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ITpusemcmaue eAaBHO20 pedakmopa

IIpuBeTcTBME TAABHOTO PEAAKTOPA

Irybokoysamaemvie korrezu!

[Tepea BamMu yeTBepThIN, 3aKAIOUMTEABHBI B 2020 roay, HoMmep XypHaaa «/IHTerpaTuBHas ¢pusno-
Aorusi». [TepBbIil HOMep >)KYpHaAa BBIILIEA BCAEA 32 Ipa3pHOBaHMeM 170-AeTyst CO AHS PO>KAEHMS aKa-
aemuka V. 1. [TaBaoBa, mepBoro poccuiickoro Aaypeara HobeaeBckoit mpemMun, KOTOPBIN IO IpaBy
IIPU3HAETCS] OCHOBATEAEM VHTEIPAaTUBHON puanororuy. HeTBepThlil HOMep >)KypHaAa BBIXOAUT, KOTAQ
KPYIHeNIM GpU3MOAOrMYECKUI MHCTUTYT, ocHoBaHHbIN V. T1. TTaBAoBBIM, — VIHCTUTYT Pusmororumn
um. V1. IT. [TaBaoBa PAH — npaspHyert cBoe 95-aeTre. Homep nocBsiijaeTcst aToM 100MAEIHOI AaTe.

C 60ABIINM YAOBOABCTBUEM AEAIOCH C YUTATEASIMYU PAAOCTHOI HOBOCTBIO O TOM, YTO BaXKHOCTD Pas-
BUTVS UHTETPATUBHOI GU3MOAOTMY IIPU3HAETCS HA TOCYAAPCTBEHHOM ypoBHe. COBET 110 TOCYAQPCTBEH-
HOVI TOAAEP>KKE CO3AQHMS 1 Pa3BUTHS HAYUHBIX LIEHTPOB MMpoBoro ypoBHs (HLIMY), BeimoaHsI0IMX
VICCAEAOBAHVSI U Pa3pabOTKU 10 MPUOPUTETAM HAyYHO-TEXHOAOTMYECKOTO PasBUTUS, 0A0OpUA dop-
MmupoBaHue 10 LeHTPOB MO LIeCTV HANpaBAEHMSIM, B YMCAO KOTOPBIX BolleA ITaBAOBCKUII LIeHTp
«VIHTerpaTuBHast pU3MOAOIMSI — MEAULIVIHE, BHICOKOTEXHOAOTMIYHOMY 3APaBOOXPAHEHMIO Y TEXHOAO-
IMSIM CTPECCOYCTOMYMBOCTM». [IOMMMO MHUIIMATOpa OpraHM3auuu LeHTpa, ViHctuTtyra dpusmororun
um. V1. I1. TTaBaoBa PAH (I® PAH), B ero co3panuu OyAyT yuyacTBOBaTh VIHCTUTYT 9BOAIOLIMOHHOM
¢usnoaorun u 6uoxumuu um. V1. M. CeuenoBa PAH, MmockoBckmit VIHCTUTYT MEAMKO-OMOAOTMYECKUX
npo6aem PAH u Cankt-IleTepOyprckuii rocyAapCTBEHHBIN SAEKTPOTEXHNYECKUIT YHUBepcUTeT « ADTV».
PesyabraThl nccaepoBanmit HLIMY TTaBAoBcKui LeHTp 6yAyT IyOAMKOBATbCS B HAIlIEM )KYPHaAe.

JKypHaa «VIHTerparuBHast GpM3MOAOTMSI» IPOAOAKAET ITyOAMKALIMIO CTATEl, MOCBSIEHHBIX TPo0Ae-
Me naHpeMuy KopoHasupycHoy nHpexuuu COVID-19. ITepBylo 13 0030pHBIX CTaTell HOMepa, paccMma-
tpusamoouyo COVID-19 kak HOBBIIT CTPECCOp AAS UYEAOBEUEeCTBa, MOATOTOBMA yueHUK laHca Ceabe,
OCHOBaTeAsI KoHLeniun o crpecce, npodeccop llanpop Cabo (Sandor Szabo, USA). [TaroreHes
ABIXaTEABHOI HEAOCTATOYHOCTH ITPU KopoHaBupycHoi 6oae3nu COVID-19 npoanaausupoBaH B 0030-
pe 3aBeayioiien Aaboparopuen pusmosoruu Abixanus V@ PAH, pookTopa OMOAOrMYeCKUX HAYK
H. Il. AaexcaHApOBOIL.

[TpuBeTCTBYIO UMTaTeA€l YeTBEPTOro HoMepa XypHaAa «VIHTerparuBHas pusmororus» u 6aaro-
AQPIO BCEX, KTO CAEAAA PEaAbBHOCTBIO YCIIELIHBIN BBIITYCK BCEX €r0 IIePBBIX YeThIPpEX HOMEPOB.

C yBaweHuem,

2AABHDLU pedaKmop
A. II. Qurapemosa

256 UnmeepamusHas ¢u3u0/102u;1, 2020, m. 1, Ne 4



A word of salutation by the Editor-in-chief

A word of salutation by the Editor-in-chief

Dear colleagues,

It is my pleasure to present to you the fourth and final issue of Integrative Physiology in 2020.
The first issue of the journal was published following the celebration of the 170" anniversary of the birth
of academician Ivan Pavlov, the first Russian Nobel Prize Winner who is widely acknowledged
as the founder of integrative physiology. The fourth issue of Integrative Physiology marks the 95" anniversary
of the largest physiological institute founded by Pavlov — Pavlov Institute of Physiology
of the Russian Academy of Sciences.

I have some good news to announce: Russian government has recognized the importance and high
value of integrative physiology. The Council for State Support for the Creation and Development
of World-Class Research Centers (WCRC) performing research and development in priority areas
of science and technology has approved the creation of 10 centers in six fields of study, including
the Pavlov Center for Integrative Physiology for Personal Medicine, High-Tech Healthcare, and Stress
Resistance Technology. The Center is a result of a collective effort: initiated by the Pavlov Institute
of Physiology, Russian Academy of Sciences (IPh RAS), the initiative will also involve the Sechenov
Institute of Evolutionary Physiology and Biochemistry, RAS; Moscow Institute of Biomedical Problems,
RAS, and Saint Petersburg State Electrotechnical University. The research findings of the Pavlov Center
will be published in Integrative Physiology.

We continue a series of publications about the COVID-19 pandemic. One of the first papers of the
current issue is a review that focuses on COVID-19 as a new stress factor. The publication has been
prepared by Professor Sandor Szabo (USA) — a former student of Hans Selye, the founder of the concept
of stress. The pathogenesis of respiratory failure in the coronavirus disease (COVID-19) has been analyzed
in the review prepared by Nina P. Aleksandrova, Doctor of Sciences in Biology, Head of the Laboratory
of Respiratory Physiology, IPh RAS.

Welcome to the fourth issue of Integrative Physiology. 1 would like to thank everyone who made
the publication of all the four issues of the journal a success.

Ludmila P, Filaretova,
Editor-in-Chief

Integrative Physiology, 2020, vol. 1, no. 4 257
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Abstract. Biological stress is the “nonspecific response of the body to any
demand made upon it” By definition, stress should be caused by different
factors (stressors) eliciting similar neuroendocrine changes as well as bodily
and behavioural alterations. COVID-19 (coronavirus disease — 2019) caused
by the SARS-CoV-2 virus is a new and complex infectious disease. Its sudden
and unexpected appearance in late 2019 and early 2020 found most countries
unprepared; hence, it is not surprising that the new disease created much
confusion, panic and chaos that almost predictably lead to stress.
The multifactorial stress etiology is almost a given in a pandemic like this,
e. g, anxiety about getting infected, uncertainty about what the future may
bring, depression, isolation, family arguments in close quarters, real
or perceived food shortages, unemployment, reduced income or its total loss,
all culminating in increased domestic violence, suicides and stress-related
diseases, such as heart attacks (i. e., myocardial infarction). The first scientific
publications documenting these changes, especially in older populations,
came from China in early and mid-2020. These results, originating from online
surveys and interview-based assessments in various countries showed 20—40%
increase in perceived distress, especially anxiety, with a substantial increase
in PTSD. Fortunately, both the lay press and scientific publications advocate
stress-prevention techniques that range from the “relaxation response”
to yoga and specific physical exercises. The long-term health effects and public
health consequences of increased distress due to COVID-19 remain to be
seen and must be investigated.

Keywords: stress, distress, COVID-19, public health, epidemiology, stress-
related diseases.

“COVID-19: A stress test for trust in science” is
the title of a very recent editorial in the Lancet
(COVID-19: A stress-test... 2020). The word “stress”
in this short overview is not directly related to the
biological stress, as Hans Selye first described it
almost 85 years ago (Selye 1936; 1937), but never-
theless underlines the popularity and frequent use
of not only the word, but also the concept of “stress”
during the recent pandemic. The father of bio-
logical stress, Hans Selye used to complain during
the last decade of his life (he died in 1982) that he
had had to fight in the 1940s and 1950s to get the
concept of stress or nonspecific adaption syndrome
accepted, but in the 1960s and 1970s he had had to
fight against its unnecessary use and implications
in the scientific literature and the lay press (Szabo
etal. 2012). Nevertheless, if he were alive nowadays,

258

he would enjoy hearing and reading the real and
meaningful use of the term “stress” associated with
all the travails during the COVID-19 pandemic and
especially understanding how much the concept of
biological stress has advanced from his early animal
experiments to the nonspecific phenomena expe-
rienced at individual human and societal level. Thus,
it may not be surprising that COVID-19 is the
largest human stressor since World War II.
COVID-19 (coronavirus disease—2019), caused
by the SARS-CoV-2 virus, is a new and complex
infectious disease. Its sudden and unexpected ap-
pearance in late 2019 and early 2020 found most
countries unprepared; thus, it is not surprising that
the new disease created much confusion, panic and
chaos that almost predictably lead to stress. In
arecent review article on this topic written in March
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S. Szabo, P. Zourna-Hargaden

and April 2020, when stress implications were
emerging, we summarised new epidemiologic,
public health and medical aspects of COVID-19
(Szabo 2020). In this short review, we will focus
only on the stress-aspect related to COVID-19.

According to the original definition by Hans
Selye, “stress is the nonspecific response of the body
to any demand made upon it” (Selye 1974; 1976).
Chaos and anxiety are often seen during epidemics,
especially when they grow to the pandemic level.
As arecent article stated, “crisis response has always
been chaotic” (Akst 2020).

By definition, stress should be caused by diffe-
rent factors (stressors) eliciting similar neuroen-
docrine changes, such as rapidly released catecho-
lamines and sustained, elevated levels of secreted
glucocorticoids (Selye 1974; 1976). The multifac-
torial etiology is almost a given in a pandemic like
this, e. g., anxiety about getting infected, uncertain-
ty about what the future may bring, depression,
isolation, family arguments in close quarters, real
or perceived food shortages, unemployment, reduced
income or its total loss, all culminating in increased
domestic violence and suicides (Fig. 1). The more
psychological, societal and physical stressors hit
people, the more serious the resultant distress re-
action becomes.

COVID-19
Stressors

Reduced income
and
Unemployment

= High
Social tensions wrmiElEee i
Arguments in - - frontline
isolation Healthcare
Workers

Fig. 1. Multifactorial stressors during
the COVID-19 pandemic

Early descriptive reports
on the COVID-associated stress

During the late winter and early spring of 2020,
multiple descriptive reports were published in
reputable newspapers and media outlets (e. g., BBC,
The Guardian, Le Monde, NPR, New York Times,
Wall Street Journal, USA Today, Los Angeles Times)
on the perceived distress during the initial chaotic
response to COVID-19, often focusing on certain

UnmeepamusHas gﬁusuozloeu,q, 2020, m. 1, Ne 4

segments of the population. Some of them are
illustrated in a collage of representative newspaper
articles (Fig. 2).

NATION'S HEALTH

School closures raising parents’ stress levels

N Study: Stress can cause
‘broken heart syndrome’

AKRON, Ohio - Stress from the coronavirus pan-
demic is heartbreaking.

A new Cleveland Clinic study led by an Akron Gen-
eral cardiologist discovered the number of cases of
“broken heart syndrome,” or stress cardiomyopathy,
coml doubled during the COVID-19 pandemic.
during pandemic

BUSINESS ¢ TUESDAY, APRIL 14, 2020 §

Outbreak Puts Stress on Links of Food Chain

MOSTACTIVE,

Fig. 2. COVID-19 and stress in public and healthcare
workers, as seen in the media. Suggestions for stress-
coping and relief (modified from Szabo 2020)

Distress may involve all segments of the popu-
lation, but the most severely affected ones are
healthcare workers (e. g., emergency room and
intensive care unit doctors and nurses) and contact
tracers. Besides almost all the other factors that hit
any segment of the society, additional stress on the
healthcare workers includes long hours they have
to put in, in part due to the shortages of doctors
and nurses, insufficient personal protective equip-
ment, triaging patients who cannot be saved due
to the lack of respirators or hospital beds, seeing
dying patients, etc. No wonder that healthcare
workers in some hospitals demand improvements
or refuse to work to protect themselves and their
families from potential exposure to the new virus
(Fig. 2). All this is compounded by the fact that
thousands of doctors and nurses died worldwide,
apparently in a much larger percentage than people
in any other professional segment.

Some of the early articles offered remedies for
the pandemic distress and, fortunately, the social
media and the lay press were full of stress-reduction
exercises, diets and other measures. The simplest,
scientifically proven measures among them are the
“relaxation response” (Benson 1975), meditation,
yoga and easy seven-minute workouts (Fig. 2). All
these measures should be preceded by and associ-
ated with a healthy diet (a lot of vegetables, minimal
carbohydrates and salt), plenty of hydration, daily
exercise (at least 30 min of walking), breathing
exercise and (if available) plenty of sunshine. If none
of these steps help, it is crucial to obtain profes-
sional help from licensed mental health experts to
avoid deep depression, alcoholism or domestic
violence.
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COVID-19: New disease and the largest new human stressor

Understanding stress in the COVID-19 era

Stress is usually perceived as something bad and
negative; however, Selye often emphasised that
“stress is the salt of life” (Selye 1974; 1976). At the
end of his long scientific career, not only did he
recognize that stress in small amounts makes us
more resilient (he named this “cross resistance”)
but also that there is good or positive and bad or
negative stress. In his book “Stress without distress”
Selye named these “eustress” (like euphoria) and
“distress” (Selye 1974). Although the pituitary and
adrenal glands cannot differentiate the reasons for
increased ACTH and cortisol secretion, some brain
areas can (e. g., the prefrontal cortex, the amygda-
la and the hippocampus). These concepts were
further reinforced by subsequent seminal discov-
eries by Ludmila Filaretova who confirmed that
although high levels of glucocorticoids are indeed
bad for our body, their small doses are actually
protective (Filaretova et al. 1998; 2009).

In this review, due to COVID-19 being a severe
disease, we focus on the negative effects of the
associated biological stress, i. e., on distress, and
we use terms “stress” and “distress” interchangeably.

Life during the COVID-19 pandemic is associ-
ated with increased levels of anxiety, distress, mood

disturbances and other mental health disorders in
certain population groups (trauma, PTSD, obses-
sive-compulsive syndrome) (Zvolensky et al. 2020).
This section will focus on evidence-based data but
also on media-reported information since February
2020. As public health professionals, the authors
believe that media advocacy is of utmost importance
in developing public health strategies to promote
well-being of individuals during the pandemic and
unique mental health challenges associated with it.
There has never been a comparable chance and
urgent need for public health practitioners to take
into consideration all emerging data in order to
coordinate their efforts in epidemiologic research,
to promote public health measures through dis-
semination of scientifically correct information and
to formulate health policies through globally used
social media platforms and technologies.

In order to identify population groups at risk of
stress and worse general health or mental health
outcomes, a certain distinction in the etiology and
description of stress is necessary: (a) direct (normal)
stress, generated through a full direct cascade of
stress responses. This can be expected to include
activation of the neuroendocrine HPA stress axis
and other systems that maintain homeostasis;
(b) stress through indirect mechanisms; e. g., social

India’s death toll surges as the Americas continue to struggle with Covid-19
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Fig. 4. The COVID stress syndrome is characterised as a network of interconnected symptoms, with the fear caused
by COVID-19 and its danger at its centre (DAN), which is interconnected with socioeconomic concerns (SEC),
xenophobia (XEN), traumatic stress symptoms (TSS) and compulsive checking and reassurance seeking (CHE).

Thicker lines represent stronger connections (modified from Taylor et al. 2020)

distancing and financial hardships likely influence
coping/adaptive mechanisms, causing anxiety and
stress, and may lead to increased smoking or in-
creased vulnerability and relapse in former users.
(Patwardhan 2020; Stubbs et al. 2017). Smoking
initiation and severity, in turn, increase
the COVID-19 susceptibility and lead to worse
disease-related outcomes. It is imperative that
healthcare providers assess smoking (including the
e-cigarette use) as well as the relapse potential
among former users and provide appropriate edu-
cation and intervention to help mitigate the poten-
tial negative effect of this health behaviour on the
disease infection and its course.

Facts and evidence-based data

COVID-19 acts as a broad stressor that increa-
ses both normal and pathologic functions in the
body, but the resulting distress also leads to mood
disturbances and other mental health problems
(fear, paranoia, PTSD, obsessive-compulsive syn-
drome). According to recent research, it may bring
about more severe health problems, such as chro-
nic illnesses and drug addiction, especially in peo-
ple with pre-existing pathologic conditions (Zvolen-
sky et al. 2020). To date, COVID-19 has affected
more than 38 million people, with fatal consequenc-
es for more than 1 million. The total toll is depicted
in Fig. 3.

Recently, the “COVID Stress Syndrome” model
(CSS 2020) was developed, which identifies five
distinct but also interrelated elements (Taylor et al.
2020):

1) Fear of the COVID-19 danger and getting
infected by different means, e. g., touching
contaminated objects, breathing contaminated
air, etc. (DAN).

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 4

2) Worry about the social and financial impact
(socioeconomic costs) of the virus (SEC).

3) Marked concern that foreigners spread the

disease (XEN).

4) Related traumatic stress symptoms (TSS).

5) Compulsive checking and seeking reassurance

(CHE).

The new “COVID stress syndrome” was described
and characterised as a network of interconnected
symptoms, with the fear caused by COVID-19 and
its danger at its centre, which is interconnected
with socioeconomic concerns, xenophobia, traumatic
stress symptoms, compulsive checking and
reassurance seeking. The network, in turn, is
associated with other factors such as excessive
avoidance, panic purchasing, high distress levels
and maladaptive coping during self-isolation
(Fig. 4) (Taylor et al. 2020).

Data from survey studies in China suggest that
around 25% of the general population have
experienced moderate to severe levels of stress- or
anxiety-related symptoms in response to COVID-19
(Qiu et al. 2020; Wang et al. 2020b). Among 1210
respondents in a survey study in China, 8.1% reported
moderate to severe stress levels, while 28.8% reported
moderate to severe anxiety symptoms (Wang et al.
2020a). A countrywide survey that included
52730 people in China during the COVID-19
epidemic found that about 35% of the participants
had psychological distress (Qui et al. 2020). The
latter study is in line with the recent Kaiser Family
Foundation survey results indicating that 45% of
adults in the USA report that their mental health
has been negatively impacted due to worry and
distress over the coronavirus (Panchal et al. 2020).

Stress is often associated with insomnia, as
demonstrated by cross-sectional studies that included
medical staff and individuals in self-isolation (Xiao
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etal. 2020a; 2020b). In the largest Chinese survey in
July 2020, with 56 679 participants across all
34 province-level regions, 31.6% had anxiety symptoms,
29.2% had insomnia and 24.4% had acute distress
symptoms during the outbreak (Shi et al. 2020).

Comparison of data from several countries
reveals the variability in the perceived distress
among the general public, e. g., 32.1% in China
(Wang et al. 20204, an online survey), 35.7% in India
(Kazmi et al. 2020, an online survey), 17.5% in Iraq
(Othman et al. 2020, an online survey), 37% in Spain
(Odriozola-Gonzalez 2020, social media survey)
and 27.2% in Italy (Mazza et al. 2020, an online
survey). No difference in depression levels was
detected among the COVID-19 patients compared
to the general public, nor did the anxiety levels
differ between the groups, according to a case-
control study in China (Zhang et al. 2020). In an
online survey involving infected patients, 96.2%
reported PTSD-like symptoms associated with the
COVID-19 (Bo et al. 2020).

A survey of 1441 individuals from the US showed
that 27.8% had depression symptoms during
COVID-19 compared with 8.5% before COVID-19,
representing a 3-fold increase in all demographic
groups during the pandemic. Furthermore, a higher
socioeconomic status was associated with fewer
depression symptoms both before and during
COVID-19 (Ettman et al. 2020).

Data from most case-control studies originating
in China suggest that stress and anxiety levels
significantly increased among healthcare professionals
(Caietal. 2020; Lu et al. 2020; Xu et al. 2020; Chen
et al. 2020; Xue et al. 2020; Li et al. 2020). However,
one case-control study (Liang et al. 2020) showed
no differences in anxiety levels when medical health
workers in the COVID department were compared
to medical staff in other departments (e. g.,
cardiology). Lastly, in another case-control study,
poor sleep quality was detected among healthcare
workers with no differences in anxiety levels (Huang,
Zhao 2020).

A systematic review and meta-analysis from
Greece, which combined data from 12 studies on
healthcare workers, showed that the pooled
prevalence of anxiety among healthcare workers
was 23.2%. Remarkably, when the GAD-7 (Generalised
anxiety disorder 7-item scale) was used as the
assessment tool, the pooled prevalence of anxiety
(from four studies) was as high as 36.9% (Pappa
et al. 2020).

Although there is more evidence coming in since
the beginning of the pandemic (around 40 studies
so far), these results cannot be generalised due to
their origin (most studies were conducted in Asia)
and the fact that they are not case-control studies
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and include various reported outcomes and statistical
methods. Lastly, the scientific literature is very
limited on psychiatric symptoms among patients
with the SARS-CoV-2 infection. The inconsistencies
may be due to several factors, such as differences
in sampling methods, variations in research
participants or screening tools, differences in the
time points of the mental health assessment (Peng
et al. 2020).

Prevention and treatment strategies

In the aftermath of the health crisis declared by
the WHO as the Public Health Emergency of
International Concern, multiple public health
measures were implemented at community, regional
and national levels in China and most of the countries
around the world in an effort to control the disease
transmission (Adhikari et al. 2020). The WHO also
issued detailed guidelines on the use of face masks
in the community, during care at home and in the
health care settings during COVID-19 (WHO.
Advice on the use of masks in the community,
during home care and in health care settings in the
context of the novel coronavirus 2019-nCoV outbreak
Interim guidance: https://apps.who.int/iris/
handle/10665/330987).

With the depression prevalence in 23% of the
aging population in China, there was an early need
to improve mental health services delivery to this
population group, as detected by public health
professionals (Yang et al. 2020). In this paper, the
authors underline the risks caused by an upcoming
mental health crisis and the inadequacy of online
mental health services due to the restricted technology
use by older populations. It was proposed to use
online surveys for assessing mental health problems
and to provide online counseling and self-help
services targeting several age groups (Liu et al.
2020).

Another study highlighted the services that are
already provided in China and also listed strategies
for the general public to minimize the outbreak-
related stress: (a) information accuracy assessment;
(b) enhancing social support; (c) reducing the stigma
associated with the disease; (d) maintaining as normal
a life as possible while adhering to safety measures;
(e) using available psychosocial services, particularly
online services, when needed (Bao et al. 2020).
A recent educational article from the USA underlined
mental health issues associated with the COVID-19
pandemic and declared that “under stress, our brain
works overtime to regulate our emotions, attention
and behaviour” (Bernstein 2020). It called attention
to “the one thing you can control now: yourself”.
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Psychiatric services have also shifted to tele-
psychiatry, up to 90% in Europe, especially in Paris,
and up to 100% in Italian psychiatric departments.
Telemedicine has been embraced by a part of cli-
nicians; however, the majority does not practice.
In the US, a consensus guideline exists since 2018
between the American Psychiatric Association and
the American Telemedicine Association, and cli-
nicians are encouraged to embrace telemedicine
by public health officials (Best practices... 2018).
Researchers in China developed intervention mod-
els, including Al programs, and suggested that all
medical health professionals as well as volunteers
should be trained to deliver mental health care in
and out of hospitals (Kang et al. 2020).

The “virtual reality” therapy for stress developed
by companies involved in Augmented Reality (AR)
and Virtual Reality (VR) gained attention during

@ Real-time view

Get a real-time view of what
yaur patient is seeing and what
|z happening during the session

" Control the experience

Adapt a simulation to the neads

the pandemic (Fig. 5). Examples include meditative
virtual reality games which invoke slow and deep
breathing by making players watch virtual worlds
using biofeedback mechanics as their control system
(DEEP VR, Soundself). In Spain, for instance, the
Barcelona-based company Psious has developed
an all-in-one virtual reality platform for therapists
and mental health professionals to treat anxiety
disorders through exposure therapies. In the United
States, the Massachusetts-based XR Health is
avirtual reality tele-health company with over 500
certified healthcare professionals.

Despite multiple existing stress-coping, preventive
and therapeutic programs, the long-term health
effects and public health consequences of the
increased distress during the COVID-19 pandemic
remain to be seen and must be investigated.

i1l Patients monitoring

Register data from the
hinfeedback sensor and the
Subjective Units of Distress on
a graph o record your patient's
progress

- =| Automatic reports

of each patient using the
variable settings and your
cantrol panel

Butormatically-generated
reports, zave the detailz of each
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Fig. 5. Virtual reality exposure-based therapy (VR) and augmented reality exposure-based therapy (ARET)
adopted to combat stress during COVID-19 (a collage based on the Internet resources)
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Abstract. Communication between the central nervous system (CNS) and
the gastrointestinal tract is called the brain-gut axis. This communication
network includes the CNS, hypothalamic-pituitary-adrenal axis, the autonomic
nervous system (sympathetic and parasympathetic), the enteric nervous
system and the gut microbiota. From the conditioned reflex activity in gastric
acid secretion discovered by Pavlov to the recognition of the role of CNS
in stress-induced gastric ulcer and exacerbation of intestinal inflammation,
all these facts confirm the significance of brain-gut axis. Moreover, mental
illnesses and depression also result in high risk for developing subsequent
gastrointestinal mucosal injury. The brain-gut axis is bidirectional; therefore,
not only the CNS affects the gastrointestinal functions, but the gut information
is also forwarded to the CNS, which may modify its activity. Several observations
suggested that changes in microbiome composition can be manifested
in alterations of behavior and cognition; and a strong correlation between
dysbiosis and psychiatric disorders has been observed. These observations
substantially contributed to the establishment of the concept of the microbiota-
gut-brain axis. The present work aims to overview the mutual role of brain-
gut-microbiota and microbiota-gut-brain axis in the development
of gastrointestinal and mental disorders as well as their mechanisms.

Keywords: brain-gut, gut-brain axis, microbiomes, stress, mental disorders,
gastric ulceration, inflammatory bowel disease (IBD).

Introduction

The role of central nervous system (CNS) in regu-
lation of gastrointestinal functions under physiolog-
ical and pathological conditions has been in the focus
of research for decades. Several data indicate that the
brain-gut axis is bidirectional and the peripheral al-
terations in GI tract may influence the brain activity
and functions. This bidirectional communication
network, the brain-gut and the gut-brain axis, includes
the CNS, the hypothalamic-pituitary-adrenal
axis (HPA axis), the autonomic nervous
system (sympathetic and parasympathetic),
the enteric nervous system (ENS) and the gut micro-
biome. Therefore, this bidirectional communication
system can be better characterised as the microbi-
ome-gut-brain and brain-gut-microbiome axis.

Historical background of brain-gut axis

The role of the CNS in regulation of gastroin-
testinal function was first demonstrated in the
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19* century by L. P. Pavlov in a brilliant experimen-
tal series on dogs. Among other fascinating findings,
Pavlov was the first to demonstrate that animals
could be conditioned to salivate when they hear
a certain sound. Similarly, gastric acid and pancre-
atic secretions could be induced by smell and sight
of food (cephalic phase of digestion). He also demon-
strated that gastric acid secretion in fasted dogs
starts almost immediately following exposure to
appetising food without food actually entering the
stomach (sham feeding) (Pavlov, Thompson 1902).
He investigated the entire neural control of gastric
secretion and the role of vagal nerves in this process,
since the sham-feeding-induced gastric acid secre-
tion was abolished by vagotomy.

Based on these findings, Pavlov was the first to
demonstrate and systematically analyse the com-
munication between the brain and the gastric
function; thus he established the concept of brain-
gut axis, which became one of the most exciting
research topics in the next centuries. In 1904,
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he was awarded Nobel Prize for achievements in
gastroenterology. The significance of his findings
continue to be recognised and cited also in the 20"
and 21* century (Filaretova, Bagaeva 2016; Konturek
et al. 2005; Smith 2000).

In the 20™ century Hans Selye, who has been
recognized as the father of stress research, intro-
duced the concept of stress in a medical context.
His theories on the responses of the organism to
emotion, illness and injury helped to understand
the causes and mechanisms of disease. According
to his definition, stress is a non-specific response
of the body (Szabo et al. 2012). His research on
stress-related disorders, mechanisms and hormonal
background, particularly in gastrointestinal tract,
significantly contributed to and confirmed the
concept of brain gut axis. He suggested that not
only catecholamines released from the adrenal
medulla (as Cannon concluded), but also glucocor-
ticoids produced by adrenal cortex under the in-
fluence of ACTH play a crucial role in stress. Thus,
Selye was the first to demonstrate the determining
role of the hypophysis-adrenal cortex axis in the
stress response (Selye 1936). He showed that ex-
perimental stress induced powerful gastric mucosal
injury in rats and recognised the development of
stress-related ulcers in humans, based on clinical
reports on the dramatic increase of the number of
perforated gastric and duodenal ulcers during
bombings of London in World War II (Selye 1943).

Brain gut, gut-brain axis

Within the brain-gut axis, the brain-stomach
axis represents a separate research area. Therefore,
the brain-stomach axis is discussed separately.

Brain-stomach axis

The concept of Selye was confirmed by further
clinical observations. Parallel with Selye, the role
of CNS in development of peptic ulcer was sug-
gested by Cushing who recognized that brain inju-
ry, cerebral stroke or tumor were associated with
gastric mucosal damage (Cushing 1932). Furthermore,
a significant association was found between schizo-
phrenia and lower incidence for duodenal (but not
for gastrojejunal) ulcers (Ozdemir et al. 2007).
Different mental illnesses (like anxiety, panic dis-
order, panic attacks, and social phobia) resulted in
high risk for developing subsequent peptic ulcer
disease. Similarly, patients suffering from bipolar
disorders exhibited a substantially higher risk of
ulcer disease (Goodwin et al. 2013).

The mechanism of stress-induced gastric mucosal
injury, bleeding and ulceration are probably asso-
ciated with the release of adrenaline, noradrenaline
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from adrenal medulla resulting in redistribution of
circulation to ensure the blood supply of vital organs,
however, at the same time, the blood flow of viscer-
al system, including the gastric mucosa, decreases.
The decreased gastric mucosal microcirculation
results in mucosal ischemia, and consequently,
mucosal injury (Abdel-Salam et al. 2001; Monnig,
Prittie 2011) (Fig. 1).

STRESS e
Release of

l proinflammatory

\ cytokines
HYPOTHALAMUS

Altered intestinal
lCRF

microbiome =
LOCUS COERULEUS

PITUITARY

l ACTH l,NORADRENALINE ’\ /

'X_,,____q_ P
ADRENALS ADRENALS Decreased blood <
l flow of visceral organs

CORTISOL ADRENALINE

l NORADRENALINE

Enhanced mucosal permeability,
microbial translocation

Fig. 1. The mechanism of stress-induced
gastrointestinal mucosal injury. In stress adrenaline
and noradrenaline are released from adrenals. Through
circulation redistribution, the catecholamines gastric
mucosal microcirculation and induce mucosal
ischemia. The intestinal lesions may be associated with
the release of proinflammatory cytokines, alteration
of microbiome compostion as well as enhanced
intestinal mucosal permeability and the consequent
microbial translocation into intestinal wall

Beside the human data, experimental evidence
confirmed the key role of brain-gut axis and pro-
vided further details for the mechanism. In these
experiments, the compounds, mainly neuropeptides,
were given centrally, intracerebroventricularly (icv.),
intracistrenally (ic.) or into discrete brain areas to
rats or mice and their effect on gastrointestinal
functions (gastric mucosal lesions, acid secretion
and motility) was determined.

Thyrotropin-releasing hormone (TRH), plays
a key role in the regulation of the autonomic nervous
system; it was among the first neuropeptides that
was shown to inhibit the gastric mucosal injury in-
duced by ethanol injected ic. or into the dorsal
motor nucleus of vagus (DMN) in low (0.5-1.5 ng),
non-secretory doses (Tache 2012). This finding was
followed by an intensive research, and several neu-
ropeptides were shown to be gastroprotective if
given centrally, such as peptide YY (PYY) (ic.),
amylin (icv.) (both of them are involved
in regulation of food intake), a-calcitonin gene-re-
lated peptide (a-CGRP) (ic.), adrenomedullin (ic.)
(Tache 2012). The same group also showed that
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corticotropine releasing factor (CRF), having out-
standing role in initiation of stress response, exerted
mucosal protective effect injected icv. against
cold-restrain stress induced mucosal lesions and
reduced C-fos expression in DMN (Wang et al.
1996). This finding might suggest that during the
development of stress-related gastric mucosal in-
jury, compensatory mechanisms are also activated
to attenuate the deleterious effect of stress.

Furthermore, opioid peptides with different
selectivity to the opioid receptor types such as the
non-selecive $-endorphin (released also in stress
response), the §-opioid receptor selective
[D-Ala(2),D-Leu(5)]-enkephalin (DADLE),
[D-Pen(2),D-Pen(5)]-enkephalin (DPDPE) and
deltorphin II as well as p-opioid receptor selective
Ala(2),Phe(4),Gly(5)-ol]-enkephalin (DAGO) were
shown to exert powerful gastroprotective effect in
low, non-analgesic doses. Endomorphins (endo-
morphin I and endomorphin II), highly selective
p-opioid receptor agonists, discovered in 1997
(Zadina et al. 1997) differ in basic structure from
the above mentioned opioid peptides (B-endorphin,
enkephalins and deltorphin), since they are tetra-
peptides. They are widely distributed in the CNS.
Endomorphins proved to be particularly potent;
they caused a significant inhibition of ethanol-
induced lesions in fentomolar doses (given icv.).
In addition, elevation of brain level of endomorphins
via inhibition of their degradation by diprotin A,
a dipeptidyl peptidase IV inhibitor, also resulted in
a gastroprotective effect. This finding might have
practical benefit. Namely, peptides do not cross the
blood-brain barrier following peripheral adminis-
tration (unless they have special transporter),
therefore, their potential therapeutic application is
very limited. However, if elevation of their endog-
enous level by inhibiting their degradation results
in the same beneficial action as the centrally inject-
ed peptide itself, it may be considered whether this
pharmacological approach might be utilized in the
drug development strategy (Gyires, Rénai 2001;
Gyires et al. 2013; Gyires, Zadori 2014).

Moreover, the group of peptides that have a key
role in regulation of food intake, also exert mucosal
protective action, indicating that they might play
arole in gastric mucosal defensive processes as well.
PYY and amylin were mentioned above. Further-
more, ghrelin (icv., ischemia-reperfusion model),
orexin-A (ic., ethanol-model), leptin (icv., ethanol
and ischemia-reperfusion) and nesfatin-1 (icv.,
ethanol) reduced the mucosal lesions in different
ulcer model (Gyires, Zadori 2014).

The effective gastroprotective dose range of
neuropeptides varies widely from fmol/rat (endo-
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mophin, f-endorphin) to nmol/rat (ghrelin, orexin,
deltorphin II) given icv, ic. or into discrete brain
areas (Gyires, Zadori 2014).

How is the centrally-induced gastroprotective
effect conveyed to the periphery?

Pavlov already demonstrated the role of vagal
nerve in the gastric acid secretion and salivation in
sham feeding and conditional reflex in dogs. Simi-
larly, the dorsal vagal complex and vagal efferents
were shown to play a crucial role in conveying the
centrally initiated effect to the periphery, and the
vagally mediated gastroprotective effect has been
demonstrated for the majority of neuropeptides.
First, the mucosal protective effect of TRH, or its
stable analogue RX-77368, injected ic. or into or
the dorsal motor nucleus of vagus was shown to be
abolished by both vagotomy and atropine indicat-
ing the involvement of vagal cholinergic pathways
in the centrally initiated gastroprotective effect.
Activation of vagal cholinergic pathways stimulates
the gastric mucosal nitric oxide and prostaglandin
release as well as the effector function of capsai-
cin-sensitive afferent fibers which is manifested in
calcitonin gene-related peptide (CGRP) release
(Tache 2012; Gyires, Zadori 2014; Gyires et al. 2013;
Holzer et al. 1990).

However, beside vagal nerve, other mechanisms
have also been identified. For example, the gastro-
protective effect of centrally injected ghrelin could
be blocked only by parallel inhibition of both cho-
linergic and adrenergic systems, indicating that
both systems are likely to be involved in the mucosal
protective effect of centrally injected ghrelin (Paw-
lik et al. 2011). Similarly, both adrenergic and
cholinergic systems also play a role in the gastro-
protective effect of nociceptin (N/OFQ) given either
centrally (icv.) or peripherally (intaperitoneally),
since its protective action was inhibited by vago-
tomy or atropine as well as bretilium (Polidori et
al. 2005). However, the gastroprotective effect of
angiotensin II injected into the paraventricular
nucleus of the hypothalamus was not influenced
by vagotomy or atropine, but was blocked by
propranolol or disconnection of the nerves inner-
vating the adrenal glands, indicating the role of the
sympathetic-adrenal gland/beta adrenoceptor
pathway (Zhang et al. 2008).

Brain-gut axis

The most common chronic and relapsing inflam-
matory condition of the intestinal tract is the inflam-
matory bowel disease (IBD): Crohn’s disease (CD)
and ulcerative colitis (UC). Both diseases have im-
munological background and increasing number of
evidence suggests that crosstalk between the nervous
and immune systems may have a significant influence
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on the regulation of the immune response and,
consequently, the inflammatory processes.

Depression and IBD

Several data indicated that IBD may coexist with
mental disorders and the occurrence of different
mental diseases, stress, major depression and anxi-
ety are more frequent in IBD patients than in the
control population (Kurina et al. 2001; Filipovic,
Filipovic 2014). In addition, IBD can exacerbate in
the presence of psychiatric disorders. Major depres-
sion can also be responsible for the failure of the
successful treatment of IBD with infliximab. There-
fore, identification and management of major de-
pressive disorders should be part of the clinical
treatment (Persoons et al. 2005).

Why can depression aggravate or even cause IBD?

Intensive research has been focused to clarify
how nervous system may influence the immune
system. It was found that in the GI tract, vagal in-
nervation plays a basic role in controlling intestinal
immune activation. Namely, the release of acetyl-
choline reduces the immune cell activation by inter-
acting with a-7 nicotinic acetylcholine receptors
(Matteoli, Boeckxstaens 2013). It has been demon-
strated that depression results in impaired parasym-
pathomimetic functions and, consequently, the ac-
tivation of inflammatory processes (see review: Bonaz
etal. 2018). For example, in patients with depression
the inflammatory parameters, like C-reactive protein
(CRP) and tumor necrosis factor-a (TNF-a ) increased,
similarly the leukocytes counts were also higher.
Antidepressant treatment resulted in a decreased
level of TNF-a, CRP, and leukocyte counts (Tuglu
et al. 2003) (Fig. 2).

Experimental results are in line with the human
findings. Increased gut inflammation, disease activ-
ity index, myeloperoxidase activity, elevated co-
lonic tissue levels of interleukin-1p (IL-1p), inter-
leukin-6 (IL-6) and TNF-a were observed in
vagotomised mice with dextran sulfate sodium
(DSS) and hapten-induced colitis compared to
sham-operated mice administered DSS or hapten.
It was concluded that the vagus nerve plays an
inhibitory role on inflammatory parameters in acute
colitis and identification of counter-inflammatory
neuronal pathway might represent a new therapeu-
tic target for treating acute exacerbations of inflam-
matory bowel disease (Ghia et al. 2006; 2008).

Furthermore, reactivation of chronic colitis
induced by dextran sulfate sodium (mimics UC),
was observed in vagotomised mice or in mice with
experimental depression elicited by icv. infusion of
reserpine, this effect was reversed by the treatment
with antidepressant, desmethylimipramine (DMI).
Macrophages isolated from mice exposed to va-
gotomy or experimental depression resulted in
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Fig. 2. The role of vagal nerve in brain-gut and gut-
brain axis. The release of acetylcholine from the nerve
terminal of efferent fibers reduces the immune cell
activation by interacting with a-7 nicotinic
acetylcholine receptors. In depression, impaired
parasympathomimetic functions can be observed,
resulting in activation of inflammatory processes.
Afferent fibers of vagal nerve are able to sense
the microbiota through microbiota derived
compounds, metabolites such as lipopolysaccharide
(LPS) and sort chain fatty acids (SCFAs), and transfer
this gut information to the brain through nucleus
tractus solitarii (N'TS), part of dorsal vagal complex

a selective increase of pro-inflammatory cytokine
release, this effect was reversed by DMI. These
findings suggest the critical role of macrophage in
the reactivation of chronic colitis by depression or
vagotomy (Ghia et al. 2011).

Stress and IBD

In humans, psychosocial factors may influence
the course of IBD. Adverse life events and chronic
stress can contribute to disease relapse. Moreover,
experimental stress can increase mucosal inflam-
mation both in patients with IBD and in animal
models of colitis. Although increasing number of
findings suggest the pro-inflammatory effects of
stress in IBD, very few studies have identified stress
reduction as a therapeutic possibility (Mawdsley,
Rampton 2006). Bonaz and Bernstein (2013) em-
phasised the psychophysiological vulnerability of
patients with IBD, for example mood disorders,
distress or increased perceived stress. Since multi-
ple evidence indicates that stress or other negative
psychological factors may have a deleterious effect
on the course of the disease, patients with IBD may
need psychotherapy.

Why does stress produce a negative impact
on the course of IBD?

Several mechanisms have been identified.
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Disruption of intestinal mucosal tight junc-
tions by acute and chronic stress was ob-
served. Namely, increase in serum corticos-
terone in chronic stress was found to induce
a decrease in specific intestinal epithelial
tight junction proteins (Zheng et al. 2017).
This can lead to enhanced mucosal perme-
ability of the colon, and, consequently, mi-
crobial translocation into the intestinal wall.
The increased number of bacteria in the
colonic tissue provokes an excessive release
of cytokine and a consequent inflammation.
Acute minor stress is accompanied by acti-
vation of hypothalamus-pituitary axis, that
results in a prompt increase in cortisol and
catecolamine levels (Koob 1999) as well as
the concentration of pro-inflammatory cy-
tokines such as TNF- a, interleukin-8 (IL-8),
IL-1p and IL-6. Thus, acute stress is charac-
terized by enhancement of immune function
(Brzozowski et al. 2016). In contrast, chron-
ic sustained stress induces a prolonged in-
crease of cortisol for several days in humans,
which may result in immunosuppressive
action (Straub et al. 2005) (Fig.1).

Change of composition of microflora is con-
sidered to be one of the main mechanisms in
the pathogenesis of IBD. Stress may alter
the intestinal microbiomes. For example,
under ex vivo condition, dopamine and
noradrenaline increased enterohemorrhagic
E. coli O157:H7 adherence in murine cecum
compared to untreated control group. These
findings suggest that conditions associated
with elevated catecholamine release, such
as stress exposure, may influence host sus-
ceptibility to E. coli O157:H7 infection (Chen
et al. 2003). Furthermore, stress may affect
microbial populations, including the lacto-
bacilli, in mice, which have beneficial
effect in human intestinal homeostasis.
The stress-induced reduction of their popu-
lation could initiate pathological alterations
(Galley et al. 2014). Recently, there was an
experimental series aimed to explore how
gut microbiota changes in adolescent rats
that were exposed to fixed period of restraint
stress. It was found that while adolescent
chronic stress-induced differences in mi-
crobial species and distribution disappeared
three weeks after the stress treatment,
the differences in microbial metabolic pro-
files could also be observed in adulthood
(Xu et al. 2020) (Fig. 1).

Gut-brain axis

As mentioned in Introduction, the brain-gut
axis is bidirectional; numerous experimental data
suggested a complex interaction between the GI
tract and the CNS, that confirms the importance
of gut-brain axis. Convincing evidence from both
human and animal studies show that inflammato-
ry processes in the gut may trigger central changes
that result in altered brain function.

On the other hand, recently, the importance
of gut microbiota in these interactions has been
recognized. Namely, the cells of the gastrointestinal
tract are also under the influence of the gut micro-
biota. Several human and experimental data indicate
that microbiome plays an important role in the
gut-brain axis, and therefore the concept of micro-
biome-gut-brain axis has been introduced
(Carabotti et al. 2015).

IBD and CNS disorders

The significance of gut brain axis is supported
by multiple clinical data. There is growing evidence
that IBD is associated with anxiety- and depres-
sion-related disorders, which contribute to the
social burden of these diseases. Comorbidity of
psychological/psychiatric disorders and IBD often
can be observed, and when they coexist it influ-
ences the course of both diseases. IBD impairs the
quality of life of the patients not only because of
the intestinal (abdominal pain associated with diar-
rhea, rectal bleeding, and malnutrition) and ex-
traintestinal (e.g. fever, weight loss, arthritis, ar-
thralgia, mucocutaneous, ophthalmologic lesions)
symptoms, but also because of the impaired men-
tal health (Holzer et al. 2015).

Recently, aberrant brain activity in patients with
mildly to moderately active UC has been shown by
resting state — fMRI study. Their study revealed
alterations in the limbic system that might play an
important role in cognitive impairments in patients
with active UC (Fan et al. 2019).

Furthermore, intestinal inflammation can induce
mood disorders, alteration of circadian rhythm and
changes in appetite. Preclinical studies demon-
strated that effective treatment of intestinal inflam-
mation improves the associated behavioural im-
pairment. Therefore, a holistic approach to the
treatment of patients with IBD and appropriate
management of behavioural disorders are necessary
(Collins 2020).

Convincing evidence was provided by Canadian
researchers. They found 21.2% and 25.8%, rate of
anxiety and depression, respectively, in patients
with IBD, in contrast with the general Canadian
population. In an earlier Canadian study, IBD pa-
tients demonstrated 4.7% and 11.3% 12-month and
lifetime depression rates, respectively, while their
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12-month and lifetime Generalised Anxiety Disor-
der rates were 2.6% and 8.7%, respectively (Byrne
et al. 2017).

In addition, not only in GI tract, but in any pe-
ripheral organ, inflammation may induce a common
pattern of CNS response, the so-called “sickness
syndrome’, which includes fever, sleepiness, ano-
rexia, hyperalgesia, fatigue, mood alterations,
cognitive dysfunction and corticosteroid release
(Saper et al. 2012).

Human observations have been confirmed by
experimental findings. For example, dextran sulphate
sodium induced colitis in mice affected their stress-
associated behavior; prolonged immobility during
the water avoidance stress session was observed,
parallel with brain region-dependent alterations of
neuropeptide Y (NPY), NPY receptor Y1, CRH,
CRH receptor 1, brain-derived neurotrophic factor
and glucocorticoid receptor gene expression (Re-
ichmann et al. 2015).

Similarly, experimental colitis elicited by dextran
sodium sulphate in mice was shown to induce CNS
excitability in response to kainic acid and increased
anxiety-related behaviour as revealed using the
elevated plus-maze and open field models (Nyuyki
etal. 2018). Furthermore, peripheral inflammation
through administration of TNF-a to mice, was
shown to activate the brain microglia and elevate
pro-inflammatory factors, as well as delayed and
progressive loss of dopaminergic neurons in sub-
stantia nigra characteristic in Parkinson’s disease
(Qin et al. 2007).

Why can intestinal inflammation induce brain
alterations?

Several mechanisms have been identified as
responsible for the gut-CNS communication. For
example, it is well known, that cytokines, (IL-1f,
IL-6, and TNF-a) play a pathogenic role in IBD and
also appear in the circulation (Nikolaus et al. 1998).
These cytokines also play a role in the pathogenic
mechanisms of several psychiatric diseases associ-
ated with inflammation, like behaviour-disorders,
cognitive changes and affective disorders, since
cytokines may alter neurotransmission in the brain
(Dantzer 2009).

Cytokines circulating in the blood affect CNS
function through a variety of pathways, since these
cytokines are too bulky to cross the blood-brain
barrier (BBB) in large amounts.

+ It was shown that in minor amounts they

can be actively transported (Banks, Erickson
2010). Their transport rates differ depending
on cytokines, brain regions, physiological
circumstances and diseases (Banks 2005).
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+ Another mechanism by which cytokine can
affect brain function is that cytokines —
through their receptors located at BBB on
perivascular and endothelial cells — can
increase the expression of cyclo-oxygenase-2
(COX-2) and biosynthesis of PGE, (Schiltz,
Sawchenko 2002), and prostaglandins are
probably a key mediator responsible for brain
responses to systemic inflammation by their
ability to cross the BBB (Saper et al. 2012).

+ Additional mechanism how peripheral in-
flammation may signal to CNS is the neural
pathway when cytokines sensitise and/or
stimulate vagal and spinal afferent neurons
and thus contribute to a rapid propagation
of immune signals (Holzer et al. 2015).

+ Finally, the signalling mechanisms from the
periphery result in additional synthesis of
cytokines inside the brain, such as IL-1,
IL-6, and TNF-a, most probably by activat-
ing the microglial cells (Dantzer 2009; Bey-
non, Walker 2012).

Microbiome-gut-brain axis

The most important components of gut-brain-
axis are the CNS, the ENS system and the intestinal
microbiota (Ambrosini et al. 2019).

IBDs are complex diseases caused by interaction
of environmental, genetic factors, immune dysregu-
lations, barrier dysfunction, and changes in micro-
bial flora. Under normal physiologic condition, the
intestinal barrier prevents the invasion of microbes
and toxins into the mucosa.

Several observations suggested that changes in
microbiome composition can be manifested in
alterations of behavior and cognition, substantial-
ly contributing to the establishment of the micro-
biota-gut-brain axis as a concept (Holzer et al. 2015;
Stilling et al. 2014).

Approximately 75% of intestinal microbioms
belong to Firmicutes, Bacteroidetes Firmicutes and
Bacteroidetes phyla (Eckburg et al. 2005). It has
been recognised that the presence of a healthy and
diverse gut microbiota is important for the normal
cognitive and emotional development. A newborn
is first exposed to the mother’s vaginal microbiota
which is important in the offspring’s microbial
colonisation and it was demonstrated that the gut
microbiota has a central role in the development
and maturation of the human CNS and ENS in
these early postnatal weeks (Mueller et al. 2015).
This process can be influenced by several factors,
including the Cesarean section, perinatal antibi-
otics and formula feeding that may correlate with
increased risks of metabolic and immune diseases.
For example, following Cesarean section the risk
of celiac disease, asthma, type 1 diabetes, and
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obesity may increase in the offspring. Similarly,
the treatment with antibiotics during pregnancy
may increase the prevalence of obesity and asthma
in childhood (Mueller et al. 2015).

Furthermore, several data show a strong corre-
lation between dysbiosis and psychiatric disorders,
autoimmune disorders, irritable bowel syndrome
(IBS), IBD and obesity (Wang, Kasper 2014).

Autism is a developmental neuro-behavioral
disorder. Although the possible role of gut microor-
ganisms in the pathogenesis of autism is controver-
sial (Mangiola et al. 2016), it was found that large
amount (10 times more) of species in the Clostrid-
ium genus was identified in the fecal samples of
autistic children (Parracho et al. 2005). Furthermore,
the gut barrier alteration may also contribute to
autism (Emanuele et al. 2010).

Information of the microbiota-gut-brain com-
munication axis can be conveyed from the gut to
the brain by several mechanisms, such as:

+ Vagal and spinal afferents. Microbial factors,
such as polysaccharides or sort chain fatty
acids can stimulate vagal afferents (Mao
2013). They carry feedback from the intestine
to the brain stem, hypothalamus and limbic
system where it is integrated, and then gen-
erate an adapted or inappropriate response
(Eisenstein 2016; Bonaz et al. 2018). Vice
versa, descending pathways from the limbic
system also influence the function of the
gut.

+ Immune mediators, gut hormone- and gut
microbiota derived molecules. The bacterial
products may stimulate enteroendocrine cells
resulting in the release of several neuropep-
tides (like PYY, NPY, cholecystokinin, gluca-
gon-like peptide-1 and -2, and substance P).
These neuropeptides entering the circulation
may directly influence the enteric nervous
system (Holzer, Farzi 2014; Holzer et al. 2015).

+ Neuroactive substances produced by micro-
biome, such as catecholamines, histamine,
and other compounds can influence the host
neurophysiology and neurotransmission in
the GI tract by binding to their receptors.
In addition, after absorption these substan-
ces can enter the systemic circulation where
they can induce receptor-mediated actions.

+ Increased intestinal permeability. Toxins
produced by intestinal pathogenic microor-
ganisms and the focal inflammation induced
by immune responses developed against
these pathogens can increase gut perme-
ability (Lyte 2013).
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+ The non-specific factors such as lipopoly-
saccharide (LPS) can activate Toll-like re-
ceptor 4 (TLR4) on microglial cells which
can provoke the release of inflammatory
cytokines within the CNS (Kim et al. 2012)
(Fig. 2).

Summary and conclusion

There is a bidirectional communication and
interaction between the brain and the gut. The brain
regulates the gut microenvironment and microbi-
ota composition, while the gut can modulate
the brain function. Within the brain-gut axis,
the brain-stomach axis should be discussed
separately.

The brain-stomach axis has prominent role in
the pathogenesis of stress ulcer. The decrease of
gastric mucosal protective mechanisms and reduced
gastric mucosal blood flow may be the dominant
mechanisms responsible for the development of
stress-induced gastric mucosal injury, ulceration.
Beside stress, anxiety, panic disorder, panic attacks,
social phobia as well as bipolar disorders exhibited
a substantially higher risk for gastric ulcer disease.

Much less is known about the impact
of stomach-brain axis. It has been observed that
exposure of gastric mucosa to different irritants
resulted in a rapid expression of c-Fos mRNA in
nucleus of the solitarii tract (N'TS), area postrema
of the brainstem (Schuligoi et al. 1998). However,
whether the c-Fos expression correlates with any
functional mechanism has not yet been clarified.

On the contrary, increasing number of evidence
suggests the importance of brain-gut axis; namely,
the crosstalk between the central nervous and
immune systems may have a significant influence
on inflammatory processes. Stress and pre-existing
behavioural illnesses, such as depression, result in
increased susceptibility to inflammatory stimuli
and can provoke and reactivate intestinal inflam-
matory processes, like IBD. The increased risk of
intestinal inflammation in stress is likely to be as-
sociated with increased intestinal permeability and
the consequent translocation of bacteria, the in-
creased level of proinflammatory cytokines as well
as changes in composition of intestinal bacterial
flora. Multiple data indicate that IBD may coexist
with mental disorders; major depression and anx-
iety are more frequent in IBD patients than in the
control population. Depression is characterised by
an impaired parasympathomimetic functions and
consequently inflammatory processes are activated.
Namely, cholinergic system via a-7 nicotinic ace-
tylcholine receptors reduces the immune cell acti-
vation and the release of pro-inflmmatory cytokines.
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Vice versa, preclinical and clinical observations
suggest that intestinal inflammation alters brain
functions, confirming the importance of gut-brain
axis. There is growing evidence that IBD is associ-
ated with anxiety- and depression-related disorders.
Also, comorbidity of psychological/psychiatric
diseases and IBD can often be observed, and when
these diseases coexist, they influence the course of
each other.

The significance of microbiota-gut-brain axis
communication system has been suggested
recently by the observations that changes in micro-
biome composition can be manifested in alterations
of behavior and cognition. Strong correlation was
found between dysbiosis and development

This complex communication network requires
a holistic approach to the management of patients
with IBD, as well as monitoring and treating
the behavioural disorders. Well-designed clinical
studies on antidepressants are highly needed
to evaluate their effect on the inflammatory disease
activity (Collins 2020).
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Introduction

The vagus nerve (VN), the tenth cranial nerve,

Abstract. The vagus nerve (VN) is the longest nerve of the organism that
innervates major organs such as the heart, lungs and gastro-intestinal tract
and is a major component of the autonomic nervous system at the interface
of the central nervous system and the body. The VN has anti-inflammatory
properties both through its afferent fibers, activating the hypothalamic-pituitary
adrenal axis, and its efferent fibers activating the cholinergic anti-inflammatory
pathway. Targeting these anti-inflammatory pathways is of interest for various
inflammatory conditions. Bioelectronic medicine through VN stimulation
(VNS) appears as an interesting tool to release inflammatory conditions. VNS
is approved for the treatment of drug-resistant epilepsy and has potential
therapeutic applications in chronic inflammatory disorders such as inflammatory
bowel diseases and others. Preclinical data and pilot clinical studies argue for
such an effect. However, larger randomized double-blinded control study and
a long-lasting follow-up of the patients to confirm these promising results
are awaiting. In addition, the optimal neurostimulation parameters to better
treat common conditions and diseases that involve immune regulation need
to be determined.

Keywords: vagus nerve, vagus nerve stimulation, cholinergic anti-inflammatory
pathway, hypothalamic-pituitary adrenal axis, inflammatory bowel diseases,
rheumatoid arthritis.

The VN is a mixed nerve containing predominantly
80% of afferent fibers vehiculating visceral, somatic
and taste sensations and 20% of efferent fibers

is the longest nerve of the organism, which innervates
major organs, such as the heart, lungs, and
gastrointestinal tract. The vagus nerves are normally
referred to in the singular. The VN is a major
component of the parasympathetic nervous system,
which, together with the sympathetic nervous
system, forms the autonomic nervous system (ANS)
at the interface of the central nervous system and
the body. In this manuscript, we will focus on the
VN distribution at the level of the digestive tract,
as well as its anti-inflammatory properties, which
can be targeted by vagus nerve stimulation (VNS)
in the domain of inflammatory bowel diseases (IBD)
and other inflammatory disorders.

controlling gastrointestinal motility and secretion.
In particular, the VN is involved in the “conditioned
reflex” described by the famous Russian researcher
Ivan Petrovich Pavlov who won the Nobel Prize for
Physiology or Medicine in 1904. The VN typically
transmits information to the brain regarding luminal
osmolarity, carbohydrate levels, mechanical distortion
of the mucosa, and the presence of cytostatic drugs
and bacterial products, whereas sympathetic afferents
normally transmit visceral pain. Vagal efferents
originate in the dorsal motor nucleus of the VN
(DMNYV), in the medulla, and innervate the digestive
tract from the esophagus to the splenic flexure while
the rest of the gut (left colon and rectum) is innervated
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by the sacral (S2-S4) parasympathetic nucleus
(Netter, Colacino 1989). However, according to
J. Delmas and G. Laux (1933), the VN innervates
all the digestive tract in humans. In rats,
S. M. Altschuler et al. (1993) reported that the VN
innervates all of the digestive tract except the rectum.
Vagal efferent fibers do not reach the intestinal
lamina propria directly (Berthoud et al. 1991) but
synapse onto enteric neurons that innervate the
lamina propria where they release acetylcholine
(ACh) acting on nicotinic or muscarinic receptors.
Vagal afferent fibers originate from the mucosa to
the muscle layers of the digestive tract. Their sensory
afferent cell bodies are located in nodose ganglia
and relay information to the nucleus tractus solitarii
(NTS) (Cechetto 1987) and the area postrema,
in close relation with the DMNYV to form the dorsal
vagal complex. Visceral information is then
transmitted to areas of the forebrain such as the
hypothalamus, amygdala, and cortex, via a relay
through the parabrachial nucleus, hypothalamic-
pituitary-adrenal (HPA) axis, thalamus before final
visceral afferent inputs in the insular cortex,
the anterior cingulate and prefrontal cortices
corresponding to the central autonomic network
(CAN) (Benarroch 1993). The CAN, in turn, is able
to modulate the ANS especially through projections
of (i) the paraventricular nucleus of the hypothalamus
(PVH) to the DMNYV and preganglionic neurons
of the sympathetic nervous system at the spinal
cord level; (ii) the amygdala to the DMN; (iii) the
Barrington nucleus to the sacral parasympathetic
nucleus; (iv) the A5 noradrenergic and C1 adrenergic
groups to spinal preganglionic sympathetic neurons
(Ricardo, Koh 1978). This complex is involved in
the autonomic, endocrine and limbic responses of
the “inner medium”. The VN is a major component
of interoceptive pathways and is considered the
sixth sense of the body (Zagon 2001). Interoception,
the sense of the body’s internal physiological state,
is regarded as the basis for motivational and emotional
feelings and to the core neurobiological representation
of self. Interoceptive mechanisms appear central
to somatic disorders of brain-body interactions,
including functional digestive disorders, such as
irritable bowel syndrome (IBS), but also IBD (Bonaz
et al. 2020; Fournier et al. 2020).

Anti-inflammatory properties
of the vagus nerve

The VN has anti-inflammatory properties both
through its afferent and efferent fibers (Fig. 1).
Indeed, the release of peripheral pro-inflammatory
cytokines, such as interleukin (IL)-1, Il-6, and tumour
necrosis factor (TNF), by macrophages and other
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immune cells, following peripheral (iv or ip) injection
of lipopolysaccharide (LPS), as a septic shock model
(Werner et al. 2003), activates vagal afferents,
through IL-1f receptors of the paraganglia. Then,
the information is conveyed to the NTS, at the level
of the medulla, where neurons projecting the
information to the PVH, around corticotrophin-
releasing-factor (CRF)-containing neurons, are
activated. These CRF neurons will then induce the
release of adrenocorticotropic hormone by the
pituitary, finally stimulating the release of
glucocorticoids by the adrenal glands to dampen
peripheral inflammation, i. e. the HPA axis. Therefore,
the VN is a major component of the neuro-endocrine
immune axis. This anti-inflammatory pathway is
disrupted by vagotomy, which worsens experimental
colitis (Ghia et al. 2006). Circulating pro-inflammatory
cytokines are also able to target circumventricular
organs, located outside the blood-brain barrier, that
stimulate neighbouring neurons, which then stimulate
the HPA axis (Buller 2001).
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In 2000, Tracey’s group described the parasym-
pathetic cholinergic anti-inflammatory pathway
(CAP) involving the vago-vagal reflex where vagal
afferent fibers activate vagal efferent fibers (Fig. 1).
Indeed, peripheral iv injection of LPS inducing
a septic shock in rats was prevented by VN stimu-
lation (VNS) of the distal end cut VN, thus stimu-
lating vagal efferent fibers (Borovikova et al. 2000).
This effect was mediated by the release of ACh by
the VN inhibiting the release of pro-inflammatory
cytokines such as TNF by activated macrophages.
Besides TNEF, other pro-inflammatory cytokines
such as IL6 and IL1f were significantly decreased
by VNS, but not the anti-inflammatory cytokine
IL-10. This anti-inflammatory effect was mediated
by linking ACh with a-7-nicotinic ACh receptors
(a7nAChR) of macrophages and was suppressed
in a7nAChR knockout animals (Wang et al. 2003).
The intra-cellular signaling of a7nAChRs inhibits
transactivational activity of the transcription factor
NF-kB p65 (Wang et al. 2004) and activates Jak2
and STATS3 signalling (de Jonge et al. 2005). How-
ever, the VN does not interact directly with resident
macrophages in the gut but interacts with nNOS,
VIP, and ChAT enteric neurons located within the
gut muscularis and with their nerve endings close
to resident macrophages (Cailotto et al. 2014).

Tracey’s group also described a vago-sympa-
thetic anti-inflammatory pathway through which
the VN activates the splenic sympathetic nerve
(Rosas-Ballina et al. 2008) (Fig. 1). Indeed, the release
of norepinephrine by this splenic nerve binds to
the f2 adrenergic receptor of splenic lymphocytes,
which release ACh, which binds to «7nAChRs of
splenic macrophages finally inhibiting the release
of TNF by the spleen (Olofsson et al. 2012). This is
the non-neuronal cholinergic pathway. Thus, the
VN has an anti-TNF effect either at the peripheral
macrophages level or at the spleen level. However,
for some authors, the efferent pathway of the CAP
is not the VN but the sympathetic nervous system.
For example, D. Martelli et al. (2014) proposed a
non-neural link from the VN to the spleen where
a7nAChRs are located on the peripheral terminals
of the splenic sympathetic nerves. When stimu-
lated by ACh from incoming T-cells, these terminals
release norepinephrine, which then acts on  ad-
renergic receptors on splenic macrophages to sup-
press their release of TNF. Another anatomical
pathway could be the activation of the celiac gan-
glion, at the origin of the innervation of the spleen,
by brain nuclei that are parts of the CAN and that
generate patterns of autonomic responses via pro-
jections to preganglionic sympathetic neurons in
the spinal cord, such as the C1 adrenergic group
(Abe et al. 2017). Indeed, five cell groups in the

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

brain regulate the entire sympathetic outflow (Strack
et al. 1989): the PVN, the A5 noradrenergic cell
group, the caudal raphe region, the rostral ventro-
lateral medulla (C1 adrenergic group), and the
ventromedial medulla. The activation of the affer-
ent arm (i. e. vagal afferents) of the inflammatory
reflex could activate the CAN, through projections
from the NTS, to modulate the sympathetic nervous
system through these five cell groups. In this case,
the VN would induce an indirect anti-inflammato-
ry reflex by activating the sympathetic nervous
system.

Thus, the anti-inflammatory pathways involving
the VN are rather complex and it clearly appears
that both vagal afferents and efferents are of inter-
est in this respect. Targeting this anti-inflammato-
ry pathway is of interest in various pathologic
conditions, especially in inflammatory disorders
where cytokines are involved in their pathogeny
such as IBD, represented by Crohn’s disease (CD)
and ulcerative colitis, and rheumatoid arthritis (RA).
Presently, in the domain of IBD and RA, biological
therapies, such as anti-TNF, have revolutionized
the care of these patients. However, these treatments
have complex side effects (Click, Regueiro 2019)
resulting in 30-50% of non-adherence (Chan et al.
2017); and patients show a growing interest in
complementary medicines (Torres et al. 2019).
These biological therapies act downstream of mac-
rophages and other immune cells while other
therapeutic approaches can act upstream (Fig. 1).
For example, (i) 7nAChRs agonists (GTS-21, AR-
R17779) or nicotine have been used in inflamma-
tory models of post-operative ileus, pancreatitis;
(ii) activation of the central cholinergic pathway
with CNI 1493 or Galantamine in a model of car-
rageenan-induced paw edema and endotoxemia
improve inflammation; (iii) nutritional therapy with
fat nutrition induces the release of cholecystokinin
which activates vagal afferents which blunted
hemorrhagic shock-induced TNF and IL-6 release;
(iv) complementary therapies such as hypnosis,
meditation, tai chi, acupuncture as well as physical
activity stimulate the VN; and, finally, (v) VNS is of
interest in activating the CAP; we will now focus
on this non-drug therapy approach (see a review
by Bonaz et al. 2017; 2019).

Vagus nerve stimulation in epilepsy

VNS was approved by the FDA for the treatment
of drug-resistant epilepsy in 1997 (Bonaz et al.
2013). Today, ~100,000 patients have been im-
planted for epilepsy. About 50% of patients have
a significant reduction in seizure frequency, with
~12% experiencing a 90% decrease in seizures
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(Englot et al. 2011). VNS is a slow acting therapy
because its effect needs some latency in epilepsy
and its effectiveness improves over time, according
to a 3-year follow-up study (Morris et al. 1999).
Although the anti-epileptic effect of VNS was sup-
posed to be related to vagal C-fibres, their destruc-
tion did not alter subsequent VNS-induced seizure
suppression in rats; thus arguing for an involvement
of vagal A- and B-fibres (Krahl et al. 2001). VNS is
a safe procedure with the most adverse events re-
ported being hoarseness (20-28%), paraesthesia
(12%), headache (4.5%), and shortness of breath
(3.2%) (Morris et al. 1999) usually occurring during
stimulation and often decreasing over time and/or
following the modification of stimulation para-
meters such as intensity and pulse width. No sig-
nificant impact on heart rate has been reported.
Indeed, VNS is performed on the left VN, innervat-
ing the atrioventricular node (regulating the force
of contraction of the heart muscle with less influence
on the heart rate) while the right VN innervates the
sinoatrial node (involved in the pace-making func-
tion of the heart) (Bonaz et al. 2013). VNS para-
meters activating vagal afferents in epilepsy are:
frequency, 20—30 Hz; intensity, 0.5—1.5 mA; pulse
width, 500 ps; on-time, 30 s; and off-time, 5 min;
they are easily adjusted with a programming wand
(Bonaz 2013). VNS in epilepsy is normally invasive,
requiring a ~1 h surgery performed under general
anaesthesia usually by a neurosurgeon familiar with
this technique. The electrode (Model 302, Liva-
nova, London) is wrapped around the left VN at
the cervical level near the carotid artery, tunnelled
under the skin and connected to a bipolar pulse
generator (Model 102) implanted subcutaneously
in the left chest wall.

In epilepsy treatment, VNS aims to stimulate
vagal afferents at a high frequency of 20-30 Hz,
while for activating the CAP vagal efferents need
to be stimulated at a low-frequency (1-10 Hz)
(Borovikova 2000; Bernik et al. 2002). However, we
have shown that even at a low frequency stimula-
tion of 5-10 Hz, VNS also activates vagal afferents
targeting the central nervous system (Kibleur et al.
2018; Reyt et al. 2010).

Vagus nerve stimulation in inflammatory
bowel disease

Based on the theory of the CAP, we first per-
formed VNS in an experimental model of TNBS
(2,4,6-trinitrobenzenesulfonic acid)-induced colitis
(Th1l-induced inflammation) in rats, resembling
CD (Meregnani et al. 2011). VNS was performed
in freely moving animals chronically stimulated
3 h per day for 5 days, starting 1 h before colitis,
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with the following stimulation parameters: 1 mA,
5 Hz, pulse width of 500 us; 10 s ON, 90 s OFF;
continuous cycle with an external stimulator. Con-
trol rats were implanted according to the same
procedure but were not stimulated. VNS reduced
body weight loss in rats with colitis and improved
inflammatory markers above the colonic lesions as
observed by histological score and myeloperoxidase
quantification. This anti-inflammatory effect was
also demonstrated by the improvement of a multi-
variate index of colitis (Meregnani et al. 2011).

In a translational bench-to-bedside approach,
we performed a pilot study of VNS in patients with
active CD (ClinicalTrials.gov Identifier:
NCTO01569503) where VNS was regarded as an
alternative to anti-TNF treatment. This study re-
ceived a grant from the INSERM-DGOS. Nine
patients have been implanted according to the
protocol and with the device (neurostimulator and
electrode) for epilepsy, using the following para-
meters: intensity, 0.5-1.5 mA; frequency, 10 Hz;
pulse width, 500 ps; stimulation on-time: 30 s, oft-
time: 5 min. The first patient was implanted in April
2012 and the last patient in March 2016. Patients
were selected according to a clinical activity index
(CDAI: Crohn’s disease activity index,
220 < CDAI < 450), biological parameters (C-reac-
tive protein, CRP > 5 mg/L; fecal calprotectin >
100ug/g), endoscopic parameters (CDEIS: Crohn’s
disease endoscopic index of severity; CDEIS > 7)
with the aim to induce clinical, biological, and
endoscopic remission. It was a 12-month follow-up
study. We published, for the first time, the 6-month
follow-up of the seven first implanted patients where
5/7 patients had responded to VNS with clinical,
biological and endoscopic improvement/healing,
with a restored vagal tone (Bonaz et al. 2016). Two
patients were withdrawn from the study after 3
months of VNS, due to worsening of their disease.
One patient underwent surgery (ileocecal resection)
and then was treated with a combination therapy
(Infliximab + azathioprine) and the other patient
received the same combination therapy. These two
patients are presently in remission while the VNS
device was left in place with the intensity turned
down. Among the other 5 patients, only one patient
was treated with an immunosuppressant (azathio-
prine). These preliminary results showed that VNS
was feasible and could be a promising tool in the
treatment of active CD. The procedure was safe
with the usual side effects described above. No
device was removed during the study period and
later on. Recently, we published the 12-month
follow-up data on 9 patients (Sinniger et al. 2020).
After 1 year of VNS, five patients were in clinical
remission and six in endoscopic remission. CRP
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and fecal calprotectin decreased in six and five
patients, respectively. Seven patients restored their
vagal tone and decreased their digestive pain score.
The patients’ cytokinergic profile evolved toward
a more “healthy profile”: IL-6, -23, -12, TNF and
transforming growth factor p1 were the most im-
pacted cytokines. Correlations were observed be-
tween CRP and TNF, and some gut mucosa me-
tabolites such as taurine, lactate, alanine and
beta-hydroxybutyrate. VNS was well tolerated, as
reported in the 6-month follow-up study.

These results are in agreement with the pre-
liminary results of another study published in an
abstract form (D’Haens et al. 2018), which observed
clinical, biomarker, and endoscopic improvement
for half of the 16 CD patients who received either
VNS monotherapy (biologics refractory patients)
or VNS adjunctive therapy for 4 months. We also
showed that, in addition to the activation of vagal
efferent fibers that regulate the ANS, our data sug-
gest that chronic VNS has a regulatory effect via
afferent vagal fibers on anxio-depressive symptom-
atology associated with CD, which could be di-
rectly highlighted by the modulation of EEG alpha
power known to be associated with depressed states
(Kibleur et al. 2018).

VNS in other inflammatory conditions

RA is also a chronic inflammatory condition
where VNS is of interest. Experimental data have
shown that knockdown of the a7nAChR in RA fi-
broblast-like synoviocytes increased the production
of mediators of inflammation, and degradation and
activation of a7nAChRs in an animal model of RA
resulted in reduced arthritis activity (Koopman
et al. 2014). Accordingly, stimulation of the CAP
by VNS improved an experimental model of arthri-
tis while aggravation of arthritis activity was observed
after unilateral cervical vagotomy, as well as in
a7nAChR-knockout mice. In 2016, F. A. Koopman
etal. (2016) showed — using an implantable device
from SetPoint Medical Corporation (Valencia,
CA) — that VNS (up to four times daily) signifi-
cantly inhibited TNF production for up to 84 days
in patients with RA. In addition, RA disease sever-
ity, measured by standardized clinical composite
scores, improved significantly; thus suggesting that
it is possible to use neuroimmune modulating de-
vice in the therapy of RA with potential implications
in other auto-immune and auto-inflammatory
diseases. Postoperative ileus (POI) is characterized
by a delay of gastric emptying and prolonged intes-
tinal transit after surgery (Stakenborg et al. 2017a).
Postoperative ileus can prolong hospitalization and
increase healthcare costs. A peripheral pathway,
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involving the CAP, has shown the release of TNF
by resident macrophages in the muscularis propria
after abdominal surgery (de Jonge et al. 2003).
VNS improves postoperative ileus both in experimen-
tal conditions and in humans (Stakenborg et al. 2017b).

Non-invasive vagus nerve stimulation

The data that we have reported above were based
on invasive VNS that requires a surgical implanta-
tion of an electrode and a neurostimulator. How-
ever, the development of non-invasive VNS tech-
niques is of interest, such as transcutaneous
auricular VNS (ta-VNS). This technique is based
on the innervation pattern of the lateral surface
auricle of the cymba conchae, cavity of the concha,
and tragus which are innervated by the auricular
(afferent) branch of VN, respectively at 100%, 45%,
and 45% (Peuker, Filler 2002). Thus, stimulation of
this anatomical part of the auricle will activate
vagal afferents targeting the NTS and then activating
vagal efferent through the inflammatory reflex de-
scribed by Tracey’s group. Afferent pathway of the
VN and regions activated by taVNS (fMRI studies)
are the same (Badran et al. 2018). The Cerbomed
Nemos device (Erlangen, Germany) is an external
device that provides ta-VNS by using a dedicated
intra-auricular electrode (like an earphone) which
stimulates the auricular branch of the VN (Stefan
et al. 2012). This device received the European
clearance (CE mark) in 2010 for epilepsy treatment
and is currently available in Germany, Austria,
Switzerland, and Italy. Another ta-VNS device is
marketed by Schwa Medico (Rouffach, France) with
an electrode stimulating the cymba conchae and
the cavity of the concha and connected to a neuro-
stimulator (Urostim 2); this device is recommend-
ed for IBS (Mion et al. 2020), IBD, RA, migraine,
pelvic pain and fibromyalgia treatment. The Elec-
trocore LLC Gammacore device (Basking Ridge,
NJ, USA) is a transcutaneous cervical VN stimula-
tor that uses proprietary electrical signals to treat
primary headache (Mwamburi et al. 2020). These
non-invasive devices are well tolerated with no
major side effects, and could be used for the treat-
ment of various inflammatory disorders and others,
because the VN has anti-inflammatory but also
anti-nociceptive and anti-depressive properties.

Conclusion

The anti-inflammatory properties of the VN,
both through its afferents (activation of the HPA
axis) and efferents (activation of the CAP) can be
used to treat various pathological conditions such
as chronic inflammatory diseases. In particular,

281



Targeting the anti-inflammatory properties of the vagus nerve...

as a key element of the ANS in the brain-gut inter-
actions in IBD (Bonaz et al. 2013), the VN is
a therapeutic target in IBD. In addition, the VN is
also at the interface of the microbiota-gut-brain
axis (Bonaz et al. 2018) and based on the implica-
tion of dysbiosis in various pathological conditions,
one can assume that VNS is also able to target this
dysbiosis. VNS is able to restore vagal tone. Indeed,
we have reported an abnormal ANS in IBD patients
(Pellissier et al. 2010) negatively correlated with
TNFa levels (Pellissier et al. 2014). VNS, by restor-
ing the ANS balance in such patients through the
activation of the VN, is a novel therapeutic treat-
ment. Finally, VNS is devoid of the adverse events
of biological therapies such as anti-TNF drugs
(infections, dermatological complications, lym-
phoma, immunisation) which are still a gold stan-

dard treatment in IBD but are feared by patients,
thus explaining their non-adherence to treatment
and their search for a non-drug therapy. Finally,
the economic impact of VNS is of interest since, for
example, the median cost of 1-year anti-TNF the-
rapy raises up to $40 000 for CD patients (Targownik
etal. 2019). The use of neuromodulation by bioelec-
tronics devices as a treatment is an emerging field
in the domain of bioelectronic medicine. It could be
an alternative non-drug therapy to conventional
treatment or could be combined with such treat-
ments, but further investigation in large longitudinal
cohorts of patients is required. Finally, the optimal
neurostimulation parameters to better treat common
conditions and diseases that involve immune regu-
lation to achieve significant cytokine changes need
to be determined (Bonaz 2020).
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AnHomayus. B 0630pe npeaCTaBAEHBI Pe3YABTAThl SKCIIEPUMEHTAABHBIX
Y KAVHUYECKVX MICCAEAOBAHMI 1 HAOAIOAEHIA, TO3BOASIOLIVIE CAEAATD BHIBOABI
O IIPMUMHAX I MEXaHM3MaX Pa3BUTHS OCTPOI ABIXaTEAbHOM HEAOCTATOUHOCTH
npu 1spkeaoMm TedueHun COVID-19. TlpuBoasTcs 001ive CBeAeHMs
o xopoHaBupyce SARS-CoV-2 B cpaBHeHuu c Bupycamm MERS-CoV
u SARS-CoV. PaccmaTpuBaeTcss poAb aHTMOTEH3MHIIPEeBPalaIol[ero
¢depmenra 2 B natoreHede COVID-19, paccMarpuBaOTCs MEXaHU3MBbI PA3BUTHS
OCTPOTO peCpaTOPHOTO AUCTPECC-CUHAPOMA U TMITOKCEMUM, HEOAATOIIPUSTHBIE
MOCAEACTBYS TMIIEPLIUTOKMHEMMUY (LIMTOKVHOBOTO LIITOPMA), IPEATIOAAraeMblit
HeJpOTeHHbIII MeXaHM3M AbIXaTeAbHOM HeAOCTAaTOYHOCTH. [TopuepkuBaeTcs,
4TO HEOAArOMPUSITHDIE IIPOLIECCHI, KOTOPBIE TPOMCXOAST B AETKUX OOABHBIX
COVID-19, BbI3BaHbI HE CTOABKO MPSMBIM A€VICTBMEM BUPYCA, CKOABKO
I'UIIepPPEeaKTVBHOCTBIO IMMYHHON CHCTeMBI. [IpUBOASITCS AQHHBIE O POAU
B Pa3sBUTUU AbIXaTeAbHO HepocTaTouHoCcTU ipu COVID-19 ciocobHocTn
SARS-CoV-2 K HeltpoMHBa3uy, MPUBOASIILEN K PACIIPOCTPAHEHUIO MHPEKIN
Ha CTBOA MO3Ia U CTPYKTYPBI ABIXaTEABHOTO 1leHTpa. B 3akAroueHue
Ha OCHOBAHUM AUTEPATYPHBIX AQHHBIX AEAAETCSI BBIBOA O TOM, UTO IIaTOTeHe3
AbIxaTeAbHOU HepocTaTouHOCTU Tpu COVID-19 uMeeT MHOXKECTBEHHbIE
MIPUYMHBI U XapaKTepU3yeTCst AUPPY3HBIM U SKCCYAATUBHBIM IOPaKEHNEM
AABBEOA, YXYALLIEHEM BEHTUASLIVIOHHO-TIEPdY3MIOHHBIX OTHOLIEHMUIL, pa3BUTHEM
¢$ubposos, obpazoBaHmem TpomM6O0OB, runokcemueir. [loAuepkuBaeTcsi, 4To
MCCAEAOBaHME LIEHTPAABHBIX, HEMPOT€HHBIX MEXaHU3MOB AbIXaTEAbHOM
HEAOCTATOYHOCTY M QHAAU3 VX KOPPEASILIY C HEBPOAOTMYECKMMY CUMITOMaMMU
crocobcTBYIOT 60Aee rayboxomy nonnmanuio maroreneza COVID-19 u moryT
MMETb CYLIECTBEHHOE 3HAYEHME AASI TPODUAAKTYUKI U A€YEHISI PECTIUPATOPHO
HeAO0CTaTOYHOCTH, BbisBaHHOM SARS-CoV-2.

Karoueswote crosa: COVID-19, SARS-CoV-2, AbIxaTeAbHas HEAOCTAaTOYHOCTb,
OCTPbII peCIUPATOPHbIN AUCTPECC-CUHAPOM, LLUTOKMHOBBIV LITOPM.
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BBepenne

Abstract. The review presents the results of experimental and clinical studies
and observations. It allows to draw conclusions about the causes and mechanisms
of the development of acute respiratory failure in severe COVID-19.
The paper compares SARS-CoV-2, MERS-CoV and SARS-CoV. It explores
the role of angiotensin-converting enzyme 2 in the pathogenesis of COVID-19,
the mechanisms of the development of acute respiratory distress syndrome
and hypoxemia, the adverse consequences of hypercytokinemia (cytokine
storm), and the neurogenic mechanism of respiratory failure. It is emphasized
that the adverse processes in the lungs of patients with COVID-19 are caused
not so much by the direct action of the virus, but, rather, by the hyperreactivity
of the immune system. The paper also focuses on the ability of SARS-CoV-2
for neuroinvasion, which leads to the spread of infection to the brain stem
and structures of the respiratory center.

Finally, based on the literature data, it is concluded that the pathogenesis
of respiratory failure in COVID-19 has multiple causes and is characterized
by diffuse and exudative damage to the alveoli, deterioration of ventilation-
perfusion relations, development of fibrosis, thrombus formation, and
hypoxemia. It is emphasized that the study of the central, neurogenic mechanisms
of respiratory failure as well as their correlation with neurological symptoms
contributes to a deeper understanding of the pathogenesis of COVID-19 and
may be essential for the prevention and treatment of respiratory failure caused
by SARS-CoV-2.

Keywords: COVID-19, SARS-CoV-2, respiratory failure, acute respiratory
distress syndrome, cytokine storm.

HoBbpil1 KOpOHaBUpPYC OTHOCUTCSA K POAY
Betacoronavirus (Beta-CoV) n umeer II rpynmy

KoponHaBupycHble nHbeKLMN SIBASIIOTCS Hau-
60Aee pacrpoCTPaHEHHBIMU B CTPYKTYPe Ce30HHBIX
OCTPBIX PECIUPATOPHBIX BUPYCHBIX MHPEKIMI
(OPBI). V3BecTHO 4eTbipe KPYTAOTOAMYHO LiMp-
KyAupytoux koponasupyca (HCoV-229E, -OC43,
-NL63, -HKU1), BbibiBaroiiux 3a60A€BaHUs BepX-
HUX AbIXaT€AbHBIX ITyTell A€TKOM U CPeAHeN TsKe-
ctu (Fehr, Perlman 2015). 9T Bupychl He mpea-
CTaBASIIOT OOABIION YIpO3bl AASI YEeAOBeKa.
Oanako B 2002, 2012 u 2019 ropax ImosiBUAUCH
HOBBIE CEPOTUIIBI KOPOHABMPYCOB, BBI3bIBAIOIIVE
omacHble MH(MEKIMOHHbIE 3a00A€BaAHMST HVDKHIX
OTAEAOB AbIXaTEABHBIX ITyTell. ITO, COOTBETCTBEH-
HO, KopoHaBupycbl SARS-CoV (Bo30yAuTeADb aT-
nuyHoi nmHeBMoHun), MERS-CoV (Bo3byautean
OAVKHEBOCTOYHOTO PECIIUPATOPHOTO CUHAPOMA)
1 SARS-CoV-2 (B030yAUTEAb KOPOHABMPYCHOTO
3aboaeBanuss COVID-19). TeHOMHBIIT aHAAU3 T10-
Ka3bIBaeT, 4YTO HOBbIN KopoHaBupyc SARS-CoV-2
siBasieTcsl opHouenouyeyHbIM PHK-copepskamim
BUPYCOM, MEIOIM 79%-HYI0 MAEHTUYHOCTD Te-
HOMHOI mocAaepoBaTeAbHOCTU ¢ SARS-CoV
(Gorbalenya et al. 2020; Yu et al. 2020).
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MMaTOT€HHOCTH, TaK e Kak BUpycol SARS-CoV
1 MERS-CoV. B kAMHIYeCKUX peKOMEHAALMSIX
MunucrepcrTBa 3ppaBooxpaHenusi Poccurickon
Depepauuy YKazaHO, YTO BUPYC II€PEAAETCSI BO3-
AYIIHO-KaIleAbHbIM, BO3AYLIHO-IIBIAEBBIM M KOH-
TaKTHBIM ITyTSIMU. YCTAHOBA€EHO, YTO SARS-CoV-2
XapaKTepu3yeTCsl HU3KOM YCTOMYMBOCTBIO B OKPY-
xaomeit cpepe. OH MornodaeT Mo BO3AENCTBEM
yAbTpaduoaeTa, Ae3MH(EKLMOHHBIX CPEACTB, IPU
HarpeBaHuu (A0 40 °C B Teuenne 1 yaca n o0 56 °C
B TeueHue 30 MuHyT). Ha moBepxHOCTM TpeAMETOB
BMPYC COXPAHsIET )XKU3HECIIOCOOHOCTb OT 2 AO
48 yacos npu Temmnepatype 18-25° C.
MHudunmposanne kopoHoBrpycom SARS-CoV-2
BBI3BIBAET OIMACHOE OCTPOe UHGEKIMOHHOE 3260-
aeBanue COVID-19. PacnipocTpaHeHue Bupyca
B A€rKle, LIeHTPAAbHYIO HEPBHYIO CUCTEMY U CU-
CcTeMy KpoBooOpallleH!sI BbI3bIBA€T CUCTEMHbIE
HapyILIeHNs, KOTOpble MOTI'YT IIPUBECTU K OpraHo-
natusiM u cMmeptu 60AbpHBIX COVID-19. Pazanya-
I0T A€TKUE, CPEAHME U TsDKeAble GOPMBI OOAE3HMU.
B TsDKeABIX CAyvasX pasBMBAeTCS THEBMOHUS
C KAMHMYeCK/MMY IPOSIBA€HUAMU U CUMIITOMaMU,
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H. I1. Arexcandposa

AQHAAOTMYHBIMM T€M, KOTOpbIe XapaKTEPHBI U AAS
SARS-CoV, 1 poast MERS-CoV (Huang et al. 2020).
OpHako, B otanume ot SARS-CoV, nalueHTsl,
nHuuupoBaHHble SARS-CoV-2, oueHb peAKo
VIMEIOT BBIPa’KEHHbIE CYMIITOMBI CO CTOPOHBI BEPX-
HUX ABIXQTE€ABHBIX IyTel. JTO yKa3blBaeT Ha TO,
yT0 KAeTKU-MuieHn SARS-CoV-2 pacnioaaratorcs
VMIMEHHO B HIVDKHUX ABIXaTeAbHBIX IyTaAX. [Ipu Ta-
YKEAOI CUMIITOMAaTHKeE XapaKTE€PHBIM OCAOXKHEHM -
eMm COVID-19 sBAsieTcs OCTPBbII peCIPaTOPHbIN
auctpecc-cuHpApoMm (OPAC), KOTOPBINT MOXKET
HAITPSMYIO BECTU K ABIXaT€ABHOV HEAOCTATOUYHOCTY,
sIBASIIOLIENiC pUunHO cMepTu B 70 % cMepTeAb-
HbIx cayyaeB COVID-19. ITo mepe nporpeccupo-
BaHMsI 00A€3HM K BUPYCHOI MHDEKLIMY TOACOEAN-
HSIIOTCSI BTOPUYHbIe OaKTepyraAbHble U IPUOKOBBIE
undexuyu (Chen et al. 2020). Kpome Toro, orpom-
HO€e BBICBOOOXXAEHVE LIUTOKMHOB KAETKaMU VM-
MYHHOI CUCTEMBbI B OTBET Ha BUPYCHYIO UAU
BTOPUYHYIO MHPEKLY IPUBOAUT K LIUTOKMHOBO-
My LITOPMY ¥ CUMIITOMaM CeICyCa, KOTOpbIe SIB-
ASIOTCA MPUYMHOM cMepTU B 28 % CMepTeAbHBIX
cayyaeB COVID-19 (Tay et al. 2020). ITpu sTom
HEKOHTPOAMpYEMOe BOCIIaA€HlEe BBI3bIBAET I10-
AVIOPTaHHOE MTOBPEXAEHIeE, BeAylllee K CepAeIHOI,
IMeYEeHOYHOM U ITOYE€YHO HEAOCTATOYHOCTMU.

I'lpu 3apaskenuu Bupycom SARS-CoV-2 cpeannin
VIHKYOallMIOHHBI IEPUOA COCTaBASIET 4—5 AHEN AO
MOSIBA€HVSI IIePBBIX CYMIITOMOB. Y IALIIEHTOB
¢ COVID-19 00bI1YHO HAOAIOAQIOTCS JKap U CYXOi
KallleAb, pe)Xe — 3aTPyAHEHHOe AbIXaHUe, 00Ab
B MBIIILAX M CYCTaBaX, TOAOBHAsI 00OAb, TOAOBOKPY-
JKEHUeE, AMapes], TOIIHOTA U KallleAb ¢ KpoBbio. [ Tnk
BUPYCHOI Harpy3ku npu sapaxenuu SARS-CoV-2
AOCTUTraeTcs uepes 5—6 AHell C MOMEHTa OSIBAEHU
CUMIITOMOB 3apa’keHNs, T. €. 3HAUUTEAbHO PaHblIle,
yeMm nipu nHouumpoBauuu SARS-CoV, rae nuk
BUPYCHOJ Harpy3Ku HaOAIOAQ€ETCSI IPUMEPHO Yepes
10 AHelt mocAe TosIBA€HUsI cUMIITOMOB. [Ipu Ts-
xeaoM TeueHnn COVID-19 ocTprliit pecniparop-
HBIJI ACTPECC-CUHAPOM pa3BMBAETCS B CPEAHEM
yXe yepes 8—9 AHel [TOCAe MOSABACHM S HAYAAbHBIX
cumnromoB (Tay et al. 2020).

PoAb aHTMOTEH3UHIIPEBPAIIAIIIETO
depmenTa (AIID)
Ml QHIMOTEH3MHIPeBpamamero Gpepmenra 2
(AIT®2) B matorenese COVID-19

YcTaHOBAEHO, yTO TpoHMKHOBeHMe SARS-CoV-2
B KAETKU Y€AOBEKA OTIOCPEAYETCS KAETOYHBIMU
penerrropamy AIID2, KOTOPEIN 3KCIIPECCUPYETCS
B SIIUTEAMM ABIXaTEAbHBIX ITyTEN YeAOBEKa, IIapeH-
XMMe AETKUX, SHAOTEAUY COCYAOB, KAETKAX [TOYEK
1 KaeTKax ToHkoi kumku (Donoghue et al. 2000;
Hamming et al. 2004; Harmer et al. 2002). Kak us-
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BecTHO, AII® n ATID2 yyacTBYIOT B peryasuuu
AKTVBHOCTY PEHVH-aHIMOTEH3VH-aAbAOCTEPOHO-
Boit cucteMbl (PAAC). O1tu pepMeHTDI SABASIOTCS
TOMOAOTaMU C pa3HbIMU KAIOUEBBIMY QYHKLIMSAMU
B PAAC. ATI® paciienasier auruoTeHsut I ¢ 06-
pasoBaHueM aHrmoreHsuHa lI, rorpa kak AITO2
MHaKTUBUpYeT aHrnoreHsuH I1. ATTD2 — pepmenr,
$GU3MOAOTMIUECK) YIHETAIINII aKTUBALMIO
PAAC, — aBAsieTCst PYHKIMOHAABHBIM PeLeNITOPOM
SARS-CoV-2. B pecriupatopHoit cucTeMe OCHOB-
HBIMU KAeTKaMu-MuineHssMu AAast SARS-CoV-2
SIBASIIOTCSI KAETKYM aAbBEOASIPHOTO 3MUTEANS,
B LJMTOIAA3Me KOTOPBIX IPOUCXOAUT PETAMKALIM
Bupyca. ITocae cOOpKY BUPMOHOB OHY ITEPEXOAST
B LIUTOIIAA3MaTUYECKVE BAKYOAM, KOTOPbIE MUTPU-
PYIOT K MeMOpaHe KAETKU U IyTeM 5K30LUTO3a
BBIXOASIT BO BHEKAETOYHOE ITPOCTpaHCTBO. OpHa-
Ko SARS-CoV-2 He ToABKO ucrioabsyeT AITD2 pas
IIPOHMKHOBEHNS B KAETKY, OH TaK>Ke YTHETAEeT ero
AQABHEIIIIYI0 3KCIIPEeCCHIO, UTO NMPMBOAUT K IIpe-
Kpall|eHMIO €r0 OPTaHOIMPOTEKTUBHOTO AEVICTBUSL.
Cpasy nocae pelLeniuu 1 MpUKPENAEHNs BUpyca
HAYMHAETCS IIPOLIEeCC TOCAEAOBATEABHOT'O CHYDKeE-
Hys KoHLeHTpauuy AITD2 Ha moBepXHOCTU MeM-
OpaHbl. YCTAaHOBAEHO, YTO KOPOHABMPYCHAsI MH-
dexuus cHskaer skcnpeccuio AITD2 B kaeTKax
aerkux (Kuba et al. 2005). YrHeTeHne akTUBHOCTU
ATI®2 B Aerkux 00yCAOBAMBAET MEPBUYHYIO VH-
buabTpaLio HeNTPOPUAOB B OTBET HA MHGULIK-
pOBaHMe M MOXET IPUBECTU K UpEe3MEePHOMY
HEKOHTPOAVPYEMOMY HaKOIIAE€HUIO OCBOOOAMBIIIE-
rocst OT UHTMOMpoBaHus aurnoTeHsuxa Il u mect-
Hol akTuBauuu PAAC, xoTopas omocpeayer mo-
BpPEKAEHVE AETOYHOI TKaHY ITPY KOPOHABUPYCHOM
MHQEKLY, YCUAMBasI BOCIIAAEHNE U IPOHULIAEMOCTD
COCYAOB B ABIXaT€ABHBIX ITyTSIX. DTO IIPEATIOAOXKeE-
HI€e TIOATBEPXXAQETCA pe3yAbTaTaM! dKCIIePUMeH-
TAABHOT'O MICCAEAOBAHMS, IPOBEAEHHOI'O Ha MBILIAX,
B KOTOpOM 0bIAO TTOKa3aHo, uTo ATID2 u perentop
anruoredsuHa Il Tuna 2 (AT2) samuinamoT OT TS-
YKEAOTO OCTPOTO IOBPEXAEHMS A€TKVX, BbI3BaH-
HOTO acmypauye KMCAOTBI AU CENICHICOM, TOTAQ
KaK ApyTVie KOMIIOHEHTbI peHVH-aHTMOTEeH3/HOBO
cucrembl, BKaovyas AITO, anrnorensuH Il u penen-
Top aurmorensuHa Il Tumna la (AT 1a), cmoco6¢TBY-
10T Pa3BUTUIO 3a00A€BaHMSI, BBI3bIBASI OTEK AETKIX
U yXyaluas Aerounyio ¢yskuuio (Imai et al. 2005).

B akcrieprMeHTax Ha )KMBOTHBIX IIOKa3aHO, YTO
nHruouposauue AITO AU3MHONPUAOM, & TAKXKe
OAOKMPOBaHIE PELIENITOPOB AHIMOTEH3HA AO3ap-
TaHOM — IIpernaparaMy, UCIOAb3yEMBIMU IPU
A€YEeHUV TUIIEPTOHNYECKO OOA€3HY, — TIOBBI-
IIAI0T SKCIIPECCUI0 IeHOB U aKTUBHOCTb ATID2
B 5 pas u B 3 pa3a coorBetctBeHHO (Ferrario et al.
2005). B cBs13u ¢ aTM PaKkTOM BBICKA3bIBAAOCH
MIPEATIOAOKEHHE, UTO ITPVIEM AQHHBIX TUIIOTEH3VB-
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HBIX IIPENIapaTOB MOXXeT IMOBBICUTD PUCK 3apaskeHNs
KOPOHABMPYCHOM MHPEKLMEN, T. K. yBEAUYEHE
9KCIIPECCUM ATOTO pepMeHTa TEOPETUYECKU MOXKET
IIPUBECTU K YBEAYEHMIO KOAMYECTBA KAETOYHBIX
peuenTopoB AIID2, T. e. K yBeAUYEHUIO YMCAQ
MMLIeHei AAsT BUpYca. OAHAKO BIIOCAEACTBUM OBIAO
MOKAa3aHO, YTO MOAOOHBIe 5pdeKTh He HAbAIOAA-
IOTCS y YeAOBeKa NP MICIIOAb30BAaHUM TepaIleBT-
yeckux Ao3 nmpemnaparoB (Hamming et al. 2004),
K TOMY >Xe uHrnouposanue ATTO mpu KAMHNYECKOM
MpUMeHEHNY HEIOCPEACTBEHHO He BAMSIET Ha
akTuBHOCTH ATTID2 (Wu 2020). ITpeamoAaraercs,
4TO OAOKAAQ PEeLieNTOPOB aHIMOTEH3MHa OyAeT
MMeTb CKOpee IMPOTeKTUBHBIN, YeM HeraTVMBHbBIN
9 dPeKT B OTHOUIEHUY PUCKA PA3BUTUS TKEABIX
ocaoxxHenuit mpu COVID-19 (Sommerstein et al.
2020; Yang et al. 2020). PaccmaTprBaeTcsi BO3MOX-
HOCTb VICIIOABb30BaHUS peKOMOMHAHTHOTO OeAKa
ATIO2 pAsl AedyeHMST ABIXQaTEAbHBIX PACCTPOICTB.
IIpeanoaaraeTcs, YTO LMPKYAUPYIOLIUI B KPOBU
pexoM6uHaHTHBIN ATTD2, HaXOASICh B MAa3Me
KPOBY, & HE Ha IIOBEPXHOCTU KAETKU, MOXXET CBSI-
3bIBAThCSI C BUPYCOM U TAaKMM 00pa3oM yMeHbLIATh
BUPYCHYIO HAarpy3Ky Ha KAETKIL.

PecnimpaTopHbIii AUCTPECC-CUHAPOM
Y TUITOKCeMMU S

Y 6OABIIMHCTBA MALVIEHTOB C TSKEABIM Teue-
HueM COVID-19 Ha nepBoit HepeAe 3a00AeBaHUs
pa3BUBaeTCs THEBMOHUSI, OCAO>KHEHMEM KOTOPOIT
SIBASIETCSI OCTPBIN peCHMPATOPHBIN AMCTpPeCC-
cuHppom (OPAC). CuHOHMMaMU peCUPaTOPHOTO
AVICTPECC-CHHAPOMA SIBASIIOTCS ILIOKOBOE», «BAK-
HoOe», «TpaBMaTmyeckoe» aerkoe. OPAC npuBoput
K OCTPOI1 AbIXaTeAbHOJ HEAOCTaTOYHOCTU — Ma-
TOAOTMYECKOMY COCTOSIHUIO, IIPM KOTOPOM He
obecrnieunBaeTcs MOAAEP)KaH/e HOPMaAbHOTO Ta-
30BOT0O COCTaBa KPOBU AMOO OHO AOCTUIAeTCs 32
cueT O0Aee MIHTEHCUBHOV pabOTBHI annapaTa BHeI-
HEro AbIXaHMsI, YTO IIPUBOAUT K CHVDKEHVIO PYHK-
L['OHAABHBIX BO3MOKHOCTEN OpraHn3Ma.

HecMmoTtpst Ha MHOrOOOpasue pakTopos, npu-
Bopsux K OPAC, B ero ocHOBe AeXXaT ITOBpPEX-
AeHnst Aerounbix cTpykTyp (Chuchalin 2004).
[ToBpexxAeHYe STTUTEAVST AAbBEOA BbI3bIBA€T BBIXOA
¢ubprHa 1 Apyrux 6€AKOB B IIPOCBET AABBEOA
1 GopMMpOBaHYE BCAEACTBYE 3TOTO I'MAAVHOBBIX
MeMOpaH B aAbBeoAaX. [IpoMcXoAUT yToAleHME
asporeMaTM4ecKoro 0apbepa, 3aTpyAHseTcs Aud-
¢dysus kucaopopa. HabaropaeTcs: Takke BBIXOA
JKMAKOCTU B aAbBEOASIPHOE IIPOCTPAHCTBO U Ha-
pyleHre cypdaKTaHTHOTO CAOSI, BBICTUAQIOIIETO
OPOHXMOABI ¥ AAbBEOABI, UTO BBI3bIBAET CIIAAEHME
aAbBeOA. B pe3yAabpTaTe yacTh AETOYHOTO KPOBOTO-
Ka MPOXOAUT IO HEBEHTUAMPYEMBIM yYacTKaM
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A€TKVX, IIYHTHUPYeTCs. BeHo3Has KpoBb, IpUTEKa-
I0Ljasl K A€TKVM U TIOMAAQIOIAsl B IIYHTBI, HE U3-
MeHsIeT CBOM rasoBbiil cocTaB. Ha Beixoae us
A€TKMX OHA BCTPeYaeTCsl C KPOBbIO, OTTEKAOLIEeN
OT HOPMaAbHO paboTaIIMX aAbBEOA. B pe3yabra-
Te CMEIIMBAHMS 3TUX ABYX ITOTOKOB 0OpasyeTcs
apTepuaAbHasl KPOBb, HAIIpsDKEHME KMCAOPOAQ
B KOTOPOJI CHV)KEHO 13-3a IIPUMeCU BEHO3HOM
KpOBU. Ba)kHO TaKk)Xe OTMETUTB, YTO Ha HAYAABHOM
ctapuu COVID-19 PCO, apTepnaAbHOi KPOBMU,
B oTAMume ot PO, 0cTaeTCs Ha IIOYTY HOPMAABHOM
ypoBHe (Baig 2020). O6BbsACHUTD 3TO MOXKET TOT
dakT, uto pas CO, aAbBeOAAPHDIIT 6apbep ABAS-
eTcs 6oaee nmpounaeMpim, 4eM Aast O,. [ToaTomy
CO, yaaercs aubdyHAMPOBATD A2XKE B AABBEOABI,
3aII0AHEHHbIE KUAKOCTbI0. Kpome Toro, kommneH-
CaTOpHOE yBeAMY€EHVE YACTOTHI AbIXaHMsI, KOTOpOe
4acTO HabOAIOAQ€ETCs Y MaLVeHTOB Ha HauyaAbHbIX
CTaAVSIX 3200A€BaHIIS, TPUBOAUT K «BBIMBIBAHUIO»
CO, 1 pa3BUTUIO TUTIOKAITHUM.

3aroAHeHVEe aAbBEOA XXMAKOCTBIO CHIDKAET
BO3BAYIHOCTb A€TOYHOI TKaH!U. Ha CHUMKax AerKux,
MMOAYYEHHBIX IIPU KOMIIBIOTEPHOIT TOMOrpaduu
rpyAHon KaeTku 6oapHbix COVID-19, stu
MMOBPEXXAEHMS MPOSIBASIIOTCS B BUAe addeKTa
«maroBoro crekAa» (Chen et al. 2020). 3p0poBbie
A€rKye Ha CHMMKE VMMEIOT YepHBIN 1BET, Ipu
CKOIIAEHUY XVAKOCTU IPO3PAYHOCTb AETOYHOM
TKaHV YMEHBIIAETCS], TI0O3TOMY 3T! Y4aCTKU AETKO-
IO BBITASIAAIT KaK MyTHbI€ IsiTHa. CMMITOM MaTo-
BOT'O CTEKAQ, IIPOINOTEBAHME, IPOSBASIETCS He
TOABKO ITpY MHGULIpoBaHuy BUpycamu. OH MOXeT
00OHapY)XMBaTbCs U MPY THEBMOHUY APYTOTO Xa-
paxTepa, Ipu OTeKe AeTKUX, IPY CEPAEYHOI HEAO-
craTouHOCTU. OCOOEHHOCTHI0 KOPOHABMPYCHOM
ITHEBMOHMM SIBASIETCSI AOKQAM3ALIMsI STUX OYaroB:
yallle BCETO B HIDKHUX OTA€AAX, ABYCTOPOHHSIS,
nepudepudeckas (To ecTb OAMKE K TPYAHOM
KAETKE).

AejicTBMe BUpYCa BbI3bIBA€T TAK)KE IOBBILIEHVE
IPOHMIIAEMOCTY CTEHOK A€TOYHBIX KAMMAASIPOB
VI YCHAEHHBII TPAHCIIOPT KUAKOCTH, 60raToi aAb-
OYMMHOM, B MIHTEPCTULIMAABHYIO TKaHb AE€I'KOTO.
PasBMBaeTCsl MHTEPCTULMAABHBIN OTEK AETKUX.
Brixoa B MHTepcTULMIT GMOPUHA CTOCOOCTBYET
¢b1OpPO3MpPOBAHMIO AETOYHOI TKAH!, CHIDKEHUIO ee
9AACTUYHOCTU. BHaYaAe HOpMaAbHasl AerOvHast
TKaHb pa3pylLIaeTcs, a 3aTeM 3aMeHSETCS COeAU-
HUTEABHOI TKaHbIO. B pesyabrare B 5AaCTUYHOM
TKaHU 00pas3yIoTCs HepacTsDKUMbIE Y4aCTKY, pyo-
1bl. Aerkyie CTAaHOBSITCA MeHee PACTSDKUMbIMU. DTO
YBEAMYVBAET COIIPOTUBAEHME ABIXQHMUIO U CO3AQ€T
AOIIOAHUTEABHYIO Harpy3Ky Ha AbIXaTeAbHbIE
MBIIILIBL.

Takum 00pa3oM, MPUYMHOM TSHKEAOV TUITOKCe-
muu ipu COVID-19 saBasieTcs, mpexae BCero,
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H. I1. Arexcandposa

aKccypaTuBHOE U AV dy3HOE TOBpeXKAEHYE aAb-
BeoA (Komorowski, Aberegg 2020), koTopoe BepeT
K YXYAlLIeHMIo niepdy3um Aerkux; BHOCUT CBOM
BKA3A U TUITOKCUYECKas Ba3OKOHCTPUKIIMSL.
ITo MmHeHMIO akapemuka A. I. YyuaauHa, Te uaMe-
HEHMSI A€TOYHO TKaHU, KOTOpble HAOAIOAQIOTCS
npu COVID-19, — aT0 cKOpee He THEBMOHUY,
a MHEBMOHUTHI C AUPDY3HBIM MTOPa)KEHVEM aAb-
BEOA U BbIMIaAeHMeM OOABIIOTO KoAMYecTBa Gu-
OpuHOB. PUOPO3bI AETOYHOI TKAHY, KOTOPBIE YaCTO
pasBMBaIOTCA y MaLMeHTOB, epeHecux COVID-19,
MOTYT ONPEAEASITbCSI PEHTTEHOAOTMYECKU AadKe
yepes HECKOABKO MeCSIIEB IMMOCAE HayaAa 3aboae-
Banus (Bateneva 2020).

CaeAyeT METb B BUAY, UTO Ha ra30BbIl COCTaB
KPOBU MOYXET OKa3bIBaTh BAVSIHME TAK)Ke MYABTH -
OpraHHast HEAOCTaTOYHOCTD, KOTOPasi pa3BUBaEeT-
cs Ha mospHein ctapauu COVID-19 (Leonard et al.
2018). DTo MOBpEXAEHUS HAATIOYEUHUKOB, ITOpa-
KeH1e KEAYAOUHO-KUIIEYHOTO TPAKTA, HAPYLIEHNS
KOAryAsILUY 1 MeTabOAMY€eCKe HapYIIeHN.

LInTOKMHOBBII WITOPM

HanboAaee akTyaAbHOI ITPOOAEMOII TP TSKEAON
¢dbopme koponasupycHon nupexuuun COVID-19,
MPOTEKAIIEN C TIHEBMOHMEN U AbIXaT€AbHOU He-
AOCTAaTOYHOCTbIO, B HACTOs1llee BpeMs SIBASIETCS
TUNEePLUTOKVHEMNsL. YCTAaHOBAEHO, YTO HeOAaro-
NpUSTHBIE MPOLLECChl, KOTOPble MPOUCXOAST
B Aerkux 60AbHbIX COVID-19, BbI3BaHbI HE PSIMbIM
AeVICTBMEM BMPYCa, a I'UIIePPeaKTUBHOCTDIO UM-
MYHHO CUCTeMBbI. /IHTeHCUBHOCTb TOBPEXXAEHUS
A€TKMX 3aBMCUT He CTOAbKO OT MHTEHCUBHOCTU
BUPYCHOM PeNpOAYKLIMY, CKOABKO OT HEKOHTPO-
AVIPYEMOJI BBIPAOOTKM MPOBOCITAAUTEABHBIX LIM-
TOKMHOB Y Ype3MepHOI MHPUABTPALIMM TKAHEN
A€TKOTO KAETKaMlU BPOXXAEHHOTO MMMYHUTeTA.
ViMeHHO ¢ pa3BUTHEM LUTOKMHOBOTO LITOPMA,
HEKOHTPOAMPYEMOI BOCIAAUTEABHON peaKLuy,
CBsI3aHBI A€TAAbHbIE CAYYau 3TOTO 3a00A€BaHUSL.
LIMTOKMHOBDII IITOPM, MAU TUIIEPLUTOKUHEMMUS], —
3TO MOTEHLMAABHO A€TAaAbHAs peaKUsl UMMYHHOM
CUCTEMbI, XapaKTepU3yoIIasicsi ObICTPOIL IPOAU-
depatimei 1 MOBBIIEHHOI AKTUBHOCTHIO T-KAETOK,
MaKpoQaroB 1 eCTECTBEHHBIX KUAAEPOB C BBICBO-
OO’KAEHVEM 3aLIMTHBIMY KAETKaMU Pa3AMYHbIX
BOCITAAUTEAbHBIX LIUTOKMHOB U XMMUYECKUX Me-
anatopos (Wong et al. 2017). Beipabotka 60Ab1110-
ro KOAMYeCTBa MEAMATOPOB BOCITAAEHNSI IPUBOAUT
K aKTMBALMV MIMMYHHBIX KA€TOK Y BBICBOOOXKAEHUIO
MIOCAEAHVMH HOBOI IOPLIMY MEAMATOPOB BCAEA-
CTBY€ HAANYYSI HEKOHTPOAUPYEMOM TOAOXKUTEAD-
HOI1 0OPaTHOM CBSI3M MEXAY STUMHU MPOLIECCaMU
(Behrens et al. 2017). BosHuKaeT mopoYHbIi KpYT,
KOTOPBIV BbI3bIBAET PaspylleHMe TKaHel o4ara
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BOCITIAA€HMs, PACIIPOCTpaHeHMe peaKLluy Ha CO-
CeAHMe TKaHY, BBIXOA IIPOBOCMAANTEABHBIX LINTO-
KVHOB B KDOBEHOCHOE pycA0. BocniaaeHue npuo6-
peTaeT CUCTeMHbI1, TeHepaAM30BaHHbIN XapaKTep,
0XBaTblBasl BECb OPTraHMU3M B LIEAOM.

CaeAcCTBMEM pa3BUTHS LIUTOKVHOBOIO IITOPMA
SIBASIETCS IOAMKAOHAAbHAs aKTUBALIMA KAETOK
VIMMYHHOJ CUICTEMBI, T. €. T0Teps CrelnpUIHOCTI
MMMYHUTETA, KOTAQ COOCTBEHHbIE KAETKU Opra-
HI3Ma XO351HA CBSI3bIBAIOTCA IPOTUBOBUPYCHBIMU
AQHTUTEHaMU Y YHUYTOXKAIOTCS B XOA€ AQABHeIIel
peakuuy MMMYHHOTO OTBeTa. Pa3pymaoTcs KAeT-
KU HecneLu@puieckoro 3BeHa — HeNTPOUABI,
BBICBOOOXKAQETCS COAEP)KMMOE UX I'PAHYA — IIPO-
TeoauTnyeckre pepmenTsl. Kpome Toro, npu ts-
YKEeABIX MH(EKLMSIX IPOMCXOAUT TUIIEPAKTUBALIVIS
CUCTeMbl KOMIIA€MEHTa — IPYIIIbl 3alUTHBIX
0€AKOB, KOTOPbIE TOXeE SIBASIIOTCSI IPOTEOAUTIYE-
ckumu pepmerTaMu. OHY TOCTOSIHHO IPUCYTCTBY-
IOT B KPOBYU U YYaCTBYIOT B PeaAM3aLiil UMMYHHO-
ro orseta. [Ipy COVID-19 npoucxoAUT CAMIIKOM
MOIIIHAs aKTMBaLUMSA CUCTEeMbl KOMIIAEMEHTA, OHa
CTAaHOBUTCS CBEPXaKTUBHON U HauMHaeT BO3AEN-
CTBOBaTh Ha COOCTBEHHbIE KAETKM OpraHu3Ma.
[TpoteoanTnyeckne pepMeHTHI MOBPEXKAAIOT TKa-
HU, Pa3pylIal0OT 3PUTPOLUTHI U TPOMOOLIUTBHI.
lIBeAcKMMM Y4eHbIMM 13 YIIIICAABCKOI'O YHUBEP-
cuTeTa OBIAO YCTAHOBAEHO, YTO aKTUBALIMSI CUCTE-
MBI KOMITAEMEHTA ABASETCA KAIOUEBbIM MeXaHU3-
MoM obpasoBanus Tpom60B pu COVID-19.
IlpyyeM OCHOBHYI0O pOAb NPU KOPOHABUPYCHOI
MH}EeKUMY B 3TOM IIpoljecce Urpaer OEAOK
MBL — aekTtuH. ViccaepoBaHUs, TPOBEAEHHDIE
B YHUBEPCUTETCKOV O0ABHUIIE YIIIICAABL, TOKA3aAH,
4TO Y BCEX MALMEHTOB C TPOMOO30M aKTUBHOCTD
u ypoBHU MBL Ob1au noBeiens! (Eriksson et al.
2020). K HacTosi111eMy BpeMeH! YCTaHOBAEHO, 4TO
dbopMupoBaHMe BHYTPU KPOBEHOCHBIX COCYAOB
CT'YCTKOB KPOBU, TPOMOOB, SIBASIETCSI OAHUM U3
CaMbIX paclpPOCTPaHEHHbIX OCAOXKHEHUN NpU Ts-
skeaont popme COVID-19. Boibpoc 60AbIIOTO
KOAMYECTBAa OMOAOTMYECKY aKTYBHBIX BEIL|eCTB Py
LUTOKMHOBOM IITOPMe IIPUBOAUT TaK>Ke K pe3Ko-
MY IOBBILIEHNIO TPOHULAEMOCTH MEAKUX COCYAOB
AETKVX, HAaKOIIA€HMIO TPAHCCYAQTa B MHTEPCTULINY
U B AAbBEOAAX, K OTE€KY AaAbBEOAO-KAIIMAASPHOM
MeMOpaHbl 1 HapylieHuIo ra3oobmeHa. PasBuBa-
€TCs1 OCTPBII PeCIMPATOPHBIN AUCTPECC-CUHAPOM,
MIPUBOASLINIT K TUIIOKCEMUM U ABIXaTEABHOU He-
AOCTaTOYHOCTH.

Inneppeakuyss MMMYHHOM CUCTEMBbI IPUBOAUT
K MICTOLLIeHMIO paboThl UMMYHUTETA. B pesyapTare
BO3HMKaeT BTOPMYHAS peaklMsl — MUMMYHHas He-
AOCTaTOYHOCTb. VIMMyHOCYIpeccBHOe COCTOsIHME
OOABHOTO CIIOCOOCTBYET pa3BUTUIO ONIIOPTYHU-
CTUYECKUX OaKTepraAbHBIX M MUKOTUYECKUX UH-
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dbexuuit pecrimparopHoro Tpakra. Ilpu uccaepo-
BaHUU Aerkux ymepiux 6oapHbix COVID-19,
KOTOpbIE AAUTEABHOE BpeMsI HaXOAUANCh Ha UC-
KYCCTBEHHOI BeHTUASLMY, B 50 % cAy4yaeB oOHa-
PY’KUBaeTCs 3alIOAHEHVE aAbBEOA PAa3ANYHOTO BUAQ
rpubamy, MpeVMyIIeCTBEHHO MTAECHEBBIMY, T. €.
Pa3BMBAETCs BTOPUYHAS IPUOKOBast (MUKOTUYECKAS)
ITHEBMOHMSI.

OT COCTOSIHMSI MIMMYHHOI CUCTEMBI YeAOBeKa
3aBUCUT TSDKeCTh TedeHust 3aboaeBauust COVID-19.
Y MOAOABIX AIOAEM C CUABHBIM UMMYHUTETOM OHO
MpOTEeKaeT, KaK MMPaBUAO, B AerKoit popme. Y mo-
JKMABIX ITALIMEHTOB C OCAa6AeHHbIM VIMMYHUTETOM
yaie HaOAIAQ€eTCs Ype3aMepHasi UMMYHHasl peak-
L[MsI HA KOPOHABMPYC, KOTOpasi MOXKeT IIPUBECTHU
K LIUTOKMHOBOMY LITOPMY U HEOAAronpusTHOMY
MICXOAY O0A€3HU.

HejiporeHHbIil MeEXaHU3M AbIXaTE€AbHOI
HepocTtarouHocT npu COVID-19

I'To mepe M3y4yeHMs1 HOBOII KOPOHABUPYCHOM
uHoexuuu SARS-CoV-2 nosiBasieTcs: Bce OOAbLIe
CBUAETEABCTB YYaCTUs B Pa3BUTUU AbIXaT€AbHON
HepocTarouyHocTy npu COVID-19 neHTpaAbHOM
HepsHot cucteMmsl (LIHC) (Li et al. 2020; Manga-
nelli et al. 2020; Wu et al. 2020). PeayabTaTb!
KAVHUYECKVX HaOAIOAEHUI COTAACYIOTCS C TIPeA-
MOAOKEHUSIMU O MOPa’KeHUUM CTBOAA MO3ra
U B OCOOEHHOCTU ABIXaTEAbHOIrO LIEHTpA.
SARS-CoV-2 cuntaeTcs HEMPOTPOIHBIM BUPYCOM.
YCTaHOBAEHO, UTO AENCTBME KOPOHABUPYCOB
He BCETAQ OTPAaHNYMBAETCS AbIXaTEABHBIMU Iy TSIMU,
oHM TakKke MoryT npoHukarb B LIHC, BrI3biBas
HEBPOAOTMYeCKMe HapyLieHys. [ToAyyeHbl AaHHbIE,
yKa3bIBaIIyie Ha TO, YTO PACIIPOCTPAHEHME VH-
bex1MM Ha CTBOA MO3Ta MOXKET UT'PATh CYLIECTBEH-
HYIO POAB B ABIXaTEAbHOM HEAOCTATOUYHOCTU U,
BO3MO>KHO, B BBICOKOI CMEPTHOCTH MALMEHTOB
¢ COVID-19 (Manganelli et al. 2020). DTa runoresa
UCXOAUT U3 MOAEABHBIX DKCIIEPMMEHTOB Ha >KUBOT-
HBIX, MTHOULIMPOBAHHBIX APYTYIMU KOPOHABMPYCaMU,
KOTOpBIe MMOKa3aAHl, YTO CTBOA MO3Ta U 0COOEHHO
ABIXaTEeAbHbII1 LIEHTP Cepbe3HO MOPasKeHbI P KO-
ponaBupycHon undexuyu (Li et al. 2020).

CnocoO6HOCTh K HEMPOUHBA3UM ObIAA 3aperu-
CTPMpPOBAHA MOYTU AASI BCEX B-KOPOHaBUPYCOB.
Tounblil yTh, 10 KoTopoMy SARS-CoV nan
MERS-COV nomapaet B LIHC, Ao cux nmop He
npeHTUGULpoBaH. [ToAyyeHbl epBble AOKa3a-
TEABCTBA IIPSIMOTO PACIIPOCTPAHEHNS M IIPUCYTCTBUS
SARS-CoV-2 B TKaHSX TOAOBHOTO MO3Ta YeAOBeKa
(Paniz-Mondolfi et al. 2020). ITpepmoaaraeTcst, 4To
npoHMKHOBeHMe BupycoB B LIHC u, kak caepcTBue,
BbI3BaHHbIe M HeliponaTuyeckye 3¢ deKTsl MOTYT
OCYIIEeCTBASITBCS 32 CUET reMaTOTeHHOM AVICCEMMU-
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Hal[UU U Yepe3 SHAOTEAUAAbHbIE KAETKU liepe-
O6paAbHBIX COCYAOB. OAHAKO OOABIIMHCTBO MCCAE-
AOBaTeAell CUMTAIOT, YTO reMaTOTeHHbIN UAU
AM$aTIYeCcKuii yTH paclpoCTpaHEeHMsI KOpOHa-
BMPYCHOVI MH(EKLIMY MaAOBEPOSITHBI, 0COOEHHO Ha
paHHel ctapuu 3apaxxenus (Ding et al. 2004;
Gu et al. 2005; Xu et al. 2005). Topazpo 60Abiite A0-
Ka3aTeAbCTB TOT'O, YTO KOPOHABMPYChI MOTYT IPO-
Hukatb B LIHC uepe3 nepudepnueckmie HepBHbIe
OKOHYaHM 1o cuHanTudeckomy mytu (Li et al. 2012;
2013; Matsuda et al. 2004). DkcreprMeHTaAbHbIE
UccAepAoBaHMs mokaszaau, 4to SARS-CoV
1 MERS-CoV, a Taxxe pApyrye KOpOHaBUPYCHI ye-
AoBeka MoryT pocturatb LIHC yepe3 060HsATEABHDIE
HepBbI MAK OAyXpatomumit Heps (Li et al. 2020).
Brnoane Bo3sMo>kHO, 4TO SARS-CoV-2, numeroinii
BBICOKYIO CTe€IleHb CTPYKTYPHOI'O CXOACTBA
¢ SARS-CoV u MERS-CoV, TakXe MOXET POHNKATh
B LIHC uepe3 uyepernHbie HEPBbI, TEM DOA€E UTO
6oabiuas yactp nauyeHToB ¢ COVID-19 paHo xa-
AyeTcst Ha aHocmuio v areB3uio (Lechien et al. 2020).

ITpeanoaaraercs, utro SARS-CoV-2 cnocoben
PacIpOCTPAHSITBCI OT MEXaHOPELIENITOPOB U Xe-
MOPELIENNTOPOB AETKMX U ABIXaTEABHBIX ITyTeNl
Yyepe3 aKCOHAABHBIN TPAHCIIOPT, BAOABD SI3IKOTAO-
TOYHOTO U OAY>XAQIOI[Er0 HEPBOB K CEPAEYHO-
COCYAMICTOMY U peCIMpPaTOPHOMY LIEHTPY IIpO-
AOATOBATOTO MO3ra U MHGULMPOBATH HEMPOHBI
KOMITIAEKCA ITpe-beTLnHrepa 1 AOpCaAbHON pecu-
paropHoii rpymnsl (APT), KoTopble BXOASIT B COCTaB
AbIxaTeAabHOro LieHTpa (Baig 2020; Li et al. 2020;
Smith et al. 1991). B sxcriepumeHTax Ha >KUBOTHbIX
OBIAO ITOKA3aHO, YTO TIPU UHTPAHA3aABHOM 3apa-
YKEHUV KOPOHABMPYCHON MH}eKLMell BUPYCHbIe
AQHTUreHbl OOHAPY)KMBAIOTCSI B CTBOAE MO3Ia, TAE
MHPUITMPOBaHHBIE 00AACTU BKAIOYAIOT SIAPO OAU-
HOYHOTO TpakTa (Mecto pacmoaoxxenus: APT)
u amburyaabHoe sipApo. K neitponam APT mocty-
MaeT BCS CEHCOPHAst MHPOPMALS OT MeXaHope-
LIETITOPOB 1 XeMOPELIEIITOPOB AETKUX U ABIXaTEAb-
Heix nyten (Kalia, Mesulam 1980; Hadziefendic,
Haxhiu 1999). B cBoio ouepeab, apdbepeHTHbBIE
BOAOKHA OT aMOMI'YaABHOTO SIAPA U SIAPA OAMHOY-
HOTO TpakTa 00ecrnevnuBalT MHHEPBALIMIO AbIXa-
TEABHBIX MBIIIL U TAAAKMX MBIIIL] AbIXaT€AbHBIX
ITyTel M KpOBEHOCHBIX COCYAOB. Takue HellpoaHa-
TOMMYECKVE B3aMIMOCBSI3M YKa3bIBAIOT Ha TO, YTO
CMepTh 3aPa’KEHHBIX KMUBOTHBIX UAU MALIMEHTOB
¢ COVID-19 B ompepeAeHHOIT Mepe MOXET ObIThb
CBsI3aHa C AMCOYHKIIVEN CEPAEUYHO-COCYAUCTOrO
U ABIXaTEABHOTO LIEHTPOB B CTBOAE MO3ra
(Khan et al. 2020; Li et al. 2020).

HapyuieHue B pabore sinep CTBOAA MO3Ta,
Y4YaCTBYIOIVIX B LIEHTPAABHOM PeTyASILIM ABIXQHNA,
MOYXeT OObSICHUTD ITOTEPIO CIOCOOHOCTHU Y MHOTYX
mareHToB ¢ COVID-19 caMOCTOSITEABHO ABIIIATh
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H. I1. Arexcandposa

MIOCA€ OTAYYEHVSI OT MHBA3MBHO MCKYCCTBEHHOM
BEHTUAALMU AeTKKX. HellporeHHbIM MeXaHM3MOM,
HallpaBA€HHBIM Ha 0OOpbOy C TruUmokcuemn
B pesyabTaTe mnaoxou auddysum O, yepes
AAbBEOASIPHBIN Oapbep, 00bsCHSETCS TAkOKe yBe-
AVYEHMe 4acTOThl AbixaHus (Baig et al. 2020).
Y nmaumentoB ¢ COVID-19 yepe3 8—14 pAHel1 mocae
IMOSIBA€HMSI CUMIITOMOB 4acCTO pa3BMBaeTCs
AbIXaTeAbHAasI HEAOCTAaTOYHOCTh CO CAabOI1
TUIIOKCeMMeEN U BBICOKOWM YaCTOTOM AbIXaHUS
(A0 38 UMKAOB/MMH), BbISHIBAIOIIEN I'MIIOKAITHUIO
(Millan-Onate et al. 2020). B kauecTBe MexaHM3Ma
yBeAMYeHMsI 4acToThl Abixanus npu COVID-19
paccMaTprBaeTCs IMIMOKCUYECKasT CTUMYASILIMS
XeMOPELENTOPOB, BbI3bIBAOIIAST AKTUBALIMIO AbI-
XaTeAbHbIX HEIIPOHOB KOMITA€Kca Ipe-beTieHrepa

B 3akAl0UeHMe caepyeT ellje pa3 IOAUEPKHYTb,
YTO ITATOT€HEe3 ABIXaTEeAbHOIM HEeAOCTATOYHOCTHU
npu COVID-19 numeet MHO>XECTBEHHbIE TPUYMHBI
¥ XapaKTepuayeTcsi AU Y3HBIM U SKCCYAATUBHBIM
Iopa’keH/eM AAbBEOA, YXYALLIEH/EM BEeHTUASALM-
OHHO-TIepbY3MOHHBIX OTHOLIEHUN, pa3BUTHEM
¢bu1bpo30B, 06pasoBaHMEM TPOMOOB, TUTIOKCEMUEIL.
Kpowme Toro, He06XOAMMO NTOAYEPKHYTD, YTO MC-
CAEAOBaHME LIeHTPAAbHBIX, HEIPOTE€HHBIX MeXa-
HI3MOB AbIXaTE€AbHO HEAOCTATOYHOCTHU U BBISIB-
A€Hle VX KOPPEeAsLIUM C HEBPOAOTMYEeCKNMU
CYMIITOMaM} OTKPBIBAIOT Iy Th K 00A€e TAyOOKOMY
noHuManuio naroredeza COVID-19 1 moryr umeTb
CyLIeCTBEHHOE 3HaueHMe AAS MPO(PUAAKTUKYI
U A€4eHUS peCIMpaTOPHON HEAOCTAaTOUYHOCTH,

(Millan-Onate et al. 2020; Roman et al. 2020). BbI3BaHHOU SARS-CoV-2.

References

Baig, A. M. (2020) Computing the effects of SARS-CoV-2 on respiration regulatory mechanisms in COVID-19.
ACS Chemical Neuroscience, vol. 11, no. 16, pp. 2416—2421. DOI: 10.1021/acschemneuro.0c00349 (In English)

Baig, A. M., Khaleeq, A., Ali, U., Syeda, H. (2020) Evidence of the COVID-19 virus targeting the CNS: Tissue
distribution, host-virus interaction, and proposed neurotropic mechanisms. ACS Chemical Neuroscience, vol. 11,
no. 7, pp. 995-998. DOI: 10.1021/acschemneuro.0c00122 (In English)

Bateneva, T. (2020) Akademik Aleksandr Chuchalin rasskazal “RG” o tajnakh koronavirusa [Academician Alexander
Chuchalin told “RG” about the secrets of the coronavirus]. Rossijskaya gazeta, 19 April. [Online]. Available at:
https://rg.ru/2020/04/19/nauka-shag-za-shagom-otkryvaet-tajny-koronavirusa.html (accessed 19.04.2020).
(In Russian)

Behrens, E. M, Koretzky, G. A. (2017) Review: Cytokine storm syndrome: Looking toward the precision medicine
era. Arthritis & Rheumatology, vol. 69, no. 6, pp. 1135-1143. DOI: 10.1002/art.40071 (In English)

Chen, N., Zhou, M., Dong, X. et al. (2020) Epidemiological and clinical characteristics of 99 cases of 2019 novel
coronavirus pneumonia in Wuhan, China: A descriptive study. Lancet, vol. 395, no. 10223, pp. 507-513.
DOI: 10.1016/S0140-6736(20)30211-7 (In English)

Chuchalin, A. G. (2004) Tyazhelyj ostryj respiratornyj sindrom [Severe acute respiratory syndrome (SARS)].
Terapevticheskii arhiv — Therapeutic Archive, vol. 79, no. 3, pp. 5—-11. (In Russian)

Ding, Y., He, L., Zhang, Q. et al. (2004) Organ distribution of severe acute respiratory syndrome (SARS) associated
coronavirus (SARS-CoV) in SARS patients: Implications for pathogenesis and virus transmission pathways.
Journal of Pathology, vol. 203, no. 2, pp. 622—-630. DOL: 10.1002/path.1560 (In English)

Donoghue, M., Hsieh, E,, Baronas, E. et al. (2000) A novel angiotensin-converting enzyme-related carboxypeptidase
(ACE2) converts angiotensin I to angiotensin 1-9. Circulation Research, vol. 87, no. 5, pp. el—e9.
DOI: 10.1161/01.res.87.5.e1 (In English)

Eriksson, O., Hultstrom, M., Persson, B. et al. (2020) Mannose-binding lectin is associated with thrombosis and
coagulopathy in critically ill COVID-19 patients. Thrombosis and Haemostasis. DOI: 10.1055/s-0040-1715835
(In English)

Fehr, A. R., Perlman, S. (2015) Coronaviruses: An overview of their replication and pathogenesis. In: H. Maier,
E. Bickerton, P. Britton (eds.). Coronaviruses. Methods in molecular biology. Vol. 1282. New York: Humana
Press, 23 p. DOI: 10.1007/978-1-4939-2438-7_1 (In English)

Ferrario, C. M., Jessup, J., Chappell, M. C. et al. (2005) Effect of angiotensin-converting enzyme inhibition and
angiotensin II receptor blockers on cardiac angiotensin-converting enzyme 2. Circulation, vol. 111, no. 20,
pp. 2605-2610. DOL: 10.1161/circulationaha.104.510461 (In English)

Gorbalenya, A. E., Baker, S. C., Baric, R. C. et al. (2020) The species severe acute respiratory syndrome-related
coronavirus: Classifying 2019-nCoV and naming it SARS-CoV-2. Nature Microbiology, vol. 5, no. 4, pp. 536—544.
DOI: 10.1038/s41564-020-0695-z (In English)

Gu, J., Gong, E., Zhang, B. et al. (2005) Multiple organ infection and the pathogenesis of SARS. Journal of Experimental
Medicine, vol. 202, no. 3, pp. 415-424. DOI: 10.1084/jem.20050828 (In English)

Hadziefendic, S., Haxhiu, M. A. (1999) CNS innervation of vagal preganglionic neurons controlling peripheral
airways: A transneuronal labeling study using pseudorabies virus. Journal of Autonomic Nerve System, vol. 76,
no. 2-3, pp. 135-145. DOI: 10.1016/50165-1838(99)00020-x (In English)

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 4 291


https://www.doi.org/10.1021/acschemneuro.0c00349
https://www.doi.org/10.1021/acschemneuro.0c00122
https://rg.ru/2020/04/19/nauka-shag-za-shagom-otkryvaet-tajny-koronavirusa.html
https://www.doi.org/10.1002/art.40071
https://www.doi.org/10.1016/S0140-6736(20)30211-7
https://www.doi.org/10.1002/path.1560
https://www.doi.org/10.1161/01.res.87.5.e1
https://www.doi.org/10.1055/s-0040-1715835
https://www.doi.org/10.1007/978-1-4939-2438-7_1
https://www.doi.org/10.1161/circulationaha.104.510461
https://www.doi.org/10.1038/s41564-020-0695-z
https://www.doi.org/10.1084/jem.20050828
https://www.doi.org/10.1016/s0165-1838(99)00020-x

ITamoeene3 OvixamerbHOU HeOOCMAMO4HOCMU npu KopoHasupycHou 6oreanu (COVID-19)

Hamming, I., Timens, W., Bulthuis, M. L. et al. (2004) Tissue distribution of ACE, protein, the functional receptor
for SARS coronavirus. A first step in understanding SARS pathogenesis. Journal of Pathology, vol. 203, no. 2,
pp- 631-637. DOI: 10.1002/path.1570 (In English)

Harmer, D., Gilbert, M., Borman, R., Clark, K. L. (2002) Quantitative mRNA expression profiling of ACE 2, a novel
homologue of angiotensin converting enzyme. FEBS Letters, vol. 532, no. 1-2, pp. 107-110. DOI: 10.1016/
$0014-5793(02)03640-2 (In English)

Huang, C., Wang, Y., Li, X. et al. (2020) Clinical features of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet, vol. 395, no. 10223, pp. 497-506. DOI: 10.1016/S0140-6736(20)30183-5 (In English)

Imai, Y., Kuba, K., Rao, S. et al. (2005) Angiotensin-converting enzyme 2 protects from severe acute lung failure.
Nature, vol. 436, no. 7047, pp. 112-116. DOI: 10.1038/nature03712 (In English)

Kalia, M, Mesulam, M. M. (1980) Brain stem projections of sensory and motor components of the vagus complex
in the cat: II. Laryngeal, tracheobronchial, pulmonary, cardiac, and gastrointestinal branches. Journal
of Comparative Neurology, vol. 193, no. 2, pp. 467—-508. DOI: 10.1002/cne.901930211 (In English)

Khan, S., Ali, A., Siddique, R., Nabi, G. (2020) Novel coronavirus is putting the whole world on alert. Journal
of Hospital Infection, vol. 104, no. 3, pp. 252—253. DOI: 10.1016/.jhin.2020.01.019 (In English)

Komorowski, M., Aberegg, S. K. (2020) Using applied lung physiology to understand COVID-19 patterns. British
Journal of Anaesthesia, vol. 125, no. 3, pp. 250—253. DOI: 10.1016/j.bja.2020.05.019 (In English)

Kuba, K., Imai, Y., Rao, S. et al. (2005) A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-
induced lung injury. Nature Medicine, vol. 11, no. 8, pp. 875-879. DOI: 10.1038/nm1267 (In English)

Lechien, J. R., Chiesa-Estomba, C. M., De Siati, D. R. et al. (2020) Olfactory and gustatory dysfunctions as a clinical
presentation of mild-to-moderate forms of the coronavirus disease (COVID-19): A multicenter European study.
European Archive of Oto-Rhino-Laryngology, vol. 277, no. 8, pp. 2251-2261. DOI: 10.1007/s00405-020-05965-1
(In English)

Leonard, E. M., Salman, S., Nurse, C. (2018) Sensory processing and integration at the carotid body tripartite
synapse: Neurotransmitter functions and effects of chronic hypoxia. Frontiers in Physiology, vol. 9, article 225.
DOI: 10.3389/fphys.2018.00225 (In English)

Li, Y. C., Bai, W. Z., Hashikawa, T. (2020) The neuroinvasive potential of SARS-CoV2 may play a role in the respiratory
failure of COVID-19 patients. Journal of Medical Virology, vol. 92, no. 6, pp. 552—555. DOI: 10.1002/jmv.25728
(In English)

Li, Y. C., Bai, W. Z., Hirano, N. et al. (2012) Coronavirus infection of rat dorsal root ganglia: Ultrastructural
characterization of viral replication, transfer, and the early response of satellite cells. Virus Research, vol. 163,
no. 2, pp. 628-635. DOI: 10.1016/j.virusres.2011.12.021 (In English)

Li, Y. C., Bai, W. Z., Hirano, N. et al. (2013) Neurotropic virus tracing suggests a membranous-coating-mediated
mechanism for transsynaptic communication. Journal of Comparative Neurology, vol. 521, no. 1, pp. 203-212.
DOI: 10.1002/cne.23171 (In English)

Manganelli, F,, Vargas, M., lovino, F. et al. (2020) Brainstem involvement and respiratory failure in COVID-19.
Neurological Sciences, vol. 41, no. 6, pp. 1663—-1665. DOI: 10.1007/s10072-020-04487-2 (In English)

Matsuda, K., Park, C. H., Sunden, Y. et al. (2004) The vagus nerve is one route of transneural invasion for intranasally
inoculated influenza a virus in mice. Veterinary Pathology, vol. 41, no. 2, pp. 101-107. DOI: 10.1354/vp.41-2-
101 (In English)

Millan-Onate, J., Millan, W., Mendoza, L. A. et al. (2020) Successful recovery of COVID-19 pneumonia in a patient
from Colombia after receiving chloroquine and clarithromycin. Annals of Clinical Microbiology and Antimicrobials,
vol. 19, no. 1, article 16. DOI: 10.1186/s12941-020-00358-y (In English)

Paniz-Mondolfi, A., Clare Bryce, Z., Grimes, R. E. (2020) Central nervous system involvement by severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2). Journal of Medical Virology, vol. 92, no. 7, pp. 699-702.
DOI: 10.1002/jmv.25915 (In English)

Romadn, G. C., Spencer, P. S,, Reis, J. et al. (2020) The neurology of COVID-19 revisited: A proposal from
the Environmental Neurology Specialty Group of the World Federation of Neurology to implement international
neurological registries. Journal of the Neurological Sciences, vol. 414, article 116884. DOI: 10.1016/j.jns.2020.116884
(In English)

Smith, J. C., Ellenberger, H. H., Ballanyi, K. et al. (1991) Pre-Botzinger complex: A brainstem region that may
generate respiratory rhythm in mammals. Science, vol. 254, no. 5032, pp. 726-729. DOI: 10.1126/science.1683005
(In English)

Sommerstein, R., Kochen, M. M., Messerli, F. H., Grani, Ch. (2020) Coronavirus Disease 2019 (COVID-19):
Do angiotensin-converting enzyme inhibitors/angiotensin receptor blockers have a biphasic eftect? Journal
of the American Heart Association, vol. 9, no. 7, article e016509. DOI: 10.1161/JAHA.120.016509 (In English)

Tay, M. Z, Poh, C. M., Renia, L. et al. (2020) The trinity of COVID-19: Immunity, inflammation and intervention.
Nature Reviews Immunology, vol. 20, no. 6, pp. 363—374. DOL: 10.1038/s41577-020-0311-8 (In English)

Wong, J. P,, Viswanathan, S., Wang, M. et al. (2017) Current and future developments in the treatment of virus-
induced hypercytokinemia. Future Medicinal Chemistry, vol. 9, no. 2, pp. 169-178. DOI: 10.4155/fmc-2016-0181
(In English)

292 DOI: 10.33910/2687-1270-2020-1-4-285-293


https://www.doi.org/10.1002/path.1570
https://www.doi.org/10.1016/s0014-5793(02)03640-2
https://www.doi.org/10.1016/s0014-5793(02)03640-2
https://www.doi.org/10.1016/S0140-6736(20)30183-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imai Y%5BAuthor%5D&cauthor=true&cauthor_uid=16001071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kuba K%5BAuthor%5D&cauthor=true&cauthor_uid=16001071
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rao S%5BAuthor%5D&cauthor=true&cauthor_uid=16001071
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7094998/
https://www.doi.org/10.1038/nature03712
https://www.doi.org/10.1002/cne.901930211
https://www.doi.org/10.1016/j.jhin.2020.01.019
https://www.doi.org/10.1016/j.bja.2020.05.019
https://pubmed.ncbi.nlm.nih.gov/?term=Imai+Y&cauthor_id=16007097
https://pubmed.ncbi.nlm.nih.gov/?term=Rao+S&cauthor_id=16007097
https://www.doi.org/10.1038/nm1267
https://www.doi.org/10.1007/s00405-020-05965-1
http://www.frontiersin.org/people/u/536064
http://www.frontiersin.org/people/u/473774
https://www.doi.org/10.3389/fphys.2018.00225
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Li%2C+Yan-Chao
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bai%2C+Wan-Zhu
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Hashikawa%2C+Tsutomu
https://www.doi.org/10.1002/jmv.25728
https://www.doi.org/10.1016/j.virusres.2011.12.021
https://www.doi.org/10.1002/cne.23171
https://link.springer.com/journal/10072
https://www.doi.org/10.1007/s10072-020-04487-2
https://www.doi.org/10.1354/vp.41-2-101
https://www.doi.org/10.1354/vp.41-2-101
https://ann-clinmicrob.biomedcentral.com/
https://www.doi.org/10.1186/s12941-020-00358-y
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Bryce%2C+Clare
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Grimes%2C+Zachary
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Gordon%2C+Ronald+E
https://doi.org/10.1002/jmv.25915
https://www.doi.org/10.1016/j.jns.2020.116884
https://www.doi.org/10.1126/science.1683005
https://www.doi.org/10.1161/JAHA.120.016509
https://www.doi.org/10.1038/s41577-020-0311-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7079716/pdf/fmc-09-169.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7079716/pdf/fmc-09-169.pdf
https://www.doi.org/10.4155/fmc-2016-0181

H. I1. Arexcandposa

Wu, Y., Xu, X., Chen, Z. et al (2020) Nervous system involvement after infection with COVID-19 and other
coronaviruses. Brain, Behavior, and Immunity, vol. 87, pp. 18—-22. DOI: 10.1016/j.bbi.2020.03.031 (In English)

Xu, J., Zhong, S., Liu, J. et al. (2005) Detection of severe acute respiratory syndrome coronavirus in the brain:
Potential role of the chemokine mig in pathogenesis. Clinical Infectious Diseases, vol. 41, no. 8, pp. 1089-1096.
DOI: 10.1086/444461 (In English)

Yang, G., Tan, Z., Zhou, L. et al. (2020) Effects of angiotensin II receptor blockers and ace (angiotensin-converting
enzyme) inhibitors on virus infection, inflammatory status, and clinical outcomes in patients with COVID-19
and hypertension: A single-center retrospective study. Hypertension, vol. 76, no. 1, pp. 51-58.
DOI: 10.1161/HYPERTENSIONAHA.120.15143 (In English)

Yu, E, Du, L., Ojcius, D. M. et al. (2020) Measures for diagnosing and treating infections by a novel coronavirus
responsible for a pneumonia outbreak originating in Wuhan, China. Microbes and Infection, vol. 22, no. 2,
pp. 74-79. DOL: 10.1016/j.micinf.2020.01.003 (In English)

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 4 293


https://www.doi.org/10.1016/j.bbi.2020.03.031
https://www.doi.org/10.1086/444461
https://www.doi.org/10.1161/HYPERTENSIONAHA.120.15143
https://www.doi.org/10.1016/j.micinf.2020.01.003

Uumeepamusuas ¢usuoroeus, 2020, m. 1, Ne 4
Integrative Physiology, 2020, vol. 1, no. 4
www.intphysiology.ru

VAK 611.8

O630pubL

DOI: 10.33910/2687-1270-2020-1-4-294-302

Du3noArornyecknin KOHTUHYYM
NAACTUYHOCTU U MATOAOTUY HEPBHOM CUCTEMbI

H. B. TyasieBa™"?

! VIHCTUTYT BBICLIEI HEPBHOV A€SITEABHOCTH U Helipodusuoaorun PAH,
117485, Poccus, 1. MockBa, ya. byTaepoBa, A. 5a
? HayuHO-1IpakTU4YeCKuil ICuxoHeBpoAornyeckuit eHTp umenu 3. I1. CoaoBbeBa
AemnapTrameHTa 3ppaBoOoXpaHeHus ropopa Mocksel, 115419, Poccus, r. MockBa, ya. AoHckas, A. 43

CBedeHust 00 asmope

I'yasieBa Haraans BasepreBHa,
SPIN-koa: 4807-1036,

Scopus AuthorID: 35571299800,
ResearcherID: R-7959-2016,
ORCID: 0000-0002-5380-7954,

e-mail: nata gul@ihna.ru

Arg yumuposanus:

I'yasieBa, H. B.

(2020) ®usMOAOTMIECKUI
KOHTMHYYM IIAQCTUYHOCTY

Y IATOAOTYY HEPBHOI CUCTEMBIL.
VnmezpamusHas dpusuoroeus,
T. 1, Ne 4, c. 294-302.

DOI: 10.33910/2687-1270-2020-1-
4-294-302

Ioryuena 23 centsiopst 2020;
MPOIIAQ PeLeH3MPOBaHME

20 oxTs16ps1 2020;

npuHsTa 28 okTs16ps 2020.

DuHaHcupoBaHue:

Pabora BbIITOAHEHA

npy pMHAHCOBOI IIOAAEPKKE
PODN B pamKax HAyYHOTO MPOEKTA
Ne 19-015-00258.

Ilpasa: © Astop (2020).
OmnybarkoBaHo Poccuiickum
TOCYAQPCTBEHHBIM II€AQrOTMYECKIM
yHuBepcuteToMm uM. A. V. Tepiiena.
OTKPBITBI AOCTYIT HA YCAOBUSIX
Antensuu CC BY-NC 4.0.

294

AnHomayus. B cTatbe paccMaTpUBaeTCsl KOHLEMLUSI O KOHTUHYYME
HEePONAACTUYHOCTY M HEPOMAaTOAOT MM C TOUKYU 3PEHUSI MHTEIPATUBHOM
¢busnororuu. OOIHOCTD U MAEHOTPOIMHOCTb MEXAHI3MOB Ha MOAEKYASIPHOM,
CMHAINTUYEeCKOM, KAETOYHOM U CETEBOM YPOBHE aCCOLIMMPOBAHA C BEICOKOM
AAQIITUBHON MAACTUYHOCTBIO OTA€AOB MO3Ta (HAalpuMep, IUIIOKAMIIA),
OTBETCTBEHHbIX 32 €I0 MHTETPATMUBHYIO QYHKLIMIO, B T. 4. 00yYeHMeE 1 IaMSTh.
OAHaKO 11eHO1 BBICOKOJ TTAAQCTYHOCTH SIBASIETCS CEAEKTVMBHASI UyBCTBUTEABHOCTD
3TUX CTPYKTYp K PasBUTUIO MATOAOTMYECKUX MpOLeccoB. IIpu aToMm,
B 3aBMCUMOCTH OT KOHKPETHON MaTOAOTUY, HEIPOMAACTUYHOCTD MOXET
CHIDKATBCSI (B pe3yAbTaTe rubeAr HEIPOHOB U CHIDKEHMsI HellporeHesa,
HAIIpuMep, P HeMPOAEereHePATUBHBIX 3a00A€BAHNUAX) MAU MTOBBILIATHCS
(abeppaHTHas MAACTUYHOCTD IIpy srmAenTorerese). Hapsiay ¢ byHAQMeHTaAbHbIM
3HaYEeHIEeM [IPEACTABAEHNS O KOHTMHYYME HeJPOIIAACTUYHOCTY AASI IOHVMAHMS
IPOLIECCOB, MPOMCXOASAIVX B MO3T€ B HOPME U TIPY TATOAOT MY, KOHLIETILIS
0 KOHTMHYYMe MPUHLUIMAABHO BOKHA U C IIPAKTUYECKON TOYKYU 3PEHMUS,
[MOCKOABKY MO3BOASIET OLIeHMBATb L}€eA€CO0OPa3HOCTh BMeELIaTEAbCTBA
B KOHKDETHBII ITPOLIeCC, BOBAE€UEHHDII KaK B [TATOreHe3 3a00AeBaHNUS MO3Ta,
TaK ¥ B PEaAU3ALIMI0 HOPMAABHOI aAQIITUBHOM IIAQCTUYHOCTI.
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Abstract. The paper explores the concept of neuroplasticity and neuropathology
continuum from the perspective of integrative physiology. The commonality
and pleiotropicity of the mechanisms at molecular, synaptic, cellular,
and network levels is associated with high adaptive plasticity of brain regions
involved in its integrative function, including learning and memory
(e. g., the hippocampus). However, the price of high plasticity is the selective
vulnerability of these structures to pathology. Depending on the pathology,
neuroplasticity can decrease (as a result of neuronal death and neurogenesis
decline, e.g. in neurodegenerative diseases) or increase (aberrant plasticity
during epileptogenesis). Along with its fundamental significance for understanding
processes in normal and pathological brain, the concept of neuroplasticity
continuum is practically important since it allows to assess the rationale for
interfering in a specific process involved in brain disease pathogenesis as well
as its normal, adaptive plasticity.
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KusHb Bviuie 110601 yoauu 8 NOSHAHUU peMecAd,
TTockoabKy oHa 6o2ave HA3BAHUS U YUCAA.
PKu3Hb Bble nackyoOHoLL CHpacmu ee 3a20HAMb B CIIPOKY,
Kax yeroe 60abuie uacmu, Kunsuieil 8 CBoeM COKY.

A. A. Bvikos. baawercmso (2014)

BBeaenue.
OusnoAorus Kak MHTErpaTMBHAs HayKa

DOu3noAOrYsI IPEACTABASIET COOOI CUHTETIYe-
CKYI0 00AACTb 3HAHUI, IIPEAMETOM KOTOPOJ SIBASI-
€TCsl YCTaHOBAEHME OOLMX 3aKOHOMEPHOCTEN
GYHKLMOHMPOBAHYS U PETYASILIM OMOAOTMIECKIX
CHUCTeM pa3HOro ypoBHs opranusauu. O0ie6mo-
AOTUYECKUIN U IMTOTEHLIMAABHO CUHTETUYEeCKUN
xapaxkTep ¢pu3nMoAOTMM KaK PyHAAMEHTAABHOIO
VIHCTPYMEHTA MO3HAHMS IPUPOABI IPOCAEKUBA-
eTCsl U B ee Ha3BaHUM (OT rpey. $pUOIG — IPUPOAA
1 A\0YyoG — 3HaHue, yueHue). OUsn0AOTMsI BKAIO-
4yaeT B ce0s1 KOMIIAEKC B3aMMOCBSI3aHHBIX eCTe-
CTBEHHOHAY4HBIX AMCLIUIIAVH, KOTOPBIE, IO CYTH,
OTPaXKAIOT BCE YPOBHU U 00'BEKTHI UCCAEAOBAHUS
JKUBOTO (KM3HEAESTEABHOCTb LJEAOCTHOT'O Opra-
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HU3Ma, QYHKIMOHMPOBAHME OTAEABHBIX CUCTEM
Y IPOL[ECCOB, OPraHOB, KA€TOK, KAETOYHBIX CTPYK-
TYp, UX pa3BUTHE U B3ANMOAENCTBYE C BHELIHEN
cpepoit). Vicrioabp3ys AAsl OOBSICHEHVSI METOABI
Y TIOHSITYSI HE TOABKO OMOAOTYM, HO 1 HEOMOAOT M-
YeCKUX AUCLUUTIAYH (QUBMKY, XMMUY, MATEMaTUKY,
dburocodpun), pusmororus cama CTaHOBUTCS
OCHOBOI AASI APYTMX HayK. Tak, TOCKOABKY ITO-
HUMaHMe 3aKOHOMEPHOCTEN MPOTeKaHusT GU3NO0-
AOTMYECKIX [IPOLIECCOB MI03BOASIET IIPOTHO3MPOBATh
VIX U3MEHEHMs B Pa3AMYHBIX YCAOBUSIX KM3HEAESI -
TEABHOCTH, NOSIBASIETCSI BO3MOXXHOCTD IIPU He-
00XOAMMOCTM BAUSITD Ha 9TU ITPOLIECCHI, YTO A€Aa-
er dusmoaoruw 6asmcom u busocodckoi
nAaThOPMOI AAST 001IIEl OMOAOTUM, MEAULIUHBI,
BeTepUHApUH, a TAKOKe TICUXOAOTUY, B YCAOBMSIX
VHTErpaL1i CIIeLIMAAU3UPOBAHHbBIX OMIOAOTMYECKIX
avicumnAuH. [Tpu TOM OLleHKa n3MeHeHus Gusno-
AOTMYECKMX QYHKLMIT B PA3AMYHBIX CUTYAL[MSIX
BBI3BIBAET HEOOXOAVMOCTD OTIPEAEAEHVS IOHATUI
HOPMbI, OTKAOHEHUSI OT HOPMbI U MaTOAOTUL.
VHpiMK ca0BamMy, GU3UOAOTUSI SIBASIETCSI HAYKOM
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QusuosroeuyecKuii KOHMUHYYM NAACHIUYHOCMIU U NAnoA02UY HepBHOlZ Cucrmembl

0 3aKOHOMEPHOCTX, IIPpEAEAAX HOPMbI J)KU3HEHHBIX
IIpoueccoB n 0OAE3HEHHBIX OTKAOHEHUSX OT Hee.

Hopma u matoAaorus Kak KpaHyue TOYKU
€AVHOTO KOHTHHYYMa

B pomane M. A. CrentHoBo11 «be300>KHbI1 niepe-
yAOK» (2014) IPUBOASITCSI CAOBA, CKa3aHHbIE KOTAQ-TO
VnnoautoMm BacuabeBuyem AaBBHIAOBCKUM (MAU
HPUIIKChIBAEMbBIE eMY): «3anomHume, korreeu. Hem
namoaozuveckoll gpusuoroeuu. Ecmv namorozu-
yeckue Ppusuoroeu»’. IToi oCTpOyMHOI ppason
BBIAQIOLUIICS YUYEHBIN BbIPAaXKaA HEAOYMeEHNe
B CBSI3/ C MICKYCCTBEHHBIM pa3AeA€HEM eAVHON
¢bM310AOT MM HA HOPMAABHYIO U IATOAOTMYECKYIO.
AeliCTBUTEABHO, Pa3BUTME HAYKU IIPUBOAUT
K HaKOITA€HMIO HOBBIX AQHHBIX Ha BCEX YPOBHSIX
OpraHM3arnn XMBOTO, KOTOPbIE TIOATBEP)KAAIOT
HEIPaBOMEPHOCTD TAKOTO PA3AEAEHUS EAVHOT, IT0
CYTU, AUCLUVIIAVHBI, U TIPU 3TOM OIIpeAEAeHNE
HOPMBI 3a4aCTyI0 OKa3bIBAaeTCs eABa AM He Hal-
60aee cAokHBIM BompocoM. K coxaaennio, omnpe-
A€AeHVIS IOHATUI OMOAOTMYECKO HOPMBI, & TAK)XXe
MATOAOTMYECKOT'O COCTOSIHVSI BO MHOIOM OCTAI0T-
C51 YMO3PUTEABHBIMY 1 HE IPUMMEHVMbBIMY YHUBED-
CaAbPHO KO MHOTMM KOHKDPETHBIM CUTYaLIVIsIM.
IToaTBep>kA€HVEM 3TOMY SIBASIETCS, HAIIPUMeED,
pa3BUTHE KOHLENLUUM CTpecca M apalTaluu.
OCHOBOIOAOXHUK apanTosorun B CoBeTCKOM
Coroze, ©. 3. MeepcoH, U3BECTHBIN KapAMOAOT
1 1aTO(M3UOAOT, TOSICHSIA CBOIO KOHLIETILIMIO aAall-
Taly B IIEPBYI0 OYepeAb Ha SIPKUX IIpMMepax 13
HanboAee 0Au3Koi emy obaactu (Meepcon 1973;
1981). B wactHoCTH, rUNepTPOD1I0 AEBOTO SKEAY-
AOYKa, HAOAIOAQEMYIO KaK Y OOABHBIX TUTIEPTOHM-
4eCcKo11 60AE3HbIO, TAK U Y HEKOTOPBIX CIIOPTCMEHOB,
OH 00'BSICHSIA KOMIIEHCATOPHOM GU3UOAOTUYECKOIT
AOATOBpPEMEHHOM aAaInTaLyell K COOTBETCTBYIOIM
HarpysKaM, HO II0APa3yMeBaA, UTO Ha OIIPeAEA€eH-
HOM 2Talle OHA y)Ke He SIBASIeTCsI HOPMOII, XOT4 ellle
He sBAsieTcs matororven. Orpunas (mo Hauemy
MHEHUIO, CIIPAaBEAAMBO) VICIIOAB3YEMBIIl HEKOTO-
PBIMM YUEHBIMU TEPMUH «IIATOAOTMYECKasl aAall-
tayusa», O. 3. MeepcoH BBeA BeCbMa ITIOAE€3HOE
MOHATHE «AAQNTALMS C BBICOKON CTPYKTYPHOM
LIEHOV», IOAUE€PKUBAs CTPYKTYPHBII U3HOC OpraHa
KaK LjeHYy 32 BO3MOXXHOCTb HEOOXOAMMOM AASI BBI-
>xuBauus apanraiuu (Meepcon 1986; Meerson
et al. 1996). HecKOABKO I0O33Ke, HEe CChIAASICh Ha
koHuemnuuio @. 3. MeepcoHa (BUAUMO, B CBS3U
C HEAOCTYITHOCTBIO CTaTell B COBETCKIUX )KypHaAaXx),
b. MaklIBeH chpopmMyAUpOBaA TOHSATIE AAAOCTA3A,
VICIIOAB3YsI CXOAHYI0 AoruKy (McEwen, Stellar 1993;

! CrennoBa, M. A. (2014) BesbowHwii nepeyrok. M.: ACT:
Pepaxuus Eaensr lllyounori, 384 c.
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McEwen 1998). Takum 00pa3om, 04eBUAHbBIE TPU-
Mepbl Pa3HOOOPa3HBIX AAANITUBHBIX UBMEHEHUN Ha
BCeX YPOBHSIX )XMBOTO OPraHM3Ma CBUAETEABCTBY-
10T O TOM, UTO (PU3UOAOTUYECKUE COCTOSHUS TIPEA-
CTaBASIIOT CO00J KOHTMHYYM, B paMKaX KOTOPOTO,
KpOMe BeCbMa YCAOBHBIX IIOAIOCOB «HOPMBI»
U «[ATOAOTUI», PEAAU3YIOTCS COCTOSIHUSA, KOTOPbIe
HY K OAHOMY 13 BbIILIEYKa3aHHBIX OAHO3HAYHO OT-
HECTU HeAb3sl. DTO MTOKa3bIBAET, YTO OT IPOTUBO-
MOCTAaBAEHUS IPEAMETOB HOPMAAbHOI U TIATOAO-
rU4YecKon GU3UOAOTUN B TTAPAAUTME «AOKTOP
Moxexkua/muctep Xaia» 11eAeCO00pasHo mepenTu
K aHaAM3y KOHTMHYYMa «HOpMa — IaTOAOTMSI».
HeyauBUTEABHO, YTO UMEHHO B TEMATUKAaX, KOTO-
pble MCCAEAOBaHBI HaubOAee TAYOOKO, MOXXHO
BUAETb HaAMYlMe TAKOIO KOHTMHYYMa COCTOSIHUIA.
Yem MeHee 1CCAEAOBaH MPOLiece, TeM HoAee TIPo-
CTBIM U OAHOHAIIPaBAEHHBIM OH IIPEACTABASIETCS
AO TOrO MOMEHTA, KaK AOCTUTAETCSI KpUTUYECKUI
00beM 0ObEKTUBHBIX AQHHBIX U MTOSIBASIETCS BO3-
MO>XXHOCTb YBUAETb MHOYKECTBEHHOCTb COCTOSIHUIA.
HopMma 1 maToAorust — KpaiHue TOUKU, MEXKAY
KOTOPBIMHU He CYIIeCTBYeT YETKOU IPaHMLIbI, HO
MIMeeTCs KOHTMHYYM COCTOSHUM, KOTOPBIN LieAe-
CcOo00OpasHO pacCMaTpUBATh B PaMKaX UACOAOTUU
MHTErPaTUBHOU (PU3UOAOTUNL.

KoHTUHYYM 1 001IHOCTD MeXaHN3MOB
HEHPONMAACTUYHOCTHU ¥ HEMIPONATOAOT UM

Bce BbIIIeCKa3aHHOE 0COOEHHO BaXKHO AAS UC-
caepoBaHus Mo3sra. CylecTByollas B paMKax
CUHTeTHYeCKo! pusmororum HenpodusnoAors
MOCBSII[eHa UCCAEAOBAHUIO HEPBHOW CUCTEMBI,
a TECHO CBsI3aHHas ¢ Helipodusnoaorueit pusuo-
AOI'VISI BBICILIIEN HEPBHOM AEATEAbHOCTU M3ydaeT
BBICIIIME TICHXMYeCKMe PYHKLIMY C MICTTOAB30BAHM-
eM pusnorornuecknx moAxopaoB. OAHUM U3 Kpae-
YTOABHBIX IOHSTUN «HENPOOMOAOTUIECKO»
obaacTu GU3NOAOTUM SIBASIETCSI TIOHSITHE MTAACTUY-
HOCTH, TIOAPa3yMeBarolliee CIOCOOHOCTb HEPBHO
CUCTeMBI K CTPYKTYPHO-(QYHKLIMIOHAABHO aAall-
TALMU B YCAOBUSIX UBMEHEHMI CPeAbI (KaK BHELIHEIT,
TaK U BHYTPEHHEI CPeAbl OpraHK3Ma), Harpumep
K KOMITEHCATOPHBIM [TPOLIeCCaM IIPU TOBPEXKAEHU,
a TaK)Ke K Pa3sBUTUIO U CO3PEBAHUI0 MO3Ta Mpu
npruobperenun omneiTa. [IpUHSTO CYUTATD, YTO Ha-
pYLUIEHMs HEPONAQCTUYHOCTY aCCOLMMPOBAHBI
¢ maroAorusmu mosra (Mattson, Duan 1999).
HeobxoauMoe AAST aHaAM3a KAMHUYECKUX U 9KC-
MePUMEHTAABHBIX AAHHBIX Pa3AEAEHME AAATITUBHBIX
VM3MEHEHUI MAaCTUYHOCTYU HA CTPYKTYPHYIO
1 GyHKLMoHaAbHYI0 apanTaimio (Cohen et al. 2017)
TeM He MeHee MPEACTABASIETCS AOCTATOYHO Gop-
MaAbHBIM 10 cyTU. HecoMHeHHO, B OCHOBe peaAl-
3aumy AI06011 GPyHKLMM 3aA00KEeHA OIpeAeAeHHas
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CTPYKTYpa, OAHAKO He BCErAa CTPYKTYpHBIE U3-
MeHEeHNsI OUeBUMAHBI U TTOKa3aHbl. Hanpumep, ecan
CTPYKTYpPHbIe Mi3MeHEHMSI AOKAAM30BaHBI HA YPOB-
He KAETOK, ICCAEAOBAHVIsI, He TIPEeATIOAAralolye
aHaAM3 HAa MUKPOYPOBHE, 3a4aCTYIO0 TPAKTYIOT
MPOM3OILEALNe TAACTUYECKME M3MEHEHUS KaK
Cyry0o QyHKIMOHaAbHBIE.

OrmnpeaeAsiss TAACTUYHOCTb HEPBHOI CUCTEMBI
(HEpOIMAACTUIHOCTD) KaK CIIOCOOHOCTH HEPBHOM
CUCTEMBI U3MeHSITh PYHKLMOHMPOBAHME, OOBIYHO
B OTBET HA BHELIHUI VAY BHYTPEHHUI CTUMYA,
IT. A. HIBapukponu (Schwartzkroin 2001) moa-
YepKyUBaeT B CBOEM OIIPEAEAEHUY, UTO TaKue Ipe-
00pa3oBaHMs BbI3bIBAIOT HEOOXOAMMOCTD MTOBE-
AeHuecKux uameHeHuit. [Ipy 5ToM naroaormyeckue
COCTOSIHUSI He 00513aTEABHO BEAYT K CHIKEHUIO
NAQCTUYHOCTHU. [Ipyu HelpopereHepaTUBHBIX 3a-
00AeBaHMIX, CBSI3aHHBIX C AUCHYHKLIMEN U TUOeAbI0
HeIPOHOB U, KaK IPaBMAO, C TAPAAAEABHBIM I10-
AaBAeHUEM HelporeHesa (6oAe3Hb AAbLreiiMepa,
Apyrue Tumsl AeMeHuuy, 60Ae3Hb [TapKMHCOHA),
MAQCTUYHOCTD MO3Ta AEICTBUTEABHO CYIIeCTBEH-
HO CHIPKAeTCs Ha pasHbIX ypoBHsix (Mattson 1998).
OAHaKO 3TMAEINTOreHe3 SIBASIETCS IIPSIMBIM CAEA-
CTBUEM YCUAEHHOI, XOTs 1 abeppaHTHO AACTUY-
HOCTH (B T. 4. CMHAIITUYECKOTO IIPYHMHIA U CIIPY-
TUHIa aKCOHOB). Bo3HMKalo11]ast BCAEACTBIE 3TOTO
CYAOPO>KHasl aKTUBHOCTb IPUBOAUT K TMOEAU
HEVIPOHOB ¥ aKTMBaLUMM TAUY, KOTOPBIE, B CBOIO
ouepeAb, CTUMYAUPYIOT U3MEHEHUS CTPYKTYPbI
¥ pYHKLIMY HEJIPOHOB, B TOM YMCA€ PEOpraHM3aLMIo,
KOTOpasl HalpaBAeHa Ha KOMIIEHCALMIO TTOBPEX-
aennst (FyasteBa 2015; 2016; 2017). TpapuimoHHble
NpeACTaBAEHNsI O TMOEA HEMIPOHOB MPU SIUAEI-
ToreHe3e 0a3MpPOBAAVCH HA TOM, UTO IOTEPS CU-
HAITUYECKOTO BXOAQ U3 TMOHYILEro HelfpoHa siB-
ASIETCSI KPUTUYECKUM CUTHAAOM AASL UHAYKLMU
AKCOHAABHOTO CIIPYTMHIA M pPeOpraHM3aluy Ch-
HanTuyeckux cereit. OAHaKoO HanboAee TmepcreK-
TUBHOII IIPEACTABASIETCS TMIIOTE3a O TOM, UTO
VIMEHHO OMOXMMMYECKI€ MEXaHV3MbI, BBI3bIBAIOII[VIE
3arporpaMMMPOBAHHYIO HElIPOAETreHepaLyio, a He
cama 1o cebe rubeAb HEIPOHOB, BbI3bIBAIOT SIN-
aenrroreres (Cohen et al. 2017). Penporpammupo-
BaHMe MyTeil rnbeAr HelIPOHOB (HEKpO03a, aloITo-
3a, HeKpoImTo3a, ayrodaruu, ¢aroumurosa,
MMPOIITO3a) BHOCUT CYILIECTBEHHBIN BKAAA B pea-
AU3aLuIo abeppaHTHO MAACTUYHOCTH, A€XKalllei
B ocHOBe anmAenTorenesa (Dingledine et al. 2014).
PaHee MbI TOAPOOHO ITPOAHAAMBMPOBAAY MEXaHU3-
MBI TAACTUYHOCTY, KOTOPbIE A€XKaT B OCHOBE Ilepe-
XO0AQ OT BIMAENTOreHe3a (abeppaHTHas Cynepriaa-
CTUYHOCTB) K P€3KO OTPAHNYEHHOV ITAACTUYHOCTY
B IIeproA CPOPMUPOBAHHON SMMAETICUY BUCOYHOM
AOAM, COIIPOBOXKAQIOLLENCS HelIpOoAeTreHepaLyen
u ckaeposoMm runmnokamma (I'yasieBa 2017). IMaa-
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CTUYHOCTb U CBsI3aHHBIE C HEl U3MEHEHMsI BO3-
OYAMMOCTH SIBASIIOTCSI peHOMEHAMU, AEMOHCTPH-
PYIOLIMMM TECHOE TepernAeTeHe TAACTUYHOCTHU
VI IATOAOT MY (M3MEHEHUS TAACTUYHOCTY BbI3bIBa-
0T TATOAOTUYECKIe COOBITYS 1 HA0OOPOT), U OAHUM
13 PallOHAABHBIX O0BSICHEHUIT STOTO SIBASIETCSI
TOT AKT, YTO B OCHOBE MAACTUIHOCTH U TATOAOTUI
A€XaT 00111ie MeXaHU3MbI.

PaHee MbI Ha OCHOBAHUM PE3YABTAaTOB COOCTBEH-
HBIX UCCAEAOBAHUI 1 AQHHBIX AUTEPATYPBI IIPEA-
CTaBUAU U 000CHOBAAM KOHLICIILIMIO 00 OOIIHOCTHU
OCHOBHBIX MOAEKYASIPHbIX MEXaHM3MOB HEIpOIAa-
CTUYHOCTY 1 HEPOTIATOAOT MY Ha Pa3HbIX YPOBHSIX
(baaabaH, I'yasieBa 2006). OCHOBHBIM TPUITEPOM
AASI Halllell KOHLIEMLUU MOCAYXUAU PabOThI
Ax. MakVxepHa u K. llloy (McEachern, Shaw 1996;
1999) o MoAeAM KOHTUHYYMA «IIAQCTUYHOCTb —
IIATOAOTVSI» Ha OCHOBAHMMU AQHHBIX, TIOAYYE€HHbBIX
B OCHOBHOM IIPU MCCAEAOBaHUU AAUTEABHOM T10-
TeHUauuu B runmnokamie. O4eBUAHO, YTO B OC-
HOBe MOAU(UKALIMIT CUHATITUYECKOV IIAQCTUYHOCTU
B OTBeT Ha (pM3MOAOTMYECKIE AV TTATOAOTMYECKIE
CTUMYABI A€KaT MOAEKYAsIpHbIE 3MeHeHyst (Mattson
1998, Gulyaeva 2017). [IpMHLUIMAABHBIM METO-
AOAOTMYECKIM IIOAXOAOM SIBASIETCSI YETKOE TIPEA-
cTaBA€HME O AyaAusMe (T. e. CHOCOOHOCTU KaK
paborarb B HOpMe, TaK 1 0OYCAOBAUBATD IIATOAO-
rUn), a elle TOYHee, MAEHOTPOMHOCTH 6a30BBIX
MOAEKYASIPHBIX MEXaHM3MOB, HEOOXOAVMMBIX AASI
HOPMaAbHOTO QYHKLIMOHMPOBAHMSI HEMPOHA VAU
NPYHUMAPIMX YYaCTVE B €ro MOBPEXAEHUN
u rn6eart. OCHOBHbIE MOAEKYASIPHbIE MEXaHM3MbI
IIAE/TOTPOITHBI B TOM CMBICAE, YTO OHU OMOCPEAYIOT
KaK HOpMaAbHble QYHKL[MM HEPOHA, TaK U pas-
BUTME TATOAOTMYECKIUX IPOLIeCCOB (QYHKIIMOHAAD-
Hble U3MEHEHUS, IOBPEXAEHMeE, TMOeAb HeITPOHa).
Hanpumep, aHaAU3 AQHHBIX AUTEPATYPBI U PE3YAD-
TaThI CepUM COOCTBEHHBIX ICCAEAOBAHUIL IPUBEAU
HAC K BBIBOAY O TOM, YTO «aMOINTOTUYECKME» Ka-
Crasbl B HEPBHOII CUCTEME B3POCABIX MAEKOIIUTA-
IOLIVX BBIMIOAHSIIOT QYHKLIMY, CBSI3aHHbIE C PeaA-
3auyent GpeHOMEHOB HEMPOIAACTUYHOCTY U He
CBSI3aHHBIE C AIIONTO30M 1 maroAaorueit (Gulyaeva
2003; Kudryashov et al. 2004; Kudryashova et al.
2009; Stepanichev et al. 2005; Yakovlev, Gulyaeva
2011). Takum o6pa3om, IpoTeasa, MO3ULKOHUPO-
BaHHasl COTHSIMU aBTOPOB KaK «ITaAa4 KAETKU»
HAa OCHOBAQHMM €€ y4aCTUsI B alIONTOTUYECKON TU-
OeAl HEMIPOHOB, HEOOXOAMMA B MEPBYIO OYEPEAD
AASL peaAu3alyy HOPMAABHOI MAQCTUYHOCTH,
BKAIOYAs pa3BUTHE MO3ra, 00y4YeHe U IaMsITh.

AocTikeHns: GyHKLUMOHAABHON HEPOXUMUN
Yl MOAEKYASIPHO O6MOAOTMY YOEAUTEABHO CBUAE-
TEABCTBYIOT 00 OOI[HOCTY OCHOBHBIX MOAEKYASIP-
HBIX MEXaHM3MOB HEMPOMAACTUYHOCTY U HeNpPOo-
natoaoruu (Baaaban, I'yasieBa 2006). VHoraa
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IIPOBeAEHEe CUTHAAOB O BBDKMBAHUY, MU3MEHEHUN
bYHKUMOHMPOBAHMS MAU TMOEAU KAETKYU peaAn-
3yeTcs 1o o0lemMy IyTH, a AUBEPIeHLMsI TIPOUC-
XOAUT AULIb B KOHLIE HETPOXMMUYECKOTO KaCKaAQ.
B Apyrux cAy4asix OAMH 1 TOT e (HaKTOp MOXKET
3aITyCcKaTh pasHble MeXaHM3Mbl curHaauHra. Kon-
Lernuyst 06 0OLIHOCTY MOAEKYASIPHBIX MEXaHI3MOB
HEPOMAACTUYHOCTY U HEMPOIIATOAOT UM AOTUIHO
YKAQABIBA€TCs B IPEACTABAEHME O TOM, YTO B Op-
raHu3Me, KaK IPaB1AO, He 3aA0)KE€HO CIelaAbHbIX
MeXaHU3MOB, PeaAM3YIOIIMX TAaTOAOrMI0. Buaumo,
IIATOAOTMYECKVE IBMEHEH)sI Pa3BUBAIOTCS B pe-
3yAbTaTe HapyLIeHUs] «<HOPMaAbHbIX» MEXaHU3MOB,
a M3MEHEeHUs, KaK [IPABUAO, 3aKAKOYAIOTCS B TOM,
4TO (PYHKUMOHUPYIOL[ME B HOPME MEXaHU3MbI
PEeaAU3YIOTCSI C MHBIM CYOCTparoM (Ipo maeno-
TpPOIHbIe PePMEHTHI YIIOMSIHEM HIKE), B MHOM
CTeIeHU, B MHOM IIePUOA, B MHBIX KA€TOYHBIX AV
BHEKAETOYHBIX KOMIIAPTMEHTaX.

[TaeitoTponHbie GpepmMeHTDI
KaK KAIOYeBble KOMIIOHEHTbI KOHTUHYyMa
«HeHMPONAACTMYHOCTD/MATOAOT USI»

Bo MHOrux cay4dasx mnepeKAlYeHUe
«HOpMa — IMATOAOTUSI» OIPEAEASIETCSI KOHKPET-
HBIMM CYOCTpaTaMy KAIOUEBBIX MMAEMOTPOIHBIX
(nAM «moAncy6cTpaTHbIX») HEPMEHTOB: IPOTEAs,
NpOTeNHKMHA3, nporenHdocdaras u Ap. (Gulyaeva
2003; Jaworski et al. 2019). [To-BuAMMOMY, IMEHHO
B 3TOM U COCTOUT (HUBNOAOTMYECKUIT CMBICA HUBKO
CyOCTpaTHOM CriePUYHOCTY KAIOUEBBIX IPOTEA3
Y IPOTEMHKMHA3, KOTOPBIN AO CUX IIOp He ObIA
B AOAJKHOJ CTEIIeHV OCMBICAEH TeopeTnyecku. Ham
IPEACTaBASIETCS], UTO CYILLeCTBOBaHME KOHTHHYYMa
(bYHKI[MOHAABHBIX COCTOSIHUI B CYIL[€CTBEHHOM
Mepe OCHOBAaHO Ha QYHKLMOHMPOBAHUN TaKUX
MAEOTPOIHBIX (EPMEHTOB — MePEKAIYATEAEN
ITyTell CUTHAAbHOM TPAaHCAYKLMHA 3a CYET UICIIOAb-
30BaHMSI pa3AYHBIX AABTEPHATUBHBIX CYOCTPATOB.
[Ipy aTOM Aa’Ke eCAUM AEVICTBYIOIasi MOAEKYAQ
BAMSIET A@0COAIOTHO CrielipUYHO Ha OAHY MUILIEHD
(4TO camo 10 cebe NMpeACTaBASIETCS MAaAOBEPOSIT-
HBIM), CBSI3M U B3aVIMOAEVICTBYSI 3TOV MMUIIEHU
o0ecrieyaT M3MeHEHMsI Pa3AMYHBIX IIPOLIECCOB Ha
PasHbBIX YPOBHSIX, BIIAOTb AO 3MEHEHWIT HECKOAD-
KIX, 3a4aCTYIO SIBHO He CBSI3aHHBIX MEXAY COOO0I
beHoTUnMUecKuX npusHaKoB. ITo cyTu, 310 1 eCTh
MHTerpaTuBHasi GU3UOAOTYSI, TAPAAUTMA, B KOTO-
PO IPEAYCMOTPEHBI CBSI3U U B3aIMOAEICTBYS Ha
BCEX YPOBHSIX, OT MOA€EKYA, KAETOUHBIX CTPYKTYP
Y1 KAETOK AO LIEAOTO OpraHu3Ma.

Hapsiay ¢ yHAaMeHTaABHBIM 3HaU€HMEM TaKO-
rO MPEeACTaBAEHMSI AASI TIOHMMAaHMs IIPOLIECCOB,
IIPOMICXOASILIVX B MO3T'€ B HOPME 1 ITPY TATOAOT UM,
9Ta KOHLIENLMsI IPUHLMIIMAABHO Ba)KHa U C ITpaK-
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TUYECKON TOYKU 3peHus. [IpepcTaBAeHME O KOH-
TUHYYMe MAQCTUYHOCTU U MAEMOTPOIIHOCTY MO-
AEKYASIDHBIX MEXaHM3MOB, HEOOXOAVMBIX AAS
HOPMaAbHOTO QYHKLIMOHMPOBAHMSI HEMPOHA VAU
NPUHUMAPIKUX YYACTVE B €r0 MOBPEXAEHUN
U TOeAY, AQeT B PYKU VICCAEAOBATEASI METOAOAO-
TUI0 AASI BBISIBA€HUS 3B€HA, C KOTOPOrO HauMHa-
IOTCSI TIATOAOTMYECKME TIPOLIECChl. DTO 3BEHO —
MOTEHLMAABHASI MULLEHD AAST Pa3pabOTKM HAYIHO
000CHOBaHHBIX TOAXOAOB K KOPPEKLMM KOHKPET-
HbIX 3a00AeBanumit (baaaban, [yasieBa 2006). Heyaa-
411 B pa3pabOTKe «IAaTOTeHETUIECKY HATTPABAEHHBIX»
MMOAXOAOB K Tepanuu 3ab0A€BaHUIT HEPBHOI CH-
CTeMbI (B TOM YMCA€ MHCYABTA, AEMEHLUY, IICUXM-
YeCKMX HapYLIEHU) CBSI3aHbl, B YaCTHOCTY, C UT-
HOPUPpOBaHMEM OOIIHOCTU MOAEKYASPHBIX
MEXaHU3MOB, A€XKaIINX B OCHOBE KaK HOPMaAbHO-
ro GpyHKIMOHMPOBAHMS MO3TIa, TaK M Pa3BUTUS
HeJPOMaTOAOT UM, YTO IPUBOAUT K BMELIIATEABCTBY
VIMEHHO B 9T 00111e MexaHusMbl (0Aokapa NMDA -
peLenTopoB, MHIMOMPOBaHKE TaK HAa3bIBA€MbIX
«aIOMTOTUYECKUX» IIPOTEA3 U AP.).

EanucTBO 1 0aranc
HePONAACTUYHOCTY U HENPOMATOAOT UM

WTak, HeT COMHEHUI B TOM, YTO HOPMaAbHast
HePONAQCTUYHOCTD Y HEMIPOMIATOAOT UMY SIBASIIOT-
CsI MIOASIPHBIMM TOYKaMM B €eAVHOM KOHTUHYYMe
COTAQCOBAHHBIX U B3aMIMOOPIaHM30BaHHBIX KAe-
TOYHBIX MEXaHN3MOB, Pa3BUBIINXCS B Pe3yAbTaTe
SBOAIOLIMU U A€XKAIIMX B OCHOBE CAOXKHOI LIeH-
TPaAbHOM HEPBHOW CUCTEMBI MAEKOIUTAIIINX
(Schwartzkroin 2001). HopmaAbHast mAacTud-
HOCTb — COAAQHCUPOBAHHOE COCTOSIHIE, TPEOYIO-
11lee XOPOIIIO OTPErYAPOBAHHOTO B3aMIMOAENCTBIA
MEXXAY MeXaHU3MaMU BO30Y>KAEHNS I TOPMOXKEHNSI.
Ha npumepe Takoro naToAOrn4ecKoro COCTOSIHMS,
KaK CYAOPOXXHas aKTUBHOCTb, BUAHO, YTO 3TOT
6aAraHC HapylleH, HECMOTPSI Ha aKTUBHO IIPOMC-
XOAsIIMe TIPOoLecChl MAACTUYHOCTHU. [Touemy ke
3BOAIOLIMSI CO3AQAQ TAKYIO, HA IIEPBBIN B3TASA,
HeCTaOMABHYIO CUCTEMY, AUCHYHKLVIS KOTOPOI
IIOABEpraeT OpraHu3M CYIIECTBEHHOMY PUCKY?
TToApOOHBIIT OTBET HA STOT BOTIPOC MPEATIOAATAET
BBIXOAsIIIEe 32 PAMKI AQHHO CTaTby 00CY>KAEeHMe
TOrO, Ha KaKMX MPUHLUIIAX CO3AaHA U KaK YCTPO-
€Ha L[eHTPaAbHAasI HEPBHAsS CUCTEMA, TAABHOM
(byHKuMei[ KOTOPOI1, 110 CYTU, U SIBASIETCSI ONTUMU-
3alys UHAMBMAYAAbBHOM HEMPOMAACTUYHOCTMU.
B pesyabrare aBOAIOLIMYM OTTOYEHA HEPBHA CHUCTe-
Ma, KOTOpast MOXKeT OBICTPO OTBEYATh HA Pa3ANY-
Hble BHeIIHVEe COOBITUS M CUTYaLMH, CIIOCOOHA
00y4aThCs U pelaTb KOMIIAEKCHBIE 3aAQUVl B OTBET
Ha pa3HOOOpa3Hble BbI30BbI, POPMUPOBATH HOBOE
TIOBEAEHVIE B OTBET Ha M3MEHSIIOIIYIOCS OKPYKalo-
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II[YIO CPEAY, AEVICTBYSI BMECTE C ADYTMMU CUCTEMa-
MU OPTraHM3Ma, B IIEPBYI0 OYEPEAb MMMYHHOI,
1 obecreynBaTh COrAQCOBaHHOE PYHKILIMOHMPOBA-
HIEe BCeX BOBAEUEHHBIX cCTeM. TaKkast OnTUMu3a-
UM MMAACTUYECKUX HENPOHHBIX MPOLECCOB
1 CTOCOOHOCTD HEPOHHBIX CETeN K peopraHu3alum
VIMeeT CBOIO 1ieHY, U 3Ta LieHa — BHYTPEHHSIS Aa-
OMABHOCTb 3aA€ICTBOBAHHBIX IMpoLieccoB. Yem
BbIIIE TTOTEHI[MAA TIAACTUYHOCTHU, TeM OOAbIIe
OIACHOCTDb HapYILIEHUS PEryAsLiMU MPOLIECCOB
B CHCTeMe, BIIAOTb AO €€ ITOAHOTO OTKa3a. LleH-
TpaAbHas HEPBHASI CUCTEMA OTPA’KAET «KOMIIPO-
MUCCHBI» AU3allH, BHYTPU KOTOPOTO €CTh Pa3Hble
CyOKoMIOHeHTbI. CTabKAbHbIE KOMIIOHEHTBI 3TOM
CUCTEMBbI ACMICTBUTEABHO YyCTOMYMBDI, HO 3aTO OT-
HOCUTEABHO He IIAQCTUYHBI (HAIIpUMep, OCHOBHbIE
BereTaTyBHble QYHKLMM), B TO BpeMsI KaK Apyrue
A€TKO MOAVUIIpYyeMble KOMIIOHEHTBI AEMOH-
CTPUPYIOT BBIPa)KEHHBIE ITAACTUYECK/IE€ BO3MOX-
Hoctu (Schwartzkroin 2001). VIMeHHO K ITOCAEAHUM
OTHOCSITCSI «BbICIIME QYHKLIMM MO3ra» U Te 00AaCTU
MO3ra, KOTOpbIe HanboAee BOBA€UEHBI B HOPMAaAb-
HYIO IAQCTUYHOCTb U ITOABEPIKEHbI HAOOABIINM
puckam pasButus naroaoruu. Ilo cyru, saTo BHY-
TpEeHHee eAMHCTBO U TPOTUBOPEYME TECHOI CBSI3U
ME>XXAY HOPMAABHOII 1 NATOAOIMYECKOM MAACTHY-
HOCTbIO SIBASIETCSI TIPEAMETOM He TOABKO UHTErpa-
TUBHOI HGU3MOAOTUY, HO U HeltpoduAocobun.

YyBCTBUTEABHOCTD K TOBPEKAEHHIO
KaK 00paTHasi CTOPOHA BBICOKOI MAQCTUYHOCTH
(Ha mpuMepe rUNIOKaMIa)

SIpKMM pUMEPOM BBICOKOIIAACTUYHOI'O Peruo-
Ha MO3ra, KOTOPbI aCCOLMMPOBAH KaK C KOTHU-
TUBHON QYHKLMEN, TaK ¥ C SMOLMSIMY, SIBASIETCS
rUIIoKaMIL. [UImokaMII BOBA€UEH B IIepepaboTKy
KOTHUTMBHOJ U 9MOLMOHAaABHO MHPOpMaALUH,
VI 9TU pa3AMYHble PYHKLMY Tonorpapuyiecky pac-
IpeAEAEHBbl BAOAb AOPCO-BEHTPAABHOM (CenTo-
TeMIopaAbHOI) ocu. C ONpeAEeAE€HHOIT CTENEHbIO
YIPOILeHVsI MOKHO CKa3aTb, YTO AOPCAABHBIN
TMIIIIOKaMII (CernTaAbHas YaCTh) B OCHOBHOM pea-
AV3yeT KOTHUTMBHYIO GYHKLMIO (00y4eHue, TaMsTh),
a BEHTPAABHbII I'UIITIOKAMII (TeMIIOpPAAbHAsI YaCTh)
Y4aCTBYET B PeryASLMY aSMOLui1 1 popM OBeAeHNS,
CBsI3aHHBIX C TpeBOXKHOCThIO (Gulyaeva 2015).
[MnIoKaMmII SIBASIETCSI CEA€KTVBHO YyBCTBUTEABHBIM
K AEIICTBMIO CTPECCOPHBIX (GAaKTOPOB Pa3AMIHON
IIPUPOABI U pa3BUTHIO HellpoBocnasenus (Piskunov
et al. 2016). Panee Mbl 000CHOBaAU TUIIOTE3Y
O AVMICTQaHTHOM ITOBPEKAEHUM TMITITOKAMITa KaK
KAIOYEBOM 3BeHe [TaTOreHe3a KOTHUTUBHBIX U TICH-
XMYECKMX PACCTPOVICTB B pe3yAbTaTe (POKaAbHBIX
nopakeHMi1 Mo3ra. B cooTBeTCTBUM C 3TOV I'UITO-
Te3011 U30BITOK KOPTUKOCTEPOUAOB, CEKPETNPO-
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BaHHBIX B KPOBB ITOCA€ (POKAABHOTO MOPaXKEHMS
MO03ra, 0COOEHHO Y MHAVBMAOB C @aHOMAaAbHbIM
CTPECCOPHBIM OTBETOM B CBSA3U C AMCPYHKLMEN
IUIOTAAAMO-TUIO(U3APHO-HAATIOYEYTHUKOBOIL OCH,
B3aMIMOAEVICTBYET C KOPTUKOCTEPOUAHBIMMU PeLiell-
TOpaMM IMIIIIOKAMIIA 1 MU3MEHSIET IUIITOKAMITAAb-
HYIO ITAQCTUYHOCTb, UHAYLMPYSI CUTHAAbHBIE YT,
CTUMYAUPYIOLIVE HEPOBOCIIAAEHME U TIOCAEAYIO-
1i1e COOBITHS, BKAIOYAS HApYLIeHNMs HellporeHesa
(Gulyaeva 2019a; 2019b). S Tu u3MeHeHMsI CIOCOO-
HBI BBI3bIBATb MOAMDYKALIY HEPOTIAACTUYHOCTH,
KaK aAAIMITMBHbIE, TAK U T10 «HEPOAEreHepaTUBHO-
My» UAU «3MUAENITUIECKOMY» CLEHAPUIO.

AHaau3upyst CBOJICTBA PETMOHOB, CIIELIMAAU3Y-
pPOBaHHBIX K pOPMUPOBAHUIO 00yUeHNs/TTaMATH
(T. e. BbICLIEN POPMBI TAACTUYHOCTH), TUIIIIOKAM-
ma u Heokoprekca, [IIBapikpoitu (Schwartzkroin
2001) paccmaTpuBaeT CBOMCTBA 9TUX obAacTein
MO3ra, KOTOpble PeaAU3yIOT KaK HOPMAaABHYIO
MAAQCTUYHOCTbD, TAK U SIIUAEIITOT€HHOCTD, OTMevast
VX AQMUHAPHYIO OPTraHM3aLMIo, a TAKXXe PeKyp-
PEHTHYIO aKCOHAAbHYI0O KOHHEKTVBHOCTD, 3aTpa-
TVBAIOIIYIO CETHU, KaK BO30Y>KAQIOLIMe, TaK U TOP-
MO3HbI€. BbICOKasi MAQCTUYHOCTDh U CKAOHHOCTD
K CYAOPOXKHO aKTMBHOCTM XapaKTEPHBI TaKXKe
AASL pas3BUBalolIelicst HepBHO cuctembl. KaeTou-
HbI€ 9AEMEHTBI I MOAEKYABIL, GOpPMUPYIOLLie HOP-
MaABHYIO IIAQCTUYHOCTD (HEIPOMEAMATOPDI, KaHa-
ABI, peLenTOpbl, BTOPUYHbIE MMOCPEAHUKHN,
BHYTPUKAETOYHBIN KaAbLiui, Tpoduyeckue pak-
TOPBbI, IUTOKVHBI U T1P.), 34A€/ICTBOBAHbI B SITMAEII-
TOTeHe3€, XOTsI OHU SIBASIIOTCSI OCHOBOIL AASI MOAV-
dbuKaLuUit CTPYKTYPBI U PYHKLMMY, CBSI3aHHBIX KaK
C HOPMAABHBIM, TaK ¥ C STIMAENTUYECKIM MO3TOM.
/1 510 HeyAMBUTEABHO. [TOCKOABKY MAQCTUYHOCTD
SIBASIETCSI OCHOBOI1, SIAPOM GYHKLMM MO3Ta, B ee
dbopMMpOBaHMY YYACTBYIOT BCe €3 MCKAIOYEHUS
MHOTOYpPOBHEBBIE ITPOLIECCHI, Y IPAKTUYECKU He-
BO3MO>XHO BBIYAEHUTD Crelyduyeckie AAsI HOp-
MaABHO MAQCTUYHOCTY MEXaHU3MbI, OTAUYHbBIE
OT 3aA€MICTBOBAHHbBIX B Pa3BUTUM ITATOAOTHUIA.

3. Ax. Koan u coaBtopsl (Cohen et al. 2017)
IIPOAHAAM3MPOBAAY CYLIECTBYIOI[VE KOHLIEMLUN
HEPOMAACTUYHOCTH U X 3HAYEHME AASI TIOHMMA-
HUS PEMOAEAVPOBAHMSA HEVPOHHBIX CeTell B pas-
AVYHBIX TIATOAOTMYECKMX KOHTEKCTAX, IPEAAOXKUB
KOHL[EMLUI0 00Ae3Hell mAacTUYHOCTH (concept of
plasticity diseases). B craTbe moapo6Ho paccma-
TpuBawTCsI QYHKLMOHAABHAS MAACTUYHOCTD
(maacTnyHOCTb 1O Xe60y, roMeocTaTyeCKas Cu-
HaNTUYeCKas MAACTUYHOCTD), CTPYKTYPHasI MAa-
CTUYHOCTbD (3aBUCUMBbIE OT aKTUBHOCTU GOPMUPO-
BaHle U SAMMMHALIMS CUHAIICOB, HEMPOreHes),
PeMOAEAVPOBAHME CeTell, KAeTOYHAsI IAQCTUYHOCTD
Ha YPOBHE BO30Y>KAQIOLIMX HEIPOHOB, UHTEPHEN-
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POHOB 1 TANH, A TAK)KE CETEBbIE USMEHEHNA 3a CUET
AaKTUBalMI1 MOAYAILIMX CMHAIICOB 1 CMHAIITOIeHe3a.

3akaruenue. Haittu TouKy HeBo3BpaTa

ITpouecchl MAACTMYHOCTM HA MOAEKYASIPHOM,
CMHANTUYEeCKOM, KAETOUHOM U CETEBOM YPOBHAX
00pasyIoT CAOXKHYIO MMPaMUAY B3aIMOCBSI3aHHBIX
KaK BEPTUKAABHO, TaK I TOPU30OHTAABHO MEXaHU3-
MoB (I'yasieBa 2016). OueBMAHO, YTO BCE MOAEAU
HEVIPOIIAACTUYHOCTY YIIPOILAIOT PeaAbHOCTD, I10-
CKOABKY IIPM @HaAV3€ CAOXKHBIX CHCTEM, TAKMX KaK
LIHC, He ypaeTcst 0601TUCh 0€3 peAYKLIMOHUCT-
ckoro moaxopa. I'To muenuto D. Axx. KosHa u co-
aBTOpOB (2017), aHaAM3MPYsI MaTOAOTUYECKIE
ACIeKThI MAACTUYHOCTY, 3a4aCTyI0 O0oAee pa3yMHO
paccMaTpuBaTh OOAE3HU MMAACTUYHOCTU Per Se,
a He TIPOCTO Ae3aAAINTALMOHHbIE U3MeHeHsI. Takas
MATOAOTHMSI SIBASIETCSI PE€3YABTaTOM a0eppPaHTHbIX
IyTel 1 KOMIIOHEHTOB NMAACTUYHOCTU. [ [pepaoske-
Ha MOAEADb «AE€3aAANITUBHONM IMAACTUYHOCTM» KaK

COCTOSIHUS, OTAUYHOTO OT DOA€3HU MAACTUYHOCTM.
[TpeumyiiecTBO TaKOM MHTEPIIPETALINN, IO MHEHUIO
aBTOpPa, COCTOUT B TOM, YTO pa3paboTKa Teparnes-
TUYECKMX ITOAXOAOB MOJKET OCYIIECTBASITHCS
C Y4€TOM KOHKPETHBIX MEXaHI3MOB abeppaHTHO
naactuyHocty (Cohen et al. 2017). O6¢cy>xaas Bo-
IIPOC O KOHTUHYYM€ IAQCTUYHOCTY U TaTOAOTUU
(baaaban, I'yasieBa 2006), MbI KOHCTATMPOBAAM, YTO
camMoe rAaBHO€ AO CUX TIOP HeSICHO: B KAKOII MOMEHT
¥ KaKuM 00pasoM 00111 AASI HOPMBbI U TATOAOT U
MpoIecC HEOOPATUMO TIEPEKAIOYAETCS HA PEAAU-
3a1MI0 TIATOAOTUU U TUbOeAU HerpoHa. B oOmem
CAy4Yae ¥ Ipy a0COAIOTHOM OOABIIMHCTBE [TATOAO-
U1 MO3ra 9TO OCTAETCS HESICHBIM AO CUX TIOD,
U HU OAHA U3 TIPEAAOKEHHBIX PA3HBIMU aBTOPAMMU
MOAEAEI ITOKa He CMOTAQ PELIUTb 3Ty IPobAeMy.
OAHAKO MMEHHO BBISIBA€HME TaKOI'O0 MeXaHM3Ma
HIepEeKAIOUEHVISI MOXKET AQTb BO3MOKHOCTD YIIPaB-
ASTb T€YEeHMEeM ITAaTOAOTMYECKUX U3MEHEHMI ITAa-
CTUYHOCTU U A2Ke MPEAOTBPATUTh «3aMpPOTrpaM-
MUPOBaHHYI0» AMCOYHKIIMIO ¥ TMOEAD HEIIPOHOB.
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Annomayus. TaunpoAnHbl (KOPOTKME TIPOAMH U TAULIMH, COAEpIKale
MEINTABL) — HOBBIV TUIT PET'YASITOPHBIX ENITHAOB, IIPEACTABASIIOLINI MHTEPeC
KaK C TOYKY 3peHysi GyHAAMEHTAABHOM QU3MOAOTHN, TAK M AASI X VICTIOAB30BAHMS
B MeAMLIMHCKUX LjeAsiXx. OCHOBHOE NPeNMYyILeCTBO TAUTIPOAVHOB — UX
OTHOCUTEAbHASI YCTOMYMBOCTh K OMOAErpaAaLiMyl M MHTErPATUBHOCTD
BO3AEICTBYS Ha OpraHuaM. [ [epBOHAYaABHO [TOCAEAOBATEABHOCTD AMUHOKUCAOT
Pro-Gly-Pro (PGP) 6bira UCTIOAB30BaHA AASI ITOBBIIIEHNS YCTONYMBOCTHU
TAKOI'0 HECTAOMABHOTO i/ Vivo ENTHAR], KAK AAPEHOKOPTUKOTPOIIHBIV TOPMOH.
M3yueHue cobcTBeHHBIX cBOMCTB PGP, a TakKe ero BO3MOXHBIX
MeTaboauToB — GP 1 PG, mokasaao, 4To Bce TpM NENTHUAA 00AAQIOT LIMPOKUM
cnekTpoM ¢usnorornyeckrx a¢pdexTos. B HacTosiee Bpems b1ororuyeckast
aKTMBHOCTD II0Ka3aHa Takoke AAsl N-aneTnanposanHoro PGP, nukandeckoro
MPOAMA-TUAPOKCUIIPOAVHA, LIUKAOTIPOAVIATAMLIMHA, AU-, TPY- U TETPAIIENTHAOB,
COAEpKaIMX TPOAVH U TAULIVH C AOTTOAHUTEABHBIM BKAIOUEHMEM apTMHIHA
VAU A€VILIHAa B Pa3AMYHBIX MOAOXEHMAX, N-KOHLeBOro ¢pparMeHTa
MHCYAMHOIIOAOOHOTrO pakTopa pocta-1 — Gly-Pro-Glu. IToayyeHHble pAaHHbBIE
MTO3BOAUAMU BBIAGAUTH KOPOTKME TIPOAUH- U TAULIMHCOAEPIKALIME TTEIITUABI
B OTAEABHBII KAACC PETYASTOPHBIX ITENITUAOB — TAUIIPOAVHBL BpIAM 0OHApY>KeHbI
anporenHbie PGP 1 [UKAOTPOAUATAULIMH. VIX HanboAee BEpOSITHBIMU
VMICTOYHMKAMU B OPraHM3Me CUUTAIOTCS KOAAATEH M MHCYAMHOIIOAOOHBIN
daxTop pocra-1. TAUTIPOAMHBI 00AAAQIOT HEMPOIIPOTEKTOPHBIM 3ddeKTOM,
3aLIMIIAIT CAU3UCTYIO 0OOAOUKY )KEAYAKA OT MOBPEXAEHUIT, PETYAUPYIOT
IIPOLIECCHI BOCITAAEHNS Y pereHepaLni, IOAOKUTEABHO BAVSIIOT Ha IeMOCTas3,
MIPOSIBASIIOT TMIIOAUIIMAEMUYECKOE Y HOPMOTAUKEMUYECKOE AEVCTBUE.
B crarpe 06cyxpatoTcs dusnosormdeckue spPeKkTsl TAUTIPOANHOB, UX
BO3MO>KHBIE SHAOTEHHbIE 1 9K30T€HHbIe UCTOYHMKM, MEXaHU3MBI AEMCTBUS
VY IEPCIEKTVBDI ICTIOAB30BaHMS B MEANMLVHE.

Karoueswpre crosa: TAUTIPOAVIHBI, BOCITAaA€HNE, peTeHepaLVis, TaCTPOIIPOTEKTOPHOE

AENCTBlE, HeMIPONIPOTEKTOPHOE AENCTBHUE, TUITOAUTTMAECMUYECKOE ACVICTBIE,
HOPMOTAUKEMUYECKOE AEVICTBHE.
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Abstract. Glyprolines (short proline and glycine containing peptides) are
a new type of regulatory peptides. They are of interest to both fundamental
physiology and medicine (possible use for medical purposes). The main
advantages of glyprolines are their relative resistance to biodegradation and
the integrative effect on human body. Initially, the amino acid sequence
Pro-Gly-Pro (PGP) was used to increase the stability of an in vivo unstable
peptide such as adrenocorticotropic hormone. The study of the intrinsic
properties of PGP, as well as its possible metabolites — GP and PG — showed
that all the three peptides have a wide range of physiological effects. Recently,
biological activity has also been demonstrated for N-acetylated PGP, cyclic
prolyl-hydroxyproline, cycloprolylglycine, di-, tri- and tetrapeptides containing
proline and glycine with additional inclusion of arginine or leucine in various
positions, as well as for the N-terminal fragment of the insulin-like growth
factor-1 — Gly-Pro-Glu. The obtained data allowed classifying short proline
and glycine containing peptides into a separate class of regulatory
peptides — glyprolines. Endogenous PGP and cycloprolylglycine have been
found. Collagen and insulin-like growth factor-1, respectively, are considered
the most likely sources of these peptides in human body. Glyprolines have
a neuroprotective effect, protect the gastric mucosa from damage, regulate
inflammation and regeneration processes, have a positive effect on hemostasis,
and exhibit hypolipidemic and normoglycemic effects. The article discusses
the physiological effects of glyprolines, their possible endogenous and exogenous
sources, mechanisms of action, and prospects for use in medicine.

Keywords: glyprolines, inflammation, regeneration, gastroprotective effect,
neuroprotective effect, hypolipidemic effect, normoglycemic effect.

BBepenne

B Mupe exkeropAHO IPOBOAUTCSI OOABIIIOE YUCAO
MCCAEAOBAHUN PU3MOAOTUYECKON aKTUBHOCTU
Pa3AMYHBIX SHAOTE€HHBIX U VICKYCCTBEHHO CHUHTe-
3MPpOBaHHBIX MenTuA0B. Ocoboe BHUMaHME K pe-
ryasiTopHbIM nentupam (PIT) Bei3BaHO B mepByio
oyepeAb VX MHTErPaTMBHBIM BO3AEVICTBMEM Ha
opranusMm. [TokasaHo, 4TO 61oAOrMYECKasT aKTVB-
HocTb PIT cBsA3aHa ¢ peryasiyerl IpakTUUeCKy BCexX
¢dusnoaornyeckux ¢pyHkumit. ITourn xaxapiit PIT
y4acTBYeT B KOHTPOAe OT 3 A0 20 6M0XMUYeCK1X
1 GUBUOAOTUYECKNX TPOLECCOB, MOAYAMPYET aK-
TUBHOCTb OT 3 A0 5 Apyrux PIT, BxopAUT B 0pAHY MAU
HECKOABKO KaCKaAHBIX IleTiell THAYKLMIOHHBIX BO3-
aencteun (Xasuncon 2020; Koroleva, Ashmarin
2002; Sikiric et al. 2016). AAST HEKOTOPBIX OAUTO-
IENITUAOB METOAOM MOAEKYASIPHOI'O MOAEAVIPOBa-
HYSI [TOKa3aHa CIIOCOOHOCTb B3aIMOAEICTBOBATh
C TUCTOHAMU, YTO, BO3MO>KHO, 3MEHSET AOCTYII-
HOCTb T€HOB AAs TpaHckpunuyu (KysHuk u ap.
2019).

IIprMeHeHME TTENTUAHBIX ITPENIapaTOB B MEAU-
LjIHe OOBIYHO OTPAHMYMBAETCS UX OBICTPOI O10-
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A€Tpaparien B opranusme. B cBsi3u ¢ aTum mepea,
MCCAEAOBATEASIMU BCETAQ OCTPO CTOUT BOIMPOC
MOBBIIIEHUST UX cTabuabHOCTU. [IpU pemeHnn
9TOr0 BOMPOCa pazpaboTUYUKU OAHOTO U3 HOOTPOTI-
HBIX TIENITUAHBIX TIPENapaTOB MPUHSIAK BO BHUMA-
HI€e 3HaHME O TOM, YTO MHOTHUE 3K30- U SHAOIIEII-
THUAQ3bl He PACIIETASIIOT TOCAEAOBATEABHOCTH,
oboraiieHHble MPOAMHOBBIMU OCTATKAMMU.
AAsI IOBBILIIEHNST YCTOMYMBOCTY TAKOTO HECTa-
OUABHOIO i1 Vivo TIENTUAQ, KaK aAPEHOKOPTUKO-
tponubii ropmoH (AKTT), k C-koHiy ero ¢par-
menTa AKTT, | (Met-Glu-His-Phe, MEHF) 651aa
MPUCOEAVHEHA TIOCAEAOBATEABHOCTD AMUHOKUCAOT
Pro-Gly-Pro (PGP). Haanune aToi1 mocaepoBaTeAb-
HOCTMU CYIL[eCTBEHHO YBEAMYMAO BpEMsI )KU3HU
MENTHAQ B OPTraHU3Me U TI03BOAUAO OTITUMAABHO
pewyTh NIpobAEMY peaAn3aliy ero TepaneBTuye-
CKOTO MOTEHIINAAQ, YTO IIPUBEAO K CO3AAHUIO Ae-
KapCTBEHHOTO Ipenapara, IOAY4/BIIEro Ha3BaHMe
«Cemakc» (MEHFPGP) (Ammaput u Ap. 1997).
BcecTopoHHee m3ydyeHue AeMCTBUSI ceMaKca
BKAIOYAAO B Ce0ST TaK)Ke CCAEAOBaHME OMOAOT M-
yeckux 3¢ PeKTOB ero BO3MOXXHBIX METAOOAUTOB,
obpasymwoiuxcs B opraHusme: PGP, Pro-Gly (PG)
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u Gly-Pro (GP), 4T0o npuBeAO K AOBOABHO HEOXKM-
AaHHOMY pe3ayabrary. OKasaA0Ch, YTO BCE OHU
UMEIOT COOCTBEHHBIE, TPUYEM O4YeHb pa3HOoOOpas-
Hble pusmorornyeckue apPeKTrl, KOTOpbIe OYAYT
omcaHbl HKe. Kpome Toro, CTpyKTypHOE CXOACTBO
IIPOAVHA C MMPALIETAMOM ITOOYAMAO K MCCAEAOBA-
HUIO AUTTENITYAHBIX @HAAOTOB IIOCAEAHETO 1 0OHa-
PY’KEHUIO COOCTBEHHOJ aHTMAMHECTUYECKOM
AKTUBHOCTU Y LUKAOTIpoAuArAuiHa (cPG) (Gu-
dasheva et al. 1996). 9To 03BOAMAO aKaAEMUKY
PAMH Uropio [TerpoBuuy Aummapuny (1925-2007)
rOBOPUTH O BO3MO)XHOM BBIAEAEHUN KOPOTKUX
MEMNTUAOB, COAEP>KALLX OCTATKM ITPOAMHA U TAULIVHA,
B 0co6bIi1 kAacc PIT, koTopbie ObIAM HAa3BaAHBI
raunpoavHamu (Ammapus u Ap. 1998; 2003).

AnHaAus nporpecca B uccaepoBaHuu pusmo-
Aormueckux 3¢ HeKToB FAUTIPOAVHOB, X BO3MOX-
HBIX MEXaHU3MOB AE€VCTBUS U MEePCHEKTUBbI
UCTIOAB30BAHMS B MEAULIHE SIBASIETCSI LIEABIO Ha-
crosiero o63opa.

Cemencrso TAUTIPOAMHOB, X BO3MO)XHbBIE
9K30I'€HHbI€ I 9HAOT€HHbI€ UCTOYHUKU

[TepBOHAYaABHO B IPYIIITY TAUIIPOAVHOB IIPEA-
AQraAOCh BKAIOUUTbh KOPOTKME MEMTUABI, COAEP-
Kalye TPOAVH U TAULIMH M VIMEoLIMe IIPOKUIL
criekTp buoaoruyeckoit akrusnoctu: PGP, GP, PG,
cPG (Ammapu u Ap. 1998; 2003). Certuac ciucox
MENTUAOB, KOTOPbIE, BEPOSATHO, MOYKHO OTHECTU
K CEMeICTBY TAMIIPOAMHOB, pacumpsiercs. Cob-
cTBeHHbIe pusnorornieckre 3¢pdexTsr ObIAK 00-
HapyxeHbl y N-atietnarposaHsoro PGP (Ac-PGP)
(Pfister et al. 1995; 1998; Braber et al. 2011; Kwon
et al. 2017; 2019). TIpeasaraeTcst Ha3bIBaTh apru-
HUHCOAEPXKALIUMU U AEMIIMHCOAEPIKAIUMU TAU-
MPOAUHAMMU AU-, TPU- U TETPATIETITUABL, COAEPIKA-
e MPOAUH UM TAULUMH C AOTIOAHUTEABHBIM
BKAIOUeHMeM apruHuHa (Arg, R) nam AeinuuHa
(Leu, L) B pasanunbix moaoxeHussx. OHu 00Aapa0T
KaK HekoTopbIM apdexTamu PGP, Tak 1 coOCTBEHHOI
akTUBHOCTBIO (AsimuHa u Ap. 2013; MsicoepoB
u Ap. 2013; [labaauna u Ap. 2015). B mocaepnee
BpeMs1 OOABIIOI MHTEPEC COCPEAOTOYEH TAKXKe
Ha KOPOTKMX 6OraThIX MPOAMHOM OAUTOTIENTHUAAX,
IIOAYYEHHBIX B Pe3YABbTaTe AETPaAaLMM MHCYAVIHO-
nopao6Horo ¢akropa pocra-1 (insulin-like growth
factor, IGF-1), B Tom yncae N-koHiieBoM hparmes-
Te aToro 6eaka — Gly-Pro-Glu (GPE) (Saura et al.
1999; Guan et al. 2013, 2014).

B HavaAe M3yueHNsI TAUTIPOAVHOB TOABKO IIPeA-
[MOAATaAU, YTO X BO3MOXKHBIM SHAOTEHHBIM VC-
TOYHMKOM MOXET OBITb KOAAATEH U SAACTUH
(AuvapuH n Ap. 1998). Ceityac sKCIlepMMeHTaAb-
HO AOKa3aHO, YTO SHAOreHHbI PGP AelicTBUTEAD-

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 4

HO TNpeACTaBAsieT cO00i pparMeHT KOAAAreHa,
BbIpabaThIBaeMBblil TIOA AEVICTBYEM MAaTPUKCHBIX
MeTaAAOINpOTeNHas3 1 1 9 1 MIPOAUASHAOTIENTHAA-
3bI (O’Reilly et al. 2009; Wells et al. 2015). B mosre
KpbIC OBIA TaK)Ke 0OHapy)XeH SHAOTeHHbI cPG
(Gudasheva et al. 1996). HauboAee BeposiTHBIM €ro
VICTOYHVKOM CUMTAETCSI MHCYAMHOIIOAOOHBIN (hak-
Top pocta-1 (Guan et al. 2014). [TocaepoBaTeAb-
HocTh PGP BXOAUT B coCcTaB Ka30MOpP(PUHOB,
SHTepOCTAaTMHOB (AmMapyH 1 Ap. 2003), HO IPSIMBIX
AOKa3aTeAbCTB 00pa30BaHMsI 3TOTO TPUIENTUAA
IIPU X A€TPAAALIY HET.

Kak orMeuaAocCh Bbllile, TOCAEAOBATEABHOCTD
PGP 6b1Aa MCIIOAB30BaHA AASI CTAOMAM3ALIUYU
AKTT, _, a Taxoke TaduyHa, B pe3yAbTaTe Yero ObiAu
IIOAYY€HBI HEJPOIPOTEKTOPHBIE A€KAPCTBEHHbBIE
npemnaparbl CEMaKC U CEAAHK COOTBETCTBEHHO
(AuvapuH u Ap. 1997). OcTaTKy IPOAKMHA U TAU-
LIMHA U CelfYyac MPOAOAKAIOT MICIIOAb30BaTh AASI
CcTabMAM3aLMU UCKYCCTBEHHO CUHTE3MPOBAHHbIX
HEeNTUAHBIX MOAEKYA. HanpuMmep, naet akTuBHOE
M3y4YeHue CBOMCTB HOBOIO Ipemnapara: CTabuAu-
suposanHoro PGP ¢pparmenrta AKTT, ; — His-Phe-
Arg-Trp-Pro-Gly-Pro (HFRWPGP), a Takke mern-
tupa Lys-Lys-Arg-Arg-Pro-Gly (KKRRPG)
(Bakaeva et al. 2020). buoaerpaparius Takux mer-
TUAOB B OpraHM3Me MOXKeT IIPUBOAUTH K 00paso-
BaHUIO 00A€e KOPOTKIX IIPOAVHCOAEP>KALLMX TeTl-
TUAOB, COCTaB KOTOPBIX 3aBUCUT OT CIocoba
BBEAEHI [TperapaTa 1 OT BUAA MTENTHAA3, TIPe0d-
AQAQIOIIMX B KaXKAOV KOHKpeTHOU TKaHu (IlleB-
4eHKo 1 Ap. 2019). Takum 06pasom, 3Tu rpemnapa-
TBl MOXXKHO CYMUTaTh OAHUM M3 3K30TE€HHBIX
VICTOYHVKOB FAUTIPOAVHOB.

Eiire 0OAVH BO3MOKHBIN 9K30T€HHBIN MCTOYHUK
TAUTIPOAMHOB — OOraTble MPOAVMHOM IMUILEBbIe
6eAKky, HapuMep >KeAaTuH. [lepopaapHoe mpu-
MEHEHVE TMAPOAM3ATOB KOAAAT€HA U >KeAaTMHA
NPUBOAUT K MOSIBAEHUIO B KPOBU YEAOBEKa pas-
HOOOPa3HBIX OAUTOIIENTUAOB, COAEPIKALLMX IPOAVH
u ruppokcunpoart (Ichikawa et al. 2010; Shige-
mura et al. 2018). 9T0 OTKpbIBaeT BO3MOXXHOCTHU
VICTIOAB30BaHMI 00OTallleHHBIX IIPOAMHOM U TAU-
LIMHOM OEAKOBBIX IIPOAYKTOB AASI TPOUAAKTUKI
U AevyeHUsI 3a60AeBaHUI, «IYBCTBUTEABHBIX»
K AEVICTBUIO TAUIIPDOAVIHOB.

PGP ycroitumB K 6uoperpapaunn. OH oOHapy-
)KUBAeTCsl B HEM3MEHHOM BUAE B IIAa3Me KPOBU
IPU Pa3HBIX CIIOCO0AX BBEAEHUsI — BHYTpUOpIO-
IIVHHOM, BHYTPVDKEAYAOUHOM Y BHYTPUKHUIIEY-
HOM — U COXPaHAeTCs B Hell B TeueHue 3—5 4acoB
(Zolotarev et al. 2003). B ¢Bs131 ¢ 3TUM BO3MOXXHO
€ro IpUMeHEeHIe CaMbIM YAOOHBIM AASI Y€AOBEKa
CrIoco6oMm: IepOPaAbHO.
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HeitponporexTopHbie 3 PeKThl ITAMTIPOAMHOB

ITepBble HayYHbIE ICCAEAOBAHMSI TAUIIPOAVHOB
OBIAY B OCHOBHOM CBSI3aHBI C 3YYEHMEM VX BAU-
SIHUSI Ha TIOBeAeHMe XXUBOTHBIX. Kak yxe ynomu-
HAaAM BBIIIE, IIPEATTOCBIAKON K 3TOMY ITOCAY’KUAO
CTPYKTYPHOE CXOACTBO npoauHa, cPG u PG
¢ nupateramoM. K nepBoHauaAbHO 0OHapyKeHHOM
aHTUaMHecTu4deckoy aktusHoctu cPG (Guda-
sheva et al. 1996) x HacTOsILIEMY BpeMeHM A0OaBM-
AJCh AOKa3aTEAbCTBA €ro aHKCUOAUTUYECKUX
(Seredenin et al. 2002), HelIPONIPOTEKTOPHBIX
(KoasicuukoBa u Ap. 2012) 11 aHTUAEPECCUBHOTIO-
A06OHBIX addexToB (KoBaaes u Ap. 2018).

K BO3MO>XXHBIM MeXaHM3MaM HelpOIICUXOTPOI-
Horo AeiicTBus cCPG OTHOCAT ero CnmocoOHOCTD
pa3HOHANIPABAEHHO U3MEHSITb COAEPIKaHUe CEPO-
TOHIMHA, HOPaAPEHAAUHA U AopaMMHa B Pa3HBIX
CTPYKTYypax MO3ra, Kak 3T0O ObIAO IIOKa3aHO B 9KC-
nepuMeHTax Ha Mbimax (AbayaauHa u Ap. 2020),
YBEAMUYMBATh COAEP)KaHMe HENPOTPOPpUIEeCKOro
¢dakTopa roroBHoro mosra (BDNF) B KyabType
HepBHbIX KAeTOK (Gudasheva et al. 2016b). Ao cux
MOp He CYILEeCTBYeT IPSIMbIX AOKA3aTEAbCTB CBSI-
3piBaHMsI cPG ¢ KakuMu-AMOO0 pelienTopaMu Ha
HelpOHaX, HO IIPOAEMOHCTPUPOBAHA €ro Crocon-
HOCTb U3MEHSTh aKTUBHOCTb U/UAU MMAOTHOCTD
OINPEAEAEHHOTO TUIIA PELIENTOPOB CEPOTOHUHA,
rAyTaMara ¥ y-aMUHOMACASIHOM KUCAOTBIL. Tak,
IIOKa3aHO, YTO ABYXHEAEAbHOE BBEAEHE IIENITHAA
YMEHbIIAeT MAOTHOCTb CepoTOHUHOBbIX 5-HT, -
peuenTopos B crpuaryme 1 NMDA-penenTopos
rAyTaMara B IUIIIOKAMIIE Y YBEAUMBAET IAOTHOCTD
['AMK, - peLienTopoB y-aMUMHOMACASHOV KUCAOTBI
BO GPOHTaABHOIT KOpe MO3ra Mbliieir (AOAYAAMHA
u Ap. 2019). cPG criocobeH Tak)ke MOAYAUPOBATh
noHHble TOKM AMPA-penienTopoB rayramara
(Gudasheva et al. 2016a).

ITpeamoaaraercs, uTo aHAOTEeHHBINT CGP MoXKeT
6b1Tb MeTaboAauTOM IGF-1 U peryaupoBarb ero
¢byHxuym. ViccaepooBaHMS, BBITOAHEHHbIE HA AVVHUN
9HAOTEAMAABHBIX KAETOK MUKPOCOCYAOB UEAOBEKA,
nokasaau, uro cGP cTuMmyaupyer aKTUBHOCTD
IGF-1, xorpa oHa HEAOCTATOYHA, HO TIOAQBASIET
akTuBHOCTB IGF-1, Korpaa ona upe3mepHa. C aTum
MeXaHU3MOM AeMCTBHUS MOXXeT ObITh CBsI3aHa
adpdexTuBHOCTD CGP KakK B yAyullleHMM BOCCTa-
HOBAEHMSI KallMAASIPOB MTOCA€ UIIEMUYECKOTO T0-
BPEXAEHMSI MO3Ta y KPBIC, TaK 1 B MUHTMOMPOBAHUA
pocta AnMdOMAHBIX HOBOOOPA30BaHMIT Y MBILIEN
(Guan et al. 2014).

cPG siBAsIETCSI TAK)KE AKTUBHBIM META0OAUTOM
paspaboranHoro B Poccuu HOOTPOIHOTO Tperna-
para «HoomenT» (3T1A0BbIi 9dup N-deHnAareTuA-
L-npoanaranuyia) (boriko n ap. 2018). O6Hapy-
JKEHO, UTO HOOIIENT B pe3yAbTaTe r'MAPOGOOHBIX

306

B3aUMOAENCTBUIM C TOKCUYHBIMU aMUAOVAHBIMU
OAUTOMEpPAMIU O-CUHYKA€EVHA BbI3bIBAET MX OBICTPOE
CBsi3pIBaHMe B OoAee KpynHble GUOpPUAASPHbBIE
AMUAOUAHBIE arperaTbl, TEM CaMbIM CHUKaeT
VIX [UTOTOKCUYHOE AEVICTBME Ha KYABTYPY KAETOK
HelipobaacTomsel (Jia et al. 2011). B cBsA3u ¢ atum
MOT'YT SIBASITbCSI TIEPCIEKTVBHBIMI NCCAEAOBAHUS
B 9TOM KAIOYe cOOCTBeHHO cPG, a TakKe, BO3MOXK-
HO, I APYTUX KOPOTKMX ITIPOAVHCOAEP>KALINX
MTENTUAOB.

BAusiHME 0CTaAbHBIX TAUTIPOAVMHOB Ha HEPBHYIO
CHICTEMY >KMBOTHBIX M3y4YeHO ropa3A0 MeHbIIIe.
B KOHII€ MPOIIAOTO CTOAETUS HEMPOTIPOTEKTOPHbBIE
CBOJICTBA B YCAOBMSIX OCTPBIX MIIEMUYECKUX T10-
BPEXAEHUI MO3ra OBIAU TIPOAEMOHCTPUPOBAHBI
aas tpunentupa GPE, siasitomerocst N-KoHLeBbIM
¢dparmentom IGF-1 (Saura et al. 1999). CoBpemen-
HbI€ VICCAEAOBAHMSI CBSI3aHbI B OCHOBHOM C TTOAY-
YeHMeM U M3yYeHVeM CUHTETUYEeCKVX aHaAOTOB
GPE c 60Aee AAUTEABHBIM IIEPUOAOM MOAypacC-
MaAQ, UTO, KaK MPEATIOAATraeTCsl, AOAYKHO YCUAUTD
HePpONpPOTEeKTOPHbIE 3(PPEKThI ITOrO MENTHAQ
(Guan et al. 2013; Marinelli et al. 2019). VsBecTHoO,
yto GPE He cBa3bIBaeTcs ¢ peuentopamu IGF-1 u,
BUAVIMO, AEVICTBYIOT Yepe3 PEeryAsiLiMIO TaKUX IIPO-
1[€CCOB, KaK MOCTTPAaBMAaTUYECKOE BOCITAAEHUE,
acTpOLUTO3 ¥ 00pa3oBaHMe HOBBIX KPOBEHOCHbIX
cocypoB (Guan et al. 2013).

Aast PGP 1 GP 6b1AO IIOKa3aHO, YTO OHM CHUXKA-
I0T TPEBO>KHOCTD 1 HapYLLIEHVSI OPUEHTVPOBOYHO-
VICCA€AOBATEABCKOV aKTMBHOCTM Y KPbIC, BbI3BaH-
Hbl€ IPVHYAUTEABHBIM 10-MUHYTHBIM IAQBaHVEM
(Badmaeva et al. 2006) 1 BHyTpUOPIOLUIMHHBIM
BBepeHMeM xoAeuymctokuHuHa-4 (Edeeva et al.
2008). DTu pabOThI HE TIOAYYMAM IIPOAOAXKEHNS,
MMOSTOMY OCTAIOTCs HESICHBIMU MUIIEHU
U MEXaHU3MBbI AEVCTBUS 3TUX TENTUAOB MIPU
VIX BAUSIHUM Ha TIOBEAEHME KUBOTHBIX.

[ToMuMO omuMcaHusT HEMPOTIPOTEKTOPHBIX 3¢h-
(HeKTOB TAUTIPOAUHOB, €CTh eAHUYHbIE CBEAEHUS
0 Bo3MOKHOM yuacTuu AcPGP B maToaormyeckux
Ipoljeccax B HepBHOII cucteMe. [TokasaHbl yBeAr-
yeHre KoanuectBa AcPGP B mo3re KpbIC TIOCAe
VILIEMIYECKOTO MHCYABTA U €r0 CIIOCOOHOCTD MH-
ayumpoats arorrto3s (Hill, Nemoto 2015).

TacTponpoTexkTopHbie 3 PeKTh FAMTTPOAMHOB

OueHb XOPOILO M3YY€eHbI FACTPOIPOTEKTOPHbIE
a¢ddexTr rAUIpoANHOB. [ToKa3aHo, YTO MENTUABI
PGP, AcPGP, PG, GP, WP, GPGG, RPGP B To11 1AK
MHOV Mepe 3alUINAI0T CAU3UCTYI0O 000AOUKY Ke-
AYAK2 OT TIOBPEXXAEHMUIL, MHAYLIMPOBAHHBIX STAHOAOM,
VHAOMETALVHOM, YKCYCHOM KUCAOTOM, pa3HbIMU
Brpaamu cTpecca (Samonina et al. 2000; JKyiikoBa
u Ap. 2003a; 2003b; 2004; Bakaeva et al. 2016).
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ITpu aTom PGP nposiBAsieT racTpOnpOTEKTOpPHbBIE
CBOIICTBA Ha BCEX ICTIOAb30BAHHBIX B 9KCIIEPUMEH-
Tax MOAEASIX 3PO3UBHO-SI3BEHHBIX TTOBPEXAEHUIT
CAVIBUICTOV 0OOAOYKY >KEAYAK?, TOTAQ KaK AEICTBYE
APYTMX IENITUAOB 3aBUCUT OT BUAQ YABLIEPOTEH-
Horo daxTopa. Hanmpumep, PG He BAusieT Ha mao-
IIaAb TTOBPEXAEHUIT, BBI3BAHHBIX CTPECCOM,
a GP — mHAyuMpoBaHHbIX aTaHOAOM (PKyrikoBa
u Ap. 2003a; 2003b; 2004).

K BO3MO’KHBIM MeXaHM3MaM IIPOTUBOSI3BEHHO-
IO AEMCTBUS TAUTIPOAVHOB MOKHO OTHECTU CHU-
xeHue PGP 6a3aAbHOI U BbI3BAaHHOI pasppake-
HUeM OAY>KAQIOLIEro HepBa CeKpeLy COASIHOM
KICAOTBI B )Xeaypake (Kyrkosa u ap. 2003c), Boc-
craHoBAeHre PGP u PG (Ho He GP), )xeayp04HOTO
KPOBOTOKA, CHVDKEHHOTO MHAOMETAI[MHOM U 9Ta-
HoAoM (Camonuna u Ap. 2001).

B03MO3KHO, YTO B raCcTpOIPOTEKTOPHBI 3 HeKT
TAUTIPOAVHOB BHOCUT BKAAA UX aHTUOKCUAAHTHAS
aKTUBHOCTbD. [ToKa3aHO, YTO yMeHbIIIEeHEe S3BO-
00pasoBaHMsI IpU IPOPUAAKTUIECKOM BBEAEHUN
PGP u PG (Ho He GP) Ha 5TaHOAOBOW MOAEAU
KOPPEAMPOBAAO CO CHIDKEHVEM aKTUBHOCTU CyIIep-
OKCUAAMCMYTAa3bl, KATaAa3bl U KOAUYECTBOM IIPO-
AYKTOB IIepeKICHOT0 oKucAeHyst AunmpoB (Falalye-
yeva et al. 2010). PGP Take CHIKaA aKTMBHOCTb
CBOOOAHOPAAUKAABHOTO OKUCAEHUS B CAUBUCTOI
000AOUYKE )KEAYAKA, YBEANYEHVE KOTOPOTO OBIAO
BBI3BAaHO BBEAEHMEM MHAOMETALMHA B YAbLIEPO-
reHHubix po3ax (Fleishman et al. 2015).

Ha MoaeAM aljeTaTHBIX 513B TOKa3aHbI POTUBO-
BoCIaAuTeAbHble cBoiicTBa PGP, PG, AcPGP
(HO He GP), KOTOpBIE TaKKe MOTYT BHOCUTb CBOM
BKAQA B IIPOTUBOsI3BeHHbIe 3¢ (PEKThI STUX IEeNTH-
A0B. OlieHKa CTerneH! BhIPa)KEHHOCTU BOCIAAU-
TEABHOI'O MPOI[ecca B 30He sI3BEHHOTO AedeKTa
MMOKa3aAa, YTO Ha 5-11 A€Hb IOCAE AITAMKALIUU
KMCAOTBI YMEHbIIIEHE TTAOIIAAN TTOBPEXAEHUN
Ha (OHe AEMCTBUS MENTUAOB COMMPOBOKAAAOCH
yMeHbILEHVIEM KOAUYECTBA HENTPOPUAOB B IIO-
BpeXxxpeHHoiT TKkauu (Kyrikosa u aAp. 2003b). Dtor
MPOTUBOBOCIAAUTEABHBIN 3 ekt PGP u AcPGP
MOKET OBITh CBSI3aH C X CIIOCOOHOCTBIO CHIKATh
B TKAHSX )KEAYAKA MHAYLIMPOBAHHYIO YKCYCHOM
KICAOTOM 3Kcnpeccuio nHpopmanuoHHon PHK
n npoaykunio GRO/CINC-1 (growth related
oncogene/cytokine-induced neutrophil chemoat-
tractant-1) — menTuaa, KOTOPBINA CAYXUT
XEMOATTPAKTAHTOM AAS HEUTPODUAOB, TPUBAEKAST
uX B 30HY noBpexaeHus (Bakaeva et al. 2016).

Cama BO3MOXXHOCTb B3aUMOAEIICTBUS TAUTIPO-
AVIHOB C XeMOKVHAMY, PETYAUPYIOIVIMM MUT PALIIIO
A€VIKOLMTOB 13 KPOBU B TKaHY, YKa3bIBaeT Ha TO,
YTO OHM MOTYT IPVHMMATD Y4aCTUeE B PETYASLIUU
IIPOLIECCOB BOCIIAAEHMS HE TOABKO B YKEAYAOYHO-
KUILIEYHOM TPaKTe.

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

BAusiHUE TAUTIPOAMHOB HA BOCIIAAMTEAbHbBIE
VI pereHepaTuBHbIE MPOLECCHI

BHuMmaHue 3apy0e>XHBIX MCCAEAOBATEAEN
K TAMIIPOAVIHAM B ITIOCAE€AHME TOABI CBSI3aHO B OC-
HOBHOM C MX CITOCOOHOCTBIO BAUSITD Ha POLIECCHI
BOCITAAEHUSI U pereHepalyy Ha MOAEASIX 325KUB-
A€HUSI paH M BOCCTAHOBAEHMS ITOBPEXKAEHHBIX
uiemueir 1 uHexuen TkaHen. B aTom pycae
MCCAEAYIOTCA B NepBYyIo odepeab Ac-PGP un PGP,
KOTOpbIe MOTYT OBITb IIPOAYKTaMM pa3pyLIeHMsI
KOAAareHa BHEKAETOYHOIO MaTPUKCA IIPY BOCIIA-
aenuu (Pfister et al. 1995; O’Reilly et al. 2009;
Wells et al. 2015).

ITokasaHo, yTo Ac-PGP yckopsieT 3a)xuBaeHMe
Ko>kHbIX paH (Kwon et al. 2017). YBeanuenue
CKOPOCTU pocTa GpuOPOOAACTOB KOKIM MBIIIN TIO-
Ka3aHOo i/ Vitro U AASL ULMKAUYECKOTO MPOAUA-
ruppokcunpoAnHa (Shigemura et al. 2018).

OAHUM 13 MeXaHU3MOB OoAee OBICTPOro 3a-
JKMBA€HMA KOXKHBIX paH npu BBepaeHuu Ac-PGP
MOJKET SIBASITBCSI YCKOpeHMe 00pa30BaHusl HOBBIX
KPOBEHOCHbBIX cOCyA0B. MecTHOe BBepeHue Ac-PGP
Ha AO>Ke KO>KHOJ PaHbl CTUMYAMPYET MUTPALIIO
B Hee TPAHCIIAAQHTUPOBAHHBIX KAETOK IMpeAlle-
CTBEHHMKOB 3HAOTeAMs yeroBeka (hEPC), ux mpu-
>kuBAeHue u auruoredes (Kwon et al. 2017). Ctu-
MYASILIMsST 00pa30BaHMsi HOBBIX KPOBEHOCHBIX
cocypoB Ac-PGP nokasaHa 11 Ha MOAEAY UILIEMUU
3apHUX KoHeyHocTeln mblirent (Kwon et al. 2019).

B otHowmennn PGP mokasaHo, 4TO OH CiocobeH
XeMOTaKCU4YeCKM TPUBAEKATb HENTPODUADL, HO He
KePaTMHOLIUTHI, IPOAUQEPaALMIO M MUTPALIMIO KO-
TOPBIX OH, Ha000poT, uHruoMpyet (Ma et al. 2011).

AaHHbBIE O BAVSHUY TAVIIPOAVIHOB Ha BOCIIAAM-
TeAbHbIE IIPOLIeCChl NPOTUBOpeunBbl. CylecTByeT
AOCTAaTOYHO MHOTO PaboT, B KOTOPBIX MTOKA3AHBI
HpPOTUBOBOCIIAAUTEeABHBbIE 3 dexTbl PGP 1 ero
MIPOU3BOAHBIX in vitro u in vivo. IlokasaHo, 4TO
PGP npensiTCTBYeT YCMAEHUIO CEKPETOPHOM aKTHB-
HOCTY TYYHBIX KAETOK OPbDKENKM U MOAKOXXHOM
KAETYaTKM KpbIC, oABeprimxcs crpeccy (Umarova
et al. 2003). [TpoTUBOBOCITAAUTEABHOE AEVICTBUE
PGP npoAeMOHCTPUPOBAHO TAKXKe IPU s13B00Opa-
30BaHMN, VHAYLVIPOBAHHOM YKCYCHOM KMCAOTO
(PKynkoBa u Ap. 2003b), Ha MOAeAM OTeKa Aarl
KPBbICBI, BBI3BAHHOT'O ITIOAKOKHBIM BBEAEHVEM I'M-
CTaMMHa, U Ha MoaeAu neputoHuTa (Bondarenko
et al. 2017).

Beisicueno, urto in vitro PGP u Ac-PGP Taxkxke
CHIDKAIOT CEKPETOPHYI0 aKTUBHOCTb NMEPUTOHU-
AABHBIX TYYHBIX KAETOK, CEKPELIMIO MU IMCTaMMU-
Ha, aKTMBMPOBAHHYIO CIHAKTEHOM U alLleTUAXOAHU-
HoM (KypenkoBa u Ap. 2016; Umarova et al. 2003).
IIpoTnBoBOCHaauTeAbHOE AerictBue PGP moxxet
OBITb TAK)KE CBSI3aHO C €T0 CIIOCOOHOCTHIO ITPEAOT-
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BpalljaTh yBeAMUeHle NIPOHMIIAEMOCTH COCYAOB
(Bondarenko et al. 2017).

BakTepuijmaHasi akTUBHOCTD 32 CYeT 00paso-
BaHMsI IIePEeKVICY BOAOPOAQ, TIOAABAEHME BOCIIaAe-
HUSI A€TKVIX U YMeHbIIEHVE alloNTO3a MMMYHHBIX
KAETOK ObIAM TOKa3aHbl AAst Ac-PGP Ha Tpex akc-
MepUMEHTAAbHBIX MOAEASIX CeICHCa y MbILIE.
TpumnenTup yBeANuMBaA IPOAYKLMIO MHTEpdEpOHa-Y
Y TIOAQBASIA IPOAYKILMIO TAKOTO IIPOBOCIIAAUTEAD-
HOTO LIUTOKMHA, KaK (aKTOp HEKPO3a OMyXOAeN-a,
in vivo u in vitro (Kim et al. 2011).

C aApyroit cTopoHbl, B mocaepHne 10—15 aet
PGP 1 Ac-PGP paccmaTpuBaroTcsa Kak BO3MOXKHbIE
BMHOBHMKY Pa3BUTYS TATOAOTMYECKOT'O BOCITAAY-
TEABHOTO IIpOlLiecca Y NaLeHTOB C XPOHNYECKO
00cTpyKTHBHOM 60A€e3HBIO AeTKMX (XOBA), KoTO-
past COIPOBOKAQETCS pa3pyllieHVeM BHEKAETOU-
HOTO MaTPUKCa ¥ HENTPODUABHBIM BOCIIaAEHVEM
ABIXaTE€AbHBIX ITyTell.

E1rte B A€BSTHOCTBIX TOAAX ITPOIIAOTO CTOAETHS
Ha MOAEAM IIEAOYHOTO ITOBPEXAEHNUS POTOBULIbI
OBIAO ITOKA3aHO, YTO BOCIAAEHVE MOXKET COITPOBO-
XAaTbest obpasoBanneM Ac-PGP, ob6Aaparoriero
XEeMOTaKCUYECKUM AEMICTBMEM Ha HEUTPOQUABI
(Pfister et al. 1995), a unbexiust Ac-PGP B HOp-
MaAbHYIO pPOrOBULY BOCIIPOU3BOAUT HENTPODUAD-
HOe BOCITaA€HMEe, HAOAIOAaeMOe TIPU IIEAOYHOM
noBpexpennu raasa (Pfister et al. 1998). Anaso-
r'MYHas KapTuHa HabArpaeTcs 1 B caydae ¢ XOBA.
B moxpore 60abHBIX XOBA 00HapyXuBarTcs
Ac-PGP n PGP, yTo npakTuiecKy HUKOTAQ He Ha-
6aropaetcst y 3p0poBbix Alopeit (O'Reilly et al. 2009).
Acnupanys Ac-PGP BpI3bIBaeT yBeAdeHMe YPOB-
HA npoBocnaauteapbHoro xemoknHa CXCL1
Y IPUTOK HeNTPpOo(UAOB B Aerkue mbiiuen (Braber
etal. 2011). Ac-PGP Tak>Xe OKasbIBaA XeMOTAKCH-
YyecKoe AelCTBME HAa HeUTPOUABI YeAOBeEKa
in vitro, HETIOCPEACTBEHHO aKTVBMPOBAA 3TOT THUII
KA€TOK, YTO NPUBOAMAO K MOOMAM3ALIMM LIUTO-
30ABHOT'O KaAbLIMSI ¥ BBICBOOOYKAEHUIO MIHTEPA€Ii-
KVHa-8, OAHOTO 113 OCHOBHBIX IPOBOCIIAAUTEABHBIX
xemokuHoB (Overbeek et al. 2011).

B cBsI31 € TOAYYEeHHBIMY SKCIIEPUMEHTAABHBIMU
AaHHBIMU 00 yyactuu PGP u ero auernampoBaH-
HOT'O ITPOM3BOAHOTO B Pa3BUTUHU U ITOAAEP>)KAaHUU
HENTPOPUABHOTO BOCITAAEHMST AKTUBHO 00CY)KAQ-
eTcs BOIIPOC 0 ToM, siBasgercsa au PGP mpocro
mapkepoM XOBA uaAu urpaer CyujecTBeHHYIO Ia-
TOAOTMYECKYIO POAD B €€ PasBUTUMN.

C opHOII cTOpOHBI, 0cHOBHOM nmpuunHo XOBA
MOJXKET SIBASITbCSI AUCOaAaHC B pabore hepMeHTOB.
VYBeanuenne PGP B Aerkux BpI3bIBaeTCsI NMOBbI-
IIIEHHOJ aKTMBHOCTBIO IIPOAMAEHAOIIENTHAASDI,
MaTPUKCHBIX MeTaAAronporenHas 1 u 9 (O’Reilly
et al. 2009). B HopMe mocae ocTpoit ¢hasel Bocna-
A€HUS OH, II0-BUAVIMOMY, AOAXKEH PaCIIeIIASITHCS
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AeVIKOTprEeH-A4-TMAPOAA3011, KOTOpas OTPaHNIM-
BaeT BocraAeHue (Snelgrove et al. 2010). Takum
00pa3oM, MaTOAOTMYECKIe IPOLIECCHI B AETKMX IIPU
XOBA Moryr ObITh CBsI3aHbI KaK C Ype3MepHO
aKTUBHOCTBIO (pepMEHTOB, PACLIENASIOMMX KOA-
AareH, TaK M C IOHVDKEHHOV aKTUBHOCTDBIO
AeVKOTpueH-A4-TrApOAassl, paciienasouiernt PGP
(4TO IIOKa3aHO MPU AEICTBUM OCHOBHOTO (hakTOpa
pucka pasButus XOBA — curapetrHoro pbiMa
(Snelgrove et al. 2010)) nau ¢ oboumu sTUMHU Me-
XaHM3MaMy OAHOBPEMEHHO.

C apyroit ctoponsl, caM Ac-PGP mosxeT akTu-
BUpPOBaTh 00pa3oBaHye pepMeHTOB, pa3pyLIAIOLINX
KoaAareH. CylecTBYIOT 3KCIIEpUMEHTAAbHbIE
AQHHBIE O TOM, UTO CTUMYASILVS IEPBUYHBIX 311U~
TEAMAABHBIX KAETOK OPOHXOB Y€AOBEKA C IIOMOII[bIO
Ac-PGP npuBoAMAa K yBEAYEHNIO BBICBOOOXKAEHNS
MaTpUYHOIT MeTaAAonIpoTenHaspl-9 (Roda et al.
2019). B TakoM cayyae MOKET CO3AATbCS 3AMKHY-
TBIV KPYT: (PepMEHTBI, pa3pylLIaolilie BHEKAETOY-
HBII MaTPUKC, YBEAMYMBAIOT KoAndecTBo PGP
n Ac-PGP, a oHH, B CBOIO OUepeAb, YBEAUUMBAIOT
KOAMYECTBO 3TUX (epPMEHTOB. DTO KaK pa3 M MOXKeT
MIPMBECTU K PA3BUTUIO XPOHNYECKOT'O BOCTIAAEHNSL.

BHe 3aBMCHMOCTH OT TOT'O, KaK/ie 13 ONMCAHHBIX
MEeXaHM3MOB UTPaOT O0Aee BaKHYIO POAb B pas-
sutun XOBA, npeacTaBasgeTcsa NnepCreKTUBHBIM
VICTIOAb30BaHMe AASI A€YEeHSI 3TOV 0OAE3HM BeleCTB,
HEeMTPaAU3YIOIMX XeMOTaKCIUeCKoe, IIPOBOCIIa-
AuTeAbHOe pevicTBue PGP. B cBsi3u ¢ atum npo-
BEAEHBI ICCAEAOBAHNs KOMIIAeMeHTapHoro PGP
nentupa Arg-Thr-Arg (RTR). ITokasaHo, utro RTR
HEIMOCPEACTBEHHO CBsA3bIBaeTcs ¢ PGP, HeltTpaau-
3yl ero AeICTBHe, IPeAOTBpalasi KaK MUTPaLIo,
TaK ¥ aKTUBALVIO UM HENTPO(PUAOB, ¥ TOAHOCTHIO
nopaBasier PGP-uHAyuupoBaHHyio amdusemy
Aerkux y mbiureit (van Houwelingen et al. 2008;
Roda et al. 2019).

B oTHOLIEHMM MOAEKYASIDHBIX MEXaHV3MOB
AevictBust PGP 1 ero aleTMAMPOBaHHOM (GOPMBI IO
AUTEpPATyPHBIM AQHHBIM M3BECTHO, YTO U IIOAOXKMU-
TeAbHbIE, I OTPULIATEAbHBIE UX 3(PPEKTHI MOTI'YT
OBITb CBSI3aHBI C OAHMM TUIIOM PeLeNITOPOB —
XeMOKMHOBBIMU peuerrTopamy CXCR2.

1. B. KBoH u coaBTopsl (Kwon et al. 2017; 2019)
CUMTAIOT, 4YTO C STUMH PeLeNTOPaMU CBA3aHO I10-
AoKUTeAbHOe BAUsIHUE Ac-PGP Ha KpoBOTOK
1 paHO3XXMBAEHMe. AKTMBALVA 3TUX PELeNITOPOB
B KOCTHOM MO3T€, I10 UIX MHEHMIO, BbI3bIBAET aKTU-
BaLMI0 LMPKYAUPYIOIIMX QHI'VIOT€HHBIX KAETOK.
DAOKaTOPBI 3TUX PELeNTOPOB CHUMAIOT IIOAOXKHU-
TeabHble abdexTr Tpumnentuaa (Kim et al. 2011).

ITpoBocmaauTteabhbie apdexTsr Ac-PGP, xemo-
TaKCUYECKOe AEVICTBME HAa HEMTPODUABI TaKKe
CHMMAIOTCSI OAOKaTOpaMy XeMOKVHOBBIX PeLIenTo-
poB CXCR2 (Braber et al. 2011; Overbeek et al. 2011).
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MO>KHO IPEATIOAOXKUTD, YTO PETYASLIVS BOCIAAU-
TEAbHBIX ITPOLIecCcOB 3TUM nenTuAoM yepe3 CXCR2
VIMEeT pa3Hble Pe3yAbTaThl B 3aBUCHMOCTHY OT TUIIA
TKaHell I/ AV IPOAOAKUTEABHOCTY BO3AEVICTBUS
Ac-PGP Ha aTu TKaHU.

CrnpaBeAAMBOCTY paAyt HEOOXOAMMO YIIOMSIHYTb
0 ToM, 4TO cyuiecTByeT pabora IT. oe Kpyniip
u coaBTOpoB (2010), KOTOpbIE YTBEP)KAQIOT, UTO
B ONbITaXx in vitro Ac-PGP He akTMBMpPYET HANIPSIMYIO
" He B3aVIMOAEVCTBYET C XeMOK/HOBBIMU pelierl-
topamu CXCR2 u CXCR1 HeitTpop1AOB 1 KAETOK
Ay HEK293T yeaoBeka, aKcrpeccupyommx
5TU PELeNTOPbI, HO 3Ta paboTa eAMHCTBEHHASL.

B oranunme ot Ac-PGP, AAst ompepeseHuss Me-
XaHM3Ma AeICTBYSI KOTOPOI'O B OCHOBHOM UCIIOAB-
30BaAMCbh OAOKATOPBI XEMOKVHOBBIX PELIENTOPOB,
Aast PGP, MmedeHHOrO hAyOopecLieMHM30THOLIaHa -
TOM, OBIAO IIOKA3aHO IPSIMO€ CBSI3bIBAHIIE C PeLiell-
topamu CXCR2 (Kim et al. 2011). PGP aake uc-
MOAB30BAACS AASI MOAUQPUKALUU TBEPABIX
AVIIIMAHBIX HAHOYACTHULI, HATPY>KEHHbIX OarikaAeu-
HOM, AAST OOAerdeHMsi CBSI3bIBAaHUS C HEMTPodu-
Aamu B Mo3re npu AeueHun penpeccuu (Chen
et al. 2018).

BAusiHME TAMIIPOAMIHOB Ha reMOCTa3
11 00MeH BelecTB

VI3y4eHyie BAMSIHVS TAUIIPOAVIHOB Ha FeMOCTa3
MOKa3aA0, YTO OHMU i1 ViVO U il Vilro aKTUBUPYIOT
yHKLIUM TPOTMBOCBEPTHIBAIOLIEN CUCTEMBI.
In vitro GP, PGP nu GPGG oxa3piBaau aHTHArpe-
raljlOHHOe BAUSIHIE B 00pasLjax MAa3Mbl KPOBU
KpbIC, oboraiieHHoi Tpombouutamu. beiaa BbI-
sIBA€HA TakKe pUOpPUHOAUTUYECKAsI AKTUBHOCTD
9TUX TENTUAOB U CHUDKeHne umu bubpuH-
crabuamsupymoiero gakropa (XIIla) (Aumapux
u Ap. 1996).

Bce atu addexTsl COXpaHSIANCH IPU BHYTPU-
BenHoM BBepeHuu GP, PGP u GPGG (Aumapun
u Ap. 1996). ITepopaabHo BBepenubie PGP u PG
TaK)Ke 00AAAQIOT aHTUATPETaHTHBIM AENCTBUEM
Y YMEHBIIAIOT BeC TPOMOOB Ha Pa3AUYHBIX MOAEASIX
NpeTPOMOOTNYECKOrO COCTOSIHMUS U TpoMbo3a
y kpbic (Pastorova et al. 2003).

AHTUKOAryASTHTHO-GUOPUHOAUTIYECKOE AETI-
CTBIUE TIOKA3aHO U AAST apruHuHCOAepyKaimx (RPGP,
PGPR, PGR, RPG, GPR, PRG) (Astnmuna u Ap. 2013;
Grigorjeva et al. 2013), 1 AAST A€TILIMHCOAEPIKALLIX
(PGPL u LPGP) raunipoAutos (Asimiuaa u Ap. 2013;
MsicoepoB u Ap. 2013; lllabaauna u ap. 2015).
CpeAV BO3MOXXHBIX MEXAaHU3MOB AE€NCTBUS
V. T1. AuitmapuHbiM U coaBTopamu (AmmMapuH
u Ap. 1996; 2003) paccmaTprBasach TEOPUsI O TOM,
YTO TAUIIPOAMHBI, 00pa3ysiCh Ipu OMOAErpapaLiun
KOAAQreHa, MOIryT OAOKMPOBATh pPeLenTOophl,

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

Ha KOTOPbIE AEVICTBYET KOAAATEH MPY aKTUBALUU
UM CBepTbhIBaHUs KpoBu. Ho aTa Teopus He Obiaa
MOATBEP)KAEHA SKCIIEPUMEHTAABHBIMU AQHHBIMU.

[AUTIpOAVHBI CIOCOOHBI HOPMaAM30BaTh OOMeEH
BellleCTB IIpU AMabeTe U HapyLIEeHMSIX KMPOBOTO
obmena. PG u PGP, a Takke UX apTUHUH- U Aeil-
LIMHCOAEP>Kalljie TIPOM3BOAHBIE IIPOSIBASIAY TUITO-
raukemuyueckuit a¢pdexT, Bo3Bpaliasi K HopMme
COAep’KaHue caxapa B KPOBU KPbIC Ha MOAEASIX
C MHCYAMHO3aBUCHUMbIM CaXxapHbIM AnabeTom
U CTOMKOM T'UINepTrAMKeMMell, aHAaAOTMYHON pas-
BUTHUIO MHCYAVMHHE3aBUCUMOTIO CaXapHOTO AMa-
6eTa BTOporo Tuma y Aroaen (Asimuna u Ap. 2013).

Y PGPL, HapsiAy ¢ HOpPMOTAMKEMUYECKUMU
addexTamu, 0OHapy)KeHa CIIOCOOHOCTD ITPEAYTIPEXK-
AQTb Pa3BUTNE AAVIMEHTAPHON I'MIIEPXOAECTEPU-
HEMMM U YBEAYEHVE MaCChl TeAQ, HOPMAAM30BaTh
HapylIeHVe AUTIMAHOTO TIPO}UAS U YPOBHSI XOA€-
CTepMHA B KPOBU Y KPBIC, TIOTPEOASIBIINX KUPHYIO
UL C M30BITKOM HACBII[€HHBIX XUPHBIX KMCAOT
(MsicoepoB u ap. 2013). Aast PGPL u LPGP mo-
Ka3aHO TMIIOAUIIMAEMUYIECKOE AEVICTBIE Y MaLn-
€HTOB C HApPYLIEHMSIMU AUMUAHOTO OoOMeHa
(IITabaauHa un Ap. 2015).

3akAuenne

TAMIIPOAMHBI — HOBBIN TUIT PErYASITOPHBIX
MEINTHUAOB, IPEACTABASIONUIT UHTEPEC KaK C TOUKU
3peHUst GYHAAMEHTAAbHOM GU3MOAOIUY, TaK
U VICTTOAB30BAHUS UX B MEAULIMHCKUX 1eAsx. Oc-
HOBHOE IPEVMYIIECTBO TAUIIPOAVHOB — UX OT-
HOCUTEAbHAsl YCTOMUMBOCTb K OMOAErpapaLumn
M UHTErPATUBHOCTD BO3AECTBUS HA OPTaHU3M.
TAUTIPOAVIHBI 00AAAQIOT HEMPOIIPOTEKTOPHBIM
a¢ddexTOM, 3aLUIAIOT CAUZUCTYIO 000AOUKY >Ke-
AYAK2 OT TIOBPEXXKAEHUI, PEr'YAUPYIOT IPOLIeCCHI
BOCITAA€HUSI U pereHepalny, TOAOXKUTEABHO BAU-
SIIOT HA TEMOCTA3, POSIBASIIOT TUIIOAUIIMAEMUYECKOE
VI HOpPMOTAMKEMUYeCKoe AeVICTBHUE.

OCob6€eHHO APKO Ba)KHOCTH UCIOAb30BAHMS
MpernapaToB C UHTErPATUBHBIM BO3AEVCTBUEM
Ha OpraHM3M AEMOHCTPUPYETCS IPU MOMbITKAX
CIIPABUTBCS C TAKUMU TTOAUSTUOAOTUYECKUMMU 3a-
60AeBaHMSIMH, KaK sI3BEHHAasi 0OAE3Hb JKEAYAKA.
TacTpOnpoOTEKTOPHOE AENCTBUE TAUTIPOAUHOB
MTOKa3aHO B Pa3HBIX MOAEASIX 9PO3UBHO-SI3BEHHBIX
MOBPEXAEHUI y KpbIC. VIX 3amUTHOE AeliCTBUE
CBSI3aHO KaK C MMOAABAEHUEM arpecCHMBHBIX, TaK
U C aKTUBaLKell 3aIUTHBIX GaKTOPOB CAUZUCTOI
000A04KM XeAyAKa (puc. 1).

MoaekyAsipHbIe MeXaHN3MbI 3¢ (HEKTOB FAUITPO-
AVHOB TpeOyIOT AaAbHelero nsyvenus. IlosiBuanch
AUIIIb TIEPBbIE CBEAEHNSI O BO3MOXXHOCTU UX BAU-
sIHMS Ha XeMOKMHoBbIe perienitopbl CXCR2 npu
paHO3a)KMBAEHUM, QaHTMOTEHE3€e, PEryAsuu
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HeT
BoccmanoseneHue A3BbI A3Ba =
HapyweHHO020 YmeHnbwenue 6a3anbHQli
KPOBOMOKa U CmumynupoeaHHol
cekpeyuu
(PGP, PG, cemakc) conaHol Kucaomel
(PGP, PG, GP, cemakKc)
YeenuueHue arpeccusHble ;—l
AuM@pomoka Y dakTopbl
+ - - =
(PGP, PG, GP, cemaKc) YmeHvweHue 6a3abHOU
Y o SaHiTHLIC U CMUMYAUPOBAHHOI
¢:i|(10fbl CeKpeyuu nencuHo2eHa
YcuneHue 6a3anbHoil | (cemakc)
U CmumynupoeaHHoli
cekpeyuu
6ukapboHamoes YcuneHue Cmabunusayus
cnu3eobpasosaHus (| MYy4YHbIX KAeMoK
(GP, cemakc)
(PGP) (PGP, PG, GP,cemakc)

Puc. 1. BAusHue TAUIIPOAVIHOB M C€MaKcCa Ha ITIOAAEP)KaHME TEAOCTHOCTU CAU3UCTON 0DOAOUKHU JKEAYAKA

Fig. 1. Effect of glyprolines and semax on maintaining the integrity of the gastric mucosa

BOCITAAUTEABHBIX MPOLIECCOB U O CIIOCOOHOCTH
M3MEHSTb aKTMBHOCTD V/VIAY IIAOTHOCTD OIIpeAe-
AEHHOTO TUIIA PELIeNITOPOB CEPOTOHMHA, TAyTaMa-
Ta U Y-aMMHOMAaCASIHOM KVMCAOTBI B CBA3U C Hell-
POIIPOTEKTOPHBIM AEVICTBUEM.

TpeOyeT BHMMaHUs OTMEYEHHAs B AUTEpAType
BO3MOXXHOCTB yuactusi PGP 1 ocobeHHoO ero aiie-
TuAMpoBaHHoit dopmbl B pazButuu XOBA.
Ho ybeAnTeABHO AOKa3aHHble MHOTOYMCAEHHbBIE

MTOAOXXUTeAbHBIE 3G (eKThI TAUIIPOAVHOB Ha FOMEO-
CTa3 U IPOTUBOPEUYMBOCTb AAHHBIX 00 yyacTuu
PGP u Ac-PGP B pasBuTUM XPOHUUECKOTO BOC-
MaAeHMs yKa3bIBalOT HA HEOOXOAMMOCTD U Iep-
CIIEKTMBHOCTD ITPOAOAYKEHN S ICCAEAOBAHMI 3TUX
MENTHAOB, 00AAAAIOIVX UHTETPATUBHBIM AEVICTBU-
€M Ha OpPraHi3M, B TOM YMCA€ U B KaueCTBe HOBBIX
A€KapCTBEHHBIX IIperapaTosB.
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Annomayus. Cratbs nocssieHa 70-AeTHEMY I00MA€I0 OAHO 113 TeHETUIECKIX
Aabopatopuit VMincturyra dpusnosorvu um. V. I. ITaBaoBa — aaboparopun
CPaBHUTEABHOI FeHETUKY II0BEAEHN, Ha IPOTsDKeHuY 70 AeT HEOAHOKPAaTHO
MeHSIBIIEN CBOe Ha3BaHUe: OT AabopaTopuu Io repepeAke 6€3yCAOBHBIX
pedaexcon (1 aBrycra 1950 ropa), aaboparopun GU3MOAOTUM HUSIINX
JKMBOTHBIX 11, HAKOHeLI, ¢ 1965 roaa 1 moHbIHe — Aa00paToOpuM CPaBHUTEABHOM
TeHeTVKM OBeAeHVsL. B cTaTbe OCBellleH HeOLIeHVIMbII HAyYHbIN TeOpeTUIeCKUil
BKAAA pyKoBoauTeaeit aaboparopuu — M. E. AobGauesa 1 B. B. TToHomapeHKko.
Oto HoBbIe TAaBbI B ydenun V. I1. TlaBaoBa «bnoAorust v reHeTHKa yCAOBHOTO
pedaexcar», I0O-HOBOMY pacKpbIBLI/E 3HAYEHE MeXaHU3Ma YCAOBHOIO
pedAexca B MHTErpaLmu 1 KOOPAMHALIMY IIPOLIECCOB KAETOYHOI M TKaHEBO
AvibdepeHLMaLy BHYTPY MHOTOKAE€TOYHOT'O OPraHM3Ma; B OHTOT€HETUYECKO
aAQITaLMY K 9KCTPeMaAbHBIM (haKTOpaM BHEIHET CPeAb], YBOASILIIEN OPTaHU3M
OT SAVMMMHALIMY €CTECTBEHHBIM OTOOPOM; CUTHAABHOV HaCAEACTBEHHOCTH,
nepeAady MHAVBMAYAABHOTO OIIBITa MEXAY IIOKOAEHMAMMY >KMBBIX CYILECTB.
DTO KOHLEMLs CUCTEMHOI HelIPO3SHAOKPMHHONM PeryAsiLiny FeHeTU4eCKIX
M UUTOTeHEeTUYECKUX MTPOLECCOB, TO3BOAMBILAS BBIAEAUTH OCOOYIO POAD
COCTOSIHMSI HEPBHOM CUCTeMbl (YPOBEHb ee BO30YAMMOCTH, TOHYCa IO
J. T1. TTaBAOBY) B peaAusalyy reHETMYECKO MH(OpMaLMY B OTHOLIEHNUN
MOBeAEHYEeCKMX IIPMU3HAKOB 10 MIPYHLUIY OOPaTHOI CBSA3YU B COOTBETCTBUU
C TEKYIIVMU HY>XAaMU OPraHM3Ma, BAUSHUEM YCAOBUI BHEIIHEN CpeAbl
U MHAUBUAYAABHBIM OIIBITOM. DTO MCIIOAb30BaHye MyTaL[Uil TOMOAOTMUHBIX
TeHOB Y IIPEACTABUTEAEI XMBOTHOTO MUPA, CTOSIIMX Ha Pa3HBIX CTYIIEHSX
(bMAOreHeTUYECKOTO PasBUTHS, C LIEABIO M3YYEHUsT MAAOMCCAEAOBAHHBIX
SHAOTEHHBIX HeJIPOAKTVMBHBIX COEAVHEHNI, TAaKMX KaK KUHYpeHVHBL. MyTaumn
TE€HOB, KOHTPOAMPYIOLMX MeTa00AM3M LA M®, Ob1AY OAYY€eHBI B AabOpaTOpyUM
C MCIIOAB30BaHNeM xuMudeckoro myrareHesa (E. B. CaBBareesa, H. I. Kambiies).
HaxkoHel, 3TO BbIABA€HME C UCIIOAb30BaHNEM P-MHCEPLIMOHHOIO MyTareHe3a
HOBBIX I'€HOB, KOHTPOAMPYIOLIMX KOTHUTUBHYIO 1 MOTOPHYIO A€STEABHOCTbD,
U U3y4eHVe MeXaHU3MOB MX BAMSIHUSA. AASI 9TOrO CO3paHA COBPEMEHHasI
MeTOAMYECKas! M IPUOOPHAs MOAEKYASIPHO-TeHeTUYecKasi 0a3a, COOCTBEHHOe
nporpammuoe obecrnedenne (H. I. Kamblies), moAHast aBToMaTu3anus
perucTpauyuy NOBEAEHU HACEKOMBIX.

Karouesvie c10B8a: OMOAOTYIA Y TEHETHUKA YCAOBHOTO pe(bAeKca, OHTOI'€HeTN4YeCKasa
apaITauus, CUTHAAbHAA HACACACTBEHHOCTDb, KOHLCTILVA CUCTEMHO peryaianunmn
TEHETUYIECKUX VM UUTOT€HETUYECKMX ITPOLIECCOB, MyTaljM1 T€HOB, ]/ICTOp]/I‘{eCKI/II;I
ACIIeKT.

317


http://www.intphysiology.ru
https://www.scopus.com/authid/detail.uri?authorId=35526198700
https://orcid.org/0000-0003-1392-400
mailto:lopatina_ng@infran.ru
https://www.scopus.com/authid/detail.uri?authorId=6603773316
http://orcid.org/0000-0002-3611-7417
mailto:kamyshevng%40infran.ru?subject=
https://creativecommons.org/licenses/by-nc/4.0/deed.ru

Aabopamopuu cpasHumeAbHolL 2eHemukuy nosederus — 70 rem

The 70™ anniversary of the Laboratory
of Comparative Behavioral Genetics

N. G. Lopatina™!, N. G. Kamyshev'

! Pavlov Institute of Physiology, Russian Academy of Sciences, 6 Makarova Emb., Saint Petersburg 199034, Russia

Authors

Nina G. Lopatina,

SPIN: 2856-6180,

Scopus AuthorID: 35526198700,
ORCID: 0000-0003-1392-4002,
e-mail: lopatina_ng@infran.ru

Nikolai G. Kamysheyv,

SPIN: 4461-9955,

Scopus AuthorID: 6603773316,
ORCID: 0000-0002-3611-7417,
e-mail: kamyshevng@infran.ru
For citation:

Lopatina, N. G., Kamyshev, N. G.
(2020) The 70" anniversary

of the Laboratory of Comparative
Behavioral Genetics. Integrative

Physiology, vol. 1, no. 4, pp. 317—329.

DOI: 10.33910/2687-1270-2020-1-
4-317-329

Received 2 July 2020;

reviewed 18 July 2020;

accepted 04 August 2020.
Copyright: © The Authors (2020).
Published by Herzen State

Pedagogical University of Russia.
Open access under CC BY-NC 4.0.

Abstract. The article is dedicated to the 70" anniversary of the Laboratory of
Comparative Behavioral Genetics of the Pavlov Institute of Physiology.
For 70 years, the laboratory has repeatedly changed its name: Laboratory
of Unconditioned Reflexes Rearrangement (1 August 1950); Laboratory
of Lower Animals Physiology, and finally, from 1965 to date, Laboratory
of Comparative Behavioral Genetics. The laboratory heads — M. E. Lobashev
and V. V. Ponomarenko — elaborated the Pavlov’s paradigm of biology and
genetics of the conditioned reflex. They displayed the new significance of
conditioned reflex mechanism in a range of areas: the integration and
coordination of cellular and tissue differentiation; the ontogenetic adaptation
to extreme environmental factors preventing an organism from elimination
by natural selection; the signal heredity and the transfer of individual experience
between generations of living creatures. The research at the laboratory focuses
on systemic neuroendocrine regulation of genetic and cytogenetic processes.
It highlights the special role of the nervous system state (according to
L. P. Pavlov — level of excitability, tone) in gene expression regarding behavioral
traits. Gene expression relies on a feedback mechanism which analyses the
current needs of an organism, external conditions and individual experience.
Another area of research is the usage of homologous genes mutations in
different animals at different branches of a phylogenetic tree with an aim to
explore endogenous neuroactive compounds — kynurenines. Chemical
mutagenesis allowed to produce the cAMP metabolism gene mutations
(E. V. Savvateeva, N. G. Kamyshev). Finally, P-insertional mutagenesis conducted
by the laboratory allowed to identify and study new genes controlling cognitive
and motor activity. For this purpose, the laboratory developed a modern
instrumental molecular genetic base, its own software (N. G. Kamyshev), and
a fully automatic registration of insect behavior.

Keywords: biology and genetics of the conditioned reflex, ontogenetic
adaptation, signal heredity, the concept of systemic regulation of genetic and
cytogenetic processes, gene mutations, historical aspect.

AAst opHOM 13 AabopaTopuit MnctuTyTa dusno-
aoruu um. V. IT. TTaBaoBa PAH, aabopatopuu
CPaBHUTEABHON TeHETUKU IIOBEAEHUs,
2020 rop — rob6uaennbii. 1 aBrycra 2020 ropa co
AHSI OCHOBaHUsI AabopaTopuM MCIOAHMAOCH
70 aet. Ee ocHOBaTeAeM 1, COOTBETCTBEHHO, IIEPBBIM
3aBEAYIOIIMM OBIA T€HETUK, Ipodeccop, AOKTOP
Ouoaornyeckux Hayk Muxaua Epumosny Aobarues.

B MHCTUTYT 5BOAIOLIMIOHHON (U3UOAOTUHU
M TTATOAOTUM BBICLIEN HEPBHOM AESITEABHOCTHU
um. V1. T1. [TaaoBa AMH CCCP (ubine VIHCTUTYT
dusuoaoruu um. U. I1. ITaBaoBa PAH, paaee
B TekcTe «/HcTuTYyT») Muxanaa Epumonnya npu-
raacuA B 1949 ropay pupexTtop VIHCTUTYTa aKapeMUK
AeoH Abraposny Opbean, criacasi ero Takum 00-
pasom ot 6espaboTuiipl. bespaborusim Muxana
EdumoBuy okasaAcs IOCA€ 3HAMEHUTON aBI'yCTOB-
ckont ceccun BACXHUMA um. B. VM. Aenuna
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1948 roaa, pasrpomusieit B CCCP kaaccuyeckyio
(«dopmaapHy0») reHeTuKy. Muxamaa Epumonya,
COTPYAHMKA KadeApbl TeHETUKN U KCIIePYMeH-
TAaAbHOJ 300A0TUMU, A€KaHa OMOAOTMYECKOTO
¢dbakyabTeTa AEHUHIPAACKOIO YHUBEPCUTETA
uM. A. A. XXpaHosa (AI'Y), ypoanau u3 yHuBepcu-
TeTa KaK IpMBepyKeHIla KAACCUYeCKO TeHeTUKMU.
B Te roabl OBITH MEHAEANCTOM-MOPIaHUCTOM,
TO eCTb CA€AOBaTh yueHUIo Iperopa MeHpaeas
n Tomaca MopraHa, CY4MTaAOCb UyTb AU He IIpe-
CTYIIAEHVEM.

B HapeXAe TOAyYUTh B OyAyieM Aab0opaTopuio
B IHcTuTYyTe Muxaua EbumoBuy cpasy sxe Hauaa
pa3pabarTbiBaTh NMAAH VICCAEAOBAHMIT HA CTBIKE
bu3MoAOrMM U T€eHETUKH, CTApasACh COYeTaTb MH-
Tepechl U TOM, U Apyroit Hayku. CodeTaHue reHe-
TUYECKOTO U HPM3NOAOTMYIECKOTO MbILIAEHNS, BIN-
TaBILIETO MAEM UM pasMblIIAeHUs AMUTpuUs
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H. I Aonamuna, H. I. Kambiues

Huxkoaaesmua Haconora (HacoHoB, AAeKCaHAPOB
1940) o cyOGCTaHLMOHAABHBIX U3MEHEHMSIX, MTPO-
UCXOASIINX B KAETKAX B OTBET Ha AeiicTBue dak-
TOPOB BHEIIIHEN CpeAbl (Teopus mapaHeKpo3a),
6b1A0 He 4y>KA0 Muxauay Epumosuuy (Aobaies
1946; 1947), 4TO BIIOCAEACTBUU IIPUHECAO TIpe-
KpacHbIe Hay4yHble TAOABL. OO 3TOM MO>KHO CYAUTD
0 AOKTOPCKOIT Aucceprauuu Muxauaa Edumo-
BIYa, IOCBSIILEHHON U3yYeHUIO GV3UOAOTUYECKUX,
MapaHeKPOTUYECKMX MEXaHM3MOB MYTaLIIOHHOTO
npotiecca, 1 1o coOpMyAUPOBAHHOI TOTAQ Ke
IMIIOTEe3€ CUCTEMHOM PEeryAsLy reHeTNYeCKNX
Y UUTOTEHETUYECKUX IIPOLIECCOB.

IToa daarom 60pbOBI 32 YMCTOTY yueHMUs
WM. T1. ITaBAaOBa Ha ceccun AByXx Akapemuit — Me-
anuuHckoi 1 Akapemun Hayk CCCP — B 1950 ropay
OBbIA AMIIIEH ITOCTA AVPpEKTOpa VIHCTUTYTa aKaAeMUK
A. A. Opbean.

OAHaxo, K cyacTbio, Muxaua EpumoBnd yueaea.
ITpeAcCTaBAEHHBINI UM MMAQH UCCAEAOBAHUIT OBIA
MIPUHAT HOBBIM AMpeKTopoM VIHCTUTYyTa akapeMu-
koM KoHcTranTnHoM MuxainaoBudem BpIiKOBbIM,
u 1 aBrycra 1950 ropa Muxaua Edumosuu craa
3aBEAYIOLMM BHOBb CO3AQHHOI AabopaTopuu,
KOTOpasi IOHAYAAY HOCMAQA IPUANYECTBYIOIEe TOMY
BpeMeHM Ha3BaHUe «AabOpPaTOPUM TIO TEePEAEAKE
6e3ycAOBHBIX pedaekcoB». [Ipeproraraaoch mo-
BBILIEHVIE IPOAYKTVBHOCTY KYP, YTOK, MEAOHOCHBIX
IMYeA U HIEAKOBUYHOIO yepBs. [lepBoHavaAbHO
AabopaTopust pacrioAaraAach B 3AQHUM BeTEPUHAP-
HOT'O ITYHKTA Ha TEPPUTOPUY BUBAPYIS, IIO COCEACTBY
C AQIOIVIMY COOAKaMY, MSyKQIOLVIMY KOLIKAMMU U AP.
IT0 3paHMe ObIAO cHeceHO B 1983 roay. B 50-e ropbt
OHO Cpasy )ke 00pOCAO HOBBIMU ITOCTPOMKaMU — a-
HEPHBIMU AOMVKAM, TA€ ITOCEAVIAVICD KYPBI U YTKI.
Becp 3TOT KOMITAEKC TOAYYMA Ha3BaHME «AEPEBHS
AobameBka». AAS IPONUTAHUS MEAKOBUYHBIX
yepBel B nmapke VIHCTUTyTa OblAQ BBICA)KEHA 10
CKAOHY, TAPAAAEABHOMY «AVICTBEHHUYHOI» aAA€E,
IAQHTALV IIEAKOBULIBI — TYTOBOTO AepeBa. Bechb-
Ma MPO>XOPAUBBIE IIIEAKOBMYHBIE YEPBU >KMAU
B TEMAMLIAX Ha CTEAAQXKAX BHYTPU Aa0OPaTOPUN.
ITaceka (HECKOABKO yAbEB) PACIIOAAraAACh TIOA
OKHaMM BETIIYHKTA.

B opHOM 3paHMU ¢ AabopaTopuent AobaieBa
pasmernaauch Aaboparopus GU3MOAOT UM CEABCKO-
XO3SIICTBEHHBIX >KUBOTHBIX TIpodeccopa ViBaHa
AdanacpbeBuua bapbiiiHUKOBa U MEAULIMHCKUI
ckAap (3aB. — Aupus AaekcanppoBHa Kokko).

[TepBbIMU COTPYAHMKaMM AabopaTopuy ObIAK
CTapLINIT HAYYHBI COTPYAHMK, KAHAMAAT OM0AO-
rnyeckux HayK AHHa KanutoHoBHa BockpeceHckas,
MAQAIIVII HAyYHBIVI COTPYAHUK VIpanpa AHTOHOB-
Ha HukurtuHa, paHee okoHuMBLIasA KadeApy
TeHETUKU U SKCIIepUMeHTaAbHON 300A0rUM ALY,
n cTtypaeHT 4-ro Kypca Boaopss CasBarees.
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A. K. BockpeceHckast, Al0OMMast U AI0OsI1jast yde-
Huia AeoHa AGrapoBuya, BEPHYAACh MTOA KPBIAO
CBOETO0 YUUTEAS], KaK TOABKO IIPEACTABUAACH TOMY
BO3MOXHOCTB (60-e roanl). Boaops CaBBarees,
TeHeTUK IT0 Npu3BaHuIo, ¢ 1948 ropa no cosery
Muxauaa EpumoBnya poyunBaacs Ha Kadeape
00111€el1 1 CPaBHUTEABHOM PU3NOAOT UM, PYKOBOAM-
Mol akapeMuKoM Amutpuem HukoaaeBmuem
HaconoBbiM. AabopaHTamy 6biAM ArpumnmnuHa
AIxoBAeBHa BrabKaHell, IPEeBOCXOAHO BAAAEIOLIAS
TUCTOAOTMYECKMU MeToAMKaMy, Mapus VIBaHOB-
Ha ManaHkoBa, AaekcaHapa HuxanpposHa Boa-
KOBa, TeXHUK Baapumup ViBaHOBUY ABepbsHOB
1 AaboparopHas cayxuteabHuiia Oabra ViBaHoB-
Ha CrniupupoHoBa. B cocTaBe Aaboparopuu 6bia
n myeaoBop — KoncrantuH HukoaaeBuu boao-
XOBCKMM, PaHee COCTOSIBIINI B TOM XK€ AOAXKHOCTH
y /. T1. TTaBAoBa (B mamATh 00 yBAeueHuu VIBaHa
IleTrpoBMua mueaamMu Ha Teppace 3AQHUS, TA€ OH
paboTaA 1 OTABIXaA, CTOUT CTEKASTHHBI HAOAIOAA-
TEeAbHBIN yAeIZ). Bckope no pexomenpauuy Boaopu
CaBBareeBa K paboTe AabopaTOpuu MPUCOEANHN-
aach 1 H. I AomatuHa — crypaeHTKa 5-TO Kypca
AT'Y o xadeape o0111€1 1 CpaBHUTEABHOM PUBNO-
aoruu. EctecTBeHHO, Aab0opaTopust HOCTENIEHHO
paspacrasach, HOMOAHSISICb HOBBIMY HayYHBIMU
COTPYAHVMKAMU, CPEAV KOTOPBIX ObiAM BaaeHTHHA
BacuabeBHa IToHOMapeHKO, Tak)kKe OKOHYMBIIAS
xadeapy A. H. Haconosa, 'aanna [TerpoBra Cmup-
HoBa, Eaena TeoprueBna YecHokoBa, Baapumup
TeoprreBny MapIiuH 1 Ap., @ TAK)Ke CTYA€HTAMU
n3 10kKHbIX pecrryoAauk CCCP (AzepbaripxaH,
Cpeansist A3ust), MOCKOBCKOTO rOCYAQpPCTBEHHOTO
yauBepcutera uM. M. B. Aomonocosa, Ilerposa-
BOACKOI'O TOCYAQPCTBEHHOTI'O YHUBEPCUTETA U,
KoHeuHo, AT'Y.

HecmoTpst Ha cyry00 aBTOpUTAPHBIN CTHUAD
pykoBoAcTBa Muxanaa EdumoBuya, B Aaboparopun
BCETAA 11apyAa YAUBUTEABHO TerAas aTMocdepa,
pacmoAaramwiias Kk pabote «He 3a CTpax, a 3a Co-
BECTb».

K xoHny 50-x — HaudaAy 60-X pyKOBOACTBO
CTPaHbI CMEHMAO IO OTHOLIEHMIO K TeHeTHKe THEB
Ha MUAOCTbD, YTO 1T03B0AMAO M. E. AobaieBy ae-
raAM30BaTh ICCAEAOBaHMSI, BeAyLecs B Aabopa-
TOpUM, OTKPBITO NPU3HATH UX BKAAA B T€HETUKY
noBeaeHus. B To ke Bpemst M. E. AobaieB moku-
HYA VIHCcTUTYT Pusrosoruu v BepHyacsi B AeHMH-
I'PAACKUI YHUBEPCUTET, BO3TAABUB B 1957 roay
Kadeapy reveruku u ceaexuuu. BPMO 3aBepyio-
1ero AabopaTopueit, a 3aTeM IPYIIbl pU3NOAOTUN
HU3LIMX XMBOTHBIX HA HEOOABIION MTPOMEXYTOK
BpeMeHMU CTaAa C. H. C., K. 6. H. H. [. AomaTtuHa.

B 1965 roay npu AnpekTope akapemuke Baapu-
mupe HrkoaaeBnue YepHUIOBCKOM IpyIiia BHOBb
obpeaa craryc Aaboparopuy, HO y)Xe Aaboparopun
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Aabopamopuu cpasHumeAbHolL 2eHemukuy nosederus — 70 rem

CpaBHUTEABHON reHeTUKU noBepeHus. Ilop aTum
Ha3BaHMeM OHa (PYHKLVMOHMPYET I10 CUIO IIOPY.
3aBepymoleit AabopaTopueit craaa BaaeHTuHa
BacuabeBna IToHomapenko. B 2000 ropy B cBs31
¢ KOHYMHOVI BaaeHTuHBI BacuabeBHBI AabOpaTopuio
BO3TAaBUA A. 6. H. Huxoaait [puropreuu Kamei-
1IeB — BBIITYCKHVK KaheApbI TEHETUKU U CEAEKLIMN
AT'Y, BBINOAHSIBIINIT AUTIAOMHYIO, A 3aT€M U KaH-
AVIAQTCKYIO, I AOKTOPCKYI0O paboOTbhl B 3TON
Aaboparopum.

Takum ob6pasom, 3a 70 AeT CBOEro CyleCcTBO-
BaHMSI AabOpaTOpMsi HEOAHOKPAaTHO MEHsAQ
CBOe HasBaHle B COOTBETCTBUM C OCHOBHBIM
HallpaBA€HMEM Hay4YHBIX MICCAEAOBAHUIL: aBI'yCT
1950 1. — 1951 rT. — «A2bOpaTOPUS 1O TIEPEAEAKE
0e3ycAOBHBIX pedaekcoB», 1951-1965 rr. — «aa-
6opaTopusi pU3MOAOTUYM HUBIIKUX >KMBOTHBIX»,
¢ 1965 r. o HacTosIee BpeMsi — «AabopaTopus
CPaBHUTEABHOI F€HETVKY TIOBEAEHUSI».

B 50-e roABI C 1[eABI0 TTIOATBEPIKAEHM/OIpo-
BepyKeHMs BbickaszaHHoro V1. I1. ITaBAOBBIM 1O-
AOXKeHUSI 00 YHMBEPCAABHOCTU YCAOBHOTO ped-
Aekca (Bpemennon cBsasu) (ITaBaoB 1951) B psipe
Aab0paTopuit MHCTUTYTA UIMPOKUM IAQHOM IIPO-
BOAVIAY ICCAEAOBAHMSI 0COOEHHOCTEN 3aKOHOMeEP-
HOCTY YCAOBHO-Pe(pAEKTOPHON AEITEABHOCTU
(YPA) y >KMBOTHBIX, CTOSILIMX Ha PA3HBIX YPOBHSIX
¢buAOreHeTNYECKOTO Pa3BUTHSI HEPBHOI CHCTEMBI.
Aaboparopus M. E. AobaiieBa mOAKAIOYMAACD
K 9TOMY HaIlpaBAeHMIO ccAeAoBaHmi. OObekTaMu
VICCAEAOBAHMS, TaK XKe KaK B APYIux AabopaTopu-
51X, OBIAY PBIOBI, ITULIBI Y, KPOME TOTO, HACEKOMBIE.
M3bupas 06bexThl nccaepoBanusi, Muxaua Edu-
MOBMY IIPECAEAOBAA CPa3y HECKOADBKO LieA€: U3Y-
yeHye ocobeHHocTell YPA y HUBIIMX )XKMBOTHBIX,
MPAKTUYECKYIO TTOAB3Y, KOTOPYIO OHM MOTAU OBl
IIPMHECTH, HO TAQBHOE, 3aA€A AASL OYAYILelt reHe-
TUKU IIOBEAEHMSL. B TOM, UTO TaKoe BpeMst HACTYIIUT,
Muxaua EbumoBny He comueBaacst. B ¢Bsi3u ¢ sTum
YPA nsyyaAmn y Kyp, HO He IPOCTO y KYP, @ Y Pas3HbIX
VIX TTIOPOA (A€TTOPHBI, pyccKye OeAble, aBCTPAAOP-
IBbI U AP.), Y YTOK pa3HbIX NOpPOA (IIEKMHCKYE,
YKPaMHCKVE Cepble), Y MEAOHOCHBIX ITYEA PA3HBIX
reorpaduyeckux pac (MTaAbsIHCKIE, KpAauHCKIe,
TPY3MHCKME, CPEAHEPYCCKIE U Ap.), Y OAM3KMX
BUAOB OCETPOBBIX PbIO (OCETp KYPUHCKUIL, OCETP
CMOUPCKMIL, LI, CTEPASIAD). EcTecTBeHHO, Mo-
TpeboBasach OOAbLIAS U300PETATEABHOCTD AAS
aAaITaI METOAUK, paspaboranusix V. IT. ITas-
AOBBIM I €T0 COTPYAHMKAMU AASI COOAK C Li€AbIO
M3y4YeHMsI CBOVICTB HEPBHBIX ITPOLIECCOB U 0COOEH-
HocTeil YPA, AAsl mpeacTaBuTeAen Apyrux gpopm
JKMBOTHOTO MMpa.

IlepBble OLIEHKM COAESIHHOTO IPO3BYYaAU
B (POABKAOpE — YACTYIIKaX, KOTOPbIe COTPYAHUKM
BeCeAO pacreBaAl Noa rapMoHs B. V1. ABepbsiHoBa.
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Tam ObiAY, HaIpuMeD, Takue cAOBa: «V1 0ObIuHbIE
KYypBI He TaKye Y)X Aypbl», uau «Bot 3axercst kpac-
HBIVI CBET, HO OCETP HaM Cpa3y — HET, He AYPaK 4,
He TIOJAY — MOTBIASI TaM He HallAy». A ycIexu Ha
IMYeAax HacTpPauMBaAM HA AMPUYECKUI AaA. Aeil-
CTBUTEABHO OKa3aA0Ch, YTO MaAeHbKasl MYeAKa
COBEpLIEHHO CIIOKOIHO, A€TKO (C OAHOTO COYETaHMS)
MO>KET BbIpa0aThIBaTh YCAOBHBIN pedAeKC Ha pas-
APOKUTEAU MHOTMX MOAQABHOCTEI, M HA OAMHOY-
Hble, U Ha L[N PASAPAKUTEAEN, U PU TIUIEBOM,
1 Ipu 00OPOHUTEABHOM TOAKpenAeHun. [Taeant
MOT'YT I10 YCAOBHOMY CUT'HAAY BBICYHYTb XO0OTOK
VAU KaAO, BCTaTh B CIELUPUUIECKYIO TT03Y AAS
BEHTUAMPOBAHUS KPbIABSIMU. YAQBAAOCH AEI'KO
BbIPabOTaTh YCAOBHBIE pepAEKCHI 2-TO MOPSIAKA,
anbdepeHIpOBOYHbIE, 3aTTa3ABIBATEABHBIE, CAE-
AOBbBI€e, 9CTPATIOASILIIOHHbBIE. YAUBUTEABHO, HO €CALL
y IT4€eA B ITOMellleHn) Aab0opaTopuy B AEKCUTAQ-
COBOM KOPOOOUKe BhIPAOOTATh OMPEAEAEHHDIN
CTepeOTUII IOCELeHNI LIBETHBIX pa3APasKUTeAEN,
a 3aTeM BBIIYCTUTb ITYEA B IIPUPOAHBIE YCAOBUS,
rae OYAYT paccTaBAEHbI L{BETHBIE IUTBI, TO TYEABI
HIOCA€ KPaTKOT'0 OPMEHTVPOBOYHOT'O 00A€Ta HAYHYT
MOCeIaTh X B BbIPAOOTaHHOM B AabopaTopun
MTOCAEAOBATEABHOCTH (TIEPEHOC OIBITA). DTO OBIAK
nepBble OIBITHI, 32 HUMU IIOCAEAOBAAY MHOTME
APYT¥e, BBITIOAHEHHbIE OTe4eCTBeHHbIMM (Maso-
xuH-TTopiHsakoB 1965) 1 3apy0e>XXHbIMY aBTOpaMu
(Howard et al. 2019), noxkasaBiune CAOXXHOCTb
BBICIIIEV HEPBHOII AETEABHOCTH Y STUX HACEKOMBIX.
A. K. Bockpecenckast (Bockpecerckas 1957) Briep-
BbIe [T0Ka3aAa POAb IPUOOBUAHBIX TeA MO3ra B YPA
myeAbl. YTOOBI paccTaTbCsl ¢ MYEAVHON TEMOT,
COOOIINM, YTO AQABHENIIINE UCCAEAOBAHUS CO-
TpyAHUKOB Aabopatopuu (M. A. HukurtunHoi,
E. I. Yecnokosoit, H. I. AomaTtuHoi1) nmokasaau,
HaCKOABKO BOCTpeOOBaHa CIIOCOOHOCTD IMYEA
K 00pa30BaHMIO YCAOBHBIX CBsI3€ll B UX >KU3HEAe-
SITEABHOCTH, MUILEAOOBIBATEABHOI U APYTOMl —
B OpMEHTALMM B MMPOCTPAHCTBE, B CUTHAAU3ALIUN
u Ap. IToAyueHHbIE AQHHBIE TOAHOCTBIO MEHSIAU
peACTaBAeHEe 00 MHCTUHKTUBHOM AeSITEABHOCTI
HAaCEKOMbBIX KaK UCKAIOUYUTEABHO BPOKAEHHBIX,
MOYTY aBTOMaTUYECKIX aKTaX MOBeAeHMsI. Pe3yAb-
TaThl 9TUX UCCAEAOBAHUII IOABITOKEHDBI B KAHAU-
AQTCKUX AVICCEPTALIMSX COTPYAHUKOB, B AOKTOPCKOII
aucceprauuu u MoHorpadum (Aomaruna 1975).
Hay4HBIM MTOroM 3TOro 3Tama MCCAeAOBaHMIA
cTaA OOABIION LKA TEOPETUYECKUX CTATel U T10-
AOXKeHUI, BbicKasaHHbIX M. E. Ao6Gamesbim. ['AaB-
HENIINM U3 HUX HECOMHEHHO SIBASIETCSI CMEAO€ Ha
TOT MOMEHT 3asIBA€HIE O MAPAAAEAU3ME B pas-
BUTUY OCHOBHBIX CBOVICTB BbICIIEN HEPBHOM A€sI-
TEABHOCTU B GUAOTEHE3€E IIEPBUYHO- U BTOPUYHO-
POTBIX KMBOTHBIX HA T€HETUYECKOI OCHOBE,
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00111el1 Y MICXOAHBIX TIPEAKOB 000X 3TUX PSAOB
(AobGaires 1960).

I[IpoBeA€eHHbBIE MICCAEAOBAHMS ITO3BOAVAU
M. E. AobaiieBy 3HaUUTEABHO PACIIVIPUTD I'PAHU-
1bl TIOHMMaHUSI OMIOAOTMYECKOTO U PpU3UNOAOTIYE-
CKOTO 3HaU€eHMsI MeXaH!3Ma YCAOBHOTO pedaekca
(AobameB 1964). M. E. AobaiieB mpopoyuecku
yCMaTpUBaA MOAEKYASIPHOE €AVHCTBO IIPOLIECCOB,
A€KalMX B OCHOBE BHYTPU- U MEXKAETOUYHBIX
B3aMMOAENCTBMUIT U Tpy GopMuUpoBaHuy pedAek-
TOpHO cBsA3U. [ToMMMO MexaHu3Ma IIPUCIIocoOAe-
HUS K MEHAOLVMMCS YCAOBUSAM BHEIIHEN CpeAbI
(akTMBHOTO ypaBHOBeuMBaHus1), Muxana Epumo-
BUY BUAEA POAB YCAOBHOIO pedAekca B KauecTBe
MeXaHM3Ma MHTerpaluyy I KOOpAVHALMY ITPOLeC-
COB TKaHEBOJ U KAETOYHOU AuddepeHanm
BHYTPM MHOT'OKAETOYHOI'O OPraHM3Ma, C OAHOM
CTOPOHBI, M B KaueCTBe MeXaHM3Ma [epeAady MH-
AVIBUAYAABHOI'O OIIBITA MEXAY IOKOAEHUSIMU
JKMBBIX CYILECTB, C APYToil (CUTHaAbHAsT HACAEA-
cTBeHHOCTh) (Aobaies 1961). [Tpu atom us chop-
MmyarpoBaHHoro M. E. AobaliieBbIM ITpeACTaBAEHNMS
O CUTHAAbHOW HACAEACTBEHHOCTU OBbIA CAeAaH
TaKOJl HETPUBUAABHBIN BbIBOA: KQXKADIVI YEAOBEK
AOAKEH OTAABATh AIOASIM BCE CBOM CIIOCOOHOCTHU
AASL YBEAMYEHMSI OOIL[ero AyXOBHOTO AOC-
TOSHUSI — TOABKO TaK Ka>KAbIV HEIIOBTOPUMBIN
YeAOBEUECKUI MHAMBYAYYM MOKET OCTaBUTD CBOM
caep B obmectBe. Ocoboe sHaueHne M. E. Aobanies
IPYAABAA YCAOBHOMY pedAeKCy KaK MeXaHU3MY,
B OCHOBE KOTOPOTO A€XUT YCTAaHOBAEHME CBA3U
MEXAY ABYMS Oo4aramMu Bo30Y>XAeHUs B HEPBHOM
cucTeMe, MO3BOASIIOLIEr0 YBEAUUMBATD pasMax
OHTOT'€HEeTUYECKOM aAAII Tl OPTaHM3Ma 1 TAKUM
00pa3oM BBIBOAUTDb €r0 U3-IOA KOHTPOAS eCcTe-
CTBEHHOTO 0TOOpa. DTOT MEXaHU3M AeAdeT MO3T
MAACTUYHBIM U B COBPEMEHHBIX YCAOBMSIX LIVMPOKO
VICIIOAB3YETCSI IICUXOAOTaMM, IICUXOTEpaeBTaMU
Yl HEBPOIIATOAOTaMM AASI BOCCTAHOBAEHMSI pabOThI
MO3ra IT0CA€e AI0OOTO pOAa TOBPEXAEHUI (AOAX
2010). M. E. AobaiteB BIiepBble B HallleM OTeYEeCTBE
II0Ka3aA 3Ty POAb YCAOBHOTO pedaexca. AByxdas-
HBIVI PUTM OCBellleHNs Y KYp B COUETAaHUU C Nu1Ile-
BBIM NOAKPEIIA€HMEM IIPUBOAVA U K M3MEHEHMIO
PUTMa OTKAQAKMU SIMLI, ¥ K YCMAEHUIO CyMepeqHOTO
3peHusa. CoueTaHne CBEPXCUABHOIO 3BYKOBOI'O
pPa3ApPaXUTEAS C OCHOBHBIM IUILEBBIM IIOAKpETIA€-
HIeM NIPMBOAMAO K CYIIIECTBEHHOMY YBEAVYEHNIO
cTpeccoycToimyuBocTH y Kyp. B. B. [loHomapeHko
II0Ka3aAQ, YTO 3TOT CITOCOO MOBBIIIEHNS AAANITUB-
HBIX BO3MO>XHOCTE} OpraHM3Ma yHVUBEPCAAEH.
Couerasi BBICOKYIO TEMIIEpATYpPy C IUIIEN, el
YAAOCh pacIIMpUTh I'PAHMLBI TEMIIEPATYPHO
aAaITalMY Y TMAPBL. BaXKHO IMOYepKHYTh, 4TO IIpU
5TOM OHa HabAIOAAAQ MOBBIIIEHVE BO30YAVMMOCTH
COMBI I'MAPBIL. DTa YaCThb MCCAEAOBAHUI TIOAPOOHO
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ocBelljeHa B KaHAMAATCKOI AMCCEpTALUU
u moHorpaduu B. b. CaBBaTeeBa (coBMeCTHO
¢ M. E. AobaliieBbiM), TAAQHTAUBENIIETO YIEHMKA
u coTpypaHuka Muxauaa EpumoBuua, nmpexae-
BpeMeHHO morubiiero B aBTOKartacTtpode
28 okTs16ps 1959 ropa (Aobaies, CaBBaTteeB 1959).
Kak y>xe ynmomMuHaAoCb Bblllle, B KOHLle 50-x —
HayaAe 60-X OTHOlLIeHNe K TeHeTUKe U3MEHUAOCh...
C aTOro MoMeHTa AabopaTopusi y’Ke COBepILeH-
HO OTKPBITO CTaAQ pa3BMBaTh FeHETUYECKYIO0 KOM-
ITIOHEHTY B (PM3MOAOIMYECKUX VICCAEAOBAHMSIX
IIOBEAEHMsI, OAAaro 6asa AASL 5TOro OblAQ CO3AAQHA
BCEM IPEABIAYILVIM 3TAIIOM paboThl AaOOpaTOPUML.
Tem He MeHee COTpyAHMKaM AabopaTopuy —
¢dusrnororaMm HeOOXOAMMO OBIAO NMPOVITU KYPChI
I10 TIOBBILIEHNIO KBaAK(UKALMK 110 TeHEeTHKE, YTO
1 0140 caeaaHo. CI0AQ BXOAMAO MOCeleHue 001X
AEKLVI 10 TeHETVKEe M Pa3HOOOpPa3HbIX NMPAKTU-
KyMOB Ha Kadeape reHeTuky u ceaexuuu AI'Y.
HoBbIM 00bEKTOM MCCAEAOBAHYS B AaDOpaTOpUM
CTaAa IIAOAOBasI MYIIKa-APO30drAa — N3AI00AEH-
HBII1 TeHeT4ecKuil 00bekT. Co3AaHMe HY>KHBIX
YCAOBMIT ee COAep>KaHMsI MOTpeboBaAO OOABILINMX
yCUAMIL. 3AeCh HEOOXOAVMO OTAATh AOAYKHOE MAAA-
LIeMy Hay4YHOMY cOTpyAHUKY [aanune ITeTpoBHe
CMMpHOBOI1, KOTOpasi BMecTe ¢ AabopanToM HuHoit
HukoaaeBHO POMUYEBOI 11 ADYTUIMY COTPYAHU-
KaMU HaAAMAQ STOT IMPOL[ECC HA BbICOYAIIIEM
ypoBHe. Hap0 0OTMeTUTb, 4TO 5Ta BBICOKAS ITAQHKA
HIOAAEP>KMBAETCS B AaDOPAaTOPUM AO CUX ITOP YK€
APYTMIM IIOKOAEHVEM COTPYAHUKOB. [Tepeobopy-
AOBaHMe Aa00paToOpuM LIAO YK€ B APYTOM ITOMe-
II[eHUY — B TIOAOBMHE BHOBb ITOCTPOEHHOTO AAS
VI30ASILIVY )KUBOTHBIX 3AaHMst. OHO pasMeljaAoch
IO A€BYIO PYKY OT TaK Ha3biBaeMoro 2-ro Aabopa-
TOpHOTO Kopryca VIHCTUTYTa. DTOT KOPITyC M3HA-
YaAbHO CTPOMACS AASI TPEX AADOPATOPUIL, TAK AU
VMHauye CBSI3aHHBIX C CEAbCKOXO035ICTBEHHBIMU
00beKTaMI UCCAEAOBaHMUsI, — AabopaTopuu ¢u-
3MOAOTUM CEABCKOXO3SICTBEHHBIX KMBOTHBIX
(3aB. — A. 0. H. VIBaH AdaHacbeBr4 BappIHUKOB),
Aaboparopuy GU3MOAOTUM HUBLIMX >KMBOTHBIX
(saB. — A. 6. H. Muxaua EpumoBnuu Aobaiies)
1 AabopaTopuUM 3KOAOTUIECKOI PU3NOAOTUMN
(saB. — A. 6. H. Abpam AauuaoBud CAOHUM).
COTpyAHMKU aKTUBHO TPYAMAMCDH HAA IIPOEKTOM,
rA€e ObIAM IIPEAYCMOTPEHBI ¥ KAMMAaTOKaMepBl,
u MHoroe papyroe. Ho... B xonue 50-x ymupaer
akapeMmuk K. M. beikoB. Aupexropom VIHcTuTyTa
CTaHOBUTCS akapeMuK Baapumup HukoaaeBny
YepHUTOBCKUIL, X, COOTBETCTBEHHO, MEHSIOTCS
MPUOPUTETHI: HA MTEPBBIN MTAAH BBICTYIIAIOT KCCAE-
AOBaHMSI KOCMUYECKOT0 MaciiTaba, CO3Aal0TCs
HOBBbIe AabopaTopuu, KOTOpble M pa3MeLaloTCs
B HOBOM A200paTOPHOM KOpITyce.
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HecmoTps Ha BecbmMa CKpOMHBIE YCAOBUS CY-
1[eCTBOBaHMsI, paboTa B Aa0OpaTOpUM OCAE TOTO,
Kak ee MoKMHyA M. E. AobauieB, mpoaoaxaeTcs
C IIPEXXHUM 3HTY3Ma3MOM U ONTUMUCTUYECKUM
HACTPOEM BCeX 0e3 ICKAIOYEeHNSI COTPYAHVUKOB.

B 3aBepiueHue sTana CpaBHUTEABHOTO U3yYeHNs
ocobeHHocTel YPA y yKa3aHHBIX BbIlIe IPEACTA-
BUTEAE HU3IIKX )XUBOTHBIX OBIAU MPOBEAEHDI
PeLMIIPOKHBIE U APYTVie HEOOXOAMMBIE TUIIbI CKpe-
IIVBAHMIA. DTO AAAO BO3MOKHOCTD CAEAATD BBIBOA
0 MaTPOKAMHHOM XapaKTepe HaCAeAOBaHM LIEAO-
O PsIAQ AQNITUBHBIX, CBSI3AHHBIX C OMOAOTMYECKO
crielaAu3alyien, CBOICTB, BKAIOYAs pU3UOAOTU-
yecKyue U MOBeAeHYeCKre 0COOEHHOCTH Y MITULI,
pbI0, HaceKoMBbIX. VIcCcAepAOBaHMS CBUAETEABCTBO-
BaAM TAK)Ke O HAAMYMY I€HETNYEeCKMX KOPPEASILIMIA
MEXAY TapaMeTpaMy Ipoliecca BO30Y>KAEHNMS: PSIA
Helpo(dM31OAOTYECKYIX TIPV3HAKOB, XapaKTepy-
3YIOLMX IIPOLIECC BO30Y)KAEHMSI, HACAEAYETCs
COBMECTHO I10 MaTepuHCKo AuHuM ([ToHOMapeH-
Ko 1976).

ITpoBepeHHasa BaaentuHon BacuabesHoit I1o-
HOMapeHKO 0OAblIast paboTa M0 M3YYEeHUIO OITH-
MAABHBIX YCAOBUI COAEP>KaHMSI OCETPOBBIX PbIO AdAa
BO3MO>KHOCTb BIIOCAEACTBUY IIPEAAOXKUTD AASI Pa3-
BeAeHUs Ha prib3aBope B Kupuiax Hanboaee miep-
CITEKTUBHOTO rMOprpa — OeAormmmna. AKTUBHOe
y4acTyie B 3TOM paboTe NpMHMMAA U K. T. H. IOpwuit
HVcaesuu AeBkoBuu. K coxxaaeHuto, aTa pabora Opiaa
IpeKpaliieHa BCKope nocae KoHunHbl B. B. ITonoma-
peHko (2000 rop) M He TIOAYYMAQ TIPOMBILIAEHHOTO
BbIX0AA. PabOTHI MPOBOAVAY COBMECTHO € A3epOaria-
xxaHoM (Padpuk FOnycoBuu KacrumoB — ObIBIIMIT
acIMpaHT AabopaTopun).

AaabHeiias pabota Aa60paTopum IMPOUCTEKAAL
B PYCA€ MUPOBOM TEHAEHLIMM, @ UMEHHO M3Yy4YeHMs
KOHKPETHBIX PM3MOAOTMYECKMX 1 OMOXUMUYECKUX
MEeXaHM3MOB AEVICTBUS T'eHa Ha IOBeAeHMe («OT
reHa K roBeAeHuo» ). [lpu arom B. B. [ToHomapen-
KO, OAHa 13 HEMHOTUX (PM3MIOAOTOB-T€HETHKOB,
MIPUAEP>KMBAAACh TEOPETNYECKOIO ITOAOXKEHUS
0 HEOOXOAMMOCTH (PYHKLMOHMPOBAHNS I€HOB He
TOABKO B IT€EPMOA SMOPVOHAABHOTO Pa3BUTHSI OP-
raHM3Ma, HO U Ha IPOTSDKEHUY BCeIl eT0 MOCAEAY-
e X1usHu. BaaenTuHa BacuAbeBHa OXOTHO
AEAMAACH CBOMMU MBICASIMU C GU3NOAOTUYECKUM
COOOI[eCTBOM, BBICTYIAS C AOKAAAAMUY, AEKLVISIMU
Ha GU3MOAOTMYECKUX Che3AAX, KOHIPECcax, CHM-
1o3MyMax, cobupasi Mpu 3TOM OTPOMHBIE AyAUTO-
pun.

Crienudnyecknit AAst AabopaTopun XapakTep
MBIIIAEHMSI — SBOAIOLIMOHHBIN — IIPUBOAMA K He-
00XOAVMMOCTHM MOMCKA TaKMX (HU3MOAOTMYECKIX
NPU3HAKOB, KOTOPbIe ObI OIpeAeAsiAu paboTy
HEPBHOII CUICTEMbI Ha BCEX €€ YPOBHSX U Ha BCeM
MPOTSDKEHMN )XUBOTHOTO MMpPa — I'€HOB, AeTep-
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MMHMPYOLIVX AUMUTBI PYHKLIMOHAABHON aKTUB-
HOCTV HEPBHOJ CMCTEMBI Y €€ OCHOBHOTI'O ITOKa3a-
TeAsI — BO30YAMMOCTU (TOHYCa HEPBHOI CHCTEMBI
no V1. T1. ITaBAOBY). Bo3byaumocTb obecrieunBaet
ONTVIMAABHYIO A€STEABHOCTb HEPBHO CUCTEMBI
VI IPOsIBA€HME CellpUIeCKMX BUAOB IIOBEAEHMS,
BKAIOYasi oOyueHue.

ITpoBeAeHHBbIE UCCAEAOBAHUS IOATBEPAVAU
IIPaBMABHOCTb U30PaHHOT'O KypCa MICCAEAOBAHUIL.
VccaepoBaHMsI TIPOBOAVAY HA TPAAMULMOHHBIX AAST
AabopaTopun 00'beKTaxX, BKAIOYAs APO30DUAY,
C MICIIOAb30BaHMeM KaK CPaBHUTEABHOIO, TaK
Y CEAEKLIMOHHOTO Y MYTaL[IOHHOT'O MeTOAOB. OHM
BBISIBMAY BBICOKUI1 YPOBEHDb KOPPEASILIUI MEXAY
HEePOHAaAbHOM U NOBEAEHYEeCKOM aKTMBHOCTDIO,
a TaKKe aKTUBHOCTbBIO I€HeTVUeCKOTo alrapara 1,
B YaCTHOCTH, TAaKOTO CAOKHOTO (peHOMeHA, KaK
KPOCCUHTOBep (4aCTOThI TeHHBIX PEKOMOUHALII)
(Monomapenko 1976). CeAeKLMOHHDIIT SKCIIEPUMEHT
no npepsoxxenuio B. B. [ToHomapeHKo 6ObIA oCy-
I[ECTBAEH Y>Ke B APYTOil AAa0OpaToOpuM — reHeTHn-
KU BBICIIIEN HepBHOM pAesiteabHOCTU (BHA), 3aBe-
Aympolleri KoTopoii B ¢peBpase 1973 ropa crasa
A. 6. H. H. I. AomatmHa, cMeHMB Ha 9TOM IOCTY
moruoIero B aBTokatacTpode mpodeccopa, A. 6. H.,
aaypeara npemuu V. IT. [TaBaoBa Bukropa KoH-
cranTuHOoBU4Ya PepopoBa. CeAeKLIo AMHUI KPbIC
II0 IOPOT'Y BO30YAMMOCTY OOABIIEOEPIIOBOTO HEPBA
IIPOBOAVIA (M AO CHX TIOP ITOAAEP)KUBAET AVIHVM)
A. 6. H. AaekcaHap ViBanoBuu Baitpo, peaansoBas
B 9TVX AVHMSIX KpaiiHVie BAPMAHTBI MOITYASILIVIOHHOM
HOPMbL. MHOTOAETHUIT CEAEKLIIOHHBIN SKCTIEPUMEHT
(c 1973 ropa A0 HALIKX AHEL), O PE3YABTATaX KOTO-
poro 6yAeT KpaTKo COOOIIeHO HIDKE, BIIEPBbIE ObIA
MOABITOXKEH B raaBe PyKoBoaCTBa 1o Gpu3MoAOTMU
(Aomaruua, ITonomapeHko 1987), 1 B 1[eAOM TIOA-
TBEPAMAOCH CYIIeCTBOBAHME TOII JKe 3aKOHOMED-
HOCTY, BBISIBAEHHOM C IIOMOIIbIO CPaBHUTEABHO-
reHeTNYECKOro ¥ MYTaLMMOHHOTO METOAOB
MICCAEAOBaHMS. AVIBepreHLMsT AMHUI KPbIC 11O I10-
pory Bo36yauMoOCTU Nepudeprnyeckoro Heppa
IpyBeAd K OAHOHAIIPAaBA€HHOM AVBEPreHLMU 110
HOpPOTYy BO30YAMMOCTY APYTYX, B TOM YMCAE LI€H-
TPaABHBIX, PAallOHOB HEPBHOI CUCTEMBI, K MTOBbI-
LLIEHNIO 0011Iell HeMIPOHAABHOM aKTUBHOCTH (TOHY-
ca), a TaK)Xe, C OAHOI CTOPOHBI, K AUBEPTEeHLUNI
IIOBEAEHYECKON aKTUBHOCTH (CIIOCOOHOCTH K 00Y-
YEeHMIO Y COXPAaHEHMIO B TAMSITU PHOOpeTaeMoro
OIBITA, CTPATETUU ITOBEAEHUSI B HOPMaABHBIX
U CTPECCOBBIX OOCTOSITEABCTBAX, AAAITUBHBIX
PEeCYpCoB), C APYrOi CTOPOHBI — K M3MEHEHUSIM
B paboTe reHEeTMYECKOro anmnapara (CoCTossHue
XpOMaTHa U €T0 SNUTeHeTUYeCKIe MOAPUKALINY,
aKTVMBHOCTb PETPOTPAHCIIO30HOB U AD.).

D10 nmo3Boauao B. B. [ToHoMapeHKO caoeAaThb
IIOMCTVHE PEBOAIOLIMIOHHOE 3aKAIOUEHVE O Cylle-
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H. I Aonamuna, H. I. Kambiues

CTBOBaHMY 0OPATHOI CBSI3Y, TO €CTh O B3aMHOM
BAUSIHUM T€HOB Ha pabOTy HEPBHOM CUCTEMBI
1 00paTHO — HEPBHOV CUCTEMBI Ha PeaAn3aLnio
copepikalieiicsi B reHax wuHdpopmauuu.
ITo B. B. [ToHOMapeHKO, OAHOM U3 CYIeCTBEeHHBIX
(bYHKLMIT HEPBHO CUCTEMBI SIBASIETCST PETyASILIUS
AKTUBHOCTM I'€HEeTMYECKOTO aIllapara 110 IPYHLIY-
Iy 00paTHOI CBSI3M B COOTBETCTBUMU C TEKYIVMU
HY>KAQMU OPTraHN3Ma, TPeOOBaHVSIMY CPEABI U €T0
VMHAVBUAYaABHBIM OIIBITOM. DTO MTOAOXKEHME OBIAO
MTHOBEHHO YCBO€EHO (GU3MOAOTaMU U celyac BCTpe-
yaeTcs B GU3MOAOTMIeCKUX paboTax 6e3 CChIAKU
Ha aBTOpa. XOPOLIO 3alIOMHUACS TOT A€Hb, KOTAQ
BaaenTuna BacuabeBHa mocAe HECCOHHOI HOUM
MIOAEAMAACh CBOMMY B3BOAHOBABLIVMY BCEX MBIC-
AsiMU. BbIAO HallA€HO HepoCTalolee 3BeHO — Hell-
PO3HAOKpPUHHOE — B rumote3e Aobamesa
0 CUICTEMHOM PeryAsILMY I€eHeTMYeCKVX U LIATOre-
HEeTUYeCKNX NpolieccoB. Tenepb oHa mpuobpeaa
CTPOMHBIN BUA,.

BropbIM HampaBA€HMEM MCCAEAOBAHMIT AabO-
paropum 6bIAO U3yUYeHIEe POAY KOHKPETHBIX T€HOB
C M3BECTHBIM OMOXMMUYECKUM MPOSIBAEHUEM
B A€TEPMMHALIY AESITEABHOCTU HEPBHOM CUICTEMBI
" MoBeAeHUU. BpiOOp ObIA OCTAaHOBAEH Ha reHax,
KOHTPOAMPYIOIMX KMHYPEHMHOBBIN ITyTh 0OMeHa
TpunrodaHa B opraHusme. VsyueHue HellpoaKTUB-
HOJ pOAV KMHYPEHVHOB B TOT IIepMOA BpEMEH!U
(60-e TOABI) ellle TOABKO 3apOXAaAOCh. B Hamen
CTpaHe MMOHEPOM B 3TOI 00AACTYU MICCAEAOBAHMI
6b1A Tpodeccop A. 6. H. V3scaas [TeTpoBuy Aanuu
(Aamun 2004). O6bEKTOM UCCAEAOBAHUII €ro
U APYTUX 32pyOeXXHbIX aBTOPOB CAY>KMAU MO3BO-
HOYHbIE )KUBOTHbIe — I'PbI3YHEL B. B. [ToHomMapen-
KO IIPEAAOXKMAQ VICTIOAB30BATh B KaUeCTBe MHCTPY-
MEHTa MICCAEAOBAHYS MyTaLlMOHHBII METOA — MY-
TaLUI TOMOAOTMYHBIX TEHOB APO30(]MABI U ITYEABI,
KOHTPOAMPYIOLIVMX Y HACEKOMBIX CUHTE3 3PUTEAD-
HBIX IMI'MEHTOB OMMOXPOMOB. OMMOXPOMBI —
KOHEeYHOe 3BeHO 0OMeHa TpurnrodaHa o KMHype-
HUHOBOMY NIyTH. VIcrioAb30BaHMe NIPYPOAHBIX
MYTaLUV T€HOB HeIPOAKTVBHBIX COCAVHEHUN AAS
M3yueHUs UX GPU3MOAOTMUECKOTO 3HAYEHVST — 3TO
TOXe HoBaTtopckuit mpuem. Aaxe M. E. Aobaiues
He cpa3y OLieHMA 3TO peaAoxeHue B. B. TTonoma-
penko. OueHb MHOTMMM OTeYeCTBEeHHbIMU (PU31O-
Aoramu 3TU paboThl OBIAY BCTPEYEHBI B IUTHIKY,
MMOCKOABKY TEPMUH «MYTaLMs» aCCOLMMPOBAACS
C YEM-TO OUYEHb BPEAHBIM.

MyTaiuu reHoB, 6AOKUPYsI aKTUBHOCTb COOT-
BETCTBYIOLIMX (GEPMEHTOB, IPUBOASIT AKOO K 13-
OBITKY, AMOO K HEAOCTATKY TOT'O MAY MIHOTO KMHY-
PEeHVHA U TaK MAM VMHa4ye OTPAXKAIOTCS Ha LiBeTe
rAas HaceKoMoro. Bo3MO)XHO, B CBSI3M C 3TUM CO-
OTBETCTBYIOIIAs LIeNI0YKa MyTalluil paHee BCeX
ObIAa BhISIBAEHA U omKcaHa buoaoramu. Ham ocra-
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BaAOCh TOABKO OpaTh HACEKOMOE, HeCyliee B CBO-
€M T€HOTUIIE TY MAU MHYI0 MYTaluIo, Y U3y4yaTh
AEVICTBYE TOTO VIAM MIHOTO KVHYpPEHMHA Ha IoBe-
A€HMe U HelipoAoruyeckue nprusHaku. OAHAKO eCAU
HOAYYUTD U Pa3BOAUTb MYTAaHTHBIX 0CO0€N APO-
30(MABI HE COCTAaBMAO OOABILOTO TPYAQ, TO AASI
MIOAYYEHVSI MYTAaHTHBIX 0CO0€Il ITYeAbl ITOTpebo-
BaAach 0OABIIas MOMOIIb HAIIMX 3apyOeXXHBIX
koaAer (H. Laidlaw, USA; F. Ruttner, Germany;
J. Woyke, Polska), 3a uro mMbr um rayboxo Gaaro-
AapHbL. AoxTop I'appu Aeripaoy, poxTop @pupapux
PyrTHEp, AOKTOp EXM Bolike nepepaBaau Ham
MYTaHTHBIX [TYEAVHBIX MAaTOK, O€CLIeHHBII1 MaTe-
pUaA, TEM MAU UHBIM CIIOCOOOM — AETaAbHbBIM,
yepes TAMOYKHIO, AJ HEAETAAbHBIM, U3 PYK B PYKUH,
Ha Cbe3AaX TYEAOBOAOB — B T€UEHME MHOTMX A€ET.
Pa3BoAUTD MX Y ce0sI HAM 0Ka3aA0Ch He MOA CHAY.
MccaepoBanust Ha Apo3oduae 0600611eHbI B KAHAK-
AQTCKOI1, @ 3aTeM U B AOKTOPCKOI AMCCEPTALUAX
H. I. KampimeBa. ViccaepoBaHMSI Ha ITYEAEe —
B rAaBe MoHorpaduu «HeBposs» (AomarmHa u Ap.
1989), o6061maromux crarbsax AomnaruHoi, IToHo-
mapeHKo (AomatuHa u Ap. 2004; 2007). BaxkHo
MOAUYEPKHYTb, UTO VICCAEAOBAHMSI, IPOBEAEHHBIE
Ha HaCEKOMBIX, TO3BOAVIAY BbISIBUTD TaKM€ CTOPO-
HBI A€VICTBUSI KMHYPEHVHOB, KOTOpbIe IIOYTYU He-
BO3MO>KHO M3YUUTH Y MO3BOHOYHBIX )KMBOTHBIX
13-32 OOABIIIEN TPOAOAKUTEABHOCTM KM3HU. TaK,
OBIAO ITOKA3aHO BAMSIHME KMHYPEHMHOB KaK Ha
CKOPOCTb CO3peBaHMsI PYHKLVIOHAABHBIX BO3MOX-
HOCTell HEPBHOII CUCTEMBI, TaK U Ha IIPOLIECC CTa-
PEHMsI, ABOVICTBEHHBI XapaKTep BO3AEMCTBY Ha
9TU MPU3HAKU 3-TUAPOKCUKMHYpeHMHA. Bo30yX-
Aalolllee AeCTBME KMHYPEHMHA TaK>Ke BIIEpBBIE
OBIAO MMOKA3aHO HA ITYEAE, 4 3aTEM ITOATBEPIKAEHO
B uccaepoBanysix V. I1. Aanmua u Apyrux aBTopoB
Ha TI03BOHOYHBIX )KUBOTHBIX. B HacTosI111ee BpeMst
C.H. C, K. 0. H. AaekcaHAp Baapumuposuy XKypas-
A€B B AabOpaTOpUM HETPOTEHETUKY, OTIIOYKOBAB-
HIENCS OT AADOPATOPUY CPABHUTEABHON F€HETUKU
moBeAeHus 1 Aaboparopuu reHetuk BHA B koH-
1[e TIPOIIAOTrO Beka (3aB. Aab. — A. 6. H. EaeHa
BaapumuposHa CaBBaTeeBa-ITomnoBa), MpOBOAUT
paboTy MO BBISIBAEHUIO pelleNLuy KMHYPEeHVHOB,
IIOYTY COBCEM He M3Yy4eHHOIL.

B ¢eBpaae 1973 ropa H. I. AonarnHa npomaa
10 KOHKYPCY Ha 3aBeAOBaHMe AabopaTopuen re-
vetuku BHA. Briaotb A0 2000 ropa pabora Aabo-
paTopuy MPOAOAKaAQ Pa3BUBATHCS IIOA PYKOBOA-
crBoM B. B. [ToHOMapeHKO B Tpex HallpaBAEHMSIX.
ro (1) uccaepoBaHMsI, HATTPAaBAEHHbBIE HA AOKA3a-
TEABCTBO HEIpOrOPMOHAABHOM PEryAsiLiuy reHe-
TUYECKUX U LIUTOTE€HETUYECKUX IPOLECCOB,
(2) MaTpOKAMHHOE HACAEAOBaHME TTOBEAEHYECKUX
MPU3HAKOB (B OCHOBHOM MCCAEAOBaHMS Ha MEX-
BUAOBBIX I'OPMAAX OCETPOBBIX pbib) 1 (3) M3ydeHMe
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noBeAeHYecKuX 3¢ PeKTOB MyTaLNII C U3BECTHBIM
O6uoxXuMM4ecKuM nposiBaeHueM. [TocaepHee Ha-
IpaBA€HMEe MIPOAOAXKAAO Pa3BUBAThHCs Hanboaee
VIHTEHCUBHO. VIccaepAOBaHMS BAUSHUS MyTaLUil
KMHYPEHMHOBOIO IyTU oOMeHa TpunrtodaHa
Ha noBeaeHre Apo3oduasl npoBoauan I. TT. Cmup-
HoBa u H. I. Kampies (Kampies u Ap. 1988).
BAusiHue 3TyMX >)Ke MyTaLMil Ha HeMPOPU3MOAOT -
YyecKue Ipu3Haky y mueAbl uccaeposaan E. I. Hec-
Hokosa 1 B. b. CmupHoB. HecmoTtps Ha To, uTO
H. T. AomaTuHa cTasa 3aBeAOBaTb AabopaTopuein
reHeTuky BHA, BceMu nccaepoBaHUsIMY Ha ITYEAE
MIPOAOA’KaAQ PYKOBOAUTb MMEHHO OHa. Bckope
VA€s U3y4YaTh MyTaLUK C U3BECTHBIM OMOXMMUYe-
CKUM TIPOSIBAE€HMEM 000TaTHAACh HOBOW AMHMUEN
uccaepoBanuit. E. B. CaBBareeBa (B To Bpemst —
COTPYAHMK Aabopatopuu renetuku BHA, pykoso-
aumon H. I Aomatunoin) u H. I'. Kambiies
IIPOBEAV CKPMHUHI MYyTaLuil ApO30(dUABI, 3aTpa-
ruBaoIyx MeTaboansm HAM®. AKTuBHOe yyacTne
B AQADBHeJIIIEeM M3Y4eHNN 3TUX MyTaHTOB IPUHIAU
COTpyAHUKU Aabopatopuu A. B. MeaBeaeBa
u A. V1. Tlepecaenn. Hanboaee n3BeCcTHBIM OKa3aA-
cs1 myTaHT 110 reHy CG1848 aasa LIM-kuna3ser 1
AOKYCa agnostic, peryAupymollell peMOAeAVPOBaHye
aKTMHA, CMHANTOreHe3 U GpOpMMpOBaHMe CTPYKTYP
Mo3ra. B cuay Toro, 4To MHOrue KOrHUTVMBHbIE
paccTpoiicTBa UMEIOT 0011ee 3BeHO — HapylieHre
(GYHKLMOHMPOBaHMS aKTMHOBOT'O LIUTOCKEAETA,
M3y4yeHMeM 5TOTO MYTaHTA B KaueCTBE MOAEAU
TeHOMHBIX 1 HEeMIPOAereHepaTUBHbIX 3200AeBaHMI
AO CUIX ITOP YCITEIIHO 3aHMMAIOTCS B AabopaTopun
HeliporeHeTuku (3aB. — A. 6. H. E. B. CaBBaTeeBa-
[ToroBa) (CaBBareeBa-ITomoBa u Ap. 2002).

I'pu nccaepoBaHMM MYTaHTOB KMHYPEHVHOBO-
ro nytu obmena tpunrodana I. IT. CMmupHoBOIt
u H. I KaMbl1eBbIM ObIAO 0OHAPY>KEHO, UTO BAU-
sIHMe MYTalMil Ha TIOBEAEHME CaMOK AP030(dUABI
OYEeHb CHMABHO 3aBMICUT OT TOIO, KaK COAEPIKAAU
MYX AO OIIbITa — B IPYIIIE MAY IOOAMHOYKE (CO-
LiaAbHOE NIoBeAeHMe). [ToaToMy ObIAM IPOBEAEHBI
OTIBITHI HA 0COOSIX AVKOTO TUIIA, B KOTOPBIX TAIOKE
npuHuMmaau yyactue E. A. Kampinesa, V. B. Tla-
padeniok u O. E. Hukudopos. Tak ObIA0 BbIsICHe-
HO, UTO Y CAMOK B I'PYIIIIe IPOMICXOAUT BBIPAOOTKA
MHCTPYMEHTAABHOTO YCAOBHOTO pedaexca (orme-
paHTHOe O0y4eHue), TPy KOTOPOM aKTMBHOCTD
MyXJ HaKasbIBaeTCs YAApaMU OT APYTUX ocobeit,
a ITOKO11 03BOAsIeT n3bexaTh HakasaHus (Kambiies
u Ap. 1994). Boaee Toro, 66140 OOHAPY>KEHO, UTO
B IreTEPOTeHHOI CPeAE, TAE CKOTIAEHMS MyX 00pasy-
IOTCSI TOABKO B OIIPEAEAEHHBIX MECTaX, K 9TOMY
A0OaBAsIeTCS BBIpabOTKA KAQCCUYECKOTO YCAOBHO-
ro pedAexca: IonaB B TAKOe MECTO, MyXa CHIKAeT
CBOIO aKTMBHOCTD AQKe MTOCAE UZBSITUSA U3 IPYIIIIDI
(xoHTekcTHOE 00yueHue) (Kampimes u Ap. 2000).
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OmnepaHTHOe B3aMoOOyYeHe 0co0eil B rpymnme
OBIAO ITPEAAOKEHO B KQUECTBE TECTA AASI BBIAEAE-
HMSI MYTQHTOB C HapYLIEHUSIMU CIIOCOOHOCTU
K BBIPAaOOTKE MHCTPYMEHTAABHOTO YCAOBHOTO
pedbaekca (H. I. Kambiures, E. A. Kambiiiesa,
I. O. ViBaHoBa).

B mocaepHMe roabl U3yyeHye COLMAABHOTO I10-
BeAEHUST APO30(]UABI OBIAO TPOAOASKEHO. BbiA0
YCTaHOBAEHO, YTO BpEMEHHOE COAEP>KaHNEe CAMLIOB
APO30GUABI B IPYIIIE IPUBOAUT K CYLI[eCTBEHHBIM
MOAUGUKALIMISIM MX ITOCAEAYIOLErO MOBEAEHMS
(TIprYeM OTAMYHBIX OT TE€X, YTO HAOAIOAAIOTCS
Y CAaMOK): CHV)KEHIIO AOKOMOTOPHOI aKTUBHOCTH,
€CAM TECTVIPOBATh CAMLIOB TOOAVHOYKE, M IIOAAB-
AEHMIO YXa)KUBaHUs B TecTe ¢ camkoit (fToHuapoBa
1 Ap. 2016). OTu ABe MOAUDUKALIUY TTOBEAEHUS
CaMII0B OCHOBaHBI Ha Pa3HbIX (HM3MOAOTMYECKIX
MeXaHM3MaXx, AeTaAl KOTOPBIX Ceifyac N3y4aroT.

ITpumepHo B TO Xe Bpems, Korpa B. B. TTono-
MapeHKO IPEAAOKMAA 3YyYaTb MYTaLVY C U3BECT-
HbIM OMOXUMUYECKUM TposiBAeHueM, CeliMyp
DeH3ep mpoBO3raacuA MporpaMMy «OT reHa
K TIOBEAEHMIO», KOTOPas TPEAIIOAAraAa BBIAEAEHVE
(CKpMHMHI) MYTQHTOB APO30(UABI C U3MEHEHHBIM
MoBeAeHMEM (TIOAXOA TIPSIMOV T€HETUKI), UACHTU-
buKaLI0 MyTaHTHBIX T€HOB U AAAbHelIIIIee U3yde-
HYIE ITyTeV BAUSHYSI KOHKPETHOTO I'eHa Ha ITI0BeAe-
Hue. OOLIUM AASI TUX ABYX IIOAXOAOB OBIAO TO,
4TO B 000MX CAYYasIX U3Y4YAAU AEVICTBYE OTAEABHBIX
KOHKPETHBIX I'€HOB.

Densep 1 ero mocaepoBaTeAl, UCMOAb3YS XU-
MUYECKNII MyTareHes, IPeyCleAl B BbIAEAECHUN
MYTaHTOB C HapyLIEHUSIMU CaMbIX PasHbIX GpopM
noBepeHus. B otanune ot beHsepa, coTpyaHuKu
Aab0opaTOpUM CPABHUTEABHOI T€HETUKM [TOBEAEHNS
B CBOMX VICCA€AOBAHMSIX VICIOAB30BAAY MHCEPLIU-
OHHBIII MyTareHes, KOrAa MyTalysl BO3HUKAET
113-3a CAY4YalTHOT'O BHEAPEHMSI B TEHOM TPAaHCII030-
Ha (MOOMABHOTO FeHETUYECKOI'O SAEMEHTA), B HALlleM
cAyyae — P-saeMeHTa C M3BECTHON IOCAEAOBA-
TeAbHOCTBIO AHK. DTO 1M03BOAMAO AOCTaTOYHO
OBICTPO CEKBEHMPOBATb IPUA€ETal/ie K HEMY
¢dparmenTsl reHomHont AHK u naenTnduumposars
reH-MUIIEHb.

AAS BbIAEAEHVIST HOBBIX MYTQHTOB IO 00y4YeHUIO
U TIaMSITU VCIIOAB30BAaAU €CTECTBEHHYIO popMy
00y4yeHUst y ApO30PUABI — YCAOBHOpPe(hAEKTOPHOE
MoAaBAeHMe yXxakuBaHusl. [Tocae yxaxuBaHus 3a
HepeLeNTUBHON! OIIAOAOTBOPEHHOI CAMKOII CaMel]
CHVDKAeT MHTEHCMBHOCTD YXa)XKUBaHMs 32 BCEMU
MMOCAEAYIOUIMMY CaMKaMU: U A€BCTBEHHBIMU,
1 onaopotrBopeHHbIMU. 1O. B. bparuna, K. I. Man-
apu, H. I. KaMmbiieB BriepBble BBEAU B LIMPOKOE
yrnoTpebOA€eHEe TECT C OTAOAOTBOPEHHON CaAMKO
(Kamyshev et al. 1999) u BbipAeAMAM YETBIPEX MY-
TAQHTOB C HapyIIEHMSIMU OOy4YeHUs MAYM MaMsITU
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(KamprireB u Ap. 1999; Bparuna, Kambpiies 2001).
Ha ocHOBe OAy4YeHHBIX AQHHBIX ObIA YCTAaHOBAEH
BKAQA B [IPOLIeCChI 00y4YeHNsI U ITaMSITV T€HOB Henty
(Kamyshev et al. 2002) u Ent2 (MoaotoBa (bece-
AMHA) 1 Ap. 2009).

IToAx0A TIPSIMOVI TEHETUKM HAllleA IPOAOASKEHYIE
u B caepyiouieM uccaepoBanuu (0. B. Bparusna,
C. A. ®epotos, H. I. Beceauna, A. B. AaHuaeHko-
Ba, E. A. KambimieBa, H. I. Kambie). Ha ceit pas
C LIeABIO BbISIBAEHNSI TEHOB, YYaCTBYIOLINX B pery-
ASILM paOOTHI LIEHTPAABHBIX T€HEPATOPOB MOTOP-
HOTO MMATTEePHA, OBIA TPOBEAEH CKPUHMHI MYTaHTOB
C HapylIeHVsIMU ITapaMeTPOB AOKOMOTOPHOTO
MOBEAEHMSI Y IECHU YXaKMBAHMS CAMLIOB APO30-
¢dbuabL 1o pasAMYHBIM KPUTEPUSM OBIAO BBIAEAE-
HO U upAeHTUdULMpOoBaHO O6oaee 40 reHOB.
[ToaApoOHOMY M3y4YeHMIO TIOKAQ IIOABEPTHYTHI ABa
u3 Hux: reH fipi (Fedotov et al. 2018) u ren Dgp-1
(Fedotov et al. 2019).

B HacTos1Iee BpeMsI B ICCAEAOBAHUSIX Ha APO-
30¢uAe B AabopaTopuu, Kpome TPaAULIMOHHBIX
METOAOB PErucTpaLuuy MOBeAeHMUs], TPUMEHSIIOT
COBpeMeHHbIE TeHeTUYECKIIE€ METOABI C ICIIOAB30-
BaHMeM OMHAPHOW TEHEeTUYECKOW CUCTEMBI
GAL/UAS, nossoasiolye MCCAEAOBATb ITOCAEA-
CTBMSI HOKAQyHa reHa B KOHKPETHBIX TKaHSIX
1 06AaCTSIX MO3Ta, aKTUBUPOBATH UAU, HA0OOPOT,
MOAQABASITb aKTMBHOCTb OIIPEAEAEHHBIX TPYIIIT
HelpoHOB. VIcnoAb3yeMble MHCTPYMEHTAAbHbIE
MeTOABI BKAIOUAIOT cekBeHrpoBaHue AHK, HozepH-
6roTTuHr, OT-TILIP B peaAbHOM BpeMeH!, KOHPO-
KaAbHYIO MMKPOCKOIIMIO C UMMYHOOKpAIIVBaH/EM
TKaHell. YKa3aHHbII apCeHaA COBPEMEHHBIX METO-
AOB ICCAEAOBAHMSI HATIPABAEH Ha M3Y4YeHMe MeXa-
HU3MOB, OIIPEAEASIIOIMX BANUSIHIE reHa Ha MoBe-
A€HYE, KOTHUTUBHYIO U MOTOPHYIO A€SITEABHOCTb.

B 2000 roay x aabopaTopuy MpUCOEAVMHUACS
A.6.H. A. A.)KykoB, B cdepe MHTEPECOB KOTOPOTO
TaK)Ke HAaXOAUTCS COLIMaAbHOe TIoBeaeHre. OpHa-
KO €ro 3KCIIepUMMeHTaAbHbIE PA0OTHI BBINTOAHEHBI
He Ha Apo30duAe, a Ha Kpbicax. OAHA 13 ero Hau-
06oAee MHTEePECHBIX HAXOAOK COCTOUT B TOM, YTO
COLIMAaABHBIN CTPeCC MO-Pa3HOMY NepeXUBAETCs
0CO0OSIMU C HACAEACTBEHHO 00YCAOBAEHHBIMMU aK-
TUBHOII M TAaCCUBHOM CTPATErUsIMU IPUCIIOCO0AE-
Hy. Ilpy 5TOM KpbICBHI € TACCUBHOM CTpaTeruein
4aCTO UMEIOT IIPEUMYILIEeCTBO IIEPeA AOMUHUPYIO-
LMY 0COOSIMU.

B HacTosiee Bpems B VIHcTuTyTE paboraoor
TPU reHeTUIECKUX AAbOpaTOpu (TeHEeTUKY BbICIIEN
HEPBHOU A€SITEeAbHOCTH, HEMPOT€HeTUKY, CPAaBHU-
TEABHOI F€HETUKM NTOBEAEHMS), @ UCIIOAB3YIOT
reHeTUYECKYE METOABI AAS M3YyueHVsT GU3MOAOT -
4YecKuX NMpoOAeM OoYeHb MHOTMe Aaboparopuu
MHCTUTYTA (peryasitym GyHKLUIT HeIPOHOB MO3Ia,
HeTPOSHAOKPUHOAOT MY, PU3UOAOTUY TTUTAHUS,

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

KOPTUKO-BUCLIepaAbHOI pusnosorun u Ap.). Ceit-
Yyac y>kKe HUKOTO He LIOKMPYeT MCIIOAb30BaHNe
Cyry0o reHeTM4eCKO TEPMUHOAOTUM B AOKAAAAX
Ha PU3MOAOTMYECKUX 3acepaHusaX. AabopaTopun
IIPOAOAXKAIOT paboTaTh, OCHOBBIBASICh HAa TeOpe-
TUYECKOM (PYHAAMEHTE, 3aA0KEHHOM y4YeHUEM
WM. I1. [TaBroBa 1 M. E. AobameBa — B. B. [ToHo-
MapeHKO (YHMBEPCAAbHASI POAb YCAOBHOIO ped-
A€KCa, TOHyCa HEPBHOW CUCTEMBI B apanTaluu
OpPraHN3Ma, TOMOAOT MY I€HOB, TEOPUY CICTEMHOM
(HEPO-9HAOKPMHHOIT) PEryASILIMK F€HeTUYECKIX
U IUTOTEHEeTUYECKUX TIpoiieccoB). Bece Tpu Aabo-
paTopuy, KaXkpas I0-CBOEMY, BHOCUT CBOJ BKAAA
B M3y4eHVe CAOXKHeIIIe (P13M0AOrO-TeHETUYECKO
poOAeMBI TAMSATH, CTAPASICh COBMECTUTH TEOPeE-
Tr4eckre pyHAAMEHTAABHbIE PelLIeHMsI C 3aIpo-
CaMU NMPaKTUKU.

B TpapMLIMOHHOM HampaBA€HUM — OT IeHa
K IOBEAEHUIO — MIPOAOAYKAET paboTaTb AabopaTo-
Pyl CPAaBHUTEABHON T'€HeTUKY IIOBEAEHMsI, pyKo-
BoauMas A. 0. H. H. I. KampreBbiM. B aabopaTtopun
redetuku BHA (saB. — A. 0. 1. H. A. Alo)xuxosa)
IIPOAOAYKAIOT MICCAEAOBAHMSA HA AVHMSX KPBIC,
CEeAEKTUPOBAHHBIX 110 BO30OYAMMOCTY HEPBHOM
cuctemsbl (Baiipo u Ap. 2009; Baitao u ap. 2018;
AroxukoBa u Ap. 2015; AroskukoBa, Aaes 2018).
VccaepoBaHMs TO3BOAMAY 3aKAIOUNTD, YTO Kpail-
HJ€ BapMaHTbhl HOPMBI IIPEACTABASIIOT COOO
(bakTOpBI pucKa B pa3BUTUM U XapaKTePe AOATO-
CPOYHOTO TeYeHMsI HeMPOIaTOAOTMHM (ITOCTTpaB-
MaTH4YeCcKoe CTPeCCOBO€e PacCTPOVICTBO, KOMITYAb-
CUBHO€E PacCTPOIICTBO, HEMIPOBOCITAAEHNE), TIPU
9TOM crieljudUIecKy CBsI3aHHbIE C YPOBHEM BO3-
O6yArMoOCTY HepBHOM cucTeMbl. CTOUT OAUEPKHYTB,
4TO 3Ta crielydyKa NPOSIBASIETCS Ha TOBEAEHUECKOM,
QHATOMMYECKOM, SHAOKPUMHHOM Y MOAEKYASIPHOM
YPOBHSIX. YTAYOA€HHBIN aHAAU3 MOAEKYASPHO-
reHeTNYeCKMX MPOLIeCCOB COCTABASET IpeAMeT
AQABHENIINX MICCACAOBAHNI, KOTOPbIE BHECYT BKAAA
B pa3BUTHE NEePCOHU(DULIMPOBAHHON MEANLIVHBL
V3yueHne ocobeHHOCTeN (U3MOAOTMYECKUX
VI MOAEKYASIPHO-T€HETUYECKVX MEXaHNU3MOB pop-
MMPOBAHUS MaMITU NPOBOASITCS TAaKKe Ha Oec-
MMO3BOHOYHBIX >KUBOTHBIX (MEAOHOCHAS ITYeAQ).
Aabopartopusi HellporeHeTUKM (3aB. — A. 0. H.
E. B. CaBBateeBa-IlomnoBa) 0Cy1eCTBMAAQ HACTOSILMI
MIPOPBIB, TOAHSIBIIVCH B CBOMX MICCAEAOBAHMIX HA
CTYIIEHDbKY BblIllle, BCTYIIUB B 00AACTbh F€HOMU-
K/ — M3Y4YEeHUs] POAU AMHAMMWYHOI IIPOCTPaH-
CTBEHHOIT OpraHu3aluy reHoma HeripoHa. Paboty
reHoMa HelpoHa pacCMaTpUBAIOT KaK CUCTEMY,
MepecTPOIKM KOTOPOI BEAYT K U3MEHEHUIO TIPO-
CTPAHCTBEHHOJ OpraHM3alMM XPOMOCOM fAPa,
M3MEHEHUIO TPAaHCKPUILIMOHHOM aKTUBHOCTHU
(skCmpeccun) OAHOTO MAU MHOTUX TEHOB
1 B pe3yAbTaTe 3TOr0 — K CO3AaHMIO TPEATIOCBIAOK
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Aabopamopuu cpasHumeAbHolL 2eHemukuy nosederus — 70 rem

AASI AOATOBPEMEHHOT'O XpaHEeHMs CAeAd TTaMATU
npy 00y4eHuY, TOCTCTPECCOPHBIX U TIOCTTPAaBMa-
TUYECKUX CUHAPOMAX Y BO3HUKHOBEHVSI «I€HOMHBIX
60Ae3HEN» — CIIOPAANYECKNX CUHAPOMOB C MHO-
JKECTBEHHBIMM, B TOM 4lMCA€ KOTHUTMBHBIMHU Ha-
PYLIEHMSIMMUL.
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AnnHomayus. B donpax MeMOpraAbHOTO My3esi-KBapTHUPhI aKaAeMUKa
I. T1. TTaBAoBa xpaHuTCst 60AbIIOe YnCcAO GoTorpaduil, AOKYMEHTOB,
TTOAAVIHHBIX ITHCEM, HallMCAHHBIX POAHBIMU [[aBAOBA, €T0 KOAAETAMU, APY3bAMUL.
B cTarbe aBTOp 3HAaKOMUT YUTATEAEN C HabOOA€E MHTEPECHBIMU U3 HUX.
D10 nmucbMma xeHsl [TaBaoBa Cepacdumbl BacrabeBHBI, OTIIpaBAEHHbIE
n3 Crokroapma B 1904 ropy, Korapa oHa COIPOBOXXAAAQ MY>Ka BO BpeMsd
TOP>KECTB IO TOBOAY BpyueHUs1 eMmy HobeaeBckoit mpemun. OHM aApecoBaHbl
AetsiM, ocraBummMcst B CaHkT-IleTepOypre, MOAPOOHO OMMCHIBAIOT MHOTME
Aetaau npebbiBaHus [TaBA0BBIX B cToAMLE IIBerny, YTO MpeKpacHO AOTIOAHSIET
oduumasbHble cBeaeHMst 00 5TOM COOBITHI. BriepBble 011yOAMKOBaH IIOAAVHHBII
yueTHO-BouHCckui 6uaet V. I1. ITaBaoBa u nmucemo K ViBany IleTpoBuuy
HavyaAbHUKa BoeHHO-MepnumHcKou akapemun (BMA) mpodeccopa B. H. Tonkosa
ot 7 utoas1 1925 ropa. ITaBaoB ObIA TOrpaa yBoAeH 13 BMA 1o cobcTBeHHOMY
JKEAQHMIO B 3HAK IPOTeCTa NMPOTUB 3alpeTa NpueMa B aKaAeMUIO AeTel
cBsieHHOCAYXUTeAeil. Ocoboe MecTo 3aHMMaeT MMOADOpKa MUCEM YAEHOB
cemby ITaBAOBBIX, HANIMCAHHBIX B TOABI Beankont OTeueCcTBEHHON BOIHBL
B 3TMX MOAAVHHBIX AOKYMEHTaX MOKHO HalITV MHOYKeCTBO AeTaAell KU3HU
AIOAEI B TO TsDKeAOoe BpeMs. DTo nucbMa Baapumupa ViBaHosuua ITaBaoBa
Y YAEHOB €To ceMbl U3 3BaKyauuy, mucbma Cepadumel BacuabeBHbI 1 Bepbl
ViBanoBHbI [TaBAOBbBIX 113 KoATyIIEl, TA€ B TOABI BOMHBI IPOAOAXKAA CBOIO
AESITEABHOCTDb VIHCTUTYT 5BOAIOLIMOHHO pU3NOAOT UM 1 TATOAOT UM BBICLIEN
HepBHOI pesiteabHOCTH M. V. T1. TTaBAoBa (ceityac — VIHCTUTYT dusrororum
um. V1. T1. TTaBaoBa PAH), 1 rae MM yaAaAOCh IepeXUTh OAOKaAy AeHUHIpaAa.
Bce mpeacTaBAeHHbIE B CTaTbe MaTepuaabl 13 GOHAOB My3esl TyOAUKYIOTCS
BIIEpBbIE.

Karouesvie crosa: V1. T1. I1aBao, HobeaeBckast npemus V. I1. TTaBAoBa,
ncropusi pusnororun, ucropus Poccun, ucropust Beankoit OtevecTBeHHOM
BOJVIHBI, UICTOPUYECKNE AOKYMEHTHIL.
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Abstract. The collections of the Memorial Museum Apartment of Academician
L. P. Pavlov contain a large number of photographs, documents, and original
letters written by Pavlov’s colleagues, family and friends. The article features
the highlights of the collection. Among them are the letters from Pavlov’s
wife, Serafima, sent from Stockholm in 1904, where she accompanied her
husband at the Nobel Prize ceremonies. The letters, addressed to their children
who stayed in Saint Petersburg, provide many details of the Pavlovs’ trip to
and stay in Stockholm, which makes a perfect addition to the official information
about the event. Pavlov’s military ID and a letter he received from Professor
V. N. Tonkov, Head of the Military Medical Academy (MMA), Saint Petersburg,
dated 7 July 1925, are published for the first time. It was then that Pavlov took
a voluntary redundancy from the MMA in protest against the ban
on the admission of clergy children to the academy. Of special value is
the selection of letters from the members of the Pavlov’s family written during
the Great Patriotic War. Among them are the letters from Vladimir Ivanovich
Pavlov and his family from the evacuation, letters from Serafima Vasilyevna
and Vera Ivanovna Pavlov from Koltushi, where during the war years
the Institute of Evolutionary Physiology and Pathology of Higher Nervous
Activity named after I. P. Pavlov (now the Institute of Physiology named after
L. P. Pavlova RAS) continued its work, and where they managed to survive
the Siege of Leningrad. All the materials presented in the article are published
for the first time.

Keywords: 1. P. Pavlov, . P. Pavlov’s Nobel Prize, history of physiology, history
of Russia, history of the Great Patriotic War, historical documents.

BMmecTto npeancaoBus

MeMopuaAbHbBINT My3ell-KBapTHpa aKapeMMKa
. T1. [TaBAOBa, KOTOpBIIT ObIA OTKPBIT B 1949 roay
B €ero NocAaepHel KBapTupe AoMa akapeMUKOB
B CaHKT-IleTepOypre, MU3BeCTEH YHUKAABHO ITOA-
AVIHHOCTDBIO CBO€I1 9KCIIO3ULIUN. 3AeCh COXPAaHUAOChH
He TOABKO YOpPaHCTBO MHTEPbEPOB, OBITOBbIE Me-
AOYM, YKpalllaBlllMe >XU3Hb ceMby IlaBAOBBIX,
HO U SHTOMOAOIrMuYeckue Koaaekuuu Vpana Ile-
TPOBUYA, ¥ OOABIIOE Y/ICAO TPOU3BEAEHNUI KXUBO-
MNUCU PYCCKUX XYAO>KHUKOB-PEAANCTOB U3 €TO
AVYHOTO cOOpaHysi. He MeHbIIYIO LIEeHHOCTD IPEeA-
CTaBASIIOT CO00J1 1 POHABI My3esi, B KOTOPBIX Xpa-
HUTCSI MHOXeCTBO ¢poTorpaduii, AOKyMEHTOB, KaK
CaMOro YY€HOr0, TaK 1 YAEHOB ero ceMbu. OcoObIit
MHTepeC BbI3bIBAIOT MHOTOUVICAEHHbIE IOAAVHHbIE
NM1CcbMa, HallMiCaHHble popAHbIMU [laBAOBa, ero
KOAAETaMU, APY3bsIMMU.

B aT0i1 My0AMKaLMy HAM XOU€eTCsI TO3HAKOMUTD
4yyYTaTeAeil C HEKOTOPbIMM, Hal0OA€e€e HTEPECHBI-
MU U3 HUX, OIIMPAsCh HAa BbICKA3bIBaHME M3BECT-
Horo nucareAst B. B. Bepecaesa. B 1938 roay on

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

B orBeTHOM nucbMe K Cepadume BacuabeBHe
ITaBAOBOI IO TOBOAY €€ BOCIIOMUHAHMUIA, IPYCAAH-
HBIX eMY AAS OLIEHKM, MUcaA: «fI AaBHO yKe CKAO-
HSIIOCh K MBICAY, YTO BOCIIOMMHAHMS O AEMICTBU-
TEAbHON >XM3HU KyAa MHTepecHee BA3KOI
OeAAeTPUCTUKMU... Sl OYeHb TOPAAOBAACS, Y3HaB,
4TO BBl NMM1IIeTe BOCIOMMHAHUAL. .. 3110XA, B KOTOPYIO
BBl )KMAU, U ATOAY, C KOTOPBIMHU, BEPOSITHO, BCTPe-
YaAVCh, He TOBOpA y>Ke 00 VIBane IlerpoBuue —
VIHTEPECHBI UCKAIOYUTEABHO...» (KHura mocrymnae-
Hum Ne 3, Ne 67/3). TTooAMHHBIE TIMChbMa, HA Hall
B3IASIA, €llle sipue, TOUHee, IPaBAMBeEe, HEXKEAU
CIeL}laAbHO HaICAaHHble MEMYapbl, PAaCKPbIBAIOT
CYTb IIPOMCXOAMBIIKX COOBITHIA, TEPEAQIOT HETIO-
BTOPMMBIN BKYC 3110X1. Bce MpuBeAeHHbIe B CTaTbe
I1CbMa MYOAVIKYIOTCSI BIIEPBBIE.

HobOeAeBckas npemus

Hauars, HaBepHOe, cTouTt ¢ HobeAeBckoit mipe-
vuu V. TI. TTaBAOBa, KOTOPYIO OH MOAYYMA 32 pa-
60TbI 110 PpusnoAoruy nuieBapenus B 1904 roay

(puc. 1).
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Puc. 1. Hobeaeckuit puniaom V. IT. [TaBaoBa

Fig. 1. Nobel diploma of Ivan P. Pavlov

OO0 3TOM Ba)KHOM AASI POCCUIICKOM HayKy CO-
OBbITMM HAIMICAHO MHOTO CTaTel U Aa’Ke MOHOIpa-
¢dbui1, TaK YTO MHTEpeCcyIIMUMCA GU3MOAOTVIEN
YUTATEASIM He COCTaBUT TPYAQ IIPOCAEAUTD IyTh
ITaBAOBa K 3TOMY CMMBOAY MMPOBOI'O Hay4YHOI'O
npusHaHus. [ToxKaAyit, TPyAHO 4TO-AMO0 AOOABUTD
K oTuM nybaukanusiM. Ho B poHpax mysest xpa-
HUTCSI HECKOABKO TTOAAVHHBIX IIVICEM KEHBI yde-
Horo Cepadumbl BacuabeBHBI, HalCaHHBIX AOMOJI
13 CTOKIroAbMa, KOTAQ OHa COIIPOBOXXAAAA MY>Ka
BO BpeMs TOPKeCTB 0 IIOBOAY BPYU€HUs eMy 3TOI
BbICcOvaney Harpapbl. OHM aApeCcOBaHbI AeTSIM
Baapumupy, Bepe, Buxktopy n BceBoaoay, 1 B Hux
O4YeHb OTKPOBEHHO, SMOLIIOHAABHO U IOAPOOHO
OIMCAHbI MHOTYE AeTaAu pebbiBaHMs1 [TaBAOBBIX
B cToaute lIBenyuu. 3Ty micbma, KaK HaM KaKeT-
Cs1, AOTIOAHSAT OUIMaAbHbIE CBEAEHNMS 00 3TOM
COOBITUM AVIYHBIMY, «13 IEPBBIX PYK» BIleYaTAe-
HUSAMU caMoro 6Auskoro ViBany ITeTpoBuay yeao-
BeKa. DTU PYKOIMCHBIE AOKYMEHTBI HOTpeOOoBaAU
TIaTeAbHOV paciindpoBky, T. K. Cepaduma Bacu-
AbeBHa 00AaAaAa TAaKVM HEePa30OpUMBBIM II0YEPKOM,
YTO ee IMMCbMA YaCTO He MOTAM IIOAHOCTBIO IIPO-
4UTaTh AQKe OAM3KMe. HaM ToXXe He yAQAOCh IOHATD
HEKOTOpbIe CAOBA, OHM 0003HAaY€eHbI B TEKCTE
BCTaBKOI1 «(Hepa3bopumBo)».

[TaBAOB ObIA TpUTAaLIeH npuexaTb B CTOKTOABM
K 10 pAexabps1, 0 ueM eMy COOOLIMA B MICbME PEKTOP
Kapoannckoro uaucturyra Kapa Mépuep. Aas
cBoero AokAapa VBaH IleTpoBud 13 mpeaAO’KeHHBIX
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€My €BPOIIENICKMX S3bIKOB (aHrAMIICKMIL, HEMELIKUIA,
¢bpaniysckuit) BpiOpaa Hemenkuii. Ho BbiexaA oH
B llIBenjuio ¢ COMPOBOXKAABIIEN €ro XKeHOM ropas-
AO paHblile, TaK KaK MX IIPUTAACHA ITOTOCTUTD
y ce6s B [eabcuHrdopce (XeAbCMHKY) M3BECTHBIN
¢buHckmit pusnoaor P. Turepiurear.

[Tucbma Cepadumsr Bacuavesnsi [TaBaoBoii
u3 CToKroabma

ITepBoe mucbmo Cepadumbl BacuabeBHbI, Xpa-
Hslleecs B GOHAAX MYy3esI, AATUPOBAHO 24 HOSOPSL.
Ono HanucaHo Ha 6AaHke [pana-OTteast B CTOK-
roabMme (puc. 2).

BoT TexcT mucbMa (TeKCThI MUCEM 3AECh U AAAee
MPUBEAEHBI B COOTBETCTBUE C COBPEMEHHOI Op-
dborpaduert pycckoro si3bIka):

«24 HOs10pst 1904 1.

TOABKO CEropaHs BBIOPAAOCH BpeMsl HAMMCATh
Bawm, mou poporue u Arobumbie AeTku! Ao CUX mop
BCe MAET Y Hac oTAn4HO. Ao Ieabcunrdopca mbi
OTAMYHO CITaAM, HA TAMOYKHE HacC AaKe He OYAUANL.
YTpoM MOCTPaHCTBOBAAM 11O TOCTUHULIAM, TOKQ,
HaKOHell, B [IATOJ HALIAYM KOMHaTy. Ternepp oT-
KPbIBAETCs CEIM, U MMOTOMY Che3A HeOBIBAABIIL.
KoMHaTy HMOAYyYMAM XOPOIIYI0, HO BBICOKO.
YMBIBIINCH U TIPUBEAST CeOsI B TOPSIAOK, OTTIPABU-
AVICb B YHUBEPCUTET, TA€ HallAM Turepiureara;
y Hero ObIAQ A€KLVIS, Y OH ITOIIPOCHA HAC I0eXaThb
K HeMy. JKeHa ero mpocTo 0AHA PaAOCTh: KPYTAEHb-
Kasi, MaAe€HbKas (MeHbIlle MEHS U TOAIIE), BeceAast
XAOTIOTYHbsI. ¥ HUX MbI IIPOBEAU 1J€ABIN A€Hb
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Puc. 2. ITucemo C.B. ITaBaoBoi1 pAeTsim 13 CTOKroAbma
ot 24 Hos16pst 1904 1. (poHp Mysest, uHB. Ne 236/3)

Fig. 2. Letter from Serafima V. Pavlova to her children
from Stockholm dated 24 November 1904
(Museum collection, inv. no. 236/3)

AO 2 4aCOB HOYU, TOABKO Iana XOAUA CMOTPETH
HOBOe 3AaHMe AabopaTopun. [Toropa Obira oTua-
SIHHasl — AMA [IPOAUBHOI AOXAD, a 51 (Hepa3bop-
41BO). TUTEPLITEATH OTHECAUCH K HAM KaK K POA-
HBIM: O0AQCKaAH, YIIUTAAU U YCTPOUAU B 4€CTh
namnbl Beyep. Cobpaauce Ayuuive npodeccopa
C PEKTOPOM, BCe CUMTAAM 32 YECTD [I03HAKOMUTD-
Cs1 C TIATIOM U CTPAIIHO OAQroAapUAM €r0 3a TO, 4YTO
OH UM IIpOYEA peyb, KOTOPYIO OyAeT YUTaTh
B KapoanHckom nHcturyte. Ecan 651 Bol Bupean,
KaK BCe IIOYTEHHbIE AIOAY OTHOCMAMCS K narne! Kak
OHU BO3PaAOBAANCH, UTO, HAKOHELl, IIPUCYAVAU
narne npemuio! OHM TOBOPUAMY, YTO C IEPBOTO FOAQ
TOABKO 3TOTO U AOOMBAAUCH. YAUBUTEABHO, KaK
BCe AI00T namy! 3To 6bIAM CKPOMHBIE TOP)XECTBA,
a Telepb MPEACTOST odpuuasbHble. Ha Apyroit
A€Hb MbI OCMATPUBaAU FOPOA (K CIaCThIO, AOXKAS
He ObBIAO), 51 KyIMAQ BaM MapoK OOAblIe yeM Ha
5 p.; 06eAaAu OrATh y Turepmreara, 1 B 5 yacos
OHM HacC NPOBOAMAM Ha BOK3aA, KyAa IpUILEA
VI PEKTOP IIOKeAaTh Ialle CYaCTAMBOIO IIyTHU.
B 10 yacoB mbl npuexaau B aHrc, rae uyTh He

UnmeepamusHas gﬁusumoeuﬂ, 2020, m. 1, Ne 4

yIycTuAM mapoxoA. I'Toka MbI paccrpammmBaay, 4To
A€AaThb C 6ara’koM, OAVMH YEeAOBEK B3SIA Y MEHs
KBUTAHLUU, YTOOBI OTIIPABUTD Oaraxk Ha MapoOXOA
(s 1 He 3HaAQ, KTO OH), 2 APYTMe YyTh HE B IIEI0
BTOAKHYAM HacC B II0€3A, KOTOPBINI U AOBE3 HaC
K 9TOMY I1apoxoAy. Beiexaan B 11 Beuepa, Kauaao
2 pasa, KOrAQ IIAM OTKPBITBIM MOPEM, a MEXAY
ocTpoBamu Ob1AO THXO. [Tarma roBopua mHe: “Bera-
Bail B 9 % 4., HO 51 HE MOTAA IIOAHSTH TOAOBBI, Y MbI
¢ HUM BcTaAu B 11 %2 4., a B 3 %2 4. mpuexaau
B Crokroabm. [Tapoxop Ob1a uyAHsIi1. Ha mapoxoae
MMACCAKMPBI Y3HAAY, YTO I1aTIa IIOAYYAET IIPEMUIO,
U TI03APaBAsIAU ero. Tenepb 4yTh BCe MaAbLIAMU
He MOKa3bIBAIOT Ha Hac 1 coobiator “Hobeab mpaiic’.
Ha tamoyxne ToAbKO cKazaau 3a Hac “Hobean mpaiic’,
TaK U He CMOTpeAu Hudvero. Aa, Temnepsb (Hepas-
60punBo). Oteap pockouHbiii. Komuara crout 7 p.,
a 00ep AAST 0AHOTO 2 p. 50 K. 113 5 6AI0A. 3aA UYAHBIT],
00eAQIOT B CBETABIX MIAAThSIX, U BCE BpeMsI UTpaeT
opkecTp. 3a 00eAOM IOA KOHEL] AAAU KQXKAOMY
13 HaC CTEKASIHHBIE TOAOCKATEABHUIIBI MaAE€HbKYE
C TEIIAOJ BOAOM M KYCOUKOM AMMOHA, a TaKXKe
MaA€eHbKYI0 caadeTouky. YrapanTte AAsl yero?
Mper He MorAM noHATh. Ecan moaockats poT, TO
KyAQ BBIAMBATDb BoAy? OKa3aAoCh, YTO AMMOHOM
HATUPAIOT MAABIbI ¥ OOMBIBAIOT UX BOAOM, A CaA-
dbeTouKom BeITUPAIOT. YTO HU rOPOA, TO HOPOB.
3aBTpa uaeM c Bewamu K MépHep, a TaM narma
AQABIIIE [T0 IPOTPaMMEe, a S CMOTPETb TOPOA. 3A€eCh
HaM ITOKPOBUTEABCTBYET MOAOAON TurepiITeAr.
Bor Bam u Bce. IlocaepHee nMUCbMO MUIINTE He
nmo3AHee 28-10, MbI BEpHEMCS HETIPEMEHHO TEM XKe
myTeM. B Takyio moropy HUKTO He COBETYeT ITyTe-
1IecTBOBaTh. He 3Halo, IpuBe3eM AU UTO-HUOYAB?
ITama He Xx04eT ocTaHAaBAUBATHCS B [eAbcUHTPOP-
ce, a TYT He 3Halo, uTo 1 KynuThb. Kak To y Bac pAeaa?
Cayuraete A Boar'? Xopoio A 3aHMMaeTechb?
Bce mHe roBopsT: “HaBepHO, y Bac 3ameuareAbHbIe
AT, @ 51 TOBOPIO: “HET, OHU B MEHSI, a He B 0TI,
Kak 6ecriokoroch 0 Bac, Bol cebe u mpeacTaBuTh
He Moete. UTo, KaK y Bac? Hukro Bac He xxyput?
3a0poBbl An? Haperch ceropHs MOAYYUTD NVICbMO
B 8 u., TOUeMYy U He IIOIIAQ I'YASTD ¢ nanoi. Huko-
rO He ITyCKaliTe B KBAPTUPY, €CAU IIPUAYT HacUeT
aaeKkTpuuecTBa. Lleayro Bac Bcex Kpemnko, Kpenko
3a ce0s 1 3a mamy. Haraape Huk., Haraape Mux.
u Bepe Bac. pooporoit kaaHsoch. TeTio u AsIAIO
LeAyro. Mapbsiike u Maille KaaHAI0Ch. Bac eme
LeAyio. Bama mama» (Kuura moctynaenuit Ne 3,
uHB. Ne 236/3).

OTBeT AeTeit POAUTEASIM OBIA OTIIPABAEH Y)Ke
Ha CAEAYIOIUIT AeHb, 25 HOsA6ps1. Bee yeTBepo Ha-
IIMICAAY €T0 Ha OAHOM AMCTE II0YTOBOM Oymaru:

! Crapummit cbiH ITaBAOBBIX BAapumup, eMmy B 9T0 Bpems
20 aerT.
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«25 HOs10pst 1904 1.

Bce y Hac 6AaronoAy4Ho, MeHsI HUKTO He CIIpa-
LIMBaA, TOABKO IIO HEMELIKOMY IIOCTaBUAU 5.
Buepa B cpeay y Hac B ruMHa3uy OblAQ reHepaAbHas
penetunys. A ¢ BUKTOpOM XOAMA, BCe UTPAAM OUEHD
xoporuo. Ha mpepcraBaeHne He noiiaeM, OMA€TOB
HeT. CeropHs caMo IIpeACTaBA€HHe, II09TOMY 3aB-
Tpa YPOKOB HET, Mbl OCTaeMCsl AOMa. boablie micaTb
Heuero. Kpenko 1ieayto Bac, Baur BceBoaop?».

Huxe mpunmcaHo Apyroit pykoii (Ckopee Bcero
cecTpbl Bepsl): «Bpeliib, TOAY4MA ellle CETOAHS
YeTBEPThb».

«Aoporue ramna 1 MaMa, IMCaTh IIOYTY HE O YeM.
Buepa MaAbuMILIKY OBIAM Ha pENeTULIMU B TUMHA3UN.
ITpuimay oyeHb MO3AHO, 3a 4YTO Boas cperan um
CTPOIuil BBITOBOP. Sl mpaspHyI0 Moe poXKaeHue
28-ro, T. K. B cy660T1y Tans Oyaet u Kcenums I1.
A MaABYVIKM B 3TO BOCKpeCeHbe IOMAYT K beprroabiy.
B caeaytouee y BeceBbl OYAYT rocTy, a s MOVAY
K Kare KeseBuu. 6-ro o6epaem y Kamenckux. Ce-
roAHs y Boau “une zoiree” (Beuepunka. — [lpum.
asmopa). T. H. Bam KaaHseTcs. Lleayio Bac, Bepa®».

«Aoporue Mmama 1 rarma!

Y Hac Bce 6Aaromnoay4Ho. Buepa meHs cripaum-
BaAU IO PyCCKOMY PacCKas3blBaThb U IIOCTABUAMU 5.
CeropHs BceBOAOA OAYUMA CBOIO YETBEPTD: Y HETO
3a BHUMaHMe, [IPMAEKaHVe U TIOBeAEHVe T10 ST,
IO 3aKOHY 5, IO PYCCKOMY 4, IO €CTEeCTBEHHOM
MCTOPUM U IO MaTeMaTUKe I10 5, 10 UCTOPUU
u 1o reorpaduu o 5, Mo HemeUKoMYy 5, o ppaH-
ny3ckomy 5 u no pucosaHuio 4. Buepa y Hac
B IMMHa3uy OblAa reHepaAbHas peretuus. Bee
urpaAu odeHb xopoiuo, Maabiies u Ceprert Bacu-
ABEB UTPAAU XY>Ke, YeM MbI OKMAAAU: Y HUX CAMII-
KOM IMCKAMBBIN roaoc. Iloropa y Hac maoxas,
BUYepa BeCb AEHb IlIeA AOXKADB, U OBIAO 3 rpapyca
TeIAQ, BeUepOM OBIAO AQ’Ke MaA€HbKOe HAaBOAHEHME.
CeroAHsi HEMHOTO IIOAMEP3AO, U YTPOM ObIA
1 rpaayc tenaa. 3aBTpa y Hac ISITb YPOKOB, XOTEAU
CACAATb 3KCKYPCHIO, HO ITI0YeMY-TO He CACAAAU,
TaK 4TO 51 COOMPAIOCH 3aBTPA YTPOM UATY B UHCTHU-
TYT, IOCMOTPETb, KaK TaM UAYT A€Ad, U B Cy660Ty
Hamuury 060 BceM. Hamr yunrean uctopun Aaex-
caHAp VBaHoBu4 [AOpemaH yXoAUT OT HAC, M Y HAC
OyaeT mpernopaBaTh Apyroi. [Iumute Ham mo-
IOAPOOHee 0 Mmoe3aKe Ha mapoxope. Bam nokaox

2 Maapumui cbiH ITaBAoBBIX BeceBoAoa, emy 16 HOSI0ps
MCIIOAHMAOCDH 11 Aer.

3 Aoub ITaBAoBbIX Bepa, 26 HOsIOpsI €i1 AOAKHO OBIAO
UCIIOAHUTBCS 14 AeT.
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ot Tarpausl Hukoaaesnsl. Kpenko jeayio Bac. Bamr
Buts's.

«Aoporue nana u mama!

Mp1I 3a Bac ouenb OecriokonMcs, TaK Kak Ipoy-
AVl B Ta3eTe, UTO B AeHb Balero Mmopckoro myTe-
mectBUs OymeBaa mropM. Kak To Ber pooexaan?
MBbI Bce 3A0POBBI 11 BeAeM Ce0s1 XOPOILO: aKKypaT-
HO TOTOBUM YPOKMU U UrpaeM Ha posiae. Hac moutu
KQ)KABII A€Hb KTO-HMOYAb HaBellaeT: ObIAY TeTs
Oas, Tets Kus, a 3aBTpa cobupaetcs Bepa Bacu-
AbeBHa. ITara MO>XXeT HEMHOXKKO ITOPaA0BaThCS:
3aBTpa B KOHCepBaTopuu upeT He “Puroaerto”
¢ Qurnep u Kamencknm, a “KapmeH” ¢ HeBa)KHbIM
cocTtaBoM. Ha BCSKUI cAyvall Hanmuily rnepedyeHb
MapoK, KaKiX MHe He AOCTaeT:

IBewus 1856 r. uepHas, 1855. 3 skill seaenas,
cunsis, 6 sk cepas, 24 sk kpacHast. 1861. cepoxxeaTast.
1858 annoBas, 1866 duoaeroBast 1876. 1886.

Hopserus. 1854. 4 skilling cunsis 6e3 3y04ux.
1863—66 r. 2 skill xxearas 3 skill amaoBas. 1867-68 .
3 skill auaoBas 1872-73. Cunsia 1878 cunss.

Aanus. 1851 r. 2 bigsk.-sk cunss (6e3 3y6u.),
cepo xearas (6e3 3y04.), 1852 3eaeHas (rpod. o)
6.3. 1863 16 sk AnaoBast, 1870—71 anaoBasi, pamka
KopuuHesas. Lleayio Bac, Boasi» (Kuura nocrynae-
Huit Ne 3, Ne 241/3).

Caeaymolee mucbMo oT 26 Hos6ps1 Cepaduma
BacuabeBHa appecoBaaa pouepu Bepe (puc. 3).

Bor ero copepxaHue:

«26-10 HOsI0pst 1904.

Crewry Hamucatb Tebe, Most Aooporasi Bepouxka,
u MuAoMy Mypuy1ike® nosapasaenue. Lleayio Bac
ropsi4o 3a ce0s U 3a Mary U ropsido keaaro Bam
0001M 3A0pPOBbBsI, BECEABS], YCIIEXOB B yuebe u
BcAKoro cyactbAa! Yro-to Buts He Hamucaa, Kax
obemaa? S Tak Hapes1AaCh MOAYYUTD MUCBMO I10
IIpMe3A€ CI0AQ, 2 TeNePb paHblile Cy00OThI HUYEro
He MOJKeT OBITh, TaK KaK ImapoxoA u3 Poccun npu-
XOAMT TOABKO B CY0., BOCKp. U cpeay. He numnre
II03Ke BOCKpeCeHbs. AO CUX MOP BCe MAET KaK 110
MacCAY, HO HUY€ero Ba’KHOTO elile He ObIA0. BoT 3aB-
Tpa HauHeTCs mepeapsra. Buepa Mbl ¢ mamnoii
cAeaaaM Bu3uT rpadpuHe MépHep, OHa OYeHb IIPO-
CTasi M IPUBETAUBASI AAMa, TOBOPUT IO-HEMELKU
HEBa)KHO, U 51 ce0s1 YYBCTBOBaAA C HEMl OTAUYHO.
[Tama ¢ Mépuepom (HepasbopunBo), a 51 OTIIPABU-
AaChb CMOTPETh ropoA. [opoa HEO60ABILION, MOCTO-
Bbl€ OTAUYHBIE, UMCTOTA PEAKAs], HO HUYEro 0Co-
OEHHOTO — OY€Hb MAAO POCKOIIHBIX 3AQHUI VAU
KpacyBBIX TAMSATHUKOB. BCIo KpacoTy cocTaBasier

* CpepHeMy cbiHy ITaBAOBBIX BUKTOpY B 3TO Bpems 12 AeT.
° VimeeTcst B BUAY MAQALLNIL CBIH BceBoAOA.
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Puc. 3. IMucbmo C. B. ITaBAoBOM AeTIM
u3 Crokroabma ot 26 HOs10pst 1904 T.
(bona myses, uns. Ne 237/3)

Fig. 3. Letter from Serafima V. Pavlova to her children
from Stockholm dated 26 November 1904
(Museum collection, inv. no. 237/3)

00uMAMe BOABI 1 BO3BbILIeHHOCTU. Kpyrom aAex-
TPUYECTBO U TeAe(dOHBI, IIPUCAYTY HAAO 3BaTh
110 TeAepOHY, HO MBI C MTAMOJ He pelraeMcsi 1 00-
XOAUMCSI TIOCPEACTBOM HAIIero KOPUAOPHOTO,
TOBOPSIILETO MO-HEMELKN. PelnTeAbHO He 3HAI,
4yTO Bam mpuBesTy, T. K. MarasuHbl Ha BUA OY€Hb
HEeBa)XKHbIE, AQ U BOOOIIE TOPOA U XUTEAU OYEHb
CKPOMHOrO Brpa. TyT B oTeAe Bce 0OYeHb BaXKHO
1 O4eHb AOPOTro — 00ep 1o 2 p. C mepcoHsl Oe3
mUThsL. [Tpu K&KAOM HOMepe OTAEAbHASI YMBIBAAD-
Hasl C ropsiuer BOAOI, IPOMAAHBIM 3€PKaAOM
Y IPOYMMU IPUHAAAEKHOCTsIMU. Ha yanijax Beape
AQMCK1e YOOpHbIe, OUeHb YMCThIEe U KPACUBBIE.
[Tupo>xkHBIE OYEHb AOPOTHE B Ay4liieil KOHAUTED-
CKOIJ1, TIOKYTIaTh He IPOO0BaAM, HO Ha BUA HEBAXK-
Hele. [lama Hail TOOAEAHEA U ITOXYA€EA, TOAOBA
OOAUT y HEro, 1 pasppakeH OH A0 KPaltHOCTHU.
C yTpa eMy HeT IOKOSI: TO ero CHUMAIOT (Ka>KABIil
AYPa4oK XeAaeT MMeTb ero pororpaduro, u poro-
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rpadbl MPUXOAST K HAM B TOCTUHULY), TO IIPOCST
ero aBTorpad, To XOTSAT IT0XKAaTb MY PYKY, TO IIPO-
CTO IOCMOTPEThb Ha HEro, TO IpUe3y)KakT C NpU-
raamenusmu!!! MoxeTte cebe MpeACTaBUTb, KAKOBO
ITame 6e3 pasroBopa. BeaeT OH 3TU OTPBIBOYHBIE
CMellIHble pa3roBOPbI IPeyMOPUTEAbHO. YacTo MHe
MPUXOAUTCS ero BbIpy4dath. [ [py Hac cocTout opuH
(HepasbopunBo) ctypeHT Turepuireara (oueHb
CKPOMHBIN ¥ MUABI MaAb4MK), a ¢ [Tamon e3aut
BCIOAY MépHep. Ceityac 0>XMAQI0 TOCAQHHUKA,
y koToporo Ilama 6bIA Buepa (OH AOAXKEH IPeA-
ctaBuTh [lamy KOPOAIO 3aBTpa Ha TOP>XKECTBE)
1 KOTOPBII ITO’KEAAA CETOAHSI HAHECTY BU3UT MHe.
Hapo ceropus mHe u Ilame exaTth ¢ BUSUTOM
K 3A€IIHEMY MaTeMaTHKY, KOTOPBIN B A€Hb Halllero
npue3Aa y>Ke IPUrAacuA Hac K cebe Ha 3aBTpaK
MMUCbMOM, a Buepa Ipue3)KaAa caM IPOCUTD Hac,
a ITama oTkasaAcs, T. K. B 9TOT A€Hb Mbl 00eAaAU
y Mépnep. BuumaHs 1 KOMIIAMMEHTOB YK dyepec-
qyp MHOTO! BbI ObI ObIAM OU€Hb CYACTAMBBI BUAETD,
Kak uryT Ilamy. B cembe y Turepurreara npsimo
KYABT Kakol1-To “VIBana IlerpoBuya” MHorue nu-
LIYyT ¥ TOBOPAT C NAIoll, Ha3pIBasA ero ViBaHom
[TerpoBuueM, poake B obuiiaAbHOI peur MépHep
3oBeT ero VIBau Iletp., Hac oueHb 3a0aBAsIeT TaKkast
dbopma MMeHU, I OHM HAXOAST €€ OPUTMHAABHOIL.
Ou3MK U XMMUK — aHTAMYAHE U IIPUEAYT TOABKO
B Cy00OTYy yTpOM, AuTepatop — ¢paHiys U, Ka-
JKeTCs, He TIpueApeT. 3AeCch TOBOPAT, UTO 32 MUP
npemuio AaAyT ToacTomy.® OueHb 3TO IPUATHO
oyaet! Kaxkercs, Bce Halm peAaa onmcaaa. Aa, Bue-
pa 6b1au ¢ Turepi. B oniepe, 04eHb XOPOLIEHbKUIA
MaA€HbKUI TeaTp, OYeHb XOpOollasl TOCTAHOBKA
ornepsl (He 6e3 mpoMalex) 1 MOPsSIAOUHBIE MCITOA-
HUTEAU — COIPAHO U OAPUTOH OYEHb XOPOIIM;
opkecTp uypecHblit. [TybAMKa O4eHb cAepKaHa, HO
S CABIILIIAAQ, YTO XBaAMAM MY3bIKYy. EB. OH’. uaer
3A€Ch TIEPBYIO 3MMY. 3HAaYUT — PyC. My3bIKa, PYC.
YUeHbIi, pycC. mucaTeAb. [opbKoro oueHb NOYUTAIOT,
V1 OH HepapoM noAyunaA npemuio.® Beex Bac neayio
ropsiuo, a TakXxe TeTHo, Asiao, B. B, H. M. u H. H.
Bcem kaaHsoch. [Toropa uypHast — Xopolasi OCeHb»
(Kuura nocrynaenuit Ne 3, uus. Ne 237/3).

Caeayiolliee IMCbMO AETAM OBIAO HAMMCAHO
yepe3 Tpu AHA. BoT ero copepxaHue:

¢ HobeAeBckas mpemMust Mupa Obiaa mpUCy>kAeHa B 1904 roay
MHCTUTYTY MEXAYHAPOAHOTO TIpaBa.

7 TTaBAOBBI ObIAY B OTIepe Ha npeacTaBAeHny «Eprenust Oxe-
I'MHa», 0 YeM B cBoMx BocrnomuHaHusax Cepadpuma BacruabeBHa
OT3BIBAETCS CAeAYIoIUM obpasom: «Bupean mpl B CTOKroAbMe
omnepy “Ebrennit Onerun”. ITocraHoBKa 6bIAa “4nCTO pyccKas’.
Esrennit OHernx ObIA OA€T MCITAHLIEM, 2 TOCTI Ha 6aAy y AapyHbIX
BBITASIACAN HACTOAIMMM IoAoTepamu. Koraa MeHs mpocuan
pacckasaTh COAep)KaHIe Mbechl, TO BceX OYKBAABHO 04apOBaAl
caoBa: “Ho st Apyromy oTaaHa u OyAy Bek emy BepHa ».

8 B 1904 ropy Maxcum Topbkuit moayuna IpuboesoBcKyo
npeMuIo 3a nbecy «Ha pAHe».
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«29 HOs10pst 1904.

Hy-c, mon muaouku! IToayunaa Buepa Bamre
BTOpOE MMICbMO, 32 KOTOPO€e KPEIKO Bac LIEAYIO 3a
ce6s1 u 3a many. Hauny no nopsiaky. B mstHuny,
nocae nmvcbma K Bam He 65140 HUUEr0 0COOEHHOTO,
MbI ¢ [Tamnoii ryasiav Beuepom, ¥ TOpoA HaM OYeHb
NoHpaBuAcs. B cy060Ty yTpoM npuexaa DMMaHy-
uA AwaBurosud Hobeab, mO3HAKOMUA MeHs
CO CBOEM CeCcTpoyl, KOTopas 3aMYy’XeM 3A€eCh 32
po¢eccopoM re0AOT MY, Y MBI UMEAY YAOBOABCTBUE
rOBOPUTB NO-pyccku. Bmecte ¢ AHHOM AIoABUTOB-
HOIT 1 podeccopom VoXaHCOHOM oCMaTpUBAAU
HanmoHaAbHBIT My3eil 1 HabepeXXHYI0; B My3ee
OYeHb XapaKTepHas HOBEMIIasl IIKOAA — OHM OOAB-
11I/ie aPTUCTBI HAa AUL}A, CBET, OYEHb SKCIIPECCYBHBI
U1 OTAMYHO OTAeAaHbl. BepHyBuuch B 3 % yaca,
norpeboBaAu K cebe B HOMep AErKyio 3aKyCKY
¢ yaeMm. ITama paspeacst 1 oTpAOXHYA. B 7 yac. MbI
TOP>KECTBEHHO 00AQUMAMCH U B KapeTe MoeXaAlu
¢ npod. Mépuepom (ITanmH aHreA-XpaHUTEAD)
B MY3BIKaAbHYIO aKapeMuio. B mepBoM psiay mepea,
5CTPAAOIL OBIA KOBEP, TOCPEAM KPECAO 30A0YEHOE
BBICOKOE AASI KOPOASI U 11O 00€ CTOPOHBI 0 ABa
IIOMEHbIIle AASI HACA€AHMKA, IIPUHIIECCHI U 2-X
MpUHIIEB (BCS KOPOAEBCKas ceMbsi). OKOAO HUX
HAIpaBo — 5 MeCT AASI IOAYYMBLIKX ITpeMUIO (32
AUTEPATYPY IIOAYYMAU 2 ITOTIOAAM), & HAAEBO YAe-
Hbl HobeAeBckoro komurera. [TybAauka oueHp Ha-
psIAHAs1, 3aAa KpacuBO yOpaHa 1 BCE Ype3BbIYaliHO
TOp)KeCcTBeHHO. S cupeaa c6oKy, okoao ITampl,
psaaoM ¢ aean Pamsait (oHa OblAa AEKOABTE, XOTS
crapie MeHs). CHavaAa mmeA Xop (Kak TOAbKO Ipu-
€XaA KOPOAB), IOTOM YUTAA CBOKO peyb GU3UK
1 BocxBaAsiA Panest, mocae okoHuaHus Paaeit no-
AOIIIEA K KOPOAIO (O4eHb KPaCKBBIN CTaPUK OTPOM-
HOTO POCTA), KOTOPBIN TO3APABUA €0 ITO-aHTAUICKY,
MOXKaA MY PYKY U AQA MEAAAD U AUTIAOM, B KOTO-
POM BAOXXEH U 4YeK. 3aTeM OIIATh IIeHNe, 3aTeM
ITOXBaAbHasl PeYb AASl XMMMKA, OISATb XOP, IO-
XBaAbHas peyb I lane, koTropyro MépHep K Haliemy
YAVIBAE€HUIO 3aKOHYMA OYeHb KpaCHBBIMU PYCCKU-
Mu ¢ppasamu, a KOpoab, noxkumasi Ilane pyky,
ckasaa “kak Bame 3popoBbe?”. [ToTOM OmATH XOP
U peuU AASI AUTEPATOPOB, HarPaAbl IIOAYUMAU
3a HMX IIOCAQHHMKU. 3aT€M HapOAHBII I'VIMH, U BCe
noexaAu Ha 6aHket. Hy, AeTu Moy, TYT mouiaa Ha-
crosias nepepeakal HeCKOABKO YyAHBIX TOCTHHBIX
HaIlOAHMAMCDH CaMbIMU POCKOILIHBIMU AaMaMU,
NPUHL-HACACAHMK, TIPUHL KapA ¢ )KeHO1 1 IpUHLL
EBrenuit (xyA0XHUK); MeHs u [Tany npeacraBuan
VIM, Y1 BCE CKa3aAl HaM HECKOABKO AACKOBBIX CAOB,
CIIPOCUB, Ha KaKOM SI3bIKe MBI IIPEANIOUNTAEM TI'O-
BOPUTb, I U3BUHSISICh, YTO HE MOI'YT FOBOPUTH
C HaMU I10-PYCCKU. 3aTeM HaCAEAHUK ITPEAAOXKYA
pYKy npuHLecce, mpuH1y Kapa MmHe, npuHiy EBrenuin
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Aaean Pamsait, [Tana mapam Mépuep, Pamsait mapam
3UAEHOAAT U T. A., I BCE OTIIPABUANCH B CTOAOBYIO.
Y0paHcTBO KpacuBoe, Macca 1jBeToB. CeAl 3a CTOA
B TOM >Xe NOPsIAKe, HAA€BO OT MeHs1 npuHL Kapa,
a Hampaso ¢paHLl. MuHUCTp Mapurad. [oBopuan
peun 3a BCeX TOAyYaTeAell, I OHM BCE OTBEYAAM.
Bo Bpems peueit Bce BcTaBaAu (AaXke HACAEAHIK)
1 IOTOM NKAU Ha 3A0poBbe. [Tama ckazaa Xxopoluo,
TOABKO HavyaA Tuxo. Mou oba cocepa Bo Bpems
BCTaBaHMII CBOMMM AAVIHHBIMYU PYKaMM OIIPOKM-
HYAM MOM OOKaAbI (IIPMHL] OYEHDb BBICOK U XYA),
MPMHL] Ha4yaA, s IepecTaBuAa BTOPOIl OOKaA
Ha APYT'YIO CTOPOHY — MapiaH ero paxxe pasoua,
1 006a oHM DeCITOKOMAMCH 3a Moe maarbe. [Tocae
Y)KVHA OIIATD ITOA PYKY BCEe BEPHYANCH B TOCTHHBIE,
TA€ TIPMHLBI IPOOBIAY AO 4aCy, MBI AO 2-X, Pasro-
BapyBasi Ha BCeX sI3bIKaxX. TaKk 3aKOHUMACS TOpXKe-
CTBEHHBIN AeHb. B BockpeceHbe B 10 2 MbI IToexa-
AV 32 TOPOA Ha 3aBTPaK K 3A€elIHEMY MaTeMAaTHKY’,
6b1A0 HaC 50 YeAOBeK (51 ObIAA B YEPHOM CO CTEKASI-
pycom). 3aech OISITh OOABLION TOH: AeAu Pamsait
BEA XO35IMH, I1aIa XO351/KY, 8 MEHS 3AEIIHII MUHUCTP
VIHOCTPAHHBIX AeA. BCé OpIAM MaA€HbKYE CTOAVIKU
Ha 4—2 yeaoBeka. [Tama cea ¢ myTeliecTBeHHMKOM
CBeaA€eHOM, KOTOPBIN >K1A B baky 1 MHOTO myTele-
CTBOBAA I10 HALlIVM a3MaTCKUM BAAAEHMSIM, C HUM
[Tama oTBeA Aylly, TOBOPS MO-PYCCKY, a s ObIAa
B OOABLIOJ ITepeAeAKe, T. K. Aeau PaMaail maoxo
rOBOPUT MO-(PPpaHIy3CKM, U OTAYBAAACH 5. XO35MH
OIISITh IIPOCAABASIA CBOMX TOCTeil U OAaropapua
34 4eCTb, a FOCTU eMy oTBevaAu. [Tama ckasaa Bce-
IO HECKOABKO CAOB, S ’K€ TaK 3aChIIIaAa XO3SVHY,
YTO OH Ha APYTOJl AEHb PMCAAA MHE CBOIO paboTy
AAst Boau 1 ckasaa, 4To OyAeT CYaCTAMB BUAETD
Boarto B unicae cBoux yueHnKoB! O6CTaHOBKa UMCTO
apTUCTUYeCKast, a OMbAMOTEKA OAHA U3 OOIIMPHEN-
KX U peadaiix. B ero kabuuere 61oct Koaaes-
CKOJ U ee KapTUHbI, OHA ObIAQ OYEHb APY>KHA
¢ HuMmu. BepHyaucp pomoin B 4. Ilepeopeanch
u BMecTe ¢ J. A. Hobeaem noexaau kK MépHepam.
Y rpa¢vHu 5 OblAQ B UEPHOM C A€TKUMM AUPOM.
OrnsATh TOP)XeCTBEHHOCTh — 00eaaAy mpodeccopa
1 akapeMuKy, Bcero 40 yeaoBek. OISITh 3aCTOAbHbIE
peun, u [Tana 3pAeCh MeHsI MOpa3uA — rOBOPUA TaK
XOPOLIO 1 >KUBO, YTO €My MHOTO XAOTAAM, TOBOPUA
akcripoMToM. Bor Bam u Hemen! Ilama cupea
MeXAy rpaduHeit u aeau Pam3sait, a st MeXAy rpadom
n 3. A. Ho6eaem. Toapko 3a Kode BbIIIAU
A€TU — 6 YEeAOBEK M OAMH Ayullle Apyroro. Maab-
YUIIKY OYeHb PELIUTEABHO BCTYIMUAM C HAMU
B IlepenaAKy AAsl 0OMeHa MapKaMu. Tak mpouiea

° Vimeercst B BuAy M. I. MutTar-Aeddaep (Mittag-Leftler)
— BUAHBIII IIBEACKUI MaTeMaTuK, YAeH LIIBeACKoI KOpoAeBCKOM
aKapeMMu Hayk.
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BTOPOII UYAHBINI AeHb. Tenepb Ha ICXOAE TPETHUIL.
B 12 I'lana unTtaa Aekuuio B AKapAeMUM, HAPOAY
OBIAO HEMHOTO, T. K. MAAO KTO ITOHMMAeT HEMELIKYI0
peub; unTaa Ilama xopoIio — rpoMKo, sICHO, )KMBO.
ITocae Ilama moexaa MoAy4yaTb A€HBIM, @ S OCMa-
TPUBAaTb HOBYIO HapOAHYIO HIKOAYy. UyaHoe
110 CBOEMY YAOOCTBY 1 IPOCTOTE 3AQHME; 3aTEM
s TIMAQ Yali, ¥ MeHs yrolaau Kouperamu ot Poerin
y aupexTtopa Hobeast. Tenieps 5 yacos. [Tamna oae-
BaeTCs, YTOOBI IMoexaTb K KOPOAIO Ha 00eA,
a s oeAy MUTh 4ail K npodeccopy CaHTeCCOHY,
4YTOOBI HE OCTaBaThCSI OAHO B rOCT. AOAXKHA KOH-
4aTb, T. K. HAAO OA€BaTbCs, YTOOBI OBITh TOTOBOIL,
Koraa nmpodeccop mpuieT 3a MHoit. Kpernko 1eaywo
Bac Bcex moux muaouek. ITana 4yTh He pBeT nepo
y MeHs. BoaHyeTcs: oueHb-OueHb. BrleskaeMm
B cy660Ty 4-r0 B 11 u. Beuepa» (Kuura nocrymnae-
Huit Ne 3, uns. Ne 239/3).

ITocaeaHee 13 tiicem, HanucanHbix Cepadbumoit
BacuabesHoit AeTsAM 13 CTOKIOAbMA, AQTMPOBAHO
2 Aekabpsi:

«2-ro Aexabps Yetsepr.

Buepa yrpoMm nmoayunaa Barre miucbmo, Mmou He-
HarAsIAHbIE, TaK 005Aach 32 MOero MypuylIKy, 4To
AKe BCIAAKHYAQ, MpoBoAuB Ilany B Akapemuio,
MMesl YaC BpeMeH! AAS MOEro TyaAeTa. DTO Io-
CAeAHee Moe MUCbMO — B cy060Ty 4-ro B 11 4.
Beuepa Bble3)KaeM, HaKOHell, AOMOJI, U B IIOHEAEAD-
HUK (6-T0) yTpOoM OYAE€M AOMa; eCAM BBIVIAET Iepe-
MeHa, To byay TeaerpadupoBatb. [TocaepHee Baure
MVICbMO MeHsI CMABHO 00PapOBaAO U YCIIOKOMAO.
At 661 Bet 661411 350p0BbI! CeropHs mocAepHee
TOpXeCcTBO — 00ep y 6apoHa 1lltaast o Toaba-
IITeNH, 3aMe4YaTeAbHOI'O HAlllero IT0CAQ, I TOTAQ
MaA€HbKasl IIepEeABIIIKA, Y NIPOIaAbHble BU3UTHL
Ha nmopapku He HapelTeCb — AEHBIM ITABIBYT,
araaBHoe HeT BpeMeHU. C yTpa 11 A0 Beuepa CIlemly
1 MeHblIe 2-X pa3 He Iepe0AeBaloCh, T. K. 3AeChb
OueHb CTPOro Ha TyaAeTsl. Ecam ecTb 2 uaca nepe-
ABILIKY, TO AOA’KHA IIOAYMaTb, KyAa B UeM eXaTb,
KOMY II0CAATh KapTOUKY, KyAQ €XaTb CAMO, KOMY
YTO CKa3aTb MHTEPECHOEe, AOIMMCATDb Y>Ke MUChbMa
UT. A UT. A. Buepa nepep 20-10 poamaMu AeprKara
LIeAYIO pedb ¥ HeMHoro cMmyTuaack! Kakoso! 3Ha-
eTe, AeTH, MbI TaK YCTAAHU, TaK TSDKEAO AASI HAC —
“He IyTelIeCTBOBATb, @ TPUYM(pAABHO IIECTBOBATbD.
Beab 3A€Ch KOXXABIN 32 YECTb CUMTAET BUAETD HAC
y ce0s1. Ha yaniie 11 To Beab: “TIO yAULle BOAMAM HAC,
Kak OyATo Hamokas”. Aa, TsDKeAa Thl, anka MoHo-
maxa! He TOABKO MBI, HO Aa’Ke IPVBBIYHbIE aHTAM-
JyaHe y>Ke CIIMANCD, M BUepa, Ha Beuepe y mpodec-
copa Capa IleTepcoHa OAMH 13 HUX, CTapUYOK
PoAAeit, TOAPEMBIBAA ¥ TOBOPUA: “COBCEM CUSITEAB-
HBIIT, Topa Aomoir”. [Tama nmpeycreBaeT: BBIXOAUT
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MEePBBIN U3 SKUIAXKa U MTOAAET MHE PYKY, AaMaM
OTBaAMBaeT KOMIAMMEHTHI! Lleaylo ropsuo Bcex
Bac, moux roay6unkos, Bepy Bac., Tetio OAlo, AsiAI0
Cepexy, Kuto, H. M., H. H. u ip. Aenbru 6parp He
HIpUHATO — Bce (Hepa3bopuuBo) nepesean B ITe-
TepOypr. Hy, BoT 1 Bce. 3pech 3uma, 5-6 Moposa.
ITama 1 1 TOABKO 1 MeuTaeM 00 oTAbIXe. Bamy mama
u mama. Bcem kaaHsArocs — Mappiomke, Maire,
VBany» (Knura mocrynaennit Ne 3, uns. Ne 238/3).

VYxoa W. I1. [TaBAaoBa
13 BoeHHO-MeAULMHCKO aKaAeMUn

APpyruM MHTEpeCHBIM AOKYMEHTOM, XPaHSIILIM-
Cs1 B My3elHbIX POHAAX, SBASIETCS TIOAAVMHHBIN
yueTHO-BouHCKMit 6uaet V. 1. ITaBaoBa (Kuura
noctynaennit Ne 3, uuB. Ne 301/3) — HeboAb1Ias
KHIDKeuka pasmepoM 15,5 x 11,5 cMm, cocTosias
13 16 cTpaHull 1 00A0XKKM 13 TOHKOI TTOYKEATEBIIIEN
6ymaru (puc. 4 - 6).

Puc. 4. Yuetno-BouHckuit 6uaet U. I1. TTaBaoBa
(dbona myses, uns. Ne 301/3)

Fig. 4. Ivan P. Pavlov’s Military ID
(Museum collection, inv. no. 301/3)
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Puc. 5. Bocbmast 1 AeBsiTast CTpaHULIbl y4eTHO-BoMHCKoro 6uaeta V. IT. TTaBaoBa
(dbona mysest, uus. Ne 301/3)

Fig. 5. Pages 8 and 9 of Ivan P. Pavlov’s Military ID (Museum collection, inv. no. 301/3)

Puc. 6. ABeHaALiaTasi CTpaHMLa y4eTHO-BOoMHCKoro 6uaeta V. IT. ITaBaoBa
(dbona mysest, uus. Ne 301/3)

Fig. 6. Page 12 of Ivan P. Pavlov’s Military ID (Museum collection, inv. no. 301/3)
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B Hee 3aHeceHbI AOBOABHO (hOPMaAbHbIE CBEAE-
HS1 0 BOEHHOI CAy>KOe VIBaHa ITeTpoBuya: ykasa-
HO ero obpasoBanue (B paspeae «Ob1ee 06paso-
BaHue» HamucaHo «OKOHYMA TUMHAa3UIO»,
IIOYEMY-TO HeT CBeAeHUl 00 okoH4yaHuy CaHKT-
[TeTepOyprckoro yHuBepcureta). B paspeae «Bo-
€HHOe BBICIIIee» yKazaHa BoeHHO-MeAuLMHCKas
akapemus (BMA), koropyio [TaBAOB OKOHYMA
B 1879 1. AaAee MAYT CBEAEHNSI O J)KEHE U AETHX,
a Ha LIeCcTOl CTpaHULie CTOUT OTMEeTKA O CHATUU
€ro C BOMHCKOTO y4yeTa BOEHHBIX Bpayell 110 BO3-
pacTy Ha ocHoBaHuu npukasa PBCP Ne 1638
or 1922T.

AeBsiTas CTpaHMLA IIOBECTBYET O IIPOXOXKAEHUA
ITaBAOBBIM cAY>XOBI B TIeprop A0 OKTSI0pbCKOM
peBoatoLu (puc. 5), a ABeHaALlaTast — O IPOXOXK-
AeHuu cAyx6s1 B KpacHont Apmun (puc. 6).

Ha mocaepHel mecTHaALQTON CTpaHULE YKa-
3aHO, YTO [TaBAOB He IIPMHMMAA Y4aCTVsI B BOEHHBIX
«IIOXOAAX M A€AAX IIPOTUB HemnpusTeas». Homep
BouHCKOro omaera ITaBaoBa — 16778. ITocaepHss
3aMuch paTupyeTcs 5 aBrycrta 1925 roaa.

VBau IMetpoBuy, baecTsine oKOHYMBHIUNI Bo-
€HHO-MEAMLIMHCKYIO (Toraa euje MeAuKo-Xupyp-
I'MYeCcKyI0) akapeMuio B 1879 roay, 6b1A ocTaBA€H
IIpY Hell KaK OAVH M3 AYYIIMX BBITYCKHMKOB, pa-
00TaA B 3KCIIEPUMEHTAABHOI AaOOpAaTOPUM Y IIPO-
deccopa C. I1. BorkuHa, 6p1A HaIPaBAEH aKaAEeMMU-
ell Ha CTOXMPOBKY B [epMaHMIO K M3BECTHBIM
esponerickuM pusnoasoram K. Aroasury u P. Teit-
AEHTaITHY, IOAY4YUA, HaKOHel, B 1890 roay kadeapy
¢dapmaxoaoruy, a 3atem (B 1895 roay) u xadeapy
¢dbusmorornn, o KOTOpou Tak Meutaa. [Touctune,
BoeHHO-MeAMIIMHCKAs akapeMust ObiAa ero alma
mater, HO B 1924—-1925 yueOHOM rOAy OH pelIaeT
IIPOCTUTBCS CO CAYKOOM B aKapeMMM B 3HaK IIPO-
TeCcTa IPMHATOMY TOTAQ IIOCTAHOBAEHMIO O 3aIpe-
Te TpreMa Ha OOyuYeHUe AeTell T. H. «AUILEHIIEBY,
CpeAV KOTOPBIX YMCAVIAVIC U A€TY CBSILLIEHHOCAY-
JKUTeAell. Byayuy caM CbIHOM CBSIILIEHHMKA, OH CUEeA
AAST Ce051 HEBO3MOYXHBIM MPOAOAJKATh CBOIO Ha-
YUHYIO U TIEAQTrOTMYECKYIO A€SITEABHOCTD B aKaAe-
muu. ITopaHHOE UM 3asiBA€HVE 00 YXOA€E AOATO He
MOAIMCBIBAAY, HO OT 9TOrO pelnMocTb laBaoBa
He YMEHbIIAAaCh, U, HAKOHell, BOEHHbIe BAACTHU
peIIVAM YCTYIIUTD ero xeAannio. K nprucaannomy
[TaBAOBY yueTHO-BOMHCKOMY OMAETY IPMAAraeTcs
COIIPOBOAUTEABHOE INMCbMO, AATMPOBaHHOE
14 aBrycra 1925 ropa, a Takxe yBeAOMAEHUE
OT HAAOTOBOTO YIIpaBA€HUS 00 0CBOOOKAEHUY €r0
OT YIIAQTBI «HAAOI'a II0 COBOKYITHOCTH AOXOAOB 32
I moayropue 1924/1925 r.». Kpome Toro, B KOHBEPT
BAOKEHO MIChbMO HayaAbHUKAa BMA npodeccopa
B. H. ToukoBa, HamMcaHHOe Ha AUMHOM OAaHKe
Ne 15139 ot 7 uroast 1925 r. (puc. 7).

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

HAYAJIbHNH
BOEHHO-MEAMUMHCKOM
AKAQEMUW PHEA & Dn.0CCP.

Npocreccop B. H. TOHKOB
/, Mons 1925,

I M15139

TnyGoroyBamaeMufl 4 poporoft

UBan TMerpoBuy.

CayiceOHs 5-81-29,
JiuHGA  5-31-59,
REAVETPOTPEAR
r.JleEnHrPAS .

Teneo, { C 4yBCTBOM PNYOOKOro COXANIEHAR A BHHYRJEH

GHJI IOBECTH [0 CREJeHMA HAUANBHMKA BOEHHO-

BELOMCTBY OT 27-T0

YROBNETR 4K Bamero

v Bamero perie-

MBHETENBHOCTH U ONATONBDHOCTH

CHO
npodec-
Axagemury i, 0 ueM

yumee npejcTaBeHAe

w0 MHO©

nABIOBY, HAUB.J

Puc. 7. I'lucbmo V. T1. TTaBAOBY OT HauaAbHUKA
BoeHHO-MeAMIIMHCKOIT akapeMuy mpodeccopa
B. H. Tonkosa Ne 15139 ot 7 uroast 1925 1.
(doHA mysest, uuB. Ne 301/3)

Fig. 7. A letter Ivan P. Pavlov received from Professor
V. N. Tonkov, Head of the Military Medical Academy,
Saint Petersburg, No. 15139, dated 07 July 1925
(Museum collection, inv. no. 301/3)

On nuuret:

«I'AybokoyBakaembli1 1 Aooporoii ViBau [TetpoBuy!

C 4yBCTBOM IAyOOKOTO COXKAaA€H 51 BBIHY)KAEH
OBIA AOBECTU AO CBEAEHMsI HadaAbHMKa BoeHHO-
CanurapHoro Ynpasaenus PKKA un ®a. CCCP
o Bairem 0KOHUaTEABHOM pelLleHNY OCTAaBUTD CAYXK-
0y B akapemun. B pesyabTaTe Moero poxkaapa
B HAcCTosillee BpeMs IIOCAEAOBAA IIpUKas3
10 BOEHHO-CaHUTAPHOMY BEAOMCTBY OT 27-TO UIOHS
1925 r. 3a Ne 124 06 ypoBAeTBOpeHUM Bairero
YKeAaHU.

BMmecrTe ¢ TeM cuuTam AOAroM coobuuTh Bam,
4TO 1pu 00CyKAeHnM Baiiiero pereHust OCTaBUTD
AKaAEMMUIO, BCEMU YAeHaMU KOHbepeHI[nn ObIAO
BBICKA3aHO VMICKPEHHEee CO’KaA€eHMe IO IIOBOAY
Baurero pemenust u raybokasi pu3HaTEAbHOCTh
1 0AArOAQPHOCTD 3a Bce, Bamu cperaHHoe AAs
aKapAeMUN.

PexomenpoBaHHbIN Bamu, B kauectBe Baittero
npeemHuKa, A. A. Opbeau KoHpepeHLMeiT akape-
Muy 20-TO MUHYBIIETO MIOHS ObIA U30paH eANHO-
TAQCHO KQaHAVAATOM €€ Ha 3aMelleHe AOAKHOCTHU
npodeccopa akapemuu o kabeape GrU3NOAOTUH,
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0 YeM MHOIO y)Ke CA€AQHO COOTBETCTBYIOILIee ITPEeA-
CTaBA€HlMe HadaAbHUKY BoeHHo-CaHuTapHOro
YipaBaeHus.

VlckpeHHe yBaskarolwmil U peAaHHbIN Bam

B. ToukoB» (Kuura mocrtymaenunm Ne 3,
uHB. Ne 301/3).

ITucbma BoeHHOTO BpE€MEHU

Ectb B poHAaX My3esi Lieaasi ToAOOpKa HeM3BeCT-
HBIX IIICEM, OTHOCSIIMXCS K Beankoit OTeuecTBEeHHON
BOJHe. JTO NMCbMa, HanucaHHble Baapumupom
ViBanoBuuem ITaBAOBBIM 1 YA€HaMU €rO CeMbU U3
aBakyauy. Ouu appecosanbl Cepadrme Bacuabes-
He TaBAoBoI 1 pAaTupyrorcsa 1941-1942 rt. VI cHoBa
CO CTPaHUL] 3TMX YACTHBIX MICEM >KMBO BCTAIOT
coObITHsI TOrO BpeMeHu. Kak n3BecTHO, MHCTUTY-
TbI AKapeMMM HayK M MHOTME APYTrue Hay4YHbIe
yupexxaeHus AeHMHTpaAa BMecTe ¢ 000pYyAOBaHU-
€M 1 COTPYAHMKaMu ObIAM 9BaKyupoBaHbl B Kasanp
1 ee okpecTtHOCTHU. B. V. TTaBAOB OBIA U3BECTHBIM
dusukom, ¢ 1921 r. — npodeccopom Kadeaps
¢r3uKy XMMUKO-TEXHOAOTMYECKOTO MHCTUTYTA
B AeHuHrpaase. 3aHMMAACS MCCAEAOBAHMSIMU
B 00A2CTV MOAEKYASIPHOV GUBVKY Y SAEKTPOHMKMI.
V3y4aA mpo6aeMbl BO30Y)KAEHVS aTOMOB AEKTPOH-
HBIMU yAapaMy, MeXaHM3MbI 9TOTO BO30Y)XKAEHNS,
OIIpEeAEASIA 3HAUEHV ST KPUTUYECKMX ITOTEHLMAAOB.
ITo3s>ke 3aHMMAACS MICCACAOBAHYEM SBAEHUI, CBS-
3aHHBIX C 6OMOAPAMPOBKOI TTOAOXKUTEABHBIMU
MOHAaMM MeTaAANYECKMX ITOBEPXHOCTEN U U3yye-
HUEM DAEKTPOAM3A Yepe3 IIOCAEAOBATEABHO pac-
IIOAO>KEHHBIE ABE CPEABI, OAHOV 13 KOTOPBIX SIB-
AsieTcs ra3. Hammcaa yyeOHMKM AASL BY30B
«Onruka» 1 «Kypc aaeKTpuuecTBa I MarHeTU3Mar.
Bropeim 6pakom oH ObiA sxeHat Ha Tarbsine Huko-
AaeBHe OpELIHNKOBO, C KOTOPOU IIPOXHUA AO
KOHL]A CBOVIX AHEI. Y HUX POAMAOCDH TpOe AeTelr:
Aropmuaa (1928 r. p.), Mapus (1930 r. p.) u ViBaH,
KOTOPBIN MOSIBUACSI Ha CBET HaKaHYHE BOJHBI
(1940 t.) 1 K ee HayaAy OBIA el1[e COBCEM MaAEHBKVIM.
B. 1. ITaBAOB 6b1A 5BakynpoBaH B KazaHb BMecTe
c MHCTUTYTOM, TarbsiHa HukoAaaeBHa exasa B aBa-
KYyaLMIo OAHA ¢ AeTbMU. HiDke IpUBOASITCS IepBble
13 ee COXPaHUBLIMXCS B GOHAAX My3es MMUCEM
1941 ropa, appecoBaHHbix cBekpoBu C. B. ITaBao-
BOJ M IIOCAQHHBIX U3 Toceaka bopox fIpocaasckoit
obaacTu:

«20 Bockp. Aoporue mou Cepaduma Bacuabes-
Ha u Harama!™

Buepa nmoayunaa Baury oTKpbITKY, U3 Hee BIDKY,
4TO BBI MO€ MMCBbMO He TOAYUMAM, TAE 51 TOAPOOHO
OIMCBhIBAAQ HAIM MYKM, MMEHHO XOXAEHUe

10y TTaBAOBBIX B A€HMHIPaAe B 5TO BPeM:I )KMAA IAeMIHHY-
a Cepadumbl BacuabeBHs — Hataans HuxoaaeBHa Cuxopcekast
(B 3aMy»)KeCTBe DAbLI).
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o MyKaM. BTOpMYHO MOBTOPSITH BCe, YTO OBIAO
HaIlVICaHO, HET HU CUA, HU >KeAaHMs1. CKaXXy TOAb-
KO OAHO, UTO HUKOTAQ B JKM3HMU He Ipolly s cebe
TOV TAYIIOCTU, KOTOPYIO CA€AaAQ, a UMEHHO, yexa-
AQ C AETBMMU U3 FOPOAQ, yeXaAa BTOPOIISIX, B35IB
¢ cobort moutu uto Huero. He 3Hato Huyero o Boae,
TA€ OH U IIpMeAeT AM K HaM. [ Tucaaa emy 1 MoAHUY,
M OTKPBITKY, M MIUCbMA; Buepa Ipyuexasa OAHa
3HaKoMas K HaM ¥ CKasaAa, 4To Boas moayuma
TOABKO OAHY MOAHMIO I MUAOYKMHO MMCBMO.
HaBepHoe, mouTa MAOX0 HaAa’KeHa, U MUCbMa
He AOXOAST. MbI 3A€Ch )XKMBEM COBCEM OTOPBAaHHBIE
OT MIUpa B A€PEBEHCKOI rAyliu B 28 BepcTax
OT CTaHLIUM; PAAMO HeT, ra3eT, TaK UTO IPUXOA
MOYTAABOHA — COOBITHE. YCTPOUAKCH MBI OTAEAD-
HO OT APYTMX — MHe IIPeAOCTaBUAU AOO KOMHa-
Ty B OOABIIOM AOMeE, TA€ pa3MelleHbl Bce pebsiTa
85 4. Au60 0TA€ABHO — 0aHsI M OKOAO KpOIlleyHast
KYXHS. /I 0OCTaHOBMAACh HA TIOCAEAHEM.

O6cTaHOBKa y Hac Takasg — BaHroma cnur
B AEPEBSIHHOJ KpOBaTKe, KOTOPYIO AQAU AOOpBIe
AIOAV. MMAYIIIA CLIMT TIPSIMO Ha IIOAY Ha Ky4e CEHa,
ITIOKPBITOM OA€EsIAOM, MBI C MaHell Ha AepeBSIHHO
CKaMeliKe — yTpOM 0e3yMHO OOAUT CIIMHA U HOET
BCe TeAO. PebsiTa moxyaeAn, HO BUA OOAPBIIL, ep-
Bble AHM MBI ¢ MIAYIIel MHOTO IIAAKaAH, Telepb
MOTIPUBBIKAU U O0XKMAKCH, K HAM Ceifyac mnepe-
6pasace Aropmraa CepreeBHa ¢ Oaeukoit u ITaB-
AVIKOM, ¥ HaM CTAaAO KYAQ YIOTHEN U BecCeAel],
obepaeM 1 BOOOIIe KyIlIaeM MbI AOMA, T. €. bepeM
TOTOBYIO €AY ¥ EAVIM B CBO€l1 OaHbKe, a He B 00111et
CTOAOBOJI, TA€ Y>KacHasi rps3b. IlpaBaa, v Mbl cyn
€AVIM U3 ABYX TAVHSIHBIX TapeAOK, HO BCe >Xe 3TO
He Tak NpoTMBHO. EAa y HAac 04eHb U OYeHb OAHO-
oOpa3Hasi, yTpoM 4ait 0e3 caxapa ¢ KyCKOM xaeba
6e3 macaa (MacAao OueHb PeAKO), B 2 yaca 0bep, cyT
OpaHAAXABICT 1 Kalia. BeduepoM Kalira co cTakaHOM
MOAOKA. fl y KpeCTbsIH KyIuaAa KapTodeab, MeA,
SILIA U KQ&KABIN AeHb 0epy 2 A. Y4YAHOTO MOAOKA.
Banrolia mpucrnoco61ACs 1 MeHbllle BCeX OIyliia-
eT AMIIEHMs], eCT 3a ABOUX, Oeraetr Bechb AeHb
Ha YAULIE, TTAAQET, UTPAeT C MAAKaMM Y MaXkKeTCs
B Ipsi31. ’KaAb MHe MO€ro KpoIleuKy AO CAe3, TIpU-
IIAOCH COPUTb €My BOAOCKUL. £ eMy 10 yTpam Bapio
TOAOKHO, BBITASIAUT OH HEIIAOXO, OYeHb BBIPOC,
Hay/HaeT FOBOPUTb HOBBIE CAOBA, AAM, HA, HET.
Beab y Hero 6€AHOTO HET HU OAHO UTPYLLIEYKU, U
KOH(}ETKM KOHYAITCs. [0CoAr XOTh OBl CKOpeit
AOMOI1, a TAaBHOe usBecTust oT Boau. Kak Tspxeao
1 TOCKAMBO Ha pyure. Kak To Ber Bce xxuBeTte? I1n-
IMTE, POAHBIE, 000 BCeX, a rAaBHOe o cebe. Kper-
Ko Bcex Bac oOHMMal0 1 Lieayio,

Bama Tausa» (Kaura noctynaenuit N° 3, uHs.
Ne 137/3-1).

ABa cAeAYIOIMX KOPOTKUX MMCbMa HaIMMCAHBI
Ha IPOCTBIX IOYTOBBIX KAPTOUYKAX:
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A. WM. Ipomosa

«Aoporue mou Cepaduma BacuaveBHa u Ha-
Tama. Buepa noAyunau Baury oTKpbITKY. Bbl H1ue-
ro He MuIIeTe, CKOABKO TIOAYYMAM OT HAC IMCEM.
A Hanncaaa Bam 2 nucbma 1 2 oTKpBITKU. Boasi Bce
ellle He IIpMeXaA, HO 51 OT HeTo MMeI0 U3BeCTHU yKe
13 KasaHuy, )xpeM ero co AHs Ha AeHb. He 3Hato, 4TO
MBI peIIVM, KaK ObITb AAaAbllle, MHE AUYHO, AQ
¥ BCEM HAlVM CTPALIHO XOUeTCsI BEPHYTHCS AOMOI.
Hey»eau aTo HeocyuecTBuMO. PebsiTa 3A0pOBBI,
IpaBAa Bce epeboAeAr aHTMHOM, Y BaHtomm pAaxxe
Temmepatypa 0piaa 40. Y Muaouku 6p1A0 2 A€TKuX
MpUCTyNa anneHAuuuTa. IluraemMmcsa Mbl Tenepb
O4YeHb XOPOLIO, EAVHCTBEHHO ObITOBbIE YCAOBMS
y>KaCHBI, HET CBETA, CTYAbeB, CTOAOB, KpOBaTell,
CIIVIM Ha CeHe, eAIM 13 OAHOII TIAOLIKM, HO BCE 3TO
€PYHAQ, )K/BEM APY>KHO 1 HaAeeMCsl CKOPO YBUAETb
Bcex Bac popHBIX.

Kpenko njeayem, Bamra Tausi» (Kuura moctymnae-
Huit Ne 3, unB. Ne 137/3-4).

«17-oe.

Aoporue mou! Ha AHSIX moAyuraa NuCbMO OT
Boau, oH ycTpounacs B KazaHu 1 BO BTOPHUK IIpU-
epeT 3a Hamu. Kak Mbl Tam ycTpoumcs, He 3HAIO,
TOABKO ObI CKOpee OBITb BMECTE U AEAUTb PAAOCTHU
U rope nomnoaam. Boas nuiter, yto 6adyIika oom-
’KeHa, oT4yero Mol en He nuuieMm? f peryasipHo
Ka)KAbIe IIATb AHEel OTIIPaBASIO0 OTKPBITKY, MCbMa
VIAYT AOABIIIE, 2 YACTO ¥ BOOOIIe He AOXOAAT. OT
Bac nmero ToAbKO 2 OTKpbITKU. A yrKe mocaaaa 11.
MBI oka Bce 3A0poBbl. PebsiTa nepeborean aHrn-
HOI1, a y MUAYILIY HET Aa HeT, a TOBTOPAIOTCA IPU-
CTYIIBI QNIIEHAMLIATA, 3TO KOHEYHO M3-3a Ipyooit
MUIIM U YePHOTO XAeba, CKopeil Obl B TOPOA.
A1 oueHb 6010CH 3a pebSIT, Aa U cama st UBMY4MAACh
1 pusmaecku, u MmopaabHo. [Tuiry Mapyce'!, 4To6s1
3abpaaa BCe 3MIMHMeE BellM M MOY MAQTh, 5 B3sIAQ
TOABKO 2, 1 exaAa 6bI K HaMm B KasaHb.

Byabre 3p0poBsl. Kpenko Leayewm, Taus» (Kuu-
ra nocrynaenuit Ne 3, uus. Ne 137/3-7).

OAHO 13 muceM, O-AeTCKU ONTUMUCTUYHOE,
HanucaHo C. B. [TaBAoBoII cTapiuei BHyYKO TPU-
HaAlLaTUAeTHe Muaon:

«Aoporas babyaenbka!

ITouemy TbI Ham He nuienb? Kak TBoe 3p0po-
Bbe? MbI 0 Tebe oueHb becriokonmcs. XKaem narry,
OH y>Xe He paaeko. O Hac He Oecrokoiics. Mbl
JKMBEM II0-CcTapoMy. BaHiopa nmotoacTtea. Beposit-
HO, CKOPO YBUAVMCs1, Mbl PaCCUMTbIBaeM IpHexarThb
K mKoae. [Tpuiiay, noxaayicra, bymaru — y Hac
BCsI KOHYMAACh. MBI 4aCTO XOAMM I'YASITb Ha BoAry.
A 3anncaaack B 00TaHMYECKUI KPY>KOK U 3aHMMA-

I Mapycst — cectpa Tarbsiuer HuxoaaeBnsl, Mapust Huko-
AaesHa lemanckas (yp. OpemrHukosa), octaBaaach B Komaposo
mop AeHMHrpapoMm, B Aoome, KynaeHHoM V. IT. ITaBaoBbIM emje
B 1930 roay. Bo Bpems aBakyanuy oHa BMeCTe CO CBOMMU ABYMs
AETbMM TIOTMOHET Npu 6oMOapAUPOBKE.

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 4

1ocb. Ho Bce-Taky CKy4HO — HeT KHUT, eCAU MO>Kelllb,
npuiian. Ceryac npem o6eaats. Lleayio MmHoro pas
Yl MeYTalo yBUAETbCS. Muaa» (Kuura nocrynaexnit
Ne 3, unB. Ne 137/3-2).

Caeayromee mcbMo ot 15.08.1941 r. mpucaaHo
B. 1. TTaBaoBbIM n3 Kazauu:

«r. Kaszanp, [TapoxopHas npucranp, 15-oe AB-
rycta, ITaTuuua, 12 4. AHA.

Aoporas mamouxa!

[ToAayuna ot Tebs1 OTKpPBITKY OT 31-ro Kak pas
B AeHb TBOUX MMeHNH. OHa 3a1103A2Aa, T. K. appec
OBbIA HaIMCaH He OYeHb Pa3bOpPUMBO, 1 51 CaM yKa-
3aA Ha Hee OapblliiHe, padbupasiieir moyty. “Ao
BOCTpeOOBaHMs HY)KHO NMICATh 0COOEHHO YeTKO!
[Mumnre Teneppr MHe npsiMo Ha VIHcTUTYT (appec
Ha KoHBepTe)'%

OueHnb pap, 4T0 y Bac Bce 6Aaromnoay4Ho, 1 41o
Tbl, HAKOHELl, TOAY4YMAA U3BECTUS OT A€BOYEK.
BmecTe ¢ TBOMM IUCBMOM U 51 IOAYYMA II€pBOE
nucbMo ot Tauum (aae cpasy asa!). Ha mpucranu
51 HAXOKYCb IIOTOMY, UTO MOAY4YMA OT VIHCTUTYTa
KOMaHAVPOBKY Cbhe3AUTDb 3a CeMbell U NPUBe3TU
ee CI0Ad. 3AeChb YCAOBUA, BO BCSIKOM CAY4ae, Ayuvllle,
4yeM 110 X IMICbMaM Yy Hux B bopke. AeBouex s yxe
ONpEeAEAMA B CaMyIO0 Ay4IIyIO IIKOAYy N° 19
rop. Kaszanuy, koTopasi, KCTaTy, He OUeHb AAAEKO OT
Moero MHcTuTyTa. Kak TOABKO NMpUEAyT — HauHyT
3aHMMATbCH, XOTA U C HEKOTOPbIM OINO3AaHMEM
(navaao sanaTuir 20-oe aBr., a BEPHYCb 5 C HUMU
He paHblile 25-10). VIHOCTpaHHBIN SI3bIK OYAET He-
MeLKuil. B 9TOM OTHOIIEHUY BCe KaK OYATO yCTpa-
MBaeTcs xopouo. HeckoabKo XyXe ¢ KBapTUPOI],
XOTs, KOHEYHO, AOCTaTOYHO YAQuHO. B VIHcTUTYTE
KOMHATa AOCTaTOYHasI, C KpOBATSIMY, OTOIIAEHMEM,
BOAOIIPOBOAOM, HY KOHEYHO 0€3 MAUTBI U 6e3
BaHHBL baHs 3AeCh 0YeHb XOpOIIasi M HEAAAEKO OT
MHcTuTyTta. PRIHOK TOXe MMeeT yAOOHOe TpaM-
BaitHoe coobuenne. Ham VMIHCTUTYT pacrnioAo>xeH
B Ay4Ille/l 4aCTU TOPOAQ HAa TOpe — CYX0, MHOTO
3eAeHM M OAMBKO OT 3HaMeHuTON peku KasaHku,
10 KOTOPOI1, BIIPOYeM, “CU3bII CeAe3€Hb  Telepb
He [TAABaET, 1 AOOPbIE MOAOALIBI BAOAD €€ HE XOAST.
Buepa BcTpertuna 3peck Mapycio Opbean, koTopast
npuexaaa croaa ¢ Paa. VInct.”?, u Tonto CriepaHckyto,
KOTOpasi KMBET 3AeCh C CBIHOM, MaTepbio 1 Ha-
creHbkoil. Kak HUOYAb 3alIAY MX HaBECTUTD.
3HAKOMBIX Y MEHsI 3AeChb HUKOI'O HeT, TOABKO CO
cBouMM VIHCTUTYTCKMMM COIIAUCH OAMXKE,
a C HEKOTOPBIMMU 1 pa3oLIAKCDh 6oAble! Tpem pamam,
AASL VICTIBITQHMS MIX COYYBCTBMS Hallell ceMbe,
s1 OCTaBMA TPV )KECTSIHBIX OQHKM U3-TI0A XaABBI AAS
HAIlOAHEHMS X K MOeMY IIpue3Ay 0eAoil MYKOIA,

2 «Or mpod. B. V1. TTaBaoBa, r. Kasaub, ya. Kapaa Mapxkca a. 68,
Kas. Xum.-Texn. VinctutyT, kadpeapa Gpusnxm».

13 Mapust AeoHoBHa Opbean — poup A. A. Opbean, pusux-
SAAEPIIVK, HayuHbIl1 coTpyAHMK PapueBoro nucturyra AH CCCP.
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MEAOM U TOIA€HBIM MacAOM. [TocMoTpuMm, KoTopas
13 TpeX MePENAET OT CAOB K A€AY U 3aIIOAHUT CO-
OTBETCTBYIOIYIO OaHKY! 3AeCh OXKUAAETCS YAYY-
1eHe CHabkeHus, T. K. Hapkomnuienpom nepe-
€XaA CI0AQ — BO BCSIKOM CAyYae, yIIpaBA€HUYECKHUII
arnmapat. Mbt HapeeMmcst, uTo 3a “TaaBkonpnTepom”
MOSIBSITCSI CAAAOCTH, a 32 “I'AaBKOHCEPBOM” 1 KOH-
cepBbl. BooO111e roBOps1, 3A€Ch BCE MOXKHO AOCTATb,
HO TAQBHBIM 00pa30M He B MarasyuHax, a Ha pbIHKax,
BKAIOYasl 3HAMEHUTYIO TOAKYYKY, KOTOpasi 3AeCh
nmenyetcs “CopouKoir.

Kax Bupuib, pAeAa HallIM 3A€Ch He TAOXM, AUIIb
ObI MHE OAArOIIOAYYHO AOCTABUTD CIOAQ MOV LIeH-
HbIVI MaTepuraA (AaXke AparoljeHHblir) n3 Pribuncka.'*
Bripouem, ocHOBaHMIT AAST GE€CTIOKOIICTBA HET, T. K.
noe3Aka Ha ImapoxoAe (ImocapKa M BbITPY3Ka) He
IIPEACTaBASIET 0COOBIX TPYAHOCTEN, 0COOEHHO TPy
HAAMYMM PA3HOTO POAQ YAOCTOBEPEHMI, KOTOPBI-
MU 51 3aIaCCA.

Hy Bor, kaxercs, coobmua Tebe Bce camoe
BakHoe. [loka 4To — Bce oueHb xopoio! byab
3A0pOBa, MOs1 MMAasi 6abyiIKa, M CIIOKOIHA 3a
CyABOy cBOMX Ar0OMMBIX BHy4art. JKeaao u Bam
BCSIKOTO OaaromnoAyunst. Kpenko ueayio Te6s1, Bepy,
Haraury — JKene, Maiiie 1 AOreAsIM IIAIO TOKAOH.

Kperko Te6s1 aAro6s1mit cbid Boast» (Kunra mo-
crynaennit N 3, uus. Ne 137/3-5).

Caeayrolilee MMCbMO (TOYTOBASI OTKPBITKA) Ha-
nucaHo 23.08.1941 r. u3 PpiOMHCKa yXe mocae
BOCCOEAVMHEHVS CEMbH:

«23 cybbora.

Aoporas Haura 6abyaeHbka! Baaromoay4yHo Ao-
Opaanch A0 PpiOMHCKA, Yepes3 mapy 4acoB eAeM
AQABIIIE, K COXKaAEHMIO, TOABKO A0 [oppKoro, Tam
OILSITh Mepecapka yXe A0 KOHLA. Bce Mbl Gecko-
HEYHO CYACTAUBBI, YTO, HAKOHEL], BMECTe, 1 Ha-
1IeMy IyTeleCTBUIO BUAEH KOHell. Bce MbI 3A0po-
BBl U OOADPBI, TOABKO OYeHb yCTaAu. BaHeuka
B BOCTOpre OT TapOXOAOB U OKpY>Karolei oocra-
HoBKU. Celtyac ObIAY C HUM B OydeTe, rae OH IoeA
MaHHOJ Kallly ¥ CBEXKMX 11jell. MBICAEHHO MBI BCe
Bpems co Bcemu Bamu, kakue y Bac naanpr? Ha-
A€eMCsl, YTO BCe 3AOPOBBI 1 0AaronoAy4Hsl. I1u-
muTe yamle. Kpernko Bac Bcex Leayem.

Boas, Tausa, Muaa, Mauns u Baus» (Kaura no-
crynaennit Ne 3, uuB. Ne 137/3-6).

B caepyromem nucbMe yxe n3 Kazanu Baapumup
u ero xeHa TarbsiHa 00Aee TOAPOOHO OMMCBHIBAIOT
AETAAU CBOETO MyTelIeCTBYS:

«Cy660Ta 30-0e ABrycra 1941 r. r. KasaHb.

Aoporue mamouka, Bepa u Harama!

S peAKOCTHO yAQUHO CHE3AVMA 33 AETUIIKAMU
B Bopok u BpiBe3 1xX 13 9TOro “0aHHOTO KUAUIIA.

!* BAQAMMMP MMEET B BUAY CBOIO CEMbI0, KOTOPas B TO BpeMs
AOAXKHA ObIAa OBITH yKe B PhIOMHCKe.
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V3 Bopka A0 CTaHLIMM MBI €XaAl Ha TPy30BUKeE.
Ha ctanuum A0 4-ex 4. HouM CIlaA B AOMMKeE CTpe-
AouHVKa. OH HacC 1 ITOCAAMA Ha Toe3A B PhIOMHCK.
B PribuHcKe, 0TKyAa TaHs mocaasa Tebe OTKPBITKY,
MBI ceArt Ha TapoxoA (1s1i1 kaacc!) oo [opbkoro, rae
OIISITD )K€ B TOT K€ A€Hb IIOI'PY3MANCD Ha IIAPOXOA
(b1 kAaacc!) oo Kazanu. B Kazaub npu6biau B 9 4.
Beyepa 27-T0 U Cpasy Co BCeM Oara>komM NnpuoObIAU
B VMHcTuTyT. [To cpaBHeHMIO C GaHei MOsI KOMHATa
MMOKa3aAach BO BCEX OTHOMIEHUSX “ABOpLIOM .
AocTaBuA 51 Bcex B A0OpOM 3A0pOBbBE, a CaM Ha
CAEAYIOLIUI A€Hb OOHAPY>KMA CHABHENIIIee pac-
CTPOJICTBO YKEAYAKA, OT KOTOPOTO MeHS 130aBUA
npuem bakTepuodara. CeroaAHst st epBbI A€Hb
BCTaA C MOCTeAU. TaHs MOKa HeCeT BCIO TSKeCTb
3a00T o0 muTaHuu. ECTh Bce, HO TOMUTEABHBI OYe-
pean. AeBOUYKM y’>Ke IIOAHBI IIKOABHBIX MHTEpe-
COB — MeA. OCMOTP, YU€OHVUKY, TETPAaAU U T. A. BaHsa
MHOTIO TYAsieT U OyssHUT AoMa. O4eHb paA, YTO
y Bac Bce cpaBHUTeABHO OAaromoayuHo. JKeaaro
nonpasku Bepe u )Kene. Kperko 1eayro. Aro0simmit
Bac Boas».

«30/VIII Aoporas most Cepadmma BacuapeBHa!

Bot mbI 1 pooOpaanch po Kasauu. [Tyremectue
Hallle AAMAOCH OKOAO IISITU AHell. B PriOuHCKe mpu-
LIAOCH >KAQTb MAPOX0A C 7 yTpa A0 6 Beuepa, HO
3aTO MOAYYMAM KAIOTY ABONHYI0 Arokc. Ha mapo-
xope ke 1 obepaan. KopMrau BnoAHe IPUAUYHO,
Banroma uyBcTBOBaA ce6sl MPEBOCXOAHO, C HUM
MyTellleCTBOBaTb OAHO YAOBOAbCTBMe. Bo Bpem:
IyTY ObIAQ HACTOABKO CHABHAsI Oyps, 4YTO CMBIAO
MaTpoca C MaAyoObl, ¥ oH yToHyA. B Toppkom npu-
IIAOCH IIepeceCTb, HO TYT MbI XXA3AM 2 yaca, ¥ TOXe
MOAYUYMAU 2 KaIOThl IEPBOT0 KAACCa, Be3Ae TIOMO-
rara Boauna nporekius. ITapoxoabr HAOGUTBL AO
0TKas3a, CIISIT Ha MaAybe, B KOPMAOPAX B CAAOHaX.
Macca peTuiek — Bce aBaKynpoBaHHble. B Kaszanb
npuexaau B 9 % Beuepa, Boas B3sIA ABYX HOCUAB-
IIMKOB, I OHU HaC MPOBOAVAU AO CAMOTO AOMaA.
KomHarka y Hac HeOOAbIIIas1, HO B HeVl >Ke paKOBMHA
1 0OABILIOE KOAMYECTBO luTernceAent. B VHcturyre
MOYKHO IOAYYaTb 00€eABI, XA€0, Yall, MHOTAQ caxap
1 KoHbeThl. PhIHOK 0AM3KO, HA HEM BCe eCTh,
HO oueHb Aoporo. MoAoko 4 p., momupaops! 10, kapT.
4uT. A, Msico 30 p. B cTOAOBOT MbI GepeM KaXKAbII
A€Hb IPEYHEBYIO Kallly ¥ MsICHOe OAIOAO, 3€A€Hb
HOKyIaeM Ha 6asape U CyImbl Bapum caMu. AeTuii-
KM OYeHb 3aHSTHI, BCe DEralT MO OYepeAsIM
u B WKoAy. OHa HaunHaeTcs 1-ro. O6e mpuHATHI
U yKe 3aBeAU ceOe TIOAPYT 13 MPUEeXaBLINX U XKU-
BYLIMX 3A€Ch AeBouek. S ¢ BaHrowreit xoxxy Ha 6asap,
FOTOBAIO 00€eA, CTHparo 1 youpaw. AOKMUMCS paHo,
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HO ¥ BCTaeM paHo. UyBcTBYIO ceOs1t 60APO, HO OYeHb
ycTai. BaHIOIIKa HAa CAGAYIOLINIT AeHb IIpMe3Aa
MPUXBOPHYA U ceityac Bce elje AeXuT. CrAbHOe
PaccTpoiCTBO, AAXe C IOBbILIeHNEM TeMIIePaTypBhl,
IPUIIAOCH €My BbI3BaTb Bpaya, CKa3aA — Aerkoe
orpaBaeHre. CupAUT Ha cTporoit Auere. He 6yaer
AM y Bac cayuast mocaaTb HaM HAlllM Belljy, 51 y)Ke
nycaaa 06 aTom Mapyce, ¢ mpocb60i1 camoii mpu-
exarb, HO BoAsi Aoymaer, 4YTO ee He OTIYCTAT.
/M morom exarb 0AHOM C BelllaMy HeMbIcAMMO. Hapo
IOCTApPaThCs OTIPABUTD UX C KAKUM-HUOYAD yu-
pPeXAEHMEM, a HaC IPEAYIIPEAUTD TEAETPAMMOI,
4TOOBI MBI MOTAM BCTpeTUTb. Ceifdac Mbl OAaXKeH-
CTBYeM — CHAUM Ha CTYABSIX U CIIMM Ha MSITKUX
KpOBaTsIX, paBAa 1o 2 yeAoBekKa (y Bantowu cBos),
HO IIOATOPA MeCsILja MbI A€’KAAU Ha ITOAY U CUAEAU
Ha Kpblaeuke. Kak Bbl Bce nmokuBaete? I'ae Bce
3HaKoMble? KAaaHsITeCh OT HaC, TOXKAAYIICTA, BCEM,
BCeM. Bac Kpemnko, Kpemnko LjeayeM 1 HapeeMcCs
ckopo yBuaetbcsl. Bama Tans» (Kuura mocrynae-
Hui Ne 3, unB. Ne 137/3-8).

K co’xaaeHmIo, IepenycKy YAEHOB ITaBAOBCKO
ceMbU APYT C ApyroMm 3a 1942 rop Het B poHpax
myses. Ho coxpanmnaocs nucbmo Baapumupa IaB-
AoBa 3 Kasauu cectpe Bepe VBanosHe. OHO ObIAO
otrnpaBAeHO 29 okTsa0pst 1943 ropa B KoaTyiu,
KyAa K TOMY BpeMeHU IlepebpaAnch 13 6AOKaAHO-
ro Aennnrpapa Bepa u Cepaduma BacuabeBHa
ITaBAOBBL. 3A€Ch B TOABI BOVIHBI IPOAOAXKAA CBOIO
AESITEeABHOCTD VIHCTUTYT 3BOAIOLIMOHHON p13MO-
AOTMM Y IIATOAOTMY BBICIIE) HEPBHOI AeATeAb-
HocTu M. M. I1. ITaBaoBa (ceituac — VMHcTUTYT
dusnonoruu um. M. T1. TTaBaoBa PAH). MHorue
COTPYAHUKM €ro OBbIAM NpPU3BaHbl Ha QPOHT,
MHOI'/e — 3BaKyupoBaHbl B KasaHb, rae moa py-
KoBoACTBOM A. A. Opbean Beaach pabota 1o op-
raHN3aLUM HAyYHO-IIPAKTUYeCKOI MTOMOLIY apMUA
1 pA0Ty. He60ABIIOI COCTAB HAayYHBIX COTPYAHMU-
KOB, ocTaBuuxcs B Koaryiax, Takxe Bea paboTy
B 9TOM HaIllpaBA€HUU: 3Ae€Cb ObIA OpraHM30BaH
BOeHHbIV rociuTaAb Ha 300 Koek, rae IPUMEHSAAUCH
HepCIIeKTYBHbIE METOABI A€UeHVs 00EBBIX TPABM,
OpraHN30BaHbI KYPChl MEAULIMTHCKIX CeCTep, ObIAO
HAAQKEHO IIPOM3BOACTBO BUTAMVMHHOIO HAaIMTKA
113 XBOY, KOTOPBIM CHa0>kKaAOCh HE TOABKO MECTHOE
HaceAeHMe, HO M BOMHCKMe yacTu. baaropaps
CMOHTVPOBAHHON CBOMMMU CMAAMU dAEKTPUUECKON
CTaHLIMU MIMEAVICh OCBellleHVe U TeAe(OHHAs CBSI3b,
pabortaau AabopaTopun, 6aHs1, mpaveunbie. B Koa-
TYIIaX pa3MeIlaAKCh ABA LITaba KPYITHBIX COEAU-
HEHMI1 apMMM, B MacCTePCKMX MHCTUTYTAa PEeMOH-
TUPOBAaAM BOEHHYIO TEXHMKY 1 BOOPY’KeHUe.

Humeepamusuas ¢pusuoroeus, 2020, m. 1, Ne 4

OueHb BBIPYYAAO JKUTEAEI IIOACOOHOE XO351i1-
CTBO, ITAOLJAAM KOTOPOTO BBIPOCAM B ABA pasa
10 CpaBHEHMIO ¢ A0BoeHHbIMU. OHU 0OeceunBa-
AV CEAbXO3IPOAYKTaMU He TOABKO MECTHOe
HaceA€eHle, HO VI COTPYAHMKOB MHCTUTYTA, OCTaB-
muxcsi B Aenunrpape. Tak uto Bepa VIBaHOBHa,
KOoTopasi Opiaa COTPYAHMKOM MHCTUTYTA, U Cepa-
¢uma BacuabeBHa [TaBAOBBI CMOTAM IIEPEKUTH
3A€Ch TsDKEAbIe TOABI OAOKAABI.

ITucbmo Baapumupa IlaBaoBa K cecTpe
B KoATymm npuBopuTCA HIKe:

«29 okTs6ps 1943 1. YA. Kapaa Mapkca aA. 68,
K. 38.

Aoporas Bepa!

Ouenb ObIA 0OpaAOBaH TPETHETO AHSI, YBUAEB
3HAKOMBI ITOUepK Ha KoHBepTe 1 mrami Koaryurest.
Boab1ioe Tebe criacr60 3a OApOOHOE U BpasyMu-
TeAbHO€ M3AO’KEeHJe MHTEPeCyIIX HaC AeA
u Bairero Xutbsi-0bITbst. TBOM OTOPOAHBIE AOCTU-
YKEHMsI 3aCAY)KUAU 0AOOpeHMe AaXKe y 130aA0BaH-
HBIX Ka3aHLIeB, Y KOTOPbIX OOBIYHBII YpOXKail Kap-
Todeas caMm-pecATs! I1po Hallly ceMblo I TOBOPUTD
He4yero — Mbl B 9TOM 'OAY He IIPUHYMAAU YYaCTUS
B OTOPOAHOI KOMITQHMM, T. K. K MOMEHTY paspeAa
3eMAM 1 ee 00paboTKM Bce ObIAM OOABHBL. 3a 9TO
HaM Telepb IMPUAETCS TOIAATUTbCSI 3aKYIIKOI He-
CKOABKMX ITyAOB I10 PIHOYHOM LieHe (15 p. Kuao-
rpamm). Kpome Toro, no akapeMuuecKomy mainky
MBI IIOAyYaeM 15 Kr. exxemecsiyHO. O4eHb IPUATHO
OBIAO y3HATh, YTO Y Bac mpeABMAUTCS HacToOsAlLIEE
OTOIIAEHVE Y IAEKTPUYECKUII CBET. Y HacC IepBoe
AOA>KHO HauaTbCs Ha AHSX, @ BTOPO€ U AASI OBITO-
BBIX LieAeit (IAUTKU), U AASI OCBeIlleHUsT ObIAO BCe
BpeMs, 2 CO BUepalllHEIO AHS AQHO Ha YAUMLAX
(rAaBHBIX), YTO OCOOEHHO paAyeT MeHsI, KaK Io-
CTpaAaBILIero OT MaAeHMs B TeMHoTe. HaBepHoe,
Muaa onucasa Tebe 3Ty UCTOPUIO C KOMUYHOM
CTOPOHBI, HO Ha MEHsI 3TO ITOAEVICTBOBAAO YAPYYa-
toitie. Topbl 6epyT cBoe (MHe Beab moiiiea 60-11 roA),
" 51 3A0POBO IOCTAapeA, XOTS AYXOM U 60Ap.
PapOCTHO OBIAO OT T€OSI IOAYYMTD XOPOLIILE, YCIIO-
KOUTeAbHbIe AQHHblE O MAMIHOM 3A0pOBbe. Beab
MBI BCE TOABKO U Me4TaeM O CBUAAHUU C HeMl
1 O TOM, KaKOe pa3BAedyeHle AOCTABUT ell KOMIIa-
Hus1 Bantomn. OH OyaeT ee BHUMaTEAbHBIM CAYIIIA-
TeAeM U 3aHMMaTeAbHBIM cobeceaHMKoM. Hac Bcex
OH Temnepb U3BOAUT OECKOHEYHBIMM BOIIPOCAMU
1 HeTIpepbIBHBIMY, ¥ BeCbMa I'POMKVMMY PasroBo-
paMu BO BpeMsi IIPOT'YAOK (A€AOBBIX KOHEYHO — €ro
IPUXOAMUTCS BCIOAY TaCKaThb € cO00I1!) Ha yAMLIax.
OH y HaC AUTSI MEXaHM3MPOBAHHOTO BeKa, TOABKO
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" 3HaeT, YTO MAlllMHA, IPULIETIKY, KY30Ba, AeTaAU
" T. A. Buepa oH MHe pacckasbiBaa, uTo B AeHMH-
rpape y Hero ectb “Oka’, oH OyaeT modepom
VI CAETD Y PYAS, 1 OyAy MOMOIIHMKOM Iodepa
VI CAETh PSIAOM C HUM, 2 BCEX OCTAABHBIX ITOCAAUM
Hazaa. A. AOr."” oH HaspiBaeT “OpbOeAeB” 1 BCIOAY
uieT ero “roayoon 3VIC’, Ha koTopoMm A. AOr. ero
HECKOABKO pa3 Karaa 1o ropopy. Gusnuecku Bans
O4YeHb OKpeIl, BBIPOC U BMecTe ¢ MaHeuKkou
(OTAMYHMLIEN U B HOBOI IIKOA€E!) OHU ACAQIOT YeCTh
Ka3aHCKOMY peXXumy. TaHs mo-npexxHeMy CKeAeT-
HO XYyAQ, HECMOTPS Ha BIPBICKMBAHMUS MBILIbSKA,
a Muaa yxe LieAbll MecCsl] TeMIIepaTypuT, 1 ellle
He xoauaa B 8-i1 Kaacc. Ha AHAX ycTpomau KoH-
CYABTALIMIO XUPYPIOB, U 1 AYMAIO0 COTAACUTBCS Ha
omepauuio. Y MeHsI O4eHb MHTepecHas TeMa pabo-
ThI, KOTOpast 00elaeT pa3BUThCS B HOBYIO U CBO€-
00pa3HyI0 XMMMIO XXUAKOCTeN. Ha AHsIX MOM OTIbI-
TBI B TeUeHMe 2-YX 4aCOB CMOTpeAu akaa. ITopaii-
Kommi n ya.-kopp. Ak. Hayk Ipun6bepr. ITocae
3TOTO OHM IIOLIAM BMECTe CO MHOM K AMPEKTOPY
VMHcTUTYTaA M UCIPOCUAM AASI MEHSI CITELIIAABHOTO
XMMMKa-aHAAUTUKA ¥ YMEHbIIEHUS y4eOHOI Ha-
TPY3KV, MOTUBUPYSI 3TO OOABILIMM HAay4YHBIM 3Ha-
yeHreM Moeil paboTbi!

Haperoch, 4TO TbI CKOPO CMOXKeLIb Pas3rpy3nUThb-
Cs1 B LIKOA€E Y CHOBA BEPHYTBCS K AI0OMMOI pabo-
Te ¢ cobakamu. BepositHo A. AGr., KOTOpPBIL ObIA
y Bac, momoxxeT Tebe B aToM Aeae. Kpenko Bac
C MaMOYKOI 1ieAylo U OAaropapio Tebs 3a Bce 3a-
60TbI, KOTOpBIE BeCbMa 1 BeCbMa TPYAHBI B HACTO-
SIUX 00CTOATEeAbCTBAX. ByAbTe 3A0POBBI
U TOTOBBTECH MMOAIOOUTH MaAeHbKOTO VBaHa ITaB-
AoBa. Baur Boasi» (Kuura moctynaenun Ne 3,
uHB. Ne 68/3-1).

B TOT >ke KOHBEPT BAOKEHO U MUCHMO CTapIIIein
Aouepu Baapumupa — rsiTHapALIaTMAETHEN MUABL:

«Aoporas Tets Bepa!

MBbI TOAYYMAY TBOE NMCbMO, I BCE HECKa3aHHO
obOpapoBaauch eMy. boabloe criac60 3a Bce, 4TO
ThI AAsT HAC cperana. OueHb 06papOBaAO MEHS TO,
YTO U ThI ¥ 620YASI 3A0POBBL. fI He MOTY, K CO>KaAe-
HUIO, TIOXBACTATBCS 3TUM APAroLjeHHBIM KaYeCTBOM.
Y MeHs BCce BpeMsI IOBBIIIEHHAsI TEMIIEPATYypa,
npuveM HU4Yero He 60AuT. IlpocBeunBaHue mMoka-
3aA0, YTO B AETKMX BCe OAaromnoay4Ho. Bpauu
AO CUX IOP He MOTYT HalITU IIPMYMHBI 3TOM 3ara-
AOYHOI TeMIlepaTyphl. B IIKOAY 5 ITOKa He XOXY.
3aHMMaloCh AoMa. B aTOM roay aTo TpypHee, Tak
KaK y MeHs He BCce yueOHMKYU. MaHs peryasipHo

15 Aeon Abraposuyu Opbean.
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XOAUT B IIKOAY. OHa OYeHb yCTaeT, YXOAUT B 1 u.
U IPUXOAUT B 7 4. Bo3Bpamarbcs MpUXoOAUTCS
B IIOAHO TeMHOTe (Y Hac 3aTeMHEHUeE), LIIKOAQ
Aaaexko. OHa OTAMYHULIA, MBI JKUBEM B OAHOII KOM-
HaTe, HO KOTAQ OHa A€AaeT YPOKU — He 3Ha10. Mama
OYeHb MHOTO paboTaeT, HO TaK KaK MbI CeiT4ac OueHb
XOPOIIO NUTAeMCsl, OHa YYBCTBYeT Ce0s XOPOLIO.
[Tamouxa Haur oyeHb MocTapeA. Beuepom Mbl 0A-
HOTO €ro HUKyAa He myckaeM. OAHaKABI OH YIaA
B AYlIIe Ha CIIVHY, OU€Hb YIINOCS U eAe-€eAe TIPUILIEA
AoMoit. HeaaBHO OH yIaA Ha yAulie ¥ B KDOBB pas-
6uA cebe antio. Terepb 9TO BCe MPOIIAO, HO Beve-
poMm oH He BbIXoAUT. OH BeAeT ceifuac OYeHb
VHTEPECHYIO ICCAEAOBATEABCKYIO paboTy 1 YIAy-
OMACS B Hee C TOAOBOIL, AaXKe K 00eAy Oras3AbIBaeT
(1ero ¢ HMM paHbllle He CAY4aA0Ch). BaHek oueHb
pacteT. Ero roaoBka 1 mmaeuu MacCMBHO BO3BbI-
IIAIOTCS HAaA CTOAOM. BoCcnuTBIBaTh €ro oueHb
TPYAHO, HO BCe >Xe OH Hac caymaercs. OH ouyeHb
AIOOUT MY3BIKY (KaK s1) ¥ 3aCTaBASIET BCEX HAC N€Th.
OAHa>XABI OH IIpUIIEA K Iane B Aaboparopuio,
KOTAQ TaM A€MOHCTPYPOBAAVICh OTIBITBI, U ITOIIPO-
cuA: “Ar0OMMEHbKUIT MMano4YKa, CIIOW MHE PO
NTUYKY. MeHs HayuuAu IpACTb. S mpsiAy camyio
HACTOSIIIYIO IEPCTh, TPABAQ, CAMBIM AOIIOTOITHBIM
00pasoM. BspKy 51 To’ke XOpOILO, TOABKO BSI30K
MaAO 3Hai0 (BOCBMEPKU U BEHOUKU HapOeAn). Un-
TaTbhb 3A€Chb Heuero, OMOAMOTEeKa O4YeHb OepHas.
VIHOCTpaHHBIMU SI3bIKAMU 3aHUMATHCSI HE C KeM.
Lleayio TeOs1 1 6a0yato kpenko. Koraa npreasem
(BecHo11) HaroBopuMcsi. Banek 1eayet “retio Bexy
u 6abyaw” TBost Muaa» (KHura moctynaeHun
Ne 3, unB. Ne 68/3-2).

K coxaaeHnio, Mmyseit He pacroaaraA KaKMMMU-
AVO0 TTOAAVIHHBIMY CBUAETEABCTBAMU O >KU3HU
Koarymient B BoeHHOe Bpemsi. Ho Aro6e3HbIi pap
npasHyuku V1. I'T. [TaBaoBa Mapunbl AHaTOABEBHBI
Coboaesckoit (baamacoBoin) B 2012 roay BoCITOA-
HUA 3TOT npobea. OHa mopapuaa Mysero 42 MoA-
AVIHHBIX TIMCbMa, AAPECOBAHHBIX APYTY CEMbU
ITaBaoBbix BaaentuHe HukoaaeBHe CapAMKOBOM
n ee pouepu Hataaum BaapumuposHe. 36 nucem
Harcanbl Cepadumoit BacuabeBHoit 1 6 — Bepoit
ViBaHoBHOI1 ITaBAOBBIMU 13 KoATy1Iel1 B iepuop
1942-1944 rr.

B. H. CapukoBa — >xeHa Baapumupa Cepree-
Buya CaAMKOBa, AOKTOPA XMMUYECKUX HAYK, KPYTI-
HOTO y4YeHOoro, mpogdeccopa AeHNHIPAACKOIO ro-
CYAQPCTBEHHOTO YHUBEPCUTETA U OOABLIOTO APyra
cemby [TaBAOBBIX. Ero paboOThI IMPOKO M3BECTHBI
1y Hac, 1 3a pydexxom. Kpome MHOXKecTBa cTareit
(6oaee 140), n3-110A ero rmepa BbIIAY MOHOTpaduu
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«Kypc buoaormaeckoit xumum», « XMUMMSI SKUSHI»,
«CrpoeHne OEAKOBBIX BELIECTB» U APYTHUeE.
C 1938 ropa o paborar B Ou3MOAOrMYECKOM
uHcTutyTe uM. V1. IT. [TaBAOBa. Bo Bpemsi 0A0KapbI
AeHVHIpaAa UCTIOAHSIA 00SI3aHHOCTY 3aMECTUTEAS
AvpexTopa VIHCTUTyTa 1 OAHOBPEMEHHO ITPOAOA-
JKaA CBOV Hay4HbI€ MICCAEAOBAHUS: pa3padoTaa
HOBBIV KOMITAEKC MCTIOAb30BaHMSI OEAKOBBIX APOXK-
Kell B yCAOBUAX BOEHHOTo BpeMeH. I Ipeaaoxen-
HBIIl UM CIIOCOO 00PabOTKM APOXOKEN MO3BOASIA
MIOAYYATh APOMOKEBYIO MYKY, KMPBI, APO’K’KEeBOI
9KCTPAKT, OOraThiil TAMKOT€HaMM U BUTaMUHAMU
rpynmnsl «Bx», u Apyrue nmpopykrsl (Cob6oae 1966,
62). O pe3yAbTaTax CBOMX MCCAEAOBAHUI YUEHBIN
AOKAQABIBAA BecHOM 1942 r. Ha Hay4HOII ceccun,
MMOCBsIIIeHHOM MaMsaTu akapemuka V. I1. [TaBaoBa
(CapuxoB 1942, 63). B 1942 ropy 13 6A0KaAHOTO
AennHrpapa CapMKOB BMeCTe C >KEHOI ObIA 2Ba-
KyupoBaH B c. llleaanra Tarapckoi ACCP, rae,
K COXKaA€HHIO, B TOM K€ TOAY CKOHYAACS OT AMC-
Tpodun muokapaa (Ianka «Beankas OteyecTBeH-
Hasl BOJHa», C. 34).

Cepaduma BacuaneBna [TaBaoBa 6AU3KO CO-
mAachk ¢ BaaentuHon HukoaaeBHonm CapAMKOBOI
10 OYeHb [TIeYaAbHOMY IIOBOAY — Y TOM U Y APYTOM
norubau cbiHOBbsl. O0e OBIAM MPaBOCAABHBIMU
BEPYIOLIMMY, a C IIOTepell CBIHOBEN 0COOEHHO YacTo
CTaAU XOAUTD B LIEPKOBb, YUTATh K 0OCYXXAQThb
EBanreane u Apyryo npaBoCAaBHYIO AUTEPATYPY.
dT1uM, no caosam Cepadumbl BacuabeBHBI,
OHM «4aCTO yTeLIaAU APYT APYTa».

Aoub CapukoBeix Hataabss BaAapumupoBHa
(B cembe ee HasbiBaau Hatycs man Tycs, Tak ee
HasbiBaeT B cBoux nucbmax u C. B. TTaBaoBa) Tax-
e ObIAa XUMUKOM, paboTasa B Buoreoxummdaeckon
aabopatopun AH CCCP (BMOTEA), ocHoBaHHOI1
B 1928 roay B. V1. BepHapCKMM AAS M3yUeHMUS DAe-
MEHTHOI'O XMIMUYECKOT'O COCTaBa )KVMBOI'0 BELleCTBa
U ero reoxuMmueckom poau. Haraaps Baapumu-
POBHa BBINOAHSIAQ 00s13aHHOCTHY pedepeHTa Bep-
Haackoro pAo uioHs 1935, korpa BMUOT'EA AH CCCP
6b1A tepeBepeH B MockBy. C 1935 1. oHa paboTaaa
BMeCTe C OTLIOM B ero Aaboparopuu, B 1940 r. 3a-
IMIMTHYAQ KAHAVAATCKYIO AVICCEPTALIIO, 3aTeM IIpe-
nopaBasa B AI'Y. Bo BpeMst 6A0KaAbI OHa OCTaBaAACh
B AeHMHTpape, pOAUTEAN )Ke IPOBEAU B OCAXKAEH-
HOM ropoAe TOAbKO 1941 roa, a B 1942 roay, kak
y>Ke TOBOPUAOCH BbIllle, OBIAY 5BAKyMPOBAaHBI.
[TepBoe nucemo HanucaHo C. B. [laBaoBoit
n3 KoATy1eit emie A0 1X 0Tbe3pa U3 AeHMHIPapa
(puc. 8):
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Puc. 8. ITucbmo C. B. ITaBaosoi k B. H. CapuxoBoin
ot 30 utonst 1942 r. (doHA mysest, nHB. Ne 120/4-1)

Fig. 8. A letter from Serafima V. Pavlova
to V. N. Sadikova dated 30 June 30 1942
(Museum collection, inv. no. 120/4-1)

«30.06.42. Aoporoi1 Apyr Mo, Baaentuna Hu-
KOAa€eBHa, AOAJKHA BaM cooOmUTD, YTO KUBETCS
3A€Chb HEIIAOXO, H/ B KAKOM CAy4Yae He TOAOAQEM.
Terao (Temepb Aake )KapKo), TAa3a OTABIXAIOT Ha
BECEHHeEV CBeXell 3eA€HM AepeBbEB, KYCTOB, TPaBBI,
13 KOTOPOJ1 Mbl BapuM YyA€CHBbIE 3€A€Hble 111,
KOTOpbIe C OOABLINMM aNIeTUTOM MoepaeM. Bce
KPYT'OM ITOKOJHO, M3PEAKA AO HAC AOAETAIOT 3BYKU
Baruei1 6om0apaAvpoBku. bpiaa 6b1 papa yBUAETBCS
3A€eCh ¢ BamMu 1 moroBoputhb, Kak AaBHO He Oece-
AOBaAU; AyMalo, 4YTo Bbl 3pech Bce xopoiuo
OBl OTAOXHYAH, YTO HEOOXOAVMMO HE TOABKO AASI
Bac u Baeit HepBHOM CUCTEMBI, HO U AASI Baapu-
mupa CepreeBuya, 1 pAas Tycn. 3AeCh OUeHb TerAble
U CEpAEYHbBIE AIOAU.

Bceit ayioit Ao6sas Bac

C. ITaBAoBa.

P. S. ITpuser Bcem Baumm» (Kxura noctynaexui
Ne 4, yuuB. Ne 120/4-1).
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Bropoe nucemo, apapecoBaHHoe CapAUKOBOIL,
Cepaduma BacuabeBHa Hammcaaa, y>ke y3HaB
0 CMEPTU ee My>Ka, KOTOPBIIl CKOHYAACS B 9BaKya-
uuu 14 aBrycra 1942 ropa. Ilucbmo Hanucano
Ha NPOCTON MOYTOBOM OTKPBITKE, MMEILeN
mrami «IIpocMOTpeHO BOEHHOI 1jeH3YpOil.
AeHuHrpap 57»:

«1942 r. Mo KpeInKo AI00MMBII1 1 AOPOTOIL APYT
BaaenTnHa HukoaaeBHa. Cepalie Moe >XaXkpAeT
mokpernye oOHATh Bac, mpmskaTh K cebe u BMecTe
CO CMUpeHMeM MOBTOpsTh: “Bor Tepmea u Ham
TepreTb BeAeA. Bac, Kak U MeHsI, IOCTUT HEOXXMU-
AQHHBIT yAQp M3 SICHOTO Heba. AOCTaBAsIeT MHe
yTelIeHNeE, YTO 51 XOPOLIO IIPOCTUAACH C MOMM AO-
POIMIM APYT'OM, HOAHBIM TOP>KECTBYIOLLEl PAAOCTBIO
CBOeJT 3aKOHYEeHHOIT paboroit. Heaapom oH Tak
CIIEINA, He JKaAesl CBOMX CHA, @ MBI ellle YKOPSIAU
ero. Kto 6b1 63 HEero Mor 3aKOHYUTb STOT OOABILOIT
TpyA! BepbTe, popHasi, 4TO Bceraa maayy BMecCTe
¢ Bamu. Bcenn aymon Bama, BepHbIT ApPYT,
ITaBaoBa.

Aen. o6aactp. Koarymu. Buocranuus.
yA. Ak. ITaBaoBa. C. B. [TaBaoBa». (Kuura nmocry-
naenuit Ne 4, uus. Ne 120/4-2).

Toraa >ke OBIAO HAIIMCAHO MUCHMO U OCTABaB-
mericsas B AeHuHrpape pouepu CapMKOBBIX —
Haraauu Baapumuposhe:

«AeHunrpap, Bac. Octpos, 1-g annus, A. 34,
kB. 25. Hataaun BaapumuposHe CapuKoBOM —
/o Koaryum. Aen. o6a. C. B. ITaBaoBa.

31 aBr. 42. Mos HeHarasgpHas Tycenbka. Bcem
cepAlLleM, TOPSIUO pa3peAsiio Bare Tsokeaoe rope,
TaK HEO)KMAQHHO 00pyIIyBLIeecs Ha Bairy MoAopyio
ellle He OTAOXHYBIIYIO TOAOBY. [lepBoe Bpem: nps-
MO He MOTAQ IIOBEPUTH TAaKOV Oe3BpeMeHHON
KOHYMHe. XOpOolIlIo, YTO TeNepb IIPY MaMe Haxo-
autcsa Hataausa HukoaaeBHa's. Ecan Bam Hy>kHBI
AEHBI'Y, TO BO3bMUTeE UX Y AyHU, 5 >)Ke OyAY B TOpO-
A€ VIAV Ha 9TOVI HEAEA€E B CYOOOTY, AU B CAEAYIOLLVIA
MoHeAeAbHUK. Mame Baiienr ceropHs y>xe Oyay
nucathb B Kazanb. CuAbHO Hapeloch Ha Bawry npu-
BBIUKY BCEV AYIION OTAQBAThCs paboTe, Kak Obl
XOTEAOCh MOBMAAThbcA ¢ Bamu. Aro6smasa Bac
C. IMaBaoBa» (Kuura mocrtymaenuin Ne 4,
uHB. Ne 121/4-1).

ITucbmo co caoBamu COOOAE3HOBAHMUS OTIIPa-
BuAa H. B. CapuxoBoit 1 Bepa ITaBaoBa. OHo Ha-
MMCAHO Ha AMCTKE C U300pakeHUeM COAAATa
U AO3YHTOM: «/Aa 3ApaBCTBYeT Hallla POAHAsI repo-

16 Haraanust HukoaaeBHa b, naeMsaHHuna C. B. ITaBAoBoIL.
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nueckasi Kpacnas Apmust, Boenno-Mopckoit Daor,
AobAecTHbie CTaAMHCKME COKOABI (puc. 9):

=

) syem Hawa p zepouneckasn
Kpacnasz Apmus, Boerno-Mopcroti ®@aom,

000. e Cman coxoast!

Puc. 9. ITucemo B. U. ITaBaoson k H. B. CapukoBoin
ot 7 ceHTs10ps 1942 1. (bonp mysest, uu. Ne 122/4-2)

Fig. 9. A letter from Vera I. Pavlova to N. V. Sadikova
dated 7 September 1942
(Museum collection, inv. no. 122/4-2)

«7.1X.42. Koarynm. Aoporas Tycs.

ITo3apaBasio Bac c HacTymaromym pAHeM AHre-
AQ ¥ OYEeHb COXKAA€I0, UTO He MOry Bac BuaeTs.
Mel Bce, Tak ArobuBIIMe Baurero orua, 4acTo Ay-
MaeM o0 Bac 1 BcmoMyHaeM IpOLIEALIYIO TSDKEAYIO
3UMY, KOTAQ TaK YaCTO BMAEAMCH C BAMU CO BCEMIL.
Bl Tak 3a60TAMBO yXxakuBaau 3a Baummu poan-
TEASIMU, YTO HaOAIAATH 32 Bamu ObIAO mpsiMO
npusitHO. Mama, EBr. Cep.'” 1 s1 — Mbl B OTHasIHUY,
4YTO DOABILIE HUKOTAQ He BcTpeTuMcs ¢ Baaa. Cep-
reeBMyY€eM, He YCABILIVM €TI0 YBA€UEHHBIX Pa3Tr0OBO-
poB o cBoelt pabore. MoxxeT ObITh, Bbl Hanuiete
HECKOABKO CTPOK O TOM, 4TO BbI nmpeamnoaaraere
AeAartb, u Hanpasute ux yepe3 OVIH. /A nHoraa,
OYeHb PEAKO OBIBAIO B TOPOAE IO A€AAM U TIPY STOM
BCErAd CBSA3aHA C MallMHOM, KOTOPYIO AOAXKHA

17 B Koarymax kpome Cepacdumbl Bacuavesns! 1 Bepsi /Ba-
HOBHbI [TaBAOBBIX HaxoAMAACh B OaoKkapHble AHM EBrennms Cep-
reeBHa, BAOBA MAaalero ceia [TaBAoBbIx BceBoaoaa, paboTaBiias
B MHCTUTYTE alPOHOMOM.
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AOBUTD, IOTOMY 3aliTH K BaM He 110 cBoel1 BUHe
HMKaK He Mory. Hanmimre, yto Bol 3HaeTe 1 Kakue
M3BECTHS MOAYYaAu OT popuTeaent. Kak BaaenTu-
Ha HukoaaeBHa, rae oHa ceityac? byay Bam ouenb
6aaropapHa 3a cBepenus. Ceityac 60AbHA TAEBPU-
TOM Hallla TIOMOLIIHMLIA [10 XO3SIICTBY, U 51 OYKBaAb-
HO He M€l CBOOOAHOV HU MMHYTBL. BoAbiyio
4acTb AHSI IPOBOXKY Y ITAUTBHI, HO AeAai0 OOAbBIIINEe
ycnexu B KyAuHapuu. boabHas nompasasieTcs
MEAAEHHO, U 13 00sI3HU BO3BpaTa €l IPOIMCAAU
OOABIIYI0 OCTOPOXKHOCTB. Hotry eay ein 2 pasa
B AEHb, UTO TOK€ OTHMMAET MOPSIAKOM BPEMEHM.
[TpsiMmo He TMpeACTaBAsIIO cebe, YTO OYAET, KOorpa
s1 cMmory oTAOXxHYTh. EB. Cep. TOXXe HOCUTCH
I10 X034IICTBY B poAM arpoHoma. He ycnieBaer ectb
1 criatb. MaMa B HEITAOXOM COCTOSIHUM, HO TS)KEAO
nepexxuBaert norepio Baaa. Cep., K KOTopoMy Bcer-
AQ muTaAsa OOABIIOE APY)XECKOE PACIIOAOKEHUE.
HecmoTpst Ha 60ABIIYIO 3aHATOCTD, HACAAXKAQIOCH
KaXXABIM AY4OM COAHIIA I AOBOAbHA T€M, UTO 5 He
B ropoae. IToka ycTaHOBKa Takasi, 4TO Mbl OyAeM
3MIMOBATb 3A€Ch, YTO IMMOAYUUTCSA — CKa3aTh TPYA-
Ho. [Tumure, Kak Aeaa y Codpun ['aBpuaoBHBL,
AQBHO HMYETO O Hell He 3HaeM. YeXaAa AU OHa U KaK
ee 3popoBbe? Kak poetu? Uto ¢ Mapueit [aBpuaos-
Ho1? Mory cebe npeAcTaBUTb, Kakasi Macca y Bac
A€A, HO OU€eHb BCe )Ke PACCUUTHIBAI0, YTO YepKHETe
HECKOABKO CTPOK 0 cebe. Tycs, s cTpaliHo jkaaelo,
YTO BBl He MoexaAy C pOAUTEASIMY, BEAb 3TO MOKET
OBITH OBIAO ObI 6OABIIION TOAAEPIKKOT AAsT BA. Cep.
MbI Bce cTpalHble STOUCTHI X AMIINTBLCS Baiero
OTLIa celyac AASI HaC OTPOMHAsl IOTePs, Mbl TaK
BCETAQ HACABKAAAUCH BCTpeuel ¢ HuM. Bcero Bam
Aobporo, poporast Tycs, oT Bcex Hac.

Awb6sas Bac B. [TaBaoBa» (Kuura nocrymnae-
Huit Ne 4, unB. Ne 122/4-2).

Caeaytouiee mucbmo Cepadumbl BacuabeBHBI
K B. H. CapuxoBoit paTupoBaHo HOsiOpem 1942
ropa:

«9.11.42. KoArymm.

Aoporas, roayoyiika Baaentuna HukoAraeBHa,
ecAu Obl Bbl 3HaAM, KakK 3a MOCAEAHVE AHM MHe
xoueTcs ObITh ¢ Bamu u paspeautsp Baiire rope
u Bamm 1spxKeable mpican! [lomHMTe, Kak B cBoe
BpeMsI Mbl IIepeXXMBAaAY NTOTEPIO HAIIMX CHIHOBEIL.
Kak yacTo MbI OCTaHaBAMBAAMCH HA OAHUX U TeX
ke nspevenusx Epanreans. Hepapom mbl ¢ Bamu
TaK COIIAUCDH AylieBHO! /I moHMmaro, KakoBo Bam
JKUTb B OAHOI KOMHaTe — miecToii (1), Aa erne cpe-
AV COBEPILIEHHO 4Y>KUX AIOAel. 1 TBepKy cebe:
“Bor TepIieA 1 HaM TepIETh BEAEA”.

¥ Hac HauyaAach 3UMMa, MOPO3bI AO 15 Ip., 11 A He
BBICOBBIBAI0 HOCA U3 CBOEV MAAEHbKOM TEIAOI
KOMHATKu. Bepa Ha AHSIX pOObIAQ TPU AHS B ro-
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POA€, M XX13Hb TaM IT0Ka3aAaCh €1 OUEHb TKEAON,
a Bama Tycs cripaBAsieTcst TaM MOAOALIOM — OHa
1 HAXOAUMBA, U BBIAEP>KaHa.

[ToBepuTe AU, YTO 51 YACTO Be4epoOM 3a0BIBAIO
TO, YTO rOBOpMAa yTpoM. Bot Bam 1 Mmost 6aecTsas
naMsATb. [ToxkaayricTa, HanuIIMTe MHe, Kak Bbl Ha-
XOAUTE 3A0POBbe MOETO ChIHA, €TI0 >KEHBI U AETel,
PaAM KOTOPBIX S )KEAQI0 COXPAHUTb U 3AOPOBBE,
u 3penue. C KeM 13 HalX 001X 3HAKOMBIX Bbr
BcTpeTuAauch B Kasanu? Aymaere Au npoexarb
B “BopoBOE€’, XOTSI, OXKAAYL, AASI TAKOTO ITyTellle-
CTBMsI Bbl ymycTUAM BpeMs, 51 5Ke OT OAHOTO BUAA
Pa30pEeHHOro rueapa — 0OAMBAIOCH CAE3AMIA.

Topstuo Bac yeayio u o6HMMal0,

Bau crapsiit BepHbiit Apyr C. [TaBaoBa» (Kuura
noctynaeHuit N 4, uus. Ne 120/4-3).

Boo6uie atu nucema 83-aetHent Cepadumbl
BacuabeBnsl K B. H. CaprkoBOII — KOpOTKUE, Ha-
IVICaHHBIE Ha IIOYTOBBIX KAPTOUYKAX, Yallle BCETO He
CTOABKO COA€EPYKaT KaKyI0-TO HOBYIO BaXKHYIO MH-
dbopmaruio, CKOAbKO HAITOAHEHBI CAOBAMMU yTellle-
HUsL, 32800ThI, TOXKEAQHUSIMU 3AOPOBbSI 1 OAAromno-
Ay4Ms CBOEMY ADPYIY, €€ POAHBIM ¥ 3HAKOMBIM.
OHM — TOHKasI HUTOYKA AYIIEBHOI'O POACTBA, IIPO-
TSIHYTasl MEXKAY AIOOSIIMY, TOHUMAIOIVIMU APYT
Apyra OAM3KMMU AIOABMMU, YTO OBIAO TaK HEOOXO-
AVIMO B TO TsDKeAoe BpeMs. [IpaBaa, B OAHOM 13
HUX UMEIOTCSI CBEAEHUSI O TOM, YTO TP OOMOEKKe
paspyiueHa Koaryiickast epkoBs (puc. 10).

Puc. 10. @oToKOonMsA KAPTUHBI XYAOKHULIbI
M. A. TuxoBoit «KoATyimu» ¢ 1306pa’keHHOIT Ha Hell
KOATYIICKOM LJepKOBbIO, Pa3PYILIEHHON B TOAbI BOMHBI
(bona myses, uns. Ne 77/4)

Fig. 10. A photocopy of Koltushi, a painting
by M. L. Tikhova. The painting features the Koltushi
church destroyed during the war
(Museum collection, inv. no. 77/4)
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OTa OTKPBITKA Y HECKOABKO ITOCAEAYIOLINX Ha-
MMCAaHbl APYITMM MOYEPKOM, YTO I'OBOPUT O TOM,
yto Cepaduma BacuabeBHa, y KOTOPOIT K TOMY
BpeMEeHM COBCEM UCIIOPTUAOCH 3peHIe, AUKTOBaAa
CBOM MHUChMA:

«Kasanp, ya. KomaeBa aA. 9, KOMH. 5.
B. H. CapuxoBorii.

21/VI 1943. Aoporas roaydyuika, BaaeHTuHa
HukoaaeBHa.

BoAbHO, 0ueHb OOABHO OBIAO MHE MEpPEeHeCTU
AVILIEHVE 1IePKOBHOM CAY)XObI B TOP>KeCTBEHHbBIE
AHI; VI TPYAHO TASIAETD Ha pa3BaAMHBI HALIEN MU-
AOJ1 CTApOI1 LIepKBY, KOTOPasi Terepb CMOTPUT, 110
CAOBaM MoOeN HSHM, HU bory cBeukoil, HU 4yepTy
Koueproii. Kak-To Bbl yyBCTByeTe ce0sl B HOBBIX
ycaoBusix? Tlocemraere an nepkoBb? ViMeeTe an
3HaKoMbIX? MoyKeTe A1 TOAb30BaThCs OMbAMOTE-
Ko1? Bceraa, Bceraa o Bac moMHIO, 1 YyYBCTBYIO
Bamry HeoxupaHHyIo notepro. Awob6smas Bac
C. ITaBaoBa». Ha nmuceme crout mevats «IIpocmo-
TPEHO BOEHHOI LieH3ypoit. AeHuHrpap 55» (Kuura
noctynAeHunt Ne 4, uuB. Ne 120/4-8).

B apyrux nocaanusx C. B. ITaBaoBoi1 MOXHO
[0 KpymnuuaM coOMpaTh KaKue-TO CBEAEHUs
00 001X 3HAKOMBIX, APY3bsiX ceMby [1aBAOBBIX,
KaKMX-TO OBITOBBIX MEAOYAX BOEHHOTO BPEMEHM.

B muceme ot 7 anpeast 1943 ropa, apApecoBaHHOM
H. B. Capaukosoit, Cepadpuma BacuabeBHa
VIHTEepeCyeTCsl CYyAbOOIT ceMby OOABIIOTO ApyTa
W. T1. ITaBaroBa — xypoxHuka H. H. Ay6oBckoro.
IIncbMo HamMcaHO Ha MOYTOBOM KapTOYKe, Ha
KOTOpOJ CTOUT nevaTb «[IpocMoTpeHO BOeHHOI
LeH3ypoil. AeHuHrpaa 118»:

«/AeHnHrpap, BacuabeBckuit ocTpos, 1-1 AuHMS,
A. 34, xB. 25. Haraauu BaapumupoBHe Capuko-
Boit. — 1/o Koarymu AeH. 06A. BceBoao)KcKoro
p-Ha VIHcTuTyT nM. ak. IlaBaosa. C. B. [1aBaoBa.

7/1V- 43. Muaas u poporasa Haramenpxka!

OueHb 11 04eHb nIpolly Bac 0oTBeTUTD Ha CAGAY-
IolllJie MHTepeCHbIe AASL MeHs BOIIPOCHL: 3HaeTe AU
Bbl, a ecA He 3HaeTe, TO IOCTAPANTECh Y3HATb AAS
MeHs. Kro ocraacs B kBapTupe Ay60oBCKUX —
B. O. 5-s aunus a. 20 xB. 8. Kak To Bbl camu mo-
xuBaeTe? Yacto au nuuietr Bam Bama mama, kak
Ha Bac AelICTBYIOT BeceHHMe AHY, IOAHbIE TYMaHa,
CBIPOCTM U I'PsI3u? UeM BIIOAHE HACAQKAAEMCS MBI.
Kaxk 3popoBbe Codbu l'aBprroBHb 1 Bobuka?
[Mo>xeAaB BaM 3A0pOBbsI 1 OAArOMOAYUMS, AIOOsIIAS
Bac C. [TaBaoBa» (Kuura mocrynaeHun Ne 4,
uHB. Ne 121/4-5).

«4/VII 43 Koaryum.

Mos muaas u poporast Haramenbka. Kak-to Bo
nepeHocuTe cBoe opMHodecTBo? Ho npu Bamren
XO0351ICTBEHHOCTY BaM, HaBepHOe, He XBaTaeT AaKe
BpeMeHI, 51 He TOBOPIO Y3Ke O CAYXOe, Ha Bce Bamn
AoMallHye paboTsl. BoT 3aBTpa MHe obelaAn Ao-
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CTaBUTb KHUI'Yy cod. Mapiuaka. Ero kHuru no ne-
YaTU AOCTYITHBI MOMM raa3zaM. Ecau s He mpuiaio
BaMm ckopo AeHer, TO BbIAQIITe, IIOXKAAYICTA, U3
cBoux 100 py6. ®amuunuuoi. C. ITaBaoBa».
Ha nucbme crout mevats «I[I[pocMOTpeHO BOEHHOIT
ueHsypoit AeHnHrpap 126» (Kuura nmocrynaennmit
Ne 4, uuB. Ne 121/4-6).

«24/VI143. KoATyuim.

Boablioe, 6oablioe cracu6o, pooporas Hara-
IIEeHbKA, 32 ICTIOAHEHMe Moell TpocbObl! Ecau Mot
3HAKOMBII NEPEeAACT el TaKylo )Ke CYMMY, KakK
1 Bel, TO coobuuTe MHE 00 3TOM, MOXKAAYICTA.
IToueMy-TO OHa CTeCHseTCs MHe IIMICATbh, A 5 3HAIO,
KaK TsDKEAO €l KUTb ¢ OOABHOI HOTOM U HETo-
cayliHbIM cbiHOM. Lleayio Bac. C. IlaBaoBa».
Ha nucbme — nevarp «I[IpocMoTpeHO BOEHHOM
ueHsypoit AennHrpap 126» (Kuura mocrymnaennmit
Ne 4, yuB. Ne 121/4-7).

KopoTkue OTKpbITbIe MCbMa OTIPABASIAUCD
Cepadumornt BacuabeBHoiT CapAMKOBBIM PeryAsIpHO,
IpUMepHO pa3 B ABe Hepean. Dopma OTKPBHITOrO
N1CbMa, BUAMMO, CIOCOOCTBOBaAa boAee OBICTPO-
MY MX IIPOXO>XKAEHHUIO AO appecara, T. K. leH30paM
He HY>KHO ObIAO BO3UTbCSI C KOHBEPTOM, UTOOBI X
MIpOYUTATbD.

ITepea HOBBIM 1944 roAOM OTIpaBMAQ IMCbMO
H. B. Capukosoii u Bepa ITaBaosa. OHo HanucaHo
Ha CIleliMaAbHOM OAaHKe, Ha AMIL[EBOJ CTOPOHE
KOTOPOI'O HAAIIMCE: «Bce CYABI Ha pa3rpoM Bparav,
U, KaK BCerAa, Ha MMcbMe CTOUT nedathb «IIpocmo-
TPEeHO BOEHHOII LieH3ypoit 10883x»:

«28.XII. 43. KoaTymm

Aoporast Haraans BaapAuMupoBHa, MO3APaBASIIO
Bac ¢ HoBbIM TOAOM U >XK€AQI0 COXPAHUTDb CBOIO
TeTepeLIHIO SHEPIHI0 U 60APOCTb. OueHb paay-
emcs1, 4TO Bl yBAeKaeTech cBoeit paboToit. baaro-
aapro Bac, uro Ber He 3a6biBaete Cep. Bac., koTopas
BCerpa C MHTePeCOM CAGAUT 32 Bammmu ycriexamu.
OHa Bce XXAeT, KOorAa BCTpeTuTcs onsaTh ¢ B. H.
Y HAarOBOPUTCsI A0ChITa. OueHb XOTeAOCh Obl ¢ Bamu
nobeceAOBaTbh, HO B TOPOAE TeIEePb He ObIBAIO.

Bcero ayumero or EB. Cep. m MmeHs»
(Kuura nocrynaenuit N 4, uus. Ne 122/4-4).

HaxkoHel, B mucbmax, AaTMpoBaHHbIX 1944 ropoMm,
HA4YMHAIOT IIPOCKAAB3bIBATb ONTUMUCTUYECKNE
HOTBI:

«16/11-44. Aoporas Hatamenbka. AeANIIKY MOU
MIOHEMHOT'Y TONPABASIIOTCS, U 51 COOpaAach, HAKOHeLl,
C CUAaMM NOroBOpuUTh ¢ Bamu u ¢ Bamreir HeHa-
rAsiAHOU MaTymiKol. Kak-To Bl ce0st uyBcTBYyerTe,
He 6oAeAM AM 3a 9TO BpeMs? Y Hac ObIAO OYEHb
MHOT0 60ABHBIX. He yAuBUTEABHO, BeAb BCe pabo-
TaAu yepe3 Mepy. Kak 3poposbe Codbu [aBpuaos-
Hbl U MOero KpecTHuka? byabTe Bce 3A0pOBBI
1 6aaronoAyuHsl. Arob6siiast C. TTaBaoBa» (Kuura
nocrynaeHuit N 4, yus. Ne 121/4-14).
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«20/111-44. Aoporasa HarameHbka!

baaroaapio Bac 3a maMATb 1 MOCTOSAHHOE BHU-
MaHue Ko MHe. B Moux 06CTOsATeABCTBaX MHE OYeHb
AOPOTO, 1 £ LIeHIO Ka’KAO€ BOCIIOMMHAaHeE O AQBHO
YIABIBIIMX FOAQX, KOTAQ HAIIM TOKOMHUKY APY>Ke-
CKV TOXXMIMAaAU PYKU U COOOILAaAM APYT APYTY
0 CBOMX ycmexax B Hayke. Il KaXXAbIIT papOBaAcs
ycmexy aApyroro. OT Bcelt Aymu xeaaro st Bam ycre-
Xa BO Bcex Bammx sa"aTusax. Bama arobsmas Bac
C. IMaBaoBa» (Kuwura noctrynaeHun N 4, MHB.
Ne 121/4-15).

«24/1V-44 r. Aoporas Haramrenpka!

AaBHO He noAy4Jaaa oT Bac nsBectuit. Kax no-
XMBaeTe, Kak cebst uyBcTByeTe? MBI Bce Tpoe
YyBCTBYEM MCIIPABHO U CTapaeMcs NPOTSIHYTb
BpeM: A0 BO3BpallieHus B ropop Baapumupa ViBa-
HoBMYA. VI3 OKOH y Hac cHera y»Xe He BUAHO. ByAb-
Te 3AOpOBBI U OaaromoayuHsl. Awb6smas Bac
C.ITaBaoBa». Ha mucbme — nevars «IIpocmorpe-
HO BOEHHOI1 LieH3ypoi1 10859» (Kuura nmocTynaenmit
Ne 4, yus. Ne 121/4-16).

ITaMATH O BOlHE

ITepenucka Bepso! ViBanoBHb! [TaBAoOBOI ¢ Ha-
Taanen BaapumuposHoi CapAKOBOI TPOAOAYKAAACE
U B IOCAE€BOEHHBIE TOAbL V3 aTux mucem B ponpax
My3esl COXPaHMAOCH ABa, HO COAEPIKaHME UX,
Ha Halll B3TASIA, OU€Hb UHTEPECHO I MHOTO TOBOPUT
O TOM, KaK Ba)KHa ObIAQ MaMSTh O Te€X TsXKEABIX
ropax pas B. V. ITaBaoBoit:

«11.1I. 61. Aoporas Haramia, mocbiaaro AUCTKH,
0 KOTOpBIX roBopuAa ¢ Bamu. byay oueHb nnpusHa-
TeAbHa 3a UX 3amoAHeHue. Korapa aTo caeaaere,
TO BEpHUTE TeM JKe IIyTeM, KaK s TIOCbIAQIO0 3TU.

Y MeHs IOHEMHOTY COOpaAach LjeAast KOAAEKLVS
BbICKa3bIBaHMIL, KOTOPbIE IPEACTABASIIOT MHTEpec-
HeUIIMI MaTepUaA, AAIOLMI BIIOAHE OYePUYCHHBIN
TUII HAIlIErO ITOKOAEHMUS.

Haaeroch, uto 3p0poBbe BaarenTunnl Hukoaa-
€BHBI Bpay HallleA YAOBAETBOPUTEABHBIM. Paccun-
TBIBAIO IOBUAATHCS C Bamu uepe3 KopoTKoe BpeMsi.

Bcero poo6poro. ITpuser B. H. Bama B. TTaBAoBa.

P. S. TTucarp Ha AUCTKaX MOYKHO C 06€1X CTOPOH,
IIOCTaBbTe MOATINCH U AQTY» (KHura mocrymnaennit
Ne 4, uuB. Ne 122/4-5).

«/AeHuHrpaa. Ya. XaarypuHa A. 27 kB. 52.
Hartaamu BaapumupoBHe CapUKOBOI.
ITaBaoBa B. V. B. O. 7 AuH. A. 2

19.1V/62. Aenunrpap. Aoporas Harauua, c ypo-
BOABCTBMEM IpUHUMaI0 Baille npepAoskeHue oT-
HOCUTEABHO MMewLmxcs y Bac nucem u 6aaro-
Aapio Bac 3a aTo.

B aTy 3uMy yyBCcTBOBaAa cebsl AOXO, a ceityac
KaK-TO COBCeM ocAabeaa. 3aBTpa Ha MeCsL| €AY
B KpbIM. B cepearHe Mast, KOrAa BEpHYCb, CO3BOHIOCH
¢ Bamu, ecau Bol OypeTe B ropoae.

7Keaaro 60ApoCTY 1 yAOBAETBOpEHMS B paboTe.

Amw6simast Bac B. TTaBaoBa (Kuura noctymnaennit
Ne 4, uuB. Ne 122/4-6) (puc. 11).

Puc. 11. ITucemo B. U. ITaBaoBoit k H. B. CapukoBoi1
ot 19 anpeast 1962 r. (poHA my3ses, nHB. Ne 122/4-6)

Fig. 11. A letter from Vera I. Pavlova to N. V. Sadikova
dated 19 April 1962
(Museum collection, inv. no. 122/4-6)

Takum 06pasom, 6aaropapst crapanusimMm Bepsr
ViBanoBHb! [TaBAOBOII, epenyicka ¢ CaAMKOBBIMU
oKasaAach B ceMbe [TaBAOBBIX, a 3aTem M. A. Co-
OoAeBcKasi epepasa ee B Myseil. Terepb ¢ aTumu
MUCbMaMM, XPaHSILMMU XVBbIE CBUAETEABCTBA
O TSDKeAEIIIEM AAST Halllell CTPaHbl BpeMeH!, CMOT -
AV TIO3HAKOMMTbCS ¥ HAIIIM YMTATEAN.
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Annomauyus. Panee ObIAO TIOKA3aHO, YTO METOA YPECKOXKHON DAEKTPUIECKO
cTumyAsiLyy cimiHoro Mosra (YCCM), pazpaOoTaHHBI AAst QYHAAMEHTAABHbIX
MCCAEAOBAHMI CIIMHHOTO MO3I'a 3A0POBOT0 YeAOBEKA, MOXKET OBITh ICIIOAB30BaH
AASI YBEAVYEHVISI MBIIIEYHON CUABI, MHULIMALIAN U YAYYIIEHVST IIPOM3BOABHBIX
ABIJDKEHMII Y TTAL[MIEHTOB C XPOHMYECKUM TOBPEXAEHMEeM CIIMHHOTO MO3ra.
B Hacrosiient paboTe npuBeaeHbl pe3yabTaThl ucrnoab3oBanuss YCCM
B ABUTATEAbHON peabUAUTALINY [TAL[IEHTOB, PEIIPE3eHTATUBHO MIPEACTABASIOLIE
COBOKYITHOCTb MALMEHTOB ¢ TpaBMoii ciiHHOro Mosra (TCM). IlpeactaBaeHbl
pe3yabrarbl oAHOM nponeaypbl YCCM y 60 maumentos ¢ TCM BcaeacTBrE
TpaBMbI TIO3BOHOYHMKA HA BEPXHELIENHOM (n = 6), Ha IeTHO-TPyAHOM (n = 23),
Ha IPYAHOM (n = 28) U IOSICHUYHO-KPeCTL0BOM (n = 3) ypoBHsIX. Bce marmeHTs
VIMEAU Cepbe3Hble ABUraTEAbHbIE HAPYIIEHVSI, Y MHOTUX OBIAY OCAOXKHEHUS
TCM. CTuMyAasiLMs B 00AACTH LIEMHOTO Y MOSICHUYHOTO YTOALLEHUII CTIHHOTO
MO3ra OAMHOYHBIMYU U puTMmudeckumi (15—50 I'r) ummnyabcamu y 59 naumeHTOB
BbI3BIBAAQ ABUTATEAbHBIE PeaKkuuu (ABVDKEHNs ITaAbLIEB CTOI M/MAU PYK,
COKpalljeHJe MBILIL] HOT 1 Ap.). HabAtoAaAM TaKKe M3MeHeHMe CIaCTUYHOCTH,
yBeAMUYeHIe KO)KHOT'O KPOBOTOKA, YMEHbIIIEH/ e XPOHUYECKOIT O0AY, TIOSIBAEHVE
yyBCTBUTeAbHOCTU. 50 13 60 MaLMeHTOB MPOILIAU KYPC ABUTAaTE€AbBHON
peabuantaruu ¢ npumenerrieM YCCM (~12 mpoueayp o ~2 4). AASI K&XXAOTO
nmaiueHTa ObIAQ OTpepeAeHa peabMAUTALMOHHAS 1IeAb (CUAETh 6e3 Omophl,
YBEAUYUTD CHAY 3aXBaTa KUCTHU, NT€PECAKMBATHCS C MHBAAMAHON KOASICKU
Ha KYIIETKY U T. A.). B peayabrare yayuiieHmne ABUraTeAbHbIX QYHKLUI OBIAO
3aperucTpUpOBAHO Y BCEX MALMEHTOB, peabMANTALIMOHHAS LEAb AOCTUIHYTA
y 70 % mauueHTOB. B cTaTbe onmcaHbl KAMHMYECKME CAyday MalXieHTOB
C pa3HOI TSKECTBIO ABUTATEABHBIX HapYIIEHWI; AASI HUX ITOKa3aHbl 3alMCU
KMHEMATVKU ABVKEHMIT, AEMOHCTPUPYIOIIVE 3HAUNTEAbHYI0 HOPMAAN3ALIMIO
bYHKLMM TIOAAEP>KaHMS TTO3BI CUASL U CTOSI ITOCAe Kypca. B pesyabrare
IIOKa3aHo, YTO peabuauTauus ¢ ucrnoabzosaHueM YCCM npuBoAur
K BOCCTAaHOBAEHUIO yTPadeHHBIX ABUTaTEAbHBIX HaBBIKOB. Takke
3aperuCTpPUPOBAHBI 3HAUNUTEABHBIE I3MEHEHMSI BUCLIEPAABHBIX QYHKLMI, UTO
TpeOyeT AOTTOAHUTEABHOTO MCCAEAOBAHUSL.

Karuesnoie croBa: IACKTPpUYECKasaA CTUMYASLVA, TPaBMa CIMHHOI'O MO3ra,
pea6I/IAI/ITaI_U/I${, ABUT'AaT€AbHbI€ HABBIKY, TPAHCASALIVIOHHAA MEANLIVHA.
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BBeaeHue

Abstract. It was previously demonstrated that the transcutaneous electrical
spinal cord stimulation (TESCS) can be used to increase muscle strength,
to initiate and improve voluntary movements in patients with chronic spinal
cord injury (SCI). The paper focuses on the use of TESCS in motor rehabilitation
of SCI patients. It presents the results of a single TESCS treatment
in a representative sample 60 patients with SCI after a spinal injury at the
upper cervical, cervicothoracic, thoracic, and lumbosacral levels. All patients
had severe movement disorders, and many had SCI complications.
The stimulation above the cervical and lumbar thickening of the spinal cord
by single and rhythmic impulses resulted in motor reactions in 59 patients
(movements of toes and / or fingers, contraction of leg muscles, etc.). Changes
in spasticity, an increase in cutaneous blood flow, chronic pain decrease, and
sensitivity improvement were also observed. 50 out of 60 patients underwent
a course of motor rehabilitation with TESCS. A rehabilitation goal was defined
for each patient (sitting without support, increased handgrip strength, moving
from a wheelchair to a couch, etc.). Motor function improvements were
recorded for all the patients, while 35 patients achieved the rehabilitation
goal. The paper presents case reports of patients with different severity
of movement disorders. The study includes records of the kinematics
of movements demonstrating normalization of the sitting and standing posture
after the course. As a result, the study has shown that the rehabilitation with
TESCS facilitates the restoration of motor skills. The study has also revealed
significant changes in visceral functions, which requires additional research.

Keywords: electrical stimulation, spinal cord injury, rehabilitation, motor
skills, translational medicine.

CIIMHHOTO MO3ra; BC€ AAHHbIE, KOTOPbIE€ CTAAU
OCHOBOW KOHL e, OBIAK TOAY4Y€HDbI B KAMHNYECKUX

B pyHAaMEHTAABHBIX MICCAEAOBAHMSIX C YYACTIEM
HaLMEeHTOB ¢ TpaBMoi1 ciimHHOro Mosra (TCM) ao-
Ka3aHO, YTO Y YeAOBEKA B CIIHHOM MO3Te CYIIeCTBY-
€T HeIPOHHAsI CETh, CITOCOOHAS MHUIIUUPOBAT II1a-
rateabHble ABIDKeHMs (Dimitrijevic et al. 1998). 9o
OTKPBITHE AETAO B OCHOBY KOHLIENLIUM CITMHAABHOM
PEryAsiiuy AOKOMOLIMY — BHEIIHEro YIPaBAEHMS
AKTUBHOCTbI0O AOKOMOTOPHOM HEVIPOHHOM CeTU
C TIOMOIIbIO ee HecrelupUIeCcKo aKTUBALNH,
($hapMaKOAOTMYECKON MOAYASILMM CEHCOPHO-
MoTopHOoro ob6yuenusa (Gerasimenko
et al. 2008). OCHOBHBIM METOAOM MICCAEAOBAHMS OBIA
METOA DAEKTPUYECKOI STIMAYPAABHOI CTUMYASILII
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MCCAEAOBaHMAX Ha maumeHTax ¢ TCM.

AAsL I3yueHMsI peTyASILIMY HEMIPOHHBIX CIIMHAAD-
HBIX CEeTell 3A0POBOT0 YeAOBeKa ObIA paspaboTaH
METOA HEMHBA3VBHON UPECKOXKHON SAEKTPUUECKO
ctumyAsiumy cnimiHoro Mosra (YCCM) (Gorodnichev
etal. 2012). Briao nokasaHo, yro YCCM c yacToToit
5-30 Ty B 0o6aacTy T11-T12 1M03BOHKOB BbI3bIBa-
€T HEIPOU3BOABHBIE IIaTaTeAbHbIE ABVDKEHMSI.
ITo3AHee ObIAM OITyOAMKOBAaHBI PE3YABTATHI MC-
CAE€AOBAHNS, B KOTOPOM ITOKa3aHO, YTO Yy MaLMeH-
TOB C ABUTATEAbHBIM MapaAMYOM B TeUeHUe
2—6 aetr BcaepacTBUe TCM UCCM B obaacTu
T11-L1 n03BOHKOB BbI3bIBAET IlIaraTEAbHbIE ABU-
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T. P. MowonkuHa, M. A. ITocorbckas, 3. B. Bunoepadckas, I1. K. Auxauesa, IO. I1. Iepacumenko

JKeHMsI, & TOCAE 4-HeAeAbHOTO Kypca peabuAnTaLmm
c npumeHernreM YCCM y 5 mauueHToB 13 5 Ha-
OAIOAAAM 3HAUUTEABHOE OOAerdyeHne BbhI3BAHHbIX
HIaraTeAbHbIX ABVDKEHUU MPU HPOU3BOABHBIX
yeuansix (Gerasimenko et al. 2015). 9tor pesyabrar
MTOKa3aA XOPOILNe [TePCIIeKTUBBI AAS CITOAB30Ba-
Huss YCCM B peabuAnTaliy MaLMEeHTOB C mapa-
AndoM BcaeacTBre TCM 1 ctocoOCTBOBaA TpaHC-
ASILIMM HOBBIX 3HaHUII 0 GYHKLMOHMPOBAHUU
HeMpOHHBIX CeTell CIIMHHOTO MO3ra 4YeAOBeKa
B chepy KAMHUYECKUX UCCAEAOBAHMIL.

B 0630pe (Megia Garcia et al. 2020) mpoanaau-
3MpOBaHbI 13 MyOAMKaLMIT O KAMHIUYECKMX KCCAE-
poBauusx appexruBHocT HCCM B ABUTaTEABHOI
peabuanTanuu nagueHToB ¢ TCM. O6miast Bbi-
6opKa cocTaBuAa 55 mauueHToB. YMCAEHHOCTD
MMAlIEHTOB B Ka)KAOM MCCAEAOBaHUU — OT 1 A0
15 uyeroBek (cpepHee 4, MepuaHa 3). YpoBeHb
TCM — o1 C2 po L1. DyHKIIMOHAABHBIE BO3MOXX-
HOCTM NALMIEHTOB — OT MMUHMMAaAbHOU yTpPaThl
ABUTaTEABHBIX (PYHKLMII HVKe YPOBHS TPaBMbI
AO TIOAHOTO mapaAnya. B 0630pe He mpoaHaAu3u-
POBaHbI ABE IOCAEAHME TYOAMKALIMY Ha 3TY TEMY,
B KOTOPBIX ITOKasaHa xopouasi 3¢pdeKTUBHOCTD
ucnoabsoBauusi YCCM B BOCCTaHOBAEHUU ABU-
raTeAbHbIX HaBbIKOB (Al’joboori et al. 2020)
1 MbievHon aktusHocTu (Shapkova et al. 2020),
KOTOpble OBIAM BBIIOAHEHBI C Yy4YacTUEM
5 1 19 mayueHTOB COOTBETCTBEHHO. ABTOPBHI
(Megia Garcia et al. 2020) He BKAIOYMAY B 0030p
aQHAAOTMYHBIE PYCCKOsI3bIYHbIEe TyOAMKauyy (Mo-
HIOHKMHA U Ap. 2016; BuccapuoHos u aAp. 2016;
CaBenkoBa u Ap. 2019; bannpypauBuau u Ap. 2020).
B pyCCKOSI3BIYHBIX MCCAEAOBAHMSIX 00Iee YMCAO
MAI[MIEHTOB, TIPOXOAUBIINX PEAOMAUTAIINIO C UC-
nmoab3oBanueM YCCM — 19, 4yucAO IaliieHTOB
B KQXKAOM uccAepoBaHuu — oT 1 Ao 10 (cpeaHee
u meamana — 4). Yposeub TCM — ot T5 po L1.
OYHKLIOHaABHBIE BO3MO>XHOCTY MALIVIEHTOB — OT
MVHMMAABHOV YTPaThl ABUTQTEAbHBIX QYHKLMI
AO TlapaAunya. Bce KAMHUYECKUE VICCAEAOBaHMS
MIPOAEMOHCTPUPOBAAY MHULIALIUIO ABUTaTEABHON
AKTMBHOCTY B HVDKHUX Y BEPXHMX KOHEYHOCTSIX
IIPY PACIOAOKEHUY CTUMYAVPYIOLIVX SA€KTPOAOB
mexxAy nmo3Borkamu T11-T12 u C4—C7 (Hap mo-
SICHUYHBIM U IIEVHBIM YTOAIEHUSIMU CIIMHHOTO
MO3ra) COOTBETCTBEHHO. Bo Bcex mccAeAOBaHUAX
COO0IIAAOCh O BOBHUKHOBEHUY VAU YBEAUYEHUN
IIPOM3BOABHON ABUT'aTEABHOII peaKkLuy, 00 yBeAn-
YEHUY CUABI MBILIL IIOCA€ KYPCa C ICIIOAb30BaHU-
eM YCCM. Takum 006pa3oM, B pa3HbIX ICCAEAOBA-
TEABCKMX LIEHTpax Ha HeOOABLIMX TpyIIax
MAaLIEHTOB MTPOAEMOHCTPUPOBAHO, YTO HEVIPOMO-
AyasiTopHoe cBoiictBo YCCM MoxeT ObITH
VICIIOAB30BAHO AASl YBEAMYEHMSI MBILLIEUHOM CUABI,
VIHULIVIALIAY U YAYYIIEHVS TPOU3BOABHBIX ABVDKE-
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HUM Y TALIEHTOB C XPOHNYECKUM ITIOBPEXAEHNEM
CIIMHHOI'O MO3ra.

3apauent Hacrosein paboTel OBIAO CAEAATH
9KCIIEPTHYIO OLleHKY ucnoabszopanus YCCM
B MPaKTUKe ABUTATEABHOI peabuMAUTALMN TaLN-
eHTOB ¢ TCM Ha cTapuy aMOyAaToOpHOM peabuAm-
tanuu. ITokasaHo, uyto 6oaee 70 % mauueHTOB
¢ TCM cTpapar0T MHOYKECTBEHHBIMY TPaBMaMU,
YTO CIIOCOOCTBYET BLICOKOMY YPOBHIO COITYyTCTBY-
IOLIIVIX OCAO>XHEHUI B AOATOCPOYHOM ase AeUeHus
(Hebert, Burnham 2000). B HacTos111eM 1CCAEAO-
BaHUM [TPOAHAAMBMPOBAHBI PE3YABTATHI peabuAK-
TaLUY MALMEHTOB, PENPE3EeHTATUBHO IIPEACTABAS-
I01l1ie COBOKYITHOCTD IalueHToB ¢ TCM, y KoTopbIx
POOAEMbI HEAOCTATOUHOCTU ABVYKEHMUIT, BbI3SBAH-
Hble TPAaBMOJ, OCAOXXHEHBI COIYTCTBYIOLUIMMU
3a00A€BAHMSIMMA.

MeTOAbI 1 MaTe€puaAbl

[TpoaHaAM3MpOBaHbI pE3YABTATBI peaOUANTALIN
MAaLIEHTOB, KOTOPbIe POXOAVAU A€YEHME B pea-
6uAnTaonHoM ueHtpe «INpMEA» (CankT-
ITeTepOypr) ¢ Hos10ps1 2018 A0 Aexadbpst 2019.
MeaULIMHCKYI0 OMOIIb MalleHTaM OKa3bIBaAlU
aMOyAaTOPHO, B TOMELIEHUAX peabMAUTALIMIOHHO-
ro LIEHTPa, a TaKXXe BbIe3AHOI OpUrapoit pooma
y mauueHTa. BpibopKa coCTosiAa 13 MaLIeHTOB,
CaMOCTOSITEABHO OOPaTUBIIKXCS B peabuanTam-
OHHBIV LIEHTP C LIEABIO YAYULIEHVS ABUTATEABHBIX
GYHKLMI, COOTBETCTBOBABILIMX KPUTEPUSIM IIPO-
BeAEHUS peabMAUTALIOHHBIX ITPOLIEAYP C UCIIOAD-
soBanueM YCCM u He MMeBLIMX aOCOAIOTHBIX
npotusonokasanuit paga HCCM.

Kpurepuu okaszanus peabMAUTALMOHHOI T1O-
moinu ¢ npuMmeHeHreM YCCM: TCM c pAaBHOCTbIO
OT IIOAYTOAQ U AOADILIE, 3aTPYAHEHMSI B ABVDKEHUH
BcaepacTBUEe TCM, MOTMBMPOBAaHHOCTD MAal[M€eHTa
1/VIAVL €TO0 POACTBEHHMKOB Ha BOCCTaHOBAEHNE
CaMOCTOSITEABHBIX ABVDKEHUI, HaAYMe peaduAm-
TALMOHHOTO MOTEHLIAAQ, BBISIBAEHHOIO 10 3aITN-
CSIM B MEAMLIMHCKUX AOKYMEHTaxX U NPU OCMOTpe
BO BpeMsi KOMIIA€KCHOTO MEPBUYHOIO MpUeMa
(KTTIT) ¢ ucnoarsosanuem YCCM.

AOCOAIOTHBIE IPOTHUBOIMIOKA3aHUSI K CITOAB30-
BaHMio YCCM: ocTpast comaTnyecKasi MaToAOr s
AU 000CTpeHMe XPOHUIECKOTO 3a00AeBaHMS,
SIIMAEIICKS B aHAMHese, ICUXMIecKie 3a00AeBaHus,
MOBPEKAEHIE KOXXHBIX TOKPOBOB (He3aKUBIIIME
MIPOAEXKHMU, SI3BbI) B MECTaX HAAOXKEHUSI DAEKTPO-
AOB, THOJHBIE BOCITAAUTEABHBIE ITPOLIECCHI.

OTtHocuTeabHble TpoTuBonokazanuss: YCCM
OAVIHOYHBIMM MIMITYABCAMM He BbI3bIBAET ABUI'aTEAD-
HBIIl OTBET, YPOBEHb CIACTUYHOCTU 4—5 06aAr0B
I10 LIKaAe DIIBOPTA, MMIIAAHTVMPOBaHHbIE CTUMY-
AATOPBL. BO3MOXXHOCTB MTpeHeOpeyUb OTHOCUTEAD-
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HBIMU IIPOTUBOIIOKA3aHUSIMHU, OIIPEAEASIAACD
B npouecce KIIIT. B yacTHOCTH, ecAU CcTeneHb
CMACTUYHOCTY YMEHbBIIAAACH Ha POHE CTUMYASILIY,
TO MaLMeHTy Ha3HavyaAu peabuanTaiyo ¢ HCCM.

B mpouecce KITIT past kaxkporo nanueHTa onpe-
AEASIAVL peabVAVTALMIOHHYIO LieAb (HayuUTbCs
CUAETDb 0€3 OIOpbI, MAM YBEAUYUTb CHAY 3aXBaTa
KJCTY, MAM HAyYUTbHCS MepecakuBaTbCsl C MHBA-
AVIAHO KOASICKYM Ha KYLIETKY U T. I1.); IPOBOAUAU
HEBPOAOTMYECKUIT OCMOTP, MPU HEOOXOAUMOCTHU
MOAOMPAAY TEXHUYECKIME CPEACTBA PEAOUMAUTALIN
(TCP), ucroabsyembie AASI KOMIIEHCALIMN VAU
YCTpaHEeHMs CTOMKUX OT PAHUYEHUI )KU3HEAESATEeAD-
HOCTU; Ha3HAYaAU, €CAU HEOOXOAMMO, AOTIOAHM-
TeAbHbBIE VICCAEAOBAHVSI I KOHCYABTALIMU Y CIIELV-
AAUCTOB, 0e3 pelleHNsT KOTOPbIX HEBO3MOYXHO
AOCTUYD peabUMAUTALIMOHHON LIeAU; OMPEAEASIAU
pexxumbl ctumyasyyy YCCM u HanpaBAeHUs
pabotsr c ADOK.

Pe>xxumbl u Aokychl ctumyAadanu YCCM Bbi-
O0upaAu B 3aBUCHMOCTHU OT peabMAUTALMOHHBIX
LIeA€J1 C yYeTOM Pe3YABTaTOB BCEX OITyOAMKOBAHHBIX
paHee mccaepoBanumit (Megia Garcia et al. 2020;
Momonkuna u Ap. 2016; Buccapuonos u ap. 2016;
CaBeHkoBa u Ap. 2019; Bannpypamuau u Ap. 2020).

AAst akTUBaLM pabOTBI PYK KaTOA pa3MeliaAn
B 06AacTu C5—C6 I03BOHKOB, ITAPY aHOAOB — HaA
KAIOYMIIAMU. AASI aKTYBALMM MBIIIL| TYAOBMIIIA —
KaToAbl B 00AacTut C5—C6 u/uiau T11-T12, aHoAbI
HaA TpeOHSIMU MMOAB3AOIIHBIX KOCTeit. AASI aKTH-
BalLlMM MBIIIIL] HOI — KaTOAbI B o6aacTy T11-T12
n/uan L1-L2 Mo3BOHKOB, ITapy aHOAOB — HaA
rpeOHsIMM MOAB3AOILIHBIX KocTel. Ecan mecTo
CTUMYASILIMM CITMTHHOTO MO3I'a, COOTBETCTBYIOIIee
paHee ONMMCAHHOMY B NyOAMKALMSIX, COBIIAAAAO
C MEeCTOM TPaBMbI I/MAY TaM PacloAaraAachb puk-
CUpYIOIasi METAAAOKOHCTPYKLIVS, TO TIOAOMpaAn
MHOE MECTO, IIPU CTUMYASILIMY KOTOPOTO MOXXHO
OBbIAO BbI3BATh ABUTATEABHYIO PEAKLVIO.

Ileppuunyro YCCM HauMHaAM OAMHOYHBIMU
NPSIMOYTOABHBIMY VIMITYABCAMYU AAUTEABHOCTBIO
1 MC npy TOAOKEHMU MalleHTa A€XXa Ha CIIMHE.
YacToTa caepoBaHUsA uMnyabcoB < 0,5 I
VIHTEeHCUBHOCTD TOKA ITOCTENEHHO YBEAUUNBAAU
ot 0 MA, HaOAIOAAST 32 ABUTATEABHBIMM U MHBIMU
peaKLysIMu.

OrnpepeAB MMHMMAAbHYIO MHTEHCUBHOCTD
TOKA, BbI3bIBAIOLIYIO ABUTATEABHBI OTBET (IIOPO-
rOBBII1 TOK) Ha OAMHOYHbIE IMITYAbCBI, TOAOMPaAK
napameTpbel YCCM AASL HeTIPePbIBHOM PUTMUYECKON
CTUMYASLMA. 3apada — MOAOOPATh PEXUM, ONTH-
MaAbHO COOTBETCTBYIOLIUI PeabMAUTALIMIOHHON
tean. Purmmudeckyro YCCM npoBoAMAY MOHO-
HOASIPHBIMY MIAYM OUTIOASIPHBIMY IIPSIMOYTOABHBIMU
MIMITYAbCaMU C YaCTOTOJ CA€AOBAHUS UMITYAbCOB —
5 kI1, gyactoronn moayasauum — 15-50 kI
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[Tpu BbIOOpE YaCTOTHI MOAYASILIMM OPUEHTUPOBA-
AVICb Ha OIyOAMKOBaHHbIe paHee AaHHble (Megia
Garcia et al. 2020; 1 Ap.); 4aCTOTY MOAYASILIUY
YMEHbBIIaAV OTHOCUTEABHO BBIOPAHHOI, €CAU
C TaKOJ YaCTOTOM YBEAMYMBAAACH CITACTUYHOCTD.
VIHTEHCUBHOCTD CTUMYASILUY — TIOPOTrOBasi MAU
HAAIIOPOroBasi, BbI3bIBAIOIAsl CYOMaKCYMaAbHBIN
ABUTATEAbHBIN OTBET.

Aast HCCM ucnoab3oBaau cTumMyasitop Heo-
Crum-5 (OOO Kocuma), saektpoabt (WFB02
QWER, Kurait; BF4, LEAD-LOC, Inc., CIIA).
Karopbl Kpyrable, AuaMmeTpoM 2,5—3 CM, C AATe3UB-
HBIM TOKOIIPOBOASILMM CAOE€M. AHOABI IIPSIMO-
YTOABHBIE, C AAT€3VIBHBIM TOKOIIPOBOASIIVM CAOEM,
pasmepom 5 x 10 cm? [Topapo6HO TexHuka YCCM
omucaHa paHee (CaBenkoBa u Ap. 2019).

Kypc peabuauranuu cocrosia u3 11-19 npo-
LeAyp (cpeAHee u MepuaHa 12) AAUTEABHOCTBIO
AO 2-x 9acoB. IIporjeAypbl IPOXOAMAY €5KEAHEBHO,
5-6 pas B Hepeato. IIponeaypa cocrosina s ADK,
YCCM B couetanuu ¢ ADK, sprorepanumy, nepu-
OAOB OTABIXa MEXAY BO3AEVCTBUSMU. AAUTEABHOCTD
YCCM BapbupoBaaa ot 20 MUH A0 1 4 1 yBeAnUn-
BaAach B TeyeHue Kypca. ITapamerper HCCM,
MOAOOpaHHbIe BO BpeMsI IIEPBOIL IIPOLIEAYPBI, KOP-
PEKTUPOBAAY, OCTaBasICh B AMalla30He [TapaMETPOB,
rpu Kotopbix YCCM BbI3bIBaAa CyOMaKCMMaAbHBIN
ABUTaTEABHBIN OTBET. ECAM CcTUMyASILIMSA B IIpoO-
necce ADK Bbi3biBara 00OA€3HEHHBIE OIIYLIEHNS,
CTUIMYAVIPOBAAN C IIOATIOPOTOBON MHTEHCUBHOCTDIO.
ADK cocTosiaa 13 yIpa’kHEeHMUI, TOTOBSIIMX K Bbl-
MMOAHEHMIO HAaBBbIKOB, BhIOPAHHBIX B KauyecTBe pea-
ouanTauyonHon ueaun. Ilpu nposepennu AOK
B MIOMeI[eHNM PeabMAUTALMOHHOTO LieHTpa UC-
MMOAb30BaAM KOMIIAEKC «XabuaekT» (OO0 «Xabu-
A€KT»), KOTOPbII I03BOASIET KOPPEKTUPOBATDH ABU-
>KeHMsI MalMeHTa MPY MOMOILY 3PUTEABHON
o0parHoi1 cBs31. Takoke 3TOT KOMITAEKC UCIIOAB30-
BAaAM AASI KOAMYECTBEHHON OLIEHKY KMHEMAaTVKU
ABVDKEHII, KOTOpbIe IPOBOAMAM AO U IIOCA€ Kypca.

Pe3yAbTaThl peabUAMTALIY OIIPEAEASAU
Ha CAEAYIOIIMIL A€Hb IIOCA€E 3aBepLIeHNsI BCeX IIPO-
LleAYP: IPOBOAVIAYL HEBPOAOTMYECKUI OCMOTP,
OTIPEAEASIAY CTETIEHb AOCTVDKEHMSI peabuAMTALIN-
OHHOI1 LieAr, POPMYAMPOBAAY CAEAYIOLIYIO peadu-
AUTALMOHHYIO 1IeAb, 00y4YaAM MALIIEHTa CAMOCTO-
ATeAbHbIM ynpakHeHnsAM ADK aas 3akpenaeHns
AOCTUTHYTOM LieAY, Ha3HA4YaAM, IIPU HEOOXOAUMO-
cty, TCP.

CTraTuMCTUYECKMIT aHAAU3 BCEX ITOAYUEHHBIX
AQHHBIX OBIA HEBO3MOYKEH 113-32 HEOAHOPOAHOCTH
CpaBHMBaeMBIX I'PYIIII (II0 KOAMYECTBY, II0 YPOBHIO
M CTeNleHM TSDKeCTU TPaBMBbl, IO AABHOCTU
TPaBMBI U T. A.), MHOTVE ITIOKa3aTEAU He ObIAU
HOPMaABHO pacripepeAeHbl. HopmaabHOCTD pac-
MIpeAEAEHNST BEAYMH MTOPOTOBBIX TOKOB U TOKOB
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HeTPePBIBHOM CTUMYASILIUU ObIAA TPOBEPEHA, AAS
CTaTUCTUYECKOrO aHAAM3A ITUX 3HAYEHUI OBIA
npuMeHeH Kputepuil CTbIOAEHTA.

PesyAbTaThl U 00CYXKAEHME

Tayuenmot

IlpeacTaBAaeHbl pe3yabTaThl 60 malieHTOB
¢ TCM BcaepcTBME TpaBMbl ITI0O3BOHOYHMKA
Ha BepxHeieitHoM (CI-CIV), Ha 11eiiHO-TpyAHOM
(CV=CVIII u TI-TII), Ha rpyasom (TII-TXII)
1 osicHuyHo-KpectoBoM (LI-LV, SI-SII) ypoBHsix.
UMCAEHHOCTD TPYIII ObIAQ HEOAHOPOAHOV. AoAs
MaLKeHToB ¢ TpaBMol Ha ypoBHe CI-CIV cocras-
AsiAa 10 % ot 00111ero YncAa nalueHToB, Ha YPOBHE
CV-TII — 38 %, na ypoBue TII-TXII — 47 %,
Ha ypoBHe LI-SII — 5 % (Taba. 1). Takoe pacnpe-
AEA€HVIe COOTBETCTBYET 4aCTOTe BCTPEYAEMOCTHU
TPaBM B Pa3HbIX OTAEAAX I03BOHOYHMKA, OIIVICaH-
Hoit Aast Poccun (Hopxus u Ap. 2014) u CIIA (Chen
et al. 2016). TpaBMBI T03BOHOYHVKA Ha ABYX YPOB-
HsX umeAn 8 mayueHToB (puc. 1A). MeTaAAOKOH-
CTPYKLUM, CTAOMAM3MPYIOIIYEe TO3BOHOYHMUK, OBIAK
ycTraHoBAeHBl Y 45 mayueHTtoB (puc. 1A).
Xupypruueckue ornepanuy, Kak IpaBUAO, ObIAY
IIPOBEAEHBI B KOpoTKMe cpoku rnmocae TCM:

B IpYIIIe NaleHTOoB ¢ TpaBMoli Ha ypoBHe CI-CIV
MepMaHa cocTaBAsiaa 4 AHA ocae TCM, B rpynme
CV-TII — 1 aeHb, B rpynmne TII-TXII — 2 AH4,
B rpynmne LI-SII — 1 peHb.

YMCAEHHOCTh MY)KYMH B KaXKAOV TpyIIIe
cocTaBAsiAa He MeHbllre % (Taba. 1). CpepHMit Bo3-
pacT maluMeHTOB COCTaBUA 32 ropa (AuamasoH
15-52 ropa), CpeAHUIT CPOK TTOCAE TPABMbI —
4,8 ropa (Anamason 0,5-23 ropa) (puc. 1B, 1C).
Cawmpble yactble npuunHbl TpaBmbl: ATTI, HpipsHIE
Ha MEAKOBOADE, ITAAEHNE C BBICOTHI.

OcHOBHasI MPUYMHA, 13-32 KOTOPOIT MAL[MEHThI
00paTUAKCh B peabMAUTALMOHHBIN LIEHTP, OblAa
CBsI3aHa C CEpbE3HOIT ABUTATEABHOI AUCHYHKLIVIET,
CpeAU YaCThIX AMAaTHO30B — TeTparapes pas3Hoil
CTeTleHU, BEpXHUI MTaparapes, HYKHSIS MTaparAers,
HapylleHye TAYOOKOI ¥ TOBEPXHOCTHO YYBCTBU-
TeAbHOCTU (TabA. 1). CpepAHUI ypOBEHD CIIaCTN4-
HOCTY MBIIL] HYPKHMX KOHEYHOCTEN BO BCeVI IPYTI-
e nauueHToB — ~1,5 6aaAa mo 1Kase DUIBOPTA,
MMHMMAaAbHasI CIIACTUYHOCTb OblAQ Y MaLIIEHTOB
c TpaBmoi1 Ha ypoBHe LI-SII (< 1 6aaaa), B ocTaAb-
HBIX IPYIIIaX CIACTUYHOCTDb 3aMETHO He OTAMYAAACh
(puc. 1D).

OYHKLMOHAABHO 3HAYUTEAbHbIE HEBPOAOTMYE-
CKlie HApYLIEeHVs Y pasHbIX TaLJIEHTOB NP OSIBASIAVICh

Taba. 1. KavHMYecKye XapaKTepUCTHKY TALMEeHTOB
Table 1. Clinical characteristics of patients

YpoBeHb
TPaBMbI AuarHospl @D YHKIMOHAABHbBIE OTPAaHUYEHNS
(n'/m?)
OTCyTCTBIME CAMOCTOSITEABHON XOABOBI,
. . OTCYTCTBUE ITO3bI CTOSI, CAMOCTOSITEAbHOE
BepxHuit CMeIlIaHHbII Tapanapes, HYKHsIS
CI-CIV . MTOAAEP>KaHMe TIO3bI CUAS, OTPaHNYeHMe
MaparAerysi; HapyuieHue rAy0oKoit ) .
(6/5) . 5 | (YHKUUIT BEpXHUX KOHEYHOCTEI, OrpaHUYeHe
Y TIOBEPXHOCTHOM 4yBcTBUTeAbHOCTY; HOTO
CaMOOOCAYXMBaHMSI; OLIYIleHM e TI03bIBa
3a MMHYTY A0 Moueucnyckanus;; HOTO
OTCyTCTBUE CAMOCTOSATEABHON XOABOBDI,
. . . OTCYTCTBUE MO3BI CTOSI, BO3MO>KHO
Terpamapes A€rKoii CTeNeH; BEPXHUIT BSIABIN
CaMOCTOSITEABHOE TIOAAEPIKaHME TTO3BI CUAS Oe3
CV-TII raparnapes, HU>KHsA CrlacTUYecKasl apanAerus;
. » OTIOPBI AV OTCYTCTBME YAEP>KaHVS TI03bI CHAS
(23/16) HYDKHUIL TIaparapes; HapylLleHue rAy0oKoi .
. 6e3 omopbl, orpaHnyeHne GpyHKIUI BEPXHUX
Y TIOBEPXHOCTHOI uyBcTBUTeAbHOCTH; HOTO c
KOHEYHOCTel1, OrpaHnYeH1e
camoobcayxuBanus; HOTO
Hipkuauit mapamnapes; HYOKHSS MapanAers; .
TI-TXII pariapes; i P M OTcyTCTBYE CAMOCTOATEABHOI XOABOBI,
HapyleHne FAYOOKOIT 1 IOBEPXHOCTHOM
(28/22) orcyrcTBue 1o3bl cros, HOTO
gyBcTBUTeABHOCTY; HOTO
. CamocTosiTeAbHas x0AbOa ToAbKO ¢ TCP%
HwokHsis mapanAerusi; HYyKHUI apanapes;
LI-SII 3aTpyAHEeHUE XOAbOBI; pa3HULIA B AAMHAX HOT;
KOHTPaKTyPbl TOA€HOCTOIIHBIX CYCTaBOB; »
(3/2) ) OTCYTCTBUE QYHKLMIT TOAEHOCTOITHBIX
runotrpodust Ml roaerei;; HOTO
CYCTaBOB; GYHKLMY MAAOTO Ta3a CHVDKEHBI

'n — maLueHTOB B IpyIIe

2 M — MY>KYMH B IDYyIIIIe

SHOTO — HeAOCTaTOYHOCTD QYHKLIMII TA30BBIX OPIaHOB
*TCP — TexHMYeCKOe CPEACTBO peabuANTALIIM
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Puc. 1. Kannuko-pemorpaduryeckne xapakrepucTku nauneHTos (N = 60) B 3aBUCMMOCTHU OT YPOBHS TPaBMbI
crimHHoro mo3sra. CI-CIV, CV-TII, TII-TXII, LI-SII — no3BoHku. A: uyncao nauyentos ¢ TCM Ha ykazaHHOM
YPOBHe (BCero), C AOTIOAHUTEABHOV TPABMOIT B HIDKEAEXKAII[EM OTAeA€ To3BoHOYHMKA (+ Tp. HOTI),
€O CTabMAMBUPYIOLIEN TO3BOHOYHMK MeTaAAOKOHCTpYKLMen (MK), ¢ Hapyiennem GyHKLMIT TA30BBIX OPraHOB
(HOTO), ¢ xpounueckoit 60Abi0 (60Ab). B: BospacT. C: CPOK ITOCAE TPABMBL D: CIIaCTUYHOCTD MBILIL] HYDKHUX
KOHEYHOCTeI! IT0 1IKaAe D1BoprTa. E: cTerneHb MHBAAMAM3ALMY 110 1IKaAe PoHKMHA. F: MHTEHCUBHOCTD 00AU
1o 10-6aAABHOIT LIIKAAE.

Fig. 1. Clinical and demographic characteristics of patients (N = 60) relative to the level of spinal cord injury. CI-
CIV, CV-TII, TII-TXII, LI-SII — vertebrae. A: the number of patients with SCI at the indicated level (total),
multilevel injury (+L), with spine stabilization devices (SD), with the pelvic organs dysfunction (PO),
with chronic pain (pain). B: age. C: period after injury. D: spasticity of the muscles of the lower extremities,
Ashworth scale. E: the disability degree, Rankin scale. F: pain, a 10-point scale.

[I0-Pa3HOMY: B OTCYTCTBUM AU 3aTPYAHEHHOCTHU
CaMOCTOSITEABHOI XOABOBI, B OTCYTCTBUM O3Bl
CTOsI, HEBO3MO>XHOCTH IOAAEPKaHUS O3Bl
CUASL, B OTpaHnyYeHny QyHKLUI BEPXHUX KOHeY-
HocTel 1 T. . (TabA. 1). OyHKUMOHaABHbIE Orpa-
HUYEHMs IPUBOAMAY K CEPbe3HBIM 3aTPYAHEHMSIM
B caM000cAy>xvBaHuu. CpeAHsIsI CTeleHb MTHBAAM-
AU3aLMU CPEAU TTALIMEHTOB COCTaBUAA ~3,6 0AAAOB
IO IKaAe PoHKMHA, HAaMMEeHbIIIast MTHBAAVAU3AL[US
(~1 6aaaa) ObIAa B IpyIIle MALMEHTOB C TPABMOM
Ha ypoBHe LI-SII, B OCTaAbHBIX I'PyIIIax CTENEHb
VHBAAUAM3ALIMY 3aMETHO He OTAnYaAach (puc. 1E).

Bce mauyeHTBI paHee IPOXOAVAY KYPCBI KOM-
MAEKCHOM peabuAnTaLny, ObIAM MOTUBUPOBAHBI
Ha BOCCTAHOBAEHME CAMOCTOSITEAbHBIX ABVKEHU,
VX TIOAAEP>KUBAAV POACTBEHHUKI.

Y 82 % maumenTos TCM 0bIAa OCAOXKHEHA Ha-
pyutenriem ¢yHkumit TazoBsix opraHos (HOTO)
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(puc. 1A). 310 B ~3 pasa MpeBbILIAET YNUCAO TAKIX
ocAOKHeHUH1 y mayueHToB ¢ TCM, ykasaHHOe
B 0AHOM 13 nccaepoBaunit (Hopkuu u ap. 2014),
TA€ YUTEHBI NMaLMEeHThbl, KOTOPbIe IIPOXOAUAU
A€YeHME B CTALMIOHAPHBIX YCAOBMSX B KPYITHOM
MEAULIMHCKOM LieHTpe. BeposiTHO, pasamuus
B yacTore ocaoxHeHui1 B Bupe HOTO y nmayueHToB
CBSA3aHBI C Pa3HbIMM NPUYMHAMU MOCTYIAEHUS
MAaI[MIEHTOB B 9TOT LIEHTP U B PEaOMAUTALMOHHBII
LEHTP, Ha 6a3e KOTOPOro MPOBEAEHO HACTOsIIee
UCCAEAOBaAHIUE.

24 manyieHTa MCIBITBIBAAY XPOHUYECKYIO O0AD,
cpeaHee ~4 6aAA0B 110 10-6aAABHOI AHAAOTOBOIA
mkaae 60oAu (puc. 1A, 1F). BoAb mposiBAsiAach pu
HarpysKe, AU IIPUCYTCTBOBAAQ IIOCTOSIHHO, AU
BO3HMKaAa BO BpeMsI HOUHOTO CHa. AoKaAu3auus
00AU: IPEATIA€YbSI, HOTY, TOSICHULIA.

Bce mpealiecTBOBaBIIINE ICCAEAOBAHMS OBIAK
IIPOBEAEHBI C y4acTHeM HeOOABIIVX TPYIII MaL-
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€HTOB, 0TOOPAHHBIX 10 )KECTKUM KPUTEPUSIM BKAIO-
YeHUs 1 MICKAIOYEHMsI, Y HUX He ObIAO OCAOKHEHMI
TCM, B TO BpeMs KaK OCAO>KHEHM s, KaK IIPaBIAO,
conpoBokpaioT xpoHnueckyio TCM (Hebert,
Burnham 2000). Kpome cepbe3HbIX ABUTATEABHBIX
HapyiueHuit, Bpi3BaHHbIX TCM, y HUX He ObIAO
APYIUX 3a00A€BaHUI, BAUSIOLMX Ha KQ4eCTBO
YKU3HU U CYLL|eCTBEHHO OTPaHMYVBAIOLIVX BO3MOX-
HOCTM CaMOOOCAYX1BaHus. BriepBbie Mbl 1ccae-
AYeM BO3MOXHOCTb npumeHeHus YCCM
B ABUTATEABHOI peabMAUTALIMM TALIIEHTOB C XPO-
Huueckot TCM, 0CAOKHEHHOV TPaBMO B HIKe-
Aexaiem otaeae, c HOTO, ¢ xpoHM1ecKoi 60AbIO.

Pesyrvmamut eounuyHoti npoyedypvr YCCM

CTUMYASALMSA OAMHOYHBIMU MMITYyAbCaMU
y 59 mauueHTOB 13 60 BbI3bIBAAA ABUTATEAbHBIE
peakuuu. IToporospiil TOK BapbMpOBaA OT MaLy-
€HTa K MaLMEeHTY, BCe 3HaUeHM HaXOAUAUCH
B AuanasoHe 6—130 MA, AAsL OOABLIMHCTBA HaLK-
€HTOB OAVHOYHBIE VIMITYABCbI MHTE€HCUBHOCTBIO
~30 MA BBI3BIBAAU ABUTATEAbHYIO peaKLUIO
(puc. 2A).

XapakTep ABUIaTeAbHBIX peaKLUil 3aBUCEA
OT YPOBHS CTUMYASALIMU. B cAyyae pacrioAoXXeHUst
KaToAQ B IIPOEKLVY LIIEHOTO YTOAIL[EHVSI, aHOAOB —
HaA KAIOYMIIAMM B OTBET Ha KaXKABI MMITYAbC
HAOAIOAQAM ABVDKEHUS MaAbLIEB PYK, MAM COKpa-
IIIeH)s1 MBIIIL] PyK, MUAY COYeTaHMe STUX ABUTATEADb-
HbIX peakuui. Ilpu pacnoao)xeHUM KaTopa Haa
MIpOeKLIMel] ITOSICHUYHOTO YTOAILI€HN S, 3 RHOAOB —
HaA TPEOHSIMU MOAB3AOIIHBIX KOCTEN HaOAIOAAAK
COKpAIlleHVSI MBIIIIL] HOT, AU ABVDKEHUSI B TOA€HO-
CTOIIHBIX CYCTaBaX, AU TIOAEPIUBAHMA OAHOTO NAU
HECKOABKUX TTAABIIEB HOT, UAY KOMOMHAIIUIO STUX
ABIDKeHUI. Bechb CIeKTp ABUTaTEAbHBIX peaKLuil
B orBeT HAa YCCM OAMHOYHBIMU MMITYAbCAMU
MPEACTABAEH B TabOA. 2.

BeanuynHa moporoBbIX TOKOB 3aBUCEAQ OT IO-
3ULMIT 5AeKTPOAOB (puc. 2B). [Tpu pacnioaoxennn
karoaa B obaactu CI-CIV u CV-TII no3BOHKOB,
a QHOAOB HaA KAIOUUIIAMU ITOPOTOBbIE TOKU AAS
AKTUBALIMY MBIIIL] BEPXHUX KOHEYHOCTE COCTaB-
AsiAau 21 £ 6,5 1 36 + 23,4 MA COOTBETCTBEHHO.

ITpu pacmoAaoskeHuu Katopa B obaactu CV-TII,
TII-TXII n LI-SII m03BOHKOB, a aHOAOB — Ha
rpebHAMI TOAB3AOIIHBIX KOCTEN, TOPOTOBbIE TOKU
AASI aKTUBALIMM MBILIL] HV>KHUX KOHEYHOCTEN
cocTtaBAgIAM 23 + 14,6, 34 + 21,3 u 32 + 23,1 MA
COOTBETCTBEHHO.

IMpu pacroAOXeHUU aHOAOB HaA IpeOHAMU
TTOAB3AOIIHBIX KOCTEN 3HAY€HNSI TOPOTOBBIX TOKOB
AocTOBepHO MeHblte (p < 0,05) mpu CTUMYASALUK
B 30He CV-TII 103BOHKOB, YeM IIpY CTUMYASALIUU
B 30He TII-TXII u LI-SII. Tak;xe AOCTOBEPHO
MEHbIIIe TOPOTOBbIE TOKM B KOMOUMHAIIUY SAEKTPO-
AOB «katop — CV-TII, aHOABl — TPEeOHU TIOA-
B3AOIIHBIX KOCTEIT», YeM B KOMOMHALIUN «KATOA —
CV-TII, aHoAbl — KAIOYMLIBI». MbI CBsI3bIBa€M
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OTBETHI B MbIIILIAX HOT TP CTUMYASILIVY IIEIHOTO,
BEPXHEIPYAHOTO YPOBHS CO CTUMYASILIMEN OeApeH-
HOT'O HEPBA I10A AHOAAMU.

Putmuueckass YCCM c vactoTtoi 15-50 ITx
BBI3bIBAAA ABIDKEHMS B TeX JKe CyCTaBax MAU CO-
KpallleHMe TeX ke rpymnn mbiui, uyto 1 YCCM
OAMHOYHBIMU uMITyAbcamu. Kak 6p1A0 yKazaHo
B paspeae «MeToAMKa», AASL PUTMUYECKOV CTUMY-
ASILIU TTOAOUPAAY TTApAMETPbI TOKA, TPU KOTOPBIX
HabAI0AQAM CYOMaKCUMAABHBIN ABUTATEABHBIN
oTBeT. VIHTEeHCMBHOCTD TOKa BapbUpOBaAa B AMa-
masoHe 10-90 MA, AASL GOABIIMHCTBA MALMIEHTOB
paboune Toku 66141 ~40 MA (puc. 2C).

Kpome pABurateabHbix 3¢ PeKTOB CTUMYASLINY,
HaOAIOAAAM 3MEHEHME CITACTUYHOCTY MBIIIILI, U3-
MeHeHVIe TeMIIEPATYPBI U LiBETa KOXKHBIX IOKPOBOB,
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Puc. 2. VIuTencuBHOCTB TOKa rpy YCCM
B 3aBMCUMOCTH OT ypoBHsI TpaBmbl (A, C) 1 ypoBHs
crumyasiuuu (B). CI-CIV, CV-TII, TII-TXI]I,
LI-SII — nmosponku. A, C: CI-SII — yposuu TCM.
B: CI-SII — noaoxeHune katopa; C/ — aHOADI
Ha ypoBHe Karouni; Cr — KaTOAbI Ha YPOBHe rpeOHert
MOAB3AOILIHBIX KOCTEI; # — YUCAO CAy4aeB.

Fig. 2. The TESCS current relative to the injury level
(A, C) and the stimulation level (B). CI-CIV, CV-TII,
TII-TXII, LI-SII — vertebrae. A, C: CI-SII—SCI
level. B: CI-SII — cathode position; C/ — anodes at
the level of the clavicles, Cr — anodes at the level of
the iliac crests; n — the number of cases.
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Taba. 2. Pesyaprarsl eprHMuHOI nporeayps YHCCM
Table 2. The results of a single TESCS treatment

VYpoBeHDb TpaBMBI VYpoBHu Peaxuyu na 1CCM
NO3BOHOYHUKA YyCccMm?
ABUTaTeAbHbIE VIHBIE
YMeHbIleHre CITaCTUYHOCT;
CI-CI C2, Ce, T5, ABIDKEeHVS TTaABLIEB CTOTI U/UAU U7
-CIV IOTEIIAEHME CTOII U KUCTel];
T12,L1 PYK, COKpallleH1Ie MBbILIL Oeppa
yMeHblileHre 60AU
CoxkpaieHust pasrubareaeit
Ca-C5 MpeATIA€Ybsl, COKpALlleHMe MBIIIIL] VYcuAeHe CriacTUYHOCTY MBIIIILY
C7—T1, OPIOIIHOTO TIPECCa; ABVKEHME HOT; ICYe3HOBEHMEe 0OAEBhIX
CV-TIIL T12—Lf 6OABIIIOTO TaAbLIA IPABOI PYKY; OIL[yLIleHUIT; OLIYILIeH! MAaAbLieB
L1-12 ’ ABUTATEABHBII OTBET MBbILIL DeAPa; CTOII; OLfyLeH}e IIOAHOCTBIO HOT;
ABUTaTeAbHas peaKLVs KPYITHBIX OlLyI[eHVEe AQAOHEN
MBIIIL] OAHOV HOTU
Asxenus B TAC®; ABMOKeHUS CHIDKeHMe ClIaCTUYHOCTY MBIIIIL
C7-T1 MAAbLIEB CTOTI; ABMIKEHUS IMaAbLia TOA€HU; OLIyIl[eHMe XOKEHUS OT
T12—Lf CTOIa; COKpallleH) e MbIILL] MOSICHULIBI M HIDKE AO SITOAMYHON
TII-TXII L3_L, 4,’ TOAEHEN I TIOOYepeAHOe crubaHme 30HBI, OLYIIIeHMEe AeBOM HOTY;
15-51 [TAAbLIEB CTOIT; CMUHXPOHHAs OLyIl[eHJe CTOII U MaAbLIE€B CTOIT;
ABUTaTeAbHasl peaKLVsi KPYITHBIX MOSIBA€HME TIEPUCTAABTUKY
MBIIIL, HOT KUIIEeYHUKA
. Ternaee cTaAu TOA€HHU, TIOSIBAEHIE
C7,T5,T11, ABUraTeAbHbIT OTBET MaAbLja/ ?
LI-SII YYBCTBUTEABHOCTU AO CEPEAVHDI
L1,S1 THaAbLIEB HOT
roaeuu vau oo 'AC

°> ITo3BOHKM, Ha yPOBHE KOTOPBIX OMEIIAAY KaTOABI
¢ TAC — roA€HOCTOIHBIIT CYCTaB

YMeHbIIIeHV e VAU VMCUe3HOBEHVE XPOHUYECKON
00AU, TMOsSIBA€HUE YYBCTBUTEABHOCTU
(Taba. 2). CaepoBareAbHO, porieaypa YCCM Bos-
AEVICTBYeT He TOABKO Ha COMaTUYeCKVe, HO U Ha
BMCLi€PAAbHBIE PYHKLIUN.

Y nayuenrta ¢ TCM Ha yposHe C7-T1 u paB-
HOCTBIO TPaBMBI 2 FOAQ PUTMMUYECKAsT CTUMYASILIUS
BBI3BaAd YBEeAMYEHMe CIIACTMYHOCTY MBbILIL] HOT,
3TO OBIAO pacClieHEHO KaK He)XeAaTEeAbHOE SIBAEHIE,
II09TOMY NALVIEHTY He IPOBOAVAM peabuAUTaL-
onnble npouepypbl ¢ HCCM. Takxe He peKOMeH-
AOBAAU CIIMHAABHYIO CTUMYASILMIO U TALUEHTY
(TCM Ha ypoBHe C6, AQBHOCTb TPaBMbI 2 TOAQ),
y kotoporo YCCM OAMHOYHBIMU MMITyAbCAMU
He BbI3BaAa ABUTaTEAbHbIE PeaKLy IIPY BCeX BO3-
MO>KHBIX ITO3ULIVSIX CTUMYAVPYIOLIMX SAEKTPOAOB.

Pesyrvmampi Kypca peaburumayuu
¢ ucnoivsosaruem Y4CCM

PeaOuAMTALMOHHBIN KYPC C IPUMeEHEHNEM
YCCM mnpomian 50 yeAoBeK 13 BCeX MALMEHTOB,
kortopsle nnpouray KIIIT. I'pynna ymeHbumaach He
TOABKO 32 CcuYeT 2 MALMEeHTOB, KOTOPbIM ObIAa
HasHaveHa peabuanTaius 6e3 YCCM, Ho 1 3a cyer
8 MmaleHTOB, KOTOpbIE [0 AUYHBIM IPUYMHAM OT-
AOKUAY PeabUAUTAIINIO HA OOAee TIO3AHUIT CPOK.
V3 uccaepoBaHMs BBIOBIA 1 MaleHT C TPaBMOIt
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Ha ypoBHe CI-CIV, 3 — Ha ypoBHe CV-TII, 5 —
Ha ypoBHe TII-TXII u 1 — Ha yposne LI-SII; Bce
BBIOBIBIIINE — MY)XYMHBL Y 12 % maleHToB, Mpo-
HIEAIIVX peabuanTaumoHHbt Kypc, TCM 6biaa
Ha ABYX ypoBHsX (puc. 3). HOTO 6b1an y 4, 16, 20
" 2 MalMeHTOB M3 IPYIII C TPAaBMOJ Ha YPOBHe
CI-CIV, CV-TII, TH-TXII n LI-SII cooTBeTCTBEHHO.

Y Bcex MalMeHToB, He3aBUCUMO oT ypoBHs TCM,
B pe3yAbTaTe Kypca ObIAO ITOAYYEHO yAyYIIeHVe
ABUTATEABHBIX (YHKLMII IO CpaBHEHMUIO
C pe3yAbTaTaMl, 3aperMCTPUPOBAHHBIMYI BO BpeMs
KTIIT (Taba. 3). OTO yAydllleHMe TPOABUAOCH
B YBEAMYEHNY MBIIIEYHO CUABIL, YBEAUYEHUY AAV-
TEABHOCTY BBIIIOAHEHVS 3HAYVMMBIX 1103 (11032 CUAS
6e3 omopbl Ha PYKU, BepTUKaAbHAsl CTOIKA),
VI3MEHEeHVM Ka4eCTBa BBIIIOAHEHNs 1103 (Harpumep,
3aMbIKaHVe KOA€HHBIX CYCTAaBOB B BePTUKAAbHOM
CTOJKE C BO3MOXXHOCTBIO 0aAaHca B CTOVIKe).
PeabuAuTauMOHHBIX LeAel (TabA. 3) AOCTUTAU
65—-100 % mauueHTOB B 3aBUCHMMOCTU OT YPOBHA
TCM (puc. 3). AASI AOCTUIKEHUS 1IeAell OHU BOC-
CTaHOBMAM ABUTaTeAbHbIe HAaBBIKU: IIEPEXOA U3
MOAOXKEHNSI A€Ka Ha CIIMHE B IIOAOXKEHME CUAS,
XxoAb0a Ha YeTBEPEHbKAX, B MOAOKEHUN CUAS Oe3
OTIOPBI B35ITb OYTHIAKY BOABI ¥ IIUTD O€3 OCTOPOHHEN
MOMOILY, B BEPTMKAABHON CTOMKE MEePEHOC LIeHTPa
TSDKECTU C OAHOJ HOTM Ha APYT'YIO C IOOYEPEAHBIM
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Taba. 3. Pesyabrar peabuanrtaumonHoro kypca c npumenerrieM YCCM B 3aBUCKMOCTH OT YPOBHSI TPaBMbI
CIIMHHOTO MO3ra (M3MEeHEHNsI OTHOCUTEABHO PEe3YAbTATa, IOAYYEHHOI'O BO BPeMsI IIEPBOII IIPOLIEAYPbI)

Table 3. The result of the TESCS rehabilitation relative to the injury level (changes in comparison
with the results obtained after the first TESCS treatment)

YpoBeHb N3menenust
ABuUrareAbHbie 5 BoccTranoBAeHHBIE
TPaBMBbI IleAu peabuAunTanyum byt masoro
Pe3yAbTATBI HaBBIKI
MMO3BOHOYHMKA Tasa
VYayuienue
KOOPAVHALUUA .
pANHAL ITo3a cups ¢ omopoii
BEPXHUX
. Ha pyKu A0 1 MuH
KOHEYHOCTel; YBeAnueHue
. 10 ¢; nepemeljeHue
yBeAuueHye MBILIEYHO CUABI PYK
. 13 TTIOAOKEHMUST CUAS
MBIILIEYHO CUABI PyK Y HOT; YBEAUYEHMe [MosiBAeHME Ha TOAY, HOTH
U TYAOBMUIIA; BBIHOCAMBOCTM: o €HIST TI03BIBOB ’
CI-CIV )4 ma; iy IIpsIMbIe BIIEPEA,
yAep>KaHue T03bl AAUTEABHOCTh K MOYeNCITyCKaHUIO,
. B IIOAOXKEHIE CUAS Ha
cups ¢ oropoit / 6e3 BBITTIOAHEHUS Aedexanyu
. IIOAY, HOTY COTHYTBI€;
OIIOPBI HA PYKI; YIIpaXKHEHUI
. yAep>KaHue
3aMbIKaHe KOAeHe BO3pOCAa B ~2 pasa .
BEPTUKAABHON O3Bl
B MIOAOXXEHUU CTOSI;
6e3 omopsr A0 50 ¢
pacipeHe 30H
YYBCTBUTEABHOCTU
ep>KaHue [Tepexop 13
CaMOCTOsITeAbHbBIE Yaep . PEXOA
CTabUABHO MTO3bI MMOAOXKEHUS AeXKa
I1IepeBOPOTHI AEXKa;
4 cuAs1 6e3 ormopbl Ha CIIMHe
103a CUASL C OTIOPOH
yBeanumaach ¢ 5-10 ¢ B IIOAOKEHUE CUAS;
Ha PYKU; 11032 CUAA
. N A0 50 c; yaeprkaHue YAEp>KaHVe O3Bl
C TIPSIMOJ CITMHOM
B [103€ CTOsI Ha CUASI B KOpceTe 6e3
6e3 omopsl
KoAeHssx — ¢ 10 ¢ VYyamenue cryaa omnopsl A0 2 MuH 40 ¢;
Ha PYKU; X0AB0Oa .
CV-TII AO ~2 MUH; c 1 pasa B 10 pAHent xoab0a Ha
Ha YeTBEPEHbKaX;
yAepKaHue A0 1 pasaB 1-2 pHA yeTBepPEeHbKaX BIEPeA
repecaxuBaHue .
BEPTUKAABHO O3Bl U Ha3aa;
C KYLIeTK! Ha
0e3 ormoper — ¢ 2 CaMOCTOSITEABHO
KOASICKY; YAYYLIeHM e
A0 20 MuH; B3ATb OYTBIAKY BOABI
03bl CTOS 6e3
yMeHbIleHe U IUTh Oes
OTIOPBI; XOABOA .
. CITACTUYHOCTHU IIOCTOPOHHE
C OAHOI TPOCTBIO
Ha 1-2 6aaaa ITOMOI
YaeprkaHue 1o3bl
cups 6e3 onopel
AO 5 MUH;
YMeHbIIIeH e
IlepeBOpOTHI A€XKa;
AAUTEABHOCTU MoxxeT
YA€P>KaHVe TI03bl
XOABOBI Ha CaMOCTOSITEABHO
cups 6e3 onoper;
YyeTBepeHbKax MEHSTb MIOAOXKEHE
yA€p>KaHue 03Bl
Ha 115 cm ¢ 6 MuH TeAQ; TI03a CUAS
Ha YeTBEPEHbKaX; . 8
A0 2 muH 45 ¢; C POBHOI1 ClIMHOM (€3
BepTUKaAbHas 11032
. 3aMbIKaHUe OIIOPBI HA PYKU;
CTOS C OTIOPOTL;
. KOAEHHBIX CYCTaBOB X0AbOa
3aMbIKaHIe KOAEHeIl
B I103€ CTOS; Ha YeTBEpeHbKax
VAU OAHOTO KOA€Ha [MosiBAeHME
. yBeAUyeHne A0 15 MuH;
B BEPTUKAABHOI OLLYII[€HV TI03bIBOB .
TII-TXII 3 AAVITEABHOCTH BepTUKAAbHAsI CTOMKA
CTOIIKe; X0AbDOa K MOYENCITyCKaHUIO,
N YAEP>KaHUS IT03bI 0e3 omopsl A0 1 MuH;
C OTIOpPOII Ha MECTE; Aedexarm
» CUASL C YIIOPOM HOT MEPEHOC Beca TeAa
XO0ABDA 110 POBHOIT "
B IIOA 11 0€3 OIOpBI Ha C OAHOI HOTU
MOBEPXHOCTU
o pyku ¢ 35 c A0 Ha APYTYIO
C OIIOPOII Ha XOAYHKU; .
> 5 MUH; yBeAnueHue B BEpPTUKAABHO
CHIDKEHIe YPOBHS N
AAUTEABHOCTU CTOlIKe
CITACTUYHOCTH; .
BEPTUKAABHOI C TIOTIEpEMEHHBIM
yAyYllIeH/e . .
CTOVIKM Y IIBEACKOM 3aMbIKaHEM
OIL[yIIleHVsI OPIaHOB
cTeHku ¢ 5 ¢ po 10 KOAEHHBIX CyCTaBOB
MaAOro Tasa
MUH; yBeAUYeHUe
AAUTEABHOCTU
XOABOBI C XOAYHKaMU
c 3 A0 7 MUH
OTpbIB MATKU
YKpenaeHyie MbIIL]
OT I10AQ BO BpeMsI
CIIVHBI I HIDKHUX »
iy TIPUCEAAHUIT; Vaeprkanue baaaHca
KOHEYHOCTEIT; M03a .
LI-SII MOSIBUAVICH ABUKEHUS Ha OAHOII HOTe 0e3
cTos1 6e3 omopsl
B 1 maable u omops! (5—10 MuH)
C 3aMKHYTBIMU
1 nArocHedaraHIOBOM
KOAEHSIMU
cycTaBe HOTU
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Puc. 3. PesyabraT peabuantaunoHHoro kypca ¢ npumeneHnem YCCM B 3aBUCUMOCTY OT YPOBHSI TPaBMbI
ciimuaHoro mosra (N = 50). AonoaneHnue K TabA. 3. YpoHu TCM: Kak Ha puc. 1. P: KOAMYeCTBO MaLIEHTOB
C TPaBMOJ B yKa3aHHOM OTA€A€ TIO3BOHOYHMKA, B TOM YMCA€ C COUETAHHOI TPAaBMOII B HIDKEAEKAILIEM OTAEAE
no3BoHouHMKa (C). S: KOAMYECTBO MALMEHTOB C AVMaTHOCT/POBAHHBIM paCliipeHieM 30H YyBCTBUTEABHOCTU
nocae Kypca. G: KOAU4eCTBO MALMEHTOB, Y KOTOPBIX PeabMAUTALMOHHASA LieAb AOCTUTHYTA.

Fig. 3. The result of the TESCS rehabilitation relative to the injury level (N = 50). Supplement to Table 3.
SCI levels as in Fig. 1. P: the number of patients with trauma in the specified spine level, including those with
concomitant trauma in the lower spine (C). S: the number of patients diagnosed improvements in sensitivity

after the rehabilitation. G: the number of patients who have achieved the rehabilitation goal.

3aMbIKaH/MeM KOAEHHBIX CYCTAaBOB U APYTVie HaBbIKU
(Taba. 3).

Taxkum obpasom, ucrnoabzopanue YHCCM aAas
peabuanTaLMU TsDKEABIX manueHToB ¢ TCM,
Y KOTOPBIX ITPOOAEMbI HEAOCTATOYHOCTY ABVDKEHMI,
BbI3BaHHbIE TPABMOII, OCAO’KHEHBI COITyTCTBYIO-
VMM 3a00A€BaHVSIMY, TIPUBOAUT K BOCCTaHOBAE-
HUIO Y HMX YTPau€HHBIX ABUTaTEAbHBIX HaBBIKOB,
YTO YAYYIIAeT X Ka4eCTBO )KM3HY, TaK KaK AeAaeT
MeHee 3aBMCYMBIMU OT IIOMOILM OKPY>KaIOLIMX.

VYMeHbllleHre CIaCTUYHOCTD MBIIIL] HYDKHUX
KOHEYHOCTeIT ITOCA€ Kypca HabAI0AAAM Y 2 TaL-
eHToB ¢ TCM Ha yposne CVI-TIII (c 2 oo 1 6aara
o mkaae DmBoprta) U y 1 mauuenra ¢ TCM
Ha ypoBHe TII-TXII (c 4 oo 3 6aaA0B).

Y 34 % nalMeHTOB IOCAe Kypca OTMEYEHO YAyY-
IIeHJe TIOBePXHOCTHOM Y TAYOOKOI1 YyBCTBUTEAD-
HocTu (puc. 3).

ITo 2 manymenTa u3 rpynn ¢ TCM Ha ypoBHSX
CI-CIV u TII-TXII cTaAau omyIars MO3bIBbI
K MOYEMCITyCKaHMIO U pedekauym. Y 1 mauyeHTa
c nocaeactBusamu TCM Ha yposHe CVI-TIII
(AaBHOCTD TpaBMbI 23 FOAQ) B XOAE Kypca OTMeye-
HO 3HAUMTEABHOE yyaleHue Aedekauny 1 Mode-
ucnyckanus (Taba. 3).
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CAepOBaTEABHO, ABUTaTeAbHAs peabuANTALA
c npumeHeHrieM YCCM npUBOAUT K CYILIleCTBEHHBIM
M3MEHEeHUsM He TOAbKO COMaTU4eCKX, HO 1 BUC-
LlepaAbHBIX PYHKLIMIL, UTO TPEOYET AOTTIOAHUTEAD-
HOTO M3ydeHus. Takoe pa3BuTUe COOBITUI
COOTBETCTBYET MAEOAOIMM TPAHCASILIIOHHON Me-
AVLIVHBI — CTPEeMAEHMEe K U3A€UEHUIO AOAXKHO
AOTIOAHATBCS CTPEMAEHMEM ITOHATD YeAOBeYecKye
00A€3HU U UX CAOXKHOCTU, U OAHMM U3 BaXKHBIX
ACIIEKTOB TPAHCASILIMOHHOV MEAVLIVHBI SIBASIETCS
BO3BpallleHl€ OT «IIOCTEAV OOABHOT0» B HayuHbIe
AabOpaToOpuUM AASI IOAYYEeHMsI HOBBIX 3HAHUN
(Mankoft et al. 2004).

B xoae Kypca OBIAO 3aperucTpupoOBaHO
1 HexxeAaTeAbHOE sABAeHMe. Y maiuenTa ¢ TCM
Ha ypoBHe T5-T7 c 6 mo 9 mpolepAypy HabAOAQAU
yBeAUYEeHMeEe CIMaCTUYHOCTU C 2 A0 3 6aAAOB
1o 1mKaae JmBopTa. [Ipu BbLSICHEHNY 00CTOATEABCTB
npeObIBaHM TAL[MEeHTa BHE PeabMAUTALIOHHOTO
LIeHTPa 0Ka3aA0Ch, UTO, HAUMHAs C 6 MIPOLIeAYPHL,
MaLyeHT MIPOXOAUT KypC UraopedarexkcoTepanmm
M0 Ha3HAYEHUIO APYTMX CIIELIMAAUCTOB. B cBA3n
C 3TUIM TPYAHO OIIPEAEAUTD IPUUMHY YBeAYeHUS
crracTuYHOCTU. PeabuauTalio C IpYMeHeHeM
YCCM ocTaHOBUAM IOCAE 9 MPOLIEAYPBDIL.
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Kaunuueckue cAydyau

Ha npuMepe Tpex manyeHTOB ITOKa3aHO, YTO
ucnoab3oBanre YCCM B ABUTaTEABHO peabuAn-
TaLy, HalleA€HHOV Ha pellleH/ e MHAMBYMAYAABHBIX
ABUT'aTEABHBIX 3aAa4, IPUBOAUT K PEIIEHNIO STUX
3apau. KanHnueckne cayyay npeacTaBA€HBI B I1O-
pPsSAKe YMeHbILeHNsI TSDKeCTU ABUTAaTEAbHBIX Ha-
pYLIEHMI1, OT MalieHTa, HeCIIOCOOHOr0 CaMOCTO-
SITEABHO 0e3 OIOpbI CUAETH, AO MAlMeHTa, He
YAEPXXUBAIOILETO (HU3MOAOTMYECKN HOPMAABHYIO
BEPTUKAABHYIO CTOVKY 1 HECIIOCOOHOTO (13Mo-
AOTVYECK! NMPABUABHO MATU. B Ka)KAOM caydae
MHCTPYMEHTaAbBHBIMY METOAAMMU IIPOAEMOHCTPU-
POBaHO, YTO PeabUAUTALMOHHbIE 1[eAU ObIAU
AOCTUTHYTBHI.

Iayuenm 1

Wcropus 6oaesnu Ne 036/19. JKeninHa, 26 aer,
COCTOSIHME TIOCA€ 3aKPBITOTO IIEPEAOMA OCTUCTBIX
oTpocTkoB C6—C7 1 0CAOKHEHHOTO KOMITPECCU-
OHHOTO nepeAaoMa-BbiBuxa 16, T7 BcaeactBue ATTI,
yumb U cAaBA€HMe CIIMHHOIO MO3Tra Ha YPOBHeE
T6—T7, MHO)KeCTBEeHHbIe IlePeAOMbI ITOIIePeYHbIX
OTPOCTKOB I'PYAHOTO OTAEAA AABHOCTBIO 2,5 TOAQ.
ITpoonepuposaHa Ha 10 cyTku, npousBepeHa pe-
3eKLMsI TeA ITO3BOHKOB T6—T7, METaAAOOCTEOCHH-
Te3 PasABVDKHBIM UMITAAHTATOM U 3aAHSISI KOMOU-
HupoBaHHas pukcauus. HuokHss mapamnaerus,
HapylleHye IIOBEPXHOCTHO 1 TAyOOKOI1 YyBCTBHU-
TeabHOCTY, HOTO. OyHKIIMOHAABHO: TPYAHOCTHU
B [TIOAAEPSKaHUU TI03bI CUAS 6e3 omopsl (< 1,5 MuH),
OTCYTCTBME BO3MO’KHOCTU II€peCa’kKMBaTbCs
B KOASICKY, OTCYTCTBYE aKTVBHBIX ABVDKEHUI HYDK-
HUX KOHeyHocTel. CHacTUYHOCTb OTCYTCTBYET.
Crenenb MHBaAUAM3ALUM 4 OaAAa 1o mKaAe PoH-
KIHa.

ITepBas mpoueaypa YCCM. Katopbr Mmexay
nos3BoHKaMu C7-T1, T12—-L1 1 aHoABI — Hap
IrPEOHSIMU TTOAB3AOIIHBIX KOCTEN. ABUTaTeAbHAs
peaxuysi HA OAMHOYHbBIE VIMITYABCHI OT MBIIIL] I'O-
A€Hell U CTOM, IMMOPOTOBbIM TOK 13 u 23 MA
(C7 u T12 cooTBeTCTBEHHO). Peakiiusa Ha pUTMU-
yeckyro YHCCM (20 MuH) — BUAMMOE COKpalljeH1e
MBIIIL] TOAEHU U CTOTIbI, 60A€ee BhIpaskeHHOE CIIpa-
Ba. MakcumaabHbliil oTBeT pu YCCM ¢ mapame-
Tpamu 16 MA, 10 I'y, 6unoasipuas popma UMITyAb-
coB Ha yposHe C7 1 30 MA, 10 'y, MOHOTIOASIpHAS
¢dopma uMnyAbcoB Ha ypoBHe T12.

12 npotieAyp € LieAbI0 YKpelAeHMsI MbIIIL] CIIU-
HBI U TIPECCA, C TPEHUPOBKOI HABBIKA ITIOAAEPYKAHUS
CaMOCTOSITEABHOI TIO3bI CUASI 6€3 OTTOPBI C PSIMOIT
CIIMHOM, 0€e3 3aMPOKUABIBAHUSI TOAOBBI, C IIPSIMbI-
MM HOTaMU Ha KYIIETKe VMAM C HOTaMU C OIOPO
B IIOA. B pesyabTaTe yBeAMu€eHO BpeMs yAeprKaHus
O3Bl CHASL 0€3 OIOpBI HA PYKM C HOTaMM B IIOA

UnmeepamusHas gﬁusuwloeu,q, 2020, m. 1, Ne 4

A0 4 muH. CTabuAOMeTpUYECKOE NCCAEAOBAHIE
AeMOHCTpupyeT (puc. 4A) cTabuAM3aLMIO O3B
CUASI TTOCA€E Kypca (yMeHbIlIeHNe MAOIAAM CTATO-
kuHe3uorpammsl (I1C) B ~3 pasa u ymeHblieH1e
cMmeleHus LeHTpa AaBaeHus (LIA) Bmpaso
¢ ~10 cm A0 ~1 cm). TToSIBUAKMCH CAMOCTOSITEAbHbIE
IIPUBEAEHMS U OTBEAEHUS OeApa IpaBoil HYDKHEN
KOHEYHOCTM B T103€ CHASI C IIOPOJ Ha PYKM U HOTa-
MU, BBITSHYTbIMU mepep coboit. CoBepiimaa
2 CaMOCTOSITEABHBIX [TE€PECAKMBAHMUS C KYLIETKI
B KOASICKY C MCIIOAb30BaHMEM AOCKU AASI TTepeca-
XuBaHus. Pacimpenne 30HbI TAYOOKOW YYBCTBU-
TEABPHOCTH IO 3aAHEN IMOBEPXHOCTU AO YPOBHS
cepeAUHBI OeApa U AO HUKHeN TpeTu beppa
IO TIepeAHelT TTIOBEPXHOCTM.

Iayuenm 2

Vcropus 6oaesnn Ne 0103/19. MyxuuHa,
42 ropa, COCTOSTHYE ITOCAE KOMIIPECCOHHOT'O TIepe-
Aoma C6—C7 103BOHKOB, AQBHOCTb TPaBMBI 5 A€T.
IIpoonepupoBaH B AeHb TPaBMBbI, IPOM3BEAEH
nepeaHuit crioHAnAope3 C6—C7, MeTaAAOOCTEO-
cunrte3 C5—C7. HwkHAs criacTuyeckasi maparaerus,
cAa00 BBIPQ)KEHHBIIT [Tape3 MaAbLeB KUCTY, HApY-
IIeHVe IIOBEPXHOCTHOM Y TAYOOKOJ UyBCTBUTEAD-
HocTy, HOTO. OyHKLMOHAADPHO: TPYAHOCTHU
B IIOAAEP>KaHMM CTaOMABHOI MO3BI CUAS €3 omo-
pot (< 20 cek), CHUKeHA MEAKast MOTOPUKaA, Orpa-
HUYEHO CAMOCTOSITEABHOE IlepeMelleHEe B BUAE
IepecakMBaHMs B KOASICKY C KpOBATH, IEPECAKU-
BaHMS HA TIOA VAU MaT AASI BBIIIOAHEHMsI YIIpaX-
HEHUI, MOXXeT CTOSATb, A€pP’Kach 3a OIOPY
(> 30 muH) ¢ runepusrnb6amy no3BoHoyHmka. Cra-
CTUYHOCTD MBILIL] HVKHUX KOHEYHOCTSIX 3 0aAAa
ro nikase dmwBopra. CTeneHb MHBAAUAM3ALINU
4 6aaAa 1o ukase PoHKUHA.

ITepBas mpouyeaypa YCCM. Katopbr MmexxAy
no3BoHKaMu C3—C4 u T12-L1, aHoAbI — Hap
rpeOHsIMU TOAB3AOIIHBIX KOCTell. Peaxuus
Ha OAMHOYHBIE VIMITYABCBHI — COKpAallleH)€e MBIIIIL]
6eapa, moporoBeiit TOK ~20 MA. Peaxijus Ha He-
npepeiBHyr0 YCCM (20 Iy, 20 MyH) — mocaepo-
BaTeAbHOE COKpallleH}e MBIIIL] CBepXy BHM3.

12 npoueaAyp ¢ TpeHMPOBKON HaBbIKA ITOAAEP-
YKaHMsI CAMOCTOSITEABHOI 03Bl CUAS 0€3 OIOopbI
Ha PYKM C HOTQaMU B IIOA U BePTUKAAM3ALIMIEI.
YBeAnueHa AAUTEABHOCTD YAEP KaHUSI TIO3bI CHUAS
0e3 Omopbl Ha PYKM C HOTaMU B IOA B > 7 pas
(a0 140 cex). CTabuAOMETPUIECKOE UCCACAOBAHIE
mo3sl cupst (puc. 4B) mokaspiBaeT yBeAnueHue
YCTOMYMBOCTM 103bI (CMeleHre L] A BrpaBo ymMmeHb-
mMAOCh € ~20 ¢cM A0 ~1 cM). AOCTUTHYTO Kaue-
CTBEHHOE YyAyullleH/e OaAaHca B 1o3e cuAs Oe3
ornopbl (MOKeT OKa3bplBaTb COINPOTUBAEHNE
Ha BHELIHME TOAYKM), YTO PACIIVPUAO BO3MOXK-
HOCTM CaMOOOCAYXMBaHUS BO BpeMsl OAeBaHUs/
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Puc. 4. Busyaausauus n3MeHeHNII 035l TALVIEHTOB AO 1 ITOCA€ peabuanTanoHHoro kypca. A, B, C:
CTabMAOrpaMMmBbl AO (CMHMIT) ¥ IOCAE (JKEATBINT) KYPCa; PErMCTPaLys B TOAOXKEHNH CUAS, CTYIIHMU B TIOA, YK
IpsIMO TIepeA coboi1 y mauneHToB 1 1 2 (A 1 B COOTBETCTBEHHO) U B BEPTUKAABHOI CTOIIKE C OITOPOI
Ha X0AYHKM y manuenTa 3 (C): AAuTeAbHOCTD peructpanuu ~150 ¢; ceTka 5 x 5 cmM?; KpacHble AMHUM: TIPOEKLNN
CaruTTaAbHOM U PPOHTAABHOM MTAOCKOCTENL, TPOXOASILINX IOCEPEAVHE MEXAY CTOIIAMU U Yepes
MEXAOABDKEUHYIO AVHMIO COOTBeTCTBeHHO (1m0o: CkBopLioB 2010); cMellieHMe BIIepeA COOTBETCTBYET BEPXY
Ha puCyHKe. D: cpeaHee CMelljeHNe IOAOXKeHMsT TeAa (CM) IaLeHTa 2 B BEpTUKAABHOI CTOVIKE; AAUTEABHOCTD
perucrpaunu 180 c (a0) u 166 ¢ (mmocae).

Fig. 4. Visualization of changes in the patient posture before and after the rehabilitation. A, B, C: stabilograms
before (blue) and after (yellow) the course; records in a sitting position, feet on the floor, hands straight in front
of oneself in patients 1 and 2 (A and B, respectively) and in an upright stand with a walker in patient 3 (C);
records ~150 s; scale grid 5x5 cm? red lines: projections of the sagittal and frontal planes passing in the middle
between the feet and across the interleolar line, respectively (Skvortsov 2010); the forward shift is the top of the
figure. D: average displacement of the body position (cm) of patient 2 in an upright stand;
records for 180 s (before) and 166 s (after).

pasAeBaHus 1 IPOBeAEHVSI OBITOBBIX MAHUITYASILIMIL.
IToAyyeHO KaueCTBEHHOE YAYUIIeHe MO3bl CTOs,
Aep>Kach 32 OIOPY, C KOMIIEH AL/l TUTIEPU3INO0B
IIO3BOHOYHUKA 0€3 M3MEeHEeHUsI AAUTEAbBHOCTU
croviku (puc. 4D). CacTUYHOCTD MBIIIIL] HAXKHUX
KOHEYHOCTEN CHUKeHa A0 1,5 6aAA0B.

Iayuenm 3

Victopus 6oaesHn Ne 059/19. My»xuuHa, 33 roaa,
COCTOsIHIE TIOCA€ B3PBIBHOTO IEpPEeAOMa TeAa

362

U 3aAHUX 3AeMeHTOB T8 Mo3BOHKAa C OTPBHIBOM
TOAOBOK pebep caeBa. KoMIIpeccrOHHO-OCKOAD-
4aThlll mepeaoM Tead T12 ¢ cy’keHMueM Mo3BOHOY-
Horo kaHaaa. [IpoonepupoBaH B nepBble CyTKHU,
MeTaAA0OCTeocHHTe3 Ha ypoBHe T7-T10. AaBHOCTD
14 mecsiyeB. Hyoxuuit napanapes, HOTO. OyHk-
LIVIOHAABHbIE OTPAaHNYEHMS: YMepeHHO-BbIpa)KeHHAs
TPYAHOCTb KOHTPOASI aKTVBHBIX ABVKEHMI HYPKHYX
KOHEYHOCTeN B 00AaCT Ta300€APEHHBIX CYCTABOB,
MHTEHCUBHO BBIPa)K€HHAasI TPYAHOCTb aKTUBHBIX
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ABVDKEHUI KOAEHHBIX CYCTaBOB U OTCYTCTBUE
KOHTPOAVPYEMBIX ABV>KeHMI cToIl. Ilo3a cros
C OIIOPOM HAa XOAYHKM C KOMIIEHCALIMEN YAEep>KaHUA
OaaaHca 3a CYeT yCHAEHMs TPYAHOTO K1 o3a, epe-
pasrubaHus MOSICHUYHOIO AOPAO32 U ITOMOLIY
ABVDKEHUSAMY TOAOBOI, TPU UCTIPAaBAE€HUY KOMITEH-
CHPYIOLIETO TIOAOXKEHMs MallMeHT TepsieT paBHo-
Becyie 1 ITaAQeT, LIar ¢ OTIOPOJ HA XOAYHKY ITPOM3-
BOAUTCS 32 CYET KOMIIEHCHUPYIOLIVIX ABVDKEHUN
B IIOSICHUIYHOM OTA€EA€ IT03BOHOYHMKA ¥ IOBOPOTA
Tasa, 0e3 crubanusi/pasrnbannsi Ta300eApEeHHBIX
cycTtaBoB. CIAaCTMYHOCTD MBIIIL, HYDKHUX KOHEY-
HOCTsIX 1 6aaa mo mkaae DmBopra. CreneHp
MHBaAMAM3auuu 3 0aaAa ro mkase PaHKMHa.

ITepBas npoueaypa YCCM. Katopbl MexAy
nmo3BoHkamu C7-T1, T12-L1 u L1-L2, aHoabl —
HaA IpeOHsIMM MOAB3AOLIHBIX KOCTel. Peakijyst
Ha OAVHOYHbBbIE MMITYAbCbl — ABUTATEAbHBIN OT
MBILIL] CTOII, Cru0aHye/pasrudaHye nepBbIX-BTOPBIX
naabLeB cTol. Iloporosent Tox ~30 MA Ha Bcex
YPOBHSIX CTUMYASILMN. Peakiiyis Ha HelpepbIBHYIO
UCCM (20 I'y, 20 MuH) — COKpaljeHne MBbIIIL]
HIDKHMX KOHEYHOCTEN LIEAMKOM U OLIYIIeHNe T1a-
LMIEHTOM «MYypallleK» Ha CTOTaX.

12 mpoueayp € TpPEHMPOBKOI HaBbIKA ITOAAEP-
’KaHMs TI03bl CTOSI C OIIOPOJ Ha XOAYHKM, POBHOI
CIIMHOM 1 KOHTPOAEM 0aAaHCa MOAOKEHUS TeA],
a Tak)Ke TPEHMPOBKA YIIPaBASIEMbIX ABVYKEHUII
TOAEHSAMU U CTONaMu. B pesyabrare: ycronunsas
11032 CTOS C OIIOPOM Ha XOAYHKM C POBHOJ CIIMHO
U LIeHTPAABHBIM IIOAOKEHMEM T'OAOBBL. Pesyaprar
CTAaOMAOMETPUYECKOTO UCCAEAOBAHYS B IT03€ CTOS
(puc. 4C) — ymenbpiuenue I1C B ~5 pasa u ymeHb-

meHue cMmeienus LIA Hasap ¢ ~15 ¢cm A0 ~2 cM.
AocTuUrHyTa CrioCOOHOCTb XOABOBI Ha MecTe 0Oe3
II0TEPY KOHTPOASI IOAOKEHMS, C ABVDKEHMUSIMU
B Ta300eAPEHHBIX CyCTaBax.

BriBoABI

BnepBeie mokaszano, uro YCCM moskeT ObITh
VICIIOAB30BaHa B KypCe ABUTaTEABHOI peabuANTALIMN
TSDKEeABIX IIALMEHTOB C OCAOKHeHusAMY mocae TCM.

VicnoabzoBanne HCCM B KpaTKOCPOYHOM
Kypce ABUTaTEABHON peabMAMTALVY IT03BOASIET
BOCCTAaHABAMBAaTb ABUTAaTeAbHble HABBIKM, YTpa-
yeHHble BcaepcTBue TCM.

Mcnoap3zoBanue HCCM, pa3paboTaHHOM AAS
JICCA€AOBaHNSI AOKOMOTOPHbBIX HEMPOHHBIX CeTel
CIIMHHOT'O MO3ra YeAOBeKa, IOAHMMAeT Ha HOBBIN
ypoBeHb peabuaunTaimio nocae TCM.

YCCM B npoLeAype ABUTaTeAbHOI peabuAu-
TalMy IPUBOAUT K CYLIeCTBEHHBIM V3MEHEHVSM
He TOABKO COMaTM4eCKMX, HO U BUCLIEPAABHBIX
byHKLMIL

Heo6x0AMMO NOAYY€eHVe HOBBIX 3HAHUI O Me-
XaHM3MaXxX PeryAsiiuy BUCL€PAAbHBIX QYHKLVI
C TMIOMOIIBI0 HEMHBA3UBHON 3AEKTPUYECKON CTU-
MYASIMY CIMHHOTO MO3Ta.
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AnHomauus. PaHee HaMU ONUCAH TeH factor of interpulse interval (fipi,
on xe CG15630), cHIDKeHME SKCIIPECCUM KOTOPOTO B HEPBHOI CUCTEME
NIPUBOAUT K M3MEHEHMSIM MapaMeTPOB MMITYAbCHOM IEeCHU YXa>KMBaHMsI
CaMLIOB APO30UABIL, B YACTHOCTH K YKOPOUEHUIO MEXXMMITYABCHOTO MHTEPBAAA
(Fedotov et al. 2014). B HacTos1jelt paboTe MBI OMKCAAU CTPYKTYPbI HEPBHO
CHUICTEMBI, B KOTOPBIX IIPOMUCXOAUT SKCIIPECCHS TeHa fipi, a TAK)Ke ICCAEAOBAAN
POAB 3TOrO reHa B PeaAM3aLMU MOBEAEHNs YXaKMBAHNA, BKAIOYAsI €ro
MOAVI(UKALIMIO B pe3yAbTaTe MPEALIECTBYIOIEr0o OIMbITa YXa)XKMBAHMSI
3a HepeLeNTUBHON OIIAOAOTBOPEHHOM CaMKOI. JI3BeCTHO, UTO TaKOM OIbIT
(0oOyueHME) CHMKAET MHTEHCMBHOCTD ITOCAEAYIOLIVX YXaKMBaHMIT caMLia
3a APYTMMU caMKaMU. DKcIpeccusi MapkepHoro 6eaka GFP moa KoHTpoAeM
IIPOMOTOpA TeHa fipi ObiAa OOHapy)XeHa B AOKAaABHBIX MHTEpPHepOHax
AQHTEHHAAbHBIX AOA€I, B raMMa-HellpoHax KeHbOHa 1 3pUTeAbHBIX HEMPOHAX
OIITUYECKUX AOAelL. DAOKMpOBaHye CHHAIITNYECKO ITepeAay OT fipi-HeIIpOHOB
CHIKAAO0 3G PEKTUBHOCTD ITOAABAEHMS YXQKMBaHMSL, & YCUAEHME BO3OYAMMOCTH
STUX HEMIPOHOB CIIOCOOCTBOBAAO DOAEE AAUTEABHOMY COXpaHeHuo addexTa
mopaBAaeHusl. HokaayH reHa fipi He BbI3bIBAA OTKAOHEHUN B MIOAQBAEHUNU
YXa>KMBaHUS, OAHAKO YBEAMYMBAA MHTEHCMBHOCTD YX)XXMBAHMUA Y CAMLIOB
6e3 ob6yueHus. TToaydeHHbIe pe3yAbTAThl IIOKA3bIBAIOT, YTO fipi-HENPOHDI
BOBA€YEHDI B PETYASILIVIO TOBEAEHVST yXKUBAHYSL, M [IO3BOASIIOT TPEAIIOAOXKUTD,
4YTO SKCIPECCHsi TeHa fipi B raMMa-HelPOHaX IPUOOBUAHBIX TE€A YYaCTBYeT
B MexaHM3MaX GOpMUPOBAHMS KPATKOCPOYHON MAMSTU B AQHHOU dopme
00y4eHus.

Karouesvie crosa: ppo3odriaa, M0OAOBOE IOBEAEHNE, KPATKOCPOYHAS TAMATD,
raMma-HelpOHbI, IOAABAEHME YXKUBAHMS, 00OHSTEAbHbIE CUTHAADIL.
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Abstract. Previously, we described gene factor of interpulse interval (fipi,
aka CG15630), whose decreased expression in the nervous system led
to the changes in the parameters of a pulse song — a component of courtship
in Drosophila males, in particular, to the reduction of the interpulse interval
(Fedotov et al. 2014). In this study, we describe the structures of the nervous
system, where the fipi gene is expressed. We also examine the role of this gene
in courtship behavior, including its modification as a result of previous
experience of a male courting a non-receptive fertilized female. It is known
that such experience (learning) reduces the intensity of subsequent courtship
of a male as regards other females. The expression of the GFP marker protein
under control of the fipi gene promoter was detected in local interneurons
of the antennal lobes, in Kenyon gamma-neurons, and in visual neurons
of the optical lobes. The blocking of synaptic transmission from fipi neurons
reduced the efficiency of courtship suppression, and increased the excitability
of these neurons, which resulted in a longer retention of the suppression
effect. The knockdown of the fipi gene did not cause abnormalities
in the courtship suppression, instead, it increased courtship intensity in males
with no experience. The results show that fipi neurons are involved
in the regulation of courtship behavior, and suggest that the expression
of the fipi gene in gamma-neurons of mushroom bodies is involved
in the formation of a short-term memory in this form of learning.

Keywords: Drosophila, sexual behavior, short-term memory, gamma neurons,
courtship suppression, olfactory signals.
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Beepenne

V3yueHue GpyHKLMIT FEHOB, OT KOTOPBIX 3aBUCUT
paboTa HEIPOHHBIX CeTell, OTBETCTBEHHBIX 32 pe-
AAMB3aLIMIO U PETYASILIMIO Pa3AMYHBIX POpM MOBe-
AEHUS, TIPEACTABASIET COOOI BasKHBIN ACIIEKT CO-
BpeMeHHON HellporeHeTuku. IloBepeHune
YX@KMBaHUS CAMLIOB APO30(dUABI UHTEPECHO TEM,
YTO OHO IPEACTABASIET COOOV KOMITAEKC PUKCH-
POBaHHBIX AEVICTBUI (PUTYAA YXXKUBAHNS), KOTO-
PBIIT TOABEP)KEH MOAMPUKALIUSAM B pe3yAbTaTe
nproOpeTeHNsI MHAVBUAYaAbHOTO omnbiTa. Kpome
TOrO, TAKOJM KOMIIOHEHT pUTYaAa yXa>KMBaHMs, KaK
OpayHas IMeCHS CaMILIOB, MOXXET M3y4daTbCs
He TOABKO ITyTeM HAaOAIOAEHVA 32 ITOBEAEHUEM,
HO M ITyTeM aHaAlM32 3BYKO3aICH, YTO AQeT IIPeA-
CTaBA€HMe O 3aITyCKe, OCTAaHOBKe ¥l MHTEHCUBHOCTU
paboThI LIEHTPAABHOIO TeHepaTopa MOTOPHOTO
MaTTepHa MUMIYAbCHOM MeCHU. VIHT@HCUBHOCTD €ro
paboThI OTpa)kaeTCsl B MEXXMMITyAbCHOM HTEPBa-
A€: YeM OH KOpoue, TeM MHTEHCUBHee paboTaer
reHeparop. PaHee HaMu ObIA OIMCaH TeH factor
of interpulse interval (fipi, on xe CG15630), cuu-
JKeHIe KCIIpeccuy KOTOPOro B HEpBHOII cCTeMe
MPUBOAUT K MU3MEeHEH!AM ITapaMeTPOB MMITyAbCHOM
IEeCHM YXQKUBAHUS CaMLIOB APO30(UABI, B 4aCT-
HOCTU K YKOPOUEHUIO MEXXUMITYAbCHOTO MHTepBa-
Aa (Fedotov et al. 2014). AHaan3 3¢ HeKTOB AOKaAb-
HOTO HOKAQYHA fipi B Pa3AMYHBIX TUIIaX HEIPOHOB
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II03BOAMA 3aKAIOUYUTD, YTO AQHHBII TeH BOBA€YEH
B 00pabOTKY 0Ab(GAKTOPHBIX CUTHAAOB, PETYAUDY-
IOIM[UX MEXUMIYABCHBII MHTEPBAA
B necHe yxaxuBaHus (Fedotov et al. 2018). B Ha-
CTOsI1Iel paboTe MbI OIMCAAY CTPYKTYPbI HEPBHOI
CHCTEMBI, B KOTOPBIX TPOMCXOAUT IKCIIPECCHSI TeHA
fipi, a TaK)Ke UCCAEAOBAAY POAb DTOTO T€Ha B pea-
AV3aL{MU TTOBEAEHUST YXKMBaHNsI, BKAIOYAS €ro
MOAU(UKALMIO B pE3yAbTATe MPEALIECTBYIOLIEro
COAEPYKaHUsI C HEePeLeIITUBHO OIIAOAOTBOPEHHOM
CaMKOIL.

PuTyaa yXxa)XnuBaHus MPeACTaBASIET COOOI BPOX-
AEHHYIO IOCAEAOBATEAbBHOCTD ACICTBHUI, KOTOPbIE
cameL| ApO30bUABI COBepILIAET IepeA MOMbITKAMU
KomyAsituu ¢ camkoi (Spieth 1974). Ilpu 3purean-
HOM OOHapY>KeHUM CaMKU OH COAVKAeTCs C Hell
Ha paccTosiHue 1-2 pasmepoB Teaa (OpueHTaLys),
UAEHTUPULIMPYSI BUA, TIOA U PELIENITUBHOCTD CaM-
KV 110 0OOHSTEABHBIM U BKYCOBBIM XeMOCUTHAAAM.
ITyCKOBBIM CUTHAAOM AASI AQABHEIIIIETO yXaXK1Ba-
HUST SIBASIETCST A€TEKLMsI BUAOCTIEMUYHBIX ad-
POAU3MAKOB (KYTUKYASIPDHBIX YTA€BOAOPOAOB)
Ha TeA€ CAMKV BKYCOBBIMM PeLielITOPaMy ITepeAHNX
Aamnok camia. Aasee camel] BUOPUPYeT OTCTABAEH-
HBIM KPBIAOM, T€HEPUPYsI IIPY STOM UMITYABCHYIO
necHo yxaxuBaHus (Bubpauus). Ecan camka yoe-
raeT, TO caMell IIPeCAeAyeT ee (IpecAepOBaHMe),
B TOM YMCA€ NPOAOAXKASI BUOPUPOBATh KPHIAOM
(Bubpaums Ha Gery). Bocnpusitue caMKoit BUAO-
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crenVYHON ECHY CaMLIa YCUAMBAET ee peLiel-
TUBHOCTb U CHIKQeT CKOPOCTD €€ TIePEABVKEHMSI.
B ¢duHaAbHOM cTapuu puTyasa camer; 00AM3bIBaET
TeHUTAAUY CAMKM 1 COBEPLIAET MOTBITKY KOIYASI-
LMY, KOTOpble B KOHI[e KOHL[OB 3aBePILAITCS
YCIIEIIHBIM CIIapMBaHMEM, €CAU 3TO 3peAasi AEB-
cTBeHHas caMKa. ONAOAOTBOPEHHbIE U HE3peAble
A€BCTBEHHbIE CAMKI HEPELIENITUBHBIL, T. €. KOITYASI-
LI1s1 C HUMY HEBO3MOXKHA.

ITpeaBapuTeAbHOE COAEPIKAHME CAMLIA C OIIAO-
AOTBOPEHHOI caMKOI B TedeHue 30—60 MUHYT
CHIDKAeT MHTEHCUBHOCTD MOCAEAYIOIETO YXaXK1-
BaHMs caMlja Kak 3a AeBcTBeHHOI (Siegel, Hall
1979), Tax u 3a oraop0TBOpeHHoI camKoit (Tompkins
1984; Kamyshev et al. 1999). ITpu cpaBHeHUM 11po-
IIEALIVX TAaKYI0 TPEHMPOBKY CAMLIOB C HAYBHBIMM,
T. €. He MIMEIOLIVIMY NPEALIECTBYIOIIETO OIbITA
YX@KMBaHUs, CaMLjaMU CHVPKEHHBI YPOBEHbD yXa-
JKUBaHUS Y TPEHVPOBAHHBIX CAMIIOB COXPAHSIACS
AO 3 9aCOB, €CAM TECT IIPOBOAMACSI C AEBCTBEHHOI
CaMKOI1, 1 TI0 KpaliHell Mepe A0 8 4acoB, eCA 00b-
€KTOM yXa)X1BaHMsI ObiAa Apyrasi (He Ta, C KOTOPO
IIPOBOAVIAY TPEHUPOBKY) OIIAOAOTBOPEHHAS CaM-
ka (Kamyshev et al. 1999). Ilpu aTOM cTeneHp mo-
AQBAEHISI YXQ)KVBaHMSI B TECTE C OTIAOAOTBOPEHHOI
CaMKOI1 BCErAQ ObIAQ BBIILE, YEM B TECTE C AEB-
cTBeHHOM. UTO KacaeTcsi TeCcTa C AEBCTBEHHOM
CaMKOI1, TO C CAMbIX paHHUX paboT 3TOT 3 PeKT
TPaKTOBAACS KaK YCAOBHOPe(hAEKTOPHOE ITOAABAE-
Hue yxaxuBanus (conditioned courtship suppression,
uau courtship conditioning). Ctumyaupyrouue
YX@KMBaHMEe CaMLia Pa3APaKUTEAU, UCXOASILIVE
OT OITAOAOTBOPEHHOII CAMKM, B XOA€ TPEHUPOBKY
aCCOLMMPOBAAVICH CO CTUMYAQMU, OAABASIIOIVIMUI
yXa)X1BaHNe, B YaCTHOCTH, C 3aIlaxoM aHTuadpo-
AM3MaKa [[UC-BaKIeHUA aiietara (BA), KoTopsii
IPUCYTCTBYET Y CAMOK TOABKO ITOCAE MX OTTAOAOT-
BOpeHUs. B mocaeaymolneMm TecTe C AEBCTBEHHO
caMKol1 3anax IIBA Tax e, KaK 1 APyTue aBepCuB-
Hble CTMMYABI OTIAOAOTBOPEHHOI CAMKMU, OTCYT-
CTBOBAA, T. €. IOAABAEHME YXaKMBAHMsI IIPOVIC-
XOAVIAO B pe3yAbTaTe BbIPAaOOTKM YCAOBHOTO
pedaexca. Ha ocHOBaHMY 3KCIIEPUMEHTAABHBIX
AQHHBIX B KauyeCTBe MeXaHM3Ma PacCMaTPUBAACS
IPEeUMYIIeCTBEHHO KAACCUYECKUI TaBAOBCKUI
YCAOBHBIN peAeKC (accoLmaiyst MEXAY CTUMYAAMIA),
XOTsI POTUB BO3MOYXHOI BBIPAOOTKM aCcCOLMALAN
CTUMYA — AEVICTBUE — PE3yABTAT (CaMKa — yXa>Ku-
BaHle — HEBO3MO)XHOCTb CITapVBaHMI), COOTBET-
CTBYIOLLEN TApaAUTMe MHCTPYMEHTAABHOTO YCAOB-
HOro pedaekca, Tak)ke HUKTO HE BO3ParkaA.
ApryMeHTBI B IIOAB3Y aCCOLMATUBHON IPUPOABI
9TOM MOAMPUKALIUY TOBEAEHUST CYMMVPOBaHbI
B pabdore A. C. [puddur u A. da3umser (Griffith,
Ejima 2009). B cayyae TecTa ¢ OIAOAOTBOPEHHO
CaMKOJ, KOTOPBII1 MBI MICIIOAb30BaAM B AQHHOM
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MICCAEAOBAHMY, K IIPUYMHAM ITOAABAEHMS YXaXKU-
BaHUS AODABASIETCSI HEaCCOLMAaTUBHOE 00y4eHue,
CEHCUTU3ALMSI — YBEAUYEeHME YYBCTBUTEABHOCTY
K UBA B XOA€ YXQ)XKMBaHUS 32 OIIAOAOTBOPEHHOM
camkoii (Keleman et al. 2012), a Takxe Takoi pak-
TOP, KaK IepeHoC 00y4eHMs], BEAb TECT C OTIAOAO-
TBOPEHHOI1 CAMKOJ, TI0 CYTH, SIBASIETCSI TECTOM
noBTopHoro obyuenus (Kamyshev et al. 1999).

Ha ceropHsiuHmit AeHb y ApO30(UABL AETAABHO
OTIMCaHBbI HEMIPOHBI U UX CBsI3U, Yepe3 KOTOpbIe
OCYILIECTBASIETCSI 3AIYCK U PErYASILIMSI TOBEAEHUS
yxaxusaHus (Auer, Benton 2016; Yamamoto et al.
2014; Zhang et al. 2019), a TakXXe ero mopaBAeH1e
B CAyYae, eCAU CaMell He CMOT AOOUTBCSI KOIIYASILIMI
npu yxaxuBaHuu 3a camkoii (Keleman et al. 2012;
Zhao et al. 2018). OpHaKo 13yyeHMe Ha KAETOUHOM
YPOBHE MOAEKYASIPHBIX (aKTOPOB, BOBAEYEHHBIX
B peaAM3aluio AAHHO (GOPMBbI IIOBEAEHUS U €ro
MOAMDUKALIMIO C YIETOM IPEABIAYILETO OIBITA,
OTCTaeT OT OMMCAHUS HEPOHHBIX CeTeil U Heob-
XOAMMO AASI OTIVICAHUSI TIPOLIECCOB, TPOTEKAOI[MX
B 9TUX CETSIX.

TeH fipi sKcpeccupyeTcs: MPeuMyLeCTBEHHO
B LieHTpaAbHOU HepBHOU cucteMme (Chintapalli et
al. 2007) 1 KOAMPYeT acCOLMMPOBAHHBIN C MEM-
6panamu 6earok (Khanna et al. 2010), xoTopsbiit
OTHOCUTCSI K CYIIePCEMENICTBY MMMYHOTAOOYAMHOB,
MOA€EKYA KA€TOUHOI AAT€3UN Y COAEPKUT 3 UMMY-
HOTAOOYAMHOBBIX AOMEHA U AOMeH PUOPOHEKTMHA
tuma III (https://www.uniprot.org/uniprot/Q9VR25).
Y MAeKonuTamnX HanbOAbIIasi TOMOAOTUS
C TeHOM fipi 0OHAPY>XMBAETCsI C TeHaMU Helpo-
HAaAbHBIX MOAEKYA KAeTo4Hol aaresun NCAM
(pantherdb.org), mocTTpaHCAsILIMOHHBIE MOAUDU-
KaL[M KOTOPBIX 00€CIeynBaIOT IPOLECChI HEMPO-
HAABHOTO PEMOAEAMPOBAHMS U CMHANITUYECKON
MAAQCTUYHOCTY, B TOM YMCA€ B OOOHSITEABHBIX
AYKOBHMIIaX U HelipoHax rummnokamima (Bonfanti,
Theodosis 2009; Muller et al. 1996).

MarepuaAbl 1 METOADBI

Aunuy myx

Bo Bcex aKcIiepyMeHTax NCIIOAb30BaAM CAMLIOB
Drosophila melanogaster. YcAOBUS COAEPKaHUS MYX
omucabl paHee (Goncharova et al. 2016). AuHus
avkoro tumna Canton-S noaydeHa us Bloomington
Drosophila Stock Center (BDSC, CIIIA). Tpauc-
reHHble AHUYM MYX, KOTOpPble 3KCIIPECCUPOBAAU
reH TPaHCKPUIILIMOHHOro akTuBaTopa GAL4 mop
KOHTPOAEM PEeryAsiTOPHbIX 00AaCTel, CTOSIINX
B reHOMe IIepeA TeHOM fipi, ObIAU CO3AQHBI HAMU
o cxeme, onucaHHoi B pabore b. A. Tlpanddep
c coanr. (Pfeiffer et al. 2008). Bo Bcex axcniepumeH-
TaX MCIOAB30BaAM TIOTOMCTBO OT CKpelVBaHMs
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caMoK AuHuu 2M2 (apaiiBep fipi-GAL4, reHoTum
y1 w67c23; Ply[+t7.7] w[+mC|=fipi6 72-GAL4}attP2)
C caMLiaM1, HECYIIMM TOT IAY MHOJ TPQHCT€H TT0A
KoHTpoAeM nnpomoropa UAS (upstream activating
sequence). CaspiBanne GAL4 ¢ UAS samyckaer
SKCIIPECCHUIO TPaHCreHa, crosiero 3a UAS (Dufty
2002). B KOHTPOABHBIX CKPEIMBAHNSIX BMECTO 2M2
6paau ArHMI0 1M1 (OTpULIaTEABHBII KOHTPOAB, I'e-
Hotun yI w67c23; Ply[+t7.7] w[+mC]=pBPGw}attP2),
B KOTOPOIJI TpaHcreH GAL4 He 5KCIIpecCupOBaACs
BBMAY OTCYTCTBUS IIPOMOTOpA. Bpiau Mcnoab3o-
BaHbI cAepytomne AuHuu ¢ UAS-TpaHcreHamu ms
BDSC: #32186 (w[*]; P{iw[+mC]=10XUAS-IVS-
mCD8::GFP}attP40), nhaanee GFP, Aast MapKupoBa-
Husl KAeTOoK beaxom GFP, #28838 (w/[*];
Piw[+mC]=UASTeTxLC.tnt}G2, panee TNT) ars
OAOKMPOBaHMSI CUHANITUYECKO IIEPEAYM A€TKOV
LIeNbI0 CTOAOHSYHOTO TOKCUHA, #28839 (w[*[;
P{w[+mC]=UASTeTxLC.(-)Q}A2, panee TNT¥)
C MYTaHTHBIM I€HOM A€rKOI1 L{eNU CTOAOHSIIHOTO
TOKCHUHA, He OAOKMPYIOLLel CUHANITUYECKYIO ITepe-
Aaay, #9467 (y[1] w[*]; Piw[+mC]=UASNaChBac-
EGFP}/TM3, Sb[1], hanee NaChBac) Aast ycuaeHUst
BO30YAMMOCTY HEMPOHOB 3KCIIpeccueir bakTe-
PMAABHOTO HATPMEBOTO KaHaAa. AAsl HOKAQyHa reHa
fipi B cKpeuBaHusaX ¢ camuamiu fipi-GAL4 6piaa
VICIOAB30BaHa AMHUs MyX #107797 (y w[1118];
P{KK107002}VIE-260B, paree RNAi), HOAy4YeHHast
u3 Vienna Drosophila RNAi Center (VDRC, As-
cTpusi). AanHasi AuHus copepxut UAS-TpaHcreH,
Kopupytouuit uutepepupyomyo PHK (hpRNA)
K TeHy fipi.

Kongokarvnas mukpockonus

[TATUCYTOYHBIX CaMLOB 00€3ABVIKMBAAU HA
AbAy 1 n3BAaekaau LIHC u aHTeHHBI B pochaTHOM
oydepe (Pb) myTemMm MexaHMYeCKOTO Ipernapupo-
Bauust (Fore et al. 2011; Karim et al. 2014). O6pas-
bl pukcrpoBaau B 4%-HOM GpopMaAbAETUAE
Yl MHKYOMPOBAAM C aHTUTEAAMMU. BbIAM 1CIIOAB30-
BaHbI IMepPBUYHbIE MOHOKAOHAABHbBIE AHTUTEAQ
K GFP (338001, BioLegend, xpsica, 1:1000) u k Fas2
(1D4, DSHB, mbiub, 1:100) 1 BTOpUYHbBIE TTOAU-
KAOHaAbHbIe aHTUTeAQ K IgG KpBICHI C KpacuTeAeM
Alexa Fluor 488 (112-545-003, Jackson, Kosea,
1:500) u x IgG mpiuum ¢ kpacuteaem Alexa Fluor
647 (ab150115, Abcam, xo3ea, 1:500). AAst okpacku
SIAEp BO BTOPYIO MOPLMI0 OTMBIBKU AOOaBASIAU
kpacureab DAPI (4, 6-diamidino-2-phenylindole)
B koHueHTpauuu 300 Hr/MA. [Tocae oTMBIBKU
oOpasupl momeniaau B cpeay GDP (70%-Hblit ran-
uepuH, 2,5 % DABCO B ®B) AAsL XpaHeHUs U CKa-
HUPOBaHUs HAYOPECLIEHTHOTO CUTHaAa Ha KOHPO-
KaAbHOM MUKPOCKOITE.
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Anaans dayopeciieHIMM IPOBOAUAK HA KOH-
($OKaABHOM Aa3epHOM CKaHUPYIOIIEM MUKPOCKO-
ne LSM 710 (Carl Zeiss, Oberkochen, Germany)
B KOAAEKTVBHOM LieHTpe noAb3oBaHus «Koudo-
KaAbHasl MUKpOCKoIvsi» VIHcTuTyTa Prsmosorum
um. V1. T1. [TaBaoBa. AHaAU3 U pepaKTHpOBaHMe
MOAYYEHHBIX U300pakeHU! BBIITOAHSIACS B CBO-
6oaHO pacripocTpansiemoit Bepcun ZEN 2011 (black
edition, 64 bit, Carl Zeiss).

Ouenka yposHA IKCHpeccuu

OLjeHKa ypOBHSI 9KCIIPECCUM TeHa fipi OCYILeCT-
BAsIAaCh Kak omnucaHo paHee (Fedotov et al. 2014).
Bxparlie, 13 caM1I0B BbipeAsiAM TOoTaabHYI0 PHK,
13 KOTOPOU B peakuuy 06paTHOI TPAHCKPUIILIUN
noay4yaau oopasusl KAHK, BHOCKMBIE B TpoObBI
MMOAVIMEPA3HO-LIEITHOM peaKkLy C AeTeKLuen
B PEXUMe pEeaAbHOTO BpeMeHU (peaA-TailMm
OT-TILIP) ¢ momolbio GpAyOpeCLIEHTHOTO Kpacu-
teast EvaGreen® (Biotium, BT-31000). B peakuun
MCIIOAB30BAAM IIpaliMephl K IIEPBOMY U BTOPOMY
sk3oHaM fipi (5'-ATTCGTTGAGATTCTCGCAA
TGCG-3',5-CGGCGATTTCCAATGGAGCT-3').
B xauecTBe BHYTpPEHHEr0 KOHTPOAS KOAMYECTBA
MaTpULIbI UICIIOAb30BAACSI pUOOCOMAaABHBIN I'eH
RpL32. Craructudeckasi 00paboTka AQHHBIX BbI-
ITOAHSIAACh PAHAOMM3ALVIOHHBIM TECTOM C YPOBHEM
3Hauumoctu o = 0,05 B mporpamme REST 2009
meTopoMm AACt (Pfaffl et al. 2002).

Tecmupowmue U AHAAU3 NOBEOeHUS
yxXamusaHui camuy0s8

TecTupoBaHMe TOBEAEHUS YXKUBAHNS TIOA-
po6HO omucaHo B pabore ToHYapOBOI C COABT.
(Goncharova et al. 2016). DxcrepuMeHTaAbBHBIX
CaMIL[OB COAEPYKaAM TOOAMHOYKE B TeYeHNe 3 CyTOK
IIOCA€ BBIAYIIAE€HUS. B AeHb ombITa CaM1I0B IIOMe-
maAu Ha 1 4ac B 3KCIEPUMEHTAABHYIO KaMepy
(Aametp 15 MM, BbICOTA 5 MM) C OITAOAOTBOPEHHOIT
camkou (TpeHupoBKa). [Tocae 9TOro MPOBOAUAK
TECT C APYT'OM OIIAOAOTBOPEHHOM CAMKOI B HOBOJI
Kamepe AM00 cpasy OCAe TPEHUPOBKM, AUOO yepes
1 yac (B TeueHMe HTOrO BpeMEHY CaMLIOB COAEPIKa-
AV B CTaKaHYMKe C IUTATeAbHOI cpepoit). KoHTpo-
A€M CAYXXVAM MYX!M TOTO K€ T€HOTMIIA, KOTOPBIX
IiepeA TeCTOM NoMellaau Ha 1 yac B Kamepy Oe3
caMKi (AOKHasI TPEHMPOBKA). DTOrpaMMy MOBe-
A€HUSI CaMLIOB PeruCTPUPOBAAU B TedeHUe
300 cexyHA, GUKCUPYSI BpeMst HadaAa OTAEABHBIX
SAEMEHTOB yXa)KuBaHus (OpueHTaLus, BUOpaLs
KpbIAQ B [TOKO€ 1 Ha 0ery, KacaHue OpIoLKa CAaMKU
[IePEAHMMI HOTAMMU, AUBAHIE, TIOTIBITKA KOITYASILIUN),
a TAaK)Ke DAEMEHTOB, He CBSI3aHHBIX C YXa)KIBaHIEM
(mobesxka, MpUHUHT, TTOKOT). KaskAbIlt 9KCriepuMeHT
BBIITOAHSIACSI MUHMMYM B ABYX ITIOBTOPHOCTSIX
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110 10 MyX B Ka)KAO11. AASI perucTpanmy oBeAeHNs,
aQHaAM3a AAHHBIX U CTATUCTUYECKON 0OpaboTKM
VICIIOAB30BAaAY KOMIIBIOTEPHYIO IIPOIPaMMYy
«Drosophila Courtship» (aBrop H. I. Kambiiies).
AAsT KOXXAOTO caMLja BBIYMCASIAY YaCTOTY Pa3HbBIX
9AEMEHTOB YXa)KMBAHMA M CEAHCOB YXaKVMBaHUS
B LleAOM — uncAo mHunyauui 3a 100 c. CpaBHeHMe
CpPeAHMX 3HaYeHUI IPOBOAVIAY TECTOM PaHAOMU-
sayuu (Edgington 1995) mpu ypoBHe 3HaUMMOCTH
a = 0,05. AoBepuTeAbHble MHTEPBAAbI CPEAHMX
3HAYEHUIT OLIEHNBAAY METOAOM OYyTCTpammmuHra
C KOppeKLiiell CMelleHMsI M aKkceAepalyy B IIpo-
rpammHOM obecrieueHuu IBM SPSS Statistics 20
(10000 ureparui) (Efron, Tibshirani 1993).

AOIOAHUTEABPHO pacCUMTBIBAAU AOAM IEpe-
XOAOB OT K&KAOI'O 9A€MEHTA II0BEAEHMS K APYTUM
dAE€MEHTaM: UMICAO NIEPEXOAOB KOHKPETHOI'O TUIIA
OTHOCHUAM K CyMMe BCEX IIEPEXOAOB OT AQHHOIO
aaeMeHTa. [lapHOe cpaBHeHIe AOAell BBITOAHSIAU
C MOMOIIIbI0 KAABKYAsITOpa B Statistica 8.0 (ABycTo-
pouHui tect, a = 0,05). Pacuer cTaHAapPTHBIX
OMIMOOK AASI AOA€J IPOBOAVAM IO PpopmyAe
cr.ouL = ./p * (1 — p)/n, TA€ p — AOAS KOHKPET-
HOTO Ilepexopd, I — 4YMCAO BCeX MepexXoAOB
OT AQHHOTO dAEMEHTA.

UAS GFP

Oenok X %
GAL4 7

iy

UAS  RNAI

Pe3yAbTaThl 1 00CYKAEHME

Anaau3 skcnpeccuu GFP noo konmpoaem
npomomopa zeHa fipi

CoraacHO AUTepaTYPHBIM AQHHBIM, I'eH fipi 9KC-
IIpeCCUPYETCs NPAKTUYECKU VICKAIOUUTEABHO
B LIHC (Chintapalli et al. 2007). Aas onucanus
ctpyktyp LIHC, B KOTOpBIX 3KCIIpeccupyeTcs reH
fipi, 6pIA IPOAHAAM3MPOBAH NMATTEPH SKCIIPECCUN
GFP B mosre u rpypo6proiHoM raHrauu (I'BI') myx
D. melanogaster c HabopoM TpaHCreHoB fipi-GAL4/
UAS-GFP. TpaucreH fipi-GAL4 (ApaiiBep) COAEP>KUT
reH TPaHCKPUIILIMOHHOro akTuBaTopa GAL4 mop
KOHTPOAEM IIPOMOTOPHOI 00AaCTH reHa fipi. TpaHc-
reH UAS-GFP xopupyer ren 6eaka GFP, akcripec-
CYsl KOTOPOTO 3aIlyCKaeTCsl MpY CBsI3bIBAHUU
aktuBaTtopa GAL4 c npomoropom UAS (upstream
activating sequence). Tak xak cunte3 GAL4 ynpas-
ASIETCSI IPOMOTOPOM fipi, TO KA€TOYHBIE CTPYKTY-
PBI, B KOTOPBIX 9KCIIPECCUPYETC fipi, MapKUPYIOT-
cs1 6eakom GFP (puc. 1). B KOHTPOABHBIX MyXax,
Yy KOTOpPBIX TpaHcreH GAL4 He copepskaA IIPOMO-
TOpHOI 0bAacTu reua fipi, GFP He BbIABAsIACS
(cM. «MeToAbI»).

donyopecueHTHbIN
mapkep fipi-
KNeToK

1 *

MPHK fipi

NOoKaInbHbIN '
HokaayH fipi . —

-/

UAS TeTxLC

reHom: 3L, 68A4

—TPOMOTOP —  reH aKTuBaropa
fipi GAL4

5 Ano,uaaneHme
aKTUBHOCTU
fipi-HEMpoHOB
Nerkon uensto
CTONOHAYHOrO

TOKCUHa

Puc. 1. Cxema 5KCIIepUMEHTOB C UCIIOAb30BaHMeM cucTeMbl TpaHcreHoB GAL4/UAS. TeH TpaHCKPUIILIIOHHOTO
aktmBaTtopa GAL4 moa KOHTPOAEM ITPOMOTOPA TeHa fipi BCTABASIETCS B TeHOM APO30QUABI B caiiTe 3L, 68A4.
IToAyueHHbIe TPaHCT€HHbIE MYX! CKPELIMBAIOTCS C AMHUSAMY MYX, KOTOPBIE COAEP>KAT TPAHCTEH ITOA KOHTPOAEM
npomoropa UAS. B noromctee GAL4 caspiBaercs ¢ UAS u 3amyckaeT TPaHCKPUITLIMIO TPAHCTEHA TTOA
KoHTpoAeM UAS. TpaHCreH aKCIIpecCUpyeTCs AULIb B KAETKAX, TA€ aKTUBEH IIPOMOTOP fipi, U TI0O3BOASIET
MapkupoBarb otu KAeTkr (GFP), mopaBasiTh B HUX sKcnpeccuio fipi natepdepupyromeit PHK (RNAi),
6A0KupoBath cuHanTudeckyo nepeaady TeTxLC, nau (TNT)

Fig. 1. A scheme of experiments using the GAL4/UAS transgene system. The transcriptional activator
GAL4 gene under control of the fipi gene promoter is inserted into the Drosophila genome at site 3L, 68A4.
The resulting transgenic flies are crossed with flies that contain the transgene under control of the UAS promoter.
In the offspring, GAL4 binds to UAS and initiates transcription of the transgene under control
of UAS. The transgene is expressed only in cells where the fipi promoter is active. This allows to label these cells
(GEFP), suppress fipi expression with interfering RNA (RNAi), and block synaptic transmission TeTxLC, or (TNT)
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B mosre axcnipeccust GFP 6b1Aa HauboAee Bbl-
Pa)KeHHOM B HeMpOHaX ONTUYECKUX AOAEN
(AaMyHa 1 MEAYAAQ), B AOKAABHBIX MTHTEPHEPOHAX
Yl IX HeJIpUTaxX B aHTEHHAABHBIX AOASIX, a TAKOKe
B ramMa-HelpoHax KenpoHna (Kenyon cells, Aso
et al. 2014) 1 X OTPOCTKAX B raMMa-AOASIX TpubO-
BUAHBIX TeA (puc. 2). B I'BI koAn4ecTBO HEMIPOHOB,
MapKupoBaHHbIX GFP, 0bIAO 3HAYUTEABHO MEHBIIIE,
OAHAKO T€AQ U OTPOCTKU STUX HEPOHOB 0OHApy-
JKMBAAMCh BO Bcex oTaeAax I'BI, Bkarouas obAacThb
KPBIAOBOT'O HEMPOIHMASL 1 OPIOLIHON CErMEHT raH-
rausi. B mocaepHeM HelipoHbl ObIAM HamboAee
KPYIIHBIE, C UAEHTUDULMPYEMBIMU OTPOCTKAMMU,
BBIXOASIIMMY 3a IPEAEABI TaHTAUs (puc. 2).

Tena knetok KeHboHa Bokpyr
ualueyek rpUBOBUAHBIX Ten Ha
3aHeii NOBEPXHOCTU Mo3ra

Tena HellpoHoB B
ONTUYECKUX AONAX
Mo3ra (Meaynna)

Tena nokanbHbix HeiipoHoB
Ha AopconaTepansHoli
MoBEpXHOCTH
aHTeHHanbHbIX Aoneil B
pocTpanbHoit YacTv Mosra

o]
|
]
|
]
|
|

Heliporsl 8 oBnacTi
KPBINOBOTO Heliporns

HeiipoH ¢ seixogswum us LHC
OTPOCTKOM B aBAOMMHANBHOM
cermenTe MBI

Puc. 2. Mosr u rpypo6promuHoit raurauit (I'BI) myx,
akcnpeccupyoiux GFP moa KOHTpoAeM apariBepa
fipi-GAL4. 3D-peKoHCTPYKLMs U3 KOH(GOKAABHBIX
cpe3oB 3aaHei1 (A) u mepeaHeit (B) yacTen Mo3ra,
BenTpaabhoit (C) u poopcaabnoit (D) yacreit TBT.
Macirrab oTo6paskeH Ha 0CsIX CUCTEMbI KOOPAUHAT
(ea. u3M. — MUKpOH). TTOSICHEHMSI CM. B TEKCTE

Fig. 2. The brain and the thoracoabdominal ganglion
(TAQ) of flies expressing GFP under control
of the fipi-GAL4 driver. 3D image stack reconstruction
of confocal slices of the posterior (A) and anterior (B)
brain, ventral (C) and dorsal (D) TAG. The scale
is displayed on the axes of the coordinate system
(given in microns). See the text for explanations
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B nccaepoBanmu OskaHa c coasT. (Ozkan et al.
2012) uMMyHOpEPMEHTHBIN aHAAU3 BBISIBUA GU-
3UYecKoe B3auMoAeiicTBre OeAka Fipi ¢ beakoM
Fas2, reH KOTOpPOTO TaK 3Ke, KaK U fipi, OpTOAOTUYEH
reHaM yeaoBeka NCAM. BoimoaAHEeHHOe HaMU
KOHTPOKpaLIMBaHKe 00pa3L[0B MO3ra aHTUTEAAMU
K Fas2 6eaky He BBISIBUAO €ro KOAOKaAM3aLUU
¢ GFP mapxkupoBaHHbIMU CTpyKTypamu. Fas2
B HanOOABIIIel1 CTeNeH 0OHapy)XKMBaACS B aAbda-
1 6eTa-AO0ASIX TpUOOBUAHBIX TeA (puc. 3), UTO Co-
OTBETCTBOBAAO OIMMCAHWSIM MaTTEPHA paclpeAe-
A€HUsI 3TOro OeAka B paboTax APyrux aBTOpPOB
(Keene, Waddell 2007). Bo3sMO>XXHO, B3aMOAEICTBYE
6eaxoB Fas2 u Fipi HeoOXOAMMO Ha 9Tamax pas-
BUTUSI MyX! AASI HATPABA€HHOTO POCTA HEJIPUTOB,
OAHOI 13 ocHOBHBIX QyHkumit Fas2 (Kurusu et al.
2002). B moAB3y AQHHOTO IIPEATIOAOXKEHUST CBUAE-
TEABCTBYET HEeIOCpeACTBeHHast 6An3ocTh Fas2-
u Fipi-cTpyKTyp, KaK, HapuMep, B HOXKKax rpn6o-
BUAHBIX TeA (puc. 3).

AHTeHHanbHble

Aonu Famma aonu rpuboBUAHBIX Ten

Anbda (BepTukanbHbie) U
BeTa (ropu3oHTanbHble)
Qﬂ” [pomumuocen
£ & 3 I
. . T

Hooxku rpuGoBuaHbIX Ten, koTopbie
06pa3zoBaHbl OTPOCTKAMM KNeTok

KeHbOHﬂ, HanpasnAlwWwuxca B
\’ %

anbda, GeTa U ramma Aonu

Puc. 3. Mosr cam1joB, akcnpeccupytomux GFP
I0A KOHTPOAEM ApaiiBepa fipi-GAL4.

A, 3D-peKkoHCTPYKLus U3 KOHPOKAABHBIX CPE30B
repeAHen YacTu Mo3ra. B, KoH)OKaAbHbIN
(POHTAABHBII Cpe3 B 3aAHEN 4aCTY MO3ra Ha YpOBHE
OTXOXXAEHMSI HOXKEK OT YallevyeK rprubOBUAHBIX TEA.
A — maciuTab oToOpakeH Ha 0CSIX CUCTEMBI
KOOPAMHAT (eA. U3M. — MUKPOH); B — MaciirabHast
noaocka: 50 MuxkpoH. IlosicHeHus cM. B TeKCTe

Fig. 3. Male brain expressing GFP under the control
of the fipi-GAL4 driver. A, 3D image stack
reconstruction of confocal slices of the anterior brain.
B, confocal frontal slice in the posterior brain
at the level of the pedunculi extending from
the calyces of the mushroom bodies. A — the scale
is displayed on the axes of the coordinate system
(given in microns); B — scale bar: 50 microns.
See the text for explanations
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Panee HaMM OBIAO YCTaHOBAEHO, YTO HOKAQYH
reHa fipi B 0OAbaKTOPHBIX CEHCOPHBIX HEMPOHAX
Or47b, Or67d, Ir84a, pAeTexTupymoiux ¢epoMOHbI,
NPUBOAUT K M3MEHEHMSIM YaCTOThI IMIIYAbCOB
B [IECHE YXa)KUBaHMs caMLoB Apo3o¢uasl (Fedotov
et al. 2018). Anaaus nattepHa skcrnpeccuu GFP
B aHTEHHaX I0A KOHTPOAEM ApariBepa fipi-GAL4
" ApaliBepoB, MapKupymoux Helipousl Or47b,
Or67d, Ir84a, moxasaa OTCYTCTBME 9KCIPECCUN fipi
B HellpOHaX, AeTEKTUPYIOUX GEePOMOHBI, B TOM
yncae uBA. ApaiiBep fipi-GAL4 MapKupOBaA AULIb
HeOOABIIIOE KOAUYECTBO HEMPOHOB BO BTOPOM
CerMeHTe V1 B OCHOBAHUY TPEThEro CErMEHTa aHTEHH
(puc. 4).

B03MO>XHOJI TPUYMHOM OTCYTCTBUS B OAbDAK-
TOPHBIX HellpoHax akcrpeccuu GFP noa koHTpoaem
fipi-GAL4 ABASIETCSI TO, YTO B35Tasi HAMU IIPOMO-
TOpHast 00AACTb I'eHa fipi AVIILIb YaCTUYHO BOCIIPO-
M3BOAUT MATTEPH 9KCIpeccuu reHa. B moapay
AQHHOTO IIPEATIOAOXKEHMSI CBUAETEABCTBYIOT ABa
¢dakra. [Ipy HOKAayHe fipi TIOA KOHTPOAEM Apail-
Bepa fipi-GAL4 He IPOUCXOAUT COKpallleHMs
MEeXVMITYyAbCHOTO IHTEPBaAa B IIECHE YXa>KMBaHUS
CaMII0B APO30UABI (AQHHBIE He TIOKA3aHbI), KaK
9TO MPOMCXOAUT IIPU UCIIOAB30BAaHUU ApaliBepa
Act5C-GAL4, KOTOPBII 3KCIIPECCUPYETCs BO BCeX
kaetkax opranusma (Fedotov et al. 2018). Bo-BTOpBIX,
HOKAQYH ITOA KOHTpPOAeM fipi-GAL4 B MeHb1ei
CTeTeHN ITIOAABASIET 9KCIIPECCHIO fipi B CPaBHEHNN
¢ ppaiiBepoM Act5C-GAL4. YpoBeHb aKCIIpecCUn
OTHOCUTEABHO KOHTPOAS, IIPMHMMAEMOro 3a 1,
cocraBasiet 0,65 (95 % AOBEpUTEAbHDIN MHTEPBAA:
0,58-0,7) 1 0,11 (0,08—0,16) COOTBETCTBEHHO AAS
fipi-GAL4 n Act5C-GAL4 (Fedotov et al. 2018).

AN

Or67d-Gal4
0nbdakTOpHbIE HENPOHbI,
AetekTupyroLme
aHTMadppoamnamvak uBA

Ir84a-Gal4
Onb(aKTOPHbIE HENPOHI,
aetektupyrolime adppoamanak

deHunauerar

OmnucanHbIl HaMM naTrTepH skcnpeccun GFP
oA KOHTPOAEM IpoMOTOpa fipi yKa3biBaeT
Ha BEPOSITHOE yyacTue fipi B polieccax o6pabor-
KU OOOHSATEABHBIX CUTHAAOB, YTO COTAACYeTCs
C HaIlIMMU IIPEABIAYILIMIMYU BBIBOAAMY O BOBAEYEH-
HOCTU AQHHOTO TeHa B PErYASILIMIO TIECHU YXaXKI-
Banusa xemocurnaaamu (Fedotov et al. 2018).
JI3BeCTHO, YTO AOKAABHbIE MHTEPHEPOHBI OCY-
IECTBASIIOT PETYASILIMIO ITepeAaust 0OOHSITEAbBHBIX
CUTHAAOB, B TOM 4YMCAe U AASI pepOMOHOB,
OT CEHCOPHBIX HEMPOHOB K IMPOEKL[IOHHbIM Hell-
pOHaM B rAOMepYAaX aHTeHHaAbHbIX AoAeit (Chou
et al. 2010). B To ke BpeMsi aKTUBHOCTb B raMMa-
AOASIX HEOOXOAMMA AASI PEAAM3ALIUY BbIyYEHHBIX
dbopm noBeaeHMs, BIpAOOTAHHBIX KaK HA 3PUTEADb-
HbI€, TAK ¥ HA OOOHSATEAbHbIE YCAOBHbBIE CUTHAABI
(Vogt et al. 2014). BeisiBAeHHast HaMU 9KCIIPECCHST
fipi B KAETKaX OITUYECKUX AOAEN COTAACyeTCs
C AUTEPATYPHBIMU AQHHBIMU O AETEKLMU TPaHC-
KPUIITA fipi B AGASILIXCST KA€TKaX B TAA3HOM MMa-
ruHaabHOM Aucke (Firth, Baker 2007), opHako
MATTEPH 9KCIIPECCUM B ONITUYECKUX AOASIX TPeOy-
€T AOIIOAHUTEABHBIX MCCAEAOBAHUI AAST UAEHTH-
buKaLMy KOHKPETHBIX IPYIII KAETOK.

[TokasaHo, YTO IOAABAEHME AKTUBHOCTY FaMMa-
HEPOHOB IPUBOAUT K HAPYLIEHUSIM B 3aIIOMUHA-
HUU B KPAaTKOCPOYHOM Tepuope (A0 2 1acoB),
a KOHKPETHO K PeaAu3alLy y>Ke YCBOEHHBIX dAe-
MeHTOB 00yueHus (Trannoy et al. 2012). boaee
TOr0, MMEHHO raMMa-HelPOHBI OIIOCPEAYIOT
Ha KpaTKOCPOYHOM MHTepBaAe (30 MUHYT) mOAa-
BA€HME YXa)XMBaHMUsI CAMLIOB, BbI3bIBA€MO€ aHTH-
appoansuakom 1BA, mocae GesycremrHoro
yXa’K/BaHUsI 32 OIIAOAOTBOPEHHON CaMKOI1

Bropon
cermeHT
aHTEHH

TpeTuit
CermeHT
aHTEeHH

fipi-Gal4
HepoHbl BO BTOPOM
N TPETLEM CErMeHTe

aHTeHH

Puc. 4. Heitpons, akcnpeccupytouiie GFP Ha BHYTpeHHel IOBEPXHOCTY BTOPOTO U TPEThEr0 CETMEHTOB AHTEHH
oA KOHTpoAeM ApaitBepoB Or67d-Gal4, [r84a-Gal4 u fipi-Gal4. KondokaAbHbIe Cpe3bl aHTEHH, IOAYYEHHbIE
B IIPOXOASIIL[EM CBETE C OAHOBPEMEHHOIT (pAayopecLieHTHOIT AeTekuyeil GEP (3eAeHblit).
Macirrabnasi moaocka: 50 MUKpOH
Fig. 4. Neurons expressing GFP on the inner surface of the second and third antenna segments under control
of Or67d-Gal4, Ir84a-Gal4 and fipi-Gal4 drivers. Confocal slices of antennas are obtained in transmitted light
with parallel fluorescence detection of GFP (green). Scale bar: 50 microns
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Heiiponbi, sakcnpeccupyrowue 2eH factor of interpulse interval (fipi)...

(Keleman et al. 2012). Ha ocHOBaHMM STUX AQHHBIX
AOTUYHO TMPEATIOAOXKUTD yYaCTHeE fipi-HEPOHOB
B MOAU(UKALIY CAaMLIAMI TOBEAEHVST YXa)KMBaHMUS
TIIOCA€ VX COAEP>KaHMSI C OIIAOAOTBOPEHHOI CAMKOIL.
AAsL IPOBEPKY AQHHOTO IPEATIOAOXKEHMST HAMU
OBIA BBIIIOAHEHO TECTMPOBAHME TIOBEAEHVS yXa-
JKUBaHMsI CAMLIOB APO30(QUABI, Y KOTOPBIX C IIO-
Molbio cuctembl TpaHcreHoB GAL4/UAS nmpous-
BOAMAOCH AM0O0 OAOKMPOBaHME CUHAITUYECKOIT
nepeAayu OT fipi-HeIPOHOB, AMOO YCUAEHE BO3-
OYAMMOCTU 3TUX HEVIPOHOB, AMOO MMOAABAEHUE
B HUX KCIIPECCUM CAMOTO reHa fipi.

Hsmenenus 8 nodasieHuu noseoeHus
YyXaxusaHusi npu 6/[0Kl/lp036ll-luu Uiy
ycureHuu aKmuBHOCMY HeUpoOHOB,
akcnpeccupyrouux fipi

AAst OLIeHKM 3HAY€eHUs fipi-HEIPOHOB B IIOBe-
AEHMM YXQKVMBAHMS U €T0 PETyASILIMU OBIAO IIPO-
AHAAM3MPOBAHO MOTOMCTBO OT CKpeIVBaHMUSA
ApaiiBepHot AvHuM fipi-GAL4 ¢ avausivu UAS-TNT
n UAS-NaChBac. Y myx fipi-GAL4/UAS-TNT

CEAHCbI YXAXXUBAHUA
*
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OPUEHTALUA

(Aaaee fipi-TNT) 6AOKMpPYeTCsT CMHANITUYECKast
nepepaya OT HEMIPOHOB, 9KCIIPECCUPYIOIINX fipi
(Martin et al. 2002), y fipi-GAL4/UAS-NaChBac
(raaee fipi-NaChBac) ycuauBaeTcsi BO30yAUMOCTb
MeMOpaH fipi-HeiipoHoB (Nitabach et al. 2006).
B KOHTPOABHBIX CKpeILVMBAHUIX UCIIOAb30BaAAU
ApaiiBepHble AVHUY, AVIIIEHHbIe IPOMOTOpA ITepPeA
renoM GAL4 (panee CTRL-TNT u CTRL-NaChBac).
AOTOAHNTEABHBIM KOHTPOAEM CAY)KVIAO IOTOMCTBO
oT ckpewmuBaHus fipi-GAL4 c TpaHCreHOM
UAS-TNT¥, npoAyLMPYIOIIVIM HEaKTUBHbBIN MYy-
TAHTHBI CTOAOHSYHBIT TOKCUH (Aaaee fipi-TNT*).

ITopaBA€HME CHHANITYECKO IepPeAQYM Y CaM-
OB fipi-TNT, TOABEPIHYTBIX AOXKHOI1 TPEHUPOBKE,
He MEHSIAO YaCTOTY MHULMALUI CEaHCOB YXa>KU-
BaHus (puc. 5A). Tlocae copepskaHUsT C OTIAOAO-
TBOPEHHOM caMKol1 caMupl fipi-TNT AeMOHCTpU-
POBaAM CHIKEHME VHTEHCUBHOCTY YXaK/BaHMS,
HO B MeHbIIIell CTeIleH), HeXXEAN B KOHTPOABHO
rpynne CTRL-TNT. AHaAU3 OTACABHBIX 9A€MEHTOB
YX@KUBaHUA BBIABUA Y MYX fipi- TNT Taioke 1 Me-

NMPUHWUHT
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N

Puc. 5. HacTOTBI CEaHCOB yXa)KMBAHVIST, OPMEHTALMY 1 IPUHUHTA (Y1CA0 MHMumanmii 3a 100 ¢) mocae 4acoBoro
COAEpIKaHMs CaMlia C OIIAOAOTBOPEHHOM CaMKOI1 (TPEHMPOBKA) Y B AaHAAOTMYHBIX YCAOBYSIX Oe3 CaMKi (AOXKHAsI
TpeHMPOBKa). A — OAOKaAQ CHHANTIYECKON TTIEPEAAY OT fipi-HEPOHOB CTOAOHSIYHBIM TOKCUHOM: fipi-TNT-

Tp — TpeHnpoBKa, fipi-TN'T — aoxHas TpeHupoBKa. KoHTpoAb 0es fipi-Gal4 ppariBepa (OTCYTCTBYE CUHAITUYECKOM
6a0kappr): CTRL-TNT-Tp u CTRL-TNT. B — KOHTPOAB C HEAKTMBHBIM CTOAOHSIYHBIM TOKCMHOM — TNT*,
3Aechb 1 Aaree Ha PUCYHKaX 6—7 IOKa3aHbI CpeAHNe 3HaueHus 1 95 % AOBepUTeAbHbIe MIHTePBaAbL AOCTOBEPHbIE
PasAMYMSI MEXKAY IPYIIIIAMM OTMEYEHBI 3B€3A0UKOIT (ABYCTOPOHHUIT TeCT paHAOMM3aLy, p < 0,05)

Fig. 5. Frequencies of courtship, orientation and preening sessions (number of initiations per 100 s) after an hour
of keeping a male with a fertilized female (training) and under similar conditions without a female (false training).
A — blockade of synaptic transmission from fipi neurons with tetanus toxin: fipi-TNT-Tr — training,
fipi-TNT — false training. Controls without fipi-Gal4 driver (lack of synaptic blockade): CTRL-TNT-Tr and
CTRL-TNT. B — control with inactive tetanus toxin — TN'T*. Hereinafter, Figs. 6—7 show the mean values and
95% confidence intervals. Significant differences between the groups are marked with an asterisk
(two-sided randomization test, p < 0.05)
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Hee BbIPa)KEHHOE [TOAABAEHI€ YaCTOTbI OPMEHTALUN
(puc. 5A). OpueHTauus caMmiia TOAOBOM IO Ha-
IPaBAEHMIO K CAMKE Ha PaCCTOSIHUM, CPABHUMOM
C pa3MepaMM TeAa, IIPEATIOAOKUTEABHO CBsI3aHa
C BOCIIpUSATIEM OAbGaKTOPHBIX curHaAoB (Ferveur
2005). Takum obpasom, MmeHee 3ddeKTUBHOE
MOAABA€HVIE AQHHOTO KOMIIOHEHTA YXa)KMBaHM
y caMuoB fipi- TNT MoXeT ObITb BbI3BaHO Hapyllle-
HUSIMU B QaHAAM3€ VIAU O0YCAOBAMBAHUY OAbQaK-
TOPHBIX CTMMYAOB, MIOAQBASIIOIINX YXQKMBaHUE,
YTO COOTHOCUTCSI C HAILIMMM AQHHBIMM 00 SKCIIpec-
cuM fipi B HeIPOHaX 0OOHITEABHOTO aHAAM3ATOPA
Vl HeJIpOHaX, OTBETCTBEHHBIX 3a 00yueHne. Kpome
TOT0, OBIAO BBISIBAEHO YCHMAEHNE IIPMHYHTA ITOCAE
o0yuenust y camuos fipi-TNT (puc. 5A). IlpunuHr,
VIAY YMCTKA T€AQ AAIKaMy, He OTHOCUTCS K dAe-
MEHTAM YXa)KMBaHUs, OAHAaKO M3BECTHO, YTO 4Ya-
CTOTa AQHHOTO ITOBEAEHMSI BO3pAaCTaeT y MyX
B IPYIIIe U 3aBUCUT OT 3pUTEABHOTO KOHTAKTa
(Connolly 1968). [Toka3aHo, YTO IPUHUHT Y CAMLIOB
YCUAMBAETCSI NPU MpePhIBAHMN YXaXKMBAHUS
(Weidmann 1950), uTo paccMaTpuBaeTCsi B AAHHOM
KOHTEKCTe KaK CMelljeHHasl aKTUBHOCTb. B Hallem
CAy4yae yCUA€HMe IPUHMHIA Y caMuoB fipi-TNT

rmocae oOy4eHMsI MOKET ObITh CBSI3aHO C MeHee
BbIPA’)KEHHbIM ITOAABAE€HMEM YXa’KMBaHMA: CaMeLl]
IIPOAOA’KAET Oe3YCIEIIHO yXa)KMBATh, YTO B UTOTE
IIPUBOAUT K YBEAVYEHMIO CMEIIleHHOV aKTUBHOCTMU.

OTKAOHEHVS B yX@)KUBAaHUM Y IPYHYHTE IIOCA€
00y4eHNsI OTCYTCTBOBAAY B CAy4ae TECTUPOBAHMS
MYX C HEAKTUBHBIM CTOAOHSIYHBIM TOKCMHOM
(puc. 5B).

YcuaeHue BO30yAMMOCTH fipi-HEIPOHOB Y MyX

fipi-NaChBac He BAMSIAO Ha TapaMeTPbl OBEAEHMS
yxaxuBaHusl. [Tocae copepskaHust C OIIAOAOTBO-
PEHHOM CaMKOJ1 4aCTOTa CeaHCOB yXa>KUBAHUSI
Yl OPMEHTALUY CHIKAAVICh aHAAOTMYHO KOHTPOAb-
HbIM 3HA4Y€HMM, 2 IPMHVHT BO BCEX TECTUPYEMbBIX
IPYNIIax OCTaBaACs HeM3MeHHBIM (puc. 6A).
Hapsiay c opueHTalMel yMeHbIIaAMCh TapaMeTpPbl
IIpecAeAOBaHMs ¥ BUOpaLuy KPbIAOM (AQHHBIE He
IOKa3aHbl).

Tak Kak OAOKMpOBaHe aKTUBHOCTM fipi-HEPOHOB
IPUBOAUT K 0CAQOAEHMIO TIOAABAEHVISI YXKUBAHMS
(puc. 5A), TO MBI IPEATIOAOXKMAY, YTO YCUAEHUE
AKTUBHOCTU 3TUX KAETOK MOXKET CIIOCOOCTBOBATh
6oaee AAUTeABHOMY 3G PEeKTY IOAABAEHMS, C YUe-
TOM TOT'0, YTO YaCTh STUX fipi-KAETOK — 3TO raMMa-

A
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Puc. 6. DpdexT ycuaeHus: BO30yAUMOCTI MeMOpaH fipi-HelIpOHOB dKCIpeccrelt 6aKTepUaAbHOTO HATPUEBOTO
KaHaaa. [ToKa3aHbl YaCTOTHI CEAHCOB YXQKMBAHMS U OTA€ABHBIX DAEMEHTOB ITOBEAEHMSI (1MCAO MHNLIALIIA
3a 100 ¢) TOCA€ YACOBOTO COAEPIKAHMSI CAMILIA C OTTAOAOTBOPEHHON CAMKOI (TPEHUPOBKA) U B AaHAAOTUYHBIX

ycaoBusix 6e3 camku (AoxKHast TpeHupoBKa). Omert: fipi-NaChBac-Tp — TpeHupoBka; fipi-NaChBac — aoxHas
TpennpoBka. KoHTpoas 6e3 fipi-Gal4 apaiiBepa: CTRL-NaChBac-Tp u CTRL-NaChBac. A — tecT cpasy mocae
TpeHUPOBKU. B — TecT yepes 1 yac nmocae TpeHupoBku. CM. MOSICHEHUSI K PUCYHKY 5

Fig. 6. Effect of an increased excitability of fipi-neuron membranes by expression of the bacterial sodium
channel. Frequencies of courtship sessions and individual behavioral elements (number of initiations per 100 s)
after an hour of keeping a male with a fertilized female (training) and under similar conditions without a female
(false training). Experiment: fipi-NaChBac-Tr — training; fipi-NaChBac — false training. Controls without fipi-
Gal4 driver: CTRL-NaChBac-Tr and CTRL-NaChBac. A — test immediately after training. B — test 1 hour after

training. See explanations for Fig. 5
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HelIpOHbI, OTBETCTBEHHbIE 33 peaAM3aLUI0
KPaTKOCPOYHBIX MOAMDUKALIUI ITOBEAEHUS
(Trannoy et al. 2012; Vogt et al. 2014). Aas npo-
BEPKU AQAHHOTO ITPEATTOAOKEHMSI Mbl TPOTECTUPO-
BaAu MyX fipi-NaChBac He cpasy, a 4epes yac ocae
TPeHUPOBKU. AeICTBUTEABHO, Yepe3 Yac YacToTa
CeaHCOB yXaKuBaHUA y MyX fipi-NaChBac coxpa-
HsIAQ CHIDKEHHbIe 3HAaYeHMsI, B TO BpeMsI Kak
B KOHTPOABHOII rpyte sGp¢deKT oAaBAEHNS IPO-
naaaA (puc. 6B). AaHHOe cHIDKeHMe 0TOOPaXkaA0Ch
TAKKe B IIapaMeTpax OpMeHTaLuy ¥ BUOpaLum.
Pe3yAbTaTbl 5TOro 5KCIepUMEHTa CBUAETEABCTBY-
I0T O TOM, YTO fipi-HENPOHBI MOT'YT y4aCTBOBATh
B IIpolieccax COXpaHeHMsI CAeAd MAMATH, IO Kpail-
Hell Mepe, KpaTKOCPOYHO.

V3meHeHUs B8 noBeOeHUU YXAWUBAHUS
Hpu HOKOayHe 2eHd fipi no0 kKoHmporem
opaiigepa fipi-GAL4

Panee HaMM OBIAO ITOKA3aHO, YTO HEMPOCTIEL!-
(bUYHBIT HOKAQYH T'eHa fipi IPUBOAUT K YCUAEHUIO
4aCTOTHI MHULMALMY VIMITYABCHOV TIECHU YXaXK1-
BaHus (Fedotov et al. 2014). HokaayH reHa fipi moa,
KOHTpoAeM fipi-GAL4 (fipi-RNAi) TakKe IPUBOAUA
K YCUAEHMIO YaCTOThI MHULIMALIMY BUOPALIUM KPbI-
AOM (KOPPEASIT ITeCEeHHOI aKTUBHOCTH) U OPUEH-
TAUUMU Y CaMIIOB, IOABEPTHYTBIX AOXXHOU
TpeHupoBke (puc. 7). HokpayH rena fipi He npe-
ISITCTBOBAA O0yYEHUIO, IIPU 9TOM OTAUYMIT MEKAY
KOHTPOAEM U HOKAQYHOM Y CAMLIOB TIOCA€ TPEHM-
pPOBKU He 0OHapy>XuBaAocCb. Boaee Toro, ecan
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OPUEHTALNA

B KOHTPOAE Cpa3y II0CA€ TPEHUPOBKM IIPOUCXOAU-

AO CHIDKEHMe 4aCTOThl MHULMALUY BUOpaLn
B 2,3 pasa, TO IPU HOKAAQYHE 3TO OTHOLIEHUE
cocTaBAsiao yxe 8,1 (puc. 7).

HecMoTpst Ha OTCYTCTBME pa3AM4MiL B TapaMe-
TpaX yXa’KMBaHMUs MOCA€ TPEHUPOBKY, HOKAAYH
fipi, 0OAHaKO, BBI3BIBAA OAHO CreLMdUUHOE U3Me-
HeHMe B CTPYKType yxaxuBaHus. CTPyKTypHbI
aHAAU3 YXQKMBAHMSI BBIITOAHSIACS TIOCPEACTBOM
OLIEHKM AOAM ITEPEXOAOB OT OTAEABHOTO SAEMEHTA
YX2)KUBAHMSI K ADYTMM 9AeMeHTaM (YMCAO Iepe-
XOAOB KOHKPETHOT'O TUITA OTHOCHAM K CyMMe BCeX
IIepexXoAOB OT AQHHOTO 3AeMeHTa). [ToBeaeHue
yXKMBaHMSI IPEACTABASIET COOOI KOMITAEKC PUK-
CHPOBAHHBIX ACVICTBUIA, T. €. 3aITyCKaeMYI0 KAIOJe-
BBIM CTUMYAOM ((pepoMOHOM) CTAaHAAPTHYIO
IIOCAE€AOBATEABHOCTb AEVICTBMIA, KOTOPasi HAuMHa-
€TCsI C OPMEeHTALMM Y 3aKaHUMBAETCs IIOMBITKAMU
komyasinuu (Spieth 1974). B cayyae HeypauHOM
IOTBITKY CaMel] Yallle BCero MOBTOPSIET PUTYAA
YXa>KMBaHMsI, HAYMHAsl CHOBA C OPUEHTALMMU.
Hu HOKAQYH fipi, H1 MU3MeHeHMsI aKTUBHOCTH fipi-
HEIPOHOB He BbI3bIBAAM IIOCA€ TPEHMPOBKU
M3MEHEHUII B ITepexoAax MeXXAY dAeMeHTaMU
B PaMKaX OTA€AbHOTO LIIKAQ YXa)KMBaHVI (AQHHbIE
He MOoKa3aHbl). TeM He MeHee HOKAQYH fipi conpo-
BO>XKAQACS] YMEHbBILIEH/EM AOAU TIEPEXOAOB MIOCAE
HeYAQUHBIX MOTIBITOK KOITYASILIMY BHOBb K OpMEH-
tauuu (puc. 8). AaHHbBIN pe3yAbTAT yKas3bIBaeT
Ha TO, UTO IIPY HOKAQYHE fipi TIOAQBAEHNE YXaXKN-
BaHUS ONPEAEASIETCSI He TOABKO CHIVDKEHUEM 4Ya-
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Puc. 7. Yacrora nHunmanmy Bubpauuu (Ha Oery), OpueHTalMu U IOKOsI IIPU HOKAQYHe T'eHa fipi T0A KOHTPOAEM
fipi-GAL4 cpasy u yepes yac nocae TpeHupoBKU (fipi-RNAI-Tp, n = 40 u fipi-RNAi-Tp-1y, n = 30), a Taxcke npu
AOXHOI TpeHupoBke (fipi-RNAI, n = 20, Tect cpasy). Koutpoas 6e3 fipi-Gald ppaiiBepa: CTRL-RNAi-Tp
(n =40), CTRL-RNAI-Tp-19 (n = 30) u CTRL-RNAI (n = 20). Cm. mosicHeHuUsI K puc. 5

Fig. 7. Initiation frequencies of vibration (coupled with running), orientation and rest in fipi knockdown under
control of fipi-GAL4 immediately and one hour after training (fipi-RNAi-Tr, n = 40 and fipi-RNAi-Tr-1h,
n = 30), as well as after false training (fipi-RNAI, n = 20, test immediately). Controls without fipi-Gal4 driver:
CTRL-RNAI-Tr (n = 40), CTRL-RNAi-Tr-1h (n = 30) and CTRL-RNAI (n = 20). See explanations for Fig. 5
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CTOTBHI MHULIMALIMY CEAHCOB YXa>KUMBAHUsI, HO
Y CHIKEHMEM YaCTOTHI IIepeXoAa K IOBTOPHBIM
LIMKAQM YX2)KMBaHUs, B CAy4yae €CAU YXaK/BaHe
3aBEpLIMAOCH HEyAQuell.

IToAy4yeHHBIe B HACTOSIIIIEM VICCAEAOBAHUY AQH-
Hble O BAVISIHMY T'eHa fipi Ha TOBeAEHVE YXaKUBAHWS
¥ ero MoAM(}UKaLMIO ToCcAe TPUOOpeTEHNS OTBITA
yXa)XKMBaHUA 32 OTAOAOTBOPEHHOI CaMKOU He-
CKOABKO IIPOTMBOPEYMBEL Y CaMILIOB, IOABEPTHYTHIX
AO>KHOV TPEHUPOBKe, HOKAAYH fipi IPUBOAUA
K CYIL|eCTBEHHOMY YBEAMYEHMIO YACTOT MHULIMALINN
BUOpaIu u opueHTauu (puc. 7). ITo CBUAETEAD-
CTBYET O TOM, YTO B HOpMe 3KCIIpeccus reHa fipi
MO>KET Y4aCTBOBATh B MeXaHM3MaX, TOPMO3SIIUX
3aITyCK yXaknBaHus1. Taikoke HOKAQYH CII0COOCTBO-
BaA 00Aee BbIpa)KEHHOMY IOAAQBAEHMIO YX)KMBAHMUS
IIOCA€ TPEHVPOBKMU, YTO MPOUCXOAUAO, OAHAKO,
TOABKO 32 CYeT 0OA€€e MIHTEHCVBHOTO YXaKVBAHMS
CaMI[OB, TOABEPTHYTBIX AOKHOM TPEHUPOBKE,
TOTI'AQ KaK YPOBEHb YX)KMBAHUA Y TPEHVPOBAHHBIX
CaMLIOB IIpM HOKAQYHe He u3MeHsIAcs (puc. 7). Ha-
000pOT, IIpK TOAABAEHUM CUHAIITUYECKOI Iepe-
AQUU OT fipi-HEVIPOHOB, TA€, B MPUHLMIIE, MOKHO
6bIA0 0XKMAATH 3P PEKT, CXOAHBIN ¢ adPekToM

B CTRL-RNAI
0,9

08
0,7
0,6

0,9
fipi-RNAi 0,8
0,7

0,6

HOKAQyHa, HabAI0AaAOCh MeHee 3 deKTBHOE
CHIDKEHME YXQKUBAHMSI TOCAE COAEPIKAHYSI C OIIAO-
AOTBOpeHHOII caMKoii (puc. 5A). AkTuauus (ycu-
AeHVie BO30YAMMOCTH) fipi-HENPOHOB CIIOCOOCTBO-
BaAa COXPaHEHMIO CAeAA TTaMsTH Yepes 1 yac mocae
TpeHupoBKHU (puc. 6B). DTu poctaTouHo ybeAu-
TeAbHbIE PE3yAbTAThl AAIOT OCHOBaHME IPEATIO-
AQratb, UTO fipi-HePOHBI y4aCTBYIOT B MEXaHU3MaX
dbopMupoBaHUS KPATKOCPOUHO MAMSITU TIOCAE
00y4eHNs C OIIAOAOTBOpeHHOM camKkoit. Kcy Ukao
¢ coaBT. (Zhao et al. 2018) moxkasaAu, YT0 OCHOBOII
AAst ee GOPMUPOBAHUS SIBASIETCS YCTOMYMBAST
peBepOepatysi BO30Y)XAEHNUs B CXeMe C 00paTHO
CBSI3bI0, COCTOSIIEN U3 TPEX KAACCOB HENPOHOB:
VIHHEPBMPYOIIMX KOMIIAPTMEHT 5 raMMa-AOAel
rpubOOBUAHBIX TeA AODAMUHEPIMIECKMX HEMPOHOB
aSP13, xoAnHepruyeckmx raMmMa-HepoHOB I'PU-
60BUAHBIX TeA (KaeTk KeHboHa) 1 MX IMOCTCUHAT-
TUYECKUX FAyTaMaTepruieckux HelipoHoB M6,
MMEIOLIMX BO3BPATHBIN CUHAITUYECKUIT BXOA
Ha aSP13 HeiipoHbl. OGHapy)KeHHAasI HAMU 9KC-
npeccusl fipi B ramma-Heitponax Kenbona (puc. 2A)
MIO3BOASIET MIPEAIIOAATATh, YTO MIPOAYKT reHa fipi
MOXXeT BAMSTD AMOO Ha caM IpoLecc peBepOepaLun
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Puc. 8. BAnsiHue HOKAAYHA fipi HA YaCTOTY NEPEXOAOB OT IOTBITKY KOIYASILIAY K ADYTM SAEMEHTAM IIOBEAEHNISL.
[ToxaszaHa AOASI K&KAOTO BapiaHTa IIepexoAa B 00I1[eM KOANYECTBE IIEPEXOAOB OT ITOMBITKY KOIIYASILINYI
U ee cTaHAApTHas1 outOka. CMHMM NIPEACTABAEHBI AAHHbIE 10 KOHTPOABHBIM CKPEIVBAHMSIM C AOXKHOI
tpenuposkoit (CTRL-RNAI, n = 237), cpasy (CTRL-RNAi-Tp, n = 109) u uepes 1 yac nmocae TpeHNPOBKM
(CTRL-RNAi-Tp-14, n = 160); >X€ATBIM — aHAAOTUYHBIE AQHHBIE AASI MYX C HOKAQYHOM fipi IOA KOHTPOAEM
fipi-GAL4: aoxxHast TpeHupoBKa (fipi-RNAI, n = 162), cpasy (fipi-RNAi-Tp, n = 121) u uepes 1 yac mocae
TpeHnpoBKH (fipi-RNAi-Tp-1y, n = 212). TIpu HOKAAYHe CHIXAETCS AOAS IIEPEXOAOB OT IONBITOK KOITYASILINA
K OpMEHTALMY Cpa3dy [T0CAe TPEHMUPOBKY Y YBEANYMBAETCS AOAS TIEPEXOAOB K ITOKOI0 Yepe3 1 yac
(oTmeueHo 3Be3p0uKkamy, p < 0,05)

Fig. 8. The effect of the fipi knockdown on the frequency of transitions from attempted copulation to other
elements of behavior. The proportions of each transition variant in the total number of transitions
from attempted copulation and their standard errors are shown. Blue shows the control crosses with false
training (CTRL-RNAI, n = 237), immediately (CTRL-RNAi-Tr, n = 109) and 1 hour after training (CTRL-RNAi-
Tr-1h, n = 160); yellow — similar data for fipi knockdown under control of fipi-GAL4: false training (fipi-RNAI,
n = 162), immediately (fipi-RNAi-Tr, n = 121) and 1 hour after training (fipi-RNAi-Tr-1h, n = 212).
In knockdown, the proportion of transitions from attempted copulation to orientation decreases immediately
after training, and the proportion of transitions to rest increases in 1 hour (marked with asterisks, p < 0.05)
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Heiiponbi, sakcnpeccupyrowue 2eH factor of interpulse interval (fipi)...

BO30Yy)XAeHMs, AMOO Ha MPOUCTEKAIIME U3 HErO
NIPOLIECCH U3MEHEHUST CUHATITUYIECKON MAACTUY-
HOCTH, AeXKalljie B OCHOBe (OPMMPOBaHMS KPATKO-
cpouyHout maMsATu. OAHAKO BbISIBA€HHbBI HaMU
IATTEPH SKCIIPECCUY TeHa fipi TIPEATIOAAraeT BO3-
MOYXHOCTb U APYTMX ITyTEl €ro BAUSIHUS Ha IO-
BEAEHUE YXQKMBAHYSL.

baaropapHocTn

Mp1 6aaropapum Bloomington Drosophila Stock
Center (NIH P400D018537) na 6a3e yHuBepcure-
ta Vnpmanst (CIIIA) n Vienna Drosophila RNAi
Center Ha 6a3e KaMITyca 110 00eCIeYeHII0 HayYHOM

MTOAAEPKKM (ABCTPUS) 32 TPEAOCTABAEHNE TPAHC-
reHHbIX AMHMII MyX ¢ GAL4 1 RNAI.

MoHoKAOHaAbHbIe aHTUTeAA 1D4, paspaboTaH-
Hble B YHUBepcuteTe KaanudopHuu, moayueHsl
u3 Developmental Studies Hybridoma Bank, cos-
AQHHOTO HAaLlMOHAABHBIM MHCTUTYTOM 3AOPOBbBA
NIH u nopaep>kuBaeMoro Ha 06ase yHUBEpCUTETA
AJIOBBI.

MpI KpariHe IpU3HaTeAbHBI AOKTOPY KoHcTaH-
tuHy I. Vianapu (Tocnutaab AAst OOABHBIX AeTel,
Toponto, Kanapa) 3a pasBepeHre U ITEPECBIAKY
MYTaHTHBIX AMHUI B HAaLITy AAaO0PaTOpUIO, a TAKKE
LIKTT «buokoaaexuysi» mpu 1@ PAH 3a momouns
B ITOAAEP>KAaHUY KOAAEKLIY MYX.
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