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Introduction. In the stratosphere, when the aircraft cockpit is depressurized, the pilot switches to breathing pressurized oxygen. However, 
breathing under such conditions leads to the development of adverse processes that affect the functional state of the body and reduce the 
quality of aircraft piloting. Programs of psychophysiological training of pilots for such conditions include breathing and speech training under 
oxygen overpressure.
Objective. Effectiveness assessment of a five-day breathing and speech training course under oxygen overpressure in Vietnamese test 
subjects.
Materials and methods. The study involved 35 Vietnamese test subjects aged 19–32. The assessment of the development of breathing skills 
under oxygen overpressure (OOP) was based on the dynamics of psychological parameters and the pronunciation accuracy of control words. 
The study used a KM-35 demand oxygen mask in combination with a ZSh-7A pilot protective helmet and a VKK-15 altitude compensating 
suit to create counterpressure on the chest. OOP was created using the BARS-GD hardware and software complex. The developed course 
of breathing and speech training under OOP consists of five OOP breathing sessions, which are conducted once a day during five consecu-
tive days. Each session involves breathing under OOP in a sequential and continuous manner at five stages with a breathing time of 2 min at 
each stage. OOP was created at levels ranging 150–1000 mmHg. The functioning of the central nervous system (CNS) was assessed based 
on the average time of simple and complex visual-motor reactions (SVMR, CVMR) and the response to a moving object (RMO). The level of 
situational anxiety, well-being, activity, and mood was assessed using the wellbeing, activity, mood (WAM) questionnaire. Statistical analysis 
was performed using the SPSS 26 software.
Results. As a result of the five-day training course, a statistically significant decrease in the pre-stress level of situational anxiety by 3.9% was 
observed. Prior to the training course, in the setting of simulated rapid cockpit decompression, a decrease in well-being and mood indicators 
by 3.7% and 5.7%, respectively, was noted. In addition, the experiment recorded an increase in psychophysiological reserves, which was 
confirmed by statistically significant changes in the time of simple and complex visual-motor reactions, as well as the results of testing the 
response to a moving object before and after the training course.
Conclusions. The data obtained confirmed the effectiveness of the developed five-day training course, as a result of which the test subjects 
increased their psychological and psychophysiological readiness to perform tasks under conditions of a sharp decrease in pressure in the 
pressurized cabin of an aircraft and the operation of high-altitude equipment. The developed five-day training regime of Vietnamese military 
personnel is recommended for integration into the training system of pilots for high-altitude and stratospheric flights.
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АВАРИЙНОЙ РАЗГЕРМЕТИЗАЦИИ КАБИНЫ САМОЛЕТА
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Введение. В условиях стратосферы при разгерметизации кабины самолета летчик переходит в режим дыхания кислородом под из-
быточным давлением. Однако дыхание в таких условиях приводит к развитию неблагоприятных процессов, влияющих на функцио
нальное состояние организма и снижающих качество пилотирования самолета. В качестве психофизиологической подготовки 
летчиков к работе в таких условиях предусмотрена тренировка дыхания и речи под избыточным давлением кислорода.
Цель исследования. Оценка эффективности 5-дневного курса тренировки дыхания и речи под избыточным давлением кислорода 
у вьетнамских испытателей.
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Материалы и методы. В исследовании приняли участи 35 вьетнамских испытателей в возрасте 19–32 лет. Оценка сформиро-
ванности навыка дыхания под избыточным давлением кислорода (ИДК) осуществлялась по динамике психологических показа-
телей, психофизиологических резервов четкости произношения контрольных слов. В исследовании использовали кислородную 
маску КМ-35 в комплекте с защитным шлемом ЗШ-7А; для создания контрдавления на грудную клетку использовался высотно-
компенсирующий костюм ВКК-15. Создание ИДК осуществлялось на аппаратно-программном комплексе БАРС-ГД. Разработан-
ный курс тренировки дыхания и речи под ИДК представляет собой пять сеансов дыхания ИДК, которые проводятся один раз в день 
в течение пяти дней подряд. Каждый сеанс представлял собой дыхание под ИДК последовательно и непрерывно на пяти ступенях 
с созданием избыточного давления 150–1000 мм вод. ст., время дыхания на каждой ступени составляло 2 мин. Оценка уровня 
функционирования центральной нервной системы (ЦНС) проведена по среднему времени простой и сложной зрительно-моторной 
реакции (ПЗМР, СЗМР) и реакции на движущийся объект (РДО). Уровень ситуативной тревожности, самочувствия, активности и на-
строения оценивали по методике САН. Статистический анализ проведен с использованием пакета прикладных программ SPSS 26.
Результаты. В результате 5-дневного курса тренировки отмечено статистически значимое снижение донагрузочного уровня ситу-
ативной тревожности на 3,9%. До курса тренировки после моделирования быстрой разгерметизации кабины самолета отмечали 
снижение показателей самочувствия и настроения на 3,7 и 5,7% соответственно. Также зарегистрировано повышение психофизио
логических резервов, что подтверждено статистически значимым изменением времени простой и сложной зрительно-моторной 
реакции, а также результатов теста — реакцией на движущийся объект до и после курса тренировки.
Выводы. Полученные данные показали эффективность разработанного 5-дневного курса тренировки, в результате которого у ис-
пытателей сформировалась психологическая и психофизиологического готовность к выполнению задач в условиях резкого сни-
жения давления в гермокабине летательного аппарата и работы высотного снаряжения. 5-дневный режим тренировки вьетнамских 
военнослужащих целесообразно интегрировать в систему подготовки летчиков к высотным и стратосферным полетам.

Ключевые слова: стратосферный полет; разгерметизация кабины; безопасность полетов; профессиональная надежность; 
вьетнамский летчик; аварийная ситуация; психофизиологическая готовность
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INTRODUCTION

The current intensive development of aviation science 
and technology is associated with an increased emo-
tional, physical, informational, and mental stress expe-
rienced by the pilot–aircraft–environment system. In 
this system, the pilot becomes an increasingly vulner-
able element [1] due to the physiological and psycho-
physiological limits of the human being as a biological 
object [2].

Aviation medicine and flight physiology aim to pre-
serve the professional health of pilots in the face of rapid 
technological advancements. This goal is achieved 
through technical solutions that compensate for the ex-
treme factors of aviation flight and complex missions, 
as well as by continuously enhancing the professional 
reliability of pilots by improving their ability to perform 
tasks in extreme and emergency situations [3, 4]. The 
psychophysiological training of pilots for flights is carried 
out using a diverse set of ground-based training exer-
cises and special equipment [5–8].

One of the key methods for maintaining the profes-
sional reliability of pilots for flights in the conditions of 
cockpit decompression in the stratosphere involves 
breathing training under overpressure of oxygen (OOP). 

The pilot must be trained to enhance the ability to with-
stand overpressure1. This is a prerequisite for the ad-
mission of a pilot to stratospheric flights. Breathing and 
speech training under OOP allows pilots to learn to 
breathe and maintain radio communications in the event 
of an emergency (in the case of cockpit decompression 
in the stratosphere) [9]. This is an important difference 
between military pilots and civil aviation pilots, who per-
form flights below the stratosphere and do not need 
such training.

Pilot training in breathing and speech under OOP is 
carried out regularly in order to form new biomechani-
cal patterns of breathing [10]. To that end, an oxygen 
training device can be used to create excess gas pres-
sure in the mask and protective equipment in ground 
conditions. Pilot training can also be conducted under 
conditions of high atmospheric rarefaction during baro-
metric ascents to an altitude of more than 12 km [11]. 
Training is performed on an aviation simulator. The pilot 
must develop stable piloting skills and psychophysiolog-
ical readiness to perform correct actions and control the 
aircraft in the event of a cockpit decompression at high 
altitudes [12, 13].

Currently, the Vietnam Air Force is equipped with mod-
ern aircrafts capable of high-altitude and stratospheric 

1	 Gradwell DP. Human physiological responses to positive pressure breathing for high altitude protection. PhD thesis. London: University of London; 1993.
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flights [14], which are becoming increasingly important 
in today’s world. However, the incomplete system of 
psychophysiological training (lack of training in breathing 
and speech under OOP, limited use of special equip-
ment for checking the fit of high-altitude equipment, par-
ticularly in hot and humid climates) poses a significant 
obstacle for Vietnamese pilots to perform stratospheric 
flights. This determines the need to develop a rational 
breathing and speech training regimen using modern 
and innovative equipment [10]. The developed regimen 
should include both an introductory component, which 
is performed at a low level of OOP, and a training com-
ponent, which allows the test pilot to adopt specific bio-
mechanics of breathing with a short passive inhalation 
and a long active exhalation, as well as to develop the 
skill of pronouncing the words necessary for radio com-
munication [7]. This will enhance the professional reli-
ability of pilots not only in emergency situations but also 
during high-g maneuvers.

In this study, we set out to assess the development of 
breathing and speech skills under oxygen overpressure 
in Vietnamese test subjects after completing a training 
course.

MATERIALS AND METHODS

The study was conducted with the participation of 35 
Vietnamese military personnel volunteers (men) aged 
19–32 years (average age 23.6 years), whose anthropo-
metric data corresponded to the size and height of the 
high-altitude and protective equipment used. 

All the participants had no acute illnesses or exacer-
bations of chronic states. Prior to each experiment, they 
underwent a medical examination in the scope of a pre-
flight medical examination. 

During the training period for the study, for each test 
subject, high-altitude and protective equipment was 
selected in accordance with their anthropometric pa-
rameters and the methodology for selecting and fitting 
high-altitude equipment [11]. The equipment was also fit-
ted in accordance with this methodology. In this study, 
a KM-35 oxygen mask (KM-35) in combination with a 
ZSh-7A protective helmet (ZSh-7A) was used; a VKK-15 
high-altitude compensating suit (VKK-15) was used to 
create counterpressure on the chest [15].

The direct creation of OOP was carried out us-
ing the BARS-GD hardware and software complex 
(BARS-GD, Russia). The registration of physiologi-
cal and psychophysiological responses was carried 
out using the objective control system integrated into 
BARS-GD. This equipment includes a pneumatic sys-
tem, a PC, an objective medical control system, and 
peripheral devices for conducting psychophysiologi-
cal and stress tests (Fig. 1).

The developed course of breathing and speech train-
ing under OOP includes five OOP breathing sessions, 

which are conducted once a day for five consecutive 
days. The sessions were held in the morning, 1.5–2 h 
after a meal. On the day of the session, the test subjects 
were exempted from significant physical and psycho-
logical stress.

Each session consisted of breathing under OOP se-
quentially and continuously at five stages with the crea-
tion of overpressure at levels of 150–1000  mm H

2
O; 

the breathing time at each stage was 2  min. BARS-
GD was used in the mode of smooth increase of OOP 
in the airways. When conducting the session, VKK-15 
was necessary due its mandatory use when creating 
an OOP of more than 300 mm H

2
O in the human res-

piratory system. 
To assess the impact of the five-day training course 

on the psychological and psychophysiological indica-
tors of the test subjects, the breathing conditions of a 
rapid cockpit decompression at an altitude of 14–15 km 
were simulated using the BARS-GD in the mode of rapid 
creation of an OOP of 500 mm of water pressure in the 
respiratory tract.

Prior to and following OOP simulation, the psy-
chological characteristics were assessed using the 
Spielberger–Khanin anxiety scale and the psychological 
state assessment method2.

To assess the functioning of the central nervous sys-
tem (CNS), the average time of a simple visual-motor 
reaction (SVMR) was evaluated, which characterizes 
the excitability and lability of the CNS, the mobility of 
nervous processes, and the balance of excitation and 
inhibition processes, by performing the tests of complex 
visual-motor reaction and response to a moving object 
(SVMR and RMO) [17]. These tests were performed by 
the test subjects during each training session, as well as 
during the simulation of rapid decompression.

The training sessions and rapid decompression sim-
ulations were performed in strict accordance with the 

Photo taken by the authors

Fig. 1. Appearance of the BARS-GD equipment set

2	 Mantrova IN. Methodological guide to psychophysiological and psychological diagnostics. Ivanovo; 2005 (In Russ.).
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indications, contraindications, and safety measures ac-
cording to the approved methodology [11, 18].

The training effectiveness was evaluated in sev-
eral ways. First, the participants’ ability to perform 
respiratory movements under excessive pressure 
was assessed, since the biomechanics of this pro-
cess involve significant physical effort to overcome 
the counterpressure during exhalation, leading to 
muscle fatigue in the chest and diaphragm within 
a few minutes. Secondly, the participants’ ability to 
pronounce control words under these conditions 
was evaluated, since the ability to maintain radio 
communication is a key indicator of the professional 
reliability of pilots. Thirdly, the participants’ psycho-
physiological reserves under the conditions of OOP 
were assessed based on the severity of physiological 
reactions, the level of situational anxiety, well-being, 
activity, and mood (WAM).

Mathematical and statistical analysis was carried out 
using the Microsoft® Excel-2016 software, SPSS 26 ap-
plication package, with calculation of Student’s t-test 
and Wilcoxon test. The values are presented in the form 
of median value and quartile spread. The dynamics of 
indicators without load and after load was compared 
separately in pre-training and post-training periods. The 
dynamics of indicators between the periods before and 
after the training course was also compared. All differ-
ences were considered statistically significant at a p-
value of < 0.05. 

RESULTS 

The conducted assessment of personal anxiety found 
that 23 (66%) and 12 (34%) of the participants demon-
strated a high and average level of anxiety, respectively. 
No participants showed a low level of anxiety. 

Significant changes in situational anxiety (SA) were 
recorded during the examination of the participants be-
fore and after the training course. In the absence of OOP 
load, the SA level decreased by 4% from 43.3 ± 0.9 to 
41.6 ± 1.0 points (p = 0.039) after the training course. No 
statistically significant changes were observed in these 
indicators before and after the training course. This may 
indicate that, over the five-day training course, the par-
ticipants have developed the required level of psycho-
logical readiness for the subsequent exposure to an ex-
treme factor (Fig. 2).

A study of the dynamics of SA levels during the simu-
lation of a rapid decrease in pressure in an aircraft pres-
surized cabin showed a downward trend before and 
after the training course; however, the data were not sta-
tistically significant. 

An analysis of the dynamics of the participants’ psy-
chological state using the WAM questionnaire before 
the training course showed a statistically significant de-
crease in the well-being indicator by 3.7% (p = 0.003) 
(Fig.  3) and the mood indicator by 5.7% (p  =  0.035) 
(Fig.  4), indicating that the participants were not pre-
pared for new biomechanical patterns of breathing in the 
OOP conditions, as well as the occurrence of a number 
of uncomfortable sensations when using high-altitude 
and protective equipment. No statistically significant 
changes were observed when comparing these indica-
tors before and after the training course.

Following the five-day training course, the pilots’ 
levels of well-being and mood were similar to their pre-
training levels. These results reflect the pilots’ subjec-
tive assessment of their psychological state, which was 
characterized by their readiness to withstand extreme 
conditions, their adaptation to the biomechanics of 
breathing in the OOP environment, and their use of high-
altitude and protective equipment.

Figure prepared by the authors using their own data

Fig. 2. Situational anxiety changes during rapid creation 
of an oxygen overpressure (OOP) of 500 mmHg before 
and after exercise 

Note: ^  — the level of statistical significance when comparing the 
unloaded indicator before and after the training course.

Figure prepared by the authors using their own data

Fig. 3. Well-being changes when oxygen overpressure 
(OOP) is rapidly increased to 500  mmHg before and 
after exercise

Note: *  — the level of statistical significance (p  =  0.003) when 
comparing the values before and after the training course.
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The study of the functional state of the CNS before 
the training course found that the average SVMR time 
of the participants increased significantly by 39.7% 
(p < 0.001) after the OOP load compared to the pre-load 
values; thus, after the training course, the SVMR time in-
creased by 14.1% (p < 0.001). A comparison of the indi-
cators before and after the training course did not show 
any significant changes. The obtained results reflect less 
significant changes in the level of CNS functioning af-
ter the training course than before the course, which is 
characterized by a less significant decrease in the speed 
of neural processes and, consequently, greater psycho-
physiological reserves (Fig. 5).

The dynamics of the mean CVMR time is presented 
in Fig. 6. Before the training course, the average CVMR 
time increased significantly, by 6.6% (p = 0.001), under 
the OOP load, while the number of erroneous respons-
es remained at the same level. When comparing the 
CVMR time before and after the psychophysiological 
training course, the participants showed a decrease 
in the CVMR time (Fig. 6). At the same time, after the 
training course, there were no statistically significant 
changes in the time of the CVMR and the number of er-
roneous reactions compared to the pre-training values. 
These data indicate an increase in the psychophysi-
ological reserves of the participants after the training 
course. 

It is also noteworthy that there was a statistically sig-
nificant decrease in the number of erroneous respons-
es after the five-day training course, which was 65% 
(p < 0.001) in the absence of stress and 55% (p < 0.001) 
after exposure to OOP. These results indicate an in-
crease in the CNS functioning under OOP conditions 
during training and an increase in the psychophysiologi-
cal reserves of the participants.

The RMO time dynamics, which characterizes the 
balance of excitation and inhibition of CNS processes 
during the simulation of cockpit decompression, is pre-
sented in Fig. 7. Before the training course, the RMO 
time changed significantly, by 26.7% (p = 0.001), in the 
negative range of values from –58 to –73.5 ms. After the 
training course, the dynamics of this parameter did not 
have statistical significance, similar to the case when 
comparing the indicators before and after the training 

Figure prepared by the authors using their own data

Fig. 4. Changes in mood when oxygen overpressure 
(OOP) is rapidly increased to 500 mmHg before and 
after exercise 

Note: *  — the level of statistical significance (p  =  0.035) when 
comparing the values before and after the training course.

Figure prepared by the authors using their own data

Fig. 5. Dynamics of the mean time of simple visual-
motor reaction (SVMR) during rapid creation of an 
oxygen overpressure (OOP) of 500 mmHg before and 
after training 

Note: *  — the level of statistical significance (p  <  0.001) when 
comparing the values before and after exercise in the periods before 
and after the training course.

Figure prepared by the authors using their own data

Fig. 6. Dynamics of the mean time of complex visual-
motor reaction (CVMR) during rapid creation of oxygen 
overpressure (OOP) at a level of 500 mm H

2
O before 

and after training 

Note: * — level of statistical significance (p = 0.001) when comparing 
indicators without and after exercise before the training course; ^ — 
level of statistical significance (p = 0.001) when comparing indicators 
after exercise before and after the training course.
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course. From a physiological standpoint, these results 
are consistent with the changes in the SVMR and CVMR, 
characterizing the overall dynamics of a decrease in the 
CNS functioning level under the influence of an extreme 
flight factor, with the predominance of CNS excitation 
processes. 

DISCUSSION 

The conducted series of experiments have confirmed a 
significant effect of breathing under OOP on the psycho-
logical state and CNS functioning in test subjects who 
had no previous experience of such programs. However, 
after undergoing psychophysiological training and de-
veloping psychological and physiological readiness for 
exposure to OOP, statistically significant changes in psy-
chophysiological indicators were recorded.

The five-day course of breathing and speech train-
ing under OOP among Vietnamese pilots improved 
their psychological readiness for exposure to extreme 
flight factors [2], which is evidenced by a statistically sig-
nificant decrease in the participants’ background situ-
ational anxiety and the absence of statistically significant 
changes in their well-being and mood after the training 
course. These are representative subjective indicators 
of psychological state. Given the non-physiological bio-
mechanics of breathing under OOP conditions, which is 
characterized primarily by active exhalation, the pilot’s 

psychological state plays a significant role in the suc-
cess of their training [9]. In the context of stratospheric 
flights and sudden cockpit decompression, a pilot’s lack 
of psychological readiness can pose a significant threat 
not only to the completion of the entire mission but also 
to the lives of the crew members and the safety of the 
aircraft [4].

Statistically significant changes in the psychophysi-
ological indicators of the test subjects reflect the physi-
ological aspect of their adaptation to breathing under 
OOP conditions and the use of high-altitude and pro-
tective equipment. The increase in psychophysiological 
reserves during the five-day training course indicates 
the formation of the corresponding breathing skills [13]. 
This mitigates the uncomfortable and limiting effects of 
high-altitude equipment, such as pressure on the face 
and neck, discomfort in the oral cavity, allowing pilots 
to conduct high-quality and clear radio communication.

CONCLUSION

The conducted research is part of a larger scientific pro-
ject aimed at improving the safety and efficiency of pi-
loting Russian-made jets in Southeast Asian countries. 
Modern aviation equipment places high demands on 
flight personnel during maneuvers and stratospheric 
missions. One of the challenges in medical support and 
training for Vietnamese flight personnel consists in the 
lack of an effective program for stratospheric flights, 
which can be conducted using Russian high-altitude 
and protective equipment.

This study showed the effectiveness of the devel-
oped five-day training course in maintaining the profes-
sional performance of Vietnamese test pilots under the 
conditions of a rapid depressurization of the aircraft cab-
in and breathing under OOP. The course effectiveness 
was confirmed, on the one hand, by the development of 
skills for performing an active exhalation with additional 
effort and for maintaining voice communication with 
the flight director and crew members, and, on the other 
hand, by statistically significant changes in psychologi-
cal and psychophysiological indicators that demonstrate 
improved psychological readiness among test pilots and 
an increase in their psychophysiological reserves.

The conducted research provides grounds for rec-
ommending the breathing and speech training mode 
under OOP for inclusion in the medical support system 
for flights by Vietnamese pilots, particularly in terms of 
training for stratospheric and maneuverable flights on 
Russian-made jets.

Figure prepared by the authors using their own data

Fig. 7. Mean time dynamics of response to a moving 
object (RMO) during rapid creation of an oxygen 
overpressure (OOP) of 500  mmHg before and after 
training 

Note: *  — the level of statistical significance (p  =  0.001) when 
comparing the values before and after the training course.
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