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INTRODUCTION

The purpose of the practical training is to gain in-depth mastering of theoretical
material and to acquire practical skills of self-solving of innovative tasks with the
help of systematic methodology of genetic analysis, structural prediction and direct
synthesis of new structural varieties of electric machine by a known object-prototype
[1].

Practical work on the discipline involves the following types of work: working
out the theoretical foundations of the lectured material; study of specific topics or
guestions recommended by the teacher for self-study; in-depth study of literature on a
given topic and independent search for additional information; individual homework;
preparation of answers to the control questions; systematization of the studied
material before the exam; writing of scientific reports, articles and preparation of
materials for creative student competitions on the subject of discipline; participation
in the preparation of teaching materials from the discipline (presentations, posters,
video lectures, etc.).

In accordance with the approved curriculum of the discipline [2], each student
performs individual homework, the sections of which correspond to the topics of the
practical classes and contribute to a better assimilation of the material, by repeating
the theoretical provisions obtained at the lectures and the explanation of individual
tasks by the methods considered in the practical.

Individual training assignment in the discipline has an innovative orientation,
as its successful implementation is possible only under the condition of joint
realization of the student's creative potential and prognostic function of system and
genetic models of structure formation, which provides the student with new
knowledge [3]. The structure of the assignment and the trajectory of its
implementation implies the possibility of effective use of student's initiatives with the
possibility of realizing his own creative ideas as well as his educational and scientific

interests.



1. DETERMINING THE INITIAL LEVEL OF SYSTEM AND
ASSOCIATIVE THINKING

Cognitive mechanisms (spatial imagination, systems thinking, associative
memory, professional intuition) are extremely important for the future engineer. The
tasks of this section are aimed at determining the initial level of creative abilities of
each student, which will greatly help the teacher to determine the trajectory of their
further development.

The presence of deep systemic analogies in the genetic principles of structure
formation and development of electromagnetic, chemical, biological, mathematical,
linguistic and other systems, allows to use in a number of problems of study from
other disciplines, but the vast majority is formulated in such a way that students are
able to use and close acquired in the study of previous special subjects.

All the tasks of this section can be divided into three groups: 1) to determine
the level of system thinking; 2) to determine the level of spatial imagination; 3) to
determine the level of associative memory; 4) to identify the ability to recognize
topological features of objects.

The level of systemic thinking is determined by solving tasks in which the
source data is a group of objects of common genetic nature, but with different
characteristics. When solving such tasks, you should identify as many features as
possible that can be classified by the objects of a given group, paying attention to the
fact that each classification group contains at least two objects.

Tasks to determine the level of spatial imagination involve the visualization of
a three-dimensional object that meets certain conditions (has certain properties), and
also provide repetition of important mnematic rules that determine the relative
location in space of vector quantities that characterize the process of
electromechanical energy conversion (Lenz's rule, drill rule, right and left hand
rules).

Associative memory is determined by tasks that have graphic primitives that
need to recall and reproduce the elements, nodes, details of electrical and

electromechanical objects.



Topological recognition tasks involve identifying groups of topologically

equivalent objects from the set of objects.

Task 1-1 ( 'M. Bongard's task). For a given set of geometric figures,
determine the possible classification criteria and carry out the classification

(indicating the numbers of the corresponding figures).

N -

1) 2) 3) 4) 5) 6)

Task 1-2. For a given set of electric machines, determine the possible
classification criteria and carry out the classification (fill in the sample table):

1. asynchronous motor with short-circuited rotor for general-purpose;

2. high-speed, linear synchronous motor for magnetic suspension;

3. single-phase induction motor for actuating the washing machine activator;

4. trolleybus traction engine;

5. hydroelectric generator of Kiev hydroelectric power plant.

Ne Classification criteria Object
groups
1 In spatial form EM:
1.1. - cylindrical 1,345
1.2. - flat 2
2

Task 1-3. For a given set of numbers, determine the possible classification
criteria and carry out the classification.
6, 5,48, 61, 828, 563, 4/5, 5



Task 1-4 ( °E. R. Laithweit's task). What shadow will the illuminated cube
throw on the vertical wall if the axis of the oriented light source coincides with the

main diagonal of the cube and is perpendicular to the wall plane?

Task 1-5 ( %J. Poya’'s task). Offer a "universal" stopper that tightly closes
three different openings: round, square and triangular. Visualize the shape of such a

stopper.

Task 1-6. What are the elements, components, components, ... electrical and
electromechanical objects associated with these graphic images? Visualize

thumbnails of these objects.

Task 1-7. In Fig. a) presents a model of a rotating electric machine (axis of
rotation parallel to the axis of OX) and the corresponding three vectors I, B, F.
Identify the corresponding models of layout diagrams of electric machines (EM) that
satisfy the given options (Fig. b), ¢), d ), g) the spatial orientation of the three vectors,
provided that: all variants of the EM have a symmetry axis that is parallel to the

coordinate axis OX; the three vectors are given for the upper point a at the stator

/_/' F I B
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X
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surface.
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Task 1-8 ( “J. P. Guilford’s task). List all the possible uses for a phase-

induction asynchronous machine.

Task 1-9 (°G. Selyer’s task). For a given set of objects, find and visualize the
spatial pattern (a certain sequence of locations of objects) that sorts these objects

among themselves.

Task 1-10. For a given set of electric machines, the models of which are
depicted in the figures, to find existing spatial laws (by searching for a certain
sequence of object locations) that sort and connect these machines with each other.
Find the right placement options based on your targeting. Visualize and formulate

these laws.

Task 1-11. Within a given number of positive integers (0, 1, 2, 3, 4,5, 6, 7, 8,
9) determine the number and structure of groups with topologically equivalent

numeric characters.

Task 1-12. By the given letters of the Latin alphabet (a, b, c, d, e, f, g, h, k, |,
m,n,o,p,q,r S tu Vv,w,X, Y, z) determine the number and structure of groups with

topologically equivalent letter characters.

Task 1-13. For the given graphic and mathematical symbols (§, Q, —, A, o, C,
[,Y, %%, 0, Q, e) determine the number and structure of groups with topologically

equivalent symbols.

Task 1-14. Define topologically equivalent magnetic conductors by given

graphical representations of magnetic systems of transformers.

00 00 0 5 FF o0
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Remarks:

'Mikhail Bongard is a prominent Soviet cybernetic, one of the founders of pattern
recognition theory, author of fundamental works in the field of color recognition, researcher of
processes of perception and adaptive behavior.

2 Eric Roberts Laithwaite is a British electrical engineer, known as the "Father of Maglev"
for his development of the linear induction motor and maglev rail system.

% George Poya is a Hungarian, Swiss and American mathematician; author of Poy's
distribution (mathematical statistics) and Poy's theorem (combinatorics).

* Joy Paul Guilford is an American psychologist, professor at many universities; created a
model of the structure of human intelligence.

> Hans Selye is an eminent Canadian biologist and medical theorist, the founding father of

classical stress theory.


https://en.wikipedia.org/wiki/Electrical_engineer
https://en.wikipedia.org/wiki/Linear_induction_motor
https://en.wikipedia.org/wiki/Maglev_(transport)

2. GENETIC INFORMATION RECOGNITION AND GENETIC
CODE IDENTIFICATION

The procedures for recognizing genetic information in electromagnetic and
electromechanical objects are related to the methodology of genetic analysis. The
need for solving such problems arises when identifying universal genetic codes,
determining the species, taxonomic and functional identity of an electromechanical
object (EM object), when solving systemic structural prediction problems, etc. [3,4].

The main tasks of genetic analysis are the identification of genetic (hereditary)
information contained in a given structure of an electric machine (EM). Genetic
analysis is performed using invariant properties of the Genetic classification of
primary sources of electromagnetic fields [5].

Depending on the level of structural organization of the EM-system, the
problems of analysis are divided into problems of macro- and microgenetic levels.
The theoretical basis for macrogenetic analysis is the methods of genomic-
evolutionary correspondence, which determine the deterministic relationship between
the elementary basis of the periodic structure of the GC and the structural diversity of
the evolving EM-objects. The basis of the methodology of microgenetic analysis is
determined by the deterministic relationship between the structure of universal
genetic codes and the internal structure of species of EM systems.

For a given object in the form of a graphical image, significant features are
recognized and its genetic information is identified. The sequence of procedures that
determine the components of the genetic code for a given structure of an electric
machine (EM) is described.

Based on the analysis of spatial geometry and constructive execution of the
active parts (EM object), the components of the genetic code are determined.

The relationship of genetic information to the corresponding active elements of
an electrical machine is described (Table 2.1).

The correctness of the genetic code definition is specified by the Genetic

classification of primary sources of electromagnetic field [3].

10



Table 2.1
The correspondence between the components of the genetic code and the

structural features of real EM objects

Genetic information of the
primary source of the
electromagnetic field
(chromosomal level)

Structural features of the real
EM object
(object level)

Components
of the
genetic code

Spatial geometry of the

1. The spatial shape of the active
surface of the primary part of the
EM (for machines with distributed
multiphase windings, with bandless
and smooth anchors).

field source (literal 2. Generalized spatial shape of the CL;_ KN_; PL;
; . TP; SF; TC
component) active surface of the pole tips (for
explicit pole EMs with
electromagnetic or magnetoelectric
excitation)
Type of electromagnetic | Spatial topology of the active surface
symmetry in the direction | of the EM in the direction of the
of propagation of the field | arrangement of the pole-forming 0;
wave (the first component | elements: 2
of the digital part of the - closed (without edge);
code) - open (with edges)
Type of ele_ctromagnetlc Topology of the active surface of the
symmetry in orthogonal EM i h | direction: 0
direction (second in orthogonal direction: ;
- closed (without edge); 2

component of the digital
part of the code)

- open (with edges)

Orientation of the field
wave with respect to the

The direction of spatial motion of the
moving part of EM:

elements of the spatial - parallel to the axis (plane) of X;
symmetry of the field symmetry; y
source (third component - perpendicular to the axis (plane)
of the code) symmetry

Genetic code

11




Example. Determine the genetic code of an electric machine, the graphic

image of which is shown in fig. 2.1.
2

1 — frontal parts of distributed
m-phase winding;

2 - the package of the stator magnetic
circuit;

3 - the moving part

Fig. 2.1. Model of electric machine

Based on the analysis of the correspondence of the genetic information of the
primary source of the field with the corresponding structural equivalents of a given

EM (Fig. 2.1), we determine the components of the genetic code (Table. 2. 2).

Table 2.2
The results of determining the components of the genetic code
Component
Genetic information Structural equivalent i th?
genetic
code
Spatial geometry (letter The stator active surface has a
component) of the primary field conical spatial shape KN
source (pos. 1, 2 Fig. 2.1)
Electromagnetic symmetry in the | The distributed stator winding is
direction of propagation of the | symmetrical (without edge) in the 0
field wave (the first digital direction of rotation of the rotor
component of the code) (pos. 1 Fig. 2.1)
Orthogonal electromagnetic The surface distributed stator
asymmetry (second digital winding has frontal parts 2
component of the code) (pos. 1 Fig. 2.1)
. . : . The active sides of the distributed
Primary Source orientation (third - . :
component of the code) wmdmg are located in the axial y
direction (pos. 1 Fig. 2.1)
Genetic code KN 0.2y

12



According to the results of the comparative analysis, it can be concluded that
given by the model (Fig. 2.1) the electric machine is a structural representative of
conical rotating machines with an external rotor (Basic Specie KN 0.2y).

Task 2.1 According to a graphical image of an asynchronous machine (Fig. 2.2
- Fig. 2.4, where indicated: 1 - m-phase winding; 2 - the moving part; 3 - fixed part)
given in accordance with the variant determine the genetic code of the respective
generating field source.
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Fig. 2.2. Variants for Task 2.1
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Task 2.2. By a given electromechanical object (electric machine, stator,
anchor, magnetic circuit, etc.) given in Fig. 2.5, 2.6, 2.7 determine:

1 - components of genetic information;

2 - universal genetic code;

3 - location of the primary source of the magnetic field in the periodic structure
of the system model (genetic classification);

4 - spatial motion of the moving part;

5 - genetically related structures of the homologous series;

6 - geometric class (generic affiliation) of the object.

Applications in Electric Motors:

Variant 1 Variant 2

Variant 3 Variant 4

Fig. 2.5. Variants for Task 2.2
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Fig. 2.7. Variants for Task 2.2
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3. SYNTHESIS OF ELECTRICAL MACHINES STRUCTURES BY
GENETIC CODE

Synthesis of electrical machine structures by a given genetic code (genetic
information) is a task inverse to the task of identifying the genetic code of a given
EM structure.

Therefore, based on the analysis of the genetic information of the primary
source of the field, briefly recorded by the genetic code, with the corresponding
structural equivalents (essential features) of the EM to be synthesized (Table 2.1), the
essential features of the electrical machine are determined and its structure is
visualized.

Example. With given the genetic code of the primary field source (CL 0.0 y),
synthesize and visualize the spatial structure of the asynchronous machine. In the
figure indicate:

1) moving and fixed parts of the AM,;

2) the winding of the fixed part;

3) the air gap;

4) the circuit of the main magnetic flux (2p = 2);

5) the direction of motion of the wave of field and the moving part of the AM.

Determine the structural equivalents of the searched AM corresponding to the
given components of the genetic code CL 0.0 y. The results of the mapping are
presented in the form of table 3.1.

Since the winding of the inductor of the searched AM is annular, its active
sides are located on the inner and outer bore of the stator. Therefore, the required AM
has two rotors - internal (pos. 3 Fig. 2.5) and external (pos. 4 Fig. 2.5). The
synthesized AM structure with a cylindrical stator, outer and inner rotors and annular

winding (structural representative of the basic specie CL 0.0y) is shown in Fig. 3.1.

19



Table 3.1

Results of determination of structural equivalents

Component
of the Genetic information Structural equivalent
genetic code
Spatial geometry (letter The stator active surface has a
CL component) of the primary field cylindrical spatial shape
source (pos. 1 Fig. 3.1)
Electromagnetic symmetry in the | The stator annular winding is
0 direction of propagation of the field | symmetrical (without edge) in
wave (the first digital component of | the direction of rotation of the
the code) rotor (pos. 2 Fig. 3.2)
Orthogonal electromagnetic The stator annular winding is
0 asymmetry (second digital symmetrical in orthogonal
component of the code) direction (pos. 2 Fig. 3.1)
. : : The active sides of the annular
Primary Source Source Orientation o :
M (Third Component Code) yvmo_lmg are located n the
axial direction (pos. 2 Fig. 3.1)

Fig. 3.1. Synthesized structure CL 0.0y

Task 3. According to the given genetic code of the primary field source

(according to the variant of Table 3.2), synthesize and visualize the spatial structure

of the asynchronous machine. In the figure, indicate: 1) the moving and fixed parts of

the AM; 2) the winding of the fixed part; 3) the air gap; 4) the circuit of the main

magnetic flux (2p = 2); 5) the direction of motion of the wave field and the moving

part of the AM.

20



Variants of task 3

Table 3.2

Genetic

Variant | Genetic code | Variant code Variant | Genetic code
1 SF22y 6 CL22x 11 CL22y
2 SF 2.0 x 7 TP 0.2y 12 PL2.0x
3 TP2.2y 8 PLO.2y 13 CL2.0x
4 PL2.2x 9 TP 0.3y 14 KN 0.0 y
5 KN22y 10 SF 0.0y 15 PL 0.0 x

21



4. DETERMINATION OF THE AREA OF EXISTENCE OF
FUNCTIONAL CLASSES OF ELECTRICAL MACHINES

Determination of the domain of finite set of generative structures for a given

functional class EM is made on the basis of a system model with the requirements of

the target search function

Fu = (Xl, X2, X3, .. .),

where xi, x,, x3, ... - essential features of the representatives of the required class,

which are determined by the results of the analysis of the prototype structure.

To determine the area of existence it is necessary to implement the following

sequence of actions:

determine the target search function (performed on the basis of the analysis of
genetic information (genetic code) common to the prototype structure and the
desired class of EM);

to carry out a consistent transfer and check the compliance of FC signs with the
generative structures of the subject area of the GC;

to determine, by the results of the correspondence of the genetic information
and the FC, the region of existence of the electromagnetic field generating
sources that satisfy the FC, while recording the region of existence by the
genetic codes in the form of a sequence of corresponding homologous series of
EM structures;

determine the genetic codes of a number of homologically related structures to
which the prototype structure belongs;

the results of determining the area of existence are presented in tabular form (in
the coordinates of the basic characteristics of the GC) with the indication of the
relevant genetic codes.

Carry out a systematic analysis of the area of existence, indicating the number

of structures, limits of their existence, genetic and systemic properties of the class.

22



Example. Using the system model (genetic classification of primary field
sources) to determine the area of origin of generative structures of basic types of
asynchronous machines (AM), taking into account the following information:

1.1. the movement of the secondary part is rotating;

1.2. primary part winding - 3-phase, distributed, surface;

1.3. the active surface of the primary part (stator) is arc.

Solution: Let's do a genetic analysis of the given information. The given set of
constraints (1.1 - 1.3) can be considered as partial requirements of the objective
search function, which can be represented as a vector: F; = (w,; Wn; S22).

A joint analysis of the partial requirements: S22 and the surface geometry of
the distributed W,,, winding gives reason to claim that the required AM structures are
representatives of group 2.2 in the periodic structure of the system model. The given
spatial motion of the rotor (w,;) allows us to specify the search area by subgroup
2.2y, which determines the area of existence of a plurality of EM structures with
rotational motion. Taking into account the results of the analysis and periodic
structure of the system model, the area of existence of rotating AMs with an arc stator
will be determined by the following set of primary field sources:

Quu = (/T 2.2y, KH 2.2y;TII 2.2y; C®2.2y; TI] 2.2y).

23



5. CONSTRUCTION AND ANALYSIS OF MICROEVOLUTION
MODELS

Genetic models of microevolution belong to the class of information highly
intelligent models that reproduce real processes of structure formation within
arbitrary types of EMPE. The models of microevolution investigate the directions of
technical improvement and functional adaptation, as well as the processes of
expanding the structural diversity of real-information representatives of EM.

The initial information for the model construction is the results of information
search: genetic codes of known structural representatives of the dominant species of
EM, chronology of occurrence of evolutionary events (patented technical solutions)
in time and generalized target functions of innovations (Fp;, Fu, Fps, ...). TO
obtain these data, we use an information database created by the results of
information search conducted for a given EM class.

According to the information search for each representative of the studied
functional class of EM objects:

- genetic code;

- the objective function of F;

- priority date of evolutionary event;

- Specific accessory to the EM object.

As a result of determining the species belonging to all representatives, the
dominant type of objects of the studied class is determined (the species with the
largest number of representatives).

The process of microevolution of dominant species > F, = f(T;) is graphically

reproduced in orthogonal coordinates Fyj=f (Tz,), i = Ln; j = L, m, where: m — the
number of generic target functions (F; - F;,); n — the number of microevolutionary

events for the jth objective function (puc. 5.1).

24
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Fig. 5.1. An example of the representation of a model of microevolution of the
dominant species (distribution of structural representatives of electromechanical
disintegrators of the PL 2.2 x specie). F,; - increase productivity; F,, - Expansion of
operational capabilities; F,3 - design simplification; F,, - energy performance
improvements; F,s - improving the efficiency of processing ingredients; F, -

Reliability Improvement.

Based on the analysis of the microevolution model, the following data are
identified and described:

- total time of evolution of the studied class and its dominant species;

- population structure of dominant species (sequence of improvement of
innovations);

- directions of improvement and functional adaptation within populations;

- the rate of evolution of species populations;

- original technical solutions.

According to the results of microevolutionary modeling, the justification and
choice of the prototype structure is used, which will be further used in the procedures

for the directed synthesis of new structural varieties of EM.
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6. SYNTHESIS OF HOMOLOGICAL SERIES OF ELECTRICAL
MACHINES

Homology has a group nature and is manifested in the periodic structure of the
HA in the form of the principle of topological invariance of the primary sources of
the electromagnetic field. Because of the topological features (connectivity and
orientation) that are part of the genetic information of the RDP, homology is
presented in a universal structure of the genetic code. The electromagnetic elements
of an arbitrary subgroup in the periodic structure of the GC belong to a single
topological space and are connected by a group of homeomorphic (topologically
equivalent) transformations. Thus, through homeomorphism, the principle of genetic
information retention, subgroup elements are directly related to homologous series of
EM objects of real technical evolution.

Topology reproduces generalized properties of field sources and their genetic
descendants, which are invariant under arbitrary one-to-one and continuous
transformations. These properties are generalized by the law of homologous series: in
genetically related species of EM structures, which are the descendants of the primary
field sources of one topologically equivalent series (subgroup), in the course of
evolution, parallel rows of electromechanical structures-analogues with such
accuracy are known that -structures of one species, it is possible to unambiguously
predict and synthesize related structures of other species of this series.

At the basic level of genetic organization of EM-systems, the form of which is
the periodic structure of the GC, the general set of primary field sources is
determined by six subgroups (Fig. 1.1). Each subgroup is assigned a set of

topologically equivalent elements

Reo = (Hooy, Hooes Hozy, Haoes Hazy Hozl). (1.2)

For the basic field sources of the first large GC period, equation (1.2) can be

represented by the following ordered series of topologically equivalent elements:

Hog, =<LI710.0y, KHO.0y, I1710.0y, TI10.0y, C®0.0y, TL[0.0y>, (1.3)
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Hoox =<L{J10.0x, KHO.0xX, I1710.0x, TI10.0X, C®0.0x, TL{0.0x>, (1.4)
Ho, =<14J10.2y, KHO.2y, I1J10.2y, TT10.2y, CD0.2y, TL]0.2y>, (1.5)
Hoox =<ILJ12.0x, KH2.0x, I1J12.0%, TI12.0x, CD2.0x, TL]2.0x>, (1.6)
H,y, =<I{J12.2y, KH2.2y, [I/12.2y, TI12.2y, C®2.2y, TI]2.2y>, (1.7)
Hoox =<IJJ12.2%, KH2.2, ITJI2.2X, TI12.2x, C®2.2%, TL2.2X>. (1.8)

The structure of generative homologous series represented by models (1.3) -
(1.8) is identical to the elemental basis of the corresponding subgroups in the periodic
structure of the GC. The elements of an arbitrary subgroup of homeomorphism of
structures (Fig. 1.6) provide the guaranteed completeness of the elements of a series.
Genetically determined series of EM structures satisfying expressions (1.3) - (1.8) are

generalized to the concept of ideal homologous series.

,\ P “"\_
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unozy | 102y m (;;y

Fig. 1.6. Fragment of perfect homologous series (subgroup 0.2y)

Ideal homologous series (Fig. 1.6) were synthesized using a group of
topologically equivalent transformations (upper row - parent electromagnetic
chromosomes; bottom row - synthesized corresponding structures of electric
machines).

Homologous series of EM-descendant objects that emerged in the course of
technological evolution are referred to as real-information. Object-level homologous

series are incomplete (discrete), and the structural representatives of such series are
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characterized by different times of their evolution and may belong to different
functional classes of EME (Fig. 1.7).

In accordance with the principle of preserving the genetic information of the
primary source of the field, hereditary information remains unchanged in the
descendant structures of higher complexity. This means that each homologous series
(1.3) - (1.8) of the chromosomal level is matched by genetically determined rows of

homologous EMs and Species

Hoo, — H so0y =< Sipmys Sk St Sty Scaoy Stip™, (1.9)
Hoox — H soox =< Szpmer Skrer Stwmer Stizes Scaver Stipe™, (1.10)
Hozy — H s02y =< Sy Skt St Stimys Scavys Stig™, (1.11)
Haox = H s20x =< Sy Skrer Srumes Stizes Scams Stipe™, (1.12)
H22, — H 522, =< Sypmy Skt St Stimys Scavys Stip™, (1.13)
Haox — H 20« =< Sy Skrir Stwmer Stizes Scaver Stipe™- (1.14)

The regularity that determines the deterministic relationship of the elementary
basis (1.3) - (1.8) with the corresponding series of objects of evolutionary level (1.9) -
(1.14) is generalized by the law of homologous series of EM-systems. The
mathematical basis for the directed synthesis of homologous series of EM objects is a

group of topologically equivalent (homeomorphic) transformations.
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Fig. 1.7. Asynchronous translational machines - structural representatives of the
real-information homologous series (subgroup 2.0x): a), ) - representatives of the
flat machines PL 2.0x with spatial inversion of the active surface; b), d) are
representatives of the flat (PL 2.0x) and cylindrical (CL 2.0x) machines with
internally active surface. 1 - magnetic inductor; 2 - is a secondary element; 3 - three-

phase ring winding

Thus, the law of homologous series is endowed with a prognostic potential and
functions simultaneously as a method of structural prediction and direct synthesis of
new classes and varieties of EM objects by a given function of purpose.

Task 6. According to the given genetic code of the structure of the EM object
(according to the variant), using the genetic model of the "perfect” homologous series
(base level, the first large period), to determine the genetically acceptable structures
of electromechanical energy converters that are homologous to a given one.
According to the simulation results:

- determine the genetic codes and the number of homologous species of EMCE;

- determine for each species the spatial geometry of the resulting magnetic field;

- to specify within which species there are structures of AM with a moving part.

- determine the type of distributed m-phase winding.
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