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ABSTRACT

The climatic and geographical conditions of the Arctic region and social and living
conditions of the expeditionary form of work can have a negative impact on the
activities and well-being of people carrying out their professional activities in these
conditions. The person functional state reflects the main activity level of the main
physiological systems (autonomic nervous system, etc.) in a certain period of time.
Daily monitoring of human’s functioning cardiovascular and nervous systems indi-
cators is an effective technology for the prevention of psychological maladjustment,
deterioration of health, and undesirable situations under the influence of unfavo-
rable factors. The study purpose is to describe the working capacity and general
functional states dynamics of expedition members during the expedition period in
the Arctic. Research methods are instrumental psychophysiological methods, psych-
ological questionnaires and multivariate statistical analysis methods. This study was
conducted on research vessel within 20 days in the morning and in the evening. The
study involved 39 people (average age — 33,6 + 2 years). The majority of emplo-
yees experience an increase in their working capacity against the background of
a decrease in the level of their general functional state at the beginning of the
expedition period. The middle of the expeditionary period is characterized by the
instability of the working capacity level. With the end of the active research work
period, the general functional state of many participants is associated with a period
of rest and recovery. In the dynamics of the autonomic nervous system and the
sympathetic nervous system states prevails over the parasympathetic according to
the data of objective (instrumental psychophysiological diagnostics) and subjective
methods (psychological methods). Some of the results correlate with our previous
studies, which were devoted to the study of the shift workers’ human functional
state.
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INTRODUCTION

The Arctic climatic and geographical conditions can have a negative impact
on the activities and well-being of people who live and work in these areas
(Nagornev et al., 2019; Moran, 2020; Korneeva, 2022). An additional
impact is exerted by social factors of professional activity in expeditionary
conditions, for example, group isolation, limitation of personal space, unifor-
mity of the situation, and others (Rothblum, 1990; Palinkas, Suedfeld, 2008;
Moraes et al, 2020). The influence of these factors and conditions is refle-
cted in nervous, endocrine and cardiovascular systems reactions (Khasnulin,
Khasnulin, 2012). Work in extreme conditions places increased demands on
the workers’ adaptation and necessitates high energy costs and the ability
to quickly mobilize the functional reserves of the body (Yusupov, Ovchin-
nikov, 2016; Popova et al., 2018). The concept of human functional states
is used for the analysis of various human states relevant to work conditi-
ons: fatigue, monotony, job stress reactions, physical and emotional strain,
states of optimal workability, and so on (Leonova, 2009). Dynamic monito-
ring of the cardiovascular system and the human nervous system functioning
is an effective technology for the prevention of psychological maladjustment,
deterioration in health and emergency situations under the influence of unfa-
vorable Arctic climatic and geographical conditions and social conditions of
the expeditionary fly-in-fly-out work method. In favor of the need to con-
duct studies using the daily monitoring technology of human conditions is
also indicated by the fact that scientific studies with a similar design are insuf-
ficient. The study purpose is to describe the functional states of expedition
members during the expedition period in the Arctic.

MATERIALS AND RESEARCH METHODS

The study by means of a scientific expedition was carried out on the research
vessel “Mikhail Somov” (Russia) from June 11 to June 30,2021 (20 days) as
part of the project “Arctic Floating University - 2021”. Expedition route is
Arkhangelsk - Novaya Zemlya - archipelago Franz Josef Land - Arkhangelsk.
The study started on the second day of the expedition and involved 39 people
(19 men and 20 women aged 20 to 72 years, average age — 33,6 + 2,12 years).
Dynamic monitoring of the participants’ general functional state and wor-
king capacity was carried out daily in the morning and in the evening
during the entire expedition period in the Arctic using the following research
methods:
1. Psychophysiological method involving the use of the device UPFT-1/30-
“Psychophysiologist™:

a. method of variational cardiointervalometry (VCM) for assessing the
general functional state of body based on an analysis of the cardiova-
scular system parameters;

b. method of complex visual-motor reaction (CVMR-35) for assessing the
speed and quality characteristics of the reaction with switching (to a light
stimulus of two different colors). Based on these parameters, the operator
(mental) working capacity level is determined.
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2. Psychological methods:

c. the questionnaire for the state self-assessment “Well-being. Activity.
Mood” (WAM), developed by V.A. Doskin, N.A. Lavrentieva, V.B. Sha-
ray and M.P. Miroshnikov (Doskin et al., 1978). WAM is a table
containing 30 pairs of words reflecting the studied features of the
psycho-emotional state (well-being, mood, activity), expressed in polar
ratings;

d. color test by M. Luscher (Luscher, Scott, 1969), using interpretation coef-
ficients developed by G.A. Aminev based on factor analysis for this test
(Aminev, 2010). Coefficients (“vegetative balance”, “operability” and
others) are calculated using formulas that reflect a certain combination
of colors. They are considered by us as projective indicators that reflect
the psycho-emotional characteristics of a person’s state at the time of the
study.

The rationale for this scientific design of the study and the application
of the objective and subjective methods complexes for assessing the state of
employees is presented in our previous study (Korneeva, Simonova, 2020).

For statistical data processing, descriptive statistics and frequency analysis
were used by applying the “IBM SPSS Statistics 23.00” package.

RESEARCH RESULTS

According to the results of the frequency analysis by the general functio-
nal states of the body (VCM method) during the expedition and the median
values of the participants’ individual dynamics, it was found that the general
functional state of the participants’ majority during the expedition period was
characterized mainly by acceptable and close to optimal values (see Figure 1).
This means that the psychophysiological capabilities and reserves level of
cardiovascular and autonomic nervous systems as a whole was sufficient to
adapt to the conditions of the expedition and the Arctic environment. The
key points can be considered the 2nd and 20th days of study (3rd and 21st
days of the expedition), when the number of participants increased, both with
a negative functional state level and with a state close to optimal.

The dynamics of the autonomic nervous system state was assessed accor-
ding to an objective indicator (using VCM) and a subjective indicator (“vege-
tative balance” coefficient for the M. Luscher’ test). The data are consistent
and indicate the predominance of a tendency to increase the sympathetic
nervous system during the expedition. This is the mobilization state of body
functions. At the same time, the parasympathetic nervous system prevalence
of the participants was observed at the end of the expedition period, when
the stage of collecting materials for their study was completed.

According to the subjective assessments of the participants (WAM
method), the improvement in health and increased activity was on the 8th
and 11th day of the expedition after landing on the islands. This was clari-
fied using the median of measurements for the parameters “well-being” and
“activity”.
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Figure 1: The participants’ general functional state of body during entire expedition
period in the arctic.

The median values for the objective parameter of operator working capa-
city (CVMR-35) and for the projective indicator of working capacity (M.
Luscher’ method) during the expedition period indicate its optimal level.
The first increase in working capacity (using CVMR-35) was recorded at
the beginning of the expedition (morning of the 2nd and evening of the 3rd
days of the study). The second peak falls on the evening of the 9th and 10th
days of the study. These were periods of scientific research (with landing on
the island). At the end of the expedition, the working capacity dynamics was
characterized by ups and downs (not below average values).

A generalized description of the general functional states of body and wor-
king capacity dynamics of the participants during the entire expedition period
to the Arctic is presented in Table 1.

CONCLUSION

The dynamic monitoring technology of human functional states based on
the consideration of objective and subjective (self-report of participants) data
helps to identify key changes in the human states dynamics in the Arctic. At
the beginning of the expeditionary period we observe an increase in working
capacity indicators against the background of a decrease in the participants’
general functional state level of body in the Arctic scientific expedition. This
is a state of moderate tension of regulatory systems in the presence of a suffi-
cient psychophysiological reserves level and their optimal use. The middle of
the expeditionary period is characterized by instability of the working capa-
city level (an increase with a further decrease). With the end of the period of
active research work associated with landings on islands and work at oce-
anographic stations, the general functional state of many participants was
characterized by a period of rest and restoration of homeostatic balance. It
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Table 1. The general functional states of body and working capacity dynamics of the
participants during entire expedition period to the arctic.

Expedition period Characteristics of the functional state and working capacity
stage

The beginning of the ~ The dynamics of the state in the morning is characterized

expedition period (trip by a reduced participants’ general functional state of body

to the islands) on the 3rd day of the expedition, followed by
normalization of the state (the predominance of acceptable
values and those close to optimal). In the evening, the
participants are dominated by the close to optimal general
functional state of body. The activation of the sympathetic
department of the nervous system in the morning prevails.
In the evening the balanced influence of the sympathetic
and parasympathetic divisions in the regulation of the
autonomic nervous system prevails. Increasing efficiency
on the 3rd and 4th days of the expedition.

The middle of the An increase in the general functional state level in the
expeditionary period  morning before landings, and, mainly, an acceptable state
(the period of active in the evening on the days after landings. The tendency to
research work) increase the working capacity of the majority of

participants on the 10th and 11th day of the expedition.
The rest of the time, average working capacity values
prevail.

End of the expedition = More participants with a predominance of acceptable and

period (return trip to  close to optimal general functional states of body. There

the city) were statistically fewer participants with the negative
general functional state level. After completion of the
island landing phase, the participants are dominated by the
activation of the parasympathetic division of the nervous
system and the balanced influence of the sympathetic and
parasympathetic systems. In the last days of the expedition
there is an increase in the influence of the sympathetic
department in the morning and evening hours. Efficiency is
characterized by a change in high and medium values of
the indicator.

was established that the general functional state of the majority of partici-
pants during the expedition period was characterized mainly by acceptable
and close to optimal values. In the dynamics of the autonomic nervous system
and the sympathetic nervous system state prevailed over the parasympathetic
one (according to the data of objective and subjective methods). This means
that the psycho-physiological capabilities and reserves level of the cardiova-
scular and autonomic nervous systems as a whole was sufficient to adapt to
the conditions of the expedition and the environment of the Arctic (at the
same time, moderate tension of regulatory systems was frequent).

This study results are consistent with the data of previous expeditions
“Arctic Floating University” in 2013 (Porokhina, Voytekhovich, Simonova,
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2015) and in 2015 (Fedotov, Melkova, Podoplekin, 2017). In 2013 partici-
pants showed the predominance of the sympathetic nervous system through-
out the entire sea voyage. The authors (Porokhina, Voytekhovich, Simonova,
2015) have also pointed out that the team mood rises occur during peri-
ods of high social activity (the largest rise of the indicator coincides with the
landing). The study results of the expedition members in 2015 (Fedotov, Mel-
kova, Podoplekin, 2017) indicate the absence of a significant negative impact
effects of a short-term sea voyage in high latitudes on the participants’ gene-
ral functional state of the body. It was found that participants under the age
of 35 showed an increase in the activity of parasympathetic influences by
the end of the expedition. Conversely, the activity of the sympathetic-adrenal
system with a contribution to the humoral component of regulation increases
in people over 35 years of age.

In the study (Pankova et al., 2020) participants in short-term expeditions
to the North differ from residents of Central Russia and polar regions by the
spectral characteristics of heart rate variability. These differences can be con-
sidered as correlates of positive and adequate in terms of the physiological
value, adaptive changes in the autonomic regulation of the cardiovascular
system. According to a study by Palinkas Suedfeld (2008) about 5% of peo-
ple on expeditions meet DSM-IV criteria for psychiatric disorders. However,
they also experience positive resulting from successfully coping with stress,
improved health and personal growth.

We continue to analyze the data obtained during the expedition curren-
tly. The results suggest that due to the sufficient adaptive capabilities of the
cardiovascular and autonomic nervous systems participants maintain normal
indicators of well-being and working capacity.
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