy )k, 00> 1-v, 80 2(1+v )k, 00
1 0D ctgh 2
Uy — Wo +
2(1+v )k, 00 1—v0 1-v,
2
ctgh Do’ 0w, . 2)

+— =
2(1+ v,y )k, Y0750

ach+ e EhR®  ow,

; TCelgv——
00 80 2(1+v kD 80
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_(I=v)kD@2v,+(1-v,)sin20) + E; hR*sin 6
2(1+v,)k,Dsin’ 0

, O°D
B
where
'Yz :—poklcg n2 :—p0h3co2kr k :1+—h2
* E, " 12D 12R*’
L _EQ 5
’ 20R*’ 120-v))" 6

where @ — angle of rotation of the normal
section to the middle surface, kg — shear ratio,

D — cylindrical stiffness, v, E,,p, — Poisson's

ratio, Young's modulus and density of the shell
material, p u g — respectively, the radial and
tangential components of the distributed load
acting on the shell, R — is the shell radius.

The motion of an elastic medium is
described by scalar potential ¢ and non-zero

component of vector potential y, which
satisfy the wave equations [1 — 4]:

2 2
A = az(Pz’AW_ﬁsz’
oot B0t 3)
2 2
AEG N 0 0

+ .
or*  ror 0z*

Physical quantities are expressed in terms
of wave potentials as follows [5 — 8]:

urza_(P_@, uzza_q)_{_@_i_i’
or 0Oz oz Or r
2
0=0, 0. =(1- 2b2)a;P
ot 4)
2 2
op2| L0, Oy v |
o022 6r82 roz
Grp =0p; =0,
52 0% v,y
= oroz o2 022
2
—(1- 2b2)8“’+23 a"’ _ov |
or? or? oOroz
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If the shear modulus p 1is set equal to zero
p=0, then the equations of motion of the

elastic medium will be the equations of
acoustics.

Let us consider the initial stage of the
process of impact of elastic shells on the
surface of an elastic half-space [3 — 6], when
no plastic deformations occur and the depth of
the shell penetration into the medium is small.

The problem of interaction of elastic shells
with an elastic half-space is solved in a linear
formulation, therefore, we linearize the
boundary conditions [1, 2, 7, 8, 10]: we
transfer the boundary conditions from the
perturbed surface to the undisturbed surface of
the bodies that are deformed. We assume that
there is no friction between the elastic half-
space and the penetrating body, or the slippage
condition is valid.

As can be seen from Fig. 1, the projections
of the functions u,, w, p and g on the or and

oz axes will be equal:

pr,w,(t,0) = w,(¢,0)cos0,
pr,u,(t,0) =u,(t,0)sin0,
pr, p(,0) = p(t,0)cosH,
pr,q(2,0) =¢(¢,0)sin0,
pr.w,(¢,0) =—w,(¢,0)sin0,
pr.u,(t,0) =u,(¢,0)cos0,
pr, p(1,0) = ~p(1,0)sin,
pr.q(¢,0) = g(¢,0) cos®.

Then, in the zor coordinate system, the
displacements u_, u, and stresses ¢_ and ©,_

at the surface points of the contact area will be
written as:

u_(t,r,0)=w.(t)— f(r)—w,(¢,0)cos0—
—u,(t,0)sin0,
u,(t,r,0)=—w,(t,0)sin0 +

+u,(2,0) cos 0,
c_(t,r,0)=—p(t,0)cos0—
—q(,0)sin0,

c,.(t,r,0)=—p(£,0)sin 0 +
+¢(t,0)cos0,
p(t,0)=—c_(t,r,0)cos0—c_(¢,7,0)sin0,

)

6]<6’,
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q(t,0)=—0c_(t,r,0)sinb+c _(¢,7,0)cosH,

6/<6,

where w,(f) — displacement of the shell as a
rigid body, the function f{x) describes the shell

profile, 20" as can be seen from Figure 1, the
size of the shell sector in contact with the half-
space. In the case of a spherical shell:

f(r)=1-~1-7r>.

The kinematic condition that determines the
half-size of the contact area x (¢) is written as
follows:

Wy (0) = ()10 (2,7,0) ~ w, (2,0) c0s6 -
0, if r<rir),
<0, if r>r(),

—u,(¢,0)s1n0 = {

We assume that the contact area is simply
connected region, and this statement is
equivalent to the fact that the stresses normal
to the contact area are compressive:

9

zz

o <0, r<r(@).

Based on (4), the boundary conditions in
the absence of friction in the contact zone can
be formulated as follows:

ou, ow, (1,0)
ol =V (t,r)=v,(t) —Oa—tcose -
—wsm 0, r<r(), ®)

6..,=0; r>r' (), o,

0= 0, »r>0.
The initial conditions for potentials and —
are zero:

oo oy
= — =0, = — = 0_ 9
Uo="] =% Vo= ©)
For the problem of impact of an elastic
shell on an elastic half-space, the velocity and
displacement of the impacting body are found
from the equation of motion by integrating it.

Transfer of Innovative Technologies
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The equation of motion of a shell of mass
M for the problem of impact with an initial
velocity ¥, has the form:

M dzwg(t ) __p(), (10)
dt
vi(0)]_, =Vor wp(®)]_, =0, (11)
()
P(t)=-2n j ro_(t,r,0)dr. (12)

0

The condition for the absence of
disturbances ahead of the front of longitudinal
waves and the condition for damping of
disturbances at infinity are valid.

0 =0, (13)
0|

where p, =7*+z*, C, =const.

p>ot+C, - 0’ v

-0, "’L»ﬁm -0, (14)

p>at+C,

pp—>©

SOLUTION ALGORITHM

Since the impact process is short-term, the
perturbation region at each moment of time ¢ is
finite. Restricting ourselves to a finite interval

of interaction time (0<¢<T), it is possible to

select a region of a half-space, which by the
time moment 7 covers the entire zone of
disturbances. From this point of view, for

times (O <t<T ) , the elastic half-space can be

replaced by an elastic half-cylinder
(r<I; z20), the boundaries of which do not

reach the perturbations by the time 7.
[=al+r"(T).

Thus, for times (0<¢<T), the considered

problem is reduced to a nonstationary problem
for a half-cylinder with mixed boundary
conditions at its end. To represent the
displacement vector as:

u = grade +roty, divy =0,

Transfer of Innovative Technologies
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on the lateral surface of the half-cylinder, we
select, for example, the conditions for sliding
termination:

ur )‘:1 = 0) Gzr ’,:l = O) (15)
or

u| =0, o, _ =0. (16)

Consider the initial - boundary value

problem (2), (3), (8) — (11). Let us represent
the normal w,(z,0) and tangential u,(¢,0)

displacements of the points of the middle
surface of the shell and the radial p(#,0) and
tangential  ¢(z,0) components of the
distributed external load acting on the shell in

the form of series in Legendre polynomials
and their derivatives.

woa,e):iowo,,(r)a (cosb), a”
uoa,e):iluon(rm‘ (cos0), (1)
p<r,e>=gpn<z>a (cos®),  (19)
q<r,e):§lqn<t>P; (cosO), (20

D(1,0) = icbn(r)P; (cos0). (21)

n=l1

In the space of Laplace transformants with
parameter s, the transformants of functions

®, w, ,u, ,p,q will, due to (17) — (21), have
the form:

WH(5,0) = 3wt ()P (cos ), 22)
ut(,0) = Yt (5)P (cos ), (23)
PH(5.0)= Y pE(s)P,(cos), (24)
q"(5,8)=_q,(s)P, (cosb), (25)
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®* (s5,0) = id)ﬁ(s)fﬁ (cos0), (26)

n=1

We apply to the system of equations (2) the
Laplace transform in the variable ¢ with the
parameter s and substitute their equalities (22)
— (26). Equating the coefficients at the same
P (cos®) and P'(cos®) we obtain the

relations connecting the components of the

expansion into  series of  functions
", wr, uy ,p* and ¢".
L
s
Wé,o (S) — pO ( ) (27)

Vit +2/(1-v,)

wy, (8) =0, (n,8) py (s)+ O} (n,9)q. (5),
(28)

ty, (5) = 031 (m,5) P, (5) + O (1,5)q,, (),
(29)

@, (s) = 05,(n,8) p, () + O3, (n,9)q,, (5),
(30)

where

0! (n,s) =)

, (=1,2,3;j=1,2; n=1,00),
AGS) ( J n=1,0)

Ay (ms) :(n(n+1) 1

+yls? |x
1-v;  1-v, Yo

x(n(n+l)—1+vO+RR +n§s2),

b

0

Ay (n,s) =[RR +(M+1J(n(fi+l)—
—1+ v, + Ry +mps”)/(2(1+ v, ) Dk,),

Alz(n,s):nl(ﬁ—-l_l)(n(n-l-l)—l-l-vo +R, +n§s2),

0

_n(n+DR, N n(n+1)
20+ vk, (2(1+vy)k,

A,, (n,s) =

+

+y§s2j(n(n+l)—l+v0 +R, +nés2),

I-v,
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R 1
Asl(n,s)=7'?(—n(n+1>+1+V +v§s2j,
0

_n(n+DR, R’E,h

A ) = ) =
2(m5) (—vo)h ~ * " 2(1+v,)Dk,

A(s) = —néyg (36 + Zas4 + Ebsz + (1 ),

n(n+1) N 1

1 _i(n(n+l)+

a2 2 +
Yol 1=vy  2(1+vy)k, 1+v,
R’E
+ 2 +L2 n(n+1)—1+v0+—°h ,
1-v, ) 7 2(14+v,)Dk,

E[,:%[né n(n+l) 1 J{ n(n+1)

1-v  1+v, )L 21+ vk,
N 2 +Y§ n(n+21)+
I-v, I-v;

j[n(n+l)—l+vo+
I-v,

_ n(n+l) n
2(1+vy)Dk, | 1-v,)’

L YoRCEh
2(1+v,)Dk, ) )

— 1 n(n+1) 1 n(n+1)
Co=—53 1—v2 1 +
NoYo Vo TV 2(1+ v, )k,
2
n(n+1)—1+v0+R—E°h —~
1-v, 2(1+v,)Dk,
_n(n+1)R’Eyh Lo+
41+ v, DK ) 2(1= VoK,

2
y REh [ 2(1+vy)k, 1k
2(1+v,)Dk, 1-v,

>{n(n+1)—1+v0 +ﬂjj]
2(1+v,)Dk,

Then applying the inverse Laplace
transform to (27) — (30), by the theorem on the

n(n+1) N 1

2(1+vy)k, 1+v,
REh 2 |

2(1+ v )k,

+

1-v,

(20 +vy)k, +1-v, )+
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convolution of the originals of two functions

g n(n+ 1 1
we have: I, =Moyeo, +| ne (ntD) +
1- 1-v,

+ye(n(n+1)=1+v, +RR))0,

1 ¢ t—1
Wy (£) =— | Po(1) cOS| ——+~— i1, (31)
YO! [YOV(I_VO)/Z}/ Rlz—n(’Hl)( (n+1)=1+v, + R, +12r),

t 1 0
iy, (6) = [ p,(DQ, (n,t —T)dr+ ()
o €7) N
+J q,(V)0,,(n,t —1)dr, 1 2(1+vy)k, 1
= X
o 2 2(14+v,)Dk, || 1-v,
t,, (1) = .([pn(T)Qzl(”’t_T)dT+ ) x(n(n+1)—1+v,+R, +11§r)—RR),
! 1 1
— 1. = 2 + ,
+_([ q,(V0, (n,t —1)dr, 2= Mo (l =Vvy 21+ vk, JG
. ! 1) 2
= — R, =nivir +| 0} n(n+ + +
D, (1) !pn (Vs (n,t —T)dr + 22 = TloYofi [no {2(1 +vok, 1-v,
(34)
t - 2 _
+an(r)Q32(n,t _ vt (n=1.2), +yo(n(n+1)=1+v, +RR))r+
0
+(2ri(n+l)k +1 2 J(I’l(l’l+1)—1+\/0 +R;,)—
Whel‘e ( +VO) s _VO
0, (1) =4[ (AR, + AL, )eh(r,t) cos(,0) + _nn+ DR,
214 v, )k,
+(AR, = AT )sh(r)sin(o) | /(A7 +A7)+
! ! 7 [ n(n+1) N 2 N
24, (n,57) (H(s)Jeh(s,0) + H(=s; Jcos(s 1)) Tt Mol 20 vk, 1o,
A’(Slz) ’ 2
+y,(n(n+1)-1+v,+R,))o,
where H(x) — Heaviside function, Yoln(n+1) ° R))
:(’,.2 +02)1/4 COS((P/2)9 R31 :%(—n(}’[—kl)—'—l 1 +'Y(2)7'J,
= +0>)"*sin(¢/2), ¢=arctg(c/r), Vo
b R R
r=—((A+B)/2+4,/3), c=-/3(4-B)/2, I, =y§7RG, Ry ===En(n+1), Ly =0,
=A+B-A4,/3, A=(—q'/2+0")",
B=(-q'12-0")", 0=(p'/3)* +(q'/ 2)", A'(s)=-myy,| 65" +44,5*+2B, |,
q'=2(4,/3)-4,B,/3+C,, A, =-niyi[6r+44,r+2B,],

r_ 42 D _ 2 2 _
p'=—4,13+B,, n=r"-0", o, =2ro, A, =-n2vi[ 60, +44,0].

D1 _ 1 in| — 12T
R, =iyl 2| 20D 1, Wy () =— [ py(D)sin r,
n = oY (”0(1_Vg 1—v, " vj YoJ1=v,) /2

+yo(n(n+1)=1+v, +RR))1’+ W, (£) =jpn(t)Qll(n,t—r)dr+
n(n+l) 1 B ) ’ (35)
{ v l—vo]("(m) TR +[ 4,00, (n1—v)dx,
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Uy, (t) = j.pn (T)Qzl(nat_T)dT+ (36)
4, (00 (n.t -1,
@,(1)= jpn (T)Qm (n,t —t)dt+

+j- q, (T)Qn (n,t —1)dt, (n= la_oo)o

where
0, (n.t) =4[ (8,R, +3,I,)sh(r,t)cos(c,) +

ey iy

+(8,R; —8,1,)ch(ry)sin(o,0) | /(87 +87 )+

N 27, (n. ) (H(s7 )sh(s,) + H(=s] )sin(s,t) )
(5,A'(s7))

9

3, =1rA, —0,A,, 8, =0,A, +1A,.

We apply to the system of equations (2) the
Laplace transform in the variable ¢ (s is the
transformation parameter) and the Fourier
method of separation of variables, considering
the evenness in x of the potential and the
oddness of the potential , and require the
satisfaction of condition (13) — (14). Then, in
the space of Laplace transformants, we obtain
the following representations for wave
potentials [5]:

q)L(s,r,Z) = iAn (s) exp(—z1 /S—z+ Xi jJO (A7),
n=0 a
yh(s,r,z)= iB” (s) exp{—z /;—24‘ Xi JJI (A7),

(37)
where A, — the eigenvalues of the problem,
which are determined from conditions (15)
taking into account (4) and are the roots of the
equality

JA,1H)=0, (n=0,0).

In (37) A4,(s) and B, (s) are determined

from the boundary conditions. It follows from
representations (37) and relations (4) that the
sought-for functions on the surface of a half-
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space are represented as series in the system of
eigenfunctions of the problem.

0, (6,7,0) = Y, (0, 0,7),

n=0

0, (t.r,0) = Y u, (00,00,

n=1

. (t,r,0)=> o ()J,(A,r),
n=0

o, (t,x,0)=> c_,(0J,(h7).
n=l1

Just as in [1 — 5], the dependence between
the harmonics of the vertical component of the
velocity and normal stresses on the surface of
the half-space is determined [6 — 8, 10]:

5., (1) = —a(Vnm [r@Fa- r)dr}

(38)
where

F,(t)=—a\,J, (oA, 1)+ 2bBA, { BN (J, (0k, t) —
~Jy(BA 1) —J, (o, 1)+ J, (BA, ) + BN, £

x(bJ (oA, t)—J,(BL 1)+ (2~ b* )fo (ar t)—

— T, (L0}

where J(¢), J,(t) — Bessel functions of the

first kind of zero and first order, respectively,
and the function J(¢) is defined as follows:

J,(t) = jJO (t)dr.

Further, we will satisfy the mixed boundary
conditions (8). From (8), (38) we obtain the
following representation for the vertical
component of the velocity on the surface of the
half-space:

NgE

V,0J,(h,r) =H(" —r)x

n

(=}

n=

v (1) = W, (,0) cos 0 — 1ty (1,0)sin0} —  (39)

HG =) Sy 0P [V, (OF, (- e

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 77-89



Information Technology

Substituting (22) and (23) into (39) with
allowance for r=sin0, arising from
geometric considerations in the zone of the
contact region, and representing both parts of
(39) in the form of series in J,(A,r), we
obtain an infinite system of Volterra integral
equations (ISVIE) of the second kind
regarding to unknown harmonics velocity on

the surface of the half-space (1 =0,0):

V(1) + Z ol (" )j V. (D)F, (t—1)dt+

m=0

3 [0 Y (1) + 05 i ()]

(=}

xj V. (0)F, (t—1t)dt=C,(r" v, (2),

where
I
a0y = [y ()i,

%

ol (") :%jr\/l—rsz (\/l—

n 0

” )Jo O\ r)dr,

m

0O =~ VZVHZaiP (\/l—rz)Jo(?»nr)dr,
r

N2

n 0

C.(r )—N er (h r)dr, N*= j).r(JO(knr))zdr

n 0

The functions w,,, (¢),4,, (t) and @, () are

determined from relations (31) — (34), but they
involve unknown functions p, (¢) and g, (¢).

Let us deal with their exclusion, for this we
use conditions (6), (7), which can be rewritten
using (38) in the form:

3 p, (OB, (cos) = a H(®'

n=0

A 9)[Vn(t)+j.Vn (DF, (t—r)dr],

- |O|) cos 0 x

34, (0P (sin0) = ¢ H(O'

n=0

—|6])sin 6 x
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<3 J, (2, sin0) (Vn 1)+ jV (OF, (1 - r)er.

Using the orthogonality of the polynomials
and the associated Legendre polynomials, we
obtain the relations establishing the
relationship between the harmonics of the
series expansions of the functions p, g and V-

p.(H)= ZYG)(@ )(V (f)+j.Vm(T)Fm(t—T)dT],

q,(t) = Z Vo (0" )[Vm () + _tf Vu(OF, (- r)dr],

m=0

where

”
Y07 = % J. cos0sin 0P, (cos 0).J, (L, sin 0)d0,

n 0

0"
Vi (0°) =2 [ sin’® 07 (cos0), (1., sin 0) .

n 0

sin 0 (P, (cos 0))

sin 0 P1 (cos O))

el
o

Thus, the final form of the resolving ISVIE
of the second kind will be as follows:

V() + ia;“; (r )j V (DF, (t—t)dt+

m=0

+Za“)<r Y j Yo (0" () (7, (1) +

k=0 ¢

+]Vk<a>ﬂ<r—é)dajgn<m,t—r)dr+
200X [ @) (@ +

* j Ve (©F (1~ i)dij 0, (m,t —t)dt+

+Za“)<r > [v2O @) (F )+

k=0 ¢
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+ j Vi ©F, (t— c‘,)a’éjQ21 (m,t—T)dt+

+Z (" >; j YOO (1) (V, (1) + o)

+ j %(&)ﬂ(r—&)da]sz(m,t —1)dt =

=C,(r W, (), (n=0,m).

To solve the problem, when the shell
penetration velocity v,(¢f) is a predetermined
function, it 1is sufficient to numerically
implement equations (40).

The expression for the reaction force of the
elastic half-space (12), using (38), can be
rewritten as:

(1)

P(t)=-2n j ro_(t,r,0)dr =omr () x

0

n

x{vr (O)r (1) + 22 (x

The equation of motion of the shell (10)
with the initial conditions takes the form:

4y _
dt

( (41)
+2Z A j V (0)F.(t - r)dr}

—amr (6) {v, (" () +

n=0

To solve the problem of impact with an
initial velocity V), the system of equations

(40) must be supplemented with the equation
of motion (41).

The contact area is determined considering
the rise of the medium from the condition:

S, vyt + 82jjvT (vydt—f(r")-
’ (42)

—iJO (xnr*)jr/n(r)dr—

n=0
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j V. (V)F, (t - t)dt}.

—mif;(m)x

oo t

X I[ ®) (arcsin ' (1))Q,, (n,t — 1) +

00

v aresin ()0, (.17 |
0+ 7, ©F, (r—&)d&}dr—

o0

XZ;) I [ym; (arcsinr (r))Q21 (n,t—1)+

+yW(arcsin (1:))Q22 (n,t— r)} X

x[Vm =+ 7, ©F, (r—&)d&jdr =

— O’
€<0,

where §,={0, if i=j; 1, if i=j} -

if r<ri()
if r>r'@)

Kronecker symbol. Index j=1 corresponds to
the case when the body penetrates into the
medium at a speed varying according to a
predetermined law (setting 1); if the velocity
of the penetrating body is known only at the
initial moment of time ¢=0, and at
subsequent moments is determined from the
equation of motion (statement 2), then j=2. If
we exclude the fourth term in relation (42),
then we obtain a condition from which the
boundary of the contact region is determined
without considering the rise of the medium.

NUMERICAL SOLUTION

The size of reduction N of the ISVIE of the
second kind will be chosen from
considerations of practical convergence.

The integrals were calculated using the
method of mechanical quadratures, in particu-
lar, the symmetric Gregory quadrature formula
for equidistant nodes. The Cauchy problem for
the differential equation (41) was solved by the
Adams method (closed-type formulas) [1 — 5]
of order m, with a local truncation error
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OAt™™") [6 — 8, 10]. As a result of

discretization, we obtain a system of linear
algebraic equations (SLAE). Calculations have
shown that with an increase in the reduction
size N, the determinant of the SLAE matrix
increases indefinitely. The SLAE is poorly
defined: as the reduction size N tends to
infinity, the value of the determinant of the
SLAE matrix also tends to infinity. This is due

to the fact that the kernels Q,,(n,1), O,,(n,?)
in (32), (33) have asymptotic exp(O(n)) in the
parameter 7, Qll(n,t) and Q22(n,t) in (35) and
(36) have asymptotic 0(%)exp(0(n)) in the

parameter n. Methods of  Tikhonov
regularization and orthogonal polynomials do
not work to neutralize such an exponential
singularity. The approach [1 — 5] for solving
problems of dynamics makes it impossible to
study the impact of elastic shells of the S.P.
Timoshenko type and elastic bodies on an
elastic foundation [6 — 8, 10]. In addition, this
approach makes it possible to determine the
stress-strain state only on the surface of the
medium into which the striker penetrates.

CONCLUSIONS

As a result of an attempt to solve the
axisymmetric problem of the impact of a
spherical fine shell of the S.P. Timoshenko
type on the surface of an elastic half-space,
applying the method of reduction of dynamic
problems to infinite systems of Voltaire's
equations of the second kind, the limitations of
this technique were revealed. This technique
does not allow solving plane and axisymmetric
problems of dynamics for refined shells of the
S.P. Timoshenko type and elastic bodies.

To solve [9, 11 — 14] the problems of
impact and nonstationary interaction [15 — 19],
the elastoplastic formulation [20 — 22] can be
used. It should be noted that to calibrate the
computational [1] process in the elastoplastic
formulation at the elastic stage, it is convenient
and expedient to use the technique [1 — 5] for
solving the problems of dynamics, developed
in[6 -8, 10].

Transfer of Innovative Technologies
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OnuH MOAX0x K 0CECUMMETPHYHOM 3a1a4e
yaapa o6oaouek Tuna C. I1. Tumomenko
00 ynpyroe noJiypocTpaHcTBO

Braoucnae Bozoanoe

AHHOTamusi. YrtouHeHHas Mozens  C.IL
TUMOIIEHKO TO3BOJIET YYECThb BpalleHHE U
WHEPIHIO TAKOTO BPAIEHHS TOTIEPEYHOTO CEYEeHHUS
obonoukn. Bo3MmymieHHs: pacrpocTpaHsSIOTCS B
obonoukax Tumna C.II. TuMOIIEHKO ¢ KOHEYHOH
ckopocthio. [loaToMy  m3yueHHe  JUHAMHUKH
pacnpocTpaHeHHs] BOJIHOBBIX MPOIECCOB B TOHKUX
obonoukax tuma C.JI. TumomeHnko sBseTCA
BaXXHBIM  aCIIEKTOM, Tak »Jk€ KaK Ba)XHO
WCCIIEZIOBaHHE BOJHOBBIX TIIPOLIECCOB yraapa B
YOPYIOM OCHOBaHMHM, B KOTOPO€ IPOHHUKAET
yVOapHUK. XOpOLIO M3Y4YEeHBl METOH CBEACHUS
pemieHnss  3aJa4  JAWMHAMHUKA K PEIIEHHUI0
OECKOHEUHON CUCTEMBI MHTETPANBbHBIX ypaBHEHUIH
Bonbereppa Broporo poma M CXOAMMOCTH 3TOrO
peuieHus. Takoil MOAXOZ YCHENIHO HNPUMEHSIICS
JUIs  cIy4daeB MHCCJeNoBaHUS 3ajgady o0 ymape
TBEPABIX TEJI M YNPYTUX TOHKHUX OO0OJIOYEK THIIA
Kupxroda — JlsBa 00 ympyroe momympocTpaHCTBO
u cinod. B gaHHON paboTe ciaenaHa MONBITKA
pelIeHnsT OCEeCHMMMETPHYHOI 3amaun 00 ymape
YOpyro TOHKOW cdepudeckoil 00ONOYKH THIIA
C.I1. TumonreHko 06 ympyroe MmoaympOCTPaHCTBO
METOZIOM CBEJEHUS 3a/1a4 AMHAMUKH K PEeILIEHUIO

Transfer of Innovative Technologies
Vol.4, No.2 (2021), 77-89

0ECKOHEYHOW CHCTEMBI MHTETPAIbHBIX YpaBHEHUH
Bossreppa BTOporo popa. Ilokasano, uto Takoi
MOAXOJT HEMPUEMIIEM ISl UCCIIEYEMON B JIaHHOU
CTaTh€ OCECUMMETPUYHOM 3a1aun. JluckpeTuzanus
C MHCIIONIb30BaHMEM MeTofoB Iperopu  ams
YHCJIEHHOTO HWHTETPUpPOBaHUA U Ajamca aus
pemieHuss  3agaun  Komm g mosydeHHOH
OEeCKOHeYHOW CHCTeMBl ypaBHeHHH Bombreppa
BTOPOTO pOAa MPHUBOAUT K PEIIEHUIO IUIOXO
ONPENEIICHHON CHUCTEMBI JINHEMHBIX
anreOpanyecKkuX YpaBHEHWH: TMpH YBEITUYECHUHU
MOpSAJKA PEAYKINH ONpPENEIUTENb TAKOH CHUCTEMBI
CTpEeMHTHCSI K OeckoHeYHOCTH. JlaHHas MeToauKa
HE TTO3BOJISIET permarhb TUTOCKHE "
OCEeCMMMETPHUYHBIE 33/1a9i JUHAMUKH JJII TOHKAX
o6onouek tuna C. I1. TuMOIIEHKO U YIIPYTruX Ted.
OTO MOKa3bIBa€T OTPAHWYCHUS TAKOTO TOAXOAA U
O0OBSCHSCT HEOOXOOMMOCTHh pPa3paboOTKU OPYTHX
MaTeMaTHYECKUX IOAX0A0B M Moxeneil. Crnemyer
OTMETHUTh, YTO JUIA KaTHOPOBKU BBIYUCIUTEIHLHOTO
mpoliecca B yNPyroluIaCTUIeCKON MOCTaHOBKE Ha
ynpyroil craaum ymoOHO U 1enecoo0pas3Ho
WCIIONIB30BaTh TEXHUKY CBEJEHUS 3a/1ad JUHAMUKH
TS pereHus OeckoHeuHOH CUCTEMBI
VMHTErpAJIbHBIX ypaBHEeHUH Bosbkreppa BTOpPOro
pona.

KualoueBble cjioBa: ymap, yHOpyrocTb, YIpy-
TOIUIACTUYHOCTh, OJYMPOCTPAHCTBO, OCECHM-
METpU4YHas 3aja4a, TOHKas cdepuyeckas o000-
nouka, C.I1. TumormeHko.
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Abstract. The isolation of hypothetical theories
from the realities of living matter has caused mys-
ticism to penetrate scientific theories. With mysti-
cal thinking, the idea of using an analytical method
to solve cognitive problems does not occur. Dialec-
tical logic, in contrast to mysticism, states the op-
posite: any problematic tasks of cognizing the vital
processes and phenomena of the universe are solv-
able exclusively in an analytic way, with the only
method. The author created a universal and formal
theory of solving intellectual (i.e., having no previ-
ously known algorithms for solving) problems as-
sociated with the knowledge of the vital functions
of natural and man-made processes in any phe-
nomena of the universe - the Kondratenko method
of axiomatic modeling, the effectiveness of which
is achieved by correctly setting the problem and
solving it purely formal method. The correctness of
the statement of the problem means, first of all, the
recognition of the failure of all hypothetical (not
confirmed by the results of full-scale experimenta-
tion with the subject of knowledge) theories. This
requirement, in particular, to the mathematical
tools used to solve problems of cognition, it re-
vealed paradoxes in the foundations of mathemat-
ics, which are discussed in the article.

At present, in the natural and applied sciences
in most publications, i.e. more than 90% associated
with the construction of formal theories in these
sciences, the proof of theorems is carried out: first-
ly, in a meaningful way, which contradicts the ur-
gent requirement of philosophers of science to use
exclusively formal evidence, which is a criterion
for assessing the correctness and reliability of evi-
dence; secondly, in substantive evidence in 95% of
cases, an exclusively standard list of tautologies is
used, which by definition is incorrect for the pur-
pose of proving theorems on phenomena and pro-
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cesses of the universe based on exclusively true
axioms obtained as a result of full-scale experi-
mentation with these phenomena and processes.
The article deals with the paradox in the classical
approach to proving theorems, which consists in
the inappropriateness of generally accepted stereo-
typical tautologies of classical mathematics for
proving theorems.

Keywords: axiomatic modeling, artificial intel-
ligence, mathematical logic, thinking, formaliza-
tion.

INTRODUCTION

In the last decade, interest in the sciences
studying the human brain has grown tremen-
dously. Publications on neurobiology today
have quantitatively surpassed publications on
physics and mathematics. Since ancient Egypt,
people were eager to look into the human
brain, but today the growing interest in the
processes of human thinking, I think, is dictat-
ed by harsh necessity. The demand for this
kind of knowledge is dictated not so much by
the rapid development of world science as by
“dead ends” and stagnation in the previous
scientific century. The need for states econom-
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ic growth in times of crisis, their fierce compe-
tition in the international arena for leadership
and the disharmony of the development of
modern civilization are forcing to seek new
ways for the intensive development of society.
There are no such proposals from science to-
day. There is a fair hope that having under-
stood the processes of human thinking, science
will indicate the right path for further scientific
and civilizational development. However, suc-
cess requires more than just finding new ways.
In my opinion, competently conducted “work
on mistakes” of the previous period of science
development is no less effective. And I pro-
pose starting this work from the basics: from
the foundations of mathematics, rightfully
called the queen of all sciences [1 — 5], which
will serve the purpose of this article.

Man, by definition, is a “homo sapiens”,
since his genome contains a complex of inher-
ited genes that implement biological tools of
rational activity (BTRA) [6, 7]. The BTRA is
capable of not only operating with the so-
called signaling information, but also perform-
ing a complex of computational operations on
it, dictated by the full human body functioning
[8 — 11]. Intelligence assets are accumulated
throughout a person’s life in the process of
learning knowledge, skills and abilities. Assets
are stored in the knowledge base attached to
the BTRA. The base itself consists of two sec-
tions. In the first section, realistic knowledge
is stored, used exclusively to control the real
life of a person. The second section contains
abstract knowledge used exclusively for ab-
stract rational activity. For example, dreams,
fantasies. BTRA requires a high-speed asso-
ciative search engine serving both of the above
knowledge base sections. Knowledge of the
BTRA architecture gives us reason to be guid-
ed by the requirement to use exceptionally re-
alistic knowledge in solving problematic tasks
related to predicting the evolution of the vital
processes of real processes in the universe.
However, it is known that there are forecasting
technologies based on hypothetical theories.
The concept “hypothetical” means in this con-
text 100% isolation from field experimenta-
tion. The isolation of hypothetical theories
from the realities of living matter has caused
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mysticism to penetrate scientific theories. This
will be discussed not only in this article, but in
subsequent ones, as well as in my previous
articles on this topic. Unfortunately, there are
many examples of this. A reasonable explana-
tion of the situation in science in general, and
in mathematics in particular, is impossible to
find, since biological sciences, coupled with
cognitive science, have practically learned the
secrets of human rational thinking, based on
field experimentation and rejecting hypothet-
ical theories in principle, as theories that con-
tradict human BTRA capabilities [12 — 15].
Any mathematical statement, if it is not a pos-
tulate, must be proved. It is proved in a formal
way, i.e. without the subjective influence of a
person on the result of evidence.

Relevance of the topic. At present, in the
natural and applied sciences in most publica-
tions, i.e. more than 90% associated with the
construction of formal theories in these scienc-
es, the proof of theorems is carried out:

- firstly, in a meaningful way, which contra-
dicts the urgent requirement of philosophers of
science to use exclusively formal evidence,
which is a criterion for assessing the correct-
ness and reliability of evidence;

- secondly, in substantive evidence in 95% of
cases, an exclusively standard list of tautolo-
gies is used, which by definition is incorrect
for the purpose of proving theorems on phe-
nomena and processes of the universe based
on exclusively true axioms obtained as a result
of full-scale experimentation with these phe-
nomena and processes.

The task formulation. The article analyzes
commonly used standard list of tautologies:

* modus ponens: AAN(A=B)=B (1)
* modus tollens: (A=>B)AIB)=>TA ()
= gyllogism:

" (A=>B)A(B=>C)=>(A=>() 3)
* counter position: (A => B) =>
=> ('IB=>"1A) 4)

METHOD FOR SOLVING THE PROBLEM

Proof of the unsuitability of the modus po-
nens rule for proving theorems.
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Modus ponens formula rules, see (1):
AA(A=B)=B,

in classical mathematics, it is invariant to the
initial truth values of the component subfor-
mulas A and B. And even more invariant, to
the A and B subformulas components, if these
subformulas are composite. The modus ponens
rule itself does not declare the elementary na-
ture of the A and B subformulas.

However, in real life, researchers have to
work when formulating and proving theorems
on the phenomena of the universe exclusively
with axioms (facts of full-scale experimenta-
tion with these phenomena), which in the
foundations of mathematics received two al-
ternative names:

* elementary logical formulas

* single letter disjoints.

And so, when the modus ponens formula:
AA(A=B)=B (1) is being alone only with
single letter clauses, it not only does not indi-
cate a bright way to obtain the conclusion of
the truth of the premises in a purely theoretical
way, but it also poses the problem solver that,
in proving the theorems, the truth of both logi-
cal variable A and logical variable B, so that
there is no conflict with the predicate logic
semantics of the language, functionally fully
represented in the following Table 1:

Table 1
XY X XAYXVvYXYXeY
u " JI " u " u
u J1 I J1 u J1 I
JI " u J1 u " JI
I J1 u J1 I u u

Indeed, in this case, the first line shows that
the formula (1) receives the true value for all
true premises and the true conclusion of the
theorem.

However, the semantics of the language of
first-order predicate logic indicates that formu-
la (1) can also get true value for truth values of
single letter clauses corresponding to lines 3
and 4 of the language semantics Table 1. This
corresponds to the complete absurdity in the
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proof of the theorems, since false single letter
disjunctions reflecting the meaning of specific
real axioms obtained in the course of field ex-
perimentation are unacceptable in the premises
of the theorems. In the case of the modus rule,
the theorem should be considered incorrectly
formulated. But formulating correctly any the-
orem within the framework of the modus rule
definition of freedom degrees is fundamentally
impossible.

Thus, another insoluble paradox is generat-
ed in the beginnings of mathematics. True,
there is only one correct way out of this para-
dox, but it will bury the modus ponens rule
itself forever. The way out is to limit the num-
ber of degrees of freedom when defining oper-
ands in a modus ponens rule. As the operands
of this rule, exclusively true axioms should be
used, functionally fully characterizing all the
admissible states of the observed phenomenon
in the universe, and obtained only in the pro-
cess of full-scale experimentation with this
phenomenon. Moreover, this requirement
should equally apply both to axioms acting as
premises in the theorem, and to axioms acting
as conclusions in the theorem. But even with
such a limitation that allows us to correctly
formulate the theorem, it is still impossible to
obtain a proof of the theorem conclusion truth
from the truth of the conjunction of its premis-
es in a purely theoretical formal way [3]. For
the reasons related to incomplete cognition by
the international scientific community of the
human psyche, which (cognition), according to
optimistic estimates, can be completed no ear-
lier than in 500 years.

The complete knowledge of the human
psyche will reveal the secret of nature, in par-
ticular, about living matter, concerning (the
secret) of a rigid relationship at the molecular
level between two components [4]:

1) information on this matter, on the one
hand, from which the higher mental functions
of the central nervous system of a person are
operated (including mathematical and graphic
operations), including consciousness, thinking,
imagination, perception, memory and scien-
tific creativity;

2) investigated biological matter on the
other hand, involved in this operation.
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The disclosure of the mentioned secret will
leave no room for use in theories of false hy-
pothetical axioms, since any of the axioms will
have material evidence of its truth or false-
hood.

The requirement to disclose the mentioned
mystery additionally follows from the postu-
lates given below in order to confirm their
truth, since they (postulates) are the keys in
molecular biology and normal physiology and
determine the basic foundation for the exist-
ence of a biological form of matter:

v the postulate of the trinity of bioorganic
matter, chemical energy and molecular infor-
mation of living matter, declaring not only the
nature of heredity, but also in general, the na-
ture of all the rational activity of individuals,
together with their reflex activity in the pro-
cess of knowing the environment of existence;

v’ the postulate of interdependence between
the main components of living matter: infor-
mation, structure, energy and function in vari-
ous biological processes;

v’ a postulate stating that for living forms of
matter, reflection is a condition for ensuring
the unity of the organism and the external en-
vironment, without which the existence of a
living form is impossible;

v" a postulate stating that information, just like
chemical energy, reveals complete affinity for
living matter at its elementary level. Indeed,
all biochemical elements of biological mole-
cules represent that elementary form of organ-
ic matter, with the help of which biological
codes of molecular information are formed and
transmitted;

v’ a postulate stating that information, in a
philosophical sense, is neither matter nor ener-
gy — it is only a property of matter.

In molecular biology, information acquires
its physical embodiment and meaning already
at the level of molecular units of biological
information (letters or symbols) that are used
in a living cell to encode and program biologi-
cal molecules. It follows that information in
molecular biology is not an abstract concept,
but an objective property and, moreover, the
very content and essence of living matter. Bio-
logical molecules and structures, as carriers of
the just mentioned types of information, are
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constantly in informational interaction with
each other and the control center of the indi-
vidual psyche. Therefore, all of them may well
be recognized as informational “entities”.

Thus, only a rigid relationship at the mo-
lecular level between information subject to
operation and the biological matter involved in
this operation allows the correct formal proof
of theorems in the process of scientific
knowledge of this matter.

A similar approach to information, in which
it (information) is identified as an objective
property of each specific matter, bearing the
burden of the content and essence of matter
and transforming at the molecular level into
matter itself, should also be developed in the
process of cognition of inanimate matter.

As we have just seen, the modus ponens
rule does not provide the possibility of obtain-
ing a purely theoretical formal way of proving
the truth of the conclusion of a theorem from
the truth of the conjunction of its premises.
Therefore, at present, the truth of all axioms,
both in premises and in the conclusions of the-
orems, has to be determined solely by field
experimentation.

It would seem that in such a situation, a
formal proof of the theorems should be rea-
sonably abandoned. But this is permissible on-
ly if one neglects the control of the logical
thinking correctness of the problem solver in
the case of his reasoning with a logical conse-
quence in the structure of the “premise-
conclusion” statement. This correctness 1is
checked exclusively by the formal derivability
of the conclusion truth from the conjunction of
premises truth, based on the syntax and seman-
tics of the formal language of this formal theo-
ry. That is why philosophers of science require
precisely the formal proof of theorems in all
formal theories [16 — 19].

CONCLUSION

The modern proof is carried out on the
standard stereotype of the generalized logical
formula (3) created by the author [3] of any
theorem, which is represented by writing the
entire theorem with abstract logical variables
as the premise (left side) of the generalized
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theorem, and recording one or more interpreta-
tions of this theorem (obtained in the field ex-
periment) as a conclusion to a generalized the-
orem.

The formal derivability of any interpreta-
tion of this formula from an abstract formula
establishes two facts [20 — 22]:

* the fact of correct thinking in the formula-
tion and solution of a specific task problem,;

* the fact of an objective and correct proof
of the truth of the formulated theorem.

Similar considerations indicate the unsuita-
bility of the modus tollens rule, see (2):

((A=>B) A'IB) =>IA,

to prove the theorems, since the formula (2)
can get the true value eve — for truth values of
one-liter clauses corresponding to lines 1, 2
and 4 of the language semantics Table 1,
which corresponds to the complete absurdity
in proving the theorems.

Similar considerations indicate the unsuita-
bility of the syllogism rule, see (3):

((A=>B)A(B=>C))=>(A=>(C),

to prove the theorems, since the formula (3)
can get the true value even for truth values of
single letter clauses corresponding to lines 1 —
4 of the language semantics table, which cor-
responds to the complete absurdity in proving
the theorems.

Similar considerations indicate the inappro-
priateness of the counterposition rule, see (4):

(A =>B)=>('IB=>"1A),

to prove the theorems, since the formula (4)
can get the true value even for the truth values
of single letter clauses corresponding to lines
1 — 4 of the language semantics Table 1, which
corresponds to the complete absurdity in prov-
ing the theorems.
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Iapanokcsl HAyKH IBagIATOr0 Beka
Buxmopus Kouopamernko

AnHoTanusi. OTOPBAaHHOCTh THUIIOTETUYECKHX
TEOpUH OT peanuil KUBOW MaTepuM cTaja MpUdH-
HOWM POHMUKHOBEHHUS MHUCTUKH B HayYHBIE TEOPHH.
[Ipu MuCcTHYECKOM MBIIUIEHUH HJes NPUMEHEHUS
AQHAJINTUYECKOTO METOAA PEIICHUS 3a1a4 [TO3HAHUA
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B TOJIOBY HE NpuXoAuT. /namekrnyeckas Joruka B
OTJIMYME OT MUCTUKU YTBEp)KIAeT 00paTHOE: JIt0-
Obie TIPOOJIEMHBIC 3aJadd TIO3HAHUS >KU3HEICs-
TETBHOCTH TPOIECCOB W SBICHUA MHPO3IaHUS
pa3pemMbl UCKITFOYUTEIBHO aHATUTUYCCKUM ITy-
TEM, TIPU STOM €IUHCTBEHHBIM METOJ0M. ABTOPOM
CO3/1aHa yHHBEpCalbHas W (opMaibHAs TEOpHUs
pElIeHns] MHTEJUICKTYAIbHBIX (T.€. HE HMMEIOIINX
3apaHee M3BECTHBIX aJITOPUTMOB PEIIEHUs) 3a1ad,
CBSI3aHHBIX C TIO3HAHUEM JKU3HEACSITEILHOCTH
€CTECTBEHHBIX U PYKOTBOPHBIX IPOIIECCOB B ITO-
OBIX SIBJICHUSX MHUPO3JAHUs — METOJ aKCHOMAaTH-
yeckoro mozenupoBanus Konuparenko, s¢dek-
TUBHOCTH KOTOPOTO JIOCTHTAETCSI MyTEM KOPPEKT-
HOW TIIOCTAHOBKH 33Jlaud W €€ pEeIIeHHs YUCTO
(hopmanbHBIM MeTOAOM. KOPPEeKTHOCTh OCTAHOB-
KM 3a/ladil O3Ha4yaeT, MPEeXJe BCEro, MpHU3HAHWE
HECOCTOSITETHHOCTH BCEX THUIOTETUYECKHX (HE
MOATBEPKAEHHBIX pPE3yJbTaTaMU HATYpPHOTO DJKC-
MIEPUMEHTUPOBAHUS C MPEIMETOM IMO3HAHMS) TEO-
puii. OT0 TpeboBaHUe, B YACTHOCTH, U K MaTeMa-
TUYECKOMY MHCTPYMEHTAPHUIO, HCIIOIb3yEeMOMY
JUISL pelIeHus 3a7ad MO3HAHUS, BRISBIIIO TapaoK-
Chl B OCHOBaHHSX MaTeMaTHKH, PACCMOTPEHHUIO
KOTOPBIX ITOCBSIIIEHA CTAThA.

B HacTosiiiee BpeMst B €CTECTBCHHBIX M TIPH-
KJIAQJAHBIX HayKaX B OOJBIIMHCTBE ITyOIHKAIHA,
T.e. 6oee 90%, CBS3aHHBIX C MOCTpoeHHEM (hop-
MaJIBHBIX TEOPHH IO 3TUM HayKaM, JIOKa3aTellb-
CTBO TEOPEM OCYIIECTBIISICTCSI:
80-nepabixX, CONEPIKATENBHBIM CIIOCOO0M, YUTO MPO-
TUBOPCYHUT HACTOSATCIBEHOMY TPEOOBaHUIO (UIIO-
coOB HAyKH WUCIONH30BATh HCKIIOYUTEIHHO
(dhopmanbHOE JI0KA3aTEeIhCTBO, KOTOPOE SIBIISETCS
KpUTEpHEM OIIEHKH KOPPEKTHOCTH U JOCTOBEPHO-
CTU JIOKa3aTeNbCTBA; 60-6MOpbIX, TPU COAEpPIKa-
TETIBHOM JI0Ka3aTeNbCcTBE B 95% ciiydaeB UCHONb-
3yeTcs HMCKIIOYUTENBHO CTAaHIAPTHHIA IepedcHb
TaBTOJOTUH, KOTOPBIA IO OMNPEACIICHUI0 HEKOp-
PEeKTeH JyId 1eneil 1oKa3aTeabCcTBa TEOPEM O sIBIie-
HUSX U MPOIeccax MUPO3IAHUS Ha OCHOBE HCKITIO-
YUTEJIbHO HCTUHHBIX aKCHOM, MOJYYCHHBIX B pe-
3yJbTaT€ HATYpHOTO O3KCICPUMEHTUPOBAHUSA C
STUMHU SIBICHUSAMH U Tporieccamu. PaccMmorpen
Mapajokc MpU KIIACCUYECKOM IOIXO0Ne K JOKa3a-
TENbCTBY TEOPEM, COCTOSIIMKA B HETPUTOIHOCTH
OOIIETIPUHATHIX CTEPEOTHITHBIX TABTOJOTHN Kilac-
CHYECKON MaTeMaTHUKU JUIsI JT0OKa3aTebCTBA TEO-
pem.

KuroueBblie c10Ba: aKCHOMATHYECKOE MOJIEIH-
pOBaHKME, MCKYCCTBEHHBIM MHTEUICKT, MaTeMaTH-
yecKas JIOTUKA, MbIIUICHUE, (hopMaTi3ariysl.
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