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SYSTEM-INFORMATION APPROACH TO UNCERTAINTY OF PROCESS AND
SYSTEM PARAMETERS

The subject matter of research in the article is a system-information approach to the uncertainty of the parameters of processes and
systems of the technosphere as one of the scientific directions of using information theory in metrology and other scientific areas. The
system-information approach is based on the definition of the term "information” of the properties of the system, its content and
meaning. The solution of the basic problem in metrology, obtaining "information" of the quantitative characteristics of the true value
of the properties of objects and phenomena that reveal the regularities of the environment, is a complex scientific problem. The
instrument for obtaining information about the properties of the system is the measurement process. One of the directions in the
development of measurement theory is the concept of uncertainty. The goal of the work is to research of non-traditional solutions to
problems of technical-cybernetic systems based on the system-information approach to the uncertainty of the parameters of processes
and systems. The article solves the following tasks: to analyze the assessment of the parameters of technological processes and
systems based on the system-information approach; to develop system-information methods and algorithms for the effective use of
discrete-probabilistic information in technical-cybernetic systems; to develop principles and approaches for using the system-
information assessment of the uncertainty of the Planck units, use of system-information modeling in various scientific directions. The
following methods are used: system-information approach to processes and systems, methodology of system-information modeling of
the measured value; system information methodology for the assessment of the measured quantity and uncertainty. The following
results were obtained: developed a system-information methodology for assessing the nominal parameter has been developed, which
provides indirect control over the independent parameters associated with it; systemic and information methods for the effective use
of discrete-probabilistic information in technical and cybernetic systems have been developed; a system-information methodology for
calculating the energy equivalent of product performance indicators has been developed; the principle of calculating the efficiency of
manufacturing a product based on the energy equivalent of Planck units is formulated. Conclusions: The solution of the set tasks on
the basis of the system-information approach to the uncertainty of the parameters of processes and systems makes it possible, from the
system-information point of view, to study the regularities of the stages of the life cycle of technical-cybernetic systems and
conservation laws.
Keywords: system-information approach; discrete probabilistic information; uncertainty; Planck units.

Introduction system. The methodology of the Sl approach is designed

for information research of systems such as physical,
biological, social, technical, cybernetic and use in
engineering and scientific disciplines such as general
systems theory, systems science, cybernetics, systems
engineering,  thermodynamics,  systems  dynamics,
metrology and so on..

Mankind for a long time has paid attention to the
definition of the term "information”. But until the
beginning of the 20th century, this question belonged to
the philosophical category. The key question regarding the
information was how to quantify it. Such scientists as

R. Hartley, R. Fischer, W. Ashby, N. Wiener, K. Shannon,
A.N. Kolmogorov and others dealt with this issue. As a
result of research in the field of information, information
theories have been developed, which are based on
different scientific approaches: probabilistic (K. Shannon),
synergetic (V.B. Vyatkin), quantum (A.S. Kholeva),
system-information (S.V. Lutskiy) and others.

System-information (SI) approach to the processes
and systems of the technosphere is one of the scientific
directions in the field of information theory. Technosphere
is an object of planetary ecology [1], part of the
ecosphere, which contains artificial technical structures
that are manufactured and used by man. Theoretical
principles of Sl approach to processes and systems are
based on the scientific principle of "reflection” of the
properties of interacting objects of any nature from the
threshold of sensitivity of these objects to external
influences and are identified as values of physical
quantities (PQ), their location in space and time.
"Reflection” is a fundamental property of the universe,
which underlies the evolution of the universe. From a
mathematical point of view, this is a "transformation”, ie a
function.

The Sl approach is based on the definition of the
term “information", its meaning and significance in the

An important scientific and economic direction in
the field of research from the standpoint of the SI
approach is technical and cybernetic systems. With the
development of mankind, technical and cybernetic
systems are becoming increasingly complex, both in terms
of mechanics and control. With the complexity of
technical and cybernetic systems, the requirements for the
safety of their manufacture, operation and disposal
increase.

The basic difficulty of knowing the properties of
systems is manifested in obtaining information on the
quantitative characteristics of the true values of the
properties of objects and phenomena that reveal the laws
of the environment. The tool for obtaining information in
the system is the measurement process. One of the
directions of development of the theory of measurements
is the concept of uncertainty. The concept of uncertainty is
based on an "observer" who cannot obtain information
about the true value of a measured quantity, but can only
determine the range of values in which there is a true
value of the quantity. The properties of the technical-
cybernetic system, as a complex of interacting
components, are in information equilibrium and have a
stationary character with constant over time indicators of
the distribution of probabilistic characteristics. The
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scattering interval of the parameters that characterize the
properties of the technical-cybernetic system is the
uncertainty interval.

Control of information of the limits of the expanded
uncertainty of parameters is extremely important for
safety of operation of technical and cybernetic systems
and environment. This information is necessary for the
timely response of the management system to crisis
situations - that is, to the unforeseen exit of the limits of
the interval of extended uncertainty beyond the tolerance
of the parameters of processes and systems and their
prevention.

The parameters of technical-cybernetic systems are
to some extent related by the relationship based on the
information they possess, and their accuracy (uncertainty)
tolerances are also related. This makes it possible, based
on the information of the controlled parameter and its
uncertainty, to control the algorithm of other parameters
and uncertainties associated with it, as well as to predict
their future state. SI approach, as a tool for analysis and
synthesis of systems lays the information relations of
objects at the initial stages of the product life cycle, which
allows to solve problems in the development,
manufacture, operation and disposal of technical
cybernetic systems on the same system-information basis,
and combines mechanical and cybernetic components of
the system with one unit of measurement of parameters,
which greatly simplifies and reduces the cost of
digitization at the stages of the product life cycle.

Therefore, it is important to study non-traditional
solutions to technical and cybernetic systems based on the
Sl approach to the uncertainty of the parameters of
processes and systems that have emerged in new non-
traditional fields of science and technology.

Analysis of literature data, problem statement

S| approach to processes and systems reveals the
system and information characteristics of objects, which
reflect the regular relationship between them [2]. The
result of this relationship is the reflection of information.
Information relations in the universe are absolute and
comprehensive, both directly and indirectly. The category
of time and space characterizes the intensity of
information. Information in the system-information
approach to processes and systems reveals not only
quantitative characteristics, but qualitative and value [3].

Information is a fundamental quantity; it cannot be
expressed through other basic quantities. Information
contains the content of the system about itself and is an
intrinsic property. Mathematically, information is defined
as a measure of the order of a set consisting of different
objects. A measure of information associated with a
system that can accept N possible states and is measured
in bits. The equation of information is valid if the different
states are equally probable [4]. If the different states are
not exactly probabilistic, then the probability is considered
as a weighted average. The first fairly clear proposals for
ways to measure the amount of information date back to
the early 20th century and belong to R. Fisher (in
connection with the work on mathematical statistics) and

R. Hartley (in connection with the storage of information
in storage devices) and its transmission through
communication channels) [5]. The most common use in
various fields of science and technology was the measure
of information, which is formulated in the information
theory of K. Shannon [6]. The theory is closely related to
information entropy and uses mainly the mathematical
apparatus of probability theory and mathematical
statistics. From the standpoint of defining the concept of
information in the system according to K. Shannon — "the
system takes many equally probabilistic states".

The SI approach considers information as the
ordering of many stationary states of a system. A priori
information of the steady state of the system is
characterized by many possible manifestations of the
properties that are realized in its interaction with other
systems (objects). Manifested properties of the steady
state of the system are identified as a set of physical
quantities of their values and uncertainties, which is the
content of system information. Under external (internal)
influence, the state of the system changes and a posteriori
information captures the steady state of the system over
time and the corresponding values of physical quantities
and uncertainties. In physical space, the state of the
system changes from the threshold of sensitivity to
external (internal) influence. The influencing system also
changes due to the fundamental properties of the universe
of symmetrical "reflection”. Traditional information
analysis considers the transfer of information from the
"transmitter" to the "receiver" is one direction from which
side to look.

In technical-cybernetic systems, information has a
parameter. A technical parameter is a physical quantity
that characterizes any property of a technical device,
system, phenomenon, or process. The number that
characterizes this parameter (value) is its value. Nominal
parameter (nominal value of the parameter) is its value,
which is the beginning of the countdown of the actual and
maximum tolerances. The parameter is characterized by
the accuracy tolerance, which is laid down in the technical
documentation for the object. Within the tolerance limits,
the "information" of the parameter is not a change, its
state is stationary. From the standpoint of the SI approach
to defining the concept of the amount of information, the
parameter has a finite value of possible stationary states
and the number of these states is calculated as the
logarithm of the ratio of the parameter value to its
accuracy. In technical and cybernetic systems,
"information” is laid down in the design and technological
documentation. As a rule, in the finished product the
amount of "information" is greater than the value of the
coefficient of technological margin of accuracy
kma = 1,2-1,5. Therefore, the quality of "information"
received by the product during manufacture is relative, it
characterizes the ratio of the amount of "information"
embedded in the parameters of the product according to
the technical documentation to the amount of inflated
"information" parameters of the finished product:
Jaual = 9/1%-1 The value of the "information" of the
product is the result of the ratio of the number of
parameters in the product according to the technical
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documentation to the amount of "information" according
to the technical documentation: 1 = N/, The less
information is spent on the parameter of the technical
documentation  without changing the functional
characteristics of the product, the more valuable the
product information.

In production, the tolerance of the accuracy of the
parameter of the technical object is obtained due to the
technological process of processing. The tolerance of the
accuracy of the parameter is laid down and corresponds to
the statistical principle of three standard deviations. The
change of the content of the parameter information occurs
when the parameter goes beyond the tolerance limit of the
parameter accuracy.

Thus, the system-information approach allows to
determine the amount of parameter information and record
its change. From the standpoint of defining the concept of
"information" of the object in the SI approach as "discrete-
probability" (DP) information, the parameter takes many
possible stationary states with respect to accuracy, and this
ratio is a deterministic value for stationary stochastic
systems.

The theoretical principles of the SI approach to the
processes and systems of the technosphere are based on
the fundamental properties of space — "reflection™ [7]:

1) any elementary deviation from the nominal
properties of objects in space and time entails many
results of elementary "reflections” on other categorical
attributes (general information connection of categorical
attributes of properties of objects in space and time);

2) the elements of deviations of the "system of
reflections” of the properties of objects are discrete in
nature, they are the lowest thresholds of sensitivity to each
other;

3) the discreteness of elementary deviations of space
is due to the quantum nature of physical space;

4) the determinism of elementary deviations is due to
the stationary in the period of discrete space of "mapping
systems" of categorical attributes of the technosphere.

According to the theoretical principles of the SI
approach, the mathematical model of a process or system
parameter can be represented at two levels: the first as an
element x (threshold of sensitivity) of the set of possible
state X, which has a stochastic nature, and the second as a
deterministic value of the ratio X/x the final value of the
number of possible states of the system.

Thus, the content of such a model for measuring the
parameter of a process or system is a set (unity) of the
content of stochastic and deterministic parts, which
determine the numerical value of possible states of a
process or system relative to their sensitivity threshold and
probability of transition from one state to another. The
stochastic part of such a model carries information on the
sensitivity threshold of the measuring parameter of the
process or system, and the deterministic part carries the
numerical value of the possible states of these parameters.

The theoretical component of the SI approach is
based on the axiom and four laws of system-information
communication of interacting objects and the
methodology of SI modeling of processes and systems [7].

(Axiom). The change in the state of an object occurs
as a result of external (internal) influence starting from the
threshold of sensitivity of the state of the object to this
influence.

1. Law No.1 of identical DP
information of properties of objects

1(x)=1(y,).

2. Law No. 2 matching DP information properties of
the reflection process

reflection of

Ha Hg Xi Vi
log, —& =log, —, log, — =log, —,
g, o, g, o, 9, AX, 9, Ay,
c, Ax . - . .
where —&, — is a coefficient of information
c, Ay

communication.
3. Law No. 3 additivity of DP information parameter
properties

t
t Z'Xi
— P P — i=1
IYJ. —;|Xi, i=@0), j=Lk), MYj =0y, -n
4. Law Ned4 system properties of stationary DP
information space

Zn: Iout(si)=zn: lin(s;), Zn:I(Sij)=const,

j=1 ij=1
where S; es; are the interacting elements of a stationary
system S,

The theoretical foundations of the SI methodology
for modeling the parameters of processes and systems of
the technosphere are based on the "display" of DP
parameter information (intensity), space (length) and time
(duration). SI modeling considers fragments of reality of
manifestation of objects of system which are combined in
various configurations: intensity - duration; intensity -
length; intensity - duration and length, within the
homogeneity and variability of intensity, duration and
length [7].

The discreteness of the state of properties is defined
as the ratio of the values of the interval max (sup) and min
(inf) of the manifestation of the intensity of the object,
duration, length to the value of their lower limits of
manifestation — the sensitivity threshold. SI models are
structured without reference to the measurement scale.
The logarithmic form of the SI model function with base
n = 2 indicates the logarithmic law of information
relations between objects, and the number of characters
(complexity) required to record word information in the
memory of a computing electronic device.

The threshold of "sensitivity" of the manifestation of
the property by its nature has two boundaries of the
interval lower and upper, within which the object
information is not variable. For a stationary system, and
technical-cybernetic systems are such within the
parameter tolerance, the sensitivity threshold coincides
with the accuracy tolerance limits, and the extended
parameter uncertainty is within the tolerance range. From
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the position of the SI approach, the technical-cybernetic
system changes its state, ie information about itself when
the value of the parameter exceeds the tolerance limits for
accuracy.

For the first time the concept of uncertainty, as one
of the directions of development of measurement, was
proposed in the work of L. Finkelstein "Theory and
Philosophy of Measurement” [8]. The reasons for the
concept of uncertainty were the emergence of new non-
traditional areas of measurement - analytical chemistry,
psychology, sociology, pedagogy, medicine and more.
The theory of uncertainty developed by scientists of the
world led to the appearance of the document of the
International Organization for Standardization ISO "Guide
to Expression of Uncertainty in Measurement", published
in 1993.

The uncertainty of the measurement result is
characterized by either the average quadratic deviation
(AQD) or symmetric boundaries, and the distribution of
the uncertainty components by the evaluation method is
divided into components of categories A and B [9]. The
ISO governing document presents the definition of
uncertainty — a parameter combined with the result of the
measurement, characterizing the scattering of values of
the measuring value.

Thus the DP information of a parameter is closely
related to its value and uncertainty and is simultaneously
both a deterministic and probabilistic characteristic of a
physical quantity. In order to emphasize the difference
between the units of measurement of DP information with
the generally accepted notion of "information™ (which is
measured in bits), DP information is measured in discrete
probability bits (DPbit).

The purpose of the work is to study non-traditional
solutions to problems of technical-cybernetic systems on
the basis of a system-information approach to the
uncertainty of process parameters and systems of the
technosphere.

Materials and methods of research

Estimation of parameters of technological
processes and systems on the basis of system-
information approach.

The values of the parameters are obtained directly
from the results of physical measurements, data and / or
other parameters and the form is mathematical formulas,
so the information of the uncertainties of the arguments of
the components of the formula are displayed on the
information of the uncertainty of the function. At direct
one-time measurements values of parameter are defined
on indications of the device. The estimation of the value
of the measured value is directly the display of the device,
such estimation of uncertainty belongs to category B. At
repeated measurements and statistical data processing the
estimation of variance u® is characterized by the
components received by estimation of type A. Data
processing consists in the analysis of components of an
error. In many cases, the measured value of Y is not
measured directly, but determined from N other values of
X, X,, Xy by the functional dependence of f{x).

SI methodology for estimating parameters is to
estimate the value and uncertainty of the measured value
of one "information object" based on the values and
uncertainties of other “information objects" by
implementing information laws, principles and algorithms
performed on the SI measurement model.

The technological process is a cyclic stationary
stochastic process in which the characteristics of the
probability distribution with time shift do not change with
each cycle.

The extended uncertainty interval is a random
variable, but the process developed on the basis of
experimental data is provided by parameter tolerances
where the expanded uncertainty U of the measured
quantity is within the accuracy tolerance range with a
probability close to TI>U regardless of the probability
distribution law.

The tolerance values for the accuracy of the process
and product parameters are normalized in the early stages
of the product life cycle (LCP). They are functionally
interconnected both in the production process and in the
process of product operation.

The concept of SI methodology for estimating the
parameters of the technological process is based on
functional dependencies (1)

LM — f (N Tl Nog Tl Npp T, mN L TH ) at T2 U, (1)

where, LM - logarithmic measure of communication
capacity of parameter, TI, (tolerance of accuracy of

parameters of product), Tl,, (tolerance of accuracy of
parameters of technological equipment), Tl;, (tolerance of
accuracy of parameters of technological process), N, -
parameters of product, N;. — parameters of technological
equipment, N, — process parameters, mN; — other

environmental parameters, Tl — parameter accuracy
tolerance, U — extended parameter uncertainty.

Functional dependences (1) form new principles for
the development of a methodology for estimating the
parameters of the technological process, the effective use
of measurement information based on the development of
the concept of the measure of communication capacity
PQ.

Communication Capability (CC) of PQ is the
potential ability of the properties of some objects to
"reflect" on other objects discretely. It is a scalar quantity
and is the only measure of the various forms of

communication of objects and is defined as X The

logarithmic unit measure of communication capacity is

defined as Iongxi. The logarithmic measure (LM) of

communication capacity (amount of DP information) is

defined as log, ﬁ where x, is the value of PQ, Ax, is
the sensitivity threshold. The measure of communication
capacity is considered as a measure according to Lebegue-
Stiltjes [10].
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Based on the Law Nel of the identical reflection DP
of the property information and the Law Ne2 of the
matching of the DP property information of the SI
process, the model of the measuring parameter
("information" object y is a function of unrelated x) has
the form

1
¥)=Y log, (x, XW), Ux)<TI(x)=Ax, (2)

if X is interconnected then the information model has
the form

= iZZI:IOQZ(xi X U

U(x) <TI(x) = Ax;,

1

(U(x)-U (%))

1 n
(Xi))+;Iog2

the parameter, Ax is the sensitivity threshold, TI(x) is the
accuracy tolerance, 1/U(x) is the unit measure of the
communication capability of the parameter, U(x) is the
expanded uncertainty, and (y) is the amount of DP
information measuring parameter.

The Sl approach allows you to establish quantitative
relationships between the evaluation of the measurement
result and the uncertainty of the parameter. Provided that
the extended uncertainty is equal to or less than the
accuracy tolerance of the parameter U(x)<TI(x;),

equation (2) has the form

y X Xn
o8 20~ 00 e T
y X _
Ing (T|}) I092T|(x1) ng]( ) ng[( ) TI(Xn)ZU(Xn)- r=1
Y 1% _ 8 X, __
ay(T,) I;ITI(xi)’ y=s(T,) 1;[TI(xi)' M,)== X @)
: TH(x,)
ZH:TI(xi) U
TI, =k, xAy(Tl,), k, =L , Tl >U,, u =2,
: v K

where: u, — total uncertainty, K — coverage factor.

The presented system-information algorithm for
estimating the value of the parameter and the total
uncertainty takes into account both the values of the
standard uncertainties of the components of the formula
and the values of the partial derivatives of these
components.

We formulate the Sl rule for estimating extended
uncertainty: extended uncertainty of a measured quantity
takes into account both the sum of values of extended
uncertainties of functionally independent quantities, which
does not contradict the generally accepted provisions [11],
and the influence of components X, X,, X, on changey.

System-information methodology for estimating
parameters is based on the use of three consecutive
analytical methods.

Method 1. Methodology of SI modeling of
measuring parameter of processes and systems.

It consists in the fact that the tolerances of the
accuracy of the parameters of the technological system are
interconnected both physically and on the basis of DP

Ay(u )_; gZU( x)’
,5(y)=1f[5(xi),

=>Ylo
5(y) ; gZcS(x)

[T

information. That is, in the manufacture of products, the
output of one parameter of the technological system
beyond the tolerance of accuracy ultimately leads to the
tolerance of the parameters of the part associated with it
directly or indirectly. In the operation of a technical-
cybernetic system, the departure of one parameter beyond
the tolerance ultimately leads to the tolerance beyond the
tolerance of other parameters directly or indirectly related
to it.

The SI model of the parameter is based on the
number of possible states of the parameter (a measure of
communication capacity) as a system (in the information
equation). This is the principle of equality of the sum of
DP information of arguments and functions and is
formalized as the logarithm of the ratio of the nominal
value of the parameter to the uncertainty. For statistical
DP, the PQ information is the logarithm of the ratio of the
mathematical expectation to the standard deviation. The
relative uncertainty is equal to the modulus of the inverse
of the measure of communication capacity

U(x;)

()‘

5()‘

n @)
U, =k, x nyE(Xi).
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This method uses the paradigm of relative errors
because we study a technological system with constant
values of tolerances on the accuracy provided by the
technological process, and the uncertainty is within the
tolerance of the accuracy of the nominal parameter.

da+ob
la+b| -

&

da+ |b| ob
la+b| ’

S(a+ |a+b|

b) =

S(axb) = 5% —sa+sb, S(a)=ksa,

Method 3. SI method for estimating the required and
sufficient parameter accuracy.

The calculation method combines the use of two
principles:

1) information modeling and 2) the method of
estimating absolute and relative errors.

Method 2. Methods for estimating relative errors.

If the relative error has a mathematical expression,
then the principle based on the mathematical provisions of
the relative error is used

da+ob
la—b|

_ |
[ab|

o

da+ ob
la—b|

s(@a-b) =

®)

If the interval of extended uncertainty U(y) with the
confidence level p(y) = 1 and is equal to the accuracy
tolerance TI(y), then we write Sl equation (2) due to the
relative error 6(y)

y X X,
lo lo +lo +log, ——,
%y T T %% Tty % Ty
AY(TI
log, —— = I0g, —— +1og, ——+...+log, ——, 5(x,) = T'(X), 50y = YT
o(y) o(x,) o(x,) 5(xn)
" 5(x) (6)
NUBEE : 2.5
yayhﬂjﬁn)Thzyﬂjﬂmyh,Mz%%——.
y i=1 i=1 H5(X.)
i=1
Thus, in the generalized variant for TI(y)>U(y) (6)
there is an estimate of the necessary and sufficient |gzy_ log, —— +10g, —2— ...+ log, —1
accuracy of the parameter y due to the relative errors of Ay, (T1,) TI(x,) TI(x,) TI(x,)
the components within which there are relative extended n
uncertainties U(x) regardless of the distribution law. y ZTI(Xn) (8)
Equation (6) is an estimate of the extended Ay, (T1)=—"—, Tl =Ay,xk,, k =-"——
uncertainty of the quantities due to the relative error for S 0i) H'n(x )
the known values of the uncertainties of the related 2i=1 i

quantities based on the DP information. If the values of
the uncertainties of the related quantities are unknown,
multiple measurements of the i-th parameter are used after
each j-th cycle of the technological operation. To
determine the i-th unknowns of the expanded uncertainty
of the parameters, a matrix with the i-th rank is
constructed. A relative scale is used to evaluate the result
of the calculation of the unknown matrix. The choice of
accuracy of the measuring instrument is provided by 10%
of the interval of the calculated accuracy of the parameter.

Based on the equations of the Sl approach, the
following values are determined:

1) Sl estimate of the value of the nominal parameter
yn without error;

log, y, =log, x, +log, x, +...+log, X,

il(xi) (7)
=2,

2) Sl estimate of the tolerance of TI(y,) at the
given DP information x, and the value of the nominal
parameter y,

3) Sl estimate of the parameter Ay, at the given
tolerance of accuracy of TI (yn )and DP information x ;

yn Xl

v ST gzzv(z) gzzvcx)
Zl(xi) HTl (x,) 9
1) =log, ——, o =2 Ay =TI xH—
Ti(x, ) Ay, ZTI(X)

Implementation of SI methodology for estimating the
accuracy of measured values is based on the principles of
DP information communication of process parameters and
solves the following problems:

1) determines the accuracy with which it is necessary
to measure the nominal parameter of the technological
process to ensure maximum informativeness and quality
of the result;

2) the analysis of the DP value of the information of
the measurement result of the parameter, which provides
indirect control of the associated parameters of the
technological process for compliance with the uncertainty
within the tolerances.
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The use of the methodology of system-information
approach to assessing the accuracy of measuring the
parameters of the technological process and system
ensures production efficiency, economical use of
resources, identification and implementation of best
practices, new equipment and production technology,
prevention of unnecessary costs.

System-information methods and algorithms for
effective use of discrete-probabilistic information in
production.

System-information methods and algorithms for
effective use of DP information are based on the scientific
basis of the developed system-information approach as
information technology, which from the standpoint of
information principles provides accurate and timely, cost-
effective assessment of controlled parameters and their
required accuracy.

System-information  approach as information
technology is based on the developed scientific SI bases:
method, method, means and process:

1) method - the theory of system-information
approach to processes and systems;

2) means of application of the method - methodology
of system-information modeling of processes and systems;

3) means of implementation of the method and
method - information technology algorithms based on the
logarithmic measure of the communication capacity of the
controlled parameters;

4) the processes of collection, processing and use of
discrete-probabilistic information of controlled parameters
at the stages of the product life cycle.

The developed SI technology of effective use of
discrete-probabilistic ~ information ~ of  parameters
formulates scientific positions of dependence between DP
information of model of the controlled parameters of
technological process and system, and production
indicators.

Table 1. Methods of effective use of DP information

1. Any method of production is displayed through
the DP system of information of controlled parameters of
production facilities.

2. The properties of the production object have the
final numerical value DP of the information of the
parameters that are the most objective characteristics of
production.

3. The amount of DP information of the controlled
parameters of the design documentation (DD),
functionally related to the quantitative indicators of
material, labor and energy resources for the production of
the product. The object of the product is more economical
in production, the smaller the numerical value of DP
information of the parameters it has, which provide its
official purpose —

Costs (material, labor, energy) = f(Ipp, Is,; Itp).

4. Excess and loss of DP information of the
controlled parameters of the product, technological system
(TS), technological process (TP) are functionally related
to the indicators of production quality in the system of
information connections of the properties of production
facilities -

Quality :f([pr, Its, Itp, Alexc, Alloss)-

5. The values of DP information of quantitative,
qualitative and value evaluation of the manufactured
product are functionally related to the indicators of
production efficiency in the information communication
system of production facilities involved in the
technological process —

Eﬁ{eCl‘ :f([val, Iqual,' Iprice)-

The algorithms for the effective use of technical and
economic information of production are based on the
proposed system of DP information controlled parameters
relations which are presented in table 1.

The above algorithms are an element of the result of
the corresponding measurements intended for use in the
calculation formula KTI- (ISO 22400-2014).

Indicators Explanation
1. Absolute (ALLI), DP bit The amount of DP information of product
k X 1 m m m 1 parameters according to the documentation
ALl = log, — =1log, ——, ALl , = lo = log, —— ;
oD Zl 9. TI 9. 50x) ™ Z:, 9, S(x) 21 9, 55(x) (DD), technological process (TP) and

where, X

u — mathematical expectation, 3S— relative mean quadratic deviation.

— the value of the measured value, TI, — size tolerance,

technological equipment (TE)
TIi > 30,

2. Relative %(RLI)

The ratio of absolute indicators of design
documentation to the absolute indicators of the
technological process shows the degree of
excess or lack of resources expended

RLl, = Allos
AL,

3. Equivalent (ELI), DP bit, UAH
: X > Hy

ELI,p :Zl: IOgZTI +x, xk(e,/x,), ELl :le log, 3
i=! X i=! Xj

where — k(e/x) — the coefficient of coordination of the controlled parameter to the

energy E based on PL units, x,, — PL unit

+x,xk(e,/x,),

The equivalent of the absolute energy
consumption of the product based on the DP
value of the information of the product
parameters is equivalently recalculated using
the coefficients of agreement on the DP value
of the information of the unit of energy.

4. Mixed (MLI), UAH/bit

wue < KTl
ALIC

where, KTI — key technical and economic indicators,
n —a new product, o — old product

. KTI, =MLI. x AL

The equivalent recalculation of DP information
is based on the use of "PL units".
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2. Method of calculation of SI production indicators
on the basis of acceptance statistical control.

2.1. The arithmetic mean value of the controlled
product parameter

n
2%
f: i=1 ,

n

(10)

where n is a number of peoducts.
2.2. The scope of scattering
characteristics

the qualitative

Rj = Xmax ~ Xmin - (11)
2.3. Absolute actual logarithmic index of ALI¢
x
ALI; =log, —. (12)
R;
2.4. Mixed actual logarithmic index MLIf
MLI,. = KT (13)
ALI,

3. The parameter of production control (PC) is a
change of processing process, change of processing
methods, change of route, change of technological
equipment

X X;
PC =log, R log, T —0. (14)

Development of methods using the methodology of
Sl evaluation of production characteristics in information
measuring systems based on DP information allows us to
contribute to the effective achievement of production
management goals.

1. The method of calculating the absolute
logarithmic index (ALI) of production is based on DP
information of controlled parameters in the technical
documentation and DP information of controlled
parameters of receiving statistical control, which are used
to control the level of process equipment for processing.

2. The method of calculating the relative logarithmic
index (RLI) is used to control the parameters at the level
of the technological process. The smaller the value of DP
information of the parameters of the manufactured product
with the same quality characteristics, the more perfect the
processing technology. RLI indicators reflect the quality
of the technological process.

3. The method of calculating the -equivalent
logarithmic index (ELI) is used to calculate the value of
one discrete probable (DP) bit of the product, which is the
most objective indicator with the same performance
characteristics of the product. This ELI is used in the
marketing, planning and accounting services of the
company to assess the competitiveness of the product, as
well as departments of R & D and product design. ELI
indicators reflect the cost-effectiveness of technological
resources for the product.

4. The method of calculating the mixed logarithmic
index MLI is used to manage production at the enterprise

level. It allows you to compare the efficiency of different
production units in terms of resource costs per discrete
probable (DP) bit of the product on the CD. MLI
indicators reflect the characteristics of the technological
process used to predict the CRI of a new product in the
technological preparation of new production.

When setting up a new product, the use of DP
product parameter information allows in the early stages
of the life cycle to predict the main technical, economic
and production indicators required for technological
preparation for the production of a new product, based on
MLI production of the old product. This significantly
reduces the time for technological preparation for the
production of a new product and, as a consequence,
improves the technical and economic performance of the
enterprise.

On the basis of the presented methods of effective
use of DP information methods of the decision of the
following problems are developed.

1. Method of forecasting resource costs.

Provides KTI forecast of production in the early
stages of the life cycle to optimize resource costs for
technological preparation of production and production on
the basis of LM product parameters according to the
design  documentation (DD) and technological
documentation (TD) of production. Type of forecasting
without development of technological processes: time of
production of a product; energy and material waste for the
manufacture of the product; labor-intensive manufacturing
of the product; the level of automation of processes of this
production; the level of quality of production processes;
the level of optimization of technological processes of this
or new production.

2. The method of optimizing resources in the
preparation of production.

Provides optimization of resources of technological
processes of manufacturing of a product and a choice of
methods and parameters of management of technological
process (TP) on the basis of DP of information of
parameters of a product on DD and technological system
(TS) of production.

3. Method of optimizing production management.

Provides control of product manufacturing
parameters and optimization of control parameters of
technological equipment in real time on the basis of DP
information of product parameters on DD and TS of
production.

4. Method of production efficiency control.

Provides analysis of DP values of information of
controlled parameters of TP of production and DP of
information of controlled parameters of finished products
for identification of technological reserves of production
resource.

An important principle of improving KTI production
is the use of software in system-information measuring
systems to solve problems of economic analysis at the
levels of the shop, shop and production.

1. Perspective (forecast, preliminary) analysis of
technical and economic indicators is used when launching
a new product into production in the early stages of the
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life cycle and is based on algorithms of absolute and
mixed DP information of controlled parameters.

KT
° x ALI?,
ALIS,

=KTI, (10)

where 0 is a product that was manufactured earlier, and n is
a new product.

2. Operational analysis is based on the use of data of
statistical acceptance control of the product. This allows in
real time the production time to calculate the change in the
basic time of formation on the necessary parameters of the
processing process to reduce the coefficient of
technological margin of accuracy CTMA = X
const/Htechn tends to one. Reducing the basic time for the
operation in general in production increases productivity,
reduces labor intensity and cost of the product.

3. The current analysis of the results of activities for
a given period is used to identify technological reserves
and is based on the comparison of actual production
mixed indicators MLI, production with the values
calculated on the basis of energy consumption for
production on the technical documentation.

System-information principles and approaches to
uncertainty based on ""Planck units."

"Plank units" (PL units) are very far from the ranges
used in practice and are not reproduced with the help of
real physical objects, they define the limits of application
of modern physical theories. Therefore, they are not used
in metrology [12]. But the numerical values of "PL units"
can be used in system-information analysis of process
parameters and systems as the threshold of sensitivity
(space-Ip, time-tr, mass-mr, energy-Er, and so on) PQ.
They are composed, calculated and interconnected
through physical fundamental constants C (speed of light,
m/s); h (Dirac constant, J c¢); G (gravitational constant,
m3/kg-1c-2) [13] and can be expressed one by one

Gh §
|, =[5 =1616255(18)10 Sm;

t = |2 < 5,391246(60)x 10
c

Ch
m = /G ~ 2,176434(24) x10° Kg;

5
E, = /hc ~1,9561x10°J;
G

_h
mC’

| =tC=

The rationale for the application of PQ "PL units" as
a sensitivity threshold is that they are interconnected
linearly with each other and with the FFC and their
accuracy. In nature, the sensitivity threshold of PQ is the
interval within which PQ does not change its DP
information. The values of FFC and their relative accuracy
were agreed by KODATA in 2002 [14] and are taken as
constant values. From this point of view, the "PL units" of

PQ and their uncertainty are also constant values, and
their DP information is constant over time. Therefore, the
uncertainty of the "PL unit" can be used as a universal
uncertainty PQ.

This approach makes it possible to calculate the
equivalent values of "PL units" of PQ to each other.

We write the system-information equations for "PL
units" Ip - space, tr - time, mr - mass, E-energy [15] to
determine the extended uncertainty U (Ip), U (tr), U (mr),
U (er) on the basis of Sl provisions of the law No. 2.

For the logarithmic measure of PL length

| Gh
P F'
P(I,) 1 PG P(n P(C
0g, . =—(log, ( )+|ng ()_ 2 ())1
ua 2 u(G) U (h) u(C)
| (12)
u)=— L , U()=u()xk_,
Zz(logz Gy Hos2 -0 ) P P
_U@+U(C)+U(G))
" (Um)xU(C)xU(G))
For the logarithmic measure of PL time
Gh
p = F’
t, G h C
lo lo +1lo 5lo 12
gzu(t) 2( gzU(G) gzu(h) gzu(c)) ( )
t
U(t)=— e —. U(t,)=U()xk,.
22 3002 5 825 25
For the logarithmic measure of PL mass
Ch
mp: E,
0g, = log, = —-+log, — ~—log, =), (13
“U(m) ZU(C) ZU(h) UG)”
m
U(m)= — = U(m)=U(m)xKk,.
22 002 ey 192 5y 925 6y
For the logarithmic measure of PL energy
h hC®
Ep = rr‘lpC2 =t_ = G y
E C G
lo == +5lo -lo , (14
gzu(e) ( gzu(h) QZU(C)) QZU(G)) (14)
E
U(e) = : —.U(e,)=U(e)xk,.
2 (I0g2U(II)+5Iog2 ( ) IUgZU(G))
Let’s calculate the numerical values of the

logarithmic unit measure "PL units" for Ip - space, tp -
time, mp - mass, Ep-energy and the order of absolute
error, table 2.

Based on the calculated values of the logarithmic
unit measure (LUM) of the basic units of the SI system,
we calculate some values of the LUM for the derived
units. Let’s calculate the coefficients of adjustment Cadj
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(Er / PQp) as the ratio of Er PL energy to PQp PL physical  quantity and enter them in table 3.
Table 2. Logarithmic unit measure of "PL units” (PQp)

Units of measurement . . . . The absolute error of the logarithmic unit
PQ Logarithmic unit measure PQp (LUMp) [DPbit] measure PQp
Space (I) [1m] A=0,0097 m
1,616-10
Time (t) [1c] A=0,002
log, ;744 ~ 143,734 ¢
5,391-10
Substance (m) [1kg] A =0,0002 k
log, % ~ 25,454 s
2,176-10
Energy (E) [1J] A=0,0002J
log, ;9 ~-30,836
1,956-10

Table 3. Logarithmic unit measure of PL units

No. SI system units Dimensionality Logari;h(g;ifsjgiéigeasure Coefficient(lc_:n; r;ug)jgi;ment Cadj
1 Energy (Ep) J=kg xm?/s? -30,836 1

2 Substance (mp) kg 25,454 -1,211
3 Space (Lp) m 115,589 -0,267
4 Time (tp) with 143,734 -0,215
5 Power (Rp) kg x m?/ s3 -174,57 0,177
6 Work (Ap) kg x m?/ §? -30,836 1.0
7 The amount of heat (Qp) 4.1868J -129,104 0,239
8 Pressure (pp-pascal) kg /s> xm -377,603 0,082
9 Heat of combustion (Hp) m?/ s? -236,56 0,13
10 Area (Sp) m? 231,178 -0,534

Example: Determine the equivalent value of power P to energy E in the system SI through PL units

hC® 1 1
E,,=1/ G LUM(E,) =log, (). LUM(P,)=l0g,(-"),

P
2

P[kg-/:—g], log, (P) = log, (m) +2log, (/) —3log, (2),

1 1 1 1
log, () =g, (=) + 2log, () ~3l0g, (), (15)
P m, p tp
1 LUM(E )
P - . C.(EIP)=—2?
P a2 ()v2log2 (H)-3kog2 (1) (B, 1F) LUM(P,))
mp 4 P r

P
e (Cadj (Ep /Pp)xlog2 —)

Iogzi—"zcadj(Ep/Pp)xlogzg;; Ef =E, x2 .

P V4

where LUM(x,) — logarithmic unit measure, E;, [J] — PL

eq n

unit of energy, P, — PL unit of power, Ep[J] — PL I=log, —-=3{ Ingixc'( o) (E, 1 x,) J[DPbit]
energy equivalent to power in the system of units SI, e, = X @ Re TR
Caq (Ey/Pp) — coefficient of adjustment, P — power in the n _
Sl system. pof Iogzxj—'pxcuadj)(ﬁp/xip) }
Based on the Law Ne3. Affidditivity of information Ey =g, x2 , (16)
parameters of properties” of physical quantities and Cadj n
presented in table 3 you can calculate the amount of > E; (techdoc)
equivalent energy from the parameters that reflect the = Ff,

technical characteristics of the objects according to the ZE;‘* (techproc)
formula i1
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where Epeq [J] — PL equivalent of the parameter x; to
energy, x; — parameters, x,; — PL unit of the parameter,
ep — PL unit of energy, Ciud) (E, /xip) — coefficient of
adjastment, Efyoq— effectiveness of production.

If we take into account (theoretically) all the
properties of the object, or the performance of the product,
the equivalent energy from the parameters of the object
will be the most objective characteristic of its value. And
given the cost of energy on the market at the moment, the
price of the object will be tied to time. The ratio of energy

equivalent from the parameters of the product according
to the design documentation to the equivalent energy from
the parameters of the product as a result of the
technological process, we obtain the efficiency of
manufacturing the product. The system-information model
of production formulates the principle of optimality which
coincides with Pareto optimality: optimality is a state of
some system in which the value of each particular
indicator that characterizes the system cannot be improved
without deteriorating others [16].

Use of system-information modeling in various scientific directions.

System-information modeling in systems theory.

S - straightforward information process
UT . XE__,T**I YT
_ﬁLé_!';iiiiﬂL_B__"__
S =U'aX™py™ U —enter
o {[Tx (T +1)]x X x UT}— X 5 B Zﬁem status
7T +1)]x X} > Y™ o —transitive reflection
n —initial reflection
T —time
» - cyclic information process
A={X*} [ [B={X"}

frUMNYB) > XA 5 YAU®R) - XP 5 YPUY

F(AB) = Ura*X Y A0UBo® X By B »
A A . B B

X* = X} X* —{X7}

O-A, GB, 77A’ 778

v,0

U* u® v*y®

Q =c*n"c®n°0v

— the set of system states
— reflection of initial and transitive systems A, B

— reflection of connectivity
— input and output of A and B systems

— total reflection of the system SAB

I[F(A)]: 1{U "X ") > 1(Y*): 1[F(B)]: I(U BanBqB)al(YB);

I[F(AB)]: I(YATJ—>I(YBTJ—M(YAMJ;I(YA):{ai};I(YB):{bi}

ai,bi— properties of the system Sy, 5, T — time

System-information models of object dynamics.

1) F(y,y,y,u,u)+f =0,
a,y+ay+a,y-bu-bu-c,f=0,

Ay=y—y* Ay = y-y* Ay = §-§*, Au=u—u* Au = u-u* Af =f-f*

y, ¥, ¥.u,u, f — expected values
y*, y*, §*,ux,u, f * —real values, Ay — interval,

y y y u u f
—+4+a —+a,—-b,—-b—-¢c,— =0,

2)a°Ay alAy Ay C AU blAu ° Af
lzgy _yzsy lzsy lzgﬂ izgu
Ay Y Y "Au Au ’

ngf
Af

sY,s¥, 8,8, S" S" — communication capacity of quantities.

3) system-information equation of dynamics

log,(a,S* +a,S” +a,S’) =log, (b,S" +bS: +¢c,SL)=0 .
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I(y,y,V,u,u, f ) —the amount of information carried by the equation of dynamics;
4) DP information of differentiation of sum, product and share

u vy U'AU—UAU"  V'AV-VAV'
—+—| =log, —+ > ,
AU  Av Au AV

uY U'Au —UAU’
b) I(CE] =Iog2(Cx—2),

Au

Lxlr—log{ uyv  ufvy |~ log, { WAU-UAY v ) (VAV-VAY u |
Au - Av Y lau) Av - AulAv ? Au® Av AV Au)

u AvY uYAv u(AvY UAU-UAU" AV (VAV—VAV' Au
d) I(—x J:Iogz{( j—+ (—] }=log, { (—Zx—)+(—2x—j 1.

AU/ v  Au\ v u v v u

System-information models of object management tasks.

Iy |
Ai | ZUy) | Bj

Z I (Ai) = f(z([ni;]yi ;Imi ;IRn ;I(ZA)) ' Z I (Bj) :f(Z([mj;]yj ;]mj ;IRn ;I(ZB))
i=1 i=1 i j=1 j=1 j

1(4), 1(B;) —system A, B status;

Inm, lyiyis I7ijs Irij Iz, — properties (n, m), value (y), time (T), place (Rn), environment (z),

1. Y 1(A)= D>_I1(B,) — Sl principle of management without loss of information.
i=1 i=1
2.2 1(4)=->1(B,) = D_AI(B)), Y AI(B;)—0-SIregulation A—B.
i=1 =1 i=1 i=1
3. D 1(A)-D_1(B) = D AI(A), D> AI(A)—>0 —SIadaptation A.
i1 = i-1 i-1

n
= Al(Aj) — min (0)
g =1 — Sl stabilization.

n
3 AI(BJ') — min (0)
=1

3 Q(4): 2 AI(4) - min Y AI(4)
L L = — Sl self-organization.

3 Q,(B):2AIB) — min 3 AI(B)

Q (4), Q,(B) —self-organization operators

i)
m
¥ AI(Bj)-0,
i=1

6. iQij(il(A) ,ZH_ZAI(BJ.)): iAI(A)—)Zn”(A)

i=1

; Qij operator (self) learning
%’ AIB))-0,
j=1
Discussion of results system-information approach as thresholds of PQ
sensitivity justified?; 3) what principles of system-
Discussion of the results of this article should information approach can be used in different scientific
address several issues: 1) how the system-information  directions.
approach corresponds to the principle of conformity in The system-information approach is based on the
science?; 2) to what extent is the use of PL units in the ~ concept of communication capacity. The value of

>0, (0 18) S AIB)): Y AIA) - D IA)

i=1
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communication capacity quantitatively characterizes the
ability of the quantity of information aggregation by
quanta with other quantities. From the point of view of
mathematics in the information equation the number of
quantum quantities on the left side of the equation is equal
to the number of quantum quantities on the right side of
the equation. Communication capacity is quantified as the
ratio of the value of a quantity to the interval of extended
uncertainty of that quantity. If the interval of extended
uncertainty is represented as the absolute error of the
nominal value, then the value of such a modulo ratio is a
quantitative characteristic of accuracy. This characteristic
is used in engineering technology [17, p. 6].

1. System-information ~ approach  states  that
information has not only probable but also deterministic
characteristics. All properties of the elements of the
universe have DP information. The main properties of DP
information in the system include the following:

1) the element that has DP information in the system
is the value;

2) DP information of quantity, quality, value is the
information characteristic of the state of the system;

3) the value of the interval of extended uncertainty of
the elements within the system is a regular value;

4) in a balanced closed system with independent
elements, the total DP information has a finite value and
does not change over time;

5) in a closed system, increasing the interval of
extended uncertainty of some elements leads to a decrease
in the intervals of extended uncertainty of other elements
of the system;

6) the amount of DP information in a closed system
increases with the increase of interconnected elements of
the system.

From the analysis of the properties of DP
information in the system we can conclude that DP
information behaves in the system as a Shannon
negentropy. Its value is interrelated with the value of the
interconnected elements, which are based on the
sensitivity threshold of the system elements to each other.
The value of DP negentropy is minimal for independent
elements of the system and maximum for the overall
interconnectedness of all elements.

Thus, DP information is a function of the value of
the interval of extended uncertainty of the elements and
the degree of their interconnectedness in the system. In a
balanced closed system with independent elements of
increasing DP information in one place, the system
automatically reduces DP information in another place
(analogous to the Pareto principle), as they obey the law
of conservation of DP information as well as energy. The
DP property of information self-organization of systems is
based on this principle.

2. The use of PL units as sensitivity thresholds in
determining the PQ equivalent to each other and to energy
in units of the SI system is based on the same values of the
amount of DP information possessed by PL units of mass,
time and length. Since certain PQs, including energy, are
derived from PL units of mass, time, and length, we
calculated the matching coefficients on this basis and used
them to calculate the PL equivalent of PQ to energy. It is

important that the PL units as the sensitivity threshold PQ
can be considered as constant values due to the agreed
values of the relative errors of the physical constants
(KODATA in 2002).

3. Here are examples of the concept of using a
system-information approach.

In cosmology: The universe is a multilayered,
hierarchical DP information interconnected system in
which the stabilization of elementary deviations of
categorical attributes in time occurs on the principles of
self-organization.

Self-organization of systems.

1) Self-organization of the system is one of the forms
of organization which at the bifurcation point is
independently structured (self-organized) without the
involvement of external DP information resources.

2) In the process of self-organization, the structure of
the system tends to a state of minimum DP information
potential (the amount of DP information of the state of the
system), which does not change its target functions.

3) The process of self-organization of systems is
based on the principle of DP information coordination of
uncertainty in the structuring (self-organization) of system
elements.

The scientific provisions of the methodology of
system-information approach explain a number of
processes in various fields of scientific and economic
activity.

In sociology: the level of development of society is
estimated by the value of reaction time to changes in the
uncertainty of the categorical attributes of the surrounding
space in the self-organization of DP information links in
society.

In economics: the level of economic development is
estimated by the growth of DP information capacity of
economic relations.

In the technosphere: technology is evolving in the
direction of increasing the DP information capacity of
products, and technology is evolving towards the growth
of time-derived DP information capacity of manufactured
products.

What are the prospects for the development of a
system-information approach? We see in the development
of DP-based models of computer technology to solve a
variety of scientific and applied problems, especially
software, which would replace experimental field tests of
processes and systems with computer, by analogy with the
scientific field of computer chemistry - computer physics,
mechanics, engineering technology, etc.

What are the advantages of the proposed approach to
modeling processes and systems of the technosphere?

1) DP models of processes and systems integrate
elements of the product life cycle - due to the invariance
in time of the information connection between them.

2) Simplifies mathematical methods of optimization
in solving problems of analysis and synthesis of processes
and systems - just choose a system with a minimum
amount of DP information.

3) Reduces the cost of resources (similar to existing
ones) in solving scientific and applied problems -
computer, software, time, financial, etc.
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Conclusions at the patterns of development of the surrounding world

and the laws of conservation. The methodology of its use

The system-information approach to the uncertainty ~ provides an opportunity for non-traditional solutions to

of the processes and systems of the technosphere makes it~ problems that have arisen in new areas of science and
possible from a system-information point of view to look  technology.
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CUCTEMHO-THO®OPMAIINHUHA MIIXIJ 10 HEBUSHAYEHOCTI HAPAMETPIB
MNPOLECIB I CUCTEM TEXHOC®EPHU

IIpenMeToM IOCTIIKEHHS B CTAaTTi € CUCTEMHO-iH(GOpPMALifHUH MiAXig 10 HEBU3HAYEHOCTI IapaMeTpiB MPOLECIB i CHCTEM
TexHOC(EepH K OAUH i3 HAYKOBUX HANPSAMKIB BUKOPHUCTAHHS Teopil iHpopMallii B METpOJIOTii Ta iHIINX HAyKOBHX HAIIPSMKIB.
B ocHOBI cucTeMHO-iH(GOpPMaiHHOTO MiAXOAY JEKUTh BU3HAUECHHS NOHSTTS TepMiHa "iHpopManis" BIaCTUBOCTEH cucTeMH, ii
3MiCT 1 3HaueHHS. BupimenHs 0a30Boro B MeTpOJOTii 3aBAaHHSA OTpuMaHHA "iHpopmamii" KiNTbKiCHOI XapaKTepUCTHUKH
ICTHHHOTO 3HAa4YeHHs BJIACTHBOCTEH O0O0’€KTIB 1 SBWIN, SIKi PO3KPUBAIOTH 3aKOHOMIPHOCTI HABKOJIMIIHBOTO CEpPEIOBHINA, €
CKJIaJTHOK0  HAayKOBOI TMpoOsieMor. [HCTpyMEHTOM ajisi OTpUMaHHS iHQopMalii Nmpo BIACTHBOCTI CHUCTEMH € TMPOLEC
BuMiproBaHHs. OIIUH 13 HANPSIMKIB PO3BUTKY TeOpil BUMIPIOBaHb € KOHIICIIIis HeBH3HAUSHOCTi. MeTa poOOTH — JOCIIHKEHHS
HETPAIMI[IMHUX pIlIEeHb 3aBAaHb TEXHIKO-KIOEPHETHMYHUX CHUCTEM Ha OCHOBI  CHCTEMHO-iH(GOpPMaliHHOTO MiAXOLy [0
HEBU3HAUCHOCTI ITapaMeTpiB MPOIECiB i CHCTeM TexHOChepH. B cTaTTi BHpINIyIOThCS HACTYITHI 3aBJAAHHS: IPOBECTH aHATI3
OLIIHIOBAHHs MapaMeTPiB TEXHOJOTIYHMX MPOLECIB Ta CHCTEM Ha OCHOBI CHCTEMHO-iHGOPMaliHOTO MiAXOmy; pO3podUTH
cUCTeMHO-1H(OpMaIlifiHi MeTOIH i aNropuT™Mu e(EeKTHBHOTO BUKOPHCTAHHS JTUCKPETHO-IMOBipHiCHOT iH(OpMAIlii B TeXHiKO-
KiOepHeTHYHUX CHCTeMaxX; pO3pOOMTH NPUHLIUNK Ta MiAXOAW BHUKOPHCTaHHS CUCTEMHO-iHGOpMamiiHOI OLIHKH
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HEBU3HAYCHOCTI IUIAHKIBCHKUX OJIMHMIIb, BHKOPHCTAHHS CHCTEMHO-IH()OPMAIIHHOTO MOJICIIOBAHHS B PI3HMX HAyKOBHX
HanpsiMKax. BUKOPHCTOBYIOTbCS Taki MeTOOM: CHUCTEMHO-iHQOpMamiWHUM MiAXiAx 10 MPOLECiB 1 CHUCTEM, METOJOJIOTIs
CHUCTEMHO-1H()OPMAIIITHOTO MOJEIIOBAHHS BHUMIPIOBAHOI BEIMYMHH, CHCTEMHO-iH(OpMaliliHa METOIOJIOTIsI OI[iHFOBaHHS
BUMIPIOBAHOI BEJIMYUHU 1 HeBU3HaueHOCTi. OTpUMaHO HACTYIHI pe3yJIbTaTH: PO3POOIEHO CHCTEMHO-iH(pOpMaliiHy
METOJIMKY BU3HAYCHHS TOYHOCTI BHMIPIOBaHHS HOMIHAJIBHOTO MapaMmerpy, sika 3a0e3rnedye MaKCUMalbHy iH()OPMATHUBHICTH
HENPSMOr0 KOHTPOJIIO 3a I10B’3aHUMU 3 HUM HE3aJeXHUMHU MapaMeTpaMu; Po3poOIIeH] CUCTEMHO-iHpOpMalLiiiHi aIrOpuTMU
e¢(eKTUBHOTO BHMKOPUCTAHHS IMCKPETHO-IMOBIpHICHOT iHQOpMAIl B TEXHIKO-KIOEpHETUYHUX CHUCTEMax; pO3pOOJICHO
CHUCTEMHO-1H(OpMalilfiHy METOJMKY PO3PAaXyHKY ILIAHKIBCHKOI'O €HEPreTUYHOIO €KBIBAJICHTY TEXHIUYHUX IIOKa3HUKIB BUPOOY;
c(hopMyJIbOBaHUN NPUHIUI PO3PaXyHKY €(PEKTHBHOCTI BUTOTOBJICHHS BHUPOOY Ha OCHOBI IUIAHKIBCHKOTO EHEPrETHYHOTO
eKkBiBaJeHTY (i3M4HUX BenMuuH. BucHOBKHU: BupilleHHS NOCTaBIeHMX 3aBJaHb Ja€ MOXJIMBICTB 3 iH(opMaliiiHOro KyTy
30py JOCHIIUTH 3aKOHOMIPHOCTI €TamiB J>KUTTEBOTO IUKIY TEXHIKO-KIOCPHETHYHHMX CHUCTEM 1 3aKOHM TEpPETBOPEHHS i
30epeKeHHs.

Kawuogi ciioBa: cucreMHO-iHPOpMAIIHNH TIX11; JUCKPETHO-IMOBIpHICHA iH(pOpMAITis; HEBU3HAYCHICTD; TUIAHKIBCHKI
OJTMHHII.

CACTEMHO-UH®OPMAIIMOHHBIN NOAXO K HEOIIPEJEJEHHOCTHA
ITAPAMETPOB ITPOIECCOB U CUCTEM TEXHOC®EPBI

IIpenMeToM ¥HcclieIOBaHUS B CTAaThe SBISIETCS CHCTEMHO-HH(GOPMAIMOHHBIA MOAXOA K HEONpeNeNeHHOCTH NapaMeTpoB
IIPOLIECCOB U CUCTEM Te€XHOCGEPHI KaK OAUH U3 HayYHbBIX HAIlpaBJICHUIl HCIIOJIB30BAaHUS TEOPUH UH(OPMAIIUU B METPOJIOTUH U
JPYrUX Hay4HBIX HalpaBleHUSX. B OoCHOBe CHCTEMHO-MH(GOPMAIMOHHOTO MOJXO0JA JISKUT OIpE/eNICHUE IMOHATHS TepPMHHA
"uHpopManus" CBOMCTB CHCTEMBI, €€ COJCpKaHHEC W 3Ha4YcHHE. PemieHue 0a30BOW B METPOJIOTHH 3aJa4ydl MOJy4YCHHE
"uH(popManuu" KOJIMYECTBEHHON XapaKTePUCTUKU UCTUHHOTO 3HAU€HUs CBOICTB OOBEKTOB U SIBJICHUM, KOTOPBIE PACKPBIBAIOT
3aKOHOMEPHOCTH OKpY)KAaloIleld Cpensl, SBIAETCS CIOXHOW HaydyHOH mpoOmemoil. MHCTpyMeHTOM s TOJTydYeHHUS
nHdopMayu 0 CBONHCTBAX CHCTEMBI SBISETCS INpolecc u3MepeHus. OIHO M3 HaNpaBICHUH Pa3BUTHUS TEOPUU H3MEPEHMI
SIBISIETCS KOHIIENIMS HeompeneneHHOCTH. Lleab pa0oTBl - HCClIeOBaHHE HETPAJUIMOHHBIX PEIIeHHH 3a1ad TeXHHKO-
KHOEPHETUYECKUX CUCTEM Ha OCHOBE CUCTEMHO-MH(OPMAIOHHOTO MOAX0/a K HEONPEJeIeHHOCTH IapaMeTpoB MPOLIECCOB U
cucreM TexHoceprl. B crartee pemaroTcs cieayromue 3aJauM: [IPOBECTH aHAIN3 OLEHKH MapaMeTPOB TEXHOJIOTHYECKHX
IIPOLIECCOB U CUCTEM Ha OCHOBE CUCTEMHO-HMH(OPMAIIMOHHOIO M0JIX0/1a; pa3padoTaTh CUCTEMHO-UH(OPMALIOHHBIE METOABI U
anropuT™MbI 3G HEKTHBHOTO HCIONB30BaHHS IUCKPETHO-BEPOSATHOCTHON HHPOPMALIUH B TEXHUKO-KHOSPHETHUECKNX CHCTEMAX;
pa3paboTaTh INPUHIMIIBLL M IOJXO/bl HCIOJIB30BaHUSA CUCTEMHO-MH(GOPMAIIMOHHOMN OLIEHKH HEOIPEIeNeHHOCTH IIaHKOBCKUX
eIUHUI], WCIIOJIb30BAHHE CHCTEMHO-MH(POPMAIMOHHOTO MOJETHPOBAHUS B  PA3IMYHBIX HAYYHBIX HAalpaBlICHUSX.
Hcnonb3yloTess cllefylolmye MeTOAbl: CHCTEMHO-MH(OPMALMOHHBIM MOAXOJ K HpoleccaM M CHCTeMaM, MEeTOMOJIOIUS
CHUCTEMHO-HH(pOPMAIIMOHHOTO MOJIEINPOBAHHUS U3MEPSIeMOl BENMYUHBI, CHCTEMHO-MH(MOPMAIIMOHHAS METOJOJIOTHS OLEHKU
n3MepsieMOd  BEIMYMHBI M HeompeAeneHHOCTH. I[lomyuyeHel cheayioliue pe3yJbTaThl: pa3paboTaHa CUCTEMHO-
nH(GOpMALIMOHHAsT METOAMKA OIPEACNEHNsT TOYHOCTH H3MEpPEHWS HOMUHAJIBHOTO IapaMeTpa, KoTopas oOecrednBaeT
MaKCHUMaJbHYI0 HMHGOPMAaTHBHOCTb M KauyecTBO pe3yslbTaTa HU3MEpEHHs; pa3pabOoTaHbl CHCTEMHO-HH()OpPMAaLUOHHEIE
anropuT™MbI 3P HEKTHBHOTO HCIONB30BaHHS AUCKPETHO-BEPOSATHOCTHON HHPOPMALIMH B TEXHUKO-KHOSPHETHUECKAX CHCTEMAX;
paspaboTaHa CHUCTEMHO-MH(GOPMAIMOHHAs METOAMKA PacyeTa IJIAHKOBCKOI'O SHEPreTHYECKOro HKBUBAJIECHTA TEXHUUECKUX
nokaszarteneit u3nenus; chopMyIMpOBaH MPUHIUT pacyera 3()(HEKTHBHOCTH MPOU3BOJICTBA H3JENHS HA OCHOBE IUIAHKOBCKOTO
SHEPreTUUECKOr0 HKBUBAJEHTAa (U3MUYECKUX BEIUUUH. BbIBOABI: PerieHue mocTaBICHHBIX 3a7ad HA OCHOBE CHUCTEMHO-
MH()OPMAIMOHHOTO MOJX0Ja K HEOIPEAENCHHOCTH IapaMeTpOB IIPOIECCOB U CHCTEM JaeT BO3MOXHOCTh C CHCTEMHO-
nH(OPMALMOHHOW TOYKM 3pPEHUs] HCCIENOBaTh 3aKOHOMEPHOCTH JTANOB JXKU3HEHHOTO IMKJIA TEXHHUKO-KHMOEPHETHYECKUX
CHCTEM M 3aKOHBI COXPaHEHHUS.

KuroueBbie cJI0Ba: CHCTEeMHO-MH(OPMaLMOHHbIH MOJIXOZ; JTUCKPETHO-BEPOSATHOCTHAS uH(pOpMAaIHS;
HEONPeIeICHHOCTD; TIIAHKOBCKUX SIUHUIIBL.
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