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POST NON-CLASSICAL SYNTHESIS OF KNOWLEDGE
IN MODERN BIOTECHNOLOGIES

The article is devoted to modern biotechnologies: genetic engineering technologies, particularly CRISPR, PGD technologies, IVF,
etc. Modern biotechnologies differ fundamentally from traditional technologies. The latter were created on the basis on applied scientific
knowledge. Modern biotechnologies directly arise from the field of fundamental research grounded on interdisciplinary and transdisci-
plinary methods.

The modern biotechnologies are considered in the context of the post non- classical type of scientific rationality, which was devel-
oped during the modern global scientific revolution to explore holistic, complex human dimension systems capable of self-organization
and self-development. The norms of scientific research of this modern type of scientific rationality were established for nonlinear sci-
ence, particularly for the theories of self-organization whose variable nonlinear dynamics is described by nonlinear equations with sev-
eral solutions chosen by chance. That is why the explanation of a certain state of the self-organizing system should take account of
system’s specific choice of the version of further movement; therefore, it is a description by its logical structure. Even in modern phys-
ics, nonlinear theories are descriptive because nonlinear equations are solved by means of numerous approximation methods, describ-
ing specific systems in specific conditions of their existence. Thus the contraposition of fundamental theories with the applied ones,
which is typical of linear physics, is becoming less relevant. Hence, long-standing critical remarks against biological theories for their
inconsistency with idealized hypothetical-deductive standards turn out to be inadequate and misleading in terms of the specifics of
biological objects. Ultimately, biology has been provided with the norms of scientific research of the holistic complex systems, which
are self-organized and self-developing, in conformity with the nature of living things. From this it follows that biological theories may
well be and are descriptive.

Given that the article deals with technologies, the problem of the relation of the artificial and natural take center stage. Exploring this
problem, we relied on Herbert Simon's classical work entitled "The Sciences of the Artificial", which was once devoted to cybernetics in
the main, though it has wider application. The artificial is created on grounds of human aims, whereas it works according to natural
laws. Unlike technique that designs artificial devices, it is critically important that technological processes are not "designed”, but origi-
nated under certain conditions, and they often deal with the aspects of self-organization. In addition, it is vitally important for biotech-
nology that any design in genetic engineering should not disrupt the processes of self-organization in living organisms. The nonlinearity
of these processes provides a possibility of human intervention that is due to the fundamental variability of such processes, when the
intervention creates conditions for a favorable choice. However, a risk remains. Moreover, the definition of favorability is not always
clear. Thus, value aspects are irrevocable and they require an appeal to ethics and humanitarian research in general.

Keywords: philosophy of science, biotechnology, genetic engineering, CRISPR, post non-classical synthesis of knowledge, nonlin-
ear natural science, interdisciplinarity, transdisciplinarity, ethics of science.

Introduction

Dealing with ecological or socio-technical challenges
should involve a wide variety of natural, tech and humani-
tarian knowledge. The understanding of a complexity as
the process of self-organization is supposed to serve as
the unifying basis for their synthesis. (Dobronravova,
2011). That is why technologies do acquire particular im-
portance. The fact is that fundamentally complex systems
cannot be "constructed" of separate parts. They are formed
as a whole in the course of their development owing to self-
organization in nonlinear media. It is possible to create
conditions for such self-organization as the process of co-
herent movement of elements of the environment to attrac-
tors inherent in this environment and to promote the choice
of what is appropriate for a certain goal from among the
attractors. Setting relevant goals is a separate matter of
choice of the areas of human activities by state and inter-
state institutions, entrepreneurs and corporations in view of
economic and environmental requirements and interests.
Awareness of available choices is based on the explication
of obvious socio-cultural trends, hidden myths, fears and
hopes for the future, expressed by artists, philosophers and
publicists, as well as exploited by politicians, and advocat-
ed by public figures and social activists. Presently, this
article deals with the new technologies that are currently
creating a field of the opportunities among which people
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choose the goals of and tools for their activities. Also the
article deals with the how a synthesis of knowledge happens
while the technologies are being developed. Their creation
and use not only change human life, but alter the very un-
derstanding of what is a living being and what is a human
being. The new understanding is based on the post non-
classical synthesis of knowledge about living things — a mul-
tidimensional notion of the living world including humanity.

Sources

The wording "post non classical synthesis of
knowledge" entered the mind of one of the authors of this
article (Dobronravova, 2019) when she read about the
views of Academician Vyacheslav S. Stepin (Stepin, 2017)
on the relationship between classical, non-classical and
post non classical science. He emphasized that the simple
systems, which make up objects under study of classical
physics, are in the first place epistemologically, not onto-
logically. Self-organizing complex systems studied by the
superstring theory and the unitary gage theories of high
energy physics, are ontologically starting points in the for-
mation of our universe. The planetary systems, whose mo-
tion is studied by classical mechanics, are the result of long
self-organization, and the way used by classical mechanics
is based on idealization. Classical mechanics solves the
problems of two material bodies, for example, the Sun and
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one of the planets. Other planets are considered to some-
what disturb conditions of the study of interaction between
two bodies. That is, the systems, which are the subjects of
classical and non-classical science, are always the result of
simplification of complex systems under study. As
Vyacheslav Stepin put it, they are the fragments or aspects
of the existence of complex self-developing systems.

Therefore, when it comes to the study of complex self-
organizing and self-developing systems, knowledge about
their fragments or aspects, which have been previously
studied with the help of other types of scientific rationality,
need to be taken into account. Moreover, the very possibil-
ity that those fragments or aspects of the existence of
complex systems could be abstracted and studied sepa-
rately should be substantiated by new knowledge, new in-
sights. That means a synthesis of knowledge should be
made. It can be called the post non-classical synthesis be-
cause the above possibility arises exactly based on the post
non-classical type of scientific rationality aimed at studying
complex human dimensioned self-developing systems.

It is especially important to use such possibilities when
considering modern biotechnologies. Among the examples
of a post non-classical synthesis of knowledge about
emerging biotechnologies, which this article deals with, is
the genetic engineering technology called CRISPR evalu-
ated by scientists as the most outstanding discovery of the
last decade. In 2020 Emmanuelle Charpentier and Jennifer
Anne Doudna received the Nobel Prize in Chemistry for
devising a method of genome editing (figuratively called
"genetic scissors"). The use of this method offers the pro-
spect of curing cancer and hereditary diseases. CRISPR is
an acronym for "clustered regularly interspaced short pal-
indromic repeats". Specifically, it is taken to mean the re-
peats of fragments of nucleic acids where a sequence of
nucleotides of one chain coincides with a sequence of
complementary nucleotides of the second chain, if you
read the latter in the opposite direction (Komisarenko,
2020). The CRISPR gene editing technology is a symbol
and at the same time the indicator of a post non-classical
synthesis of modern scientific knowledge and social prac-
tices. The fact of the matter is that genome editing tech-
niques are built on the CRISPR-Cas9 system. Cas9 are the
enzymes (ferments) that enable detection of the corre-
sponding DNA and its fragmentation. Strictly speaking,
these are fragments produced by bacteria when they are
attacked by viruses. Cas9 carry around those stored frag-
ments like a mug shot. When these Cas9 fragments come
across a virus, they see if the virus's RNA matches what is
in the mug shot. If there is a match, the Cas9 enzyme
starts chopping up the virus's DNA to neutralize the threat.
(A simple guide to CRISPR, 2020). Techniques based on
the comparable Cas9 mechanism are promising as well,
capable of cleaving RNA molecules (instead of DNA). In-
deed, Cas9 bacteria can be reprogrammed to target the
RNA viral genome that leads to the inhibition of a viral pro-
tein biosynthesis in a cell. This is the potential path plotted
to the development of techniques for fighting dangerous
viruses. Humanity is blazing it in the forefront of a fight
against the present-day pandemic. Under the circumstanc-
es, not only vector vaccines but also messenger RNA vac-
cines (Pfizer-BioNTech, Moderna) have become effica-
cious. The messenger RNA of the virus enters a cell (as a
result of vaccination) whereby coronavirus spike proteins
are synthesized, in response; the human immune system is
activated while the RNA and coronavirus proteins are de-
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stroyed. The immune memory remains active, which allows
the person to fight off the virus if it returns in the future.

Methodology

Living objects are represented in a scientific discourse
as complex integral systems that self-organize and self-
develop. Their research requires interdisciplinary ap-
proaches and transdisciplinary strategies, taking account of
the value regulatory frameworks of research and practices.
This creates conditions for a new post non-classical syn-
thesis of knowledge about the alive. Reflecting on how
such synthesis is made in biology, it is possible to discern
similarities to what is happening within the post non-
classical type of scientific rationality in other disciplines.
Thus synthesized on the basis on the post non-classical type
of scientific rationality, knowledge substantiates the partial
knowledge of complex systems, which has been acquired
earlier in the form of preliminary theoretical generalizations.
As we have already noted, Vyacheslav Stepin gave particu-
lar emphasis to this circumstance in terms of physics and
cosmology (Stepin, 2017). Also, it is not a feature that post
non-classical theories of complex integral systems can be
descriptive, as one of the authors of this article wrote (Do-
bronravova, 2017). Given the transdisciplinarity of many
theoretical models in nonlinear science, specific examples of
the post non-classical science, which deals with previously
acquired knowledge, may be different in the application of
such models in different scientific disciplines. Thus, exam-
ples of such synthesis have been provided in quantum phys-
ics of the alive (Dobronravova, 2019; Sitko, 2011).

Predicting the future of complex self-organizing objects
is problematic because nonlinear equations have several
solutions, and randomness plays a major role in system's
choice of one of them. Therefore, the description of a spe-
cific choice by chance by the system of one of the possible
variants of nonlinear dynamics of the movement of ele-
ments of the environment in which self-organization takes
place, with relation to one or another of possible attractors,
is the explanation of a real necessity for a new complex
whole. Integrity and complexity are the integral features of
biological systems. This means the post non-classical type
of scientific rationality is adequate to their scientific devel-
opment. No wonder theoretical knowledge at all stages of
the development of biology had the features, which only
nonlinear theories acquired in physics.

In fact, regarding examples of theoretical generaliza-
tions in classical biology — the classical theories of biology:
cell theory and the theory of evolution — have been criti-
cized by mathematicians and physicists for "descriptive"
nature, for the inconsistency of these theories with stand-
ard hypothetic-deductive theories: the said biological theo-
ries are not strict deductive constructions, and they do not
perform a prognostic function. However, the idealized hypo-
thetic-deductive model, as it became clear long ago, does
not work in physics also, therefore critical opinions on theo-
retical biological knowledge were methodologically unjusti-
fied and they did not take account of the specifics of the liv-
ing. As far as the structure of the modern theory of the alive
on the methodological basis of synergetics is concerned,
there is no need for an unambiguous forecast because it is
fundamentally impossible at bifurcation points. Thus, the
modern theory of the alive can be and is descriptive.
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Results

Subsection 1. Interdisciplinary and transdisciplinary
nature of a synthesis of knowledge within modern bio-
technologies.

The synthesis of knowledge is possible not only within
one discipline. General scientific programs and approaches
have a certain heredity. Thus, the concept of self-
organization, which is actively used in synergetics, was first
considered in the general theory of systems and cybernet-
ics just for the case of homeostasis as a dynamically stable
existence of systems with negative feedback. The peculi-
arity of the post non-classical picture of the alive is that the
synthetic integrity of vision is achieved through the creation
and influence of biotechnologies in their use in research
and social practices. Modern biotech is the glaring example
of a transdisciplinary synthesis: biotechnologies as a com-
plex whole are included in another complex system — the
NBIC technological system. It is a merger of four scientific
and technological spheres: N — nanotechnologies; B — bio-
technologies; | — information technologies; C — cognitive
sciences (Sidorenko, 2015). Accordingly, the post non-
classical synthesis of knowledge is made through research
on the complex self-organizing systems that have civiliza-
tional influences, namely NBIC technological systems, arti-
ficial neural networks, and artificial intelligence in general.

Modern biotechnologies differ essentially from traditional
technologies. The latter were created with the help of applied
scientific knowledge. Modern biotechnologies arise directly
in the field of basic research, which requires the use of quite
sophisticated research techniques and technologies. They
are interdisciplinary within their scientific framework as well
as transdisciplinary in terms of their use in practice and their
impact on human and civilizational development. Indeed,
biotechnologies combine the knowledge of many natural
sciences, and the use of biological objects and processes in
various practical aspects of human life.

Biotechnologies have the following transdisciplinary
features: they are built on interdisciplinary scientific
knowledge (biophysics, biochemistry, molecular biology,
etc.) and includes a set of non-scientific practices that have
socio-civilizational components, particularly industrial prac-
tices (food industry, drug manufacturing, metal corrosion
control, etc.). Scientific research in the realm of modern
biotechnologies uses the practices of DNA modification,
cloning, cell and gene engineering, among others. Modern
biotechnologies are capable of acting on the human body —
its reconstruction and construction. Therefore, the post
non-classical synthesis of biological knowledge, medical
knowledge and medical practices is governed by moral
values. This applies to the practices of transplantation, IVF
(in vitro fertilization), plastic surgery, etc.

A convincing example of the synthesis of basic re-
search and social practices is modern assisted reproduc-
tive technologies — in vitro fertilization (IVF), genome-wide
association studies — the analysis of associations of geno-
types with phenotypes (GWAS). In particular, the PGD
technology — preimplantation genetic diagnosis — enables
screening of embryos for health problems such as Hunting-
ton's disease, Marfan's syndrome, cystic fibrosis, and other
known genetic disorders (Marcello de Araujo, 2020).

Subsection 2. Relationship between the artificial and

the natural in the synthesis of knowledge within modern
biotechnologies.
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As can be seen from the above examples, among
modern biotechnologies are the practices of manufacturing
new biological objects based on experimental interventions
at genetic and cellular levels, namely designing biological
systems. Thus, the latter acquire artificial c levels, namely
designing biological systems. Thus, the latter acquire artifi-
cial characteristics. As a result of the post non-classical
synthesis of knowledge, the complex wholes develop —
artificial biological, more precisely, biotechnological sys-
tems. Belonging to the biological environment, they can be
considered natural and have characteristics of a complex
whole, capable of self-organization and self-development.
Because of designing, such systems are artificial, without
losing the above characteristics — complex integrity, the
ability to self-organize and self-development and to nonlin-
ear behavior, which means the behavior of such systems is
notoriously difficult and quite impossible to predict at the
bifurcation point. Therefore, the experimental creation of
artificial biotechnological systems, which is based on the
latest techniques of genetic engineering (in a broad sense),
molecular biology and neurobiology, is human intervention
in the fundamentals of the alive as a complex whole that
can be fraught with unexpected consequences.

Therefore, a researcher, a society increasingly "takes
control" of human life processes. In a comprehensive analyt-
ical review of possibilities, problems and prospects of the
CRISPR genome editing technology, S.V. Komisarenko and
S.1. Romanyuk emphasize the large-scale capabilities of this
technology in various fields of science and social life. At the
same time, however, they point out that "it would be very
tempting to edit only one nucleotide base in DNA and there-
by cure a patient of a serious hereditary disease, such as
hemophilia". It is unknown how the human body would react
to intervention in the genome. Therefore, the ability to edit
human genes has immediately raised a number of ethical
issues, which are especially thorny in case of editing the
genes of a human embryo (Komisarenko, 2020).

A lot of useful information about the artificial-natural re-
lationship was provided by Herbert A. Simon in his classic
work "The Sciences of the Artificial". (Simon, 2014). It is
expedient to point out several Simon's considerations,
which seem to be universal. First, it is a remark that "the
artificial has no dispensation to ignore or violate natural
law. At the same time, it is adapted to human goals and
purposes. It is what it is in order to satisfy our desire to fly
or to eat well. As our aims change, so too do our artifacts
and vice versa."(Simon, 2004, 11-12). Regarding the rela-
tionship between the natural sciences and the artificial, he
wrote: "Natural science impinges on an artifact ... in the
structure of the artifact itself and the environment in which
it performs. ...An artifact can be thought of as a meeting
point an "interface" in today's terms between an "inner"
environment, the substance and organization of the artifact
itself, and an "outer" environment, the surroundings in
which it operates. If the inner environment is appropriate to
the outer environment, or vice versa, the artifact will serve
its intended purpose. Thus, if the clock is immune to buffet-
ing, it will serve as a ship's chronometer." (Simon, 2004,
16). These considerations echo Bruno Latour's thoughts
expressed in his work "Science in Action" (Latour, 2013)
about actants — technical systems that are the link between
actors-researchers and objects under study.

It is clear that successful designing activities are limited
by lack of the knowledge, which has been already acquired
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by humankind. A change in the properties of materials at
higher temperatures or pressures is becoming more and
more apparent as humanity is moving towards the produc-
tion of greater energies. Accidents and catastrophes set
these limits in a deplorable or even tragic way. This is es-
pecially dangerous when it comes to technology. Explo-
sions at chemical plants, accidents at nuclear power plants
force us to turn to knowledge accumulated by humankind
or to explore the unknown. Thus, synergetics warns of a
possibility of the development of nonlinear processes with
positive feedback when volumes of reacting mixtures or the
size of nuclear reactors increases.

Discussion and conclusions

Query, how does the post non-classical synthesis of
knowledge differ from the synthesis that has gradually ac-
companied mankind throughout its history? After all, regard-
ing the specifics of the objects of post non-classical science
— complex systems capable of self-organization and self-
development —humanity has long worked with such systems
as well. Consider, for example, the experience of centuries-
old selection of plants and animals. When creating artifacts,
any synthesis of knowledge is post non-classical because it
is related to human interests and values. It is the assess-
ment of the value orientations of the subject of knowledge
that serves as a basis for ensuring objectivity in the post
non-classical type of scientific rationality.

It seems natural that a comparison between science
and technology implies natural knowledge in the main.
However, the further away, the more obvious becomes the
validity of Claude Levi-Strauss' opinion expressed in his
famous prophecy: "If the twenty-first century is to be, it is
going to be a century of humanities or not at all." As is
known, the ecological crisis has become global because
the spontaneous development of the economy has spread
globally what had only local consequences so far. Karl
Marx aptly described these consequences, "... culture that
develops spontaneously and is not consciously controlled
leaves a desert behind it..." This is not a figurative expres-
sion. The Sahara, which emerged once upon a time, or the
Aral Sea, which dried up before our eyes, are obvious con-
sequences of this development. In the recent Report to the
Club of Rome "Come on!" (Weizsacker, Wijkman, 2018), a
call for a change in the attitude to nature is based on a
need for a change the concept of "empty world" to under-
stand its fullness of people and products and the waste of
human activity. It is a matter of the concepts of humanitarian
nature. Not only conceptual changes, but also the elabora-
tion of adequate practices require the development of the
humanities and social sciences. It is impossible to initiate the
actions, which would help eradicate pernicious practices
(such as burning dry grass that causes raging fires today),
without the knowledge of human psychology. Knowledge of
our own nature be it physical or spiritual becomes a condi-
tion for the survival of humankind on our planet as well as for
life on this planet in general. A discernible modern trend to-
wards the convergence of natural sciences and humanities
gives grounds for cautious optimism.

The coronavirus pandemic has convincingly demon-
strated to humanity that the impact of biotechnologies goes
far beyond research, laboratories and research institutes.
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Modern biotechnologies literally capture the important as-
pects of human existence, becoming not only its attribute,
but also a condition for human life. The fact that genetically
engineered vaccines have turned out to be highly effective
in combating the coronavirus in the context of the present-
day pandemic is not only a remarkable event in scientific
life, but also it has acquired both civilizational and world-
outlook significance. Accordingly, the creation of artificial
biotechnological systems as a post non-classical synthesis
of knowledge about the alive is inextricably linked with a
need to include value-conscious principle as fundamental
regulatory requirements in the process of research and
practical manipulations of the living and, above all, a hu-
man being. In particular, moral principles may play the role
of permits for or prohibitions on research. This means that
not only scientific knowledge, but also moral requirements
are capable of guiding, inter alia, the modern study of the
living in general. The range of biotechnologies identified in
our article, and the biotech spectrum that has not been
considered, though it has great capabilities to develop arti-
ficial living systems, require a discussion of several com-
plex problems relating to world outlook as well as of ethical
issues, and both a scientific community and humanity are
supposed to come up with solutions to them.
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NOCTHEKNACUYHUA CUHTE3 3HAHb Y CYYACHUX BIOTEXHOMNOTAX

Cmammsi npucesiyeHa cy4yacHUM 6iomexHOI02isAM: MexHOJI02isIM 2eHHOI iHXeHepil, 30kpema CRISPR, mexHonoziam PGD, EKO ma iH. Cy4yacHi
6iomexHonoezii npuHyunoeo eidpizHsirombcsi 8i0 mpaduyiliHux mexHosoeili. OcmaHHi cmeoproeanucsi Ha OCHoei NpuknadHUX HayKoeux 3HaHb.
Cy4acHi 6iomexHosozii 6e3nocepedHbO 8UHUKaOMb i3 Nossi pyHOameHMasibHUx AocnidxeHb, 3aCHOBaHUX Ha MixdAucyuniiHapHux i mpaHcoucyu-
nniHapHUx Mmemooax.

CyuyacHi 6iomexHosiozii po3ansidarombcsi 8 KOHMeKCMi MOCMHeKIacu4Ho20 mury HayKoeol payioHanbHocmi, sikuli 6ye po3pobeHul nid 4ac
cyyacHoi 2nobanbHoi Haykoeoi peeostouii Ans docnidkeHHs1 yinicHUX, cknadHUx cucmem J1l0OCLKO20 euMipy, 30amHux 0o camoop2aHi3auii ma
camopo3eumky. Hopmu Haykoeo2o 0ocidKeHHs1 Ub020 Cy4acHO20 mury HayKoeoi payioHanbHocmi 6ynu ecmaHoeseHi Ons HeniHitHOT HayKu,
30KpemMa 9151 meopili camoop2aHi3auii, 3MiHHa HesliHiliHa QUHaMiKa sikux onucyemscsi HeNliHillHUMU pieHsIHHAIMU 3 OeKiflbkoMa eunadkoeo obpaHu-
Mu piweHHsiMuU. TOMy MOsICHEHHS1 Me8HO20 cmaHy CucmeMu, Wo caMoop2aHi3yembCsi, Ma€ epaxosysamu crieyudgidyHuli subip cucmemoro eapiaH-
ma nodanbuio20 pyxy; ome, ye ofnuc 3a Ceo€to Jlo2iyHo cmpykmyporo. Haeimb y cyyacHili ¢pisuuyi HeniHiliHi meopii € onucosumMu, ocKinbKku
HeniHiliHi pieHsIHHS1 po3e'A3yombCsi 3a O0MOMO20H0 YUCTIEHHUX Memodie HabuXXeHHs1, W0 Onucyomb KOHKPEMHi cucmemMu 8 KOHKpemHux ymosax
ix icHyeaHHs1. TakuM YUHOM, NpomucmaesJsieHHs pyHOaMeHmManbHUX meopiil NpukadHUM, xapakmepHe O NiHiliHOT ¢hi3uKu, cmae MeHW aKkmyarsb-
HuMm. Omike, daeHi KpUMUYHIi 3ayeaxeHHs1 Ha adpecy 6ionozidyHux meopili 3a ixHI0 HeegidnoeidHicmb ideanizoeaHum 2inomemuko-0edyKmueHUM
cmaHdapmam eusiensilombCcsi HeadekeamHUMU ma 6800simb 8 OMaHy 3 MoYKu 30py crneyudpiku 6ionoziyHux o6'ekmie. 3pewmoro, 6ionozia 3abes-
ne4eHa HopMamMu Haykoeoz2o G0cCidXeHHS yinicHUX cknadHUX cucmem, siki camoop2aHi3yrombcsi i camopo3euearomscsi, 8i0nogidHo Ao npupoou
)Kueozo. 3 ybo20 eunnueace, wo 6biono2ivyHi meopii Yyinkom Moxxyms 6ymu i € onucoeumu.

3 oensidy Ha me, W0 cmammsi npucesiyeHa MexHoJI02isIM, yeHmpasnbHe micye 3alimae npobsema cnieeiOHOWeHHs1 WMy4HO20 i MPupPoAHo20.
Hocnidxyroqu yro npobnemy, Mmu cnupanucsi Ha knacu4Hy npayto Fepbepma CalimoHa nid Ha3eor "Hayku npo wmyyHe", sika Konucb 6yna npuc-
es14eHa rnepesaxxHo KibepHemuuyi, xo4a Mae wupuwe 3acmocyeaHHsi. LLimyyne cmeoproemsbcsi Ha ocHoei nrdcbKux Yinel, modi sik eoHo die 3a npu-
podHuUMu 3akoHamu. Ha eiOmiHy 8i0 mexHiKu, sika mpoekmye wmy4Hi MPUCMpPOoi, KPUMUYHO 8aKJ1u8o, W06 mexHos102i4Hi Npoyecu He 6ynu "cnpo-
eKkmoeaHuUMu", a GUHUKJIU 3a MeeHUX yMoe8, i BOHU Yacmo Maromb cripasy 3 acreKkmamu camoopaaHizayii. Kpim mozo, dnsi 6iomexHonoezii )xummeeo
saxnueo, wjo6 6ydb-sakuli dusaliH y 2eHHil iHXeHepii He nopywyeae npoyecu camoop2aHi3auii xueux opeaaHiamie. HeniuiliHicmb yux npoyecie
3abe3neqye MoXsusicme empy4aHHs JII0OUHU, W0 3YMOBJIEHO MPUHUUMO8OI0 MiH/IUGICMIO MaKux npoyecie, KOU empy4aHHs1 CMEOPIE yMosU
ons cnpussmnueoz2o eu6bopy. O0Hak pu3uk 3anuwaemsbcsi. Kpim moeo, eusHavyeHHs1 cnpussmnueocmi He 3aexou 4imke. TakuM YUHOM, YiHHIiCHI
acrnekmu € He3aMiHHUMU i suMa2aromb 38epHeHHs1 0 emuku ma 2ymaHimapHux AocnioxeHb 3a2anom.

Knroyoei cnoea: ¢pinocogpisi Hayku, 6iomexHosoezisi, 2eHHa iHxeHepisi, CRISPR, nocmHeknacuyHuli cuHme3 3HaHb, HeniHiliHe npupodo3Haecm-
80, MixoucuyunniHapHicmb, mpaHcAucyunyiHapHicms, emuka HayKu.
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