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APPLIED PEDAGOGY AND PSYCHOLOGY

UDC 740

Zak A. Formation of intellectual actions in elementary school

Zak Anatoly
Leading Researcher, Psychological Institute of the Russian Academy of Education,
Moscow, Russia.

Abstract.The article presents a study devoted to the study of the intellectual actions of second-grade students. The
purpose of the study was to determine the conditions conducive to the formation in children of intellectual actions related to
reasoning, comparison, planning and combination. It was assumed that the author's program “Gumption” is a condition for
such formation. As a result of the study, it was shown that 32 lessons of the children of the experimental group according to
the “Gumption” program (for nine months, one lesson per week) provided the children of the experimental group with a
significant advantage in performing diagnostic tasks related to the performance of intellectual actions.

Keywords: intellectual actions, search tasks, second-graders, the program “Gumption”.
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PeleH3eHT: ArporuHa Harasbs MlocngposHa — KaHguaaT negarorm4eckmx Hayk, JOLEHT, 4OLEHT
Kagegpsi coynaibHovi pabotsl, ®FEOY BO «Kypckuii rocy,qapCTBEHHbLIV YHUBEDCUTET

1.Introduction

At present, educational programs at all levels, including primary school, are becoming
more complex. Mastering more complex programs requires a higher level of formation of
intellectual actions. At the beginning of the 21st century, numerous studies of the problems,
methods and ways of teaching thinking were carried out.

1.1 Approaches to stimulate thinking

A study by Adey, P. [2008] characterized thinking development programs for children
aged 4-11 years. Dewey, J., & Bento, J. [2009 ] studied the results of a two-year program that
activates thinking in elementary school students and noted an improvement in children's
cognitive abilities and social skills, as well as an increase in the professionalism of teachers.
De Acedo Lizarraga et al. [2009] showed good opportunities for stimulating intelligence,
abstract and deductive reasoning in accordance with the PAEA method.

McGuinness, C. with a group of researchers [2006] analyzed the use of various types
of mental tasks to stimulate cognitive skills and identified the most effective ones. Trickey, S.,
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& Topping, K. J. [2004] found that the Philosophy for Children elementary school program had
a positive effect on the development of reasoning and argumentation skills in elementary
school students.

Lucas, B., & Claxton, G. [2010] studied different types of intelligence (social, practical,
strategic, intuitive, etc.) in younger students and identified effective practical tools for teachers
in accordance with the noted types of intelligence. Nisbett, R. E et al [2012] have identified the
characteristics of the relationship between intelligence and self-regulation, procedural memory
and cognitive sKills.

The study by Kuhn, D. [2009] shows the importance of children's understanding of
acquired knowledge for assessing learning outcomes. Shayer, M., & Adhami, M. [2007]
demonstrated the effectiveness of developing cognitive skills in the study of mathematics.
Swartz and McGuinness [2014] explored different possibilities for integrating thinking and
academic learning. Puchta, H. and Williams, M. [2011] studied the development of 13
categories of cognitive skills (from simple to complex) in relation to the acquisition of significant
practical language skills.

1.2. Brief description of the study

The content of the considered experimental works allows us to note that most
researchers use educational material. We believe that it is possible to study the development
of thinking and its stimulation on non-educational material. Such material creates favorable
conditions for acquiring thinking skills, since, as our works [2004, 2003, 2015] have shown,
knowledge of the curriculum does not determine the success of solving search non-standard
problems (unlike solving educational problems). Underachieving children perform more
confidently in solving such problems than in solving academic problems, because this new
experience is not tainted by failure.

The purpose of the study was to study the conditions for the formation of intellectual
actions in second-graders related to reasoning, comparison, planning and combination.
Hypothesis: 32 lessons in the “Gumption” program are a condition for such formation. In our
experiments [2004], it was shown that children, on their own or with little help, can solve simple
variants of various types of tasks of the “Gumption” program (here it should be noted that the
program under discussion was developed on the basis of our course of developmental
activities for students in grades 1-4 “ Intellectika” [ 2002 ].

The study consisted of three stages. At the first stage, two groups of schoolchildren
(control - 69, experimental - 73) solved search tasks to determine the degree of development
of mental skills. The second stage included 32 lessons in the experimental group according to
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the " Gumption " program (one lesson per week). At the third stage, the children of both groups
again solved the same search tasks.

2. Materials and methods

The "Gumption " program is designed to conduct 32 lessons based on 32 types of
non-standard tasks with non-educational content: 9 types of plot-logical tasks, 6 types of
operational-logical tasks, 8 types of spatial tasks, 9 types of route tasks. Plot-logical tasks
contribute to the development of reasoning skills, operational-logical tasks - the ability to
compare, spatial tasks - the ability to combine, route tasks - the ability to plan. In each lesson,
children solve problems of the same type.

2.1. The content of the program «Gumption».

Lesson 1: route tasks (type 1). Lesson 2: plot-logical tasks (type 1). Lesson 3: spatial
problems (type 1). Lesson 4: route tasks (type 2). Lesson 5: operational-logical tasks (type 1).
Lesson 6: plot-logical tasks (type 2). Lesson 7: spatial problems (type 2). Lesson 2k 8: route
tasks (type 3). Lesson 9: plot-logical tasks (type 3). Lesson 10: operational-logical tasks (type
2). Lesson 11: spatial problems (type 3). Lesson 12: route tasks (type 4). Lesson 13: plot-logical
tasks (type 4). Lesson 14: spatial problems (type 4). Lesson 15: operational-logical problems
(type 3). Lesson 16: route tasks (type 5). Lesson 17: plot-logical tasks (type 5). Lesson 18:
spatial problems (type 5). Lesson 19: route tasks (type 6). Lesson 20: operational-logical tasks
(type 4). Lesson 21: plot-logical tasks (type 6). Lesson 22: route tasks (type 7). Lesson 23:
spatial problems (type 6). Lesson 24: plot-logical tasks (type 7). Lesson 25: operational-logical
tasks (type 5). Lesson 26: route tasks (type 8). Lesson 27: spatial problems (type 7). Lesson
28: plot-logical tasks (type 8). Lesson 29: route tasks (type 9). Lesson 30: operational-logical
problems (type 6). Lesson 31: plot-logical tasks (type 9). Lesson 32: spatial problems (type 8).

2.2. Plot-logical tasks.

9 types of plot-logic tasks have the following content.

Type 1, for example: “Dima, Liza and Borya swam across the river. Dima swam faster
than Lisa. Lisa swam faster than Borya. Who swam the fastest? »

Type 2, for example: “Words CUTE, CORPS, DOVE in different colors. Blue and pink
words have the same first letter, pink and red words have the same second letter. What word
is blue?

Type 3, for example: “Edik and Leva are of different ages. In many years, Edik will be
a little older than Leva is now. Which one is younger? »

Type 4, for example: “Petya, Yura and Sasha sent letters: two to Ufa, one to Kazan.
Petya and Yura, Yura and Sasha sent letters to different cities. Where did Petya send his letter?

International journal of Professional Science 4
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Type 5, for example: “Three words were written in blue, red and gray paint: WOOD,
CROW, RAINBOW. The blue word is to the left of the red word, and the gray word is to the
right of the red word. What color is the word CROW? »

Type 6, for example: “Dima and Katya had cubes with letters. First, Dima made up the
word DOM. Then he moved the letters and got the word MOD. Katya first composed the word
CAT, and then moved the letters in the same way as Dima. What word did Katya get?”

Type 7, for example: “Three cats lived in the house - gray, white and black: one in the
room, one in the hall, one in the attic. In the morning they fed either a black cat or a cat in the
attic, in the evening either a cat in the attic or a white cat. Where did the gray cat live?”

Type 8, for example: “Ira, Yulia and Anya received a doll each. One doll was wearing
a long-sleeved red dress, another was wearing a short-sleeved red dress, and the third was
wearing a long-sleeved green dress. The dresses of Ira and Yulia dolls were of the same color,
and Yulia and Anya's dolls had dresses with the same sleeves. Who had a doll in a red dress
with long sleeves?”

Type 9, for example: “Lena and Dasha went to a sports store. Both bought one pair of
skis and one pair of skates. Some of the girls liked alpine skiing, some - cross-country skiing,
some - roller skates, some - figure skates. Lena left the store without skis. The girl who chose
alpine skiing did not buy figure skates. Who bought roller skates?”

At each lesson, children solve 3 variants of tasks of the same type: 1) find the answer,
2) find the question, 3) find part of the conditions.

Option 1 is shown in the examples above.

Option 2, for example: “Dima, Lesha and Borya trained in high jumps. Dima jumped
higher than Leni. Dima jumped higher than Borya. Which question can be answered, taking
into account the conditions of this problem: a) Who jumped higher than Bori? b) In what style
did Borya jump? c¢) Who jumped below Sloth?”

Option 3, for example: “Gena, Leva and Vova swam across the river. Gena swam faster
than Leva. [...]. Who swam the fastest?”

What should be added to the conditions of the problem to answer her question: (a)
[Vova swam faster than Gena]. (b) [Vova swam as fast as Gena]. (c) [Leva swam faster than
Vova).

2.3. Operational-logical tasks.

6 types of tasks for comparing schematic representations of objects have the following
contents.
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Fig.1. The flags

Type 1, for example: "Consider flags 2, 3, 6. Which flag is similar in shape to flag 67"

Type 2, for example: "Flags 1, 3, 5. Which flag has the same feature as flag 5?"

Type 3, for example: "Flags 1, 4, 5. Which flag, 4 or 5, has more of the same features
as flag 1?"

Type 4, for example: "Flags 2, 3, 6. Which flag, 2 or 3, is similar in shape to flag 6 but
has a dark figure like flag 1?"

Type 5, for example: "Flags 1, 3, 6. Which flag, 1 or 3,A has one identical feature with
flag 1 and one identical feature with flag 67"

Type 6, for example: "Flags 1 - 6". Flags 1 and 6 have the same feature. Which two
flags - 2 and 3 or 1 and 4 - have more of the same features than flags 1 and 6?7”

At each lesson, children solve 3 options for tasks for tasks of the same type: 1) find
the answer, 2) find the question, 3) find part of the conditions.

Option 1 is shown in the examples above.

Option 2, is to find a question, for example: “Flags 2, 3, 6. Which question is
appropriate for the answer “Flag 2”: (a) Which flag has a dark figure, such as flag 2?7 (b) Which
flag has a light figure such as flag 3? (c) Which flag has the shape of flag 6?”

Option 3, find part of the conditions, for example: "Flags 3, 6. Which flag has such a
light figure as flag 67" Which third flag is needed to answer this question: (a) flag 2, (b) flag 5,
(c) flag 4.

2.4. Spatial tasks.

8 types of spatial problems have the following content.

Type 1, for example: “How can the arrangement of letters | C | | R | change in two
moves so that the following arrangement is obtained: |R| C || ?”

Rule: one move is the movement of any letter to an empty space.

International journal of Professional Science
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Solution: 1.|C| |R|...] |C|R|;2.| |C|R]|...|R]|C]| |or |
C||R]J]... | |[C|R]|...]R|C]| [:on the first move, the letter "C" moves to an empty space,
on the second - the letter "R".

Type 2, for example: “How can | arrange the letters |R|R| C| | change in two moves
so that the following arrangement of numbers is obtained | 7 |7 | |4 ?

Rule: 1) one move is the movement of any letter to an empty space; 2) the same letters
must be placed in the same way as the same numbers.

Solution: |[R|R|C| |[...] |R|C|R|...|C|R| |R]|.

Type 3, for example: “How the arrangement of letters |[H| |V | | C |change intwo
steps to get the location| |H|V|C]| |?”

Rule: one action is the mental movement of any letter to an empty space. Solution: 1. |
HI [V [C[---] [H|V] [C];2.] [H|V] |C]-- | [HIVIC]
lor|H| |V]| |C|--| |H|V]| |C|---] |H|V]|C]| |:the first action moves the letter H
to an empty space, the second action moves the letter C to an empty space.

Type 4, for example:: “How the arrangement of letters | K| | K| | F | change in two
steps so that the letters are arranged in the same way as the numbers | |8
|814] |7

Rule: 1) one action is the mental movement of any letter to a free space; 2) the same
letters as a result of two actions should be located in the same way as the same numbers.

Solution: | K| |K| |F|--| |K|K]|] |F|--—-] |K|K|F]| |

Type 5, for example: “How can you change the arrangement of the letters PMK in two
moves to get the arrangement KPM?”

Rule: one move is the simultaneous exchange of two letters.

Solution: PMK ... RMB ... KPM: first, the letters M and K are reversed, then the letters
P and K.

Type 6, for example: "How can you change the arrangement of the letters PPMK in
two moves to get the arrangement of the numbers 68557?"

Solution: PMMK... PMMK... PKMM.

Type 7, for example:: “How is the arrangement of letters and numbers |IR|G
| |7 | change in two steps to get the location| |G |7 |R|?”
Solution: |R|G| |7]|---|R|G|7] |---] |G| 7|R].
Type 8, for example:: “How is the arrangement of letters and numbers | 7|
H| | H|change in two steps to get the location of the signs | #|#| % | |?”
Solution: | 7|H| |H|---| |[H|7|H]|--|H|H|7] |

International journal of Professional Science
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At each lesson, children solve 3 variants of tasks of the same type: 1) find the answer,
2) find the final location, 3) find the initial location.

Option 1 is shown in the examples above.

Option 2, for example: “Which of the following two locations will be: a)|C| |
R|lorb)| |C|P],ifinthelocation|R| |C |make two permutations of letters in a free cell?”

Option 3, for example: “What was the location: a)| |C|R|orb)|C| |P|, if after two
moves the arrangement| |R|C|?”

2. 5. Route tasks.

Below is the content of 9 types of tasks related to the movement of imaginary
characters according to certain rules.

Fig.2. Playing field 1

Type 1, e.g.: ““What two steps did the chicken take to get from K to R?”

Rule: 1) “Chicken”, an imaginary character, moves through the letters in the “cells” of
the “square”; 2) the characteristics of its movements are: (a) it steps directly, i.e., into a
neighboring cell vertically (e.g.: from M to H or to R) or horizontally (e.g.: from M to N or L); (b) it
steps obliquely, i.e., diagonally,(e.g.: from M to G or | or S or Q); 3) duck can not make two
identical steps (two direct steps or two oblique steps) in succession. Solution: K...L...R.

Type 2, e.g.: “What two jumps did the take dog to get from K to E?”

Rule: 1) “Dog”, an imaginary character, moves through the letters in the “cells” of the
“square”; 2) the characteristics of its movements are: (a) it jumps directly, i.e., through the letter
vertically (e.g.: from M to C or W) or horizontally (e.g.: from M to K or O); (b) it jumps obliquely,
i.e., diagonally, e.g.: from M to E or A or U or Y; 3) hare can not make two identical jumps (two
direct jumps or two oblique jumps) in succession. Solution: K...M...E.

Type 3, e.g.: “What two jumps did the cat take to get from K to S?”
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Rule: 1) “Cat”, an imaginary character, moves through the letters in the cells of the
square; 2) the characteristics of its movements are as follows: it jumps through the letter (e.g.:
fromMtoForBorDordJorTorXorVorP). Solution: K...V...S.

Type 4, e.g.: “What two moves do the chicken k (directly) and the dog (obliquely) need
to make in order to get from G to T?” Solution: G...H...T.

Type 5, e.g.: “What two moves do the chicken (obliquely) and the dog (directly) need
to make in order to get from H to S?” Solution: H...G...V.

Type 6, e.g.: “What two moves do the chicken (directly) and the cat need to make in
order to get from B to J?” Solution: B...C...J.

Type 7, e.g.: “What two moves do the chicken (obliquely) and the cat need to make in
order to get from D to Q?” Solution: D...H...Q.

Type 8, e.g.: “What two moves do the dog (directly) and the cat need to make in order
to get from R to E?” Solution: R...H...E.

Type 9, e.g.: “What two moves do the dog (obliquely) and the cat need to make in
order to get from G to V?” Solution: G...S...V.

At each lesson, children solve 3 variants of tasks of the same type: 1) find the answer,
2) find the final cell of displacements, 3) find the initial cell of displacements.

Option 1 is shown in the examples above.

Option 2, for example: “Which cell did the duck get two steps from C: cell W or cell
o7’

Option 3, for example: “From which cell did the duck get to Y in two steps: from cell
X or K?”

2.6. Features of developing activities.

The lesson on the program «Gumption» consists of three parts. In the first part (about
15 minutes), the teacher, together with the students, analyzes ways to solve a typical problem.
Children need to understand what to look for in this type of problem and how it can be
achieved. To do this, they are given the tools to analyze problems and ways to manage the
search for solutions and control their actions.

In the second part (about 30 minutes), children independently solve 12 to 15 problems,
applying the knowledge gained in the first part. In the third part (about 15 minutes), the teacher,
together with the students, checks the solved problems and considers incorrect solutions,
once again demonstrating the methods of problem analysis and ways to control mental
activity.
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3. Results

3.1. Diagnostics of thinking skills.

Before and after 32 classes, group diagnostics were carried out on the basis of search
tasks, in which it was necessary to find the movement of the "Postman" between the "houses"
on the playing field (fig.3):

Al A2 [ a3 |B4|
B1 | {c1 | (B2 | | c3

Fig.3. Playing field 2

The "Postman" moves according to the following rule: if two neighboring "houses"
have the same "resident" - a letter or number (for example, houses A2 and B2 or A2 and A3),
then you can walk along the path between such houses; if - the "houses" do not have the
same "resident" (for example, A2 and B3), then - you can’t go.

For example, such a problem: “What two moves does the Postman need to make to
get from A2 to C3 (A2...7... C3)?” Solution: A2...A3...C3.

After explaining the Postman's movement rule, it was proposed to solve six problems:

(1)A1...? ..B2;
) IN1...7 ... A2;

(3) B2...? .7 ...C3;
(4) A3...? .7 ..B4;
(5)C1...? .7 .7 ...B4;
(6) B4...7 .7 .2 ..B1.

3.2. The main results of the study.
Quantitative characteristics of the success of solving diagnostic problems by second-
graders are presented in the table.

Table.
Children of the control and experimental groups who solved six problems
in September and May (in %)
Groups September May
Control 23,2 34,8
Experimental 20,5 57,5
Note: *p<0.07
International journal of Professional Science 13
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According to the data presented in the table, the level of development of mental skills
in May increased (compared to September) in both groups: by 11.6% in the control group, by
37.0% in the experimental group. In September, the difference was minimal - 2.7%, and in
May it became statistically significant - 22.7% (at p <0.01). Thus, the conducted study
confirmed the initial hypothesis that the “Gumption” program contributes to the formation of
intellectual actions in second-graders.

4. Discussion

4.1. Experimental conditions.

The results obtained in the study are explained by the peculiarities of the content of
the “Gumption” program: the non-educational content of tasks, their search nature, the variety
of their types (plot-logical tasks, operational-logical, spatial, route), structural differences and
differences in tasks: find an answer, find a question , find part of the condition.

The specific characteristics of the implementation of the “Gumption” program are also
important: 32 hour sessions held weekly for nine months. Each lesson consists of three parts
- preliminary discussion, independent problem solving, final discussion.

The subjects were ordinary students in ordinary classes of two ordinary schools. The
control group consisted of two classes in one school and one class in another school, while
the experimental group consisted of one class in the first school and two classes in the second
school.

Classes were conducted by ordinary elementary school teachers.

4.2. Scientific significance of the study As a result of the experiments, new knowledge
was obtained about the conditions for the formation of mental skills, expanding and clarifying
the ideas of developmental psychology about the possibilities of intellectual development of
younger students.

4.3. The influence of developmental activities.

Observations of the actions of students testified to changes in their behavior: they
were no longer afraid of mistakes, offering their own solutions. Children who failed to solve all
six diagnostic tasks in September initially showed increased anxiety, but subsequently gained
more confidence and became more active in discussions.

When solving problems independently, these children were supported for eight
lessons: the teacher reminded them of the rules for solving specific types of problems,
indicated the elements of the conditions that must be taken into account, and helped them
understand errors in incorrect solutions.

International journal of Professional Science 14
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The students who solved all the problems in September were also supported: the
teacher offered to compose problems similar to those solved. As our studies show [2003],
[2016], such tasks contribute to the development of mental skills and creative thinking.

In conversations with teachers, it was noted that they made certain changes in their
work. In particular, they began to offer more problems with incomplete conditions or missing
questions, and also gave children problems that required verification of the finished solution.
Speaking about changes in the behavior of students in the lessons according to the school
curriculum, teachers noted the increased activity of children in class discussions, emphasizing
the fact that children began to reason more consistently when solving mathematical problems
and give more examples when studying grammar rules).

4.4. Research limitations.

In September, on average, 21.8% of students solved six problems in both groups.
With a different composition of the group, where the results were, for example, 15.0% or
10.0%, the effectiveness of developmental classes could be lower.

The pedagogical experience of the teachers who conducted the classes was, on
average, 15-20 years, whereas if it had been 3-5 years, the development of the children in the
experimental group would have been less effective.

4.5. Goals of further research

Conduct a similar study with third-graders to more fully and accurately assess the
impact of the «Gumption» program on the development of thinking skills in children of primary
school age.

Determine the optimal composition of the search tasks for each age level of the
«Gumption» program and check the effectiveness of other types of tasks.

To study new options for the frequency of developmental classes per month, as well
as the duration of one lesson and its three parts. It is important to investigate the impact on
the effectiveness of developmental activities of the number of children in the class, as well as
their composition based on the results of the initial diagnosis.

Create a comprehensive program for the formation of intellectual activity among
younger schoolchildren, in which the “Ingenuity” program would serve as propaedeutics in the
course of the development of critical and creative thinking [2016].

5. Conclusion

The study demonstrated the effectiveness of the development of thinking skills in
second-graders in group activities, when on a regular basis (once a week) for nine months
(from September to May) various types of search tasks of non-educational content included
in the “Gumption” program were solved.
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The current stage of society's development is characterized by a significant increase in
the role of information and communication technologies (ICT) in the activities of commercial
and public institutions and the daily lives of citizens. In these conditions, the vulnerability of
ICT has given rise to new types of counter-actions, such as cybercrime and cyberterrorism,
and has brought to life a new form of confrontation — information warfare. Threats related to
ICT are relevant for all States involved in information interaction. The problem of security of
information resources acquires global significance, characteristic of each structural level of
the world community and field of activity.

The increase in the world's urban population over the past 10 years has been
approximately 40%. Such an increase causes an increased burden on all services that ensure
the functioning of the urban economy. At the same time, many technologies that ensure the
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vital activity of Russian cities have exhausted their capabilities to serve the rapidly growing
urban population.

Among the trends in technology development in Russia and around the world, the
development of highly organized systems is at the forefront. The leaders of the largest Russian
cities are striving to optimize the urban environment, traffic flows, and create a more efficient
urban infrastructure management system. Today in Russia there is an "Electronic government"
that improves the communication of the city administration, various institutions and residents.
This system makes it possible to manage the city, allows you to get a large amount of
information for making management decisions.

There are also projects in the energy industry to improve the system of production,
distribution and consumption of electricity, for which sensors, smart devices connected to the
Internet are necessary. They make it possible to better optimize the production, consumption
and distribution of electricity, and reduce the negative impact on the environment.

To achieve this goal, the introduction of new information technologies is required, which
are one of the important elements of the functioning of modern cities. There is an introduction
of automated management and control systems for various spheres of city life, such as
housing and communal services, urban automobile traffic, public transport, tourism, public
safety, education, healthcare, energy supply, water supply, environmental situation.

The comprehensive introduction of modern information technologies contributes to a
significant improvement in the quality and efficiency of the provision of educational, medical
and other social services and contributes to an increase in the level of information security.

But the positive dynamics of the development of systems entails issues of information
protection. Threats to information security are changing no less actively. The use of highly
efficient technologies inevitably leads to the strengthening of existing threats and the
emergence of new ones.

A threat is a potential opportunity to violate information security, which is usually
considered as a combination of three aspects: Accessibility, Integrity and Confidentiality.

Violation of any of them leads to harmful effects on information and other resources of
the system. Within the framework of production information systems, the distribution of
protective actions between aspects is equal, that is, in such systems, a third of all information
security efforts are mobilized to protect Accessibility, Integrity and Confidentiality account for
the other two thirds.

The role of Accessibility is increasing due to the change in the list of threats. For
sensors, sensors and other devices, accessibility is vital, since this property of data provides
the possibility of their arbitrary use in solving problems.
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The list of threats related to the human factor is significantly reduced. Currently, the
powerful threat stream "Unintentional errors of regular users" reaches 65%, and "smart
systems" significantly reduce this value by at least half.

The threats associated with failures of the supporting infrastructure (failures of
communication systems, power supply, water and heat supply, air conditioning, destruction
of the building, failure of maintenance personnel) are noticeably reduced, and the threats
associated with failures of the system itself and user failures are clearly increasing.

User rejections:

e unwillingness to work with the information system (most often manifests itself when it
is necessary to master a new one);

¢ inability to work with the system, as there is no appropriate training;

e inability to work with the system due to lack of technical support (incomplete
documentation, inability to obtain reference information).

Failures of the system itself for internal reasons:

e deviation from the established rules of operation (accidental or intentional);

e system out of normal operation due to accidental or intentional actions of users or
maintenance personnel (exceeding the estimated number of requests, excessive
amount of information processed, etc.);

e errors during (re) configuration of the system;

e software and hardware failures;

e data destruction;

e destruction or damage of equipment.

Currently, the introduction of modern information technologies in urban development
strategies involves a radical restructuring in the management system of municipalities, a
reassessment of Russia's resources and the search for new ways to achieve this goal.

A safe city is a city in which the existing resources of city services are used in the best
possible way, providing services of the best quality for city residents and ensuring maximum
safety of city life, for which information and communication technologies are widely used.

Smart services in the field of housing and communal services, transport service
management, the formation of unified urban information systems are successfully functioning
in Moscow, systems are being implemented in the field of security and rational management
of urban communal services.
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To solve the tasks set, a completely new integrated approach is required, including the
unification of technical and humanitarian components of the problems of ensuring urban
security. Safe technologies of critical infrastructures, secure telecommunications and security
of every citizen, including his personal data, work on education and instilling a moral way of
life — this is the foundation on the basis of which it is necessary to build such a complex socio-
technical object as a safe city.

The composition and structure of threats associated with failures of the supporting
infrastructure of the urban economy are changing due to the development and implementation
of modern technologies. An unsystematic approach, the introduction of individual modern
technologies, and the lack of communication between urban household technologies lead to
an increase in the level of threats to information security.

Thus, when planning investments related to the development and implementation of
modern technologies, it is necessary to take into account the costs of accessibility protection
to a greater extent, to ensure the neutralization of numerical threats, to provide for the costs
of researching potential threats from new technologies.
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XaputoHos AHapen JleoHnaoBnY,

KangupoaT hrnanko-mateMaTuyecKnx HayK, BeoyLUmii Hay4HbIil COTPYAHNK nadopaTtopum rnaBHoro
MarHMUTHoOro nong, IHCTUTyT 3eMHOro MarHeTmuama, MoHocdepbl U pacnpocTpaHeHNs PagnoBOIH UM.
H.B. Nywkosa PAH

Abstract. The purpose of this paper is to practically confirm the theoretical ideas of academician P.N. Kropotkin and
prof. N.P. Kudryavtsev about the geological processes of formation of oil and gas fields. It was revealed that there is a certain
spatial relationship in the location of oil and gas fields in the North Eurasia with the location of regional linear and circular
morphological structures that are fixed on the earth's surface, according to the interpretation of satellite images of the earth's
surface relief. The on-board spatial location of the main oil and gas fields relative to the central part of the Pre-paleozoic mantle
plumes of the North Eurasia, forming circular morphological structures of the central type, was revealed.

Keywords: circular morphological features, Pre-paleozoic mantle plumes, oil and gas potential.

Annomayus. Lleav 0annotl cmamvy saxawouaemcs 6 mom, umobs. npaxmuyecku noombepoums meopemuvecxkue
npedcmabaenus axademuxa Kponomwuna I1.H. u npogpeccopa Kyopadueba H.IL. o eeonroeuueckux npoyeccax obpasobanus
MecmopoxOenuii Hegpmu u easd. buiio Bviabaeno nasuuue onpedesenHotl npocmparcmbennoi cbasu 8 pacnosokenuu
MmecmopoxOenuii Hepmu u easa Ha meppumopuu CeBeproti E6pasuu ¢ pacnosoxenuem peeuoHAAbHbIX AUHEUHBIX U
KoAbyeBuix Mopgposoeuteckux cmpykmyp, ukcupylouwuxcs Ha nobepxvocmu 3emau, 1o OaHHbIM Oewiuppupobanus
KocMuveckux cHumxof peavepa nobepxnocmu 3emau. buiio BviaBaeno bopmoboe npocmparcmbenroe pacnosoxerue
0CHOBHbIX MeCmopoxOeHUtl Heqhmu U 2a3a OMHOCUMEABHO UeHMPAAbHOU Hacmu 00Na1e030iCKUX MAHMUTIHBIX NAIOMOB
CeBepnon E6pasuu, obpasyoujux koHyenmpuueckue Mopgoso2ureckue CmpyKkmypol YeHmpalbHo20 muna.

KaroueBuvie caobBa: xonyenmpuueckue mopgposoeuveckie 0cobeHHOCHU, 00naAe030lickue MAHMUIHbIE NAOMbL,
NOMeHYUALLHAS Hegh11eea30HOCHOCHTb.
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Beepenue

HekoTopbiMM aBTOpamMn BbIsiBfieHA KOPPENSAUMOHHAA B3aMMOCBA3b PacrofoXXeHNs
MECTOPOXAEHNI ra3006pasHbIX (ras), Xnoknx (HedTb) YrneBoAOPOAOB U TEKTOHO-KONbLEBbIX
cTpyKTyp (TKC) LeHTpanbHOro Tmna — BbIXO40B Ha MOBEPXHOCTb A0NANE030MCKUX MaHTUNHBIX
nntomos [1-3]. Mo gaHHbIM aewmnhprpoBaHns KOCMUYECKUX CHUMKOB NMOBEPXHOCTN penbeda
pas3HblX pernoHoB EBpasuu pasnumyHbiMn asTopamu [1-6] ObINO BbISBAEHO MHOXXECTBO
TEKTOHO-KOJSIbLIEBBIX CTPYKTYP LEHTPaNIbHOro Tuna pasHoro Tuna n pasmepa (0T HECKOSbKNX
COTEH METPOB [0 HECKOSIbKUX TbICSAY KUIOMETPOB). BOMBbLUMHCTBO 3TNX TEKTOHO-KOSbLIEBbLIX
CTPYKTYP LEHTPaNbHOro Tuna BO3HMKIO B MPOLECCE reofIorMyYecKon 3Boouumn 3emnu.
TEeKTOHO-KONbLEBbIE CTPYKTYPbl LEHTpanbHOro Tuna EBpasninckoro pernoHa WUMeoT
Pas3nnMYHbIA BO3PACT M pasnnyHble BUabl (PU3NHECKNX MEXaHW3MOB KX 06pa3oBaHus,
onpegensarowmnx nx Mopdosiornyeckne nOBEPXHOCTHbIE U TNYOUHHbIE OCOBEHHOCTU U KX
NPOCTPaHCTBEHHbIE pa3mepbl. 3BecTHO, 4TO pernoHax EBpasnm unmeeTcsi HEeCKOJSIbKO
pasnn4yHbiX  (PU3NYECKUX MEXaHM3MOB 06pa3oBaHNs TEKTOHO-KOJbLEBbLIX  CTPYKTYP
LEeHTpaslbHOro Tuna: Marmatudeckum (MMOBbIA,  MarMaTo-BYJIKAHWYECKU, rpsase-
BYJIKQAHUYECKNIN), METEOPUTHbIN, AEra3aUmOHHO-B3PbIBHOW, TEKTOHUYECKUI (WMNNHOPUYECKNE
Aankn), MeTaMoOpPMUYECKUN, CENCMUYECKUA, KOMMAEKCHbIM [5]. OTmevaloT pasHble
NOBEPXHOCTHblE  MOP(ONOrM4yeckne  OCOBEHHOCTU  TEKTOHO-KOMBLEBLIX  CTPYKTYP
LEeHTpanbHOro Tuna: KOoJbLeBble BasoobpasHble, cnvpaneBugHble U KOHycoobpasHble
NOBEPXHOCTHbIE CTPYKTYpPbl. [MpOCTPaHCTBEHHbIE pa3Mepbl BbISBIEHHbIX PA3HOBO3PAaCTHbIX
TEKTOHO-KOJIbLIEBbLIX CTPYKTYP LUEHTpanbHOro Tuna, Habnopaemble Ha Tepputopumn
EBpasuniickoro pernoHa konebnTca OT HECKONbKMX COT METPOB A0 ThiCAY KWIOMETPOB B
anametpe. [puMepbl HEKOTOPbIX TEKTOHO-KOMbLUEBBIX CTPYKTYP UEHTpanbHOro Tuna,
PacnosiOXXeHHbIX B npegenax BOCTOYHOM 4YacTu EBpasninckoro pernoHa, BbISIBIEHHbIX MO
KOMMJIEKCY re0noro-reounanyeckmnx AaHHbIX nokasaHbl Ha puc. 1.
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PucyHok 1. KomnnekcHasa reonoro-reousnyeckas cxema pacrosio>KeHNs1 HEKOTOPbIX
MOP(OCTPYKTYP LEHTPaNIbHOIrO TUNa, TEKTOHNYECKUX HApYLLUEHWUIA N N3O0IMHNIA aHOMaslbHOIro
MarHMTHOro 1 rpaBUTaLMOHHOrO Nonen B npegenax 3anagHonm 4actn CesepHon EBpasnn. 1 —

N30ANHAMbI NONOXXUTENBHbBIX 3HAYEHWI aHOMaNbHOrO MarHUTHOIO NOAs, 2 - N30AUHaMbI
oTpuLaTeNbHbIX 3HAYEHUI aHOMasIbHOrO MarHUTHOIO NONs, 3 - N30ANHAMbI HY1IEBbIX
3HA4YeHUN aHOMasIbHOrO MarHUTHOIO NOJs, 4 — BEPXHEKOPOBbIE TEKTOHNYECKNE pasfiombl, 5
— YyCTynbl penbeda rno AaHHbIM KOCMUYECKNX (POTOCHUMKOB, 6 — OC1 NPOCTNPaHUA
ME3030MCKUX 1N NaNeo30NCKNX CTPYKTYP, 7 — KOHLEHTPUYECKME U OYrOBble JIMHEAMEHTbI,
CBSI3aHHbIE C KOJIbLIEBbIMU U AYrOBbIMU TEKTOHNYECKUMIN padfnioMmamMmu, 8 — NnHeameHTbl, 9 —
KpaeBble OrpaHn4eHns reobi0KOB C pasdHbIM TUMNOM 3EMHOW KOPbI MO reos1oro-
reounsn4ecknm gaHHbiM, 10 — KpaeBble OrpaHnyeHnsa reob10KOB C PasHbIM TUNOM 3EMHO
KOpbl N0 AaHHbIM AendprpoBaHna KOCMNUYECKUX CHUMKOB, 11 — (popMaunoHHbIe
KOMIMJIEKChI C/TIOEB 3EMHON KOpPbI, 12 — 06nacTn pacnpoCTpaHeHUs OPOreHHbIX MPaHNTONAOB,
13 — CTPYKTYPHO-BELLECTBEHHbIE KOMMJIEKCbI 3EMHOWN KOPbI MO reosioro-reousnyecknm
AaHHbIM, 14 - CTPYKTYPHO-BELLECTBEHHbIE KOMMIEKCHI 3EMHOM KOPbI MO JAaHHbIM
AenpupoBaHns KOCMUYECKNX CHUMKOB, 15 — rnyBuHHbIE NUTOChEPHbIE Pa3noMebl, 16 —
ckflagyaTble CTPYKTYpbl pyHAaMeHTa, 17 — 3Ha4eHNss MOLLHOCTY 3eMHON KOpbI B
KUoMeTpax.

Ucnonb3ayembie MeToabl UCCnepoBaHus
[Onsa BbIABNEHUS TEKTOHO-KOMbLEBbLIX CTPYKTYP LEHTPaNbHOMO TuUMa Ha Tepputopun
EBpasun, nomMumo reonoro-reopuanyecknx pAaHHbIX, 6blM MCNONb30BaHbl Martepuanbl
AengpunpoBaHnsg KOCMNYECKNX CHUMKOB. LienbiM psigom aBTopos [5, 6] 6bI/10 OTMEYEHO, YTO
C YMEeHbLUEHVEM paspeluaroliein CnocoBHOCTN KOCMUYECKMX W300pakeHun, To eCTb
reHepanuaaymen KOCMUYECKUX N300paXKeHU, N3 HUX MOXET ObITb M3BMeYeHa CTPYKTypa
3eMHOIN Kopbl Bce 6onee rnybokux ee ropus3oHToB. Kpome Toro, 6bi10 yCTaHOBMEHO, YTO
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6oee HageXXHas KOPPENsLUMOHHAs CBSA3b NMPOSBNSETCA MeXay pe3y/ibTaTamMn KOCMUYECKMX
N300paxKeHni 1 reodUsNHEeCcKUM MofisIMKM, a He C reonorMvyeckMMy Martepuanamu,
N306pa>KeHHbIMWN Ha PEervoHasbHbIX FE0NIOMMYECKIMX KapTax.

HekoTopble TeopeTuyeckue npeacTaBneHnst 0 TEKTOHO-KOMbLEBbIX CTPYKTYypax —
NMOBEPXHOCTHbIX BbIXO4axX MaHTUMAHbIX MIIOMOB

BONbLMHCTBO MMFAHTCKUX (TbICAYN KUOMETPOB B AMAMETPE) TEKTOHO-KOMbLEBbIX
CTPYKTYP UeHTpanbHOro Tuna (HykneapoB) obpasoBanacb B pedyfibTaTe BO3HUKHOBEHUS
MaHTUAHBIX MJIIOMOB W CYNeprjioMOB, BHEOPUBLUMXCA B 3EMHYKO KOPY W3 MaHTuu B
onpefeneHHbli reOXPOHOMOrMYeCcKUin nepuog asosoumm 3emnn. K TeKTOHO-KOMbLEBbLIX
CTPYKTYpaMm LeHTpanbHOro Tuna nepBoro nopsgka Ha Tepputopumn EBpasum MO>KHO OTHECTU
Bantuickyto (3), Ckudckyto (7), Mockosckyto (8), MNpukacnuinckyto (9), Hossbpbckyto (10) n
apyrve (puc. 2). Ha BocTto4dHo-EBponerickon nnartgopme (puc. 1) nMerTcs U TEKTOHO-
KOSbLEBblE CTPYKTYPbl LEHTPasbHOro Tuna MEHbLUEero nopsaka, Takue Kak TumaHo-
Meyopckas (39), Bonro-Ypanbckas (40) n HekoTOpble Apyrve, KOTopble 06pas3ytoTcs B
OOPTOBbLIX 30HAaX TEKTOHO-KOJIbLEBbLIX CTPYKTYP LEHTPasbHOrO Tuna BbICLLEro MNopsaka,
Taknx kak Hosibpbckas (10), Mpukacnuiickas (9) 1 HEKOTOPbIX APYrnX N300pa’KeHHbIX Ha pUC.
2.

PucyHok 2. OCHOBHbIE TEKTOHO-KOJIbLIEBbBIE CTPYKTYPbI LLEHTPaNnbHOro Tuna 3-ro n 4-ro
nopsigka, 06yCnoBeHHbIX Naneo MaHTUHbIMK NtoMamu [5]. B 4acTHOCTK, Ha TeppuUTOpUN
EBpasnn pacnono)xeHbl KPYrnHble TEKTOHO-KOJbLEBbIE CTPYKTYPbI LLEHTPASIbHOrO TUNa Takme
Kak: 3 — banTtuiickas, 4 — ®eHHo-Kapenbckas, 5 — Ceeko-Hopeexckas, 7 — Ckndckas, 8 —
MockoBckas, 9 — Npukacnuinckas, 10 — Hosibpbckas, 11 — Xetra-OneHekckas, 12 —
OneHekckas, 13 — TyHrycckas, 14 — Buntorickas, 15 — AHrapckas, 16 — Butumo-
OnekmuHckas, 17 — AngaHo-CtaHoBas, 18 — Amypckas, 19 — CuHo-Kopeiickas, 20 —
CeBepo-KuTtaickas.
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B Heppax 3emnn, B pesynbTaTe NPOOBVKEHUS U3 MaHTUM K MOBEPXHOCTU 3emnn
MarmaTuyeckmx obpasoBaHui TepMasbHbIX MOMOB [4] o06pasdyetcs yce4deHHas
BOPOHKOOOpasHasa rnybuHHas CTPYKTypa, MO rPaHuYHbIM 30HaM KOTOPOW BUHTOOBPAa3HO
NPOABUralTCA K MOBEPXHOCTU ra3oTepMalrbHble U rmgpoTepManbHble NOTOKU. [logobHble
CTPYKTYPbl LIEHTPaNbHOro Tna, 06pa3oBaHHbIE AONANE030NCKMMN MAaHTUAHBIMI MtOMamMu,
ObINn NpoaHanuauposaHel B paboTe [4] puc. 3.

YcnosHele 0603HaveHus

Konbuessie Tepumseckme cTpykrypst (KTC): Hanpasne s ABHXEHWR MAHTMAHOTO BewlECTBa:

@ norpyxenme

PucyHok 3. Cxema rnybumHHOro ctpoenust Kotnacckon, Hosibpbckoi, MOCKOBCKOW,
MaBnogapckom TeEKTOHO-KonbLEeBbIX CTPYKTYP (TKC), cchopMmpoBaHHbIX AoNaneo30MCKUMIN
MaHTUIAHbIMW NtoMamu [4].

Meonoro-reouanyeckas NHTepnpeTaumsa nosly4eHHbIX faHHbIX

Habnogaemble TEKTOHO-KOSbLEBbLIE CTPYKTypbl BEI o06ycnoBneHbl B OCHOBHOM
rpaHnTo-rHencoBbIMK 0bpaszoBaHuaMN yHOameHTa. Ha ceBepHOM o6pamMeHnn BOCTOYHOM
EBpasuu, B painioHe 0. BpaHrenb OTYETAMBO BbIOENSAETCHA PErnoHanbHasi TEKTOHO-KOMbLEBas
CeBepo-HyKoTckass TEKTOHO-KOMbLEBass CTPYKTypa UEeHTpasbHOro Ttuna 4-ro nopsgka,
ocnoxHswwaa bepuHrosomopckyto TKC 2-ro nopspgka. Mo pesynbratam KOMMIEKCHbIX
reonoro-reomsan4ecKux uccnenoBaHuin 6ol MOCTPOEHbI CXeMaTU4ecKue riyobuHHbIe
paspesbl 3eMHON Kopbl, nepecekatowme Cesepo-Yykotckyto TKC (puc. 4).
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PucyHok 4. N'eonoro-reousn4ecknin paspes rnybuHHoro ctpoeHns Cesepo-YHyKoTcKom
TEKTOHO-KOJIbLEBOWN CTPYKTYpPbI [7], CHOPMUPOBAHHON OOHOMMEHHBLIM [JOKEMBPUINCKUM
MaHTUIHbLIM MSIFOMOM.

M3 nocTpoeHHOro reonoro-reou3n4eckoro paspesa, nepecekawouwero Cesepo-
HyKOTCKYI TEKTOHO-KOMbLEBYIO CTPYKTYPY LEHTpanbHOro tuna (puc. 4) MOXXHO BUAOETb, YTO
Ha rpaHuye MoxopoBuynda Habnogaetca rnybokas (0Kono 8  KUNOMETPOB)
BOPOHKOOBpasHas penpeccus, saBnsiowascsa ocHosaHnem 3aton TKC B 3eMHON Kope.
AHanornyHble BOPOHKOOOpPasHble genpeccunm HabnogarwwTcsas Ha  3TOM  reosioro-
reon3n4ecKomM paspese B 3Ha4YeHUAX ryObuHbl 3aneraHns rpaHnLsl nepmMo-Tpmnacosoro (P-
T-J) BO3pacTa, pasgensarwen nopoabl OCaA04HOro 4Yexsa W nopodbl MNaneo30MCKOoro
dyHAaMeHTa, a TakxXe HabnoaaeTcs KonbLueBasa Oenpeccusa B 3HaYEeHUAX YPOBHA penbeda
NOBEPXHOCTU MOPCKOro gHa. BanoobpasHasa KofbueBasi CTPYKTypa, OKOHTypuMBaroLias Ha
NnoBepxHOCTU Mopckoro pgHa CeBepo-YyKOTCKYt0  TEKTOHO-KOMbLEBYKD  CTPYKTYPY
LEeHTpasIbHOro Tuna BMECTE C aHasiorMyHbIMU CTPYKTypamu B raybuHe 3eMHON Kopbl
No3BONAIOT HaMeTuTb cybBepTuKanbHble rNyO6uHHbIE rpaHuubl aton TKC, HeMHoro
HaKOHEHHbIE Ha CeBeP NOA HEOONBLUMM YrfIOM K BEPTUKASN.

TeKTOHO-KOMbLEBbIE CTPYKTYPbl, Takne kak CeBepo-YykoTckasa (39) m HekoTopble
Apyrve, nokasaHHble Ha KapTe NepcrneKkTB HedhTera3aoHOCHOCTY WenbgoBbIX 30H CeBepHOM
EBpasum (puc. 5) ob6pas3yioT BOKpYyr cebsi AOCTaTOYHO OOLIMPHbIE MNEPCMEKTUBHbIE U
BbICOKOMEPCMNEKTUBHbIE 30HbI CO 3HAYNTESIbHbIMY 3anacamu yriieBogoponoB, caefaHHble Ha
OCHOBaHWUM aHHbIX komuccum OpraHmnsaumm O6beanHeHHbIX Hauuin. To ecTb, HE3aBUCKMbIE
OLIEHKN NepPCneKTUBHOCTN ApKTU4ecKux pernoHoB CeBepHon EBpasuu, cpenaHHble no
KOMIMJIEKCY  PasfinyHbIX  reosioro-reopmuanyecknx [OaHHblX coBnagatT MNo  MecTy
PacnosiOXKEHNA C NMEPCNEKTUBHbIMM 30HAMUN HAKOMSIEHNSA YrNeBOAOPOA0B, BblAENEHHbLIX MO
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MOPMOCTPYKTYPHbIM [6] AaHHbIM.

SO VAR W\ NN N /
80 8.4, 100 B.A. 5 1208.4. 140 .8, 150 ..

PucyHok 5. KapTa nepcnektus HehTera3oHOCHOCTU 0Caf04yHbIX 6acCenHOB APKTUYECKIMX
pernoHoB CeBepHoi EBpasnu (C pasnnyHbIMn BapraHTamMm BHELLHEN rpaHnLbl
KOHTMHEHTanbHoro wenbda) [8]. LiseTtom 0603Ha4yeHbl Naowaam ¢ pasnnyHom cTeneHbo
NepCneKTUBHOCTY KOHUEHTpauun yrinesogoponos. OpaH)XeBbiM LBETOM BblOeNEHbI
BbICOKOMNEPCMNEKTUBHbIE 30HbI, XXENTbIM LIBETOM BblAefIeHbl YMEPEHHO NEPCMNEKTNBHbIE 30HbI
A1 MOUCKOB MECTOPOXAEHUI YreBOSOPOOO0B. 3eNeHbIMU NPAMbIMU JINHNAMU 0603HaYEHbI
30HbI PErnoHasnbHbIX FYOUHHBIX TEKTOHNYECKNX Pa3fioMOB APKTUYECKO 30HbI CeBepHON
EBpa3um (Ne1 — Konbckue, Ne 2 - O6cko-Amanckue, Ne 3 - XataHrckue, Ne 4 — TallMbIpCKUA,
Ne 5 - AHckuin, Ne 6 - Ne 10 — Xpomckuin, Hgnrnpckuin, KonbiMckuin n gp.). 30Hbl TEKTOHO-
KOJIbLEBbIX CTPYKTYP (0603Ha4YeHbl NMnaoBbIMK OKpY>XHOCTAMN): (KO>xxHO-Kapckas - (36),
3blpsiHOBCKas - (46), KO>xHo-AHagplipckas - (47), BoctouHo-Cunbupckas - (45, 45a, 45b, 45c,
45d), Ceepo-4ykoTtckas - (39, 39a, 39b)), o6bpazoBaHHblE OOHOVMEHHBIMY MAHTUNHBIMI
nntoMamn. B KBagpaTHbIX pamkax npuBeaeHa npensapuTesnibHasa oueHKa pecypcoB
yrneBoaopoaoB B npeaenax MUHUManbHON NAoLaan BHELWHEN MPaHnLbl KOHTUHEHTaIbHOro
wenbda, npuHnmaemon komuccunenn OOH no Mopckomy npasy.

Boisoabl

Mo pesynbTatam MNpUMEHEHUsT LaHHbIX OendpupoBaHnNa KOCMUYECKUX CHUMKOB,
NCNONb30BaHUS OAHHbIX aHOManbHOrO MarHUTHOMO M rPaBUTALMOHHOrO MNOSen Ha
Tepputopun EBpasum BbISIBEHbl OCHOBHbIE  TEKTOHO-KOJIbLIEBbIE  CTPYKTYPbI
LEeHTpanbHOro Tuna, KOTOpbleé MOryT ObiTb CBSi3aHbl C  MECTOPOXXAEHUSMMU
yrneBogopoaos.

Ha Tepputopnn BoCcTo4HOM EBpasnm noCcTpoeHbl KOMMSIEKCHbIE reon3nyeckme paspesbl
3EMHON KOpbl, KOTOpble MOATBEPXOAOT TEOPETUYECKOEe [NyOUHHOE CTPOEeHne
HEKOTOPbIX TEKTOHO-KOMbLEBbBIX CTPYKTYP LUEHTpanbHOro Tuna, o6pa3oBaHHbIX
[0onaneo30MCKUMU MaHTUAHBIMA MIFOMaMMN.
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Mozhzhukhina A. V. LSI element placement method based on
deep reinforcement learning

Mozhzhukhina A. V.
National Research University of Electronic Technology, Moscow, Russia,
SIC «Technological Center», Moscow, Russia

Abstract. In connection with the increasing complexity of large integrated circuits (LSI), the problem of improving
computer-aided design systems (CAD) is acute. In particular, fast solutions are currently required at the stage of topological
design of microcircuits, especially in domestic CAD systems. This article discusses the possibilities of using modern artificial
intelligence capabilities in the field of microcircuit design. It substantiates the need to use and brief descriptions of some
technologies and sections of artificial intelligence, such as deep reinforcement learning (DRL) in connection with the
formalization of the task in the form of a Markov decision process, neural networks in connection with the representation of
LSl in the form of a weighted graph with feature vectors. Additionally, an analysis of the most common architectures of neural
networks is given. In addition, a method for placing LSI elements at the stage of topological design based on DRL using graph
neural networks (GNN) is presented with a brief description of the stages: processing the initial LSI design and the
characteristics of the elements to be placed and the basic matrix crystal (BMC), training or using an agent, asserting the
placement and maintaining related information.

Keywords: LSI, topology, EDA-system, GNN, reinforcement learning, deep learning.
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PeveH3eHT: Carntos Pamu/ib @apraroBuy, KaHgu[aT TEXHUHYECKUX HAYK, JOLEHT, 3aMeCcTUTE Ib
Aanpexropa rio Hay4How pabore B OO0 «Hay4yHO-1cC/1e408aTeIbCKUN U IMTPOEKTHBLIVI MHCTUTYT
SKOSIOMMHECKUX rIpobsiem», r. OpeHOypr

Introduction

More and more areas of science and industry are striving to introduce the achievements
of the field of artificial intelligence into their processes. The field of electronics was no
exception, where many processes are associated with automation [1, 2]. In particular, at
present, a lot of research is being carried out on the introduction of artificial intelligence in the
process of designing microcircuits [3-7].

Since the technological processes for the production of microcircuits are decreasing,
and the number of elements is increasing, the development process becomes more
complicated and more expensive. Previously, this was compensated by the use of CAD on
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standard algorithms. However, in the current realities, standard algorithms, even when using
parallelization, turn out to be too long and inefficient.

In the field of domestic production of LSI, an improvement in CAD using modern
methods and tools is also required. One of the stages requiring changes is the stage of
topological design, in particular, the operation of placing LSI elements on the BMC [8].

Purpose of the research

The most efficient, but the slowest and most costly, in finding a solution to the problem
of placing LSI elements are greedy algorithms, which boil down to enumeration of all possible
options. The main part of the standard algorithms used is their modification or parallelized
version. With an increase in the number of elements in microcircuits, such algorithms become
extremely inefficient.

Thus, new modern methods and means are needed. Taking into account the
achievements in the field of artificial intelligence [9, 10] and the first studies on its application
in the field of electronics, it was decided to analyze the possibility of using them for the problem
of placing LSI elements.

Materials and Methods

For the correct selection of methods and means for solving the problem of placing LSI
elements, it is necessary to formalize it.

Used sets:
1. E ={e1, ez ..., en ..., en} — set of elements of the microcircuit for placement;
2. P ={p1, p2, ..., pm, ..., pm} — a fixed set of positions in which elements from the

set E must be placed.
The main condition in this case:

Minimum required metrics for evaluating the final placement of LS| elements:

1. estimation of the total distance between connected elements;

2. calculation of delays with a margin to assess the progress of the signal while
maintaining the requirements for the microcircuit;

3. assessment of the microcircuit filling density with elements in order to avoid

excessive concentration of elements at a specific point on BMC.

In the general case, the placement problem is reduced to a Markov decision-making
process [11]. It can be solved by using reinforcement learning to approximate the optimal
policy through learning reward maximization. To work with a complex structure - a LSI project,
neural networks will be required [12].
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Some of the most common neural network architectures are: Fully Connected Neural
Network (FCNN), Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), and
Graph Neural Network (GNN). They can work with all possible representations of information,
however, the problem is how well they are able to hold a representation of the relationship of
information elements to each other. The following are brief characteristics and most common
uses of these neural network architectures.

FCNN. Used for a variety of types of information from simple numbers to images and
sounds. However, to keep the structure, i.e. "Remember" about the connection of the
elements at the input to each other, can not in principle. In addition, this neural network is
capable of receiving only the initially specified size of information.

CNN. Mainly used for image processing. Cannot hold structure and is unable to accept
information of different sizes.

RNN. Most often used in the processing of textual information. Can hold simple links
between pieces of information for a short time. The size of the information may vary. However,
the longer the information supplied to the input, the worse the relationship between the first
and the last units of information is retained in the network memory.

GNN. Works with graphs that can represent different types of coded information. In
addition, this network holds the structure of the graph and can accept graphs of different sizes,
provided that the characteristics of the vertices and connections are the same.

Thus, a GNN was chosen.

Formalization of the problem using Markov decision processes is as follows [13-15]:

J8.GE = PY) = Er, [Bpc] = D 7(pI6) g
o

where 6 are the weights of the approximating function, i.e. neural network, mg is the agent's
policy, G is a graph representing the placement of elements of the set E in the cells of the set
P, Ry is the reward, q, ¢ is the value function.

The neural network will be used to evaluate placement. To do this, it is required to
present the LSI graph in a special way (fig. 1) - to select the necessary characteristics that are
important for evaluation.
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Fig.1. Representation of a part of the LSI in the form of a graph structure with vectors
of characteristics of nodes and weights of connections
Results
The placement of LSI elements according to the developed method is carried out in
stages (Fig. 2). Before the start of placement, preparatory work is carried out: the collection of
information about the LSI, the connections of the elements, the peripheral elements and their

placement, the design and area of the BMC.
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Fig.2. LS| Element Placement Method Using Reinforcement Deep Learning Agent
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At the first stage, the received information is converted into working data structures,
including information about the connections of elements is converted into a matrix form, the
necessary variables, the agent and the neural network are initialized, and the queue of placed
elements is formed.

The next step is directly step-by-step placement of LSI elements. At this moment, the
agent gets access to the queue of elements to be placed, the graph structure and the
representation of the BMC. The placement takes place in several steps, repeating in a circle
one after another until the queue of elements for placement is empty. The first step is to
prepare a package from several placements, one element at a time, and calculate the agent's
goal. The second step calculates the estimate of the neural network of the current placement,
obtained on the basis of a graph structure that changes over time from the placement of LSI
elements on the BMC, checking some metrics that can be checked throughout the process,
and calculating rewards.

At the placement approval stage, the placement is evaluated according to basic
metrics, then, if the placement is found to be satisfactory, it is submitted for tracing. The
average metrics from the database for similar chips will be used to evaluate the final
placement. After the trace, the usual general checks will be performed, including the
calculation of delays. If all tests are passed, then placement is considered successful. In case
of problems, return to the previous steps.

During the training, the methodology will additionally introduce the stage of
documentation, i.e. saving the learning history of the neural network weights, their changes
and agent parameters to the database, reports on placement, queues and changes in the LSI
graph structure, calculations of evaluation metrics and awards, both at the end and during the
entire placement.

Discussion

This method of placing elements is designed to reduce the time of the physical stage
of LS| design. Based on the results of scientific research related to the implementation of
artificial intelligence in related fields, as well as the analysis of various methods and tools, the
use of deep reinforcement learning will lead to significant improvements.

The main direction of future research will be related to the development of a test module
for implementation in the microcircuits development process of CAD "Kovcheg" for testing
and comparing results with existing methods for placing LS| elements.
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