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TEXHOJIOTUYECKAS YCTOMUYUBOCTD
KAK OCHOBA YCTOMYUBOTI'O
[IPOMBIILJIEHHOI'O PA3SBUTUS
PETMIOHOB APKTUKU

B.C. Xapos

NHCTUTYT akoHOMMYecKknx npobnem um. I. 1. JlysnHa OepepanbHOro nccneoBaTesibCKoro LieHTpa
«Konbckuni HayuHbIn LeHTp PAH», Anatutbl, Poccna

AHHOmMauus: paccMOTPeHbl pPa3/IMyuHble BU/IbI YCTOMYMBOCTY M COOTBETCTBYIONIME UM OMperese-
Hus. Lesblo CTaTbM SIBJISIETCSI pacCMOTpeHNe HOBBIX MOHSITUI «TeXHOJIOTMYecKasl YCTOIMBOCTb»
U «YCTOIYMBOE TEXHOJIOTMYECKOE PasBUTHE», BO3MOXKHOCTU JOCTVKEHMSI IPOM3BOJICTBEHHBIMU
CUCTEMaMM TaKOTO COCTOSTHMSI Pas3BUTHMSI M OIl€HKa BJIMSIHMSI TEXHOJIOTMYECKOM YCTOUMBOCTY
MIPOM3BO/ICTBA B YC/IOBUSIX Tlepexofja MUpPOBOJ SKOHOMMKM Ha KOHIIEMIMIO pasButus «VIHoycTpus
4.0» Ha 9KOHOMIUECKYI0, 3KOJIOTMUECKYIO U COLIMAIbHYIO YCTOMUMBOCTD PasBUTHSI SKOHOMIUECKIX
CHUCTEM PA3HOTO YPOBHSI, B TOM YMCJIe apKTUIECKUX pernoHoB Poccum. ViccnenoBaHue 6asupyer-
Cs1 Ha BBEZICHHOM B Hay4HbIIi 060POT MOHSITUM JKM3HEHHOTO IMKJIA TEXHOIOTMYECKOTO Pa3BUTHS
TIPOV3BOACTBEHHBIX CUCTEM (IIPOM3BOACTBEHHBIX $MPM ¥ OTpacseil IPOM3BOACTBA), COCTOSIIIEM
3 IIIeCTY CTaJVIA, T/l KaXKasi CTa/iMsl II0Ka3blBaeT 3MeHeHe 3HaUeHi1 BO BpeMeHH (yBe/4eHye
/G0 yMeHbllleHVe) MoKa3aTeslell MaTepuaaooTaaun, GOHIOOTAAUM U caMOe BaykKHOe — K03pdu-
I[VIeHTa YPOBHSI TEXHOJIOTMYHOCTM MPOM3BO/ICTBA KaK OTHOLIEHMSI MaTepuaIooTaaun K GpoHI00T-
nadve. YCTOIUMBOE TEXHOJIOTMYECKOE Pa3BUTHE ITPOM3BOIACTBEHHBIX CHCTEM 0GeCTIeUMBAETCS JINIIb
Ha OfIHOM CTafuil M3 IIeCTM BO3MOXKHBIX, KOIZIa OQHOBPEMEHHO YBeIMUMBAIOTCS 3HAUEHUs] Ma-
TepuasooTnauy, poHmooTaauM 1 Ko3adPuIMeHTa YPOBHS TEXHOJIOTMYHOCTY ITPOM3BOACTBA. B pe-
3y/JIbTaTe 3a CYET CYIIECTBEHHOTO MOBBIIIEHNUST YPOBHSI MaTepMasIOOTAAYM, & 3HAYMUT CHVKEHVS
YPOBHSI MaTep1asoeMKOCTH, IIpY BHEAPEeHMU!M TEeXHOJIOTMUYECKMX MHHOBALIMI CHMIKAaeTCsl pacxof,
ChIpbsI , MaTepMaIoB ¥ SHEPIUM Ha eIVHMUITY BbITyCKaeMoil TPOAYKIIMM U TeM CaMbIM CHIDKAETCSI
BO3[IeliCTBME MPOU3BO/ICTBA HA MPUPOIHYIO Cpely, B TOM UMC/Ie U 3a CUeT YMeHbIIeHNs o6beMa
OTXOJIOB IIPOM3BOJICTBA, TO €CTb 00ECIeUBAETCs IKOJIOTMYecKasi YCTONUMBOCTb. PaccMOTpeHHbIE
TEOPETMKO-METO0JIOTMIECKYIE TTOJIOKEHVSI GBIV MCIIOTb30BAHBI /IJIST OLIEHKY YCTOMYMBOCTY IIPO-
MBIIIUTEHHOI'O TEXHOJIOIMYECKOr0 PasBUTHS YETHIPEX PEIMOHOB — CyObekToB demepariyn, I0IHO-
CTBIO BXOASIIUX B ApKTUYeckylo 30Hy P®, 3a nepuop 2005—2016 rr.

Knioyesvle c06a: TeXHOJIOITYECKAS] YCTOWYMBOCTD, YCTOMUMBOE ITPOMBIIUIEHHOE PasBUTHE,
pervoHel ApKTUKM, KV3HEHHBII [VIK/T TEXHOJIOTMYECKOTO Pa3BUTHSL.
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Abstract: Various types of stability and their corresponding definitions are considered in
the literature. The purpose of the article is to consider the new concepts of “technological
sustainability” and “sustainable technological development”, the possibility of achieving
such a state of development by production systems and to assess the impact of technological
sustainability of production in the context of the transition of the world economy to the concept
of development “Industry 4.0” on the economic, environmental and social sustainability of the
development of economic systems of various levels, including the Arctic regions of Russia. The
research is based on the concept of the life cycle of technological development of production
systems (manufacturing firms and industries) introduced into scientific circulation, consisting
of six stages, where each stage shows a change in values over time (increase or decrease) in
material productivity, capital productivity and, most importantly, the coefficient of the level
of manufacturability of production as the ratio of material productivity to capital productivity.
The sustainable technological development of production systems is ensured only at one stage
out of six possible, when the values of material productivity, capital productivity and the
coefficient of the level of manufacturability of production simultaneously increase. As a result,
due to a significant increase in the level of material output, which means a decrease in the level
of material consumption, the introduction of technological innovations reduces the consumption
of raw materials, materials and energy per unit of output and thereby reduces the impact of
production on the natural environment, including by reducing the volume of production waste,
that is, environmental sustainability is ensured. The theoretical and methodological provisions
considered were used to assess the sustainability of the industrial technological development
of four regions — subjects of the Federation, which are completely included in the Arctic zone
of the Russian Federation, for the period 2005—2016.

Key words: technological sustainability, sustainable industrial development, Arctic regions, the
life cycle of technological development.
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1. Introduction

Modern scientific ideas about the
sustainability of economic systems since
1987, that is, after the report to the UN
General Assembly of the World Commission
on Environment and Development under
the leadership of Norwegian Prime
Minister G.H. Brundlandt [1], have
undergone significant changes and are now
shifting their view from environmental
protection to the triad of sustainability
assessment: environmental, economic and
social [2—4]. Currently, most scientists
recognize that innovation is needed for the
sustainable development of such systems,
the development of an intelligent person,
and the state [5,6,7].

Accordingly, when implementing the
“Industry 4.0” development concept in the

world economy, attention is being increased
to assessing the impact of technological
aspects of the IV Industrial Revolution
from various positions — environmental,
economic and social [8,9], that is, the task
is to assess the sustainability of economic
systems using technological innovations,
digitalization of the economy and the
introduction of artificial intelligence
elements into production management
systems [10—12].

At the same time, the results of
scientific research on the assessment of the
impact on the stability of the life cycle of
systems are actively published in modern
foreign literature [13], however, these
results are still diverse and fragmentary.
The most developed studies are on the
environmental assessment of the life
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cycle [14, 15] and, to a certain extent,
the assessment of the cost of life products
(goods) [16]. There are very few results
of research on the life cycle of processes,
primarily technological ones [17,18]. In
this regard, the research of S-curves has
been significantly developed [19,20], in
the study of which, in relation to changes in
production technologies at the level of an
individual firm, Prof. K. Christensen made
a significant contribution [21]. However,
research in this direction is primarily
related to changes in the effectiveness
(productivity) of technologies over time
and does not determine the relationship of
changes in production costs with changes
in the stages of production technology.

In the last decade, foreign literature
has also been actively discussing, but
mainly at the theoretical level, issues
related to the development of various
business models, including those related
to the use of technological innovations
[22], however, the assessment of the
sustainability of enterprises is not
considered. Also recently, the mutual
influence of technological, managerial and
marketing innovations has been discussed
[23] from the point of view of assessing
the possible increase in the efficiency of
firms in various sectors of the economy.
However, as a rule, conclusions are based
on the results of processing a variety of
data using correlation analysis methods
and are not related to the stability of firms.
At the same time, specific indicators of
innovation performance have not yet been
determined, the values of which clearly
show a connection with the sustainability
of firms [24 ].

The purpose of the article is to consider
the new concepts of “technological
sustainability” and “sustainable techno-
logical development”, the possibility of
achieving such a state of development
by production systems (enterprises and
industries) and to assess the impact of
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technological sustainability of production
in the context of the transition of the world
economy to the concept of development
“Industry 4.0” on the economic,
environmental and social sustainability of
the development of economic systems of
different levels.

2. Materials and methods

When considering the economic
development of the country and regions,
the determining factor is the achievement
of a state of economic stability, but at
the same time, in order to ensure the
maximum possible rates of economic
growth, it is necessary to achieve
maximum efficiency in the use of basic
production resources — material, labor
and physical capital (fixed assets). In
economic theory, at the macroeconomic
level, this is well demonstrated by the
curve of production capabilities, which
is the boundary of achieving such a state.
However, it is possible only with the use of
the most efficient production technologies.
Accordingly, the question arises — how
is the use of production technologies
directly related to the efficiency of the use
of production resources at the micro level,
that is, at the enterprises level?

From the point of view of the theory
of the development of complex systems
and the consideration of their life cycle,
stability is ensured only at certain stages
of the life cycle curve and, above all, at
the stage of quantitative accumulation
of elements in the system, that is, at the
stage of growth, until the moment when
negative external and internal conditions
of the development of the system lead it to
a state of instability and then to the point
of bifurcation characterizing revolutionary
changes in the system.

Any technology used in the production
of goods can also be considered as a
system from the point of view of its
development, that is, its introduction into



production, improvement, obsolescence
and subsequent replacement with a new
technology. However, it is not clear
how these stages are directly related to
the efficiency of the use of production
resources and how to determine this
efficiency when using production
resources together?

We have developed the foundations
of a new type of economic analysis of
the activity of production systems — the
analysis of their technological renewal,
where it is shown that there is a proportional
analytical dependence between the
capital intensity of production and its
material intensity [25]. Such dependence
as a measure of proportionality is
quantitatively expressed by the coefficient
of the production manufacturability level
(Cpml), since the increase in its value
is directly determined by the degree of
renewal of the main production assets
of the enterprise, and above all their
active part, that is, machinery, equipment
and vehicles. Quantitatively Cpml is
calculated by the ratio of the value of the
capital intensiveness of production to the
material intensity of products or by the
ratio of the value of material efficiency
to the efficiency of capital. As a result of
a joint study of changes in the values of
material intensity and capital productivity
(as the inverse of the value of capital
intensity) and the corresponding change
in the values of Cpml the example of the
activities of many industrial enterprises
over a long fifteen-year period of time,
we have developed a matrix of possible
directions of their development, and
based on it — a graphical model of the
life cycle of technological development
of production systems (enterprises and
industries) in the form of a curve, which
in appearance corresponds to the schedule
of development of any system [26].
The resulting curve shows the change
in the level of material output values

as the inverse of the material intensity,
depending on the degree of renewal
of fixed assets and the corresponding
changes in the values of the level of capital
output and the coefficient of the level of
manufacturability of production. Thus,
this curve directly shows the influence
of the level of novelty of the technology
used simultaneously on the economic
efficiency of using all three main types
of production resources, since it is known
that the increase in the level of capital
return is an intensive factor in increasing
the level of labor productivity.

3. Results and discussion

The curve of the life cycle of
technological development of production
shows that, firstly, the technology used
makes it possible to increase the value
of material output, that is, to reduce the
material intensity of production, only to a
certain level, even with its improvement,
and this level can be calculated for each
specific enterprise based on the analysis
of its reporting data. Secondly, one full
cycle of technology development includes
six stages, in which at three stages
the values of material return, capital
return and the coefficient of the level of
manufacturability of production increase,
and at the other three decrease, and only at
one stage the values of all three indicators
increase simultaneously. Thus, only at this
single stage of technology development,
the maximum possible efficiency of
the use of material, labor resources and
physical capital is achieved, and therefore
the maximum possible increase in profit
from each unit of manufactured and sold
products. Accordingly, the technological
development of production systems at this
stage, which corresponds to the concept
of “technological stability”, ensures their
economic stability, but not only it.

The fact is that, firstly, with the
improvement of technology, a decrease
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in the material intensity of production
due to an increase in material output
leads to a decrease in the volume of
production waste, and the introduction of
a new technology will allow the use of
previously accumulated production waste,
that is, the environmental sustainability of
production is ensured. Secondly, due to
the maximization of the level of capital
return due to the intensive renewal of
fixed assets, the level of labor productivity
will significantly increase, and hence the
level of average wages at enterprises
and in production sectors. If at the same
time, at enterprises due to the active use
of technological innovations, the growth
rate of the average salary will exceed the
average industry rate or the average for
the country as a whole, then it becomes
possible to use part of the salary fund
to form a guaranteed income fund to
pay the personnel of enterprises released
as a result of productivity growth or
for other social activities. Accordingly,
social sustainability will be ensured at the
enterprises.

Thus, when production systems
achieve technological sustainability,
economic, environmental and social
sustainability will be ensured at the
same time, which will correspond to the
concept of “sustainable technological
development”. It is very important to keep
in mind that with this type of development
of production systems, the main economic
interests of enterprises, regions-subjects of
the Federation and the state are combined,
since a decrease in the level of material
intensity of production simultaneously
leads to an increase in the profit of
enterprises per unit of sales volume, as
well as to an increase in the share of
value added in this volume, which means
that the growth of the gross regional
product (GRP) of the regions-subjects
of the Federation and the growth of the
gross domestic product (GDP) of the
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country is ensured. At the same time, the
regions and the country receive additional
amounts of tax deductions, therefore
they should be interested in accelerating
the technological renewal of production
systems, therefore they should create the
necessary preferences for enterprises and
manufacturing industries, primarily in
the formation of an effective system for
stimulating innovation.

The above theoretical provisions were
used to assess the sustainability of the
technological industrial development of
the four Arctic regions — the subjects
of the Federation, which are completely
included in the Arctic zone of the Russian
Federation, for the period 2005 — 2006
(table 1).

The calculated data given in the table
show that in all regions the production
of electricity, gas and water has been
developing more technologically steadily,
but the maximum efficiency of using
resources (development stage 1—1):
material, labor and physical capital (fixed
assets) was achieved in each region only
in certain years.

Mining has been developing relatively
technologically steadily (with a lower
level of resource efficiency) in all regions.

Accordingly, of the three types of
industrial activity, the most problematic
situation with the sustainability of
technological development has developed
in the processing industry, especially in
the Nenets National District and in the
Murmansk Region, where in the analyzed
period of time the values of the coefficient
of the level of manufacturability of
production had a tendency to decrease.

Conclusions

For the sustainable development
of economic systems, innovations are
necessary, primarily technological
ones, but their specific impact on the
achievement of economic, environmental



Table 1

Parameters for assessing the sustainability of technological development of the Arctic regions
by types of industrial activity?

Regions Indica-| 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
tors
Nenets Autonomous Okrug
Mining MI 0,207 | 0,253 | 0,286 | 0,330 | 0,282 | 0,272 | 0,268 | 0,183
EC 0,986 | 0,590 | 0,595 | 0,509 | 0,493 | 0,455 | 0,418 | 0,346
Cpml | 4,90 6,69 5,87 5,95 7,19 8,07 8,91 | 15,79
No 4-2 3 4-2 2 2 2 2
Processing Ml 0,611 | 0,746 | 0,610 | 0,592 | 0,524 | 0,905 | 0,947 | 0,966
EC 2,654 | 4,212 | 3,050 | 3,455 | 1,889 | 10,670 | 19771 | 40,073
Cpml | 0,61 0,32 0,54 0,49 1,01 0,10 0,05 0,03
No 3 2 1-2 2 3 3 3
Electricity, Ml 0,195 | 0,224 H.n | 0,471 | 0,413 | 0,343 | 0,357 | 0,412
gas and.water EC 1,269 | 0,837 H.n | 0,750 | 0,825 | 0,888 | 0,801 | 0,911
production Cpml | 402 | 533 | Ha | 2,83 | 293 | 328 | 350 | 2,66
No 4-2 4—-1 | 1-1 | 1-1 | 4-2 3
Murmansk region
Mining Ml 0,469 | 0,431 | 0,407 | 0,421 | 0,405 | 0,524 | 0,460 | 0,438
EC 1,312 | 1,246 | 0,599 | 0,527 | 0,583 | 0,428 | 0,489 | 0,527
Cpml | 1,62 1,86 4,10 4,50 4,24 4,46 4.44 4,33
No 2 2 4—-2 1-2 4—-2 1-2 1-2
Processing MI 0,256 | 0,539 | 0,546 | 0,614 | 0,625 | 0,650 | 0,683 | 0,720
EC 1,895 | 2,971 | 2,590 | 2,707 | 2,273 | 2,667 | 3,027 | 2,833
Cpml | 2,06 0,62 0,71 0,60 0,70 0,58 0,48 0,49
No 3 4-2 3 4-2 3 3 4-2
Electricity, Ml 0,629 | 0,656 | 0,680 | 0,678 | 0,673 | 0,655 | 0,607 | 0,588
gas and.water EC 0,584 | 0,617 | 0,482 | 0,491 | 0,456 | 0,327 | 0,377 | 0,426
production Cpml | 2,72 | 2,47 | 305 | 301 | 326 | 385 | 437 | 3,99
No 3 4—-2 1-2 2 2 1-1 1-2
Yamalo-Nenets Autonomous Okrug
Mining Ml 0,257 | 0,329 | 0,308 | 0,305 | 0,318 | 0,295 | 0,264 | 0,284
EC 0,421 | 0,255 | 36,683 | 0,301 | 0,325 | 0,318 | 0,330 | 0,249
Cpml | 9,26 | 11,92 | 0,09 | 10,89 | 9,69 | 10,69 | 11,48 | 14,14
No 4-2 | 1-2 2 3 2 1-1 | 4-2
Processing MI 0,674 | 0,857 | 0,891 | 0,876 | 0,848 | 0,856 | 0,877 | 0,890
EC 3,882 | 2,515 | 1,388 | 2,584 | 3,189 | 0,905 | 6,248 | 0,371
Cpml | 0,38 0,46 0,81 0,44 0,38 1,29 0,18 3,03
No 4—-2 4—-2 1-2 1-2 4—-2 3 4—-2
Electricity, Ml 0,504 | 0,428 | 0,347 | 0,419 | 0,350 | 0,320 | 0,366 | 0,363
gas and.Water EC 0,397 | 0,292 | 0,282 | 0,296 | 0,351 | 0,247 | 0,222 | 0,119
production Coml | 499 | 7,99 | 9,34 | 805 | 814 | 12,68 | 12,34 | 2315
No 2 2 3 1-1 2 4-1 2
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End of Table 1

Regions Indica-| 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
tors
Chukotka Autonomous Okrug

Mining Ml | 0,650 | 0,581 | 0,517 | 0,494 | 0,576 | 0,620 | 0,612 | 0,603
EC | 2,127 | 2,217 | 2,207 | 1,680 | 1,096 | 1,675 | 2,023 | 1,620
Cpml | 072 | 0,78 | 0,88 | 1,20 | 1,58 | 09 | 0,81 | 1,02

No 1-1 2 4-2 3 1-2 3
Processing Ml | 0,824 | 0,414 | 0,639 | 0,849 | 0,867 | 0,826 | 0,649 | 0,562
EC |40,143| 0,541 | 0,670 | 0,541 | 0,585 | 0,959 | 0,799 | 0,606
Cpml | 0,03 | 446 | 2,33 | 2,18 | 1,97 | 1,26 | 1,93 | 2,94

No 2 4-1 3 1-2 2 2
Electricity, Ml | 0,355 | 0,209 | 0,150 | 0,296 | 0,385 | 0,262 | 0,299 | 0,252
gas and water EC | 0,495 | 0,527 | 0,384 | 0,526 | 0,497 | 0,402 | 0,411 | 0,401
production Cpml | 568 | 9,06 | 17,33 | 6,42 | 522 | 9,49 | 8,14 | 9,90

No 1-1 3 4-2 2 3 2

2 Calculated on the basis of data from the annual statistical collections “Regions of Russia.
Socio-economic indicators”. Ml — the material intensity of products, EC — the efficiency of
capital, Cpml — the coefficient of the production manufacturability level, No — the number of the

stage of development.

and social sustainability by production
systems at the same time is not considered
in the scientific literature.

To do this, it is proposed to use the
concept of the life cycle of technological
development of manufacturing enterprises
and industries and a curve graphically
reflecting such a cycle, including six
stages. At the same time, the concept of
“technological stability” corresponds to
the development of the production system
only at one stage, when the values of the
efficiency of the use of three main types
of production resources — material,
labor and physical capital simultaneously
increase (fixed assets). As a result, the
simultaneous achievement of economic,
environmental and social sustainability
by the production system is ensured,
which is proposed to be designated by
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