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V.G. Meshkov

DIRECTIONS OF ADAPTATION AND IDENTIFICATION 
IN INTEGRATED AUTOMATED CONTROL SYSTEMS

 ( ), . -

.

The means and methods of adaptation of integrated automated control systems (IACS), object identification 
procedures in the class of differential equations are considered. The implementation of adaptive identification system 
procedures using generalized phase coordinates is described.

: , , ,
.
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The article discusses the features of the development of a parametric cycle for processing parts such as a body of 
revolution. Removal of material from the surface of the part is carried out in several stages. The contour of the final 
part is described by the user in G-code language. The parametric cycle, written in a high-level language, takes as user 
parameters information about the contour of the final part, technological features of processing. If it is impossible to 
select the workpiece material, a part of the contour is automatically excluded from processing. The developed cycle 
was tested.

: , , , ,
.

Keywords: part-program, parametric cycle, CNC, machine-tool, high-level language.

DEVELOPMENT OF A PARAMETRIC CYCLE FOR PROCESSING 
ROTATION BODY TYPE PARTS
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 1. 

std::ifstream file(name_contur); 

for (int i = 0; i < 6; i++) //

{

file.getline(text, 50); 

for (int j = 0; text[j] != '\0'; j++)//

//

{

if ((text[j] == 'G') || (text[j] == 'g')) 

{

if ((text[j + 1] == '9') && (text[j + 2] == '1')) // G91 

{

arr[i][0] = 1; 

j = j + 2; 

}

if ((text[j + 1] == '9') && (text[j + 2] == '0')) // G90 

{

arr[i][0] = 2; 

j = j + 2; 

}

  // ... 

  } 

// ... 

}

. 6.
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 (TurnCycle.nc) -
, -

 (TestDetalMassiv1.c). 
,

-
.
:

 ( . 4) -
,

 « ».

 2. 

if((line[jj][3]!=0)&(line[jj][2]!=0)) //  Z,  X  0 

{ step = floor(-line[jj][3]/width); //  Z 

step_X=((step*width)/(-line[jj][3]/line[jj][2]))/step;

for(kk=ff; kk<step; kk++) 

     { 

for(hh=0; hh<=jj-1; hh++) 

       { 

level=level+line[hh][2];

       } 

      G90 G00 X=0.6*diameter 

       G91 G00 Z=-width; 

       G91 G01 X=-0.1*diameter-(diameter/2-level-(kk+1)*step_X-

pp)

G90 G00 X=0.6*diameter; 

level=0;

 3. 

#include "TurnCycle.nc" 

#include "TestDetalMassiv1.c" 

G18 G90 G15 G191 G71 G72 G172 G272 G94 G97 G49 G40 G00 G80 G98 

G53 G153 G193 G64 BRISKCUT2DF //  (

)

#workpiece (1, 2, 256, 0, 80, 100, -40, -40, -100) 

T7 M06 

M03 G18 S1000 F1000 

TurnCycle(100, 80, 4, 2, 0, 0, 0); 

M30
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APPLICATION OF THE COMPLEX METHOD OF QUALIMETRY 
IN ASSESSING THE DIGITAL MATURITY OF AN ENTERPRISE

.
-

 (OPM3) , -
 ( )

.

The analysis of diagnostic systems and assessment of the maturity level of an industrial enterprise is given. A flexible 
approach to assessing the level of digital development of an enterprise is proposed by adapting the Maturity Model of 
organizational project management (OPM3) based on the use of a comprehensive method of qualimetry, expert assessment 
methods and linear normalization, taking into account the significance of each direction (segment) of the development of 
a digital enterprise.
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 621.313.024 . . , . . , . .
V.V. Filatov, M.V. Chumaeva, K.S. Afonin

STATEMENT OF THE PROBLEM OF A DIGITAL CONTROL MODEL  
CONSTRUCTING OF A DC EXECUTIVE MOTOR WITH EXCITATION 
FROM PERMANENT MAGNETS

-
. -

 ua0  (n, ). -
 ua0, .

The creation of a digital control model of a DC motor with excitation from permanent magnets is implemented on 
the basis of an adequate simulation computer model of the motor used. The simulation model allows you to build a phase 
trajectory for a specific value of the control action ua0 in the phase plane (n, M ). The problem of determining of the 
control action ua0 corresponding to a given phase trajectory on a phase portrait is formulated.

: , -
, , , , .

Keywords: digital control, DC motor with excitation from permanent magnets, simulation computer model, control 
impact, phase trajectory, phase portrait.
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. . , . . , . .
K.V. Shoshina, I.S. Vasendina, A.O. Parshin, 

R.A. Aleshko, R.A. Vorontsov, T.B. Tyurbeeva

DEVELOPMENT OF A METHODOLOGY FOR THE AUTOMATED 
DETERMINATION OF THE SWAMPINESS OF THE TERRITORIES 
OF THE ARKHANGELSK REGION BASED ON DEEP NEURAL NETWORKS

. -
.

A method for determining the swampiness of the territories of the Arkhangelsk region based on deep neural 
networks is outlined. A solution to the problem of identifying wetlands based on satellite imagery data is given.

: , , , ,
.

Keywords: wetlands, satellite images, deep neural networks, technique, algorithm.



37 « »  3 (62), 2022 37

AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

 « »  3 (62), 2022

 «png». 
 3 , -

 RGB- .  4 
,  6  5 -

.
 6, 5  4, -

 ( ) .
 1.

. -
 OpenStreetMap (OSM), 

. OSM 
natural=wetland, -

. -
 QGIS, -

,  2.

. 1. . 2. 

. 3. 

-

 Python. 
 3. -

-
.

-
,

. -

. -



38  « »  3 (62), 202238  « »  3 (62), 2022

 [6, 7], -
,

. -

, ,
-

, -
,

, -

.

 U-Net, 

 [8]. -

, -
-

.

U-Net , -
-

.
-

: -
 «

» —  «
-

» ( . 4). 
 224x224 -

.
 436 -

, -

.
-

 9:1, , -
,

. -
-

. -
:

0°  35°, 
 0,1  0,5 .

-

-
:

, ,
, , -

,
. , -

,

,
.

 3,  1, -
 RGB, -

.
 3x3, 

 2x2.

:  «1e-4», -
-

;  Adam, 
 AdaGrad  RMSProp, 

-
,

;
 ReLU;  30; 

 4.

. 4. :



39 « »  3 (62), 2022 39

AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

 « »  3 (62), 2022

-
-

.
QGIS .

-
,

.

 Python  — OSGeo4W 
Shell. -

 QT. 
 5.

-
 ( . 6) 

, -
 7 ( ) -

 (
).

-
, -

,
.

-

.
-
-
-

.

-

, -

/ .

-
-

 U-Net, 
,

. 5.  QGIS

. 6.  QGIS

. 7. ,  QGIS



40  « »  3 (62), 202240  « »  3 (62), 2022

- , -
.

,
, -

, -
.

-
- -

,  5 000 .

-
-

 22-11-20025.

1.  [ -
]: [ . ] /  — .

. — [2022]. — : https://bigenc.ru/
biology/text/1876273/.

2.  [ ]:
[ . ] /  — 

. . — [2022]. — : http://
www.consultant.ru/document/cons_doc_LAW_60683/. 

3. -
-  [ ]:

[ . ]  — 
. .  — [2022]. — -

: https://docs.cntd.ru/document/9014361. 
4. Regulation [ ]: [ . ]

/  « -

-
,

» — .
. — [2022]. — : https://regulation.gov.

ru/Npa/Print/85808.
5. -

 [ ]: 
[ . ] / -

-
 — .

. — [2022]. — : http://mnr.gov.
ru/press/news/pri_podderzhke_minprirody_rossii_
sostoyalsya_kruglyy_stol_po_realizatsii_proektov_
vosstanovleniya_to/. 

6. -
 [ ]: [ . ] / 

-
-

 | . . . - .
2014.  388. DOI: 10.17223/15617793/388/41 — -

. . — [2022]. — : http://journals.
tsu.ru/vestnik/&journal_page=archive&id=1104&article_
id=31231.

7.  [ ]: [ .
] / -

-
 RapidEye. — . . — 

[2021]. — : https://sovzond.ru/upload/
iblock/234/8_46–51.pdf.

8. . ., . ., . .

-
 UNET / , 4 (2017) — 

: https://cyberleninka.ru/article/n/
avtomaticheskaya-segmentatsiya-sputnikovyh-snimkov-
na-baze-modifitsirovannoy-svyortochnoy-neyronnoy-
seti-unet.

References

1. Great Russian Encyclopedia-[Electronic 
resource]: [official. site] / BOLOTO — Electronic data  — 
[2022]. — Access mode: https://bigenc.ru/biology/
text/1876273.

2. Consultant Plus [Electronic resource]: [official. 
site] / Water Code of the Russian Federation — Electronic 
data — [2022]. — Access mode: http://www.consultant.
ru/document/cons_doc_LAW_60683/.

3. Electronic fund of legal and normative-technical 
documents [Electronic resource]: [official. website] 
Water Code of the Russian Federation — Electronic 
data — [2022]. — Access mode: https://docs.cntd.ru/
document/9014361.

4. REGULATION [Electronic resource]: [official. 
website] / Draft federal law “On Amendments to the Water 
Code of the Russian Federation with regard to the use of 
swamps for the purposes of exploration and extraction of 
mineral deposits, construction and reconstruction of linear 
facilities” — Electronic data — [2022]. — Access mode: 
https://regulation.gov.ru/Npa/Print/85808.

5. Ministry of Natural Resources and Ecology 
of the Russian Federation [Electronic resource]: 
[official. site] / With the support of the Ministry of 
Natural Resources of Russia, a round table was held 
on the implementation of projects for the restoration 
of peat bogs — Electronic data — [2022]. — Access 
mode: http://mnr.gov.ru/press/news/pri_podderzhke_
minprirody_rossii_sostoyalsya_krug lyy_stol_po_
realizatsii_proektov_vosstanovleniya_to/.



41 « »  3 (62), 2022 41

AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

 « »  3 (62), 2022

6. Bulletin of the Tomsk State University [Electronic 
resource]: [official. site] / Study of the morphological 
structure of the microlandscapes of the Vasyugan bog 
complex based on the interpretation of space images 
| Vestn. Tomsk state university 2014. No. 388. DOI: 
10.17223/15617793/388/41 — Electronic data — [2022]. — 
Access mode: http://journals.tsu.ru/vestnik/&journal_
page=archive&id=1104&article_id=31231.

7. SOVZANT [Electronic resource]: [official. site] / 
Mapping of swamp microlandscapes based on the spectral 
classification of Rapid Eye satellite images. — Electronic 
data — [2022]. — Access mode: https://sovzond.ru/
upload/iblock/234/8_46–51.pdf.

8. Soloviev R.A., Telpukhov D.V., Kustov A.G. 
Automatic segmentation of satellite images based 
on a modified convolutional neural network UNET / 
Engineering Bulletin of the Don, No. 4 (2017) — 
Access mode: https://cyberleninka.ru/article/n/
av tomat icheskaya-segmenta ts iya- spu tn ikovyh-
snimkov-na-baze-modifitsirovannoy-svyortochnoy-
neyronnoy-seti-unet.

 — . . , . -
 «  ( ) . . »

k.shoshina@narfu.ru
 — . . , .

 «  ( ) . . »
i.vasendina@narfu.ru

 —  « »
 «  ( ) . . »

— . . , -
 «  ( ) . . »

r.aleshko@narfu.ru
 —  « »

 «  ( ) . . »
r.voroncov@narfu.ru

 — . . , . -
 «  « »

t.tyrbeeva@stankin.ru

Shoshina Ksenia Vladimirovna — candidate Sc. of Engineering, associate professor at the department of “Informa-
tion Systems and Information Security” of Northern (Arctic) Federal University named after M.V. Lomonosov

k.shoshina@narfu.ru
Vasendina Irina Sergeevna — candidate Sc. of Engineering, associate professor at the department of “Information 

Systems and Information Security” of  Northern (Arctic) Federal University named after M.V. Lomonosov
i.vasendina@narfu.ru
Parshin Aleksey Olegovich — master degree student of the direction "Information systems and technologies" of 

Northern (Arctic) Federal University named after M.V. Lomonosov
Aleshko Roman Aleksandrovich — candidate Sc. of Engineering, professor at the department of “Information Sys-

tems and Information Security” of Northern (Arctic) Federal University named after M.V. Lomonosov
r.aleshko@narfu.ru
Vorontsov Roman Antonovich — postgraduate student of the direction “Information technologies and telecommuni-

cations” of Northern (Arctic) Federal University named after M.V. Lomonosov
r.voroncov@narfu.ru
Tyurbeeva Tatyana Borisovna — candidate Sc. of Engineering, associate professor at the sub-department of “Infor-

mation Technology and Computer Systems” of MSUT “STANKIN”
t.tyrbeeva@stankin.ru

: .
Conflicts of Interest Statement: The authors have no conflicts of interest to declare.



42  « »  3 (62), 202242  « »  3 (62), 2022

-  ( )

 [1–3]. 

: (1) 
, (2) -

-

. ,

 ( )

.
-

 [4, 5], 
, -

. -

-

, -
,
,
-

.
[6, 7] ,

.
,

,
, -

, -
, , -

, ,
.

 [8–10] -
 COMSOL -

. ,
, ,

, -

 621.791.722 . . , . .
V.S. Tynchenko, S.O. Kurashkin

-

SIMULATION MODELING OF THE PROCESS 
OF THE ELECTRON-BEAM WELDING IN STEADY STATE 
FOR TESTING THE TECHNOLOGICAL PROCESS
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-  COMSOL. 
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,

 —  2 ,  1 .

Now, when working out the technological process and obtaining high-quality one-piece connections for new products 
and when updating equipment, the search for parameters is carried out by conducting full-scale experiments, which is 
financially and resource-intensive. In this work, the authors carried out simulation modeling of the process of electron beam 
welding of a titanium alloy product in COMSOL. As a result, for the development of the technological process, parameters 
were set and graphs of the temperature distribution on the product surface were obtained, which indicate that the requirements 
of the weld were reached - width 2 mm, height 1 mm.

: , , , - -
, .

Keywords: modeling, welding speed, technological parameters, electron-beam welding, electron-beam.
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The introduction of high-tech robotic complexes operating in biofeedback is apriority in the motor rehabilitation 
of patients with lesions of the central nervous system all over the world, especially the exoskeleton robots for the 
lower limbs which offer the potential to restore ambulation to individuals with paraplegia due to spinal cord injury.

However, exoskeletons often rely on preprogrammed gait, initiated by switches, sensors, and/or EEG triggers. 
Users (pilots) can exercise only limited independent control over the trajectory of the feet, the speed of walking, and 
the placement of feet to avoid obstacles. In this paper, the simulation of the movement of the exoskeleton lower limbs 
for rehabilitation using the Robot Operating System (ROS) is presented.

Using Gazebo, the model of the exoskeleton is described using Extensible Markup Language (XML) programming 
in the Unified Robot Description Format (URDF). More over, this work proposes a special algorithm to automate the 
change mode of the movement of the exoskeleton depending on an external sensor.

: ROS, , Gazebo, , -
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Keywords: Robot Operating System (ROS), simulation, Gazebo, lower limbs exoskeleton rehabilitation robotics, 
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The problem of synthesis of real-time motion control subsystems of industrial robots and mechatronic systems 
is investigated. For a number of control subsystems (related to the intelligent and executive unit), the specifics of the 
memory-centric architecture poses a task or opens up opportunities for the development or application of new, more 
efficient mathematical models. The synthesis of the subsystems of the intelligent block and the related subsystems of 
the sensing block corresponds to the solution of a direct (project) task, i.e. it consists in determining the constituent 
elements (subsystems) that provide the specified parameters of the control system (functional unit). The methodology of 
synthesis of subsystems of the executive unit of a trusted real-time control system corresponds to structural-parametric 
or parametric synthesis, as a result of which the structure of the object is determined and the values of the parameters 
of its constituent elements are found in such a way that the conditions of the synthesis task (technical task) are satisfied.

: , , , , -
, , .

Keywords: methodology, synthesis, motion control, industrial robot, mechatronic system, intellectualization, 
executive unit.
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Yu.V. Ilyukhin, A.A. Toporin

REVIEW OF SOLUTIONS IN THE FIELD OF TASK ALLOCATION BETWEEN 
A COLLABORATIVE ROBOT AND A HUMAN

-
. -

, , ,
, , -

, .

A review of existing methods and algorithms for the allocation of tasks between humans and collaborative 
robots in the creation of collaborative production cells is presented. Allocation methods based on taking into account 
the capabilities of a human and a collaborative robot, methods based on the properties of the assembled products 
and the workspace, as well as complex methods that take into account both the characteristics of the agents of the 
collaborative cell and the entire production process as a whole are described and analyzed.

: , , .

Keywords: collaborative robots, task allocation, collaborative work.
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REHABILITATION SYSTEM OF HUMAN MICROMOTOR CAPABILITIES. 
MODELING AND LOOP SHAPING OF SINGLE-DOF
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. - .

-
.

.
.

A new rehabilitation system is proposed for significant restoration of microbial capacity. The micromanipulator 
is built into the prostheses and is controlled by an operator (upper-limb amputee), which allows the system to perform 
precise movements. Mathematical modeling was performed for the system. The algorithm for controlling a human-
machine system was constructed. The simulation is performed to ensure the upper-limb amputee’s ability to successfully 
control the position of the instrument using this system. The ability of the system to reach its destination in compliance 
with technical requirements in ideal conditions has been proven. Based on the simulation results, recommendations 
for training the user of this system are given.

: , , ,
( ), , - , .

Keywords: rehabilitation system, micromovement, prosthesis, upper-limb amputee, adaptive support, Human-in-
the-loop, control system.
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 621.92:621.45.034 . . , . . , . .
V.V. Atroshenko, V.K. Berdin, L.A. Taymasova

THE INFLUENCE OF CONTAMINATION OF THE ABRASIVE TOOL 
ON THE QUALITY OF THE SURFACE LAYER 
AND THE ACCURACY PARAMETERS OF THE WORKPIECE

-
, ,

-1 - .

 — . ,
-

.

The paper proposes a promising method of abrasive electrochemical grinding with periodic cleaning of the 
cutting tool when obtaining deep, narrow, extended grooves in samples made of heat-resistant intermetallic alloy 
VKNA-1B-VI. The issues of ensuring the quality of the surface layer and geometric accuracy are relevant and are 
closely related to ensuring the cutting properties of the working tool – its contamination. A comparative analysis of 
samples obtained by abrasive electrochemical grinding without periodic cleaning and with simultaneous periodic 
cleaning of the abrasive wheel was carried out.

: , , , -
, , ,

.

Keywords: abrasive grinding, combustion chamber, heat-resistant intermetallic alloy, mechanical cutting, 
electrochemical anodic dissolution, electroerosion treatment, cleaning and straightening of abrasive tools.
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-

 500/12 -
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.
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 6 % NaNO3, 0,5 % NaNO2, 0,5 % Na2CO3,
2 % .
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 1  2.

C Cu O Sn

, % 33,13 45,81 11,63 9,43
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C O Al Si S Cl K Ca Ti Cr Fe Ni Cu
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C O Al Si Cl Ca Ti Cr Fe Ni Cu Sn

, % 27.06 10.13 3.08 1.24 0.72 1.77 1.51 0.76 2.62 11.39 34.52 5.2
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 3%  0,46%,  2%  1% -

 —  15%  52%,  37%.

. 10. 

. 11.

 ( 100)

5.

C O Al Cl Ca Ti Cr Fe Ni Cu Sn

, % 37.7 2.15 0.91 0.58 0.8 1.09 0.46 1.44 2.4 52.01 0.46
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-

 9  5.
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 621.91 . .
D.G. Balova

EFFICIENCY OF APPLICATION AND DETERMINATION OF THE CUTTING 
CAPACITY OF A CARBIDE TOOL IN THE PROCESSING 
OF TITANIUM ALLOYS

. -
, ,

. -
,

.

The process of obtaining thin chips due to the finishing milling of titanium alloys is described. Calculations of the 
maximum chip thickness, the dependence of the arc angle on the feed to the tooth, the shear angle during processing 
are carried out. These calculations allow us to determine the dependence of the accuracy of the obtained dimensions 
on the cutting depth, as well as the efficiency of application and cutting ability of a carbide tool for processing 
titanium alloys.

: , , , .

Keywords: milling, titanium alloys, fine chips, cutting ability.
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20 18 16 14 12 10 8 6 4 2
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, -
.

-
-

. -
 = –30° 
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1-00

 « » ,
 100, 

75, 50, 25, 15, 8, 4, 2  1  ( . 4), -
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- -1000
[11] 

.
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 – ,  – ,
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1-00 -
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4.
h Sz

 = 6,3 .

,
100 75 50 25 15 8 4 2 1

1
 = 6,3 

80 61 41 21 13 7 6 4

, %
20,0 18,7 18,0 16,0 13,3 12,5 –50,0 –100,0 –100,0

2
 = 14,5 

85 65 44 22 14 13 9

, %
15,0 13,3 12,0 12,0 6,7 –62,5 –125,0 –125,0 –125,0

 3. 

« » —

, Sz 20 18 16 14 12 10 8 6 4 2
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, 25,86 25,86 25,86 25,86 25,86 25,86 25,86 25,86 25,86 25,86

, h 13,23 7,85 6,97 6,10 5,23 4,36 3,49 2,62 1,74 1,32

h/r 2,10 1,25 1,11 0,97 0,83 0,69 0,55 0,42 0,28 0,21

++ ++ ++ ++ + + +– +– +– ––

, -
-

 = h/ < 0,25…0,28 ( . 5), -

.

 = 0,25…0,5 -
, -

,
-

,

. -
, -

, ,
h = 

 = h/  = 2. 

 15…25  (IT 8…9) -
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) : V = 28…56 
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 66.042 . . , . .
A.M. Adaskin, V.S. Kubatkin

INCREASING THE LIFETIME OF TECHNOLOGICAL EQUIPMENT 
FOR HIGH-TEMPERATURE HEAT TREATMENT

: , -
, .

, ,
.

Operating conditions of high-temperature thermal equipment: high temperatures, thermal cycling loads, 
corrosion due to exposure to heating and cooling media. Chromium-based alloys combine heat resistance, heat 
resistance and resistance to thermal cycling, their use provides high tool life.

: , , , -
, .

Keywords: high temperature thermal tooling, heat resistance, thermal cycling loads, chromiumbased alloy.
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Yu. A. Tempel, I.N. Kokorin, I.N. Ergulovich

:

PROSPECTS FOR THE DEVELOPMENT OF OIL AND GAS ENGINEERING: 
A NEW DESIGN OF A PLUNGER LIFT

 — , -
,

. ,
 — 

. -
; -

;  Ansys 
.

Oil and gas engineering is an industry on which the effective execution of technological processes of oil and gas 
production depends, therefore, innovative activity in this area is of great importance. Due to the rapidly changing 
requirements in production and competition in the market, increasing the scientific and innovative potential of this 
industry is one of the promising directions for the development of oil and gas engineering. The paper presents an 
analysis of the innovation potential in industry in the framework of the consideration of technological innovations 
of manufacturing industries; a new design of a plunger lift is proposed; studies have been carried out in the Ansys 
software environment according to the criterion of gas-hydrodynamics of the studied object of research.

: , , CAE-  Ansys, .

Keywords: plunger lift, gas flow rate, Ansys CAE-system, well watering.
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