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Highlights

In nature, there are bacteria and eukaryotic multicellular organisms (insects, arthropods) that have extraordinary,
nevertheless still poorly understood radiation resistance. Knowledge of its mechanisms can significantly increase the
effectiveness of radioprotectors and can lead to fundamental discoveries for the radioprotection in humans.
Relevance. The growing threat of nuclear war and nuclear accidents requires updating and deepening the knowledge
of the occurrence of radiation resistance in nature and the development of pharmaceutical means for human radiation
protection.

The purpose of the study is to summarize the ideas available in the scientific literature about the mechanisms of
increased radiation resistance of some living organisms and about modern radioprotectors.

The source base of the study. Scientific publications available through the biomedical research database PubMed.
Research method. Analytical.

Discussion. The reasons for the high radioresistance of the bacterium Deinococcus radiodurans and scorpions of
the genus Androctonus are considered. For D. radiodurans, the radioresistance is based on the ability to protect its
proteome, and not the genome, as previously thought. The resistance of bacterial cells to radiation is regulated by
manganese antioxidants. With this ability, D. radiodurans can repair up to 500 breaks, while E. coli can repair two or
three DNA breaks at once. The new bioconcept can be expressed as “Primacy of the proteome over the genome”. The
principle of the radioresistance of scorpions is less clear. It is known that the main role is played by the hemolymph
cells the anulocytes (“hémocytes annelés”), and hemocyanin molecules present freelely in the hemolymph. The paper
further describes general therapeutic approaches to the development of new radioprotective agents. Radioprotectors
are supposed to prevent/inhibit the formation of free radicals caused by radiation (most of which are formed during
radiolysis of water), thereby inhibiting their reactions with biomolecules reducing the frequency of DNA strand breaks
and preventing the occurrence of cellular disorders. The classification of radioprotectors is given, their properties are
described in detail.

Conclusions. For the future development of radioprotectors, it is important to recognize the “new” paradigm of
radioresistance — the “primacy of the proteome over the genome”. From today's practical point of view, the cytoprotective
complexing drug Amifostine can be recommended in radiation protection.

Key words: Amifostine; anulocytes; Deinococcus radiodurans; DNA; hemocyanin; manganese (Mn); nuclear explosion;
protein; proteome; radioprotection; radioresistance; scorpion
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OCHOBHbIE€ MOMEHTBDI

Cy1ecTBYIOT 6aKTepuu U 9YKapMOTHYeCKyie MHOTOK/IETOYHbIE OPTaHU3MbI (HaCeKOMBIe, YIEHICTOHOTE), IMEIOIIye
OUYeHb BBICOKYIO YCTOMYMBOCTD K PafinaliMOHHOMY M3yIeHUIO0, IPUPOJA KOTOPOII 10 KOHIIA He M3y4yeHa. SHAHUA O
MeXaHM3MaX Pa3BUTIs JAHHON YCTOYMBOCTY IIO3BOIM/IN ObI 3HAUNTETLHO HOBBICUTD 9 PEKTUBHOCTD CYILIECTBYIO-
LIMX CPEJCTB PafMAlIOHHON 3aLUThI U C/Ie/IaTh IPOPBIB B 00/1aCTM pafMaLIOHHON 3aLUThI Ye/T0BEKa.
Axmyanvrnocmo. IlocToAHHAA yTpo3a AepHOI BOJHEI, a TAaK)Ke Ype3BblualiHble IIPONCIIECTBNA, CBA3aHHbIE C yTeu-
KOl PajMOaKTUBHBIX BeleCTB, BBIHY>X/JAIOT HAC PacIIMpATh MMeIoIIMecss 3HaHUA O MeXaHM3MaX BO3HUKHOBEHUA
COIIPOTUBJIEHVSI PALUALIOHHOMY U3Ty4eHIIO B IIPUPOJIE, a TAKXKe 0 pa3paboTKe papMalieBTUIECKIX CPeACTB Pajji-
AIMOHHO 3aIUThI YeJIOBEKa.

Llenv pabomur. O6061eHNe MHOPMALYM O MeXaHM3MaX BO3SHIUKHOBEHNs MTOBBILICHHOI PaallyIOHHOI YCTONYM-
BOCTH Y )KMBBIX OPTAaHU3MOB U TAHHBIX O COBPeMEHHBIX MeAMIVHCKIX CPefICTBaX PaAUallIOHHO 3aIIUThI, TPeCTaB-
JICHHBIX B HAyYHBIX paboTax.

Hcmounuxosas 6a3a uccnedosanus. Hayansle paboTsl, IIpefcTaBIeHHble B 6a3e JaHHBIX MEANIIHCKIX 1 OVOJIOTH-
geckux mybnukanmii PubMed.

Memoo uccnedosanusi. AHATUTUIECKUIA.

O6cyxcoenue. B craTbe paccMaTpUBAIOTCS IIPUYVHBI IOBBIIIEHHON YCTONYMBOCTY K BO3[IE/ICTBIIO PaAMalini, BbIsB-
neHHoI1 y 6aktepun Deinococcus radiodurans vt ckoprinonos popa Androctonus. Uro xacaercst 6akrepuu D. radiodurans,
ee IOBBIIIEHHAs paJialjlOHHas CTOMKOCTh 00YC/IOB/IEHa CIIOCOOHOCTDIO 9TON 6aKTepuy 3alMIIaTh CBOJ IPOTEOM,
a He T€HOM, KaK CYMTanoch paHee. CloCOOHOCTD KIETOK ZaHHOI 6AKTepu IPOTUBOCTOATD BO3AEIICTBUIO PagyaLiiy
3aBUCHUT OT HA/IMYVsI aHTMOKCUJAHTOB MapraHiia. brarogapst ykasanuomy csoiicty D. radiodurans MmoxeT BoccTa-
HaB/mBath 0 500 BO3MOXKHBIX paspeiBoB Motekysl JJHK, B To BpeMst kak 6aKkTepyst KMIIEYHOI TA/IOYKN CIIOCOOHA
BOCCTaHAB/IMBATh NI 2-3 MOKOOHBIX pas3pbiBa OJHOBpeMeHHO. Ha OCHOBaHMU BBIIIEN3/IOKEHHOTO MOXKHO Clie-
7aTh CTeAYIOMINI BBIBOJ, — «IIPOTEOM BayKHee reHoMa». MeXaHM3Mbl BOSHMKHOBEHIA TOBBIILIEHHON YCTOMYMBOCTY K
BO3JIEMICTBMIO pafiMaliuyl y CKOPIIMOHOB He TaK XOPOUIO M3y4eHbl. VI3BeCTHO, YTO K/II0UeBYIO PO/Ib B 9TOM IIpoliecce
UTPAIOT KJIETKU TeMOMMOBI — CPepOLTEI X MOJIEKY/IbI TeMOLVIaHIHA, LIMPOKO IIPeICTaBIeHHbIe B reMonuMde. Tax-
JKe OTMCAaHbI 001I[1e TepareBTIYeCKIe TTOXObI K pa3paboTKe HOBBIX CPEICTB 3aIUTHI OT BO3/IEVICTBUS pajiUallViL.
[IpenmonaraeTcsi, 4YTO 3TM CPeACTBA HO/DKHBI IPefOTBpAIATh WM 3aMeN/IATh IMpolecc 0OpasoBaHysi CBOOOIHBIX
PafMKaJIOB, MOSAB/IAIOIINXCS B pe3y/IbTaTe BO3AENCTBIA pagyuanyy (GONbIINHCTBO STUX PafUKaIoB 00pasyloTcs B
pesysbrate pajuo3a BOABI). BeiecTBIE 9TOTO, 3aMeIIOTCS Peakiyy 9THX PafUKaIoB ¢ OMOMOIEKYIaMM, 9TO B
CBOIO OYepeNib CHIDKAET YaCTOTY BOSHMKHOBeHMA pa3peiBoB Morekyn JJHK u npegoTspamiaeT HapyIeHNs CTPOSHA
K/IeTOK. B pabore npusenena nmogpobHas knaccudukanyss MEFULMHCKIX CPEACTB 3aIUThI OT pafjualiuy C OIMCAHN-
€M UX OCHOBHBIX CBOJICTB.

Bui60o0owt. «HoBast» mapaguryma pagyanyioHHO YCTOMYMBOCTY, KOTOpas IJIACUT: <IIPOTEOM BaXKHee FeHOMa» — KpaliHe
Ba)KHA A pa3paboTKy 3G GeKTUBHBIX CPeICTB 3allUThl OT BO3MEICTBMA pafuanyu B 6yayieM. C IpakTIdecKoi
TOYKM 3PEHIsI, KOMIUIEKCHOE LI TOIIPOTEKTOPHOE CPefcTBO AMMMOCTUH MOXKET OBITh PeKOMEHJOBAHO KaK CPEfICTBO
3aI[UTBI OT BO3AENCTBIUA PagUAIIIL.

Kniouesvie cnosa: Amupocmun; bakmepus; 6enok; Deinococcus radiodurans; JTHK; eemoyuanun; mapeaney, (Mn);
npomeom; paouUAUUOHHAS 3aUUMA; PAOUAUUOHHAS CIOTIKOCb; CKOPNUOH; Cheponum; si0epHbiil 83pvi8

Jnstyumuposanus: Jlakoma A. Paduayuonnas sausuma 6 21 eexe. Becmnux eotick PXB 3aujumut. 2024;8(4):305-322
EDN: xckbzz.
https://doi.org/10.35825/2587-5728-2024-8-4-305-322

IIpospaunocmv Punancosoii desmenvHoCMU: ABMOP He UuMeermn GUHAHCOB0T 3AUHINEPECOBAHHOCU 8 NPe0Cmas-
JIeHHDLX MAMEPUATIAX UL MeMO0ax.

Kongnuxm unmepecos: asmop A61semcs uneHom peokonneeuu syprana ¢ 2023 e. Imo He nosausno Ha npouecc
PeuUeH3UpPOBAHUS U OKOHUAMENIbHOE peuierue.
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The development of radioprotective agents
in the past decades became one of the main
challenges of mankind. The reason is obvious -
use of nuclear materials in civil, military
and possible misuse by terrorists. Here we
present approaches which can be helpful in the
development of such agents. The research in
molecular biology of the bacterium Deinococcus
radiodurans, one of the most radioresistant
organisms on the Earth, can bring rather simple
solutions in the development and practical use
of radioprotective agents. On the other hand,
the radioresistance of eukaryotic multicellular
Arthropods - scorpions is known for decades.
Nevertheless, the detailed results of this research
are not known so far. At last, however not least,
we review of the currently searched spectrum of
radioprotective agents.

Introduction

“Gurkha, flying on a fast and powerful
viman, threw a single projectile charged with the
power of the Universe at three cities. A glowing
column of smoke and flame, as bright as ten
thousand suns, rose up with all its splendor. It
was an unknown weapon, an iron lightning, a
gigantic messenger of death that reduced to ashes
an entire race of Krishnas and Andhakas.” This
is a quote from Book VII of the Mahabharata.
A slightly softer and less “radiant” expression
“Brighter than a thousand suns” was used by the
writer austrian journalist Robert Jungk (1913-
1994) as the title of his book. This statement
was (supposedly) said by J. Robert Oppenheimer
(1904-1967) when the atomic bomb was
detonated near the city of Alamogordo, New
Mexico in 1945. Oppenheimer is widely known as
the “father of the atomic bomb,” who infamously
summed up his life's work in a 1965 NBC News
documentary by reciting a line from the sacred
Hindu text Bhagavad Gita: “Now I have become
death, the destroyer of worlds.” Quite apt, isn't it?
Nevertheless, we do not intend to analyze either
the “Eastern” books or the mysticism of India.
We were interested in another superstition,
widespread in India, original Persia, and Arab
countries. It claims that a scorpion will not burn
in a fire. If you “get” a scorpion and throw it into

the fire, the scorpion will burn very quickly and
turn into ashes. However, in Sanskrit the word
“fire” has plentiful meanings. In the 1960s,
France carried out tests of nuclear (atomic)
bombs in Reggano and In Ekker (Sahara region)
in Algeria. Similar tests were carried out by the
U.S. at a nuclear shooting range in Nevada. The
first discovery that scorpions have an unusually
high resistance to ionizing radiation was known
as early as 1960. The only creatures that survived
detonations in nuclear weapons testing near the
epicenter of the explosion (“ground-zero”) were
scorpions (genus Androctonus) and some beetles
of the superorder Coleopterida (genus Pimelia).
The resistance of these animals to radiation was
soon (in 1963) confirmed in laboratory tests [1],
and repeated in the field (in 1973) at a test site in
Nevada in the United States.

Since that time several studies have sought
to identify the characteristics of animals

that determine susceptibility to ionizing
radiations! [2, 3].

Main

Bacterium  Deinococcus  radiodurans.
Despite the radioresistance of scorpions

mentioned in the part Introduction we will
start with another “highly radioresistant” living
organism Deinococcus radiodurans. Bacteria of
D. radiodurans were discovered accidentally in
1956 when cans of ground meat were treated with
massive doses of ionizing gamma radiation to rid
them of dangerous bacteria. This bacterium was
found to be capable of surviving radiation doses
up to 10000-15000 Gy i.e. one thousand times
higher than that which is lethal for a human
being [4]. Among biologists and biophysicists,
this extremophile is often known jokingly as
“Conan the bacterium” [5].

Deinococcus radiodurans is also on the list of
“the world’s toughest bacterium” in the Guinness
Book of World Records’.

It is known that ionizing radiation causes the
most deleterious influence on genetic material
because it induces Double-Strand Breaks (DSB)
in DNA. In most cases, this kind of damage
cannot be effectively repaired. In other words,
DSB disrupts DNA strands, shattering them into

! Max Goyffon: Resistance to ionizing radiation. P. 157-163. In: Stockmann R., Ythier E. Scorpions of the world. N.A.P.
Editions, Verrieres-le-Buisson; 2010. 565 p. ISBN 978-2913688117. https://11ib.sk/book/2034275/80fdf1/scorpions-of-

the-world.html

* Most radiation-resistant lifeform. URL: https://www.guinnessworldrecords.com/world-records/most-radiation-

resistant-lifeform (date: 30.08.2024).
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myriads of small pieces of different sizes. The
former process is mainly due to the deleterious
activity of Reactive Oxygen Species (ROS)
produced by water radiolysis, leading to DSBs.
Besides DNA mutilation, ROS inflicts severe
damage on the cell’s proteome, which plays a vital
role in DSB repair; therefore, this mechanism is
unfeasible.

In further studies it has been shown that
ROS stimulates protective reactions that donate
electrons to the free radicals, thus making them
nonreactive. As shown by some of the pioneering
studies [6, 7], the amazing radioresistance of
D. radiodurans is attributed to a scavenger that
exists in the cytosol (moieties of less than 3 kDa).
These small molecules protect D. radiodurans
proteome from oxidizing radicals by quenching
the ROS produced by radiation. The secret
behind D. radiodurans’incredible radioresistance
lies in its ability to protect its proteome. Thanks
to this ability, D. radiodurans can repair up to
500 breaks, while E. coli can fix two or three
breaks at once in its DNA only. This peculiarity
is generalized by the following concept: A cell
dies when its proteome ceases to function, as the
most critical biological information comes not
from its DNA but from its protein structure.

A new bio-concept, expressed as “The
primacy of Proteome over Genome”, or “The
primacy of biological function over information”,
was both proposed and demonstrated by Krisko
and Radman [8].

In short, they argue that: (1) a cell dies
when its vital functions performed by the
proteome cease, whereas (2) genome integrity
is required (in addition to an active proteome)
for the perpetuation of the surviving cell. It
is of importance to note that the preservation
of vital functions of proteins is fundamental
for transmission of information—however,
information is effectively useful once transmitted
and received.

A small theoretical experimental
summary concerning the radioresistance and
radiosensitivity of D. radiodurans can be found
in the reference [9].

A comprehensive description of
astonishing DNA repair ability has
described in a review article [10].

According to the author - soon after the
structure of DNA was published, the field
of radiobiology coalesced around two ideas:
(i) cellular damage is indiscriminate in irradiated
cells and caused mainly by ROS, and (ii) DNA is
the critical radiation target. Because individual
proteins in a cell typically exist at much higher
levels than their corresponding genes, “death by
DNA damage” became radiation dogma [11].

the
been
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Over the next decades, however, the two
central tenets of classical radiobiology were
repeatedly tested and refuted. It has been shown
that:

i) cellular damage in irradiated cells is not
indiscriminate, but instead dependent on a cell’s
Mn?** antioxidant content,

ii) proteins are the critical targets of radiation
in sensitive cell-types, not DNA [12-16].

The three earliest D. radiodurans findings
that set the stage for overturning the central
tenets of DNA-centric radiotoxicity models are:
1) in 1964, A.K. Bruce demonstrated an LMW
(<15 kDa) protein-free D. radiodurans extract
capable of protecting E. coli against the lethal
effects of ionizing radiation [17]; 2) in 1964,
J.K. Setlow and colleagues showed that DNA in
D. radiodurans is no more protected from UVC
radiation than DNA in radiosensitive bacteria
[18], and 3) in 1976, A.K. Bruce and colleagues
further showed that D. radiodurans accumulated
100 times more Mn** than E. coli,and importantly,
that lowering the concentration of Mn** in the
culture medium resulted in a marked decrease
in the survivability of D. radiodurans after UVC
irradiation [19].

Evidently, any protein expressed in
D. radiodurans or D. geothermalis is protected
from ROS wunder high-level chronic ionic
irradiation [20].

This form of protein protection was shown
to be independent of MnSOD, yet dependent on
the accumulation of Mn?* ions in the cells. This
led M.]. Daly and colleagues to shift their studies
from DNA repair to cell-cleaning functions,
and in 2004, they reported the identification of
a widespread Mn?*-dependent, nonenzymatic
mechanism required for extreme radiation
resistance [12]. Moreover, the Deinococcus group
further showed that cellular Mn** does not
protect DNA, which implied that proteins are the
targets of Mn protection in D. radiodurans [21].

In 2007, extreme radiation resistance among
bacteria was shown to consistently coincide with
a greatly diminished susceptibility to radiation-
induced protein oxidation but with similar
radiation-induced DNA lesion-yields as in other
organisms. Thus, a new model of radiation
resistance was proposed in 2009 wherein naturally
sensitive bacteria are killed by radiation mainly
owing to protein oxidation, whereas Mn?**-
metabolite complexes accumulated in extremely
resistant cells protect enzymes needed to repair
DNA and allow survival [22].

The new theoretical contribution to the
understanding of radiation resistance is a new
concept where a cell’s proteome, rather than
its genome, is the prime target responsible



for radiation-induced cell death, and that
cellular radiation resistance is governed by Mn
antioxidants [23, 24].

Resistance to acute and chronic forms
of ionizing radiation in archaea, bacteria,
fungi, and simple animals critically depends
on the intracellular accumulation of Mn
antioxidants, nonenzymatic Mn?* ions bound
to LMW metabolites such as orthophosphate
(Pi) and peptides. The resulting Mn complexes
catalytically quench O, radicals and have been
shown to confer greatly enhanced radiation
survivability on polyploid cells by enhancing
their capacity to mend DSBs. Manganous ions
first facilitate radiation survival by preventing
O, damage to proteins: by replacing Fe** with
Mn?* as mononuclear cofactors in enzymes,
which protects active sites from oxidative
damage. More importantly, surplus Mn** ions
(i.e., the portion of a cell’s Mn** budget that is
not bound to proteins) spontaneously form
Mn antioxidants, which provide global protein
protection and thereby preserve the functions of
irradiated enzymes.

For completeness we include here the
physiological roles of manganese in humans.
Adult humans have 15-18 mg of manganese,
stored mainly in the liver [25].

Mn?** functions include: 1. Cofactor or an
activator of enzymes such as arginase, glutamine
synthase, isocitrate dehydrogenase, pyruvate
carboxylase, glycosyltransferases, cholinesterase,

lipoprotein lipase, phosphotransferases,
hydrolases, acetyl-CoA carboxylase, squalene
synthase, =~ ALA  synthase, mitochondrial

superoxide dismutase, and all three enzymes
of the oxidative phase of pentose phosphate
pathway (glucose 6-phosphate dehydrogenase,
gluconolactone hydrolase, 6-phosphogluconate
dehydrogenase). 2. Role in carbohydrate
metabolism - as a cofactor of isocitrate
dehydrogenase, pyruvate carboxylase, and the
enzymes of oxidative phase of pentose phosphate
pathway, Mn?** plays important roles in the TCA
cycle, gluconeogenesis, and pentose metabolism.
3. Role in mucopolysaccharide and proteoglycan
synthesis — participating in glycosyltransferase
activity, Mn** plays a role in the synthesis of
heteroglycan mucopolysaccharides such as
chondroitin sulfates, which are than incorporated
into proteoglycan aggregates of extracellular
matrices of connective tissues, tendons, and
bones. 4. Porphyrin synthesis - Mn?* may help
in heme synthesis as a cofactor of ALA synthase.
5. Antioxidant action - as a constituent of
mitochondrial superoxide dismutase, Mn** helps
in the conversion of superoxide free radical to
H,0, (20, + 2H*= O, + H,0,)).

PapgnaunoHHas 3awmTa B 21 Beke
Radioprotection in the 21st Century

Manganous ions are unique among redox-
active transition metals that accumulate in cells
in that they are innocuous under conditions
where other biologically active transition
metals (in particular, Fe**) tend to promote the
formation of ROS. Electron-dense cytoplasmic
granules in D. radiodurans cells are depots of Mn
antioxidant precursors (Figure 1A), and contain
the highest intracellular Mn (3 mmol/L) and
Pi (25 mmol/L) concentrations in the cells
[10] cells can accumulate up to millimolar
concentrations of Mn?* ions in the form of
cytoplasmic Mn antioxidants, in addition to the
MnSOD [23]. Both MnSOD and Mn antioxidants
catalytically scavenge O, formed through
metabolic processes or by radiation exposure,
converting these ions to H,O, (Figure 1B). H,0,
is membrane-permeable and can escape the cell,
whereas O, is not membrane-permeable and
would become trapped and accumulate inside
irradiated cells [26].

It should be noted that the Mn ions are
radioprotective against acute radiation syndrome
ifadministered in the form of MnCl, in mice [27].

Early tests of the “death by protein damage”
radiation model gave rise to a novel irradiated
vaccine technology [28].

The tests revealed that while proteins in
D. radiodurans are highly resistant to ROS during
irradiation, they are as sensitive to ROS as E. coli
proteins when purified from the cells. However,
when purified E. coli proteins are mixed with
Deinococcus Mn antioxidants, they can survive
undamaged after exposures greater than 30 kGy
of gamma-rays, a dose that obliterates similarly
treated DNA. Mn antioxidants have been found
to protect the activity of a range of irradiated
enzymes in vitro, including the DNA repair
enzyme T4 DNA ligase [29].

Ionizing radiation is a commonly used
method for sterilizing laboratory and medical
supplies, and it has been reported as a vaccine
production strategy since the early days of
vaccinology. However, decades ago, irradiation
was largely abandoned as a vaccine development
approach because of the coincident oxidative
destruction of critical surface epitopes during
pathogen inactivation. In aqueous conditions,
nucleic acids and proteins are severely damaged
by the indirect action of ROS generated from
the radiolysis of water. In vaccine production,
radiation-induced destruction of the nucleic
acids in a pathogen is desired while damage
to the structural proteins on the surface of a
pathogen is not because it reduces antigenic
potency. Deinococcus Mn antioxidants thus can
be used to selectively protect surface proteins
of cells and viruses from the indirect effects
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Figure 1: Deinococcus radiodurans antioxidant defenses. (A) Electron-dense granules are highly enriched in Mn?* and
phosphate precursors of Mn antioxidants, visualized by transmission electron microscopy (TEM), identified by arrows inside
a dividing. The 4-8 identical genomes per cell in D. radiodurans are condensed into nucleoids (N) wherein the chromosomes
and plasmids are highly recombinogenic. Scale bar 0.5 um. (B) lonizing radiation-driven reactions that generate reactive
oxygen species (ROS) and cellular mechanisms related to dismutation of superoxide (O,) by Mn-dependent superoxide
dismutase (MnSOD) and Mn antioxidants, illustrating the two complementary catalysts of superoxide defense, MnSOD and
Mn antioxidants (H-Mn). Importantly, O,*~ damages proteins, but not DNA. (the figure is adapted from [10])

PucyHok 1 - AumuokcudaumHelie 3aujumHole ceolicmea 6akmepuu Deinococcus radiodurans. A - 21eKmpoHHO-N/A0MHble
2paHynel 060zauwjeHbl Mn?* u hocchamHbiMu Npomomunamu aHMUoOKcUdAaHmMoe MapzaHua Mn, Komopble MO}CHO pasans-
O0emb Yepe3 npoceevusarowuli 31eKmpoHHbIl MUkpockon. OHU 8bl2a5105iIM Kak cmpesibl BHympu paspe3a 4 -8 udeHmuyHbIx
2eHoMoe Ha knemky D. radiodurans cnpeccoeaHbl 8 Hykneoudul (N), XxpoMocoMbl u naasmudel, 8 Komopbix 061adarom ebi-
cokoli pekoMbuHaHmHocmoio. LLIkana O0esneHus 0,5MKM. B - Bo3z0elicmsue paduayuu ebi3bléaem pedkyuu, 8 pesysbmame
Komopblx 06pasyomcs yacmuubl KmugH020 KUC/10p0da, a makyce 3anyCKaromcs K/iemouHble MexaHu3Mbl, omeeyaroujue
3a ducmymauuto cynepokcuda (O,*") nocpedcmeom mapzaHey-3asucumoli cynepokcudducmymasel (MnSOD) u aHmuokcu-
0aHmMo8 Mapz2aHuya, Ymo no3eos5iem HaM ysudemsb 08a 00NOAHUME/bHbIX Kamaausamopa 3awumsl cynepokcuda, MnSOD
U aHmuokcudaHmol mapzanya (H-Mn). BaxcHo ommemumb, umo O,°~ noepexcdaem npomeuHol, HoO He HGHOCUM HUKAK020

epeda [HK (pucyHok nodzomoesen no [10])

of gamma radiation, while leaving DNA and
RNA inside cells and viruses unprotected. This
approach gave rise to a rapid and highly effective
means of producing inactivated vaccines with
preserved antigenic epitopes at supralethal doses
of irradiation [30].

Mn antioxidants constitute about 70% of the
cytosolic Mn** in D radiodurans, where they form
complexes with Pi and peptides [7]. Through
the analysis of naturally occurring Deinococcus
Mn complexes, the peptide components of Mn
antioxidants were rationally designed to yield
a synthetic complex called MDP (manganese—
decapeptide-phosphate). The MDP complex
forms spontaneously when the decapeptide
DEHGTAVMLK, Pi, and Mn®" are combined
(Figure 2). The ability of MDP to preserve
neutralizing epitopes during supralethal
irradiation has been critical to the commercial
development of irradiated vaccines®.

Over the past 50 years, radioprotection
approaches have firmly focused on compounds
that protect DNA and those that modulate
cellular radiation responses, but they have
yielded few radioprotectors. MDP, which is

innocuous in mice and rats, has been tested as an
in vivo radioprotector in a murine model at the
Armed Forces Radiobiology Research Institute
(AFRRI) [29].

Notably, MDP has been shown to completely
protect mice from a typically lethal gamma
radiation dose of 9.5 Gy when administered both
pre- and post-irradiation [29] (Figure 3).

Manganese antioxidants based on peptides
are also accumulated in eukaryotes, including
vertebrates. However, whereas peptides in Mn
antioxidants of bacteria are derived mainly by
proteolysis, Mn**-binding peptides in eukaryotes
are synthesized mainly from amino acid
precursors (e.g., glutathione). A second example
of Mn antioxidants shown to act as in vivo
radioprotectors is glutathione (l-y-glutamyl-
l-cysteinyl-glycine), the most abundant LMW
thiol in animals, ranging from 0.5 to 10 mmol/L.
Mn-glutathione-like complexes act as in vivo
radioprotectors when administered to mice [31].

MDP provides exceptional hematopoietic
protection as reported in the AFRRI study
where MDP significantly protected against
hematopoietic ~ acute radiation syndrome

* Phelan M. Bacteria Found in Nuclear Reactors Could Be the Secret to Faster, Cheaper Vaccines. URL: https://
gizmodo.com/bacteria-found-in-nuclear-reactors-could-be-the-secret-1843965129 (date: 30.08.2024).
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Figure 2: Radioprotection by the rationally designed Mn antioxidant manganese-decapeptide-phosphate (MDP).
MDP: 3 mmol/L decapeptide [DEHGTAVMLK], 25 mmol/L phosphate buffer (pH 7.4), and 1 mmol/L MnCl2, added in
that order. The previously published material reused without changes; representative Chlamydia transmission electron
microscopy (TEM), Uniformed Services University of the Health Sciences (USUHS)). Irradiations: °Co (kGy) (the figure is

adapted from [10])

PucyHok 2 - 3awuma om eo30elicmeusi paduayuu NnocpedCmeoM UCKYCCMBEeHHO C030dHHO20 aHMUOKcUOaHma
MapaaHua - dekanemud ¢ocgpam mapzavua (AOM). AOM: 3 mmone/n ddekanenmud [DEHGTAVMLK], 25 mmonb/n ¢poc-
tamnozo 6ydepa (pH 7,4), u 1 mmonb/n MnCl,, cMewaHbl umeHHO 6 makom nopsdke. [106MOPHO UCNONMb306aHHbIL paHee
0ony61uKoeaHHbIli Mamepuan 6e3 usmeHeHull; 06paseuy xaamuouu, paccMompeHHbIli Yepe3 npoceeyusarowuli 31eKmMpoH-
HbIl Mukpockon(TEM), BoeHHo-MeduuyuHckuli yHusepcumem CLLA (USUHS)). Uznyuerus: ¢°Co (klp) (pucyHok nodzomose-

neH no [10])

(H-ARS) in mice exposed to 9.5 Gy. MDP
pretreatment improved hematopoietic recovery,
suppressed radiation-induced erythropoietin
and thrombopoietin levels in the serum, and
attenuated radiation-induced splenomegaly and
hemorrhage in the brain. Moreover, MDP also
protectedbone marrowagainstradiation-induced
injury, preserving bone marrow cellularity and
preventing adipogenesis, compared to untreated
controls where bone marrow was largely occupied
by fat cells by the end of the study. These results
support a possible role of MDP in late mitigation
of radiation-induced anemia, a major contributor
to mortality after irradiation [29].

In the context of enhancing proteostasis, it
will be interesting to consider the substitution
of the levorotatory (L) decapeptide component
of MDP with the dextrorotatory (D) isomer
to harness a fundamental characteristic of all
organisms: enzymes cannot degrade D-peptides
(nor D-amino acids), but D-peptides retain
the same chemical properties as the L-forms,
and with indistinguishable ROS-scavenging
capacities. D-MDP is thus expected to provide
a metabolically more durable form of in vivo
proteome protection than L-MDP [29].

Scorpions. As mentioned in the part
Introduction the only creatures that survived
detonations in nuclear weapons testing (French,
U.S.) near the epicenter of the explosion (“ground-
zero”) were scorpions (genus Androctonus).
Experimental irradiation trials with cobalt-60
in three species of Androctonus demonstrated
radioresistance, with an LD, of 400-820 grays

(Gy) over a period of 30 days, which is much
higher than that for many other animals (640 Gy
for adult Drosophila, 15 Gy for tortoise, 9 Gy for
mice a dose of 40 Gy is sufficient to cause instant
death in humans and a dose of 2-6 Gy may cause
serious blood and digestive problems. (The LD_|
inhumansaccordingto othersourcesis3.5-4 Gys.
Irradiation of A. mauritanicus at a dose of 100-
200 Gy causes the reversible arrest of gonad
cell mitosis, this arrest becoming irreversible
at higher doses. There may be multiple reasons
for this exceptional resistance. DNA is highly
sensitive to irradiation, but mitosis is rare in
scorpion tissues other than during molts and
other than in the gonads; scorpions have high
circulating taurine (a radioprotective amino acid)
concentrations that do not increase following
irradiation, low levels of metabolic exchange, low
levels of oxygen consumption, and hemocyanin,
which has antioxidant enzymatic properties,
neutralizing the effects of the radiolysis of water.
Desert scorpions from arid areas (Buthidae) seem
to be the most resistant [32, 33].

It has been shown that hemocyanin plays a
role in the radioresistance ot the scorpions [34].

This  blue pigment of hemolymph
is undoubtedly an important factor in
radioresistance because of its copper content and
oxyphoric properties, and of its catalytic activity.
This molecule possesses a triple antioxidant
effect, having enzymatic activities for catalase,
peroxidase, and superoxide dismutase [35, 36].

It should be noted that in contrast to
hemoglobin the enormous molecules of
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Figure 3: MDP confers radioprotection in vivo and results
in improved clinical scores in animals post-irradiation.
(A) 100% 30-day survival in MDP-treated irradiated mice.
(B) Reduced body weight loss in MDP-treated irradiated mice.
(C) Lower average clinical scores in MDP-treated irradiated
mice. All the animals were monitored daily for any clinical
signs of morbidity or mortality associated with IR exposure
and scored accordingly. IR exposure dose was 9.5 Gy.
*p < 0.05 vs. Veh+Sham; *p < 0.05 vs. Veh+IR. Veh, vehicle
(the figure is adapted from [29])

PucyHok 3 - [I®M noseossiem noayyume 3aujumy om pa-
ouauuu in vivo, a makice yayyuwiaem KAuHUYeCKue nokasa-
mesiu WUBOMHbIX, hodsepauwiuxcs 0bayueHuro. A - 100 %
30-0HesHas ebiicusaemMocmv y MCUBOMHbIX, KOomopble
noosepznucb o3delicmeuro paouauuu u hpowau Kypc
neyeHus APM. B - MeHvwas nomeps eeca y Mbiwel,
Komopble nodsepz/uch 8030elicmeuto paouayuu u npowsu
Kypc neuveHus [®M. C - bosee HusKue K/auHuyeckue
nokasamenu y Molweli, Komopble nodeepzaucb eo3deli-
cmeur paduayuu u npownau Kypc neyeHus ®M. Cocmo-
SIHUe 8ceX W CUBOMHbIX exceOHEe8HO KOHMpOoaAUpoedau Ha
npedMem HAAUYUS KAUHUYECKUX NPU3HAKOE 60se3HU uau
71emasnbHo20 Ucxo0a ecsnedcmeue eo30elicmeusi paouo-
aKmueHo20 ussy4veHusl. 1o pe3ynbmamam npoeepoK ebi-
cmaensnuce 6annvl. Joza paduayuu, Komopyo nosayyanu
sueomHble cocmaensna 9,5 p. *p <0.05 vs. Veh+Sham;
“p<0,05 vs. Veh+IR. Veh, mpaHcnopmHoe cpedcmeo
(pucyHok noozomoesieH no [29])

hemocyanin are freely circulating in the
hemolymph and are not found in any of the
cells. These characteristics, found in crude or
purified hemocyanin and in its heavy dissociated
products (i.e. dodecamers and hexamers) showed
that hemocyanin may neutralize the effects
of irradiation by disproportionation of the
toxic H,O, product. The finding that catalase
is a component of this complex oxyphoric

metalloprotein is an interesting discovery that
warrants further study since catalase activity is
considered essential to cell protection against
all types of irradiation. However, the situation
about the scorpion radioresistance is much
dimmer as the author of this article expected.
Strangely enough the research data are extremely
difficult to find. They are simply inaccessible.
From the rare amount of data which is accessible
we will present PrintScrn figures which are
mainly in French. The author apologizes for
any inconvenience. As an example of the above-
mentioned status, we are providing the following
example:

On April 3, 2023, author M. Allen published
a popular article “Résistance aux radiations
des scorpions: une explication scientifique”
(“Radiation resistance of scorpions: a scientific
explanation”) which was available on the web
until the author asked for details. After that the
link disappeared. At the end of the article the
author published three references (“Références et
lectures complémentaires”):

1. Gantenbein B, Fet V, Gromov AV. Scorpions
du monde. les éditeurs Pensoft; 2013.

2. Khan SA, Jabeen S, Khan SA, et al. Résistance
aux radiations chez les scorpions : mécanismes et
applications. Mutat Res. 2016;770(Pt B):236-243.
doi:10.1016/j.mrfmmm.2015.05.009

3. Moustafa IM, Foster RA. Résistance
aux radiations chez les scorpions. ] Arachnol.
2014;42(3):226-232. doi:10.1636/P13-16.1

By careful search one concludes that all three
references are “false”.

Scorpion hemolymph contains variable
amounts of cells (16000 +/- 7900 cells/pl), three
to four different cell types were described [37].

In the historical paper “Modifications
comparées des éléments figurés de 'hémolymphe
du Scorpion saharien Androctonus australis (L.)
Hector C.L. Koch soumis soit a des agressions
d'ambiance soit a une irradiation expérimentale™
published in 1967 the authors analyzed the
hemolymph of scorpions after irradiation.
They introduced a new type of cell “hémocytes
annelés” (anulocytes) (shown in Figure 4).

These cells are present under “normal”
conditions in the hemolymph and their content
is less than 2%. Their number increases after
trauma, chemical, thermal injury (up to 16%)
and reaches more than 50% after an irradiation
(Figure 5).

The “kinetics” of the percentage of the
anulocytes 1, 2 and 3 days respectively after
irradiation (500, 750 and 1000 Gy, respectively)
is shown in Figure 6 as a histogram.

* Modifications comparées des éléments figurés de I'hémolymphe du Scorpion saharien Androctonus australis (L.).
URL: https://www.biodiversitylibrary.org/part/267677 (date: 10.09.2024).

Journal of NBC Protection Corps. 2024. V. 8. No 4



Figure 4: Anulocytes (“hémocytes annelés”) (the figure is
adapted by author from the web-page URL: https:/bsam.
biopharm.dz/public/uploads/posters/poster-11.pdf; date:
10.09.2024)

PucyHok 4 - Cepouumbl (“hémocytes annelés”) (pucy-
HOK nodzomoesieH demopoM ho Mamepudsaam calima:
URL:  https:/bsam.biopharm.dz/public/uploads/posters/
poster-11.pdf; dama obpawenus: 10.09.2024)

Here, the anulocytes are cells which appear
in the scorpion’s hemolymph after irradiation
and are “probably” responsible for the radiation
resistance. In the year 2024, almost 60 years

Pourcentage d'llémocytes observés (m =f: 6 et Sm).

Hémocytes granulo- | "
o el Cellules sphéruleuses

.‘,"’.'",
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Sm ~ 0,90

men).

ST
Sm = 0,9
S 182 4 1,3

Sm = 0,6

Figure 5: Anulocytes in the scorpion’s hemolymph after
different types of injury (right column). 100 r = 1 Gy,
J - day (the figure is adapted by author from the web-page
URL: https:/www.biodiversitylibrary.org/part/267677;
date: 10.09.2024)

PucyHok 5 - Cepepoyumul 8 zemonumcpe ckopnuoHa nocse
noslyyeHUss UM pasAuyHbiX mpaem (npaewili cmoabuk).
100 pao = 1 zpeli, J - cymKu (pucyHoK nodzomoesieH
aemopoM no mamepuanam catima: URL: https:/www.
biodiversitylibrary.org/part/267677; 0ama ob6paweHus:
10.09.2024)

PapgunaymoHHas 3awmta B 21 Beke
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after the “anulocyte paper” a poster’. “La
cellule immune de la radio-résistance: de
I’analyse morpho-fonctionnelle aux perspectives
pharmaceutiques” (“The immune cell of radio-
resistance: from the morpho-functional analysis
to pharmaceutical perspectives”)®, appeared.
The authors without any doubt claim that the
anulocytes are responsible for the radioresistance
of scorpions. In the conclusion the authors claim:
“The cytological belt of the anulocytes is the
main actor of the radio-resistance and survival
to extreme physical attacks identified in the
(scorpion’s) immune system. Further analyses of
large highly basophilous granulations resulting
from the fragmentation of the ringed formation
(of the anulocytes) are open for the development
of pharmaceutical products of radiation

protection”. We add that careful biochemical
and molecular-biological analysis of the whole
process can bring not only new radioprotectors
the

but new deep discoveries in field

of biology.

S
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Figure 6: Histogram of the “kinetics” of anulocyte
percentage after irradiation (100 r = 1 Gy, J - day)
(the figure is adapted by author from the web-page
URL: https:/www.biodiversitylibrary.org/part/267677;
date: 10.09.2024)

PucyHok 6 - CeooHas mabauuyd OUHAMUKU U3MeHeHUs
NpouyeHMHo20 COOmHoweHus cgepoyumos nocse obayye-
Hus (100 pad = zpeii, J - cymku) (pucyHok nodzomoeseH
aemopoM no mamepuanam catima: URL: https:/www.
biodiversitylibrary.org/part/267677; 0ama ob6paweHus:
10.09.2024)

> Modifications comparées des éléments figurés de I'hémolymphe du Scorpion saharien Androctonus australis (L.).
URL: https://www.biodiversitylibrary.org/part/267677 (date: 10.09.2024).

¢ Kerboua KE, Lasla S, Kaddouri FZ. La cellule immune de la radio-résistance: De 'analyse morpho-fonctionnelle
aux perspectives pharmaceutiques. URL: https://bsam.biopharm.dz/public/uploads/posters/poster-11.pdf

(date: 30.08.2024).
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Radioprotectors. In their paper [38]
the authors suggested the classification of
radioprotective agents as shown in the Figure 7.

Asterisks indicate agents approved or under
considerations for clinical use as follows:
Amifostine (Ethyol) is specifically approved by
FDA as a radioprotector that prevents cumulative
normal tissues toxicity associated with cancer
treatments and offers significant reduction of
radiation-induced xerostomia in head and neck
radiotherapy patients. Genistein (BIO300) has
currently an investigational new drug (IND)
status as radioprotector of normal tissues to
prevent acute radiation syndromes. While FDA
has approved Neupogen (filgrastim), Neulasta
(pegfilgrastim) and Leukine (sargramostim)
to ameliorate neutropenia induced by cancer
treatment, these compounds are currently under
investigation as radiation countermeasure agents.
Palifermin (Kepivance) is an FDA-approved
recombinant derivative of human keratinocyte
growth factor (KGF) that is used to treat oral
mucositis in patients undergoing hematopoietic
stem cell transplantation.  Recombinant
salmonella flagellin CBLB502 (Entolimod) is
FDA approved as off-label drug that can be
used during nuclear or radiological accidents
to protect against acute radiation syndromes.
Prussian blue (Radiogardase) and potassium
iodide (KI) are FDA-approved decorporating
agents to increase the rate of elimination of
radionuclides in internal contamination”’ [38].

Here the authors describe general therapeutic
approaches to develop novel radioprotective
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asnifostine (WR2T21)", L Ll o
Eytaphos (WR-635) selenomethioning, a-lipaic 3cid,
/{ /{ \:‘\ Meacetyl cysteine, selemium and
Pl ] Botanicaland herbal extracts: kb et et ot
Curcumin, genistein (B10300]*, PO Pk sl :
Podophyam hixsdéndmunm Bacterisl gutracts:
sesamel i Bronchavansm, Lactobatillus
EifsenE Rostenarinu i, FeCOmBEnant ialmoneile
(A bievdingg gt wificinalis, Aloe vers, Alitonis flagellin {CRLBSO2], lipopeptide
HEXIEE, HIBMAD, ‘seholarts, Mentha piprats, of Mycoplasma [CBLB613),
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atim arverdh), Syryghum cumani 308, sadium bicarbonate,
peghigrastim®, lenagratism, [lamun), Coleus aromaticus, recombinant Chiceella, silica
sargramastim®), Palifermin® Chrberithn, Vicenin based materials

Figure 7: Schematic representation of various classes of
radioprotectors citing most studied compounds (the figure
is adapted from [38])

PucyHok 7 - Cxemamuyeckas knaccugukayuu pasnuyHbix
cpedcme 3aujumsl om paduayuu co ccbl/IKamu Ha Haubosee
u3yyeHHble KOMNoOHeHMbl (pUcyHoK nodzomoeseH no [38])

agents. Radioprotectors should prevent/suppress
the formation of radiation-induced free radicals
(most of them are produced during radiolysis
with water), thereby inhibiting their reactions
with biomolecules, reducing the incidence
of DNA strand breaks, and preventing the
occurrence of cellular malfunction. Since free
radicals are short-lived (approximately 10-10 s)
and interact rapidly with biomolecules, it is
necessary that radioprotectors are present
in sufficient concentration in the cellular
milieu, at the time of radiation exposure.
Molecules or compounds which increase the
activity or expression of antioxidant enzymes
are also considered radioprotectors. Many
antioxidants have the potential to act as
radioprotectors; however, not all antioxidants
offer radioprotection, and this paradox may be
explained by the relative activity of a compound
when reacting with radiation-induced reactive
species compared with those generated under
H,O, induced oxidative stress. Conventional
antioxidants may not be able to scavenge this less
reactive secondary species because either they do
not accumulate in proximity to the secondary
radicals, or they may not have enough kinetic
reactivity to scavenge them effectively. Thiols
(e.g., amifostine), hydrophilic antioxidants
(e.g., GSH), and newly developed cyclic nitroxides
have adequate reactivity to effectively scavenge
+OH and secondary radicals as well. Molecules
or events that play a role late in signaling and IR-
induced apoptotic pathways may act as potential
targets for post-irradiation interventions
(Figure 8).

i) ATM/ATR is activated by DNA damage
and DNA replication stress; however, they often
work together to signal DNA damage and trigger
apoptotic cell death by upregulating proapoptotic
proteins such as apoptotic protease-activating
factor-1  (Apaf-1), phorbol-12-my-ristate-13-
acetate-induced protein 1 (Noxa), and Bcl2-
associated X (Bax) after IR.

i) Pifithrin (PFT)-p
(2-phenylethynesulfonamide) directly inhibits
p53 binding to mitochondria as well as
inactivates the antiapoptotic proteins Bcl-xL
and Bcl-2 on the mitochondrial surface, thereby
suppressing subsequent release of cytochrome c
and apoptosis, whereas PFT-p reversibly inhibits

transcriptionally  mediated  p53-dependent
apoptosis.
iii) Signal transducer and activator of

transcription 3 (STAT3) can be activated by
various growth factors and protects against IR

7 The interested reader can find the list of current (FDA approved and not approved) radioprotectors at: Curated
database of radioprotectors. URL: https://radioprotectors.org/home (date: 30.08.2024) and in a more recent

publication [39].
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Figure 8: General therapeutic approaches to develop novel radioprotective agents. lonic radiation, directly or indirectly,
causes damage to macromolecules such as DNA, lipids, and proteins. As a result, oxidative stress is generated, which either
triggers DNA damage repair or induces p53-mediated cell disorders, such as cell cycle arrest and cell apoptosis. When the
damage exceeds the cell’s ability to repair itself, the cell appears to follow the death program. The protective activities
of potential radioprotectors should target such phases/mechanisms with the aim to shield the normal cells from harmful
insults of irradiation (the figure is adapted from [39])

PucyHok 8 - O6wue mepanesmuyeckue no0xo0bl K paspabomke UHHOBAUUOHHbIX cpedcme paduayuoHHol 3auumebl.
UoHusupyrowee usayyeHue npsAMo UAU KOCBEHHO hospexcodaem MAaKpomoseKkysnbl, makue kak JHK, aunudsl u 6esaku. B
pe3ynbmame npoucxo0um oKucaumesbHbili cmpecc, Komopbili aubo 3anyckaem npouecc eoccmaHoeneHus HK, au6o
ebi3bleaem p53-onocpedoeaHHble KnemoyHble HapyuleHus, Hanpumep, 0CMAHOBKY K/emouH020 UUK/A Uau ympamy Kne-
mok. Ecau noepexcdeHue Kaemku HACMO/bKO CU/bHOe, YMOo OHA He MoJcem pezeHepupoeamscs, 3anyckaemcs npouecc
ommupaHus Kaemku. Ceolicmea nomeHYUds1bHO HOBbIX CpedCcMe 3awumsl om paduayuu 00/4cHbl N0380/155Mb UM omce-
HUueamp yKa3aHHble NPOUEeCChbl 8 KemKax € Uesblo 3auumol 300p08biX KaAemoK om 2y6umesibH020 8030elicmeusi paouo-

aKmMueHo20 u3ssy4yeHus (pucyHok nodzomoeseH no [39])

damage. The protection mediated by STAT3 is
attributed to its genomicactionsasatranscription
factor (such as upregulating genes that are
antioxidative, antiapoptotic, and proangiogenic,
but  suppressing anti-inflammatory and
antifibrotic genes) and other nongenomic
roles  targeting  mitochondrial  function
andautophagy.

iv) Nuclear  factor-erythroid  2-related
factor 2 (Nrf2) is a well-characterized ubiquitous
master transcription factor, whose activity is
tightly controlled by cytoplasmic association
along with its redox-sensitive transcriptional
inhibitor Kelch-like ECH-associated protein 1
(Keapl). A well-known mechanism of activation
of Nrf2 signaling protects cells against radiation-
induced oxidative stress and also maintains
cellular reduction-oxidation homeostasis. Upon
oxidative stress, Nrf2 dissociates from Keapl
and translocates into the nucleus to activate a
series of antioxidant response elements, such
as GPx, SOD, CAT, and oxygenase-1 (HO-1),
increasing total cellular antioxidant capacity
(TAC), accompanied by suppressed expression
of inflammatory-related genes, avoiding
oxidative stress and excessive inflammatory
response, which is particularly important in
radioprotection.

v) Heat-shock proteins (HSPs), molecular
chaperones, are induced in cells during stress
conditions. Importantly, HSPs are cytoprotective
and can mediate cell and tissue repair after IR-
induced deleterious effects. Higher cytosolic
levels of HSPs have been shown to induce
radioprotective effects by interfering with
apoptotic pathways.

vi) Peroxisome proliferator-activated
receptor-y (PPAR-y), ligand-activated
transcription factors, is a part of the nuclear
hormone receptor family. It suppresses IR
induced survival signals and DNA damage
responses and enhances IR-induced apoptosis
signaling in human cells.

In the following text we will include the
most important (in our opinion) groups of
radioprotective agents:

Thiol-Containing Molecules

In the search for an effective radioprotective
agent, the Walter Reed Army Research Institute
(USA) screened approximately 4500 compounds
from the late 1950s. Cysteine was the first agent
to confer radiation protection in mice after total
body irradiation (TBI) in 1949. Later, various
synthetic compounds with the aminothiol group
were developed and proved to be highly effective
in preclinical models [40].
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Among them, the most effective was WR-2721
or amifostine, a prodrug activated by alkaline
phosphatase to an active sulfhydryl compound
WR-1065, and at this moment, it is the only
cytoprotective agent specifically approved by
the FDA as a radioprotector. The efficacy of
amifostine is attributed to the free radical
scavenging, along with DNA protection and
repair, all of which are coupled with the initial
induction of cellular hypoxia. At the cellular
level, amifostine has significant effects on cell
cycle progression and has antimutagenic and
anticarcinogenic properties [41].

In fact, amifostine indirectly induces the
expression of proteins involved in DNA repair
and triggers antiapoptotic pathways [42] and
expression of antioxidant enzymes. Some authors
have also proposed that it may enhance protective
effects by increasing nuclear accumulation and
inducing transcription factors related to p53
expression [43].

It should be noted, that WR-1065 accumulates
more rapidly in normal tissues than in malignant
cells, because the concentration of membrane-
bound alkaline phosphatase tends to be higher
on normal cells. Moreover, the lower vascular
supply and the acidic environment of many
tumors reduce the rate of dephosphorylation
of WR-2721 and its uptake. It thus seems to
be a unique molecule that might potentiate
radiotherapy (RT) efficacy in two opposite ways
at the same time [44].

The US FDA has approved the use of
amifostine in pre enting/reducing xerostomia
(dry mouth) in head and neck cancer patients
undergoing RT [41]. It has also been assayed in
clinical trials to reduce mucositis, dysphagia,
dermatitis, and pneumonitis during radiotherapy
of head and neck cancers [45].

However, like  other radioprotective
aminothiols, the safety profile of amifostine
has considerable limitations. Although the
side effects such as nausea, vomiting, and
hypotension are not life threatening, they can
further aggravate the gastrointestinal syndrome.
As it will be exposed latter, amifostine has
been assessed in combination with other FDA-
approved drugs (growth factors, cytokines,
vitamin E, metformin, etc,) looking for additive
or synergistic radioprotective effects to prevent
Acute Radiation Syndrome (ARS). Nevertheless,
in most of cases none of these novel strategies
completely counteracts amifostine’s toxic side
effects at the doses needed to be efficacious
as radioprotector [44]. The mechanism of
amifostine protection is shown in Figure 9.

Cyclic Nitroxides (NRs)

NRs, like Tempol, JP4-039, XJB-5-131,
TK649.030, or JRS527.084, are stable free
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Figure 9: Mechanisms of radioprotection by amifostine (the
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radicals containing a nitroxylgroup (-NO.) with
an unpaired electron. The action of nitroxides
to metabolize ROS is ascribed primarily to
cyclic one or two-electron transfer among three
oxidation states: the oxoammonium cation, the
nitroxide, and the hydroxylamine. Nitroxides
undergo a very rapid, one-electron reaction to
the corresponding hydroxylamine, which has
antioxidant activity. In addition to their ability
to neutralize free radicals, NR can easily diffuse
through the cell membranes (and have SOD-
like activity), prevent Fenton and Haber-Weiss
reactions by oxidation of transition metal ions
to a higher oxidation state, confer catalase-
like activity on heme proteins, and inhibit
lipid peroxidation. NRs are able to mitigate
TBI-induced hematopoietic syndrome, when
are administered before or as late as 72 h after
radiation exposition [46].

Phytochemicals

Over the last decades, plant-derived
polyphenols have been screened for their
potential ability to confer radioprotection. The
free radical scavenger potential and antioxidant
activity of polyphenols depends, in part, on
their ability to delocalize electron distribution,
resulting in a more stable phenoxy group.
Moreover, intercalation in DNA double helices
induces stabilization and condensation of DNA
structures making them less susceptible to free
radicals’ attack, reducing genotoxic damage
induced by IR [47].

They are capable of trapping and neutralizing
lipoperoxide radicals and can chelate metal ions
(i.e., iron and copper), which play an important
role in the initiation of oxidative stress
reactions [48, 49].



Polyphenols radioprotective efficacy is
mainly attributed to its antioxidant and anti-
inflammatory properties, to their capacity
to detoxify free radicals, eliciting DNA
repair pathways, stimulating the recovery of
hematopoietic and immune functions [48, 49].
In addition to the biochemical scavenger theory,
there is also evidence of another potential
mechanism by which polyphenols activate
Nrf2, exhibiting cellular protection against
excessive ROS production, oxidative stress,
and inflammation as well. Since the chemical
features of these natural organic compounds
are analogous to phenolic substances, their
antioxidant and antiradical/scavenging radical
(such as H,O,, 2,2-diphenyl-1-picrylhydrazyl)
properties may be correlated positively with
the number of hydroxyl groups bonded to the
aromatic ring. They can exert their protection
against environmental stimuli with the aid of
remarkable antioxidant power by balancing
the organic oxidoreductase enzyme system,
regulating  antioxidant-responsive  signaling
pathways, and restoring mitochondrial function.

Oligoelements

Many antioxidant/defense enzymes, like
SOD and metalloproteins, require trace elements
as cofactors. The main oligoelements showing
protective effects against radiation-induced
DNA damage are zinc (Zn), manganese (Mn),
and selenium (Se) [50].

The principle how these elements are involved
in radioprotection is shown in the Figure 10.

Superoxide Dismutase (SOD) Mimetics and
Nanoparticles

SODs are a group of metalloenzymes that
catalyze the dismutation of superoxide radicals
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Figure 10: Radioprotection by oligoelements (the figure is
adapted from [39])
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(0,7) to HO, and O,, thus are first line of
defense to prevent IR éamages. In the event of
a radio-nuclear attack or nuclear accident, the
skin damage used to be severe. A synthetic SOD/
CAT mimetic (EUK-207) administered 48 h after
irradiation significatively mitigated radiation
dermatitis, suppressed indicators of tissue
oxidative stress, and enhanced wound healing
[51] Mn porphyrin-based SOD mimics (MnPs)
are reactive with superoxide and with other
reactive oxygen, nitrogen, and sulfur species.
MnPs have CAT and GPx-like activities and
peroxynitrite-reducing activity [52].

MnPs administered before and continued
after radiation exposure protect from y-ray,
X-ray, and proton beam irradiation damages
in different animal models, and a few studies
indicatethatbeginningtreatmentwith MnPsafter
radiation exposure is also effective. In normal
tissues, MnPs treatment reduces oxidative stress,
NF-kB, and TGF-B signaling pathways and
activates Nrf2-dependent pathways. Strange
enough MnPs administration in combination
with cancer therapy results in more oxidative
stress in cancer cells, which leads to the reduction
of NF-xB and HIF-la and their downstream
signaling pathways. These changes are associated
with increasing apoptosis and reducing overall
cancer growth [53].

Hormonal  and
Radioprotectors

Several hormones are known to exhibit
radioprotective characteristics, and melatonin,
N-acetyl-5-methoxytryptamine, one of the “most
protective”, is one of them. It is the main secretory
product of the pineal gland. Its radioprotective
properties are outlined in Figure 11.

Hormonal Mimetic

Release of cytochrome C
Apoptogenic factors.
Activation of caspase

Maintaining genomic integrity
Reducing chromosomal aberrations

Figure 11: Melatonin and its radioprotective and
radiomitigative effects (the figure is adapted from [39])
PucyHok 11 - MeaamoHuH u ez2o ceolicmea, hoseonswoujue
YMeHbWUMb HezamueHble nocsedcmeausi om go3oelicmeus
paduayuu (pucyHok nodzomoeseH no [39])
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Figure 12: The five levels of Mission Oriented Protective
Posture (the figure is adapted from Chemical, Biological,
Radiological, Nuclear. URL: https://web.archive.org/web/
2019062822004 6/https://www.armystudyguide.com/
content/army_board_study_guide_topics/cbrn/cbrn-study-
guide.shtml; date: 25.08.2024)

PucyHok 12 - lams yposHeli mep 3aujumbl om OMI1 ¢
y4emoM Xapakmepa ébinosHAeMbiX 3aday (pUCyHOK no020-
moesneH no nybaukayuu Chemical, Biological, Radiological,
Nuclear.

URL: https:/web.archive.org/web/20190628220046/
https:/www.armystudyguide.com/content/army_board_
study_guide_topics/cbrn/cbrn-study-guide.shtml; date:
25.08.2024)

U.S. Military Guidelines. At the site of the
U.S. Department of Health & Human Services
Radiation Emergency Medical Management
some “guidelines” for the military are present:
https://web.archive.org/web/20190628220040/
https://www.remm.nlm.gov/MOPP.htm

Mission Oriented Protective Posture (MOPP)
Gear: Military PPE

o MOPP Gear: personal protective
equipment (PPE) ensemble worn by troops in
CBRN-contaminated environments

° Protects against:

» Chemical agents;

= Biological agents;

» Radioactive material: external
contamination and internal contamination.

° Cannot protect against exposure to high
energy, highly penetrating ionizing radiation:

» Neutrons and gamma radiation pass
through all forms of PPE.

° Reduces spread of contamination.

° Not intended for hot zone entry.

It should be noted that a crucial warning
is included: “Cannot protect against exposure
to high energy, highly penetrating ionizing
radiation. Neutrons and gamma radiation pass
through all forms of PPE”. On the site® the MOPP
levels are more specified (Figure 12).

Conclusion

In the present paper we have described two
“highly” radioresistant organisms Deinococcus
radiodurans and the scorpion. This feature is
widely recognized and has been analyzed from
different points. For future development it is
important to recognize the “new” paradigm of
radioresistance — a new bio-concept, expressed
as “The primacy of Proteome over Genome”,
or “The primacy of biological function over
information” ~As mentioned above, the
preservation of vital functions of proteins is
fundamental for transmission of information—
however, information is effectively useful only
after it has been transmitted and received. We
believe that this research will bring new effective
radioprotective agents. Some of them (described
in this paper such as MDP: 3 mmol/L decapeptide
[DEHGTAVMLK], 25 mmol/L phosphate
buffer (pH 7.4), and 1 mmol/L MnCl,,) showed
a strong radioprotective activity in the lethal
irradiated mice. Such kinds of radioprotectants
will presumably in the future be used in men
too. On the other hand, in our opinion, the
scorpion’s analysis from the point of view of
a multicellular organism (Arthropods) can
bring new fundamental discoveries not only in
radioprotection but in molecular biology. Here,
the hemolymph’ anulocytes are presumably the
“key” to explain the incredible radioresistance
of scorpions. This could further shift our
understanding of radioresistance in the nuclear
era of mankind. From today’s practical point of
view, in radiation protection we can recommend
the only FDA approved drug Amifostine. We
believe that further research will bring new
agents with a high radioprotective index.

¢ Chemical, Biological, Radiological, Nuclear. URL: https://web.archive.org/web/20190628220046/https://www.
armystudyguide.com/content/army_board_study_guide_topics/cbrn/cbrn-study-guide.shtml (date: 25.08.2024).
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Limitations of the study / Ozpanuuenus uccnedosanus

B maHHOM aHATUTIYECKOM 00630P€e OCHOBHBIM OTPaHIYEHIEM SIB/ISIETCSI OTCY TCTBYE HEKOTOPBIX JAHHBIX, KO-
TOpbI€ IT0 HEM3BECTHBIM IIPUYMHAM He ObIIN Oy OIMKOBAHBI B O(UIIMAIbHBIX NICTOYHNKAX — B OCHOBHOM 9TO Ka-
caeTcs MHPOpMAIK 06 MCCIefOBAaHUAX IO PaMallMIOHHOI ycToIYnBOCTY ckopinoHos / Lack of some data which
are for unknown reasons not publicly available - mainly on research into the radiation resistance of scorpions.
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OcHOBHbIE MOMEHTBI

Kommexcuple coepunens kobanbra(ll) u sxenesa(ll) ¢ Butamunamu Bs, B2 u C obnafaror pagmualloHHO 3alATHO
AKTUBHOCTBIO I HETOKCUYHBI.

Takue coefyHEHNA MOTYT UCIIONIb30BAThCA B KadeCTBE Pa/iMallIOHHO 3aIUTHBIX IIPeIIapaToB IIpM yTPo3e A/1epHOTO
B3PbIBa, II€Pe]] BBIXOIOM Ha MECTHOCTD, 3apa’keHHYIO PO/ yKTaMM AJ€PHOTO B3pbIBa MJIN B XOfle TMKBU/Jal Y AJI€PHON
aBapun.

Axmyanvrnocmv. MHOTMe M3 CYLIeCTBYIOMIMX pafiMallMOHHO 3aIIMTHBIX MpeNapaToB MPOABIAIT HeXelaTeTbHoe
HOOOYHOE JelICTBIE TIPM UX II/IeBOM VCIIONIb30BAHUIL, 11 He BCErfja AOCTYHHbL Pa3paboTKa HOBBIX XMMUYECKUX
COEIVIHEHNII, IPOAB/IAIIINX paSyalliOHHO 3aLIUTHOE JIeJICTBIE, PACHIIMPsET BO3MOXKXHOCTHU IPOTUBOPASUALMIOHHOI
3aIIUTBI BOJCK U HacesneHus Poccuiickoit Qenepannm.

Llenv pabomvi — u3ydeHye pagualiOHHO 3allUTHOTO JEICTBUSA KOMITIEKCHBIX coemuuennit sxenesa(ll) u xobanp-
ta(ll) ¢ Butamunamu Bs, B2 u C B yCIOBMAX OCTPOTo Ty4eBOr0O MOPaXKeHNUA.

Mamepuanvt u memoovt. DKCIIepUMEHTATbHOE U3y4eHe PaAMallIOHHO 3alIMTHBIX CBOICTB KOMIUICKCHBIX COEMIU-
Henuit >xenesa(Il) u kob6anpra(Il) B yc/IoBMUAX OCTPOro 1y4eBOro NOpaXKeH)s Ha 1JA0O0PAaTOPHBIX )KUBOTHBIX (MBbIIIIN).
O6rny4eHe 9KCIIepyMeHTANTbHBIX )KMBOTHBIX OCYIECTBIIANN APOOHO B 3 3Talla, C MHTEPBAIOM MeXAY Humu 30 cy-
TOK, B flose 5,4, 3,0 1 6,5 Ip coorBeTcTBeHHO. [IpNn o6nyquM1/1 YYUTBHIBAZIOCh PABHOMEPHOCTD o6nyqe1—ma YL TOYHOCTD
nomydeHys mo3bl. OLEHKY pajgMalYIOHHO 3aIfUTHOI 9(PeKTMBHOCTH IIpernapaTroB IPOM3BOAIIIN Ha OCHOBAHWM
CPaBHUTE/IbHON JVHAMUKIY ITOKa3aTeneil epepaclpefenTeNbHbIX CIBUTOB B KapTVHe KPOBY, IIPU3HAKOB IIPSIMOTO
PafgyaOHHOIO MOBPEX/eHNs MMMONTHON U KPOBETBOPHOI TKAaHY, PeaKLMy COCYAUCTON U HEPBHO CUCTEM U
MICXOZ[y OCTPOII Ty4eBOlt 60/Ie3HN y KOHTPOILHOIL 11 OIIBITHBIX TPYIII MBILIIEN B TeUEHNe TPeX TAIIOB 9KCIIEPUMEHTA.
Pesynvmamul. BbpK1BaeMOCTD MbIIIEN, OMY4aBIIMX KOMIUIEKCHOE COeIHEH e XKene3a, cocTaBuia 100 %, B To Bpe-
M KaK IOJTYYaBIINX CoefyHeHue Kobanbra — 80 %, a mpenapar Beropon-E — Bcero 40 %.

3axmouenue. KommekcHble coefyHeHMs Kobanbra 1 sxenesa ¢ Butamutamu C, B2 u Bs o6magaoT cBojictBamMn pa-
AMOIPOTEKTOPOB, MOBbIIIAs HECIennPIIEeCKyI0 Pe3UCTEHTHOCTh OPraHN3Ma K MOHM3MPYIOLIeMY U3Ty4eHNIO 1 He
BBI3BIBAIOT TOKCUYECKOTO 3 dexTa.

Kniouesvle cnosa: ackopbuHo6as KUc10ma; KOMNieKCHble COeOUHEHUS JHerie3a U KoOavma; 1y4e6as 607esHb; ocmpoe
Jly4esoe nopaxcerue; NAHMOMeH0B8As KUCIOMA; paduonpomexmopHoe deticmeue; pubognasun

Hns yumuposanus: Kebey H.M., Kebey A.IL, Ilpuzopenos IA. Paduayuonno 3ausummvie cpedcmea HA OCHO-
8€ KOMNJIEKCHBbIX COeOuHeHull 3d-memannos ¢ umamuHamu u amunokuciomamu. Becmuuk sotick PXB 3aujumobl.
2024;8(4):323-333. EDN:fvdpgq.

https://doi.org/10.35825/2587-5728-2024-8-4-323-333

IIpospaunocmv unarncosoii OesmenvHOCHU: ABIOPYL He UMeIom PUHAHCOB0L 3AUHINEPECOBAHHOCIU 6 NPedcmas-
JIEHHBIX MAMEPUATIAx U Memooax.
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Highlights

Complex compounds of iron(II) and cobalt(II) that contain vitamins C, B2, and Bs have radioprotective potential and
are atoxic.

Such compounds can be used as radioprotective agents in case of nuclear explosion threat, before people step out onto
surface that has been contaminated with nuclear explosion products or during nuclear accident settlement.
Relevance. Many existing radioprotective agents reveal unwanted side effects, when used. They are also sometimes
unavailable. The development of new chemical compounds that exert radioprotective effect provides new possibilities
for radioprotection of troops and population of the Russian Federation.

Purpose of the study. The purpose of the study is to analyze radioprotective effect of complex compounds of iron(II)
and cobalt(IT) that contain vitamins C, B2, and B5 in case of acute radiation damage.

Materials and methods. The experimental studies radioprotective properties of complex compounds of iron(II) and
cobalt(II) in case of acute radiation damage have been conducted. The tests have been performed on laboratory mice.
The mice have been exposed to radiation fractionally in 3 stages. The interval between them is 30 days and the radiation
doses are 5.4, 3.0, and 6.5 Gr, respectively. The authors have taken into account the radiation exposure equability and
dose accuracy. The evaluation of radioprotective efficiency of agents is based on the comparative analysis of changes
in indicator values of redistributive shifts in blood samples, signs of direct radiation damage of lymphoid and blood
forming tissues and the reactions of vascular and nervous systems to such damages, as well as the outcomes of acute
radiation syndrome in control and test groups of mice at three stages of the experiment.

Results. Survival rate in mice, who have been treated with a complex iron compound, is 100%, while survival rate in
mice, who have been treated with a cobalt compound is 80%, and the survival rate in mice, who have been treated with
Vetoron E is only 40%.

Conclusion. Complex compounds of iron and cobalt that contain vitamins C, B2, and Bs exhibit radioprotective
properties. They enhance the resistance to ionizing emission and don’t exert toxic impact on the organism of a living
being.

Key words: acute radiation damage; ascorbic acid; complex compounds of iron and cobalt; pantothenic acid, radiation
sickness (radiation syndrome); radioprotective effect; riboflavin
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[Ipobema moOMCKa HOBBIX CPENCTB 3a-
IUTBl OT PajMOAKTUBHOTO WU3JIY4YEHUS OCO-
0eHHO OCTpO BCTaja CPaBHUTEIBHO HEZABHO
B cBA3U ¢ cobprTuaAMu Bokpyr YAIDC u 3A3C.
Yrpo3a MHIUAEHTOB Ha aTOMHBIX CTAHIUAX U
IpUMEHEHNA Ha YKpPauMHON TaK Ha3bIBaeMoOI
«TPpsI3HOI» 6OMOBI MOXKET IPUBECTH K pajjialIiu-
OHHOMY 3arps3HeHNI0 OONBIINX TEPPUTOPUIL.
OpHMM U3 Ny Telt CHUXKEHNUSI 9TOTO HETaTUBHOTO
sddexta Ha mIOfEil SABMSETCS MCHONb30BaHUE
3¢ PeKTUBHBIX U 6€30IMaCHBIX PafNAIMIOHHO 3a-
LIUMTHBIX Ipernaparos [1-4].

BuTaMuHBI-aHTMOKCUAAHTH (aCKOpOMHOBAS
KIUCTOTa, TOKODEPOsbl, TUPUMLOKCUH U €TO MPO-
M3BOMHbIE), CIIOCOOHDBI CBA3BIBAaTh CBOOONHBIE
pafiMKabl ¥ 6/1arofaps 9TOMy OKa3blBaTh pajfin-
osamuTHoe meiictBue [5-7]. M. eBuc [8] cum-
TaeT, YTO B pe3y/nbTaTe KOMIIEKCOOOPa30BaHM
BUTAMMHOB C OmoMeTanjaMiu IOSABIAIOTCA
HOBble BUABI (GU3MOIOTNYECKON AKTUBHOCTH,
KOTOPBIMMU He 00/I1afiani NCXO{HbIE COeJMHEHS.
K TakmMm KOMIIIEKCHBIM COENVHEHUAM, B 4acT-
HOCTU, OTHOCATCHA KOMIIJIEKCHI OMOMETasIoB,
COfiep>KalllUX B CBOEM COCTaBe IAaHTOTEHOBYIO
KUCIOTY (BUTaMMH B5), ackop6MHOBYI0 KUCTIOTY
(Butamun C) u pubodnaBun (Buramud B2) us
KOTOPBIX HaMOONBIINII NHTEPeC NPefCTaBISAIOT
kommnekchl xenesa(Il) u kobanpra(ll) [9-12].

[To3TOMYy KOMIITIEKCHBIE COeAVHEHN JXees3a
u Kobanbra ¢ Butamunamu B2, Bs u C, o6mazga-
Iol[Jie IepPeYMCIeHHbIMYU BBbILIE CBOVICTBAMI,
OTBEYAIOT TPeOOBAHMUSIM, IPEABIABISIEMBIM K pa-
muonporekTopam (4, 13-18].

Llenv pabomor — N3y4eHe pafMaliOHHO 3a-
IIMTHOTO JECTBIA KOMIIJIEKCHBIX COEIMHEHMIT
xkenesa(Il) nu ko6anpra(ll) ¢ BUTamMunamu Bs, B2
u C B yC/IOBUAX OCTPOTO J1y4€BOTO MOPa>KeHMSI.

Marepuanbl U METObI

I cuHTEe3a KOMIIEKCHBIX COeMHEH NI KO-
6anbra u xenesa ¢ puramuuamu C, Bs u B2 uc-
[I0/Ib30BAMN ClIeyIoliyie peaKTIUBBI:

- cynbdar xenesa («aga», TOCT 10262-73,
Poccus);

- cynbdar kobansra («ama», TOCT 10263-73,
Poccus);

- ACKOpOMHOBast KUCIOTA («4/1a», TPOU3BOI-
cTBO upMbI «Servar, [epmanns);

- anetoH («uma», TOCT 2603-79, Poccus);

1

- adup mustunossiit («u», TOCT 626574,
Poccusa);

- BeropoH-E - BuTaMuHHBIN Ipenapar, B 1 M
KOTOpPOTO copepXutcs 20 Mr f-KapoTuHa U 110
40 mr ButamuHoB C un E;

- MBILIN I[BETA ary TV — TUOPUJ TVMHUI ?CBA
n o'57Blacké.

CuHTe3 KOMIUJIEKCHBIX COeMHEHUN >Kene3a
u xkobanpra ¢ ButamuHamu C, B5 n B2 ocylecT-
BIISITICSL TIO METOIMKAM, OMMCAHHBIM paHee [3].

Omnpepenenne o060I1ero KoamyecTBa Jeii-
KOLMTOB U SPUTPOLUTOB B HepudepriecKoir
KpPOBU MBIIIEH OCYLIECTBIISAAN IO METOLMKAM,
IpUBeJeHHBIM B PyKOBOACTBe [19].

Ins w3ydeHMs paguMalMOHHO 3aIMVITHBIX
CBOJICTB KOMIIJIEKCHBIX coeguHenuit xenesa(Il)
u kobanpra(ll) 6pi1a mpoBeeHa cepust IKCIEPU-
MEHTOB Ha MBIIIIAX I[BeTa aryTy — TUOPU IMHUII
$CBA u J'57Black6. [lns sToro mo mnpuH-
LMy TPYII-aHAJIOrOB ObUIM CHOPMUPOBAHBI
4 rpynnsl o 10 1a60paTOpPHBIX )KMBOTHBIX B Ka-
XKJI0J1, M3 KOTOPBIX 1 rpynia 6bl/1a KOHTPOIbHOIL,
a OCTa/IbHbBIE ONBITHBIMU. YC/IOBMS COREP>KaHMA
BO BCeX rpynmax 6pumm opmHakosble. Habmro-
OeHMsA 3a COCTOAHNEM OSKCIepUMEHTaTbHBIX
JKMBOTHBIX OCyIIeCTBAANN B TedeHMe 30 CyTOK
nocie o6nydenns. JKMBOTHBIE ONBITHBIX IPYIII
3a HeJeIIo 1epey o00/yd4eHnueM eXeCyTOYHO U B
TeYEeHUM IKCIEepMMeHTa C KOPMOM SHTepanTbHO
B 0on0cax IOMy4yaau KOMIIIEKC Kobanbra
(2 rpynmna) u KoMIIeKkc xesne3a (3 rpymnmna) B 1ose
50 mr/kr. [Insa nonydenus 6onee 00’beKTUBHBIX
TAHHBIX O PafgMAlVIOHHO 3aIIUTHOM JeNCTBUU
KOMIUJIEKCHBIX CO€JMHEHUIl CPaBHUBAAN UX C
HeliCTBMEM Ha OpraHM3M MBbILIell pajioNpOTeK-
TOpHOro npemnapara BerepoH-E, koTopsblil mo-
nydanu ocobu 4 rpynnsl B fose 50 mr/kr. O6-
JTy4yeHUe SKCIIePUMEHTAbHBIX XMBOTHBIX OCY-
1IeCTBIISIN ,I[p06H0 B 3 sTama B go3e 5,4, 3,0 u
6,5 I'p'. IIpu 06My4YeHNN YIUTHIBAIOCH PAaBHO-
MEpPHOCTb OO/Ny4YeHMSI M TOYHOCTH IIONYYEeHMUS
IO3BI.

OneHKy pajMalMOHHO 3aIUTHON 3¢-
dbexkTUBHOCTHU Ipernaparos I POU3BOIVIIN
Ha OCHOBAaHMM COIIOCTaBJIE€HMA 9KCIEPU-
MEHTA/IbHBIX JIaHHBIX II0 TEYEHUIO U VICXORY
OCTpOIl 71y4eBOWl 6ONE3HM Y KOHTPOIBHBIX U
ONIBITHBIX I'PYIIII MBILIEV B TeYEHVE TPEX 9TAINIOB
9KCIIepUMEHTA.

3a eMHNIY M3MepeHUs TIOTTIoNeHHOIT 103bl B crcTeMe CU mpuHar rpeit (Ip). 1 Ip — aTo Takas 03a, IpU KOTO-

pOﬁ[ macce 1 kr nepenaeTcsa SHEPTUA MOHU3VIPYIOIIETO 3Ty I€HNA B 1 [AKOYIb. BHecucremHoOM eHI/IHI/IHeﬁI IIOT/IOIICH-

HOI1 o35l ABndercd paf. 1 I'p = 100 pag,.
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Bce akcmepuMeHTBHI € >XMBOTHBIMU IIPOBO-
OUIM B COOTBETCTBUM C MeXIyHapOZHBIMU
npuHnunamMy XenbCUMHCKON JleKaapanuu o Ty-
MAaHHOM OTHOINEHUM K >XKMBOTHBIM (IIOC/TIemHAA
pemakuus 2013r.), momoXeHMsAMU [JMpeKTUBBI
2010/63/EU Espomneiickoro IlapmamenTta u Co-
Beta EBpomeiickoro Cowsa or 22 ceHTAOps
2010 ropma 1o oxpaHe >KMBOTHBIX, ICIIONb3YE€MbIX
B HayuHBbIX Lensax (Crates 27)%.

ITony4yeHHsle pe3ynbTaThl 0OpabaTbIBaIN
MEeTOMOM BapMaIIMIOHHON CTAaTUCTUKMU C UCIIONb-
3oBaHMeM tt kputepus CTbIoJIeHTA.

Pesynbrarsl

PapmosanuTHble CBOMCTBA KOMIIIEKCHBIX
coenuuenus xenesa(Il) ¢ Burammuamu C u
B5s u xo6anpra(Il) mccimemoBanm B yCIOBMAX
OCTpPOrO JTy4eBOro mopaxenus. IIockonbky Ts-
JKeCTb JTy4eBoil 60/Ie3HN 3aBUCUT OT BeIMYNHBI
U MOI[HOCTU TO3bI, TO OOBIYHO PA3MNYAIOT Clle-
Ayoliye ee CTafuy: OCTPYIO Ty4eByI0 60/ne3Hb
nerkoit (1-2 I'p); cpemmeit (2-4 I'p); Tsaxxenoit
creneHn (4-6 I'p) u kpaitHe TsKenmoil (CBbIle
6 I'p). IIpu 3TOM CMMNITOMBI Jy4eBoil 60nMe3HU
BCerjja MpOsBIAITCA Hpu fosax 6omee 2 I'p u,
KaK IIPaBUJIO, B TeYeHVEe HEIPOLOIKUTENBHOTO
BpemeHnu [20-22].

O6ny4eHne MbIIei IPOBOAU/IN TPEXKPATHO
Ha ramMa-ycraHoBke «ITanopama» B fose 5,4, 3,0
u 6,5 I'p. IIpn 0671yueHNN yIUTHIBAIOCh PAaBHO-
MEpPHOCTb OO/Ny4YeHMSI M TOYHOCTDH IONYYEHMUs
mo3sl (pucyHok 1).

CyMmMapHOe 00/lydeHMe MBILIEHl COCTaBUIO
14,9 T'p. [Ipu ogHOKpAaTHOM OOTy4YeHNUN 3Ta 1032
ABJAETCA aOCOMIOTHO JIETAJIBHOM /IS BCEX MIIe-
konurawomux. Jpo6bHoe TpexkpaTHoe o00Iy-
yenue mbiuieit (5,4 I'p, 3,0 I'p u 6,5 I'p) nosso-
JINJIO CYIIeCTBEHHO MOBBICUTD UX YCTONYMBOCTD
3a CYeT YaCTUYHOI perapanuy mopaxxeHuit, Ko-
TOpas IMPOUCXOANIIA B IEPUOMIBI MEXTY 00y de-
HUAMMU.

OneHKy pafManMOHHO 3aIUTHOI 3¢pdek-
TUBHOCTU IIpeNapaToB IPOMU3BOAMIN Ha OCHO-
BaHNY CONOCTABIEHMA MTOTYYEHHBIX JAHHBIX 110
TeYEeHNIO U UCXOMY OCTPOI y4eBOi 60/me3HN y
KOHTPOJIBHOM ¥ OIIBITHBIX I'PYIII MBILIEH B Te-
YyeHMe BCeX 3TalloB 3KcmepuMeHTa. IIpm atom
YYMTBIBAMIM  OOLIENIPUMHATBIE  KIMHUYECKNe
HoKasarenu: obllee COCTOSAHUE ¥ IIOBeJEHME
MBIIIEN, COCTOAHME KOXM, OPTaHOB JIBIXaHUA U
nuieBapeHns.

B ombITHBIX rpynnax, ocobeHHo 2 u 3, rge
JKMBOTHBIE IIO/TyYajIyl KOMIIJIEKCHOE COeIIHeH e
ko6anpra(Il) c Buramuuamu B2 u C u sxenesa(Il)
¢ ButammnHamu Bs u C, KnnHMYecKue NpusHaku
OCTPOTO0 Ty4eBOTro MOpakeHNd, a UMEHHO, TOI-
HOTAa, pBOTa, apTepuaabHasA TUIIOTOHUA, Auapes,
He TaK pe3KO NPOABIANUCH IO CPaBHEHUIO C
KOHTPOJIBHOJN I'PYIIION.

KnumHnyeckne mnposBAeHMA IepBOro Iie-
puoga (3Tama) OCTpOIl JTyd4eBOil Ooe3HM
CBUJETENbCTBYIOT O PaHHUX HapYyLIEHUAX

HEPBHO-PETryNATOPHBIX M TI'yMOpPAanbHbIX B3a-
MMOOTHOIIEH NI,

nepepacnpefieTIUTeTbHbIMU

PucyHok 1 - [amma-ycmaroeka «[laHopama» ((pomozpacpusi aemopos)
Figure 1: Gamma-ray facility «<Panorama» (the photo is taken by the authors)

2 Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection
of animals used for scientific purposes Text with EEA relevance. URL: https://eur-lex.europa.eu/legal-content/EN/
TXT/?uri=celex%3A32010L0063 (zata obpaenns: 08.07.2024).

Journal of NBC Protection Corps. 2024. V. 8. No 4



PaaunaumnoHHO 3aUUTHbIE CPeCTBA HAa OCHOBE KOMIJIEKCHbIX coeAuHeHuni 3d-MeTasI0B C BUTaMUHAMM...
Radioprotective Agents Based on Complex Compounds of 3d Metals with Vitamins and Aminoacids

CABUTAaMIU B KapTMHe KpoBu (4alme HeMTpoO-
(UIBHBINA TeIKOLNTO3), U3MEHEHUAMU B [esd-
Te/IBHOCTY Pa3/IMYHbIX AHAJIN3ATOPHBIX CUCTEM.
OO6HapyXMBaIOTCA HNPU3HAKM NPAMOTrO pajpua-
IIVOHHOTO IOBPeX/IeHUs TUMPOUTHON U KpPO-
BETBOPHOII TKaHM (HayanbHast TUMQOIeHU s, T'U-
0e/Ib MOJIOABIX KJIETOUYHBIX 97IeMEHTOB KOCTHOTO
MO3ra), a TakK)kKe paHHMe peaKLUM COCYAUCTO
U HEPBHOM CUCTEM B BHUJi€ HapYLIECHUI TeMOMM-
HaMUKJY, OOLIEeMO3rOBBIX ¥ 04aTrOBBIX HEBPOJIO-
TMYeCKUX CUMIITOMOB; Ipy 60Jiee BBICOKOII j03€
U3NTy4eHN A NOABIATCA IPU3HAKM OTeKa MO3Ta.
BpIpaxeHHOCTDb NEePBUYHON peaKLuy y pPasHbIX
BMJIOB )KMBOTHBIX pasInyHa (pucyHox 2).

IleppuyHasg peakuus Ha oO/NydeHUe y XKU-
BOTHBIX IOJOTIBITHBIX TPYII MeHee 3aMeTHa,
4TO, MO-BUJMMOMY, CBA3aHO C OTCYTCTBMEM Y
HMX PBOTHOTO LieHTpa [23, 24].

Ha BTOpOM 3Tame BO BcexX rpymnmax, Kpome
KOHTPOJIbHOI, KIMHUYECKNe IPU3HAKM Iopa-
JKeHMsA OBbIIM IO-IpPEeXHEeMY MeHee BbIPa>KeHBI.
Y >KMBOTHBIX KOHTPOJIBHOJ TPYIIbI OTMeYasn
He3HAaYUTeTbHOE YyITHETEeHNE IIOBEeJeHN U alllle-
TUTA, a TaK)Ke HAOIIOaINCh ajlIoNenusa KOX-
HOro mokpoBa (pucyxok 2). Ha Tperbem arame
XapaKTepHble KIMHNYECKNe IIPU3HAKM OCTPOTO
JTy4eBOr0 IOpakeHUs HAOTIOJanuch BO BCeX
0e3 uckaoYeHns rpynnax. [Ipu sTom fuHaMnka
3TOTO TOKasaTels 3aBMce/la OT IMPUMEHAEMOro
mpemnapara.

OpHOit M3 pPafiOYyBCTBUTENBHBIX CHUCTEM
OopraHmsMa ABJIAETCS CUCTeMa KPOBETBOPEHMA.
[ToaToMy BakHeMIIMM IapaMeTPOM, OIleHNBa-

PucyHok 2 - KauHuuyeckoe cocmosiHue Mulweli hocae 06-
AydeHus (annoneyus) (pomozpacus aemopos)

Figure 2: Clinical state of mice after radiation exposure
(alopecia) (the photo is taken by the authors)

oM 3} PeKTUBHOCTD PafgMONPOTEKTOPHOTO
MeVICTBUA COeIVHEHMII, ABIAETCA UX BIMAHME
Ha reMaTO/NIOTMYeCKMe IOKa3aTelnyu KPOBU KM-
BOTHBIX [21]. XapaKTepHOil peakumeir Ha IIy-
YeBO€e BO3J[EVICTBIE ABIAETCS U3MEHeHNe YICIa
JIEMIKOL[UTOB ¥ 3PUTPOLUTOB, MpUYeM 3aKOHO-
MEpPHOCTb M3MEHEHMS UX YVC/IA IOJ] BIUAHNEM
UCCTIeyeMBIX COeIVHEHUII KOPPETUPYIOT C BBI-
SKMBAEMOCTBIO XKMBOTHBIX (mabnuya 1).

[Ipn o6nydeHUN B CpefHeNeTaNbHBIX H03aX
U BbIlle B IIepBble Yachl HAaOMIOfaeTcs Kpat-
KOBpeMEHHOE He3HAYUTe/bHOEe yMeHbIIeHNe
yucna nerikouutos (I dpasa). Uepes 6-8 4 Habm10-
maercA ux yBenudenue Ha 10-15 % ot ucxopgHoro
ypoBHsa (II ¢asa). K KoHIIy CyTOK KOIMYeCTBO

Ta6bnuua 1 - M3meHeHue Kosludecmad s1elikoyumos U 3pumpouyumos) 8 Kposu moiweli Ha 1 smane, MAH/MM?
(ma6nuya nodzomossieHa asmopamu No c06cMeeHHbIM OdHHbIM)
Table 1. Changes in white and red blood cell counts in blood of mice at the first stage, mIn/mm? (the table is
compiled by the authors of this paper according to their own data)

o o6yyeHus / Bpems nocne o6nyyenus, cyTt /
ng:;'l"la / Before radiation Period after radiation exposure, days
i exposure 3 | 5 | 7 | 15 | 30
CopepyaHue neiikounTos B nepndepnyeckoi Kpoen Mblwen, XS /
White blood cells count in peripheral blood of mice X+S
1 6,810,1 3,4 0,1 1,9+0,2 1,3+0,3 1,7+£0,2 2,7+0,2
2 7,0+0,3 3,9+0,1 2,5+0.2 1,4+0,2 2,3+0,3 3,7+0,2
3 7,3+0.3 4,7+0.2 2,8+0.2 3,2+0,2 3.7+0,2 5,0£0,2
4 6,7£0,3 3,4+0,1 1,4+0,2 1,3+0,2 1,9+0,2 2,8+0,2
CopepyaHue 3puTpoLUTOB B Neprdepuyeckon Kposu Mbiwlein, X+S /
Red blood cells count in peripheral blood of mice X£S_
1 8,4+0,2 6,4+0,1 5,3+x0 7,0+0,1 6,0+0,4 6,4+0,1
2 8,1+0,1 6,4+0,1 5,2+0,3 6,4+0,1 7,8+0,3 7,7+0,1
3 7,9+0,3 6,2+0.2 5,5+£0.2 6,2+0,2 7,0+0,1 7,6+0,2
4 8,7t0,3 6,5+0,2 5,8+0,1 5,4+0,1 6,1+0,1 7,5+0,2
MpumeyaHue.
X+S - 6eAUYUHA hoKazames U €20 CMAHOapmMHoe OMK/I0HeHUe; pa3nuyue 6 2pynnax docmoeepHol npu p<0,05.
Note.
X+S , the value of the indicator and its standard deviation; the differences in groups are reliable at p<0.05.
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MamonozoaHamomuueckue uU3MeHeHUs

PucyHok 3 -
8 opzaHu3sme Mblweli nocae o0b6ayyeHus (pomozpagus
asmopos)

Figure 3: : Pathoanatomical changes in mice after radiation
exposure (the photo is taken by the authors)

JIEIKOLIUTOB PE3KO CHIKAETCA M0 MCXOMTHOTO
YPOBHA U yJep>KMBaeTCA Ha HEM.

Msmenennsa o6uiero KonmdecTBa JIe¥iKo-
IIUTOB B TNepudepndeckoirl KpoBUM B IepBbIe
1-2 4 mocime /1y4eBOro BO3JAENCTBUA SABIA-
IOTCA  CNIEACTBMEM BEreTaTUMBHO-COCYAUCTHIX
peakumii nmepepacnpepneneHus Kposu. lVsme-
HEHUEe 4uCaa JefKOLUTOB B IOCIE[yIolue
CPOKM TI/JIaBHBIM 00pa3soM CBsA3aHBI C Hapy-

HIeHyeM KOCTHOMO3TOBOI'O
(mabnuya 1).

Hanbomee pafpMo4yBCTBUTEIBHBIMU KJIET-
KaMM SABIAKTCA JIEKOMUTHI, IO3TOMY M3Me-
HeHMe MX 4YMCIa — OObEeKTUBHBIN ITOKa3aTelb
CTEMeHN TSXKECTU JIy4eBOTO IOPa>KeHUsI Op-
raHusMa. B mabnuye 2 npuBeneHbl JaHHbIE 110
AVHAMMKe 4UC/IA JIEHKOIMTOB U 3PUTPOLUTOB
B KPOBU >XMBOTHBIX KOHTPOJIbHO ¥ OIBITHOI
IPYII HAa 2 U 3 3Tanax 9KCIEePUMEHTa.

ITaTronoroanaToMudeckue M3MeHEHUSA B Op-
raHM3Me IOJONIBITHBIX MbIIIEN AMAarHOCTUPO-
Ba/lM IOC/Ie BCKPBITUA NABIIMX XMBOTHBIX, a
TaK>X€ BCeX JKMBOTHBIX IIOCTEe OKOHYaHUA 3KC-
nepuMeHTa. CneflyeT OTMeTUTb, YTO TaKMe U3-
MeHEHM OBbIIY MUHUMAJIbHBI ¥ )KMBOTHBIX, I10-
Ty4aBIIMX KOMIIIEKCHbIE COeJMHEHN Kene3a I
K006abTa ¢ BUTAMUHAMI.

ITpoBenenHbIe MaTOJI0TOAHATOMUYeCKIe
VICCTIEOBAHMA MOKAa3alM, YTO Y MOTMOMMNX JKI-
BOTHBIX HAa0JII0[Ja/IOCh YMEHbILIEHNEe pa3Mepa ce-
TI€3€HKM, a Y KMBOTHBIX KOHTPOJBHO T'PYIIIIBI
OHa emle uMena u 671egHYI0 OKpacKy. B merkmux
JKMBOTHBIX HAaO/MIOA/NCA OTEK, a Y MOTUOIMINX Ha
IIT stane eme u kpoBousnuAHuA. Kposousnu-
AHUA B JKeNYJOYHO-KUIIEYHOM TpaKTe Habmo-
[anoch y MbllIeit, morn6mux takxe Ha III satame
3KCIIepMMEHTa, a Yy JKMBOTHBIX KOHTPOJIbHOI
TPYIIBI COCTOSAHME OBIIO OCITO)XHEHO HEKPO30OM
(pucymnox 3).

KPOBETBOPEHU

Tabnuua 2 - Mi3ameHeHue Ko/u4yecmaa ielikoyumos U 3pumpoyumos) 8 Kposu mbiweti Ha 1 smane, MAH/MM?
(ma6auya nodzomossieHa asmopamu o cCO6cMeeHHbIM OAHHbLIM)
Table 2. Changes in white and red blood cell counts in blood of mice at the first stage, min/mm? (the table is
compiled by the authors of this paper according to their own data)

Bpems nocsie o61yyeHus, cyT /
Ipynna / Period after radiation exposure, days
Group Il atan / Il stage Il 3tan / lll stage
5 5 5
CopfepxaHue NeiikounToB B Nepudepnyeckoi Kposm Mblwen, XS /
White blood cells count in peripheral blood of mice X£S_
1 2,30+0,17 2,00 +0,15 1,65+0,22 0,9+0,19
2 3,25+0,22 2,60+0,14 2,1+0,21 1,7+0,28
3 4,50+0.26 3,65+0,06 2,85+0,2 2,00+0,18
4 2,30+0,22 1,85+0,18 1,40+0,31 1,10+0,15
CopepyaHune spUTpoumUTOB B NeprdepUYecKon Kposu Mbiwen, XS, /
Red blood cells count in peripheral blood of mice X£S_
1 6,10+0,21 6,20+0,15 5,59+0,08 5,13+0,16
2 7,00+0,13 7,36+0,10 6,61+0,10 6,04+0,23
3 7,51+0,19 7,78+0,20 6,79+0,14 6,17+0,13
4 6,46+0,40 6,80+0,16 6,04+0,32 5,49+0,13
MpumevaHue.
X+S, - 6eAUYUHA NOKA3ames U e20 CMaHOapmMHoe OMK/I0HeHUe; pasnudue 6 2pynnax 0ocmoeepHsl npu p<0,05.
Note.
X+S , the value of the indicator and its standard deviation; the differences in groups are reliable at p<0.05.
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PucyHok 4 - Buicueaemocmob (%) mbiweli nhocae obaydyeHus Ha |-l amanax: 1 - 1 zpynna; 2 - 2 zpynna; 3 -
3 2pynna; 4 - 4 2pynna (pucyHok hod2omoesieH asmopamu no co6¢cmeeHHbIM daHHbIM)

Figure 4: Survival rate (%) in mice after radiation exposure I-11l stages: (1) the first group; (2) the second group; (3) the third
group; (4) the fourth group (the figure is compiled by the authors according to their own data)

Hanbomee Ba>XHBIM IIOKasaTeneM, Xapak-
Tepu3ymuM 3¢(QPeKTUBHOCTb pagualVIOHHO
3aIUTHOTO JEVCTBUS COEIMHEHUI, SBISIETCS
BBDKMBAEMOCTb /1abOPAaTOPHBIX J>XMBOTHBIX B
YCIIOBUAX OCTPOro nydeBoro nopaxxenus. Iloa-
TOMY IPOTUBOTYYeBYI0 3 PEKTUBHOCTD COEMN-
HEHMII OLlEHNMBA/NIN 110 IPOLEHTY BbDKMBUIUX B
TeYeHMe TPeX 3TAllOB 9KCIEPUMEHTA, YUUThIBA
IpY 3TOM YacTOTy M BpeMs UX rubenm Imocie
o6nyyeHusi. Mply TpeTbeil ONBITHON TPYIIIBI,
IoJ/Iy4yaBlIye KOMIJIEKCHOe COelMHeHNe JKele3a
¢ sutamuamu Bs u C, umenu 100 % BBIXXKUBa-
€MOCTb, 4YTO IIPE€BOCXOAUT pe3ynbTaThl IpH-
MeHeHMsA JPYyroro McciefyeMoro mpemnapara. B
rpynnax, rje >XMBOTHbIe IIOAy4aau C KOPMOM
KOMIIIEKCHOE cOeJiHeHNe KobanabTa C BUTa-
muHaMu B2 um C, 3TOT mokasaTenb COCTaBAN
80 %, a B KOHTpONbHOI rpynme — Bcero 20 %.
B TpeTbeil ONBITHON IpyIIe, IJe MBI IONY-
Yyanu ¢ KopMoM npenapaTr Betopon-E, BbKUBa-
eMOCTb JTAOOpPAaTOPHBIX >KMBOTHBIX ObI/Ia HUXe,
4yeM B IIEPBBIX [IBYX ONBITHBIX IPyNIax, MOIY-
YaBIIMX KOMILIEKCHI JKene3a u Kobanbra (40 %)
(pucynox 4).

O6cyxpaenne
MHorue paguonpoTeKTOPhl OKa3bIBaeT 3Ha-
4yTe/IbHOE MTOO0YHOE JIeVICTBHE, KaK HAIlpUMep,

tabenpHbIil Tpemapat b-190°, o6mamarourumi
pAJOM 3HAYMTENbHBIX MOO0YHBIX 3(pPeKTOoB
U IHOI9TOMY PEKOMEHIOBAaH [l INPUMEHEHMS
TOTBKO NMPAKTUYECKU 3XOPOBBIM oM. Kom-
IIEKCHbIE COefiMHeHNUsI OMOMeTaanoB C BUTa-
MUHaMI COfIEP>KaT B CBOEM COCTaBe BUTAMIHBI
U MUKPO3JIeMeHThl. Takoil cocTaB ompefenser
TOT (pakT, YTO OHYM 3HAUYUTETBHO MeHee TOK-
CUYHBI, YeM IpUMeHsieMble B HAaCTOsIee BpeMs
pPafMallMOHHO 3allWTHBIE CpefcTBa. Bura-
MUHBI, BXOAALINE B COCTaB KOMIIIEKCHBIX
COeNMHEHMII, B YAaCTHOCTH, aCKOpOMHOBas
KICTIOTa, BBeJjeHHas Iepel Y-obnydeHuem,
IpefoTBpaljaeT XPOMOCOMHbBIE HOBPEXTEHNA
B KJIeTKaX KOCTHOTO MO3ra, 3aljuuias Jn-
HNUJHbIe MeMOpPaHBI 1 6€/IKM OT OKMCIUTETHHOTO
moBpexxenus [25-27].

B Hameir paboTe M3ydeHue pajMaliOHHO 3a-
IUTHOM 3¢ PeKTUBHOCTY KOMIIJIEKCHBIX IIperna-
paToB Xene3a u Kobanbra ¢ BuTaMnuamu Bs, B2
u C nmpoBogM/IN Ha OCHOBAHUM COIOCTaBIEHNS
HOTYyYEeHHBIX MAaHHBIX IO TEYEHWIO U MCXOAY
OCTpOJIT /1y4eBOil 0ONE3HM Y KOHTPONBHON U
OIIBITHBIX TPYIIII MBIIIel B Te4eHNUeE TPeX 9TAIOB
sKcmepuMeHTa. IIpm 3TOM yuuTHIBaAM O0OILIe-
NpUHATBIE KIMHUYECKNe IoKasarenn: obiiee
COCTOSIHME ¥ IOBeJeHMe MBbIIIell, COCTOsAHMe
KOV, OPTaHOB JIbIXaHM Y NNIeBapeHM .

3 B-190 oTHOCUTCA K anbda-apeHOMUMETHKAM IIPAMOro feiicTBrst. OKasplBaeT pago3auTHbI 3¢ deKT u nme-
eT 60JIbIIyI0 IMPOTY TepaneBTrdeckoro perictuA. URL: https://www.vidal.ru/drugs/b-190__30004 (zaTa o6pare-

Hus: 08.07.2024).
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Kebets N.M., Kebets A.P., Prigorelov G.A.

B ombITHBIX rpynnax, ocobeHHO 2 u 3, rme
JKMBOTHBIE IIO/Ty4aay KOMIITIEKCHOE COeIHEH e
ko6anpra(Il) ¢ BuTammuamu B2 u C u sxenesa(Il)
¢ ButammuHamu Bs u C, knnHMYecKue Npu3Haku
OCTPOTo0 Ty4eBOro MOpakeHNd, a UMEeHHO, TOII-
HOTA, pBOTa, apTepuaabHasA I’UIOTOHNUA, Auapes,
He TaK pe3KO MPOABISAINUCh IO CPaBHEHUIO C
KOHTPOJIBHOJ I'PYIIION.

PesynbpTaTel  sKCIepuUMeHTa  CBUJETENb-
CTBYIOT O TOM, 4TO Hanbonpumnit a¢pdexr mo 3a-
HIMTe )KMBBIX OPTaHM3MOB OT raMMa-U3Ty4eHU
JaeT IpueM IpernapaTa KOMIIJIEKca JKelesa ¢ BU-
TaMuHOM Bs5 1 ackop6unoBoit kucnoroi (100 %
BBIKMBA€MOCTD) B CpPaBHEHUY C KOMIIJIEKCOM KO-
6anbra (80 %).

BpxMBaeMOCTb Mbllleil B TpyIlIe, IONY-
yaBIlell ¢ KopMoM Ipenapar BeropoH-E, co-
craBuna scero 40 %. 9To rOBOPUT O TOM, 4TO
KOMIIJIEKCHBbIE COeIMHEHU s, COCTOAILMe U3 MU-
KpO9/IleMeHTa U BUTAMUHOB, 00mafaioT 6omee
BBIPa)KEHHBIM pafiallMOHHO 3aIUUTHBIM [eli-
CTBMEM, 4YeM OTOT Ipenapar, COfep>Kaliuil B
CBOEM COCTaBe TOJIbKO BUTAMUHBI.

M3yuyeHHble HaMM KOMIIIEKCHBIE COefU-
HeHUA KoOanpra u >kenesa ¢ sutamuaamu C, B2
u Bs, no-BuguMomy, 06/1ajaloT CBOMICTBAMY pa-
AVIOTIPOTEKTOPOB, MOBBIIIAA HeCHenuPUIecKyo

PE3MCTEHTHOCTD OPraHM3Ma K MOHU3UPYIOLIEMY
nsnydeHno. OHM MOIYT MCIONIb30BaThCA KakK
IpM yrpose ANepPHOTO B3pbIBa, TaK U Iepe] BbI-
XO0JZI0OM Ha MECTHOCTD, 3apa>keHHYI0 IIPOXYKTaMU
sApepHoro B3ppiBa. KpoMe Toro, nx MoXHO Ipu-
MEHATh KaK MHAMBUAYAIbHO, TaK ¥ B COCTaBe
peLenTyp COBMECTHO C APYTMMH pafguo3alNUT-
HBIMI CpeJCTBAMIL.

BriBogbr

1. YcTaHOB/IEHO, 9YTO BBIXKMBAEMOCTD MBIIIET],
HOJTy4aBUINX KOMIUIEKCHOE COeJJMHEeHME JKele3a
¢ BurtaMuHamu, cocrasuiaa 100 %, B To Bpems
KaK BBDKMBAeMOCTb MBbIIIEN, ITONTYy4YaBIINX CO-
enuHeHne Kobanbra, — 80 %, a mpenapar Bero-
poH-E - Bcero 40 %.

2. Ha ocHoBaHuu HabniofeHunit 3a ¢usmo-
JIOTMYEeCKMMM IOKa3aTeIAMU >XMBOTHBIX, KOM-
IUIEKCHBIE COeNMHEHN s C BUTAaMMHAMMU JKejle3a I
KoOanpTa He BBI3BIBaNIM TOKCHYeCKOTO 3ddekTa
u oOmajanyu BBIPaKEHHBIM pPafMO3aLIUTHBIM
IeliCTBUEM.

3. KommiekcHoe coefuHeHNe Kenesa ¢ MaH-
TOTEHOBOIl ¥ ACKOPOWHOBOI KUCIOTaMM, Kak
Hanbonee 3d¢eKTUBHOE, MOXXHO IPUMEHSATH
KaK MHJVMBUAYATbHO, TaK U COBMECTHO B APY-
TUMU PafMaI[MOHHO 3aIIUTHBIMU CPE[CTBAMI.

Ozpanuuenus uccneooéanus / Limitations of the study

B maHHOII cTaTbe IpUBeEHBI PEe3y/IbTATHI IKCIIEPUMEHTAIPHOTO MCCIELOBAHNUS HA TA00PATOPHBIX XUBOT-
HBIX KOMIUIEKCHBIX CO€JVIHEHNIT KaK II€PCHEKTUBHBIX PaJyOIPOTEKTOPOB, KOTOPbIE 3AILINIIAIOT >KIBbIE Opra-
HU3MBI IPM OCTPOM JTy4EeBOM MOpa’kKeHNU. B fanmbpHelieM BO3SMOXKHO M3y4YeHNe JEVICTBUA STUX KOMIUIEKCHBIX
COeIMHEHMIT He TOJIbKO 10 BO3/eIICTBIU S IOHU3UPYIOLIETO M3y YeH s, HO 1 octe. Kpome Toro, /s npuMeHeHMst
9TUX KOMIIJIEKCOB B Ka4eCTBE PAfNONIPOTEKTOPOB He0OX0AMMO Gortee jeTabHble NCCIETOBAHMS X BIVMSIHIS Ha
JKUBBIE OPTaHM3MBbI, @ TAK)Ke CPaBHITEIbHbIE MCCIEJOBAHNS C TaOeTbHBIMY PaJM03AIUTHBIMY IIperapaTaMIi,
HanpuMep, uyucramuHoM 1 b-190. ABTopaMu He GBI M3y4eH MeXaHU3M JeICTBUs KOMIITIEKCHBIX COJUHEHUI B
KauecTBe PafMO3al[UTHBIX CPeACTB. MOXXHO TO/IBKO MPEAMONAraTh, YTO OH OCHOBAH Ha MX CIOCOOHOCTM CBSI3BI-
BaTb CBOOOJHBIE PAJVIKA/IBL, @ TAK)KE Ha AHTUTUIIOKCUIECKIX CBOMCTBAX 9TUX COENVMHEHNIT, KOTOPBIMU OHU 06-
napalor / This article presents the results of experimental studies of complex compounds. In these studies, they are
treated as promising radioprotective agents in case of acute radiation damage of living beings. The tests have been
conducted on laboratory mice. Hereinafter, these compounds can be studied both before and after ionizing emission
exposure. Besides, to use these compounds as radioprotectors one should conduct more detailed studies of their
impact on living beings, as well as comparative studies that should involve common radioprotective agents such as
cystamine and B-190. The authors of this paper have not analyzed the way of functioning of complex compounds
as radioprotective agents. They can only suppose that it should be based on their ability to bind free radicals and on
their antihypoxic properties.
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OcHOBHbIE MOMEHTDI

Bonesus, Br3BaHHas BupycoM Map6ypr (Marburg virus disease, MVD), snupemudeckoit ormacHocty ajst Poccun He
IpeICTaB/IsAeT, HO OHA MOYKET OBITD UCIIO/IB30BAHA [I/IsI Ljeflelt 6110IOrNYeCKOlt BOHBL I I100aIbHBIX MH(OPMALINOH-
HBIX MaHUITY/IALINIA.

Axmyanvrnocmo. B Hactosmee Bpems BMecTo COVID-19 Ha poinb I7106a/IbHOTO «3MyAeMUIeckoro youiine» BO3
nponsuraer MVD. Ilpennorom cramu 3apuxcupoBanHble B JkBaTopuanbHoil [Bunee, Tansanun u Pyanne B 2023-
2024 TT. BCIBILIKI 9TOI 60/IE3HIN.

Lenv uccnedosanus — faTb 0O'beKTUBHYIO OLIEHKY SIIAeMIYeCcKOro moTeHnuana MVD.

Ycmounuxosas 6asa uccnedosanus. CraTbyl U3 IIOTHOTEKCTOBBIX aHIVIOSA3BIYHBIX HAyYHBIX >KyPHA/IOB, JOCTYIIHBIX
yepes ceTb VIHTepHeT.

Memoo uccnedosanus. AnammTudecknii. Vicronbaosamich pekomenpauuu Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). ITpoana/msuposano 50 0630pHBIX CTaTelL.

O6bcysncoenue. B pabore 0600611eHbI JaHHDIE ITO UCTOpUM Benbiiek MV D; TakcoHOMMM, 61107I0T VM, 9KOTIOT MM U SIINfie-
muonoruu Bupyca Map6ypr (Marburg virus, MARV). C 1967 r. Ha KoHer; OKTs10pst 2024 1. 3aduKcupoBaHo 692 crydas
MVD c neranbpHOCTbIO 3a60meBumx 81,2 %. Benbimkyn MVD BO3HMKAIOT OT/ENBbHBIMU ¥ PACTSAHYTBIMI BO BpeMe-
HI CIydassMu 60/Ie3HN B OTKPBITBIX CYXMX parioHax BocrouHoir n tora Ilentpanproit Appuxu 6e3 popMupoBaHms
SMUJeMNYECKIX I[eIIoYeK, CONOCTAaBUMBIX ¢ maHfemuamu rpunmna maym COVID-19. B ocHose maroreHesa MVD —
runeppeaxuyus $paronuTUPYOMINX KIeTOK MMMYHHOI CUCTeMbl Ha pasMHOXeHue MARV, IposB/IAONIAACs y 4eno-
BeKa IIIOKOBBIM COCTOSIHMEM, [JVMICCEMMHMPOBAHHBIM BHYTPUCOCYAUCTBIM CBEPTbIBaHMEM KPOBY, HEKPOTUYECKUMU
HOpaXEeHVAMI OPIaHOB U (PeHOMEHOM aHTUTE/I0-3aBICYMOTO yCuIeH nHpekunu. Bopeku ToMy, 4To Bce 3BeHbA
VIMMYHHOIJI CUCTeMBI YeloBeka paboTaioT Ha MARYV, paspaboTka BaKI[UH UJET 10 LIAOTIOHY, IIPe/IIo/IaraloneMy yda-
CTV€ MMMYHHOJ1 CHICTEMBI YelIoBeKa B IPOTUBOJECTBIM BUPYCY. JledyeHe TaTOr€HETUYECKOe U CUMIITOMAaTHYECKOE.
3axmouenue. Iosisnenre MVD B DxBaTopuanpuoit [Bunee, Tansaunu u PyaHye He sIB/IseTCs I106ATbHBIM KPU3HU-
com. OpgHako B mpupofe camoii 60/1e3HN OCTAETCsI MHOTO HEM3BECTHOTO M HEIIPaBIWIbHO HoHsATOro. Cypst 1o ee ma-
TOTeHe3y IepBUYHbI pe3epByap MARV 1jelecoo6pasHo UCKaTh CPeft MPOCTENIINX OPraHI3MOB IIelljep, B KOTOPBIX
IPOUCXONUT 3apakKeHe JIeTYYUX MbIlIeil. MbI IpefIonaraeM, 4To TOPMOXKeHIe MHPEKIIMOHHOTO Mpoliecca IPOYC-
XOIUT He B pe3y/IbTaTe aKTUBALMY UMMYHHOI CUCTEMBI, @ O/1arofiapst C1iCTeMe BPOXK/IEHHDBIX KJIETOYHBIX CEHCOPOB,
uHpyuupytomux pacmennenne MPHK Bupyca B nuronnasme kinetkn. ITonydenne BakiuHbl ManoBeposTHo. Hau-
6onee 3¢ deKTUBHBIM CIIOCOOOM Cliep>KMBaHMsA pacrnpocTpaHeHyss MVD B HacToslee BpeMsl OCTAIOTCA SIUHAT-
30D, M30JALUA 3a00/IeBIINX, 06CcepBalyA OBIBIINX C HUMU B KOHTAKTe NI, U COOIOfieHE CIIelNaabHOI TeXHUKY
6e30macHOCTH.

Kniouesvie cnosa: 6onesnv, svizsannas supycom Mapbype (Marburg virus disease); supyc Map6ype; Bupyc Ravn;
2emMoppazueckas nuxopaoka; namozexes; pazpabomia 8aKyuH; PuaAOBUPYC; IKONO2US

Hns yumuposanus: Cynomuuykuti M.B., llaunesa H.B. JTuxopadka Map6ype 8 Sxeamopuanvhoti T'eunee, Tan-
sanuu u Pyande — enobanvroii Kpusuc 30pasooxpanenust unu pabouas cumyavus? Becmuux eoiick PXB 3auumoL.
2024;8(4):334-355. EDN:mwugcg.
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IIpospaunocmo unarncosoii OesmenvHOCHU: ABMOPbL He UMEN PUHAHCO801 3aUHMEPeCOBAHHOCIU 6 NPeOCtnas-
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Highlights

Marburg virus disease (MVD) doesn’t pose any epidemiological risks for the Russian Federation, but it can be used for
the purposes of biological warfare and global information manipulations.

Relevance. Nowadays the WHO may proclaim a new killer that could trigger a deadly global epidemic soon (instead of
COVID-19). The newcomer is the MVD. The outbreaks of this disease in Equatorial Guinea, Tanzania and Rwanda in
2023-2024 have become quite a plausible pretext for such a proclamation.

Purpose of the study is to make an impartial assessment of MVD epidemic capabilities.

Source base of the study. Articles, retrieved from full-text academic periodicals, written in English and available on the
Internet.

Materials and methods. The analytical method. The suggestions of Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) have been employed. The author has analyzed 50 reviews.

Discussion. The paper summarizes data on history and scale of MVD outbreaks, dwells on taxonomical, biological,
ecological and epidemiological properties of Marburg virus (MARV). From 1967 to the end of October 2024 have been
registered 692 MVD cases with the mortality rate of 81.2%. The MVD outbreaks emerge in unprotected dry regions of
East, South and Central Africa. They are separate and long-term cases. These cases haven't provoked complex epidemic
chains, comparable to spreading of viruses that trigger influenza or COVID-19 pandemics. The MVD pathogenesis is
based on the overreaction of the immune system phagocytes on MARV multiplication. For people it results in shock,
disseminated intravascular coagulation, different necroses and antibody-dependent enhancement of infection. Despite
the fact that all parts of human immune system are targeted at MARYV, the vaccines are developed in such a way that
human immune system is supposed to work against virus. The treatment is pathogenic and symptomatic one.
Conclusions. The fact that MARV has emerged in Equatorial Guinea, Tanzania and Rwanda doesn’t mean that
a global crisis has come. However, the nature of this disease is still quite known and provokes misunderstandings.
The pathogenesis of this disease indicates that it is worth looking for the MARV primary focus among one-celled
organisms in caves, where the bats are infected. We suppose that the infection hinders, because there is a system
of innate cellular sensors that induce mRNA virus disintegration in cytoplasm. The immune system activation has
nothing to do with it. It is unlikely that we will obtain a vaccine someday. The most efficient tools to stop MVD are
surveillance, quarantines and observation periods for the infected and persons who stayed in touch with them. People
also should follow particular safety rules.

Keywords: ecology; filovirus; hemorrhagic fever; Marburg virus (MARV); Marburg virus disease; pathogenesis; Ravn
virus; vaccine development; viral zoonosis
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3a mocnenHue ABa eCATUIETHS He pa3 BO3-
HMKaja CUTyauus, KOTJa IOAHMMANach WH-
dbopManMoOHHasA BOMHA O HaJBMUTaloOIelics Ha
4eI0BEYeCTBO KaTacTpOPUUECKON HaHZEeMUMN.
Bckope 0KasbIBajoCh, YTO 3TU yIPO3bI, MATKO
roBops, Obutm npeyBenndeHHbIMM. Ho maH-
meMuyeckas KaTacTpoda Bce >Ke HPOM3OIIIA,
TONBKO Aipyrasa — ma"pemus COVID-19. Bce uto
HPONCXOAU/IO Jajblle, OOnbllle MOXOAMIO Ha
HAaHNYECKYI0 MMIPOBM3AaIMI0 IPOTHBOSMINE-
MMWYEeCKMX MEPOIPUATHI, YeM JeICTBUS 1O Ha-
y4HO 060CHOBaHHOMY ITaHy. JJe3nHdopmanms
B SMUJEMMONIOTUN U IpodaHanusa caMoil 9TON
HAyKI JealoT Hac 6e33alMTHBIMU Iepef 3Mn-
meMusAMU. B HacTosIee BpeMs Ha POJIb I7106ab-
HOTO «3MNAeMIYeCKOTO YOUIIIIbI» PO BUTACTCS
TUXOpafiKa ¢ TeMOPpParnyecKuM CUHIPOMOM -
«bome3Hb, BBI3BaHHAsA BuUpycoM MapOypr»
(Marburg virus disease, MVD), 3a¢puxcupo-
BaHHasA B OKBaTopuanbHoii I'BuHee, Tansanuu n
Pyanpe B 2023-2024 rr. [Tanndeckue 3aronoBKu
cTaTell' ¥ HarHeTaeMoe 6eCIIOKOIICTBO BceoObeit
6e33amUTHOCTH?, BO3BpamarT Hac B 2020-
2021 rr.,, B ImaHMYeCKME HACTPOEHMA IEPBBIX
Bcubimek COVID-19.

IJenv uccnedosanuss — [aTh OOBEKTUBHYIO
OLIeHKY 3MMAeMuYecKoro norenunana MVD.

Ina pmocTuKeHus JaHHON uenu B paboTe
ObLIV IPOAHANN3VPOBAHBIL:

- ICTOpUA U MaciiTabbl Bcrpimek MVD;

- TAKCOHOMMSA, OMOJIOTY S, SKOJIOTUS U SIIU-
meMmuonorus Bupyca Map6ypr (Marburg virus,
MARV);

- maToreHes, KAMHMKA U AuarHoctuka MVD;

- MMEKLIMIICSI Hay4HbIl IOTEHLMal, KO-
TOPBII CETOHS MOXeT OBITh IPOTUBOIOCTABIEH
pacupoctpanenuo MARV 3a mpepensl ee Tpa-
AUIMOHHBIX IPUPOLHBIX 0YaTOB.

Hcmounukosas 6a3a uccnedo8anuss — CTaTbu
Y3 TOTHOTEKCTOBBIX AHITIOA3BIYHBIX HAY4YHBIX
YKy PHAJIOB, JOCTYITHBIX Yepe3 ceTb VIHTepHeT.

Memoo uccnedosanus. Ananutudeckuii. Vc-
IOTb30BANINCh PEKOMEHJALMM IO aHAAU3y Ha-
yuHoit nureparypsl Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA)?.

1. Uctopusa u macmta6sr Bcnbrmek MVD

MVD BunispiBaercss MARV us cemeiictBa ¢pu-
nosupycos (Filoviridae). B ocHOBHOM pacmpo-
cTpaHeH B Adpuke. lleHTpaMu mo KOHTPOIIO
u npodunaktuke 3sabomeBanuit (Centers for
Disease Control and Prevention, CDC) CIIIA ou
KIaccuPUIMpPOBaH KaK IATOTeH KaTeropum A,
YTO O3HAYaeT ero CIIOCOOHOCTDH BBI3BIBATDH Pas-
PYLINTEIbHYIO I/I1 CUCTEMBI 3JpaBOOXPaHEHN
TPAaHCMMCCUBHYIO 00JIe3Hb C BBICOKOJI /IeTasb-
HOCTBIO ¥ OBITh MCIOTb30BAHHBIM B TEPPOPMU-
CTMYECKMX ¥ MHBIX BpaKZeOHBIX Lemsax. I¢-
(dexTUBHOEe IPOTUBOAENCTBME  SNMUAEMUAM,
BbI3BAHHBIM IIaTOT€HaMy Tpymnmel A, Tpebyer
pearnpoBaHMA BCell CHCTEMBI 3[paBOOXPAHEHN A
crpansl [1]. Cenuanuctsl Mo 6MOIOrMIECKOMY
opyxumo (bO) ero oTHOCAT K NOTEHIIMAIbHBIM
areitam bO [2]. ABcrpanmiickoit rpynmoi’
MARV un Bce uneHnl popga Marburgvirus BHe-
CEeHBI B CIIMCOK OMOIOTMYeCKIX aTeHTOB, MO Ie-
YKAIUX 9KCIIOPTHOMY KOHTPOJIIO.

! Urnarosa O. BO3 mpegynpenna, 4to o6HapyxeHHsli1 B Adpuke Bupyc Map6ypr moxert mpessoittu COVID-19.
RG.RU. 2023. 17.02. URL: https://rg.ru/2023/02/17/voz-predupredila-chto-obnaruzhennyj-v-afrike-virus-marburg-
mozhet-prevzojti-covid-19.html (zaTa o6pamenns: 10.08.2024).

> Callaway E. Marburg virus outbreak: researchers race to test vaccines. Nature. 2023. 15 February. URL: https://
www.nature.com/articles/d41586-023-00468-5 (nata obpamenns: 10.08.2024).

* PRISMA. URL: https://www.prisma-statement.org/ (zata obpamenus: 05.04.2024).

t Ascmpanuiickas epynna — HeopManbHas KOQTMUIUA CTPaH, eNCTBYIOIAs B peXXIMe MHOTOCTOPOHHET0 9KCIIOPT-
Horo KoHTponA. Co3faHa [iIA OKa3aHMA IOMOIIY TOCYyAapCTBaM-y4aCTHMKAM B BBIABIIEHNM U KOHTPOJIE 32 Bellle-
CTBaMI C LIeJIbIO IIPecedb PacIpOCTPaHeHIe XUMIIECKOTO 1 O10JIOTMYeCKOTO OPY KU

> Export Controlled Bio Agents. Bioagent Export Control List. This list is subject to change (Current as of March
2024). URL: https://research.oregonstate.edu/ori/export/export-controlled-bio-agents (zaTa o6pamenns: 10.09.2024).
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Ha ampenp 2024 r. B Hay4YHON NuUTEpaType
OIMCAaHO OKO/MO 643 NOATBEPXJAEHHBIX ClaydYas
MVD, neranbHOCTh 3a00/M€BIIMX COCTaBUIA
81,2 % [4], x xoHIY OKTsA6ps 2024 . K HUM JO-
6aBunnucy 49 TNOATBEPXIEHHBIX CIyYaeB C
12 cmepTsamu B Pyanpe®.

MARV BnepBble 00OHapy>XMWI CBOil cMep-
TOHOCHDBIJI NOTEHLIMAN B aBrycre 1967 I. cpenn
71abopaTOpPHOTO IepcoHana HeMEIKMX TOPOJIOB
Map6ypr u ®pankdypt, a Takxke benrpaga
(IOrocnaBus). Vcrounukom wuHPeKIUU OKa-
3anmuch Maproimku-BepseTku  (Cercopithecus
aethiops). O6e3bsiH IpUBE3/IN U3 perMOHa 03epa
Kpora B Yraupge ms mccienoBaTenbCKUX IieIeil.
IlepBuyHOoe  MHPUUMpPOBaHME  IPOU3OIIIO,
Korga 00e3bsHbl OBIIM BCKPBITHI C I[€/IbI0 IIO-
Jy4eHMs KIeTOK IOoYeK /I KYJIbTMBUPOBAHUA
IITaMMOB IONMOMMENNTHON BakuuHel. Ilo-
rubnyu 7 demoBeK M3 31 KOHTAKTHPOBABIIETO
¢ uHunupoanubiMu MARV  kynbrypamn
KJI€TOK, OpPTaHaMM UJIY KPOBBIO 3TUX XMBOTHBIX
(25 mepBUYHBIX Cly4YaeB UM 6 BTOPUYHBIX CITy-
gyaeB). Cpeny Bpauell, CpeJHETO MeJIlepCOHaNa
U YJIEHOB ceMeil IepBUYHBIX NMallIeHTOB IIPOu-
30II/IM BTOPUYHBIE 3apakeHNA. B TeueHme Tpex
MecCsIeB STMONOTMYECKNIT areHT OB BBIJE/IeH,
OXapaKTepu3OoBaH ¥ UAEHTUPUIUPOBAH CO-
BMECTHBIMM YCUIMAMM y4eHbIX B MapOypre n
Fam6ypre. OCHOBHYI0 pO/b B UAEHTUPUKALNN
B0O30ynuTens OONe3HM ChIIpana 3JIeKTPOHHAS
Mukpockonus. Tak kak B Map6ypre nmoruban
HaubOo/blilee KOMUYIECTBO JIOfeit (Tpoe), TO
BMPYC IOy 4V Ha3BaHue 3TOro ropoza [3].

ITocne nepsoit Bcubimky MVD oHu He mo-
BTOPSNUCDH B TedeHue 8 net. B deBpane 1975 r.
6onesup mosaBuaach B IOAP. B 6onbHuIEe
VMoxanHecOypra OT TSKeIOit TreMopparuye-
CKOVl JIMXOPafKM CKOHYAICA MOJOLON TYPUCT
n3 ABCTpanny, NyTEMIECTBOBABIINMII IO 3UM-
6a6Be. OT Hero 3apas3uaINCh MefcecTpa U IIO-
nyTuyuk. IlepBplil manueHT yMep Ha CeJbMOII
JieHb OT Hayajaa CUMIITOMOB Oone3Hu. [Ipuunna
CMepTHU — KpOBOT€YEHME, BO3SHUKIIEE B PE3yIib-
TaTe CO4YeTaHMsA [AUCCEMNHMPOBAHHOTO BHY-
TPUCOCYAMUCTOTO CBEPTBIBAHMSA U Ie4eHOYHOI
HEIOCTATOYHOCTU. [[ByM [ApYyruM MaljMeHTaM
Oblla Ha3HaYeHa OSHEPTUYHAS IOfJepPKUBa-
olas Tepanus M TelapUH, OHU BbI3IOPOBEIN
mocie ocTpoit aspl, ANMMBLIENICS OKOIO CeMMU
OHell. B 3TOT mepuop y ofHOTO IManyeHTa pas-
BUJICA TaHKpPeaTHUT, Y APYTOro 4depes nBa Me-
cAla — OAHOCTOpOHHMIT yBeut, MARV 6bin BBI-
cedAH U3 mepenHell KaMepsl rna3a. Ho scHocTH,
C KaKoil mpo61eMoil CTONKHY/IOCH 3[paBOOXpa-
HeHue, elge He 6b1710 [5].

Tonbko B 1976 1. B AppuKke BIepBble IMOs-
BUICs 0Ojlee M3BECTHBINI B HACTOsIee BpeMs
IpeficTaBUTENb ceMelicTBa, Bupyc J6ona (Ebola
virus, EBOV). MARV u EBOV O0ninu o6be-
OVUHEHbI B HOBOE CEMENCTBO IIOJ] Ha3BaHUEM
Filoviridae, Ha3BaHHOe TaK M3-3a MX OTAUYU-
Te/IbHOJ HUTEBUAHON CTPYKTYyphl («filum» Ha
JaTBIHU O3Ha4yaeT HUTD) [6].

C 1975 1. mo 1985 r. Ha appUKAHCKOM KOHTU-
HeHTe MARV BbI3bIBaz TONBKO cIlOpajgudecKue
BCHBIIIKY, TOpajkaBiiye HeOONbLIOe KOmmde-
ctBO mofeii. B 1980 1. u B 1987 r. 3adukcupo-
BaHbl BCOBIIIKM B 3amagHoit Kenun - B o6omx
CIydYasix MepBOIPUUYNHA 3apakeHus Obla CBA-
3aHa ¢ mocemeHueM nemepol Kurywm, samon-
HeHHON neryummu Mbimamu. OgHako MARV
MO-TIpe)XHEMY MTHOPUPOBAJICA 3NUAEMUOIO-
raM; U CYMTAJICA IPeCTAB/AIINM MEHbUIYIO
yIpo3y miA 3A4paBOOXpaHEHMA, IOCKOIbKY IO-
KasaTelu JIeTaJIbHOCTYU, CBA3aHHble ¢ MVD,
ObUIM HVDKe, YeM Te, KOTOpble HaOII0anuch
IIPY CMEPTOHOCHBIX BCHBINIKAX, CBA3aHHBIX C
6onesnpio EBOV, nocturaBunx 90 %. Tak mpo-
Jo/mkanoch o 1998 1., Korjga 3HauMTeabHOE
KOJIMYeCTBO JIeTA/JIbHBIX CIy4yaeB TeMOpparu-
4eCKOJ TMXOpajKy, BeIsBaHHON MARYV, 3aduk-
cupoBaHo B peruone [lyp6a, [JemokpaTuyeckas
Pecniy6nuka Konro (J1PK) [6]. B 2004-2005 rr. —
BTOpas KpyIHas BCIIBIIIKA, Ha 3TOT pa3 B 3a-
nagHoi Adpuke, B IpOBUHIUN YVXKe, AHTONA.
JleranbHoCcTh coctaBuna 83 % B JPK ¢ oOwum
KONMYeCTBOM cnydaeB 154; B AHrone — 90 % c
0o0IIVIM KOIMMYeCTBOM CaydaeB 252, pasnimyas-
MIVXCH [0 CTEIeH TsXKecTH [7].

Bcrpimka B IPK 6p1ma yHUKanpHOi. Y 06-
CIIeHOBAaHHBIX  HAIMEHTOB  LVPKYIMPOBAJIO
II0 MeHblllell Mepe IeBATb Pa3IM4YHBIX Bapu-
AaHTOB BMPYCAa, YTO yKa3blBaeT HAa HECKOJbKO
Pa3IMYHBIX COOBITUII PACIHPOCTPAHEHUs U3
€CTeCTBEHHOTO pe3epByapa B 4Ye/lIOBEYECKYIO
nonynAnuio. HanpoTus, maHHbIe O IOC/IEHO-
BaTeMbHOCTM BCHBINIKM B AHTONIE Ipenmno-
JaraloT OjHOKpaTHoe BBefeHue MARV He-
YCTaHOBIEHHOMY MWMHJIEKCHOMY IalMeHTy U
Nocjefylollee pacipocTpaHeHe Yepe3 KOHTaKT
OT dYe/loBeKa K 4Ye/lOoBeKy. BupycHble TeHOMBI
[IOKa3a/lM BBICOKYI0 TeHETMYECKYI CTabuib-
HOCTb B paMKaX 3TOV BCIIBIIIKU. VIgeHTUYHBIE
reHoMbl MARV ObIiu BbIfe/IeHBl Y IAI[MI€HTOB
Take IMOCIe OBYX-TpexX Ilepefjady OT 4ye/loBeKa K
4e7I0BeKy [6, 7].

Tak xak Bcobimmka MVD B JIPK 6pi1a mpo-
C/Ie)XKeHa JI0 30/I0TOTO pyAaHMKa B [lypOe, ee n3-
HayaJbHO HAa3bIBAJIU «TeMOPpParm4ecKuM CHUH-
npomoM yp6bi», mo3Ke 6BIIO YCTAHOBIEHO, YTO

¢ WHO appeal Marburg virus disease outbreak Rwanda 2024. URL: https://www.who.int/emergencies/situations/

mvd-rwanda-2024 (gata o6pamennus: 04.11.2024).
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TaKye CIy4au Ha PyAHMKe ObUIM paHblile, HO He
perncTpupoBanucs [6, 8].

Epunnunpie cnyyam MVD, saperucrpupo-
BaHHble B YTraHJe, CBA3BIBAIOT C IOCelleHMeM
ITemeps! IIntona B nepuop ¢ 2007 r. mo 2012 r.;
ONVH ChydYaii sKcrnopTuposaH B CoeHEHHbIE
Irater (Komopapo); a ppyroil, okasaBIIMIICA
cMepTenbHbIM, B Hunepnanpsr (Xenmonp); nBa
nmabopaTOpHBIX Cy4Yasi MMenyu MecTo B Poccun B
1988 r. (cMmeprenpHblit) u 1990 1. [6].

B Pecny6nuke I'Bunes B 3amapHoit Appuke
nepsad Bcublmika MVD mpousomnina B aBrycre
2021 r. B cnepyronieM rogy — B Apyroi sanagHo-
adpukanckoit crpaHe T'ane (perumon AmaHTn).
MuHNUCTEPCTBO 34paBOOXpaHEHUA U COLIMAND-
HOro obecreyeHus OKBaTopuanbHON I[BuHen

06bsBuUNO 0 Bcubimike MVD 13 deBpans 2023 1.
B npoBuHnuu Kme Hrtem, pacmomoxxeHHON Ha
ceBepo-3amnafie crpanbl. [logTBepxxpeno 17 cuy-
yaeB, 12 c1y4aeB CO CMepTeNbHbIM UCXOIOM, U
23 mpepmnonaraeMbplX Caydas, 3aKOHYMBIIMXCSA
cMepThi0 3aboneBmmux. B tom xe rogy B Tan-
3aHUM NpOoM3OIIIa NepBad Bcnbiika MVD B
paitone byko6a ceBepo-3amagHoro pernona Ka-
repa. [To 24 mapra 2023 r. B TanzaHumn 66110 3a-
perucTpupoBaHo 8 MOATBEPKAEHHBIX CIy4Yaes,
5 U3 HUX CO CMepTeNbHBIM UcxofoM. B 2024 r.
MVD nossunace B Pyanpge [9]. Victounuk Te-
Kymux Bcubimiek MVD B 3TuX cTpaHax Heus-
BecTeH [3]. B mabnuye 1 npusenena obuias cra-
TUCTUKA Bcubllek Ha 2023 r. ¢ moOaBieHUEM
cBeieHmit o Pyanpe 3a 2024 r. [10].

Ta6bnuua 1 - O6was cmamucmuka ecnoiwek MVD*
Table 1. Overall statistics of MVD outbreaks*

BRI CrtpaHa / Mepepayva / Mode of EITEEATED EOIEEAD JleTanbHocTb, % /
e e Location transmission IS ) CNREED Mortality rate, %
MVD outbreak Number of deaths | Number of cases y e
1967 lepmanus, Cepbus /  |KoHTakT ¢ obesbsHamMu 7 31 22,6
Germany, Serbia Chlorocebus aethiops / Contact
with grivets
1975 FHOAP / The Republic  |OT yenoBeka K YesnoBeky / 3 3 100
of South Africa Person-to-person
1980 KeHus / Kenya OT yenoBeKa K YenoBeky / 1 1 100
Person-to-person
1987 KeHus / Kenya HeuseecTHo / Unknown 1 1 100
1988 Poccus (Konbuoso) /  |JlabopaTopHoe 3aparkeHue / 1 1 100
Russia (Koltsova) Laboratory infection
1990 Poccus (Konbuoso) /  [JlabopaTopHoe 3apaxkeHue / 0 1 0,0
Russia (Koltsova) Laboratory infection
1998 1 2000 OPK / HewnseecTHo / Unknown 128 154 83,1
The Democratic
Republic of the Congo
2004-2005 Anrona / Angola OT yesioBeKa K Ye10BeKY / 227 252 90,1
Person-to-person
2007 Yranpa (pyaHvk Kuta- [HeussecTHo / Unknown 4 4 100
Ka B paioHe KamMBeH-
re) / Uganda (Kitaka
Mine in Kamwenge
District)
2012 Yranga / Uganda KOHTaKT C neTyymMmum Mblwwa- 15 23 65,2
Mu Rousettus aegyptiacus /
Contact with Rousettus
aegyptiacus bats
2017 Yranga / Uganda HewnseecTHo / Unknown 3 4 75,0
2021 BuHes / Guinea HewussecTtHo / Unknown 1 1 100,0
2023 DKBaTopuasibHas HeussecTHo / Unknown 27 29 86,0
BuHes, TaH3aHus /
Equatorial Guinea,
Tanzania
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lMpoodomxeHue mabauywi 1

lop, Benbiwky / Crpana / Mepepaua / Mode of Konunyectso KonnyectBo T e G2
Utz e ol Location transmission L e L HEE Mortality rate, %
MVD outbreak Number of deaths | Number of cases y '
2024** PyaHpa / Rwanda HewnseecTHo / Unknown 12 49 24
MNpumMeyaHue.

*[laHHble 3a nepuod ¢ 1967 2. no 2023 2. cobpaHel no pabomam K D. Brauburger ¢ coasm. [6] u D. Srivastava c coaem. [10].
**WHO appeal Marburg virus disease outbreak Rwanda 2024. URL: https://www.who.int/emergencies/situations/mvd-rwanda-2024

(0ama obpaweHus: 04.11.2024).

*The data from 1967 to 2023 are collected using the scientific papers of K.D. Brauburger et al. [6] and D. Srivastava et al. [10].
**WHO appeals Marburg virus disease outbreak Rwanda 2024. https://www.who.int/emergencies/situations/mvd-rwanda-2024 (date of

laccess: 04.11.2024).

2. TaxcoHoMusA, OMONOTMSA, IKOMOIUA U
snumemmonorusa MARV

Taxconomusas MARV’. ®Ounosupycsl obpa-
3YI0T CEeMeNICTBO B MOPsfiKe TaIllJIOBUPUKOTU-
HOBBIX Mononegavirales®. B atom mopsapgke ¢u-
JIOBUPYCHI HamboIee TECHO CBSI3AHBI C YIeHAMMI
ceMeiicTB  Paramyxoviridae, —Pneumoviridae
u Sunviridae. Ha Hos6pp 2021 T. ceMeiicTBO
Filoviridae Bxmw4ano 6 popos: Cuevavirus
(1 Bup); Ebolavirus (6 Bupmos); Marburgvirus
(1 Bup); Striavirus (1 Bun); Thamnovirus (1 Bupg);
Dianlovirus (1 Bug) [11].

MARV (Marburg marburgvirus), a Takxe
yeThipe  npepctaButens poma  Ebolavirus
(Zaire ebolavirus, Sudan ebolavirus, Tai Forest
ebolavirus, Bundibugyo ebolavirus) BBI3BIBAIOT
y deloBeKa NMXOPAJAKYy C TeMOpparnyecKuMm
cungpomoM. Cuevavirus moOpakaeT JeTy4YUX
MBIIIeNl ¥, MPEAIOI0KUTEbHO, HEOMaceH IJis
yemoBeka [11].

Y MARV (Lake Victoria marburgvirus) cy6-
TUIIBI He 3BECTHBI, HO OT OO/IBHBIX JTIOET Y XKM-
BOTHBIX BBIJIe/IEHbI, KAK MUHMMYM, I€BATD TeHe-
TUYeCKU oTaudanimuxcsa usonaros (Ci6777 — or
mepBoit Bcupiku 1967 r., Popp, Musoke, Ravn,
Angola u pp.). IlpeacraBurenu nuMHUI UAEH-
TUYHBI 110 HOPAJKY T€HOB, KOJIUYECTBY ¥ IIO-
JIOKEHUIO TIePeKPBITUII T€HOB U APYIUM CTPYK-
TYPHBIM 1M OPraHM3aI[MOHHBIM IpuU3HaKaM. Bce
OHJ TIePEeKPEeCTHO pearupyroT CeponormdecKn
[12]. ITaTp nuHMUI MapOypraupyca ObIIn peKiac-
cupuuMpoBaHbl KaK ABa Bupyca: Bupyc Ravn
(RAVV) u MARV - npubnusurensuo 79 % ro-
Mosorun [3]. [eHOMBI ZYIBEepreHTHBIX BAPMAHTOB
U3 JPYTUX YeTbIpeX MMHUI cocTaBnAoT MARYV,

OHM OT/IMYAIOTCA APYT OT Apyra Bcero Ha 0,0-
7,8 %. RAVV Bnepsble onucad B 1987 r. u Ha-
3BaH MO UMEHU 15-71eTHero JaTCKOro Majab4ymkKa,
ymepurero or MVD. Cerogus Bupyc knaccudu-
nupyeTca Kak OfMH U3 JBYX IpefcTaBUTenei
Buga Marburg marburgvirus, BXO[AIIEro B pof
Marburgvirus, cemeiictso Filoviridae, mopsanok
Mononegavirales. bone3un, Bbi3BaHHasA RAVYV,
TakK e, KaK M B ciyudae 3apaxxeHna MARYV, nHa-
3bIBaeTCs «00/Ie3Hb, BbI3BaHHas BUpPycoM Map-
6ypr» (MVD) [12].

EBOV 1 MARV uMemT cX0JHYI0 T€HOMHYIO
OPTaHM3ALNIO0, HO X T€HOMBI OT/INYAIOTCA JPyT
OoT gpyra Ha =50 % IO HYKIEOTHUIHON IOCHIe-
TOBaTeIbHOCTM M JIMINEHBI aHTUTEHHON Iiepe-
KpecTHON peakTUBHOCTU. OHM NIPOUCXOJAT OT
OTHOTO TIpefiKa, HO MPUHAJIEeXAT K PasHBIM
pogam [12]. HecmHOHMMM4YecKue 3aMeHBI B
rene gp EBOV u MARV ounenmsamrca Kak
3,6x107° Ha caiit/rox (per site per year). Uro B
COTHU pa3 MejaeHHee, yeM y BMIY unu y Bupyca
I'PUIIIA, HO IPUMEPHO COOTBETCTBYET CKOPOCTH
HEeCMHOHMMMYECKNX 3aMeH Y BUpYyca rernarura B,
nmewoiero [JHK-renom. [useprenuus EBOV
nu MARV mnpowmsomna Teicsium net Hasanm [13].
VIx ¢unoreHeTnvyeckoe ApeBO IPUBEIEHO Ha
pucynxe 1.

Hamnbonee  BUPYIEHTHBIM [ 4Yeslo-
Beka cpepu cyorunos EBOV saBnsercsa Zaire,
cpequ msonsitoB MARV - Angola. OcHno-
BbIBAsICh Ha COIIOCTABJIEHUM JIETAIbHBIX UC-
XomoB cpepu 3abonmeBmnx nwopeir, D.A. Alves®
¢ coaBT. [14] cumraror usonar Angola MARV
6oee BUPYIEHTHBIM AN JIIOfieil, 4eM CyOTum
Zaire EBOV.

7 Takconomus cemerictsa Filoviridae (MapOypreupycs 1 360maBUpPyChl) MEHsTACh HECKONBKO Pa3 C MOMEHTA OT-
KPBITHA €T0 YIEHOB, YTO IPUBEJIO K IOABIEHNI0 MHOXKECTBA BI/IOBBIX Ha3BaHII BUPYCOB U COKpaIieHuit. Tekymas
TAKCOHOMILSI IPUHSATA OOIBIINHCTBOM BUPYCOIOTOB JIMIIb YaCTUYHO [12].

8 Mononegavirales — oTpsiy BUPYCOB ¢ oTpuLaTenpHoi Lenbio PHK, koTopble HMeIOT HecerMeHTHPOBaHHbIE TeHOMBIL.
HexoTtopblie 4ieHbl, BbI3bIBaOIIIE 3a00/IeBaHNSI YeTI0OBEKa B 9TOM OTpsifie, BKinwovaoT EBOV, peciuparopHo-cuHIum-
THUAJIBHBLIT BUPYC YeI0BEKA, BUPYC KOPU, BUPYC SNMMUAEMIIECKOT0 MapoTuTa, Bupyc Humax u Bupyc beriencrsa.

°* Corpypuuku US Army Medical Research Institute of Infectious Diseases, Fort Detrick,
Maryland, CIIIA.
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PucyHok 1 - QuaozeHemuueckoe 0pego supycos 360sa u Mapbypz. CpasHeHuUe NosHbIX 2eHOMO8 060UX 8UPYCO8 PA3HO-
20 2e0zpaguyecKkozo npoucxoucdeHus 8binosIHEHO ¢ hoMowblo Bayesian analysis (6aliecoeckuli ananu3s). Cyémunel ¢puno-
8UPYCO8 8bl0e/1IMCs 8 MOM Cayyae, ec/iu UX 2eHOMbI pasnuyaromcsi o00UH om 0pyz020, no KpatiHeli mepe, Ha 30-40 %

(pucyHok adanmupoeaH asmopamu u3 [13])

Figure 1: Phylogenetic tree of Ebola and Marburg viruses. Entire genomes of both viruses, which have different geographic
origin, have been compared by Bayesian analysis. Phylovirus subtypes are segregated, if the difference of their genomes
from each other is at least 30-40 % (the figure is adapted by the authors from [13])

buonorus MARV. ®unosupycel - 3T0 HU-
TeBUJHBIE, O00O0TOYeYHbIe, OJHOLEIIOYEUHbIE
PHK-Bupychl ¢ orpunaTenbHbIM CMbICIOM. Bu-
PUOHBI MMeEIT OOOJNOYKY M PasHOOOPa3HYIO
¢$bopMy U MOTYT BBHIIJIA/IETh KaK pa3BeTBIIEHHBbIE,
TopoupanbHble, U- min 6-06pasHble U I/IMHHbIE
HuTeBupHble ¢GopMbl Yalme Bcero Ha 9JeK-
TPOHHBIX MUKpodoTorpapuax ¢(umoBUpyCHbIE
BUPVMOHBI NIPEACTABIAIOT COOO0I J/IMHHBIE HUTK
(pucymox 2).

InuHa wvacTuly QUIOBMPYCOB BapbuUpyer
B npegenax ot 800 go 1400 HM, HO OHM MMEIOT
MOCTOAHHBIN AuaMeTp, paBHbIt 80 HM. [InnmHa
MARYV =800 M. ®PUIOBUPYCH — OTHOCUTENTBHO
IpPOCThbIe BUPYCHI, MMeol/ie HeMH(PEeKIVIOHHDII
reHoM 19 ThIC. HYK/I€OTUHAOB, 6e3 5'-Kama man
3'-monu(A). B renome MARV 3akopupoBaHo, 1o
MeHblIIeil Mepe, 8 6enkoB: Hykneonporeus (NP),
BupnoHHble 6enku (VP35, VP40, VP30 u VP24),
0enok ¢ monuMmepasHoit akTuBHOCTBIO (L),
TpaHcMeMOpanHbIl rukonporenn (GP), cocro-
amuit u3 aByx cyoveguuuy (GP1 u GP2). Kon-
IeBble NHEepPHble M KOHIIEBble IOCTEeJOBaTeNb-
HOCTH COfIep>XaT IIPOMOTOPBI pPeIIMKALUN W
TpaHckpunuunu. I'esom MARV comepxut cemb
OT/IeIbHBIX HeNpPepPbIBHBIX OTKPHITBIX PaMOK
cunteiBanus (OPC), okpyskeHHBIX 3'- 1 5'-KOH1Ie-
BBIMI HEKOAVPYIOIIVMN O6aCTAMU C caliTaMn
VHMIMAOVY ¥ TEePMUHALUM TPAaHCKPUIIIUML.
9t OPC KOmMPYIOT CTPYKTYpHBbIe O€nKMU BU-
puoHa. Bce reHbl pacnonoXeHbl B OJHON Lienu —

Journal of NBC Protection Corps. 2024. V. 8. No 4

3'-UTR-NP-VP35-VP40-GP-VP30-VP24-L-
5-UTR. JIoMMHUpYWOLIMM HPOZYKTOM TeHa
apnsierca rnuxonpotens GP. Cunres GP mpo-
UCXOOUT B pesynbraTe KoppekTupoBku PHK.
Benku Np30, VP30, VP35 u L 06peguHAIOTCA C
BupycHoit reHoMHoIt PHK, 06pasys pubonyxie-
OIPOTEN/IHBIIT KOMIIZIEKC (LleHTpanbHbIl pubo-
HYKJ/IEOIPOTEUHBIIT KOp), 6enkn VP40, VP24 n

A

PUCyHOK 2 - 371eKmpoHHO-MUKpoCKonuuyeckue u3o06pa-
HeHus yacmuy eupyca Mapbypz, omnoykoebiearowuxcs
om uHguyuposaHHbix Kaemok Vero E6, (A) ckaHupyro-
was 9M, (B) mpaHcmuccuoHHas M. UzobpaxnceHus pac-
KpaweHbl 075 Hazas0Hocmu (pUCYHOK adanmupoeaH
asmopamu u3 [11])

Figure 2: The electron microscope images of Marburg
virus particles that are budding from infected Vero Eé, (A)
scanning electron microscope, (B) transmitting electron
microscope. The images are colored for better visualization
(the figure is adapted by the authors from [11])
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GP y4acTBYyIOT B CO3laHNM BUPYCHOJ MeMOpaHBbI
[6, 11, 15]". CTpykTypa reHoma MARV mokasana
Ha pucyHke 3, QYHKIUM TeHOB IIPUBEEHBI B
mabnuye 2.

VHpeKuMOHHBII TpoIlecC HAYMHAETCI C
npukpemtenusa MARV k penenrtopy Ha mo-
BepxHOCTU KineTKu. CBsA3bIBaHMe (uIoBMpyca
C KJIeTKaMU-XO35€BaMU CBs3aHO C HECKOJIb-
KM (paKkTopaMy IPUKpPEIVIeHNUA, BKI0YASL
rmukonporenH (GP) Ha moBepxHOCTM BHpYca,
KOTOpBIII ONOCpefyeT CBSA3bIBaHME ¥ ITPOHUK-
HOBeHMe B KneTKy. IloBepXxHOCTHaA efgmHUIA
GP (GP1) cBsaA3bIBaeTCs C K/I€TOYHBIMU pelen-
TOpaMu, a BHYTpeHHAA nerna cnusaHua (GP2)

BCTpampaeTcs B KJIeTO4Hyo MeMmOpany''. Ilpo-
HUKHOBeHMe B KneTKy MARYV, mo-Bupgmmomy,
CBA3aHO C BHYTPUBE3UKYISAPHBIM paclielnie-
HUeM TIJIMKONPOTEeNHA IpoTeasaMy XO3AUHA,
TaKMMM KaK KaTeIICHHBI, a TaK)Ke CO CAUAHMEM
BupycHoro GP ¢ 6enkom Humanna-IIuka'? [16].
JrornponeccobaerdyaeT BLICBOOOXIeHIE BUPYC-
HOTO A PaBIIMTONIa3MY KJI€TKH,TIe IPOMCXOAUT
pemnukanua MARV. brarogapsa cBoemy pacmo-
JIOKEHNI0 Ha MOBEPXHOCTM BMPYCA U YYACTUIO
B €ro MPOHMKHOBeHUM B K1IeTKy, GP cram kmio-
YeBOJl MUILIEHBIO /A pa3pabOTKM BaKI[MH IIPO-
TB MARYV, a Tak)xe TepaleBTUYeCKUX CPe/CTB
HAa OCHOBE MOHOKJ/IOHA/IbHBIX aHTUTEN [16].

VP40

VP24 L

3'-OH-

leader 5

trailer

OVERLAPPING SEQUENCE

PucyHok 3 - Cmpykmypa u opzaHusayusi zeHoma eupyca Map6ypz. BepxHsisi uacmb pucyHKa nokasbleaem cmpykmypy
eupyca u udeHmuduyupyem cmpykmypHble 6eaku. [eHoMHas opzaHuzayus wimamma MARV, ekatouatoujas 7 zeHos, U3o-
bpaceHa e HuUMcHeli yacmu pucyHka (Macwima6 He cobardeH). Ceemsio-20a1y6ble NPAMOY20/1bHUKU 0603HAYAOM HEKOOU-
pyrowue obaacmu, mo20a Kak usemHsle NPAMOY20/bHUKU U306paxcarom Kodupyoujue yuacmku 2eHoe. 3a UCK/KYeHuem
nepekpbimus Mexwcoy VP24 u VP30, komopoe u3obpaiceHo e ude UepHo20 mpeyz0/1bHUKA, 2eHbl pa3deseHbl Metc2eHHbI-
MU 061acmaAMU, KAK NOKA3AHO YepHbIMU cmpeskamu. Ha KoHuyax zeHomMa makxe omobpaxiceHbl nocaedosamesibHOCMU
KOHUesbIX yyacmkos 3’ u 5’ (pucyHok adanmupoead asmopamu u3 [10])

Figure 1: Marburg virus structure. The upper part of the figure show the virus structure and identifies structural proteins.
Genomic structure of MARYV strain that contains 7 genes is depicted in the lower part of the figure (the scale isn't kept).
Light-blue boxes are non-coding regions and the colored ones are coding regions of genes. Excluding an overlap between
VP24 and VP30 that is depicted as a black triangle, the genes are separated by intergenic regions, as it is shown by black
arrows. At genomes ends there are sequences for terminal sections 3’ and 5’ (the figure is adapted by the authors from [10])

0 Ins mccmenoBaHMs 9BOMOLMOHHBIX oTHoIIeHNiT MARV Ha IToptane Bupyco NCBI (National Center for
Biotechnology Information. Virus portal) co6panbpl onucaHusa Bcex reHoOMoB, mpuHagnexamux MARV. URL:
https://www.ncbi.nlm.nih.gov/labs/virus/vssi/#/ (gara o6pamenns: 01.11.2024). ITpegcraBieHs! 86 IOTHBIX T€HOMOB
MARY, Bk04aroliue MTaMMbI Bupyca n3 11 cTpas.

! Takast IOC/IeJ0BATEIBHOCTD AEMCTBIIT XapaKTepHa AJIst 6e/IKOB CavsiHMs Knacca 1. TO4HO TakKe B K/IeTKY IPOHN-
Kal0T KOPOHAaBYUPYCHI.

12 910 MeMOpaHHBII 6€JI0K, OIIOCPe YOIl BHYTPUK/IETOYHBII TPAHCIIOPT XOJIeCTEPUHA Y MJICKOIIMTAOMINX. Y JII0-
zeit on kopmpyercs reHoM NPC1 (pacmonosxer Ha xpomocome 18q11). NPC1 nmeert pelraonee 3Ha4eHMe AJIA IPO-
HUKHOBeHNUs MARV, NOCKONBKY CBA3bIBAETCS HAIIPAMYIO C I/TMKONIPOTENHOM BUPYCHOI 060/mouKku. [eHeTgecKme
myranuu B rede NPCl y mogeit MoryT cpienath ux ycroituusbiMu K MARV. URL: https://en.wikipedia.org/wiki/NPC1
(mata obparenns: 13.10.2024).
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Table 2. Features of MARV genes and proteins*

Ta6bnuua 2 - Xapakmepucmuku 2eHoe u 6eskoe MARV*

ogHouenoyeyHyto PHK un
VP35 un aBnsetcs ogHUM
M3 Haubonee pacnpo-
CTpaHeHHbIX 6e/KoB B
BUPUMOHaX U UHOUUMPO-
BaHHbIX KneTKax. VP40
UrpaeT BaXKHYl poJib B
popmupoBaHun BUpPUO-
HOB,  Mepepacnpegesss
HyKJleoKkancmabl w3 ne-
pUHYKleapHoO o6nacTu
B MJIa3MaTUYECKYID MeM-
6paHy, npuenexkas GP k
MecTaM MOYKOBaHUS MU
onocpeaysi BbiCBObOXKae-
HuWe vacTuy, /

VP40 homooligomerizes
to form dimers, circular
hexamers, and octamers,
binds ssRNA and VP35,

noykoBaHve U
ajanTauus Xo3s-
WHa; perynsauus
MopdoreHesa
BMPMOHA U BbIXO-
0a; npensTcTBy-
et nytm JAK-
STAT /

Negative regulator
of  transcription
and  replication;
Responsible  for
budding and
host adaption;
regulates
morphogenesis
of the virion and
egress; hinders
JAK-STAT
pathway

leHbl No
T leH Benok AMUHO- JA.vHa rexa,
pacnosioXkeHus {nocneposa- (a66peBMaTypa)/ Onucanue / Description | kucnotbl / ¢YHKU3MM / HyKne7TMAZI /
B reHoMe / BaTeJIbHOCTD) / Prot'em' Aminoacid Functions Gene er!gt b
Gene (sequence)| (abbreviation) nucleotides
GeneS no
1 NP HykneonpotenH |Cesa3biBaeTcs C 6eska- 695 CospgaHue NC| 2796/2088
(NP) / mun VP35, VP40, VP30 u 7 KJIETOYHOrO
Nucleoprotein (NP) |VP24 n asnsetcsa Komno- TenbLa  BKJItO-
HeHTOM KoMmmekca RNP. yeHus; NH-
OH Tak)Xe nopBepraeTcs Kancynauus
dpocdopunmpoBaHuto 7 PHK-reHoma, a
romMoosiMromepmusyeTcs TaK)>Ke aHTUreHo-
o6pasoBaHMEM cnMpasib- Ma; Penaukauus
Horo nosunmepa. Kpome N TPaHCKpUNLUS;
TOro, 3TO BTOPOM MO pac- MoykoBaHue / To
NpPoOCTpaHEeHHOCTU 6enoK, create NC and cell
06Hapy>KeHHbIN B BUPU- inclusion  body;
oHax / Binds to proteins to incapsulate
VP35, VP40, VP30 and RNA genome and
VP24. It forms part of RNP antigenome; to
complex It also undergoes replicate and to
phosphorylation and transcribe; to bud
homooligomerizes, to form
a helical polymer. Besides, it
is the second-most prevalent
protein found in virions
2 VP35 BupycHbIn KoMMnoHeHTbl KoMMiekca 329 dopmMupoBaHue 1557/990
6enok 35/ RNP, koTopble cBsi3biBa- NC; KodakTop
Viral protein 35 totca ¢ dsRNA, NP n L un RdRp; KodakTop
roMOO0/IMFOMEPU3YIOTCSA. TpaHCKpMNTa3bl
OHM Takxke cnabo dpocdo- pennukasbl; AH-
puanpoBaHbl / TaroHucT IFN /
RNP complex components To form NGC;
that bind to dsRNA, NP, RdRp  cofactor;
and L and homooligomerize. Transcriptase
They are also slightly and replicase
phosphorylated cofactor; IFN
antagonist
3 VP40 BupycHblii P40 romoonuromepusy- 303 OTpuuyaTenb- 1405/912
6enok 40/ eTcs, obpa3sysa gumepsl, HbIA perynstop
Viral Protein 40 KOJIbLLEBbIE rekcamepsl TPaHCKPUNLUMK
M OKTaMepbl, CBs3blBaeT M penavKauuu;
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lMpodomkeHue mabnuywi 2

:z:;:::;’ leH Benok AMUHO- JnHa rexa,
pacnosioXKeHus {nacneposa- (aGGpesua:rypa)/ OnucaHue / Description | kucnotbl / ¢yHKuf”"/ s g
BaTeJIbHOCTb) / Protein . . Functions Gene length,
B reHome / . Aminoacid .
Gene (sequence)| (abbreviation) nucleotides
GeneS no
3 VP40 BupycHbIin and is one of the most 303
6enok 40/ common proteins in virions
Viral Protein 40 and infected cells.VP40 is
crucial for virions formation,
due to the fact that it
redistributes nucleocapsids
from perinuclear area to
cytolemma, recruiting GP
to the sites of budding, and
mediating particle release
4 GP [nnkonpoTenH Ncnonb3yeTt cybbvean- 681 Mpukpenne-| 2846/2046
(GP1,2) / Huubl GP1 u GP2 pns HME  BUPUOHOB
Glycoprotein co3faHus  retepoamnMe- K BOCMPUUMYU-
(GP1,2) poB; 3penbii 6enoK Ha- BbIM KAeTKaM
XO4UTCS B BUAE TpuUMepa C  ucnosb3oBa-
retepogumepos GP 1,2; HUEM  KJIeTou-
MOXeT BCTpauBaTbCs B Horo  ¢akTopa
MeM6paHbl; aLMIMPOBaH, npuUKpeneHns:
B 3HauMTes/IbHOW cTene- onpepeneHune
HU N- n O-rnamMkosnampo- TponusmMa Kne-
BaH U ¢ocdopuUANpPOBaH. TOK W TKaHeW;
Benok caunsHus knacca | CBsi3blBaHME C
7 TpaHCMeMbpaHHbI peuenTopomMm;
6enok  Tuna | BMecTe MHAOYKLUMS BU-
c MeTasionpoTeason pyCHO-K/1eTou-
ADAM17  npeo6pa3sytT HOM MeMb6paHbl;
GP 1,2 B pacTBOpUMbIN AHTaroHucT Te-
GP1,2/ TepuHa /
Uses GP1 and GP2 subunits To attach virions
to create heterodimers; to susceptible
the mature protein is cells using cellular
found as a trimer of GP attachment
1,2  heterodimers; can factor: to detect
insert into membranes; tropism of cells
Acylated, substantially and tissues; to
N- and  O-glycosylated bind with receptor
and phosphorylated. to induce virus-
Class | fusion and type | cell membrane;
transmembrane protein, Tetherin
along with ADAM17, convert antagonist
GP 1,2 into soluble GP1,2
5 VP30 BupycHbit 6en0ok |KOMNOHEHTbI KOMMJeKca 281 dopmupoBaHue 1249/846
30 akTmnBaTop / RNP ¢ BbICOKMM ypOBHEM HK; MHuumnaums,
Viral protein 30 docdopunmpoBaHus, ces- penHuumaums
activator 3blBaHWMEM OfHOLLEMOYeY- aHTUTEpPMUHa-
Hon PHK, NP n L, a Takxxe uMs U ycunaeHue
[LOMEHOM CBSI3bIBaHUA TpaHckpunuum /
umHKa / To form NC;
RNP complex components to initiate,
with high phosphorylation, to reinitiate
ssRNA, NP, and L binding, as and to  make
well as a zinc binding domain antitermination,
to enhance
transcription
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lMpoodomkeHue mabnuywi 2

leHbl No
leH Bbenok [ nuHa reHa,
nopaaxy (nocneposa- | (a66peeuatypa) / AT DyHKUUYU / HyKJ1IeoTUabI /
pacnosioXkeHus . Onucanue / Description | kucnotbl / !
B reHoMe / BaTeNbHOCTb) / Prot.em. Aminoacid Functions Gene len'gth,
Gene (sequence)| (abbreviation) nucleotides
GeneS no
6 VP24 BupycHbin KoMnoHeHTbl  KOMMEK- 253 ®opmupoBaHue 1287/762
6enok 24 / ca RNP; romotetrpame- " co3peBaHue
Viral protein 24 puU3yloTCs;  CBSi3aHbl  C NGC; OTpuua-
rmagpodobHON  MeMbpa- TesNbHasa peryns-
Hon. VP24 o6blvyHO pac- LM TpaHCKpUI-
CcMaTpuBaeTCcs KaK BTO- uuu; perynsauus
pow, BTOPOCTENEHHbIN penavKauum;
MaTpuyHbIi 6enok / The perynatopHas
RNP complex components dyHKUMA  Mop-
homo-tetramerize; they ¢doreHesa BU-
are connected with the puoHa / To form
hydrophobic membrane. NC and monitor
VP24 is generally deemed its maturation; To
as a secondary, minor matrix perform negative
protein transcription
regulation;
to regulate
replication;
to regulate
morphogenesis of
avirion
7 L BonbLion KoMnoHeHTbl KoMMaekca VP24 KaTtanuntuue-| 7745/6996
6enok (L)/ RNP, KoTOpble CBSA3bIBAOT- cKUM OOMEH
Large protein (L) csa ¢ VP35, VP30, reHom- RdRp; Pennu-
HOW M aHTUreHomHom PHK, Kauus  reHoma;
a Takxke depMeHTaMu, TpaHcKkpunuuns
Kanupytowmmm MPHK, wu MPHK / Catalytic
romogumepusytotcs / The domain of RdRp;
RNP complex components replicates genome,
that bind to VP35, VP30, transcribes mRNA
genomic, and antigenomic
RNA, as well as mRNA
capping  enzymes, and
are able to homodimerize
MpumeyaHue.
RNP complex - pu6oHykneonpomeuHosas uacmuya (ribonucleoprotein particle). [pedcmasnsem coboli komnsexc, 06pPa308aHHbIL
mexcoy PHK u PHK-cessbigatouumu 6eskamu.
RNP complex (ribonucleoprotein particle) - is a complex formed between RNA and RNA-binding proteins
* Tabnuya cocmassneHa D. Srivastava ¢ coaem. [10] no pabomam pasHuix asmopose.
Note.
RNP complex (ribonucleoprotein particle). It is a complex that includes RNA and RNA-binding proteins.
*The table is compiled by D. Srivastava et al. [10] per various scientific papers of different authors.

TpaHckpuniusa HauMHaeTCs Ha 3'-KOHIIe Te-
HoMa nocpeactsoM BupycHoit PHK-3aBucumoin
PHK-nmonuMepasspl u NpUBOAUT K CUHTE3y JNU-
mepuoit PHK n cemm monmapeHM/IMpoBaHHBIX
MPHK. AKKyMynAnus nepBbIX ABYX Oe/NKOB,
KopMpyeMbIX Ha 3'-koHIje reHoMa (NP u VP35),
CTUMYINUPYET NPOAYLMPOBaHME IONIOXKUTENb-
HO-CMBIC/IOBBIX «aHTUT€HOMOBY IIOJTHOV JINHBI,
KOTOpBIE, B CBOIO O4Yepeflb CIy>XaT B KadecTBe
MaTpuI] I CUHTe3a reHoMa Bupyca. Bupuon
COCTOMT M3 LIEHTPAJIbHOTO PUOOHYKIEONpOTe-
UJHOTO KOpa, CBA3aHHOTO ABYMs MaTPUYHBIMU
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6enkamu, VP24 n VP40, mOKpHITOro IIMKONpo-
TeN/Jj-HeCyI UM JBOVHBIM TUIUJHBIM C/I0€M, I10-
JTy4eHHBIM OT KJIeTKM-XO3sAMHa. IukonpoTens
(GP1,2) ofpa3yer Ha IOBEPXHOCTM BMPMOHA
TpUMepHble LINIIBI, MMeEIye AuaMeTp IIpu-
ONM3NTeNbHO 7 HM ¥ IOKPBIBAIOIME IOBEPX-
HOCTb BUPUOHA C MHTEPBAJIOM NPUOIM3UTENTBHO
10 uMm [17].

Idkomorua MARV. MVD cunraerca 300-
HO3HOJII 60/Ie3HbI0, BO30yAUTeNb KOTOPOI, KaK
II0JIaTal0T, COXPAHAETCA y 3[J0POBOTO XO3sAMHA-
pesepByapa B 3HAEMMYHBIX pajioHax Adpuxn
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B BUJE XPOHNYECKOIl/IlepCUCTUpPYIOleil WMH-
¢dexnumu. B HacrosAmee BpeMsa oOIeNnpuHATA
TOYKa 3peHus, 4To pesdepByapomM MARYV, us xo-
TOPOTO HPOMCXOAUT MHOPUUMPOBaHME IIOfel,
ABIAIOTCA o6uTapiiMe B Ieljepax erumer-
ckme ¢pykroBpie neTyume Mbrmm (Rousettus
aegyptiacus). OHa OCHOBBIBAeTCS Ha BBIJE/ICHUN
MARV or 3gopoBbix R. aegyptiacus [18]. Ho eit
HPOTUBOPEYUT TO OOCTOATENBCTBO, YTO Ipa-
HULBI apeanoB R. aegyptiacus He Bcerja co-
BIIAJIAIOT C TePPUTOPUAMU, SHAEMUYHBIMU IIO
MVD. JInsa MHOTUX ciy4aeB 0OJe3HU Y JIOfeil
KOHTAKT C JIETYYUMMM MBIIIAMM He YCTaHOBJIEH.
HeT monHOi sicHOCTM M 06 MCTOYHMKE Mac-
coporo mHuuupoaHusa o6e3paH. Jlogu n
OpUMaThl He MOTYT OBITb INEPBUYHBIMM pe-
sepByapamu MARYV, oHu O6picTpo mormbarot
ot nHpexnuu. Jleryunx mprmeit R. aegyptiacus
IpU COBPEMEHHOM YpPOBHe 3HAaHUIl SKOJIOTUMN
(GUIOBMPYCOB MOXHO OTHECTM K IMPOMEXYTOU-
HOMY pe3epByapy - WUHJMKATOPy KOHTAaKTOB
C MX TEepBUYHBIM IPUPOAHBIM pe3epByapoM
(ecrecTBeHHBIM Xx03sMHOM). Heckompko Kpym-
HOMACIITAaOHBIX IHOIBITOK OIPEAEeTNTh TAKOTO
XO03AHa, IpeJIIPUHATEIE ITO Beell Appuke K 1ory
ot Caxapbl, He yBeHUYAIUCh ycmexom [6, 19-21].
ITpyumHa, BO3MOXHO, 3aK/TI0YAETCA B TOM, 4TO
MARYV uckanu He TaM U He Y TeX.

[TaToreHes 6one3HM MOACKa3bIBaeT Iep-
BUYHBII TpupopHbIl pesepByap MARV nu
Apyrux ¢uaoBMpycoB - (aronuTUpymoime
KJIETKM 4eI0BEeKa ¥ IIPMMATOB — 9BOJIOIMIOHHbIE
HOTOMKM CBOOOJZHO J>KMBYWIMX IPOCTEMIINX
(Protozoa)”. Makpodaru, xnerkun Kyndepa,
nengputHsle kneTku (JK) u gpyrue 6p1u ngen-
TUPUIMPOBaHbl KaK OCHOBHbIE pPaHHMe M IIO-
crosiHHble MuieHn nHpexknuu EBOV u MARYV,
OTBeYaloIMe 3a PAacIPOCTpaHEHMe BUpyca U3
MepBOHAYA/IbHOTO MeCTa 3apakKeHUSA B Peruo-
HaJIbHbIe TMMQaTUdecKme y3/bl yepes numdaru-
4eCKYI0 CUCTEMY, a TAaK)XKe B TIe4eHb U Celle3eHKY
4yepe3 KpoBb [23]. Makpodaru u cBo60oHO XU-
Bymue ame6sl (Free-Living Amoebae) o6mapmaror
MV POKNUM CIHEeKTPOM CXOJZHBIX PeLeNTOPOB, KO-
TOpble PAaCIIO3HAIOT MTATOTE€HbI U APyTye KIeTKM,
HojIeKalye MOTIoIeHNn 0. VIX mOBepXHOCTHBIE
penenTopsl: penenrtopbl-Mmycopmuku (LIMP-2),
TOMI-IO00HBIe perennTOPHI (tirA, tirB), nevius-
6orarsie moBTOpbI penentopoB (LrrA) n nex-
TUHOBbIe perentopbl C-Tuma, JeMOHCTPUPYIOT
CYLIeCTBEHHYI0 TOMOJIOTMIO. AKTMBAaIUsA 3TUX
pelenTOpOB 3alycKaeT CXOAHbIe BHYTPUKIIe-
TOYHBIE CHUTHa/lbHble KacKaJbl, WHUIUUPY-

fougre GparonnTos, a TAK)Ke KaCKaJbl, CBsI3aHHbIE
CO CTpeccoM - BBIOPOC CUTHAIBHBIX AUMO-
KIMHOB (MPOBOCHANUTENbHBIX (HAKTOPOB), Of-
HOBPEMEHHO SAB/IAIONIMXCSA CUTHATaMU Tpe-
Borm u cbopa ame6 mpy HamafeHUM Ha UX
coobmecrna [22, 25].

BsanMooTHOIIeHsI MeXAY 6aKTepUsMU, BU-
pycamu u aronuTUpPYOIIUMK HpocTeimum™
CKJIa[IbIBANICh B TeYeHMe MUIIMAPHOB JIeT Off-
HOKJIETOYHON >XXM3HM M B OCHOBHOM OQOpMIU-
nuck B mpoteposoe (1900-570 MyH 7eT Ha3am) oo
MOsIBTIEHU ST KOMbUATHIX YepBeit B CpemHemM KeM-
6pun (500 n meHee M/IH neT Hadan). Kompuarbie
YepB) 3HAUMUTETBHO NPOJABUHYTHI B (UIOreHe-
TUYECKOM PsAY, Y HUX BIlepBble HaOMoOmaercs
AVBEPreHNIVsl K/IeTOK C VIMMYHOJIOTMYECKVMMU
MOTEHIMSAMYM Ha JBa CaMOCTOATEIbHBIX TUIIA:
Hecnenu@nUiecku pearupymomne Makpodarn
(meiitpodunbl); n MUMEPOUUTONOAOOHBIE aMe-
60LUTBI, CIIOCOOHBIE K CrenupuueckoMy pea-
rupoBaHuio”. Ilo aToit mpmumHe NUMEOOLNUTHI
He CTajy MULIEHSMM HU JJIs1 IPEAKOB COBpe-
MeHHBIX QUIOBUPYCOB, HU [/Is1 MHOTUX JPYTUX
NATOTEHHbIX MUKPOOPTraHu3MoB. I1o JaHHBIM,
cobpanubsiM R.B. Martines ¢ coasrt. [24], ucto-
meHne MuMQOUTHOIN CUCTEMBI B Xoje MHpeK-
IMOHHOTO Ipollecca IPOUCXOAUT B pe3y/nbraTe
amonTto3a /AMMQOUUTOB, BbI3BAHHOIO IOBbI-
IIEHHON 3KcIpeccueil MHPULIMPOBAHHBIMU Ma-
KpodaraMm HpOBOCHANTUTENbHBIX (PaKTOPOB -
COBEPIIEHHO HENOTUYHAS OMIUS BPOXIEHHOII
MMMYHHOJ CUCTEMBI, €C/I He 3HaTh ee 9BOMI0-
IMIOHHYIO VICTOPUIO.

BsammopeiicTBue NpPOKapMOT, BUPYCOB M
NPOCTENIINX, I[OBCEMECTHO PaCHPOCTPAHEHO
B OKpY’Kallleil cpefie U He 3aBUCUT OT TOTO,
XOTUM MBI 00 3TOM 3HATh UAMU Her [23, 26, 27].
ITokasaHo moOAJep)KaHMe CBOOOTHO KUBY-
muMn ame6amMu 6aKTepranbHBIX MATOTEHOB Jie-
CATKOB BUJOB CIeAYIOUUX ceMelicTB: Legionella,
Chlamydia, Coxiella, Rickettssia, Francisella,
Mycobacteria, Salmonella, Bartonella,
Rhodococcus, Pseudomonas, Vibrio, Helicobacter,
Campylobacter u Aliarcobacter; epubos: Candida,
Fusarium, Cryptococcus u Asperigillus, a
TaK)Xe BUPYCOB: TUTraHTCKuX (Mimiviruses,
Marseilleviruses, Pandoraviruses, Pithoviruses,
Faustoviruses), Bupyca Koxcaku, aJeHOBU-
pycoB, HopoBupycoB [23, 27]. Takxe mokaszaHo
noanepxanne PHK-Bupycos B Hematomax [28].
CrnemoBaTenbHO, OTPOMHBIN I/IACT BO3MOXXHBIX
HePBUYHBIX pe3epByapoB (GUIOBUPYCOB cpenn
MPOCTENINX U MHOTOKJIETOYHBIX 0ecro3Bo-

13 Boree moppo6HO 06 3BOMIOLMY IPOCTENIINX, CTABIINX YAaCThI0 IMMYHHOII CUCTEMBI YelI0BEKA, CM. B paboTax

A. Bajgar, G. Krej¢ova [22] u C.T.D. Price c coasr. [23].

14 TIo cBOEIT IPUPOJIEe ATV OPTAHN3MBI SIB/ISTIOTCST 6€CCMEPTHBIMIL, TAK KaK PA3MHOXKAIOTCsI 60 AeseHneM (Ipocreit-
e u 6aKTepun), 160 KOMUPYIOTCS C MATPUILBI (BUPYCHI).

5 Annelid. URL: https://en.wikipedia.org/wiki/Annelid (zaTa o6pamenns: 13.10.2024).
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HOYHBIX OPraHN3MOB ellle fake He HauMHAIU
MCCTIelOBATh.

Anugemuonorua MARV. Cuwuraercsda, 4To
nepBUYHbIe IManueHTbl MVD 3sapaxkarorcsa Bu-
pycoM depe3 KOHTAaKT ¢ WHQUIVPOBAHHBIM
KMBBIMM VIV MEPTBBIMM JIeTy4MMM MBIIIAMI,
mwnu ob6e3bsiHaMU. 3apa’keHHbIe JIeTy4ye MBIIIN
He NPOABIAIT HUKAKUX NPUSHAKOB MM CUM-
nroMoB MHpexknuu. PacmpocTpaHeHue BuUpyca
MEXAy JIOJbMM IPOUCXOOUT B pe3ynbrare
HpsAMOTO KOHTaKTa C KPOBBIO WMIM JPyIUMIU
KUJKOCTAMU OpraHusaMa (C/IIOHOM, IOTOM,
KaJIOM, MOYOIi, CIIePMOIi, C/le3aMU M T'PYJHBIM
MOJIOKOM) MHOQUIVPOBAHHBIX manueHToB. Ile-
penada MOXXeT NMPOUCXOAUTb NPU KOHTAKTE C
3apa>kKeHHBIMI IIOBEPXHOCTAMM WMIM HpeaMe-
tTaMu (OfjeXX/1a MK TOCTeTbHOe Oe/lbe yMepUInx
or MVD); myreM 4YpecKOXXHOI WHOKYIALUN
(tT.e. TpaBMBI) M dYepe3 OpPBIrM Ha He3aIU-
IeHHYI0 CIU3NCTyI0 060mouky. MARV cmo-
COOEH JO/NT0 COXPAaHATBCA B JKUAKOCTAX M
0onee 3 Hefenb NMpU HUBKUX TeMIlepaTypax Ha
TBEPAbIX IOBEPXHOCTAX, TAKMUX KaK IJIACTUK U
crekso. CinegoBaTenbHO, nepegaya MARV uepes
dboMuTh'® MoOKeT OBITH 3HAYUTENbHBIM (Qak-
TOPOM B pacIpOCTpPaHEHUM BUPYCa, 0COOEHHO
BO BpeMs Bcmblmku. Kpome Toro, 61msocts K
TeJly yMepIlero 4eJioBeKa BO BpeMA IOXOPOHHBIX
puryanoB appuKaHCKON TITyOMHKM CIIOCOO-
crByer nepefade MARV. Tunudynosle pucku 3a-
pakeHMs BKIIOYAIOT OKa3aHME MeAMILIMHCKOI

noMOIY MHPUIMPOBAHHBIM JIMI[aM, a TaKXe
obpamenne ¢ Tpymamm 0e3 MCIIOTb30BaHNSA
HaJIeXXaluX CPeACTB 3alUThl. Bupyc 6b11 00-
Hapy>KeH B c/Ie3ax, cliepMe U B OMOIICUY IIeYeHN
nepe6oneBuinx MVD depe3 HECKOTBKO MeCs1[eB
[OC/Ie TOSBIEHNs CUMIITOMOB, YTO IMOfYEPKM-
BaeT BAXXHOCTb HAOTIOeHNs 32 BBI3TOpaBIUBa-
UMY TanueHTamun (3, 6, 8, 29]. AsposonbHas
nepegada GUIOBUPYCOB B IPUPOLHBIX OYarax He
mokasaHa [24].

3. IlaTroreHe3, KAMHMKA WM JIUMATHOCTUKA
MVD

Ilatorenes. B pasnmMYHBIX 3KCIEpUMEH-
TAJIbHBIX MOJIE/IAX XMBOTHBIX 1 y 3a00/IeBIINX
nIofeil OBIIO IOKa3aHO, YTO MMMYHHas CH-
CTeMa 4Ye/l0OBeKa Ha BCeX 9Tanax 00/1e3Hy Urpaer
CBOEI0 pO/Ib Ha CTOpoHe Bupyca. Parouurnupy-
IolMe KJIeTKM CUCTeMbl MOHOHYK/IeapHBIX (a-
TOLIMTOB, TaKMe Kak MakKpodaru, MOHOI[UTHI
U JIeH[PUTHBbIe KIeTKU, ABIAITCA TPUTepoM
MVD, cnoco6¢TBysl pacnpoCTpaHeHUIO BUpYyca
U yTKeNeHUIo 6o0ne3HM. OHAOTeNNanbHbIE
KJIeTKM, KaK HTPaBUIO, SBIAIOTCA TO3JHUMU
mumensamu MARV, Ho u oHn cnoco6CTBy10T
pemnukanuu MARV. Ilostomy y 3aboneBmimx
MVD mHabnopmaercst obijee CuUCTEMHOE pac-
IpOCTpaHeHNMe BMPYCa, YTO IPUBOAUT K IIO-
JIMOPTAaHHOM HENOCTAaTOYHOCTM, TSAXKEIOMY Te-
yeHUIo 60Me3HU U JIeTalbHBIM ucxogaM [6, 8]
(pucynox 4).
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-
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MARV

DHoomenuanvHvie Kiemxi

Tadicenvie HeKpomuvecKue nopaxceHus
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ITosonue muwenu Buviceoooorcoenue meouamopoe

60CNaNeHUs U YUMOKUHOG
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Lok 1 cmepmb

! !

ITeyenu

PucyHok 4 -
asmopamu u3 [3])
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Jumpamuyeckuil yzen

KnemouHble MuweHu u KaemouHble nospeucdeHus u3-3a MVD (pucyHok adanmupoedaH

Figure 4: Target cells and cell damages, induced by MVD (the figure is adapted by the authors from [3])

1o @omumot (aHri. fomites) — m06bIe TpeaMeThbI, KOHTAMUHIPOBAaHHbIE TATOT€HHBIMI MUKPOOPTaHM3MaMU U PY-
TVMMM IIApa3UTaMM, IIPU CONIPMKOCHOBEHNY C KOTOPBIMY BO3HMKAET PUCK 3apaskeHMA.
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TeMopparmdeckuii CUHAPOM pa3BMBAETCS
BC/IEICTBME BBIJje/IeHNsA WHPUIMPOBAHHBIMU
IK, MoHoumramyu, MakpodaraMm MHOTOYNC-
JIEHHBIX  NPOB0CHANUMENbHOIX — UUMOKUHOB
(IL-1B, IL-1RA, IL-6, IL-8, IL-15 m IL-16),
XemMoKkunos, gaxmopos pocma (MIP-1la, MIP-1p,
MCP-1, M-CSF, MIF, IP-10, GRO-a 1 30TakcuH),
paxmop nexposa onyxonu-o (TNF-a) u mxane-
6020 axmopa TpoM6O6oUTOB (PaKTOp CBEPTHI-
BaHus III). VIXx MaccUBHBIN BBIOPOC IMPUBOAUT
00/1bPHOrO K IIOKY Ha (pOHe pe3KOro IajieHus
apTepuanbHOTO JaB/IE€HUA U BbI3bIBAET ANOITO3
B HONYIALMAX TUMQOIUTOB, COIPOBOXAAK-
muiicas MMMyHocynpeccuein u numdoneHmeir.
Mnpuyuposarue s3H00menuanvHoLx Knemox mpo-
AB/IAETCA MOBBILIEHNEM TPOHUI[AeMOCTY KPOBe-
HOCHBIX cocyoB. [TapasnienpHo pa3puBaleecs
nopasceHue nNApeHXUMAmo3HblX KemokK neueHu
CHIDKaeT BbIPAOOTKY MHIMOMTOPOB CBEPTHI-
BaHMA KPOBY, YTO B COYETAHUN C MOBBINICHHON
IPOHNIIAEMOCTBIO COCY/IOB ¥ BBIOPOCOM MaKpoO-
¢daramu TkaHeBOro pakTOpa TPOMOOLUTOB, CII0-
cobctByet passutuio [IBC-cunpgpoma (auccemn-
HUPOBAaHHOE BHYTPUCOCYANCTOE CBEpPTHIBAHIE
KpOBM) ¥ KpOBOM3NUAHUAM. I[lospexoderue
A0peHOKOPMUKATILHBIX KIeMOK HAONO4eUHUKO8
HPUBOAUT K HAPYLUIEHUIO BBICBOOOXIEHMS TOP-
MOHOB KOPBI HaJIIIOYEYHNKOB, YTO BbI3bIBAET -
IOBOJIEMUIO ¥ TUIIOTOHUIO, M, COOTBETCTBEHHO,
yCyry6nser moKoBOe COCTOSHNE Y 3a60/IeBIIErO.
BekpoiTua mormbmmux or MVD mropeit moka-
3a/MM OTeK MOoYeK, CepAlla, Mo3ra, TMMQPONTLHBIX
TKaHell, KPOBOU3NUAHUA B MATKME TKaHU U C/IN-
3UCTYI0 0007104KYy. TakKe 0OHapy>KeH 04aroBblil
HeKpo3 0e3 BOCIa/leHNsA B IIeYEHU, Celle3eHKe,
AMYKAX, AMYHUKAX U MOJKETYTOIHOI Kelese,
a Tak)ke IPU3HAKU IeMOpPparnm4eckoro guaresa
BO BCeX opraHax. [JImanbHBIi y3€KOBBI SHIIE-
¢danut 661 oTMedeH 1Mo BceMy Mo3ry. Habmio-
[AlOTCs 3HAYNMTeNbHble IIOBPEXAEHUs IOYeK
Y TpPU3HAKU KaHaJIbLIEeBON HEJOCTATOYHOCTH.
JIum¢arnyeckass TKaHb HAEMOHCTPUPYET IIas-
Malle/UIIONIAPHYI0 ¥ MOHOLMTOMJAHYI TPaHC-
dopmarnuwo. basodunpuble Tenpia ObIIM 3a-
MeYeHbl OKOJO HEKPOTMYECKMX KIeTOK WIn
KaK BKJIIOYEHUS B IIAPEHXMMAaTO3HBIX KJIeTKaX
(3, 6, 8, 24].

IIpu ¢unoBupycHsIXx MHQDEKIUIAX OTBETHI
CO CTOPOHBI (AKTOPOB NPUOOPETEHHOTO MM-
MYHNUTETa Majo IIOXOXM Ha Te, YTO OIVICAHBI B
y4eOHMKaX 110 MMMYHOIOTUU JJ/Is1 CTYAEHTOB —
OHM 6OsblIe IOXOXM Ha COCTABHYIO 4acTh Ia-
TOreHe3a 00Ie3HN, YeM Ha 3alIUTHYI0 peaKIuIo.
OcCHOBHYI0 polb uUrpaeT (peHOMEH aHmume-
no03asucumozo ycunenus uxgexyuu (antibody-
dependent enhancement, ADE). On 3akmioua-

eTCs B TOM, 4TO BUpyccnenudmnieckme aHTUTeNA
yCUINBAIOT IPOHNKHOBEHNUE BUpyca B darouu-
TUpYoOLIMe KIeTKM IIOCPEeJCTBOM B3auMOJel-
cTtBuA ¢ peuentopoM FcR u/unm peunenrtopamn
KOMIIEMEHTa Ha IIOBEPXHOCTM (arouTupy-
IoLuX K1eTok. [ToaTtomy ¢peHoMeH Habm0faeTCSA
B JBYX BapMaHTax: a) KOMIIIEMEHT-OIOCpe-
NOBAaHHOE AHTUTEN03aBUICMMOE YCUIEHME WH-
¢dexnuu (complement-mediated ADE; C-ADE);
u 6) He3aBUCsALlee OT KOMIIJIEMEHTA U CBSI3aHHOE
¢ Fc-penentopom makpodaros ycuiaeHue uH-
dexnun (Fc-receptor-mediated ADE; FcR-ADE)
(30, 31].

A. Takada c¢ coaBr. [32] 6b1a OOHapy>xeHa
CIIOCOOHOCTDb CBIBOPOTKM KpPOBM pPeKOHBajec-
IIEHTOB, Iepe6oNeBIINX NMXopagKkoir Sboma
(EBOV Zaire), yBennuuBath MHPEKIMOHHOCTH
BUpyca B oTHomeHuu Knetok Hela muaunm 293,
KJIETOK II04eK 00e3bsH U 9HAOTe/NINaTbHBIX
KJIETOK IIYIIOYHOJ BeHbI 4enoBeKa. OCHOBHYIO
pOIb B 3TOM IIpOLiecce UTPAIOT OTAeNbHbIe IgM,
cnenu¢pnunsie K GP, m 4TO BBIPa)KEHHOCTD
¢enomena ADE pasnnyuHa y cBIBOPOTOK, B3ATBIX
oT pasHbIx nanueHToB. [Tosxe A. Takada c coaBT.
[33] mokasanu B ycmoBusx in vitro, 4¥ro ADE npu
nH(pEeKUMOHHOM Iponecce, Bbi3BaHHOM EBOV
(Zaire), pasBuBaeTcs B pe3yabTaTe B3auMOfeIl-
CTBUS BUpYycCIeNMPUIECKUX AHTUTET C BHU-
pycom u Fc-penentTopom Makpodaros, Mam KOM-
noHeHTOM KoMieMeHTa Clq 1 ero penentopom
(C-ADE Bapmant ¢enomena). ADE GP-anru-
CBIBOPOTKM CBsi3aHa ¢ ypoBHAMHU IgG2a u IgM,
HOo He ¢ ypoBHaAMU IgGl. Vcnonb3ysa MOHOKIO-
HaJIbHble AaHTUTE/IA, OHU OIpele/NVIN 3IUTOIbI
GP Bupyca cybtuna Zaire, oTBevaroue 3a 1uH-
OYKUMIO aHTUTe, BeidbiBaromux ADE.

Ons MVD d¢enomen ADE 6bin ommcan B
2011 r. Tak xe xak gnsa EBOV mokasaHa cBs3b
Mexny ADE m BHUPYIEHTHOCTBIO INTaMMOB
MARV. VccnemoBaTensamMu genaeTcss BBIBOJ, YTO
¢denomen ADE nexnuT B OCHOBe IaToreHe3a He
TonbK0 MVD 1 nmuxopajgku 9601a, HO U JPyrux
¢unoBupycHbIX Muxopanok'’ [34].

BupynentHocts  MARV u Bblcokas ie-
TaJbHOCTh 3abonmeBumux MVD cBsasaHbl ¢ He-
KOHTPOIMPYEMBIM MMMYHHOWU CHUCTEMON C
pasMHOXeHuMeM Bupyca u ydactuem ADE B
ero pacnpocTpaHeHMsA HO (ParoUTUPYIOLUIUM
kinetkaM (8, 29, 34]. Mbl npepmonaraeM, 4TO
TOpPMOXeHMe MH(EKIMOHHOIO Ipolecca IIpo-
UCXONUT He B pe3y/lIbTaTe 3a[eliCTBOBAHNUA pas-
ANYHBIX 3BEHbEB IMMYHHOII CHCTEMBI, a Uepe3
aKTUBALUIO K7emouHvlx ceHcopos PHK, 3amycka-
IOIIMX MeXaHM3M KJIeTOYHOIl 3allUThl, HAIlpaB-
neHHbIN Ha pacmernenne PHKasamn MPHK Bu-
pyca B nurtomnnasMe KiaeTkyu. OuaoreHeTM4ecKn

17 QenoMeH xopouIo usydeH. yKemarommMm ¢ HUM 03HAKOMUTbBCA MBI peKoMeHiyeM 0630pst S. Thomas ¢ coasT. [35]

u J. Sawant ¢ coaBT. [36].
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OH BO3HUK JI0 IOABJEHNSA aJalITUBHOTO UMMY-
HIUTETa y TO3BOHOYHBIX OPTaHM3MOB'®.

Knunuka 6omesuu. BonbmimHCcTBO MMEIO-
IUXCSA KIMHUYECKUX JAaHHBIX OBIIN IONTYYeHBI
M3 HECKOTbKMX KPYIHBIX BCIBIIIEK, 0COOEHHO
BcoblIKKM 1967 1. B I'epmanum u bBenrpage B
IOrocnaBum, Bcubimikyu 1998-2000 rr. B JIPK
un Bcrubimky 2004-2005 rr. B A"rone. Knuuu-
YeCKMe XapaKTePUCTUKU VHPUIMPOBAHHOTO
MARYV manmeHnTa MOTyT pa3nu4yaTbCsa B 3aBUCH-
MOCTM OT Pa3nMYHbIX (GAKTOPOB, BKIIOYAST BU-
PY/IEHTHOCTD IITaMMa BUPYca, 03y 3apa>keHN,
¢dusmyeckoe COCTOSIHME U BOCHPUMMYMBOCTD
nanueHTa, a¢pdekTUBHOCTD nedeHnA. Ha ceron-
HAIIHUI JIeHb 3aperucTpPUpPOBAaHHBIN MHKYOa-
IIMIOHHBIII IepyoJ 00/Ie3HN Y JIIOfieil COCTaBIsAeT
oT 2 10 21 cyTOK. B cpegHeM ee npoOJOKUTENb-
HOCTb COCTaBIAET OT 5 10 9 CYyTOK, /IETaIbHOCTh
Koneb6nercsa ot 22,6 7o 100 % [6, 10, 29].

Ha paHHelt cTaguym KIMHUYIECKOTO IIPO-
ABNeHNs OOJe3HM y MalyeHTOB, MHPUUIUPO-
BaHHBIX (UIOBMPYCOM, CUMIITOMBI HeCIIEeL-
(UYHBL M UX TPYJHO OTIMYUTDH OT APYIUX 9H-
TeMUYHBIX 3a00MeBaHMIl, TAKMX KaK TUXOpagKa
JTacca, manspus, xonepa uian OpromHON TUd.
Y manueHTOB Tak)Ke MOTYT pasBMBATbCA MH-
¢dexuy, BbI3BaHHBIE IPYTYIMU ITATOT€HAMMY, YTO
elje 0OJIbIIe YCIOXKHSIET AUATHOCTUKY [24].

Knununuyeckoe Tteyenne MHF pasgendaror
Ha 3 ¢assl: HavanapHas ¢$asa — reHepaan3al i,
3a KOTOPOII ClleflyeT paHHAA OpraHHasA ¢asa, a
3aTeM MO3[HAA opraHHas ¢asa man ¢asa BbI3-
DOPOBJIEHNA — B 3aBUCUMOCTI OT IPOTpeccupo-
BaHus 6onesnu. beccumnromuoe redenne MHF
He JOKas3aHo [6, 8, 29, 39].

Dasa 1. Pasa zenepanu3ayuu - ¢ nepe02zo no
uemeepmole Cymu

Havano 6onesun BHesamHoe. PaHHue cum-
ITOMBI, KOTOpbIe IPUCYTCTBYIOT BO BpeMs 3TOI
¢daspl, BKAWYAT O00I[Me TPUIMONOLOOHBIE
XapaKTepUCTUKY, CONPOBOXKJAIOIINECS BbI-
cokoll temneparypoii (39-40 °C). Kpome rtoro,
MHOTYe MalMeHTbl coo0Iany 06 U3HYPAINX
CUMIITOMAX, BK/II0Yas yCTalOCTb, CU/IbHBIE I'O-
JIOBHBIE OONM, MUAJITNIO, 03HOO, HETOMOTAaHNE,
HOTepI0 ammeTnuTa, OOMM B >KUBOTE, 3HAYM-
TeJTbHYI0 IOTEPI0 MACChl Tejla, CUAbHYIO TOII-
HOTY, PBOTY, BOLAHUCTYIO AVApeI0 I AHOPEKCHIO.
Bonp B uBOTE, 00MIbHAS BOASHUCTAS [Uapes,
TOLIHOTA M PBOTa MOIYT CIefOBaTh C TPETbUX
CYTOK OT Hadaja cuMnromoB. Ha pasHbix uya-
CTAX Tela HOABIAETCSA XapaKTepHas MaKyJIo-
namnysiesHas cbllb (0COOEHHO Ha Iee, CHMHE U
JKMBOTE), YTO SIB/IAETCS OTINYNTETBHON YePTO
¢unoBupycHOM MHQEKINN OT TPUIIIA VIN Ma-
nsapun. Cplllb HAYMHAETCS C OTYETINBO 0003Ha-

YEeHHOJI KPacHOIl HaIyJbl pasMepoM C OyIaBKy
BOKPYT KopHeit Bomoc. Konen aToit ¢aser gacto
XapaKTepu3yeTcsi KOHBIOHKTMBUTOM, pAucda-
3Meit, 9HaHTeMOi U GapUHTUTOM.

®asa 2. Pauuss opeauunas ¢pasa (Early
Organ Phase) - namvie-mpunaduyamoie cymxu

YcroituuBas BBICOKas TeMIlepaTypa i Apyrue
o611e CMMITOMBI, KOTOPbIE A/IATCA OT IATH JO
TpUHagUaTu cCyTok. [Ipogomxkaercs pacnpocrpa-
HEHE 110 Te/ly He3yIAIlel], 9)pPUTEMAaTO3HO U Ma-
KY/IONAITy/Ie3HON ChIY. MeXAy MATBHIMMI U Ceb-
MBIMM CYTKaMM ChIIIb Ha ATOAMIAX, TYTOBMILE U
BHEIIHe! CTOpOHe 00erX BepXHUX YacTeil PyK.
MosxeT HpOSBIATHCSA KOHBIOHKTUBA/IbHAS UH-
dbexuus, npocTpanus, OfbIKa (JUCITHO), BU-
pyCHas 3K3aHTeMa, HeperylIsApHas COCYAMUCTas
HPOHMUIIAEMOCTD U OTEK. 3apernCTPUPOBAHBI He-
BpOJIOTMYECKNe CUMIITOMBI, TaKMe KaK CIyTaH-
HOCTb CO3HaHNA, 9HIe(aTUT, pasgpaxKuTerlb-
HOCTb, fenupuil u arpeccus. Ilpumepno y 75 %
HaIMieHTOB HAOMIOAIOTCA TreMopparnyeckne
HNpOSAB/IEHN, BK/IIOYAs KPOBOTeYeHUe U3 CINU-
3UCTBIX 000/I049€K, Me/IeHY, ITeTeXN!, KPOBaBYIO
[uapero, BUCIepaJbHble TeMOpparnyeckye BbI-
HOTbI, HEKOHTPOJIMPyeMOe MOJTeKaHIe U3 MeCT
BEHENYHKI[MY, KPOBaBas pPBOTa U SKXMMOS3BL
Tax>xe ObIIN 3aperUCTPUPOBAHBI KPOBOTEYEHM S
U3 HOCa, JleCeH M Biaraanma. B Tsxenbix cmy-
Yasx JieTaTbHbIe MCXO/bI M3-3a 60NIBLION TOTEPU
KpoBM U IIOKa Ha 8-9 cyTkm. Bo Bpemsa arToii
¢daspl MHPEKIMN MOPa)kalOTCA HECKOIbKO Op-
raHOB, BK/II0Yasl IIOYKM, HA/[IIOYeIHNK, IIeYeHb
U TIOf>KeNTYJOUHY IO XKeTle3y.

®asza 3. Ilo3ouss opeannas ¢Pasa (Late
Organ Phase) u ¢asa 6v1300posneHuss - mpu-
Haoyamuole cymxu u 6onee

VNudexuus nubo craHoBuUTCA (aranbHOIL,
160 MalMeHThl BCTYNAIOT B AIUTENbHYIO (pasy
BoccTaHOBIeHNA. OOBIYHO OCHOBHBIMIU IpPUYN-
HaMM CMepPTM SBISAIOTCA IIOK M IONMOPraHHAsS
HepgocTaToyHOCTb. Ilo3gHAA opraHHas ¢asa
(B HelmeTanmpHBIX CIydYasix) HauYMHaeTCs Ha 13-e
CYTKM U JJINTCA IO ABAJLATBIX CYTOK U MHOTA
ponbie. Tsokenble MeTabonMYecKye HapyIeHN A,
BK/IIOYas CyJOPOTYU U CUJIbHOE 00€3BOXXMBaHNE,
HPUBOAAT K HOIMOPraHHON AUCPYHKIUU U
aHypun. B HeKOTOpBIX cly4asax Ha 3Toi (ase
coobmanocp 06 opxurte. Hesponorumyeckne
CUMITOMBI COXPaHAITCA. [lOMOTHUTETbHBIM
OC/IO)KHEHNEeM Yy OepeMeHHBIX >XEHIUH SBJIA-
eTcsl CHOHTAaHHBIN abopt. [emarut, Mumanrus,
apTpanrusA, dYacTUYHAs aMHe3Us, acTeHM,
IICUXO3bI, TIOTIMBOCTD, IIeNTyIIeHne KOXU, BTO-
pudHble MHQEKIUM - pacIpocTpaHEeHHbIE OC-
JIOKHEHNS Ha CTafuM BBI3TOPOBIEHMA OT UH-

dbexuun [6].

18 Boree mogpo6HO 06 9THX MeXaHM3MaX K/IETOYHOI 3alUThl OT MATOT€HHBIX MUKPOOPIaHM3MOB CM. B paboTax
G.P. Amarante-Mendes c coasr. [37] u M.I. Khan c coasr. [38].
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TunuvHele npedazoHanvHvle  CUMNINOMDBL
BK/IIOYAIOT OeCHOKOWCTBO, CIYTAaHHOCTb CO-
3HaHMUA, eMeHLNIO0, CYJOPOry, HapylleHue Kpo-
BOOOpaleHN A 13-3a CUIBHOTO 00€3BOXXMBAHNA,
MeTaboMMyecKue HapyIIeHUs, THXKETyo Aud-
($y3HYI0 KOaryjaomaTuio, HOIMOPTaHHYI Hefo-
CTaTOYHOCTD, HIOK U KoMy. CMepTb HacTyIlaeT
Ha oHe coyeTaHUA rMNOTOHUM (M3-3a Mepepac-
npefiefieHNsA SKUIAKOCTU), BHYTPUCOCYAMUCTOTO
CBepThIBaHUA M runokcum tkaHeir. K ocoben-
HocTsAaM MHF, HabnogaeMbIM B JIeTaIbHBIX CITY-
YasgX, OTHOCATCSA BbICOKasA BUPYCHas HarpysKa I
BbIPa>KeHHBII POCT KOIMYECTBA HENTPODNUIOB B
KpOBU, NajieHne TMMQPOUUTOB U TPOMOOLUTOB,
Koarynonarus. bonpmMHCTBO cMepTeNIbHBIX UC-
XOJIOB IIPUXOMAATCA Ha BTOPYIO Helento 60ne3Hu,
B cpefHeM depe3 9 CYTOK Ioc/e ee Hayana. Te,
KTO BPKMBAeT B 9TOT IEPUOJ, CKOpP€e BCEro, BbI-
30paBINUBAIOT [6, 24, 40, 41].

Brispoposnenne pnurenbHoe. Ilocnencrusd
MHF BxiIo4anyu MHUaATUIO, UCTOLIEHNE, TUIIEP-
TUIpO3, LIeTyIIeHNe KOXM, aMHe3UI0, aTpOopuIo
ANYeK, CHIDKeHVe MO0 M BBINaJieHNe BOJIOC.
VIH}ekumoHHBII BUPYC ObUI BbIJENeH U3 00-
pasLoB CIepMBbI Yepes 3 MecsAILeB IocIe 60NIe3H.
Takxe o6HapyxeHo, 4To MARV coxpaHsaercs B
ANYKaX HEYeTOBEKOOOPAa3HBIX IIPUMATOB, KO-
Topple BpDKMAN. OAMH M3 BBDKUBIIMX IaILM-
€HTOB Iepefial MHQEKIMIO CBOEN Cylpyre IO-
JIOBBIM IyTeM Oojiee yeM 4depes 2 MecsAla IOCTIe
6onesnu [41].

Huarnoctuka. Knuumyecknit puaranos MHF
4acTO YIyCKaeTCcsd Ha PaHHMX CTafiuAX U3-3a
CXO/ICTBA KJIIMHNYECKNX IIPOABIEHNI C PYTUMHU
TUXOPAaJOYHBIMU OO/e3HSAMMN, PacCIPOCTPaHEeH-
HpIMU B Adpuke. IToaTromy ObicTpass M TOYHaAsS
nmabopaTopHasA AMATHOCTMKA MIMeeT pelIaloliee
3HaueHue. JJOCTYIIHBI MM HAXOJATCA B CTagUU
Pa3paboTKM HECKOIBKO METONOB TeCTHPOBAHMA
B 3aBUCUMOCTY OT TeYeHU s MHPEK UM, BKITI0Yas:
3NMIeKTPOHHYI MUKpocKonuio (OM); TecTsl aM-
mndukanuym HykKaenHoBbix Kucnor (OT-TIIIP,
qRT-TIIIIP, RT-LAMP u 1. fi.) U ceKBeHUpOBaHIUe;
MMMYHO(QEpPMEeHTHBII aHa/IN3 aHTUTEHOB U aH-
tuten (ELISA, mMmmyHoxpomarorpadudeckmi
TeCT C JaTepajabHBIM ITOTOKOM); a TaK>Ke BbIfle-
7eHNe BMPYCa/MMMYHOTUCTOXMMUW0. JImarno-
CTUYeCKMMU 06paslaMu ABIAITCA KPOBb O0O/Ib-
HOTO, €ro 6Monorm4eckye XUAKOCTY U TKaHM,
IOJIy4YeHHbIe B Pe3y/IbTaTe ayTOICUM.

MARYV o6HapyXuBaoTCcsA B KpOBY 60THHOTO
C MOsIBNIeHMeM nuxopagkm [29, 42].

IgM MOTyT IOABNATBHCA yXKe 4epe3 2 CyTOK
IIOCJIe MOSABIEHN CUMIITOMOB I MCYe3aTh yepes

3-6 mecaues. Cnenududeckue IgG BoipabaThI-
BaloTCA Yyepe3 6-18 CyTOK Iocyie MOABIEHU A CUM-
IITOMOB M COXPAaHSAIOTCA B TeYeHUEe HeCKOIbKUX
ner. OT-IIIIP o6br4yHO O6HapyXMBaeT BUPYC
yepe3 3-10 CyTOK IMocie NOABNEHUA CUMIITOMOB.
BupycHBIiT aHTUTeH M HYKIEMHOBAs KUCIOTA
MOTYT ObITb OOHApY>KeHbI B KPOBU € 3 CYTOK 10
7-16 CyTOK IIOCJIe TIOSIB/IEHM S CUMIITOMOB [24].

[TaTonormyeckme M3MeHeHNUs, BbIABIAEMbIE
Ha BCKPBITUM Y JIIOfIell, yMepUINX OT reMoppa-
TMYEeCKUX JTUXOPAgoK, HM MO OTAETbHOCTY, HIU
B KOMOMHAIIMM He XapaKTepHBI, M He Jal0T BO3-
MOXXHOCTM COCTaBUTH OIpefle/IeHHYI0 KapTUHY
6omesnn. Ilpu KaXkgoit ayTOICUM, HApAAY C
oIpefie/ieHNeM OCHOBHOI 00Ie3HM, BO3MOXKHBIX
OCTIOKHEHMII M CONMYTCTBYWOIINX, y IMaTOIOTO-
aHATOMOB BCTaeT BOIPOC O HEMOCPEACTBEHHOI
npu4unHecMepTi. EeMOXXHO yCTaHOBUTHMETOOM
UMMYHOTYICTOXVMUM Ha PUKCUPOBAHHBIX (op-
Ma/lIMHOM TKaHAX C MCIOTb30BaHMeM crienndu-
YeCKMX IMOTMKIOHANbHBIX ¥ MOHOK/IOHA/TbHBIX
aHTUTeN. OTU MeTOABl WIPAIT YHUKAJIbHYIO
ponb B Cly4asx, Korga ¢gukcupoBaHHbIe (op-
MAaJIMHOM TKaHM SBISAIOTCA €JUHCTBEHHBIMU
ob6paslaMy, AOCTYIHBIMM [ AMATHOCTHYE-
CKOTO TeCTMpOBaHNA. KpUTUYeCKMM U OKOH-
4aTeJIbHBIM MHCTPYMEHTOM B [AMATHOCTUKE I
mupdepeHuyanuy  GUIOBMPYCOB CUMTAETCSA
IOM" [29].

Mopgenu S>KMBOTHBIX, OOBIYHO JVICIIONb3Y-
eMble s MopenupoBaHusa nHbexkuun MARV,
BK/TIOYAIOT I'PBI3YHOB (MBIIIb, XOMSK ¥ MOPCKas
CBUHKA) ¥ HEYeJT0BEKOOOPa3HBIX IPUMATOB.
Jlyumie Bcero BOCHPOM3BOAAT 0GONE3Hb U Ia-
TOJIOTUIO Ye/IOBeKa IIOC/Ie 3apakeHUs AUKUMU
tunamu MARV aBaHcKMe Makaku U pesyc-
MaKaky. Mopenu TpbI3yHOB OOBIYHO TPeOYIOT
aflallTUPOBAHHOrO K rpbisyHaM MARV, 4T06bI
BBI3BaTh 00/I€3Hb U MMUTUPOBATb MHPEKINIO ¥
yenmoBeka [42].

VicknioueHne aspo30IbHOTO 3apakeHMs.
Takoe 3apaxeHre B Ipupoje He BO3MOXXHO [24],
HO OHO MOXXeT IIPOM3ONTU B pe3yIbTaTe NPU-
MeHeHuss MARV B kadecTBe 610/I0rMYecKoOro
MOpa’kalolllero areHTa, 4YTO B COBPEMEHHOII Te-
OTIOJINTUYECKOV OOCTAaHOBKE BIIOJIHE peajIbHO.
JT1o6o01t cryvait BeraBnerus MVD 3a npegenamn
ero IPUPOJHBIX O4YaroB u 6e3 IPOCIEKEHHOI
LeTIOYKM 3apakeHuil, Befylleil B appuKaHCKme
HpUpPOJHBbIE OYary, HeOOXORMMO paccMaTpu-
BaThb KaK MCKYCCTBEHHO BBI3BAaHHBIN. A3p030-
JIbHOE 3apa)keHye TPYIIBI JIOfiell MOXKeT CBMU-
lleTeNbCTBOBAaTh O mpuMeHeHun BO, T.e. mub6o
CrenyanbHbIX 0Oenpumnacos, 1160 yCTPOICTB,

¥ O6CTOsITeIPHO COBPEMEHHBIE METOMIBI BbISIB/IEHMsI BO30yAMTe IEN TNXOPAZOK C TeMOPPATNIECKUM CHHAPOMAM
nokasaHbl Ha mpumMepe EBOV B pabore A. Bettini ¢ coasr. [43].
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crioco6HbIX popMMpOBaTH A3PO30NIb C JUCIEP-
CTHOCTBIO YaCTUI] MeHee 5 MKM?,

ITIpu 3apakeHUM 00e3bSAH-ITHOMOIT'YCOB
(Cynomolgus macaques) aspozonem MARV
(Angola) y D >KMBOTHBIX pasBMINCh Xapak-
TepHble IOPa)KeHMA JIETKUX U BbIPaKeHHAsd
MaKy/lIoNmanyaispHas KOXHasA cbinb. K eBATHIM
CyTKaM IIOC/e 3apa>keHUs BCe >KMBOTHBIE IIO-
rn6mu. Ilaromormyeckume W3MEHEHUsS OTIN-
Yanuch OT TeX, YTO HabOmofganum y Jnopeir n
06e3pAH, HOrMOMMNX B INPUPOZHBIX OYarax
(mabnuya 3).

4. HayyHbliiI mOTeHI AN, KOTOPbBI MBI
MOJKeM CerojHs NPOTUBOIOCTABUTDH PacHpo-
crpaHeHuo MARV 3a mpepgensl ee Tpaguiu-
OHHBIX IPUPOJHBIX 04AroB

MARV ponroe BpeMs He CUYMTanCA IHpef-
CTAaB/IAIOIMM TaKyI0 >Xe€ OINAaCHOCTb, KaK €ero
«popcteeHHNK» — EBOV. Tonbko B 2015 r. BO3
o6o3naunna MVD kak npuoputeTHyno uHQek-
IIVOHHYI0 6O0JIe3Hb C IOTEHIMAJIOM KPYIIHON
BCIBINIKY; B CIIMCOK IIPUOPUTETHBIX Ype3BbI-
JaliHBIX OMMACHBIX BUPYcoB MARYV 6b171 BK/TI0OYEeH
B 2018 1. [44, 45].

Paspaborka BakuuHbel nporuB MARV Ha-
Yyajach BCKOpe II0C/Ie OTKPBITUsS BUPYCa, HO [0
CUIX IIOp HeT HY BaKIIVH, HU CIIenpUIecKnX Me-
TomoBs nedyenus MVD [29, 46, 47, 48].

AHannus Hay4yHON JIMTEpaTyphl IIOKa3bl-
BaeT, YTO pa3pabOTKa TaKMX BAKIVH WUAET IO
mab/IoHy, T.e. IyTeM Iepebopa pasIMIHBIX
M3BECTHBIX BAapMaHTOB IIPeACTaBIeHUA AHTU-
TeHOB BUpYyCa MMMYHHON cucTeMe 0e3 ydera
IaToreHe3a caMoil 0O/le3HN, B KOTOPOM MM-
MYHHas CUCTeMa 4Ye/l0BeKa WUIpaeT KIIYeBYIO
ponb. PaspaboTynkamMy BaKLMH UTHOPUPYETCS
(beHOMeH ADE, aBngiomuiicsa 4acThbI0 IIaTore-
Hesa 6onesHu. Ioasnenne IgM, cnennpuyHbIX
K GP, Ha BTOpBIe-TpeTbU CYyTKM (pasbpl reHepa-
NU3aLVY U JanbHeillllee yXy/ALIeHNe COCTOAHNE
HalieHTa, II0KAa3bIBAIOT ydYacTUe pPaHHUX aH-
TUTEN B YTsKeJleHUM 60/Ne3HM, a He Ha0OOpOT.
Takoe O4eHb TPYJHO NMPEACTABUTH, €C/IN MOb-
30BaThCA CXeMAaTMYECKMMM MpeCTaBIeHNAMNI
06 mmmyHurere. Opgnako ¢enomen ADE sB-
JISI€TCST YaCThIO MPUPOJABI, a He CXeMBbI U3 yuel-
Huka. OH XOpOIIO M3yYeH U er0 UTHOPUPOBaHe
IpuBefleT CHavajga K HAay4YHBIM Qanbcuduka-
IUAM ¥ IIOfJIOTaM, VMEIOUIVM IIeJIbI0 OIpaB-
[aTh HOTy4YeHHBbIE I'PAHTHI, 3aTeM K Kpaxy Bceil
paboThl MO CO3[aHMI0 BaKLWH IIPOTUB BO3-
OyauTeneil JMXOPAaoOK C TeMOpparm4ecKum
CUH/IPOMOM.

BO3 cumTaeT, 4TO MaHChI HA YCIIENIHOE IPU-
MeHeHMe BakKLMH npoTtuB MARV HeBemuku,
IIOCKOJIbBKY HeoOXomyuMble Mepbl 1o 6opbbe co

Ta6bnuua 3 - [Tamosiozuyeckue UsMeHeHUs 8 JIe2KUX NpU UHGUYUPOBAHUU 8 NPUPOOHbLIX 04A2aX U MeJIKOOUC-
nepcHbim aspososiem MARV (3kcnepumeHmMansHas mooesib)
Table 3. Pathologic changes in lungs (the infection has emerged in natural foci vs the infection has been
provoked by a fine aerosol that contained MARV) (experimental pattern)

3apa)keHue B NpUpoOaHOM ovare* /
Natural foci infection*

3apa)keHue MeJIKoAUCNepCcHbIM a3po30sieM 06e3bsiH-
LUHOMONrycoB™* /
The cynomolgus monkeys have been infected with a fine
aerosol**

B nerkux Haxo4saT mMano nocaeacTBuii MaToOI0MMYECKoro npo-
Lecca, 3a UCKJIl0YEHMEM HEBO/IbLLMX FeMopparuin n NpUsHaKos
3HAapTepunTa, 0cobeHHO B HebObLLIMX apTepuonax. Mukpo-
CKOMMYECKoe UCC/IeloBaHNE JIETKMX Y CMEPTEJIbHbIX C/lyyaes
rnoKasblBaeT 3aCTOW, 04aroBblii BHYTPUA/IbBEOIAPHbLIN OTEK U
KpOBOU3/IMsiHWE 6€3 3HaUYUTENIbHOTO BOCnasaeHms /

There are few signs of pathologic process in lungs. There are only
small hemorrhages and signs of endarteritis, mostly in small
arterioles. During the microscopic scrutiny of lungs of the dead
pulmonary congestion, local intra-alveolar edema bleeding without
significant inflammation

[MoBEepPXHOCTb NIErKMX FMMEpeMMpoBaHa M oTedHa, iMMdaTu-
YecKue y3Jibl YBE/IMYEHbI, YNI0OTHEHbI, UMET remopparnn. B
Nerknux GMbpuHO3Has MHTEPCTULMASIbHA NMHEBMOHMS, BHYTPU-
a/NibBEOJIAPHbIE FeMopparuun, paspyLleHme aabBeoIsIpHbIX CenT
pPa3/INYHON BbIpaXKEHHOCTU, dOKasibHOe MepubpoHxmasibHoe/
nepnbpoHXMoaspHoe BocnaneHune /

Pulmonary surface is hyperemic and edematic, lymphatic nodes
are enlarged and hardened, there are hemorrhages there. There
is fibrinous interstitial pneumonia. There are intra-alveolar
hemorrhages, focal peribronchial/ peribronchiolar inflammation, the
destruction of alveolar septa of different degrees can be observed

*AdanmupoeaHo u3 pabomel R.B. Martines ¢ coasm. [24].
**AdanmuposaHo u3 pabomol D.A. Alves c coaem. [14].
*Adapted from R.B. Martines et al. [24].

**Adapted from D.A. Alves et al. [14].

?» OcHoBbI 61OIOTMYeCKOI 6e3omacHoCTH. YaebHOe mocobue. MoxoB AA., oTB. pen. M.; 2024. C. 16.
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Jlnxopagka Map6ypr B DkBaTopuanbHon IBUHee, TaH3aHUKM M PyaHae - rno6asibHbli KPU3UC 34paBOOXPaHEHUS...
Marburg Fever in Equatorial Guinea, Tanzania, and Rwanda: Global Crisis in Public Health Service or Standard?

Bcnbinkoit MVD (Hanpumep, KapaHTIH) TIOTEH-
I[MaJIbHO MOTYT IIOJIOXKMUTD 1 KOHEIl ;O TOTO0, KaK
Oynmer mpoBefieHa BakuHanu. Jlaxxe ecny npu-
MEeHEeHMe BaKIMHBI y>Ke Hadya/joch, KOINIECTBO
cny4aeB 607e3HM JIIsI TOYHON OL[eHKY ee Hpo-
TUBOSMNUAEMNYECKON 3P(EeKTUBHOCTY MOXKET
OKa3aTbCs HENOCTATOYHBIM — OHO JIOJDKHO JIO-
CTUTaTh B MCCIEAYyEeMBIX I'PYIIaX HECKONBbKUX
TBICAY YeI0BEK, HO 3a 57 JeT KOMM4ecTBO 3a60-
neBmux He gocturio 700 [49, 50].

IIpoTuBOBMpPYCHBIE IIpemapaTrhbl, TaKue Kak
®dasunupasup, PempecuBup m Tanupecusup,
MOKa3aau MHOroobemjaoIiye pesyabTaTbl Ipu
mpueMe B COOTBETCTBUMU C IPeANNMCAHHBIM pe-
KMMOM JIO3MPOBKM. B fomonHeHme k apyrum
JeKkapcTBaM, KOMOWHUpOBaHHas Tepamus ¢
UCIIONIb30BaHMEM MOHOKJIOHAJIbHBIX aHTUTeEN
(mAbs) ¥ IpOTMBOBUPYCHBIX NpeNnapaToB Ipo-
[eMOHCTPUPOBaJIa MOTOXKNUTEIbHbIE Pe3y/TbTaThl
nns nedenus MVD. Odoextusnasa (80 %) 3a-
muTa JOCTUraercs, Korga PempecuBup couera-
ercsa ¢ yenoBedeckuM mAb (MR186-YTE), tem
CaMBbIM pacUIMpsAsA OKHO Je4eHu [3, 46].

Pa3pabaTbIBaloTCsI MHOTOYVIC/IEHHbIE IIpe-
Iaparel, BK/IIOYas JMMYHOTepaleBTHYEeCKIe
CpeAcTBa, WHKAICYIMPOBaHHbIE B JIMIINJBI
manble nuatepdepupyromne PHK, pochoponna-
mupgatHeie Mopdonnuoonuromepst (PMO), Hus-
KOMOJIEKY/IsIpHble VHTMOUTOPBI, aHA/IOTU HPO-
TUBOBUPYCHBIX HYK/JIEO3UTOB U MHTePEpOHHI,
HO IIOKAa PajMKaJbHOTO YIYYLIEHNS B JIEYCHUN
MVD ner?..

K Hacrosmemy BpeMeHU HET APYTMUX CIIO-
co60B neyeHnssi MVD, ofoOpeHHBIX perynupy-
I0IMMY OpraHaMM, KpPOMe perugparanum nepo-
PaJIbHBIMI VIV BHYTPUBEHHBIMU >KUAKOCTSAMMI,
OKCHTEHAaIMV ¥ KYIMPOBAHUSA OIpeJeNeHHbIX
CUMIITOMOB, KOTOpble YIy4YIIAIOT BbDKNBae-
MOCTbH 3aboneBimux [29, 46, 47, 48].

IToka HeT APYrMX MeTOROB YIIPaBICHUSA
BcrnpimKamMyu MVD KpoMe paHHero BbIABIEHUSA
crydaeB 0OIe3HU U M30IALUYU 3a00/IeBIINX; OT-
C/IeXXVBAaHMUA KOHTAaKTOB 3a00/eBLIVX JTIOHEIT;
n3beraHns KOHTAaKTOB C >KMBOTHBIMU-HOCHUTe-
NSMY; COONMIOEeHN S Hafi/IeXaleil TUTYEHbI PYK;
UCHONb30BaHMUs 0e30IMacHbIX METONOB 3aXO-
pOHeHMs HOruMOmMX; a TakKe (POPMUPOBAHUS
00LIeCTBEHHOJ OCBEJOMIEHHOCTU O (paKTopax
pucka mepepnauu MARV. 3aboneBmnit jomkeH
HaXOJMUTbCS B M30MMPOBAHHOI KOMHATe C OT-
pUIlaTeTbHBIM JlaBlIeHNEM BO3JyXa, a /0001
APYTOil 4YeJIOBeK, BXOAALINII B KOMHATY, JO/IXKeH
HaJleBaTb OJJHOpa3OBble Xa/laThl, MepYaTKy U
Macky FFP2, 4ToObI CHU3UTD PUCK 3apa’keHMsI.
PexoMeHayeTcs Bcerga MCHONb30BAaTh ONHOpA-

30Bbl€ PACXOHbIE€ MaTe€pUaIbl. Y TUINSUPYEMBIN
MaTepuan 13 KOMHAThI MaljieHTa ClIeAyeT obpa-
6aTbIBaTh OT/E/NbHO, @ HEYTMIM3UPYEeMBbIil Ma-
Tepuas CaefyeT OYMIIATh ¥ [e3MHPUIMPOBATH
XJIOpCcofiepKaIMMU XUAKOCTAMU [3].

3aknyeHne

Hay4Hplil moTeHIMan, KOTOPBIA CETOHHA
MO>XHO IPOTHBOIIOCTABUTh PACIPOCTPAHEHUIO
MHF, no cBoMM BO3MOXXHOCTSIM MajlO OTIMYa-
€TCA OT MCIONb3yeMOTO Ha MOMEHT OTKPBITUA
BuUpyca B aBrycre 1967 r. AHanus reorpadu-
4eCKOJ JIOKanM3aluy ¥ MacIITaboB BCIBILIEK
MVD mnoka3sajm, 4TO OHM BO3HMKAIOT OTHENb-
HBIMI U PAacCTAHYTBIMHM BO BpPeME€HM CIy4asiMMU
0o/me3HM B OTKpBITBIX, CyXMX paiioHax Boc-
TOYHOIL, fora IlenTpanbHoit Appuku (B oTnnune
or EBOV, sHmeMHMYHOro B JOXMOEBBIX jecax
LlenTpanpHoit un 3amagHoit A¢ppuku). BBosusie
cmyday ¥ m1abopaTOpHbIe 3apa’keHus ObIIM Mc-
K/IIOYMTE/IbHO PeJKMMU U He JaBaau JIMHHBIX
MU EeMMYECKNX LEeNOoYeK, COIMOCTABUMMBIX C
pacmpocTpaHeHNeM BUPYCOB, BBI3BIBAIOIINX
snupemun rpunna uiu COVID-19. OcobenHo-
cTpr0 Bcnbimek MVD 2023-2024 rr. crano ux
MOsABJIEHNE HA TEPPUTOPUAX I0JKHEE TEX, Ifle OHI
BCTpeyvanuch paHee (JxBaTopuanbHass [BuHes,
PyaHnpa), ogHako u ux MacmTab ObUT OrpaHuYeH
mecsaTKamu cnydaes. Ilo cpaBHeHMIO C mpejIo-
JaraeMbIMU MUJUIMOHAMM CMepTell, BbI3BaHHBIX
3a atu ropsl BMIY/CIIVM]JoMm TONbKO B cTpaHax
Adpukn x rory or Caxapel, MVD ocraercs
penkoil MHPEeKUMOHHOM 60/Ne3HbI0 Jake B 9H-
oeMMYHBIX paitoHax. [Jna Poccun MARV moxet
NpefICTaBIATh ONMIACHOCTD B CTy4ae 3aB03a TYpU-
cTaMy, 1nb0 IMBEPCUOHHOTO IPUMEHEHN B Ka-
yecTBe OMOIOrMYeCKOTo IMOpaXkalollero areHTa.
Cepbe3HyI0 IOMUTUYECKYIO ONMACHOCTDb CO3JacT
sanmyrusanue MVD Hacenenus Poccun n npu-
HY)XJIeHJe eTO K «BaKLIVHALWM», KaK 3TO OBIJIO
B Hauase maugemuu COVID-19 B 2020-2021 rr.

Ms3-3a msmMeHeHMsA KIMMaTa CyLlecTBYyeT
PMCK IIOABIEHVE HOBBIX 3NUEeMUYECKIX O4aTOB
MVD B Adpuke, 4to TpebyeT IOCTOSHHOTO
MOHUTOPMHIA 3MNUACUTYyalMU ¥ IIOMCKa Iep-
BUYHOrO IpupojHoro peseppyapa MARV. Ho
CErofHA yXXe ACHO, 9YTO €ro IMOMCKM Cpefu IOo-
3BOHOYHBIX )KMBOTHBIX 3alll/IM B TyNuK. VIx 1e-
71eco06pasHO MepeKTIoYNTh Ha HpOCTeine u
MHOTOKJ/IETOYHbIe 6€CII03BOHOYHbIE OPTaHU3MBI,
c kotopsiMmt MARV umeer cuMbuoTnIeCcKme ot-
HomeHusA. OHM MOTYT OOMTATh B IOYBeE IeLIep,
IJle HaXofATCA KOMOHMM JIeTy4MX MbIIIeN
R. aegyptiacus. TexHumueckm 3TO BO3MOXKHO
IpY WCHONb30BAHUM  MOJIEKY/IAPHO-T€HETH-

2! World Health Organization. Prioritizing disease for research and development in emergency contexts. 2018.
Accessed October 30, 2023. URL: https://www.who.int/activities/prioritizing-diseases-for-research-and-development-

in-emergencycontexts (zaTa o6parenns: 13.10.2024).
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YeCKMX METOHOB JiIsI MCCIefloBaHNs 00pasiioB
MOYBbI, OTOOPAaHHBIX Ha TEPPUTOPUSAX, The OT-
MeuyaeTcsd HOCUTENIbCTBO BHUpyca JeTy4UMHU
MBIIIAMM ¥ BCIBILIKY OONE3HM Cpefy JIofeil
1 00€e3bsH.

Heo6xoanmo npusHaTh, 4YTO HPAKTUIECKUX
ciBUTOB B crenuduveckoin npodumakTmuke
MVD u ee nedeHuu 3a roppl, Npouiefiyue oT
MOMEHTa IepBOil BCIBIKYU B 1967 r., He mpo-
M30ILII0. DTO O3HA4YaeT, YTO MHOTO€ B IIaTore-

He3e 0OJIE3HN ellle HEM3BECTHO, M OHO OCTAHETCA
HEM3BECTHBIM, €C/IM IaTOreHe3 6O0NIe3HM MOATO-
HSATb IIOJ, M3BeCTHbIe IA6IOHBI. B HacTosIee
BpeMs 3¢ PeKTUBHBIM CIIOCOO0OM CHEepKMBAHUA
pacnpocrpaHenuss MVD ocraworca: snup-
Haf[30p; M3onAnuA 3aboneBIINX; obcepBanuA
TIOfielt, OBIBIINX C HUMY B KOHTaKTe; U COOMIO-
fleHue CIeLManbHOM TEeXHUKM O6e30IIacHOCTH
npu pabore ¢ MARV, 3apakeHHbBIMHU TIOABMU U
JKMBOTHBIMI.

Ozpanuuenus uccnedosanus / Limitations of the study

OG6ycIoBIeHBl aHAIM30M TONIbKO AHITIOSN3BIYHBIX CTATheil 13 MOMTHOTEKCTOBBIX AHITOS3BIYHBIX HAyUHBIX
JKyPHAJIOB, JOCTYIHBIX Yepe3 ceTb VHTepHer / The limitations of the study are stipulated by the analysis of the
articles retrieved from full-text academic periodicals, written in English and available on the Internet.
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OcHOBHbIE MOMEHTDI

ITpupoyHble TOKCUHBI MUKPOCKONMYECKIX IPIOOB (MIKOTOKCHHBI) XapPAaKTEPU3YIOTCS IMPOKUM CTPYKTYPHBIM pas-
HOOOpasyeM M PaclpoCTPaHEHHOCTBIO ICTOUYHNKOB MX O6uocyHTesa. [Togxonp! K leTOKCUPUKAIMY MUKOTOKCUHOB
OCHOBAaHBI Ha IPUMeHeHNN PM3NIECKUX, XUMUYECKNX 1 61I0KaTaTUTUIECKIX METOOB.

Hanbonee mepcreKTUBHBIM, 3(QEKTUBHBIM ¥ IPUPOROMOFOOHBIM CIHOCOOOM [eTOKCUPUKALNY MUKOTOKCUHOB
IIpeficTaB/IAeTCA MX 00paboTKa MUKPOOHBIMU pepMeHTaMN.

AxmyanvHocmv — MIKOTOKCHHBI IIPEICTABIIAIT CePbe3HYI0 YIPO3Y LA )KUSHU U 3[[OPOBbA JIOfEN, CeNMbCKOXO03 -
CTBEHHBIX )KUBOTHBIX I MOTYT OBITH MCIIONb30BAHDI JUIS AUBEPCUOHHBIX U TEPPOPUCTUUECKIX AKTOB.

Ienv pabompt — IpOBeCTU aHAIN3 OCHOBHBIX COBPEMEHHbIX HAIIPAB/ICHNUIT e TOKCU(UKALNI MIKOTOKCHHOB, Ye/IIB
0co60e BHUMaHNe 610710rndecKnM (PpepMeHTATUBHBIM) METOIAM.

Hcmounukosas 6a3a uccnedosanus. IIperMylecCTBEHHO aHITIOA3bIYHAA HAy4Has JUTEpPaTypa, JOCTYIHAsA depe3
I106a/IbHYIO CeThb VIHTEpHeT, a TaK)Xe OITy0O/IMKOBaHHbIE 9KCIIePYIMEHTa/IbHbIE ICCTIeIOBAHNS aBTOPOB.

Memo0 uccne006anus. AHATUTUYECKIIL.

Pesynvmamur. Kparko usnoxxeHa texyias nHGOpMAILA O CTPYKTypaX MUKOTOKCUHOB, HPOAYLMPYEMBIX MIKPO-
CKOIMYecKMy rpubamu ponos Aspergillus, Fusarium v Penicillium, n o6bekTax a1 nx HakorleHus. OTMedeHbl 0c-
HOBHBIE JCCIIeflyeMble CIIOCOOBI (HU3MIECKOTO 1 XMMUIECKOTO BO3/IIICTBIsI HA MUKOTOKCHHBI B CpeflaX pas/IMyHO-
rO XMMMYECKOTO COCTaBa. bojee mogpo6HO MpoaHaIM3MPOBAHO UCIOIb30BaHNE (PEPMEHTOB AJIs e TOKCU(pUKALNN
MMKOTOKCHHOB. Ocob60e BHIMaHMe yeleHO NHANBIAYaIbHbIM (hepMeHTaM, CIOCOOHBIM KaTa/li3upOBaTh KOHBEP-
CHUIO Pa3HBIX 10 CTPYKType MUKOTOKCHMHOB B COCTaBe uX cMeceit. ITokazaHo, 4TO /IS MOBbILIEHN 3G (eKTUBHOCTH
HeJTpann3aIyy TOKCUYHOTO JIeHICTBYUA MUKOTOKCMHOB BO3MOXKHO YCIICITHOE MCIOIb30BaHUE TeHeTUIECKU COeJV-
HEHHBIX B OJHY MOJIEKY/Ty pasHbIX (epMeHTOB (co3maHMe (PbIKeH-0€NKOB) MM MpUMEHeHMe cMecu (pepMEHTOB.
Or/ienbHO BbIeIeH GOMBIION MOTeHIMa B UCIO/Ib30BaHNN (PepMEHTOB, KaTa/IM3UPYIOLIMX [JeTOKCUMUKALIMIO MU-
KOTOKCIHOB IIpV 3Ha4eHMsIX pH HIDKe HelTpasIbHBIX.

3axmouenue. [N neToKcupUKaLNY OFHNX U TeX >Ke MUKOTOKCMHOB MMEIOTCS, MO KpaliHell Mepe, HeCKOJIbKO pas-
HBIX ()epMEHTOB, KOTOPbIe MOTYT KaTa/ln3MpoBaTh peakunu ¢ Humu. Cpeayt HUX (bIoXKeH-0e/KI, OKCUIOPENyKTasbl
(III0KO300KCHU/Ia3bl, TIePOKCHUAA3BI, TaKKasa). VICIonb3oBaHye KOMIIBIOTEPHBIX MOJE/el 1 IpMMeHeHMe MeTOHOB
MOJIEKY/IAPHOTO MOJIe/IMPOBAHNA B EPCIIEKTVBE [IO3BOIUT IIONYYUTh (pepMeHTHBbIe Ipeaparsl A/Is AeTOKCUpUKa-
I[VIJ1 MUKOTOKCYHOB TP Pa3HbIX 3HaueHusax pH.

Kniouesvie cnosa: anmudomot; 6uonozuteckoe opyicue; 0kcuoopedykmasvl; pexomounanmmole 6enxu; copouuss; gep-
MeHmamueHas 06pabomra; Xumudeckuii 2uOponu3.
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Highlights

Mycotoxins are characterized by wide structural diversity and variety of origins.

Various physical and chemical methods are tried for neutralization of mycotoxins.

Enzymatic treatment looks like nature-like and efficient method of detoxification.

Recombinant and fusion enzymes catalyze the detoxification of mixed mycotoxins.

Relevance. Mycotoxins are easily produced by widely spread fungi and possess serious danger for life and wellbeing of
humans, as well as farm animals and can be used for sabotage and terrorist acts.

The purpose of the work is analysis of the main up-to-date trends in mycotoxin detoxification, paying special attention
to biological (enzymatic) methods.

The source base of the research is mainly English-language scientific literature available via the global Internet network,
as well as the authors' own published experimental studies.

The research method is analytical.

Results. The current information on the structures of mycotoxins produced by microscopic fungi of the genera
Aspergillus, Fusarium, and Penicillium, and the objects for their accumulation is summarized. The main investigated
methods of physical and chemical effects on mycotoxins in media of various chemical composition are noted. The
use of enzymes for the detoxification of mycotoxins is analyzed in more detail. Special attention is paid to individual
enzymes capable of catalyzing the conversion of structurally diverse mycotoxins in their mixtures. It is indicated that
in order to increase the effectiveness of neutralizing the toxic effects of mycotoxins, it is possible to successfully use
different enzymes genetically combined into one molecule (creating fusion proteins) or using a mixture of enzymes.
There is a great potential in the use of enzymes that catalyze the detoxification of mycotoxins, possesing different
mechanisms of action, at pH values below neutral.

Conclusions. For detoxification of the same mycotoxins, there are at least several different enzymes that can catalyze
reactions with them. Among them are fusion proteins, oxidoreductases (glucose oxidase, peroxidase, laccase). The use
of computer models and the application of molecular modeling methods will allow us to obtain enzyme preparations
for detoxification of mycotoxins at different pH values.

Keywords: antidotes; biological warfare agents; chemical hydrolysis; enzymatic treatment; oxidoreductases;
recombinant proteins; sorption
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MMKOTOKCHHBI ~ COCTaB/ISIOT  OONBIIYI0O  PEHINY [0 CUHTe3y OTHeNTbHBIX MUKOTOKCHHOB
TPYIIYy BTOPMYHBIX MeTabO/IMTOB MUKPOCKOIIM- INPU IOPaXEHUM OIpefe/IeHHbIX BUJOB CYO-
YeCcKUX TpUOOB, MOpakaloUINMX CeNbCKOX035M-  CTpaToB (mabnuya 2).

CTBEHHYI0 IpopyKuuio (pucynox 1, mabnuya I) MMKOTOKCHHBI SBJISIOTCS BBICOKOCTAOMIb-
[1-5]. IIpu aTtom y rpubOB ecTb cBoM Ipede- HBIMU COEMHEHUSIMHU, He paslIaraloluiMMUCI
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PucyHok 1 - Xumuueckue cmpykmypbl MUKOMOKCUHOSE,
Haubosiee 4ACMO 6bIsIB/SIEMbIX 8 CeslbCKoXo35licmeeH-
HOM Cblpbe, KOpMAx U npodykmax humaxusi. PucyHok
noozomoesieH aemopamu HA OCHO8e O0ny6/IUKOBAHHbLIX
daHHbIx [1-5]

Figure 1: Chemical structures of mycotoxins, most often
detected in agricultural raw materials, feed and food
products. The picture was prepared by the authors on the
basis of published data [1-5]

Ja’ke IpM BBICOKUX TeMIepaTypax, MOITOMY
MX MOXXHO OOHAapy>XUTh B TepMudecku oo6pado-
TAQHHBIX IUIEBbIX MIPOAYKTAaX. DTN COeAMHEHN
IpPeJCTaBIAIT CePbe3HYI0 ONMIACHOCTD M YeTI0-
BeKa U KMBOTHBIX, 00/1aJlal0T KaHIlepPOTeHHBIM,
VIMMYHOJIEIIPECCUBHBIM U TEPAaTOTeHHBIM 3(-
¢dexTaMu, BbI3bIBAS PA3NMIHbIE BUABI OCTPBIX U
XpoHMYeCKUX 3aboneBaunit (mabauya I).
MUKOTOKCHHBI IIPECTaBAsAIT Ccoboit ce-
pbe3Hyl0 HpobmeMy ansi obecredeHUs XMMMU-
4eCKON M OMOIOrM4ecKoi 6e30MacHOCTY JIM4-
HoOro cocraBa Boopy>xeHHbIx CuT M HaceneHMs
Poccuiickoit ®epepannm, Tak KaK MOTYT KOH-
TaMUHMPOBATh MMNIEeBble IPOAYKTBI UM KOpMa
CeNTbCKOXO035ICTBEHHBIX JKMBOTHBIX, BbI3bIBas
MaccoBble OTpaBleHMA. IIOCKONMBKY 3TM MMU-
KOTOKCUMHBI MOTYT OBITH JIeTKO HapabOOTaHbI B
0ONMbLIINX KOMMYECTBAX U O0Iafai0T BBICOKOI
CTabM/IBHOCTBIO, X MOXKHO PaccenBaTh pasind-
HBIMM CIOCO6aMM (C IbIIbIO, KAIUIAMM BOJBI,
a’pO30/IAMM, ABIMOM, paKeTaMM, apTUIIepUii-
CKMMM MUHaMM M IOPTAaTMBHBIMU a3PO30Jib-
HBIMM TeHepaTopaMy), TO OHUM OOIafaT BHI-
COKVIM NOTEHIINA/IOM B KayeCTBe MOPaKaMIINX
areHToB 61MOIOrNYecKoro opyxus [6-10].
MUKOTOKCMHBI -  HM3KOMOJIEKY/IsApPHbIE
TOKCUYHBIE MeTaboMUThl MPeNMYyIleCTBEHHO

Ta6nuua 1 - Haubosiee yacmo o6Hapyxueaemobie MUKOMOKCUHbI 8 PA3/TUYHbIX Ce/IbCKOXO03ALUICMB8eHHbIX

npooykmax

Table 1: The most frequently detected mycotoxins in various agricultural products

MMKOTOKCUHBI U UX NPOAYLLEHTbI /

O6beKTbI 3arpsasHeHus /

ToKcuuHbIV 3pdeKT /

A. pseudotamarii

KynbTyp, Mosioko / Cereals, tobacco, peanuts,
pistachios, cassava, cottonseeds, oilseeds, milk

Mycotoxins and their producers Pollution objects Toxic effect
AdnaTtokcunbl (AF) / Aflatoxins (AF)
Aspergillus flavus, A. niminus, A. 3epHoBble, Tabak, apaxuc, ¢GUCTaWKK, Ma-|[loBpexaeHMe MNeyYeHW, TeHOTOKCUY-
parasiticus, HMOKa, CEMEHa XJIOMYaTHUKA M MaC/IMYHbIX | HOCTb,  KaHLLEPOreHHOCTb,  OHKOreH-

Has uMMyHocynpeccusi / Liver damage,
genotoxicity, carcinogenicity, oncogenic
immunosuppression

OxpaTokcuH A / Ochratoxin A

A. alliaceus, A. auricomus,

A. carbonarius, A. glaucus,

A. melleus, A. niger, A. ochraceus,
Penicillium cyclopium,

P. verrucosum, P. viridicatum

3epHoBblE, BUHOTPa, CMOPOAUHA, OPEXHU,
cyxodpyKThbl, Kode, Kakao, cnewLunmn, KpacHoe
BuHo / Cereals, grapes, currants, nuts, dried
fruits, coffee, cocoa, spices, red wine

MoBpekaeHMe MoYeK, reHOTOKCUYHOCTb,
mMmyHocynpeccus /  Kidney damage,
genotoxicity, immunosuppression

3eapasieHoH / Zearalenone

Fusarium culmorum,
F. crookwellense, F. equiseti,
F. graminearum, F. porotrichioide

3epHoBble, rpeukne opexu / Cereals, walnuts

DCTPOreHHbIN,  CHWXKEHWE  PenpoayK-
TuBHOM dyHKUMK / Estrogenic, decreased
reproductive function

[e3okcuHuaneHon / Deoxynivalenol

F. culmorum,
F. graminearum

3epHoBble, xMenb / Cereals, hops

YKeny[o4yHo-KulleYHble  pacCTpPOMCTBa,
CHUXKEHME PenpoayKTUBHON YHKLMUMK,
MMMYHOCYTNPECCUBHOE AEeNCTBME, HEMPO-
XUMUYECKME HapyLLEHMS B TOJIOBHOM MO3-
re / Gastrointestinal disorders, decreased
reproductive function, immunosuppressive
effects, neurochemical disturbances in the
brain
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lMpoodonxeHue mabauywi 1

MUKOTOKCHHbI U UX NPOAYLLEHTbI /
Mycotoxins and their producers

OO6beKTbI 3arpAsHeHus /
Pollution objects

ToKcuuHbIN 3ddeKT /
Toxic effect

®yMOHU3UHbI / Fumonisins

F. anthophilum, F. dlamini,

F. oniliforme, F. napiformel,
F. nygama, F. proliferatum,

F. verticillioides

asparagus

3epHoBble, 6060Bble, cnapyka / Cereals, legumes,

[MoBperkaeHne LEHTpPasibHOM HEepBHOM
CUCTEMbI, MOpa)eHue MneyYeHn, reHOTOK-
CUYHOCTb, MMMYHOTOKCKMYHOCTbL / Central
nervous system damage, liver damage,
genotoxicity, immunotoxicity

MaTynnH / Patulin

Penicillium expansum,
P. griseofulvum, Aspergillus sp.,

610K, rpyLLM, BUHOTPA, BULLIHSA, YePHUKA,
3/1aKu, 3esieHb / Apples, pears, grapes, cherries,

[MoBpexkaeHne LeHTPabHOM HEPBHOM
cuctembl / Damage to the central nervous

Byssochlamys sp. blueberries, cereals, greens system
MpumeyaHue.
Tabvua cocTaBsieHa aBTOpaMu Ha OCHOBE /IMTepaTypHbIX AaHHbIX [1-5].
Note.
The table was compiled by the authors based on the literature data [1-5].
CI/IHTCSI/IPYIOTCH I‘pI/I6aMI/I TaKX poAoB, Kak dusnyeckne METO/[ bl (MI/IKpOBOHHOBaH

Aspergillus, Fusarium v Penicillium (ma6auya 1)
(11, 12]. 3arps3HeHNe NUIIEBBIX NMPOAYKTOB I
KOPMOB IIPOMCXOAVT B IIPOIjecCe IOATOTOBKM
ypoxas K ero c60py, pu ero TpaHCIOPTUPOBKE,
B XOfie TOC/IeybopoYHOil 00pabOTKM U MOIy-
YeHM)s NUIeBbIX nonydpabpukaros [13, 14].

bonee 400 MMKOTOKCMHOB y>€ BbIABJIEHBI
M MCCIefOBAHbI, NPU 3TOM YCTAHOBJIEHO, YTO
IpY IOPakeHN N TIOfeil M )KMBOTHBIX MUKOTOK-
CUHBI BBI3BIBAIOT HEKPO3 TKaHeil, OKa3bIBAIOT
He(po- M remaToTOKCUYHBI 3P PeKT, BBI3BIBATD
HEeBPO/IOTMYECKIe PACCTPOIICTBA, paK U CMEPTh
B TsDKeNnbIX caydasx [11, 15, 16]. Haubonee Tok-
CUYHBIMU U TPYJHO OIIPefeNsieMbIMU CPEAY MU-
KOTOKCMHOB SIBAAIOTCA aIaTOKCUHBI ¥ OXpa-
TOoKCcuH A [13, 17-22].

LJenv pabomobl — IpOBECTY aHANIN3 OCHOBHBIX
COBPEMEHHBIX HAaIpaBJIeHMIT JeTOKCUPUKALIN
MIUKOTOKCUHOB, y/leINB 0CO00e BHUMaHMe 6110-
norndyeckuM (pepMeHTaTUBHBIM) METOAAM.

Vcmounukoeas 6asa uccnedosanus — Ipe-
VIMYIeCTBEHHO QaHIJIOA3BIYHAS Hay4dHas JIM-
TepaTypa, BOCTyIHas 4Yepe3 INOOANbHYIO CeThb
VHTepHeT, a Tak)Xe ONMyO/IMKOBaHHBIE IKCIIEPU-
MeHTaJ/IbHbIe UCCTIeOBAHNA AaBTOPOB.

Memood uccnedosanusi — aHaTUTUIECKUIL.

dusnyeckye M XMMUIECKIEe METOBI J€TOK-
cuPUKALNY MUKOTOKCHMHOB

OcHoBHBle (QuU3NMUYECKNe METOABI [JEeTOKCH-
¢ukanuy MHUKOTOKCMHOB, IIPeNCTaBIeHBl Ha
pucynxe 2.

OCHOBHBIE XUMHUYECKME METOABI [EeTOKCH-
¢$uKanuyM MUKOTOKCMHOB M3JIOXKE€HBI B paboTax
[31-33] 1 060611eHbI B mabauye 2 [5].

1

obpaborka, o6paboTKa XOIOAHON IIa3Moir’,
raMMa-o0nydenue, tepMoobpaboTka u Ap.) u
XUMMUYECKIe MOAXOAbl K MEeTOKCUKALMU MMU-
KOTOKCMHOB MOTYT CHIDKATh 3arpsi3HeHue MMU-
KOTOKCMHAMM PpasHbIX cpej 10 0e30macHoOro
YPOBHS, HO ¥ OHM MOTYT IPUBOAUTH K 3HAYU-
TeNbHBIM MoAudukanusMm B ob6pabaTbiBaeMbIX
cybcTpaTax — U3MEHSATH UX IIBET, BKYC, TEKCTYPY
U cofep>KaHue NUTATEIbHBIX BeEIleCTB [23, 26,
27, 30, 34]. Kpome TOro, 60/IbIINHCTBO MUKO-
TOKCMHOB O0OTaflaloT XMMUYECKUMU U TEPMMU-
YeCKMMM CBOJMCTBaMU, 00eCeYyMBaIMNU UM
CTaOMIBHOCTD HpPU TPaAUIMOHHON 00paboTke
HUILIEeBBIX IPOAYKTOB, BKI0YasA CTEPUIN3ALNIO
[24, 25].

[ToMMMO XUMMUYECKUX METOMOB, MEPEedNC-
JIEeHHBIX B mabnuue 2 ¥ HaNlpaBIeHHBIX Ha Je-

dbnotayus COPTUHT OTMbIBKa

~.> <

skcrpakuma — IVIMKOTOKCUHbI <—— y-06nyuenue

S

o6paboTka xon04HOI Nhasmoii

Y®-06nyueHue

Tepmuueckas obpaborka

PucyHok 2 - OcHoeHvle cusuyeckue MemooOwl eo30eli-
cmeus Ha passuyHble cpedbl U cybcmpamol, codepicawjue
MUKOMOKCUHbI. PucyHok nodzomoesieH aemopamu Ha oc-
Hose ony6/1uKo8aHHbIX daHHbIX [23-30]

Figure 2: The main physical methods of exposure to various
media and substrates containing mycotoxins. The picture
was prepared by the authors on the basis of published
data [23-30]

Xonodnas nnazma unn HepasHoBecHAA nnasma — 3TO I1a3Ma, KOTOpasA HE HAXOJUTCA B TEPMOANHAMUYECKOM paB-

HOBECIM, IIOCKOTIbKY TEMIIEPATYPa 3/IEKTPOHOB HAMHOT'O BBIIIIE TEMIIEPATY PbI TAXKEIBIX 9aCTNI] (I/IOHOB n Heﬁ[Tpa)’[b-

HBIX ATOMOB).
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Ta6bnuua 2 — 3ghheKmusHOCMb PA3IUYHbLIX XUMUYECKUX Memo008 0emoKcUupuUKayuu MUKOMOKCUHO8
8 cocmase cy6cmpamos, CJI0XHbIX No ceoeMy cocmasy
Table 2: Effectiveness of various chemical methods of mycotoxin detoxification in complex substrate

O6bEKTbI, 3apaXkeHHble MUKOTOKcMHaMu / Contaminated objects

MukoToKcuHbl / Mycotoxins

3epHosble / A6noKkn / BuHorpag / | Kakao 60661/ 3epHa Kode /

Cereals Apples Grapes Cacao beans Coffee beans
TpuxoTeueHsbl / Trichothecenes 1,3,4,5 - - -
dproTtamuH / Ergotamine 2,3 - - -

OxpaTtokcuH A / Ochratoxin A

3eapaneHoH / Zearalenone

AdnaTtokcuHbl / Aflatoxins

MaTtynun / Patulin

®yMOHU3KHbI / Fumonisins

MpumeyaHue.

MU MHGOPMaLLMKM O NOMbITKax 06paboTKU.

Note.

mycotoxins or information on attempts at processing.

Cnocobbl yaaneHnss MUKOTOKCMHOB 0603HaYeHbl LndpaMu: 1 — KUCAOTHbIN TMAPON3, 2 — LEeSIOYHON r’MApoauns, 3 - oKuc-
neHue; 4 - BoccTaHoOB/IEHUE; 5 - aMMoHM3aUMs. LLBeTa: KpacHbIN — peaKLms HEBO3MOXKHA UM HellenecoobpasHa B CBA3MU C
notepen NPoAyKLUMM CBOEN KOHAMULUK; XKENTbIN — peakums UaeT MeaJIEHHO, He UMeeT NPaKTUYECKOro 3HaYEHUS; 3e1EHbIN -
NPOLEMOHCTPMPOBAHA IKCMEPUMEHTAJIbHO; «—» — OTCYTCTBME 3apaXKeHUI cybCcTpaToOB COOTBETCTBYHOLLMMN MUKOTOKCUHAMM

Tabauua cocTaB/ieHa aBTOPaMM Ha OCHOBE INTePaTypPHbIX AaHHbIX [5].

The methods of mycotoxin removal are designated by numbers: 1, acid hydrolysis; 2, alkaline hydrolysis; 3, oxidation; 4, reduction;
5, ammoniation. Colors: red, the reaction is impossible or impractical due to the loss of the product’s properties; yellow, the reaction is
slow and has no practical significance; green, demonstrated experimentally; -, no contamination of substrates with the corresponding

The table was compiled by the authors based on the literature data [5].

TOKCUPUKAIUIO MMUKOTOKCMHOB B  PasHbIX
cpefjaX, CerofgHs paccMaTpUBAIOTCA [OOABKI,
IpefOTBpaljaONIie HAKOIIEHME  MUKOTOK-
cMHOB B 9Tux cpepax. Cpemu Hux: monude-
HOMBl ¥ (GIaBOHOU/BI; MATHUTHbBIE MaTepUasbl
Y HAaHOYACTUIIBI; IPUPOJHBIEe 3QUPHbIE Macia;
pasnuvHble aHTUQYHTATbHbIE IperapaTsl; COp-
OeHTbl; XuMMUYecKue B06aBKY, MHIUOUpYOIINe
9KCIIPECCUI0 TEeHOB, OTBETCTBEHHBIX 3a OUO-
CUHTEe3 3TUX TOKCMHOB U HaKoOIlJIeHUe TpuOHOII
01oMacchl; BbI3bIBAIOIINME OKUCIUTENIBHYI0 MO-
pudUKanuo MUKOTOKCMHOB WIM OKUCIIEHUe
K/TI0UeBBIX OUMOMONMMMEPOB, HEOOXOTUMBIX [
IMOCTPOEHMsI KJIETOYHBIX CTEHOK U MeMOpaH
rpu6oB [35-45]. OgHaKko Takoe BO3JeliCTBUE He
ABIAETCA CHenM(UIHBIM U €T0 TPYZHO KOHTPO-
TUPOBATH.

Buonormyeckme MeTonbI TeTOKCUPUKATUN
MHUKOTOKCUHOB

Cpenu OMOTOTMYECKNX METOMOB [E€TOKCU-
Kaluy MUKOTOKCMHOB B YCIIOBUAX in Vitro u in
vivo oco6oe MecTO 3aHUMaeT pepMeHTaTUBHBIN
Katanus [46-49].

OrnuuutenpHass dYepra ¢depMeHTATUBHOI
meTokcupukanum — CrenupuUIHOCTh TefCTBUSA
6uokaranusaropo [50-53]. Yem O6omee mn-
POKMIl CHEKTP BO3MOXXHBIX CYOCTPaTOB-MUKO-
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TOKCVMHOB JI/Is BO3/IeICTBYsI 6MOKaTaIN3aTopos,
TeM 6ojlee NMePCIeKTUBHBIM SBISAETCA UX IpPaK-
TUYeCKOe IpuMeHeHe. BBeneHne ogHoro ¢ep-
MEHTa, XapaKTepU3YIOUIerocs BO3MOXHOCTHIO
KaTaju3a peaKijuii ¢ pa3HbIMU MUKOTOKCUHAMI,
03BO/IsIeT M30eXaTh HeOOXOAMMOCTY INpUMe-
HEHMsI HEeCKOJBKNX (pepMEHTOB IS [ETOKCH-
¢dukanunm obpabarsiBaeMbIX Ccpen u mogbopa
YCIOBUIL [iIsI COBMELIEHMsT KaTanusa IHOf Jeli-
CTBYEM 9TUX PePMEHTOB, a TAK)Ke CYLIeCTBEHHO
CHM3UTH 3aTPATHI HA UX MOTydeHme (pucyHox 3).

[IpuMeHeHme cMmeceil GpepMeHTOB s yAa-
JIeHUsI MUKOTOKCMHOB MOXeT paccMaTpu-
BaTbCsl B KadecTBe 3(QQeKTUBHOTO crocoba
peureHusi mpob6aeMbl UX HeTOKCUPUKALUU Ha
npaxkTuke [53].

Ins crabunusanuym QepMeHTOB B TaKMUX
cpefax, rfe INPUCYTCTBYIOT CMeCH MMKOTOK-
CHMHOB, MOIyT 3(G@eKTHBHO MKCIIONIb30BATHCS
pas3auyHble MOJIEKY/IbI-CTa0MIN3aTOPDI, CIIO-
COOHbIe NMPUBHOCUTDH 3HAUYUTENBHYI0 aHTUDYH-
raJbHYI0 aKTMBHOCTD M IIOBBINIATh KaTa/TNTUYe-
CKYI0 93¢ (DeKTUBHOCTD JeiiCTBUS 00CYK/JaeMbIX
¢dbepmenTos [54].

Eme ogHuM 3¢ eKTUBHBIM pellleHreM Npo-
07eMbl TONy4YeHUs U TPUMEHEHUs KaTaauTH-
9eCK) aKTUBHBIX (pepMEHTOB, YIaCTBYIOIINX B
peakuuAx [eTOKCU(PUKALUU MUKOTOKCUHOB,
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CotA nakkasa us Bacillus subtilis

Mn-nepokcugasa U3 AUrHoNUTUYECKUX rpuéos

H, H (ﬁlmon

PymoHU3UH B,

BeokcuHusaneHon

PucyHok 3 - [lpumepsbl ¢hepmeHmos, Komopbie mMozym
Kamanusuposamb 0emOoKCU(UKAYUI HECKOAbKUX MUKO-
MOKCUHo8. PucyHOK nodzomoesieH asmopaMu Ha OCHoge
ony6uKoeaHHbIx 0aHHbix [51, 52]. Cmpykmypsl hepmeH-
moe npueedeHbl C02/1aCHO peHM2eHOCMPYKMYpPHbIM OaH-
HbIM, 0eNOHUPOB8AHHLIM 6 6a3e 0aHHbIX Protein Data Bank
(PDB, https:/www.rcsb.org)

Figure 3: Examples of enzymes that can catalyze the
detoxification of several mycotoxins. The picture was
prepared by the authors on the basis of published data
[51, 52]. Structures of the enzymes are presented according
to XRD data deposited in Protein Data Bank (PDB,
https:/www.rcsb.org)

SIB/ISIETCSI KOHCTPYUPOBaHME PeKOMOMHAHTHBIX
poroxen-6en1K08, TEHETUIECKN O0DbeIMHAIOMINX
OMoCuHTe3 pa3HBIX (PepMEHTOB, KaTaau3upy-
OIUX TPAaHCHOPMAIMIO PA3TUIHBIX MUKOTOK-
CUHOB, B O[JHY OOIIYI0 MOJEKYNIy, M UX IITaM-
MOB-TIPOAYLIeHTOB [58-61] (pucyHok 4).

Oco06b1i MHTEpEC MPEACTABIAIT OKCUO-
penyKTassl, aKTUBHBIE NPV MOHVDKEHHBIX 3Ha-
yeHsAX pH MO OTHOLIEHMI0O K MMKOTOKCMHAM
(mabnuya 3).

DbloxeH-pepmeHT ZHDCP
(3eapaneHoHraponasa u
KapGokcunenTuaasa)

DbloxeH-hepMeHT ZPF1
(3eapaneHoHraponasa u
Mn-nepokcugasa)

cy6erpar —

cyberpar —
Ada i 3eapaneHoH

3eapaneHoH

cy6erpar- cy6erpan
oXpaTokcuH A ‘ acnarokeuH B,

PucyHok 4 - lpumepbi ¢pbrodiceH-hepMeHmos, CKOHCmpy-
UPOBAHHbIX 0151 0emoOKcUUKAUUU pPasHbiX MUKOMOKCU-
Hoe. PucyHoK no0zomoesieH asmopamu Ha ocHoge ony6su-
KO8AHHbIX OaHHbIX [55-57]

Figure 4: Examples of fusion enzymes designed to detoxify
various mycotoxins. The picture was prepared by the
authors on the basis of published data [55-57]

Cpeau HUX CIeyeT OTMETUTb ITIOKO-
3ookcupasy [63, 64], mepokcmpasy [65, 66]
u nakkasy [67-68]. Bce oHum Mmoryr karamu-
3MpOBaTh  XUMMYECKyI0  Mopupukaumo(u)
CTPYKTYPHO pasHOOOpPa3HBIX MUKOTOKCUHOB
(mabnuya 3).

Kak crepyeT U3 JaHHBIX, IPEACTaBIEHHBIX B
mabnuye 3, [ns feTOKCUPUKAUI OFHUX U TeX
J)K€ MUKOTOKCUHOB €CTbh, II0 KpaliHell Mepe, He-
CKOZIPKO pasHBIX (epMeHTOB, KOTOpbleé MOIYT
KaTa/lM3UpPOBATh peaK Uy C HUMMA.

Bonmee mmpoxas cybcrpatHas crenuduy-
HOCTh HEKOTOPBIX (PepPMEHTOB, HALPUMEP, IIe-
pokcumas u Jgakka3 (B CpeJHEM aKTUBHOCTD
VMeeT BeIMYMHY HMOJb/(4XMr OenKa)), MOXeT
KOMIIEHCUMPOBATbCA HU3KON YHEeNbHOM aKTUB-

Ta6nuua 3 - M3secmHsble U3 1uMepamypsi npumepbl OKCUOOPedyKmas, NPoABAAIOWUX AKMUBHOCMb
8 OMHOWeHUU MUKOMOKCUHO8 npu pH Hue HelimpabHbiX 3HaYeHul
Table 3: Examples of oxidoreductases known from the literature that are active against mycotoxins at pH
which are lower than neutral values

M"KOTOKC”HH / PH,./ ®epmeHT / Enzyme UcTouHuk / Source
Mycotoxins pH .
AdnaTtoKcunH B1 / 6,0 [nokosookecupasa us Aspergillus niger, MMobuansoBaHHas [62, 63]
Aflatoxin B: Ha KOMMo3uTe, cofiepKallleM HaHo4acTuubl Fe,O, n metan-
3eapasieHoH / NlopraHuyeckoe KapkacHoe coepuHeHue / Glucose oxidase
Zearalenone from Aspergillus niger immobilized on composite containing Fe,O,
nanoparticles and metal-organic framework
OxpaTokcuH A /
Ochratoxin A
3eapaneHoH / 6,8 Mepokcnpasa 1AT) us xpeHa Armoracia rusticana / Horseradish [64]
Zearalenone peroxidase 1ATJ from Armoracia rusticana
OxpaTokcuH A /
Ochratoxin A
AdnaToKcuH B1/ 5,0 [65]
Aflatoxin B1
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MpodonxeHue mabauywi 3

MUKOTOKCUHBI / pH /
Mycotoxins pH .

ont ®epmeHT / Enzyme

UcTouHuk / Source

AdnaTtoKcuH B / 6,5
Aflatoxin B:
AdnaTokcuH Gz /
Aflatoxin G2
Je3oKkcuHmBaneHon / 5,0
Deoxynivalenol
AdnaToKcuH B/ 5,7
Aflatoxin B:
AdnaTokcuH Bz /
Aflatoxin Bz
AdnatokcuH G1 /
Aflatoxin G1

AdnaTtokcuH Gz /
Aflatoxin G2

Trametes versicolor

Jakkasa 1KYA u3s Trametes versicolor / Laccase 1KYA from

[66]

[67]

[68]

HOCTBI0 IO CPaBHEHMIO C BBICOKOAKTMBHBIMU
ob6pasuamu bepMeHTOB (10 MMOTB/(IXMT 6enKa)),
HO MMEKIIVMY OrPaHUYEHHBIN CIEKTp CyO6-
cTpartoB [49]. 9TO 03HaYaeT, 4YTO /11 HEKOTOPBIX
(depMeHTOB MOXeT OBITh HOCTUTHYT KOMIIPO-
MIUCC MEXJY JOCTaTOYHO IIMPOKUM CIEKTPOM
cybcTpaToB [69] M XOpOWIMMU CKOPOCTAMU MX
KOHBEPCHIL.

[Ins BBISABIEHUS BO3MOXHBIX IapTHEPOB
I 9TUX (epMEeHTOB B COCTaBe OUMOMOTIEKY-
JIAPHBIX KOMIUIEKCOB, CTaOMIM3MPLIOIMNX UX
aKTMBHOCTb IIPU IOHVDKEHHBIX 3HaYeHMAX pH,
IpUMeHeHIe MeTOJOB MOJEKY/IAPHOIO MOfie-
TUPOBaHNSA NMPeACTaBIAETCS BeCbMa IpUBIeKa-
TenbHBIM U 3¢ PexkTuBHbIM [70]. Hanpumep, oo
HO3BOJISIET MCCIIEJOBATh OT/AETbHbIE OMOKATaIN-
TUYECKNME CUCTEeMBI [54], a Tak)Ke M3BIEKATh UX
n3 6a3 gauHbIX [71].

Ha ocHOBe Takoro mporHo3a B HOCTEeAYIOIMINX
9KCIIEPUMEHTAX in Vitro CTAaHOBUTCA JOBOJIbHO
JIeTKO KOMOMHNPOBAaTh OTOOPAaHHBIX HAPTHEPOB.
XoTA CymecTBYeT BEPOSATHOCTb JIOXHOIIOJIO-
KUTENTbHBIX  V/MIM  JIO)KHOOTPUIIATE/TbHBIX
HpefcKasaHmil, X MOXKHO ele 6O/Ibllle MUHMN-
MU3MpPOBaTh, Korpa (ecnm) OyaeT HAKOIIEHO
JIOCTAaTOYHO MHOTO SMNMPUYECKNUX [JAHHBIX U
OyAyT HONTy4YeHBl HY)XHble KOMIIbIOTEPHBIE MO-
penu [72]. OmHaKO NUMEHHO TaKUM ITyTeM MOTYT
OBITh IMONy4YeHBI B IMEPCHEKTNBe (epMEeHTHBIE

AHTUMOOTHI O/I1A HeTOKCI/[(bI/IKaLU/H/I Pa3HbIX MUKO-
TOKCMHOB IIpM pa3HbIX 3HAYEHMAX pH

3aknodyeHnue

o cux mop HUM ofHa M3 MHHOBALVIOHHBIX
cTpareruit He gocturia 100 % spdexTnBHOCTU U
He CTajla YHUBEPCAIbHOI JJIA e TOKCUPUKAILNI
BCeX CpeJ] ¥ MUKOTOKCHHOB KaK 00beKTOB BO3-
meiictBus. JleiicTBMe XMMHUYeCKUX U usmde-
CKMX METOOB MHAKTUBALMM MUKOTOKCUHOB He
AB/sAETCS CrenuUIHBIM U ero 3P PeKTUBHOCTD
TPYAHO KOHTPONMpOBath. bonee appexTuBHbIM
pelieHreM po6/IeMbl MX MHAKTUBALMY MOXXET
OBITh HpUMeHEHNe KaTaTUTUIeCKU aKTUBHBIX
(depMeHTOB, YYaCTBYIINX B peaKIUAX JeTOK-
cudukanum MUKOTOKCMHOB. [Ins pmerokcudm-
Kallyy OfHUX UM TeX >K& MMUKOTOKCUHOB €CTb,
Mo KpaiiHell Mepe, HeCKONbKO pas3HbIX dep-
MEHTOB, KOTOpble MOTYT KaTalM3UpoBaTh pe-
akuum ¢ Humu. Cpeam HUX pPeKOMOVWHaHTHBIE
¢dproxeH-0enku (reHeTMYECKN COeMHEHHbIE B
OIHY MOJIEKYTy pas3Hble (epMeHTHI), OKCUO-
penyKTaspl (ITIOKO300KCHUJA3bl, IePOKCUAA3DI,
JMaKkasa). JIcmonb3oBaHMe — KOMIIBIOTEPHBIX
Mojenell ¥ IpUMeHeHNe MeTO0B MOJIeKY-
JIAPHOTO MOJENMPOBAHUA B HEPCIEKTUBE IIO-
3BOJIUT HMONTYYNUTHh epMEHTHbIe aHTUAOTHI IS
HeTOKCUPUKAIUM MUKOTOKCMHOB IPU PasHbBIX
3HayeHMAX pH.

Ozpanuuenus uccnedoéanus / Limitations of the study

JlaHHBIN aHATUTUIECKNTT 0630 MMeeT PsIf OTPAHMYEHNIL,  IMEHHO: 1) B Ka4eCTBe UCTOYHNKOB PACCMOTpe-
HBI IMIIb AHITIOSI3BIYHBIE CTATBI VIV IIEPEBOJHbIE BapMaHTHI (HAIIPUMep, PYCCKOSA3BIYHBIX CTATel); 2) paccMa-
TpUBaeMble paboThI ONYOIMKOBaHBI B OTKPBITBIX UCTOYHMKAX, MHAEKCHpPyeMbIx Google, Scopus, Web of Science,
eLibrary; 3) He 6b1710 BBe[ileHO KpUTepHsI Ha MCK/TIOUEHNEe PAabOT U3 PaCCMOTPEHNS BBUY HEZOCTOBEPHOCTH, HEBOC-
IPOUSBOAMNMOCTI, HeOObeKTUBHOCTH U T.Jj. IPEACTABTI€HHbIX B HUX faHHBIX. / This analytical review has several
limitations, namely: (1) only English language articles and those translated to English (e.g., Russian language
studies) were considered; (2) the considered works were published in open sources indexed by Google, Scopus,
Web of Science, eLibrary; (3) the criterion on exclusion of articles from consideration (due to data uncertainty,

irreproducibility, preconception, etc.).
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PacnbinsieMblil HETKaHbIM MaTepuan € 3alUTHbIMU
XUMUKO-6MON0rM4eCKMMU CBOMCTBaMU
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OcCHOBHbIE MOMEHTBI

CaMocobuparoyecs yIbTpauHTeUIEKTya/IbHble PacIblIseMble MaTepuasbl C 3aJaHHBIMU 3alIMTHBIMM XVIMUKO-
OMOTOrMYeCKVIMM CBOJICTBAMM MOTYT OBITb CO3[aHBl IIyTeM HAIpaBIeHHON (YHKIMOHAIU3ALUM PeLeNTypHOI
OCHOBBI KUJKIX TKaHeIL.

Axmyanvnocmv — paspaboTaHHBIE paHee «yMHbIe» pacIbULIeMble TKaHM He OOIajanu 3aIfUTHBIMU XUMUKO-
6nonormyeckyMu csoyicrBamy. OgHako 61arogaps GyHKIVOHAIMU3ALY PeLlelITYPHOI OCHOBBL, KUIKMe TKaHV IIpU-
00peTaoT 3TU CBOVICTBA 1 IIPY HAaHEeCEHNM Ha OfleX[y, OOMYHIMPOBAHIEe I SKUIIMPOBKY MOTYT 00€CIIeYNTD 3aLUTy
JKIU3HU U 3[0POBbS BOEHHOCTYXXAII[UX, a TAK)Ke COXpPAHEHNEe BOGHHOI TeXHUKI.

Llenv pabomvt — 060CHOBATH IPMHIUIIBI CO3TAHVS 3AIUTHBIX MATEPUAIOB U3 XUJKIX TKaHell ¢ 3a[aHHbIMU CBOII-
CTBaMM XMMWIYECKOTO CAMOOYMIIIEHNSI U caMofie3nHpeKnu.

Ucmounuxosas 6asza uccnedosanus. IlyOmukauyy B HaydHBIX >KYpHa/laX, JOCTYIHbIe 4epe3 IIOOAIbHYIO CETb
VuTepHerT, a TaK>xe cOOCTBEHHbIE Oy OIMKOBAHHBIE MICCTIEOBAHISI aBTOPOB.

Memoo uccne0o8aHus — aHaIUTIYECKIIL.

Pesynvmamut. IIpoBeneHo TeopeTndeckoe OOOCHOBaHME BO3MOXKHOCTM CO3[AHUA YIbTPaVHTEUIEKTyaIbHBIX
CaMOKOHCTPYUMPYOIIMXCS 3aIUTHBIX MAaTepPUaIOB C 3aaHHBIMM CBOVICTBAMM XMMMYECKOTO CAMOOYMIIEHNA U ca-
MopesuH}eKIM. YCTAaHOBJIEHO, YTO C IIOMOLIBIO a3pPO30/Ii MOXKHO CO3[IaBaTh OLEXAY /T00O0Tr0 THUIA U I TH0OBIX
ereit. Takoit ofie>Xfie MOXHO IIPUAATh HOBbIE CBOMCTBA 3a CueT (PYHKIMOHATMU3ALNI ee KIUAKO-PEeLeITyPHOIT Oc-
HOBBI CrierjuaabHbIMu fobaBkamu. Co3faHye caMoCoOMpaIOI[erocs: 3alNTHOTO HeTKAHOTO MaTepuaaa He Tpebyer
IIpefiBapUTeIbHOrO popMIUpOBaHN, IIONINBA, a TAKXKe XpaHeHV B 0COOBIX ycoBusax. HoBaropckas upes cCOCTOUT B
CO3TaHMM >KUKOI CYCIIEH3NY, COfleprKallieif, KpoMe HaHOpa3MepHbIX BOTOKOH TKaHell, BOAY, TeTpadTopaTaH (Man
IPYTOI1 ra3), yrIeBOLOPOLHBII pacTBOPUTEIb, IMTMEHTHBII KpacUTelb, HAHOYACTUIBI METAJI/IOB I HAHOpa3MepHbIe
(epMeHTHbIEe TOMUANIEKTPOINTHBIE KOMIUIEKCHL. [loydaeMas M3 TaKoil CyCIIeH3MM ITyTeM pacIbUICHUSA U3 adpo-
30JIbHOTO Oa/UIOHYMKA «YMHasS» NHHOBALMOHHAA TKaHb CMOXKET 3alMIIATh OT 60/Ie3HETBOPHBIX MUKPOOPraHI3MOB
VI TOKCUYHBIX XVIMIKATOB.

Bv1600v1. 1. TeXHONOTYS CO3FAHMS KMAKNX «YMHBIX» MHHOBAL[MOHHBIX TKaHeIl 1 OLEXIbI U3 HUX MMeeT OOJIbIION
MOTEHLMAJI [JIS1 UCIO/MB30BaHMsA B chepe obecredeHNs] HAI[OHAIBHOI 6€30MacHOCT 1 0OOpPOHBI TOCYAAPCTBA.
2. Ilpenio>keH NMPYHLMIIMATIBHBIN MOAXON K (PYHKIMOHAIM3ALUY PELeNTyp, AB/IAIOIIMXCA OCHOBOM IS CO3JaHMsA
KUJKUX TKaHel, XUMIYeCKY 1 OMOTOrMYecKyl aKTUBHBIMM KOMIIOHEHTaMI, KOTOpbIe IPUafyT PacCMaTpUBAEMBbIM
Y/IBTPANHTEIEKTyaIbHbIM TKAaHIM CBOJICTBA CAMOCOOPKH, CAMOOUMIIIEHNs (CaMofierasaliuit) 1 caMoie3HpEeKI UL
3. O6ocHOBaH MOJOOP KOMIIOHEHTOB B COCTAB PELIEIITYPBI KUAKIX TKAHEN I IPUAAHNS UM 3aIUTHBIX XVIMUKO-
6110/IOrMYECKUX CBOVICTB.

Knruesvie cnosa: 6anioH4uk ¢ #uokoi MKAHDIO; HUOKAS MKAHb; 3a0aHHbLe 3auiumHole ceoticmaas 3auiumHtole
HUoKUe yavmpaunmeniekmyaaivHvle Mamepuavl; 3auiumHovie XUMUKO-OUONI02UYeCKUEe c601icmaea; UHHOBAUUOHHbLE
mamepuanvl; MO@M¢UK€H/§M}I HUOKOLUL 0CHOB8YL; CBA3bl8aAHUE U PA3HUNEHUE 80/I0KOH; COCMAB CMeCU; «YMHble» UHMETI-
7leKkmyasnvHvle mamepuaol

Hns yumuposanus: 3asvsinos B.B., llabenvruxos M.II., Bacosa E.O., 3asvsinosa H.B., Kosmyn B.A., Xoncmos B.JL.
Pacnvinsemoiii Hemkanvili Mamepuan ¢ 3AU4UMHLLMU XUMUKO-OUO0N02UMeCKUMU cB0licmeéamu. Becmuuk eotick
PXB 3awumut. 2024;8(4):368-379. EDN:xgerzq.
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Pacnbinsiemblii HeTKaHblii MaTepua € 3alMUTHLIMU XMMUKO-6MOI0rMYECKMMU CBOMCTBAMMU
Sprayable Bonded Fabric with Protective Chemical and Biological Properties

IIpospaunocmv unarncosoti OesmenvHOCHU: ABIOPYL He UMeI0M PUHAHCOBOL 3AUHINEPECOBAHHOCIU 6 NPedcmas-
JIEHHDLX MAMEPUATAX UTIU MEMO0aX.

Kougnuxm unmepecos: H.B. 3asvanosa, B.JI. Xoncmos ssnsomcs unenamu peokonneeuu xyprana (¢ 2017 e.).
B.A. Kosmyn signsemcs unenom pedcosema scyprana (c 2017 2.). M.I1. IllabenvHuxos s6sgemcs uneHom pedcosema

ayprana (c 2023 e.). Imo He nOBAUATIO HA NPOUECC PEUEHIUPOBAHUS U €20 Pe3YbIMAmbl..
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Sprayable Bonded Fabric with Protective Chemical
and Biological Properties

Vasily V. Zavyalov, Maxim P. Shabelnikov, Elizaveta U. Basova, Natalya V. Zavyalova™,
Viktor A. Kovtun, Viktor I. Kholstov

27 Scientific Centre Named after Academician N.D. Zelinsky of the Ministry of Defence
of the Russian Federation

Entuziastov Passage, 19, Moscow 111024, Russian Federation
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Highlights

It is possible to create self-assembling smart spray materials with preset protective chemical and biological properties
by modifying the liquid fabrics composition.

Relevance. Previous “smart” sprayed fabrics didn’t possess protective chemical and biological properties. However due
to liquid base modification the mentioned fabrics acquire these properties, and if we spray them on clothes, uniform
and equipment they can save life of soldiers and military vehicles.

The purpose of the study is to explain and justify the process of creation of protective materials from liquid fabrics
and to prove that it is possible to create fabrics with set properties of autopurification and self-sanitizing. Study base
sources. Scientific publications available on the Internet and own studies of the authors of this paper.

Materials and methods. Analytical method has been employed in this study.

Results. The authors have provide a theoretical justification for the possibility of creation of smart self-assembling
protective materials with set properties of autopurification and self-sanitizing. It has been proved that the spray can
create any clothes for any purpose. We can give new properties to such clothes, if we perform liquid base modification
with special additives. When we create such self-assembling bonded fabric, it doesn’t require special preparation,
sewing and storage in special conditions. The novelty is that we create a liquid suspension that contains nanofibers of
fabrics, water, tetrafluoroethane (or other gas), hydrocarbon solvent, pigment colourant nanoparticles of metals and
nano-sized, enzymatic polyelectrolyte complexes. This liquid suspension, when sprayed will turn to an innovative
smart fabric that will be able to protect from pathogenic microorganisms and toxic chemicals.

Conclusions. (1) “Smart” liquid innovative fabrics and clothes are quite promising for national security protection and
national defense. (2) The authors suggested that the existing compositions of liquid fabric sprays should be modified.
The added chemical and biological active components will give the “smart” fabrics in question such properties as
self-assembly, autopurification and self-sanitizing. (3) The choice of the components for a new composition for liquid
fabrics has been justified in this article.

Keywords: binding and weakening of fiber; innovative materials; liquid base modification; liquid fabric; mixture
composition; protective liquid supersmart materials; protective chemical and biological properties; set protective
properties; «smart materials; spray with liquid fabric

For citation: Zavyalov V.Z., Shabelnikov M.P., Basova E.U., Zavyalova N.V., Kovtun V.A., Kholstov V.
Sprayable Bonded Fabric with Protective Chemical and Biological Properties. Journal of NBC Protection Corps.
2024;8(4):368-379. EDN:xgerzq.
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JocTy>KeHUsT HAyYHO-TEXHMYECKOTO IPO-
rpecca, HalpaBIeHHble HA COBEPLIEHCTBOBaHME
Cpensl 0OMTaHU Ye/IOBEeKa I OKPYIKAIOI[ETO ero
MaTepUaabHOTO MUpPA, He TAIOT HOBBIM TEXHO-
JIOTHAM, YIYYLUIAIINM OJeX/y HOBCeJHEBHOTO
HOIIEHN I ¥ HOLUIEHWsI Ha IPOU3BOJCTBE U/IU BO-
eHHOII C/yX06e, CTOATh Ha MeCTe, a OCTOSTHHO
nBuraioT ux Brepen. C KaXXbIM TOIOM K OfieX]Ie
(kocTIOMY) BO3pacTalOT ocobble TpebOBaHMS B
o6macTy QYHKLMOHATBHOCTY, IPTOHOMUKU U
9CTETUKHU, KOTOPBIE 3aCTABIASIOT CO3[aBaTh U
anpo6upoBaTh MHHOBAIMOHHBIE MaTE€PUAJIbL.
B mepByo odeperb 9TO OTHOCUTCS K CO3TAHUIO
VMHHOBAI|MIOHHBIX MaTePUAaJIOB, UCIIONIb3yEeMBIX B
CIel[MaNbHbIX BU/IaX KOCTIOMA JI/Isi: BOGHHOCITY-
JKAIUX; BPEHBIX TPOU3BOJCTB; KOCMOHABTUK;
CIIOPTUBHOJ OfI€X/Ibl; MeUKO-peabuInTalIOH-
HOro HasHadeHus [1].

Ha cerogHamHui [meHb UCCAeTOBaHNe
HOBBIX MAaTepUajaoB, KOMOWHAIMIT CIIABOB U
CMeLIaHHBIX HUTE, a TAK)Ke MaHUIY/IMPOBaHMe
OCHOBHBIMM TEKCTUJIbHBIMM KOMIIOHEHTaAMU,
BK/II04Yasi HOBBIE BU/IBI BOMIOKOH, GOPMBI IIPSIXKM,
BBeJleHIEe B BOIOKHA M/IM HAHECEHE Ha TIOBEPX-
HOCTh MaTepHuasioB BCEBO3MOXHBIX XUMMKO-
Ononornvyeckux pgob6aBok (peuentyp), QyHK-
OUOHAIN3NPYOINX (MOANPUIMPYIOINX) WX
U OPUIAIIMM UM 3aJaHHbIE CBOJICTBA — OJHA
U3 CaMBIX BOCTpeOOBaHHBIX O0/acTeil HAYKM.
Oco6oe MecTO cpey TaKMX MaTepuUanoB 3aHMU-
MAalOT TaK Ha3bIBaeMble «yMHbIE» MHTEIIEKTY-
aJpHble MaTepuasbl, CO3IaHME KOTOPBIX CBS-
3aHO C pasBUTVEM Pa3IMYHBIX 06/1acTell XUMMM,
ononornyu, GU3UKM M KOMIIBIOTEPHBIX TEXHO-
noruit [1]. «YMHBIe» MaTepuanbl Ha3bIBAIOT pe-
BOMIOLMOHHBIMY 33 UX CIOCOOHOCTh M3MEHATH
CBOM CBOJCTBA B 3aBUCUMMOCTM OT BHEIIHUX
¢daktopoB. Takme MaTepmanbl MOTYT OJHO-
BPEMEHHO BBINOTHATh HECKOIbKO (PyHKImMit —
COOCTBEHHO MaTepmaaa C 3aJaHHBIMM Xapak-
TEPUCTUKAMM, [ATYMKA HA OIpefieieHHOEe TO-
BelleHNe. B oTnm4me oT OOBIYHBIX MaTepuUanoB
«yMHBIe» MaTepuajabl MOTYT TpaHCPOPMUPO-
BaThCs, HepefaBaTh SHEPTUI0, MEHATH CBOII-

1

(mara obpamenus: 16.09.2024).
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CTBAa U pasMepbl, KOMMYHUIIMPOBATb. «YMHBIN
TeKCTWIb» UCIONB3YIOT AN cObopa M mepegadn
nHdopmanun [2].

PaspaboTku B 067acTu 6MOTEKCTUIS BKITIO-
94aloT B ce0s BOJOKHA, pereHepupOBaHHbBIE U3
BO300OHOBJICHHBIX PECYypPCOB, TaKUX KaK KyKy-
pysa, cos 1 Monmo4YHble Oenku. B 1jemom mHTen-
JIeKTyaTIbHbIe MaTepUajIbl MOXKHO MOJPa3enuThb
Ha TPM KaTeropuyu: IacCUBHBIE MHTEIEKTY-
a/ibHble MaTepuajibl; aKTUBHbBIE WHTEIIEKTY-
a/ibHble MaTepuasbl; yAbTPaMHTe/TIEeKTyaTbHble
MaTepuansl. [laccuBHbIe MaTepuanbl YyBCTBYIOT
BHeIIHMe u3MeHeHuA. OHM JelICTBYIOT KaK CEeH-
COpBI U MAaTYMKU. VISMEHAT I|BeT NpU U3Me-
HEHUV TeMIepaTypbl'. AKTUBHbIE MaTepyuanbl
CIIOCOOHBI HArpeBaTh WM OXJIaXKAaTh oOpra-
HU3M 4Ye/lOBEKa, WIN pas3Iu4yHble IpPeMEeThI.
OcHOBaHBI TaKyue MaTepuajabl Ha TEXHOJIOTUY
dasoBoro mepexopma (paspaborka NACA pgns
KOCTIOMOB KOoCMOHaBTOB) [3]. Tak cosgaHHBII
kommnanueit «Outlast Technologies» marepuarn,
IpeCTaBIAINIT CO60I KaIlCy/Ibl ¢ HapaduHoOM
B BUJe MMKPOIIAPUKOB, KOTOpbIe BHELPAIOT
B HUTU BOJNOKOH (HENJIOHA MIM APYTUX IONK-
3(QUPHBIX BONIOKOH), HarpeBalT IIPM BBICOKOII
TeMIepaType. BolTOKHa BHOUTBIBAIOT TEI/IO M B
IOC/TeAYIoIeM MOTYT OTAAaBaTh €r0 B XOTIOXHOI
Cpefie B TeYeHe HECKOMBKUX 4acOB.

MHTepec mpencTaBaA0T aKTVBHbIE MHTEI-
JIeKTyaIbHbIe MaTepualbl, 001ajaolye CIIoco6-
HOCTBIO K CAMOCTOSIT€/IBHOMY BOCCTAHOB/IEHUIO
CBOMX JCXORHBIX XapaKTePUCTUK M K CaMo-
OYUIIEHNIO, HA CETOHAIHNI IeHb MMPOKO YIC-
HO/Tb3YIOTCSA B IIPOEKTMPOBAHUYM HPOTOTUIIOB
CIeLMaNbHOM OfeX/ bl MeJUIMHCKOTO Ha3Ha-
yenns. Camoounmaouiecsi 61M0aKTUBHbIE Ma-
Tepuasbl ITOAPa3[EeNA0TCA Ha aBTOHOMHBIE I
HeaBTOHOMHbIe [4]. [TepBbIe 3amycKaOT HpoIecc
caMoreHepanuu 6e3 Kakoro-nu6o BHEIIHEro
yIpaB/IeHUs, BTOpble HY)XXAAIOTCA BO BHEIIHEM
MHULIUUpOBaHUM [5].

Benytcs paspaboTkm B 00/1acTy CO3JaHUS
MaTepuanoB, CIOCOOHBIX OYMINATH TEI0 de-
noBeka. [Ins 9TMX paspaboTOK MCIONb3YIOT

«HoMmexkcr»-TKkaHb, Hokopstomas oroub. URL: https://tkanin fo.ru/tkani/nomekc-tkan-pokoryaushhaya-ogon.html



PacnbinsemMblii HeTKaHbIM MaTepua € 3alUTHbIMU XMMUKO-B6MO/TI0rM4EeCKUMM CBOMCTBaMM
Sprayable Bonded Fabric with Protective Chemical and Biological Properties

AVIOKCHJl TUTaHA, KOTOPBINl CMENIMBAIOT C He-
CKOZIBKMMM XUMMYECKUMM BeleCTBaMy, a
3aTeM CMeCh pacHbUIAIT Ha KocTioM. IIpu Bo3-
IeiiCTBUM BO3/lyXa CMeCh IOITIONIaeT JMOKCHT,
a3oTa M OKCHJ, YI/Iepoja — [iBa OCHOBHBIX 3a-
rpasuutens’. Tak e BegyTcs paspaboTKu B
o6macTy Co3faHus TKaHell, HOKPBITBIX MUKPO-
KaICyTMpPOBAaHHBIMU BelleCTBAMU, TAKMMI KaK
BUTAMUHBI, APOMAThI, pele//IeHTh HAaCeKOMBIX,
9KCTPAKThl TpaB, OakTepuocTaTsl (yBIa>KHs-
IOIIJiEe BEIeCTBA).

YnbTpauHTeNNeKTyanbHble MaTepuanbl —
YYBCTBYIOT, pearupynT M aflalTUPYIOTCA K yC-
JTOBMAM OKpY)Kaplleil cpefbl. JTa KaTeropms
MaTepuanoB SABIAETCA OJHON M3 CaMbIX IIe-
pefoBbIX, OHAa BK/IYaeT CIIaBbl C HaMATHIO
bOpMBbI, WMHTE/IEKTyaJbHble IOMUMEpPHI, WH-
TerpajibHbIe >KUAKOCTU U APyTYe MHTE/IEKTY-
aJIbHbIe KOMITO3UTHI [6].

Cpenu uspmenmit, M3STOTOBIEHHBIX U3 YIbTpa-
UHTE//IEKTya/IbHbIX MaTepUajIoOB, CHOCOOHBIX
TPAaHCIMPOBATb CEHCOPHbIe MaHHbIE, MOXXHO
ormeTuth nspenue pupmer «Cute Circuit» ns-
BecTHOe 1oy HazBaHueM «Hug Shirt» («Pyb6amxka
O6BaATHIT»), CIOCOOHOE HepefaBaTh Ha PaccTo-
SAHJE TeIIO, PUTM Cepflla, YyBCTBO IPUCYT-
CTBUSA U 00BATUI ipyTroro 4enoseka. CeHCcOpoM
CIy)XUT TIOBEPXHOCTb pyOalIky, TPaHCIATO-
pOM — ceHCOpHBIII TenedoH. [I1s nepegadn ouyy-
IIeHNIT HeOOXOMMO PYKATh TaJOHU K IIOBEPX-
HOCTY u3genus. [Jpyrum nspenuem aToit pupmsl
asngerca «Kinetic Dress» (Kunermueckuit ko-
CTIOM WM IUIaThe), pearMpyloliee Ha HACTPO-
eHlle U IBYDKeHN A YyeloBeKa MeHAA OKPaCKY, op-
HaMEeHT U UCXONAIINI OT usgenus ceet [1].

VIHTepec MpeACTaBIAIT U3JENNA U3 CEPUN
«ITouToBas»®, paspaborannoi XyceitHom Yana-
sHoM [1, 6]. Cepus co3gaHa 13 HETKaHOTO MaTe-
puana tanek (Tyvek), oTnmmuaromerocs merko-
CTBIO ¥ BBICOKOJI IPOYHOCTDIO, HPOIYCKAIOI[ETr0o
BOZIYy M Iap, HO HEIPOHMUIAEMOTO /A XUJKO-
CTEJl U a’3po30JIe)l Ha BOJHON OCHOBE, 3arpsAs3-
HAOIMNX YacTul u neimn. Vispenme (KocTioMm,
IJIaTbe) CKIafiblBaeTCs, MOJOOHO opuraMu B
abCOMIOTHO NJIOCKYI0 (opMy, NpeBpaliasch B
KOHBEPT U MOXXET OBITb OTIIPAaB/IEHO afipecary
IO TTOYTe.

K ynbprpamHTeNIeKTyaTbHbBIM MaTepuanam
(TKaHAM) OTHOCHUTCA TaKXe M KUAKAA Ofexja
u3 6anmonunka. [71s1 pa3paboTKy TaKOIl Offe XK I bl

HY>KHBI ObIIM 3HaHMA He KOHCTPYMPOBAHUA U
MOIINMBA, 4 3HAHMA U HMOHMMAaHUE XUMUIECKUX
nporeccoB n GusnyecKux sABneHnit. Tkaup u3s
6anIoOHYMKa — 9TO 3aMaTeHTOBAHHBIN PaCIbIIA-
€MbIl HeTKaHbIi MaTepuaa MITHOBEHHOIO CO3-
maHusA, O6bU1 monydeH B JIOHJOHCKOM IjeHTpe
MHHOBaLMilI B 007acTy OMOMTOTMYECKUX HayK'.
Takas TKaHb, CAMOCO3/JalOLIAsICs B pe3y/nbTare
HAIIbIIEHU S KUAKOCTY 13 Ga//IOHYMKaA Ha Teo
Je/I0BeKa MU Ha MI00YI0 OfjeX Ty, HOMydNIa Ha-
sBaHue Fabrican (TkaHb, IpousBoasIias cebs).
['oTOBYIO Of1e)X Iy 3 3TOJ TKAaHU MOXKHO CTUPATh
U MCIONb30BaTh MHOTOKpaTHO’. TexHomorus
CO3[JaHMA  TaKOW  YITPaMHTE/IEKTYaTbHON
TKaHM M3HAYAJIBHO pa3pabaThIBaIach /IsI MOIBI
u 3npaBooxpaHeHnsa. OJHaKO OHA TaK)Ke MOXKeT
OBITH MCIIO/Nb30BaHA KaK [JIsI IIPOMBILIIEHHOTO
HNpUMeHEHN s, TaK U IS APYTUX Leneil. B TexHo-
JIOTUM MCTIONB3YIOTCS 9KOMOTMYHbIE, HeleTydne
OpraHMYecKye COe[MHEeHVs He paspylLIaiolne
O30HOBBII C/IOV ¥ He BO3[JeIICTBYOLIME HA OKPY-
JKAIOLIYI0 IPUPOAHYIO CPexy.

Panee aBTOpamMm 6bI710 TeopeTudecku 060-
CHOBAaHHO ¥ OKCIIEPUMEHTA/NbHO IOKa3aHO,
4TO Hamubosee NMepPCIeKTUBHBIM HaIllpaBIeHNEM
[anbHEIIero pasBUTUsI CUCTEMBI CPEJCTB 3a-
IIUTHl OT XMMUYECKUX U OMONMOTUYECKUX II0-
pa)karoUMX areHTOB SIBIsAETCA (QYHKI[MOHAIN-
3aIMs MaTepuaaoB XMMMUIECKHU ¥ OMONMOTMIeCcKn
aKTMBHBIMY MOZRY/ISAMM, BKTIOYAIOIMMU B CBOJI
COCTaB HAHOYACTUIIBI META/UIOB U HAHOpa3-
MepHble hepMeHTHbIE KOMIIIEKCHI, YTO 0bectie-
4yBaeT NpUJAHMe TKAaHEBOJl OCHOBe CBOJICTB
O0aKTepULMIHOCTU ¥ camoperasanuu [7-14].
[N mpakTUYeCcKoll peanusanyuyl IONTYYeHHBIX
pe3ynbTaToB B BUJEe KOHEYHOTO TEXHOIOTMYe-
CKOTO pelIeHNs IO CO3[JaHMI0 HOBOTO IIOKO-
JIEHUsI CPefICTB 3ALIUTHI OT TOKCUYHBIX XUMM-
KaTOB M OMOOrMYeCKNX MOPAXKAIINX aT€HTOB
aKTya/JbHBIM SIBJISIETCSA PAacCMOTpeHME BO3-
MOXXHOCTU MCIIOJIb30BAHUSA VHHOBAIIMOHHBIX
TEXHOJIOTMI IIOJIy4eHMsA TKaHel W3 >KUIKUX
cMeceil TyTeM apO30/IbHOIO HaHECEHNUs COOT-
BETCTBYIOLIEHl PpeLeNTypbl HEMOCPeACTBEHHO
Ha 3aluIiaeMblil O0ObEKT, B TOM YUCIE TEJ0
YyeoBeKa.

LJenv pabomovr — 060CHOBATb IIPUHIIMIIBI CO3-
HaHUs >KUOKUX 3alIUTHBIX MaTepuanoB C 3a-
DAHHBIMM CBOMCTBAMM XUMMUYIECKOTO CAMOOYM-
IIeHWs U caMofe3NHPeKI NN,

? VIHHOBaLMOHHAsA OfieXJa U3 Oyxyulero, cymecTsylomas yxe ceitaac. URL: https://4tololo.ru/content/6001

(mata obpamenns: 16.09.2024).

* VIHHOBaLMOHHAs OfeXfAa U3 Oyxyuiero, cymecTsylomas yxe ceftaac. URL: https://4tololo.ru/content/6001

(mata obpamennsi: 16.09.2024).

* Fabrican Spray-on fabric creates an instant sprayable non-woven fabric. URL: https://www.fabricanltd.com

(mata obpamennsi: 16.09.2024).

> JKupkas mayTuHa: Kak paboTaeT TeXHOJOTMS OfeXXabl «u3 O6a/monunka». URL: https://www.m24.ru/articles/

nauka/03102022/507591 (gmarta obpamenns: 16.09.2024).
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3aBbsnoB B.B., LLlabenbHukoB M.I., bacosa E.}O., 3aBbanosa H.B., KosTyH B.A., Xonctos B.U.
Zavyalov V.Z., Shabelnikov M.P,, Basova E.U., Zavyalova N.V., Kovtun V.A., Kholstov V.I.

O6ocHoBaHMe IPUHLUIIOB CO3TaHUA
SKUKUX 3alUTHBIX MaTepUanoB C 3aJaHHBIMU
CBOMICTBAMM XMMMYECKOTO CAaMOOYMUIEHUS U
caMofe3MHPEKIMY OCYI[eCTBIsIOCh aHAaN-
TUYECKM MeTOJIOM Ha OCHOBaHWUM aHanmu3a
paHee [OCTUTHYTBIX pe3y/IbTAaTOB MCCIENO0-
BaHUII, HAaIpaBJIeHHBIX Ha CO3[JaHNE HOBBIX
(YHKIMOHAIPHO AaKTMBHBIX 3alMTHBIX Mare-
puanoB, o6MafaoUMX 3aJaHHBIMM CBOVICTBAMU
caMoperasanuy M caMofe3VH(MEKIUM, a Takxke
OTKPBITBIX MCTOYHUKOB, CofepKamux uHpop-
MalMI0 O XUAKNUX TKAaHAX KaK IepPCIeKTUBHON
¢dbopMe MHHOBAIIMIOHHOTO TEKCTUJIS, ¥ OTKPBITOII
Hay4YHOW JUTEPaTyphl, IOCBAIIEHHON paspa-
00TKe «yMHBIX» MHHOBALIIOHHBIX MaTepUaJIOB C
3aJJaHHBIMIU CBOMICTBAMM XMMUYECKOI 1 61MO0JIO0-
TUYeCKOM aKTUBHOCTH.

3agavaMu JaHHOTO MCCA€IOBAHM A IBIS/IACD:
YCTaHOBJIEHME BO3MOXXHOCTM CO3laHNA yNIbTpa-
VHTEIUIEKTYa/lbHbIX CaMOKOHCTPYUPYIOLINXCA
3aI0MTHBIX MaTepUanoOB C 3aJaHHBIMU CBOIJI-
CTBaAMU XMMMWYECKOTO CaAMOOYMNINEHUS U CaMO-
ne3nHpeKnNy; N3ydeHue Crnocob6oB MOTydeHN s
U CBOJCTB MHHOBALIMOHHBIX MaTepuanoB [
3aIMTHOV OFEX/bl U3 XUAKUX TKaHell; BBIOOp
HalpaBI€HMsA CO3JaHUA YIbTPAaMHTEIIEKTY-
AJIbHBIX 3alUTHBIX MaTepMuajoB C 3alaHHBIMU
cBolicTBaMy; popMynupoBaHue 00IMX METOO-
JIOTUYECKUX MOAXOMA0B K CO3TaHMIO XXUAKUX Ma-
TepHasoB; ONpefeneHne COCTaBa OAaJT/IOHYNKOB
C KMIKOJM TKaHbIO; M3y4eHMe IPUHIMUIIA Jeil-
CTBUS OAITIOHYMKA C XUIKON TKaHbI; PACCMO-
TpeHMe CIOCOOOB HaHEeCeHWs >KMUAKON TKaHU;
noxbop cocTaBa cMecy A QyHKIVOHATN3AINN
JKUJKO-PELeNTypPHONl OCHOBBI [A/NA NPUTAHUA
KUJIKMM ~ MaTepuanaM 3allUMTHBIX XUMMUKO-
6110710TMYECKUX CBOJICTB.

TexHONMOIrMA CO3TaHUA >KUAKON TKaHMU.
TexHomorus cos3maHmUA >KUAKON TKAHU 3aK/IIO-
YyaeTcsl B paclbUIEHMM HETKAaHOrOo MaTepuana
(cycmeH3uM) ¢ MOMOUIBIO MICTOIETA — PACIIBIINU-
TeJlsl UIN a9PO030JLs, KOTOPbI HAHOCAT HECKOJIb-
KIMI CIOSAMM Ha TeJo, M0y MOBEPXHOCTD
Ofle>X/Ibl, NPOMBINUIEHHYIO MPOAYKLIUIO WIN
npyrue npegMeTbl. OCHOBHBIMY KOMIIOHEHTaMU
CYCIIEH3UU ABJIAKTCA: KOPOTKME TKaHEBbIe BO-
JIOKHA, CIlel[Ma/IbHble TOIMMePbl, PACTBOPUTEb.

BomokHa TKaHM, pacHblleHHblE M3 CY-
creH3uy 6aj/IOHYMKA, OKa3bIBasCh B BO3MYXe,
HaK/Ia/{bIBAIOTCSA APYT Ha ApyTa, GOopMUpys Coit
MaTtepuu. Ponb Kjes BBINOMHAKT IOJUMEPHI,
CKJIeMBapIlye BOMOKHA, IPU 3TOM pPacTBOPU-

Te/Ib MTHOBEHHO VICIIAPSIeTCS M Ha Tejle Ye/I0BeKa
OCTaeTcs IMOTHOLeHHAs cyxas ofexja. Kugkas
TKaHb yCIENIHO BBICBIXaeT He TOMBKO Ha Terle de-
7oBeKa (Ha KOXKe), ofieXkJie, MaHeKeHe, HO Jake 1
Ha MIOBEPXHOCTY KUIKOCTH.

V3y4yeHre MeXaHM3Ma IONYYEHMSA >KUIKOI
TKaHY [T0KA3aso0, YTO TaKasl HeTKaHas TKaHb 00-
pasyeTcsi MyTeM IepeKpPecTHOTO CAUIAHUS BO-
JIOKOH ApYT K Apyry®. Ha pucynxe I npencraBiexn
IpollecC HaHeCEHU I XMUAKOJ TKaH!U Ha IOBEPX-
HOCTD TejIa A/1si OpMUPOBAHNUS MAIKHL.

IlepBoHayanpHass WAes CO3[JaHUA TaKoO
TKaHM MOSIBUIACH 6/1arogaps paboTe MCIAHCKOTO
musajiHepa-HoBaTopa MaHyana Toppeca u mpo-
deccopa Iloma Jlakxema. B 1997 rogy MaHnyanb
Toppec Hamucan AUIIOMHYIO paboTy IO TeXHO-
JIOTUM MONTYYeHMs XUKoM TKaHu'. IIpogomxkas
MICCTIEIOBAHMA IO BO3MOXXHBIM HAIpPaBIEHUAM
IpUMeHeHUs] TKaHM U3 Oa/yIoOHYMKa, paspa-
00TYMKaM yJaT0Ch COBMECTUTD CYCIEH3UIO BO-
JIOKHA CO CBA3YIOIIVIMM KOHI[eHTPAaTaMMI Y MONY-
YT TKaHb, KOTOPas MOMEHTA/IbHO BBICBIXAET I
oTxoput ot tena®. Yepes 6 net M. Toppec gopa-
60Tan BenecTBO (PaCTBOPUTEND) M OCHOBA KOM-
nanuio Fabrican Ltd, kotopas u 1o ceii JjeHb 3a-

PucyHok 1 - HaHeceHue Ha meso uyenoseeka Hemka-
Holi MKAHU npu nhoMowu pacheinumens ¢ 0obaese-
HUeM pas/uyHblX Kpacumesel (pucyHok adanmupo-
e6aH u3 XXuokas naymuHa: Kak pabomadem mexHos02us
00excobl «u3 6annonyuka». URL: https:/www.m24.ru/
articles/nauka/03102022/507591; 0ama ob6paweHus:
16.09.2024)

Figure 1: The liquid bonded fabric is sprayed-onto the
human body with an aerosol containing various color
agents (the figure is adapted from: Liquid web: spray-on
clothes what is it? URL: https:/www.m24.ru/articles/
nauka/03102022/507591; date of access 16.09.2024)

¢ JKupkas mayTmHa: Kak paboTaeT TEXHOIOTMs OFeX/bl «u3 bamnondnkar. URL: https://www.m24.ru/articles/

nauka/03102022/507591 (mata obpamenns: 16.09.2024).

7 Xwupkass opmexxpa m3 6amnonumka. URL: https:/fishki.net/3092383-zhidkaja-odezhda-iz-ballonchika.html

(mara obpainenus: 16.09.2024).
8 Opexpa Oyzmyuero.

Copeit-ogexxia  OygeT HOCTYIHa KaXXAOMYy?

(Texnonorum Oypymero). URL:

https://dzen.ru/a/XLVQOcglzwCz-Dgh (mara obpamennst: 16.09.2024).
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PacnbiniseMbit HeTKaHbIM MaTepuan € 3alUTHbIMU XMMUKO-6M0O/I0rM4ECKUMIM CBOMCTBaMM
Sprayable Bonded Fabric with Protective Chemical and Biological Properties

HUMaeTCs MPOABIDKEHNEM 9TON TexHomoruu [1].
ABTOpaMM TEXHONMOTUM I[OKa3aHO, YTO MpHU
HAMbUIEHNN J>KUJKON TKaHM Ha MOBEPXHOCTH
KOXXV MY Ha IOBEPXHOCTH JIPyToil TKaHU CO3-
JaeTcsA 3all[UTHas IUIEHKA, YYBCTBUTENIbHAsA K
IPUKOCHOBEHMM, YCTONYMBAsA U CTepUIbHASA,
U SABISIOMIASACS 3NMEKTPUIECKUM M30MATOPOM’.
[TogpoOHOCTY TeXHONIOTMYM 3alaTEHTOBAHBI U
IepXKaTcs B CEKpeTe.

CocTaB 0al/IOHYMKOB C KUIKON TKaHBIO.
CocTaB 6a/lJIOHYMKOB C HETKAaHOI >KUJKOI
TKaHbIO-TIAyTVHOJ XOPOLIO M3BECTEH, TaK KakK
yKasaH Ha ymakoBke usgenusa. Ha pucynke 2
HpefCTaBlIeHbl HEKOTOpble OaN/IOHYMKU C
KMKOI TKAaHbIO, KOTOPbIE UMEIOTCS B IIPOAXKe.

MoxxHo mnpepmnonoxunutb, yro M. Toppec
KOT/Ia-TO YBUJeN, KaK JIEVICTBYeT XMUAKasA Iay-
TUHA [IayKOB B IIPMPOJie U Ha ee OCHOBE CO37all
COOCTBEeHHYI0 pa3paboOTKy, [OOAaBUB B COCTaB
HaHOpa3MepHble BOJIOKHA XJ/IONKA, a IO3/{Hee U
HaHOpa3MepHble BOJIOKHA LIEPCTH, JIbHA, IIeIKa,
Le/I/TII0NI03b], HENIOHA, aKpulIa U Jlaxke yIIe-
pOJHbIE BOJIOKHA, YTOOBI OHM MOIJIU MPOXOJUT
CKBO3b COIIJIO pacIbUINTeN, He 3a0uBas ero'.

B Hacrosmee BpeMs crHenuamuctol pabdo-
TAOT HAJ XUAKMMU TKAHAMM U3 IPUPOTHBIX
MaTepuanoB. TakKuMMu NOPUPOZHBIMU MaTepua-
JTaMU MOTYT OBITh — KYKypy3a U MOPCKMe BOJO-
pocnu, KoTopble 6e3BpegHbI /IS OKpY’Kaloleit

PucyHok 2 - BuOubl 64d71/10HYUKO8 C MWUOKOU MKAHbIO
(pucyHok adanmupoeaH u3: TexHon0z2uu HudKo20 ha-
mobs Bennvl Xaoud mozym 6bimb UCN0Ab308aHbI 015
oyucmku hocsae asapuli ¢ HepmsHeiMu madkepamu. URL:
https:/news.myseldon.com/ru/news/index/273080917;
dama obpaweHus: 16.09.2024)

Figure 2: Types of sprays with liquid fabric (the figure
is adapted from: The idea of Bella Hadid’s spray-on
dress may be employed to settle oil ship accidents. URL:
https:/news.myseldon.com/ru/news/index/273080917;
date of access: 16.09.2024)

° Tam xe.

cpensl. Ha pucynke 3 nmpepcraBieHsl TKaHU, CO-
IepyKaliue MOPCKe BOLOPOCIN.

Kommauus Fabrican Ltd paspaborana cro-
co0 CBA3BIBAHMSA U Pa3KIUOKEHNSA BOJIOKOH,
4TOOBI TEKCTU/Ib MOXKHO OBIIO pacmbUIATh U3
a9pO30/IPHOTO 0a/UIOHYMKA MPSAMO Ha TeJo,
OfeXnay wnu npepMerhl. IIpu KOHTaKTe C BO3-
AYXOM pacTBOPUTENb 32 CYUTAHHBIE CEKYHJIBI
VICTIApAETCs, M BOJIOKHA COEMHAIOTCA, 00pasys
HOJIOTHO. bBraropapsi monummepHOMYy pacTBOPY
CMeChb XJIOMKOBBIX MM KaKMUX-TO JAPYIUX BO-
JIOKOH IIIOTHO JIOXKUTCS IOBEPX KOXU, APYToit
TKaHM WMIM IOBEPXHOCTY TBEPABIX IPEJMETOB
obecme4ynBasi paBHOMepHOe mokpbitue'. Ilpu
HeOOXOAMMOCTY MOXXHO PAacTBOPUTH YK€ BBI-
COXIIYIO OfieXXAY MM KaKoe-TO IOKPBITHE, I10-
IPY3UB UX B TOT )K€ PaCTBOPUTEIb.

PucyHok 3 - XKudkas mKdaHb ¢ MOPCKUMU 8000pOCAS-
Mu (pucyHok adanmupoeaH u3: A Good Scout Always
Comes Prepared. URL: https:/www.henryrosedesign.
com/work/fabrican; dama obpaweHus: 16.09.2024)
Figure 3: Liquid fabric with seaweed (the figure is
adapted from A Good Scout Always Comes Prepared. URL:
https:/www.henryrosedesign.com/work/fabrican; date of
access: 16.09.2024)

0 Kak BBIIJIAAUT PEBOMOIMOHHAS «KUIKas» OfeXJa, KOoTopas pacmpuisiercss u3 6ammonunmka. URL:
https://www.pravda.ru/eureka/1797809sam_sebe_modeler_sozdana_zhidkaja_odezhda_kotoraja_raspyljaetsja/

(mara obparmenus: 16.09.2024).

1 JKypuan Time 2010 ®psux Cxort Cepust BBC «The Imaginers.

BecTHuK Borick PXB 3awutbl. 2024. Tom 8. N2 4

SdOOYL NOILD310dd D9N 40 SNVIN ANV SNOdVIM
[9LNTMVE 9Xd HONO9 VA1DTIdD N BUHIYKALOOSD

373



BOOPY>XEHNA N CPEOCTBA BOUCK PXB 3ALLNTDI

374

WEAPONS AND MEANS OF NBC PROTECTION TROOPS

3aBbsnoB B.B., LLlabenbHukoB M.I., bacosa E.}O., 3aBbanosa H.B., KosTyH B.A., Xonctos B.U.
Zavyalov V.Z., Shabelnikov M.P,, Basova E.U., Zavyalova N.V., Kovtun V.A., Kholstov V.I.

O6nacTu mpuMeHeH U KXUTKOI TKaHu. Tex-
HOJIOTU A MONYYEeHNU A KUAKUX TKAaHEN NeliCTBYeT
KaK TEXHOJIOTUS — HOCUTE/Ib, IIO3BONAIONIAS TO-
CTaBIATb apOMaTH3aTOPHI MM aKTUBHbIE Bellle-
CTBa KaK [I/IsI MEAUIIMHCKUX IIe/Ieii, TaK U JJIs 3a-
IIUTHOTO puMeHeHuA. Hampumep, ¢ momoipio
texuonoruu Fabrican B MepguuiyHe MO>XKHO ObI-
CTpO clenaTb M3 CTePUIbHON TKaHU IOBA3KY
IJIs1 3AKVMBJIEHUSI PaH WIM OXKOTOB, OMHTHI, 3a-
IIMTHBIE KOCTIOMBI M/IN K€ TBEPAYIO TKaHb I
UCIIONIb30BATh B Ka4eCTBe T'UIICA IIPU ITepeioMax
KOCTeit; Ipu 700aBIeHNY B PACTBOP eKapcTBa
MOXXHO M3TOTOBUTH IJIACTBIPb [/Ii BBeJEHUA
MeINKaMEHTOB B OPraHU3M depe3 KOXy (Kpome
TOTO MO>KHO BBIOPATh CIIpeli, COOTBETCTBYIOLINIA
TOHY KOXXY, YTOOBI JIy4llle CKPBITh TAaKOJl IIa-
CTBIPb); MOXXHO CO3JaTh BOJOHEIPOHMIJaeMble
HOKPBITUSA /151 60nbHUL 1 rociuTaeit. Omexa,
CO3laHHAasA U3 )KUIKOM TKaHU, He MMeET IIBOB I
rOTOBa K HOIIEHUIO Cpa3y IOC/e 3aTBepfeHu .
TkaHp mony4yaeTcad He MOKpass M He JIUIIKasd.
Ee MOXXHO /1eTKo CHATH, HOCTUPATh, IOBECUTH
B mKad, KaK OOBIYHYIO X/IOMYATOOYMa>KHYIO
OJleXX/ly, M/IN K€ PacTBOPUTDH U 3aHOBO CO3JaTh
HOBYIO ofieXA1y. JKmjkasi TKaHb MOXeT OBITH CO-
3[laHa 13 pa3HbIX MaTepuaaoB. TekcTypa TKaHK
MOXXeT OBITh OT LIEPCTU U JIbHA IO aKpUIa, YTO
[03BO/ISAET IONY4YaTb OAEXAY WIU IOKPBITHUA
Pa3IMYHOIO COCTaBa, a 3TO O3HAyYaeT, YTO eCThb
BBIOOpP, YTO HAJeTh C yYeTOM IIOTOHBIX YC-
JIOBWII, BpEMEHU TO/a, TNMYHBIX IPeAIOYTEeHNIT U
JULS 3aI[UTHI Tela YeT0BeKa.

TkaHp 13 6amIoOH4YMKa 06IafaeT XOPOIMINMYU
071e0pUIBPHBIMU U afCOPOLMOHHBIMU  CBOJI-
CTBaMM, IO3TOMY MOXeT OBITh JMCIIO/Nb30BaHa
oI OYUCTKM TIIOBEPXHOCTU BOj MupoBoro
OKeaHa IT0C/Ie aBapuii ¢ HeQTAHBIMU TaHKEPAMI,
KOTOpble HAHOCAT KaracTpoduueckuit yumep6
OKpy>Kalollell cpepe.

Ha pucynke 4 mnpepncraBieHbl HEKOTOpbIe
M3enusi, U3TOTOBIEHHbIe U3 >XUAKON TKaHIU.
IIpopgomkass McCaefloBaHUA IO BO3MOXKHOMY
NpUMeHEeHUI0 XUJKON TKaHU U3 OanlIoHYMKa,
paspabotunku rexnonoruu Fabrican mokasanu,
YTO B C/Iy4Yae NMOsABIeHMA AbIP, HA MaTepuase ero
JIETKO MOXXHO MOYMHUTD, 3aJIMB HOBBIM CJI0EM
KUIKOCTU U3 6anaoHduKal?,

JanbHeiinias paspaboTka TeXHOIOT UM HOTY-
YeHMs XUAKUX MaTepyuaaoB I03BOINIA CO3/1aTh
00yBb M3 HETKAaHOro Marepmuana Ha 3D-npuH-
Tepe. BBIIyCcK KpOCCOBOK Temepb 3aHMMAeET
10 MMHYT, a B Ka4ecTBe MCXOJHOIO MaTepuaa
UCIIONb3YIOTCA HUTHL.

Takum o6pasoM, aHanIM3 JIUTEPATyPHBIX
HaHHBIX II0KAa3al, YTO C MOMOIIBI0 A3PO30Jis
MOXXHO CO3[jaBaTh OfeXAy M000ro Tuma u
Ans MI00BIX Ileflell — HUOKHee Oenbe, OpIOKW,
KOdTHI, I/IaTbe, BEPXHIOI OJEXAYy U OOYBb,
KaK [ paboThl, MOBCEIHEBHOTO HOIIEHMS
WIM Ha BBIXOJ, TaK U J/Is IPUMEHEHNS B 4pe3-
BbIYaliHbIX oOOcroAaTenbcTBax. Ocobblii  MH-
Tepec IpeACTaBIseT MeNUIMHCKAs OJfeXJa,
mepyaTKy, a TaKXXe AaHTUCENTUYeCKNUe TKa-
HeBble TOBA3KM U TOBA3KU [JIA HAaA0XKEHUS
rUICca.

MOXHO TpPeAINoNoXUTh, YTO B CKOpoM Oy-
AyIIeM VKas3aHHBII CIHOCO6 WM3TOTOBIEHMS
OfeXXbI OYZeT BajkeH U J/Is1 BOEHHBIX I[e/iell, 11o-
CKOJIBKY TaKOJl OfieXkK[e MOXKHO OyjeT NmpupaTh
HOBBIE CBOJICTBA, 3a C4YeT (PYHKIMOHAMM3ALNN
(Mopudukanuyu) >KUIKUX TKaHE U3 adPO30IIb-
HOTO 6aJI/IOHYVKA, IIyTeM BHECEHNUI B COCTAaB UX
pellenTyp chenManbHbBIX J06aBOK. braropmaps
CIelMabHbIM HO0aBKaM, XMKUe TKAaHU MOTYT
OBbITH UCIIONTB30BAHBI J/Is1 HAHECEHV S Ha OfEXKAY,
OOMYH/JMpOBaHMe U SKUINPOBKY B BOSHUKIINX
CUTYALMAX, ¥ /IS IPUFLAHUS UM CBOWCTB XUMU-
KO-0MO0IOTM4eCKOIT 3alI[UTHI UM CKPBITHS TEI/Ia
4YeJIOBEYECKOTO Tela VM JBUTaTeleil TeXHUKI.
Brarogaps sromMy MOXHO OyaeT 3aIl[UTUTh
JKU3HB, 3[JOPOBbe BOEHHOCIYXXAIUX U COXpa-
HUTbh BOEHHYIO TexHUKy. Kpome toro, mns ma-
CKMPOBKI, B COCTaB 0a/VIOHYMKOB MOXKHO OyfieT
HOOaB/IATh OINpefieNleHHble KPacKM, A/ IONMY-
4eHMsT KaMy(IuMpOBaHHOI 3e/IeHOI C YKeTTHIM
(kOpuYHeBBIM) TKaHM [ JeTa uau Oernoil
IJ1S 3UMBL.

IIpuHuun feficTBUA 6aNTOHYNKA C )KUTKOI
TKaHbI0. [IpyHINT meiicTBUs Ga/IOHYMKA TeX-
Honorun Fabrican' npepncraBieH Ha pucyxke 5,
Ha KOTOPOM BUJHO, YTO XMU/KUIT MaTepuas — Ha-
HOpa3MepHble BOJIOKHA X/IONKa (IbHA, MIEPCTH,
HIe/IKa, aKpuaa), HAXOAATCA B HIVDKHEN 4YacTu
a9pO30/IBHOTO Oa//IOH4YMKa, IIOX JlaB/lIeHMEM
ra3o00pasHOro KOMIIOHEHTa MpOIe/IeHTa W
cMmenimBaeTcsi ¢ HuUM. [Ipum Hakatmm KiramaHa
IOTIepPeYHOI CceKIuu OanIoHa, peryaInpyoliero
BBIIIYCK a9P030JIs,, HPOMCXOAUT BBIIYCK aspo-
307151, TIPeACTaBIAINIET0 CO00T CMeCh KOHIIEH-
TpaTa XUIKOI TKaHM C CKVOKEHHBIM ra30oM, KO-
TOpasi MO0 BHYTPEHHeil BepPTUKA/NIbHON TpPyOKe
HaIlpaB/IsAeTCsA BBePX IOJ OONBLIVM JlaB/leHNEeM
B IIONEPEYHYI0 CEKI[MI0 Oa/IJIOHa U Yepe3 COIIO
CTpyéil BBIXOAUT M3 Oaq/IOHYMKAa M pacceyuBa-
eTCs1 Ha TBEPAIOJ MOBEPXHOCTHU MI060r0 06 beKTa
MU TIpeMeTa.

12 Fabrican Spray-on fabric creates an instant spray able non-woven fabric. URL: https://www.fabricanltd.com/

applications/healthcare/ (zata obpamenns: 16.09.2024).

£ From fashion to technology - creating a new material M. Torres. URL: https://yandex.ru/video/touch/
preview/9866090512039480138 (nara obpamenns: 16.09.2024).
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PucyHok 4 - M30enus, uszomoeseHHble u3 uudKkoli mkaHu (pucyHok adanmupoeaH u3 Ha HedaeHeli JloHOOHCKol Hedesne
MOObI uchaHckuli ousatiHep M. Toppec npedcmasun mak Hasvieaembili ucudkuti kocmiom. URL: https:/www.ntv.ru/novos
ti/206786/?ysclid=luq010hb4x995579050; 0ama obpaweHus: 16.09.2024. Fabrican Spray-on fabric creates an instant
spray able non-woven fabric. URL: https:/www.fabricanltd.com/applications/healthcare/ (0ama o6paweHus: 16.09.2024).
Umo dymarom mockeuuu 06 ooexcde e 6annonuukax. URL: https:/www.story-news.ru/fashion/ballon/; dama obpaweHus:
16.09.2024). A - MeduyuHckasa cenmuyeckas noesska; b - MeduyuHckue nepyamku; B - Mepuamku ¢ do6asneHuem pe-
3UHbI U XA0nKa; I - MeduyuHcKuli KOMGUHe30H, U320moeseHHbIl u3 ¥udkol mxkaHu; [ - [usaliH AXmbl C NOMOWblo chpes,
colepucaujezo #UOKy mkaHb; E - Obpasey ceemusvHuka; XX - O0excdd, uz2omoesieHHas u3 6asa/10HYUKa ¢ #uokou
mkaubho; 3 - [pumMep ucnoabL308aHUA HUOKol mKaHu e eude 6uHima; Y - Peayabmamesl onpoca «bydeme Hocumb makyio
00ewdy?»

Figure 4: Liquid fabric products (the figure is adapted from: At recent London Fashion Week Spanish designer, M. Torres
presented a spray-on liquid clothing. URL: https:/www.ntv.ru/novosti/206786/?ysclid=luqg010hb4x995579050; date of
access: 16.09.2024. Fabrican Spray-on fabric creates an instant spray able non-woven fabric. URL: https:/www.fabricanltd.
com/applications/healthcare/; date of access: 16.09.2024. What Moscow residents think of Spray-on clothes? URL:
https:/www.story-news.ru/fashion/ballon/; date of access: 16.09.2024): A, Medical septic bandage; b, Medical gloves;
B, Gloves that contain rubber and cotton; I, Spray-on liquid medical overalls; [l, Spray-on liquid yacht pattern; E, Sample
of a lamp; XK, Spray-on liquid clothing; 3, Liquid fabric is used as a bandage; U, Results of survey «Would you like to wear
something like this?»

Hpnna}me KNITKNUM MaTrepuailiam 3a- BBICOKOTOKCMYHBIX COeI[MHeHMﬁ, TOKCMHOB 1

IIUTHBIX XMMUKO-OMOTOTMYECKUX CBOJICTB.
Vcnonb3ysa texHonornwo Fabrican Mo>xHO co-
3[JaTh JKMJKYI0 MHHOBAaLIOHHYIO (y/IBTpamH-
Te/I/IeKTYaIbHY0) TKaHb, KOTOPas MOXKET TaKKe
COlepXKaThb B CBOEM COCTaBe M OaKTepuUIMTHBIE
HAaHOYACTMUIIBI MeTAJIJIOB ¥ HaHOpa3MepHbIe
(depMeHTHbIe MOTUANIEKTPOIUTHBIE KOMIIIEKCHI,
CIIOCOOHBIe KaTalM3MpoOBaTh TUAPONU3 pAfa

HPOAYKTOB MX AecTpykuuu [7-11].

ITockonbky HaHOpa3MepHbIe BOJIOKHA
TKaHel, BXO[AIIME B COCTaB JKUAKUX TKaHeIl,
UMEIT MUKPOIOPHI, TO MOXXHO IIPEJIONTOKNUTD,
4TO B 3TU NOPHI CBOOOMHO OyAyT HPOHMKATDH
HAaHOYAaCTMUIIBI MeTAJI/IOB ¥ HaHOpa3MepHbIe
(dbepMeHTHbIE MTONNITEKTPONUTHBIE KOMIIJIEKCHI,
mobaBeHHBIE B COflep>KuMoe Oammonunka. Ilpn
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PucyHok 5 - [llpuHyun Oelicmeusa 6an/0HYUKA meX-
Hosozuu Fabrican (pucyHok adanmupoeaH u3: From
fashion to technology - creating a new material
M. Torres. URL: https:/yandex.ru/video/touch/preview/
9866090512039480138; 0ama obpaweHus 16.09.2024).
1 - Moo 0aeneHuem nponesseHma cooepucumoe HuxicHel
yacmu 6a//0HYUKA 68biMadsIKueaemcs HApymy nhpu Ha-
Jamuu eepxHezo KaanaHa; 2 - [a3oobpasHoe monsueo,
oKkasbleaem 0daesieHUe HA CMeCb HUOKOU MKAHU U 2da3a;
3 - KoHueHmpam npodyKma u ClcuiceHHbili 2a3 NOOHU-
maemcs eeepx no eHympeHHeli mpybke; 4 - [lonepeuHas
ceKyus yepe3 KOMopPYH a3po30/bHbili 6AA10H C KAANAHOM
pez2ynupyem ebInNycK aspo30/1si

Figure 5: Fabrican spray working mode (the figure is
adapted from: From fashion to technology - creating a
new material M. Torres. URL: https:/yandex.ru/video/
touch/preview/9866090512039480138; date of access
16.09.2024). (1) When we press the upper valve the
contents at the bottom of the spray is being pushed out
under the pressure of a propellant; (2) Gaseous fuel exerts
pressure on the mixture of liquid fabric and gas; (3) A
concentrated product and liquefied gas go up along inner
tube; (4) A cross-sectional block through which an aerosol
spray with valve regulates the amount of the sprayed out
aerosol

3TOM BO3MOXXHa CaMOCOOpKa MeTaIoOpraHiy-
yeckoro kommekca [12]. B rakom mertanmoopra-
HIYeCKOM KOMII/IeKCe HAaHOYaCTHUIbI METa/I/IOB 1
HaHOpa3MepHble pepMeHTHI OYIYT COXPAHATHCSA
JONroe BpeMs, KaKk Ha MOBEPXHOCTU OJleXJIbI,
HOKPBITUII, MEAUIIMHCKMX TOBJI30K IOCTIE JIC-
IapeHys PacTBOPUTeNs U rasa (BXOAALIMX B
COCTaB a3p030/IPHOTO 0A/UIOHYMKA), TaK U NpU
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nepexojie >KUAKOV TKaHU B TBepAyio ¢opmy.
Brarogapss cBoeil yHUKanbHOI CIIOCOOHOCTHU
(yHKIMOHANU3NPOBAHHAS «YMHas» JMHHOBa-
IMIOHHAs >KUAKas TKaHb OyjeT 3aljuIiaTh OT
BBICOKOTOKCUYHBIX COEQMHEHUN, TOKCUHOB U
HPOAYKTOB MX JeCTPYKLMY, a TAKXKe OT 6ose3-
HETBOPHBIX MUKPOOPTaHM3MOB, a MOAUPUIIK-
pOBaHHasA TexXHoJOrus OyfeT CIOCOOCTBOBATH
co3maHuo 6onee ymo6HOIT, 6e30macHoi U 370-
poBoit xusuu [13].

TexHONMOrM4YeCKass WHHOBALMsI — PACIIbI-
JeHue 3aMMTHOTO HETKaHOTO MaTepuasa Hemo-
CPeJCTBEHHO Ha OJIeKY IPOU3BEeT PEBOIOIUI0
B obOmactu obecredeHNs MHAMBUAYA/TbHON 3a-
I[UTHI OT MOPAXKAWIINX PAKTOPOB XUMUIECKOIT
u OMONMOrMYecKoit mpupoabl. MrHoBeHHOE CO-
3[]aHIe 3aI[UTHOTO C/I05I TAKOTO HETKAHOTO y/Ib-
TPaMHTE//IEKTyaJIbHOTO MaTepuana He TpebyeT
npefBapuUTeNbHOr0 (GopMUPOBaHUS, IOUINBA,
a Tak)ke XpaHeHVs B OCOOBIX yCIOBMAX U B Te-
YeHMe OIpeleeHHOro BpeMeHu. HoBaTopckas
ugess COCTOUT B TOM, 4YTO CO3MIAETCH KUK
CYCIIeH3MsI, B KOTOPYI0 KpoMe HaHOPa3MepHBIX
BOJIOKOH TKaHell OyJeT BXOAWUTH: BOMA, TeTpa-
¢dropataH (Mnm Apyroit ras), yriaeBOZOPOHBIN
pacTBOpuUTENb, HUTMEHTHBINI KpacuUTelb. Ha-
HOYACTUIIBI META/VIOB U HaHOpa3MepHbie dep-
MEHTHBIE TOTUITEKTPOTUTHBIE KOMIUIEKCHI. DTa
TeXHOJIOTYSI MOXKeT OBITh aflallTUPOBaHa K IIPU-
MEeHEeHUI0 B MeAUI[MHe, TUTHeHe, IPY CO3TaHUN
CpelCTB MHAMBUAYANbHON ¥ KONIEKTUBHONI
3aIMUTHI, PN TUKBUJALUN Pa3nInBOB HedTH, B
aBTOMOOMJIBHOM ¥ IPOMBIIIJIEHHOM JM3aliHe,
Moje, criopre. TeXHOMOTUSI MOXKeT CTaTh IIPO-
PBIBHOIJI, TaK KaK CHIMDKAaeT HPOMBIIIJIEHHYIO Iie-
IIOYKY IIOCTaBOK, fenas ee 6omee appekTuBHOI
Y YMEHBIIAeT 3aBUCUMOCTD OT 3apyOeXKHBIX I10-
CTaBOK KOMIIOHEHTOB U3 eI,

[Tog6op cocTtaBa cMecu U3 HaHOYACTUIL] Me-
TAJ/UIOB ¥ HAaHOPa3MePHBIX GEePMEHTHBIX MMOIN-
9/IEKTPOIUTHBIX KOMIIJIEKCOB /151 QYHKIIMOHA-
muszanuu  (MoguduKanumu) >KUAKON HETKaHON
OCHOBBI OYeHb Ba)keH [ MPUAAHUS el 3a-
OAHHBIX CBOJCTB caMoouulieHus (caMopera-
3anuu) u camopesuHgekiunu. brarogaps coeit
YHUKAJIBHOM CIIOCOOHOCTU CaMOCOOPKM, Takas
«yMHasi» MHHOBAallMOHHAs TKaHb CMOXeT 3a-
MUIaTh OT 0O0/e3HETBOPHBIX MUKPOOpra-
HU3MOB, BBICOKOTOKCUMYHBIX M TOKCUYHBIX
COeIVHEHMII, TOKCMHOB ¥ MPOAYKTOB UX
mectpykuun [14].

BoiBog b1

1. TexHOMOTMS CO3HAHUS KUAKUX «YMHBIX»
MHHOBAI[MOHHBIX TKaHel M OFEXIbl U3 HUX
uMeeT 6OTBINON MOTEHIIVA /151 MCTIONTb30BAHMA
B cepe obecreyeHnss Hal[MOHANTbHO Ge3omac-
HoCTH 1 060poubl Poccuiickoit Oepeparnun.
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2. IlpegnokeH NpUMHLUUNNAAbHBIN MOAXOM K
¢yHknoHanusanuu peuentyp tuma Fabrican,
SIBJISAFOIUXCSA OCHOBOW M/ CO3MAHUSA KUIKUX
TKaHel, XUMMUYECKM M OUOIOrMYecKU aKTUB-
HBIMM KOMIIOHEHTaMU, KOTOpble TNpUAAfyT
paccMaTpMBaeMbIM YIbTPaMHTENIEKTyaTbHBIM

TKaHJIM CBOJICTBA CaMOCOOPKM, CAaMOOYMIIIEH S
(camopmerasanum) u camone3snHP K UN.

3. O6ocHOBaH TOAO0OP KOMIIOHEHTOB B CO-
CTaB peleNnTypbl KUAKNUX TKaHeit Tuna Fabrican
IIsT IPUAAHUS UM 3alUTHBIX XUMUKO-OMOTIO-
ITMYECKUX CBOVICTB.

Ozpanuuenus uccneoosanus / Limitations of the study

JJaHHBIN aHAIUTWYeCKMIT 0030p MMeeT psAJ, OTpaHMYEHMIT, a MMEHHO: 1) McCeoBaHMe OCHOBBIBAaeTCA Ha
aHa/IM3e OTKPBITHIX MICTOYHNKOB, BK/II0YAs TUTEPATYPHbIE MCTOUYHVKY, TEXHUYECKYE ONVCAHNS, MHCTPYKI[UH TI0
IPUMEHEHNIO, OTKPBITYI0 HAYYHYIO ¥ MYOMUIVICTIYECKYIO TUTEPATYPY; 2) aHANMNU3 HAYIHOI U ITyOIUIINCTUIECKOT
JIUTEePaTypbl, TEXHUIECKNX OMMCAHNIT M MHCTPYKIINIL 10 IPMMEHEHNIO XKIAKUX TKaHell MOXKeT He OXBAaThIBATb BCe
aCHeKThl UX PYHKIMOHMPOBAHNUS I [IOTEHIMAIbHBIX OIPAHIYEHNIT; 3) paspaboTKa KOHEYHBIX TeXHOIOTMIECKNX
peleHnit B Bijie 6a/VIOHYMKOB C peLien Ty paMil AJIsI CO3AAHMSI XXUAKMX TKaHeil, 00/TafaolnX 3aJaHHbIMI 3alT-
HBIMIY CBOJICTBAMMY OT XMMIYECKMX U OMOTOTMYECKIX ITOPaKaoMNX (PaKTOPOB TPebYeT TIIATeTbHOTO IIPOEKTUPO-
BaHMS U MOXKET UMETh TeXHUYECKIe OTpaHIYeHNs; 4) aHAJIU3 CO3[aHNUA «YMHBIX» MHHOBAIIVIOHHBIX )KMAKNUX TKa-
Hell 32 py6e>KoM OCHOBBIBAETCsI HA OTKPBITBIX HCTOYHUKAX Y MOYKET He OTPa>KaTh IOIHYIO KAPTUHY NX paspaboToK,
npuMeHenus u apdexrurocty / 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; (2) the analysis of scientific academic sources and publications, technical specifications and
user manuals for liquid fabrics may not cover all aspects of their functionality and potential limitations; (3) the
development of sprays that will help to create liquid fabrics properties of which will ensure protection from chemical
and biological destructive effects requires careful design and may have technical limitations; (4) the analysis of the
development of “smart” innovative liquid fabrics abroad is based on the open sources data and may not reflect the
complete range of their application and efliciency.
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MBaH JTiopBuroemny KHYHSHLL: OT aKpuxuHa Ao nepdropaHa

A.H. lNeTtyxos™, A.A. LiseTKkos, T.B. LLlycTukosa, [1.M. Umamos

®edepanvHoe 20cy0apcmeeHHoe KazeHHoe 80eHHoe 06pasoeamesibHOE yupexcoeHue ebicuiezo 06pasoeaHus
«BoeHHasa akademus paduayuoHHoU, xumMuyecKkol u buosiozuyeckoli 3auumel umMeHu Mapwasna Cosemckozo
Coro3a C.K. TumoweHko (2. Kocmpoma)» MuHucmepcmea o6opoHbl Poccutlickoli ®edepayuu

156015, Poccutickas ®edepauus, 2. Kocmpoma, yn. lopbkozo, 16

>4 e-mail: varhbz@mail.ru

OcCHOBHBbIE MOMEHTBI

Axagemux VI.JI. KHyHsIHI] BHeC CYIL[eCTBEHHBIIT BK/IaJ IPAKTUYECKN BO BCe 0OIaCTV OPraHNIeCKON XUMUM, pa3BU-
Baembie B CCCP.

OH 0CHOBOIIONIOXKHYK XUMIM GTOPOPraHNYeCKIX coefyHeHmiT pocopa, cepbl, CelieHa Y IPYTUX COeAMHEeHMIL.
V.JI. KHyHSHIL 3a/10)KVJT OCHOBBI IIPOMBILIJIEHHOTO IIPOM3BOACTBA TedIOHa, KAalIPOHA ) HAJIOHA.

OnyH 13 OCHOBHBIX Pa3pabOTYMKOB IPOTHBOMA/ISIPUITHBIX IPEIapaToB, KpoBesaMeHuTe s neppTopaHa, aHTULO-
TOB CMHM/IBHOI KMC/IOTBI I HMTOCTATMYECKNX IPOTMBOOITYX0/IeBBIX IIPENapaToB.

Axmyanvriocmp. 3a0BeHye BBIJAIOIVXCA JeATeIell COBETCKON M POCCUIICKOI HAyKU IPO3NUT HOOPOBOIBHBIM IIpe-
BpaieHueM Poccuu B KOMOHMIO 3alIafHBIX CTPaH, I7e y)Ke He OyJeT MecTa HU YyBCTBY COOCTBEHHOTO JOCTOVMHCTBA,
HJI yBEPEHHOMY [BIDKEHMIO CTPaHBbI Biiepen. Ilocmentsisa my6muKanysi, HoCBsieHHas 6uorpadumu 1 onmucaHuio Ha-
YYHOTO Hac/IefMs aKaJeMMKa reHepal-Maliop-nHxeHepa JBana Jlrogsurosrya Kaynanma (1906-1990) orHOCHTCA
K 1996 1., 60/1ee IO3IHME NYOIMKAIUN COfIeP>KAT IPOCTOE IePedNCIeHIE eT0 OCHOBHBIX JOCTYDKEHMIL, HO ¥ OHU 110
6ombIIIel YaCTU 3a0BITHI.

Llenv pabomvt — 0606IINTH U CUCTEMATU3NPOBATH B KOHTEKCTE MCTOPUIECKMX COOBITHIL, TpoucxopuBinx B XX B.,
OCHOBHbIE CBEfIeH)s O Hay4HOM IyTH akafemuka VI.JI. Kaynsanna.

Hcmounuxosas 6asa uccnedosanus. JJoKyMeHTalIbHbIe VCTOYHVIKY, cofepxaliye O6ymorpadudeckre CBeIeHMUS O
V.JI. KuyHsHIe, ero Hay4YHbIe TPYHbI U M300peTeHML.

Memoo ananusa. OnucarenbHbIA.

Pesynvmamut. Paccmorpen nepuop, craHosnenus VI.JI. KHyHsHIIa Kak y4eHOro, ommcaHa cpefa ero ¢popMupoBa-
HUA, OCHOBHBIC HAaIIpaB/IeHNA Hay4YHOI, IIPeIIOJaBaTe/IbCKOI 11 0OLIeCTBEHHON IeATeIbHOCTY, Y ITTABHbIe HayYHbIe
TOCTVDKEHUSI.

3axmouenue. ViccnegoBanus VI.JI. KuyHsHIa 6p11M HeOOBIYATHO ITIOLOTBOPHBI II0 CBOMM pe3y/IbTaTaM U MMe-
NV MMPOKYIO MPAKTUYECKYI0 HAIpaBlIeHHOCTb. OHM Kacamuch TIy6oKoro maydeHus xumuu ¢rop-, cepa- u doc-
(dbopopraHMyecKux U reTepounKIndeckux coeguuennit. V1.JI. KHyHAHI MOMy4m1I BakKHbIe pe3y/IbTaThl B 006IacTH
¢dapmaxomornu (IpOTHBOMAIAPUITHBIE M KaHIEPOIUTUYECKVe IIpelaparsl, UCKYCCTBEHHBII KpOBe3aMeHUTENb),
paspabaTbIBaI TEXHOIOTUY IOy YeHNsI TEKAPCTBEHHBIX IIPeapaToB ¥ MONNMEPOB, MONy4nn 3¢ dekTnuBHbIe POTO-
CEHCMOMMN3aTOPBL.

Kniouesvie cnosa: axpuxun; eexcagocpamud; Knynsmy, V.JL; nakmon «Knynsuya»; nogenan; nagenyusn; nepgdmo-
pan; nepezpynnuposka KnyHanuya; nonumepusayus e-Kanponaxmama; Gmopnonumepvl; Xumus mopopeanuueckux
coeduHeHuil

Hna yumuposanus: Ilemyxos A.H., Ileemkos A.A., llycmuxosa T.B., Umamos II.M. Hean JTiodeuzosuy Knynauy: om
akpuxuna 0o nepdpmopana. Becmuux otick PXB 3aujumuot. 2024;8(4):380-395. EDN:vylugc.
https://doi.org/10.35825/2587-5728-2024-8-4-380-395

IIpospaunocme Punancosoil OesmenvHOCHU: A6MOPYL He UMeM HUHAHCOB0I 3AUHINEPECOBAHHOCU 6 NPedcHas-
JIEHHBIX MAMEPUATIAX UTU Merno0ax.

Kongpnuxm unmepecos: Hem.
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Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

Aleksey N. Petukhov™, Alexey A. Tsvetkov, Tamara V. Shustikova, Dinis M. Imamov

Nuclear Biological Chemical Defence Military Academy Named after Marshal of the Soviet Union
S.K. Timoshenko (Kostroma), the Ministry of Defence of the Russian Federation

Gorkogo Str. 16, Kostroma 156015, Russian Federation

04 e-mail: varhbz@mail.ru

Highlights

Academician I.L. Knunyants has made significant contributions to almost all the fields of organic chemistry that have
been studied in the USSR. He is the founder of fluroorganic compounds chemistry. This is the field of chemistry that
studies fluroorganic compounds of phosphorous, sulfur, selenium and others, he is also the founder of industrial scale
production of teflon, kapron and nylon; he has contributed greatly to the development of antimalarial drugs, blood
substitute called perfluoran, hydrogen cyanide antidotal substances and cytostatic antineoplastic drugs.

Relevance. If we forget prominent persons in Soviet and Russian science, it will turn Russia into a colony of the West,
and we will lose our self-esteem and will not be able to go forward and to progress. The last paper devoted to the
biography and scientific contributions of a major general and engineer I.L. Knunyants (1906-1990) was published
in 1996. From that time on the publications contained only the list of his main achievements, and even that is mostly
forgotten.

Purpose of the study is summarize and systematize the main data on the scientific career of academician I. L. Knunyants
and to describe it in the light of events that happened in the 20th century and influenced our history

Study base sources. Documents the contain information on I.L. Knunyants’ biography as well as on his inventions
(including his own scientific works).

Materials and methods. Descriptive method has been employed in this study.

Results. The authors have considered the way of I.L. Knunyants as a scientist, how he decided to become one, the main
fields of his activity as a scientist, as a teacher and as a member of society, his main achievements and inventions.
Conclusions. Studies that were conducted by I.L. Knunyants were quite efficient and fruitful and had a practical
focus. They were in-depth studies of fluoroorganic sulphurorganic phosphrous organic and heterocyclic compounds.
I.L. Knunyants obtained important results for pharmacology (anti-malarial and carcinolytic drugs, artificial blood
substitute) worked on the ways of developing drugs and polymers, has obtained efficient photosensitizers.

Keywords: acrichine; fluoroorganic compounds chemistry, fluoropolymers; hexaphosphamide; 1.L. Knunyants.;
Knunyants’realignment; “Lacton of Knunyants”; lophenalum; paphencylum; perfluoran; e-caprolactam polymerization

For citation: Petukhov A.N., Tsvetkov A.A., Shustikova T.V., Imamov D.M. Ivan Ludvigovich Knunyants: from
akrikhin to Perfluorane. Journal of NBC Protection Corps. 2024;8(4):380-395. EDN:atbjyw.
https://doi.org/10.35825/2587-5728-2024-8-4-380-395

Financial disclosure: The authors have no financial interests in the submitted materials or methods.

Conflict of interest statement: The authors declare no conflict of interest.

Funding: Nuclear Biological Chemical Defence Military Academy Named after Marshal of the Soviet Union
S.K. Timoshenko (Kostroma), the Ministry of Defence of the Russian Federation.

Received June 11, 2024. Revised June 30, 2024. Accepted December 27, 2024

BecTHuK Borick PXB 3awmtbl. 2024. Tom 8. N2 4

AAIHDYV TVIIYOLSIH

aGNXdV UMHDTRNJOLDOU

381



NCTOPUYECKUNUN APXNB
HISTORICAL ARCHIVE

382

MeTyxoB A.H., LiBeTkoB A.A., LLlyctukosa T.B., mamos .M.
Petukhov A.N., Tsvetkov A.A., Shustikova T.V., Imamov D.M.

Hayka B CCCP BbiiBUHYIA I/I€AY BbIJIAI0-
MIVIXCSA INYHOCTEN, 3a6BeHne KOTOPBIX — IPAMOII
nyThb B HeObITHe camoit Poccuu. Cpepy HuX aka-
OeMUK, TeHepajl-Maiiop-uHxeHep VBan Jlion-
BuroBnd Kuynsaun (1906-1990). Ilocnepuss
ny6nuKanusa, MOCBsLIeHHass Ouorpadum u
OIMCAaHUIO €r0 HAayYHOTO HACaefys OTHOCUTCSA
K 1996 r., T.e. BpinIa mouytu 30 jieT Hasang He-
0OMBIINM THUPAXKOM, IpeACcTaBasiss coboil o
Gonblieil 4acTM JIUYHbIE BOCIOMMUHAHUA aB-
topa [1]. Jpyrue ny6nukanum o VI.JI. KnyHsauue
OOBIYHO cofep)KaT MPOCTOe IMepeducieHne ero
OCHOBHBIX JOCTVKEHWII, HO ¥ OHU II0 OOJIbIIeNt
gactu 3ab6biTel [2, 3]. B pmanHoit pabore Ha-
yunbiit nyth VI.JI. Knynsanna paccmaTpuBaercs
B KOHTEKCTe MCTOPUYECKUX COOBITUIL, TPOMCXO-
puBIINX B XX B. ¥ BO MHOTOM OIIpefeINBIINX
OCHOBHDIE HAIIPABJIEHNU I €T0 MCC/IeOBaHUIL.

Lenv pabomuvi — 06061UTD U CUCTEMATU3N-
poBaThb B KOHTEKCTe MCTOPUYECKUX COOBITHIL,
npoucxopuBmux B XX B., OCHOBHbIE CBEIEHN S O
Hay4yHOM IyTu akajgemuka VI.JI. Knynsanuna.

Hcmounuxosas  6asa. JJoKyMeHTaJIbHbIE
UCTOYHMK, COiepxKaliue 6uorpapuieckye cBe-
menus o V.JI. KHyHAHIIe, ero HayuYHbIe TPYABI U
n3006peTeHu .

Memoo ananusa. OnycaTenbHBbIIN.

ITpoBeneH aHanM3 JOKYMEHTA/JIbHBIX MCTOY-
HUKOB, COfiep)KaIiux Ouorpadpuyeckme cBe-
nenus o VI.JI. KuyHsHIe, €ro HayYHBIX TPY/IOB
U ONMCAHUII M300peTeHNIT K aBTOPCKUM CBUJIe-
TeTbCTBAM.

B xope nccnemoBaHus pelananuch caefymolue
3agaun:

- BaTh KpaTKue 6uorpadudyeckme cBefeHNA O
N.JI. KnyHsaHUe;

- paccMOTpeTb OCHOBHBIE 00/IacTU MCCIEN0-
BaHMII aKajleMMKa U YKa3aTb IJITaBHble Hay4YHbIe
BOCTVKEHMN;

- II0Ka3aTb TECHYKI CBA3b NPAKTUYECKUX
noTpe6HOCTel, BOSHUKABUINX B XOJj¢ IPOMBIII-
neHHoOro u obmecrseHHoro pasputusa CCCP ¢
OCHOBHBIMM HAIIPaBIEHMAMIU UCCIEJOBAHUIN
N.JI. KnyHanua.

PanHue rogbr

VNBan JlogBurosnd KHyHAHL popaunca
4 wioHa (22 masa mo crapomy ctuiao) 1906 r.
B I. lllyme EnusaBernonbckoit rybepHun B He-
CIIOKOJTHOE BpeMs:A: JIETOM TOr'O TOfia B ropoje
pasropencsi ~ MeXXHALMOHAJIBHBI  KOHQIMKT
MEXZy apMAHCKUM M as3epOaii’>KaHCKMM Ha-
ceJleHNeM, >XepPTBaMM KOTOPOTO CTaaM COTHHU
TIOfiell, MeCATKU JOMOB ObUIM COXOKeHbI. Orely
N.JI. Kuyuanua - Jlopsur MupsagXaHoOBUY

1

(MunaeBny) KnyHnsaun MHYXeHeP-XNMUK-
TeXHOJIOT, CIIeMANNCT 10 NepepaboTke HedTM.
Oxonunn xummdecknit ¢axynprer Ilonurex-
HUYECKOTO MHCTUTYTa B I. Kuese), paboran Ha
HedTAHBIX pasdpaborkax B Baky, mocime 1920 r.
Ha3HaueH ymnpasmrsaomuM IOro-Bocrounoro
orgeneHus Oypenms HedTtu (Asepbaiimxan).
3arem /.M. KHyHAHIIa epeBORAT B I. I'po3HbIit
151 pyKOBOACTBA He(PTAHBIMU I POMBIC/IAMY, A C
Hayama 1923 r. B MockBy fis1 paboThl B YIpas-
nenny Hapkomara He(TsAHOI HPOMBIIIIEH-
HOCTH.

Marp - Posa KapmoBhna BabukoBa, BbI-
HycKHUIIa MOCKOBCKMX aKyLIEpPCKUX KYpPCOB,
denpauiep Yepnoropckoit 6onpHunbr  Co-
BeTa Cbe3fla HepTeIPOMBINIIEHHUKOB I. baky.
B cembe 6b1710 gBOE Heteit: Visan u Enena [1].

MockoBckoe
y4YMInILe

IIpu mocrynneHun B MOCKOBCKOe BbICHIEE
texHndyeckoe yumnnie (MBTY) emy mpepmmo-
KVIN TIOfATh JJOKYMEHThI Ha XMMU4YecKui ¢a-
KY/IbTET, TaK KaK Ha 9JIeKTPOTEXHUYeCKOM da-
Ky/JbTeTe, Ky/la OH >KeJlajl IOCTYNIUTb, MECT yKe
He 6b110. Ha cob6ecenoBanum V.JI. KHyHsAHI BBI-
Opan xadenpy opraHMYecKoil XuMNN. JK3aMeH
110 OpraHMYeCKO¥ XMMUM NIPUHKUMAI IIpodeccop
AE. YUnunbabun (1871-1945), cpasy pasris-
IeBUINIT TepCIeKTUBHOro cryfenTa. OH u npen-
noxxun KHyHAHIY HayaTh paboTy B ero mabopa-
topun [1].

B MBTY KuyHsHI clylian TeKLuM 3HaMe-
HuTHIX npodeccopos H.A. lllnnosa (1872-1930),
B.H. MnarpeBa (1867-1952), B.M. Popmmonona
(1878-1954), IL.II1. Hlopeiruna (1881-1939) u xp.

Hayunas gearenbHocTb JI.JI. KHyHAHIA Ha-
Yyajach y>XXe B CTy[eHYecKMe Tofibl B BO3pacTe
20 nmer mox pykosoacTBoM A.E. UmumbabuHa.
Junnomuas pabora mo XMMUM NUPUAVHOBBIX
OCHOBaHUI «[IMMeTUTaMUHONUPUANH U €ro
IpOM3BOJHbIE» TAK >Ke BBINONHANACH IIOJ Py-
koBogcTBOM A.E. Ynumbabuna, a gUIIIOMHBIN
IPOEeKT B 00/1acTy TeXHOMOrnu HedpTu — raso-
JVHOBBIN 3aBOJ, A1 nepepaborku 100 Teic. M*
rasa '/po3HeHCKUX IPOMBICTIOB B CYTKM C LIeIbIO
mobprum  OeH3sMHA KypupoBanm mpodeccop
N.I. Enun (1869-1933)'. ITocnemumit oguH us
co3jiareneil 3HaMEHUTON KyboBoil Hedremepe-
roHHoit Oartapeu IllyxoBa-Enmua (coBmMecTHO
¢ Bpifaomumca uHxeHepom B.I. Illyxossim,
1853-1939).

ITocne oxonuanua MBTY B 1928 r. co 3Ba-
HUeM WHXXeHepa-TexHonora Hedprtu, V.JI. Kny
HSHI[ OBIT OCTaB/IeH Ha Kadeape opraHMIeCcKoit

BbICIIICE TEXHUNYECCKOEC

V.W. Enun gepes rog (B 1929 r.) 6611 apecroBaH opranamu OI'TIY kak «4leH KOHTPPEBOIIOLMOHHOI, IIIIOH-

CKO-BpeUTETbCKOI OpraHM3alnMy B HeTAHON NPOMBILIICHHOCT». YMep B narepe B 1933 r. PeabunnurnuposaH.

AE. Unun6abun B 1930 r. yexan Bo Opaniuio.
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XVIMWM JJIs1 HAy YHOTT ¥ IIefarOr4ecKoit paboThl.
3pgech oH 66U accucteHTOM UnunbabuHa, 3aTeM
3aHMMAJICS IMPENOIABATENbCKOI IS TEeNbHOCTHIO
(mo 1932 r.). ITapannensro ¢ 1929 1. go 1938 1. pa-
60Ta HAayYHBIM COTPYZHUKOM, IOTOM CTaPUINM
HAyYHBIM COTPY/HMKOM, 3aBeJyIOLIUM OTHE/IOM
U pyKoBojuteneM rpymnms Jlabopatopun mo uc-
C/IeJOBAHUIO U CUHTE3y PACTUTENBHBIX U XKU-
BoTHBIX popykToB AH CCCP (JIACVH)>.

Vuyennk Ynunbabmua

ITepas pab6ora J.JI. Kuynsauna (B coas-
topctBe ¢ A.E. Ununbabuueim) 6bina omy6mm-
koBaHa B JKPXO?® B 1928 r. mox Ha3BaHMEM «q-
JuMeTunaMuHONUPUAVH U €TO TPOU3BOIHBIE.
Cnenyrouue nATh ctateil (ToXXe B COABTOPCTBE C
quTeJIeM) ey B 1928, 1929 un 1931 rr. Oun
ObUIY MOCBSIIIEHHBl XMMUU MUPUANHA U 3aJ10-
XKWUIN OCHOBY A1 (GOPMUPOBAHMA OFTHOTO U3
BaKHEHMINNX HAIpaBIeHUII €ero IOCIeRYIoINX
MCCITeOBAHMI — CUHTE3a I OI[eHKI XMMMIECKINX
CBOJICTB IeTepOLUUK/INYECKUX COEMHEHNIA.

B xome wuccnemoBaHMIT BBISACHUIOCH, YTO
Aa-IVUMeTUIAMUHOIUPUAUNH B OTIUYYE OT CBOETO
CTPYKTYPHOTO HEreTepOLMK/INYECKOro aHa-
7ora — IMMeTU/IAaHU/IVHA He BCTYIIaeT B peaKlun
HUTPO3NPOBAHMUA UM aszocodyeTaHmA. Vicuepmbl-
Balolllee Hay4yHoe OOBsACHeHMe I9TOMYy (akTy
KnyHAHLY yanoch HaliTu TonbKo yepe3 20 jer,
Onaromapsi CO3[JaHMI0 TEOPUM Pe30HaHCa, pas-
paboTaHHOI ABaXX/[bI HOOEIEBCKUM JIaypeaToM
(1954 1., 1963 r.) Jlaitnycom K. ITonuurom (aHri.
Linus Carl Pauling; 1901-1994) u no3BonuBieit
HIpeNCTaBUTh  paclpeleNeHNs 3IeKTPOHHOI
IUIOTHOCTY MOJIEKY/I 00YC/IOBIMBAIONIYIO UX pe-
aKI[MIOHHYIO CIIOCOOHOCTD.

B xope atux mnccnegosaunit V.JI. KHyHaHn
OTKPbUL HOBYKI PpeaKIMNI0 o-AUMeTH/IaMIHO-
nupuanHa ¢ GOpManbAeTUOM B MYPaBbUHOI
KUCIOTe C 00pa3oBaHMeM TeTpaMeTUIANAMUHO-
munupupnIMetrana. PaspaboTaHHble UM Ipefi-
cTaBleHUsI 00 37eKTPOHHOM B3aMMOJEICTBUN
B MOJIEKyJIe CTalM TeopeTmdeckoit 6asoil pas-

MBaH JTioaBurosuy KHYHSHL,: OT akpuxuHa Ao nepdropaHa
Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

UYUS APOMATHYECKUX Y TeTePOapPOMaTUIECKIX
coeguHeHMI [2].

Uccneposanua V.JI. KHyHAHLla BHecnn
3aMeTHBINI BK/IaJi B TEOPUIO IIBETHOCTM: KOH-
LenIMs CONpPsKeHNs OblIa UCIIONTb30BaHA UM B
MCCTIe0BAHNAX 3aBUCYMOCTY IIBETHOCTY TOJIN-
COIPsKEHHBIX KapOOI[MaHOBBIX KpacuTeseil oT
UX CTpOeHMsA. BbUIM MONMy4YeHBI NUPUAVHOBBIE
aHajorm Au- ¥ TpuUdeHMIMEeTaHOBBIX Kpacu-
Tejlell, M3y4eHa UX [[BETHOCTb, CUHTE3MPOBAHBI
KapOOI[MaHNHOBbIE KPAcCUTENN C OTKPBITON
1enbio [5]. 9Ty paboTH MPUBENIN K IONTYYEHUIO
CeHCHOMIN3ATOPOB IJIs1 UBTOTOBIEHUs PpoTOMa-
TepUajIoB® MPUMeHsAEeMBbIX, B YaCTHOCTH, B a9pO-
dbotocwemke [3].

IIpoTuBoMansApuiiHble NpenapaThl

B 1932-1933 rr. cucrema 3paBOOXpaHeHN,
VICHBITBIBABIIAS HEJOCTATOK (PMHAHCHPOBAHMNA,
feduuuT Bpadeil 1 6OMTbHMYHBIX MECT U OKa3a-
7ach He B CMJIAX C/lepKaTh HATUCK MHOTOYIIC-
neHHbIX sanumeMmuii. Tak, B 1933 r. B CCCP 65110
opuUaTbHO 3aPETrUCTPUPOBAHO IOYTHU 6,5 MITH
cny4aeB ManApun, a B 1934 r. y>xe cBblllie 9 M/IH.
YauThiBasg ypoBeHb MERVIIMHCKOTO OOCTY>XM-
BaHMA HacCe/IeHN A TOT0 IepP1ojja MOXKHO IIPeJIo-
JIOKUTb, YTO peajbHOE KOMMYECTBO MajsApuen
3aboeBaHMIl OBIIO CYLIleCTBEHHO BhILIe [6].

B 1931 r. B IACVH KHyHaHI BO3I/IaBUII pa-
OOTBI 110 MOJTy4YeHNI0 AHTUMAJIAPUITHBIX IIperna-
paroB. IlonbITKM CMHTe3MpPOBATh XMHUH IIpe]-
NPMHUMANUCh UM C 1929 1., KOTr[ja OH COBMECTHO
¢ oynymum akagemukomM AH CCCP u I'epoem
Connanucruyeckoro Tpypa, a B To BpeMs CTy-
meatom M.JV. Kabaunmkom (1908-1997)%, He
cTaBs B u3BecTHOCTHh A.E. Unumnb6abuua, momsl-
TalMCh IPOBECTM 3TOT CAOKHENIIMII CUHTES,
KOTOpBbIII He YyBEeH4Ya/ncs yclexoM. XMHUH
BIIepBBIe OBbII CMHTE3MPOBaH MuUIb B 1944 1. B
CIIIA ppyruM TajaHTIMBBIM XMMIKOM U JIaype-
atoMm HoGeneBckoit mpemun 1965 r. 27-neTHuUM
P.b. Bynsopznom (anri. Robert Burns Woodward;
1917-1979).

? JIACUH opranusoBaHa B KoHLe 1929 r. B cocraBe I'pynnel xumuy OThesleHNMsT MaTeMaTU4eCKMUX U ecTe-
crBeHHBIX Hayk AH. B 1938 r. Bonuta B coctas JIOX (B Hacrosee BpeMs — VIHCTUTYT OpraHMYecKoOil XUMUU
um. H.JI. 3enunckoro PAH (JIOX PAH)). Dupextop TACUH B 1930 1. — akagemuxk A.E. Ynunbabus.

> JKypuan Pycckoro ®usuko-XmmMmdeckoro ob1uecTBa cOCTOAN U3 ABYX yacTell — xummdeckoit OKPXO) u ¢pusnye-
cxoit OKPPO) u 61 OXHUM U3 CAMBIX aBTOPUTETHBIX POCCUICKNX HAYYHBIX KYPHAIOB B 00/1acTH XMMuu 1 Gu-
suku. Tak, B JKPXO B mapre 1869 roga 6via onybnukosana pabora [I.J1. MenneneeBa «COOTHOIIEHME CBOJICTB C
aTOMHBIM BECOM 9/IeMEHTOB» 00 OTKPBITUY IIePUOANYIECKOr0 3aKOHa XMMIYeckux aneMenToB. C 1931 roga npueM-
uyukoM JKPXO ssnsercs XKypuan obmert xumun (KOX).

t o Humemunamunonupuourn (DMAP) - opranudeckoe coefyiHeHUe, IPOU3BOHOE MUPUMHA. VICIIONb3yeTcs B

OPTraHMYE€CKOM CMHTE3€ B Ka4€CTBE KaTamM3aTopa aMIMpOBaHNs aMIHOB 11 CIMPTOB, KOHAEHCAVN B ITPUCYTCTBUN
Kap6OI[I/II/IMI/IJIOB, a TaKXXe CMIMINPOBAHNA U TPUTU/IMPOBAaHMA CIMPTOB.

> CeHcubunuzayus omomamepuasnos — yBelnndeHye ux ob1eil CBeTO4yBCTBUTENLHOCTH 1 PACIIPEeHIie 30HbI CIIeK-
TPA/IbHOI 4yBCTBUTE/IBHOCTH 32 IIPeJie/ibl eCTeCTBEHHOII JI/Is TA/IOTeHI0B cepebpa.

¢ BeIgarouiuiicsi COBETCKUI XMMUK-OPTaHNK, CHeMAIUCT B ob6macty xuMuut pochopopraHndecKnx CoemHeHmIt,
HarpaxxgeH aBymA Oppenamu Jlenuna (B 1954 n 1978 rt.).
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MeTyxoB A.H., LiBeTkoB A.A., LLlyctukosa T.B., mamos .M.
Petukhov A.N., Tsvetkov A.A., Shustikova T.V., Imamov D.M.

B ycnoBuax peduimmra XMHMHA IpOUC-
XOMMJI aKTUBHBIN MONCK CUHTETUYECKUX JIeKap-
CTBEHHBIX CPe[CTB, 00/MajaloIIVX HPOTUBOMA-
NAPUITHON aKTUBHOCTDIO, HO 6€3 3HaYMTe/TbHbBIX
no6ouHbix 3¢pdexToB. B xoze mouckos dapma-
IeBTbl OOpaTMINCh K KPAacUTENAM, Cpefy KO-
TOPBIX, B COOTBETCTBUM C IIPeACTaBICHUAMU
OJTHOTO 13 OCHOBaTesell XMMUOTepanuy HeMell-
koro ydeHoro II. Opmuxa (uem. Paul Ehrlich;
1854-1915), moM>KHbBI ObIAM OBITH M TaKue, KO-
TOpble M30MpaTeTbHO OKPAIINBAIT MUKPO-
OpPraHM3MBbI, CBA3BbIBasA M ybuBas ux. JlaHHbIe
MIPENION0KEHN A OATBEPANUINCDH, U B 1933 I. B
Tepmanum 6T CMHTE3MPOBAaH KBMHAKPUH (XM-
HaKpWH, aTaOpMH, aKPUXWH), OKa3aBIINIICA 0-
cTaTouHO Oe3omacHbIM U 3(PIEKTUBHBIM Tpe-
naparoM [7]. JlekapcTBo 06/1aanmo MHTEPECHBIM
no60yHbIM 3ddexToM: OyayuMm Kpacurenem,
aKpUXMH OKpaIIMBaja KOXY B JKEITBIN I[BeT,
KOTOPBIil McYe3an BCKOpe Mocie MpeKpalleHns
nedenusa. CTpyKTypHas ¢popMmyna JeKapCTBEH-
HOTO CpeJcTBa OblIa HeM3BECTHA, TEXHOIOTHEN
ero nonydennsa CCCP He obOmapman, a mpemapar
HNPUXOANIOCH 3aKyIIAaTh 3aTpaHNIIel.

V.JI. KHyHsHI, paHee YCIelHO paboTaBIINit
B 00/1acTM TONy4YeHUs OKPAIIEHHBIX COefM-
HEeHUIT, 32 KOpOTKuit cpok (yxke B 1934 r.) pas-
paboran u BHEJPUI B IPOMBIIIJIEHHOCTh HOBBIE
MeTOJbI CHTe3a 3¢ PeKTUBHBIX IeKapCTBEHHBIX
IpernaparoB — IJIa3MOXMHa 1 akpuxuHa [7, 8]. K
MOMEHTY Hayajsia paboThl IO pacmudpoBKe CO-
CTaBa NPOTUBOMAJISIPUITHOTO Iperapara u pas-
paborke criocoba ero nmonydenus (Becnoi 1931 r.)
N.JI. Knynauny n H.H. BopoxioBy’ 66110 1m0
25 et [9].

B 1935 r. B nogmockoBHOI Crapoii Kynasne,
npu HemocpejacTBeHHoM y4yactum J.JI. Kny-
HAHIIA, OBUIO 3allyIIEHO INPOM3BOACTBO 3TOTO
JIeKapCTBEHHOTO cpefcTBa. [Ipemapar mponsso-
AVUIY Ha CIIeINa/IbHO IOCTPOEHHOM HJISl 9TOTO
3aBOfle, KOTOPDIil MOTy4YN/T OFHOMMEHHOE C HUM
HasBaHMe — «AKpuxuH»® [10].

B mpouecce cuHTe3a 001t 14 ITa3MOXITHA
M aKkpuxmHa 1,4-IMaMUHOIIEHTaHOBOW Ijenu
B 1933 r. M.JI. KHyHsAHIIeM ObIIM IONyYeHBI
(OKCHAITUIMPOBaHMEM al[eTOYKCYCHOro 3dupa)
Ba)XHble IPOMBINIIEHHbIE IIOTYIPOZYKTBI —
a-aneToOyTNponakToH («iaktoH KHyHsAHIIa»)

U Y-alleTOIPONMJIOBBII cnMUpTa’, KOTOpbIE SIB-
JATCA BaXXHBIMM MCXOJHBIMHU IPORYKTAMMU
IJIA IONMy4YeHUsI MHOTMX JIEKaPCTBEHHBIX COeIN-
HEHMIJI, B YaCTHOCTY IPYIMEHSAIOTCS B IIPOU3BOJ-
cTBe BUTaMuHa B1 (rmamuna) [11] (pucyHoxk 1).

CuctemHblit  pgebuuuT TUAMMHA  SIBJIA-
eTCs NPUYMHON Pa3BUTUA pARA TAXKENBbIX pac-
CTPOIJICTB, Befjylllee MECTO B KOTOPBIX 3aHYMAIOT
Hnopa>keHus1 HepBHON cucreMbl. KomIiekc mo-
C/IeICTBUII HEZOCTATOYHOCTY TUAMIHA U3BECTEH
moj; Ha3BaHueM Oone3Hu Oepr-6epu u CUHAPOMA
KopcakoBa-Bepuuke [12].

B 1943 r. 3.B. beneBonenckoit u I'.B. Ye-
nuHIeBbIM (1905-1963), paHee paboTaBIIMMU C
M.JI. KnyHAHLIIeM HaJ, TeXHOJIOTMel MOny4eHu s
aKpUXMHA, OBUI TpeNIOKeH OPUTMHAIbHBIN
MeTOJ CUHTe3a BUTaMMuHa Bi1, 3HauuTenbHO co-
KPaTUBIINI YMCI0 NPOU3BOJCTBEHHBIX CTAafNUI
0 CPaBHEHUIO C 3apyOeXHBIMM TEXHONO-
rusaMnu. MeTox OCHOBaH Ha HOBBIX TUIAX XM-
MMWYECKMX IpeBpalleHuil NONYIPOSYyKTOB, B
9aCTHOCTY, HaliJleH HOBBI/l CIIOCO0O ITONMydYeHNA
2-MeTUI-5-6pOMMeTHUIeH-6-aMUHOI MU PUMU-
puHa. B 1951 r. 3a pa3paboTKy NpOMBILIIIEHHOTO
MeToJa CMHTe3a BUTaMyHa B1 M 6bl1a npucysx-
meHa CTanMHCKas IpeMus TpeTbeli creneHn [13].

B xome cmHTe3a aKpUAMHOBOTO CKe/leTa
akpuxuHa V.JI. KHyHAHI] 3Ha4NTEIbHO yCOBep-
HIEHCTBOBAJ/I NPOLECC NONYYEeHNs PaclpocTpa-
HEHHOI'0 aHTMCENTUKA pUBaHONA (TaKpUAMHA

O O

O

PucyHok 1 - a-ayemobymuponakmoH («a1akmoH KHyHsiH-
ya») (pucyHok adanmupoeaH asmopamu u3 [11])

Figure 1: a-acetobutyrolactone (“lacton of Knunyants”)
(the figure is adapted by the authors from [11])

7 H.H. Bopoxxuos (mnapmmit) (1907-1979) — BbIGAOMIICs COBETCKMII XUMUK-OpraHKK, yaeHuK A .E. Ununbabuna,
Y4eHBINl M OpPraHM3aTOpP HAyKM, JOKTOP XMMMUeCKMX Hayk c 1938 r., akagemnx AH CCCP c 1966 r. Jlaypear
CrannHCKOI mpeMuy nepBoit creneHu. Ilepsoiit gupexTop HoBOCHOMPCKOro MHCTUTYTa OPraHMYECKON XUMUK
Cubupckoro orgenenusa Akagemun Hayk CCCP (upine HVIOX CO PAH).

8 B Hacrosllee BpeMst aKpUXMH B KaueCTBe IPOTUBOMAJISIPUITHOTO IIpenapaTa He IPUMEHSIOT, OJHaKO OH M3BECTeH
IIOJ] Ha3BaHMEM MeIIaKPUH, KaK CPeICTBO /1A IEUYeHNA IPYTHUX IIPOTO3O0MHBIX MHPEKINIT — TAMOIN03a ¥ KOKHOTO
TeymIMaHno3a. 3aBof «AKpuxmH» B Crapoit KymasHe ycrenrno mpopiomkaeT cBox paboTy IO BBIITYCKY Pa3mIIHOMN

(bapMaleBTHUeCKOI IPOFYKLIUIL.

°® Kuynauu UJI, Ocerposa EJl, Yennuues I'B. Crioco6 nony4eHns nakToHa-6eTa-0KCU-3TUIALE TOYKCYCHOM KUCTIO-
TBI ¥ FaMMa-aljeTonpomnunaosoro cimpra. SU 35832. 30 anperna 1934.
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nakrara) [2]. bonpmoe 3HaueHMe MMeEOT pas3pa-
6oTtanuble J1.JI. KHyHAHIIEM MeTObI MOy YeHN
pasnuunbix O-, N-, S-comepxamux rerepo-
IUK/INYEeCKMX CHCTEM: A-OKNCeil, a- M [-mak-
TOHOB, a3MPUJUHOB, B-TaKTaMOB, OKCa30/I0HOB,
VHONOB, XMHOJMHOB U IP.

B 1935 r. KHyHaHmy Ob1a mnpucBoeHa
ydeHas CTeleHb KaH[M/aTa XMMMUYECKUX HayK
6e3 samutel guccepranuu. CIrycTs 4eTbIpe roja,
B 1939 r. B Bospacte 33 mer V.JI. KHynaHn 3a-
IIUTUT BOKTOpCKylo Auccepranuio. C 1938 mo
1954 . oH paboTan CTapIIMM HayYHBIM COTPYA-
HUKOM J/1abOpaTOpUM XUMUM TeTePOLMKINYe-
CKUX coefuHeHMi VIHCTUTyTa OpraHMYeCKOu
xumun AH CCCP, a ¢ 1954 r. 3aBegoBan nabo-
patopueit XuMum (GTOPOPTaHMYECKMX COefM-
HeHMit VIHCTUTyTa  3/1€eMEeHTOOpPraHMYeCKMUX
coemunennit AH CCCP (MH3OC). B 1946 r.
M.JI. KnyHaHna usbpanm 4i1eHOM-KOPpPeCIIOH-
TeHTOM, a B 1953 1. — melCTBUTENbHBIM YJIEHOM
AH CCCP. B Bospacrte 43 net (1949 r.) VBany
JTiopBuroBNYy, HavanbHUKY Kadenppl Bo-
€HHOJI aKaJeMMM XMMMYECKON 3alIUThl MMEHU
K.E.Bopommunosa (c 1940r.), npucBOUIN 3BaHNE —
reHepan-Maiop-uH>xeHep (pucyHox 2).

PucyHok 2 - KHyHsHU WeaH Jlidsuzosuu - 2eHeparn-
matiop-uHiceHep (pomozpacpua us apxuea OrKBOYBO
«BA PXB 3awumbl» MuHo6opoHbl Poccuu)

Figure 2: Ivan Lyudvigovich Knunyants a major general
engineer (the photo is borrowed from the archives Nuclear
Biological Chemical Defence Military Academy Named after
Marshal of the Soviet Union S.K. Timoshenko (Kostroma),
the Ministry of Defence of the Russian Federation)

MBaH JTioaBurosuy KHYHSHL,: OT akpuxuHa Ao nepdropaHa
Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

KaHneponuruyecku npemnaparsi

B 1954 r. M.JI. KHyHsHI Havan paboTsl 1o
pa3paboTke myTeil MOTydYeHMsI HePBOrO aHTU-
OMoTMKa - NeHUIWIIMHA. bbUla mpopenaHa
Oonpiiasi pabora, B Xofe KOTOPON YAAnIoCh
HaJITU OCHOBHBIE MO X0/ bl K IOCTPOEHNIO OUII-
KIMYECKOI cucTeMbl auTubmoruka [14]. Ognako
27 asrycra 1959 r. B XypHame AMepuKaH-
ckoro xummdeckoro obmecrtsa (Journal of the
American Chemical Society, JACS) 6b110 omy-
6nmKoBaHO cpouyHoe coobuenne [Ix. Inana
(aurm. John Clark Sheehan; 1915-1992) us Mac-
CauyyCeTCKOT0 TEXHOJTOIMYEeCKOT0 WHCTUTYTA
non HasBaHueM «I[IOJHBIN CHHTE3 MEHUI[NII-
nuHa». XOTs NMepPBOHAYA/NbHBIN CUHTE3, paspa-
6orannsbiin JIx. llusgoM B 1957 1., He MOAXOMUII
IJIs MaCCOBOTO HPOM3BOJCTBA HMEHULVIINHOB,
ONHUM U3 IPOMEXYTOYHBIX COEJVHEHUII B
HeM ObI/Ia 6-aMMHOIEHUIIV/IIAHOBAs KMICIOTA
(6-AIIK) - ocHOBa MeHUIU/IIMHA.

JanHOe cOoOBITHE OBIIO TSXKENIO BOCIPUHATO
V.JI. KHyHsHLIeM ¥ COTPYAHUKaMu ero aabopa-
topun. OgHako HapabOTKM, MOTyYeHHBbIe NPU
IOVCKe MOAXOA0B K CUHTE3y MeHUI[MIINHA, He
nponany gapom. OHM er/Iu B OCHOBY CO3TaHMU
HOBOTO NPUHIMIIA TONTY4YeHNS MPOTUBOOIYXO-
JIEBBIX IIPeNapaToB.

3aHMMAThHCS MOUCKOM KAaHI[EPOTUTHIECKUX
(mpOTMBOONYX0/NIEBBIX) IENTUHAOB HAalpaBleH-
HOTO [eiicTBUs nabopaTopus, BO3INaBjseMas
Kuynanuem, Havama ¢ 1956 r. Hekoropsie us
CUHTe3UPOBAaHHBIX KHYHsIHIIEM aMUHOKUCIOT U
HOJIUIIENITU/IOB, comepKamux 6uc(B-xmopaTun)
ammHo- u  6uc(B-xmoparun)amugodpocdo-
pUIbHBIE, AUATUIeHUMUA0(POCcHOpUIbHYIO
u  gusTuaeHnMupornodocopuabHyo Myra-
TeHHBble TPYNNUPOBKY, OKa3anmuch 3¢pQeKTus-
HBIMU XVMMMUOTEPANeBTUYECKUMU CPeCTBAMU
IpPOTUB ONpefie/IeHHBIX GpopM paka [15-18].

B wactHoCTH, MTabopatopueit KuyHsHIa cuH-
Te3VPOBAHbI HUTOCTAaTUYEeCKNUE IPOTUBOOIYXO-
JieBble NpenapaThl, XapaKTepU3yIoUuecss anku-
TUPYIOLINM JielicTBMeM: To¢eHan (Ipon3BogHOe
Ouc-B-xmopaTunaMmuua), nadpeHun (XJaI0paTHiI-
aMMHOQeHaleTnIapaaMiuHOOeH30/THAsT  KMC-
70Ta, MPOU3BOJHOE OMC-6eTa-XxI0pPITUIAMUHA),
rekcadgocdamuy (Ipons3BOfHOE STUIEHNMIHA).
IToMuMO BBIIIEYNIOMSHYTBIX JI€KapCTBEHHBIX
cpenctB V.JI. KHYHSAHI] ¢ COTPpygHMKaMU pas-
paboranm M BHepUI CHOCOO MHONy4YeHUs W3-
BECTHOTO IIPOTMBOOIYXOJIEBOIO  IIperapara
Y3 TPYNNBl AHTATOHWCTOB NUPUMHULWHOB —
5-propypanmna [19].

XumMnda nonuMepoB

B 1938 r. B l'epmanun B komnauuu IG Farben
(Interessen-Gemeinschaft Farbenindustrie AG)
xumukoMm II. Illnakom (Hem. Paul Schlack; 1897-
1987) 6bI1 MONyYeH HMOIMMepP Ha OCHOBE IIO/IN-
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KaIrponakraMa s popMOBaHNA IOTMAMITHOTO
BOJIOKHa (Ha3BaHHOTO IepJyoH). Yxe B 1943 1.
B [epMaHNM OBI/IO HaaXKeHO €ro MPOU3BOJCTBO
Mo HocThi0 3500 T/roj. Marepman Ha OCHOBe
MO/MKAIPONaKTaMOBBIX BOJIOKOH IOTy4YM/I IK-
pOKOe IIpUMeHEeHe, B YaCTHOCTH, 13 HEero CTajn
HpPOU3BOAUTH TKaHb JI/IS MApALIIOTOB (O 9TOTrO
IPUMEHSAICA J[OpPOToil HAaTypa/lbHBINl WLIENK),
KOPJ JI/I aBUALIVIOHHBIX IIVH ¥ OyKCUPOBOYHBIE
TPOCBHI J/1 II/IAaHEPOB.

Bcranm Bompoc 00 OTKpPBITMM HPOU3BOJ-
ctBa storo Matepmana B CCCP. B 1942 r.
M.JI. KHyHAHI, ¢ COTPYAHMKAMU HPOBeT MONU-
Mepu3aLuI0 £-KaIpolaKTaMa IpM HarpeBaHUMU
CO clefaMM BOABI B NOIMAMUJHYIO CMONTY, U3
KOTOpOJ MONYy4YaloT MCKYCCTBEHHOE BOJIOKHO
«KalpoH» (mepBas B MMpe CTaThsl IO CTYIIEH-
4aToll MONMMepU3an UM KarpoaakTaMa ony6mim-
koBaHa V.JI. Knynaunuem B JKOX B 1946 r.) [20,
21]. IlepBoe MpoOM3BOACTBO MOTMKAIPOTAKTAMA
B CCCP 651710 3amyIieHo yxxe B 1948 r. B ropope
Knun MockoBckoit obmactu. 3a pa3paboTrky
MeTOfa MONTy4YeHNsI CMHTeTNYeCKOrO BOJTOKHA B
1950 r. MI.JI. Kuynauny npucyxpaiot CTaamuH-
CKYIO IPEMUIO BTOPOJ CTEIEHM.

VlHTepecHO OTMETUTD, YTO paHee TaJAHT-
NTUBBI aMepuKaHcKuil xuMuk Y. Kaposec (anr.
Wallace Hume Carothers; 1896-1937) u3s kxowm-
naHuun «JlromoH», co3maBmuii B 1935 r. Hell/IoH
(Hait7IOH 66) yTBep>KAas, 4TO MOMMMepPU3aLNA
KaIpoJaKTaMa HeBO3MOXXHA HU IpU KaKMUX 00-
CTOSATENbCTBAX.

V.JI. KnyHsAHIIeM n3y4eHa 6eKMaHOBCKas Ile-
perpynnupoBka, XuMus P-TaKTaMOB U pellleHa
npobreMa BOCCTAHOBMTETBHON [MMepPU3aLN
aKpUIOBOM KUCIOTHl (mocraBineHHass JIumHe-
MaHOM B 1874 r.) rupipofuMepusanmeii ee mpons-
BOJHBIX Ha aMajibTaMe KajusA B KUCIION cpefie, a
TaK>Ke HEeIPAMBIM 3/IEKTPOXMMIYECKIM BOCCTa-
HOBJICHUEM C INOTy4YeHNeM afUIOAVHUTpUIA —
UCXOJHOTO CBHIpbA [/ CUHTe3a aJUINMHOBOI
KUC/IOTBI ¥ TeKcaMeTUIeHAMAMIHA, CIYXKaIlUX
MOHOMepaMM B IIPOU3BOJCTBE CHMHTETUYECKOTO
BOJIOKHA «HelmoHa» [22]. Takum obpasom, emy
yHAanoch pa3paboTaTb TEXHONOTMIO HOTYYeHUA
HellloHa 1o 6onee mpocroit, yeM y Y. Kapo-
3eca cXeMe Ha HOBOI, CPAaBHUTE/IBHO JelleBOl
ceipbeBoil 6ase. Ha ocHoBe paszpaboTaHHOrO
N.J1. Knyusauuem metoma B CIIA 6b110 3amy-
IIeHO ITPOMBIIIJIEHHOE IIPOU3BOJCTBO 3TUX BO-
JIOKOH (HaI/IOH 66).

Xumns pochopopranHudecKux u cepaopra-
HMYeCKUX COeTVHEH NI

Pa6orer J1.JI. KHyHsHIa BHeCnu 3Ha4u-
Te/IbHBII BK/IajJ B pasButue dpocopopranmde-

CKOJI XVIMUU, IIPeXJe BCero B XMMUI0 GpTopop-
raHN4YecKNx coegnHeHuit ¢ocdopa m ppyrux
aneMeHTOB VB-rpynner'’ mepmopmyeckoir cu-
crembl. Tax, elle Ha 3ape HAYYHOII 1eATETBHOCTI
VIM BIIepBbIe IPOBEJEHO [P-OKCUITUIMPOBAHME
ruapugos ¢docpopa depes dochuabl HaTpus
peakuuen C OKJUCbIO 3THUJI€HA B XXUJKOM NHS,
paspaboTtan 3¢ deKTUBHDBII METON CUHTE3a ajl-
KWIXJIOPapCUHOB (2, 3, 23, 24].

CyumecTBeHHBIE  [TOCTVDKEHMSA  OTMEYEHBI
U B XMMUM CepPAaOpraHMYeCKUX COefVHEeHUIL.
M.JI. KHyHAHL paspaboTan CHHTe3 JUIIMPU-
AVJIKETOHOB, a IIOf, €r0 PYKOBOJACTBOM OCY-
I[eCTB/IEHO TUOHMPOBaHME (PTOPKapOAHMOHOB
3/IeMeHTApHOI cepoil M pa3pabOTaHBl METOMIBI
CUHTe3a (TOPOPTraHMYECKMUX COEAUHEHUIl ce-
nena tumna PF Se, (PFSe), u p. [2].

B xome uccnegoBanui MiBan JIlomBUTOBUY ITO-
JTy4MJI HOBBIN KJIacC CepaopraHNMYeCKNX COefM-
HeHuit (N-aJKMINMHUOTUOYKCYCHBIE 3(]UpHI),
KOTOpBbIe IIOCTY>XV/IM OCHOBON [ CHHTe3a
¢$oTOoCeHCHOMNTN3AaTOPOB, IO3BOMBIINX 3HA-
YUTE/TbHO IIOBBICUTH YYBCTBUTEIBHOCTH (o-
tonnenku. bnarogapsa VI.JI. Knynsauny nosasu-
TUCh XUMMM MEpPKAaITOAMMHOKVICIOT M HOBBIE
MeTOAbl CHHTE3a Cepocofep>KalluX HeITUJOB.
Ero paboramMmmu cosgaHa XMMHUA HOBBIX Cepo-
COfepXKALIUX TeTePOLUKINYECKUX CUCTeM -—
HpPOV3BOJAHBIX TUOITUIMIHBIX KUCIOT, P-IpoO-

ONMOTUOMAKTOHOB, 1,2-IUMTUOMAHOHOB, 1,2-mu-
THONeH-4-0HOB-3.  IlomydyeHbl  cTabuIbHbBIE
anucynbpoHUEeBbIe CONMn AUKINYEeCKOTO

pAza, HOBble LVKINYECKUe CYIb(OKCUTOBbIE
a¢upel, cynbdarel u ¢Propcynbdars. VIm
paspaboran OonbmION pasgen xumun mnepe-
TOp-P-CY/TBTOHOB, [AIOU[Mil LIMPOKME BO3-
MOXXHOCTHI CUHTe3a CepaopraHM4ecKmnx
coenuHeHui [2].

Xumusa QTOpOpraHMYECKMX COeRMHEHMUII.
OropnoruMepbl

MN.JI. KHyHAHLIeM M PYKOBOZMMOII UM JIa-
O6opaTopueil IpOBeeHbl Ba>KHeNIINe MCCIeN0-
BaHUA IO XMMUM (PTOPOPraHMYECKMX COeAM-
HeHMI, MMemolue OO/NbIIOe TeopeTudyeckoe I
npakTudeckoe 3HadyeHue [25]. B 1946-1947 rr.
pe3yIbTaThl 9TUX UCCIEeTOBAHUI ObIIN OIy6/IN-
KOBaHBI B CTaTbAX «Mertonbl BBefleHus propa
B OpraHmueckyue coepauHeHus» [26], «O B3an-
MojeiicTBuM anupaTndeckux okuceir ¢ ¢propu-
CTBIM Bojopogom» [27], «O peakusax opraHmye-
CKMX OKMceil ¢ pochopucTbIM BOfopogom» [28],
a J.JI. Kuyuaunn B 1948 r. ynoctounca Cranus-
CKOJI IIpeMuy BTOPOIL CTemeHu [2].

VccnegoBanusa ¢pTOpMpOBaHHBIX IIONTVIMEPOB
Havanu O6ypHo pasBuBaTtbca B CIIIA B mepumop

10 VB-epynna — 3T0 971eMeHTBbI 5-J TPYIIIIbI IePUOAMYECKON TaOINI bl XMMUYEeCKUX 37IEMEHTOB (II0 ycTapeBIIIel K1ac-
cruUKALNY — 97IEMEHTbI HOOOYHOI MOATPYIIBI V IPYIIIBI).
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Bropoit mupoBoit BoiiHbl. IloTpe6oBanach pas-
paboTKa HOBBIX MaTepUAJIOB, CTOMKNX K BO3Jeli-
cTBUIO pTOpUAA YpaHA M JPYTUX arpecCUBHBIX
XMMUYEeCKNX COeJMHEHMUIl B CBA3M C paboToil
Haj MaHX3TTEHCKMM aTOMHBIM IpoekTtoM. Ha
3Ty POJIb Ty4llIe BCETO MOAOLIes CIYYailHO MOY-
yeHHBIN B 1938 1. Poem ITnankerToM (anrm. Roy
Joseph Plunkett; 1910-1994) matepuan Ha OCHOBe
HONMUTETPaTOPITUIEHA M3BECTHBI HbIHE IOJ
TOProBO¥l Mapkoi «TednoH» (dpropommact-4).
TednonoBbIe MpoKmTagKM OBIIM MCHOTb30BAHBI
B yCTaHOBKe Ta3oauddy3HOro pasmeneHns uso-
TOIIOB YpaHa, I[je IPOKIaZKN U3 JPYTUX MaTe-
pUaIOB OKa3alNch NIPOHUIAEMBIMHI IS arpec-
CUBHBIX TeTpa- U reKcap TOPUIOB ypaHa.

B na6oparopun VM.JI. Knynsuua 6s1m cuH-
Te3MpPOBaHbl pasHOOOpa3Hble (TOpOpraHmye-
CKMe MOHOMEpHI U IMonuMepbl (BKno4asg ¢(To-
pomnact-4), KOTOpble MO3BOIMIN CO3/IaTh Ha
MX OCHOBe (heHOMEHA/TbHO CTOVKNUE K IeiICTBUIO
Pa3IMYHBIX aTPeCCUBHBIX Cpell, IPOYHbIE Tep-
MOCTOVIKMe TIOKpBITMA [29], oOpraHmyeckme
CTeKJIa, MaTepuaibl AN ByIKaHu3anum Qprop-
Kay4yKoB [30] u T.z.

M.JI. KHYHAHIY 11 €T0 COTPYAHUKAM y/1a/10Ch
HOYyYNUTb MPUHINIINATLHO HOBBIE Pe3y/IbTaThl
HpaKTUYeCKM BO BCeX 001acTAX XuMum Gpropop-
raHNYeCKMX COeMHEHUIl — XUMHUU QTOpore-
($UHOB, MONMMKapOOHUIBHBIX COEMHEHNIT U UX
aHa/IoroB, PTOPKYMYIEHOB, GPTOpPKapOAaHNOHOB,
¢dTopasannoHoB u gp. [31-33].

drop cmpaBefIMBO CYUTANCA YPE3BHI-
YyajlHO TPYAHBIM 3/IeMEHTOM B IIJIaHe 3KCIIe-
pUMeHTaNbHOI paborbl ¢ HuM. OpHaKoO yxe
Ha IIepBBIX 9Tamax pa3pabOTKM MaHHOTO Ha-
npabieHusa B KoHue 1940-x rr. V.JI. Kuynaun
OCYILIeCTBU/I CYMTABIIYIOCA HEBO3MOXHON pe-
aKIMI0 PAacKpBITUsI OKMceil oneduHOB PrTopu-
CTBIM BOJOPOAOM M MONYYWT (PTOPIUAPWUHEL,
OTKPBII peaKIMio Noay4eHnsa PTOpupPOBaHHBIX
CIVIPTOB, OOHAPYXXIM/I BBICOKYI0 aKTMBHOCTb U
HYK/1e0UIbHOCTh PTOPUJ-aHMOHA, MEKIIYI0
0onplIOe 3HAYeHME B CUHTETUYECKON U Teope-
TUYEeCKOi xumnn [2].

B mawanme 1950-x rr. B maboparopuu
M.JI. KHyHsAHIa NOPOBOAUINUCH AKTUBHbIE JIC-
cnegoBanus ¢roponedpuHos" [34-36], mo pe-

MBaH JTioaBurosuy KHYHSHL,: OT akpuxuHa Ao nepdropaHa
Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

3y/IbTaTaM KOTOPBIX ObUIM PpEeLIEHbl MHOTHE
Ba)KHellIlINe TeopeTudyeckue IPoOIeMbl Op-
TaHNYeCKOll XMMMU. Y[AaIoCch OOBSACHUTH He-
0ObIYHbIE XMMUYECKIe CBOJCTBa mepdropore-
¢bnHOB, O6BIIM M3y4YeHbl XMMMYECKUE CBOWCTBA
BBICOKOTOKCHYHOTO [37] meppropusobyrmmena'
[38], Ha OCHOBe KOTOPOTO IOJyYeHBI HOBBIE
K/1acChl (PTOPOPraHMUECKUX COEAVHEHUIT: TeM-
HPOM3BOJHbIE, KETEHVMUHBI, AJUIEHBI. DTU IKC-

IepMMEHTaIbHblEe MCCIELOBAHNA IO3BOJVIN
M.JI. Kuyuanny chopmMupoBaTbh IpefcTaB-
NTeHne 00 SIeKTPOHHO-aM(POTEPHOM Xapak-

Tepe JIBOIIHOI cBsA3M BO ¢proponepuuax. Takke
ObIIM VICCTIeOBAaHBI pafVKaabHble PeaKI UM U
KaTanmyeckoe ruppupoBaHue ¢droponepuHoOB,
(YHKIMOHATBHO 3anpelleHHble PpTOponedHbI;
CUHTE3UPOBaHbI NIepTOPBUHIIMATHUITAIOTe-
HUJBI, TI03BO/IVBIINE OCYIIEeCTBUTD epPTOPBHU-
HUMUpoBaHue [2].

B xopme usyuenus ¢ropkeronos J.JI. Kuy-
HSAHI] OTKPbUI HOBBII BYUJL IeCMOTPONINN', a Ipu
UCCTIeJOBAHNN (PTOPKYMY/IEHOB YHANI0Ch HONY-
YYITD U UCCIEJOBATh CBOJICTBA IEPBOTO CTAOM/Ib-
Horo nepdropkeToHa — 6uc(TpupTOpMETII)KE-
TeHa [2].

B cepemmue 1960-x rr. B maboparopunu
J.JI. KHyHAHIIa HAYMHAIOTCA PabOTHI 110 U3yde-
Hu0 pTopKap6OHNMOHOB 1 a3aHMOHOB. Ha mpu-
Mepe MOHOTMjporneppTOpu3obyTaHa BIepBbIe
HPOAEMOHCTPUPOBAHO, YTO IPOTOHHAs IIOA-
BIDKHOCTb aTOMa BOJOPOJa B MOHOTMApOIEp-
¢ropankaHax MOXeT OBITH JCIIONTb30BaHa B
CUHTeTUYeCcKo xuMun [2].

M.JI. KHYHAHLI OTKPbUI IeperpynnupoBKy
dbTOpMPOBAHHBIX AJIKMTA3KIOB B KapOMITaMUHO-
dbropupsl, T.H. «eperpynnupoBky KHyHsHIIa»,
npennonoxus ananoruto rpynn CF, u CO (1o
aHaJIOTUM C NePeTrpyNIPOBKOIL al{MIa3U/ OB 110
Kypuuycy) [2].

B 1960-e rr. B ma6oparopun V.JI. KuyHaHIa
paspaboTany 3MeKTPOXUMUYECKUIT METOJ, MAT-
KOTO INapIyaJbHOrO BBeleHU aTOMOB (Topa B
opraHmyeckue (MpenMyIleCTBEHHO apoMaTnye-
CKJ€e) MOJIEKY/IbI IyTeM aHOZHOTO OKVCIEHUs B
npucyrcTeun propua-annona. Tak, us 6eHsona
Ob1 monydyen ¢ropbenson, u3 HadranumHa -
1-pTop- u 1,4-mudTopHadTanNH, CHUHTE3NPO-

" @moponedurvl — anKeHsl, B KOTOPBIX OAWH MIM HECKOJIBKO aTOMOB BOJAOPOJA 3aMeleHbl aToMaMu (ropa.
SIBNAIOTCS MOHOMEPAaMU JJIA CHHTe3a TePMO- U XMMUYECKM CTOVMKIX MOIMMEPOB U CONOMNMEPOB (PTOPONIacToB

U GTOPKAY4IYKOB).

12 Tas, obmafjaeT alyINpyIoMNM AeICTBYEM, BBI3BIBAET TSKEIBII OTeK IeTKuX. Bxonnt B [Tpunoskenne 2 KonseHmun
0 3aIpelleHNy XMMIYeCKOTro Opy>kusi. PaHee paccMaTpuBacs psAgoM CTpaH B KadecTBe 60€BOT0 OTPaBIIIOIIEro Be-

I[eCTBa, CIIOCOOHOTO 3aMeHUTH (POCTeH.

13 ﬂecmomponuﬂ — XNUMIYECKOE ABJIEHNE, COCTOAILIEE B TOM, UYTO HEKOTOPbIE XVMIMNYIECKME BEIIECTBA MOTYT CYyle-
CTBOBATb B IBYX (bopMax, OT/INMYAIOLINXCA OPYT OT Apyra CprKTypOﬁ MOJIEKY/IbI U (1)]/[3I/II(O—XI/IMI/[‘16CKI/IMI/I CBOII-
CTBaMIU, IIpN 3TOM OHA Q)opMa MOJXKET NIEPEXOANTD B APYIYIO, BbINETE€HHDIE N30/IMPOBAHHO (1)0pr1 Ha3bIBAKOTCA

AECMOTpOIIaMMN.
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Pucynok 3 - Tepoli Couyuanucmuueckozo Tpyoa
WJ1. KHyHaHy (pomozpacusa u3 apxuea ®rKBOYBO
«BA PXB 3aujumbl» MuHo6opoHsi Poccuu)

Figure 3: Ivan Lyudvigovich Knunyants a Hero of Socialist
Labor (the photo is borrowed from the archives of Nuclear
Biological Chemical Defence Military Academy Named after
Marshal of the Soviet Union S.K. Timoshenko (Kostroma),
the Ministry of Defence of the Russian Federation)

BaHbBI 3aMellleHHbIe IIMKIOreKCafMeHbl U IIUKIIO-
reKcajgyieHoHsl [2].

B 1972 r. 3a uccnegoBanus B obmactu ¢prop-
OpraHMYeCKUX COeMHEHNI anudarnieckoro
pama, akagemuk JI.JI. KHyHaHI ypgocTromacs
npucyxpnenn:a Jleanmnckon npemun. Ha ee Bpy-
yeHuu B Kpemie B orBeTHOM cnose VIBan Jltof-
BUTOBUY IIPOCTO ckasam: «bmarogapio cyanoy,
YTO MHe YJa/oCh IPUHECTHU I0/Ib3y HAPOTHOMY
X034MCTBY...» [1].

Ykasom Ilpesmpmyma BepxosHoro CoseTa
CCCP ot 3 urong 1966 r. 3a BbpImalolnecs 3a-
CIYTU B Pa3BUTUU XMMMUUYECKOJN HayKu U Ipo-
MBIIIJIEHHOCTY U B CBA3U C MIeCTUAEeCATUIeTIEM
co mHA poxpenus akagemuky V.JI. Kaynanmy
npucBoeHo 3paHue I'epos CoumanucTumyeckoro
Tpynma c BpyueHuem emy opaeHa JleHuHa u 30-
noroit Meganu «Cepn u Monot» (pucyHoxk 3).

B 1986 r. UM.JI. KayHaHn O6bln1 ymocToeH
npucyxpeHnsa npemmnu AHpum Myaccana - 3a
u3y4yeHue XuMuy QTOpPOpPraHMYEcKUX COeu-
HEHUI U UX CBOJICTB.

IlepdTopan
B 1962 r. B xypHnane «Nature» 6ba omy-
O7MKOBaHa CTAaThsi OPUTAHCKOTO MCCIe[OBaTeN s

V. Kuncrpa (anrn. Johannes Coenraad Kielstra;
1878-1951) ¢ Ha3BaHueM «MplIlb Kak psiba». B
Hell OB ONNICAaH 9KCIIEPUMEHT, B X0Ofie KOTOPOTo
MBIIIb JIUTEAbHO IOTPY3UNIM B HaXOAAIMIICA
IOl HOBBILIEHHBIM JaBjIeHMeM (u3noaormye-
CKMIT PacTBOpP, KOTOPBIM HACBIIIANCA KUCIO-
ponom. ITpu aToM oHa He mornbana.

B To Bpemsa yxe ObIZIO M3BeCTHO O (eHO-
MEHA/TbHOM CIIOCOOHOCTU >KMAKUX TepdTop-
yIZIepOIOB PacTBOPATH rasbl (10 50 06'beMHBIX
IIPOLEHTOB Kucnopopa u 5o 200 — yriexucaoro
rasa).

Yepes yeThIpe rofia aMepUKaHCKIE UCCIENO-
atenu JI. Kimapk u @. ['o/1/1aH MOBTOpPU/IN OIIBIT
M. Kuncrpa ¢ KpbIcoil, HO BMeCTO BOAbI NpU-
MEHVIN >KUAKNI HeppTOpyriepox Ipu HOp-
MajbHOM arMocdepHoM papineHuu. IIpu stom
KpbICa COXPaHs/Ia CIOCOOHOCTD JbIIIATD B XKUJI-
Koctu fo 10 munyTt (nmepdropyrieponsl B fBa
pasa TaXelee BOJABI M B THICAYY pa3 TsKesee
BO3]IyXa, 03TOMY fuadpparma JIerknux He MOXKeT
IO/ITO IMIePEeHOCUTD TAaKYI0 HAaIrPY3KYy).

OTHU ONBITHI MOCTYXWIN HAYAJIOM UCCIEHO-
BaHUs, 3aBEPIIMBLIETOCS CO3JJaHMEM «TONy0OO0It
KpPOBM» — Ta30TPAHCHOPTHON 3MYIbCUM [
BHYTPUBEHHOIO BBeJjeHM:A. B HacTosee BpeMs
3TOT Ipelapar U3BeCcTeH KakK «mepdTopaH», OH
mpoulesl BCe CTafuM KIMHWYECKMX MCCIeNOo-
BaHUIl M NPUMeHsETCS KaK CBOOOJHBIN OT MH-
dexuuit u He TpeOyWIINUII TPYIIIOBOIl COBMe-
CTUMOCTY KpOBe3aMeHUTeNb (pucynox 4)".

B 1979 . y UCTOKOB €ro cosfganus CTOSAIN TPU
genoBeka: akajgeMuk V.JI. KnyHaun; npodeccop,
DOKTOp MeamumHcKux Hayk D.O. benosapues
(1941-1985); um 6uoPuU3MUK, YNEH-KOPPECIIOH-
menr AH CCCP, poktop ¢usmko-maTeMaTn-
yeckux Hayk [.P. VIBanunkwmit (1936 r.p.) [39].
N.JI. KHyHAHIy Ha TOT MOMEHT OBIIO YKe
6onee 70 netr. Y nepdropaHa TpyAHas u Jonras
ucropus, K coxanenuio, Hu VI.JI. Knynann Hu
O.0.benoapues, Tparnyeckn noru6mmniis 1985r.,
He JJOKUJIN [0 ero IPU3HAHUSA B KauecTBe MeJ1-
LMHCKOTO Ipemapara®.

MccnenoBaHus 1o cO3[JaHNI0 KPOBE3aMEHU-
Te/leil ¢ Ta30TPAHCIOPTHOI (PyHKI[Mel Benuch
¢ cepeguHbl 1970-x rr. u He Tonbko B CCCP, HO
u B CIIIA, Kurae, Anonun u Kanapge. IIpu sTom
«IlepdpTopan» ABNAETCA MEPBBIM B MUpe IIpena-
paToM JaHHOTO Kjacca, MpouemuM Bce (as3pl
KIMHMYECKUX MCCIeJOBAaHUI U [IONYLIeHHBIM

" ViBannnkwuii I'P. IlepennBaHue KpoBu: IIpOTHB, 3a U anbTepHaTUBa. Hayka u sxm3ub. 1999;(2):14-19.

15 [Tpukasom HavanpHyKa [BMY Ne 341 ot 26 uroHs 1998 r. mepdTopaH ObUI IPUHAT Ha CHAOXKeHMEe MeAUIIMTHCKO

cnyx0pl Boopyxennbix cnn Poccnitckoit Pepepanym.

Codponos I'A, [llnnos BB, Xanesny M]I u np. [IpumMeHeHMe IperapaTtoB Ha OCHOBE IePHTOPYIIEPOSHBIX COENH-
HEHUII IPU TSKENbIX TaCTPOAYOHEHATBHBIX KPOBOTEUEHMAX, UCKYCCTBEHHOM KpOBOOOpAIleH!N B KapAUOXUPYP-
TUU ¥ OCTPBIX OTPaBICHUAX MNIOGMIbHBIMY AfaMu. MeTopudeckue pekoMerganym. M.: TBMY MO P®;2000. 23 c.
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PucyHok 4 - [lep¢pmopaH u xumuyeckass cmpykmypa
KOMNOHEeHMOo8, Ucnosb3yemMbiXx 8 e2o Komnosuyuu. [epe-
HOCYUKU Kucaopoda: NMA® - neppmopdekanun u MMLIT -
nepgmopnapamemunyukaozekcuanunepuduH  (PUCYHOK
adanmupoeaH aemopamu u3 [39])

Figure 4: Perfluoran and chemical structure of its
components. Oxygen carriers: PFD (perfluorodecalin) and
PMCP  (perfluoroparamethylcyclohexylpiperidine)  (the
figure is adapted by the authors from [39])

Qapmakonornyeckum Komurterom CCCP «x
JICIIO/Ib30BAHNI0 B INMPOKOM KIMHUYECKON
NpaKTHUKe.

B 2002 r. 3a cosganme mpemapara «Ilep-
¢ropaH» 11 y4YacTHMKOB IpPOEKTa, BKIHOYas
V.JI. KnyHsHIa (IocMepTHO) CTa/lIu 1IaypeaTaMiu
HaluoHanbHOU npemun «IIpuspanme» B HOMU-
Hauum «3a BK/IAj B pa3BUTHE MeAMIMHbI, BHe-
CEeHHBINl NpeACTaBUTENAMU (PyHIAMeHTATIbHON
HayKM M HEMeIMIVIHCKMX Npodeccuii.

3a ponrymo TBOpYecKywo xusHb V.JI. Kuy-
HAHIL ony6nmuKoBan 6omee 900 HayYHBIX paborT,
nonyuun 6omnee 200 aBTOPCKMX CBUAETENbCTB
Ha M300peTeHus, MHOrMe U3 KOTOPBIX OBUIN
BHEJPEHBl B IIPOMBIIIJIEHHOCTD, CTa/l HAYyYHBIM
pemakTopoM 28 KHUT 1O xuMun ¢ropa. B Ham
BeK I/TyOOKOiI Hay4yHOU crenuanusanun VpaHa
JIropBurosmuya, 0 aHAJIOIUU C BEIUMKUMU JC-
cllefloBaTe/lsAMU NIPOLIJIOro, MOKHO Ha3BaTh IO-
CIEIHUM Y4YEHBIM SHIMKIONEAUCTOM OT Opra-
HIYECKOV XMMUN.

OOuecTBeHHAass M Iegarormyeckas jges-
TeTbHOCTD

ViBaH JIrogBUTOBUY yAMBUTETBHBIM 00pa3oM
coYeTasl HANPsDKEHHYI0 HayYHYIo paboTy ¢ mio-
OOTBOPHOI NeJarorn4ecKoil JesaTelbHOCTBIO.
IIpuyeM, Hayano 3TOI AEATETBHOCTU COBIAO C
OKOHYaHMeM By3a: ¢ 1928 r.mo 1932 r. Kuynan -
npenonaBatens MBTY, a zatem BoeHHOIl aka-
DeMUM XUMMUYeCKOl 3aIuThl. TaM ero mpemo-
JaBaTe/lbCKass Kapbepa CKJIafblBalach 4pes-
BBIYaJIHO YCIIEIIHO: CTaja JOLEHTOM B 26 Jer
(1932 1.), mpodeccopoM U HaYaTbHUKOM Ka-
denpsr - B 34 roga (1940 r.). IIpn mocTm>xeHUn
70-netusa VI.JI. KHyHAHII CTAHOBUTCA HAay4YHBIM

MBaH JTioaBurosuy KHYHSHL,: OT akpuxuHa Ao nepdropaHa
Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

KOHCy/nbTaHTOM (1976 r.). [TapannenpHo psp net
OH 4YHMTan JAeKnuu B MOCKOBCKOM MHCTUTYTE
TOHKOV XMMMUYECKON TexHomorumu uMm. M.B. Jlo-
MOHOCOBA.

N.JI. KHyHAHI, - co3faTenb BCEeMUPHO M3-
BECTHOIl HAy4YHON IIKOIBI XuMum ¢Qropopra-
HMYEeCKNX coepmHeHuil. Ero yyeHukamm sBns-
nuch akagemMuku M.J. Kabaunuk u A.B. ®oxun
(1912-1998), uneH-KOppecHOHJeHT AKajgeMun
Hayk CCCP, I'epoit Coumanucruyeckoro Tpypa,
M.B. MapteiHoB (1919-2023). VBaun JlionBu-
rOBMY NOATOTOBUJI JECATKM HOKTOPOB HAyK U
6onee 100 KaHAMAATOB HaYK.

He uacTo BBIparomuecs ydeHble 0o6/mafaroT
nmemarornyeckuM TtamaHToM. OOHAKO 3TO BBI-
CKa3bIiBaHUe He uMeeT oTHoumeHusA K V.JI. Kuy-
HaHIy. Ero nekium coveranu B cebe NpocTOTy
U YeTKOCTDb M3JIOKEHNA IPU JIOTMYECKON CTPO-
TOCTM M IIy6OKON Hay4yHO! O0OOCHOBAaHHOCTHU
Matepuana. OH YAUMBUTENIbHBIM 00pasoM cO-
YyeTasl MpemnoflaBaTe/IbCKyo IPUHIUNNATBHOCTD
u TpebOOBATENBHOCTD C IIPOCTOTON OOUEeHUS
IPUIPABIEHHYIO I0KHBIM TeMI€PAMEHTOM.

IToMuMo Hay4HON M IE€JAarOTMYeCKON mes-
tenbHOCTY VI.JI. KHYHSIHI Bell aKTUBHYIO 0011ie-
CTBEHHYI0, PeJaKTOPCKYIO I INTepPaTypPHO-IIPO-
CBETUTENIbCKYIO IeATeTbHOCTD [40].

OH ABIAICA 4YJEHOM TIJIaBHOWM pefaKIun
Manoit Coserckoit unuxaonegun (1958-
1960 rr.), 41eHOM I/IaBHOI pemakuuy bonpnioii
Coserckoit dunuknoneguu (¢ 1959 r.), rmaBHBIM
penaktopoMm KpaTkoit XMMMYecKOi SHIUKIIO-
nepuu (1961-1967 rr.), 4IeHOM Hay4YHO-pefakK-
IIMOHHOTO coBeTa MeaMIMHCKON 3SHIIUKIIO-
ey, pemakKTopoM cOOpHUKOB «Peakumm n
MeTOJbl WUCCIelOBaHUSA OPTaHMYECKUX COeNU-
HeHUi» (¢ 1956 T.), YIEHOM pefKOJIIeINN Xyp-
HajloB «buoopraHmyeckasa XUMHA», HAY4HO-
MONY/IAPHOTO KypHana «3HaHue-CHUIa».

Taxxe J.JI. KHyHAHI ObII TITaBHBIM pe-
DaKkTopoM XMMMUYECKOI SHIMUK/IONEeUN B IATU
TOMaX, IIOJIHOCTBhIO Bhbilienmieii B 1988-1998 rr.
y>XXe IOCe ero CMepTu (MTOrOBYI peZaKIUIo
ocymectsun akagemuk AH CCCP u PAH
H.C. 3e¢pupos).

W.JI. KHyHAHL ABIANCA IJIaBHBIM peJak-
TOPOM CO3JZAaHHOTO MM >XYpHana BcecorosHoro
XuMmudyeckoro odmecrsa uM. [I.VI. Menpaeneesa
(c 1959 r.), mpu 9TOM CleAyeT OTMETUTb OpU-
TMHAJIBHBIN MOAXO0A K (GOPMUPOBAHUIO COZEp-
JKaHMU KypPHasa, KOrAa KaXk/[blil ero HoMep ObII
LIEIMKOM IOCBAIIEH PacCMOTPEHUIO OJHON Ha-
y4HOIT mpo6emsl [1].

N.JI. KuynaHy 6si1 uiaeHoMm Bropo Otpe-
neHusa xummudeckux Hayk AH CCCP (1953-
1957 rr.), npesugentoM (1954-1955 rr.) u YeHOM
ITpesuauyma (c 1953 r.) BcecorosHoro xummnye-
ckoro obmiecrsa uM. [I.VI. MeHpeneeBa, 4jieHOM
9KCIePTHBIX KOMMCCUII IO HPUCYX[EHUIO
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MeTtyxoB A.H., LieeTkos A.A., LLlyctukosa T.B., Umamos [1.M.
Petukhov A.N., Tsvetkov A.A., Shustikova T.V., Imamov D.M.

npemuit um. A. M. Byrneposa, H.JI. 3enuHckoro
u C.B. Jle6eneBa (1959-1966 rr.), urenom Hayu-
nHoro cosera AH CCCP nmo ToHKOMYy opraHude-
CKOMY CHHTe3Yy.

Bornee 15 net on Bxoguin B coctaB Komurera
no Jleamnckum u I'ocyfgapcTBEHHBIM HNpeMUAM
B obnmactu Hayku m TexHuku npu Cosere Mnu-
HuctpoB CCCP. YuacTBoBan B paboTe TeXHMYe-
CKOro coBeta MMHUCTEpCTBA XMMUYECKOI NTPO-
mbrteHHoCcTH CCCP.

B nepuop Benukoit OtedyecTBeHHOI BoitHbI
IIOZl PYKOBOJICTBOM YIOTHOMO4YeHHoro I'ocymap-
crBenHoro Komurera O6opons (I'KO) ¢yHk-
nuoHupoBan HayduHo-TeXHUYeCKUil coBeT IIO
KOOpAMHALIIMM M YCUICHUIO HAYYHBIX MCCIENO-
BaHUIl B 00/1aCTM XVMUM [/ HYXJ] O0OOPOHBI
CTpaHbI, B COCTaB KOTOPOTO BXOAMT Hpodeccop
M.JI. KHyHAHI B KauyecTBe PyKOBOAUTEA OfHOM
U3 ero CeKIInii.

B ycnoBuAx yrpospl IpMMeHEHUS TUTIe-
poBckoii I'epmaHmMell XMMUYECKOTO OPYXKMA
M.JI. KHyHAHL 3aHMMaeTcsa BOIPOCAMU MHJM-
KAy OTPAaBIAAIIUX BEIeCTB M aHTUJOTHON
tTepanuu [42]. 3a paspaboTKy aHTUAOTA IPU IIO-
Pa’KeHMM CMHUIBHON KMUCIOTOW U LMaHUJAMU,
W.JI. Knyusauny B 1943 r. 6bl1a HIpUCYXAeHa
CranuHcKas mpeMus TpeThbeil cTeneHn [44].

B 1943 r. Bpima cnenuanbHadg [Jupek-
tuBa CraBku BepxoBHoro InmaBHOKOMaHAYIO-
mero ot 7 uwoHA 1943 r. «O peanpHOIl yrpose
HpMMeHeHUsI XUMUYECKOTO OpYXMA», B KO-
TOpOil OBl ompefeneH 00beM HeOOXOXMMBIX
MEpONpUATUIl TPOTUBOXMMUYECKON 3alUThI
BOJICK, C(OPMYIMPOBAaHHBII C  y4acTHeM
W.JI. Kuynsanna [43, 44].

ITomumo 3panu:A I'eposa CoumanucTuyeckoro
Tpyna (1966 r.) u opaena Jleuuna (1966 r.), o
Obl1 HarpakjeH oppeHamy KpacHoii 3Be3pbl
(1947 r.), Kpacnoro 3namenn (1953 r.), Tpyno-
Boro Kpacunoro 3namenu (1961 r.), OKTs16pbCcKOit
Pesomonuu (1975 r.) u MHOrUMU Meganamu [41].

Heonennma ponp VM.JI. KHyHAHIIA Kak Ha-
yanpHuKa 3-11 Kadenpol BoenHoiT akamemun
xumnueckoin samutbl (BAX3). JV3yyenme ot-
paBnAomux Bemects B BAX3 ¢ 1940-x rr., B co-
orBeTcTBMU C B3rnAfamu V.JI. Knynsanna, crpo-
UTCS HAa OCHOBE IIPefICTaBICHUII O CBA3Y MEXIY
CTpOEeHMeM, XUMUYECKIUMU CBOVICTBaMMU 1 GU3u-
OJIOTMYEeCKMM JeliCTBUEeM BelecTB[44].

B coaBTopcrse ¢ I.JI. KnyHsaH1eM Haf pas-
paboTkoit psiga yueOHUKOB U MOHOrpaduii, mo-
CBAIIEHHBIX BONPOCAM CHELMaNbHON XUMMNM,
B pas3Hoe BpeMs paboTanyu Befyluye ydyeHbIe
u neparorn BAX3 H.JM. Mokees, K.A. Ilerpos,
.®. Komuccapos, B.H. Anexcangpos, P.H. Ctep-
nun, [.A. Coxonbckuit, O.B. Yeborapes
u ip. [44, 45]
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PucyHok 5 - Mopmpem akademuka WN.J1. KHyHaHua pa6o-
moi A.M. lLlunosa, 1974 2.

Figure 5: A portrait of Academician Ivan Lyudvigovich
Knunyants made by A.M. Shilov, 1974

[IpoprpIBHBIE Hay4YHBIE MCCIEJOBAHMUA IPO-
Bomwmuchk J.JI. Kuynannem coBMmecTHO c Oy-
nymum akageMukom A.B. ®okunbim, O.B. Kunb-
nuiesoii, 3.I. beixoBckoit u mp.

B 1976 r. Ha mocTy Havya/nbHUKA 3-11 Kadempbl
renepan-mariopa J.JI. KnyHnanma cMeHsAeTr ero
Y4eHUK — Ipodeccop, JOKTOP XMMMUYECKIX HayK
nonkoBHUK I A. Cokonbckuii [44].

Kak 0onblIoil 3HATOK U JIIOOUTENIb >KUBO-
HICH, OH CBITPAJI BAXXHYIO POJ/Ib U OKa3asl Heolle-
HUMYIO IIOMOIIb B Hayaje OOy4eHMs M CTAaHOB-
neHuyu HapopHoro xypgoxkHuka CCCP (1985 r.)
A.M. lInnosa (pucyHok 5).

3aknyeHmne

M.JI. KHyHAHI BHeC CYLIeCTBEHHBIN BKIaJ
HpaKTUYeCKM BO BCe 001aCTM OpraHMYecKol
xumuu. Hay4dHble nccnejopaHus Kacaanuch IIy-
O0KOro M3y4YeHUs TeOpeTUYeCKUX BOIPOCOB:
xumnu ¢prop-, cepa- u ¢pochopopraHnIecKux
U TeTepolMKINYecKUX coeguHennii. OH cospan
OTEYeCTBEHHYI0 IIKOTYy (TOpOpraHMYecKoit
XUMMM ¥ OCTaBU/I OOJNbIIOE HAay4YHOE, WMHXKe-
HEPHO-TE€XHONIOTMYECKOE ¥  TeJarorndeckoe
Hacnegue.

B Hayasie HayYHOII BeATENbHOCTY 3aHNMAJICS
UCCNIeIOBAHNAMY XUMuUM nupupuHa (1928-
1931 rr.). PagpaboTan u BHepUI HOBBIIl METOJ



MOy YeHU
(B 1933 1.).

B 1933 1. OoH co3gman MeTOABI HONYy4YEeHUA
Y-aLleTOIIPONN/IOBOTO CIMPTa U A-aleTo0yTH-
ponakToHa («rakton KuyHsHna»), chopmu-
pOBaB HayYHbIe IO/IXO/bl, IPMMEHseMbIe B IIPO-
MBILIIEHHOM CHHTe3€e BUTaMMHa B1.

Orxkpeoitoe V.JI. KHyHAHIIEM sAABlI€HUE TIONIN-
Mepusanumn e-Kanponakrama (1942 r.) momoxxeHo
B OCHOBY IIPOM3BOJACTBAa KampoHa. Paspabo-
TAQaHHBII B ero yj1abopaTopuy MeTOJ TUJPOAU-
MepusallMy aKPOHUTPUIAA B aJUIOSMHUTPUII
cfienan BO3MOXKHBIM IlepeBOJ IIPOU3BOACTBA
Hall/IOHa C apoOMaTM4YeCKOTO CBbIpbsA Ha ChIpbe
He(TeXMMUUECKOI epepaboTKM.

CoTpynHuKaMu ero naboparopum paspabo-
TaHbl METOABI IOJy4YeHUs [-IpONMONTAKTOHA,
MOJINIIENTUAOB C CYIb(QIUAPIIBHBIMU TPYII-
MaMu, N-TUOTAULUAHBIX KucmoT (1947 1.).

Orkpritoe V.JI. KHyHAHLIEM peakuus Npu-
coefMHEeHMsA PTOPOBONOPOMIA K OKNUCH STHIEHA
(1949 r.) nonoxuno Hauano B CCCP paboram
B obOmactu xumnuy (pTOpOpraHMYecKUX COeau-
HEHUIL.

B coaBTropcTBe ¢ A.B. QOKMHBIM C KOHIA
1940-x rr. 3aHuManca paboTaMm, OXBAThIBAIO-
muMy npobreMaTuky cuHTesa gropopranmye-
CKJIX COeIVIHeHMUIL.

C 1952 1. 3aHMMANCsA WCCAETOBAHUAMU
¢droponednHOB, B X0fe KOTOPBIX OTKPBUI IIe-
perpynnmupoBky  neppTOpBMHUIKApOMHOIOB
BO (PTOpaHTUAPUABI COOTBETCTBYIOINX KPOTO-

AHTUMAJAPUIHBIX IpeNapaToB

MBaH JTioaBurosuy KHYHSHL,: OT akpuxuHa Ao nepdropaHa
Ivan Ludvigovich Knunyants: From Akrikhin to Perfluorane

HOBBIX KMUCJIOT, OMC-TpUPTOPMETHIKETEHA — BO
dbropanrugpun nepdTOpMeTaKpUIOBOIL KIC-
N0ThI, GTOPUPOBAHHBIX ATKUIA3UJOB — B Kap-
6aMUHODTOPULHL.

B xopme uccnepmosanuit VI.JI. KuyHsaHna n
ero COTPY/HUKOB OBbI/IN CUHTEe3MpOBaHBbI (1956
1960 rr.) X7MopcofepKauie aMUHOKUCIOTHI U
HeNTUbl, HA OCHOBE KOTOPBIX OBI/IM CO3JaHBI
KaHI[epO/IUTNYeCKIe IIpernaparbl U30uparens-
HOro gmeiicTBus. Takke pazpaboran crocob mo-
TydeHus 5-propypannia.

Cunresuposan (1960-e rT.) HUTPO-, aMUHO-,
cynbdo- M anKOKCUIIPOU3BORHBIE PA3TUIHBIX
dbTOopOopraHMYeCKMX COeMHEHUIA.

Ba>kHBIM Hay4YHBIM [JOCTU>KeHueM jabo-
patopun M.JI. KHyHsanpa crama paspaborka
(B 1960-e rT.) 97MEKTPOXMMMUYECKOTO MeTOHA
mapiuaabHOTO BBeJeHUs aTOMOB ¢Topa B Op-
raHM4ecKye MOJIEKY/Ibl, C IIOMOIIbI0 KOTOPOTO
yanoch MonyunTh propbenson, ¢rop- n gud-
TopHadTaMNHBI, QTOPUPOBAHHBIE LMKIOATKA-
IVIEHBI U IIUKIO0AKaMEHOHBI.

OH ofguH U3 pa3pabOTYNKOB KpPOBE3aMEHM-
tenst mepdropana (1982 r.) — ra30TPaHCIOPTHOI
3MY/IbCUY /151 BHYTPUBEHHOTO BBEIECHMA.

B Teuenme Bceit xusHu J.JI. KHyHAHL
Bell aKTUBHYI0 OpPraHM3AIMOHHYIO U IIperno-
[aBaTEeNbCKYI0 [IesITeIbHOCTh, pefakKToOp U
COaBTOpP MHOTOYMCIEHHBIX Yy4eOHMKOB, Ha-
YYHBIX TPYJOB U 3HIMK/IONEAMIl, HOATOTOBUI
IDecsITKU JOKTOpoB u Oomee 100 KaHAM[IAaTOB
HayK.

Ozpanuuenus uccneoosanus / Limitations of the study
OO6ycmoB/IeHbI aHATN30M TONTBKO OTKPBITBIX ICTOYHUKOB 0 fleATenbHocTy V.JI. KHyHaHna / Limitations have
been stipulated by the analysis of open sources that contain data on I.L. Knunyants’activities.
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YepHasa cMepTb. Kak annaemMms 4ymMbl U3MeEHUNA

cpeaHeBeKOBYHO EBpony

3urnep Gunnun

YepHasa cmepThb. Kak snmaemMus 4ymbl u3-
MeHMNa cpegHeBekoByo Espomy / Ilep. ¢ anHrm.
E.A. T'oncanec-Menengec. M.: 3AO «llenTpmno-
nurpad», 2023. 319 c.

ISBN 978-5-9524-5977-9

Ziegler Ph.

The Black Death. London. Faber and Faber,
2012. 336 p.

ISBN Ne 978-0-571-28711-6

KHura 6puTaHCKOro AMIIIOMAara, MCTOPMKA
n nucarens Punmma 3urnepa (anrm. Philip
Sandeman Ziegler; 1929-2023) omy6nmkoBaHa
B 1969 r. usmarenbctBom Harper Torchbooks
(New York)'. Ha pycckom si3bike OHa BBIXOJMT
Brepsble. KHura mpepacrasiser co6oitl MHOro-
aCIeKTHOe VMCCIe[JOBaHNe SMNIeMUIecKoro ¢e-
HoMeHa XIV B. — KaTacTpoduueckoil naHgeMun
YyMBl, Ha3BaHHOI coBpeMeHHMKaMu «YepHas
cMepTh»  (1347-1353). OmnucaHHBle COOBITHSA
HPONCXOAAT B OCHOBHOM Ha TePPUTOPUM Cpefi-
HeBeKoBOIl EBpoIbl ¢ 60/1ee feTaTbHBIM OCBellle-
HMeM HaHZeMUU 9yMbl B AHIIuu, Yanbce, loT-
manpuy u Vipmangun.

Kuura cocroutr us 17 rmas. Ilepsble nATbH
MOC/IeJOBATe/IbHO ONNCBHIBAIOT CHUTYalMIO C
pacupocrtpaHenueM YepHoli cMepTH B PasHBIX
CTpaHax M pernoHax EBpombl (Xom maHmeMmnu,
KJIMHMKA OO/Ie3HY, NMOMUTHYECKNEe U COLMasIb-
HbIe 9KCIleCChl). B rmaBax ¢ 6-it 1o 13-10 onumcaHsbl
BCIIBIIIKY YyMbI Ha BpuTaHCKuX ocTpOBax. YHM-
KaJIbHa I yBJIeKaTenbHarnaBa 13 «dymaB cpefiHe-
BEKOBOIJI /lepeBHe», IJle aBTOP COeVHNU/I TaJaHT
HucaTens M UCTOPUKA, ¥ MPeACTaBU TPareguio
YyMBl 4Yepe3 CYABOY KpeCTbsHVHA BBIMBILI-
neHHo pmepeBHU bnekyorep. B rmasax 14-17
3uriep NpUBOAUT IOACYETHI KEPTB YYMBbI, aHa-
TU3MPYeT ee COLMaNbHble, SKOHOMUYECKNE, pe-
JTUTVO3HbIE U IICYXO/MTOTMYECKIe TOC/TeICTBYA.

B opuruHanbHOM WU3JaHUM KHUTA MMeeT
pAn TpWIOXKeHUIt: obmupHas 6ubnuorpadus
(Bibliography, 217 ccobinok); paspgen «Vcrtou-
HuUKM» (Sources), Ifje CCBUIKM HAa HAayYHYIO JIM-
TepaTypy «IpUBSI3aHbl» K CTPAaHUI[AM KHUTH;
Index (umeHa u reorpaduyecKkre Ha3BaHUSA
C yKasaHueM cTpaHul). Bo BTopoe usganme

N
J

/@ 1

B U3MEHH/
CPEAHEBEKOBYIO
EBPOITY

kHury (1998) BxitoueHa cratbs «UepHast cMepTh
B coBpeMeHHONl wucropuorpadpum» (The Black
death in recent historiography), moaroros-
neunas Konmuom ITmarrom (amrn. Colin Peter
Sherard Platt, 1934-2015), u3BecTHbIM OpUTaH-
CKMM apXeoloroM U MCTOPUKOM, CIIelMann3u-
poBaBmumMcs Ha CpengHeBekosbe. K coxaneHnio
3AO «lJenrpnonurpad» pemnno, 4To Aas poc-
CUIICKOTO M3TaHU 9TV NPUIOKEHU I He HY>KHBI.

ABTOp MOAPOOHO M3/TaraeT NpefCTaBICHNA
00 3NUAEMUONIOTNYM YYyMbl BpeMeH UepHOil
CMepTH, KaK JKJIEKTUYECKYI CMeChb MUCMU-
yeckux (B pacIpoCTpaHEeHU)M MOpa BMHOBATBHI
eBpey, MaBpbl, KOJAYHBI UM MOP ABIAETCS Ha-
KazaHueM bOXbNUM) M mamepuanucmuqeckux
83217008 (MUa3Mbl, NpPUHECEHHbIE BETPOM C
BocTroka; 3aB03 4yMBl KOpaOnaMu; KOHTAKTBI C
O0TBHBIMY YYMOTL).

[Io MHeHMIO aBTOpa B PacIpPOCTPAHEHUN
YyMbl BMHOBAThl KOpabaum. IToit Bepcum pac-
HpPOCTPAaHEHUS YYMbl IPUAEPKUBAIOTCA elle
¢ IV B. (Uyma KOcrtunHmaHna), gaB eil BTOPYIO
KM3Hb B 1990-e rT., Korga [4yiA 0OOCHOBaHUA
HamafeHus Ha Vpak Hajo ObI/IO TOKa3aTh Jelre-
BM3HY ¥ JOCTYITHOCTb OMO/IOTMYECKOTO OPYXKMS
(BO). IlonynsapHoOit cTama Bepcus, YTO TaTap-
ckuit xaH JI>xaHbi6ek B 1347 1. IpUMeHNIT TaKoe
Opy>Xue NMPOTUB 3ALUTHUKOB T€HY33CKOTO TO-

! OpurmHan KHUTH JOCTYIIeH 1o appecy: https://oceanofpdf.com/authors/philip-ziegler/pdf-epub-the-black-death-
by-philip-ziegler-download/ (zata obpamenus: 01.12.2024).

© M.B. CynoTHuukuin, 2024
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YepHas cMepTb. Kak anugemMms 4ymbl U3MeHUNa cpeaHeBekoByto EBpony

The Black Death

pona Kadsr (Peopgocus). ITox BO nonumanucey
3a0polIeHHbIe B TOPOJ TPYIIBI OONBHBIX YyMOIL.
Ienyasnpl, 6exxaB Ha kopabnax us Kagsl, BbI-
3BajM NaHAeMuio 4yymbel B EBpome’. 3uriep
CYMTAN, YTO OBICTPOE pacHpOCTPAHEHNE YYMBI
CBA3aHO C PpAaCHpPOCTpaHEHMEM 3apaKeHHbIX
YyMOIJ KpBbIC, cOexaBImnx ¢ kopabneit. Ho on Hu-
KOTZIa He BUJeI YyMHYI0 Kpbicy. OHM He Geraior,
OHM XOJSIT, a OO/bIle MON3YT Kak Obl B Openy,
CYIOPO’KHO BBITATMBAA MAIIKM Ha3aj U IepeBo-
pauMBasACh Ha CIMHY XMBOTOM K Bepxy. Ilocne
3apa>keHMs KPBICHI XMBYT He 6oee 5-6 CyTOK.
CoBpeMeHHble HAay4YHble 3HAaHUSA O YyMe,
HaKOT/IEHHbIe TIOCTe OTKPhITUA A. VlepceHbpim
(pp. Alexandre Emile Jean Yersin; 1863-1943) B
1894 r. Bo36yauTensa uyMnl — 6aktepun Yersinia
pestis, ecnu He MPUAYMBIBaTh O6aiiky IMpo XaHa
II>xanbI6eka ¢ ero BO 1 pa36eraommuxcs 4yMHBIX
KpbIC, IO IIpeXXHeMYy He OODBACHAIOT BO3HUK-
HOBEHNE OSIUAEMUYEeCKUX KaTacTpod TaKOTo
Mmacmtaba. OTjenbHBle CAydYay M BCHBIIIKM,
KOHEYHO, OHUM 00BACHAIT. ByboHHas dyma, B
OCHOBHOM HalOmiofaBliasicsi Torga B EBpore,
He IepejaeTcsa Mexay mwoabMu. Yymoit MOXHO
3apasmUThCs Yepe3 yKYC 3apakeHHOU 010Xy, B
CBOIO OYepe/b 3apasuBIIeiica OT IPbI3yHa, 00u-
TAIOIeT0 Ha TEPPUTOPUM YYMHOTO IPUPOJLHOTO
oudara. Ho TonbKo Torpia, Korjga y aToro rpbl3yHa
YyMa pasBUJIACh B CENTUYECKON popMe, 1O Yero
OHM OOBIYHO He [JOKMBAIOT, a 6110Xxa «OIOKUpo-
BaHa», T.e. B ee Npemxenyake chopMIpPOBAICT
070K 13 Pa3MHOXXVBIINXCS YYMHBIX OaKTepuii,
U1 OHa CMOXKET eT0 OTPBITHYTDb IIPU YKYCe B KPOBb
yernoBeka. To ecTb 3apa3uThCA 4YyMON C/IOXKHO
Jake Ha TepPpPUTOPUM ee IPUPOZHOTO oOvara.
AHanus >Xe TeHOMOB JpPEeBHUX YYMHBIX Oak-
Tepuil He BBISABMII KaKOM-In60 MOTeHIMaIbHO
crenprIecKoil «BUPYIEHTHOCTIU», CIIOCOOHOI
OOBACHUTH YyJOBUINHBIN Xapaktep YepHoi
cmepti®’. Tem He MeHee, 9Ta KatacTpoda mpou-
30I11/Ia HA OTPOMHBIX IIpOCTpaHCcTBax EBponbl u
A3um, o NCTOpUYECKNM MepKaM, MTHOBEHHO.
3urnep, cHadajaa CBA3aBLIMII TOSABIEHUE
YyMbl Ha BpUTaHCKMX OCTpOBax C ee 3aHOCOM
Kopabnem uepe3 mopt Ha JlopceTckoM moGe-
pexbe, KpOIIOT/INBO ONMCHIBAA BCUBIIIKN YyMBI,
NPUXOANT K BBIBOAY, YTO OHMU NPONCXOAAT BHE
CBSA3M AIPYT C APYTOM, K €CTh MECTHOCTU («Kap-
MaHBbI»), IJle ee HUKOrAa He 6bmo. K MoMeHTYy
HaIMCaHMA KHUTY O MPUPORHBIX OYarax 4yMbl

OBIIO M3BECTHO, HO Bepcus ¢ KopabieMm cuura-
nach Oo/mee «HAY4YHOI», TaK KaK ee HPUPOJHBIE
oyaru Ha BpuUTaHCKUX OCTpOBax He M3BECTHBI
IO Cell TeHb.

EcTp anbrepHaTuBHAsA BepcusA — dyMa «3a-
HOCHMIAch» ¢ ToBapaMu u3 llenTpanbHol A3un
no BennkoMmy menkoBoMy nyTu. B paitone osepa
Uccoik-Kynp HaxopmuTcsi «Kombibenb» YepHoii
cMepTn. [Ind peKOHCTPYKIMM TeHOMa CMep-
TOHOCHOTO IITAMMa, BBI3BaBIIETO MAH/EMUIO
YyMBI TAaKOro MacuiTaba, aMepMKaHCKOe BO-
eHHOe BEeJJOMCTBO 3a CBOJ CUeT IIOCTPOMJIO U CO-
nepxut LlenTpanbuyio pedepeHc-mabopaTopuio
B Anmare (KasaxcraH) — peXXMMHBII 00BEKT C
ypoBHeM OMOMIOTMYecKoil 6e30ImacHOCTH, CO-
oTBeTcTByromuM BSL 3, yro mocTaToyHo nAnA
MI0OBIX MCCTIeNOBaHMUIT BO3OYAUTENsT YyMBI,
BKJ/II0Yasl 9KCIEPMMEHTHI C a39PO30/IAMIU.

MornekynsapHO-TeHeTU4eCKue UCCIeJOBAHNA
rOoBOpAT O CyllecTBoBaHuMM B EBpome co6-
CTBEHHBIX CTAOVMJIBHBIX U JPEBHUX 04aroB YyMBbl.
K.I. Bos ¢ coaBrt. (2016)* 6b110 IMOKa3aHO, YTO
COBpEeMEeHHBbIe HMITAMMBbI BO3OYAUTENS YyMbI He
UMeIOT QUIOTeHE T YeCKOII CBS3Y CO ITaAMMaMIU,
BBI3BIBABIINMMM BCIBIMIKY 4yMbl B JIoH[0He B
cpegune XIV B. m B Mapcene B 1720-1722 rr.
CaMM JIOHJOHCKME M MapCelIbCKye IITaMMBbI
NpUHAJIEXAT K PasHbIM (PUIOreHeTHYeCKUM
BETBAM, a COOTBETCTBEHHO, K Pa3HbIM €BpoIeli-
CKMM IIPMPOJHBIM O4araM YyMBbl.

OTM OYarMm CyLeCTBYIOT ThICAYETeTUAMI.
Bce maHpeMny 4yMbl pa3BUBAIOTCSA HA OJHUX U
TeX ke MecTHOCTAX. [lepBas maHmeMusa — yyma
IOctuanana (531-589) m BTOpas - YepHasd
CMepTb, BCHBIXMBAIOT B OFHUX U TeX Xe TOpOofiaXx,
pacnpoCTpaHAITCA IPUMEPHO B OJHOM U TON
e TeppUTOpPUANbHON  IIOCTeNOBaTeTbHOCTI
(crora Ha ceBep 1 c BocTOKa Ha 3anaj). OHM oxBa-
ThIBalOT EBpomneiicknii KOHTMHEHT 3a 3-5 JIeT U B
Te4YEeHMY CTOIeTUI IOBTOPAIOTCS MaCIITaOHBIMU
3MUAEMUAMY, IOCTEIIEHHO yTpauMBas MacuITab
BOBJICYEHHBIX B aMuAeMun tepputopuit’. Jaxe
3TU UCTOPUYECKNE CBEJEHN IO3BONAOT Ipef-
MOJIOKNUTDb CYIIeCTBOBaHMe B IPUPOJE COBCEM
VHBIX OYaroB YyMbl, YeM M3BEeCTHbIE CErOfHA
B paMKaX y4YeHNUA O IPUPOJHON OYaroBOCTHU
qyMmbl. Takme o4arm CymecTBYIOT BHe CBA3M C
HaJIM4yMeM Ha JaHHBIX TePPUTOPUAX I'PBI3YHOB,
MHOULIMPOBAHHBIX BO30YAMTENEM 4YyMBblI, Ha-
pajIeNIbHO C HAIIMM CYI[eCTBOBaHUEM.

2 Cwm., HarpuMmep, pabory — Onnienko I'T, Canpgaxunes JIC, Hereco CB, Maptsiniok PA. Becmmux Poccutickoti

Axademuu nayx. 2003;73(3):195-204.

* Spyrou MA, Tukhbatova RI, Feldman M, Drath J, Kacki S, Beltrdn de Heredia J, et al. Historical Y. pestis Genomes
Reveal the European Black Death as the Source of Ancient and Modern Plague Pandemics. Cell Host Microbe.
2016;19(6):874-81. https://doi.org/10.1016/j.chom.2016.05.012

4 Bos KI, Herbig A, Sahl ], Waglechner N, Fourment M, Forrest SA, et al. Eighteenth century Yersinia pestis genomes
reveal the long-term persistence of an historical plague focus. Elife. 2016;5:e12994. https://doi.org/10.7554/eLife.12994

> Tesep I. Mcmopus nosanvhoix 6onesneti. Crb.; 1866.
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3uriep NpUBOAUT MO POOHDIE ONMCAHNUS aH-
TUCAHUTAPUY OPUTAHCKUX TOPOJOB U HU3KOTO
YPOBHA I'UTMEHbI HaceleHA. MbITbe CYMTANOCDH
ocmabnsAIell OpraHNu3M IPOLeAYPoOii, IO3TOMY
MBITbCS TIOTIATA/IOCh C OCTOPOKHOCTBIO M OYeHb
penko. Ilo cBuperenbCcTBaM COBPEMEHHUKOB
4yMHble OyOOHBI JIOKa/NIM30BANNCh OFHOBpe-
MEHHO B IIaXy M MOJAMBIIIEYHBIX 00/IACTAX, YTO
TOBOPUT O YPe€3BbIYAlHOV AaHTUCAHUTAPUM Ha-
cesleHM s bpUTaHCKMX OCTPOBOB 11 OTPOMHOM KO-
TNYecTBe 3apakeHHbIX 4yMoii 6110X. VIHTepecHO
omycaHyue KAMHUKU OYOOHHON 4YyMBbl, HaHHOE
3UraepoM o UCTOYHMKY TOIO BpeMeHu:

«byib TPOKAAT 3TOT HapbIB IOJ MBIIIKOIL,
YKaCHBII, XXTY4NIi, OTKy/a O6bI OH He MCXORWII, IIIap,
KOTOPbe/i NIPpNYMHAET U 3aCTaBJIA€T TPOMKO KpU4arh,
TAXECTD IIOJ pyKaMmu, 6o/e3HeHHasa mMuUIKa. bempii
koM. OH uMeer ¢opmy s10610Ka, TOMOBKM JIyKa, He-
60/7bIIOr0 HAapbIBa, KOTOPBIN He MaguT HUKOro. OH
CTPAlIHO JKXKET, KaK ropsAaimasg 3071a, y)XacHasa ITyKa
Ceporo gBeTa. St OTBPAaTUTENDbHbIE BBICBITIAHM A, KO-
TOPpbBI€ ITOABIAIOTCA C HeBepOHTHOf/'[ IIOCIICIITHOCTBIO.
OHM IOXO0XXM Ha CeMeHa YepHOTO ropoxa, XpyIKue
YaCTU4YKM MOPCKOTO yTIJId, I X obunue npenBeniaeT
KOHeIl. 9TO Y>KaCHBIN y30p ChINY, KOTOPBIi MOKPBI-
BaeT Bce Teo. OHO KaK JOX/b U3 TOpOXa, paHHUII
opHaMeHT YepHOIil cMepTH, CrOpeBIIasl MOCHIIb pa-
Kyme4vYHIKa, ‘-IepHa;[ CMEPTH IOXOKa Ha IIOJIIIEHCA,
Ha ATO0bI. YxacHo, KOoTrjia OHU pacCChIIIaHbl HA 6emoit
KOXe».

OHO 06 bsACHAET Ha3BaHNE TAHAEMUY YYMBbI —
TPYIBI NIOAEH OBICTPO YepHeNIM M BBIIJIANENIN
KakK ObI 00yTIeHHbIMY. YepHas CBINIb — HeCHeI V-
¢udeckoe 1 pegkoe KIMHUYECKOE IMPOSABIEHME
yyMbl. Ee mosiBIeHne MOXXHO OO'bACHUTD «IIUTO-
KMHOBBIM LITOPMOM», BOSHUKIINM B pe3y/bTaTe
MHQEKIUN y NI0feil OTAeNbHbIX TeHOTHUIIOB, U
ero cnenctBusa — IBC-cuuppoma (cMHIpOM Jc-
CeMMHIPOBAHHOTO BHYTPUCOCYHUCTOrO CBep-
THIBAHMA).

IIpy MsATkoM TedeHUU OYOOHHON YYyMBI
6onbHOI XU Gonblie Hepeny, 6YOOHBI ImOCTe-
IIEHHO pasMATrvajauch, IHOJM IPOPBIBAJICA, €ro
TeJI0 IPeBPalaIoCh B ;YPHO NAXHYBIINIL OCTOB,
3aTeM HacTyINana CMepTh.

JledeHre B OCHOBHOM COCTOSIZIO U3 cCOuYe-
TaHMA PA3TMYHBIX PACTeHMI, MHOT[A UX KOJIU-
4ecTBO jocTurano mectupecaru. [loscemectno
HPUMEHANIOCh KPOBONYCKaHMe, 4eM Ooiblre,
tTeM nydire. O6bBIYHO KPOBb OONIBHOTO YyMOII
Obly1a T'YCTON, XYAIIUM IIPU3HAKOM Bpadu CUu-
TajaM IOSIBJIEHNE Ha ee IIOBePXHOCTM TOHKOII
3eneHol MeHKM. KpoBomyckaHuio OBIZIO aHO
«Hay4HOe o6ocHOBaHMe». [JokTop JKan BypryH-
CKMIT CUMTA, YTO TAKUM O0OpPa3oM MOXKHO M3-
THaTh YYMHOI Al — SMYHKTOPUIL, IPOHUKIINIL B
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opraHusM 601bHOTO Yepe3 nopsl Koxu. [Tomnmo
KPOBOIYCKAaHNS CYUTANOCH IIOJI€3HBIM IPUIKU-
raThb YyyMHbIe 6y60HBI. UTO OB M3BNIEYD AT U3 OY-
OOHOB NPUMEHANNCDH Pa3INYHbIe IIACTBIPHU, Ha-
HpuMep, U3 KaMeJe-CMOJIbl, KOpHs OeIoil TnInn
U CYLIEHBIX Ye/I0BeYeCKUX 3KCKpPeMeHTOB. Jlnsa
obneryeHnsa cTpajiaHus OOTBHOTO HPUMEHSIN
pasnuYyHble HAUTKM, K HUM J00ABIAIN HPO-
OneHHbIe B NMOPOIIOK MuHepanbl. Ocobas Bepa
OblTa B MOPOLIKY JPAarOleHHBIX KAMHEIL.

Jns mogcdera )KepTB YyMbl 3UTJIeP MCHOIb-
30Bajl METOJ|, BPAJ /1M BO3MOXXHBIN Ife-Tn6o
KpoMme bpuraHuu, He 3HaBLIell MHOCTPAaHHBIX
BTOpKeHMII mocie XI B. OTOo aHanmM3 Hanu-
OHAJIbHBIX ApPXMBOB, LEPKOBHBIX KHUT U Cy-
NleOHBIX CHUCKOB IIOMECTMII, COXPaHMBIIMXCH
MOYTY IOTHOCTDBIO.

OpHako aBTOp, fOOPABIINCH JO JOKYMEHTOB
BpeMeH YepHOIl cMepTH, CIUIIKOM JJO/ITO BA3HET
B INOCYUTHIBAHUM JKEPTB YyMBbI, COIOCTABIAA
UX C NMPOTUBOPEYMBBIMU IAHHBIMU U3 TPYLOB
6omee MO3THUX MCTOPUKOB, M OCIapuBasg Co-
BpeMeHHUKOB YepHoil cmepTu. 3adem? s mo-
HMMaHVs NPUPOABI MaHAeMUM TaKye IyTaHble
MOJCYeTbl HUYEro He fAanT. B mcropmyeckoin
HaMATU Hace/IeHN s KOHTHHeHTa YepHas cMepTh
OCTaeTCcss YYMOBMINHON KaTacTpodoil, u3Me-
HMBIIE XOJ MCTOPUM, CKOJIBKO He Iepecdu-
TBIBAl €€ )KePTBBHI.

W3 HeocTaTKOB OpUTMHANIA KHUTY 3UTTIEpa,
HepeuleuINX B PyCCKOe U3[aHNe, A BIXKY CIeay-
fomye. OHa «cepas» — HOYTHU HET HUKAKOTO MII-
JTIOCTPAaTMBHOIO MaTepuasa, XOTs 310Xa «I10CcyIe
YepHoll cMepTH» OCTaBM/IA H0/IBIIOE KOTIIECTBO
NpON3BEeNIEeHNIT MCKYCCTBa, IPEeAMETOB OBbITa,
APXUTEKTYPHBIX COOPYXXeHWUI, IUTepaTypHBIX
UCTOYHMKOB. UyMa — HeNPU3HAHHBIN UCTOYHUK
BpoxHoBeHus ¢ XIV no XIX B., HauuHas ¢ ¢o-
pentuiicknx ¢ppecox B Canra-Kpoue go kapTun
AntyaHa-’Kana I'po u ®pannucko loiim. Mx
M300pa’keHU s OXKMBYIM OBl KHUTY, CAeNany ee
6oree HAarMAHON. [JOOMHUTD KHUTY MOTJIO ObI
usparenpcTBo 3AO «Llentpnonurpad», HO 1 OHO
3TOTO He CJleNanio.

Knaura 3urnepa o4eHb Ba)kKHa CErojHsA s
$bopMMpPOBaHMA IMMPOKOTO SNUEMUIECKOTO
MBIIIIEHNS Y TOCYAapCTBEHHBIX fesATenell, pa-
OOTHUKOB 3[]paBOOXpaHEeHNs, Bpadeil, CTy-
NEHTOB MEJMUIMHCKUX BY30B. JIUJeMUYECKUE
KaTacTpodbl MMEIT TEHJEHIVI0 HEOXUJAHHO
HOBTOPATHCS, YTO HAM, IEePEeXUBIINM IIaH-
nemuio KOBUJI-19, yxe He Hafio OO BACHATD.

I'nmaBubI cnenuanuct 27 HII MO PO,

KaHJ. OMOJI. HayK, CT. HAy4. COTP.

M.B. Cynomnuyxuil

ORCID: https://orcid.org/0009-0004-3193-1032
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