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R.A. Nezhmetdinov, E.V. Putintseva, R.R. Chumak
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PRACTICAL ASPECTS OF ERROR DETECTION 
FOR TESTING LOGIC CONTROL PROGRAMS FOR PLC

-
.

, -
.

Abstract
The article is devoted to the mathematical aspects of the process of testing logical control systems at the stage of 

development of the control program. Two mathematical approaches for detecting errors in software, their technical 
base, and examples of their practical use are considered.

Keywords: testing, a criterion for the intensity of error detection, a criterion for a given value of the average 
time to failure, logical control program.
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A.V. Bykova, A.V. Kapitanov
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INTERACTION BETWEEN CUSTOMER RELATIONSHIP MANAGEMENT 
SYSTEM AND AUTOMATED ENTERPRISE SYSTEMS 
ON THE VARIOUS STAGES OF THE PRODUCT LIFE CYCLE

-
-

. -
 CRM- .  CRM- -

 ( )
. , -
, -

.

Abstract
This article provides an overview of the classical architecture of automated enterprise systems interaction and 

the customer relationship system positioning in the IT infrastructure of a company. The criteria for the analysis 
of the company to implementing a CRM-system are presented. Variants of integration of the CRM-system with 
interconnected AS of the company are considered and the intersection areas of the functional capabilities of the 
systems are identified. Based on the analysis and the academic literature, the article provides the evidence for 
the applying the systematic approach and analyzing activities of the whole company before implementing of the 
customer relationship management system on a company.

Keywords: system analysis, product life cycle, automated enterprise management system, CRM-system.
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WITH FURTHER PLANNING OF THE PRODUCTION SCHEDULE 
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Abstract
The article states that today it is relevant to improve the quality of manufactured products, as well as the 

fulfillment of the deadlines for its delivery to the customer at small-scale production enterprises. It is determined 
that in order to reduce the number of defective products, it is necessary to introduce high-precision measuring 
equipment after critical operations of the technological process, which, by detecting potential inconsistencies 
and their subsequent correction, will ensure compliance with the requirements established in the regulatory and 
technical documentation. It is established that by obtaining information about the identified inconsistencies, it 
becomes possible to recalculate the production schedule, which will allow meeting the requirements of the delivery 
time of the batch of parts.

Keywords: small-scale production, MES-system, especially responsible technological operation, high precision 
measuring equipment, production schedule planning.
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Abstract
The developed stands for testing, which differ in the number of coordinates and the different composition of the 

drives, operating according to different protocols, are considered. The program and methodology for testing the 
developed CNC functions for controlling machine tools with dynamically variable kinematics are given.

Keywords: CNC, part program, machine tools with dynamic kinematics, EtherCAT.
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Abstract
The paper discusses the features of calculation by simulation modeling and mathematical statistics of the 

technological cycle of assembling a product with an unstable duration of operations in a multi-product production. 
The calculation of the technological cycle of the gearbox assembly with an unstable duration of operations is 
carried out.

Keywords: technological cycle of assembly, simulation systems, assembly operations, unstable duration, 
multimodal.

: , ,
, , .



35 « »  1 (64), 2023 35

2.3.3. AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

-

.
-

.
: -

-
,
-
.

-
. ,

.
, -

, -
,

- -
 [1], 

.
-

, -
.

-
 [2]. 

.
-
-

. -

-
:

– ;
– .

. -
-

: ,
, ,  [3].

-
, ,

,

.
-

, -
,

.

. , -
-

,
, -

.
. -

. -
-

-
. , -

-
.

 [4].

-
.

-
.

(K ) [5]. K
.

. 1.

K

, 1

2
, 3

 1



36  « »  1 (64), 202336

2.3.3.

K = 2 K = 3 -

.
K = 1 -

.

-
, -

.

.

: -
, ,

,
.

 100 .

: ,  1  2. 

. 2–4. -
. 5.

 2

 4

 5

 3

K

005 1
010 - 3
015 1

K

005 1
010 - 3
015 1

K

005 1
010 - 3
015 1

K

005 1
010 - 3
015 3
020 1

 1

 2



37 « »  1 (64), 2023 37

2.3.3. AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

. 1
. -

-
. -

:  1  2.  « »
-

. -
-

 ( ,  1,  2) – -
(010) -

-  (010)  (015), 
K  = 3.

:

 T  = T1 + T2 + T3 + T4 + T5 + T6 + T7, (1)

T  – 
, ,

T1, T2, T3 – 
, , ,

T4, T5, T6, T7 – 
, .
. 6 -

.

. 1. 

 1  2

T in, 1,6 2,6 2,9 7,8

, 1,92 2,89 3,17 8,53

T , 2,2 3,2 3,5 9,2

T 1, 2,12 2,72 2,92 8,46

T 2, 2,76 3,33 8,67

T 3, 3,08

 6



38  « »  1 (64), 202338

2.3.3.

, -
.

. . 2 -

-
 « » .

. 7 -
-

: ,
, -

,  (

).
 7

. 2.

,, ,
T min (  2) 2,9 T min ( ) 7,8 10,7
T (  2) 3,17 T ( ) 8,53 11,7

T max (  2) 3,5 T max ( ) 9,2 12,7
T 1(  2) 2,92 T 1( ) 8,46 11,38
T 3(  1) 3,08 T 1( ) 8,46 11,54
T 2(  2) 3,33 T 1( ) 8,46 11,79
T 1(  2) 2,92 T 2( ) 8,67 11,59
T 3(  1) 3,08 T 2( ) 8,67 11,75
T 2(  2) 3,33 T 2( ) 8,67 12



39 « »  1 (64), 2023 39

2.3.3. AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

 AnyLogic. 
-

, -
,

-
-

 [7].
-

, . . -
-

 [8].
. 3

.

-
, -

.

. -
-

.
-

, , , -
 [9].

. 8 , -
.

. 9 -
.

, .
10,77
11,69
12,42
11,32
11,89
11,95

. 3.

 8

 9



40  « »  1 (64), 202340

2.3.3.

-
. -

-
.

-
, -

.

, . . -
.

1. .  / . -
: . .  ( .) . – .: -
. . . III-5 / 

. . , . . ; . . . -
. – .: , 2001. – 640 .

2. . ., .
:  // -

. 2020,  2 (019). . 22–29.
3. . . -

. .: . ., 1997. 
479 .

4. . ., . ., . .
-

. // 
. . 2021. 

 1. . 3–10. DOI:10.36652/0869-4931-2021-75-
1-3-10.

5. . ., . ., . ., 
. ., . . -

-

 // . .
2021.  7. DOI: 10.36652/0869-4931-75-2021-75-
7-291-295.

6. S.N. Grigoriev, V.A. Dolgov, P.A. Nikishech-
kin, and N. V. Dolgov. Information model of production 
and logistics systems of machine-building enterprises 
as the basis for the development and maintenance of 
their digital twins. In: IOP Conference Series: Materi-
als Science and Engineering, Volume 971, pp. 032094, 
Materials Science (2020). DOI:10.1088/1757-
899X/971/3/032094.

7. AnyLogic [ ]. – 
: https://www.anylogic.ru/

8. . ., . . -

 // 
: -

:  VI 
- -

, , 08  2022 . 2022. – . 18–25. – 
EDN RGEUWB.

9. , . ., . . -
-
-

 // 
: , , :

 VI -
- ,

, 27  2022 . 2022. – . 54–60. – 
EDN FFONIX.

References

1. Mechanical engineering. Encyclopedia / 
Ed. advice: K.V. Frolov (prev.) and others – 
M.: Mashinostroenie. Assembly technology in 
mechanical engineering. T. III-5 / A.A. Gusev, 
V.V. Pavlov; ed. Yu.M. Solomentsev. – M.: 
Mashinostroenie, 2001. – 640 p.

2. M.V. Vartanov, Chan Chung Ta. Assembly pro-
duction: problems and solutions // Stankoinstrument. 
2020,  2 (019). pp. 22–29.

3. Gmurman V.E. Theory of Probability and 
Mathematical Statistics.  M.: Higher. school, 1997. – 
479 p.

4. Grigoriev S.N., Dolgov V.A., Leonov A.A. 
Simulation modeling of production processes using the 
logics of planned and situational reservation of jobs. // 
Automation. Modern technologies. 2021.  1. S.3–10. 
DOI:10.36652/0869-4931-2021-75-1-3-10.

5. Grigoriev S.N., Dolgov V.A., Umnov P.I., 
Fokin N.N., Proshkina O.S. Evaluation of the ma-
chine-tool capacity of manufacturing civilian prod-
ucts at machine-building enterprises of the defense 
industrial complex // Automation. Modern technolo-
gies. 2021. . 7. DOI: 10.36652/0869-4931-75-
2021-75-7-291-295.

6. S.N. Grigoriev, V. A. Dolgov, P. A. Nikishechkin, 
and N. V. Dolgov. Information model of production 
and logistics systems of machine-building enterprises 
as the basis for the development and maintenance 
of their digital twins In: IOP Conference Series: 
Materials Science and Engineering, Volume 971, pp. 
032094, Materials Science (2020). DOI:10.1088/1757-
899X/971/3/032094.



41 « »  1 (64), 2023 41

2.3.3. AUTOMATION AND CONTROL OF TECHNOLOGICAL PROCESSES AND PRODUCTIONS

7. AnyLogic [Electronic resource]. – Access 
mode: https://www.anylogic.ru/

8. Proshkina O.S., Akimov A.A. Setting the 
influence of the unstable duration of assembly operations 
in simulation systems // Science in the modern world: 
results of research and discoveries: a collection of 
scientific papers based on the materials of the VI 
International Scientific and Practical Conference, Anapa, 
August 08, 2022. 2022. – S. 18–25. – EDN RGEUWB.

9. Proshkina, O.S., Dolgov N.V. Calculation 
of the technological cycle of assembly of a gear-
box with an unstable duration of operations based 
on the use of simulation // Science and technology: 
modernization, innovation, progress: Collection of 
scientific papers based on the materials of the VI 
International Scientific and Practical Conference, 
Anapa, August 27, 2022. 2022. – S. 54–60. – EDN 
FFONIX.

 – ,
,  «  « »

v-dolgov@yandex.ru
– - ,  «  « »

oproshkina123@gmail.com
 – ,

 «  « »
dnv@digitalfabrika.ru

– ,
 «  « »

akimov2804@gmail.com

Dolgov Vitaliy Anatolievich – D.Sc. of Engineering, professor at the sub-department of “High-Efficiency 
Processing Technologies”, MSUT “STANKIN”

v-dolgov@yandex.ru
Proshkina Olga Sergeevna – leading process engineer, PJSC “NPO “Almaz”
oproshkina123@gmail.com
Dolgov Nikita Vitalievich – postgraduate student at the sub-department of “High-Efficiency Processing 

Technologies”, MSUT “STANKIN”
dnv@digitalfabrika.ru
Akimov Artyom Aleksandrovich – postgraduate student at the sub-department of “High-Efficiency 

Processing Technologies”, MSUT “STANKIN”
akimov2804@gmail.com

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



42  « »  1 (64), 202342

2.3.3.

 621.941: 64.011.56

. . , . . , . .

METHOD OF AUTOMATED CORRECTION OF CONTROL 
PROGRAMS FOR CNC MACHINES, TAKING INTO 
ACCOUNT THE TEMPERATURE FACTOR AND CUTTING FORCES

Abstract
Due to the rapidly changing requirements for the accuracy of the part and the metalworking process, an important 

task in automating the technical preparation of production and engineering technology is to provide the stated 
requirements with design and technological documentation in the shortest possible time, ensuring the competitiveness 
of engineering enterprises. Therefore, the study and analysis of the influence of factors affecting the processing of 
workpieces is an urgent task in ensuring the requirements for the quality of the surface of parts. The paper presents the 
results of modeling and analysis of the influence of temperature and cutting forces on the geometry of the part in the 
ANSYS program, and their consideration when generating a control program for a CNC machine.

,

-
, . -

, ,
. -

 ANSYS, 
.

Keywords: automation, technological preparation of production, control program, CNC machine, metalworking 
quality, CAD model.
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 SOLVING MILL 2.0.

INVENTIVE SOLUTIONS IN THE PROCESS OF EVOLUTION 
OF AUTOMATED KINETIC ENERGY STORAGE SYSTEMS BASED 
ON THE USE OF RESOURCES OF THE SOLVING MILL 2.0.
SOFTWARE PRODUCT

 Solving Mill 2.0. 
 ( ) -
,

,
.

-
.

Abstract
The experience of individual and collective work with Solving Mill 2.0. software is described in the TRIZ 

Laboratory of Sevastopol State University (SevSU) in solving problems of improving such mechanical energy 
storage devices as flywheels, superflywheels and process control automation systems, which provide an increase in 
the functionality and efficiency of the use of such devices. An overview of some innovative solutions of mechanical 
energy storage devices and the evolution of such systems in a number of promising areas of application of such 
equipment and appropriate technologies for its use is presented.

Keywords: interdisciplinary problems, theory of inventive problem solving, general theory of strong thinking, 
algorithm for correcting problem situations, template.
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 YOLOV5 

 SINGAPORE AUV CHALLENGE

USING YOLOV5 NEURAL NETWORK FOR OBJECT 
DETECTION AT THE SINGAPORE AUV CHALLENGE

The article discusses the experience of using the convolutional neural network of the YOLOv5 architecture for 
the task of underwater objects detection at the Singapore Autonomous Underwater Vehicle Challenge competitions. 
It is necessary to detect and distinguish red and yellow flares, gates, blue and red bowls located on a green carpet. 
The article describes all the stages of system implementation. Firstly, data was collected using a recreated pool 
scene in the Unity game engine. Then, for additional training, video recordings from the swimming pool of the 
sports complex of the Bauman Moscow State Technical University were used. The frames from Unity were marked 
up automatically, and the frames from the real pool were marked up manually. At the intermediate stages, the neural 
network was tested in the Gazebo simulator and in real conditions. At the competitions in Singapore, it was decided 
to train the neural network to work better in new conditions. For preliminary markup of preparing additional data, 
the previous version of the neural network was used.

 YOLOv5 
 Singapore Autonomous Underwater Vehicle Challenge. 

, , -
, . . -

,  Unity. 
. . . ,

.  Unity ,
.

 Gazebo . -
.

.

: , , , -
, , , , .

Keywords: autonomous underwater vehicle, neural network, competitions, technical vision, learning, simulator, 
machine learning, artificial intelligence.
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Abstract
According to statistics, one of the most common causes of accidents is the wrong passage of intersections. 

To prevent or reduce the number of accidents for these reasons, the article proposes a turn assist system (TAS). 
The system belongs to the zero level of advanced Driver Assistance Systems (ADAS). The algorithm is based on 
tracking the position of detected objects at intersections during turning and warn the driver about a collision. TAS 
has three main tasks: detecting objects on the road during turning, tracking the trajectory of these objects and 
warning the driver about a possible collision with the vehicle. With the help of the extended Kalman filter, tracking 
and forecasting of the position of the detected object is implemented.The article compares the models based on the 
constant velocity Kalman filter and the constant acceleration model. Verification of the system is carried out using 
simulation in the MATLAB and Simulink environments.

Keywords: driver turn assist system, radar system, extended Kalman filter, driving scenario designer, 
mechatronics of the vehicle.
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CORRECTION OF VOLUMETRIC ACCURACY 
OF THE PORTAL SYSTEM USING A LASER TRACKER

-
, -

 / .

Abstract
The article considers the problem of volumetric accuracy correction of devices with portal kinematics in an 

oblique off-center coordinate system describing the physical axis system of the realized machine/measurement 
machine motion under conditions of systematic errors.

Keywords: multi-axis systems, laser measurements, volumetric accuracy, laser tracker, gantry system.
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1 OX scale error of X xx X

2 OX OY Y straightness of X yx X

3 OX OZ Z straightness of X zx X

4 OX roll error of X xx(X)

5 OX pitch error of X yx(X)

6 OX yaw error of X zx X

7 OY scale error of Y yy Y

8 OY OX X straightness of Y xy Y

9 OY OZ Z straightness of Y zy Y

10 OY roll error of Y yy(Y)

11 OY pitch error of Y xy(Y)

12 OY yaw error of Y zx(Y)

13 OZ scale error of Z zz Z

14 OZ OX X straightness of Z xz(Z)

15 OZ OY Y straightness of Z yz(Z)

16 OZ roll error of Z zz(Z)

17 OZ pitch error of Z xz(Z)

18 OZ yaw error of Z yz(Z)

19 OX OY Y squareness of X xy

20 OY OZ Z squareness of Y yz

21 OZ OX Z squareness of X zx
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SPLITTING THE ERROR OF A MECHATRONIC MODULE 
BETWEEN IT’S STRUCTURAL ELEMENTS

-
.

Abstract
The method of splitting the specified error of the output link of the mechatronic module of the motion freedom 

of the robot’s actuating device between its structural elements is considered.

Keywords: mechatronic module, motion freedom, robot, error, element.
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COMPUTER-AIDED DESIGN OF MALTESE 
INTERNAL PROFILE MECHANISMS

Abstract
An overview of the designs of the Maltese mechanisms of the internal profile (internal gearing) is given. These 

mechanisms can be effectively used in assembly modules of flexible manufacturing systems. The initial calculations of 
technological indicators of equipment with Maltese mechanisms are given. A software application for computer-aided 
design and calculation of Maltese mechanisms using CAD systems has been developed, with the help of which control 
programs can also be prepared for the manufacture of mechanism parts on CNC machines.
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EXPERIMENTAL STUDY 
OF MACHINABILITY ALPHA TITANIUM ALLOY

-
 3 .

,  Ra,  HV 
.

-
.

Abstract
The article presents the results of an experimental study of finishing longitudinal turning of a 3M titanium 

-alloy. Based on the results of the experiment, mathematical models of the roughness of the machined surface, 
expressed by the parameter Ra, microhardness HV, and the energy dissipation efficiency factor , were compiled. 
The correlation relationship between the two parameters of the state of the treated surface and the efficiency of 
energy dissipation was found through the Spearman rank correlation coefficient.

Keywords: 3M alloy, metalworking, experiment, machinability, surface roughness, microhardness, energy 
dissipation coefficient.
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CREATION OF CUTTING CARBIDE INSERTS 
OF INCREASED STRENGTH FOR ASSEMBLED TOOLS

, . ,
, , -

, .
-

.

Abstract
The article shows the results of the calculation of deformations and stresses in the cutting elements of 

prefabricated cutters, drills and cutters. The degree of influence of the design parameters of the cutting elements, 
installation schemes, fastening and basing in the tool body, as well as loading conditions on the deformations 
and stresses that occur in the replaceable polyhedral inserts during cutting is revealed. Designs of developed and 
patented high strength cutting elements and high-performance prefabricated tools are also presented.

Keywords: replaceable cutting inserts, assembled tools, hard alloys, stresses, strength, performance.
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P.A. Ivanov, V.A. Levko, O.V. Litovka, L.P. Sysoeva
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BRASS ALLOY WORKPIECES CONTACT 
INERACTIONS UNDER ABRASIVE FLOW MACHINING 
OF THE INNER SURFACE

Abstract
The analysis of contact interactions during under abrasive flow machining of the inner surface of workpieces 

made of brass alloys with a showed that they change their character during machining. These changes occur both 
at the level of depressions and protrusions of the surface roughness profile, and at the level of the abrasive grain 
as a whole and its individual microprotrusions. In the course of experimental studies of abrasive flow machining of 
samples from LS59-1 brass strips, it was possible to significantly decrease both the height parameters and the depth 
parameters of the roughness of the surface layer of the sample. An increase in the microhardness of the sample 
surface, confirmed by metallographic studies, showed that abrasive flow machining can be attributed to finishing 
and hardening technologies. Machining the inner surfaces of brass billets with a non-linear axis with an abrasive 
flow will significantly reduce the attenuation coefficient of the wave in transmission systems.

-
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. -
59-1

, . -
, ,
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, .

Keywords: abrasive flow machining, roughness, microhardness, contact interaction, brass.
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S.V. Nikitin, Yu.A. Tempel, D.E. Pisarev
Tyumen Industrial University

:

RESEARCH AND DEVELOPMENT OF TECHNOLOGICAL 
INNOVATIONS IN OIL AND GAS ENGINEERING: 
THREE-POSITION BUTTERFLY GATE VALVE

Abstract
The leading industry in Russia remains the oil and gas industry associated with the extraction and transportation 

of oil and gas. For the effective and efficient provision of these processes, it is important to develop technological 
innovations in oil and gas engineering, as one of the sub-sectors that serves as the basis for the implementation of 
the activities of oil and gas companies. In this regard, the research and development of process and product technical 
and technological innovations is an urgent task in managing the production processes of oil and gas production. 
The paper presents the results of systematization of statistical data in the field of technological innovations in the 
Russian Federation, their costs in manufacturing and mining, as well as an algorithm for conducting research and 
developing such innovations. The available technical solutions for slide gate valves are analyzed, shortcomings are 
identified, the design of a three-position disk gate valve is modeled and proposed, which provides ease of operation 
and an increase in durability.
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THE INFLUENCE OF TERMS ON THE CHOICE OF STAMPING 
TECHNOLOGY FOR HOLLOW CYLINDRICAL PARTS HAVING A BOTTOM

-
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 « »  « -
»
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.

Abstract
Information about the responsible attitude of the classics of the applied science of machines and pressure 

treatment technology to using in this science terms is given. The attempts used by the developers of technological 
processes to search for the hidden meaning of the terms «forward» and «reverse» extrusion for the production of 
stamped forgings of parts such as bushings with a conical section adjacent to their bottom are described. A rational 
solution to the problem of producing these forgings is given, unrelated to the named terms.

: , ,
, .

Keywords: bushings with a conical section adjacent to the bottom, stamping by extrusion, the flow of the 
workpiece metal into the wall, rational flow direction.
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