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Abstract

The theory of evolution of complex and comprising of human systems and algorithm for its
constructing are the synthesis of evolutionary epistemology, philosophical anthropology and
concrete scientific empirical basis in modern (transdisciplinary) science. «Trans-disciplinary» in
the context is interpreted as a completely new epistemological situation, which is fraught with the
initiation of a civilizational crisis. Philosophy and ideology of technogenic civilization is based on
the possibility of unambiguous demarcation of public value and descriptive scientific discourses
(1), and the object and subject of the cognitive process (2). Both of these attributes are no longer
valid. For mass, everyday consciousness and institutional philosophical tradition it is intuitively
obvious that having the ability to control the evolutionary process, Homo sapiens came close to the
borders of their own biological and cultural identity. The spontaneous coevolutionary process of
interaction between the «subject» (rational living organisms) and the «object» (material world), is
the teleological trend of the movement towards the complete rationalization of the World as It Is,
its merger with the World of Due. The stratification of the global evolutionary process into selective
and semantic (teleological) coevolutionary and therefore ontologically inseparable components
follows. With the entry of anthropogenic civilization into the stage of the information society, firsty,
the post-academic phase of the historical evolution of scientific rationality began, the attributes of
which are the specific methodology of scientific knowledge, scientific ethos and ontology. Bioethics
as a phenomenon of intellectual culture represents a natural philosophical core of modern post-
academic (human-dimensional) science, in which the ethical neutrality of scientific theory
principle is inapplicable, and elements of public-axiological and scientific-descriptive discourses
are integrated into a single logic construction. As result, hermeneutics precedes epistemology not
only methodologically, but also meaningfully, and natural philosophy is regaining the status of the
backbone of the theory of evolution — in an explicit form.

Keywords: bioethics, natural philosophy, post-academic science, gene-technological risk.

1. Introduction

What is the phenomenon of bioethics? The question, in our opinion is by no means trivial,
and rhetorical. According to the English version of Wikipedia «Bioethics is the study of the
typically controversial ethical issues emerging from new situations and possibilities brought about
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by advances in biology and medicine. It is also moral discernment as it relates to medical policy
and practice. Bioethicists are concerned with the ethical questions that arise in the relationships
among life sciences, biotechnology, medicine, politics, law, and philosophy. It also includes the
study of the more commonplace questions of values («ethics of the ordinary») which arise in
primary care and other branches of medicine» (https://en.wikipedia.org/wiki/Bioethics).
According to the Russian version of the same website "Bioethics — the doctrine of the moral side of
human activities in medicine and biology" (Bioetika, 2017 a).

And finally on one of the educational portals bioethics is characterized as "interdisciplinary
studies of ethical, philosophical and anthropological problems arising from the progress of
biomedical science and the introduction of new technologies in healthcare practice" (Bioetika,
2017b).

2. Methods

So, in the modern mentality the content and the meaning of "bioethics" as a category imply
its "hybridity", a synthesis or, at least, a comparison of cognitive-epistemological ("bio-" as a
symbol of rational methods of manipulation with living objects), and communicative-ethical
("ethics" as a symbol of good or malicious outcome of such manipulation for human).

Thus, bioethics as a scientific discipline in any case goes beyond the actual ethics — in the
sphere of social practice and in the sphere of natural philosophical comprehension of its potential
and actual results.

3. Discussion

Natural philosophy and theoretical natural science in classical epistemology, i.e., since the
times of L. Wittgeshtein and Karl Popper, were considered as antagonists, whose paradigms create
incompatible logical constructs and whose methodological principles of constructing of explanatory
models are also incompatible: natural philosophy describes this world as the result of the
realization of a certain personalized rationalistic project (in theological interpretation -
"Intellectual Design"); positivist and post-positivist epistemology as the actions of the objectified
impersonal Laws of Nature ("Evolution"). In other words, "Evolution/Intellectual Design" is the
basic philosophical antinomy of the theory of cognition of the modern era and in the classical
science the first member of this logical opposition — Evolution — clearly prevailed. At the same
time, classical theoretical science, due to the peculiarities of its conceptual and terminological
apparatus and the accepted criteria of validity and reliability, was aimed at finding precisely
"natural" causes of the observed phenomena and processes that do not have an intellectual nature.
The researcher did not feel satisfied until he excluded the existence of the Creator (not necessarily
transcendental, simply the being with the Reason and the intention to transform his own
environment) as the reason for the observed facts. That is why all attempts to find evidence of the
existence of extraterrestrial civilizations prove to be ineffective.

The logical incompatibility of both paradigmatic concepts stems from the incompatibility of
their projective intentions: the first concept (Intellectual Design) is focused on getting the answer
to the question "What for? For what purpose? ", i.e. from the goal-setting causality according to
Aristotle; the second concept (Laws of Nature) as the basis of reality presupposes the acting causal
determination ("How? In what way?"). In other words, in the first case, the basis of the conceptual
framework is the intention of goal-setting is realized through the categorical subjectively-projective
categorical opposition "Good" versus "Evil", in the second case — the instrumental intention is
realized through the objectively-descriptive opposition "Truth" versus "Delusion".

Thus, both members are the basis of two independent discourses, equally necessary for the
sustainable functioning of anthropogenic civilization. In the latter, the first type of discourse
dominates in the designation of socially and individually significant activity goals of reality
transformation (sociocultural and sociopolitical public discourse), the second type prevails in the
development of means (technique) and methods (technology) for the realization of these goals.

For the industrial phase of the development of technogenic civilization in its Western
(Transatlantic) variant, a trend for ensuring a clear demarcation of the conceptual fields of
imperative-axiological (public) and descriptive-epistemological (scientific) discourses as a
necessary prerequisite for its sustainable development is typical. It simultaneously is the basic
attribute of classical scientific rationality (the "principle of ethical neutrality of scientific

112



https://en.wikipedia.org/wiki/Medicine

Biogeosystem Technique, 2017, 4(2)

knowledge") and the classical (industrial) phase of the development of anthropogenic civilization,
which is based on the Kantian-Hume methodological dichotomy of "the world of the due" (ethics)
and the "world of being" (cognition). According to the modern sociologist and philosopher of
science Bruno de Latour, "the two branches of power that both Boyle and Hobbes develop in their
turn, have power only if they are clearly separated from each other: the state of Hobbes is
powerless without the science of technology, ... Boyle's science is powerless without a strict
delimitation of the religious, scientific and political spheres" (JIatyp, 2006: 92).

Everything changed with the transition of the technogenic civilization to the phase of the risk
society and bioethics as a social and epistemological phenomenon became the symptom of it. From
an epistemological point of view, bioethics is the result of the crossing and subsequent combination
of the conceptual fields of metaphysics, epistemology, social and political philosophy, ethics itself,
theoretical and clinical medicine, ecology, and theory of law. This combination of disciplinary
matrices was explained not only by the peculiarities of the subject matter of bioethics itself, but also
by the professional training of specialists who used methodologies and schemes for solving
normative problems developed in the relevant disciplines and research areas. At the same time, the
connections both logical and institutional between bioethics and the philosophy of science were
insignificant, and the author's political beliefs played a huge role in the formation of bioethical
theoretical constructs (Lewens, 2015: 1—3).

At this stage, biological facts were the material for assessing and developing of measures of
social control. Biological unequal significance of human individuals faced the thesis of their social
equality The latter, in the dominant views of Western mentality of the last quarter of the twentieth
century, was focused on the theory of social justice by J.B. Rawls, that postulated the necessity to
maintain a constant biological "human nature", with the possibility of moral improvement of
"humanity" determined by the culture to maintain social homeostasis (as a key category of the
political doctrine of liberalism since the time of Thomas Hobbes). Hence the obvious criterion of
ethical admissibility, neutrality or inadmissibility of specific technological manipulations with the
concrete biological signs of a human and evolving systems including a human being was derived. It
seems obvious at first glance that «opposition to human enhancement does not inadvertently rule
out efforts to correct congenital disease by appealing to a distinction between medical
interventions that allow natural capacities to flourish and medical interventions that instead
override natural capacities» (Lewens, 2015: 3). However, this thesis entails not a biological and not
purely ethical, but the actual metaphysical and natural philosophical problem: «which biological
facts make it the case that some of the potentially attainable developmental outcomes for a given
individual are to count as instances of the individual flourishing, while others are to count as
augmentations that go beyond those limits» (Lewens, 2015: 3)? Along with the biological core of
the disciplinary matrix, the natural-philosophical core begins to form and their conceptual fields
coincide or overlap.

However, with the course of time it turned out that the emergence of the phenomenon of
bioethics at first as a social practice (from the mid-1960s) and then as a hybrid (ethical-
epistemological) (Stepke, 2016) philosophical paradigm acted simultaneously as a precursor and
premise of civilizational transmutation — the transgression of anthropogenic civilization in the
phase of "information society". The latter does not accidentally have another name — a "risk
society", since it is the NBIC technological complex at its core is the technological schemes of
controlled evolution of human and ecosocial systems, where he (human) is the central element.

The general outline of the genesis of this social phenomenon looks as follows:

1. After the Second World War as a result of mental transmutation in the sociocultural
discourse of the West, the highest status in the field of value predispositions was occupied by the
right and the possibility of personal self-realization (an individual existential project, self-
determination of one's social status, image and lifestyle, etc.);

2. At the same time in the natural-scientific discourse (evolutionary theory) a paradigm
shift in the concept of a biological speciestakes place, i.e. a typological concept according to which
each species is associated with a prototype (a system of basic signs-attributes of species identity) is
replaced by a relativistic (populational) concept claiming that a specie is a set of individuals with a
common gene pool;

3.  The synergistic informational interaction of both discourses leads to a crisis of the
concept of natural human rights based on the typological paradigm (human rights are determined
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by its belonging to humanity, that is, they are, so to speak, the specific determinant of Homo
sapiens) and the assertion of the category of sociocultural and genetic diversity (and " individual
existential project " in sociology) as the basic features of humanity in the sociocultural and
evolutionary plasticity in the scientific types of discourses. The incorporation of a new conceptual
categorical framework into the sociopolitical theory of human rights was made largely due to the
great American geneticist and evolutionary of Ukrainian-Russian origin F. Dobzhansky (1956);

4. In connection with the development of biomedical technology in the early 1960s,
ethical committees were initially set up in American hospitals (Seattle), the composition of these
committees had to reflect the social composition of the population on ethnic, property and religious
grounds that had to solve issues related to patients' access to limited biomedical resources
(ITotTep, 2002: 45—48);

5. In 1970 in a series of works, and then in his book American oncologist Ronceler Van
Potter (ITorrep, 2002; Potter Van R., 1988) developed the philosophical basis not so much ethical
as the global humanitarian problems of technogenic civilization associated with the
implementation of biotechnologies, and he was the first who used the term bioethics in the modern
sense of the word (first it was used by Fritz Jahr as far back as 1926, but with regard to the
problems of using animals in biological studies);

6.  The beginning of the development of a genetic engineering toolkit in 1975 led to the
declaration of a voluntary moratorium on genetic engineering research and improvement of
recombinant DNA technologies; and later to the development of clear rules of biosafety by the
Asilomar Conference (USA, California). Since that year, bioethical issues have reached a level of
awareness of the existential risk of modern technologies (global bioethics in the Potter's (Potter
Van R., 1988) understanding or «ethics of the specie» (Habermas, 2003) of J. Habermas). With the
beginning of the third millennium, an era is approaching when the theoretical investigations of
biotechnologists have come close to the so-called evolutionary singularity, i.e., to applied
development of the construction and improvement of human nature (Human enhancement).
The publication of two UNESCO Declarations became the border crossing which resulted in
awareness of the global evolutionary consequences of the development of genetic engineering and
other High Hume technologies. The first of them is the "Universal Declaration on the Human
Genome and Human Rights" (November 11, 1997)" by its Article 1 proclaims (United Nations...,
1998: 41—47): «The human genome underlies the fundamental unity of all members of the human
family, as well as the recognition of their inherent dignity and diversity. In a symbolic sense, it is
the heritage of humanity». Thus for the first time consciously recognized the interdependence of
cultural and biological forms of self-identification rights. The content of the declaration leaves no
doubt that technological intrusion in genetic information needs to be controlled by the basic
standards of the system of human rights and social institutions. It is implicitly believed that such
an intrusion is potentially capable to destroy universal values as the spiritual basis of human
civilization. To denote the admissibility of a technologically controlled change in the flow of the
evolutionary process in relation to human, in the Declaration we may find the term "human
dignity" which is translated into the language of natural scientific description with some
difficulties. Subsequently, this trend towards a subjective-humanistic assessment of the results of
the objective process of evolution was developed in the Universal Declaration on Bioethics and
Human Rights (October 19, 2005) (United Nations..., 2005: 74). Thus, culture has become a factor
in evolution, giving the latter a clear integral teleologicity in accordance with the value priorities
and despite the original objective spontaneity.

Bioethics with a tail of associated conceptual fields (bioprospect, bioeconomics, biohistory,
etc.) turned out to be not just the only external rationalized regulator of the process of biological
and sociocultural evolution. It became a part of the methodology and theoretical foundation of
theoretical natural science, forming a kind of inseparable amalgam of the concepts of humanitarian
and scientific discourse (post-nonclassical or post-academic science).

In accordance with the basic principle of modern post academic science with human
dimension, a classic example of which are biotechnology and bioethics: scientific theory of complex
self-organizing systems, including the carriers of creative intelligence, the theory and algorithm of
its construction is necessarily a synthesis of evolutionary epistemology and philosophical
anthropology with a specifically scientific empirical base.
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In the modern disciplinary matrix of the theory of evolution and systemic ecology (in the
"theory of designing of the ecological niche") a single conceptual framework is formed, consisting
of three independent theoretical constructs — eco-evo-ethics (Cheshko et al., 2015 45-50).

In the formal logical aspect, the first two members of this triad relate to descriptive
(scientific) discourse, and the latter (ethics) to its sociohumanistic and therefore value antagonist.
As a result of the hybrid nature of this construct between the three autonomous modules (due to
the proliferation of the terminological apparatus into the interior of the module alien to it) and
within each module, logical contradictions are inevitable.

In the content aspect, the members of the above-described complex refer to the influence of
modern technologies of controlled evolution on the system of ecological relations between human
and his environment (i.e., the medical and hygienic aspect of self-construction of human and
human-dimensional eco-systems (biota); The preservation of the self-identity of Homo sapiens in
the course of any technological manipulations with his genetic code (i.e. the evolutionary survival
of the biological species of Homo sapiens) and the preservation of the socio-cultural identity of
human civilization (i.e. basic, "universal" value norms during the implementation of new
technological schemes and their indirect or direct influence on the continuity of the socio-cultural
tradition).

In any case, such a transdisciplinary concept assumes, firstly, a projective-axiological
intention: the initial component of the theory and practice of the technologies of controlled
evolution is the ideal image of the future cultural and environmental niche and the "human" (the
carrier of reason with his inherent value system priorities as its system-forming component).
We call it the humanitarian paradigmatic core; the desriptive paradigmatic core serves as a
diagnostic tool for discrepancies between the ideal image of future and reality; applied genetic and
socio-engineering developments are the means of elimination of these differences (Yemxko, 2012;
United Nations..., 2005).

Secondly, the result of evolutionary development of the systems with human dimension (in
reality — the Earth and near-Earth space, physically accessible to anthropogenic influence) is the
result of the parallel and contraversional or/and conflicting some times (Cuomo, 2017a, 2017b)
action of spontaneous Laws of Evolution and the realization of the Intelligent Design. Due to the
latter circumstance, the methodology of scientific research should somehow synchronize the
methods of classical natural science (physical intelligence) and hermeneutics, based on social
(Machiavellianistic) intelligence. In other words, the scientific theory of evolution becomes equally
natural philosophy of Nature, since the evolutionary trajectory is determined simultaneously by
subjective (evolutionary correctness) and objective (evolutionary efficiency, or inclusive adaptivity)
factors. The product of evolution becomes its creator. However, its evolutionary destiny depends
not only on the survival of the evolving populations of biological (perhaps, not necessarily —
biological) individuals, but also on their Will and Desire to preserve what is considered the basis of
their self-identification (humanity). The evolutionary risk of technogenic civilization asymptotically
tends to unity.

Let's pay attention to one more circumstance — the three-membered phenomenological
structure of the logically not yet crystallized content of natural philosophy of biotechnology (eco-
evol-ethics). In our opinion, this is the key to solve the problem of choosing the descriptive-
scientific core of this concept (the global bioethics clearly serves as a humanistic one). Such a
scheme may prove to be the theoretical model of the three-module stable evolutionary strategy of
Homo sapiens.

We assume (Yemiko, 2012; Cheshko et al., 2015; Cheshko et al., 2014):

¢ Biological adaptations — encoded in the genome features of the structural and
functional organization of the individual, increasing the likelihood of fixation and replication of the
fragments of genetic information that determine their emergence;

¢ Cultural adaptations — behavioral stereotypes prevalent in this social group as a result
of imitation and communication between individuals and increasing the probability of its (group)
survival and growth in the number of fixation and replication of fragments of information that
determine their emergence through emotional and symbolic communication;

¢ Rationalistic or technological adaptations (innovation) — the material means
and methods of purposeful effective transformation, cognitive and projective activity and common
in the social group pieces of information as a result of symbolic communication between
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individuals by means of written and spoken language with the use of natural and artificial
languages, and the emergence of pieces of information that increase the likelihood of it (the group)
survival and growth of the number; fixation and replication of these pieces of information
determine the emergence of means and methods of transformation.

The model of the three-module SESH organization includes three informational modules
(bio-, culture- and techno-rationalistic), each of which has its own system of generation, coding
and inheritance of adaptive information, and three semantic operators (transfer mechanisms)
connecting modules with each other, and the semantic connotations of the composition of the
members of the coevolutionary bundle change over time. Individual modules of this system are not
able to evolve beyond adequate dependencies with the evolution of other modules.
This relationship can be dynamic (changing the composition and frequency of the module's
elements) and static (changing the relative value of individual elements of the module while
maintaining its composition).

Adding the third (techno-rationalistic) element to the original coevolutionary bond genome-
culture turns the latter into a triple helix — a self sustaining autonomous cycle of generating
systemic complexity. This cycle is organized as an evolutionary fractal. Let's consider the basic
features of its constituent elements

Technogenesis as a form and mechanism of adaptation implies the availability of cognitive
(semantic, or symbolic) code to the already existing ones — genetic and sociocultural adaptive
evolutionary codes. Its feature is the hegemony of an arbitrary system of correlative
correspondences between thought forms (interpretants) serving as promoters of adaptively
significant behavioral acts, and the corresponding symbols. The presence of interpretants combines
the mechanisms of functioning of the socio-cultural and rationalistic component of SESH.
The difference between them is precisely in an arbitrary system of coding of adaptive behavioral
acts that can change the physical, social or mental reality by increasing or decreasing the individual
and/or group adaptability of their carriers.

With certain reservations, one can talk about the evolution of "semantics", "meaning" of
genetic-cultural co-evolution and techno-humanitarian balance, most of the pathologies currently
widespread in human populations are the consequence of "evolutionary errors", i.e. discrepancy
between the environment created as a result of socio-cultural and technological adaptations and a
pool of biological adaptations to the different ecological environment that does not correspond to
this culture. To this we add an obvious, in our opinion, interethnic cultural and ecological
differentiation. The significance of this differentiation with the regard to the coherence of co-
evolutionary links between the biological, socio-cultural and techno-rationalistic SESH modules
multiplies many times as a result of the formation of "hybrid" socio-ethnic compositions, the
integration of emigrants into a new sociocultural adaptive complex, and so on. Naturally, as a
result, the "communicative code" which determines the adaptive value of biological, sociocultural
and technological elements in their complex essentially changes. Positive adaptive correlations
within concrete constellations of elements of culture, technology and genetics are replaced by
negative ones, and vice versa.

The system of socio-cultural balances that provide self-identity of Homo sapiens, has been
very stable, but only until the birth of technologies of directed evolution when ontological antinomy
Evolution versus Intelligent Design was finally overcome. As a result, the restrictions arising
from the limitedness of technological means of transformation of reality, were overcome at least in
potentio. The only stabilizer of the flow of the global evolutionary process, integrated into the
evolutionary strategy of our species (SESH) is the semantic code of humanization/dehumanization,
which itself admits considerable stochastic fluctuations, besides it is open to technological
interventions, and therefore requires continuous monitoring.

By the end of the twentieth century, in the evolution of the theoretical foundation of
bioethics, two seemingly mutually exclusive methodological trends emerged (Winkler, 1996):

1. Empirical approach (Engelhardt, 2006), originating from the interpretation and concrete
historical studies of the development of theoretical and worldview bases of medicine. The concept
of "biopower" by Michel Foucault (Yemiko, 2012). It is assumed the necessity to "contextualize" the
solutions of ethical (more precisely, social) problems arising during the implementation of bio- and
biomedical technologies as applied to a particular socio-cultural type. This approach means that
the suggested solutions are necessarily ad hoc, and can not be generalized. In our model, it
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corresponds to the sociocultural adaptations of the society, which ensures its preservation during
the "scientific and technological progress".

2. Search for a common meta-theoretical paradigm. R. Van Potter's global bioethics, the
perspectives for the creation of which is now widely regarded as unrealistic (Engelhardt, 2006), in
our model is equivalent to a systemic sociocultural adaptation ensuring the preservation of the
biological and/or sociocultural self-identity of humanity during the implementation of
technological schemes of moral and "human enhancement".

The contradiction between both approaches is removed, as we see, within the framework of
the "natural-philosophical bioethical project" suggested here, since the adaptive function of
bioethics (the preservation of self-identity in the process of technological evolution) is divided into
an individual, group and universal level.

The paradox of use of technologies of directed evolution for the improvement of the psycho-
emotional, mental and moral spheres of humanity is in their (technologies) trans-module
character. Technological fixation or strengthening of the attributes of humanity turns them into
species, rather than socio-cultural characteristics, i.e., transfers them from social and cultural to
the biological module of SASH. In the terms of social psychology the transfer of the attributes of
humanity into the attributes of human nature takes place.

This paradox was defined by Ingmar Persson and Julian Savulescu, who formulated it from
transhumanist position, i.e., used it to justify the admissibility of a moral bio improving of human
by contradiction (Persson, Savulescu, 2012). However, since its logical core represents
philosophical antinomy (1) genetically predetermined HUMAN NATURE versus HUMANITY
formed by culture (Cheshko et al., 2015) and (2) a biologically reduced NEEDS versus DESIRES
reduced by culture (Terner, 2008), as well as (3) biological SEX versus socio-cultural GENDER
etc. .., actually, this paradox is not solvable in a logic way.

4. Conclusion

With the birth of biomedical and genetic technologies the "change of the dominant purpose"
of adaptive technogenesis from spontaneous transformation of "construction of ecological niche" to
"environmental engineering" has occurred. The latter term refers to already rationalistic
(purposeful) transformation of reality on the basis of the initial knowledge and the a prediction of
the future. Such methodological intention is closer to the traditional paradigm of socio-
humanitarian sciences than to the natural ones. Beyond the opposition spontaneous/rational
(emko, 2012), or, if you like — antinomy natural process/intelligent design, the difference
between these two classes of evolutionary phenomena (population and social communities) has no
content Hermeneutics of nature from a purely philosophical methodology returns to the natural
science of the era of directed evolution in which categories Truth and Misconception are equal to
the opposition of Good and Evil.

The system of value priorities specifies the parameters of the initial situation and the
coordinate grid of rational/irrational perception of reality, the goals and methods of transformative
activity.

In the information civilization, the core metaphor of modernity ("The world is a clockwork
mechanism") was replaced by another — "The Universe is a computer"” (Lloyd, 2006). Accordingly,
the classical Aristotelian opposition Matter versus Form was transformed into the opposition Hard
verus Soft. Rationality becomes the programming factor of the evolutionary process, building an
ideal world of the future by means of the possibilities of material objects (Hard) and in accordance
with the a priori intelligent plan-program (Soft). In the disciplinary matrix of bioethics, its
axiological core reinterprets the facts relating to biological knowledge solely as humanitarian
problems and theoretical constructs that need to be solved — as ways to solve them or the borders
of the permissible application of the same methods. Naturally, hermeneutics in this case precedes
epistemology not only methodologically, but also meaningfully.

In other words, natural philosophy is regaining the status of the backbone of the theory of
evolution — in an explicit form, in contrast to the classical attempts of the evolutionary synthesis of
XIX-XX centuries (classical and neodarwinists paradigm). It means that bioethics is exactly a
modern version of natural philosophy, in which the elements of public and axiological (social-
humanitarian) and descriptive-informative discourses merge into the inseparable amalgam not
without internal logical contradictions.
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BuosTuka: penHkapHanus HaTtypgmwiocodpuu B COBpEeMEHHOI HayKe
Banentun Teogoposuy Yerniko 2+, Basepuii IBanoBuy I'y1asko P, FOnmsa Bukroposua Kocosa 2

a XapbKOBCKUU HAITMOHAJIBHBIN 5KOHOMMUUecKui yHuBepcuteT uM. C. KysHena, Ykpauna
b Poccuiickuii rocyiapcTBeHHbIN arpapHbIiil yHuBepcuteT — MCXA nmenn K.A. Tumupsizesa,
Poccutickas ®eneparus

AnHOTanmuA. Teopus 5BOJIIOIUU CJIOXKHBIX, BKJIIOUAIIINX B ce0s UYeIOBEKa, CUCTEM U
QJITODUTM €€ TIOCTPOEHUs, IPEACTABIAET COOOM CHHTE3 SBOJIIOIHUOHHON SIIHCTEMOJIOTHH,
dmnocodpckoil aHTPOMOJOTUM M KOHKPETHONM HAyYHOU SMIIUPUYECKON OCHOBBI COBPEMEHHOU
(TpaHCAMCIUIUIMHAPHOW)  HAyKU.  «TpaHC-IIUCIUIUIMHAPDHOCTh» B 5TOM  KOHTEKCTE
WHTEPIPETUPYeTCs KaK COBEPIIEHHO HOBas SIHCTEMOJIOTHYecKas CUTyallusA, KOTopas 4peBara
WHULMAIMed NUBWIN3allMOHHOT0 Kpusuca. dunocodus 1 uieos1orusa TeXHOreHHON IUBUITU3AIUN
OCHOBBIBAETCSI HA BO3MOXKHOCTH OJHO3HAYHOU JleMapKalUu IyOJIUYHOTO IIEHHOCTHOTO U
JIECKPUINITUBHOTO HAYYHOTO JUCKYPCOB (1), 1 00BbeKTa U CyOBHKTA ITO3HABTEIHHOTO IIporiecca (2).
Oba stux arpubyra OoJiee He AeHCTBUTENbHBI. [[JII MaccoBOTO, MOBCEAHEBHOTO CO3HAHHA U
UHCTUTYIIUOHAIBHON  (Quaocopckoil Tpagunuy UHTYUTUBHO OUYEBHIHO, UTO, HpuoOpeB
CIIOCOOHOCTh KOHTPOJIMPOBATh HBOJIIOIMOHHBIN mpormece, Homo sapiens npubau3mwicsa K
rpaHuriaM CcOOCTBEHHOH OWOJIOTHYECKOW W  KYJBTYPHOH UAEHTUYHOCTH. CHOHTaHHBIN
KOSBOJIIOIIMOHHBIA TPOIIECC B3aWMOJIEUCTBUA MEXIY «CyOBEeKTOM» (HaJleJIeHHBIMU Pa3yMOM
JKUBBIMH OpraHU3MaMHu) U «OOBEKTOM» (MaTrepuasibHBIM MHPOM), €CTh IieJiecOOOpa3HbIM
JIBIDKEHHEM 110 HAINPABJIEHUIO K IIOJHOW paruoHaIu3anuu Mwupa OK3UCTEHIMATBHOTO, €ro
cmusgaueM ¢ Mupom Jloypkaoro. ITpoucxomut crpatudukanus 100aJIbHOTO 3BOJIOIMOHHOTO
mmpoliecca Ha CeJIEKTUBHbIE U ceMaHTH4Yeckue (TejleoJIoTHUYecKue) KO3BOJIOINOHHBIE W,
CJIEIOBATEIPHO, OHTOJIOTUUECKU HepasjielrnMble KOMMIOHEHThl. CO BCTyIUIEHHEM TeXHOT€HHON
[UBWJIN3AIUU B CTaui0 MHGOPMAIIMOHHOTO O00IlecTBa, Hadajlach IOCT-akajieMuyeckas ¢dasa

* KoppeclmoHAUPYIOLIHUE aBTOP
Anpeca anekTpoHHOU mouthl: cheshko@karazin.ua (B.T. Yemniko)

120



https://philpapers.org/s/Earl%20Winkler
https://philpapers.org/s/Earl%20Winkler
mailto:cheshko@karazin.ua

Biogeosystem Technique, 2017, 4(2)

VCTOPHUYECKON 9HBOJIIONMYM HAYYHOM PpalMOHAJIBHOCTH, aTpUOyTaMU KOTOPOH  SABJISIOTCS
cneruduiecKkre MeTO/0JIOTUA HAayuyHOTO 3HAHMA, HAyYHBIH 5TOC U OHTOJIOTUA. BHO3THKA Kak
dbeHOMEeH  UHTE/UIeKTYaJIbHOM  KYJIBTYpPBl  IIpeAcTaBisgeT  cobodl  HaTypdumiocodckoe
METO/IOJIOTHYECKOE fJIPO COBPEMEHHOU IOCT-aKaJieMUYecKo (UeoBeKo-pa3MepHO) HayKH, B
KOTOPOU NMPUHIUI 3TUYECKON HeUTPaJbHOCTH HAYYHON TEOPUU OKa3bIBAETCH HEIPUMEHUMBIM, U
9JIEMEHThl  IYOJMYHOTO  AKCHOJIOTUYECKOTO Y HAYYHOTO JECKPUITHBHOTO  JIUCKYPCOB
UHTETPUPYIOTCA B €AUHYI0 JIOTUYECKYyI0 KOHCTpyKuuio. Kak ciencrtBue, repMeHEBTHKA
MpEJIIIECTBYeT SIHCTEMOJIOTUM HE TOJBKO METOJIOJIOTUYEeCKH, HO H CEeMaHTHYEeCKH,
a HaTypdmiocodus BOCCTAaHABINBAET CTATyC HECYIIIETO 3JIEMEHTA TEOPHUU SBOJIIOIUH, U IPUTOM —
B ABHOM BHJIE.

KialoueBble cioBa: 6uosTuka, Hatypduiocodus, MOCT-aKaZeMuueckass HayKa, Te€HHO-
TEXHOJIOTUYECKUH PUCK.
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The Study of the Combined Effect of Soil Properties on the Rate of Diffusion of ¢°Co
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Abstract

During the laboratory experiment, devoted to studying of the process of vertical migration
60Co radionuclide/in water-saturated soil samples of disturbed structure and the same initial bulk
density, there were obtained the values of effective diffusion coefficients (Des ©°Co) for 8 different
types, species and varieties of soils.

There was noted a significant variability of D.g °Co for investigated soils due to different soil
characteristics. To assess this influence a statistical approach has been used, where edaphic factors
representing the most important characteristics of the soils acted as independent variables
(predictors), and the dependent (resulting) variable was D.g %°Co.

Based on the study of the dependence between the main physico-chemical soil properties and
the magnitude of effective diffusion coefficients (Des ©°Co) the selected physico-chemical
characteristics of soils were ranked by degree of influence on the value of the dependent variable:
pHka > (fr.<0.01) > Corg.

There was also identified the contribution of each of the selected indicators of soils state
(independed variables) in varying of Des ¢°Co. The contribution for pHka, (fr.<0.01), and Cor was,
respectively, 36,32; 27,00 and 17,08 %. During the experiments revealed a particularly strong
increase in the Dz °Co for soils with high content of humus in conditions of excessive moisture.

Keywords: Co, soil, physico-chemical properties, total water capacity, vertical migration,
coefficient of effective diffusion.

1. BBegenue

Jls1 BBIpAOOTKHU CTpATeruii, HAIpaBJIEHHbIX HA MUHHMM3AIIUIO TOCIEACTBUNA TEXHOTEHHOTO
3arpsA3HEHUs] 3€MeJIb CeJIbCKOXO3SHCTBEHHOTO HaszHaueHMsA, OCOObIH HHTEpec IPeACTaBIAIOT
COBpPEMEHHbIE KOHIEMINK OOpalieHus ¢ 3eMeJIbHBIMH pPecypcaMH B paMKax S5KOCHCTEMHOTO
[IO/IX0/Ia, B YACTHOCTH, OMOT€OCHCTEMOTEXHUKA. T10oC/Ie/THAS MpeicTaBIsieT «CO00M COBOKYITHOCTD
TEXHUYECKUX PeIIeHUWH W TEeXHOJOTUH yIpaBeHUs OHOTeOXHMHYECKHM ITMKJIOM BeIllecTBa
OuoreocucTeM B ra3o00pa3HOH, >KUAKOU, TBepaou (aze» (Kammauuenko, 2012; Kalinichenko,
2015). HecmoTpss Ha TO, YTO B OMOreOCHCTEMOTEXHHUKE HCIIOJIB3YIOTCA TEXHUYECKHE CPE/ICTBa,
CUHTETUYECKHE MEXIUCITUIUTHHAPHbIE METOAbI ¥ TEXHOJIOTUH, He UMEOIIHe MPSAMbBIX aHAJIOTOB B
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IIpUPOJie, OHH, TeM He MeHee, O00eCIeUYHBaIOT «CO3/aHHEe TPaHCIEH/IEHTAJIbHBIX, HO
MIPUPOIONOI00HBIX OHOreocrucTeM, UMEIOIINX 00Jiee BHICOKYIO OMOJIOTHYECKYI0 IPOAYKTHBHOCTD,
YCTOMYHBOCTb, OO0ECIIEUMBAIOIIUX YTHJIM3AIUI0 OTXOAO0B, JEKAIUIMHT PacXOZ0B M IIPOJYKTa
MIPOU3BO/ICTBA, BBICOKOE KayeCcTBO OKPYKAIOIeWd Cpe/bl MO0 CPABHEHUIO C pPaHee HU3BECTHBIMU
TEXHOJIOTHAAMU U TPUPOAHBIMU Owuoreocucremamu» (Glazko, Sister, 2016). B wuactHOCTH,
OMOTreOCHCTEMOTEXHUKA BBITOAHO OTJIMYAETCS OT TEXHOJIOTUH WHAYCTPUAIBHOU ILIAT(GOPMBI
(KoBastbuyK ® JIp., 2013) TEM, YTO «BMECTO HAKOIUIEHUS SKOJIOTUYECKHX ITpOOJIEM ITpejiyiaraeT
TEXHUUECKNE U TEXHOJIOTMYECKHE PelleHUs, KOTOPble IMO3BOJISIIOT HEIMPOTUBOPEUYMBO peEIaTh
MIPOU3BO/ICTBEHHBIE U SKOJIOTUYECKHE ITPO0OIeMbl HOOCHEDPHI B €ITHOM TEXHOJIOTHYECKOM ITUKIIE,
nmpuyeM C OOJIBIIIUM IIPOU3BOJACTBEHHBIM  Pe3yJIbTATOM W MEHBIIUMHU 3aTpaTaMH, KakK IIpU
KPaTKOCPOYHOM ILUIAHUPOBAHUU, TaK U B OTAaIeHHOH nepcrnektuBe» (Kalinichenko, 2015). Kpome
TOTO, IpHUMeHeHHe OHOreOCHCTEMHBIX TEXHOJIOTUH CIIOCOOCTBYET ITOBBIIIEHHUIO YCTOMYHBOCTH
OMOTEOIEHO30B, UTO, B CBOK OYepeab, 0OeclieYrBaeT JIOJTOCPOUYHYI0 DKOHOMUUYECKYIO BBITOZY
6Js1arofaps MPOU3BOCTBY KOJIOTHUECKU 6e3011acHON OHOJIOTHYECKOH TPOYKITHH.

BesyciioBHO, 1711 3DHEKTUBHOTO HCIIOIB30BAaHUS COBPEMEHHBIX OMOT€OCHUCTEMHBIX TEXHUUYECKUX
IIO/IXO/IOB K PEIIeHHI0 IIPOOJIeM arpoieH030B, He00X0UMO 3HATh 3aKOHOMEPHOCTU U MEXaHU3MBI,
JiesKalllfie B OCHOBE JIBIDKEHUS U TpaHChOpMaIU BEIIECTBA U SHEPTUU B OMOTE0IEH03aX, KOTOPbhIE
obecIrieynBalOT MX YCTOWYHBOE (PYHKIIMOHHUPOBaHUWE. B UYAaCTHOCTH, B YCJIOBUSX TEXHOTEHHOTO
3arpsA3HEHUS OKPYIKAIOIIEH CpeAbl MEPCUCTEHTHBIMHU MOJUTIOTAHTAMU THUIA TSKEJIbIX METAJJIOB
(TM) u paauoHYK/IHA0B 3PHEKTUBHOE HCIOIb30BAHUE METUOPATUBHBIX IIPUEMOB U 3aIUTHBIX
MEPOIPUATHH BO3MOXKHO JIHIIH IIPH IJIYOOKOM IOHMMAHUH MEXaHU3MOB B3aMMOIEUCTBUS DTHX
3arps3HAIONINX BelecTB (3B) ¢ MOYBEHHBIM MOTJIOMIAIOIINM KOMILIEKCOM, IIEPEXO/A UX B JKUIKYIO
(asy 1mouB U mepenBUIKEHUS B HEH, IOTIJIOMIEHHs KOPHSAMHU pacTeHW. B JaHHOM acmnekre
mpo06sieMbl OOJIBIIIOE 3HAaUeHHEe WMeeT IOHATHE YCTOMYMBOCTH CHUCTEMBI IIOYBA — MOYBEHHBIH
PACTBOP K MOBBINIIEHHBIM YPOBHAM cojiep:kanus 3B.

Jlna cucteMbl TIOUBA — IIOYBEHHBIM pPAcTBOpP — pacTeHHE XapaKTEPHBI Te K€ BUJBI
YCTOUYMBOCTHU, UYTO W JJIA DKOCHUCTEMBI B IeJIoM: ympyrasg u Heynpyras. C TOUKH 3peHUsd
MoCJIe/THEN, YCTOMYUBOCTD CUCTEMBI TOYBA—TIOUBEHHBIN PACTBOP K BO3/elcTBUIO 3B onpesesnsaercs
CIIOCOOHOCTBIO TOYB K WX WHAKTUBAIUW. [loJT 5TUM TEPMHUHOM B paMKaxX JaHHOW pabOThI
oipa3yMeBaeTcsl CHIKeHUe TO/IBUKHOCTH 3B (Hampumep, paIMOHYKJIMIOB) B CUCTEME IIOYBaA —
IMOYBEHHBI pAcCTBOp, T.e., CIIOCOOHOCTh TOYB (BCJIEJICTBHE TIPUCYIIUX UM OydepHBIX
cIIocoOHOCTEN) UMMOOWIU30BBIBATH TMOIABIIKE B TOYBY 3B, CHUKasi UX MTOJABHKHOCTD B IIOYBAaX U
MUTPaMOHHYIO CIIOCOOHOCTH B CHICTEME ITI0YBA — PaCTEHHUE.

[ToBbIlIIEHNE MUTPANMOHHOU crocoOHOCTH 3B ABIsAETCA CHMIOTOMOM 3KOJIOTHYECKOTO
He0J1arornosIyuusi, 00yCcJI0OBJIEHHOTO IEPEX00M ITI0YB B HEYCTOMUNBOE COCTOsTHHE. TakuM 00pas3om,
OIleHKa YCTOWYMBOCTH IIOYB SBJISIETCA OJHOW U3 (YyH/IaMEHTAJIbHBIX MPOOJIEM COBPEMEHHOTO
€CTeCTBO3HAHMUS.

Bompochkl, cBsi3aHHBIE C BJIUSHHUEM IIOYBEHHBIX CBOHCTB Ha CIIOCOOHOCTh K MHUTPAIUU
PaIMOHYKJIN/IOB B IIPUPOJIHBIE BOJBI M PACTUTEHLHO-KUBOTHBIE KOMIIOHEHTHI arpO3KOCHUCTEM
(MCTOYHUKOB TIPOZOBOJICTBUS U IIPOMBIIIJIEHHOTO CBHIPbSl ISl UYeJOBE€Ka) HMEIOT BaXKHOE
npakTuueckoe 3HaueHre. COOTBETCTBEHHO, IMOWUCK HamOoJiee 3HAUYMMBIX (DU3UKO-XUMHYECKUX
XapaKTEPUCTUK MOYB, OKA3bIBAOIINX BJIUSHUE HA MUTpanuio 3B B cucreMe mouBa — IMOYBEHHBIH
pacTBOp — pacTeHUe, C MEeJIbI0 COBEPIIIEHCTBOBAHUS ITPOTHOCTHYECKUX MOJIENIEd UX MOBEJEHUS B
arposKOCHUCTeMax fBJIAeTCA BaXKHON TPo0JIeMOM COBPEMEHHOM paJio- U arpO3KOJIOTHH.

HeobOxogumMo OTMETHUTh, UTO TMpoOJeMaM, CBS3aHHBIM € MHIpAIliell  OCHOBHBIX
J103000pa3yIONIUX PAIMOHYKJINIOB PAJIMOAKTUBHBIX BBIMAJIEHUA W cOpPOCOB — 9°Sr m 37Cs
MIOCBSAIIEHO 0CTaTOYHO MHOTO pabot (IIpoxopos, 1981; Byarakos u ip., 1990; TUXoMHUpPOB U JIp.,
1990; AHUCHUMOB U JIp., 1991; AsekcaxuH u KopHeeB (pez.), 1992; Putyrskaya & Klemt, 2007;
KysHernoB u ap., 2009; MamuxuH W Ap., 2016; KonHoruieB m p., 2016; IlepeBosionKui,
ITepeBosonkasi, 2012; Kopuaruna u ap., 2014; Jlumatos u ap., 2014; Takahashi et al., 2015) u ap.
BTo e Bpems BOIIpocaM BEPTUKAJIBHOM MUTpPAIlUM B II0YBAX JAPYTHUX PaJNOHYKIUIOB —
MMPOAYKTOB JleJIEHUsI W aKTUBAIUU SJEPHOTO TOIUIMBA, B 4YacTHOCTH, °°Co, %7Zn u, a Takxke
BBISICHEHUIO BKJIa/Ia B 3TOT IPOIECC OTAEIbHBIX 37aduueckux HakTOPOB, YAEAI0Ch 3HAUUTETHLHO
MeHbllle BHUMaHus (/lepryHoB u p., 1990; BynrakoB u ap., 1990; Shinonaga et al., 2005;
Standringa et al., 2009; Dong et al., 2010; Bondarkov et al., 2011; Ramzaev et al., 2012; I[TaHuIKNHA
U p., 2016).
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Cy1iecTByeT MHOTO paboT, ITOCBAIIEHHBIX IOUCKY H PAHKUPOBAHUIO T10 CTENIEHH 3HAYUMOCTHU
MOYBEHHBIX XapaKTEPUCTHUK, BIMUAIOIINX HAa IOJBWKHOCTh B MOYBAaX M TpaHciaokanuio TM u
PaIMOHYKJIU/IOB B pacTeHusA. B 5TOM cBA3U MOKHO YNOMAHYTh ucciienoBanusa ©.M. Tuxomuposa
(1978), B.b. Unbuna (1995), I'.B. Moty3o0Boii (1999), B./l. BacuwibeBckoit (1994), T.A. PomaHnoBO#
(2003), B.C. Auucumosa (2013, 20153, 2015b, 2016; M.A.Wasserman et al. (2008) u np. OgHako,
KaK MPU3HAIOT U CAMH aBTOPBI, IIPe/IJIaTraeMbIi IIepeuyeHb OCHOBHBIX TIOKAa3aTeJIed COCTOSTHUS IT0YB
U OIleHKAa WX BKJIAJla B PEryJHpOBaHHE MUTPAIMOHHOUN crmocobHoctu TM B cucreMe mouBa —
pacreHue TpeOyIOT cepbe3HOH I0pabOTKH.

Oco0eHHO WHTEPECHBIM, Ha HAIll B3IVIAJ, SBJISETCA METOJT OIEHKH HWHAKTHBHUPYIOIIEH
crmocobHoctu 1mouB (MbuH, 1995; KupeiueBa, [J1azyHoB, 1995; JIMUTpakoB W Jp., 2012) B
OTHOIIIEHNH MUTPANMOHHON cmocobHoct TM B cucTeMe mouBa — pacTeHUe, MPeJI0oKeHHBIN
B.b. ibuabiM (1995). B ocHOBe ero JekaT NpPUHIMIBI, 3ajo0keHHble [.fI. PuHBKHCOM B
pa3zpabOTaHHOH UM CHCTEMeE ONTHMU3AIUA MHHEPAJIBbHOTO MUTaHWA pacteHuil (PuHbKUC W JIp.,
1989). JIJ1s1 OIleHKHU BKJIa/ia Pa3JIMYHBIX IOYBEHHBIX CBOMCTB B HOPMHUPOBaHHE WHAKTUBUPYIOIIEH
criocob6HocTH 1ToYB B oTHOIIeHHU TM B.B. VJIbUHBIM ¢ cOTpyAHUKaMU ObLIH cOOpaHbI IaHHBIE 00
WHAKTUBUpYOIeM BiausHuu Ha TM (Zn, Cd, Pb, Cu, Co) pa3iMuHbIX TOUBEHHBIX XapaKTEPUCTUK
U BBIABJIEHO, YTO HAuOOJIbIlee BJIUSHUE Ha CHIDKEHUE IOABIXKHOCTH (M OMOJIOTHYecKOu
JIOCTYITHOCTH) OKa3bIBaJIU: TYMYC, cojiep:kaHue (uandeckoil miuHbl, R.O;, kapboHaToB u pH.
Ha 6a3e »Tmx mokazaTesied (IIOYBEHHBIX XapaKTePUCTHK) Oblla pas3paboTaHa IIKaja
OydbepHocTu. I[Ipu 3TOM Cle/laHO JIOMYIEHUE, UTO BBIABJIEHHBIE B ONIBITaX KOJWYECTBEHHBIE
3aKOHOMEPHOCTH IS TEPEUNCIIEHHBIX XHUMHYECKHX BJIEMEHTOB pacCIPOCTPAHAIOTCA Ha
octasibHble TM, OTHOCAIIHECS K TPYIIIe METAJIJIOB, IMTOBBIMIAIOIINX CBOIO MMOIBUKHOCTDh B KHUCJIOU
cpene. B.b. libuH mpou3Bes PaHKUPOBAHHE BBINIEyKa3aHHBIX MOKa3aTeJed B COOTBETCTBHUU C
MPeVIOKEHHON UM ITKaJIon OydepHOCTH (MHAKTUBUPYIOIIEH CIIOCOOHOCTH) ITOYB B OTHOIIIEHUU
TM u paccuutasn ux BKIaJ (B 6asiax) B popMUpOBaHHE HHAKTUBUPYIOIIEH CIIOCOOHOCTH IOYB C
MPUMEHEHUEM CIIEITUATbHBIX TOITPABOUYHBIX KO3DOUIIMEHTOB OTHOCUTEIFHO COJEPKAHUSA TyMyca.

B Hacros111eM HCCIieIOBAaHUU MBI MONBITAIUCh, IPUMEHUB NoAXoAbl MnbuHa—PuHbKHCA, HO,
HUCXOJA U3 IPUPOITHOTO PA3HOOOpasusA (PU3UKO-XUMUUYECKUX XapAKTEPHUCTUK PAa3HBIX THIIOB U
BUIOB HeKapOOHATHBIX M KapOOHATHBIX II0YB €BPOIEMCKON uacT Poccuu, yCTaHOBUTH
KOJIMYECTBEHHBIE CBSA3U MEXKY IMOKA3aTEISAMH, OTPaKAIOIMUMH (QU3UKO-XUMHUYECKUE CBOMCTBA
MOYB |, [IOKA3aTeJIEM, XapaKTEPU3YIOIINM MOJBUKHOCTh HOHOB °°CO BO BJIarOHACHIIIIEHHOU MTOYBE,
— s PextuBHBIM KO3 IUIEHTOM AP DY3UU (Dsg °CO).

Ilessp paboThl — OIlEHKA PpOJIM TOYBEHHBIX XapaKTEPUCTHK B (OPMHUPOBAHUHU
MHAKTUBUPYIOIIEH  CHOCOOHOCTH Kak  BakKHeHWIero (axkrtopa  9HKOJIOT0-TE€OXHUMUUYECKOU
YCTOMYHUBOCTU TOYB 10 OTHOIIEHHIO K JIOJTOXKUBYIeMYy paauoHykiuay °°Co (7. = 5.272 roga),
MIPEZICTABJIAIONIEMY PAUOJIOTHUECKYIO OMTACHOCTh B MECTaX PACIOJIOKEHHU A/IEPHBIX 0OBEKTOB, U
pa3paboTKa METOAWMYECKUX IIO/IXOJIOB K OIlEHKe BJIUSAHHUA 3SAaduueckux (akTOpoB Ha
MOABUKHOCTD °°Co B cucTeMe ITI0YBA — IOYBEHHBIN PacTBOP.

2. O0bEKTHI 1 METO/AbI

bruta cocraBiieHa BbIOOpKAa W3 8 MHHEPAJBHBIX IIOYB, OTHOCAIIMXCA K 4-M THIIAM,
MIPEJICTABJISIIONINM pa3Hble KJIMMAaTHYEeCKWe 30HBI eBporelckod vactu Poccuu m Ypasna, 4To
obecrieymsio I0CTaTOYHO IITUPOKUM JTHANla30H BapbHUPOBAHUSA HU3YyYaeMbIX (DUBUKO-XUMUIECKUX
ToKasaTesen, U MPOBeIeHbl MOIEJIbHBIE OITBITHI ¢ BHECEHUEM °Co.

JIsl SKCHepUMEHTAJbHBIX HCCIIEeIOBAaHUN OTOOpasim 00pasIlbl U3 IMaXOTHBIX (TyMYCOBBIX)
TOPU30HTOB CJIEAYIOIIUX IMTOYB: JIEPHOBO-TI0A30MCTON cpeaHecyruHucToi (ITA(K)) — a. Kpusckoe
BopoBckoro paiiona Kamy:kckoii o06s1acTH; JIepHOBO-TIOA30HCTON cymecuanou (ITA(IT)) — .
ITepenosb 2KykoBekoro paioHa Kamy»kckoii 00/1aCTH; JIEpHOBO-IIO30IUCTOMN TSKEJIOCYTJIMHUCTOMH
(IT*(H)) - c. HenmempHoe MasosspociaBenikoro paiioHa Kaiy:kckoid o6JiacTu; uYepHO3eMa
BoImesoueHHoro (Y*(K)) — 1. HukonaeBka MeaseHckoro paitoHa Kypckoi o6J1acTH; cBeT/IO-cepou
snecHoun mouBbl (JI*(H)) — na. HuxkomaeBka Ilepembinuibckoro parioHa Kasykckass obsiactu;
JIEpPHOBO-HETTyOOKOIIO/I30JTUCTON TpyHTOBO-TJieeBoi (I1%) — ga. JlamkoBuiel BoJstocoBckoro
paitona JleHWHTpajaCcKOoW o00JIacTH; JAEePHOBO-NOA30JMCTON Jierkocyrmuucror (I1A4(B)) — .
BormanoBo, PocnaBibckoro pariona CmosieHCKoW oOsactu; Oypour jsecHou (B3) — m. Pexuk
Benospckoro paittona CBep/1s10BCKOH 061aCTH.
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VccenoBaHus MPOBOAWIM HA OCHOBE MOJEJIBHOTO J1abOpaTOPHOTO OIBITa, KOTOPBIM
IpeZlyCMaTpUBaJI U3ydeHUe BepTUKAJIbHON MUTpanuu paguoHykiausa °°Co, B KOHTPOJIUPYEMBIX
yCIOBUAX MpU HOJHOU BiaroeMkocTu (IIB) mouB. YpoBHHM 3arpsi3HeHUs BBIOUpAIU C YIETOM
BO3MOXKHOCTEH MCIOJIb3yeMbIX AHAJIUTUYECKUX METOZ0OB U HaJIe?KHOTO U3MepeHUs yZeJIbHOU
AKTUBHOCTU DAJMOHYKINZA B OrPAaHWYEHHOH Macce TIOCJIOMHBIX 00pasloB TOYB U3
IWINHAPHUYECKUX KOJIOHOK. Y CJIOBUS ITPOBEAEHHUS MO/IEJIBHOTO OIBITA ObUIN CJIEYIOIIIMU:

— IpeABapuTeJbHAs MOJATOTOBKA IIOYB K JKCIEPUMEHTY BKJIOUAIA JIOBEeleHHe UX 10
BO3/YIIHO-CYXOTO COCTOSIHHSA, IIPOCEMBAHUE Yepe3 CHUTO C JAHaMETPOM OTBEPCTHH 1 MM H
ompezieJieHre NCXOHBIX (PU3UKO-XUMUYECKUX XapaKTePUCTHK;

— HccyleAyeMble MOYBHI, IPOIYIIEHHbIE Yepe3 CUTO 1 MM, MOMeIIId B HWINHAPUYECKHUe
IUIACTUKOBBIE KOJIOHKH BBICOTOM 70 MM U IMAaMETPOM 35 MM, JOOUBAsACH OJIUHAKOBOU IJIOTHOCTH
HACBIIHBIX 00pasIoB — 1.25 r/cMs3. BeicoTa cyiosf MOYBHI B KOJIOHKAax cocrapiysia 60 mm. [lanee
IIOYBY B KOJIOHKAaX HACHIIAIN JUCTIJUIMPOBAHHOM BOJIOM 10 mosiHON Biaroemkoctu (IIB) B
OOJIBIIINX MOJIUIIPONUIEHOBBIX CTaKaHaX. 3aTeM BHOCUJIM Ha ITOBEPXHOCTh IOUYBBI OJIMHAKOBBHIE
KoJInYecTBa paAuoHykiInzaa %°Co (B mepecuere Ha J1aTy BHECEHUS — 4 KBK), I1OCJIe 4ero KOJIOHKH C
IIOYBOH OCTaBJIsUTU B TeUEHUE OKOJIO MOJIyroa npu teMmieparype 21+2°C B mosMIponuieHOBhIX
CTaKaHaX, KOTOpble B3aKpbIBAIN JJjid M[peAOTBpallleHUs HcClIapeHusa. YpPOBeHb BOAbI B
MOJIMIIPONINJIEHOBBIX CTAaKaHAX B TeUueHHE BCEro JKCIEePUMEeHTa NOJJIep:KHUBAJICA Ha YPOBHE
TIOBEPXHOCTHU ITOYBBI B KOJIOHKAX;

— IO OKOHYAHUM BHIIIEYKA3aHHOTO IIepHo/ia BpeMeHH, MOYBHI JOCTABAIN U3 LUJIUHIPOB,
MO3BOJISJIN CTeYhb TPABUTAIMOHHOU BJIare, 3aTeM pas3/iesIsyId Ha CJIOU, BBICYIINBAIU U ONIPEAEIIN
VZIeJIbHYI0 aKTUBHOCTH %°Co y—crekTpomMeTpuyeckuM MeTozoM (cunekrpomerp [amma-—1Il ¢
[IOJIyIIPOBOAHUKOBBIM  JIETEKTOPOM U3 0c000 YHCTOTO TrepMaHUs C  OTHOCHUTEJIbHOU
3¢ PEKTUBHOCTHIO perucTpanuu 35 %).

g onmcanua GopMUpPOBaHUA BEPTUKAIBHOIO IIOYBEHHOTO PO UIA HOHOB PAJUOHYKINA
60Co ImpeAIoJiarajioch, 4YTO MOJEJBI0 3TOr0 IIpollecca MOKeT CJIYKUTh OJHOMepHasd
kBazunu(pdys3usa, BpeMeHHble U IIPOCTPAHCTBEHHbIE XaPAKTEPUCTHUKU KOTOPOU ABJIAIOTCA
pellleHNeM JIMHEMHOTO OAHOPOAHOTO auddepeHIuaTbHOT0 YpaBHEHUA OTHOCUTENIBHO (QYHKIIUU
pacmupesiesieHus 00b€MHON aKTUBHOCTH PAAUOHYKINA A,(X,t) ¢ HAYaIbHBIM YCJIOBUEM B BHje §—

dyaxmuu Qupaka A,(X,0) = Q. B sxcrepumenTe KoamdecTBo (Q PafHOHYKINAA BHOCHJIOCH B
BEPXHIOIO YaCTh KOJIOHKH ¢ cOp6eHTOM (II04BOii), COOTBETCTBYIONIYIO0 3HAUEHHIO KOOPUHATHI X=0.
IToCKOJIBKY 3a Bce BpeMs SKCIepHMEeHTa B NPoduiIb 06pasna IOYBEl MHUTPHPOBAiA JIMIIb
He3HAUMTeTbHAsA YacTh OOIIed BHECEHHOHW AKTHBHOCTH DPAaJHOHYKJINA, TO 3TO IIPHBENIO K
cemytomiell (pOpMyTHPOBKe TPAHUYHOTO YCJAOBUS JUIA BBINIEYKA3aHHOTO yDaBHEHHSA B BHJE

AV(O,t) = Q. Pemenue ypaBHeHus Auddy3un /11 YKA3AHHBIX BHIIIE YCIOBUH MMeeT CIeyomuii
BU/:

Au(x,) = Q exp(-x?/4Dsg 1) (1)

Cnenyer OTMeTUTh, 4YTO clenudUKa MHUTPAIMU PAJAUOHYKJIWJA B IIOYBEHHOM CJIO€
o0ycJioBJIeHa HaJIM4ueM psfila Pa3HOPOAHBIX (PAaKTOPOB, BBI3BAHHBIX I'€TEPOr€HHOCTHIO CPEbI
pacnmpocTpaHeHUs — HEOJHOPOJIHbIE TpaHYJIOMeTpUuecKuil, ¢as30BbIM, XUMUUYECKUH U
MOJIEKYJIAPHBIN COCTaBbI MTOYBHI. B TaKOM MPUOJIMIKEHUH STOT IIPOIECC MOKET OBITh OMMKUCAH KaK U
nuddys3rs B MOAETbHON OJHOPOJIHOM cpefie ¢ MCIOJb30BaHHEM 3(DMEKTUBHON BETUUUHBI D,y
(xoaddunmenTa spdexTusHON AUDPY3HU ©°Co0), cmxc™.

Onenka BeUuuHbl D,y MPOBOAWIACH METOJOM JIMHEWHOTO PErpecCHMOHHOTO aHajIu3a
SKCIEPUMEHTAIbHBIX JAHHBIX C TIOMOIIBI0 MOAeTbHON GyHKIuU (1). [y mpeobpa3oBaHus e€ B
yIOOHBIN /IS PETPECCUOHHOTO aHa/M3a BUJ, ObLIa BBeJleHA HOBas IepeMeHHas P, CBA3aHHas C
KOOPZMHATOU U BpeMeHeM 1 = x2/(4t).

Jlorapudmupys (1) mosyaum:

In(A,(r)) =In(Q) + B, (2)

rae B =-1/D,,
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U3 (2) cnenyer, 94To SKCIEPUMEHTAIbHbIE 3HAUEHUs BeJTUYUHBI [N(Ay(T)) TUHEHHO 3aBUCST
ot r. TaHreHc yIyIa HAKJIOHa PErPECCHOHHON MPSAMOU paBeH 00paTHOMY 3HaYeHUI0 K03(hdHUITIeHTa
kBasuauddysuu D,s, a cBOOOIHBIN uieH perpeccud n(Q), opauHaTa isl =0, paBeH 3HAYEHHIO
o0Ield akKTUBHOCTU (KOJMYECTBY PaJUOHYK/IW[A Ha €IUHUIly IUIOIA[N), KOTopas (GOpPMHUPYET
BEPTUKAIBHBIA MPOMWIb OO0OBEMHOU aKTUBHOCTU PpaguoHykauza ©°Co KOJIOHKU. bBin3ocTh
MMOJIy4eHHOTO 3HaueHus () K KOJHUYECTBY PaJHUOHYKJINa, BHECEHHOTO B KOJIOHKY B Havase
SKCIEPHUMEHTA, CIYXKUT OMOJHUTEIbHBIM KPUTEPHEM KOPPEKTHOCTH BBIOOpA PErpecCHOHHOMU
MIPSIMOU.

DUBHKO-XUMUYECKHE TIOKA3aTeJIM COCTOSHHUs II0YB, COZEPIKAHHE MOJBIKHBIX (opm
ayieMeHTOB (TabJ1. 1), ompezesnsiu obmenpuHaThiMu Metogamu (CokosioB (pen.), 1975; Kaypuues
(pen.), 1980, Musees (pen.), 2001): pHka; conepskanue hpakiuu GU3HIECKON IVIMHBI (<0.01 MM,
%); Fenons (BBITsDKKA TamMma); Puoss (11 Bcex mouB mo YupukoBy); rymyca (Mertosom TropuHa).
[ToBTOPHOCTH OIBITOB TpexkKpaTHas. CTaTHCTHYECKYI0 O0OPabOTKYy SKCIIEPUMEHTAJIbHBIX JIAHHBIX
MpOBOAWIN B TIporpamMMme Statistica B cOOTBeTCTBHH C TpeOOBAHUSIMH, W3JIOKEHHBIMH B
JINTEpaTyPHBIX UCTOUHUKaX (AliBa3stH u Ap., 1985; Cokosios (pen.), 1975; Jlocriexos, 1985; MsATieB

U JIp., 2009).

3. Pe3yabTaThl M1 X 00CYyKAEHUE

UccnenoBanusa B paMKax 3KCIepUMeHTa MO omnpesesaeHuio KoddpuiueHToB 3GGeKTUBHON
mubdysun (D,s ©°Co) B pa3IUUHBIX THIAX, BUJIAX U PA3HOBUAHOCTIX IOYB €BPONENCKOM YaCTH
Poccunm u VYpana nokasanu, 4To npouece Au(P@Yy3HOHHOTO pacIpoOCTpaHEHUA DPaJUOHYKINZA
B ITpOo(usIe MOYB MMPOUCXOAUT C PA3INYHON UHTEHCUBHOCTRIO (Tab. 1, 2).

Ta6.111/ma 1. ITokazarenu, XapaKTepUu3yrwIirue XuMH4Y€CKHeE U (bHBH‘IECKPIe CBOIICTBA IIOYB

Opakmus | Koapdurment
Mowa | Co% | 00 | Fowwrin | pHa | Do |

nx10 CM2><C'1, nx107
13(K) 2,98+0,11 1,64+0,04 0,621+0,005 | 6,01+0,1 4,81 14,1+,0,4
T(K) 0,77+0,02 0,59+0,01 2,618+0,268 | 5,97+0,01 4,22 3,2340,11
JI°8H) | 2,19+0,19 1,99+0,23 6,635+0,472 | 5,66+0,01 3,79 10,244,0
T"(H) 1,18+0,06 4,73+0,13 2,495+0,007 | 5,940,01 4,72 7,75%0,05
ITA(IT) 0,85+0,02 0,97+0,03 1,543+0,156 | 5,74+0,06 1,84 3,67+0,22
() 1,330 0,163+0,011 | 1,998+0,866 | 4,79+0,07 2,12 5,42+0,47
it 1,54+0,13 | 0,144+0,015 | 5,012+0,250 | 3,47%0,06 5,35 4,86+0,47
b3 0,61+0,02 | 0,137+0,006 | 2,915+0,153 | 4,3+0,03 3,73 7,71+0,99

CBs13aHO 3TO C PSAJIOM NMPUYUH, Ba)KHEUIIIEN M3 KOTOPBIX SABJISAETCA 3aBUCUMOCTD TUDDy3un
noHoB %Co (TouyHee, ycToW4uBBIX akBakoMmIuiekcoB kobOambra(ll) — [Co(H.0)s]2*) BO
BJIATOHACHINIIEHHON IIOYBE OT XWMHUYECKOTO U (U3UUECKOTO BO3AEUCTBUA TBEPAON das3bl Ha
JIBIDKEHUE WOHOB, IPOSIBJIAIONIETOCA B Bue azcopoium noHoB %°Co. KosmuecTBEHHO OIIEHUTH
BEJIMUYMHY OTOTO BO3JEHCTBHUSA MOXKHO, HAIPUMED, C HCIOJIb30BAHUEM MOJEIU COPOIHHU
JleHTMIOpa, KOTOpas OIMCHIBAET CBSI3b MEXKAY PACTBOPEHHOW U a/icOpOMpOBaHHOU (GHOPMOK
MeTa/la. YpaBHEHNE N30TepMbl JIeHrMIopa B TMHEHHOU (hopMe UMeET BUI;

c ¢ 1

q Qmax kLQmax ’ (3)
I7ie ¢ — KOJUYeCTBO MOHOB, a/ICOPOMPOBAHHOE €AMHHUIENH MacChl aZicOpOeHTa, B IAHHOM CJIy4yae
MTOYBBI (MI—3KB KI''); Qmex — MAKCHUMaJIbHASA aJICOPOIMS MOHOB HA eIMHUILY Macchl copbeHTa (Mr—
9KB Kr'); C — paBHOBeCHas KOHIIEHTpallus HMOHOB B pacTBope (Mr—skB Jit); ki — IOKazaTeslb
CPOZICTBA, XapaKTEPU3YIOIIUN CBA3YIONIYI0 CHJIYy I[€HTPOB aJcOpOIMHM B  OTHOIIEHUU
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paccmMarpuBaeMoro HWoHa (J1 Mr—skB?') W TIPEACTABJAIIIUNA COOOW KOHCTAHTY PaBHOBECHUS
aZICOPOITMOHHOTO IIPOIIeCcca, BRIPAXKEHHYIO Uepe3 OTHOIIIEHWEe KOHCTAaHT CKOPOCTEeH afcopOoIuu U
necopbumu (Opunpuxcbepr, 1984).

ITO O3HAYAeT, UTO IPU YBEJIMYEHHH KOJIMUYECTBA MOHOTEHHBIX Tpymnn copbeHra (T.e., ¢
pOCTOM BETUYUHBI Qmax B ypaBHeHHU JI3HTMIOpa) ckopocTH mporecca auddysuu (a, 3HAYUT, U
3HaueHuss D,s;) MOHOB °°Co 4yepe3 CJIOM BJIAaTOHACBHIIIIEHHOTO COpOeHTa JOJIKHBI CyIECTBEHHO
CHUBUTHCA. AHAJIOTUYHAA TeHIeHIUA Oy/ieT HabJII0AaThCs U C BO3pacTaHUEM CBOOOHOU SHEPTUH
aZiIcopOIMY MOHHBIX YACTHI[ Ha PEAKIMOHHBIX IEeHTpax (T.e., ¢ pPOCTOM BeJIMUHUHBI ki, B YPaBHEHUH
JIsurmiopa). VMeHHO coueTaHuWe 3STHUX JBYX SABJIEHUH U TMPOSBUIOCH B pe3yJsbTaTax,
3a(UKCUPOBAHHBIX IIPH IIPOBEIEHUM KOJIOHOUHBIX dKcriepuMeHTOB (Tabs. 1). Tak, jjd mous
XapaKTepHO BO3pacTaHUE ITOBEPXHOCTHOTO 3apsaa 3a c4yeT pocta pH-3aBHCHMBIX MOHOTEHHBIX
rpynin mouyBeHHoro mnormiomawiero komiviekca (IIITK) ¢ pocrom pH. Takke TeopeTwuyecku
JIOJDKHO HAOJIOZIaThesl yBeJMUeHue oOIed CBOOOMHOW 3Hepruu ajcopbumu uoHoB °°Co Ha
peaknuoHHbIX mneHTpax I[IIIK npu BHeceHMH B TOYBY MAaJIONOABIKHBIX CIEeNU(PUUECKUX
OpTaHUYEeCKHUX BellecTB, (GocdaroB, TUAPOOKCHIOB Kejle3a, aTlOMHUHHA, MapraHila, CBOOOHBIX
KapOOHAaTOB MW Jp. XHUMHUYECKUX MEJHOPAaHTOB B pe3yJbTaTe IPOIECCOB 0OOpa3oBaHUA
BHyTpHUCDEPHBIX KOMIIEKCOB H XeMOCOPOITHH.

Juis onipenenenus BeJUYUHBI 3(pdeKkTuBHOTO KoadgduimenTa kBaszuanuddysun D,s NOHOB
paguonyrimnaa °Co, Dy B HacTOAIIEH paboTe MPUMEHSIICA JIMHEWHBIM PErPEeCCHOHHBIN aHAIU3,
OITMICAHHBIH BBIIIIE.

B kauecrtBe mpumepa Ha Puc. 1 mpuBojsaTcs B rpadudeckodt ¢opme pacipeaeieHre
obbemHOM akTuBHOCTH (Bk/cm3) paamonykimma ©Co mo ci1osiM B o0Opaslie JepHOBO-
HeTJIyOOKOIIOA30JIMCTON TpyHTOBO-TJIeeBoi (I1%4) mouBsl (JIeHmHTrpasickass 00J1., JIOMOHOCOBCKUI
P-H,), Ha OCHOBAaHUU JIaHHBIX, TPUBEJEeHHBIX B Tabu1. 2.

n%-1 (a) n“-1 (6)
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ny6uHa, r (cm?c)

Puc. 1. JIuHeiiHasa perpeccusi, npuMeHseMas s onpeneneHusa 3p@ekTuBHOro koadgduiireHTa
muddy3un ©°Co BO BJIATOHACBIIIEHHOM O00OpasIle JIepHOBO-HETTyOOKOIIO/I30JIMCTOU TPYHTOBO-
r1eeBod mouBsI (1. JIamkoBuIlbl BosiocoBckoro patioHa JIeHUHTpaaCKOM 00J1.):

(a) — pacnpesniesieHre 00BEMHON aKTUBHOCTH PAAUOHYKJIUA TI0 CJI0SIM B 00pasIie MOYBHI;

(6) — nuHeliHoe mpeoOpa3oBaHWE pacIpeiesieHUsT O0OBEMHON aKTUBHOCTH ©°Co MO CI0AM B
oOpasiie MOYBHI B COOTBETCTBHU ¢ popmysiamu (2)

Ha ocHOBe JaHHBIX perpeccMu B mepeMeHHbIX 1(x2/(4t)) — In (A, Bx/cm3) mis nByx
IOBTOPHOCTe} ombiTa onpenenenst D,y %Co paBHBIC 4,53x10° u 5,18x10°® cooTsercTBeHHO
(Tabm. 2).

AHain3 maHHBIX, TPUBEAEHHBIX B Tabs. 1 1 2, MO3BOJISAET CAEIATh BBIBOM, UTO CIIOCOOHOCTH
azicopbmpoBaTh U y/Iep;KUBaTh Ha IMIOBEPXHOCTU TBEPAOU (a3bl °°Co, MPOABIIAIONIAACT KOCBEHHBIM
obpaszom yepe3 yMeHbIlIeHUe 3HaUeHUH D,s, Y HEUTPAJIBHBIX U CJIAOOKUCIIBIX TTOYB CYIIECTBEHHO
BhIIIIE, 4yeM y Kucibix (ITAr).

Heckosibko 0oJiee BBICOKHE 3HAYEHUS Dad) st °Co, TOJIydeHHbIE JJIA IIOYB C BBICOKHUM
comep:kanmeM rymyca (Yx(K) u JICB(H)), kasamoch Obl, IIPOTHBOpPEYAT PaCCYKIAECHUAM,
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IIpUBEJIEHHBIM paHee (IIOCKOJIbKY 3HaueHHUsA Qmax U ki /U1 depHO3eMa U cepoil JiecHOW IOYBbI
OJKUIaeMO JIOJIKHBI OBITh HanboJsiee BBICOKUMU — CM., Hanpumep, (Kpyrios u zip., 2009). OgHako
cJlelyeT MPUHUMATh BO BHUMAaHUE TOT (DAKT, YTO B YCJIOBHAX U30BITOYHOTO YBIIAKHEHUS B TIOUBAX
JIOCTaTOYHO OBICTPO Pa3BUBAIOTCS IIPOIECCHI OIJIEEHUs, MPUBOJAIINE K CMEHE OKHUCIIUTEIHHOTO
pekuMa BOCCTAaHOBUTEJIBHBIM, COIPOBOXKAAIOIIMMCA IOBBIIIeHHeM pPH, pe3kum mnazeHueM
BeJIMYMHBI OKUCIUTEIFHO-BOccTaHOBUTEIbHOr0 noteHnuaaa (OBII) mous (0coGeHHO ¢ BBICOKMM
cofiep;kaHueM rymyca). Bce 3T0 61arompHUATCTBYET IMOBBIIIEHUIO MTOABHKHOCTU CITENU(PUIECKUX
OPTaHUYECKUX BEIIECTB IIOYBBI, pa3pylIeHWI0 OKCuoB Fe m Mn, opraHo-MHUHEPAIbHBIX
KOMILJIEKCOB W, KaK CJIEJICTBUE, CHIDKEHUIO OOIed CBOOOMHON DHEPTUM a/icopOIMM HOHOB
kobanpra Ha IITIK, a, 3HauwWT, yBesmueHWI0 BeqwWduHBI D,s °°Co. HHTepecHas TuUIIOTe3a
OTHOCHUTEJIBHO POJIU KOHKYPHUPYIOIINX NOHOB B YBEJIMUEHUH BeJIMUIUHBI 3ddeKTUBHON quddysnn

PaJIMOHYKJIH/IOB B aHa3POOHBIX YCJIOBHAX, ITpuBeieHa B pabote (Tarasiuk et al., 2007).

Ta6auma 2. Ilokaszarenu, XapaKTepHU3yIOIlUe BeEPTHUKAJIbHYI0 Murpanuio °Co BO
BJIATOHACBIIIIEHHBIX o6pa3uax II0YB (2 l'[OBTOpHOCTI/I) *
Koaddpumment Koaddumument
IToura, | Cioi, %0, a¢dextuHol | [Tousa, | Cioii, %0, s pexTuBHON
(cyT) cm | Br/em®” | auddysun Doy, | (cyr) oM | Brem® | muddysmu Dy,
em?xct em?xet
YB(K) | 00,3 | 581,72 1,38x10° YB(K) | 0-0,4 | 544,66 1,44x10°
(134) | 0,3-0,8 10,16 (134) | 0,4-0,8 | 13,68
0,8-1,3 0,75 0,8-1,3 1,73
1,3-1,8 0,20 1,3--1,8 | 0,67
1,823 0,19 1823 0,24
2,3-2,8 0,10 2,3-2,8 0,24
2,8-3,3 0,00 2,8-3,3 0,19
0-0,3 878,89 3,15x10° mAK) | 004 | 639,41 3,30x10°
mAK) | 0308 | 5579 (239) | 04-08 | 76,16
(239) 0,8--1,3 8,70 0,8-1,3 | 10,42
1,3-1,8 1,68 1,3-1,8 2,83
1,823 0,50 1823 0,96
2,3-2,8 0,22 2,3-2,8 0,17
2,8-3,3 0,12 2,8-3,3 0,12
3,3-3,8 0,08 3,3-3,8 0,22
J%H)| 008 | 29516 7,38x10°  [JIP(H)| 0--0,7 | 410,11 1,30x10°
(236) | 0,8-1,3 | 15,00 (236) | 0,7-1,3 | 7,92
1,319 6,06 1,3-1,9 2,43
1,9-2,5 0,07 1,9-2,5 0,36
2,5-3,0 0,13 2,5-3,0 0,13
3,0-3,6 0,13 3,0-3,6 0,09
3,6-4,2 0,08 3,6-4,1 0,13
4,1-4,6 0,13
m(H) | 0-04 | 752,80 7,41x10° | I%H) | 0-05 | 61528 8,09x10°
(245) | 04-08 | 28,89 (245) | 05-09 | 9,36
0,8-1,3 2,01 09-14 1,69
1,3--1,8 0,46 14-19 0,28
1,823 0,33 1924 0,22
2,3-2,8 0,21 2,4-29 0,24
2,8-3,3 0,13 2,9-34 0,00
marn | 0-0,8 | 14331 3,83x10° 1) | 0-05 | 274,34 3,52x10°°
(245) | 0,8-1,3 0,63 (245) | 0,5-1,0 | 10,16
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1,318 | 011 1,015 [ 1,29
1823 | 0,04 1520 | 017
2,330 | 0,02 2,0-25 | 0,18
2,5-30 | 0,06

) | 0-05 | 599,86 5,75x10° I’(6) | 0-0,8 | 314,02 5,09x107
(253) | 0,5-1,0 | 12,86 (253) | 08-1,3 | 8,14
1,0-15 | 1,94 1,318 | 1,75
1520 | 0,67 1823 | 015
2,025 | 014 2328 | 0,19
2,530 | 0,00 2834 | 012
™ | 005 | 190,81 m | 005 | 222,53

(232) | 0,5-1,0 | 150,24 4,53x10°® (232) | 0,5-1,0 | 124,02 5,18x10°®
1,0-15 | 73,16 1,0-1,5 | 67,56
1,5-20 | 62,34 1,5-2,0 | 3587
2,0-25 | 32,23 2,025 | 2431
2530 | 11,83 2,530 | 15,66
3,0-35 | 835 3,0-35 | 7,05
3540 | 244 3,540 | 3,77
4045 | 1,34 4,0-45 | 217
4550 | 0,54 4550 | 1,01
50-55 | 0,34 50-55 | 0,68
5560 | 028

B3 0-0,5 | 526,52 7,01x10° B3 0-0,5 | 488,37 8,41x10°
(132) | 05-1,0 | 22,89 (132) | 0,5-1,0 | 24,89
1,0-15 | 354 1,0-1,5 | 7,02
1,520 | 1,49 1,520 | 2,01
2,025 | 0,48 2,0-25 | 0,66
2530 | 010 2530 | 031
3035 | 042
3540 | 0,38
4045 | 012

¥ - 3HAUeHHs OOBEMHBIX aKTUBHOCTeU °°COo MPHUBEZEHBI TOJIBKO I CJIOEB, B KOTOPBIX YAAJIOCh
JIeTEKTUPOBATh PA/IMOHYKIIN/]
** - 00beMHasA aKTUBHOCTD °°Co IMpUBe/IeHA B IlepecyeTe Ha JIaTy BHECEHUA PAIUOHYKIIA/IA

Heobxomumo OTMeTHTH, UTO Ha 37adUUecKOM YPOBHE HA BEJIHYUHBI KOADOUIUEHTOB
nuddy3un OKa3bIBaeT BJIHSHUE OJHOBPEMEHHOE JEHCTBHE OOJIBIIOTO YHCIa B3AaUMOCBI3aHHBIX U
He3aBUCUMBIX (AKTOPOB. ATO MPOSABJAETCS B BUJe BapuabesabHOCTH 3HaueHUil D,s °°Co 1yia
Pa3HBIX II0YB. /[JI BBIACHEHUS POJIM OT/IeJIbHBIX ITIOYBEHHBIX XapAaKTEPUCTUK B PEryJUpOBaHUU
BesIMYUHBI D, ©°Co ObUIH BBIOPAHBI KJIIOUEBBIE ITOKA3ATEIN, XapaKTEPU3YIOIHe COCTOSTHIE TIOYB.
Pesysprarel, mpuBe/ieHHble B Ta0J. 2, MOKa3bIBAIOT, YTO pa3bpoc 3HAUEHUU (PU3UYECKUX U
XUMHUYECKUX TIOKa3aTesled COCTOAHUA JJI UCCIelyeMbIX II0YB BechbMa 3HauuTeseH. IIpu BeiOOpe
rokasaresiel B pacueT ObUIN IIPUHATHI CIEAYIOIIHEe PACCYKIEHUS:

- IPaKTUYECKU Bce GPUBUKO-XUMUYECKHE IIPOIeCcChl B IOUBAX HA TPaHUIle pasziesia TBEPAOU 1
JKUAKOHN a3 cocpefloToueHbl B mpeziesiax ¢Gpakiuu GU3nuecKor ITMHBL. ITO OTHOCUTCA U K MIOHAM
HCCyIelyeMOoTro paIuoHyKIna %°Co;

- MoZBMKHBbIe coefuHeHUsA Fe m Mn Tak ke, Kak U OpPraHHMYeCKOe BeIlECTBO, ABJIAIOTCA
MIPUPOAHBIM KOHIIeHTpaTopoM noHOB TM (BKJIIOUast KOOAJIBT);
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- KHUCJIOTHOCTH IIOYBBI OOYCJIOBJIEHA KAaYeCTBEHHBIM M KOJMYECTBEHHBIM COOTHOIIEHHEM
MIPUCYTCTBYIOIINX B IOYBEHHO-TIOIJIOMIAIONIEM KOMILIEKCe KaTHOHOB H*, Al3+, ¢ 0JTHOI CTOPOHBI U
KaTHOHOB OCHOBAHUH, C PYTOi CTOPOHBI, XapakTepusyeTcs pH cosieBoi BBITSKKH (M1 0OMEeHHOMH
KHUCJIOTHOCTBIO), THIPOJTUTHIECKOHN KUCIOTHOCTHIO;

- COoJlep’KaHUe M KauyeCTBEHHBIN COCTaB OPraHUYECKOrO BeIeCTBA IIOYB KOHTPOJIUPYIOT
CIIOCOOHOCTD MOCTIEAHUX UMMOOMIIN30BBIBATh HOHBI PAIUOHYKIINU/IOB U TM;;

- cozepskamuecs B mouBax ¢ocdarpl, 00pa3ymoIre ¢ HOHAMU KOOajibTa HEpAaCTBOPUMbIE
COeIUHEHUs, TPAJAUIMOHHO CYUTAIOTCS OJHUMU W3 KJIIOUEBBIX (PAKTOPOB B PEryJIHPOBAHUU
MHUTpaIuoHHOU criocobHoctu TM.

W3 ckazaHHOro BbIIIE CjIeAyeT BBIBOJ: BCe BBHINIEYNOMAHYThIE 3Aaduueckue (HaKTOPBHI,
0e3yCJIOBHO, OKa3bIBAIOT BO3JENCTBHE HA MOABIIKHOCTH °°Co B cHCTeMe IOYBa — IOYBEHHBIU
pactBop. IlosToMy mpu cratucTUdeckoil 0OpaboTKe OTpakalollue BIIUSHUE COOTBETCTBYIOIIUX
($akTOpoB TOKazaTeJM COCTOSIHUA IIOYB (IIOUBEHHBIE XapaKTEPUCTUKU, WJIH BXOJHbBIE
IepeMeHHble) He MOTYT OBITh HCKJIIOUEHBl KaK He3HauuMble. B 3TOM ciayyae BKjIaj HX B
BapbUPOBAHHUE PE3Y/JIBTATUBHOTO IPU3HAKA Iejleco00Opa3HO BKJIOYATh B KAuecTBE SKCIIEPTHOMN
omeHKH B GOpPMyJIy pacueTa BKJIa/Ja OTAEJbHBIX BXOJHBIX I€PEMEHHBIX (IIOUBEHHBIX
XapaKTEPUCTHK) B BADHIPOBAHUE PE3YITHUPYIOINIEH ITepeEMEHHOM.

3HaueHUs IOYBEHHBIX XapakTepucTuk (Tabsn. 2), mpuBeneHsl B dopme, ymoOHOU i
JanbHeHIIero craTucTrdeckoro aganausa: Nx10™.

Jasiee, ¢ UCHoJb30BaHUEM IOKa3aTesel, XapaKTepu3yIIIUX CBONCTBA IOYB B KadyecTBe
BXOJIHBIX TIE€PEMEHHBIX, OblJIa TPOBEAEHA I1apaMeTpU3alis PErpecCHOHHBIX MOJIEJIeH,
CBA3BIBAIOIINX 3TH IOKAa3aTeJu C MNOJABMKHOCTD MOHOB %°CO BO BJIaroHACHIIIEHHBIX MOYBAX,
omnpesesnsieMod 3HaueHUAMU D,gs °°Co, IPOU3BENEHO UX PAaHKUPOBAaHHE IO CTeNeHU BKJIAZiAa B
BapbUpOBaHUE pe3yJIbTATUBHOIO Npu3Haka D,s. /A 3TOro mnpou3BOAWIACH IIO3TaNHAaA
npolueaypa.

Crauasia /11 IpeiBApUTEIbHOM OLIeHKU BKJIaJIa 3aduyeckux ¢pakToOpOB, Ipe/CcTaBIeHHBIX
B BUJIe 3HAUEHUN COOTBETCTBYIOIIUX HOUYBEHHBIX XapakKTePHUCTUK (Copr, P2Osuoms, Fénoms, PHia,
cozep;kanue dpaknuu < 0,01 MM) B BapbHpOBaHUE PE3yJIbTATUBHOrO IpusdHaka D,s °°Co ObLI
HCIIOJIb30BAH MHOKECTBEHHBIN PETPECCUOHHBIN aHAIN3. Pe3ysIbTaThl ero mpezcTaBiieHsl B Tabur. 3.

Ta6auna 3. Pe3ysbraThl MHOXKECTBEHHOTO PETPECCHOHHOTO aHatu3a D,s °°Co OT CBOWCTB IOYB
(k=5)*

[TapameTp BETA f;i%iipggﬁ B Oi;agllg B t(2) P-YPOB.
CB. wieHn 45,8 43,59 1,05 0,40
Copr, % 0,28 0,34 5,2 6,42 0,80 0,51
P2Osnozs, MI'/KT 0,01 0,42 0,1 4,05 0,03 0,98
Féenons, MI'/KT 0,05 0,34 0,4 2,61 0,14 0,90
pHxa -0,71 0,45 -11,3 7,15 -1,58 0,26
C%Ifglﬁ'Mqﬁ; “| 0,38 0,38 45 4,52 0,99 | 043

* R= 0,904; R2= 0,818, ckoppekTup. R2= 0,363 F(5,2)=1,7967, p<0,395, CTaH/I. OIIIHNOKA OLIEHKU:
11,958, k — KOJIUYECTBO HE3aBUCUMBIX IIEPEMEHHBIX-IIPEAUKTOPOB

U3 pesysnbraToB Tabi. 3 ciemyer, 4To, IO OTAEILHOCTH, BIUSTHUE JaXke HauboJjiee BaYKHBIX C
TOYKU 3pEHUs BJIUSHUA Ha BapbUpOBaHUE BeUUUHBI D,s °°Co npeaukTopoB: pHka, coZiep:kanue
dpaknuu < 0,01 MM, %, C opr; — cTaTUCTUYECKHU He 3HAUUMO. PerpeccuoHHBIN KO3 duLIeHT /i
pHka orpumnareses, T.e. ueM MeHbIle pHkc, TeM Gosbiie koa3ddunuent nuddysun. Braag B
perpeccuto s Copr U «COAEPKAHUA QPaKIUU < 0,01 MM» IIOJIOXKHUTENIEH, T.€. 4eM OoJibItie Copr U
«cozep:kaHue ¢ppakuu <0,01 MM», TeM Oosblite ko3 dunuenT nuddysun. IIpuHAB MOTyUYeHHbIE
pe3yJIbTaThl KaK IIpe/IBApUTeNIbHBIE, 11eJ1IecCO000pa3HO C UCIIOJIb30BAHUEM IIOIIArOBOM perpeccuu
MIPOAHAJIM3UPOBATh IlepeMeHHbIe, MTO3BOJIAIIINE 00Jiee TOUYHO CIIPOTHO3UPOBATh BEIUUUHY Dsg
60Co. PesyspraThl DOIIATOBOTO PErpecCMOHHOTO AaHajJIW3a C UCIOJIb30BaHUEM MeToZa
«BKJIIOUEHU» HE3aBUCUMBIX ITlepeMeHHBIX IPHUBe/IeHbI B Tabul. 4.
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Ta6smna 4. Pe3yspTaThl IOMIAroBOTO perpeccuoHHOro aHanusa D,g ©°Co OT CBOMCTB IIOUB

[ar +B/-uc | MHuoxect. | MHOKecT. R-xBagp. F- P-YPOB. Ilepem.
R R-kBazp. H3MeEH. BKJI/HICKJI BKJTIOY.
pPHka 1 0,712 0,506 0,506 6,155 0,048 1
Conepx.
dp. < 0.01 2 0,869 0,755 0,248 5,063 0,074 2
MM, %
Copr, % 3 0,903 0,816 0,061 1,324 0,314 3

B cooTBercTBHMM C pe3ysibTaTaMHU IIONIATOBOM PETPECCHM C BKJIIOUEHHUEM He3aBUCHMBIX
IepeMeHHbBIX, HAWIYYIIUM 00pa3oM MOryT JaTh OIeHKy D,s; °°Co 3T0 pHke, copep:kaHme
¢paknuu <0,01 MM, % u pHkal.

B Takowm cirydae, B 00111eM BH/Ie PETPECCHOHHOE YPaBHEHUE OYET CIIETyIOIIM:

Y = Bo+B:Xi+ B-X +B; Xa,,. (4)
rae Bo, Bi, B; — k03¢ GUITUEHTH pErpecCHOHHOTO ypaBHeHU: (Tabs1. 6), X, X,, X3 — He3aBUCHMbIE
repeMeHHbI€e (IT0Ka3aTeIn COCTOSTHUS IT0YB).

HToru MHOKECTBEHHOTO PETPECCHOHHOTO aHAJIU3a Mpe/IcTaBieHbl B Tabur. 5.

Ta6smma 5. toropas Tabnia MHOKECTBEHHOTO PErPECCHOHHOT0 aHanmu3a D,g °°Co OT CBOKCTB
nous (k=3)*

Cranpapt Cranpmapt
Has Has
[TapameTp BETA OmmGKa B OmmGKa t(4) P-YPOB.
BETA B

CB. wieH 47,12 22,31 2,11 0,10

pHxka -0,72 0,23 -11,42 3,62 -3,15 0,03
Cozepik. ¢p. <
0.01 MM, % 0,39 0,24 4,64 2,83 1,64 0,18
Copr, % 0,28 0,24 5,20 4,52 1,15 0,31

* R= 0,904; R2= 0,816, ckoppektup. R2= 0,678 F(3,4)=5,9024, p<0,0596, cTaHIapTHasA OIINOKA
olieHKH: 8,506

KBagpar mHOKecTBeHHOTO KO3(dduIumeHTa koppenanuu (kodpuuueHT aeTepMUHAINN)
cocrabiisieT 0,816 (F(3,4) = 5,9024, p<0,0596). Takum o6pazom, moutu 82 % aucnepcuu D,z °°Co
oObsCHsAETCS YypaBHeHUEM perpeccuu, 18 % BapuabeIbHOCTH 3aBUCHUMOU IepeMEHHOU
MIPUXOJUTCA HA Apyrue saaduyeckue (GakTopbl, HE BKIOUYEHHBIE B YHCJIO IMPEAUKTOPOB. Briazg
M30paHHBIX MPEAUKTOPOB (HE3aBUCHUMBIX IEPEMEHHBIX) B BapbHUPOBAaHUE BEJTUYUHBI D,y ©°Co
CTATUCTUYECKN 3HAUYUM Ha Pa3JIMUHBIX YPOBHAX JI0BepUTeNbHOU BeposTHocTu: pHka (97,1 %),
dp.<0,01mMm (91,3 %), Copr (77,8 %) (Tab. 6). OfHAKO, UCXO/I U3 BBIIIEU3I0KEHHOTO IIPUHITUIIA O
0e3yCJIOBHOM BKJIaJle PpacCMaTPUBAEMBIX IIE€PEMEHHBIX B BapbUPOBAHHE pe3yJIbTATUBHOU
IepeMeHHON, B OKOHYATEJIbHYI0 PErPEeCCHOHHYI0 MOJIENb, CBA3BIBAIONIYIO (PU3UKO-XUMUYECKHE

IOKa3aTeJId COCTOSIHUA II0YB ¢ HakomieHHeM ©°°Co B BereTaTUBHOM Macce AYMeHSA ObLIH
BKJIIOYEHBI BCE 5TU TPU HE3aBUCHUMbIe IIepeMeHHbIe:
Tao6auna 6. Bkiajg oT/ie/IbHBIX HE3aBUCUMBIX ITIEpEMEHHBIX B BapbupoBaHue D,gs °°Co
bera YacrrHaa | ITomyuact | Tomepan. | R-kBajp. t(4) P-YPOB.
pHka -0,687 -0,858 -0,670 0,953 0,047 -3,34 0,029
Cozepixk.
p. < 0,463 0,749 0,454 0,960 0,040 2,26 0,087
0,01 MM,
%
Copr, % 0,296 0,586 0,290 0,961 0,039 1,44 0,222
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OKOanTEJIbHOG, IIOJIYYE€HHO€E PETPECCUOHHOE YDABHEHHNE UMEECT BU:
D, °Co = 47,12 -11,42x(pHkci) +4,64x(Dp.<0,01 Mm) 45,20 (Copr).  (5)

ComnocraBiieHHe TOJIy4eHHBIX DPe3yJbTaTOB PErpecCHOHHOIO aHaau3a ¢ (PaKTUIeCKUMHU
3HaueHuAMH D,5 °°Co npuBezieHo B Tabur. 7.

Tao6auna 7. Comnocrapienne ¢GakTUuecKux 3HaueHUU D,y °°Co ¢ MOJIyYEeHHBIMU C IMTOMOIIBIO
JIMHEHHOU perpeccuoHHOUN Mmozenu (5)

Housa Hab6mon. | ITpeack. |Ocrar- | Crang,. Craug. |Cra.om. | Maxanad. | Yaanes. Kyka
3Ha4. 3Ha4. KU1 IIpEJICK. OCTAaTKH IIpEJICK. Paccr. OCTaTKHN paccrT.

YB(K) 14,10 16,31 -2,21 0,28 -0,26 7,04 3,92 -7,04 0,12
I(K) 3,23 2,55 0,68 -0,74 0,08 5,96 2,57 1,35 0,00
JICB(H) 10,20 11,47 -1,27 -0,08 -0,15 4,49 1,08 -1,76 0,00
T17(H) 7,75 7,80 -0,05 -0,35 -0,01 5,46 2,01 -0,08 0,00
TIA(TD) 3,07 -5,47 9,14 -1,33 1,07 6,04 2,65 18,40 0,59
I1%(B) 5,42 9,18 -3,76 -0,25 -0,44 6,05 2,67 -7,62 0,10
IA; 48,60 40,33 8,27 2,05 0,97 741 4,44 34,25 3,07
B3 7,71 18,50 -10,79 0,44 -1,27 5,13 1,67 -16,94 0,36
MuHuM. 3,23 -5,47 -10,79 -1,33 -1,27 4,49 1,08 -16,94 0,00
Maxkcum.| 48,60 40,33 9,14 2,05 1,07 7,41 4,44 34,25 3,07
Cpenuee | 12,59 12,59 -0,00 0,00 -0,00 5,95 2,63 2,57 0,53
Menunana 7,73 10,33 -0,66 -0,17 -0,08 6,00 2,61 -0,92 0,11

B wnenom, kak BujgHOo u3 Tabin. 7, HabmofaeTcs YAOBJIETBOPUTEIbHASA CXOJAUMOCTH
SKCIIEPUMEHTAIBHO IIOJIyYE€HHBIX U PACCUYUTAHHBIX C [IOMOILBIO AllIIPOKCUMUPYIOIIEro ypaBHEHNUA
perpeccun (5) 3HaueHUU D,5 °°Co. JonomHuTebHO HA PHc. 2. MpUBeIEHO HATJIAHOE CPAaBHEHHE
pe3yJIbTaToB, IIOJIyUYEHHBIX HA OCHOBE MOJE/JINW MHOXKECTBEHHOI'O PErpecCHOHHOIO aHain3a JJIAd
3aBUCHMBIX ITepeMeHHbIX D ©°Co, ¢ HabII0/1aeMbIMHU 3HAYEHUSMH.

IMpeackazanupie U HAOJI0aeMble 3HAYEHUS

3aBucumast nepeMenHasi: k03¢ ¢ nuueHTsI 3¢ ¢ exTuBHON AN y3un, Dag,
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Puc. 2. CpaBHeHMe pe3yIbTaTOB, ITOJIyYeHHBIX HA OCHOBE MOJIeJI MHOKECTBEHHOTO
PerpecCHOHHOTO aHATN3A ISl 3aBUCUMBIX TIepeMeHHBIX D,s ©°Co, ¢ HabII01aeMbIMU 3HAUEHUSIMHU
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Kak Buano, Oosee 85 % OKCIIEpUMEHTAIPHO YCTAaHOBJIEHHBIX 3HAYEHUH 3aBUCUMOU
IepeMeHHOU YKJIA[bIBAIOTCA B JIMAINlA30H BJIOJIb JIMHUU PETrpecCcuH, COOTBETCTBYIOIIUU 95 %
JIOBEPUTEJIPHON BEPOSATHOCTHU. IlosiyueHHbIe pe3ysIbTaThl MO3BOJIAIOT PAHXKUPOBATh BhIOpAHHBIE
(pusnko-xuMHUYecKrue MoKas3aTeJIM COCTOSTHUA MOYB II0 CTElEHHW BJIWUAHUA Ha BeJWuuHy D,s °Co:
pHka > (dp<0,01) > Copr.

Hcxonst 13 3HAUEHUN YAaCTHBIX KO3(M(MUIMEHTOB KOPPEJAIUN IIepeMEHHBIX-TIPEUKTOPOB,
Mpe/ICTaBJIEHHBIX B Ta0JI. 6, MOKHO PACCUMTATh COOTBETCTBYIOIINE UM 3HaUeHUs KOIDUIINMEHTOB
nerepmuHanuu: 4act. 2 (pHka) = 0,74, gact. 2 (pp<0,01) = 0,56; 4dact. 12 (Copr) = 0,34.
CooTHOIlIEHUSA ~ MEXAy  COOTBETCTBYIOIIMMU  3HAUEHUAMH  YacTHBIX  KO3G(hGUIHMEHTOB
JIETEPMUHAITUH COCTABJIAIOT 2,14:1,63:1. VCII0J1b3ys 5TU COOTHOIIEHUS U, YYUTbIBas, YTO R2=0,816,
MOJKHO KOJIMYECTBEHHO paccumTaTh BKIAABI ¢; (%) COOTBETCTBYIOIIUX IIPEIUKTOPOB B
BapbsupoBaHue D,s °°Co: q(pHka) = 36,32; q(dp<0.01) = 27,90; q(Copr) = 17,08.

[IpoBepky  aJleKBaTHOCTU  HpPEIJIOKEHHOM  JIUHEWHOW  perpecCMOHHON  MoJiesin
SKCIIEPUMEHTAIbHBIM JIAHHBIM MPOBOAWJIN BHU3yaJIbHO C MHOMOIIBI0 HOCTPOEHUSI HOPMAaJIbHOTO
BEPOATHOCTHOTO TpadHMKa OCTAaTKOB. B HallleM ciiydae pacupezieieHue OCTaTKOB (Pa3HOCTH MEXKIY
SKCIIEPUMEHTAJIbHBIMU U TOJYYeHHBIMU NPH IIOMOIIA YpaBHEHHS Pperpeccud 3HaYeHUsAMU
3aBUCUMON II€EpEMEHHOI) XOPOIIO YKJIAABIBAJIOCh Ha IPSAMYIO JIMHUIO B KOODPJMHATaX OCTaTKH
(Habsromaemble) — paccuMTaHHble (Ha OCHOBAaHUM 3aKOHA HOPMAJIBHOTO pacIpe/iesIeHus)
HOPMHUPOBAHHbIE 3HAYEHHUs OCTATKOB (Z-3HAueHWUs), UYTO CBUJIETEJILCTBYET O HOPMAaJIbLHOM
pacipejieJIeHHd OCTaTKOB W JIMHEWHOCTH CBSI3M MeEXKJy HE3aBHCHUMBIMH U 3aBHCHUMOU
TmepeMeHHbIMH.

4. 3arIoueHue

B xozme y1abopaTOPHBIX DKCIIEPUMEHTOB IO U3YyUYEHHIO IIPOIecca BEPTUKAIBHON MHUTPAIUN
paguonykiuia ©Co B BOJIOHACHIIEHHBIX ITOYBEHHBIX 00pa3lax HAPYIIEHHOTO CJIOXKEHU
OJIMHAKOBOU IMEePBOHAYAIBHON HACHIITHOM IJIOTHOCTH OBLIN IMOJIydeHbI 3HAUeHUs 3(PEHEKTUBHBIX
koaddurnuentos nuddysun (D,s °°Co) nna 8 pasjuuHbIXx MOYB. /[Mama3oH WX U3MEHEHHUS
cocraBmn 3,23+14,1x10° cm’xc?. Ommune pesyabpTaTHBHOTO npu3HaKa (D,s °Co) mpu
O/IMHAKOBBIX BHEITHHUX yCJIOBUSAX (TEMIIepaTypa, BJIAXKHOCTD, IVIOTHOCTh, KOJIMYECTBO BHECEHHOTO
PalUOHYKJIN/IAa U CHocoO ero BHECEHWS Ha IOBEPXHOCTh IIOYBBI) OOBACHAETCA Ppa3IMIHEM
spaduueckux (HAKTOPOB, BJIMAIOIIMX HA IPOIECC BEPTHKAJIBHOU MUTPAIU PAJHOHYKIUA.
JI711 OIIEHKH 3TOTO BJIUAHUA OBbLI HCIOJB30BAH CTATHUCTHYECKUH IIOAXOJ, T/ie 3aadudeckue
(dakTophl, TpeNCTABJAOIINE BAKHEUINNE XapPAaKTEPUCTHKH II0YB, BBICTYNAJId B KadyecTBe
HCXO/HBIX TIEPEMEHHBIX (IPEIMKTOPOB), & PE3YIbTATUBHBIM TPU3HAKOM CITY:KUIT D, 60Co.

[TosyueHHBIE pE3yJIBTAThl TO3BOJIFJIM PAHKUPOBATh BBIOpAHHBIE (DUIUKO-XUMUUYECKHE
II0Ka3aTesId COCTOSHUA OYB I10 CTElIeHU BJIUAHUA Ha BeJuunHy D,s °Co: pHka > ¢pp<0,01 > Copr.
OneHeHHBIN BKJIQJl BBIIIEYKA3aHHBIX NPEAUKTOPOB B BapbupoBaHue D,s °°Co cocraBui,
COOTBETCTBEHHO, 36,32; 27,90 u 17,08 %.

B xoz1e ombITOB OBLI yCTaHOBJIEH (DAKT 0COOEHHO CHJIBHOTO YBEJTUYEHUs BETUIUHBI D,g ©°Co
JUIS TIOYB C BBICOKUM COZIEpP:KaHUEM TyMyca B YCJIOBUAX U30BITOYHOTO yBIakKHeHUA. CBA3aHO 3TO,
MO-BU/IUMOMY, C T€M, YTO B TaKUX IIOYBAX HMHTEHCHUBHO DPa3BUBAIOTCA IIPOLIECCHI OIJIEeHUs,
MIPUBOJIAIIE K CMEHE OKHCIUTEIBHOTO PEXXHMMa BOCCTAHOBUTEIBHBIM, COIPOBOXKAAIOIIMCS
nmoBbillieHreM pH © pe3KuM TaJIeHHEM BeJIMUYUHBI OKUCIUTETbHO-BOCCTAHOBUTEIHHOTO
norennraaa (OBII) mous.

AT0 6JIarONPUATCTBYET MOBBIIIEHHUIO MTOABKHOCTH CIIENU(MUIECKUX OPTaHUYECKUX BEIECTB
MIOYBBI, pAa3pyIIeHNI0 OKCUAoB Fe m Mn, opraHo-MUHEPaJIbHBIX KOMILJIEKCOB U, KaK CJIE/ICTBHE,
CHI)KEHHIO 00Ield CBOOOHOU SHepruM ajcoporuu noHoB kobasnbta IIT1K, a, 3HaUUT, pocTy ero
MIO/IBIDKHOCTA B CHCTEME IIOYBAa — IIOYBEHHBIX pacTBop. O/HAKO, OIlEHKA KOJIMYECTBEHHBIX
IapaMeTpoB 3TUX IIPOIECCOB, TpeOyeT MPOBeJleHUsA JIONOJHUTEJIbHBIX HKCIIEPUMEHTOB B
JUHAMHUYECKUX YCIIOBUSAX.

Cnenyer OTMETHTH, UTO CYIIECTBEHHBIM HEIOCTATKOM, OTPAHUYHUBIINM BO3MOKHOCTU
CTATUCTHUYECKOTO OIleHUBAaHUA BKIaZa BdAaduueckux ¢akToOpoB, IIPeJICTABJIEHHBIX B BUJE
Pa3JIMYHBIX IOUBEHHBIX XapAKTEPUCTUK B BADbUPOBAHHE PE3YIbTUPYIOLel TepeMeHHOU D,g5 ¢°Co,
okazajics HeOONbIION 00BbeM BBIOODKH JaHHBIX. [l03TOMy, IMOJIydyeHHBIE pPe3yJIbTaThbl HOCAT
IIpeBApUTEbHBINA XapakTep. HeoOXoauMo Mpojo/nKeHre TATbHEUIINX HUCC/IEIOBAHUN B IAHHOM
HampaBJIeHUA. B 4YacTHOCTH, HEOOXOAMMO YBEJIUYUTh KOJIMYECTBO SKCIIEPUMEHTAIHHO
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MOJIyYeHHBIX Iap 3HAUYEHUM U YTOYHUTH ycpeAHeHHBble 3HaueHUs D,y 6°Co. DTO MO3BOJIUT
YTOUHUTH OLIEHKHU BKJIaZia d7adudyeckux GakTOpOB B IIPOIlecC BEPTUKAJIIBHON MUTPAllMU B IIOYBE
paguonyknza ¢°Co.
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HN3yueHne COBMECTHOIO BJIHAHNA CBOMCTB NOYB Ha ckopocTh auddysun °°Co

BsuecnaB CepreeBuy AHucuMoB 2, JiImutpuii Biaagumuposuy /[ukapes 2,

Basnepuit BukropoBuu MBanoB 2, Tatbsina ButasnbeBHa IlepeBosionkas 2,

JIugua HukonaesHa Auncumosa 2, Unbsa Baagumuposud KoueTkos 2,

Anpgpeit BiragucinaBosuu TomcoH 2, Jlapuca lBaHoBHa PaTHukoBa 2, Auzipert iBanoBrY CaHKapoB 2

2 BcepocCHHCKUN HAYIHO-UCCIIEA0BATEIbCKIUN HHCTUTYT PAJNOJIOTUU U arPOIKOJIOTHH,
Poccuiickas ®emeparus

AnHoTamua. B xoxe 71a60paTOpHBIX OKCIEPUMEHTOB II0 HU3YYEHHUIO IIporiecca
BEPTUKAJIBPHON MUTIpaluu paAuoHyKIUZa %°Co B BOJOHACBHIIIEHHBIX ITOUYBEHHBIX OOpasIax
HapYUIEHHOTO CJIOKEeHUs OJMHAKOBOHN IepBOHAYAJIBHON HACHITHON IUIOTHOCTH OBUIH IOJIyYeHbI
3HaueHUs 3G GeKTUBHBIX K03 buiueHToB Auddysuu (D,s °°Co) AJIs1 OTHOCAIIMUXCA K 4-M THUIIAM
8-MU pa3JINYHBIX MUHEPAJIbHBIX I10YB.

BpuI OTMeueHBI CyIleCTBEHHbIE pacxoXkAeHus 3HaueHU D,s °°Co mcciie/JoBaHHBIX IIOYB,
00yCJIOBJIEHHBIE PA3JIMYUEM IIOYBEHHBIX XAPAKTEPUCTHUK. [[JI OLIEHKU S5TOTO BJIUSHUA ObLI
HCIIOJIB30BAaH CTAaTUCTUYECKUM 1OAXOJ, TZe »sraduueckue (axkTopbl, IpeACTaBIIAOIINe
BaKHEHININEe XapaKTEPUCTUKU II0YB, BBICTYyIAJIU B KadeCcTBe HCXOJHBIX IepeMeHHBIX
(TIpeAKTOPOB), a PE3YIBTATUBHBIM IIPU3HAKOM CIIYKUIT D, 9°Co.

Ha ocHOBaHMU wHCCJIeIOBaHUA 3aBUCUMOCTU MEXKJY OCHOBHBIMU (DUBHUKO-XUMHUYECKUMU
CBOMCTBAMU IIOYB U BeJTMYNHOU 3¢ dekTruBHOTO KodddunmenTta nuddysun (D,s °°Co) BrIOpaHHBIE
(pu3uKO-XUMHUeCcKHe IIOKa3aTeJN COCTOSHUA IIOYB PAHXKUPOBAHBI IO CTelleHU BJIUAHUA Ha
BEJIMYUHY pe3ysIbTaTUBHOTO mpusHaka: pHka > (pp<0.01) > Copr. Taxske ObLT OIpesesieH BKIAM
KaK/IOTO U3 BBIODAHHBIX IIOKa3aTesJed COCTOSHUS TOYB (IPEINKTOPOB) B BapbUpPOBAHUE
BesIMYUHBI D,y °°Co. OnieHeHHBIN BRIIa /i pHkal, comep:kanue dpakuuu <0.01 U Copr COCTABUI,
COOTBETCTBEHHO, 36.32, 27.90 u 17.08 %. B Xoze ombITOB OBLI ycTaHOBJIEH (PaKT 0COOEHHO
CUJIBHOTO YBeJIMUeHUs BeJIMUUHBI D,y °°Co 771 IOUB ¢ BBICOKUM CO/iep:KaHUeM T'yMyca B YCJIOBUAX
U30BITOYHOTO YBJIAXKHEHUS.

KiroueBsbie ciaoBa: °°Co, mouBbl, GUBUKO-XUMUYECKNE CBONCTBA, MOJIHASA BJIAarOEMKOCTD,
BepTUKaJIbHAsA MUrpanus, koapoduiuent s¢pdexruBaont quddysuu.
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“MALDI-FLIP-on-a-chip” and “MALDI-FRAP-on-a-flap”: Novel Techniques for Soil
Microbiology and Environmental Biogeochemistry. I - MALDI Chip Fingerprinting
(Invited Paper)
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Abstract

Novel approaches for verifying continuity of membranous structures and measurements of
nucleus-cytoplasm exchange rates are proposed. Novel approaches for the measurements of lateral
diffusion/molecular mobility and bindings using MALDI+FRAP/FLIP hybridization are proposed
(“MALDI-FLIP-on-a-chip” and “MALDI-FRAP-on-a-flap”). FRAP (Fluorescence Recovery After
Photobleaching) is a method for diffusion kinetics measurements in living cells using fluorescence
microscopy which allows to estimate quantitatively 2D lateral diffusion in molecularly thin film
containing fluorescent-labeled probes, or for single cell examination (i.e. the study of lateral
mobility of cellular molecules). Fluorescence Loss in Photobleaching (FLIP) is a microscopic
technique predominantly performed using laser scanning microscopy (e.g. for tagged protein local
photobleaching by short, intensive laser excitation on CLSM platform) used for the studies on
molecular mobility inside the cells and membranes. MALDI (Matrix-Assisted Laser
Desorption/Ionization) is a soft ionization technique used in mass spectrometry, allowing for the
analysis of biomolecules (biopolymers such as DNA, proteins, peptides and sugars) and large
organic molecules (such as polymers, dendrimers and other macromolecules), which tend to be
fragile and fragmented when ionized by more conventional ionization methods (according to
encyclopedic definition). The above laser-based technique is readily compatible with MALDI or
other LDI using the same laser beam for LDI (for example — MALDI) and FLIP.

Keywords: FRAP (Fluorescence Recovery After Photobleaching), FLIP (Fluorescence Loss
in Photobleaching), MALDI (Matrix-Assisted Laser Desorption/Ionization), “BIOTYPER”, CLSM
(Confocal Laser Scanning Microscopy), LoC (Lab-on-a-Chip).

1. BBenenue

MALDI-mukpo6uosorua u MALDI-TakcoHOMUA

O61en3BecTHA TPUMEHUMOCTh METOJIOB MAaTPUYHO-aKTUBUPOBAHHOM JIA3€PHOU JecOpOIUH
/uonuzarun (MALDI, Matrix Assisted Laser Desorption/Ionization) B umeHTHGUKaIMN OaKTEpUIT
(Avanzi et al., 2016; Chiu, 2014; Guo et al., 2014; Hammarstrom et al., 2014; Xiao et al., 2014) Ha
momiokkax (T.H. MALDI target plates — cm. Puc. 1—-3) ¢ 30HaMu, Ha KOTOPBIE PACKAIBIBAIOTCS
COOTBETCTBYIOIIINE UJIEHTUDUIINPYyEMble MUKPOOUOIOrndecKkye npoobsl. PackamnbiBanue mpoObl Ha
MUIIIEeHb (target plates) MOXKET OCYIIECTBIATHCSA BPYIHYIO CTEKJISTHHBIM (Puc. 4) Win m1acTHKOBBIM

* Corresponding author
E-mail address: retromicroscopy@gmail.com (A.G. Jablokow)
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(Puc. 5) HaKOHEUHUKOM (B HOCJIEHEM CJIydae BEPOATHOCTH 3arpsA3HEHUs IPOOBI OPraHUIECKUMU
KOHTAMHHAHTAMH 3a4acTyiO CYIIECTBEHHO YBEJIMUYUBAeTCA). B mjeaspHOM ciTydae, ecjiv CTaBUTCS
1eJIb He ITPOCTO 0OHAPYKeHUs, HO YAEJIHHOTO KOJIMIECTBEHHOTO HUJTH IOJIyKOJIMYEeCTBEHHOTO cOopa
JIAHHBIX O COJZIEPKAHUH IeJIEBBIX BEIECTB B IP00ax, KAIlJIU I0JKHBI OBITH ITOTI00HBI IO 00BEMaM U
MUKPOPEOJIOTHYECKHM CBOICTBAM, UTO He BCeT/a yAaercsa JOOUThCA IIPYU PYIHOM JO3UPOBAHUH Ha
momiokKy (Puc. 6). VneHTHUHBIE KAIUTU HAEHTHYHO JIECOJIbBATUPYIOTCS M KPUCTAJLIU3YIOTCS
(Puc. 7), olHAKO KaIlik, HaHECEHHbIE C MHTEPBAJIOM BO BPEMEHH, K JIIOOOMY MOMEHTY BPEMEHH
IIOCJIE UX PACKAINBIBAHUS UMEIOT PA3HbIE ONITUKO-PEKPUCTAIIOMETPUYECKHE, IECOTbBATAIIIOHHBIE
U MUKpOpeosiornyeckre xapakrepuctuku (Puc. 8). C mo3HIUi CTATHCTUYECKOTO aHAIN3a JaHHbBIX
Y METPOJIOTHUH, PE3YJIBTATOM 3TOTO MOXKET SIBJISATHCS T€TEPOCKEIACTUIHOCTh B BHIOOPKE, CBSI3aHHAS
C pa3JIMyueM pa3MepoB KalleJib U MOJTHOTHI 3alI0JIHEHU JIyHOK Ha noyioxkke (MALDI target plates
/ anchor chips) npu HaHeceHHU BPYUYHYI0; 0c000 3Ta IpobJiieMa MpOsIBIISIETCS IIPU Pa3TUYUH TUIIOB
reoMeTtpuii ayHOK (Puc. 9). ITo cymiecTBy, IPOAYKTHI IerHAPATAINY/KPUCTAJUTU3AIUYA aHAIUTOB,
KaK KOJUIOM/THOU, TaK ¥ MAaKPOMOJIEKYJIAPHOH (HapuMep, MOJIUIIENITUAHOMN) IPUPO/IBI, C TO3UIIHI
HeJINHEHHOU U3UKU, IPECTABIIAIOT co000i mpoayKThl camoopranusanuu (Golbraikh et al., 2003;
Rapis, 1991, 1995, 2000, 2001, 2002, 2004, 2005, 2006, 2007, 2008), GOPMHUPYIOIIUECS B CJIydae
HJINYHSA COOTBETCTBYIOIINX SHEPTeTUUECKHX YCIOBHI/TPAJMEHTOB, B TOM YHCJIE — IIPHU JIA3€PHO-
VH/JIyIIUPOBAHHOM JIeCOIbBATAlIMOHHON (HAIpUMep, JerHAIpPAaTalliOHHOW) CaMOOPTaHU3AIUU
(Puc. 10). TloaTomy dopma TakuX caMOOPTaHU3YIOIIUXCA CTPYKTYP CHJIBHO 3aBHCHUT OT YCJIOBUH
CpeZbl ¥ TPOTOKOJIA SKCIIEPUMEHTA.

2. O0BEKTBI 1 METOABI

Kak 1719 KOJUIOUJHBIX, TaK U JJI1 HAAMOJIEKYJIADHBIX CTPYKTYP, BEPHBI YTBEPKIEHHUA O
3aBUCUMOCTH CTPOEHHUs OT YCJI0oBUM TonmydeHus. Ilepexos OT pydyHOro HaHeCceHUA K
aBTOMATHYECKHUM ITUIIETAaTOPaM JIJIsi HAHECEHUs «IsiTeH» (M3BeCTHBIM Tak:ke kKak MALDI spotter
win MSLDI spotting system — cm. Puc. 11, Puc. 12a, 126), XOTA U IPUBOJUT K YJIYyULIEHHIO
BOCIIPOM3BO/IIMOCTH JIO3UPOBAHUS M OJHOPOJHOCTH IUIACTUHBI IO 0ObEMAM 3aIrOJIHEHUs, HO He
BeJleT K yeTpaHeHU10 GU3NYecKUX IPUUMH /IecoIbBaTallUOHHOU reteporeHHocTy. [ToaToMy B psze
CJIydaeB U3MEPEHNH HATHBHBIX 00PA3I0B U MPSAMOU Macc-CIIEKTPOMETPUU OTKA3bIBAIOTCSA OT LIEJTH
JIOCTI>KEHUS OTHOPOJTHOCTU IISITEH U, O0JIee TOTO, He Ipecyenys IeIu YAeTbHON KOJTNIeCTBEHHOU
QHAINTUKH, N1ePeXOJAT JIUIIb K WIeHTU(DUKAIUY HAJIMYUS TOTO WX UHOTO COeJIlUHEeHNsI/areHTa B
QHAIN3UPYEMOM IIpernapare, Ju00 — XUMUYeCKOU UAeHTU(PUKAIINY HEOTIO3HAHHOTO 00pasia uiu
IpoOBI, KOJUIEKTHPOBAHHOU HETIOCPEICTBEHHO B IIPUPOHOU cpefie, 1o ero MALDI-macc-criekTpam
0e3 CBEPXCIIOKHOUM MTPOOOIIOITOTOBKH, CONIPSIKEHHOU C pas/ieJieHreM OHMOJIOTHYECKOTO 00pasiia Ha
aJIeMeHTapHbIe UAEeHTU(DUITIPYEMbIE MOJIEKY IAPHBIE KOMIIOHEHTHI (JIUTIU/IBI, OEJIKU U T.]I.).
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Puc. 1. [IpombiniuienHo udroraBauBaemass MALDI-mumens MTP 384 ¢ koopimHaTHOM
ceTKol/MaTpulel 24X16 ¢ asipaBUTHO-YHCIOBON KOAMPOBKOU MTO3ULIUHI CUUTHIBAHUA
(bupma BRUKER)
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Puc. 2. PaznosusiHOCTS MALDI-MUIIIEHU ¢ MAIIMHHO-CYUTBIBAEMBIM IIITPUX-KOJAOM

ATOT MOJIXO/, YaCTO HA3BIBAIOT «(GUHTEPIPUHTUHIOM» (110 aHAJIOTHU CO CHATHEM OTIIeYaTKa
MMaJIBIEB I UJIeHTUDUKanuu 1oio3peBaeMoro). CyiiectByioT 6a3bl maHHbIX Thna “BIOTYPER?”,
cHabkeHHbIe OMOJINOTEKAMU OTIOPHBIX (DAMIIOB, COOTBETCTBYIOIIUX UAEHTU(DUIIUPYEMBIM BHIAM U
WHBIM TaKCOHOMHYECKUM T'PyIIIaM U IITaMMaM MHKPOOPTaHU3MOB, IpUYeM 6a3bl JAHHBIX MOTYT
KaK IOCTABJIATHCSA € MPUOOPOM, TaK U IPUOOPETATHCS OT/IEJIBHO /IJIsl KOHKPETHBIX 3a/1a4, a POPMBbI
HCIIOJIb30BaHUsA 6a3 JaHHBIX MOTYT 3aBUCETh OT KOHKPETHBIX BO3MOXKHOCTEH OMOMH(MOPMATUKHU U
XeMOMETPUKH 3aKYIAIOIIEr0 UX YUPEKAEHUs, TTOCKOJIbKY BO3MOXKHO UMIIOPTUPOBAHUE AHAIN30B
B ZIpPyTHE MPOTPAMMHBIE IPOAYKTHI /i mocToOpabotku (Cunningham, Patel, 2013; Grenfell et al.,
2016; Harju et al., 2017; Kim et al., 2017; Rodriguez-Sanchez et al., 2016); HanpuMep, BO3MOKHO
BHEJIpEHUE YCOBEPIIEHCTBOBAHHBIX aJITOPUTMOB HHTEPIIPETAINY WUIN KIACTEPU3ALUH N3MEPEHUN
(Harju et al., 2017; Rodriguez-Sanchez et al., 2016), uTo 3a4acTyio COIPOBOXK/IAETCA BHEIPEHUEM B
[I0JIP30BaHUE TAaKCOHOMUYECKH-CIIEIUATN3UPOBAHHBIX OMOINOTEK (HampuMmep — OUOJIMOTEKU s
UaeHTUGUKAIIA MUKOOAKTEPHUH, UMEIOIell He MeHee TpeX IIUPOKO PACIPOCTPAHEHHBIX BEPCHH
(Rodriguez-Sanchez et al., 2016)), 1160 yBesmyeHNEM HOMEHKJIATYPHI CYIIECTBYIOMINX 623 JIAHHBIX
0e3 u3MeHeHM# ocHOBHOrO KoHTeHTa (Harju et al., 2017). IIpenmMyiecTBo mepes cTaHAAPTHBIMU
B MUKPOOHOJIOTUH METO/IAMH MHAUKAIUYA OKPAIITUBAHUEM 3aKJII0OUAETCS B TOM, UTO «OUOTANUIIMHT»,
UMIUIEMEHTUPYEMBIA ¢ momotbio MALDI, moaxoauT Kak Jijis TPaMIIOJIOMKUTEIbHBIX OaKTepHi,
He UMEIOIINX BHEIIHIo MeMOpany (Alatoom et al., 2011; McElvania Tekippe et al., 2013; Schulthess
et al., 2014; Veloo et al., 2016), okpammuBaroruxcsa mo Mmeroay I'. 'pama (okpacka reHIJMHOBBIM KN
METUJIOBBIM (PHOJIETOBBIM C MOCJIEAYIONEN uKcanyeil pacTBOPOM Hoza M IIPOMBIBKOHN CIIIPTOM),
TaK U I TPAMOTPHUIATEIbHBIX, UMEIOIHX e€, 00ecIiBeYNBaeMbIX NPU MpoMbIBKe B criupte (Faron
et al., 2015; Ford and Burnham, 2013; Marko et al., 2012; Schulthess et al., 2016; Wimmer et al.,
2012). C mo3uIuii MOYBEeHHON U OMOTeOXUMUYECKOH SKOJIOTUH U MUKPOOUOJIOTHH, TIO3UTHUBHO, UTO
«buoTaluHr» ¢ ucnosib3oBanrueM MALDI noaxomut kak ajist a3pobubix (Faron et al., 2015), B Tom
YKcsIe — TPAMOTPHUIATEIBHBIX a9POOHBIX, TaK U JJI aHA3POOHBIX MUKpoopranu3mos (Schmitt et al.,
2013; Veloo et al., 2016); kak /i1 HATUBHBIX U30JATOB U3 cpeabl (Wang et al., 2016), Tak u /s
KOJIOHHH, KyJIbTUBUPYEMBIX Ha CEJIEKTUBHBIX cpefiax brorenHoro mpoucxoxaenus (He et al., 2010);
KakK JIUTs TaTOTeHHbIX KnHu4Yeckux u30saToB (McElvania TeKippe and Burnham., 2014), Tak u ist
BOJHBIX/ IXTHOMIATOTeHHbIX MUKpoopranu3moB (Kurokawa et al., 2013) u mnDOYBEHHBIX ©
pusocdepubix mukpoopranusmoB (Uhlik et al., 2011;). [Ipumep rpaduueckoro maTepdetica GUI
MpOTpaMMbl HJleHTUUKaAIK/Kiaccupukanuu B peatbHoM BpeMmeHu (MALDI Biotyper Realtime
Classification jyst macc-cnektpomerpoB Bruker “Microflex” u “Autoflex”) ¢ caiita oTeyecTBEHHOTO
nuctpubsiotopa [https://6uotaiinep.pd/biotyper] npusenen na Prc. 3.
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Puc. 3. [Iponenypa MC-uzmepenus u uaeHTudukanuu ¢ konuposanHoi MALDI target plate

Puc. 5. PackanbiBaHe IJIaCTUKOBBIM HAKOHEYHUKOM Ha muiiieHb (anchor chip) SHIMADZU
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Takum o6pa3om, AOCTUTAETCS BO3MOKHOCTh HAEHTU(PUKAIITY MUKPOOPTAaHU3MOB B PEKHMeE
peayIbHOTO BpeMeHHU 0e3 okparmuBanus. OxHaKo HaHeceHHe 00pasiia Ha JIYHKU MUIIIEHU SIBJISETCS
OTPAaHUYMBAIOIIMM U B 3TOM CJIy4yae, TaK Kak, KaKk MOKHO BujeTh (Puc. 3), upeHTUPUKAINA HE
MOKeT OBITh OCyIIleCTBJIeHa 6e3 MPUBA3KH K KOHKPETHBIM KOOPAUHATHBIM MeTKaM (A1 — A12; B1 —
B12.; C1 — C12; D1 — D12; E1 — E12; F1 — F12; G1 — G12; H1 — H12), yacTh U3 KOTOPBIX GepeTcs Kak
HyJIeBasi JIUHUS Ipu KamubpoBke (Zeroline spectrum / Zeroline spectrum, not classified). ITosTomy
BO3MOXKHOCTH UCCJIEA0BATH I1€JIbHbIE CTPYKTYPhI OHOreoc(hepHOro MPOUCXOKAEHUs — OMOIIEHKH,
OakTepHasIbHBIE MATHI, 3JIEMEHTHI CTPOMATOJINTOB, JIIOObIE UHBIE ITPOOBI TeTEPOTEHHOU OGHMOMACChI
OoustbItiero (ueM pasmephl JIYHOK) MaciiTaba“™— ¢ ITOMOINbI0 KOOPAWHATHBIX IIacTuH st MALDI-
MS (MALDI target plates / anchor chips) HeT. AHa/IOTHYHOE YTBEPIK/IeHHE OTHOCUTCS U K MHOTUM
OMOKOCHBIM KOMILJIEKCAM, TOUHee — UX MpobaM (HalpuMep — IMOYBaM ¢ MUKpOOpTraHU3Mamu, 6e3
BHE/IPEHUs KOTOPBIX B 0Opasel] 3a60p Mpob ecTeCTBEHHBIX IIOYB HEBO3ZMOXKEH ). YaCTHYHO JTAHHYIO
pobJieMy pelaet BHeipeHue MeTooB MALDI-UMamKHUHTa, KOTOPBIE B Psi/ie UMILJIEMEHTAIIUH 110
reoMeTPHUH IPUOJIMIKAIOTCA K METOZaM MHKPOCKOITHH, HMIIEMEHTUPYEMBIM Ha OOIIEIOCTYITHBIX Y
OMOJIOTOB TIPEAMETHBIX CTEKJIaX B COBMECTHMBIX C PHUJIEDHBIMU OTCEKAaMU paMKax — (dpeimax
(Puc. 13). Takke B JaHHbIE PAMKH BXOJISIT HEKOTOPbIE cueTHbIe KaMmephl: [Ipenreuenckoro, Toma-
Ieticca (Thoma-Zeiss), Bropkepa, Hoiibayspa, ['opsieBa, Masacce (reMOnMTOMETPUYECKHE) U TIP.,
KOTOpPBIE MOTYT CUMTBIBAaThCA He TOIbKO MALDI, HO ¥ HHBIMY JIa3€PHBIMH PUAEPAMH, JJIsI MHOTHX
KOTOPBIX OHU SIBJISIOTCA MacCUBHBIMU aHanutudeckuMmu ununamu (Notchenko and Gradov, 2013;
I'pamoB u Hotuenko, 2012; Hotuenko u I'pasos, 2011; Hotuenko u I'pajios, 2012).

Puc. 6. IToutu «ueanbHOe» COCTOSTHUE KaIleJib Iocjie HaHeceHus Ha MuliieHb (anchor chip) mpu
ONTUMAJILHOU THAPO(POOHOCTH MOBEPXHOCTH U JOIYCTUMOM OIMIHOKE PyYHOTO JO3UPOBAHUS.
[Tpu py4HOM /103UPOBAHUU ONMIUOKA MOXKET JOCTUTATH JIECATKOB IIPOIIEHTOB OT 00hEMA KaTLIH

Puc. 7. lneHTHYHbIE KAITU UAEHTUYHO JECOIbBATUPYIOTCA / KPUCTAIIU3YIOTCS

“ Kak u3BecTHO, MaciitabHas crpaTuduKausa BayKHA JIJIA TOYHOH re09K0JIOTHYeCKOH U OHOTe0XUMIYeCKOH
K1accuUKAIUY IPUPOAHBIX 0OBEKTOB 3TOTO TUIA. Te Ke BBIIIEYITOMSIHYThIE CTPOMATOJIUTHI, KAK U3BECTHO,
JIEeJIATCS HA MUKPOCTPOMATOJIUTEI — JI0 1 MM, MUHHCTPOMATOJIUTHI — JI0 1 CM, ME30CTPOMATOJIUTHI — 10 10 CM,
MaKpOCTPOMATOJIUTHI — JI0 1 M (J1ayiee U/IyT HepeJIeBaHTHBIE /IJISI CTPYKTYPHOTO aHAIN3a METaCTPOMATOJIUTHI
U TUTACTPOMATOJIUTHI — JI0 100 M U JI0 1 KM COOTBETCTBEHHO). MUKPOCTPOMATOJIUTHI YMEIIAIOTCS B JIYHKHA HA
Macc-CIIEKTPOMETPUYECKOH MOZJI0KKE, MUHUCTPOMATOJIUTHI 1 ME30CTPOMATOJIUTHI WJIH, YTO KOPPEKTHEE, UX
cpessl — B kamepax MALDI macc-crieKTpoMeTpOB, HO yiKe He YMeI[AIoTCsA Ha OAMHOYHBIX JIYHKAaX U He JIaloT
BO3MOKHOCTH KQJTUOPOBKY B 33ZJaHHOM HYJIEBOU JIYHKE.
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Puc. 8. Karuti, HaHeceHHbIE C THTEPBAJIOM BO BpeMEHH, K JIIDO0MY ITPOU3BOJILHO B3ITOMY
MOMEHTY BpEMEHH I10CJIe PaCKaIIbIBAHUS UMEIOT Pa3HbIE ONITUKO-PEKPUCTAITIOMETPHYECKHE,
JlecosTbBaTaIliOHHBIE / eTUApaTalliOHHbIE 1 MUKPOPEOJIOTHUECKHUE XapaKTEPUCTUKHU

Puc. 9. CTaTUCTUKO-KBUTIMETPUYECKUH / METPOJIOTHYECKHUH TPUMED Pa3Iudusa POpMbI U
pasMepa KarieJib, a TAaK:Ke IMOJTHOTHI 3aII0JTHEHUS JIYHOK «9HIIa», TPU HAHECEHNH BPYUYHYIO Ha
MHUIIIEHD C PA3HOH TeOMeTPHEH U OpUeHTAIed Mo3UNui / JIyHOK (KpyrJjiasi, KBaJpaTHas1, poM0)

Puc. 10. PesynpraTs! secopBaTanuu Ha MALDI-niofjioxke mogo6HbI CTPYKTYpe daruii mpu
KJIMHOBUTHOU JleTU/IpaTaluy B MOPGOJIOTHU OHOJIOTHYECKUX JKUIKOCTEN 1 OMOKPUCTA/UIOMHUKE.
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IIpo6ieMa KApTUPOBAHUS: AHAJIN3 KOJTOHUHU /KJIETOK I GHOre0CHUCTEMbI?

Hazo ckaszatp, 4To OTAEeIbHO ucnoab3oBaHue MALDI /i aHannu3a KOMIIOHEHT TOYBEHHBIX
CpeJi SIBJISIETCS JJOCTaTOYHO CTAaHAAPTU3UPOBAHHOH ITPOIEAYPOH, MPUMEHAEMOU /ISl XUMUYECKOTO
poUIMPOBaHUs TTOYBBI IO OTAEIbHBIM 3arpsasHuTessiM (Ivanova and Spiteller, 2015; Ivanova,
2016; Tsirogianni et al., 2005) u onpeeieHUsT OTAETLHBIX OMOXMMHUYECKUX KOMIIOHEHT B CpeJie, B
YaCTHOCTHU — OEJIKOB BUPYCHBIX KaIICU/I, OTIPEJIEJIAIONUX HAJTUYNE [TOC/IeTHUX B IIUIIE, BOJIE, TTIOUBE
U UHBIX OMOTeHHBIX, a0HOTeHHBIX U OMOKOCHBIX cpefax (Hartmann et al., 2015). OiHako, 6OIBIION
po6JIeEMOH ABJISAETCS TO, UTO JAHHBIM METO/I He SIBJISETCA MO3UIMOHHO-UyBCTBUTEIbHBIM, TO €CTh
yKa3aTh JIOKAJIU3AIUIO OT/IeJIbHBIX KOMIIOHEHT B KOHKPETHBIX KJIETKAX MUKPOOPTAHU3MOB HUJIH JKe
KYJIBTYpax KJIETOK, a TeM 00Jiee — KOJIOKAJIM3aIHI0 Pa3HbIX KOMIIOHEHT B OJTHOH KyJIbTYpe, BOOOIIE
rOBOps, HEBO3MOXKHO. [171 5TOTO, B HJleasie, Hy>KHO HCII0JIb30BaHUE TEXHUK MacC-CIIeKTPOMETPHH,
B KOTOPBIX 0O€eCIIeurBaeTcs MPOCTPAaHCTBEHHOE pa3pellleHre Ha YPOBHE OWHOYHBIX KJIETOK, YTO B
cJlygae MUKPOHHBIX Pa3MepOB 00BEKTA UCCIIE0BAaHMUA, 3aJAI0IUX HEOOXOIUMYIO JUCKPETH3AIHIO,
siBJisieTcs mpobsiemoii. Ha anubiii MoMeHT cpenu TexHuK SCMS (“Single-Cell Mass Spectrometry”)
B OMOaHAJINTHKE Ha JKUBBIX KjIeTkax (Masujima, 2009), aieKBaTHbIX BUTAJIbHOMY OKpaIllUBaHUIO B
KOJIOPUMETPUYECKHUX TO3UIINOHHO-UYYBCTBUTEIBHBIX METOAMKAX HHIAUKAIIMA MUKPOOPTaHH3MOB,
He CYII[eCTBYeT TeEXHHUK, pabOTaIoNUX HAa YPOBHE MUKPOCTPYKTYPHI MOIYJ/IAINHA MUKPOOPTaHU3MOB
B €CTECTBEHHBIX YCJIOBUSIX. YKa3aHHbIE METO/IbI JIOMYCKAIOT: PETHCTPALHIO MENTHIHBIX Mpoduiei
C paspellleHneM Ha YPOBHE OJUHOUYHOM syKapuoTuuyeckou kietku (Li et al., 2000), perucrpanuio u
KBaHTH(MUKAIUIO MTENTH/IOB MeKKIeTouHoro curHasauara (Rubakhin and Sweedler, 2008); ananus
COoZIep?KaHUs MUKPOAJIEMEHTOB (P HUCIIOIL30BaHUHU (PEMTOCEKYHAHOM JIa3epPHON HOHU3AINH) Ha
caKcax TKaHed ¢ MHAUIIUPYEMBIMU KJIeTKaMH WIH B KyJIbTypax KIeTok (Gao et al., 2013); comneli u
KOMIUJIEKCHBIX CO€JUHEHUU, TaKUX, KaK IIUC-TUAaMMUHANXIIOPOIUIATHHA WIH, YTO SKBHUBAJIEHTHO,
coutb IlefipoHe — KOMILIEKCHBIN XJIOPU/I-aMMHUAaKaT AByxBasieHTHOH 1tatuHbl (Chang et al., 2015);
pacripeziesieHrie 6M0AHAJIUTOB B MIOPUCTHIX HOCUTEJISX, ITOJ00HBIX MUHEPATIHPHBIM MeTaJUIOT€HHBIM
(Fu et al., 2016); aHaIU3 CIEAOBBIX KOJTUYECTB / «TPeHCEepOB» MPU UOHUBAIUH, TEXHOJIOTUUECKH
OCHOBaHHOU Ha mpuHIUax HaHodoTtoHuku (Walker et al., 2012); iunumHoe npodumiupoBanue B
MeMOpaHocozepKanux crpykrypax (Mach, 2012); yrieBogHoe MC-nipoduinpoBanue Ha YpoBHE
J10 cyOrmuKOIUTPOBBIX 00pa3ioB (Gholipour et al., 2008); u T.1. IloaTOMy CyIleCTBEHHOTO CMBIC/Ia
B MALDI-uM3/13KMHTe MUKPOOPIaHU3MOB UX €CTeCTBEHHOUN Ire0OXUMUYecKOU cpeibl /10 pa3padoTKu
CIIOCO00B MIM3/IXKMHTOBOM MacC-CIIEKTPOMETPUN OJIMHOYHBIX MUKPOOPTAHHU3MOB — HE HMEETCH.
V3BecTHBIE /IO TEKYIIEr0O BPEMEHU TEXHUKH COBMEIIEHUS €CTECTBEHHOTO BBICOKOPA3PEIIAOIIETO
MM3/KUHTA C MacC-CIIEKTPOMEeTpUer (Hamp., 3J1eKTPOHHOTO MUKPOCKOTIA ¢ MacC-CIIEKTPOMETPOM,
B UeM y OTeUeCTBEHHBIX yUYEHBIX MMeeTcs npuopuret; rpymnna B.JI. Tajppo3e 3aHMManace 3TUM
OoJsiee, yeM /Ba JAECATUIETHUS HA3a/), XOTA U JAIOT BO3MOKHOCTh YCTAHOBJIEHUS KOJIOKATHU3ANU
CTAaHZAPTHOTO UMB3/[’KUHTA C MIO3UITMOHHO-UYYBCTBUTETbHBIMH JAHHBIMU MacCC-CIIEKTPOMETPUH, HO
He JIJAaI0T COITOCTAaBUMOU TOYHOCTH JIUOO COTIOCTABUMOTO IMPOCTPAHCTBEHHOTO PAa3peIIeHus B Macc-
CIIEKTPOMETPUUYECKOH KapTe, HAKJIa/[bIBAEMOU HA KapTy CTaHAapTHOrO uMmamkuHra (COM / [19M).
OtHaKO, BO3MOKHO, JIJISI HCCJIEIOBAHUS B OMOT€OXUMIYECKOM U MOYBEHHO-MUKPOOHOJIOTHYECKOM
KJIIOU€e HEeT HaIOOHOCTH B Pa3pelleHnH Ha YPOBHE OJIMHOYHOH KJIETKU, TeM OoJiee — ecIy LeIsIMU
HCCIIEZIOBAHUA ABJIAETCS MUKPOOHOE COOOIIECTBO KaK CHCTEMA U XUMU3M OOpPATHBIX CBSI3€ B HEH.
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Puc. 12a. XunkocrHo-xpomarorpaduuecknit MALDI-criorTep (0T 1 HAaHOJIUTPA; YacTOTa
CKambIBaHUA = 4 I'11; CKOPOCTH — OT 200 HJI/MUH; MaKCUMAaJIbHBIN pa3Mep IATHA = 1 MM)
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Puc. 126. [lo3upyromuii y3en cnorrepa “Applied Biosystems”, n3obpakeHHOTO Ha puc. 12-a

3. Pe3ysbTaThl M 00CYyXKAEHHE

Hcnosb30oBaHNe TOYBEHHBIX IUIACTUHOK O0OpacTaHUs U NMOUYBEHHBIX KaMep IO
cucreme Poccu-Xosmomnoro kak MALDI-MumeHeld U ajJbTEPHATUBHBIN IMPUHIIUIIL
MYJIBTHILIEKCHOTO J€TEKTUPOBAaHUA MUKPOGJIOPHI MOUYBBI HA AKTUBHBIX UHIIaX

«...YTiyb6seHHOe u3ydyeHue Gu3noI0TUN U OMOXUMHUH MUKPOOPTAaHU3MOB Ha OCHOBE YHCTHIX
KYJIbTYP, JIOIOJHEHHOE T€HOMHUKOU M MPOTEOMUKOM, 3aCTABJIAET CTY/IEHTOB 3a0bIBATh O OOJIBIIIIX
cucTeMax, B KOTOPBIX IEHCTBYIOT MUKPOOPTaHU3MBbI» - mucas akaj. [.A. 3aBap3uH — KpynHeUmmu
aBTOPUTET B TEOXUMUUECKOH SKOJIOTUH MUKPOOPTAaHU3MOB M IIPUPOJIOBEAIECKON MUKPOOMOJIOTHN
COBPEMEHHOTO MEPHO/Ia Pa3BUTHs (paHee CJIeIoBaJ 3Tall, B KOTopoM naturwissenschaftlichen und
technischen mikrobiologie y>ke cyIiiecTBOBajIi, a 0 TeHOMHKA U IIPOTEOMUKA €IIle HE BIJETHUINCH B
POJIH JIUJIEPOB €€ He CYIIECTBOBABIIETO TOT/Ia OMHUKCHOTO TPEH/A U3 MOJIEKYJIIPHOU OGHOJIOTHH —
cm., Hamp.: (Hirte, 2016)) B 00men3BecTHBIX «JIEKIHAX IO TPUPOAOBETIECKONH MUKPOOHOIOTHH»
(BaBap3suH, 2003). Tam e OH MUCAT: «...COOOIIECTBO C XUMUYECKON TOYKH 3PEHUS OIPE/IeIIAeTCs
TEPMOJIUHAMUKOU U KUHETUKOU OCYIIECTBIIAEMbIX OKUCIIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIUI»;
«JI7I1 MHUKPOOHOTO COOOIIEeCTBA IJIABHYIO POJIb IIPH 3TOM HUIpaeT MOJIEKYJIspHas Auddys3us»
(BaBap3uH, 2003) U, KaK €CTECTBEHHOE CJIEZICTBHE OTCIO/Ia: «IepBas 3a7avya JJisi MUKpoOHosora
IIpU pelIeHUU 337]au HKOJIOTUM MUKDPOOPTaHU3MOB ... B TOM, UTOOBI ONpPENEJUTh HallpaBJeHUsA
ZBIDKeHHUA BelecTBa» (3aBapsuH, 2003). Takum o6pa3om, oueBHJIHA MOTPEOHOCTH B MeTO/ax
oTbopa U TMOATOTOBKM OuMOMareprasia, B YaCTHOCTH — MHKPOOHOJIOTHYECKUX IIperapaToB, U3
€CTeCTBEHHOH cpe/ibl C COXpaHeHUeM CHCTeMbl (U3MKO-XMMHYECKUX CBA3eU MeXy KJIeTKaMU,
MIPOSIBJIAIONTUXCSA B: CONPSIKEHHBIX MEXXBU/IOBBIX U MOIYJIAINOHHBIX (2 paMKaxX IaparucTOJIOTHN
coobmects 1o [I.A. 3aBap3uHy) pemoOKC-TIpoIieccax, MEeXKBUZOBOM IIepeHOCe DJIEKTPOHA,
MOJIEKYJIApHON auddysuu, cuHTpoduU U T..I. DTO HYKHO i1 OOECIIeUeHUs HCCIIEyeMOCTH
MEKBH/IOBBIX (TEOPETHUECKH, U MEKIITAMMOBBIX) B3aHMO/IEHCTBUHA B U30JIMPOBAHHOM U3 CPEJIbI
rpemnapare MHKPOOHOTO cOoOIecTBa / SKOCUCTEMBI. B janpHeliieM — MeHee BaXKHO TO, KaKUM
METOZIOM, ITO3BOJIAIOIINM IIOJIYYUTh COOTBETCTBYIOIIME BBIIIEONMCAHHOMY CIIHCKY CBeIEeHUS,
OyZleT ucciIeoBaThCS TOT WUIM WHON 0Opasel], HO KeJJaTeJlbHa COBMECTUMOCTh C MHOXKECTBOM
METOJIOB, UTO He BCerJla JOCTHXKHMMO IIPU HCIOJIb30BAaHUM OJWHOYHBIX KIOBET, YUIIOB U T.J.,
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CIeIUaTU3UPOBAHHBIX JUI1  KAKOrO-TO OIpeieJieHHOro Mmetoja (mampumep — MALDI).
Llens yHuUKAIIUA — BO3MOKHOCTh aHAJIM3a MHOKECTBOM METO/IOB 0e3 mepeHoca obpasiia u3
KIOBETHI B KIOBETY WJIM C KapTPHUIKa [l MeTola A Ha KapTPHUK /Ui MeTozia B, Bo uzbexaHue
W3MeHeHUsl U HapyIIeHUs CTPYKTYPHI CBsA3el B COODIIECTBE, ITOCKOJIBKY 00paTHOE MOKET BECTU K
apredakTaM. B cBS3WM ¢ MpoOrpecCHpOBaHHEM U CIEIHAIA3alMed aHATUTUYECKOH TEXHUKH,
BO3MO’KHO, JIOTUYHBIM OBLIO ObI BO3BpallleHHE K 00Jiee paHHUM T'eOMETPHUSIM YCTPOUCTB 3abopa
00pasIoB B €CTECTBEHHOH cpefie, He SBJIAIIIUMCS Y3KOCIEINATU3UPOBAHHBIMY /I PElIeHUs
337lad Ha KOHKDETHBIX Jla’ke He MapKaxX (U4TO CBOMCTBEHHO COBPEMEHHOMY KOMMEPUYECKOMY

TPEeH/Iy), a TUIaX IPUOOPOB.

—— b

Puc. 13. BHelHU# BU/T M IPUHITUII IEHCTBUS IUTAaCTHHOK oOpactanus Poccu-X0s10/THOTO
(Diaz, 2013; Coffman, 2014; Kumari, 2014; Faryal, 2014)

N3BecTHO, YTO 1719 0TOOpPAa MUKPOOHOJIOTHYECKUX ITPO0 B €CTECTBEHHOW OMOT€0XUMHUYECKOHN
00CTaHOBKeE, B YaCTHOCTU B IIOUBE, OOJIOTHBIX CpejiaxX U T.J. B XX BeKe HUCII0JIb30BAJINCH IJIACTUHKHU
obpacranus, pazpaboranusie H.I'. X0s101HBIM, IIpe/ICTaB/IABIINE MOAU(PUITUPOBAHHBIE TLJIACTHHKU
MeToj1a Poccr, SKCIIOHMPOBABIIUECS B TEUEHHE JIJTUTEIFHOTO BpeMeHHU (B KJIaCCUYeCKOW BepCHH, B
YaCTHOCTH, onuchiBaBIeiicsa B.JI. OMelHCKUM — OT TpeX HeJlesib) B cpefie / ouBe (3TO Ke MOKET
IIPOU3BOUTHCS B JIAOOPATOPHBIX YCJIIOBUSX B IIOUBE, Pa3MEIeHHOH B CIIEIIUATBHBIX COCYZIaX — KaK
B MeTo/ie KoHa), mocsie 4ero moaBepraBIIvecs: MUKPOCKOITUPOBAHUIO (MHOT/IA C KYJIbTHBAIIUEN BO
BJIQ?KHOU KaMepe — KakK B MeTo/ie KpIouKoBOH, B T.4. — C IIOJICYETOM 10 MeTOTy BuHOTpaacKoro), a
TaK)Ke aHAJIU3Y ITOCPEZCTBOM BBIPAIIMBAHUS HA 3JIEKTUBHBIX cpeniax (mpumep: meTo ['uibTHEpa-
[IITepmepa) 160 106ABIEHNS MTUTATETLHOTO PACTBOPA HANPSAMYIO B IIOYBY Ha IUIACTHHKE — KaK B
Buzon3MeHeHHOM MeTojie Pemu (1o @umepy, @orento, Koxy u ap.). JIocTaTOUHO MOJHBIN CITHCOK C
OIHrCcaHueEM O0COOEHHOCTEN KaXK/Ioro MeTo/ia 1aH OMEeITHCKUM B 1922 T. B IEPBOM PYCCKOS3bITHOM
METOJIMYECKOM ITOCOOUM IO MPAKTHYECKOH MHUKPOOHOJIOTUH, ITEPEU3JaHHOM C JIOIIOJTHEHUSMHU,
B TOM YHCJIE B 3TOM pasiesie, B 1940 T. (OMensaHcKuH, 1940). Tak:ke JaHHAsA TeMaTHKa 3aTPOHYTa
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UM B KDPAaTKOM Kypce oOmed u mouBeHHOUW Mukpobuosoruw (OmensHCKHH, 1929). MOKHO
1oJ1araTh, B COOTBETCTBHUH CO CTATUCTHUKOU ITUTHPOBAHUS U HCIIOJIH30BaHUs JAHHBIX METO/IOB, UTO
9Ta TEXHHUKA ObLIa MOMYJISIPHA Y COBETCKUX IIOYBOBEJIOB U MTOYBEHHBIX MUKPOOHOJIOTOB, HAUMHAS C
1930-1940-X IT., OJTHAKO OCHOBHO€E Pa3BUTHE YKa3aHHbIE TEXHUKHU NOIyIuu B EBporre 1, oTyacru,
no3auee — B CIIA. ITpeumytiecTBeHHOe pa3BuTHe B EBpore, B ocobeHHOCTH — B ['epmaHuu, ObLIIO
CBSI3aHO, II0 OYEBHUIHBIM COOOpa’KeHHUsAM, C TeM, YTO PabOThI OTIIOB-OCHOBaTeJel JaHHOTO
HampaByieHusi, B ToM uncie — H.I. XosomHoro, ObLIM OMyOJMKOBAHBI HAa HEMEIKOM S3bIKE
(Cholofny, 1928, 1929, 1936) unu, Mo KpaliHeli Mepe, B HeMelkux KypHayiax (Cholodny, 1934), a
HEMEIKUH S3bIK BBIMOJHSI 70 (1M0) 1930 IT. (GYHKIHIO JOMUHHUPYIOIIEr0 B HayKe, YTO
00yCJIOBJIMBAJIOCh BBICOKUM YPOBHEM pabOT HEMENKHUX aBTOPOB M KAayecTBOM HEMEI[KOTO
npubOpOCTPOEeHUs, O0ecIeunBaBIIero STOT ypOBeHb. BmocieacTBuu MHOTo pabor ¢
HCIIOJIb30BAHMEM IUIACTHHOK OOpacTaHWsA W MOYBEHHBIX KaMep Tuma Poccu-XoJsIogHOTO OBLIO
BBINIOJIHEHO B AHIVIOSA3BIYHBIX W WHBIX CTPAaHAX; OHU OBUIM OIYOJIMKOBAaHBI B AHIJIOSI3BIYHBIX
)kypHanax (D’Aeth, 1939; Blair, 1943; Oppenheimer & ZoBell, 1952; Sulochana, 1952; Chesters &
Thornton, 1956; Coole, 1956; Jannasch, 1958; Durbin, 1961; Agnihothrudu, 1962; Forest, 1962;
Hirsch & Pankratz, 1970; Palmer, 1970; Prasad, 1977; Nair, 1979; Pipe & Cullimore, 1980;
Cullimore & Pipe, 1980; etc.). IIpu 3TOM HCCIIEIOBAHUIO TTOJABEPTATIUCH HE TOJIBKO OOBIUHBIE JIJIS
JTAHHOTO MeTO/Ia OOBEKTHI — IMOYBEHHbIE OAKTEPUU, HO M IIOYBEHHbIE MUKPOBOJIOPOCIH, TPUOBI U
UX CIIOPHI, ¥ TIOUYBEHHBIE ITPOCTEHIIINE, KOTOPhIE MOTYT OBITH (DMKCUPOBAHBI UJIN a/IFe3UPOBAHBI HA
IUTACTUHE WIN B NMOYBEHHOW KaMmepe. 3a MPOIIEAIINN BeK pa3paboTaH psifi Bapuamuil METO/IOB,
JIeJIalOIIUX IJIACTUHBI, KaMepbl Poccu-X0J10JHOTO ¥ IIOYBEHHbIE KaMepbl 00Jiee YI0OHBIMU /I KX
MTOC/IEAYIOIIETO HCCIeA0BaHuA. B uacTHOCTH, ObUTH pa3paboTaHbl METOIUKHA UMILIAHTUPOBAHHBIX
cnaumoB (Pipe & Cullimore, 1980), miactuHOK obOpactaHusa Ha 6ase MOJUATHIEHTepedTasIaTa
(T.e. MOJTMATUIIEHTJIUKOIbTepedTaslaTa, TaK)Ke WM3BECTHOTO KakK JlaBcaH, Maiiap, xocrada,
MeJIMHEKC), SBJISIOIIUXCSA OTHOPAa30BbIMHU, B IPOTUBOBEC CTEK/ITHHBIM M KBapIIEBBIM IIPOTOTHIIAM
(Moshynets et al., 2011), mactTuHok obpactaHus Ha 6a3ze mMeMOpaHHBIX (GuIbTpoB (Jannasch,
1958), a Takke — B HauboJiee IPOTPECCHBHON BEPCHU — COBMECTHMBIX C 3JIEKTPOHHOU
MHKPOCKOIIMEH IIJIACTHHOK Ha 0ase CTaHZApTHBIX CeTOK /i ¢ukcarmuu 00pasIos
MpocBeYnBaloIel 3eKTpoHHor Mukpockonuu (Hirsch & Pankratz, 1970). OfHako OCHOBHOUM U
Hau0OoJiee JOCTYITHOW BEPCHEN /IS CIEIUATUCTOB JIOJITHE IECATUIETHS ABJISUITUCH TUIACTUHKY Ha
OCHOBE OOBIUHBIX MPEIMETHBIX CTEKOJ. THUIMMYHBIA BHENIHUW BUJ U NPHUHIUI JAEHCTBUS TaKOU
IUTACTUHKM oOpacTaHusi Ha 0a3e IIPEAMETHOTO CTeKJia C aJre3upPOBAaHHBIMU B pe3yJbTaTe
SKCIOHUPOBaHUs (GparMeHTaMU IOYBBI M MHMKPO(QJIOpHl ITOKazaH Ha pHc. 13. JTa TEeXHUKa
SIBJIIETCS  TIOMYJIIPHOM 70 HACTOAINEr0 BpPEMEHM B JIATHHOAMEPHUKAHCKUX U HMHBIX
HEaHTJIOA3BIUHBIX CTPaHaX, a MO00HbIE N300paKEHUs] KOUYIOT U3 OHOU IIPE3EHTAIlUN B IPYTYIO
(Diaz, 2013; Coffman, 2014; Kumari, 2014; Faryal, 2014). B MALDI-uM3/>kuHre €CTh P
CHEIMaTU3UPOBAHHBIX YCTPOHCTB, KOTOPBIE 10 BXOAHOMY KaHAJIy BIOJIHE COBMECTHMBI C JAHHBIM
THUIIOM IUTAaCTHHOK 0OpacTaHusA, IPEACTABJIsAA COO0H paMKy ¢ MUKPOBUHTOBBIMU (DUKCATOPAMH JIJIsT
3aKMMa IpPeMETHBIX CTEKOJI, KaK ATO IMOKAa3aHO HA PUC. 14. DTO sABJIseTCs: 60Jiee TPOTrPECCHBHBIM
U HepaspylIIaoIUM METOJIOM, TaK KaK HaHeCEHUe aHAJIUTA OCYIIECTBIISIETCS He ITyTeM JIPOILIETHO-
JIACIIEpTUPYOIel NHPY3UU U3 TPOO00TOOPHUKA WJIN Q6-JIYHOUHBIX IJIAHIIET (KaK 5TO IMOKa3aHO
Ha Puc. 15), a ecTeCcTBEHHBIM IIyTeM, 3a cUeT (GUBHUKO-XUMUYECKHUX B3aUMOJIEUCTBUIN B IPUPOTHOU
cpene (xots mpobiiema coBmectumoctu ¢ MALDI 3TuM He peliaeTcs B ITOJTHON Mepe, IIOCKOJIbKY Ha
MPAKTUKE TPHUXOAUTCS 00eclneunuBaTh COBMECTHUMOCTh IIOJIMMEPHONM MAaTPUIBI U TEXHUK
dbukcanuu/aare3au Mexay OHOIUIEHKOW M TOIJIOXKKOH, UYTO OIIOCPENOBAHHO IOJIMMEDPHOM
MaTpHUIIEH).
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Puc. 14. Kaccera MALDI imaging target, cocrosimas u3 ¢pukcaropa u nmpeiMeTHBIX CTEKOJI.
Hcrounuk: https://commons.wikimedia.org/wiki/File:MALDI_imaging_target.jpg

Puc. 15a. [IporpaMMHO-anapaTHbIA KOMILIEKC /IS IPOTPAMMHUPYEMOTIO HAaHECEHUS
po6 st MALDI-umamkunra (SunCollect Systems — ¢ catita CHEMEUROPE.COM)
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Puc. 156. HenpepsIiBHOE HaHECEHU 3/1I0aTa HA IUIACTUHY HATIPAMYIO U3 Q6-JIyHOUHBIX IIAIIEK

OnHAKO CYIIECTBYET PAJl OUEBUAHBIX IIPOOJIEM, HE TTO3BOJIAIONINX UCIIOIb30BATh IUIACTHHKHU
obpacTaHus U MOYBEeHHbIEe KaMepbl Poccu-X0s10/THOTO 10 MPAMOMY Ha3HAYEHUIO — JIJISI PEATTBHOTO
in situ (B peasibHOM Macitabe BpeMeHH, “online”) aHaIM3a MOYBEHHONH MHUKPOOUOTHI. Bo-11epBhIX,
HEBO3MOKHOCTH HAOJIIOZIEHU 33 COCTOSTHIEM KOJIOHHUY / OUOIJIEHKU B PeaIbHOM BPEMEHU, B CHILY
HaXO0KJIeHUs o0paslia B MPUPOJHOU ITOYBEHHOU CpeJie, JieslaeT HEBO3MOXKHBIM MOHUTOPHUHT Pszia
KJIIOUEeBBIX ITOKa3aTesell pocTa ¥ PEKOHCTPYKIUIO er0 KUHETHUKU. [[J1 MpUTroTOBJIeHU A IIperapaToB
B PaMKax BU3YaJIM3aIliU T.H. < MUKPOOHBIX nei3axkeii» (1o Temnrmep) TpebyeTcs mpoOOIOArOTOBKA,
3aHUMAIOIIasi MHOTO YaCOB BPEMEHU U He SBJISIONIASACA Hepa3pylIaolen (110 OTHOIIEHUIO K TOMY
60 MHOMY MHO?KECTBY MHKPOOPTaHU3MOB M (hparMeHTOB OMOKOCHOH ecTeCTBEHHOMU cpefibl). Bo-
BTOPBIX, IOTPEOHOCTh B OKPAIIUBAHUH (3aYaCTyI0 — CEJIEKTUBHOM OKPAIIMBAHUN) MUKPOQJIIOPHI B
1eJisix obecrieueHus 3G GEKTUBHOTO MO/IcCUeTa IIPU MUKPOCKOTHUH (0COOEHHO — JIIOMHUHECIIEHTHOM )
CMeIaeT peabHble OMOXUMHIYECKHE XapaKTEPUCTHUKN KOMIIOHEHTOB MUKpOTIpenapara, 6yiarogaps
yemy 3¢ eKTUBHOE OKpAIIUBaHUE U IOMYJIANUOHHBIN (MTOMyIAIMOHHO-BUIOBOM) aHAINU3 MTPOOBI
CTAaHOBATCSI aHTOHUMaMH €€ KOMIIAPTMEHTHOTO OMOXMMHUYECKOTO aHAJIN3a. B-TpeThUX, OTCYyTCTBHE
KUHETUYECKUX KOPPEJIATOB (B CUJIy OTCYTCTBUSA TeJeMeTpUUeCcKOH nepeiauu JaHHbBIX ¢ IJITACTUHKU
oOpacTaHusA WIN NOYBEHHOU KaMephl HA PECUBEP) /iesIaeT HEBO3MOKHBIM PEKOHCTPYKIIUIO CTaAuN
Pa3BUTHUS KOJIOHUH / MUKPOOHOU NOIyJIsIuy / OMOIUIEHKH / MEKPOOHOTO MaTa, a OT CTaIUITHOCTH
3aBUCUT XUMHU3M U XapaKTep MHTepIIpeTalluy XUMU3Ma JaHHOTO 00pa3Iia, pernpe3eHTUpyeMol UM
MIPUPOTHOM CPebl U aIEKBATHOCTh MX HEKOTOPOU CTaHIaPTHOM MoJiesin (00paTHO K03hdUITUEHTY
HeBA3KH). MbI HE MOYKeM MOHATH Ha KaKou ¢dasze (y1ar-dase uiiu WHOM) HAXOAUTCS MOIYJIAIUA, YTO
BeJIET K TOMY, YTO: Ha0OJII0/1ast pe3ysIbTaT BBIEMKH 00pa3Iia B OT/IEJIbHOM BPEMEHHOU TOUYKe, HEeJTb351
OTIPEIEJINTh TPUHA/JIEXKHOCTD 3TOM TOUKH K TOMY UJIM HHOMY KHHETHYECKOMY UHTEPBAJY U — KaK
CJIEJICTBHE — PEUTHHYI0 OOBEKTUBHYIO XapaKTEPUCTHKY COCTOSHUs 00pasia u MPUPOAHOH Cpe/ibl B
O6uoreocucTeMHOM / GHOTEOXMMUYECKOM CMBICJIE, TO €CTh — 0XapaKTePU30BaTh ONTUMAJIBHOCTD T10
KPUTEPHUIO BO3ENUCTBUSA HA POCT MOIYJIAINN JAHHOH cpe/ibl U (PeHOJIOTHUECKHE PUTMBI POCTa /IS
JIAHHOTO THIIA CPEIbl, OT YETO 3aBUCHUT JUHAMUKA MPOAYKIMOHHBIX MPOIieccoB (OMOIJIEHOK, MAaTOB
Y TIP.), BJIEKTUBHBIX WU CHEIU(PUIHBIX IO OMOTE€OXUMUUECKUM KPUTEPUAM K HEH KaK K cyOcTpary
0o ercTByIoNeMy areHTy peryisanuu (Pusaudenko, Pyoun, 1993; Pusnuuenko, PyouH, 2004).
B-ueTBepTHIX, BCE MOMBITKU UCIIOJIb30BAHUSA CEJIEKTUBHOU BBIEMKU OJIMHOYHBIX IIJIACTUH B Pa3HbIE
BpeMeHHble HHTEPBAJIbI IIPU MACCOBOH (710 HECKOJIBKUX THICAY) 3aKJIQ/IKe, IPUBOJAT (He roBOpA O
TPYZIOEMKOCTHU 3TOTO MOJX0/1a) K IOCTeIIEeHHOMY U3MEeHEHUIO Pa3MepOB BbIOOPKH, CTATIIApAMETPOB

152




Biogeosystem Technique, 2017, 4(2)

U TeTePOCKETACTUYHOCTH PE3Y/IbTATOB Pa3HbIX TPOTOHOK. J[OIyCTHM, UTOTOBBIHA pe3yJIbTaT cueTa /
IIUTOMETPHUH OIPeJIeIeTCs A1 50-100 IJIACTHH, MPOIIEAIINX TOJHBIA KypCc KOHTaMHUHAIUU (3-
7 MECAIEB), a B X0/l 3MU30NYECKOTO aHaIM3a 3a JAaHHBIN IEPUO] BPEMEHU OCYIIECTBIISIUCH
MSTh-JECATh BBIOOPOYHBIX (BOMPOC «IIO0 KAKOMY KPHUTEPHUI0 OTOUPAIUCHh IIACTUHBI» PEIIUTD
HeJIb35, 110 IpPUYNHE CYObEKTUBHOCTH BHU3YAJIBHBIX OIIEHOK MHUKPOOHON KOHTAaMHWHAIIMU B
MIOJIEBBIX YCJIOBUAX) BBIEMOK IPH Pa3HbBIX (He KOHTPOJIMPYEMBIX Ha YPOBHE WHAWBU/IYATbHBIX
IUIACTUH WIX B I[€JIOM Ha SKCHEPHMEHTAJIBHOM II0JIe) YCJIOBHUAX, MPUYEM HCXOJHOE YHCIIO
IUTACTUH OBUIO TOPSAAKA OT COTEH A0 THICAYH C JIUIIHUM. B Xoze TuApOOHOSIOTUYECKU U
(deHosTOorMUEeCKH 00yCIIOBJIEHHOTO («Cpefoil oOpacTaHHWsA») W3MEHEHHS YHCIEHHOCTH OHHX
MHUKPOOHBIX MOMYJIAIUI OTHOCUTEIBHO APYTHX [B CHJIy KOHKYPEHIUU; TIOJTHOW SJIMMHUHALINY PsAZia
BHU/IOB n3-3a HEOIITUMAJIbHOCTHU KJIMMATUYeCKUX WIn HWHBIX CPEIOBBIX
(broreoxuMHUYECKHUX,/OHOTE0CHCTEMHBIX) YCJIOBUH; (DU3UUECKH-PA3TUUYHON YCTOMINBOCTH JIAHHBIX
BH/IOB/TIOIYJIAIIH K IpolieccaM ITPoOOTIOITOTOBKY Ha PAa3HBIX CTAAMAX U ¢da3ax BbIEMKH (TO, UTO
IOYBEHHAas cpefla ¢ MUKPOOPraHU3MaMH IMOYHUHIETCS 3aKOHAM a/ire3UH U COpOIUH / JTecopOIiuH,
mubdy3un U MHOTOMA3HOW  aJBEKIWH, 3JIEKTPOCTATHYECKUM IPUHITAIIAM, CTaTHUCTUKE
JIUCIIEPCHBIX CUCTEM M YACTHI] — IPU3HAHHBINA ¢ XX Beka (akT, TpeOYIOIIUNA aHaIu3a C MTO3UIIHI
dusnueckol ¥ KOJUIOWJTHOM XWMUH); HWHAUBUAYAJIbHOH PEaKTHUBHOCTH-PE3UCTEHTHOCTH
OT/IeJIbHBIX KOJIOHUH/MHUKPOIIOIYJISIIUH, KApTUPYEMOH 110 00JIaCTAM HX JIOKAJIU3AI[UU B TIOUBE, B
CHJIY aJIJIeJIONIATHUH | IPOU30IILII0 MHOTOKPAaTHOE HEOTHOHAIIPABJIEHHOE CMeIlleHre OajlaHCca CPeIbl,
BRJIIOYAS ONPEEJISAIONINE COCTOSHIE CTATUCTUKHY MOy IIIHOHHO-OMOXIMHUYECKHEe TTOKA3aTeH, B
pe3yJIbTaTe 4ero BHIOOPKU PaHHUX 3TAIMIOB U BEIOOPKU MO3/THUX JTANOB BhIEMKH («pa3HOGa3HbIE» )
SIBJISIIOTCA CTAaTUCTUYECKU HECOBMECTUMBIMH ITIPU IPOYMX PaBHBIX. OUEBUIHO, UTO MPEOIOIEHUE B
KOpHe (paKTOPOB CTATUCTUUECKOU HEPENPE3EHTATUBHOCTH U KHHETUYECKOH HECOBMECTHUMOCTH JIJIsI
O6MOTEe0CHCTEMHOTO MUKPOOHUOJIOTHIECKOTO KOMILIEKCA JAHHOTO SKCIIEPUMEHTA OCYII[ECTBUMO HE B
paMKax YHU(DUKAIIUA OMOTEOXUMUYECKUX U JUIONIATUUECKUX YCJIOBUH B 1I0JIE (710 YPOBHS YHCTOTO
J1abOpaTOPHOTO SKCIIEPUMEHTA), a B PaMKaXx ydJeTa IMOJTHOTO KOMILIeKca (PaKTOPOB U TeJIEMETPUH /
1elTpadepHOr0 KHHETHYECKOTO aHAIM3a JIJIs1 CKOPPETUPOBAHHOTO aHAIM3a Pa3HbIX MOIMYJISAIAH /
KOJIOHHH Pa3JIMYHOTO TAKCOHOMUUECKOTO U T€03KOJIOTHYECKOTO XapakTrepa. /I 3Toro Heo6xoaum
armapaTHbIA 6a3uc, BKIIOYAKIINN B cebs1, KAK MUHUMYM: COBOKYITHOCTh aKTUBHBIX CEHCOPOB C He
MeHee, UeM OJIHUM KapTUPYIOIUM pacIpeiesieHHe TJIOTHOCTU MOMYJIAINN 3JIEMEHTOM; PECUBED U
TepeJIaTYUK /JIs1 cbopa JIAHHBIX C BDEMEHHBIM pa3pellieHreM; ITPOTPaMMHO-aIapaTHbIA MOJTYJIb /
KPEUT JIJIs MHOTOKAHAJIbHOTO CHHXPOHHOTO aHau3a (c6opa-o6paboTKH) JaHHBIX U OTIIPABKU UX B
namATh [1K 771 mocneaytomnieir 06pabOTKH B CTATUCTUYECKUX MTAKETAX C YCTAHOBJIEHUEM PA3JIMIUiT
B JIOKQJIM3AIUH U KOJIOKJIM3AIMH COOTBETCTBYIOIINX MIEPEMEHHBIX Ha KapTe, PETUCTPUPOBAaHHOU
MTO3UIIMOHHO-UYBCTBUTEIBHBIM CEHCOPOM.

Hamu 6pUTH TIpejI03KEeHBI TEXHOJIOTHUH AIIIapATHOTO 0OecIieueH s BhIIIIEYKa3aHHbBIX 33/1a9 1
crocoObl aHAIN3a, YAOBJIETBOPSIONINE BhIIIIEYKa3aHHBIM TPeOOBAaHUAM. B yacTHOCTH, B KauecTBe
MTO3UI[OHHO-YyBCTBUTEIHHOTO (KApTUPYIOIIETO) ceHCcopa ObLIO IPEJIOKEHO HCIOJIb30BaTh [13C-
u KMOII- MaTpuIibl, 4yBCTBUTETBHOCTb KOTOPBIX B UHTETPUPYIOIEM PekuMe (MJIH PEXKUMeE cueTa
(OoTOHOB ¢ HHTETPUPOBAHMEM I10 BPEMEHM) IOCTaTOYHA JIJIA aHAIN3a XEMIJTIOMUHECIIEHITUH JTUO0
(TOK/1eCTBEHHO) OMOJTIOMUHECIIEHIINA MHUKPOOHBIX MOIMYJISIIIUN U COTPSIKEHHBIX ¢ HUMU CPEeJ] WU
OrOreoXuMUYECKUX / GHOTe0CHCTEMHBIX (HE TOJBKO KOCHBIX) CyOCTPATOB. ITO — TEXHOJIOTUYECKHE
MIPUHIUIIBI JTIOMUHECIIEHTHON 06e3/IMH30BON MUKPOCKONNU. B KauecTBe U3MepPUTEIBHOU CUCTEMBI
C MHOTUMU JATYNKAMHU UCIIOJIb30BAJINCH FePMETU3UPOBaHHbIE B IOJIMMEPHBIN HOCUTEJb CXeMbI HA
COBpPEMEHHOMU 3JIEMEHTHOH 6a3e, 0JTHAKO 3TOT MOJIX0/, He IT03BOJIsJI KApTUPOBATh oOpaser. B cBsa3u
C 3TUM, OBLT OCYIIIECTBJIEH IIEPEX0] HA YPOBEHb TOHKOIIEHOYHOU (B TOM UHCJIE — CIIMH-KOATHHT C
WHTEPKAJIMPOBAHHBIMU CEHCOPHBIMU areHTamMu) TexHosioruu (Gradov and Jablokov, 2016; Gradov,
2017). /laHHbIE aHAJTUTUYECKHE CUCTEMbBI HAa HHTepdelice MaTpHUIa-IoYyBa Ui, TOYHEe, MaTPHUIA-
MTOKPOBHOE CTEKJIO-TIOYBA (3JIEKTPOXUMUUECKH-00€30TallleHHOM OT COO€B) MO3BOJISUTH HE TOJIBKO
KapTUPOBATh pacIipe/ie/ieHre TIJIOTHOCTH TOMYJIANNN YacTUI] / MUKPOOPTAaHU3MOB U IPOBOJUTH B
peasTbHOM BpeMeHU uX (YCJI0BHYIO, €CJIH 10 (JIyOPECIIEHTHOMY TaJI0) «TPaHyJIOMEeTpUIo» (TO eCTh
— IUTOMETPUIO B CJIyyae KOKKOBBIX (popM), HO ¥ B3aMHO-OZJTHO3HAYHO COIIOCTABJIATH PA3JINUHBIE
110 GU3NYECKOU MPUPO/IEe IIEpEMEHHBIE Ha UX NMUKCEIbHBIX KapTax B nceszaonBere (pseudocolor) u
ASCII-mpesicTaBjIeHHN KOJIOB J€CKPHUITOPOB, YCTaHABIUBAs KOJOKAIU3AIUIO IToCaeIHUX. Yucroe
ONTHYECKOE JIETEKTUPOBAaHNE ObLJIO IPUMEHEHO JJIS aHAJIN3a OT/IeJIbHBIX MO/IETbHBIX MUKPOOHBIX
U MUKOJIOTUYECKUX JPOKIKEBBIX (OPM € BpeMEHHBIM pa3pelleHreM, YTO IT03BOJIUI0O TOBOPUTH HE
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TOJIBKO O (PUKCAITUH OTAEJIbHBIX TOUEK COCTOSTHHUS CUCTEMBI (BpEMEHHBIX CPE30B), HO U O Pa3BUTHU
" (pU3HOJIOTHYECKUX ero Mexanu3Max. Harpumep, ocymecTBUMO IIpUMeHEHHE « MUKPOCKOIINH Ha
YHIle» B PeaIbHBIX YCJIOBUAX JJIsI KUHETUUECKOH MOp(oMeTpru rprub0B-MUKPOMUIIETOB HA UUIIE,
(dukcamuu MmopdoreHeza ¥ KHHETHKH XPOHOJIOTUUECKOTO (MJTH KJIOHAJILHOTO) CTAPEHUS JIPOKIKEH
(I'pamoB u Ap., 2017a), a B 9KCIEPUMEHTAIBHBIX YCIOBHUAX BO3MOKHA PETHCTpPAIUSA METOJAMH
JIa3epHOU BUJIEOMHIJUTMOCMOMETPUU ToI0OPUTHOTO (OCMOTPO(HOTO) MUTAHUA JIPONCOKEH Ha YHIle
(I'pamos u ap., 20170).

[TepBble arpo-mmOYBeHHbIE U 31A(OSIOTUUECKHE 3aKJIAJIKU YUIIOB YHCTO ONTHYECKOTO IJIaHa
OCyIIleCTBJIEHBI B 2010-2012 1T. (I'pasioB, 2012a—8; Gradov, 2012), IpuYeM TPAHCIALKSA BeJIach 0
TeseMeTpuueckoMy KaHaiay (2.4 I'Th, 1.9 I'Ti u anbrepHaTUBHBIE YaCTOTHI IIPUEMOIIEPENAUN).
ITpubops! 1abOpaTOPHOTO MPUMEHEHUS C JIA3epOM WJIN CHEKTPO30HAIBHBIM HAOOpPOM JIa3epOB B
KauvyecTBe MCTOYHHKA M3JIyUEeHHUs IIPOEKIHH UMEJIH B IIPOrPAaMMHOM O0OecliedeHHH BO3MOXKHOCTD
ompesieJIeHUs] CTaAuH »KU3HEHHOTOo NUKJa (U JeJIeHUsI HallpUMeD, C pa3JInYeHUeM IIUTOTOMUH U
nuToknHe3a) kieTok (Oganessian et al., 2015; I'pagoB, Hotuenko, 2017). B mpubopax 1mojeBoro
MPUMEHEHHUs CIEIWAJIbHOTO Ha3HaueHHs ObLI BHEJIPEH KaueCTBEHHO-HOBBIH CEJIEKTHBHBIN
paguoBU3uOrpaduUecKH IPUHIUII BU3yaJIU3allMU ITaTTEPHA PaJIMOAKTUBHOH KOHTAMHHAIUHN
IIOYB — Ha 0a3e TOHKOCJIOHHBIX CIUHTHUISTOPOB C PA3/JIMUHBIM KBEHUHHT-(AKTOPOM JJIA
OTJIMYHBIX TUIOB u3ayuenuii (I'pazos, 2015a). s naeHTH(OUKAIIYA Ha IJIAHAPHOH ITOBEPXHOCTH
PE3YIBTUPYIOILIETO CEHCOPa MUKPOOPTaHU3MOB (TPaMIIOJIOKUTEIbHbBIE/ TPAMOTPUIIATEIbHEIE) OBLIT
HCII0JIb30BaH MAarHUTOONTUYECKUH mpeoOpasoBaTesb («flux-detector» 6e3 mepexoma uepe3 TOUKY
Kiopu — 711 moJIeBBIX YCJIOBHUHM M coBMecTHMBIM ¢ MALDI ya3epHBIE BapHaHT C IIEPEXO0M
yepe3 TOuKy Kiopu — misf crnenudUIIMpOBaHHBIX JIaOOPATOPHBIX YCIOBUIl), B Pe3yJIbTaTe UYEro
ObJIa MMIIEMEHTHPOBAHA BO3MOKHOCTBH COIPSKEHUS OIMMCAHHOTO KOMILIEKCA C MarHUTHOM
BapuaInuel MeTouk okparuBanus o I'pamy (Budin et al., 2012).

OueBHUIHO, YTO HCIOJIb30BaHHE IUIAHAPHOU WM IIOBEPXHOCTHO-CTPYKTYPHUPOBAHHOMN CXEMBI
Mesk(a30BOTO COIPSKEHHS IMoUYBa-uHTEpPeEc, B KOTOPOH HHTEP(EHCOM SABJIsIeTCsS] IOBEPXHOCTh C
3aJaHHBIMH CBOUCTBAMH, OIIPEJIeIAEMBIMI CBOMCTBAMHE HCIIOJIb3YEMBIX MUKPOIIPEOOpa3oBaTesen,
obecrieyrBaeT BO3MOKHOCTD IIPOBE/IEHNSI KHUHETUYECKUX U3MEPEHUN B PeaIbHOM BpeMeHH (T.e. in
situ — B OMOJIOTHYECKUX TEPMHHAX) 6€3 00pabOTKH KPaCUTEIAMHU U [IUTOMETPUYECKUMU METKAMH,
JlaBas BO3MOXKHOCTD ITOCJIEYIOIIEr0 aHAIN3a MeTOIaMu aTMOC(EPHON Macc-CIEKTPOMETPHHU IIPH
HCIIOJIb30BAHUH JIa3ePHOU JlecopOIuu-uoHu3anuu (He 06s13aTesibHO Tobko MALDI). IIpuHIUIIbI
COBMECTUMOCTH ONITHYECKUX (IIyopecIieHTHBIX ndMeperuii ¢ MALDI 6p11a onrcaHa KOJIJIEKTHBOM
pa3paboTUNKOB B 2014-2016 1. (Orekhov et al., 2016), ogHaKo HMccienoBaHuA He OBLIN JOBEEHBI
JIO pelarIeld CTaAuy B CUJTy OPraHU3aIMOHHBIX MPUYUH. /[0 3TOT0 OBbLIa MpEIoKeHa MEeTOUKA
conpsiKeHUsI QIIyOPECIIEHTHBIX KHHETUUECKUX U MEMOPAHHO-3JIEKTPO(PU3UOIOTHIECKUX PAOOT Ha
ounomatepuase (Alexandrov et al., 2015), m03BoJIAIONIAA, B YACTHOCTH, OTJIMYUTH (PHU3HUOJIOTHUECKH
aKTUBHbBIE KJIETKH (B TOM UYHC/Ie — KJIETKH MHKPOOPTAaHU3MOB IPH IIAHAPDHOM IOIYJ/IAIIOHHOM
MmaT4Y-KJIaMIle Ha YHIle) OT HeaKTUBHBIX. BMecTo mosmmMepHbIXx MaTpull a1 MALDI panpoHaabHO B
psifie CIy4aeB HCIIOJIb30BaTh COOCTBEHHbBIE CBOMCTBA YaCTUUHO-YIIOPAI0UYEHHOM IOYBEHHOM CPe/Ibl
(paccmaTpuBaemMo¥ Kak (DOH M KaK PEaKTHBHBIM areHT OJJTHOBPEMEHHO), YTOOBI 06ECTIEYUTh METO/T
MPSAMOI MacCC-CIIEKTPOMETPHUH 1A aTMOC(EPHOTO MPUMEHEHN B HATUBHON KOHAUIIMK 00Pa3IioB,
OIHAKO JI0 Pa3pabOTKH aJITOPUTMOB JIJISL TOH 3a7jauM B paMKaX HMEBIIHNXCA YCJIOBUM IOUTH MBI He
UMeJIH BO3MOXKHOCTH. TeopeTHuecKy, peleHre 3a/1a9 HEMHBA3UBHBIX UCCIENOBAHUN KIETOUHBIX
CTPYKTYP (B TOM umciIe — KOJIOHHHA MUKPOOPTAaHU3MOB) B IAaHHOM KOHTEKCTE COBMECTHUMO TaKKe U
¢ MHKpOCKoIuel 6e3 dyopecrienTHOTO OKpammBanusa (Skrynnik, 2015), koTopyio pazpabaTbIBaI
JIO COKpaleHusi ¢ moJyictaBku ObIBIHH coTpyagHuk MHIIIX® PAH CkpbIHHUK, KOTOPOMY OBLITH IO
STOU IPUYHHE IIepeJIaHbl TaK U He MpuHeciie 3¢ @eKTa B IAHHBIX YCJIOBUAX ONTHYECKAs CKAMbs
1 JIa3epHbIE CTOJIbI, a30THBIE U TBEP/OTEIbHBIE JIa3ePhI, ONITOMEXaHWKA, MO/IYJ/Ib IIPOKAYKHU JIa3epa
Ha KpacuTeJIsIX, KOMHATa C IOJIBOJIKOM /ISl HACOCOB, MUKPOCIEKTPO(OTOMETD, 000pyA0BaHUE Ik
n3MepeHui. B HacTosIee BpeMs pabOThI MPUOCTAHOBJIEHBI, @ HHCTUTYT TEPIUT PEOPTAHUBAIUIO C
npucoeanHeHneM B coctaB ®UII; koMHATa pacYMUIIAETCs /ISl YCTAHOBKU MacC-CIIEKTPOMETpa JJIs
MPUJIOKEHUH, HE MMEIOINX OTHOIIEHHS K TEMAaTHKe HACTOSIIEro HCC/IEOBAaHUS M TeMaTUKe
uccsenoBannii CKphIHHUKA. B /TAHHBIX YCJIOBUSX MBI CUMTAae€M II€1eCO00Opa3HBIM OIyOJIMKOBATD
HEKOTOpbIe HE TOJIbKO 0a30Bble / DKCIIEPUMEHTAIbHBIE PE3YJIbTAaThl, HO M IMPONO3UIIHOHATbHbIE
MyHKTHl IIPOTPAMMBbI HMCCJIEAOBAaHUU W pa3paboToK B AaHHOU obsactu. PabGoret mo MALDI-
COBMECTHMOU MHKPOCKOIIMM Ha YHWIIaX HaMU ObLIM MPOJIOJDKEHBI B yCEUEHHOM BapuUaHTE — B
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dopmaTe O0e3/TMH30BON MHKPOCKOIIMM Ha YWIMAX C JIa3epHBIM CKaHUPOBaHUEM (YTO J1aéT
BO3MO?KHOCTDH HCIIOJIb30BAHHUS UYHIIOB TAKXKe KAaK CEHCOPOB B 33JlauaX ITOYBEHHOHW PEOJIOTHHU U
MHKPOKPHOJIOTUH TTOYB, [0 aHAJIOTHH C IeJAMU cMeXHBIX pabot (Orehov, Gradov, 2017; Zaytsev
et al., 2017), ofHaKO UX MacC-CIIEKTPOMETPUYECKHUH ACIIEKT CBE/IEH K HYJTIO.

B

Puc. 16. nentudukamnus no mMTpux-Koay nepes 6uotannmuHrom. Bo3aMoskHOCTh n30€KaTh 3TOTO
JIOCTUTAETCA B MPEJJlara€MOU HaMU CXEME 3a CUET PETUCTPAIMH KOMILIEKCA HHBIX (PU3UUECKUX
CBOMCTB 00pa3Ia B I1eJIOM U CBEPXTOYHON KOMIIEMEHTAPHOU UIEHTU(MUKAIUH KOHKPETHOTO
obOpas1ia Wi TuIa 00pasIoB 1Mo 6a3e JaHHBIX C HECYyPPOTAaTHBIM KJIIOUOM, OIIPe/IeIsieMbIM
coOCTBEHHBIM (PU3UUECKUMU TapaMeTpaMu 00'beKTa B UX YHUKAJIBHOM COUETaHUN

W3 pa3zBuBaBIIErocsi Macc-CIeKTPOMETPUYECKOTO M UMI/[?KUHTOBOTO HAIIPaBJIEHUs OCTA/IaCh
QJIITOPUTMHUKA U UAE0J0TUsA (PUHTEPIIPUHTHUHTA, aJleKBaTHAsA aHAJIOTUYHBIM METOJIaM JJIsl IPYTHX
HabOpPOB TaHHBIX. B KauecTBe HAOOPOB JAHHBIX HCIOJIB3YIOTCS, OJTHAKO, HE MaCC-UMAH?KUHTOBbIE
MaTTEPHBI, & MATTEPHBI pacIpesiesieHus1 (PU3NIEeCKHUX CBOMCTB, MOJIyYeHHbIE IIyTeM KOHBEPTAIIUH B
AQHAJIOTOBBIX TOHKOIUIEHOYHBIX TPE0Opa30BaTesiaX HEONITUUECKOTO CUTHAJIA B ONITHYECKUI CUTHAT
C MIO3UITMOHHO YYBCTBUTEIBHOCTHIO, 00eCIIeunBaeMOU IUCKPETHOH CTPYKTYPOU Ipeobpas3oBaresieit
WIN/U TUCKPETHOH (ITUKCETbHOU, CEHCETbHOU, pecesibHOM) cTpyKTypou [13C-/KMOII-aeTekTOpOB
(I'pamos, 2016). IIpu 5TOM B KauecTBe HOCUTEJISA ITpeoOpa3oBaTesss MOKET UCIOJIb30BAThCA cpeia
MpOpaIMBaHUs MUKPOOPTAaHU3MOB, a €€ CTPYKTYPHBIE CBOHCTBaA (Kak soft matter, BkTrouas mouBy)
MOTYT HCIIOJIb30BAThCS KaK OCHOBA JIJISI €CTECTBEHHOU CaMOCOOPKH MUKPOQDIIIOUIHBIX TOTIOJIOTHH,
00ecIieynBaIoNX MEKKJIETOUHBIN MacCOTIEPEHOC B YCJIOBHAX dKkcno3unuu (I'pagos, 20156). IToT,
10 CYIIECTBY, SMEP/I)KEHTHBIN IOJXO0/I, CONPATAIONINY (HOPMHUPOBAaHUE YUIIA U SKCIOHUPOBAHUE B
MOYBe, UIEHTU(UKAIINIO U U3MEPEHNE B PEATbHOM BPEMEHHU 110 «OHTOJIOTMYECKU-UMMAaHEHTHBIM
00'BEKTY UCCIIEIOBAHUA» JECKPUIITOPAM, MOJAUMUKAIIUIO IOBEPXHOCTH U CAMOMOAU(DUKALINIO WU
COTIPSPKEHHYIO (a cj1e/loBaTeJIbHO — METPOJIOTHYECKU-CAMOCKOMIIEHCUPOBAHHYI0) MOJIUMUKAIUIO
o0beKTa UCCIeZIOBAaHUA U INpeJIMeTa HccaeoBaHuA (CHMHXPOHU3UPOBAHHBIM U3MEHEHUEM ITyJIOB
JIeCKpPHUIITOPOB) 0OecrneunBaeT KOPPEKTHOCTD UCC/IEIOBAHUM B peaJIbHOM BpeMeHU (OTHOCUTEIHHO
U3MepeHUs MTOC/Ie BBIEMKH Ha MacC-CIIEKTPOMETPE) U B KOMILIEKCe (IIPH aJITOPUTMHUYECKOM yUueTe
BCeX MEePEUHCIIEHHBIX (PaKTOPOB, UTO ABJISAETCS, CaMo TI0 cebe, CJI0KHON HepellleHHOH 3a/aueii) He
yCTymnaeT UHbIM OJUHOUYHBIM (PU3UUYECKUM METOZaM 10 TEOPETHYECKU-UCUHUCTUMON KOPPEKTHOCTH
UIeHTH(UKATINH.
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Ilesrecoo0pa3HOCTh BHEAPEHUA THOPUAHBIX AKTUBHBIX YUIIOB, COBMECTUMBIX
c MALDI / LDI B 6MoreocucTeMHbII aHAJIN3 C MUKPOOHOJIOTHUYECKHUMHA 0a3aMu

[{estecoo6pa3HOCTh UCIIOJIB30BAHUS YCTPOMCTB, COBMEIIAIIINX B cebe CBOMCTBA IJIACTUHOK
obpacTaHus U IIOYBEHHBIX KaMepP CO CBOMCTBAaMH aKTUBHBIX JIETEKTOPOB U MulieHel st MALDI
w1 uHbIX LDI 00yc10BIMBaEeTCSI IIMPOKKUM JTUAITA30HOM ITIPUMEHHMOCTH 00pa3I[0B-IIPOTOTUIIOB —
camux mpubopoB Poccu-XosomHoro. Hirke MpUBOISITCA HEKOTOPBIE YHUCTO OubIMorpaduieckue u
CIIpaBOYHBIE 10 CBOEH HEIMOJIHOTE IPUMEPHI UCIIOIb30BAaHUs TIOUYBEHHBIX IUTACTHHOK M Kamep s
aHa/TM3a IPUPOJHBIX CPES;:

1. HccnenoBanuch COOCTBEHHO TIIOYBEHHBIE MHMKDOOPTaHHU3MBI, B TOM 4YHCIE 1A
TeXHUYECKOW WIN TpUKIagHoi Mukpoouosoruu (Hirte, 1965; Prasad, 1977; Cullimore, Pipe,
1980).

2. HccnepoBanuch nouBeHHble TpuOku (D'aeth, 1939; Chesters and Thornton, 1956) u
cropsl rpuboB (Nair, 1979), a Takke 3 deKThI Beretanuu mutiesaus (Brown, 1958).

3. MHccnengoBanuch IOYBEHHBIE MUKPOBOIOPOCIIH KaK COOOINECTBO U 3(PDEKT BO3/IEUCTBUSA
Ha HUX psAZla XUMUYECKHX areHTOB, B yacTHocTu — repouruoB (Forest, 1962; Pipe, Cullimore,
1980).

4. WccemoBayinch BO3/IEMCTBUSA IIOUBEHHBIX YCJIOBHE Ha 3a00J1€BaHUS] KODHEBOU CHCTEMBI
u MukopusHbie 3¢ dekts (Sulochana, 1952; Rhizoctonia solani, biology and pathology, 1970).

5. Hccnemosanuch 2P dEKTHI KOJIOHH3AIINK HUCKYCCTBEHHBIX OOHaKEeHU !
mukpoopransdumamu (Cooke, 1956).
6. HWccnegoBasach MHUKpoQJIOpa IIPECHOBOJIHBIX BOJOEMOB, OCOOEHHO — WCTOYHHUKOB

nutheBoil Boan! (Langmark et al., 2001).

7. HccenegoBanmch OGakTepHUabHBIE TOMYJISAIMH MOPCKOH BOJBI, MMPUYEM HCIOJIb30BATIH
PsABI KOMIIAPATUBHBIX KOMILJIEMEHTAPHBIX JECKPUIITOPOB, MOJIyYaeMbIX C PA3HBIX UCTOUHHUKOB U
MeToauk nojcuera (Oppenheimer and ZoBell, 1952).

HowmeHKJ1aTypa HcciefyeMbIX IIO3UIUN 111 IOUBEHHBIX KaMep U IUIACTUHOK oOpacTaHUs He
yCTylaeT HOMEHKJIaType aHaJIOTUYHBIX IIyHKTOB /11 MALDI-OnoTaiinunra, BKIoJUaioled B cebs,
IIOMHMO IIaTOTeHHBIX OaKTepUil: TPUOKH, B YACTHOCTH — ILJIECEHU. IPOKIKU U MMATOTEHHBIE TPUOKH
(Yan et al., 2011; Theel et al., 2012 ; Lohmann et al., 2013 ; Mancini et al., 2013; Schmidt et al.,
2014; Schulthess et al., 2014b; Chen et al., 2015; Fraser et al., 2016; Wang et al., 2016b; Lee et al.,
2017; Wilson et al., 2017); Hu3IIKe pacTeHHUs — OJHOKJIETOUHBIE 3eJIeHbIE BOJIOPOCIIH, TaKHE KaK
xnamugoMoHaas! (Krismer et al., 2015, 2016); HekoTopble uaHobakTepuu (Imanishi et al., 2017).
ITpu sTOM BUI0BOM (BUIOCTIETU(DUIHBIN) XUMHUKO-TAKCOHOMUYECKHUH aCIleKT JaHHOH ITPOo0IeMBI U
HMILIEMEHTAIUM METO/a MO3BOJIAeT UAeHTU(GUIIIPOBATh HE TOJIBKO MPUHA/IJIEIKHOCTD IIpernapara
K HeKoTopoMy TakcoHy (Harmpumep — Nocardia, Rhodococcus, Kocuria, Gordonia, Tsukamurella,
Listeria (Hsueh et al., 2014)) wiu otziesibHBIM ero Bugam (Hanpumep, s Staphylococcus (Richter
et al., 2012), Acinetobacter (Alvarez-Buylla et al., 2012), Acanthamoeba (Del Chierico et al., 2016)),
60 PUKCHPOBATh HAJIUUHE IeJIEBOTO («TapreTHOTO») BU/Ia B IAHHOU Ipobe, crieruduaHOro JJIs
TOTO WJIM THOTO COCTOSTHUS €€ MCcTOUHUKa (Hanpumep, Staphylococcus aureus B 6MOMeIUITUHCKIX
U BeTEPUHAPHBIX INaTHOCTHYECKUX Mpobax (Szabados et al., 2010) wiu npAMO# JUarHOCTUYECKUH
MYJIbTUILIEKCHBIN TecT Ha N-TapreTHyl0 00CceMeHEeHHOCTh B celcuTainuare Kposu (Buchan et al.,
2012)), HO U OTAEJIbHBIE IITAMMBI I OMOXUMUYECKHU-IETEPMUHHUPOBAHHBIE PAChl OPraHU3MOB B
CBSI3U C MPSMBIM MOJIEKY/ISAPHO-XUMHYECKUM aHATIN30M, 00ecrieYuBaeMbIM MPUMEHEHUEeM Macc-
CIIEKTPOMETPUH. YCKOpeHHe uieHTU(GUKAIUK B MOAOOHBIX ciaydasx (Sogawa et al., 2011) 06bI9HO
JIOCTHTAeTCsl He TOJIBKO UTEPATHBHBIM CY>KEHHEM CIIEKTPa HAEHTH(PUKAIIMH COTJIACHO TAKCOHAM U
UAeHTU(UIIPYEMBIM IPYIIIIaM OPraHU3MOB (HAIIPUMED, IIEPBOE CYKEHHE /1151 OAKTEPUH MOKET B
c/Iydae KJIMHUYECKON JUATHOCTUKHY IIPEICTaBIAThCSA OMMOCPEIOBAHHBIM Oa3aMu JAHHBIX JIeJIEHHEM
Ha TPaMIIOJIOKUTEIbHBIE U TPAMOTPUIATEIbHbBIE), HO U IIPUMEHEHHEM CHCTEM cerapanuu Gopm B
X0JIe IMTpoOOIOATOTOBKY 1 ITpo0omoiaun oOpasiia B paMKax paclIMpeHHBbIX TEXHUK T.H. «automated
microbiology» (Saffert et al., 2011). BuezipeHre MopdoMeTpHUUYECKUX ONIEPAINil B IIPOKOJIAX TAKOTO
poza obecrieurBaeTcs B 1a00PATOPHBIX YCIOBHUSIX JIA3€PHBIMU CKAHUPYIOIIUMU TEXHUKAMU JIL0O B
TMIOJIEBBIX YCJIOBUAX — OOBIYHOU MUKPOCKOITHEN (XOPOIIHUH IIPUMEP 5TOTO sIBUJIA OJTHA U3 HanboJiee
PaHHUX MHUIIMATHBHBIX OMOT€OXHUMHYECKUX SKCIEAUIINI YIeHOB Hallero kosuiektusa (B8 TEOXU
PAH), B KOTOpO# B IOJIEBBIX YCJIOBUSAX (2 3aTeM — B JIaDOPATOPHBIX YCJIOBUAX JJIA 00OecrieueHust
OMOCTATUCTUYECKOU COITOCTAaBUMOCTH PE3yJIbTaTOB U3MEPEHUI) UCII0JIH30BAIACh MUKPOCKOITHS Ha
MJI/I-2 — MUKPOCKOIIE JIIOMHUHECIIEHTHOM JIOPOKHOM, KOTOPBIH IOCJIE IOCTAaBKU IIOYBEHHBIX CpeJT
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¥ MHUKPOIIPEIIapaToB Ha 6a3y BCTpaHUBaJICS B aBTOMATHYECKYIO YCTAHOBKY ITAHOPAMHOIO IOZCUYeTa
¢ ociyiorpaduUYecKoil perucTpanueii Ipyu BUAEOMUKPOCKOmuu — cM. Puc. 17). HemocraTku 3T0T0
II0/[X0/1a, BIIPOYEM, OUEBH/IHBI: IIEpeHOC 00Pa3IoB ¢ Mprbopa Ha Ipubop obecreurnBaeT HEIIOJIHYO
BOCIIPOU3BOAUMOCTD IIATTEPHOB M OTCYTCTBHE BO3MOKHOCTH MX COBMEIEHUS UJIM COIIOCTABJIEHM
— TeM 6oJtee, YTO I AMHAMHYECKUX U3MEPEHUH B PEaIbHOM BPEMEHH 3TO HE IOJXOIUT, TaK KaK
B JJAHHBIX IIPOTOKOJIAaX C BPEMEHHBIM pa3pelleHneM IIPOU3BOAUTCA 100 UMepeHue mapaMerpa A,
b0 uzMepeHue mapamerpa B (yimbo muromopdomerpus — b0 Macc-CIIEKTPOMETPHS, TO €CTh —
60 Mopdosorndyeckuii / 1ub0 OMOXUMUUECKUI aHAIN3; JU00 naeHTUDUKAIUA — JTU00 aHAIN3
OITIpEJIEJIEHHOTO).

Vemanobia das nocmpoenus 3D-
NPOGUALTE AOMURAHCA HA OCHOBE
AOMURECUEHIMHOZ0 MUKPOCKONA C
cucmemot Gudeopesucmpayu,

Puc. 17. YcraHoBKa NaHOPaMHOTO MO/ICUeTa YaCTHUI] ¢ OCIUIOrpaduuecKoy perucrpanyei npu
BHU/IEOMUKPOCKOITMY Ha 6a3e MUKPOCKOIIA JIIOMUHECIIEHTHOTO sopokHoro (TEOXU PAH, 2011)

JlocTaTOYHO OYEBHUTHO, YTO IPEOI0JIEHNE ITPOOJIEM MTOI0OHOTO PO/Ia BO3MOXKHO TOJIBKO IIPH
COBMeEIIlEHHUH UAeHTU(PUKAIINY 1 U3MEPEHUS B PEAJIbHOM BpEMEHH, YTO JOCTUTAETCA B HACTOSAIIEE
BpeMs YHIIaMU Halllell KOHCTPYKIMHU (CM. BbIIIE). TO UCKOPEHSIET HEAOCTATKU IPOTOKOJIOB Mace-
cuektpomerpuu MALDI ¢ nutomerpudyeckum aHanu3zoM (Wang et al., 2013; Chang et al., 2014;
Rawlins et al., 2015), olHaKO MO3BOJIsAET JOCTUTATh commocTaBuMoro ¢ MALDI MS ypoBHs aHanmu3a
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U UZIeHTU(UKAIIUY TOJIBKO IIPU COBMEIEHUH C TIoCeAHel, 9To TpebyeTr pacemtperus KMOIT- win
[13C-neTeKTUPYIONINX YUIIOB ¢ AaHTUAIUACHBIM QUIBTPOM Kak miaaTgopm MALDI-uma/KkHra Ha
yure (ecTeCTBEHHO, OJTHOPA30BBIX, TaK Kak 00sbITuHCTBO [13C- 1 KMOII-MaTpuIl moBpeskaaroTest
3a cueT pusnyeckoro Bpokuranus u SEU [single event upsets] npu nonaganum Ha HUX JIA3E€PHOTO
U3JIyYeHUs IOCTaTOYHOU 1A /1eCOPOIMU-UOHU3AIUN MOIIHOCTHA WJIM OJUHOYHBIX (POTOHOB TOTO
JKe XapakTepa BO3AeHCTBUsA). ATO GOpMUPYET KAUECTBEHHO HOBBIM CETMEHT HOMEHKJIATYPBI YHUIIOB
JIJI1 MacC-CHEeKTPOMETPUYECKOTO aHamn3a 1 MALDI-unnoB, n3BECTHBIX KaK IMPOAYKT ¢ Hauasa XXI
Beka (Kling, 2001) u 3¢ HeKTHBHO pa3BUBAIOIINXCSA HA Y9K30TUUECKHUX T€OMETPHUSAX /10 HACTOSIIETO
Bpemenu (Chen et al., 2010, 2011; Li et al., 2017). [IpesiyiaraeMplii KOHCTPYKTHB HEe TOJIHKO BBIZAET
JIaHHbIE B aKTUBHOM (hopMaTe IMpHUeMOIIepelady ¢ BO3MOKHOCThI0O MOHUTOPUHTA, 3aMeIaloiero
kak MALDI-uumbl ¢ MOHUTOPUHTOBBIMU OKHaMH (Brivio et al., 2005), Tak ¥ YUIIbI, COBMECTHMBIE C
dayopecuerTabiM aHanu3oM (Halim et al., 2009), HO U 1TO3BOJIsIET peaTM30BbIBATh MOHHUTOPHHT B
peaJlbHOM BPeMEHH ¢ BBIEMKOU 00pasIia A1l Macc-CIIEKTPOMETPHUECKOTO aHAIN3a Ha U3BECTHOH B
pe3yJibTare Mpe/IBapUTEIbHBIX THHAMUYECKIX U3MePeHUH (C BpeMEHHBIM pa3pelleHneM) CTa/[UH,
Mpe/IBapUTEIbHO (HAa MeHee BBICOKO9HEPTETUUECKOM PEKUMeE JIa3ePHON 00pab0TKH) OCYIIECTBIISAS
kuHeTuueckue poroxummuyeckre nsmepenus tuna FRAP u FLIP. Takum 06pa3oM, OCyIIeCTBIIsAS B
pamkax APM3 (anroputMa pelreHus noI00HBIX 3a7a4 AJIBTIITyJIEpPa) ONpPe/ieJIeHHe TPOTHBOPEYHI
MPOTOTHIIOB ¥ IIPOTHUBOIIOCTABJISIEMBIX MOJIEJIEN, MBI IPUX0OAUM (0€3 UCIIOIb30BAHUS CHHEKTUKHU U
MOP@OJIOTHYECKOTO aHATN3a ITIepeb0poOM) K COBMEITEHHIO0 HECOBMECTUMBIX ITPOTOKOJIOB.

Hano ckasatp, yTo mpu agantanus 111 MALDI ¢ mosimMepHO# MaTpHIIEH U IPH IIOATOHKE K
YCJIOBUSIM UMILJIEMEHTAIIUY B BADUAHTE YHUIIa MbI UCIIOJIb30BAJIK OOTaTEUIIINN OIBIT YCTAPEBIINX K
HaCTOSAIIEMY BpeMeHHU, OJJHAKO JIOCTATOYHO aKTyaJIbHBIX B MoaudunupoanuoMm ¢popmare KMOII-
YHUIOB METOAUYECKHUX UCTOUHUKOB. Tak, IIPOTOTUIIOM JUCKPETHON MATPHIIHI HA TIOBEPXHOCTHU UJIU
B 9kpaHupoBke [13C- wiu KMOII- ynna nouBeHHOTO 3aJ10KeHU ABUIach MogudUKauusa Kamep U
IUTAaCTUHOK obpactanusa Poccr-Xo0s10/THOTO € 3JIEKTPOHHO-MUKPOCKOTMUECKUMU ceTKaMu 111 COM
ot 1970-ro roga (Hirsch, Pankratz, 1970); ueosoruu CHHXpOHHOTO YAeP KaHUA U aHAJIU3a B YUIIE
— TexHOJIOTHs (pUKcanuy OaKTepHi IUIAHKTOHA Ha MeMOpaHHOM (PUJIbTpe, 3aMEeHSIOIIEM KaMepPbl
U IUTaCTUHKH oOpactanus Poccu-Xostoauoro (Jannasch, 1958) ot 1958 roza; ueo10rui0 BBeIeHUs
MOJINMEPHBIX MOKPBITUH, HEIIOCPEJICTBEHHO CBA3bIBAEMbIX C MOJIMMEPHOU IVIAHAPHOU TTO/IJIOKKOU
yuiia, ocobeHHo — HaneuaTaHHOTo 13 PET Ha 3D-nipunTepe, IPEABOCXUTHIN C TO3UIUH MOAX0/I0B
DIY-ontumu3zarnuu (B 60Jiee JIerkoM U 0/I0OOHOM HAIllEMy pelIeHUI0 TOJIbKO o Matepuany — PET)
HaIy ykpaunHckue kosuteru (Moshynets et al., 2011), xotss B MALDI npemiouTUTe TbHBI U3BECTHBIE
TUMBI TOJINMEPOB-MATPHUIL U, €CJIU TOBOPUTH 0 coBMecTUMOCTU ¢ MALDI, TO cTaBKy HY»>KHO /€JIaTh
Ha HUX U Ha MOJINMEP-UMMOOM/IN30BaHHbIE MAaTPUYHbIE UMILIAHTATHI HA UX OCHOBe. OHAKO IS
JIAHHOTO CJIy4yas eCTh W aJIbTeDHAaTUBHOE PellleHne — 0e3MaTpUYHas Macc-CIIeKTpOMeTpuYecKast
LDI-Bapuanus KJIEeTOYHOTO aHaM3a 1Mo BTopuuHbIM Metabosutam (Holscher et al., 2009). ITousa
SIBJISIETCS «IPUEMHHKOM>», « HAKOIIUTEJIEM», «JIMHUEN 3aIEPKKU» U «TPAHCMHUTTEPOM» (DaKTOPOB
aJIeJIONIaTUN U OMOXUMHYECKUX CUTHAJIOB MUKPOOPTAaHU3MOB, II03TOMY MOKHO HUCIIOJIb30BaTh €€
CBOMCTBa B CO3JaHHMU (CaMOOpraHU3aI[iK) Ha €€ aJre3MBHO-COPOIIMOHHON OCHOBE 3aMEIAOIINX
MALDI-matpuIisl pa3BUTHIX soft matter moBepxHocTell Ha 6a3e YaCTUYHO-YIIOPSAIOYEHHBIX CPET C
JIMTHAMUYECKOU CTPYKTYPOH, OIIpe/iesisieMO B3aUMOJENCTBUAMHU B JUCIIEPCHOM CHCTEME — MEXK/IY
MMOYBOM M OHMOXUMHYECKU-aKTHBHBIMHU/OMOXUMHUYECKU-UHIUBUAYATIBHBIMA MUKPOOPTaHU3MaMH
— MPOUCXOAIINMHI Ha YPOBHE MHUKPOBA3KOCTHBIX 3(DDEKTOB, MUKPODIIOUINKY / HAHODITIOUTUKU
U TIPOIIECCOB HA 0a3e HEKOBAJIEHTHBIX B3aWMOJIENCTBUM, B KOMILIEKce obecieunBaomux MALDI-
COBMECTHUMBIN aHAJINU3, aJieKBaTHBI MUKpPO-/HaHODIIONANKE U aPOUMETPUUECKUM OHOYUIIaM B
€IMHOM KOHCTPYKTHUBE. ITO II03BOJISIET 3AMEHHUTDh, COOTBETCTBEHHO, 0€3MaTPUYHYIO aHAJIUTUKY Ha
LDI-mnatgopmax B MUKPOGIIOUAHBIX HocuTessax (Yang et al., 2016), HaTUBHOE KApTUPOBAHUE TI0
(bIIOMIHBIM IOTOKAM M CHJIaM B YaCTHYHO YIIOPSA0YEHHON OMOTeHHOH IMOJTUMEPHON M OMOKOCHOM
matpune (Guillaume-Gentil et al., 2017) ¢ appumerpukoir Ha aATE3UPYIOIMIUX U COPOUPYIOIITUX
yunax. [Ippymep UMMOOWIN30BaHHON YaCTUUYHO-YIIOPS0UEHHOU CpeJibl Ha YUIIE C MUKPOCETKAMU
(tuma onucanubix B (Hirsch, Pankratz, 1970), Toapko He (hpOpMaBapOBBIX, a IIPOBOAAIIUX CETOK OT
BJIEKTPOIHBIX 3JIEMEHTOB 3JIEKTPOHHBIX U MOHHBIX MIPUOOPOB /11 OU0-3/IEKTPODUBUUECKUX PAOOT
pu MopdOMeTpUH C Nlepefiavuelt in situ, B peayIbHOM BpeMeHH) Halllell KOHCTPYKIIUU IIPUBeJIeH Ha
Puc. 18.
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Puc. 18. ITpumep nMMOOHIN30BAHHOW YaCTHYHO-YIIOPA0YEHHON CPE/Ibl HA YHIIE C CETKAMH OT
BJIEKTPO/IHBIX 3JIEMEHTOB 3JIEKTPOHHBIX U HOHHBIX IPUOOPOB /IS 610-3/1eKTPOPU3NIECKUX PabOT
U 371eKTPOPU3NUECKOTO MOHUTOPHUHTA MOUYBBI ITPU MOP(POMETPUN MUKPOOPTAaHU3MOB C Ilepeziaueit
AHAJIUTUYECKOTO CUTHAJIA 110 TeJIEMETPUYECKOMY KaHAUTy in Situ, B peaJIbHOM BpeMeHU. a — mpoba
YaCTUYHO-YTIOPAA0UYEHHOU CPebI IO/ OOJIBIIINM YBEJIMUEHNEM Ha CeTKe Ha unre; 6 — HaHeceHue
MOJTUMeEPA IS HHTEPKAJIAIUY ITPpeoOpa3oBaTesIsa U alllIMKAIMA MUKPOOOpa3Ia Ha CeTKE Ha YHIIE.

Takum 00pa3oM, IaHHBIN TPUHIIMII CYII[ECTBEHHO YIIPOIIAeT aHAIN3 ITPUPOIHBIX YACTUUYHO
YIOPAIOYEHHBIX cpel ¥ OMO-KOCHBIX accoruaTtoB. O palmoHaIbHOCTH U HEOOXOIMMOCTH JIAHHOTO
0/IX0/1a, 00YCIOBJIMBAEMOM, B YACTHOCTH, OTCYTCTBUEM ONITHMAJIbHBIX CPECTB MMPOOOITOATOTOBKU
(«yHUBEpPCATBLHOM MTPOOOIIOATOTOBKH » ) MYJIbTUBUIOBBIX IPUPOAHBIX 00pasioB At MALDI (t.e. u
Juist MALDI-6uotaiiiiHra), TOBOPUT TOT (PaKT, UYTO B «IIPHUPOIOBEIUECKON» MHUKPOOHooruu (1o
TEpMUHOJIOTUH 3aBap3rHa) U (pyHAaMEHTATIbHONH CUCTEMATHYECKOH MUKPOOHOJIOTHH KOJIUUYECTBO
pabot o LDI-MUKpOOMOIOTHYECKON HAEHTU(MUKAIINYA ¢ MAaTPUIHON aKTUBAIIUEN OTCUUTHIBAETCS
equHunamu (Santos et al., 2016; Welker and Moore, 2011), B TO BpeMs KakK B KJIMHUYECKOH — HUJIET
Ha JIeCATKU B T'OJ] C TEHleHIIeN K pocTy (Ha IaHHBIA MOMEHT — COTHH paboT): Hallpumep — 2010 T.
(Seng et al., 2010; Dupont et al., 2010; De Bel et al., 2010; Bizzini et al., 2010 ; van Veen et al.,
2010); 2013 (DeMarco and Ford, 2013; Barreau et al., 2013; Patel, 2013a; Patel, 2013b; Kok et al.,
2013; Clark et al., 2013; Seng et al., 2013; Wojewoda et al., 2013; Moon et al., 2013) u T.71. (cOopKa
KOHTPOJIbHOU OMOIMoTpaduu /IS BHISABJIEHUS PEJIEBAHTHOCTH TEMBI JIaHA JJIS ATara 3aBepIeHus
IIpeBAPUTEHLHOTO ATana paboT Haj mpoToTUroM Hamrero yerporictsa B TEOXIM PAH — He panee
2011 rojia, ¥ IMOATOTOBKU IIEPBOYM BEpPCUU JTAaHHOU CTaThH; He OoJiee 4 JieT Hasaxn). llesecoobpazHo
paccMaTpUBATh «IIPHPOJIOBEAUYECKYI0 MUKPOOHOJIOTUIO» Ha YPOBHE OTAEIbHBIX MUKPOCTPYKTYD, B
YACTHOCTH — aCCOIMATOB KJIETOK, KOJIOHHEOOPA3YIOINX eINHHUI], IM03TOMY, C SKOOMOXUMUUECKUX
MO3UITUH, HEOOXOIMMO TTPEbSIBUTD JIOKAa3aTeIbcTBa MpUMeHNMocTH Kak MALDI-MS-TexHo10THH,
tak u gunoB ¢ APS (Active Pixel Sensor) Hamreli pazpabGoTku /i aHAIU3a MOTOOHBIX CTPYKTYP.
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Ha npaktuke, MALDI-MS smocratoyHo JaBHO paboTaeT HAa ypOBHE OJHMHOYHBIX KJIETOK B
BUTAJIBHOM M CyIIpaBHUTaJIbHOM cocTtossHuM (Masujima, 2009), mpuyeM He TOJIbKO B aJTUTUBHO-
OMOXUMHYECKOH, HO M B MOJAJIBHOCTH «KAapTUPYIOIIEH», UM3/I>KHHTOBOM MacC-CIIEKTPOMETPUU
OIMHOYHBIX KJIeTOK (Boggio et al., 2011; Passarelli and Ewing, 2013; Schober et al., 2012;). B
Hacrosiee Bpemss MALDI Ha ypoBHE OAMHOYHBIX KJIETOK (BIIpOYEM, KaK MPABUJIO, JIOCTATOYHO
KPYITHBIX 3YKaPUOTUYECKHNX) U KJIETOYHBIX aCCOI[MATOB HCIIOJIB3YETCS JIJIsI OIIpEJIeJIEHUs: CTaIui
3pesoctr  mposudepaTuBHbIX KieToK (Shimizu et al., 2002); UWHTpaNOMyJIAIMOHHON
MeTaboIMYeCKOH TeTePOTeHHOCTH MHOTHMX OJIHOKJIETOUHBIX OpraHu3mMoB (Amantonico et al.,
2010); KiaccupUKAIUU KPYITHBIX MOMYJIAIUN, B TOM YHCIE — OAHOKJIETOUHBIX MUKPOOPTaHU3MOB
tuna Chlamydomonas sp. (Krismer et al., 2015), B ToM 4ucjie — C BbISIBJIEHHEM aHOMAaJIbHBIX
KJIETOK, BBIZIENAIOIIUXCA U3 o6Imielr Boibopku (Ong et al.,, 2015); OGuHoxuMuUecKux mpoduiIei
KJIETOK, HampuMep — ApoxokeBbIX (Schmidt et al.,, 2014), He TOJIBKO MO OTAEJBHBIM KJIaccaM
BemectB (Hanpumep — nentuaam (Li et al.,, 2000; Rubakhin et al., 2008) wiu munugam (Mach,
2012; Hossen et al., 2015)), HO u Ha ypoBHe MeTabosioMHUKH B 11e10M (Emara et al., 2017); ypoBHs
HAKOIUIEHUsI W IIPOCTPAHCTBEHHOTO pACIpEJIeJIEHUsI IUTOTOKCUYHBIX W  PETYJIHPYIONUX
dbapmareBTHUUECKHUX BEIECTB, BO3JAEHCTBYIOIUX Ha KierouHbld mukia (Chang et al, 2015).
OnHako, Takke Kak u y ouoravnuura (Ngan et al., 2012; Lévesque et al., 2015), y aToro moaxosia
(Boggio et al., 2011) ecTb OJUH HEZOCTATOK, OOYCJIOBJIEHHBIH IPEBATUPYIOIMIUM JJIsI HETO
«3aKa34YUKOM» — MEAUITMHOU: OCHOBHAS YacTh UMIKHHTOBOM1 MALDI-Macc-ciekTpoMeTpU Ha
JIAaHHBII MOMEHT aIalITHPOBaHAa, IPEUMYIIIECTBEHHO, /IS KJIMHUYECKUX 3a/1a4, IIPUMEPaAMH Yero B
cIyJyae aHaJIM3a U UMAJ[KUHTA OJITMHOYHBIX KJIETOK MOTYT SIBJIAThCS Helpoxumuueckue (Neupert et
al., 2005; Perdian et al., 2010), remaTtosrorndeckue (B TOM 4ucjIe — SIUAEMHOJIOTHYECKHE — KaK Ha
ouorannunre (Hsueh et al., 2014; Cheng et al., 2015; Fiori et al., 2016; Chien et al., 2016) u apyrue
crenudUUecKre MeIUITMHCKHUE 3a7aun. Ha ypoBHE KJIETOK MUKPOOPTaHNU3MOB paboT KpaliHe MaJio
— CKa3bIBAEeTCA He CTOJIbKO TEXHUYECKas CJIOKHOCTD 3a7la4i, CKOJIBKO OT/IMYHE OT MeTaboIu3Ma 1
KOHCTHUTYITUH 9YKaPUOTHYECKHUX KJIETOK BBICIINX KHBOTHBIX, a TaK)Ke HEOOXOIUMOCTD yUeTa cpel,
He SIBJIAIOIINECS OMOJIOTUYEeCKUMH (KaK 3TO XapaKTePHO JIJIsl JTaOOPaTOPHBIX YCJIOBHI), UMEIOIITUX
cOOCTBEHHBIE AJIEMEHTHO-XUMHUYECKHE / KOHCTUTY HTHBIE MPOodmIH (M0YBa, THIPOXUMUYECKHE U
JINTOXUMUYECKHE YCJIOBUS U T.JI.), KOTOPbIE HY?KHO YUHUTBIBaTh, HAPSAY C TAKUMH K€ MPOPUIIIMHU
onnHOUHBIX KieTok (Walker et al., 2012; Gao et al., 2013; Kleparnik, 2013; Fu et al., 2016), uto
MOKET OCJIOKHATHCS COOCTBEHHBIMHU CPEOBBIMU TPEOOBAHUSAMU MHUKPOOPTaHU3MOB (HampuMep —
aHaspOOHBIM XapakTepoM MukpodJiopsl (Shan et al., 2002). Takum o6pa3om, ecyii He MPUHUMATD
BO BHUMaHHE Hepa3pabOTAaHHOCTh TEMBI U P/ IIPEOJIOIUMbBIX TEXHHYECKUX TpyAHOcTer, MALDI-
MMB3/[KUHT CIIocOOeH paboTaTh B TpeOyeMoll HaMu MojaabHOCTH (cM. BbIie). OlHaKO, HECMOTPS
Ha 3TO, ManmupoBaHue (MK, TOKAECTBEHHO, MAIIIIMHT) KOJOKAJTU3AI[UH, OTOOpa’keHe OHTOJIOTHH
1 yCTaHOBJIeHHE n30Mopdu3Ma (M1 HHBIX MOP(GHU3MOB) MEKY 30HAMU KAPTHPOBAHUS PA3JIMTIHO
JIETEKTUPYEMBIX JIECKPUIITOPOB BO3MOKHO TOT/Ia M1 TOJILKO TOT/Ia (corma), Korjia pa3pelieHue y ux
HMCTOYHUKOB JIAHHBIX WJIU JIETEKTOPOB SKBUBAJIEHTHO HJIU COIIOCTAaBUMO HACTOJIBKO, UTO MMPOOIeMa
HEOIIpe/IeJIEHHOCTH MTOTPAHUYHBIX 30H KOJIOKATU3AIMH JIECKPUIITOPOB aBTOMATHYECKH CHUMAETCS
B CHWJIy UX B3aMMHO-OJHO3HAYHOTO COOTBETCTBUS IO JUCKPETH3AIMU U CMEXHBIM ITapaMeTpam
(o TepMuHOIOTHU  1970-1980-X IT. — «PE30JIbBOMETPUYECKUM»). [103TOMy MBI JIOJIKHBI
IoKa3aTh, 110 MeHbIIIel Mepe, YTO pa3paboTaHHbIe HAMU J1JaOOPATOPUM Ha YHUIle, COBMECTHUMBIE C
umakuHroM Ha LDI-omocpenoBanHoM, B yacTHocTH — MALDI-omocpesioBanHOM, 6a3uce, MOTYT
(puKcupoBaTh U KAPTUPOBATD MATTEPHBI IOCTATOYHO BHICOKOTO TPeOyeMOTO pa3peleHus.

HoBbIe MeTOABI 1 MaTEPHUAIBI

B KauecTBe AeTEKTUPYIOIEH YacTH, COBMEIIEHHON C IOJI0OKKOH, NCIIOIb30BaJI MATPUIIBI C
aKTUBHBIM  IHKCEJIbHBIM  ceHcopoM (APS), wusroroienHsie 10 KMOII-TexHOJIOTHH.
[TukcenbHBIE/ CEHCETBHBIE/ PECETIBHBIE TTAPAMETPHI KOHTPOJIUPOBAJINCH PE30JIbBOMETPHYECKH TIPHU
PA3JIMYHBIX JJIMHAX BOJIH OOJIyYEHHs C aKIIEHTHOM Ha KOPOTKOBOJIHOBYIO 00JIacTh (aHAJIOTHYHO
ToMy, Kak i1 MALDI-anann3a OZAWHOYHBIX KJIETOK, B CHJy ONTHYECKUX «PEJIEEBCKUX»
MIPE/INTOChLIOK, Haubostee npeanouturesien Y®-auamnason (Gholipour et al., 2008; Holscher et al.,
2009), XOTA BO3MOXKHBI M Bapuanuu B Vis-mmamasone (Xiong et al, 2016)). B kauectBe
IpeIMETHBIX CTEKOJI UCIOJIb30BAINCH AaHTHUAIMACHBIE (DUJIBTPHI, pacloJaraiiuecs KOHTaKTHO K
MOHOXPOMHBIM MAaTpHUIIaM WX TOBepPX GUIbTpoB baiiepa B CIEKTPO30HAJIBLHOM BapHUaHTE.
MakcuMasibHOE pa3pelleHre ONpenessyioch I0 MUHUMAJIBHOMY pa3dMepy Hukcesied. B Hanbootee

160




Biogeosystem Technique, 2017, 4(2)

COBPEMEHHBIX BEPCHUAX OBLIO JOCTUTHYTO IIOYTH COOTBETCTBYIOIEE pa3MepaM OJUHOYHBIX
OakTepuaIbHBIX KJIETOK paspemreHue 1.12 MkM KMOII-MaTpuipl ¢ akTUBHBIMHU IMTHKCEIbHBIMU
CeHCopaMU O0ecIeuynBaIN YyBCTBUTEJIbHOCTh M3MEPEHUs, a TaKXKe YCHIeHHe CUTHasIa MOpAJKa
COTEH MUKPOBOJIBT Ha (POTOH WU JECATKU SJIEKTPOHOB Ha 1 TakT / makeT. CorslacHO pacyeram,
IIPOBE/IEHHBIM Ha 0a3e TEXHUUYECKUX BBIKJIAZIOK Pa3pabOTIMKOB COOTBETCTBYIOIIEH 3JIeMEeHTHON
0asbl, B OIpPE/IEJIEHHBIX IT0JI0CAX B BUAMMOUM 00JIACTH JOCTHIKUMBI 40-70 KKaJI/MOJIb JIJIsI OHOMH
rpaMM-MoJIeKyJibl. [1oTHBIH peliM KapTUPOBaHUSA JIECKPUIITOPOB — 20 MC; MUHUMAaJIbHOE BpeMs
HAKOIUIEHUs MeHee 10 MKC. B pexxume HaKOIUIEHHSA KapTHPOBaHHE/MaNIUHT MOTYT
OCYIIIECTBJIATHCA JaKe MPU JOCTATOUYHO MAaJIbIX OCBEIEHHOCTAX WIW HAJUYUU KaK HCTOYHUKA
sMHUCcCUM (POTOHOB TOJIBKO COOCTBEHHOUM XEeMIJTIOMHHECIEHITNY/ONOJIOMIUHECIIEHIINA 00pasIa;
9TO COOTBETCTBYET UYBCTBUTEJIIBHOCTU J0 0.00005 JIK W IIUPOTHOCTH 103-105 jub0 (ecym
IIepeBOJIUTh B OTHOCUTEJIbHBIE JIOTapUdMUUecKUe eUHUIbI JUHAMUYECKOTO /JHMala3oHa, TO 8-
12 B). Copmepxkaiue ykasaHHblE aKTHUBHBIE IMO3UI[MOHHO-UYBCTBUTEJIbHBIE CEHCOPHI IeYaTHbIE
mwiatel (PCB) KopIlycMpoBasil ¢ HCIOJIb30BAaHUEM ITOJIMMEPUBYIOIIETOCS TepMETHKA, OCTaBJIAA
OTKPBITOU TOJIBKO 30HY HEIIOCPE/ICTBEHHOTO IIOBEPXHOCTHOI'O HKCIIOHUPOBAHUA, U 3aKJIQ/IbIBAIN B
mouBbl. B rensax obecrnedeHus auBepcudUKAlUM METO/IOB aHaIM3a OBUIM CO3JAHBI J[Be
MOANGDUKAIINN YUIA — C TeJeEMETPUUYECKUM OeCIIPOBOJHBIM KaHAJIOM Iepefavydl JAaHHBIX U C
KabesIbHBIM coefiiHeHneM. [1epBbIil BApHaHT MeHee MOJIXOAUT JJIsl PACIIUPEHHBIX HUCCIEA0BAHUN
XapaKTEPUCTUK CUTHIA (MO MPUYMHE CYIIECTBOBAHHA 3(UPHBIX HABOAOK U IOMeEX), HO Oosee
OTBEYaeT 3a/ladyaM CKOPOCTHOTO OIIEHWBAHUS XapaKTEPUCTUK SKCIEPUMEHTAIbHBIX TIOJIEH,
IIOYBEHHO-TEO/IE3NYECKON ChEMKH (KaK YacTHBIA BapHAHT — ABJAACH ycTpoicTBoM ¢ RFID-
METKOH). BTOpO¥l BapmMaHT — TPaHC/IUPYIOIIUI Pe3yJIbTaThl PETUCTPAIUH ITOYBEHHBIX CPEN U HUX
IMOYBEHHOW MUKpPOOHOTHI 1O KaOeJbHOMY KaHaJly — CIOCOOEH Iiepe/laBaTh JaHHbBIE C
pacrpezieIeHHOW ceTn Ha MHoOrokaHaidbHble AIIIl m KpeiToBBIE cucTeMBl cOOpa-0OpabOTKH
naHHbiXx  (ypoBHss CAMAC, PXI wu T.m.). KOHCTpYKTHBHBIE WX pa3jIM4UsA JIOCTYITHO
cxeMaTU3UpOBaHbI Ha Puc. 19a, 6.

a 0

Puc. 19. [TouBeHHbIe TaOOPATOPUH HA YUIIE: a — TeJIEMETPUUECKAs C PAJ0YaCTOTHOU Iepeaavuen
Ha pecuBep (2.4. I'T1); 6 — kabesbHAsA TeJIEMETPUYECKAS CICTEMA, MOHTHPYEMAsi B TEPMETHIHOM
IIITPUIIE C IIOPIITHEBBIM TI0/IBOJIOM aKTHBHOTO ITUKCEJTHFHOTO CEHCOPa K 30HE SKCITIOHUPOBAHUS.

Ha puc. 19a: 1 — MOBEPXHOCTD TIOUBBI; 2 — aKTUBHBIHN TUKCEJIHbHBIN CEHCOP; 3 — IeYaTHas IJIaTa,
PCB; 4 — aHTeHHAa, TpefaloIasi CHTHAJI Ha PECUBEDP; 5 — aKKyMYJIATOP / CHCTeMa IMTUTaHUA.

Ha puc. 196: 6 — noBepXHOCTb GWIBTPA JJI1 SKCIOHUPOBAHUSA; 7 — AKTUBHBIN MUKCEJIBHBIN
CEHCOoP; 8 — KOpIIyc MOYBEHHON KaMePhl; 9 — TepMO3arJIyllika; 10 — KaHaJl BbIBOJIa KabeJs;

11 — kabesTb KOMMYTAIINH, TIEPEJAIOITUI CUTHAJ HA OWH U3 KaHAJIOB MHOTOKaHaIbHOTO AIIIT mn
KpeUToBBIX cucteM DAQ

B pesynbrare anpobanuu aHHOTO APS-0mI0oCpe/IoBaHHOTO TEXHOJIOTUYECKOTO TOAX0/1a, ObLIT
TIOJTIyYeH ITyJI JAHHBIX, OTHOCAIIUXCS KaK K JJaOOpaTOPHBIM TECTaM, TaK U K PETUCTPAIIMH B IIOYBAX.
Tak, HampuMep, MOXKHO TOJIYYHUTh (B CTAaHAAPTHBIX KOOPAMHATAX MOHUTOpPA (popmbl BosiHBI — IRE)
IIOCTPOYHBIHA (IO CKaHOTPAaMMaM KaXK[AOHW CTPOKH) NMpoduib KOH(PUTYpPAlUK BOJIH SpKocTU (paHee
3TO JIeJIAJIOCh C MPUMEHEHUEM CHelu(GUIIIPOBAHHBIX MOJIAPU3AMHOHHO-MUKPO(POTOMETPUUECKUX
YCTaHOBOK 11 TIoCcTpoeHus mpodwiei apkoctu {3D Luminance Surface}, mogo0OHbBIX MOKa3aHHOMN
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Ha pHUC. 20 YCTAaHOBKe, paboTaBIiel B mocTakcneaumoHHom pexkume B TEOXU PAH B 2010-2011
rT.). Ecytit B pesysibTaTe MCIOIB30BaHUS AKTUBHOTO MTHUKCEIBHOTO CEHCOpa MOYBEHHOU 3aKJIAZIKU B
IIOJIEBBIX YCJIOBHUAX PETUCTPUPYETCA HApacTaHUe B «Iosie 3peHus» (mosiHoM ROI 1 TakKuxX YUIIOB
6e3 ONTUYECKOTO TPAaKTa M BO3MOKHOCTEH aHAJIOTOBOTO BUHBETHPOBAHMU / KAIIETUPOBAHUA OKHA)
dparmenTa MUKPOOHOTO MaTa WK JIOCKyTa 1ieceHd («flap»), To Ha MOHUTOPE (POPMBI BOJIHBI IIPH
MOHUTOPHUHTE OTOOpakaeTcs N3MeHeHNe NWHTEHCUBHOCTH CKAaHOTPaMM Ipymibl ¢cTpok mo ocu IRE.
9To mokaszaHo Ha Puc. 21a. B ciyyae ucnosib30BaHMA KakK JONOJHUTEIBHOIO KJIACTEPU3YIOIIErO
Jeckpunropa (OpMbI MEKKAHAIBHBIX KOPPEJIAIUN, MOJydyaeMbIX BEKTOPOCKOIIMYECKUM ITyTEM
(B corydae CEKTPO30HAJIBHBIX MaTpUIL ¢ pruibTpamu baiiepa nin ux aHajioraMu; B 0OpaTHOM CJIydae
BeKTOporpaMmma He OyzieT 0ToOpakaTh CyIIIeCTBEHHBIX KOPPEJIALINI, KaK 3TO IT0Ka3aHo Ha Puc. 210),
MOXKHO, OCYIEeCTBJIsAsA (OZHO3HAYHOE) COIOCTABJIEHHE OT/IEJIbHBIX CIEKTPO30HAJIBHBIX KaHAJIOB
KOHKDETHBIM areHTaM WJIU THUIIaM/KjIaccaM areHTOB, KAapTHPOBATh UX paclipesiejieHUe B CPefie.

Puc. 20. ITonsapusanmnoHHO-MUKPOGOTOMETPUYECKAs YCTAHOBKA JIJIs1 PEKOHCTPYKIINYU POdIIeit
spkoctu {3D Luminance Surface} ¢ mapayiesbHbIM OTOOpaKEHUEM PE3YJIbTATOB BEKTOPOCKOITHHU

L4

8

a
Puc. 21. MoHuTOpUHT (OPMBI BOJIHHI (a) 1 MOHOXpOMHAas Bektoporpamma (6) ¢ KMOII-uumna
(Notchenko, Gradov, 2013)

162




Biogeosystem Technique, 2017, 4(2)

Puc. 22. HenocpencrBeHHas mpsiMasi perucTporpaMma ¢ Yura Kak 6e3JIMH30BOT0 MUKPOCKOIIA B
KOPOTKOBOJIHOBOM JIHaIa3oHe (CIeKTPO30HAIbHBIN B-kaHar). BUIHBI 371eMEHTBI MUKPOCTPYKTYD
(dbubpuapHOro U GpUIAMEHTAPHOTO XapakTepa). Vcrob30BaH CTaHIAPTHBIN YU U IIepeiaua
110 KabeJTio uepe3 YHUBEPCATbHYIO CEPUIHYIO ITNHY (pa3paboTka MoANdUKAIIY 2016-2017 IT.)

Hamu 6b11H IpOAI0JKEHBI 3TH PabOTHI, B PE3YJIbTaTe YET0 MOSBUIIACH BO3MOKHOCTH BBHIBO/A
CUTHAJIA HE TOJIPKO 10 aHAJIOTOBBIM CIIEKTPO30HAJIBHBIM KaHAIaM (C MOCIIeyIoNmel orudpoBKO,
KOT7ZIa 3TO I1eJIeC000pa3HO), a HEMOCPE/ICTBEHHO 10 KabesIi0 YHUBEPCATIBHOU CEPUITHON IIMHBI 1A
M3HAYAJIPHO TOJIHOCTHIO MU(POBBIX U3MEPEHUI B PeaIbHOM BpEMEHU (HAIIPUMeED, PETYJISIPHOCTH
U KOPPEJIAIMOHHO-CIIEKTPAIbHOTO aHamu3a B mporpamme QAVIS [/IBO PAH] ¢ 3axBaToM JaHHBIX
psIMO U3 OKHA Budyayimzarnun). COBpeMeHHOe ITPorpaMMHOe ObecrieueHue M03BOJIMJIO BbIIaBaTh
STU JAaHHBIE HATIPSIMYIO B CETh, SKBUBAJIEHTHO BeO-KaMepaM, Ha IPUHITUIIE KOTOPhIX OCHOBAHA BCSA
JJaHHAs1 KOHCTPYKIHSA. DTO MO3BOJIMIIO TaKKe 0e3 mpuBJieueHns: KperToBbix cucreM tumna CAMAC,
PXT {etc.} mpoBOIUTH OHOBPEMEHHO U3MEPEHUS HA HECKOJIBKUX (0 HECKOJIBKUX JIECATKOB JTUOO
COTEH, aHAJIOTUYHO IPUHIIUIIAM TeJIEKOH(MEPEHIIUI/TeJIEMOCTa) TEPMUHAJIOB C HCIIOJIb30BaHUEM
MHO?KECTBA YHIIOB B KAYECTBE NCTOYHHUKOB JIAHHBIX (HE MeHee YHcsIa TEPMUHAIOB). DKBUBAJIEHTHO
Pa3BUTHIO TeJleMeJUIIMHbl U TeJleMeJIUIUHbl Ha 4YuWIle, BO3MOXXHO Da3BUTHE «TeJie-
IIOYBOBEJIEHUS » / «TeJIe-TIeZIOJIOTUN» U «TeJie-34ad0J0THN» € HCIIOJIb30BAaHUEM KapTHUPYIOIIUX
YHUIOB B KQUECTBAX MPSIMBIX I KOPPEIAINOHHO-KOMIIAPDATUBHBIX ICTOYHUKOB JaHHBIX. Ha puc. 22
JIEMOHCTpUPYeTCA TpUMepP H300paKeHUs MHKPOCKOMMYECKUX (COOTBETCTBYIOIIUX pa3MepaM
OakTepuil U MOYBEHHBIX CTPYKTYP) OOBEKTOB Ha YHIIe ITpU paboTe B KOPOTKOBOJTHOBOM /IHAIla30HE
(criekTpo3oHaNBHBIA B-kaHasm). MOXKHO BHUZIETh, UYTO KauecTBO m3oOpaxkeHusi ¢ APS ma CMOS B
0e3JIMH30BOM peKHUMe He ycTymaeT kadecTBY cpefHuX CCD mpolibix jIeT IPU MUKPOCKOITIMYECKOU
PErucCTpaIuy ¢ MOJTHBIM ONTUYECKUM TpPaKToM (Hampumep, Ha TeneMukpockonax LEITZ, ZEISS u
AMNOHCKMX KOMIIAHUM; II0 COCTOAHHI0O Ha 1980-1990-e¢ TIT.). B0O3MOKHOCTL HaOJIOJEHUS
OJIMHOYHBIX KJIETOUHBIX CTPYKTYP U aCCOI[UATOB KJIETOK II03BOJISIET TUOPUIU3UPOBATD 3Ty TEXHUKY
¢ nuToMeTpuel Ha yuie (IIog06HO TOMY, KaK JIa3epHYI0 CKAaHUPYIOIIYIO INTOMETPHUIO O0BEIUHSIOT
¢ MALDI-anamu3om oauHO4YHBIX KieTok (Rawlins et al.,, 2015); B cIy4ae aHaJIOTOBBIX
ylabopaTtopuii Ha YHWIIE B5TO JOCTUTAETCA IIyTeM KCIIOJIb30BaHUS COOCTBEHHON BHYTPEHHEH
CKAaHUPYIOIIEH pa3BEPTKU YCTPOWCTB TPAHCIAIMOHHOW aHAIUTHKK). Takum obGpasom,
OCYILIECTBUM IIEPEXOJT OT «TeJle-TIOYBOBEJIEHUsA, «TeJle-IIeJIOJIOTUN» U «Tesie-3/1adoIoTun» Ha
yune K «IIOYBEHHOM MHUKPOOHMOJIOTMM HA YHIIEe», <IPUPOJOBEAYECKOH MHUKPOOHUOJIOTHH
(3aBapauH, 2004) Ha uuIe». YYUTHIBAsA CBSA3UM MouBa-aTMocdepa u armocdepa-rugpocdepa B
MHUKpPOOHMOJIOTHYECKOM aclleKTe, W3BECTHYI0 HauuHasg ¢ omnbIToB IlacTrepa, B KOTOPBIX
KOHTAaMUHAIMA KUJIKUX cpesi mpoucxoawia us atmocdeps (I1actep, 1864), MOKHO pacuIupUTh U
YIJIyOUTH COOTBETCTBYIOIUN CITUCOK JUCIUTLINH («a3po6H0JIOTHs / a3p030JIbHast MUKPOOHUOJIOTHS
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Ha YuIie», «HAHHOILJIAHKTOHOJIOTUA HA YUIle» U T.J.), B CJIydae JIOCTaTOYHOM repMeTH3aluy YUIIa,
SKCIIOHUPYEMOTO B HATUBHBIX IIPHUPOJIHBIX YCJIOBUAX. HamMu ObLIN MPOBEEHBI HKCIIEPUMEHTHI T10
KOHTAMHWHAINH OTKPBITHIX IIOBEPXHOCTEN YUIIOB B YCJIOBUAX JIabopaTopHOI aTMocdepsl. B urore
MHOTOHEZIETbHOH 5KCIO3UIIUY OBLIO IIOKA3aHO YBeJINUeHNe MUKPOCKOIIMYECKUX apTeakToB THIIA
00beKTOB ¢ ppayHrodepoBoit gudpakmueii (B COOTBETCTBYIONIEM THUIIE IeTEKTUPOBAHNSA HA YUIIE B
J1a00PaTOPHBIX YCIIOBUAX), aIeKBAaTHO annpokcuMupyeMbix ®PT (pyHKIMAMYU pa3BePTKU TOYKH) B
ciaydae 6osee OJIU3KUX K KOKKaM IO reomeTpudyeckuM napamerpam u OPJI (byHKIun pa3BepTru
JINHUM) B cyiydae 6osiee GIM3KHUX K OaliyiaM 110 TeOMETPUYECKUM ITapamMeTpaM (aHaJIOTUYHO IS
PacCTUTEJIbHBIX KJIETOK: TADEHXUMHBIE U ITPO3eHXUMHBIE (POPMBI COOTBETCTBEHHO). MlHaUe roBops,
SKCIOHUPOBAHUE YCTPOUCTB MPUPOIOBEAIECKON MUKPOOHOJIIOTHH BO3MOKHO BO BCEX YCJIOBUAX, HA
KOTOPBIX JIEUCTBYIOT IPUHIMIIBI KOHTAMUHAIINY TPUPOJAOBETUECKON MUKPOOHUOIOTHH.

Puc. 23. ConocrapieHre OTKPBITOM TOMOJIOTUH (PPAKIHOHHOTO KOJUIEKTOPa
MALDI (MALDI Fraction Collector

a — CTaH/apTHAA TeCTOBAA TOIOJIOTUN MUKPOQJIIOUIHOTO YUIIA;

6 — TreoMeTpuueckas COBMECTUMOCTh JAHHBIX TEXHUK NPU 57a¢0JI0THUeCcKOU
SKCIOHUPYEMOCTH, MHOTO Jiyullied y iianapHoit MALDI-11acTUHKY, 4eM y 3aKPBITOTO YHUIIA;

B — TIpocTedInas TreoMeTpUs CeHCOpa He IO3UIIMOHHO-UYYBCTBUTEIBHOTO IIOYBEHHOTO
dorobuounmna.
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Cnemyer oOTMeTUTh, UTO HaumboJiee aJeKBaTHOH TI0 OTKPBITOMY IIaTTEPHHUHTY
MopdoJiorueli/reoMeTpruell MOBEPXHOCTH AKTUBHOTO ITMKCEJIBHOTO CEHCOpa SIBJISIETCS HMMEHHO
LDI-coBmecTuMasi reomMeTpusi (TOIOJIOTHS, €CJIM ale/UTMPOBAaTh K MHKPO3JIEKTPOHHOU
TEPMHUHOJIOTUH) Ha PUIBTPAX, KOTOpas mojobHa JeMoHCTpUpyeMoi Ha Puc. 23a. Bosiee 6;1u3kas K
kamwuispam  I[lepduibeBa ©W  mefgockomaM ¢ Pa3BUTOM  MOBEPXHOCTHIO  TeOMeETpHUsd
MHUKPOQIIONIHOTO YHIIA, OTIMYAIOIIAsACA OT MEPBOM TeM, YTO KaHAaBKU / OOPO3AKU 3aKPBITHI,
CYIIIeCTBEHHO MeHee TIIOJXOJUT JJIsd aHajm3a KakK [0 NPUYUHAM  ITOHM)KEHHOU
KOHTAMUHUPYEMOCTH B €IVUHUIy BpPEMEHU U PENpPe3eHTAaTUBHOCTA IO CTATUCTUYECKUM
XapakTEPUCTUKAM CYEeTa, TAK W [0 IPUUYNHE HEJOCTYITHOCTH J1 MOHU3auu moj mydkoM MALDI
MPU 3aKPHITOM BHYTPHU FEPMETHU3UPYEMOTO YHUIIA COCTOSHUM SKCIIOHUPYIOIIEHCS B €CTeCTBEHHOU
cpene npober (Puc. 236). IllnupeH-pekoHCTpyKIus (IICEBIO-TpeXMepHas, aJIrOPUTM
BUByasIu3aIuu «bapebed») MpocTellnell TeOMeTPUH ceHcopa He MO3UIIHOHHO-UYBCTBUTEIHHOTO
MMOYBEeHHOTO oTOOMOUMIIAa IpuBeAeHa Ha Puc. 23B. Kpome TOro, ecTb psi/i YUCTO ONTHYECKUX
3¢ PeKTOB, MPENATCTBYIOIINX 3TOMY, OTHAKO HX PAaCCMOTpPeHue TpeOyeT OTAEeJIbHOTO MaTepHuaa,
He SBJIAACH B TeHEPAILHOU YaCTH MPEAMETOM HACTOSAIIEN CTaThU.

4. 3axjaoueHue

Takum o6pa3om, pazpabaTbIBaeTcsl KOMIUIEKC TEXHOJIOTUH ITOYBEHHO-MHUKPOOHUOTIOTHIECKUX
U arpOXUMHUYECKUX MOHUTOPUHTOBBIX UCCIEOBAaHUI HA AKTUBHOM YHIIE, BKIIOYAIOIINHN B ce0s:

1. AKTUBHBIN YHWII, COBMENAOIINN B cebe MPUHIUIHUAIbHBIE OCOOEHHOCTU: MOYBEHHBIX
KaMep U IUTaCTUHOK obpactranusa Poccu-Xomomgaoro, MALDI-MuliieH!, CYETHBIX KJIETOYHBIX KaMep
C KOOPJMHATHBIMU CeTKaMU, MUKPOQIIOUAHBIX (PPaKIMOHHBIX KOJUIeKTOpoB /i MALDI MS,
IrPaHYJIOMETPUYECKUX OKYJIIPHBIX T€0JIOTUYECKUX CYETIMKOB, MPUOOPOB /I KAMJUIIPHOU
mukpockonuu IlepdunbeBa-I'abe (HO y:ke Ha MUKPOQJIIIOWAHBIX NPUHIHUIAX), OE3JIMH30BOTO
KOHTaKTHOTO MUKPOCKOIIA Ha yure 1o O3kaHy;

2. «TPOMHYI0O  MyJIbTUIIApAMETPUYECKYI0  WJeHTUDUKaALUIo», Oa3upyollylocai  Ha
COBMEIIIEHHOM aHaJu3e: MOPOOMETPUUECKUX U CIIEKTPOKOJIOPUMETPUIECKUX (BH3YTHN3UPYEMBIX
B dopMe ICeBAOCHEKTPAa HAa NaIUTpe) WK (QIYOPUMETPUUECKUX JAHHBIX OE€3JIMH30BON
MHKPOCKOIIHY, Macc-criekTpoB MALDI-6moTtaiinuura (0co60 MHTEPECHO aHATTU3UPYEMBIX B CJIydae
FT-ICR u cMeXHBIX TeXHUK, B KOTOPbIX ¢opMy OOpabOTKM MCXOJHBIX JIAHHBIX 33J1aeT
II0JTb30BATEJb — BIUIOTH /IO KENCTPAJIbHBIX U HOUCJIETHBIX 00pabOTOK), CUTHAJIA C 3JIEKTPOJIHBIX
CeTOK; TakuM o00pa3oM, IIOJIyJaeTcsl IyJl €CTECTBEHHBIX JECKPUIITOPDOB — HECYPPOTATHBIX
MeZIOJIOTHYECKUX (DUBUKO-XUMHYECKUX KJIIOUeH, (UKCUPYEeMBbIX €CTeCTBEHHBIM IIyTéM (He
CUMTBHIBAHHUE IITPUX-KOZAA C HAEHTU(PUKATOPAMH) U UMEIIINX CAMOCTOSATEIbHYIO IEHHOCTD IS
«data mining»-a kak «big data»;

3. KOMIIApaTHUBHBIA aHAJIN3 JIAHHBIX B paMkax ajroputMuku SOGDA" («Toraa u TOJIBKO
TOT/Ia, KOT/[a BCE CUTHAJIBI B KOMILIEKCE MIPU CJIMYEHHUH ¢ 0a301 OMOPHBIX “(UHTEPIIPUHTOB” JAIOT
HUJIEHTUYHO BBICOKYIO BEPOSITHOCTb OTHECEHMHS MCCIIEAYyeMOro o0pasna K JaHHOMY THUITY TOYB WJIN
HEKOTOpOMY MHKPOOHOMY €OO0OIIecTBy JiMOO KOHKDETHOM CHCTEMAaTUYEeCKON HUIlle, YHUII
UJIeHTUDUIUPYeTCcs KaK HOCUTENIb COOTBETCTBYIOILIETO JAaHHOMY OIIpe/ieJIeHHI0 o0paslia; Ipu
IIOJTHOM OTCYTCTBUU WJIEHTU(DHUKAIUU IO Ma’KOPUTAPHOMY JECKPUIITOPY WJIM KOMILJIEKCY €ero
IIEpEMEHHBIX — peIIeHHe O KIacCU(UKAIMK MPUHATO HA OCHOBEe 0Aa30BBIX JAHHBIX OBITH He
MOXKET»);

4. YCTAaHOBKM KOHTPOJA ¥  KaJUOpOBKM 4HIa, B T.4. IOJSAPU3AIUOHHO-
MHUKpodoTOMeTpHUUecKass yCTAaHOBKA PEKOHCTPYKIMH mpodmied spkoctu {«3D Luminance

* TepMUH 3aMMCTBOBaH U3 3JeMeHTapHON Tomosoruu (muT.): <<HoBoe ¢0BO B Maremaruke: coz2da. B
MAaTeMaTHYeCKOM PEeYHM YacTO BCTPEUYaeTCs CJIOKHBIN COI03 «mozda U moavko moeda, kozda» (mpyrue
BapUAaHTBI: «B TOM U TOJIBKO B TOM CJIydae, €CJIU», «JJIsI TOTO YTOOHI ... HEOOXOAMMO U JOCTATOYHO, YTOOBI» ).
Hu B 0IHOM €CTeCTBEHHOM HALMOHAJIBHOM A3bIKE HET KOPOTKOTO COI03a C TEM K€ CMBICJIOM. B muchbMeHHbIi
AHTVIMHACKUI MaTEMATHUKU BBEJIU COI03 «Iff>», M OH MOJIyYHI IIKPOKOE pacipocTpanenue. Ml IipezjaraeM Ha
Ty K€ pPOJIb CJIOBO «COTZa», KOTOPOE 3BYYHUT IIO-PYCCKM W HMEET JOCTAaTOYHO fACHYI0 3TUMOJIOTHIO0. Ero
BTOPOH CJIOT 20d ABJISETCS aKTUBHBIM CJIaBIHCKMM KODHEM, YKasbIBaIOIIMM Ha BpeMa. OH BXOAMT B CJIOBa
moada, ecezda, ko20a, uHoz0a, Hukozda, Hexo20a. IlepBBIA CJIOT CO - ABJISAETCA HE MEHee aKTUBHOM
[IPUCTaBKOM, KOTOpasA CJAYKHUT JJisi o0pasoBaHHUs CJIOB, O3HadasA OOIllee ydacThe, COBMECTHOCTh W T. II.,
HaIIpUMeEp, CO-BPEMEHHUK, CO-aBT Op, CO-TJIache, CO-paTHUK. BMecTe mosydaercss OGIHOCTh BPEMEHH, UTO
COOTBETCTBYET JAJTUHHOU OpMe «TOT/a ¥ TOJIBKO TOT/a, Korja» >> (Bupo u ap., 2012).
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Surface»} ¢ mapa/ieIbHBIM OTOOpa’keHWEM  Pe3YJIbTaTOB  BEKTOPOCKOIHM, YCTaHOBKA
MMAHOPAaMHOTO  IIO[icYyeTa YacTHI[ C  ocOuwuio-poTorpaduyeckoll  perucTpamuedl  mOpu
BUZIEOMHKPOCKOIIMH Ha OCHOBE MHKPOCKOIIA JIIOMHHECIIEHTHOTO JIOPOKHOTO (MOAEPHUBHUPYEMOTO
B ONITHYECKOH YaCTH), CTEH/T IOBEPKU U KAJTUOPOBKU UHIIOB C IIPUMEHEHHEM CTPOOOCKOIIMUECKOTO
ocruiorpada-pedsiekTomMmeTpa ¢ IMCKPETHOCTHIO /10 HAHOCEKYHIHOTO JUaNa30Ha;

5. CHCTEMY TeJEMETPUH AaKTUBHBIX UYWIIOB C PaJgHOYACTOTHON UAeHTHUPUKAIMEH U
pecuBepoM C TOYHOH TOJCTPOUKONW (B paHHUX BEPCHUAX — PYYHOH C HCIIOJIb30BaHUEM
aroMeTpHYECKUX WIH MOTEHIIMOMETPUUECKHX OPTaHOB IOACTPOMKI; B COBPEMEHHBIX — C TPIKUHT-
TeHEPATOPOM Ha CKAJAPHOM WM, YTO JIydllle ¢ IO3UIUKA (a30BOTO aHa/JIN3a, BEKTOPHOH
TEXHOJIOTUH cOopa M 00pabOTKM JAHHBIX); B IIPUHIIKUIIE, BO3MOXXHO HCIIOJIb30BaTh JAHHBIE
TesieMeTpupyeMoro (B pealbHOM BpeMEHH) CHUTHaja Iocie onudpoBKu 0e3 cKaThsA Kak
WCTOYHUKN KWHETUUYECKHUX JECKPHUIITOPOB IIPOIIECCOB Ha HHTepdeiice «UUIM-TIoUBa» (HCIIOJIb3YA
aJITOPUTMBbI 00pPabOTKU pajoCcUTrHasa, OJu3Kue K ucmosb3oBaBmmuMcesa Hamu 1isi FT-ICR mipu
MALDI-MS Ha 4dure);

6. FRAP- win FLIP- anann3 MEKPOQMJIOPHI IIOCIe BHIEMKH YHIIa, COBMeIéHHBIN ¢ MALDI
win uHbIMU LDI (COOTBETCTBEHHO, HE MATPUYHO-OIIOCPEIOBAaHHBIMH, He MA — «matrix assisted»)
IIPH HCIIOJIb30BAaHUHU JIA3€POB C IE€peCTPanBaeMOU JJIMHON BOJIHBI HJIM HECKOJIBKHX JIA3€pOB B
€UHOM TpaKTe, IIPUTOAHBIX I obecreueHus (JIyopeclieHIMH U BBDKUTAHUS KpacUTeJIeH mpu
FRAP (Fluorescence Recovery After Photobleaching) wmu ke FLIP (Fluorescence Loss In
Photobleaching);

7. HUHTErpanuio AUOAHBIX JiazepoB win DPSS mis Photobleaching-a memocpenctBeHHO B
KOPITyC YMIIa IIPU 3aKJaJiKe B IOYBY JJIA IPOBeJieHUs peryyisipHoro FRAP-moHuTOpHMHTA in Situ
(wm in vivo — A1 TIOYBEHHBIX MUKPOOPTAHU3MOB); K COXKAJIEHHIO, TEXHUKH aHAJIOTHYHOTO JINOO0
COBMECTHUMOTO ¢ HUM BHyTpunouseHHoro MALDI, B npuHnuIe, He CyIIECTBYET, 4 SJHEPTHUA B IIyUKe
y THUTAaeMbIX JIOCTYIIHBIMH JJIs TIOYBEHHOM B3aKJIAJIKKM YCTPOMCTB 3aBEAOMO HIKE, YeM ¥
UOHU3UPYIONIIUX Jia3epoB B TexHukax MALDI u unpix LDI.

[TepcrieKTUBHBI U IIPEACTABJISIOT OCOOBI HHTEpeC CJIeAYIONUe HalpaBJIeHHsA, KOTOpbIE
Mo ObI OBITH Pa3BUTHI B paMKaxX JIAHHBIX HCCJIEJIOBAHUN (YAaCTMYHO O HUX PeYb IMOUJIET B
CTAThsIX JAHHOTO I[UKJIA):

L UMIUIEMEHTAIUA TEXHUKU MUKPOQJIIOUIHBIX KANWUIAPHBIX IMMOYBEHHBIX ILIAHAPHBIX
YHUIIOB B QJIbTEPHATUBHONM BEPCHU C COXPAaHEHHEM KaMWUIIPHBIX / MHUKPOQIIOUIHBIX
XapaKTEePUCTUK — B Bapuanusax IlepdenpeBa-T'abe (kanmuuisspHble METOABI aHAIN3a U YUCJIEHHOTO
KOHTpPOJIA TMOYBeHHON Mukpodsops;; MALDI-negockombl ¥ T.J.); TaKKe BO3MOXHO UX
coBMmenieHne ¢ SPIM-Mukpockonueld B KaNWUISAPHBIX YCTPOMCTBAxX IMPH YCJIOBUM JIJIMTEIBHOU
MIpeBapUTEIPHON MMOYBEHHOUM 5KCIO3UITUH, a JjasepHas SPIM-MHUKPOCKONUS MOKET SABJISTHCS
ocHOBON kKak misi FRAP, tak u gims tpéxmepHoro (3D) MALDI-ums/KuHra, 4YTO SIBJISETCS
IIPEJIMETOM OT/IEJTbHOU HaIlel paboThI;

II. COBMeIl[eHHe KallWUISIPHBIX METO/OB ITOYBEHHOW MUKDPOOHWOJIOTHU C KaWUISAPHBIMU
METOZ[aMH MacC-CIIEKTPOMETPUHU (B XpoMaTorpauYecKrX MUKPO- M HAaHO- KOJIOHKAX Ha YUIIE; B
kamwuisipax ESI W JIMHEHKW 5JIeKTpOCHped-MOHHM3AllMM B TPHUHIUIIE; cOOp MJaHHBIX C
MUKPOKANWUIAPOB Macc-maT4y-KjaaMIa; u T.1.);

I1I1. UMIUIEMEHTAIMSA METO/0B BUCSAUYEHN KaIJIM HAa MIOKPOBHOM CTEKJIE B YCJIOBUAX MOYBHI U
JIOHTUTIOTHOTO JKCIEPUMEHTa C IIEPEXOJIOM dYepe3 TOYKY pOChl M KOHJEHCAIluel Ha 4YuIle
€CTECTBEHHOU BJIaTH C IICUXPOMETPUYECKOM (C KOHTPOJIEM TI0 BCTPOEHHOMY B UHII HA IIOBEPXHOCTU
ITOJIMMEPHBIM KOHIEHCATOPOM — B TOM UHCJIE);

Iv. HCIIOJIb30BaHUE TUOKOUW TMOJIMMEPHOU «TKAaHHOW» MHUKPOQJIIIOUIUKH C YPE3BBIYANHO
Pa3BUTOH MMOBEPXHOCTHIO M KOMIIAPTMEHTATN30BAaHHOU MEPKOJIAIIMOHHOM IIacTUKOU (pa3paboTka
Halllel TPYIIIbI) OJJTHOBPEMEHHO B KauecTBe MaTepuasa uuia, MaTpurbl MALDI u ajfire3auBHOTO
cnos (B psizie coydaeB — ¢ QYHKITMEH MUTATEIbHOM CPebl) HA YUIIE OJHOBPEMEHHO;

V. HCIIOJIb30BaHHE UHBIX — Oosiee 9(P(HEKTUBHBIX METO/OB JIIOMHUHECIIEHIINH, OTJIMYHBIX OT
JIa3epHO-UHAYIIMPOBAHHOU (iryopecrieHInu, (GOTOTIOMUHECIIEHITUH; O Pa3TPOMa OIHChIBa€MbIX
paboT B HaIIEH TpyIIe HCCIeI0BaIach BO3MOXKHOCTh UMIUIEMEHTAMN (QYHKINH, aHAJIOTUYHBIX
LDI-FRAP C HCIIOJIb30BAHHUEM: XEMWJIIOMUHECIIEHITUN 100 OHMOJIIOMUHECIIEHIINH,
COHOJIIOMUHECIIEHIINY, PAJUOJIOMUHECIIEHITUHN, 3JIEKTPO- WM KaToJlo- JIIOMHUHECIEHIINY,
KaHIOJTIOMITHECIIEH I u TCJI (TepMoCTUMYJTPOBAHHOM JIIOMHUHECIEHIINN ),
3JIEKTPOXEMIITIOMUHECIIEHITNY, TaMMa-IMOJTIOMUHECIIEHITUH TIPU COOTBETCTBYIOIEM OOJIyYeHUH,
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KPUCTAJIJIOJIIOMUHECIIEHITUY, THe30JIOMUHECIIEHIIMN ¥ MeXaHOJIIOMUHEeCIEHIIUN  (BKJIIOYas
HeOe3bIHTEPECHYIO, C TOUKU 3peHUs (PUKCAIUU B CIEKTPO30HAIBHOM PEXHMeE, MEXaHOXPOMHYIO
JIIOMHUHECIIEHITHIO), OTIMYAIIIYIOCS OT TPUOOIIOMHUHECIHEHIIUN (KOTOpas TakyKe MOKeT OBITh
HCII0JIb30BaHA ISl 3TOTO, HO TOJIBKO B PsAJie criellndUIecKUX MeTO/I0B MEXaHOXUMUH).

Kpurepuem s3¢pdekTUBHOCTH IIpe/IaraeMoro noixoa ABAATCA GaKThl €0 COBMECTUMOCTH
¢ mpupogHou cpemoii u LDI-koHdurypamuen skciepuMmenTta. bosiee moapo6Ho FRAP Ha uure u
FLIP Ha yure OyayT MpeJICTAaBJIEHBI B IIUKJIE MTOCJIEYIOMIUX cTaTel (TOCBAIEHHBIX (PUXIIECKOMY
(pUHreprIpUHUHTY MOYBEHHON MUKPOMIIOPHI / MUKPOOHOTHI, a TaKKe — MOHHUTOPUHTY arpOXUMUU
IIOYBHI HA YUIIE), IOCKOJIBKY O0BEM JAHHBIX 110 3aABJIEHHOMY HAIIPABJIEHUIO BEChMA BEJIUK, YTO HE
MI03BOJISAET MIPEJCTAaBUTh €r0 B PAMKaX €IMHOTO COOOIIeHus, coiepkalero oubiuorpadpuyeckue,
TEXHUKO-METO/IUYECKUE U AJITOPUTMHUYECKHE JETATTU JAHHBIX ITOJXO0/I0B.

5. bararogapHocTu

ABTOpHI BhIpakaioT OsiarogapHocth kosuieram u3 TEOXHM PAH, Ha paHHuX sTanax (70 2011
T.) JIaBIINX BO3MOKHOCTh HHHUIIMATUBHOTO MpoBeAeHus maHHbeix DIY-pabot Ha 6aze OMCHU / BUII
TFEOXU PAH. ABTOpPHBI BhIpaKaloT Oy1arofiapHOCTh sKkcrepram POOU, moaiepkaBIiuM 3Ty paboTy
B 2015-2016 IT., 61arogaps 4eMy Mbl KM€ BO3MOKHOCTD IIPOJOJIKUTH 3TH pabOTHI B TIOCJIETHIIE
rogpl. Pabora moazep:kaHa rpanToMm PO®U 16-32-00914. ABTOPHI NPHU3HATEIbHBI PEJAKIIUU
BGT*, xoTopasi B OTBET Ha Hallle IPeJBapUTEILHOE KPaTKOoe coobIeHue oT 28.08.2016 ogobpuiia
MIPe/ICTaBJICHHYIO TEMY M IPeAJIoKIIa HaM omyoankoBaTh B BGT* ki crateir 0 MALDI-FLIP u
MALDI-FRAP-TeXHO/JIOTHUAX HA YUIIE.
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obpacranusa Poccu-Xosnognoro, MALDI-mMuIieHy, CYETHBIX KJIETOUHBIX KaMep ¢ KOOPAMHATHBIMU
CeTKaMu, MUKPO(IIIOUIHBIX (PPAKIIMOHHBIX KOJUIEKTOPOB /i MALDI MS, rpa"ysioMeTpruyecKux
OKYJIAPHBIX T€0JIOTHIECKUX CUETIYNKOB, IPUOOPOB I KAMIJUIAPHON MuKpockonuu [Tepduinena-
l'abe (Ha MUKPOGIIIOUIHBIX IPUHIUIIAX), O€3JTMH30BOT0 KOHTAKTHOTO MHKDPOCKOIIA HAa YHUIIE IO
O3kaHy. Bo-BTOpBIX, BBOAHUTCS «TPOHHAsA MyJIbTHIIapaMeTpUYecKass HAeHTU(DUKALIHA»,
OCHOBAHHAsI HA COBMEIEHHOM aHajau3e: MOP(POMETPUYECKHX H CIIEKTPOKOJOPUMETPUUYECKUX
(Busyasim3upyeMsbIx B hOpMe ICEBIOCIEKTPA HA MATUTPeE) / CrIeKTPO(IyOPUMETPUIECKUX JIAHHBIX
0e3JIMH30BOM  MHUKpOCKONHHU, Macc-cieKTpoB  MALDI-6uotaiinuara (0c060  HMHTEpPECHO
aHam3upyeMbix B ciaydae FT-ICR u cMeXXHBIX TEXHHUK, B KOTOPBIX (popMy 00pabOTKH MCXOIHBIX
JIAaHHBIX 33/1a€T M0JIb30BaTEb — BIUIOTH JI0 KEICTPAILHBIX M HOMCIETHBIX 00pab0TOK), CUTHAJIA C
DJIEKTPOJIHBIX CETOK; B pe3yJIbTaTe Yero IOJIydaeTcsl IIyJI €CTECTBEHHBIX JECKPUITOPOB —
HeCyppOTaTHBIX Ie/I0JIOTUYECKUX (UBUKO-XUMHUYECKUX KJII0Uel, (UKCUPYyeMBIX eCTeCTBEHHBIM
myTéM (a He CYUTHIBAHHEM IITPUX-KO/A C UJIeHTU(PUKATOPAMH), 1 UMEIOIIUX CAMOCTOATEIbHYIO
1eHHOoCTh i1 «data mining»-a kak «big data». B TpeTbux, BBOAWTCS KOMIIaPaTUBHBIN aHAJIN3
JIAaHHBIX B paMKax aropuTMuku SOGDA («Torza ¥ TOJIBKO TOT/Ia, KOT/Ia Bce CUTHAJIBI B KOMILIEKCE
IpU CJIMYeHuu ¢ 6a30il OMOpPHBIX “DUHTEPIPUHTOB” AT UAEHTHYHO BBICOKYIO BEpPOSTHOCTH
OTHECEHUs HCCIeyeMoro oOpasma K JaHHOMY THIIy IIOYB WJIM HEKOTOPOMY MHKPOOHOMY
coo01ecTBy MO0 KOHKPETHON CHCTEMATHUYECKOW HUIIE, YU HUAEeHTUDHUIIUPYeTCs KaK HOCUTEh
COOTBETCTBYIOIIIETO TAHHOMY OIIpe/IeJIEHHI0 00pasia; MpH MOJHOM OTCYTCTBHU HAEHTU(PUKAIIIU
10 Ma)XOPUTAPHOMY /JIECKPUIITOPY WJIM KOMIUJIEKCY €ro TI€EPpEMEHHBIX — peIIeHHe O
KJIaccu(UKaAIMHU MPUHATO HA OCHOBE 0Aa30BbIX JIAHHBIX OBITh HE MOXKET»). B-ueTBepTHIX, CO3/TaHbI
YCTAaHOBKH KOHTPOJISI U KQJIMOPOBKY YHUIIA: MOJIIPU3AIMOHHO-MUKPO(GOTOMETPHYECKAs YCTAHOBKA
pPeKOHCTpYKIHH mmpoduieit spkoctu {«3D Luminance Surface»} ¢ mapaieapbHbIM 0TOOpasKeHIEM
pe3yJIbTaTOB BEKTOPOCKOIINH, YCTAHOBKA /I CYETA YACTHI] C OCHIJUIOrpadpuuecKor perucrpanyuen
IIpU BUJIEOMUKPOCKOIIMY Ha OCHOBE MUKPOCKOIIA JJIOMUHeceHTHOTO MJI/]-2 (MOozepHU3UPYEMOTO
B ONTHYECKOH YaCTH), CTEH/I TOBEPKH U KAJIMOPOBKU YUIIOB C PUMEHEHUEM CTPOOOCKOITNYECKOTO
ocumnorpada-pedekToMeTpa ¢ AUCKPETHOCTBIO 10 HAHOCEKYH/JHOTO JauamnasoHa. Ilaroe, mis
YIIPOIIEHUS U YIydllIeHUsI SPTOHOMUYHOCTHY cOOpa JaHHBIX BBOJAUM TeJIEMETPUIO AKTHBHBIX UHIIOB
C PaZANOYACTOTHON HieHTU(UKAIUeNd U PeCHBEPOM C TOUHOU IOJCTPONKOU (B pAaHHUX BEPCHUAX —
PYYHOU C UCIIOJIb30BAHUEM aroMeTPpUUeCKUX WU MOTEHIIMOMETPUYEeCKUX OPTaHOB IIO/ICTPOUKHY; B
COBPEMEHHBIX — C TPAKUHT-TEeHEPATOPOM Ha CKJIIPHOU WM, YTO KOPeKTHee ¢ MOo3uluil (pa3oBoro
aHaJIN3a, BEKTOPHOU TEXHOJIOTUH cOOpa M 00pabOTKU TaHHBIX); BO3MOYKHO HCITOJIb30BaTh JJAHHbBIE
TeJIEMETPUPYEMOTO (B »KECTKOM peaJlbHOM BpPeMEHU) CHUTHAJIA T0cjie ONUPPOBKH O6e3 C:KaThs Kak
HMCTOYHUKU KUHETHYECKUX JIECKPUIITOPOB MPOIIECCOB HA MHTepdeicax «YUI-TIouBa» (UCIOIb3YSA
aJITOPUTMBI 00pabOTKU paJinOCUTHANIA, OJIU3KHE K HcIoJb3oBaBmmMcsa Hamu it FT-ICR mpu
MALDI-MS nHa uwnmne). Illecroe, aenaercss Bo3MokHbBIM FRAP- mimn FLIP- aHann3 MUKPOQIIOPHI
Iocjie BbleMKHU yuma, copmemenHbiii ¢ MALDI win uabiMu LDI (cooTBEeTCTBEHHO, HE MaTPUYHO-
omocpeZloBaHHBIMU, He MA — «matrix assisted») mpu ucnoIb30BaHUM JIa3€POB C ITepecTpanBaeMOU
JUTMHOY BOJIHBI WJIU HECKOJIBKUX JIA3€POB B €MHOM TPaKTe Jisl obecriedeHus (GuIyopecieHIun U
BoiKuraHus kpacuresneil npu FRAP (Fluorescence Recovery After Photobleaching) wau sxe FLIP
(Fluorescence Loss In Photobleaching). Cembpmoe, kak HamboJiee KelaTeIbHbIA U ONITUMAaJIbHBIH,
XOTs U JIOPOTOCTOSIIIUI YaCTHBIUA CIydall MpeZIIecTBYIONIero MyHKTa, IIPO3BOAUTCA UHTETpalus
nuonubIx stazepoB/DPSS s Photobleaching-a HemocpescTBeHHO B KOPIIyC YHIa MPU 3aKJIa/IKE B
MOYBY /ISl IpoBesieHusd peryiasapHoro FRAP-monuTopuHra in situ (Wi in vivo — A1 TOYBEHHBIX
MHKPOOPTaHU3MOB).

KaoueBbie cioBa: FRAP (Fluorescence Recovery After Photobleaching), FLIP
(Fluorescence Loss in Photobleaching), MALDI (Matrix-Assisted Laser Desorption/Ionization),
“BIOTYPER”, CLSM (Confocal Laser Scanning Microscopy), LoC (Lab-on-a-Chip).
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Abstract

Content and composition of ice inclusions are the important characteristics of the
redistribution of substance in river ecosystems, which allows taking into account transport of the
inclusions matter during the spring ice drift. The data on the composition of the ice cores from the
Middle Amur (Khabarovsk water node) after the extreme flooding in 2013 and its terrigenous,
chemogenic (formed through chemical processes) and biogenic (diatoms) components are
presented in this paper. The importance of the work lies in the fact that the impact on the river
ecosystems of catastrophic floods, such as the 2013 flood on the Amur River, due to their
uniqueness, has been extremely poorly studied. The analysis showed that the content of
terrigenous material and its variation in ice thickness does not exceed the average multi-annual
values. The particle-size distribution of the terrigenous material (on their volume and the number)
corresponds to that of the river suspended matter, warps (silt deposits on the flood plain) and
bottom sediments in the studied river area. Composition of diagnosed chemical inclusions
(neoformations of calcite CaCO; and pyrite FeS.), their number and size depends on the chemical
composition of water during the freeze-up and redox conditions in the layer. Flooding had the main
impact on biogenic inclusions (diatoms). The change of the leading species (from single population
Aulacoseira islandica to Stephanodiscus hantzschii Coscinodiscophyceae class, Stephanodiscaceae
family, genus Stephanodiscus) was fixed. This is one of the main indicators of structural and
functional violations orderliness hydrobionts. The change in the composition of the leading species
associated with the arrival of eutrophying substances and pollutants from the Sungari River (the
largest tributary of Amur River) as a result of outcome flooding agricultural lands and residential
territories.

Keywords: ice, ice inclusions, Amur River, floods, Russia.

1. Introduction

Amur River refers to the Far East type of rivers, which are characterized by a predominance
of full-blown rainfall runoff (60-80 % of the annual runoff water) over snow and soil nutrition,
because of the peculiarities of the climate (Resources, 1966). Climate is formed under the strong
influence of oceanic factors. In the second half of the summer and early autumn, warm and moist
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tropical masses penetrate deep enough into the continent, resulting in abundant (up to
catastrophic) rainfall and, as a consequence, to flooding. Floods on the Amur have great
repeatability — once in 5 years on the Upper Amur, every 3 years on the Middle Amur, and 1.5 years
on the Lower Amur (Boikova, 1963). A large catchment area (1.86 million km2), locality of
precipitation and their large intensity are the reasons for the existence of several hypocenters of
flood formation on the Amur. There are four basic hypocenter: Upper Amur, Zeya-Bureya, Sungari
and Ussuri parts of the Amur River basin, each of them can cause catastrophic floods. Especially
powerful floods are formed if they arise in two or three hypocenters and combined in the Amur
River channel.

Flood in 2013 became an extraordinary one: high rain floods consistently formed in the
whole Amur River basin (Danilov-Danilyan, 2014; Dugina, 2013). Flood, formed on the Upper
Amur was not extreme. However, its peak was supplemented by the floods with other parts of the
basin: from the Zeya, Bureya, Sungari, and the Ussuri rivers. In this period, there has been a
unique coincidence of flood peaks passing. Below the confluence of the Sungari River the
maximum levels exceeded historical highs in the 0.40—2.11 m. Duration of inundation of the
floodplain was two to three months and the height of the layer of water on the floodplain reaches
was 2—4 m. In the area of the Khabarovsk water node (Khabarovsk) the maximum level of floods
and floodplain inundation depth totaled 8.08 m (excess over historically maximum of 1897 — 1.66
m), floodplain inundation level reached 5.08 m. Maximum flow of water in the Amur River (16 km
above Khabarovsk) totaled 33400 ms3/s, the total flow of all tributaries (Khabarovsk, below the
railway bridge) was 46100 ms. High intensity and duration of flooding resulted in significant
removal of soluble substances. Thus, runoff of major ions in the flood reached 19.6 million t/d,
nitrate nitrogen — 64.5 thousand t/d (Shesterkin, 2010, 2016). Discharge of suspended load was
accompanied by their accumulation in unloading zones (floodplain). In the first accumulation zone
after the Sungari River the thickness of warps 2013 exceeded to the order the long-term average
values (Shaldybin et al., 2016).

Such significant changes in hydrological and hydrochemical regimes could not affect the
composition of the Amur River ice, work on the study of which began relatively recently (Ivanov et
al., 1987; Shesterkin, 1990; Makhinov, 2013, 2017). It was found that the ice cover is characterized
by a significant amount of terrigenous material. The main sources of terrigenous material are wind
shift, capture soil on the shoals during the fall ice surfacing bottom ice, avalanches block when ice
erosion of clayey floodplain, rockfalls from the steep slopes on the ice surface in the mountainous
part of the valley and lift of anchor ice. Ice can also contain chemical (formed through chemical
processes) and biogenic (mainly diatoms) components (Lebedev et al., 1981; Nemirovskaya, 2015;
Nikulina, 2014; Strakhov et al., 1954; Yuryev & Lebedev, 1988).

The aim of this study is to define the composition of the ice in the Middle Amur after the
extreme flooding in 2013, its terrigenous, chemical and biogenic components. The importance of
the work lies in the fact that the impact on the river ecosystem of catastrophic floods such as
flooding of 2013 in the Amur River due to their unique studied sorely lacking.

2. Materials and methods

Study area

The work was carried out on the flat part of the basin of the Middle Amur. In this area of the
Amur River the formation of ice cover begins in early November when the temperature
substantially decreases and flow speed significant increases. Freeze-up on the Amur River in 2013
near Khabarovsk started in 1 December, which is 7 days later than average multi-annual values.
Autumn freeze-up is frozen masses of floating frazil ice, sludge and floes. At the last stage of freeze-
up formation in the river hummocks are formed, whose number and height (up to 1.5 m) on
mainstream are the maximum. Near the shores the ice surface is usually smooth (Makhinov, 2013,
2017). According to the thickness and stratigraphy the ice in the main channel is divided into the
following types: strong, moderate, weak, flat hummocky and flat ice (naled ice in this work is not
considered). About half of the ice surface falls on moderately hummocky ice, which area is located
on both sides of the zone of strongly hummocky ice (mainstream). At a fraction of the latter
account for about 15 %. By the end of winter ice thickness reaches 1.1—1.3 m and in severe winters —
1.6—1.8 m. Ice thickness has a complex structure. The upper part of matt in color is usually solid ice
formed during the formation of ice cover and cemented by frazil ice. The lower part of the ice
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thickness is presented with glassy transparent ice. Its formation is associated with freezing of new
layers of ice at its bottom after freeze-up, mainly in the middle and late winter.

Methods of study

The material for the study was ice samples from a well drilled in a zone of moderately
hummocky ice — 3 km, Middle Amur, 350 m from the edge of the right bank (48°36.308
N135°02.397 E), depth 4 m, ice thickness 1.33 m (Fig. 1). Sampling was conducted in March, 2014
(when the minimum water level and a maximum thickness of ice). While sampling, a mechanical
drill with the 18 cm diameter was used. In core the following layers were identified by color,
transparency, ice inclusions: 0—40 cm — transparent mat ice; 40—43 cm — dirty ice; 43—52 cm —
transparent mat ice; 52—70 cm — transparent frosted ice with occasional scattered by inclusions;
70—117 cm — transparent frosted ice with occasional scattered particles, layers and lenses of dirty
ice; 117—133 cm — glassy ice with dirty layers.

RUSSIA KHABAROVSK o

48°30"

48°15' 0 10 kam

| I
134°15' 135°00°

Rt e [2 |- |3 4 |= s |

Fig. 1. A. Sketch map of sampling site. B. Schematic ice coring. 1 — state border, 2 — place coring,
3 — transparent matte ice, 4 — dirty ice, 5 — ice with occasional scattered by inclusions, 6 — layers
and lenses dirty ice, 7 — glassy ice. For other explanations see text.

Core was sawed into layers, than each layer of ice melted in the laboratory and after filtering
of suspended matter amount of water was measured. Filter with sediment was dried until constant
weight to determine the mass of the substances included in the ice. Analysis of the particle size
distribution was conducted on a particle size Analyzer SALD-2300 (SHIMADZU, Japan).
Additionally samples were studied on scanning electron microscope VEGA 3 LMH (TESCAN,
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Czech Republic) in Khabarovsk innovative analytical Centre (ITG FEB RAS). Energy dispersive
spectrometer X-max 80 (Oxford Instruments, United Kingdom) was used for the elemental
composition analysis of suspended matter. To identify the diatoms the main keys, systematic works
and selected publications were used (Diatoms, 1992; Genkal et al., 2002; Medvedeva et al., 2001;
Medvedeva, Sirotsky, 2002; Medvedeva, Nikulina, 2014). Modern nomenclature changes were
clarified by AlgaeBase (Guiry, Guiry, 2017). Ecological and geographical characteristics of species
were done according to the literature (Barinova, 1996, 2006; Van Dam et al., 1994; Krammer,
Lange—Bertalot, 1991). Analytical work was carried out by hydrochemical research methods
(Guide, 1977).

3. Results and discussion

Particle-size distribution data

Before characterizing the ice inclusions, we introduced data on particle-size distribution,
which is a source of important information about the origin of sediments (alluvial and eolian), their
transport history and sedimentation conditions (Buurman et al., 2001; Van Genuchten et al., 1999;
Eshel et al., 2004; Pachepsky, Rawls, 2004; Rawle, 2017; Segal et al., 2009; Wolform, 2011).
According to analysis, variation of suspended particles on the selected layers in core is almost three
orders of magnitude (2.26 g/L in the 40—43 cm and 0.003 g/L in the 117-133 cm with an average
content of 0.71 g/L). But the particle distribution (distribution by volume) in core was closed
(Fig. 2). In all layers, peaks of fractions of medium and coarse dust (5-10 and 10-50 um), fine and
medium sand (50—250 and 250—500 um) are predominantly detected in the upper part of the core.
The exception is the layer of 43—52 cm: its differential curve is characterized by a single peak of
high intensity with a maximum of about 500 pum, which indicates a high sorting of particles.
The reasons for the latter will be discussed below.

c
20 4 ﬂ

a

20 A 20 4

10

0.1 10 mkm 1000 0,1 10 mkm 1000 0.1 10 mkm 1000

-—— -
P =)
L

0.1 10 mkm 1000 0,1 10 mkm 1000 0.1 10 mkm 1000




Biogeosystem Technique, 2017, 4(2)

Fig. 2. Differential particle-size distribution in the ice samples: distribution on volume (1) and the
number of particles of a certain size, a — layer 0—40 cm, b — layer 40—43 cm, c — layer 43—52 cm,
d — layer 52—70 cm, e — layer 70—117 cm, f — layer 117—-133 cm. For other explanations see text.
However, layers are drastically different by intensity peaks and, accordingly, the
contributions of the individual fractions that related to the predominance of those or other
processes in different phases of ice formation. So the particles of medium-sized sand (Fig. 2a, b)
dominated at the top of the core (layers 0—40 and 40—43 cm), that corresponds to the formation of
layer during freeze-up. Anchor ice participates in the formation of the next layer (43—52 cm), as
evidenced by the proximity of differential ice particle distribution curves of inclusions (Fig. 2¢) and
bottom sediment in this river area (Shaldybin et al., 2016). The inclusions lower layers (layers of
core 52—70 and 70-117 cm) are the thinnest in size. Formation irregularly shaped loam
accumulations in these layers associated with winter dumping of water from the reservoirs of large
hydropower plants in the Sungari, Zeya and Bureya rivers network, which leads to an increase in
water velocity and turbidity (Makhinov, Kim 2013, Makhinov et al., 2017). Differential curves
(Fig. 2d, e) and dimension prevailing particles ice inclusions coincide with those of the suspended
load and warps in this river area. In the layer of glassy ice at extremely low content inclusions their
distribution is close (Fig. 2f), as evidenced by the differential distribution curves and calculations
on the number of particles of a certain size.

SEM analysis

Analysis of size, morphology and composition of inclusions with electron microscopy
methods (Fig. 3) confirms data on particle-size distribution and shows that the upper part of the
core is presented mainly as grains of primary minerals — quartz and feldspar (Fig. 3a—c).

v
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Fig. 3. Micrographs of particles in the ice samples: a — layer 0—40 cm, b — layer 40—43 cm, ¢ —
layer 43—52, cm, d — layer 52—70 cm, e — layer 70—117 cm, f — layer 117—133 cm (SEM, BSE-
detector).

Also accessory minerals (the content of which <1%) of epidote-hornblende association
(zircon ZrSiO, and ilmenite FeTiO;) were diagnosed by energy dispersive analysis in these layers
(Fig. 4a, b). Silty and clayey particles dominated in the lower layers of the core (Fig. 3d—f). Clay
minerals are presented mainly as microaggregates, in which participated iron hydroxides (Fig. 4¢).

Fig. 4. Micrographs of zircon (a) and ilmenite (b) grains, clayey microaggregate (c), neoformations
of calcite (d, layer 43—52 cm) and pyrite in clayey microaggregates (e, f, arrows, layer 70—117 cm)
(SEM, BSE-detector)
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Of the chemogenic inclusions, calcite CaCO; and pyrite FeS, were diagnosed (Fig. 4d—f).
Calcite neoformations were found in a layer 43—52 cm in different forms 100—200 um in size.
Pyrite was discovered below in layers 52—-70 and 70-117 cm in the composition of the clayey
microaggregates as framboids, consisting of individual octahedral microcrystals. Framboid size
does not exceed 2 um in the layer of 52—70 cm their size reaches 10—15 pm in next layer 70—117 cm.
The formation of pyrite testifies to the reducing conditions in the lower layers of the core and the
development of sulfate-reducing bacteria in them (Barton, Hamilton, 2009; Berger et al., 1996).

Biogenic ice inclusions — diatom algae — were found throughout the ice (Fig. 5, 6).

Fig. 5. Centric diatoms of genera Stephanodiscus in the ice core: a-c — S. hantzchii Grunow,
d — diatom aggregations (layer 40—43 cm) and e, f — clayey microaggregates with participation
of diatoms (SEM, BSE-detector)
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Fig. 6. Centric diatoms of genera Aulacoseira (a—b) and Pennate species (c—f) in the ice core:

a — A. islandica (O. Miiller) Simonsen, b — germinating spore of A. islandica, ¢ — Navicula sp.,
d — Asterionella formosa sp., e — Meridion circulare sp. (arrow), f — Gomphonema sp. (arrow)
(SEM, BSE-detector)

Predominantly identified diatoms are planktonic species. The diagnosed species prefer mildly
alkaline water, as well as the availability of easy oxidable organic substances (Barinova et al.,
2006). Species Stephanodiscus hantzschii Grunov (class Coscinodiscophyceae, family
Stephanodiscaceae, genus Stephanodiscus) stands out look among planktonic species on frequency
of occurrence and ecology. S. hantzschii are single cells, their threads (Fig. 5a—c) and aggregations
include some pennate species (Fig. 6¢—f). The largest number of them was fixed in a layer with a
maximum content of suspended particles (40—43 cm), where they form microaggregates, sizes up
to 250 um (Fig. 5d). In the lower layers of the core, where suspended substance presented mainly
clayey particles they form with them microaggregates up 50 to 200—250 um in size (Fig. 5e, f).
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These diatoms use a special strategy for communication with other particles: communication by
spines and bonding allocated mucopolysaccharides. With using of both bond mechanisms diatoms
became centers of microaggragation and crystallization during freeze-up (Badaut, Risach, 1983;
Bowler et al., 2008; Daly, 1994; Fragoulis et al., 2004; Gardes et al., 2011; Gorsky et al., 1999;
Hamm, 2002; Lacelle et al., 2009; Neu, 2000; Shein et al., 2016; Schnell, 1975; Zimmermann-—
Timm, 2002). Whereby diatoms (live and dead cells) are the substrate for the generation unites of
the number and size of the aggregates in aquatic systems.

Such a mass development of this species in krioperiphytone was not previously noted
(Yuryev, 1988). Species Melosira islandica (Aulacoseira islandica) was registered as "an absolute
dominant» which gave up to 96% of the biomass (Usolceva et al., 2006). The population of
Aulacoseira islandica was developed in the lower layer of ice cover and on its bottom surface.
Although in individual winter periods centric diatoms from genus Stephanodiscus and Cyclotella
participated in the phytoplankton with up to 44% of biomass. In the ice samples after the flood of
2013 Aulacoseira islandica occurs sporadically (Fig. 6a, b).

Change of the leading species is one of the basic indicators of the disturbance of the
structural and functional ordering of the hydrobionts. Diatoms like all hydrobionts in
watercourses, are organized in such a way as to maximize the utilization of nutrients and energy in
certain river areas, on the other hand, adapt to the changes in the river continuum (Bogatov, 2013;
Vannote et al., 1980). Floods cause changes not only the hydrological regime of watercourses, but
the physico-chemical properties of water. Influence of repeated floods for reofilic systems fairly
well researched, formulated the concept of pulsating floods (Junk et al., 1989). However, the
impact of catastrophic floods, such as flooding in 2013 on the Amur River, in connection with them
infrequently, is unclear. So while it is difficult to call the real cause of mass development of
Stephanodiscus hantzschii in krioperiphytone. The change in the composition of the leading
species may be due to re-colonization from refugiums and with the arrival of eutrophying
substances and pollutants from a variety of sources. All the environmental characteristics of
Stephanodiscus hantzschii (galofil, alkalibiont, alfamezo-polisaprob, inhabitant of eutrophic and
hyper-eutrophic waters) allow for consideration of this species as bioindikator of polluted waters.

Analysis of mineralization, content of major ions and nutrients (phosphorus, nitrogen, iron)
showed that during the freeze-up period, the sink of nitrate nitrogen was the highest for the entire
observation period (Shesterkina, Shesterkin, 2001; Shesterkin, 2010, 2016), the content of Cu and
Zn significantly exceeded the MPC. The concentration of nitrates in the sub-ice water in December
2013 was more than 500 mkg N/L, and concentrations of Cu and Zn were extremely high for the
Amur River up to 20—30 and 70—90 mkg/L respectively (Fig. 7).

According to de Jonge et al. (2010), Cu and Zn after Si and Fe (Brzezinski et al., 1997; Kroger
et al., 2001; Poulsen et al., 2003; Poulsen & Kroger, 2004; Scheffel et al., 2011) are the necessary
elements for the development of the diatoms. Pollution of the Amur River is primarily associated
with pollutants from its main tributary — the Songhua River. Increased mineralization of the water
and the higher concentration of chlorides, sulfates and compounds of nutrients (nitrogen,
phosphorus, iron) and trace elements (Cu and Zn) stimulate the development of Stephanodiscus
hantzschii and confirm his bioindication properties. The mass development of this species and
other members of the genus Stephanodiscus revealed in other rivers (Irtysh, Ob, Volga, Danube
etc.) after antropogenic pollution (Sokolsky, Evseeva, 2011). The data obtained also show high
concentrations during freeze-up the bicarbonate ion HCO5; (up to 60-80 mg/L, November—
December), that explains formation in ice cover chemical inclusions of calcite.
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Khabarovsk water node, 2013

4. Conclusion

The paper presents data on the composition of the ice in the Middle Amur (Khabarovsk water
node) after the extreme flooding of 2013, its terrigenous, chemicical and biogenic components.
The main sources of terrigenous material are wind shift, capture soil on the shoals during the fall
ice surfacing bottom ice, avalanches block when ice erosion of clayey floodplain, rockfalls from the
steep slopes on the ice surface in the mountainous part of the valley and lift of anchor ice.
Chemogenic inclusions are formed due to chemical processes in the ice thickness, biogenic
inclusions — due to the development of diatoms.

The analysis showed that the content of terrigenous material and its change in ice thicker
does not exceed the average multi-annual values. In general, the distribution of particles in ice
thicker on their volume and number (except for layers, formation of anchor ice) is close and
corresponds to the composition of the warps (silt deposits on the flood plain) and river suspended
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matter in the studied river area. In layers, formatted by anchor ice, size of inclusions corresponds
to that of the bottom sediments.

Composition of diagnosed chemogenic inclusions (neoformations of calcite CaCO; and pyrite
FeS.), their number and size depend on the chemical composition of water during the freeze-up and
redox conditions in the layer. Calcite CaCO; neoformations noted at the bottom of the ice thickness,
formed at the end of the freeze-up. Formation of pyrite FeS. is associated with freezing new layers of ice
at its bottom after freeze-up in reducing conditions, mainly in the middle and late winter.

The main impact of flooding had on biogenic inclusions (diatoms), they are found throughout
ice thicker. Species Melosira islandica (Aulacoseira islandica) was previously registered as "an
absolute dominant» before flood of 2013, after that meets in ice samples sporadically. The change
of the leading species (from single population Aulacoseira islandica to Stephanodiscus hantzschii,
Coscinodiscophyceae class, Stephanodiscaceae family, genus Stephanodiscus) was fixed. By
frequency of occurrence in the entire ice thickness, species Stephanodiscus hantzschii stands out.
This is one of the main indicators of structural and functional violations orderliness of hydrobionts.
The mass development of this species and other members of the genus Stephanodiscus were
revealed in other rivers (Irtysh, Ob, Volga, Danube, etc.) after antropogenic pollution. The change
in the composition of the leading species associated with the arrival of eutrophying substances and
pollutants from the Sungari River (the largest tributary of the Amur River) as a result of outcome of
flooding of agricultural lands and residential territories.
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CocraB kepHOB Jbga CpegHero Amypa nocjie Karacrpogpuueckoro
HaBOJHEHUA 2013 roga

lanuna BnagumuposHa XaputoHoBa 2-* , Bragumup Unsnu Kuwm 2,
AnresnmHa CrenmanoBHa CrenuHa P, Biragumup [1aBinosuu [llectepkuH 2,
Haranbsa Cepreesna Konosasosa ¢

a Muactutyt Bomabix 1 Jkomoruyeckux [Ipobiem, JlaapHeBocTouHOE oTAeneHne PAH, XabapoBck,
Poccuiickas ®enepariust

b Wucrutyr Ouosmorum, Komu Hayunbiii llentp Ypasnbckoro otnenenns PAH, CvIKThIBKAp,
Poccuiickas ®emeparus

¢ Mucrutyt Tektonuku u I'eodpusuxu uMm. FO.A. Kocekirmna, [laspHeBocTouHOe oTaeneHue PAH,
XabapoBck, Poccuiickas ®eepanus

AnHoTtamusa. CozeprkaHHe U COCTaB JIEJIOBBIX BKJIIOYEHUH — BajKHAs XapaKTEPHCTHKA
repepacIipe/ieJIeHHs BEIeCTBa B PEUHBIX 9KOCUCTEMAaX, KOTOPas IMO3BOJISAET YYUTHIBATh TPAHCIIOPT
B3BEIIEHHOTO MaTepHajia BO BpeMs BeCeHHero JieZioxozia. B pabore mpeacTaBeHbl JaHHBIE IO
cocraBy Jibzia CpegHero Amypa (Xa6apoBCKuli BOJIHBIN y3€JI) MOCJIe SKCTPEMaIbHOTO HABOHEHUS
2013 T., €r0 TEePPUTEHHBIX, XEMOTeHHBIX (0Opa3yeMbIX 3a CYeT XHMHYECKUX IIPOIIECCOB) H
OMOTeHHBIX (IMaTOMOBBIE BOJIOPOC/IN) COCTABJISIONMINX. BaskHOCTh pabOTHI 3aKJIIOUAETCSA B TOM, UTO
BJINSTHUE HA PEUYHbIE HSKOCHUCTEMBI KaTacTPOPUUECKHUX HABOJHEHUH, TAKUX KaK MaBOJIOK 2013 T. HA
p. AMyp, B CBAI3H C UX YHUKJIBHOCTHIO M3YUYEHO KpalHe HEeAOCTATOYHO. AHAIN3 IOKA3aJI, UTO
cojZieprKaHue TEPPUTEHHOTO MaTepuasa U €ro BapbHPOBAHHE B JIEIOBOU TOJIIIE HE IPEBHINIAET
CPEIHEMHOTOJIETHUX 3HAUYeHWH. XapaKTep pacupesieieHHUs YacTHI[ B JIEJIOBOH TOJIIE IO HX
00beMy M YHCJIYy COOTBETCTBYET TAKOBOMY JIJISI PEYHBIX B3BeCEH, HAWJIKOB U JIOHHBIX OTJIOKEHUU
paccMaTpuBaeMoro ydactka pekdn. CocTaB JIMarHOCTUPOBAHHBIX XEMOTEHHBIX BKJIIOUEHUH
(HoBooOpazoBanus kanbiiura CaCO; u nuputa FeS,) U UX NMpOsiBJIeHHE B TOM WJIH HHOM CJIO€
3aBUCUT OT XHWMHUYECKOTO COCTaBa BOJIBI B IIEPUOJ JIEJJOCTaBAa U OT OKHCJIHTEIHHO-
BOCCTaHOBUTEJIBHBIX YCJIOBHH B cyioe. HaubGosiblllee BJIMSHHE IABOJOK OKa3aJl Ha OHOTEHHbBIE
BKJIIOUEHUs (IMaTOMOBBIE BOZIOpOC/n). bplia 3aduKcHpoBaHa CMeHA BeyIIUX BUIOB — OJIUH W3
OCHOBHBIX  TIOKa3zaTeJied  HapylleHHs  CTPYKTYPHO-(PYHKIIMOHAJIBHOH  YIOPSAOUYEHHOCTH
ruApoOUOHTOB. lI3MeHeHUe cocTaBa BeaymuxX BUOB (ogHOBHAOBOU momyssnuu Aulacoseira
islandica wa  Stephanodiscus  hantzschii, &nacc  Coscinodiscophyceae, cemelcTBO
Stephanodiscaceae, popn Stephanodiscus) cBsi3aHO C MOCTYIJIEHHEM 3BTPO(HUPYIOIINX BEIIECTB U
MIOJUTIOTAHTOB W3 CaMOTO KpyHmHOTO mpuToka Amypa p. CyHrapu B pe3yJibTaTe 3aTOIIEHHS
CEJTbCKOXO3STUCTBEHHBIX 3€MEJIb U CEJTUTEOHBIX TEPPUTOPHUH.

KiroueBble ciioBa: Jief, Jie/IOBble BKJIIOUEHUsI TEPPUTEHHbIE, XEMOT€HHbIe U OHOTEHHBIE,
peka Amyp, karacrpodudeckue naBojaku, Poccus.

* KoppeclmoHAUPYIOLIHUE aBTOP
Anpeca ayekTpoHHOH mouTsl: gkharitonova@mail.ru (I'.B. Xapuronoga)
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Peculiarities of Soils on the Sand Bar of the Evpatoria Group of Lakes
Fedor N. Lisetskii 2-*
a Belgorod State National Research University, Russian Federation

Abstract

Ecosystems on the accumulative forms of relief occupy only 9 % of the total length of the
coastal line of the Crimean Peninsula and they have become particularly vulnerable in the coastal
areas, which are highly in demand for recreational purposes. The study had a goal — to study the
morphological structure and physicochemical properties of uneven-aged soils, which are formed on
the accumulative forms of the coasts of the North-Western Crimea. Estimation of the time of
stabilization of undisturbed sections of transplantations under the conditions of continuous
formation of soil-vegetation cover was made according to the average values of the thickness of the
humus horizon of soils. Due to the low productivity of vegetation, which can be fixed on sands, the
average rates of formation of the humus horizon of soils of the Crimean floods are low and vary
from 0.54 to 1.55 mm/year, depending on the duration of pedogenesis. The study of the soil and
plant covers on seven a narrow sand bar of the Evpatoria group of lakes showed a low
morphological maturity of the formed soils (with age that is rarely more than a century) and its
difference from the more differentiated functional maturity, which is due to the different content of
carbonates. A relationship was established between the thickness of the humus horizon of the soils
and the functional maturity (13 macro- and microelements accumulated as a result of pedogenesis)
for soils with a calcium oxide content of not more than 18 %. The list of the most informative
geochemical coefficients that generalize all scenarios of soil formation during renaturation of sands
on the accumulative forms of the Black Sea coast was proposed. It is shown that the differences
between the morphological and functional maturity of soils on sands are due to the inclusion of soil
masses from the preceding stages of pedogenesis into modern profiles in conditions of high
dynamism of pedolitogenesis, primarily due to active eolian processes in the coastal zone.

Keywords: Evpatoria Lakes, soils of sand bar, age different soils, soil geochemistry.

1. BBegenue

AKTyaJIbHOCTD HCCJIEIOBAHUS 00YCIIOBJIEHA BHICOKOH BOCTPEOOBAaHHOCTHIO B PEKPEAIMOHHBIX
1eJIsAX TPUMOpCKuX JaHamadToB KpbpiMa mpu OOJBIION AWHAMUYHOCTH IPOTEKAIOIINX 3/1eCh
MPUPOAHBIX TIPOIIECCOB M HEBBICOKUM IMOTEHIUAJIOM IIOYBEHHO-PACTUTEJIFHOTO IIOKPOBa B
3aKpeIUIeHHH TIeCKOB Ha TEPECHINAX. JTO OIpeesseT HeOOXOAUMOCTbh H3YYEHUS PEIKO TI7ie
COXpaHUBIIMXCA (MU3-32 PEKPEANMOHHBIX HATPy30K) YYacCTKOB IIE€PECHIENd C YCTOUUYHBHIM
dopMupoBaHHEM ITOUB Ha AKKYMYJIATUBHBIX (pOpMax MOPCKUX OEperos.

B CeBepnom IIpuuepHOMOpbE JJI1 KOHTAaKTHON B30HBI cylia-Mope (Ocu IapareHesuca)
XapakTepHO (OpMHUpOBaHMUE JIMMAaHHO-MOPCKOTO CEKTOPA, BKJIIOUAIOIIETO IEPeChIllb U OTMEJHN
(kak B CTOpPOHY JIMMaHa, Tak U Mops) (JIuMaHHO-yCTheBblE KOMILIEKCHL..., 1988). dopMmupoBanue
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JINMAHOB OBLIO CBSI3aHO C 3aTOIUIEHHMEM HHU30BUU JIOJIMH (paHee mepeyryyOJIeHHBIX) BOJAMH
HOBOSBKCHHCKOH H  TOJIOIEHOBOM  (3Tambl  Oyra3cKWH, BHUTI3€BCKUH, KaJaMHUTCKUH,
JUKEMETHHCKUU, MUsI) TPAHCTPECCHHA. A cO BpeMeHeM JIMMAaHbI OTAETUIUCHh OT MOPS IIEPECHITISMHU.
B oOmel mpoTs:keHHOCTH OeperoBoi JIMHUHM KpBIMCKOTO IOJIyocTpoBa 1333 KM Ha JIOJIIO
aKKyMYJIATUBHOTO IUISI?KEBOTO THIIA IPUXOAUTCA 124,5 KM, B TOM 4ucjiae B 3anmagHoM Kpeimy —
68 kM, yTO cocTaBiisieT 19,1 % Bcel UIMHBI OeperoB B 3Toi yactu Kpeima (MrHatoB u zp., 2015).
PazHooOpa3me  KpPBIMCKUX  II€pechlllell  CIocoOCTBYeT  pa3paboTke WX  TeHEeTHYeCKOU
KJ1accuUuKauy, TaK KaK 3/1eCh MOKHO HAOJII0/IaTh BCE CTAUM TeHe3Kca, HAUMHAA OT IIO/IBO/THBIX
BaJIOB, 0apOB, KOC U Y3KUX, HU3KUX U IJIOCKHUX ITEPECHITIEN, Yepe3 KOTOPHIE ellle BpeMsI OT BpEMEHU
IepPeKaThIBAIOTCS MOPCKHWE BOJIHBI, KOHYAas IIMUPOKUMH, BBICOKUMH, IUIOTHBIMHU, YIKe
OKOHYaTeJIbHO chOPMUPOBABIIUMUCH TlepechinaAmMU (/I3eHc-JIuToBckuii, 1938).

Ha rro-Boctok u Ha mwro-zamajz; or EBmatopum, B mpezenax AJBMUHCKOH BeTBH
[IpruuepHOMOpPCKOH TEKTOHWYECKOW BIAJWHBI, Oepera CJIOXKEHBI PBHIXJIBIMH IIOpPOJaMH, a
NpuOpeKHbIE MPOCTPAHCTBA MOHUKEHBI, YTO BO MHOTOM OIpPeAej a0 ¢GOPMUPOBAHUE JIATYH U
smmanoB (OpJioBa, 2010). B CeBepo-3anagnom KpsiMy mpumeuartenbHa EBnaropuiickas rpymima
o3ep (JTMMaHOB), KOTOpas HACUMUTHIBAET 14 Y3KHX MOPCKHX 3aJIUBOB WJIH YCTheBBIX 30H OAaJIOK.
[IpubpesxkHble 03€pa, B OTAEIbHBIX CJIydasx Ha3blBaeMble JIMMAaHaAMH, IO OOJIbIIEH YacTH
OTHOCATCS K JIaTyHaM, TaK KaK UX KOTJIOBUHBI COPMHUPOBAHBI 32 CUET U3MEHEHHUS YPOBHA MOPS B
rosioriene (Cordova, 2016). Ilpu BeIpaBHMBAaHWU OeperoB JIaryHbl OTWIEHSJIUCh OT MOPA
aKKyMYJIATUBHBIMU (pOpMaMU — KOCAMH U II€PECHITISIMU.

JIHo EBmaTopuicKMX 03ep TMOKPHITO TOJIIEH JIOHHBIX OTJIOXKeHHH (1o 12 M),
MPe/ICTaBJIEHHBIX B BEPXHEM CJIO€ YEPHBIMHU HJINCTBIMHU OTJIOKeHUsAMU. KoHIleHTpamus cosieid B
BOJIe 03€p JIOCTHUTAET JIETOM 100—200 %o (IToHM30BCKUH, 1965). [Toce aHaIM3a UMEIOIUXCS Ha
HACTOSIIIMUA MOMEHT JaHHBIX, cuutaeTcsa (CmekanoBa, KyraiicoB, 2017), uto ozepa /loHy3sas,
Oiibypckoe, butok-MoiiHakckoe, Kuzpui-fIp 6bUir cOPMHUPOBAHBI YK€ B aHTUUHYIO 3II0XYy. JTH
03epa, JaBHO 000CO0JIEeHHBIE OT MOPS, U3-3a BRICOKOM MHHEPAIN3AIIUH BOJIbI JIUTUTEIHHOE BPEMSI
TIPEJICTaBJISLIIA COO0H OOBEKTHI COJISTHBIX IIPOMBICJIOB.

Ananusupysa ocobeHHocTh MOPGOJOTUM W JWHAMHKH Oepera ot M. JIyKy/ul 10 M.
EBnaropuiickuii, B.I1. 3eHkoBHuY (1958) oTMedaeT, UTO OTMepIHe KInbl Mexkay ozepaMu CachIk,
Cakckoe u Kuspui-fIp cBUJIETEILCTBYIOT O TOM, UTO CO BPEMEHEM IO Mepe HAKOIJIEHUsS HAaHOCOB
IULSKU CTAHOBWJIMCH BCE IITMPE, MEPECHINb cTajla eJUHON U Oeper BBIABUHYJICS HA 2 KM B MOpE.
Ha giMHHBIX U OTHOCHUTEJBHO Y3KUX IepechiliaxX (OeperoBbIx 0Oapax), CI0KEHHBIX IeCUYaHo-
rpaBUUHBIMU (C BKJIIOUEHHEM PAaKyIH) OTJIOKEHUSIMH, BbIZIesA0T (BbhixoBaHer, 2003)
cJIeyIole TPU OCHOBHBIX 3jieMeHTa JiaHamadgTa («30HbI»): JUMaHHas (CO CTOPOHBI JIMMAaHa,
JIaTyHBI, 3aJIUBA U JP.); S0JI0Bast; MOpcKas (IUIS3K M MOPUCTHIN CKJIOH aBaH/IOHBI).

ITepecrinu o3ep EBmaropuiickoil IpyIbl, KaK aKKyMyJATHUBHBIE (OpMBI pesnbeda, Tak U
chopMUpOBaHHbIE HAa HHUX ITOYBBI, IPEACTABJIAIT COOOH Tejla pa3dHOro Bo3pacTa. KosebaHus
ypoBHsI UepHOTO MOpsI U3-3a €r0 OTPAHUYEHHOU CBsA3U ¢ MUPOBBHIM OKEAHOM YETKO BBIPAKEHBI
JlasKke B TOM CJIy4yae, €CJIi UMEIT HeOOJIBIIYI0 aMIUIUTYAY, U OHH OKa3bIBaJU CYIIECTBEHHOE
BJINSIHHE HAa Pa3BUTHE 4YeJIOBeuecKoro obiecTBa B mpHOpexHbIX 30Hax (fAxko-Xombax u Jp.,
2011). B HOBOM cBo/ie aHTUUHBIX TaMATHUKOB CeBepo-3amanHoro Kpsima (Cmekanosa, Kyraticos,
2017) MOKHO HAaWTH CBHJIETEJIbCTBA KaK CYyIIeCTBOBAHUsS HEKOTOPHIX COBPEMEHHBIX IEepPeChIIe,
TaK M UX OTCYTCTBUS B aHTUYHOE BpeMsA. Tak, BO BpeMs IOSIBJIEHUS JPEBHUX T'PEKOB Y MbICA
TapxaHKyT Bo BTOpo#l mosioBuHe IV B. 710 H. 3. o3epo JIumaH (panee — Caproireén) (y ¢. OyieHEBKA)
IIpEeJICTaBJIsI0 co00 rmybokuit 3amuB (CmekanoBa, Kyraiico, 2017: 313), a aHTUYHBIA Masik HbIHE
pacnosiaraercss Ha riyouHe okosio 3 M (CMmekanoBa, KyraiicoB, 2017: 319) U, TakuM o0Opasom,
COBpeMeHHasl MePECHIb JUITMHOW 2 KM U ITUPUHOU 130 M chopMHUpOBaiach, KAK MUHUMYM IIOCJIE
270 T. 710 H. 3. [IpuMephI ipyroro pojia: Ha mepecbinu CakCKOTO 03epa PaCIIOJIOKEHO CBATUIIHIIIE,
KOTOpOE KaK CTaIlMOHAPHBIN MTaMATHHUK JaTHPOBAHO KOHIIOM I B. /10 H. 5. WJIM BTOPOU YETBEPTHIO
I B. H. 5. (CmekasoBa, KyraiicoB, 2017, C. 417), a y KOPHS IEPECHITH 03. J[>KapblIrad PacIiioIoKeHO
aHTUYHOE nocesieHue MexBoaHoe (Appuirau) (325—270 rT. 710 H. 3.) (CmekaynioBa, Kyraticos, 2017:
277). Jlnsa Cakckoro o3epa KpOBJIs MOPCKHX OTJIOKEHUH UMeeT AaTy 5610—5340 KaJeHIapHbIX JIET
Hazaz (CyberTo u Ap., 2007). 3HAUUT, K TOMY BPEMEHHU y»Ke Hauasaa 00pa30BbIBATHCSA IIEPECHIIIb, a
nosiHoe 060cobsieHne CakCKOro O3epa IIPOU3O0IILI0O OKOJIO 5200 JieT Hazaj. Ilosxe (4700 jer
Hazan) copMupoBasachk nepecsinb o3epa Jxapouirau (CybeTTo u zip., 2007).
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Eciu coBpeMeHHass KOHTaKTHas 30HA CylIa-MOpe B CE30HHOM U IOTOAWMYHON JMHAMUKe
XapakTepusyeTcss BBICOKOM JUHAMHUYHOCTBIO IIPOIECCOB, TO OeperoBble TIeOCHCTEMBI Ha
MPOTSAKEHUU TOJIOLIEHOBOM HCTOPUM NpeTepresy KauyeCTBEHHO Pas3jIMuHble STallbl 5BOJIIOIUU C
y4eTOM CHHXPOHHOCTH-ACHHXPOHHOCTH YPOBHEBOTO peXHMa UYepHOMOpPCKoro OacceliHa,
KJIMMaTUYeCKUX U3MeHEeHUM, CeMCMHUYHOCTH U T.II. AHAJIN3 BapBOXPOHOJIOTMYECKOTO psAfia IIo
CakckoMy o03epy IIOKAa3ajJ, YTO B IMpPOIleCCe WJIOHAKOIUIEHUS MOTYT OBITh BBbIJEJEHBI AT
CcaMOOBITHBIX MAJIEONEPHUOOB: 2230—1700 IT. 0 H. 3., 1700—300 IT. [0 H. 3., 300 T. JI0 H. 3. —
600T. H. 5., 600—1600 IT. H. 3., 1600—1900 IT. H. 3., KOTOPbIE MOJYUYUJIU TUAPOJIOTUUECKYIO U
naseoreorpaduyeckyto wunteprperanuu (Lisetskii, Pichura, 2016, Lisetskii et al., 2016a).
UccnenoBanus nobepexbsa Kepuenckoro mosyocrposa (Ilopotos, 3uHBKO, 2017) MOKa3aJId, 4TO B
XOZle TIOCJIeZJHEH TpaHCTPeCCUBHON (a3bl, OXBATHIBAIOIIENH NOCJETHHE 1,5 THIC. JIET, IObEM
YPOBHS MOpsSI COCTaBWJI OKOJIO 3,5—4 M, a coBpeMeHHas Kawmplm-BypyHckasa koca oOpazoBaHa
HauboJsiee MOJIOZIOH reHeparyell 6eperoBbIX BaIOB.

Panee (BrixoBanel, 2003) 0TMEYAJIOCh, UYTO OJHUM U3 BXKHEUIINX OTJINYUN «JIaHAmadTa»
Ha aKKyMyJIATUBHBIX ¢dopMmax OeperoBoil 30HBI KOHTHHEHTAJIBHBIX JIAHAIMAMTHBIX CHCTEM
ABJIAETCA OTCYTCTBHE «3epKasa JlaHAmadTa» — IMOYBBl. W TOJIBKO € yBeJIMYEHHEM IIUPUHBI U
BBICOTHl Y/JIMHEHHBIX II€CUYAHBIX (OPM MOTYT CO3JABaThCSA YCJIOBHSA, OJIATONPHUATHBIE IS
MO0YBOOOpa30BaHUS.

Ilesnp wuccienoBaHUA COCTOSIJIA B U3YYEHUM CBOMCTB II0YB, (OpMUpPYEMBIX Ha
aKKyMyJIATUBHBIX (opmax mopckux OeperoB CeBepo-3amagHoro KpbeiMa, B 3aBHCHUMOCTH OT
BO3pacTa IoYBoOOpa30BaAHUS.

2. O0BEKTBI 1 METOABI

U3 14 o3ep EBnaTopuiickoi rpymnIibl UCCIeA0BaHbI Iepeckinu ceMmu o3ep (Puc. 1). Komrieke
MOJIEBBIX HCC/IEIOBAHUM BKJIIOYQI IIOYBEHHO-T€HETHUYeCKHe HCCJIeJIOBAaHUA U OIUCAHUE
PACTUTEIBHOTO TMOKpOBa (OIleHKa OOIIero MpPOEKTUBHOTO IOKPBITHSA, BHIOBOTO Pa3zHOOOpasus
pacTeHHWyl, BKJIIOYAas OIpeJleJIEHHe YyJacTUs 3JIaKOB Kak Haubosiee IIEHHBIX BHIOB IS
3aKpeIUIeHNs EeCKOB U 3 GEKTHBHOTO TOYBOOOPA30BAHHUS).

ERNATOPHA

Puc. 1. O0BbeKTHI UCCIE0BAHMUS — ITIOYBBI HA MEPECHITIAX EBMaTOPUICKOM IPYIITBI 03ep (HoMepa
00'BEKTOB COOTBETCTBYIOT UX OIMHCAHUIO B Tab1. 1)

Oxpacka CyxOH IOYBBI yCcTaHOBJIEHa 1o amiacy nBeroB Mancesuta (Munsell Soil Color
Charts). Yriiepost opraHim4eckoro BerecTBa 1 pH BOAHBIN OIpe/iesieHbl CTaHAAPTHBIMU METOIaMU,
noABkHBIE dopMbl ¢ochopa u kKammsa — 1no meroay MaunmrnHa (IOCT 26205-91).
KoH1eHTpaIuio MaKkpo— U MUKpoasieMeHTOB B ouBax (TiO,, V, Cr, MnO, Fe(o6m1.), Co, Ni, Cu, Zn,
Sr, Pb, CaO, AlLOs, SiO,, P.O;, K.O, MgO, Rb, Ba, Zr, Na, As) onpeze/isyii Ha PEHTTEHOBCKOM
cuekrpoMerpe “CrnexkrtpockaH Makc—GV” B MOPOMIKOBBIX Npo0ax IO MeTOANKE H3MepeHUU
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MAacCOBOM JIOJIM XUMMYECKUX B3jieMeHTOB. IIo 5TUM JaHHBIM pacCUYUTAaHBl BeJIUYUHBI
TeOXUMHYECKUX COOTHOIIEHUN U K03 (UINEHTOB, U3 KOTOPBhIX OBUIM OTOOpaHBI (II0 BEJIUUYHHE
ko3 duimenTa Bapuanuu) Haubosiee mHpopmartuBHble. Koaddunuent smoBunpoBanus (Ko)
paccuuTtaH 1o ¢opmyse, coOCTaB OKCUIOB I KOTOpOH mpencTtaBiieH B pabote (Liu et al., 2009).
Onenka kayecTBa IIOYB IO COZEPKAHUI0O B HUX HEOOXOAMMBIX JUI PpacTEHUU MaKpo—,
MHKPO3JIEMEHTOB U IOJIE3HBIX 5JIEMEHTOB BBINOJIHEHA T10 MIPEJI0KEeHHOMY IepeuHio (BuTtoonkui,
2011) ¢ TOMOIIBIO (GOPMYJIBI CPEHETO TEOMETPUUECKOTO:
SQ, = (B, B, -...B,,))""*°

rae B,...B,o — (K, Mg, Ca); (Mn, Fe, Ni, Cu, Zn); (Si, Al).

Buoreoxumuueckoe CXOACTBO OOBEKTOB OIPENEIISIN IyTEM HHTEPIIPETAlU Pe3yJIbTaTOB
KJjacrepHoro aHasms3a (Meronm Yoppaa, EBkimaoBa AucCTaHIUA, 3HAUYEHUST HOPMHPOBAHBI 110
CpPEeIHEKBAZ[PaTUUECKOMY OTKJIOHeHHI0). OIleHKa BpeMEHH COBPEMEHHOHN CcTabmanu3anuu
repechIlield, OTpa’kaeMON HeNpPepPhIBHBIM (OPMUPOBAHUEM IMOYBEHHO-PACTUTEIHFHOTO ITOKPOBA,
BBINIOJIHEHA IO CTATHUCTUYECKUM BBIOOpDKAaM 3aMepa MOIIHOCTH TYMyCOBOTO TOPH30HTa IIOYB,
HCIIOJIB3YSl PacueT UX BO3PACTa C MOMOIIBI0 MOYBEHHO-XPOHOJIOTHYECKOTO MeToa (JIucenkuin u
Ip., 2016). IIpu 5TOM cpeJiHHE BeJTMYHMHBI MOIIHOCTH I'yMYyCOBOTO TOPU30HTA OBLIN IPUBEIEHBI K
CTaH/IApPTHON 00beMHOM Macce — 1,2 I/cM3 U BBe/IEHA MOIPaBKa Ha rPaHyJIOMETPUYECKHI COCTaB
(K): Tak kak Bce IOYBHI II0 'PAHYJIOMETPUYECKOMY COCTaBy — cymecuyanble, To K=1,35 (Lisetskii,
Chepelev, 2014).

3. Pe3ysbTaThl HCCTIEA0OBAHUA U X 00CYKAEeHUE

B OeperoBoii 30He 110 CpPAaBHEHHIO C TEM, UTO HAOJIIOAAETCA B adPaIbHBIX (KOHTUHEHTAJIbHBIX)
YCJIOBUSIX, CYIIECTBEHHO OTJINYAIOTCA peabed U TOBEPXHOCTHBIE OTJIOKEeHUs (HAHOCHI),
MECTOIIOJIO’KEHNE MEXKJly MOpPeM ¢ TPUMODPCKHUM 03€epoM (3aIMBOM, OyXTO¥), BJIUSHUE
IIITOPMOBBIX BOJIH, BETPOBBIX U NPWINBHBIX KOJIEOAHUU YPOBHS, IMOCTOSTHHbIE BEPTUKAJIbHBIE U
TOPU30HTAJIBHBIE DK30T€HHBIE JlepopManuu pesibeda U COCTaBa HAHOCOB, AKTHUBHASA DUIIbTpALIHSA
MIPUIIOBEPXHOCTHBIX BOJ[, OIIYTUMOE BJIUSAHUE OpBI3T COJIEHOM BOABI BO BpEMs IIITOPMOB
(BeixoBaner, 2003). C yBeJIMUeHHEM IITUPUHBI M BBICOTHI YAJIMHEHHBIX ITeCYaHbIX (GOpPM U
JIOCTHDKEHWEM KDPYIHBIX Pa3MepOB, 10 Mepe CHIDKEHUs BJIMSHHUA TUAPOTEHHBIX BO3JIEHCTBUU C
(GpOHTAIPHON U THIJIBHOU CTOPOH UM YBeJIMUEHUs BO3/IEHCTBUA KOHTHUHEHTAJIBHBIX (PAKTOPOB U
IIPOIIECCOB, B TpeJleylaX «IIHPOKUX» (GOPM MOTYT CO3/IaBaThCS YCJIOBHSA, OJIArONMpPUATHBIE JJISA
nmouBoobOpaszoBanus (Vestergaard, 1991).

B manHOM ciTydae mIpu OmpeiesIeHHbBIX PA3/IMYMAX B MIUPUHE Tepechineil (0T 50 10 1500 M)
OHU HUMEIOT OJM3Kue abCOJIIOTHBIE BBICOTHI MOBEPXHOCTH — N0 2 M. Hammuue ycioBuil s
HENPEPHIBHOTO IOYBOOOPA30BAaHUA JIMATHOCTUPYETCA II0 CTENEHU 3PEeJIOCTH PACTUTEIBHOTO
OKpoBa (00JIbIIIEeH BETUYNHE MIPOEKTUBHOTO MMOKPBITHSA, TI0 YBEJTMYEHHUIO BUZIOBOTO PA3HOOOpA3Us
PaCTUTEJIBHOCTA M JIOJU 3JIAKOB B ee cocraBe). IIOUBbI Ha TEpPECHINAX IIPE/ICTABJIEHBI HE
MTOBCEMECTHO. ECTECTBEHHO, IMOYBEHHO-PACTUTEIBHBIN IOKPOB OTCYTCTBYET B IUII?KEBOU 30HE,
PEryJsIpHO MCIOJIb3yEMOU B PEKPEaIlMOHHBIX IeJIAX, HO HA 9TO €CTh U MPUPO/IHBIE MPEATIOCHUIKH,
HaIIpuMep, JEeUCTBHE D0JIOBBIX IIpolleccoB. Ha wuccienoBaHHBIX HaMmu Iepechinsax (Tabsi. 1) B
HaubOJIbIIEH CTENIEHU IIOBEPXHOCTH ObLJIA 33/IEPHOBAHA TPABIHUCTOU PACTUTEILHOCTHIO, 3a4aCTYIO
C yJ4acTHeM JipeBecHOH (IIpeuMyIleCTBEHHO U3 JIoXa cepeOpHCTOro), B JIMMAaHHOM JIaHAIMAdTHOU
30He. 1o cBoeMy MOPdOIOTUUECKOMY CTPOEHUIO ITOYBHI Ha MIEPECHINAX 03€P MOTYT ObITh OTHECEHBI
K OT/iesTy ¢1a00pa3BUTHIX MTOYB, HO KaK CUHJIUTOTEHHOTO CTBOJIA, TAK U MOCTJIUTOIE€HHOTO CTBOJIA
(Knaccudukanus..., 2004). To ecTp NOBEPXHOCTHBI OPraHO-aKKyMYJIATUBHBIA TOPU30HT
c1ab0pa3BUTHIX IOYB MOXKET COJlepKaTh IPHUMECh IIPUBHECEHHOTO, He aCCUMUWINPOBAHHOTO
MOYBOOOpa30BaHUEM MHUHEPAJIBLHOTO MaTepuasia (Torja, MpPU YacTOM CJIOMCTOCTH B Mpoduie
MO?KHO TOBOPHUTBH O TEAOJIUTOCEAUMEHTAaX), TAK U HE OTPa’KaTh B MOP(OJIOTUUECKOM CTPOEHUU
CBUJIETEJIbCTB TAaKUX STANOB pas3BUTHA. [[Jisi mpuMepa mpuBeAeM omnucanuwe npodmwisi Ne 8/2 B
npuodepHoil yactu Kusbpui-fIpckoit mepechimu: rop. AC, opraHo-aKKyMyJIATUBHBIA CO CpefHen
MOIITHOCTBIO OKOJIO 10,5 CM C IIeCYaHbIM MPOCJIOEM B 1,5 CM Y HUKHEH TPaHUIIbI, HUXKE KOTOPOTO
HaXOJIUTCA TIOTpebeHHast M0YBa MOIIHOCTBIO 4 ¢M. ['op. C — KpyITHO3epHUCTBIN PHIKEBATHINA MECOK
C BKJIIOYEHHEM TIBKH, a4 C 52 CM BBIABJIAETCA YCTOWUYHMBBIA YPOBEHb IPDYHTOBBIX BOJ| (3a cuer
oANUTKY U3 03. Kuspui-Ap).

HccenenoBanue mouBooOpa30BaTENIbHOTO MOTEHI[MATIA UCKYCCTBEHHBIX JIECHBIX HACAMKIEHUMN
npu o0JieceHUW TEeCKOB B YCJIOBHAX Jiecocrenu u crenu (JIucemkwii, 2008) MoKa3asio, YTO
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B IIEPBBIE 45 JIET IOYBOOOPa30BaHUsA CPEHSsS CKOPOCTh (POPMHUPOBAHHA T'yMyCOBOTO TOPHU30HTA
10/l COCHOM OOBIKHOBEHHOW M KPBIMCKOHM COCTaBJISET 4—5 MM/TO/l, @ B IOCJIEIYIOIIHE TOABI STOT
mporecc 3aMejisieTcs. AHaJOTMYHAsA 3aKOHOMEDHOCTh YCTaHOBJIEHAa U JJIA  IIpolecca
TYMYCOHAKOIIJIEHUSI T10] JIECOCTEITHBIMU M CTENHBIMHU Oopamu. [IJ11 OYB KPBIMCKHX IepechIler
(mpu Bo3pacTe MOYB 30—120 JIET) CPEQHHE CKOPOCTH (DOPMHPOBAHHSA T'yMyCOBOTO TOPHU30HTA
MeHbIIe — 1,55+0,26 MM/T0/I, a K 300 rojiaM OHH eIrle OOoJIbIle CHIKATCA — 710 0,54 MM/TOJI, YTO
00BACHAETCS HU3KOW MPOAYKTUBHOCTBHIO ITPOU3PACTAIOIIEN HA MeCcKaX pacTUTesbHOCTU. CXO/IHBIE
oneHku Apyrux aBTopoB (Taens, I'ymmieB, 1966) TmOJydeHbl TIIPU pacueTe CKOPOCTH
(opmMupoBaHUs TyMyCOBOTO TOPU30HTA IEPHOBO-CTEITHBIX IIOYB HA IECKAX JIIsT BO3pacTa 350 JIeT —
0,64 MM/TO/I.

B mepBoe crosetue 3amac opranudeckoro yriepoaa (Copr.) B TyMycOBOM TOPH30HTE IOYB
TepechIlield JOCTUTAeT OKOJIO 16 T/ra. ITouBsl ¢ HaubosbIM cozep:kanremM Copr. (NQ 12, 10, 22)
o0beUHSAET TO, YTO 3TO HEHapyIlleHHble ydacTKu mepecbineil Cakckoro u CosieHOTO 03ep C
BBICOKMM ITDOEKTUBHBIM ITOKPBITHEM, XOTA U OO€JHEHHBIMH II0 COCTaBY PaCTUTEIbHBIMHU
acconmanusamu (cm. Tabnuma 1). CpemHsiss TofoBas CKOPOCTh HAKOIUIEHUs 3aIlacoB YIJIEPO/A
OPTraHUYECKOTO BEIECTBA B II0YBAX Ha MEPECHINAX B 12—25 pa3 MeHbIIIE, YeM, HAIIPUMEP, 32 TO Ke
BpeMs IPH MPOU3PACTAHUU JIECOIIOJIOC HAa YepHO3eMax eBporeiickoii Poccum (Yennaer u Jip.,
2015). B noBBIIIEHUH TLI0I0POINSA ¥ OMOTIPOAYKTHBHOCTH ITECYAHBIX ITOYB OOJIBIIYIO POJIb UTPAET
cojiep;KaHre TOHKOJIMCIIEPCHBIX YACTHIl, O YeM CBHETEIBbCTBYIOT PE3YJIBTAThI YKCIIEPUMEHTOB 110
HCIOJIb30BAHUIO KOJUJIOH/IHBIX af[cOPOEHTOB IIPU OKYJIbTYPUBAHHWHU ITeCYaHBbIX IMOYB HrinkHero
[Ipugnenposbs (lemumaueHko u ap., 1986). Bosiee HU3KOe cojeprkaHUe TYMYCOBBIX BEIECTB B
IecyaHoM cyOCTpaTe 10 CPAaBHEHUIO C CYTJIMHHUCTBIM CBSI3aHO ¢ OTPAHUYEHHBIMH BO3MOKHOCTSIMU
oOpa3oBaHUs  MPOYHBIX  OPraHOMUHEPAJIBHBIX  COEIWHEHUH €  BBICOKOAUCIIEPCHBIMH
KOMIIOHEHTaMH, KOTOPbIE TPYAHOAOCTYIIHBI JIJIsI MUKPOOPTaHU3MOB. I103TOMY IecuaHblil cybcTpar
obsiayilaer cy1abbIMH  MPOTEKTOPHBIMH CBOMCTBAMHU II0 OTHOIIEHHI0 K HOBOOOpPa30BaHHBIM
TYMYCOBBIM BeIlleCTBaM, UTO CIIOCOOCTBYeT WX JaJibHelInelr MuHepanuzanuu (Masibiesa u Jip.,
2013).

Ta6smna 1. XapakTepucTrka 00bEKTOB HCCIEIOBAHNS HA aKKYMYJIATHBHBIX opMax
EBmaropuiickoii rpymnims! o3ep

Homep | Haumenosanue | Illupuna | H?, | Pacrurensnasa | OIIIIe, | KomnuectBo | Hosa
o0BeKTa | o3epa IepeChINH, | M accorpanusa® % BUJIOB 3JIaKOB,
(cm. KM pacreHuit %
Puc. 1) Ha 1KB. M
33 AupuuHCcKoe 0,17 1 3-0 30 8 25
332 AupuuHCcKoe 0,17 1 3 80 10 70
20 I'asracckoe 0,07 1 P-3 90 8 38
21 T'anracckoe 0,07 0 P-3 60 11 27
22 CoseHoe 0,14 1 P 70 8

(Tepexutb) 25
23 CoJsieHoe 0,08 1 P-3 90 5

(Tepextb) 60
24 MoiiHakcKoe 0,16 1 3 95 6 33
13 Cacpik-CuBali 1,50 -1 P 80 10 30
11 Caxckoe 0,025 C 90 8 38
12 Caxkckoe 0,63 1 P-3 100 5 20
10 Caxkckoe 0,55 -1 P-K 8o 7 29
9 Caxkckoe 0,55 -1 3 70 4 50
8/1 Kuspi-Ap 0,05 1 P-3 35 3 67
8/2 Kuspui-Ap 0,05 1 P-3 100 5 40

a AGCoTIOTHBIE BBICOTHI; P P—3 — pasHoTpaBHO-3/1aK0Bast; 3 — 3y1akoBasi; 3—0O — 371aKOBO-0COKOBas;
P — pasnorpaBHas; P-K — pasznorpaBHO-KOBbLIBbHAST; C — copHas; ¢ OIIII — obIee mpoeKTUBHOE
MIOKPBITHE PACTUTETHLHOCTHIO.
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ITo Mepe yBestTmYeHHsT MOIHOCTH TYMYCOBOTO TOpH30HTA (OT 70 710 150 MM) OKpacKa IOYB
CTaHOBUTCsI OOBIYHO TeMHee (OHA MeHseTcss OT ¢1abo-KopuuHeBoH (10YR 6/3) /10 KOpUYHEBOU U
cepoBaTo-kopuuHeBor (10YR 5/3(5/2)) (Tabs. 2). Peaknusi IOYBEHHOTO pacTBOpa y IIOYB
CUJIBHOIIEJIOYHAsI, UTO B OIPE/IeJIEHHOHN CTENeHU BJIMsET Ha BO3MOJKHOCTH 3aKPEIIEHUs TIECKOB
Ha TIepPechINAX TEMH BHJAMH PACTEHHUH, KOTOPbIE aJalTHPOBAHbI K 3TUM YCJIOBUAM. fICHBIE
MIPU3HAKU 3aCOJIEHHUsI B CTPYKTYPHOM COCTOSTHUU ITOYB OTMEUAOTCs /IS IOYB Ha IMEPECHITISAX 03€ep:
MotiHakcKkoro, AUPUYMHCKOTO, Tepeksibl, a Takke Ha mambe CakCKOTo 03€epa, ¢ Iora 3aMbIKaroIIen
npya «Kosm» (N@ 11).

Takue (akTOpbl KaK T'€HE3UC W CBOMCTBA MATEPUHCKHUX IIOPOJ, CKOPOCTh T'€OJIOTHYECKOTO
BBIBETPUBAHUSA, THUAPOTEPMUUYECKUA  peXUM, OHMOTHYECKHE  BO3JEHCTBUA, a  TaKKe
WHAUBHUIyaJIbHOE COOTHOIIEHUE IeIorTeHe3a, CeIMMEHTOreHe3a U JIMTOreHe3a OO0YC/IOBJIHBAIOT
cocrosiHue jgucrepcHor cucteMbl mouBbl (Kalinitchenko, 2016). YuurteiBasgs ocobeHHOCTH
MMPOOOIIOATOTOBKY IIOYBEHHBIX 00pasIoB (CHUTOBOWM OTOOp Mesiko3eMa (JacTur <1 MM),
n3MesbueHre pabouero obpasia /10 COCTOSTHUSA Iy[Phl), KPUCTAUIbI KBapIia M 00JIOMKH PaKOBUH
MOJUTIOCKOB (IETPHUT) Ha pe3yJIbTaThl BAJIOBOTO COCTaBA HE OKA3bIBAIN OIPEEJISIONIETO BIIUSHUA.
[TosTOMy XUMHYECKHH COCTaB TOHKHMX (PAKIMHA MOXKHO paccMaTpUBaTh KaK pe3yJIbTaT
IeJIoTeHe3a, a B OT/EJIbHBIX CUTyallusX, U KaK JIOIMOJIHSIOIIee BJIUSHHE WJIOB, KOTOpPhlE H3-3a
HeOOJIBIITUX BBHICOT ITOBEPXHOCTH IEPECHITIEN MOTJIN OBITh TPUBHECEHBI BOJITHBIMU MacCaMH.

Taoauna 2. PU3NKO-XUMUYECKHE CBOMCTBA ITIOYB Ha MEPECHITISIX 03ep EBnmaropuiickoro paiioHa

No MomHocTh | O6beMHas IIBeT pH | Copr. | P.Os | K.O | P.Os | K.O
00BEKTa | TYMYCOBOTO Macca, noussl (1o | (H.O) % MT/KT

(cMm. TOPHU30HTA, r/cms3 Mawucesty)

Puc. 1) MM

8/2 106+0,8 1,31 10YR5/3 | 9,00 | 0,75 | 0,17 | 0,59 | 14,88 | 718,18
9 107+1,3 1,21 10YR 5/3 9,10 1,87 | 0,20 | 0,73 | 8,70 | 147,01
10 105+0,5 1,36 10YR 5/2 8,0 | 3,24 | 0,27 | 1,05 | 13,28 | 260,28
11 70+0,5 1,26 10YR 6/3 8,75 | 0,33 | 0,16 | 0,63 | 10,76 | 154,24
12 127+1,9 1,18 10YR 4/2 | 9,00 | 4,52 | 0,34 | 0,80 | 18,78 | 183,16
13 124+1,2 1,17 7.5YR5/2 | 9,05 | 2,29 | 0,39 | 1,37 | 43,97 | 149,42
20 122+0,9 1,18 10YR 5/3 8,95 1,17 | 0,29 | 0,95 | 21,53 | 219,31
21 145%3,2 1,37 10YR 5/3 9,20 1,53 | 0,31 | 1,73 | 32,98 | 404,88
22 108+1,0 1,17 10YR 4/2 9,10 279 | 0,28 | 1,97 | 13,97 | 621,78
23 7640,6* 1,27 10YR 5/3 9,45 1,23 | 0,40 | 0,43 | 28,17 | 171,11
24 10740,6 1,41 10YR 6/3 9,15 | 0,89 | 0,26 | 0,25 | 13,05 | 159,06
332 118+0,5 1,20 10YR 6/3 | 8,38 0,71 | 0,23 | 0,29 | 8,57 | 146,00

* MOIIIHOCTh 3aHUKEHA U3-3a CUJIBHON aHTPOIIOT€HHOI'O IIPEeCCHHTa Ha MOYBEHHO-PACTUTEIbHbBIN
ITOKPOB (30HAa HTHTEHCUBHOU PEKpeaIyn).

FeoxuMuyeckrie 0cO6€HHOCTH HanboJIee IMIUPOKO PACIPOCTPAHEHHBIX MAaTEPUHCKUX TIOPOJI, B
CeBepo-3amanoMm KpbIMy — J1€CCOBUJIHBIX CYIJIMHKOB U 3JIIOBHS KapOOHATHBIX ITOPO/I
pacemotpenbl panee (Lisetskii et al., 2015). PesynbraThl KiacrepHoro aHammsa (Puc. 2) mo
OmpeeIIBIINMCSA XUMHUUecKuM aieMeHTaM u okcuziam (TiO., V, Cr, MnO, Fe, Co, Ni, Cu, Zn, Sr,
Pb, CaO, AlO,, SiO,, P,O;, K,O, MgO, Rb, Ba, Zr, Na, As) mokaszayiii, 4TO CylileCcuaHble IIOYBbI
TPYIIITHUPYIOTCSA 110 CBOUM T€OXHMHUYECKUM 0COOEHHOCTSIM B Ba OoJbIuX Kiaactepa (tuma) — I u I
OCOOHSIKOM CTOWT IIOJIMTEHETUYHAsl TOoYBa Ha Y3KOW IlecyaHOW mepechbinmu KusbLi-fApckoro
smmanHa — N2 8/2 (omucaHue 3TOH caMOOBITHON TTOYBBI IPUBEZEHO BBIIIIE).
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Puc. 2. [leaporpaMMa KJIacCTEPHOTO aHAIN3a IMOYB MO 22 XUMHUUYECKUM dJIeMeHTaM
u okcuzam. D — paccrossHue 00befHeHUsA. [10siICHEHUs B TEKCTE.

VI3 mIpoKoro nepeyvHs UCIOJIb30BaHHBIX TeOXUMHUYecKuX nokasatesei (Lisetskii et al., 2016
b) maubosiee MHGDOPMATUBHBIMH B OIIEHKE CTEIIEHM OHTOT€HETHUYECKOU 3PEJIOCTH IOYBEHHOU
cucreMbl Okaszatch 12 kKoaddunmentoB (Tabn. 3). KoadbdunmeHThl 1-11 NOKAa3aHBI B
PaH;XUPOBAHHOM DSy IO CTEIIEHW W3 Pa3IM4YUi B JIBYX Kacrepax (6e3 yuera NO 8/2) corsacHo
Puc. 2.

Tab6auna 3. Bermunnasr Hanbos1ee MHGOPMATUBHBIX TEOXUMUUECKUX KO3(D(PUIIEHTOB,
XapaKTePU3YIOIUX KJIACTEPHI IOYBEHHBIX 00BHEKTOB

NoNo
n/n l'eoxumuyeckue koagdunuenTs! | I knacrep | II kiacrep No 8/2
1 K» 0,38 1,82 1,97
2 n 1/n
[1(P,K, Mg, Mn,Cu)

1 0,63 2,90 0,24
3 Ti/Ca 0,01 0,03 0,02
4 (Fe+Al)/(Ca+Na+Mg) 0,13 0,41 0,25
5 Ba/Sr 0,21 0,59 1,22
6 Al/(Ca+Na+K+Mg) 0,11 0,30 0,21
7 Ca/Zr 0,88 0,20 0,49
8 Ca/Ti 174,34 44,32 64,67
9 (Ca+Mg)/Al 12,37 3,31 4,34
19 (Ca+Mg+10*P)/Ti 201,01 55,67 75,59
11 (K+Na+Ca+Mg)/Al 13,37 3,75 4,78
12 SQi 4,06 6,17 4,34

IIpumeuanmue. I knacrep (NONQ 06beKTOB 33, 332, 24, 23, 21, 20, 11), II k1acrep (NeNC 06beKTOB

22,10, 13, 12, 9).
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IIpu cpensem 3HaueHnu CaO 1Mo BceM OO0BEKTaM — 290,14 % pasyiMdus M0 KapOOHATHOCTH
MeXKIy JIByMsl TpynmnaMu OOBEKTOB 3HA4YUTEIbHBI: 39,08 W 17,40 % B kiuacrepax I wm II
COOTBETCTBEHHO. ATO BO MHOT'OM OTIpeZesisAeT TeOXUMUUECKUE PAa3J IS STUX ITOYBEHHBIX TPYIIII C
y4eToM Toro, 4uro Mexzay cozep:kanuem CaCO; m CaO HaMu ycTaHOBJEHA SMIUPUYEcKas
3aBucumocTb: CaCO; = 1,376-Ca0 + 4,858.

CormocraBjieHHe CepUU TEeOXUMUYeCKUX KOdGhGUIMEHTOB, BKIIYAINX COJep:KaHue
KaJtbIus, JTn00 ero cymmy ¢ Mg, Na, K (N2 7—11), B oTHOIIEHNU 60JIee cTabMIbHBIX KOMIIOHEHTOB
TIOYBEHHOU CHCTEMBI, ITOKa3bIBa€T IIPEBBINIIEHNE BEJIMUYUH 3TUX K03 duIimeHToB B [-M Kiracrepe
no otHouenuwo ko II-my B 3,6—4,4 pasa. Hanporus, cepus reoXxumMudeckux Ko3QuIueHTOoB,
OTpa’kKaloluX  IeJOTeHEeTUYEeCKoe  IIpeoOpa3oBaHuMe  HWCXOAHOTO  cyberpata (N2 1-6),
JIEMOHCTPUPYET IIPEBBIIIIEHNE BeJTMYNH BO [I—M Kitactepe 1mo oTHoeHuO K [-my B 2,8—4,8 pasa.
Takum o6pa3oMm, Ha IEPeCHINAX Haubojee CYIeCTBEHHbIE pa3JIu4us JBYX BBIABJIEHHBIX
TreHEeTUYeCKUX TPYIIl CyIllecYaHbIX II0YB, OOYCJIOBJIEHBI, IPEXKJie BCEro, MX KapOOHATHOCTBHIO.
ITO OTpaykaeTcsi U B KOMILIEKCE IIeJIOTeHETHYECKOW TpaHchOpMaIMu HCXOAHOTO cyOcTpaTa
(B GUBUKO-XMMHUYECKUX U OMOTEOXUMHYECKHUX ACIIEKTaX).

Panee (MapuHuHa # p., 2014) OBUIO IMOKa3aHO, YTO PA3JINYUs (PYHKIIMOHATILHON 3PEJIOCTH
II0YB HA MTEPECHIIISAX XOPOIIIO JUATHOCTHPYET CyMMa TeX XUMHYECKHX 2JIEMEHTOB, KOTOPbIe OOBIYHO
HakarutuBatoTcs B mouBax (P, K, Mg, Mn, Cu). B jaHHOM Hcc/IeIOBaHUM CIIEKTP JUATHOCTHYECKHUX
5JIEMEHTOB OBbLI 3HAUUTEJLHO pacIIdpeH. PaH)KMpPOBAHHBIN YOBIBAIOIIUN PsJ HAKAILJIMBAEMBbIX
MaKpo— ¥ MHKPOBJIEMEHTOB B H3YUEHHBIX ITOUBAX UMeeT cieayomiui Bua: Rb, Pb, Cu (>2)>P, Si
(>1,5)>Fe>Zn>K>V>Ba>Co>Ni>Ti (>1,0). [I;ia Bcero MaccuBa HCCIEIOBAHHBIX OOBEKTOB
3aBHCHUMOCTDb MEKY CPETHET€OMETPUUECKUM 3HAaUEHHEM KauecTBa IMOYB 10 13 aKKyMYJIHPYEeMbIM
B pesyJsibTaTe mezoreHe3a ajeMeHTaM (b.;) ¥ IpuUBeeHHONH MOITHOCTHIO TYMYCOBOTO TOPHU30HTA
MOJKeT OBITh aAIlMPOKCUMUPOBaHAa (YyHKIIMEH SKCIOHEHITMAJIbHOTO BHA, HO U3-3a HEBBICOKOTO
3HAUYEHUs] TECHOTHI CBA3HU (r=0,45) paccMaTpHUBAETCs JIUIIb KaK TpPeHJl. PaHee Ipe/cTaBJeHHbBIE
pe3ysbTaThl  KjacTepHoro aHanu3a (Puc. 2) TMO3BOJIAIOT pPacCMOTPETh CBS3b  MEXKAY
dbyHKIIMOHAIBHON W MOpPQOJIOTUYECKOU 3pesiocTbio TouB auddepeHnupoBano (1Mo JByM
000CHOBaHHBIM TrpynmnaMm 1ouB). U, ecau s [-ro kimacrepa (¢ Hambosiee KapOOHATHBIMHU
II0YBaMH) CBsI3b HE OOHAPYKHBAETCsA, TO A OOBEKTOB, KoTOopble chopmupoBanu II kiacrep c
HauMeHee KapOOHATHBIMHM II0YBAaMHU, YCTAaHOBJIEHA BBICOKAS CTElNEeHb B3aBUCHMOCTH MEXKIY
dyHKIIMOHATBLHON 1 MOPG0IOTHYECKOU 3PeI0CThI0 HOBOOOPA30BAHHBIX MIOYB:

b3 =2,043%""" | r=0,86.

HckiroyeHneM crasia IOTPpaHHUYHAs MeXKAy KjacTepaMu mouBa NQ 22 (Ha HCKYCCTBEHHOU
IepeMbIuKe OBIBIIIEr0 COJITHOTO ITpoMbIcyia 03. CojleHOoe), KOTopas caMOOBITHA B T€OXHMHYECKOM
OTHOIIIEHWH, TaK KakK OTJIMYaeTcsd OT OCTaIbHbIX mouB II-ro kKimacrepa 0o0Jiee BBICOKUM
coziep;kaHueM KaybIus (B 2,4 pasa), cTpoHIuA (B 2 pasa), a Takke Na u Mg. Kpome Toro, sta
II0YBa IIPU CPAaBHEHWU C APYTHMH ITIOYBAMH MMeeT MaKCHMaJIbHOe cojeprkaHue BasioBoro K.O u
OTHO W3 HauOOJIBIINX 3HAYEHHWH B COJlep:KaHUU OOMeHHOTO Kaus. /[aHHble 1Mo mouBe NQ 22 B
ypaBHEHHE He BOIILIH.

Takum 06pa3oM, mocjie 3aKpeIvieHns IeCKOB (C Pa3IMYHBIM YYACTHEM TJIMHUCTBIX YACTHIY)
IMOYBOOOPA30BaTENbHBIN IIPOIECC B OCHOBHOM OIPEAEAETCA COJiep:KaHneM KapOOHATOB MpHU
3aMEeTHOM BJIMSTHUU MarHus, HaTPUs, IPUBHOCUMBIX M3-32 IPUMOPCKOTO ITOJIOXKEHUS TEPECHITIEH,
a TakKXKe »JJIEMEHTOB, NPEUMYIIECTBEHHO CBSI3aHHBIX C KOPHEBBIM OTIIQJIOM pPacTEeHHH,
3aKPEIUIAIONINX TeCKHU.

CymiecTBeHHOe TpeBbllieHUe (B 1,5 pa3a) KadecTBa IOYB I OOBEKTOB, BXOAIIUX BO
II-#i xiacTep, IO CpaBHEHUIO ¢ Haubosiee KapOOHATHBLIMHM IIOYBAMH, BBISBJIEHO NPH OIEHKE
KauyecTBa IIOYB I10 COJIEPKaHUIO B IOYBAX HEOOXOAMMBIX JIJI PACTEHUH MaKpPO—, MHKPO3JIEMEHTOB
U TmoJsie3Hblx 2yeMeHTOB (SQi). Ilpwyem cBsA3p BenuduHBI SQi ¢ BO3pacTOM ITOYBBI
yCTaHABJIUBAETCS TOJIBKO JIJIA 00BEKTOB, KOTOphle (opmupytot I1-#1 kinacrep. Takum ob6pasom, ¢
akTopoM BpeMeHHU HanboJiee TECHO COIPSKEHO N3MEeHEHHe KaueCTBEHHOTO COCTOSTHUS ITOYB IPHU
OTHOCHUTEJIbHO HEBBICOKOM HX KapOOHATHOCTH, BEPXHASA TpaHUIlA KOTOPOH B JTaHHOM
UccaeJ0BaHNU BbIsiBJIeHa Ha ypoBHe 17—18 % CaO.

Hcnosb3oBaHME IEAOXPOHOJIOTHIECKOTO METOa IATHPOBAHUSA IHEBHBIX MOYB (JIucenkuii u
JIp., 2016) TOKa3aji0, YTO BO3PACT COBPEMEHHBIX JHEBHBIX IOYB HA IEPECHINAX MOXKET OBITH
OIleHEH B JMania3oHe OT 30 JI0 300 JieT. Tak Kak B yCJIOBUAX PENEHTHOTO (paHHEereHepaTUBHOTO)
IMOYBOOOPA30BaHUsA JUATIA30H MOIITHOCTH T'YMyCOBOTO TOPHU30HTA HAXOJUTCS B JIOBOJIBHO y3KHX
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npezgenax (0T 70 10 140 MM), a GYHKIIMOHAIBHO IOUYBBI CYIIIECTBEHHO Pa3INYalOTCs, TO MOXKHO
MPE/IIIOJIOJKUTh  BEAYIIYI0 POJIb CHHJIUTOTEHHOTO I0YBOOOpa3oBaHHA, 00YCIOBJIEHHOTO
MOCTOSIHHBIM JIECTBHEM 30JI0BOTO (aKTopa. ITO TMOJATBEPKIAAIOT MPAKTUUECKU HYJIEBbIE
BEJIMUMHBI PAHTOBOTO KO3 dUIIEHTa KOPPEJAIUNN MeKAY MOIIHOCTBIO TYMyCOBOTO TOPH30HTA,
KakK C II0Ka3areJyieM KauecTBa 1mouB b13, Tak u ¢ SQi. 1 aTo npu ToM, uTo, 06J1a/1as1 ONIpe/ieJIEeHHBIMU
Pa3JIMUHUSAMU COCTAaBa BKJIIOUEHHBIX 3JIEMEHTOB B HMX pacueT TeOXMMHYECKUX I1apaMeTpOB,
BeJINYMHA PAHTOBOTO KO3(hUIMEHTa KOPPEIAIUN COCTABJIsAET MeXAy nmokasareasimu bi3 u SQ
0,95. Ilo cpemnum panram mokasatesneid bi13 u SQi 0OBEKTHI pacmoJsaraloTcs B CJIEAYIONIHH
yOBIBAIOIINHY s 22>13>21>10>12>20>9>8/2, 11>23>33>24>332.

ITo MomrHOCTH HOBOOOPA30BAHHOU IMOYBBI MOJKHO CY/IUTh O BPEMEHH IIOCJIETHETO ATara
CcTa0MIM3anuyu ITOBEPXHOCTU IIeCKOB, KOTZIa CTajl (OPMHUPOBATHCA YCTOHUYHMBBIA ITOYBEHHO-
pacTuTeNbHBIN MOKPOB. Ho cBOMCTBA IHEBHBIX MOYB MOTYT YAaCTUYHO YHACJIE/IOBATh PE3YJIbTAThI
MIPEAIIECTBYIONINX HTANOB IeJ0oTeHe3a, TPaHC(POPMUPOBAHHBIX 0JIOBBIMHU IIpOIleCCaMU, U IIOTOMY
CIIOCOOHBI OTpa’kaTh 0oJiee MPOJIOJKUTEIPHOE BpeMs IeI0JIUTOTeHe3a Ha aKKyMYJIATHUBHBIX
dopmax penbeda.

4. 3axjaoueHue

B pasHOBO3pacTHBIX ITOYBax Iepechiliell EBMAaTOPUICKON TpyIIbl 03€p YCTAaHOBJIEH
aHcaMO0JIb aKKyMYJIMPYEMBIX MaKpo— U MHKpoajaeMeHTOB: Rb, Pb, Cu, P, Si, Fe, Zn, K, V, Ba, Co,
Ni, Ti. Mexnay MopdosoTHYecKOH U (QYHKIIMOHAIHLHOU 3PEOCThI0 CJIa00Pa3BUTHIX ITOYB
oOHapyKHUBaeTCs 3aBHCUMOCTH JIMIIb I TeX OOBEKTOB, KOTOPBIE cojaep:kar He Oosee 18 %
OKCHJIOB KasIbIlHsl. B wacTHOCTH, JIJIsT TAKUX IIOYB BBISIBJIEHA CBA3b BO3pacTa IOYB M ITOKA3aTesId,
OTpa’kaloIero cofieprkaHrue HeOOXOUMBIX JIJIsI PAaCTEHHH MaKpPO— MHUKPO3JIEMEHTOB U IOJIE3HBIX
5JIEMEHTOB COIJIACHO PACCMOTPEHHOMY TIIlepedHio. Paznmumsa Mexay MopdOJOTHUYECKOU U
(QYHKIIMOHAJILHON  3pEJIOCThI0  IIOYB HA TIEeCKax MOXKHO OOBACHUTh JUHAMHUYHOCTBHIO
IIeJIOJTUTOTEHE3a C COXPaHEHHWEM YyHAcCJIe[OBAaHHBIX Ppe3yJIbTAaTOB IIPEJIIECTBYIOIINX STaloB
TeJoreHe3a, TpaHcOPMHUPOBAHHBIX S0JIOBBIMH IIPOIIECCAMH.

5. baarogapaocTu
HccnenoBaHue BBINIOJIHEHO INMpU (GUHAHCOBOM MOA/ep:KKe IpoekTa N? 5.4711.2017/6.7 B
pamkax 'oczamanus HIY "bBenl'V" Ha 2017—2019 rT.
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Oco6eHHOCTH MOYB Ha NnepechIax EBmaTropuiickoi rpynisl o3ep
®enop Hukonaepuu Jlucenkmii 2~

2 BesIropo/IcKUi rocyZJapCTBEHHBIN HAIlMOHAIBHBIN UCC/Ie10BAaTEIbCKUN YHUBEPCUTET,
Poccuiickas ®eneparnus

AnHoTtamua. B npumopckux 30Hax KppiMa mpu ux BBICOKOH BOCTPEOOBAHHOCTH B
PEKpearuoHHbIX IeIAX 0COOEHHO YSI3BUMBIMH CTaJId SKOCHCTEMBI HAa aKKyMYJIATUBHBIX (hopMax
pesnbeda, KOTOpble 3aHUMAIOT JIUIIb 9 % OO0IIel MPOTAKEHHOCTH OEPErOBOM JIMHUU MOJyOCTPOBA.
B nccnenoBaHum mocrapyieHa IeIb U3YYUTh MOPOJIOTHYECKOe CTPOeHUe U (GU3UKO-XUMHUYECKHIe
CBOHCTBA PA3HOBO3PACTHBIX II0YB, KOTOpble CHOPMHPOBAHBI Ha aKKyMYJIATHBHBIX (opmax
Mopckux 6eperoB Cepepo-3amagHoro Kpeima. ITo cpegHUM BeJIMUYMHAM MOIIHOCTH T'yMYCOBOTO
TOPDU30HTA II0YB BBINOJIHEHA OIleHKAa BpPEMEHW CTaOWIM3aluy HEHApYIIEHHBIX YYaCTKOB
TIepechINedl B yCJIOBUAX HEMPEPHIBHOTO (OPMUPOBAHUS IIOUBEHHO-PACTUTEIHHOTO ITOKPOBa. [13-3a
HU3KON MPOAYKTUBHOCTH PACTUTEIBHOCTH, KOTOpAas MOXKET 3aKPeIUIAThCA Ha IecKaX, CpeaHue
ckopocTu (OPMHUPOBAHUS TYMYCOBOTO TOPHU30HTA IIOYB KPBIMCKHX TII€PECHIIENl HEBBICOKH U
BapBUPYIOT OT 0,54 J0 1,55 MM/T0/] B 3aBUCUMOCTHU OT JIINTEJIbHOCTH TefioTeHe3a. VccieoBanue
[IOYBEHHO-PACTUTEIHHOTO MOKPOBA HA CEMHU IepechInAx EBmaTopuiickol IrpymnIibl 03ep MOKa3aso
HEBBICOKYIO0 MOP()OJIOTUUECKYIO 3PesocTh cOPMUPOBAHHBIX MTOYB (C BO3PACTOM, KOTOPBIN PeIKO

* KoppeclmoHAUPYIOLIHUE aBTOP
Anpeca 371eKTpoHHOU mouThl: liset@bsu.edu.ru (O.H. JIucenkuii)
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IIPEBBIIIAET CTOJIETHE) U OTJINYUE OT Oosiee nuddepeHnpoBaHHON (HYHKIIMOHAIBHOU 3PEJIOCTH,
4TO 00YCJIOBJIEHO Pa3HBIM COJiepKaHUeM KapOOHATOB. /[JIsl TOYB ¢ COZepKaHUEM OKCH/IA KaJTbITHS
He Oosiee 18 % ycraHOBJIEHAa 3aBHUCHMOCTb MEXKAY MOIHOCTHIO T'YMyCOBOTO TOPH30HTA IIOYB U
GyHKITMOHAIBHON 3peJiocThio (10 13 aKKyMyJIUPYyeMBIM B pe3yJIbTaTe IeforeHe3a MaKpo- U
MHKpo3dJjieMeHTaM). [Ipe/ytokeH TlepeuyeHb Haubosiee HWH(POPMATUBHBIX TeOXUMHYECKHX
K03(ppHUIEeHTOB, KOTOpble 0000IIEHHO XapaKTEPU3YIOT BCE CI[EHApUH IMOYBOOOPa30BaHUA IIPU
caMO3apacTaHUU TECKOB HAa aKKyMYJIATHBHBIX (hopMax 4epHOMOPCKOTo mobepesxbsa. IlokazaHo,
UYTO BBIABJIEHHBIE PA3JINYUS MEXKTy MOP(OJIOTHIecKOU U QYHKIIMOHAIBHON 3PEJIOCThIO0 IIOYB HA
IIeCKax O6YCJIOBJIeHbI BKJIIOUEHHUEM IIOYBEHHBIX MACC OT IIPEAUIECTBYIOINUX 3TAIIOB II€A0T€HE3a B
COBpeMeHHbIE MPOGUIN B YCIOBUAX BHICOKON TMHAMUYHOCTH IEI0JIUTOTEHE3a, IPEK/Ie BCEro, 3a
CYET aKTUBHBIX S0JIOBBIX ITPOIIECCOB B OEPETOBO 30HE.

KiaroueBble ciioBa: EBnaropuiickue o3epa, MOYBBI IepechIlleld, pa3HOBPEMEHHbBIE TTOYBHI,
TEOXUMUS TTOYB.

219




Biogeosystem Technique, 2017, 4(2)

Copyright © 2017 by Academic Publishing House Researcher s.r.o. o

* X % Published in the Slovak Republic Homeommiam

: & i Biogeosystem Technique Technique
* # Has been issued since 2014.
ISSN: 2409-3386
E-ISSN: 2413-7316
2017, 4(2): 220-231

DOI: 10.13187/bgt.2017.2.220 = 1
www.ejournall9.com

Soil Fertility in Agriculture: Russia — Western Europe — USA: in the Past and Today
Jan Diek Van Mansvelt 2-*
aDownz2Earth foundation, Wageningen, Netherlands

Abstract

An overview is presented of how scientific agriculture perceived soils as stocks for minerals
for crop production, and to what extend this perception, as it is accepted in agronomy, is
considered as relevant in related scientific fields. In the nineteenth century the role of microbiology
in soil ecosystems was revealed, the balance of crop remnants and manure conversion was studied,
as well as seasonal crop feeding at different systems of manuring, crop rotation, tillage and mixed
systems, to manage the balance of crop- and livestock production under low external input
conditions. Particularly after World War II, the long-term experience of ‘living soils’ was ruined by
the practice of excessive external inputs of agrochemicals — fertilisers and subsequently pesticides.
On a minimized scale, soil-friendly agriculture was and still is present in organic and biodynamic
movements, together with various other agro-ecological approaches, attempting to overcome the
disadvantages of industrial agronomical agriculture. On this way the FAO declared the year 2015 as
the year of soil, while very the same FAO had supported the chemical agriculture for decades in the
recent past. This metamorphose has appeared because the shocking soil-destructive role of
industrial agronomy causing soil degradation (soil erosion, poisoning and compaction) with
flooding followed by drought — the total anthropogenous uncertainty of agricultural land and
biosphere as a whole is now becoming more and more obvious. Today soil-ecosystem awareness
arises in plant breeding, biosphere & climate, human health, rural development, manuring and
phytopathology’s pesticide effects on soil ecosystems. In organic (agro-ecology) systems the main
problem is the transition period, wherein the mentioned problems of soil compaction, dead-end
porosity, low soil nitrogen production, low rate of crop remnants and manure conversion, soil
productivity stagnation on the low level are critical. Over and again new approaches are needed to
overcome the shortcomings of industrial agriculture and thus attain the higher level organic
agriculture. It will be shown that organic/agro-ecological farming systems produce much better
that usually known. Moreover, Biogeosystem Technique is a promising transcendental integral
approach to overcome the conflict of technology and biosphere.

Keywords: soil fertility, fertilisers, manure, plant nutrition, carbon cache.

1. Introduction

The consequences of soil fertility, human health and global nutrition issue are important
question to properly perceive plant nutrition, crop- and soil-management. The soil ecosystem is
crucial to sustainable soil fertility. The main nutrient for the soil ecosystem is Carbon (as
carbohydrates), that delivers the much needed energy to the soil meso- and micro-organisms.

" Corresponding author
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Straw rich manure and well composted crop remnants increase quality and quantity of the yields,
provided well elaborated crop-rotations and minimal ploughing. The organic and biodynamic
farms have been screened on their long-time production and on their effects on the environment
(up to climate effects) (Van Mansvelt, 2016).

The key notes on plant nutrition are as follows: plants feed themselves from fertile soils, and
supply the conversion soil-ecosystems with exudates and remnants. Von Liebig senior has himself
revised his early perceptions on exclusively mineral plant fertilization by appreciating soil life and
the biological N fixation (Von Liebig, 1861).

The soil fertility is to be focused on the time and global scale including various neighbouring
disciplines of agronomy such as plant breeding, biosphere & climate, human health, rural
development, manuring, and pesticide effects on soil ecosystem (Van Mansvelt, 2017).

2. Method

Vavilov wrote in 1935 (Vavilov, 1997): "in the past the care for the soil — fertilizer, tillage, etc,
came to the fore. But our main goal is in the other — in agricultural plant building". Thus he shifted
his attention to genetically improving plant species to existing biotopes and left the improvement
of biotopes to fit plant species to others like the microbiologists. The leading role of leguminous
crops in supplying both people and livestock with protein, increasing soil fertility is a base of the
organic agriculture method (Loskutov, 1999; Dragavtsef, Kurtener, 2016).

3. Discussion

Winogradsky (1856—1953) — the famous Russian microbiologist and agronomist was the first
who started determining microbial species in a medical and later in an agricultural context
(Winogradsky, 1952). Winogradsky eye opener was that the microbial species’ particular properties
could be easily lost in artificial conditions, as being estranged from nature (Chung, Case, 2001).
On the other hand, the microbial species could be ruined by agro-chemical inputs in natural
ecosystems. This could become the cause of its collapse — unfavorable positive feedback in the
anthropogenous ecosystem.

In 1922 Winogradsky set up the new agricultural bacteriology division of the Pasteur Institute
in Brie-Comte-Robert (France) which activity was based of biological N-fixation. The studies of
bacterial complexes in the soil nitrogen cycle were started. It was revealed that the complexity of
soil bacteria required studying them not only in laboratory cultures but preferably in their natural
habitats. As a result of competition, the majority of soil organisms are in a dormant state — it had
been shown on example of the Azotobacter — active in isolation, but remaining "obstinate into soil
in situ” — so the use of laboratory methods in pure culture, and bacteriological media, could not be
base of the real soil science. While at Brie, Winogradsky showed the bacteria of rhizosphere as an
active agent of N-fixation. These findings triggered a development of commercial nitrogen-fixing
bacteria cultures by Ira Baldwin at the University of Wisconsin.

Between 1926 and 1929, Winogradsky embarked on a study of aerobic organisms involved in
cellulose decomposition and recognized a series of bacterial genera degrading cellulose and
synthesizing polyuronides in soil. He was the first to describe the fusiform, cellulose-degrading
cells in the genus Cytophaga. Winogradsky started the concept of reductionism and single action-
reaction relationships to be studied both under natural or artificial conditions. He realised the
natural soil as a complex ecosystem. The safe wide range of interacting organisms requires a
holistic multidisciplinary approach, in order to establish sustainable land-use.

Also V.R. Vil'yams (1895-1898) was an adherent of soil-ecosystem good care.

Nikolai Aleksandrovich Krasilnikov (1896—1973), the director of the Institute of
Microbiology of the Academy of Science of the USSR, in his ‘Soil Microorganisms and Higher
Plants’ (Krasi’lnikov, 1958, 1968, Gutina, 1982) mentioned the soil’s microbial life and its
interactions with the crops growth, the utility of fertilisers, the crop rotation.

Anton Nigten (2017) summarised Krasi’lnikov’s main points as follows:

1. Organic fertilisers cannot be (completely) replaced by chemical salts (such as the well
know NPK fertilisers of today);

2. Using composts as fertilisers in his experiments, he found yield increases of 10—50 %, as
compared to using chemical fertilisers. However, there were considerable differences between crop
species;
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3. Remnants of crops and animals must be converted into humus before crops can feed on
them;

4. Fertile soils contain more amino-acids then infertile ones;

5. Crops can feed on organic substances only (Palladin, 1924), with a positive effect on their
quality as crops as well as of their seeds (Samokhvalov, 1952; Kursanov et. al., 1946);

6. Most plants can interact symbiotically with mycorrhiza fungi, as well as with bacteria.
They feed the soil ecosystem and derive specific nutrients in return. This happens most strongly in
the early phases of plant development;

7.  Mycorrhiza fungi, algae and bacteria exude biotic substances into the soil, such as
vitamins, amino acids, auxins, antibiotics, nitrogen compounds, organic acids and phosphor
compounds. The B vitamins are very important to plants, like vitamin B, for O. rich combustion, of
Bs, B., B1o, PP and H for formation of amino acids and their transamination;

8. Several organic compounds can be taken up directly as such by plant roots, see for
example Laurent and Marchal (1903), so complete mineralisation of the organic compounds is not
a requirement as often presumed. Moreover, when bacteria and mycorrhiza fungi are present,
phosphorus is taken up more easily;

9. Each and every plant species creates its own rhizosphere in the soil, with its own
microorganisms. Thereby the soil, climate and management conditions are crucial. For example do
microorganisms produce organic metal components (note that plants cannot take up inorganic
iron). So, depending on the situation, nourishing or toxic conditions can occur in the rhizospheres;

10. During crop growth there are mainly non-sporulating bacteria, fungi, and algae. When
crops ripen the sporulating species, feeding on plant remnants, become most present. The latter
can be detrimental to crops as they exude toxic substances: a monoculture effect that cannot be
countered through fertiliser use;

11. In fertile soils less harmful microorganisms are found as compared to infertile soils.
By adding CaCO;, MgO and NaOH Krasil'nikov accomplished important improvements of soil
quality. On the contrary, by adding KNO; and KPO; azotobacter, a healthy soil indicator, was
killed. These experiments were done in podzol soils that presumably lacked Ca, Na and Mg, and
presumably where still rich in K;

12. All micro-organisms have their own antagonists in the soil ecosystems. To increase their
positive effect on plant growth, Krasil’'nikov mixed them with compost, thus keeping them in a
good balance;

13. Plants growing in soils treated with manure or compost where found to contain more
‘active plant juices’, with antibiotics from the soil. Their resistance against plant diseases was
increased as compared to non-treated plants;

14. Epiphytes on over ground crop parts scan have positive or negative effects on the plant
growth, similar to those of microorganisms in the soil;

15. In his last book “Microbes and toxic chemicals in the struggle against plant pests”,
Krasil'nikov argues strongly in favour of microbial balances in the soil ecosystem to prevent
diseases, and thus against killing those living soils by using pesticides.

It is now obvious that — even long ago Winogradsky and Krasil'nikov and their successors —
Rudolf Steiner (1861—-1925) (Steiner, 1924, 1993), Sir Albert Howard (1873—1947) (Howard, 1940),
William Albrecht (1888-1974) (1975), Hans Peter Rusch (1906—1977) (2004) and Masanobu
Fukuoka (1913—2008) (1975 & 2009) — were much aware of the complex living soil ecosystem,
abundance of microbial species (not focusing on the single microorganism producing natural
antibiotics), interactions of the soil systems as cause for crops to grow well (Chaboussou, 1987,
2004; Besson, 2017) on the healthy soil (Semenov, Sokolov, 2016). Unfortunately, the perception
of soil as living organisms was overruled by the agro-chemistry adherents and ever less applied in
agriculture — agronomy specialising on the distorted perception of linear chemical interactions
only. The awareness of soil ecosystems as a living wholes must be restored, in order to reach a truly
sustainable agriculture.

In USA John Marler (2009a, 2009b) manifested soil-ecosystem awareness of today and
listed the benefits of biotic fertilizers as follows:
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1. Full genetic potential: Crops grown with the steady nutrition provided by the complex
ionic nutrients contained in soil acids are usually superior in appearance, size and nutrient density
to crops grown with conventional fertility formulations;

2. Equal or greater yields: Biotic fertilizers have equalled or excelled in crop yields when
compared with conventional fertility programs in both organic and NPK + biotics formulations;

3. Cost: Biotic fertilizer costs are equal to, or less than, costs associated with conventional
fertilizers. When oil prices and natural gas prices increase, the cost of conventional fertilizers
increases, but the cost of biotic fertilizers stays relatively stable;

4. An end to arable soil erosion and loss of topsoil: Conventional fertilizers are easily over
applied. The result is an imbalance in the carbon: nitrogen ratio in a soil, which accelerates the loss
of topsoil. Biotic fertilizers work in a natural manner to rebuild soil acids and soil acid gels that act
to hold topsoil in place;

5. Soil remediation: Biotic fertilizers have the ability to grow a crop to its full genetic
potential while remediating and building soil organic matter, in the form of complex nutrition soil
acids;

6. Less toxicity: Biotic fertilizers come in both organic and non-organic forms. While
organic forms are naturally less toxic, even the non-organic forms have been shown to require less
use of pesticides and fungicides. As a result, conventional fertility programs fortified with biotic
fertilizers are not only less toxic, but also have lower costs normally associated with pesticide and
fungicide applications;

7. Less crop attack by pests: Organic growers have noted that organic crops experience
fewer attacks by pests when compared to crops fertilized with conventional fertilizers. Biotically
fertilized crops, particularly those grown with USDA National Organic Program fertilizers, typically
exhibit little attraction for insects. Nature has a means for protecting healthy plants from insects,
and biotic fertilizers enable these protective mechanisms;

8. Less fungal attacks and disease: biotically fertilized crops have repeatedly shown an
ability to resist fungal attack and plant disease. Growers with many different crops in diverse
regions have reported that the incidence of powdery mildew, fungus, and other specialized fungal
attacks, such as club root in cole crops, are diminished by the use of biotic fertilizers.
The mechanism behind this ability is suspected to be the chelated forms of natural elemental
fungicides, such as copper, magnesium and zinc that are contained in the biotic formulations.

Marler shares the soil fertility awareness of Winogradsky and Krasil'nikov.

In Russia the idea of soil-ecology based agriculture is presented by A.A. Zhuchenko (1995)
and Evgeny Lysenko et al. (2010). They criticise the agriculture trend of industrial chemisation
(fertilisers & pesticides) killing soil life in monocultures and soil mouldboard ploughing,
compaction of soil, which become impermeable for air and water. Fertiliser application causes the
decline in soil micro-organisms, the crops lose their resilience, and the use of pesticides that kill the
soil ecosystem more and more is badly stimulated. This positive feedback ruins the soil ecosystem
— short-term socio-economic, institutional and governmental policies, short-time money making
contradict dramatically a sustainable land-use future (Van Mansvelt, Van der Lubbe, 1999).

The post 2Md WW FAQ’s policy has been linked with war-driven centralised chemo-technical
mono-cultural high external input approach rather than non-violent soil ecosystem. Now FAO’s
Deputy Director-General Maria Helena Semedo warns that agriculture is discovered as a big threat
in the fight against climate change and is to be integrated as a sector of the urgent government
climate policies (Semedo, 2015). Vananda Shiva (1999) appeals for decades for the agro-
ecology/organic agriculture political support. Agriculture on carbon enriching soils is a strong
measure against greenhouse gases (Van Mansvelt, 2016).

Decades after the crucial shift to post 22 WW chemisation, the need to go back to soil fertility
production is finally accepted as very urgent. There are attempts to generate and apply knowledge
required for economically and environmentally sustainable crop production systems and products,
as well as in developing land management strategies that protect the quality of soil, water and air
resources as the key for sustainable agriculture (Crop and Soil Sciences, 2017), practical
recommendations are proposed by Forschungs Institut Biologisch Landbau (FIBL) on the basis of
sustainable soil fertility ins and outs, improving land management (Anonymous, 2012).
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The Soil Biology Prof Lijbert Brussaard, from Wageningen University in October 2016
summarizes the agenda on the own three decades research basis:

“Over the years, my interest has broadened from straight soil biology to ecosystem services
mediated by the soil biota, the (synergies and trade-offs between) ecosystem services and how
scientific knowledge may inform land use planning and decision-making by actors in agricultural
landscapes. In particular, my research focuses on:

- Biodiversity in agricultural landscapes. Agricultural landscapes are important for the
survival of a great deal of wildland biodiversity. The challenge is to make wildland biodiversity
more meaningful for the functioning of agricultural landscapes and the provision of ecosystem
services. The challenge I am working on is to understand and integrate soil biodiversity in this
picture;

- Soil biota — soil structure interrelationships. As a result of agricultural management the
contributions of the larger soil biota, such as earthworms and termites, to the formation of soil
structure and porosity has diminished, with likely negative effects on the build-up and
maintenance of soil organic matter. My research is aimed at understanding and restoring the
activity of the soil biota and associated ecosystem services;

- Element cycles as influenced by the soil biota. With mounting pressure on increasing
biomass production, while reducing nutrient and greenhouse gas losses from soil to the
environment, my research is aimed at understanding and managing of soil biotic interactions for
increased nutrient use efficiency in agriculture;

- Biological soil quality. The concept of biological soil quality recognizes that soil
characteristics, soil properties, ecosystem functioning and soil ecosystem services are mediated by
the soil biota. The research is aimed at scientific underpinning of the concept and making it
operational for farmers and other land users.”;

Also, the importance of crops breeding which have wide and deeper root systems is
mentioned, in order to improve carbon sequestration and soil-ecosystems development as a whole,
as needed for good crop yields. D.B. Kell (2011) states:

“The soil represents a reservoir that contains at least twice as much carbon as does the
atmosphere, yet (apart from ‘root crops’) mainly just the above-ground plant biomass is harvested
in agriculture, and plant photosynthesis represents the effective origin of the overwhelming bulk of
soil carbon. However, present estimates of the carbon sequestration potential of soils are based
more on what is happening now than what might be changed by active agricultural intervention,
and tend to concentrate only on the first metre of soil depth.

Breeding crop plants with deeper and bushy root ecosystems could simultaneously improve
both, the soil structure and its steady-state carbon, water and nutrient retention, as well as
sustainable plant yields. The carbon that can be sequestered in the steady state by increasing the
rooting depths of crop plants and grasses from, say, 1 m to 2 m depends significantly on its
lifetime(s) in different molecular forms in the soil, but calculations
(http://dbkgroup.org/carbonsequestration/rootsystem.html) suggest that this breeding strategy
could have a hugely beneficial effect in stabilizing atmospheric CO.. This sets an important
research agenda, and the breeding of plants with improved and deep rooting habits and
architectures is a goal well worth pursuing.”

E. Charles Brummer et. al. (2011) from the Forage Improvement Division, The Samuel
Roberts Noble Foundation, Ardmore, UK, states that:

“Plant breeding programs primarily focus on improving a crop's environmental adaptability
and biotic stress tolerance in order to increase yield. Crop improvements made since the 1950s —
coupled with inexpensive agronomic inputs, such as fertilizers, pesticides, and water — have
allowed agricultural production to keep pace with human population growth. Plant breeders,
particularly those at public institutions, have an interest in reducing agriculture's negative impacts
(sic. JDVM) and improving the natural environment to provide or maintain ecosystem services (e.g.
clean soil, water, and air; carbon sequestration), and in creating new agricultural paradigms (e.g.
perennial polycultures). Here, we discuss recent developments in, as well as the goals of, plant
breeding, and explain how these may be connected to the specific interests of ecologists and
naturalists. Plant breeding can be a powerful tool to bring “harmony” between agriculture and the
environment, but partnerships between plant breeders, ecologists, urban planners, and policy
makers are needed to make this a reality.”
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Biosphere and climate is the awareness of European environment (2010) because
agricultural intensification including bio-fuels means decreased crop diversity, simplified cropping
methods, fertiliser and pesticide use, exacerbating biodiversity loss and homogenised landscapes.
Industrial chemicals, heavy metals, nitrate and phosphorus, pharmaceutical products end up in the
soil or in water, excess atmospheric nitrogen content is a dangerous issue across the EU (Soil and
climate change, 2017), the costs of degradation are inappropriate (The Union of Concerned
Scientists, 2017):

“Industrial agriculture is currently the dominant food production system in the United
States. It's characterized by large-scale monoculture, heavy use of chemical fertilizers and
pesticides, and meat production in CAFOs (confined animal feeding operations). The industrial
approach to farming is also defined by its heavy emphasis on a few crops that overwhelmingly end
up as animal feed, biofuels, and processed junk food ingredients.

From its mid-20t century beginnings, industrial agriculture has been sold to the public as a
technological miracle. Its efficiency, we were told, would allow food production to keep pace with a
rapidly growing global population, while its economies of scale would ensure that farming
remained a profitable business.

But too often, something crucial was left out of this story: the price tag.

In fact, our industrialized food and agriculture system comes with steep costs, many of which
are picked up by taxpayers, rural communities, farmers themselves, other business sectors, and
future generations. When we include these “externalities” in our reckoning, we can see that this
system is not a cost effective, healthful, or sustainable way to produce the food we need.

And the good news is that it’s not the only way. Scientists and farmers are developing smart,
modern agricultural systems that could reduce or eliminate many of the costs of industrial
agriculture—and still allow farmers to run a profitable business. It’s time for farm policy to move
into the 21st century and prioritize these innovative methods. As I could show last year in
Skolkovo, a range of rresearches has shown that average organic farms have a better yield and a
higher income than comparable conventional farms (Van Mansvelt, 2016).

Industrial farming has negative effect on environmental safety. The effect on health of
workers, eaters, and downstream neighbours is often neglected. The health impacts:

Pesticide toxicity. Herbicides and insecticides commonly used in agriculture have been
associated with both acute poisoning and long-term chronic illness (like Alzheimer’s disease,
obesities, diabetes etc.).

Water pollution from fertilizer runoff contaminates downstream drinking water supplies,
requiring costly clean-up measures with an annual price tag of nearly $2 billion.

Ecosystem pollution from the Antarctic snow (Zhang et al., 2015) to the sea water in the
deepest oceans pesticides in tiny quantities (0.1 Nano grams per litre water) have been found,
which are enough to pose potential threats to wildlife by accumulation in the food chain.

Junk food. Industrial agriculture, especially in the central United States, mostly produces
commodity crops like corn, sugar beets and soybeans. These crops are used to make the processed
foods that dominate the US diet, with serious — and enormously costly — health impacts. All those
foods contain small quantities of dozens of different agro-chemicals that are used on those crops
(like glyphosate and imidacloprid). Some chemicals are added during food processing (like MSG
and dozens of other), and other pesticides (like glyphosate and imidacloprid) are developed in
order to be absorbed by the plant roots, which thus increases the risks of passing the whole food
chain to the end users.

Antibiotic resistance. The overuse of antibiotics in CAFOs has accelerated the development of
antibiotic-resistant bacteria, which has taken a toll both in lives and health care dollars.

In former days the American Corn Belt soils were fertile, just as the Russian Chernozems!
Now, under industrial farming, soil fertility is considered as a resource to use, not to maintain,
additional shortcomings and costs appear:

Depletion. Monoculture exhausts soil fertility, requiring costly applications of chemical
fertilizers.

Irrigation. Soils used to grow annual row crops and then left bare for much of the year have
poor drought resistance, increasing irrigation costs.

Erosion. Monoculture degrades soil structure and leaves it more vulnerable to erosion,
resulting in costs for soil replacement, clean-up, and lost farmland value.
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Lost biodiversity. Industrial farms don't support the rich range of life that more diverse
farms do. As a result, the land suffers from a shortage of the ecosystem services, such as
pollination, and insect pest antagonists that a more diverse landscape offers.

Social and economic impacts

The pressure to "get big or get out" is fundamental to industrial agriculture — and takes a toll
on communities.

Loss of mid-sized farms. Once the backbone of US agriculture, medium-sized farms are a
dwindling breed, which means that fewer and fewer Americans make their living as farmers—a
trend that has been bad for the economies of rural communities and farm states.

Well known fact is that industrial agriculture causes expensive equipment to remove fertilizer
by-products from public drinking water supplies, repair the "dead zones" and toxic algae blooms,
the pollution problems reduce liveability and depress property values (Von Liebig 1863, Chaianov,
1927).

There are hidden agriculture effects and costs (Advancing sustainable agriculture, 2017;
(Hidden Costs of Food, 2017; Spot-Chemi, 2017). Altogether they are additional dangers for our
world-wide agro-ecosystems.

The symposium on the use of organic matter amendments at Ohio State University concludes
(Baysal-Gurel, 2013):

« The addition of organic matter such as cover crop-green manure (single and mixed species),
seed meals, dried plant material, good quality compost, organic waste and peats can aid in reducing
diseases caused by soil-borne pathogens.

« Organic matter amendments can be very effective in controlling diseases caused by
pathogens such as Fusarium spp., Pythium spp, Rhizoctonia solani and Sclerotinia spp.

« Organic matter improves soil structure and its ability to hold water and nutrients; it also
supports microorganisms that contribute to biological control.

e Our study has shown that mixed-hay cropping during the transition periods can enhance
soil suppressiveness to damping-off caused by Pythium and Phytophthora.

« In addition, although compost amendments applied during transition can improve crop
vigour by significantly enhancing soil fertility, their effects on soil-borne diseases are not
predictable when transitioning to certified organic production

« Organic matter amendments have great potential. However, they sometimes can cause;

« Inconsistent control, increased disease severity and Phytotoxicity.

« Correct management of crop residues and wastes is necessary to avoid phytotoxic effects.

« This can be achieved by optimizing application rates and the timing between organic matter
applications and planting the vegetable crop.

« In the early stages of decomposition, and especially when the available oxygen is low as in
saturated soil, crop planting should be avoided, or at least delayed to avoid phyto-toxicity and/or
diseases caused by Pythium and related pathogens.

« Although cover crops contribute many benefits to agricultural system, they may play a
significant role to increase soil-borne diseases. Grower management of brassica cover crop residues
could greatly affect bio-fumigation effectiveness.

e For maximum effect, residues need to be completely shredded and immediately
incorporated into sufficiently moisten soil. Here I allow myself to add that the application of dry
organic materials (like crop remnants) can be applied to dry soils after harvest as a soil cover, to
reduce soil erosion on slopes and increase percolation when rain comes or catch dew in the early
morning.

In organic farming the Earthworms are justifying a dream of Sir Charles Darwin as
‘unheralded soldiers’ of mankind and ‘friends of farmers’. One of the leading authorities on
earthworms and vermiculture Dr. Anatoly Igonin has said: “Nobody and nothing can be compared
with earthworms and their positive influence on the whole living Nature” (Sinha et al., 2009).

After seven years of compost and slurry high amount applying the soil activity becomes
higher, the yields improve as well (Hopkins et al., 2016). At the same time it has been revealed that
amount of applied nutrients could be decreased considerably without decreasing the yields, once
the soil ecosystem is re-established by proper soil management and become fertile with minimal
inputs (Van Mansvelt, 2016).
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In rhizosphere the root exudates force the interaction between roots of different plant plants,
microbes, and nematodes which are highlighted on the scale from molecular to ecosystem level
(Harsh P. Bais et al., 2006).

According the studies on “plant growth — promoting” and ‘plant health — promoting” bacteria
the plant microbiota is enabled through diverse biochemical mechanisms Davide Bulgarelli et al.
(2013).

Cooperating Fujian University departments in China found that novel bio-organic fertilizer
effectively suppresses Fusarium wilt by enriching the antagonistic bacteria and enhancing the
bacterial diversity (Linkun et al., 2016).

It is obvious that cooperation of soil ecologists, plant breeders, microbiologist,
phytopathologists and other specialists helps to avoid simplified model of “pest — plant”
interactions that promote fighting nature and turn to nature-friendly models allowing the long-
term fruitful development. Healthy soils mean healthy crops.

The pesticides disastrously contaminate the soil and the food. Regulations on new pesticides
use don’t solve the fundamental issue — the pesticides behaviour in the food chain — the role of
final experimental rabbits for us and nature is undesirable (Buijs, Tennekes, 2017).

Already in the last century’s fifties the Germans Hermann Druckrey (1904-1994) and
Chemistry Nobel laureate (1939) Adolf Butenand (1903—-1995) warned about the dangerous policy
of pesticides dose-effect risk-prevention, irreversible effects of pesticides. But the French René
Truhaut promoted the acceptableness of daily intake as the risk-management strategy for pesticide
wide use. With massive support from industry this point of view is prevailing until now, and results
in irreversible pollution of ecosphere with pesticides and their metabolites — the neonics can kill all
insects, then all birds (Tennekes, 2010; Tennekes, Sanchez-Bayo, 2013) and other organisms
inhabiting various trophic levels, including humans (Lew, 2009). The microorganisms — the kings
of nature — are the first to respond these synthetic compounds deposites in the environment (Tano,
2011).

There is a need to stress — thousands organic farmers worldwide prove so — that pesticides
are not required to grow healthy crops. The switch of FAO policy from industry driven to global
survival driven in 2015 is an important indicator for the nearest future.

In July 2017 the Netherlands Food and Consumer Product Safety Authority discovered
(NFCA, 2017) the fipronil insecticide in eggs and in chicken meat. It is unavoidable that anything
that is used in feed and in the stable will become present in eggs and in chicken meat. From 2016
till July 2017 all contaminated eggs and chicken meat had been consumed, the contaminated life
waste become applied to the soil and water systems. In Russia fipronil and similar chemicals are
widely advertised and sold for use in poultry. The only way out of the dangerous environment
situation is to forbid the use of all those substances in the food chain and to control it in
transparent procedures.

The contaminants and infections are spreading on the wide scale, including super-bacteria
resistant to any modern antibiotics. Therefore, the health of the soil and the sanitary and
epidemiological conditions of life become worse (Sazykin et al., 2016; Sazykina et al., 2014).
The dangerous biological objects resistance to modern medicines can only be eliminated by natural
antibiotics, which, as a waste, in small concentrations, can be dispersed and integrated into the soil
ecosystem. Another way is a gasification of biological waste and subsequent disperse intra-soil
placement of ecosphere-safe gasification product, whose mass is 10-20 times less than the initial
product, inside the soil as a fertilizer, a structure-forming agent, an ameliorant. However, the
technical means of standard industrial farming, insofar as they are unchanged in organic farming
systems, are not able to solve such tasks.

In some marginal types of organic (agro-ecology) systems, critical problems of soil
compaction, dead-end porosity, low soil-nitrogen production, low rate crop remnants and manure
conversion, can result in soil productivity stagnation on an unwanted low level (Semenov et al.,
2016).

The soil, disturbed by standard agricultural techniques, needs the creation of starting
conditions for a new evolution under organic farming system, otherwise the transition to the new
system will be difficult, or impossible at all. The new approaches are needed to overcome the
shortcomings of industrial agriculture. The Biogeosystem Technique is a promising transcendental
integral approach to overcome the conflict of technology and biosphere, to create starting
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conditions for sustainable vector of the fertile healthy soil evolution (Batukaev et al., 2016; Glazko
V., Glazko T., 2015; Glazko, Sister, 2016; Kalinichenko, 2016; Kalinitchenko et al., 2016).

The methods and technical means of Biogeosystem Technique are of interest for synthesizing
the dispersed system in 20-45 cm soil layer, most compacted in a standard farming system. An
attractive opportunity is to apply in a dispersed way the biological waste within synthesized intra-
soil dispersed system. It helps to eliminate an uncontrolled spread of dangerous substances, which
in standard farming practice are applied to the soil surface layer. The plants will be supplied with
additional nutrients, the possibility will be obtained for carbon sequestering from the atmosphere
by increasing soil biological capacity, a larger productive carbon cache will be created into the
healthy soil.

In organic (agro-ecology) system the main problem is the transition period, wherein the
problems of soil compaction, dead-end porosity (Shein et al., 2016), low soil nitrogen production,
low rate of crop remnants and manure conversion, soil productivity stagnation on the low level are
critical. Over and again new approaches are needed to overcome the shortcomings of industrial
agriculture and thus attain the higher level organic agriculture. It will be shown that organic/agro-
ecological farming systems produce much better that usually known.

4. Conclusion

In the light of above survey it is clear that agronomist academicians have the responsibility
and, at the same time, have a considerable challenge to revise our research policy and contribute
more than ever for sustainable food production and the sustainable future.

Disciplinary research alone is not enough anymore — such research are dangerous because
disorientate the scientific community, the population, the government (Van Mansvelt, Van der
Lubbe 1999).

Now a vast knowledge is available on different aspects of soil ecosystems degradation and
healthy soil ecosystems regeneration, to grow healthy crops, best possibility for cattle breeding,
healthy food for humans.

Let us more contribute to a non-violent agriculture, create an international multidisciplinary,
practice based, non-violent, sustainable agro-ecosystem management.
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Abstract

The conference agenda was the vast field of Fundamental and applied research in Bioorganic
Agriculture in Russia, CIS and the EU. The conference was dedicated to the blessed memory of the
highly honored Russian Academician Alexander Alexandrovich Zhuchenko (1935 — ca 2013).
Scientific work of A.A. Zhuchenko on crop adaptability is of highest significance for Bioorganic
Agriculture to ensure a decent life way in harmony with nature not damaging an environment.
The Conference’s focuses were: low external input agriculture, ecologically balanced and highly
recycling agriculture, with pest prevention preferred over pesticide use. More than two hundred
papers were presented on call of Conference successful organizer — Prof. Sulukhan K. Temirbekova
— and collected in two tomes, of some 700 pages each — the huge interest to the issue. Very
important protagonists of agro-ecology/organic agriculture were the participants of the
Conference. The Resolution of conference assesses the contributions of all participants as valuable;
recommend more attention & facilities for research and education in organic agriculture, the state
regulation of IFOAM compliant standards for food production and processing, an annual or at least
bi-annual international RAS conference on developments in organic agriculture, research and
practice.

Keywords: Zhuchenko, recycling agriculture, pest prevention, environment, state
regulation, quality of food.

The conference agenda was the vast field of Fundamental and applied research in Bioorganic
Agriculture in Russia, CIS and the EU.

The conference was dedicated to the blessed memory of the highly honored Russian
Academician Alexander Alexandrovich Zhuchenko (1935 — ca 2013).

A.A. Zhuchenko — the prominent high global level biologist, the biggest organizer, head of
biological and agricultural science and production, presented bioorganic agriculture scientific work
on the adaptive potential of the crop. The entire scientific Russia and CIS community noted his 8ot
anniversary in 2015. A.A. Zhuchenko was a multifaceted personality with a deep scientific intuition
and insight, developed new and original trends in the world of science, foresaw the main areas of
crop development (genetics, breeding, immunity, ecological agriculture). An outstanding scientist
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and patriot, he devoted his life to the service of science of the Soviet Union and Russia. And all this
he was absolutely reasonable and sincere in dealing with Russian and foreign colleagues!

Fig. 1. Academician A.A. Zhuchenko (photo made in 2009)

Scientific work of A.A. Zhuchenko on crop adaptability is of highest significance for
Bioorganic Agriculture to ensure a decent life way in harmony with nature not damaging an
environment.

Based on his fair and sound research, he advocated organic agriculture as a way to respect the
self-organizing potential of nature. An agriculture that produced enough good food for the people,
and at the same time improved the soil ecosystem in favour of the generations to come.

As economic interests of certain industries were not served by a low external input
agriculture, Zhuchenko’s proposals and teachings were not supported for many decades.

Thus it was joyfully surprising that Prof. Sulukhan K. Temirbekova managed to organise a
conference in the Russian Academy of Sciences, wherein low external input agriculture,
ecologically balanced and highly recycling agriculture, with pest prevention preferred over
pesticide use, was put in the focus of most of the 62 presented papers.

Also the more than two hundred papers collected in two tomes of some 700 pages each,
presented on Conference successful organizer — Prof. Temirbekova’s call for papers, clearly show
the huge interest in the issue among Russian agro-researchers.

To name just a few of the important protagonists of agro-ecology / organic agriculture I refer
to the following list of professors (these scientists are just some important persons):

A. Goncharenko — Plant breeding

B. Heijden — BD Plant breeding

A. Semenov - Soil microbiology

M. Sokolov — Soil health

Y. Volkov — Biodynamics

A. Nakaryakov — Biodynamics & Bio-Ekoniva

A. Zuchenko Jr. — Organic agriculture

V. Loshakov — Crop rotation

V. Kasdapov — Leguminous forage crops

O. Stognienko — Crop rotation and soil health

A. Kislov — Phytopathology and crop rotations

233




Biogeosystem Technique, 2017, 4(2)

Fig. 2. Conference perticipants. From left to right A. Nakaryakov (Kaluga region),
prof. S.K. Temirbekova, prof J.D. Van Mansvelt (The Netherlands), Dr. B. Heijden (Germany)

Prof. Temirbekova made an important draft of the conference Resolution, wherein the
participants of the conference recommend to pay more attention & facilities for research and
education in organic agriculture, as well as state regulation of IFOAM compliant standards for
production and processing.

Fig. 3. Elizabeth Beringer, EU expert on biodynamics, interpreter Elena Gurchenko, student of the
Russian State Agrarian University named after K.A. Timiryazev (left)
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Fig. 4. Dr. Janos Molnar, European Union Expert, Hungary

Also an annual or at least bi-annual international RAS conference on recent developments in
organic agriculture, research and practice, was recommended in that Resolution.

All in all, T appreciate the great and successful efforts of prof. Temirbekova and the valuable
contributions of all participants. Future generations will note the transition toward sustainable
agriculture in Russia that was initiated by this unique Conference.

I do hope the Resolution will have the support of all participants and all those in charge.

Conference resolution

Having listened and discussed the reports of Russia, Belarus, Germany, Netherlands,
Mauritius Island scientists, the participants of Conference expressed their appreciation of its
organization, presentations, posters and expressed a deep gratitude to the organizing committee
for the excellent organization of international conferences, and personal gratitude to the Chairman
of the Organizing Committee Prof. S.K. Temirbekova for her ability and organizational skills in
conducting the event.

Participants noted that the future of bioorganic agriculture food security — the quality of food
and environment determines the quality of life on the Earth.

The conference participants decide:

1. Develop and promote a program of bioorganic agriculture on a global level.

2. Develop and implement a program to educate primary, secondary students on the basics
and the importance of bioorganic agriculture.

3. Make proposals to the Federal Law Project 28.01.2015 "On organic production” and
changes to the adopted Standards.

4. Develop and adopt a program of cooperation in the field of bioorganic (biodynamic)
agriculture at the international level in the form of scientific and technical association to conduct
studies including all branches of agriculture (soil science, breeding, plant protection, etc.).

5. Send a proposal to the relevant Ministries of the Russian Federation for opening the
Departments of organic agriculture in Universities of Krasnodar and Moscow.

6. Foster the Agriculture graduates in development of bioorganic farming.
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7. Disseminate the information about the Conference in social networks, media and other
media.

8. Hold conferences on bioorganic farming on regular schedule once in a 1.5-2 year with the
invitation of IFOAM experts, scientists and bioorganic government and non-government
organizations of Russia, CIS and over the world.

My song for the earth — my mother

Let me sing you my song — for my mother
For my mother: this wonderful Earth

She will nourish us all and forever

If we cherish her so fertile soils

Let us farm the earth's soils to be fertile
Let us farm to improve all our soils

When we feed all the soils they will feed us
Healthy soils, healthy crops, healthy us.

Let's pay farmers a fair price for growing
All the food that we need — from good soils.
For good soils save out water and climate.
Let's make sure we don't let soils erode.

Be aware we're in charge as consumers
And as scientists of the whole food-chain.
Let us here vote for the fair politicians
From all regions of all of Russia.
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International Scientific and Practical Conference: "Problems of Ecology and
Agriculture in the 215t Century", dedicated to the 130t Anniversary of N.I. Vavilov

Sulukhan K. Temirbekova 2 *
a All-Russian Scientific Research Institute of Phytopathology, Russian Federation

Abstract

International Scientific and Practical Conference: "Problems of Ecology and Agriculture in
the 21t Century”, dedicated to the 130t anniversary of Nikolai Ivanovich Vavilov was held on
September 21—-22, 2017 in the Presidential Hall of Russian Academy of Sciences.

N.I. Vavilov has organized 180 expeditions to 65 countries (he didn’t visit only Australia and
Antarctica), where collected the richest and unique world collection of cultivated plants — a gene
bank of more than 250 thousand samples. To date, more than 70 % of the cultivars in Russia and
other countries have been created on the basis of N.I. Vavilov collection. The collection is our
national treasure. In the presentations and posters, the high importance and relevance of the
Academician N.I. Vavilov scientific heritage, priority scientific directions and modern technologies
in the field of agro-ecology, crop production, breeding, phytosanitary, genetics and biotechnology,
biodiversity, environmental protection were voiced. The resolution of the conference contains an
appeal to the President of the Russian Federation, the Government of the Russian Federation, the
State Duma of the Russian Federation, the Ministry of Agriculture of the Russian Federation and
the Federal Agency of Scientific Organizations on the need to formulate a strategy in the field of
plant genetic resources, genetics and epigenetics, selection and seed production in the Russian
Federation, to develop and improve the laws of the Russian Federation in the field of genetic
resources, seed conservation, preservation and development of the scientific heritage of
Academician N.I. Vavilov. On the suggestion of the Netherlands, a multi-purpose international
agro-ecological project was initiated, oriented in accordance with Presidential Decree No. 642 of 1
December 2016 to overcome the great challenge of preserving and enhancing the biosphere — the
development of genetic research, introduction, and overcoming the conflict of technology and the
biosphere using Biogeosystem Technique.

Keywords: N.I. Vavilov, genetics, epigenetics, biodiversity conservation, breeding, agro-
ecology, plant growing, phytosanitary, environmental protection, Biogeosystem Technique.

MexxayHapoaHasi HaydHO-TIpaKTUUecKkass KoH(pepeHnusa: «IIpobeMbl SKOJIOTUU U CETbCKOE
x03sMcTBO B XXI Beke», IMOCBAIIEHHas 130-JeTHIO co aHA poxkaeHus H.M. BaBuioBa Obuia
mpoBezieHa 21—22 ceHTAOps 2017 1. B IIpesugentckom 3ame PAH B MockBe mo WHHUIMATHBE
Poccuiickoii akagemMuu Hayk, MUHHUCTEPCTBA CEIBCKOTO X03sKcTBa PO, denepasbHOro areHTCTBA
HAy4YHBIX OpraHu3anui, Bcepoccutickoro HAy4YHO-UCCJIeJ0BATEIBCKOTO WHCTUTYTA
¢uronarosorum.

* Corresponding author
E-mail addresses: vniif@vniif.ru (S.K. Temirbekova)

237



http://www.ejournal19.com/

Biogeosystem Technique, 2017, 4(2)

Puc. 1. H.U. BaBuwios

B xondepeHnuu npuHaiau ydacrue npexacrasutesnn PAH, MwunHuncrepcrBa ceybCKOTO
xo3saiictea P®, ®AHO Poccum, HaAyIHBIX YUYpeXKJeHHH, OOIIECTBEHHBIX OpraHU3aAIUH,
VUpEXJEHUN BBICIIEr0 OOpa30BaHHA arpapHOro Mpodwis, JeI0Bble KPYTH, OOIIeCTBEHHbIE
opraHusanuu. Becero yuacTHuKoOB 6bUTO GoJiee 130 uesoBek — u3 Hupnepsiannos, paka, Bearpuu,
Monnossl, IIpuaaectpoBba. Cpen y4aCTHUKOB — aKaJIeMUKH M 4ieHbl-KOppeclnoHeHThl PAH,
npodeccopa, AOKTOpa U KaHJAWJAATHl HAyK, CIEIUAJIUCTBl CeJIbCKOTO XO3ANCTBA, HayuyHbIe
COTPYZITHUKH, OOII[€CTBEHHBIE JIEATEIIH.

Puc. 2. UsieHbl OpraHu3aniiOHHOro KoMuTeTa KoHQpepenuu. Ciaesa Hanpaso: aupekrop BHUNO
npod. A.Il. ['suHyIIKkuH, npezcearesb opranusanuonHoro komurera npod. C.K. Temupb6ekosa,
akazmeMuk PAH A.A. XKydueHKo Mutamui
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2017 rop Ykaszom Ilpesuaenta Poccuiickoii ®enepanuu B.B. IIyruna o6bsBiaeH B Poccun
Tomom dxonorun. KondepeHnus BHecsia BKJIaj B MpoBeZeHre ['0a DKOJIOTHU — HA HeW ObLIH
paccMOTpEHBIL:

1. 3ammuTa CyIecTBYIOMNX U HaXOIAIIMNXCA MO0JT YTPO30U SKOCUCTEM;

2. IIpuByieueHrEe BHUMAaHUS TPAK/IAH U TOCYJAapCTBa K aKTyaJIbHBIM IIPoOIeMaM 3KochepsI,
ee 3alIluTe;

3. CoxpaHeHHe MHOTO0Opa3us OMOJIOTHYECKUX BU/IOB.

Hary koH(bepeHIIHI0 MbI TOCBATUIN 3HAMEHATeJIbHOH JlaTe — 130-JIETHIO CO JHS POXKIEHUS
reHUs] MUPOBOU OMOJIOTHYECKOH U CeIbCKOX035MCcTBeHHOM Hayku Hukosnas MBanoBuua BaBuiiosa,
KOTOPYIO MUPOBasi Hay4dHasi 00II[eCTBEHHOCTh OTMEYAET B 2017 TOTY.

B pesysnbrare opranuzoBanHbix H.V. BaBuioBsiM 180 akcreunuii B 65 crpad Mmupa (0H He
MOOBIBAJI TOJIBKO B ABCTpaJiuM U AHTapKTHZE) coOpaHa camasi Ooratas U YHUKaJbHas MHPOBas
KOJUIEKIIMA KyJbTYPHBIX pacTeHHd — OaHK TreHOB 0Oojiee 250 ThIcssd 00pasioB (1940 rom).
U ceronus Gosiee 70 % COPTOB CETBCKOXO3SIMCTBEHHBIX KYJIBTYD, BO37€IbIBaeMbIX B Poccum u
crpanax CHT, co3manbl Ha OCHOBE MHPOBOH KoJsuteknuu H.M. BaBuioBa. 9Ta KOJUIEKITHS SBJISIETCS
OCHOBOU HE TOJIBKO ITPOJIOBOJILCTBEHHOM, HO M HKOJIOTHYECKON M OMOJIOTMUECKOH 0Ge3011acHOCTH
Poccuu. MupoBasi KOJUIEKITUA KYJIBTYPHBIX PACTEHUH M UX AUKOPACTYIINX COPOINYEN — 3TO Hallle
HaIlMOHAJIPHOE JIocTOsSIHWe. Ha IulaHeTe wW3-3a KaTaKJIU3MOB COKpAIAeTCs OHOJIOTHYECKOe
pasHooOpasue, mMcuye3ar0T MHOrue Buabl. biaromaps kosuteknmu BUP wmenm H.M. BaBuwioBa
COXpaHWINCH Oosiee 30 % KyJIbTyp, KOTOPbIE B MPHUPOE YVKE€ CUUTAIOTCA BBIMEDIIMMH. B Harry
CTpaHy M3 pa3HbIX PETHOHOB 3eMJIH 00paIarTCs ¢ MPOCch0O IepeIaTh UX ke COOCTBEHHBIE COPTA.
Mupogas kosutekius BUP, cobparnas H./. BaBUIOBBIM U MOCTOSHHO MOTIOTHsAEMAsi BUPOBIIAMH,
npeicTanisieT coboi 3010To# HOH/T, KOTOPHIH OeccmepTeH kKak cam H.M. Basuios. Ero copatHuku
B cypoBble To/ibl Bestmkoit OTeuecTBEHHON BOWHBI B OJI0KaHOM JIEHHHTpajle yMUpPaIU OT TOJI0/Ia
psAIOM ¢ reHOMOH/IOM, HE TPOHYB HH OTHOTO 3€PHBIIIKA, HUA OJTHOTO KITyOHS.

OcHOBHBIE TEMaTHYECKE Pa3/ieibl KOH(pEPEeHITUH:

1. Teoperuueckoe Haciienue H.V. BaBuioBa B COBpeMEHHOU HAyKe;

2.  T'eHeTmueckuwe pecypchl KyJbTypHBIX pacTeHUd B XXI Beke — OCHOBa obecIieueHHs
MPOJIOBOJILCTBEHHOM, DKOJIOTHYECKOU 0€30IMaCHOCTH U MOBBIIIIEHUS KAUECTBA KU3HU;

3.  Posb reHeTHUECKUX PECYPCOB PACTEHUH B JJOCTHKEHUAX MUPOBOH CEIEKITUH;

4.  OKOJIOTHUECKHE AacIleKThl B 3amure Omocdepbl U OHOPa3HOOOpPa3Us 3KOCUCTEM,
BKJTIOUAsl BYJIKAHUYECKOE IIPOUCXOKEHNE;

5.  OKojoruueckas OMOJIOTU3AIUs U UCIIOJIb30BAHNE OPTraHO-MUHEPAJIBHBIX y/I0OpEHNH;

6.  OKoJIOTUUYECKHE TOCJIECTBUS U3MEHEHUs KJIMMAaTa B Pa3IMYHBbIX pernoHax Poccuu u
JIPYTUX CTPaH;

7.  OKOJIOTUYECKUX MOHUTOPHUHT U KOHTPOJIb KayecTBa NPHUPOJHBIX Cpel — BOJA,
aTMochepHBIN BO3/IyX, TOUBA;

8.  Oxosiornueckue U CAaHUTAPHO-TUTHEHUYeCKHe ACIEeKThl aHTPOIIOTeHHOI'O BO3/IeUCTBUA

Ha aTMOc(ePHBIN BO3AyX, IOYBY U BOJIOUCTOYHHUKH, IIEPEIOBbIE SKOJIOTUYECKHE TEXHOJIOTUH JIJIA
OOpbOBI U  TPEAOTBpAIEHUs] 3arps3HEHHsA Pa3JIUYHBIMHA TOKCHKAHTAMH KOMIIOHEHTOB
6uocdepHOro KOMILIEKCA;

0. IKOJIOTHYECKHE MOCJIEZICTBUS ceJIeKIIuH u BBIpAIllBaHUA I'MO
(rerHOMOIUMUITPOBAHHBIE PACTEHUA);

10. ODKOJIOTUYECKHUE MOCIIE/ICTBUSA MPUMEHEHU IeCTUIU/IOB;

11. DKOJIOTUYECKHE ITOCJIE/ICTBUSA TEXHOTeHHBIX KaTacTpod (UepHOOBLIB, 1986; PyKycuma
Hanuwn, 2011);

12.  MeauKo-5K0JI0THYECKHUE ACIIEKTHI 00eCTIeYeHUs S9KOJIOTUUECKOH 6€30IMacHOCTH.

B noknazax m mocrepax ObUTM OTMEYEHBI BBICOKAS 3HAYUMOCTh M aKTYaJIbHOCTh HAYYHOTO
Hacsenusa akagemuka H.M. BaBuiioBa, 03BydeHbl NPHUOPUTETHBIE HaydHble HaAMpaBJeHUSA U
COBpEMEHHblE TEXHOJIOTMM B  O00JIaCTH  arpo3KOJIOTHH, PACTEHUEBOJICTBA,  CEJIEKIIUU,
¢duTocaHUTapUM, TEHETUKU U OHMOTEXHOJIOTHH, COXPaHeHUs OMopa3Ho00pa3us, GUTOCAHUTAPUU U
3aIIUTHI OKPYKAIOIIEN CPETBI

Ha xoH@pepeHInM ObLIM BBICTABKU XJI€OHOW IPOJYKIUHU U3 JpPeBHEU KyJIbTYPbhI IOJIOHI,
kaprodesisi ¢ pa3HOM OKPACKOM MSAKOTH, IIOKa3 >XEHCKUX IUIANOK HATypaJbHOM OKpacKH,
BBIIIOJIHEHHBIX N3 COJIOMOK pAa3JIMYHBIX 3€PHOBBIX KYJIBTYD, JparoleHHble MUHepasIbl,
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chopMUPOBaHHbBIE B YHCTBIX HKOJIOTHYECKUX YCIOBUAX MockoBckoll obiactu. Hayunble Tpyzabl
KOH(pepeHIIUN U3/IaHbI B 4-X TOMaX.

ITo 3akasy OpraHusanMOHHOTO KOMHTeTa XyZo:KHUIA TaTbgHa MeJbHUUYEHKO BBINIOJIHUIIA
noptpet H.W. BaBuiosa.

23 ceHTA0ps KOHDepeHIUs1 ObLIa IpoioKeHa y namsatHrka H./. BaBuioBy B PTAY-MCXA
umenn KA. Tumupsasesa, NpPUHAIM Yy4yacTHe CTyAEHTBl, AaCIOHUPaHThl, MAaruCTPAHTBHI,
IIpenoAaBaTesIu.

| ]

s B

Puc. 3. YuactHuku koHbepeHuu y namsatauka H.V. Basuiosy. [Toptper H.1. BaBuioBa paboTsI
T. MenpHUYEHKO — ToAapok poaHoMy Bysy H.U. Basunosa — PTAY-MCXA um. K.A. Tumupsaszesa

PagoctabiM cobbiTreM s KosutektuBa PTBHY BHUY ®utomaToioruu cTaso 10 OKTSAOPs
2017 roja, KOTJla SKCIepTHas KoMmuccus MUHHCTEpCTBa CeJbCKOTO Xo3saicrBa PP, paccMmoTrpes
Hay4yHble TpyAbl MeX/IyHapOAHBIX HAYYHO-IPAKTUYECKUX KOHQepeHIUl, IPOBeJEeHHBIX
BcepoccuiickuM HaydHO-HCCIIE0BATEIbCKUM UHCTUTYTOM ¢uTonarosaoruu B CKOJIKOBO B 2016 T.
(B 2-x Tomax) u B IIpesunentckom 3asme PAH B 2017 1. (B 4-X TOMax), Jjlajla BBICOKYIO OII€HKY
JlesITeJIbHOCTH MHCTUTYTA U Harpajinyia KouteKTuB 3osi0Tod Mezanbio MCX PO «3a Boiatomuecs
JIOCTHKEHUS B arpOIIPOMBIIIZIEHHOM KOMILJIEKCE».

Pezomoniusa koHbepeHuu cozepkut obpamienue k Ilpesugenty P®, IlpaButensctBy PO,
T'ocynapcrBennou /Iyme ®enepanbHoro Coopanus PO, MUHUCTEPCTBY CEJIBCKOTO X035HcTBA PD 1
®AHO Poccuu o HeoOX0AMMOCTH (POPMHUPOBAHHA CTPATETHU B c(epe TEeHETHYECKHX PEeCypCOB
pacTeHU, TeHeTUKU U SIUTEHEeTUKH, CeJIEKIIUU U ceMeHOBo/icTBa B P®, coxpaHeHUs U pa3BUTHUA
HAy4YHOTO HaciaeAaus akageMuka Hukosnas VBanoBuua BaswioBa. I 3Toro HeoOxoamma
pa3paboTKa U COBEpIIEHCTBOBaHUE 3aKOHOB P® B 00J1aCTH T€HETHYECKUX PECYPCOB, CEJIEKIIMU U
CEMEHOBO/ICTBA.

Pemeno B 2018 romy B maprte cobpaTh cbe3ni Bceepoccuiickoro OOIecTBa T€HETUKOB U
cestekinoHepoB (BOI'MIC), rae paccMOTpeTh BOIPOCHI COXpPAaHEHUs, PAa3BUTHUA U KOOPAWHAIIMHI
paboThl CceJeKIMOHHBIX IeHTpoB P® B (Qokyce cTparernueckux 3a7jad — IOUCK T'€HOTUIIOB U
YCTOMYHMBOE BOCIPOM3BOJICTBO T€HETHMYECKUX KOJUIEKIHMH, yIpaBjeHHe arpobmopasHooOpas3uem,
MIOBBIIIIEHNE UMMYHUTETA arPO3KOCUCTEM, IIPEOI0JIEHHNE OTIACHOU SKCIAaHCHU 3apYyOeKHBIX COPTOB
U TUOPU/IOB.
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[IpenoskeHo yCWINTh (PyHAMEHTAJbHbIE HCCAEIOBAaHUS B O0OJIACTH SIHUT€HETHKH,
MOJIEKYJIAPHON OHWOJIOTHH, TeHETUKU, TeHHOUW WHIKeHEepHU, OMOTEXHOJIOTUH, (U3HOJIOTHUU, U
JIPYTUX 00J1aCTsAX 3HAHUH, B 1EJISAX MOBBIIIEHUS] KOHKYPEHTOCIIOCOOHOCTH CEJIbCKOTO XO3SHCTBA U
obecrieueHHs1 TPOAOBOJIBCTBEHHON 0€30IaCHOCTH CO3/1aTh B CTpPaHe CHENUATU3UPOBAHHBIN
(pu3nosI0rO-reHeTUUECKUN IEHTP.

I[Io npegnoxenuio HugepiaHAOoB UHUIMUPOBAH  MHOTOILIEJIEBOM  MEXKYHAPOIHBIH
arposKO0JIOTUYECKUU MTPOEKT, OPUEHTHPOBAHHBIA B COOTBETCTBUH ¢ YKa3oM IIpe3usenta PO N 642
OT 1.12.2016 Ha IpeojioJieHHe OOJIBIIIOTO0 BBI30BA COXPAHEHHSA U NPUYMHOXKeHUs Ouocdepbl —
pa3BUTHE TEHETHYECKUX UCC/IEIOBAHUM, UHTPOAYKIIHIO, PeoiosieHne KOH(IIUKTA TEXHOJIOTUH U
Oouocdeppl MeTolaMU OHOTEOCUCTEMOTEXHUKU IIYyTEM CO3/AHUA MPUHIUIHAIBHO HOBOU
TPaHCIEHEHTAJIPHON (MIPUPOIONIONO0HO) TEXHUKHM W TEXHOJOTUM JJI CHUHTe3a IHCIEPCHOM
CUCTEMBI BHYTPEHHETO CJIOSI TOYBBI, HMIIYJIBCHOTO KOHTHUHYAJIbHO-AUCKPETHOTO VBJIAKHEHUA
ITOYBBI, 6E€30IIACHOTO JIJIsI OKPY>KAIOIIEH cpeibl PEIUKINHTA OTXO/I0B BHYTPU ITOYBBI, UTO 00ECIIEYUT
orepeXkarollee TeXHOJIOTHYeckoe pa3Buthe PO, KOHCTpyrpoBaHUE 3/I0POBOM BBICOKOILIOAOPOIHOM
MMOYBbl, (OPMHUPOBAHHE HKOJOTUUECKU-APYKECTBEHHON YCTOMUYMBON OKpYKAIOIIENH CpebI,
pacIIupeHHOe BOCIIPOU3BO/ICTBO PECYPCOB, CTAOMIU3AIIHUIO JPaiBEPOB KJIMMaTa.

Baxknetiment cdepoit geATETbHOCTH KOHMEPEHIUs IoJlaraeT IOMyJIapU3aIuio  HJlel
H.U Basuiosa.

Me:xayHapoaHass HayYHO-IpakTUdeckasa kKoHdepeHmus: «IIpo6jeMbl 3KOJIOTHH H
ceJIbCcKoe X03A1cTBO B XXI Beke», MOCBANIEHHAs 130-JIETHIO CO THA POKIACHUS
H.N. BaBusioBa

Cynyxan KynatibepnuesHa Temup6ekoBa -
a BcepocCUCKII HAyIHO-HCCIIEIOBATENBCKUN HHCTUTYT duTomnarosioruu, Poccuiickas ®enepanys

AnHoTanmua. MexayHapoaHas HaydIHO-TIpakTUdeckas KoHpepeHrusa:  «IIpobiemsr
5KOJIOTHHU U CETBCKOE X031 cTBO B XXI BeKke», MOCBAIIEHHAsA 130-JIETHIO CO IHA poxkaeHus Hukosas
VBanoBuua BaBusioBa 6bLy1a mpoBeJieHa 21-22 ceHTAOps 2017 T. B [Ipe3usienTckom 3a1e PAH.

H.M. BaBuwioB opranuzoBas 180 skcmequnuil B 65 cTpaH Mupa (0OH He MOOBIBAJI TOJIHKO B
ABctpasmu u AHTapkTujzie) cobpaHa camas OoraTasg W yHUKaJbHasg MHUPOBAasA KOJUIEKIUS
KYJIBTYPHBIX pacTeHUil — 6aHK reHOB Oosiee 250 ThicAY 00pa3roB. Ha HacrosAmuii MoMeHT GoJtee
70 % COPTOB CeJIbCKOXO3SUCTBEHHBIX KYJIBTYD, BO3/eJbIBaeMbIX B Poccum U JIpyrux CTpaHax,
co37aHbl Ha OCHOBe MHUpOBOU kosuteknuu H.U. BaBmioBa. Kosuteknus — Hallle HarMOHAIHLHOE
nocrossHue. B fokiazlax m mocrepax ObUIM OTMEYEHBI BBICOKAS 3HAYMMOCTh M AKTYaJIbHOCTH
Hay4yHOro Haciaenus axkagemuka H.JA. BaswioBa, 03By4eHBl IIPUOPUTETHbIE HAaydHBIE
HamnpaBJIeHUss U COBPEMEHHBIE TEXHOJIOTUM B O00JACTH arpodKOJIOTHH, PAaCcTEHHUEBO/ICTBA,
ceJIeKIIUH, GUTOCAHUTAPUU, TEHETUKU 1 OMOTEXHOJIOTHH, COXPAHEHUA OMOPa3HOOOPa3 U, 3aIIUThHI
OKpyKaromieil cpenpl. Pesomionusa koHdepeHmuu coaep:kut obOpamenue k IIpesupenty PO,
IIpasurenbcrBy PO, I'/l ®C PO, MCX PP u ®AHO Poccuu o HeobxoauMocTy (popMUPOBAHUA
cTpateruul B cepe reHeTHYeCKUX PeCcypcoB pAacTeHHM, MeHEeTUKU U 3MUTeHEeTUKH, CEeJIeKINU U
ceMeHOBOZIcTBa B P®, pa3paboTke U coBepIIEHCTBOBaHUE 3aKOHOB P® B 00/1aCTH reHEeTHYECKUX
pecypcoB, ceJIeKIIMU M CeMEHOBOJICTBA, COXpaHEHVEe U Pa3BUTHE HAYYHOTO HacJeIUs aKaJeMHuKa
H.N. Basuiosa. Io nipemyioxkenuio HusepiaHA0B HHUITMAPOBAH MHOTOIIEJIEBOUA MEXKAYHAPOIHBIN
arposKOJIOTUUECKUIN IIPOEKT, OPUEHTHUPOBAHHBIM B COOTBeTCTBUU ¢ Ykazom Ilpesuzenta PP
N@ 642 oT 1.12.2016 Ha peooIeHNEe OOJIBIIOTO BRI30BA COXPAHEHUs U IIPUYMHOXKeHUs Orocdepsl
— pa3BUTHE reHeTHYeCKUX UCCJIEJ0BAHUN, UHTPOAYKIIUIO, TpeoioyieHre KOH(MINKTA TEXHOJIOTHU
1 6nocdepsl MeToJaMu OHOTe0CHCTEMOTEXHUKH.

Karouessie ciioBa: H.I. BaBuiios, reHeTHKa, STTUTEHETHKA, OOpa3HOOOpa3ue, CeeKITUs,
arposKoJIOTUs,  PaCTEHUEBOJICTBO,  (UTOCAaHUTApUsA,  3allUTa  OKPYXKAIIIed  Ccpenbl,
OMOTe0CUCTEMOTEXHUKA.

* KoppeclmoHAUPYIOLIHUE aBTOP
Anpeca aiekTpoHHOU moutkl: vniif@vniif.ru (C.K. Temupb6ekosa)

241



mailto:vniif@vniif.ru

