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STATISTICAL MEASURE OF NANOECONOMICS

In article expediency of formation of system of the indicators characterizing 
development of nanoeconomy locates in article, and also the concrete 
indicators entering into this system and in various aspects of displaying 
process of creation of a modern nanoindustry are considered.
Key words: nanoeconomy development, system of indicators, nanoindustry, 
nanolevel.

Formulation of the problem and the analysis of the recent publications. 
The modern socio-economic development of advanced countries is largely de-
termined by the effective use of resources and factors of STP. The percentage 
of technological innovation in GDP of developed countries is between 70 to 90 
%. Lately the development of nanotechnology has played a great importance - 
scientific and technological direction is formed at the interface between phys-
ics, chemistry, biology, medicine and materials science. It is estimated that 
in the foreseeable future, nanotechnology will be able to make a revolution 
in society, on a scale exceeding even bigger than the revolution of personal 
computers.

Nanoindustry engaged in the production of super small size materials and 
products by examining the properties of various substances at the molecular 
and atomic levels. In the metric system nanometer (nm) - from this word oc-
curred prefix “nano” in the term “nanotechnology” - corresponds nanometers 
(which are the unit of length equal to one billionth of a meter, or 10-9). For 
comparison, the thickness of a human hair is on average 50 000 nm.

And although an exhaustive definition of “nanotechnology” doesn’t exist 
yet, we can say that nanotechnology operates quantities of the order of one 
billionth of a meter. In general, we usually understand under the nanotech-
nology a set of methods and techniques, which enable to create and modify 
objects, including components smaller than 100 nm in at least one dimension 
and as a result received a fundamentally new quality, allowing to carry out 
their integration into a fully functioning system. Nanotechnology in a broad-
er sense also includes diagnostics and study methods of such objects.

Except nanotechnology when we consider the development of the nanotech-
nology industry we should also take into account the development of nano-
materials and nanosystem technology that are the constituent elements of the 
nanotechnology industry. Nanomaterials are materials that contain the struc-
tural elements, the geometrical size of which at least in one dimension are less 
than 100 nm and thus have new features, including specified functional and 
operational characteristics.

Under nanosystem technology commonly understand the functionally 
complete system and device fully or partially based on nanomaterials and 
nanotechnology, and its characteristics are radically different from those of 
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systems and devices of similar purpose, created by traditional technologies. 
Thus, nanotech is an activity to create products based on nanotechnology, 
nanomaterials and nanosystem technology.

Speaking about the development of the nanotechnology industry, it should 
be understood that in this case expected to consider the widest range of di-
verse and not always directly linked problems in different areas of science 
and technology, which have already used the appropriate technologies and 
methods. Although nanotechnology is therefore not appropriate to consider as 
a whole thing, and more than just as a generic term, it should be recognized 
that the nano industry as a whole has a revolutionary impact on the develop-
ment of information and communication technologies, biotechnology, safety 
equipment and many others. As a result, in recent years, dozens of countries 
have adopted national development programs in the nanotechnology industry 
as a top national priority. Among them are such developed countries as the 
USA, Japan, Germany, France, China and others.

In China about 800 companies recently, for example, have involved in 
the introduction of nanotechnology, and more than 100 specialized re-
search institutions, the vast majority of which are focused on meeting the 
needs of the military-industrial complex in this country. Other developed 
countries also allocate huge funds for defense developments in nanotech-
nology. Russia is among the leaders by the volume of the total costs for 
nanotechnology development, and major centers of nanotechnology devel-
opment are in more than 20 regions of the Russian Federation (for ex-
ample, in cities such as Belgrade, Izhevsk, Cheboksary, etc.). However, one 
of the major problems in this area in the domestic economy is the problem 
of the massive introduction of inventions and patents obtained by the cre-
ation of nanomaterials and nanotechnology. These sorts of problems are 
known, one of the key R & D in Russia since the Soviet era (kinda Achilles 
heel of this sphere). Another serious problem of the effective development 
of the nanotechnology industry is undeveloped statistical systems of the 
development of nanotechnologies.

It should also be noted that under the term “nanotechnology industry sys-
tem” we understand the term “nanoeconomics”, and under nanoeconomics we 
understand the reproductive system of relations connected with the produc-
tion and use of nanotechnology, nanomaterials and nanosystem’s technology. 
However, there is another option of using the term “nanoeconomics”. Thus, G. 
Kleiner allocates 5 hierarchical levels: mega-, macro -, meso-, micro-and nano-
sensing level, and also the relevant economic disciplines: international eco-
nomics, macroeconomics, mezoekonomics, microeconomics and nanoeconomics 
[3, p . 81]. At the nanoscale relations unit labor division and cooperation of 
individual employees, competition and monopoly on individuals knowledge 
and skills within professional groups, the formation and realization of the 
value and usefulness of their work are the objects of study of the economic 
theory. Thus, the subject of nanoeconomics in this sense is a single individual, 
a person. In our view, both approaches have their place, but in the future 
we’ll stick with the first option. Such well-known scientists from Russia and 
Ukraine, as academicians NAS NG Chumatchenko and AI Amosha, Professor 
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V. And Lyashenko, M. Shishkin, A . S. Flerov and others also studied the 
problems of the nanoindustry development.

Definition of the problem. The development and establishment of a system 
of indicators for the effective development of nanoeconomics plays the great 
role in the various aspects, characterizing the current state and dynamic pa-
rameters of the development of nanotechnologies. And we are talking about 
the creating a scorecard that uses an integrated approach and accounted for 
at least all the main aspects and elements of the formation and development 
of nanoeconomics. Of course, this system must have a section that contains 
the indicators characterizing the nanoeconomics development in general, and 
at different levels of the management hierarchy: the global and international 
level, at the national, sectoral and regional levels, as well as at the level of the 
individual enterprise (organization) and its individual business units.

Here, above all, we are talking about indicators such as the total vol-
ume of the development and use of nanoproducts, expressed in monetary and 
physical units, as well as the total costs of the creation and implementation 
of such products at the different levels of the management hierarchy. In addi-
tion, this group of indicators must also include parameters describing specific 
gravity fraction of the cost of nanoproducts in the total output value, which 
produces the active entity. It should also include indicators that characterize 
the socio-economic efficiency of nano- and nanotechnology industry as a whole 
- as common performance indicators and private indicators (productivity, re-
turn on assets, material consumption, capital intensity, etc.).

The main material of studying. The most important factor is a measure of 
research intensity which characterizes the technology and shows the extent of 
its connection with research and development. In this case, under the technol-
ogy we should understand the set of methods and techniques used in all stages 
of the development and manufacturing of a certain type of products [ 4, p. 
29]. Under the same knowledge-based technology we understand a technology 
that includes amounts of experimental work , exceeding the average values 
of this parameter in a particular field of technology and economics research 
intensity is often seen in the manufacturing sector [5, p . 12]. It’s important 
for nanoproducts to assess their knowledge intensity.

High-tech industries is usually measured as the ratio of total costs to the 
costs of sale, as well as the ratio of the volume of sales to the number of scien-
tists, engineers and technicians who work in the industry. High-tech products 
are products in which the cost of R & D spending is higher than the average 
of the spheres of industry.

Such indicators as growth and growth of nano, the growth rate and the 
growth rate of it characterize the dynamic of nanoeconomics. Structural 
changes are characterized by indicators such as changes in the share value 
of the total cost of nanoproduct data business entity (enterprise, industry, 
region, national economic complex as a whole).

Any industrial product is characterized by a certain level of quality, which 
is currently one of the most important characteristics of the degree of com-
petitiveness of the production. Improving quality is especially true for do-
mestic goods in the present time when the Russian economy is trying to make 
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the transformation from commodity -type economy to a developed modern 
innovative economy. The formation and development of the nanotechnology 
industry is one of the key areas of implementation of such transformation, 
and therefore the issue of assessing the level of quality of nanoproducts is 
particularly acute. The most important aspect of product quality is its reli-
ability, i.e. the property of products to save time within certain limits the 
values of all parameters which characterize the ability to carry out the certain 
functions in specific modes and conditions of use, maintenance, repair, stor-
age and transport.

Reliability is an important property of nanoproducts, that’s why the reli-
ability indicators are the main indicators of the quality of products. They re-
flect the ability of nanoproduct over time to implement the required functions 
in a given system. These indicators characterize the features of reliability, 
durability, maintainability and persistence. Reliability is the ability of nano-
product constantly keep working for a certain period of time or specific devel-
opments, which manifests itself in the possibility of trouble-free performance. 
Maintainability - the property of nano, which is its adaptability to prevent 
and detect the causes of failure, damage and mitigation of their consequences 
as a result of repairs and maintenance.

Recovery of nanoproduction average recovery time is due to a certain value 
of the quality and degree of regeneration. Under the persistence we under-
stand the ability to maintain nanoproducts workable, usable condition and op-
eration after a period of time of storage and transport. Average storage time 
and the designated shelf life are indicators of persistence. Durability is the 
ability of nano to save states before limit in the timing of maintenance and 
repair. Average resource and an average life are indicators of the durability, 
the term “resource” is used to characterize the product durability on running, 
and the “service life” is used to characterize the durability on a calendar time 
period. In this unit reliability index isolated, which characterizes one of the 
qualities of nanoproducts and comprehensive measure of the several qualities 
of nano reliability components.

It’s also important to determine the performance of nano- technology. The 
most important indicators of this group are specific material nanoproducts, 
its specific complexity of manufacturing, energy intensity of manufacturing 
and operation of nanoproducts and the average duration of the operational 
maintenance of these nanoproducts. Overall, the manufacturability expresses 
generalized characteristic of rationality applied in product design and techno-
logical solutions and the best allocation of costs at all stages of the life cycle 
of nano.

The problem of statistical estimation is actual not only in technology of 
nanoproducts in general, but also in constituent nanoelements in complex 
design. Manufacturability of design is the feature to reflect how well the 
requirements are taken into account available technology and system develop-
ment of the production, transportation and maintenance of the product. Cut-
ting-edge design minimizes the duration of the production, costs of materials 
and activities in all phases of the product’s life cycle. The main indicators of 
the technological design, which are nano-elements might include: the propor-
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tion of nanodetails of their total amount in this product ratio inter-project of 
unification (i.e. borrowing) nanoelements of device, manufacturability nano-
processes rate unification and several others.

Given that the development of the nanotechnology industry in Russia is 
currently one of the least efficient units is mass, mass production of nano-
products, great importance is the development of indicators of standardiza-
tion and unification of nano- , reflecting the degree of application of the 
standard, unified and unique component of the product. Recall that stan-
dardization - a system development and definition of requirements, rules, 
regulations, specifications, expressed in the standards, both mandatory and 
recommended for implementation in the production process. Standardization 
is a very significant factor in improving product quality and to accelerate STP 
at the different levels of the social hierarchy. Unification is one of the meth-
ods of standardization and unification under the unification we understand 
the cause of the objects of the same constructive purpose uniform form for 
determining the quality and rational reduction of these objects on the basis of 
information about their effective use. The smallest necessity, but sufficient 
types, varieties, sizes, components, parts with high quality and interchange-
ability are determined under unification. The uniform quality requirements 
of nanoproducts, health and working conditions of workers in the factories 
appear due to the standardization and unification.

Indicators of the standardization and harmonization are the coefficients 
of applicability, repeatability parts of nanoproducts, unification of the prod-
ucts, new and original design, mass production with economic efficiency stan-
dardization of the nanoobject. Coefficients of repeatability and unification 
for structural components are also calculated in addition to these indicators. 
Thus, the performance of standardization and unification characterizes satu-
ration of goods of ordinary and standardized components, which are included 
in a design, equipment, assemblies, kits, etc. One of the major trends and 
methods of standardization is aggregation, which is understood as a way 
to create machines, installations, structures, components, devices and other 
products from the unified units installed in the product in varying amounts 
and in different combinations.

The development of indicators has the great importance and characterizes 
the innovative activity of socio-economic systems at the different levels of 
the management hierarchy. Thus, the level of innovation activity indicator 
reflects the proportion of enterprises and organizations (in the region, the 
industry in the national economy as a whole), implementing technological, 
organizational and marketing innovation in the field of nanotechnology in the 
total number of enterprises and organizations. For individual enterprise simi-
lar indicator is expressed as the proportion of shops and other structural sub-
divisions of the enterprise engaged nanoinnovations in the total number (as in 
the total number of innovatively active units and the proportion of the whole). 
Besides this index the level of innovation activity and market saturation of 
nano also is characterized by the indicator on the share of nanogoods, works 
and services in the total volume of innovative products and services, as well 
as in the total volume of shipped goods, works and services organizations.
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Appropriate to calculate the intensity and the cost of the technological na-
noinnovations as the ratio of expenditure on technological nanoinnovations to 
the volume of goods shipped and completed work. For more detailed analysis, 
it is important to determine the proportion of small, medium and large en-
terprises engaged nanoinnovatsii, respectively, of the total number of small, 
medium and large enterprises. Indicators should also be calculated share of 
exports and imports nanogoods and nanotechnology in the total volume of 
exports and imports, respectively.

Another important group of indicators are indicators that characterize the 
efficiency and effectiveness of the nanotechnology industry in the industry in 
the region and the national economy as a whole. These include indicators of 
cost recovery nanoinnovations (under this indicator is the ratio of the volume 
nanogoods, works and services to the amount of expenditure on research, 
development and acquisition of nanoinnovations). Release of nano on the av-
erage per capita ratio of the number of advanced nanotechnology used to the 
number created nanotechnology as well as the ratio of nanogoods, works and 
services to the number of innovative enterprises. Some studies have shown 
that in the most regions of Russia, for example, the relationship between 
the development of innovative and efficient territorial reproduction are very 
weakly expressed [6, p. 94].

Aggravation of environmental issues necessitates statistical accounting 
degree which harmfully effects on the environment arising during produc-
tion, use and operation of nanoproducts. To quantify the environmental per-
formance of products used, which is one of the fundamental properties that 
determine its level of quality. The main indicators of nano- related to environ-
mental indicators such as the content of harmful impurities in nano-products, 
emissions of harmful substances into the environment due nanofabrication 
assessment of noise, vibration, environmental contamination (scientific direc-
tion in which we investigate the influence of the development of the nano-
technology industry issues on the environment the medium can be called na-
noecology).

Besides the environmental performance of the development system of in-
dicators for the formation and development nanoeconomics should consider 
the feasibility of other groups of indicators, such as, for example, ergonomic, 
aesthetic, and other groups of indicators . Ergonomics reflects the conve-
nience and comfort of using nano-products. So, psychological indicators used 
in determining compliance capabilities of nanoproducts perception and in-
formation processing, as well as psychological quality person. Another kind 
of ergonomics is anthropometric indices used in determining that the design 
of the product size, shape and weight of the human body and its individual 
components are coming into the contact with nanoproducts. This category also 
includes hygienic, physiological and physiological indicators.

So, health’s indicators are used to establish compliance with hygienic ap-
plications of nanoproducts life and human performance in its reaction with 
the product. In other words, health’s indicators define the product conforms 
to sanitary norms. Physiological parameters used to determine compliance 
with the physiological characteristics of nanoproducts’ rights and the func-
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tioning of his senses (for example, the device’s power and speed nanoproducts 
human features or design meets nanoproducts visual and psycho-physiological 
features of human).

Aesthetic appeal of nano characterizes its aesthetic impact on a person. 
Indicators in this group are associated with a complex quality - aesthetics, 
acting on the human perception of nano in terms of its appearance. This qual-
ity is determined by such simple features as form, harmony, composition, 
style, etc. In accordance with aesthetic indicators compliance of nanoproducts 
characterizes the environment, style, information and decoration of nano, its 
harmony and expressiveness, originality of design and packaging, etc.

These groups represent the scorecard, in our opinion, the main aspects of 
the formation and evolution of nanoeconomics (in this regard, this system can 
be called a system of nanocoefficients). The system of nanocoefficients thus 
should include the following sections: a general section of nanocoefficients, 
dynamics section, section which describes the quality, standardization and 
unification of nano, section of efficiency and innovation activity of the nano-
technology industry, as well as sections which describe ecological, ergonomic 
and aesthetic properties of nano. However, the above does not mean that over 
time, the system of indicators, which characterizes the nanotechnology indus-
try will not undergo significant changes and it will not be added new sections 
of indicators. In the conclusion, it should also be added that the performance 
of all these groups should be considered at the different levels of the manage-
ment hierarchy: mega-, macro -, meso- , micro-and miniurovne. This scorecard 
can be an element of the emerging in national and regional innovation systems 
in Russia now. The proposed system of indicators can be used for analysis of 
the current state and the development of prospects of nanoeconomics, which 
should be determined not only in Russia but also in other countries, including 
Ukraine.
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Ïàâëîâ Ê. Â.
Êàìñêèé èíñòèòóò ãóìàíèòàðíых è èíæåíåðíых òåхíîëîãèé

ÑÒÀÒÈÑÒÈЧÅÑÊÎÅ ÈЗМÅÐÅÍÈÅ ÐÀЗÂÈÒÈЯ ÍÀÍÎЭÊÎÍÎМÈÊÈ

Â ñòàòüå îбîñíîâыâàåòñÿ öåëåñîîбðàзíîñòü фîðìèðîâàíèÿ ñèñòåìы ïîêà-
зàòåëåé, хàðàêòåðèзóющèх ðàзâèòèå íàíîэêîíîìèêè, à òàêæå ðàññìàòðè-
âàюòñÿ êîíêðåòíыå ïîêàзàòåëè, âхîäÿщèå â эòó ñèñòåìó è â ðàзëè÷íых 
àñïåêòàх îòîбðàæàющèх ïðîöåññ ñîзäàíèÿ ñîâðåìåííîé íàíîèíäóñòðèè.
Êëþ÷åâыå ñëîâà: ðàзâèòèå íàíîэêîíîìèêè, ñèñòåìà ïîêàзàòåëåé, íàíîèí-
äóñòðèÿ, íàíîóðîâåíü.

Ïàâëîâ Ê. Â.
Êàìñüêèé ³íñòèòóò ãóìàí³òàðíèх òà ³íæåíåðíèх òåхíîëîã³é

ÑÒÀÒÈÑÒÈЧÍ² ÂÈМ²ÐÈ ÐÎЗÂÈÒÊÓ ÍÀÍÎÅÊÎÍÎМ²ÊÈ

Ðåçþìå 
У ñòàòò³ îбґðóíòîâóєòüñÿ äîö³ëüí³ñòü фîðìóâàííÿ ñèñòåìè ïîêàзíèê³â, 
щî хàðàêòåðèзóюòü ðîзâèòîê íàíîåêîíîì³êè, à òàêîæ ðîзãëÿäàюòü-
ñÿ êîíêðåòí³ ïîêàзíèêè, щî âхîäÿòü â öю ñèñòåìó ³ â ð³зíèх àñïåêòàх 
â³äîбðàæàюòü ïðîöåñ ñòâîðåííÿ ñó÷àñíîї íàíî³íäóñòð³ї.
Êëþ÷îâ³ ñëîâà: ðîзâèòîê íàíîåêîíîì³êè, ñèñòåìà ïîêàзíèê³â, 
íàíî³íäóñòð³ÿ, íàíîð³âåíü.


