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ABSTRACT 

Information support for modern computer-aided design of products and processes is considered in this review in accordance 
with the methodology of the integrated CAD/CAM/CAE system. Three levels of the management hierarchy at the design and produc-
tion stages are considered. At the top (organizational) level, computer-aided design of the product structure and its manufacturing 
technology is performed. At the middle (coordinating) level, a binding to existing technological equipment and debugging of indi-

vidual fragments of the control program are performed. At the lower (executive) level, the control program is finally created, de-
bugged and executed. A distinctive feature of the proposed automation methodology at the design and production stages is the use of 
feedback from the lower level to the middle and upper levels to correct the decisions made there, taking into account the existing 
management powers at these levels of the hierarchy. Thus, the indicated levels of the hierarchy of the intelligent system correspond 
to the hierarchy of objects and subjects of management and control, taking into account the powers (and capabilities) of management 
and control at each level. Information is a basic category not only in information (virtual) technology for its transformation and 
transmission, but also in physical technology of material production in the manufacture of a corresponding material product. Such 
technology as a rule, contain preparatory (pre-production) and executive (implementation) stages. At the preparatory stage, a virtual 
product is created (an information model of a real product in the form of virtual reality), and at the executive stage, a real (physical) 

product appears that has a use value (possession utility). This research describes the features of information processing at both stages 
of production in order to increase its efficiency. 
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1. INTRODUCTION 

The world economy is going through the fourth 
industrial revolution of its development [1]. A dis-

tinctive feature of this “Industry 4.0” revolution is 

the widespread use of automation and computeriza-
tion of technological processes and technological 

systems to ensure the efficiency of various industries 

and the so-called sustainable economic develop-
ment. The role and significance of complex automa-

tion of production can hardly be overestimated when 

the risk of man-made disasters, climatic changes in 

the environment (global warming), pandemic 
(COVID-19), etc. In these conditions, com puter 

automation of production in mechanical engineering 

technology and other economic branches plays a 
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paramount role for the world and domestic econo-

my. 
There are two definitions of the term “automa-

tion” for manufacturing processes and manufactur-

ing systems. According to the first automation defi-
nition, manual labor and manual control is replaced 

by machine labor and machine control, respectively. 

According to the second automation definition, it is 
developing new manufacturing processes and manu-

facturing systems that cannot be implemented man-

ually.   

Mechanical engineering technology is a com-
plex engineering and scientific discipline about the 

manufacture of machines of the required quality, in a 

given quantity, and at a given time, with the lowest 
labor intensity and cost of their manufacture. The 

production process of making machines and their 

elements includes a product design (computer-aided 

design or CAD), a process design (computer-aided 
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manufacturing or CAM), and production scheduling. 

The CAD and CAM allow significantly reducing 
production costs and are currently carried out within 

the integrated CAD/CAM/CAE system, the structure 

of which corresponds to the product design (CAD) 
and process design (CAM) stages in the product life 

cycle. 

At the first stage (CAD), the product computer-

aided design is performed based on the product ge-
ometric digital 3D model. The result of this stage is 

an information geometric model of the product, 

which can be represented by a set of design docu-
mentation, to wit: working drawings of parts, as-

sembly drawings of product structure, hydraulic, 

electrical, and other schemes. 
At the second stage (CAM), computer-aided 

process design (planning) for product manufacturing 

(machining and assembling) is performed. The ini-

tial information for automated manufacturing pro-
cess is the product information digital 3D model de-

veloped at the previous CAD stage. The result of the 

process design stage (CAM stage) is the automated 
preparation of CNC control programs based on the 

computer-aided programming system postprocessor. 

Thus, the created CNC control program results from 
of sequential actions along the CAD/CAM/CNC 

chain and indicates the end of the pre-production 

stage. This is the so-called open-loop control (i.e., 

without feedback) which is provided by 
CAD/CAM/CNC means and experienced technolo-

gists. 

Obviously, with the technological systems’ ac-
tual operation developed at the CAM stage (imple-

mentation stage), the process’s basic parameters 

(state parameters and output parameters) will not 

equal the corresponding designed values. In this re-
gard, an urgent task is to develop a methodology for 

correcting decisions made at the pre-production 

stage. One of the possible ways to solve this prob-
lem is the developing self-training technological 

(e.g., grinding) systems, which becomes possible 

when using such areas of automation as adaptive and 
intelligent control systems. 

When automating design and production, it is 

necessary to take into account the available experi-

mental data of this production, for example, the ac-
tual lubricating and cooling technological means. 

Technical lubricants (solid, liquid, gaseous) in engi-

neering and technology are used in two main func-
tional areas [2]. The first area is that when the lubri-

cant is design material that ensures functioning ma-

chines and mechanisms at the stage of their opera-
tions (lubricants to decrease friction and wear). The 

second area is that when the lubricant is a necessary 

additional means for improving the machinability of 

machine parts by cutting and grinding of these parts 

at the stage of their manufacturing (lubricants for 

metal cutting and grinding). 
The functional requirements for the lubricants 

are due to these two directions. In the first case, the 

lubricants should reduce friction and wear of parts 
during the machine’s operation, and contribute to an 

increase in their durability. In the second case, the 

lubricants must be destructive in relation to the ma-

terial being machined, i.e. they should facilitate the 
machining of these materials, and concurrently they 

should be stabilizing and resource-restorative in re-

lation to the cutting tool. In both cases, these lubri-
cants must be environmentally safe and comply with 

sanitary standards for their use. 

This article focuses on such aspects of the per-
formance properties of the lubricants which are not 

adequately reflected in the literature, namely on the 

features of the solid lubricants (hereinafter SL or 

SLs for single and plural, respectively) based on 
technical stearic and oleic fatty acids. Such SLs are 

environmentally friendly; they are cheaper in terms 

of the cost of their production and operation. 
By comparative experimental study of both SLs 

and metalworking fluids (hereinafter MWF or 

MWFs), it is established that SL provides a lower 
coefficient of friction. In addition, SLs have the 

technological advantage when drilling small holes 

(diameter less than 5 mm) without MWF (i.e. drill-

ing fluid), particularly when drilling holes in parts of 
stainless steel. 

The role of friction modifiers (molybdenum 

diselenide, sulfur, serpentinite) in increasing the 
lifecycle of drill bits made from tool steel, as well as 

in reducing torque and axial cutting force in drilling, 

under otherwise equal conditions, has been experi-

mentally studied [2]. 
The effectiveness of SL for surface grinding 

workpieces of hardened steels in the combined use 

of the SL and conventional MWF is shown also [2]. 
In this case, the SL improves the machinability of 

the workpiece material in the grinding system, while 

the MWF cools the workpiece being ground to pre-
vent its temperature defects. 

Additional features of the research performed 

are the use of an electron microscope for drill bits 

chemical analysis and automated research computer 
system. This system includes the modern computer 

data acquisition device NI-DAQmx (hardware) with 

NI-LabVIEW (software) based on which the cutting 
monitoring and diagnosing computer subsystems can 

be developed for relevant CNC machines. 

2. ABSTRACT AND CONCRETE 

IN AUTOMATION 

This section discusses the sources of infor-

mation related to the features of approaches and 
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phenomena that need to be taken into account when 

automating design and production. 
The last 40-50 years, without exaggeration, can 

be called the time of development of information 

industries. Information technology covers all areas 
of human activity, including politics, economics, 

industry, education, art and others [3]. To the pre-

sent, manufacturing has been recognized as a skillful 

function which is implemented in a workshop. Man-
ufacturing is no longer merely machining or fabrica-

tion. Moreover, manufacturing systems are covering 

everything from order receipt through the product 
shipment [4].  There is no need to assert (this is clear 

from the very beginning) that all the stages of devel-

oping an integrated manufacturing system (including 
CAD/CAM/CAE) correspond to the product life cy-

cle, on the one hand, and are based on information 

and its meaning depending on the stage, on the other 

hand. In this regard, great (and over time increasing) 
importance is attached to improving the efficiency of 

productive technologies based on virtual and physi-

cal technology. 
  The development of virtual reality brings an 

old and historic question on the difference between 

the real world and unreal world. What we call “vir-
tual reality” is a representation of an actual or non-

actual world and the criterion of difference between 

the “real world” and “virtual reality” is whether we 

present it with the intention of using it as a represen-
tation. In other words, “virtual reality” is presented 

as a simulation or representation of an (actual or 

non-actual) world, whereas what we call the “real 
world” is not presented as such [5]. 

The observed information process, creating its 

“observer”, connects reality, information, and the 

“observer”. What do the observers actually observe? 
Do they observe reality? What is the information 

they observe? And how is the observed information 

connected with the reality of observation? What is 
the scientific path to uncovering the fact of reality 

through its observed information? All these ques-

tions are still unanswered in known publications [6]. 
The linguistic meaning of information includes 

issues of modeling and simulation [7], on the one 

hand, and issues of automation of technological pro-

cesses and technological systems [8], on the other 
hand.  

That is why this research deals with conception, 

principles, and procedures needed to explain both 
the essence of and the difference between two pro-

duction flows, namely the flow of information and 

the flow of materials. The objective of research is to 
establish the necessary and sufficient conditions for 

ensuring the progress of an integrated manufacturing 

system in terms of efficient product design and 

manufacturing. 

The tasks to be solved relate to two main direc-

tions. The first direction is to reveal a linguistic 
meaning of information in the kind of terms and 

concepts, ranging from artificial intelligence to edu-

cation (see conclusion). The second direction is to 
establish how progress is ensured in production sys-

tems when manufacturing a product with infor-

mation support for the stages of production and its 

preparation. To some extent, the second direction 
takes into account the peculiarities of distance learn-

ing [9, 10] when the physical (not virtual) process is 

the learning process itself [11].  
As for the actual experimental data (mentioned 

above) the literature analysis allowed establishing 

two main classes of technical lubricants according to 
their functional application. The first lubricant class 

(nondestructive) represents the technical lubricant as 

a working construction material without which the 

work of the machine interacting parts is impossible. 
For example, the interaction of the bearing shell with 

the engine crankshaft is impossible without the in-

troduction of oil into the contact area of these parts. 
The second lubricant class (destructive) represents 

the technical lubricants with the aid of which the 

materials machinability by cutting and grinding is 
greatly improved. Concurrently, the cutting forces 

and the temperature in the contact zone are reduced, 

and the cutting tool life is increased. 

The first class of lubricants (nondestructive) is 
discussed in detail in the works [12, 13].  In most 

tribological applications, liquid or grease (semisolid) 

lubricants are used to reduce friction and wear [14, 
15].  Anti-wear additives and friction modifiers are 

added to them to increase the efficiency of these lub-

ricants. These additives are active ingredients that 

can be added to base oils during the mixing process 
to enhance their existing characteristics or to add 

new properties that they lack. There are new trends 

in this class of lubricants, namely: anti-wear antifric-
tion composition with natural materials of serpentine 

group [13]. 

Lubricants for metal cutting and grinding (liq-
uid, grease, and solid) are working materials that 

affect the cutting and grinding system performances 

(operation quality). Besides, lowering the tempera-

ture in the cutting and grinding zone is also one of 
the main tasks [16, 17]. MWF is the conventional 

choice to act as both lubricant and coolant. There are 

some trends in this class of the lubricants which is 
related to limiting the MWFs use. The new tech-

nique of minimum quantity lubrication (MQL) is 

proposed to ensure reduced MWF flow [18, 19]. 
MQL uses the minimal quantity of MWF, which is 

jetted with high-pressure gas to the cutting or grind-

ing zone [20].  
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Adding to MWF about 2 % of the special 

means named as ‘antifriction regenerative composi-
tion’ (ARC) increases life of both the cutting tool 

and grinding wheel in 2-20 times [21]. The ARC is 

similar to anti-wear antifriction composition and 
also includes the serpentine substance. The similar 

mineral-containing additive reduced friction and 

wear, showing the opportunity to formulate the so-

called energy saving lubricants [22]. At the same 
time, the use of MWFs is potentially dangerous (a 

source of pollution and work-related diseases) and 

expensively.  Hence, there arises a need to identify 
eco-friendly and user-friendly alternatives to con-

ventional cutting fluids [23]. Modern tribology has 

facilitated the use of SLs as an alternative to conven-
tional MWFs in machining. For example, the bene-

fits of SLs for cutting are noted in work [24] whose 

authors investigate the effect of the SLs with graph-

ite and molybdenum disulphide on surface quality, 
cutting forces, and specific energy in end milling on 

the experimental setup for SL powder assisted ma-

chining. The fine SL powder, with 2 μm average 
particle size, was loaded into the hopper of the feed-

er directly without any binder (base). 

So, the machining process performance of SLs 
containing serpentinite have not been studied yet, 

while studies of liquid lubricants with serpentine 

substance have shown positive results with reduced 

friction and wear. The literature mentioned, as well 
as total reviews [25, 26], did not reflect the direction 

associated with the use of the metalworking SLs 

based on oleic and stearic fatty acids, including the 
use of serpentinite powder (more pure mineral than 

serpentine), with about 1 μm average particle size, as 

one of the SL components both in drilling and grind-

ing.   

3. TYPES OF AUTOMATED SYSTEMS  

In accordance with the general systems theory 

(systems engineering) one of the important initial 
stages of a system development is an adequate rep-

resentation of the system from the concept stage to 

the running one.  The system design includes its de-
scription, modelling and simulation, which may be 

represented in the respective formats: verbal descrip-

tion (text) in ordinary languages, graphical represen-

tations (block diagram, graphs), special signs sys-
tems (e.g., programming languages), mathematical 

model, a timing diagram, the combined method, etc. 

Selecting an appropriate way of the system represen-
tation depends on the purpose of the study. If the 

purpose is to create conditions to ensure the desired 

course of a process, when the process is the develop-
ing system, then it should be said of the system op-

eration and control algorithms. In this case the tech-

nical system is being developed in the form of a con-

trol system model. In this modelling (versus simula-

tion) the system is a mathematical abstraction that is 
taken as a model of a dynamic phenomenon which 

represents the dynamic phenomenon in terms of 

mathematical relations. According to H. Freeman 
[27] such a system is characterized by the input u, 

state x and output y (Fig. 1).  

 

 

Fig. 1. Representation of the grinding system   

based on “input-state-output” model (a) [27] 
Source: [27] 

The input u in the form of a set of time func-
tions (e.g., in time domain) is the external forces 

(input variables) which are acting upon the grinding 

process that represents the dynamic phenomenon 
mentioned. The state x is a form of the system state-

space representation, which with the input affects 

the output y. The output y in similar form is the 

measures of the grinding process result, i.e. output 
quantities belonging to the ground part (part accura-

cy, surface finish and surface integrity).  

A basic characteristic of any dynamic phenom-
enon is its behavior at any time and whether or not 

the behavior is traceable not only to the presently 

applied forces (input variables) but also to those ap-
plied in the past. A dynamic phenomenon (process) 

may or may not possess a memory depending on 

whether or not the effect of past applied forces is 

stored. In this connection the state x of the system is 
a vector function of time (e.g., in time domain) as 

well as both the input u and output y. In grinding it 

may be corresponding signals like those of grinding 
forces F in Newtons, temperature Т in Celsius or 

acoustic emission (AE), e.g. in root mean square 

quantities. 
Similarly, the system approach have been tak-

en by H.K. Tönshoff et al [28] to explain a strategy 

of decision making while interpreting a process 

monitoring in grinding without (Fig. 2a) and with 
(Fig. 2b) a process model. There are two approaches 

for the decision making. Firstly, the distinctive val-

ues of the processed signals are to be compared with 
a predetermined threshold in order to identify the 

status of the grinding process by means of preparing 
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a process database (memory stored).  This approach 

is the preferred choice for sensor signals used to in-
terpret output quantities.  Secondly, a model based 

identification approach may be when various kinds 

of physical or empirical models are employed which 
utilize known relationships (Fig. 2b). As a result, the 

calculated value is compared with a threshold in or-

der to evaluate the process. This approach is the pre-

ferred choice for the sensor signals used to monitor 
the process quantities which are equal to the system 

state ones. Because of its complexity and signifi-

cance, the model based identification approach in-
volves understanding the process model (don’t con-

fuse with the grinding system model). In this con-

nection the methods for process modelling are of 
great impotence as they are in decision making.  

 

 

 

 

 
Fig. 2. Representation of the grinding system 

based on “input-state-output” model for decision 

making without (a) and with (b) a model [28] 
Source: [28] 

Methods for process modeling discussed fur-
ther. Besides the model definition mentioned above 

another term to explain ‘model’ may be as follows: a 

model is the abstract representation of a manufactur-
ing process which serves to link causes and effects 

[28]. That is why the description of the correlation 

of different quantities of a real system to correspond 

to a modeled system is the dominant task of process 
models. In grinding, the dependences of settings on 

process quantities such as grinding forces F, temper-

ature Т, and acoustic emission AE as well as on out-
put quantities such as surface roughness and surface 

integrity (surface layer quality like grinding burns 

and residual stresses) may be mapped too on the ba-

sis of F. Klocke’ representation [29]. Taking into 
account this representation, a model of technological 

grinding system can be represented as follows. The 

model consists of the following state parameters: 

Q'w, V'w, F, Т, AE, where Q'w is the specific material 

removal rate in mm3/(s·mm), V'w is the specific ma-
terial removal in mm3/mm. 

Questions of the theory of hierarchical intelli-

gent control systems are considered in [30, 31], 
however, the material presented there is not tied di-

rectly to the automation of technological processes 

and systems at the stages of production and its prep-

aration [32]. These issues are considered in more 
detail in [33, 34]. Besides, questions of the devel-

opment of educational disciplines on automation, as 

well as questions on the technology of teaching in 
higher education institution are considered in [11]. 

Finally, the relationship between the virtual and the 

real in the automation of design and production is 
given in [35]. 

Let’s introduce some definitions. Firstly, a 

process as a technical and technological system is a 

set of elements that are located in time, i.e., in a 
temporal sequence of ordered actions, e.g., the se-

quence of operations, operation steps, working pass-

es, etc. Secondly, a technological system is a con-
struction (space structure), i.e. not a process, that is 

assembled by a technologist for the technological 

process (operation) duration. This structure (as a 
technical system-construction) is a collection of el-

ements that are located in space (machine, fixture, 

cutting tool, workpiece). 

The modern understanding of 
CAD/CAM/CAE automation is considered taking 

into account the product life cycle [8], which con-

tains a number of time stages, including product de-
sign (CAD), process design (CAM), and process 

systematic engineering calculations (CAE) with spe-

cial computer software packages, as well as the 

product testing and the process assessing (Fig. 3). 
At the CAD stage of the product life cycle the 

product design is performed with computer packages 

(Compass, Solid works, AutoCAD, Inventor, etc.). 
According to Fig. 2 optimization of the product con-

structive parameters is carried out using the con-

structive systematic engineering calculations (AN-
SIS, MATLAB, etc.) of CAE-system (construction). 

At the CAM stage of the product life cycle, 

process design is performed with special computer 

packages (COMPASS Auto-project, Vertical, Mas-
tercam, T-flex, etc.). According to Fig. 2 optimiza-

tion of the process parameters is carried out using 

the constructive systematic engineering calculations 
(COMSOL Multiphysics, MathCAD, MATLAB, 

etc.) of CAE-system (technology). It makes it possi-

ble to justify the adopted technology from the prod-
uct quality assurance point of view, for example, the 

thermal fields and thermal stresses calculations in 

grinding to predict grinding burns and microcracks, 

etc. 
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At the post-processor stage (Fig. 3) a control 

program for CNC machine is prepared to control the 
machine at the production stage. This is the stage of 

actual implementation of work, for the sake of which 

all the previous stages of the product life cycle have 
been completed.  

The diagram in Fig. 3 shows that the CAM 

system output is a control program for a CNC ma-

chine, which is generated by a post processor and 
fed to this machine, for example, the gear grinding 

CNC machine Höfler Rapid 1250. It is obvious that 

the technological parameters assumed at the pre-
preparation stage (gear grinding system state and 

output parameters) will not coincide with the actual 

ones of the operating grinding system. As follows 
from Fig. 3, it is not possible to bring these parame-

ters to equality by making adjustments to the CAE-

system in automatic mode (without human interven-

tion). However, it is possible to introduce a novel 
negative feedback, as well as new blocks and con-

nections between them, as shown in Fig. 4. In this 

case, the actual on-line values of the gear grinding 
system parameters (state and output parameters) can 

be compared automatically with their calculated val-

ues that are available in the CAE-system and ob-

tained either by analytical calculations or by online 

modeling in the appropriate FEM (finite element 
method) or FDM (finite difference method) system, 

e.g., in the FEM-system COMSOL Multiphysics. 

4. COLLATION OF EDUCATIONAL 

AND MANUFACTURING 

PROCESSES 

The problem follows from the following rea-

soning. The educational process in higher education 
institution (hereinafter university) is one of the most 

complex technological processes (with elements of 

intellectual control), the result of which is an unusu-
al “product”, namely the worldview and a set of spe-

cial competences of the trained specialists. For the 

successful creation of such a “product”, the corre-
sponding hierarchical “control program” (with a 

large number of relevant subprograms, e.g., in the 

form of syllabuses) is compiled and continuously 

improved. Such “control program” is similar to the 
control program for CNC machines and is created on 

the stage of technological preparation of production, 

for example, by mechanical engineering technology 
specialists. 

 

 
 

Fig. 3. Integrated system CAD/CAM/CAE in mechanical engineering technology 
Source: [35] 

 

 
 

Fig. 4. Integrated CAD/CAM/CAE system shows a novel feedback introduced to implement  

on-line self-training of the grinding system 
Source: [8]  
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Such analogy makes it possible to conclude that 

the educational process (teaching and learning) in a 

university is also technological one, i.e. contains the 

appropriate technological operations as well as high 

technology equipment and production tooling. The 

latter additionally contains high technology distance 

learning devices (computer-aided devices) with the 

special software, namely: Moodle, Google Class-

room, Google Meet, Zoom, Skype, Google 

Suite/Docs as well as WhatsApp, Viber, Telegram, 

etc.   

The purpose of the study is to find an analogy 

between educational and manufacturing processes 

based on unified “technological approach”, which 

can be applied for distance learning under the 

COVID-19 pandemic. Development and analysis of 

the hierarchical structure of the relevant “control 

programs” are the tasks of the study. 

Essence of the study can be explained as fol-

lows. In accordance with the Law of Ukraine “On 

Higher Education” preparation of specialists with 

higher education is carried out according to the rele-

vant educational or scientific programs [10]. Educa-

tional program – in  the form of educational-

professional (EPP), educational-scientific (ESP) or 

educational-creative (ECP) ones – is  a system of 

educational components at an appropriate level of 

higher education within a specialty, which deter-

mines the requirements for the level of education of 

persons who can start studying under this program 

(e.g., EPP), a list of educational disciplines (EDs) 

and a logical sequence their study, the number of 

ECTS credits which are necessary for the implemen-

tation of this program, as well as expected learning 

outcomes (competences), which must possess an 

applicant of appropriate degree of higher education 

[10]. 

A university on the basis of the relevant educa-

tional program (such as EPP) with each specialty 

develops a curriculum that defines the list and vol-

ume (scope) of EDs in ECTS credits, a sequence of 

the EDs study, volume and forms of conducting 

studies (lectures, practices, laboratory works, etc.), 

schedule of the educational process (course work), 

forms of current and final control. Thus, within the 

limits of legislation, a university independently es-

tablishes names of EDs. The academic council of a 

university approves educational programs (e.g., 

EPP) and a curriculum for each level (bachelor, 

magister) of higher education and for both specialty 

and specialization.  The latter is registered in 

Ukrainian National Agency for Higher Education 

Quality Assurance.  

A manufacturing (technological) process has an 

analogy with the educational (technological) process 

through both blocks and links (direct and reverse) as 

well as according to their functional significance. 

The use of the “technological approach” allows ob-

taining new conclusions about the connection of cat-

egories “information” and “knowledge” (through the 

engagement between them) and their place in pro-

ductive technologies of different nature [11]. For 

this, feedbacks are used (method of iterations) in the 

direction from the lower levels of hierarchy to the 

higher levels. 

Essence of research can be explained as fol-

lows. Information manifests itself in the form of sig-

nals that have a material-and-energy form, although 

information is neither matter nor energy. From the 

point of view of the objective being achieved, in-

formation can be true and false. True information 

can be useful and useless. Useful information can be 

more or less productive. In turn, false information is 

either deliberately false or false due to its high noise 

level. Information in the narrow sense is a source of 

data for decision making in the control of an object. 

Information in a broad sense is a piece of knowledge 

in learning theory: both in education and in artificial 

intelligence. 

An important role in this production process is 

played by information, its transformation, acquisi-

tion and transmission. An attempt to introduce and 

separate the flows of information and materials has 

been made for manufacturing system by K. Hitomi 

(Fig. 5). Analysis of the information and material 

flows shows that they have a common block (prod-

uct manufacturing stage), which affects both of these 

flows and is a confirmation of their continuity [4] 

(this block is shaded in Fig.5). In addition, it can be 

seen that the structural diagrams of these flows char-

acterize individual aspects (information and material 

ones) of the product life cycle. 

The movement of information and materials in 

a production system is accompanied by their corre-

sponding transformations, which can be called pro-

cessing. 

Materials processing is a sequence of operations 

(physical, chemical and/or mechanical actions), 

which are accompanied by a change in their qualita-

tive state, namely shape, size, structure, etc. Exam-

ples of such operations are technological operations 

of manufacturing products (machining, assembling). 

A characteristic feature of materials processing is a 

significant consumption of resources (materials, en-

ergy). Materials processing is the base of physical 

technologies.  
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Fig. 5. Flows of information (a) and materials (b) in manufacturing systems with planning  

stage (1, 2, 3), implementation stage (4), and control stage (5) [4] 
Source: [4] 

Information processing is a sequence of math-

ematical (abstract, symbolic, algorithmic, linguistic, 

semantic, etc.) operations performed according to 

some formal rules based on algorithmic procedures. 

A characteristic feature of information pro-

cessing operations is an insignificant (compared to 

material processing) energy consumption. The ener-

gy consumed, for example, by a computer, is many 

times less than the energy consumed by the electric 

motors of a metal-cutting machine. Information pro-

cessing is the base of virtual technology. 

5. CONCLUSIONS 

1. It is shown that the linguistic meaning of in-

formation and information processes is one of the 

important aspects that must be taken into account 

when studying virtual reality and artificial intelli-

gence. When studying the linguistic meaning of in-

formation, it is necessary to use the following terms, 

which can compose a minimum glossary on the is-

sue under study: artificial intelligence (AI), virtual 

reality (VR), augmented reality (AR), present 

(noun), represent (verb), representation (noun), a 

priori – a posteriori, pre-empirical – post-empirical, 

pre-production – production – reproduction – post-

production, quality control, measure (noun, verb) – 

measurement (noun) – metrology, modelling – simu-

lation, information and its meaning, ontological in-

formation, virtual technologies – physical technolo-

gies, reversible (information, virtual) and irreversi-

ble (material, physical) processes, game theory – 

operations  research, labor intensity (laboriousness) 

– cost, optimization (procedure), epistemology (the-

ory of knowledge) – cognition, certainty and uncer-

tainty in science,   sustainable development, educa-

tion – teaching – training, etc. 

2. The virtual reality is secondary, based on 

previous knowledge and corresponds to category 

“representation”. Its development and improvement 

along the path of progress is possible only when re-

ceiving new information that arises from the physi-

cal technologies of online product manufacturing. 

Consequently, an integrated manufacturing system, 

including CAD/CAM/CAE system can have pro-

gress and sustainable development provided the 

physical technologies for the product manufacture 

are implementing as a matter of fact and there is a 

possibility to obtain and use for control the infor-

mation being arisen.    

3. A similar conclusion about the progress of 

development can be made in relation to the sustaina-

ble development of the modern system of higher 

education and to that part of it called distance learn-

ing. As a temporary measure for the period of a pan-

demic, distance learning is possible and even neces-

sary, however, it is only possible to preserve existing 

knowledge, since the transfer of knowledge from 

teacher to student during distance learning is carried 

out only in virtual reality mode, i.e. corresponds to 

category “representation” (transmission of available 

information). However, information itself is not yet 
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education. This is a necessary, but not a sufficient 

condition for successful training and acquisition of 

relevant competencies. At the same time, the use of 

augmented reality technologies in the design of edu-

cational materials is a profitable acquisition for dis-

tance learning. 

4. “Technological approach” is proposed for 

analyzing the educational and manufacturing techno-

logical process to find the methods for improving 

distance learning under the COVID-19 pandemic. 

5. It has been established that the necessary 

conversion condition along the chain of “infor-

mation – understanding - knowledge (totality of 

facts) – skills” is the engagement between the com-

ponents of this chain based on not only virtual, but 

also the newly emerging information coming 

through the feedbacks in the direction from the low-

er levels of hierarchy to the higher levels. 
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АНОТАЦІЯ 

Інформаційна підтримка сучасного автоматизованого проектування продуктів та процесів розглядається у цьому 

огляді відповідно до методології інтегрованої системи CAD/CAM/CAE. Розглянуто три рівні ієрархії управління на етапах 

проектування та виробництва. На верхньому (організаційному) рівні виконується автоматизоване проектування конструкції 

продукту та технології його виготовлення. На середньому (координаційному) рівні виконується прив’язка до існуючого 

технологічного обладнання та налагодження окремих фрагментів програми управління. На нижньому (виконавчому) рівні 

остаточно створюється, налагоджується та виконується програма управління. Відмінною рисою запропонованої методології 

автоматизації на етапах проектування та виробництва є використання зворотного зв'язку від нижчого рівня до середнього та 

вищого рівнів для корекції прийнятих там рішень з урахуванням існуючих управлінських повноважень на цих рівнях 

ієрархії. Таким чином, зазначені рівні ієрархії інтелектуальної системи відповідають ієрархії об’єктів та суб’єктів 

управління та контролю з урахуванням повноважень (та можливостей) управління та контролю на кожному рівні. 

Інформація є основною категорією не тільки в інформаційних (віртуальних) технологіях її перетворення та передачі, але і у 

фізичних технологіях матеріального виробництва при виготовленні відповідного матеріального продукту. Такі технології, 

як правило, містять підготовчий (перед виробничий) та виконавчий (впровадження) етапи. На підготовчому етапі 

створюється віртуальний продукт (інформаційна модель реального продукту у вигляді віртуальної реальності), а на 

виконавчому етапі з’являється реальний (фізичний) продукт, що має споживчу вартість (корисність володіння). Це 

дослідження описує особливості обробки інформації на обох етапах виробництва з метою підвищення її ефективності. 

Ключові слова: Інформаційні технології; автоматизація; дизайн продукту; дизайн процесів; цифрова модель; 

CAD/CAM /CAE; програма управління; зворотній зв'язок; рідина для металообробки; тверде мастило; ріжучий інструмент; 

система шліфування; виробничі потоки; інтелектуальне управління 
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