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Abstract: - The standards are one of the most important infrastructural elements of the economy. The relationship
between all factors ensuring product quality and safety is carried out by using complex standardization. The
standards establish and ensure the technically achievable level of safety, quality and competitiveness of products.
The main factors of standardization object: the object composition, object production and monitoring, in their
turn, form the following more precise groups of factors, determining the object quality: primary products and
materials, component nodes and parts, production technology, equipment, tools and appliances, measurement
means, and test methods.

On the example of a specific standard, the "tree of references" of the first and second levels and the problems
of an integrated approach for establishing quality requirements for a specific product is considered. The necessity
and complexity of updating the requirements that ensure the systematization, optimization and coordination of all
interacting factors influencing a specific object of standardization and providing an economically optimal level of
quality of the object are demonstrated.

Key-Words: - complex standardization, standard, interconnection of the requirements, coordination of the
requirements, regulatory references.
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1. Introduction ' . _ ,

In the contemporary conditions of digital economy searching for, and processing of information of
establishment, the efficient market extension and various types, that is why all useful information shall
branch evolution are possible only in presence of comply with new handling conditions.

developed platforms, technologies, institution and

infrastructure environments [1]— [4]. The digital

economy is based on creation of global information

systems, which are designated for storage of,
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2. The relevance and significance of the
research

The national framework of standards of the Russian
Federation contains about 37000 standards and
represents highly valuable information, which has
been selected and time proven, improved and
combined [5]-[7]. The standards fulfil economic,
informational, social, communicative, resource-
saving and a number of other functions, and that is
why they are one of the most important infrastructure
elements of economy [8]-[11]. The forming-up and
development of digital economy is possible only on
the basis of developing and improving standards.
Currently, the number of standards is increasing, and
they are able to work effectively only in the case of a
direct  connection  with  information  and
communication technologies [12]. It is necessary to
assess the composition of the standards by the date of
their adoption and the sphere of influence, assess the
level of mutual references of standards to predict the
possibility of embedding the requirements of
standards in information and communication
technologies. Such analysis became the purpose of
this study.

3. Research design

Nowadays, the most important performance of work
in the area of standardization are the terms of new
standard adoption and terms of regulatory document
validity. The extent of the activities, required in the
area of standardization by this criterion, may be
assessed at the example of dynamics of adopting
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standards for pipe products. At the same time,
standards for pipe products of Germany, China and
international standards ISO are known and widely
used in Russia [13], [14].

In Fig. 1 the number of applied national standards
of Russia, Germany, China and international
standards, is represented in accordance with the dates
of their adoption.

It is obvious for all considered levels of standard
adoption, that the number of new standards prevails,
and the standard framework is considerably updated.
In Russia, in the period from 2010 to 2019, 79 new
standards from 160 operating ones were adopted,
and, thus, the framework of national and interstate
standards is updated by approximately 50%. Within
the same period, 85 standards for different aspects of
pipe products were adopted in the International
Organization for Standardization, and the rate of
updating amounts to approximately 44%. Within the
period from 2010 to 2019 the largest number of
standards, related to the pipe products, was adopted
in Germany — 117 standards, which may be found in
the Russian framework Tekhexpert, in this case the
rate of updating may be evaluated at the level of 60%.
According to the data, represented in the framework
Tekhexpert, in Russia, 120 Chinese standards, related
to the pipe products, are known and applied,
herewith, 61 standards of 120 were adopted in the
period from 2010 to 2019, the rate of updating of this
group of standards may be also evaluated at the level
of 50%.
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Fig. 1 The number of operating standards for pipe products applied in Russia, depending on the adoption time

interval
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4. Theoretical part

The standards establish and ensure technically
attainable level of safety, quality, and competitive
ability of products. For this purpose, a special
standardization method is applied — complex
standardization. This is a method, in compliance with
which are carried out the persistent and consistent
establishment and implementation of the system of
interconnected requirements to the object of complex
standardization itself both in whole and to its main
elements, including the substantial and non-
substantial factors, influencing the object, being
under study [15]. The essence of complex
standardization comes down to the systematization,
optimization and coordination of all cooperating
factors, influencing the specific object of
standardization = and  ensuring  economically
preferable quality level.

The empirical-theoretical methods were used to
achieve the objectives of the research, namely:
analysis and synthesis. The formation of standards
communication models was carried out on the basis
of abstraction and formalization The factors of
forming of the interconnected requirements to an
object may be divided into three directions: the object
composition, the object production and the object
quality monitoring (Fig.2).

COMPLEX STANDARDIZATION
Systematization, optimization, interconnection of parameters and
all factors, shaping the object

v

[ Factors, shaping the object ]
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Fig. 2 Conceptual diagram of the interconnected
requirements formation to standardization object.

The main factors of standardization object: the object
composition, object production and monitoring, in
their turn, form the following more precise groups of
factors, determining the object quality: primary
products and materials, component nodes and parts,
production technology, equipment, tools and
appliances, measurement means, and test methods.
For the purposes of pipe products high quality
assurance, the intermutual consistency of the
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requirements under all specified directions and factor
groups is required. Besides the establishment of
direct regulatory provisions directly in the standard,
this consistency is ensured through regulatory
references, specified in the considered standard for
the products. Thus, the complex standardization
ensures the forming-up of consistent requirements
both at the stage of designing and at the stage of
production, storage, transportation, sales and
operation [16]—-18].

5. Results

We’d like to consider the national and interstate
standards, related to the pipe products, operating in
Russia. The data, represented in Fig. 1, demonstrate
fast growth of the number of new standards, which
shows profound alterations of technologies,
equipment, used materials and pipe products quality
performances. On the other part, ensuring the
principle of complex standardization, all new
standards, adopted in the period from 2010 to 2019,
definitely have reference to the previously adopted
standards.

For example, the interstate standard GOST
31447-2012 “Welded Steel Pipes for Main Gas
Pipelines, Oil Pipelines, Oil Product Pipelines.
Specifications” is prepared on the basis of
the national standard of the Russian Federation
GOST R 52079-2003, and came into force on
1 January 2015. The new standard has regulatory
references to 60 other standards, regulating factors,
which determined the finished product quality.
Herewith, initially, the new standard, adopted in 2012
and came into force in 2015, contains references, and,
consequently, contains requirements, adopted
significantly earlier, staring from 1975 [19]-[21].
The image of references in the international standards
is formed up in a similar manner.

We’d like to consider the main directions of
interconnection of the requirements of standards,
related to pipe products, at the example of the
standard GOST 32528-2013 “Seamless Hot Finished
Steel Pipes. Specifications”, adopted for the first time
in 2013 and brought into force on 1 January 2016.
The standard is applied to the conventional hot
finished seamless pipes from carbon and alloy steel
for the pipelines, structures, vehicle parts and other
technical purposes. The references to 56 standards,
related to the issues of metrology and measurements,
and metallurgy as well, are provided in the standard.
“The reference tree”, which forms
the interconnection of references for GOST 32528-
2013 is represented in Fig. 3.
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Fig. 3 Conceptual diagram of formation “the reference tree” complex standardization

In compliance with the All-Russian Classification Section 23 — Hydraulic and Pneumatic Systems,
for Standards (ARCS), which represents the and General Purpose Components — 7 standards.
complete genuine text of the International Section 77 — Metallurgy — 45 standards.
Classification for Standards ISO/INFKO ICS, the The detailed information on the subject matter of
references were forwarded to the following the standards, to which the regulatory references are
classification sections: provided at the first level of “the reference tree” in

Section 17 — Metrology and Measurements. the standard GOST 32528-2013, is represented in the
Physic Phenomena — 4 standards. Table.

Table. The subject of standards at the first level of “the reference tree”
Classification of standards in accordance with the all-Russian classifier OK 001-2000 Number of
(corresponds to the international classification MK 001-96) standards
Section Group Subgroup
17 Metrology and measurement. 17.040 Linear and 17.040.30 4
Physical phenomena Angle Measurements Measuring instruments
23 Hydraulic and pneumatic 23.040 Pipelines and 23.040.10 7
systems and general components their components Cast iron and steel pipes

77.040.10 Mechanical testing of metals 3

77.040 Metal testing 77.040.30 Chemical analysis of metals 1

77.080.01 Ferrous metals in general 13

77.080 Ferrous metals 77.080.20 Steel 23

77 77.140.01 Iron and stleel products in 1

enera
Metallurgy 77.140.40 Steelgwith special magnetic 1
properties
77.140.45 Unalloyed steels 2
77.140 77.140.50 Steel sheet products and semi- 1
Iron and steel products finished products

Total 56
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In GOST 32528-2013, the main references are
referred to the following groups: ferrous metals, tests
of metals, and linear and angular measurements.

At the second level of “the reference tree”,
ensuring complex standardization, the references to
even 845 standards are provided. After exclusion of
repeated standards, 346 standards, referred to
different ARCS sections, remain: metallurgy,
chemical industry, metrology and measurements, and
others. In Fig. 4, the distribution of references over
ARCS sections for the first and second levels of “the
reference tree” is demonstrated on a percentage basis.
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According to this diagram, we can state, that the
most important parameters, forming pipe product
quality performances, for the standards, related to the
pipe products, is the data, represented in the
following sections: metallurgy, chemical industry,
metrology and measurements.

Then, we’d like to consider, in what way are the
references distributed by time frames of their
adoption. The distribution of standards, provided in
the section “Regulatory References” of GOST
32528-2013 by the time of their adoption, is
represented in Fig. 5.
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Fig. 4 Distribution of references as a percentage of the number at the first and second levels of “the reference
tree” of complex standardization by sections of the ACS
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Fig. 5 Distribution of the standards given in the section "Normative references" GOST 32528-2013 by the date

of adoption
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The largest number of references is referred to the
standards, adopted in 1980-1989, then the period
from 1970 to 1979 is observed, and only afterwards
the references are given to the standards, adopted
after the year 2000.

Considered 56 standard at the second level of “the
reference tree”, in their turn, have references to
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845 standards, and after the exclusion of repeats,
remain 346 standards, to which the references are
contained. The distribution of these 346 standards by
the date of their adoption is provided in Fig. 6.
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Fig. 6 Distribution of standards given in the section "Normative references" 56 standards, which are referenced

in GOST 32528-2013 by the date of adoption

Both provided figures demonstrate the handling
through regulatory references to the standards,
adopted, mainly, 40-50 years ago. Besides, the major
amount of the references is moved back to the past by
10 years at the second level of “the reference tree”:
the major amount of references is referred to the
standards, adopted in 1970-1979, then the standards,
adopted in 1980-1989 and 1990-1999 are provided,
and only afterwards the referencing to the standards,
adopted after 2000, is observed.

The identified patterns of the standards system for
pipe products represent a typical situation for any
type of product. Differences may be in the number of
standards, but qualitatively the picture is
characteristic of any type of product, as the necessity
to ensure links between standards is due to the
adopted standardization system in Russia [14]. Thus,
during the development of national, regional, and
international standards as well, a quite complicate
situation takes place, when new standards of the
recent decade refer to the data, established, mainly,
50 years ago. It is impossible to
cancel these relations without the destruction of
complete standardization system, consequently, it is
required to create special relations between the
standards of the 1%, 2", n" levels of “the reference
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three” through new availabilities of modern
information systems.

As of today, the relations between the standards
are exclusively sequential, and up and down, in the
result of which the duplication of the documents,

aimed to reservation of all related requirements,

occurs. This system severeness and one-
dimensionality ensure high authenticity of
information, and effectively work in case of

nonsignificant alterations, made simultaneously in
the regulatory documents. However, under the
conditions of implementation of new technologies,
including the digital ones, when the compulsory
provision of management is the reduction of time of
response to parameter alterations within the frames of
operating and future systems of decision-making, it
is required to ensure the system speed-of-response
along with the assurance of information authenticity
and requirement interconnection.

6. Conclusions
The interconnection and coordination of the
requirements to product quality and safety is ensured
by means of complex standardization.

The mechanism of complex standardization,
operated through the forming-up of “the reference
tree” of the first and second levels, has been traced at
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the example of requirements to pipe products, GOST
32528-2013.

The distribution of regulatory references at the
first and second levels of “the reference tree”
demonstrate, that during the development of a new
standard, the referencing to the standards, adopted,
mainly, 40-50 years ago, takes place. Herewith, the
major amount of the references at the second level of
“the references tree” moves back by 10 years more.
Thus, the new standards of the recent decade refer to
the data, determined 40-50 years ago, which may
retard the forming-up of requirements to the quality
of products through the application of measurement
means, test and monitoring methods, and used
primary products.

At a new standard implementation, for the
purposes of assurance of interconnected
requirements, it is required to update the
requirements, ensuring systematization,
optimization, and concurrence of all cooperating
factors, influencing the specific object of
standardization and  ensuring economically
preferable level of the object quality, in an integrated
manner. It is required the development of special
relations between the standards of the 1%, 2", n'
levels of “the reference three” through new
availabilities of modern information systems.
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