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OBJECTIVE. To conduct a comprehensive analysis of the evolution and current state of hypobaric chambers as a tool for
psychophysiological training of aviation personnel of the naval aviation of the Russian Navy (Navy), and to determine the
prospects for their use in the Armed Forces.

MATERIALS AND METHODS. The study was conducted using a retrospective analysis and descriptive analytical methods.
It examined data on the development of pressure chamber technologies, modern methods for using low-pressure pressure
chambers, the technical characteristics of the Edelweiss hypobaric pressure chamber module (HPM), and the results of its
practical application.

RESULTS. It has been established that hyperbaric chamber technologies have evolved from the first experiments in the
17th century to the modern high-tech HPM Edelweiss complex. From 2015 to 2017, an innovative hyperbaric complex was
created and installed at the Yeisk Naval Aviation Center. The complex includes the SVBK-30 hyperbaric chamber for high-
altitude (up to 30,000 m) research and the TD-1 breathing simulator for interval hypoxic training. Over 700 tests have been
completed, and paratrooper training programs have been implemented.

DISCUSSION. The obtained results confirm the effectiveness of using low-pressure chambers in the psychophysiological
training of aviation personnel and for conducting medical flight examinations. The Edelweiss HPM complex has unique
characteristics and technical potential for further improvement: the introduction of digital technologies, integration into the
medical monitoring system, and expanded diagnostic capabilities. The HPM can be used to develop new psychophysiological
training methods and non-drug treatments for certain chronic diseases.

CONCLUSION. Hypobaric chambers have come a long way, from observing the effects of high altitude on humans to the
rapid development of high-altitude chambers with unprecedented physiological research. Modern high-altitude chambers
are high-tech systems with automated control systems that have become a key tool for ensuring the professional longevity
of flight crews. Future developments are linked to improved technical specifications and expanded medical monitoring
capabilities, as well as the emergence of new possibilities for hypobaric treatments for certain diseases.
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I'MIIOBAPMTYECRNE BAPORAMEPDI:
INPOIIJIOE, HACTOAIEE, IIEPCIIERTVIBbBI

IU.T. Mocsieun, ‘M. H. [Tyases*, °d. M. Msauwurenxo
'TyiaBHOE KOoManmoBaHme Boenno-Mopckoro ®@sora, Caukr-Iletepbypr, Pocens
ITenTp 60€BOr0 MPUMEHEHNA U ITePEeyUYMBaHNA JIETHOTO COCTaBa MOPCKOI aBmalimyu Boernuno-Mopcekoro
dJora, . Efick, Poccus

I EJb. IIpoBecTy KOMIIJIEKCHbIV aHAJINS3 HBOJIOLN I COBPEMEHHOTO COCTOSHMA runobapudeckux 6apokamep Kak MHCTPYMeH-
Ta NCUXO0(MU3MOJIOIMYECKOl ITIOATOTOBKY aBMAIMOHHOTO IIepCcoHaja MOpcKol aBualmn Boerno-Mopcekoro Piora Poceniickoit
Deneparu (BMP), onpenenTe IepCcreKTUBEI X IpuMeHeHnsa B BoopyxeHubrx Cuiax.

MATEPHAJIBI 1 METOJBI. ViccienoBaHye BBIIIOJHEHO HA OCHOBE PETPOCIIEKTIBHOTO aHAJM3a C IIPYIMEeHEeH)EM OIIICaTe b~
HO-aHAJNUTUYECKNX MeTozoB. IIpoaHanmmanpoBaHel NaHHBEIE Pa3BUTUA OapOKaMepPHBIX TEXHOJIOIMI, COBPeMeHHbIe METOIVIKI
npuMeHeHnsa GapoKaMep IOHMKEHHOTO JABJIEH)A, TEXHINYECKIE XapPaKTePUCTUKY TMII00apuiecKoro 6apoKaMepHOro MOLYJIs
(MT'B) «OnenbBeiic» 1 pe3yJIbTaThI €T0 IPAaKTUUEeCKOT0 IPYMeHeHNA.

PE3YJIBTATBI. YcraHoBJIeHO, 4TO 6apoKaMepHble TeXHOJIOTMM IIPOIIJIN DBOJIIOLMIO OT IepBhIX onbIToB B X VII B. o coBpe-
MEHHOTO BBICOKOTeXHOJIorm4Horo Kommyekca MI'B «Opesbsetic». B 2015—2017 rr. co3maH MHHOBAIMOHHBIN 0apOKOMILIEKC,
ycraHoBJIeHHBI! B EjickoM 1ieHTpe Mopckoii aBuanyy BM®. Kommneke Brirogaer 6apokamepy «CBBK-30» nia nmposeneHnsa
BbICOTHBIX (710 30 000 M) uccieoBaHmMii U ObIXaTeJdbHBIN TpeHa)ep «TJl-1» 1A MHTepBaJIbHBIX I'MIIOKCUYECKUX TPEHUPOBOK.
3a Imepuo SKCILIyaTalyy BeIIoJHeHO 60see 700 MCIIbITaHNIA, peasin30BaHbl IIPOrPaMMbl IIOATOTOBKY JeCAHTHIKOB.
OBCYMIAEHME. IlonyueHHble Pe3yJbTaThbl IOATBEPIKIAIOT d(P(EKTUBHOCTb IPMMeHeHNA 6apoKaMep IOHMKEHHOTO JaB-
JICHNA B CHCTEMe IICUXO(M3MOJIOIMYeCKOl IIOATOTOBKY aBMAIMIOHHOTO IIEPCOHAJIA U B ILeJIAX MPOBeAeHNA BpadeOHO-JIeTHON
srcriepTussl. Komnnexke MI'B «3nenbBeiic» o0samaeT YHUKAJIBHBIMY XapPaKTEPUCTUKAMY U MMeeT TeXHUYeCKNI IIOTeHINAaT
JLJIA aJIbHENIIIeT0 COBEPIIEHCTBOBAHNSA: BHEAPEHNE V(P POBLIX TEXHOJIOI NI, MHTErPaLMA B CUCTEMY MeIVNIVHCKOI0 KOHTPOJI,
pacumpenne nuarfoctudecknux BosMmoskHocTell. Ha MI'B Bo3aMosxkHO pa3pabaThlBaTh HOBblE METOIVIKM IICUMXOMU3MOJIOINYe-
CKOJI IIOJTOTOBKM 1 HEMEeJMKAaMEHTO3HbIe CII0COOBI KOPPEKIMN B CYICTEME JIeUeHNA HEKOTOPBIX XPOHNYECKNX 3a00JeBaHmIL.
3ARJIIOYEHME. I'nmobapuydeckne 6apoxkamMeps! MIPOLLIN HOJTMI IIyTh OT HaOoAeHNA 5(pheKTOB BIMAHNA BbICOKOTOPbSA Ha
4JeJioBeKa depe3 OypHOoe pa3BUTHE BBICOTHBIX Oapokamep c OeclipenieieHTHBIMY (DMBMOJIOTMYeCKMY MccaenoBanyuavu. CoBpe-
MEeHHBIE BBICOTHBIE OapOKaMepbl ITPEICTABIISAIOT COD0 BEICOKOTEXHOJIOTMYHBIE KOMIIIEKCHI C aBTOMATU3VPOBAHHBIMI CUCTEMAaMU
yIIpaBJIeHNs, CTABIIINE KJIIOYEBLIM MHCTPYMEHTOM obecliedeHns MpoeccrOHaIbHOTIO OJIT0JIeTH JIETHOro cocTaBa. IleperexTn-
BBI Pa3BUTHA CBA3AHBI C COBEPIIIEHCTBOBAHMEM TEXHMUYECKNX XaPAaKTEPUCTUK M PACIIMPEeHNEM BO3MOYKHOCTEN MeAMUIITHCKOTO
KOHTPOJIA, & TaKKe II0ABJIEHNEM HOBBIX BOSMOYKHOCTEN [JI rUIIo0apriecKX MEeTOOB JIeueHN s HEKOTOPBIX 3a00seBaHMIl.

KJIIOYEBBIE CJIOBA: mopckas MequiinHa, rurnobapuieckasd bapokamepa, ICUXogpu3noJ0orndecKas IOAT0TOBKa, KaMepa
repenaza, BBICOTHbIE UCIBITAHNUA, BEICOTA, MEAUIIMHCKI KOHTPOJIb, TUII006apoTepanms

Introduction. Aviation and space medicine
is a specialized field of medical science focused
on studying the functioning of the human body
under the influence of flight and space factors.
Priority objectives in this field include ensuring
flight safety, improving the professional reliabili-
ty of aviation personnel, maintaining occupation-
al health and extending active flight longevity [1].

The development of modern aviation tech-
nology is accompanied by increasingly complex
aircraft designs, a wider range of operating alti-
tudes and speeds, and an increase in the intensi-
ty of flight operations. Under these conditions, a
pilot’s professional activities are characterized by
high responsibility, significant psycho-emotional
stress, and the need to make decisions under time
pressure, including in emergency and non-stan-
dard situations.

Aviation personnel are significantly affected
by a range of adverse flight factors, including low
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barometric pressure, varying degrees of hypoxia,
sudden pressure changes, G-forces, noise, vibra-
tion, and adverse microclimatic conditions. The
combined effects of these factors create extreme
professional conditions that require a high level
of functional resilience and developed adaptive
mechanisms [2, 3].

The flight medical support system focuses on
professional selection, medical flight assessment,
psychophysiological training, dynamic medical
monitoring, recovery, and rehabilitation of flight
personnel. Hypobaric chambers are among the
most informative and versatile technical means
for implementing these measures [4].

Hypobaric chambers allow to simulate fac-
tors of rarefied atmosphere, typical to high-al-
titude flights under controlled ground condi-
tions. During chamber studies, various profiles of
changes in barometric and partial oxygen pres-
sure are reproduced, enabling detailed study of
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cardiovascular, respiratory, and central nervous
system responses [5].

Hyperbaric chamber studies are used to as-
sess individual adaptive reserves, identify toler-
ance to hypoxia and pressure fluctuations, and
predict the stability of professionally significant
functions. The data obtained serve as the basis
for medical and expert decision-making in flight
medical examination.

An important application of hypobaric cham-
bers is flight crews’ psychophysiological training.
Training develops skills for early recognition of
oxygen deficiency, practices algorithms of ac-
tions for dealing with cabin leaks, and improves
the resilience of professionally important func-
tions in oxygen-deficient conditions.

Objective. To analyze the development and
current state of hypobaric chambers as a key el-
ement of psychophysiological training of aviation
personnel of the naval aviation of the Russian
Navy (Navy) and to determine the prospects for
their use in the Armed Forces.

Materials and methods. The study was descrip-
tive, analytical, and retrospective in nature. The
research material included historical data on the
development of pressure chamber technologies,
modern methods of using hyperbaric chambers
of low-pressure, an assessment of the technical
characteristics of the Edelweiss hypobaric pres-
sure chamber module (HPM), and practical re-
sults of its use.

Results. The historical background for the de-
velopment of pressure chamber technology dates
back to the 17th century. In 1660—1662, the En-
glish physicist and chemist Robert Boyle first
described the effect of air on living organisms in
his book, “New Physical and Mechanical Experi-
ments Concerning the Elasticity of Air, and Their
Results.” At the same time, in 1662, the British
priest and physician Nathaniel Henshaw first
decided to use altered atmospheric pressure as
a treatment: for this purpose, he used a system
of siphons with one-way valves to change the
atmospheric pressure in a sealed wooden cham-
ber. This fact is the first documented evidence of
the use of pressure chambers. In the 18th—19th
centuries, the development of pressure cham-
bers was primarily clinical in nature. French re-
searchers made a significant contribution to the
development of this field, developing stationary
pressure chambers for the treatment of respira-
tory diseases and surgical interventions. In 1834,

the French physician Junod described the posi-
tive effects of high-pressure oxygen on humans
and built a therapeutic pressure chamber based
on the design of James Watt, the inventor of the
steam engine. It consisted of a copper sphere 1.5 m
in diameter, the air pressure in which could be in-
creased to 4 atm. In 1837, Charles-Gabriel Pravaz
built thelargest pressure chamber in Lyon, France.
It could accommodate 12 patients for the treat-
ment of lung diseases, as well as other ailments. In
1877, the French surgeon Fontaine designed and
built the first mobile pressure operating room, in
which Jules-Emile Peanc successfully performed
27 hernia repairs. All pressure chambers created
were used, as a rule, for therapeutic purposes [6].

A qualitatively new stage in the development
of pressure chamber research was associated
with the emergence of aeronautics and aviation.
It was the emergence and rapid development
of aeronautics that determined the need for
high-altitude research into the physiology of the
human body in conditions of virtually rarefied
atmospheres. This research was undertaken by
the outstanding scientist Paul Bert. In 1868, he
constructed the first hypobaric pressure cham-
ber (Fig. 1), in which he conducted experiments
not only on animals but also on humans. His pres-
sure chamber research was experimental in na-
ture. For example, Bert thoroughly described the
effects of reduced pressure on the body, as ex-
perienced by aeronauts during balloon flights. He
devoted great persistence and energy to study-
ing effects of reduced and increased barometric
pressure on various animal species. He summa-
rized the results of his work in his book “Baromet-
ric Pressure” (1878). P. Behr’s fundamental work
made it possible to study the effects of reduced
atmospheric pressure on the human and animal
body. His work laid the foundations of high-alti-
tude physiology and had a significant influence
on the development of aviation medicine. The
impetus for the creation and construction of new
hypobaric chambers was the growing interest in
the physiology of high-altitude flights, associat-
ed with the development of aeronautics and the
emergence of the first piston aircraft.

In 19th-century Russia, balloon flights were a
rarity, although as early as 1804, on assignment
from the St. Petersburg Academy of Sciences,
Academician Ya. D. Zakharov ascended in a hot
air balloon to study effects of rarefied atmosphere
on aeronauts. In 1878, in France, the scientist and
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encyclopedist D.I. Mendeleev reached an altitude
of 3,000 metersin a “Russkiy” hot air balloon. The
history of Russian aviation is traditionally dated
from the early 20th century, which also marked
the beginning of research in high-altitude phys-
iology. A profound study of the impact of envi-
ronmental factors on humans was facilitated pri-
marily by the enormous interest in aeronautics
in the USSR in the 1930s, sparked by Auguste
Piccard’s stratospheric balloon flights, as well as
by the new generation of aircraft that replaced
airplanes. However, class consciousness and good
physical fitness were not enough to fly.

In 1936, research into the physiology of ex-
treme conditions was conducted at the Leningrad
Military Medical Academy under the direction of
L. A.Orbeli. There, in the Physiology Department,
L. A. Orbeli and M. P. Brestkin created a special
pressure laboratory, which allowed for unique
studies to be conducted on effects of a number
of extreme factors on the body: high and low air
pressure, hypoxia and hyperoxia, hypocapnia
and hypercapnia, increased nitrogen pressure,
high temperatures, and intense muscle activity.
The results of the work conducted in the late 19th
century The work of the luminaries of Russian

physiology I. M. Sechenov, D. I. Mendeleev, and
I P. Pavlov, as well as the subsequent research of
L. A. Orbeli, M. P. Brestkin, P.I. Egorov, and A. A.
Sergeev in the pressure laboratory, laid the phys-
iological foundations for subsequent advances in
aviation, high-speed flight, high-altitude flight,
pilot and diver safety, and space physiology and
medicine. This led to the development of scientif-
ic principles for medical support in aviation and,
subsequently, space medicine [6, 7].

Meanwhile, constantly improving and com-
plexifying aviation technology, expansion of its
application scope in various, sometimes extreme,
conditions, increasing complexity and respon-
sibility of its management, in addition to early
determination of suitability for mastering the
profession of a pilot, required the assessment and
prediction of pilot’s behavior stability under the
influence of extreme flight factors. In addition to
health itself, aviation medicine specialists were
forced to pay attention to the study of the pilot’s
ability to maintain sensory, motor and mental
skills under any complication of the flight; the
stability and ability to quickly switch attention;
type of thinking, the pace of thought processes,
the ability to quickly assess the surrounding sit-

Fig. 1. Paul Bert pressure chamber
Puc. 1. Baporawmepa Ilona Bepa
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uation and respond to it with correct and precise
actions both in normal flight conditions and un-
der the influence of extreme factors [8]. This ne-
cessitated the introduction of pressure chambers
into the practice of aviation medicine.

Over time, the possibility and feasibility of
using low-pressure chambers directly in flight
units was substantiated both for conducting spe-
cial training of flight personnel as part of psy-
chophysiological preparation for high-altitude
flights (developing resistance to changes in baro-
metric pressure, low oxygen content, identifying
a predisposition to high-altitude decompression
illnesses), and for solving problems of ensuring
the preservation, restoration and maintenance
of physical and mental health, performance and
prolongation of professional longevity of flight
personnel.

The first domestic hypobaric chambers that
were mass-produced were the SBK-48 chamber
and its improved model, the SBK-48M (Fig. 2).

Both pressure chambers were stationary, rect-
angular in shape, and consisted of two compart-
ments: the main compartment with a volume of
7 m3, which could accommodate four people, and
an airlock with a volume of 3 m3. They had minor
design differences, primarily related to the place-
ment of pipelines and instrumentation. Despite
their simple design, the pressure chambers were
quite effective in conducting medical research
and high-altitude training for flight crews, which
explains their demand and mass production [6].

Along with the stationary version, mobile
(transportable) versions of the SBK pressure
chambers were also developed, designated PBK-
50 and PBK-53. The pressure chambers and the
necessary equipment were mounted on vehicle
chassis (in bodies and trailers), and the equip-
ment was powered by the vehicle’s standard
generator, driven by the gearbox.

A milestone in the development of domestic
low-pressure chambers in the early 1980s was
the development, creation, and commissioning of
the PBK-70 chamber. This chamber made it pos-
sible to simulate ascents to an altitude of 30,000 m
and, for the first time, the depressurization of an
aircraft cabin (Fig. 3).

The pressure chamber was cylindrical and
structurally comprised two sections: the main
section with a volume of 7.5 m3, accommodating
four people, and a “depressurization” chamber
(pressure drop chamber) with a volume of 1.8 m3,

accommodating one test subject. The main sec-
tion of the pressure chamber was used to test the
flight crew’s tolerance to low oxygen levels in the
environment (hypoxia) and identify their predis-
position to high-altitude decompression illness-
es. The “depressurization chamber” was used to
demonstrate and evaluate the protective prop-
erties of the oxygen supply and protective gear,
and to test the flight crew’s psychophysiological
preparedness (training) for the effects of an ex-
plosive depressurization of the aircraft cabin.

Based on the results of the operation of the
PBC-70, its improved, but slightly different in
design, models of transportable pressure cham-
bers TBK-73 and TBK-78 appeared.

If mobile models of low-pressure hyperbaric
chambers were an analogue and subsequent im-
provement of the stationary pressure chamber
SBK-48, then the stationary pressure chamber
SBK-80, developed in 1980, which incorporated all
the positive experience of operating mobile pres-
sure chambers, became a kind of result of the de-
velopment of Russian pressure chambers (Fig. 4).

Structurally, the SBK-80 was a stationary ver-
sion of the PBK-70 pressure chamber, but was
already equipped with a standard medical mon-
itoring system, including operational monitoring.
The pressure chamber made it possible to conduct
a range of measures to determine professional
suitability for flight, ensure pilots were trained
to have stable performance under extreme con-

Fig. 2. Stationary pressure chamber SBK-48
Puc. 2. Crannonapnasa 6apoxamepa CEK-48
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Fig. 3. PBK-70 mobile pressure chamber based on a
trailer
Puc. 3. ITlogsum:xHaa baporamepa IIBK-70 Ha 6aze
aBTOIIpHUIlera

ditions of high-altitude flights, maintain physical
and mental health, professional performance, and
extend the professional longevity of flight crews.
The rapid development of jet and supersonic
aircraft required new psychophysiological crite-
ria for pilot assessment and medical examination
to determine suitability for operating modern
high-speed aircraft; new assessments of flight
crews’ psychophysiological abilities to master
high-speed flight and the body’s ability to with-
stand G-forces. Meanwhile, technically and mor-
ally obsolete pressure chambers no longer fully
met the newly established requirements of avia-
tion medicine specialists for psychophysiological
studies during high-altitude training.
Unfortunately, the reforms carried out in the
country in the 1990s failed to spur the develop-
ment of domestic low-pressure chambers. More-
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over, a review of flight medical support princi-
ples and attempts to restructure it along Western
lines led to the introduction of a simplified under-
standing of the medical support system, the for-
mation of a view that testing pilots’ resistance to
moderate hypoxia in aviation units was sufficient,
and the need to concentrate technical equipment
simulating modern flight conditions exclusively
in specialized medical and research institutions.
As a result, the design and production of new
low-pressure chambers was completely discon-
tinued. To maintain the chambers’ operability, a
decision was made to exclusively perform main-
tenance beyond their established service life and
partially replace medical monitoring equipment
with more modern ones [9].

The obsolescence of SBK-80, along with the
reduced funding for design work on the creation
of similar technical equipment, the cessation of
their production by domestic industrial enter-
prises and a partial transition to the purchase of
samples offered by foreign companies, have re-
vealed the existing significant problems in the
implementation of pressure chamber lifts.

Today, pressure chambers are among the few
ground-based rigs that can accurately simulate
many factors associated with high-altitude flight
[10]. Faced with the particular urgency of pres-
sure chamber studies of flight personnel (among
many other issues related to flight medical sup-
port), in 2014 the Navy’s General Command’s
medical service developed a concept for the de-
velopment of a medical support system for naval
aviation navy. This concept detailed the problem-
atic aspects of medical support and proposed spe-
cific measures for their resolution. Recognizing
that the service life of pressure chambers pro-
duced in the 1980s is limited, we decided to revive
the development and serial production of domes-
tic hypobaric pressure chambers that would cor-
respond to the current level of development in
aviation and medical technology, with room for
further improvement. In order to implement the
concept, in 2015, specialists from the medical ser-
vice of the General Command and naval aviation
of the Navy, together with scientists from the
Research and Testing Center for Aerospace Med-
icine and Military Ergonomics of the Central Re-
search Institute of the Air Force of the Ministry
of Defense of the Russian Federation (RTC (AM
and ME) Central Research Institute of the Air
Force of the Ministry of Defense of the Russian
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Fig. 4. Stationary pressure chamber SBK-80
Puc. 4. Craunonaprasa 6apoxamepa CEK-80

Federation) developed the technical assignment
“Additional equipping of aviation medicine labo-
ratories of the aviation units of the naval aviation
of the Navy with transportable hypobaric cham-
ber modules in container design (MHB “Edel-
weiss”) with objective medical and technical con-
trol systems and their commissioning” [9].

The Special Design Bureau of Experimental
Equipment at the Institute of Medical Problems
of the Russian Academy of Sciences, in collabo-
ration with the Navy Medical Service, designed
and manufactured the Edelweiss low-pressure
chamber, which has no analogues in the world.
The complex was produced with the participation
of more than 20 domestic enterprises, including
large corporations: SPE Cryogenmash (Balashi-
kha), SPE Prima (Nizhny Novgorod), UIDB (Uly-
anovsk), Medical Systems LLC (Rostov-on-Don),
SPE Respirator JSC (Orekhovo-Zuyevo), and SP
Avtomatika (Dolgoprudny). In manufacturing
MHB, practical experience in operating previ-
ously manufactured low-pressure chambers was
taken into account, ready-made (certified) solu-
tions were used, and the issue of import substitu-
tion was completely resolved (Fig. 5).

The complex is designed for ground-based
training of flight personnel for flight operations
and medical monitoring of flight personnel as one
of the factors in ensuring the safety of naval avi-
ation flights of the Navy, including:

- training and testing of flight personnel at al-
titudes up to 30,000 m for the purpose of med-
ical flight examination and psychophysiological
preparation for flights on aircraft in order to in-
crease resistance to high-altitude flight factors
and the ability to safely operate an aircraft, use
weapons in case of emergency, and coordinate
actions in the event of operational damage both
at operating and at maximum flight altitudes;

- identifying individual tolerance to various
degrees of oxygen starvation, latent forms of dis-
eases accompanied by a decrease in the body’s
resistance to high-altitude flight factors;

- training and testing of flight personnel skills
in using oxygen equipment;

- determining the tolerance of high degrees of
atmospheric rarefaction in flight personnel af-
ter injuries, illnesses that can reduce the body’s
resistance to hypoxia, and long breaks in flights;
the tolerance of changes in barometric pressure
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in flight personnel after illnesses that can impair
the barofunction of the ear and paranasal sinuses.

MHB pressure chamber (Fig. 6) is designed for:

- conducting group expert high-altitude studies
at altitudes of up to 12,000 m and individual psy-
chophysiological training for stratospheric flights
up to an altitude of 13,500 m in the “main” com-
partment with the placement of up to 4 people;

- studies of the tolerance of high degrees of at-
mospheric rarefaction using high-altitude equip-
ment at altitudes from 12,000 to 30,000 m in a
“drop compartment” with the placement of one
person.

In addition to the pressure chamber, MHB
includes the TD-1 breathing simulator (Fig. 7),
which is a hardware and software complex de-
signed for comparative analysis and monitoring
of the functional state of the body, conducting
interval breathing training to develop adaptive
abilities, as well as for inhalation of artificial
heated mixtures of oxygen and inert gases for the
purpose of accelerated recovery after exposure
to physical and psycho-emotional stress [11].

TD-1 allows to:

- conduct interval breathing training aimed at
developing the adaptive capabilities of the hu-
man body as a factor in active adaptation to var-
ious types of hypoxia, contributing to increased
resistance to extreme hypoxic, physical and psy-
cho-emotional influences;

Hacocel BakyyMHBIe € BO3/YIIIHBIM OXJIAKIeHIEM

Cucrema CUIIOBOTO
BJIEKTPOIIUTAHNSA

Biiox 6aporameps!

Orcexk o0t <
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- assess the functional state of the body in order
to warn about the presence of potentially danger-
ous health conditions, as well as to identify trends
in changes in functional indicators for the correc-
tion of methods and programs of breathing and
physical training, pressure chamber tests;

- increase the body’s general non-specific re-
sistance to the effects of extreme physical and
psycho-emotional stress, including pressure
chamber tests, and effective forced recovery af-
ter their effects.

The fundamental basis of the breathing sim-
ulator operation is the technology of non-drug
effects of artificial breathing gas mixtures of ox-
ygen with inert gases: oxygen-helium (OH), oxy-
gen-argon-helium (OArH).

The uniqueness of the new pressure cham-
ber complex, both as a whole and its main com-
ponents, is worth noting. Firstly, most of the
high-altitude pressure chambers currently in
use were manufactured over 40 years ago. The
creation of MHB can be considered a significant
event, as it has restored the design and produc-
tion technology for technically complex hypo-
baric pressure chambers. Secondly, a production
base has been created and sustainable cooper-
ation has been established between manufac-
turers for the production of the unique compo-
nents and assemblies that comprise the pressure
chamber complex.

Busiok cusoBoit

Buaok 6e1TOBOI
(koHTeliHED 2)

Jlnzennb - reHepaToOp

Mecra XpaHeHUsa JIETHOTO CHapPAMKEeHUA

Fig. 5. The scheme of MHB «Edelweiss»
Puc. 5. Cxema MI'B «3penbBeiic»
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Fig. 6. Pressure chamber SVBK-30
Puc. 6. Bapokamepa CBERK-30

Fig. 7. Breathing simulator TD-1
Puc. 7. IpixatensHslii TpeHakep TI-1

SVBK-30 hyperbaric chamber, part of MHB, is
unparalleled in its technical solutions and equip-
ment: high-performance vacuum pumps with
low noise and vibration levels, updated ergonom-
ics for test subjects’ workstations, the ability to
use standard pilot oxygen and protective gear for
different types of aircraft, automation and re-
dundancy of the chamber’s control and monitor-
ing systems, and objective technical and medical
monitoring systems with the ability to store and

subsequently analyze the necessary data. For the
first time in the naval aviation medical service,
the TD-1 breathing simulator has been included
in MHB.

The first module was put into operation in No-
vember 2017 at the Center for Combat Employ-
ment and Retraining of Naval Aviation Flight
Personnel in Yeysk.

Following the commissioning of the module,
the main advantages of the new barocomplex
were highlighted:

« conductinginterval breathing training aimed
at developing the adaptive capabilities of the
human body;

« simultaneous monitoring and recording
in real time for each subject of heart rate,
ECG, oxygen saturation, blood pressure,
respiratory rate, body temperature;

« modular design based on standard sea
containers, providing a certain mobility
and freedom of placement, regardless of
the terrain and the availability of special
premises;

« recording necessary indicators of the body’s
condition in real time and the possibility of
their subsequent processing;

« new prospects for scientific activity.

Since the Edelweiss MHB’s commissioning,
more than 700 tests have been conducted on the
complex to test its tolerance to moderate hypox-
ia and barometric pressure fluctuations. The re-
searchers used standard methods for altitudes
up to 5,000 and 6,000 meters. In addition to flight
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personnel, other military specialists also under-
went psychophysiological training at the new de-
compression complex (Fig. 8).

In April 2020, for the first time in world histo-
ry, there was a group airdrop of personnel using
special-purpose parachute systemsin Arctic con-
ditions from an altitude of 10,000 meters, using
oxygen equipment, followed by combat train-
ing missions. This had never been done before.
Without prior specialized training, such jumps
would have been impossible. It was at the Yeysk
hyperbaric complex that the paratroopers un-
derwent psychophysiological training, including
altitude chamber ascents to test their tolerance
to high-altitude hypoxia (up to 6,000 meters) and
severe atmospheric rarefaction (up to 10,000 me-
ters). It is worth noting that of 185 paratroopers
scheduled for training, six specialists demon-
strated reduced tolerance to moderate hypoxia,
and 15 were not cleared for testing for medical
reasons. A total of 154 personnel completed train-
ing in full. Thus, the measures taken to prepare
military specialists for psychophysiology made it
possible to carry out parachuting from high al-
titudes without harm to health and to maintain
their combat readiness.

Regarding the chosen containerized design of
the decompression system (Fig. 9), several details
need to be clarified. At first glance, it might seem
that the containerized design of the system is in-
tended to ensure its mobility. This is only partially
true. While the decompression system can indeed
be moved from one site to another if necessary,
this is often impractical. The main advantage of
the containerized design of the decompression
system in terms of mobility is its significant sim-
plification of delivery from the manufacturer to
the customer, as well as rapid installation and
setup of the equipment at the destination.

The decision to use a container-based design
was made considering the availability and condi-
tion of the barracks. The condition of the existing
permanent buildings does not allow the full de-
ployment of the barracks complex without major
renovations or reconstruction. Furthermore, the
construction of new buildings requires additional
funding and the resolution of other related issues.
The ability to locate the complex in an open area
in any climate zone eliminates the need for addi-
tional new construction or major renovations of
existing buildings.

Work is currently underway to commission the
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Complex and launch it into serial production. In
accordance with the 2024 updated concept for
the development of medical support for naval
aviation and the exclusion of aviation medicine
laboratories from the fleets in favor of the “300
LAM,” we have decided to equip naval clinical
hospitals (NCHs) with new decompression sys-
tems. By the end of 2026, the new system will be
delivered to the Pacific Fleet, and subsequently,
as production progresses, the remaining fleets
will be equipped. This will address the prob-
lematic issue of psychophysiological prepara-
tion (pressure chamber studies and training) for
high-altitude flights and medical examinations of
flight personnel for the purpose of medical flight
examination in the Navy, as well as implement
certain provisions of the concept for the develop-
ment of medical support for naval aviation units.
In addition to equipping NCHs with new hyper-
baric systems, we also see prospects for developing
hypobaric therapy for various diseases. The hos-
pital’s multidisciplinary clinical facilities and the
addition of a modern medical monitoring system
to the hyperbaric chamber will enable the imple-
mentation of hypobaric therapy methods not only
to preserve the professional health of flight per-
sonnel but also for the treatment process.
Hypobarotherapy is a physiotherapy treat-
ment method that exposes patients to reduced
atmospheric pressure. Unlike the more common
hyperbaric oxygen therapy, this method simu-
lates high-altitude conditions. As early as the 18th
and 19th centuries, doctors noted that high-al-
titude residents suffered less frequently from
certain ailments, and that spending time in the
mountains helped with consumption (pulmonary
tuberculosis). The main effects of this treatment
method are well known: it increases red blood
cell and hemoglobin levels, activates blood flow
in tissues and organs, normalizes metabolism and
hormonal balance, and reduces swelling and in-
flammation. Hypobarotherapy is often used for
rehabilitation and disease prevention, as well as
in training of athletes and certain specialists.
Hypobaric therapy methods have not gained
widespread acceptance in aviation medicine for
several reasons. The draft “Guidelines for Medical
Support of State Aviation Flights (RMOP-200)"
proposed, among numerous appendices, hypobar-
ic and normobaric interval hypoxic therapy tech-
niques. However, these techniques were not includ-
ed in the final document “Federal Aviation Rules
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for Medical Support of State Aviation Flights,” en-
acted by Order No. 265 of the Minister of Defense of
the Russian Federation dated April 2009.
Meanwhile, the development of hypobar-
ic therapy in aviation medicine has not stopped.
Specialists at the Kirov Military Medical Acade-
my have done extensive work studying the im-
pact of hypobaric treatment methods on main-
taining the professional health of flight personnel
with various chronic diseases, and have devel-
oped and tested various hypobaric treatment

regimens and methods.

Clearly, there are new prospects for using
low-pressure chambers in the Navy. Equipping
the Naval Medical Group with Edelweiss-type
hyperbaric systems will open up the possibility of
their therapeutic and prophylactic use, not only
to preserve the longevity of aviation specialists,
but also to treat certain chronic illnesses in other
categories of Navy personnel.

Discussion. The obtained results confirm the ef-
ficacy of using low-pressure chambers in the psy-

Fig. 8. Psychophysiological preparation before high-altitude landing in the Arctic
Puc. 8. Ilcuxodusnosaorudeckas MOATOTOBKA IIepe]] BBICOTHBIM JeCaHTMPOBaHNEM B APKTUKe

Fig. 9. Container version of the MHB «Edelweiss»
Puc. 9. BapnaHT KoHTelHepHOrO McnoynHenna MI'B «3neabseric»
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chophysiological training of aviation personnel and
for conducting medical flight examinations. In to-
day’s environment, high-pressure chamber test-
ing and research will continue to be a key element
of aviation and space medicine. Without them, it
will be impossible to fully address the diagnos-
tic, training, rehabilitation, and scientific support
needs of aviation personnel. The Edelweiss MHB
complex possesses unique characteristics and has
the technical potential for further improvement:
the introduction of digital technologies, integra-
tion into the medical monitoring system, and ex-
pansion of diagnostic capabilities. MHB can be
used to develop new psychophysiological training
methods using the TD-1 breathing simulator and
non-drug correction methods for treating certain
chronic diseases at naval clinical hospitals.
Conclusion. As an analysis of historical and sci-
entific documents shows, the use of low-pressure
chambers has come a long way: from long-term
observations of the effects of high-altitude con-
ditions on humans in the 18th and 19th centu-
ries, through the rapid development of high-alti-
tude chambers and unprecedented physiological
research in the interests of aviation medicine,
to the cessation of the development of new
low-pressure chambers, with only the previously
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achieved level of this field being maintained. The
creation of a modern hyperbaric complex like the
MHB “Edelweiss” with the SVBK-30 hyperbaric
chamber and the TD-1 breathing simulator opens
anew chapter in the history of hypobaric hypoxic
training and research for the psychophysiological
preparation of aviation specialists.

Today, a hypobaric chamber is a high-tech
medical complex equipped with automated con-
trol systems, objective medical monitoring, and
real-time recording of physiological parameters.
Their use allows not only to train and examine
flight personnel, but also to conduct comprehen-
sive scientific research.

Prospects for further development of hypobar-
ic chambers are associated with the introduction
of digital technologies, expansion of diagnostic
capabilities, development of non-drug methods
for correcting functional status and integration of
pressure chamber complexes into a unified sys-
tem of medical monitoring of aviation and space
activities.

Thus, hypobaric chambers are one of the key el-
ements of the aviation and space medicine system,
providing solutions to the problems of diagnostics,
training, rehabilitation and scientific support of
the professional activities of aviation personnel.
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