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It addresses the most plausible controversies, all sharing a common
denominator in the form of the porous boundary between civilian and
military research, the dual-use nature of nanotechnologies, and the
complex regulation of innovations that can be readily redirected toward
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Nanotechnologies in the Early Twenty-First Century:
“Nanomania” or Technological Reality?

Success in conducting military operations has always depended on answering
the question of precisely which modes of operational employment of emerging tech-
nological advances can ensure battlefield superiority and victory, within the specif-
ic context of military strategy, logistics, and command and control (Hauard, 1999;
Creveld, 2000). Alongside military practice, reflection on warfare has long fuelled the
imagination of technical inventions capable of compensating for the limitations of the
human body and endowing it with “superhuman” abilities. The richness of literary and
cinematic production bears witness to the enduring vitality of imagining the future of
warfare. For example, the highly successful Terminator film franchise portrays fictional
nanotechnological achievements such as the liquid metal known as polyalloy, which
enables a cyborg warrior to recover instantaneously from virtually any injury, alter its
physical form to replicate an adversary’s appearance, or disperse into molecules and
subsequently reassemble itself within seconds in order to evade damage from enemy
attacks. Nanotechnology also serves as the foundation of the superhuman abilities
possessed by the protagonists of the Marvel film series, while numerous video games
feature it as a regenerative capability for injured combatants or in the form of nano-
suits that provide enhanced strength, invisibility, and armour protection (e.g., Deus
Ex and the Mortal Kombat and Crysis franchises, to mention only the most prominent
examples).

Major technological breakthroughs never occur suddenly, nor are they the result
of a single discovery or invention; rather, they are typically the product of cumulative
advances across several scientific disciplines. This is particularly true of nanotech-
nology, a term that would more accurately be used in the plural because it integrates
knowledge gradually accumulated in several fields of science, including chemistry,
physics, and materials science. It encompasses scientific and engineering achieve-
ments related to the measurement, manipulation, and organization of matter at the
atomic level, specifically on the nanometre scale (1-100 nm), that is, the manipulation
of atoms, molecules, or clusters of molecules (macromolecules) in order to create
new, desired structures (Andersson, 2008: 94)? Nanoscience and nanotechnologies
thus embody an atomically precise way of perceiving material reality and engineering
and controlling it so as to assign it a practical function (Ramsden, 2016: 1-2).

The enthusiasm for using the prefix nano- in the titles of research initiatives—
which lasted from the late 1970s and early 1980s until roughly a decade ago—has
since been exposed as a marketing strategy aimed at attracting investment to scien-
tific and technological projects and start-ups through exaggerated promises by nano-
scientists regarding the actual applicability of their research findings and inventions
(Moriarty, 2022: xix—xxi). Once the exaggerations characteristic of advertising and
media discourse are set aside, however, nanotechnologies can by no means be dis-
missed as a hoax. Why are they likely to shape the decades ahead? Because it has

2 A nanometer (nm) is one-billionth of a meter or one-millionth of a millimeter.
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been discovered that, at the nanoscale, substances exhibit unique physical, chemical,
or biological properties that differ from those of the same substances at the macros-
cale, while at the same time significantly improving existing production processes by
enhancing material quality and reducing production costs (Ramsden, 2016: 13-14;
Rogers et al., 2015: 15-16, 24-26; Altmann, 2006: 1, 3—4). The “nano factor” refers to
the fact that the complex interaction between the composition and physical structure
of a material may cause one of its individual properties to deviate from the expected
behaviour (Hull, 2017: 17-18).

According to predictions made a decade and a half ago by futurist James Canton,
who has also been influential in political circles through his long-standing role as an
adviser to the White House, nanotechnology-based products constitute one of the four
principal drivers of the global innovation economy (Kanton, 2009: 104—105), with the
potential to trigger a new industrial revolution carrying far-reaching implications for the
design and manufacture of products. It is therefore unsurprising that nearly four thou-
sand scientific laboratories and research and development centres, in both the public
and private sectors worldwide, are currently engaged in nanotechnology research
(Nanowerk, 2026). Despite considerable expectations—accompanied, admittedly, by
a degree of apprehension—the commercialization of nanotechnological advances re-
mains limited, largely to the fields of computers and mobile phones, cosmetics, and
paints and coatings. Most research efforts are still at the stage of theoretical modelling
and laboratory testing, while the slow pace of commercialization reflects the fact that
industry adopts only those innovations that promise substantial financial returns.

Potential Directions for the Application of
Nanotechnologies

Potential directions for the application of nanotechnologies were the subject of
extensive scientific and professional debate as early as two decades ago (Simonis
& Schilthuizen, 2006: 23-24; Altmann, 2006: 71-117), when they were also largely
outlined with the aim of improving public health protection, optimizing the psychologi-
cal and physical performance of individuals, producing durable, functional, and active
materials, designing miniature devices and miniature power sources, and developing
quantum computers.

In terms of developing military capabilities, the envisaged applications of na-
notechnologies have been directed towards the creation of a self-sustaining sol-
dier-cyborg (equipped with a “smart” uniform and microsensors for monitoring bodily
functions), the protection of personnel during combat operations against kinetic, bio-
logical, and chemical enemy attacks, increased durability of materials and devices,
greater precision and lethality of weapons incorporated into smaller-sized projectiles,
the revolutionization of microelectronics and computer technology, the construction
of microdevices (nanodrones and nanorobots), and the creation of a hybrid form of
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chemical-biological weaponry (Ostoji¢, 2018). Nevertheless, at present, the greatest
progress in nanotechnologies in terms of controlling structures at the atomic and mo-
lecular levels has been achieved in the field of materials. The enhancement of mate-
rials crucial for weapons, military equipment, and vehicles represents an area of na-
notechnology application in the development of defence capabilities where practical
results are expected in the short and medium term (Hilton, 2023).

The development of military applications of nanotechnologies has also focused on
exploring methods for achieving radar and sonar invisibility of military aircraft, vessels,
and submarines, as well as visual camouflage and the suppression of thermal and
radar signatures through the use of new types of camouflage coatings (Hilton, 2022).2

Critical-Theoretical Reflections on the Design and
Political Constitution of Weapons

Contemporary war theorists agree that exponential technological development is
leading warfare towards a turning point, but that it also carries a disruptive impulse in
the form of projected far-reaching implications for future warfare (Jordan et al., 2016:
442-443). Since foreign policy decision-makers are often susceptible to the seductive
promises of introducing advanced technologies for military purposes, without a rational
assessment of the political and organizational context of their application (Jordan et al.,
2016: 446-447), the following analysis seeks to highlight potential controversies that
the military application of nanotechnological achievements may generate in the future.

We argue that, when considering the interaction between advanced technologies
and the improvement of existing as well as the design of new weapons systems, it is
necessary to move beyond the framework of the traditional treatment of weapons as
mere instruments for achieving foreign policy objectives—a perspective that disre-
gards their materiality, the processes of their technical design and construction, and
their affective properties. Therefore, we theoretically position our analysis within the
field of critical security/war studies, relying primarily on Ulrich Beck’s understanding
of the risk society, Benjamin Meiches’s conception of the power of weapons to shape
the desire for violence, and Gilles Deleuze’s and Félix Guattari’s thesis of desire as a
primary, affirmative, and vital force that continuously creates, connects, and produces
social reality.

The common denominator of these theoretical perspectives lies in an approach
that transcends the one-dimensional insistence on a state-centred epistemological
paradigm by incorporating considerations of human well-being and the environment,
as well as broader social and moral consequences of employing advanced weapons
systems.

German sociologist Ulrich Beck developed the concept of the risk society to de-
scribe a condition in which contemporary individuals experience a sense of moving

3 I base my analysis of the controversial aspects of the military application of nanotechnology
on the comprehensive overview of achievements and plans in this field to date, which | presented in
my previous article published in this journal (Kora¢, 2024).
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every day through a forest inhabited by various lurking risks. This condition stems
from the fact that the current level of scientific, technological, and industrial devel-
opment prevents the calculation of the social consequences generated by that very
development (Beck, 1992; Beck, 2000). Alongside the production of wealth comes
the production of risks, understood as systematic ways of dealing with dangers and
uncertainties.

According to Beck, contemporary society is dominated by risks arising from human
decisions and characterized by structural threats to the survival of civilization, as they
are global in terms of their potential harmful effects, frequently beyond the scope of
human perception and everyday experience, and require specialized knowledge. This
means that they are difficult to measure reliably and precisely, which consequently
stimulates intense political debates over optimal institutional solutions (Beck, 1992:
19-50, 155-156). Unlike their ancestors, modern individuals are highly aware of the
existence of risks and therefore clearly demand that authorities respond effectively to
threats. This leads Beck to conclude that cultural perception and definition are what
actually constitute risk; that is, “risk” and the “public definition of risk” are one and the
same thing (Beck, 2000: 213).

In this respect, Beck’s argument is particularly important: uncertainties and poten-
tial insecurities associated with new technological achievements should not be treated
merely as issues belonging to the domain of engineering and scientific expertise, but
rather as public questions concerning legal and moral responsibility, as well as public
participation in debates and decision-making regarding who benefits, who bears the
risks, and how uncertainty should be governed.

Deleuze and Guattari advocated a philosophical-psychological concept of desire
as a set of creative and motivational forces that construct a social field composed of
people and objects, within which individuals’ responses to various combinations of
possibilities offered by their relationship with those objects are subsequently shaped
and directed (Deleuze & Guattari, 2004 [1972], 1-8). Desire, as a psychological condi-
tion responsible for connecting people and objects, actively constitutes reality (agen-
cy), while through reciprocal feedback it also transforms human beings as subjects—
creating an altered social field.

For example, when an individual adopts the use of a new technology, both the in-
dividual and the technological device are gradually transformed as parts of the same
mutually constituted relationship and flows in which they continuously participate. The
device is not merely an object of passive use; rather, it reciprocally shapes the user
by encouraging reflection on new ways of employing it and by linking them with estab-
lished interests and objectives.

Viewed within the social field of warfare, the two theorists argue that a feedback
relationship gradually emerges between humans and weapons through desire as an
active force, within which people begin, through affective states, to imagine and po-
litically consider unintended (originally unplanned) ways of using a particular weapon
(Deleuze & Guattari, 1987: 395-403). The affective power of weapons, based on their
designed capacity to destroy people and objects, is evident even in the very act of
possessing them, which triggers emotional reactions such as fear. This demonstrates
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that threat is a by-product of the latent potential of destructive power (Deleuze & Guat-
tari, 1987: 399-400).

Potential new (unintended and unrealized) modes of weapon use generate contin-
gent reactions among users, thereby indirectly expanding and transforming imagina-
tion in the planning and projection of military force.

Following Deleuze’s and Guattari’'s reflections, Benjamin Meiches develops the
argument that the material dimension, design, and structural characteristics of weap-
ons should always be understood as a feedback mechanism embedded within the
broader interaction between humans and objects. Meiches argues that this interaction
represents a series of affective encounters that produce desire, and that the inherent
power of weapons shapes the desire for violence; in other words, the diversity of
relationships between humans and weapons generates an emotionally grounded af-
fective power capable of making acts of violence not only legitimate but also desirable
(Meiches, 2017: 7-10).

This is what Meiches refers to as the phenomenon of the “weaponization of poli-
tics”, describing a social condition in which weapons not only coexist with humans but
also become objects of concern and essential features of political life (Meiches, 2017:
2). Weapons understood in this manner encourage securitization as a process of
discursively constructing threats through the development of new weapons systems
with enhanced destructive capabilities. These capabilities subsequently stimulate the
emergence of new fantasies and forms of desire, which together create space for
violent social conditions (Meiches, 2017: 15-16).

The Utlli:)y of Nanatechnological Achievements for
Military Purposes: Identifying Potential Controversies

Half a century after the Japanese scientist Norio Taniguchi first coined the term
“nanotechnology,” sensationalist media reports continue to reflect both the possibili-
ties and uncertainties surrounding this promising avenue of scientific and technolog-
ical development in the twenty-first century. The utility of nanotechnological achieve-
ments should be examined within the context of the question of how to simultaneously
achieve two fundamentally important objectives: preserving scientific freedom for in-
novations and research beneficial for civilian purposes, while ensuring reliable control
over the conditions of their potential military repurposing. As with any dual-use tech-
nology, legitimate applications of nanotechnological achievements can easily be redi-
rected towards harmful purposes, or undesirable outcomes may emerge as a result of
irresponsible or morally misguided choices of action.

The perspective of “nanomania” should in fact come as no surprise, as it repre-
sents a logical outgrowth of the positivist paradigm upon which the entire intellectual
framework of modernity and the accompanying model of socio-economic organization
of nation-states have been constructed under conditions of successive industrial rev-
olutions. This perspective is based on the belief that objective scientific results make
it possible to predict the direction of human action and that, on the basis of such pre-
dictions, bureaucratic and disciplinary procedures can be applied in order to control
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its unforeseen and therefore undesirable consequences (Rosenberg, 2005: 95-97).
Horkheimer and Adorno (Max Horkheimer, Theodor Adorno) referred to such practice
as the triumph of instrumental rationality, criticizing the elevation of the principle of
utility to the level of the primary criterion of reasoning oriented exclusively towards
self-preservation rather than towards the pursuit of truth and ultimate purpose (Hork-
heimer & Adorno, 1974).

Proponents of critical reflections on the ontology of violence argue that an object
is transformed into a weapon through the combination of its physical properties with
the social context, and that only in their interaction do they create the potential for
domination through threat and/or the production of death and bodily destruction di-
rected at other human beings (Bousquet et al., 2017). In this sense, Horkheimer’s and
Adorno’s warning regarding the destructive dominance of instrumental rationality also
encompasses the assessment of an object’s utility based on the purposeful material-
ization of human will through rational decision-making processes aimed at exploiting
the possibilities of its design for violent actions.

Since they have developed under the influence of a realist worldview of inter-
national relations, military techno-fetishism and the commercial utilitarianism of the
military-industrial sector in post-industrial societies have historically tended to prevail
easily, in the justification of foreign policy decisions, over ethically grounded norma-
tive requirements concerning the proportional use of armed force and the distinction
between legitimate military targets and civilians or non-military objects. Consequently,
anticipated improvements in defence capabilities and enhanced protection of person-
nel are themselves questionable, as they do not necessarily exclude the emergence of
uncertainties related to the proliferation of nanoweapons, the initiation of a new arms
race (Nichols, 2017), and their immediate and long-term effects on human health.

The very dual-use nature of nanotechnology complicates its international and
national regulatory frameworks and effective oversight, since the boundary between
civilian and military applications is often highly porous or difficult to identify. For ex-
ample, scientific and technological achievements and technical solutions developed
at the nanoscale in medicine, electronics, or materials science can subsequently be
easily adapted to military requirements. Although nanotechnology applications orig-
inate in civilian research institutions and the corporate sector, converging technolo-
gies—including nanotechnology, biotechnology, information technology, and cognitive
science—have transformative implications for both civilian and military sectors. This
overlap makes the monitoring and control of military applications considerably more
difficult (Roco & Bainbridge, 2002).

Seumas Miller and Michael J. Selgelid draw attention to the existence of the
so-called dual-use dilemma, which arises from the fact that the results of the same
scientific research may sometimes have the potential to be used simultaneously for
both harmful and beneficial purposes. This creates tensions between the need for
continuous innovation and efforts to prevent misuse (Miller & Selgelid, 2007). This
is fundamentally an ethical dilemma because the development of nanotechnologies
represents a step towards enhancing national defence capabilities as a public good;
however, when considered in the context of their potential to cause harm to the health
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and lives of innocent people, these technologies simultaneously become a source of
insecurity and structural violence.

The field of ethical risks emerges along the axis of the dual-use dilemma, particu-
larly when certain types of research must be declared impermissible or when restric-
tions on the dissemination of scientific findings become necessary due to significant
and far-reaching risks to health and security (Miller & Selgelid, 2007: 542-548). This
ethical dilemma is indirectly linked to the individual responsibility of researchers be-
cause of potential actions by malicious researchers or third parties who could use
published scientific results as a step towards their own findings, subsequently apply-
ing them for immoral purposes. The dilemma also enters the domain of political and
administrative responsibility, since it is necessary to find a delicate balance between
the principle of transparency in scientific research and the objectives and require-
ments of national security. Such a balance must ensure that excessive restrictions do
not hinder innovation, while insufficient oversight does not enable the dissemination
of specialized knowledge necessary for designing nanoweapon systems (Miller & Sel-
gelid, 2007: 549-554).

Beyond corporate utilitarian calculations, which are often contrary to public inter-
ests, the inherent lack of transparency in the development of military capabilities eas-
ily encourages suspicion, accompanied by anxiety, regarding the social acceptability
of risks attributed to the utility of future weapons systems. This concern is also present
within scientific and professional communities due to the potential for permanent dam-
age to human health and the environment caused by contamination with nanoparti-
cles released during combat operations.

Nanoparticles can penetrate the human body through natural biological barriers
and interact with cells in entirely new and unpredictable ways. The problem lies in
the fact that toxicological knowledge regarding artificially created nanoparticles re-
mains limited, which significantly complicates the assessment of the actual scale of
various security risks (Service, 2004). Current knowledge accumulated in the field of
neurotoxicology indicates the limited effectiveness of natural protective mechanisms
against the penetration of nanomaterials into the human brain, enabling the intentional
vector-based transfer of these substances from the external environment into cerebral
space (Bencsik et al., 2018).

Since neurons readily assimilate nanoparticles, nanomaterials already possess
the capacity to induce inflammation within the nervous system, oxidative stress, neu-
ronal cell death, disruption of the production of various neuroactive chemicals, and al-
terations in the network properties of the brain (DeFranco et al., 2019: 52-53). Military
personnel involved in the production, handling, or deployment of nanomaterials may
therefore face exposure risks that are still not fully understood.

The greatest security risk in the context of the (mis)use of nanoparticles and nano-
devices for destructive purposes stems from the complexity of detecting and locating
them once they begin operating in the natural environment and within human organ-
isms. Nanoparticles possess high aggregation capacity and environmental reactivity,
meaning that they can easily accumulate in ecosystems and consequently cause un-
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predictable ecological damage and adverse health effects once they enter the human
body through the skin, nose, respiratory system, or digestion (Hamdan, 2023).

The danger is evident because these are invisible particles whose chemical com-
position, in most cases, does not differ from that of components naturally present
in the surrounding environment (Hull, 2017: 19). Consequently, forensic detection of
nanoparticles and successful decontamination remain questionable, which is particu-
larly troubling when combined with uncertainties regarding whether—in the worst-
case scenario where a nanotechnological product escapes human control—its effects
could be halted simply by “switching it off” (Hull, 2017: 20).

The potential application of nanotechnology in the combat employment of chemi-
cal and biological weapons would be especially controversial, since delivery systems
for nano-enabled biological and chemical agents could increase the effectiveness of
such harmful substances while simultaneously making their detection in the environ-
ment more difficult. This also creates the danger of blurring the boundary between
legitimate scientific research and the development of prohibited weapons (Tucker,
2012). For example, advances in synthetic genomics may facilitate the production of
customized DNA molecules as key components of urgently needed medicines, but
they may also enable the creation of lethal viral agents for biological warfare (Lentzos
& Silver, 2012; Epstein, 2012).

The possibility of employing artificial-intelligence-guided nanobots, devices in-
visible to the human eye, for intelligence gathering, covert combat operations, and
undetected penetration into the human body represents a significant source of risk
associated with future nanoweapon systems (Altmann, 2006: 4-6). Nanotechnology
enables the construction of extremely small sensors and monitoring devices capable
of collecting extensive and diverse battlefield intelligence more effectively and almost
imperceptibly.

The use of microsensors would open possibilities for surveillance and monitoring
of both military personnel and civilian populations in conflict zones, thereby under-
mining the right to privacy and increasing the likelihood of abuse. Practices based on
integrating nanotechnology into surveillance devices would fundamentally transform
existing understandings and normative regulation of the right to privacy, as they would
enable continuous, decentralized, and invisible data collection (Van Den Hoven & Ver-
maas, 2007). The problem is that nanotechnologies deprive individuals of the ability
to perceive and understand that they are being monitored or surveilled, thereby un-
dermining generally accepted principles of consent and bodily autonomy (Ganascia,
2011: 687-688).

A serious intrusion into bodily autonomy could occur on another level as well—
the creation of a self-sustaining soldier-cyborg. The development of various implants
designed to enhance physical and cognitive performance, “smart” uniforms, and mi-
crosensors for monitoring health conditions (bodily functions) and the external envi-
ronment in which soldiers operate ultimately aims to increase combat effectiveness
and the probability of survival. However, the traditional nature of social relations estab-
lished within military hierarchies and the ethos of the military profession could create
an organizational culture and environment in which soldiers would accept invasive
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medical and engineering procedures for transition into cyborgs under a form of institu-
tional pressure rather than voluntarily, without autonomous decision-making based on
detailed information regarding all long-term health implications (Mehlman et al., 2013;
Van Den Hoven & Vermaas, 2007: 288-289).

Some authors, such as Keiper and Del Monte (Keiper, 2007; Del Monte, 2017:
178), place the level of risk posed by the apocalyptic consequences of nanoweapons
on a par with dark scenarios associated with nuclear or biological weapons, because
they perceive a threat to the survival of the human species. Technopessimistic re-
flections on nanotechnology are not new. Already in his 1986 popular science book
Engines of Creation: The Coming Era of Nanotechnology, Eric Drexler predicted that
manipulating matter at the atomic-molecular level could either transform the world
around us or destroy it (Drexler, 1986: 14, 172-174).

Since Drexler’s bleak predictions are today considered outdated, it is useful to ex-
amine Del Monte’s two major arguments (Del Monte, 2017: 178) for drawing an anal-
ogy with nuclear apocalypse. First, effective control over sophisticated nanoweapons
may exceed human intellectual capacities, including the ability to predict ultimate out-
comes and consequently make decisions regarding the possible use of such weap-
ons. Second, Del Monte expresses a robo-apocalyptic concern that allowing future
superintelligent computers to design nanoweapon systems, with the aim of simplifying
industrial processes and reducing production costs, could remove the human factor
from the chain of command (Del Monte, 2017: 178).

Furthermore, concerns regarding the future use of nanotechnology in fully auton-
omous weapons systems equipped with artificial general intelligence (AGI) stem from
anticipating intelligent killing machines that would allegedly be unable to effectively
perform combat tasks while simultaneously distinguishing between combatants and
civilians and respecting the principle of proportionality in the use of force (Sparrow,
2007). The deployment of enormous numbers of miniature weapons systems on the
battlefield would represent a genuine nightmare for command structures. The gap
between human mental and intellectual capacities to process massive amounts of
data within a short timeframe and rapidly make correct decisions in a complex and
dynamic combat environment could fundamentally limit commanders’ ability to exploit
the projected performance of military devices incorporating nanotechnologies.

What Do Potential Controversies Entail: Problems of
the Political Constitution of Nanoweapons from the
Perspective of Critical Theory

In analysing plausible controversies surrounding the social constitution of nano-
weapon systems, Beck’s theoretical perspective of the risk society is useful because
it brings to the forefront the question of whether the military application of nanotech-
nologies can simultaneously be made safe (for users, civilians, and the environment)
and effective (for military and political leadership). It appears that the thesis of risk pro-
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duction as a substantial feature of the contemporary age validates concerns regarding
the realistic possibility of creating new forms of military power with long-term conse-
quences that are currently difficult to predict, describe in detail, and fully comprehend.

Eric Drexler and Dennis Pamlin warn that the application of nanotechnologies for
strengthening military capabilities could become an unpredictable disruptive factor in
the event of the development of advanced conventional weapons systems that can be
easily mass-produced and deployed operationally on the battlefield, as well as through
the introduction of various types of portable microdevices (sensors, computers, elec-
tromechanical systems) based on surveillance and the more controlled application of
force (Drexler & Pamlin, 2013: 64—65). These two authors argue that military history is
replete with examples in which large-scale technological changes caused erroneous
decisions by military planners and decision-makers, manifested in the overestimation
or underestimation of the effectiveness of new technological inventions, existing and
emerging military capabilities of adversary states, and slow institutional responses of
political decision-makers to new information regarding technological achievements.

Beck’s concept of the risk society, applied to the consideration of potential con-
troversies surrounding the military use of nanotechnologies, represents a valuable
epistemological instrument because it appropriately connects numerous uncertainties
regarding the long-term consequences of such use with uncertainties that may arise
from the decision-making processes of foreign policy-makers, military planners, and
commanders due to distortions of cognitive capacities. The assessment of the future
cumulative effects of already achieved and planned nanotechnological breakthroughs
that may be exploited for military purposes is therefore subject to numerous variables
and consequently remains unreliable as a foundation for rational decision-making.

The very process of cognitive and normative assessment of possible consequenc-
es of technological development enters the domain of evaluating the future and the
psychology of risk perception, thereby contradicting strict methodological requirements
for acquiring knowledge necessary for prudent political decision-making regarding risk
mitigation and the assessment of the social acceptability of technological inventions
(Radinkovi¢, 2022: 98-109). Evaluating the probability of adverse outcomes resulting
from the military application of nanotechnologies represents a necessary step towards
mature political decision-making in the field of defence policy and military capability
development, particularly with regard to areas in which revolutionary advances and
rapid acceleration of nanotechnological breakthroughs are already anticipated.

The enormous investments directed every year towards nanotechnology research
and innovation, driven by expectations of substantial profits, seem to indicate a high
probability that responsible approaches may be neglected in pursuit of maximizing the
performance of nanomaterials and nanodevices. The complex interaction of benefi-
cial and harmful consequences that may arise from the (mis)use of scientific know!-
edge and technological achievements in the case of nanotechnologies can hardly be
clearly predicted at present, primarily due to the absence of open dialogue between
independent researchers, engineers, and technologists on the one hand, and foreign
policy decision-makers and military planners on the other.
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The most dangerous unknown concerns the outcome of the inevitable conver-
gence of multiple advanced technologies of the Fourth Industrial Revolution and their
application in designing a new generation of weapons systems. The application of
the fruits of technological progress is closely connected with their market and utility;
therefore, it is essential to take into account the lack of technical understanding of their
limitations and social implications. This once again confirms the validity of Beck’s ar-
gument that modes of using new technological achievements as sources of insecurity
must not be treated as merely technical issues.

The question of military applications of nanotechnologies should always be con-
sidered within the framework of generally accepted democratic procedures, in such
a way that the engineering and scientific factual basis serves as a foundation for
informed debate and high-quality decision-making regarding plausible outcomes of
such applications, particularly those that could produce unintended harm. One of the
most important reasons for this is the tendency of political decision-makers to em-
brace unfounded techno-optimism, as it can easily be transformed through marketing
manipulation into attractive electoral promises.

This is perhaps best illustrated by the fact that the famous American concept of
the Revolution in Military Affairs underwent serious criticism in academic and profes-
sional circles (see: Collins & Futter, 2015), and that during the last two decades, in an
attempt to mitigate the original techno-optimism, the term “revolution” was removed
from official terminology in favour of the phrase “military transformation.”

Maintaining the ability to effectively project military power in the international arena
is closely linked to successfully identifying the utility of new weapons systems, that is,
to their skilful integration into strategic and doctrinal planning frameworks (Horowitz,
2010). Consequently, quality decision-making in defence policy is hindered by the lack
of clear forecasts regarding what nanotechnologies may enable in the medium and
long term, as well as by the accompanying secrecy regime surrounding military pro-
jects, which prevents establishing a balance between actual technological and engi-
neering achievements and media exaggerations regarding what might be achievable
(Simpson & Sparrow, 2014: 96).

The possibility of highly effective and covert weapon systems with unprecedented
destructive capabilities raises concerns regarding the destabilization of global security
and the stimulation of a new arms modernization race among major powers such as
the United States, China, and Russia, which have already integrated nanotechnology
into their defence research programmes.

Viewed through the lens of Beck’s concept of the risk society, the successful tac-
tical and operational employment of nanotechnology-based weapons systems would
undoubtedly open a new field of global insecurities and uncertainties, particularly
through the emergence of new structural inequalities caused by asymmetric posses-
sion of this emerging technology. Thus, the dominance of the global core over the
global periphery—historically conditioned by the accumulation of social wealth primar-
ily in post-industrial societies at the expense of less developed ones—would extend
existing inequalities into the domain of military technology. Security risks would there-
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by increasingly shift towards countries of the global periphery, which would be unable
to finance even partial or temporary symmetry with technologically more advanced
armed forces.

Nanotechnologies have become politicized in the early twenty-first century and
have consequently been constituted as an important component of military plans and
military-technological development projects of leading international actors (Kosal,
2014; Dong et al., 2016). The political constitution of new weapons systems and mil-
itary equipment based on advanced technologies once again brings into focus the
epistemological validity of critical-theoretical reflections on the interaction between
humans and weapons as a feedback relationship, in which design, material character-
istics, and functional properties transformed into destructive power stimulate the elab-
oration of imaginative scenarios regarding practical use in specific military operations.

Expectations regarding the incorporation of nanotechnologies into military capa-
bilities are directed towards securing unprecedented long-term strategic advantages
over competitors, which would subsequently materialize either in maintaining the sta-
tus of a global hegemon or in successfully challenging it. The problem emerges from
the inability to achieve nanotechnological superiority in a linear manner and within a
short timeframe. Therefore, the otherwise lengthy process of achieving operational
reliability of new weapons systems may be shortened if military-political interests in
rapidly introducing new technologies outweigh strict requirements for testing.

Under such circumstances, Meiches’s thesis becomes particularly relevant: weap-
ons can reciprocally condition the prioritization of certain directions of planning and
action within the process of (foreign) policy decision-making. Following Deleuze’s and
Guattari's reflections, it appears that the increased destructive power of nanoweapons
could stimulate a desire for violence, primarily among political and military leaders, by
creating psychological conditions in which the inclination to achieve foreign policy ob-
jectives through violent means becomes an acceptable, and even desirable, position.

Achieving sufficiently rapid innovation would provide an advantage over compet-
itors in the international arena, thereby lowering the threshold for initiating war—it
would make military campaigns cheaper and more efficient. The affective orienta-
tion towards the practice of armed violence would subsequently become reinforced
within public opinion, contributing to the establishment of broader social consensus
and then being formulated and confirmed through legitimate democratic procedures,
which would make such violence more probable and acceptable within the political
community by invoking legality.

Meiches’s argument that weapons constitute an active force which, through af-
fects and fears, shapes human behaviour and creates conditions for violence can
be interpreted in another dimension when applied to nanotechnology-equipped mili-
tary capabilities. The very possession of an advanced weapons system can generate
fear among adversaries and exert pressure on their societies through perceptions
of threat and uncertainty. The emotional and affective dimension of perceiving and
subsequently discursively constructing the destructive power of nanoweapons means
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that such weapons exert influence even before their actual use, due to the awareness
that they are designed to destroy in arbitrary and unpredictable ways.

In other words, the introduction of advanced technology leads to a transformation
of the modes and directions of action not only of users but also of those who may be-
come potential targets (i.e., adversaries). Thus, combat systems incorporating nano-
technologies may acquire, through altered modes of employment, initially unintended
operational functions; for example, they may serve as instruments of mere deterrence
without being operationally used on the battlefield.

Drawing upon Deleuze’s and Guattari’s claim that reflection on the technical char-
acteristics of nanoweapons encourages foreign policy decision-makers and military
planners to contextualize new modes of use within state interests and objectives, it
appears that this also opens new possibilities in the production of knowledge. The pro-
duction of official knowledge regarding defence policy and military campaigns may en-
ter the field of controversy if the utility of advanced technologies is expressed through
manipulation of the discursive meanings attributed to advanced weapons systems.

For example, development projects aimed at creating soldier-cyborgs may, from a
critical-theoretical perspective, be interpreted as attempts to make the biology of the
American soldier superior through discursive practices and to reconstruct the sym-
bolism of imperial invulnerability. A discursively constructed and media-mediated rep-
resentation of the soldier-cyborg as “invulnerable” and “unstoppable’—as a human
being who, despite enemy action, “resurrects” and returns to the battlefield—could
potentially have a demoralizing effect on enemy combatants (particularly those tech-
nologically disadvantaged), especially if battlefield practice were to verify such rep-
resentation as reflecting the reality of warfare in the twenty-first century.

The analysed potential controversies of the military application of nanotechnolo-
gies demonstrate that technological progress is not unidirectional and therefore must
not be instrumentalized and justified solely through measurements of efficiency and
operational advantages in the context of improving defence capabilities. The military
application of nanotechnologies draws us into a deep “forest” in which various uncer-
tainties lurk: every assessment of the utility of advanced weapons systems should
also incorporate the perspective of preserving the well-being of soldiers, civilians, and
the environment.

Neoliberal insistence on the validity of the logic of instrumental reason opens
space for overestimating the utility of nanotechnological achievements and, conse-
quently, for the accelerated introduction of insufficiently tested solutions based on the
alleged superiority of engineering expertise and driven by strong commercial pres-
sures—while information regarding long-term harmful consequences is pushed out of
public debate and democratic decision-making processes.

The techno-optimism of political and military elites, as a driving force behind the
political and social constitution of nanoweapons, may become a dangerous factor in
the complex and unpredictable process of shaping futuristic military imagination, per-
ceiving the level of future threats, and defining the boundaries of acceptable violence.
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Summary

his paper examines the controversies that may arise from the application of

nanotechnology innovations in the enhancement of military capabilities in the
early twenty-first century, based on the prioritization of a neoliberal version of instru-
mental rationality over the formative social and political effects of weapons. Nano-
technologies are conceptualized as a heterogeneous field of scientific and engineer-
ing practices concerned with the manipulation of matter at the atomic and molecular
levels. The paper starts from the assumption that decision-making grounded in the
understanding of weapons as value-neutral instruments of foreign and defence policy,
namely in reducing their utility solely to designed technical operational properties and
functions, creates space for new disruptive uncertainties and risks. The central argu-
ment is that the improvement of defence capabilities cannot be reduced solely to the
role of technological innovations, since the utility of any new weapon system or mili-
tary capability is mediated by the quality of (foreign) policy decisions, existing military
strategies and doctrines, military organizational culture, as well as the functioning of
logistics and command structures.

The analysis adopts a critical-theoretical perspective and relies on Ulrich Beck’s
concept of the risk society, Gilles Deleuze and Félix Guattari’s concept of desire, and
Benjamin Meiches’ notion of the affective power of weapons. It examines the most
plausible controversies arising from the common denominator of porous boundaries
between civilian and military research, the dual-use nature of nanotechnologies, and
the complexity of regulating innovations whose technical characteristics can be rap-
idly redirected toward destructive purposes. In the short and medium term, the most
likely military applications include lighter and more durable materials, enhanced pro-
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tection of personnel and platforms, advanced camouflage technologies, miniaturized
sensors, portable energy sources, improved communication systems, and potentially
robotic devices at the micro- or nanoscale.

The analysis demonstrates that the most important potential controversies sur-
rounding the future military application of nanotechnological solutions are associated
with the dual-use dilemma of nanotechnology (civilian and military), blurred bound-
aries between civilian and military research, and difficulties in establishing effective
regulatory mechanisms for controlling innovations whose technical features can be
quickly adapted for destructive purposes. Particular attention is devoted to risks aris-
ing from nanoparticle toxicity, long-term environmental contamination, invasive meth-
ods of creating enhanced or cyborg soldiers, surveillance systems based on miniature
devices, autonomous weapon systems, and the possible destabilization of global se-
curity through the emergence of a new arms race.

The paper also emphasizes that the secrecy surrounding military research, com-
bined with commercial pressures for accelerated innovation, may weaken democratic
oversight of the defence sector and responsible foreign policy-making. It concludes
that the military application of nanotechnologies cannot be assessed exclusively
through the prism of efficiency and operational advantages. Although nanotechnol-
ogies promise significant improvements in defence capabilities, they simultaneously
generate a range of uncertainties concerning the security of soldiers, civilians, and the
environment. A particular concern is the neoliberal reliance on the logic of instrumen-
tal reason, as it creates conditions for overestimating the utility of nanotechnological
achievements and for the accelerated introduction of insufficiently tested solutions.
Such an approach, based on the presumed superiority of engineering expertise and
driven by strong commercial pressures, may result in the exclusion of information
about long-term harmful consequences from public debate and democratic deci-
sion-making processes.

Therefore, techno-optimism among political and military elites, as a driving force
behind the political and social construction of nano-weapons, may become a danger-
ous factor in the complex and highly unpredictable process of shaping future military
imaginaries, assessing emerging threats, and defining the boundaries of acceptable
violence.

Keywords: nanotechnologies, warfare, weapons, defence policy, armed forces,
critical war studies
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AI‘ICTpaKTZ Y papy ce pasmarpajy KOHTPOBEpP3€ Koje MoXe [Ja Mnpo-
Y3pOKyje NpUMEeHa HaHOTEXHOIMOLLKMX MHOBaLWja Yy yHanpehewy
BOjHMX CNOCOBGHOCTY y paHoM 21. BEKy 3acHOBaHa Ha (haBOpW30Bakby
HeonubepanHe Bep3vje MHCTPYMEHTarHe pauMOHanHOCTV Ha payyH
hopmaTUBHIX APYLUTBEHWUX W NOMUTUYKMX edekaTta opyxja. AyTop no-
na3v of npetnocTaBke [ia OAMyuMBaHme YTEMEIbLEHO Ha pasymeBary
OpyXja Kao BPeaHOCHO HEeYTpanHor MHCTPYMEHTa CnorbHe U oabpam-
BeHe nonuTuKe, OOHOCHO Ha cBohery HeroBe ynotpebHe BpeaHOCTM
CcaMo Ha Agu3ajHnpaHa/TexHnyKa onepaTMBHa CBOjCTBA U (OyHKUMje, OT-
Bapa MpoCcTop 3@ HOBE peMeTurnayke Hen3BeCHOCTU W pu3nke. AHanu-
3a kpehe ca KpUTUYKO-TEOPUjCKE MO3WLMjE U OCnara ce Ha KOHUenTe
pusnyHor ApylwTea Ynpuxa beka, xyare Kuna Jenesa n ®envkca la-
Tapuja n apektmBHe Mohm opyxja beHlamvHa Meukuca. AHanusom cy
obyxBaheHe HajnnaysnbunHuje KOHTpoBep3e ca 3ajedHUYKUM MMEHM-
TerbeM y BUAY NOpPO3He rpaHunLle n3Meny LMBUIHUX U BOjHUX UCTPaXK-
Bakba, ABOjake HaMEHe HaHOTEXHOMOrWja 1 CNOXEHOT perynucara 1Ho-
BaLja Nnako npeycMepuBMxX Ha OeCTPYKTUBHE CBpXe. AyTop 3akrbyuyje
[a TEXHOONTUMM3aM MOMUTUYKUX M BOjHUX OAnyyMnaua, kao nokperady
MONMUTUYKOT KOHCTUTYMCaHa HaHoOpYXja, MOXe JoAaTHO Ja nogpuje
npouece 0bnukoBara QyTyPUCTUYKE BOjHE UMaruHaLuje, onaxara Hu-
Boa Byayhux npeThm 1 gedmH1carba rpaHuLe NPMXBaTIbUBOT HAcKIba.
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HaHoTexHornornje y paHom 21. Beky: ,HaHOMaHuja”
NN TEXHOSOLLKA 36urba?

Ycnex y Boherby paTHKX onepauyja ogyBek je O1Mo YCNOBIbEH OArOBOPOM Ha Mu-
Tawe KOjU TAYHO HAYMHW onepaTuBHe ynoTpebe HOBUX TEXHOMOLIKMX AoCTUrHyha
Mory fa ocurypajy HagMoh Ha 6ojuwTy n nobeay, n TO y KOHKPETHOM KOHTEKCTY npu-
MeHe BOjHe cTparteruje, norucTuke u kKomaHgosamwa (Hauard, 1999; Creveld, 2000).
Ynopego ca npakcoM, pasmuLLrbake O paTy pacnnamcaBasno je MalTy O TEXHWY-
KM M3ymmma koju b Mornu Ja HagomecTte cnabocTy fbyacKor opraHmMama v ga My
nogape ,HaTnpupogHe” cnocobHocTU. BoraTcTBO KiUXEBHOT M OUNMCKOr cTBapa-
naliTBa CBEAOYM O BUTANHOCTM MMarMHauuje o patoBawy y OygyhHocTw. Mpumepa
pagu, BeoMa rnmefjaHa dunmMcka dpaHwmnsa TepmuHamop npeactaBiba MUKTUBHA
HaHOTeXHosoLWKa AocTurHyha Koja, nonyT TeYHOr MeTana Ha3BaHor ,nonuanoj”, omo-
ryhaeajy paTHUKy-KMOOpry TPeHyTHM onopaBak of buro Koje BPCTE HaHETE NOBpese,
npomeHy uamykor obrnuka Tako Aa nogpaxasa TeMecHW uarnen NPOTUBHUKA, UMK
My Aajy CMoCOBHOCT Ja ce y CEeKyHAW pacmpLuy y MOMeKyrne 1 3aTUM NMOHOBO CacTaBu
y LenunHy Kako 61 nsberao owTehewe of HempujaTerbckor gejctea. HatnpupogHe
CMOCOBHOCTM MaBHMX jyHaka OCTBapeHe HaHOTEXHOMOTMjOM YMHE MOTKY (OMIIMCKOT
cepvjana o aBaHTypama MapBenoBux cynepjyHaka, JOK Ce Y BULIE payyHapCKUX Wr-
apa nojaerbyjy kao Moh pereHepaumje HacTpaganux bopaua unu y Bugy HaHoogehe,
Koja Aaje cHary, HeBUABMBOCT M OKNOMHY 3awTuTy (HNp. Deus Ex u opaHwmse Mortal
Kombat n Crysus, fa noMeHeM HajnonynapHuje).

KpynHu TexHonowwkn npoboju HuKada ce He oaurpaBajy M3HeHazda, HUTK Cy NCX0A
jenHor otkpuha mnu usyma, Beh cy Hajuewhe nnog nperHyha Bulle HayyYHWX AWC-
umnuHa. To je NoceBGHO TayHO y Cnyyajy HaHOTeXHosoruje, Ymju b HasmB 3anpaso
Tpebano ga byae y MHOXUHM jep cnaja MpUMeHyY 3Hara MOCTENEeHO KyMymnupaHor y
HEKOMMKO Hay4HMX obracTtu (xemuje, busmke M Hayke 0 matepujanuma). Ped je o
HaYYHUM U MHXEHEPCKUM AOCTUTHYRMMA y AOMEHY MepeHa, pyKoBaHa 1 OpraHn3o-
Bakba MaTepuje Ha HMBOY atoma, TauyHuje y HaHomeTapckum pasmepama (1-100 nm),
OAHOCHO O MaHWMynMcaky aToMMMa, MOMNEKynMMa Unm ckynuHama Morekyna (Makpo-
MOMeKkynMMa) Kako Ou ce of HMX CTBOPWIA HOBA, XerbeHa CTpykTypa (Andersson,
2008: 94).2 HaHoHayka 1 HaHOTEXHOMOrWje 3anpaBo OTENTIOTBOPYjy aTOMCKM NpeLm3aH
HaYVH OMaxxaka MaTepujanHe CTBAPHOCTW W HEHOT MHXEHEPCKOT U KOHTPONMCaHOT
TpeTMpata, U TO TaKo Aa joj ce Aoaenu npakTuyHa gyHkumja (Ramsden, 2016: 1-2).

CsojeBpcHa nomama 3a kopuwwherem npedukca ,HaHo” y HacnoBrbaBamy UcTpa-
XUBAUKMX NogyxBaTa — Koja je Tpajana of KaCHUX cegamaeceTux 1 paHnx ocamaece-
Tux rogmHa 20. Beka 4o npe AeceTak roamHa — AaHac je npokasaHa Kao MapKETUHLLKM
TPVK YCMEpeH Ha NpuBnayere UHBECTULMjA Y Hay4YHO-TEXHOMOLLKE NpojeKTe u Start-
up-oBe npeysenuyaHum obeharwmma HaHOHayYHKKa 0 CTBapHUM MoryhHocTiMa npu-
MEeHe NCTpaXmBaYvknx n nymmnterbckux pesyntara (Moriarty, 2022: xix—xxi). Kaga ce

2 HanomeTap (nm) je Munujapauti geo meTpa unm MUMMOHUTM Ae0 MUUMETPa.
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13y3My CBa NpeTeprBara peknaMHe U Meamjcke MPUPOAE, HaHOTEXHOIOMUjE Ce HMKa-
KO HEe MOry okapakTepucaty kao nogsana. 3awTto he oHe obenexvTn geueHuje Koje
Jonase? 3aTo WTOo je OTKPMBEHO Aa Ce Ha HAaHOHMBOY NOjaBIbYjy jeANHCTBEHA PU3NY-
Ka, Xemmjcka unm GruonoLLKa CBOjCTBa HeKe CyNCTaHLe, pasnMunTa o4 CBojcTaBa ucTe
CyncTaHLe y3eTe Ha MakpOHMBOY, Koja Npu TOMe 3HavajHO yHanpefyjy noctojehe npo-
13BOAHE NpoLece NoborbLIakem KBanuTeTa Matepujana u CMakbeHeM HUXOBE LieHe
(Ramsden, 2016: 13—-14; Rogers et al., 2015:15-16, 24-26; Altmann, 2006: 1, 3-4).
,HaHodakTop” ynyhyje Ha To ga cnoxeHo MefyaejcTBO cactasa u U3NYKe CTPYKTY-
pe HeKor matepujana Moxe Aa yCroBu Aa HEeroBo nojeanHayHo CBOjCTBO OACTYNM 04
oyekuBaHe peakuuje (Hull, 2017: 17-18).

MNpema geueHnjy v no crapum npegsuhamwmma gyTyponora Llejmca KaHToHa
(James Canton), yTyuajHOr 1 'y NONUTUYKMM KPYroBYMa Kao BULLIEAELIEHM]CKOr CaBeT-
Huka bene kyhe, npon3Boau 3aCHOBaHM Ha HAHOTEXHOMOMMjama 1Majy ynory jeaHor og
YeTVpUn NOKpeTaya MHoBaumjcke npuepeae y rmobanHum pasmepama (Kanton, 2009:
104-105), ca noTeHUmMjarnoM Ja NoKpeHe HOBY MHAYCTPWCKY peBONyLMjy ca cBeobyx-
BaTHMM Nocreauuama no HauvH KOHCTpyucarsa U nponasogke. CTora He yyam Wro
JaHac LMpOM CBETa NOCTOjW CKOPO YETMPU XUrbaae HayvHux nabopartopuja v pa3soj-
HUX LEHTapa, jeAHaKo y jaBHOM 1 NPUBATHOM CEKTOPY, KOju CPOBOAE UCTPaXuBarba y
0Boj obnactu (Nanowerk, 2026). Ynpkoc BENVKMM o4eknBarmma — npaheHnm, goay-
Le, n3BecHoM 3ebH0oM — Komepuujanmsaumja gocturHyha HaHoTexHonorvje 3a caga
je v Jarbe orpaHuyeHa, U TO HajBuLIe Ha AOMEH padyHapa U MobuiHMX TenedoHa,
KO3MeTnYKMX npom3soda u 6oja. Hajsehn geo Hanopa jow yBek ce Hanmasu y ¢asu
TEOPWjCKMX MoZenoBara 1 nabopaTopujcknx MCNUTMBaHa, a YCNOpeHn TEMMO KO-
MepLuvjanusaumje YCnoBIbeH je YuHbeHULOM Aa nHayCcTpuja brupa npumeHy caMmo OHUX
nHoBauwja koje obehasajy BUCOK MPMHOC NpoduTa.

MoTeHumMjanHM NpaBuUM NPUMEHE HaHOTEXHonoruja Gunu cy npeaMeT OncexHe
Hay4yHe W CTpy4He pacnpase jow npe Age AeueHuje (Simonis & Schilthuizen, 2006:
23-24; Altmann, 2006: 71-117), kaga cy y 3HayajHOj Mepu 6unu 1 TpacupaHu pagu
noborbluakba 3alWTWTE jaBHOr 34paBrba, ONTUMM3ALMje MCUXOMOLIKOT W TenecHor
YYMHKa MOjedvHUA, W3page W3OpXIbUBUX, (PYHKLMOHAMHUX M aKTUBHUX Matepuja-
na, KOHCTpyncaka MUHUjaTypHUX ypehaja n MUHWUjaTypHUX U3BOPa ENEKTPUYHOT Ha-
najakba, Te pasBoja KBaHTHMX padyHapa. Ha nnaHy pasBoja BOjHMX CMOCOBHOCTM OC-
MULLIbaBake NPUMEHE HAHOTEXHOMOMMja YCMEPEHO je Ha CTBapare CaMOOAPXMBOT
BOjHMKa-knbopra (onpemrbeHor ,naMeTHOM” YHU(POPMOM ¥ MUKPOCEH30pUMa 3a Hag-
30p TenecHux GyHkumja), 3alTuTy rbyacTea y 6opbeHum onepauujama og KUHETUY-
K1X, BMOMOLLKMX 1 XEMMWJCKUX HENpUjaTErbCKMX yaapa, Behy nsgpxroueocT Matepuja-
na v ypehaja, Behy npeumsHoCT 1 yOOjUTOCT OpysKja ynakoBaHWX y NpOjekTuIe Maksmx
AVMEH3Vja, PEBONYLIMOHNCAHE MUKPOEMEKTPOHMKE U payyHapCke TEXHOMOruje, KOH-
CTpyncakse Mukpoypehaja (HaHogpoHOBa M HaHopoboTa) M cTBapawe xmbpugHor 0b-
nuka xemmjcko-6monowukor Haopyxama (Ostoji¢, 2018). Mnak, 3a caga je Hanpegak
HaHOTEXHOIOMMja Ha MaHy KOHTpOre CTPYKType Ha aTOMCKOM W MOMeKyrnapHOM Hu-
BOY Hajgarbe oCTBapeH y obnactu matepujana. YHanpehere matepujana KibyuHUxX
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3a Haopyxare, BOjHY Onpemy 1 BO3una jecte obnact npumeHe HaHoTexHonoruja y
pasBojy ogbpambeHux kanauuTeTa, rae ce Ovekyjy NpakTUYHW Pe3ynTaTi y KpaTkom K
cpearem poky (Hilton, 2023). Pa3Boj BojHe npumeHe HaHoTexHonoruja ycpeacpeheH
je 1 Ha ncnnuTMBae HaYMHa NOoCTU3aka Pafapcke U COHapHe HEBUAIBUMBOCTM BOJHUX
Ba34yXxonnoea, NroBma 1 NogMopHULA, Te BU3yenHe Kkamydnaxe v cysbujarba Tep-
MWYKUX 1 padapCKuX 3HakoBa MOCPedCTBOM HOBWX TUNOBa mackupHux 6oja (Hilton,
2022).3

KpnTnyko-Teopmnjcko npomuLLIbate ansajHa u
NOSIMTUYKOT KOHCTUTYMCaHa opyXja

CaBpemeHu TeopeTnyapy pata carfacHu Cy ja Hac eKCroHeHLMjariHN TEXHOMOLL-
K pa3Boj BOAM Ka NMPEKPETHULIM y paToBakby, anv Aa OH HOCWU peMEeTUNaYvku UMnync
y BUAy MPOjeKTOBaHUX OarnekoCexHWX WMnnukaumja no patoBawe y OyayhHoCTu
(Jordan et al., 2016: 442—443). Kako cy CNOSbHOMOMUTAYKM O4TY4MOLIM YECTO NOASIOXK-
HU 3aBOA bMBKMM 0beharuMa yBofjerwa HanpeaHWx TeXHonoryja y BojHe cBpxe, a 6e3
pa3noXHOr carnefaBatba NONUTUYKOT U OPraHU3aLMOHOT KOHTEKCTa HIXOBE NpUMeHe
(Jordan et al., 2016: 446—-447), y HacTaBky pafa HacTojahe ce Aa ce ykaxe Ha NoTeH-
LmnjarnHe KOHTpoBep3e koje y ByayhHOCTM MOXe [ja U3a3oBe BOjHa NpUMeHa HaHOTeX-
Honowkux gocturHyha. Cmartpamo fa je y npomulirbawy MehyaejcTBa HanpegHux
TexHororvja u yHanpehera nocrtojeher n ausajHupara HOBOI HaopyXaHa Heonxosa-
HO MCKOpaYWTK BaH OKBMpa TPaAMLMOHAITHOT TPeTUpara opyxja kao NMyKor CpeacTBa
OCTBapet-a CrnosbHe NonuTKKe, Koje Huje y3umano y ob3vp HeroBy MatepmjanHoct,
MOCTYNKe HeroBor TEXHUYKOT NPOjeKTOBaHa 1 KOHCTpyMcaa, Te herosa aeKkTmBHa
cBojcTBa. 360r Tora aHanu3y paauje Teopujcku NO3ULMOHUPaMO Y NOAPYYje KPUTUYKMX
cTtyaunja 6esbenHocTu/pata, npeBacxofHo ocnawajyhu ce Ha Bufewa Ynpuxa beka
(Ulrich Beck) o apywwTtsy pusuka u beHiamuia Meukuca (Benjamin Meiches) o mohu
opyxja 4a 0bnukyje xyary 3a HacurbeMm, Te Te3n Xuna [enesa n ®Genukca Matapuja
(Gilles Deleuze, Felix Guattari) 0 xyaHm kao NpUMapHoj, adbMpMaTUBHOj U BUTAIHO]
CWNKW Koja HempecTaHo CTBapa, NoBesyje 1 NPOWM3BOAM APYLUTBEHY CTBApHOCT. 3ajed-
HUYKN UMEHNTEb HabpojaHNUX TEOPUjCKMX rMeauLlTa CycTuYe ce Y NPUCTyy KojuM ce
npeBasunasu jedHOAUMEH3MOHANHOCT UHCUCTUPaHa Ha APKaBHO-LEHTPUYHOj enuc-
TEMOOLLKOj NapafurMu, Tako WTo ce obyxBaTajy 1 acnekt Jo6pobuTh YoBevaHCTBa
1 XUBOTHE CpeduHe Te carnejaBame LUMPUX OPYLUTBEHWX M MOpanHUX nocneauvua
ynoTtpebe HanpegHWX OpyxaHux cuctema.

Hemaukn couuonor Ynpux bek ocMWCinO je KOHLENT ApyWwTBa puanka Kako 6u
0nmncao CTake Y KojeM caBpeMeHu rbyau umajy ocehaj 4a CBaku faH Kopayajy LWyMom

3 AHanu3y KOHTPOBEP3HUX acrnekata BojHe NPYMEHEe HAaHOTEXHOIOMMja 3aCHUBaM Ha UCLp-
MHOM Mperneay Aocafallkyx 4oCTUrHyha v nnaHoBa y TOM JOMEHY KOju caM [ao y CBOM NpeTxos-
HOM 4raHky objaBrbeHoM y oBom vaconucy (Koraé, 2024).
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y Kojoj Bpebajy pasHOpOAHM pY3MLK, LUTO je YCIIOBIbEHO YMHEHMLIOM Aa cadallhbu
CTEneH Hay4YHO-TEXHOSOLLKOTr 1 MHAYCTPUjCKOr pa3soja oHemoryhasa nspadyHaBawe
OPYLUTBEHUX Mocneamua Koje Taj pas3soj Hocu ca cobom (Beck, 1992; Beck, 2000).
Ynopego ca npom3BogH0M GoraTtCcTBa mae v Npov3Bodta pusuka, cxeaheHux Kao
cucTematckux HadmHa 6aBrbera onacHoCTUMa 1 HecurypHoctuma. Npema beky, ga-
Hac JOMVHUPajy pU3nLy MPOUCTEKIN N3 IbyOCKUX OAMYyKa ca obenexjuma CTPyKTypHe
NpeTHE ONCTaHKY umBunu3aumje, byayhu aa cy rnobanHy npema cBojuM noTeHuumjan-
HUM LUTETHUM ePeKTMA, a YeCTO Ce Hanase BaH oncera MONW IbYACKOr onaxara U
CBaKOAHEBHOT MCKYCTBA W 3axXTeBajy Crneuumjanu3oBaHo 3Hake. To 3Hauu ga ce Tew-
KO MOTy MOY3AaHO W NPEeLM3HO U3MEPUTH, LITO OHAA MOACTUYE KECTOKe MOMNUTUYKE
pacnpase 0 ONTUManHUM UHCTUTYLMOHANHUM peluekuma (Beck, 1992: 19-50, 155—
156). 3a pasnuky oa CBOjuX Npeaaka, MogepaH YoBeK M3y3eTHO je CBECTaH NOCTojaka
pu3unKa 1 CTora jacHO 3axTeBa of BacTu Aa ce edrKkacHo Cyouun ca npeTama, LTo
bBeka HaBoAM Ha 3aKrbyyak Aa Cy KynTypHa nepuenuuja u gemHuumja oHO WTO 3a-
MPaBO KOHCTUTYULLE PU3NK, OGHOCHO ,pU3nK’ 1 ,jaBHa AeduHmnumja pusnka” cy jeqHo
Te ucto (Beck, 2000: 213). YTonuko je BaxHa bekoBa Te3a a HEM3BECHOCTU U NOTEH-
LmjanHe HecurypHOCTV HOBMX TEXHOMOLIKMX AocTurHyha He Tpeba Tpetpatn camo
kao Npobnem y OOMEHY MHXEHEPCKE U Hay4YHEe EKCNEPTU3E, HEro Kao jaBHO MUTake
0 NpaBHOj ¥ MOparnHoj OATOBOPHOCTM 1 0 yueluhy jaBHOCTM ¥ AebaTun 1 y ognyyvsaty
0 TOMe KO MMa KOpUCTU, KO CHOCY pr3nKe 1 Kako Tpeba ynpaerbatit Hen3secHoLLRy.
[lene3 n Matapn 3actynanu cy ¢uno3ogCKO-NMCUXOMOLKMA KOHLENT XyAHe Kao
CKyn cTBapanaykux U MOTMBALMOHUX CUMa Koje rpafe APYLUTBEHO MOSbe CayuHEHO
of fbyam v objekata, y OKBMPY Kojer ce MoTOM 0bnuKyjy 1 ycMepaBajy 04roBopw noje-
AMHaua Ha pasHonunke KombrHaumje MoryhHOCTH Koje UM O4HOC cnpam Tux objekarta
ctaBmba y usrneq (Deleuze & Guattari, 2004 [1972], 1-8). XKyawa, ka0 ncMxonow-
KO CTake ca YforoMm crajaksa Sbyau u objekata, akTMBHO KOHCTUTYULIE CTBApHOCT
(agency), a y noBpaTHOj Crpe3n Mewa W fbyae kao cybjekTe — cTBapa W3MEHEHO
ApYLITBEHO nosrbe. Ha npumep, kaga nojeavHal yCBoOjM NPUMEHY HOBE TeXHOMOorvuje, v
OH U TeXHNYKM ypefaj BpemeHOM ce npeobpaxasajy kao 4e0 UCTe y3ajaMHO KOHCTU-
TyvcaHe Be3e 1 TOKOBA Y KOjuMa KOHTUHYMpPaHO y4yecTByjy. Ypehaj Huje camo npeamet
nyke ynotpebe, Beh oH NoBpaTHO 065MKyje KOPUCHMKA TaKo LUTO ra NoACTMYE da npo-
MULLIbA HOBE HauuHe ynoTpebe u Aa vx 4OBOAM Y BE3y Ca YCBOjEHUM UHTepecumMa U
uurbeBuma. lNocmatpaHo y ApyLLUTBEHOM MOSby paToBak-a, ABOjULA TeOpeTMYapa TBp-
[e Ja ce u3Meny rbyau v opyxja NocTeNeHo CTBapa NoBpaTHa crpera NocpeacTBOM
XyOHe Kao JenaTHe cure, y OKBUPY Koje Tbyau Nnouutby kpo3 adhekTvBHa CTaka da
3amuLLIbajy U MONUTUYKM TPETUPAjY HEHamepaBaHe (MPBOOWUTHO HennaHMpaHe) Haum-
He ynoTpebe Hekor koHKpeTHor opyxja (Deleuze & Guattari, 1987: 395-403). Adek-
TUBHa MONh OpyXja, 3aCHOBaHa Ha HEroBoj AN3ajHMPaHOj CMOCOBHOCTU YHULLTEHA
rbyamn n objekata, BUASbMBA je Yak Uy CaMOM YMHY HEroBOr MOCe0Bakba, Koju okmaa
eMOLMOHaNHe peakuuje nonyT cTpaxa, Ynme ce UCMoCTaBrba Ja je NpeTa Hycrnpo-
13BO4 NnaTeHTHor noteHuujana yaapHe mohu (Deleuze & Guattari, 1987: 399-400).
MoTeHumjanHn HOBK (HEHaMepaBaHW 1 HeaKTyenM3oBaHN) HauYMHU ynotpebe opyxja
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MPOU3BOAE KOHTUHIEHTHE peakLyje KOPUCHUKA, Te TMe MOCPEeOHO NPOLUMpYjy 1 npe-
obpaxaBajy nmarvHaumjy y npojektoamwy 60pbeHe cune y BojHMM NiaHoBMMA.

Ha tpary [Jenesosux u latapujeBunx pasmuwrbama, benyammi Meunkuc passuja
aprymeHTauujy Aa matepujanHy AUMEH3Mjy, An3ajH U KOHCTPYKLMOHE OANMKe opyxja
yBek Tpeba carnegasaTv kao noBpatHy crpery yrpafeHy y wnpe cxsaheHo mehy-
AejctBo YoBeka u npegmeta. Meunkuc 3actyna Tesy ga 1o MefyaejcTBo npeactasba
HU3 ad)eKTMBHUX CyCcpeTa KOju NPOM3BOAE XYAHY, a Aa UHXepeHTHa Moh opyxja
06nunKyje Xyawy 3a HacUIbeM, OQHOCHO Aa PasHOBPCHOCT OfHOCca M3MERy rbyam u
opyxja paha eMOTUBHO yTeMerbeHy adekTuBHy MOh Ja Ce YMH Hacuiba YYUMHU He
camo NermTuMHmMm, Hero 1 noxersHuM (Meiches, 2017: 7-10). Peu je o, kako Menknc
kaxe, (DeHOMeHy T3B. HaopyaBarba nonuTuke (weaponization of politics), koju on-
nCyje coumjanHy cutyauujy y Kojoj Opyxje He camo Aa Koersuctvpa ca rbyauma Beh
noctaje npegmet Bpure u cywTMHCKO obenexje nonuTuykor xmeoTa (Meiches, 2017:
2). Opyxje cxBaheHO Ha OBaj HauYVH MOACTUYE CEKYpUTU3aLMjy Kao NpoLec AUCKYp-
31IBHE KOHCTPYKLMjE NMPETHU KPO3 pasBoj HOBMX OpYXaHWX cuctema ca yHanpeheHom
yaapHoMm Mohu, koja noToM MoACTMYe pafare HOBUX dhaHTasuja u opMU XyaHeE,
a OHe nak y cTuuajy oTBapajy cnobogaH NpocTop 3a HacwunHe ApYLUTBEHE YCroBe
(Meiches, 2017: 15-16).

YnotpebHe BpeaHOCTN HAHOTEXHOMOLLUKNX
nocturHyha y BojHe cBpxe: noumpare
NoTEeHUWjasTHUX KOHTPOBEP3U

Mona Beka HakoH LUTO je janaHckm HayyHuk Hopuo Tawuryhu (Norio Taniguchi)
MPBM MOYEO [a KOPUCTW KOBaHWLY ,HAaHOTEXHOMOruja’, CeH3auMOHaNMCTUYKN Me-
ANjCKM1 HanMcK 1 farbe jedHako ogpaxasajy MOryhHOCTM 1 HemsBecHoCTH Te obeha-
Bajyhe aneje Hay4HO-TEXHOMOLLKOr pa3Boja y 21. Beky. YnoTpebHy BpeaHOCT HaHo-
TEXHOMOLLKMX AocTUrHyha Barba carnegatyt y KOHTEKCTY NuTaka Kako Yy UCTO Bpeme
nocTuhu ABe CYLUTUHCKWA BaXHE CBpXe: OCTAaBUTWU OTBOPEH WHTEMEKTyanHW npocTop
3a MHOBaLMje U UCTpaxuBarba KOPWUCHA 3a LMBWUMHE CBPXE U OCMrypaTu noysgaHy
KOHTpOMy yCnoBa HMX0Be BOjHe npeHameHe. Kao v Kog cBake TexHonoruje ABojake
HaMeHe, NerMTUMHUM HauMHuMa ynoTpebe HaHOTEXHOMOLUKKUX AoCTurHyha mMory ce
nako npuaaTu nowle ceBpxe unu Moxe Aohu 4o NOwWMX HennaHupaHux ucxoga 36or
HEOArOBOPHOT MM MOPanHO MorpeLuHor n3bopa cMepa enatba.

MNMepcnektvBa ,HaHOMaHWje” 3anpaBo He Tpeba Aa Hac M3HeHaau jep oHa npen-
CTaBrba NorMyaH m3gaHak no3vMTUBUCTWYKE Mapagurme, Ha Kojoj je casgaH 4uTaB
MUCaOHN OKBMP MofepHe u npaTtehu Mogen ApPYLITBEHO-eKOHOMCKe opraHusauuje
HaLMOHaNHMX ApKasa y OKONTHOCTMMA CYKLECUBHUX UHAYCTPUjCKUX peBonyumja. Pey
je 0 yBepety Aa 06jeKTUBHW Hay4HM pe3ynTtati oMmoryhasajy Aa ce npeasuau cmep
IbyACKOT [iernoBakba, Te Aa je Ha OCHOBY TWX npeasufama moryha u npumeHa 6upo-
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KpaTCKVX 1 OUCLMNIMHCKMX Npouedypa Kako 61 ce KOHTponucarne Herose Henpesa-
BuheHe, a TUMe 1 HenoxerbHe nocneauue (Rosenberg, 2005: 95-97). Taksy npakcy
Xopkxajmep n AgopHo (Max Horkheimer, Theodor Adorno) Ha3sanu cy nobegom uH-
CTPYMEHTamNHe paLMOHarnHOCTK, KpUTUKYjyhi y3ausamwe Hadena KOpUCHOCTU Ha HUBO
OCHOBHOI Mepuna pacyfhyBawba OpujeHTUCaHOT UCKIbYYMBO Ha CaMOOApXakbe, a He
Ha Tparake 3a UCTUHOM 1 Kpajiom cBpxoM (Horkheimer & Adorno, 1974). 3actynHu-
LM KPUTUYKOT MPOMULLIbaksa OHTOSOMMje HacuIba cMaTpajy Aa ce npeamet npeobpa-
XaBa y opyxje crnajarem HEeroBMx MrU3nNYKMX CBOjCTaBa Cca ApYLUTBEHNM KOHTEKCTOM,
Te jeAVHO Yy cafejcTBy TBOpe MOTeHUMjan 3a AOMMHaLMjy nMocpeacTBOM npeThe u/
UM MPOU3BOAHOM CMPTW U TeMecHe AeCTpyKUuWje NMpOjeKTOBaHWX Ha Apyre rbyde
(Bousquet et al., 2017). YTonmko XopkxajuepoBo n AZOPHOBO yNo30peH-e 0 NOryoHO)
MPeBnacT UHCTPYMEHTANHE pauuoHanHocTy obyxBaTa 1 NpoLEeHy KOPUCHOCTU He-
KOr npegMeTa 3acHOBaHY Ha CBPCUCXOAHO] MaTepujanu3aumjn rbyacke Borbe y Buay
npoLeca pauvoHarnHor oanyynBaka ycMepeHor Ha MoryhHocTy ynoTpebe Herosor
AusajHa y HacunHum akuujama. byayhu ga cy rajeHv nog OKpurbeM peanucTUyKor
nornefda Ha cBeT MefyHapoaHuX ogHoca, BOjHU TEXHO-PEeTMLIM3aM W Komepuwjan-
Ha YTUNWUTAPHOCT BOjHE MHAYCTPUWjE Y MOCTUHAYCTPMWJCKUM ApYLITBMA O4YBEK Cy Y
obpasnaraky CMorbHOMONMUTUYKMX OAJTyKa Nako OOQHOCUMK NpeBary Haf €TUYKKM yTe-
MErbeHUM HOPMAaTVBHKMM 3axTeBMMa 3a Cpa3MepHOM ynoTpebom opyxaHe cune u
pasfnMKoBakeM NErMTUMHUX 6opbeHnx MeTa of umBuna v HEBOjHMX objekaTa. YTo-
NIUKO Cy oveKkMBaHa noborblara oabpambeHnx cnocobHOCT 1 B6orbe 3alTuTe Jbya-
CTBa cama no cebu ynuTHa, jep He UCKIbYYYjy HY>KHO MojaBy HEM3BECHOCTU Y BE3M Ca
LUIMpEeHeM HaHOOPYXja, OTNoYNHakeM HoBe Tpke y Haopyxaty (Nichols, 2017), Te
HErOBVM HEMOCPEOHWUM W AYTOPOYHMM YTHLIAjeM Ha IbyACKO 30paBrbe.

Cama npupoga [Bojake HameHe HaHOTEXHOMOruje yCroxwasa HeHo MefyHa-
POAHO M HaUMOHANHO HOpMaTMBHO ypeherwe 1 enoTBopaH Hag3o0p jep je rpaHuua
n3vehy LMBUIIHE W BOjHE MPMMEHE YECTO BeOMa MOpO3Ha MM TewKo yourbuea. Ha
npuMep, HayyHa U TEXHOMOLIKA AOCTUrHYha U TeXHWYKa peluera Ha HaHOHMBOY
OCTBapeHa y MeauLMHW, ENEeKTPOHWLM U MaTepujanMMa Mory HakHafHO fako da
ce npunaroge BojHMM noTpebama. Maga npvMeHe HaHOTEXHOMOrWje HacTajy y uu-
BUJTHUM UCTPaXMBAYKUM MHCTUTYLMjaMa M KOPMOPaTUBHOM CEKTOPY, KOHBEPTeHTHE
TexHonorvje — yKibyuyjyin HaHoTexHomnorujy, GuoTexHonormjy, MHOpPMaLmMoHy Tex-
HOMOIMjy U KOTHUTUBHY HayKy — MMajy TpaHchopmaTMBHE MMMNAMKaLMje jeqHako 3a
LMBUIHM W BOjHW CEKTOP, ¥ TO Mpeknanake oTexxasa npahewe 1 KOHTPOMNy BOjHUX
npumeHa (Roco & Bainbridge, 2002). Munep n Cenrenug (Seumas Miller, Michael
J. Selgelid) ckpehy naxty Ha NocTojare T3B. AUNEME ABOCTPYKE NPUMEHE, Koja Ha-
CTaje Kao nocrneguua YvkeHULe Ja pesynTaTy jeHOr Te UCTOT Hay4HOr MCTpaxu-
Batba NOHeKad MMajy noTeHuujan ga ce UCTOBPEMEHO KOpUCTE 1 Yy nolue 1y gobpe
CBpXe, LWWTO OHAA MpOY3poKyje TeH3nYHe ogHoce n3mehy notpebe 3a CTanHUM MHO-
BaUyujama n HacTojatba Aa ce cnpeve 3noynotpebe (Miller & Selgelid, 2007). Peu je o
CYLUTWMHCKM €TUYKO] AUNEMU, jep pa3Boj HAHOTEXHOMOMVja NpeacTaBiba Kopak ka yHa-
npehery HaumoHanHux ogbpambeHnx cnocobHOCTH Kao jaBHOr Aobpa, Koje, y3eTo y
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KOHTEKCTY MoTeHUMjana 3a HaHOLLEeHe LUTETE MO 34PaBIbEe W KMBOT HEBUHUX Ibyau,
yjeoHo mpeacTaBiba U M3BOP HECUIYPHOCTU U CTPYKTYPHOT Hacurba. orbe eTrukmux
pu3KKa nojasrbyje ce y ocu auneme ABOCTPYKE NPUMEHE MOroToBO Kaja ce nojeanHe
BPCTe UCTPaXmBaka MOpajy NpornacuT HeZoNyCTUBIUM WU je HEOMXOZHO CTaBUTU
orpaHuyetba y LMpeky HayqHUX pesynTaTa 300r KpynHUX U JaneKOCeXHUX pusika no
3gpasroe u 6e36egHocT (Miller & Selgelid, 2007: 542-548). HaBegeHa eTvuka aune-
Ma nocpeaHo je 4eo MnojeanHayHe OAroBOPHOCTY UCTpaxuBaya 360r NoTeHUMjanHux
nocTynaka 3noHaMepHUX Apyrvx nctpaxueada unm Tpehux nuua, koju 6u mornu ga
kopucTe 0bjaBrbeHe Hay4yHe pesynTaTte Kao Kopak ka BacTUTUM Hanasuma, Koje bu
MOTOM NPUMEHUMN Y HEMOpParnHe cBpxe. Ta AurnemMa ynasu vy 4OMEH NOMUTUYKO-YM-
paBHe 0AroBopHocTM Byayhu aa je notpebHo Hahu rHy paBHOTEXY M3MeRy Hadena
TpaHCMapEHTHOCTW Hay4yHUX UCTpaxuBarba W LWMIbEBA U pasriora HauuoHarnHe 6es-
GedHoCTK, 1 TO Tako Aa MPEeKOMEpHa OrpaHnyera He OMeTajy MHOBaLMje, a Aa y UCTo
BpemMe HeZoBOIbaH Haa30p He oMoryhu Wmpere cneumnjanu3oBaHmx 3Harba 3a An3aj-
HUpake HaHoopyaHux cuctema (Miller & Selgelid, 2007: 549-554).

Mopen KopnopaTUBHMX YTUMMTAPHWX KarkKynauwja, YecTo CynpoTHWX jaBHUM WHTe-
pecuma, MHXEPEHTHA HETPaHCNapeHTHOCT pa3Boja BOjHWUX CMOCOBHOCTU Nako NoACTy-
ye cymiby, npaheHy 3e6H0M, y APYLWTBEHY NPUXBATIBLUBOCT PU3KKa MPUNUCUBUX YMO-
TpebHoj BpegHocTM Byayhux opyxaHux cuctema. Ta 3ebra NpUcyTHa je 1y HayYHUM
1 CTPYYHWM KPYrOBMMa ycrner noTeHUMjanHe TpajHe WTeTe Mo SbYACKO 34PaBIbe W Xu-
BOTHY CpeawHy, 40 koje 6u morno Aa Aohe npuiMkoM KOHTaMyHaLmje HaHoYecTLaMa
ocnobofheHnm Tokom 6opbeHnx onepauuja. HaHovecTvue mory Aa npoapy Y ibyAcKu
opraHusam Kpo3 npupogHe TernecHe npenpeke 1 ga crtyne y mehyaejcteo ca henvjama
Ha NOTNyHe HOBE W HenpeaBuArbMBe HaumHe. [pobnem je WTo je HMBO TOKCMKOMOLL-
KOT 3Hatba O BELUTAYKM CTBOPEHMM HaHOYecTMLaMa U [arbe Hu3ak, LITO 3HayajHo
oTexxaBa NPOLEHY CTBapHMX pa3Mepa pasHOBPCHMX 6e3benHoCcHKX puamnka (Service,
2004). TpeHyTHO akymynupaHa 3Haka M3 06nacTi HeypOTOKCUKONOrWje ykasyjy Ha
nocTojakbe MarKaBe AefoTBOPHOCTY NPUPOZHE 3aliTuTe Tena nNpoTMB Npogopa Ha-
HOMaTepwjana y byACKM MO3aK, LTO oMoryhaBa MHTEHLMOHAIHO BEKTOPCKO MPeHOo-
LeHe TUX CYNCTaHUM M3 CnorbHe cpeanHe y uepebpanHu npoctop (Bencsik et al.,
2018). MowTo HeypoHM Nako acuMUnyjy HaHOYecTuUe, HaHomaTtepujanu Beh umajy
CBOjCTBO [la M3a30By ynarne y HEpBHOM CUCTEMY, OKCUAATUBHU CTPEC, CMPT HEYPOH-
ckux henuja, omeTajy NpoU3BOAHY Pa3NUUMTUX HEYPOAKTUBHUX XEMUKanuja u ytuiy
Ha MpexHa csojcTBa Mo3ra (DeFranco et al., 2019: 52-53). BojHo ocobrbe koje je
YKIbYYEHO Y NMPOM3BOAHY, PyKOBaHE UM NPUMEHY HaHOMaTepwjana MoXe ce Cyouu-
TV Ca pUsnLyMa N3NOXEHOCTM KOjU1 jOLL YBEK HUCY Y MOTNYHOCTW cxBaheHw.

Hajsehu 6e36eQHOCHM pUsKK y KOHTEKCTY (310)ynoTpebe HaHo4ecTuua U HaHo-
ypehaja y OeCTpyKTMBHe CBpXe M3BMPE W3 CMOXEHOCTU HUXOBOM OTKpMBaHa U 110-
LMpara Kada jeqHoOM NOuHy Aa Aenyjy y MPMPOAHOM OKPYXXeky M kog Jbyau. HaHo-
YyecTule MMajy CBOjCTBA BUCOKE arperaumje n peakTMBHOCTM CripaM OKpYXekba, LUTO
3HauuM Ja ce MOry Nlako roMUnaT y XXWBOTHOj CPEAVHU U TUME Ha HENpeaBUabYB Ha-
YMH MPOY3POKOBATM EKOMOLLKY LUTETY U HEraTMBHe edhekTe No 3ApaBrbe Kafa jeaHoM
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npoapy Yy JbyACKM OpraHusam Kpo3 KOXYy, HOC, AucajHe nyTeBe v BapekeM (Hamdan,
2023). OnacHoCT je ounrneaHa jep je pev 0 HeyoUrbMBMM YecTMLIaMa XEMMJCKOr cac-
TaBa koju ce y Hajsehem Bpojy cryyajeBa He pa3nukyje 04 XeMmjCKor cacTaBa AenoBa
npupoaHor okpyxera (Hull, 2017: 19). 360r Tora cy hopeH3n4Ko OTKpMBaHE NpUCy-
CTBa HaHOYeCTMLA W yCrmellHa AeKOHTaMUHauumja YNuTHW, WTO je NocebHO y3HeMU-
pyjyhe y cnojy ca HejacHohama OKO Tora Ja nu — y Ccryyajy Hajroper cueHapuja ga ce
HEKV MPOM3BO4 HAHOTEXHOMOTMje OTPrHe KOHTPOMM — YOmnLiTe MOCTOjM onuuja ga ce
H-ErOBO [€jCTBO 3ayCTaBy jeAHOCTaBHUM McKibyunBarem” (Hull, 2017: 20). EBeHTy-
anHa npumeHa HaHoTtexHonoruje y 6opbeHom kopuwhery xemujckor n GronoLukor
opyxja buna 6u nocebHO KOHTPOBEP3Ha, jep Bu cuctemu 3a MCNOPYKY HaHO BuonoLw-
KUX M XEMUjCKMX cpeacTaBa Mornu Aaa nosehajy edrkacHOCT TUX LUTETHUX CYnCTaH-
LK1, U TO Y3 HUXOBO OTEXAHO OTKpMBaHE Yy OKpyxery. OBae Takohe noctoju onac-
HOCT 0fj 3aMarrbeHe rpaHuLe n3Mehy NermMTUMHUX HayYHKX UCTPaXuBarba W passoja
3abpareHor opyxja (Tucker, 2012). Ha npumep, gocturHyha y obnact cuHTeTnyke
reHoMuKe MOry Aa NoMOrHy Npou3BoAwy npunarofheHux monekyna JHK kao krbyd-
HUX cacTojaka Npeko NoTpebHMX NekoBa, anu 1 Aa onakiwajy cTBapare CMPTOHOCHUX
BUPYCHMX areHaca 3a 6uonowko patoBare (Lentzos & Silver, 2012; Epstein, 2012).
MoryhHocTu ynotpebe HaHo60TOBa BOMEHMX BELUTAYKOM MHTENMIEHLM|OM, Jbya-
CKOM OKy HeBuasbMBuUX ypehaja, 3a npukynbarwe obaBeluTajHMX nogaTaka, cnpo-
Bofewe TajHux 6opbeHnx onepaumja U HEOMAXEHOr NPOAopa Y JbyACKO TENo U3BO-
pu cy pusuka og npumeHe Bygyhux HaHoopyxxaHux cuctema (Altmann, 2006: 4-6).
HaHoTexHonornja omoryhaBa KOHCTPYKLWMjy U3y3eTHO Manux ceHsopa v ypehaja 3a
npahere Koju Mory AenoTBOPHM|E U CKOPO HEMPUMETHO Ja MPWKYMNIbajy ONCexHe K
pasHopoaHe obaBeluTajHe nogatke ca bojHor norba. Ynotpeba MukpoceHsopa oTBoO-
puna 6y npocTop 3a Hag30p v npaherbe 1 BOjHOT 0CO6Sba W LMBUITHOT CTAHOBHULLTBA
y 30Hama cykoba, yume 61 ce nNoTKOMano mpaBoO Ha NpMBaTHOCT M mosehana mo-
ryhHOCT 3a nmojaBy 3noynoTpeba. Mpakce 3acHOBaHe Ha yrpagtsy HAHOTEXHOMOornje
y ypefaje 3a Hagsop notnyHo Gu npevHadmne Baxehe pasymMeBare W HOPMATUBHO
perynucake npaea Ha NpuBaTHOCT, jep 6u omoryhune KOHTUHYMpaHo, AeueHTpanu-
30BaHO ¥ HEBMAIBMBO NMpukynrbake nogataka (Van Den Hoven & Vermaas, 2007).
Mpobnem je WTO HaAHOTEXHOMOrMje ody3umajy MojeauHLy cnocobHOCT Aa onasu u
cxBaTh fda je npaheH unu HagsvpaH, Yume MoHWWTaBajy onwTenpuxsaheHa Have-
na carnacHoctu u TenecHe aytoHomuje (Ganascia, 2011: 687-688). O36urbHO 3a-
Aupate Yy TenecHy ayToHOMUjy ogurpano 6u ce Ha jow jegHOM mnaHy — cTBapakby
CaMOOAPXMBOr BOjHUKa-knbopra. Pa3Boj pasnuuntux umnnaHata pagy noborbluaka
PUBNYKMX N KOTHUTUBHMX NEPGOPMAHCH, ,NamMeTHMX” YHUPOPMM N MUKPOCEH30pa 3a
HaZ30p 34PaBCTBEHON CTaka (TENECHMX (hyHKLMja) 1 CMOSbHOT OKPYXKeHa Y KojeM ce
kpehe BOjHUK MMa 3a kpajiy Lnib Aa noeha HMBO BopbeHor AejctBa 1 BepoBaTHOhy
npexuBrbaBama. Mnak, TpaguumnoHanHa npupoga martpuue ApyLUTBEHUX ogHoca yc-
MOCTaBIbEHMX YHYTap BOjHE Xujepapxuje 1 eToc BojHe npodhecuje mornu 6m ga cTeo-
pe OpraHu3auuoHy KynTypy U ambujeHT y Kojuma 61 BOjHULM BULIE MpucTajanu Ha
MHBa3MBHE MeULVHCKE U MHXEHepCKe npoueaype pagw TpaHavuuje y kubopre nog
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CBOjEBPCHUM NPUTUCKOM Hero o6poBOSbHO, OQHOCHO 6e3 ayTOHOMHOT OfnyYMBatba
3aCHOBaHOr Ha eTarbHOj MHGOPMMUCAHOCTM O CBUM AYrOpPOYHUM UMMANMKaLmjaMma no
3gpasree (Mehlman et al., 2013; Van Den Hoven & Vermaas, 2007: 288-289).

MojeguHn aytopu, nonyT Kajnepa n Jen MoHTea (Keiper, 2007; Del Monte, 2017:
178), cTeneH pu3nka of anokanUNTUYHWX NOCMeAuua HaHoopyXja CTaBrbajy y pa-
BaH Ca MpayHuM CLeHapuvjuMa Be3aHWM 3a HyKneapHO Wnv OMOMOLLKO Opyxje, jep
MOCTOjW MPETHA ONCTaHKY SbyAcKe BPCTE. TEXHONECUMMUCTAYHA pa3MuLLIbakba O Ha-
HOTEXHOMOMMjN HUCY HOBa. JOLU je Y Hay4HO-NonynapHoj kkuan n3 1986. roguHe, Ha-
cnoBrbeHoj Momopu cmeaparba — donasak epe HaHomexHomoauje, Epvk Jpekcnep
npopekao Aa he MaHunynucawe MaTepujoMm Ha aTOMCKO-MOSEKYNAPHOM HUBOY UMK
[a npeobpasu cBeT 0ko Hac, unu Aa ra yHuwTw (Drexler, 1986: 14, 172—-174). MNowTo
ce JaHac [lpekcnepoBe CyMOpHE MpPOrHo3e cmatpajy npesasufheHnM, KOpUCHO je no-
regatn Aaga kpynHa den MoxTeoBa (Del Monte, 2017: 178) pasnora 3a aHanorujy
ca HykneapHom anokanuncom. [pBo, 4enoTBOpHa KOHTpona coucTULmMpaHor Ha-
HOOpYXja Moxe Aa npeBa3ufje cnoCcOBHOCTU IbyACKe NHTENUrEeHLMje, OOQHOCHO npes-
Bufama Kpajrsrx ucxoda, na TMMe 1 OAJyudmnBaKka O eBEHTYarlHoj ynotpebu Te BpcTe
opyxja. Opyro, [len MoHTe nckasyje pobonokanuntuyHy 60jasaH ga 6u npenyLitawe
[u3ajHuparba HaHoOopYXaHUX cuctema Byayhvum cynepuHTENUreHTHUM padyHapuma,
paaw nojeAHOCTaBIbMBaka MHAYCTPUJCKOT NOCTYNKA M CMaHeHa NPOU3BOAHMX TPOLL-
KoBa, MOrf0 Aa UCTUCHE JbYACKM YMHUNaL, M3 komaHgHor nadua (Del Monte, 2017:
178). Takohe, 60jasaH og 6yayhe ynotpebe HaHOTEXHOMNOrWjE Yy MOTMYHO ayTOHOMHUM
OpYXaHUM CUCTEMMMA ONPEMIBEHMM OMLLITOM BELUTa4YKOM MHTenureHumjom (artificial
general intelligence — AGI) ycnoBrbeHa je aHTMUMNpakeM UHTENUITEHTHUX MallmHa
3a ybujarbe, 3a Koje ce npeTnocTas/ba Aa He 6u Gune cnocobHe ga edmkacHo mns-
BpLaBajy bopbeHe 3apaTke, a Aa Npu Tome 1 pas3nukyjy bopue 1 umBuie n nowTyjy
Ha4yeno cpa3MepHOCTV y npumeHn BatpeHe Mohu (Sparrow, 2007). AHraxoBatse or-
POMHOr Opoja MUHMjATYPHUX OPYXaHWX cucTema Ha BojuwTty Guno 6u cBojeBpcHa
HOhHa Mopa 3a KoMaHOoBake. Ja3 13Mehy MEHTamNHUX U MHTENEKTYyanHux cnocoo-
HOCTM Ibyau Aa obpage MacoBHe NOAATKE Y KpaTkoM PoKy 1 Bp30 JOHECY UCTPaBHY
OAJIYKY Y CIIOXXEHOM W AMHAMUYHOM GOpPOEHOM OKpYKeky Morao Ou CylwTWUHCKM da
orpaHu4y cnocobHOCT KoMaH4aHaTa a MCKOpUCTe NpojekToBaHe nepopmaHce Boj-
HUX ypehaja ca yrpafeHum HaHoTexHonorvjama.

LLITa goHOCe noTeHumjanHe KOHTpoBep3e: Npobnemu
NOSIMTUYKOT KOHCTUTYMCaka HaHOOoPYXKja Yy OnNTULn
KpUTHU4Ke Teopuje

Y aHanusn nnaysmburiHux KOHTPOBEP3N APYLUTBEHOr KOHCTUTyMCaka HaHOoOpY-

XXaHux cuctema bekoBa Teopwjcka NepcnekTMBa ApyLWTBa PU3KKa NOMaXe Tako LITO
UCTWYE Y NPBY NNaH NUTake 4a K ce BOjHA NPUMeHa HaHOTEXHOOorMja MOXe Y UCTO
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Bpeme yunHuTM 6e3benHoM (3a KOpUCHUKE, LMBUIIE 1 XXUBOTHY CPeaunHy) n edukac-
HOM (32 BOjHO M MOMMUTUYKO PYKOBOACTBO). YMHM Ce da Tesa 0 MPou3BOAHM pU3MKa
Kao cyncTaHumjanHoMm obenexjy caBpemeHor goba daje 3a npaso ocehajy 3abpu-
HYTOCTM MOBOAOM peanucTuyHe MOoryhHOCTM cTBapaka HoBMX 06nuka BojHE mMohu
ca OyropoyHuM nocrefuuamMa Koje je caga Tewko NpensuaeTy, AeTarbHO onucaTu
n pasymetun. Opekcnep u Memnwun (Eric Drexler, Dennis Pamlin) yno3opaBajy aa 6u
NMpMMeHa HaHOTEXHOMOIWja paau jayarba BOjHUX Kamauuteta Morfa ga npepacte y
HENpeaBVAVBY PEMETUNAYKM YMHWNAL, Y Cry4ajy pa3Boja HanpeaHUX KOHBEHLIMOHA-
HUX OpYXaHUX cMCTeMa, Kojy Ce MOry Nlako MacoBHO NMPOW3BOAMTY U CTaBWUTU Y one-
paTtuBHy ynoTpeby Ha GojuiTy, Te yBofera pasnmunTux BpcTa NPEHOCUBMX MUKPO-
ypehaja (ceH3opa, padyHapa, eNeKTpPOMEeXaHUYKNX CUCTEMa) 3aCHOBaHWX Ha Haa30py
1 Borbe koHTponucaHoj npumenmn cune (Drexler & Pamlin, 2013: 64—65). Osa gBojuua
ayTopa cmaTpajy 4a je BojHa uctopuja nyHa npumepa kaga Cy TEXHOMOLIKE MPOMeHe
KpyMHMX pa3Mepa Npoy3pokoBare NorpeLuHe offyke BOjHUX MraHepa v ognyyunaua
y BUZY MpeLernBaba Unv noTueryBakba AeN0TBOPHOCTY HOBUX TEXHOMOLLKMX M3y-
Ma, noctojehunx 1 pa3BojHUX BOjHNX CMOCOBHOCTU HempujaTerbCkMX Apxasa U Cnopux
WHCTUTYLIMOHAITHNX OAroBopa CONCTBEHMX MONMTUYKMX OAMyYMaLa Ha HoBe UHAOop-
MaLmje 0 TEXHOMOLKUM JoCTUrHyhuma.

BekoB KOHLENT ApyLUTBa pr3nKa NPUMEHEH Ha pa3MaTpare NOTEHLMjaHUX KOH-
TpOBep3un OKo ynoTpebe HaHOTEXHOMOrja y BOjHE CBPXE KOPUCTaH je eN1CTEMONOLLIKM
MHCTPYMeHT, jep 6pojHe Hen3BeCcHOCTM y norneay AyropoyHKX nocneauua Te ynorpe-
6e ncnpaBHO NoBe3yje ca HEM3BECHOCTMMA Koje MOry Aa MPOUCTEKHY K3 npoLeca oa-
nyynBarba CnorbHOMONMUTUYKUX OAMy4YMraLa, BOjHUX NnaHepa 1 KoMaHgaHaTta ycrnen
ANCTOpP3Wje KOTHUTMBHMX cnocobHocTu. MNMpoueHa Byayher kymynaTMBHOr yyYnHKa Ao
cafia OCTBAPEHMX U MNaHMPaHNX HaHOTEXHOMOLLKMX Npoboja Koju ce Mory MCKOpUCTU-
TV y BOjHE CBpXe CTOra je noasioxkHa 6pojHMM NpoMeHbMBaMa, Te Tako 1 Henoy3aaHa
Kao nMpeanoxak 3a pauuoHanHo ogny4uare. Cam nocTynak KOrHUTUBHE W HOpMa-
TVMBHe mpoueHe Moryhux nocrneauua TEXHOMNOLKOr pa3Boja 3aaupe y BPeAHOBaHE
ByayhHOCTW 1 Ncuxonorujy onaxara ONacHOCTK, Te TUME NPOTUBPEYN CTPOrIM METO-
JOMOLLKMM 3axTeBMMa CTuLama 3Haka Koje je HeonxoaHo 3a pa3bopuTo NOAMTUYKO
OAJTyuMBaH-E O paspellaBaky pU3svKa 1 OLEeHN APYLUTBEHE NPUXBATIBUBOCTYU TEXHWY-
kux n3yma (Radinkovi¢, 2022: 98-109). BpegHoBare BepoBaTHOhe nmowwmx mcxoga
BOjHE MPYMEHE HAHOTEXHOSOrMja HyXaH je Kopak Ka 3perniom MonuTUYKOM Ofnyyu-
Bakby Yy noapydjy oabpambeHe nonuTuke 1 pas3eoja BOjHUX CNOCOBHOCTH, a NocebHo
nmajyhn y Bugy obnactu y kojuma ce Beh 04eKyjy peBOyLIMOHapHW NoMaLm 1 panuga-
HO ybp3arbe HaHOTEXHOMOLLKMX UCKOpakKa.

OrpomHe nHBECTULWMje KOje Ce CBaKe roguHe ynuBajy y HaHOTEXHOMOLWKa UcTpa-
XMBaka 1 MHOBaLMje Ca OYeKMBabEM OrPOMHMX MPodUTa YMHU Ce Aa HaroBelUTa-
Bajy Benuky BeposaTHohy ga he ogroBopaH npuctyn 6uty 3aHemapeH pagy nocTu-
3atba MakCMMarHor y4YnmHka HaHomaTtepujana u HaHoypehaja. CnoxeHo mefyaejcTeo
J06pmx 1 nowmx nocneguua koje mMory aa npouctekHy u3 (3no)ynotpebe HayyHor
casHarba UM TEXHUYKO-TEXHOMOLWKUX JOCTUrHyha y cnydvajy HaHOTEXHOMOoruja TELKO
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Ja ce caja MOXe jacHO MpedBWAETV NMPBEHCTBEHO 360r oacycTBa OTBOPEHOr Auja-
fiora He3aBWCHWX WCTpaxuBaya, UHXEerepa W TexXHorora ca CrorbHONOMUTUYKAM
OAJTy4noLMMa 1 BOjHUM NnaHepuma. HajonacHujy HenosHaHWLy npeacTaBrba UCXoq
HEMUHOBHE KOHBEPreHLyje BULLe HanpegHux TexHonorkja Yetspre nHaycTpujcke pe-
BOMyLMje U HEeHE NPUMEHE Y KOHCTpyucaky HOBE reHepaluje opyxaHux cuctema.
MprMeHa NNoAoBa TEXHOMOLWWKOM HanpeTka TECHO je MoBe3aHa Ca HMXOBOM TPXMLL-
HOM 1 ynoTpebHOM BpegHoLhy, Na je Tako BaXHO y3eTW y 063up Marbak TeXHUYKOT
pasymeBakba OrpaHuyerba W HIUX0BKUX APYLWTBEHUX uMnnvkauvja. Osae ce jow jea-
HoM noTBphyje BanuaHocT bekoBe TBpAHE Aa HaunHe ynoTpebe HOBMX TEXHOMOLLKUX
[oCTUrHyha kao 13Bopa HeCUrypHOCTU He CMeMO [a TPETMPaMO Kao NYKO TEXHUYKO
nutarbe. MNutarbe ynotpebe HaHOTEXHOMOMM]ja ¥ BojHE cBpxe Tpebano 6u ga ce yBek
pa3marpa yHyTap okBupa onwitenpuxsaheHux AeMOKpaTCKuxX npoLeaypa, v To Tako
[la VHXEeHEePCKO U HAYYHO YMHEHWYHO je3rpo MOCIYKM Kao OCHOBA 3a MHDOPMUCaHY
nebaty 1 KBanuTETHO OAsyuvBakLe 0 Nay3MbunHUM Ncxoamuma Te ynotpebe, noce6-
HO OHVM KOju B1 MOMNW Aa HAaHECY HeEHamepaBaHy LITETY. JedaH o HajBaXHWjuX pas-
fora 3a TO je TeHOeHLMja NoNUTUYKMX ofnyyunala aa ce npenycre HeyTeMerbeHoM
TEXHOONTUMU3MY, jep OH MOXe [a Ce MapKETUHLLKMM MaHunynawujama nako npeTeo-
pu y 3By4Ha npeamsbopHa obeharwa. O TomMe Moxza Hajborbe CBeLOYM YMHEeHULA
[a je YyBEeHN aMepuyky KOHLENT PeBonyuuje BOjHUX MOCNOBa NpeTpneo 030urbHe
KpUTUKE Yy akageMckum n cTpydHum kpyrosuma (suaetu: Collins & Futter, 2015), na
je TokoM nocnegre ABe AeleHuje, y NoKyLiajy Aa ce ybnaxu npBobUTHW TEXHOONTK-
MU3aM, 13 3BaHNYHE TEPMUHOIOTUjE YKMNOHEeHa pey ,peBonyLmnja” y KOPUCT CUHTarMe
,BOjHV Npeobpaxa]”.

OuyBarbe CnocobHOCTU AeNOTBOPHON NpojekToBaka BojHe Mohu y MefyHapoaHOj
apeHn TECHO je MOBE3aHO Ca YCMEeLUHUM NpoHanaxerweM ynoTpebHe BpeAHOCTU HO-
BUX OpYXXaHUX CUCTEMA, OAHOCHO HMXOBUM BELUTUM yKNanakeM y OKBUP CTpaTeLLKor
1 OOKTpUHapHoOr nnaHupama (Horowitz, 2010). YTONMKO je KBANUTETHO OAJyYMBaH-E
y oabpambeHoj nonmtuum ocyjeheHo MakKOM jacHMX MPOrHO3a LUTa HaHOTEXHOMOorKje
MOry Aa yunmHe Moryhum y cpearemM u Ayrom poky, Te npatehnuM pexmmom TajHOCTK
nogataka o BOjHUM MpojekTUMa, Koju oHeMoryhaBa [a ce HanpaBu paBHOTEXa W3-
Mehy CTBApHMX TEXHOMOLLKUX U MHXEHEPCKMX JOCTUrHYha U MeaunjCKnx npeyBennya-
Bakba LWTa 61 mMorno aa 6yae octBapeHo (Simpson & Sparrow, 2014: 96). MoryhHocT
BMCOKO e(PMKACHUX U CKPUBEHWX CUCTEMA HaopyXxaka ca HeBUNEHUM Pa3opHKUM Cro-
cobHocTMa n3a3vea 3abpuHyTocT 360r gectabunusauuje rnobanHe 6e3begHocT 1
nogcTvUara TpKe y MOAepHU3aUmju BojHUX KanaumTeTa Benukux cuna nonyt CAL,
Knne n Pycuje, koje cy Beh nHTerpucane HaHOTEXHOMNOrWjy y nporpame oabpambeHmnx
ncTpaxueawa. [MnenaHo 13 yrna bekoBor KoHLEeNTa ApyLWwTBa pusimka, yCrneluHa Tak-
TWYKO-OMepaTMBHa ynoTpeba opyxaHux crcTemMa 3aCHOBaHKX Ha HaHOTEXHOMorjama
cBakako 61 0TBOpWIIa HOBO NOSbe rMobasiHuX HECUTYPHOCTU U HEU3BECHOCTU, U TO Y
BMAY javarba HOBYUX CTPYKTYPHUX HEjeHaKOCTM YCNOBIbEHUX aCUMETPUYHUM NOCEAO0-
BakeM Te HOBe TexHomnoruje. Tako 6u npesnacT rnobanHor LeHTpa Hag rmobanHom
nepudepujom, XpOHMYHO YCNOBIbEHA akyMynaLmjoM ApYyLUTBEHOr 6oraTcTBa UCKIbY-
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YMBO Y MOCTUHAYCTPMWJCKUM APYLUTBMMA Ha pavyH Mare pa3BujeHnx, noctojehy Hejea-
HaKOCT Mpenuna 1y AOMEH BojHe TexHonorunje. besbegHocHM pusnum Tume 6u Behum
denom 6unu npemelTeHn Ha 3emrbe rnobanHe nepudepwje, Koje He bu morne aa
(huHaHcmMpajy ycnoctaBrbake Yak U AeNUMUYHE U MPUBPEMEHE CUMETPUjE Crpam
TEXHOMOLLKN HanpeaHujux BOjCKM.

HaHoTexHomornje ce y paHom 21. BEKy NOAMTU3Yjy U NOCNEANYHO KOHCTUTYULLY
Kao BaxaH e0 BOjHMX NfiaHOBa W BOJHOTEXHOMOLLKMX Pa3BojHMX nMpojekaTa Bogehux
mehyHapogHux aktepa (Kosal, 2014; Dong et al., 2016). lNonnTWYKO KOHCTUTYMCaHE
HOBUX OpYXaHUx cMcTeMa 1 BOjHE ONpeMe 3aCHOBaHWX Ha HanpegHWM TeXHormorvja-
Ma W3HOBA CTaBIba Y XWXy CasHajHy BanmaHOCT KPUTUYKO-TEOPUJCKUX pasMaTpara
0 MefyaejcTBy Sbyau 1 OpyXja y BUAY NoBpaTHe cnpere, y KOjoj An3ajH, MatepujanHa
1 pyHKLMOHAMHa CBOjCTBA MPETOYeHa y yaapHy Moh nogcTuyy paspagy uMarnHaTue-
HUX CLEeHapuwja O NPaKTUYHO] ynoTpebun y KOHKPETHUM BOjHUM onepauujama. Oueku-
Batba Of yrpagre HaHOTEXHOMOrvja y BOjHE kanauuTeTe uay y npasLy AYropoyHOr
ocurypawa crtpateluke npegHoctn 6e3 npecegaHa Hag Takmauuma, Koja 6u notom
Tpebano fa ce OTenoTBOpW y OApXare cratyca rnobanHor xereMoHa unw, nak, y
H-ErOBO YCMeLLHO ocnopasatse. [pobnem ce nojasrbyje ycneq HemoryhHOCTH ocTBa-
pyBakba HaHOTEXHOIOLKE HaAMONM MPaBOMMHMJCKM 1 Yy KPaTKOM POKY, Na MHaye ayr
npoLec goctn3arba ynotpebHe Noy3aaHOCTU HOBMX OPYXaHKX cUCTEMa MOXe Ja ce
CKpaTU YKOMMKO BOjHO-MONUTUYKM UHTEPECU 3a Op3um yBohewem HOBe TexHonoruje
npeTerHy Hag CTPOTMM 3axTeBMWMa TecTupara. Y TakBUM OKOMHOCTMMA MocTaje Ko-
pucHa MeunkucoBa Te3a aa opyxje NoBpaTHO YCroBrbaBa (haBoOpM30Bak-e NojeanHUX
CMepoBa MnaHupara 1 genaka y npouecy (CnosbHO)NOMMTUYKOr oanyyrBama. Ha
Tpary [lene3osux v laTapujeBnx npoMuLibaka, UcnocTaemba ce Aa 6u Beha yaapHa
mMoh HaHoopyxja Morna Aa NOACTaKHE XyOHyY 3a HacUrbeM, U TO MPBEHCTBEHO KOA
MOMUTWYKMX W BOJHUX PYKOBOZMMALA, Tako LUTO OBu cTBOpWIA NCUXOIOLLKE YCMoBe Y
kojuma 61 CKMOHOCT Ka HaCWUITHOM OCTBapeksy CMOMbHOMONMUTUYKUX LurbeBa nocra-
na npuxBaTibMB, Na Yak WU noxerbaH crae. lNocTu3awe [OBOSBHO Bp3KX MHOBaLWja
dano 6u npegHoCT Hag TakMauuma y mefyHapoaHoj apeHu, Yume 6u oHe omoryhune
CHWXaBat-e Mpara 3a OTNouNHbarbe paTa— BOjHY kamnaky 61 yumHune jedpTuHmnjom un
edmkacHujoM. AGeKTVBHA HALWITMAHOCT Ka NPaKT1KOBakby OPYXaHOr HacKiba MoTOM
O ce yuBpCTUNA Y jaBHOM MH:EHY, LUTO BU NOCMEANYHO AOMPUHENO YCMOCTaBIbaky
LUMper ApYLUTBEHOr KOHCEH3yca, Te 3aTM opMynmcaHor 1 noTepheHor y neruTuv-
HUM OeMOoKpaTCkiM npouedypama, Koje 6v TO Hacurbe NosvBareM Ha MeranHocT
YYMHWIE BEPOBATHUUM M NPUXBATIBMBUjUM Y MONUTWNYKO] 3aje4HMLN.

MewukucoBa Te3a je 4a je opyxje akTMBHA Cuia Koja Kpo3 adpekTe n ctpaxose 06-
NUKyje FbyACKO MOHallake M YCroBe 3a HaCUibe MOXeE Ce y Cryyajy BOjHUX Kana-
LMTETA ONPEMIBLEHUX HAHOTEXHOMOMMjaMa TyMadmTun y jow jegHoj pasHW. Cam uuH
nocefoBaka HaMpegHOr OpYXKaHOT CUCTEMAa MOXeE CejaTu CTpax KO Hempujaterba
M BPLWMTU NPUTHUCAK HA H-ErOBY jaBHOCT MOCPEeACTBOM ocehaja npeTke U HeusBec-
HocTU. EMouUMOHanHM 1 adhekTBHI acnekT onaxara U MoTOHe AUCKYP3WBHE KOH-
CTpyKuMje yaapHe Mohy HAHOOPYXja YMHK Aa OHO Aenyje u npe came ynotpebe 36or
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CBECTW Oa je OM3ajHMPaHO Aa YHWULITW Ha MPOM3BOSbaH W HeMpeaBUAIBUB HAUMH.
Opyrvm peunma, yBohewe HanpegHe TEXHOMOrje BOAM Ka NPOMEHN Ha4yMHa 1 CMe-
pa JenoBaka He camo KopucHuka Beh 1 oHora ko 6u morao ga 6yae noteHumjanHa
meTa (Tj. HenpujaTterba). Tako ce 6op6eHMM cucTeMrMma ca HaHOTEXHOMOMjama Kpo3
“3MereHe HaumHe ynotpebe mory npugaTtv NpBOOUTHO HemnaHupaHe onepaTvBHe
dyHKUwMje: HNp. MOry Aa Aenyjy u kao cpeacTea nykor ogspahama Henpujatersa, 6e3
onepaTmeHor kopuwhera Ha GojuLuTy.

Ocnamnajyhu ce Ha [enesosy u [atapujeBy TBpAkY Aa pedrekcuja 0 TEXHNYKUM
KapakTepucTMKamMa HaHOoOpyXja MOACTUYE CMOFbHOMOMNUTUYKE O4MyYMoLe U BOjHE
nnaHepe [a HOBe HauuHe HMXoBe ynoTpebe J0Beay Y KOHTEKCT ApXKaBHUX MHTEpeca
W UMIbeBa, YMHK ce Ja oTBapa M HoBe MOTyHOCTW Ha nnaHy NpoM3BOAHE 3Haksa.
Mpon3Bogta 3BaHWYHOr 3Haka O ogbpambeHo] MonAUTUUM U BOJHUM Kamnakama
MOXe Aa CTYMW y NOoSbe KOHTPOBEP3U YKOMUKO ce yrnoTpebHa BPeAHOCT HanpegHux
TEXHOIOorja Uckaxe NocpesCcTBOM MaHunynauuje AUCKyp3vBHIUM 3HaYekMMa npuga-
TVM HaNpPeaHUM OpY>XaHUM cucteMmnma. Ha npumep, pasBojHu npojekTn y obnactu cT-
Bapakba BOjHMKa-kmbopra Mory ce y KpUTUYKO-TEOPUCKOj ONTULM TYMAYUTX Kao MOKY-
LIaj Aa ce Ha nnaHy AUCKYP3VMBHUX Npakcu Gronoruja Tena aMepuyKkor BOjHUKA YYMHM
CYMNEPVIOPHOM U PEKOHCTUTYMLIE CUMBOMMKa HepakwbuBOCTU uMnepuje. Onckyp3mBHO
KOHCTpyMCaHa 1 Meamjcku nocpefoBaHa NpeactaBa O BOjHUKY-KMBOPry Kao ,Heparu-
BOM” 1 ,HE3ayCTaBIbMBOM”, OQHOCHO Kao O JbyAckom Buhy koje ynpkoc HenpujaTersc-
KOM [ejcTBY ,Backpcasa” 1 Bpaha ce y 6opbeHu cTpoj, moxaa 6v genosana 4eMoTu-
Buwyhe Ha HenpujaTersckor 6opua (MocebHO TEXHOMOLLKM 3a0CTanor), NoroToBO ako
6y 6opbeHa npakca BepudmkoBana Ty NpeacTaBy Kao ogpas CTBapHOCTY GojuwTa y
21. Bexy.

CarnegaHe noteHuujanHe KOHTPOBEP3E BOjHE MPUMEHE HaHOTEXHOMOVja NoKasyjy
[a TEXHOMOLWKM Hanpedak Huje jeqHo3HavaH, Te kao TakaB He cMe da byae MHCTpy-
MEHTaNM30BaH 1 onpaBgaBaH caMmo MeperseM ehKacHOCTW U onepaTUBHUX NPeaHo-
CTW Y KOHTEKCTY yHanpehera ogbpambeHux kanauuteta. [prmeHa HaHoTexHonorvja
Yy BOjHE CBpXe yBnayun Hac y ayboky ,wymy” y Kojoj Bpebajy pasHonvke Hen3BecHoOCTY:
cBaka npoueHa ynotpebHe BpeaHOCTH HanpeaHunxX opyxaHux cuctema Tpebano 6u ga
YKIbY4YM M MEPCMEKTUBY OvyBara A0OPOBUTW BOjHUKA, LUMBUMA U XUBOTHE CPEAVHE.
HeonubepanHo MHcMCTMpake Ha BarbaHOCTW NMOTVKE MHCTPYMEHTarHor yma oTBa-
pa cnobofaH NpocTop 3a npeLetrBake YynoTpebHe BpeaHOCTU HAHOTEXHOMOLLKUX
gocturdyha u, nocnegnyHo, yb6p3aHor yBofera HeZOBOrbHO NPOBEPEHNX pellera
3aCHOBaHVX Ha HAaBOZHOj CyNepPUOPHOCTU NHXEHEPCKE EKCepTn3e U BOheHUX CHaX-
HUM KOMepLMjarHiM MpUTUCLMMA — Y3 MOTUCKMBaE MHopMauuja 0 AyropoyHUM
WTETHAM nocnegulaMa U3 jaBHe pacnpaBe U cepe AeMOKpPATCKOr OAJyuvBaksa.
TexHooNTMMM3aM MONUTUYKMX M BOjHUX EN1Ta Kao MoKpeTay NoMUTUYKOT 1 ApyLITBe-
HOT KOHCTUTYMCaka HaHoOopYXXja Moxe Aa Oyae onacaH YvHWNIaL y CIIOXEHOM U He-
npeaBuArbUBOM Npouecy obnunkoBaka GyTYPUCTUYKE BOjHE MMarMHauuje, onaxarba
HMBOa Byayhmx npeThKn U AedmHUCaba rpaHuLEe NPUXBaTIbUBOT HAacKIba.
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Pe3sume

pafy ce pasmatpajy KOHTpOBEp3e Koje MOXe Aa MpOoy3poKyje npumeHa HaHo-

TEXHOMOLLKMX MHOBaLWja y yHanpefery BOjHUX CNOCOBHOCTM y paHoM 21. BEKY
3acHOBaHa Ha haBopu30Bary HeonubeparnHe Bep3nje MHCTPYMEHTamNHe paLnoHanHo-
CTW Ha padvyH hopMaTUBHUX APYLUTBEHWX U NONMTUYKKX edekaTa opyxja. HaHoTexHo-
noruje cy KOHUEenTyanu3oBaHe Kao XeTeporeHo Norbe HayuHUX 1 UHXEHEPCKUX NpaKcu
koje ce GaBe MaHUMynauMjoM MaTepujoM Ha aTOMCKOM ¥ MOJIeKynapHOM HuBoy. [o-
nasu ce of NPETNOCTaBKE [a OAJTyuYMBaHe YTEMESLEHO Ha pasyMeBaky Opyxja Kao
BPEOHOCHO HEeyTparHor MHCTPYMeHTa CnorbHe 1 oabpambeHe nonuTrke, OQHOCHO Ha
cBohery Heroee ynotpebHe BpeOHOCTM CaMO Ha Au3ajHMpaHa/TexHWYKa onepaTusHa
CBOjCTBa U (PyHKUMje, OTBapa NpOCTOp 3a HOBE peMeTurnayke HeW3BECHOCTU W pUan-
ke. LleHTpanHa TBpAtba je fa ce yHanpehere ogbpambeHnx cnocobHOCTV He Moxe
CBECTW CamO Ha yrnory TEXHOMNOLWKMX MHOBaUMja, jep je ynotpebHa BpeaHOCT Guro
KOjer HOBOI OpY»KaHOr CMCTEMA MM CMOCOBHOCTM NOCpesoBaHa U KBaNMUTETOM [OHe-
TWX (CMOSBHO)NOMUTUYKMX OZNyKa, BaxxehoM BOjHOM CTpaTernjomM 1 JOKTPUHOM, BOJHOM
OpraHu3aLoHOM KynTypoMm, Te (PyHKLMOHMCaEM NOTUCTUKE U NaHLa KOMaH4oBaka.
Axanusa kpehe ca KpUTUYKO-TEOpUjcke MO3uLMje U OCrama Ce Ha KOHLEeNTe pusny-
Hor apywTBa Ynpuxa beka, xyawe Xuna Jenesa n ®envkca Matapuja n adektmeHe
mohu opyxja beHyammHa Mewkuca. AHann3om cy obyxsaheHe Hajnnay3vounHumje KoH-
TPOBEP3€E Ca 3ajeQHNYKAM UMEHWUTEIBEM Y BUAY NMOPO3HE rpaHuLe M3meRy LMBUMHKX
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N BOjHMX UCTpaxuvBarba, ABOjaKe HaMEeHe HaHOTEXHOMOorvja 1 CIIOKEHOT perynucara
MHOBaLMja Nako MPeycMepUBUX Ha AECTPYKTUBHE cBpxe. KpaTkopouHO 1 CpeaH0podHO
rmefaHo, HajBepoBaTHUje BOjHE MpUMEHE YKIbydyjy Naklie u OTMOopHWje Matepujane,
noborbLuaHy 3alTuTy ocobrba 1 nnatopmMu, HanpeaHy Kamydgnaxy, MUHWjaTypr3o-
BaHe CEH30pe, NPEHOCMBE M3BOpE eHeprije, yHanpeheHe KOMyHUKaLMOHe cucTeme u,
noTeHumjanHo, pobotcke ypefaje MUKpo- nnu HaHopasmepe. AHanu3a nokasyje aa cy
HajBaXkHMje noTeHumjanHe KoHTpoBep3e Oyayhe NpuMeHe HAHOTEXHOMOLLKWX peLLeHa
noBe3aHe ca npobrnemumMa fBojake HameHe HaHOTeXHomMoruje (UMBUITHE U BOjHE), Mo-
PO3HWM rpaH1Lama usMeny LMBUITHWX 1 BOJHWUX UCTPaXKMBaka 1 Tellkohama HopmaTi-
BHOT perynmcara KOHTPOmne MHOBaLMja Ynje ce TEXHWUYKE KapaKkTepucTuke Mory 6p3o
npunaroguti notpebama AeCTPYKTUBHMX LnrbeBa. MNocebHa naxta noceeheHa je pu-
3uLMMa Koju ce MOry MojaBUTW ycren TOKCUYHOCTU HaHo4YeCTuUa, AyroTpajHe KoHTamu-
HaLWje KMBOTHE CpeavHe, MHBa3WBHUX METOAA CTBapaka BOjHMKa-kubopra, cuctema
Haz30pa NOCPEACTBOM MUHMjaTYpHUX ypehaja, ayTOHOMHKX cucTema opyxja 1 moryhe
pectabunusauyje rmobanHe 6e3benHOCTY OTNOUYMHAHEM HOBE TPKE Y HaopyXakby. Ta-
kofle, Harnmawaea ce Aa TajHOCT Koja OKPY»Kyje BOjHA MUCTpaxuBarba, Y KOMOMHaLM|mW
ca KomepLyjanHum nputucumma 3a ybpaaHe nHosauuje, Moxe ocnabuti 4emMoKpaTcku
Hag3op oabpambeHor cekTopa 1 0AroBopHoO Bofekse CnosbHe nonnTuke. 3akrbyyyje ce
[ia ce BOjHa MPYMEHA HAHOTEXHOIOMMja He MOXe MPOLIEH-MBATU UCKIbYYNBO Ha OCHO-
BY HeHE €(hMKACHOCTM 1 OMEPATMBHIX NPeaHOCTU. Mako HaHoTexHonoruje obehasajy
3Ha4yajHO yHanpehere onbpambeHnx cnocobHOCTH, OHEe UCTOBPEMEHO OTBapajy HU3
HEM3BECHOCTM Koje ce OfHOCe Ha 6e36eJHOCT BOjHMKA, LBMMNA U XUBOTHE CpeauHe.
MNMocebaH npobnem npeacTaBba HeoNMOepanHo ocnakake Ha NMorvky MHCTPYMeHTar-
HOT YMa, jep OHO CTBapa NPOCTOP 3a NpeLeHKBakbe YNoTpedHe BPEAHOCTU HAHOTEXHO-
nowwkux gocturHyha v 3a ybpsaHo ysofjewe HeJOBOSbHO NPOBEPEHUX peLLEH-A. TakaB
MPUCTYN, 3aCHOBaH Ha MPETMOCTABIbEHO] CYNEPUOPHOCTU MHXEHEPCKE EKCTIepTH3E U
NOACTAKHYT CHAXHUM KOMEPLMjanHUM MpUTMCLMMA, MOXE [0BECTU A0 NMOTUCKMBaHa
MHopMaLija 0 QyropoYHMM LUTETHUM MocreguLama 13 jaBHe pacnpase 1 13 cepe
[LeMOKPATCKOr OffyyMBaka. YTOMMKO TEXHOONTUMMU3aM MOMUTUYKUX U BOJHWUX €nuTa,
Kao NokpeTay MOMUTUYKOT W APYLUTBEHOT KOHCTUTYMCAaba HAaHOOPYXja, MOXe nocTaTu
onacaH YMHUNaL, y CroXeHOM W TELLKO NpeaBUarbMBOM npolecy obnukoBamwa gyTy-
PUCTUYKE BOjHE UMarnHauuje, npoueHe Oyayhnx npeTu 1 oapehuBaka rpaHuue npu-
XBaT/bMBOI Hacurba.

KrbyuHe peun: HaHomexHonoauje, pamosare, opyxje, o0bpambeHa nonumuka,
OpyXaHe cHaze, Kpumuyke cmyduje pama
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