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Highlights

- The research of epigenetic inheritance mechanisms opens up possibilities for creating new types of biological
damaging agents and changing the targets and methods of biological warfare.

- The use of epigenetic mechanisms for in vivo gene expression manipulation requires the development of strict
international regulatory protocols, biosecurity systems, and broad public discussion about the ethical boundaries of
scientific intervention.

Relevance. Driven by the explosive interest of molecular biologists in studying small RNAs and the epigenetic changes
they cause in the inheritance of phenotypic traits.

The purpose of the study is to identify the level and directions of research on small RNAs capable of inducing pathological
processes.

The source base of the study. Articles from scientific journals accessible through the PubMed search engine.

Research method. Analytical.

Results. The current level of understanding of epigenetic gene control mechanisms allows for targeted in vivo gene
expression management and impact on future generations through epigenetic modifications. Hundreds of pathological
conditions caused by interference with the epigenetic regulation of phenotypic traits have been identified. Technologies
have been developed for the artificial introduction of specific small RNAs (sRNAs) into germ cells that are not
“products” of maternal/paternal “genetic material” These sSRNAs accumulate in germ cells (oocytes, spermatozoa)
and are transmitted to offspring after fertilization, i.e., to the next generation(s). SRNAs are known for their long-term
stability and resistance to RNases. They can enter the human body through food, aerosol routes, parenterally (vaccines,
DNA/RNA preparations) and be transmitted to subsequent generations.

Conclusions. The development of epigenetic gene control technologies carries unprecedented risks. Uncontrolled or
malicious application of these tools could lead to catastrophic consequences, including:

- A sharp increase in pathologies in subsequent generations due to off-target effects that can be inherited;

- Disruption of the genetic stability of the human population due to unpredictable long-term consequences of
interference with the epigenome;

- Targeted depopulation of specific ethnic groups or whole humankind.

Keywords: biological weapons; biosecurity; epigenetic inheritance; epigenetic weapons; epigenetics; expression
manipulation; genetic stability; heritable pathologies; heritable pathologies; population destabilization; small RNAs,
SRNAs; targeted gene; transgenerational inheritance
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OCHOBHBIE MOMEHTHI

- U3yYeHMe MeXaHM3MOB SMUTEHETHIECKOTO HACTeNOBAHMs OTKPHIBAET BO3MOXKHOCTM CO3[AHMS OMOMTOTMIECKNX
MTOPAKAMIUX areHTOB HOBOTO THIIA M, COOTBETCTBEHHO, M3MEHEHVS LiefIell 11 CITOCOOO0B BeleHMsT GMOMOrMIecKoit
BOJIHBI;

- MICIIOJIb30BaHIIE SMUTeHeTUIECKIX MEXaHI3MOB [/ MAHUIY/LALVIM 9KCIIPEeCCHeli TeHOB in vivo TpebyeT paspaboTku
CTPOTMX MEX/YHAPORHBIX IPOTOKOIOB PEryIMPOBAHIS, CUCTEM 61106€30I1aCHOCTH U LIMPOKOIT 0OIIeCTBEHHOI A1C-
KyCCMM O 9TMYECKMX IPaHMIIaX HAYYHOI'O BMEIIaTeIbCTBA.

Axmyanvrocmp. OOyClI0B/IeHa B3pBIBHBIM MHTEPECOM MOJIEKY/IAPHBIX OM0/I0roB K usydennio Manbix PHK n BbI3bI-
BaeMbIX MMM SIIUTeHeTUIeCKIIT M3MEHeHMII B HacleOBaHNM (PeHOTUNNYIECKMUX TIPU3HAKOB.

Llenv uccnedoséanus — BbIABUTD YPOBEHD 1 HampasjeHus uccnegoBannit Manbix PHK, cmoco6HbIX BbISBIBATD IATO-
JIOTMYeCKIe TPOIeCChL.

Hcmounuxosas 6asa uccnedosanus. CraTbyl U3 HAyYHBIX JXYPHAJIOB, JOCTYIIHbIe 4epe3 IIOMCKOBYIO CUCTEMY
PubMed.

Memoo uccnedosanus. AHATUTUIECKUIL.

Pesynomamuvt. B HacTOsAIee BpeMs YPOBEHD M3Y4€HHOCTH SMNUT€HETUYECKMX MEXaHM3MOB YIIPaB/IeHNA TeHaMI I10-
3BOJIACT LieJIeHAIIpaBJIeHHOE YIIpaB/IeHUe 9KCIIpeccuell TeHOB in vivo M BO3fleliCTBMe Ha Oyfyliue IOKOJIeHNS Yepes
SMUreHeTHYecKue MofuduKaLuy. YCTaHOB/IEHBI COTHM IIATOIOIMYECKMX COCTOSIHMIA, BbI3BaHHbIE BMEIIATEIbCTBOM B
SMNUTEHETUYECKYIO PEryIanuio GeHOTUINYECKUX IPU3HAKOB. Pa3paboTaHbl TEXHOMOTUY MCKYCCTBEHHOTO BBEEHS
B IIOJIOBBIE K/IeTKM ompefeneHHbIX Manbix PHK (sRNA), He ABNIAIOMUXCA «IPOXYKTOM» MAaTepPUHCKOI0/OTL[OBCKOTO
«TeHeTNYeCcKoro mMarepuana». It SRNA HakalIMBaOTCS B IIOJIOBBIX K/IeTKax (OOLMTaX, CIepMaTo30M/iaX) 1 I0-
CJIe OIIOOTBOPEHNA TIepefaloTcsl IOTOMCTBY, T.€. CIeAYIoleMy ITOKoIeHu o (mokoneHysaM). SRNA usBecTHbI cBOeil
TONITOBPEeMEHHOIT CTabMIbHOCTBIO U ycToirunBocThi0 K PHKasaMm. OHM MOTyT IpOHMKATh B OPTaHM3M UeToBeKa C
NIIeN, a3PO30/IbHBIM IIyTeM, IIapeHTepanbHo (BakuyHbl, npemapatsl JHK 1 PHK) n nepemaBathesa B cnepyromue
TIOKO/IEH NI,

3axntouenue. Pa3ByTie TeXHONOIMII SIIUI€HETIYECKOTO YIIPaB/IeHVs FeHaMM HeceT B cebe GecrpeliefleHTHbIe PUCKIL.
HekoHTponupyemoe nin 310HaMepeHHOe MpYMeHEeHNe 9TUX MHCTPYMEHTOB CIIOCOOHO MPUBECTH K KartacTpodude-
CKMM IOCTIECTBISM, BK/IIOYAsl Pe3KUIT POCT MATONOTHI ¥ MOCTEAYIOLIUX TOKOJIEHNIT BCIECTBUE Helle/leBbIX a(-
(eKTOB, KOTOpPBIE MOTYT HAC/IE[OBATHCS; HAPYILIEHVIsI FEHETUYECKOI CTaOMIBHOCTY Y€/I0BEIECKON IOMY/ISALUY U3-3a
HeTIpefICKa3yeMBIX JONTOCPOYHBIX MOCNENCTBMUI BMENIATeIbCTBA B SIUTEHOM, a TaKXXe 1[e/IeHaNIPaBIeHHYIO0 eNOIy-
JALUU OTAENbHBIX STHUYECKUX TPYII UV YeTIOBEYeCTBA B LI€/IOM.

Kniouesvie criosa: 6uobesonacrocmo; 6uonoeuteckoe opyxue; BHympunokoneHueckoe Hacnedos8anue; eeHemuueckas
cmabunvrocmp; decnabunusayus nonynsyuu; manvie PHK; nanpasnennoe usmenenue IKcnpeccuu 2eHos; Hacneo-
CréeHHble NAMOoTIoeUl; dNU2eHeMUKd; InuzeHemu1ecKoe opyicue; snuzeHemueckoe Hacnedosaxue

Hns yumuposanus: Jlakoma . Snueenemura u H06as apa 6uonozuueckozo opyxcus. Becmnux sotick PXB saujumboL.
2025;9(4):305-321. EDN:ttvaln.

https://doi.org/10.35825/2587-5728-2025-9-4-305-321

IIpospaunocmv Punancosoil desmenvHOCU: A6MOP He umeem PUHAHCOB0T 3aUHIMEPECOBAHHOCNU 8 NPedctnas-
JIEHHDIX MAMEPUANAX UTIU MEMO0aX.

Kongnuxm unmepecos: asmop s6nsemcs uieHom pedkonneeuu scypuana (c 2023 2.). Omo He nosnusino Ha npouecc
peueH3uposanus u OKOH4AMenvHOoe PetdeHue.

HUcnonvszosanue UCKYCCIMBEHH020 UHIMENIEKINA: Ad6MOop He UCNO0/Ib3084aIl.
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Epigenetics and a new era of biological weapons
AnureHeTUKa M HoBas 3pa 6MOIOrMYECKOro opy>Kus

Dunancuposanue: UCHOUHUKOS PUHAHCUPOBAHUS OIS OeKNAPUPOBAHUS HeM.

IMocrynmna 01.09.2025 r. IToce gopa6otku 20.10.2025 r. IIpunara k my6amkanuu 27.12.2025 .

According to Darwin’s Pangenesis, cells
could “throw off” minute gemmules, which were
capable of diffusion from cell to cell or circulation
through the body, modification by changes of the
environment and the effects of use and disuse,
union with germ cells, and transmission from
parent to offspring. If the cells of the body are
modified by changes in the environment or by
the effects of use and disuse, they would shed
modified gemmules, which are transmitted
with their acquired characters to the offspring
[1]. Today Darwin’s gemmules are described as
“extracellular vesicles”. Extracellular vesicles
(EV) are a heterogeneous group of cell-derived
membranous structures comprising exosomes
(size 50-150 nm) and microvesicles (50-500 nm
(up to 1 um)) [2]. Study of extracellular vesicle
composition revealed that they can carry various
cargoes, including proteins, lipids and nucleic
acids, and this content can vary widely between
cells and conditions. Apart from proteins,
extracellular vesicles also carry nucleic acids,
including RNAs (mRNAs and non-coding
RNAs, including small RNAs (sRNAs)) and
DNA sequences. sSRNAs have been shown to be
differentially sorted to exosomes depending on
their sequence (presence of specific motifs), which
indicates that incorporation of nucleic acids into
exosomes is regulated. It has been shown that
exosome-mediated transfer of mRNAs and small
RNAs (sRNAs) is a novel mechanism of genetic
exchange between cells [2].

The literature about EV is extensive, new and
newer comprehensive descriptions are appearing
[3-6]. It should be noted that mainly the EV with
small RNAs cargo which modify recipient cell
protein production and gene expression (here in
the germ cell lines) today “update” Darwin’s more
than 150 years old genial idea of the inheritance
of acquired characters (“pangenesis”) [1, 7, 8].

However, there are two sites of the same
coin. From history, we know that the research
of uranium fission in the early 20 century led
on one hand to nuclear powerhouses, on the
other hand to the creation of nuclear weapons.
Research into the inheritance of “acquired
characteristics” is a path toward changing human
heredity. The hereditary “changes” can cure or
significantly improve hereditary diseases. On
the other hand, it can lead to incredible increase

' Non-Coding
(date: 13.05.2025).

of pathological casualties, human sterility and
even to depopulation of “selected” ethnic groups,
or the whole humankind. These changes would
be irreversible, and they would be recognized
rather late.

This study has been evoked by the explosive
interest of molecular biologists in studying small
RNAs and the epigenetic changes they cause in
inheritance.

The purpose of the study. To identify the
level and directions of research on small RNAs
capable of inducing pathological processes.

The source base of the study. Articles from
scientific journals available through the PubMed
search engine.

Research method. Analytical.

Tasks Addressed:

- a theoretical introduction to the extensive
world of small RNAs;

- examination of the
epigenetic inheritance;

- the potential for dual-use of the technology.

mechanisms of

Small RNAs (sSRNA). According to “Selection
ontheepigenome:smallRNAinheritanceinanimal
evolution”, the epigenetic alterations include
DNA methylation, histone modifications, and
the production of sSRNAs [9]. Recent work across
the tree of life has shown that environmentally
induced epigenetic modifications can be stably
inherited by offspring which were never exposed
to the original environment, a process termed
transgenerational epigenetic inheritance (TEI).
TEI can be beneficial in stressful environments,
for example under starvation or in the presence
of pathogens. Nevertheless, some authors have
found non-adaptive or maladaptive TEI effects
ncRNAs (non-coding RNAs) are RNA molecules
that are transcribed from DNA but do not encode
proteins [10, 11]. They can be further divided
into several categories based on their function
and size'. For example:

i) SmallncRNAs: Theseinclude microRNAs
(miRNAs), small interfering RNAs (siRNAs),
and PIWI-interacting RNAs (piRNAs). These
ncRNAs are typically 20-25 nucleotides in length
and function by regulating gene expression.

ii) Long ncRNAs: These are ncRNAs that
are more than 200 nucleotides in length and
often play structural roles in the cell. Examples

RNAs (ncRNAs). URL: https://alcartez.github.io/Bioinformatics_Guides/ncRNA_Guide/
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include Xist, which plays a role in X-chromosome
inactivation, and HOTAIR, which plays a role in
chromatin remodeling.

iii) Other ncRNAs: There are many other
types of ncRNAs, including tRNA-derived
small RNAs (tsRNAs), repeat-associated small
interfering RNAs (rasiRNAs), and natural
antisense transcripts (NATs), among others.
These ncRNAs may have a variety of functions,
including regulation of gene expression, RNA
processing, and DNA modification.

There are many different types of ncRNAs,
and they can be classified based on their size,
structure, and function. Some common types of
ncRNAs include:

i) microRNAs (miRNAs): These are small
ncRNAs (typically 20-25 nucleotides in length)
that regulate gene expression by binding to the
3’ untranslated region (3’ UTR) of target mRNAs
and inhibiting their translation.

ii) small interfering RNAs (siRNAs):
These are also small ncRNAs (typically 20-25
nucleotides in length) that play a role in the RNA
interference (RNAi) pathway, which is a process
that silences specific genes.

iii) PIWI-interacting RNAs (piRNAs): These
are small ncRNAs (typically 23-30 nucleotides
in length) that are involved in the regulation of
transposons (mobile genetic elements) and the
repression of transposon-derived small RNAs.

iv) Xist: This is a long ncRNA (typically
17 kilobases in length) that plays a role in
X-chromosome inactivation, a process that
ensures that females have the same amount of
X-chromosome gene expression as males.

v) HOTAIR: This is along ncRNA (typically
2.2 kilobases in length) that plays a role in
chromatin remodeling, which is the process
of modifying the structure of chromatin (the
complex of DNA and proteins that make up the
chromosome).

vi) tRNA-derived small RNAs (tsRNAs):
These are small ncRNAs (typically 18-30
nucleotides in length) that are derived from
tRNAs (transfer RNAs) and play a role in the
regulation of gene expression.

vii) repeat-associated small interfering RNAs
(rasiRNAs): These are small ncRNAs (typically
21-24 nucleotides in length) that are involved in
the regulation of transposons and the repression
of transposon-derived small RNAs.

viii) natural antisense transcripts
(NATSs): These are ncRNAs that are transcribed
from the opposite strand of DNA as the sense
strand and may play a role in the regulation of
gene expression.

The small - sSRNAs were extensively reviewed,
and we will explain only additionally necessary
facts when required [12].

Journal of NBC Protection Corps. 2025. V. 9. No 4

The sRNA inheritance system consists of
all sRNA transcripts, precursors, interacting
proteins, and other cellular components that
interact to regulate or silence gene activity and
elicit inheritance independently of the causative
stressor. In this context, it is irrelevant which
specific silencing mechanism (e.g., degradation
of complementary transcripts and/or histone
modifications) is involved—the sole criterion
is that these changes are initiated through the
production of sSRNAs and are inherited by the
next generation.

sRNAs are traditionally divided into three
groups—small interfering RNAs (siRNAs),
PIWI-interacting ~RNAs  (piRNAs), and
microRNAs (miRNAs). sRNAs interact with
argonaute (AGO) proteins to form an RNA-
induced silencing complex (RISC) that elicits
gene expression changes via complementary
base-pairing. Many AGO proteins directly
cleave targets via endonucleases. However, some
AGO proteins recruit additional components to
RISC, such as methyltransferases which deposit
methylation (Figure I).

To show how complex the situation looks
like, we mention a picture of the biogenesis
of small RNAs and long ncRNAs (IncRNAs)
(Figure 2).

The small and long non-coding RNAs are
not “detached”.They are in a state of “cross-
interaction,” which enables them to disrupt the
functioning of gene networks, i.e., hundreds of
genes simultaneously (Figure 3).

As mentioned above, to the group of small
RNAs belong the tRNAs and tRNA-derived
small RNAs (tsRNAs). The immense complexity
of post-transcriptional modifications, shown in
Figure 4, suggests catastrophic consequences for
human health from any external intervention.

The roles of the tRNA modifications and
their connections to human diseases are shown
in Figure 5.

The tRNA derived RNAs (tDRs), also known
as tRNA fragments (tRFs) and tRNA-derived
small RNAs (tsRNAs), are cleavage products
from tRNA precursors and mature tRNAs.
To date, more than 20,000 different tDRs have
been discovered, which differ in length and
sequence [16].

These tDRs have emerged as essential
regulators of many biological processes,
such as transposon activation, translation,
innate immune responses, transgenerational
inheritance, and development [17, 18].

However, the rapid expansion of this field
has led to confusion in their nomenclature.
Therefore, a tDR name system, an algorithm
designed to standardize the naming of tDRs has
been developed [19].
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Figure 1: A simplified schematic illustrating the three primary pathways of small RNA biogenesis in animals and their role in
regulating or suppressing gene activity. Small interfering RNAs (siRNAs) originate from long double stranded RNA (dsRNA)
and are generated by the RNase Il enzyme Dicer. SiRNAs associate with AGO-clade Argonaute proteins and degrade target
RNA using the slicer activity of Argonaute proteins. MicroRNAs (miRNAs) originate from partly double-stranded RNA
hairpins. MiRNA biogenesis proceeds in two steps involving the RNase Ill enzymes DROSHA and DICER. MiRNAs associate
with AGO-clade Argonaute proteins and recruit RNA-degradation machinery to silence their targets post-transcriptionally
(PTGS). PIWI-interacting RNAs (piRNAs) originate from long single-stranded precursors. Their biogenesis involves the
endonuclease Zucchini/PLD6(ZUC) (primary piRNAs), or piRNA-guided slicing during ping-pong (secondary piRNAs).
Maturation of some piRNAs involves additional 3’ trimming. PIWI-piRNA complexes degrade target-RNA in the cytoplasm
or establish lasting epigenetic restriction in the nucleus. The whole Figure and the text were taken from [13]

PucyHok 1 - YnpoujeHHoe cxemamuuecKkoe u3obpaceHue mpex 0CHO8HbIx nhymeli 6uozeHe3a masnvix PHK y scueomHbix,
8/1UAIWUX HA pez2ynayuro uau nodaesieHue 2eHHoU akmueHocmu. Masneie uimepgepupyroujue PHK (MuPHK, siRNAs)
obpasyromcs u3 0nuHHbIx dsyuenoyeuHoix PHK (OuPHK) npu yuacmuu PHKasui Il Dicer. MuPHK cesisbigatomcs ¢ 6esn-
kamu Argonaute (AGO) u pacwenastom monekynol PHK-MuweHu 6aazo00apsi 3HOOHyKnAea3Hol akmuseHocmu («slicer»)
amux 6enkos. MukpoPHK (MuPHK, miRNAs) o6pa3sytomcs u3z uacmuuyHo 0syuenoyeyHbix wnusaeuHoix cmpykmyp PHK. Ux
buozeHe3 ocyuecmesngemcsa e 0e8a smana ¢ yuacmuem PHKas Ill DROSHA (s s0pe) u DICER (8 yumonsna3sme). MuPHK
cesasvlearomcs ¢ beakamu Argonaute (AGO) u Hanpaensom annapam Oezpadauuu PHK 948 hocmmpaHcKkpunyuoHHo20
catineHcuHza 2eHos-muweneli (MTIC, PTGS). PIWI-e3aumodeticmeyroujue PHK (nuPHK, piRNAs) o6pasytomcsa u3 dauH-
HbIX 00HOUEenoYeyHbIX hpedwecmeeHHUKo8. B ux 6uozeHese yuacmeyem 3HO0oHyKneasa Zucchini/PLD6 (ZUC) (nepeuuHbie
nuPHK) unu mexaHu3m «nuHz-noH2» ¢ yyacmuem camux huPHK (emopuurbie nuPHK). Co3pesaHue Hekomopbix huPHK
8K/souaem 0onosiHUMesibHoe ykopouyeHue ¢ 3'-koHua. Komnnekcol PIWI-piRNA pacwenaaiom PHK-muweHu e yumo-
n/aasMe uau ycmaHasauearm 00/20CPOYHOE 3nUzeHemuyecKoe penpeccusi mpdHcKpunyuu 8 siope. PucyHok u mekcm
3auMcmeosaHsbl u3 [13]

Circular RNAs (circRNAs) are a large
family of non-coding RNAs characterized by

in cancer and generate proteins that are shorter
than mRNA-encoded proteins, which can

a single-stranded, covalently closed structure,
predominantly synthesized through a back-
splicing mechanism. While thousands of
circRNAs have been identified, only a few have
been functionally characterized. Although
circRNAs are less abundant than other RNA
types, they exhibit exceptional stability due to
their covalently closed structure and demonstrate
high cell and tissue specificity. CircRNAs play a
critical role in maintaining cellular homeostasis
by influencing gene transcription, translation,
and post-translation processes, modulating the
immune system, and interacting with mRNA,
miRNA, and proteins. Abnormal circRNA
expression has been associated with a wide
range of human diseases and various infections
[20-22].

CircRNAs are translated under conditions
that favor cap-independent translation, notably

acquire new functions relevant to diseases
[22]. The situation is rather complex and to
“unpredictable”. As suggested by Zhang and Zhao
[23], the employment of the AI or “deep learning
technologies” for analyzing these complex data
became mandatory.

So far, we have shown comprehensive,
theoretical “introduction” into the big world
of SRNA (small RNAs). However, all diseases
presented above (e.g. in Figure 5 for “tRNA
modifications and connections to human
diseases”) are those which today are known as
“heritable”. This means that they are inherited
as somatic mutations of the human genome.
The novel kind of possible biological weapons
would not rely on these mechanisms. We
have in mind the “environmentally” induced
sRNA inheritance. In other words, an artificial
introduction (application) of certain sRNAs
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Figure 1: Biogenesis of small RNAs and IncRNAs. A,
Well-defined biogenesis pathway of miRNAs. B, Diverse
biogenesis pathway and features of IncRNAs. The whole
Figure and the text were taken from [14]

PucyHok 1 - buozeHe3 manvix PHK u 0AUHHbIX HEKoOu-
pyrouwux PHK (0nHKPHK). A - [lemasnbHo oxapakmepu3o-
8aHHbIli nymb 6uozeHe3za MukpoPHK (MuPHK). B - PasHo-
obpasue nymeli 6uozeHe3a u ¢pyHKyuli 0nuHHbIX HKPHK
(0aHKPHK). PucyHok u mekcm 3auMcmeosarbl us [14]

which are not a “product” of the maternal/
paternal “genetic material”. These sSRNA would
accumulate in the germ cells (oocytes, sperm)
and after fertilization would be transmitted to
the offspring - i.e. next generation(s). SRNAs are
known for their long-time stability and resistance
to the RNAses. They can be transmitted to
the organism by food, aerosol, parenterally
(vaccines, DNA and RNA preparates). As will
be shown below the substitution of uridine
with pseudouridine and its methylation to N1-
methylpseudouridine further enhances the RNA
stability and can guide transport of sSRNA to the
germline. The consequences could be disastrous.
Not to be recognized immediately the effect(s)
could be irreversible. Different diseases of the FO
(parental) and further F1, F2, ..., FX generations
and depopulations (among others) of different
ethnic groups.

Environmentally induced sRNA inheritance
has been documented in model species such
as Caenorhabditis elegans [24], Drosophila
melanogaster [25], and mice [26].

One of the most exciting observations of
epigenetic inheritance has been described in
2014 by Dias and Ressler [27]. The authors
subjected FO mice to odor fear conditioning
before conception and found that subsequently
conceived F1 and F2 generations had an increased
behavioral sensitivity to the FO0-conditioned
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odor, but not to other odors. When an odor
(acetophenone) that activates a known odorant
receptor (Olfr151) was used to condition FO
mice, the behavioral sensitivity of the F1 and F2
generations to acetophenone was complemented
by an enhanced neuroanatomical representation
of the Olfr151 pathway. Bisulfite sequencing of
sperm DNA from conditioned FO males and F1
naive offspring revealed CpG hypomethylation
in the Olfrl51 gene. In addition, in vitro
fertilization, F2 inheritance and cross-fostering
revealed that these transgenerational effects
are inherited via parental gametes. The authors
state: “In summary, we have begun to explore an
under-appreciated influence on adult behavior—
ancestral experience before conception. From a
translational perspective, our results allow us
to appreciate how the experiences of a parent,
before even conceiving offspring, markedly
influence both structure and function in the
nervous system of subsequent generations. Such
a phenomenon may contribute to the etiology
and potential intergenerational transmission
of risk for neuropsychiatric disorders, such
as phobias, anxiety and posttraumatic stress
disorder. To conclude, we interpret these results
as highlighting how generations can inherit
information about the salience of specific
stimuli in ancestral environments so that their
behavior and neuroanatomy are altered to allow
for appropriate stimulus-specific responses.”
In summary, when mice were trained with
acetophenone, the F1 and F2 generations showed
a heightened startle response in the presence of
acetophenone, butnotin the presence of propanol.
When the ancestors were instead trained with
propanol, their descendants were fearful in the
presence of propanol, but not acetophenone. The
authors showed that the response was transmitted
through either the male or female germ line up to
two generations, suggesting that both sperm and
egg DNA register the exposure as an epigenetic
mark.

In the comment [28] - “the authors propose
that germ cells, which are known to contain
olfactory receptors, are activated by odor and
trigger a signaling pathway that targets site-
specific DNA methylation. However, this is not
sufficient to explain how these changes in DNA
methylation in olfactory receptors are linked to
thefearful experience. Thus, there mustbe sensors
of behavioral experience in the gamete that are
as yet unknown and that could incorporate the
brain signals into several addresses in the sperm
genome (Figure 6). Sperm olfactory receptors
could be a component of such machinery, as well
as hormone receptors such as glucocorticoid
receptors. Other attractive candidates include
sRNAs, which could potentially circulate
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Figure 3: Crosstalk between small RNAs and IncRNAs. A, The crosstalk between miRNA and IncRNA during biogenesis.
(Left) Some IncRNAs contain local hairpin structures that yield miRNAs, serving as pri-miRNAs, illustrated by the H19
IncRNA whose hairpin produces two conserved miRNAs, miR-675-3p and miR-675-5p. (Right) Long non-coding RNAs can
block miRNA maturation. As an example, the IncRNA MPRL pairs with the apical loop region of pre-miR-483, interfering
with its interaction with DICER, resulting in a decrease of miR-483 production during cisplatin-induced stress. B, Functional
crosstalk between miRNAs and IncRNAs. (Left) Some abundant IncRNAs may regulate (enhance or block) gene expression by
decoying miRNAs. Of note, this miRNA sponge (ceRNA) hypothesis is unlikely to occur in physiological conditions unless the
sponge RNA is highly abundant and contains multiple high-affinity, closely spaced miRNA binding sites (MREs). Thus, the
stoichiometric ratio of examined RNAs should be critically evalu ated. (Right) Complex crosstalk among miRNAs, the IncRNA
Cyrano, and the circular RNA Cdr1as. Cyrano base pairs with miR-7 trigger miR-7 degradation via target-directed microRNA
degradation (TDMD), protecting Cdr1as from miR 7-mediated destruction in neurons. Another miRNA, miR-671, binds to
Cdr1as and induces Ago2-catalyzed slicing of Cdr1as. The whole Figure and the text were taken from [14]

PucyHok 3 - Bsaumodelicmeue (Kpocc-mok) mexudy manvimMu u dauHHbiMu HKPHK. A - B3aumodelicmeue 6 hpouecce
6uozeHesa. Cneea - Hekomopsble 0aUHHble HeKooupyrowue PHK codepycam winuneyHvie cmpykmypel, cayxcaujue npeod-
wecmeeHHuUkamu 018 MuPHK (pri-miRNAs). Hanpumep, winuabka 6 mpaHckpunme 9auHHoli Hekooupyroweli PHK H19 ze-
Hepupyem KoHcepsamueHblie MUuP-675-3p u muP-675-5p. Cnpaea - 0auHHbie Hekooupytoujue PHK mozym 6a0kuposamo
cospesaHue MUPHK. 1auHHas Hekodupytowas PHK MPRL ceasbieaemcs ¢ anukanbHol nemaseli pre-MuP-483, 6a0Kupys
e20 e3aumooelicmsue ¢ DICER u cHuxcas npodykyur 3penozo MuP-483 e ycnosusx cmpecca, UHOYUUpo8aHHO20 yuchaa-
muHom. B - ®yHkuyuoHanbHoe e3aumodelicmeue. Cnesa - u3bbimouHbie 0/1UHHble Hekooupyrouwue PHK mozym pezynupo-
eamb (ycuaueamop uau 670KUPO8AMb) 3KCNpeccuro 2eHo8, ebicmynasl 8 posiu «npuMaHKku» (decoy) ons muPHK (zunomesa
«MUPHK-2y6ku»; unu ceRNA - competitive endogenous RNA, KoHKypupyouwiasi sHoozeHHas PHK). [ns peanusayuu smo-
20 MeXaHu3Ma e (hu3uos02uYecKUx yca108UsiX mpebyemcs ebicokas KoHueHmpayusi PHK-npuMaHku ¢ MHoycecmeeHHbl-
MU 8bicokoappuHHbIMU calimamu cesasbieaHuss MUuPHK (MRE), umo 0esaem Heo6xo0UMbIM KpumuyecKyr oueHKy cme-
Xxuomempuueckozo coomHoweHuss PHK. Cnpaea - cnoxcHoe e3aumodelicmeue mexc0y MuP-7, 0nuHHoU Hekodupyroujel
PHK Cyrano u konbuesoli PHK Cdrlas. Cyrano komhaemMeHmapHo cessbieaemcs ¢ MuP-7, 3anyckas ee 0ezpadayuto no
mexaHusmy TDMD (0ezpadauyus MmukpoPHK, Hanpasnsemas muweHsio), u 3aujuwaem Cdrlas om paspyweHus. O0Ho-
epemMeHHO MuP-671 cesasvieaemcs ¢ Cdrlas u uHOyyupyem ez2o pacwienseHue npu kamasnuse Ago2. PucyHok u mekcm
3aumcmeosaHbl u3 [14]
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Figure 4: Schematic representation of human cytoplasmic
tRNA modifications and their writer enzymes. Modified
nucleotides are numbered. Each type of tRNA modification
and their modifying enzymes are indicated. Modification
enzymes that are confirmed in other organisms are listed
in parentheses. The abbreviation of each RNA modification
conforms with the RNA modification database MODOMICS.
The whole Figure and the text were taken from [15]
PucyHok 4 - Cxemamuueckoe u3obpaxiceHue MoouguKa-
uuti yumonnasmamuueckoli mPHK uenoeeka u ¢epmeH-
moe, Ux ocyuecmesowux. MoouguyuposaHHbie HyKae-
omuObl NPoHYMepoeaHbl. YkazaHbl mun modudukayuu u
coomeemcmeyrowue hepmeHmol. DepmeHmol, NoOmeepic-
OeHHble y Opya2ux op2aHU3mMo8, yKasdHbl 6 ckobkax. Cokpa-
weHus Moougukauuli coomeemcmeyiom 6da3e OAHHbIX
MODOMICS. PucyHok u mexkcm 3aumcmeosansi us [15]

systemically from brain to sperm and target
specific sequences in the genome. The changes
in DNA methylation must be protected in the
germ line and transmitted during cellular
differentiation to guide the formation of
circuitry and anatomical densities of olfactory
receptors during brain development. The lack of
differential methylation in the mature olfactory
receptor neuron might indicate that these
differentially methylated gene targets are critical
for the developmental stages and disappear once
the relevant circuitry is established.”

This study by Dias and Ressler [27] provides
strong evidence that the germline can serve as
a vector for transmitting lessons from adult
experience across generations. Future studies
are needed to determine how important these
mechanisms are in humans and whether they
influence the rapid evolution of phenotypes seen
in human populations.”

In humans exposed to violence epigenetic
“signatures” have been observed in three
generations [29]. Here, the authors discuss the
possibility that maternal traumainfluencesinfant
and adult health outcomes and may impact future
generations through epigenetic modifications
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Figure 5: tRNA modifications and connections to human
diseases. Schematic representation of the relationship
between abnormal tRNA modifications and various
human diseases, with a focus on neurological disorders,
mitochondrial disorders, and cancers. The whole Figure and
the text were taken from [15]

PucyHok 5 - Mooudukayuu mPHK u ux cessb ¢ 3a6osne-
eaHusIMu Yesoeekd. Cxemamuueckoe npedcmasseHue 83d-
umocesizu Mexc0y HapyuweHusmu mooucukayuti mPHK u
pasnuyHeIMU 3a60/€6aHUSMU YesioeeKd, C dKUeHMoM Ha
Heeposiozuyeckue paccmpolicmed, MUMOXOHOpPUAsbHbIe
namosiozuu U OHKoslozu4eckue 3ab6osesdaHusi. PucyHok u
meKcm 3aumMcmeosaHsl us [15]

such as DNA methylation (DNAm). The authors
assessed DNAm signatures of war-related
violence by comparing germline, prenatal,
and direct exposures to violence across three
generations of Syrian refugees. They compared
tamilies in which a pregnant grandmother versus
a pregnant mother was exposed to violence and
included a control group with no exposure to
war. They collected buccal swab samples and
survey data from mothers and 1-2 children in
each of 48 families (n=131 participants). Based on
an epigenome-wide association study (EWAS),
the authors were able to identify differentially
methylated regions (DMPs): 14 DMPs were
associated with germline and 21 DMPs were
associated with direct exposure to violence.
The largest difference in DNAm relative to
unexposed controls was observed at a germline-
associated DMP, cg01490163, with lower DNAm
among those exposed in germline (Difference: —
0.265, 95% confidence interval (CI) — 0.349, -
0.181). The site is approximately 3 kb upstream of
Keratin 36 (KRT36), which produces keratin and
has a potential role in some cancers. Compared
to controls, the highest DNAm was observed at
the germline-associated DMP, ¢g07462448, and
two direct-associated DMPs, cgl4117527 and
cgl14832449. Site cg07462448 is annotated to
Caspase 7 (CASP7), which belongs to a family of



Epigenetics and a new era of biological weapons
AnureHeTUKa U HOBas 3pa 6MOJIOrMYECKOro opy>Kus

Figure 6: Model for epigenetic inheritance of odor fear conditioning. Association of acetophenone odor with an electrical
shock condition the mouse for an enhanced acetophenone startle response of acetophenone Although the mechanism is
unknown, this may trigger the release of circulating molecule(s), such as sSRNAs or glucocorticoids, that act on spermatogonia
to direct DNA methylation changes in both specific olfactory receptor genes, such as Olfr151, and other genes, as yet
unknown, that are involved in the fear conditioning circuitry in the brain. When the demethylated sperm fertilizes a naive
female, the methylation pattern is maintained in the fertilized eggs and may guide the differentiation of fear circuitry. The
adult F1 mouse exhibits enhanced startle in the presence of acetophenone. During primordial germ cell differentiation in
the F1 mouse, the methylation pattern triggered by the conditioned exposure to acetophenone is preserved. When the
resulting marked sperm fertilizes a naive mouse, the offspring F2 will develop the same conditioned fear response circuitry
in the brain, using the epigenetic information in the F1 sperm to guide differentiation. The adult F2 mouse likewise shows a
heightened startle response in the presence of acetophenone. The whole Figure and the text were taken from [28]
PucyHok 6 - Moodesnb anuzeHemuyeckozo HACAE008AHUS YC/08HO20 pedaeKca cmpaxa HA 3anax. Accouyuayus 3anaxa
ayemoceHoHa ¢ yoapoMm 371eKmpuyeckozo moka obycsoeaueaem y Mblliu YCUAEHHYI0 dKyCmMUUYecKylo cmapmJ-peakyuio
Ha ayemodpeHoH. Xomsi MexdHU3M Heu3eecmeH, 3mMo MoXdcem 6bi3bleamb 8bIC8060NHCOEHUE UUPKYAUPYHWUX MOEKY
(Hanpumep, mukpoPHK unu zawokokopmukoudos), Komopble Oelicmeylom HA ChepMamozoHUU, HANPAesisi U3MeHeHUs
memunuposarus [JHK kak e cneyuguuyeckux 2eHax o6oHAMeAbHbIX peuenmopos (Hanpumep, Olfr151), mak u e dpyaux,
NOKa Heu38eCMHbIX 2eHAX, 806/1e4eHHbIX 8 HelipOHHYH uenb 06ycnasnuedHue cmpaxd e 20/108HOM Mo3ze. Kozoa deme-
MmusaupoeaHHvlli chnepmMamo3soud onso0omeopsiem HAUHYl CAMKY, nammepH MemusupoedaHusi COXpaHsiemcsi 8 onso-
0omeopeHHbIX sAliueKaemKkax u Moxcem Hanpaensame ouggepeHyuposKy HelipoHHoU yenu cmpaxa. B3pocaas meiwb F1
deMoHCmMpupyem ycuseHHyI peakyuro ucnyaa (630pazuseaHus) é npucymcmeuu auyemodeHoHa. B xo0e duggpeperyupos-
KU NpUMOpOUAsTbHbIX 3apo0bluiesblX KaAemok y Mbiuu F1 nammepH MemuaupoedHusi, UHOYUUPOBdHHbIl 8bIpAd6OMAHHLIM
eo30elicmeueM auemocpeHoHa, coxpaHsemcs. Koz0a nosyyeHHbili MeyeHbili cnepMamo3oud ons000meopsiem HAUeHYyH
MblWb, nomoMcmeo F2 pazsueaem my Jce 8bipabomaHHyH Uenb peakyuu cmpaxa é Mo3ze, UCN0/1b3ysl 3nuzeHemu4ecKyto
UHpopmayur e cnepme F1 015 HanpasneHus ouggepeHyuposku. Bapocaas mbiwb F2 aHanozuuyHo nposiensiem ycuseH-
HYI cmapms-peakuuro 6 hpucymcmeuu auemodgeHoHa. PucyHok u mekcm 3aumcmeoeaHsi us [28]

proteins that play a central role in cell apoptosis.
Site ¢cgl4117527 is annotated to RAB43/
ISY1-RAB43 (RAB43 is involved in membrane
trafficking pathways and cellular homeostasis
and is a member of the RAS oncogene family, and
the ISY1-RAB43 readthrough transcript) and
cgl4832449 is annotated to RPI11- 1028N23.3,
which is a long non-coding RNA [29].

Most DMPs showed the same directionality
in DNAm change across germline, prenatal,
and direct exposures, suggesting a common
epigenetic response to violence. It should be
noted that accelerated epigenetic aging is thought
to correlate with accelerated biological aging and
may be an underlying mechanism for age-related
health outcomes [30].
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From the point of memory transfer the results
of McConnel who performed his experiments
with planaria and memory transfer’ and more
recent results obtained with Aplysia [31], are
pointing to the epigenetic mechanism. Recently
[31] the authors reported that RNA extracted
from the central nervous system of Aplysia
given long-term sensitization training induced
sensitization when injected into untrained
animals.  Furthermore, the RNA-induced
sensitization, like training-induced sensitization,
required DNA methylation.

The author itself did some research in the
memory transfer occurring after the heart
transplants [32]

In other words, Darwin’s gemmules are
present everywhere: “We cannot fathom the
marvelous complexity of an organic being; but
on the hypothesis here advanced this complexity
is much increased. Each living creature must
be looked at as a microcosm—a little universe,
formed of a host of self-propagating organisms,
inconceivably minute and as numerous as the
stars in heaven.” [1].

How is epigenetic information transferred
across generations [33]? The authors do not
clarify the mechanisms; however, they are
pointing to the “narrow” difference between
transgenerational and intergenerational
effects: In mammals, transgenerational effects,
particularly those that occur in response to the
environment, are defined as any phenotypic
or molecular effect that persists for 3 or more
generations through the female line or 2 or more
generations through the male line. By contrast,
effects that only persist for 1 or 2 generations are
for the most part referred to as intergenerational
effects. This definition of intergenerational
effects includes, but is not limited to, multiple
examples of effects that were classically referred
to as parental effects. Whether a phenotype
is intergenerational or transgenerational was
originally determined by whether the genetic
material for the subsequent generations was
present at the time of exposure to the altered
environment. This often differs between different
species, so caution must be used to identify
whether the germ cells were present at the time of
exposure. The original distinction between these
two terms lies in the fact that intergenerational
effects could, in principle, be caused by the
effects of the parent’s environment/physiology
directly on the developing embryo/fetus or
on germ cells but transgenerational effects
could not be due to direct exposure. However,

mechanistic investigations of multiple different
intergenerational effects have since discovered
mechanisms of intergenerational regulation that
arenotdue to the direct effects of the environment
on germ cells or F1 embryos. In some cases, these
mechanisms are initiated and maintained using
similar mechanisms as transgenerational effects
such as the transmission of small RNA molecules
via germ cells. Nonetheless these effects remain
described as intergenerational effects. Thus, the
currently used definition of intergenerational
has evolved to refer mainly to the duration
a phenotypic effect persists for rather than
the potential mechanism by which the effect
is mediated (Figure 7). By comparison, for a
phenotype to be considered transgenerational,
none of the individual’s genetic material can
be present at the time of the environmental
insult (Figure 7). Thus, transgenerational effects
predominantly refer to phenotypic effects that
persist for three or more generations. The author
is not interested in polemics; however, one
must admit that the “intergenerational” effects
(persisting for 1 to 2 generations) must somehow
be incorporated into the germ cells. We are not
talking about “classical” Mendelian rules but
epigenetic “hereditary” changes.

According to Yap and coworkers [34],
small non-coding RNAs constitute a dynamic
epigenetic layer in mature (human and mouse)
spermatozoa that can exert transgenerational
regulatory functions. The profile of these RNAs
changes dramatically during spermatozoa
maturation. The majority of intracellular
small RNAs during early spermatogenesis are
miRNAs and piRNAs. In mature spermatozoa,
tRNA- and rRNA-derived fragments (tRFs and
rRFs, respectively) are the predominant forms,
primarily delivered from the epididymis via
extracellular vesicles (Figure 8). Diet, exercise,
and environmental exposures have a direct
effect on small RNA levels in spermatozoa,
and this differential abundance can reprogram
the development of the embryo. Offsprings of
fathers with different lifestyles can have different
phenotypes, including altered metabolism or
behavior. Therefore, small RNAs in spermatozoa
are emerging as an important epigenetic layer in
development and transgenerational inheritance.

Is the human sperm “sncRNAome” constant
or is it variable among ethnic groups? It has been
shown [35] that human sperm sncRNAome has a
“core component” that shows small variations and
a “peripheral component” that shows significant
variations across individuals and ethnic

2 Omary A. Is Memory Transfer Possible? One small creature's surprising role in the study of memory. Psychology
Today. 2022. October 12. URL: https://www.psychologytoday.com/us/blog/natured-nurture/202210/is-memory-

transfer-possible (date: 13.05.2025).
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Figure 7: Distinction between inter and transgenerational phenotypes. Numerous different parental (PQ) stresses can have
multigenerational effects on offspring. Intergenerational effects represent any effect of parental stress on F1 progeny that
either directly acts on or is communicated through PO germ cells or developing F1 embryos in utero. By comparison, all
effects that are initiated in the PO generation and persist into the F3 (or later) generations are transgenerational effects.
Effects that are initiated in the PO generation and persist to the F2 generation are intergenerational if any germ cells of F1
animals have formed in utero when the initiating event/stress was present and transgenerational if no F1 germ cells have
formed. These original distinctions between intergenerational and transgenerational effects in F2 progeny are still used as
definitions in literature irrespective of the mechanisms that mediate multigenerational effects in progeny, including cases
where such effects might not be transmitted via germ cells. The whole Figure and the text were taken from [33]

PucyHok 8 - PaszpaHuyeHue UuHmMepzeHepauuoHHbIX U MPAHC2eHepayUuoHHbIX heHomunoe. MHozouuceHHble pas3auy-
Hble cmpeccoeble 8030elicmeusi Ha podumesibckoe noKoseHue (PO) Mo2ym okasbléamb MHO20N0KoseHHble 3hekmbl Ha
nomomcmeo. MiumepzeHepayuoHHbie 3¢hgpekmobl npedcmaensiom coboli nbble 3¢pheKmbl poOuMesIbCKo20 cmpecca Ha
nomomcmeo F1, komopule Au6o HenocpedcmeeHHO 8030elicmayom Ha 3apoodbiwesbie Kaemku PO uau paseusarowuecs
ambpuonbl F1 in utero, nubo nepedaromcs yepe3 HUx. TpaHczeHepayuoHHble 3¢hekmsl - ece 3chhekmbl, UHUYUUPOBAH-
Hble 8 nokoseHuu PO u coxpaHawouwuecsi 8 nokoseHusx F3 (unu no3dHee). dgekmol, UHUYUUPOBAHHbIE 8 hoKoseHuu PO u
coxpaHsoujuecsi 00 hokoseHusi F2, cuumaromcs: uHmepzeHepayuoHHbIMU, ecau popMuposaHue 3apoobliliesblX KAemokK y
ocobeli F1 npoucxoouso in utero 6o epems 0elicmeusi UHULUUPYHOW,e20 CMPecco8ozo (hakmopa; mpaHczeHepayuoHHbIMU,
ecsu popmuposaHue 3apoobiliesbix Kaemok F1 ewje He HaYan0cb. IMu UCX0OHbIE PasauYus Meicoy UHmMep2eHepauuoH-
HbIMU U mMpaHczeHepauuoHHbIMU 3¢hcpekmamu y nomomcmea F2 npodoaxcarom ucnosnb3oe8amscs 8 Kauecmee onpedesie-
Huli 8 ”lUMepamype, He3asUCUMO 0M MexXaHU3M08, 0NOCPedyU,UX MHO20NOKO/1eHHble 3¢hcheKmbl y NOmoMcmed, 8K/touast
cayyau, kKoeda makue 3¢phekmol Mo2ym nepedasambcsi He Yepe3 3apoobiluesble Kaemku. PUCYHOK u meKcm 3auMcmeosa-
Hbl u3 [33]

populations. Thus, the availability of the normal
human sperm sncRNAome would help delineate
biologically meaningful variations from sample-
to-sample natural/random variations.
Epigenetic inheritance. In an exciting paper
[36], the authors have shown that the epigenetic
phenomenon (suppression homozygous
mutation for short antennae} occurs in the
short antennae (sa) mutation of the flour moth
(Ephestia kuehniella). The authors demonstrated
that it is probably determined by a small RNA
(e.g., piRNA, miRNA, tsRNA) and transmitted
in this way to subsequent generations through
the male and female gametes. The observed
epigenetic change canceled sa mutation and
created a wild phenotype (a moth that appears

to have no mutation). It persisted for many
generations — up to 40 recorded generations.
This  epigenetic  transgenerational effect
(suppression homozygous mutation for short
antennae) in the flour moth is induced by
changes during ontogenetic development, such
as increased temperature on pupae development,
food, different salts in food, or injection of
RNA from the sperm of already affected
individuals into the eggs. The male flour moth
does not only deposit sperm into the female,
but a spermatophore that contains also other
components. These components were separated
and injected separately into the fertilized
eggs. The components without RNA content
(products of accessory glands, spermatophore
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Figure 8: Relative levels of small non-coding RNA as
spermatogonia differentiate to mature spermatozoa. As
they pass through the epididymis, spermatozoa are loaded
with small non-coding RNAs from extracellular vesicles
derived from epididymal cells. The whole Figure and the text
were taken from [34]

PucyHok 8 - OmHocumesibHble yposHU Masbix Hekooupy-
towux PHK e npouecce ouggepeHyuposku chepmamozo-
Hueg 6 3pesible cnepmMamo3oudbl. [Mpu npoxoxicdeHuu Yepe3
npudamok s\UYKAa chepMamo3ouobl HacbIW,arMcs MasbiMu
Hekodupyrwumu PHK u3 eHeksiemouHbix 8e3uKys, npouc-
X00AWUX U3 KAemoK hpudamka. PucyHok u mekcm 3aum-
cmeoeéaHol us3 [34]

sac, homogenized sperm denatured with
ribonuclease) separated from male sperm did
not have analogous impact like components with
RNA. The effect of total RNA differed from all
additives without RNA.

Recently it has been shown [37] that germline
small RNAs in plants and mammals are heavily
pseudouridylated. Piwi-interacting RNAs in
mouse testes, are enriched for pseudouridine (¥)
too. Why are germline small RNAs so heavily
modified in both plants and mammals? An
intriguing possibility is that modifications of
RNA in the germline may avoid viral surveillance
systems after fertilization, which could otherwise
recognize inherited small RNAs as ‘nonself” [38].

Pseudouridine (V) is a C-C glycosidic isomer
of uridine (U) with a distinct structure, in which
the uracil base is covalently attached to the
ribose ring through a C5-Cl1 linkage, as opposed
to the N1-Cl1 bond found in canonical uridine.
This structural alteration substantially affects
the physicochemical properties of ¥, altering
its base-stacking interactions and hydrogen-
bonding patterns within the RNA helix [39,

40]. As the most abundant post-transcriptional
modification, ¥ is widely distributed in various
types of RNA, including mRNA, tRNA,
ribosomal RNA (rRNA) and small nuclear
RNAs (snRNAs). Its unique chemical structure
enables it to influence the stability, structure and
function of these RNAs, thereby having crucial
physiological and pathological roles.

Notably, the 04 derivative N1-
methylpseudouridine (m1¥) has been applied in
the two approved COVID-19 mRNA “vaccines”
(Pfizer-BioNTech and Moderna). Like ¥, m1¥Y
may promote readthrough of endogenous
termination codons, the two vaccine mRNAs had
two or three consecutive stop codons to mitigate
this unwanted effect [41]. However, a recent study
found that m1¥-modified mRNA translation can
lead to the formation of frameshift proteins [42].
The accumulation of Pfizer-BioNTech “vaccine”
after vaccination has been shown mainly in the
spleen and ovaries®.

The activities such as “Decoding the
Spermatogenesis  Program: New Insights
from Transcriptomic Analyses” [43] clearly

showed a more detailed approach to the to the
transcriptome (i.e., RNA expression levels of all
genes) at tissue and cellular levels.

And, in concert to the previously mentioned
results the attempts to find the testicular
gene expression are continuing at “higher”
level [44]. In principle, spermatogenesis is a
multi-step biological process where mitotically
active diploid (2n) spermatogonia differentiate
into haploid (n) spermatozoa via regulated
meiotic programming. The alarming rise in
male infertility has become a global concern
during the past decade thereby demanding an
extensive profiling of testicular gene expression.
Advancements in Next-Generation Sequencing
(NGS) technologies have revolutionized our
empathy towards complex biological events
including spermatogenesis.

The authors [44] are illustrating the possible
applications of Sc-RNA-Seq data towards
framing appropriate preclinical studies (both in
vitro and in vivo approach) leading to potential
future diagnostic (assays/tools/kits) in male
reproductive health car.

Bioweapons. In the last section the author
is possibly approaching to open the box of
Pandora’s. However, the preparedness for future
scenarios is well-grounded [45, 46].

It has been shown* that after the vaccination
with Pfizer-BioNTech “vaccine” (with fully

* SARS-CoV-2 mRNA Vaccine (BNT162, PF-07302048). URL: https://www.docdroid.net/xq0Z8B0/pfizer-report-
japanese-government-pdf#page=17 page 17 (date: 13.05.2025).

* URL: https://lowtoxinforum.com/threads/help-with-understanding-pfizer-report-accumulation-of-vaccine-in-

ovaries.41792/ (date: 13.05.2025).
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substituted uridine with the derivate NI1-
methylpseudouridine (m1¥)) the accumulation
of the “vaccine” has been mainly observed in
the spleen and the ovaries. Paradoxically, there
is rather low accumulation of the “vaccine” in
the testes. It should be noted that pseudouridine
guides germline small RNA transport and
epigenetic inheritance [37].

It is of interest that the number of newborns
in Czechia (population 10.6 million) dropped
from 110,200 (in 2020) to 84,311 (in 2024)5,
in Hungary (population 9.6 million) dropped
from 92,338 (in 2020) to 77,511 (in 2024)° and
in Slovakia (population 5.4 million) dropped
from 56 650 (in 2020) to 46 241 (in 2024)". In
Poland (population 37.6 million) the number
of births in 2024 (252 000 which is over 20 000
less than in the year 2023) was the lowest since
the end of World War II®. So far nobody knows
if this has been a vaccination “side effect” or an
aim of vaccination with mRNA preparates in the
sense of depopulation. So far nobody publicly
announced the reason(s) for this “experimental
fact”.

On the other hand, we were describing an
existing enormous interest of human sperm
sncRNAome (Figure 8) and testicular single
cell RNA (Sc-RNA-seq) data. In other words,
huge libraries of all sperm RNAs are created.
Interestingly, one can clearly see the ethnic
differences between races [35]. This can be the
tip of an iceberg of more deeply and precisely
derived data coming from different subgroups
and from different inhabited areas. Today with
the introduction of powerful Al or “deep learning
technologies” it is not difficult to extract the data
from the sperm sncRNAome and to introduce so
called “sRNA harm”.

In the previous text we have shown that
the acquired FO mice to odor fear conditioning
before conception can be transmitted to Fl1
and F2 generations which have an increased
behavioral sensitivity to the FO0-conditioned
odor but not to other odors. So, one among
the different possibilities is to introduce a
“heritable” sterility. There will be a slow decline
of the number of newborns in the first (F1)
generation which will further proceed to sterility
of F2 or F3 generations. At this time, it will be

too late to analyze the reason for these changes.
One should not doubt such approaches. The
employment of every day growing power of tools
such as AI or deep learning technologies in the
“right hands” can bring extremely ‘interesting”
results with astonishing speed. And, taking in
account the stability and nucleotide number
(“shortness”) of sRNA which are heavily
pseudouridinylated, one can establish a rather
cheap mass production. Such products can be
added to each vaccine or nucleic acid (mRNA or
DNA) preparate (“vaccine”) or can be distributed
with food products and with aerosols. It should
be noted that all mRNA (DNA) preparates
are using LNP (lipid-based nanoparticles)
technology. The presence of PEGylated lipids in
LNPs extends their circulation time in vivo [12].
Moreover, their size corresponds to the size of
EV (“Darwin’s gemmules”) [12]. The process of
fusing of these LNP is known in the laboratory
praxis as the transfection. This means that the
whole LNP cargo is directly transported to the
cell cytoplasm. It appears that the technology for
altering epigenetic inheritance is ready.

Conclusion. Hijacking epigenetic
mechanisms of gene control for targeted in vivo
manipulation of gene expression has tremendous
potential for treating diseases and catalyzing
regenerative medicine [47]. CRISPR-based
epigenome editing offers a more precise
approach to treat a wider range of disorders
stemming from diverse forms of epigenetic
dysregulation. These include diseases resulting
from gene overexpression, duplication or loss of
expression as well as complex alterations such
as haploinsufficiency, X-linked inheritance,
imprinting disorders and promoter and enhancer
mutations [47, 48].

However, current research has not yet yielded
epigenetic inheritance technologies with proven
capability to intentionally alter the phenotype of
human offspring. The significant scientific focus
on human sperm miRNA and single-cell RNA
sequencing (Sc-RNA-seq) of testes is leading to
the rapid accumulation of data and the creation
of vast libraries of spermatozoal RNAs. Initial
analyses of these datasets suggest the presence
of population-specific variations. However, the
functional significance, biological relevance, and

> Czech Statistical Office. Births. URL: https://csu.gov.cz/births?pocet=10&start=0&podskupiny=133&razeni=-

datumVydani#data-and-time-series (date: 13.05.2025).

¢ HCSO MONITOR. 22.1.1.6. Live births, total fertility rate. URL: https://www.ksh.hu/stadat_files/nep/en/

nep0006.html (date: 13.05.2025).

7 Narodeni podla pohlavia, hmotnosti, legitimity a vitality - SR-oblast-kraj-okres, m-v [om7017rr]. URL:
https://datacube.statistics.sk/#!/view/sk/VBD_DEM/om7017rr/v_om?7017rr_00_00_00_sk (date: 13.05.2025).

8 Demographic catastrophe in Poland: The lowest number of births since WWII. URL: https://www.polonianews.
com/2025/01/demographic-catastrophe-in-poland.html (date: 13.05.2025).
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ethical implications of these observed differences
remain largely unexplored and require rigorous
investigation.

Separately, studies on the biodistribution of
mRNA vaccines, such as the one from Pfizer-
BioNTech, have reported accumulation in
reproductive tissues like the ovaries, among
others. This warrants ongoing research into
the long-term effects of any novel medical
intervention on germline cells. Furthermore,
complex demographic shifts, such as the
population changes observed in the V4 countries,
highlight the critical need for robust, multi-
factorial public health analysis. While the direct
causation with any single factor like vaccination
is unproven and highly speculative, these real-
world trends underscore the importance of
developing advanced monitoring systems. In
general, without exaggeration, epigenetic gene
control is one of the most complex and alarming
ethical and strategic problems humanity faces
alongside the development of biotechnology.
The described mechanisms are not science
fiction. Epigenetic inheritance involving small
RNAs is an established scientific fact, proven
in animal experiments. The ability of external
factors (diet, stress, toxins) to cause heritable
epigenetic changes is also confirmed. Therefore,
the hypothetical possibility of creating an agent
that deliberately induces such changes becomes

less hypothetical with each passing year. The
consequences of their application may not be
immediate, but manifest a generation(s) later.
The first victims of exposure could merely be
“carriers” of the pathology for their children.
Detecting such an attack would be extremely
difficult, and the consequences, embedded in the
epigenome, could be irreversible. Theoretically,
one can also imagine agents targeting specific
epigenetic markers characteristic of certain
ethnic or population groups. This makes it
possible to create a tool for "silent" depopulation.
It is not impossible that such tools have already
been created. In the case of interference with
the epigenome that affects germ cells, any error
(off-target effects) would be perpetuated in
subsequent generations.

This problem is a systemic challenge on
par with the nuclear threat of the 20th century,
but potentially more insidious. An urgent and
broad public discussion is required, involving
not only scientists and politicians but also
philosophers, ethicists, and the whole of
society. It is necessary to develop new ethical
norms and control mechanisms that would
not hinder science but guide it exclusively
toward peaceful and responsible use. Ignoring
these risks in the hope that "this is still
a long way off" is an extremely irresponsible
position.

Limitations of the study / Ozpanuuenus uccnie0oeanus
All data were obtained from public sources; therefore the article is strictly limited on these public sources only. /
Bce maHHBIE IOy Y€HBI U3 OTKPBITBIX ICTOYHIKOB, II09TOMY CTAaThsI CTPOTO OrPaHNYEHA TONBKO STUMI OTKPBITHI-

MU UICTOYHMKAMMU.
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OCHOBHbIE MOMEHTbI

- YcTaHOB/IeHMe BUHBI B HapylleHUy KOHBeHI[UY O 3allpelljeHny pa3paboTKy, IPOM3BOACTBA, HAKOIUICHN 1 IIPK-
MEHEHU XVMUYeCKoro opyxus u ero yunaroxernn (K3XO) tpebyeT mokasarenbcTBa IpMYacTHOCTY KOHKPETHBIX
1, ubto JTHK Heo6xoammMo naeHTnUIMPOBATh 110 OMOMTOIMIeCKMM C/IefaM Ha MeCTe MHI[U/EHTA.

- lerasupyroline perenTypsl, IprMeHsieMble Ipyu 06paboTKe MecTa MHIMAEHTa, MOryT paspyuars JHK, uro gemaer
HEBO3MOXXHBIM T€HOTHUIIMPOBAHUE.

- PagpaboraH anropuTm AeiiCTBIUT Ha MeCTe XMMIYECKOTO MHIIMIEHTa, 00eCIeunBaOIUil COXPAHHOCTD Oronornye-
CKIUX CTIETIOB [/ TOCTIeAYIONero KpMMIHATUCTUYECKOTO aHaIN3a.

Axmyanvrocmv. O6ycoBIeHa HeOOXOAUMOCTHIO 0OBEKTUBHOTO JOKA3bIBAHVS IIPUIACTHOCTY INL] K XMMUYECKIM
MHIVIeHTaM depes aHamu3 [JHK-comepkammyx cienos, 4To TpebyeT UX 3aIUThI OT paspylIeHN .

Ilenv pabompr — Hay4HOE 0OOCHOBaHNE AITOPUTMA JEICTBUII HAa MeCTe XMMUYECKOTO VHIUJICHTA IJIs COXpaHeHMs
BeIleCTBEHHBIX TOKa3aTeIbCTB.

Hcmounukosas 6a3a uccnedosanus. [Ty6nykaunu B perieH3MPyeMbIX HAyIHBIX )KyPHAJIaX, B TOM 4MC/Ie JOCTYIIHbIE
4epes [106aIbHYIO ceThb VIHTEpHET.

Memoo uccnedosanust. AHATUTIIECKUI.

Pesynvmamut uccnedosanus. OnpefeneHa KpUMIHATUCTUYIECKas 3HAYUMOCTD 6ronorndeckux cregos ¢ JHK Ha me-
CTe XuMmdeckoro nHuupgenTa. Hamu onenenst puckn yrparst JHK-unHbOpManny nos BosaeiicTBIEM [Jera3upyIOLX
penenTyp. YCTaHOB/IEHO, YTO X/IOpCOfiepyKaliye peareHTsl paspymaioT JHK, Torga kak cocTaBbl HA OCHOBE OKCH-
OB MaTHV, TUTAHa, 2-aMIHO9TAHOJIa J TMIIOX/IOPUTA Ka/IbLysA — HeT. Pa3zpaboTaH anropuT™, NpeaycMaTpyBaroii
IIPMOPUTETHBIN cOOp 61oMaTepuaa Jo Aerasalyi WK IpYMeHeHte PeLenTyp, He paspyuratomux JHK.
3axmouenue. [I7s1 cOXpaHeHNs SOKA3aTeNbCTB SO MPOBEREHMST KPUMIHATMCTIUYECKOTO aHa/I3a He0OXOAVIMO UCKIIIO-
YNUTb UCIIONb30BaHMe paspymanoumux [JHK gerasaropos mimm npuMeHATh HEMTPaTbHbBIE COCTABHI.

Kniouegvie cnosa: 6uonozuueckue cnedvi; dezasupyroujue peuentmypvl; 0e3uHmMamunanmol; uHoexc oezpadauuis;
K3XO; xpumunanucmuveckue uccniedo8anuss; TUKBUOAUUS NOCTeOCMBULI XUMUYECK020 UHUUOeHMa; paccredosa-
HUe XUMUYeCK020 UHUUOEHMA; COXPAHHOCMb dokazamenvcmeertoti 6asvi; STR npogunuposarue; moxcuuHvle
XUMUKATDL

Ona yumuposanus: 3aevanoe B.B., 3asvanosa A.A., 3asvanosea H.B., Kosmyn B.A., Hlapotiko M.II. Anzopumm
deiicmeuti HA Mectne XUMU1eCK02o UHUUdeHmMa O COXPAHEHUS 8euecmeeHHbix 0okasamenvcme. Becmuuk otick
PXB 3awumut. 2025;9(4):322-344. EDN:unatfa.
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Standard procedure at chemical accident site to ensure protection of evidence
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Highlights

- If we want to find someone guilty of violating the Convention on the Prohibition of the Development, Production,
Stockpiling and Use of Chemical Weapons and on their Destruction (Chemical Weapons Convention or CWC), we
should prove the involvement of specific persons, whose DNA can be identified using biological traces left at the
chemical accident site.

- Decontaminant mixtures, used at the chemical accident site can destroy the DNA and that makes genotyping
impossible.

- The authors have elaborated special procedure that permits to preserve biological traces at the chemical accident site
for further forensic analysis.

Relevance. It is crucial to provide objective evidence against persons who are involved in chemical accidents. The only
way is to make a DNA assay of biological traces left at chemical accident site. That is why we should keep these traces
intact and preserve their integrity.

Purpose of the study is to provide a scientific justification for the standard procedure that ensures protection of evidence
at chemical accident site.

Study base sources. The authors have studied scientific publications including those, available on the Internet.
Method. Analytical method has been employed.

Results. The authors of this paper have outlined the forensic significance of biological traces with DNA at the chemical
accident site. They have evaluated the risks of the DNA data loss, when the site is exposed to decontaminant agents.
It has been proved that chlorine containing reagents destroy the DNA, whereas mixtures that contain magnesium
oxide, titanium oxide, 2-aminoethanol and calcium hypochlorite are safe for the DNA. The authors of this paper have
developed a procedure that permits either to collect biomaterial before decontamination or to use mixtures that are
harmless to the DNA.

Conclusion. To preserve evidence for further forensic analysis it is vital to avoid using decontaminants that may destroy
the DNA. In this case the neutral mixtures should be used.

Keywords: biological traces; chemical accident investigation; chemical accident remediation; Chemical Weapons
Convention; decontaminants; decontaminant mixtures; degradation rate; evidence safety and integrity; forensic
processing; STR profiling; toxic chemicals
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PaccnemoBanme Hapymennit KouBeHuum o
3alpelnieHny pa3paboTKy, IPOU3BOACTBA, HAKO-
IVIEHUS ¥ NPUMEHEHUA XMMMIYEeCKOTO OPYXMUS
u ero yanutoxenuu (K3XO)' tpebyer mokassi-
BaHU S BUHBI KOHKPETHBIX JINI], TIOCKOIBKY MeX-
AYHAapofHas OTBETCTBEHHOCTb TOCYAapcTBa
HACTYIaeT IUIIb II0C/Ie YCTAaHOBICHN A IPUYACT-
HOCTY €ro IpejCTaBUTeNeil. YTOJIOBHOe Ipe-
C/lefloBaHVe BO3MOXXHO TOJIBKO IPU HANTMYUUI
HEONIPOBEPKMMBIX JIOKa3aTe/lIbCTB, COOTBET-
CTBYWOIIMX CTaHJapTaM COBPEMEHHOTO IPaBoO-
cyaus (mpe3yMIIus HEBUHOBHOCTHU, bpeMs f10-
Ka3bIBaHUA Ha OOBUHEHN).

Hanbomee  [JOCTOBepHBIMM  JOKa3aTellb-
CTBaMM ABNAIOTCA 6uonorndeckue ciaenst ¢ JHK
(kpoBB, CIIOHA), KOTOpPbIe MOTYT COXPAaHMUTBCA
Ha Goempumacax, CpeAcTBax HOCTaBKU, OffeXJie
HNOCTPaJlaBIINX VIV IMOBEPXHOCTAX B 30HE VH-
nupenta. OHAKO UX MCCIeloBaHMEe OCTOXXHEHO
HeOOXONMMOCTBI0 CPOYHOI ferasaluy — Iep-
BUYHOJ OOpabOTKM [ HeNTpanm3alyuy TOK-
CUYHBIX BelIeCTB.

[Ipo6nemMa 3aknIr04aeTcsa B TOM, YTO JIerasu-
pyoue coctaBsl MOryT paspymars JHK B 610-
JIOTMYEeCKUX C/Iefax, fAe/asl HeBO3MOXKHOI reHe-
TUYECKYI0 UACHTUPUKALNIO IPECTyIHNKA. DTO
CTaBUT IIOJ] YI'PO3Y:

- YCTaHOBJIEHMEe IMYHOCTY NPECTYITHUKOB,

- IpuUBJIeYeHMEe K OTBETCTBEHHOCTM TOCY-
mapcTB (ecnmyM MCIIOMHUTENTM [eICTBOBAIM IIO
HpuKasy),

- JIETUTUMHOCTb OOBMHeHMIT (PUCK 0OBMU-
HeHNs B NMPOBOKAIMM IIPYM HEJOCTAaTKe JOKa3a-
TEIbCTB).

AxmyanvHocmv paboTBl 00yClIOBIEHA He-
00X0IMMOCTBI0 Pa3pabOTKM aNrOPUTMOB CO-
xpanenua JIHK-marepmana mpm mnposegeHUN
merasanuy, 4YTO KPUTMYECKU Ba>XHO JIA 00Bb-

1

eKTUBHOTO PacClefOBaHNA XMMUIECKUX MHIU-
IEHTOB.

IJenv pabomol — Hay4HOE 06OCHOBAHME A/ITO-
puUTMa JeiCTBUI Ha MeCTe XMMUYECKOTO MHIIN-
TeHTa [I/Is1 COXpaHEHMA BellleCTBEHHDBIX JOKa3a-
Te/NTbCTB.

Memoo uccnedosanus. AHaTUTIYECKUIL.

Hcmounukosas 6asa uccnedosanuii. Iy6nu-
KalMM B HAYYHBIX )XypHajax, B TOM 4YMCJIe JIO-
CTYIHBbIe Yepe3 I71o6anbHyI0 ceTh VIHTepHeT.

[TocTaBneHHas 1e/lb JOCTUTANACK:

- OIpejie/leHNeM PUCKOB IOTePM KPUMUHA-
muctudexoit 3Haunmoit [JHK-undpopmanun;

- pa3paboTKOIl anropuT™Ma paboThl Ha MecTe
XMMUYECKOTO MHI[MJEHTa, CBA3aHHOTO C Hapy-
menuem K3XO.

Bo3MoxxHbIe PUCKM HOTEepM KPMMHIHAIU-
cruyeckn 3Haunmoiyt JHK-mndpopmamunm B
OMOTOrMYeCcKNX CIefax Ha MeCTe XMMUYECKOTO
uHnugeHrta. Ilpomecc mpoBefeHUs KpUMUHA-
AUCTUYECKNX MCCAeJOBAaHNII B paMKaX paccie-
JTOBaHUS COOBITUII, CBA3AHHBIX C IPMMEHEHNEM
TOKCUYHBIX XMMMKATOB B HapymeHne K3XO,
COMPSKEeH CO 3HAYMTENbHBIMU HMPeNATCTBUAMUI
n crnoxHoCcTAMU. OFHMM U3 TaKUX IIPemAT-
CTBUII AB/IAETCA OIpefie/ieH e 001l CTpaTernu
KPMMMHAIUCTUYECKOTO MCCIENOBaHUA CeJj0B,
OCTaBJIEHHBIX Ha MeCTe MHI[M/IEHTA, B TOM 4YlCIIe
AULlaMM, BUHOBHBIMIU B ero copepumeHnn. Cre-
myeT nmu o0CIefnoBaTb 00bEKTHI B Oe30macHBIX
yCIOBUAX, T.€. B CIENMaNN3MPOBAHHOI T1abopa-
TOPUM C MOAXOAAMIMMY HMOMEIeHUAMU U 000-
pynoBaHMEM, VN Iepe] KPUMUHAINCTUYECKON
9KCIIepTU30I UX clIefyeT ob6e33apa3uTh? IlepBolit
ClleHapuil mpefonaraeT BHe[peHMe alallTupo-
BaHHBIX IIOAXO[0B M METOJOB, KOTOPbIe MOTYT
ObITh IPUMEHEHbl B YCIOBUAX OTpaHMYEHUIL,
HaK/IaJbIBaeMbIX Ha MHPpPacTpyKTypy. Bropoit

K3XO npunsara [enepanpuoit Accam6bieeit OOH 30 Hosa6ps 1992 r. URL: https://www.un.org/ru/documents/decl_

conv/conventions/chemweapons.shtml (gara o6pamenus: 10.05.2025).
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ClleHapuil TMO3BOJsIeT WJeaNbHO IPUMEHSATH
MEeTOJBI, OFHAKO OH COIPSIKEH C PUCKOM TOTO,
YTO CJIefibl MOTYT OBITh HapyllleHbl B pPe3yJb-
TaTe NMpolenypsl obeszapaxusanus [1-3]. Cie-
JOBaTeTbHO, BA)KHO M3YYUTh BINUSHUE Jera-
3UPYIOIINX pelenTyp M HpoIefyp Ha CIejbl,
4YTO, B CBOIO O4Yepe/b, MO3BOMUT IPUHUMATH pe-
IIEH)S O TOM, KaKye 00'beKThI U C/IefIbl CIeyeT
cobupars.

Cpenu MHOXeCTBa CjIe[J0OB, KOTOpbIe SIBJIS-
I0TCsA TPeIMEeTOM WUCCIeIOBAaHUS B XOfe KpU-
MUHANUCTU4YecKoit akcneptusnsl, JHK crama
IIeHHBIM U He3aMEHMMBIM BelleCTBEHHBIM [I0-
Ka3aTeNbCTBOM B Pas3/IMYHBIX TUIAX men [4, 5].
Opnako [JHK moxeT OBITH JIeTKO yAaneHa Man
MOBpeX/ieHa pa3nuIHbiMu ¢aktopamu [6-10], u
JUIIb HEMHOTME KJI€TKY MOTYT 00eCIedYnTh J0-
crarouHoe kKonmudyectso JHK pnsa mpodunupo-
Banus [11, 12]. THK moxBepkeHa merpajgaunumu
o, BO3JeiicTBMEeM (aKTOpOB OKpy’Kaloleit
Cpefbl, TAKMX KaK CBeT, TEIJIO ¥ BJIaXKHOCTH
[9]. BospeitcTBue ynbTpadMONIETOBOTO W3NIY-
yeHus MoxeT nospeautb [JHK, mosbimeHHBbIE
TeMIepaTypbl MOTYT NIPUBECTU K JeHATypauun
U ¢parMeHTanuM, a BBICOKUII YPOBEHb BIIaXK-
HOCTHM MOJKET CIOCOOCTBOBATH HAerpajainuu B
pe3y/nbTaTe peaKIuii TMAPOAN3A, YTO IPUBOJAUT
K IOTepe HYK/IEOTUIHBIX OCHOBAHUIL, [le3aMMI-
HupoBaHuio u pacuiernennto autu JJHK [8, 13].
O6myMy MexaHU3MaMN JeTpajaliuyl sIBASIOTCS
TUAPONN3 U OKMCIeHUE, B YaCTHOCTH, aKTUBHbIE
dbopmbl KKcmopoma U CBOOOmHBIE pagUKabI,
B YaCTHOCTU TUJPOKCUJIbHBIE PafMKanbl, KO-
TOpBbIe, KaK XOPOIIO 3BECTHO, BHI3BIBAIOT fIerpa-
manuio THK [8, 14, 15]. JomonHutenpuble dak-
TOPBI, TaKMe KaK 9KcTpeMasnbHble ypoBHU pH n
MUKpPOOHas aKTUBHOCTb, MOTYT CIIOCOOCTBOBATD
¢dparmenTanuu u Mopubukauum npodueit
OHK [6, 8, 16]. HecmMoTps Ha 3Tu mpobiemsl,
B psage paboT 3apy0eXHbIX KPMMUHAIUCTOB
Obla MOKa3aHa BO3MOXXHOCTb BOCCTAHOBJIEHMU
npoduneit JHK ¢ MecT npecTymnnenuit u npep-
MEeTOB, IOABEPIIINXCS BO3JIEICTBUIO IKCTpe-
MaJIbHBIX TeMIeparyp (Hampumep, MOAXKOT MU
caMojieIbHOe B3PBIBHOE YCTpOiicTBO) [17-20]
VIV TIOBBILIEHHON Baa>KHOCTU [21-24].

B pame ¢dyHmaMeHTaNnbHBIX MCCIeJOBAHMIL
M3y4aaach CIIOCOOHOCTb BOCCTAHAB/INBATD NIPO-
¢unn THK nocie Bo3pmeitcTBUS pa3IuMYHbIX YN-
cramux (5, 25-31], gesunpunupyomux [32-34]
CpencTB 1 60eBBIX OMOMTOTMYECKUX U XUMIYe-
CKUX areHToB [33, 35-37]. Bausanue uncramux
cpencTB Ha BoccraHoBneHue [JHK mokaseiBaer
U3MEHYMBYI0 KapTuHY. MeTopbl paboThl ¢ cy6-
crparoMm, Hocutenem JHK, u ¢opmmposannsa

BBIOOPKY, HApAAYy C aHaJIMTUYECKMMU IIOfIXO-
AaMU, BHOCAT 3HAYNTE/NbHBIE pa3nmnumMsA Kak B
konuyectBe [JHK, Tak u B cmoco6HOCTh BOCCTa-
HaBnuBaTh npodunu [25-29]. O6pIYHO Mccte-
AYEMBIMU YUCTAILMMM CPEJCTBAMU SBIAITCA
MbII0 U oTbenuBarensd [30, 31]. Boio nmokasano,
YTO NOPUCTBIe CyOCTpaThl B Ije/IOM obecreyun-
BalOT 6o0jee BBICOKNME MOKAa3aTely YCIEeUIHOCTU
BoccraHoBnenuss mnpoduns JHK. Xmopupo-
BaHHBIE YNCTALINE CPEICTBA, TaKye KaK 0TOenn-
BaTe/lb, JeMOHCTPUPYIOT BBICOKYIO TEHJCHIIUIO
Kk pasnoxennio JHK, uro mpmsomur k 6omee
HU3KMM IIOKa3aTe/lsIM BOCCTAHOBJIEHUS IIPO-
duns [5].

B cBoeMm nccnegosanum 2020 roga Wilkinson
C COABT. M3YUM/IN BIMAHME PA3TMYHBIX METOIOB
Jerasaliuy >KMAKUX ¥ Ta3000pasHBIX BelleCTB
Ha BoccTtaHoBneHnue npodunsa [JHK. Ilpume-
94aTeIbHO, 4TO (OPMANbJETH], M O30H Cylle-
CTBeHHO BIMAMN Ha Konmndectso JHK, npemsar-
CTBYA IIOTHOMY BOCCTaHOBJIEHNIO IPOQUIIA.
Penentypst MODEC MDEF-500 n Bioxy-S 6bi1n
ompefesneHbl KaK HalMeHee pa3pyLIUTeTbHbIE
cpencTBa s obessapaxxuBanua. Kpome Toro,
B 9TOM VICC/IEJOBAHMY OBIZIO MOZYEPKHYTO, UTO
VICTIapeHHas MepeKuCch BOZOPOfa ¥ raMMa-o06y-
YeHVe ABIAITCA HalIMeHee Pa3pylINTeTbHbBIMU
Merogamu npodunuposanusa JHK B mpucyr-
CTBUM OMOIOTMYECKUX areHToB [33].

Vounsupymomne wusnyd4eHuss OOBIYHO ¥C-
HONBb3YIOTCA IS HelTpanusanuu Ouormormde-
cKux areHToB [38]. BosfeiicTBue pa3mMYHBIX
usnydenuit Ha npo¢unuposanue JHK, takmx
KakK anbda-, 6eTa- 1 raMMa-o6ydeHne, a TAaK>Xe
ynbpTpaduoneToBoe 06ydeHne, IpuBenIo K pas-
MUYHBIM pe3ynbrataM [34, 39-40]. Takue ¢ak-
TOPBI, KaK IpUMeHAeMas §03a, CHenupuyecKuit
nporokon ananusa JHK, a takxke cybcrpar u
Hocurenb JIHK, BHoOcAT cBOIl BKlag B Bapua-
Oe/bHBIE pe3y/IbTaThI .

Yro KkacaeTcss OMONTOTMYECKMX IOpaka-
IOLVX areHTOB MM 6O0EeBBIX OTPABIAIOLINX Be-
mecTB, To Timbers ¢ coaBr. [36] uccnegosanu,
KaK 0aKTepuy, SHJOCIOPbI, TOKCUHBI ¥ BUPYCHI,
COXpaHAITCA B mpomecce skcrpakuuu JHK
IS TeHeTudeckoro npo¢uanposanus. Vx pe-
3y/IBTATBI IIOKA3a/I, YTO KOMMIECTBO OaKTepuit,
BUPYCOB U TOKCMHOB OBIJIO CHU>KEHO JI0 HeoIIpe-
Ie/Is1eMOr0 yPOBHA BO BpPeMs 3KCTPAKIUM IIOf
meiictBueM Oydepa mns nusuca. Tem He MeHee,
KU3HECIIOCOOHBIE HJOCIOPbl COXPAHSMNCh U
nociae sKcrpakuuyu. Peanmsanusa stama ¢uib-
Tpanuu nocne Boifenenus JJHK ycremno ycrpa-
HIJIA KM3HECIIOCOOHbIe CIIOpBI Oe3 yinepba mms
IOHK uenoBeka. B mccrmemoBaHum ormedaercs,

? National Research Council / Strategies to Protect the Health of Deployed U.S. Forces: Force Protection and
Decontamination, Washington, DC: The National Academies. Press; 1999. URL: https//doi.org/10.17226/9717

(marta obparenns: 09.05.2025).
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4TO J/IMTE/bHOE 3arpsi3HeHMe 0OpasIoB OIpe-
Jle/IEHHBIMY OMOMTOTMYECKMMM areHTaMU IIpe-
HATCTBYeT BO3MOXXHOCTM 3aBepUINTH TeHETU-
yeckoe NpOo(QUIMpOBaHME, YTO IOfYEPKUBAET
Ba)XXHOCTDb OBICTPBIX M 3(PeKTUBHBIX Mep IO
o6e33apaxuBannio [36].

boeBble oTpaBAON/e BellleCTBAa MPeICTaB-
AT COOO0I CTIOKHOE MOJIOTHO MHTepdepeHInm,
korpga peub uzet o THK. Wilkinson ¢ coaBsr. [35]
HPOJAEMOHCTPUPOBA/IN, YTO HEKOTOPbIE areHTBI,
TaKye KaK I[MaHUCTBI BOJOPOJ, 3apuH, GTop-
aneraT HaTpMA U JMA3VHOH, He MHIMOUPYIOT
npo¢unuposanue JHK. Tem He MeHee, anKnIn-
pylolas NIpupofa APYrUX BeIleCTB, TAKUX KaK
CepHMUCTBIN UIIPUT U JUMETUICYTbAT, U OKIUC-
NTUTeNbHAaA MPUPOLia APYIUX, TAKUX KaK XJI0p U
docren, moryT He Tonbko paspymars JHK, HO
fla)ke MPUBECTU K IIONTHON IOTepe TeHeTude-
cKoro mMarepuana [35].

JleTanbHOe TOHMMaHUE TOTO, KaK CIebl
IOHK coxpaHATCA Ha MecTe XMMUYECKOTO MH-
LUJEHTa, IPU3BAHO NOMOYb CHOPMYINPOBATH
Hanbosee MpUeMIeMbIll aITOPUTM PabOThI, Ha-
IpaBleHHBII Ha QopMupoBaHMe HOKa3aTenb-
CTBEHHOIT 6a3bl paccieoBaHNA JAHHOTO MHIIN-
meHrTa [4, 41, 42].

IKcIepuMeHTaIbHOE MCCIelOBaHUe IO
KPUMMHATUCTUIECKOMY Te€HOTUNPOBAHMIO
B YCIOBUAX BO3JeICTBAMA JerasvpyIoINX
peuentyp Ha o6bexkTbl-HOCcuTenu JHK. B ne-
[aBHO IPOBEJEHHOM IIBEIIIAPCKUMU YIEHBIMU
(n3 IlIxonsr kpuMmuHanuctTuku JlosaHHCKOTO
yHuBepcutera u ®DeepanbHOro yIpapaeHUA
rpakxgaHckoit obopoubsr llIBeiirjapum) wnccie-
MOBaHUM OBUIM VCIIONB30BAaHBI 16 pasIMYHBIX
CpeAcTB Aerasanuy o6pasoB KPOBM ¥ CIIIOHBI.
O6pa3upl KpOBYM U CIIOHBI ObIIM HaHECEHbI Ha
MapiIio, a 3aTeM IOIBEPIHYTHI BO3/e/ICTBUIO Je-
rasupymoIiux perentyp. BmociaegcTBum Obian
HpOBeJieHbl  SKCTPAKIMs,  KOMMYeCTBEHHOE
onpepenenne u npopunuposanne [JHK, uro mo-
3BOJIVJIO HOTYYUTDh IPeACTaBICHNE O BIUSAHUU
npouenypsl obe33apakuBaHMA Ha Npoduan
IOHK rtakux 6uonorndeckux ciemo. Obe3sapa-
KUBaIOIINe CpefICTBa BKIII0Ya/N B ce6s o6uieno-
CTYIIHBIE YMCTALINE CPEJICTBA, TaKMe KaK MBIJIO,
Bojjla M OTOenmBaTeNnb, a TAKXe CIIel[MajIbHbIe
o6e33apakuBamolne CpefCcTBa, CIeLNaTbHO
paspaboTaHHBIe I CTy>X6 OBICTPOTO pearnpo-
BaHMA U TPYII IO JMKBUAALMM IOCIESCTBUI
PXB-uHUIUAEHTOB i1 60PbOBI C XMMUIECKUMU
n Omonoruyeckumu OoeBbiMM areHtamu [3]. B
kavectBe HocuTenmeit [THK 6b1mn BoIOpaHbI IBe
XUJKOCTM OpraHM3Ma: IieJibHasg 4YeloBedecKas
KpOBb I 4YeroBedecKas caoHa. OHM OBIIN BBI-
OpaHBbI, TOCKOTBKY OOBIYHO COfiepKaT 6oJblLIOe
konundectso JJHK [43] u B menom obecrneynBaior
60/IBIITYI0 BOCIIPOM3BOAMMOCTD, YeM CEHCOPHas
IOHK pns mccnemoBaTenbckux ieneit [44]. Uc-
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CllefloBaHNe IMPOBOAMIOCH C WCIOTb30BaHMEM
KaK YMCTOI, TaK M JIBYKPAaTHO pa3baBIeHHOI
KpOBM, a TaK)Xe YNCTOI U JIBYKpaTHO pa3bas-
JIEHHOJ CTIIOHBI.

B mccrmemoBaHMM MCIIONTB30Banach Hepas-
OaB/IeHHas YeloBedYeCcKas KpOBb, 0OpaboTaHHas
SITA, monydyeHHas OT OJHOrO JOHOpa uepes
6ank kpoBu. KpoBb XpaHMIach B XOTOAMIb-
HuKe npu temneparype 4 °C. JIBykpaTHoe pas-
BefleHMe KPOBU FOTOBU/IM C OJIOBMHON 00beMa
KPOBMY ¥ IIOJIOBVHOJ 00'beMa CTePU/IbHOI BOJBI.
Pa36aBneHHYI0 KpOBb TaK)Xe XPaHWIM B XO-
TOAMIbHUKe Tpu Temineparype 4 °C mexpay
UCIIONb30BaHMeM. [I/1s CIIOHBI OBII NIPOBeeH
OJHOKPATHBINI OTOOP CIIOHBI OT 4Ye/lOoBeKa-
noHopa. JJoHOpPYy OBIZIO HOPy4YeHO 3aIOTHUTH
CTepUIBHYI0 IPOOUPKY 00 beMOM 15 M/T MeXAy
8 m 9 dvacamm yTpa mepepn 3aBTpakoMm [45].
CiloHy XpaHUINM B MOPO3MIbHON KaMmepe Ipnu
tTemneparype MuHyc 80 °C, uTo6bI M36eXKaTh
6axtepuanproi gerpagauuyu JHK u ynydmurs
coxpanHocth ITHK [46]. [Jnsa nmpuroroBneHus
pasbaBieHHBIX 00Pa3I[0B CTIOHBI Hepef KaXKIbIM
UCIIONb30BaHMEM TOTOBMINM JByKpaTHoe pas-
OaB/ieHNe CTIOHBI MOJIOBMHON 00beMa CIIIOHBI U
HOJIOBMHON 06beMa crepuabHOIl Boabl. Ilocte
oTbopa mpob6 KPOBb U CIIOHA MOMELIATUCh Ha
XpaHeHNe B XOJOAMIBHUK VI MOPO3UJIBHYIO
kamepy. [lamee mpober — 10 MK1 Hepa3bas-
JIEHHO U pa3baBleHHOI KpoBM U 40 MK He-
pasbaBrieHHOl U pa30aBIeHHON CIIIOHBI, COJEp-
s)xamux JHK, HaHOCMIN Ha pacyeTHBIN LIEHTP
KBaJIpaTOB TPEXC/IONHON CTEPUIbHON Mapin
(Toppers 12, Systagenix) pasamepom 1,5 cmx1,5 cm.
MaprneBble KBafpaTbl BBICYIIMBAAM IpPU KOM-
HaTHOJI TeMIlepaType B Te4eHye Houu. J]/Isa Kax-
floro o6pasiia MapieBble KBaJpaThl IOMEIIAINCh
OT[Ie/IbHO B Ipe[BapUTEeNbHO OYNMIIEHHBbIE CTe-
KnAHHble JamKky Ilerpum. MapneBble KBagpaThbl
n vamkyu IleTpm mpepmBapuTenbHO IOABepra-
JIMCh BO3JEIICTBUIO YIbTPadUOIETOBOTO CBeTa
(254 uM) B Teuenme 30 MMHYT JjIs IpefOTBpa-
meHusa 3arpsasHeHus [JHK, ocramomeroca Ha
Mapne unm vamkax Ilerpu. Jerasupyromue
pelenTypbl ObIIM BBIOpaHBI TaKUM 00OpasoM,
9TOOBI OBII TNpEACTaBIeH IIMPOKUI CHEKTP
TaKUX cpenctB (mabnuya 1).

Mapnun mnopBepranyu BO3JeICTBUIO Jera-
3UPYIOIINX pelenTyp pasaIMuHON IPOJOTIKM-
TEIbHOCTM B COOTBETCTBUM C MHCTPYKIUAMMU
npouspogutTens. na HmOTrpyXeHus, Ha MapIo
B Kax/ywo 4Jamky Ilerpu, nanusanu mo 15 mn
flerasupyollero BemiecTBa. [Ins pacnbliseMbIX
o6e33apaXkMBaIOUINX CPENCTB, HAa Mapji pac-
OBUIAIN PeLenTypbl GO IIOTHOIO IOKPBITUA U
BuuTbiBaHuA. Ilopomkn n cpegctso RSDL BhI-
CBINa/NM Ha Mapiyu [0 HMOTHOTO UX IMOKPBITHA.
Jerasanuio NpoOBOAMIN IIPU KOMHATHOW TeM-
neparype. Ilocne HaHeceHUs [erasupyrlomux
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pelenTyp Mapau ObIIM y[aJeHbl M IOMeEIeHbI
B yncTble yamky I[leTpu ¢ momompio crepunu-
30BaHHOTO INUHIETA, IPU 3TOM HUKAKUX Jeil-
CTBUII IO yHaeHNIO U3INIIKOB fera3ypyonx
pelLentTyp ¢ Map/au He IpefIpuHUManock. Map-
neBble KBajparsl, cogepxamue [JHK, Bpicymmu-
Ba/JIM IpU KOMHATHON TeMIlepaType B Te4eHMe
HOYM B 3aKPbITHIX Yamkax [leTpu, 4T0o6bI mpe-
HOTBpaTUTh KOHTaMuHanuo. [Ipouexnypa 6bira
IpOBeeHa B TPeX HOBTOPHOCTAX I/ KaXKHOTO
00e33apa’kMBAOIIETO CPECTBA U KaXXTOI KOM-
OuHAIMM KUTKOCTeit opraHn3ma. Tpu obpasiia
KPOBM U C/TIOHBI OBIIM TaK)Xe PaBHOMEPHO Ha-
HECEeHBbI Ha Mapiio A/ KaXKHO¥ KOHIeHTpaIuu
6e3 Kakoil-mn60 06paboTKN, A YCTAHOBIECHUA
9TAJIOHHBIX pe3y/IbTaTOB (KOHTPOIsA) [ Ka-
XKIoit KoHIeHTpauuu. OZuH 4nCTHIT obpaser
(t.e. mapns 6e3 kakoii-mu60 THK) 6511 mpope-

rasyMpoBaH KaXX[oll pelenTypoil Iad YUCTOTHI
9KCIepPUMEHTa B KauecTBe KOHTPOA [3].
Ananus JHK nposogunu uepes psAj 9Tanos:
3KCTpaKI M, KOMMYeCTBEHHas OlleHKa, aMIIIU-
¢dukanus u cekBeHnupoBaHue. TeM He MeHee, IBa
KOHKPETHBIX 3Tala OblIv 0COOEHHO 3HAYMMbIMU
B JaHHOM MCCIe0OBaHNM. Bo-mepBbIX, ObIIN CO-
OpaHbI JaHHbIE KOMMYeCTBEHHOI OI[€HKM /I U3-
y4eHUsI BIMAHUS 00e33apa>kBAIOLIMX BeleCTB
Ha KonnuectBo JJHK, kotopoe moxeT ObITH 13-
BJIeYeHO U3 3TUX 00pas3I[oB. ITU TaHHBIE 3aTeM
MOCNTY>KM/IM OCHOBON [/ AajbHeIIeN MOJro-
TOBKM 00pasua, ompefensisi He0OXOAuUMoOe KO-
JNYECTBO 9KCTpaKTa A ammnndukanun. Boo-
C/IeCTBUM aMIUIMKOHBI IOABEpraayu aHanausy c
MOMOIIbI0 KAMM/IISIPHOTO a7eKTpodopesa, mpu
3TOM OlLleHKa BOCCTAHOB/IEHM PODUIIs KOPOT-
Koro TaHgeMmHoro nosropenns (STR) mposogn-

Ta6nuua 1 - OnucaHue dezasupyoujux peyenmyp u ux npuMmeHeHuUe Ha 0CHO8e UHCMpYKYuli npouzeodumerneli

Table 1. Description of decontaminating mixtures and their use according to manuals provided

by manufacturers
OcHOBHOW Mexa-
2 HU3M aerasauuu/ SR I L JeAcTBylOLLME aKTUBHbIE Clutetsal? e
n/n/ Basic (nng3BOAMT'eJ1b/nOCTaBMMK)/ ey p,erasau!uu{ MUH /.
No iy econtaminating mlxt.ures Active ingredients Decontamination Exposur'e time,
(manufacturer/supplier) method min
mode
1 | ®dusnyeckoe Bopna* (sogonposoaHas) / ) Morpy>keHue / 5
yaanexue / Tap water* Submersion
Physical removal MbinibHas Boga* ~0,1 % MorpyxeHue / 5
(no o6bemy) (BogonposBoaHas Submersion
BO4A C MOWLWMWM CPeACcTBOM
«Handy»?) / -
Soapy water* ~0,1%
(per volume) (tap water with
«Handy»? detergent)
M3onponaHon* Morpy»xkeHne / 5
(Sigma-Aldrich >99,8 %) / ) Submersion
Isopropyl alcohol*
(Sigma-Aldrich >99,8%)
SkinNeutrAll®* Ackop6buHoBas kucaoTa / Cnpeit / 5
(Ilma Biochem)/ Ascorbic acid Spraying
SkinNeutrAll* (Ilma Biochem)
2 | Apcopbuns+ CHpowder (Cny>x6a nogaepyk- | XnopupoBaHHas U3BecTb Mopowok / 1,5
Okucnexue / KW KOMaHO0BaHUS BOOPYXKEH- | (TMMOX0PUT KaibLms), Powdering
Adsorption+ HbIX cun LLsenuapum) / oKcuz, MarHms /
Oxydation CHpowder (Swiss Armed Forces | Chlorinated lime (calcium
officership support service) hypochlorite), magnesium
oxide
FastAct® (Enware) OKeua, MarHus, okeug, Mopouwuok / 1,5
TuTaHa / Powdering
Magnesium oxide,
titanium oxide
3 | HykneodunbHoe GDS2000 (Karcher) 2-AMUHO3TaHON, Cnipen / 10
3aMelleHue / OUITUNEHTPUAMUH / Spraying
Nucleophilic 2-aminoethanol diethylene
substitution triamine
GD6 (OWR) AMUHO3TaHON / Cnipen / 10
Aminoethanol Spraying
RSDL® (Emergent Bio) 2,3-6yTaHanoHMoHOKeMM /| BoccTaHoBNEHUED / 2
2,3-Butanedione monoxime Reduction®
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lMpodomxeHue mabauywi 1

Sl e [erasupytowme peLenTypbl Cnoco6 Kcno3uumsa
2 HU3M Aerasauuu/ Pylotime peuentyp [encTBylowme akTUBHbIE Lm,
X (npousBoauTenb/nocTaBwmK)/ nperasauum / MUH /
n/n/ Basic R . BellecTBa / M .
S Decontaminating mixtures L . Decontamination | Exposure time,
No decontamination . Active ingredients .
(manufacturer/supplier) method min
mode
4 | Okucnenue / Alldecont (OWR) [Mnoxsnoput HaTpus / MorpysxeHue / 2
Oxidation Sodium hypochlorite Submersion
BX24 ~10 % (no macce Ha Ouxnopusoumanypat / Morpy»xkeHune / 15
o6bem) (Cristianini) / Dichloroisocyanurate Submersion
BX24 ~10% (volume per mass)
(Cristianini)
Bleach (Potz) [Mnoxnoput HaTpus / MorpysxeHue / 5
Sodium hypochlorite Submersion
Wasa®-Soft & Clarina® Tosnnxnopamug HaTpus / Morpy>xkeHue / 2
~2,5 % (no o6bemMy 1 no macce | Tosylchloramide sodium Submersion
Ha 06bem) (Lysoform) /
Wasa®-Soft & Clarina® ~2.5%
(volume per volume and volume
per mass) (Lysoform)
Virkon®S ~1 % (no macce) MeHTakanum 6uc(nepokcu- | Morpyskenue / 10
(Lanxess) / MoHocynbbaT) 6uc(cyib- Submersion
Virkon®S ~1% (in mass) (Lanxess) | daT), 6eH30/1cyibdpOHOBas
Kkucnota /
Pentapotasium
bis(peroxymonosulfate)
bis(sulfate), benzenesulfonic
acid
Vaprox pa36aBneHHbit ~10 % | Mepekucb Bogopoaa / Morpy>xkeHue / 15
(no o6bemy) (Steris) / Hydrogen peroxide Submersion
Vaprox diluted~10% (in volume)
(Steris)
BodacTtepun ~2 % (8/8) HapykcycHas kucnota / Cnipen / 60
(Kesla) / Peracetic acid Spraying
Wofasteril~2% (i/v) (Kesla)
MpumeyaHue.
*NccnenoBaH Kak METOZ, yAa/EHUS, HO C BO3MOYKHOCTbIO T’MAP0IM3a.
LlIser,apCKnii NPOM3BOAUTESIb MOKOLLMX CPEACTB A5 MbITbs Nocyabl Migros.
"3bATO BMECTE C BELLLECTBOM.
Tabnuua aganTupoBaHa aBTopamu 13 pa6oThl |. Radgen-Morvant ¢ coasT. [3].
Notes.
*Studied as method of removal but with a possibility of hydrolysis.
aSwiss manufacturer of dish wash detergents Migros.
bWithdrawn along with the substance.
The table is adapted by the authors of this paper from I. Radgen-Morvant et al. [3].

Jach MyTeM KOMOMHMPOBAHHOTO aHAMNM3a KaX-
moro py6nukata [3].

IOHK mBeitnjapckue y4eHble U3BAeKaau U3
Ka>k/]0J1 Map/Iy € IOMOIIbI0 KOMOMHMPOBAHHOTO
VICIIONIb30BaHMA Habopa Investigator Lyse&Spin
Basket Kit (Qiagen AG) n QIAamp DNA Mini
Kit (Qiagen AG) B COOTBETCTBUY C IPOIEY POIL,
YCTaHOBJIEHHOI Cy/eOHO-TeHeTnYecKoil nabo-
paropueii, axKKpeJUTOBAaHHON IO CTaHJApTy
ISO 17025. Mapnu ObIIM TIOMeEIeHbl B TPYOKM
C BpallalOMIMMUCA KOp3MHaMu. B Kaxpgyio
npobupky mobasnsanu 180 mxn ATL-6ydepa u
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20 mkn npotenHassl K. 3arem mpobupku mop-
BeprajayM MHTEHCHMBHOMY IlepeMellVBaHNI0 Ha
Kayajgke ¥ VMHKyOupoBanu B TedeHue 1 4 mpm
56 °C npu 500 06/MuH Ha TepMokauanke (BioSan,
TS-100). IIpobupkm co CHOMHOBOIT KOP3MHOII
ObUIV TOABEIHYTBl OKOHYAaTEeIbHOMY I€HTPU-
¢yrupoBanuio yepes 5 MuH npu 12000 06/mMuH.
3aTeM CHMHOBYIO KOpP3MHY M Mapiio yHAansalu,
a JHK oummanm B COOTBeTCTBMM C IIpoIie-
Aypoil, TpPeayCMOTPEHHOIl  MUHU-HabOpoM
QIAamp DNA Mini Kit (Qiagen AG) [48]. ITo-
JIOXXUTENbHBINI KOHTPONb (Ma3ok ¢ 50 MK
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1/250 pa36aBieHHOI KPOBM OT M3BECTHOTO JO-
HOpa) M OTPULATETbHBINI KOHTPONb (mycTas
CIVHOBAasT KOP3VMHA) COMPOBOXAAMU KaXKAYIO
3KCTPAKINIO.

KonmuuecrBennywo onenky [JHK mnposo-
punu ¢ momouipio Habopa Quantifiler Trio DNA
Quantification Kit (Applied Biosystems or
Thermofisher Scientific) B coorBeTcTBUM ¢ MH-
CTpyKuuAMu npoussogurens. Konmnuecrsennoe
oIpefeneHne TPOBOANIOCH C IIOMOIBIO CHCTe-
mbl [IIIP B peanpHOM Bpemenu QuantStudio 5
(Applied Biosystems — Thermofisher) n coor-
BETCTBYIOLIET0 IPOTPAaMMHOTO O0ecle4eHNs
nna ananusa IIIP B peampnom Bpemenm HID.
Kaxxgsiit obpasen; akcTpakium ObIT Konmde-
CTBEHHO OIIpefie/ieH JIBaXk/Ibl, KaK MMOKa3aHO Ha
pucynxke 1.

Ona amnnunéukanun JHK Ha 3x32-my-
HouHoit IIIIP-cucreme ProFlex 3 (Applied
Biosystems by LifeTechnologies — Thermofisher
Scientific) ucnonp3osaucs Habop pns ammnndu-
kapuu IIIIP AmpFLSTR NGM SElect (Applied
Biosystems by LifeTechnologies - Thermofisher
Scientific). Bei6paHHBIT HabOp HalleneH Ha 16 110-
kycoB STR (kopoTkuit TaH/IEMHBIIl IIOBTOP)
Y aMeJIOTEeHMH C UCIONTb30BaHMEM 5 MK 9KC-
tpakta JHK B o6mem o6bveme ITIP 25 Mk,
KOTZla ero KOHI[eHTpalus COCTaBIsIa MeHee
0,1 ur/mMxn. Ecnu KoHIeHTpaunus 6bl1a BBILIE,
o6bem 9xcrpakra [JHK, pobasmsiemoro K
o6pemy IIIP, ymenbuianu. IIpu KoHIeHTpanun
Boiute 0,75 HI/MKI 0o0pasupl pasbaBmsamu s

PucyHok 1 - lpouecc c6opa 0anHbix AHK 0na kaxmcoo-
20 Oezasupyroujezo eeuwlecmed U Kawc0020 paszsedeHus
o06pasya (pucyHok adanmupoeaH aemopamu u3 pabomsl
I. Radgen-Morvant c coaem. [3])

Figure 1: DNA data collection for each decontaminant
agent and diluted sample (the figure is adapted by the
authors of this paper from I. Radgen-Morvant et al. [3]))

MONy4YeHNA KOHIEHTPUMPOBAHHOIO 3KCTPAKTa
¢ xoHuenrpanuei 0,5 ur/mxna. JHK us kaxpgoit
9KCTPAKLIUY aMIINPUIIMPOBAIN ABAXK/bI C VIC-
IOTb30BAHNMEM OJHUX M TeX >Ke YCIoBMil (maBe
permmkanuy Ha obpasen, pucyHox 1). Viccneno-
BAHMA COIPOBOXK/ANCH IIOTOKUTENTbHBIM I OT-
pULIaTeIbHBIM KOHTPOIAMU

IIporpaMmma TepMOIMKIMPOBAHUSA BKIIIO-
Jajia B ce6s1 Ha4a/IbHYIO JEHATYyPAaL IO IIPY TeM-
neparype 95 °C B Tedenue 11 MuH, 3a KOTOpOII
cnepoBanu 30 UUKIOB JleHATypaluyu IpPU TeM-
neparype 94 °C B TeueHme 20 ¢ U OTXKUT IpH
temneparype 59 °C B tedyenue 3 muH. Ilporecc
3aBepllaacAd y[AMHeHUeM JIOKYCOB IIpU TeMIle-
parype 60 °C Ha 10 muH. Ilocie saBepuieHusA
peakuMOHHbIe (IAKOHBI BPEMEHHO XPaHMIU B
TEePMMUYECKOM aMIUIM(UKATOpe, MOAHepPKIBasi
temieparypy 4 °C B TeueHNe HeOIlpee/IeHHOTO
BpeMeH!, IpeX/e 4eM OHU OBbIIM IOMeIlleHBbI
B MOpPO3UJBHYI0 KaMepy IIpM TeMIlepaType
muHyc 20 °C.

OO6pasupl TOTOBMIM [ aHaIM3a Kalluil-
JAPHOTO 37eKTpodopes3a NMyTeM MO3MPOBAHMA
B Kaxayw nayHky 9,5 mkn Hi-Di formamide
(Applied Biosystems) u 0,5 mxn GeneScan-600
LIZ (Applied Biosystems by LifeTechnologies —
Thermofisher Scientific) n mo6aBnsanu mo 1 Mk
Ka)XI0r0 aMIIMpUIMpoBaHHOTO ob6pasua. [Ins
96-1yHOYHOro IJIaHIIETAa B HIVDKHEN 4acTU Ka-
JKIOJ KOJIOHHBI ObIIO [00aB/IeHO JBEHajLlaTh
CTAaHJIApTOB ajiIeNbHBbIX necTHUL. Ilocne mepe-
HOCa 00pasI[0B IVTaHLIETHI ObUIV IIOKPBITHI IOAY-
Ie4YKaMy JJId IeperopojoK ¥ HeMOoCPeACTBEHHO
3arpy>KeHbl B TreHeTudeckmuii aHanmusarop 3500
ISl CeKBEHMpPOBAHMA. AMIIMPUUIMPOBAHHAA
JHK 6bi1a mpoaHanmsmpoBaHa C IIOMOIIBIO
reHeTndeckoro ananmusaropa 3500 (Applied
Biosystems by LifeTechnologies - Thermofisher
Scientific) B coOTBeTCTBMU CO CTaHJapPTHBIMMU
npouegypamu.

JJaHHBIE KONMYECTBEHHOTO aHaaM3a MCCIe-
IOBaNNCh C MOMOIIBIO MHTEIrPUMPOBAHHBIX UH-
CTPYMEHTOB, IPEeSOCTAaBAseMbIX HACTOIbHBIM
nporpaMMHBIM ~ obecneyenuem  QuantStudio
Design and Analysis, onennBas mpaBuibHOE
yCUIeHMe IyTeM BU3yanmsanuu rpaduka ycu-
JIEHUA U CTAaHJaPTHOM KPMBOJ Ha OCHOBE 3Ta-
JTOHHBIX 3HadeHMit. KomnyecTBeHHbIE 3HAYCHU S
u uHpekc perpajauyun (DI) 6piyu monmydeHs! B
Excel. KonmyecTBeHHble pe3ynbTaThl CHadaia
ObIIM M3ydeHBI caMy IO cebe, a 3aTeM coIoO-
CTaB/IEHBl C WUHJEKCOM [erpajaunuin, Ipefo-
CTaBJIEHHBIM HAabOpOM Il KOMMYECTBEHHOTO
ounpenenenus JHK Quantifiler Trio. 3tor DI
ouennuBaer gerpaganuio JHK nyrem ¢parmen-
TallM¥ Ha OCHOBE COOTHOIIEHUS MEXHAY KOH-
LeHTpalyell MaablX U OONBIINMX ayTOCOMHBIX
aMIUIMKOHOB (T.e. B claydyae Habopa fns Ko-
IM4YeCcTBEHHOro omnpepgenenua Trio, cooTBet-
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CTBEHHO ayTOCOMHasA MuileHb 80.0. 1 «MUIIEHb
merpajanuu» 214.0.) [49]. 3nauenus DI Hmxe
IIOpPOTOBOrO0 3HaYeHuA npoussopurend 1,5-2
yKasbIBanM Ha oTcyTcTBue ferpaganuu JHK, a
sHadyeHuA DI Bpimre 10 ykaspiBaau Ha CUJIbHYIO
merpapganuo JHK [49].

Cnenysa PYKOBOACTBY MOJIb30BaTe s
QuantStudio’ u onupasce Ha mpegbIAYLINE VC-
cnemoBanua S. Vernarecci ¢ coasr. [50], 6b110
MPOJEMOHCTPUPOBAHO, YTO COYeTaHUe KOJU-
yeCTBEHHOTO 3HaueHuss ¢ DI moxker obecme-
YUTh Hafe)XHOe MPOTHO3MPOBaHNUE IIAHCOB Ha
BOCCTaHOB/IeHMe npodunsa. B cnyyasx xumn-
YeCKNX MHIUEHTOB C OOMBUINM KOTNYECTBOB
00pasnoB, KOMOMHALMS KOMMYECTBEHHBIX 3Ha-
yeHnit ¢ DI MoxxeT npegocTaBUTh LeHTPanmn3o-
BaHHYI0 MHPOPMaUUIO I COPTUPOBKU U IIO-
MOYb OIpefennuTh obpasel], KOTOPBI Clefyer
AQHA/IN3YMPOBATDh B IEPBYI0 OYepelb. YUMTHIBAA
0XMJlaeMyI0 JleTpajjaliii0 ¥ YyBCTBUTEIbHOCTD
KO BpeMeHU, KOTOpble MOTYT OBbITH Ba>XHBI B
TaKUX C/Iy4YasaX, U3ydeHUe 3TOro IOAXO/a Kasa-
JIOCh NIPUBJIEKATE/IBHBIM C Y4eTOM M3y4aeMOro
KoHTekcTa. Ha ocHOBe mponecca mporHosu-
poBanus S. Vernarecci ¢ coaBrt. (pucyHok 2), B
COYeTAaHUM C KPUTEPUSIMU OLIEHKHU, YCTaHOB-
JIEeHHBIMU B tabnuye 2, NPOBOAUIACH OlleHKa
BO3MOXXHOCTM TPefBUIETh BEPOSATHOCTH IIOJ-
HOTO BOCCTAHOBJIEHVSI IPODUIIS C YIETOM KO-
vectBa [JHK u DI [50].

Ona o6bpaborkm panueix npodumna JHK
MIBEMIIAPCKUMY  Y4YEHBIMM  MCIIOJIb30BaNoCh
nporpamMmHoe obecnedenne GeneMapper ID-X
(vl.4, Life Technologies). Ananutudeckue mo-
poroBble 3HAYEHUSA MA/NA VHTepIpeTaluy IIpo-
(UIBHBIX MaHHBIX OBIIM YCTAaHOBJIEHBI Ha OC-

PucyHok 2 - [lepeso npozHO3upoeaHusi 60CCMAHO8/1eHUS
npoguna Ha ocHose onybaUKO8aHHbIX OaHHbIX S. Vernarecci
c coasm. [50]

Figure 2: DNA profile recovery forecast tree (constructed
based on the data from S. Vernarecci et al. [50]

HOBE IIPOTOKOJIOB, IIPMMEHAEMBbIX IIBENLapCKOI
nmaboparopueil, aKKpeAUTOBAHHOI B o061acTu
CymeOHOJ TeHeTMKM, [ BBISABIEHUS CJIefOB
B peaNbHBIX [enaXx. AHalIUTUYeCKue IOpPOTu
B GeneMapper ObIIM yCTAaHOBJIEHBI Ha YpPOBHe
70 RFU (oTHOcuTenbHBIX egumHUL, (ayopec-
LeHI[MY) J/Is1 CUHETO, Ke/ITOTO 1 3e7IeHOro (pyo-
podopa 1 100 RFU pns xpacuHoro ¢pnyopocdopa.

[Toce Ha3HaYeHMsI MPOTPAMMHOroO obecre-
YeHVA aj/UleNnd UAeHTUPUKALWA U UCIPaBIeHNe
MI06bIX apTeaKTOB, BK/IOYas IOATATMBaHUE,
BIIaJleHMe U BbINajieHNe, OBIIM NIPOBeJeHbl B
COOTBETCTBUU C IPEJOCTaBIE€HHbBIMU IPOTO-
KonmaMu. [ KakIoil 3KCTpaKUUM OIpefensd-
ercsa npoduns [JHK Ha Hanmuvue annens, ecnu B
060uX aHaNMM3ax ajleb IPaBUIbHO OOHAPYKeH
u aTpubyTHpoBaH. /151 OKOHYAaTeTbHOI OLIEHKN
ObUIM OIpefeNeHbl TPU KaTerOPUM: IOJIHBIN
npo¢uIb, YaCTUYHBIN MPOPUIb U OTCYTCTBUE

Ta6bnuua 2 - Kamezopuu oyeHku npogpuneti JHK
Table 2. Evaluation types for DNA profiles

KaTeropus /

Onucanue /

a full one

Type Description
MonHbit npoduns / Ecnu Bce 16 NoKycoB 1 MapKkep aMesioreHnHa UMesIM KaXK Ablv aaieb paccMaTpPUBAEMOro MHAMBU-
Full profile AyyMa, pe3ysibTaT paccMaTpmUBasICs Kak NoJiHbIA npodbus /

If all 16 locuses and amelogenin marker had each allele of the subject in question, the profile was considered

YacTuyHbIM npoduab /

Partial profile CUYMTasICS YaCTUYHbIM Npoduniem /

Ecan no kpanHen mepe 6 10KYyCOB MMeIn BCe aslsieqIn pacCMaTPMBAEMOrO MHAMBUAYYMA, pe3ynbTaT

If at least 6 locuses had all the alleles of the subject in question, the profile was considered a partial one

HeT npodwuns /

No profile BaJICsA KaK HeMpo®UIbHbIN /

Ecav MeHee 6 10KYCOB UMEIM BCe ajlIefiv paccMaTpMBaEeMOro MHAUBUAYYMa, pe3y/ibTaT paccMaTpu-

If less than 6 locuses had all the alleles of the subject in question, there was no profile

MpumeyaHue.

Note.

Tabauua cocTaBnieHa aBTOpaMm Ha OCHOBe AaHHbIX S. Vernarecci ¢ coasT. [50].

The table is compiled by the authors of this article based on the data from S. Vernarecci et al. [50].

> Thermo Fisher, QuantifilerTM HP and Trio DNA Quantification Kits - User Guide; 2018. URL: https://assets.
thermofisher.com/TFS-Assets/LSG/manuals/4485354.pdf (mara ob6pamenns: 10.05.2025).
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ANropuTt™m AencTBUIA Ha MeCTe XMMUYECKOr0o MHLUMAEHTA A1 COXPAaHEHUS BELLLECTBEHHbIX A0Ka3aTe/IbCTB
Standard procedure at chemical accident site to ensure protection of evidence

npoduIA B COOTBETCTBUU C KPUTEPUAMM, IIPeJ-
CTaBlIeHHBIMU B mabnuye 2. Kpurepuu On11u
oIpejie/ieHbl HA OCHOBE pPeKOMEHJAaIMil IO VH-
TeprpeTanuy, IpeJoCTaBIeHHBIX MIBeIIapCcKoi
aKKpeIUTOBAHHON CyJeOHO-TeHeTNYeCKoi J1a-
6oparopueil, ¥ aHAJOTMYHO IOAXOAY, BHIOpaH-
HoMmy Helmus c coasr. [21]. Kak monHbI, Tak u
YaCTUYHBINI NPO(PUIb COOTBETCTBYIOT Tpebo-
BAaHMAM, IPeIbABIAEMBIM K OTIPaBKe OZHOTO
npo¢uns B meeitnapckyio 6asy ganaeix CODIS.
Kpome Ttoro, Habmwopmanace dopma mnpoduns
U oTMevyanuch sneMeHTsl ferpagaunuu ITHK. B
9aCTHOCTU, NMpodunu ObIIM M3yUeHBI ISl BbI-
ABNeHNA Hanuuusa «3(deKkTa TOPHOTBIKHOTO
CKJIOHa». IDTOT 3¢ ¢deKT MOoXeT OBITh BU3YaJIU-
3MPOBAaH Ha 3MeKTpodeporpaMMe ¢ MOMOIIBIO
00ONbIIVIX NMKOB B KOPOTKUX aMIUIMKOHaX U
MaJIbIX MMKOB B JIMHHBIX aMIUIMKOHAX U yKa-
3piBaeT Ha ¢pparmMentanuio nenu [JHK u o6myro
merpaganuio [JHK [13, 20, 51].

Bce momoxurenbHble M OTpUIIATETbHBIE
KOHTPONIN 3KCTPAKINUM, a TaKXe BCe ITOIO0XU-
Te/IbHBIE U OTpUIATeTbHble KOHTPOIYM aMIIIN-
¢uKanum pganum oXxmjgaemble pesynbraThl (OT-
CYTCTBHUE ajI/Iefiell B OTPUIIATEe/IbBHOM KOHTPOJIE,
MIOJIHBIE U COT/IAcyIoIyecs NpoGuIn s IoIo-
KUTETbHOTO KOHTPOJS 3KCTPAKLMYU M aMIIIN-
¢uKanum), 9T0 CBUJIETENBCTBYET 00 yCIEIIHOM
3aBepUIEHNY BCEX STAIOB ¥ MO3BO/IAET KOHCTA-
TUPOBATh YCHEUIHBbI aHAIN3 SKCTPAKLMM, aM-
WINPUKALUY U KaOWUIAPHOTO 3/eKTpodopesa
[3]. Ons KOMMYECTBEHHOI OI[EHKU CTaHAApPTHI

I1s1 KanuOpPOBOYHOI KPUBOI COOTBETCTBOBAN
OXU/IaeMbIM 3HAYEHUSM, MPELOCTABIEHHBIM
npousBoguTeneM [51]. dranonHbie 06pasiibl MO-
3BOJIM/IM HONIYYUTDH IOJIHBIE MPOPUIN U OBIIN
UCHONIb30BAHBl [I/I1 OLIEHKM BOCCTaHOBJIEHMS
npoduns gas Kaxgoro obeszapakMBaILero
BelmlecTBa. B mycToM o6pasue, o6paboTaHHOM
VICKJTIOUNTE/IBHO 00e33apakMBaIINMU  Cpef-
cTBaMy, He OBIIO OOHApyXeHO MHPUCYTCTBUSI
IOHK, u, cnegoBaTenbHO, 13 HEro He yAanoch
u3B/IeYb NMPOUIb, YTO yKasplBaeT Ha OTCYT-
crBue 3arpsasHenus [JHK. KpacHblil BeT KpoBu
CTa/l ePBBIM BU3ya/JTbHBIM NPU3HAKOM HOCTIE]-
CTBUIM BO3JENCTBUA [eTasupymOIINX CpejCcTB
(mabnuya 3). OgHAKO, XOTA 3TU HAOMIOTEHNS
yKa3bIBalOT Ha peakIyIo, OHM He 00s3aTelbHO
ykasplBalT Ha ux BnauaHue Ha [JHK, nmpucyrt-
CTBYIOIIYIO B KpOBH [3].

B cny4yae BomonpoBOAHOI M MBIIBHOM BOJbI
HaOIIofieHNe 3a pasXKVDKeHNEeM VM pacTBOpeHMeM
KPOBM M3 Map/i IO3BOJISIET IPeIIONoXUTb 9 -
dekT cmpiBaHus. V3MeHeHMe 11BeTa C KPACHOTO
Ha KOpUYHEBBINl B caydyae nmpuMeHeHus Bleach,
Alldecont, BX24 n WasaSoft & Clorina moxxer
MPOMJITIOCTPUPOBATH IMPEIIOYTUTETBHOE OKIIC-
NMUTENbHOE IeJICTBUE Ha )eJle30CoepsKalie Mo-
NeKyBI [52], 1 MOXKeT yKa3bIBaTh Ha YCKOPEHHOE
OKMC/IUTENbHOE [IeiICTBUE HA TeMOIIOONH U
ero npeBpalljeHNe B MeTTeMOITIOOMH, KOTOPbIi
VMeeT TeMHO-KPACHO-KOPUYHEBYID OKpPacKy
[53]. IIpucyrcrByromas B kposu JHK Takxe
MOXXeT ObITh TOBpeXXeHa [54, 55].

Ta6nuua 3 - BusyasnebHoe Habnto0eHue 3a mapJieli U peakyuel Kposu ¢ o6e33apaxxusarowum sewjecmaom
Table 3. Visual inspection of gauze and change of blood after decontaminating agent exposure

Ob6es33apakuBatome
Mogudukaums nposesieHUs KPOBU Ha Mapae /
Uzt Changes of blood on the gauze
Decontaminating agent
Bopa / Water KpoBb YacTU4HO pacTBopeHa/BbiMbITa / The blood is partially diluted/outwashed
MbinbHas Boaa / Soapy water | KpoBb YacTu4HO pacTBopeHa/BbiMbiTa / The blood is partially diluted/outwashed
M3onponaHon / Isopropyl Hukakumx nsmeHeHuit He 3ameyeHo / There is no change detected
alcohol
SkinNeutrAll Hwukaknx nsmeHeHwuit He 3ameydeHo / There is no change detected
CHpowder Benbiii HaneT Ha KPOBM M3-3a OCTaTKOB NopoluKa / The blood has a white bloom because of the
powder debris
FastAct Benbit HaneT Ha KPOBM U3-3a 0cTaTKOB nopoluka / The blood has a white bloom because of the
powder debris
GDS2000 Hwukaknx nsmeHeHwuit He 3amedeHo / There is no change detected
GDé6 KpoBb npnobpeTaeT po3oByto oKpacky 1 ceopaumBaeTcs / The blood discolors to pink and
coagulates
RSDL KpoBb npuobpeTaeT 60s1ee TeMHbIl UBeT / The blood color becomes darker
Alldecont LlBeT KpoBU MeHsieTcs Ha KopuuHeBbln / The blood color changes to brown
BX24 LlBeT KpoBM MeHsieTcs Ha KopuyHeBbln / The blood color changes to brown
Bleach LlBeT KpoBM MeHsieTcs Ha KopUUHeBbIi/3eneHbli / The blood color changes to brown/green
Wasa-Soft & Clarina KpoBb YacTMYHO pacTBOPSETCS U LLBET KPOBU MeHsieTCs Ha Kopu4iHeBbliit / The blood is partially
diluted and the blood color changes to brown
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lMpoodomkeHue mabnuywi 3

O6es33apakuBatome
Mopgudukaums nposiBsieHUs KpoBU Ha Mapae /
GHEpeuEe Changes of blood on the gauze
Decontaminating agent
Virkon LlBeT KpoBu MeHsieTcs Ha »enTbilh / The blood colour changes to yellow
Vaprox O6pasoBasiacb NeHa, U HUKaKUX BUAMMbIX NSATEH KPOBU He ocTasiock / Foam appears and there
are no visible signs of blood at all
Vofasteril LlBeT KpoBM MeHseTcs Ha »enTbilh / The blood colour changes to yellow
MpumeyaHue.
Tabauua aganTupoBaHa aBTopamu 13 paboTsl |. Radgen-Morvant c coasT. [3].
Note.
The table is adapted by the authors of this article from I. Radgen-Morvant et al. [3].

Vaprox, copep>kalinil IepeKkuch BOJOPOJA,
HpuBeI K peakiuy IeHOOOpa3oBaHMs, B OC-
HOBHOM 33JJOKyMeHTUPOBAHHOM KaK peaKIus
¢ ¢pepMEHTOM KaTanasoil KpoBY, KOTOpas MpHu-
BOJUT K BBICBOOOXXEeHUIO Kucmopoaa [56, 57].
ITocne Bo3sgeiicTBuA Vaprox Ha Mapie He OCTa-
JI0Ch BUAMMON KPOBM, YTO yKa3bIBaeT Ha BO3-
moxHyIo notepto JTHK [58]. [Tepexncu o6b19HO
pearupymoTr depe3 TaK Ha3bIBAEMYI0 peaKIUIO
dentoHa ¢ ¢opmamm >Kenesa, IMPUCYTCTBYIO-
UM B KpoBU [59]. DTOT MyTh peaKuuu MOXKeT
CIOCOOCTBOBATh OKUCIUTEIBHOMY IPOLECCY U
M3MEHEHMIO OKPACKM KPOBU K >Ke/ITOBATOMY OT-
TeHKy. KpoMe TOro, mepexkmucp Bofoposa MoXeT
HpUBECTU K MexaHu3My peakuuu [abepa-Beiica
C OHAMU XeJe3a, B pe3y/lbTaTe KOTOPOW 00-
pasyoTcs TUAPOKCUIbHBIE pagMKaabl. ITU
pagukansl 067agaloT BBICOKOI peaKIVOHHO
CIIOCOOHOCTBIO ¥ CIIOCOOHOCTBIO pa3pylIaTh
IOHK [60].

IIns Vofasteril u Virkon Habnromanoces nsme-
HEeHJe >KeJITOBAaTOT0 IIBeTa/MCYe3HOBEHNE, 4TO
CBUMIETE/IbCTBYET 00 MX OKVCIUTENTBHOM Jeii-
CTBUM Ha KPOBb, XOTS MOJPOOHBIE MEXaHU3MBI
He MOTryT ObITh JjoKasaHbl. Kak m B ciaydae c
Vaprox, MOXXHO 6b1710 661 0kujath notepu JHK
c atuMu o06e33apa’kMBAOIMMIU BelleCTBAMMA.
GD6 wuHAaynmpoBam pPO30OBYI0 OKpPacKy Kpo-
BSIHBIX TIAT€H, OCHOBHOWM XUMMYECKUIl COCTAB
KOTOPBIX OCTAeTCsl HESACHBIM, HO MOXXHO OXM-
math a¢dexTa cBA3bIBaHUA Kene3a. Ilopomknu
(FastAct 1 CHpowder), usonponanon, GDS2000
n SkinNeutrAll BusyanpHO He BO3/eiicTBOBAIN
Ha IATHA KPOBU. DTYU BU3ya/ibHbIe HAOTIOEH N
3a MU3MEHEeHUsIMH [|BeTa yKa3bIBAIOT HA PeaKIuu
MeX/y KpPOBbI0 1 00e33apa>kMBalOIMMM Belle-
ctBamu. TeM He MeHee, C/IO)KHasi cMeCb KpOBU
VICKJII0YAeT 9KCTPAIOAINI0 BO3/IENICTBUA ITUX
o6e33apaxuparomux Beuects Ha [JHK, comep-
XKamryiocs B KpoBu. O4eBUIHO, YTO MeXaHI3MBI
peakuyu MOTYT OBITH PasHOOOPA3HBIMU, YTO
HoJ4YepKuBaeT HeOOXOAMMOCTD U3YYeHUs TOTO,
KaK 9TV pa3nMyHble MeTOAbl 06e33apakuBaHMA
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BIMSIOT Ha CyieOHO-Me U IMHCKOe TPOodUInpo-
Banue THK [3].

O6mee xkomuuectso [JHK, Bbigenennon
MIBEMI[apCKUMM yYYeHBIMM 13 Hepa30aBIeHHOI
U pa3baBleHHOV KPOBU, CUIBHO BaPbUPOBATIO
or 0 go 8000 mr/MKa, B 3aBUCMMOCTHM OT MWC-
IOTb3yeMOro 00e33apa’kiBaIOILIEr0 CpefCcTBa
(pucymox 3).

Jns HepasbaBeHHO U pa3baBIeHHOI CITIO-
HBI OBIJIO 0OHAPYIKEHO, YTO KOTMIECTBO BOCCTA-
nosnennoit JHK B iierom Huxe. Camasi BbICOKa s
KOHIleHTpauusA 6vi1a 4yTh Hyke 3000 mr/mMKi,
a B HekoTopbIx obpasunax JHK He obmapyxn-
Banack. Ilo cpaBHeHuI0 ¢ ob6pasnaMu KpOBM,
00pasibl CIOHBI TEeMOHCTPUPOBAINM MEHBUIYIO
BapuabenbHOCTh KONMMYECTBEHHON OLEHKU W,
KaK TMpaBMIO, MMenu Oojmee HMU3KME KOHIIEH-
tpanuu JHK. Tem He MeHee, pasnuuusa Mexpy
TpeMs Pa3IMYHBIMU BUJAMU SKCTPAKIUM BCe
>Ke ObITM 3aMeTHBI. KonumyecTBeHHbIE peNINKM
B paMKax OJHOIl UM TOWM >Xe SKCTPaKIMu, Kak
IpaBUJIO, IIOKAa3ajay MeHbILIVe Bapualuy I
CHIIOHBI, YeM [/Is1 KPOBY, TZe HabOMIO#anoch 10
85 % OTHOCUTENBHOTO CTAHFAPTHOIO OTKIIO-
HeHus (PCJl) mMexay pemnmukamMyu OfHON M TON
e aKcTpakuun [3].

B o6pasiax Hepa36aB/IeHHOI KPOBU TOTHKO
yertbipe gekoHTamuuaHTta (RSDL, SkinNeutrAll,
BX24 u Virkon) ganu 6onee AByX pelInKaHTOB
C KOIMYECTBEHHBIMM pe3y/IbTaTaMM HIDKe
30 nr/MKII, 4TO yKa3blBaeT Ha Xopollee BOCCTa-
HoBreHne kommdecrBa JJHK mocne obpaborku
MOYTU BCEMU JeKOHTaMMHaHTaMu. B obpasmax
pasb6asnennoit kposu JIHK He 6pima o6Hapy-
J)KeHa HUM B OTHOM M3 pennnukaros BX24, Bleach
u Virkon. B Hepas6aBieHHbIX 00pasax CITIOHBI
He Obima obnapyxena [JHK Hu B opHOM M3
MIeCTU pemnnukaToB oTbenuBatens u Virkon, a
nnst BX24 u Vaprox HaOm0anuch TOMBKO OYeHb
Hu3kue kounentpanyu JHK (ot 0 go 14 nr/mx).
Ons pa36aBneHHBIX 00Opasl[OB CHAIOHBI, B [O-
nonHeHme K ordenmsarento u Virkon, BX24 ne
maBan BoccTaHabnusaemoit JHK, B To Bpemsa
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PucyHok 3 - Juazpamma paccesiHus koHueHmpauuu JHK adanmupoeaHa aemopamu u3 pabomel I. Radgen-Morvant

c coasm. [3]

Figure 3: DNA concentration scatter graph (the figure is adapted by the authors of this paper from I. Radgen-Morvant

etal. [3]

kak Alldecont m Vaprox mmenu KOHIleHTpamuu
IOTHK uumxe 30 nr/mxi [3].

KpoBb 1 cloHa ABIAIOTCA CIOXHBIMU >KUJ-
KOCTSIMM, M XOTSI KPOBb B II€JIOM COJEPIKMUT
6onpimoe konuuectBo IHK, ee cocraB Tak:ke
BKJIIOYaeT B ceOs pasnuyHble Oenku U 3e-
MEHTBI, KOTOpble MOTYT MeNIaTh B IIpoliecce
9KCTPAKLUU U KOMMYECTBEHHOTO OIIpefie/ieHN s,
c1oco6¢cTBys 6osee BBICOKOI BapmabenrbHOCTU
KonuyecTBeHHbIX pesynbraToB JJHK. Ilpensa-
puTenbHBIe TeCTbl (pe3y/lbTaThl He IIOKa3aHBbI)
Tak)Xe IIOKasany, 4YTO IIPOLEeCC SKCTPaKIUM
MOXXeT BBI3BIBATb BBICOKYI0 BapuabenbHOCTD
[11], kak u cy6cTpaT, U3 KOTOPOTO M3BJIEKAeTCs
IOHK. IlepBble TecTbl MPOBOAUNUCH C KPOBBIO,
HaHeceHHON Ha 100 % Xmom4aTo6yMakHYIO
TKaHb, KaK 0b710 mpotecTupoBano Wilkinson ¢
coasrT. [33]. Tem He MeHee, 9 PEKTUBHOCTD IKC-
Tpakuuy Oblla IpU3HAHA HM3KOI, U TOITOMY
B KaueCTBe ajbTePHATHUBBI ObIIa MCIIOTb30BaHA
Mapns. DTO elle pa3 MOZYePKMBAeT pelIapiiee
BIUAHMe CyOCTpaTa Ha yCIleX B peaybHBIX CIIy-
qyasax, Kak ynomuHawort Sewell ¢ coasr. [61].

Takum o6pasom, HabGmogaemMas BHYTPHU-
Bapnabe/bHOCTh MOXeT ObIThb NPOCIeXeHa [0
IepBOHAYAIbHBIX pa3nuuuii B konndectse JHK
u3 obpasua Ha Mapje, MPOoLefypPbl IKCTPAKIUU
U caMOro Ipolecca KOIMYEeCTBEHHOIO OIlpe-
meneHus. O6 3TOM CBUAETENBCTBYET BHYTPU-
BapuabenbHOCTh, HabmIOaeMass B 9TaTOHHBIX
o6pasiax, KOTOpble He MO/ BePrajich NMPOLecCy
o6e33apaxMBaHMs, HO BCe K€ TEeMOHCTPUPYIOT
3HAYNTENbHYI0 M3MEHYNBOCTb. TeM He MeHee,

6onpuroe KommuuecTBO pekombObuHanTHOI JHK
6b1710 BOCCTaHOBNIEHO. [IpofBUIKeHME MO ITOI
M3MEHYMBOCTU JIMeeT BaKHOe 3HadyeHMe s
TOTO, YTOOBI OIpefenuTh, KaKie acIeKThl He
MOT'YT OBITH OTHECEHBI K TUNMYHON M3MEHYU-
BOCTH 9TUX IIPOIECCOB.

Vicnonp3oBaBuiyecs MLIBEHIIAPCKUMU yue-
HBIMM Jlera3upyloliye penenTypbl, KOTOpbIe
manu Hebonpmoe konmdectBo ITHK, ocobenno
IIeHHBI /I YeTKOW MHTePIpeTaIui, IIOCKOIbKY
OHY CBUJIETENbCTBYIOT O BPEJHOM BO3[IEIICTBUNI
meraszaTopa Ha BoccrtaHosneHue [JHK, xkoropoe
He MOXXeT OBITh 00'bACHEHO BHY TPUBBIOOPOYHOI
BapMalue Man METOJOM SKCTPAKIMU U KOIU-
yectBeHHOM oneHku [THK. ITo konu4yecTBEHHBIM
pesyabraTaM BCeX 4eTbIpeX TUIIOB INPOTECTU-
poBaHHBIX o6pasuoB Virkon okasan mambonee
3Ha4YNMTe/NbHOE HEeTaTUBHOE BINMSHIE, IOCKOIBKY
npakTuyecku He Obima BoccraHobimeHa JJHK
HU I KpOBHU, HM Jjisi caoHbl. BX24 n Bleach
HPOSIBU/IY aHAJIIOTUYHBbIE CBOJICTBA, MOCKOIBKY
U3 Hepa30aB/IeHHOI KPOBY U CIIOHBI OBIIO BOC-
CTAaHOBJIEHO NNIIb MUHMMAJTbHOE KOIMYECTBO
ITHK, u He 661710 BOCCTAaHOBJIEH BOOOIIE T€HOTUII
u3 pasbaBneHHBIX 0oOpasnoB. Ins Vaprox or-
HocutenbHo 6onbinoe konmndectBo JHK 6bi10
BOCCTAaHOBJIEHO 13 Hepa30aBJIeHHOIl KPOBM, HO
KO/MYECTBO OBIIO 3HAYMTETBHO HIVKe NI pas-
0aBlIeHHOIl KPOBM UM 0OpasnoB CIIOHBL. JI30-
npomanon u WasaSoft/Chlorina u Vofasteril
VIMe/M B IIeJIOM BBICOKJE Pe3y/IbTaThl KOMNM4Ye-
CTBEHHOTO OIIpeJie/IeHNsI, HO TaK>Ke VIMeNlN BBI-
COKYI0 Bapuabe/lbHOCTh B paMKaX pas3IMYHBIX
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3KCTPAKIUIl, YTO CBUJIETENIBCTBYET O BAMAHUU
Ha JITHK, XxoTs 1 MeHee BBIPa)KeHHBIM U MeHee
HOBTOPsIeMBIM 00pa3oM.

Cpenn OPYTUX o6e33apa’kMBaOINX
cpencts (t.e. mpta, GD6, RSDL, SkinNeutrAll
u Alldecont) Bapuanuu m 6onee HU3KUE KONMU-
yecTBeHHble 3HaueHusa JTHK mossonsior mpen-
MOJIOKUTh, YTO HEKOTOpble U3 HUX [elCTBU-
TebHO paspymaioT mian ypangior [JHK, xora
U He 00513aTelIbHO HOCTATOYHO, YTOOBI YCTaHO-
BUTh 4YeTKyI TeHAeHnuwo. Boma, GDS2000, a
takke CHPowder u FastAct, mo-Bugumomy, He
OKa3bIBa/IM NPAMOIO BAMUAHUA HA KOJIUYECTBO
mocrynHoro marepuana [JHK npm HaneceHunm
Ha KPOBb.

IIBeiinapckmue ydeHble [ JaJbHENIIETO
U3y4YeHUs IIOJIYYeHHBIX pPe3yAbTaTOB MUCIIO/b-
3oBanu 3HadeHus DI, xoTopsle 11 06pasios
CIIOHBI B OCHOBHOM BapbUpOBajNch OT 1 1o 3, mo
CpaBHEHUIO C 06pas3iaMu KPOBU, ST KOTOPBIX
6onpminHcTBO DI 6BITM HUXKe 1 (pucyHox 4).
YuuTsiBast COCTaB CTIOHBI C MHOTOUYMC/IEHHBIMU
(depMeHTaMM, KOTOpbIe, KaK M3BECTHO, paspy-
maior JJHK, Takoit mcxonm He SBISIeTCS HEOXU-
OaHHBIM [62].

AHanus pe3ynbTaToB, MOTYyYeHHBIX HIBeEJi-
HAapCKMMMU yYeHbIMU-KpuMuHanucrammu. O6-
pasibl, KOTOpble IMOKa3aay BBICOKME 3HAYEHUS
DI (>4), 6siin obpasumammu, IpoperasyMpoBaH-
HeiMmu  GD6, SkinNeutrAll, RSDL, Vaprox,
Virkon u Vofasteril. Vaprox, Virkon u Vofasteril -
aTO0 obe33apakuBaplnye CpeAcTBa, paspabdo-
TaHHBIE, B IIEPBYI0 ouepe/b, A1 3pPeKTUBHOI
60pb06BI C 6MOTOTMYECKIMIU aT€HTaMU 1 0OBIYHO
UICTIO/Ib3yeMble 1/si GOpbOBI C IMaTOreHaMM U
me3nHQpeKIM IMOBEPXHOCTEN, HO TaKXXe Ha-
XO[AT INpMMEHeHMe M [ JeKOHTaMUHAIUU
TOKCUYHBIX XMMMKATOB, OCOOEHHO — BBICOKO-
MOJIEKY/IAPHBIX TOKCMHOB Tuma punuua‘. He-
YAUBUTENTBHO, YTO OHUM B OTHOIIEHUMU KJIETOK
Ye/l0BeKa BOCIPOM3BOAAT TAKOI ke MeXaHWU3M
merasanuu, Kak M Ha MUKPOOPTAaHU3MBI, YTO
npusoaut k gerpamanun [JHK. Vicmonp3soBaHue
JepeBa pelleHuit (pucyHox 2) U IOPOTOBOE 3HA-
yenue DI, paBHoe 4 (4TOOBI yuecTb BO3pacTa-
I0IYI0 erpafialinio 06pasloB CIOHBI), TOIBKO
49 n3 384 KOIMMYECTBEHHBIX OOpa3IOB MMeNnn
3Hauenue DI Boime 4. BonpmimHCTBO 3TUX 06-
pasuoB ObUIM oOe33apa’keHbl BodacTepuaoMm
(pucynox 4).

PucyHok 4 - lMonHoe eoccmaHossieHue A0Kycos U npocpuas. CpedHee KosudecmeeHHoe onpedesieHue U 3HadyeHusi DI ons
Kaxc0020 u3esiedeHUs 3anucaHbl 8 yeHmpe cmos6buya. MizeneueHus, komopule 0anu cpedHee 3HaueHue DI ebiwe 4, 3anucbl-
8aIOMCs KpACHbIM U8emoM (pucyHoK adanmupoeaH asmopamu u3 paéomeol |. Radgen-Morvant ¢ coaem. [3])

Figure 4: Full recovery for locuses and profile. Mean measurements and DI values for each extraction are written in the
middle of the column. Extractions with mean DI > 4 are marked red (the figure is adapted by the authors of this paper from
I. Radgen-Morvant et al. [3])

* Arovet, Virkon S. 2022. URL: https://www.arovet.ch/fr/produkte/virkon-s/ (zata obpaienns: 04.05.2025).

Kesla, Konzentrierte Peroxyessigsdure fiir die Desinfektion in Krankenhaus und Praxis - Wofasteril; 2016.
URL: https://www.kesla.de/produkte/wofasteril/ (gara o6pamennst: 04.05.2025).

Steris / Vaprox Hydrogen Peroxide Sterilant | STERIS Life Sciences; 2022. URL: https://www.sterislifesciences.com/
products/equipment/vhp-sterilization-and-biodecontamination/vaprox-hydrogen-peroxide-sterilant (zaTa o6pare-
Hus: 10.05.2025).
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RSDL, GD6 n SKinNeutrAll npumevaTenpHbl
4YTO, XOTA pa3nuyHoe komndectso [JHK mormo
OBITb BOCCTAaHOBJIEHO B 00pasuax, Impojerasiu-
POBaHHBIMY 3TUMM BelecTBaMu, ux DI npepmo-
JlaraeT, YTO MPOM3O0IIIa HEKOTOpas Jerpagarnus
IOHK, n B pesynbTaTe MOXXHO OBIIO OXXMATD
qacTU4YHbIX npoduneit. [Ipumenss Bbimeymo-
MAHYTble Kputepum pemenus S. Vernarecci c
coaBT. [50], mpopunuposanue STR mocne aTux
o6e33apa)kMBaOLIVX BeLeCTB JODKHO IHpeny-
CMAaTpMBATh TONBKO YaCTUYHOE BOCCTAHOB-
nenue npoduis, 4to u 6po caemnano. Ob6be-
OUHUB KOMUYECTBO U MHAeKC gerpaganuu JHK
U IpUMeHMB mopxon S. Vernarecci ¢ coasT. [52],
HPOTHO3 JJIS1 IOJTHOTO, YaCTMYHOTO MM OTCYT-
CTByMOIIero nmpoduas copman B 93 % ciaydaes ¢
IOy YeHHBIMY pe3yIbTaTaMu Hpous.

IOnsi HepasbaBlIeHHO! KpOBU ORWH [e-
koHTaMyuHaHT (Virkon) He manm mpodunsa, tpu
(SkinNeutrAll, Vaprox u Vofasteril) manu ga-
CcTU4Hble podunn, B To BpeMs Kak 12 gpyrux
manu nonasle npobunu JHK (pucyrox 4). Ona
pasbaBieHHBIX 00pa3l0OB KPOBU HaOIIOJATNCh
aQHAJIOTUYHbIe TEHJEeHIMM, C JBYMS J[OIOTHMU-
TEJIbHBIMMU JIeTa3upyIIUMHI BemecTrBamu, BX24
u Bleach, uTo mpuBeno x orcyTcTBUIO MpOdUIA
JHK. Bropoe nssnedenue Hepa36aBIeHHOTO 00-
pasua cnoHbl gnsa BX24 npuseno K Mony4eHnIo
npoduas ¢ HECKONMBKUMU AJUINAMYU, KOTOpBIe
He MOIZM ObITh OTHECEHBI K JOHOPY. VIHTep-
mpeTanus 3Toro npodunsa 6b1a 3aTpyfHEHA, 1,
4TOOBI M30€XaTh JIOKHOJ MHTEpPIpeTaLuN, OH
He paccMaTpuBaics fanee (moMedeH Kak NA Ha
pucyrke 4). O6pasipl, MogBepruiecss BO3fei-
cteuro GD6, mpuBenu K MOAy4eHUIO ABYX 4a-
CTUYHBIX TPOQUIIEii, XOTS OTCYTCTBOBAJ TOIBKO
OJIVIH JIOKYC, @ IPU OTHOM U3B/IeYeHUN IPOPUIb
IO HK He 6611 BoccTaHOBIEH. [I151 ofHOTO 06pasia
pasbaBleHHOIl KPOBY, MOABEpruieiicsi BO3meli-
CTBUIO MbI/Ia, TPOGUIb He OB/ BOCCTAHOBIIEH.

Ins HepasbaBimeHHON caloHB 7 o6e33apa-
KMBAOIIVX BeleCTB Jaau IOMHbIe Hpoduan
nnsa Bcex Tpex ygmanennit. CHPowder, FastAct,
GDS2000, WasaSoft/Clorina u Boga obecrieunnm
IIOJIHOe BOCCTAHOBJIEHVe NMPoduIsa Kak [ He-
pa3baBlIeHHBIX, TaK U /s pa3OaBIeHHBIX 00-
Pas3IOB C/TIOHBI U B 11€IOM He IOKa3a/Iy HUKaKIX
npusHakoB gerpapgarnuu JTHK. BX24, Bleach n
Virkon He gany HUKaKUX XapaKTePUCTUK HU JIs
Hepa30aB/IeHHOI, HY /151 pa30aBIeHHOI CTTIOHBI.
B To BpeMs KakK OJjHa 9KCTPaKI[M A MbIIOM He flajia
yeTkuit npoduns [JHK pnsa nHepasbasneHHoit
KpOBM, aHAa/JOTMYHAas CUTyalus MMeIa MecCTO
P OHOI IKCTPAKI UM pa3baBIeHHON CITIOHBI
IIOJl BO3/IEeICTBMEM M30IPOINAHO/A, Ie He ObIIo
BoccraHoBneHo JHK mnu npoduns JTHK.

AHanoruyHele TeHAEHUWN HaOIIOgaNICh
MeXZy Hepa3OaBIeHHBIMU U pa3baBIeHHBIMU

obpasmamu cmoHbl. GD6, SkinNeutrAll u
Vofasteril momyumnm mo Tpm YacTUYHBIX IPO-
¢éuns. RSDL mos3Boamn BOCCTAaHOBUTH JIBa
HOTHBIX TPOGU/IA M OBVIH YaCTUYHBIN NPOPUIDh
nnsi obenx KoHieHTpauuii cmionsl. Alldecont
HONMY4YM/ J[iBa IOMHBIX NpodUIs, XOTA OfHA
9KCTPAaKI¥s He NpuBena K NpOoPUIo AIs He-
pa36aBIeHHON CIIIOHBI M TONBKO OfVMH IIOTHBIN
npodunpb ans pa3baBieHHON CMIOHBL Vcmomnb-
30BaHNMe Vaprox He IPUBOAMIO K BOCCTaHOB-
neHuo npoduas Aas pa3O6aBIeHHON CITIOHBI U
II03BOJIA/IO TOMTBKO OJJHO YaCTYHOE BOCCTAHOB-
neHue npodus 4y Hepa3OaBIeHHOI CTIOHBI.

VccnemoBaHmue  MOpakeHHBIX  MapKepoB
Ha IpefMeT YaCTUYHBIX NIpodumeil BBIABUIO
CUMIITOMATUYeCKUiT «3Q(PeKT TOPHOIBIKHOTO
CKJIOHa» Ha HUX. UTO KacaeTcst Hepa3baBIeHHOI
KPOBU, TO BCe Tpu 06e33apa>kMBAOIINX Bellle-
CTBa C YacTMYHBIMU npodunsamu (t.e. Vaprox,
Vofasteril u SkinNeutrAll) mpomemoncTpupo-
Banu 9T0T 3¢ PeKT, mogUepKuBasi HOBPEXAEHNE
JHK. He mnpenATcTByas BOCCTaHOBIEHUIO
HOTHBIX Tpoduieil, «3ppeKT TOpHOIBIKHOIO
CKJIOHa» TaK>Ke Habmofaacs Ha smeKTpodope-
rpaMMax Hepa30aBlIeHHBIX 00OpasIOB KpPOBM,
o6e33apaxeHusix GD6.

IOns pasbaBneHHONl KpoBM U 0OpasLoB
CJIIOHBI YKa3aHHBI 9 (deKT CHOBa ObI/I 3aMeTeH
nnsi Wofasteril, Vaprox, GD6 n SkinNeutrAll B
cooTBeTCTBUMU CO 3HadYeHuAMU DI = 4, uto npu-
BeJIO K YaCTMYHOMY BOCCTAHOB/IEHUIO TPODUIIs,
KaK ¥ 0XXMIA/I0Ch IIPYU UCIONTb30BAHNM MTOX0/]A
S. Vernarecci ¢ coasT. [50].

B o6pasuax c/1OHBI, TOABEPTUINXCSA BO3MEN-
crBuo RSDL, Habnomannuch OOIOTHUTEIbHBIE
Npu3Haky «3(p¢eKkTa TOPHOTBDKHOTO CKIOHA».
IIpu ogHOM 3KCTparnpoBaHUM Hepa3baBIeHHOI
U pa30aBlIeHHON C/TIOHBI, IOJBEPriIeiics BO3-
meiictBuio RSDL, nabnoganacy cunpHas ferpa-
Hauys, TPUBOAAIAS K YACTUIHOMY HPOQUITIO
A1 Hepa30aBlIeHHOro oOpaslia M OTCYTCTBMIO
npodus [is pa3baBIeHHOTO.

OO6pasupl, MOABepriiMecs BO3AENCTBUIO
Vaprox, IpofgeMOHCTPUPOBANN CHIKEHME BOC-
CTaHOBJIEHMA NPOGUIA NPYU YMEHBbIIEHUU KO-
nmuyectBa JHK. B To Bpems kak u3 Hepa3bas-
JIEeHHBIX 00pa3IioB KPOBY ObIIN BBIIETIEHBI TPU
JaCTUYHBIX IPOUIA C pa3yMHBIM KOTNYECTBOM
JIOKYCOB, M3 pa30aBIeHHBIX 00Pas3lOB CIIOHBI
He Yy[aJoCh IONYyYUTb HUKAKUX MPOUIIeil.
Alldecont 1 GD6 nokasanu cxoxue ¢ Vaprox
TeHJIeHI[ MM K Aerpajanun. Bce Tpu akcTpakiun
manu monmHble mpoduan HepazbaBIeHHBIX 00-
pasioB KpoBu Ha ob6a o6e33apakMBaIOIUX Be-
mecTBa. OmHAaKO MM pa3baBIeHHON CITIOHBI
Alldecont gomyckan TOTBKO OFHO ITOMTHOE BOC-
craHoBnenne npoduns u aBa 6e3 mpodurnei,
B To BpeMsa Kak GD6 npuBoamMI K 4aCTUYHBIM
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npodusaM s Bcex Tpex akcTpakiuit. [To mepe
TOro, KaK MOCTYIIHOCTb T€HeTUYEeCKOrO Mare-
puana yMeHbIIAJach, LIAHCHI Ha BOCCTAHOB-
neHue npoduns A 3TUX TpeX obe33apaku-
BAIOLIMX BeIIeCTB yMeHbUIanuch. Kpome Toro,
mocrynHas JHK 6b11a 607ee ferpagupoBaHHOIL,
0 YeM CBUJETEIbCTBYIOT 60/Iee BBICOKME C/Iydan
BbIIIAJIeHV s ajjiesieli B 6ojee JIMHHBIX aMIUIN-
KOHAX JI/I51 9TUX TeKOHTAMUHAHTOB.

SkinNeutrAll u Wofasteril’, ¢ mgpyroit cro-
POHBI, MMeTIN CXOXKMe TeHAEeHI[UN C JOCTATOIHO
BbicokuM konmuyectBoM IHK, BoccranaBiuBa-
eMOJf KaK B KPOBU, TaK U B C/TIOHE, HO C BBICOKMMU
sHaueHusAMMu DI. DTo mpupeno K 4acTUYHBIM
npopuIsiM U BU3YaTbHOMY YMEHBIIEHUIO pe-
aKIMM Ha pasMep ajiens Ans MapKepoB Oonee
IMVHHBIX AMIIMKOHOB.

Htak, B KOHTEKCTe CIleHapueB XMMMUYEeCKUX
MHIVM/JIEHTOB, CBSI3aHHBIX C IPUMEHEHMEM TOK-
CUYHBIX XUMMKatoB B HapymeHue K3XO, ad-
(deKTUBHAsA COPTMPOBKA JOKa3aTeNbCTB MMeeT
pelrampuiee 3HaueHUe [/ ONpemeNeHNs IIPHO-
PUTETOB PeCcypcoB M ONTUMMM3aIUM Ipolecca
KPUMMHATUCTUIECKUX UCCTIeOBAHMIL I 00e-
CIeYeHMsT pPacClefOBaHMsA YKa3aHHBIX WMHIM-
IEHTOB HaJe>XHOI JOKa3aTelbCTBEHHON 0a30il.
Vicnonb3oBaHMe feTasupyOIUNX CPEICTB UTPAET
Ba)XHYIO PO/Ib B 9TOM IIpOlLiecce, HallpaBJIeHHOM
Ha OpIcTpoe 1 93¢ PeKTUBHOE yaaneHne OTPaBIIs-
IOLUX BELeCTB i obecniedyeHusa 6e30MacHOCTI
JIOfieit, MHOT/A He YAeNnsisi HIPUOPUTETHOTO BHU-
MaHMs TpeaMeTaM, MMEIIIVM OTHOILIeHNe K
KPMMMHAIUCTUKe. B HECKONBKUX MCClIefoBa-
HUAX M3y4YajJoCh BJIMAHNE JIerpagupOBaHHBIX
VIM CTIOXHBIX 00pa3loB Ha CIOCOOHOCTH BBI-
HOJHATD Nocnenyouee npodummposanne JHK
[6, 19, 22-24, 63-69]. Tengenuuu, HabMOKaeMbIe
B XOfle ONMCAaHHBIX B HACTOsIeNl paboTe 3KC-
IEepUMEHTOB, IPOBeleHHBIX IIBEMIapCKUMU
Y4EeHBIMM, COTIACYIOTCA C CYLIeCTBYIOUMMM VIC-
crnefoBaHusAMu [25-28, 33, 35], noguepkuBasi ag-
($eKTUBHOCTD criequpUIeCKNX Jerasupyoinx
cpencts B ypanenuu [JHK. B yactaocTn, xnop n
HepeK)Ch BOLOPOAA OTPUIATE/IBHO BIMAIOT Ha
npo¢unuposanue JTHK, uro cornmacyercs ¢ pe-
synpraTamu ucciaegoBanus M. Nilsson ¢ coasr.
[28], koTOpBIi ycTaHOBWI, 4TO Virkon ABnsakeTcs
Hanbonee 5¢Q(PeKTUBHBIM CPeCTBOM YHUYTO-
xenus JHK B crnegax Ha MecTe mpecTyIieHu .
Pasznuune Mex1y ra3000pasHoil u KupKoi pop-
MaMI B OKMCIUTEIbHBIX PeaKIMAX, 0COOEHHO B
OTHOLIEHNY ITepeKICY BOTOPOJA, OBIIO ONMCAHO
M. Finnegan c coaBT. [69].

dusnveckye MeTORBI yHaNeHMs, TaKye Kak
BOJA, MbIIbHAA BOMIa ¥ M30IPONAHON, B LIEJIOM
He mpenATcTBoBamu npodummposannio JTHK.
TeMm He MeHee, OJJHa 9KCTPAKIV ITOCTIe BO3MEN-
CTBVISI MBIJIa M OJJHA 9KCTPAKLV IIOCTIe BO3MIeli-
CTBUSA M30NpoOIaHONa He Aanum Hukakon JTHK.
B peanpHBIX CHeHapuAX Ba)XHO YUYUTBHIBATH,
41O (pusMUecKoe JeiCTBUE CPEACTB IO OYUCTKE
4acTO BK/II0YaeT B ceOsl MOTOK, KOTOPBINI MOXKET
HpUBECTM K MEXaHMYECKOMY YAA/NeHNI0. ITO
MOTEHUVAbHO MOXKET OCTOXXHUTb BOCCTAHOB-
nenue [JHK, xoTsa B aHanusupyemMoM MUCCIefo-
BaHNMM BIMSIHME OKa3aJnoCch MMHMMAJIbHBIM.
Bpemsi KoHTakTa 3TuUX 00e33apa’XMBaOIINX
BEIeCTB TaK)Xe MOXeT MWIPaTb KIYEeBYIO
pO/b, NOCKONBKY BOJA MOXET BBI3BIBATb pe-
aknum rupgponusa Ha [JHK npm paurenbHOM
KOHTAaKTe.

SkinNeutrAll - 310 o06e33apakuBamwiiee
CPefCTBO, IpefHA3HAUEHHOE [I/Is1 BO3JEVICTBUA
Ha pasnnyHble TOKCUYHbIE IPOMBILIICHHbIE
xumukarbl (TIC) u MokeT OBITH OCOOEHHO aK-
Tya/JIbHO IpPU TAllHOM J1a0OpaTOpHOM OOHapy-
JKEHUM XUMMYecKux aapuit®. Pesynprarsl mo-
Ka3ajay BpefHOE BIMSIHNE Ha IOCIEeYIOIIYIO
tunusanuio STR ¢ BoccraHoBaeHueM B OC-
HOBHOM 4YacTMYHBIX npo¢muieil. Tem He MeHee,
OONBIIMHCTBO M3 9TUX YaCTUYHBIX Npodueit
CofiepyKaju SOCTATOYHYI0 MHPOPMAILNIO, YTOOBI
MX MOXKHO OBIIO MCIIONIB30BATD /IS I[e/leil CPaB-
HeHuA. XoTa 3HadeHusA DI gna GD6 n RSDL yka-
3pIBany Ha ferpaganuio [JHK, B ienom xopouine
npo¢uan (MOMHBI VIX YaCTUYHBIN NTPOPUIb C
BBICOKMM YMCTIOM MapKepoB) MOITIN OBITH BOC-
CTaHOBJICHBI, U JeTpajanns Bce OOJblIe BINAIA
Ha NpopuUIMpOBaHUE C YMEHbIIEHUEM KOJMI-
yectBa [JHK. Kpome Toro, GDS2000 Hukak He
Bnusi Ha npodunuposanue [JHK, HesaBucumo
OT Konmm4ecTBa. TOYHO Tak ’Ke MOPOIMIKM ITOKa-
3a7 He3HauyuTeJIbHOE BJIMAHNE HA BO3MOX-
HocTu npodunuposanusa JHK.

OrpaHuyeHueM MCCIeJOBAHUS MOXeET OBITH
HIepuoj, BpeMeHN, JCIOIb3yeMbIll [l KOH-
TaKTa C Jlerasyupyromumn semecrsamu. [Ipamoe
UX BO3JelicTBMEe Ha 00pa3lbl KPOBU U CIIIOHBI
OBIIO KPaTKMM B COOTBETCTBUM C YKa3aHHBIM
HpON3BOAUTENEeM BpeMeHeM 3(PeKTUBHOCTU
(mabnuya 1). Tem He MeHee, MOCIE merasanu
06pasIibl BRICYIINBAIN B Te4eHMe 24 4acoB, Ipu
9TOM OCTATOYHBIE Jlera3yupylolyie BeljecTBa B
3TO BpeMs BCe ellje MOIIM OKa3bIBaTh CBOE BO3-
mevicTBMe Ha 0Opasibl. HecMoTps Ha TO, 4TO 3TH
BpeMEHHble PaMKM OTHOCHUTEIbHO KOPOTKIe,

> Simplyforensic. The Impact of Water Exposure on Touch DNA Persistence. Simplyforensic; 2023.

¢ European Commission. Final report summary - GIFT CBRN (generic integrated forensic toolbox for CBRN
incidents) / FP7 / CORDIS Eur. Comm.; 2018. URL: https://cordis.europa.eu/project/id/608100/reporting (zara 06-

pamenust: 04.05.2025).

EST biochem, Notfallsprays, EST Biochem GmbH (n.d.). URL: https://www.est-biochem.com/shop (mara obpaure-

Hus: 10.05.2025).
Journal of NBC Protection Corps. 2025. V. 9. No 4



ANropuTt™m AencTBUIA Ha MeCTe XMMUYECKOr0o MHLUMAEHTA A1 COXPAaHEHUS BELLLECTBEHHbIX A0Ka3aTe/IbCTB
Standard procedure at chemical accident site to ensure protection of evidence

OHM SABNAIOTCA BEPOATHBIMM B KOHTEKCTe XU-
MUYECKOTO MHIMAEeHTa, Korga obpasusr JHK
CUUTAIOTCSA BBICOKOTIPUOPUTETHBIMU U OBICTPO
aHAJIM3UPYIOTCA 1oce coopa.

IIpoBeeHHOE MIBEMLAPCKUMU  yYEHBIMU
HCCIeJOBaHNMe TI03BOIMIO MEPEeOLeHUTb N
IIOKa3aTb 4YTO pe3yJAbTaTbhl KOIMYECTBEHHON
OI[EHKM caMy 10 cebe He ABISAIOTCA HaIeKHBIM
NPefUKTOPOM [/lA IOJTHOTO BOCCTAHOBJIEHU S
npo¢unsa. B HeKoTOpBIX cnydasax ObIIO BOC-
craHoBieHO Hebonpmoe komumdectBo JTHK,
HO OBI/IM IONy4YeHBI MOJNHBIE MPOPUIN, U, Ha-
060pOT, B JPYIMX CIAydYasX ObIIO BOCCTAaHOB-
neHo 6Gonpmoe xommdectso JTHK, HO momyden
TOJBKO YaCTUYHBIN mpoduns (pucyHnok 4).
TakuMm 06pa3oM, Ba>KHO YYUTHIBATh B3aMMO-
cBA3b Mexy KonuyectBoM JHK u gerpagannmeii
reHoMa, 4TOOBI OLIEHUTDh BIAMSHME KOHKPETHDIX
CUTyaluil, B HallleM ClIydYae IpoLeayp obessa-
pakuBaHUA.

CoyeraHme 3HaYeHMIT KOIMYECTBEHHOTO
ompefeneHns M MHAEKCAa MAerpajlalluu, IONIY-
YeHHBIX C IOMOINBI0 HAOOpPOB [/ KOMUdYe-
CTBEHHOTO OIpefe/ieHNsI, IPOBeJeHUs Komuye-
CTBEHHOI OI[eHKU ¥ KOJMMYEeCTBEHHOTO aHaan3a
ITITP, MmoXeT 06ecHeunTh CTAOUIBHYI0 OLIEHKY
I/ peanbHBIX CIy4aeB, YTO MO3BONAET IPOBO-
IAUTHh KAa4eCTBEHHYIO COPTMPOBKY B CUTYaIMAX
¢ 6onpmyuM o6beMoM 06pasumoB. Ita MHOOP-
Manys IOMOraeT B BbIOOpe ONTUMAIbHBIX KPU-
tepueB g aHanusa STR-m1okycoB, TeM caMbIM
HOBBINIAS BEPOATHOCTD YCIEIIHOTO IpOouiIn-
poBaHuA. B ciyvyadx gerpaganiuy MAM Majaoro
konuyectsa JHK Mo>xHO npefycMOTpeTh MHAM-
BUJIYaIM3al M0 MUIIEHEN ¢ IMOMOLIbIO CIelua-
nu3upoBaHHO ammndukanun koporkux STR
UJIM MICTIO/Ib30BaHM A METOMIOB, a/IbTePHATUBHBIX
tunuposanuio STR apepnoit JHK. Kpome Toro,
IIpeficTaB/lIeHHble HIBENIAapCKMMM KPUMUHAIN-
CTaMU pe3y/IbTaThbl CBUJIETEILCTBYIOT O TOM, YTO
MOIXOf, IpeAIoKeHHbIN S. Vernarecci ¢ cOaBT.
[50], ncnonp3oBaHMe IOPOrOBOrO 3HAYEHN ST MH-
lleKca Jerpaganuu, paBHOro 4, mis Habopa Ko-
nuvyectBeHHoM onenku Quantifiler Trio, aBisa-
eTCsl aKTya/IbHBIM. TaKoil mogxoy obecredynBaer
rMOKOCTh, IO3BOJSIS MCIIONB30BaTh 00OpasIibl,
KOTOpble MOTYT OBITH OO/ee HerpajupoBaH-
HBIMI, HaIIpIMep, CTIIOHY.

Takum o06pa3oM, 13 TPUBENEHHOTrO MC-
C/IeJOBaHNs, BBINOJTHEHHOTO IIBENIIAPCKUMMU
KPUMUHAINCTAMY, MOXXHO 3aK/ITI0YUTD, YTO Je-
rasanus C IOMOIIBI0 OKMUCIEHUA IePeKUChIo
BOJIOPOfia, HaTYKCYCHOI KMC/IOTOM MU NepOoK-
CUMOHOCYNbGATOM, KaK ¥ UCIIOb30BaHNUE XIIO-
PUPOBAHHBIX HEra3vpyoIINX CPeACcTB, OOBITHO
3aTpyfHAET IOC/IeAyollee NpoduinpoBaHme
IOHK. C gpyroiit cTopoHBbl, feTa3upyloliue cpef-
CTBa Ha OPTaHMYECKOJl OCHOBE UM XUMUYeCKIe
IIOPOILKOBbIE [era3Mpymoolje peLenTypbl BpsL

M OyAyT NpPenATCTBOBATh NPO(UINPOBAHUIO
IOHK, 1 B ciy4ae nx npuMeHeHNs Ha MeCTe XU-
MMYECKOTO MHIMJIEHTa €CTb XOPOIIMe HIAHCHI
MOJIYYUTh NPUTOMHBIE [I/I1 MCIOIb30BaHUA
npobunu s MHAEHTUPUKALUYM BUHOBHBIX
B HEM JINII.

PexomMeHayeMbIil aaroputM pabGoThl Ha
MecTe XMMMYeCKOro MHIMAEHTa, CBA3aHHOTO
¢ HapymeHnnem K3XO. Vicxons us npusepeH-
HOTO aHaju3a IpefiCTaBIeHHON 3apyOeXHbIMU
Y4eHBIMU-KPUMUHANINCTAMY MHPOpPMAIUM, a
TaK)Ke C y4eTOM Iiesieil 1 3ajlay pacciefoBaHNsA
XMMHUYECKOr0 MHIMUJIEHTA, CBA3AHHOTO C IpU-
MeHEeHMeM TOKCMYHBbIX XMMUKATOB B HapyIlleHNe
K3XO, pnsa ogHoBpeMeHHOTO oOecreyeHMs
COXPAaHHOCTM M BO3MOXHOCTM IIpOBEJEHMUA
IIO/IHOLIEHHOTO ~ 9KCIEPTHOIO  MCCIe[OBaHUA
UMeoLelics Ha MecTe MHIMJIEHTa KpMMMUHA-
TUCTUYECKN 3HAYMMOI MHPOPMAIUN, TOKAIN-
3anuu U 3¢ EKTUBHON TUMKBUFALUU IHOCTeN-
CTBUII MHIIUJIEHTA, a TAK)Ke YCTPAHEHUs YTPO3bl
/I KM3HU U 3[JOPOBbs JIIOZel, KMBOTHBIX U
NpefloTBpallleHNsA [a/lbHeNIIero 3arpsA3HeHNus
OKpYy>Kaplleil cpefbl NpeACcTaBAsAeTCA 1eneco-
00pa3HbIM BBIIOHATH PabOTHI HAa MeCTe MHIINU-
JEeHTa B C/IeAyI0LIeM IOPAJKeE.

B mepByro odepenb HeOOXOAMMO IPOBECTHU
XMMMYECKYI0 pa3BeJKy MecTa MHIM/EeHTa, yCTa-
HOBUTD BUJ] TOKCMYHOTO XMMMKAaTa, €ro KOHIIEeH-
TPaluio, CTeleHb XMMMYECKON 3apa>kKeHHOCTU
MECTHOCTHM, 3[IaHUI, COOPY>KEHMUI, IPESMETOB,
a Tak)Xe CTelleHb YIpo3bl A OKpy>Kaloleil
MEeCTHOCTU B C/Iy4ae, €C/IY MepONpUATHA 110 Jie-
rasanuy He OYAYT HayaThl He3aMe[l/IMTEe/NbHO.
Ecnu takas omacHOCTD OyzeT olleHeHa KaK 3Ha-
YUTeAbHAsA, B YACTHOCTY B C/Iy4ae IMPUMEHEHN
CBEPXTOKCUYHBIX  OTPABIAIOIIMUX  BelecTs,
o0/afaromux OZHOBPEMEHHO [OCTATOYHON U
CTOMKOCTBIO, U IETY4Y€eCThIO, HAIIpPMMeP, 30MaHa,
BU-UMKC VIV MM HOJOOHBIX TOKCUYHBIX XUMM-
KaTOB, TO IpOBefieHNUe Jlerasaluy HeoOXOomMMo
HayaTb HeMeJ[JIeHHO, HO C MCIIOJIb30BaHMEM
TONBKO TeX JleTa3UPYIOINUX pelenTyp, KOTopble
He paspymalT XuMmudeckyio crpykrypy JHK B
craegax OMOMIOTMYECKOTO HPOMCXOXKJEHNUsA, KO-
TOpbIe MOTYT OBITh OCTABJICHHBIMI HAa MeCTE VH-
LMUAEeHTa IPUYACTHBIMY K HeMy nnnamu. Onblr,
MOJTyYeHHBIN 3apyOeXXHBIMI YYEHBIMM XMMUKa-
MM-KPUMUHAIUCTAMM, IIOKa3al, 4YTO TaKue pe-
LIeTYPbI CyLIeCTBYIOT, Hanpumep, B llIselinapuu,
a aHAAM3 MX XMMMYECKOVW OCHOBBI CBUJETEINb-
CTBYeT, 4YTO IOOOHOT0 poja CBOICTBAMY MOTYT
06/azaTh ¥ peLenTypbl, KOTOpbIe yXKe MMEITCA
u Ha cHaOxeHun Boopyxenusix Cun Poccmii-
ckoit ®enepanun. Bupouem paspaborka Takmx
PeLeNTyp MOXeT CTaTh IpefMeTOM OT/eTbHbIX
Hay4YHBIX MCCIENOBAaHMII B cucreMe MuHo60-
poHbl Poccuu ¢ npuHATHEM IO pe3ynbTaTaM Ha
CHab>KeHMe HOBBIX [eTasUPYIINX PpeLenTyp
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THE PROBLEMS OF ADHERENCE TO THE CHEMICAL AND BIOLOGICAL WEAPONS CONVENTIONS

3asbanos B.B., 3aBbsnoBa A.A,, 3aBbsnosa H.B., KoeTyH B.A., LLlapoiiko M.I.
Zavyalov V.V,, Zavyalova A.A., Zavyalova N.V,, Kovtun V.A., Sharoyko M.P.

C paccMaTpuBaeMbIMU 3aJaHHBIMU IIe/IeBBIMU
CBOJICTBaMMU.

CreayommuM 35TalloM HOKHO OBITh HpO-
BeJleHO TIaTelbHOe 00CnIemoBaHMe MecTa WH-
IVUIeHTa Ha IpeJMeT BBIABIEHMS BO3MOXKHBIX
ClIefloB JIU1, NPUYACTHBIX K €r0 COBEpLICHUIO.
Oco60e BHUMaHMeE TOMKHO ObITD y/Ie/IeHO BbIAB-
JIEHUIO CJIe[IOB, MCCAeTOBaHMEe KOTOPBIX MOXKET
OJJHO3HAYHO WEeHTUPUIMPOBATh HMPUIACTHBIX
K HeMy JINI, B NEPBYI0 O4epenb CIefloB OMOIo-
TMY€CKOTO NPOMUCXOXKAEeHN A, KOTOPble MOTYT CO-
nepxxarp JHK-uadbopmanuiw. IIpu BeisBIEHUM
DAHHBIX CJIefloB CleflyeT, Py HaAUYNU TAKON
BO3MOXXHOCTY, IPOBECTU UX Ipe[BapuUTeIbHOE
UCC/IefJOBAaHle HEIOCPeACTBEHHO Ha MecCTe MH-
numenta. [Ipu 3TOM HeOOXOMMMO WUCKITIOYUTH
IIOTHOe M3pacXOofoBaHMe BelllecTBa Clefa, Tak
KaK B XOJle HEIOCPEICTBEHHO CYHeOHOro crefi-
CTBUsS MOXeT MOTPeOOBaThCs MPOBefeHMe II0-
BTOPHBIX U YTOUYHAKIIUX KPUMMHAINCTHYe-
CKUX 3KCIepPTU3 I/Id HOATBEPXeHNs BHIBOLOB
UCCIIeJOBAHUII, TPOBENEHHbIX Ha MeCcTe MHIIU-
meHTa nu60 B jMabopaTopum cpasdy IOCIe €ero
noKanmu3anuu. BaXHO OTMETUTH, YTO 0Opa3Ibl
BCeX C/IeJlOB, B YaCTHOCTU OMONOTrMYIECKOTO
INPOUCXOXJIEHUA — HallpUMep, KPOBb U C/IIOHA —
HBO/DKHBI OBITh M3BATHI M YIAaKOBAaHBI JjId Ha-
IpaBjIeHNs Ha JajnbHelilllee UCCaeOBaHNE B JIa-
O6opaTopuu, B TOM 4YNCIe aKKpeAUTOBAaHHBIE B
03XO, B cBOeM IepBOHAYaIbHOM BHJiE, 6€3 00-
paboTKM [erasupymouiuMn pelentypamu, 1mbo
B KpaliHeM ciy4dae o6pabOTaHbI TO/NBKO TeMU
pelienITypaMy, KOTOpble He pa3pylIaloT Bele-
CTBO cnepa, ocobenno JHK. B aToit cBs3u nabo-
paTopun, B KOTOpble OYAyT HallpaB/IeHbI JAHHbIE
Cllefibl, MTO/KHBI UMETh MPaBo (AaKKpegUTAILINIO)
Ha paboTy ¢ oObeKTaMMu, MOJBEPTIIMMUCA 3a-
paXkeHMI0 TOKCMYHBIMU XMMHUKaTaMu. Bmecre
C TeM CTOMUT OOpaTUTh BHMMaHUE Ha HEOOXO-
OUMOCTh OOecrieueHUs] MPOBeleHNs MpeaBapu-
TEIbHOTO MCCeN0Baus OMOJIOTUYECKUX CIIEJOB
U TeHOTUIIVPOBAHN A HEIIOCPEeCTBEHHO Ha MeCTe
XUMUYECKOTO MHIJUIEHTa, YTO IOBBICUT OIIe-
PaTUBHOCTb €ro pacciefjoBaHNMA B 4acTU yCTa-
HOBJIEHMSI IPUYACTHBIX K HEMY, M O0COOEHHO —
BIHOBHBIX B HeM JINII, J/Is CKOpeJIIero ux 3a-
Tmep>KaHUA U IpeJaHnsa Cyy, a TaK)Ke IPUHATUSA
TOeJICTBEHHBIX Mep MeXJyHapOJHO-IPaBOBOTO
XapakTepa B ClydYae, eCIM JlaHHBIe NuIla Jeli-
CTBOBa/IM He B YaCTHOM IOpAAKe, a KaK TOCy-
DapCTBEHHbIE CIy)Kalljie, BBINONTHABIINE IIpe-
CTyIIHbIEe IPKMa3bl CBOETO PYKOBOJACTBA.

B pacnopsixeHuu MOOUTBHBIX AMATHOCTU-
yecKuX rpynn MuHo6opousl Poccun mmerorcs
moOunpuble komnnekchl JHK-amanusa Ha oc-
HOBe€ IIOJIMMEePa3HOI LHEeNHOM peaK 1y, OGHAKO B
HacToslee BpeMs KaK OHU caMU, TaK U UCIIO/Ib-
3yoliye X CHeIMaJuCThl B OO/IbIIell CTeleHn
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«3aTOYEHBI» Ha BhIAB/IeHME OMONIOTUYECKUX I10-
pakalomux areHTOB, a He TEeHOTUIMPOBaHMUE
JINI, OCTAaBMBIIMX TOT MM MHOM OMomormde-
ckuii crefi. B aToit cBsA3U Ienecoobpas3Ho odu-
[Ma/IbHO paclMpuTh QYyHKI[MOHAT yKa3aHHBIX
rpynm, npegycmorpes nposefenne  JJHK-
UCCNeNOBaHNIT B I[€ISIX BBIJIEIEHUS U3 CIIENOB
OMOTOTNYECKOTO TPOUCXOXKIEHUST TeHOTHUIa
OCTaBMBILIErO0 JaHHbIE CAefbl IUIIA, IPUYACT-
HOTO K XNMMYECKOMY MHIINJEHTY, CBA3aHHOMY
¢ HapymeHueM K3XO. 9To mosBonur mposo-
OUTb TaKye WCCAeJOBAHUSA HENOCpPeCTBEHHO
Ha MecTe XMMMYeCKOTO MHIJMAEHTa, IpuieM
HIpsAMO BO BpeMs: ero ocMoTpa. Kpome Toro, aHa-
JIOTMYHBIM 00pa3oM CllefiyeT paclIMpUTh PyHK-
UOHAT U XUMMKO-aHATUTUIECKON smabopa-
Topun 27 Hay4yHOro nmeHTpa MMeHU aKaJeMUKa
H.[I. 3enmmnckoro MuHnucrepctBa 060POHBI
Poccuiickoit ®@epepanuu, akKpeJUTOBAHHON B
OpraHusanuyu 0O 3alpelleHNI0 XUMUYIECKOTO
OpyXus, a TaKXe yBeJOMUTb 06 3TOM oduin-
anbHO maHHYI Opra"msanuo. ITO IO3BOIUT
IPOBOAUTDL 3HAYNMTEIbHYI0 YacTb KOMIIJIEKca
KPUMUHATUCTUYECKMX WCCIEJOBAaHUIT U 3KC-
HepTu3, AeiiCTBUTEIBHO HeOOXOMMBIX 1151 06e-
CIIeYeHNs PacCIeOBAaHMUII XMMMUYECKNX UHIU-
OeHTOB, B ONHOM HAay4YHO-UCCIEJOBATENIbCKOM
YYpexgeHN.

o BeisBneHus, pukcaum, u3bATUS M(MIN)
HpPOBefIeHMs XOTS ObI IPeBapUTETbHOTO MCCITe-
DOBaHMsA CIeflOB IPUYACTHBIX K XUMUYIECKOMY
UHIUJEHTY /NI, MepONpMATUS IO CHelN-
alIpHOI 00paboTKe Ha MecTe MHIMEHTA He IIPO-
BopsaTcsa. OfHAaKo Bce Mepbl obecreyeHms Oes-
ONACHOCTM IIepCOHana, IPUBJIEKaeMOro K pa-
60Te Ha MecTe XMMMUYECKOTO UHI[UIEHTA 110 BbI-
ABJIEHUIO, TPOTOKOIMPOBAHUIO 1 MICC/IE[JOBAHNIO
0OHapy>XKeHHOJ KPMMUHATUCTIYeCKY 3HAYMMOIL
nHpopmanuy, B IEpBYI0 ouYepeAb CIefoB, B
YAaCTHOCTU OMONTOTMYECKOTO MPOUCXOXKTEHNS,
TOXHBI OBITH HPUHATHI U HEYKOCHUTETBHO CO-
OmroaTbcsi. Bce cOTpyHMKM [JODKHBI OBITH B
COOTBETCTBYIOIINX CTeHNeHM peajbHOil oOIac-
HOCTU B CPeACTBAaX MHJVMBUJYaAbHON 3aINTHI,
Bce 000pyzOBaHMe NOMKHO OBITh HPUTOZHO K
UCIIONIb30BAHNIO IO HAa3HAYEHMIO B YC/IOBUAX
XMMMWYECKOTO 3apakeHNs, a ITOC/Ie IPOBeleHN
BCeX HEOOXOAMMBIX IIPOLEAYP IOAIEXNT Jera-
3alMy BMeCTe C MCIIO/Ib30BaHHOI IepCOHAIOM
3amuTHON opmexpoii. Ilocime 3aBepumeHusa Bcex
HIpOLEeRyp, CBA3aHHBIX C OCMOTPOM MeCTa XM-
MUYECKOTO MHIIMIEHTA, BBISIBIEHMEM U UCCIIe-
DOBaHMeEM C/efloB, KOTOpble MOT'yT IIOMOYb yCTa-
HOBUTD BUHOBHBIX B HeM JINI1I, CJIeAyeT IPOBeCTN
CIelMaNbHyI0 00paboOTKy MecTa MWMHIIMAEHTA
B TIOpsAAKe, NPEeJCMOTPEHHOM COOTBETCTBYIO-
MMMI HAacTaBAeHMAMU U PYKOBOACTBAMU [0
MOJIHOM IMKBUIALIUY ITOC/IENCTBUI MHIIMEHTa.
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Oco60 He06XOomuMMO OTMETUTb, 4YTO BCe
IpOLeAYPHI, CBsI3aHHbIe C BbIABIEHUEM, (QUK-
cauuell, MU3BATHEM, a TaKXe MUCCIefOBaHMEM
OCTaBJIEHHBIX HAa MeCTe€ XUMMUYECKOTO WHI[U-
JIeHTa NMPUYACTHBIMM K HEMY JIMIIAMU C/IEeIOB
JOJIKHBI OCYLIECTBIATHCSA B CTPOIOM COOTBET-
CTBUMU C [eMCTBYIOIIMM IIPOIeCCYaNbHBIM 3a-
KOHOJaTe/IbCTBOM. B NIpoOTMBHOM cnyd4ae pe-
3y/IBTaTBl UX MCCIEROBaHUS OyAyT IpU3HAHBI
HEJONMYCTUMBIMU JOKa3aTe/lIbCTBAMMY, IIO/NTYYeH-
HBIMJ HE3aKOHHBIM IIyTeM, ¥ M3BATH U3 TOKa-
3aTebCTBEHHOI 6a3bl pacciefoBaHMs XUMUYe-
CKOTO MHIIMJEHTA, YTO He IO3BOIUT NMPUBIEYD
K OTBETCTBEHHOCTH! 32 NAHHBII MHLIVLEHT gaKe
peanpbHO BUHOBBIX B HEM JINI], a C/IE[OBATENHHO
Y IPUMEHUTDb MePbl MeXXyHapOZHO-IIPaBOBOTO
XapakTepa B OTHOLIEHUYM TOCYHApPCTB, YbUMU
CAIY>Kall[MMM 9TY JINLA SBJISINACE.

CTONT HAIOMHUTD, 4YTO Fa’kKe 4aCTb HAI[VMCT-
CKMX IIPEeCTYIHNUKOB, IpeacTaBuux nepen Hiop-
HOEpCKMM MEXJyHapOZHBIM BOEHHBIM TpHU-
OyHamoM, ObIIa YaCTMYHO, a HEKOTOPBIE Jla’ke
HOJTHOCTBIO OMPaBIaHbl 3a HEJOKA3aHHOCTHIO
BIHBI, KOTOpasi IPU 3TOM Ka3anachb OYeBUITHOIL.
[t Heomy1eHMsT yX0Ja OT OTBETCTBEHHOCTHU
JIUI, ¥ TOCYJAApCTB, BUHOBHBIX B HapylIeHUMU
K3XO, Bce MmeponpuATHs, CBA3aHHbIE C paccie-
IOBaHMEM XMMMUYECKUX MHIUIEHTOB, MOJIKHBI
OCYLIECTB/IATHCS B CTOPOTOM COOTBETCTBUM C
3aKOHOJIaTe/IbHO YCTAHOBJIEHHBIMU JI/IsI YTOIOB-
HOTO CYJONPOM3BOACTBA IPOIECCyanbHBIMU
HpoLeAypaMu, K KOTOPBIM OTHOCUTCSI B TOM
qycie ¥ IpOBefileHMe KPUMUHAIUCTUYECKUX
UCCIeOBaHNUIl U 9KcmepTus. [IpumeHenne gaH-
HOTO NMPUHIMIIA TAPAHTUPYEeT HEOTBPATUMOCTH
HNPUB/IEYEHNSI K OTBETCTBEHHOCTY BUHOBHBIX B
HapyureHny KoHBeHI[MY O 3alpeneHunm XuMn-
4eCKOTO OPY>KMsA, 4TO ABNAETCA HeOOXOXMMBIM
ISl YKPeIIEHNsT PeXXMa COOI0ieHNs MeX/ Y-
HapOMHBIX 00s3aTeNbCTB B 00MACTM XUMMUe-
CKOTO pasopy>KeHus.

3akaoueHNne
B pesynbrare mpoBe[leHHOTO aHaIM3a MaTe-
puanoB 3apy0eXHBIX KPUMMUHAINCTOB M3ydeHa

BO3MOYXHOCTD IONTY4YeHV A IPUTOAHBIX I/ KpU-
MMHATUCTUYeCKON uaeHTUGUKanuyu npoduei
IOHK 13 xpoBu M CIIOHBI, HOABEPTUINXCA BO3-
HeiCTBUIO Pa3MIMYHBIX IpPUMEHAEMBIX 3a py-
0€XXOM Jlera3upyoluxX pelentyp. YCTaHOB/IEHO,
YTO lera3upylollye pelenTypbl HA OCHOBE XJI0pa
OKa3pIBAIOT NMarybHoe BO3felicTBUe HAa Ipodu-
nuposanue JJHK, a Ha ocHOBe OKCH[IOB MarHu:A
U TUTaHA, 2-aMMHO3TAHO/A, AMATUIEHTPUAMMU-
Ha, TUIIOX/IOPUTA Ka/JIbL A — He BIUS/IN Ha IPO-
¢unnposanue JHK. Ilpennoxxen anroputm pa-
00TBI Ha MecTe YKa3aHHOTO XMMMYECKOTO MH-
IMJeHTa, MCIONIb30BaHMe KOTOPOrO IMO3BOIUT
BOCTUYDb IIOTHOTBI M JOCTOBEPHOCTU KPUMMU-
HaIMCTUYECKNX WCCIelOBaHUIl Mns obecrie-
YeHMA O0OBEKTMBHOCTM PaCCIeJOBAHNA TAKOTO
MHLOVAEHTa U HEOTBPAaTUMMOCTY IIPUBJIEYEHUS
K OTBETCTBEHHOCTH BMHOBHBIX B HeM J/INII, He
cHIDKaA 3P PeKTUBHOCTU Mep IO JIOKaNIN3aALUN
U JUKBUJAIMK €Tr0o TOCNeACTBUil. IMaBHBIM B
TaHHOM aJITOPUTMeE SABIAETCA TO, YTO [O BBIAB-
nenus, pukcanyy, u3psATUA U(MIN) IPOBeeHN
XoTa OBl IpeABapUTENTbHOIO VICCIAEOBAHNA
C/IeOB TPUYACTHBIX K XMMMYECKOMY WHIM-
JEHTY JINL, MEPONIPUATUSA IO CIELNANbHON 00-
paboTke Ha MeCTe MHIIMJEHTA He IIPOBOAATCS
MO0 MPOBOAATCA TONBKO C VCIIOTb30BaHMEM
TeX JIera3ypymoIUX pelenTyp, KOTOpble He OKa-
3BIBAIOT BO3JENICTBYE Ha HPOGUININPOBAHNE
IOHK, BbIgeneHHOr0 u3 CaefoB Ouonoruye-
CKOT'O IIPOMCXOX/IEHN A, OCTAB/IEHHBIX Ha MeCTe
VHIUJIEHTA.

IIpakTnyeckas 3HAYMMOCTD PaboOThI

M3no>xeHHbIe B CTaTbe pe3y/IbTaThl HAYYHBIX
TEOPeTUYECKUX U SKCIEPUMEHTANbHBIX MCCIIe-
TOBAaHMIT MOTYT OBITh ICIIONIb30BAHBI B KaYeCTBE
TUIIOBOJ KPMMMHANINCTUYECKON METOLUKN TP
paccneoBaHuM BOEHHBIX IPECTYINIEHWII, CBA-
3aHHBIX C HapylleHueM KoHBeHuLuM o 3ampe-
IIEHNY XMMUYECKOTO OPYXXUs U CONPAKEHHDBIX
C NpPUMEHEHMEM OTPABNAIOIINX BEIECTB UIN
VHBIX XUMWYECKUX IIOpPakaloIUX areHToB,
(aKTHYeCKV MCIIONb3yeMBIX B KayeCTBe XVMMI-
YECKOTO OPYXKUA.

Ozpanuuenus uccnedosanus / Limitations of the study

JlaHHBII aHATUTUYECKUIT 0030p MMeeT PsAJ OrPaHMYEHUIT, a UMEHHO: 1) McCIefoBaHNe OCHOBBIBAETCS Ha
aHa/IM3€e OTKPBITHIX ICTOYHNMKOB, BIIOYAs TUTEPATYPHBIE UCTOYHUKI, TEXHIYECKIe ONVCAHNS, NHCTPYKINH 110
IPVYMEHEHNIO, OTKPBITYI0 HAYUHYIO U IIyOMUIMCTIYECKYIO TUTEPATyPy; 2) aHA/IN3a HAYIHON M IIyOIUIICTIIe-
CKOI TII/ITepaTYpr, TeXHUYECKUX OMUCAHUN U I/IHCTPYKHI/Iﬁ II0 MCIIO/Tb3OBAHUIO Hp06 KpOBU U CIIIOHBI, /IS I10-
nydenns us Hux JJTHK, mopBeprimxcs BO3[ENCTBUIO PAa3INYHBIX PUMEHIEMBIX 3a PYOeXXOM [erasypyroiuux
pelLenTyp, MOXKET He XBaTUTD [i/IsI IIOTTHO OLIEHKM pe3yIbTaTOB KaK Jisl KonndecTBeHHoro onpepenennus JTHK,
tak 1 npopunuposanus JHK / This analytical review has a number of limitations, such as: (1) the study is based
on the analysis of open sources, including academic sources, technical specifications, user manuals and available
scientific publications and opinion pieces; (2) the analysis of scientific academic sources and publications, technical
specifications and user manuals that describe how deal with blood and saliva samples to obtain the DNA that have
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been exposed to foreign decontaminant agents may not cover all aspects needed for proper evaluation of both DNA
quantitative measurement and DNA profiling.

Cnucox ucmounuxos / References

1. Kummer N, Metzger C. Investigations forensiques lors d'incidents atomiques, biologiques et chimiques
en Suisse: Contexte et réflexions préliminaires. Revue Internationale de Criminologie et de Police Technique et
Scientifique. 2019;484.

2. Kummer N, Augustyns B, Van Rompaey D, De Meulenaere K. Forensic investigation of incidents involving
chemical threat agent: Presentation of the operating procedure developed in Belgium for a field-exercise. Forensic
Sci Int. 2019;299:180-6.
https://doi.org/10.1016/j.forsciint.2019.03.037

3. Radgen-Morvant I, Curty C, Kummer N, Delémont O. Effects of chemical & biological warfare agent
decontaminants on trace survival: Impact on DNA profiling from blood and saliva. Forensic Sci Int. 2024;364:112206.
https://doi.org/10.1016/j.forsciint.2024.112206

4. Baechler S. Study of criteria influencing the success rate of DNA swabs in operational conditions: a
contribution to an evidence-based approach to crime scene investigation and triage. Forensic Sci Int Genet.
2016;20:130-9.
https://doi.org/10.1016/j.fsigen.2015.10.009

5. Van Oorschot RA, Ballantyne KN, Mitchell R]. Forensic trace DNA: a review. Investig Genet. 2010;1:14.
https://doi.org/10.1186/2041-2223-1-14

6. Alaeddini R, Walsh SJ, Abbas A. Forensic implications of genetic analyses from degraded DNA: A review.
Forensic Sci Int Genet. 2010;4:148-57.
https://doi.org/10.1016/j.fsigen.2009.09.007

7. Poetsch M, Markwerth P, Konrad H, Bajanowski T, Helmus J. About the influence of environmental factors
on the persistence of DNA: a long-term study. Int J Legal Med. 2022;136:687-93.
https://doi.org/10.1007/s00414-022-02800-6

8. Dash HR, Shrivastava P, Lorente JA, editors. Handbook of DNA Profiling. Singapore: Springer
Singapore; 2022.
https://doi.org/10.1007/978-981-16-4318-7

9. Goodwin W, editor. Forensic DNA Typing Protocols. New York, NY: Springer New York; 2016.
https://doi.org/10.1007/978-1-4939-3597-0

10. Bukyya JL, Tejasvi MLA, Avinash A, Talwade P, Afroz MM, Pokala A, et al. DNA Profiling in Forensic
Science: A Review. Glob Med Genet. 2021;8:135-43.
https://doi.org/10.1055/s-0041-1728689

11. Kanokwongnuwut P, Martin B, Taylor D, Kirkbride KP, Linacre A. How many cells are required for
successful DNA profiling? Forensic Sci Int Genet. 2021;51:102453.
https://doi.org/10.1016/j.fsigen.2020.102453

12.Bdumer C, Fisch E, Wedler H, Reinecke F, Korthage C. Exploring DNA quality of single cells for genome
analysis with simultaneous whole-genome amplification. Sci Rep. 2018;8:7476.
https://doi.org/10.1038/s41598-018-25895-7

13. Schulze Johann K, Bauer H, Wiegand P, Pfeiffer H, Vennemann M. Detecting DNA damage in stored blood
samples. Forensic Sci Med Pathol. 2022;19:50-9.
https://doi.org/10.1007/s12024-022-00549-3

14. Butler JM. Advanced Topics in Forensic DNA Typing: Methodology. Amsterdam Heidelberg: Elsevier,
Academic Press; 2012.
https://doi.org/10.1016/C2011-0-04189-3

15. Whiteman M, Hong HS, Jenner A, Halliwell B. Loss of oxidized and chlorinated bases in DNA treated with
reactive oxygen species: implications for assessment of oxidative damage in vivo. Biochem Biophys Res Commun.
2002;296:883-9.
https://doi.org/10.1016/S0006-291X(02)02018-1

16. Dembinski GM, Picard CJ. Effects of microbial DNA on human DNA profiles generated using the
PowerPlex” 16 HS system. ] Forensic Leg Med. 2017;52:208-14.
https://doi.org/10.1016/j.jflm.2017.09.010

17. Abrams S, Reusse A, Ward A, Lacapra J. A simulated arson experiment and its effect on the recovery of
DNA. Can Soc Forensic Sci J. 2008;41:53-60.
https://doi.org/10.1080/00085030.2008.10757164

18. Phetpeng S, Kitpipit T, Thanakiatkrai P. Systematic study for DNA recovery and profiling from common
IED substrates: From laboratory to casework. Forensic Sci Int Genet. 2015;17:53-60.
https://doi.org/10.1016/j.fsigen.2015.03.007

Journal of NBC Protection Corps. 2025. V. 9. No 4



ANropuTt™m AencTBUIA Ha MeCTe XMMUYECKOr0o MHLUMAEHTA A1 COXPAaHEHUS BELLLECTBEHHbIX A0Ka3aTe/IbCTB
Standard procedure at chemical accident site to ensure protection of evidence

19. Galijasevic AA. DNA recovery potential in simulated fire debris evidence [Master thesis]. Boston: University
of Boston; 2022.

20.O’Hagan A, Calder R. DNA and fingerprint recovery from an arson scene. Forensic Res Criminol Int ].
2020;8:15-29.
https://doi.org/10.15406/frcij.2020.08.00303

21. Helmus J, Zorell S, Bajanowski T, Poetsch M. Persistence of DNA on clothes after exposure to water for
different time periods - a study on bathtub, pond, and river. Int ] Legal Med. 2018;132:99-106.
https://doi.org/10.1007/s00414-017-1695-2

22.Korzik ML, De Alcaraz-Fossoul J, Adamowicz MS, San Pietro D. Preliminary study: DNA transfer and
persistence on non-porous surfaces submerged in spring water. Genes. 2023;14:1045.
https://doi.org/10.3390/genes14051045

23. Zupani¢-Pajni¢ I, Marrubini G, Pogorelc BG, Zupanc T, Previdere C, Fattorini P. On the long term storage
of forensic DNA in water. Forensic Sci Int. 2019;305:110031.
https://doi.org/10.1016/j.forsciint.2019.110031

24.Graham E, Adamowicz M. Effects of different types of water on the degradation rate of human DNA in bone
and tissue. University of New Haven; 2015.

25.Bright J-A, Cockerton S, Harbison S, Russell A, Samson O, Stevenson K. The Effect of cleaning agents
on the ability to obtain DNA profiles using the identifiler™ and PowerPlex® Y multiplex kits. J Forensic Sci.
2011;56:181-5.
https://doi.org/10.1111/j.1556-4029.2010.01564.x

26.Harris KA, Thacker CR, Ballard D, Court DS. The effect of cleaning agents on the DNA analysis of blood
stains deposited on different substrates. Int Congr Ser. 2006;1288:589-91.
https://doi.org/10.1016/j.ics.2005.09.171

27.Li VWH, Toogood H, Ryan S, Meakin GE. The effects of various household cleaning methods on DNA
persistence on mugs and knives. Forensic Sci Int Genet Suppl Ser. 2019;7:277-8.
https://doi.org/10.1016/j.fsigss.2019.09.109

28.Nilsson M, De Maeyer H, Allen M. Evaluation of different cleaning strategies for removal of contaminating
DNA molecules. Genes. 2022;13:162.
https://doi.org/10.3390/genes13010162

29. Thabet HZ, Ghandour NM, Salama RH. Effect of some cleaning products on blood DNA retrieval from
cloth. Egypt ] Forensic Sci Appl Toxicol. 2018;18:53-66.
https://doi.org/10.21608/ejfsat.2018.16992

30.Kemp BM, Smith DG. Use of bleach to eliminate contaminating DNA from the surface of bones and teeth.
Forensic Sci Int. 2005;154:53-61.
https://doi.org/10.1016/j.forsciint.2004.11.017

31. Tuccinardi A. Investigating the Efficacy of DNA Damage with Bleach in Forensic Laboratories and at Crime
Scenes [Honors thesis]. New Haven: University of New Haven; 2020.

32.Frégeau CJ, Dalpé C. Simulated radioactive decontamination of biological samples using a portable DNA
extraction instrument for rapid DNA profiling. Forensic Sci Int. 2016;259:161-78.
https://doi.org/10.1016/j.forsciint.2015.12.026

33. Wilkinson D, Holowachuk S, Corbett C, Antonation K, Rostek L, Wotherspoon A, et al. Effect of
decontamination agents following biological contamination on fingermarks, footwear, documents and DNA.
Can Soc Forensic Sci J. 2020;53:173-209.
https://doi.org/10.1080/00085030.2020.1834753

34.Hoile R, Banos C, Colella M, Walsh SJ, Roux C. Gamma irradiation as a biological decontaminant and its
effect on common fingermark detection techniques and DNA profiling. ] Forensic Sci. 2010;55:171-7.
https://doi.org/10.1111/.1556-4029.2009.01233.x

35. Wilkinson DA, Sweet D, Fairley D. Recovery of DNA from exhibits contaminated with chemical warfare
agents: a preliminary study of the effect of decontamination agents and chemical warfare agents on DNA. Can Soc
Forensic Sci J. 2007;40:15-22.
https://doi.org/10.1080/00085030.2007.10757148

36. Timbers J, Wilkinson D, Hause CC, Smith ML, Zaidi MA, Laframboise D, et al. Elimination of bioweapons
agents from forensic samples during extraction of human DNA. ] Forensic Sci. 2014;59:1530-40.
https://doi.org/10.1111/1556-4029.12561

37. Wilkinson D, Hulst AG, De Reuver LPJ, Van Krimpen SH, Van Baar BML. The fate of the chemical warfare
agent during DNA extraction. ] Forensic Sci. 2007;52:1272-83.
https://doi.org/10.1111/j.1556-4029.2007.00569.x

38.Boone CM. Present state of CBRN decontamination methodologies. 2007.

BecTHuK Borick PXB 3awuTbl. 2025. Tom 9. N2 4

SNOILNIANOD SNOdVIM 1VIID0T70I19d ANV TVIINIHD FHL OL IDNIJIIHAV 40 SINIT90dd FHL

EUXKAJO OJOHIIRNIOLONT N OIOAHDIRhNINKNX

OIMHAM3AdUVE OU MMTIHIGHON BEMHIATTOIUIr90D 19W3r90dU

341



MPOBJIEMbI COBJIIOAEHNA KOHBEHLI MO 3AMNPELLEHUNIO

XNUMUNYHYECKOTO N BUOJTIOTMYECKOIO OPYXXUA

342

THE PROBLEMS OF ADHERENCE TO THE CHEMICAL AND BIOLOGICAL WEAPONS CONVENTIONS

3asbanos B.B., 3aBbsnoBa A.A,, 3aBbsnosa H.B., KoeTyH B.A., LLlapoiiko M.I.
Zavyalov V.V,, Zavyalova A.A., Zavyalova N.V,, Kovtun V.A., Sharoyko M.P.

39. Shaw K, Sesardi¢ I, Bristol N, Ames C, Dagnall K, Ellis C, et al. Comparison of the effects of sterilisation
techniques on subsequent DNA profiling. Int ] Legal Med. 2008;122:29-33.
https://doi.org/10.1007/s00414-007-0159-5

40.Monson KL, Ali S, Brandhagen MD, Duft MC, Fisher CL, Lowe KK, et al. Potential effects of ionizing
radiation on the evidentiary value of DNA, latent fingerprints, hair, and fibers: a comprehensive review and new
results. Forensic Sci Int. 2018;284:204-18.
https://doi.org/10.1016/j.forsciint.2018.01.012

41. Comte J, Baechler S, Gervaix J, Lock E, Milon M-P, Delémont O, et al. Touch DNA collection - performance
of four different swabs. Forensic Sci Int Genet. 2019;43:102113.
https://doi.org/10.1016/j.fsigen.2019.06.014

42.Socratous E, Graham EAM. DNA reviews: DNA identification following CBRN incidents. Forensic Sci Med
Pathol. 2008;4:255-8.
https://doi.org/10.1007/s12024-008-9066-4

43.Khare P, Raj V, Chandra S, Agarwal S. Quantitative and qualitative assessment of DNA extracted from
saliva for its use in forensic identification. J Forensic Dent Sci. 2014;6:81.
https://doi.org/10.4103/0975-1475.132529

44.Ramsey M. Persistence of touch DNA for forensic analysis. National Institute of Justice; 2022.

45.Durdiakova ], Kamodyova N, Ostatnikova D, Vlkova B, Celec P. Comparison of different collection
procedures and two methods for DNA isolation from saliva. Clin Chem Lab Med. 2012;50.
https://doi.org/10.1515/cclm.2011.814

46.Karched M, Bhardwaj RG, Pauline EM, George S, Asikainen S. Effect of preparation method and storage
period on the stability of saliva DNA. Arch Oral Biol. 2017;81:21-5.
https://doi.org/10.1016/j.archoralbio.2017.04.011

47. Samie L, Champod C, Glutz V, Garcia M, Castella V, Taroni F. The efficiency of DNA extraction kit and the
efficiency of recovery techniques to release DNA using flow cytometry. Sci Justice. 2019;59:405-10.
https://doi.org/10.1016/j.scijus.2019.02.003

48.Qiagen. QIAamp® DNA Mini and Blood Mini. Handbook. 2025.

49.Holmes AS, Houston R, Elwick K, Gangitano D, Hughes-Stamm S. Evaluation of four commercial
quantitative real-time PCR kits with inhibited and degraded samples. Int ] Legal Med. 2018;132:691-701.
https://doi.org/10.1007/s00414-017-1745-9

50. Vernarecci S, Ottaviani E, Agostino A, Mei E, Calandro L, Montagna P. Quantifiler® Trio Kit and forensic
samples management: A matter of degradation. Forensic Sci Int Genet. 2015;16:77-85.
https://doi.org/10.1016/j.fsigen.2014.12.005

51. Butler JM. STR Profiles. In: Butler JM, editor. Advanced Topics in Forensic DNA Typing: Interpretation.
Elsevier; 2015. p. 109-27.
https://doi.org/10.1016/B978-0-12-405213-0.00005-1

52.Gwozdzinski K, Pieniazek A, Gwozdzinski L. Reactive oxygen species and their involvement in red blood
cell damage in chronic kidney disease. Oxid Med Cell Longev. 2021;2021:6639199.
https://doi.org/10.1155/2021/6639199

53. Urakov A, Urakova N, Nikolenko V, Belkharoeva R, Achkasov E, Kochurova E, et al. Current and emerging
methods for treatment of hemoglobin related cutaneous discoloration: a literature review. Heliyon. 2021;7:e05954.
https://doi.org/10.1016/j.heliyon.2021.e05954

54.Castell6 A, Francés F, Verdd F. DNA Evidence Uncompromised by Active Oxygen. Sci World J.
2010;10:387-92.
https://doi.org/10.1100/tsw.2010.47

55.Edler C, Krebs O, Gehl A, Palatzke K, Tiedemann N, Schroder AS, et al. The effect of bleaching agents on
the DNA analysis of bloodstains on different floor coverings. Int ] Legal Med. 2020;134:921-7.
https://doi.org/10.1007/s00414-020-02250-y

56.Bragg SA, Armstrong KC, Xue Z-L. Pretreatment of whole blood using hydrogen peroxide and UV
irradiation. Design of the advanced oxidation process. Talanta. 2012;97:118-23.
https://doi.org/10.1016/j.talanta.2012.04.004

57. White DC, Teasdale PR. The oxygenation of blood by hydrogen peroxide: in vitro studies. Br | Anaesth.
1966;38:339-44.
https://doi.org/10.1093/bja/38.5.339

58.Rynkowska A, Stepniak J, Karbownik-Lewinska M. Fenton reaction-induced oxidative damage to
membrane lipids and protective effects of 17p-estradiol in porcine ovary and thyroid homogenates. Int ] Environ Res
Public Health. 2020;17:6841.
https://doi.org/10.3390/ijerph17186841

Journal of NBC Protection Corps. 2025. V. 9. No 4



ANropuTt™m AencTBUIA Ha MeCTe XMMUYECKOr0o MHLUMAEHTA A1 COXPAaHEHUS BELLLECTBEHHbIX A0Ka3aTe/IbCTB
Standard procedure at chemical accident site to ensure protection of evidence

59.Sadrzadeh SM, Graf E, Panter SS, Hallaway PE, Eaton JW. Hemoglobin. A biologic fenton reagent. J Biol
Chem. 1984;259:14354-6.
https://doi.org/10.1016/50021-9258(17)42604-4

60.Marrone A, Ballantyne J. Changes in dry state hemoglobin over time do not increase the potential for
oxidative DNA damage in dried blood. PLoS ONE. 2009;4:e5110.
https://doi.org/10.1371/journal.pone.0005110

61. Sewell ], Quinones I, Ames C, Multaney B, Curtis S, Seeboruth H, et al. Recovery of DNA and fingerprints
from touched documents. Forensic Sci Int Genet. 2008;2:281-5.
https://doi.org/10.1016/j.fsigen.2008.03.006

62.Finnis ], Murphy C, Davidson G, Alexander K, Lewis J, Boyce M, et al. Enzyme activity, DNA degradation
and drying times of semen, saliva and vaginal material. Sci Justice. 2023;63:663-70.
https://doi.org/10.1016/j.scijus.2023.09.001

63.Bannick K. Mechanisms to Combat DNA Degradation [Honors project]. Bowling Green: Bowling Green
State University; 2021.

64.Butler JM. Low-Level DNA and Complex Mixtures. In: Butler JM, editor. Advanced Topics in Forensic DNA
Typing: Interpretation. Elsevier; 2015. p. 159-82.
https://doi.org/10.1016/B978-0-12-405213-0.00007-5

65. Hughes-Stamm SR, Ashton KJ, Van Daal A. Assessment of DNA degradation and the genotyping success
of highly degraded samples. Int ] Legal Med. 2011;125:341-8.
https://doi.org/10.1007/s00414-010-0455-3

66.Gouveia N, Brito P, Bogas V, Serra A, Bento AM, Lopes V, et al. The effect of different levels of degradation
and DNA concentrations on the quality of genetic profiles. Forensic Sci Int Genet Suppl Ser. 2017;6:¢428-€9.
https://doi.org/10.1016/j.fsigss.2017.09.151

67. McCord B, Opel K, Funes M, Zoppis S, Jantz LM. An Investigation of the Effect of DNA Degradation and
Inhibition on PCR Amplification of Single Source and Mixed Forensic Samples. U.S. Department of Justice; 2011.

68.Elwick K, Gauthier Q, Rink S, Cropper E, Kavlick MF. Recovery of DNA from fired and unfired cartridge
casings: comparison of two DNA collection methods. Forensic Sci Int Genet. 2022;59:102726.
https://doi.org/10.1016/j.fsigen.2022.102726

69.Finnegan M, Linley E, Denyer SP, McDonnell G, Simons C, Maillard J-Y. Mode of action of hydrogen
peroxide and other oxidizing agents: differences between liquid and gas forms. J Antimicrob Chemother.
2010;65:2108-15.
https://doi.org/10.1093/jac/dkq308

Bxnao aemopos / Authors’ contributions

Bce aBTOpBI MOATBEp)X[AIOT COOTBETCTBME CBoero aBropcrBa kpurepusaMm ICMJE. Haubonpmmit BKan
pacmpepeneH ciaepyomuM obpasom: B.B. 3aBbanoB - ¢gopmMupoBaHue KOHIENIUY CTaTbH, HAaIJMCaHUE TEKCTa
pykonucy; A.A. 3aBbsIoBa — cOOp ¥ HayYHBIIl aHA/IN3 JAHHBIX IUTEPATYPHI 110 IMPObIeMaTHKe CTaThH, Iepepa-
6oTKka TekcTa pykonvcy; H.B. 3aBbsioBa — HayIHBIN aHA/IN3 U peAaKTUpOBaHMe TeKcTa pykomucy; B.A. KosryH -
HAy4HbII aHaIM3 TEKCTa PYKOIMCH, OKOHYATE/IbHOE YTBEPXK/eHMe KOHIIEIIMM CTaThy M TeKCTa PYKOIVCH;
MLIL. Illapoiiko — KpUTHYECKMIT aHA/IN3 ¥ KOPPEKTUPOBKa KoHIenuuy pykonucu. / All authors confirm that they
meet the International Committee of Medical Journal Editors (ICMJE) criteria for authorship. The most significant
contributions are as follows: V.V. Zavyalov has formulated the concept of the study, has written the text of the article;
A.A. Zavyalova has collected and analyzed the scientific data on the topic, has revised the text; N.V. Zavyalova has
analyzed and edited the text of the article; V.A. Kovtun has analyzed the text of the article, has approved a final
version of the article for publication; M.P. Sharoyko has made amendments to the concept of the article and has
analyzed the text of the article, has made a critical review of the text.

Ceedenus o peuensuposanuu / Peer review information

Crarps nmpouuia JByCTOpOHHee aHOHMMHOE «CTIe[I0€e» pelieH3MPOBaHMe JBYMsI pelieH3eHTaM, CIIelaTncTa-
MU B TaHHOI o6acTu. Perjensnn HaxopsTcs B pegakiuu xypaana u B PMHIIe. / The article has been doubleblind
peer reviewed by two experts in the respective field. Peer reviews are available from the Editorial Board and from
Russian Science Citation Index database.

06 asmopax / Authors

DepnepabHOEe TOCYJapCTBEHHOE OIOfKETHOe yupexjeHue «27 HaydHBII LeHTp WMMEHU aKaJeMMu-
ka H.JI. 3enunckoro» MwunucrepcrBa oboponbsr Poccuiickoit @epmepannm, 111024, Poccuiickas ®eneparius,
. MockBa, npoess DHTY31acToB, [. 19.

3asvsanos Bacunuii Braoumuposuy. Crapuimnit HAy YHbII COTPYAHNUK, KaHJ. XVMM. HayK.

BecTHuK Borick PXB 3awuTbl. 2025. Tom 9. N2 4

SNOILNIANOD SNOdVIM 1VIID0T70I19d ANV TVIINIHD FHL OL IDNIJIIHAV 40 SINIT90dd FHL

EUXKAJO OJOHIIRNIOLONT N OIOAHDIRhNINKNX

OIMHAM3AdUVE OU MMTIHIGHON BEMHIATTOIUIr90D 19W3r90dU

343



MPOBJIEMbI COBJIIOAEHNA KOHBEHLI MO 3AMNPELLEHUNIO

XNUMUNYHYECKOTO N BUOJTIOTMYECKOIO OPYXXUA

344

THE PROBLEMS OF ADHERENCE TO THE CHEMICAL AND BIOLOGICAL WEAPONS CONVENTIONS

3aBbsnos B.B., 3aBbssioBa A.A., 3aBbsnioBa H.B., KoeTyH B.A., LLlapoiiko M.IM.
Zavyalov V.V,, Zavyalova A.A., Zavyalova N.V,, Kovtun V.A., Sharoyko M.P.

3asvsanosa Hamanvs BacunvesHa. I/iaBHbBII Hay YHBIII COTPYRHUK, Ipodeccop, A-p 61OoI. HayK.
Hlapoiiko Maxcum Ilemposuy. 3amMecTUTeNb HadyanbHMKa LleHTpa, KaHJ. TeXH. HayK.
Koemyn Buxkmop Anexcandposuy. HauanbHuk IeHTpa, HOLIEHT, KaH/I. XMM. HayK.

DepepanpHOe TOCYIAPCTBEHHOE KaseHHOe 00pas3oBaTe/IbHOE YUpeX/eHe BbICIIero oopasoBanus «MOCKOB-
CKMit yHMBepcuTeT MMHMCTepCTBa BHYTpeHHUX fen Poccuiickoit @enepanun umennu B.f1. Kukotsa», 117997, Poccnit-
ckas Qenepanus, . MockBa, yi1. AkagemMnka Bonruna, z1. 12.

3asvanosa Auna AnexcanoposHa. [JoneHT, KaHJ. XMM.HayK.

Konmaxmnas ungopmayus ons écex aémopos: 27nc_l@mil.ru
Konmaxmmnoe nuyo: 3aBbanos Bacunmmit BraguMuposuy; 27 nc_l@mil.ru

27 Scientific Centre Named after Academician N.D. Zelinsky of the Ministry of Defence of Russian Federation,
Entuziastov Proezd, 19, Moscow 111024, Russian Federation.

Vasily V. Zavyalov. Senior Researcher. Cand. Sci. (Chem.).

Maxim P. Sharoyko. Deputy Head of the Centre. Cand. Sci. (Techn.).

Natalya V. Zavyalova. Leading Researcher. Dr Sci. (Biol.), Professor.

Victor A. Kovtun. Head of the Centre. Cand. Sci. (Chem.), Associate Professor.

Moscow University of the Ministry of Internal Affairs of the Russian Federation Named after V.Ya. Kikot,
Akademika Volgina str., 12, Moscow 117997, Russian Federation.
Anna A. Zavyalova. Docent. Cand. Sci. (Chem.).
Contact information for all authors: 27 nc_l@mil.ru
Contact person: Vasily V. Zavyalov; 27nc_l@mil.ru

Journal of NBC Protection Corps. 2025. V. 9. No 4



OPUTUHANIbHASA CTATbA | ORIGINAL ARTICLE

YOK 615.214.2:543.5
https://doi.org/10.35825/2587-5728-2025-9-4-345-369
https://elibrary.ru/mingwu

CTpyKTypHas uaeHTUPUKaLma U cpaBHUTESIbHAS OLLEHKA
coaep>KkaHus MeTabosImToB MHKanacutaHTa BZ B moye
U NnJ1a3Me KpoBU KpbIC

N.N. KoBaneHko, A.C. ApablueHko, A.B. CtaButckas, H.A. KosocoBa,
W.B. Pbi6anbyeHko, A.M. lNpuropbes™

®edepanvHoe zocyoapcmeeHHoe brodxicemHoe yupexcdeHue «27 HayuHsili ueHmp uMeHU akademuka
H.[. 3eauHckozo» MuHucmepcmea obopoHbl Poccutickoli ®edepayuu,

111024, Poccutickas ®edepayus, 2. Mockea, npoe3d dHmy3uacmos, 0. 19

X e-mail: 27nc_1@mil.ru

OcHOBHbIE MOMEHTDI

- B 30HE CIIeNMa/TbHOJ BOEHHOJ OIepanyy OTMeYaeTcsl HpVMeHeHMe YKPaMHCKUMU BOOPY>KEHHBIMM VM TeppOpU-
CTUYECKUMH (POPMUPOBAHNAMIY HeJleTaTbHBIX OTPABIAIONINX BElleCTB, YTO ABIAETCA HapylleHreM KoHBeHIMm o
3alIpellleHNnN paspaboTKy, IPOU3BOACTBA, HAKOIUICHNS 1 IPUMEHEHMs XMMUYECKOTO OPYXKVS M €T0 YHUYTOXKEHUN
(K3X0);

- pazpaboTaH XpPOMATO-MaCC-CIEKTPOMETPUIECKIIT CII0CO0, ITO3BOJISIONINIT YCTAHOBUTD (aKT oTpasieHus BZ u ero
aHajIoraMy 0 MX MeTabOINTaM B MOYe I ITa3Me KPOBIL.

Axmyanvnocmy. Haunnas ¢ 2022 r., B 3oHe CBO gmBaxsl (ukcupoBanuch ciydanm OOHAapy>KeHMs BellecTBa
EA-3167, crpykTypHOro u QyHKIMOHa/IbHOTO aHa/lora MHKanacuTanra BZ, Bknodensoro B Crncok 2 K3XO. Orme-
YeHBI C/Tydan OTPaB/IeHNs POCCUIICKNX BO€HHOCTYXammx. HecMOTps Ha maBHee OTKpBITHE caMoro BZ, cBefeHns o
ero Metabomm3Me 1 BO3MOYKHBIX MapKepax OTpaB/IeHNs, ONYO/IMKOBaHHbIE B OTKPBITHIX ICTOYHUKAX, KpajlHe HelloI-
HBI U HelOCTATOYHBI.

Ilenv pabomvt — oOHapy>KeHMe U CTPYKTypHas upieHTnUKanys MeTabomntoB BZ B Mode 1 mmasme KpOBU KPBIC;
OLieHKa OTHOCUTENBHOTO cofiepXKauusi BZ u ero MeTabonmToB.

Mamepuanvt u memodvt. JKNIKOCTHAsA 1 Ta3oBasg XpoMaTorpausa-Macc-CIIeKTPOMETPUA BBICOKOTO PaspelleHNA.
O1eHKa OTHOCUTENBHOTO COlep>KaHmsA MeTabomToB BZ mpoBopmmach UCXOMs U3 BeIMYNH MHTEHCUBHOCTe (T1710-
mfaset) MMKOB MeTabOMNTOB B YCIOBUSX SKUAKOCTHOM XpoMaTorpaum-Macc-CreKTpOMeTPII BBICOKOTO paspelire-
HYsA. OIpefie/AICh XapaKTepUCTUKI MeTab0/IUTOB, XapaKTepHbIX JI/I OTpaBIeHns BZ.

Pesynvmamot. B Mode 1 m1asMe KpOBY KPBIC IPEAIONIOXUTEIBHO UAeHTHGMULIMpoBamy 6onee 40 metabonuros BZ,
06pasoBaHHBIX B pe3y/IbTaTe OKUCIUTENbHbIX 1 (YACTIYHO) TUPOINTUYECKNX MOAM(UKAINIT ICXOHOI MOJIEKYIIBL.
CTpyKTypBbI OKUC/IEHHBIX MeTaboMNTOB (asbl I comepKasm K0 YeTbIpeX HOMOTHUTETbHBIX aTOMOB KICTIOPOJiA, BXO-
IALIMX B COCTaB TUIPOKCIIBHBIX TPYIII Ha (PEHWIbHBIX OCTaTKaxX 1 N-okcypa. Merabomutsl ¢assl | mogsep>keHb
VHTEHCYBHOMY KOHBIOTMPOBAHMUIO ¢ 0oOpa3oBaHyeM O-MeTWIBHBIX ¥ [IIOKYPOHUIMPOBAHHBIX (POPM, a TakKe MX
KOMOVHanuMil. BpUIO HaiffieHo, YTO cofiepXKaHue psAfa MeTabonUTOB B MOYe (B TOM YMC/Ie TIIOKYPOHMUMA AUTUIPOK-
CUIMPOBAHHOTO METHUINPOBAHHOIO METa0O0/INTA) YBEIMIMBAIOCh BIIOTH 10 24 4 MOC/Ie 9KCIIoHMpoBaHus. Hensme-
HeHHBI BZ nprcyTcTBOBaI B MOYe KPbIC /IUIIIb B HEOOBIINX KOHIIEHTPALIVSX.

Bovieoovt. [l monTBepykeHUsA oTpaBieHna BZ MetomoM xpomaTorpadum-Macc-ClieKTpoMeTpun Hambosee yroo-
HBI MOHOTU/IPOKCH/IMPOBaHHbIe, N-OKIC/IeHHbIE ¥ JUTUAPOKCUIVPOBaHHbIE METUIMPOBaHHbIe GpopMbl. [Ipy 3Haun-
TE/IbHOM BpeMeHM II0CTIe OTPABJICHs PeKOMEHIyeTC st OOHapy)KeHNe TIIIOKYPOHUIOB MOHOTU/POKCUINPOBAHHBIX 1
AUTUAPOKCUINPOBAHHBIX METH/IIPOBAHHBIX METAOO/INTOB.

IIpakmuueckas snayumocmo pabomot. PazpaboTaHHBIN ITOAXON MO3BO/AET 0OBEKTUBHO MOATBEPXK/IATh (AaKT OT-
paB/IeHMA MHKAIlaCUTaHTOM BZ u ero aHajoraMu 1o cTabMIbHBIM MeTabomutaM B 6mocpeniax. PesymbraTer pa6o-
THI IMEIOT BO)KHOE IMPUKIaJHOE 3HaUeHNe [ XMMIKO-aHaIUTIYeCKOTo obeciedeH st KOHTPOJIS 3a COOIOfieHIeM
K3XO u cyne6HO-MemUIINHCKO 9KCIIEPTU3bIL.

Kniouegvie cnosa: BZ; EA-3167; 2a308a51 XpoMAmomacc-cneKmpomempuss; #HUOKOCMHAS XPOMAMO-Macc-crexmpome-
MPUST; UHKANACUMAHMbL; MEMAOONIUMDbL; KPbICbL; CHEUUATLHAS 60eHHAT ONEPALUS; MOUHbIE MACCDL

Hna yumuposanus: Kosanenxo M.I., Apnwuenxo A.C., Cmasumcxas A.B., Konocosa H.A., Pvibanvuenko J.B.,
Tpuzopves A.M. CmpykmypHas u0eHmuuUKauus u CpasHUMeNbHASL OUeHKA CO0ePHAHUT MeMaboNUmMos UHKANAacu-
manma BZ 6 moue u nnasme kposu kpuvic. Becmnux sotick PXb 3awsumui. 2025;9(4):345-369. EDN:mingwu.
https://doi.org/10.35825/2587-5728-2025-9-4-345-369
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Highlights

- use of non-lethal chemical agents by Ukrainian armed and terrorist formations has been documented in the Special
Military Operation zone, constituting a violation of the Chemical Weapons Convention;

- a chromatographic-mass spectrometric method has been developed to confirm exposure to BZ and its analogs
through identification of their metabolites in urine and blood plasma.

Relevance. Since 2022, two instances of EA-3167 detection have been recorded in the SMO zone - a structural and
functional analog of the incapacitating agent BZ listed in Schedule 2 of the CWC. Cases of intoxication among Russian
military personnel have been reported. Despite BZ being known for decades, information about its metabolism and
potential exposure markers in open sources remains extremely limited and insufficient.

Purpose of the study is to detect and structurally identify BZ metabolites in rat urine and blood plasma; to assess the
relative content of BZ and its metabolites.

Materials and Methods. High-resolution liquid and gas chromatography-mass spectrometry. Evaluation of relative
metabolite content was based on peak intensity (area) measurements under HPLC-HRMS conditions. Characteristics
of metabolites specific to BZ exposure were determined.

Results. Over 40 BZ metabolites formed through oxidative and (partially) hydrolytic modifications.

Conclusion. For of the parent molecule were tentatively identified in rat urine and plasma. Structures of Phase I
oxidized metabolites contained up to four additional oxygen atoms incorporated as hydroxyl groups on phenyl
residues and N-oxide. Phase I metabolites undergo intensive conjugation forming O-methylated and glucuronidated
forms, and their combinations. Levels of several metabolites in urine (including glucuronide of dihydroxylated
methylated metabolite) increased up to 24 hours post-exposure. Unchanged BZ was present in rat urine only in minor
concentrations.forensic confirmation of BZ exposure using chromatography-mass spectrometry, monohydroxylated,
N-oxidized, and dihydroxylated methylated forms are most suitable. When significant time has passed after exposure,
detection of glucuronides of monohydroxylated and dihydroxylated methylated metabolites is recommended.
Practical significance of the work. The developed approach allows for the objective confirmation of poisoning by
the incapacitating agent BZ and its analogues through the detection of stable metabolites in biological samples. The
results are of high practical importance for chemical-analytical support in monitoring compliance with the Chemical
Weapons Convention and for forensic medical examination.
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B mocnepnme rogpl B Xoe TOKalIbHBIX KOH-
GIMKTOB BOKWIOIMMM CTOPOHAMM TIPeAIIPU-
HUMAIOTCS MONBITKM 00X0Ja CTPOTMX Orpa-
HUYEHNUIi, ycTaHOBNeHHbIX KonBennmeit o
3ampenieHny pa3paboTKy, IPON3BOJCTBA, HAKO-
IUIEHNA U IPUMEHEHUA XMMMUYECKOTO OpY>XUA
u o ero yunutoxxenun (K3XO)'. IIpu stom Ha-
OnrofaeTcs HOBBILIEHME MHTepeca Cpeiy Kpu-
MMHAJIbHBIX I TEPPOPUCTUYECKUX KPYTOB K He-
JeTanbHBIM oTpaBnAnmuUM Bemectsam (OB). B
YaCTHOCTH, K HUM oTHOcATcA OB ncuxoxmmuye-
CKOI'O JeVICTBUA, BO3LEIICTBYIOL[NME HAa OIpefe-
JIeHHbIe 6MOXMMMIYeCKNe IIPOIeCChl, CBA3aHHbIE
¢ ¢QyHKUMOHMpOBaHMeM HepudepudecKoil u

LeHTPa/IbHOJ HEPBHON CUCTEMBI YeT0BeKa.
OpHMM M3 TaKUX BEIIEeCTB ABNAAETCH 3-XU-
HyKauauHun 6ensunar (BZ, QNB), cunresn-
poBaHHBIT B 50-Tomax mpouuioro Beka gapma-
meBTuyeckoym kxoMmmaHmeili Hoffman-La Roche
B KayecTBe BO3MOXKHOI'O CIIa3MOIUTUYECKOTO
CpencTBa, pucyHok 1. Bnocnencreun B 1960-x IT.
3TO BELIeCTBO OBI/IO NPUHATO HAa BOOPYXEHUU
apmuu CIIIA B xkayecTBe OB ncuxoxumMmyeckoro
mevictBusa nopn mudpom BZ [1]. ITo TtepmmHo-
norum K3XO BemjectBo BZ oTHOCKHTCHS K MHKa-
macuTaHtaMm (incapacitants, «BbIBOAsIINE U3
CTpOsi») U BK/I0YeHO B CINCOK 2 NMPUIOKEHNS

PucyHok 1 - CmpykmypHvie ¢popmynbl BZ u npodykmos
e20 2udponusa [3]

Figure 1: The structural formulas of BZ and its hydrolysis
products [3]

Toxcuueckoe geitctBre BZ o6ycmosneHo 6mo-
KMPOBaHMEM IIPOLleCCA CBS3BIBAHMS aL[€TUII-
XO/IMHA C MYCKapMHOBBIMM XOMMHIPTUYECKNMMU
peuentopamu’® (KoHCTaHTa acconmanuu KA mis
BZ cocraBnser 5,28x10° M™! [2], uTo 6oiee, yem B
30 pas npeBblIIaeT KOHCTAHTY acCOLMALUM /1A
aTpomnmnHa). BZ - aHTaroHucT MycKapuHOBBIX pe-
I[ENITOPOB, 2 CUMITOMBI OTPaB/IEHNsI BKIIOYAOT

0 XMMUKATaM K TeKcTy KoHBeHnmnm?. CYyXOCThb BO PTYy, TaXMKapAuo, CIYyTaHHOCTb

! OPCW. Annex of Chemicals. Schedule 2. URL: https://www.opcw.org/chemical-weapons-convention/annexes/
annex-chemicals/schedule-2 (mata ob6pammenns: 12.08.2025).

2 OPCW. Annex of Chemicals. Schedule 2. URL: https://www.opcw.org/chemical-weapons-convention/annexes/
annex-chemicals/schedule-2 (zaTa o6pamenns: 12.08.2025).

* National Research Council (US) Panel on Anticholinesterase Chemicals; National Research Council (US) Panel
on Anticholinergic Chemicals. Possible Long-Term Health Effects of Short-Term Exposure to Chemical Agents:
Vol. 1. Anticholinesterases and Anticholinergics. Washington (DC): National Academies Press (US); 1982. URL:
https://www.ncbi.nlm.nih.gov/books/NBK217774/ (gara obpammennst: 18.09.2025).
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CO3HAHMNSI, IOTEPIO OPMEHTAL UM, TUTIEPAKTUBHOE
Je30praHN30BaHHOE IIOBeleHMe, OeCCBA3HYIO
peusn, ramnwuunanuu [1, 3]. B saBucumoctu ot
JO3BI OT/le/IbHbIE IPU3HAKY IIOPAXKEHM COXpa-
HSIOTCS IO HECKONBKUX CYTOK. VccnmemoBaHue
meiictBusi BZ Ha 4enoBeka C MCIONb30BaHUEM
Bo6poBoOIbIEeB OcymmecTBasAnoch B apmun CIIA
B mepuopn 1955-1975 rr. [4].

BZ BpI3bIBaeT moOpajkeHMe IIPU WMHIAJS-
LMOHHOM, HEepPOPaJbHOM U BEHO3HO-apTepu-
QIbHOM IIOCTYIJICHUY B OpTaHU3M. BeiBogsamasn
u3 CTpos fio3a npu Babixanun asposons (ICt, )
cocraBisger 60,1 mr-muu/m**. IloBemeHdeckas u
KOTHUTKMBHasA AUCPYHKIMA HAOMIIOmaeTcs Npu
IepopasibHOM BBefieHUU 3-7 MKI/KT, IPU 3TOM
paccumMTaHHasA s yenoseka LD_ cocraBnser
~5 mr/kr [3].

PeanbHasa omacHocTh mnpumeHeHusa BZ B
00eBBIX YCIOBUAX IIpUBeNa K INPUATUIO Ha
cHabxenme CoBerckoit apmuu B 1973 1. uH-
mukatopHoit Tpy6oku MT-46 mns ompeneneHus
asposonsa BZ B Bosgyxe, B penentype KOTopoit
UCHONb30BaJlach ILIBEeTHas peakuus Ha Tpe-
TUYHBIIT 30T ¢ peakTuBOM [Iparenmopda’.

Boicokass apPUMHHOCTD K MYCKapMHOBBIM
XOMMHOPIUYECKUM peLenTopaM XapaKTepHa
U 1A CTPYKTYPHBIX aHajoros BZ [5, 6], 4to
NPUBENO K UCIONB30BAHUIO STUX COeTUMHEHUIT
B nesterases and Anticholinergics. Washington
(DC): National Academies Press (US); 1982.
URL: BemectBom EA-3167, aBnaomemca GyHK-
IIMIOHAJIBHBIM M CTPYKTYPHBIM aHajorom BZ
[11, 12], a B 2023 r. y guBepcantoB BCY 6ni1n
U3BATHI AMITY/IBI, COfEPIKallJie 9TO BELeCTBOC.

B conesoit popme BZ 3ameTHO pacTBOpUM B
BOJIe, XOTsI PACTBOPUMOCTD 3aBUCUT OT BUJIA TPO-
tuBomoHa. Kak cinoxxuslit a¢pup, BZ nogsepxen
TU/IPONTK3Y B BOGHOI cpefie. B KucapIx pacTBopax
(mo pH~5) BZ Becpma cTabuieH (mepuop momy-
pasnoxxenus 6onee 10000 4), HO IpK CHYKEHUN
KUCJIOTHOCTY CKOPOCTb TUAPONN3a OBICTPO
BO3pacTaeT, U B (U3MOIOTUYECKUX YCTOBUSIX
(37 °C, pH 7,4) aTa BenmuunHa NpUMEpPHO paBHA
95 4 [3].0nucannsle cBoiicTBa BZ u xapakrtep
HPOAYKTOB €ro TMAPONN3a — 3-XUHYKIUANHOA
(3-Q) wu  2-ruppoxcu-2,2-gudeHnnyKCycHoI
kucnotsl (HDPAA) omnpepensinu crparernio
aHanmM3a C LeJbl0 BbIABAEHUSA TpUMeHeHUs BZ
V/VIN OTIpeJie/ieHUs ero CORepXKaHUs B TeXHO-

TeHHBIX 00bEeKTaX U B 00beKTaX OKpy’Kaloleit
cpenbl. B pannux paborax [13, 14] npumensann
Mmerop I'X-MC, koTopslit Tpe60oBan NIpoBefieHN
JAepuBaTU3al My, OOBIYHO 3aK/ITIOYaBIIENCA B
tpuMeTuncunvnuposanun (TMS). B HegaBHUX
paborax [15, 16] ObUIO OmMcaHO NIpUMEHEHNE
HOBBIX [IePMBATU3NPYIOLUINX areHTOB /s OIpe-
nenenus 3-Q u HDPAA. Iloutn ogHOBpeMeHHO
¢ mybnukanueit pa6or mo I'X-MC BZ u mpo-
AYKTOB €ro TUpOojn3a HOSIBUINCH COOOIeHN,
npepnaramoniue npuMeHeHme Mmetopa JKX-MC
(17, 18]. Bce mepeuncnennbsle nyb6nukanumu ¢o-
KYCHPOBA/IMCh Ha ONTUMM3ALUN METOLOB IIOJ-
TOTOBKN IIPOO M YC/IOBUIT MHCTPYMEHTAIbHOTO
aHanmM3a TpeX M3BECTHBIX U XOPOIIO OXapaKTe-
PM30BaHHBIX COEIMHEHNIT, OTIPeleNIsieMbIX B He-
OMOTeHHBIX Cpefiax.

3HauYMTENbHO  CIOKHEE  BBITIANUT  3a-
maya, TpeOylomas AMATHOCTUYECKOTO IIOJ-
TBepXKJIeHus oTpaBnenns BZ u/unum ero anamo-
ramy, BK/Iovyaouias oOHapy>XeHMe KaK caMOro
HEUM3MEHEHHOTO COeIHEH ST, TAK U BO3MOXKHBIX
ero MapKepoB B OMOTOTMYECKUX OODBEKTaX — B
HepBYIO oYepe/b, B MOYe U KpoBU. B KoHIle po-
IIJIOTO BeKa, BBUJY HEZOCTATOYHOI paspabo-
TaHHOCTU 1 Manoi goctynnoctu JKX-MC ee pe-
manu merogom I'X-MC [19-21]. Torga sxe 6b110
OTMe4eHO, YTO BZ mojBep)keH MHTEHCUBHOMY
MeTaboNMM3My U ero cofiep>kaHye B MOYe OYeHb
Majio, HO Cpefy OIpefenasieMblX MeTabOIUTOB
ObI/IV Ha3BaHBI TOTBKO IIPOAYKTHI TUPOIN3A U,
BO3MOJKHO, ITIOKYPOHMNJL BZ. ITouck ocTambHbBIX
BO3MOXXHBIX MeTa0OINTOB OBLI 3aTPYHEH Orpa-
HuvyeHusamu metoga I'’X-MC.

CornacHoO HaIIMM JaHHBIM, HA TPOTSIKEHUN
IIMTEIbHOTO BpeMeHM IoC/Ie My OnuKanuy pabor
[19-21] (oxomo 30 meT) B JOCTYIHBIX MCTOY-
HUKaX He OBIIO CIeMaHO HUKAKMX IyOMMKaIuit
0 JeTalbHOMY WCCIeOBaHNI0O MeTabonmama
BZ c npumenenuem meroma JKX-MC. 9ra cury-
anusA IPUBOAVIA K OMIMOOYHOMY MHEHMIO 00
OTPAaHMYEHHOCTU CHUCKA MeTabOTUTOB TOIBKO
ABYMS-TpeMs COefMHEeHMsAMMU. JINIIb HeJaBHO
(2020 r.) 6BUT2 OTYONIMKOBAHO COOOIIEHME O TO-
paspo 6oree TIIaTeTbHOM MCCIEJOBAaHNUM MeTa-
6onuama BZ pns xpeic u in vitro [22]. ABTOpHI
HNpUBENU CIUCOK psfia MOYEBBIX MeTabONIUTOB
¢daspr [, MMewmMUX TUAPONU3HYI0 M OKWUCIN-
TebHYI0 IpUpoAy u Merabonuros ¢assr II -

* National Research Council. 2013. Acute Exposure Guideline Levels for Selected Airborne Chemicals: Vol. 14.
Washington (DC): National Academies Press (US); 1982. URL: https://doi.org/10.17226/18313 (mata obpaijeHus:

05.09.2025).

> Cwusuxos CH, pen., Cmupuos AO, lllernos O®, Pribansuenko VIB u gp. MHoukauus, mexHuueckue cpedcmaea
Xumueckoti, Hecneyugduueckoti 6uonoeueckoli pazseoku U xumuieckozo Konmporns. Yaebnoe nmocobue. BA PXB3,

Koctpowma; 2009. 491 c.

Sizikov SN, Ed, Smirnov AO, Shcheglov OF, Rybalchenko 1V, et al. Indication, technicalmeans of chemical, non-
specific biological exploration and chemical control. Training manual. NBC Protection Coprs, Kostroma; 2009. 491 p.

¢ URL: https://vk.com/video-147097724_456242348 (mata obpamenns: 12.08.2025).
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HPOAYKTOB ITIIOKYPOHUAUPOBAHUSA M METUIN-
poBaHusa. K coxaneHnio, 3TOT CIUCOK He CO-
JepKan JaHHBIX, Kacawluxcs HaOTomaeMoro
comepxaHus (IIomiafeil NMKOB) HalJeHHBIX
MeTabOMUTOB, YTO He MO3BOMAET CHeIaTh Ipa-
BU/IbHBIN BBIOOp OmMoMapkepoB BZ m omrmmu-
3MpOBaTh ycnoBuA aHanusa. Ilockonpky pabora
[22] ocHoBana Ha mpumenennu JKX-MC, To oHa
He CofiepXMUT HMKakoit napopmanun o I'’X-MC
xapakTepuctukax merabonutoB BZ, koropas
HeoOXOofMMa INpU ydyeTe CPaBHUTENTBHON IIPO-
CTOTBI U JIENIEBU3HBI 9TOTO METOJIA.

Boob6uie, cmefnyeT OTMeTUTh HECOMHEHHBIN
UHTEpeC, IPOSBIAEMBII UCCTIETOBATENSIMNU B OT-
HoweHun BZ B HemaBHee BpeMsi: KpOMe MCCIIe-
JOBaHMU MOYEBOTO MeTabo/nn3Ma, Ta ke rpyInmna
npefcTaBuia paboThl 1O ompefeneHuio BZ B
nj1a3Me KPpOBM KPBIC U MICC/IEZOBAHMUIO TOKCUKO-
KMHeTUKM [23, 24].

Ilenv pabomvr - ob6HapyXeHUEe U CTPYK-
TypHas upeHtuduxauus merabonmuros BZ B
Mo4Ye M ITa3Me KPOBM KPBIC, a TaKXKe OLleHKa
OTHOCUTETIBHOTO COfiepXKaHus MeTabonutos BZ.

Onsa gpocTu>keHUs TaHHON 1enn:

- IpoOBefileHA OIleHKa OTHOCUTETBHOTO CO-
mepXaHusi MeTabonuToB BZ, BKIOYasi cTeneHb
ITIOKYPOHUAVIPOBAHN S VICXO/S1 U3 BEIMYUH UH-
TeHCUBHOCTeN (TIouazgein) MMKoB MeTabonnuTOB
B ycnoBuax JKX-MC BBICOKOTO paspelieHus
(OKX-MCBP);

- onpenenenbl I'’X-MC xapaKTepUCTUKM He-
KOTOPBIX MeTabonmuToB BZ 1 mpemmokeHsl Cro-
COOBI TOATOTOBKY P00 NPy aHAIM3e MOYM.

MaTtepuanbl U METObI

Peaxtussl u marepuansl. B pabore momnp3o-
Banuch aneroHutTpunoM (pns BOXKX, Scharlab,
S.L., Vcnanus), (bopMmaTOM aMMOHMA U MYy-

paBbumHON Kucnoroir (mna BIXKX, Sigma-
Aldrich, Tepmanwms), Ouc(rpumermmcuan)
TpudTopameraMus ¢ 106aBKOIl TPUMETUIXIOP-
cunada (BSTFA + 1% TMCS, OO0 «Xesen Tex-
HONOMX», Poccusi). [[eMOHM3MPOBAHHYIO BOAY
(18,2 MOM) monmy4anum ¢ IOMOLIBI0 CHCTEMBI
ounctku Milli-Q Advantage A10 (Merck, Tep-
maHus). Ilarpoust pnas TBepaodasHOl 9KC-
tpakyuu Opir Mapku ISOLUTE C18(EC),
100 mr x 1 mn (Biotage, llIBenus). Bece ppyrue
peareHTsl ¥ pacTBopuTenu (KBammdpuKanmsa
He HIDKe X.4.) ObUIM mpuobpereHsl B XMMMeS
(Poccus).

IJKCNOHMpOBaHMe KpbICc. B skcmepumeHnre
UCIONB30BaM  MHATh OECHOPONHBIX  KPBIC-
CaMIIOB C MAacCOJ¥l Tena B mmuara3oHe 269-343 r.
3a CYyTKM [0 9KCIIOHMPOBAHUS >KMBOTHBIX IIe-
pecTaBanyM KOPMUTb IpU CBOOOZHOM HOCTyIIe
K Boje. BZ BBoguiu B BuUfie pacTBOpa B JuMe-
TUACYNbQOKCUAE; AN HONYyYeHUs XOTOCTHIX
00pasIioB KCIIONIB30BaNN pacTBOpuUTenb. O61as
cxeMa 9KCIIOHMPOBAHMUS U OTOOpA MpUBeEieHa B
mabauye 1.

Kposp crabunusuposanu IATA u ueHTpu-
¢dyrupoBany [jis nmonydeHus miasmel. [Jo mpo-
BeJleHUsI aHann3a (He 6onee Helenn) HPoObI Xpa-
Hunu npu 4 °C.

YcnoBusi comepkaHms 9KCIEPUMEHTATbHBIX
JKMBOTHBIX U IPOBEIeHM S 9KCIIOHVPOBAHMUS CO-
orBerctBoBanu 'OCT 33216-2014.

IToproroBka nmpo6. Jna JKX-MCBP x moue
vnu mmasMme (100 MkiI) 706aBAAIM XOTOMHBIN
ageroHutpun (500 MKI), NepeMemIMBaAU U
noMellany B MOPO3MIbHYI Kamepy (15 MuH,
-15 °C). Orbupanu BepxXHUIl CIOIl >KUFLKOCTU
(450 MKm), ymapuBamyu IHpU TeMIepaTrype He
Bbiie 45 °C M CyXoil OCTaTOK pacTBOPSIIN B
cMecy aneTOHUTpuIa u Boasl (100 Mk, 1:9 06.).

Ta6bnuua 1 - Yc108us 3KCNOHUPOBAHUS KPbIC
Table 1. Conditions for the administration of BZ to rats

KoHueHTpauus, O6beKT 1 Bpems oT6opa (4) / Object and time of sampling (h)
N2/ | [OosaBZ, mr/kr/ mr/mn /
No BZ dose, mg/kg Concentration, .
mg/mL Moua / Urine Kposb / Blood
BHyTpuykenynoyHoe BBeaeHue / Intragastric administration
10 3 4 8 24 24
2 10 3 4 8 24 24
BHyTpuBeHHOe BBefeHue / Intravenous administration
3 2 2 4 8 24 24
4 2 2 - - - 0,5
- - 4 8 24 24

7 TOCT 33216-2014. PyKoBOACTBO IO COTEP>KaHMIO U YXOAY 3a TabOpaTOPHBIMM >KMBOTHBIMU. [IpaBuiia cogepika-
HUA U YXOfia 3a 1abOpaTOpHBIMIU I'pbI3yHaMMu 1 Kponukamu. URL: https://internet-law.ru/gosts/gost/62388/ (mata 06-

pamenust: 10.01.2024).
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9TOT crocob MO3BONAET MUHUMMU3UPOBATD VIC-
Ka)KeHMe cocTaBa mpoo.

Ona IT'X-MC mouy (600 Mk1I) mopmmienadn-
Bany BOAHBIM aMMuakoM o pH 9-10 u skcrpa-
rupoBau stuaaneTaroM (1 mm). OpraHndeckyio
(dasy ynapuBanm gocyxa M pacTBOPSIN OCTATOK
B oTunanerate (100 MKI) MauM JepuBaATUUPO-
Banu. JleprBaTu3anyio NpoBOAVIN ABYMs CIIO-
cobamu. IIpu rpumeruncununuposanun (TMS)
CYXOJl OCTaTOK PAacTBOPANM B CMeCU 3TUJIALle-
tata u BSTFA+1% TMCS (100 Mk, 1:1 06.) ¢
nocnepyomum HarpeBanuem (60 °C, 20 mMun).
[Ipu aneTMIMpPOBAaHUM PACTBOP OCTATKA B CMECH
YKCycHOTO aHTujpupa u nupuamHa (100 Mxi,
1:1 06.) HarpeBanu (70 °C, 20 MmuH), Kanee pac-
TBOP yHapMBa/IN JOCYXa M OCTATOK PacTBOPAIN
B sTunanerare (100 MkI).

TBepgodasHyo 3KCTpaKLMIO IIPOBOAVIIN
MOoC/Ie OYMCTKM matpoHa (2 M/ MeTaHONMa) M
KOHMIVIOHMPOBaHMA (2 M/ BOABI, IOJLIETO-
YeHHOIT BOTHBIM aMMuakoM o pH 9-10). IIpo6y
(0,6 M1 Moum) 3arpy><anayu IOC/Ie IOAIeNTadn-
BaHuA po pH 9-10. Jlajee maTpoH npoMbIBaIn
Bomoit (pH 9-10), cymmnu noj yMepeHHBIM
BaKyyMoM (2 MUH) M 3MIOMPOBANIyU aleTOHOM
(1 mn). ITonyyeHHyI0 CMech B alleTOHe yIapu-
BaJIM IOCyXa M OCTaTOK 0OpabaTbIBalM TakK e,
KaK U NP XUAKOCTHONM dKcTpakuuu. Ipucyt-
CTBUE AHAJINTOB B CMBIBAX KOHTPOIMPOBAIN
metonom JKX-MCBP.

Kupkocruas xpomarorpadusa-macc-cmek-
TpoMeTpus. VICronp3oBanu XUAKOCTHON XPO-
matorpa¢ Vanquish, cBsA3aHHBINI ¢ Macc-CIleK-
TPOMETPOM  BBICOKOTO  pa3pelleHus THIIA
KBaZpyHonb-opOUTaNbHASL MOHHAs JIOBYIIKA
Orbitrap Exploris 480 (Thermo Scientific, CIITA).
ITpo6er paspensnu Ha konmoHke Acclaim RSLC
120 C18 (100 mmx2,1 MM, 2,2 MKM, Thermo)
nByMA ¢asamyu A u b B rpapeHTHOM pexnme
COIJIACHO TIIpOrpaMMe: HayaJbHble YC/IOBUSA
1% b, 0,4 muu (1% B), 3,4 mun (21% B), 7,4 mun
(29% B), 12,4 mun (64% Bb), 14,4 mun (99% B),
16,4 muu (99% b), 16,5 mua (1% B), 19 mun
(1% B). O6e daser, A (1% 06. areToHUTpUIA B
Bozie) u b (1% 06. BOBI B alleTOHUTPUIIE) COEP-
xanmu 5 MM ¢popmuara ammonus u 0,1% 06. my-
paBbMHOIN KUCTOThL. CKOPOCTb IMOTOKA 9TI0EHTA
6b1a 0,5 M1/MKH, TemnepaTtypa kKononkn 40 °C,
06'beM BBOJ VMO IIPOOBI 5 MKII.

Ons  ruppodunbHOit  xpomartorpadumu
(HILIC) npumenanu komoHkKy Acquity BEH
Amide (150 mmx2,1 MM, 1,7 mxMm, Waters, CIITA)
IpY STMPOBAHNN TeMU e pa3aMy COITTaCHO
IIporpamMMe: HadajbHble ycnoBusa 95% b, 0,4 mun
(95% b), 7,4 mun (50% bB), 8,4 mun (50% b),
8,5 muH (95% b), 13 mun (95% b). CkopocTp mo-
TOKa 6bI1a 0,4 MJI/MVUH ¥ OCTa/lbHBIE YCIOBUSA Te
xe. Ilepeq BBeleHUeM NMPOOBI MOYM Pa3BOAVIN
aleTOHUTPUIOM B COOTHOLIEHUU 1:99 06.
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Macc-cmekTpoMeTp paboTan B peXuMme Ha-
IrpeBaeMOll  9MIeKTPOPACIBUINTENIBHON  MOHMU-
sanun (9PM) ¢ ncrounukom OptaMax NG. ITo-
TOKM a30Ta B KaHamax saBecouyHoro (Sheath),
DONMONMHNUTENbHOrO (Aux) M IPOJYBOYHOIO
(Sweep) rasa 6pr1m 50, 10 u 1 yci. el. cooTBer-
CTBEHHO; TeMIIePaTyphbl PacIblIeHUs U TPyOKu
nepeHoca MOoHOB, 350 u 325 °C cOOTBETCTBEHHO;
HallpsDKeHUe IIPY  PaclblIeHUN B IIONOXM-
TEIbHOM M OTpUIATENbHOM pexmmax, 3500 u
2500 B cooTBeTcTBeHHO. A30T TaK>Xe WCIO/b-
30BalM JJIsI BBICOKOIHEPTEeTUYHON IUCCOLU-
anuyu, MHAyuupyemoit coypapenuem (HCD).
Macc-cnekTpoMeTpuyeckoe paspelleHue Co-
craBasno 60000 u 15000 pnsa pexumos MC! n
MC? cOOTBETCTBEHHO.

Inst oueHKM copep>KaHUsI MeTabONIUTOB
UCIIONIb30BaNM IUIOWafiY NUKOB Ha XPOMAaTo-
rpaMMax TOYHBIX MacC HPOTOHMPOBAHHBIX
(mempoToHMpOBaHHBIX) Monekyn. CremyeT oT-
METUTD, YTO TaKas OLIEHKA He SBJISAETCS CTPOTo
KOTMYECTBEHHOI, HO II03BO/NSAET IIPOBORUTH
OpPUEHTUPOBOYHBbIE CpPaBHEHUs COIepP>KaHUs
OM3KMX IO CTPYKTYpe aHAIUTOB B MTEHTUYHBIX
YCIIOBUSX OIIPee/IeH .

l'azoBass xpomarorpadusa-mMacc-CHeKTpo-
Metpusa. [[ns aHanusa npob JaHHBIM METOIOM
MPUMEHSITU [BE CUCTEMBI.

Ilepsas cocTosima M3 Ta30BOI'O XpOMaTo-
rpadpa 8890, cOoefMHEHHOTO C MOHOKBAaApYy-
HOJIbHBIM Macc-creKkTpoMerpoM 5977B (Agilent
Technologies, CIIA). ITpo6sr pasgensnum Ha
konouke HP-5ms UI (30 mx0,25 MMx0,25 MKM,
Agilent) cormacHo TeMIepaTypHOIl porpamme:
50 °C (1 mun), 100 °C (99°/mun, 1 mun), 300 °C
(35°/mun, 12 mun). CKOpPOCTh MOTOKAa Trasa-
Hocutensa (Tenuii, MOCTOAHHBIM IIOTOK) Oblna
1 Ma/MuH, TeMIeparypa ucmaputens (pexmm
BBOMIa 6e3 menenusa moroka) 270 °C, 06beM BBO-
nuMmoit mpobsr 1 Mka. Macc-cnektpoMerp pa-
6oTasn B pexxyuMe 371eKTpOHHON noHusaunuu ()
C BBICOKO09()(PEeKTUBHBIM MOHHBIM MCTOYHUKOM
(HES, 70 aB) nmpu TemmepaTrypax MCTOYHMKA U
kBagpynond 230 u 150 °C cooTBeTCTBEHHO. ITY
CUICTEMY MCIIOTb30Ba/IN [/ 001[ero moucKa Me-
TabOMUTOB.

Bmopyto cucrtemMy TpUMEHSANIN [ad IOf-
TBEPXKJEHUS CTPYKTYPHO! MeHTUPUKAINL.
Omna cocrosina us xpomarorpada Trace 1610, co-
eHEHHOTO0 C Macc-cnektpomerpom Orbitrap
Exploris GC 240 Tuna KBafipynonb-opOUTanIbHASL
nonHas nosymka (Thermo). IIpo6sr paspgensann
Ha KonoHke TR-5ms (30 mMx0,25 MmMx0,25 MKM,
Thermo) mpu Toil >Xe TeMmepaTypHOIl Ipo-
rpaMMe, CKOPOCT) IIOTOKA ra3a-HOCUTENA U yC-
noBUSAMU BBoja npob. Macc-cekTpoMeTp Obin
HaCTPOEH Ha PEeXVM 3JIeKTPOHHOI MOHU3AINNI
(70 9B) npu temmeparype ucrounuka 280 °C u
paspemenun 60000.
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VHpexchl yaep>XUBaHNUA U3MEPSANIN OTHOCU-
TEeJIHO CMeCH N-anKaHoB B fuanaszone C —-C, .

Pe3ynbprarsl n 06cyKXmeHne

OO0 e XapaKTepUCTUKN MOYEBOTO MeTa-
6omnsma BZ. Bcero o6Hapyxuan okono 60 me-
tabonutoB BZ, m pmns panpHeliliero peranb-
HOT'O PacCMOTPeHNA BbIOpaHbI TONBKO Hanboee
aKTya/bHBIe COEAVMHEHMA II0 KPUTEPUAM BBI-
COKOJI MHTEHCUBHOCTH ¥ CTPYKTYPHOTO Pa3HOO-
Opasus, pucyHok 2. Bce ugpenTudnUIMpOBaHHbIE
COeIVHEHM pasjieieHbl Ha TPYINIbl COITacHO
OCHOBHOII MeTabonmyeckoit Mopaudukanum: B
¢dase I aTo rMApPONIN3 U TOCTEZOBATEIbHOE OKIIC-
neHue, B dase Il - rIoOKypoHUgUpOBaHUE U Me-
TUMPOBaHUeE.

PaHee MbI 0OTMe4asy, YTO MeTaO0ONIMIECKOMY
OKJC/IEHNIO IO[iBeP>KeHbI, B IEPBYI O4Yepefb,
anugarnyeckye OCTATKM KCEHOOMOTHKA, B TO
BpeMs KaK OKucCIeHNe (TMAPOKCUIMPOBaHUe)
apoMaTMYecKUX OCTaTKOB 3arpypaHeHo [12]. Tak,
nns EA-3167 nHabmiofanyu OKMCIEHME INPeuMy-
I[eCTBEHHO IMKJIONEHTU/IBHOTO, a He (eHUIb-
Horo octarka. OKMCIeHNe TPeTbero ocTaTKa —
XMHYKIUMHA — NPOTeKalo B OCHOBHOM IIOC/IE
IUKJIONEHTW/IBHOTO OCTaTKa. B ormmume or
EA-3167, monexkyna BZ umeer gBe peHMIBHBIX
rpynmnsl, 1 anudarndeckas 4acTb NpefcTaBlIeHa
TOJIbKO XMHYKINJMHOBBIM OCTaTKOM.

B mccnemyemoit Modye Kpbic O6bUIM OOHapy-
XeHbl MeTabonutel BZ, comepkaujue Jo NATH
JOIOTHUTEbHBIX aTOMOB KHCIOPOJia, IpUYeM
Hanbosee VHTEHCUBHBIMI OBUIM OJHOKPATHO U
ABYKPaTHO OKNUCIeHHbIe MeTabonmuTsl. IIpu yBe-
TVYEeHUN YMCIa IPUOOPETEHHBIX aTOMOB KICTIO-
pona o6iasi MHTEHCUBHOCTh MeTabONMUTOB ObI-
CTPO CHMDKaeTcA (B COTHU pa3 s OKMCTIEHHOTO
HATUKPATHO). [[ATUKPATHO OKMC/IEHHbIE MeTa-
00/MNTHI He pacCMATpPUBAIIN.

CrpykrypHoe otnnuue BZ ot EA-3167 BoIpa-
XaeTcsA B MHTEHCUBHOM MeTabonusMme ¢assl II:
ITTIOKYPOHUAMPOBAHNN ¥ MeTUIMpOoBaHNUN. Bce
PacCMOTpeHHBIe  IOMNUTUAPOKCUINPOBAHHBIE
MeTabOoNMUThl METUINPOBAHBI OJHOKPAaTHO; CO-
fep>KaHue IONMMMeTU/IMPOBAaHHBIX METa00INTOB
ObIIO He3HAYNTENIbHBIM. MeTUIMpoBaHHbIE Me-
TA0OMNUTBI MOTYT OBITH JJOIIOTHUTETBHO ITIIOKY-
POHUAVIPOBAHBI ¥, C/I€OBATENIbHO, ABIATHCSA
HPOAYKTaMU JBYKPAaTHOTO IPOXOXKeHNA (as3bl
IT mera6onusma. CynbdarupoBaHHble MeTab0-

PucyHok 2 - Obwas cxema 0b6pa3oeaHusi Moyesbix Me-
mab6onumoe BZ 0ns kpvic (GA -2a10KypoHUd) (0aHHvle
asmopos)

Figure 2: General scheme of formation of urinary BZ
metabolites in rats (GA, glucuronide) (authors’ data)

nutsl ¢assr 11 6b1TM HaliIeHBI TAKXKe, HO UX WH-
TEHCUBHOCTb HeBe/lMKa.

JKX-MCBP xapakTepucTukum upeHTUPU-
Kauuu Metabonutos BZ pns pexxuma MC! nepe-
9VICTIeHBI B mabauye 2. Pe3ynbTaTel BHyTpeHHeI
HOpMMPOBKM (%) IO IIOMIAafsAM IIMKOB MeTabo-
JIUTOB JI51 KaXKAOTo 00pasija MOYM PUBEJEHbI B
Tabnuie Ha pucyHke 3. DTH JAaHHDIE OTPAHNYEHBI
HIDKHUM 1pejenoM 2%.

Heusmenennsplit BZ, mpopyKThl TMAPONIN3a
U BO3MOXXHOro okxkmucineHmus. IIpum c¢parmen-
Talluy MPOTOHMPOBAaHHAA MoJeKyna BZ ormie-
I/IsIeT BOAY 3a CUeT TPEeTUYHON TUAPOKCUIbHOI
rpynnsl (MoH ¢ m/z 320, pucynok 4A), m 3TOT
Hpolecc sABIAsAeTCS OOIMUM [ GOMbIIMHCTBA
PacCMOTPEHHBIX COeAMHEHUI. IIMMUHUPO-
BaHUe MYpPaBbMHOI KUCIOTHI (MOH ¢ m/z 292)
MOXXHO OOBACHUTD TONBKO BHYTPUMOJIEKY-
JAPHOI TNeperpynnuposkoit. Macc-ciektp BZ
BecbMa XapakTepuctudeH. Vlonsl ¢ m/z 209 n
183 COOTBETCTBYIOT OCTAaTKY TMAPOKCUAUDEHN-
JIOKCO3TaHa M NMpPOAYyKTy anuMmuHuposana CO,
COOTBETCTBEHHO. VIoH ¢ m/z 128 aABnsercs npo-

Ta6bnuua 2 - XX-MCBP xapakmepucmuku BZ u e2zo mema6oiumos
Table 2. LC-HRMS characteristics of BZ and its metabolites

MeTa6oauT (BewecTeo) / MeTa6onnuyeckas peakuus / BpyTTo-dopmyna / Teop.m/z / Am/z RT, MuH /
Metabolite(substance) Metabolic reaction Brutto formula Calc. m/z RT, min
BZ - C,,H,,NO, 338,1751 -0,3 6,61
M1.1 nokypoHugmpoBaHue / C,,H,,NO, 514,2072 -1,1 6,31
Glucuronidation
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MpodonxeHue mabnuywi 2

MPOBJIEMbI COBJIIOAEHNA KOHBEHLI MO 3AMNPELLEHUNIO

MeTta6oauT (BewecTtso) / MeTta6oanyeckas peakuus / BpyTTo-dopmyna / Teop.m/z / Am/z RT, MuH /
Metabolite(substance) Metabolic reaction Brutto formula Calc. m/z RT, min
2 Bz - C,H,,NO, 338,1751 -0,3 6,61
(@] M1.1 [nokypoHuauposaxue / C_H,,NO 514,2072 11 6,31
— 27 31 9
= Glucuronidation
Z
g M2.1(3-Q) Mmaponus / Hydrolysis C,H,,NO 128,1070 -0,1 0,52
(ZD M3.1 (3-Q N-okcua) Mmaponns+N-okucnerHune / C,H,;NO, 144,1019 -0,4 0,54
O Hydrolysis + N-oxidation
'-£ M4.1 (HDPAA) maponus / Hydrolysis C,H.,0, 227,0714 0,5 9,07
8 M4.2 maponus+ GA / Hydrolysis + GA C,oH,0,0, 403,1035 -0,9 6,60
<
§ M4.3 waponus+ GA / Hydrolysis + GA C,,H0, 403,1035 -0,8 6,94
- M5.1 Maponus +rugpokcunmposaHue / C,H,,0, 243,0663 -0,1 5,81
s Hydrolysis + hydroxylation
G Mé6.1 mapokcunmposaHue / C,H,,NO, 354,1700 -1,3 491
(@) Hydroxylation
|
(@) Mé6.2 Mapokcuanposaxue / C,H,,NO, 354,1700 -0,8 5,05
o Hydroxylation
o Mé6.3 N-okucnenue / N-oxidation C,H,,NO, 354,1700 -1,1 6,77
4
< [me4 TMapokcuauposarine + GA / C,H,NO,, 530,2021 47 | 409
Z:' Hydroxylation + GA
X L_) Mé.5 MmapokcunuposaHue + GA / C,,H,NO,, 530,2021 -1,4 4,30
§ S Hydroxylation + GA
L
> T Mé.6 mapokcunmposaHue + GA / C,,H,NO,, 530,2021 -1,6 4,33
% (@) Hydroxylation + GA
o) % Mé6.7 mapokcunuposaHue + GA / C,,H,NO,, 530,2021 -1,6 4,84
- Hydroxylation + GA
9 8 Mé.8 Mmapokcunuposarue + GA/ C,H,NO,, 530,2021 -0,2 4,97
@) W Hydroxylation + GA
WN]
T U Mé6.9 N-okucnernme+ GA (Tpet-HO-) / C,,H,NO,, 530,2021 -0,9 5,82
E E N-oxidation + GA (tert-HO-)
(@] 5 Mé6.10 N-okucnernue+ GA (tpet-HO-) / C,H, NO,, 530,2021 -0,9 5,89
8 T N-oxidation + GA (tert-HO-)
< 9( M7.1 OurnapokcunmnposaHue / C,,H,,NO 370,1649 -0,9 3,63
Lo w Dihydroxylation
S0 M7.2 Ourngpokcunmposanue / C,,H,,NO, 370,1649 -0,9 4,09
8 '§ Dihydroxylation
9 5 M7.3 OurnapokcunmnpoaHue / C,,H,,NO, 370,1649 -1,2 4,46
Dihydroxylation
O m
O |M74 LMruapoKcuamposanve / C,,H,,NO, 370,1649 -1,2 4,59
< o Dihydroxylation
P M7.5 mppokcuamposaHue + N-okucie- C,,H,,NO, 370,1649 -1,3 5,00
E E Hue / Hydroxylation + N-oxidation
M7.6 MmapokcuamposaHue + N-okucne- C21H23NO5 370,1649 -1,1 5,07
Hue / Hydroxylation + N-oxidation
M7.7 MapokcuanposaHue (XmHy- C,,H,,NO, 370,1649 -0,9 5,80
KAnguH) + N-okucienne /
Hydroxylation (quinuclidine) +
N-oxidation
M7.8 g,;ijrv;p,poTcrnMpcg:Hme +GA/ C,H,NO,, 546,1970 -1,3 2,95
ihydroxylation +
352 Journal of NBC Protection Corps. 2025. V. 9. No 4
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lMpodomkeHue mabnuywi 2

MeTta6oauT (BewecTso) / MeTabonunyeckas peakuus / BpyTTo-dopmyna / Teop.m/z / Am/z RT, MuH /
Metabolite(substance) Metabolic reaction Brutto formula Calc. m/z RT, min

M7.9 Aurngpokcunmpoanue + GA / C,,H,NO,, 546,1970 -1,3 4,00
Dihydroxylation + GA

M7.10 OurngpokcunmposaHue + GA / C,,H,NO,, 546,1970 -0,8 4,19
Dihydroxylation + GA

M7.11 mapokcnnunposarme + N-okuc- C,,H,NO,, 546,1970 -1,4 4,30
nenue+ GA / Hydroxylation +
N-oxidation+ GA

M7.12 Ournapokcunvposaxue + Me / C,,H,;NO, 384,1806 -1,1 5,03
Dihydroxylation + Me

M7.13 OuvrngpokcunmposaHue + Me / C,,H,.NO, 384,1806 -1,5 515
Dihydroxylation + Me

M7.14 AuruapokcmnmpoBaHue + Me+ CgH,,NO, 560,2126 -1,3 4,24
GA / Dihydroxylation + Me+ GA

M7.15 AduruppokcmnmpoBaHue + Me+ C,H;NO,, 560,2126 -1,4 4,41
GA / Dihydroxylation + Me+ GA

M8.1 TpurngpokcuampoBanHue / C,,H,,NO, 386,1598 -1,3 3,12
Trihydroxylation

M8.2 AuruppokcmnmpoBaHue + N-o- C,H,,NO, 386,1598 -1,3 3,62
kucnenue / Dihydroxylation +
N-oxidation

M8.3 AduruapokcmnupoBaHue + N-o- C,,H,,NO, 386,1598 -1,1 4,59
kucnenue / Dihydroxylation +
N-oxidation

M8.4 Ourngpokcunmposanue + N-o- C,H,NO,, 562,1919 -1,4 4,14
kucnenue+ GA / Dihydroxylation +
N-oxidation+ GA

M8.5 TpurnapokcuamposaHue + Me / C,,H,,NO, 400,1755 -1,4 3,82
Trihydroxylation + Me

M8.6 Auruapokcmnuposanue + N-o- C,,H,,NO, 400,1755 -1,5 5,13
Kucnenue + Me / Dihydroxylation +
N-oxidation+ Me

M8.7 AduruppokcmnumpoBaHune + N-o- C,,H,,NO, 400,1755 -1,3 5,20
kucnexue + Me / Dihydroxylation +
N-oxidation+ Me

M8.8 TpurngpokcunmpoBaHue + Me + CgH,,NO,, 576,2076 -1,3 3,13
GA / Trihydroxylation + Me + GA

M8.9 AuruppokcmnnposaHne+ N-okuc- CH ,NO,, 576,2076 -1,5 4,39
neHue+ Me + GA / Dihydroxylation
+ N-oxidation + Me + GA

M9.1 TeTparnzpokcuamposanue / C,,H,,NO, 402,1547 -0,5 3,70
Tetrahydroxylation

M9.2 TeTparugpokcuavposaHue / C,,H,,NO, 402,1547 -0,9 4,38
Tetrahydroxylation

M9.3 TeTparnapokcuanposaHue / C,H,,NO, 402,1547 -1,0 4,48
Tetrahydroxylation

M9.4 TpurngpokcunmposaHue + N-o- C,,H,NO, 416,1704 -0,7 3,85
Kucnenue + Me / Trihydroxylation +
N-oxidation+ Me

MpumeyaHue.

TGA - rntoKypoHuaupoBaHue; Me - MmeTunanpoaHue; RT - BpemMs yaep>KMBaHus.
[MpepncTaBsieHbl JaHHbIE aBTOPOB.

Note.

GA, glucuronidation; Me, methylation; RT, retention time.

Authors’ data.
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PucyHok 3 - Maowadu nukoe Memaboaumoe BZ e Moue Kpbic (6HympeHHsisi HopMmupoeka, %). *Hymepayus kpeic npuee-
deHa 8 ckobkax. GA- 2n0KypoHuduposaHue; Me - memusnuposaHue (daHHble asmopos)
Figure 3: The peak areas of BZ metabolites in rat urine (internal normalization, %). * Rat numbering is given inparentheses.

GA, glucuronidation; Me, methylation (authors’ data)

TOHMPOBAaHHBIM 3-Q, a m/z 110 - nMpogyKTOM
ero gerugpatanuu. HeckonmbKko HEOOBIIHBIM BBI-
rsAauT obpasoBaHMe MOH-paguKkana ¢ m/z 111,
BO3MOYXHO, CBSI3aHHOE C M3HAYaJIbHBIM IIPOTO-
HUpPOBaHMEM aTOMa a30Ta. DTU MOHBI U IPO-
AYKTBI MX MeTabonMM4ecKuX MoaupuKanuii B
HanbHeIIeM NPUMEHSINCh s CTPYKTYPHOII
UAeHTUPUKALNY MeTabONTNTOB.

Panee coobmamoch, 4T0 MUIIb HeOONbIIAA
monst BZ skckperupyeTcss ¢ MOYOII B HemsMe-
HEHHOM COCTOSHUM (OKOIO 3% MCXOMHON O3bI)
[21]. OTHOCUTenbHOE copepkaHue BZ B Moue
[OC/le BHYTPVIKETYHLOYHOTO BBEJEHUs Majo
(oTHOCUTENbHBIE IIOMIAZM €r0 IMKOB MeHee
1%, pucyHox 3), HO CTAaHOBUTCS 3aMETHBIM IIPU
BHYTpUBEHHOM BBefieHUM (0Komo 14% nns 4 q).
IToT PaKT 00'BACHSETCS pa3NINyMeM IyTeil BbI-
BefleHus: BZ: mpy BHYTPUIKENTY[OYHOM SKCIIO-
HUPOBAHUM MCXOTHOE BEIIECTBO IOJBEPKEHO
OKMC/TVUTE/IBHOMY MeTabonu3My B IleYeHH, Kyja
nocje abcopbuuM OHO TPAHCHOPTUPYETCS KPO-
BOTOKOM 4Yepe3 BOPOTHYIO BEHY.

Journal of NBC Protection Corps. 2025. V. 9. No 4

Monekyna BZ umeer TpeTUUHYIO TUAPO-
KCUJIBHYI0 TPYHNIy ¥, C/IeJOBAaTeIbHO, MOXET
ob6pasoBbiBaTh MeTabonuTsl ¢assl II. dparmen-
Tanusa oOHapy>KeHHOTo IMoKypoHnaa BZ (M1.1,
pucyHok 45) mogo6Ha pparMeHTaI NN UCXOTHOTO
coeguHeHMsA. B Hawame aToro mpomecca Impo-
VICXOAUT 3MMMVHNMPOBAHME OCTaTKa ITIOKYpO-
HOBOJ KMCTIOTBI U MONYYaOIMUIICA MacC-CIeKTP
HOYTY He CONEPXUT ee PParMeHTOB, HOITOMY
Ha pucyHke 4 1 mamee HanM4Me OCTATKA TTIOKY-
POHOBOJI KMCIOTBI YKa3aHO TOJNBKO B 0003Ha-
YeHMAX MeTabonuToB. BZ rmoKypoHMAUpPOBaH
B cpenHeit crenenu (okomo 30%, mabnuya 3)
U TONBKO IIPM YCIOBUM BHYTPVKETYJOYHOTO
BBEJIEHMA 110 TeM )Ke NPUYMHAM, YTO U JJIA OT-
HOCHUTENIbHOTO COfiep>KaHMsA HeM3MeHeHHoro BZ
B MOYe.

BZ - cnoxxHbIll 3¢up, 1 mpocTelmnM Bapu-
aQaHTOM ero MerabonusMa SBISAETCA TUAPOINS,
npuyeM 3TOT IPOIeCC MOXKET IIPOXOAUTD yXKe B
KpOBM BBMJY aKTMBHOCTU KPOBAHBIX 3CTepas.
CopepxxaHne mnonyvampmuxca 3-Q (M2.1) n
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HDPAA (M4.1) He paccMaTpuBany BBUJY Kap-
AVHAJIBHBIX OTINYMII CIIOCOOOB OIpemeneHNs:
3-Q mouTu He yjaepxuBaercs B rugpopobHOM
KX-pexxume, a pgna peructpanyuu HDPAA u
ee NPOM3BOJAHBIX HEOOXOAVMMa OTpUILATeNTbHAs
noHmsanusa. TeM He MeHee, MOXXHO OTMETUTb,
YTO IUIOLIAAY NMUKOB 3-Q ObIIM KOMMHUPYIO-
MMM JJIA BCeX MOYEBBIX 00Opasl[oB, a NMKOB
HDPAA (paBHO Kak 1M ee MPOM3BOLHBIX) — Ha-
o6oporT, ouerb MmanbiMu. Oba coeMHEHN S MAIO-
HPUTORHBI I/IS1 [MATHOCTUKM OTpaBlneHus BZ B
TOM YMC/Ie U3-33 Majoif XapaKTepUCTUIHOCTH,
XoTs1 obHapyxeHme 3-Q (XOpouro 3aMeTHOrO
KOMIIOHEHTA) JO/DKHO OBITh NMPUYNHON JOIO-
HUTEIbHBIX UCCIeTOBAHMIL.

Bbiite 66110 OTMEYEHO, YTO TUAPOKCUTUPO-
BaHUEe IPOXOAUT IPEVMYIIeCTBEHHO IO alN-
dbaruyeckuM, a He apoOMaTUYECKUM OCTaTKaM
UCXogHOTO coenyHeHus. OfHaKO — HeECMOTPs
Ha Ipefie/IbHBII XapaKTep ocTarka 3-Q — MbI He
OOHApY)XU/IM €ero TUAPOKCUTMPOBAHHBIX Me-
tabonutoB. Ilpu pasgenenun oO6pas3oB MOYM B
ruppodunpaom pexxume (HILIC) obnapyxmnn
TONBbKO offHO coepamuHenme (M3.1, pucynox 4B),
Macca KOTOPOTO COOTBETCTBYeT J00aBKe OHOTO
atroma kuciaopojga k 3-Q. OHO mpeAmonoXu-
Te/IbHO NAeHTUPUIIMPOBaHO Kak N-OKCUJ BBUAY
JIETKOTO 9JIMMMHUPOBAHUS pajuKaga TULPO-
Kcuna (pucyHok 4I°) OT HIPOTOHUPOBAHHON MO-
JeKynbl ¢ 0oOpa3oBaHMEM KaTMOH-pafinKana C

PucyHok 4 - XXX-MCBP (3PU) macc-cnekmpol BZ (A), zntokypoHuda BZ (memaboaum M1.1) (B), 3-xuHykauouHon-N-
okcuda (M3.1) (), HDPAA (M4.1, ompuuyamesnvHas uoHusayus) (A), 2aokypoHuda HDPAA (M4.2, ompuuamesbHas UuoHu-
3ayus) (XK), zudpokcunuposarHoli HDPAA (M5.1, ompuyamesnoHas uoHusayusi) (3). Xpomamozpammel XXX-MCBP mouu
KpbIC ¢ 3-XUHYKAUOUHOa0M U e2o N-okcudom (HILIC) (B) u memaboaumamu - npoussooHbiMu HDPAA (ompuuyamesbHas

uoHu3auus) (E) (daHHbie asmopos)

Figure 4: LC-HRMS(ESI) mass spectra of BZ (A), BZ glucuronide (metabolite M1.1) (B), 3-quinuclidinol-N-oxide (M3.1) (I),
HDPAA (M4.1, negative ionization) ([1), HDPAA glucuronide (M4.2, negative ionization) (XK), hydroxylated HDPAA (M5.1,
negative ionization) (3). LC-HRMS chromatograms of rat urine with 3-quinuclidinol and its N-oxide (HILIC) (B) and HDPAA-

derived metabolites (negative ionization) (E) (authors’ data)
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m/z 127. Kak oTMedeHO BbIlle, 06pa30BaH1/(e
MOH-PAJUKAJIOB HeXapaKTepHO Mns ¢parMeH-
TallMy¥ JOHOB C M3HA4YaJbHBIM OTCYTCTBUEM
HeCIIApEHHBIX 37€KTPOHOB, ¥ B JaHHOM CydYae
oObsACHsAeTCA HABYMs  (dakTopaMm:  craboit
CBSI3bI0 MEXJY a30TOM M KNCIOPOJAOM U IIPO-
TOHMPYEMOCTbIO aTOMa Kucaopoga B N-okcupe.
CoefinHeHNe, 3MOUpyOLIeecsas IMocae MeTabo-
nuta M3.1 Ha Xpomarorpamme m/z 144, aABnsa-
eTCsl OMIOTeHHBIM, U B €T0 MaCC-CIIeKTpe MPUCYT-
CTBYIOT MOHBI, XapaKTepHble A1a M3.1.
@®parmentanus HDPAA (M4.1, orpuia-
Te/IbHAS MOHU3aNVsA) INPOCTa U CBOJUTCA K
ormennennto monexynst CO, (mon ¢ m/z 183)
U JanbHeiimeMy obpa3oBaHuIo MoHa ¢ m/z 105,
XapaKTepHOMY [  TUJPOKCUIMPOBAHHDBIX
dbeHMICOEP)KAIMNX COEAVMHEHNT, M CTaOMIb-
HOTO, CKOpee Bcero, 61arogapsa ¢opMupoBaHuIo

apOMaTMYeCKOr0 CeMMYIEHHOro IuMKaa (MOH
tponunusa). HDPAA rmokypoHugnpoBaHa B
cpenneit crenenn (okomo 40-50%), mpuyem -
Kak 1 i 3-Q - cTeneHb ITTIOKYPOHUAMPOBAHNA
CHIDKAaeTCs IpU BHYTPUBEHHOM BBefleHUn BZ,
mab6nuya 3. OCHOBHOI MOH B MaCC-CIIEKTpe III0-
kyponugos HDPAA (M4.2 nu M4.3) ¢ m/z 183 co-
OTBeTCTBYeT fAekapbokcunuposanHoii HDPAA,
OCTajlibHble MOHBI 00pasoBaHBl (QparMeHTa-
el TTI0KYpPOHOBOI KuCIoThl. Iyt ¢pparmen-
tanuu tuppoxkcunuposanHoit HDPAA (M5.1,
pucyHok 43) TOZOOHBI ICXOXHOMY COeJIMHEHNIO.

Mosorngpokcunuposanue u  N-0OKuc-
neHmue. Cygs IO OTHOCUTE/IbHBIM IIJIOIAMAM
MNKOB, MOHOTUAPOKCUIMpPOBaHMe M N-OKuC-
JieHJe — OJJHO 3 OCHOBHBIX HallpaBJIeHUI MoYe-
BOro Merabonuama BZ, mpuyem BKIagsl 060mx
npoleccoB comocraBuMbl. [IBa muka (M6.1 n

Ta6bnuua 3 - MeduaHHble 3Ha4YeHUsA cmeneHel 2J1I0KypOHUOUPOBAHUSA U MemusiuposaHus (%) BZ
u e20 Mema6oumos
Table 3. Median values of the degrees of glucuronidation and methylation (%) of BZ and its metabolites

Cnoco6 3KcnoHUpoBaHus (Homep Kpbichl) /
Bug, dasbi | (BewecTso) / Buga dasbi Il / Administration method (rat number) MpoayKThi /
Type of phase | (substance) Type of phase Il B/xen. (1) / B/xen. (2) / B/seH. (3) / Products
I/gast. (1) I/gast. (2) I/ven. (3)

-(BZ) [noKypoHuamposaHme / 26 27 0 M1.1
Glucuronidation

maponuns (HDPAA) / [noKypoHuanposaHue / 48 38 22 M4.2, M4.3

Hydrolysis (HDPAA) Glucuronidation

MoHornapokcuanposa- [noKypoHuanposaHue / 75 44 19 Mé6.4-M6.8

Hue / Monohydroxylation Glucuronidation

N-okucnenne/ N-oxidation | FntokypoHuanposaHue (Tpet-OH) / 1 1 0 Mé6.9, M6.10
Glucuronidation (tert-OH)

Ourupgpokcunvposanue/ | [ntokypoHuauposaHue / 73 42 11 M7.8-M7.10

Dihydroxylation Glucuronidation

MoHornapokcuamposa- [nokypoHuanposaxue / 4 6 4 M7.11

Hue + N-okucneHue / Glucuronidation

Monohydroxylation +

N-oxidation

Ournpgpokcunuposanuve / | Metunupoanue / Methylation 90 89 52 M7.12,

Dihydroxylation M7.13

Ouruppokcunuposarue / | [1OKYPOHUANMPOBAHUE + METU- 81 65 80 M7.14,

Dihydroxylation nuposanue / Glucuronidation + M7.15
methylation

Tpurngpokcunmpoanue / | Metunuposanue / Methylation 97 93 80 M8.5

Trihydroxylation

OuruapokcununpoBaHue + | [OKypoHuanpoBaHue / 34 22 31 M8.4

N-okucnenue / Glucuronidation

Dihydroxylation +

N-oxidation

Ournppokcunumposanue + | Metunuposanue / Methylation 84 86 91 M8.6, M8.7

N-okucnenue /

Dihydroxylation +

N-oxidation

OuruppokcunupoBaHue + | [IOKYpOHUANPOBaHWNE + METU- 62 61 50 M8.8

N-okucnexue / nunpoBanue / Glucuronidation +

Dihydroxylation + methylation

N-oxidation
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lMpoodomkeHue mabnuywi 3

Cnoco6 3KCnoHUpoBaHUs (HoMep Kpbicbl) /

B/>ken. - BHYTpu>Kenyao4Ho; B/BeH. - BHyTpMBEHHO.
JlaHHble aBTOpPOB.

Note.

I/gast, intragastric; I/ven, intravenous.

Authors’ data.

Bup, dasbi | (BewecTtso) / Bupg, dasbi Il / Administration method (rat number) MpoaykThbl /
Type of phase I (substance) Type of phase Il B/xen. (1) / B/>en. (2) / B/seH. (3) / Products
I/gast. (1) I/gast. (2) I/ven. (3)
Auvruppokcmnmposa- [ntoKypoHnagmnpoBaHue + MeTu- 20 20 35 M8.9
Hue + N-oKucneHue nuposanue / Glucuronidation +
/ Dihydroxylation + N- methylation
oxidation
MpumeyaHue.

M6.2) OKO/IO BpeMeHU YHep>KUBaHUS 5 MUH
(pucynox 5) mpmHapgmexxaT msoMepam, TUPOK-
CWINPOBAaHHBIM IO (peHMIBHOMY ocTaTky. O6
3TOM CBUJIETENIbCTBYET Ha/lM4Me MHTEHCUBHOTO
uoHa ¢ m/z 128 (HemsmeHeHHBINT 3-Q) M rpymnmna
VIOHOB C m/z 225, 209 u 181, o6pasyromuxcs npu
¢dparMeHTa MM IUAPOKCYIMPOBAHHOIO OCTAaTKa
U pOKCUAN(EHNTOKCOITaHa, pucyHok 6A. Me-
tTabomuTh M6.1 1 M6.2 IITIOKYypOHUAMPOBAHBI B
CpejHell U B BBICOKOJI CTENIEHH, IPUYEM CTEIIeHb
IJIIOKYPOHUJUPOBAHNSA IIpU BHYTPUBEHHOM
BBeJICHUM CHIDKaeTcsa Ooree, 4eM B JBa pasa.
Macc-creKkTpsl ITTIOKYpOHUAOB (pucyHok 6B)
coflep>KaT MHTEHCHBHBbIE NNKI VIOHOB C m/z 354,
00pa3yomuxcs Npu SIUMUHUPOBAHUN TIIOKY-
POHOBOJT KMCIOTHI, @ OCHOBHBIE ITyTU (pparmMeH-
TalMM IOJOOHBI CBOOOJHBIM META0OIMTaAM.
Metabonutr M6.3 uaeHTUUIIMPOBATU KaK
N-oxcupg BZ, u ero ¢parmeHTanns HeCKOIbKO
HeoObryHa. JoH ¢ m/z 183 cooTBeTcTByeT
ocTaTKy gudeHnnIMeTaHona (Kak u g HeusMe-

HeHHOTO BZ), a moH ¢ m/z 144 - octatky 3-Q c go-
MOTHUTETbHBIM aTOMOM Kucnopopa. CormacHo
nposefieHHOMY MC’®, OKMCIeHHBINT OCTaTOK 3-Q
merupparupyercs (m/z 126) u snIuMUHUpPYeT
aToM Kucinopopa ot N-okcupa (m/z 110). Kpome
TOro, B Macc-cuekrpe MC’ nona m/z 144 npu-
CYTCTByeT HPOAYKT OTLIEIVIEeHUsI pajuKaia
rupgpokcuna (Mo ¢ m/z 127), 4TO MO3BONsET
C/lelaTh YBEPEHHBIN BBIBOL 00 MAEHTUYHOCTYU
CTPYKTYPbI MOHa ¢ m/z 144 n N-okcugnpoBaH-
Horo 3-Q (merabonura M3.1).

WNon-papukan ¢ m/z 243 (C,H_ O,N*) 06-
pasyetcsi npu GoOpManTbHOM IOCIE[OBATeIBHOM
IMUMMUHNMPOBaHUM (eHonma M pajguKana TUAPO-
KCM/Ia OT HPOTOHMPOBAHHON MOJIEKY/Ibl. DTOT
HECKOJIBKO HeOOBIYHBINI IpoIecc OOYC/IOBIIEH,
cKopee Bcero, cmaboit cBaspio N-O u mporo-
HUpoBaHHOCTbIO N-okcupga. Ilocnegnee mnop-
TBEP)K/IEHO POCTOM VAepP>KMBaHMA MeTabomn-
ta M6.3 npu yBenuyenun pH dassr A. B macc-
cnektpe MC’ moHa ¢ m/z 243 WpUCYTCTBYIOT

PucyHok 5 - Xpomamozpammul XXX-MCBP moyu ¢ Mema6oaumamu zpynn Mé u M7 (0aHHble asmopos)
Figure 5: LC-HRMS chromatogram of urine with group M6 and M7 metabolites (authors’ data)
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PucyHok 6 - XKX-MCBP (3PU) macc-cnekmpbl Mema6osiumos 2pynn Mé u M7 (0aHHble aemopos)
Figure 6: LC-HRMS (ESI) mass spectra of group M6 and M7 metabolites (authors’ data)

dbparMeHTHbIE MOHBI, OOpa3oOBaHHBbIE 3ITUMU-
HUpOBaHMeM pajukanos ¢ m/z 214 (C ,H O,N*,
ormennenne aruna) n 198 (C H N, Bpi6poc
CO, n mpoToHa), a TaK)Ke HelTPanbHOTO OyTeHa
(m/z 187, C,, H,O,N*"). 9Tu mpoueccol u cyiie-
cTBOBaHMe MOHOB ¢ m/z 143 (C HN*) u m/z 130
(C,H,N") B macc-criexTpe nona m/z 243 cBupe-
TeNbCTBYIOT O Meperpymmuposke. Bei6poc CO,
oTMeuanu Takxe npu I (cm. ganee).
CpenaHHbBIe BBIBOJBI IIOTHOCTBIO COIJIACY-
I0TCS1 ¢ pe3dynbratamMu pabots! [22]. B oTnnune
0T MeTabOoMUTOB, TUIPOKCUINPOBAHHBIX IO de-
HUTBHOMY OCTaTKYy, M6.3 IO4TH He ITIIOKYPOHH-
pupoBaH. [[Ba ero rmokyponnga (M6.9 u M6.10),
OOHapY>KeHHBIX B C/I€IOBBIX KOHI[EHTPALUIX,
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VMEIOT 3HAaYMTEIbHOE YAepXXMUBaHMe M 00pa3o-
BaHbl IIIOKYPOHMUAMPOBAHUEM TPeTUYHON TIU-
OPOKCUIbHON Trpymnnbl. VIHTepecHO OTMETUTD,
YTO B MX MacC-CIeKTpaxX MPUCYTCTBYIOT MOHBI C
m/z 144 1 128, cOOTBeTCTBYIOLJe OKUCIEHHOMY
U HeM3MeHeHHOMY octatkaM 3-Q (pucyHok 6I).
9T0 00yCIOBIEHO TIETKOCTHIO IMMMUHNPOBAHMS
aToMa KMC/IOpojia NP TeTePOTUTUIECKOM pas-
poiBe cBA3u N-O 1 nopgreepxjaeTcs HaAU4ueM
B Macc-crnekTpe M6.10 momo6HOI maphl MOHOB
(m/z 354 u 320), UMeIOIMX Pa3HULY B OLVIH aTOM
KJCTIOPO/ia ¥ MOTIEKYJIBI BOJBI.
Xpomarorpagpnueckoe yaepKuBaHue N-0OK-
cupa Oosnblie, 4yeM Yy MeTabONINTOB, THUJPO-
KCUIMPOBAHHBIX 1O (EeHUIPHOMY OCTaTKy
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(M6.3>M6.1, M6.2) BBUAY AeloKanu3aluy TU-
EpOQIIbHBIX YIaCTKOB IO BCEil CTPYKType Al
HNOCTeJHUX: TMAPOKCWIbHASA Ipynma — Ha ¢e-
HM/IBHOM OCTaTKe ¥ IPOTOHMPOBAHHBIN aTOM
asoTa - B 3-Q. 910 mMpaBuUIO COONMIOAAETCS U I
HONMUTUAPOKCUINPOBAHHBIX METAOOTUTOB.

OTHOCuTe/IbPHOE COfepKaHMe PEeHUITULPO-
KcunupoBaHHOTO M6.2 u N-okcupa M6.3 cono-
CTaBMMO IIPY BHYTPIIKETYLOYHOM BBEJEHUU U
MaJIbIX BpeMeHax oT6opa Moun (4 u 8 4); ogHAKO,
Ipy BHYTPUBEHHOM BBeJEHUM Bcerja Ipeol-
napgan M6.2. CormacHo HaleMy OIBITY, MeTabo-
anTbl M6.1-M6.3 11 MX ITIOKYy pOHUJIBI TPEACTAB-
JIAI0T HaMOONBIINIT VHTepeC BBUAY BBICOKOII
BEPOSATHOCTM OOHApy>KeHUs MX B MeTabommde-
CKOM IIpoduie YenoBeKa.

MeTtunupoBaHHbIe MOHOTUJIPOKCUTNPO-
BaHHbBIE MeTabOMUTHI He OOHAPYKIIIN.

Jurngpoxkcunuposanue, N-OKucIeHHMe u
FROIONHUTENbHOE MeTHNpoBanue. [Tytu ¢ppar-
MeHTaluy MeTaboNNTOB 3TON TPYIIbI B LIeJIOM
Homo6HBl TpeabIayieil. MeTaOOMUTBI, AUTK-
APOKCU/IMPOBaHHBIE 1O (EeHUIBHBIM OCTAaTKaM
BeCbMa MHOTOYNMC/IEHHBl KaK BBUAY M30MepUN
MO/NIOKEeHNUsA, TaK M BO3MOXHOI [uacrepeo-
Mepun. B aTom u B crefyromux paspgenax 6yayr
PaccCMOTpeHBI TONBKO HanboIee MHTEHCUBHbIE U
CTPYKTYpPHO-pa3HOOOpa3HbIe POPMBI.

Kak 0b1J10 0OTMe4eHO BbIlIe, MeTabOMUTHI TH-
APOKCUIMPOBAaHHBIE 1O (EeHUIBHBIM OCTaTKaM
(M7.1-M7.4), yaepxxuBawTcs cnmabee N-oKcuaos
M7.5 u M7.6. VIX OTHOCUTENIbHOE COJiep>KaHle
HeBenuKo. B macc-cnexkTpax M7.1-M7.4 npucyr-
CTBYIOT KaK MHTeHCUBHbBIE IIMKY MIOHOB ¢ m/z 128
(Hem3MeHeHHBINT OCTaTOK 3-Q), Tak M rpymma
MMKOB MIOHOB, XapaKTepU3yIOUINX OCTaTOK TPU-
I‘I/IIIpOKCI/IJII/I(beHI/IHOKCO(aTaHa (m/z 243, 225, 215
n 197), pucynok 6/]. VIOH, COOTBETCTBYIOIINIA
caMOMYy OCTatky (m/z 243), MalOMHTEHCUBEH,
HO TIpu ero Aerupparauuu (m/z 225) u mmocneny-
foieM anuMuHupoannuu CO (m/z 197) obpasy-
10TCs1 60JIee MHTEHCUBHBIE IOHBI, YCTOMYMBOCTD
KOTOPBIX OIpefie/seTca oOpa3oBaHNeM JOIOJ-
HUTENbHBIX KPAaTHBIX CBA3€H M CONpsKEeHNUEM
B fudeHNIbHON cucteMe. MeTabonMuThI, JUTK-
APOKCUIMPOBAaHHBIE 0 GEHUTBHBIM OCTAaTKaM,
[JIIOKYPOHUJMPOBAHbBI B CPefHEN M BBICOKOI
crenieHu (0Komo 42-73%) TONBKO J/II BHYTPUIKe-
JY[LOYHOTO BBeJleHN s, B TO BpeMsA Kak /Il BHY-
TPUBEHHOTO BBEJIEHNU: CTENeHb ITIOKYPOHUAU-
poBaHus HeBbIcOKa (okomo 11). dparmMeHTanus
ITIOKypoHuzmos M7.8-M7.10 mopgo6Ha MeTabo-
nutam dassr .

Copepxanne Metabonuta M7.6 (MoHOru-
OPOKCUINpOBaHMe (EeHWIBHOTO OCTaTKa u
N-oKkucieHue) BeMMKO M MOJOOHO coplep>KaHUIo
MOHOTUAPOKCUIVPOBAHHBIX MeTabonuTos. B
€ro Macc-CIeKTpe NPUCYTCTBYeT MHTEHCUBHBIN
MK MOHA, COOTBETCTBYIOIETO0 N-OKNCIEHHOMY

ocratky 3-Q (m/z 144) n nuK MOH-pajuKama ¢
m/z 243, pacCCMOTPEHHOTO BbILIE C MPOJLYKTaMMI
pacnazga. N-OkucineHHbIe MeTabOMUTHI C JOIIO-
HUTENTbHON TUAPOKCUIBHON Tpynmoit Ha de-
HMIbHOM octaTtKe (M7.5 u M7.6) mo4THU He IJII0-

KYPOHUAVPOBAHBI.
Meta6onmur M7.7 MajJOMHTEHCUBEH U 3a-
MeTeH TO/IbKO IIOC/Ie BHYTPMKETYJOYHOTO

BBefleHnss BZ. OpHako ero cTpykrypa mpefn-
CTaB/IsIeT MHTEpeC U3-3a HAJIU4us ABYX Mpuo6-
PeTEeHHBIX aTOMOB KMCIOPOfia Ha ocTaTke 3-Q.
JlaHHBIN BBIBOJ, OCHOBAH Ha CyIeCTBOBAHUMU
nona ¢ m/z 158 (C_H ,O,N*) u npopykra anu-
MMHHMPOBaHMSA aToOMa KUCIOpOfa OT HETo
(m/z 142, C_.H ,O,N*). Vlon ¢ m/z 82 (C_H,N") 06-
pasoBaH paspylleHNeM 4acTU XMHKYIUIMHOb-
HOTO OMIIMKIJIA C OTIeIIEHMEM C,H,0O,. MoxHo
YBEPEHHO IPEANONOXNUTb, B CTPYKType M7.6
OJIVIH aTOM KUCTIOPOfia MPUHAANEXNUT N-OKCUzy,
a BTOPOJ — TM/IPOKCU/IbHO I'PYIIIIe Ha OCTaTKe
3-Q, u cpenatb BbIBOJ, O BO3MOXXHOCTU THUJIPO-
KCUIMPOBAHNUA XUHYKIMINHOBOTO OCTaTKa IIO
KpaliHeil Mepe, mocne N-okucineHus. I[mioky-
poHup Merabonura M7.7 He 0OOHAPYKUIN.

B ornmume or MeTabONMTOB — HPOAYKTOB
OTHOKPATHOIO OKMCJI€HNsA, PaCCMOTPEHHBIX B
npefbIAyleM pasfene, IBYKPaTHO OKMCIIEHHbIE
MeTabOoNMUThl MOJBEP>KEHbl MHTEHCUBHOMY Me-
TunupoBaHuo (obpasosanme M7.12 u M7.13,
1o 90%), a MeTMINpPOBAHHbIE IIPOXYKTHI — MH-
TEHCUBHOMY TJMIOKYPOHUAMPOBAHMNIO (>65%).
B pmaHHOM ciydyae MHTepecHO OTMETUTH, 4YTO
HpEeMMYLIECTBEHHO METWINPYIOTCA MeTabo-
JIUTBI, JUTUAPOKCUTNPOBAHHBIE 10 (GeHUTbHBIM
KonblaM. MeTabonuTsl, MOHOTHAPOKCUIUPO-
BaHHble (PEHNMIBHOMY KOJIBIy U BIIOC/IEACTBUNU
MeTH/IMPOBAaHHbBIE, TaK)XKe ObI/IM OOHApPY>KEHBI,
HO He BK/IIOUEHDI B OIIMICaHNE 113-32 OYeHb MaJloil
MHTEHCUBHOCTI.

B Mmacc-cmekTpe Hanuboree MHTEHCUBHOTO
MeTtabonura M7.13 IpUCyTCTBYeT MHTEHCUBHBII
NUK moHa ¢ m/z 128 (HemsMeHEeHHBINI OCTATOK
3-Q) m pAj NUKOB, XapaKTepU3YIINX JUTHU-
BPOKCUIVPOBAHHBIN METUIMPOBAHHBIN TUAPO-
KCUAMGPEHNTOKCOITaHOBbIN ocTaTok (m/z 211,
239, 257). VIX Macchl OT/IMYAIOTCA OT TAKOTO Ke
Ha6opa OISl TUTUAPOKCUIUPOBAaHHOro M7.1 Ha
MeTUJIEHOBYI0 TIpynny. Bce 3Tu MOHBI Takxke
IpeAcTaBIeHbl B MacC-CIeKTpe IJIOKYpOHM[a
M7.15 (pucyHok 7A), 4TO IIO3BOJAET CHENATh
BBIBOJ, O CXOJCTBe CTPYKTyp M7.13 u arnmmkona
Merabonmura M7.15 6e3 ydeTra IONOKEHMA TH-
APOKCUIBHBIX T'PYNIl B IIpefenaX (GeHMIbHBIX
ocTaTKoB. MeTabonutr M7.15, B KOTOpPOM OJjHa T~
OPOKCUIbHAS IPYNIa METUIMPOBaHa, a gpyras
ITIOKYPOHUAVIPOBAHA, JOMUHUPYeET B OOIbIINH-
CTBe 00pa31oB MO4M (MCK/TI0Yasg caMble paHHIUE,
T.e. COOpaHHbIE B TeYeHMe 4 4aCOB IOC/Ie SKCIIO-
HupoBaHus:). Cogepxanne M7.15 u ero MuHOp-
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PucyHok 7 - XXX-MCBP (3PW) macc-cnekmpbl Memabosiumoe 2pynn M7-M9 (daHHbie asmopos)
Figure 7: LC-HRMS (ESI) mass spectra of group M7-M9 metabolites (authors’ data)

HOro usomepa M7.14 (kaK aGCONMIOTHOE, TaK U OT-
HOCHTE/IbHOE) PacTeT CO BpeMeHeM, IIPOLIe/ieM
C MOMEHTa 3KCHOHUPOBaHuUA. B MeHblIei cre-
IIEHY TaKOe IIOBeJeHMe XapaKTepPHO U JJiA CBO-
6omubIx popm (M7.12, M7.13).
TpurugpoxcunupoBanue, N-OKuCIeHUe
U [ONMONHUTeNbHOe MeTunumposaHme. Copep-
XKaHmne Mertabonura M8.1, umeromero Tpu ru-
APOKCV/IbHBIE TPYIIIBI HAa (eHMIBHBIX OCTAaTKaX
(pucyrnox 75), BecbMa MaJo, ¥ 9TO HOATBEPKJaeT
T€3MC O MEHbIIENl BEPOATHOCTU IIOBTOPHOTO
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TUJIPOKCUIMPOBAaHUS OfHOro ocrarka. Copep-
>)KkaHMe MeTabonuToB-N-okcugos M8.2 u M8.3,
B CTPYKTypaX KOTOPBIX JABe TUAPOKCUIbHBIE
TPYIIIBI HaXOAATCS Ha (EHMTBHBIX OCTAaTKaX,
3HAYMTEJbHO BbINIe. B JaHHOM claydae MOKHO
TOYHO CKa3aTh, 4TO y MeTabonuta M8.3 obe ru-
APOKCU/IbHBIE TPYIIIBI PACIIONOXKEHDbl HA OJHOM
$eHNTPHOM OCTaTKe BBUAY HAANM4usl JMOHA C
m/z 243 B Macc-clleKTpe, a y M8.2 — Ha pa3HBbIX,
TaK KaK Macca mofo6HOro ¢parmMeHTa yBeln-
YeHa Ha MacCy aToMa Kucmopopa (m/z 259),
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pucyuku 7B u 7I. TMIOKypOHUABI MeTaboMINTOB
MS8.1 n M8.2 MaZTOMHTEHCHBHBI, a IPUBEJEeHHBIN
Ha pucynke 7/ macc-cuektp (M8.4) BO3MOXHO,
cleflyeT OTHEeCTU K ITIOKYPOHUAY MeTabonmra
MS8.3 BBUAY COOTBETCTBMS BPEMEHU YJepXKMU-
BaHNUA (MeHbIe, YeM y cBOOOAHOI (HOpMBI) U
cxopctBa ¢parmentanuu. CremeHb ITIOKYpPO-
HUJUpOBaHUA yMepeHHas (<34%). Xpomaro-
rpaMMBbl MOYM C 9TUMMU MeTabonuTaMu n3obpa-
JKeHbI Ha pucyHke 8.

[lepeuncieHHble MeTabONMUTHI IPeEACTaB-
JIeHbl ¥ B METMIMPOBAHHBIX (OpMax, mpuyeMm
CTeNleHN MeTUIMPOBaHMsA BbICOKK (>80%).
Macc-cieKTp MeTUIMPOBAHHOTO IPOM3BOJ-
HOTO [/Isi MeTabo/nmuTa C TpeMs TUAPOKCUIb-
HBIMM TpyHImaMy Ha (EeHWIbHBIX KOJIbIaxX
(M8.5) mpencraBien Ha pucyHke 7E. OcHOBHbBIE
HyTH ero ¢pparMeHTal Uy MOJOOHBI MyTAM A
BO3MOXXHOI cBobomHO# dopmsr (M8.1). Macc-
cekTp MS8.5 He MO3BONAET YCTAHOBUTD PacCIIO-
NOXKeHue TNPUOOpeTeHHBIX (YHKI[MOHATbHbIX
TPYNI, ¥ CYyLIeCTBOBaHME METOKCUTPYIIBI Ha
OZHOM 13 (eHMIBHBIX KOJIel NpU JUTUAPO-
KCUKCUIMPOBAHUN J[PYTOTO SBISETCS TOIBKO
IpeJIoI0XKeHeM, OCHOBAHHOM Ha BO3MOXHBIX
CTepUYECKUX 3aTPYJHEHUAX IIPU METUIUPO-
BaHuu. OTHOCUTeNbHOE cofep>kaHue M8.5 He-
BE/INKO, @ CTeleHb ITIIOKYPOHUIUPOBAHUS II0-
BOOHBIX CTPYKTYp (TPUTH[POKCUINPOBAHHBIX
10 (eHM/IBHBIM KO/MbLIAM ¥ METU/IMPOBAHHBIX)
cpenuss (okomo 50-60%). Macc-crekTp IO-
KYPOHUMPOBAHHOI MeTUIMPOBAHHOI (HOPMBI
(metabonut M8.8, pucynok 73) BecbMa mopo6eH
Macc-CHeKTPY MeTMIMPOBAHHON (OPMBI € IIO-
IPaBKOJl Ha OCTATOK ITTIOKYPOHOBOJ KMCIOTBHI.

CojfepxaHye [PYroro MeTUIVPOBAHHOTO
metabonmura (M8.7, N-okcup) ropasjgo Bbllle,
yem MS8.5. CormacHo Macc-cuekTpy MS8.7

(pucynok 7)K) v Hanu4uio MoHa ¢ m/z 243, B ero
CTPYKType TUAPOKCIIbHAS U METOKCU-TPyIIa
PacIoIoXeHbl Ha OfHOM (PeHM/IBHOM KOJIBIIE.
Kak n gna M8.1, cteneHb MeTUNMPOBAHNSA BbI-
COKa, a CTeNeHb MOC/IeAYILIero IMIOKYPOHUAN-
poBaHus Haob6opoT, ymepeHHas (<35%, MeTa-
6onut M8.9).

TerparugpokcunnpoBanue, N-OKucIeHNe
U [ONMOTHHUTENbHOE MeTUINpOBaHue. Yernl-
PeXKpaTHO OKMCIeHHbIe MeTabonnTsl BZ (M9.1-
M9.3) - rpynmna, npeAcTaB/IAI0LIIas HAMMeHbIINI
MHTepec B IMPaKTUYECKOM IITaHe M3-32 Mayoro
Coflep>)KaHUA M HAMOONBLUINX OTAUYUIL OT VIC-
XOomHOro coeuHeHuA. [IoaToMy manee onmcaHel
TOJIBKO Haybosee MHTEHCYBHBIE IIPeCTaBUTENN
aToi rpynmnel. Y Mmetabonuto M9.1-M9.3 Bce
YeThIpe I'MAPOKCUIbHbIE TPYIIbI PACIIONOXKEHBI
Ha (QeHMIBHBIX KONMbIAX, M OCTaTOK 3-Q Hems-
MeHeH (B Macc-CIeKTpe MUKM MOHOB ¢ m/z 128 u
110, pucynox 7K). DTa cCTpyKTypa IOATBEpXKAa-
erca HanuyueM nona ¢ m/z 229 (C ,H,0,"); 6onee
VHTEHCUBHBII MOH ¢ m/z 213, 6pyTTo-dopmyia
KOTOPOTO COOTBETCTBYeT (OPMaNbHOMY OSJINU-
MMHHMPOBAaHUIO aTOMa KUCIOpoja OT m/z 229,
HO-BUAVMOMY, OTHOCUTCA K [JpPyromMy NyTu
¢bparmenTanuu. Vonsr ¢ m/z 358 u 340 cBupe-
TeNbCTBYIOT 0 Bhi6poce CO, (Bo BTOpoM cryyae —
C erupAparaiyesi), YTo y>ke OTMe4YeHO BbIIIe /1
pacmajia noHa ¢ m/z 243. B paHHOM ci1y4yae BbI-
6poc CO, mpomucxopuT U3 NMPOTOHMPOBAHHOIM
MOJIEKYIBL.

HeoOBIYHBIM TaKKe BBIITIAAUT OTCYTCTBUE
N-OKUCIIeHHBIX CTPYKTYp CpeAau MeTabonuToB
C 4YeTBIPbMS NPUOOPETEHHBIMU ATOMAMM KIIC-
JI0pOjAa; BO3MOXKHO, N-OKNC/IeHUEe XapaKTepHO
TOJIBKO JI/ISI JOCTaTOYHO TUAPOGOOHBIX coefu-
HeHMit. [TIOKYpOHUABI TeTparugpoKCUIUPO-
BaHHBIX MeTabOMUTOB He OOHAPYXWIN, 4YTO

PucyHok 8 - Xpomamozpammul XKX-MCBP mouu ¢ Memabosaumamu 2pynn M8 u M9 (daHHble asmopos)
Figure 8: LC-HRMS chromatogram of urine with group M8 and M9 metabolites (authors’ data)
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BBIIIAAUT peaqUCTUYHBIM IPU ydUeTe 3HAUU-
Te/IbHOI TUIPO(PUIBHOCTY 3TUX CTPYKTYP.

Cpeau NIpoAYKTOB METUIMPOBAaHUA YeThI-
PeXKpaTHO OKJCIEHHBIX MeTabonIuTOB IIpe-
obnagaer N-okcup (M9.4, pucynox 7/I), n ero
¢dbparMeHTanMA Majao0 OTINMYAETCA OT J[PYTUX
MeTUNUPOBaHHBIX MeTabonutoB. ComepykaHue
M9.4 comocTaBUMO €O CBOOOJHOIT YeThIpex-
KpaTHO OKMCIeHHoi ¢popmoit M9.3.

Heusmeneuusiit BZ u ero mera6onursr B
nirasme Kposu. [Ipu ananuse KpoBu A1 OCTO-
BEPHOTO OIpefie/ieHN s MPUINH MHTOKCUKAIUN
JKe/laTe/IbHO OOHapy KeHMe HeM3MEeHEHHOT O TOK-
cukaHTa. Pasymeercs, xpomarorpadudeckuit
nuk BZ umen Haubonpiyio miomanb B npobe,
0TOOpaHHOI 4Yepe3 HauMeHbIllee BpeMs IMOCTe
skcrioHnpoBanus (0,5 4, kpeica Ne 4). B aroit
npobe OTHOCUTENTbHOE COIep)KaHme MeTabo-
JTUTOB OBIIO HEBBICOKUM, pucyHox 9 (ykasaHbl
TONBKO MeETA0OMUTHI C OTHOCUTEIbHON IIJIO-
majbio NuKoB 6omee 1%). B octanpHbIX Ipobax
ITa3Mbl KPOBHU, OTOOPAHHBIX Yepe3 24 4, HeU3-
MeHeHHBbIN BZ copmeprkancs B ceOBBIX KOHIIEH-
tpanuax (B 400-1000 pas meHble), ¥ AN €ro
ompejeneHnsi HEOOXOAMMBI BBICOKOYYBCTBMU-
Te/IbHble METO[bl C perucrpanuein mMacc-clek-
TpoB MC2.

Bo Bcex mpo6ax, oTOOpaHHBIX Yepe3 CYTKH,
moMuHUpyer Mertabonut M7.14, saBasomuiicsa
HPOAYKTOM AUTMIPOKCUINPOBAHUA U IIOCHe-
OYIOINUX METUIMPOBAHUSA ¥ IIOKYPOHUMPO-
BaHUA. DTO COeJMHEHMEe MOXXHO CUUTATh Ipef-
MOYTUTENbHBIM A/NA AMATHOCTUKM IO AHAIU3Y
KpPOBM, €CIM II0C/Ie VMHTOKCMKALMM MPOIIIO
3HaYNTeNbHOE BpeMs. OJHaKO — IIPU y4eTe BO3-
MOXXHOI pasHMIIBI B MeTabonM3Me deoBeKa U
KpbIC — oOpaljaTh BHUMaHMe Ha Hajnn4due He-
usMeHeHHoro BZ. Mertabonutet M6.4 u M6.5

(MOHOTMIPOKCUNINPOBAHHBIE TTIOKYPOHUANPO-
BaHHbIe (OPMBI) TaKXKe MOIYT OBITH IOJIE3HBI
IJIA JUATHOCTYUKU IIPM y4deTe BBICOKON BepoAT-
HOCTY MX IIPUCYTCTBMA B KPOBY Ye/lOBEKa.

I'X-MC, BZ u ero MmeTabonmuThl B MOYE.

Ananus moun merogoM I'X-MC tpebyer no-
HOJTHUTEIbHON MOATOTOBKM P00, BK/II0YAIOI el
nepeBoji KOMIIOHEHTOB B OpPTaHMYeCKHUil pac-
TBOPUTENb U, BO3MOXKHO, AepuBaTtusanuu. Tpe-
TUYHas TUPOKCU/IbHAA rpymnna BZ Mmoxxer 6bITh
JAepUBaTU3MPOBAHA, HO 11e1ecO00pa3HOCTh ITOI
Inpolefypbl HeBbICOKa: B ycnoBusax I'X-MC BZ
9MIOUPYeTCA Y3KMM NMKOM, a BBIXOJ] JlepuBarTa
(B HameM cry4ae 3TO TPUMETVICUINIVPOBaHUE
B npucyrcrBun BSTFA) Hepmoctatouen. Takoe
nosefeHre BZ m ero meTabonmToB Ompemen-
eTCcs Majoil CTepUYEeCKON JOCTYIHOCTbIO Tpe-
TUYHOTO TUJIPOKCHIIA.

ToyHoe comocTaB/leHMe M30MEPHBIX MeTa-
60mnTOB, feTeKTUpyeMbIX B ycmouax JKX-MC
u ['X-MC 06bIYHO 3aTPy/JHUTENBHO, HO U HE 5B-
nsercst HeobxonuMbIM. IloaToMy MetabonnuTam,
metekTupyeMbIM npu ['X-MC, ObIy IpUCBOEHBI
CaMOCTOsATe/NIbHble  HauMeHOBaHMA.  Macc-
cuektpsl (OU) merabonutoB BZu pepusaroB
npuBejgeHsl Ha pucyuxax 10 u 11; Ha BTOpOM
U3 HUX Takxe m3obpaxenol [X-MC xpomaro-
rpaMMBbI IPOO MOYM.

ITpo6bI TOTOBMIN ABYMs CIIOCOOAMU, OCHO-
BaHHBIMM Ha >XKMIKOCTHO-KumkoctHoi (JKIKI)
u tBeppodasHoit skcrpakuun (TPI). Crenenn
3KCTparupoBaHmusa oneHmBanu MetogoMm JKX-
MCBP 1o oCTaTO4YHOMY cOfiep>)KaHUI0 MeTa-
6onutoB B BopHOI dase. IIpu JKIKO ona 6bira
6omnee 84% nns BZ, MOHO- U JUTUAPOKCUTUPO-
BaHHBIX MeTabO/NINTOB C pacIOJOXKeHUeM TH-
I PpOKCUIOB Ha q)eHI/Ulebe konbuax (M6.1, M6.2,
M7.1) n mpoaykrtoB MermnuposaHumsa (M7.12,

PucyHok 9 - Maowadu nukoe Memaboaumoe BZ e nnasme Kpoeu Kpbic (BHympeHHAS HopMupoeka, %). Hymepauus Kpoeic
npueedeHa 6 ckobkax. GA - 2a0KypoHuUduposaHue; Me - MemusauposeaHue (OaHHble asmopos)
Figure 9: The peak areas of BZ metabolites in rat plasma (internal normalization, %). Rat numbering is shown in parentheses

GA, glucuronidation; Me, methylation (authors’ data)
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PucyHok 10 - I'X-MC (3U) macc-cnekmpbl Mema6oaumoe BZ u ux depueamoe (TMS - mpumemusncununuposeaHue,

AC - auemusnupogaHue) (daHHble asmopos)

Figure 10: GC-MS (El) mass spectra of BZ metabolites and their derivatives (TMS, trimethylsilylation, AC, acetylation)

(authors’ data)

M7.13). N-okucneHHble MeTa0OMUTHI (MHTEH-
cuBHbIe M6.3, M7.5, M7.6) 3KCTParupoBauch
3HAYUTENbHO XyXKe (<25%). [Tpu TOD monyunnn
Ka4eCTBEHHO MOJOOHBIII pe3y/IbTaT IPY CTeNIeHN
3KCTparupoBauust 6onbiie 63% [ TUAPOKCU-
TMPOBAHHBIX MeTabonuTOB U 6onbuie 45% s
MeTUIaTOB; N-OKJUC/IeHHble MeTabOTUThI IKC-
TParmpoBaanuch TaK >Ke IIoXo (okomo 14%).
9T MeTabONMUTBI He 3MIOMPOBANNCH B YC/IO-
Busax I'X mo nmpuuymHe Majaoil TeMmIlepaTypHO
CTaOUIBHOCTI.

VpenTundmkanmsa BceX OINCAHHBIX HIDKE
COelVIHEHMIT OblIa IOATBEP)K/IeHA perucrpa-
I[JMell TOYHBIX MacC TpeX MOHOB MaccC-CIIeKTpa;
npu BbpIOOpe MOHOB IpefNoOYTeHUe OTHAaBaIU
MOJIEKY/ISIPHBIM MOHAM, a IIPU UX OTCYTCTBUU —

Hanboree TSOKENbIM, XapaKTePUCTUIHBIM U MH-
tTeHCUBHBIM. [X-MC xapakTepuctukm merabo-
JIUTOB U VX AepUBATOB IIPUBEJEHBI B mabnue 4.
CreflyeT OTMeTUTb HEKOTOPYIO PasHUIY B BUJiE
Macc-crekTpos (9M1), momydaeMbIX Ha MOHOKBa-
APYIOTbHBIX MHCTPYMEHTaX M OpPOMTaNIbHBIX
VIOHHBIX JIOBYLIKaX: /A IOCIEJHUX OTHOCH-
Te/IbHAsI MHTEHCUBHOCTD TSXKE/IbIX MOHOB He-
CKOJIPKO HIDXKe, U MO9TOMY Ma/JOMHTEHCHBHBIE
MOJIEKY/IAPHbIE IOHBI MOTYT OTCYTCTBOBaTb. B
IIeJIOM JJIs1 BCEX PACCMOTPEHHBIX Jajiee COoefu-
HEHUII MOJIEKY/IsIpHbIe NOHBI MaJTOMHTEHCUBHBI,
nm60 OTCYTCTBYIOT.

Macc-cuektp BZ (3U) npusenen B 6ubmmo-
tekax mainlib (NIST)® n ocad_ms_2025, a ¢ppar-
MEHTaI s MeTab0TUTOB IPOXOAUT, B I[eJIOM, II0

¢ NIST/EPA/NIH 20 Mass Spectral Library. National Institute of Standards and Technology Mass Spectrometry Data
Center. Gaithersburg, USA. URL: https://chemdata.nist.gov/dokuwiki/doku.php?id=chemdata:start (mara obpare-

Hus: 12.08.2025).
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PucyHok 11 - I'X-MC (3U) macc-cnekmpbl memabosumoe BZ u ux depusamos (TMS-mpumemuscununuposaHue,
AC - auemunuposaHue) (A-B). Macc-xpomamozpammel (FTX-MC, 3U) mouu ¢ Memaboaumamu BZ (T, [1) (0aHHble asmopos)
Figure 11: GC-MS (EI) mass spectra of BZ metabolites and their derivatives (TMS, trimethylsilylation, AC, acetylation)
(A-B). Mass-chromatograms (GC-MS, El) of urine with BZ metabolites (I, [) (authors’ data)

TeM Xe Iy TAM. B Macc-criekTpax Bcex naeHTU M-
IV POBAHHBIX COEAVHEHNII IIPUCYTCTBYET UOH C
m/z 126 (C_H ,NO*), cooTBeTCTBY0OUIMIT OCTaTKy
3-Q, u non-panukan ¢ m/z 111 (C_H ,N**), o6pa-
3YIOWMIICA IPY MUTPALM¥ IPOTOHA TPETUIHOM
TUIPOKCUJIBHON TPYIIBI K OCTaTKy XMHYKINN-
Homa. Takoit myTh 0OpasoBaHUs MOH-pajuKaia
¢ m/z 111 noATBepKAaeTCAd ero OTCYyTCTBMEM B
Macc-CIHeKTpax TeMaTU4YeCcKUX COefVIHEHUI ¢

[epUBATU3MPOBAHHBIM TPETUYHBIM THUPOK-
cuoM. BBuny toro, 4To Takoii ke MOH 06pasy-
erca n mpu OPU (OKX-MC), xoTa B 3TOM CIydae
OH MAa/JIOMHTEHCVHBEH, MOXHO CJiellaTh BBIBOJ
06 o6ueit CTaOMIBHOCTY MOH-pafiNKana XUHY
K/IMVHA.

PasppiB  cBsA3M MeXAYy KapOOHMIBHON
TPYIIION M OCTaTKOM AuQeHNTMeTaHOIa BefleT
K 00pa3soBaHMI0 MHTEHCUBHBIX MOHOB, Macca

Ta6nuua 4 - N'X-MC xapakmepucmuku mema6oaumoe BZ u ux 0epusamoas.
lMapamempel yoepkueaHus 0aHbl 0114 nepeoli (MoHokeadpynosbHol) FX-MC cucmemebi
Table 4. GC-MS characteristics of BZ metabolites and their derivatives. Retention parameters are givenfor
the first GC-MS system (single quadrupole)

BpyTTo-dopmyna | BpyTTo-dpopmyna | m/z/ Yaepxwusaxue /
MeTta6onut / MoneKkynbl / noHa / Calpc; m/z OTK/IOHEHne, Am/z / Retention
Metabolite Molecular brutto lonic brutto : Mass shift, Am/z Bpemsi, MuH / Unaexc /
formula formula Time,min Index
Al C,H,.NO, C,,H,,NO, 309,1723 0,01 11,19 3036
C.H,,0, 199,0754 0,19
CH,N, 126,0913 017
A1TMS C,,H,,NO,Si C,,H,,NO,Si 410,1782 0,03 10,97 3006
C,.H,,0,Si 271,1149 -0,73
C,H,NO 126,0913 -0,44
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lMpodomkeHue mabnuywi 4

BpyTTo-dopmyna | BpyTTo-dopmyna Ypep)xusanue /
Teop.m/z/ et
MeTta6bonut / MosIeKy/bl / noHa / Cale. m/z OTK/I0HeHue, Am/z / etention
Metabolite Molecular brutto lonic brutto ’ Mass shift, Am/z Bpems, MUH / Unaekc /
formula formula Time,min Index

A1 AC C,;H,;NO, C,,H,;NO, 395,1727 -0,37 11,44 3070
C,H,.0, 241,0859 0,13
C,H,NO 126,0913 0,11

A2 2TMS C,,H,,NO,Si, C,,H, ,NO,Si, 498,2127 0,17 11,68 3104
C,H,,0,5i, 359,1493 -0,26
C,H,NO 126,0913 0,11

A2 2AC C,.H,,NO, CH,.0, 299,0914 2,2 14,94 3435
C,H,..0, 257,0808 0,50
C,H,NO 126,0913 0,23

A3 C,,H,.NO, C,,H,.NO, 339,1829 -0,10 11,43 3071
C,H,,03 229,0859 -0,39
C,H,NO 126,0913 -0,07

A3 TMS C,sH,,NO,Si C,,H;,NO,Si 440,1888 0,01 11,58 3092
C,H,,0,Si 301,1254 -0,47
C,H,NO 126,0913 -0,13

A3 AC C,,H,,NO, C,,H,,NO, 4251833 0,07 12,18 3175
C,H,.0, 271,0965 0,27
C,H,NO 126,0913 0,11

MpumeyaHue.

BTMS - TpumeTuncunnnmnposanue; AC - aueTuamMpoBaHue.

JlaHHble aBTOPOB.

Note.

TMS, trimethylsilylation; AC, acetylation.

Authors’ data.

KOTOPBIX OIIpele/NsAeTCA COCTOAHNEM 3TOTO
ocrtarka. [In4 Hem3MeHeHHOTO BZ ona paBHa 183
un yBenmmumBaerca o 199 (+16) mpm MoHorm-
ApoKcUnIupoBanum u go 229 (+32, +14) - npnu
OUTUAPOKCUIMPOBAHUM U  METMIMPOBAHUM,
pucyuxu 10A mn 11A. JlepuBaTusanus BefieT K
YBEIMYEHNIO STUX MAacC Ha MAacChl OCTaTKOB
AepUBATU3MPYOINX areHToB. OcOOEHHOCTHIO
Macc-CeKTpoB fgepuBaroB TMS MOKHO Ha3BaTh
MMMMHUPOBaHNE MeTHUIa C oOpa3oBaHUEM
MOHOB ¢ m/z [M-15]; Takue MOHBI IPUCYTCTBYIOT
B Macc-CHEeKTpaX, Jla)ke eC/IM OTCYTCTBYIOT MO-
NeKynsApHble MOHBL. [Ina pepuatoB AC Ha-
OmrofjaeTcsl JIeTKoe 3MMMUHMpPOBaHMe KapbeHa

(C,H,0), B pesynbraTe 4ero B MaccC-CHEKTpax
HOSIB/ISAIOTCA VHTEHCUBHBIE VIOHBI C pasHULEN
macc 42 Ila, pucynxu 9B, 9/ u 10B. Vlonn c
m/z 105 (C7HSO+) MOTYT ABAATbCA apOMaTu-
YeCKMMY CeMUYIEHHBIMU IMKIaMu (MOH Tpo-
HWINA), YTO OOBACHAET UX 3HAYUTETbHYIO MH-
TeHCUBHOCTb. OHUM 00pasyloTcs TONBKO Ipu
HaIMYUU HEM3MEHEHHOro eHMTBHOTO 0CTaTKa
U II03TOMY OTCYTCTBYIOT B MaccC-CIIEKTpax fe-
PUBATOB JUTUAPOKCUIMPOBAHHOTO MeTaboMn-
Ta A2, pucynuxu 10I'm 10/].

MuTepecHoit 0cO6EHHOCTBIO pparMeHTaINN
NpOM3BOAHBIX BZ MOXXHO cYuUTaTh BHIOPOC MO-
nexynpt CO, U3 MoneKynspHoro nona (m/z 309 n
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339 gisa Al u A3 cCOOTBETCTBEHHO), YTO HAOIIIO-
mamu n B ycnosuax OPU (JKX-MCBP, cm. Bbime).
[nst aToro Heob6XxoAMMa BHYTPUMOIEKYIsIpHAs
HeperpynnmupoBKa, ¥ OHa, BO3MOXHO, 00yC/I0B-
JIeHa HalIn4yueM OObeMHBIX OCTaTKOB Y OJZHOTO
aToMa yriepoja.

BBuay siBHOTO yny4iieHus ¢popMm Xpomaro-
rpaduvecknux nukoB (pucyuxu 11I' w 11]]), me-
pUBATU3AINIO C/IEefyeT CYUTATh BeCbMa >Kenla-
TE/IbHOI JI/Is1 HOBBILIEHNSI YyBCTBUTENBHOCTY U
CeNIeKTUBHOCTY OOHapyeHus. [lepuBatusanus
TMS sBeIrmAguT 6Go/mee NpefIOYTUTENTBHON
BBJ/Iy MEHBILIETO yAepXUBAHUA 110 CPAaBHEHUIO
¢ AC (gnsa AC mepuBara Mmetabonuta A2 MHIEKC
ynep>xupaHus 3435). Tem He MeHee, 151 11060T0
croco6a flepuBaTU3ALUN PEKOMEHAYeTCA IIPU-
MEHATb OBICTPOE MOBBILICH)E TEMIIEPATYPhl KO-
JIOHKY ¥ 3HAUUTETbHYI0 MAKCUMATbHYIO TeMIIe-
patypy (ue menee 300 °C).

Bpemennsie npodunu sxckpeuuu BZ u ero
MeTabONNUTOB C MOYOIT M O6uIMe 3aKOHOMEp-
HOCTU. 3aBMCUMOCTY SKCKPeIMU TOKCUKAHTa U
eroMeTaboNMMTOB C MOYOI MOTYT MMETb CTIOXKHBIN
XapakTep, OIpefieNAeMblll BCell COBOKYIIHO-
cTpI0 HPaKTOPOB — OT abCOpOUVM [0 MOYEUHOI
9MMMMHALNY, BKIIOYasA 61oTpaHchOpMaLMIO U
BO3MOXXHOe IemoHupoBanue [25]. O6bI4HO Bpe-
MeHHbIe TPoduIN comep>KaHus HEU3MEHEHHOTO
BeIleCTBA U €ro MeTaboINTOB B MoOYe MMeeT
BUJ KOJIOKOJIOOOpPa3HOil KPUBON, MaKCUMYM
KOTOPOJI JOCTUTAaeTCs 4Yepe3 HeCKO/NbKO YacoB
II0CTIe 9KCIIOHMPOBAHMS U 3aBUCUT OT KOHIIEH-
Tpauuyu B KpoBu [26]. ITo obIiee NpaBuio co-
6/1I00aeTCs I HEM3MEHEHHOro BZ u 60npInH-
CTBa MeTabONMUTOB; TeM He MeHee, B TOBeJJeHIN
pAna Merabonudyeckux Gpopm ObIIM OTMeEYEHBI
3HayuTenbHble orTmnumA. Ha pucynxe 12 mpu-
BeJleHbl 3aBUCHMOCTHU IUIOLIAfIell XpOMAaTOIpa-
¢uYecKUX NMMKOB HEKOTOPBIX MeTAOONTUTOB OT
BpeMeH) cOOpa MO4YM IOC/Ie SKCIIOHMPOBAHMUS
(FaHHBIe HOPMUPOBAHBI K ModYe, COOpaHHOI B
TeqyeHue 4 49).

MO>XXHO OTMETWUTb, 4TO NMKOBas KOHIIEH-
Tpauus Ansa BZ u [as rUppoKCUIMpPOBaHHOTO
N-okcuga M7.6 HabnomaeTcs majgeHne KOHIEH-
TpaIuM C yBeIMYeHeM BpeMeHH [T 000U X CII0-
CO00B 9KCITOHMPOBAHUs. ITO NMOBefleHNe XapaK-
TepHO [/ OONbLIEr0 4Yucia MeTaboINTOB NpU
BHYTPVDKETYLOYHOM BBEJIEHUU ¥ MOYTH MOJIO-
BUHBI — 1PV BHYTpuUBeHHOM. C IpyTroii CTOPOHBI,
ISl TIIOKYPOHMAA MOHOTVPOKCUIVPOBAHHOI
¢dopmbr (M6.6) u, Tem 6onee, A IMIOKYPOHMA
AUTUPOKCUINPOBAHHON MeTV/IVPOBAaHHON
¢dopmber (M7.15) oTMedeH poOCT, IpuYeM JJs 10-
C/Ie[HETO — OYeHb 3HAYMTENIbHBI, HpU 060UX
crnocob6ax JKCIOHMPOBAaHUA. IDTOT pe3ynbTar
KOppennpyeT ¢ OTHOCUTETbHOI KOHIIEHTpalueit
MeTabOoMUTOB B IJIa3Me KPOBU (pucyHox 9), m —
B IIeJIOM — CBUJETENbCTBYeT O MaJloOM BKJafie
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PucyHok 12 - 3asucumocmob naowadeli xpomamozpadgu-
yecKux nhukos BZ u Hekomopbix Memaboaumos om epeme-
HU nocse eHympuiceaydouHozo (A) u eHympueeHHozo (b)
eeedeHusi. [laHHble HopmupoeaHbl K 4 u (MKX-MCBP, kpbica
N¢ 2); 3aeucumocms 0718 Memaboauma M7.15 (B) omHo-
cumcs K npaeoli wKase opduHam (daHHble aemopos)
Figure 12: Dependence of the areas of chromatographic
peaks of BZ and some metabolites on the time after
intragastric (A) and intravenous (B) administration. The
data are normalized to 4 hours (LC-HRMS, rat No. 2); the
dependence for the metabolite M7.15 (6) belongs to the
right ordinate scale (authors’ data)

npoitecca abcopbuuum B GoOpMHUPOBaHUE MO-
4eBpIX Hpo¢uaeii. MakCUMyM KOHI[EHTpaLuit
HOJZOOHBIX MeTabONMUTOB B MOYe CIeAYyeT OXKM-
IaTh mocne 24 4, 4TO IO3BOJISET UCIIONb30BaTh
3t GOPMBI KaK J[ONTOBpeMeHHble 6MOMapKePhI
orpaBnenus BZ. HabmopmaeMmble 3aBUCMMOCTHU
HAXONATCS B IIOTHOM COOTBETCTBUU C [JINTEND-
HOCTBIO TICUXOAKTUBHOIO feiicTBus BZ, orme-
4yeHHOTO B pabotax [3, 4]. MoXXHO TpeRmomno-
JKIUTH JJeIIOHVpPOBaHMe psjga MeTabonnutos BZ B
TKaHAX, HO, K COXKaJIeHNIO, HAM HUYEero Heus-
BECTHO 00 MX ICUMXOAKTUBHOCTIL.

HeoObiyHOE 1IOBefeHNMe B IIJIaHE 3KC-
Kpeuuy MOXXHO OTMETUTb TakKXe [ Ipo-
CTEeMIINX MOHOTMZPOKCUIMPOBAHHBIX M30MeEpP-
HBIX ¢dopm (M6.1 m M6.2), pasnmyaromeecs
OT cmocoba SKCIOHUPOBAHUS: B OTIUYME OT
¢$bopM, IepedyucIeHHBIX BbIlIe, 3TU MeTabo-
JTUTBHI 00pasoBaHbl B pe3yIbTaTe OJHOKPATHOII
MopubUKaIUA.

[TpencraBneHHbIE maHHbIE CTAaTUCTH-
YeCK) HeJOCTAaTOYHBI /s GOPMUPOBAHUS Ha-
IEeXKHBIX 0000LIeHNiT O pasIMYusAX MOYEBBIX
MeTabonuyecknx mnpodumein mpuM  PasHbIX
cnocobax BBemeHMA. TeM He MeHee, /IS BHY-
TPUBEHHOTO  BBENEHMUS MOXXHO OTMETUTH
crepyoliee.

1. bonbioe oTHOCKHTENNBHOE COfep>KkaHme BZ.

2. Majas cremeHb ITIOKYPOHUVUPOBAHUSA
BZ, HDPAA, MoHO- 1 BUTUPOKCUINPOBAHHBIX
MeTaboMUTOB.

3. OueHb MajI0€ OTHOCUTEIbHOE COflep)KaHme
N-okucnednoro merabonura (M6.3).

JJaHHBIE OTIMYMSA MOTYT OBITH OOYC/TOBIEHBI
pasnuuneM u30pOpPM OKUCIUTENbHBIX (ep-
MEHTOB, IPUHUMAIIMNX y4acTHe B OKMCICHUN
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BZ, u goneit BHeleYeHOYHBIX MeTabOMMIEeCKUX
MopubUKaInii.

3aknyeHune

BZ nopBepxeH MHTEHCUBHOMY MeTa00IU3MY
OIS KPBIC, 3aKTIOYAOLIEMYCsA B TUAPONU3eE,
MOHO- U IOTTUTUAPOKCUIVPOBAHNUY PeHUTbHBIX
OCTaTKOB, a TakXe N-okucnenun. ['mgpokcunn-
pOBaHMe XMHYKINJNHOBOTO OCTaTKa Ma/IO3Ha-
4yyTeabHO. IIpu MeTaboMMYecKOM OKMCIeHUN
MoneKkyna BZ wmoxer mnpumobperaTtb g0 HATH
aTOMOB KHUCIOPOAa, XOTA HamOOIbLIel II0-
IaJbI0 XpoMaTorpadpuyeckux IMUKOB XapaKTe-
PU30BaNINCh MOHO- U JUTUAPOKCUIVPOBAHHBIE
MeTabonmuThl, BKI0Yasa N-okcuabl. [mppoxcu-
TMpPOBaHHBIE MeTabOMUTHI TITIOKYPOHUAUPO-
BaHbl B CpeJHEN M BBICOKON CTEIeHM, HO NpHu
BHYTPUBEHHOM BBe[JeHUM CTEIeHb ITTIOKYPOHM-
AVPOBAaHMA YMeHbIIAeTCs; TaK)Ke CHIDKAeTCs
comep>kanyne N-OKMCIeHHOTo MeTabonura. I'm-
APOKCUIVPOBAHHbIE METa0OMUTHI IOBEP>KEHBI
MEeTUIMPOBAHNIO ¥ NPOAYKTBI 3TOrO IpoIecca
Tak)Ke 00pas3yoT I'MIOKYpOHN/bL. VI3 Bcex nupeH-
TUPUIMPOBAHHBIX MeTabONMNTOB HamOOIbIIEN

mwiomanpio B ycroBuax JKX-MCBP o6naman
HPOAYKT OUTUAPOKCUIMPOBAHMUA C IOCIERY-
I0IIVM METMIMPOBAaHMEM U ITIIOKYpPOHUJUPO-
BaHueMm (M?7.15). KoHueHTpamus 3Ttoro Mera-
6onura, Kak 1 psAga APYrUX B Mode, pocia cO
BpeMeHeM. B mmasme KpoBu, OTOOpaHHOI Mpu
24 4 mocine BBefgeHus BZ, oTHOCHTeNbHASA MH-
TeHCUBHOCTh M7.15 Oblia Hambonbplieil, B TO
BpeMs KaK MHTEHCUBHOCTb HEU3MEHEHHOIO
BZ Obita MeHbleil NPUMEPHO Ha MOPALOK
BEIMYUHBL.

Ilpenmonaraercs, 4To B Clay4yae aHanmusa
mounm yenoBeka MmeromoM JKX-MC wnHaubonee
yA06HO 0oOHapy>KeHNe PO YKTOB MOHOTM/POK-
cunupoBaHusa u N-okucneHus. [na I'X-MC
1e1ecoo6pa3Ho OOHapy>kKeHUe TPUMETUICUIN-
TMPOBAHHBIX META0OMNUTOB — IPOAYKTa MOHO-
TUAPOKCUIMPOBAHNA U NPOAYKTA AUTULPOKCH-
MUPOBAHNA C MOCTAEAYIOUNM METUINPOBAHNEM.
[Tpu ananu3e naasMbl KPOBU, OTOOpaHHOI Yepe3
Majioe BpeMs IOC/le OoTpaBieHusa BZ, pexomeH-
AyeTcss OOHapy>KeHUe HEU3MEHEHHOI'O TOKCU-
KaHTa; P NPOXOXKAEHUN 3HAYUTETBHOTO Bpe-
MeHu (cyTku u 6onee) - BZ u mera6onura M7.15.

Ozpanuuenus uccnedosanus / Limitations of the study

[71aBHBIM OrpaHMYEHNEM VICCTIEOBAHNS SIBISETCS MONCK MeTabonuToB BZ B Move 1abOpaTOPHBIX KUBOT-
HBIX BBUJY OT/INYMSA MeTabonM3Ma KpbIC OT denoBedeckoro. / The main limitation of the study is the search for BZ
metabolites in the urine of laboratory animals, as the metabolism of rats differs from that of humans.
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OcHOBHbIE MOMEHTDI

Snupemust muxopanku gomusl Pugt (JIIP) B Erunre (1977 r.) 65118 MCKYCCTBEHHO BHI3BAHA aMEPUKAHCKVIMU BOEH-
HBIMI BO BpeMsI eIMIIeTCKO-M3PayIbCKOr0 KOHGINKTA.

Co3IaHHBII BBICOKOMIATOTEHHBII /IS YeloBeKa ITaMM BUPYca PacpocTpaHmWIcs o Adpuke 1 3a ee peenaMiL.
Axmyanviocmo. [lesTenbHOCTb BoeHHO-Omomorndecknx naboparopuit CIIIA, BKmodas c60p MaTOr€HOB, YTPOXKaeT
rmo6anpHOI 6106€e30IacHOCTH, 0cobeHHo BOMM3nu rpanny Poccun.

Ienv uccnedosanus — nzydenvie npuayH smvigemyin JIIP B Erunre (1977 1.).

Hcmounuxosas 6a3a uccnedosanus. AHITIOA3bIYHbIe Hay4YHble TyOnuKanyy 13 VIHTepHeTa 1 HayYHbIX OMOMIMOTEK.
Memoo uccnedosanus. AHaTUTIYECKIIL.

O6cyxcoenue. Bermbiika Havamach 28 ceHTsI0psi 1977 I. B BOGHHBIX JIaTepsiX U IPWIETAIINX A€PeBHAX, IOPa3UB
~18 ThIC. YeoBeK. 30Ha 3apa>keHNUs VIMeJIa CUTapooOpasHy0 GOpMY, XapaKTepHYIO /LA a9PO30/IbHOIO IIPMMEHEeHUA
6nonornyeckoro arenra. HampasiieHue BeTpa Iepeli SNyeMyeli COBIIAZIAIO ¢ OChI0 paclpoCTpaHeHus. JleTanbHOCTD
pocturna 3,3 %. Panee JIJIP cesepnee Caxapbl He PErMCTPUPOBAIM, 3 B SHAEMUYHBIX PailoHaX IIPOTEKasa JIETKO.
B 1960-x rr. MeguIiMHCKIIT HAyIHO-UCCIENOBATENbCKIUIT NHCTUTYT MH(eKIMOHHbIX 3abomeBanmit apmun CIIIA
(United States Army Medical Research Institute of Infectious Diseases, USAMRIID) mopuduunposan supyc JIIP,
CO371aB BBICOKOIIATOI€HHBIII ITAMM 1 61OJIOTYecKye O0eIpuUIIachl Ha ero ocHoBe. [lepey BCIIBINIKOI IIEPCOHAT aMe-
pukaHckoit ma6oparopuyt NAMRU-3 1 Bosick OOH 6511 BaKI[MHMPOBaH 9KCIIepUMeHTanbHO BakiHoit NDBR-103.
NAMRU-3 upentnéunnposan Bo3byautens 3a 30 € (B ApYrux BCIBIIIKAX — [0 6 Mec.). B menoM, aHanus ceneHuit
06 smmpemun JIIP B Ernmnre B8 1977 1. TOKA3bIBAET, YTO €€ XaPAKTEPUCTUKY BO MHOTOM COOTBETCTBYIOT KPUTEPISIM
«HeTIPaBWIbHOJ SMVEMIOIOrUY 00JIe3HN», TOKa3bIBAIOIVIM €€ UCKYCCTBEHHOE IIPOVICXOXK eHUE.

Bui600vt. unemust JIP B Erunre — pesynbsrar 6uonorndeckoit atakyu CIIIA ¢ ncrnonbp3oBaHmeM ITaMMa, BEPOSITHO,
CO3JaHHOTO Ha OCHOBe 130/siTa Zimbabwe-1974. Ero pacnpocTpaHeHe IpuBeIO K BHITECHEHUIO MEHee TaTOT€HHbIX
BapuaHTOB B Appuke. Cirydart JeMOHCTPHUPYET OIIACHOCTb BOEHHO-6uosnorndecknx mporpamm CIIA ajst mupa.

Kniouesvie cnosa: Guonozuueckasr amaxa; UCKYCCMBEHHAS UHMPOOYKUUs; nuxopaoxka donunvl Pugm; namoeen-
HOCMb; INUOEMUS

Hns yumuposanus: Mapxun B.A. Viccnedosanue 603HuKkHo8eHUA 8 1977 200y anudemuu auxopaoxu donurvt Pugm 6
Eeunme. Becmuuxk eotick PXD 3awumut. 2025;9(4):370-382. EDN:osykop.
https://doi.org/10.35825/2587-5728-2025-9-4-370-382
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Highlights

The 1977 Rift valley fever (RVF) epidemic in Egypt was deliberately instigated by U.S. military forces during the
Egyptian-Israeli conflict. The artificially engineered, highly pathogenic human strain of the RVF virus subsequently
spread across Africa and beyond.

Relevance. The global expansion of U.S. military-biological laboratories, including their collection and study of high-
threat pathogens, poses a direct risk to international biosecurity, particularly near Russia’s borders.

Purpose of the study is to investigate the origins of the 1977 RVF outbreak in Egypt.

Study base sources. English-language scientific publications from online databases and academic libraries.

Method. Analytical.

Discussion. The outbreak began abruptly on September 28, 1977, in military encampments and adjacent villages,
infecting ~18,000 individuals. The contamination zone exhibited a cigar-shaped dispersion pattern, consistent with
aerosolized delivery of a biological warfare agent. Ground-level wind direction in the preceding 72 hours aligned with
the outbreak’s longitudinal axis. The case fatality rate (3.3%) was unprecedented, as RVF had never been documented
north of the Sahara and was previously a non-lethal, flu-like illness in endemic regions.

In the 1960s United States Army Medical Research Institute of Infectious Diseases (USAMRIID) conducted genetic
and aerobiological modifications to the RVF virus, developing a highly pathogenic strain for weaponization. Prior to
the outbreak, personnel at the U.S.-operated NAMRU-3 facility and UN peacekeeping contingents were preemptively
vaccinated with the experimental NDBR-103 vaccine. NAMRU-3 identified the pathogen within 30 hours - versus 6
months in prior outbreaks - indicating foreknowledge of the agent. These findings confirm intentional deployment of
the virus against Egyptian military positions.

Conclusions. The 1977 RVF epidemic in Egypt resulted from a covert biological attack using a weaponized strain,
likely derived from the Zimbabwe-1974 isolate. The subsequent continental spread of this engineered variant displaced
less pathogenic strains, demonstrating the destabilizing consequences of U.S. biowarfare programs. This incident
underscores the threat posed by offensive military-biological research to global security.

Keywords: artificial introduction; biological attack; epidemic; pathogenicity; Rift valley fever
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Hesepo;zmHocmb 4561767’)161 He meuiaem e2o peanvHocmu

B Erunrte Ha HesH[eMUYHON Teppuropum xopapku gonnusl Pu¢t (JIJP), BodHukma kpymn-
B 1977 I. B BOGHHBIX JIarepsAX U NpIWIETalOIINX HOMAaclITabHasA SMNUAEeMUsA, BbI3BaHHAasA HOBBIM,
IepeBHAX KpaliHe HeXapaKTepHO B3PBIBOOO- TeHETMYECKM OTIMYAIOUIVIMCA  BBICOKOIIATO-
Pas3HO [ TUIMYHOTO TeYeHMs BCIBIIIEK /M- TeHHBIM JjIsA 4elOBeKa IITAMMOM BO30yauTens.
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B snupmpouecc 6bI/I0 BOB/IEYEHO HECKOTBKO
MUJIIMOHOB 4Ye/lIOBEK, 4acTb U3 KOTOPBIX IO-
ru6nmu. HecMoTps Ha To, 4TO 3TO caMasi KpyIHas
snupemudA JIJIP, ona mMano onmcana B nuTepa-
Type, HpUYMHBI ee BO3HNUKHOBEHMA He pac-
KpPbITBI, CK/IaJibIBA€TCs BIIEeUaT/IeHNEe, YTO ee 10~
YeMY-TO XOTAT 3a0bITh.

Ilenv nHacmosueti pabomuvl — MCCIefOBaHUE
BO3HUKHOBEHU A 3NUIEeMNUY TUXOPAJKN JJONMHBI
Pudt B Ernnre B 1977 1.

Hcmounukosast 6asa uccnedo8anus — MOMTHO-
TEKCTOBble aHITIOA3bIUHbIE HayUHbIe >KYpPHabl,
DOCTYIIHbIE Yepe3 ceThb VIHTepHeT U B HAyYHBIX
6ubnmoTeKax.

Memoo uccnedosarus. AHATUTUYECKUIL.

3amaym nccaeoBaHU A:

- Ipe[ICTaBUTh CBeleHU A 10 3NN AeMUOTIOTU N
JIOP mo Bcubimky B Ernnrte m sKCmaHCKUIO BO3-
OymuUTeNns B MOC/TEeAYIOLIEM;

- onucarp Bcublky JIJP B Erunre B 1977 1.
Yl HOBBIE IPOsIBJIeHU I MHPEKINN Y YeTIOBEeKa;

- IaTh aHA/IN3 TEHETUYECKNX CBsI3ell ernIeT-
ckoro mTaMMma Bupyca JIIP u BeIABUTD IpefIo-
CBIZIKM MICKYCCTBEHHOTO IPOUCXOXTEHUA eTu-
IeTCKOTO BapyaHTa BO30yuUTeNs;

- U3MIOXNUTH BEPOATHYIO YCTpAalIalUIyIo
pO/Ib OMOMOTUYECKOI aTaKM aMEePUKAHCKUX BO-
eHHbIX B Erumnre.

Onusoorun JIJP xapakrtepHnl pna llen-
tpanbHoi 1 I0xHOIT Adpuky, npuBojs K rubenn
SITHAT, OBeIl U TenAT. B cenbCKoOMl MeCTHOCTU
3MU300TUI CONMPOBOXK/AITCA MACCOBBIMU BIINU-
memusimu [1]. Bo Bpems ojHOI M3 KPYIHENIINX
Bcubimek JIIP, mpomepmeit 8 IOAP B 1950-
1951 rr., moru6no ceuie 200 Thic. oBel U 3a60-
nenu 6omee 20 ThIC. YeTOBEK, TMOEIN TIOfEN OT-
MedeHO He 6Ob110 [2]. Benbimku JIJIP B Adpuke
BeCbMa YacTbl U MOABIANUCH C VHTEPBAIOM
5-10 mer [3], mpuBOAA K KPM3MUCHON CUTyaI UM
B pernoHax [4]. B HacTosIee BpeMsi BCIBIIIKNU
JIJP ygactunucse.

PerpocnektuBHOe 1M3yueHMe 6 TbHIC. CHIBO-
POTOK OT /I0fieil ¥ )KUBOTHBIX MOKA3a/10, YTO 0
1977 1. JIIP ceBepnee Caxapbl, B TOM 4UC/Ie B
Erunre, He 6b110".

Inupaemuonorus JIJIP

Ho 1977 r. JIIP BoiaBnanu B lleHTpanbHOI
un lOxHoit Adppuke, B ocHoBHOM B Kenmm u
IOAP. 3aboneBanme Hambomee 4acTo Iepepa-
eTCs JIOfAM IpU yKycaX MHOUIVPOBAHHBIMUI
YJIeHUCTOHOTMMH, peXe — a3PO30/IbHO PN pas-
JenKe 3a0MTBIX OONBHBIX XMBOTHBIX M OYEHb
pefKo — alMMEeHTapHO NPU MCIONb30BAaHUM B
HUINY CBIPOTO MOJIOKA, KPOBM VIIM IONTYCBIPOTO

1

Msca OT MHPULIMPOBAHHBIX XVBOTHBIX [2, 4-6]
(pucymox 1).

Bupyc/1[IPBoigensanuorkomapos (Anopheles,
Culex, Aedes, Mansonia, Erethmapodites), mo-
kpenoB (Culicoides), mockutos (Phlebotomus),
kneweit (Ambliomma variegatum), 610X U 1O-
CTe/IbHBIX KJIONOB [5, 6, 8-14]. B popMupoBanun
snupeMmndyeckux odvaros JIJIP cymecrBeHHa
ponb nepeHocuukoB Ae. caspius, C. pipiens,
C. antennatus n C. perexiguus, NUTAIOIMXCS
KaK Ha OUKUX M JOMAallHUX KMBOTHBIX, TaK U
Ha mongx [7]. Bumgel, npuHamiexaiiue K pogam
Aedes n Culex, Hanbojee aKTya/nbHBI [/ 9H30-
OTMYECKOI0 U SMU300TUYECKOIO IUKIOB COOT-
BeTCTBEHHO (pucynox I). Bcnpimxkam JIJIP crmo-
COOCTBYIOT 0cCO0Oble KIMMaTU4yecKye YC/IOBHUS,
TaKue KakK oO0mibHble goxanu [7, 15].

PucyHok 1 - llymu nepedauu supyca JI[IP e acppukaH-
cKux apeanax. lMepeHocyuKku (6 0cCHO8HOM MocKumbl Aedes
u Culex spp.) cnocobHbl nepedasame eupyc dOMAWHUM U
OUKUM #UBOMHbIM, a makuce 00saM. BoamoxicHa npsamas
nepedaya cpedu HUBOMHbIX, A MAK¥ce a3p030/bHO U anu-
MeHMAapHo om JHCUBOMHbIX K YesioeeKy. PucyHok adanmu-
poeaH asmopom u3 pabomei S.S. Nielsen ¢ coaem. [7]
Figure 1: Transmission routes of RVF virus in African
habitats. Vectors (primarily Aedes and Culex spp.
mosquitoes) are capable of transmitting the virus to
domestic and wild animals, as well as to humans. Direct
transmission among animals is possible, as well as aerosol
and alimentary transmission from animals to humans.
Figure adapted by the author from S.S. Nielsen et al. [7]

Epidemic of Rift Valley fever in Egypt. Report from the Arbovirus research unit Egyptian organization for biological

and vaccine production. Agouza, Cairo, Egypt. Arthropod-borne Virus Information Exchange. 1979;36:67-92.
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OTHOCUTEIPHO €CTECTBEHHBIX XO35€B BIH-
pyca JIIP B MeX3H300TUYECKMe HEPUOABI Ofi-
HO3HAaYHOTO MHEHMs 0 HAaCTOSIEero BpeMeHU
HeT. B o606maromeii pabore B.C. Easterday [2]
BBIJIBUHYTO HPEJIIONI0XEeHe, YTO IPUPOSHBIMHI
X035ieBaMIl [aHHOTO BO30OYAUTENs SBIAITCA
AVIKYe HeIapHOKONbITHbIe (QaHTW/IONBI, OYyii-
BOJIBI, BePOTIOAbI U T.J.), IECHbIE TPBI3YHBI M Ha-
cekoMosgHbIe. DKcnepTsl BO3 cunrtaior JaHHbBIN
BOIIPOC OTKPBITBIM, 2 TUIIOTETMYECKVMHU X035e-
BamMu Bupyca JIJIP cymraror KOMapoB®> M TI'pbI-
3YHOB, CKOpee Bcero, Kpbic’. He onucano Hu on-
HOTO C/Ty4asi BbIJle/IeHNs BUpyca oT mTui [1].

Bcnpimka JITIP B Erunte B 1977 ropy

OnupemMus Havanachb B3pbIBOOOpasHO [16-
18] 28 centsabps 1977 r. B 70 KM ceBepo-BOC-
tounee Kanpa B BoeHHOM marepe B Inshas area
(ry6epumsa Shargyia) m okpyxamomux 21 pe-
peBHe [16]. 3ab6onmenu 14,2 % BOEHHBIX B /arepe,
JIeTa7bHOCTD cpeau HuX cocraBmiaa 0,2 %, cpegu
TS>Ke/TO00O0/IbHBIX TOCIUTATN3MPOBAHHBIX — 14 %*
(16, 17, 19, 20]. BappiBooOpasHOe HaYamo cpegu
eTUIETCKMX BOEHHOCTYXKAIUX «HAIOMMHAJIO
aTaKy XMMUYECKOTO MM TOKCUYECKOTO areHTa.
3aboneBaHMe pe3KO HAYAJIOCh Cpefu JIIOfeil,
KMBIINX B BOEHHOM JIaTepe, a TAK)Xe CPely TexX,
KTO TyZa Ipueskaa Ha pabory» [17]. Onupemns
OOCTHUIVIA NMUKa 3a 2-3 Hepmenu; obmas 3abo-
7eBaeMOCTbh B permoHe cocrasmna 21,5 %. Ita
BCIIBIIIKA J/IN/Iach 6 Hemenb. Bropas Bcmblmka
TOXKE Cpefiy erMIeTCKUX BOEHHOCTYXaIux (ma-
repp Mexpay nocenenmsamu Belfes m Khanka)
Havajach AHAJOTMYHO B3PBIBOOOpa3HO dYepes
2 HepenM MOCJIe IEPBONM U JIUIach 3-5 Hefenb
[16]. KnuunyeckoMy o6cnegoBanmio 6bI10 MOA-
BEpPrHYTO 6osee 2,5 THIC. TsA>Ken060NbHbIX. VIH-
KyOaIlVIOHHBII IIePUOJ COCTABIAN 3 CYTOK, KaK
Uy JIofiell, 3apa3MBIINXCS a9POTeHHO 1pu 3ab6oe
6onpubIX oBell [1, 2]. ITanmeHTs mornbanu B Te-
YeHJe MePBBIX 3 CYyTOK 6onesHu. YpesBbIyaitHO
BBICOKMII yPOBEHb BUPYCceMUU y OOIBHBIX — 1O
10°-10° JIII, /mn (B mpempiiymuX BCOBIIKAX —
10°-10° JIII, /mMn) cpenan BO3MOXKHBIM —KOH-
TAaKTHYIO Ilepefady BUpyca OT 4eJlOBeKa 4eso-
BeKy’. B mepuop ¢ cents6ps mo gexkabps 1977 r.
nofTBepKAeHo 6Oomee 18 Thic. cmydaes JIJP,
596 uemoBek mOrubIN; oleHO4YHas 3aboneBa-
eMOCTb B permoHe — 1,2 MyiH yemoBek® [16, 19,

20]. Ilo MHeHMIO [PYTUX MCCIeHOBaTenell «BO
BCIIBIIKY 1977 T. 61710 BOB/IEYEHO OT 2 10 9 MITH
4el0BeK; KOMMYECTBO KIMHMYECKUX CIydaeB
TOJIBKO Cpefyl MHOJeBBIX pabo4yux I PeBBIIIAJIO
200 ThIC. YenoBek» [17]. Heo6bI4HO, YTO B 3TOI
BCIIBILIKE KMBOTHBIE Ha4YaAu 60/IETh IOCIIE II0-
leil, XOTs paHee SMU300TUM MPeUIeCTBOBAIN
3MUAEMUAM, B IOCIeyIoleM OObIYHAsA IOCTIe-
IOBaTeIbHOCTD BCIIBIIIEK BOCCTaHOBUIACKH [17].
Koudurypauusa 30HBI IepBOIl BCHBIIIKYI
JIOP B Erunte B 1977 1. mpepAcTaB/ieHa Ha pu-
CyHKe 2, B35ITOM M3 MCTOYHMKA [1, cTp. 412].
OTuyeTIMBO BUJHO, YTO O4Yar SMIUIEMUU
VIMEeT BBITAHYTYIO CUrapoobpasHyio ¢opmy,
HPUCYIIYI0 3apa3HbIM 30HAM TIIOC/e IIpyMe-
HEeHV s XVMMYECKOTO VTN OMONIOTM4YeCcKOro opy-
xus (BO), kak 9TO clemyeT M3 MCCIeJOBAHUSA

PucyHok 2 - KoHguzypauyus nepeoli snudemuu JI[IP e
Ezunme e 1977 200y. 30Ha echblKU cesepo-80CMOYHee
Kaupa e ucmouHuke ommeyeHa 3amemMHeHueM. PucyHok u3
pabomuwl C.J. Peters c coaem. [1, cmp. 412]

Figure 2: Configuration of the first RVF epidemic in Egypt
in 1977. The outbreak area northeast of Cairo is marked by
shading in the source. Figure from the work of C.J. Peters
etal [1,p.412]

* Rift Valley fever: An emerging human and animal problem. WHO Offset Publ. Geneva; 1982. P. 63.
* Technical guide for the diagnosis, prevention and control of Rift Valley fever in man and animals. WHO - EMRO

Technical Publication. No. 8. Geneva; 1983.

* Epidemic of Rift Valley fever in Egypt. Report from the Arbovirus research unit Egyptian organization for biological
and vaccine production. Agouza, Cairo, Egypt. Arthropod-borne Virus Information Exchange. 1979;36:67-92.
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IpMMeHeHUsI 3apaXeHHBIX HAaceKOMBIX aMe-
PMKaHCKOJ aBManueil Bo BpeMsA BOJHBI Ha Ko-
peiickoM monyoctpose B 1952 1. [21]. Ananus
DAaHHBIX O HAaIllpaBJIeHUM NPU3EMHBIX BETPOB B
paitoHe 6nusnexarrero aspogpoma Kaupa B me-
puop ¢ 20 mo 28.09.1977 r. nokasaji, 4TO B Ha-
IpaBJIeHUM, COBIIaflaloleM C IPOJOIBHON OChIO
30HBI BCIIBIIKM, OB TPOIOMKUTENBHBIN BETEP
B HOYb C 24 Ha 25 CeHTAOps, YTO MOXeT oIpe-
IOEeUTh 9TO BpeMs KaK MOMEHT IepBOil a9p030-
JIbHOI 6Monorndeckoir arakyu. CoOOTBEeTCTBEHHO,
VMHKYOaIlMOHHBIJ IIepuoj IpPU 3TOM COCTaBMII
3 CyTOK.

B cdopmupoBaBmIeMcsI €rumeTcKOM odYare
1977 1. IO mepBOHAYAIbHBIM JAHHBIM 3a00Jenn
ot 18 Thic. o 200 ThIC. Yenosek. Ilocnemyrommi
SMUIEMIOIOTMIECKNIT aHaMN3 MoKa3al, 4TO KO-
JIMYeCTBO OONBHBIX OBIZIO MHOTO OONABIIUM — OT
1,5-2 go 9 mnH 4yenoBek [5, 22]. [losBnenue uH-
¢dexnuu cepepHee nmycTeiHM Caxapa 3a ThICAYN
KUJIOMETPOB OT TPAJgMIMOHHBIX €e apeanoB B
NTUTepaType 00bsACHEHO IO-PAa3HOMY — B Pe3y/ib-
TaTe 3aB03a 3apa’keHHbIX BepOM0goB 1160 oBelj,
VIV KOHTAMUHYPOBAaHHBIX IPOYKTOB MUTAHN A
(MsIcO, MOJIOKO), 32 CYeT IepeHoca BeTPOM WH-
¢unMpoBaHHBIX KOMapoB u T.4.° [5].

B 1978 r. B ErunTe 3aperucTpupoBaHO BCETO
114 cnyygaes JIJJP [16], 6b11u ey HMYHBIE CTyYan
undexuun cpegu congar OOH u 6GegymHoB
B Cunae [17]. B 1979 r. - 163 cnyuas, B 1980 -
310 cmydgaeB [18], T.e. pmamee 3aboneBaeMOCTb
6bI71a CIOPAafNYeCcKOil, XapaKTepHOIt mns cdop-
MUpoOBaBIIUXCcA snugodaros JIJIP.

IJKCmaHCcHuA
1977 roma

ITocne 1977 r. JIAP pacnpocTpaHMIach MOY-
T IO BCeMy a(QpUKAHCKOMY KOHTMHEHTY OT
30°105kHOI1 10 31° ceBepHOIT MMPOTHI [23].

ITocne sanoca HoBOro BapuaHTa Bupyca JIJIP
B Eruner B 1977 r. npounsomia 3KCNaHCUA 3TOTO
BO30Y/IUTeNA Ha HOBbIE TEPPUTOPNM — BHAYa/IE B
Cayposckyio Apasuio u Vemen [24, 25], a 3atem
Ha ceBepo-3amaj KOHTuHeHTa [7, 26]. HoBble BbI-
COKOIIATOTeHHbIe ITaMMbl Bupyca JIJIP, reneru-
YeCKM IPOU3BOJHbIE OT eTUIeTCKUX, BBITECHUIIN
B TOC/IEAYIOLIEeM HeleTalbHbIE [ 4YeloBeKa
mTaMMbl B0o30yauTens u3 llenTpanbHoll n
[0 HO01t Adpuku, BbI3bIBasA SIMUAEMUN C T€TAb-
HOCThIO g0 40-50 % [23, 26-28]. Tak, B 2006-
2007 rr. BcubImka, nopasusmasn Cygas, Kennro,
Comanmu n TaHsaHuio, nmpusena K CyLleCTBEH-
HOMY IaJieXXy ckoTa u rubenu 6onee 900 yenmoBex
[24, 25]. B 2000 r. Ha ApaBUIICKOM ITOTyOCTPOBE
scnbimku JIJP B CaypoBckoit Apasun u Vemene

JIAP  mocme

AMUAEMUN

PucyHok 3 - Hoevle apeansi JIIP e Agpuke (Anxcup, Ty-
Huc, 3anadHas Caxapa) u Asuu (Typuus, Upar, Upak) no-
cnie snudemuu 8 Ezunme 6 1977 2. PucyHok adanmupoeaH
asmopom u3 pabomei S.S. Nielsen ¢ coaem. [7]

Figure 3: New geographic ranges of RVF in Africa (Algeria,
Tunisia, Western Sahara) and Asia (Turkey, Iran, Iraq)
following the 1977 epidemic in Egypt. Figure adapted by
the author from S.S. Nielsen et al. [7]

npusenn Kk 6onee yvem 200 ThIC. c1y4yaeB MHPU-
nMpoBaHuA nogeit u 250 cMepTAM Cpefiut HUX, a
TaK>Ke MMajie)XXy THICAY TO/0B cKoTa [29]. B mocie-
AyIoliMe TOAbl BO3OYAUTEIb IPOHUK B Apyrue
crpanbl 3anajguoit Asun - Typnunio, Vpan, Mpaxk
[30, 31], a Takxe 3amagHoit Appuku — AKup,
Tynuc, 3anaguylo Caxapy [7], coxpaHsas TeH-
DeHIMIO K Ja/bHelllIeMy pacipocTpaHenuio. Ha
pucyHke 3 IpefCTaBIeHbI IO JAaHHBIM BYPYCOIO-
TMYECKNX Y MMMYHO/NTOTUYECKUX UCCTIeNOBaAHUI
HoBble apeansl JIJP B Adpuke m Asum mocne
snupemuu B Erunrte B 1977 1.

B cmydae mpoHukHoBeHusA Bupyca JIIP B
cyOTponmyecKye pernoHbl Halllell CTPaHbl BO3-
MOYXHO (GOpPMUPOBaAHME TAM SMNI0YATOB B CBA3NU
C InosABJIeHMEeM B 3aKaBKasbe KOMAapoOB poja
A. aegypti [32].

IIpoasnenusa JIJP y niomeit B snuaeMun B
Erunre u B nocnegymoumem

Ho 1975 r. JIOP y niomell mpoTekana Kak
rpunmnonofgobHas MHeKI s, He OTATOLeHHas
neTanbHBIMU ucxomamu [1, 2, 23, 33]. IlepBbie
cnyyam cmeptu nmofeit ot JIIP (4 denoseka) u
sHnedanutsl (12 cny4yaeB) ObIIN 3apeTUCTPUPO-
BaHbI BO BpeMs HeOombuioi Bcubluky B IOAP u
Zimbabwe B 1975 1. [20].

ITatorennoctpy Bupyca JIIJP nna yemnoseka
pe3Ko BO3pOCiia, HauMHasA C IepBOI SNNAEeMUN B

8 Rift Valley fever: An emerging human and animal problem. WHO Offset Publ. Geneva; 1982. P. 63.
Technical guide for the diagnosis, prevention and control of Rift Valley fever in man and animals. WHO - EMRO

Technical Publication. No. 8. Geneva; 1983.
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Erumnre, xorga 3aboneBaHue npuobpeno remop-
parmyeckuit xapakrtep (KpoBaBas pBOTa, Kpo-
BaBBIII CTYJI, IETeXMAJIbHA CBIIb) C HOPa’KeHMeM
I71a3 ¥ MEHMHTO9HIedannuTaMu Ipyu oOIeit e-
TanbHOCTH 3,3 %. BonpHbIe MOrMbany B TedeHe
Hefle/i B pe3y/IbTaTe OCTPOIl IeYeHOYHOI Heflo-
cTaToYHOCTN’. JIeTaTbHOCTD PU MEHMHTOJHIIE-
danutnveckoit bopme 3a607meBaHUS COCTABIANA
ot 5 0 30 %. Dunedanutndeckas ¢popma JIJIP
npu snugemun B Erunre nmporekana y 601bHBIX
oT 50 mo 70 cyTok. PeTMHUTBI pasBUBaINUCh B
CTaguy peKOHBAJIECLIEHIINM B pe3y/IbTaTe BaCcKY-
JTUTOB, KPOBOM3IUSHNUIT ¥ TPOoM6O3a COCY/IOB; B
OTHA/IeHHOM Ilepuofie IOopa’keHue 3peHus Mpo-
SABASIIOCHh B BUJIe CKOTOM WJIU CAENOTHI OTHOTO
unm oboux rmas y 1,5 % pexkoHBanecueHTOB'
[5, 8, 11, 16-20, 23, 34].

Y 6onbHbIX B Ernnre pasBuBanach 4pes3Bbl-
YaiiHo BbICOKasa Bupycemms (mo 10° JII /mmn),
BUPYC BBIIE/IANCA C MOYOI U QeKanusaMy, KOH-
TaKTHO IlepefaBasicb OT 4YeJlOBeKa 4YeloBeKy',
4YTO CIOCOOCTBOBANIO [a/JbHeNIIeNl 9KCIIAaHCUU
BBICOKO ITaTOTEHHBIX ILITAMMOB BO30yauTeNns
Ha 3amag Adpuku, a 3aTeM 3a Tpefesbl KOH-
TuHeHTa [23].

B mocnepyromem snupemuu JIIP pmaxe B
CTapbIX apeanax MPOTeKaN ¢ BeCbMa BBICOKMMU
3200/71€BaeMOCTDBIO 1 IeTA/IbHOCTHIO. Tak, B 1987 1.
B IOxHOIT MaBpuTaHum anngeMusa reMopparu-
yeckoi JIIIP 3axBaruna okono 3 % HaceneHUs u
npoTekasna c neTaabHOCTHIO 9,9 % [8]; B 2003 T.
3ab0/1eBaeMOCTh TaM cocTaBuiaa 25,5 %, a ne-
TaAbHOCTH — 10 44 % [26, 35, 36]. B Kenun u
Comanu B 1997-1998 rT. ypOBEHb /1€TaIBHOCTHU
mocturan 50 %, a KoMm4ecTBO 3a60/IeBIINX Olle-
HUBAT cBbilie 90 Thic. yemoBek'? [23]; TaM Ke
BO BpeMs anugemuii 2006-2008 rr. 1eTaIbHOCTD
coctaBuia ot 31,8 1o 41 % [23], a o HEKOTOPBIM
maHHBIM [27] - mo 50 %. Ha ApaBuiickom momny-
ocTpose netanbHocTh npu JIIP B 2000 1. cocTa-
Buna 25-30 % [23]. 3aboneBaeMOCTh HaceneHUA
JIJP B OoTHeNbHBIX CTpaHaX JOCTUTana OT 5 [0
25,5 % [4, 23, 26]. JleTranbHOCTb BO BpeMs 3IMU-
memuu B FOAP B 2010 1. cocraBuna 10 % [11].

ITpepcraBneHHBle MaTepuanbl HAOT OC-
HOBaHMe J[/IsI BBIBOJJa O CKaYKOOOpasHOM IIO-
BBIIIEHUN ITATOT€HHOCTU [JIS JIIOfell HOBBIX
mramMMoB Bupyca JIJIP, noasuBmuxcsa ¢ 1977 r.,
TO eCTb, C mepBoii smugemun B Erumre. Itn
HOBblE  TeHETMYECKU OM3KOPOACTBEHHbIE
HITaMMbI [35] 6MOTOrMYecKy M AHTUTEHHO OT/IN-
YaIOTCA OT paHee NMPKYIMpPOBaBIINX B Appuke

[36]. HoBble BBICOKOIIATOr€HHBbIE IITAMMBI BU-
pyca JIIIP ¢ romamu Beimu u3 Erunra u BeiTec-
HUIY CTapble He/leTanbHble 5 TI0/[eil HITaMMBbI
U3 VX IPEKHUX apearnos.

I'eHeTMyecKkme CBA3M erNNETCKOr0 NITAMMa
Bupyca JI[IP

boin mpoBesieH cpaBHUTENbHBINI aHANuU3
CTpPyKTypbl ¢parmeHToB S, M u L reHomos
31 mramma Bupyca JI[IP, BbIe/IeHHBIX B IIEPUOT
c 1951 r. mo 2007 r. Ha adppUKAHCKOM KOHTU-
HeHTe. BbIAB/IE€HO, YTO K €rMIeTCKOMY HITaMMY
U3 4UCIa OUPKYIMPOBABIINX [0 HEro, TeHOTH-
nu4yecky Haubomee 61M30K CaMBblil HaTOT€HHBIN
mraMMm Zimbabwe-1974 (usonst 2250/74), BbI-
meneHHsii B 3umb6abBe B 1974 1., mpoucxo-
pamuit ot mramma SA51 u3 IOxHoit Adpukn
(pucynox 4) [35].

PucyHok 4 - leHemuueckoe 0pego cezmeHmos S, M u L ze-
Homoe 31 wmamma supyca J1/1P, ebiOesieHHbIX 8 nepuoo ¢
1951 no 2007 200bl. PucyHok adanmupoeaH asmopom u3
pabomel B.H. Bird c coaem. [35]

Figure 4: Phylogenetic tree of the S, M, and L genome
segments of 31 RVF virus strains isolated between
1951 and 2007. Figure adapted by the author from
B.H. Bird et al. [35]

° Rift Valley fever — Egypt, 1993. Morbid Mortal Wkly Rep. 1994;43(38):15.

' An outbreak of RVF, Eastern Africa, 1997-98. Wkly Epidem Rec. 1998;73(15):105-9.

Rift Valley fever. Saudi Arabia: Yemen. Wkly Epidem Rec. 2000;76(40):321.
! Epidemic of Rift Valley fever in Egypt. Report from the Arbovirus research unit Egyptian organization for biological
and vaccine production. Agouza, Cairo, Egypt. Arthropod-borne Virus Information Exchange. 1979;36:67-92.

2 An outbreak of RVF, Eastern Africa, 1997-98. Wkly Epidem Rec. 1998;73(15):105-9.
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CpaBHeHMe MeTOfOM (QUHTepIPUHTA Te-
HOMOB 130/1:TOB Bupyca JIJP u3 Erunta (8 Tom
4yucne, nmpororunuoro mramma ZH501) moka-
3aJ10, YTO OTCYTCTBYIOT KaKye-1ub0 pa3nuuns B
ux 6onpmux (L) onuroHykieoTngax, 4To JoKa-
3BIBAJIO, 4TO B Erunre B 1977-1978 rr. nupKynu-
poBan oguH mramm [37].

JIIP B snupemun B 3umbadse B 1974-1975 rr.
HpoTeKajaa BIIEpBble C EIMHUYHON TuOenbio
niopeit [20]. HecmoTps Ha 61M3Koe reHOTUIIMYe-
CKO€ CXOJICTBO C IKHOAPPUKAHCKUM HITAMMOM
Zimbabwe-1974, ernneTcKuit LITaMM CTal cyue-
CTBEHHO IIaTOTeHHee /IS YeJIoBeKa, a SNMUIeMU-
onmoruveckue xapakrepuctuku JIJIP yrsaxenu-
nuCh. Bo3aMoyKeH /1y OBIT €CTECTBEHHBIN TEPEHOC
aToro Hambornee GIU3KOPOACTBEHHOTO €TUIIET-
CKOMY, BEpOATHO, €ro IpejKoBOro ITaMMa 3a
2-3 roma ot IOxHOro go Cesepnoro Tpommka
3a 7,5 ThIC. KM, B TOM 4YMC/I€ 4epe3 3 ThIC. KM
nyctbiHu Caxapa, ¥ IpU 3TOM He OCTaBUB re-
HeTUYeCKNX CJefloB TaKoro «imepexopa»? Ecte-
CTBEHHO, UTO HeT.

HaquO-TeXHqucxme npesmnmocblIKN MC-

KYCCTBEHHOIO IPOMCXOXKJEHMUSA BapHuaHTa
Bupyca JIIP m mnosBnenus ero B Erumre
B 1977 ropy

PaccmMoTpuM HeKOTOpBIE WUTOTM BOEHHO-
o6nonornveckoit pesarenpHoctu CIIA k koHUy
CeMUIeCATBIX TO/I0B, Ba>KHbIE II0 COBOKYITHOCTH
B [JOKa3aTe/IbHOM IIaHE PYKOTBOPHOI'O IIPOJIC-
xoxpaenus JIJIP B Erunte B 1977 r.

Pa6orsl ¢ Bupycom JIIP B CHIA. B menu-
nuackoM mHcTuTyTe apmum CIHIA (US Army
medical research institute of infection diseases.
Fort Detrick, Frederick, Maryland - USAMRIID)
B 1960-1970 rr. npoBOAMIN CCIE€JOBAHNUSA IF€He-
TUYECKUX, a9POOMOTOTNYECKUX CBOJICTB BUpPYCa
JIOP, paspabarbiBaau MeTOABl ero UAeHTudu-
KaIluy ¥ AMAarHOCTUKM 3a00/IeBaHMA, KOHCTPY-
UPpOBaIU MEJUIVMHCKYIO BaKIVIHY M OLleHNBAaJIN
3aIUTHYI0 3 (PEeKTUBHOCTD NPOTUBOBUPYCHBIX
IpernapaToB MPOTUB JaHHON MHQEKINU, XOTs
3TOT BO30OYANUTE/NIb He aKTYaJIleH /ISl aMepUKaH-
CKOro KOHTMHeHTAa. Ilo TaHHBIM M3 OTKPBITBHIX
ny6nukanmit, ¢ Bupycom JIJP 8 USAMRIID B
9TU Tofbpl paboTany aMepuKaHCKME MCCIeSoBa-
tenmu Bishop D.H.L., Meegan J.M., Shope R.E.,
Peters C.J., Anderson GW., Watten R.H.,
Laughlin L.W., Eddy I.A., Meadores G., Cole F.E.,
Kcefer].V,,LebarthI.L., Allen W.P.,ReynoldsI.A.,
Slone T., Harrington D., Stephen E.L., Erlick B.].,
Rice R.M., Miller H., Brown J.L., Dominick J.W.,
Morrissey R.L., Klein F., Marchland B.G.,
Bonner U.B., Lincoln R.E. n gpyrue.

B pesynbpraTe reHeTMYecKUX Ipeobpaso-
BaHUIl ObUIN NO/NTy4YeHbl BapuaHThl Bupyca JIJIP
C TOBBIIIEHHON IMATOTEHHOCTHIO, B TOM YIICIIE
HeOOBIYHO BBICOKOIIATOT€HHBIE JIIsI KPBIC U JI0-
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mageit [36] (3TM cBoVicTBa XapaKTEpPHBI U I
mramma ZH501 n3 Erunra). beumn mposefeHsr n
Apyrue paboThl IO MICCTIEJOBAHNIO T€HOMA I €T0
M3MeHeHuAM [38-42].

B USAMRIID 6bi1u paspaboTaHbl MeTOMBI
HNOJy4eHNsA BBICOKOKOHI[EHTPUPOBAHHBIX IIpe-
mapaToB BUpYy/IeHTHoro mramMma Van Wyck
Bupyca JIJIP [43]. Beimn paspaboraHbl penen-
TypHble (OpPMBI U OlleHeHa CTaOMIBHOCTH BMU-
pyca JIIP npu asposonuposanun. Onpenenesa
nopaxkaomas 3bPeKTUBHOCTb aspO30NnsA s
KMBOTHBIX. CpaBHUTENbHO OIpefeNeHbl IIO-
pakamouiue J03bl IPU JPYyTUX CHocobax 3apa-
>kenus [44]. Erunerckuit mramm ZH501 cpaBHeH
mo mopaxamieit 9bQPeKTUBHOCTU CO LITAM-
mamy u3 Yraupsl (Entebbe) u IOxHoit Appukn
(SA-51 u SA-75). OnpeneneHsl X Mopakamoliye
mo3bl [45].

B 1960-x rr. 6pima paspaboTaHa MegUI[MH-
ckasg  (QOpPMONMHAKTUBMPOBAHHAS  KYJIbTY-
panpHaa BakuumHa NDBR*103, BrimyujeHHas
kopnopanueit National Drug Company Division
of Richardson-Merrell Inc. Bomonreps, Ha
KOTOpPBIX WCIBITAHA BaKI[MHA - TEPCOHA
USAMRIID. B nauane 1977 r. (mo Bcubiiku JIJIP
B Ernnre) maptus Ne 6 sroit BakyuHbl (10 ThIC.
1o3) Obla mepenaHa s BakuuHanuu 104 ame-
PMKaHCKMX cOTpyAHUKOB oTpsaga NAMRU-3 B
Erunre u 2 ThIC. IBENCKUX ¥ KaHAZCKUX BOCH-
Hocnyxamux OOH B Cunae [46]. Ha Baknuny
ObU1 monydeH marteHT [47]. B mocnemyromem o
npUMeHeHU Y BAaKIMHBI He COOOIanoch.

B USAMRIID 6b11a npoBefieHa OLleHKa 3a-
muTHON sddekTnBHOCTU OT JIIAP uMMMyHO-
OMONOTMYECKNX UM  XUMMOTEpPaleBTUIEeCKUX
npenaparoB - (OPMOTBAKIVHBI, VIMMYHHO
CBIBOPOTKM, TraMMa-TnobynuHa, pubaBupuHa,
PUMAHTOAVHA, U30NMPUHO3NHA, THOCEMMKapba-
30Ha, I/II0KaHa [48].

HOuarsoctuka JIJJP cmokHa M BO BCHBIINIKAX
B 9HJIEMUYHBIX pernoHax Adpukm 3aHmMmana
6onee 6 mecsues [1]. B To xe Bpems, B Erumnre
B 1977 1. ugenTudukanus Bo3OyAuUTeNsA B /a-
6opatopun aMepUKaHCKOTO BOEHHOTO OTpsja
NAMRU-3 6bi11a npoBefeHa B Tedyenue 30 4 ot
HOCTYIIeHMsT TPOO (CBIBOPOTKY KPOBU, KPOBb,
HPOMBIBHBIE BOIBI OT OONBHBIX TI0fel) [49], uto
OIIpe/ie/IeHHO JOKa3blBaeT 3a0/aroBpeMeHHYIO
OCBeJIOM/IECHHOCTb O BUie MH(]eKTa.

HexoTopble N'TOrM BOEHHO-0110/IOTMYECKOI
peatenbHocT CIIA K KOHIYy ceMMEecATBIX
ropos. Pazpa6orka BO. CIIIA, kak 1 HEKOTOpbIe
ctpaubl HATO (Tepmanus, Benukobpurtanus,
Opanunus, Wranus), a takxke AnoHusa, Havanm
paspaborky BO B Hauane Tpupuarsix [50-52] un
Pe3KO ee YCKOPU/IN B CepeiYIHe COPOKOBBIX TO/IOB
I POLIIOr0 BeKa. BbI/IN CO3aHbl ClIenaan3upo-
BaHHble nabopaTopun B USAMRIID, nepemnpo-
¢unnposan 3aBop B Terr Ot 1A mponsBoacTBa
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TeXHIYEeCKNX CpeficTB mpumeHeHus BO u pac-
mupen Jlarysiickuii IOMNUIOH; IPOU3BOJCTBO
n xpaHeHue BO ocymecTBnAanu B apceHanax
Pain-Blaff u Rocky-Mountain. IIpu copeit-
crBuu Benuko6puranuu B CIIIA k koHny 1940-x
rofoB ObLIM CO3aHbl KacCeTHble Ouonmormye-
cK1e 60MOBI, CHapsI)KeHHbIe pelleITypaMy BO3-
OymuTeneit cubupcKoil sA3BbI, OpylLennesa Man
6orynuHnyeckoro tokcuua [53]. B USAMRIID
HPOBOANIN pa3paboTKy 60eBbIX peLentyp Oak-
TepUaJTbHBIX U BUPYCHBIX BO30OyAuTeNneil WH-
¢dexuii, B TOM 4ucie Ha ocHoBe Bupyca JIJIP
(52, 54]. IlepBpiM Omonormyeckum Ooempumna-
COM, IPUHATBIM Ha BoopyxeHme apmun CIIIA,
6b1a 500-pyHTOBasg 60oMba M33, cHapsI>)KeHHas
108 xacceramu MI144, cogepxamumu no 300-
400 r cyxon unu 320 M1 XKMAKON peLenTyphbl.
KacceTrsr M115, cHaps>keHHbIe CuOMpesA3BEHHOI
peuenTypoit, 6pUIM HpuMeHeHb B 1952 1. B
Kopee [21]. Buonoruyeckyto 750-pyHTOBYIO Kac-
ceTHyio 60oMm0y E133R3 chapspxanu momnydyH-
ToBbIMK Ooenpumnacamu E61R4 B KonmyecTBe
544 mtyk. beiiu pa3paboTaHbI BBIIMBHBIE aBMa-
[MOHHBIe TPUOOPBI 6010 eMKOCTU A/B45Y-1,
A/B45Y-4. B mectumecATbIX-CEMUMECATHIX T'O-
JaxX HPOIIJIOTO BeKa ObI/IM NMPUHATHL HA BOOPY-
xeHue B CIIIA yHuBepcanbHble OOempHUIaChI
ISl JUCIIEPTUPOBAHUSA OMOIOTMYECKUX, XUMMU-
YeCKMX MM PafyoaKTUBHBIX areHToB [55]. Ho-
CUTENAMY OMONTOrMYeCKNX OOeNnpunacos ObIIN
camonerer F-100, F-105, F4C, 6ecnumoTHBbI
nerarenbHblit anmapat MQM58A, peakTuBHbIE
CHapAAbl, TaKTHdeckue pakerpl «CeprxaHT»"!
[52]. Takum o6pa3oM, K MHTepecymolleMy Hac
momeHTy — 1977 r., CHIA pacmomaranmu Bcemu
KOMIIOHEHTaMI IIPOBeJeHUs OMomorndeckoi
aTakM, B TOM YJNCTIe C VICIIO/Ib30BaHMeM 6oenpu-
nacos ¢ Bupycom JIJIP.

CeTp BOeHHO-OMOMOTMYECKUX Jabopa-
topuiit NAMRU. Haunnas ¢ copoKoBBIX TOHOB
npowmoro Beka B Adpuke, HOxnoit u Ilen-
TpanbHOl AMepukax, IOro-Bocrounoit Asun
n B OkeaHuUM nOA STULON BOEHHO-MOPCKOTO
¢dnora CIIA cos3ganwTcsi BOEHHO-OMOMOTMYe-
ckue nmaboparopum (Naval Medical Research
Unit - NAMRU), npepnasnadenHsbie s coopa
B030yAuTeNnell 0co60 OmacHbIX 3abomeBaHMIL,
BBIABJICHN PETMOHAJIbHON 3a00/1eBaeMOCThIO
MMM, VICTIBITAHUI CPEACTB AMATHOCTUKU U T.JI.
BoeHHO-MOpCKOe  MEIMIIMHCKOE UCCIefloBa-
TenbcKoe nmoppasgenenne Homep 3 (NAMRU-3),
ABJIAETCA KpyIHellleil 3apybesxxHoit mabopaTo-
pueit Munucrepctsa Boitast CIIIA, obuiinanpHo
cospaHHoll B Kaupe B 1946 1. [Ipyras kpynHas

3apyOexxHas MCClIeoBaTeNnbCcKass mabopaTopus
BoeHHO-MOpPCKOTO KOMAaH/IOBAaHMA MEIUIIVH-
CKMX McCTeffoBaHmit u paspaborok - NAMRU-2
pacnonoxeHa B JI>xakapre, VIngonesus, c orfe-
neHueM B MaHue un orpenenueM BoeHHo-Mop-
CKOTO0  MEAMIMHCKOIO  JCCIeHOBAaTe/NIbCKOIO
uncruryra B Jlume, Ilepy. Ananoruynnie 3a-
pybexxHble ucCaegoBaTenbckue mabopaTopun
apmuu CIIA pucnonuposansl B Taunanpe, bpa-
sunuu, Kopee n Kennn. JTaboparopun NAMRU
npuHagnexxar cetn GEIS (Global Emerging
Infections Surveillance and Response System)
Munuctepcrsa BoitHbl CIIA. OHu HaxomATcsa
B npaAMoM KoHTakTe ¢ CDC, LleHTpaMu 1o koH-
Tponio 3abonmeBanni [56-59].

Boenno-6uonornvecknit orpsag NAMRU-3
IpMHUMAJ OllepaTUBHOE y4yacTHe B SMUACUTY-
anuu ¢ JIIP B Erunte B 1977 1.° [1, 20, 22, 48,
49, 60]. B Hacrosujee Bpemss NAMRU-3 - ogna
U3 BeyIMX OpTaHU3aL Ui, MUCCIeYIOUUX B TOM
qyyucne KopoHaBupycsl ¢ 2013 r. (MERS-CoV).
IlogpasgeneHne OKas3bpIBAajllo COBMECTHYIO MC-
C/IeOBATE/IbCKYIO TOAAEPXKKY MMHUCTEPCTBY
sgpaBooxpaHenusa, CDC, BO3 u AreHTCTBY
CIIA 1o Me>XAyHapOZHOMY Pa3BUTUIO BO BpeM:d
BCIBIIIKY TnXopagky J6omna B JIubepun B 2014 1.
[56-59]. B 2019 r. oTpsx mepemuCIOLMPOBAH
Ha aMepMKaHCKYI0 BOEHHO-MOPCKYIO aBuabasy
B Vranmum pnsa OpojolKeHMsA MCCIelOBAHUI
0c060 OIaCHBIX IATOT€HOB.

Hanuble pakTsl mokassiBatoT, 4To CIIA mo-
C/lefloBaTe/IbHO HapallMBalOT CBOIl Ouomormye-
CKUII TOTeHIMaN ¥ YCUIMBAIOT KOHTPOJIb Haf
OMOIOrNYeCcKOll CUTyalell B pa3INdHbIX peru-
OHAaX MIUpa.

BoeHHo-monuTuM4eckas  CUTyanuA  Ha
bnuxuem BocToke B cepesHe IpoUIIoro BeKa
¥ BepOsATHAA yCTpalIalomias porb 6momormye-
CKOJf aTaKM B ee YperyIMpoBaHUMA

Bo Bropoit nonosuHe XX BeKa Ipu IaTpo-
Haxe Vspamnsa CHIA Hanmps>keHHOCTb IOJK-
TU4YecKoit ob6ctaHoBKM Ha bmkHem BocToke
noCTOAHHO pocina. lllectugHeBHas apabo-uspa-
UIbCKasg BOJHa 1967 r. goBema Jo npepena
HaKa/jl MOMUTUYIECKOT0 MPOTUBOCTOSHUSA B pe-
ruoHe. IIpakTmdeckm cpasy mocie OKOHYaHUA
HlecTupHeBHOV BOJHBI Hayajaach TaK Ha3blBa-
emMasa BoliHa Ha }cToOleHMe, 3aKalOYaBIIAACA
BO B3aMMHBIX 00CTpeax TeppUTOPUIT U aBUa-
HajleTaX, a TakK)Xe 9KOHOMMYeCKas U IMONUTH-
yeckas Onokaga V3pamnsa MCIaMCKMM MUPOM,
napajaieNbHO C KOTOpOil apabamMmu Benach ycu-
JIeHHas IMOJATOTOBKAa K HOBOI BOJIHe-peBaHILIYy.

3 Report from the United States of America. Office of Disarmament Affairs. NY; 1992. DDA/4-92/BW111. P. 252-428.
' Biological aerosol test facility. Dugway proving ground. Department of the Army. DPG; 1988.

15 Epidemic of Rift Valley fever in Egypt. Report from the Arbovirus research unit Egyptian organization for biological
and vaccine production. Agouza, Cairo, Egypt. Arthropod-borne Virus Information Exchange. 1979;36:67-92
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6 okTA6ps 1973 1. VI3paunp 6bIT BHE3aIHO aTa-
KOBaH Ha Bcex ¢poHTax. C 06enx CTOpoH cpa-
XKanauch 6omee 1,5 MJIH BOEHHOCTYXAaIUX,
7 THIC. TAHKOB, 60j1ee 2 ThIC. 60EBBIX CAMOJIETOB
U BEpPTOJIETOB, OKOMO 6 TBIC. apTUJIIEPUIICKUX
OpyANIL M MUHOMETOB. 22 OKTAOpA 1973 1. MeXxAy
BOIOIOLMMY CTOPOHAMU ObI/IO IOAIMCAHO TIepe-
Mupue, u 60eBble feiicTBUA Ha ['OTaHCKUX BBI-
coTax 3aKOHYIINCH'® [61, 62].

DopManbHO 3aBepHIMI COCTOSIHME BOIHBI
Mmexnay Ermntom m Mspaunem, coxpaHsABIIeecs
¢ KoH1a 1940 rr., MUPHBIN JOTOBOP, 3aKIIOYEH-
HBII Npu mocpepfHudecTBe npesupenta CHIA
Ix. Kaprepa, 17.09.1978 r. B Komun-Issupe,
CHIA. IlepBas BcTpewya mnpesupeHTa Erumnra
A. Capara u npembep-MuHUCTpa M3spaunna
M. bernna no sToMy BOIIPOCY COCTOANIACHh B HO-
a6pe 1977 1.7 — mpeacTaBnaAgeTCs, YTO OHA IIPO-
usomna IOJ BO3MAENCTBIEM MacCOBBIX IIOpa-
JKeHUIl B ceHTsAOpe-okTAb6pe 1977 r. erumer-
CKMX BO€HHBIX BupycoMm JIIP u passutuem mac-
mrabHoM snumeMun. IlocnemHee MOXKeT ObITh
paclieHeHO KaK BeposATHass aMepuKaHO-u3pa-
WIbCKas yCTpamaiomas OMojormyeckas araka,
NpefnpuHATad [AIA CUIOBOIO Yperyampo-
BaHUA PErMOHAJbHON BOEHHO-IIOIUTUYECKON
CUTYALNL.

O6cyxpaeHne

Kasamocp 6bl, 4TO B OTJa/IeHHOM IPOIITIOM
He 0CTaJI0Ch HEM3BECTHBIM 4ero-116o Macurab-
HOTO ¥ 3HAYMMOTrO B IUTaHe OMOIOrMYecKoit
arpeccuy, OJHAKO, CTAHOBATCA SABHBIMU BCe
HOBBIE M HOBbIE (PaKTBI 3TOM leATeNnbHOCTN. TaK,
aHaAM3 MOCTYNHON! HAy4YHOM IUTEpaTyphl IIO-
3BOJIIET 10 COBOKYITHOCTY 3HAYVMMBIX JaHHBIX
mokasaTh mpudacTHocTb CIIA K MCKyccTBeH-
HOMY HIPOMCXOXJEHUI0 SMUAEMUN INXOPAJKU
monuHbl Pudrt B Erunre B 1977 .

BoeHHo-6mo0nM0rNYecKas HesATeNbHOCTD
CIIA wucropmyeckm peanmusyerca IO He-
CKONIbKMM HaIpaBlIeHUAM, OCHOBHBIE U3 KO-
TOPBIX — pa3paboTKa TeOpUM M MPAKTUKY O61O-
JIOTMYeCKOJl BOJHBI, peajqu3oBaHHasA K Hadaay
OATUAECATHIX TOJOB IIPOLINOrO BeKa Co3Ja-

HueM BO (60eBbIX penentyp, 60emnpumnacos u
CPeACTB OCTAaBKM), OPTAaHM3ALNA C COPOKOBBIX
TOIOB IPOIIJIOTO BeKa 3apy0eXXHBIX BOEHHO-
Omonornyeckux ynabopaTopuii, co3faHue B II0-
CleflHNE JOeCATUIeTUS HPAKTUYECKM BO BCeX
OBIBIIMX COBETCKUX pecHybnmKax [ecsaTKOB
MeINKO-6Monornyecknx maboparopuit y 3a-
MaJHBIX U FOOKHBIX TPaHUIl HAlllelt CTpaHbl [63].
B konue 1940-x rr. T. Rosebury u E. Kabat 6s11n
pa3paboTaHbl OCHOBBI BOEHHON JOKTPUHBI
npuMeHeHus bO: MOMKHBI NPUMEHATHCA 3260-
NeBaHMsA, HeM3BeCTHble B JAHHON MeCTHOCTH,
He3HaKOMble MEeCTHBIM OpraHaM 3[paBoOXpa-
HEeHMI, CIIOCOOOM, OT/IMYHBIM OT €CTECTBEHHOTO
ero pacrnpocrtpaHeHns [64]. OTu u gpyrue Ha-
IpaBlIeHNSA BOEHHO-OMOIOTMYECKON JeATeNb-
HocTu CIIIA B COBOKYITHOCTM C TET€MOHUCTCKOI
IOIMTUKON TOCyAapCTBa ABUIUCH OCHOBOI IJis
CKPBITHOTO NPUMEHEHNSA VIMU OMOTOTMYeCKOro
opyxus B Erunre B 1977 1. npu «3amure» CBOETO
COI3HUKa — VI3pauns.

06 oco6om mecte JIJIP cpeay BUPYCHBIX UH-
(dexnnit CBUAETENbCTBYIOT Caefylomne (paKThl.
MexxgyHapogHoe smnmu3ooTudeckoe 6iopo (¢p.
Office International des Epizooties) B 2007 r. u3
78 300HO3HBIX 3a00/IeBaHMIT OTHECIO K YMCITY
0c000 OMacHBIX ¥ 9KOHOMMYECKM 3HAYMMBIX
00re3Hell )KMBOTHBIX, IMEIOIMX TEHAECHINIO K
TPaHCTPAaHUYHOMY pacIpoCcTpaHeHuIo, 15 Bu-
pycHbIX MHGekuuit, B Tom 4ncie - JIIP [65].
BcemupHas opraHmsanusa 3GpaBOOXPAHEHUS B
2015 r. onpepenuia JIIP B kadecTBe npuopureTa
MCCTIeJOBAHNII 3-3a €T0 IMPOKOT0 BEKTOPHOTO
TPOIN3Ma, a TAK K€ Cepbe3HOr0 BO3/elICTBUA Ha
JIIOMeNT U CEeTbCKOXO3AMCTBEHHBIX >KMBOTHBIX'S,
Bosbyputens JIIP MHOrMe SKCIepTHI OLleHM-
BalOT, (Kak Hamubosee MaTOreHHBIN ap6oBupyc'’
[15, 66-68]), ogHuM u3 Hamubomee BePOSITHBIX
arerros bO? [23, 36, 51, 52, 54, 55, 66].

IlpepcraBneHHble MaTepuanbl CBULETENb-
CTBYIOT 00 3IUAEMUONIOIMYECKUX PasIu4Iuax
JIOP u cBOWCTB ee BO3OyAuTeNns [O ¥ IOCTE
snupemun 1977 r. B Erunte. Ilpexpe Bcero,
Bupyc JIIP pe3ko M3MeHM/ICA OT Majao- HO BBI-
COKOIIATOT€HHOTO JI/1S1 4YeJI0OBeKa, BbI3bIBAIOIETO

16 Arab-Israeli crisis and war, 1969-1976. Foreign Relations of the United States. Keefer EC, Ed. Washington: Office of

the Historian. Department of state; 2011.

Gawrych GW. The albatross of decisive victory: War and policy between Egypt and Israel in the 1967 and 1973 Arab-

Israeli Wars. Greenwood Publishing Group; 2000.

7 Bonvuias poccuiickas snyuxaonedus. T. 16. M.; 2010. C. 518.

'8 https://www.who.int/publications/m/item/blueprint-for-rd-preparedness-and-response-to-public-health-
emergances-due-to-highly-infectious-pathogens (mara ob6parmmenns: 07.03.2025).

¥ Rift Valley fever: An emerging human and animal problem. WHO Offset Publ. Geneva; 1982. P. 63.

20 Rift Valley fever: An emerging human and animal problem. WHO Offset Publ. Geneva; 1982. P. 63.
Technical guide for the diagnosis, prevention and control of Rift Valley fever in man and animals. WHO - EMRO

technical publication. No 8. Geneva; 1983.

Biological aerosol test facility. Dugway proving ground. Department of the Army. DPG; 1988.
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TsKe/I0e TeMopparudeckoe 3aboeBaHye C BbI-
COKOI 3a60/1eBaeMocThIO (10 25,5 %) 1 IeTa/IbHO-
ctpio (ot 0 Bo3pocna 1o 30 %), npubIM3uBIINCD
B 9TOM OTHOLIEHUM K BO30OyauTensam adpukan-
CKMX IUX0pajok Map6ypr, D6oma u Jlacca, cy-
HIeCTBEHHO YCUINBAS SNMUAEMUONIOTNYECKYI0 U
COLVA/NbHYI0 3HAYMMOCTYU JAHHON MHQEKINMN.
BpicokomaToreHHblil A 4denoseka supyc JIJIP
Hayajl LMPKYIMPOBaTh HE TOIBKO B HOBBIX
3ooreorpadMuecKUX peruoHax, HO M Ha Tpa-
nunuoHHbIXx MecTax mHbekuuu (FOAP, Kenus,
Comann). dnupgemus JIJP 1977 r. B Erunre Ha-
Yajach B3pbIBOOOPA3HO U, B OT/INYYE OT JPYTUX
BCHBIIIEK, IpeIIecTBOBAA NM300TNH, OFHAKO
BO BCeX IOC/TIEeAYIOUMX BCIBIIIKAX (KaK U B IIpe-
ABIAYIMX) Hayalo ObIIO NOCTEIEHHBIM, IOCTIe
3MU300TUIA.

B ernmerckoit ¥ MOCIeyOIINX 3MUAEeMUAX
3abomeBaHue y mofieil ObIJIO C TreMopparmye-
ckumu (10 66,7 %), HeBpomorudeckumu (0 28 %)
HpOsIBIIEHMSIMU U TOpakeHueM rinas (go 16 %),
4TO paHee ObIIO BecbMa pegkuM. [losiBuBIIEiICS
KOHTarmo3HOCTu WHQPEKIUU CnocoOCTBOBA
BBICOKUII yPOBEHb BUpPYyceMuu y niofeit — ot 108
mo 10° JIJ1, /mn (panee — He Bbime 10° JIJI, /m).

Hospie mrammsr Bupyca JI[JP cranm maro-
TeHHBIMU JIJ14 JIOIIafiell, HO B TO )Ke BpeM, ITaTo-
TeHHOCTb BO30yAUTeNA [N APYTUX CeTbCKOXO-
3AJICTBEHHBIX )KUBOTHBIX O0CTa/1ach Ha Ipe>KHEM
ypoBae?' [3, 34]. BosbyauTenp npuobpen mOBbI-
IIEHHYI0 BUPYIEHTHOCTDb J/IsI MENIKUX nabopa-
TOPHBIX )XMBOTHBIX, M3MEHN/I aHTUTEHHbIE Xa-
PaKTepUCTUKM U IpyTHe CBONCTBA [5, 8, 36].

IlpencraBneHHBIe CBefeHNUs IOKa3bIBAIOT,
YTO IO 3MUJEMUOTOTUYECKUM, KIMHUIECKIM U
BUpyconorndeckum nokasarenam JIJIP, naunnas
canupemun 1977 r. B Erunre, cynmecTBeHHO yTA-

JKeMIa CBOM XapaKTepUCTUKM IO CPAaBHEHUIO C
HpeAbIAyI MMM BCIBIIIKAMY, a ee BO30yauTennb
MONTYy4YU/T BeCbMa BbIPAXX€HHBINl 3MUEMMOTIO-
TMYecKMIl MOTeHIMaN, HO3BOMMUBIINIL eMy pac-
HPOCTPAHUTHCS 1O Bcell Adpuke 1 BBIITH 32 ee
Ipefebl.

B wmemnom, aHanms cBegeHMiT 00 SMUIEMUN
JIJP B Erunte B 1977 1. moKa3bIBaeT, 4TO €€
XapaKTepUCTUKM BO MHOTOM COOTBETCTBYIOT
KPUTEPUSAM «HEIPAaBUJIbHON 3NUJEMUOTOTUN
6onesum» [53, Tabmumna 2.1], moKas3bIBAIOIIUM €€
UCKYCCTBEHHOE IIPONCXOXK/ eHe.

BriBogbr

1. Ouupemus JIIP B Erunre B 1977 1. 661112
VICKYCCTBEHHO MHMIIMMPOBaHa OMOTOIMYeCKO
aTakKoil Ha [Ba BOEHHBIX eTUIIETCKUX Jlareps B
Hepuos 000CTpeHMsA KOHPPOHTALUM MEXIY
Erunrom u Mspannem.

2. Vicnonb3oBaHHBIN NIpU HallafeHUM BbI-
COKOINIATOTE€HHBIVI IITaMM BO30yguTens Obin
ckoHcTpyuposan B USAMRIID, ckopee Bcero,

Ha OCHOBe IOKHOAQPUKAHCKOTO IITaMMa
Zimbabwe-1974.
3. 3aHOC TeHeTUYeCKM M3MEHEHHOIO

mrTamMa Bupyca JIJJP B ceBepo-BocTouHyI0 Ad-
PUKY IIpUBeN IIPY BBICOKMX 3a001€BaeMOCTI U
JIeTaIBHOCTU K PacIpOCTPAaHEHUIO 3TOTO BO30Y-
IUTeN 3a IIpeJe/bl KOHTUHEHTA Y BbITECHEHUIO
UM MeHee IATOTeHHBbIX HMITAaMMOB IPAaKTUYeCKN
Ha BceM appMKaHCKOM KOHTVMHEHTe.

4. Benpimka JIJIP B Erunre n nocnegymoiee
pacnpocTpaHeHle BBICOKOIIATOI€HHOTO, BEpo-
ATHO, MCKYCCTBEHHO IIOIy4eHHOTO BapMaHTa
BO30yauTeNs ABNAETCS HATTALHBIM IPUMEPOM
OIIACHOCTM BOEHHO-OMOJIOTUYECKON JlesATeNb-
HocTy CIIIA p1s MupoBOro coobiecTsa.

2l An outbreak of RVF, Eastern Africa, 1997-98. Wkly Epidem Rec. 1998;73(15):105-9.

Ozpanuuenus uccneoosanus / Limitations of the study
OO6yc/IoB/IeHbI AHAMN30M TOIBKO OTKPBITHIX HAYYHBIX MCTOYHUKOB, JOCTYIHBIX B OMOIMOTEKAX MM depes3
cetb VMHTepHet / The limitations are stipulated by the analysis of open scientific sources available on the libraries or

Internet (only).
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Highlights

A comparative study was conducted on the suitability of the domestic "Nanoporus" platform and its foreign counterpart,
MinION, for solving the tasks of the NBC Protection Corps.

The comparable effectiveness of the "Nanoporus" platform was demonstrated after applying post-processing algorithms.
Key advantages of the "Nanoporus" platform are its cost-effectiveness and capability for autonomous operation.
Relevance. The study is determined by the need to develop domestic technologies for the rapid identification of
pathogenic biological agents (PBA) in field conditions by the NBC Protection Corps.

Purpose of the study is a comprehensive review of the theoretical foundations and practical applications of nanopore
sequencing technology, as well as the prospects for its implementation in the NBC Protection Corps of the Russian
Armed Forces.

Materials and Methods. The quality of genome assemblies from the "Nanoporus" (Nanoporus, Russia) and MinION
(Oxford Nanopore Technologies, UK) sequencing systems was compared. The reference strain E. coli XL1-Blue
(Evrogen, Russia) was used as the biological model. Experimental nanopore sequencing was performed, including
DNA extraction, library preparation, and subsequent bioinformatic data processing using the Flye and Medaka tools.
Genome assembly completeness and accuracy were analyzed based on N50 and Q-score metrics.

Results. It was shown that the domestic "Nanoporus" platform provides high genome assembly quality, comparable to
the results obtained with the MinION system, but at significantly lower operational costs. The platform is compact and
suitable for autonomous operation in field conditions.

Conclusion. The "Nanoporus" platform is promising for integration into the mobile laboratories of the NBC Protection
Corps of the Russian Armed Forces and can be used for solving PBA identification tasks.

Keywords: bioinformatics; diagnostics; genomic research; molecular biology; nanopore sequencing; Nanoporus
sequencing system; sample preparation; software; MinION; Oxford Nanopore Technologies
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B Hacrosmee BpeMs HaHOIOPOBOE CeKBe-
HUpOBaHUE paccMaTpuBaeTcs KaK oOffHa U3
Hamubosee TEPCHEKTUBHBIX TEXHONOTUII Te-
HOMHOro aHanusa. Ero kiawo4yeBbIM IIpeuMy-
IMIeCTBOM SAB/IAETCSA BO3MOXXHOCTb IONTYYeHMNSA
IIMHHBIX YTEHUI, YTO MO3BOJISIET KOPPEKTHO
PEKOHCTPYMPOBATh CIOXKHbIE T'€HOMBI U BBI-
ABNATb CTPYKTYPHbIE BapualuM, KPUTUYECKU
3HaYMMBble TP WCCIEJOBAHUU  Pa3TUIHBIX
3aboneBanmi [1].

TexHomorusi obecrneymBaeT aHaAuU3 B pe-
QTPHOM BpeMeHU, YTO OCOOEHHO BaXXHO Ipu
upenTuuxkanuu IIBA. B ycnoBuax mangemun
COVID-19 HaHOTIOpOBOE CEKBEHUPOBaHMUeE NTPO-
IEeMOHCTPUPOBAJIO BBICOKYI0 3¢ (PeKTUBHOCTD B
OTCIEeXVBAaHUNM MYTalMil BUPyca U OLIEHKe MX
SUUIAEMUOIOTUYeCKOTO 3HaueHus [2]. Jomon-
HUTENIbHBIM IPEUMYIEeCTBOM SBJISETCS HU3KAA
CTOMIMOCTb, Jle/Talolasl MeTOoJ, JOCTYIHBIM Jlae
B 1ab0paTOPUSAX C OTPAHNMYEHHBIMU PeCYpPCaMU,
BKJII0Yasl pasBuBamoliuecs crpansl [3]. B or-
aMYue OT TPaJULIMOHHBIX TEXHOJOTUIl CeKBe-
HMPOBAaHNs, HAHONOPOBOE CEKBEHUPOBAHIE
MOJKET BBIIIOTHATHCA B IOJEBBIX YCIOBUAX, YTO
CYIIeCTBEHHO pacHIMpseT ero IpUMeHeHNe B
MuKpobuonoruu u skonorun [4]. Passutue an-
TOPUTMOB 00pabOTKM [JaHHBIX IOBBILIAET TOY-
HOCTb U BOCIIPOM3BOAMMOCTD MeTona [5].

AKTya/nbHOCTD MCCIIeJOBaHMS 0OyCIOBIEeHA
HEOOXOMMOCTBIO Pa3BUTUS OTE€YECTBEHHBIX
TeXHOJIOT WA J/Is1 OTlepaTUBHO UaeHTUPUKaI UM
IIBA B moneBbIX ycnoBuAXx Boiickamu PXb 3a-
mutbl BC PO.

Ilenv uccnedosaruss — KOMIIIEKCHBIT 0030p
TEOpEeTUYECKUX OCHOB U NPaKTUYECKOIO WC-
IO/Ib30BAHUS  TEXHOJOIM)  HAHOIIOPOBOTO
CeKBEHVPOBAaHMA, a TaK)Ke MepCIeKTUB ee BHe-
npenus B Boiickax PXDb samutsr BC PO.

1

3ajjauaMu JaHHOTO UCCIENOBAHNUSA ABIANOCD:

- IIpOBefieHMe CPAaBHUTEIbHOTO aHaIM3a Ia-
paMeTpOB KayecTBa HAHOIIOPOBOTO CEKBEHUPO-
BaHNA, BK/IIOYAs JJINHY PUIOB', TOKa3aTe/s Ka-
yecTBa Q ¥ TOYHOCTD COOPKYU TeHOMA;

- OIleHKa BO3MOXHOCTell OTe4eCTBEHHOrO
cekBeHatopa «HaHomopyc» mns 6eiiskonuura’® u
HepBUYHON 0OpabOTKM JAaHHBIX B CPAaBHEHUU C
3apy6exxHoit cuctemoit MinION;

- ompefeneHye MPAKTUYECKON MPUMEHN-
mMoctu cucrembl «HaHomopyc» pnsa upeHTndu-
kanuu IIBA 1 nepcnekTuB ee BHeAPEHUSA B BOJ-
ckax PXb samuter BC PO.

TeopeTruueckue
CeKBEHUPOBAHM A

[aHHasT TeXHONMOTUs IPeNCTaBlsgeT co00il
VHHOBAIIMOHHBINI ~MeTOf, O0ecreuynBaOLINI
npsMoe OIpefe/leHue IOCIe[oBaTelbHOCTell
pnuHHbIX ¢parmentoB THK u PHK B pexnme
peasbHOTO BpeMeHU. B ocHOBe TexHONIOrUM
JeXUT PerucTpanus M3MeHeHUil 3/IeKTpude-
CKOTO TOKAa, BO3HMKAIOUUX NPU IPOXOXKITEHUN
HYKJIEMHOBBIX KMC/IOT 4Yepe3 OeTKOBbIe HAaHO-
nopsl. B mocnenHme rogbl ycoBepuieHCTBOBaHME
NaHHOJ METOAVIKYM IPUBENO K 3HAUYUTEIbHOMY
yIy4IIeHUI0 K/II04YeBbIX IapaMeTpoOB, BKII0Yas
TOYHOCTD, JI/INHY CYMTBIBAEMbIX ()PAarMEeHTOB U
HPON3BOJAUTETbHOCTD CUCTEMBL.

HaHomopoBoe CeKBeHUpOBaHNE aKTUBHO
IpUMEHSAETCA B TEHOMHON cOOpke, aHammu3se
HOJTHBIX TPAHCKPUIITOB M BBIABICHNN SINUTEHe-
Tnueckux mopuepmkanmit. Kpome toro, merop
HaXOAUT IpYMeHeHNe B KIMHUYECKON JJMarHO-
CTUKEe M SIMNUEeMUONTOTMYECKOM MOHUTOPMHIE
Omarofaps BBICOKOV CKOPOCTY ¥ MOOVMIBHOCTH.

[IpuHUMI pabOTHI TEXHOTOTMYM OCHOBAH Ha
JICIIONb30BAaHNYM O€/IKOBBIX HAHOIOp, VHTe-

OCHOBbBI HAHOIIOPOBOIrO

Puo - ato pparMeHT HYKJIEOTUIHOI OCTIE[OBATE/IbHOCTY, Oy YeHHDIN B Pe3y/IbTaTe CeKBEHUPOBAHMA.

2 BetizkonuHe — 9T0 IpeobpasoBaHIie CUTHAIOB CEKBEHATOPA B HYK/IeOTUAHYI0 ToctegoBaTenpHocTs JTHK man PHK.
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TPUPOBAHHBIX B UCKYCCTBEHHYIO IOJIMMEPHYIO
MeMOpany (pucyHox 1). B ycmoBusax amekTpo-
TUTNYecKoro Oydepa IpuaoKeHMe IIOCTOSH-
HOTO HAaINps)KEHMA CO3/IaeT MOHHBIN TOK 4Yepes
nopy. OTpuuarenbHO 3aps>KeHHbIE MOJIEKYIIbI
IOHK nnn PHK nepememanTcsa oT O1UC-CTOPOHBI
(oOTpMIIaTENbHBIN 971eKTPOA) K TPaHC-CTOPOHE
(monoXxuTeNnbHbIN 31eKTpof). CKOpOCTh UX IPO-
XOXJeHNUA Peryaupyercsi MOTOPHBIM OeIKoM,
obecreuynBalIMM KOHTPOIMPYEMYI0 TPaHC-
TIOKAIIHIO.

Vi3MeHeHUA CHUIBI TOKa BO BpeMs IPOXOX-
JeHU HYK/IEMHOBOI KMC/IOTBI Yepes IOpy OTpa-
JKAIOT ee HYKJIeOTUTHYIO IIOC/IeloBATeTIbHOCTD,
KoTopasg pacmupoBbIBaeTCA C IOMOIIBIO
CIelMaNbHbIX AATOPUTMOB. Ba’kHOil 0cobeH-
HOCTBI0O MOTOPHOTO 0e/IKa SABIAETCA ero Xelu-
Ka3Hasd aKTUBHOCTD, IIO3BO/AKLIAA Pa3TenaThb
AByXIIeIIOYeYHble MOJIEKY/Ibl Ha OT/e/lIbHBIE
Ieny Iepej MX aHaAuU30M. J[OIONTHMTETbHBbIE
CBe[leHUsA O MeTOJe IpeAcTaBlIeHbl Ha OpUIN-
aJIbHOM cajiTe pa3paboTumka’.

PucyHok 1 - Cxemamuueckoe usobpayceHue npuHyuna
mexHo/102UU HAHONOP0B020 ceKeeHupoeaHus. benkoeas
HaHonopa, 3akpensieHHasl 8 bucsoliHoli MembpaHe, no360-
/islem cYumbl8amb 0ecsIMKU mMblCsY HyK/s1eomuooe 3a 00UH
3anyck cekeeHamopad (pucyHoK adanmupoedaH asmopa-
mu u3 URL: https:/biomolecula.ru/articles/nanoporovoe-
sekvenirovanie-na-poroge-tretei-genomnoi-revoliutsii;
dama obpaweHus: 25.06.2025)

Figure 1: Schematic representation of the principle of
nanopore sequencing technology. A protein nanopore
anchored in a bilayer membrane allows for the reading
of tens of thousands of nucleotides in a single run of the
sequencer (figure adapted by the authors from URL: https:/
biomolecula.ru/articles/nanoporovoe-sekvenirovanie-na-
poroge-tretei-genomnoi-revoliutsii; 0ama obpaweHus:
25.06.2025)

[IpuHATO CYUTATh, YTO TOYHOCTH HAHOIIO-
POBOTO CeKBEHMPOBAaHNsA YCTyIaeT a/lbTepHa-
TUBHBIM METOJaM, B YaCTHOCTU TEXHOJIOTUNU
cunre3a (Illumina). OpHako kiloyeBOe Iipe-
MMYIIeCTBO HAHONOPOBOIO IOAXO/a 3aKJII0-
4aeTcs B CIIOCOOHOCTYU IONYyYaTh 3HAYUTETbHO
6o7ee qnuHHBIE TOCTefoBaTenbHOCT. Ecny nst
mnatdopmbr  [llumina makcummanpHas mnAuHA
punos orpanmdeHa 300 mapamMu HYK/I€OTHU[OB,
TO HAHONOPOBAasI TEXHOJOTUs, OCHOBAHHAs Ha
¢$usnYecKoM HPUHIMIIE TPAHCIOKALUM HYKIIe-
VHOBBIX KMC/IOT, IO3BO/NAET J[OCTUTATh IPO-
YTEHUII IJANHOM B IECATKM ThICAY HYK/I€OTU/IOB.

BaXHBIM [OCTOMHCTBOM MeTOJa SIB/ISAETCS
KOMIIAaKTHOCTh 000pymoBaHus, obecrmednBa-
I0I]asi BBICOKYI0 MOOMIBHOCTb ¥ BO3MOXXHOCTD
HpOBeleHMs UCCIeJOBAHUI BHE CTAI[MIOHAPHBIX
nmabopaTopHbIX ycmoBuit. OEHAKO /I peanu-
3aIuu MOTEHIIMaNa TeXHOJIOTUY B YaCTU IONIY-
YeHVs TPOTSDKEHHBIX IIOC/IeloBaTebHOCTEN
KpPUTUYEeCKOe 3HaYeHVe NMeeT KauyeCTBO MCXOJ-
Horo Mmatepmana. IPdeKTuBHOE CeKBEHUPO-
BaHNe JIMHHBIX QPAarMeHTOB BO3MOXKHO TOTBKO
IpY MCIONB30BAHMU  BBICOKOMOJIEKY/ISIPHOI
IOHK, Tak kak gerpagupoBaHHble M/IN CUIBHO
¢dbparMeHTHpOBaHHBIE 00pa3Lbl He IO3BOMAIOT
HOTY4YUTh 3HAYVMBIE 110 JIHE PUJIbI.

Br160p npubopa fis HAHONMOPOBOTO CeKBe-
HUPOBaHUA

KnioueBpIM mapameTpoM mpu BbIOOpe cu-
CTeMbl [/IsI HAaHOIOPOBOTO CEKBEHMPOBAHMUSI
CIY)XUT TPONYCKHAsi CIIOCOOHOCTD Y€K,
onpefeNsOMasi MacIITa0bl BO3MOXKHBIX WC-
cnegoBanuit. Kommanusa Oxford Nanopore
Technologies mnpepmaraer psag crenuanusu-
poBaHHBIX mnaropm (pucyHok 2), Kaxpas u3

PucyHok 2 - JluHelika npu6opoe Oxford Nanopore
Technologies 0515 HAHONOP0OB020 CeKBEHUPOBAHUS 8
cpasHeHuu (pucyHok adanmuposedaH asmopamu u3 [6])
Figure 2: Oxford Nanopore Technologies' line of nanopore
sequencing instruments in comparison (figure adapted by
the authors from [6])

3 Oxford Nanopore Technologies. URL: https://nanoporetech.com/ (zara obpamenus: 25.06.2025).
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KOTOPBIX IpefHa3HAauYeHa /I pelleHNus KOH-
KPeTHBIX MCC/IeJOBAaTEeNbCKUX 3afad.

MinION - nHambornee KOMIAKTHass M IONY-
NAspHasg MOfenb, IpefcTaBleHHass B JBYX Ba-
puaHTax: crangaptHbit MinION, tpebyromnit
NOAK/IIYEeHNsA K KOMIBIOTEpPY, HO OTINYalo-
HIMIIC  UCKIIYUTENbHON  HMOPTAaTUBHOCTBHIO
(pasmemjaercs Ha J1ajloHM), ¥ aABTOHOMHAas
Bepcuss MinlON MkIC co BCcTpoeHHBIM MO-
AyneM 06pabOTKM JaHHBIX.

s cpegHux mo o6beMy MUcCIeOBaHNUIL pas-
pabotana cuctema GridION, mo3Bonsiomas ma-
pasiesbHO 3allyCKaTh [0 MATU A4eeK, 4YTO Cyle-
CTBEHHO IOBBILIAET NMPOU3BOAUTENBHOCTb. Obe
mnatdopmsr (MinION n GridION) coBmecTuMBbI
co cnenyanpHbIM afantepom* Flonge.

Hanubomee MOUIHBIMU  peIIeHMAMU  JIU-
HeVKM ABIA0TCA cucteMbl cepun PromethION:
PromethION2 Solo (Tpebyer mnopkmodeHns
k komnbiorepy man GridION), PromethION2
(ocHameH aBTOHOMHBIM YIPABAAKOLIUM MO-
Ay/leM U IpoLeccopoM) — obe Mofenu Mopaep-
XKVMBAIOT OJHOBPEMEHHYI0 pabOTy [BYX BBICO-
KOMPOM3BOAUTENbHBIX sueek, PromethION24
u PromethION48 -npombliiieHHbIe pelIeHNs,
IIO3BONIAOLIE HE3ABUCKMO KOHTPOIUPOBATh 24
1 48 A4eeK COOTBETCTBEHHO.

QNome-3841 or Qitan Tech (KHP) - sto
KOMMEPYECKNII HAHOIIOPOBbII CEKBEHATOP, OPU-
€HTMPOBAHHBIIl HAa BPICOKOTOYHOE U JOCTYIIHOE
cekBeHUpoBaHme. Ero mnpomyckHas cmoco6-
HOCTb cocTaBiAeT okono 10-20 ThicsAdY map oc-
HOBaHMUIL, T.e. rTurabas (I'6) 3a 24 gaca, a gauHa
CYUTBIBAHUA NOCTUTAET 1-2 MUJIJIMOH ITap OCHO-
BaHMIL, T.e. Mera6as (M6). Qitan IT akuentupyer
BHUMaHlEe Ha COOTHOLIEHMM IjeHa/KayecTBO U
COBMECTMMOCTM C pa3IMYHBIMU Ononormye-
CKMMU 00pasiamMy, 4TO feaeT ero MOgXO/ UM
IS KIMHUYECKNUX 1abopaTopuil M MCClIemoBa-
Te/IbCKUX IIeHTPOB.

CexBeHatop QNome-3841 hex - mopmepHu-
supoBaHHag Bepcusa QNome-3841 ¢ mectu-
KaHaJIbHOW CUCTEMOIl [eTeKLuu, obecrnedn-
BaOllell TOBBIIIEHHYI0 IPOMU3BOAUTENIbHOCTD
IpM KOMIIAaKTHBIX pa3Mepax. YCOBepIIEeHCTBO-
BaHNMA BK/IIOYAIOT ONTUMUSUPOBAHHYIO CHU-
CTeMy moOfauyy OOpasl[OB, YIYYIIEHHYIO I3JIeK-
TPOHUKY 06pabOTKY CUTHATIOB ¥ OOHOBIEHHOE
nporpamMmmHoe obecnedenne (IIO) pns mHoro-
KaHa/JIbHOTO aHanu3a AaHHBIX. CoxpaHAA Ipe-

uMyliectBa 6a3oBoil Mogenu, hex-Bepcus npepn-
naraeT GOMBIIYIO MPOIYCKHYIO CIIOCOOHOCTD 3a
cYeT Iapasie/IbHOTO aHaIu3a’.

PolyseqOne - mopraruBHas cucremMa Ha-
HOIIOPOBOTO CEKBEHMPOBAHUSA CpeJHell IIpo-
U3BOJUTEIBHOCTY C QAHAINM30M B pPealbHOM
BpeMeHH, paspaboranHas kommnaHueit Polyseq
Biotechnology (KHP), xortopas cospmama co6-
CTBEHHBIe HAaHOIOPOBBbIe OenKy, HAOOPBI s
HOATOTOBKM OMOIMOTEK, KOHCTPYKLMIO YMUIIA,
IporpaMMHOe obecliedyeHue ¥ aITOPUTMBI ITTy-
6okoro oby4yeHnsa. KnroueBble XapaKTepUCTUKNI
YCTPOJCTBA: TOYHOCTD OJHOTO IIpouTenus 97 %,
gnuHa npoytenuit or 300 ThICAY IMap OCHO-
BaHUIT U 6Goree, KOHCEHCYCHass TOYHOCTb IpuU
50-xpatHOM TOKpbITUM 99,99 %, 2560 mop Ha
YyIe C BO3MOXXHOCTbIO IOBTOPHOTO MCIONTb30-
BaHMA O 5 pa3, cKkopocTh yTteHus 400 HyKIeo-
TUJOB B CEKYHJY, @ TaK>Ke MOAep>KKa ajall T B-
HOTO CeKBEHMPOBAHNA M Ha/ln4une HabopoB Jis
HOJTOTOBKM OMO/MMOTEK 1 OGapKOAMPOBAHUS.

CexBenartop PolyseqHive mpepncraBnser
co0071  3BONIOLVIOHHOE  PpasBUTUE  MOJAEIN
PolyseqOne, oTnmyasich mpexpe BCero MHO-
TOIOTOYHOM apXUTEKTYpPOM — BMECTO OJHOKa-
HabHOI cuctembl B PolyseqOne 3mech peannso-
BaHO 8 He3aBMCMMBIX KaHA/IOB CEKBEHUPOBAHN A,
YTO CYLIECTBEHHO IOBBIIIAET IPOU3BOAUTENb-
HOCTD IIPY COXPaHEHN Y KOMIAKTHBIX rabapuToB
ycrpoiictBa. TeXHOMOTMYeCKUe YCOBEPIIEHCTBO-
BaHNs BK/IKYAIOT MapajjIeNbHYI 00paboTKy
00pasIoB C MHAMBUJYA/TbHBIM KOHTPOJIEM IIa-
paMeTpoB [IA KaXKJAOro KaHaja, yCOBEpIIeH-
CTBOBAHHBII a/JITOPUTM MEPBUYHOTO aHa/IM3a
TaHHBIX C COKpallleHHBIM BpeMeHeM 00paboTK,
a TaK)e pPacIIMPEeHHYI COBMECTUMOCTb C pas-
JTMYHBIMA TUIIAMU HAHOIIOPOBBIX MeMOpaH.

CexBeHaTOPBI CycloneSEQ-WT02 u
CycloneSEQ-WYO0l oT Kuraickoifl KOMIIaHUU
MGI Tech Co., Ltd. (Bxogameit B coctaB BGI
Group) mpeacTaBIAT CcoOOIl COBpeMeHHbIE
m1aTGOpMBl JI/I1 BBICOKOIPOM3BOLMUTETHHOIO
CeKBEHNPOBAHNA, OCHOBAHHbIe Ha 3aIlaTEHTO-
BauHoi1 TexHonorum DNBSEQ (DNA Nanoball
Sequencing - TeXHONOTMA CEKBEHMPOBAHMA OT
MGI Tech, ocHOBaHHasA Ha UCIIO/Nb30BAHUM Ha-
HomapukoB [THK). CycloneSEQ-WTO02 opmuen-
TUPOBAaH Ha MacIITaOHble TeHOMHBIE MCCIIeNO0-
BaHMA, Ipearas IPONyCKHYI0 CIIOCOOHOCTD 0
1.5 T6 3a 3amycK ¥ HOAAEPKKY YTEHUI AIMHOM

* TocnedosamenvHocmp adanmepa; adanmep (adapter sequence, adapter): CMHTeTMYECKIIT OMTUTOHYKIEOTUS M3BECT-
HOJ ITOC/IeJOBATENbHOCTH, KOTOPBIIT MOXKeT OBITh JOOaB/IeH K 3' 1ty 5' KoHI[aM (pparMeHTa HYK/IEMHOBOI KIC/IOTHI.
(TOCT P 1CO 20397-2-2023. brioTexnonoru:A. MaccoBoe IapajenbHoe cekBeHMpoBaHye. JacTs 2. OneHKa Kade-
CTBa JaHHBIX cekBeHMpoBaHus. M.: Crangapturdopm; 2023. 24 c.).

> Cexsenaropsl Qitan Tech. URL: https://albiogen.ru/qitan/ (zata o6paigenns: 25.06.2025).

¢ CekseHaTop HaHomopoBblil Polyseq One. URL: https://www.dia-m.ru/catalog/lab/sekvenatory-belkov-dnk/
sekvenatory-dnk-3-go-pokoleniya-nanoporovye/sekvenator-nanoporovyy-polyseq-one/ (mara o6pamjeHus:

02.06.2025).
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1o 400 1.H., YTO fAenaeT ero upaeajabHbIM s
MOJTHOTEHOMHOTO CeKBEHMPOBAHUSA CIIOKHBIX
OpraHmMsMoB. Mojenb WHTeTpUpOBaHa C CHU-
CTeMOJi aBTOMAaTMYeCKO} IOArOTOBKM O16mM-
orek MGISP-960, 3HaumTenbHO YCKOpsIOIei
npoiecc 06paboTkm 06pasIos.

B otnnune ot Hero, CycloneSEQ-WYO01 npen-
cTaBisAeT coboil 6oree KOMIIAKTHOE pelleHye C
HPOMYCKHOI crnocobHocThi0 Ko 500 I'6, onrtum-
MU3UPOBAHHOE JI/IsI KIMHNYECKON JMaTHOCTUKI
U TOJEBBIX MccnegoBannii. Ero xiaroueBble mmpe-
UMyllecTBa — BBICOKAasg CKOPOCTb aHanusa u
BO3MO>XHOCTb PaGOTBI C MaJIBIMM KOJINYeCTBAMU
IOHK. O6e cucreMbl eMOHCTPUPYIOT BBHICOKYIO
TOYHOCTDh (ommbka Menee 0,1 %), mpeBOCXOAs
0 3TOMy ToOKasaremo TexHomoruwo Oxford
Nanopore Technologies, HO TpebGyloT 3Tama
[MNIP-ammmudukanuu. Ilo cpaBHeHMIO ¢ MmIat-
dopmamu Illumina, kurajickme ceKBEHAaTOPBI
npepnaraoT 6onee SKOHOMUYHYIO 9SKCIIITya-
TALNIO, XOTA U YCTYNAIOT B MaKCHMAJbHOI IIPO-
M3BOOUTENBHOCTI .

Poccuiicknit cexkBenatop «Hanomopyc», pas-
paboranubt OOO «HaHomopyc» COBMeCTHO ¢
MHcTtuTyTOM MHXeHepHOU ¢usuku m VHcTH-
TYTOM TEOPETUYECKON M 3IKCIEePUMEHTAIbHON
6uodbmsuku PAH, mpexncraBnser coboit mmat-
dbopMy 1 OJHOMOIEKYISIPHOTO HAHOIIOPOBOTO
CeKBEeHNPOBAaHNA B PeaJbHOM BpPEeMeHMU, OCHO-
BAHHYI0O Ha PerucCTpaluy M3MEeHEHNII OHHOTO
TOKa npu npoxoxpaeHunu monexkynol JHK nmn
PHK depes 6enkoByo HaHOMOpY. B oTnnune or
TPaAULOHHBIX METOMIOB, TAaKUX KaK CEKBEHMU-
posanue o Canrepy unu Texnonornu [llumina,
«Hanomopyc» obecmednBaeT CBepX/IMHHBIE
YTeHUsI, YTO M03BONAeT 3PHeKTUBHO aHATU3U-
pOBaThb CIOXKHbIe TEHOMHbIE PETMOHBI, BK/II0Yas
HOBTOPBI ¥ CTPYKTYpPHBIE BapMaI UM, a TAKXKe fie-

PucyHok 3 - lepcnekmueHble MO6UsIbHbIE HAHONOPOBble
ceKeeHamopbl (PUCYHOK cocmassaeH asmopamu)

Figure 3: Promising mobile nanopore sequencers (figure
compiled by the authors)

TEeKTUPOBATh SMUTEHETUYECKMe MOAUPUKALUU
6e3 mpepBapurenbHoil ammnupukanun [7, 8].
OCHOBHBIMU TPENMYIL[ECTBAMU TEXHOIOT MY
AB/IAIOTCA MOPTATUBHOCTD, HU3KAasAg CTOMMOCTD
HOJTOTOBKM 00pa3IjoB ¥ BO3MOXKHOCTbh pabOThI
¢ HatuBHBIMU Monekynamu JTHK/PHK.
[TepcrieKTMBHBIE MOOW/IbHbIE HAaHOIIOPOBbBIE
CeKBEHATOPBI IIPeJCTaB/IeHbl Ha pucyHkKe 3.
CpaBHUTe/IbHAS XapaKTEPUCTHKA HAHOIIOPO-
BBIX CEKBEHATOPOB IIpefiCTaBIeHa B maobnuye 1.
ITocne BoI6Opa mopXOA Al ITATPOPMBI IS
HaHOIIOPOBOTO CEKBEHMPOBAHMA K/IHOYEBBIM
3TAllOM CTAaHOBUTCA IIOATOTOBKAa 00OpasIioB,
MOCKOJIbKY KayeCcTBO M YNCTOTa MUCXOHOTO
MaTepuana HaOpAMYI BINAIOT Ha 3(¢eKkTus-
HOCTb CEKBEHUPOBAHNUA U JOCTOBEPHOCTb IIO-
Jy4aeMbIX JaHHBIX. B 3aBucMMoCTM OT Tuma

Ta6nuua 1 - CpasHumenvbHAA XxapakmepucmuKa HAHONOPOBbLIX CeKBeHAMOopPOs
Table 1. Comparative characteristics of nanopore sequencers

MakcumanbHas .
CkopocTb MakcuManbHbIM
OJINHA YTeHUs, ThicaY
MokasaTenb CeKBEHUPOBaHUS, BbIXO/, JaHHbIX B
Komnanus / Mogens / nap HyK/1eoTuaos /
KauyecTBa / : . HykneoTugos/c/ |cyTku, rurabas (I6) /
Company Model Maximum reading . .
Q score Sequencing speed, | Maximum data output
length, thousand base : .
n. nucleotides/s per day, gigabases (Gb)
Oxford MinlION Q15-Q30 4000 400-700 30
Nanopore Mk1C
GridlON 150
PromethlON 24/48 300
Qitan Tech QNome-3841 Q15-Q20 100 200-400 20
QNome-3841 hex Q18-Q22 100 300-500 40
Polyseq PolyseqOne Q10-Q15 50 100-400 5
Biotechnology| ™5 10 qHive Q12-Q18 50 200-400 20

7 CexBenaropsl MGI. URL: https://en.mgi-tech.com/products/ (gara o6pammennst: 25.06.2025).
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lMpodomxeHue mabauywi 1

(maTa obpaueHuns: 25.06.2025).
Note.
The table was compiled by the authors based on official data.

MakcumanbHas .
CkopocTb MakcumanbHbii
OJIMHA YTEHUS, ThicAY
MokasaTenb CEeKBEHUPOBaHMS, BbIXOZ, L AHHbIX B
KomMnaHus / Mogens / nap HykJieoTugos /
KayecTBa / K . HykneoTugos/c/ |cyTku, rurabas (6) /
Company Model Maximum reading . .
Q score Sequencing speed, | Maximum data output
length, thousand base ¢ .
. nucleotides/s per day, gigabases (Gb)
BGI Group |CycloneSEQ-WT02| Q30-Q40 100 350-420 1500
CycloneSEQ-WY01| Q30-Q38 100 350-420 500
HaHonopyc / HaHonopyc / Q10-Q30 200 150-435 10
Nanoporus Nanoporus
MpumeyaHue.

Tabaunua cocTaBneHa aBTOpaMU Ha OCHOBe ObULLMAJIbHBIX AaHHbIX:

Oxford Nanopore Technologies. MinlON Mk1C sequencing device.

URL: https://nanoporetech.com/products/sequence/minion (aaTa o6pauerus: 25.06.2025);

Oxford Nanopore Technologies. GridION X5 / GridlON sequencing device.

URL: https://nanoporetech.com/products/sequence/gridion (gata o6paweHus: 25.06.2025);

Oxford Nanopore Technologies. PromethlON (PromethlON 24 / PromethlON 48).

URL: https://nanoporetech.com/products/sequence/promethion (aaTta o6pawieHus: 25.06.2025);
Qitan Tech. QNome-3841 / QNome-3841 hex - product pages / distributor info.

URL: https://albiogen.ru/gitan/ (nata o6pawienus: 25.06.2025);

PolyseqgHive - product page. URL: https://www.polyseq.com/newsinfo/8470438.html naTta o6paiieHus: 25.06.2025);
MGl (BGI Group). CycloneSEQ-WTO02 / CycloneSEQ-WYO01 - product pages / datasheets.

URL: https://en.mgi-tech.com/products/ (gaTa o6pawerus: 25.06.2025);

[MepBbIit 0OTeYeCTBEHHbINM HAHOMOPOBLIN cekBeHaTop «HaHonopyc»; 2025. URL: https://nanoporus.ru/

u3yyaeMoro Ouomarepuana u Ieeil Mccie-
OOBaHUA IPUMEHAITCA pas3INYHble IIPOTO-
KOJIBI BBIJie/IeHNsI ¥ 06pabOTKM HYKIEMHOBBIX
Kucnort. Jlasee paccMOTPUM OCHOBHBIE IO X0/ bl
K IIOJrOTOBKe O00pasloB [/ls HAaHOIOPOBOIO
CeKBEHUPOBaHUA.

ITogroToBka 06pasuoB

ITogrotoBka 06pasloB sBIAETCA KPUTU-
YeCKM Ba)KHBIM 3TAIIOM, KOTOPBIil BK/TI0YaeT He-
CKOJIPKO K/TIOUE€BBIX IIPOIECCOB.

1. JlurmpoBaHMe: Ha STOM 3Talle VICIONb3Y-
I0TCsl cnenuduyeckue ajfamnTepbl JAs IOATO-
toBkn JJHK Kk cexkBeHupoBaHmio. Apanrtepsl
HeOOXOJMMBI JI/IsI CBSI3BIBAHM S C HAHOIIOPAMU U
00ecrneYynBalT BO3MOXXHOCTb CYMTHIBAHMA I10-
crefoBaTenbHOCTell. JIurmpoBaHue IO3BONAET
co3pmarb OMO6/MMOTEKN, KOTOPbIe MOTYT OBITH 3¢-
($eKTUBHO CeKBEHUPOBaHBI [9].

2. TIIIP: ucnone3yercsa pna aMmindukanum
1[e/IeBBIX PETMOHOB T€HOMA, YTO MO3BOMSET IO-
TYYUTh HOCTATOYHOE KOJIMYECTBO MaTepuana
OnsA aHanmmM3a. JTOT METOX II03BO/IAET YBelN-
YUTH KOMMIECTBO Konuit cnennuduieckux dpar-
MeHToB [JHK, 4TO KpUTMYHO [ NOC/IERyIo-
1ero cekBeHmponanus [10].

3. CospgaHme O6ubMMOTEK: (OpPMUPOBaHUE
oubnuorex JHK BkmT04aeT OYMCTKY M HOpMa-
nusanuio QGpparMeHTOB AN JOCTVOKEHMS OII-
TUMAJIbHOJ KOHIEHTpauuu. ITO I03BOJsET
rapaHTUPOBATh, YTO BCe 00pasLbl OyAyT mpen-
CTaB/lIeHbl B JIOCTATOYHOM KOJIMYeCTBe I
cekBeHMpoBaHus [11].

[Tocme KOppeKTHON IOATOTOBKYM 00pasijoB
CIeAYIOVM KPUTUYECKM Ba>XHBIM 93TaIoM
CTAaHOBUTCA 00pabOTKa M aHaMN3 MOTY4aeMbIX
maHHbIX. COBpeMeHHbIe aITOPUTMBI 6MOMHPOP-
MaTH4eCKol 06pabOTKM CUTHANIOB HAHONOPO-
BOTO CEKBEHMPOBAHMNA NMO3BONAKT MUHUMU3N-
poBaTh OMMOKY YTEHMs, YIYYIIUTh TOYHOCTD
Olpefie/eHNs] HYK/IEOTUIHON IIOC/IefOBATENIb-
HOCTU U 00eCIeYnTh KOMIIJIEKCHYI0 MHTepIIpe-
TAlMI0 pe3y/nbTaToB. PaccMOTpMM KilO4eBble
HpOrpaMMHBIe pelleHNs U MeTOAbl aHalIn3a
MaHHBIX, IPMMeHsIeMble Ha Pas3TMYHBIX dTamax
ob6paboTky nHpopmanun.

Vcnonbsosanue I1O

IleppuyHas o6pabGoTKa «CBIPBIX» JaHHBIX
(6eriskonuHr). Ilpomecc  mpeobpasoBaHUA
3NMeKTPUYECKUX CHUTHAJIOB B HYKJICOTH/HbIE
IOC/IeOBATE/IBHOCTY  SIBJIAETCA KPUTUYECKU
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Ba)XHBIM IIEPBBIM 3TAIOM aHa/IM3a JAaHHBIX Ha-
HOIOPOBOTO CeKBeHMpoBaHUsI. OCHOBHBIM IPO-
TPaMMHBIM O0ecIedyeHMeM [ 39TOrO CIYXUT
MinKNOW?® - ynpasnswomee IIO or Oxford
Nanopore Technologies, koTopoe He TOIBKO
KOHTPONNPYET TIPOLecC CeKBEHNPOBAHUSA B
peaJlbHOM BpeMEHM, HO ¥ OCYIIeCTBISET MO-
HUTOPUHI KayeCcTBa IIOTOKAa JOHHOTO TOKa.
MinKNOW wuHTerpupoBaH ¢ aaropurMaMu
OeitskonuHra u noppepxusaer GPU-ycko-
peHue’, 4TO MO3BONsIET 0OpabaTHIBATH JaHHBIE
HeIIOCPeCTBEHHO BO BpeMs 9KcIepuMeHTa. s
HeIIOCPeACTBEHHOTO IPpe0Opa3oBaHMsI CUTHAIOB
B IIOC/IEIOBATEeTbHOCTY Yallle BCErO MCHOJb3Y-
ercsa Guppy" - aTo mporpaMma A pacmudg-
POBKY CUTHAJIOB CeKBEHATOpa B HYK/I€OTUTHBIE
HOC/IeJOBAaTe/IbHOCTY, ObecleynBaoIlas TOY-
HOCTb OKONO 95-97 % B 3aBUCUMOCTHU OT BbI-
OpaHHOro pexxuma paborel. Guppy mpepnaraer
TPU OCHOBHBIX pexxmma: Fast (ObICTpBINI, HO
MeHee TouHbIN), High-accuracy (onTumanbHbIit
6a/TaHC CKOPOCTY M TOYHOCTM) U Super-accuracy
(MakcMManpHasi TOYHOCTb IL[€HOM CKOPOCTU
obpabotkm). Bormee coBpeMeHHOIT anbTepHa-
TUBOII sBIsAeTcs Bonito", wucnonp3yomuii
TpaHcopMepHBIE MOJeNM HEeNPOHHBIX CeTeil
¥ TOCTUTAIOIIUI TOYHOCTU [0 99 % masa Heko-
TOPBIX TUIOB 00pasuoB. [Ins uccaemoBarteneit,
HpefNOYNTAINIINX OTKPBITbIe peIleHNs, Cy-
mecTByeT DeepNano-blitz'?, ocHoBaHHBII Ha
PeKYPPEHTHBIX HEIPOHHBIX CeTAX, XOTH €ro

TOYHOCTb HECKOJIbKO YCTyIaeT KOMMepPYeCKUM
anaoram [7].

Koutpons KavectBa u mpemoOpabdoTka
maHHBIX. [Toce mony4YeHNs MepBUYHBIX MOCTIe-
JIOBaTeIbHOCTEN KpaliHe Ba>XHbIM 3TAIIOM CTaHO-
BUTCS KOHTPO/Ib KauyeCTBa U IpefiBapuUTeNTbHASN
obpaborka manHbix. NanoPlot" mpegocrasnser
KOMIUIEKCHbIE Cpe/ICTBa BU3ya/lIM3aLMUM KIII0-
4eBbIX II0Ka3aTesIell KayecTBa, BKII0Yas pacipe-
IelleHMe IIMHBI PUAOB, MOKAa3aTeIu KadyecTBa 1
Apyrue mapaMmeTpel. [I7s OYMCTKM HaHHBIX OT
aflalITepHBIX IOCIEJ0BATEIbHOCTEN MCIIONb3Y-
etcst Porechop', koTopsiit apdpexkTnBHO MeHTI-
dunupyer u yganseT TUTMpOBaHHbBIE aalITePBbL.
Filtlong" u NanoFilt' npepnarafor pyHKuMOHaN
AnA GUIABTPALUY PULOB IO PA3NMYHBIM KPUTe-
pUAM: KauecTBY, /IMHE U JPYIUM IapaMeTpaM.
NanoFilt ocobenHO moneseH M1 KOMIIJIEKCHOI
00pabOTKM [JaHHBIX, BK/II0Yass oOpe3aHue HU3-
KOKa4eCTBEHHbIX KOHIIOB 11 GUIbTPAINIO IO 3a-
LaHHBIM IIOPOTOBBIM 3HaYeHMAM [12, 13].

BoipaBHUBaHMe M COOpKa HOCIEROBaTENb-
HocTeif. [Ina aHanmsa pedepeHCHOro reHoma
Hanboree MOMYISAPHBIM MHCTPYMEHTOM SIBJISI-
erca Minimap2'” - BBICOKOCKOPOCTHas IIpO-
rpaMMa [Isi BBIPAaBHUBAaHUA IIOC/IEIOBATE/Ib-
HOCTeJ, CIelNaNbHO ONTUMMU3MPOBAHHAS M
paborbl ¢ pgauHHBIMM pugamu. GraphMap'®
npejaraeT 6onee TOUHOE BBIPaBHUBAHIE C BO3-
MO>XHOCTBIO KOPPEKI[MM OMMNOOK, XapaKTePHBIX
7151 HAHOIIOPOBOTO CEeKBeHMpOBaHus. B cinyyasx

8 Oxford Nanopore Technologies. MinKNOW - device control and data acquisition software. URL: https://
nanoporetech.com/document/experiment-companion-minknow (gara obpaiesmns: 25.06.2025).

® GPU-yckopetue — 9T0 UCIIONb30BaHMe IpaduecKoro mpoueccopa iy ObicTpoii 06padoTky gaHHbIX. B MinKNOW
OHO II03BOJISIET BBINIOTHATD OEII3KOMNHT B peaIbHOM BPEeMEHI IIPSIMO BO BpeMsi CEKBEHVPOBAHISL.

1 Guppy - Guppy - basecalling software for nanopore sequencing. URL: https://nanoporetech.com/software/other/

guppy (mara obpamenmsi: 25.06.2025).

! Oxford Nanopore Technologies. Bonito — neural network-based basecaller using transformer models. URL: https://
github.com/nanoporetech/bonito (zara obpamenns: 25.06.2025).

2 DeepNano-blitz — open-source basecaller based on recurrent neural networks. URL: https://github.com/fmfi-

compbio/deepnano-blitz (gaTa obpamenns: 25.06.2025).

1 Oxford Nanopore Technologies. NanoPlot - plotting tool for long-read sequencing data and alignments. URL:
https://github.com/wdecoster/NanoPlot (zata obpamenns: 25.06.2025).

! Oxford Nanopore Technologies. Porechop - adapter trimmer for Nanopore reads. URL: https://github.com/rrwick/

Porechop (mata obpamienns: 25.06.2025).

15 Filtlong — MHCTpyMeHT GUIbTpAlMU IJIMHHBIX YTeHUil 1o kadecTsy u jymHe. URL: https:/github.com/rrwick/

Filtlong (zaTa obpamenus: 25.06.2025).

' NanoFilt - yrunura pns Guiabrpauyy u o6pesku JIMHHBIX yTeHuit cekBenuposanusa. URL: https://github.com/

wdecoster/nanofilt (gata obpamenus: 25.06.2025).

7 Oxford Nanopore Technologies / Heng Li et al. Minimap2 - fast and versatile sequence alignment program.
URL: https://github.com/Ih3/minimap2 (zara obpamenns:: 25.06.2025).

'8 GraphMap - sensitive and accurate mapper for long, error-prone reads. URL: https://github.com/isovic/graphmap

(mata obparuenus: 25.06.2025).
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de novo cO0pKM MCCIefoOBaTeNy YacTo obpaiga-
I0TCSL K CIeNManu3MpOBaHHBIM acceMOmepam':
Canu®, ;eMOHCTpUPYIOIEMY OT/IMYHbIE Pe3YIb-
TaThl C ANVMHHbIMU pugamu, Flye, wnn Shasta® -
BBICOKOCKOPOCTHOMY acceMO/1epy, ONTUMMU3UPO-
BaHHOMY MMeHHO 1A gaHHbIXx ONT. Wtdbg2??
npencTaBisieT coboil elle OJMH MOUIHBIA MH-
CTPYMEHT /i COOpPKM ¢ KOoppeKiyeil omuboK,
ocobenHo 3¢ dexTuBHBI npu pabore ¢ 601b-
mmMu redomamu [12, 14, 15].

AHanmu3 reHeTMYECKMX BAPUMAHTOB M aH-
HoTanusA. [ BBIABIEHUS M XapaKTePUCTUKU
reHeTMYeCKUX BapUAHTOB IPUMEHSETCSA He-
CKOJIPKO CIIeLIMaTN3MPOBAHHBIX NUHCTPYMEHTOB.
Medaka or ONT mpepocTaBiseT MHCTPYMEHTHI
ISl KOppeKIuM OomMOOK ¥ aHanu3a IONTUMOp-
¢usmos?. Sniffles* cmenmanmsupyercss Ha fe-
TeKIIUM CTPYKTYPHBIX BAPUAHTOB [16], Torga kak
NanoVar® paspaboran A1 aHaau3a Bapualiuii
gyycna xonuit (CNV - Copy Number Variation)
(17]. PEPPER-DeepVariant®® mnokaspiBaeT OT-
JIMYHBIE Pe3y/IbTAThl B BBISABICHUY OJHOHYKJIe-
OTUHBIX TOTUMOPPU3MOB U UH[eNOB [18].

CrnenuanusupoBaHHbIE aAaHa/M3aTOPBHL.
B o6mactu smnureHeTMYECKUX WUCCIELOBAHUII
Nanopolish”” n DeepSignal*® mnossonsiwoT ge-

TEKTUPOBATh pasnuyHbIe MopMpUKaINN
IOHK, Bkmioyas MmermnmposaHme. Ina TpaHc-
KpUNTOMHBIX  uccinegosanmit ~ FLAIR*® n

StringTie2’* npenaraoT MOIIHbIE MHCTPYMEHTBHI
nna anannsa usopopm PHK n pekoHcTpykun
TPaHCKPUITOMOB. B MeTareHOMM4ecKumx ¥c-
C/IelOBAHUAX HE3aMEHUMBIMM OKa3bIBAIOTCS
Kraken2* n Centrifuge®’, obecneunBaromue 6bI-
CTPYI0 TaKCOHOMMYECKYI0 KIaCCHMPUKALNIO U
aHaJaM3 MUKpoopranmsmos (19, 20].

Busyanusanua pesynbraroB. 14 Busyanb-
HOTO aHanM3a pe3yIbTAaTOB CEKBEHMPOBAHMUSA
mMUpoKo ucnonb3yercsa Integrative Genomics
Viewer (IGV)*, mo3Bonsmommnit IpocMaTpuBaTh
BBIPAaBHUBAHUA OTHOCUTENBHO pedepeHCHOro
reHoma. Bandage® mpepmocTaBnsger ymoOHBIE
VMHCTPYMEHTBI AN aHaAM3a ¥ BU3YaTU3aLUN
rpadoB cobopku, a Pomoxis® mpepmaraer KoMm-
IVIEKCHbIE peIleHUs M/ BM3yaau3aluu KOH-
Tpons KauecTBa [21-23].

¥ Accambrnep — 3TO IIPOrPaMMHBIII MHCTPYMEHT, IIpefHA3HAUYEHHBII /151 COOPKY (PEKOHCTPYKIIVIL) T€HOMHOII I10-
CJIe[{OBATe/IbHOCTY 13 MHOXKECTBA KOPOTKMX M1 AINMHHBIX PpparmenTos JTHK (punos), HomydeHHBIX B pe3y/ibrare
CEKBEHVMPOBAHIMAL.

? Canu - a single-molecule sequence assembler for high-noise long reads. URL: https://github.com/marbl/canu (ga-
Ta obparenns: 25.06.2025).

! Shasta — de novo assembler for long Oxford Nanopore reads. URL: https://github.com/paoloshasta/shasta (zaTa 06-
pamenus: 25.06.2025).

22 Wtdbg2 - de novo assembler for long noisy reads. URL: https://github.com/ruanjue/wtdbg2 (mara obpaienus:
25.06.2025).

# Oxford Nanopore Technologies. Medaka: sequence correction provided by ONT. URL: https://github.com/
nanoporetech/medaka (ata obpartuenns: 25.06.2025).

2 Sniffles - structural variant caller for long-read sequencing data. URL: https:/github.com/fritzsedlazeck/Sniffles
(mara obparuenus: 25.06.2025).

» NanoVar - Structural variant caller using low-depth long-read sequencing. URL: https://github.com/benoukraflab/
NanoVar (gara obpamenns: 25.06.2025).

26 PEPPER-Margin-DeepVariant - haplotype-aware variant calling pipeline for long reads (ONT / PacBio).
URL: https://github.com/kishwarshafin/pepper (nara o6pamenns: 25.06.2025).

¥ Nanopolish - tool for signal-level analysis and polishing of nanopore sequencing data. URL: https:/github.com/
jts/nanopolish (gara o6pamenms: 25.06.2025).

8 DeepSignal - tool for detecting DNA methylation from nanopore reads. URL: https://github.com/bioinfomaticsCSU/
deepsignal (mata obpamenns: 25.06.2025).

# FLAIR - Full-Length Alternative Isoform analysis of RNA. URL: https://github.com/BrooksLabUCSC/flair
(mara obparmenms: 25.06.2025).

0 StringTie2 - transcript assembly and quantification tool for RNA-Seq. URL: https://github.com/skovaka/stringtie2
(mata obparuenus: 25.06.2025).

3! Kraken2 - taxonomic sequence classification tool. URL: https://github.com/DerrickWood/kraken2 (zata o6paure-
Hus: 25.06.2025).

32 Centrifuge - metagenomic sequence classification tool. URL: https://github.com/DaehwanKimLab/centrifuge (na-
Ta obparenns: 25.06.2025).

» Integrative Genomics Viewer (IGV) - 3To nHTepaKTUBHasA IporpaMMa JJIA BU3yaaN3alyl TCHOMHBIX JaHHBIX,
paspaborannas B Broad Institute.

** Bandage - a bioinformatics application for navigating de novo assembly graphs easily. URL: https://github.com/
rrwick/Bandage (gara o6pamenusi: 25.06.2025).

* Pomoxis — bioinformatics tools tailored for nanopore sequencing. URL: https://nanoporetech.github.io/pomoxis/
(mata obparenns: 25.06.2025).
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BONbIIMHCTBO  IEepeYMCIeHHBIX  MHCTPY-
MEHTOB [IOCTYIIHBI 4Yepe3 MeHe[Kep IaKeTOB
Bioconda*® wmam B Bujge NpegHACTPOEHHBIX
cOOpOK, YTO 3HAYUTE/NBHO YIpOILIaeT UX pas-
BepThIBaHUE ¥ ¥CNOnb3oBaHMe. CoBpeMeHHbIE
aBTOMAaTU3MPOBAaHHbBIe MANIIaiHbIY, TaKMe KaK
EPI2ME*® or Oxford Nanopore Technologies,
IO3BONIAT MHTEIPUPOBATH BCE 3TAIlbl aHANN-
3a — OT IIEPBUYHOI 00pabOTKM «CHIPBIX» JAHHBIX
Ko (uHANBHON MHTEpIpeTalVy pe3yIbTaToB,
3HAYUTENBHO YCKOPSIS U YIIPOILasi MPOIecc aHa-
NM3a JAaHHBIX HAHOIIOPOBOTO CeKBEHVPOBAHMA.

JIna mpoBefeHMs CpPaBHUTENIBHOTO aHaIM3a
IapaMeTPOB KadyeCcTBa HAHOIIOPOBOTO CEKBe-
HupoBaHusa cucteM «Hanomopyc» m MinlON B
KayecTBe MaTpUIbI ucrnonb3oBanyu renom JHK
E. coli.

IlpoBegenne HAHOMOPOBOIO CeKBEHUPO-
Banua renoma [JHK E. coli Ha oTeyecTBEeHHOM
cekBeHatope «HaHomopyc» u mnardopme
MinION

Boigenenue THK wmu3 E. coli. B uccneno-
Bauuu ucnonb3osanu mramm E. coli XL1-Blue
(EBporen, Poccus). JTHK us knerox E. coli BbI-
mensinu ¢ momoinpo Habopa D-cells (buoma6-
MUKC, Poccus) cormacHo mpuiaraeMoMy IIpo-
tokony. JHK snuwounposanu B 60 Mkn 6ydepa
s anouun. Konnentpanuio nonydenHoit JHK
usMepsinu Ha npubope Qubit 4 (Thermo FS,
CIIA) ¢ momouibio Habopa [ U3MepeHNA KOH-
nenrpanuyu JHK HS (Hanomopyc, Poccus), ko-
Topas cocTaBnAna 110 HI/MKIL.

IIpuroronenne 6ubnuoreku JTHK u mpo-
BelleHNe CeKBeHUpoBaHusA. Ha mnpuroros-
JeHue OMONMMOTEKM MCIONb30BanuM 1,5 MKT
BoiiennenHoit JHK. Bubnuoreky nnsi cekBeHM-
pOBaHUA rOTOBUJIN € TOMOIIbI0 Habopa Ligation
Sequencing Kit (SQK-LSK114, Oxford Nanopore
Technologies, Benuko6puranmusa) cormacHo
IpuIaraeMbplM IpoToKonaM. s sToro 50 MK
1,5 mxr JHK cmemmBanu ¢ 7 mxr Ultra II End-
prep reaction buffer n 3 mxr Ultra II End-prep
enzyme mix (NEBNext Ultra II End Repair/dA-
Tailing Module, NEB, Benuxo6puranus). Pe-
akuuio nposopunu B pexxume 20 °C - 5 MuH n
65 °C - 5 muH B ammnudukarope C1000 (BioRad,
CIIA) n mocne NpOU3BOAVIIN OYNCTKY peaKIjn-
OHHOIJT CMeCU MarHUTHbIMU YyacTtuitamu AMPure
XP (Cunron, Poccus) (o6bem vactun — 60 MKI).
3arem 6ubMMOTEKY 3MI0MpOBanu B 31 MKJI BOJBI
(1Q) npm 37 °C B Teuenue 10 MuH. B nonyyeHHOM

obpasiie 6MOMMOTEKN U3MEPSIIN KOHIIEHT PALIUI0
OHK na nmpubope Qubit 4 (Thermo ES, CIIIA)
C moMoIblo Habopa /I M3MepeHMs KOHIIeH-
tpauuu IHK HS (Hanomnopyc, Poccus).

Hanmee cmemuBanyu 30 MK ITOATOTOBIEHHO
IOHK mocne mnepBoro arama, IUTUPYIOLNIL
6ydep (Ligation Buffer, LNB) (Oxford Nanopore
Technologies, Benuko6puranusa) - 12,5 Mk,
T4-nmuraspl BbIcOKON akTuBHOCTU (2000 em/MKII)
(Cubsnsum, Poccus) - 5 mxn u Adapter Mix
(LA) (Oxford Nanopore Technologies, Bennko-
OpuraHnsa) - 2,5 MKI. Peakuuio nurupoBaHMsa
aflallTepoB IIPOBOAM/IN PV KOMHATHOI TeMIIe-
parype B TedeHnue 10 MuH. PeakimoHHyI0 cMech
OYNMINaNM MarHUTHBIMM dYacTuumamm SynMag
(Cunron, Poccusa). [na asrToro cMmemmBann
50 MK peaKIMOHHON cMmecu ¢ 20 MKJI 4acTHI,
HepeMellBaIi NUIeTPOBAHNEM Y OCTABIIAIN
10 MmuH Ha poratope. [lanee 4aCTUIbI OCAXKAANN
Ha MarHUTHOM LITaTHUBeE, yOUpanyu CynepHaTaHT
u 2 pasa npombiBaau SFB 6ydepom (Oxford
Nanopore Technologies, Benukobpuranus) mo
125 MKJI, peCyCeH APyl KaXKblil pa3 YaCTUILBL.
Hanee 6ubnuorexky osmompoBanu B 13 MK
EB 6ydepa (Oxford Nanopore Technologies, Be-
nukobpurtanus) npu 37 °C B TedeHue 10 MuH.
B momydyenHom o6pasine OmbnmoTeKM mU3Me-
psanu xounentpanuio JTHK na nmpubope Qubit 4
(Thermo FS, CIIIA) ¢ nomoibio Habopa Ans us-
mepenus konunentpanun JHK HS (Hanomopyc,
Poccus).

[lanmee OCyujecTBIsINM MOATOTOBKY IpPO-
touHoit s4eiiku FLO-MIN114 (Oxford Nanopore
Technologies, Benuko6purtanus) fas ceKBeHM-
POBAaHUS COI/IACHO IPU/IAraeMbIM IPOTOKONTAM.

[Inss  3TOrO0 mNpeABapUTENBHO HPOU3BOLUIN
cmenmmBanue 975 Mk 6ydpepa FCF (Oxford
Nanopore Technologies, Benuko6puranus)

¢ 25 mkn pacreopa FCT (Oxford Nanopore
Technologies, Benukobpuranus). I[lonyyeHHBIM
pactBopoM (800 MKJI) 3amOJHSIN NMPOTOYHYIO
SYEKy M MHKYOMpPOBaau 5 MUH IPU KOMHATHOI
TeMIepatype. [lanee mpou3BOANIN IOATOTOBKY
OubnmoTEeKN, ANIA 3TOr0 CMemuBanu 37,5 MK
o6ydpepa SB (Oxford Nanopore Technologies,
Benukobpuranms), 25,5 wMmxn 6Oydepa LIB
(Oxford Nanopore Technologies, Bemnko6pu-
TaHUA) U 12 MK OMOIMOTEKN C NMpeRbIAYyIIero
sranma npobomoarorosku. Ilocme s4eliky mo-
HOJTHUTENbHO 3amonusiiu eme 200 Mka Oy-
¢depnoit cmecn FCF m mpomsBopmnm 3arpysky
O6ubnMmoTexn.

3 Bioconda - a channel for distributing bioinformatics software via the Conda package manager. URL: https://

bioconda.github.io/ (zata obpamenns: 25.06.2025).

*7 Ilaiinnaiin — 3TO aBTOMaTU3MPOBAHHAA IIOCTIE/IOBAaTeTbHOCTD BBIYVMCTUTENBHBIX IITATOB, MICTIONb3yeMasi [/ o6pa-
OOTKM 1 aHa/IM3a JAaHHBIX B CTAH/IAPTU3MPOBAHHOM IIOPSIZIKeE.

% EPI2ME - data analysis platform and workflow engine for nanopore sequencing. URL: https://nanoporetech.com/

products/analyse/epi2me (mara o6pamenmusi: 25.06.2025).
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nsa cekBeHMpOBaHMSA MCIONb30BAAN HAHO-
nopoBblIii cekBeHaTop «HaHomopyc» o ynpas-
JTeHreM MOAU(UIMPOBAHHOTO IIPOTrPAMMHOIO
obecnieyenns «Hanomopyc». fueliky c 3arpy-
JKeHHbIM o6pasuom 6mbnuorekn THK mome-
manyM B CeKBEHATOp W 3aIllyCKaayu IIpoIecc.
Tax>ke mapannenbHO Ty Xe OuMOMIMOTEKa CeKBe-
HUPOBAJN C UCTTONb30BaHMeM mpubopa MinION
(Oxford Nanopore Technologies, Bennko6pu-
taHuA) nop ynpasnenueMm 10 «Hanomopyc» n
AQHAJIOTMYHBIX HAaCTPONKAaX CEKBEHNPOBAHUA I
0eiI3KONMMHTA.

AHanu3 Mony4YeHHBIX JTAHHBIX. beli3KonuHr
IO/ YeHHBIX [I0C/Ie0BaTeNbHOCTEl AaHAIU3UPY-
emoit JHK npoBoaumu ¢ moMonipo mNporpaMmbl
A pacppOBKYU CUTHAIOB MHTET PYPOBAHHOI
B IIO «HaHomopyc», MCHONb3ys BUEOKAPTY
RTX 3060Ti (Nvidia, CIIA). Ananmms Kkade-
CTBa CEKBEHMPOBAHNA TaK)Ke IPOBOAUIN He-
nocpencTBeHHO B o6onouke I1O «Hanomopyc».
C6opky reroma E. coli mpoBoguau ¢ moMoubo
accembnepa Flye* um monmpoBuimka Ha OCHOBe

Mojeniell UCKYCCTBeHHOro wuHTemnekta (V)
Medaka. OueHky TOYHOCTY COOPOK IIPOBOAVIN
Ha onmaiiH-nargpopme NCBI (National Center
for Biotechnology Information, HaruoHanbHBbII
LeHTp OMOTEXHONOTUYeCKON MHPOPMALUM,
CIIA)* ¢ npuMeneHnem anroputma Blast.

PesynbTaTsl 1 06CyKIeHUe

B xope cexBeHnpoBaHnus renomuoi JJHK 6ax-
Tepuit Ha npmbopax «Hanomopyc» m MinION
OBV IIOTY4YeHBI CXOXKIe Pe3yIbTaThl KaK 0 Ka-
4yecTBY (Moka3arenb kadecTBa Q Score cocTaBsan
B cpefiHeM 23) Tak u 1o jnuHe npoutenuit (N50
[24] cocraBnsna 8,76 ThICAY map OCHOBAaHMIL)
(pucynku 4, 5).

Cé6opka renoma E. coli ¢ momomipio accem-
onepa Flye mosBonmnaa monmy4uTh IOCIefOBa-
Te/IbHOCTD MTOJTHOTO T€HOMa C TOYHOCTDIO IIOCTIe-
DOBaTebHOCTU TMOpsnKa oT 99,92 % (Q>30) mo
100 % (Q>70) B 3aBUCUMOCTHU OT pedepeHCHOTO
reHoMa, JCIIONb30BABIIETOCS [Jjisi CPaBHEHMUsS
(Ha ocHoBe 6a3pl janHBIX NCBI) (pucyroxk 6).

PucyHok 4 - PacnpedesieHue no Kauecmey nosyyeHHbIX 8 Xo0e cekseHuposaHus puoos [JHK 6ubauomeku E. coli Ha HaHo-
nopoebix cekseHamopax. A - MinlON; b - HaHonopyc (0aHHble asmopos)
Figure 4: Distribution of the quality of the reads obtained during sequencing of the E. coli DNA library on nanopore

sequencers. A, MinlON; B, Nanoporus (data from the authors)

PucyHok 5 - PacnpedesneHue no 0s1uHe nhoslydeHHbIX 8 X00e cekeeHuposaHus pudos [JHK 6ubauomeku E. coli Ha HaHono-
posebix cekeeHamopax. A - MinlON; B - HaHonopyc (daHHble aemopos)
Figure 5: Distribution of the length of reads obtained during sequencing of the E. coli DNA library on nanopore sequencers.

A, MinlON; B, Nanoporus (data from the authors)

¥ Kolmogorov M. Flye: fast and accurate genome assembly using repeat graphs. URL: https://github.com/

mikolmogorov/Flye (mara o6pamenns: 25.06.2025).

0 NCBI BLAST. URL: https://blast.ncbi.nlm.nih.gov (zata o6pamenns: 25.06.2025).
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PucyHok 6 - TouHocmb cbopku 2eHoma E. coli ¢ nomowbro accembnepa Flye Ha ocHoge nosyueHHbIX pudoe hocse
ceKeeHUposdHusi Ha npubope «HaHonopyc». MoxcHO Ha6a000amb hokdsamesau NOKPbIMus U UOeHMUYHOCMU pdaeHble
100 %, a makwce coenadeHue nosaydyeHHoU COOPKU C pegepeHMom no 0s1UHe, Ymo nodmeepxucddem 8bICOKYH Mou-
Hocmb cOOpKU 2eHOoMa ¢ uchosnb3oeaHueM accembnepa Flye (cpasHeHue npouseedeHo Ha ocHoee 6asbi daHHbIx NCBI.

URL: https://blast.ncbi.nlm.nih.gov)

Figure 6: Accuracy of E. coli genome assembly using the Flye assembler based on reads obtained after sequencing on
a Nanoporus system. Coverage and identity values of 100 % are observed, as well as length matching of the resulting
assembly with the reference, demonstrating the high accuracy of genome assembly using the Flye assembler (comparison
was made using the NCBI database. URL: https://blast.ncbi.nlm.nih.gov)

Ilamee ¢ MOMOIIBIO MONMPOBIIMKA Ha OCHOBE
mopeneit M1 Medaka BpimonHeHa reHepanms
KOHCEHCYCHOI1 IOCeloBaTeNbHOCTH, I[leé B Ka-
4ecTBe OCHOBHOI COOPKM MCIIOTb30BaNN I€HOM,
IOTy4YeHHBIT Ha ocHOBe acceMbnepa Flye. Bpi-
paBHUBaHME yIy4YIIEeHHbIX TEHOMHBIX IOC/IENO0-
BaTe/IbHOCTel Ha pedepeHCh Ha OCHOBe 0a3bl
nanHbIXx NCBI nmokasansl Ha pucynke 7. Ilocme
yayduieHus cOOpPKY TOYHOCTH MOTy4eHHOIT Mo-
cnepoBatenbHOCTN reHoma E. coli coctaBuma ot
99,991 % (Q>40) mo 100 % (Q>70).

Kak mokasplBalOT IOJIyYeHHbIe pPe3yIbTaThl
HaHOIIOPOBOTO CcekBeHuMpoBaHMA reHoma JTHK
E. coli, mpoBenenHble Ha cekBeHaTope «HaHo-
nopyc» n maardpopme MinlON, npumeHeHme
0Te4eCTBEHHOTO NpNOOpa MO3BOIAET IMONYIUTh
CpaBHUMbIE pe3y/lIbTaThl CeKBeHMpoBaHus. Ilpn
9TOM INpMMEHEHMe HOBO Xumuu Bepcum 114
! TPOTOYHON AYeNKM I03BONAET IONYYUTh
COOpKM U KOHCEHCYCHBbIE ITOC/Ie0BATeTbHOCTYI
cekBeHMpyembIx obpasnoB JJHK ¢ kxadecTBOM,

CPaBHUMBIM C Ka4eCTBOM CeKBEHMPOBAaHMUS Ha
OCHOBE «3TaJIOHHOI» TexHonoruu tuna Illumina
(CHOIA). TIpu sTOM HECOMHEHHbIe IperMylie-
CTBA TEXHOJIOTMY HAHOIIOp, TaKMe KaK IopTa-
TUBHOCTH, HEBBICOKAsI TPeOOBATEIBHOCTD K BBI-
YUCIUTEIbHBIM pecypcaM, He IPUBA3aHHOCTD
K J/INHE PpUAa ¥ BO3MOXXHOCTb COOPKM OYeHb
CJIO>KHBIX T€HOMOB (OT TEeJIOMEpPHI JO TeIOMEePBI)
CBUJIETE/IbCTBYET, YTO 3Ta TEXHONOTMUA B ONM-
XKajfmye rogpl OyfeT ABIATbCA OJHON M3 HaM-
607ee MepPCIEKTUBHBIX B 00IACTH BBICOKOMPO-
U3BOAVUTETIbHOIO CEKBEHVPOBAHM .

IlepcrieKTUBBI MPUMEHEHU TEXHOIOTUN B
Bolickax PXDb 3ammrsl

HaHonopoBoe ceKBeHUpPOBaHNE IpefcTaB-
nsieT co00il MEepCIeKTUBHYI TEXHOJOTUIO s
peureHnsi 3agad OMOMOTMYECKON pa3BeAKU U
KOHTponA B cucteMe Boiick PXDb samutel. Mo-
OMJIBHOCTD 00OPYHZOBaHMS, BO3MOXXHOCTH aB-
TOHOMHOII pabOThl B IOJIEBBIX YCTIOBUAX U OIIe-

PucyHok 7 - TouHocmb c6opku zeHoma E. coli nocsie o6pabomku uHcmpymeHmom Medaka (cpaeHeHue npou3eedeHo Ha
ocHose 6a3bl 0aHHbix NCBI. URL: https://blast.ncbi.nlm.nih.gov)
Figure 7: Accuracy of E. coli genome assembly after processing by the Medaka tool (comparison based on the NCBI database.

URL: https://blast.ncbi.nlm.nih.gov)
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paTUBHOE MOJTy4YeHUe Pe3yIbTaTOB OIPeeIAI0T
ero MPaKTUYeCKYI0 LIEHHOCTb J/Is 0becredeHn st
6nonornyeckoit 6esonacHoctu. Cpefyt HUX Han-
6oee Ba>KHbIE:

onepamueHas UOeHMUPUKAUUT NaMOo2eH06 —
BO3MOXXHOCTb aHa/nM3a JIMHHBIX (pparMeHTOB
HYKJIEMHOBBIX KVCIOT (X0 HECKOTbKUX MUJIIN-
OHOB IIAp OCHOBAHUII) NO3BOJIAET IPOBOAUTH
OBICTPYIO U TOYHYIO MAEHTUPUKALNIO OMOTOTH-
YeCKUX IaTOTeHHBIX areHTOB B ITOJIEBBIX YCJIO-
BUSIX, YTO KPUTUIECKI BaXKHO /51 CBOEBPEMeH-
HOTO NPUHATUSA PelIeHNIT Ipy OMOTOrM4IecKux
MHIOUOEeHTaXx [25];

oKOHOMUUECKAS 2P PeKmMUBHOCb pa3eepmbl-
8aHus 000py006aHUs — CPABHUTEIBHO C TPagu-
IIMOHHBIMM METOJAMU CEKBEHUPOBAHMA, HAHO-
IOpOBasi TEXHOJOIWA IpeJIaraeT CHUKEHHbIE
9KCIUTyaTal[MOHHBIE 3aTPaThl ¥ MUHMMaJbHbIe
Tpeb6oBaHMA K MHPPACTPyKType, YTO obecie-
YYBaeT BO3MOXXHOCTb CO3aHMA CETEBON CH-
CTeMbI OMOIOrMYeCKOr0 MOHUTOPYMHIA Ha IIPO-
TS)KEeHHBIX TEPPUTOPUAX [26];

onpedeneHue NAMoeHHO20 NOMeHUUANa -
aHaIM3 OSIUTeHeTUYeCKUX MOAMPUKALUIt U
BUPYIEHTHBIX MapKepOB IO3BO/AET OILIEHMU-
BaTb IIATOTE€HHBINI IOTEHIIMAN BbIABIEHHBIX
MUKPOOPTaHMU3MOB U OTCIEXUBATh IBONIOLNIO
OMONIOTNYEeCKUX YIPO3, YTO HEOOXOAUMO MJIst
HpPOTHO3VPOBAHUSA Pa3BUTUA OUOIOTMYECKON
o6cTranoBKHu [19];

nonesas OUAzHOCMUKA 6 perume pPeanvHo2o
8pemeHU — TEXHOMOTUs 0beclednBaeT BO3MOX-
HOCTb HENOCPEJACTBEHHOTO IPUMEHEHNUA B MO-
OounbHbIX maboparopusx PXB pasBemku mns
9KCIpecc-aHanmu3a Mpobd OKpyKarolieil Cpexsl u
O1onornvyecknux o6pasoB, cOKpamias BpeMs OT
MOMeEHTa 0T60pa NPOOBI O MONTyYEeHN Pe3yib-
TaTa C HECKOJABKUX THEN 10 9acoB [9];

UHOUBUOYANbHAS OUeHKA OUONOZUYeCKUX pu-
CK08 — BO3MOXXHOCTb OBICTPOTO CEKBEHUPO-
BaHMA IIATOT€HOB II0O3BONAET aJalNTUPOBATH
CPeACTBa 3aIIMTHI M MEJULMHCKME KOHTPMepPbI

K KOHKPETHBIM LITAMMaM MUKPOOPTaHM3MOB,
BBISIBIEHHBIM B 30HE OTBETCTBEHHOCTH IO PA3-
menenuit PXb samuTor [4].

PasBepTbIBaHMe TEXHOJIOTMM HAHOIOPOBOTO
CeKBeHUpoBaHuA B Bolickax PXDbB samuTthl no-
3BOJIMT CO3[laTb MHOTOYPOBHEBYIO CHUCTEMY
ONEPATUBHOTO BBISBIEHUS UM UAEHTUDUKALUN
0MO/IOrMYeCKUX YIPO3, COOTBETCTBYIOLIYIO CO-
BpeMeHHBIM BBI30BaM B o0mactu Ouonormde-
CKOJT 0€30IIaCHOCTH.

3aknarouyeHnne

ITpoBemenHOEe MCCIefoBaHMe HTEMOHCTPMU-
pyeT, 4To oTedecTBeHHasA mnatdopma «Hano-
HOpyc» SABIAETCS KOHKYPEHTOCIIOCOOHBIM pe-
HIeHWEeM /I HaHOIOPOBOTO CEKBEHMPOBAHUA.
OKCIepUMEHTATbHO IIOATBEPXK[EHO, 4YTO IIpU
UICIIO/Ib30BAHUM COBPEMEHHON XUMUU (Bepcus
114) u anropuT™MoB 6MOMHPOPMATUYECKOIT 0Opa-
60TKH, cricTeMa obecreynBaeT KaueCTBO COOPKM
reHOMOB, COIIOCTaBMMOe KaK C IIaTdopMoit
MinION, Tak u ¢ «3TaJIOHHBIMU» TEXHOJIOTUAMIU
tuna Illumina.

KiioueBbIMM mpeumyIecTBaMy IaaT¢OpMbl
«HaHomopyc» sABIAIOTCS ee IOPTAaTUBHOCTD,
CHIDKEHHBIE 9KCIITyaTallOHHbIe 3aTPAThI ¥ BO3-
MOXXHOCTb PabOThl B aBTOHOMHBIX YC/IOBMAX,
YTO OIIpefiefiseT €€ BBICOKYI IPaKTUUECKYIO
3HAYMMOCTb [/l IpPUMEHeHUs B MOOM/IbHBIX
naboparopusix Boiick PXB 3amurer. TexHo-
JOTUS B LI€JIOM AEMOHCTPUPYET 3HAUUTETbHBIN
HOTEHUVAA [ pelleHus HIMPOKOro Kpyra
3alay B 00/1acTM TeHOMUKM, BKJIIOYasi COOPKY
C/IOKHBIX T€HOMOB UM aHaJIU3 3MUTeHEeTUYEeCKUX
Mo ubUKaInii.

IlepciekTuBBI pa3BUTHA CBSI3aHBI C Jajb-
Helllleil ONTMMM3aLMell IPOTOKOIOB CeKBe-
HMPOBAaHUS, COBEPIIEHCTBOBAHMEM XUMHUU U
MeTOA0B OMOoMH(OPMATUYECKOTO aHANMN3a, ITO
MO3BOMUT TOBBICUTH TOYHOCTb U PACIIMPUTH
0o6/1acTp npuMeHeHUs IIATGOPMBI B MPAaKTUKe
60O NYeCKOIl 6€30MMacHOCTIL.

Ozpanuuenus uccnedosanus / Limitations of the study

JlaHHOe MCCrIefOBaHNe UMeeT Psfi OTPAHMYEHMI, KOTOPBIE CIefyeT YIUTBIBATb IIPU MHTEPIPETALNU Pe3y/ib-
TaroB. VccrenoBanye BBIIIOTHEHO Ha OTPAaHIYEHHOM Habope 06pasuos (pedepencusrit mramm E. coli). s cratn-
CTMYECKY 3HAYMMbIX BBIBOZIOB O IPOM3BOAMUTENBHOCTH IIATGHOPMBI B Pas/IMIHBIX YCTIOBUSIX HEOOXOMMBI MACIIITA-
OupoBaHHbIE UCTIBITAHMA Ha 60JIee MMPOKOI MaHemu 610IOrMYecKUX 06pasIioB, BK/I0Yasl MHbIE BUIBI OaKTepMuil,
BUPYCBI ¥ 9yKapUOTHUYeCKye reHoMbl. Ha pes3yabpraTel MOITIa MOBIMATh KOHKPETHAs KOHIIEHTPALVA M Ka4eCTBO
ucxopnoit [THK, a Taxxe cTabMIBHOCTD YC/IOBUIT OKPY>KAIOLell CPebl [P MPOBEEeHNI CeKBEeHNPOBaHMsL. Boc-
IPOM3BOAMMOCTD Pe3y/IbTaTOB B PA3TNIHBIX IIOJIEBBIX YCIOBUAX TpeOyeT HOMOMHUTENbHOI npoBepKu. CpaBHH-
TEbHBIN aHaIM3 BO3MOXXHOCTeJ TeXHOJIOTII ObII OCHOBAaH Ha 0630pe JOCTYIHBIX HAYyYHBIX MyONIMKaIuii, mpe-
UMYIeCTBEHHO Ha aHIINIICKOM SI3bIKE, YTO MOIJIO IIPUBECT K HETIOMTHOMY y4eTy MCCIeJOBaHMIl, ONy6I1MKOBaHHBIX
B UHBIX, B 4aCTHOCTH, POCCUIICKUX, PelleH3MPYeMbIX KypHanax. ¢pdexTnBHOCTD paboTsl mratdopmsr «HaHomo-
Pyc» U KadecTBO COOPKM B 3HAYMTETBHOI CTEIIEHM 3aBVCENN OT NPUMEHEHMs KOHKPETHBIX BEPCUil aITOPUTMOB
nocrobpaborku (Flye, Medaka). / This research has several limitations that should be considered when interpreting
the results. The study was conducted using a limited set of samples (the reference strain E. coli XL1-Blue). To draw
statistically significant conclusions about the platform's performance across various scenarios, scaled-up testing on
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a broader panel of biological specimens - including other bacterial species, viruses, and eukaryotic genomes - is
required. The results may have been influenced by the specific concentration and quality of the input DNA, as well as
the stability of the environmental conditions during sequencing. The reproducibility of these results in diverse field
settings necessitates further verification. The comparative analysis of sequencing technologies was based on a review
of available scientific literature, primarily from English-language sources accessible via the internet. This approach
may have led to an incomplete consideration of relevant studies published in other languages, particularly in Russian
peer-reviewed journals. The performance of the "Nanoporus” platform and the quality of the genome assemblies were
highly dependent on the use of specific versions of bioinformatics tools for post-processing (Flye, Medaka).
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