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Synthetic Biology - Friend or Foe?

What Kind of Threats Should We Expect?

Jan Lakota
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Synthetic biology is a newly emerging branch of dual-use technology. It is a combination of biology and
different branches of engineering. The aim of this article is to show the main technological methods of
synthetic biology and to give specific examples of its use to create new types of biological agents and
methods of biological warfare, previously unthinkable and presented only in science fiction. Basic tools
and techniques of synthetic biology are: DNA synthesis and DNA sequencing; «chassis», i.e. host system
harboring the genetic toolbox for expression of the desired genes, delivered by suitable vectors, of the
engineered biological pathway; engineering of transcription systems that do not deplete the resources
of the cell (synthetic promotors and transcription factors); genome modification tools (CRISPR/Cas9
nuclease, zinc finger nucleases, TALE nucleases, meganucleases); computer-aided tools (involved in
basic structural design and synthesis; in network design; in prediction of behavior/function/response).
Synthetic biology has already demonstrared its capabilities in re-creating known pathogenic viruses and
pathogenic bacteria; in making existing pathogenic bacteria and viruses more dangerous for humans;
in creating new pathogens; in manufacturing toxic chemicals or biochemicals by exploiting natural
and artificial metabolic pathways; in making toxic chemicals and biochemicals via in situ synthesis; in
modifying the human microbiome; in modifying the human immune system; in modifying the human
genome (through addition, deletion, or modification of genes or through epigenetic changes that modify
gene expression and can pass from parent to child during reproduction and thus spread a genetic change
through the population over time). The article discusses in detail the possibilities of synthetic biology
for the development of new means of biological warfare. The author believes that it is necessary not only
to constantly monitor these new dual-use biotechnologies, but also to improve traditional and scientific
methods of their monitoring.

Keywords: synthetic biology; threat; pathogen; bacteria; virus; human.
For citation: Lakota Jén. Synthetic Biology - Friend or Foe? What Kind of Threats Should We Expect? //

Journal of NBC Protection Corps. 2021. V. 5. Ne 2. P. 103-122. https://doi.org/10.35825/2587-5728-2021-5-
2-103-122

Synthetic biology is a combination of biology
and different branches of engineering, such as
electrical, mathematical, mechanical, and computer
science. It provides a greater ability of understanding
and manipulation of the biological systems or
creation of novel life forms [1]. Synthetic biology
intends to (re)construct novel artificial biological
systems, which can maintain the integrative
complexity of central dogma of molecular biology' in

1
(date: 20.01.2021).

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

a rational and translational manner for the efficient
production of desired biomolecules beneficial to the
society. Synthetic biology as a scientific direction
is based on certain mechanistic ideas about the
nature of living organisms. According to these
ideas, living organisms can be assembled from
blocks of nucleotide sequences encoding certain
functions, just like toys are assembled from LEGO
bricks. The foundation of synthetic biology was

Central dogma of molecular biology. URL: https://en.wikipedia.org/wiki/Central_dogma_of_molecular_biology
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Figure 1 - An overview of synthetic biology showing the combination of different associated fields (copied from [2])

laid by medieval works, dedicated to the attempts
to create the homunculus, by Van Helmont's
(1580-1644)* recipe for spontaneous generation of
mice from dirtylaundry, by the O.B. Lepeshinskaya's
(1871-1963) theory of «living matter» and by other
teachings about the «spontaneous generation of
the living»’. Attempts to mechanize («synthetize»)
life ended always with a fiasco and up to date did
more harm than good. The aim of this article is to
show the main technological methods of synthetic
biology and to give specific examples of its use to
create new types of biological agents and methods
of biological warfare, previously unthinkable and
presented only in science fiction.

According to S.P. Singh et al. [2], synthetic
biology  integrates  «the  expertise  from
interdisciplinaryfields, syntheticbiologyapproaches
are capable of addressing the unpredictable
challenges associated with the intricate complexity
of cellular systems. Synthetic biology has inspired
researches to bioengineer biological systems to
perform specific tasks in the area of therapeutics,
diagnostics, and biomanufacturing of high-value
biomolecules» (Figure 1)

Basic tools and techniques:

DNA synthesis and DNA sequencing.

Organism («chassis»).

Engineering of transcription:

Synthetic promotors;

Transcription factors.

Genome modification tools:

CRISPR/Cas9 nuclease;

Zinc finger nucleases;

TALE nucleases;

Meganucleases.

Computer-aided tools.

Basic tools and techniques of synthetic
biology [2]:

DNA synthesis and DNA sequencing

The recent developments in DNA synthesis
and DNA sequencing have opened new horizons
in genetic modification technologies. Previously
this manipulation was difficult because of template-
based DNA synthesis; however, with the advent
of de novo DNA synthesis, construction of new
genes, control elements, basic building blocks, and
even whole genome are possible. Construction of
synthetic genome has led to creation of a synthetic
version of life in yeast. Since the establishment of
the first synthesis by phosphoramidite method?,
numerous advancements have been made in this
field, which ensured a high rate of oligo-synthesis,
gene assembly, less error rate, and cost. Mere oligo-
synthesis and gene-assembly do not ensure the
synthesis of the desired sequence as these are prone
to errors. Thus, to attain an error-free and verified
DNA sequence (gene, promoter, genome, etc.), the
assembled sequences are cloned in plasmids and
subjected to sequencing. In one method, fluorescent
selection marker GFP is fused with the gene
sequences in such a way that the addition of the
correct sequence will lead to a fluorescence, while
error-containing sequence because of frameshift
mutation leads to the loss in activity. Application

> Jan Baptist van Helmont. URL: https://en.wikipedia.org/wiki/Jan_Baptist_van_Helmont (date: 20.01.2021).
> Spontaneous generation. URL: https://fen.wikipedia.org/wiki/Spontaneous_generation (date: 20.01.2021).

* Phosphoramidite Ligands // Phosphorus(III) Ligands in Homogeneous Catalysis: Design and Synthesis / Paul
C.J.Kamerand Piet W.N. M. van Leeuwen. John Wileyand Sons. 2012. P. 133-157. https://doi.org/10.1002/9781118299715.
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of various polymerases harboring exonucleases
and endonuclease activities has also been used to
cut heteroduplexes, which on re-amplification can
make the sequence error-free. Next-generation
sequencing (NGS) approaches promise reduction in
error rate by a factor of 500, when compared with
the initial oligo pool. NGS uses different platforms
for reading nucleotide sequences which are based
on different principles of sequencing but ensure
low cost, high speed, and accuracy in sequencing.
Another area of DNA synthesis includes the
addition of novel synthetic base pairs which would
alter the regular codon set and will introduce
novel amino acids, and therefore production of
novel compounds. Two new bases, one the analog
of pyrimidine 6-amino-5-nitro-3-(10-b-D-20-
deoxyribofuranosyl)-2(1H)-pyridone  (dZ) and
other its purine analog complement 2-amino-8-(10-
b-D-20-deoxyribofuranosyl)-imidazo [1,2-a]-1,3,5-
triazin-4(8H)-one (dP), exhibited pyDDA:puAAD
hydrogen bonding pattern, where «py» indicates
a pyrimidine analog and «pu» indicates a purine
analog. Here A and D represent acceptor and donor
groups in hydrogen bonding. These developments
in conglomeration of artificial genetic information
systems have enhanced the wide applicability of
synthetic biology.

Organism («chassis»)

The host system harboring the genetic toolbox
for expression of the desired genes, delivered
by suitable vectors, of the engineered biological
pathway is termed as chassis. The prerequisite of
an efficient chassis is its ability to grow on minimal
media so as to lower the production cost, robust
growth, and stability in response to the environment
or the toxins released by the intermediates during
the biosynthesis of macromolecules. Moreover,
it should have a strong cell envelope which can
tolerate the harsh conditions and at the same time
allow secretion and attachment of molecules. The
commonly used chassis are Escherichia coli, yeast,
and Bacillus subtilis as they have been widely
studied, and modification in these microbial
systems is easier.

Other microbes have also been considered
for chassis, such as Cyanobacteria, which has been
used for biofuel production, and Geobacter, which
utilizes electricity for carbon dioxide fixation (i.e.,
electrosynthesis). It is the chassis that provides the
raw material and machinery to the synthetic system
for performing various cellular, transcriptional, and
translational functions. Therefore, correct selection
of chassis is essential to achieve the appropriate
effectiveness of the synthetic system. The host
system has regulatory elements which may suppress
the expression of foreign genes or the endogenous
gene circuit may compete with the foreign gene
system for resources. Therefore, synthetic circuits
should be constructed in such a way that it can

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

operate independently of the endogenous circuit
or mutated chassis needs to be designed that can
utilize less of its resources and provide more to the
synthetic system. The remedy to this issue lies in the
synthesis of engineered chassis which is based on the
concept of the minimal genome. A breakthrough
in this area was the development of bacterial cell
controlled by the genome which was chemically
designed. Moreover, numerous engineered chassis
have been attempted, which are designed keeping
in mind the compatibility of the synthetic system
and the flux of cellular resources directed toward
the synthetic system.

Engineering of transcription

Overexpressing a gene above a threshold level
may deplete the resources, which otherwise may
be utilized for metabolic function. In addition,
accumulation of intermediates may be toxic to
final metabolite such that the enzymes work in
a coordinated manner, which does not allow
accumulation of intermediates above the required
level. Therefore, genetic manipulation orengineering
of metabolic pathways should be mediated by
regulating transcriptional phenomenon.

i) Synthetic promotors

Transcription can be modulated by
controlling the behavior of parts of the synthetic
circuit, i.e., promoters, transcriptional activators,
and repressors. In the microbial system, several
promoters (lac promoter, arabinose-inducible
promoter, T7 promoter, etc.) are in use to achieve
protein expression of the desired gene. However,
use of natural promoters often diminishes their
utility in achieving intricate gene regulation of the
genetic tool. Inducible promoters also have some
concerns related to the variable effects in different
host systems and additional cost involved in the
«inducers». Therefore, it is desirable to decipher the
structure of cis elements so that they can be molded
by rearranging the cis motifs into the synthetic
promoter for the desired fashion of transcriptional
control of synthetic toolkit. The synthetic promoter
should be preferably short in length but aggressive
in transcription. Furthermore, the synthetic
promoter is designed to perform constitutive or
tissue or cell-type specific or temporal or inducible
expression of the gene system. A deep interrogation
of the cis-regulatory architecture, which includes
motif sequence, position, copy number, and spacer
length, governs the strength, temporal, and spatial
expression of the promoter. New motifs can be
investigated by screening motif libraries or by
bioinformatics-based de novo motif discovery tools.
Once a suitable motif is isolated, it’s copy number
and spacing also need to be optimized as they
link to promoter strength and arrangement of a
transcription factor (TF) to access RNA polymerase
complex. The transcriptional activity of a promoter
should be examined using combinatorial promoter
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Figure 2 - CRISPR/Cas9 System Applications.

A - Wild-type Cas9 nuclease site specifically cleaves double-stranded DNA activating double-strand break repair
machinery. In the absence of a homologous repair template non-homologous end joining can result in indels
disrupting the target sequence. Alternatively, precise mutations and knock-ins can be made by providing a
homologous repair template and exploiting the homology directed repair pathway. B - Mutated Cas9 makes a
site specific single-strand nick. Two sgRNA can be used to introduce a staggered double-stranded break which
can then undergo homology directed repair. C - Nuclease-deficient Cas9 can be fused with various effector
domains allowing specific localization. For example, transcriptional activators, repressors, and fluorescent
proteins (The whole Figure with text has been taken from [3])

libraries and reporter proteins. Such experiments
fine-tune the cis-regulatory architectures for
construction of efficient synthetic promoters with
desirable regulatory ranges.

ii) Transcription factors

The level of transcription of a gene is dependent
on the efficiency of promoter transcription factor
(TF) interaction, i.e., quick and potent binding of
TF to the cis DNA element. TFs provide regulatory
links to the gene circuit, which synthetic biologists
intend to create in a biological system. Engineering
of TF proteins becomes essential when many
genes are to be altered simultaneously to develop
a «biofactory». Natural TF’s DNA-binding domain
(DBD) may recognize multiple cis motifs. TF
engineering can be done in the DBD in such a
way that it can bind to the defined targets in the
promoter sequences for controlled gene expression.
Fusion of engineered DBD with effector domain and
nuclear localization signal leads to the development
of synthetic TF with controlled activity. Several
examples of synthetic TFs are available which
are being used to regulate the genetic network.
An example of synthetic TF is the fusion of
tetracycline-dependent repressor (from E. coli) to
transactivation domain (from the herpes simplex
virus). The synthetic TF regulates transcription by
its ability to bind tetracycline responsive element.
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Apart from activation, methylation, acetylation,
amination, recombination can also be achieved
via synthetic TF. Synthetic promoter elements
and synthetic transcriptional factors are foremost
utensils in rewiring or reconstructing or novel
designing of gene expression regulatory networks
in the synthetic biological system.

3. Genome modification tools

Correction of defective genes or introduction
of foreign genes requires efficient editing tools for
targeted genome modification. The genome editing
tool comprises components for identification of
target sites and creation of double-stranded breaks
(DSB) in DNA, and the breaks are repaired by
homologous recombination or nonhomologous
end joining. Various new generation nucleases are
available, which are more precise in their catalytic
action and can be modified as per the genetic
requirements.

i) CRISPR/Cas9 nuclease

CRISPR (clustered, regularly interspaced,
short palindromic repeats) technology is a universal
tool for genome engineering and has revolutionized
biotechnology. Only recently identified unique
CRISPR/Cas (CRISPR associated) systems, as well as
re-engineered Cas proteins, have rapidly expanded
the functions and applications of CRISPR/Cas
systems. The CRISPR/Cas system (Fig. 2) is the
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most popular gene editing tool developed from the
indispensable nuclease, Cas9 [3].

Type II CRISPR/Cas system which provides
immunity to bacteria against invading viruses, and
plasmids led to the foundation of CRISPR/Cas9
system. The Cas9 component acts as the endonuclease
which is guided by a 20 nucleotide guide RNA
(gRNA) that has RNA sequence complementary
to the DNA of the target site. For genome editing,
this gRNA needs to be designed according to the
requirement that recognizes the site of cleavage by
Cas9, thereby introducing a site for deletions and
additions. Apart from gRNA, another prerequisite
for cleavage is the presence of a protospacer
adjacent motif (PAM), which is a short 2-6 bp long
DNA sequence present adjacent to the target site.
The absence of PAM restricts the cleavage event.
Normally the PAM sequence is 50-NGG-30 where N
represents any nucleotide base. The aforementioned
genome engineering toolboxes have offered several
advantages over conventional transgenic approaches
by providing opportunities of genetic loci specific
gene integration or correction [4].

ii) Zinc finger nucleases

These are chimeric proteins composed of
DNA-binding (ZF) and DNA cleavage domains. The
cleavage domain was isolated from Fok 1, a type IIS
restriction enzyme that has different binding and
cleavage sites. Fok 1 activity requires dimerization
of cleavage domain; therefore, two sets of zinc finger
nucleases (ZFNs) are required, which recognize the
target sites on two DNA strands. Binding of the
two finger nucleases, using a short linker, to the
recognition sequence increases their concentration,
thereby facilitating dimerization followed by
cleavage.

iii) TALE nucleases

These are similar to ZFN as the cleavage site
is derived from Fok 1 and requires dimerization of
nuclease. However, it shows higher target specificity.
The target site is greater than 30 bp because of the
incorporation of 15e20 repeat variable diresidue in
the monomer unit. The only limitation associated
with TALE nucleases (TALEN) is its large size that
makes its entry difficult in the host cell system.
ZFN and TALEN have helped in exploring the
novel way of sequence-specific genetic correction
opportunities in the organism.

iv) Meganucleases

Meganucleases catalyze cleavage functions at
specific loci in the genome. Meganucleases have
been reported from a variety of organisms such
as archaea, bacteria, phages, fungi, yeast, algae,
and some plants. Intron-encoded endonuclease
catalyzes DNA cleavage in the intron-lacking alleles.
This helps in the movement of introns from intron-
containing alleles to intron-less alleles, leading to
gene conversion events. Therefore, they are known
as homing endonucleases. Based on sequences
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and motifs, meganucleases are classified into five
families. Contrary to the name, meganucleases,
these are the smallest nucleases (165 amino acids)
which makes their delivery easy. Meganucleases,
with potential to generate DNA DSB at targeted
loci of interest, are promising enzymatic tools for
genome engineering. However, the number of
native meganucleases is limited and insufficient
to target a large number of desired loci. Because
the meganucleases are nonmodular protein, its
redesigning is tough as DNA-binding amino acids
overlap with the DNA cleavage amino acids, thereby
affecting the catalytic activity. However, methods
have been developed for custom designing of
meganucleases using machine learning approaches.

Computer-aided tools

As the area of synthetic biology is expanding,
novel computational tools need to be developed,
aggressively, to understand the current demand of
synthetic aspects in biology. Despite the presence of
numerous pieces of software, it suffers from certain
limitations in terms of their biological counterparts,
which sometimes behaves in an unpredictable
manner, and due to this, repetition of experiments
and analysis is required. Computeraided (CAD)
tools are indispensable to synthetic biology as
the tools bestowed by it are utilized by biological
engineers to understand and ameliorate the
properties and functions of synthetic biology parts,
devices, networks, etc. CAD tools aid in developing
and optimizing parameters based on which
synthetic biology devices can be designed and
tested. It offers the advantage to judge the feasibility
of a model constructed for targeting a specific
function. These developments assist in assembling
the biological parts to form circuits and networks
and simultaneously predict the fate of the assembly.
These tools also help in determining the details of
the alternates of a design. As the tasks performed
by CAD tools are variable, these can be categorized
under three sections based on the type of work they
are participating in:

i) tools involved in basic structural design
and synthesis;

ii) tools involved in network design;

iii)tools involved in prediction of behavior/
function/response.

Another progress could be achieved after
employing of artificial intelligence (AI). The
progress is exciting however Al is not a universal
replacement for the investigations of the natural
world. Nevertheless, modern AI will (probably)
dominate biological data science for its unpreceded
learning capabilities to process complex data [5].
Here we would like to focus on one, recent (press
release) example:

«Scientists at the Department of Energy’s
Lawrence Berkeley National Laboratory have
developed a new tool that adapts machine learning
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Jan Lakota

algorithms to the needs of synthetic biology to guide
development systematically. The innovation means
scientists will not have to spend years developing
a meticulous understanding of each part of a cell
and what it does in order to manipulate it; instead,
with a limited set of training data, the algorithms
are able to predict how changes in a cell’s DNA or
biochemistry will affect its behavior, then make
recommendations for the next engineering cycle
along with probabilistic predictions for attaining
the desired goal»’.

The «desired goal» can be anything...
No doubt, that such publications appearing in
prestigious journals [6] have a broader reading
forum than the civil one. In a study J. Thomsen
et al. [7] researchers have developed an AI tool
which dramatically speeds up a research of protein
dynamics. Interestingly, the used software is freely
available and is accessible to all teams in the world
rather than be limited to few laboratories with
specialist expertise. This are few examples of a great
progress in this area.

In the previous article we have put a schema
of the division (and the possible (mis)use synthetic
biology) as follows [8]:

i) Binary bioweapons (these are two-
component systems that are relatively safe to handle
but become deadly when the two components come
together on deployment).

ii) Designer genes (where specific unnatural
gene sequences are built into viruses or other
life forms to incorporate into the genome of the
unsuspecting host, which later becomes the victim).

iii) Gene therapy (today a medical (partial)
reality; the technology that allows medicine to
repair or replace defective genes in a diseased
individual might be subverted to introduce
pathogenic sequences into healthy individuals).

iv) Stealth viruses (viruses that could be
fashioned by a researcher to infect the host but
remain silent until activated by some physiological
or environmental trigger).

v) Host-swapping diseases (new zoonotic
agents which might be developed specifically
for bioweapon purposes by modifying existing
pathogens to seek human hosts).

vi) Designer diseases (where the detailed
knowledge of biochemical signaling pathways could
conceivably be used to create designer diseases).

However, according to® we will now use a
slightly different approach: It should be noted that
in the era of synthetic biology, the technologies

5

themselves pose no inherent harm, and it would
generally take a collection of technologies to
create a specific capability that warrants concern.
Here we can see how the framework applied to
assess capabilities (rather than technologies) that
potentially pose a concern because of the harm
they might enable. A list of potential capabilities
to evaluate was identified by gathering a range of
possibilities that have been mentioned in various
venues as potential concerns associated with
synthetic biology and augmenting that list with
additional possibilities that had not been previously
raised. These potential capabilities were grouped
into categories to ensure a consistent approach to
their evaluation using the framework.

i) Re-creating known pathogenic viruses:
Constructing a known, naturally occurring
pathogenic virus from the starting point of
information about its genetic sequence.

ii) Re-creating known pathogenic bacteria:
Constructing a known, naturally occurring
pathogenic bacterium from the starting point of
information about its genetic sequence.

iii) Making existing viruses more dangerous:
Creating a modified version of a known virus in
which one or more traits have been altered to make
the virus more dangerous (such as by enhancing its
virulence).

iv) Making existing bacteria more dangerous:
Creating a modified version of a known bacterium
in which one or more traits have been altered to
make the bacterium more dangerous.

v) Creating new pathogens: Constructing a
pathogen from the novel combination of multiple
parts, which maybe derived from various organisms,
designed computationally, or created through other
strategies.

vi) Manufacturing chemicals or biochemicals
by exploiting natural metabolic pathways:
Producing a naturally occurring product, such as a
toxin by engineering an organism (e.g., bacterium,
yeast, or alga) to contain the known biosynthetic or
metabolic pathway for the desired product.

vii) Manufacturing chemicals or biochemicals
by creating novel metabolic pathways: Creating
a new biosynthetic pathway that enables an
engineered organism to produce a chemical that is
not normally produced biologically.

viii) Making biochemicals via in situ
synthesis: Engineering an organism, such as a
microorganism that can survive in the human gut,
to produce a desired biochemical and delivering this

Machine learning takes on synthetic biology: algorithms can bioengineer cells for you Scientists develop a tool

that could drastically speed up the ability to design new biological systems / Science Daily 2020. September 25. URL:
https://www.sciencedaily.com/releases/2020/09/200925113447.htm (date: 14.02.2021).

¢ Biodefense in the Age of Synthetic Biology 2018. ISBN 978-0-309-46518-2. https://doi.org/10.17226/24890
(Committee on Strategies for Identifying and Addressing Potential Biodefense Vulnerabilities Posed by Synthetic
Biology, Board on Chemical Sciences and Technology, Board on Life Sciences).
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microorganism in such a way that it can produce
and release this product in situ.

Modifying  the  human  microbiome:
Manipulating microorganisms that form part of
the population living on and within humans, for
example, to perturb normal microbiome functions
or for other purposes.

Modifying the human immune system:
Manipulating aspects of the human immune
system, for example, to upregulate or downregulate
how the immune system responds to a particular
pathogen or to stimulate autoimmunity.

..... B TI; :?-1
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Modifying the human genome: Creating
changes to the human genome through addition,
deletion, or modification of genes or through
epigenetic changes that modify gene expression.
A subset of this category is the modification of the
human genome through human gene drives, the
incorporation of certain types of genetic elements
into the human genome that are designed to pass
from parent to child during reproduction and
that would spread a genetic change through the
population over time.

We will follow and only slightly modify
the excellent description of potential (mis)use of
synthetic biology as it is described in Biodefense in
the Age of Synthetic Biology [5].

A ( i+ii ): RE-CREATING KNOWN
PATHOGENS The construction of an organism
from scratch requires at least two steps: synthesis
of the organism’s genome and conversion of that
nucleic acid into a viable organism («booting»).

i) Re-creating known pathogenic viruses:

Using today’s technology, the genome of
almost any mammalian virus can be synthesized,
and the sequences of known human viruses are
readily available through public databases such as
GenBank®, an annotated collection of all publicly
available whole and partial DNA sequences’. The
2002 synthesis of poliovirus by Eckard Wimmer
and colleagues was among the first reported
syntheses of a viral genome. The team assembled
a complementary DNA (cDNA) of the poliovirus
genome (approximately 7,500 nucleotides), under
the control of the phage T7 promoter, from a series
of oligonucleotides with an average size of 69 bases

Figure 3 - Assembly, Processing, and Release of HERV-K Virus-Like Particles. (A-D) 293T cells were transfected
with Gag-, Gag-PR-, or Gag-PR-Pol-expressing vectors. (A) Western blot analysis of cell lysates (left) and virions
(center and right) using a commercially available antibody to HERV-K Gag. Center shows VLPs from 293T cells
transfected with a plasmid-expressing Gag, and right shows VLPs from Gag-PR- and Gag-PR-Pol-expressing
293T cells. Decreasing amounts of virion lysate (0.1, 0.05, or 0.025 ul for Gag; 0.4, 0.2, or 0.1 ul for Gag-PR and
Gag-PR-Pol) were loaded to semiquantitatively estimate relative levels of VLP production. (B) Silver stain analysis
of a 4% to 20% gradient SDS-PAGE gel loaded with VLPs harvested from 293T cells transfected with plasmids
expressing Gag, Gag-PR, Gag-PR-Pol, or empty plasmid control. An asterisk marks a nonspecific 66-kDa protein
band, most probably BSA, that is abundant in the culture medium. (C) Silver stain analysis of VLPs harvested from
293T cells containing Gag, Gag-PR, Gag-PR-Pol, or Gag-PR(mut) encoding an active site mutation (DTG-AAA)
in protease. An asterisk marks a nonspecific 66-kDa protein band, most probably BSA, that is abundant in the
culture medium. (D) Reverse transcriptase activity in culture supernatants of 293T cells transfected with empty
pCRV1 (vector) or vectors expressing HERV-KCON Gag, Gag-PR, or Gag-PR-Pol proteins, as indicated. Enzymatic
activity was determined relative to a recombinant HIV-1 reverse transcriptase standard and is representative of
three experiments. Supernatants from 293T cells transfected with an HIV-1-based proviral plasmid are included
for comparison. (E) Two representative 293T cells transfected with HERV-KCON Gag and Gag-GFP expression
plasmids. Cells were fixed 18 h post-transfection, and nuclei were stained with DAPI (blue) prior to visualization
by deconvolution microscopy. Top, Images acquired at the mid-section of the cell to show localization of Gag-GFP
proteins; bottom, focused on the bottom of the cell to show accumulated VLPs at the cell-coverslip interface. (F)
Gallery of electron micrographs of 293T cells transfected with a Gag-PR—-expressing plasmid. Black scale bars
in the upper and middle panels represent 500 nm, while scale bars in the lower two panels represent 100 nm.
https://doi.org/10.1371/journal.ppat.0030010.g002 [10]

7 NCBI (National Center for Biotechnology Information). 2017. GenBank. URL: https://www.ncbi.nlm.nih.gov/

genbank (date: 20.01.2021).
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[9]. In 2007, an infectious form of the ancient
endogenous retrovirus HERV-K (HML-2) was
obtained [10] (Figure 3).

This cDNA was used to produce viral RNA,
which was then used to program an in vitro extract
to produce infectious poliovirus virions. Since then,
larger and larger viral genomes have been generated,
taking advantage of advances in the ability to
synthesize longer and longer segments of DNA.
Modern assembly methods have greatly expanded
the scale at which DNA can be constructed, to the
point that building the genome of virtually any
virus—either in the form of the genome itself for a
DNA virus or as a cDNA of an RNA virus that can
be transcribed into the viral genome is now possible
[11]. A notable example is the recent report of the
construction of the horsepox genome (consisting of
more than 200,000 base pairs) as part of an effort to
develop a new smallpox vaccine [12] (It should be
noted that while the booting of some viruses, e.g.,
polio, has been performed using cell-free extracts,
most viruses must be booted inside cells, and some
viruses, including horsepox, require the use of a
helper virus in cells)®.

ii) Re-creating known pathogenic bacteria:

The genomes of many existing bacteria have
been characterized, and the same types of DNA
synthesis and booting approaches used for large
viral genomes can, in theory, be applied to re-create
known pathogenic bacteria. Indeed, JCVI reported
the synthesis and booting of Mycoplasma mycoides
in 2010 [13]. Other microbial genome synthesis
projects are well under way, such as for Escherichia
coli (4 million base pairs) and yeast (11 million base
pairs).

B (iii+iv): MAKING EXISTING PATHOGENS
MORE DANGEROUS

iii) Making existing viruses more dangerous:

The following are selected examples of viral
traits, presented to give a sense of the range and
type of traits that could theoretically be targeted for
modification using biotechnology.

Altered Tropism

Tropism is the capacity of a virus to infect
or damage specific cells, tissues, or species. While
tropism is primarily influenced by the interaction
of the viral cell attachment protein(s) with the
receptor(s) present on the cell (thus determining
viral entry), the larger property of tropism is
determined by multiple viral and host cell factors.
Altering tropism could be used to expand the host
range of an existing virus or otherwise increase a
virus’s ability to take hold in a targeted population.
Several studies have demonstrated the ability to alter
the tropism of viruses. The avian influenza H7N9

8

strain has been causing isolated human infections
since the initial outbreak in China in 2013, but
sustained human-to-human transition has not
been documented. It has been demonstrated that
only three mutational changes in the sequence of
the hemagglutinin gene are sufficient to switch the
virus’s tropism from avian to human and support
binding to human tracheal epithelial cells [14]. In
earlier studies with avian influenza, researchers used
sitedirected mutagenesis to introduce mutations
into the hemagglutinin gene to allow wild-type
H5NI1 virus to bind to human receptors. Researchers
have also used synthetic biology to alter tropism in
investigations of the respiratory syndromes SARS
(severe acute respiratory syndrome) and MERS
(Middle East respiratory syndrome). There is
considerable evidence indicating that a SARS-like
virus in bats was the origin of the 2003 outbreak
of SARS in humans. The bat virus, however, does
not grow in cell culture. To help elucidate the steps
that may have occurred to convert bat SARS-CoV
into a virus infecting humans, scientists substituted
the human SARS coronavirus receptor binding
domain for the equivalent domain in the bat SARS-
CoV virus, making the batSARS virus replication
competent in cell culture and mice [15]. Similarly,
to develop a small-animal model of MERS-CoV,
researchers modified both the mouse, to express a
chimeric receptor, and the virus [16].

Enhanced Viral Replication

Enhancing viral replication could help increase
the impact and spread of a virus-based bioweapon.
In experiments with echovirus 7 researchers
demonstrated that decreasing the CpG and UpA
frequencies in two 1.1- to 1.3-kilobase regions of
the viral genome enhanced viral replication in
susceptible cells. Conversely, increasing the CpG
and UpA frequencies resulted in decreased viral
replication. While it is unknown whether these
results would be the same in animals—enhanced
replication in cell culture does not necessarily
correlate with enhanced replication in vivo, and in
fact, the reverse is sometimes the case—an actor
with sufficient time and resources may be able to
generate variants empirically and passage them in
a susceptible host to select a variant with enhanced
replication ability.

Enhanced Virulence

Virulence measures the relative capacity of a
virus to cause actual disease in a host, rather than
just infection. Virulence represents the combined
effect of multiple genes and determinants that play
specific roles in specific settings in vivo. In the best-
known example of an engineered virus resulting
in enhanced virulence researchers engineered

Kupferschmidt K. How Canadian researchers reconstituted an extinct poxvirus for $100,000 using mail-order DNA.

Science, News. 2017. July 6. URL: http://www.sciencemag.org/news/2017/07/how-canadian-researchers-reconstituted
extinct-poxvirus-100000-using-mail-order-dna (date: 20.01.2021).
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Figure 4 - Construction of recombinant adenovirus encoding neuronal bungarotoxin (Bgt). The schematic shows
the Sfil fragment of pAdlox x-Bgt that contains, from left to right, the inverted terminal repeat (ITR), packaging
signal (Pac), CMV promoter (CMV), K-Bgt cDNA and loxP site. The fragment was cotransfected into a specially
created cell line. HEK-293/CRE8 along with a modified adenovirus that contains two loxP sites on either side of
the packaging signal. CRE-mediated intramolecular recombination results in unpackagabie viral DNA. Only
intermolccular recombination with the plasmid fragment yields functional virus. Hence, proliferation of the
correct recombinant is highly favored [19]

ectromelia virus (mousepox), a member of the
Orthopoxvirus genus and a natural pathogen of
mice, to express mouse interleukin-4 (IL-4), with
the goal of producing a contraceptive vaccine to
control the mouse overpopulation. In the mouse
model, the recombinant virus was shown to
suppress primary antiviral cell-mediated immune
responses and overcome preexisting immunity
[17]. It is also conceivable that actors would seek
to manipulate a virus so that it causes disease by
different mechanisms than a natural virus might,
such as by manipulating neurobiology or altering
the host microbiome.

Ability to Evade Immunity

At the root of the increased virulence
demonstrated in the mousepox experiments
(described under Enhanced Virulence, above)
was the recombinant virus’s capability to evade
immunity. This points to another potential route
for actors seeking to produce bioweapons: the
development of viruses designed to anticipate and
evade the immune response or even to overcome
vaccine-based immunity. Detection of viral
pathogens by the innate immune system leads to the
induction of antiviral mechanisms that are mostly
mediated by type-1 interferons. This primary
response then leads to the activation of the adaptive
immune response that is more directed, antigen-
specific, and longer lasting [18].

Many viruses have countermeasures to subvert
the innate immune response including interferon-
induced antiviral activity. It may be possible to
express one or more antagonists of these antiviral
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activities in a pathogen that does not already have
that particular antagonist. In this way, the arsenal
of activities that a virus uses to evade the innate
immune response would be expanded and virulence
may be enhanced. The creation of chimeric viruses
developed by genetically substituting capsid genes
has been well documented. These viruses have
mainly been developed in the context of, for example,
improving adenovirus vectors to target specific tissues
and as an approach to circumventing preexisting viral
immunity that may limit the use of viral gene therapy
vectors. It is conceivable that the latter approach could
be used to develop a chimeric viral vector expressing
a toxin gene targeted to a particular tissue and used in
a population with preexisting immunity to the vector
virus [19] (Figure 4).

The molecular determinants of targeting are
poorly understood, however, and these approaches
generally require significant trial and error to be
successful.

Ability to Evade Detection

Some modifications could result in a virus that
would be difficult to detect using current outbreak
response approaches. The most commonly used
methods of laboratory identification of viruses
are based on real-time polymerase chain reaction
assays in which specific primers and fluorescently
labeled probes are designed to bind to conserved
and unique regions of the viral DNA or ¢cDNA.
Nontargeted methods of detection include array-
based assays and next-generation sequencing,
but these are not yet in wide use in clinical and
commercial laboratories. Cell culture methods
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are rapidly disappearing from use. Mutations that
target the primer binding sites could therefore
result in a virus that is not recognizable.

Ability to Resist Therapeutics

Actors could seek to develop viruses capable of
resisting available therapeutics, though the necessity
of this approach would depend on whether effective
therapeutics exists [20]. Despite the availability of
successful antiviral agents such as those used to
counter HIV (human immunodeficiency virus),
herpes viruses,

iv) Making existing bacteria more dangerous:

The following are selected examples of bacterial
traits, presented to give a sense of the range and
type of traits that could theoretically be targeted for
modification using biotechnology.

Altered Tropism
Unlike viruses, which are exclusively
intracellular ~ pathogens, bacterial pathogens

can be either intracellular or extracellular.
Generally, extracellular pathogens are relatively
environmentally stable and good at adapting to
their environment. Even those that are not spore-
forming often have the capacity to replicate and
cause damage in multiple tissues and cell types
and in different locations in the body. Given
their environmental stability, they are difficult to
eradicate and may not require host-to-host contact
for transmission. Intracellular bacteria, like viruses,
rely on host cell nutrients and are often able to evade
the host immune system. Intracellular pathogens
are usually transmitted via direct contact or aerosol
transmission. Both intracellular and extracellular
pathogens rely on adherins and colonizing factors,
which facilitate contact with host target cells, confer
resistance to leukocyte attack, and are significant
virulence factors [21].

Enhanced Virulence

Many factors influence bacterial virulence
and could potentially be targeted for modification.
The primary mechanisms of bacterial pathogenesis
include host target cell death, whether by cell
lysis (resulting either from the multiplication of
intracellular pathogens or as a result of the action
of bacterial toxins) or by induction of apoptosis
(programmed cell death); mechanical perturbations
of host physiology (e.g., blockage of circulatory
or respiratory passages due to the size or number
of invading bacterium or as a result of mucous
production); host cell damage resulting from the
host immune response to the bacterial infection;
and the action of bacterial toxins. The effects of
cell death depend upon the host cells involved and
are influenced by the bacterial burden introduced,
the route of infection, complicating symptoms
induced by host immune response, and the rapidity
of the infection process. Colonization potential
is influenced by the ability of some pathogenic
bacteria (e.g., Shigella) to trigger premature or
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unscheduled apoptosis in the host cells they
infect; the initial phase of this process involves the
introduction of enzymatically driven damage to
host cell DNA followed by massive disturbances
in cell integrity and cell death. Another significant
virulence factor is the ability of some bacteria (e.g.,
Bacillus anthracis) to form capsules consisting of
polysaccharides and amino acids [22]. Capsules
prevent bacteria from being phagocytized by
neutrophils and macrophages. Other virulence
factors include invasion factors, which are usually
encoded chromosomally but may also be plasmid-
borne, and siderophores, iron-binding factors that
allow bacteria to compete with host cells for iron
acquisition [23].

Enhanced Toxin Production

Many bacterial pathogens cause damage to
host cells and tissues through the production of
toxins. These toxins take two forms: exotoxins
and endotoxins. Exotoxins are relatively unstable,
highly antigenic proteins that are secreted into
host body fluids. Some exotoxins are bound to the
bacterial cell wall following their synthesis and
are released upon lysis of the invading bacterium.
Often highly toxic, exotoxins are produced by both
Gram-positive and Gram-negative bacteria. Some
exotoxins can act only on certain cell types whereas
others affect a broad spectrum of cells and tissues.
Some bacterial pathogens make only a single toxin
(e.g., cholera, diphtheria, tetanus, botulism) whereas
others can synthesize two or more distinct toxins
(e.g., Staphylococcus, Streptococcus). Antitoxin
antibodies to exotoxins are usually made rapidly by
the host. The genetic determinants of exotoxins are
often found on extrachromosomal elements, usually
plasmids or bacteriophages. Endotoxins, on the
other hand, are relatively stable, lipopolysaccharide
components of the outer membrane of some Gram-
negative bacteria that can act as toxins under
certain circumstances. Lipid A appears to be the
toxic component, which can act while in the intact
bacteria expressing it. Endotoxins are generally
weakly immunogenic, eliciting fever in the host.
They can cause hypotension due to increased
vascular permeability accompanied by vasodilation,
which can in turn result in shock. The genetic
determinants for endotoxins are chromosomal.
Actors could potentially seek to modify bacteria to
enhance their natural toxin production or introduce
toxin production into a bacterium that does not
naturally produce toxins.

Ability to Evade Immunity

As with viruses, it is possible to engineer
bacteria to anticipate or evade the immune response.

Ability to Evade Detection

As with viruses, the most commonly used
methods of laboratory identification of bacteria are
based on real-time polymerase chain reaction (PCR)
assays in which specific primers and fluorescently
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labeled probes are designed to bind to conserved
and unique regions of the bacterial chromosomal
or extrachromosomal DNA. Another widely used
method in clinical microbiology laboratories is
MALDI-ToF (matrixassisted laser desorption/
ionization time-of-flight), a method of ionizing
large molecules and identifying them by mass
spectrometry in comparison to reference standards.
Nontargeted methods of detection such as array-
based assays and next-generation sequencing are
available but are not yet in wide use in clinical
and commercial laboratories. Culture methods are
rapidly disappearing from use [24].

Ability to Resist Therapeutics

In contrast to the relatively small number
of antivirals, there are many antibacterial agents
available that are capable of acting against a wide
variety of bacterial pathogens. However, bacteria
can be intrinsically resistant to antibiotics, or can
acquire resistance via chromosomal mutation
and horizontal gene transfer. There are three
main mechanisms of antibiotic resistance [25].
First, the bacterium can prevent the antibiotic
from accessing its target, either through reduced
permeability of the antibiotic through the cell wall
or membrane complex or through increased efflux
of the antibiotic back out of the organism and away
from its target. Second, the antibiotic target can be
altered through genetic mutation, causing the target
to become modified or protected. Finally, antibiotic
resistance can be acquired by direct modification
of the antibiotic itself, either by inactivation by
antibiotic hydrolysis or by way of inactivation due
to a chemical modification. These mechanisms
are well studied and could potentially be adapted
for the purposeful creation of antibiotic-resistant
pathogenic bacteria.

Enhanced Transmissibility

As with viruses, the property of airborne
transmission in bacteria is complex and dependent
on multiple host and pathogen factors, in particular
environmental stability and tissue tropism.
Extracellular bacterial pathogens are extremely
adaptable to environmental challenges and may
not require host-to-host contact for transmission,
making these pathogens difficult to eradicate. In
addition, many bacterial pathogens that replicate
extracellularly are capable of causing damage
to different cells and tissue types. On the other
hand, many intracellular bacterial pathogens
are communicable (i.e., capable of host-to-host
transmission), facilitating rapid spread within a
community and thus presenting a greater capacity
to threaten public health.

Enhanced Stability

The environmental stability of a bacterium
depends on its physiology and life cycle. Gram-
positive bacteria are more environmentally stable
than Gram-negative bacteria. In addition, when
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subjected to harsh environmental conditions
such as desiccation, some Gram-positive bacteria
form spores capable of remaining viable in the
environment for decades, albeit in a metabolically
dormant state. For example, spores of Bacillus
anthracis can remain viable in the environment for
up to a century and constitute the infectious form
of this pathogen (with vegetative forms not being
infectious) [26]. Actors may find it advantageous
to engineer bacterial cell walls to more closely
resemble Gram-positive organisms to enhance
survival during aerosol dissemination and allow
the agent to remain viable and available to infect the
target host for extended periods of time.

C (v): CREATING NEW PATHOGENS

v) Creating new pathogens:

A major aspiration within the field of synthetic
biology is the design and creation of new organisms
with beneficial uses. In the context of bioweapons,
the possibility that this aspiration may potentially
be directed toward producing pathogens that are
entirely new was considered. In contrast with the
discussion of modifying existing pathogens, the term
«new» is used here to describe novel combinations
of genetic parts from multiple organisms for which
the product is not recognizable as primarily from
one source. This can include genetic parts designed
computationally with no near relative in the natural
world. The resulting range of potential bioweapons
in this category is extremely broad but serves to
illustrate the more challenging applications that
may be possible at some point in the future. One
example of a new pathogen would be a virus
constructed from parts of many different natural
viruses. This mix-and-match approach might be
used to combine the replication properties of one
virus, the stability of another virus, and the host-
tissue tropism of a third, for example. A variety of
experimental approaches would be applicable to
this goal. Directed-evolution approaches could be
used to sample random combinations of viral DNA
parts; while each individual combination would
have a small chance of success, sampling a very
large number of combinations would increase the
chances of success. More explicit design approaches
might be to develop software to model and predict
the properties of specific designs, which would then
be built, tested, and improved through multiple
iterations of the Design-Build-Test cycle. Even
simple changes to existing viruses can produce
drastic deficiencies in key viral properties, making
any such effort especially difficult. Nonetheless,
work involving recomposing the structure of a
bacteriophage genome into modular pieces suggests
that radical new combinations of viral sequences
may be viable, although tools to design viruses with
high confidence of success are currently lacking.
A different example of a new pathogen would be
one based on synthetic «genetic circuits». A major
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pursuit within synthetic biology is the capability
to arbitrarily program specific functions using
genetic material. These efforts are exemplified by
the engineering of DNA-encoded programs, relying
heavily on concepts derived from information theory
and computer science, such as constructing logic gates
from individual switching functions. Importantly,
the genetic material encoding those functions can
in principle come from anywhere - from any branch
of the tree of life or from an entirely new DNA
sequence that has never been observed in nature. The
designs for genetic circuits have greatly increased
in complexity over time through increased reliance
on component abstractions and standardization.
A number of genetic circuits have been designed
to function in human cell lines in culture however,
applications using genetic circuits in the human
body are still in their infancy. The potential for using
such technology to cause harm in the human body
is thus a subject of broad speculation. Novel circuits
could (in theory) be used to convert a healthy cell
into a cancerous one or to provoke an autoimmune
response. Such circuits might be designed to act on
the host DNA using engineered factors that turn host
genes on or off, such as at the level of transcription
or translation. A variety of mechanisms have been
demonstrated for such general-purpose switching.
They include the use of natural or artificial microRNA
molecules and the use of CRISPR/dCas9-type
programmable gene repression or activation [27].
Importantly, these are examples of mechanisms that
have displayed a high degree of programmability in
terms of which host DNA sequences can be targeted.
In a similar vein, the potential programmability of
genetic effectors may also lead to genetic circuits
that sense and compute based on the state or type
of cell or even specific genetic identity. In some
cases, genetic circuits could be delivered to a small
number of host cells using nonreplicating delivery
mechanisms, which could be either virus-derived,
such as those used in some gene therapies or based
on nonbiological materials. At the extreme end of
difficulty (and feasibility) lies the engineering of life
forms that are particularly dissimilar from known
life on this planet. «Xenobiology» offers some
possibilities — for example, a bacterium employing a
different combination of deoxyribonucleotides and
ribonucleotides to encode its genetic information
[28]. There is a wide range of expert opinion as to the
long-term plausibility of such efforts.

D (vi+vii+viii): PRODUCTION OF
CHEMICALS OR BIOCHEMICALS

vi) Manufacturing chemicals or biochemicals
by exploiting natural metabolic pathways:

Biochemical compounds naturally produced
by plant and microbial cells have been used for

centuries as medicinal compounds. These products
have been prepared as both plant extracts, in
which the active ingredient is one of numerous
chemical structures in the formulation, and as
high-purity single compounds, made by cultivating
the producing organism in large-scale bioreactors
and then purifying the output. Such products
have been used to treat diseases ranging from
microbial infection to hypertension. The opioids,
used as analgesics, are now accessible by microbial
fermentation, as well, though optimization of the
«home-brewing» process has not been rigorously
explored. Each naturally occurring biochemical
is the result of a series of chemical reactions that
transform simple feedstocks such as glucose into
the end products of interest. These transformations
are mediated by enzymes encoded by the host
organism’s DNA. Because biotechnologies allow
the DNA encoding the necessary enzymes to be
exploited independent of the original host, it is now
possible to make such products without relying on
the organism that naturally produces them.

vii) Manufacturing chemicals or biochemicals
by creating novel metabolic pathways:

While nature has provided a wide array of
biochemical compounds that could be exploited for
targeted synthesis, enzyme-mediated conversions
also can be used to produce chemicals that
organisms do not naturally create. Biocatalysis
has long been used to produce pharmaceutical
intermediates and active ingredients not found
in nature. It is not always necessary to use living
microbial organisms in these processes; instead,
purified enzymes can be used in reaction vessels
in a manner analogous to traditional organic
synthesis. At its core, designing a new biosynthetic
pathway involves specifying a series of enzymatic
steps that can convert a set starting substrate to
the desired end product. In practice, the starting
substrate is often a known primary metabolite
(e.g., acetyl-CoA), and the proposed reaction
steps are based on known enzymatic chemistry.
Engineered metabolic pathways that do not follow
an existing natural blueprint have been exploited
to commercialize biological production of chemical
compounds. The true limits of biological synthesis
are unknown, and advances in protein design and
engineering are rapidly expanding the repertoire of
enzyme-catalyzed reactions’. Researchers have also
shown that materials typically present in very small
amounts in biological systems, such as halogens, can
be incorporated into natural products by merging
plant and microbial biosynthesis machinery. These
examples suggest that the range of molecules that
may be accessible by biological synthesis is far larger
than what has been demonstrated to date.

® NRC. 2015. Industrialization of Biology: A Roadmap to Accelerate the Advanced Manufacturing of Chemicals.

Washington, DC: The National Academies Press.
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viii) Making biochemicals via in situ synthesis:

The human microbiome, particularly the
gut microbiome, has been a target for metabolic
engineering. Gut microbes influence the metabolism
of their host and are capable of producing a wide
variety of biochemicals. While the extent of the
influence of the microbiome on host metabolism
remains an active research area, there has already
been significant progress toward engineering gut
microbes for therapeutic purposes. Engineered
microbes are currently being prepared for clinical
trials for the treatment of metabolic disorders',
although engineering high flux through a metabolic
pathway remains undemonstrated. As this research
gains steam, it is worth considering whether the
human microbiota could be exploited to make
biochemicals (within the cells of commensal
organisms) and deliver them to human hosts to
cause harm. In addition to the gut microbiome, the
skin microbiome could be another potential avenue
for in situ synthesis of such compounds. Related
concepts include the manipulation of the human
microbiome to cause dysbioses or as an avenue for
horizontal gene transfer. Environmental dispersion
of a microorganism capable of producing toxins,
antimetabolites, or controlled chemicals may also be
considered a potential in situ delivery mechanism,
one whose outcome would be difficult to predict.
The basic principles of pathway engineering in a
microbe are the same whether the intention is to
culture the organisms in large vessels followed
by purification of the molecules of interest or to
introduce the organisms into the environment or a
human host for in situ production and release of a
biochemical.

E (ix+x+xi): BIOWEAPONS THAT ALTER
THE HUMAN HOST

ix) Modifying the human microbiome:

Human health is highly dependent upon the
human microbiome—the microorganisms that live
on and within us, especially those associated with
the gut, oral cavity, nasopharyngeal space, and skin.
These populations of microbes are likely far easier
to manipulate than the human host itself, making
the microbiome a potentially accessible vector for
attack. The human microbiome is the focus of a
great deal of academic and commercial research,
and microbiome manipulation is an area that is
rapidly developing (for more information see also"
i.e. Human Microbiome Project).

Delivery of harmful cargo via the microbiome.
The microbiome could be used as a vector for other
types of harmful cargoes, as well. For example,
microbes could be modified to produce functional
small RNAs (e.g., microRNAs [miRNAs]) that
could be transferred to the host via the gut or skin

microbiome to cause a variety of health impacts.
Microbes also could potentially be engineered to
horizontally transfer a genetic cargo to the native
microbiome to, for example, cause a host’s own
well-established microbes to produce a harmful
biochemical. In such a scenario the harmful agent
would be manufactured by organisms in the
established microbiome, so the engineered microbe
would need to infiltrate and persist within the
microbiome only long enough to transfer its cargo
to a sufficient number of native microbes. Thus,
this approach would circumvent the challenges
associated with establishing engineered microbes
in otherwise occupied niches. It may be possible
to harm a population by enhancing the spread of
vectors or phage carrying such genetic cargoes [29].
Synthetic biology methods could advance such a
capability, for example, through the engineering
of toxin:antitoxin couples that would help ensure
retention of plasmids. It is also conceivable
that microbes could one day be engineered to
horizontally transfer genes directly to human cells.

Use of the microbiome to increase the impact
of an attack. The microbiome can also potentially
be exploited to design a more effective bioweapon
or increase the impact of an attack. Knowledge of
the human microbiome could be used to modify
pathogens or their delivery mechanisms to allow
more efficient propagation within or between
populations, for example, by taking advantage of the
frequent exchange of bacteria between humans and
animals. In particular, domestic animals could be
used as carriers for engineered agents transmitted
via the microbiome. For example, engineered
dog or cat microbiomes could be established
via adulterated feedstocks or via purposeful
contamination of populations in animal shelters
or pet stores and then subsequently transmitted
to humans. Natural transfers resulting from
animal-human contact, such as the transfer of the
parasite Toxoplasma gondii from cats to humans
and the transfer of Campylobacter from dogs to
humans, illustrate the feasibility of this approach.
Similarly, research into the role of the microbiome
in pathogenesis could provide a roadmap as to
how to generate improved pathogens that are
better supported by their microbial peers. Studies
involving wide-ranging transposon- or CRISPR-
based deletion libraries of pathogens have provided
many insights into pathogenesis that might have
dual-use implications, and such libraries could
prove useful in identifying which genes productively
or specifically interact with endogenous flora to
better establish a pathogen [30]. In addition to using
the microbiome to spread toxins and pathogens,
manipulating the microbiome might also prove

' Synlogic. 2017. IND-Enabling Studies. URL: https://www.synlogictx.com/pipeline/pipeline/ (date: 20.01.2021).
" Human Microbiome Project. NIN. 2020. August 20. URL: https://commonfund.nih.gov/hmp (date: 12.01.2021).
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Figure 5 - Cumulative risk of neoplasia after organ
transplantation. The risk was 13.6% after ten years
and 40% after 20 years. Figures above are numbers of
recipients at risk for 5-years period [36]

to be a useful adjunct for other biological threats.
Recent research shows, for example, that eukaryotic
viruses utilize bacteria to improve their chances of
infection. It is also conceivable that an actor could
introduce an initial agent into a population in
order to trigger widespread treatment with broad-
spectrum antibiotics and then take advantage of
the treated population’s «clean slate» to introduce
or expand an engineered organism via the (now
disrupted) microbiome. An actor taking this two-
step approach could even incorporate antibiotic or
antiviral resistance elements into the initial attack.

Engineered dysbiosis. Our ever-increasing
understanding of the human microbiome may
lead to opportunities for engineered dysbiosis—
that is, the purposeful perturbation of the
normally healthy microbiome. This could be
accomplished either by causing a known dysbiosis
or engineering a new one, and in either case
would likely involve introducing otherwise
nonpathogenic microorganisms that then lead to
diminutions in human health and performance.
Since the microbiome likely plays a key role in
human dysbioses could also potentially be used
to cause longer-term debilitation of a population’s
ability to defend against disease. Gut, oral, nasal,
and skin microbiomes could be targets for such an
approach. The degradation of military readiness
due to continued operations in harsh climes is an
ongoing issue. This situation could be made much
worse by targeted additions to or alterations of the
skin microbiome that lead to heightened chafing,
rashes, windburn, and itchiness. While these are
seemingly minor concerns, over time they could
degrade military capabilities to the point of
impacting readiness.

X) Modifying the human immune system

Human immunity is the bulwark for protection
against infectious disease (For quick review see ref.
[31-33]). Two basic systems respond to the vast array
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of threats in the natural environment. The first is the
innate immune system, a collection of nonspecific
protective mechanisms triggered by pathogen-
associated molecular patterns, such as lipoteichoic
acid from Gram-positive bacteria or unmethylated
CpG sequences in viral DNA. The second is the
adaptive immune system, which generates highly
specific antibody and T-cell responses tailored
to individual diseases and disease variants.
Many natural pathogens manipulate the human
immune system, both by suppressing the immune
response (e.g., immunodeficiency viruses) and by
upregulating certain responses (e.g., respiratory
syncytial virus, which induces the immune system
to favor a response involving Type 2 T helper cells
[Th2] and subsequently increases the proclivity
toward asthma. These examples suggest that it
may be feasible to develop a bioweapon capable
of manipulating or «engineering» the immune
response. Several potential forms for such a
bioweapon were considered:

Engineering immunodeficiency. Manipulating
a target population to have decreased immunity
could increase the impact of a biological attack
(17, 34]. This goal could be pursued either by
manipulating a pathogen to simultaneously reduce
immunity and cause disease or by separately
introducing an immune-suppressing agent and a
bioweapon into a target population. Agents used
to cause immunodeficiency could be pathogens
(e.g, the insidious spread of HIV (human
immunodeficiency virus) or chemicals). It is also
possible that a disease agent could be tailored to the
immune state of a population, either by engineering
the agent to avoid extant adaptive or innate immune
barriers or by actually taking advantage of those
barriers. Chronic (artificial) immunodeficiency as
in patients after solid organ transplants can lead to
«spontaneous» tumors (Figure 5) which occurs in
40% recipients in 20 years after surgery [35, 36].

Engineering hyperreactivity. 'The flip side
of engineering immune deficiencies would be to
attempt to cause immune hyperreactivity. Both
pathogens and chemicals have been demonstrated
to create a cytokine storm, a dangerous state
that results from a positive feedback loop in the
immune response. It may be possible to engineer
an agent to purposefully trigger such a cascade. For
example, some researchers have suggested that the
introduction of anthrax lethal toxin into a more
benign disease vector could trigger a cytokine
storm. There are already widespread responses
in the human population to a limited number
of well-known allergens and that may provide a
means of engineering biological threats that would
trigger life-threatening IgE-mediated immune
responses. The development and testing of new
immunotherapies could also provide a roadmap for
potentially engineering threats; for example, actors
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could learn from clinical studies in which anti-
CD28 antibodies caused life-threatening cytokine
storms.

Engineering autoimmunity. Natural
autoimmune diseases cause significant disability
and death. It may be possible to engineer a disease
that causes the body to turn on itself. Mouse
models for the stimulation of autoimmunity now
exist. For example, Experimental Autoimmune
Encephalomyelitis, which mimics the symptoms
of the human malady multiple sclerosis, has been
induced in mice by immunization with antigens
that cause an immune response [37]. Normally, such
self-immunization is prevented by the mechanisms
that ensure exclusion of antibodies and T-cells
that are self-reactive, but some pathogens may
present antigens that are similar enough to the
body’s own proteins that the original immune
response spreads from the pathogen to the new
human target. Research into checkpoint inhibitors,
compounds designed to unleash the human
immune system to eradicate tumors, could also
potentially inform efforts to purposely engineer
autoimmunity. By overstimulating the immune
system, checkpoint inhibitors have been shown to
lead to autoimmunity, often in the form of colitis. In
addition, particular compounds have been shown
to lead to an autoimmune disease of the liver. One
potential route of attack could be to introduce such
compounds via the microbiome.

xi) Modifying the human genome:

In addition to using synthetic genes to
impact human physiology through pathogens or
modifications to the microbiome, it may also be
possible to insert engineered genes directly into
the human genome via horizontal transfer, in
other words, to use «genes as weapons». Recent
improvements in the ability to deliver genetic
information via horizontal transfer, for example,
through tools such as CRISPR/Cas9, potentially
opened the way for synthetic or cross-species
transfer of genetic information into human hosts.
In addition to protein-encoding genes, genes that
encode RNA products such as short hairpin RNAs
(shRNAs) ormiRNAs could potentially be exploited
as weapons in their own right. In combination
with technologies for the modification of genes or
their expression, deepening insights into systems
biology could open new opportunities for causing
diseases that are outside the rubric of the types of
threats typically focused on in biodefense. Several
ways in which synthetic biology approaches
could be used to horizontally transfer genetic
information to a human target to cause harm were
considered:

Deletions or additions of genes. If researchers
can create mouse models of particular disease states
based on the deletion or addition of particular genes,
it follows that if the genomes of human beings could
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be similarly modified, such modifications could
potentially cause a wide variety of noninfectious
diseases. In particular, decades of research on genes
associated with oncogenesis - oncogenes - have
yielded many examples of gene changes that lead
to cancer, including via infection by viruses and
bacteria. Oncogenes could potentially be horizontally
transferred to human cells via unnatural means. In
this vein, CRISPR/Cas9 has been used to create point
mutations, deletions, and complex chromosomal
rearrangements in germline and somatic cells to
develop mouse models for cancer [38].

Epigenetic modifications. Just as programmed
genetic modifications are possible, it may also
prove possible to use horizontal transfer to alter
the epigenetic state of an organism in a way that
causes harm. Epigenetic modifications are clearly
of immense importance in gene expression and
are implicated in disease states and pathogenicity.
For example, it is possible to predict the course of
oncogenesis based on the epigenetic state of a tumor.
Sequence-specific epigenetic modifications can be
carried out by small RNAs in other species, such as
plants, but are not extensive in humans. However,
the sequence-specific binding capabilities of Cas9
and other CRISPR elements may allow fusion
proteins to carry out sequence-specific epigenetic
modifications [39]. There are also chemicals that
yield relatively nonspecific epigenetic changes [40].

Small RNAs. Small RNAs are another example
of functional genetic information that could be
horizontally transferred. Small RNAs, although
not a genome modification per se, are important
because they may prove capable of modifying
gene expression and bringing about phenotypic
change. The large number of small interfering RNA
(siRNA), short hairpin RNA (shRNA), micro RNA
(miRNA) and other small-RNA library studies in a
variety of species and cells from different species,
including human, provides a potential roadmap of
what sequences may lead to what disease states or to
modulation of defenses against disease (for review
see [41]). Similarly, there are already numerous
viral and other vectors that can encode and express
small RNAs. The known fact that, many viral
pathogens already seem to encode small RNAs that
aid in their pathogenicity further underlines this
possibility [42]. For example, the oncogenic gamma
herpesviruses Epstein-Barr virus (EBV) and
Kaposi’s sarcoma-associated herpesvirus (KSHV)
encode miRNAs that clearly act as mediators
of immune suppression [43]. While most gene
delivery mechanisms would likely be facilitated by
CRISPR elements, direct delivery of small RNAs via
liposomes or other vehicles has proven possible in
many cell types. More recently the delivery of entire
messenger RNAs (mRNAs) has proven useful for
vaccination and cellular reprogramming [44].
Naked RNA is generally considered to be fragile
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due its susceptibility to ribonuclease in the cell, and
its delivery is largely confined to laboratory settings,
but there are approaches for stabilizing RNAs (e.g.,
using liposomes, nanoparticles, synthetic polymers,
cyclodextrins, ribonucleoproteins, and viral capsids.
RNA canbeexpressed from genes delivered as simple
expression vectors, as low fitness-burden cargoes on
viral pathogens, or via CRISPR element insertion.
One reason that RNA delivery is potentially a viable
biological threat is that even a small initial skew
in gene expression (such as the changes in gene
expression normally caused by miRNAs) could
greatly alter the probability of an initial cellular
alteration. Even small amounts of a targeted RNA
would not modify the genome per se but might
allow or encourage cells to begin the process of self-
transformation to tumors, as evidenced by the fact
that a large number of pro-oncogenic miRNAs have
already been discovered [45]. In addition to RNAs
produced by viruses, bacteria produce numerous
small regulatory RNAs; introduction of these
into the endogenous microbiome could lead to
dysbiosis. Larger mRNAs can also be delivered via
liposomes and nanoparticles or by RNA replication
strategies being developed for vaccine production;
these methods could potentially be used to express
deleterious cargo such as toxins or oncogenes,
similar to threats related to DNA vectors.
CRISPR/Cas9. CRISPR elements can be
harnessed for site-specific cleavage of genes,
followed by homologous recombination via double-
strand break repair or other mechanisms. This
technology has revolutionized genome engineering.
The fact that DNA recognition can be programmed
by simple modification of an RNA element makes
precision targeting of genome change much
easier than previous technologies such as zinc
finger endonucleases and TAL effector nuclease
(TALEN)-mediated sequence specific recognition
of DNA. Another advantage of CRISPR technology
is its broad host range; CRISPR elements are able
to recognize and bind to DNA sequences in species
other than those in which they originally evolved.
Thus, the fact that gene editing technologies such
as CRISPR make possible genomic changes in
animal models that directly impact health and
pathogenesis further implies that it may be possible
to manipulate either germline or somatic cells to
make such changes in humans. Significantly, the
sequence specificity of CRISPR elements might
also make possible ethno specific targeting of gene-
based weapons depending on the distributions of

alleles. In terms of delivery, CRISPR elements could
potentially be loaded onto a pathogen or delivered
via the microbiome to modify human genomes
in a way that would pose harm to individuals or
populations.

Human gene drives. Because of the ability of
CRISPR elements to modify genomes, they can
be repurposed as selfish genetic elements in their
own right, wherein their introduction into a naive
genome leads to their site-specific establishment. In
sexually reproducing organisms, an appropriately
modified CRISPR element or other homing
endonuclease gene, when used as a gene drive, can
spread throughout a population. Gene drives are
well known in nature, such as the Drosophila P
element, which moves nonspecifically through naive
populations based on sexual (vertical) transfer. Gene
drives have recently proven to be extremely useful
for engineering mosquito populations for infertility
[46]. They have been proposed for the attenuation of
fitness in other undesirable species, as well'2.

It should be noted that exome sequence data
are being generated at an exponential rate, the
introduction of CRISPR elements in humans or
other higher organisms would likely be identified
quickly and immediately recognized as cause
for alarm. The presence of previously unknown
oncogenes in viruses not normally known to
harbor oncogenes would also be an immediate
cause for alarm. However, the surreptitious spread
of an oncogenic small-RNA sequence, especially
if it is embedded within a protein-encoding gene,
might be less noticeable and thus evade detection.
In addition, threats related to horizontal gene
transfer in synergy with the threats posed by
pathogens may lead to new modes of attack. Just as
clinical trials of immunotherapies are increasingly
a roadmap for engineering cytokine storms, the
increasing knowledge on gene deletions, gene
additions, and small-RNA modifications of human
cells may provide a roadmap for the induction of
noninfectious disease states that could be abetted
by pathogen engineering (and, conversely, that
could abet the spread of the pathogens themselves,
such as via immunodeficiency viruses).

Finally, let us fully cite from the book
Biodefense in the Age of Synthetic Biology p. 92,
printed in 2018:"

«More insidiously, it is possible that
some diseases could be engineered not only
to target but to actively take advantage of
known immune prevalences, in particular

2 National Academies of Sciences, Engineering, and Medicine. Gene Drives on the Horizon: Advancing Science,
Navigating Uncertainty, and Aligning Research with Public Values. Washington, DC: The National Academies Press.

2016.

1 Biodefense in the Age of Synthetic Biology 2018. ISBN 978-0-309-46518-2. https://doi.org/10.17226/24890 (Committee
on Strategies for Identifying and Addressing Potential Biodefense Vulnerabilities Posed by Synthetic Biology, Board
on Chemical Sciences and Technology, Board on Life Sciences).
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those related to vaccination. An extremely
sophisticated adversary, knowing in advance
the likely fitness landscape of a given pathogen,
could release an engineered pathogen that is
«designed to evolve» in particular ways upon
encountering the most likely human immune
response. For example, if an immunodominant
epitope is known, and if previous modeling or
experimentation had indicated the range of
likely sequence substitutions in response to the
antibodies already present due to vaccination,

Author Contribution

and if some of these sequence substitutions lead
to increased engagement with a cell surface
receptor, then the sequence of the pathogen could
be poised in advance to evolve greater lethality or
transmissibility. The advantage of this approach,
from a malicious actor’s perspective, is that a
milder form of a disease could spread broadly
and then «self-activate» as a result of «designed
evolution» to become a pandemic».

It is not very much that one can add to this
prophetic paragraph.
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LleHmp akcnepumeHmasnvHoli MeduyuHbl, Akademus Hayk Caoeakuu, [ybpasckas
9, 841 04, bpamucnasa; Pakynemem meHeOHwMeHma, YHusepcumem um. A.A. KomeHckozo,
yn. boliybi Conpomuenenus 10, 820 05, bpamucnaea, Cnoeakus

IMocrymmma 10.02.2021 r. [Tpuusra k my6nukanmm 20.06.2021 r.

CuHreTtryeckast GMOIOrNs — HETABHO IIOSIBMBIIIASICS BETBb TEXHOIOIMII BOMHOTO HAa3HAYEHNIST, HOBAsI
00671acTb IpYIMEHEHN IH)KeHEPHBIX IPUHLMIIOB B Oyionorumn. Llenv pabomvt — mokasaTb OCHOBHbIE TeX-
HOJIOTMYecKye MpYeMbl 3TOJ TeXHOIOTMM VI TIPUBECTY KOHKPEeTHbIE IIPUMephl e MCIIONb30BaHMA LA
CO3MaHVsI HOBBIX BUIOB OMOOIMYECKVX MOPAXKAOLINX aT€HTOB U IPUEMOB BefeHNsT OM0/IOTMYeCKOl
BOJIHBI, paHee HEeMBIC/IVIMBIX U IIPeCTaB/IeHHBIX TOIbKO B HayYHO-(aHTAaCTIIeCcKUX KHUrax. OCHOB-
Hble MHCTPYMEHTHI I METOUYECKYIe IIPYIeMbl CUHTETUYECKO OMOMOIMIL: CHHTe3 U CeKBEeHMPOBaHME
6ompumx pparmentos JTHK; paspaborka «mmatdopMbl» («I1accu») — T.e. CUCTEMbI-X035MHa, HeCyIIeil
TeHeTUYeCKIiT HabOp MHCTPYMEHTOB /IS 9KCIIPECCHH YKeTAeMBbIX TeHOB CKOHCTPYMPOBAHHOTO 6107I0-
TMYECKOTO IIyTH, JOCTAB/ISEMbIX IOAXOSIIINMI BEKTOPaMIs; pa3paboTKa CHCTEM TPAHCKPUIILUY, He
VICTOLIAIONIMX PecypChbl KIIETKM (CHHTeTIYecKue IIPOMOTOPBI U (PaKTOPBI TPaHCKPUIILIVN); MHCTPYMEH-
ThI MopuuKanyy reHoMa (Hykieasa CRISPR/Cas9, Hykmeass! 1IMHKOBBIX IanblieB, TALE Hyk/eassr,
MeTraHyK/Ieasbl); ¥ KOMIIbIOTEPHbIE MHCTPYMEHTHI (YIacTBYIOLIVe B 6a30BOM CTPYKTYPHOM IIPOEKTH-
POBaHMM U CHHTe3e; B IPOSKTUPOBAHWUN CETV; B IIPOTHO3MPOBAHNUY NOBeIeHVA/QYHKIMI/ peaKiyn).
CuHTeTHYecKas OMOJIOrNA yoKe IOKa3aia 60/Ibliyie BO3MOXXHOCTY B BOCCO3[JAHMM 3BECTHBIX IIaTOreH-
HBIX BYPYCOB ¥ NATOTeHHBIX GaKTepuil; B MOBBIIIEHNY OITACHOCTY UL TIOfell CYIeCTBYIOLIMX 1aTo-
TeHHBIX OaKTepuit 1 BUPYCOB (HAIpyMep, IIyTeM IIOBBILICHNS MX BUPYIEHTHOCTI MM CIIOCOOHOCTI
Ipeofo/eBaTh UMMYHUTET); CO3IaHUM IIaTOTeHOB, paHee He CYIeCTBOBABIINX B IPUPOJE; IIPOV3BOJI-
CTBa TOKCUYHBIX XVMVKATOB IV OMOXMMMUYECKMX BelLleCTB C MCIIONb30BaHNEM eCTeCTBEHHDIX U UC-
KYCCTBEHHBIX MeTaOOMMYeCKNX ITyTell; MTOTOBNEHNN TOKCMYECKUX BEIeCTB ITOCPENCTBOM CHHTE3a
in situ; Vi3MeHeHe MUKpOOMOMa Ye/loBeKa; M3MeHEeHVsI IMMYHHOIL CYCTEMBI 4elOBeKa; MOIVYKAIIII
TeHOMa Ye/IoBeKa ITyTeM Jo0aB/IeHII, YIaIeHNA VIV MOSV(YKAIVY TeHOB WIN IIOCPeACTBOM SIINTeHe-
TUYECKVX M3MEHEHMII, KOTOpbIe MI3MEHAOT KCIIPECCHIO TeHOB 1 MOTYT IIepeflaBaThCsl OT POIOMTENA K
pebeHKy BO BpeMs pepORYKIMY, PaCIPOCTPaHs;sA reHeTNYeCKIe 3MeHeHs B MoNy/syn. B pabote
HOIPOOHO PacCMOTPEHBI BO3MOXKHOCTH CMHTETHYECKON OMOIOrny [yisi pa3pabOTKM HOBBIX CPELCTB U
cr10co60B BefieHus1 6110/10rmaecKoit BoitHsL. Hampumep, BBefieHie B TeHOM BMpYyca SKTpoMenuyt (OCIIbL
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An JlakoTa

MBIIIIe}T) FeHa MHTep/IeIKIHA-4 3HAYNTEIbHO IOBBICUIIO €T0 BUPY/ICHTHOCTD /LA Mblieil. OH IO#aBIsAI
IIepBIYHbBIE IMMYHHbIE OTBETBI U IIPEOfo7ieBasl paHee CYIeCTBOBABILINI IMMYHUTET K ICXOGHOMY BU-
PYCY. AHTIOTMYHBI pe3y/bTaT ObUI HOTydeH ¢ PeKOMOVMHAHTHBIM a/IeHOBUPYCOM, KOMPYIOLIMM Hell-
POHAIBHBIN TOKCUH MHAMIICKOIT 3Men OyHrapyca — 6yHrapoToKcKH. ITyTeM BBefieHMs B COCTaBe MHBEK-
[IMIOHHBIX IIPENApaTOB aHTUTE€HOB, TOXOXXMX Ha COOCTBEHHBIE OE/IKM YelTOBEKa, MOXKHO 3a KOPOTKMIT
CPOK BBI3BaTh Ay TOMMMYHHOE COCTOSIHIIE Y THICAY JIFOfIElT, KOTOpOe ITPOSABNUTCA Y HMX Yepe3 Tofbl pac-
CesTHHBIM CKJIEpO30M U Apyrumu sHLedpanonarysamu. [IpuBoputcs pabota, ony6nikosanHas B 2018 1., B
KOTOPOI YTBEP)KAAETCS, YTO COBPEMEHHBIE TEXHOIOTMY CUHTETUYECKOIT OMOTIOTUY 1 MaTeMAaTIIeCKOTO
MOJIeTMPOBAHMS SMUEMMIL, €CTIM YKe M3BECTeH IMMYHONOMIHAHTHBIN 3MUTOII I1ATOT€Ha, TO3BOJLAIOT
CKOHCTPYMPOBAaTb TAKOJl €r0 BapMUaHT, KOTOPBIL IPU «CTOIIKHOBEHUM» C Hanbo/ee BEpOATHBIM UM-
MYHHBIM OTBETOM YeIOBeKa OyIeT 9BOIOLMOHMPOBATh B CTOPOHY OOJIbIIIell KOHTAarMO3HOCTY M CIIO-
COOHOCTM IIPeofo/IeBaTh UMMYHNUTET, CPOPMUPOBABIINIICS B pe3y/IbTaTe y)Ke IlepeHeCeHHON O0e3HN
VIV BaKUVHAMU. ABTOpP CIMTAET, YTO HEOOXOMMMO He TONIbKO IIOCTOSHHO OTC/IEXXMBATD 3TV HOBBIE
6MOTEXHO/IOIMY FBOHOrO HAa3HAYEHsI, HO U COBEPIIEHCTBOBATh TPAAMIIMOHHBIE Y HAYIHBIE METONBI
MOHMTOPVHIA UX VICIIOTIb30BaHL.

Kniouesvie cnosa: cunmemuueckas 010n102Us; yepo3a; 6030y0umens; baxmepuu; 6UpPYyc; 4enosex.

Bubnuozpaguueckoe onucanue: /lakoma An. Cunmemuueckas 6uonoeuss — opye unu epae? Ka-
Kux yepo3 Ham cnedyem oxcudamo? // Becmuuk eotick PXB sawumor. 2021. T. 5. Ne 2. C. 103-122.
https://doi.org/10.35825/2587-5728-2021-5-2-103-122

Bxnao aemopa
Paspa6oTka KOHIENINY CTaThy; COOp, aHAIN3 U CUCTEMATH3aL[MsI HAYIHO IMTePATyPbl; HAIIMCAHME U U3~
HI€ CTaTbU.

3aaenenue o kKoHdnuKme unmepecos

51 3asB/IsA10, YTO MOATOTOBMII CTAThIO Ha OCHOBAHMY MCTOYHMKOB, CBOOOJHO HOCTYNHBIX B VIHTepHeTe, Gec-
IUIATHBIX IMYO/MMKALUIL, PUCYHKOB U APYTMX JIeraIbHBIX UCTOYHUKOB. S, KaK eMHCTBEHHBIIl aBTOP, 3asB/ISI0, YTO
MCCIIeOBAHIE IIPOBOAVIIOCH IIPY OTCYTCTBUM KaKMX-TNO0 KOMMEPUECKUX MTU (PMHAHCOBBIX OTHOIIEHNIT, KOTOPBIE
MOTYT OBITh MCTOJIKOBAHbI KaK IIOTEHIMaIbHBII KOH(PIUKT NHTEPECOB.

Ceedenus o peyeH3uposanuu
CraTbst IpOLIIAa OTKPBITOE PELIEH3NPOBAHNE ABYMsI PelleH3eHTaMy, CllelMaJIuCcTaM B JaHHON obmacTtu. Pe-
LeH3MM HAXOfIATCA B pefakuuy xxypHana u B PVHITe.

Cnucox ucmouHuKkos:
Cmp. 119-121.

06 asmope
IleHTp 3KCIIepUMeHTATbHO MeANLIVHBI, AKageMusa Hayk CrnoBakuy, [ly6pasckas gopora 9, 841 04, bparuc-
naBa, ClroBaKms.
DaxynpTeT MeHeI)KMeHTa, YHuBepcuteT uM. S1.A. KomeHckoro, yn. boitst Conporusnenus 10, 820 05, bpa-
TucnaBa, ClroBakus.
An Jlakoma. MD, PhD
Konmaxmmuoe nuyo: S1u Jlakora; jan.Jakota@savba.sk
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YK 329(5-011.5);329.3:355.5 XMMquCKOe opy)KMe
https://doi.org/10.35825/2587-5728-2021-5-2-123-135 . .
. B MPaHO-MPaKCKoli BoliHe 1980-1988 rogos.
5. HakonieHHbIit OMNbIT JIe4eHUs NoPaXKeHMiA

CEPHUCTBbIM UMPUTOM

M.B. CynoTHUUKuI

®edepanbHoe 20cyoapcmeeHHoe 600 emHoe yupexncoeHue
«27 HayuHsili yeHmp» MuHucmepcmea o6opoHbl Pocculickoli ®edepayuu,
105005, Pocculickas ®edepauus, 2. Mockea, Bpuzadupckuti nepeynok, 0. 13

IMocTynuna 23.04.2021 r. Ilpunsara K ny6mvkanmy 20.06.2021 .

CepHUCTBIII UIPUT HMIMPOKO UCIIONB30BAJICS B XOfie MPaHO-MpaHCKoi BoiiHbI (1980-1988 rr.) u B
Apyrux koHdnmkrax Ha bakHeM BocToke. Brarogaps cBoeit JOCTYITHOCTY OH MOXXET OBITh IIPU-
MeHeH TeppOPUCTUYECKMMU OpraHM3anuAMmu Ha Tepputopun Poccuiickoit @egepauum. Vpan -
eMHCTBEHHAs CTpaHa, IPOTUB KOTOPOIl MIPUT IPUMEHS/ICA B YCIOBMAX COBPEMEHHOI BOJIHBDI.
Llenv pabomu — aHamu3 1 060061eHNE OIBITA JIEYEHUA MACCOBBIX MOPaXKEHUIT BOCHHOCTY>KAIIUX
CEpHUCTBIM UIIPUTOM, HAKOIJIEHHOTO MPaHCKMMIU CTIeMaTNCTaMI B XOfle MUPaHO-MPaKCKOM BOJHBI
1980-1988 rr. []1s1 HOATOTOBKY CTAaThbM MCIOMB30BaMUCh odpuumanbHble fokyments: OOH, LIPY
CIIIA, npaHckie pabOTHI ¥ [pyrue OTKPBIThIE MCTOUYHNUKM. YCTAHOBJIEHO, YTO MPAKCKash apMus
MIPMMeEH/TA UIPUT B JBYX arperaTHbIX COCTOAHMAX — KaleTbHOXKNAKOM 1 cyxoM. Cyxoit unpnr —
HOBMHKA ToJI BOJHBL. OH IpefcTaBiAeT co60J1 TOHKO M3MeNbYeHHBII KpeMHe3eM, IPONNUTaHHbII
UIIPUTOM, pasMep 4acTull — MeHee 5 MKM. IlepBble KIMHIMYeCKM BbIpaskeHHbIe IPU3HAKY MTOpaske-
HIA TOABJIAINCD Yepe3 15 MUH, B TO BpeMs Kak JeiiCTBMe UIIPUTA B KalleTbHOXUAKOM U Iapo-
006pa3HOM COCTOSHUY MOIVIO HAadaTbCs 4epe3 HeCKOTIbKO YacoB. IIpMYMHOI TSKeIbIX UIPUTHBIX
MOpa>KeHMII MPAHCKIX BOEHHOCTY>KAIUX ObIIO OTCYTCTBME CPENCTB MHAMBYU/YaTbHON 3allNTHI,
HeCBOeBpeMeHHasi 9BaKyalys 13 30HbI 3apaXKeHN UIIPUTOM, OTCYTCTBME B 60€BBIX MOPSIKAX MO-
OMIBbHBIX 3aI1aCOB YMCTOI BOABI U [IETa3aI[IOHHBIX YCTAHOBOK, HEIIPaBI/IbHAs COPTUPOBKA IIOpa-
>keHHBIX. Hanbosee a¢ppexTBHBIM lerasupyommuM pacTBOPOM AL KOXKI, KOTOPBIII MOXXHO IIpU-
MEHUTD NPU MAaCCOBOM NOCTYTIJIEHUM MOPAKEHHBIX UIPUTOM, MPAHCKME CIIENMNATUCTbl CYUTAIOT
0,5 % pacTBOp rMIOX/IOpUTA HATpusA. EXAMHCTBEHHBIM 0€30IaCHBIM aHTUJOTOM B peansiX BOHBI
ocTaeTcs TMOCYIb(aT HATPHA, HO €C/IM er0 BBeCTU OTPAaBICHHOMY B TedeHMe 60 MIH IOC/e BO3-
peiictByA ynputa. IIpy sBakyanum NoCTpafaBIINX U JIeY€HNN B TOCIIUTANIAX B TAXKENBIX CITydasx
HeOOXOAMMO YCTaHABIMBATh BHYTPUBEHHBIIT KaTeTep, IPOBOAUTH TPAXeOTOMMUIO C yCTAHOBIEHUEM
TPaxeoTOMUYECKON TPYyOKY, KaK MO>KHO paHblile KCII0Ib30BaTh OPOHXOCKOINIO /s IPOMbIBAHNS
6poHxoB. JledeH1e MOpaXKeHUIT KOXM U I7Ia3 — KOHCepBaTuBHOe. IIpu mepdopaunu poroBuiis,
eciu ee [UaMeTp COCTaB/sieT 6oiee 2 MM — KepaToIlIaCTHKA, MeHee — IIIaHOaKPUIaTHBIN KIeil.
JledeHye mOpa>keHMII OPTaHOB JbIXaHM: HAIIPaBJIeHO Ha OO/IeTrYyeHye CUMIITOMOB /I YMeHbIIIeHUe
TSDKECTHU OCTIOXKHEHMIL. [J71s1 3TOro MpUMEHSI0T 6POHXOAIATATOPI, IPOTHBOKAIIIIEBbIe CPECTBA,
MYKOIUTUKY ¥, TP HEOOXOAMMOCTH, aHTUOMOTHKY. IIprMeHeHIe KOPTUKOCTEPOUOB JODKHO
OBITb OrpaHMYEHO JeYeHNMeM TeX MAIeHTOB ¢ OPOHXOCIa3MOM, KOTOPbIM He IOMOralT OpoH-
XOfMIaTaToOphl. VI3 mepcreKTUBHBIX METOMOB NeYeHNA UIIPUTHBIX MOPa’KeHMII IeTKUX MPAHCKUe
Bpa4M pacCMaTpMBaIOT TeHHYIO TepaluIo U leueHe Me3eHXMMaTbHbIMM CTBOTIOBBIMIU KIeTKaMM.

XVIANUDOHOA N XVYHKOSG 8 ANIKAJO FOHIIRNIOLONT N AOHDTRNINNX

Kniouesvie cnosa: eennas mepanus; 0e2a3ayus; 30Hbl KOHMPOA; UPAHO-UPAKCKASL 601iHA; Me3EHXU-
MATbHble CINE07I06ble KIEMKU; OMIONEHHbIe OCTIONCHEHUS; CEPHUCHbILL UNPUM; CYXOT UNPUM; mMuo-
Cynbam HAMPUs; XUMu1eckoe opyrue.

Bubnuozpaguueckoe onucanue: Cynomuuyxuti M.B. Xumuueckoe opysxcue 8 upaHo-upakckoi 6oti-
He 1980-1988 20008. 5. HaxonnenHuiti onvim neweHus nopajeHuti cepHucmoim unpumom // Becmuux
sotick PXB sawgumot. 2021. T. 5. Ne 2. C. 123-135. https://doi.org/10.35825/2587-5728-2021-5-2-123-
135
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M.V. Supotnitskiy

IIprMeHeHMEe MPAKCKOM apMuell Xummdec-
KOrO OpYXHUS B XOfi¢ MPaHO-MPAKCKOV BOJHDI
1980-1988 rr. mpuBeno K OONMBUIVM MOTEPSIM Cpe-
IV MPAaHCKMX BOEHHOCTY>KAIMX ¥ M3MEHUTIO XOf
BOJIHBI B 1ONb3y VIpaka Ipu HeCONOCTaBMMBIX C
Mpanom mropckux pecypcax. OCHOBHBIMU OTPaB-
natomyumy BemectBamu (OB) Ha npaHo-upakckoM
¢$poHTe OBV CEPHUCTBIN UIIPUT, TaOYH, 3apUH U
1UKI03apuH. AHamu3 3¢ eKTUBHOCTU HpUMeHe-
HIA XVMIYECKOTO OPY>KIA MOKasal, 4To 6/aroma-
Pl MacCMPOBAHHOCTY Y1 MHOTOKPAaTHOCTH €T0 IIpU-
MeHEHMs aBMallyell, PeaKTUBHBIMU CHUCTEMAMMU
sanmoBoro oraa (PC30), a Takke UCIIOTb30BAHITIO
OB Broporo nokonenus (TabyH, sapuH, IMK/I03a-
PVH), CMEPTOHOCHOCTb XVIMMYECKOTO OPY>KIS IO
cpaBHeHnio ¢ IlepBoit Mmuposoit BoitHo# (IIMB)
BO3poCna B [leCATKM pa3. B Xome Bceil mpaHo-
VIPAKCKOJ BOVHBI M B IIOC/IEBOECHHBIN IIEPUOL,
MPaHCKVMMM BpadaMy BeJlach KPOIOT/INBas pabora
[0 HaKOIICHUIO OIbITa jledeHys nopaxenuit OB
Ha (QpOHTe, a TaKKe CBENEHWIT O IOC/Ie[CTBUAX,
HpOSB/IAOINXCA YXXe B MUPHOe BpeMs. Takoro
OIbITa HET HU y OfHOM cTpaHbl Mupa. OfHaKo B
POCCUIICKOV HAay4YHOV NUTEpaType Mbl He HAIIN
KaKyux-1160 06001maniux paboT o gaHHOI Ipo-
6neme. A usy4arb ectp 4to. [lo manuHbIM Komuc-
cuu OOH mno HabmoeH 0, KOHTPOIIO U MHCIEK-
nusaM (United Nations Monitoring Verification &
Inspection Commission, UNMOVIC), 3a Bpems
BOJIHBI II0 MPAHCKUM BOJICKaM OBITIO IPUMEHEHO
2,54 Thic. T OB (1,8 ThHIC. T CEpHUCTOTO MIIPUTA,
140 T TabyHa, okono 600 T 3apuHa/IMKI03aPUHA).
Mpakckasa apmus npoBena He MeHee 387 KPYIIHBIX
XMMMYeCKNX aTaK Ha MpaHCKMe Boicka [1, 2].

Llenv pabomu — aHanu3 u 06061IeHNE OIIBITA
7Ie4eHM I MaCCOBBIX ITOPa’KeHNII BOGHHOCTY>KAI[UX
CEepHUCTBIM MIIPUTOM B XOfe MPaHO-MPAKCKOII
BOJIHBI, HAKOIJICHHOTO MPAHCKMMU CIIeIVa/IICTa-
M1 1980-1988 rr.

CraTbs NpeacTaBiAeT cobo0il MATOe UCCIeNO0-
BaHIe, NIOCBALIEHHOe IPUMEHEHUIO XMMUYECKOTOo
OpYXUs B MPAaHO-UPAKCKON BoiHe'. [In4 ee mop-
TOTOBKM JICIO/Ib30BA/MINCh OQUIMaNbHble TOKY-
meHTH U MaTtepuansl OOH, HPY CHIA, npanckue
Y 3amajHble HaydHble pabOTBbI, a TaKXKe ApPyrue
OTKpBITble MCTOYHMKM. [Ipy ommcaHum neveHus
MIOPaKeHMII CePHNUCTBIM UIIPUTOM OCHOBHOE BHU-
MaHUe YAeMA/NI0OCh NYyOIUKaLMAM MPAHCKUX MeIy-
IMHCKMX CIIEIMaJNCTOB, MMEBIIUX KIMHUYECKUIA
OMBIT BefleHNs HECKOIbKMUX ThICAY MALMEHTOB C
nopakeHuaAmMu OB BO BpeMsa MpaHO-MPaHCKON
BOHBI ¥ HaOMIOfAaBIIMX 3a HUMU Ooree Tpex
mecatunmetuin — 3ro S.A. Foroutan, L. Etemad,
M. Moshiri, M. Balali-Mood, M. Tabarestani,

1
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PucyHok 1 - MexaHu3m delicmeus cepHUCMO20
unpuma. 3mo xupopacmeopumas moJsieKyna c
nomeHyuanbHoli cNocob6HOCMbi0 0/1UMesIbHO
CcoxXpaHamocs 8 xupoeol mkaxu. [lpu nonadaHuu
8 80OHYI0 Cpedy HeXXupoeoli MKaHU Ye/108eKa OH
YuKsiusyemcsa c obpasosaHuem 8bICOKOpeaKkmueHo-
20 KAMUOHA 3nuUcyNbhoHUSA, Komopbll ankKuaupyem
JAHK u unakmusupyem 2nymamuoH (0OCHO8HOU
KJlemo4Hblli aHmuokcudanm). AnkunupoeaHue JHK
npusodum K 3aMeHAMm HyKsieomuoo08, Yauje 8cezo
K nepexody G 8 A. Takaa Mymayus Moxxem UHak-
mueuposame 2eHbi-cynpeccopsi onyxosel ( p53)
U 8bI1386amMb y 0mpassieHHO20 Pak JIe2Kux, KaK 3mo
6b1710 3ameyeHo y paboyux ANOHCKO20 3a800d no
npouszsodcmey unpumad. Unakmusayusa anymamu-
OHa 8bi3bledem OucbaIaHC OKUC/IUMesIbHO-80CCMa-
HosumesibHOU AKMUBHOCMU KJIemOK U Hapywadem
pea2ynayuio eocnasumesibHblix peakyul. Beicokuti
ypogeHb 80cnasiumersibHbIX UUMOKUHO8 UH2UBUpY-
em anonmos NoIuUMophHo-10epHbIX 1elikoyumos,
ocobeHHO Helimpogusos, makum o6pasom npode-
84 UX AKMuUBHOe COCMOosAHUE U ycuaueas nospexoe-
Hue mKaHeti [8]

I. Freitag, N. Firusian, E. Darchini-Maragheh n
np. O600mmennIo onbiTa aedeHns nopaxenuit OB
HePBHO-IIAPAINTIYECKOTO AeIICTBIA Oy/ieT MOCBsA-
IleHa OTHeNIbHAsA CTaThA.

HoBoe B mpuMeHeHNN CEPHUCTOTO MIPHUTa’.
MexaHNU3M TOKCUYECKOTO [eCTBUS UIIPUTA TOY-
HO He ycraHoBjeH. OfjHa 13 cXeM, II0KasblBalolias
TaKOJl ME€XaHM3M, IpUBefleHa Ha pucyHkKe 1. Vpak-
LBl IPUMEH AN UIIPUT B ABYX arperaTHbIX COCTO-
AHUAX — KaIeTbHOKMAKOM 1 cyxoM. Eciu 6oeBas
3¢ dexTUBHOCTD MepBOro u3BecTHa emie ¢ [IMB n
Hofipo6HO ONMCaHa B HAYYHOIT muTeparype [7], To
CYXOJl MTIPUT OKa3aJicd HOBMHKOII 3T0M BOJHBIL. OH
NpeACTaBIAN c06011 TOHKO u3MenbuyeHHbIi (ot 0,1
1o 10,0 MKM) KpeMHe3eM, ITPONUTaHHbI UIIPUTOM.

B mepBoit paboTe paccmarpuBanach mogroroBka Mpaka K XMMmu4eckoit BoliHe [3], BO BTOpPOIT — IpUMeHEHME XN~

MUYECKOTO OPYXUs B 60eBbIX [eNCTBUX [4], B TpeThelt — MeAUIMHCKIE TIOCTIeCTBIS TPUMEHEHUsT XUMUIECKOTO
opy»us [5], B 4eTBepTOIl IOKAa3aHO, KAKMM 00pa30oM IPOMUCXO VA INKBUAALINA XUMUYeCKoro opyxus B Vpake [6].

2

I[eHbI B Haluelt padote [5].

124

[Toxpo6HO TOpaskeHN s CEPHNUCTBIM UITPUTOM, ITOTyYeHHbIE B XOfje BOVHBI MPAHCKMMU BOEHHOCTYXAIMMH, 0606-
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B ocHoBHOM pa3mep uacTuiy O6bI MeHee 5 MKM,
4TO II03BOJIAJIO M IIPOHMKATh U 3aJep>KMBaTbCsA
B IIyOOKNUX OT/JeNax JIeTKMX deloBeka. JlaTeHT-
HBIil Tepyuoj, Ipy MOpa>keHMM TAKUM MIIPUTOM
3HAUUTENbHO COKpamancs. IlepBble KIMHMYECKN
BBIPaKEHHbIE IIPU3HAKY NOPa’KeHN A IOABJIAICDH
4epe3 15 MUH, B TO BpeMs KaK UIIPUT B ITapoobpas-
HOM COCTOSHMM MOT He IIOfefiCTBOBaTh Ha 0Ooiila
B TeYeHMe 4eThIpeX-IiecTy 4acoB. CyXoil MIpPUT
He OOHApY>KMBAJICsi Ta30aHAIM3aTOpaMM BO3MY-
xa, paccunTaHHBIMM Ha OB B cocTossHUM mapa, u
IPOHMKAJ Yepe3 KOCTIOMbI XMMUYECKOI 3alUThI
[9, 10]. IlepBOe mpuMeHeHUs MpaKLaMu aBUabOMO,
CHapsDKEHHBIX CYXMM UIIPUTOM, IIPOM3OIIIO B Ha-
qasie 1985 . mpy oTpa>keHNM MPpaHCKOTO HaCTYIIIe-
HIA Ha HeTAHbIE MECTOPOXK/IEHMSA Ha OCTPOBaX
May>kHYH Ha I0)KHOM ydacTke peku Turp. Vpan-
CKUe BOEHHOCTy>Kallle, ITOTyYUBIINe IIOpakeHue
TaKVM UIIPUTOM, OIVICBIBAIN €ro Kak Oelyio IblIb
(... white dust were observed), mosiBuBIIyIOCS TTOCTE
paspbiBa 60M6bI [11].

ITocne IIMB 3HauMTEeNTBHO BO3POCIN BO3MOXK-
HOCTM CPEJICTB U CIIOCOOOB BefleHMsT XMMMIYEeCKO
BoliHbL. Ecin B koH1le IIMB OCHOBHBIM CpeficTBOM
npuMeHeHns OB cTama cTBO/IbHASA apTU/IIEPH, TO
B XOJle MPAHO-MPAKCKO BOWHBI IINPOKO MCIIOIb-
30B/IMCh aBUALMS M PEaKTUBHBIE CUCTEMBI 3ajI-
IIOBOTO OTH#, MO3BOMMBIINE MPAKCKUM BOJCKaM
npumeHATb OB c HeBupannoi B [IMB maccupoBan-
HocTbO. JIo 75 % mpousBefeHHbIX upaknamu OB
cOpollleHO Ha UpaHIeB aBuabombamu®. ABuarys
nepenecia npuMeHeHue OB ¢ TakTM4eckoll Ha one-
pamuenyto eny6uny. CepHUCTDII UTPUT B OCHOBHOM
mpUMeHsICs 155-MM CHapsijaMu U aBuabombamm
[3]. HeBo3BpaTHBIE IOTEpPM BOMHCKMX IOApa3ferne-
HUI OT unputa Mormu gocturath 30 %, 4To ObLTO
HeBO3MOXKHO B [IMB [5]. O6mmas cTpykTypa npas-
CKUX NIOTepPb OT XMMMYECKOTO OPY>KIA IpUBeNeHa
B pabore E. Darchini-Maragheh c coasr. [12] B Ha-
X nyonKanusx [5, 6].

IIpepoTBpaniennie NOpa>keHMil CEPHUCTBIM
UNIpuTOM. VIpaHCKNe MeIVIVHCKIE CIIeIVaIVCThI
BBIJIE/IAIOT PAaHHME, XPOHMYECKNEe ¥ OTCPOYEHHBIE
HIOC/IE[ICTBUSL BO3JENICTBMSA CEPHUCTOrO MIIPUTA
Ha yenioBeka. K «panHnum nopasiceHusim» OTHOCAT-
cs MonydeHHble Ha none 60s. K «mo3guyumM» mmn

3

(UNMOVIC) Compendium. N.Y., 2001.

4

Chemical Weapons in the Iran-lraqg War (1980-1988)...

«OTCPOYEHHBIM» OTHOCATCS Te, KOTOpble 0OHapy-
XWINCh B IOC/IEBOCHHOE BPeMs y CYMTABIINXCS
BBI/IEYEHHBIM) BeTE€PAHOB BOJIHBI, MONTYYMBIINX
IOpaKeHNs CEPHUCTBIM MIIPUTOM Ha (poHTe (B
IaHHOI paboTe He paccMaTpuBaercs). Kak okasa-
JI0Ch, paHHME 1 TTO3[HVE OPaXKEHNUs COCTABISIOT
eIVHBIIT TIpoIlecC. «XPOHMYECKOE OCTIOKHEHNE» —
CTIe[ICTBUE IIOCTOSHHOTO  INpOdeccHoHaTbHOTO
KOHTakTa ¢ OB B Te4eHMe OTHOCUTE/IBHO JAJIUTE/b-
HOTO Ilepuoyia BpeMeHM (B JaHHOIL paboTe He pac-
cMmatpuBaetcs) [12-18].

IIpedomepaujerue paHHUx NopaxceHuil unpu-
Mom HenocpeocmeeHHO 6 30He 00edbix Oelicmeuil.
OcyluecTBasAeTCsI Ha OCHOBE Mep IEPBUYHON U
BTOPUYHON IPO(UIAKTUKY TIOPA>KEHUIT UTIPUTOM.
[Ipy mIaHMpPOBaHNMM TAKVX MEPOIPUATUI UCXOAT
Y3 TOTO, YTO UIIPUT MOXKET OCTaBaTbhCA B XKUJIKON
¢ase Ha 3arpsIBHEHHOI OfieXKie, OPYXKUM, CPEICTBAX
3aIUTHI, TMYHBIX BelllaX, KOXKe BOEHHOCTY)KAIIIero
B TeYEHVe MHOTVIX YaCOB VN JIa)Ke THElL.

Ilepsuunas npogdunakmuka HaIpapIeHa Ha
CHIDKEHNe KO/MMYeCTBA IMOPA>KEHHBIX U YMeEHb-
IIEHNe TSDKECTY IIOpakKeHUs, eCly He YHANIOCh
n30exaTb KOHTakTa ¢ mnpuroM. OHa BK/IIOYaeT
HeMeJlJIeHHOe yZla/leHJe MOCTPaiaBIINX OT UIIPU-
Ta U3 30HBI 3apakeHus (rops4as 30Ha)*, CHATHE U
yAajeHye KOHTaMUHIPOBAHHOI OIEX/IbI, OPYXKIS,
CHapsDKeHMs M JIMYHBIX Bemieit. IToctpamasuine
KaK MOXXHO CKOpee JO/DKHBI PONTI COPTUPOBKY
(pucyHOK 2) u onHy1 noMmeiBKy 0,5 % pacTBopom
runoxnoputa Harpus (NaOCI)® unm 6ompumm Ko-
JINYEeCTBOM YVMCTOI BOABI C HEMITPA/TbHBIM MBITIOM
(ato meHee apdekTHO) [19].

CopTHpOBKa MOPa>KEHHBIX — 3TO AVHAMU-
4eCKMII IpOLecc, KOTOPHBIil ClIefAyeT IMPOBOAUTD
HEeMpepbIBHO KaK B 3arps3HEHHBIX (ropsdas
30Ha), TaK U B YUCTHIX (Temnas) 3oHax. [Iporpam-
MBI COPTHPOBKM BKJIIOYAIOT BBISAB/IEHNE CIIEYI0-
IMX TPy nopa>keHHbIX: T 1 (HeMeIeHHA s MIN
CpodHasi): MOCTpajaBIiNe, KOTOPbIM TpebyeTcs
MEJUIMHCKasA IOMOIb M YCUJIEHHOE >KM3He-
obeclieyeHne B TeYeHME KOPOTKOTO BPeMEHM Ha
MecCTe MO/TydeHNs TOPaXKeHN s UIPUTOM U B CTa-
nuonape. T 2 (oTcpouyeHHas): MOCTpajaBuIe C
HOpaXeHMAMU UIPUTOM, KOTOPBbIE HYXAAIOTCA
B JJINTE/IBHOM JIEYeHUM U TOCIHUTANM3ALNN, HO

The Chemical Weapons Programme. United Nations Monitoring, Verification and Inspection Commission

B HacTosi1ee BpeMsi MpaHIIbI ICIIONB3YIOT AeJIEHNE 30H 3apakeH1si NIIPUTOM Ha 30HBI KoHTporst (Control Zones),
npemokeHHble HaljnoHanbHBIM MHCTUTYTOM OXpaHbl Tpyfa 1 350poBbst CIITA. Cm. National Institute for Occupational
Safety and Health (NIOSH). 2015. Sulfur Mustard: Blister Agent. Joctymno: https://www.cdc.gov/niosh/ershdb/
emergencyresponsecard_29750008.html (zara ob6pamennst: 08.05.2021). 3ona koHmpons — 3TO 30HA, B KOTOPOIL IIPO-
M30ILIe/T MHIMAEHT C OIACHBIMM MaTepHaaMy, KOTOPbIE OIPeNe/IsI0TCA B 3aBUCUMOCTY OT 6€30IIaCHOCTH U CTEeTIeHN
OIIACHOCTH. 30Ha pasfie/ieHa Ha ropAYYIo, TEIUIYIO U XONIOpHYI0. [opauas 30Ha — 9T0 0671acTb, Ifie CYLIeCTBYeT IpaMas
U HEIIOCPeACTBEeHHAs yrpo3a. Tennas 30Ha OTHOCUTCS K 30He YMEHbBIICHN S PYUCKa 3aTrPA3HEHNS U YCTaHAB/INBACTCA
BOKPYT ropsiueif 30HbI, 4TOOBI 06ecTednTs 6ydep MeXXAy TopsTuell M XOMOHOI 30HaMU. A X0/100HASA 30HA — 9TO Tep-
PUTOPMS, TTie He OKUAETCA CYIeCTBEHHOI YTPO3BL, ¥ MOTYT OBbITD 3a/1e/ICTBOBAHbI JOIIOTHUTE/IbHbIE MEUIIVTHCKIE/
TPaHCIIOPTHBIE pecypcsl [19].

> TUIOXNIOPUT HATPUA — CUIBHBI OKUCIUTENb, COREPXKUT 95,2 % aKTUBHOTO XJIOpa.
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OTCPOYKA OKa3aHMA 3TON IMOMOILIY He BINUAET
Ha IporxHo3 cobsitudA. T 3 (MMHUManbpHaA): 1O-
CTpajaBIINe C JIETKMMY IOPaXeHUMMU UIIPUTOM,
KOTOpble He OYyAyT 9BaKyMpPOBAaHBI M CMOTYT
BEPHYTBbCA B CTPOI B KOPOTKMe Cpoku. T 4 (BbI-
XKMJAIOIAs]): )KEPTBbI CO CMEPTETbHBIMY IOpa-
JKEHVMMM, KOTOpbIe, BEPOATHO, He BBIKMBYT IIpU
DOCTYIHOV MefuUMHCKON nmomomu. ITo nBeram
U Cepbe3HOCTU BO3JENCTBYUA Ha BOCHHOCTYXKa-
1ero Ha mosne 605, KPacHBI, XKeNThIi, 3e/IeHbI
¥l YePHBIIT 1|BeTa ObIIN YCTAHOBJ/IEHBI [T HEMeJl-
JIEHHBIX W/IM CPOYHBIX, OTCPOYEHHBIX, MWIHIU-
MaJIbHBIX ¥ BBDKMAAeMbIX I'PYHII HOPa’KeHHBIX
(cM. pUCYHOK 2).

ITpombIBaHME KOXM HEOCTATOUYHBIM KOJIN-
4eCTBOM BOJIbI YBIa)XKHSAET €€ M CHIKAeT 3alNT-
HBIII 9NI1/lepMaIbHBIL 6apbep, 06eryas UIPUTY
I POHVKHOBEHMe B opranusm [20].

Bo BpeMs XMMMYeCKMX aTaK MPAHIIbI CTOJIK-
HYJIUCD C TeM, YTO BOABI [/IA CMBIBAHNA VIIPUTA
He XBaTajo, II03TOMY BOEHHOCTY>Kalljue IIbITa-
NMCh OTMBITD JIUI[O0 U PYKM BOJOIL C I'pyHTa (U3
JIyX), HO OHa OKas3ajach 3arpsA3SHEHHON WIIPU-
TOM. B pesynbTaTe OHM IONMydYany MOpakKeHM:A
KOXM PYK, nuna u rnas’. Takum o6pasoM, B 30He
BO3MOXXHOTO XVIMUYECKOTO HallaJileHUs NPOTYUB-
HUKa JIOJDKHBI OBITh COCPENOTOYEHDI 3alNIIeH-
Hble OT KOHTaMMHAIMY 3alachl YMCTON BOABI B
TPAaHCHOPTHBIX CPeACTBaX C AYLIEBBIMM YCTa-
HoBKaM1. Kpome Toro, BOKpyr paitoHa 60eBBIX

PucyHok 2 —- CopmupoeKka nopax<eHHbIX Unpumom.
YpoeeHb A — Haubosiee maxkesnble U HyXoarouwuecs
8 Heme0JIeHHOM Npo8edeHUU peaHUMAYUOHHbIX
meponpuamui. Um Heobxo0umo obecnedums npo-
XxodumMocme OblXxameJibHbIX nymeli U pasmewjeHue
8HYmMpuB8eHHO20 Kamemepad, a 3amem npogecmu
Odezazayuro. YposeHb B — msxxenvle, HO He umeroujue
ONACHbIX 0151 XXU3HU npo6JieM, OHU Mo2ym nepeHe-
cmu dezazayuto. YposeHb C - 8 Hacmosujee 8pems He
umMelom cuMnmomos nocsie gosdelicmaus unpuma,
HO cuMnmombl noseAMcs no3sxe. [losecmu deza-
3auyuro U Habro0ame He MeHee 24-48 4, a makxe
noemopHo o6cs1iedosams U omcopmuposame ux.
Ecnu y nocmpadaswux co cmamycom ypoeHs C cumn-
momsl omcymcmayiom (pecnupamopHele, 2/1a3Hbie
U KOXKHble), OHU Mo2ym 6bImb 8binucaHel. B meyeHue
nepuoda HabnoeHUs 3mu nayueHMmoi 00KHbI
noslyyams aHMuoKcuGaHMHbele npenapamel, makue
kak HAK (N-Acetyl cysteine) no 600 mz 3 paza/cym unu
sumamuH E. YposeHb D - ymuparowjue (ocmaHoska
cepdya, ocmaHoeKa ObixaHus, Heocsiabesaroujue cy-
dopoeu). B cnyuyae 60/16w020 Koslu4ecmea nopax<eH-
HbIX ycunusa epayeli ciedyem nepeopueHmMuUposame
Ha nocmpadaswux co cmamycom A, B u C, umerowyux
6071ee 8bicoKUe WAHCbI HA 8bi30opossieHue [19]

JeMCTBUI Ha 3TallaX MeJMLMHCKON 3BaKyaLuN
IOJIKHBL OBITH CO3[JaHbI IIOJIEBBIE IIEHTPBI C He-
DOCTYHNHBIMMU [ KoHTaMMuHanuu OB samacamu
qucToi Bomsl [11, 19].

CknagdaTble M BJa)KHble Y4YacTKM Tesa
(srommiiel, Tax, TMOAMBINIKY, Ies, CIIMHA, KOJe-
HU, JIOKTU U T.I.), KOTOpble MOTYT 3aJiep>XMBaTh
VIIPUT, IPK Aera3aliuy ClIeffyeT MbITb ¢ OOJIbIION
OCTOPOXXHOCTbIO. Bomocel Ha TromoBe Ijefneco-
obpasno coctpuub [20]. I'masa HeoOxomUMMO Ha-
9aTh IPOMBIBATh KaK MOXKHO OBICTpee IOoC/Ie KOH-
TaKTa C UIIPUTOM B Te€4eHMe 5-15 MUH, UCIIO/Ib3 Y5
00M/IbHOE KOJIMYECTBO YUCTOI BOAbI. PekoMeH Y-
I0TCS IS IPOMBIBaHMA I71a3: (pU3MONIOTMYecKuit
pacTBOp, pacTBOp Omkap6onara Harpusa 1,5 %;
puxnopamut T 0,5 %; cynbgat HaATPUS U CY/Ib-
¢daTt marHna. Pa36aBleHHBIN HeTCKMII IIAMIYHb
TaK>Ke OKa3ajCs MONe3HbIM [ yAaneHus UIpu-
Ta. [lna merasanuym KOXXU MOXKHO MCIIO/NTb30BaThb
0,5 % BORHBIII PacTBOP OBITOBOTO OTOETMBATEIIS.
IloBA3KM Ha I7a3a HaK/Ia[bIBaTh He CIIeAYeT, TaK
KaK TOKCHYecKoe JleliCTBYe MIIPUTA MOXKeT YCU-
JIUTbCA U3-3a MOBBbIIIEHNA TeMIepaTypol. B ciy-
4ae IMOMaJaHusA MIPUTA Ha KOXY Ha OTKPBITBIX
yJacTKaX Te/la MOXXHO MCIIONb30BaTh MOPOILIOK
XJI0pUja KajabLMA WU OKCUAIAa MaTrHUA C TOCTIeRy-
IOLIMM IIPOMBIBaHMEM BOMION ¢ MBUIOM. B ciydae
MTOpa’keHMNA JKeTyLOYHO-KNIIEIHOTO TpaKTa PBO-
Ty He C/lefyeT BbI3bIBaTh, HaZl0 BaTb OTPaBIE€HHO-
My ot 100 mo 200 M1 MOJIOKaA, 3aTeM OCTOPOXKHO

¢ Bosee mogpo6HO omepanuy NPaHO-UPAKCKOI BOHBI, B KOTOPBIX IIPUMEHSNIOCh XMMUYECKOe OPYXKIe, OIMICaHbI

B Haleit pabote [5].
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XumMunyeckoe opyrkme B MpaHo-upakckomn BoHe 1980-1988 ropos...

Ta6nuua 1 - Cocmassi 013 dezazayuu cepHucmozo unpuma [19]

O6pab6aTtbiBaeMasi MOBEPXHOCTb

CocTaB

(MPEG) 1 Boabl;

BOAA

0,5 % BOAHbI PaCTBOP r'MMNOXJ0pUTa HaTPUS;
koMnnekT RSDL - cogepxxuT Dekon 139 u kanuesyto cosib 2,3-6yTaHAMOHa MOHOOKCUMA
(DAM) B pacTBOpUTESIE, COCTOALLEM M3 MOHOMETMIOBOTO 3UPa NOSIMITUIEHTIMKOASA

Koyka dynneposa 3emns (ctaHaapt BPC) - HennacTnyHas ciabocueMeHTUpoBaHHas NpupoaHas
r/IMHA (06bIYHO COCTOUT M3 aIFOMOCUIMKATA MarHWUs U 6EHTOHUTA);

Ma3b M5 - xnopamMuH B BogHOM cpefe (ucrnonbsyetcs 8 apmum CLLA);

BOJA U LLEJIOYHOE MbLJIO;

lnasa
BO4a

$un3mnonormyeckmin pacteop;

MoBepxHoCTH

4 % BOAHbIN PaCTBOP FMMNOXJ0PUTA HATPUS;

dynneposa semns (ctaHgapt BPC);

DF200 - neHAWMNCA COCTaB Ha OCHOBE XJIOPCOEPIKALLLEFO KOMMOHEHTA,
npefHasHayeH 415 Aerasauuu v aesmHoekumMm (KOMNOHEHTbI He pacKpblBatoTCs),
ucnosnbsyetcs apmuent CLLA;

nepekuncs Bogopoaa (3 % pacteop)

IIPOBECTY IPOMBIBaHMeE XXeTyAKa depe3 30H7 [13,
19]. CocraBsl fns ferasaliyyl UNIPUTA B PEKOMEH-
IyeMOM HOpsJKe NIpUBefieHbl B TabmuIe 1.

Bsedenue anmuooma. Ilouckm coeguHeHni,
obmajamuUX aHTUJOTHBIM JEeICTBUEM B OTHO-
IIEHUM CEPHUCTOro Mnpura, sepyrca c¢ IIMB.
B xonme 1950-x rr. Obly1a IMOKa3aHa HETOKCUY-
HOCTb ¥ 9Q(PeKTUBHOCTDb NPU JIeYEHUN UIIPUT-
HBIX IOpakeHmMit Tnocynbdara HaTpus [23, 24].
Ero anTtupoTHOe peiicTBUE COXpaHAETCA BCETO
B TedeHMue 60 MMH 1IOcCIe BO3JENCTBUA UIIPUTA.
Pexomenpyemasa mosa cocraBnser 200-500 mn
10 % pacTtBOpa, KOTOPDBIN ClAeyeT BBOGUTDH BHY-
TpuUBeHHO B TeyeHMe 30-60 muH [21, 22, 25]. OT-
Cpo4yeHHOe Ha 4-24 4 BBefleHMe IIpellapara He
II0Ka3ano aHTUROTHBIX 3¢ deKkToB [26], ogHAKO
OH UCIIONb3yeTCA s IeYeH) A UIIPUTHBIX Iopa-
YKeHUI B TOCIUTAIbHBIX yCI0BUAX [11].

Bmopuunas npopunakmuka BKIIOYAeT IOJ-
IepXKKy nObIXaHMs, 00e300/uBaHue, IOBTOPHYIO
ferasauuio (mpy HeoO6XOAMMOCTY), TPOPIAKTUKY
nHbexuui [21].

JleyeHue nopa>keHUI CEpHICTHIM UIIPUTOM.
O6mas cxeMa jle4eHNs 10 30HAM KOHTPO/IA M B
rocimTale fpefcTaBleHa Ha PUCYHKe 3.

Kosca. Ilo cpaBHEHMIO C O)KOTOBBIMM paHaAMMI
COIIOCTABMMOTO pasMepa, 3a>XUBJeHME UIIPUT-
HBIX paH NPONCXOAM/IO Tropasfo MejyieHHee [11].
Bonppipu pasmepoM MeHee 2 CM ClefyeT OCTa-
BUTb HETPOHYTBIMY, 32 MCKIIOYEHNEM C/IY4aEB,
KOIJja OHU y>Ke pasopBanuchb. VI3 BomgbIpent au-
aMeTpoM Oonee 2 CM pEeKOMEHJyeTcs aclupu-
pOBaTh UINPUIIOM XXUJKOCTb, & 3aT€M OYMCTUTD
UX OT HEKpOTU3VPOBaHHOI TKaHU. Ee ypanenue
yMeHbIIaeT BOCIa/lieHNe, yAyydllaeT 3a>KUBIEeHMe
PaH U YMeHbllIaeT IjIoaab nopaxxenus. [losepx-
HOCTHOE TTIOpa’keHNne KOXXI C 9PUTEMOIt 1 He6OoIb-
IIVMMIU BOJABIPAMM He TpebyeT XMpYprudecKoit
obpabotku [19, 21], omHAKO TaKue TOPa>keH U sI BbI-

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

3bIBAIOT O0JIee BBIpaXKEHHOE pa3fpakeHye KOXNI
U MHTeHCUBHBIE 007N, YeM IITyOOoKVe MopakeHN
[27]. Ilpu cunbHOI 601M — cynbdar MopduHa.

A. Ghorani-Azam u M. Balali-Mood [28], oc-
HOBBIBAsICh Ha CBOEM OIIbITE, IOy YeHHOM BO BpeMs
BOJIHBI, CYUTAIOT, YTO IIOPASKEHHYIO UIIPUTOM KOXY
CO BCKPBITBIMM VIV JIOTIHYBIIVMY BOJIABIPSAMM I1O-
cre 06paboTKM CIefyeT HOKPLITh KPeMOM Cy/bga-
AnasyHa cepebpa TomuyHoil 2 MM. IIpuMeHeHue
MECTHBIX IIperaparoB, CIOCOOHBIX KOHTPOIMPO-
BaTb M 3aMeJIATb BBICBOOOXK/IEHVE HAHOKPYCTAII-
NINYeCKOro cepebpa B 06/1acTh paHbl, B HACTOsIIIee
BpeMsA PacCMATpPUBAETCS KaK LeHHOE CPefiCTBO P
JIeYeHNY UTIPUTHBIX IIOPasKeHMIT KX [19].

ITpy MIPUTHBIX TTOPaXKEHNMAX KOV MOTOBBIX
OpraHOB PeKOMEH/[yeTCs CU/iA4asi BAHHA C PacTBO-
pom nepmaHranara Kanua 1:5000 u mocnepyomyum
HIOKPBITVIEM KPEMOM VIV PaCTBOpPaMM aHTUOMOTH-
KOB MEeCTHOTO JeiCTBUA. VI3-3a BBICOKOTO pJCKa 3a-
I'PA3HEHVA TEHUTATbHOMN IIOBA3KY MOYOI], IIOBA3KA
Ha PaHy B 9TOJ YaCTU Tela He peKoMeHpayercs [19].

I'nasa. JledeHue OCTPBIX UIIPUTHBIX IOpasKe-
HMII I/Ia3a B OCHOBHOM KOHcepBaTyuBHOe. Haum-
HAeTCs C 3aKallbIBaHUs aHTUOMOTVKOB MECTHOTO
IeVICTBUSA, IIPeIapaToB A/ YBIaKHEHUS POTOBU-
bl (TyOpMKaHTBHI), KOPTUKOCTEPONUOB U HIPOLOTI-
JKAeTCsA €XEHEBHOM CMa3KOM MCKYCCTBEHHBIMU
crie3aMu U MeCTHBIMU aHTuOnotukamu [30]. Mect-
Hble KOPTUKOCTEPOUJBI IIOT€3HBbI ISl yMEHbIIIe-
HUA OTeKa ¥ BOCIIA/JIEHN I POTOBUIIBI M CHVKEHMS
pUcCKa IO3jHeNl HeoBacKymnApusauuu. IIporuso-
BOCIIA/INTE/IbHOE JledeHue OymeT 3¢p¢eKTUBHO B
TeyeHUe KOPOTKOTO Iep1ojia BpeMeHN II0CTIe BO3-
mevicTBUs cepHOro umpura (0cobeHHO B Hadyaje
nepBoro 4aca). [Ipy HeoBacKynApu3anuy poroBu-
I[bl €0 MOXKHO IPOMIOJDKUTDh B TedeHUe HeJesIn.
Vcrionp3oBaHMe fekcaMuIuHa (feKCaMeTas3oH +
HEOMMIIVH) B KayecTBe IPOTMBOBOCIA/TNTE/IBHO-
TO CpefcTBa YMEHBIIAeT CYMIITOMBI MIIPUTHOTO
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PucyHok 3 - MeduyuHckue Mmeponpuamus 0514 nopa-
JKeHHbIX UnpUMoM No 30HAM KOHMPOJIA U 8
2ocnumarne. A66pesuamypei: NAC (N-Acetyl cysteine) -
ayemunyucmeuH (mykonumuk); TDS (Total Dissolved
Solids) - pacmeopeHHble meepdvble sewyecmea [19]

MOpa>kKeHUsI CO CTOPOHBI BeKa, KOHBIOHKTUBBI U
poroBuubl. V3-3a BBICOKOTO pucKa MHPeKUN po-
TOBUIBI KOPTUKOCTEPOMABI C/IefyeT INPUMEHATDH
C OCTOPOXXHOCTBIO, OCOOEHHO TIpY HATUYUN HPU-
3HAKOB Ie()EeKTOB SMUTENNS POrOBULBL. 151 KOHT-
PO/ BHYTPUIVIA3HOTO MABJI€HUA U OCTIabnIeHus
6onu creyeT Ha3HayaTh MUpUATUIECKUE U/VIIN
IIPOTMBOIIAYKOMHBIE IJIa3HbIe Karum. MujpuaTu-
K11 (HaIpuMep LUKJIONEHTOIAT U aTPOINH) YMEHb-
HIAIOT CTIa3M UIMAPHOIT MBIIIIIBI U IPEJOTBpalia-
10T obpa3oBaHMe 3aJHUX VPUIONIEHTUKYISAPHBIX
cnaek. OpasbHble aHAJBTeTUKM IPERIIOYTHTENb-
Hee MeCTHBIX aHa/IbI€TUKOB, IIOTOMY YTO MECTHbIE
CpefcTBa MOTYT IOBPeUTb POTOBUIY U 3aMefi-
JINTH 3a>KuBieHue [21, 30].

[Tpu Ts0xenoit popme mopakeHust r1as’ r1as-
Hble KaIUIM aHTUOMOTMKOB IPUMEHSTh KajKfible
6 4 B TeYeHUe Hefle/, IpY OTCYTCTBUM MHPEeKIUn
KOH'BIOHKTVBBI ¥ POTOBUIIBI — MCIIONb30BATh I7I1a3-
Hble KaIUIM KOPTUKOCTEPOUOB (OFHA KaIljIs Kax-
Able 4-6 4 B TeYeHME HENeNN U 3aTEM YMEHBIIUTD

7

6ore [5] u pabote Z. Rajavi ¢ coasr. [15].
8
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03y 110 Mepe HeoOxoxMMocTH). I71asHass cMaska —
Kaxpgble 2-4 4. [Ipn Hanuuum 6onbuioro medex-
T4 SMUTENMSI POTOBMUIBI ¥ OTCYTCTBUS CYXOCTHU
I71a3, TSOKENMO MIIeMuy M MH(QEKIMM POrOBUIIBI
VIV KOHBIOHKTVBBI, BO3MOXXHO HOIIEHVE MSTKIX
KOHTAKTHBIX JMH3. [JOKCUIMKIVH — B KalCyIax
(100 mr xa>kplit 12 4 B TeueHMe 2 HeJl., a 3aTEM — I10
Mepe HeobxopumocTn) [15].

[Tpu nnputHOI nepdoparuu poroBUILbL, eCIn
ee MaMeTp paBeH MIM MeHee 2 MM, IIPU OTCYT-
CTBUY MH(QEKINY POTOBUIIBI 1 BBIITAZEHNS PagyX-
HOV 000/104YKY, [Is1 3aKpBITUA Nepdopanun Iee-
COO0Opa3HO MPUMEHATD IIMAHOAKPUIATHBIN KiTeit.
ITocre 3aTBepeBaHNsA CIYCTKAa HOBEPXHOCTD I/1a3a
IPOMBIBAeTCs PU3MOTIOTMYECKMM PaCTBOPOM, 3a-
KaIlbIBaeTCsl PaCTBOP aHTMOMOTMKA ¥ HafleBaeTCs
MsATKasi KOHTaKTHas JIMH3a ¢ OaHJa)KHOM IIeNbo.
Ecnu puametp nepdoparnum 60sblire 2 MM WIU IPK
Ha/IMYMY BBIIAZIeHNsI PALy>KHOI 000I0UKH, Cylije-
CTBYeT PMCK IIONIaJJaHM KJlesl B IIePEeSHIOI0 KaMepy
I71a3a, ero TOKCMYECKOrO BIMSHMSA Ha SHIOTENNI
Y XPYCTa/lUK IIPY HENOCPEACTBEHHOM KOHTAaKTe C
3TUMIU CTPYKTypamy, GOPMUPOBAHMS 3aXHUX U
HepegHNX CUHeXuil. B aToM ciny4yae mpoBopmuTcs
KepaTomtacTuka [15].

Hvixamenvuas cucmema. Ilpu BapIxaHum napa
UIPUTa B OCHOBHOM HOPA>KaIOTCS TOPTaHb, IJIOTKA
U cnm3ucTasi 000/104Ka Tpaxeobponxos. [Tap B 6oree
BBICOKOJT KOHIIEHTPALV MOXKET JJOCTUTATh HIDKHUX
OTJIe/IOB JbIXaTe/IbHBIX ITyTell. IIpuaHaky mopaske-
HISI {BIXaTeIbHOM CUCTEMBI BO3HMKAIOT /IO TIOsIBIIe-
HYS TIOpa>KeHUt KoKy, OTBIT TedeHysi UIIPUTHBIX
TOBPEXXIECHNUI JIETKUX, HAKOIUIEHHBIV MPAHCKUMU
BpadaMi1, TOBOPUT O TOM, YTO OHO JAO/DKHO OBITh Ha-
IIPaB/IeHO Ha Ob/IeryeHe CMIITOMOB U YMeHbIIIeHVIe
TSOKECTU OCTIOKHeHwmin [13, 19, 28].

[TopmepxnBamwIiee ¥ CUMITOMATHYECKOE
JledeHNe BK/IIOYAeT YBIQKHEHHBII BO3AYX WIN
KUCTIOPOJ, CPEACTBA OT Kallls, OpOHXOAMIATATO-
pBlI U pecnimparopHyio ¢usnorepanuio [13]. bonee
a¢ddexTrBHa, 4eM T00ble Apyrie OpOHXOAMIATa-
TOPBI, KOMOMHAIUsl 0eTa-arOHUCTOB (Hampumep,
canbbyTaMos, TOProBOe HasBaHUe; anbOyTepor,
BEHTOJIVH) 11 aHTUXO/IMHEPTUYECKUX CPeJiCTB (Ha-
pUMep, UIPOTponusi OPOMUZ, TOProBoe Has3Ba-
HIe aTpoBeHT). II0 K/IMHMYECKUM IIOKa3aHMUAM
JUIs1 KOHTPOJIsL OCTIOKHEHMIT MOYKET TIOTpeboBaTh-
Csl BBeJleHMe IPOTMBOBOCHANUTEIBHBIX CPENCTB
(kOopTHKOCTEpONOB), AaHTMOKCUJAHTOB, MYKOJN-
TYIKOB 1 aHTUOMOTHUKOB (IIPEMOYTUTETBHBI MAKPO-
NUABL, TAK KaK OHM 06/1a/jaloT IPOTMBOBOCIAIIN-
TEJIbHBIM ¥ IMMYHOMOZAY/IUPYIOLIUM JIeliCTBUEM)
[25]. IIpodmnakTuyeckass aHTMOMOTUKOTEPATINS —
C OCTOPO>KHOCTBIO ¥3-3a PMUCKA IOSBICHUS pe-
3MCTEHTHBIX MMKPOOPTaHM3MOB ¥ BO3MOXXHBIX

Knunnka Ppa3IM4HbIX q)OpM TIIOpa’>XE€HM A I'/1a3 UTIPUTOM U AUATHOCTNYIECKNIE KPDUTEPUN IIPUBENEHBI B HaIen pa-

O npuMeHeHMM LIMaHOKPUIATHOTO KJIes IpY IedeHnu leeKToB porosuiisl cM. B pabote C.B. Tpydanosa [31].
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Me>XX/IeKapCTBEeHHBIX B3ammoperictsuit [13]. Ilpu-
MeHeHle KOPTUKOCTEPOUTOB HO/DKHO ObITh Orpa-
HIYEHO JIeYeHNeM TeX MalieHTOB ¢ GpOoHXOCMas-
MOM, KOTOPBIM He ITIOMOTal0T OPOHXOAM/IATATOPHI.
1 ynydileHus IPOXOAMMOCTY JbIXaTelIbHBIX
IyTeil BO3SMOXKHA KOMOVMHAIVA VHTIALMOHHBIX
KOPTMKOCTEPOUIOB ¥ arOHUCTOB (-2 IA/INTENbHO-
ro peiictBusA. IlanueHTaM, I/IOXO pearupyrommnm
Ha OpOHXOAM/IATaTOPBI, MOXeT OBITh Ha3HAYeH
N-amermnuucrens (NAC) - mepopaibHO B Mak-
cumanbHOM fose 1200 mr/cyt mnmu 1800 mr/cyT.
VHranAunoHHbIe KOPTUKOCTEPONU/IbI OTHOCUTE/D-
HO 0€30IaCHBI, HO CUCTEMHBbIE KOPTUKOCTEPOM/bI
VIMEIOT cepbe3Hble T0O0YHbIe 9 HEKTHI 1 JOMKHBI
IPUMEHATHCSI C OCTOPOXKHOCTBIO 1 TOJIBKO Y Ia-
IIVIEHTOB B OY€Hb TSXKETIOM COCTOSHMM MHTOKCH-
Kal[, HO HaJj0 TIOMHUTD, YTO UX 3¢ PeKTUBHOCTD
ocTaeTcs mog, Bonpocom [19].

B Tskenbix cnydasx TpebyeTcss MHTYOanms
Tpaxeu ¥ WUCKYCCTBEHHas BEHTMIALVA JIeTKUX,
0COOEHHO IpY HAINYUYM OXPUIUIOCTU WUIU CTPU-
[opa, YTO CBUJIETENBCTBYeT 00 OOCTPYKLMU HbI-
XaTe/lbHBIX IyTell 13-3a JapMHTOCIa3Ma, OTeKa
ropraHu uim obpasoBaHue IceBgoMeM6bpaH. [Ipu
CY>)KeHHMI [bIXaTe/lIbHBIX IIyTell PeKOMEH[yeTCs
cmech Heliox: renuit - kucnopog (79:21) ¢ HenHBa-
3VBHOJ BEHTWIALMEN C HOMOXXUTENTbHBIM JlaBlie-
HYeM. OTOT MeTOJ, BEHTW/IALMM JIeTKMX ITOJIOKM-
TEJIBHO BJIVSI HA CUCTO/INYECKOe, JUACTOINYECKOe
U CpefiHee apTepMaIbHOE JaB/IeHNe, YaCTOTY IIY/Ib-
Cca, YaCTOTY AbIXaHWs ¥ OBIIIKY, a TAK)Ke ITOBBI-
1IaJ1 ypOBEHb KUCTIOPOJa B apTepPUaTbHOI KPOBH.

Y HauMeHTOB C TAXKENOM MIPUTHOM MHTOK-
CHKaLMelt, IpexKye, YeM Y HUX YXYAILIUTCS COCTO-
sIHMe VI BO3HMKHET HaJrOPTaHHAs MIM TOPTaHHAs
HEIPOXOAVIMOCTD, PEKOMEH/IYeTCs BBIIIOTHUTD 3H-
JOTpaxeasbHYI0 MHTYOALMIO MU JjakKe PAHHIOI
Tpaxeotomuio [13]. HekoTopeie aBTOpHI B mOCIe-
BOEHHBIX pab0TaX PEKOMEHIOBA/IN Y)Ke Ha PaHHeil
CTafiny IPOMBIBATh OPOHXY V30 TOHMYECKIM COJIe-
BBIM PacTBOPOM JIJIs Ya/IeHNUs TPaxeoOpOHXMaIb-
HOTO fie6pica, BBI3BAHHOTO HEKPO30OM U ILeNTylie-
HMEM SIUTeNNanbHON TKauu [32].

ITooasnerue PyHKyuuU KOCMHO20 M032d. DTO
3BEHO ITaTOTeHe3a OTPAB/ICHUs UIIPUTOM YCTAHOB-
neHo emte B [IMB. OTpaBneHHBIX MUTTPUTOM BbIfIENA-
7M1 U3 061IIell MacChI Ta300TPABIEHHbIX, KOHTYXKEH-
HBIX ¥ MH(QEKIVOHHBIX OO/TBbHBIX IO BBIPa>KEHHOI
nerikonenyn. KommdecTBo JeMIKOLMTOB Ha4MHAET
CHVKATbCs Ha 3-11 U 4-11 CYyTKU TIOC/IE BO3JECTBUS
VIIIPUTA ¥ JOCTUTAeT MUHMMA/ILHOTO YPOBHSA IIPH-
MepHO Ha 9-71 fenb. B 1918 r. E.B Krumbhaar n
H.D. Krumbhaar [33] o6Hapy»xunn, 4T0 eciu CHU-
JKeHIe KOMMYeCTBa JIEMKOLUTOB Yepe3 Tpoe CYTOK
IIOCTIe IOPAXKEHUA UIIPUTOM IIPOXOAUT 32 IUIAHKY

9

Chemical Weapons in the Iran-lraqg War (1980-1988)...

5 TbIC. KI./MM’, BBI3JIOpPOBJIEHNE BOEHHOCIY-
JKaIllleTO CTAaHOBMUTCA MAJIOBEPOATHBIM, HIDKe
520 x1./MM’ - mpM3HAaK O/IM3KOTO CMEPTEIbHOTIO
ucxopa. B To >xe BpeMs JIEMKOLUTO3, CMEHVBIINI
Iepuoy, 1efiKOIeH M, O3HAYAeT, YTO Y OTPaBJIEHHO-
TO UIIPUTOM IOABUJICA HIAHC Ha BPEMEHHOE BBI3/IO-
poBJIeHNeE.

M. Tabarestani ¢ coasT. B 1990 1. coobumnmu
O TSKEJION JIeIKOIIeHNY, OOHApY>XeHHO! Y BOCH-
HOCTY>Xalux 4epes 1-3 Hep. mocje BO3JENCTBUA
unpura. broncua KOCTHOrO Mosra TpexX >KepTB
CMEpTENbHOTO BO3MENICTBMA MIIPUTA IIOKasana
BBIPa)KEHHYI0 TUIIOLE/UIIONIAPHOCTD U [U3epu-
TpomoaTHYeckue usMeHeHusa [34]. B kadectBe
3KCIIEPUMEHTA/IBHOTO CPEeAICTBA, YCKOPAIOIIETO
pereHepanyo KOCTHOTO MO3Ia, B HacToAllee Bpe-
Ms paccMaTpUBAETCA KOJIOHMECTUMYIUPYIOMINIL
¢dakrop rpanynonuros (G-CSF) nnn ero mermmm-
poBaHHas Gpopma c 6071ee TPOFOIKUTENbHBIM JIEN-
crBreM (pegGCSF), ncnonbpayemsle Ipy MUeNOCy-
[Ipeccui, BbI3BAaHHOI XuMuoTepanueit’ [19].

OnpIT 7e4eHMsA MPAHCKUX BOEHHOCIY-
JKalIUX, MNOPAa>KEHHBIX CEPHICTHIM WIPUTOM,
HAaKOIUICHHBINI HeMEIKMMM BpadaMll 13 MIOH-
XeHCKUX KIMHUK". Jledenne npoxopnu 12 npan-
CKMX BOGHHOCTY>KAI[MX. B KIMHMKM OHUM IIOCTY-
nanu B TedeHnme 1984 r. m 1985 1. V3 12 manmeHTOB
11 nmpu6bIM B MIOHXeH Yepe3 6-8 CyT HoC/Ie BO3-
IeVICTBYA UIIPUTA, B OHOM CTy4ae — 10 IIPUOBITIA
npouwno 17 cyt. CpefHuiT BO3pacT NaljieHTOB IpK
MIOCTYIVIEHUM COCTaBaAAN 22,5 ropa. VnputHbie
MOpa)KeHNA OHU MOJYyYMIN B pe3yabTaTe IpUMe-
HeHNUs MpaKIlaMy XUMHUYecKux 6omM6 B 605X 3a
octpoBa MamxHyH. CpelcTB MHMBHJYaIbHOI
3aIVTHI Y HUX He 0b110. Huke npuBefeHo KpaTkoe
060611eHne ux uctopuit 6onesuu [11].

Iosienenue cumnmoros: CUMIITOMBI CO CTOPO-
HBI I7Ia3 IPOABNUIVICH NIEPBBIMU U 3aTPOHYIN 44 %
MalMEeHTOB y>Xe yepes 10 MUH 1oc/e BO3eNCTBIA
unputa. B redenne 2 4 - y 88 % marueHTOB HabII0-
TAJIUCDh ITIa3HbIE CUMIITOMBI, TOIa KaK CMMIITOMBI
CO CTOPOHBI BEpPXHMUX IBIXAaTeTbHBIX IyTel (22 %),
nerkux (56 %) MIn >KemygoYHO-KUIIEYHOTO TPaK-
Ta (22 %) BCTpevanuch pexe, 1 TONbKO y 10 % ma-
IIMeHTOB Hab/IIOfanach spuTeMa 6e3 o6pasoBaHMs
BoyabIpeit. O6pasoBaHue BOJbIpEil HA4aIOCh Y
30 % manueHTOB Yyepes 4 4 Iocjie IepBOro KOHTaK-
Ta C UTIPUTOM.

Inasa: moYTH BCe MALMEHTHI onycanu 60/b B
I71a3ax, C/Ie30TedeH1e U XK)KeHue BeK. Bekn Obuin
CUJIBHO OTEYHBI, O/1edpapociia3M IpuBes K BpeMeH-
HOM cienioTe. 75 % MalMMeHTOB MMENM TS>KeJIbIil
(rHOVIHBIN) KOHBIOHKTUBUT. Hanbonee ceppesHbI-
MU OCTIOKHEHUSIMM ObIIV 9pO3UU 1 IIOMYTHEHUe
porosuusi (50 %).

Croumocts 2 MKr 6100 py6ieit (mpousBoputens PAN-Biotech), iena ykasaHa Ha KoHer nioHs 2021 T.

1 Bundeswehr Institute of Pharmacology and Toxicology, Munich, Germany n Department of Toxicology, Klinikum

rechts der Isar, Technical University of Munich, Germany.
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M.B. CynoTHUUKuUM

PucyHoK 4 - MipaHckuli BoeHHOC/IyKawjuli nocsie
8o30elicmeus napa cepHUCMO20 CepHUCMO20 UNpu-
ma. Tunuy4Hele 2uno- U 2unepnu2mMeHMupoB8aHHbIe
y4yacmku Ha cnuHe. B o6niacmu nosca koxa 6bina
3awuweHa pemHem [11]

Koxca: spurema, rumo- u IUIEpOUTMEHTH-
POBaHHBIE YYaCTKM, BOJJIBIPY, SA3BbI 1 oTeku. Ha
pUCYHKe 4 IOKasaHa CIIM{HA OJHOTO V3 IallJieH-
TOB, IIO/TYYMBIIETO TIOPaXKeHe ITAPOM CEPHICTO-
ro unpura, O6Hapy>XMBAIOTCA 9pUTEMa, TUIIO- U
TUIIePIUTMEHTUPOBaHHble y4dacTku. OO6macTs,
KOTOpasi ObI/Ia TIOKPBITA MOSICOM, ObI/Ia YaCTUIHO
3allyIleHa, I03TOMY CMMIITOMBI B 3TOI 06/mactu
MeHee o4eBMAHBL. Ha pucyHke 5 mokasaHa pyka
HalyeHTa, MOTYYMBIIEIO TsDKeNIoe IOopakeHue
unputom. O6pasoBanuch BONABIPHU, SI3BbI U OTe-
ky. OcTanbHble YIaCTKM KOXXM TUIIEPIUTMEHTH-
pPOBaHBI.

Bepxuue OvixamenvHvle nymu: y BCeX Halu-
€HTOB — OXPUIIOCTD To0ca u 607b B ropie. Han-
6oJee TIOpakeHHbIe MAIVIEHTHI He MOI/IM [IOTATh
(25 %). Orex ropranu Habmogancs y 45 % manu-
€HTOB, BocmajneHne — y 27 %, oO6MUTepupyoLmit
HEKpos3 — y 27 %.

Bpouxuanvhuiti mpakm u nezkue: Kallelb
(92 %), moxpota (67 %), KpOBIHUCTasE MOKpOTa
(42 %). T'a3p1 KpoBYM He M3MEHMNCD Y 33 % MalueH-
toB. OcTanpHble 67 % cTpafanu aakaao3oM (33 %),
runokcueit (50 %) nau anugosom (17 %). Ayckynb-

TanuA Obl/Ta HOPMaIbHOI y 84 % IalMEeHTOB, HO Y
8 % oTMeueHO OGpOHXMANbHOE [ibIXaHue. VI3MeHe-
HJA Ha PEHTTeHorpamMMe — y 17 % manneHToB.

Cumnmomot co cmoponst IJHC: y Bcex manu-
€HTOB Ha0JII0fa/INCh IPU3HAKY AllaTUY U JieTIpec-
cun. B TeuyeHne nmepBBHIX 2 HeleNb MalMEHTHI CO-
XpaHAIN COHNMNBOCTbD.

Bponxockonus BeinonHena y 58 % nanueHToB.
BocnanuTenbHble MpoLiecchl B OPOHXAX — Y KaXK/j0-
TO MICC/IENOBAHHOTIO, ¥ 57 % — NMpU3HaKM KPOBOTe-
YeHUA U HEKPOTU3UPOBaHHAA CIM3UCTAA.

Tpaxeomomus moTpeboBanach 25 % manu-
€HTOB, OHa Obl/Ia TPOBefieHa Yepe3 7 Wiy 12 cyTok
ToC/Ie TIOCTYIIZIEHNA B TOCIIUTA/b, TPaXeOTOMMYe-
cKas TpyOKa ycTaHaBIMBanac Ha 1-2 Hemenu. Y 2 u3
11 manyeHTOB PasBU/ICA CTEHO3 TPaXey, OKK/II03U A
KoToporo cocrasnsna 10 u 60 % mpocsera coOT-
BETCTBEHHO.

Anexmpoanyedpanozpaguu (I3I): nerkue nm
yMepeHHbIe n3MeHeHus Ha III 6bUin ob6HapysKe-
HBI Y 73 % TIaLVEeHTOB B BUJIe HECMHXPOHM3UPO-
BaHHBIX U MeJJ/IeHHbIX BOMH (TeTa). Yepes 6 Hefenb
Bce DI ObIIM HOPMAIbHBIMIL.

Temnepamypa: 50 % nanyeHTOB VIME/IN IOBbI-
IeHHYI0 TemIreparypy (38-40 °C) mpu mocTyrie-
Hum, n'y 91 % oHa BOSHMKIIA B KAKOJ-TO MOMEHT BO
BpeMA JiedyeHN . TeMIepaTypa HOpMannu3oBaaach y
27 % 4depes 3 Hepm. u'y 45 % 4yepes 4 Hep.

Ananu3 Kposu: NENKOLUTHI ObIIV IIOBbILIeE-
Hbl y 10 3 12 manueHToB 1 Konebamuch ot 11200
no 20700/n (B Hopme 4-11x10°/m). ¥ 2 mauueHTOB
OBbIJIO HOPMa/IbHOE KOTMYECTBO JIefiKouToB. 10 n3
12 manyeHTOB cTpajjany aHemueit. TpoMOOLNTHI B
HOpMe y 8 %, IOBbIIIEHHbIE — Y 67 % ¥ IOHVKEH-
HBIE - ¥ 25 % IalleHTOB.

J/leuenue 6 Mpane

I'nasa mpoMbIBany pacTBOpoM nakrata Pumn-
repa. Mugpuaruky (Hampumep, LMKIONEHTO/AT)
u CcynbpOoHaAMU/IHbIe AHTUOMOTUKM (Halpumep,
cynbdaneraMuy;) IpUMeHsANINCh MecTHO. [lanuen-
TaM peKOMEH/I0BAaI0Ch [ep>KaTh I71a3a 3aKPBITHIMU
B TeyeHue 24-48 4.

Kosca: Bonpplpu BCKpBIBaIM U JPEeHUPO-
BaJMl B CTepUIbHBIX ycnoBuaAXx. Kpslma Bom-
ObplpsA He cHMUManach. IlanlMeHTOB eXemHEBHO
MBIV BOLOIIPOBOAHOV BOAOM, a IOPa>X€HHbIE
Y4aCTKM KOXM IIPOMBIBaJM pacTBOPOM /TaKTaTa
Punrepa'’. Kpem Furamid TM (¢ypasonnpos,
MEeTPOHMAA30/) MAM Cynbdagmuasun cepebpa
(Sulfadiazini Argentum, 10 mr/1 r) HaHOCMIN
IS TIpefoTBpalleHMss MHOUUVPOBAHUS PaH.
VHuimpoBaHHbIe yYaCTKM KOXM obpabaThiBa-
¥ HUTPO(YPa3oOHOM.

Hvixamenvhvle nymu: UCIONb30BANNUCh UH-
rajIALMM B/IAXKHOTO BO3[yXa ¥ MYKOJIUTUKOB (Ha-
npumep, 6pomrekcuHa). Komenn Obl1 HasHaueH

" PactBop st mHQYsuit: Boxa 1 71, HaTpus XJIOpUEK 6 T, Kamus xaopun 400 Mr, Kaabljus X/IOpUAA TeKCaruppar

270 mr, HaTpuA nakTatT 3,2 I.
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XumMunyeckoe opyrkme B MpaHo-upakckomn BoHe 1980-1988 ropos...

17151 06JeryeHn s MOCTOsIHHOTO Kauuts. Vnbexkun
JIeYN/IN TEHTAMMLMHOM MM KapOeHVIVIINHOM.
CUIPHYIO OFBIIIKY JIEYVIIN BCIIOMOTATebHON BeH-
TYIALIVEN JIETKUX Y TOJIOKUTE/IbHBIM JIaBIeHNeM
B KOHIIE BBIIOXa.

Jleuenue 6 Mronxene, I'epmanus

ITo mpubBITUM BCe ALMEHThI ObIIN TTOMelile-
HBI B OT/Ie/IeHV I MUHTEHCUBHOI Tepanmnu.

Hemokcukayus: 7 MallMEHTOB IIOJTy4Yann Te-
Mopuanns B TedeHne 5 cyT. Ilmasmadepes mpose-
IeH IBYM nanueHtaM. Tuocynbdatr Harpus (10 %)
HayyHaau ¢ 500 MI/cyT, a 3aTeM IIPOJOIKAIM C
250 ma/cyT B TeyeHue 5-7 CyT. [IpeBeCHBI yronb
U JIAKTY/I032 NPUHUMANNCh IIePOPAIbHO B Tede-
Hue 3 cyT. N-aleTV/IINMCTeVH BBOAWIN He MeHee
11 cyT.

Kostca: MOBA3KY Ha paHy MeHSAIM JiBa pasa B
IeHb. Brra)kHble y4acTKM HOKpBIBaIU MapaguHo-
BOJl Map/ieBOJl IIOBS3KOI, CepeOpsSHBIMM IIOBS3-
Kamu (Hampumep, Actisorb™), mexcrmaHTeHOMOM,
a cyxme y4acTKu — (IyMeTasoHOM (Hampumep,
Locacorten™),

IToomvbiuteutvie 6NAOUHBL U MOULOHKA: TIO-
CKOJIBKY 3TV yYacTKM KOXXM OBUIM CUIBHO IOpa-
JKEHBI, MAIVIeHTbl IIOJy4aay HOIOTHUTEIbHOE
JIedeHNe CMEChI0 K/IMOXVMHOMA Y TPUAMI[MHO/IOHA,
a TaK)Xe pacTBOPOM IVMOKTaHMHA MM PAaCTBOPOM
Kacrennann.

I'na3a: ¥CNoONb30BaMUCh I/Ia3HbIE KAl MU-
APUATUKOB (HampyMep, aTpONNH) U aHTUOMOTIKOB
(HEOMUIIVH, TeHTAMUIIVH, alMAaM(EHNKOJI, TO/TN-
MUKCHH-B-cynbdar).

vixamenvrvle nymu: MyKOMUTUKU (HaIpu-
Mep, aMOPOKCOJI), KOZIeNH, JeKCaMeTa30H UCIIOTIb-
30Ba/INCh B COYETAHWM C BJBIXaHMEM BJIAXKHOTO
Bo3ayxa. TpaxeoroMus Oblma Heob6X0OmMMA A/IA JIe-
YeHMS TSXKENbIX C/Iy4aeB U obecriedeHNs JIerKOro
OpOHXMa/IBHOTO TyaneTa'’.

Obujee neuerue: BCe MALMEHTHI MOTydYa-
MM TpoPUIaKTUKY TpoMbo3a (HM3KMe JO3BI Te-
napuHa, 10 teic. ME/cyt). Ina npodunakrukn
A3BBI JKe/Tyfika Ha3Hada/l PaHUTUAVH U JOHOJ-
HUTENbHO B 2 Cly4asax nupensenud. Purome-
Ha/[MOH Ha3HA4a/iCsA HPU CHIDKEHUU (PaKTOpOB
CBepThIBaHMA KpoBK. HekoTOpble manueH Tl 10-
JIy4ann TeCTOCTEPOH B KauecTBe aHabOMMYeCcKo-
TO JIeYeHN .

B 1jefoM eyeHne B MIOHXEHCKMX KIMHMKAX
0Ka3an0ch 3P PeKTUBHBIM, YMep OUH MALMeHT U3
12. ITpr4mHOI CMEpPTHM CTANIN CETICHUC M3-3a YTHETe-
HJS1 KOCTHOTO MO3Ta ¥ OOCTPYKIIMU [bIXaTe/TbHbIX
nyTeit. [l BBI3ZOPOBIEHNS MAIMEHTOB IOTpe-
60BanoCch 4-6 Hell., OfJHAKO OTIO>KEHHbIE MOCIIe-
CTBUSA IIOPaKEeHV A UIIPUTOM OYAYT COIIPOBOXK/ATH
X BeCh OCTATOK >XM3HU [12-18].

PucyHoK 5 - Pyka upaHcko2o eoeHHOC/Iyxaujezo, no-
Jlyqusuwie2o nopax<eHue cepHucmesim unpumom. Koxa
2unepnuemeHmuposeaHad. O6pasoeaHue gonodbipet
U 38 A6/1A10MCA NPU3HAKAMU CUJTbHO20 MECMHO20
so30elicmaus. [lopaxxeHHble yyacmku omeyHsl [11]

[epmaHCcKMe Bpauy, Kak M MpaHCKue, obpa-
TWIN BHYMaHUe Ha HEOOXOIMMOCTb B TSKEBIX
CIy4asiX MPOBOAYTb TPAXEOTOMUIO U YCTaHAB/IM-
BaTb TPaXeOTOMMYECKMe TPYOKM, VCIIOTb30BATh
OpPOHXOCKOINIO [/IsI IPOMBIBaHMS OPOHXOB. BbI-
CTPO IpOBeleHHasA OPOHXOCKONMS C IPOMbIBaHM-
€M MOXKeT B OOJ/IBIINHCTBE C/TyYaeB OKa3aThCs JO-
CTaTOYHOI MepPOIt /151 IPEROTBPALEHNS TSXKETbIX
OCJIOKHEHMIT CO CTOPOHBI JBIXaTeJIbHBIX IIyTell.
Jledenre OGpOHXOAMIATATOPAMY, IIPOTUBOKAIIIE-
BBIMU CPEACTBaMMU, MYKOTUTUKAMU U (IpU He0b-
XOAMMOCTY) aHTUOMOTMKAMM OBIIO aHAJIOTMYHO
JIeYeHNI0, PeKOMEH/JOBAaHHOMY MPaHCKVMMI Bpada-
MU U 0Ka3anoch 3¢ deKTuBHBIM. [ITHeBMOHMY y/a-
JI0Ch M36€)XaTh Yy BCeX Mal[MeHTOB, MH(EKI[MOHHbIe
IPOLIeCCHl  OTPAHMYMBAINCH OPOHXMATBHON CU-
creMmoit [11].

IIpyHIUNIMATbHO HOBBIE MOAXOABI K JIede-
HUIO NIPUTHBIX nopaxkennii. Takux Hampasie-
HUI IBa

Tennas mepanus. [ 060CHOBaHUA pa3paboT-
K/ METOJIOB JIeYeHNsS Ha OCHOBE JaHHOI TEXHOJIO-
TUY TIPOBOAMTCS QHAIOTYS MEXJY OTCPOYEHHBIMMU
VIIPUTHBIMY TTOPAKEHMSAMM JIETKUX 1 XPOHIYECKOI
obcTpykTUBHOI 60n1e3Hblo nerkux (XOBJT) [35], ms
JledeH1si KOTOPOJI METOZIbI TeHHOI Tepamny pa3pabda-
TBIBAIOTCS B HACTOsALIee BpeMs [36)].

MesenxumanvHole  cmeonosvie  KiemKu
(MCK) - x/macc MyJIbTUIOTEHTHBIX CTBOJIOBBIX
KJIETOK ¢ NponudepaTuBHON U CaMOOOHOBIAIO-
I[EJICsT CIIOCOOHOCTBIO, KOTOpble MOTYT audde-
PEHIPOBAThCsI B pas3NiyHble KI€TOYHbIE TUHUM,
TaKue KaK SIUTeNMaTbHble KITKU JIETKUX, YTO
lieflaeT VX XOPOIIMM KaH[MAATOM JJIs pereHepa-
1y OPOHXMOJ y MAIVIEHTOB, MOABEPIIINXCS BO3-
meiicteuio unputa. MCK paccmaTpuBalooTca Kak

12 Tyaser 6pOHXMATBHOTO flepeBa BKIKOYAET TIATENbHYI0 OCTeA0BATe/IbHYIO aCIIMPALIIO COfEPXKIUMOTO 13 JoTIe-
BBIX U CETMEHTApPHBIX BETBEll, IPOMBIBaHMeE VX NHAN(PPEPEHTHBIM MIN AHTUCENITNIECKMM PACTBOPOM, BBELEHNE
JIEKapPCTBEHHBIX BEIIECTB. ACIIMPALNIO COTEP>KMMOr0 OPOHXOB My 1ede6HOIT 6pOHX0UOPOCKONNY TPOV3BOLSIT

Jyepe3 MHCTPYMEHTa/IbHbIN KaHal 6poHx0opuOpocKona.
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M.V. Supotnitskiy

HOBasl CTpaTerys Jie4eH)s MalIeHTOB TTyO0KUMU
UNIPUTHBIMY TIOPa>XeHMSIMU KOXKU U C OTCPOYEH-
HBIMI JIETOYHBIMY OCNTOKHeHUAMU [37].
X%

Ecnu cpaBHUBATh C METOJAMU MERVIIVHCKO-
TO JIeYeHWs TOPa>KeHUI CEPHUCTBIM WIIPUTOM,
ucnonb3oBaHHbiMU B IIMB, TOo Hajgo nmpusHath,
YTO NPUHUMINAIBHBIX OTAMYMII TOTO OIIBITA C
OIIBITOM, HaKOIUIEHHBIM BO BpeMs MPaHO-MPaK-
CKOJI BOVIHBI, HET. B 0OCHOBe CHIKEHM ST KOJTMYeCTBA
HNOPaKEHHBIX IO-IIPEKHEMY HAaXOJUTCS OBICTPO
IpOBENECHHAs JEUITPUTH3ALMS Y COPTUPOBKA IIO-
pPa’kKeHHBIX Ha TPYNIBI, HYXJaolIMecs B pas-
HBIX OObeMax MeNUIIMHCKON momoIny. JledeHne
HO-IIPeXXHEMY OCTaeTCs KOHCEePBAaTVBHBIM U BOC-
CTaHOBUTENbHBIM. ET0 LIEHHOCTH — B TOM, YTO OHO
6ornee 3¢HeKTUBHO IPY MACCOBOM HOCTYIUIEHUN
HNOpa’KeHHBIX, YeM NpuMensaBmuecs B [IMB (Bse-
IeHVe HeJOpOro ¥ HEeTOKCUYHOTO THOCYIb(aTa
HaTpyus B KauyecTBe aHTUJOTA M TepaleBTUIeCKO-
TO CPefiCTBa), yCOBEPIIEHCTBOBAHHAA TaKTUKA JIe-
YeHMsI MOpPakeHUI KOXXM (HOBble aHTUCENTUKN),
r1a3 (QHTUMOMOTUKM, TyOPUKAHTBI, MECTHbIE KOp-
TUKOCTEPOV/IbI, MUAPUATUKY, IJIACTUKA POrOBU-
IIbI ¥ P.), IOpaXKeHUI TeTKUX (LY TSXKeJIbIX HO-
PaXXeHMAX paHHME TPaXeOTOMMUs U IIPOMBIBaAHUE
OPOHXOB C MOMOILbI0 OPOHXOCKOMA, AHTUOMOTHK,
MYKOJIUTUKN, OPOHXOU/IATATOPDI, MHIAJIALMOH-
Hble KOpTUKocTeponnsl). OgHako nmpobiema nede-
HUS TSDKENBIX MOPaXKeHUI UIIPUTOM, OCOOEHHO B

Bknao aemopa/ Autor Contribution

CBA3M C BO3MOXXHOCTBIO €T0 MHOTOJJHEBHOTO Mac-
CHPOBaHHOTO IIPMMeHEeHU aBMalMell U MCTIONb30-
BaHMA B CYXOM Buje, ocTaercsa. O nedeHun nopa-
JKEHMJ CyXUM MIIPUTOM B MPAHCKONM JUTEpaType
yIOMMHaHMII HeT. Bupaumo, He cmyuvaifHo. 3pmech
HY>KHO HaKaIIMBAaTh COOCTBEHHBI OIIBIT JIeUeH
Ha 3KCIEPUMMEHTA/IbHBIX XMBOTHBIX. O TOM, 4YTO
VIpAaHCKME Bpadll MCIIO/Ib30BajIyM BCE MMEIOIINECS
BapMaHTHI JIEYEHNA B paMKaxX IMPeXHUX KOHCep-
BaTMBHBIX METOJOB, TOBOPUT VX Iepexof, K IpuH-
LMIaTbHO HOBBIM TEXHOJIOIMAM — I€HHON Tepa-
MY U JIEYEHNIO ME3EHXVMAJIbHBIMI CTBOIOBBIMU
KJIETKaMJ MIIPUTHBIX NOPa’KeHUIl Nerkux. Takue
TEXHO/IOIMY OYAYT MCIONb30BAHBI U J/IS JTe4eHU
UIIPUTHBIX MOPakKeHUI KOXKU U I71a3. ITO O4YeHb
Ba)KHBIJ CUTHA/I MISMEHEHN A MTOLX0MI0B B JICYEHUN
VIIPUTHBIX IIOPA)XEHUil, KOTOPbII HE CTOUT MWI-
HopupoBaTb. ONHIT VpaHa, HAKOI/IEHHBIIT B XOfie
VPaHO-VPAKCKOJ BOVHBI, IIOKa3bIBa€T M TO, 4TO
CO3/laHMe U NIPUMEHEHME XMMUYECKOTO OPY>XKUA
BpaXk/IeOHOI CTOPOHOIN He ABAETCA MPOOIEeMOIL.
Bcerma HaitmyTca Te, KTO 3TOMY IIOCIIOCOOCTBYET
I3 TeOTIOIUTUYECKIX Y MHBIX COOOparkeHNI, OCTa-
BasACh B CTOPOHE. A MPAHCKMII OIBIT OOpalleHNs
B MexpayHapogHble cTpykrypel (OOH, KpacHbrit
KpecT) IOKa3bIBaeT, YTO TOCYAapPCTBO, OObBIICH-
HO€ MMPOBBIM COOOILECTBOM «M3TO€M», MOXKET He
PpaccYMTHIBATh Ha UX NMOALEepKKY. [loaTomy roros-
HOCTb K OTPa>K€HUIO XMMMYECKOI BOMHBI JOMKHA
OBITb IIOCTOSTHHOJ.

Vipest ¥ KOHIEIIIVS CTaThU, IIOKCK U aHAIU3 INTEPATyPBl, HALMCAHNe CTaTby LudpoBas o6paboTka nsobpa-
xeHnit / Idea and concept of an article, search and analysis of literature, writing an article, digital image processing.

HUngopmayus o kondnukxme unmepecos

ABTOp 3aAB/IAET, YTO UCCIEN0BAHMA IPOBOAVIINICH PN OTCYTCTBUN NI06BIX KOMMEPUYECKUX NN (I)I/IHaHCO-
BbIX OTHOIIIEHUIA, KOTOpbIE MOIIN 6bI OBITh MCTONTKOBAHBI KaK HOTCHHVIaTIbeIf;I KOH(I)J'II/IKT MHTEPECOB.

Ceedenus o peueH3UPOSaAHUL

CraTbg IpOITa OTKPBITOE PElieH3MpOBaHNUe ABYMsA pelieH3eHTaMM, CIelMaIiCcTaMM B TaHHOI OOmMacTum.

Penensuu naxopaTca B pegakuum xxypHana u B PV HIe.
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Sulfur mustard was widely used during the Iran-Iraq war (1980-1988) and in other conflicts in
the Middle East. Due to its availability, it can be used by terrorist organizations on the territory of
the Russian Federation. Iran is the only country, against which mustard gas was used in modern
warfare. The aim of this work is to analyze and summarize the experience of treating of sulfur
mustard exposure, accumulated by Iranian specialists during the Iran-Iraq war (1980-1988). The
UN official documents and materials, declassified CIA documents, articles of Iranian authors as
well as other open sources have been used during its preparation. The Iraqi army used mustard gas
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XumMunyeckoe opyrkme B MpaHo-upakckomn BoHe 1980-1988 ropos...

in two aggregate states: liquid and dry. Dry mustard gas was a novelty of that war. It was a powdered \
silica steeped in mustard gas, with a particle size of less than 5 pm. The first signs and symptoms of

poisoning could appear after 15 minutes, while acute poisoning effects of exposure to mustard gas
vapour or liquid were typically delayed for several hours. The reasons for the severe mustard lesions
of the servicemen were the lack of personal protective equipment, untimely evacuation from the
mustard gas contamination zone, and the absence of mobile reserves of clean water and degassing
installations in battle formations. Iranian experts consider 0.5% sodium hypochlorite solution to
be the most effective decontaminant. The only safe antidote is sodium thiosulfate, administered
within 60 minutes after exposure to mustard gas. During the evacuation of victims and their
treatment in hospitals it is necessary, in severe cases, to insert an intravenous catheter, carry out a
tracheotomy with the installation of a tracheotomy tube, and use bronchoscopy as early as possible
to flush the bronchi. The treatment of skin and eye lesions should be conservative. In case of a
corneal perforation, if its diameter is more than 2 mm - keratoplasty, if it is less — cyanoacrylate glue.
Treatment of respiratory lesions aims to relieve symptoms and reduce the severity of complications.
For this, bronchodilators, antitussives, mucolytics and, if necessary, antibiotics are used. The use
of corticosteroids should be limited to the treatment of those patients with bronchospasm, who
can not be treated by bronchodilators. The Iranians also consider gene therapy and treatment with
mesenchymal stem cells to be the promising method used in the treatment of lung lesions.

Keywords: gene therapy; degassing; control zones; Iran-Iraq war; mesenchymal stem cells; delayed
complications; sulfur mustard; dry mustard gas; sodium thiosulfate; chemical weapons
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MeponpuUATHi1 NO YCTPAHEHUIO HAKOMJIEHHOIO
Bpena OKpY>KaloLein cpeae oT AeATe/IbHOCTU
XUMUYECKUX NPEANPUATUIA Ha TEPPUTOPUN
r. Yconbe-Cubupckoe UpkyTtckom obnactu

C.A. Manbuest?, E.B. Be6ep?, B.A. MHosemues?, M.B. Llanok?, IN.E. benskos?,

B.A. KoBTyH?, A.A. AHTOXUH®

! YnpaeneHue HauyasnbHUKa 80lick paouauyuoHHoU, xumuyeckol u 6uosozuyeckoli 3auumsol
BoopyceHHbix Cun Pocculickoli ®edepauuu, 119160,
Poccutickas ®edepayus, 2. Mockea, ®PpyH3eHckas Hab., 0. 22/2

2 PedepasnvHoe 20cyoapcmeeHHoe 6r00xcemHoe yupexcoeHue

«33 LleHmpanbpHbili HayyHo-uccaedosamesbcKuli ucnbimamesibHbll UHCMUMyms»
MuHucmepcmea o6opoHbi Pocculickoli ®edepayuu, 412918,

Poccutickaa ®eodepauus, Capamoeckas 0611., 2. Bosnbck-18, yn. KpacHosHameHHas, 0. 1

3 PedepanbHOe 20cy0apcmeeHHoe 6r03cemHoe yupexcoeHue
«27 HayuHsili yeHmp» MuHucmepcmea obopoHbl Poccutickoli ®edepayuu, 105005,
Poccutickas ®eodepauyus, 2. Mockea, bpuzadupckuli nepeynok, 0. 13

IMocrynwa 23.03.2021 r. VicnpasnenHsiit BapuanT 09.06.2021 r. [Tpunara k my6nmmkanyy 20.06.2021 1.

CrnoxxHast 06CTaHOBKa, O/IM3Kast K 9KOIOTMYECKOlT KaTacTpode, B I. Yconmbe-Cubupckom VpKyTckoit
o6macTy CKIaipIBanach, HaunHast ¢ 90-X rogoB MpourIoro Beka. B 2020 r. mpob6iema HaKOIIEHHO-
rO Bpefja OT XMMMIYECKNX IIPEeANIPYATHI, PacIIoNIOKeHHBIX B 9KOJIOTMYECKON 30He o3epa baiikai,
ABTISAIONIENICS 0c060 OXpaHAeMOI IIPUPOJHOIL TEPPUTOPUEN], BBIIIIA Ha (efiepanbHbll yPOBEHD U
30 umrona 2020 r. I[Ipesupentom Poccuiickoit @emepauny mocTapaeHa 3afiada 110 IMKBUJALIUY XI-
MIYECKOTO 3apakeHusA Ha Teppuropuu Obiurero mpepnpuatus OO0 «Ycombexumipom». Ilens
pabompt — 06061IUTH OnbIT BOVick PXD 3amuThl, HAKOIIEHHBIN B XOfie MEPOIPYATHIL TIO YCTpa-
HEHIIO HAaKOIIJIEHHOTO BpeJia OKPy>Kalolllell cpefie OT AeATENbHOCTY XMMMYECKUX IIPEfIPUATII Ha
Teppuropui . Yeonbe-Crubupckoe VpkyTckoit obmactu. Ha ocHOBaHMM TIATeTbHOTO MOHUTOPUH-
ra npombiuteHHoN wiomanky OO0 «YcompexuMIpomM» ObUI COCTaB/IeH IUIAH IepPBOOYEPEeHBIX
MEpONPUATHIL II0 YCTPAaHEHNIO MMEBIINMXCS Ha 00beKTe XMMIYEeCKUX yrpo3. /s BHINOTHeHNA Ho-
CTaBJIEHHOII 3ajjauu 6blTa cOpMUpPOBaHa IPYNIMPOBKA BOVCK (CUI) M CPEHCTB, IPYHIMAOIIas
y4yacTue B MepONpUATHUAX IO TMKBUJALNN, OCHOBY KOTOPOJI COCTaBMJI CBOIHBIN OTPsT BOJCK pa-
IOVIALIMOHHOM, XMMWYECKO 1 6uomorndeckoir samuTsl (ganee — Boiicka PXB samursr). Takke B
COCTaB IPYNIMPOBKY Boulnyu noppasaenenns [ockopnopanun «Pocarom», MUYC Poccun, Pocrsap-
nuu u DefrepanbHOTO MEAMKO-OMOMIOTMYECKOTO areHTCTBA. [PYNIIMpOBKOI BOJICK (CMIT) U CPENCTB
Ha TPEHMPOBKaX ObUIM OTpabOTaHbI BCe BOIPOCH, Kacawlecs 6e30MacHOro IpoBefeHus pabor,
OCyIIeCTB/ICHa OpraHU3alVsd B3aMMOJEVICTBMA MEX[y BeSOMCTBAaMM, pacIpefeneHbl (PyHKINO-
HasbHble 06sA3aHHOCTH. [Tocme 3aBepleHNs IOATOTOBUTEIPHOTO 9TaNa MPUCTYIIN K TMKBUAA-
IIIOHHBIM MePOIIPUATHUAM, B XOfie KOTOPBIX IIPMBefieHbI B 6e30IIacHOe COCTOsIHNE U (PParMeHTUPO-
BaHbI 17 aBapUITHBIX JKe/Ie3HOLOPOXKHBIX eMKOCTE, copepKayx 104,3 T TOKCMYHBIX XMMUKATOB,
[IPOBEJEH AeMOHTAX HAJI3€MHOII 9acTH IjeXa PTYTHOTO 3/leKTPOIN3a, B KOTOPOM OBIIO pasinTo
6omnee 600 T. pTyTH, TMKBUMPOBAHBI Hanbolee onacHble CKBaXXMHBI P-2X 1 P-5, 13 KOTOPBIX OTKa-
4yaHo 107 ThIC. 7T OTXOHOB IIPOM3BOJCTBA SMUXTOPIUAPNHA. B x0/le paboT CBOTHBIM OTPAIOM BOJICK
PXDB 3amuThl IPOBOAMIICS HEIPEPHIBHBII MOHUTOPUHT XMMUYECKOl 0O6CTaHOBKM Ha TEPPUTOPUN
npomblnieHHo miomagk OO0 «YconbeXuMIpoM» U IpuIeraoleil TeppuTopun, 0Toop u mpo-
BeJleHVe XMMIYECKUX MCCIeOBaHMII P06 MOYBBI, BOABI M BO3[yXa HA Ha/IM4ye B HUX TOKCUYHBIX
XMMMKATOB, a TAKXKe CIelManbHas 06paboTKa TeXHUKH, YYaCTKOB MECTHOCTY U JOPOT 1 CAaHUTAp-
Hast 06paboTKa IMIHOTO COCTAaBa IIOC/IE BBIIONHEHN 3aad. IIpy BBIMONMHEHNN TMKBYALVIOHHbIX
MEePONPUATHUI TMYHBIA COCTaB CBOJHOTO OTpsAfa BOMCK PXDB 3alIMThl CTONKHYNICA C PAJOM IIPO-
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(o) XojAe BbIMOJIHEHNA NepBooYepeaHbIX MepOl‘IpVIﬂTVIVI no yCTpaHeHUI0 HaKoMJIeHHOro BpeAaa...

6/1eMHBIX BOIIPOCOB, CBSI3aHHBIX C OOecIedeHreM XMMIYECKOI 6e30IIacCHOCTI IIPU BBIIOTHEHUN
pabor. CBoeBpeMeHHOe pellieH)e 9THUX BOIPOCOB MOCPEHCTBOM Pa3pabOTKM TeXHMYECKMX pellle-
HUI U UX IIPMMEHEHVA ITO3BOJINJIO BBIIIOTHUTD BCE MEPOIPUATIA B YCTAHOBJIEHHBIE CPOKM, IIPU
3TOM 3ajada CBOJXHOTO OTPsfia IO 0OeCIeveHII0 XMMNIeCKOil 6e30IIacHOCTI TMYHOrO COCTaBa 1
HaceJIeHNsI BBIIOTHEHA Ha BBICOKOM IIPO(eCcCHOHaNTbHOM YpoBHe. Bece paGoTs! poBesieHb! B epu-
of ¢ 8 aBrycTa 1o 24 Hos6ps1 2020 .

Kniouesvie cnosa: asapuiinvie senesHoooposxrvie yucmepro;, OO0 «Yconvexumnpom»; omxoov
npou3e00CMea INUXTIOPLUOPUHA; XUMULECKAS 0e30NACHOCb; XUMUYECKOe 3APAaeHIe; XTIOPCUNAH;
upe3sui4aiHAL CUMYAYUSL.

Bubnuozpaguuecxoe onucanue: Manvues C.A., Bebep E.B., Mnozemuyes B.A., Llanox M.B.,
Bensixos IL.E., Koemyn B.A., Anmoxun A.A. O xode 8vinonHeHUs: nepeooUepeOHbLx MepOnPUTMULL
10 YCMPaHeHUr0 HaKoNIeHHO20 6peda OKpyxaroueli cpede om OesmenvHOCHU XUMU1eCKUX npeo-
npusmuti Ha meppumopuu e. Yeonve-Cubupckoe Mpxymckoii obnacmu // Becmnux PXb 3aujumoL.

2021. T. 5. Ne 2. C. 136-148. https://doi.org/10.35825/2587-5728-2020-5-2-136-148

C pocToM KpYHNHBIX XMMWYECKMX IIPOUS3-
BOJZICTB NOABIAIOTCA HOBbIE ONIACHOCTY U YTPO3BI,
OpUBOJAIME K BO3MOXXHOCTM BO3HMKHOBEHUA
KPYITHOMACIITaOHbIX YPe3BbIYAHBIX CUTYaLMil
(4C) TexnorenHoro xapakrepa. [l onepaTuBHO-
rO pearrpoBaHMs Ha HUX OBbUI OIIpefie/ieH MOPSATOK
npusnedeHus BoopyxeHHbix Cun Poccuiickoir
Depepanuy U APYIUX BOMHCKUX (HOPMMPOBAHUIL
K nukBupanuu YC, KOTOpblil perlaMeHTUPYeT-
cs1 QepepanbHBIM 3aKOHOM OT 1994 1. Ne 68-D3!,
a Taxxke: Koncturynmeit Poccuiickoit ®Penepa-
nun’, GemepanbHbIM KOHCTUTYIVOHHBIM 3aKOHOM
«O 4Ype3BBIYATHOM MONOXKeHUN»’, (enepanbHbl-
mu 3akoHamu Poccuiickoit @emepaunu «O 6e30-
nacHocTu»?, «O6 060poHe»’ 1 IPYTUMM; yKa3aMu
IIpesupenta Poccuiickoit @egepanuu. B 2020 r.
TaKoJl yrpo3oii crano 6piBuee npegnpusatue OO0
«Yconpexumnpom» (r. Yconbe-Cubupckoe Wp-
KYTCKOJI 0071acTy), pacloo)XeHHOe B 9KOJIOTM-
4ecKoll 30He o3epa balikan, ABnAmoecs 0cob60
oXpaHsAeMoll npupopHoit Teppuropueit’. Cormac-
HO IIO/lyYeHHBIM pe3y/lIbTaTaM pacdeTa 3abma-
TOBPEMEHHOTO IIPOTHO3MPOBAaHUA MacIITaboB

1

BO3MOXXHOTO XMMMYECKOTO 3apakeHWs, IpU BO3-
HukHoBeHMM YC B 30HEe BO3MOXXHOTO XMIMII€CKOTO
3apa’keHN s MOITIM OKa3aTbCsA KaK KUTENNT. YCOTbe-
Cubupckoe ¢ YNUCTIEHHOCTBIO HaceleHus 76 ThIC.
Yesl., TaK M I. AHTapCcKa C YMCIEHHOCTBIO Haceje-
HuA 224 toic. yen/ Ilo macmrabam KaracTpodbl
pyxoBoputenb Pocnipupopnapsopa CeernaHa Pa-
AVMOHOBA OLEHM/IA CIOXKMBIIYIOCSA CUTYAaIMIO Kak
«aKomorndeckuit YepHobs1b»°. B 2018 1. B 61m3te-
XalreM ropogie Yconbe-Cnbupckoe BBefieH peXXIM
YC, KOTOpBHII1 EVICTBYET U TI0 Ceil JeHb’.

Ha «CoBemanuyu 06 9KOIOTMYECKON CUTY-
aguu B r. Yconbe-Cubupckom» 30 mrons 2020 .
[Tpesunentom Poccuiickoit Pemepariun  6b1710
IPUHATO pelleHNe CcPOpPMMUPOBATb TPYIIN-
POBKY BOJICK (CMJI) U CPeACTB AJA NPOBeNeHNA
MepOoNpUATUII IO NMKBUAALUN HAKOIJIEHHOTO
9KOJIOTMYECKOTO Bpefja OKPY KaIolIleil cpefie OT Jie-
ATENbHOCTY XMMMYECKUX MPEANpUATUIL Ha Tep-
puropuy npoMbiunieHHol nnomankyu OO0 «Yco-
TBEXUMIIPOM»’.

Llenv pabomvr — 0600mKUTb ONBIT Bolick PXDb
3alUTHI, HAKOTIJIEHHBIN B XOJle MepONpUATHUIL IO

QenmepanbHblii 3aK0H OT 21.12.1994 1. Ne 68-D3 «O samuTe HaceneHNA U TEPPUTOPUIL OT Ype3BbIYAlIHBIX CUTYa-

LV IPUPOJHOTO U TEXHOTEHHOT0 XapakTepa» // «Poccuitckas raszeta». Ne 250. 24.12.1994.

2

3

rasera». Ne 105. 2.06.2001.

4

Koncrurynus Poccniickoit Pepepanuu // Cobpanne 3akoHogarenscrsa PO, 01.07.2020, Ne 31, ct. 4398.
DepnepanbHbI KOHCTUTYIMOHHBIN 3aK0H 0T 30.05.2001 1. Ne 3-PK3 «O upesBbryaiiHoM HonoxeHun» // «Poccuiickas

DepepanbHbli 3aK0H 0T 28.12.2010 1. Ne 390-D3 «O 6esomacHocTm» // «Poccmiickast razetar. Ne 295. 29.12.2010.

> ®epnepanpHblil 3aK0H OT 31.05.1996 1. Ne 61-D3 «O6 ob6opone» // «Poccmiickas razetar. Ne 106. 6.06.1996.

6

CremanoBa A.H. Cubnpckuit «HepHoOb1Tb» 13 0d1IOpa: Kak pasopsiics «Yconpexumunpom» // Hosoctu Poccu,

CHT u mupa. 2020. URL: https://regnum.ru/news/economy/3024813.html (zaTa obpamenus: 28.02.2021).

7

Csog npasu CII 165.1325800.2014. VH>xeHepHO-TeXHIYECKYIe MEPOIPHATHA IO IPaXk/JaHCKOIT 060pOHe: YTB.

MUHNCTEPCTBOM CTPOUTENBCTBA U KUIUIHO-KOMMYHA/IbHOT 0 X03:iicTBa Poccniickoit @epepanuu ot 12.11.2014 1.
Ne 705/mp.: BBOR, B meiicTBue ¢ 12.11.2014. M.: Toccrpoit, 2014. 88 c.

8

IMocranosnenne Mapa ropopa Yconbe-Cubnpckoe. O BBenennnu pexxuma GpyHKunonnposanns «IpesssraaiiHas

CUTyauMsi» JJis TOPOACKOTO 3BeHA 06/IACTHON TePPUTOPUATBHON IOACUCTEMBI €AUHOI TOCYAAPCTBEHHON CUCTEMBI
TIpeAyNpeXAeHNsA U MTMKBUJAL MY Ype3BbIUaiiHONM CUTyalluN: IOCTaHOB/IEHME: YTBEePXKIeHO MapoM roposia oT 6 Ho-
s16ps1 2018 1. Ne 157. Yconbe-Cubnpckoe: MyHnnumnanpHoe obpazoBanue «ropop Yconbe-Cubnpckoe», 2018. 5 c.

9

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

Curyanus B Yconbe-Cubupckom // IIpupogHo-pecypchble BegomocTn. 2020. Ne 7(478). C. 1-3.
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C.A. Manbues, E.B. Be6ep, B.A. UHo3emueB 1 ap.

PucyHok 1 - [IpomelwneHHas niowaoka 6elewezo
npednpuamus
000 «Yconbexumnpom». omoepagus
c catima: https://rosinform.press/na-usolehimprome-
proizoshlo-samovozgoranie-himicheskih-veshhestv
(6ama obpawerus: 10.02.2021)

YCTPAaHEHMIO HAKOIIJIEHHOTO Bpefa OKpYy>Kalollen
cpefie OT [ieATeNbHOCTM XMMMYECKNUX Ipefnpus-
T Ha Tepputopun . Yconbe-Cubnpckoe VIpkyT-
CKOI1 06macTn.

Kasrycry 2020 1. Ha TeppUTOpUM IPOMBIIIIEH-
HOVI TUTOIa/IKY TIOIa b0 610 ra 6bUTM pacmonoxe-
HBI 439 IOy paspyLIeHHbIX 00bEKTOB HEBVKIMO-
CTU, B TOM 4YMCJIe TAKOBBIM ABJIAJICA LieX PTYTHOTO
97IEKTPO/N3a, B KOTOPOM Ob1710 pasiuto 6osee 600 T.
pryTu. Ilo Bceit TeppUTOpYM MPOMBILIIEHHOI TI/I0-
IagKy ObUIM pa3MelleHbl 17 Ha3eMHBIX (3aKONaH-
HbBIX) aBapUITHBIX >KeTIe3HOTOPOKHBIX eMKOCTeil €
XMMMIYECK! OIIACHBIMMU BelllecTBaMy. Takoke Ha Tep-
puropun 6ObiBuiero mpepnpusAtua OO0 «Yconmbe-
XMMIPOM» HAaXOOWINCh 12 CKBa>XMH ITTyOMHHOTO
3aXOPOHEHM C TOKCMYHBIMY BellleCTBAM, IIJTaMO-
HAaKOIUTENb U JIMH3a HeTeNpPOAYKTOB Ha Oepery
pexn AHrapa (pucyHku 1 u 2).

Bo ncnonnenne ykasaHmii HadanbHMKa [ene-
panbHOro mraba Boopysxennbix Cun Poccuiickoit
Qepepanuy B LeNAX BBIIIOTHEHUS MEPONPUATUI
0 J/NMKBUFALUM XMMUYECKOTO 3apakeHus Ha
Tepputopun I. Ycombe-CubMpcKoe HadalbHU-
KoM BOJCK PXD samurhl reHepan-neiiTeHaHTOM
VM.A. KupunnoseiM 6611 cOpMUpPOBaH CBOSHBIN
oTpsap Bolick PXD 3amuTsl.

OcHOBHas Lielb CBOJHOTO OTpsAfa — obecrie-
YeHMe XMMUYeCKO 6e30IIacHOCTU IpU IpOBefe-
HIM IIEpBOOYEPENHBIX MeponpyuATHii. Ha cBogHBIN
OTPAZ BO3/Iarajoch pellieHe CIeAYIIX 3aad:

- IIOCTAHOBKA II€IOYHBIX 3aBeC BOKPYT pac-
CHapsI>)KaeMbIX eMKOCTell B C/Ty4ae BOSHUMKHOBEHNA
aBApUIHBIX CUTYaLINIL;

- MOHUTOPMHI XVMMYECKON 0OCTaHOB-
KM Ha TepPpUTOPUM HPOMBIIIJIEHHON IUIOIANKK
000 «YcompexnMmpom»;

- 0T6Op MPOO6 U MPOBefIeH e IKCIIPECC-aHATIN-
3a [TOYBBI, BOZIBI M BO3[IyXa;

138

- y4acTue B MOATOTOBKE TEXHUYECKUX pellle-
HUII TI0 BBITIOJTHEHUIO 3a71ay.

Csopnblil oTpap Bolick PXb samutsl Bomesn
B CpOPMUPOBAHHYIO B COOTBETCTBUM C PeIIeHNEM
IIpesupenTa Poccutickoit Penepanyy rpynnmpos-
Ky BOJVICK (CMJI) M CPECTB, IPMHUMAIOIINX YIacTye
B MEpONPUATUAX IO TUKBUJALNY HAKOIIEHHOTO
3KOJIOTMYECKOTO BPefla OKPY>Kalolllell cpefie OT Jie-
SITeTPHOCTY XMMUYECKUX NPeJIpUATHIL HA TEPPU-
Topuu npombiinenHoit mnomagku OO0 «Yconbe-
XUMIIpOM». TakXe B COCTaB ITPYNIIMPOBKY BOLIIN
nogpaspenenna [ockopnopauun «Pocatom», MUC
Poccum, Pocrsappunm u ®MDBA.

B mopgroroBuTenbHOM Ilepuofie Iepefs Ha-
YajIoM BBIIIONHEHVS PabOT C TMYHBIM COCTaBOM
CBOJHOTO OTPsAJA NPOBOAUINACH €XXeJJHEBHbIE Tpe-
HUPOBKMU MO OTPabOTKe MPaKTUYECKUX HaBBIKOB.
31 aBrycra 2020 I., B COOTBETCTBMM C IIOCTAHOBJIE-
HUeM agMuHuCTpanuu r. Yconbe-Cubupckoe, Ha
TEPPUTOPUU TOPOAA OBIIM OPraHM30BAHBI U MPO-
BeJleHbI IITaOHbIe yYeHNs (PUCYHOK 3).

B xome mpoBefeHMA TPEHMPOBOK U MeX-
BEJOMCTBEHHBIX y4YeHUII ObUIO OpraHM30Ba-
HO B3aVIMOIEVICTBME MEXAY MOApasfe/leHUAMI,
BXOZAIMMM B COCTaB TPYNIMPOBKY, YTOYHEHBI
3aJja4yl KaXKIoro Iojpasfie/ieHns], OTpaboTaHbl UX
COBMECTHBIE IIpaKTU4YecKue HAeicTBuA. JIMYHBIM
COCTaBOM CBOJJHOTO OTpsifa Bolick PXDB samutsl Ha
npakTuKe ObIIa MMOKa3aHa 11e1ecO00Pa3HOCTD WC-
MO/Ib30BaHM A YHUBEPCaTbHOI TeIIOBOJ MalIVHBI
YTM-80M 1 mOCTaHOBKM >KMAKOCTHBIX 3aBec.
BeicoTa Takoii 3aBechl B ITOTTHO Mepe obecriednBa-
eT XMMMYECKyI0 6e€30ICHOCTD.

ITpu npaxTndeckom npumeHenuu Y TM-80M
OBV BBIABJIEHBI C/IEAYIOIYE 3aMEYaHIA:

He IIPeyCMOTPEHO CAMOCTOATENbHOE IPUTO-
TOBJIeHNe (IepeMelllBaHNe) PELeNTyPhl;

HarpeB [0 pabodyeil TeMIepaTypsl 3aHMMaeT
MIPOAOJKUTENIbHOE BpeMsl.

I ycTpaHeHMs 3aMedaHMil IPYIIION Hay4-
HO-TEXHUYECKO) MOAIEepKKM CBOJHOTO OTpAfa
Bojick PXDB 3amuTel ObIIO MPUHATO Clefyolee
TeXHIYECKOe pelleHye: JOIOTHUTENbHO IIpUBJIe-
Kanuch Asa pacyera APC-14KM - pns npuroTos-
nenus u 3anpasku Y TM-80M ropaummmu mienod-
HBIMI PacTBOpaMM.

OmnbIT, IprOOPETEHHBINI B XOfe eXKerOZHBIX
MEXBEJOMCTBEHHBIX YYeHMII Ha XMMMUYECKMX
HNpeANpUATHUAX U MIOCTIE YOI MUX TPEHUPOBKAX CUT
U CPeICTB TPYNIMPOBKY Ha IPOMBIIIIEHHOI! I1JIO-
magke OO0 «YconbexMMIpoM» IIOKa3asl, YTO IpK
pasrepMeTHU3anuy Kele3HOJOPOXHON IIUCTEPHBI
BpeMs: Ha yCTpaHeHVe aBapUITHOI TeYl COCTaB/IA-
et oT 15 no 30 muH. Vcxopa us 3Toro, HOpMaTMBHOE
BpeM:A NIOCTAaHOBKM HENPEePbIBHO JTOKAIVM3ALVIOH-
HOJ 3aBeChI MO/I>KHO COCTAB/ATH He MeHee 30 MUH.

B xope o6cmeoBaHMs aBapUITHBIX JKeTe3HO-
TOPOKHBIX I[MCTEPH IIPOBeJieHO IPOCBeYBaHNe C
TIOMOIIIBIO TETIOBU30pa KaXK0J1 eMKOCTHU U OIIpe-
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- PRIPYIUEHHLIE DNACHLIE XMMHYECKHE
__ABAPHAHBIE KOPOYTA COEQWHERWR

ABAPHAHBIX.
CHEAMHH

e L
C OPEHAMEM
TORCHYRMBIN BEWECTD
B PEKY AHIAPA
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PUCYHOK 2 - icmOoYHUKU 803MOXXHO20 XUMUYECKO20 3apakeHus Ha meppumopuu 6biswie2o npednpuamus
000 «Yconvexumnpom». Domoepadgpus u3 sudeo c catima:
https://www.youtube.com/watch?v=m3vHO0krZ4iw (dama o6pawexus: 10.02.2021)

ie/IeHbl 00'beMBbl COIEPKUMBIX B HUX TOKCUYHBIX
XMMMKaTOB. Ha OCHOBaHMM IONTy4YeHHBIX HaHHBIX
ObIIM paccynTaHbl 00beMBI PAbOT 110 MHXXEHEPHO
[IOATOTOBKE TEPPUTOPUI: OpraHM3ALMsA IUIAHU-
POBKM T'PyHTA, PacYMCTKa pabodMx IUIOMAOK OT
Mycopa U PacTUTENbHOCTH, NpUBeAeHIe LUCTEPH
B padouie MoloXeHMs (MX BBIKAIIbIBaHUeE, Iepe-
BOpadMBaHe TOPIIOBINHOI BBepX). B 3aBucuMocTn
OT 00'beMOB TOKCUYHBIX BEILIeCTB JI/Is KaXK/0 eM-
KOCTY pacCUMTaHbI BBICOTA 0OBAIOBOK U KOHQU-
TypaLuy JOByLIeK B MeCTaX BO3MOYKHOTO Pas/nBa
TOKCUMYHBIX XMMIKATOB Ha TPYHT.

ITocne 3aBeplIeHNS NMOATOTOBUTENTBHBIX Me-
ponpusituit cunamn «Hay4HO-1ccIe0BaTenbeKo-
rO MHCTUTYTA TEXHOIOTUII OPTaHMYeCKOIi, Heopra-
HITYECKOJ XMMMU U OMOTEXHOTOIMN» U CBOFHOTO
orpsna Boiick PXDB 3ammntel b1 Ha4aThl paboThI

110 BCKPBITUIO aBAPUIHBIX €MKOCTEN M MX [1ajib-
HeJllIIeMy ITepeTapuBaHUIO B «<€BPOKYOBI».

3amuTa IMYHOTO COCTaBa CBOJSHOTO OTpPAMA
Borick PXDB 3amurel, HaXopsmerocss Ha paboymx
IIoLafKax, obecrednBanach X npebbiBaHMeM B
CPeACTBAaX MHAMBUAYaNIbHON 3alIUThI KOXMU M30-
nupytoowmero tuna - JI-1, B cpecTBax MHOUBULY-
aZIbHOM 3alMTHI OPTraHOB IbIXaHMUA — IIPOTUBO-
razax [IMK-4 ¢ ¢unbprpylomeii mornouaoeit
kopobkoit I'TI-9xb-OnTtuma oT mapoB pTyTHM U
XJIOPOPAHMYECKUX BEIECTB, a TAKXKE — MI30/IUPYIO-
mux nporusorasax MII-4.

BckpbiTie eMKOCTelN OCYIIeCTBIAIOCh COTIac-
HO TpeOOBaHMAM IIPOEKTa IPOU3BOACTBA PAOOT.

IlepBbIM aTanIoM ABNANOCH BCKpbITHE 17 aBa-
PUITHBIX LVICTEPH, BBIpaBHYBAHNE JABJIEHNUA B €M-
KOCTSIX C aTMOC(epHBIM, B3sITIe Ha aHA/IU3 Ipobd

PucyHok 3 - Op2aHu3ayus u nposedeHue WMabHbix y4eHUli Ha meppumopuu
npomblwneHHol nnowaoku OO0 «Yconbexumnpom» (ag2ycm 2020 2., pomozpaguu asmopos)
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PucyHOK 4 — Om60op u aHanus npob cooepKUumo20 asapuliHbix
)Kes1e3Ho00POXKHbIX yucmepH (ceHmaA6ps 2020 2., homozpaguu asmopos)

COMIep>)XMMOTr0, TepMeTHu3anus TOpIoBUH (pucy-
HOK 4).

BropbIM 3TanmoM oCy1iecTBIANIOCh HeoCpe-
CTBEHHOE IlepeTapMBaHMe COAEepP>KMMOTO M3 aBa-
PUITHBIX €MKOCTell B «eBPOKYObI» ¥ MeTajInde-
CKJIe TOTICTOCTeHHbIe 604K 06beMoM 270 J1.

Ho mocraBku T'ockopmopanmeir «PocaTtom»
CIIeIaNN3/POBAHHBIX HACOCOB, B IIE/IAX HEMIOIY-
I[eH S IPOCTOSA TPYIIIMPOBKY B PEIIeHNM TOCTaB-
JIEHHBIX 3ajady, IepeTapyBaHMe OCYLIeCTBIANIOCh

nByMs Hacocamy bK® Ha cnennanpbHbBIX CTaHMHAX
(pucyHOK 5).

OpHako cofepskallyecss B aBapUIlHbIX eMKO-
CTAX TOKCMYHBIE BellecTBa (CMeCU XJIOPCUIAHOB
C OpPraHMYECKMMN PACTBOPUTENSIMM) B HpOLiecce
nepeTapuBaHusA aKTUBHO pearupoBaiyM C KUC-
JIOpPOJIOM ¥ BJIAroil BO3AyXa, 0Opasys HpMU ITOM
COIAHYI0 KUCTOTY [1], KoTOpas paspyana pesu-
HOTEeXHUYeCKNe WU3Jle/INs HAacocoB. B pesynbraTe
HACOCHI TPUXOIVIN B HENPUTOTHOE COCTOSHUE
(pucyHOK 6).

PucyHok 5 - [lepemapueaHue cneyuanucmamu eotick PXb 3aujumel mokcu4yHeix sewjecme Hacocamu 6K®,
pacnosioxeHHbIMU HA CheyuadsibHbIX CMAHUHAX (0KmA6pe 2020 2., pomozpaguu aemopos)

PucyHoK 6 - [logpex0eHus pyKasos, HAcoCo8 U Opyaux MemasaudecKux
U pe3uHomexHu4eckux uzdesnuli, Ucnosib3yemMbix NpU nepeKayke XJopcuiaHos
(okmabpsb 2020 2., pomoepaguu asmopos)
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PucyHok 7 - OpazmeHmMuposaHHsle xese3Ho00poXxHblie eMKOCMU, pacnoJsioXeHHble Ha cneyuasibHo
nodzomoesieHHoU niowjadke (0kmsa6ps 2020 2., hpomozpaghuu asmopos)

ITo pesynbraraM paboThl ObUI CHeNTaH BBIBOL,
YTO /151 IepeTapyBaHUs aTrPeCCUBHBIX XKUAKOCTeN
(TaKMX, KaK XJIOpPCUTaHbI) HACOCHI, BXOJAIIINE B CO-
ctaB APC-14KM, He NpUTORHEL, U faHHOE IOJIOXKe-
HJle HeOOXOMMO YUMTBIBATh PU MOAEPHU3ALUN
CYLIECTBYIOIIMX ¥ pa3paboTKe HOBBIX 00pasIoB
MalllVH 10 CIIeIMaTbHON 00paboTKe, IMpUHMMAae-
MBIX Ha cHab>xeHMe Bolick PXB s3aimursol.

Ilocne meperapuBaHus aBapuitHble eMKOCTHU
Op1111 IPOMBITHI 10 % pacTBOpOM efKoro Hatpa [2]
1 GparMeHTHPOBaHbI (KUCTIOPOTHO-aLleTUIEHOBA A
peska MeTasia) (PUCYHOK 7).

«EBpOKYOBI» U GOYKM C TOKCMYHBIMY Bellle-
CTBaMI BBIBE3€HBI Ha IIPe[IBAPUTE/IbHO IOATOTOB-
TIEHHDBII CK/IaJi BPEMEHHOTO XpaHEHN:A, paclojo-
JKEHHBIN Ha paboueit mwiomazgke Ne 4. Bckpoitre n
IepeTapyBaHie aBapUITHBIX €MKOCTell OCYILeCT-
B/IS/IOCh Ha COOTBETCTBYIOLIMX pabOouMx IUIOLAf-
KaX, 00OpyHOBaHHBIX C Y4YeTOM CHELVI(QUKN BbI-
HO/MHAeMBbIX 3afiad. Kakpas momazka ycIOBHO
[eNMIach Ha «IUCTYIO» U «TPA3HYIO» TIOTOBUHBI [3].
TumnoBast cxema IUIOIM[A/IKM 00e3BPE>XMBAHMS aBa-
PUITHBIX EMKOCTEN IIpefiCcTaB/IeHa Ha PUCYHKE 8.

«YUucras» 30Ha IUIOWIAfKM pacIojaranach
Ha HAaBETPEHHOIl CTOpOHe. B Hell pasmelrannco:

Armmmarean

1

PucyHok 8 - Tunosas cxema nnowadku obe3spexu-
8aHUA asapuliHbix eMmKocmel (cxema asmopoes)

nyHKT ynpasnenus (PAI-2M), momanka mposep-
KJ U TIOATOHKM CPeICTB MHMBUIYa/NIbHON 3aIin-
TBI, MEIULIHCK T IO/ BVDKHBII Ty HKT, MOOM/IbHA A
nmabopatopusi KM PXBP, mmomanka pasmerieHns
pe3epBHOI TEXHUKM, ITYHKT CIEIVAabHON 0bpa-
OOTKV TeXHUKM VM IMYHOTO COCTaBA.
CnenunanpHas obpaboTka
KM  OCYWeCTBISANACh  [ByMA

TEXHU-
pacyeTamnu

or kS

R .

PucyHok 9 - [IposedeHue cneyuasneHoli o6pabomku cpedcms
uHousudyanbHol 3awumsi (0KmaA6ps 2020 2., pomozpaguu asmopos)
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PucyHok 10 - BcnomozameribHbili CMoJ1 U 8bicmassisiemas ¢ e2o0 NOMowbio
wesioyHas 3aseca (okmabpwb 2020 2., pomoepaguu asmopos)

APC-14KM, a caHutapHasg o6paboTKa INYHOTO
cocTaBa U Jerasanus CpefcTB MHAVBULYaNbHON
3aIMTHl — PacyeTOM YHMBEPCANbHON CTAaHLUK
crienanbHou 06paborky YCCO (pucyHok 9).

B «rpsAsHON» 30HE OCYILECTBIANOCH HEINO-
CpefiCTBEHHOE BBIIIO/HEHME paboT IO BCKPBITHIO
U TepeTapyBaHMI0 TOKCMYHBIX BellecTB. XMMMU-
JyecKas 6€30MacHOCTb 00ecrednBanach YeThIpbM
pacueramu APC-14KM u ogaum pacuerom Y TM-
80M c ropsiueii ferasupymouieil penenTypoi.

Jlns HeWiTpanmusaly IapoB COMAHONM KIC/IOTHI,
obpasyrolleiicsl B IIpoLiecce B3aVMOJEICTBISA X/IOpP-
CUJIAHOB C BJIarO¥l BO3[yXa, B Ka4eCTBE Jerasupyo-
1Iell pelenTyphl UCIO0/Ib30BaIN IPUTOTOB/IEHHBIN U
HarpeTbit 10 50-70 °C 10 % BOfHBII pacTBOP Kap6o-
HaTa Harpus [4]. [/ JaHHBIX Lejiell Ha Haya/JbHOM
3Tale VICIONb30Ba/MN KaJbLVHUPOBAHHYIO CORY C
TEepPPUTOPUYM TPOMBIIIJIEHHON IJIOIIAZKM, CKIAf, C
KOTOPOJ1 6bI/T 0OHApY>keH B IPOLiecce MOHUTOPYUHTA.

B mocnenymoem A1 OPUTOTOBIEHUSA Jiera-
3aTopa mpy paboTax C aBapMITHBIMU €MKOCTAMMU
UCTIONIb30BAIN TUIPOKCU] HATpus [2], mocTaBIeH-
Hb1i [ockopniopanueit «Pocatom».

Ha npakTuke 6bUI0 BBIABIECHO, YTO J/IA MOJ-
HOJ1 JIOKa/IM3aLMM PacCIPOCTPaHAIOLIerocs obmaka

3apa)kKeHHOTO BO3[yXa IIpM IlepeTapMBaHUU TOK-
CUYHBIX BEIIeCTB U3 >KE/Ie3HOOPOXXHBIX €eMKO-
CcTell 1LjefiecooOpasHO MCIONb30BATh CIHelMaTbHbIe
BCIIOMOTaTe/IbHbIE CTO/IBI COBMECTHO C ITO>KapHBI-
M1 pykaBaMmiu. VIcmonb3oBaHMe BCIOMOTATe/IbHO-
rO CTOJIa IIPY TIOCTAHOBKE XXMJIKOCTHON 3aBeCHI C
nomouibio ogHoro pacyera APC-14KM B momnHoil
Mepe obecreumBaeT XMMMYECKYI0 0e30IacHOCTDb
(pucysox 10).

[Ipu opraHusanuy MOCTAHOBKM HENPEPHIB-
HOJI >KMIKOCTHOJ 3aBeChl IIPeIBAPUTENIBHO OCY-
IIECTBIISUICA pacyeT BPeMeHU, CUI U CPefCTB Ha
3aIpaBKy, JOCTaBKY, IPUTOTOBJIEH)E 1 HATrPeB pe-
L[eNTY PbI.

ITpu mocTaHOBKE IIEJIOYHBIX 3aBeC TMYHBIN
coctaB pacyetoB APC-14KM BBICTaB/IAN BCHO-
MOTaTe/IbHble€ CTOJBI IO IEPUMETPY aBapUITHON
eMKOCTY, obecreunBasi 3(p¢PeKTUBHOCTDb JIOKa-
nu3anuy obnaka 3apakKeHHOro Bospyxa (mpwu
MI060M HaIlpaBJIeHMM BeTpa) B ClIydae aBapuii-
HOJI CUTYaIUN.

BMmecTe ¢ TeM IIpy IIOCTAaHOBKE 3aBeCHl, 13-3a
Majloro yIJia HAaKJIOHHOM IIJIOLIaJiKy BCIIOMOTa-
TEeJIBHOTO cToNa — 60°, a TAK>Ke IIPY CY/IBHOM BeTpe
IeTasypyIOLUil PacTBOP IMONafaa Ha TOPIOBUHY

PucyHok 11 - [IposedeHue MoHUMOpUHaa xumu4yeckoli o6cmaHosku paciemom KM PXBP
(okma6pw 2020 2., pomoepaghuu asmopos)
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PucyHok 12 - Ljex pmymHo20 351eKkmposiu3a Ha MoMeHm Ha4yana pabom (A) u no okoH4YaHuu pabom no
deMoHmMaxky HadsemHou yacmu (b) (okmabpe 2020 2., pomozpaguu asmopos)

LUCTEPHBI U 6YPHO B3aMMOJENICTBOBA C X/IOPCU-
JIAaHAMU C BbIJIeJIeHEM TeIlIa U KVIC/IBIX NapoB [5].

C 1enplo MCKIIOYEHMsA KOHTAKTa Jlerasupy-
IOIIETO pacTBOPaA C COHEPKMMBIM €MKOCTY Ha €e
MOBEPXHOCTHY, YTOJ HaKTOHHOI M/IOIaJK/ BCIO-
MOTaTe/IbHOTO CTONa ObII yBenuueH o 70°-75°
(mombeM TIepefHMX HOXEK BCIIOMOTATeIbHOTO
crona). JlaHHOe IO/MOXeHMe TaKxe 0Oecrednsio
MaKCHMAa/IbHYIO BBICOTY 3aBeChI I COKPATU/IO MU-
HMMaJIbHO JIOIYCTMMOE pacCTOsAHNE OT aBapuii-
HOJ eMKOCTY JI0 BCIIOMOTATe/IbHOTO CTo/Ma (Ipu
YCIOBUY HENOMNAJaHNUA IeTasUPYIOLEN PenenTy-
PBI Ha OBEPXHOCTb €MKOCTHU, OCOOEHHO Ha rop-
JIOBUHY).

MOHMUTOPUHT XMMIYECKOI 00CTaHOBKY, IIPO-
600TOOpP pa3IMIHBIX CPeN ¥ XMMUYECKNIT aHATIU3
npo6 OCYILIeCTB/AMNCh ABYMsS pacdeTaMy Mo-
6unpHOTrO KoMITekca PXB passepgku (pucyHok 11).

3a/o)KeHHble TAKTUKO-TEXHMYECKMe Xapak-
TePUCTUKYU B MOOMIbHOM KoMiuiekce PXB passef-
KI B IIOJIHOM 06beMe obecIiednBay MpoBefieHNe
3KCIIPECC aHA/IM30B IIapOTra30BbIX CPef C UCIONb-
30BaHMeM TrasoaHanusaropa GDA-2,5, >xupkmx
u tBepppix mpob — TruDefender, FirstDefender.
YryOneHHbI XMMUYECKIUI aHAIN3 TIPOBOAVIIN Ha
GC/MC Griffin-460. HenpepbIBHY0 XMMIYECKYIO
pasBefKy MECTHOCTH OCYILECTB/IA/IN IPY TOMOILK
npubopa XMMUYECKOil pa3BefiKy AUCTAHIIIOHHOTO
nevictBus [TXPIII-3.

B xofe oTpaboTKM NpaKTUYECKUX 3aJad BbI-
ABJIEH U PelleH PAJ IPo6IeMHBIX BOIIPOCOB:

1. IlratHeiit KOMIUTEKT mpobooTbopa
KIIO-1M He mnpenHasHayeH i orbopa mpobd
arpecCMBHBIX  cpell  (OTXOBI  IIPOM3BOJCTBA
SMUXJIOPIUAPYHA U XJIOPCUIaHbI). Bxopsamue B
€ro COCTaB MPUCIIOCOOTIEHNA M MHCTPYMEHTBI pas-
PYLIAIOTCA IpY B3aMMOJAEICTBUM C arpecCUBHBI-
MU cpefiaMmu. [I1s pellleHNsA BOIIPOca HEOOXOMMO

BBECTM B COCTaB KOMIIIEKTA IIP0600TOOpa XUMU-
YeCKM CTOVKYe IPUCIOCOOIeHN s, MHCTPYMEHTHI 1
TabOpaTOPHYIO MOCYAY.

2. B MOOMIBHBIX KOMIIEKCaX He IIpef-
YCMOTPEHO HajanM4dye 3aIacHOrO0 KOMIIJIEKTa
PacXOJHBIX MaTepuaaoB M PacTBOPUTEIEN A
npo6oorbopa ¥ mpoBefeHMs crennuduIecKnx
aHanMu3oB. B CcBA3M C 3TUM KOMIIJIEKTOBaHUE
KOMIITIEKCOB He00X0[MMO HpPOM3BOAUTH 3aba-
TOBPEMEHHO M C YYeTOM IOCTaB/I€eHHbIX CIeIN-
aTbHBIX 3aflay.

OpuyuM u3 Hambosee OIMACHBIX VICTOYHUKOB
XMMUYECKOTO 3apakKeHusA ABIANCA IjeX PTYTHO-
o 37eKTPO/IN3a, B KOTOPOM OBINIO pasauTo boee
600 . pryTu (pucyHok 12).

IOns ofecredeHMss XUMMYECKON Oesomac-
HOCTM IIpM [IEMOHTAa)Ke HAJ3€MHOM YacTM Iiexa
crieqManucTaMy 33 MHCTUTYTA, 27 Lentpa u 9-ro
TH0JIKA OCYIIEeCTBIIANCA eXelHeBHBIII MOHUTOPUHT
OKpY>Kalolliell Cpefibl ¢ MCIIOJIb30BAHMEM aHa/IN3a-
topa prytu PA-915M (pucynoxk 13).

B pesynbrare NnpoBejeHHOTO MOHMTOPMHIA
B palioHe PACHONOXKEHMUs IjeXa PTYTHOTO 3JIeK-
TpO/IM3a BBIABJIEHBI 3HAUNTEIbHbIE IIPEBbIIIEHNA
Ipefie/IbHO NONYCTUMBIX KOHI[EHTpalMii IapoB
pPTYTH. B 1enax HeflonyIIeHNs TOPasKeHUs TNd-
HOTO COCTaBa U Hace/leHN A TOKCUYHBIMY ITapaMI,
CBOJHBIM OTPAA0M Boiick PXDb 3amuTel npousso-
IWIOCH IbUIENIOfAB/IeHNEe NIPU BBIIOJIHEHUN pa-
60T1. KpoMme TOTO, ONIpefiesieHbl MapIIPYThI ABIKE-
HVA TeXHUKM, oOecrieunBaole MaKCUMalbHY0
0€30IIaCHOCTh ¥ ONEpPaTMBHOCTb HOCTABKU pe-
LETNTYPBL, IpU 3TOM 000CHOBaHA HEOOXOAVIMOCTD
CIIeNaJbHOM 00pabOTKM LIACCK TIpU BbIe3fde C
IVIOMAJKY C WMCIIO/Nb30BaHMEM HeMepKypHU3aly-
OHHOII BaHHBI (PUCYHOK 14)".

Ha mpaxTuke ObIIO IOKa3aHO, YTO MMHU-
Ma/IbHO HeOoOXOAVMOe KOMUYeCTBO CIIeIuanbHOM

' PtyTh B 61M0C(epe: IKONOTO-TeoXMMMIecKe aceKTsl. MaTepuansl MexxpyHapogHoro cummnosuyma (Mocksa,

7-9 centsa6ps 2010 r.). M.: TEOXU PAH, 2010. 477 c.
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PucyHok 13 - [IposedeHue cneyuanucmamu golick PXb 3aujumel exxkeOHe8HO20 MOHUMOPUH2a OKpyKarowjel
Cpe0bl c ucnosib3oeaHuem aHanuzamopa pmymu PA-915M (okma6pe 2020 2., pomozpaguu aemopos)

TEeXHVKM CBOJTHOTO OTPsAfia TPy NPOBeJEeHUN MEPO-
NPUATUI B paliOHe PaCIIONIOKEHNUA 1[eXa pTYTHOTO
3/IeKTPONN3a COCTABIAET:

YTM-80M - 1 en. (HemocpeACTBeHHas Jera-
3alMA KOHCTPYKLMIT 3IaHUA);

APC-14KM - 5 eq. (mopBo3 u 3anpaBka Y TM-
80M noporpeToii fera3alioHHOI pelenTypoit, fie-
rasanus JOpor ¥ y4acTKOB MECTHOCTH, CIleliyalb-
Hasi 00pabOTKa TEXHUKMN);

YCCO -1 ep. (canutapHas obpaboTka nmmd-
HOI'O COCTaBa);

KM PXBP - 2 en. (xuMu4ecKuit MOHUTO-
PUHT B pailoHe IIpOBefieHNsI PabOT U Ha TEPPUTO-
puu npombpimienHol mromagku OO0 «Yconbe-
XUMIIPOM»).

CnepyromumMy XMMMUYECKMMM  OIACHBIMU
00 beKTaMI, Ha KOTOPBIX CBOZHBIM OTPSIZIOM BOJICK
PXDB samursl obecrneumBanach XuMmudeckas 0es-
OIIACHOCTDb IIPM BBINONTHEHUM NUKBUAAIIMOHHBIX
MepONpUATUN, ABNANUCH CKBOXMHBI P-2x m P-5,
PaCIIO/IOXEHHbIE HA TEPPUTOPUY PACCOTONPOMBIC-
na (pucyHok 15).

PucyHok 14 - [TeinenodassneHue
c ucnonv3osaHuem YTM-80M npu 0emoHmax<e
HadzemHol yacmu yexa

pmMymHo2o 371ekmponusa
(okmabps 2020 2., pomozpacghus asmopos)
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Jlo 24 HOs6pst 2020 . CBOIHBII OTPsif 0be-
CrieyyBay XMMUYECKYI0 0e30MacHOCTh MpU IPo-
BeteHnu Tockopropanueit «Pocarom» KOMILIEKCa
MEPONPUSTIII [0 YCTAHOBKE HAJ CKBa)KVHAMMI
IPOTUBOBBIOPOCHOTO 00OPY/IOBaHNsA, IOABEMY
pabounx u 06CagHBIX KOJIOHH, YCTAHOBJIEHNIO Iie-
MEHTHBIX MOCTOB U 3aIO/THEHUIO CTBOJIOB CKBa-
XXVH OYPOBBIM PacTBOPOM.

ITocrme mpoBeneHNsT pabOT MPOBENEH JIEMOH-
TaX 060py/JOBaHNS U OpPraHN30BaHA PEKY/IbTUBA-
IV 3eMeTTb.

ITo pesynbraTaM BBIIIOTHEHHBIX II€PBOOYe-
PEeHBIX MEPOIIPUSTHI IT0 YCTPAHEHNIO HAKOIIEH-
HOTO BpeJia OKpPY>Kalollleil Cpefie OT [iesTeIbHOCTI
XMMUYECKUX IPEATIPUITIUIL HA TEPPUTOPUN T. YCO-
nbe-Crbnpckoe VIpKyTckoit 0671acTyt Heo6XOUMO
popaboTaTh CAeAyoIMe BOIPOCH], 3a0maroBpe-
MeHHOe pellleHVie KOTOPBIX [T03BOUT Oortee omepa-
TUBHO ¥ Ka4eCTBEHHO BBIIIOJHATH [TOCTABIIEHHbBIE

3a7aum.
HpI/I IIOCTAHOBKE HereprBHbIX KNAKOCT-
HBIX 3aBeC BbIsBJIEHA IIPO0/IeMa 10 3alpaBKe CIIell-

PucyHok 15 — CkeaxuHel P-2x u P-5, pacnonoxeHHble
Ha meppumopuu paccos0nNpombica.
®omoepadus u3 sudeo c catima:
https://www.youtube.com/watch?v=m3vHOkrZ4iw
(0ama obpawieHus: 10.02.2021)
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TexHUKM Bo¥ick PXDb 3amuTel BOfoii, T.K. Ha BeCh
3aBOJ OBLI UCIIPaBeH TOJIBKO Of{VH IIOXKapHBIN TH-
APaHT U Of{MH IIePEeXOAHYK (Ha 51 MM) [1s ToXKap-
HbIX pykaBoB APC-14KM u nipu 3TOM OTCYTCTBO-
BaJIU IPUPOJHBbIE UCTOYHUKY BOJIbI.

Ha wnavanpHBIX 9Tamax paboT oOrpaHu-
YeH)e BO3MOXHOCTEl TPYNNMPOBKM  ObLIO
CBA3aHO C 3allpeTOM Bbe3[jJa Ha YacTHBIE Tep-
PUTOPUM KOMMEPYECKUX MpefIpusATUIl, pacIio-
JIO>KEHHBIX Ha TePPUTOPUM NPOMBILIIIEHHON II/I0-
maaky OO0 «YconbexMIpom».

OTgmenbHO 1eecOOOpa3HO MPOBECTY aHa-
U3 OpTraHM3aLUM B3aMMOJEICTBUA BeJOMCTB U
(denepanbHBIX OPTAaHOB VMICIOTHUTEIBLHON BIIACTH,
BXOJAIIVX B COCTaB I'PYIIIMPOBKY, TpedyeTcs pas-
paboTka PernmameHTa B3auMOJe/ICTBISA U yIIpaBIIe-
HIA MEXXBEIOMCTBEHHO I'PYIIIMPOBKOIA.

ITpn mpoBeneHNM MeXBeJOMCTBEHHBIX TPEHN-
POBOK M y4YeHUII HeoOXoayuMo 6oree KaueCTBEHHO
OTpabaThIBaTh BOIPOCH! B3aMMOMIEVICTBUA Y yTOY-
HeHMs 3afiad MeX]y BefoMcTBamu. Hecormacosan-
HOCTb JeCTBUII T'PYyNNMPOBKU IpY BbIIOTHEHNUN
3ajad MOXKeT IIOCTAaBUTD IIOf, YIPO3y CpbIBa IIIaH
COBMECTHBIX paboT rpynnuposku. Kpome Toro, op-
raH YIIpaB/IeHNs IPYIIMPOBKOIL I0JDKEH YeTKO I10-
HYIMaTb IOTPEOHOCTY M 3a1a4M KaXK/IOTO BEZIOMCTBA
B OT/IE/IBHOCTH 1 IPOPabaThIBaTh 3apaHee BOIPOCHI
obecriedeHns JerasaTopaMy, CpecTBaMU WHJIM-
BUJYa/IbHOI 3aLUTBI, TEXHNYECKUMH CPeCTBAMMU
IepeTapyBaHusA, CPeICTBAMMN CBA3YU MEXIY BeOM-
CTBaMM TPYIIMPOBKM Ha MecTe. A KaKJoe BeIoM-
CTBO B OTHEIBHOCT JO/DKHO 3HATh OOLIMII 3aMBbl-
CeJl BCeX BBINONHAEMBIX PabOT B COOTBETCTBUU C
YTBEpPK/IEeHHBIM IIPOE€KTOM BBITIOTHEHNS PA0OT.

Bxnao aemopoe / Autors Contributions

Tak, oTcyTcTBMe OOILIEr0 YTBEPXKAEHHOTO
IIPOEKTa BBINOJIHEHVA pabOT BBI3BIBA/IO HEJOIO-
HUMaHNe y IpeJcTaBuUTeNell BEJOMCTB B IIJIaHE
pacupeneneHns (PYHKLUMOHAIbHBIX OOSI3aHHO-
creit u Ha GoHe 001LEl TTOATOTOBIEHHOCTH CUIT U
CPeACTB ITPYNIMPOBKY CHMKAJIO 9P (PEeKTUBHOCTD
U OIIepaTMBHOCTD BBINONHAEMBIX 33ja4. [IpuBie-
KaeMble CTPYKTYPBbI, KaK TOCYAapCTBEeHHbIE, TaK I
KOMMepUYecCK/e BbIIIONHAIN Y3Kue crenuduyHble
3ajjauy, IIpy 9TOM IIOHMMaHMe OO0Iero 3aMbICia,
nopsApka n anroputMa nuksuganyy YC Borpabo-
TaJIOCDh JINIIDb Ha 3aBePIIAOIINX 3TallaX IPOBOAN-
MBIX paboT.

B cBaA3M c TeM, 4TO B KOMIIETEHIIMIO BOJCK
PXDB 3aumuThl BXOAM/Ia YCTAHOBKA TpeOOBaHMII U
IIPaBUJI TI0 06ECIIeYeHU IO XMMIYECKOI 6e30IacHO-
CTU, KOHTPOJIb UX VICTIONTHEHNA IJIS1 BCEX YYaCTHU-
KOB MEXBIJIOBOJ TPYIIIIMPOBKHY, a TAK)Ke y4acTue
B pa3pabOTKe TeXHMYECKUX pelleHuil mo Hambo-
Jlee CJIOKHBIM M IPOOG/IEMHBIM BOIIPOCAM JIMKBU-
Januy XMMMUYECKOTO 3apakeHNsA, MOXKHO CJie/IaTh
BBIBOJT O TOM, 4uTO Bo¥ickamM PXD 3ammuTel xkak Ha
COBPEMEHHOM 9Talle, TaK U B OyAylieM IpeacTo-
UT BBINOTHATD BeAYIIYIO POJIb NPU JTUMKBUAALNY
YC xuMmueckoro xapakrepa. [laHHOe MonoxeHue
006s3bIBaeT ¥ B Na/IbHeJIIeM HapaluBaTh YCUINA,
HallpaB/IeHHble Ha pa3pabOTKy IepCIeKTVBHBIX
Boopy>keHuit u cpefcTB PXb samuTsl, MogepHu3a-
LMIO CUCTeM YIIpaBlIeHUs, CBA3M M Iepefiladyl MH-
¢dopmanun. Heobxonuma fetanpHas npopaborka
BCeX NPOOIEMHBIX BOIIPOCOB € MOCIEAYIOIIelT KOp-
PEKTUPOBKOJ COOTBETCTBYIOIIMX PYKOBOZAIINX
IOKYMEHTOB U Y4eOHOTO Ipoliecca /I BBITYCKHY-
KOB y4eOHbIX 3aBefieHmit Boyick PXDb samurer.

Bce aBTOPbI BHEC/IN Cy].ueCTBeHHbe;I BKJIa[ B IIPOBEOEHUN MepOHpI/IHTI/IﬁI II0 YCTpaHEHNIO HAKOII/IEHHOIO

Bpefia OKpy>Kalollell cpefie OT AeATeNbHOCTY XMMUYECKUX MPEATIPUATUII Ha Teppuropun I. Yconbe-Cubupckoe
VpxyTckoil 067acTy M MOATOTOBKY CTAaThy, POWIN U Of006puIy pUHAIBHYIO Bepcuio go nmybnukanuu / All the
authors played an importaint role in the elimination of the environmental damage, caused by the activities of

chemical enterprises in the city of Usolye-Sibirskoye, Irkutsk region.

HUngopmayus o kondnuxme unmepecos

ABTOPI)I 3aABIAIOT, YTO MCCIIENOBAHMA IPOBOAVIIVICD IPU OTCYTCTBUN TI0OBIX KOMMEPUYECKUX NN q)MHaHCO-
BbIX OTHOIIIEHUIA, KOTOpbIE€ MOI'/IN 6bI OBITH MCTOTKOBAHbI KaK HOTEHHI/IaHbHHﬁ KOH(i)TII/IKT MHTEPECOB.

Ceedenus o peyeH3UPOBAHUL

Crarbsa IIpouria OTKPbITOE PELEH3NPOBAHNE NBYMA PELEH3CHTaAMU, CII€ENUAaNNCTaMU B ﬂaHHOf/I obmacTu.

Penensun HaxopATcA B pefakuuy >xypHana u B PMHII.
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Implementation of Priority Measures to Eliminate the Accumulated
Environmental Damage Caused by Chemical Enterprises in the City
of Usolye-Sibirskoye, Irkutsk Region

S.A. MaltseVv?, Ye.V. Veber?, V.A. Inosemtsev?, M.V. Tsapok?, PYe. Belyakov?,
V.A. Kovtun?, A.A. Antokhin®

! Directorate of the Chief of the Radiation, Chemical and Biological Defence Troops
of the Armed Forces of the Russian Federation.
Frunzenskaya Embankment 22, 119160, Russian Federation

2 Federal State Budgetary Establishment «33 Central Scientific Research Test Institute»
of the Ministry of Defence of the Russian Federation. Krasnoznamennaya Street 1,
Volsk-18, Saratov Region 412918, Russian Federation

3 Federal State Budgetary Establishment «27 Scientific Centre» of the Ministry of Defence
of the Russian Federation, Brigadirskii Lane 13, Moscow 105005, Russian Federation

Received 23 March 2021. Corrected variant 09 June 2021. Accepted for publication 20 June 2021

A difficult situation, close to an environmental disaster, had been developing in the town of Usolye-
Sibirskoye, Irkutsk Region, since the 90s of the XX century. In 2020, the problem of accumulated
environmental damage caused by chemical enterprises of the ecological zone of Lake Baikal, reached
the federal level. On July 30, 2020, the President of the Russian Federation set the task of eliminating
chemical contamination on the territory of the former enterprise LLC «Usoliekhimprom». The aim
of this work is to summarize the experience of the Russian NBC Protection Troops, accumulated in
course of eliminating the environmental damage, caused by the activities of chemical enterprises in
the city of Usolye-Sibirskoye, Irkutsk region. The plan on priority measures was drawn up on the
basis of careful monitoring of the «Usoliekhimprom» LLC industrial site in order to eliminate the
chemical threats, existed at the facility. The special group of troops (forces) was formed to take part in
liquidation activities. This group was formed from NBC Protection Troops, the State Atomic Energy
Corporation «Rosatom», the Russian Emergencies Ministry, the Russian Guard and the Federal
Biomedical Agency. In course of the training, the special group of troops (forces) worked out all
the issues related to the safe conduct of the work, organized interaction between departments, and
distributed the functional responsibilities. After the completion of the preparatory stage, the group
began to work. 17 emergency railway tanks containing 104, 3 tons of toxic chemicals were fragmented,
the above-ground part of the mercury electrolysis workshop with more than 600 tons of mercury was
dismantled, the most dangerous wells P-2X and P-5 with 107 thousand liters of epichlorohydrin
production wastes were pumped out. In course of work, the detachment of the NBC Protection
Troops carried out continuous monitoring of the chemical situation on the territory of the industrial
site of «Usoliekhimprom LLC» and the adjacent territory. When carrying out liquidation measures,
the personnel of the detachment of the NBC Protection Troops faced a number of problematic issues
related to ensuring chemical safety. The solution of these problems made it possible to complete
all the work in time and at a high professional level. All the work was carried out from August 8 to
November 24, 2020.

Keywords: hazardous railway tank-car; LLC «Usoliekhimprom»; waste from epichlorohydrin
production; chemical safety; chemical contamination; chlorosilane; emergency.
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NUcTopusa pa3BuTUA U NnpuMeHeHus
po60TOTEXHUKU NPU JIMKBUAALUK
nocsieACcTBUI1 aBapuin Ha paguaLuOHHO
onacHbIX o6beKTax (eKkuus)

K.H. AkKky3uH, E.C. MakeeB

®edepanvHoe 20cy0apcmeeHHoOe KaseHHOe 80eHHOe 06pa3oeamesibHoe yupexicoeHue
ebicwezo obpasosaHus «BoeHHas akademus paduayuoHHoli, xumuyeckoli u buosozuyeckoli
3awumsl umeHu Mapwana Coeemckozo Cor3a C.K. TumowieHKo»

MuHnucmepcmea o6opoHbi Pocculickoli ®edepayuu,

156015, Pocculickaa ®edepauus, 2. Kocmpoma, yn. lopbkozo, 0. 16

[Toctymmma 02.03.2021 r. [TpunsTa k nyonukanun 20.06.2021 1.

Jlex1yst IpeHa3HAYeHA /IS TIOATOTOBKM CIIEIIVA/INCTOB B BBICIINX BOCHHBIX YUeOHBIX 3aBEICHN-
six 1o PefepasbHOMY rOCyFapCTBEHHOMY CTaHAAPTY «PO6OTOTEXHMKA BOEHHOTO U CIIELVATBHOTO
HasHaYeHM», a TAKXKe /IS IOLTOTOBKM OIEPAaTOPOB POOOTOTEXHMYECKMX KOMIIIEKCOB (CpeficTB)
BOCHHOTO Ha3HAYeHNs B y4eOHbIX IIEHTPaX U BOMHCKNX YacCTAX.

B neximu paccMOTpeHbI 1Ba YueOHBIX BOIIpOCa:

1) PeTpocnexTUBHBIT aHA/IN3 pafUallIOHHBIX aBAPUIL U VX ITOC/IEICTBUIL.

2) AHanmus mpuMeHeHUsA pOOOTUSMPOBAHHON TEXHUKM ¥ POOOTOTEXHMYECKMX KOMILIEKCOB Jis
NMMKBUFALVM TIOCTEACTBUI PafiMallIOHHBIX aBapuiL.

BeiBoz: MaTepuai, IpeACTaB/IeHHbI B KLY, HALPAB/IeH HA paclIMpeHye SHaHWiT 00yJaromuX-
Cs1 B 06/acTy MCTOpUY PasBUTHUSI PAAMALMOHHBIX aBapuil (KaTacTpod) u nprMeHeHus: poboTu-
3MPOBAHHOJ TeXHMKM M POOOTOTEXHMYECKMX KOMIUIEKCOB HJIS IMKBMUAALMY HOCTIENCTBUI TaKUX
aBapuil. AHa/IU3 IPYMeHeHNs pOOOTOTEXHUKY B YC/IOBMAX MOBBIIIEHHOIO PafialliOHHOTO (oHa
[IOKa3bIBaeT He3aMEHNMOCTb POOOTOTEXHNYECKIX KOMIIIEKCOB IIPU PeLIeHNN 3a/jad B HECOIIOCTa-
BUIMBIX JU/ISL KU3HM 4e/IOBEKA YCIOBISIX. BMecTe ¢ TeM, aKTya/lusupyoTcs IpobIeMHble BOIPOCH
PasBUTHUA U IPUMEHEHMA SKCTPeMaTbHON POOOTOTEXHMKIL.

Kntouesvie cnosa: paduayuonHo-onactvle 00vexmol; paouayuoHHvle Aéapuu; paduayuoHHas pas-
8e0Ka U KOHMPOTIb; TUKBUOAUUS NOCAeICMEUTi Asapuli; po6omomexHu1ecKue KOMNIeKCyL.

Bubnuozpaguueckoe onucanue: Axkysun K.H., Makees E.C. Vicmopus pazeumus u npumeHeHus
pobomomexHuky npu TUKUOAUUU NOCTIEOCMBUTE A8APUTI HA PAOUALUOHHO ONACHBIX 00BEKMAX
(nexyus) // Becmnux sotick PXB sawsumut. 2021. T. 5. Ne 2. C. 149-164. https://doi.org/10.35825/2587-
5728-2021-5-2-149-164

B HacTos111ee BpeMs pa3BUTIE OTEIeCTBEHHOI
POOOTOTEXHMKM (B TOM YMCIIE U IKCTPEMabHOIN)
00YC/IOBJIEHO IOSIBJIEHMEM B IIOCTIEfiHee JieCATH-
JleTye TIOTOKA OTKPBITON MHbopManuu B obmactu
paspaboTOK, UCHIBITAHUII U IKCIUTyaTaluu pobo-
TOTEXHMYECKUX KOMIIZIEKCOB. IlocmenHee Takxke
II03BO/IMJIO POCCUIICKMM BOEHHBIM CIIELVIaICTaM
3HAYNTE/ILHO IPOJIBUHYTHCA B cepe BOCHHOII po-
OOTOTEXHUKMA.

KrnoueBbiM (akTopoM, 00yCIaBIMBAIOLINM
IPOM3BOACTBO M COBEPIIEHCTBOBaHME POOOTO-
texuuyecknx kKominekcoB (PTK) Boennoro u
CIIeLMa/bHOTO HAa3HAYEeHUH, ABIAETCH BO3MOX-

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

HOCTb MX IPUMEHEHUS B OIACHBIX U CMEPTeNb-
HO ONIIACHBIX J/1d 4Ye/l0BeKa ycnoBMAX. B Hameit
CTpaHe Takas HeOOXOAMMOCTb BO3HUKIA IIPU
MMKBUJALUYM IOCNIEANCTBUII PagMaLlIOHHON aBa-
pun Ha YepHoObIIbCKOT ADC. OrpOoMHBIE 1O3BI
raMMa-u3lIyuyeHnus Jeflanu HaXOoXAeHNe JTUKBU-
IATOpPOB B ouare 3apakeHM:sA HeCOIOCTaBMMBIM C
>KU3HBIO.

Omnpit npuMeHenns PTK, nony4ennsiit B pe-
3y/nbTaTe AUKBUJALMM IOCHAENCTBUII aBapuM Ha
YepHoObInbckoit ADC, CTalm MOLIHBIM TOMTYKOM
B cepe paspaboTok skcrpemanbubix PTK, B Tom
yucne u g Boiick PXDB 3ammTel.

149

=
m
<
W
(%)
c
m
wn
o
M
2
o)
N
(%)
m
N
c
=
-
=
=
m
N
-
c
)
m
(%]




s
=
(9
o
I
|9
<
cC
(o]
m
(T}
Ta]
Ta]
X
o
=
<
(9}
o
o
-
(o]
(2]
=
0
[aa]
1T}
I
@
=
N’
o
=
s
s
=
N
w
=

K.H. AKKy31H

1. PeTpocneKTUBHBIN aHAIN3 pajManyOH-
HBIX aBapuil M UX MOCIEACTBUIL.

ATOMHBIE TEXHOJIOTUM HAIJIX CBOE IIPUMEHe-
HJIe Ha TPAaHCIOPTe, B 000POHHOI IIPOMBIIIIEHHO-
CTHU, SHEPTeTHKe U APYruX chepax de0BedecKoi
TEeATeTbHOCTY. MaHMIyIALMM IO TPaHCIOPTH-
POBKe, XpaHEHNIO, VICTIO/Ib30BAHMIO M YTU/IM3ALUU
paanoakTuBHbIX BemecTs (PB) mpomspopArca Ha
PajMalMIOHHO OITACHBIX 00bEKTaX.

Papguanuonno omacubiii o6bekt (POO) -
00beKT, Ha KOTOPOM XPaHAT, IepepabaThIBAIOT,
UCIONb3YIOT MM TPAaHCHOPTUPYIOT pajMoOaK-
TUBHDIE BellecTBa, U Tfe B C/Iydae aBapuUu MUK
IpY paspylUIeHUM MOXXeT IIPOM30iTH obmyde-
HMe MOHUSUPYIOLUM M3TydeHUeM WU pafyo-
aKTUBHOE 3arpsA3HEHIE JIIOflell, CelbCKOXO03:Ii-
CTBEHHBIX J>XMBOTHBIX M pPacTeHUN, 00BEKTOB
HapOJHOTO XO03AMCTBA, a TaKXe OKpYy>Kawljeil
IPYPOJHOI Cpefibl.

K tunossim POO oTHOCATCS:

— aTOMHBIe CTAaHLIUM;

— HpefIpUATHA 110 IlepepaboTKe OTpaboTaH-
HOTO AJI€PHOrO TOIIMBA ¥ 3aXOPOHEHMIO pajiOaK-
TUBHBIX OTXOJ[OB;

— IpeJIpUATUA 110 USTOTOBIEHUIO ATEPHOTO
TOIINBA;

— Hay4YHO-MCC/IelOBAaTeNIbCKIE VM ITPOEKTHBIE
OpraHMsalMy, MMeEIMe AflepHble YCTAHOBKYU U
CTEHZIDI;

- TPaHCIIOPTHBIE sfiePHbIE SHEpPreTUvecKye
YCTaHOBKU;

— BOEHHBIE 0O'bEKTHI.

BmecTe ¢ mIMPOKMMI BO3SMOXKHOCTAMMU, 0bec-
ne4yrBaeMbIMM 3Kciuryaranueir POO, mopmobHble
00BEKTHI SIBISIOTCS MCTOYHMKOM OTPOMHBIX PUC-
KOB Ji/I1 OKPY>Kalollell Cpefbl U HaceneHus. Bos-
MOXXHOCTb BBIXOfja PafiMOAKTMBHBIX NPOJYKTOB
VIV MIOHU3UPYIOLIETO U3TyYeHN A B OKPY>KAOI[YI0
Cpefy B pasMepax, IpPeBHIMIAIIINX JOIYCTUMbIE
HOPMBI, MOXKET MIPUBECTY K aBapUsIM KaTacTpodu-
YeCKUX MacHITaboB.

PagmanuonHas aBapua - 3TO HapylleHNe
npaBun  6e30IacCHOM  9KCIUTyaTaluyu  SifiepHO-
9HEPreTNYeCKOll YCTAHOBKM, 00OPYAOBAaHUS VN
YCTPOJICTBA, IPY KOTOPOM IIPOM3OLIENT BBIXOL pa-
IMOAKTUBHBIX MPOAYKTOB MV MOHM3MPYIOIIETO
U3Ty4eHNs 33 IpefyCMOTPeHHbIe IPOEKTOM IIpe-
bl X 6e30MaCHOI 9KCIUTyaTaly, IPUBOAAILNI
K 0OJTyYeHMIO Hace/leHN s 1 3arPS3HEHNUI0 OKpYoKa-
Ioelt cpenst [1].

ABapun c BbixofioM PB B OKpy>KaloIyo cpegy
OPUHATO KIacCUPUIMPOBATH IO TPAHUI[E PaCIPO-
CTpaHEHUs M KOMMYECTBY BBIIICALINX [PV aBapun
pagMoaKTUBHBIX BeulecTB. st Kmaccuumkanmum
aBapuil B Poccum mcnonb3yercsa IpepjiosKeHHas
MeXayHapOZHBIM areHTCTBOM II0 aTOMHOJI SHep-
run (MATATO) MexxpyHapomHas IIKaa siePHbIX
cooprtuii (INES) [2].

Ta6nuua 1 - MexdyHapoOHas wkasna adepHoix cobbimuti (INES) c npumepamu

Knacc, Ha3BaHue, Npumep aBapumn

O)KM,D,aeMble nociaencTeua

7 Knacc - rno6anbHas aBapuvs
(YepHoObINb, CCCP, 1986 T.)

BonbLuon BbIbpoc. 3HaunTeNbHbIN yLiep6 3A0POBbLI0 Ntofel 1
OKpyatowen cpefe. Bennunna sbibpocano J | —
6onee 1016 Bk.

6 Knacc - TAxenas aBapus
(Bunackenn, AHrnus, 1957 r.)

3HaunTenbHbIN BbIOpOC. [onHan peanusaums BHeLWHero
NpPOTVBOABAPUINHOIO NJlaHa Ha OrpaHNYeHHON TeppPUTOPUN.
BenunumnHa Bbibpoca J,,, — o1 1015 5o 1016 bk.

5 Knacc — aBapus C PUCKOM [ 1A OKpY»KaloLen cpeabl
(Tpu-Mann-Ainneng, CLUA, 1979 1)

3HaunTenbHOe NOBpeXAeHVe aKTUBHOW 30HbI AAE€PHOr0 peakTopa.
OrpaHuyeHHbIl BbI6poc. YacTnuHas peannsaums BHELWHEro
NpOTMBOABaAPUINHOIO MJlaHa Ha OrpaHNYeHHON TepPUTOPUN.
Benunumna Bbibpoca J,;, — o1 1014 go 1015 bk.

4 knacc — aBapva B npegenax A3C
(CaHT-JloypeHT, ®paHuus, 1980T.)

YacTnyHoe noBpexAeHne akTUBHOM 30Hbl. OCTpble MocnefCTBIA
LA 300pOoBbA NepcoHana. 3a npepenamy ASC — He6onbLION
Bblbpoc. O6nyyeHme nnL, U3 HaceneHnsa — NopAAKa HECKONbKMX M3B.

3 Knacc - cepbe3Hoe NpoucLIecTBre
(NeHunHrpapckas A3C, 1975 r.)

Bonbuoe 3arpasHexue. MepeobnyyeHne nepcoHana A3C. 3a
npepenamu A3C - oueHb HebonbLLO BbIbpoc. ObnyyeHne
HaceneHna — HXKe [ONN OT YCTaHOBMIEHHOrO NpeAena Ao3bl,
nopsAaka fecATbix gonen m3s.

2 KNacc - NpoVCLIeCTBUA CPeaHel TAXeCTr

Co6bITUA C NOTEHLMANbHBIM MOCNEACTBMEM ANA 6€30MacHOCTN.

1 Knacc — He3HaunTenbHoe npouncwecrtene

OTKNOHEHNA OT paspeLleHHbIX FpaHnL, pYHKLMOHNPOBaHMA.

0 Knacc — MHUMAEHT HKe 1 Knacca wKanbl

OTKNOHEHNSA, He BavAawne Ha 6e30nacHOCTb

1
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[lkana paspeneHa Ha ABe OOJbIINME YACTH.
Huxane tpu xmacca (1-3) oTHOCATCSA K IpoucIe-
CTBUAM (MHI[MJEHTaM), a BepXHIe K/T1acchl (4-7) - K
aBapuaAM. [Ipumepsl pasueneHns sfepHBIX COOBI-
TUII 110 KJTacCaM IpefCTaBeHbl B Tabnuue 1 [2].

B 3aBucCHMMOCTM OT TpaHUI] 30H paclIpocTpa-
HEHUs PagMOaKTUBHBIX BeLeCTB VM pajualllOH-
HBIX TIOCNIE[CTBMII, IOTEHIMa/JbHblE aBapuyu Ha
A9C pmensrcs Ha 6 TUIIOB [2].

Jloxanvnas asapus. PaguallIOHHbIE TOCTIEN-
CTBMS aBapyUM OTPAHMYMBAIOTCA Ipefie/iaMy 00b-
exTa. [Ipu 3TOM BO3MO>KHO 00/TydYeHue epcoHana
U 3arpsAsHEHMe 3/IaHUIl U COOPY>KEHMI, HaXofsd-
muxcA Ha repputopun A9C, Bblllle YPOBHE, yCTa-
HOBJIEHHBIX 17151 HOPMaJIbHOJ 9KCITyaTalluu.

Mecmnas aeapus. PapyalioHHBIe TIOCHIE[-
CTBMS aBapyUM OIPAHMYMBAIOTCA IIpefie/laMy IIpU-
CTAaHIIMIOHHOTO IIOCENKAa Y HAaCe/leHHBIX ITYHKTOB B
paitone pacrnionoxkenuss A9C. IIpu 3ToM BO3MOXXHO
06y ueHe IIepCOHaIa M HaceIeHN A BbILIIe YPOBHeI,
YCTaHOBJICHHBIX JIJ11 HOPMa/IbHOM 3KCIITyaTal .

Teppumopuanvras aséapus. PaguanuoHHble
MOCTIEACTBUS aBapul OTrPpaHUYMBAIOTCA Ipefena-
My cybbekta Poccmitckoit @epepannm, Ha Teppu-
TopuM KoToporo pacnonoxeHa A9C, 1 BKJIIOYAIOT,
KaK IpaBUJIO, Be 11 60/ee aiMUHUCTPATUBHO-Tep-
puUTOpManbHble eAMHMIBI cyObekTa. Ilpm srom
BO3MOXKHO 00JTy4YeHNe IepCOHAIa U HacelIeHN A He-
CKOJIbKMX aJIMUHMCTPATVBHO-T€PPUTOPMAIbHbBIX
enuHNL cyopekta Poccumiickoit Pemeparuy Bbllie
YPOBHell, YCTAaHOB/IEHHBIX A1 HOPMAaJbHON 3KC-
ITyaTalum.

Pezuonanvuas asapus. PagmanyoHHBIE IIO-
CIIeICTBUAA aBapUM OTPaHMYMBAKIOTCA IpefienaMu
IBYyX 1 60ree cyobexToB Poccuiickoit Pepgepanyn
¥ IPUBOAAT K OOTTy4eHNIO HaCe/leHNs U 3arpsi3He-
HUIO OKPY>KAIOIEN Cpelbl Bbllle YPOBHEN, ycTa-
HOBJIEHHBIX [I/11 HOPMa/IbHOI 9KcITyaTanun. Ecnmn
IpU peruoHaNbHON aBapuM KOMMYECTBO JIIOfENL,
HONMYYUBIINX 03y OONydYeHUs BbIlIE YPOBHE,
YCTaHOBJIEHHBIX /1A HOPMa/IbHOM 3KCIITyaTally,
MOXXeT NPeBBICUTDL 500 YemoBeK UMM KOMUYECTBO
JTIOfiel, y KOTOPBIX MOT'YT OBITh HapYIIEHbI yCIOBYA
KM3HENeATebHOCTY, NMPEBbICUT 1 THIC. YeETIOBEK,
VLM MaTepUa/IbHBIN yiepd OT aBapyuy IPEBBICUT
5 MJIH. MMHMMAJIbHBIX pa3MepOB OIZIaThl TPY/a, TO
Takas aBapus 6yaer genepanbHOIL.

Tpancepanuunas asapus. PapualiioHHBIe 10-
CIIe[ICTBMSA aBapyM BBIXOAAT 3a TeppuTtopuio Poc-
curickoit Oemepannn, MO0 JaHHAS aBapusi IPoO-
M30LITa 32 pyb6e)XoM U 3aTparuBaeT TePPUTOPUIO
Poccuiickoit Pepgepanunmn.

Yucno pafpManMoOHHBIX aBapuil M IPOUCIIe-
CTBUII B MUp€ UCUNCIAECTCA He OfHMUM JE€CATKOM.
IIpuBeneM nX KpaTKuil peTPOCIEKTVBHBII aHAIU3.

1 cenmsbps 1944 e. CIIA, wrar Tennecu. B
OxK-PujKckoil HalMOHA/IBHOI naboparopun Ipu
NONBITKE IIPOYUCTUTL TPyOy B 1abopaTopHOM
YCTPOJICTBE IO OOOTAILeHNI0 ypaHa IIPOM3OIIeT

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

B3pBIB rekcadpTopupa ypaHa, 4To IPUBENIO K 00-
Pa30BaHMIO ONACHOTO BellecTBa — TUAPOPTOPU-
CTOM KUCMOTHL IIATh 4YesoBeK, HAaXOAVMBIIMXCA B
3TO BpeMs B J1a0OpaTOpuiy, MOCTPAfany OT KIC-
JIOTHBIX O>KOTOB ) BJBIXaHMSA CMECY PaJVOaKTUB-
HBIX VI KUCTIOTHBIX ITapoB. J[Boe 13 HUX moruo6mm, a
OCTaJ/IbHBIE MONTYYM/IN Cepbe3Hble TPaBMBI [3].

19 utons 1948 . O6bexT «A» KoMOMHaTa
«Masix» B Yensbunckoit o6mactu CCCP.

B CCCP mepBag Tskemass paJualiMOHHAas
aBapusA npousoua 19 nrona 1948 ropa, Ha cneny-
0L I JKe IeHb I0C/Ie BBIXO/ja aTOMHOTO peaKTopa
110 HapabOTKe OPYXKEITHOTO ITYTOHNUA (00BEKT «A»
koMOuHata «Mask» B YenabuHckoil o6macTu) Ha
IPOEKTHYIO MOIIHOCTb. B pe3ynbpTare HelocTaTO4-
HOTO OXJIQ)XX/ICHMSI HeCKOJIBKMX YPaHOBBIX 0/I0KOB
IPOM3OLIIO MX JOKaJbHOE CIIIaB/IeHNe C OKpY-
XawluM rpa¢puToM. B Xofe muKBUgany aBapun
00Ty4eHMIO TTOABEPICs BeCh MY)KCKOIl IepPCOHAs
peakTopa, a TaKXXe CONAATHl CTPOUTETBHBIX Oa-
TaJIbOHOB, IIPVBJ/IeYeHHbIE K TMKBUJALINY aBapuu [4].

3 mapma 1949 e. B pe3ynbrare MacCOBOTO
cbpoca kombuHaTom «Masik» B peky Tewa BbIcO-
KOAKTVBHBIX >KMIKMX PafMOaKTUBHBIX OTXOHOB
06Ty4eHMIO TIOABEPIINCh OKOIO 124 ThIC. YeoBeK
B 41 HaceneHHoM myHKTe. Hanbomnburyto o3y 06-
nydeHus nmony4unan 28,1 ThIC. Ye/I0BEeK, IPOXKMBaB-
VX B IPUOPEXXHBIX HACETIEHHBIX TYHKTAX 110 peKe
Teva (cpemHAs MHAMBUAYanbHaA f1o3a — 210 M3B).
Y dacTyu U3 HUX OBUIM 3aperMCTPUPOBAHBI CITydan
XPOHMYECKOI1 Ty4eBoit 6omesHu [3].

12 dexabps 1952 2. — aBapus B Yok-PuBepckoit
nmabopatopun, Kanapga, 5 yposenn INES.

Yok-PuBepckas maboparopus — MeCTo KpyI-
HBIX MCCIIEIOBAHNIT 1 Pa3pabOTOK /sl MOA ePK-
KJ VM Pa3BUTUS SANEPHBIX TEXHOIOIUIL, B YaCTHO-
cty, peakropHoit TexHuku CANDU. 12 nekabps
1952 ropa paspylieHue CTEPKHA 3aTBOpPa PEaKTO-
pa, B COYETAHMN C HECKOTBKMMM OIIMOKaMU Olle-
paropa, IpUBeIO0 K OONBLUIOMY BBIXOAY MOIIHOCTHI
(6oree yeM B [1Ba pasa BbIllle HOMMHA/IBHOI) peak-
topa NRX AECL. PagnoakTuBHBIE IPOLYKTHI [ie-
JIEHU A TIOMa/IM BO BHEIIHIOI Cpeny, a okono 3800
KyOM4eCKUX MeTPOB PaiiOaKTVBHO 3arPA3HEHHOI
BOJZIbI ObIJIO COPOIIEHO IPAMO Ha 3€MJII0, B Me/IKIe
TpaHIIeN HeTofjaneKy oT peku OTTasbl [4].

1 mapma 1954 e. CIIA ObplIu TpOBefeHBI
AfepHble VICIIBITAaHUS Ha arowle buxmum (Map-
IIa/ITIOBBI OCTPOBA) MOJ] KOIOBBIM Ha3BaHue Castle
Bravo.

B Havase 1950-X IT. TOHKa AJEPHBIX BOOPY-
JKeHMil OblTa B caMoM pasrape, npudem CIIIA B
Hell orctaBany oT CCCP. Y coBeTCKUX BOEHHBIX B
1953 1. yxe OblIa ToTOBast TepMosiiepHas 6omOa,
IpUrofHast K cOpachIBaHMIO C CAMOJIETa, B TO Bpe-
M Kak y CoennHenHbIX 1lITaToB - ele HeT.

1 mapra 1954 r. Ha atonne bukunm (Map-
IIAJI/IOBBI OCTPOBa) OBII B30pBaH COOpaHHBII
HaKaHYHe [IBYXCTyIeHYaTbl}l 3apsi Ha OCHOBE
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PucyHok 1 - BocmoyHo-Ypaneckuti paduayuoHHbit
cned npu «Kelwumsimckoli» asapuu
(http://souzchernobyinsk.ru/uploads/news/
nuclearcronics/nuclear_chronics_31.jpg.
JAama obpaweHus: 14.02.2021)

meiitepupa nutus-6. [Ipu aToM BbIEIUICS 06D-
€M SHepruy, 5KBUBAJIEHTHBIN 15 MeraToHHaM.
310 6BIIO caMOe MOIIHOE U3 BCeX SIIePHBIX WUC-
NBITaHMUl, KorAa-nubo nposoausuinxcs Coepn-
HenHbIMu [llTaTamu. PesynbTaToOM B3phIBa CTaIO0
MacmTabHOe paualMOHHOe 3aTrpsA3HeHNe OKpY-
Karomien cpeast [5].

29 Hosbps 1955 . «denoBedeckuit ¢pakTop»
NpUBeN K aBApUM Ha AMEPUKAHCKOM 3KCIIepUMEH-
tanbHOM peaktope EBR-1 (mrar Aitgaxo, CIIA),
4 yposenb INES. B nporjecce akcriepuMeHTa ¢ I1y-
TOHMEM, B pe3y/bTaTe HEBEPHBIX AEVCTBUII Ollepa-
TOpPa, PEaKTOp caMOpaspylumiIcs, Beiropeno 40%
€ro aKTUBHOII 30HBHI [3].

29 cenmsabps 1957 2. — KplThIMCKasi aBapus,
CCCP (6 yposens INES).

B xpaHunmie pafinoaKTUBHBIX OTXOL0B KOM-
6unara «Masik» B YensOmHCKOI 06macT B30p-
BajlaCb €MKOCTb, COfeprKaBlllasl pafilOaKTUBHbIE
BemlecTBa. CHenymanyucTbl OIEHWIM MOILJHOCTD
B3pbiBa B 70-100 T B TPOTUIOBOM 9KBMBAJIEHTE.

PapgmnoakTuBHOE 00MaKO OT B3pbIBa MPOIIIO
Hay, Yensbuuckoitr, CBepanoBckoit u TroMeHCKOI
obmactsiMu, 06pa3oBaB Tak Has3bIBaeMblil BocTou-
HO-YPa/lIbCKUil PafMOaKTUBHBIN C/Iel, IJIOIAJbIO
cBbinie 20 ThICAY KB. KM. [To orjeHKaM crmenmann-
CTOB, B IIepBble Yachl IIOC/Ie B3pbIBa, 0 3BaKyal[UN
C MPOMIIJIOIA/IKY KOMOMHATA, TOJBEPITIICH Pa3o-
BOMy 06y4ennio o 100 peHTren 6osee AT ThI-
cs14 YesioBeK (puCyHOK 1) [4].

B nuxBMpaanuy NocneAcTBUil aBapuy B Iepu-
of ¢ 1957 r. mo 1959 r. yyacTBOBanu OT 25 THIC. [0
30 ThIC. BOGHHOCTYXaImuX. B coBeTckoe BpeMs Ka-
tacTpoda Obla 3acekpeyena [4].

10 0Kmﬂ6pﬂ 1957 2. B YuHpckeiine, Benuko-
OpuraHusA, MpoM3oNUIa KpynHas aBapus (5 ypo-
BeHb INES) Ha ofHOM 13 [1ByX peaKTOpOB 10 Hapa-
60TKe OpY>KeITHOTO Iy TOHNA (PUCYHOK 2).
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PucyHoK 2 — Komniiekc 8 YuHOcKetisie, NOCMpPOEHHbIU
0511 npouszsoocmea niymoHrus (https://i2.wp.com/
souzchernobylinsk.ru/uploads/news/nuclearcronics/
nuclear_chronics_20.jpg.

Jlama obpaweHus: 11.02.2021)

BenepctBre ommOKy, ZOMYIIEHHON NP 9KC-
ITyaTallMy, TeMIlepaTypa TOIUIMBAa B peaKTope
Pe3Ko BO3pocCya, B aKTMBHOI 30He BO3HUK IIOXAp,
OPONO/DKABIINIACA B TedeHre 4 CyTok. Ilomyum-
U oBpeXxaeHnsA 150 TeXHOMOrMYeCKNX KaHajoB,
YTO IIOBJIEK/IO 33 CO00I1 BBIOPOC PaVIOHYK/INTOB.
Bcero cropeno okono 11 T ypana. PagnoakTusHbIe
OCAfIKV 3aTPSASHNUIN OOLIMPHBIE 00MacTy AHIINK
u Vpmanaum, pajroakTHBHOE OOMTAKO TOCTUIIIO
Benbrun, lanun, l'epmanuu u Hopserun [3].

3 auBaps 1961 1. - aBapusa B Aligaxo-Ponns,
mrat Argaxo, CIIIA (5 yposens INES). Ha Haun-
OHa/IBHOM CTaHIMM MCHBITAHUS PEaKTOPOB HpPoO-
U30II/IA TSKe/Masd aBapys Ha SKCIepUMeHTaIbHO
A3C, BBeieHHOI1 B 9KcITyarauuio B 1958 r. Cranu-
OHApPHBIN PeaKTOP MaJ/IOV MOLHOCTY HOMEDP 1, mn
SL-1, B3opBascs, youB Tpoux pabodyux U BbI3BaB
pacnaB/ieHne TOIUIMBHBIX 37IeMeHTOB. IIpuunHoit
HOCTY>XI/I HEIIPaBU/IbHO U3B/I€YEHHBIN CTepKeHb
Pery1mnpoBaHNs MOIIHOCTY peakTopa (PUCYHOK 3).

Xota peakTop M BBIOpOCMT B aTMocdepy
3 TBbk paauoakTUBHOIO J10fja, €r0 yAa/leHHOe Me-
CTOTIO/IOKEHME  IO3BOMVWIO MUHUMMU3MPOBAThb
YPOH, HaHeCeHHBII Hace/leHNIo [4, 6].

4 uronst 1961 2. Ha COBETCKOM aTOMHOM IIOJ-
BopiHOI nogke K-19, HaxopuBlleiicA B ceBepHOII
qacTy ATIAHTMYECKOTO OKeaHa, OblTa BbIsIBIEHA
HeWCIIPaBHOCTD SepHOTO peakTopa. Bce Bocemb
YJIEHOB 9KUIIAXKa, KOTOpbIe YCTPaHs/IN HEeUCIIPaB-
HOCTb peakTopa, YMepiau B TeueHue 3 Heflenb C
MOMEHTa aBapuu. PafuMallMOHHOMY 3apa’keHUIO
TaK)Xe MOJBEPICsl OCTANbHOI 9KMIaX U paboume
IOKa, peMOHTMpOBaBIINe JIOOKY. B nocnepyromue
HECKOJIbKO JIeT elle 20 4/eHOB 5KMIIaXka CKOHYa-
JINCBH OT JTy4eBoli 6oje3Hn [4].

17 ansaps 1966 e. ¢ aBuabasnpl CeitMyp-J]>KoH-
coH (CIIIA) Ha ouepefHOe MAaTPyIMpPOBaHNE BbIjIe-
TeJla Mapa CTpaTernyeckux OOMOapMpOBIIVKOB
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PucyHok 3 - A3C 8 Atidaxo-®onns,
wmam Atidaxo, CLUA
(https://miro.medium.com/max/6400/1*Rny4przjMBb
23a4BYNMe2A.jpeg.
Jlama obpawjeHus: 14.02.2021)

B-52 «Crparodoprpecc». Ha 60pTy Ka>kgoro camo-
JleTa HAXOAW/INCh YeThIpe TepMOsifiepHble 6OMOBI
B28RI momHocTBIO 1,45 MT TPOTUIOBOTO 9KBUBA-
JeHTa. AMEpPUKAHCKUII CTpaTerndeckuit bomoap-
mupoBIINK B-52G ¢ TepMosiepHbIM OpYy>KMeM Ha
6opty cTonkHyscs ¢ Tankepom KC-135 Bo Bpemst
JO3aIpaBKM B IOJIETE.

B pesynbrare katactpodsl morubnu 7 de-
JIOBEK U OBIIM TOTEPSAHBI YeThIpe TepMOs/iepHbIe
60oM6b1. Tpy U3 HUX ObIIN HaliJIeHBI Cpa3y, YeTBep-
Tas, ymaBllas B MOpe — JINIIb ITOC/Ie JBYXMeCsId-
HBIX MOVCKOB. [IBe 60OMOBI, ynaBiine HelojaneKky
ot ITanmomapeca, pa3pymmInch, BbI3BaB pafyaln-
OHHOE 3apa’keHle MEeCTHOCTH [7].

B anpene 1967 2. Ha xoMbuHaTe «Mask» Ipo-
M30IIeT O4YepefHOV pagMalMOHHbI MHIUJEHT.
Oszepo Kapauaii, xotopoe «Masik» MCHONTb30BaI
A cbpoca >KUAKMUX PafMOaKTUBHBIX OTXOHOB,
CUIBHO OOMeIeno; IIpU 3TOM OTONMMIOCH 2-3 Tek-
Tapa NpUOpPeXXHOI MOIOCHL U 2-3 reKTapa JHa 03e-
pa. B pesynbTare BeTpoBOro ImojgbeMa JOHHBIX OT-
JIO>KEHMII C OTOJIMBIIMXCA YYacTKOB JHA BOfoOeMa
OblTa BbIHECEHA paJMOAaKTVMBHAA IIbUIb. Dblma 3a-
I'PsASHEHA TeppUTOpUA B 1,8 THIC. KBaIpaTHBIX KI-
JIOMETPOB, Ha KOTOPOI1 IIPOXXMBaJIO OKO/O 40 ThIC.
qestoBeK (pucyHOK 4) [3].

21 saueaps 1968 .. Hap 6asoit BBC CIIA
«Tyne» B I'peHnmaHAguM HpoM3OLIIA aBMAKaTa-
crpoca. ITocse BO3HUKHOBEHNSA MOXKapa Ha 60pTy
cTparermyeckoro 6ombapauposijuka B-52 sku-
Ha>X OBUI BBIHYX/IEH SKCTPEHHO MOKMHYTb CaMO-
net. Heympasnsemas MalIyMHa IOTepIena Kpylle-
Hue BOMM3M 6a3pl. BOMOAPAMPOBIIMK BBIIOMHSIT
0oeBoe MIATPyIMpOBaHNME B paMKax ollepanun
«XpOMUPOBAHHBII KYIO/I» 1 HEC YeThIPe TePMOsi-

PucyHok 4 — Osepo Kapauyati, CCCP
(https://wp.com/souzchernobylnsk.ru/
uploads/news/nuclearcronics/
nuclear_chronics_08.jpg.

Jlama obpawjeHus: 13.02.2021)

nepHble 60MObI B28FI. B pesynbrare mageHus ca-
MOJIE€Ta, OCTAB/IEHHOTO 3KMUIIaXKeM, TEPMOsAIEpHbIe
Ooenpuiacel paspyuInINCh, BbI3BaB pafilalifiOH-
HOe 3apa)keHVe MeCTHOCTI .

B 1969 o. mMena MecTO aBapusA IOA3EMHO-
ro sigepHoro peaxkropa B JlioueHce (IlIBeitijapus),
5 yposenb INES (pucynox 5). Ilemepy, rae Haxo-
OWICS PEAKTOp, 3apakeHHYIO pafiMOaKTMBHBIMU
BBIOpOCaMM, IPUIITIOCh HABCETa 3aMYyPOBaTh.

B mom xe 1969 2. mpousomna aBapus BO
COpanuun - Ha AIDC «Cparoit JlaBpeHTHI»
B30pBaJICAd 3allyLIeHHbIl peaKTOp MOLIHOCTbIO
500 mBT1. Okasanoch, 4To BO BpeMs HOUHOII CMe-
HBI OIIEPAaTOp IO HEBHMMATE/IbHOCTY HEIPaBU/Ib-

PucyHok 5 - Oneimuaa A3C e JlioyeHce
(LWeetiyapus), 1989 a.
(https://nashagazeta.ch/sites/default/files/
styles/article/public/bez_imeni.jpg?itok=NTZI8Sjc.
JAama obpawenus: 13.02.2021)

2 Bukumnenus. CBobopnnas snumkiaonenus. URL: https://ruwikipedia.org/wiki/Croncok_pagnanoHHbIX_aBapuil

(mara obparenns: 14.03.2021).
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K.H. AKKy3uH

PucyHok 6 - A3C «Ces-
moli Jlaspeumuli» (https://
www.topnews.ru/upload/
photo/0f21c685/05e54.jpg.
JAama obpaweHus: 13.02.2021)

HO 3arpysm/ TOIUIMBHBIN KaHal. B pesynbrare
4acTb 3/IEMEHTOB Ileperpenach M pacllaBUIACh,
BBITEK/IO OKO/IO 50 KT XXMJKOTO AJJepHOTO TOININ-
Ba [3] (pucyHOK 6).

18 ansaps 1970 2. npousollIa pafgyaliOHHa s
aBapusa Ha 3aBofie «Kpacnoe Copmoso», CCCP.
Ilpn cTpoutenbcTBe aTOMHOM IOJBOMHON JIOIKMU
K-320 mpousomuen HepaspellleHHbIN 3alyCK peak-
TOpa, KOTOPBII 0TpabOTall Ha 3allpefie/IbHOI MOIII-
HOCTU OKomo 15 cekyHnp. Ilpm stom mpomsonuio
panoaKTUBHOE 3aparkeHle 30HBbI 11eXa, B KOTOPOM
CTPOMIOCH CYAHO (PUCYHOK 7).

B mexe HaxoAMIOCh OKOMO 1 TBIC. pabodux.
PagmoakTuBHOro 3apakeHus MECTHOCTU YAAlIOCh
n36e>XXaTh U3-3a 3aKpbITOCTH Ijexa. OCHOBHbBIE pa-
0O0TBI IO MKBUAALMYU aBAPUU IPORO/DKANCDH [0
24 ampens 1970 r. B Hux npuHsio yuactue 6onee

PucyHokK 8 — B3pbi8 Ha 00HOU nsiouwjadok 0114 adep-
HoeIX ucneimaruti FOkka-®nam.
(http://souzchernobylnsk.ru/uploads/news/
nuclearcronics/nuclear_chronics_30.jpg.
Jama obpaweHus: 13.02.2021)
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PucyHok 7 - AmomHas no08ooHas nooka K-320
(http://souzchernobyinsk.ru/uploads/news/
nuclearcronics/nuclear_chronics_11.jpg.

Jama obpaweHus: 13.02.2021)

Toics1YM 4enoBeK. K anBapio 2005 I. B )XMBBIX U3
HUX ocTanoch 380 yenosek [4].

18 dexabpsi 1970 e. — FOkka-®nar, mrar He-
Baja, CIIIA. Okka-®naT ABASETCSA OJHON U3 IIJIO-
mamoK AnA AfnepHbIx ucneitanuit B CHIA (pucy-
HOK 8). 18 mekabps 1970 r. mpu metonanuu 10 KT
aTOMHOJ 60MOBI, 3aKOTIAHHOII Ha ITTy6uHe B 275 M
IOZ, 3eMJIeil, IUIUTA, Y/iep>KUBaBIIasl B3PbIB, TPec-
Hy/a, ¥ B BO3[yX IOAHAJCA CTONO pafMOaKTUB-
HBIX OCaJIKOB, B pe3y/bTaTe 4ero ObII0 001y4eHO
86 d4enoBeK, NMPMHMMABIINX Y4YacTHE B MCIIbITA-
HuAX. PaguanyoHHble ocajiky BbIIIAIN B OKpYTe.
Kpome Toro, ux Takxe oTHec/10 Ha cesep HeBappl,
B IITaThl Alifaxo u Kam/[(bopHmo, a TaK>ke B BOC-
TOYHBIe yacTyu mrTaToB OperoH u BammuHrron. B
1974 1. gBa cnenyanucTa, KOTOpble MPUCYTCTBOBA-
IV IPY B3pBIBE, YMEP/IN OT JlefiKkeMun [4].

30 Hosbpss 1975 e. — aBapus Ha JleHMHTpaj-
ckoit A9C, CCCP (3 yposenb INES). [lannas aBa-
puA IO BHEIIHMM IIPM3HAKaM OYeHb IIOXOXKa Ha
4epHOOBIIbCKYI0. B pesynbprate mnpekpalieHms
TeI/IOCheMa 13 TeXHOMIOTMYECKOTO KaHaja paspy-
IIV/IACch TEIIOBBIfieIAONmas cOOpKa M IPOLYKTHI
menenns ypaHa (Csl137, Cs134, Cel44, Sr90 n 1.1.),
a TaK)Xe TpaHCypaHOBbIe 7eMeHThl (Pu238, Pu239,
Am241 u p.) okasanuch B rpadUTOBOIL K/IafIKe pe-
aKTopa. ABapuMilHBIN BEIOPOC PaAMOaKTUBHOCTY B
aTMocdepy Ipofo/Kancsa B TedeHue Mmecsna. ITo
Pa3HBIM OLIEHKaM, B OKPY>XAIOLIYI0 Cpefy MOIaso
oT 137 Thic. 1o 1,5 MiH Ku pagnoakTUBHBIX Be-
mecTB. TOHHBI )XMIKUX PaiOaKTUBHBIX OTXOJ0B
6bu1n cOporens B bantuiickoe mope [4].

22 gespans 1977 2. — aBapua Ha A9C B bo-
ryHutie, YexocnoBaknus, 4 yposenb INES. Peaktop
KC-150 6bIn 9KCIEepUMEHTANbHON pPa3paboTKoI
I paboThl Ha ypaHe, foObIBaeMOM B Uexoc/oBa-
kuy. HecMoTps Ha 3TO, Ha IIepBOM B CBOEM poOfe
KOMII/IEKCe OBITIO MHOXKECTBO aBapMil, I03TOMY 3a-
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KPBITb €TI0 NO/DKHBI Obuin 60rmee 30 pas. B 1976 T.
1oru610 ABoe pabounx, HO caMasi y)KacHast aBapus
npousonuia 22 ¢pespans 1977 1., KOrfa OfUH U3 pa-
004MX BO BpeMs OOBIYHOI CMEHBI TOIIIBA HEBEP-
HO BBITALIM/ CT€pP>KEHb PerylMpoBaHUs MOLIHO-
CTHU peakTopa. ITa ounbKa BbI3BaIa MACIITAOHYIO
YTEUKY pailOaKTVBHBIX BellleCTB U3 peakTopa [4].

24 aneaps 1978 2. COBETCKMII CIIYyTHUK MOP-
CKOJM KOCMUYECKONM CUCTEMBI PasBElKU U Le/ey-
KasaHuA KocMoc-954 ¢ AnepHO 3HEpreTMYecKon
YCTaHOBKOJI Ha 60pTy yman Ha Tepputopuio Kana-
IBl, BbI3BAB pafioaKTUBHOE 3apakeHue 4actu Ce-
Bepo-3amaHbIX TeppUTOpuit [6].

28 mapma 1979 . mponsomna aBapusa Ha ASC
«T'pu-Maitn-Aitneny» B 1mrare [leHcunbpBaHMA,
CIIA (5 yposenn INES), koTopas crana ogHUM U3
CaMBIX Cepbe3HbIX MHIN/IEHTOB B aTOMHOII 3Hep-
retuke CIIA.

B pesynbrarte cepun cboeB B pabote 060py/io-
BaHNUs U IPyOBIX OMIMOOK OIepaToOpoB Ha BTOPOM
sHeprobmoke ADC mpousouyIo pacmnasienne 53%
aKTUBHOII 30HBI peakTopa. B armocdepy 6b1y BbI-
OpolleHbI MHEPTHBIE PAaJVIOAaKTUBHbIE I'a3bl — KCe-
HOH 1 Jioi. Kpome Toro, B pexy CykyaxaHa 6b1/10
copomeno 185 m* cmabopapnoakTMBHON Boabl. VI3
paiioHa, o[ BEPTLIETOCA pajMaliiOHHOMY BO3JEN-
CTBMIO, OBIIO 9BaKkynpoBaHo 200 TbIC. YemoBek [3].

13 mapma 1980 2. — aBapua Ha ADC CeH-Jlo-
pan-zie3-O, ®pannus (4 yposenb INES). Apapus
Ha A9C Cen-Jlopan-fie3-O - caMblil TsXKeNblil pa-
AMALVOHHBIMI MHUMJEHT Ha AJepHBIX O0beKTax
Opannun.

VHUMAEHT mHpomsoleT Ha BTOPOM OJIOKe
(SLA-2), ocHameHHOM TIpaUTO-Ta30BBIM peak-
topoM UNGG (Uranium Naturel Graphite Gaz)
motHocThio 500 MBT, paboraromiem Ha mpupoa-
HOM ypaHe I OX/Ia>K/laeMbIM YITIEKMC/IBIM Ta3oM. B
17 4. 40 MMH. peakTOp ObLI aBTOMaTUYECKY 3aITIy-
II€H M3-3a Pe3KOT0 IIOBBILIeHM I aKTUBHOCTU. bbl1o
BBISICHEHO, YTO IIPON3OIIIO YACTYHOE pacCIl/IaByie-
HJ€ aKTUBHOI 30HbI, BbI3BAHHOE KOPPO3MENl KOH-
CTPYKLVMOHHBIX 3/7IEMEHTOB TOILIMBHBIX KaHaJ/OB.
B reuenme 29 MecsAIeB NpOBOAMINCH pabOTHI IO
OYNCTKE peaKTOpa OT PACIIABIE€HHOTO TOIUINBA,
B KOTOPBIX y4acTBOBajn0 OKono 500 yemosek. B
Ipoliecce NMKBUAALMY aBapuy ObLI IPOU3BeeH
BBIHY>KJ€HHBIII KOHTPOMUPYEMBbIIT BBIOPOC pafno-
aKTMBHOTO jtofa B atMocdepy (B o6beme 0,37 I'Bk).
brnok SLA-2 oxoHYare/lbHO BEpPHYJICSA B CTpPOIt
TO/BKO B 1983 T., HO €ro MOLIHOCTD ObI/Ia OTrPaHN-
yeHa 450 MBrt. Brox 6s171 3akpsIT B 1992 1.[4].

B 1982 r. B MypMaHCKoI1 06/1aCTH IIPOM30IIIa
KpyIHelIIas IO CBOMM MaclitabaM pajuanu-
OHHas aBapus Ha 569-i1 6eperoBoil TeXHMYECKON
6ase B rybe AHppeeBa, Ile pacIoarajaoch xpa-
HIINIE OTPabOTaHHOTO ANEPHOTO TOIUIMBA, Pac-
IIOJIOKEHHOE B 55 KM CeBepo-3amajHee MypmaH-
cka u B 60 kM oT rpanuubl HopBernn Ha Oepery
3anuBa 3amagHas muua (Kombckmit momyocTpos).

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

PucyHok 9 - locsiedcmeus paduayuoHHoU
kamacmpocgpol Ha YepHobbinbckoli ASC
(http://souzchernobyinsk.ru/uploads/news/
nuclearcronics/nuclear_chronics_28.jpg.
JAama obpawenus: 15.02.2021)

Ha xpanunuie npousomnia yredka paguoakTHUB-
HOJI1 BOAbI U3 6acceiiHa 3maHusa Ne 5. JIukBumaums
aBapun 1a ¢ 1983 r. mo 1989 r.. 3a 3TOT IEpUOL B
Bopbl bapenueBa Mops BBITEKNO 0K0mO 700 ThIC. T.
BBICOKOPai0aKTUBHOI BOABL. B nuKkBUAanum aBa-
pMM y4acTBOBAJIO OKOJIO 1 ThIC. YemoBek [4].

7 pespans 1983 o. cnyrHuk Kocmoc-1402 mo-
C7le 3aBepIIeHM s 3a/1a4y He CMOT BBIIITY Ha OpOUTY
3axopoHeHUsA. PeakTop paspymmicsa Hapj ATnaH-
TUYECKVMM OKeaHOM, paccesiB B aTMocdepy 44 Kr
ypaHna [6].

10 aseycma 1985 e. — aBapus B 6yxre Haxma,
CCCP (5 yposens INES).

ABapys NpousollIa Ha AaTOMHOJN MOJBOJHOI
nopke K-431 npoekra 675, KoTopasi HaX04UIach y
TMpca i1 epe3apAnKN aKTVBHBIX 30H PEaKTOPOB.
IIpu nogbeMe KpbIIKM peaKTopa IIaBy4MIl KpaH,
yHAEpKMBABIINII KPBIIIKY peakTopa, MOJHAN ee
C/IMIIKOM BBICOKO, ¥ peaKTOp BbIILe]I Ha ITyCKOBOIA
PEeXIUM, 9TO BBI3BAJIO TEIJIOBOV B3pbIB. MTHOBEH-
HO norn6mu 11 o¢puiepoB 1 MaTpocoB, OCYIIeCT-
BJIABIINX OIepalLuio. VIX Tema OblIM MpaKTUYeCKN
IIOJTHOCTBIO MCIIApeHbI B3PbIBOM. B LleHTpe B3pbiBa
YPOBEHD pafialiviy, ONIpee/IeHHbI BIIOCTIENCTBUN
IO yLie/IeBIIEMY 30/I0TOMY KOJIbILLY OJJHOTO U3 IIO-
rubmux oduiepos, cocTapusAn 90 ThIC. peHTreH/
yac. Ha nmogBogHOIL 10fKe HavyancsA MOXap, KOTo-
PbIif COMPOBOXKAA/ICSA MOIIHBIMU BBIOpOCAMM pa-
OVI0OAKTMBHOM IbIM U Napa. VI3BeCcTHO, YTO BCEro
B pesynbTare aBapuy nocrpapganu 290 yenosex. V3
HuX 10 morn61m B MOMeHT aBapuy, y 10 3apukcu-
poBaHa ocTpas nydeBas 60/e3Hb, y 39 — nydeBas
peakums [4].

26 anpensa 1986 2. — pafualVOHHas KaTa-
crpoda Ha Yepnobsunibckoit ADC, CCCP (7 ypo-
BeHb INES). B Houb ¢ 25 Ha 26 anpens 1986 r. Ha
yeTBepTOM 6710Ke UepHOoOBITBCKOIT ADC 1Mpouso-
II/Ia KpyIHeiillasAa B MUpe sAflepHas aBapus C 4a-

155

MLDOHDVLOE39 9Xd WVYD0dLOg WI993hOilrd OU MUTNIHAL




w
L
oc
>
-
|9
17|
—
>
=
oc
>
|9
1]
w
V
[aa]
=
L
o
(%]
L
>
(2]
=4
>~
11]
=

K.N. Akkuzin

CTUYHBIM pa3pylLIeH/eM aKTVBHOI 30HbI peaKTopa
U BBIXOZIOM OCKOJIKOB JI€TIEHM:A 3a Ipefie/ibl 30HbI
(pucyHok 9).

B pesynbrare katacTpodsl B aTMOCPepy ObII0
BbIOpOLIEHO OKO/Mo 190 T pajgMOakTUBHBIX Be-
mecTB. 8 n3 140 T pagMOaKTUBHOIO TOIUIMBA pPeak-
TOpa OKasajuch B Bozayxe. Hacenenne B YepHOOBI-
Jie TIOABEPINIoCch obmydeHuto B 90 pas Gonbluemy,
4eM Ipu najeHnyu 6oM6s1 Ha Xupocumy. B pesyb-
TaTe aBapuyM IPOM3OLUIO PafMOaKTMBHOE 3apa-
JKeHIe MeCTHOCTM B pajgmyce 30 KM. 3arpssHeHa
Tepputopus mwomaznsio 160 teic. kM2, [Toctpagann
ceBepHas 4acTb YKpauHbl, bemapyco n 3amag Poc-
cun. PapimanoHHOMY 3arpA3HEHMIO ITOJBEPIINCH
19 poccMICKMX PErMOHOB C TEPPUTOPMEN IIOYTU
60 ThIC. KM? 1 C Hace/leHueM 2,6 M/IH 4eloBeK [3].

13 cenmsabps 1987 e. 6 eopode Ioanus, Bpa-
3WINA, TPOM3OIIET OfVH M3 CaMBIX CTPaIIHBIX
Clly4aeB pafMaljiOHHOTO 3apa’XeHMU:A MECTHOCTH,
5 yposenb INES. VIHcTUTYyT paguorepanuu nepe-
exasl, OCTaBUB B CTapOM IOMeIL|eHUN YCTAaHOBKY
U1 pajioTepanuy, B KOTOPOJ BCe ellle HaXOAM/ICS
X/IOPUJ Le3nsl.

Mapogepsbl, Halleflne YCTaHOBKY, BBIBE3/IN
ee C TeppuUTOpyM OONBHUIIBI Y IIPOfAIN Ha CBAJI-
Ky. Brapieren; cBaku IpuIiacun pogcTBEHHUKOB U
Apy3ell HOCMOTPETb Ha CBeTALIeecs TOMyObIM CBe-
TOM BelllecTBO. Bce OHM IOTOM pasouInCh 10 FOpo-
Iy ¥ Haya/IM 3apakaTh pajyanyeli CBOUX ipysei u
poncTBeHHMKOB. OObI1jee YMCIO 3apa>keHHBIX COCTa-
BIJIO 245 4eIoBeK, YeTBepo 13 HUX yMepiu [4].

6 anpens 1993 e. Ha pagOXMMUYECKOM 3aBOJie
CHOMPCKOro XMMIYECKOTO KOMOMHATA ITPOM30ILIeT
B3pbIB. B pe3yibrare B3pbIBa ObUT pa3pylileH OfYH U3
almapaToB IO SKCTPAKLUM YpaHa U IUTyTOHMS, CO-
Iep>KaBILINI pacTBOp HUTpaTa ypanuia. [Ipu B3pbise
3HaYMTe/IbHAsA YacTb IUTYTOHUA U APYTUX PafiNoaK-
TUBHBIX Bell|eCTB Obl/1a BLIOpOILIIeHa B aTMOC(epy.

Ilocne aBapuu Ha paccTogHUM 8 KM K CeBe-
PO-BOCTOKY OT MeCTa aBapyy pafMaloHHbI GOH
cocraBu io 300 MUKpopeHTreH/4ac. B pesynbrare
aBapuy IOfIBEPIINCh PafMOAKTUBHOMY OO0myde-
H1IO 1946 yenosek. JKepTB Ipu B3pbIBe U TUKBU-
Januy aBapuy He ObI0. VIHAEKC 10 MeXIyHAPOJ-
HOJI 1IKase sigepHbIx cobprtnit INES-4 [4].

17 uwwons 1997 2. B maboparopuu Bcepoccmit-
ckoro Hayd4Ho-McciemoBaTenbcKOTO MHCTUTYTA
aKcrepuMeHTanpHON ¢usuku (BHUMO®D) npwu
MOHTa)ke 000pY/JOBaHVA Ha 9KCIIePUMEHTAIbHO
YCTaHOBKE BCIIEICTBME HApYILIEHNs peIaMeHTa
paboT co3manuch YCIOBUA [JIsI BOSHMKHOBEHNA
CaMOIIPOM3BOJIbHON LEMHONM ANEPHON pPeaKLUMN.
[Tponsomna sAfepHas BCHbIMIKA C Pe3KUM IIOBBI-
IIEHNEM TEeMIIEpaTyphl M OJHOBPEMEHHBIM 00pa-
30BaHMEM MOIIHOTO HENTPOHHOTO WU3Iy4YeHUA.
MoIHbI TOTOK HENTPOHOB VMHULIMMPOBAN BO3-
HUKHOBEHIEe HaBe[[eHHOTO YKeCTKOTO IaMMa-13/Iy-
4YeHNA. B pesynpTaTe peakuuy BO3SHUK IIOCTOSH-
HBIl MICTOYHUK Telja ¥ HeTpoHOB. COTPyOHUK
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SAEPHOTO IIeHTpa, IPOBOAMBIINII SKCIEPVMEHT,
HONYYVJI CMEPTENbHYI0 103y obmydeHns. IIoBbI-
IIeHVe TeMIlepaTypbl MOIJIO IPUBECTY K TEIJIOBO-
MY B3pPbIBY ¥ BO3TOPAHMIO PaJJMOAKTUBHBIX Mare-
puanoB ¢ oOpa3oBaHMeM adpO30J1, KOTOPBIT Ipu
BBIOpOCe 13 NIOMelleHN s TabopaTopuM BbI3BAJI OB
CUIbHOE pafiOaKTVMBHOE 3arps3HeHMe BO3[yXa U
MecTHOCTH [8].

30 cenmsabps 1999 e mupomsomia apa-
pus Ha AfgepHoM oObekTe Tokaitmypa, SAmonnsa
(4 yposensn INES). Ha 3aBoje 10 M3TOTOB/IEHUIO
romnuBa ansa ADC B HayyHOM ropopke Toxaii-
mypa (mpedexrypa lbapaku) m3-3a ommbkn
IepPCOHa/Jia Hayajach HeylpapideMasd IlelHas
peakuMsA, KoTopass INPOJOJXKaaach B TedeHUe
17 4. O6my4ueHno nopseprinch 439 yenosex, 119
13 HUX TIOTYYVIN J03Y, HPEBbIIIAION]YIO €XKeTOfI-
HO JIONYCTUMBIN ypoBeHb. Tpoe pabounx momy-
YVIM KpUTUYEeCKUe NO3bl o0nydeHus. [JBoe u3
HUX CKOHYaINUCh [3].

11 mapma 2011 200a pou3OIIIa aBapyus Ha
ASC Oykycuma-1l, SAnonmsa (7 yposenn INES).
[TprunHO aBapum CTajgO pa3pyLIMTEIbHOE 3eM-
JIeTpsiCeHVIe MaTHUTY/OI 607tee 9 6anoB, KOTOpoe
OBbIIO IPU3HAHO CAMBIM CUJIBHBIM 3e€MJICTPCEHMN-
eM B uctopun Snonun. Tomyku Ha Ty6mHe 60mee
32 KM IapanusoBaay paboTy MATON 4acTU BCeX
9Hepro6/10koB B SIMOHNM, KOTOpble HAaXOAVINCDH
IIOZ, YIIpaBJieH)eM aBTOMATVKM U IIpefycMaTpuBa-
M TaKylo cuTyanumwo. llyHamu, KoTopoe HaKpbIIO
Anonuio cmycTa momyaca mnocje 3eMjeTpsACeHU,
BBIBEJIO U3 CTPOS CUCTEMY ABAPUIIHOIO NMUTAHNUA
OXJIQXKJEHMS peaKTopa.

Ilepconan ASC npunoxmun Bce yCUINS, YTO-
OBl JaTh OX/IA)KJEHME Ha pacKaJieHHble PeaKTOpBbl,
OflHAKO Tpareguy u30exaTb He ypamoch. Bopo-
POZX, CKONMBIIMIICA B KOHTYpPax II€PBOTO, BTOPOTO
U TPETbero peaKTOpOB, CO3fal TaKoe JaBJIeHME B
ClCTeMe, 4TO KOHCTPYKLIMA He BblfiepyKajia M pas-
Jajach cepyus B3PBIBOB, BBI3BaBIIAsg OOpylIeHNe
9Hepro6/I0KOB. B BO3yX MORHAMUCH PafMOaKTVB-
Hble MeTAJI/Ibl X I'a3bl, KOTOpPble pacCIpOCTPAHMUIIUCD
1o OnM3jexxaleil TeppUTOPUM M ITIONANU B BOJBI
okeana. [Tocne kaTacTpodbl Ha aTOMHOM CTaHLNU
«PykycuMa-1» 6b1710 3BaKyMpoBaHo 6omee 120 ThbIC.
JKUTerelt O/usIeXxalux Tepputopuit [4].

8 aseycma 2019 2. B pailoHe PaKeTHOTO IIOIN-
roHa BM® Poccun «HeHOKc» B ApXaHTenbCKON
0071aCTV IIPOM3OIIJIA HEIITaTHAS CUTYalus B XOfe
VICTIBITAHMIT BOEHHOV TeXHUKM (pUCyHOK 10).

B pesynbraTe MHIN/IEHTA IATb Ye/IOBEK IIO-
rmbaM Ha MecTe, IBO€ CKOHYAJINCh OT TPaBM B
OOIBHIIIE U ellle YeTBepO MOCTPaAaBIINX Oy Y-
M BBICOKME JIO3bI 0Omy4eHns. VIHIUIeHT puBes
K KpaTKOBPEMEHHOMY IIOBBILIEHMIO pPaJUalMOH-
Horo ¢ona B CeBeponsuHcke. [To coobuienno Mu-
HICTepCcTBA 000poHbl PD, mpuunHOi MHIMAEHTA
SIBUJICA B3PbIB XXUAKOCTHOIO PAaKeTHOIO JBUTATe-
na. Ilosxxe rocymapcrBeHHass kopropauns «Poc-
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aTOM» COOOIINMIIA, YTO B [BUTaTe/IE UCIIONb30BaICs
PafMON30TOIHBIN UCTOYHUK NUTAHUA [4].

2. AHa/mmM3 mpuMeHeHNMA PoOOTU3MPOBAH-
HOJl TeXHMKM U POOGOTOTEXHMYECKUX KOMIIIEK-
COB /Il TMKBUAAL MY MOCTIECTBII paJayiOH-
HBIX aBapuii.

BospelicTBre BBICOKMX YPOBHEN pafuanumn
Ha 4ye/loBeYeCKUI1 OpraHU3M B pe3ynbTaTe pajua-
IIVIOHHBIX aBapuil 00yc/IaBIuBaeT HEOOXOAMMOCTD
COBEpIIEHCTBOBAHMSA MMEIOIUXCA U Pa3paboTKu
HOBBIX COBPEMEHHBIX TEXHUYECKUX CPEJICTB U TaAK-
TUKM UX INPUMEHEHUs A/ IUKBUALUN IIOCIe]-
CTBUII TAKUX aBAPUIL

[TosTOMY aKTyanpHOCTb IPUMeHeHUsA pobo-
TU3VPOBAHHON TEXHUKU IJI paiMallIOHHON pas-
BEIKM MECTHOCTM U JMKBUFALUM IOCIEeNCTBUIA
aBapuil Ha pafMaIMOHHO ONACHBIX OOBEKTaxX He
BBI3bIBAE€T COMHEHMIL.

IIprMeHeHMEe [OUCTAaHUVMOHHO YIIPAaBIAEMON
U poOOTU3MPOBAHHON TEXHUKU B sIfIEPHOI IPO-
MBIIIJIEHHOCTY He sIB/IsieTcsl MHHOBanueir. OfHnM
U3 IIepPBBIX pOOOTOB, Ipe/jHa3HAYEHHBIX /I IPaK-
TUYECKOTO IPUMeHeHUs, ObUI pa3pabOTaHHBIN B
1958 1. xommnanueit Xbio3 JitpkpadT poboT mIA
obpalieHNs ¢ pafiOAKTUBHBIMYU MaTepuasaMy Ha
ApepHbIX ycraHoBKax CIIIA [9].

Vcnonp3oBanue mMofoOHON pPOOOTU3NPO-
BAaHHOI TEXHUKY 00€CIIedNBaIo JOCTYII K TAKUM
30HAM Ha fA[IepHON YCTAaHOBKE, B KOTOPBIX Tell-
JoBas MAM pajyalMoHHas OOCTaHOBKa Jejana
HEBO3MOXKHBIM WM OTPaHMYMBajIa IIpeObIBaHMe
4yesloBeKa.

BriepBble poOOTOTEXHMKA NPUMEHSIACh IPK
MUKBUALNY IIOCTEACTBMI pajiMaliiOHHOI aBa-
pun Ha ADC «Tpu-Maiin-Aiinenn» B MapTe 1979 1.,
KOTOpas CTaja OFHMM M3 CaMBIX Cepbe3HbIX MH-
LMIeHTOB B aToMHOI1 sHepreTuke CIIIA. bonbias
YacTh aKTVBHOI 30HBI peaKkTopa OblIa paspylieHa
Y MHOTYIe TeEXHOJIOTMYeCKMe TOMeIlleH A CTaIN He-
TOCTYIIHBI [/ YeTIOBEKa.

Hambonee mmpokoMacmTabHOM TMOMBITKOM
JICIIO/Ib30BaHMA POOOTOB IIpM JTMKBUAALVM IIO-
cnenctBuit Ha ADC «Tpu-Maitn-Ajtnens» crano
IpUMeHeHNe po60Ta AUCTAHIIMOHHONM PEeKOTHOC-
uupoBky (RRV), Ha3BaHHOTO «CKUTanbleM», s
obcmeloBaHMA MO BATbHBIX IOMEIEHUI 3alNT-
HOJ 0607104Ky peakTopa [10].

Ha craHnum mMcrnonbsoBa/much TPU TaKUX Po-
60Ta, 1Ba 3 KOTOPBIX [€ICTBOBA/IM B Haubortee 3a-
TPASHEHHBIX IIOMEIEHUAX U OCYILECTB/IANIM 3aMe-
pbl papnanyu (octurasmieit 10-30 3B/4) n apyrux
IIapaMeTpPOB, Ilepefady BUAeoM300pa>keHNst OT TPex
TeslekaMep, co6op 0OpasLioB, CHATHE U YaleHue pa-
AVOAKTUBHO 3arpsA3HEHHOTO C/0si OeTOHa C IO
KOHTEITHMEHTA ¥ HEKOTOPbIe IEMOHTa>KHbIE PaOOTBL.

Po6or Louie, HBe yCOBepIIEHCTBOBAaHHBIE
Mopudukanyuy kotoporo paboranu Ha ADC «Tpu-
Maiin-Avinens», 611 co3nan panee Westinghouse

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

PucyHoK 9 - PacnosioxeHue uchbimamesibHo20
nosnuzoHa nod CesepodsuHckom (https://i1.wp.com/
souzchernobylinsk.ru/uploads/news/nuclearcronics/

nuclear_chronics_13.jpg.
Jama obpaweHus: 15.02.2021)

IJ1s IVIOIAAKY SI/IePHO-OPYKeITHOrO KOMII/IEKCa B
XaHpoppe, mrar BammHrron. 910 651 MHOTOLE-
7eBOJi MaHUIYIATOP C TPOMO3JKMMM KaMepaMm
U OCBelleHNeM, YCTAaHOBJIEHHBIVI Ha T'yCeHMYHYIO
mwiatdopmy. OfVH U3 3TUX POOOTOB UCIIOIB30BATI-
cs 71 3aMepa pafialiluy B MeCTaX, HeTOCTYIIHbBIX
nna RRV; Bropoll npumeHsAncs mid OYUCTUTENb-
HBIX pabor [10].

Po6ot Fred Becom okomo 200 Kr mpefcraB-
NS co00J y/jalleHHO YIPaB/IsAeMblil MaHMITYIIS-
TOp, CIIOCOOHBIN MOAHATH TPY3 BECOM C YelloBeKa
Ha IByXMeTPOBYIO BBICOTY. OH OBLI yCTaHOBJICH Ha
IIECTUKOJIECHYIO IIOTHONPMBORHYIO IIIaTdopmy,
OCHAIIEH MOJKON BBICOKOTO JaB/I€HUS VM MCIIO/Nb-
30BaJICA IJIA Ie3aKTUBAIVY ITOMEIIeHNIT 1 0060py-
LOBAaHM S BO BCIIOMOIaTe/IbHBIX 3gaHmAx [10].

B asrycre 1982 r. gna ¢ortorpadupoBaHus
U TIO/IyYeHMs AHHBIX 00 YPOBHAX pajMalMy Ha
atoit ASC 6s11 puMeHeH pobot SISI, mpepcras-
JIAIOMNIL COOOII TYCEHUYHYIO ITATPOPMy Maccoit
12 Xr c HaBeCHBIM OOOpyZHOBaHMEM [9)].

Iop BimsHuem aBapuu Ha A9C «Tpu-Maitn-
Anenp» B 1980-x rr. O6bIT pa3paboTaH LBl Psf
HOBBIX POOOTOB JI/IS1 aTOMHOJI OTPAC/IN, TAKUX KaK
IRIS, ODEX, Kluge, Rocomp, Surbot, Surveyor (re3-
Ka coBpeMeHHoI1 paspaborku GE Hitachi). Ocoben-
HO PEBO/MIOIVOHHBIM JIJIi TOTO BPEMEHN Kasazcs
ODEX, cosgannbiii kommnanuen Odetics (mosxe
Iteris) m ;opaboTaHHBIT aMepuKaHCKUM Vccnenosa-
TENbCKMM UHCTUTYTOM 971eKTpoaHepretuku (EPRI).
OTOT «IIeCTWIAMBII» IIAralomnii po6oT-ayK mpu
Bece 170 KT MOT IPUIIOf{HATH JIETKOBOI aBTOMOOW/Ib
u HecT jo 400 Kr rpysa (pucyHok 11).

On o6nagan aBTOHOMHONM 3HEPreTHYecKOi
YCTAaHOBKOJ U HEBUJAHHOI 110 T€EM BPEMEHAM JIOB-
KOCTBIO JABVDKEHUIT 671arofapss KOOpAMHALUY C I10-
MOIIBI0 HECKOJIBKMX MMKPOIIPOLIECCOPOB M yda-
CTHIO y[JaJICHHOTO OIlepaTopa 1y KoMunbiooTepa [10].

Eme 6071ee cepbe3HbIM IOTMTOHOM Ji/I1 VICIIBI-
TaHMIT pOOOTOTEXHMKY CTaja aBapusa Ha YepHo-
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K.H. AKKy31H

PucyHok 11 - lllazarowuti po6om yHugepcaibHo20
delicmeusa ODEX, CLLUIA
(https://theoldrobots.com/images30/robot53.JPG.
Jama obpaweHus: 15.02.2021)

6p1bcKoit ADC. Heo6X0auMOCTh B IIPUMEHEHUN
pOOOTM3MPOBAHHON TEXHUKM IIPU JIUKBUALNA
nocnenctuit aBapuyu Ha YepHoOBUIbCKONT ADC
CTajla CBOeOOpasHbIM TOTYKOM K Pa3BUTUIO OT-
€YeCTBEHHOIl 9KCTPEMa/NbHON POOOTOTEXHUKIL.
VimMenHO 3Ta Tparefus BIIepBble OCTPO NOCTABU-
JIa BOIIPOC O HEOOXOAVMOCTY MMETb TeXHUKY /I
BBINIOJTHEHUsI PabOT B IMOJOOHBIX Ype3BBIYAHBIX
CUTYalMAX.

Haunrnasg c mepBbIX MecslleB IOCHIE KarTa-
cTpodel po6OTHI M POOOTM3MPOBAHHAS TEXHMKA
C pasHOll CTENEHbI0 YCHEMIHOCTU HPUMEHANChH
I BU3YaTbHOTO OCMOTpa M M3MEpEeHMUs pajua-
nuy (MallMHBI pajualiOHHON pa3Benku tumna PP,
PP-T, PKK, PIIK, PIT), pas6opa 3aBajoB, TSKeIbIX
3eM/IAHBIX pabOT B pajloOHe CTAHIINM, 3aXOPOHEHM A
PAO (MammHbl pasrpa>kjeHust U TsKeble OYIb-
nosepsl: coBeTckuit «Kmmu-1», punckuit Tamrock,
anoackuit Kamatsu D-155, "Hemenxuit Liebherr
PR751 u mp.); pacumMCTKY, CHATUA U yAaNIeHNS pa-
IMOAaKTUBHO 3arpPsI3HEHHOTO C/I0Sl Ha CTAaHLMNM, B
ToM umcre Ha Kppimax 3ganumit (CTP-1, MOBOT,
TP-A, TP-b, TP-T, IIK-P1, nemeukue MF2, u MF3);
HOTPY3KY pafMalliOHHO onacHbIX oTxomos (ITIT,
¢uHCcknit manumnynaTop Foresteri); neakTuBanum
u c6opa OTAE/NbHBIX PaOaKTUBHBIX (parMeHTOB
(«Ypan», «<Kpot», PIIB, «bemosiper») u .4. [10].

Ocranpubie PTK, wucnonp3oBaBuimecs Ha
YepHoOblIbcKOit ADC, BBINONHAMN PabOTHI IO
PpaAManVOHHOM pasBefiKe B IOMEIeHNAX U Ha Tep-
pUTOpUY, PETYIAPHOMY KOHTPOIIO YPOBHEIl U3TY-
YeHM ¥ COCTaBa a3pO30JIbHON (PpaKIuy rasa Haj
aBapUITHBIM PEaKTOPOM, OYMCTKE OT BBICOKOAK-
TUBHBIX OTXOZIOB KPOBE/Ib 3HEPrOOIOKOB, pacUMCT-
Ke 3aBaJIoB, COOPY U KOHTEHUPOBAHNIO BBICOKO-
aKTUBHBIX OTXOJIOB, Jie3aKTMBALIMM TTOMeIeHMIt
9HEPro6/IOKOB, pe3Ke MeTa/UINYeCKUX I/IEMEHTOB
¥ 3aKPBITHIO 3aIBVDKEK Ha aBapUilHOM 000pyRoBa-
Hum [11].
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OcHaleHHbBIe pafMOMETPUYECKON, TeIeBU-
3MOHHOJI aIlIIapaTypoil ¥ APyruM oOOpyHZOBaHU-
eM, HaseMHble PTK BBIIIONHAIN TEXHOIOTMYECKIIE
olepaluy B YPe3BbIYANHO OIACHBIX, HEJOCTYII-
HBIX JI/If1 9e/I0BeKa aBapUITHBIX 30HaX C BLICOKVIMMU
YPOBHAMM pajyanuy, 4TO COXPaHMJIO >XU3Hb U
3/10pOBbe MHOTVX JIIOJEN.

B memom, 1o oLleHKaM pa3HBIX CIIELMATIVICTOB,
a¢dextuBHOCTh MpuMenennsa PTK B nepsoit, ca-
MOJ TsDKenmoit ¢ase NMKBUAALMU IOCIEACTBUI
aBapuu B UepHoOBI/Te OKa3amach HeBBICOKOI. MHO-
rue PTK u poboTusupoBaHHas TeXHMKa OKa3aJIICh
Hea(PPeKTUBHBIMU VMIN HECIIOCOOHBIMM PaboTaTh
B YCTIOBMAX CU/IBHBIX pafinallIOHHbIX IIOJIeN (COT-
HU U ThicsiuM peHTreH/4ac). Cpenn PTK, BbI3BaB-
VX Ha¥MeHbIINe HApeKAHM A ¥ IPMHEeCHINX OIIY-
TUMYIO NONb3Y, 6611, B yacTHOCTH, PTK MOBOT,
CTP-1, «Kmun-1», JIK-P-1, TP-T, PKK-1, ITJII [10].

MOBOT, paspaborannsit MI'TY um. H.9. bay-
MaHa, B YCOBEpLIEHCTBOBAHHONM MOAMMUKALNA
MOBOT Y-XB-2 npepcraBisi co60it KOMIIAKTHYIO
TYCEHMYHYI0 MalllHy BECOM IOpsAAKa IIONTyTOHHBDI,
OCHAII[EHHYIO0 (PPOHTAIBHBIM IIOTPY3UUKOM C OyIIb-
J03€PHBIM KOBILIOM, OTOOHBIM MOJIOTKOM, MaHU-
HY/IATOPOM C TpeiidepoM (KIeleBbIM XBaTOM /IS
007IOMKOB U CBIITY4MX I'Py30B). PO60T Ob11 OCHaleH
9/IEKTPOMEXaHNYEeCKUMI [IPUBOAAMM, YIIPABIIAJICS
¥ HOJTyYasl SHEPTUIO 10 Kabemo, 060pyLOBaHHOMY
KabeJleyK/Ia[9MKOM, ¥ MOT IlepelaBaTh OIlepaTopaM
BU3YaJIbHYIO (OT IBYX Te/leKaMep), aKyCTUIeCKYI0 1
mo3uMeTpudecKyio nHdopmanyio (10, 13].

CTP-1 (cmenumanmsMpoOBaHHBIN TPAHCHIOPT-
HBII poOO0T), B KOTOPOM OBI/IV COe[IMHEeHbI pa3pa-
6otku BHMM Tpancmanra, locIOTII, BHUNM ASC,
HIIO «JHeprus» u Jpyrux opraHu3auuii, Ipen-
cTaB/si co6oit merkuii (1,1 T) pagyuoynpasisieMblit
Oy/1bo3ep C peryIMpyeMbIM KOBIIOM, Te/leKaMe-
paMy, aBTOHOMHBIM 37IEKTPOIIMTAHMEM U INACCH,
CO3[JaHHBIM Ha OCHOBE KOHCTPYKIUII JIyHOXOJOB
U KOHLENTYanbHOTO Mapcoxofa. «Kmmu-1», pas-
paborky kotoporo Bosrnasnsan BHUNTpancma,
OBLJI Ts>KEJI0 MHOTOLIe/IeBOJ MAIlIMHOM — po6OTH-
3upoBaHHOM Bepcueit VIMP (MH>XeHepHON Mamu-
HBl pasTpak/leHMs), CO3JaHHOI Ha OCHOBE TaHKa
T-72 pns pacunMcTKy 3aBajoB 1 00ecHeyeHns po-
xopa Boyick. «KnmH-1» ocHamjancs 6ynbro3epHbIM
OTBAJIOM, MOIIHBIM MaHUITYJIATOPOM, Tpeiipepom,
TelleKaMepaMy, HO3MMEeTPUYeCKMMM MprbopaMu.
Po6oTusnpoBaHHas MallnHa JeiiCTBOBAIA B IIOMIAX
HOBBIIIEHHOI painaliuy ¥ YIPaBIAIach IO pafu-
OKaHa/Iy U3 paclojlaraplieiica IOoOokanb MaIIMHBI
ynpasneHud. «Knnn-1», HapARy ¢ JpyToI TsAXKeNnon
TeXHJKOJ, CHMMAJ CJIO IOYBBI BOKPYT CTaHINIA,
Ba/IMJI TOTMOIINIL, PagVOAaKTUBHO 3arpsi3HEHHBIN
JIec, pacumian Hanbojee cepbe3Hble 3aBaJIbl, OCY-
I[eCTB/LA/I PaAVallIOHHYI0 pasBeaky [10].

Ha papmoynpasnsemble PTK Bosmaramauch
OonplIne HafileX[bl, OfHAKO, HECMOTPsA Ha [O-
CTUTHYTbIE IIOJIOKUTE/IbHbIE Pe3yIbTaThl, OIBIT
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MOKa3al TeXHUYECKOe HEeCOBEPUIEHCTBO IIpMMe-
Hsembix PTK.

OrpaHudeHHBIE TEXHOJOTMYECKME BO3MOX-
HOCTY (HEZOCTAaTOYHAs YIIPaB/IseMOCTb, HaJIeX-
HOCTb, pajValyiOHHas CTOMKOCTb 9JIeMEHTOB
cucrem ynpasneHus n kourpons) PTK, ncmons-
30BaBIIMXCS [JISI BBITOTHEHMST pabOT MO JTUKBU-
mauuy aBapuy Ha YepHoO6bin1bcKkoit ADC, 06ycio-
BuMM HeobxonumocTh co3fanus PTK pasmuanbix
KJIaCCOB U TUIIOB JJIS1 MMKBUJJALIVY KaK pagyany-
OHHBIX, TaK U APYyrux aBapuii [11].

ITocne yacTMyHONM MMKBUTALIUA ITOC/IENCTBUN
aBapuy Ha YepHOoObUIbCKOT ADC M COOpY>KeHMs
ob6beKkTa «YKpbITHE» ObUT paspaboTan psiy obpas-
nos PTK, npusnekasummxcs k paboram Ha ADC.

31O 6BIIM, B YaCTHOCTH, KoMnakTHble PTK,
paspaboTaHHBIE COBMECTHO YKPAaMHCKUMU U POC-
CUVICKVIMU OPTAaHU3AIVAMMY /IS AeVICTBUI B HaU-
0oree OMACHBIX 30HaX BHYTPU «YKPBITUS» WIU
Ha ero nepudepun. Cpenn Hux: TP-3 (gnsa Busy-
aJIBHOTO 00C/IefJlOBaHNU s BHYTPEHHNX [IOMEIleHUII
«YxpoiTusi»), TP-4 (s or6opa npob B pagmoax-
TUBHBIX 3aBanax), TP-7 (Ans HMOKPBITUS CUIBHO
¢parmenTupoBaHHbIX PAO nbienofasasonumMm
matepuanamn), TP-11 (mns gpobreHns TONINBO-
cofiep>Kamux OckonkoB), TP-12 (mna ymanenus
Tpy6 peaktopHoro kourypa), KT (mmsa ymakos-
ku PAO), KT-100 (mna obcnemoBanma Hamubosee
pajguanMoOHHO ONACHBIX IOMelleHui), «Maruu-
ToXOf» ([/If MO3UMEeTPUYECKOro oOC/IeOBaHNA
OITACHBIX YYaCTKOB Ha MEeTa/I/INYECKNX KOHCTPYK-
nusAx «YKpsiTusi»), VIJI (ans nssnedenus Hambo-
7iee aKTUBHBIX (PAarMeHTOB U3 Hep «YKPBITUSI»)
u gp. [10, 13].

Eme oganM npumepom ucnionbzoBanusa PTK
IJIsL JIMKBUZALVYM IIOCTIENCTBUI pPajMaliIOHHBIX
aBapuil ABIAETCA WHUULEHT, IPOMU3OLIEIINI
17.06.1997 r. B nabopatopuu Bcepoccuiickoro Ha-
YYHO-JICC/IEIOBATe/IbCKOTO MHCTUTYTa SKCIepu-
MeHTanbHOV ¢usuku (BHUMI®D). Bcnencrue
4e/I0BeYeCKOro (pakropa B AMEPHOI YCTAHOBKE
BO3HMK IIOCTOSIHHBIV MCTOYHMK TeIIla ¥ HEUTPO-
HOB. IloBbIlIeHNe TeMIepaTyphbl MOIJIO IIPUBECTH
K TEI/IOBOMY B3PBIBY ¥ BO3TOPAHUIO PaJMOAKTUB-
HBIX MaTepuajoB ¢ 0Opa3oBaHMEM aspo30isd, KO-
TOPBII TPU BBIOpOCE U3 TOMeEIIeHNU s TabopaTOpuUn
BBI3BaJI ObI CH/IPHOE PafiMiOaKTVBHOE 3arpsi3HEHVe
BO3/IyXa I MECTHOCTIL.

YnaneHue KOHTeilHepOB u3 6oKca 1 Iepe-
BOJI YCTAaHOBKM B IOJKPUTHYECKOE COCTOSIHNE
«BPY4YHYI0» OBUIM HEBO3MOXXHBI, T.K. MOIIHBII
HEeITPOHHBIN IOTOK IIPeJCTaB/IsN COb0il cMep-
TeIbHYI0 OIACHOCTb AnA nwopeil. Ilosatomy oc-
HOBHBIM CPEeACTBOM JMKBUAAIMY IOCTIE/CTBUIN
aBapuM [JO/DKHBI ObIIM CTaTh J[MCTAHIVIOHHO
ynpasnsemble PTK [8].

K pa6oram ObIIu mpuB/IeYeHBI BCe HOCTYII-
Hble Ha ToT MOMeHT PTK, npurogHbie x geiicTBUAM
BHYTPY HOMeEIL[eHIA:
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- MPK-25, paspaboTaHHBIl OIBITHBIM KOH-
crpykropckuMm 6ropo CrenmanpHoit PoboTorex-
Huky MI'TY um. H.9. baymana

— mo6upabie PTK «<HOBO» 1 «<RASCAL» u3
COCTaBa MOABI>KHON KPYMIHAINCTINIECKO B3PbI-
BoTexHM4ecKoit maboparopun ®Cb Poccnn;

- PTK MF-4, npuHapnexaumuili asapuit-
HO-Te€XHMYeCKOMY IieHTpy BHUNI .

[ToproToBuTebHBIE PAaOOTHI TIEPEN TMKBUA-
Iyeil aBapyuy BKIIIOYaIN: U3yYeHMe MecTa aBapun
mo cxemam, QororpadusaM, MarepuagaM BUJIEO-
CbeMOK ¥ C IOMOIIBI0 IIePICKOIA, YCTAaHOBJIEH-
HOTO B ITy/IbTOBOJI; 3all[/iTa 9/IEKTPOHHBIX 6/I0KOB
u tenekamep PTK MF-4, MPK-25 u «<HOBO» ot
HEITPOHHOTO M3/IyYEeHMUA pafualOHHO-CTON-
KUMU MarepuagaMy C Lelblo ObecledeHns X
paboTocmocobHOCTM 6Oee [MUTENbHOE BpeMSs;
pasMelleHNe BCIIOMOTATe/lIbHBIX TeJleKaMep C MC-
nonb3oBanneM PTK «<KHOBO», «<KRASKAL» u MF-4
B aBapMITHOM U CMEXHBIX ITOMELIeHNAX C Le/IbI0
HOBbILIeHNA HajexxHocTu ynpasnenusa PTK; mma-
HUPOBaHME U IPAaKTUYeCKas OTpaboTKa TaKTUKMU
meukeHnss PTK MPK-25 ¢ menpio cokpaieHus
BpeMeHM ero NpeOBIBaHMSA B 30He NEVICTBUS Hell-
TPOHHOTO IOTOKa [8].

Taktuka pBmxenus PTK B aBapuitHoMm
60Kce ompepmensiach, BO-IEPBbIX, HEOOXOmM-
MOCTBIO COKpallleHNs BpeMeH) IpeObIBaHUA B
30He JIefiCTBY A HEMTPOHHOTO ITOTOKA U, BO-BTO-
pBIX, Tpe6OBaHMEM He IMOJCTABIATb IOJ Hell-
TPOHHBIII IOTOK crabosaujuileHHble 60OpTa U
00 beKTUBBI TelekaMep. Bce gBumxeHus pobora
BBIMIO/IHANNCh Ha MaKCMMAaJbHO BO3MOXXHOII
CKOPOCTH.

Ins xaxporo aTama paboT ObUIM oOmpene-
nensl: pabounit PTK (BbImonHAOMNIT OCHOBHBIE
omnepanun); crpaxytomuit PTK (o6ecrieunBarommit
aBakyauuio pabouero PTK B ciydae BbIxosa ero u3
CTPOsI IIOJ, BO3/IEICTBIIEM PaJjMaLlNM ¥ IIPOJOJDKa-
IOIMiT BBITIONIHEHNE He3aBepIeHHBIX paboT); pe-
sepsublit PTK. Hasnauenne PTK onpenensanocs ¢
Yy4eTOM UX TeXHUYECKUX BO3MOXKHOCTEI U IO pe-
3y/JIbTaTaM IIPefiBapUTENbHON OTPabOTKM oOlepa-
L[1¥i B TIOMeIleHNM-aHAJIOTe.

[TpakTuyecky onepanumu Mo TMKBUAALINN pa-
AMAIVIOHHOJ aBapuu ObUIN IPOBENEHBI B CIIEAYIO-
1ieM MOpsfKe:

1. 9BaKkyanus NATU KOHTEHEPOB C pafoaK-
TUBHBIM MCTOYHMKOM U3 aBapUITHOTO IIOMeIleHN
¢ nomo1bio MPK-25 ¢ npefiBapuTenbHO ONBITHOM
0TpabOTKOII OllepaLiy.

2. OtpaboTka omepaunuy IO IEPeBOAY aBa-
PUITHOTO 00BEKTa B MOAKPUTIYECKOE COCTOSTHIE C
nomo1pio MmobunabHoro PTK MF-4.

3. JIuxBupanusa HEMTATHOW CUTyallUN, BO3-
HUKIIe} NPy BBIIOJIHEHUM OIlepalyy IO Ilepe-
BOJY aBapUilHOTO 06beKTa B IOAKPUTHYECKOE
cocrossHue u 3Bakyauusa PTK MF-4 ¢ nomoubio
MPK-25.
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PucyHok 12 - Po6omomexHuyeckuti komnnekc SWAN
(https://www.secretprojects.co.uk/proxy.
php?image=http%3A%2F%2Fwww10.plala.or.jpg
Jama obpaweHus: 15.02.2021)

4. AHanus, pa3paboTKa M 9KCIEPUMEHTAIIb-
Hasi 0TpabOTKa BapMaHTOB IIO IePEBOAY aBapuii-
HOTO 00'beKTa B MOAKPUTIYECKOE COCTOSTHIIE.

5. BeiBog MPK-25 13 aBapuitHOro momeite-
HUA, NO3MMETPUYeCKMII KOHTPOIb U Je3aKTHBa-
unsa MPK-25 u MF-4 [12].

Crnepyromuil TOTYOK pPas3BUTHSA «aTOMHasI»
pobororexHuka monyumna B SAmonuu. B 1999 r.
Ha 3aBOjle IO INepepaboTke ypaHa B Tokaimype
U3-3a HApYIIEHMs TEXHOJIOTUM U TeXHUKU 6e30-
IACHOCTY BO3HMKJIA aBapysi, COMPOBOXKAAIONIAAC
CIIOHTAHHO LIEITHOM PeaKUysA B yPaHOBOM Mare-
puasne. Bckope mocie 3TOro mpaBuUTenbCTBO fAmo-
HUY BBIJEINIO CPeACTBAa Ha Pa3pabOTKy HOBBIX
TeXHOJIOT W1 TOKa/IN3alUM AfePHBIX aBapuil, 1 He-
CKOJIBKO ATIOHCKVMX OPraHM3aluil MHULIMMPOBAIN
nporpaMmbl co3fanusa Hosbix PTK, mpennasHa-
YEHHBIX IS IeVICTBUI IIPU aBapUIHbIX CUTYyaLlu-
AX Ha paJyiallIOHHO-OMIACHBIX 00beKkTax. K mpoek-
taM ObUM mpuBaedeHbl kommanum Hitachi, MHI,
Toshiba, ¢pannysckas Cybernetix. B pesynbrare
MeHee YeM 3a [jBa rofia 6p1n paspaboTaHbl HOBbIE
PTK u ux cemerictBa: Monirobo, RESQ, RaBOT,
SMERT, MARS, MENHIR 1 SWAN.

B gactHocTu, SWAN, co3sgaunbiin MSTC un
Hitachi, - mHoronenesoit PTK Ha Tpanchopmupy-
€MBIX T'yCeHUIIAX, CIIOCOOHBIX MEHATb KOHPUTypa-
LU0 I NpeofioNieHnsA npenAatcTeuit. OH MoXxeT
IPOBOANTD BM3YaJIbHBII OCMOTP TpeMs KaMmepa-
MU, pafiMallIOHHYI0 pa3BefiKy, coop 06pasuos (pu-
cyHok 12) [10].

Y PTK umeeTca CIOXHBI MaHUIYIATOP C
COOCTBEHHOJI MUHMATIOPHOI KaMepoil Ha HeM U
CMeHseMBIMU BO BpeMsA MUCCUU pabouuMmu opra-
HaMM, TPUCHOCOONEHHbIMU M1 PasHOOOpasHbBIX
omepanmuii.

IIpoext RESQ (ot JAERI/JAEA u Hitachi) -
3To Tpm pasHbXx B3auMmopononuawmux PTK,
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PucyHok 13 - MHozoyenesoli po6omomex-
Huy4eckuli komnnekc RaBOT (https://www.
secretprojects.co.uk/data/attachments/53/53306-
c4e0aee406158587dd94edc10104a62e.jpg. Jama
obpaweHus: 13.02.2021)

Ipe/jHA3HAYEHHBIX, IJIABHBIM 00pa3oM, i 06-
CTIeJOBaHNA Y OCMOTpa aBapMITHBIX OOBEKTOB.
Cambiit KoMImakTHbBIN 13 HuX —RESQ-A, Ha 1omHo-
IPUBOZHOM YeTBIPEXKO/IECHOM IIIACCH, CO3[jaH /ISt
BU3ya/IbHOTO OCMOTpPa KaMepaMM, pa3MelleHHbIMMI
Ha nofibeMHoi1 3Takepke. RESQ-B Ha rycennunom
XOZy IpeACTaB/IAeT COO0Il MepeiBIKHYIO Tabopa-
TOPHUIO J/IsI 3aMepa pajyallii U JPYTUX [apaMeT-
poB cpenbl. I'ycennunsiit RESQ-C npucnoco6nen
nnsa cbopa obpasuos. [Isa mocneganx PTK ocHa-
I[eHbl MAHUITYIATOPAMU JJIA CTIOKHBIX aKTVBHBIX
mevicrBuiz [10].

RaBOT (cosmannsiit JAERI/JAEA u MHI) -
MmHoronenesoit PTK ¢ HekoTopbIMM aHTpOIO-
MOpQHBIMI YepTaMM B Jiu3aiiHe, HAa ABYX COBMe-
I[EHHBIX Mapax TYCEeHUI, C [BYMs CHOCOOHBIMU
[e/iCTBOBATh COITIACOBAHHO MaHUIY/ISITOPaMU U
KaMepaMu (pUCYHOK 13).

SMERT-M (MSTC n Toshiba) - PTK Ha ryce-
HIYHOM IIIacCH, HeCYIIMil Ha ce6e Ma/JIeHbKYI0 KO-
necHyro MamuHy SMERT-K, ¢ momompio koTopoit
06CIeyoTCs TPy JHOLOCTYITHbIE MECTA.

SMERT-M BkitoyaeT OObIYHBIE ¥ WUH(Ppa-
KPacCHYIO KaMepbl, CPefICTBa s M3MEPeHNs raM-
Ma- U HETPOHHOTO M3/Ty4eHMs], KOHI[EHTPaluu
KICTIOPOJa 1 BOJIOPOJia, TEMIIEPATypPhl U BJIaXKHO-
ctu. OH OCHAII[eH CTIOKHBIM MaHUIYIATOPOM /IS
PasHOOOPa3HBIX [EICTBUIL.

BonbummuacTBO 13 mepeuncrienusix PTK pac-
CYMTAHBI Ha PabOTy B MOMAX BBICOKON pafyaium,
MOTYT QyHKIIMOHMPOBATh B OECIIPOBOJHOM PEXI-
Me, HO IIPEeAYCMOTPEeH 1 KabelbHBbIil BapMaHT Ha
CIy4Yail CUIBbHBIX pajnoroMex. Bce oHM oTHOCH-
TeJIbHO KOMITAKTHBI 1 IPUCIOCOOTIEHBI sl pabo-
TBI B OTPAaHMYEHHBIX IPOCTPAHCTBAX U B YCTIOBUAX
3aTpyAHEHHOTO nepefiByoKeHm [10].

PTK, cosmaHHBIe SIMIOHCKMMU WH)XXEHEpPaMI,
OCTaJIVCh Ha yPOBHE ONBITHBIX 00Pa3LOB U He ObIIN
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PucyHok 14 - Po6omomexHu4eckuli KoMnJieKkc
PMORPH (https://social-innovation.hitachi/-/media/
project/hitachi/sib/ja-jp/case_studies/pmorph_
interview/image/hairorobot_02_01.jpg.
JAama obpaweHus: 15.02.2021)

BHEJIPEHBI B BUJe, HAIpyMep, MOOWIBHBIX pobo-
TU3VPOBAHHBIX TIOAPA3Je/IeHNI AA JIMKBUALUN
paivaliMOHHBbIX aBapuii, co3faHHbIX Bo Dpanrum,
IepMaHuM M HEKOTOPBIX APYIMX CTpaHaxX. OITO
OO'BACHAETCA NIPUHATOI TOCYAApCcTBOM B 2000-X IT.
KOHLIETII[Mell SlepHOI 0e30IacHOCTH, B KOTOPOIt
Iernanach CTaBKa Ha IIOJTHOE MCK/TI0YEHYE 3alIPOEKT-
HBIX aBapuii, a He Ha JIOKa/IM3aLMIO0 X IOC/IeICTBUIL.
®unancupopaHme mpoekToB ¢ HoBbIMM PTK 66110
HpeKpaleHo, OOTbIINHCTBO OMBITHBIX 9K3EMIUISIPOB
pKaBenu Ha ckmafiax min 6uutu pasobpansr (RESQ,
RaBOT), Hauwm cBoe MeCTo B My3esiX WIM TI0Xap-
ubix koMaHmax (SMERT, MENHIR u SWAN), a B
OTHOILEHNY HEKOTOPBIX ObUIM yTepsHBbI KIII0YeBble
ocobeHHOCTH ITpou3BoyicTBa (Hanpumep, RESQ) [10].

B pesynbrare Anonus, u3BecTHas CBOVIMHU [jO-
CTIDKEHVSIMIU B psifie IPyTUX obmacreit poboTorex-
HUKM, K MOMeHTY aBapuy Ha ADC «Dykycuma-1» B
MmapTe 2011 1. okasanach 6e3 COOCTBEHHOI JIMHEKI
akcTpemanpHbIX PTK n Obl1a BbIHY>KZIeHa IpUBIIe-
KaTh MHOTOYNC/IEHHBIE 3apy0exXHble pa3paboTku (13
CIIA, ®paniun, Bennkobpurauum, [Benyn u T. 1.)
U CPOYHO CO3[aBaTh 3aHOBO CBOM. Tak, A papma-
LIVIOHHOJ Pa3BeKM M B3STH IIPOO MCIIOB30BATNCDH
PTK PackBot n Warrior (cosmanusie iRobot), Talon
u DR-20 (ot QinetiQ), T-Hawk (Honeywell), Survey
Runner (Topy Industries), MEISTeR (MHI n IRID -
smoHckoy opranmsareit HVIOKP B cdepe BbiBOma
u3 akcrryaranym), Frigoma (MELCO), Rosemary,
Sakura m Quince (paspaborku TexHOMOTrMUECKO-
ro MHCTUTYTa UMObI B COTPYAHMYECTBE C IPyTUMU
HayuHbIMU opraHmusanusamn), J-3 (or JAEA), HaSR
(paspaboTka sIoHCKOro VIHCTUTYTa HepesoBoll Ipo-
MBIIIIEHHON Hayky 1 TexHonoruit — AIST u xomma-
unu Honda Motor) u .1, [10].

B wacrtHOCTHM, IS 0OCHENOBAHMA KOHTEIH-
MeHTa u3HyTpu ObUIM cospanst PTK PMORPH
(ot Hitachi u IRID), Scorpion, Mini Mola Mola
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PucyHok 15 - PTK Mini Mola Mola
(https://ichef.bbci.co.uk/news/976/cpsprodpb/873D/
production/_96512643_040066241-1.jpg.
JAama obpawenus: 15.02.2021)

u Tetrapod (Toshiba B corpymuuyectse ¢ IRID)
u ap. JInd pacuMcTKM 3aBajloB, JeMOHTa)ka KOH-
CTpyKUMII Ha 1lomanke npumenanucb PTK
ASTACO-SoRa (ot Hitachi), Brokk 90 u Brokk
330 (omHOMMEHHOI MIBeNCKOI bupMbI), Spartacus/
Bobcat (coBmecTHBle U3menusa kommaHuii Bobcat
u QinetiQ), pasnu4HbIe AUCTAHIMOHHO yIpaB/IA-
eMble 9KCKaBaTOPbl, OY/Ib/j03epbl, IPYy30BUKY, IO-
rpy3unku. K ybopke 1 ge3akTuBanuy B IOMelleHN-
Ax craHuyy npusnekamich PTK Raccoon (cospana
Atox), DX-140 (Husqvarna), Warrior (iRobot), Revi
(Toshiba), MEISTeR u Super-Giraffe (paspab6oTku
MHI u IRID), Arounder (IRID) u T. z. [10].

Hexoropbsie 3 nepeuncienHbix PTK cospanbl
Ha OCHOBe Pa3paboTOK, OC/IeOBABIINX 33 aBapU-
el B TokaiiMmype, HarpuMep, J-3 mpefcTaBIseT Co-
6011 mopaboranHnblii BapuaHT RESQ-A, MEISTeR
cosnaH Ha 6aze RaBOT, a Super-Giraffe sBnserca
npopgomkeHneM npoekra MARS.

Cpenu o6bpasios PTK, nossuBummxcs B pe-
3ynbraTe aBapuy Ha PyKycuMe, MOXHO BbIJIE/IUTD,
Hanpumep, PMORPH - opgun u3 npumepos co-
BpPEMEHHBIX MMHU-POOOTOB, CIHOCOOHBIX MEHATH
¢dbopMy I1A IPOHMKHOBEHNA B TPYLHOOCTYIIHbIE
MecTa (pUCYHOK 14).

IIpn macce MeHee 8 KIr U JMaMeTpe OKOJO
10 cM OH COCTOUT U3 TpeX 3BEHbEB, KOTOPbIE MOT'YT
IIOBOPAYMBaTbCA OTHOCHUTEIBHO APYT ApPyTra IOf
HpsAMBIM yI7IOM. PoO0T mpepHa3HaueH s BU3y-
a7IbHOMl ¥ paJMalliOHHON pa3BeJKV, U3MEpPEHUA
TEMIIEPATYpPhl B YCIOBMAX BBICOKOI pafiMiallNI: €TO
KaMepbl pacCYMTAaHbI HA CYMMapHYIo fo3y 1000 3B.
9T1o0 6BIIO IEpBOE YCTPONCTBO, C IOMOIIBIO KO-
TOPOTO IIPOBENN YHAAYHYI0 Cepyio 0OC/IeToBaHMI
HVDKHeIT 4acTV KOHTEIHMEHTa aBapuilHOro 6/10Ka
Ne1 ADC «Dykycuma-1» [10].

Hpyroit PTK cxoxero HasHayeHus u rabapu-
TOB, NONy4MBLINI HeopmanbHOe Ha3BaHMe Mini
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PucyHok 16 - MHo2o¢yHKYyUOHANbHbIU po6omomex-
Hu4eckuti komnaekc MEISTeR
(https://irid.or.jp/common/img/meister/2.jpg.
Jama obpaweHus: 15.02.2021)

Mola Mola, MoxeT IpOBOAVUTH aHATIOTMYHYIO pa3-
BEJKy B 3aTOIVIEHHOM KOHTE/HMEHTE, II/IaBas B
PaZy0aKTUBHOM BOJie Py MOMOLY IIATY BUHTOB.
PTK BecoM Bcero 2 KT umeeT guaMeTp 13 cM u fnn-
HY 27 CM 1 HeceT Ha cebe iBe pa3HOHAIIpaB/IeHHbIE
KaMepsl (pUCYHOK 15).

[Tpumep MHoro¢yuknuonanrsHoro PTK -
MEISTeR, wucnonbsoBanme kotoporo Ha A3JC
«Dykycuma-1» Hauanoch B 2014 r. OtoT PTK Be-
coM 440 Kr Ha 4YeThIpeX I'yCEHMIIAX MOXKET IIPeo-
ToneBaTh MOAbeMbl KPYTU3HOI o 40° 1 cTymeHn
BBICOTOJ 1O 22 CM, CIIOCOOEH OCYIIeCTBIATb KaK
pasBelKy, TaK M MeXaHM4YecKue paboThl IOCpen-
CTBOM [BYX MAaHUIIYIATOPOB CO CMEHHBIM WH-
CTpPyMeHTapyeM, 00TafalolINX CeMbIO CTelleHAMNU
CBOOOJIBI: OUNCTKY 1 I€3aKTUBALMIO TOPU3OHTAIb-
HBIX U B€PTMKA/IbHBIX IOBEPXHOCTEN C IIOMOLIbIO
MOILIHOT'O IIBIJIECOCA, PE3KY U IEMOHTAXX MeTaJl/I-
YeCKMX KOHCTPYKIMIL, OTKpbIBaHME U 3aKpbIBaHME
KJIAaIIaHOB U JIBEPei, CBE€PIEHNEe OTBEPCTUIA, B3ATHE
npo6 13 6eTOHHBIX OBEPXHOCTEN, PEMOHT M T. J.
(pucysoxk 16) [10].

Heo6brunpiit PTK, paspaboTanHblil Aist fie-
MOHTQ)XHBIX paboT u gesaktuBanuu Ha A9C «Dy-
KycuMa-1» — Super-Giraffe. 9ToT konecHsliit paguo-
ynpasnsiembiit PTK mMaccoii 4 T, HO OTHOCUTE/IBHO
KOMIIaKTHBIX rabapuToB (JymMHoM 235 CM U mupu-
HOJ Bcero 80 cM) MOXKeT paboTaTh B MIOMEIEHU X

Bknao aemopos/Author Contributions

Ha BBICOTE [0 8 M C MOMOIIBIO BbIIBM>KHO IITAaH-
I'Ml, Ha KOHIe KOTOPOJ YCTAHOBJIEH MaHUITYIATOP C
CEMBIO CTENEHAMM IOABVDKHOCTU. MaHUNyIATOp
UMeeT CMeHHoe (AMCTAaHIMOHHO YCTAaHaB/INBae-
Moe) TIPUCIOCOOTeHre J/Isi OTKPBITUS U 3aKpbl-
tua knanaHoB. PTK Moxer ¢yHKIMOHMpPOBaTh 1
B peXXMMe KpaHa, IIOJHMMasA Ha BOCbMUMETPOBYIO
BBICOTY I'PY3bI 0 150 KI. JINTUII-MOHHBIN aKKYMY-
JIATOP PACcCUMTAH Ha MATH 4YacoB paboTsl [11].

3aknroueHne

TakuMm o6pasom, aHamM3 pajMalMOHHBIX
aBapumit ¥ MpUMeHeHUsI poOOTU3NPOBAHHOI TeX-
HUKY U POOOTOTEXHMYECKUX KOMIUIEKCOB [JIs
MUKBUJALMM TIOCIECTBUI TaKUX aBapuif, IO-
3BOJIMTI CLle/IaTh C/lefiyioliye BbIBOAbL. OmHUM U3
ITIABHBIX CAEPKMBAINX (PAaKTOPOB pPasBUTUA
akcTpemanbubix PTK saBnserca cnenugpuyHocTh
Y KOHCTPYKIMOHHAasi 000CO6IEHHOCTD OOJIbIINH-
cTBa u3 Hux. HemocraTouHasa cTaHgapTH3anus u
yauduxanusa obpasnos PTK u nonesHoit Harpys-
KJ, ¥ KaK CJe[CTBUE, KONOCCaNbHasA CTOMMOCTD
IpOM3BOACTBA, TPYJHOCTM B IKCIUIyaTallUM U
peMoHTe.

BmecTe ¢ TeM, HEOOXOAVMO OTMETUTH, UTO
OIIBIT UCIIO/Ib30BaHNUsA POOOTOTEXHUKY B @TOMHOI
orpaciu (Kak Ipy aBapysAX, TaK U IIPY IOBCEJHEB-
HOJI IeSITeIbHOCTH) IIOCTEIIeHHO IIPUBOAUT K (op-
MUPOBaHMIO CTAHAAPTHBIX TEXHUYECKUX TpeOOBa-
HUIL U1 K IepeXoAy OT MHAMBY/YaJIbHBIX pelleHNt
K TUIIOBBIM.

KpynHeitmne aBapuu 1 KatacTpodsl B aTOM-
HOJl MHAYCTpUM (3a4acTyl0 C YyAOBUIIHBIMU IIO-
CIIEACTBUSAMM) SBIAIOTCA MOIIHBIM TOTYKOM B
PasBUTUM KaK SKCTPEMAJIbHOM, TaK U OCTAIbHON
POOOTOTEXHUKIA.

ABapus Ha A9C «Dykycuma-1» B o9epegHOIt
pas sAABHO IOKa3aja HeOOXOAMMOCTb MEeXAYHAPOJ-
HOW KoHconupanum B cdepe paspaboTOK crennu-
anusuposanHpix PTK mis atomHoOMl oTpaciu. B
BUZY 9TOTO TAaK)XXe HeOOXOAMMO MOAYEPKHYTD II0-
TPeOHOCTDb Pa3BUTUA U MOCTOSHHOTO COBEpIIEH-
crBoBaHusa PTK Boiick PXb samuThl, a MMEHHO
akTuBHOro mposefeHnsa HMOKP, ocHoBHBIMUI
Le/MAMI KOTOPBIX [O/DKHBI SABIATBCA CO3[aHUE
NMHENKM CTaH[APTU3MPOBAHHBIX, HEOPOTUX M
npocteix B ynpasnenuu PTK u BJIA, npennasHa-
YeHHBIX BBIIIOTHEeHNA 3agad PXD 3ammTel.

O6a aBTOpa y4acTBOBAIM B OOCYX/JEHMI ¥ HAIIMCAHUY 3TO PYKOIVCHU M OfOOPIUIN OKOHYATETbHYIO BEp-
cuto. O6a aBTOpa IPOYNTANIN U COITIACUINCH C OIYO/IMKOBAHHOI Bepcuell PyKOIIUCHL.

Both authors contributed to the discussion and writing of this manuscript and approved the final version. Both
authors have read and agreed to the published version of the manuscript.

HUngopmayus o kondnuxme unmepecos

ABTOpr 3aABIAIOT, YTO UCCIIEAO0OBAHMA IPOBOAMIINICH IPU OTCYTCTBUU I06BIX KOMMEPUYECKUX NN (1)I/IHaHCO-
BBIX OTHOIIIEHUIA, KOTOpbIE€ MOI/IN 6bI OBITH MCTOTKOBAHbI KaK HOTEHHVIaHbeIIZ KOH(i)III/[KT MHTEPECOB.
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The lecture is intended for training specialists in higher educational establishments according to the
Federal state standard «Robotics for military and special purposes» and also for training operators of
robotic complexes (facilities) for military purposes in training centers and military units.
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The lecture addresses two study questions:

1) Retrospective analysis of radiation accidents and their consequences.

2) Analysis of the use of robotic technology and robotics systems for elimination the consequences of
radiation accidents.

Conclusion: The material presented in the lecture is aimed at expanding the knowledge of those who
are trained in the history of radiation accidents (disasters), as well as in the use of robotic technology
and robotic systems for eliminating the consequences of such accidents. The analysis of the use of
robotics in conditions of an increased radiation background, given in the lecture, will make it possible
to form the necessary competencies of specialists of the NBC protection troops in order to effectively
perform their tasks as intended.

Keywords: radiation-hazardous facilities; radiation accidents; radiation reconnaissance and control;
elimination of consequences at radiation-hazardous facilities; robotics systems.
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vaK azs e Mcnonb3oBaHMe MOAY/IbHOCTU KaK
https://doi.org/10.35825/2587-5728-2021-5-2-165-172
NPUHLMMNA NOCTPOEHUsA MaTeEPUAJIOB Ha OCHOBE
MeTaJ//IopraHn4ecKuUX KapKacHbIX CTPYKTYP
C 33,]aHHbIMU CBOMCTBaMM AJ151 CO34aHUSI COBPEMEHHbIX

CpeACTB 3aLUUThI

B.B. 3aBbsanos?, H.B. 3aBbsanosa?, B.1. XoncTos!,

B.A. KoBTyH?, B.K. lopenenkos?, IA. ®ponos?®

1PedepanvHoe 20cyoapcmeeHHoOe 6r00xcemHoe yupexcoeHue
«27 HayuHsili yueHmp» MuHucmepcmea o6opoHbl Pocculickoli ®edepayuu,
105005, Poccutickas ®edepauyus, 2. Mockea, bpuzaoupckuli nep., 0. 13

2000 «HayuHo-uccnedosamesibcKuli UHCMUMYM 3/1dCMOMePHbIX Mamepuasnoe
u usoenuti», Poccutickas ®edepauyus, 111024, 2. Mockea, lNeposckuli npoe3o, 0. 2, cmp. 1

SHUITY cmanu u cnnaeos, Pocculickas ®edepauusi, 119049, 2. Mockea, JTeHuUHckuli npocnekm, 0. 4

[Tocrynmna 16.05.2021 r. [TpunsTa k nyomukanum 20.06.2021 1.

ITpoBeneHHbINT paHee aHANN3 MSBECTHBIX M3 HAYYHOI JINTEPaTypPhl TIOAXOOB K CO3JIAHMIO M COBEp-
IIEHCTBOBAHMIO 3allMITHBIX MaTepPMajIOB U TKaHel IO3BO/III IPEAIIONIOKNTD, YTO pa3paboTKa CpencTB
yHpyBYURyanbHOM 3amuThl (CI3) 4enmoBeka OT pasIMYHBIX IIOPKAIIMX (PAKTOPOB XMMMYECKOIT,
6uornorndeckoit 1 ¢pu3NYecKoll IPUPOALI B JA/IbHENIIIIEM MOXKET MATY B HAIIPABIeHUM CO3[JaHVs MO-
Iy/bHBIX METa/TIOOPTaHNYeCKIX KapKacHbIX cTpykTyp (MOK-MaTepnanos) ¢ 3alaHHbIMM CBOJICTBAMM
(OT TOKCMYHBIX XMMUKATOB 1 ITATOTEHHBIX MMKPOOPraHusMoB). Llenv pabomot — paspaboTKa 1 pacKpbl-
TIfe IPUHIVIIA MOLY/IbHOCTY IIOCTPOEHNMA 3allUTHBIX MaTepuanoB Ha ocHoBe MOK-cTpykTyp ¢ 3amaH-
HbIMU cBoVicTBaMu. [IpefiaraeMblii HaMy IIPYHIMIT MORY/IBHOCTY IIOCTPOEHNS 3allMTHBIX MaTepua-
JIOB C 3aJaHHBIMM CBOVICTBaMM 3aK/TI0YAETCs B MICIIONIb30BAHMY €IMHOI TKaHeBOU YHUPULIPOBaHHO
w1aTOPMBI, Ha TIOBEPXHOCTh KOTOPOIT HAHOCATCS CIeljMa/IbHble MOMY/IM I KOMOMHALINY MOLYIelt,
KOTOpbIe 00€CIIeYNBAIOT 3AINUTY YeIOBEKA OT PasINMUYHBIX (PAKTOPOB XMMIIECKOIT, OMOTOTITIecKolt 1
¢dusmyeckoit mpupoasl. O60cHOBaHa yHMBepcanbHad cTpykTypa MOK ¢ Hamboree HachIIeHHOM 110
KO/IMYIeCTBY MOZYIIel ¥ BBOAMMBIX B HUX KOMIIOHEHTOB, ITONTyunBIIas HaspaHue «MOK - yHuBepcanb-
Hblit». OTIpeeneHbl — COCTAB U CBOJCTBA OT//IbHBIX MOJY/Ieil, BOSMOXKHbIE U ONTHMA/IbHbIe KOMOU-
Haryy Mogpyineit MOK-CTpyKTyp, B&KHOCTD 11 3Ha4Y€HIe OTAEIbHBIX MOAY/IEN I MX KOMOMHAIIL [ist
npyupanna MOK-Marepraity yHMBepcaIbHBIX 3al[ITHBIX CBOJICTB. VcIonp3oBaHye JaHHOTO IIPMHIMIIA
HO3BOJIUT IPUJIATD 3aIIUTHbIE CBOVICTBA ITPAKTIIECKN JII000IT Oie)kie, COXPaHUB ee (GU3MONIOro-TUTHe-
HIYEeCKIe XapaKTePUCTUKI U 06ecIieunB TpebGyeMblil ypOBeHb 3aIUThI IMYHOTO COCTaBa, He Ipuberas
K VICIIO/Ib30BAHYIO CIICI[VIa/IM3/POBAHHBIX CPEMICTB MHAVBYUIYAIbHON 3al[UThl M30/MPYIOLIEro TUIIA,
006/1a/JafOIVX BEICOKMM M3HYPSIOLIVM JICVICTBUEM M CKOBBIBAIOLIMM 3P HEKTOM.
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Knwoueswvie cnosa: 6a1<mepuuub;—tocmb u 3upyﬂuuubuocmb; 6MOM0ﬂ€Ky71bl 8 Memannop2aHuvecKux
Kapkacax; 3aujumnvle mamepuanvl U MKAHU; KOMNO3UMbl «6MOMOJZ€Ky7lbl—MOK»; memarnnoopearuyec-
Kue KOMNIEKCbL C 3A0AHHbIMU c6oticmeamus; memannoopearudecKkue KOMnNuieKcol; Moay]leble MOK-ma-
mepuanvl; NPUHUUN MO@yﬂbHOCmu,‘ cneuu¢uuea€ue ceoticmaea; camooduuierue (camobeeusau,uﬂ).

Bubnuozpaguueckoe onucanue: 3asvanos B.B., 3asvanoea H.B., Xoncmos B.J., Koemyn B.A., I'o-
penenxos B.K., @ponos I.A. Vicnonv3osanue MooynvHOCIMU KAK NPUHUUNA NOCHPOEHUS Mamepua-
7108 HA OCHOB€ MEMAIZIOPeAHUYECKUX KAPKACHBIX CHPYKMYP ¢ 3a0aHHbIMU c80ticmeamu 07 c030a-
HUS cospemeHHbLx cpedcme 3aujumot // Becmuuk PXB 3awumot. 2021. T. 5. Ne 2. C. 165-172. https://
doi.org/10.35825/2587-5728-2021-5-2-162-172
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B.B. 3aBbsnos, H.B. 3aBbsnosa, B.1. XoncTos u ap.

[l ycnemHoro BefeHUsA 0O€BBIX AEVICTBUIA
Ha 11071€ 6051, T7ie BO3MOXKHO MPUMeHeHe XMIIec-
KIX ¥ OMOTIOTMYECKUX MTOPAXKAIOIINX aTeHTOB, BO-
€HHOC/TY)Xalljyie JO/DKHBI MIMeTb 00eBble KOCTIOMBI,
obecrednBaromlye MM 3aIUTY OT MIMPOKOTO CIIeK-
Tpa nopakawmux GaKkTopoB, B TOM YUCTIE U TeX,
KOTOpbIe paHee He Obimu usBecTHbl. B CIIIA B ka-
yecTBe IIEePCIIEKTMBHOTO HaIlpaB/IeHNUs UX paspa-
OOTKM pacCMaTPUBAIOTCS TKaHY CO BCTPOEHHBIMU
KaTajI13aToOpaMy, HAaHOAMCIIEPCHBIMU 00Opa3oBa-
HUAMY M XMMMYECKMMM BellecTBaMu. Ilartumer-
HUJ KOHTPAKT Ha pa3paboTKy 0OEBBIX KOCTIOMOB
CTIeAYIOIIero IOKOIeHNA Ha OCHOBE TaKMX TKaHeil
HOo/MTy4naa OT ATEHTCTBa IepCHeKTUBHBIX 000-
POHHBIX uccnenoBaTenbckux mpoekToB (DARPA)
kommaHuA FLIR Systems, Inc. CymMMa KOHTpaKkTa —
20,5 mnH fommapos [1].

ITepBocTeneHHOe 3HauyeHue NpyU paspaboTke
HOBBIX MaTepUaoB [ CO3TaHUs CPEiCTB MH-
BUIYa/IbHOJ 3aLUThl NpUOOpeTaeT UX CaMOOYM-
meHne (caMmoperasarus) u 6aKTepUIUEHOCTD. [
3TOTO B COCTaB 3ALMTHBIX MaTepPUanoB BHEPAIOT
HaHOpa3MepHble MeTajUIOCOfieprKalllyie YacTUIIBL,
HpOsB/AIMe aHTUOAKTepuanbHble U IPOTU-
BOBJPYCHBIE CBOJICTBA, a TaK)Ke HaHOpa3MepHbIe
(dbepMeHTHble IONMMANEKTPONUTHBIE KOMILIEKCHI,
KaTaNnU3UpYIoIlye TUAPONN3 BBICOKOTOKCMYHBIX 1
TOKCWYHBIX COCRMHEHMIT, TOKCMHOB ¥ NMPOJYKTOB
ux pgectpykuuu [2-6]. K Hambonee mepcrekTus-
HBIM TeXHOJIOTMAM, ITO3BOJISIIOIMM HOTYYUTD Ta-
K€ TKaHY, OTHOCATCS TeXHOJIOT Y IIONTYYEeHM S Me-
Ta/JIOOPTaHMYeCKMX KapKacHbIX CTPYKTYp (MOK),
HPeACTABISIOINX OO0 COeIVHEH NS, COCTOSIIIVE
U3 MOHOB MeTajUtoB (Hampumep: Ag, Cu, Zn Ti n
Ap.) WIN KJIacTepoB, CBA3aHHBIX MEXJy co00it
JKECTKMMM OpraHMYeCcKVMY MOJIeKY/IaMyi HAHOBO-
JoKHa [7-28].

Llenv pabompr — paspaboTKa M pacKpbITUE
IpYHIUIIA MOAY/IBHOCTY IOCTPOEHNA 3aIUTHBIX
MaTepuaoB C 3aJJaHHBIMY CBOJICTBAMM Ha OCHOBE
MeTa/IZIOPTaHNYeCKUX KapKACHBIX CTPYKTYP.

CospaHne 3aIIUTHBIX KOCTIOMOB C/Ie[[yIOLIEero
IIOKOJIEHN A, KOTOpbIe 3alUTAT BOCHHOCTY KAIX
OT BCeX BU/I0B 61onornyecknx arentoB (BA) u pas-
JIMYHBIX TOKCUYHBIX XUMKKaTOB (TX), B TOM yncre
u OB, npegycMaTpuBaloT pa3paboTKy COBEpLUIEHHO
HOBBIX TMOPUIHBIX MaTe€pUaATIOB CO BCTPOEHHBIMU
B UX COCTaB KaTanM3aTOpaMy ¥ XMMUIECK/IMU Be-
I[eCTBaMM, CIIOCOOHBIMM CHIDKATh XMMUYECKIE U
Ouonornyeckye yrpossl Ipy KOHTAKTe C COOTBET-
CTBYIOIIVMMMY [TOPAKAIOI MM aT€HTaMU.

OcHOBHbIE TIOAXORBI K CO3[AHNMIO COBEp-
IIEHHO HOBOTO KJacca TMOPMHBIX MaTepuajioB
U MeTa/JIOPraHN4YeCKMX KApPKACHBIX CTPYKTYP C
BK/IIOYEHHBIMM 0MOMOJIEKY/IaMM, MOTYyYMBIINMHI
Ha3BaHMe KOMIIO3UTOB «Omomonekynsl-MOK» ¢
3a/laHHBIMM CBOJICTBaMIM, I€TaJIbHO PAacCcMOTpe-
Hbl B [29]. Kpome Toro, B 3T0I1 paboTe, aBTOpaMu
BIIepBbIe OblIa padpaborana CrpaTernus cosganms
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MeTa/ZIOOPraHN4eCKMX KOMIITIEKCOB C 3a/JaHHBI-
MM CBOVICTBAMM M3 MOZYJEN [ COBPEMEHHBIX
cpencTB 3amuTbl. OHa OCHOBBIBA/ZIACh HA aHA-
nMu3e CyHIeCTBYOIIMX B IUTepaType IMOAXO/I0B K
CO3[JaHMIO U COBEPIIEHCTBOBAHMIO MaTepuanoB u
TKaHeit, cofepxamux MOK, naHHBIX 0 CBOJICTBaxX
MOK 1 xapaKTepuCcTHKax 6MIOMOIEKYII, OAXOfaX
BK/IIOYEHN A OMOMOTIEKYT B MeTa/lNIOpraHN4YecKme
KapKacHble CTPYKTYpbl, CBOMCTBaX M XapaKTe-
PUCTHKAX KOMIIO3UTOB «6moMosnekynsl-MOK» n
HOCTVKEHMSAX HPMMEHEHNUs KOMIIO3UTOB «OUO-
monekyn-MOK» B 6MokaTanmse u JOCTaBKe UX K
MMUIIEHSM.

[Ipu BeIMOTHEHMM PabOTHI OBLIA IIpeJIoXKe-
Ha cxeMa cosfaHuA cTpykrypbl MOK ¢ Hambonee
HACBIIIEHHO} MO KOJINYEeCTBY MOZAY/IEN U BBOAU-
MBIX B HIX KOMIIOHEHTOB, IIONTy4YNBIIasl Ha3BaHUe
«MOK - yHUBepCa/nbHbI».

MeranmoopraHnieckue KapKacbl ¢ BKIIIO-
YeHHBIMM OMOMONEKYTaMM [/ CO3JaHUA 3a-
IIVTHBIX MAaTepManoB U TKaHeil ¢ 3aJaHHBIMU
CBOJICTBAaMI

B Takux pa3paboTKax He UCIIONb3YIOTCA IO-
TOBble TKaHU M MaTepMasbl, a CO3/IAITCA YCTIO-
BUA, IPU KOTOPBIX NPOMCXOUT UX caMOcOOpKa.
JIns mpoxoXXAeHMsT caMOCOOpPKM IOROMPAOTCSA
Haubosee mpuemMIeMble YCIOBMS AJIsI CO3[AHMUS
MOK wu xommnosutoB «6momonekynsi-MOKb»,
cospatorca coorBercTByomue MOK u mop6m-
paroTcsa O6mosorndecKue U XMMUIecKue MOJeKy-
nBI, obeclevyyBalouiye INpPOsAB/IEHME 3aJaHHBIX
CBOJICTB, 3TU MOJIEKYy bl MHTerpupyoTcsa B MOK
7 CO3JAI0TCA KOMIIO3UTHI <<6M0Mone1<ynb1-MOK»,
CIIOCOOHBIE KaTalnM3MpOBaTh Aerpajganuio (rup-
ponmus) TX (B Tom unucne u OB) n uHakTUBUPO-
BaTh BA (6akTepuu u Bupycel). Hanbonee npu-
eMJIEMBIMU JI/I CO3[JaHMA MaTepuajoB U TKaHei
CO CIlelMaNbHBIMI 3aLIUTHBIMU CBOWCTBAMU
ABNAITCA CIIOCO0 in-sity MHKANCYIALUN U 6110-
MOK cnoco6 momydeHus MeTa/IOOpTaHUYe-
CKUX KOMIIZIEKCOB [29].

Vcnonb3ya cmoco6 in-situ MHKAICYIALUN,
MoxHO co3zatb MOK Bokpyr 6momosnekyn ¢ of-
HOBPEMEHHbIM BKJIIOUEHUEM MX B IMOpbl. Takum
CIIoco60M MOXXHO IPOBOAMUTDH MHKAICYIIALINIO
aMUHOKMUCIIOT, 0eNKOB U (DepMEHTOB C BBICOKOII
3¢ (PeKTUBHOCTBIO BK/IOUEHNS UX B (HOPMUPYIO-
muecss MOKu. Ilpu 3ToM MHKaNCy1MpOBaHHBIN B
Ha"ovyacTuLbl MOK 6e/10K He TepsieT CBOelT aKTUB-
HOCT, @ TIOJTyYeHHBII I'MOPY/IHBII MaTepual Mpu-
obpeTaeT BBICOKYIO YYBCTBUTE/IBHOCTD, CEIEKTYB-
HOCTb, @ TaK)Xe CTaOMIbHOCTb IIPU [/INTETBHOM
xpaHeHun. IIpoBefieHre TaKOro MHKAICyIMpPOBa-
HIA BO3MOXKHO TOIBKO B BOJHBIX PacTBOpaX, IO-
CKO/IBKY OOJIBIIMHCTBO OMOMOJIEKY/I HeoOpaTuMo
KOH(GOPMUPYIOTCS ¥ KOATYTMPYIOT B arPeCCUBHBIX
CHHTETHYECKUX CpelaX, TAKMX KaK OpraHM4ecKye
pactBoputenu [29].
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ITIpn wucmonp3oBanuu 6mo-MOK crocoba
MOTTy4YeHNA MeTa/JIOPTAaHNUYECKUX KOMIITIEKCOB,
OMOMOJIEeKY/IbI-aMUHOKUC/IOTBI, TIENTUABI, HYKJIe-
06a3pl M TONMMCAaXapuAibl, obnafaolye XuMuye-
CKVM aKTUBHBIMJ TPYIIIaMU, XOPOLIO KOOPAVHM-
PYIOT C pa3IMYHBIMI MeTa/l/IaMU U BBICTYTIAIOT B
KayeCTBe OPraHMYECKMX JIMHKEPOB ISl CUHTe3a
MOK. Vcnionp3oBaHye 3TUX OMOMONIEKY/T B Kade-
CTBe JINTAHMIOB ISl KOOPAVHALMM C MeTajllaMu
IpUBOAUT K (OPMIPOBAHNIO COBEPLUIEHHO HOBBIX
tunos MOK [29].

BakTepMLUMIHOCTD, BUPYIUIMIHOCTD ¥ Ca-
Mooumienyue (caMoperasanus). MaTepuanbl U
TKaHVY MOTy IpuobperaTb 3a c4eT MX QYHKI[Ma-
NMM3aLyy, IpY MCHONb30BAaHMM HAHOPAa3MEPHBIX
MeTa/UIOCOAEPKAINX YacTUIl — Mefy, KoOabra,
TaHTa/la, TUTAHA, [[UHKA, cepebpa U [p., a TaKxKe
HaHOPa3MepPHBIX (epMEHTHBIX KOMIITIEKCOB — Op-
ranodocdarruponaspl, KAPOOKCUTIENTUA3H A 1
JIAKTOHA3BI.

B kayecTBe HEOOXOZMMBIX MJIA IOCTPOCHMUS
MOK opraHmnyecKux MMraHfoB O6yyT UCIIONb30Ba-
HBI aMWHOTPYIIIIBI U HENITHU/BL. B KadecTBe opranmu-
YecKUX JIMHKepoB 14 nocrpoennda MOK - amu-
HOKJCJIOTBI, TIEIITUABI U IOHBI META/I/IOB: TAHTAJIA,
TUTAaHA, MeAU ¥ LMHKA. MeTa/ytoopraHmyeckye
KOMIIO3UTHI C BBEIEHHBIM) B HUX OFHOBPEMEHHO
aHTUMUKPOOHBIM KOMIIOHEHTOM M HaHOpa3Mep-
HBIMY (PepPMEHTHBIMU KOMIUIEKCAMM B JajIbHeli-
meM OyAYyT HAaHOCUTHCS HAa TKaHEBYI0 YHUPUIIN-
POBaHHYIO IIATHOPMY.

ITopsAROK, KONMMYECTBO Y TOC/IEAOBATETBHOCTD
HAaHECeHMs COCTaBHBIX dYacTeil mnA Qopmuposa-
HISA METa/UIOOPraHNYeCKIX KOMIIO3UTOB «01OMO-
nexynsl-MOK», Ha TkaHeBYI0 YHUDUIMPOBAHHYIO
11aTQOPMY SABSIOTCS OCHOBOM /11 paspaboTKM B
[a/IbHEIIeM TeXHOMIOTUM TOTTy4eHMsI HOBOTO I10-
KOJIEHU S MaTepMasIoB U TKaHel MOAY/IbHOTO THUIIA
CO CHelMaNbHbIMY CBOVICTBAMI.

Ilomy4yeHnHble TpM TaKOV TEXHOJIOTUM KOM-
103UThI «610MOIeKynbl-MOK» cTaHOBATCS HOBOII
mw1aTopMoit [/Isi TeTepOreHHOro OMOoKaTausa,
TaK KaK MIMEIOT BBICOKYI0 CTaOMIbHOCTb, MHOTO-
KpaTHOe JICIIO/Ib30BaHMe U XOPOIIYI0 KaTaIuTHIye-
CKYIO CeJIeKTUBHOCTb.

PackppiTe nmpuHIMIA MOXYAbHOCTH A/
CO3JJaHM:A META/IOOPTAaHMYECKUX KOMIITIEKCOB
C 3aAaHHBIMM CBOJICTBAMM /I COBPEMEHHBIX
CPEACTB 3alMThI

IIpegnmaraeMblii HaMM IPUHLMII MOJY/IbHO-
CTU TIOCTPOEHMA 3alUUTHBIX MaTepMaaoB C 3a-
JAHHBIMM CBOVICTBAMM, 3aK/IIOYA€TCA B VCIIO/b-
30BaHUM €[MHOJl TKaHeBOW YHUQUIVPOBAHHOI
11aTOPMBI, Ha IIOBEPXHOCTb KOTOPOJ HAHOCATCSA
CrleliMajIbHble OTJe/bHble MORYIN VI KOMOUHa-
LMY MOAYJIeil, KOTOpble 00eCIeunBaIOT 3aIUTY
4e/I0BeKa OT Pas3IMYHBIX (AaKTOPOB XMMUIYECKOI,
OMomorn4yecKor u GpU3N4ecKoil IpUpPOIbL.
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MopynpHOCTb, 110 HalleMy IOHMMaHMUIO, CO-
CTOUT B KOMIUIEKTOBAaHMM IIaK€Ta MaTepuajoB
OTJE/IbHBIMM 97IEMEHTAMM 3alUThl OT pa3/nd-
HBIX (paKTOPOB BO3ZENICTBMSA Ha 4eloBeka. Exm-
Has TKaHeBas yHU(UUMpOBaHHASA IIaTPopMa, Ha
KOTOPYI0 HAHOCAT JIpyTHe CIelyanbHble MOJY/I,
IpefiCTaB/IsAeT cO00I1 3alUTHBIN MaTepua, KOTO-
PBII KJTacCUPUIPYeTCs KaK MOAY/Ib «'KaHb» MK
MOAY/b «BpoHs».

Hanocumble Ha Mopynb «TkaHb» crenu-
aZIbHbIe MOJYIVM CaMy IO cebe MOTYT ObITh MIN
XUMMYECKM HENTPaNbHBIMK, Hampumep: «Apre-
3MOHHBI», «AICOpPOUMOHHBI» U «AOCOPOLIOH-
HBII» MOIYIN, VIM XMMWUYECKN aKTUMBHBIMU, KaK
«Jesununupyromuit»  («<bakTepuUUAHBI» U
«Bupymnuupneit») «[lerasupyrommit» («buoxm-
MUYecKMit» 1 «XyuMmudeckuin»). I[lostomy npu Ha-
HeCeHMM Ha YHUQUIMPOBAHHYIO NMIaTHOPMY XM-
MUYEeCKM aKTUBHBIX MOZY/Iel OYAYT cOOMIOaThCs
ollpefielleHHble TpeOOBaHMA HaHECEHUs KOonude-
CTBa M IIOC/IE[OBATEIbHOCTHY, KOTOPblE HE II03BO-
JIAT HENTPaaM30BaTh WIM BBIBECTH M3 pabodero
COCTOAHMS CIenydryecKue MOLYIN WIN MeIIaTh
MOZLY/IIM OCYIIeCTBIATH CBOM PyHKIUN.

CormacHo pa3pabOTaHHOMY IIPMHIUILY
MOJYIBHOCTM TIOCTPOEHMA 3alMTHBIX MaTe-
pManoOB C 3aJaHHBIMM CBOMCTBaMM Ha MOZYIb
«TxaHb» B IIepBYI0 OYepeAb HAHOCUTCA MOAYIb
«AJTe3MOHHBI», OCHOBHOE Ha3HayeHMe KOTO-
pOTro COCTOUT B OOeCIeYeHUN afre3nun OCTalb-
HBIX MOJYJ/Iell Ha TKaHeBOJ YHU(UIMPOBAHHOI
nnatgdopme.

Mopymmn: «IIpoTBOOrHEBOI», 3aILMIILAFOIII
OT OTKPBITOTO IVIAMEHM M CBETOBOTO M3/TY4YEHUSA
ANIEPHOTO B3pBIBA; «[le3snHPUIUpPYOmMNIT», 3a1u-
AN OT 6aKTepMaIbHBIX areHTOB U BUPYCOB;
«JlerasanoHHbIN» («Broxummaecknuit» unm «Xu-
MUYeCKMif»), 3aMUIAIOMNI OT CUIbHOMENCTBY-
IOLINX SIJOBUTBIX BEILIECTB; «ACOPOLMOHHBII» U
«AOGCOPOLIVIOHHBII», Pa3MEIAITCA B CTPYKType
TKaHM TII0C/Ie MCIONb30BaHUA «AJTe3MOHHOTO»
MOJyIA.

MOK otHOCUTCA K «MeTanmoopraHnude-
CKOMY» MOLYNII0O U sABNAeTcA MopyneM «buoxu-
mudeckui». Ilpm npumeHenum mopyna «Me-
Ta/JIOOPTaHUYECKUII» COBMECTHO C MOAYJeM
«[JesanHUIUPYIOMNI» CO3[AaeTCA OCHOBA JJIA
MONy4YeHMsI MaTepuanoB U TKaHel MOZYIbHOTO
TUIIA CO CIIELMAIbHBIMU CBOMCTBAMY MOZY/IbHO,
obecreunBaOMINX OHOBPEMEHHYIO 3alUTy OT
TOKCUYHBIX XMMMKATOB 1 6O/e3HETBOPHBIX I1ATO-
TeHHBIX MUKPOOPTaHN3MOB (6aKTepuil 1 BUPYCOB).

Hns cospmaHusa MaTepuanoB M TKaHEN MO-
IOYABHOTO TUIIA CO CIIELMAJIBHBIMM CBOJCTBaMU,
obecreynBaOMIMI 3aIUTy OT TOKCUYHBIX XM-
MMKATOB VM IATOT€HHBIX MUKPOOPTaHM3MOB Ha OcC-
HoBe MOK, 6b11a paspaboraHa cxemMa MOZY/IbBHOTO
nocrpoenns «MOK - yHUBepcabHBIT», KOTOpas
IpefcTaB/leHa Ha pUCyHKe 1.
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V.V. Zavyalov, N.V. Zavyalova, V.l. Kholstov et al.

PucyHok 1 - Cxema nopsa0Kka mody/1bHO20 hocmpoe-
HuA «MOK - yHugepcanbHblli».

1. Moodyne «AOcopb6yUOHHbIU» — NOOJIOXKKA, MKAHb
napaapamuodHas (80710kHO «Pycap»). 2. Moodynb
«A02e3UoHHbIU» — /1ol Kap6oKcuamos Memarnios.
3. Mo0yne «kAHMumMuKpo6HbIl» — c/10l HAHOYacmuy,
memasnnos (maHmas, mumad, YuHk). 4. Mooyne
«Xumuyeckuli» — c/10U Kancyn asko20/1Amo8 Memart-
n08. 5. Modynb «buoxumuyeckuti» — cioti Kancyn
HAaHopa3smepHbIX hepMeHMHbIX KOMNJIEKCO8.
Cxema asmopos

brarogaps paspaboTaHHOI CXeMe CTPYKTY-
pot «MOK - yHusepcanbHblii» mmn «MOK-Y», ¢
Haybos1ee HACBIIEHHOI 110 KOIMYeCTBY MOZyIel 1
BBOAMMBIX B HUX KOMIIOHEHTOB, ObI/IN OIIpefiere-
HBI — COCTaB U CBOJICTBA OTAE/NTbHBIX MOJYJIel, BO3-
MO>KHbIE U OITMMaJIbHble KOMOVMHAIMM MOZYJIeit
MOK-cTpyKTYp A1 HONMY4YEeHM I HOBBIX 3aIIMTHBIX
MaTtepuanos oT XA u bA, ycTaHOBIeHa BaXKHOCTD I
3HaueHMe OTHE/IbHBIX MOAY/Ieil ¥ X KOMOWHALIMI
mna npupganusa MOK-marepuany yHuBepcanbHBIX
3alUTHBIX CBOJMCTB.

B cooTBeTCTBMM ¢ IPUHIUIIOM MOAYIBHOTO
noctpoenns «MOK - yHUBepcanbHBIN» COREP>KUT
crefyomiye MOy, COCTOSAIINE U3 CTIOEB U MeI0-
Hiye cIeflyIoLiue XapaKTepUCTUKI:

- modynv «Tkamv», CIOI TKaHU MapaapaMuj-
HOJI (BOTIOKHO «Pycap») mnm gpyrue BUABI TKaHel,
TaKJe KaK: CMeCOBble apaMIUTHOBJCKO30BbIe, apa-
MUJJHOX/IOYaTOOyMarkHble, apaMUIHONOTMAKPH-
NaTHBIE, MeTaapamuy, (BomokHo «Homekc»), ABs-
eTcsA TOMJIOXKKON /1A APYyrux mopynent. Mopynb
BBITTOTTHSAET (QYHKIVIO Hecylueil 6a30Boil IUat-
(dbopMBI 1 CO3aHMA 3aIUTHBIX MaTepUaoB;

- M00ynb «Ad2e3uoHHbL» OH Ke «AbcopOIu-
OHHBIIT», TIpeJcTaBIseT coboil cIoi KapObokcua-
TOB METaJIJIOB, B KOTOPOM B KaueCTBe HeNO/IAPHOII
JacTM MOJIEKY/Ibl MCIIONb3yeTCs NMpUpPORHasA Kap-
OOHOBAsI KUCTIOTA C BBICOKMM TUAPOPOOHBIM B3a-
MMOJIE/ICTBIEM, @ B KayeCTBE€ METAJITIOB MCIIONb-
3YIOTCA: QJIIOMUHUIN, >Kene30, CTPOHLMUIL, 6ap1/1171,
Me[lb, MapraHell, HUKe/b, KOOAIbT U IIMHK. Ber6op
KOHKPETHOTO Kapbokcuaara Meramia 6ymer o6y-
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C/IOBJIEH €T0 a[JTe3VIOHHBIMU U abCOPOIMOHHBIMU
CBOJICTBaMM U 3afjayaMy, KOTOpble OyAyT BBIIOJ-
HATDb 9TU METaJUIbl. «AITe3OHHBII» MOAY/Ib SIB-
JISIETCSL YHUBEPCAJIbHBIM a0COPOEHTOM JJIs IIapoB
JeTy4MX OPraHMYECKNMX BeIeCTB, OH IIOBBIIIAET
afiTe3lOHHOE KpeIIeHe Ha IOBEPXHOCTU IIOf-
JIOKKYM JIPYTMX areHTOB, HAHOCUTCA (IIPONMTBI-
BaeT) HEIOCPEe/ICTBEHHO Ha IOMIOXKKY. Momynb
(YHKIVOHA/IBHO OTBEYaeT 3a 3aXBaT U YHEPXKI-
BaHMe YaCTUIL MTOPaKaIIINX areHTOB Pa3NTNYHON
P POADL;

- M00Ynb «AHMUOAKMePUANLHDLIL», CTION MO-
muGULIUMPOBAHHBIX HAHOYACTUL] METAIOB (CIIUp-
TO30MM WU TULPO30/IN): TAHTANAA, TUTAHA, MeNU
U IUHKa, 00ecHeyyBaOUMX OaKTepUIVIHbIE U
BUPY/INLNIHBIE CBOVICTBA MaTepuana. Mogymib oT-
BeyaeT 3a HeMTPanM3aIyio NopakaloluX areHTOB
OMOTOTTYECKOTO TTPOUCXOXKTEHM ST;

- M0Oynb «Xumuueckuil», CJIOV KATICYTT XKUJ-
KX XMMUYECK) aKTVBHBIX KOMIOHEHTOB, HAllpU-
Mep, alKOTOIATOB META/JIOB, IpPefCTaB/IONNX
u3 ce0s1 pacTBOp 3TM/IATA KaMUA ¥ M30MPOIMIIATA
KaJus B 3TWIOBOM VM M30IIPONUJIOBOM CIIMIPTE CO-
OTBETCTBEHHO, KOTOPBIN 3aK/II0UeH B KaIICy/Ibl U3
IIONIMKAIIPO/IAKTOHA WJ/IM BBICOKOMOJIEKYIISIPHOTO
HO/IMATUIEHITINKO/A. Moziyb obecniedyuBaet nep-
BUYHYIO XMMMYECKYI0 HEMTpanu3anyo XuMude-
CKMX TIOPa’KAIOIIVX aTeHTOB;

- mooynv «buoxumuueckuii» wmn «Camodeza-
supyrouuticss» (CaMOOYMIAIONINIICS), COCTOSIINI
U3 KaICy/l HaHOpPasMepHBIX (epMEHTHBIX KOM-
I/IEKCOB (reKCarncTUAMHCOepiKalieit opraHodoc-
darrugponassl, KapOokcunenTuaasbl A U TaKTO-
Hasbl), B IIPUCYTCTBUYU KOTOPBIX OCYILIECTBISAETCS
KaTaMUTUYECKNIT TUPOIN3 TOKCUMYHBIX XMMUKa-
TOB. Moziy/ib OTBeJaeT 3a MOJIHYIO [jera3alnio Xu-
MMYECKVX MTOPakaloIIVX areHTOB IOCPEICTBOM MX
PasNIoXeHMsI B0 HETOKCHMYHBIX HEOPTaHMYECKUX
IPOLYKTOB.

X%

Takum o6pasom pa3paboTaHHBI HAMM IIPUH-
LA MOAYIBHOCTY JJIsl IIONMY4YEeHMsI MeTajIoopra-
HUYECKUX KOMIIIEKCOB C 3aJJaHHBIMU CBOMICTBAMU
OISl CO3/IaHNA COBPEMEHHBIX CPECTB 3aIlUTHI OT
TOKCUYHBIX XVIMUKATOB M MaTOT€HHBIX MUKPOOP-
TaHU3MOB, COCTOUT B MCIOIb30BAHUM €IMHO TKa-
HeBOJl yHU(UIMPOBAHHOI ITTATPOPMBI C HaHece-
HMEM Ha e€ MOBEPXHOCTD CIIeMaIbHbIX MOJYIIEN,
KOTOpble OyAyT obecliednBaTh 3aIUTy YelIOBeKa
OT pasNNYHBIX (PAaKTOPOB XMMUYECKOII, OMOIOTH-
4eCKOi ¥ PU3NIECKOI TPUPOJIBL.

3amuTHBIE CBOJICTBA TaKMX MaTepUAIOB I
TKaHell, KOTOpble CO3/Ial0TCS C MCIOIb30BaHMEM
IpPVHIMIIA MORY/IBHOCTY, OYIyT OIpefensaThCs
Ha/IM4MeM ¥ KOMIIOHOBKOJI MORYyJeil, o6nagao-
WX crequ@UIHBIMU CBOCTBAMM IIO HeWTpa-
AU3alUM TOpakaloumux (akTOPOB Pa3IUYHOIN
npuponbl. Ilpm sTOM ucCHIONbB30BaHME HAHHOTO
IIPMHIOVIIA TIO3BONINUT HPURATh 3AlIUTHbIE CBOJ-
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CTBa IMPAaKTUYECKN JI000I1 Ofex/ie, COXpaHUB ee
($U3NONIOrO-TUTNEeHNYeCK/e XapaKTePUCTUKNA U
obecrieunB TpeOyeMblil YPOBEHb 3aIIUTHI JINY-
HOTO COCTaBa, He Inpuberasd K MCIOTb30BAHNIO

ClleManu3ypOBAHHBIX CPEJCTB VHVBIU/Yalb-
HOJI 3aIUTBHI M30/IMPYIOIIEro THIA, 06/Iajalomux
BBICOKVIM M3HYPAIOIINM [Ie/ICTBIEM 1 CKOBBIBAIO-
M 3G HeKToM.

Paboma évtnonnena npu unancoeoti noodepicxe PODH (zparm Ne 18-29-17069).
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An earlier analysis of approaches to the creation and improvement of protective materials and tissues
made it possible to assume that the development of personal protective equipment (PPE) against various
damaging factors of chemical, biological and physical nature can in future go towards the creation of
modular organometallic frame structures (MOF-materials) with specific properties (from toxic chemicals
and pathogenic microorganisms). The aim of this article is to develop and disclose the principle of
modularity of construction of protective materials based on MOF-structures with specific properties. The
principle of modularity of construction of protective materials with specific properties, proposed by us, is
based on the use of single unified platform, on the surface of which special modules or combinations of
modules are applied, which ensure the protection from various factors of chemical, biological and physical
nature. The universal structure of MOE, called « MOF-universal», has been substantiated. The composition
and properties of individual modules, possible and optimal combinations of modules of MOF-structures,
the importance and significance of individual modules and their combinations for imparting universal
protective properties to MOF-material are determined. The use of this principle will make it possible
to impart protective properties to almost any clothing, while maintaining its physiological and hygienic
characteristics and providing the required level of protection for personnel, without using specialized
personal protective equipment.
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60eBbIX OTPaBAAIOLLUX BELLECTB U CPEACTB

neyeHus nopakeHmm B lrepmanum B 1933-1945 ropax

H.A. Wuno

®edepanbHoe 20cydapcmeeHHoe brooicemHoe yupexcoeHue
«27 HayuHbili yeHmp» MuHucmepcmea ob6opoHbl Poccutickoli ®edepayuu, 105005,
Poccutickas ®edepauyus, 2. Mockea, bpuzadupckuti nep., 0. 13

[Moctynmna 15.05.2021 r. [IpuusaTa Kk my6nukarum 20.06.2021 r.

HecmoTps Ha BHMMaHUe K Ipo6/ieMaM BOCHHBIX IPECTYIUIEHNII 1 IPeCTYIUIEHWIT IPOTUB Ye/I0Bed-
HOCTM, KOTOpBIE B OecIpeliefleHTHBIX MaclTabax cOBEpIIalNCh B HAIIMCTCKIX KOHIIEHTPALlMOHHBIX
narepsix, TeMa MeJUIIMHCKUX SKCIEPUMMEHTOB Ha 3aK/MI0YEHHBIX B COBPEMEHHON OTe4eCTBEHHOI
ucropuorpaduy NpefCcTaBIsAeTCA OFHON 13 HalIMeHee M3ydeHHBIX. TeM 60siee He yesIoch ClIeru-
QJIPHOTO BHUMAHMS MCIBITAaHNMAM Ha JIIOMAX XVMUIECKOro opyxus. Llenv pabomvt — paccMOTpeThb
MCTOPUIO Pa3pabOTKM M UCIIBITAHMIT Ha JTIOMIsIX 60eBbIX oTpassiomux Bemects (BOB) B [epmanuu
B 1933-1945 rr. B ropsi [TepBoit MyupoBoit BoitHbI lepManys OblTa OfHOI M3 BEAYLIUX CTPaH MUpa
B 00/1aCTV BOGHHO-XMMMYECKOTO fiena. B pesynbrate BepcalbCKUX OTPaHMYEHMIT STOT MOTEHIN-
a1 6bUT B 3HAYMTENBHOI CTeleHN yTpadeH. Ilocie mpuxoma k Bracty HauyoHan-counamcTude-
ckoit Hemenkoit paboueit mapruy (HCITAIT) Tepmanust He TOIBKO BOCCTAHOBUIA, HO 1 HAPACTHU/IA
BOEHHYIO MOIIlb, JOCTUTHYB B 00JIACTM XMMMYECKOTO OPY>KNUsA HaJ, CBOMMM IPOTMBHMUKAMY Kade-
CTBeHHOTro npeBocxofcTBa. Vcnbitanusa BOB, a raxoke uccinenosanue aGpPpeKTVBHOCTU CPECTB 1
IIPOTOKOJIOB JIEYE€HNA BbI3BAHHBIX IMY ITOPAXKEHNIA, IPOBOAVIIN KaK BOEHHbIE CTPYKTYpPbl Bepmax-
ta n CC, Tak U rpaXlaHCKMe HayYHO-UCCIeOBATENbCKIE M aKaZleMIIeCcKye NHCTUTYThI. DKCIle-
PVIMEHTBI Ha 3aK/II0YEHHBIX OCYILIEeCTB/IA/IICh B KOHLIEHTPALMOHHBIX jarepsx [laxay, PaBeHc6piok,
AymBuu-Bupkenay, ByxenBanba, 3axcenxayseH, Hansaiinep-Illtpytrod, Hoitenramme n pp.
B OCHOBHOM MCC/IEZOBAIOCh MOpAXKalolljee [efICTBIE CEPHUCTOrO umputa u ¢ocreHa. B Aymsu-
Le-BupkeHay «Ipon3BOAMIOCH M3Y4eHNeE JIEVICTBMA PA3HBIX XMMIYECKUX IIPENapaToB IO 3aKa3aM
HeMelKux ¢upM». Bpaun n3 CC, craBuBIIe HeOOPOBOIbHBIE ONBITHI HA JTIOAAX, IIOCIe BOJHBI
6bUIM OCYX/IeHbI BOCHHBIMU TPUOYHA/TIaMU 3a BOCHHBIE IIPECTYIICHUS U MPeCTYIUIHNs IIPOTUB
genoBeqHOCTH. CeMb Bpadell ObUIM IPUTOBOPEHBI K CMEPTHOI Ka3HU Yepes MOBELIeHNe, IIPUTo-
BOp IIPUBEJEH B MCIIONHeHMe 2 MIoHs 1948 I. B TIOpbMe /151 BOEHHBIX IIPECTYIHMKOB B JlanacOepre
(baBapus). ITo nroram nporecca 1947 r. 6p11 cocrasneH HiopHOeprckmit KofieKe — IepBbIil MEeXXAY-
HapOJHBIN NOKYMEHT, BBOSVBILINII STUYECKME HOPMBI JIS YYEHDIX, 3aHMMAIOIMXCA SKCIIEPYMEH-
tamy Ha moasx. OH BKIoYan B ce6st 10 IPUHINIIOB, ITIABHBI 13 KOTOPBIX CBOAWICS K TOMY, 4TO
UL TIPOBEfEHNS SKCIIePUMEHTa Ha YelloBeKe He0OXOAMMO ero H06pOoBO/IbHOe OCO3HAHHOE COITIA-
Cle MoC/Ie MPeOCTaB/IeH sl eMy HOIHO MHPOPMAIUI 0 XapaKTepe, IPOJO/DKUTETbHOCTI U Lie/IN
IIPOBOAMMOTO SKCIEPUMEHTa; O METOflaX ¥ CIIOCO6aX ero MpoBefieHNs]; 060 Bcex MpefIIoIaraeMbIx
Hey[o6CTBaxX U OIMACHOCTSIX, CBS3AHHBIX C IPOBEJEHMEM IKCIIEPYMEHTA, I, HAKOHEL], BO3MOXHBIX
HOCNIEACTBYAX 1A GU3MYECKOTO VU IICUXUYECKOTO 340POBbS UCIBITYeMOrO, MOTYIINX BO3HUK-
HYTb B pe3y/IbTaTe ero y4acTHsA B KCIIEpMMEHTe.

AAIHDYYV 1VIIdOLSIH

Kniouesvie cnosa: 6oesvle ompasnsoujie seuecmad; 80eHHvle npecmynnenus; Bmopas muposas
sotina; Iepmanus; ucnoimanus; Konynazepo; Hwoprbepeckuti mpubyHan; npecmynienus npomus
4es106e4HOCHIU.

Bubnuozpaguueckoe onucanue: lluno HI. Paspabomka u ucnoimanus Ha 11005x 60e6bLx ompas-
JUTIOWAUX BeU4ece U cpedcme neueHust nopaxceruti 6 l'epmanuu 6 1933-1945 200ax // Becmuux 8otick
PXB saugumot. 2021. T. 5. Ne 2. C. 173-198. https://doi.org/10.35825/2587-5728-2021-5-2-173-198
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B ropsr [TepBoit MupoBoit BoiiHb (1914-1918)
TepmaHus 6bIIa OFHON 13 BeAYLIMX CTPAaH MUpa B
o0/acTy BOEHHO-XMMMYeckoro gena [1, 2]. I'mas-
HBIM ILIEHTPOM BOEHHO-XMMMYECKUX MCCTeoBa-
HUt 6bU1 VIHCTUTYT U3MYECKOl XMMUU U 97IeK-
Tpoxumum Kansepa Bumbrenbma (mem. - Kaiser
Wilhelm Institut fiir physikalische Chemie und
Elektrochemie, KWIPC) (M®XD) Ob6mecrsa
Kaitsepa Bumbrenbma (Hem. - Kaiser Wilhelm
Gesellschaft)' (bepnun-Janem) (pucyHok 1) [3, 4].

B mHCTMUTyTe 3aHMMAaNNCh MTOMCKOM TOKCUY-
HBIX XMMMKATOB, IPUTOJHBIX K IpPMMEHEHUIO B
KauecTBe OOEBBIX OTPAaB/IAIIIMX BeLeCTB, Pas-
pabOTKOI TeXHOJOTMII MX HMPOMU3BOACTBA B IIPO-
MBIIIIEHHBIX MaclITabax, CO3JZaHMEM CpeicTB
IOCTaBKM, BOIIPOCaMM XpaHEHNUA ¥ YTUIM3ALuu,
paspaboTKoOIl CPeACTB M CIOCOO0B OOHApPYKEeHUA
6oeBbix orpasmsomnx Bemects (BOB), a Takxe
CPefiCTB MHAVMBMYA/TbHOI ¥ KOJUIEKTVBHOM 3aIIy-
TbI. TaM >ke 3aHMMaNCh U3yYeHMeM TOKCUKOIOT Y-
yecknx cBoiicTB bOB u monuckoM cpefcTB 1 MeTO-
moB nedeHn A nopaxennit. Jupexrop VMIOX3 Opun
Tabep (uem. Fritz Haber, 1868-1934) (Ho6emneBckmii
naypear, 1918) Obl1 OTHOBpeMEHHO Haya/JIbHUKOM
BOEHHO-XVIMIYECKOI1 CTy>KObI TepMaHCKOI apMUML.

KpynHeimmnM TOKCMKOTOTNYeCKIM LIEHTPOM,
sanumasimmcs BOB, 6bin Jenaprament E (dbap-
Makonorndeckuit) VIOXI mox pykoBOACTBOM TOK-
cukonora Oepaunanga Onypu (Hem. — Ferdinand
Flury, 1877-1947).

Ilocne oxondanms IlepBoit MMpPOBOIT BOJIHBI,
3aBepIIMBlLIelics mopakeHneM [epMaHnm u ee coro3-
HUKOB, Bepcambcknit MyupHBlit jorosop (1919) crieru-
a;mpHO oroBapuBan (ct. 171): «B 8udy socnpeuserus
NONb308AHUS YOYUNUBLIMU, AO0BUMbIMU UTU MOMY
NO00OHbIMU 2a3AMU, 4 MAKHEe BCAKUMU AHATIOZUUHDL-
MU HUOKOCAMU, 8eU4eCNBAMU UL CHOCOOAMU, NPo-
U3600CB0 U 6603 UX 6 [epManuIo cmpozo 60cnpeusa-
emcs. To xe camoe 6yOern OMHOCUMbCA K Mamepuaty,
CNeyUanbHO NpeoHA3HAYEHHOMY OIS U320MMO06/IeHUS,
COXPAHEHUS UMU NPUMEHEHUS HA3BAHHBIX NPOOYK-
Mo u cnoco6os...». 3alpelanich IPOU3BOACTBO U
VIMIIOPT IIpeKypcopoB. Heb3st 66110 TPOBOAUTD HY-
KaKIX CEKPETHBIX PabOT B 06/1aCTV BOGHHO XVIMIIL.
B M®X3 pemaprament E 6bur 3akphit. [epmaHuio
005132/ TIOJIE/IUTBCS TEXHONMOTMAMMU C OBIBIIVMU
NPOTUBHMKAMU — CT. 172 BepcambCKOro MMPHOTO
JI0OTOBOpA IIPEJIIOJIArasa, YTo «8 MpPexmecsiuHblil CPOK
CO OMA ecmynnieHus 6 cumy Hacmosueeo Jlozosopa
Tepmanckoe Ipasumenvcmeo dosedem 00 ceedeHus
IIpasumenvcme Inasnoix Cowsnvix u Ob6vedunus-
wiuxcs [lepias o 6udax u cnocobax npou3eoocmsa
8CeX B3PLIBUAMBIX BeUu4ectns, TO0BUMDBIX COCINABOE
Unu Opyeux XuUmu4ecKux npenaparmos, ynompeosnss-

1

PucyHok 1 - O6sekm YXO obpasya Hayana XX eeka.
BepoeH, 1919 2. PaccHaps»xeHue nposodusiocs 8 depe-
8AHHbIX 6apakax (8 yeHmpe). Ha nepedHem nnaHe -
paccHapsxeHHble 6oenpunacsl Co CHAMbIMU 83pbl-
samenamu. Ha 3a0Hem nnaHe - neyu 019 CKU2aHUSA

unpuma. UcmouHuk - GEKA [28]

WAUXCST UM 8 1eveHUe 60TiHbL UU U320MMOBTIEHHBIX UM
C yenvio ynompebums ux maxum oopasom» [5].

Bckope B [epmanuy Hammm croco6sr 06xofa
BepCA/IbCKMX OTpaHM4YeHNI. BHyTpu cTpaHBI Ha-
y4HO-uccnenosarenbckue paborer (HVIP), cBs3an-
Hble ¢ BOB, Benuch B OrpaHMYeHHBIX MacuITabax
TPYIIIaMI YYEHBIX B TaOOpATOPUAX IIPU YHUBEP-
CUTeTax U HayYHO-UCCIEeNOBAaTeIbCKNX IIeHTPax —
TaKNX, KaK buomormdeckmii neHtp B bepnune
(Biologische Reichsanstalt). PeiixcBep ocyumjecTs-
771 B3aMMOJEICTBIE C HUMY 4epe3 CUCTeMy KOH-
TpakToB. YacTb paboT Obl/Ia IlepeHeceHa 3a Ipefie-
JIBI CTPaHBI [6].

Ecnu He mprHMMATh BO BHMMAaHUe Bepcab-
CKJe OTpaHMYEHMS, B 9TUX paboTax He OBIIO HU-
4Yero IpOTHBO3aKOHHOTO C TOYKM 3peHUA MEX-
IYHapOIHOTO IIpaBa TOTO BpPEMEHM, IIOCKOIbKY
melicTBoBaBIMii B TO BpeMs Kenesckuit «IIporo-
KOJI O 3aIlpelleHn IIpYMeHeH) A Ha BOJHe yoyIl-
JIMBBIX, ATOBUTBIX WM APYIUX MOJOOHBIX Ta30B 1
OaKTepronornyeckux cpeacts» (1925)* sampeman
TOJIbKO IIpMMEHEHNe XMMUYeCcKoro opy>xxus. l'oro-
BUTBCS K BOJTHE HUMKAKOIl 3aKOH He 3amperuarn [7].

Cutyanusa M3MeHWIaChb IIOCTe BBIOOPOB
1933 r. ¢ nmpumxopgoMm K Braactu Hanmonan-co-
[UATNCTUYECKO HeMeIKoll pabodeil mapTun
(HOCAII, uem. Nationalsozialistische Deutsche
Arbeiterpartei, NSDAP) Bo rnaBe ¢ Agonbdom I'nut-
nepoM (Hem. — Adolf Hitler, 1889-1945), craBmum
pevixckaHuepoM. Bekope T'epmanus orkasanach
OT BOEHHBIX CTaTell Bepcanbckoro forosopa, cra-
7Ia BOCCTaHAB/NINMBATbh BOOPYKEeHHbIE CUJIBI ¥ Hapa-
IMBaTh IPOU3BOACTBO BOOPY>KEHUII, B TOM YUCIIE
xumndeckux. HVIP mo xummyeckomMy Opy>XMIo

B nacrosee Bpemsi — O61iecTBO HayIHBIX MccaefoBanmit umeny Makca ITnanka (mem. — Max Planck Gesellschaft

zur Forderung der Wissenschaften e.V., MPG), ceTp Hay4HO-UCC/IeZOBAaTe/IbCKUX OpraHM3aLIMil, BKTIOYAIOLIas B ce-
651 607ee 80 MHCTUTYTOB U HAYYHO-UCCIEOBATENbCKMX LIeHTPOB. IlITab-KBapTupa HaxoguTCcs B MIOHXeHe.

2

[TpoToKoO 0 3ampelieHN IPUMeHEHs Ha BOIHe YA YUUINBBIX, ALOBUTBIX MIN IPYTUX HOJOOHBIX ra30B 11 6aKTe-

puonornyeckux cpencts. URL: https://docs.cntd.ru/document/901753260 (gaTa obpamuenns: 12.06.2021)
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Pa3paboTka 1 UcnbITaHUs Ha 1l0AAX 60€BbIX OTPaBAOLMX BELLECTB U CPEACTB JIeYeHUs NopaxkeHuit B lfepMaHuu...

PucyHoK 2 — Xumuyeckue mpogpeu, docmaswuecs
COIO3HUKAM nocsie Bmopou muposgoli 80liHbI.
UcmoyHuk - GEKA [28]

HOMYYU/IN JOIOJTHUTE/IbHOEe (PMHAHCUPOBAHIE.
Bb11t co3gaHbl HOBbIE HAYYHO-MCCIEJOBATEIbCK e
Y UICTIBITAaTeTbHBIE LIEHTPBI, /151 HIX ITOTpeboBacs
SKCIIEpMMEHTA/IbHBIN MaTepual, BOHa [1ajia €r0 B
HeOoTpaHMYeHHBIX KOJMYecTBax [8].

Lenv pabomvt — pacCMOTpPETb UCTOPUIO paspa-
OOTKM ¥ UCIIBITAHUI Ha MIOAAX 60EBBIX OTPABJIAI0-
mux Bemject (BOB) B l'epmanum B 1933-1945 rT.

OCHOBHBIM IIEHTPOM HayYHO-UCC/IEOBATE Tb-
CKVIX U WCIIBITaTe/IbHBIX PabOT IO XUMUYECKOMY
OPY>KMIO CTaJT YYeOHBI M MCIBITATENbHBII TTOTN-
roH BepmaxTa n maboparopun B Paybxammepe Bo3-
ne Mioncrepa (Heeresversuchsstelle Munster-Nord
/ Raubkammer) [9].

IToneBble WMCHBITAaHUA, a TAKKE CTPOUTEND-
CTBO COOTBETCTBYIOLINX 00'beKTOB Hayaauch B Pa-
ybkammepe B 1935 1. B 1936 . cTponTenbcTBO 661710
3aBepuIeHO. B rogbl Bropoit MpoBoOl BOWHBI TaM
paboranmu okono 500 denoBeK, MaKCHMMalIbHAs YMC-
JIEHHOCTB TIepcoHasna gocturia 800 genmosek (1944).
Yue6HblIi1 TOMUTOH 0011Iel IIoIabIo 16X8 KM, pac-
IIOJIO>KEHHDBIT ceBepHee MIOHCTepa, MCIIONb30BATICS
KaK SKCIIepYMeHTa/bHasA IUIOIaJiKa B MHTepecax
XMMUYECKOI c1y>KObI BepmaxTa (B mepByto ouepenb

3

Hebetwerfer Vorubinang in Munster, Dezember 1343

PucyHoK 3 - icneimaHusa peakmueHbIX MUHOMeEMO8.
MroHcmepckuli nonuzoH. [lekabps 1943 2.
URL: https://www.geschichtsspuren.de/artikel/
trainings-und-versuchsanlagen/108-munster-
kampftstoffe.html (dama obpaweHus: 13.06.2021)

JI/Is TPOBEMIEH NS UCTIBITAaHNUT 6OEPUIIACOB C UTIPU-
TOM® (PUCYHOK 2), @ TaK)Xe I OTPabOTKYU TaKTu-
YeCKMX IPUEMOB BeJieHMsI XMMMYECKOl BOVHBI) U
BBC, a Tak>xe Kak y4eOHbII OMUTOH* (PUCYHOK 3).
B yacTHOCTH, UMEHHO Ha UCIIBITATEIBHOM IIOIATOHE
B 1937 1. 6BII TOCTPOEH IIepPBBII MUTOTHBI 00BEKT
II0 TIOTTy YeHNI0 TabyHa, T/ie Y)Ke K cepefiiHe Tofia Ha-
MaJVIIN eT0 MajioMacuITabHoe mpousBoacTao® [10].
BroppIM 10 BemMumMHEe M 3HAYUMMOCTU OO0D-
ekToM Obita JlabopaTopysi HPOTMBOXMMUYECKON
samutel (Heeresgasschutzlaboratorium Spandau)
B nuragenu lllnmanpay (bepnuh), co3ganHas 9-m
(xMMM4yeckuM) OTHe/NIOM YIpaBJIeHUs BOOpPYXe-
HUII CYXONYTHBIX BOMCK. DTOT OTfeN OCYIIecT-
BJIAJI PYKOBOZICTBO M KOHTponb Hap Bcemm HIIP
u ucneitanusmu B obnmactu BOB (6oenpumacamm
3aHMMAJICA APYTON OT/eNl YIpaBIeHUs BOOPYXKe-
HUJI, a aBMAI[MOHHBbIe OOENpPUIIACHl HAaXOJUIVChH
B BegeHun Jlrodreadpde). B nuragenn llnanpay
paboranu okono 450 yenoBek (1944). [Tomumo pe-
HIEHV S 3124 TIPOTUBOXUMIYECKOTT 06OPOHBI, TaM
BeJIVICh pa60TbI o co3maHuio HoBbIX BOB, a Takxe

B moxyMeHTax TOro BpeMeHM MIIPUT HasbIBaicsa Lost — cokpaieHne ot ¢paMmUInit XMMUKa-TEXHONIOra (QUPMBI

«Bayer» ®@puna Bunprenpma Jlommens (HeM. — Fritz Wilhelm Lommel, 1875-1968) u npodeccopa Bsicuieit TexHu-
veckol mkonsl B Kapncpys (Technische Hochschule Karlsruhe) I'eopra Bunsrenbma Illtaitnkonda (Hem. — Georg
Wilhelm Steinkopf, 1879-1949). Byay4u npurianieHHbIMHY Ha paboTy B VIHCTUTYT PUSMUECKOI XMMUU U 7IEKTPO-
xumuu Ob1ecTBa Kajisepa Bunbrenbma, oy BecHOT 1916 rofa IpefIosKuy MeTOR IIPOM3BOACTBA UIIPKTA B IIPO-
MBIIJIEHHBIX MaclITabax.

* TlonuroH mns ucnsitaunit BOB - rasosbiit monuron «bpenox» (Gazplatz Breloch) 6s11 oprannsoBan ceBepHee

MiroHcTepa B 1916 . OH QyHKLIMOHMPOBAT IIOYTH BCIO BOIHY. OHAKO B pe3y/IbTaTe HeCUacTHOTO Cydas 24 OKTAOpPs
1919 r. - B3pbIBa 91ETOHA C XMMIIECKMMU HOeIpUIIacaMu, KOTOPBIIL JO/DKEH ObIT OTIIPAB/ISATHCS Ha YHUITOXEHNE (3a-
TorteHue B BanTuiickoMm Mope), IOYTH BCsI MHPPACTPYKTYpa II0 IIPOM3BOLCTBY, CHAPSXKEHMIO M XPAHEHNIO COTEH ThI-
CSIY XMMUYECKMX 60eNPUIIACOB OKasalach YHUYTOXXEHHO (B 001eil CIOXKHOCTH 42 3[aHMs), a BeCh paioH — HaJlo/ro
sapaxke. [Toatomy B 1935-1938 rT. ee mpuiuocs co3gaBars pakTudeckyu 3aHoBo. Cosmanubie B 1930-X IT. 06bEKTHL, B
TOM YMCIIe TIOfi3eMHbIe CHApsDKaTeMbHbIe [[eXa U XPaHMINIA O0ePUIIACOB, ObUIM TUKBUAMPOBAHEL B 1948 1. [11].

> OcHOBHOe IPOM3BOACTBO TabyHa ObITIO pasBEpPHYTO B [PYTOM MeCTe, C IIpUBIIedeHIeM PeCypCcoB I'PaXkJaHCKOI
IPOMBIIIIEHHOCTH. 7 ceHTsA0pst 1939 1. CoBeT fUPEKTOPOB KPYIHEIIIIero B CTpaHe 06beHEeH NI KOHI[EPHOB XN~
Mudeckoit n ¢papmaresrudeckoit mpombimneHHoctu — I.G. Farbenindustrie coBMecTHO ¢ mpefcraBuTeNnsIMm BO-
€HHOI'0 KOMaHJO0BaHUA IPUHAIY pelleH)e O CTPOUTENbCTBE 3aBOJja II0 IPOMBIIIIEHHOMY NOTY4YeHNUI0 TabyHa B
Iuxepupropre-Ha-Opnepe (Henaneko ot bpecnay B Cuesun) ¢ mpoeKTHOI MOLHOCTbI0 1000 T/Mec. CTPOUTENTBCTBO
Ha4ajIoCh B cepenyuHe MapTta 1940 r. B Mae 1942 r. 3aBOf OBLI NyILEH B 9KCIITyaTALIO.
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Ta6nuua 1 - Op2aHu3ayus Hay4Ho-uccae0o08amesbCKUX pabom no XuMu4eckomy opyKuio
8 80eHHbIX cmpykmypax lepmaHuu nepuoda Bmopoli mupogoli 8oliHbl [9]

o . | LleHTp npoTnBOXMMUYECKOI
Yue6HbIi1 1 NCNbITaTeNbHbIN
3awuTbl npu 9-m otaene
nonuroH Bepmaxrta . .
1 naGopaTopuh B YnpaBneHnsa BOOpPYKeHuin JlabopaTopunAa NpoTUBOXNMNYECKON 3aLMTbl
CYXOMYTHbIX BOMCK (Heeresgasschutzlaboratorium), LLinanpay
Pay6kammepe (MioHcTep)
(Heereswaffenamt,
(Heeresversuchsstelle) .
Wa Priif 9), bepnun
[enapTameHT HayuHble nccnegosaHua
1: OpraHn3aunoHHO-NIAHOBbLIN .
RI: MonuroHHble ncnbiTaHus P u F1 XuMnyecknm cnHres
oThAen u aupeKkuma
RIl: OToen xummnyeckoro aHanusa | 2: OTaen XMMnYeCckon 3awmThbl AHanuTuyeckumn
RIll: OTtoen gerasupytowmx
Aen A pytowy 3: Otpen gerasauymm n
peuenTyp 1 CpeacTs . JlabopaTopua 1 - nonspumeTpus
XVMMWYECKON 3anTbl
06HapyxeHus 60eBbix OB
RIV: ABTONapK 1 peMOHTHble .
prup 4: MexaHun4yeckum otaen NabopaTopua 2 — 3apuH 1 TabyH
MacTepckme Ey
5: OTgen BcnomoraTtesibHbIX 5. OTaen BcnomMoraTesibHbIX
. o NabopaTopua 3 — ncnbiTaTenbHas
nccnefoBaHnin nccnefoBaHui
6: OToen AbIMOBbIX CPeACTB 6: OToen AbIMOBbIX CPeACTB JlabopaTopua 4 — unput
7: TonUroHHble UCMbITaHNA 7: NonUroHHble NcnbITaHUA JlabopaTopua 5 — CnbITaHUs B Kamepe
8: OTpen npousBoacTBa 60eBbix 8: MNpounzBoacTBo 60eBbix OB
. . Nabopatopusa 6 — uccnefoBaHNA 3aprHa
OB (TexHOnornyeckuii otaen) (TexHonornuecknn otgen)
9: OMHaHCOBbIV OTAEN 9: OMHaHCOBbLIV oTAEN MwuKpoxnmnyeckmin
10: OToen 3aXunratenbHbIX 10: OTAen 3a)uraTenbHbIX . .
MuKpoxnmmyeckmin n GrUanKo-xmmmndecknii
cpepacTs cpencTs
11: MaTeHTHbIV oTAEN 11: MaTeHTHbIN OoTAEN F3 Dur3nyecknx nsmepeHni
12: BeTepurHapHbin otaen 12: BeTepuHapHbI oTgen [bIMOBbIX CpeAcTB
13: Pa3BenbiBaTeNbHbIN OTAEN 13: Pa3BenblBaTeNbHbIN OTAEN Apcopbuun n gecopbunn yrnei
N3meputenbHbii
F4 N3meputenbHbii
F5 Bbubnuoteka
lIL CpeacTBa UHAMBUAYaNbHON 3aLUTbI
1L CpepficTBa KONNEKTUBHOM 3alnThl
IllaL OunbTpbl
IlbL OnpepeneHune 6oesbix OB
IllcL [eraszauus, xumnyeckre 6oenpunaco
IVL MexaHuuyeckmnin
VWL DU31oNOrNYeckn akTBHblE BeLecTBa
[erasauunm nousbl
JlabopaTopua 1: aspo3onb
ViaL JlabopaTopus 2: opraHMYeCcKon Xumum
JTabopaTopua 3: opraHNYeCKON XMmMunn
JNlabopatopus 4: unput
VibL [biImoreHepaTtopbl
VicL PaspaboTka u ncnbiTaHre 6oenpunacos
VidL MeTeoponorunyeckui
VIIL TOKCMKONOrMYECKUA MHCTUTYT (UCNbITaHNA
Ha *KMBOTHBbIX 1 Ha NtoAAX)
VIIL MpownseopacTBo u xpaHeHne OB

VICTIBITaHMIT cCOTPYAHMKY JTabopaTopuu npusieka-
N mofeit — no6poBonbLes® [12].

Kpowme toro, B Bepnute 6bu1 co3aH OTHeNb-
HbI1 LleHTp HpOTMBOXMMMUYECKOI 3aIIUTHI IIPU

0 JMCIIBITAaHMIO CTAapbIX, IIABHBIM 00pasoM KOX-
HO-HApbIBHBIX. VICIIBITBIBA/INCh OHM Ha abopa-
TOPHBIX >)KMBOTHBIX — KOIIIKaX U MBIIIAX, peXKe — Ha
cobakax 1 obe3bsgHax. Ha 3aBepuramommx sranax

¢ Vcuprrauus BOB Ha T0fsIX — He YMCTO HEMEIKOE M3006peTeHme. B mpoImoM Takast mpakTuka Gblia pacrpocTpa-
HeHa U B pAfe fpyrux crpaH. B yactHocty, B CIIIA k koHIY Bropoit MupoBoit BOifHbI HACUUTHIBANIOCH MOpAAKa 60
TBIC. 4eJIOBEK — BOGHHOCITY KAIINX, Ha KOTOPBIX ucnbiTeiBamy bOB, B wacTHOCTH, MnpuT u mounsur [13, 14]. O6 uc-
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PucyHoK 4 — Bontbgpzanz Bupm
(URL: https://de.wikipedia.org/

PucyHok 5 - Ageycm Xupm
(Hem. — August Hirt, 1898-1945,

PucyHok 6 — [Tlemep Adonbe Tuc-
ceH. (URL: https://en.wikipedia.org/

wiki/Datei:Foto_Wolfgang_Wirth_. NOKOHYUJI KU3Hb wiki/Peter_Adolf_Thiessen#/media/
jpg; 0ama obpaweHus: camoyb6uticmeom) [19] File:Bundesarchiv_Bild_183-83285-
13.06.2021) 0019,_Peter_Adolf _Thiessen.jpg;

9-M otpene YHpaBieHMSA BOOPY>KEHMUI CYXOIIyT-
HBIX BOJCK. TaMm pa60Tam/1 143 yenmoBeka, MaKCH-
MyM — 200 yenosek (1944).

Opranmsanus Hay4YHO-MCCIEOBATE/IbCKIX
paboT IO XMMUYECKOMY OPY)XMIO B BOEHHBIX
cTpykrypax 'epmanun nepuopa Bropoit MupoBoit
BOJIHBI IIpeJicTaBIeHa B Tab/uie 1.

B oxTa6pe 1934 r. B bepnuHe oTkpbLtack Bo-
eHHO-MeIMIMHCKaa akamgeMmus (Militararztliche
Akademie). B wmHTepecax BOEHHO-XMMMUYECKO-
ro fiena B akajeMun paboran VIHcTutyt dpapma-
KOTOTUM ¥ BOeHHON Tokcukonoruu (Institut fir
Pharmakologie und Wehrtoxikologie) mox pyxo-
BoacTBoM Bonbdranra Bupra (pucyHok 4).

CoorBercTByOIMe Kadeapbl WIM Hayd-
HO-JICCIEOBATe/IbCKMEe OpTaHM3aUUM ¥ TPyI-
bl ycunusaMyu BoeHHO-MegMLVHCKON aKafgeMNn
u 9-ro oTHena YHpaBlIeHUS BOOPYXKeHMIT ObLIN
Co3laHbl B yHUBepcuterax MapOypra, MIoHcTe-
pa, Teccena n Bropnoypra (Papmakonormdeckmuit

dama obpawieHus: 13.06.2021)

MHCTUTYT 1pu Bropr6yprckoMm yHuBepcureTe), a
Tak>Xe npu MefguumnHcKon akagemun B JJanuure.

C Havana 1940-x IT. K paboTaM IO XUMMKUe-
ckoMy opyxumw nogknodmiaack CC. Vsydennem
BosgelicTeusA bOB Ha denoBeyeckuil opraHu3M
3aHMMAJICA OTJe/ MeAUIIMHCKNX HporpaMm JH-
CTUTYTa BOCHHO-HAy4YHBIX NPUKIATHBIX UCCIIE-
moBanuit (Institut fiir Wehrwissenschaftliche
Zweckforschung der Waffen-SS). 9tor wunH-
CTUTYT ObUI co3faH B uioe 1942 r. opraHu-
sanueit «Hemenkoe o61ecTBO 1O M3YYEHUIO
JipeBHell TepMAHCKOIl MCTOPUM ¥ HACIefUs
npenkos» (Forschungsgemeinschaft Deutsches
Ahnenerbe), kotopas B 1937 r. Bouta B COCTaB
CC (SS-Ahnenerbe) n 6b11a mepegana B JInuHbLi
mTad peiixchopepa CC. Otgenom MeguIMH-
CKMX IIPOrpaMM pPYKOBOAM/I aHTPOIOJIOTL, TIa-
ynrmrypmeiopep CC nmpodeccop Apryct Xuprt
(16, 17], ¢ HOs6pst 1941 o HOs16pp 1944 1. BO3-
IJIaB/ISABLUINIT TaK)Ke AHATOMMYECKUI MHCTUTYT

IBITAHUAX Ha Moasx pocdopopranndecknx OB B CIIIA u Bennkobpuranuu mo MatepuanaM 6pUTaHCKMX apXUB-

HBIX JJOKYMEHTOB cM. [15].
7

Bonbdranr Bupr (Hem. - Wolfgang Wirth, 1898-1996) — HemMeLiknit Bpa4-TOKCUKOJIOTL. VI3y4an XMMMUIO B yHUBEP-
cuterax MionxeHa u Bropubypra, a Takxe Mmeguuuny — B bepnune. Paboran accuctentoMm Beprepa Xaase (Hem. —
Karl Ludwig Werner Haase, 1903-1980) B rabopaTopnu ¢pu3noIoriniecKoi 3001oruu B VIMepckoM 6110710rm4ecKom
MHCTUTYTE CeNbCKOTO U JIeCHOTO xo3sitcTBa (Biologische Bundesanstalt fiir Land- und Forstwirtschaft) 8 Bepnnn-
Haneme. B nepnox Bejimapckoit pecriy6muky yyacTBoBai B pabotax o BOB. B anpene 1936 — suBape 1938 1. pabo-
Tal B 9-M OT/iefie YIIpaB/eHNs BOOPY>KeHuit cyxonyTHbIX Boiick (Heereswaffenamt Wa Priif 9), 8 pespare 1938 r.
nepettiel B BoeHHO-MeAMIIMHCKYIO aKa/ieMUIO, Iie BO3rIaBuI VIHCTUTYT papMaKOIOT UM M BOCHHOI TOKCUKOTOI UL
CuuTazcs KpymnHeinuM B CTpaHe crienyanuctoM mo 6oessiv OB. B yacTHOCTH, IO €0 pyKOBOACTBOM IPOBOJY-
JIUCD HepBble UCIIBITAHNA Ha TIOAsAX TabyHa — pedb 1IUIa 00 N3y 4YeHNM BO3[EIICTBIA Ha OPraHM3M Ye/I0oBeKa HUSKIX
[03. B ucnbITaHUAX yYacTBOBaIU HOOPOBO/IBLIBI — BOCHHOCTY>Kall[/e, KOTOPbIM 3a Y4acTue B 9KCIIePUMEHTAX I/Ia-
tunu. Tabyu B. BupT ncsiteiBan Takoxe Ha cebe. C uions 1941 1. — Bpro, ¢ aBrycra 1942 no asryct 1943 r. — Havasb-
HUK CIIeI[aIbHOI y4eOHO-HayIHO IPyIIbl BoeHHO-MeuIIMHCKO akafgeMuu. B mioHe 1945 . 6bIT apecTOBaH, B
mexabpe 1946 — aBrycre 1947 r. fonpauinBaics o «<MeguLMHCKOMY feny». C 1948 1. paboTan B papMaKOIOrMuecKOM
otgene Farbenfabriken Bayer A.G. B Bynneprasne. Bosrmasnsin otaen ¢ 1954 . ¥ BIUIOTb IO CBOeJt OTCTAaBKM B 1963 T.
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Tabnuua 2 - Miccnedosarus, c8A3aHHbIE C B0EHHO-XUMUYeCKUM 0esIoM, 8 2pa)K0dHCKUX uHcmumymax O6uje-
cmea Katizepa Busibzenbma e nepuo0 HayuoHasn-coyuanusma [20, 21]

OpraHusauyusa AnpekTop Mepuog XapakTep nccnegoBaHui

- nccnepoBaHme npenenoB BbIHOCINBOCTU
BOeHHOCYXallnx npun ANNTeIbHOM HOLLIeHUn

WHCTUTYT paboyeit ncuxonornm Sprap Atunep npoTtusorasos GM 24 GM 30
(Hem. — KWI fiir Arbeitsphysiologie) (Hem. — 1932-1934 - 3ProHOMUYeCcKme HefloCTaTKN KOHCTPYKL UK
(pnnman B MioHcTepe) Edgar Atzler, 1887-1938) npoTrBOrasos

- (I)VI3I/IOJ10FI/I‘4€CKVIE I'|p06ﬂeMbl, CBA3aHHble C ANNTENbHbIM
HoWweHneM NpoTnBorasos

Otgen reHeTnku MHCTUTYTa Tumodees- - NpoBepKa NPOTVBOra3oBbIxX GUIILTPOB (Ha
n3yyeHuns Mo3ra Pecosckuii H.B! NPOHMLAEMOCTb) PafNOaKTUBHbIMY N30TONaMu C
(Hem. — KWI furr Hirnforschung, (Hem. — 1939-1943 NomolLLbio reHepaTopa HenTpoHoB «Philips»
KWIHF) Nikolai Timoféeff- - rsmonormuyeckme npobnembl, CBA3aHHbIE C AJINTENIbHBIM
(BepnuH-byx) Ressovsky, 1900-1981) HOLUeHneM NPOTMBOra3oB
Ot7o laH

WNHCTUTYT Xumnm
(Hem. — KWI fur Chemie)
(bepnuH-Aanem)

(Hem. — Otto Hahn, 1879- - UccnefjoBaHve NPOTMBOra3oBbIX GUNLTPOB METOAOM
. 1940-1944
1968), Hobenesckuii 06nyYeHns pagMoaKTMBHBIMU N30TONaMM
naypeart (1944)

- N3yyeHune BOS,E[eI?ICTBI/IFI NPOTUBOUNPUTHBLIX MPOMNUTOK Ha

BonbdraHr MpaccmaH
pa3Hble CoOpTa KOXW, NCMONb3yemble AN U3rOTOBNEHNS

|/|HCTI/ITyT N3yUYeHNA KOXU

(Hem. — KWI fur Lederforschung) Wolfgarggegr'a_ssmann 1943-1944 06MyHAVPOBaHMA U CPEACTB MHAMBUAYaNbHON 3aLLUThI
(Ope3neH) 1898-1978) ! - CpefcTBa flerasaunu, npefHasHauyeHHble ANA N3fenni ns

KOXWU

WNHCTUTYT U3yyeHmns TedeHunin
Thogsur Mpanatnb

XKNOKOCTU 1 rasa flHBapb —
(Hem. — KWI far (Hem. — CeHTAGPD - U3yyeHune pacnpocTpaHeHua 1 noseaeHus napos OB Ha
. : Ludwig Prandtl, 1875- Mope
Stromungsforschung, KWIFD) 1943 .
1953)
(FfeTTuHreH)
lepxapt AHgep
(Hem. — Gerhart Jander,
1892-1961) - a3po3onu (AbIMbl, TyMaHbl)
(BpeMeHHbIit AVIPEKTOP - GunbTpbI ANA NPOTNBOra3oB
WNHCTUTYT dprsnueckom xmummnm n - fleTeKTopbl
1933-1934) 1933-1945
anekTpoxumun (bepnux-fanem) - nouck HoBbix OB 1 3axuraTenbHbIx cpeacTs (TpudTopug
Metep Aponbd TncceH xnopa, N-Stoff)
(HeMm. — Peter Adolf pa, o
Thiessen, 1899-1990) - dpusnonornveckoe feictare OB
(1934-1945)
NHCTUTYT Xxmun npu UHCTUTYTe Puixapg KyH - OB HepBHO-NapanUTMYeCKoro AeNCcTBUA U aHTUAOTHI
MeAULNHCKMX NCCriefoBaHni (Hem. — (@) cuHTE3
(Hem. - Institut fir Chemie des Richard Kuhn, 1900- 1941-1945 (b) pu3nonormnyeckoe pencrame (ONbITbl Ha XUBOTHBIX U
KWI fir medizinische Forschung, 1967), TKaHAX MO3ra YesloBeka)
KWIMR) HobeneBckuin naypeat - npenapaTbl 417 NeYEHNA OXKOrOB KOXHbIX MOKPOBOB
(Tenpgenbbepr) (1939) mnpuTom (Lost)

' Cosemckuli y4yeHbili-6uonoz u 2eHemuk Hukonal Bnadumuposuy Tumogpees-Pecosckuli 8 1925 2. oghuyuaneHo nepeexan Ha pabomy
8 lepmatuto no npuenaweHuro Obuecmea kalizepa Bunbeenoma u ¢ coenacus cosemckux gnacmed. B koHye 1930-x 20008 omkasasncs

so3spawamsca 8 CCCP, onacasce apecma, u 8cto 8oliHy nposen 8 [epmaHuu. BozspawieH 8 1945 e.

(Anatomisches Institut)® CrpacOyprckoro peiix- cyHusepcurera (Reichsuniversitdt Straflburg)’

8 B npuHIuILe, 3T0 6bIIa 0OBIYHAST «QHATOMUYKAY, KY/d CTYA€HTOB-MEANKOB BOLM/IN U3Y4aTh U CAABATH AHATOMMIO
B IIepBOM (3uMHeM) ceMecTpe. Tonbko mpu A. XupTe TPYIIbI TyAa HOCTABIIANN — U3 XOCIIVICOB, TIOPEM, KOHI[eHTpalu-
OHHBIX JIaTepeil — B yacTHOCTY, 13 HarBaiinepa, a Takoke 13 rociiuTajei Ay BOEHHOIIEHHBIX. VX B Dnb3ace 65110
IBa — JJI IIOJIbCKUX, COBETCKMX M UTANIbAHCKIX BOEHHOIUIEHHBIX. B yacTHOCTH, B rofbl Bropoii MUpoBoJi BOVIHBI B
AHaTOMMYeCKMIT MHCTUTYT «/JIA MCIIONb30BaHMs B 00pasoBaTe/IbHbIX Lie/IAX» ObITIO HAIPaBIeHO KaK MUHUMYM 230
TeJl COBETCKMX BOCHHOIUICHHBIX, CKOHYABIIMXCS B TOCIIUTA/IAX OT PaHEeHNIT 1 60/Ie3Hell, a TAK)Ke OT HeHa IeXKallero
yxoza. OTIpaB/siin B 9TOT MHCTUTYT M MOTUOILINX B pe3y/ibTare OnbIToB ¢ 60eBbiMyt OB — B 9acTHOCTM, IIOC/IE OIIBI-
TOB C UTIPUTOM, KoTopble A. XupT npoBoau B Harsarinepe ¢ Hos6pst 1942 1., morn6ny Tpoe 3aKMI04eHHBIX HEMIIEB —
Opunpux Tpuc (Friedrich Tries), Kapn Kupn (Karl Kirn) u Bunsrensm Mioccren (Wilhelm Miissgen). Vix Tena paso-
Opanu Ha opras! u 11 sHBapst 1943 I. OTIIPAaBWIN B MHCTUTYT AJIS IIOCTERYIOIIEr0 M3TOTOBIEHNSI TUCTOIOTMYECKNX
npenapatos (18, 19].

®  VccnepoBanue BospeiicTBusi BOB Ha deroBedeckuit opraHmusM He OBIIO OCHOBHOI cepoil [iesiTeNbHOCTH
A. XupTa, KOTOPBII IIOC/IE OIIBITOB C UITPUTOM IIEPEKTIOUNIICA Ha 60Iee «IepCIeKTUBHOE» II0 TeM BpeMeHaM HaIpas-
JIeHVe UCCIIeIOBAHNUII — «PACOBYIO aHTPOIIONIOTMIO», KOTOPasi O/DKHA ObIIa CIY>KUTh 060CHOBaHMEM HAI[MCTCKUX
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(18, 19] (pucyHoK 5).

Kpowme Toro, B paboTax 1o XMMmn4ecKkomy opy-
JKUIO U CPECTBAM MEIUIMHCKON 3alUThI OBIIO B
TOM MM MHOM CTEeIeHU 3aJIeliICTBOBAHO CeMb W3
MOYTY COPOKa cylecTBoBaBIIMUX B 1930-1940-¢ 1T.
Hay4YHO-UCCIeoBaTeNnbckux uHcturyros (HUN)
u opranusanuit O6miectBa Karisepa Bunprenbma —
KpYIIHeNIe Hay4YHO-UCCIef0BaTENbCKOM CTPYK-
TypBl BHe cucTeMbl yHUBepcutetos [20]. Ecmu B
IlepByto mmpoByio BoiHy VIDXI Obin, mo cyTy,
TOJIOBHOV CTPYKTYPOI, TO BIIOC/IEICTBUMA UCCIIENIO-
BaHUs CTA/IM BECTUCH flelleHTpann3oBanHo' [21].

Yactp nHCTUTYTOB O61IECTBa, KaK IIOKa3aHO
B Tabnmuie 2, paboTana Ha OCHOBE Pa3oOBBIX IIPO-
IpPaMM U KPaTKOCPOUYHBIX KOHTPAKTOB, IIOCKONIbKY
IO XapaKTepy CBOell OCHOBHOI AeATe/IbHOCTY OHU
He 6bUIV CBA3aHbl HU C XMMMEN, HY C MEIULIMHOIL.
OHM pemany KOHKPETHO-TIPAKTMYECKMe 3afadl,
KOTOpbIe Ilepell HUMY CTaBU/IM BOCHHBIE.

IIns ppyrux opranumsanmit — MIOX9" u Un-
CTUTyTa XUMUM Ipu VIHCTUTyTe MeIVLMHCKUX
uccmefoBanmit B leiijjenpbepre - XuMMmdyeckoe
OpY>KMe U CPefICTBa 3aI[UTHI OT HETO ObI/IN OCHOB-
HBIMU HAIpaBIeHUAMU UcCefoBaHmit. Tam Obiin
chopmmpoBansl crennanbabie otaensl. VIOXI no
KOHI[a BOIHBI — Bo3rnaBisin Ilerep Aponbd Tuc-
CeH, II0C/Ie BOWHBI — AKTUBHBIM YYaCTHUK IIPO-
TpPaMMBI TI0 CO3[JaHUIO TIEPBOJ COBETCKOI aTOMHOII
60MOBI (PUCYHOK 6).

B wactHOCTHM, B MIHCTHMTYTe XMMum nipu VIH-
CTUTYTe MEeJUIMHCKNMX UCCIENOBAHMI IIOf PyKO-
BopcTBoM Puxapna KyHa Benmu paboThl 1o usyuye-
HuIo TabyHa, a 3aTeM 3apyHa ¥ 30MaHa, a TaKXe II0
HOVCKY aHTUAOTOB K HUM. VcrpiTaHus ¢pusnono-
rudeckoro peiictBus docdopopranmdeckux OB
MpPOBOAM/IN Ha )XMBOTHBIX M TKAaHAX MO3Ta 4ejo-
BeKa (pUCYHOK 7).

B cpaBHeHuu c paboramMm Ha YUCTO BOEH-
HBIX oObekTax, mccnenosaunusa B HVIM O6mecrsa

PucyHok 7 — Puxapo KyH
(URL: https://www.nobelprize.org/prizes/
chemistry/1938/kuhn/facts/;
dama obpaweHus: 13.06.2021)

Karisepa BuibrenbMa ObUIN JOCTaTOYHO CKPOMHBI-
MU U IPOBOAWINCH B OPa3fo MEHBUINX MAacHITa-
6ax. Tem 60oree, uTo HaumHast ¢ 1935 I. pONIb ITTABHBIX
LIEHTPOB BOEHHON XMMMUM IIOCTEIIEHHO Iepella
K J1aboparopuy NPOTUBOXMMUYECKOI 3alUTBl B
[Inanpay ¥ MCOBITaTe/IbHOMY IOMUTOHY B MIOH-
crepe. B lllnaHzgay nepeseny 1 4acTb COTPYAHUKOB
NDXD.

Tem He MeHee, rpaKJaHCKUe CTPYKTYpbI BCe
BpeMs paboTaay B TECHOW CBA3KE C BOECHHBIMU,
a y4yeHble, paboTaBIlIve B OJHOI 1 TON Xe cdepe,
IIpeKpacHO 3Halu APYT ApyTa U TMOAAepP>KMBaIU
TeCHble aKaJileMUueCcKue U TNIHble KOHTaKThI.

Kpome Boennsnix crpykryp, HUM u yHusep-
CUTETOB, pa3/INYHbIe VICC/IEIOBAHNA BEICh B 1a00-
PaTOpMAX IpU HPefIpPUATUAX U YACTHBIX PUpMax
XMMWYeCKO ¥ ¢apMaleBTUIeCKOl IIPOMBIIIIEH-
HOCTM — B YaCTHOCTY, B KOHIlepHax B cocTase L.G.

PacoBbIX Teopuil. VI3sHaua/IbHO OH HaMepeBaCs COOpaTh KOMIEKIUIO YeperoB IpeCcTaBUTeNell Pa3HbIX aHTPOIIO-
JIOTMYeCKMX TUTIOB, HO BIIOCTIEACTBUI NEPEKTIOYNICA Ha «KONIEKLIMIOHMPOBaHNEe» IMEHHO €BpeeB — BBIXO/LIEB U3
pasHbIX cTpaH, B ToM 4rncie u3 CCCP. B aBrycre 1947 r., na HiopH6eprckoM nporecce Haji Bpadamu (HaJ MeSIINH-
CKVIMM YMHOBHMKaMM TpeTbero peiixa 1 BpayaMy 13 KOHI|Iarepeil), OOBMHAEMBIMY B MEJUIITHCKUX IIPECTYIINe-
HUAX, cOOP 9KCIIOHATOB 151 aHTPONOIOIMYeCKOl KoyUtekiyy A. XupTa (To eCTb yOMUiICTBO BOCHHOIUICHHBIX I 3a-
K/IIOYEHHBIX CIIELMA/TbHO i1 TOMOTHEHNS KO/UIEKIINY Y€PEeIIOB) ObLI IPM3HAH BOGHHBIM IIPECTYIUIEHNEM 1 IIpe-
CTyIIeHMeM MpoTuB YenoseuHocTu. Cam A. XMpT Jo cyzia He JOXWI — Hoc/e 0cBo6oxaeHnst CTpacoypra COI03HbI-
Mu Bolickamu 6exxan B [IIBapuBaiby 1 3aCTpeIIICS, IpUYeM He U3-3a TOTO, YTO UCITYTA/ICA OTBETCTBEHHOCTY UIN
€ro 3aMy41/Ia COBECTb, 2 IOTOMY, YTO HOTMO/IA «yHUKAIbHAS KOJUIEKIIUsD».

12 9T0 06CTOATENBCTBO OTYACTH OBIIO CBA3AHO C paclIMpeHMeM Kpyra Hay4yHO-IIPaKTUIeCKUX IpobieM, KOTOpble
TaK WIN MHAYe IIPUXOAVIOCH PEIIaTh, a TAKXKE C CTIOXKHEHMEM 3a/1a4 B IIe/IOM, YTO TPe6OBasIo IpUBIedeHNs CIIeL -
QJIMICTOB M3 CaMbIX PasHbIX 00/IacTell, a TaK)Ke IPUMEHeHM s MeXAUCHUIUINHAPHBIX H0AX0f0B. OTYacTy Takas je-
LeHTPa/I1M30BaHHAs CMCTeMa CTIOXWIACh B TOfBI BeitMapckoit pecrybnuku us-3a He06X0AMMOCTH OOXOANUTH Bep-
cajIbCKye OrpaHmdenys. PeifxcBep IpefIodnTal MMETh [e/0 C OTAE/IbHbIMI NHCTUTYTaMu, Hebonbnmu 1abopa-
TOPUAMM V1 MaJIeHbKMMU (pupmMaMu. Tak mpoiie 65110 U 3aMacKMPOBATh ICTUHHBIE 1Ie/IV TOV VU MHOI PaboTHI, 1
obecrevnTb CEKPETHOCTD.

! Bckope mocre npuxopa k aactt HCIATI u npunsTus B anpere 1933 r. «3akoHa 06 orpaHMYeHNAX B Ipodeccu-
OHaJ/IbHOJ TpakaHCKoIT cmy>xk6e» B VIOXD Hauanuch kagposele nepectanoBku. O. [abep, 6ynyun eBpeeMm, B HosiOpe
1933 1. BEIHYXX/leH ObII TOKMHYTb IOCT AVPEKTOPa MHCTUTYTA. BMecTe ¢ HuM yuuin ere 29 corpynuukos. Ha pyxo-
BopAmMe TOoCcThl mpuiay Hemusl 1 WwieHsl HCIIATI, koTopbie mpusenn B MIOXI cBOUX I MaTUCTOB.
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PucyHok 8 - KpynHetiwuti 6 lepmaHuu KoHz/1o0me-
pam KoHyepHo8 xumu4deckol u ¢papmayesmuye-
cKol npomelwnieHHocmu IG Farben 8 20061 Bmopoli
mupoeol 80liHbl pazmewan npouszeoocmeo 8
KOHYeHmMpayuoHHbIxX azepax. UcneimaxHusa om-
pasnsrowux eewecms u aHmuoomoas npogoousiu
Ha 3aknYeHHbix. Ha pomozpaguu - pelixcepropep
CCT. Tummnep nocewyaem cmposawulics 3aeo0 IG
Farben no npou3sodcmey cuHmemuy4yeckozo Kayuy-
ka. Aywsuy-Ill MoHosuy-byHa, 17-18 utona 1942 a.
Cneesa Hanpaso - P. BpaHom, petixcgpropep CC
I. Tummnep, uvxxeHep IG Farben u pykosodumens
cmpoumenbHbix pabom o6vekma MoHosuy-
byna Makc ®aycm (Hem. - Max Faust, 1891-1980) u
KomeHdaHm Ayweuya Pydonseg Xécc (Hem. — Rudolf
Franz Ferdinand H6B, 1900 — 16 anpens 1947 2.,
Ka3HeH 3a soeHHble npecmynneHus) (URL: https://
collections.ushmm.org/search/catalog/pa1036470;
dama obpaweHus: 13.06.2021)

Farben (Interessen-Gemeinschaft Farbenindustrie
AG)" [22] (pucyHOK 8).

ITHU MccefoBaHNA IO CBOMM LIe/ISAM M 3aja-
4aM ObUIN CyTy60 Ipak[JaHCKUMU, He VIMEBUIMMMU
HUKaKoro or”HomeHus K 6oesbiM OB. OnHako, co-
IJIACHO NIPaBUTE/IbCTBEHHOMY yKa3y oT 1935 1., 060
BCeX MHHOBALMAX, KOTOpPble IIOTeHIa/IbHO MOIJIN
UMeTb BOGHHOE 3HaueHNe, C/IelOBalI0 COOOIATh B
BoenHnoe MuHmCTEPCTBO".

Takum o6pa3om, MMPOKO IpPOBELEHHbIE VIC-
cnegoBanusa no bOB, Hanuyme Hay4HOI U Ipo-
MBIIIIEHHOT 6a3pl mo3BoMMIM [epMaHum cospmathb
U MpOM3BeCTN XuMmdeckoe opyxxue — bOB B mpo-
MBIIITIEHHBIX MaclITabaX, a TaK)Xe CPelCcTBa €ro
IpPYMEHEHN .

Tak, B rogpl Bropoit MupoBoil BOIIHBI XMMIU-
YyecKas INPOMBIIIIEHHOCTb [epMaHum, nepeopu-
€HTVPOBAaHHAsA Ha BOEHHOE INPOM3BOJCTBO, IIPO-
usBesa nopsagka 977 roic. 500 MeTpu4eCcKuX TOHH
B3PBIBUATBIX BelleCTB (Ha 28 mpegupuATHAX),
974 ThIC. METPUYECKUX TOHH TIOPOXOB (Ha 43 mpen-
NpUATUAX), a Takxke 69 Tbic. 500 MeTpUuecKux
TOHH 00€BBIX OTpaBisAoIMX Bemects" (Ha 10
HNpeAnpuATHAX) U nopsaka 805 ThIC. METPUYECKIX
TOHH IIPeKypcopoB [23, 24].

O6bembr mpousBonacTBa BOB Ha Hemerkux
NpefupuATUAX B TOAbl Bropoil MUpoBOI BOMHDI
[MOKa3aHbl B Tabnuie 3.

OcHoBHOe konuuyectBo BOB cocraBunm cep-
HIICTBIE ¥ a30THUCThIE UIIPUTHI, @ TAaK>Ke POCTeH-IN-
¢docren m apcunbl [23]. OpHOBpeMeHHO ObLIn
paspaboraH HOBbII Ki1acc BOB - docdopopranu-
YecKue.

B wutore, B rogbl Bropoit MupoBOil BOJHDI
TepmaHya o6najfana IOTHBIM apCeHaIOM apTHII-
JEPUIICKUX ¥ aBMALMOHHBIX Ooemnmpumacos [26].
Ha Boopyxenun Bepmaxra cToAnm Xxmmmdeckue
MUHBI U CHapA#bI 7,5-cM, 10,5-cM, 15-cMm 1 21-cMm

12 B roms! BoiiHbl I.G. Farben BeimonHsiia BoeHHBIE 3aKa3bl 1 pasMelljasia IPOM3BOACTBO B KOHIIATEPSIX, B YaCTHOCTH,
B AymBuiie-bupkenay. ITocie BoiiHBI 6bII Jajke OPTaHM30BaH CIIeNMaNbHBIN CyAe6HBI mpouecc — HiopHbeprckuii
npouecc 1o geny I.G. Farben (o¢punuanbHoe HazBanue — «CoepguHenHble [Iltater AMepuky npotus Kapna Kpayxa
u [pyrux», auri. — The United States of America vs. Carl Krauch, et al.) — urecroit mo cuety nporecc aMepuKaHCKO-
ro BoeHHoro TpubyHana B Hiopu6epre us 12 nposefenHbix Baactamu CIIIA B cBoeit 30He okkymanyy Iepmannn.
CynebHoe pasbuparenbCTBO AIUIOCH ¢ 14 aBrycra 1947 r. o 30 nrosist 1948 r. 24 4jieHa coBeTa JUPEKTOPOB I HOTIK-
HocTHBbIX nuna I.G. Farben 06BMHAIICH B MACCOBBIX yOUIICTBAX, UCIIONBb30BAHNY IPUHYAUTEIBHOTO TPYAA U APY-
TUX IIPECTYIUICHUAX IPOTHB Ye/IOBEYHOCTI. 13 06BMHAEMBIX ObIIM OCYX/IeHBI Ha Pa3INYHbIE CPOKYU TIOPEMHOTO 3a-
KJII04eHus, 10 — olpaBiaHbl M OFHOMY He ObII BIHECEH IIPUTOBOP II0 COCTOSHUIO 3[0POBbA. [IOIIOTHUTENBHBIM pe-
IIEHUeM Cy/a IPefyCMaTPUBAIOCh pasfenenne KoHrmomepara 1.G. Farben na BASF, Bayer u Hoechst.

3 JIMeHHO 3TO U CHenano pyKoBOACTBO naboparopuu xoprnopauyu I.G. Farbenindustrie B JleBepkysene B 1937 1.
Tam mpoBopuIN NCCIEROBAHUA POCHOPOPraHNIECKUX COEAMHEHNIT Ha IPEfMET UX BO3MOXKXHOTO UCIIONb30BAHMS
B Ka4eCTBe CeJIbCKOX03sIICTBEHHBIX MeCcTUL0B. OFHAKO [TOCIe TOTo, KakK B sHBape 1937 I. pyKoBoxKTe/b nabopa-
topuu I'epxapp llpapep (HeM. — Gerhard Schrader, 1903-1990) mony4mn TsXKenoe HOpa>keHMe CUHTE3MPOBAHHBIM
MM K€ HOBBIM COEIMHEHNEM, & TOKCHKO/IOTMIeCKIIe MICCTIe[OBAaHs Ha XIBOTHBIX, IPOBEJEHHbIE B Tab0OpaTOpuu
koMMepueckoii ruruens! I.G. Farbenindustrie B 9np6epdenbe, monTBepauIn ero BBICOKYI0 TOKCUYHOCTD [JIs Te-
IVIOKPOBHBIX — CTIEROBATeIbHO, U A4 Tiofell, B .G. Farbenindustrie moHsnum, 4To KOMMep4YecKOro MHTEpeca OHO He
IpefiCTaB/IAeT BBU/LY HEBO3MOXXHOCTY €TI0 6e30I1aCHOTO MICIIO/Ib30BaHNA, U OTIIPaBYIIA COOTBETCTBYIOLINIL PallOpT
B YIIpaB/IeHNe CYXOIYTHBIX Boick. TaM, pasymeercs, 3ailHTepecoBanuch, a cam I. lllpagep Bckope mepertesn Ha pa-
60ty B lllmanzgay. CoefnHeHMe NONTYYNIO KOLOBOE Ha3BaHNe «TPUIOH» (TabyH).

'* Ctporo rosops, TouHoe komdecTso OB 1 XO, mponssefeHHbIX B [epMmanmy B rofbl Bropolt MupoBoit BOIHBIL, yCTa-
HOBJIEHMIO y>Ke, CKOp€e BCET0, He IOAINIEXUT. Bo-TIepBbIX, OJ] KOHEL BOJHbI HEMIIBI Hada/Iy YHUITOXATh HE TOMb-
Ko camo XO, HO I BCI0 JOKYMEHTAIMIO II0 HeMY. BO-BTOpBIX, y>Ke ITOCTIe BOVHBI COO3HUKI B CUTY Pas3TMYHbIX IIPU-
YMH MHOT/A XOHITIMPOBAIM JaHHBIMU. DTUM, B YACTHOCTH, OOBACHACTCS MEPUOANIECKN BCTPEUalOI[asics B pas-
HBIX UCTOYHMKAX pasHMIIa B [udpax 06eMOB IPOU3BOACTBA OCHOBHBIX BOB.
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Ta6nuua 3 - O6sembl npouzsodcmea 6oesbix OMpaAsNAIOUUX 8elyecme Ha HeMeyKux
npednpuamusx 8 20061 Bmopoti Mupoegoli eoliHbl [24]

[T LN G T KomnaHua O6bem NponsBoOACTBA, T OB
MYHKT
AmmeHpopd Orgacid GmbH 25,976 Wnput
BepnuH-Xasenbxopct Lonal-Werke 1455 «Knapk»
LunxepHoropT Anorgana GmbH 12,753 TabyH
lenpopd Anorgana GmbH 4110 Wnput
Xionbe Chemiscé\;\tl)vHerke Hils 62 Wnpur
NioasurcxadpeH IG Farben AG 1180 ®ocreH
3enbue Riedel de Haen 7139 XnopaueTtodpeHoH
Wrachypt Ergethan GmbH 8224 ApCurHbI
IOpanHrex IG Farben AG 3881 Apamcnt
BonbdeH IG Farben AG 4720 QocreH

" Ha xumuydeckux npednpuamusx, 20e npou3godusiuce OB, cHapaxeHue umu 60enpundcos He Npou3800UIOCk.

Jinsa amoeo cyujecmeosasnu cneyuasnbHele CHapaxamesbHole 3a800bl. VicknoueHue cocmasnsanu goczeH (3aso0ebl 8 Jlodsuecxagpere u
BonegpeHe) u mabyH. CHapaxeHUe apmusiiepulickux CHapsAa008 U asudayuoHHbIXx 60M6 mabyHOM npoucxoousio 30ecs Xe, Ha 3a800e KOMNAHUU
AHopeaHa (8 cocmase IG Farben) 8 JuxepHgpropme-Ha-Odepe (HoiHe — 2. bxez [JoneHbl Hedaneko om Bpoysasa e [Monswe. OguyuansHeili catim
2opoda URL: http://www.brzegdolny.pl/; dama obpawerus: 13.06.2021). 3a nepuod ¢ utoHaA no 1942 2. no AHeape 1945 2. bbis10

npou3seedeHo 12 moic. 753 Mempu4eckux moHHbl MabyHa.

2 Cy0bba Opyaux nosy4eHHbix 8 [epmaruu 8 2006 Bmopoti mupogoli 8oliHel hocghopopearuyeckux OB — 3apuHa u 30MaHa — okasandce

MeHee yoayHoU. B 1940-x 22. 3a800bl N0 npou38o0cmay 3apuHa Ha4aau cmpoume 8 [juxepHgpiopme (MoujHocmeto 100 Mempuyeckux moHH
exemecaqHo) u DanbkeHxazeHe (MOWHOCMbI0 500 MempuyYeckux MoHH exemeca4dHo). OOHAaKO 00CMPOeHbl OHU He bbl/Tu 8 C8A3U C OKOHYAHUeM
80UiHbl. Tak, 8 Mae 1942 2. 6b1/10 NPUHAMO peleHue 0 cmpoumesibCmae KpynHozo 3a800d no npoussodcmay 3apuHa e patioHe Falkenhagener
Heide 8 40 km sBocmoyHee bepnura u 8 10 kM 3anadHee Oparkgpypma-Ha-Odepe. Cmpoumenibcmao Ha4anock 8 ceHmsadpe 1943 2. [I[poekmHas
npou3eo0cmeeHHAs MOWHOCMb — 500 Mempu4ecKux MoHH 8 MecAy. [IpuHUMAs 80 BHUMAHUEe MacwmabHoCMs cmpoumesibcmad u
¢uHaHcoswix 81oxeHull, 8 ceHmabpe 1943 2. cmpoumesniecmao 66110 nepedaHo IG Farbenindustrie AG. Ha e2o coopyxeHue 8b10enauce
3HayumesbHble OeHexHole Cpedcmaa — 44 MiH pelixcMapok, npudem 380 meic. peliXCMapoK K AH8Apio 1944 2. 6bi1u yxe U3pacxo008aHsl.
lMnaHupyemas dama 3anycka npouzeodcmad — cepeduHa 1945 2. O0Hako 8 gpespare 1945 2., no o6cmaHosKe Ha hpoHme, 8ce pabomel bbiau
npekpauweHsl, 3anyck npousgoocmaa He cocmossca [24]. Takum o6pasom, nunomHelli 06sekm No NoslyYeHuUIo 3apuHa 8 Paybkammepe
ocmanca eOUHCMBeHHbIM, 20e e20 Mo2/1U NPoU3800UMb. TOYHble 06BeMbI peanbHO NPOU38e0eHHO20 3apUHA HeU3B8ECMHbI, OaHHbIE 8 PA3HbIX
ucmoyHukax — om 0,5 Mempuyeckux moHHbl 00 1200 u 2000 moHH [25]. Ymo kacaemcsa 3omaHa, mo dasiblie e20 NoslyYyeHuUs 8 1abopamopHbIX

ycnosusx 8 JllodguzcxageHe 0eso, cyosa No 8cemy, He O0W10.

KanuoOpOB, paKeThl ¥ MMTHOMETHBIE CHAPSABI 8-CM,
10-cm n 15-cm KaTH/I6p0B, a TaK>ke aBMAIlMIOHHBIE
6oM6b1 Maccoit 50, 250 n 500 kr (B cHapsiKeH-
HOM COCTOsIHMM) [27], B TOM 4YMCIle B CHapsKeHUN
TabyHOM (pUCYHOK 9).

Takum obpasom, [epmanus cymena He TONb-
KO BOCCTAHOBUTb, HO ¥ IOATBEPAUTH HaydHOE
U BOEHHO-TIPOMBILIIEHHOE TPEBOCXOCTBO Haf
CBOMMM MPOTUBHUKAMU B BOEHHO-XMMUIECKOM
Ierne, a B OIPENETeHHOM CMBIC/IE ¥ IIPEB3OWTU
nx [15]. Ecim Obl HeMIpl [EICTBUTEIBHO Mac-
mrtabHO TmpuMeHMIM Ha (QpoHTax Bropoit mu-
poBOJI  BOVHBI TsKenmble 250-KMIOrpaMMOBbIE
aBUAIVIOHHBIe O0MOBI ¢ TAOYHOM, COIO3HMKAM He-
yeM ObUIO ObI OT HUX 3aIMUTUTHCA M HEYEro UM
IPOTUBOIIOCTABATD'.

Ucnoemanus na nwoax 6 1933-1945 ee.
Vicnpitanus BOB, nsydenue ux ¢usmonornye-
CKUX U TOKCMKOJOTMYECKMX CBOJCTB, a TaKXe
CPeICTB U CXeM JIe4eHN A IOPa>keHNIT IPOBOAN-
TV CHa4yaja Ha MeTKMUX (MBI, KPBICHI) M KPYII-
HBIX (KPONMMKM, 00€3bsIHBI) )KMBOTHBIX, a 3aTeM
Ha moasax. [Ins aTux nenen B BoeHHO-MegumH-
cKkoit akagemuu u nuragenn B [llnangay 6b11n
COOPY>X€HBl Ta30Bble KaMepbl. YYaCTHUKAMMU
OIIBITOB IePBOHAYATBHO OBIIN JOOPOBONBIBI —
caM; Y4YeHble, a TaK)Xe BOCHHOCTyXallje I
KYPCaHTbl BOCHHO-Y4eOHBIX 3aBefleHMIT, KOTO-
pble 0CO3HaBa/lIM BO3MOXHYIO YTPO3Y XU3HU U
31,0poBbI0'°. BoeHHOCTYXaIMUM, KpOMe TOTO, 3a
y4yacTue B 9KCIIepMMEHTaxX naaTuam oT 5 go 100
peMxcMapokK.

!5 BoeHHBIe JOKTPUHBI BCeX BeAYIINX eBPOLENCKUX CTPaH IIpefyCMaTpUBa/IN HellpMMeHeHe XYMIIeCKOro opy-
XKW1 TIepBBIMI, HO [JOITYCKa/IM €T0 OTBETHOE IIPMMEHEHE — B IIOTHOM COOTBETCTBUM C ITO3ULVSIMYU STUX CTPaH IIpK
paTI/I(bI/IKaLU/H/I JKenesckoro IIPOTOKOJIA O 3allpEUICHNM IIPVMEHEHM A Ha BOIIHe YAYUUINBBIX, AMOBUTBIX VIV APYTUX
off00HBIX ra30B 1 6akTepuonorndecknx cpencts (1925). To sxe kacamocs u lepmannn.

!¢ B Toi cTeneHM, pa3yMeeTcs, B KaKoil 06 9TOI yrpose ObIIN 0CBEOMIEHBI CAMMU TOKCUKOJIOTY, YTOOBI TPOUHPOP-
MMPOBATh O Hell y4aCTHMKOB 3KCIIEPIMEHTOB. ITO COOOparkeHNe ObII0 0COOEHHO aKTyanbHO A1 TabyHa. Ero mpo-
M3BOJACTBO B MIPOMBIIIIEHHBIX MaclITabax yske IIIO Ha 3aBofie B [IuxepHdopTe, a y4eHbIE ellje TOMbKO IbITATNCh
€ro UCCNeoBaTh. B yacTHOCTH, B pesynbrare onbiToB B [llmanaay u Onbbepdenbue ObIIM ONMpe/ie/IeHbl TeTaTbHble
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PucyHok 9 - Taxxenas asuaboméba 250 k2 epemeH
Bmopoli mupoeol 8oliHbl Ha 06vekme YXO GEKA,
MrioHcmep [28]

ITHudYecKas CTOPOHA BOIIpOCa PETyIMPOBa-
J1ach BBINMYIeHHBIM elile 28 ¢peBpais 1931 r. peiixc-
MUHICTEPCTBOM BHYTpeHHUX fien «IlomoxkeHuem
0 HOBOJ Tepammy ¥ OIBITaX Ha JIIOFAX», COIIAC-
HO KOTOPOMY «HO84s Mepanus Moxem ocyu,ecm-
BIAMBCS MOABKO NOCE 020, KaK 00beKm Uiy ezo
3aKOHHbLIL npedcmasumenv He08YCMbICTIEHHO CO2LA-
CUICS HA Npouedypy 8 céerne COOMBEMCcmeyouleti
ungopmayuu, Komopas emy 6vina 3aparee npeoo-
cmasnena» [29]. IToBogoM A MOABIEHUS 3TOTO
JOKYMeHTa cTaja rnbenb 77 HOBOPOXK/EHHBIX I10-
CJle IPUBMBKY BaKIIMHOIL OT Tybepkyesa («Tpare-
s B JIo6exe»)Y.

ITonoxenue npuU3HABAZIO HEBO3MOXHOCTD
IIOJIHOCTBI0 O0OMTHUCH 6€3 UCIIBITaAHUIT BHOBb CO3-
TaBaeMbIX IEKAPCTBEHHBIX CPEZICTB MJIN CXeM Jiede-
HIs TeX M/IV MHBIX 3a00/1eBaHMIT Ha TIOsIX. BmecTe
C TeM OHO Hajlarajgo Ha aBTOPOB 5KCIIEPUMMEHTOB,
MPOBOJVMBIX C YMCTO UCCIeOBATeIbCKIMU I[eN -

MU, @ He B LeJIAX NPOGUIAKTUKY U/ JTedeHts],
OTBETCTBEHHOCTb 3a XU3Hb U 3I0POBbE TeX, KTO
3TUM 3KCIlepuMeHTaM mopseprancsa. Ilpu stom
BCe BpeM: Ipefi/Iarajoch YYUTHIBATb KaK BO3MOXK-
HYIO [I0/Ib3Y OT 9KCIIEPMMEHTA, TaK ¥ BO3MOXKHBI
Bpell KOHKPeTHBIM MIOAAM. B JoKyMeHTe ObLIO
YKa3aHO, YTO OIBITHI Ha JIOAAX MOTYT OBITH IIO-
CTaBJIeHBI TOIbKO Ha 3aBeplIalolleM JTalle, ocie
MabOPAaTOPHBIX VCIBITAHUII ¥ OIBITOB Ha YKMBOT-
HbIX. EC/IM OmIbITaMy Ha >KMBOTHBIX MOYKHO GBIIIO
00OITICh, OMBITH Ha MIOAAX 3ampenanuch. s
UX IPOBeJieHNs1 HeOOXOAMMO OBIIO 3aPyUUTHCS He-
IBYCMBIC/ICHHBIM MH(OPMIUPOBAHHBIM COI/IacHeM
YYaCTHMKOB WIM VX 3aKOHHBIX IIpefiICTaBUTeNel's.
060 Bcex HeEraTMBHBIX IOCHAEACTBUAX CIENOBATIO
npenynpexaarb 3apaHee. OIBITBI ¢ YUCTO MCCIIe-
TOBaTe/IbCKUMU Ie/IAMM Ha JeTSAX M Ha HecoBep-
IIEHHO/IETHUX 3allpemaniuch GesycnmoBHo. Taxoke
NPU3HABAIUCh HECOBMECTUMBIMU C I3TUYECKUMU
NpUHLIUIIAMY ¥, COOTBETCTBEHHO, 3allpeljanich
VICIBITAHMA Ha yMUparomux [30].

9TO0 moNOKeHMe ObIIO [IeVICTBYIOIUM BCe
ropbl Bropoit MupoBoit BoiiHbpl. POpManbHO €ro
HUKTO HE OTMEHSI/I.

OpHako, HaunmHasa ¢ 1933 1. Bo Bcex Hayy4-
HO-JMCCIEIOBATEIbCKNX CTPYKTYpaX KaK BOEH-
HBIX, TaK U IPAXKJaHCKUX, HAYaTUCh TPOOIEMBI C
nmabopaTOpHBIMM KUBOTHBIMU. B 1933 1. B ['epma-
HUM OBII IPUHAT CIELMaNTbHBIN 3003aLUTHBIN
3aKOH, C€pbe3HO OTPAHMYMBIINI BO3MOXHOCTb
IPOBEJeHN S ONBITOB Ha KMBOTHBIX. 3aTeM Bec-
HOJt 1939 . BOeHHO-MeMIIMHCKasA Cayxba (ca-
HUTapHas WMHCIeKuus) Bepmaxrta sampermia
UCIIO/Tb30BATh J>XMBOTHBIX [/ OIBITOB Be3e,
KpoMe Hay4YHBIX TabopaTopuii, KOTOpble IOCTO-
SIHHO TIOJBepTanuch NpoBepkaM. B pesynbrare K
Havyany Bropoit MupoBoil BOIHBI paboTHI y y4e-

TOKCOJ03BI, HO — JJIs1 )XMBOTHBIX. [IJIs1 JIIOfeil MX YCTAHOBUTD €llle TOIBKO IIPEeACTOSIO0. VI3BECTHO, YTO OIBITHI Ha
nropsx (¢ HuskuMu gosamu) ctaBui B. Bupt. Kpome Toro, aHamornuHble OnbITh CTaBUINCh B maboparopun L.G.
Farbenindustrie B Snb6epdenpne, npudem ¢ 6oee Boicokumy go3amu. [lo1ydeHHbIe UMY Pe3YIbTAaThI ObIIN B /0~
60M ciTy4ae OLeHOYHBIMI — OBEJeH e UCIIBITYEMBIX /IO IETaTbHOTO MCXO/a He MOIVIO OBITh YC/IOBMEM OIIBITOB, KOT-
7la OHV IIPOBOAM/IICH HA JOOPOBOIBIIAX, a CBeJleHIIT 00 OMBITaX ¢ TAOYHOM B KOHIIJIATEPSIX, TTie ¢ «61oMaTepramoM»
MOYKHO OBUIO He II€PEMOHUTHCS, HET, IPUYeM CKOpee BCETo, UX ¥ He ObIIO.

7B 1930 r. B JTio6exe (IInesBur-lonpiuTelin) HaYamach MacIITaOHas IPOrpaMMa BaKL[MHALINI HACE/IEHNUs IPOTUB
TybepKynesa. B mporpamme ucnonb3oBanach ¢ppaniysckas Bakiuaa BCG (Bacille Calmette-Guérin), nsrorosieH-
Has 13 LITaMMa 0C/IabJIeHHO >KMBOJ KOpOBbell TybepKye3Hoit maouky. OHa 6bl1a paspaboTana B 1905-1921 rr.
¢dpannysckumu 6akrepronoramu Ansbepom Kanpmerom (pp. — Albert Calmette, 1863-1933) u Kamuem I'epeHom
(pp. - Camille Guérin, 1872-1961). B 1921 r. ona 6p171a ogo6pena mapmxckum ViHcturyTom [actepa. Tam ke ee mpo-
TecTMpoBany Ha 120 HOBOPOX/IeHHBIX M/IafleHIIaX, HAXOAUBIINXCS B IPYILIE PUCKA 10 TyOepKy/Iesy — MX pOfuTe-
7 yxxe ObiI 60/IbHBL. DKCIIEPUMEHT ObUT IpU3HAH ycreurHbiM. OZHAKO OH OBbIT He COBCEM Pelpe3eHTATUBHbIM,
HOCKOJIBKY TONIBKO B 24 ceMbsX, OTKyZa 6pasy ieTeil Ha BaKI[MHAL[MIO, MIMEICh OOTIbHbIE C OTKPBITON (HOPMOIL TY-
6epkynesa. B Jlro6eke Bpauu cpemanyu npuBuBKY BakLnHOV BCG 256 10-IHeBHBIM HOBOPOXK/JEHHBIM 1 C/Ty4YM/Iach
Tparefus — BCce MpUBUTHIe 3a60seny, a 77 fereit mornbnm. Paspasucs ckanpan. I[Tociegosai cyy, Ha KOTOPOM ObI-
Ny 06BMHEHBI TPOe Bpayelt 1 MeficecTpa. PaccieoBaHme okasajo, 4TO B Tparefuy BIHOBATa HeMellKas 1abopaTo-
pusi, Iie BaKIyHA ObI/Ia M3rOTOBJIEHA — OHA OKa3a/IaCh 3apa)XKEHHOI BUPY/IEHTHBIM IITAMMOM, KOTOPBIIT XPaHUJICS
B TOM Xe MHKybarope. [Jupektop maboparopun 6611 0Cy>XgeH 3a xamarHocTh. OfHaKO Hocte «Tparefuu B JIrobexe»
BakuyHa BCG 6bi1a B [epmanum 3ampeliieHa BIJIOTh 10 KOHI[a Bropoit MupoBoit BOJHEL

'8 TIpuMeHeHMe «HOBOII Tepanum» 6e3 coracus MalyeHTa pa3pelaaoch TOIbKO B TOM CIydae, KOIfia pedb Iija 06
MICTIONIb30BAHMM HEJOCTATOYHO MCIIBITAHHBIX IEKAPCTBEHHBIX CPEICTB B 9KCTPEHHBIX, KU3HEYTPOXKAIOI[UX CUTYa-
VX, @ TAKXKe eCM 3a67TaroBpeMeHHOe COITTacle Helb3sl OBIIO MOTYYNTD B CHITY 0COOBIX 06CTOSATENLCTB.
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Pa3paboTka 1 UcnbITaHUs Ha 1l0AAX 60€BbIX OTPaBAOLMX BELLECTB U CPEACTB JIeYeHUs NopaxkeHuit B lfepMaHuu...

HBIX CTao 60sblile, a TabOPaTOPHBIX KMBOTHBIX
- MEHbIIIE.

9TO 06CTOATENBCTBO, BKYIE C 3aKPBITOCTBIO
Bcex rccnenoanuii no bOB, a Takxe onpesieeHHbI-
MU UZEOTIOTMYEeCKMMI HACTPOEHUAMM CPelyl CAMUX
Y4YeHBIX CIIOCOOCTBOBAIO MEPEHOCY MCIIBITAHUII B
KOHIICHTPAI[IOHHBIE JIarepsi — Ha «OMOIOrMYecKmit
MaTepuas», Ha KOTOPBIN COOOpaXkeHMs TyMaHU3Ma
B JaHHYI0 MUHYTY He paclpOCTPaHANNCh. VInu onn
ObLIM HAaTIpaBJIeHbI HA IPYTYie OO'bEKThL.

Vcnvimanus Ha n11004X 6 KOHUEHMPAUUOH-
Holx fdzepAax. Yxe 11ocie Bropoit MupoBoit BOi-
HBI B PyKJ OpPUTaHCKUX CHELC/TYXO0 Momany cBe-
HEeHNsI O TOM, YTO CPaBHUTE/IbHDBIE MCCIeJOBAHMS
MHIMOMpylomero BospeiicTsus ¢pocdopopranu-
geckux OB, B 4acTHOCTH, 3apMHA, Ha XOJMH3-
cTepasy uenoBeka posofuan B VIHCTUTyTe Me-
OULMHCKUX ucciaeqoBanmit ObmecTBa Kaiidepa
Bunprenbma. [Ins mccmemoBaHMII MCIIONb30Ba-
JIMCh, HAPARY C )KMBOTHBIMMU (KpbICAMM, KPOJIN-
KaMM, cobaKaMy, KOUIKaMI 1 JIOIIaibMM), TKAaHU
4e/I0BEYECKMX OPraHOB, B YaCTHOCTMU, IE€YEHI.
Cawm P. KyH BnociefcTBum yTBepxpai, 4TO B MH-
CTUTYTE VIMENN [e/I0 UCKITIOUYUTENBHO C TPYIIaMu
YTOIIEHHUKOB, Y KOTOPBIX OpPraHbl M3bIMAINCD
B TedeHMe 24 4 mocne cMmeptu. OgHaKO B pyKu
OpUTAHCKUX CHELCTY>X0 Iomaja AOKYMEHT, fa-
Tupyroomuiica 8 ampensa 1943 r., copmep>kaiuii
noMeTKy cekperaps OofmectBa Kaiidepa Buib-
renbMa JpHcra Tenmosa (Hem. — Ernst Telschow,
1889-1988), cpenaHHyI0 mocie moceujeHus leii-
nenbbepra. B Heit roBopunock: «IIpog. Kyw ceii-
4ac cmasum oOxeHb UHIMepecHvle Onvimol, O
KOMOpbLX eMy HYHHbl MKAHU MO032a MONOObIX U
30oposvix ntooeil. A noobeuyan emy, umo 6yoy xo-
0amaiicmeosamo no 3Momy 60npocy nepeo coom-
semcmeayouwumu sracmamu». 22 amnpens 1943 1.
9. Tenmos wanpasun P. Kyny nu4noe nucemo, B
KOTOPOM COO6LIMI, YTO oOpalnancs 1o ero Bo-
IpOCYy K PARY BBICOKOIIOCTABIE€HHBIX YMHOBHMU-

KOB B MMHUCTEPCTBe I0CTULIVY C XOHATaliCTBOM
0 TIpefoCTaB/IEHNN 3aIPOIIEHHBIX OPraHOB. 3a
TPAaHCHOPTOM OBIIO IIPeAIOXKEeHO OobpamaTbcs
K BOEGHHBIM. HuKakmx [pyrux HOKyMeHTAalb-
HBIX JaHHBIX O INPONOJ/DKEHMM 3TOrO CIOKeTa
He COXPaHMIOCh. MOXXHO JUIIb HpeAIoararh,
OTKyJja MOXXHO 0bIo B 1940-X rojax B3ATb Op-
raHbl «MOJIO[IBIX, 3[OPOBBIX NIOfeli» B paMKax
MIEHUTEHIMAPHON CUCTEMBI — TIOPbMBI U JIarepsl.
Peup morma upaTn: o )xepTBax IporpaMM 3BTaHA-
3UM (3TMM MICTOYHMKOM MHOTZAA IIOTb30BaNNCh
B pyrux nHcTuTyTtax OO6InecTBa); 0 3aK/I0YeH-
HbIX KOHIICHTPAl[IOHHBIX Jarepeil (IIoka OHMU
ObI/IM ellle OTHOCKUTENTBHO 3[JOPOBBI); O JIMIAX,
IPUTOBOPEHHBIX K CMEPTHON Ka3HM — IIOCTIe UK
BMecTo Hee'. TOUHBIX CBefleHUII O XapakTepe
IIpeJIoIaraeMbIX «OUY€Hb MHTEPECHBIX OIIBITOB»
TOXKe He COXPaHMIOCh, OfIHAKO, CKOpee BCEro,
pedb 1Ta 06 MCcCIegoBaHNM HEIPOTOKCUYHOCTH
¢docpopoprannveckux OB u 06 nsydyeHun Bos-
peitcteuga ©@OB na ITHC [10].

B cuny nenmoro psja mpuynH, JaHHBIX? 06
ucnbiTaHuAXx BOB B KoHIIarepsax coXpaHUIOCh
OoueHb Mano. B YacTHOCTM, mOCe BONMHBI IOA-
BuIach MHGOPMAILMS O SIKOOBI MMEBIINX MeCTO
VCTBITAaHMUAX TabyHa Ha 3aK/IIOYEHHBIX JIareps
I'pocc-Posen Bosne [uxepHdiopra-Ha-Opepe.
B [Iuxepudropre Haxommiacs 3aBoj KOMIIAHUU
«Anorgana GmbH», rge ¢ 1942 r. 3anyctunm npo-
M3BOJACTBO TabyHa U CHapsDKeHMe UM 6oenpuia-
coB. V3BecTHO, 4TO 3akntoueHHble 'pocc-Posena
paboranyu TaM HapaBHe C HeMelIKUMMU paboun-
MM - BOJIbHOHaeMHBIMMU. VI3BecTHO, 4TO cpen-
CTBa 3alUTBl OBIIM HeJOCTATOYHBIMHU. VI3BecT-
HO, YTO Ha 3aBOJie MepPUOAMNIECKY ITPOVCXOAUIIN
HeCYacTHbIe CIydYal, B TOM 4NC/Ie C JIeTaJbHBIM
ucxopoM. ITocne BOVHbBI CBUIETENY IO TBE PN
clly4anu jiedeHN s IOCTPaJaBIINX HA 3aBOJie aTPO-
nuHoM?'. Ho 6b11M /1M 9TU MOpaskeHu st BhI3BAHBI
HeCYaCTHBIMM C/Iy4YasiMM Ha OIIaCHOM IIPOU3BOJ-

19 V13 TOKyMEHTOB II0 «MEAVMLIVHCKOMY Jie/Ty» M3BECTHO, UTO B Psfie CIy4aeB A MeAVIIVTHCKMX OIIBITOB HaJl TIObMU
VCIIO/Ib30BAJIN JINL], IPUTOBOPEHHBIX K CMEPTHO Ka3HU II0 TeM VU MHBIM IIOTUTUIECKIM VM YTOTOBHBIM 06BH-
HEHUsM, [IPMYeM y4acTe B OIIBITAX pacCMaTPUBAJIOCh KaK CBOETO pofa 3aMeHa. B yacTHocTy, B mucbMe A. Xupty
ot 3 siuBaps 1942 r. B. 3uBepc, 3arpeboBas ot A. XupTa 60ee HogpoOHbIe CBeIEHUsI O XapaKTepe ero AesTeNbHO-
CTHU A1 mocIenyomiero goknazaa I. Tummiepy, coobuimn: «9mo kacaemcs 6auiux AHmMpononoeudeckux uccnedosd-
HUtl, Mo A yxuce ceiiuac mozy npourgopmuposamo Bac, umo Petixcpropep CC dacm Bam 803m0icHOCMb nPo8oo0utmno nio-
bvle IKCnepuMeHmol, KOmopvle Mozym nomo4v Bam 6 Bawux uccne0o8anuax, Ha 3aKa0UeHHbIX U HACMOAUUX npe-
CMYNHUKAX, KOMOPble HUK020a U HU NPU KAKUX YCI0BUIX 0C8000310eHbL He OY0ym, a makxie HA TUUAX, NPU20BOPeH-
Hoix k cmepmuoti kasuu» (URL: https://nuremberg.law.harvard.edu/documents/204-letter-to-dr-hirth?q=Hirth#p.1;
mara obpaienns: 13.06.2021).

20 HepBaﬂ IIpMYMHA JIESKUT Ha IIOBEPXHOCTUN — BCE pa60TbI MN3HAYa/IbHO BENVICDh B PEXXMME CEKPETHOCTM. B KOHIIE
BOJHBI JNOKYMEHTDI I IPYI'ME€ TOKa3aTEIbCTBAa MaCCOBO YHNMYTOXXANNUCh CAaMVIMII HEMIJaMU. BTOpaH, MEHEE OUYEBUI-
HaA — TO, YTO OCTA/NOCh, 6bI710 He YHUYTOXXEHO, a HaO60p0T, TIHATE/IPHO COXPAaHEHO 1 3aCEKPEIECHO HO6€IH/IT€HHMI/I.
B wactHOCTH, MaTe€puaabl IO «<MEAULVTHCKOMY IETYy» OHY6}II/IKOBaHbI aMepI/IKaHCKOﬁ CTOpOHOIU/I C 3aME€THBIMMI JIaKYy-
HaMMu. HpI/I‘{I/IHI)I TOXX€ OYEBUIHBI — Bpa!{e]?[ OCyanin, a BOT KOHKPETHbIC PE3Yy/TIbTAThI X OIIBITOB 1'IO6€I[I/IT€}'IHM 6bI-
I VI CaMUM VUHTE€PECHBI.

! TTocne Bortub! 6bIBIINII 3aKkmodeHHbI Tageym Kaponb (Tadeusz Karol), paboraBiunit Ha 3TOM 3aBOfie, TOKasar,
9TO OFHAXKMBI MY IpUKasanu 6e3 CPeACTB 3aIUTHl BOITY B CHAPSDKATEIbHBII 1jeX, YTOObI IPOBEPUTh HAINYNeE
yreuek OB 1 3apakeHue nexa TabyHoMm. OH MOy HOpaXkeH1e U MOTePsI CO3HaHMe. JIeUnIn ero aTpOMNHOM.
OueBUIHO, B JTAHHOM C/Ty4ae LijIa PeYb O IIpeHAMEPEHHOM MCIIONIb30BAHNM YeI0BEKA B KAYeCTBE «KMBOT'O Ta30CHT-
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Pucynok 10 - Csresa Banemep 3oHHmMaz
(Hem. - Walter Sonntag, 1907-1948, ka3HeH 3a 80€eH-
Hble npecmynieHus), cnpaea Yeo Xatuy LWmuk [31]

CTBe MIN ITpefHAaMEePEeHHBIMY OIIBITAMMY, IPOBO-
OUBIIMMUCS HA PEryisipHOI OCHOBE, JO CUX IIOP
TOYHO He M3BECTHO U He JoKasaHo [31].

Konuenmpauuonnviii nazepo 3axcenxaysen.
HemocpencTBeHHBIM TOBOOM /sl MHTEeHCUU-
Kauuu pabor mo BOB u cpemcTBam nevyeHus mo-
paskeHUII CTanu clepykomye coobITus. 8 CeHTAOps
1939 r., yepes Hepen0 IOCAE HAaYala BTOPXKEHUA
Bepmaxrta B Ilombury, monbckue BoJicka BO BpeMs
OTCTYIUIEHUs IIpY IONbITKE B30pBaTb MOCT B TO-
poze fcno (ubiHe — B [TogkapmaTckoM BOeBOJICTBE)
10 OMIMOKe MCIIONIb30BaAM He OObIYHbIE MMUHBI,
UIIpUTHBIe. B pe3ynbraTe HMOpakeHMsI HONMYUININ
14 conpar Bepmaxra, gBoe nmorn6mm. ITocme atoro
A. Tutnep usman cnenuanbHOe pacloOpsiKeHUE O
HavaJie IOJTOTOBKM K «Ta30BOI BOIHE.

ITocre sToro BoenHO-MeqUIIMHCKAs aKaieMUs
npu yyactunu CC opraHmu3oBajia HECKONIBKO Cepuil
VICIIBITAaHMII TIPOTOKO/IOB U CPELCTB JIedyeHN A Iopa-
>KEHMI KOXXHBIX IIOKPOBOB CEPHMUCTHIM UIIPUTOM.

ITo xpaitHeit Mepe IBe CepUM TAKUX MCIIBITA-
HUI ObUIM IIPOBefleHbl B KOHIlIarepe 3aKceHXay-
3en** (OpaHneHobypr, semns bpanneHOypr) B OKTs-

Ope-nexabpe 1939 r. Ha 31 3aK/II04EHHOM, KOTOPBIM
HaHOCM/IV Ha KOXXY MIIPUT M XKJa/IN PasBUTHA IIO-
pakeHuI1. 3aTeM IOpa>keHHbIe y4acTKV 00pabaThI-
Ba/Il pasHBIMU IperaparaMy U3 4uciaa obuieso-
CTYIIHBIX aHTUOAKTePUAIbHBIX CPEfICTB U CPEACTB
JIe4eHNUsI 0XKOTOB, B YACTHOCTH, PpecKaHOM (KOf0-
Boe HazBaHMe F 1000 n F 1001 - mopo1ok nmpous-
BojcTBa KoMmmauuu Dr. Fresenius)®® u Tmocernrom®:.

OnbITel CTaBUIM 3aBeNYIOIIMII XUPYPIU-
4ecKUM OT/e/ieHreM 3aKCeHXay3eHa Yro XailHIL
IIImuk (mem. - Hugo-Heinz Schmick, 1909-1982)
(unen HCIJAII c aBrycra 1933 1., CC - c mas1 1933 1.)
U marepHblil Bpay Banbrep 3oHHTAr, Toxe n3 CC
(pmcynox 10).

[TepBas cepusi OIBITOB COCTOANACDH 13 OKTAO-
pA 1939 1. B Heit yyacTBoBanu 23 3aK/IHOYEHHDIX.
VIM HaHOCK/IM Ha KOXY PYK UIIPUT, a IIOTOM 06pa-
6aThIBA/IM BONMABIPY aHTUOAKTEPUATBHBIMU CPE-
cTBaMu. XOf, 9KCIIEPMMEHTA TIATe/IbHO JOKYMEH-
TUPOBAJICA U CHUMAJICS Ha KMHOIIEHKY. Bo BTOpOII
cepum, COCTOABIIENCA B nexaépe 1939 r., yyacTBO-
BamM 8 3aKIOYeHHBbIX. VIM HaHecnm MIPUT Ha
KOXYy 00eux pyK, a uepe3 Tpu FH:, HOCJIe TOTO, KaK
HOpa’keHHbIE YYaCTKM MOKPBIIUCH BONABIPAMHU C
9KCCYATOM (B HEKOTOPBIX CITy4asiX UX pasMep Ji0-
CTHTas pa3MepoB 7x18 cM), BOIABIPU BCKPDLUIN 1 B
OTKPBITBIe PaHbI 3aHeC/IN OaKTepuaNTbHYI0 NHPEK-
V0 — 6aKTepUy CTPENTOKOKKOB, CTapMIOKOKKOB
U THEBMOKOKKOB. Jleunnu aHTuCenTUKaMu. ¥ Tex,
KOMY 3aHec/mu MHQeKIuo, pasBuics cencuc. Cxe-
MBI JIe4YeHNUs aHTHUCeNITUKaMy He paboTanu. B an-
Bape 1940 r. peitxchropepy CC Ienpuxy ['mmmiepy
(aem. — Heinrich Himmler, 1900-1945) 651710 m010-
JKE€HO 0 HeyZaye 9KCIIEePYMEHTOB.

B 1o xe camoe Bpems, korga CC npoBoputa
OIBITHl HA 3aK/IIOYEHHBIX 3aKCEHXay3eHa, TOT Xe
caMblil ()pecKaH UCIBITBIBA/IM Ha /MIOAAX B BoeH-
HO-Me[JMLIMHCKON aKajjeMuy. ABTOpaMU 3KCIIepu-
MeHTOB ObUIM pupekTop VHcTuTyTa (papmakosno-
ruy npu YauBepcurere Mioncrepa Jlrogsur Jlenpe
(nem. — Ludwig Lendle, 1899-1969) u pupexrop

HAJIM3aTOPa», IPIIEM eC/IU YIECTh, YTO Pedb IIIIA O 3aK/ITI0YeHHOM KOHIITATEPsI, MO>KHO IIPEATIONOXUTb, ITO O KO-
OpOBOILHOCTH B ITaHHOM CITydae pedb He IIjIa U BbI6opa y Hero 0co6o He 6bp10. OfHAKO TAKOIL CIy4ail — efBa i He
eVIHCTBEHHBII1, 0 KOTOPOM CTaJIO U3BeCTHO [31].

22 PacronoxxeH Hemoganeky oT bepanna. OduiinanpHo OTKPBIT B ceHTs16pe 1936 1. B anpene 1938 1. 6b1a co3gaHa
Hemenkas xoMnanms 3eMIsIHBIX ¥ KaMeHONMOMHBIX pa6oT (DEST - Deutsche Erd- und Steinwerke GmbH), nepso-
HAYaJIbHOI LIENTbI0 KOTOPOII 65110 06ectievene ranoB A. Tutnepa n Ans6epra lllneepa (em. — Albert Speer, 1905-
1981, mranblit apxutekTop [mTiepa, B 1942-1945 IT. peliIXCMIHMUCTP BOOPY>KEHM A ¥ BOGHHOTO IIPOM3BOJCTBA) IO IIe-
pecTpoiike bepnyHa u [pyrux HeMeIKUX rOPOfiOB. VIMeHHO I/ cHab)XeHM s IPeAIpuATUA padodeil CUIol BOIU3K
KaMeHHbIX KapbepoB Obi1y co3fansl MayTxaysen u ®noccen6bypr, Hoitenramme — ¢punnan 3akcenxayseHa, a psioM
¢ ByxenBanbfom 1 3aKceHXay3eHOM MOABUINCH KMpIu4YHble 3aBofibl. Co 2 aBrycra 1938 r. B 3akceHXayseHe pacrio-
Jlarajach IJTaBHas PYKOBOZAAIASA MHCTAHIMA — VIHCIIeKIIMs KOHIIeHTPallIOHHBIX arepeii [32].

2 @peckaH - aHTHOAKTEPUAIBHBII TPENapar B BI/e IOPOLIKA, MCIIOIb30BABIINIICS B IPOTUBOOXOTOBOI TEPATINIL,
npousBoactBa Komnauuu Dr.Fresenius (bag Xom6ypr) (URL: https://www.fresenius.com/index, gata obpariesus:
13.06.2021). B HacTOsALIee BpeMs KOMIIAHWA SB/ISATCSA OFHUM U3 KPYIHEHIINX B MUpe IPOU3BOATeNell MeANLIH-
CKOT0 060PYHOBaHNS, B [IEPBYIO O49epe/b /Il FeMOAMaNy3a odek. Paboraer, B Tom uncie, B Poccun — URL: https://
www.freseniusmedicalcare.ru/ru/glavnaja-stranica/ (ara o6pamenns: 13.06.2021).

> Tuocent - cynmbpoburymmnar ammonn (mxtuomn). CAS 8029-68-3.
URL: https://www.chembk.com/en/chem/thiosept (gara obparenns: 13.06.2021). Masp 6aKTep1OCTaATUIECKOTO U
IPOTUBOBOCIIA/INTEIBHOTO eV ICTBYIL.
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MHcTuTyTa (PapMaKOIOTUMM U BOEHHON TOKCUKO-
noruyu BoeHHO-MenuUMHCKON akagemun B. Bupr.
B onpITax y4acTBOBanM 23 BOEHHOCTY>XaLUX, KO-
TOPBIM HAaHOCU/IM Ha KOXY PyK MIIpUT. PesynbraT
0Ka3aJICsl aHAJIOTMYHBIM — Hy/NIeBbIM. OxKorn y mo-
JOIBITHBIX 3a)KWUJIN CITYCTA 6—8 Hefenb.
BrocnenctBum ObUIO [JOKa3aHO, 4YTO BO-
eHHple Bpaum JI. Jlenpne m B. Bupt He TOMIB-
KO ObIIM OCBeJOMJIEHBl 00 OIBITAX CBOUX
«xomner» n3 CC B 3akceHxay3eHe, HO M OPUEHTH-
poBanuch Ha UX pe3ynbraThl. Kpome Toro, B. Bupr
CIelManbHO e3/JU/1 B 3aKCeHXay3eH 3HAKOMUThHCA
C pesyabTaTaMu OIBITOB. EMy Iokasanm «iiecTb
WU JIeCATh 4YelIOBEK C O)KOTaMM Ha PYKe, Belu-
YYHOJ NPpUONIN3UTEIBHO C TafloHb». TaM ke emy
IPOJIEMOHCTPUPOBANIY OTCHATDIN Ha KMHOIJIEHKY

MaTepual, OTCHATBIN BO BpeMsA STUX UCIIBITAHUIA. PucyHok 11 - Bossgppam 3usepc
PasHu1bl MeXay TeMU, KOTO JIEYUIN aHTUCENTH- (Hem. — Wolfram Sievers, 1905-1948,
KaMM, M TE€MMU, KOTO He Jiedmain BooOIne, OH Ha KAa3HeH 3a 80eHHble npecmynsieHus
9TUX KaJIpax He YBUJETL. u npecmynJieHUss npomuse 4es08e4Hocmu)

Konuenmpavyuonnoii nazepo Haugatinep™. (URL: https://www.ushmm.org/information/
OmbiTel ¢ unputrom Asrycra Xupra. B mepu- exhibitions/online-exhibitions/special-focus/
of ¢ 1942 mo 1944 r. cepuio OIBITOB C UIIPUTOM doctors-trial/indictment/defendants;

dama obpaweHus: 13.06.2021)

» Hansaiinep-lItpyrrog (Hem. — Natzweiler-Struthof) -

KOHI[eHTPALMOHHBIII Tarepb B Jrib3ace B Boresax B 50 kM 1oro-samagnee CrpacOypra. IIpegcrasisi co6oit e-
Y10 CUCTeMY 13 nopsAfKa 50 marepeli, TOAYMHEHHbBIX ITABHOMY, PacIIONIOKEHHBIX Ha rpaHulle Mexay ®pannueit u
T'epmaHnmeit Ha Tepputopun nb3aca u Jlorapuurum (Ppanumns) u bagena u Bioprembepra (lepmanns). Cucrema na-
repeit CTajIa CO3aBaThCsI 37jeCh BCKOpe IOC/Te OKKY ALy HeMel[KyMu Boiickamu Crpac6ypra u aHHeKcuy Jb3aca
BecHOI1 1940 r. [TeppoHauabHO COOPYAUIN HeOOIBIIION Tarephb MO TUITY TIOPbMBI, PACCYUTAHHbIN Ha 150 YemoBeK 1
HpefHa3HaYeHHbII 71 ITOTMTUYeCKMX 3aK/TI0UYEHHBIX, 60711108 CONTPOTMBIEHN A U JINII, IONABIINX ITOf, TAK Ha3bIBa-
eMBIII «3alIUTHBI apecT». OH pacnonaraics pafoM ¢ ropogkoM IlImupex B 50 kM. oT CTpacOypra 1 IOmTy4yu1 Ha3Ba-
uute llImupek-Popopiok (HeM. — Schirmeck-Vorbriick, ¢pp. - Schirmeck-La Broque). ITepBbiMu 3aK/TI04eHHBIMY B HEM
CTa/u 3Ib3accKye aHTU(AMMNCTHL Jlarepb GYHKIIMOHMPOBAI B TeUEHMe BCell BOVIHBI KaK TPYAOBOIL. B HeM, moMumo
MONMTUYECKNX 3aK/TI0YEHHDIX 1 YJIEHOB UX CeME, COJepKauCh 3/1b3acIibl, TbITaBIIMECH IIEPEITY HOBYIO TPAHNUIY
u yittu Bo Opaninnio, €ieHsl ceKTbl «CBraeTenn Verossi», a Takxe I11a, OOBUHABLINECSA B CHEKY/LLUN U B yTO-
JIOBHBIX ITPECTYTIJICHNAX. 32 OXpaHy M HOPAROK oTBevana HeMenkas «[lonmuuus nopsapka» (Hem. - Ordnungspolizei,
Orpo). Uepes HeckoMbKo MecsAIeB Ioce ob6pasosanns llIMmpeka Hemogjaneky oT Hero, Bosye fiepeBHu Hansaitnep,
CC Hayasa CTpOUTENBCTBO Apyroro nareps. [Ipukas o ero obpasosanuy usnan nuvHo peitxcdropep CCI. Tummiep.
MecTo 6b1710 BBIOpaHO He CTy4YaltHO — HeMo/aIeKy HaXOfV/IUCh TPaHUTHBIE KAMEHOIOMHM, KOTOpPbIe OBUIN 9KCIPO-
IpUMPpOBaHbI IpuHajIexasueit SS kommnanneit SS-Deutsche Erd und Steinwerke GmbH (DEST) no npousBopcTBy
CTPOUTENIbHBIX MAT€PUAJIOB JI/Is1 TOCYAAPCTBEHHBIX CTPOUTEIBHBIX IIPOEKTOB, KOTOPaAst Havala X pa3paboTky (mo-
mumo Hanaitnepa, DEST umena cBou mpousBoacTBa B 3akceHxay3eHe, byxensanbae, Onoccenbypre, MayTxayseHe,
I'pocc Posene u Hoitenramme). PajoM Haxopmics sSuMHNI TOPHONMBDKHBL KypopT IlITpyTrod. Odunuanpuas nata
obpasoBaHus marepst — 1 Mas 1941 1., HO pabOTEI 110 €ro CTPOUTENbCTBY HAYaMNCh B anpene 1941 . [Ins coopyxe-
HIA 6apaKoB UCIIONb30Ba/N 3aKmodeHHbIX 13 [lIMypeka. Ileppas mapTus sakmodeHHbIX — 150 yenoBeK — MpuoObIIa
21 mas 1941 r. n3 3akceHxay3eHa. 3aK/TI0YEHHbIE, KOTOPBIX CTA/IV IPUBO3UTD MAPTUAMM U3 [PYINX Tarepeit, 3aHu-
MaJIich MOCTPOIIKOIL 1arepsi, HO IIaBHBIM 06pasoM paboTanu B KaMEeHOTIOMHSAX. BIIOTb 0 BecHbI 1942 I. KOHITa-
repp Hanpaiitnep ocTaBajcs CpaBHUTEIbHO HeOOMBIINM, B HEM COfiep>Kanock He 6omee 200 yenoBek. OfHaKO K KOH-
Iy TOAa B HeM OBI/IO 3aperncTprpoBaHo yxe okoo 2000 genosek. K 1943 r. nareps coctosi u3 17 6/10KOB B TpaHu-
1jax 71areps, u 12 — 3a ero mpefenamMy. B Hero cTanu NpuMBO3UTD 3aK/ITIOUYEHHBIX KPYIHBIMY ITapTHAMY U3 I'epmMannn,
Hopserumn u gpyrux eBpomeiickux ctpaH. B urone 1943 r. B Harsaitnepe 6b110 3aperncTpupoBaHo yxKe 4430 3axiio-
YeHHBIX. B 1944 I. uX YUCIEHHOCTD Komebanach B npenenax 6000-7000 uenoek. Beero xe B marepe u B 6apakax 3a
ero mpepenamiu Ob1710 3aperncTpupoBaro 52000 uenosek. B marepe 651 JOCTATOYHO BBICOKUIT YPOBEHb CMEPTHO-
ctu. ITo OLleHOYHBIM JaHHBIM, OT UCTOLIEHMA U 6oesHel mornbau okono 20000 yenosek. Crofa CBO3VIN 3aKIIIO-
4eHHBIX O Bceil EBporel. JKeHimuH B arepe He 6b1710. BOMBIIMHCTBO 3aK/TI0YEHHBIX — HOMUTHYECKNE. [TTaBHOMY
JIarepro NOGYMHANNCDH cBbllle 40 BCIIOMOraTe/IbHBIX J1arepeil. VX 4McIo NOCTOSAHHO POC/IO, IpUYeM HEKOTOPbIE [ia-
e He YCIeNM NOCTPOUTD K OceHN 1944 r., Korjja ITTaBHBIIl 1arepb ObUI 3BaKyupoBaH. Jlarepb 6bUI TPYLOBBIM, 3a-
KJIIOUeHHBIe paboTay, [/TaBHBIM 00pa3oM, B TPAHUTHBIX KAMEHOJIOMHSIX I Ha JOPOXXHO-CTPOUTENbHBIX paboTax.
Ocenbio 1943 1. TaM OCHOBaJIa IIPOU3BOACTBO U PEMOHTHbIE MACTEPCKIE aBUACTPOUTEIbHAsE KOMIIaHUsA «Junkers»,
I/ Hee OBIIM IOCTPOEHBI /iBa 3/jaHMsA U 13 6apakoB. 3aKII0YeHHbIE, a TAK)Ke BOJIbHOHaeMHBIe paboune, peMOH-
TUPOBa/IN aBMALOHHbIE ABurarean. COO6CTBEHHOrO KpeMaToOpus B jarepe IepBOHAYAIBHO He OBLIO, Tela yMep-
VX VJIM HOTUOIINX COKUTAIU B IePefiBIKHOM KpeMaTOPIH, HO B OKTsI6pe 1943 I. 17151 9TMX Liefielt TOCTPOMIN c06-
crBeHHbIiT. Kpome Toro, B Hanpaiinepe 6bl1a coopyskeHa ra3oBas KaMepa — CHeIVaTbHO AJIA MeAMIIMHCKMX 9KCIIe-

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2 185

AAIHOYYV 1VII4OLSIH




b)

om
=
X
o
<
b
S
37
O
L
T
=
o
(@)
|_
()
AN

H.U. Wwuno

PucyHok 12 - XKepmebl aHamomuyeckux
«uccnedosaHuli» A. Xupma, o6HapyeHHvle 8
AHamomuyeckom uHcmumyme Cmpac6bypackozo
yHusepcumema nocsie oceoboxxoeHus. Jlroodeli
y6usnu e 2asoeoli kamepe Haysatinepa u 0ocmasu-
Jlu 8 UHCMUMYM Ha 8ckpbimue. Ha mene - MHOXe-
cmeeHHble 2emamomsl. 3 Mamepuanos «<MeduyuH-

IpOBe/N Ha 3aK/II04eHHBIX arepsi Harsaitep (He-
naneko ot Crpacbypra).

Mx yaunmaropoMm ctan A. XupTt — AUpeKTop
AHaToMMYecKoro MHCTUTyTa npu PeiixcyHusep-
curere CrpacOypra. ONBITBI IPOXOAW/IN NIPU y4a-
crun u noxepxke CC-AHeHep6Oe, KOTOpasi B MI0JIe
1942 ropa cospana npu CrpacOyprckoM yHUBEpCH-
TeTe CIelManbHblil VIHCTUTYT BOEHHO-MeINIIVH-
CKMX UCCTIEJOBAHMI C OTAE/NIbHBIM MOJpa3fie/leHN-
em «H» (gns uccnegoBanmit Xupra). Panee, sumoii
1941-1942 rr., A. XuUpT y>Ke MNbITAJACA M3ydaTb
npoduIaKTIYeCcKye U TepaneBTUYecKye CBOJCTBA
BUTAMIHOB, B YaCTHOCTM, PeTHHONA (BUTAaMUH A)
npy nopakeHnAx unpurom [33]. IIpn nopmepsxke
reHepanpHOro cekperapss CC-AHeHepbe Bonbdpa-
Ma 3uBepca (pucynok 11) A. Xupt 3apyumica co-
I7IacueM Ha IpoBeJieHe OIIbITOB C UTIPUTOM JIMYHO
y I. Tummiepa. B cepennne nrons 1942 r. peitxciro-
pep CC man A. XupTy paspellleHle Ha ONBITH B
Hamgaitnepe (pucynox 12). B marepe 6bi1a passep-
HyTa CIlelia/bHasl 9KCIIepMMeHTaIbHasA CTAHLINA,
pabotoit kotopoit pykoBopmma CC-AHeHepOe.
OHa pacrnonarangach B HECKONTbKMX HOMeIeHNAX,
CIeLIMATIbHO BBIIETIEHHBIX B Y>Ke CyIlleCTBOBABILEM

CKo20 Oena»

(URL: https://nuremberg.law.harvard.edu/
documents/1959-photographs-and-other-
records?q=Natzweiler#p.1; dama o6paweHus:
13.06.2021)

B JIarepe MeIVIITHCKOM Oapake®®?’.

ITocnme ucnbITaHMI Ha KpbICaX, JAaBIINX I10-
JIOKUTE/IbHBINL pe3ynbTaT, MEepellIn K JIOfAM.
ITepBbIit OIBIT OB IIpOBefieH 25 HOAOPs 1942 T.

pumenToB. Kamepa, xoropast 3apaborana nerom 1943 r.,
HaXOAuIach 3a opuIuaabHOl rpaHuLell mareps. «/larepem yHuuroxenus» (Vernichtungslager) Tuma Aymrsuma-
bupkenay Hanpaitnep He 6. Ilocne ocBoboxenus Crpacoypra B Hosiope 1944 1. B Tarepe 0OHapy>kKUIN TOTbKO
17 ren. Hanpaiinep 6bi1 aBakynpoBaH 31 aBrycra 1944 r. mpu HaCTyIIEHUN COIO3HBIX BOJICK. B TO BpeMs B HeM Ha-
X0An1I0Cch oKomo 7,000 saxmodenHbix. Omepars mo aBakyaunu 6bIa 3aBepiieHa 4 ceHTA6ps. B marepe ocramoch
JIMIIb HECKOJIBKO 9C3COoBIeB. TeM He MeHee, cucTeMa IpOAo/Kaaa GYHKIMOHMPOBATb, TOCKOMBKY BBIBE3IY TOMb-
KO ITIaBHBIII JIaTepb, BO BCIIOMOTATEIbHBIX >Ke MO-IIPEeXXHEMY OCTaBa/IUCh JIIOAN, KOTOPbIe IIPOJO/IXKaIN paboTaTh.
VX Bcex mepefanu B pacropsKeHue afMIHICTpanuu KoH1iareps [laxay B anperne 1945 r. Cyz Haji npefcTaBuTe-
namu agmuHuctpauuy Hanpasinepa cocroscs B Bynneprane (Tepmanns, CeBepHblit Peitn — Bectdanms) 29 mas -
1 mroHs 1946 r. (Vicrounnk The United States Holocaust Memorial Museum. Encyclopedia of Camps and Ghettos,
1933-1945, Volume I: Early Camps, Youth Camps, and Concentration Camps and Subcamps under the SS-Business
Administration Main Office (WVHA) Volume Editor Geoffrey P. Megargee, P. 1003-1008. URL: https://www.jstor.
org/stable/j.ctt16gzbl7.34?seq=1#metadata_info_tab_contents; gara oopamennst: 18.04.2021).

% Letter to Richard Gluecks concerning the organization of research work at Natzweiler [poison gas]. AUTHOR
Wolfram Sievers (administrator of Ahnenerbe Society; Reich Research Council). 11 September 1942. URL: http://
nuremberg.law.harvard.edu/documents/2116-letter-to-richard-gluecks?q=Natzweiler#p.1 (mara obpaujeHns:
13.06.2021).

7 CoxpaHMICs MOOOIBITHBI JOKYMEHT — mcbMO B. 3uBepca B cexperapuar I. I'mmmitepa ot 3 Hos6pst 1942 r.,
copepxauit B cebe cmeqpl afMUHUCTPATUBHO-QUHAHCOBOII «IIepebpaHKI», CBA3aHHOI C OIBITAMM C UIIPUTOM B
Haupaiinepe. A. XupT Ha)kanoBajca CBOEMY Ha4yaabCTBY, 4TO IaT€épHas aMUHUCTPALINA HEOXOTHO UJET HaBCTpe-
4y ero MoXKeJTaHUAM M YMHUT IpenATcTBrA. KpoMe Toro, TaMm nmorpe6oBam JOIONTHUTETBHO OIIATHI 32 COfePIKa-
HIle 3aK/II0YE€HHBIX, KOTOPBIX 3a/IefiCTBOBAJIN B OIbITAX. [le/I0 B TOM, YTO «JJI YMCTOTHI SKCIIEPUMEHTa» IpefIona-
TajIoCh, YTO 3aK/TI0YEHHDIX JOKHBI OBIIM KOPMUTD He OOBIYHOI TarepHOIT MNIIel, a palMOHOM OXpaHHMKOB. B pe-
3y/JbTaTe — PACXO/bl HA JOIOMHUTENbHOE UTaHue 10 YeloBeK, a OIbITHI MOI/IYM IPOLO/DKATHCA N0 10 MecAles, T.e.
pacxofbl ZO/DKHBI OBIIM COCTABUTD Mopsifika 4000 peitxcMapok. B. 3uBepc B mok/Iajie HaBepX BO3MYIIATICS «IIKYP-
HIYeCKMM» TTOIXOJOM JIarepHoi agMyuHuctpannm: «Kaxercs, sta my6nuka B Hanpaitnepe mbITaeTcsl BBDKATh 13
9TOro OM3Heca Kak MOXKHO 6osblile fieHer». OfHOBPEMEHHO OH IIOCTaBM/I B IpMMep agMMHMUCTpanuio [laxay, Ko-
TOpAasi, MO ero C/I0BaM, BCerjia «C IOHMMaHMeM» OTHOCUIACh K MX M3bICKAHWAM U «HUKOTA He 3aMKanach 06 ora-
Te 3a 3aK/II0YEHHBIX». TyT e BBIACHMICA U PMHAHCOBBIN Bompoc. PaboTy VIHCTHTyTa BOEHHO-HAayYHBIX UCCIIENO-
BaHuil puHaHcuposana Badpden-CC. (URL: http://nuremberg.law.harvard.edu/documents/1077-memorandum-to-
rudolf-brandt?q=Natzweiler#p.1; naTa ob6pamenns: 13.06.2021). K croBy ckaszaTb, BOIIPOC O JOIIOTHUTEIbHOM IIUTa-
HUM ¥ YUCTOTe SKCIIEPUMEHTOB, OYE€BU/HO, TaK U He OBUI pellleH YIOBIeTBOPUTENIBHO, TIOCKOIbKY B CBOMX OTYETaX
A. XupT oroBapusail, 4TO «IOLONBITHbIE» MCTOLIEHBI.
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Pa3paboTka 1 UcnbITaHUs Ha 1l0AAX 60€BbIX OTPaBAOLMX BELLECTB U CPEACTB JIeYeHUs NopaxkeHuit B lfepMaHuu...

Ha 15 3akmoueHHbix?®. Ho mnpepocTaBieHHBIN
Badden-CC unpur okasancs HaCTOTBKO HeKade-
CTBEHHBIM, YTO OIBIT OBUI IPU3HAH HeyJauyHbIM.
B nawane mexabps 1942 r. A. XupT npojomKun
3KCTIepUMEHTbI C I[e/IbI0 IPOBEPUTH «3AIIUT-
Hble CBOJCTBa» BUTaMMHOB A, rpynmbl B u C
IpY MIPUTHBIX INOpakeHUAX [34]. PesynbraTh
Jamy KapTuHY, OOpaTHYI0 OXMJaeMoll — OKasa-
JI0Cbh, YTO, B OT/INYME OT KPBIC, IPMMEHNUTENTbHO K
TIOfSIM BUTAMMH A He TOTIBKO He 0becIiedyBal 3a-
IIUTY, HO HA0OOPOT, 1aJI TUIIEPYYBCTBUTEIBHOCTD
K UIIPUTY.

B xoHue 1943 1. B. 3uBepc n A. XupT yxe pac-
CMaTpUBa/IM BO3SMOXXHOCTb PacIIMPEHN S SKCIIepU-
MEHTOB C MUIIPUTOM U BuTaMMyHaMu B Hansaiinepe,
a Taxke B [laxay. CHauasa Ipefnonaranaoch MocTa-
BUTb OIIBITHI Ha KpbIcax ¢ y4yactuem 1000 >xuBoT-
HBIX, 2 IOTOM ITIPOBEPUTD «TepaIleBTUYECKIe CBO-
cTBa» BUTaMIuHa A Ha 240 3aK/TI0UEeHHBIX.

BriocnencrBum ObIBIINMIT 3aK/I0YeHHbI Harl-
Baitnepa romnangen Iepur Xenppuk Hanec (Gerit
Hendrik Nales), naxoguBuimiicst B 1arepe ¢ Host6psi
1942 ., pacckasa Ha HIOpHOEprcKoM TpuOyHaJie 1o
«JIeJly Bpadeil», 4TO B IIEpUOJ, C arrpesid 1o Mait 1943
I. B JIar€pe [eVICTBUTEIbHO CTaBU/IN OIBITHI Haf 15
3aK/II0YeHHBIMI HeMUaMM. VIM Ha KOXXy HAaHOCUIN
HEKOe «BellleCTBO», BbI3bIBaBIlIee «y>KaCHble PaHbI»,
KOTOpbIe IIOTOM PacIpOCTPaHAIUCH 110 BCEMY Tely,
KOTOpOe TaK>Ke BBbI3BIBA/IIO CJIENOTY (O4eBMIHOE
ollVCaHue MopakeHus unpurom). Ilo ero cmosam,
KaK MUHUMYM TpOe «IOfIONbITHBIX» B Te4YeHe He-
CKOJIbKMX JHEl CKOHYAJIUCh B Y’KaCHBIX MyUYeHMAX.

B urore B 1944 r. A. XupT npefcTaBuUI UTOTO-
BBIIl OTYET O pe3ynbTaTaX CBOMX 3KCIEPUMEHTOB.
B Hem HuUTITle He TOBOPU/IOCD, YTO ONBITHI CTaBU-
JIMCh Ha 3aK/IIOYEHHBIX. 3aTO TaM ObIIO CKa3aHo,
4TO, BO3MOXKHO, pe3y/IbTaT Oy/ieT /ydlle B ClIydae
HepopabHOTO IIpueMa MyIbTUBUTAaMINHOB (A, C n
rpymmnsl B), a Takxe B cl1ydae MHBbEKINI BUTAMMHA
BI ¢ riroko3oit.

CormacHO TIOKasaHMAM JIMYHOIO CeKpeTa-
pa-pedepenta I. I'mvmnepa Pypmonbda Bpanmpra
(mem. — Rudolf («Rudi») Emil Hermann Brandt,
1909-1948) Ha TpuOyHale MO «MERUIVIHCKOMY
Tenry», OoNbITHI ¢ upuroM B Hanaitnepe u 3akceH-
Xay3eHe IIPOJIO/IKANCD 10 1944 . BKJIIOUUTEIBHO.

Kounuenmpauuonnoviit  nazepp  Haueaii-
nep. Onvimvr ¢ Poczenom Ommo Buxenbaxa.
17 mapra 1943 r. MHCTUTYT BOEHHO-MeIMLVH-
CKMX JICCNIeJOBAHUI IPOBOAUI HAYyYHO-NIPAKTU-
4eCKyI0 KOH(epeHIMI0, Kyfja OblI MpUI/AlleH, B
gactHOCTH, oKTOp OTTO Bukenbax (wem. — Otto

Bickenbach, 1901-1971) ¢ MeguuHCKOTO BaKyIb-
teta Crpacbyprckoro perixcynmusepcurera [33]. C
1939 r. o paboTtan Haj IpoOIEMOIl JIedyeHNs Jie-
TOYHBIX HopakeHui ¢ocrenom. B despane 1940
I. OH HPUCTYIMT K SKCIepUMMEHTaM, HaIllpaB/ieH-
HBIM Ha U3y4YeHMe NPOPMIAKTUYECKUX U Tepa-
NEeBTUYECKNX CBOJCTB TeKCaMeTU/IEHTeTpaMm-
Ha (yporpommuHua). HemuaM 6bI0 M3BECTHO, 4YTO
ypoTponuH B IlepByl0o MMPOBYIO BOJHY VCIIONb-
30Ba/ICSI B PYCCKO apMmMM AJI IIPONMUTKYU HpO-
TUBOTA30BbIX NOBA30K JUIS 3aIUTHI OT XJIOpa U
¢docrena Bo BpeMs ra3oba/loHHbIX aTak. Ero meii-
CTBUE XOTe/IU IPOBepUTH (PUCYHOK 13).

[Iporpamma wuccnemoBanuit O. Dbuxenbaxa
IpeAroarasa Cepuio UCIBITAHWIT Ha >XVBOTHBIX
(KomKM 1 00e3bsIHBI), @ TAKXKe IKCIIEPUMEHTBI Ha
cebe. ITo ero JaHHBIM, OIBITHI Ha KMBOTHBIX II0-
Ka3aau BBICOKYI0 3(QQeKTMBHOCTb ypOTPONNHA.
Ha xoHdepeHunm, mnpoBopuBlieiics IOJ SIU-
noit CC-AHeHep6e, ObLI IOKa3aH OTCHSATHIN UM B
1940 romy JOKyMEHTa/IbHbBIA GMIBM 00 OIBITAX C
YPOTPOIVHOM Ha KOLIKaX 1 00e3bsHaX.

[Tocne xoudepenuun B. 3uBepc mpemmoxmn
O. BukeHb6axy IpOJO/KUTD OIBITH «BO B3aMMO-
nevictBum» ¢ A. Xuprom B Hansaiinepe. O. buken-
6ax cOrmacuIcs, HOCKOIbKY 9TO O3HAYAJIO HO/Tyde-
HIe OCTyMa K «6uomarepuany».

CsefieH1NsA O IepBOIl cepuy ONBITOB KpaiiHe
IpOTHBOpeYMBhL. VI3BECTHO, YTO K HAa4aay ampe-
na 1943 r. B Hanpajinepe coopyaunyu rasoBylo
KaMepy o6beMoM 20 M’ cHennanbHO AJIA OIBITOB
O. buken6axa ¢ docreHom. VI3BecTHO, YTO B TOM
xe amnperne A. Xupt coobmun O. bukenbaxy, uro
OH MOJKeT Ha4J[HATb.

O panbHelIIeM U3BECTHO JINIIb HO IIOC/TIEBO-
eHHBIM IIOKa3aHMAM e[MHCTBEHHOIO CBUMETENA
®eppnuanza Xoyia, KOTOPBII ObLI B JTarepe Kamo
(monuuerickum). OH COOOIMII, YTO TEpBasi Cepusi
OIIBITOB COCTOsINAch B MioHe 1943 1. IIpn atom oH
IyTa/ICA B IOKAa3aHMAX OTHOCUTENIBHO KONMMYeCTBa
3aK/IIOYEHHbIX, Ha KOTOPBIX CTaBM/IM OIBITBHI (OT
90 mo 150), a Tak>ke KonmmdecrBa norudomux (50-60
gestoBek). [I0aTOMY 9TOT 911307 10 CUX ITOP CYUTA-
eTCs Cpefyl CIelValNCTOB He /IO KOHIJA BBISICHeH-
HBIM — BIIOTB JIO TOTO, OBIJI 1V OH BOOOIIIE.

Crnenyromas cepus OIbITOB ¢ POCTeHOM OblIa
nposefieHa B Hanpajinepe B MioHe 1 aBrycre 1944 r.
Concnonuurenem 6pin1 accucteHT O. buken6axa
TensmyT Pronp (Hem. — Helmut Riihl, 1918-nocne
1980). OnpeneneHHYI0 TEXHNYECKYIO IIOMOIIb OKa-
3ay1 B. BupT, X0Ts He M3BeCTHO, B KaKOil Mepe OH ObIT
ocBefloMJIeH O mpoxopsiieMm B Hanpaiinepe, mo-

8 B HEKOTOPBIX MICTOUYHNMKAX UMEIOTCSI OOPBIBOYHbIE CBefleHIs 06 ombITax A. XupTa ¢ UIIPUTOM B OKTsAOpe 1942 1.
OKCIepUMeHTHI CTaBUINCh Ha 150 3aK/TI04€HHBIX, KOTOPBIM IIpe/iBAPUTENIbHO B TeUEHIE [IBYX HefleNb JaBaji yCu-
JIEHHOE MMTaHMe. 3aTeM IM HAaHOCVUIV MIIPUT Ha KOXKY U 3acTaB/simn gpimath napamu OB. ITo menbmreit mepe 50 ve-
JIOBEK MOTMOINM, OCTa/IbHbIE MOMTYYNIN HOPaXKeH s U ObIIM YOUTHI O3 HEe, B ra30BbIX KaMepax [35].

» Rudolf Emil H. Brandt (SS Obersturmbannfuehrer (Himmler’s personal staft). Affidavit concerning the poison
gas experiments at Sachsenhausen and Natzweiler. 14 October 1946. URL: http://nuremberg.law.harvard.edu/
documents/1686-affidavit-concerning-the-poison?q=Natzweiler#p.1 (zaTa obpamenns: 13.06.2021).
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PucyHok 13 - Ommo bukeHb6ax [31]

CKONMbKy VIHCTUTYT (papMaKomorny mpocuin Bce-
O JIMIIb IOMOYb OTKa/MNOPOBATh MI3MEPUTENbHYIO
anmaparypy.

OmnbIThH B ra3oBoil kKamepe Hansaiiepa mpo-
xopunu ¢ 15 urond mo 8 aBrycra 1944 r. B Hux y4a-
crBoBany 40 3aknroueHHbIX. 20 JaBanyu ypoTpONNH
nepopanbHo, 20 — caenany MHbeKuKU. KOHTpOIb-
Has TpyIIa 13 8 3aK/JII0YeHHBIX HaXOM/IaCh B Ia3o-
BOII KaMepe 6e3 3amNThl. BobIIyI0 4acTh 3aKII0-
YeHHBIX (KpOMe HeCKOTbKMX HEeMIIEB) COCTaBIIANN
LbITaHe, KOTOPBIX CIIelIMa/lIbHO OCTABVIIN U3 «1IbI-
TaHCKOTO yareps» B AymBuiie-bupkenay. 3akio-
YeHHBIX 3aBOAU/IN B KaMepy II0 YeThIpe YeloBeKa.
KoHueHTpanmio gocreHa NOCTeNeHHO yBeIN41Ba-
JIN, @ JO3UPOBKY YPOTPOIIMHA, HA000POT, IIOHMXKa-
nu. BeokmBIIMIT yyacTHUK onbiTa Bumu Xeprbepr
(Willy Herzberg) mocie BoiiHbBI faBaj IOKa3aHUs
o toM, 4To O. bukeH6ax MMYHO 3aBOAMI 3aKIIIO-
YeHHBbIX B Ta30BYI0 KaMepy, pa3buBal eMKOCTH C
¢docreHOM 1 OBICTPO BBIXOAWII, TIOC/IE Y€TO JiBEpYU
repMeTU3VPOBAINCh.

CornacHo sakmountenbHoMy oTdeTy O. bu-
KeHOaxa peliXCKOMUCCApy 3[paBOOXpPAaHEHUS U
cannrapunu Kapny Bpaupry (umem. - Karl Franz
Friedrich Brandt, 1904-1948), 14 yemoBeK CKOHYa-
nuch. ITop KOHell OnbITa KOHIEHTpanusA GocreHa B
KaMepe 3HAuMTe/IbHO IIpeBblIlajia CUYMTABLIYIOCA
JIeTa/IbHOIL.

O. buken6ax dakTuvecKy MOATBEPUT 3a-
IIUTHBIE CBOJCTBa ypoTponuHa. [Ina aroro emy
IPUIIJIOCh CTaBUTb 3KCIEPUMEHTHI, Ifie CMepPTb
«IIOJOIIBITHOTO» Ye/IOBeKa Obl/Ia YacTbI0 METOMM-
KM — OJJHOJI 13 3a/1a4 OBIIO YCTAaHOBUTD, IIPU KaKUX
MO3MPOBKaX YPOTPOINHA ¥ KaKOJ KOHI[eHTPaLuM
docrena cMepTh 6yneT HeM36EXKHOIL.

Konuenmpavuonnoii nazepr Hotieneamme™.
ITocnemHme M3BeCTHBIE MCIBITAHMA Ha 3aK/TIOYEH-

HBIX IIPOMCXOAWIN B IEPUOJ MeXAy AeKabpem
1944 r. u maptom 1945 r. B Holtenramme (Ha Tep-
puropun am6ypra). VIX MHUIIMATOPOM CTas IIPO-
¢deccop Kapn JTropsur Beprep Xaase (mem. — Karl
Ludwig Werner Haase, 1903-1980) 13 peiixcuHCTH-
TyTa I’UTVIeHbI BOABL, IOYBHI U1 BO3AyXa (PUCYHOK 14).

[Tocne paspymenus mroTuHbl «Mohne
Reservoir» 6Oputanckumu BBC B Mmae 1943
K. Xaase ObUT BBefleH B COCTaB paboueil TPYIIIbI,
3aHMMaBLIENCA ee BoccTaHOBMeHMeM. OH BBICKa-
3aJ1 mpeamnooXxenne, 4to 6puranckue BBC mornu
3apasutb Bofy 60eBbiMu OB. EMy 651710 TOpydYeHO
B J1abOpaTOpPHBIX YCIIOBUAX pa3paboTaTh HOBBIN
MeTOJ OYNCTKY Boabl oT OB.

Becnoit 1944 r. K. Xaase npemnoxun ob6e3sa-
Pa’kuBaTh OTPABJIEHHYIO TIOU3MTOM BOZY XJIOPHO-
BaTHUCTOI KUCTIOTOI. BoeHHBIe ompoboBanu 3TOT
cioco6 B PayOkammepe. VlcmbiTaHus mpoBenn
Tak)Xe B BOeHHO-MeMIIVIHCKONM aKafieMUM, IpU-
9YeM OJHO3HAYHBIX PE3y/lIbTaTOB HE IOTYYMJIOChH.
Tem Bpemenem K. Xaase mpuctynun K paspabot-
Ke CHelyanbHOrO allapaTa J/asA OYMCTKU BOMbI
XJIOPHOBATUCTOM KUC/IOTOI. A/NbTepHaTUBHBIII
CIIoco6 — UCIONb30BaHNe aKTUBUPOBAHHOTO YITIA
B KauecTBe COPOEHTA — OH OTBEpraj Ha TOM OCHO-
BaHUM, YTO KOMMYECTBA YI/A, JOCTaTOYHOTO HAJIA
o6e33apa>kMBaHMA TAKOTO KOJINYeCTBa BOABI, B [I0-
CTyIIe IPOCTO HeT.

O ero mpemoXeHUAX ObUIM HOCTABJIEHBI B
U3BECTHOCTD, B YaCTHOCTH, UMIIEPCKUI PyKOBOJ Y-
TeNb 3ApaBooxpaHeHus obeprpymnmnenpopep CC
Jleonapno Kourtu (nem. — Leonardo Konti, 1900-
1945) u nmuuno I. I'mMmep, KOTOpbIT Ofo6puMI
MIpOfIOJKEHNE MCCNIeloBaHMII B KoHLIarepe. s
3TUX Liefieit ObUT BbIOpaH narepb HolteHramme.

K. Xaase roroBusn 3KCHEpUMEHTBI C MUIOHA
1944 r. AnmapaT IJIaHMPOBA/IOCh YCTAaHOBUTDL B
HoitenramMMe K KOHITy Moy, 5 aBrycra u 1 ceHTs6-
pA 1944 1. on nocetun Holienramme. B ogun us
3TUX JHeI XJIOPHOBATUCTasA KIC/IOTa OblIa 3a/IUTa
B VICTOYHUK IIUTbEBOI BOABI, OTKY/a Opamu BOAY
mns npubnusutensHo 10,000 sakmoueHHBbIX. [e-
JIBIO OIIBITA ObI/Ia IIpOBEpKa [IEICTBUA Ha YeloBe-
YecKMil OpraHmM3M caMoil KucmoThl. COracHoO OT-
getaM K. Xaase, Hu 0 KaKVX SIBHBIX IIPOOIEMax CO
30pOBbeM y 3aK/TIOYEHHBIX, KOTOPbIe YHOTPeOIs-
N BORY C KMCTIOTOM, He Hab/MIoanoch.

10 oxTs6ps 1944 r. K. Xaase npomo/mxun uc-
IIBITAaHMA BMecTe ¢ B. BUpTOM Ha McCIIbITaTeIbBHOM
nonuroHe B PaybkaMmepe.

B nmepuop ¢ 3 mo 15 pmexabps 1944 r. oxorno
150 3ak/II0OYEHHBIX JIareps IIOABEPINUCH 3KCIIe-
PUMEHTY C IUTbEBOM BOMONM C TIOUSUTOM, KOTO-
pyto mpomyctunu depe3 mzobperennsie K. Xaase
OYJICTHBIE COOPY>XEHMU A C XJIOPHOBATUCTOM KIUCTIO-

3 JsHaua/nbHO BO3HUK KaK Guanan 3akceHxayseHa, B 1940 r. mpeobpas3oBaH B OT/eNbHBIN Tarepb. Pacimpenne cu-
CTeMBI KOHI|Iarepeit 06yc/IoBIMBaIOCh pacTyIIIMY IOTPeOHOCTAMM SKOHOMUKYM [epMaHNy, a TAKXKe COXpaHeHVeM
mnaHoB A. ['uTepa no nepecTpoiike HeMelKKX ropofos. I'pocc-Posen u Harpaiinep, fononuusuine HojieHramMme,
MayTtxaysen 1 PrnocceHOYpr, JOIKHBI ObIIN 0OecedrBaTh SKOHOMYUKY CTPOUTENbHBIMM MaTepuanamu [32].
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Toll. HaumHanmm ¢ MUHMMAaJIBHOV KOHLEHTPALUN
TION3UTA, IIOTOM €€ IOCTENIEHHO YBENNINBAIN IO
KOHIIEHTpaLlMii, KOTOpbIe «IIPMMEPHO B CTO pas»
IpeBBIIIA/IN IPee/IbHO JOMYCTUMBIE (II0 OLjeHKaM
Boenno-menunuHckoit akagemun). Ecnu Beputhb
otdetaM K. Xaase, marepunle Bpaun n3 CC HUKaKo-
TO YXYZIIEHN COCTOSIHNA 3J0POBbA NMOOIBITHBIX
He 3a(PUKCHPOBAJIIL.

K. Xaase mpepmnomaran B sHBape 1945 T.
MPOO/KUTD IKCIIEPUMEHTBI C LE/IbI0 M3YYEHU
OeiicTBMA Ha 4e0BEYeCKMII OpraHuU3M HAJIUTENb-
HOTO YHOTpeO/eHMsT TaKoll «OYMIIEeHHON» BOJBI,
IIOCKOJIBKY IIPEJIIONIaraaoch, 4YTO B BOJE BCE PaBHO
0CTaeTcA OIpeflelIeHHOe KOTMYECTBO MbIIIbsKa. I
I'mMmMep paspeleHus He Jail.

Tem He meHee K. Xaase HacTosAn Ha Ipo-
BEJICHMM OIBITOB C A30TUCTBHIMM MIPUTAMM Ha
TOM OCHOBaHMM, YTO MX XMMMIYECKMII COCTaB OT-
NMYaeTcs OT Tou3nTa. B sHBape — Havase ¢eBpans
1945 r. B HolteHraMMe NpoOBeNN CEPUI0 OIBITOB C
a30TUCTBIMI UIIPUTAMMI U JOJIOKWIIN O «TaK>Ke I10-
JIO>KUTENIbHBIX PE3YIbTaTaX».

Hanee HanMUCTCKMe YydeHble IIPefIOKUIN
IIPOJO/KUTDL SKCIEPUMEHTBI C ILE/IbI0 YTOYHe-
HMA JIeTa/IbHBIX TOKCOZI03 Cpasy Heckonbkux OB.
IIpemnmaranoch MCHONB30BaThb  3aK/IIOYEHHBIX,
IIPUTOBOPEHHBIX K cMepTHOII Ka3Hu. o mpeno-
>K€HHBIM MM METOAVKAM OIIBITHI IIPEJII0NaTraaoch
IIPOJO/XATh O CMEPTM YYaCTHMKOB SKCIIEPU-
MEHTOB.

I". TuMMmrep onbiTh 3anpeTni1. 16 dpespansa 1945
I. OH OTO3BAJI CBOE pa3pelIeHNe Ha SKCIIEPYMEHTHI B
Haupaiinepe «10 cOOOpa>keHUAM TeKylleil IOJIN-
TUYECKO CUTYALUM». DTO OB IIePBbIN N3BECTHBIN

PucyHok 14 - Jllodosuz BepHep Xaase [31]

crmydait, korfa I. TuMmiep oTkasanca caHKIIVOHU-
poBaTh Kakue ObI TO HY OBUIO OIBITHI Ha JTIOfAX B
KOHILIarepe. BoiiHa mopxonuna K KOHIY.

Pacnnama. Ilocne oOKOHYaHMA BOVHBI NIPU-
LUIO BpeMs OTBeYaTh 3a cofessHHoe [36-38].
20 HOs16pst 1945 . Bo [IBopiie roctuiiuu Hiop-
HOepra OTKpBIICSI MeXAYHapOLHBIN BOEHHBIN
Tpubynan (MBT) - mepBblit 1 r/1aBHbI CyTeOHBII
IPOLiecC 0 OOBMHEHNIO OBIBIINX PYKOBOJUTETIEN
[epMaHuy B IpecTynAeHUAX NPOTUB MUPa, IPO-
TUB Y€JIOBEYHOCTN’', HAPYLIEHNAX 3aKOHOB BOII-
HBI U B 3ar0OBOpe C Lie/IbI0 COBEpPLIEHM A JAaHHBIX
npecTynHbeIx gpeiicTsuit [39]. Tpubynan 3aBep-
mn paboTy 1 okTaA6pst 1946 1. 1 BbIHEC OOBMHM-
Te/IbHblEe IIPUTOBOPbHI INABHBIM PYKOBOAUTELAM
Tperbero peiixa.

' 3apoxx/ieHVe IIOHATUSA IPEeCTYIUICHN I IPOTUB YeTOBEYHOCTY CBA3AHO C JeATEeTbHOCTBIO POCCUIICKOTO IOpU-

cra-mexpyHaponauka O.0. Maprenca (1845-1909), npuHnMaBlIero yuactue B pa3paborke KoHBeHIuUIT 0 3aKOHaX
1 00BIYasIX CYXOIIyTHOV BOTTHBI 1899 1. 1 1907 1. [laee ero cBA3BIBAIOT C COBMECTHO AeK/Iapaliyeii CTpaH AHTaHTbI
OcmaHckoit umnepun B 1915 r. [37]. BocnepcrBun oun 6sum chopmymposansl B Cr. 6 YcraBa MBT:

«Tpubynan, yupenodennviti Coenauiernuem, ynomanymoim 6 cmamoe 1 Hacmosujezo Yemasa 01 cyoa u HAKA3AHUS
271A6HBLX B0EHHBLX NPECYNHUKOS eBPONELiCKUX CIMPAH OCU, UMee NPAaso CyOUms U HAKA3bl6amy Uy, Komopule, 0eli-
CMBYs 6 UHMePecax e6poneticKUx Crmpam ocu UHOUBUOYATIbHO U 6 KAYECH8e 4TIeH08 OP2AHU3AUUU, COBEPULUTI IO~
60e u3 cnedyrousux npecmynneHuil.

Crnedyrousue Oeticrneust unu nobvie U3 HUX ABNAIOMCA NPeCMyneHUAMU, noonexauumu opucoukyuu Tpubynana u
871Ky UUMU 3a COO0TI UHOUBUOYATLHYIO OMBENICINBEHHOCID:

a) npecmynsieHuss NPOMUSE MUPa, a UMeHHO: NIAHUPOBaHUe, N00201M06Ka, PA3BA3bIBAHUE UL BedeHUe A2PecCUBHOT 80-
UMbl UYL B0TiHbL 8 HAPYUIEHUE MENOYHAPOOHBIX 002060P06, CO2NIAUIEHITI UM 3a8epeHNtl, U yuacmue 6 00uem nia-
He Unu 3a20680pe, HANPABTIEHHBLX K OCYULECIBIIEHUIO TH00020 U3 8bIUEU3TIONEHHDLX OelCEULl;

b) soennvle npecmynnenus, a UMEHHO: HAPYUEHUS 3AKOH08 U 00bitaes 80tiHbL. K amum HapyuieHuam omHocamcs
YOuticmea, Ucma3aHus unu y8oo 8 pabcmeo unu 01 0pyeux yeneti epaioancKo20 HaceneHus OKKynuposanHoil mep-
pumopuu; youiicmea unu UCMA3AHUA 60eHHONTIEHHBLX UMW TTUY, HAXOOAUUXCS 6 MOPe; YOULICIBA 3aTI0HHUKO8; 02pa-
6neHue 00uU4ecBeHHOL UMY YACHOTE COOCMBEHHOCMU; OeCCMbLCTIEHHOE PaspyuleHiie 20p0006 Unu depeserv; pasope-
Hue, He ONPABOAHHOe B0EHHOT HE0OX00UMOCMbIO, U Opy2ue NPeCMyNneHUs;

¢) npecmynneHus NPoMue 4en08e4HOCU, a UMEHHO: youiicmea, ucmpebnenue, nopabouseHue, ccolnka u Opyzue sice-
COKOCMU, COBepUleHHble 8 OMHOUEHUU 2PANOAHCKO20 HACENEHUS 00 UL 60 BPeMS 80UHbL, UIU NPeCce008AHUS 1O
NOAUMUHECKUM, PACOBHIM U PENULUOZHBIM MOMUBAM 6 UETIAX OCYULeCTBIeHUS UYL 6 C6A3U C TH00bIM npecmynie-
Huem, noonexawum opucouxyuu TpubyHana, He3a6UCUMO OM 1020, ABAANUCD JIU MU OelicMEUs HAPYUleHUeM BHY-
mpenHezo Npasa cmpauol, 20e OHU ObLIU COBEPULEHDL, UTIU HEM.

Pyxosodumenu, opeanusamopul, nodcmpexamesnu u nocoOOHUKU, yHACMBE068a6ULle 8 COCNABIIEHUL WU 6 OCYULeCH6Tle-
HUU 06U4e20 NAAHA UNU 302080PA, HANPABTIEHHO20 K COBEPULEHUI0 II00bIX U3 BbIULEYNOMIHYMbLX NPecmynieHul, He-
Cym 0meemcmeeHHOCY 3a 6Ce 0eliCtBUsL, COBEPULEHHDLE TIIOOBIMU TUUAMU 8 UeISTX OCYU4eCTNBIEHUS] TAKO020 NAIAHA»
(URL; https://docs.cntd.ru/document/901737883).
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PucyHok 15 — Cyde6Hbili npoyecc «CoeOuHeHHble
Wmamer Amepuku npomue Kapna bpasdoma u
Op». (URL: https://commons.wikimedia.org/wiki/
File:Karl-Brandt.jpg; 0ama o6paweHus: 13.06.2021)

Ha MBT HeomHOKpaTHO 3By4anu 0OBMHEHUA
B a/[pec HeMeIIKUX Bpadell B IpOBefieHNI Heflo6po-
BOJIBHBIX VCIIBITAaHMII Ha 3aK/II0OYEHHBIX KOHIICH-
TPALMOHHBIX JIaTepeli TeX VTN MHBIX XUMUIEeCKUX
BEIeCTB U OMOMOrMvYecKux cpencts [39]. B wact-
HOCTHM, ObIJIO TOKa3aHO, 4TO B AymBure-brpke-
Hay «MpOU3BOOUNIOCH U3yUeHue 0elticmeus pasHvlx
XUMUHECKUX NPenaparos no 3aKa3am Hemeuyxux
gupm... B nazepe npouzsoounico makice onvimoi
HA0 MYHCUUHAMU O7ISL YCIMAHOBIeHUS OelicBUS pa3-
0PaANAOULUX XUMUHECKUX BEU4ECTNE HA KOHCY 2071eHU
C Uenbl0 UCKYCCIBEHHO 6bl3bl6amb A36bl U (hrieemo-

Hot. TIpou3soouncs u pso Opyzux onvimos, Mmaxux,
KAK UCKYCCMBEHHO 3apaxcenue manipuei, uckyc-
cmeeHHoe 0n1000meoperue u m.o.». YIIOMUHANIOCh
06 ombITax B byxeHBanbe C UCKYCCTBEHHBIM 3a-
pakeHMeM MaJIspueil ¥ ChIITHBIM TU(HOM C LIeJIbI0
npoBepKy 9 PeKTUBHOCTU Pa3TMYHBIX BaKI[UH, B
TOM 4YJC/Te IPON3BeAEHHbIX B 1arepe, 06 OmbITax ¢
oxoramu GpocopoM A1 IONCKA CPECTB JIeYeHNA
0XOroB 1 T.Ji. B. 3uBepc gan nokasaHus o6 ombITax
A. Xupra ¢ unputoM B Hanpaiinepe ¢ 1enbio 1o-
JICKa 11 aIpobaliyt MeTOOB JTeYeH s IIOPaXkKeH NI,
OmBITH TPOBOAMINCH IO JTMYHOMY pPacCIOpsikKe-
Huw peiixcoropepa CC I. ['mMmmepa® kak MUHM-
MyM o Hadajna MapTta 1944 r. Ognako Ha MBT st
CIO>KeTbI 3By4asIy KaK IIPOXOAHbIe Ha (POHe [PYTUX
MeAMLMHCKUX HPecTyIUIeHui u TeM 6oree raso-
BBIX KaMep [39, 40] B «Iarepsx yHUYTOXEHUA».
«MepumuHckoe fgeno». Cowo3abiM KoHTpob-
HBIM coBeTOM™ 20 fiekabps 1945 r. 6bu1 IpyHAT 3a-
KoH N¢ 10, KOTOpbIil YIIOTHOMOYM/I COIO3HbBIE Jiep-
JKaBBI APECTOBBIBATD «B0EHHLIX U OPY2UX NOOOOHBIX
npecmynHuKos, 3a UCKIOUeHUeM NUlY, NPOMUE KO-
mopuix eedemcs npecnedosarue MexnOyHapoOHbim
Boennvim Tpubynanom», M TOCTAHOBUI YYPeSUTDb
TpUOYHAIBI /IS CyZla HaJ, HUMM. 3ajada CyeOHOro
Ipec/ieOBaHNA TaKUX JIUIL JIOKMIACh HA KaXKAYIO
3 OKKYIIAL[MOHHBIX JiepKaB (PUCYHOK 15).
Cormacuo 1. 1 (b, ¢) cr. II 3akona Ne 10, B xa-
YecTBE BOEHHBIX NpPECTYIUICHUI KBalIupUIMPO-
BAJINCh «IHECMOKOCMU UMY 8paxcoebHble dellcmeus
NpoOMue nuY, UIU UMYUeCea, npeocmasnaoulue

Hprne peficTyrolee onpepenenye NpecTyIIeH NIl IPOTHB YeI0BEYHOCTH flaHO B PuMcKoM cTatyTe MeXXIyHapOogHOTO
YTOMOBHOTO Ccyza (BCcTynu B cuny 1 mions 2002 r.).

> QOueBnpHo, mrangapTeHiopep CC B. 3uBepc, mpoxXonuBIINii B JaAHHOM CIy4ae KaK CBUIETeNIb, OYeHb He XO-
TeJl IIepeiiTH B pas3psifi 0OBMHAeMBbIX. B cCBOMX IIOKasaHMAX OH HACTaMBas Ha TOM, 4To «[Ipogeccop Xupm paspabo-
mMan memoo neueHus paH, 6bl36aHHbIX Oelicnéuem ompasnauezo seujecmea «/Iocmy. IIpu co3danuu memooa nede-
HUS OH 68 NOPAOKe IKCHePUMEHMA NPOBOOUTL ONbIMbL HA CAMOM cebe, KOMOopble NPUBETU K MANENbIM HOCIEOCTHBUAM
07151 €20 300p06bsl... TuMmAep uHmepecosancs IMUMU onvIMamu, U OH 04eHb PA3BONHOBANC, K020 YCbIUAAT, YO
Xupm nposooum sxcnepumenmot Ha camom cebe. [ummep cOCAANC NPU IMOM HA pacnopsxerue Propepa, 4moovt
0715 MAKUX ONBITNOB UCNONL30BANIUCL 000POBONILUDL U3 YUCIA 3AKTIOHEHHDLX WU U3 YUCTIA NPULOBOPEHHBIX K CMEPHI-
Hotl kazHu npecmyntuxos. Tonvko nocne mpebosanus lummnepa Xupm nposesn KoHmponvivle onvimot Ha 20 3aKio-
4eHHDbLX, HO COeIAsl OH MO MObKO M020a, K020a Yxce 6bis0 U36eCHHO HA OCHOBAHUU ONBIIOS, NPOBEOEHHbIX HA Ca-
Mom cebe, 4mo epedHble NOCTIEOCMBUS, 8bI3bi6AeMble IMUMU IKCNEPUMEHMAMU, He HOCAM ONUMeNbHO20 XapaKme-
pa. Ou yxasan danee Ha mo, 4mo 20pasodo eaxcHee (3mo Obu nepeuviti pabouuti kKoHmaxm ¢ Xupmom) noayuumo s
IMUX IKCNEPUMEHIN08 00CIAMOUHOE KONUHECHIB0 HUBOMHbLX, MAK KAK ¢ HAYA/A 60TiHbL UX KOTUYECNB0 COKPAMU-
JI0Cb HACMONLKO, 4IMO Yoie HEBO3MOMCHO ObLI0 NPOBOOUMD HEOOX00UMDbLE HAYUHDLE ONbLMbLY. .. «1OCTE ONbINOE HA Ca-
MOM cebe OH npoeesn Imu sxcnepumermot Ha 20 3aKTI0HEHHDLX, KOMOPble 006POB0ILHO Npedocmasunu cebs 6 e2o pac-
nopsscerue». CBOI0 COOCTBEHHYIO POJIb B 9TUX 9KCIIEPUMEHTAX OH CBOAWII K POJIY «IMIIb II0YTATbOHA» Y BO BpeMs
Jady IOKa3aHWIT PEry/siPHO CTPafia 3a0bIBYMBOCTDI0. ITa TAKTUKA He CpaboTasa, ero BCce paBHO OCYANIN HA [PY-
roM TpubyHase 1 moBecunu B 1948 r.

* OpraH BepXOBHOII BIaCTY B OKKYIVpoBaHHOJ ['epmanuy, o6pa3oBaHHBI Tocie Bropoit MupoBoit BOHBI Jep-
XKaBaMU-II06e[UTeNbHUIIAMI. B COOTBETCTBUY C KOHTPOIBHBIM MEXaHI3MOM, YCTaHOB/IEHHBIM COOTBETCTBY IOL UM
corynaienyeM ot 14 Hos16pst 1944 1. u OATBepXKAeHHBIM Ha [loTcmamckoit KoHpepeHnu teToM 1945 rofa, BepXoB-
Has BJIacTb B [epMaHUM oCyuiecTBIAETCA IIaBHOKOMAaHAYIOIIVIMY BOOPYXXEHHBIX CUJI YeThIpeX iepKaB-1obey-
TeJIbHUL, «KaXK/IBIM B CBO€IT 30He OKKyIIal[ /1, ITO MHCTPYKIMAM OT CBOMX COOTBETCTBYIOIINX [IpaBUTENbCTB, a TaK-
K€ COBMECTHO, 10 BOIIPOCaM, 3aTparupanmuM [epmannio B 1jeiom». CooTBeTCTBEHHO B KOHTPOIBHBIN COBET BXO-
muu Mapmian LK. JKykos, renepan [lyaiit Jiisenxayap, denbamapuan bepaapn Montromepu u redepan Jlatp pe
Taccunubn. YupegurenbHoe 3acefanne KOHTpONIbHOTO coBeTa coCTOANOCHh 30 mions 1945 I. ofHOBpeMEHHO C IIPOXO0-
zusuieit ITorcpamckoit konpepennueit. ITocnentee sacenanme coctosnoch 20 mapta 1948 roga. PopManbHO COBET
OB TMKBUAVPOBAH TONBKO C 00benHeHeM ['epmanuy mocie ob6perenns ['epmaHmell HOTHOTO CyBepeHUTETA B CO-
OTBETCTBUY C NToNoKeHMAMU Jlorosopa «[IBa mitoc yerbipe» 1990 ropa.
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Pa3paboTka 1 UcnbITaHUs Ha 1l0AAX 60€BbIX OTPaBAOLMX BELLECTB U CPEACTB JIeYeHUs NopaxkeHuit B lfepMaHuu...

PucyHok 16 - lTodcydumsie Ha npoyecce «CoeduHeHHble LLImameoi Amepuku npomue Kapna bpaHoma u
0p.» (cneea Ha npaeo): 3uahpud XaHo103ep — Npu2080pPeH K NOXU3HeHHOMY 3akniodeHuto; Kypm bnome,
Mayne Pocmok — 0numesibHble CpoKuU 3akntodeHus. Kapn lebxapom — kazHeH 3a 80eHHble hpecmynsieHus u
npecmynjieHUs npomue Yyesi08e4HoOCMu)

HapyuwieHue 3aKoH08 U 00bluaes 60UHbI, KO-
4as, HO He 02PaHUYUBAsICh: YOUTICB0, Nuoxoe 06-
pauieHue unu y800 6 pabcmeo unu 0N KAKUX-1460
Opyeux ueneti 2pai0arcKo20 HACeNeHUS U3 OKKYNU-
posanHoll meppumopuu, youticmeo unu naoxoe 06-
paujerue ¢ B0eHHONIEHHbIMU USIU HAXOOSUSUMUCS
6 Mope, YOULICMBO 3a/I0HHUKOB, 0zpabreHue 0bulje-
CMBEHHOTI UMY YACMHOU COOCMBEHHOCU, YMbLUA-
JleHHOe paspyuierie 20p0008, HAceNeHHbIX NYHKINO0G
unu OepeseHv WU ONycmouieHue, He onpasoarHoe
B0eHHOI HE0OX00UMOCbIO».

K npecTtynneHnsiM IpOTHB YeTTOBEYHOCTH OT-
HOCVJINCH «HeCOKOCU U 8paxc0ebHble Oelicmeus,
8K/1I0UAS, HO He 02PAHUYUBASCY: YOUTicmeo, ucmpe-
6neHue, obpaujerue 6 pabcmeo, denopmayus, 3a-
K70ueHue 6 Miopomy, NbIMKU, USHACUNOBAHUE UL
Opyeue OecuenoseuHvie Oelicmeus, coséepuiaemole
npomue 1106020 2ParOaHCKO20 HACEIEHUS, UNIU Npe-
c71e008AHUS HA NONUMUHECKOL, PACOBOLL UM perili-
2U03HOIL NOU6e, BHe 3A8UCUMOCIIU O 1020, ObLIU
T MU NPpecmynsieHus cosepuiervl 8 HapyuieHue
3aKO0H06 crparvl unu Hem» [41].

Ha ocHoBaHum sroro 3akona* OblI0 IIpoBe-
JIeHO HEeCKO/IbKO IPOIIECCOB, KOTOpPbIE CON3HUKMI
OpraHM30BBIBA/IN CaMU, KQXX/[blil B CBOEIT OKKYyIIa-
IIIOHHOVI 30He. B ogHOM Tonmbko Hiopu6epre ¢ 1946
1o 1949 r. cocTosnmock 12 TpnbyHasnos.

IlepBoiM cTan nponecc «CoennHenssle IllTa-
Tel AMepuku nporus Kapna bpangra u gp.» (Jeno
Ne 1) wmm «feno Bpaueil» («MeIUIIMHCKOE JeNIOo»),
KoTOpbIll mpoxoaun B Hiopubepre ¢ 9 pekabps
1946 1. mo 20 aBrycra 1947 r.** [42]. Hiopu6epr
BXOAUI B OKKynauuoHHYyI0 30Hy CIIA, nmostomy
npornecc oprannsoBanu CIIA*. Bece cynbpn 6buin

u3 CHIA. Cropona o6BuHeHus Oblla IpecTaB-
7IeHa aMepUKaHCKMMM IOPUCTaMy, CTOPOHA 3alliy-
Thl — HeMelkuMu. Cyay ObUIM IIpefaHbl PyKOBO-
BUTen MefAUIVHBI [epMaHuM 3a OpraHMU3aALUIO U
IpOBeZEHME SKCIIEPYMEHTOB Ha NMI0AAX. B ux unc-
JIe — Ha4aJIbHUKM MeJUIIMHCKNX CTyX6 Bepmaxra,
JTrodrBadde, Bapden-CC u rpaxxjaHcKoil Megu-
LIVIHBI, BCero 23 4enoBeKa, 13 Hux 20 Bpadeli, OfuH
IOPUCT U [1Ba YNHOBHUKA.

Ha cxaMbe HOACYyIMMBIX OKa3alIlCh, B YacT-
Hocty: K. BpanaTr - nmuuHbl Bpau A. I'mtnepa,
rpynnendopep CC u reHepan-neiiteHaHT Bad-
¢den-CC, peiixcKoMMccap IO 3[paBOOXPaHEHNIO
u cauuTtapuy, yieH Coserta uccnenoBanuit Peiixa;
3urdpup Xanpgnosep (Hem. — Siegfried Handloser,
1885-1954) — reHepan-JeiiTeHAHT MeTUIMHCKOI
CTY>KOBI, MEIMLIMHCKIIT MHCIIEKTOp CyXOIyTHBIX
BOJICK, HAa4YaJbHMUK MEIMIMHCKON Cly>xkObl Bep-
maxTa; Kypr brnome (mem. — Kurt Blome, 1894-
1969) - 3amecTuTenpb VIMmepckoro pykoBoguTens
3/paBOOXPaHEHNA, YIIOTHOMOYEHHBINI 110 OHKO-
nornyeckuM uccnefopanuAM CoseTa MccuemoBa-
Huit Peiixa; ITaynp Poctok (Hem. — Paul Rostock,
1892-1956) - rmaBHBII XUPYpr XMPyprudeckoit
KJIMHUKM B BepnuHe, XMpyprudeckmii COBETHUK
apMuy, Ha4a/JIbHUK YIIPAaB/IeHN A MEIVIHCKON Ha-
yxu u nccnegosauuit; Kapn I'eoxapar (mem. — Karl
Franz Gebhardt, 1897-1948) - rpynnendgopep CC
u reHepan-neiiteHaHT Bapden-CC, muynbll Bpay
peiixcdropepa CC I. I'mmmiepa, ITTaBHbI XUPYPT
mtaba rimaBroro Bpaya CC v monmnuum, npesugeHt
Kpacnoro Kpecra T'epmanuy; P. Bpanpr (Hem. —
Rudolf («Rudi») Emil Hermann Brandt, 1909-1948)
- mraHgapreH¢opep (IM0nKOoBHUK) B obmux CC,

** B onpepesieHMY MOHATYI BOCHHBIX IPECTYIUIEHUIT U IPECTYIIEHUII IPOTUB Ye/I0BeYHOCTY 3aKoH Ne 10 opueH-

Tuposascs Ha YcraB MBT.

* bonblas YacTb MaTepuajoB II0 Ipolieccy OblIa cpasy ke 3acekpedeHa. Vsganusiit B CIIIA odunmanbHbIil oTdeT

COEP>KUT MHOTOYMCIIEHHDbIE TAKYHBI.

¢ OpaHIy3bl IPOBOAVIIN aHATOTMYHbIe BOCHHbIe TpUOyHabl B JInoHe n Mele.
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MMYHBI ToMOLIHKK (pedepenT) peitxcdropepa CC
I. T'uMMIIepa, MMHUCTEPCKUI COBETHUK M Hadajb-
HVIK YIIpaB/IeHNs [ielaMyil MUHUCTEPCTBA BHYTPeH-
Hux pen Peiixa; B. 3uBepc - mraHpapTeHdpIOpep
CC, ynpasnawoumuii genamu obmectsa AHeHep6Oe
U JUPEKTOp VIHCTUTyTa BOGHHO-HAy4YHBIX MCCIIe-
TOBaHUI, 3aMeCTUTENIb IIpeficefiaTe/s YIpaBIIsIo-
I[ero coBeTa AMpeKTopoB CoBeTa MCCIETOBAHMI
Peitxa (pucyHoxk 16).

OO6BMHEeHMS B MCTIBITAHUAX OOEBBIX OTPABIIS-
IOLIMX BEIIeCTB Ha TIOAAX OBbIIN IIpe/bsBIEHbL:

«D) Onwvimot ¢ unpumom (Lost) (copuuunbiii 2a3).
B pasnoe spems mexdy cenmsabpem 1939 u anpenem
1945 nposodunucy onvimvl 8 KOHUEHMPAUUOHHBIX
nazepsx 3axcewxayseH, Haueatinep u opyeux kou-
UeHMPAYUOHHBLX T1A2ePAX 8 UHIMePecax 2epMAHCKUX
BOOPYIHEHHBIX CUJL C UeIblo U3yHeHUs Haubonee 3¢-
PexmusHbIX CNocob08 seueHUs NopaxceHuti, Haue-
ceHHbLxX unpumom. Vnpum — smo ompasnsaowuii 2as,
KOMopbiti 00bIMHO U3BeceH KAk 20puuyHbLii 2as. Ilo-
PAaXEeHUS UNPUIMOM HAHOCUTUCH NOOONBIMHBIM Npeo-
HameperHo. Hexomopuie u3 nodonvimmoix nozubnu 6
pe3ynvmarme 3mMux IKCHEPUMEHINOB, Opyeue UCHbLINbL-
8a/IU CUMbHYI0 607b U NoMyUUnu yseuvs. I1oocyoumvie
Kapn Bpanom, Xanonosep, bnome, Pocmox, Iebxapom,
Pyoonvg Bpanom u 3usepc Hecym ocobyio omeéem-
CMBEHHOCMY U 00BUHSIOMCA 6 Y4ACMUU 6 OAHHbIX
npecmynieHusx».

Bcem 23 mopcyaMMbIM ObIIM IIpebsB/ICHBI
OOBMHEHMsI U B [PYTUX MEJUIVHCKUX IPecTy-
IJIeHNAX B KoHIplarepsax [laxay, PaBeHcOpiok,
AymBun-bupxkenay, byxensanbg u gp. Yactp akc-
IePUMEHTOB (BBICOTHBIE, 10 0OMOPO>XXEHMIO, C MOP-
CKOI1 BOZIOI1, C 3a)KUraTe/lpHbIMMU 6oMbaMu 1 T.71.)
IpoBOAVIACh B MHTepecax Bepmaxra, JllopTBad-
¢e u Kpurcmapnne. YacTh HampapjeHa Ha ITOUCK
CpencTB MpOGUIAKTUKIA U JIEYeHM I OIIACHBIX, 0CO-
00 OIaCHBIX, @ TAK)Ke HIMPOKO PaCIPOCTPaHEHHBIX
3aboneBanuit (Mansapun, Tuda, ra30BON raHIPEHBI,
CTONOHsKA, TyOepKy/esa 1 T.J.) ¥ Ha IPOBEPKY 3¢ -
dextuBHOCTU BakuuH”. V| HakoHel, 4acTb Oblra
HallpaBJ/ieHa Ha pellleHle 0c000 aKTyalbHBIX B TO
BpeMs 3a/lad PAcOBOTO XapakTepa (9KCIEepUMEHTHI
10 CTePUIN3ALNHA C IIPULEJIOM Ha MacCOBOCTD, II0
3BTAHA3UV HEM3Te4ynMo OONbHBIX, ICUXMATPHUUe-
CKUX OONBHBIX M T.JI.). OTHEIbHBIM IYHKTOM 00-
BUHEHNA (PUIypupoBama KOUIEKLNS «eBPeCKIX
ckeneToB» A. Xupra.

[IpuroBop, He mOAIeXaBIINII 00>KaToOBa-
HU, 061 BeIHeceH 20 aBrycra 1947 r. CeMmb uye-
TI0BEK, B unucie Kotopsix K. bpanar, P. bpaupr, K.
T'e6xapaT n B. 3uBepc, HIpUroBOopeHs! K CMEPTHOI
Ka3HM 4epe3 IOBELIeHUe, IPUTOBOP NMpUBEJEH B
ucnonHenue 2 uioHA 1948 1. B TIopbMe JId BO-

eHHBIX IpecTynHukos B Jlanznc6epre (baBapus).
IIsaTeprrx, B TOM uncie 3. XaHpao03epa, IPpUTroBO-
pUMM K MOXM3HEHHOMY 3akmiodeHnio. OH oTcu-
men mecTb neT. OcBOOOXIeH TOCPOYHO B ieKabpe
1953 1. B CBA3M C pE3KUM YXYJLIEHEM 300POBbA,
yMep oT paka 3 uions 1954 r. B MionxeHe. YeTsepo
MONTY4YM/IN pasAu4YHble CPOKU TIOPEMHOTO 3aKJII0-
YeHMA.

B ux uncne 6b11 obepgropep CC TembmyT
IMommenpnk (Hem. — Helmut Poppendick, 1902-
1994), npuyacTHbIN K 3KcrepuMentaM B Hoiten-
ramme. OH 6bIT TpuroBopeH K 10 rogaM TIOPbMBI,
ocBoboxeH 1 ¢despans 1951 r., mocie 4ero mpo-
TO/DKMU/I BpadeOHYIO fesiTeNbHOCTh B OnbaeHOyp-
re, The u ckoH4asca 11 auBapa 1994 r. CeMepbix
HOACYAUMBIX, B 4ucne KoTopbix II. Pocrok n K.
brome, onpaspanu. O6a IpogoO/KIIIN 3aHMMATh-
¢ MegMUIMHCKONM mpakTuikoil. II. Pocrok ymep
17 utons 1956 r., K. brome - 10 okTs16pst 1969 T.

A. Xupra cygun mosgHee M 3a04HO (paH-
IIy3CKMII BOEHHBINI TPUOYHAI BO BpeMs II€PBOTO
U3 ABYX CymeOHbIX mpoueccoB (Struthof Medical
Trials) mo mpecrynnennam B Hanpaitnepe (1952 r.
- TpubyHan B Meue, 1954 r. — Tpubynan B JInoxe).
[71aBHBIM NYHKTOM OOBMHEHMS CTaja KOJUIEKIIVS
«EeBPEVICKMX CKEIeTOB», IJIsI KOMIIEKTOBAaHUSA KO-
TOPOII JTofiell yOMBaIM CIIela/IbHO, @ TAK>Ke OIIbI-
THI Ha JTI00AX [43].

3axnrouenue. Enje B konne XIX - Havane XX
B. nMeHHO ['epmanus (Ilpyccus) crana nepsoii es-
poIIeiicKOll CTpaHOI], IT7ie Ha ypOBHE 3aKOHOJaTeIb-
HO, UCIIOTHUTEIbHON U cyne6H0171 BeTBel BIaCTU
CTaJM 3aIpeIlaTh MeAMIIMHCKIE OIBITHI Ha TIOfAX
6e3 ux cormacus u TpeboBaTh 0053aTENBHOTO WH-
($bOopMUPOBAaHHOTO BOOPOBOJIBHOTO COIIACUsA IIa-
I[IeHTa Ha MeJUI[MHCKOE BMELIaTe/lbCTBO.

IlepBpIM TakMM [OKYMEHTOM CTajI0 pacIo-
ps>keHyue MMHNCTepCTBa BHYTpeHHUX fen Ilpyc-
cum ot 1891 . 06 MCHONb30BaHUM M30OPETEHHO-
ro B 1890 r. Po6eprom Koxom (Hem. — Heinrich
Hermann Robert Koch, 1843-1910) mpemapara
— TyOepKyIuHa Ipyu JIeYeHUM 3aKIIOYeHHbIX. B
PACIIOPsKEHUN YKa3bIBa/lIOCh, YTO OH MOXKET OBITD
UCIIO/Ib30BaH TO/NBKO B T€X TIOPbMaX, TP KOTOPbIX
CYILECTBYIOT OOIBHUIIBI VU IPYTHE MEAULMHCKIE
y4Ipexx/ieHN s, a TAK)Ke TONbKO B T€X C/Iy4asax, eClIu
Bpay, MCIONb3YOINI TyOepKyInH, B 3TON >Xe
KJIVHMKE CaM M XXUBET — 4TOOBI VIMETb BO3MOX-
HOCTb OTC/IeKMBATb MAaI[MeHTOB ¥ BMeEIIATbCS B
06071 MoMeHT. KpoMe Toro, aTOT mpemnapar «HK
IpY KaKMX YCIOBUAX He JIOJDKEH MCIIONIb30BaThCsA
IPOTUB BOJU ITaljeHTa». [IpaBna, 3To pacopsixe-
HIM€ Kacajl0Ch TOJIBKO 3aK/II0YEHHBIX U HE pacIpo-
CTPaHA/NOCh Ha BCEX OCTA/IbHBIX — He B TOCTIEJHIOI0

¥ Takue LieJIM MCCTIefOBaHNIt ObIIM OBl BIIOTHE HOPMA/IbHBIMY, eC/Iy Obl He Psfi BeCbMa CyILIeCTBEHHbBIX 06CTOs-
TeNbCTB. /151 9TVUX 9KCIIEPUMEHTOB 3{OPOBBIX JIIOfEN 3aparkaiu ClennanbHo. KpoMe Toro, METORMKY [IPOBeReHN S
HEKOTOPBIX OIIBITOB, HAIPAB/IEHHBIX, B Y4CTHOCTH, Ha OIIPefie/IeH e TOKCUIHOCT TeX V/IU MHBIX XUMUKATOB, IPei-
HO/IaTa/IM UX MPOJO/IKEeHNe BIUIOTD IO CMEPTH «IIOJONBITHBIX». HekoTopbIe ObIIN TpU3HaHbl 6€CCMBICIEHHBIMU 1

«IPUYMHAKIIVNMU N3TNITHNE CTPpagaHNA».
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odepenb 110 IpUUNHE PacIPOCTPAHEHHOCTH 3TOTO
3a00/IeBaHMA.

CreyoluM 3MM30[0M CTaJ0 TaK HasbIBa-
emoe «geno Heiiccepa» [44]. Anpbept Heiiccep
(uem. — Albert Neisser, 1855-1916) (puc. 35), op-
AVHAPHBIN Ipodeccop /1epMaTOIOTUN ¥ BEHEepo-
noruy, AUpeKTop lepMaTonornyeckoi KIMHUKN
B bpecnay, B ucTopuyu MegMIVHBI U3BECTHBIN KaK
HEepBOOTKPBIBAaTe/Ib TOHOKOKKA — BO30OYAMUTe/IA TO-
HOpey, IPOBOAVII VICC/IENOBAaHNA, HAIlpaB/IeHHbIE
Ha IOVUCK CPeCTB NPOPUIAKTUKY U JIedeHUsA CU-
¢unnca. B 1892 r. oH BBl BOCBMM TOCHUTATN3N-
POBaHHBIM MaJIOJIETHUM J€BUIIAaM M300pETEHHYIO
VIM CBIBOPOTKY, IOJTy4eHHYIO OT OO/IbHBIX HallVieH-
TOB, YTOOBI IIPOBEPUTD €e CIIOCOOHOCTD «yOMBaTh
cudumuTaeckui say». YeTBepo u3 HUX OBIIY IPO-
CTUTYTKaMy, TOCHUTAIN3MPOBAHHBIMU C BeHe-
pudeckuMy 3a607eBaHUAMY (HO He cuUINCOM),
ellle YeTBEPO — C PA3IMYHBIMU KOXKHBIMM 3a6071e-
BaHMAMM. O TOM, YTO Ha HUX CTaBATCA OIBITHI,
IeBMLIbI B M3BECTHOCTb IIOCTaBJIeHbI He Obuin. B
TedyeHye OMIDKANIINX YeThIpeX /IeT HeKOTOpbIe U3
Hux 3abomemn. A. Heliccep npuien K BHIBORY, YTO
BaKIMHALMSA «He cpaboTana», OfHAKO OODBICHSI
3TO 00CTOATENbCTBO He HeI(EKTUBHOCTHIO ChI-
BOPOTKI, a «<eCTeCTBEHHBIMM OOCTOATEIbCTBAMILY,
T.e. HAXOXKJIEH)EM B TPYIIIe pUcKa o cuduncy B
CUJIY 3aHATUI IPOCTUTYLMEN.

Pesynbrarel cBoux uccnegosanuii A. Heiiccep
B 1898 1. omy6nuKoBan B CIleNMaaN3MPOBAHHOM
Hay4HOM XypHase. OgHako B 1900 r. MIOHX€HCKas
nubepanbHas raszera «Freie Presse» («CBobopHas
mpecca») ONyONIMKOBajza IPOCTPAHHYIO CTAThIO
«Arme Leute in Krankenhausen» («bemuble mromu
B 60/IbHUIJaX»), B KOTOPOII €e aBTOP, B YaCTHOCTH,
o6BuHMNI A. Heliccepa B onbITax Ha HeCOBepILeH-
HOJIETHUX, Jja ellle U 6e3 MX COIIacusl.

[TocnenmoBanu pa3bupaTenbCcTBO, CYA M JIUC-
IIUIUIMHApHOE paccienoBaHye. «KKamMHeM mpeTkHO-
BeHM» CTajl BOIPOC O TOM, JIaBajIM M UCIIBITYe-
Mble/TIAIleHThl COITIacUe Ha JIeYeHle, HOCKBIIEe,
IO CYT, 9KCIIepMMEHTAIbHBII XapakTep. A. Heiic-
cep BUHBI He IPM3HABAA U yNMpaa Ha TO, YTO B

[IaHHOM C/Iy4ae OHO ¥ He TpeO0BaI0Ch, HOCKONIBKY,
BO-IIEPBBIX, 9TOTO TPeOOBaNIM MHTEpeChl HAyKM, a
BO-BTOPBIX, MAI[MEHTKY B CUTy HU3KOTO 06pa3oBa-
TE€/IbHOTO ¥ KY/JIbTYPHOTO YPOBHA BCE PABHO HMYe-
ro 6bl He MOHAMN. MegUIMHCKOoe coobIecTBO A.
Heiiccepa mogpepxano®®. [To3nums opucTos Toro
BpEMEHM CBOAUIACH K TOMY, YTO «HETEpaIneBTH-
94eCKMe», TO eCTh 9KCIIepUMEHTA/IbHbIE MCCTIeN0Ba-
HISA, 6e3 COITTacus MCIBITYeMBIX COOTBETCTBYIOT
KPUTEPUAM IOHATUA NPUIMHEHNA (PU3NIECKOTO
yuep6a B yronoBHoM IpaBe. HayuHble Lemm akc-
IEePVMEHTOB CMATYAIOUIVMM OOCTOATETbCTBAMU
CUNTATBCS OBUIN He TO/DKHBL.

B nrore A. Heiiccep 6b11 Ipu3HaH BUHOBHBIM
«B HapyILIeHUY JO/ITra Bpada» [44, 45]. KoponeBckui
pucuynHapHbii cyn (Koniglicher Disciplinarhof
fir nichtrichterliche Beamte) mpurosopun ero x
mrpady B pasmepe 300 perixcmapok. Taxxe OH
IO/DKeH OBUI BO3MECTUTDb CyfieOHBbIe M3IEPXKKU B
cymMe 1245 mapok (B TO BpeMs TOJ0BOIT TOXOF A.
Heviccepa cocrapmsin 2400 mapok) [46].

OO11ecTBEHHBI Pe30HAHC, KOTOPbI/l BbI3Ba-
no «peno Heticcepar, mpuBen K TOMY, 4TO OHO He-
CKOJIBKO pa3 06cy>kanoch B napnamente [Ipyccun,
KOTOPBIII 00paTUicsA K IPaBUTENbCTBY C NPeIO-
JKeHJeM IIPUHSATDb MepBH.

ITocne cobcTBeHHOTO pasbuparenbcTBa 29
mekabps 1900 r. MMHUCTEPCTBO IO JellaM pPeu-
iy, o6pa3soBaHMs U MeOUIMHBI 0OHApPOJOBAJIO
IIOJIOXKEHNE, KOTOPOE PACIIPOCTPAHANOCh Ha BCE
neyebHble yupexpeHus Ilpyccum. OHO 06s3bI-
BaJIO Bpayell py M0OBIX SKCIePUMEHTax («HeTe-
paleBTHYECKOM BMeEIIATe/IbCTBE») 0053aTe/IbHO
HO/Ty4aTh MHPOPMUPOBAHHOE JOOPOBOIBHOE CO-
I71acye MalyieHTOB M CTaBUTb MX B M3BECTHOCTD
OTHOCUTETbHO BO3MOXKHBIX HEIaTUBHBIX IIOC/IE]-
cTBuUit®.

Takum o6pas3oM, B ropgel Bropoit MupoBoit
BOJHBI Bpauy 13 CC feficTBOBaIN BONPEKN 3aKO-
HaM, HAyYHBIM ¥ TYMAaHUCTUYECKUM TPafAuLIAM B
IIepBYI0 OYepeib CBOEil COOCTBEHHOM cTpaHbl. Vi,
HeCMOTPsI Ha 3aKOHHOCTD 1 €CTeCTBEHHOCTD LieJIell
U 3afjad STUX OIBITOB, MMEHHO 06eCue/IOBEYHOCTD

% B xonue XIX B. 9KCIIepyMeHTaIbHbIE UCCIEOBAHNA, B IIEPBYIO O4epe/ib B TONBKO YTO 3apOXK/jaromierics obmactu
6aKTepMONIOruy, UMMYHOIOI MY ¥ HU3MOTOTUY, IPOBOAW/INCD [TTaBHBIM 06pa3oM B 60IbHMIIAX Ha MAL[MEHTAX, IPU-
4yeM, KakK HpaBI/I}'[O, ,[[CIZCTBI/ITe}IbHO 663 ux corjpacus, HOCKO)’II)Ky «I/IHTepeCLI HayI(I/I n nporpecca» HpeI[CTaBJ'IH}'H/ICb
60J1e€ BaXKHBIMIL.

* TIOMHBI TEKCT JOKYMEHTa:

«Peitxemuunctp Ipycenn o fenam penurun, 06pasoBaHus U MEAVI[NHBL

Yxas ecem meduyunckum HavanvHukam (Oupexmopam) yHusepcumemckux 60noHUY, NOTUKTUHUK U Opyeux eueo-
HbIX yupescoeHuil

I IIpuxasvieaio meOUUHCKUM HAUANbHUKAM (OUPEKINOPaAM) YHUBEPCUMEMCKUX OONbHUL, NOTUKTUHUK U BCeX OCHATIb-
HbLX JleueOHbLX yupencoeHuti — 11000e MeOULUHCKOe BMEUAMENbCMBO ¢ YeNAMU, OMAUYHBIMU 0T OUAZHOCTHUYECKUX,
JleueOHbLX, 4 MaKie UMMYHUSAUUU, 6He 3A6UCUMOCINY O 0pY2UX NPAB0BbLX UL MOPATIbHBIX 000CHOB8AHU, UCKTIIO-
uaemcs npu A106bIX 00CMOAMENbCMBEAX, eCTu:

(1) Mcnoimyemoiii uenosex HecosepuieHHONEMHUL UYL HeOeeCHOCOOHDBLTE 8 CULY UHBLX NPUHUH;

(2) cnvimyemuiti wenosex He 0a6a c60e20 HEOBYCMbICTIEHHO20 COLNACUS;

(3) Coznacuio He npeduiecmeo6ano pasvacHeHUe OONHHLIM 00PA3OM B03MONHBIX He2AMUBHVIX NOCIEOCMBUTI BMEUa-
menvcmea.

II. B mo e 8pems nocmanosA10, 4mo:
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VX METOZIOB SIB/IS/IACH TPyOeiInM HapylLIeHueM
HAy4YHOI ¥ MeJVIIVHCKON 9TUKM, a TAK>Ke HOCUIA
IPECTYIHBII XapaKTep, YTO U ObIJIO HOATBEPK/e-
HO COOTBETCTBYIOIIMMIU OOBMHUTENBHBIMU 3aK/IIO-
YEHUAMIU.

ITo nroram mporecca 1947 r. 65T cOCTaBIIeH
HriopHOeprckuit Kofekc — MepBbIil MeXAyHapO-
HBIIl JOKYMEHT, BBOAWBIIUI 3TUYECKUE HOPMBI
IUISL YYEHBIX, 3aHMMAIOLINXCS 9KCIIEPUMEHTaMM
Ha mofsax [47-50]. Ou Bkmoyan B cebst 10 mpuH-
IIMIIOB, I/IaBHBII U3 KOTOPBIX CBOJUIICA K TOMY,
9TO /151 IPOBEfIeH S IKCIIEPUMEHTA Ha YelloBeKe
HeoOXO/[ MO ero HoOpPOBONTbHOE OCO3HAHHOE CO-
I71aciie IOC/Ie IPeOCTaB/IeHNs eMy HOMHO VH-
dbopmanum 0 xapakrepe, IPOLOKUTENBHOCTY U
Ile7M IPOBOJMIMOTO 9KCIIEPUMEHTa; O METOAX U
crocobax ero ImpoBefieHNUs; 060 BceX MpepIona-
raeMbIX HeyZOOCTBax M ONACHOCTSAX, CBSI3aHHBIX
C MpoOBeJleHNEeM KCIEPUMEHTA, W, HAKOHEI], BO3-
MOXXHBIX IIOCTIEACTBUAX AAsA (QU3NIECKOTO WU

IICUXNYECKOTO 3/{0POBBSI UCIIBITYeMOT0, MOTYIIX
BO3HUKHYTb B pe3y/IbTaTe €ro y4acTUsA B 9KCIIe-
pUMEHTeE.

Kpome Ttoro, HriopHOeprckum Kopgekcom
HpeJIuChIBaIOCh 130eraTh BceX M3MUIIHUX (u-
3MYECKMX U MCUXNYECKUX CTPATaHUI U TOBPEX-
menmit. Tak)ke Mpefmonaraaoch, 4TO HU OUH
9KCIIEPMMEHT He JJOMKeH MPOBOJUTHCS B C/Iy4ae,
€Ccy eCTh OCHOBaHWUs MPERIONaraTb BO3MOX-
HOCTb CMEPTU WM MHBATUAU3UPYIOLIETO paHe-
HUSI VICIIBITYeMOTo. DKCIEepPUMEHT HO/IKEeH OBITh
IpeKpalleH B CIydYae, eClIy €ro IPOJOKeHMe
MOYXeT MPUBECTU K PAHEHWIO, MHBAIMTHOCTY VTN
CMepPTH UCIIBITYEMOTO.

[Tpununmnsl, cpopmynupoBanHele B HropH-
0eprcKoM KOfieKce, CTaayi OCHOBOJN [Isi MHOTHUX
MeXIyHapOAHBIX'’ I HALIMOHA/IbHBIX, B TOM 4MC/Ie
POCCUIICKMX, 3aKOHOIATeNbHBIX aKTOB B 00/macTu
IpOBeJieHNs] MEUIMHCKUX UCCIEOBAHMIT Ha de-
JIOBEKe.

(1) Taxoeo poda 8meuIAMENbCMBO MONEM NPOBOOUMBCST MONLKO MEOUUUHCKUM HAUATLHUKOM (OUPEKINOPOM) TUMHO

UNU NO €20 CNeUUAnvHoOMy paspeuteHuro;

(2) Bo scex cnyuasx makux emewsamenscme evinonHernue mpeéosanuti I (1-3) u II (1), a maxice npouue o6cmosmens-

cmea 00KYMeHMUPYIOmcsa 6 MeOUUUHCKOL Kapme.

111 Cymecmsyromue UHCMPYKUUU OMHOCUMENbHO M@aMHuHCKOZO BMeuLamenbcmaa ¢ OUazZHOCMUYecKUMU U sieued-
HbIMU UeAMU, A MAaKHe UETAMU UMMYHUSAUUU, HACTNOAULUM YKA3OM He 3amPpacusaromcs.

Bepnun, 29 dexabps 1900
Munucmp no denam penueuu u m.o.
IImyom»*

* Tenpux Konpap ¢ou lItynr (Hem. — Heinrich Conrad von Studt, 1838-1921) — mpycckuii IopycT U IONUTUYECK UL Te-
ATENb, ¢ 1899 I. - MUHUCTP IO AestaM penuruy, obpasosanus u Meguuyusl (Ministerium der Geistlichen, Unterrichts
und Medizinal-Angelegenheiten)

" Hiopabeprckmit KofeKe IOCayXun GyHAaMEeHTOM IIPUHATHIX B TedeHne XX BeKa BaXKHENMIINX MeXLYHAPOLHBIX
9TUYECKVX U IIPaBOBBIX aKTOB B 00/1aCTV OMOMEAMIIMHCKUX MCCTIEOBAHMIL C yUacTUeM YeloBeKa B KadyeCcTBe CyOb-
exta. CIe[yIONMMM MIaroM B 06/1acTy TPOBeEeH s 9KCIIEPYMEHTOB Ha TIOfSX SIBIIACH XeTbCUHKCKAs AeKIapariis,
KoTopas OblTa IpUHSITA Ha BoceMHaznuaToit [eHepanbHoit Accambiiee Bcemuproit MennumHckoit Accounannm B
Xenbcuuku (Ounnssuans) B uoHe 1964 ropa. Texcr Jekmapauuu cm. [51].

B/IATOJAPHOCTH

Aemop evipascaem c6010 2rybouatiuiyro npusnamenvHocmo enasnomy cneyuanucmy ®IBY «27 Ha-
yuHvtii yenmp» Munucmepcmea o6oponvt Poccuiickoti Pedepayuu, kanouoamy 6uonozuteckux Hayx,
cmapuiemy HayuHomy compyoHuky M.B. Cynomnuykomy u cmapuiemy HAyuHOMY COMPYOHUKY 311020
we Llenmpa, 0okmopy mexHuuecKUx Hayk, KaHOUOAMY MeOUUUHCKUX HAYK, 3ACTYHEHHOMY XUMUKY
Poccuiickoii @edepavuuu A.J. bannukosy 3a upe3sviuaiino nonesHvle cosemvl U yeHHvle 3aMeUAHU,
6bICKA3AHHDLIE 6 X00e 00CYHOeHUA HACMOoAULell cthambil.

Bxnao aemopa/ Autor Contribution
Vipest v KOHIIETIIVSI CTaThM, TOUCK U aHA/IN3 IMTEPATYPbI, HAalMCaHue cTaThy uydpoBas o6paborka n3obpa-
xeHuit / Idea and concept of an article, search and analysis of literature, writing an article, digital image processing.

HUngopmayus o kondnuxme unmepecos
ABTOp 3asB/Is€T, YTO UCC/IELOBAHMS IIPOBOSVINCH IIPU OTCYTCTBUM TIOOBIX KOMMEPYECKUX MIN GUHAHCO-
BBIX OTHOIIEHNIT, KOTOpPbIE MOI/IN GBI OBITH MCTOTKOBAHBI KaK OTEHIIMATBHBII KOHQIMKT NHTEPECOB.

Csedenus o peuen3uposanuu
CraThs IIpOILIa OTKPBITOE pelieH3POBaHNMe [BYM pelieH3eHTaMM, CIel[aluCcTaMy B JaHHOI o6macTtu. Pe-
LIEH3UM HaXO[ATCA B peflakuuy >xypHana u B PVIHIe.
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Pa3paboTka 1 UcnbITaHUs Ha 1l0AAX 60€BbIX OTPaBAOLMX BELLECTB U CPEACTB JIeYeHUs NopaxkeHuit B lfepMaHuu...
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Despite serious attention to the issues of war crimes and crimes against humanity, committed on an
unprecedented scale in concentration camps in Nazi Germany, the problem of medical experiments on
prisoners appears to be one of the least-studied in modern Russian historiography. Moreover, no special
attention was paid to testing chemical weapons on humans. The aim of this work is to review the history
of the development and testing of chemical warfare agents (CWA) in Germany in 1933-1945. During
the First World War, Germany was one of the leading countries in the sphere of military chemistry in
the world. After the Versailles treaty this potential was largely lost as a result of the restrictions. After
the National Socialist German Workers' Party (NSDAP) came to power, Germany not only restored,
but also increased its military power and achieved a qualitative superiority over its opponents in the
field of chemical weapons. The tests of CWA, as well as the study of the effectiveness of the means and
protocols for the treatment of the lesions caused by CWA, were carried out both by the military structures
of the Wehrmacht and the SS, and by civilian research and academic institutions. Experiments on
prisoners were carried out in the concentration camps of Dachau, Ravensbriick, Auschwitz-Birkenau,
Buchenwald, Sachsenhausen, Natzweiler-Struthof, Neuengamme, etc. Basically, the damaging effects
of sulfur mustard and phosgene was investigated. In Auschwitz-Birkenau «a study of the action of
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various chemical preparations was carried out on the orders of German firms». After the war several
SS doctors, who performed involuntary experiments on humans, were convicted by military tribunals
for war crimes and crimes against humanity. Seven doctors were sentenced to death and executed on
June 2, 1948, at the prison for war criminals in Landsberg, Bavaria. As a result of the Nuremberg trials, the
Nuremberg Code was drawn up. It was the first international document that introduced ethical standards
for scientists engaged in experiments on humans. It consisted of 10 principles, including the necessity of
voluntary informed consent of the patient for the participation in medical experiments after providing
him with full information about the nature, duration and purpose of the experiment; on the methods of
its implementation; about all the perceived inconveniences and dangers associated with the experiment,
and, finally, the possible consequences for the physical or mental health of the subject, which may arise as
aresult of his participation in the experiment.
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AHaTtonun Bacunbesuu LLIaToxuH

(k 70-neTuio co AHA poXKAeHuUs)

22 aprycra 2021 r. wmc-
nonHseTcsa 70 7eT BeTepaHy
Boopyxennbix Cuia, 3ame-
CTUTE/NI0 HayaJIbHUKA BOVICK
paAVanVIOHHONM, XMMUYECKON
M OMOIOTMYeCKOl 3aliThI
BC P® renepan-neiiTeHaHTy
B OTCTaBKe AHaTonmmo Ba-
cunbesnyy llaToxuny.

AHaronuii Bacunbe-
Bu4 pomunca B 1951 1. B
r. OpmxoHuMKMpj3e (HbIHE —
r. Bragukapkas) Peciy6nukm
CepepHasa Ocetusa - AnaHus
B cembe pabouero. B 1968 r.
OKOHYM/I CPEJHIOK IIKOIy U
B Te4YeHMe OTHOTO rofia pabo-
TaJI HaJlaTYMKOM Ha 37IeKTpo-
JlaMnoBoM 3aBoje. B 1969 r.
noctrynun B Kocrpomckoe
BbICIIeE BOEHHOE KOMaHJ-
HOe YYMIuIe XMMUYecKoi
3aIMUTBI, KOTOpOE YCIIEIIHO
OKOHYMI B 19721, B 1984 1. -
KOMaHZIHBI ¢akynbreT BoeHHOI akajeMmuy Xu-
MM4YecKoit 3amuThl MMeHu Mapmrana CoBeTCKOro
Comwsa C.K. Tumoenko, Bbicuie Kypcol Boen-
Hoit akagemun 'l BC PO - B 2001 1.

Amnatonuit BacunbeBuu umeer 6orartbiit Boii-
CKOBOIJ1 OIIBIT, KOTOPBIi IOTYYMII IIPY IMPOXOXKe-
HVY BOCHHOJI C/TY>KOBI B JO/DKHOCTAX: KOMaHAMPA
B3BOJla, KOMaHJMpa POTHI ¥ Ha4ya/JbHUKA IITaba
0aTarboHAa B cOcTaBe OpMUrajbl XMMIYECKOil 3a-
Tl MOCKOBCKOTO BOEHHOTO OKpYTa, I. KnHem-
Ma (1972-1980 rT.), KOMaHMPa OTHETBHOTO OTHe-
MeTHOTo 6aranboHa [pynmbl COBETCKMX BOJICK B
Tepmannu (1984-1987 rr.). Anatonuit BacunbeBuy
CTa/ll OFHUM U3 IIepBbIX KOMAaHAMPOB OT/eNTbHBIX
OTHEMETHBIX 0aTaTbOHOB, BOOPY)XEHHBIX HOBBI-
MM peaKTMBHBIMU IIEXOTHBIMM OTHeMeTaMn. B aTo
BpeMs OTPabaThIBAIUCh BOIIPOCHI 60EBOTO MpuMe-
HEHU: IepCIeKTVBHOIO OTHEeMEeTHO-3a)KUTaTe/lb-
HOTO BOOPY>XEHMSI B OTHEBOM IIOPaXeHMM IIPO-
TUBHMKA, TaKTUKJM OTHEMETHBIX IIOfpa3IeleHui
npu BelleHUM O0EBBIX [EICTBUIT B COCTaBe 00IIe-
BOJICKOBBIX (POPMMPOBAHMII ¥ B3aVMOJEVICTBUSA C
HUMM B Pa3IMYHBIX YCIOBMAX oOcTaHoBKU. Ha-
KOIUIEHHBII 00€BOJl ONBIT Halllell peaau3aliuio B
PYKOBOAAIINX 60€BBIX JOKYMEHTAX He TONBKO XU-
MM4YeCKUX BOJICK, HO ¥ JIOKYMEHTAaX BUJOB U pOJIOB
Boiick BC CCCP.

HanbHeitmuii patusii Tpyn A.B. IllaToxmHa
MPpOXOAVII B JO/DKHOCTAX KOMaHAMpa IO/TKa 3acey-

BecTtHuk Borick PXB 3awunTtbl. 2021. Tom 5. N2 2

leHepan-netimeHaHm
AHamonuti Bacuneesuy LLlamoxuH

KN U pasBefiku bemopyccko-
ro BOEHHOro okpyra (1987-
1989 rr.), HayanbHMKa 282
yue6HOro neHTpa Boiick PXb
s3amuThl (1989-1996 rr.), rme
OCYIECTB/IANACh TOATOTOBKA
MPanopIINKOB, MIAJUINX KO-
MaHJVpPOB M CIEIMaNICTOB
IJIsI KOMIIJIEKTOBAHMS BOJWICK
PXDb samutbel. Bo BpeMsa Ha-
4a/JIbHOTO Iepuoja KOHTPTEP-
POPUCTUYECKOI! Ollepaluy Ha
Cesepnom Kaskase Amaro-
nmuit BacunbeBud B KOPOTKME
CPOKM OpraHN30Bajl IOATO-
TOBKY OrHEMETHBIX IIOApas-
He/leHNit 110 TUITy MaplleBbIX
pOT, KOTOpbIE B AajIbHENIIEM
YMETIO ¥ € 4YeCTDIO BBIIIOTH AN
BO3/IO’KEHHbIE HAa HUX 3aa4y
B YC/IOBUSAX CIIOXHON 60eBOII
00CTaHOBKIL.

B 1996 r. Anaronuit Ba-
cunbeBud BosmIaBun Capa-
TOBCKO€ BbICIIee BOEHHOE VH)XeHepHOe yUMIINIIe
XMMMYECKOI 3alIUTHI, KOTOpoe B 1998 r. 6bLIO
npeo6pasoBaHo B BoeHHbIT MHCTUTYT PXDB 3a-
muThl (1996-1999 IT.), IIe YCIeIHO PYKOBOAWII
HeATeNbHOCThIO KOJIJIEKTVBA, HA BHICOKOM YPOBHE
OpTaHM30BBIBAJI IIOATOTOBKY OPUIIEPCKUX KaZPOB
IJ11 KOMIIZIEKTOBaHMs LITAaTOB BOMHCKMX 4YacTell
Ha 00beKTaxX IO XpPaHEHMIO ¥ YHUYTOXKEHUIO XU-
MMYECKOTO OPYXKMUSL.

B 1999 r. renepan-maitop A.B. lllatoxnH 6611
Ha3HaueH 3aMecCTHUTe/leM HadajibHMKa BoeHHoOro
yHuBepcutera PXb 3amursl, B KOTOpOM ycIleHO
npoxopua cayxoy mo 2004 r. (1999-2004 rr.), a ¢
2004 r. — 3aMecTuTeNIeM Hava/nbHUKa BoJick PXb
samuTsl BC P® (2004-2006 rr.).

TakuM o6pasom, 3a BpeMs CBOeil CIyXObI
Amnatommit Bacunpesnd npomen B Boiickax PXb 3a-
LIUTHI IPaKTUYeCKM BCe KOMAaH/IHbIE JOTIKHOCTI.

Ynpapnas GonpIIMMU BOMHCKMMM KOJIIEK-
TUBaMy, AHatonuit BacunbeBny 3apeKkoMeHI0Ba
cebs KaK yMeJblil OpraHM3aToOp, BOCIIMTATENb U
npodeccronan cBoero gena.

C 2006 r., mocne yBOoIbHEHN B 3amac, B Te-
yeHue 10 et paboran coBerHukoMm HawanpHuka
denepaTbHOTrO yIpaBIeHN 110 6€30I1aCHOMY Xpa-
HEHUIO ¥ YHUYTOXKEHNIO XMMUYECKOTO OPYXKUA U
VICIIOTTHAT 00513aHHOCTY NPeACTaBUTeNA 3aKa3un-
Ka IPY CTPOUTENbCTBE OOBEKTOB IO YHUYTOXKE-
HUIO XMMMYECKOTO OPY>KUfA, PacHONOKE€HHBIX B
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AnHaTonnin Bacunbesuny LLaToxuH (K 70-n1eTuio co AHA pOXKAeHUs)

lMonkosHuk A.B. llamoxuH
pabomaem c 0enezayueli ANOHCKUX 80€HHbIX

r. [Touen Bpsnckoit ob6mactu u noc. Kusnep Ya-
MypTcKoit PeciyOnuki, rjje B IOTHOM o6beMe Mc-
HI0/Ib30BaJl HAKOIIJIEHHBIN 6OTaThIil ONBIT C/TY>KOBI
B psAgax BoopyxeHHbIX CHIL

KaHaupar TeXHMYeCKUX HayK, JoueHT. Ha-
IpaBjeHNe HAyYHBIX MCCIeOBAHMII KaHAWUJAT-
CKOJ1 AYICCepTaLlNM CBA3AHO C pa3paboOTKOI MeTo-
IOVKY ITOATOTOBKM MEXXyHapOJHbIX MHCIIEKTOPOB
IO KOHTPOII0 33 YHMYTOXKEHUEM XMMMYECKOTO
OPY>KMA.

C 2018 r. aBnAeTCcAa cOTpygHUKOM «27 Hayu-
Horo neHTpa» MO P®. B cocraBe rpynmnbl Hayu-
HBIX COTPYSHMKOB AHaTonmii BacunbeBnd mpo-
JO/DKaeT aKTUBHYI paboTy Mo 00OCHOBAaHMIO
HaIlpaBJIeHUII pPasBUTUA OTHEMETHO-3aKUTATellb-
HOTO BOOPY>XEHUS ¥ BOEHHO-HAy4YHOMY COIIPO-
BoxxzieHN10 OKP, BbINONTHAEMBIX IPeAIpUATUAMHA
00OpPOHHO-TIPOMBIIITIEHHOTO KOMIIZIEKCAa B MHTe-
pecax Boiick PXDb zauiuter BC PO.
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lTenepan-matiop A.B. lamoxuH
3awuuwjaem kaHoudamckyto ouccepmayuio

Harpaxpen opgeHoM «3a BOEHHbIE 3aC/TYT»,
MeJanblo «3a OT/IMYMe B BOMHCKOI ciy>k6e» I cre-
IleH!; UMEHHBIM OpPY>XMeM M MeflalsMU pasand-
HBbIX MMHICTEPCTB U BeloMCTB. 3aHeceH B KHuUTy
Cnassi Botick PXDb samuTsl.

Anaronnsa BacunbeBndya xapakTepusyer Jo-
OpOXKenaTebHOCTh, OT3BIBYMBOCTD, IOPAL0Y-
HOCTb, TNYHAsI CKPOMHOCTb, TAKTUYHOCTb U JO-
CTYIIHOCTb, OTKPBITOCTbD, I/Ty0OKast BLYMUYNMBOCTh
OpU NPUHATUM PelieHnit, BbICOKas paboTOCIO-
COOHOCTb.

Komanoosanue esoiick PXB 3awumvt, xoju-
nexmue «27 Hayunozo uenmpa» u «Pedepanv-
HO020 ynpaéneHus no 6e30NAcHOMY XPaHeHU U
YHUUMONEHUIO XUMUUECKO20 OPYHUS», OPYy3vs,
mosapuwu u Konnezu no30pasnsom AHamonus
Bacunvesuua Illamoxuna c 70-nemuem co OHSA
poxcOenus u xenarom emy 006po2o 300p06bvs, cua-
CMbs U YCnexos.
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AlLIA 3amMeMaTeARHAA Poccusa

ConoBenkas oourtens B berom mope

Cnaco-IIpeo6paskeHckuit COMOBEIKIIT MOHACTBIPb — CTaBPONUTMATbHBII MY>KCKOI MOHACTBIPb Pycckoit mpaBo-
CTTaBHOIT [IePKBHU, pacronoxeH B mocénke Conoserkom IIpinMopckoro paiioHa ApxaHrenbckoit o6mactyt Ha Bonpiom
Cornosenikom octpose B berom mMope. 3pech, B 1436 r., ormrenbHuKy fepmMan 1 3pcrMa BO3BE/N IEPBYIO IepeBAHHYIO
LIePKOBb, NONOKMB Hayamo ConoBenkuit o6urem. Yepes monTopa cToneTyiss MOHACTBIPh OKPYXKVIM CTEHOI B BUJe
HENPaBIIBHOTO ILITUYTOIbHNKA, IIOCTPOECHHO M3 TPAHUTHBIX ITIBIO M1 AMKOTO OyIbDKHYKA. B cTeHe 6bU10 7 BOPOT, B
amMOpasypax BOCbMJ I'POMAaJIHBIX OallieH CTOsUm MyLKy. OLeHUTh MacITad 3Toit paboThI MOXKHO TONBKO ITOOBIBAB Ha
Cornoskax. K koH1ry XVI B. MOHacTBIPb ObIT He TOIBKO MOIITHOI KperocThio Ha CeBepe, BeHYaBIIell CUCTEMY YKpeIlIe-
HMIT Hanrell PogyiHb1, HO Takyke KOPMIWIbIIEM V1 IIPOCBETUTEIeM CeBEepHBIX 3eMellb PYCCKOT0 rocyfapcTBa. B MoHacTbIpe
MIPOLIBETA/IV PeMECIIA: OH BIIAJETI COZIeBaPHAMU, KY3HIIIAMI; MOHAXI VM IIOCTYIHVUKI JIOBYJIN VI PasBOJIIIN PBIOY, ZOOBI-
BaJIVI 3Beps, BBIPAIBA/IN OBOILYI, IEYaTa/IVl [yXOBHbIEe KHIITH, IME/TAaCch 0OLIpHas 6M6m1oTeka, a K XX B. HOABIIACh
u coOcTBeHHas ruapoateKTpocTaniys. B XVI-XVII B. MOHaCTBIPb BbIfIep>Kall HECKOIBKO HaageH it niBeros (B 1571,
15821 1611). B 1854 r. MOHACTBIPB B TeUeHIEe 9 YaCOB 06CTpenmmBancs aHrmmiickumu ¢pperaramu «bpuck» u «Mupasgar.
Korna paccesiicst my1ie9HsIii bIM, OpUTAHLIBI C yVBIEHVEM 0OHAPY>KIIN, YTO MOHACTBIPD He IOCTpafan. MoHACThIphb
U ero OpaTyisA MHOTO HMEPeXXIIN 3a CBOIO MCTOpMIo. B 1920 I. MOHACTBIPD OBUI TMKBUAVPOBAH. MOHaIIeCKas XU3Hb
B0300HOB/TeHa 25.10.1990 .

Ha Bepxneit ¢pororpaduy Bux MOHACTBIPA co cTopoHbl KopoxxHoit 6amrHi, fanee upyt Yerenckas u [IpamibHas
6anran. Ha nieBoii ¢poTorpadum HypkHero psapga — aMOopasypa ogHoI 13 6allleH, 0OpartyTe BHIMaHe Ha TOTLIVHY CTEH; B
I[eHTpe — NMaMATHMK BocmuTaHHMKaM COZIOBEIIKOrO OTPsAM M LIKOJIBI IOHIOB, morm6mmx B rogsl BOB; cmpasa -
IBYXsIpYyCHas rajnepesi KpeIlloCTHOJ CTEHbI, IpMMbIKatouias K [IpsannpHoi 6amiHe.

Domoepaguu M.B. CynomHuyxoeo
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