Minvaleev R. S., Timofeev 1. V., Ivanov A. 1.; Levitov A.
St.Petersburg, Russia / Eastern Virginia, USA

TIBETAN YOGA GTUuM-MO:
Prysics, PHYSIOLOGY AND KNOW-HOW
OF COLD-RESISTANCE

On the one hand, Tibetan yoga gTum-mo, a basic practice of the Six Yogas of
Naropa, refers to one of the most closed psychotechnics of Tibetan Buddhism;
on the other hand, it is a sort of a “business card” of Tibetan Tantrism. The
ability of gTum-mo adepts to resist cold for a long time without any signs of
cold stress has always drawn attention of onlookers [David-Néel, 1929; Eliade,
1958]. N.K. Roerich’s famous painting On the Heights where a naked yogi in
the lotus position against snow-capped mountain peaks is depicted might have
been painted from life.

According to Tibetan Buddhism traditions, cold resistance enhancement
when practicing gTum-mo is introduced in two basic respects—as a side effect
of tantric practices and as a criterion of successful implementation [Thubten
Yeshe, 1998; Mouzroukov, 2013].

From the point of view of natural science, out of all the Six Yogas of Naropa
it is precisely yoga gTum-mo that can be considered a verifiable phenomenon, as
heat development mechanisms of an endothermic organism do not involve any
metaphysical concepts which permeate other phenomena of Tibetan Buddhism.
For instance, in one of the Six Yogas of Naropa [Readings, 1997], we come
across the teaching of Je Tsongkhapa, a great reformer of Tibetan Buddhism,
the founder of the Gelug school, “Second Buddha”, etc., about the transference
of consciousness (in Tibetan, phowa) to an “abscessless” dead body followed by
its reanimation. Moreover, there is a description of a detailed preliminary test-
ing on “reanimation” of a cow’s or other cattle’s cadaver [Ibid.]. Religious teach-
ings of the kind have no subject matter within the natural-science paradigm
and deserve ethnographic interest at best [Wylie, 1964]. By contrast, successful
implementation of gTum-mo yoga is verified by quite doable physical cold re-
sistance testings [David-Néel, 1929], which are performable in autoexperiments
[Minvaleev, 2014] and objectively explorable. Otherwise stated, the object of the



o TUBETCKASl IOTA TYMMO: ®U3UKA, GU3NOAOTHSA U TEXHOAOTHS XOJA0AOYCTONYUBOCTHU -+ ]

given work was to find the real component of gTum-mo practice, which can and
should be distinguished within the natural-science paradigm separating it from
the irrelevant religious-ritualistic component.

Thus, it raises the first question about the cold resistance enhancing mecha-
nisms of the kind, which has inspired a number of scientists to research Tibetan
monks practising gTum-mo in their domicile.

Objective research

In 1981, by invitation of the Dalai Lama, associate professor Herbert Benson
and a group of his colleagues arrived to Dharamsala (Northern India) where
they were provided with an opportunity to study three Buddhist monks in situ
[Benson, 1982]. The experiments were carried out in February, 1981 in condi-
tions quite severe for that time, but, judging by the published results, the monks
refused to be subjected to actual cold tests. Namely, throughout all the exper-
iments the temperature of the room for testing did not go below the standard
comfortable range (from 16 to 20 °C), which results from all the three tempera-
ture diagrams available in the work (the most illustrative is Fig. 1).

The conclusions only report that “these subjects exhibited the capacity to
increase the temperature of their fingers and toes by as much as 8,3°C.” As the
found result quite fit into the concept of H.Benson himself about “Relaxation
Response”, which he describes as “a physiological condition contrary to stress”
[Benson, 1975], the authors of the article apparently had no claims against the
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Fig. 1. Skin and air temperature and heart rate changes before, during and after the
practice of gTum-mo meditation in subject J. T. [Benson, 1982, 235]
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monks. Supposedly, the American scientists
had not insisted and the monks had decided
that it ought to have been so.

In fact, piecewise linear graphic interpreta-
tion of temperature leads on the fingers and toes
of the monks under examination (who, accord-
ing to their own stories, had spent more than
six years studying gTum-mo practice) suggests
that H. Benson and his colleagues documented
the well-known peripheral reheating results of

® ® the subjects after they return to a warm room
from the cold (see Fig. 2).
Fig. 2. Isothermal lines of a naked Otherwise stated, in this research the issue

person in response to cold (a)

and heat (b) [Herman, 2007] of objective examination of the actual cold re-

sistance was never raised. The arisen discus-
sion published in July, 1982 in the same Nature
issue [Pasachoft et al., 1982, 402], left a number of questions unanswered, and
in 2001 H.Benson managed to get financed by the Guinness Family Fund in
the amount of $1.250.000 to research the uncanny abilities of Tibetan monks
to reheat in the cold without fire or clothes. The funding gave an opportunity to
deliver three monks capable of gTum-mo to the Guinness estate in Normandy
to study their cold resistance abilities directly. It happened in July, 2001. Upon
arrival it turned out that the “gTum-mo masters” could not demonstrate their
wonderful abilities at once and they demanded at least “100 days to reach their
full meditative capacity.” All this time they were staying at the Guinness estate
with H. Benson’s team, until one of the monks got an eye infection and with-
drew from the experiment. At last, in November, 2001 the scientists carried out
the necessary testing of cold resistance (Fig. 3). This photo document and a brief
article in the newspaper of Harvard University [Cromie, 2002] inform us that
“the team obtained valuable data.” However, as Benson personally admits, “the
room was not cold enough to do the tests properly.” In short, after 20 years the
scientist repeated the same approach as in the Himalayas studies in 1981.

What happened further? A quotation from the newspaper of Harvard Uni-
versity: “His team will try again this coming winter with six monks. They will
start practice in late summer and should be ready during the coldest part of
winter.” That is the end of the available information about 20-years-long re-
search of gTum-mo practice by professor Benson.

The second published research was carried out by Maria Kozhevnikova and
her colleagues in a remote cloister in Amdo district of Tibetan Plateau. Howev-
er, by the description of the conditions of the experiment, M. Kozhevnikova and
her colleagues were never admitted into the room where it was carried out, by
which the published results of a single body temperature rise up to 38°C were
largely depreciated [Kozhevnikov, 2013].
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Cold resistance as it is

The first question which was never answered by Benson or Kozhevnikova is
quite obvious: where is it, the renowned cold resistance of Tibetan monks? And
if such monks do exist, how do their cold resistance abilities exceed those of a
Caucasian who does not practice Buddhist meditation?

It is common knowledge that maximum permissible cold resistance was
studied in 1942-1943 by the SS doctors under Sigmund Rascher’s supervision
in Dachau concentration camp. In particular, an important for the Nazis sub-
ject of research was cold resistance of people of different nationalities [Burton,
1955]. As far as it can be understood from the available data of the research con-
demned alongside other crimes of the SS at Nuremberg trials, the highest level
of cold resistance was demonstrated by Slavic captives in particular. That might
be one of the reasons why maximum permissible cold resistance experiments
(already not criminal) were resumed in the USSR. Unfortunately, most of those
works are still classified, but even a fleeting look at some of them makes you
forget about the wonders of Tibetan respahs.

In 1978, a Soviet popular science journal Himia and Zhizn’ (“Chemistry and
Life”) published the article “Hunger against Cold?” by PhD in medicine Alexey
Yuryevich Katkov, in which the author, one of the pioneers of the physiological
approach to yoga studies, provided a summary report on various cold resistance
phenomena including gTum-mo practice [Katkov, 1978, 56]. Later, A. Yu. Katkov
carried out experiments of those phenomena on volunteers and himself, which
made the feats of Tibetan yogi and all kinds of cold resistance wonders from
Guinness World Records pale in comparison.

Shortly before his tragic death on Elbrus,
working for the military forces and the space
programme of the USSR, A.Yu. Katkov per-
formed astonishing experiments involving vol-
unteers at Institute of Medical and Biological
Problems (Moscow). Those amazing people—
guinea pigs, as they called themselves, but, in
fact, superheroes of the Soviet era, ready to
undergo testing—could endure not only maxi-
mum permissible but over-extreme conditions

Fig. 3. A Buddhist monk has
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pants of those tests are still alive and well. One state of meditation in Normandy,
of them is Boris Korshunov (born 1935), fa- France. During meditation, the
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to light. I'll tell you about one of the experiments carried out in 1977 or 1978, I
don’t remember exactly. I was one of the team of six testees... The task was to
check the human organism for survival at extremely low temperatures and high
altitude. For an hour, we were placed naked into the altitude chamber (altitude
7.500 m) at the temperature -60°C... A warmly clad female doctor was with us,
capturing the data. Naked, we were sitting in airplane armchairs, and at -60°C
all the hairs on our bodies, whichever the length, were standing on end, it was
clear that in those conditions an intermediate layer of a higher temperature was
being formed at the surface of the body. Then the doctor who was observing us
suggested switching on the altitude chamber ventilator two meters in diameter
every 10 minutes to blow off this intermediate layer. I should say, we had a very
tough time at -60°C and the vent on for an hour...”

This interview appeared on one of the sites dedicated to history of Russian
alpine climbing [Laletina, 2006]. We copied it almost to the dot as only the mili-
tary forces benefited from all the numerical results of those unique experiments
and they will hardly be open to the public any time soon. Nevertheless, below
we adduced our approximate thermophysical estimations due to the mentioned
criteria of those experiments.

How do we cool off?

It is evident that all the bodies (living or non-living, having achieved the tantric
realisation or just exposed to the cold) follow laws of thermal physics, and as far
as living bodies are concerned, the renowned laws of thermotaxic physiology
come in. Heat loss of a naked body at relative rest comes down to thermal con-
ductivity (convection), evaporation via perspiration and thermal emission. Per-
spiration stops in freezing temperatures, in this case heat loss amounts to heat
emission off the surface of the body through convection adding heat shedding.
To sum up, the organism cools off while heating the air due to the difference of
the temperatures between the air and the body as well as radiating heat in the
infrared range. The formulae for quantitative estimation of the aforementioned
processes are well-known [Burton, 1955; Herman, 2007].

Meaning, heat losses at the expense of conduction are described in Newton’s
cooling law (1)—cooling rate of a body is directly proportional to the surface
area of the body and the difference between the temperatures of the body surface
and the environment:

H=CS(T-T), @
where H — rate of heat loss in kcal/h,

T — temperature of the body (37°C or 273 + 37 = 310 °’K—degrees Kelvin),
T — temperatures of the environment (273 - 60 = 213 °K),
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S — surface area of the body (for an average adult it is considered to be
1,85q.m),

C — surface heat exchange coefficient (for the human body it is approxi-
mately 4W/sq.m - K). Convection heat transfer under such conditions com-
prises about 700 W, or 600 kcal/h.

Radiation heat losses are calculated by the Stefan—Boltzmann law (2):
P=0eS(T -T2, )

where P — heat energy lost by a person via radiation due to the interaction
with the environment,

T, — average skin temperature acquired at the lower tolerance threshold at
20°C,

0 — Stefan—Boltzmann’s constant equal to 5,7-10* W /sq. m-K*,

& — adjustment coeflicient for a white person’s skin equal to 0,55. In this case
the heat loss of a naked person via radiation at -60°C for an hour amounts to
300W, or 250kcal/h.

In total, the resulting heat losses of a naked person under the given condi-
tions comprise approximately 1.000 W, or 860kcal/h.

Inspiratory air heat losses are also mentioned in most physiology textbooks
in this section. However, the accurate calculation of the required amount of heat
shows remarkable infinitesimals. Thus, warming of 0.5L of air (average inspir-
atory volume) from -60°C to +35°C requires only 0.015kcal. A person inhales
about 500 L an hour expending 15kcal—1.5 % of the resulting heat losses of 860
kcal/h. The reason is extremely little air thermal capacity: only 0.241 kcal / kg-K.

How do we warm up?

The calculated heat losses must be compensated by heat production, otherwise
our protagonists would not have survived. It is a conventional belief that all the
cells of the organism produce heat, as oxidation processes are in progress. It is
also assumed that to support constant temperature, additional heat is produced:

1) by skeletal muscle contractions not only voluntary but also involuntary,
i.e. cold shivering; contractile thermogenesis releases 800 W;

2) due to up-regulation of internal heat release unrelated to muscle con-
tractions; non-contractile thermogenesis releases about 400 W.

In this case the total of contractile and non-contractile thermogenesis amounts
to 1200W (about 1000kcal/h) [Fanger, 1970], which does not surpass
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considerably the heat losses of the organism at the temperature of -60°C
within an hour.

In other words, by approximation calculation everything coincides right
down to the assumptions made. It turns out that Tibetan monks demonstrate no
wonders and a cold-friendly person can survive this deadly—at first sight—cold
without any years-long Buddhist meditation.

Why the shell cannot heat the core

In 1850, professor of Berlin University Rudolf Clausius states one of the funda-
mental laws of nature: “Heat cannot transit by its own volition from a colder
body to a warmer one” [Clausius, 1850]. This postulate, famous as the second
law of thermodynamics in the initial definition by Clausius, is ignored in most
works on thermoregulation of a warm-blooded organism. The matter is that
elevated temperature of warm-blooded animals is constant only in the “core”
of the organism. That is exactly why such animals are more accurately called
homoiothermal—with the permanent temperature. And this core is surrounded
by a shell of peripheral tissues whose temperature is lower and in a greater de-
gree depends on the environment, i. e. becomes cold in freezing temperatures as
with cold-blooded (poikilothermal—with changeable temperature) animals. In
Fig. 2, there are isotherms which show the ratio of a homoiothermal body core
with weighted average temperature 37°C and its poikilothermal shell whose
temperature varies depending on ambient temperature.

It is easily seen that under the conditions of cold almost all skeletal mus-
cles are in the area of lowered temperature. Thus, according to the second law
of thermodynamics, heat transfer can only be directed from the core of the
body outwards, to the muscles and then from the muscles further to the next
“fridge”, i. e. into the outside environment. Therefore, whatever the quantity of
the heat produced by muscles, they can heat inner organs only if heat-insulat-
ing external layer is available. It can be fur, wool or warm clothing made of the
aforementioned wool or fur, which create a layer of air around the body and
return the heat to the organism. For a naked person, all the heat produced by
skeletal muscles will be used for heating the environment, but not the “core”
of the body.

In summary, contractile thermogenesis in muscles can be of any use only if
heat insulation is available.

Homoiothermia is not only warm-bloodedness

An interesting fact is that for the first time the heat-producing ability of isolat-
ed muscles was noted in the tailor’s muscle of a frog (frog sartorius)—a typical
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cold-blooded animal, and up to the present day the quantitative ratios for
heat-production components are known only for the muscles of amphibians.
Even though it is unclear how applicable they are to warm-blooded animals,
most works in physiology of thermoregulation imply universalism of these
ratios. Accordingly, after in 1949, English physiologist Archibald Vivien Hill
(the Nobel prizeman in 1922 for advances in the production of heat in mus-
cles) found out that heat production of a single contraction of a toad’s muscle is
3 mcal/ g [Hill, 1949], this exact figure was named in scientific literature as the
energy constant of a single muscle contraction typical for all the other animals
including the human being [Bendall, 1969].

But the muscle ability of amphibians to diffuse energy in the form of heat
does not make them warm-blooded animals. Most flies can also generate heat
by contracting their flight muscles. For instance, in spring, a bumblebee sets
out first to collect nectar, as the fluff on its body helps it keep the heat produced
by the flight muscles. As for the vanessa butterfly, even in cool weather at 10°C
by fluttering its wings it manages to warm itself up to 35°C within minutes,
and during the flight its temperature reaches 37°C, as with warm-blooded
species. But insects are incapable of thermal stability, which is called homoi-
othermia.

The main point of homoiothermia is not in the fact that muscles of
warm-blooded animals produce more heat than a frog’s muscles, it is all
about a fundamentally different pattern of reaction to the temperature of the
environment. When the environment temperature drops, the metabolism
of cold-blooded animals decreases up to complete anabiosis. The reaction of
warm-blooded animals and human beings is absolutely different: with the am-
bient temperature rising, the metabolism must decrease, and with falling am-
bient temperature—vice versa, it increases to produce more heat. It depends
only on the source of this additional heat, which most works on physiology
traditionally associated with musclar thermogenesis, both contractile and
non-contractile [Ivanov, 1980]. As noted above, it contradicts the second law of
thermodynamics in the original form by R. Clausius. Muscular and connective
tissue membranes are essentially unable to heat the core and perform as ther-
mal insulators at best. Vasomotor reactions of cold adaptation are provided for
this purpose, they ensure that peripheral blood supply reduces dramatically
which indeed decreases heat loss. However, only skin and muscle coat is clearly
a bad heat insulator for a naked man in the cold with piercing wind. For this
very reason, famous Canadian researchers of cold resistance, Alan Burton and
Otto Edholm, the authors of the classical work Man In A Cold Environment,
call the environment temperature of +2 °C absolutely deadly for a naked person
[Burton, 1955].

If there is a source for heating the “core” of a human body, it must be deep
inside the body. Liver, intestine and brown fat are often mentioned as potential
organs of inner heat production. However, even rough calculations prove that
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they are not enough to compensate for the heat losses of a naked person in the
piercing cold.

So little brown fat

A lot of reports about extremely high thermoregulatory activity of brown adi-
pose tissue have arisen in the last 50 years. It is clusters of brown fat cells
scattered all around the organism. Noticeable amounts can be traced only
in mammals and, in contrast with the common white fat which oxidises in
the liver, brown fat oxidises its components (fatty acids and glycerol) with-
in its own cell, whereby most part of the oxidation energy becomes heat. It
is of brown colour due to abundance of mitochondria, where intensive lipid
oxidation takes place. It is brown fat that enables animals to swim in cold
seas and survive during winter slumber. Besides, large accumulation of brown
fat prevents mammal youngsters from supercooling due to rapid temperature
change at birth. The same mechanism of non-contractile thermogenesis in
brown adipose tissue is found with human new-born babies. Unfortunate-
ly, relative mass ratio of brown fat in an adult’s body hardly amounts to 1%
of body weight [Cypess, 2009], and the accurate calculation of the greatest
possible contribution of brown fat into heat production proves that its heat
diffusion can raise the body temperature by hardly 0,05°C (by the condition
of maximum permissible cell internal temperature of 42 °C). It is evident that
brown fat cannot be viewed as an efficient heat source for protecting a human
being from cold [Ivanov, 2007, 68].

To give a complete picture, let us consider the liver which is also viewed as
a significant contributor to heat production. However, its relative mass ratio is
not significantly larger than the amount of brown fat in a human organism: the
average liver weight of 1,5 kg barely equals to 2 % of an average person’s weight
of 70 kg. Even though the temperature in the liver is two or three degrees more,
its heat production potential needed for heating the “core” of the body does not
go far beyond this. The temperature difference inside and outside the liver is too
little, and the volumetric blood velocity through the liver is too little as well. The
same can be said about the heat production in the intestine. Rough calculations
prove that only abdomen heat production is clearly not enough to support ho-
moiothermia, especially at —60°C.

Thermogenesis in lungs?
In 1960, the publishing house of the USSR Academy of Sciences issued a mono-

graph by Soviet biophysicist of Austrian descent, senior associate of Biophy-
sics Institute of ASUSSR, K.S. Trincher with at first sight quite an intricate title
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“Heatproducing function and reactional alcalinity of lung tissue” [Trincher,
1960]. The author’s doubts upon naming the book so vaguely were not unfound-
ed. The role of the airways and lungs in cooling the homoiothermic organism
over-heated with its own heat is renowned. For instance: in the heat a dog
breathes frequently with its tongue stuck out which prevents the fur-covered
animal deprived of perspiratory glands from overheating. But the participation
of the lungs in the production of heat—a phenomenon discovered, in fact, by
K.S. Trincher,—is still a well-grounded but not conclusively proved hypothesis.

Researching what became of the fats inside the organisms of warm-blooded
animals, K. S. Trincher turned his attention to a well-known fact: when blood
goes through the lungs, i.e. in the pulmonary circuit, it is stripped of the fats.
This discovery was made by French physiologists H. Roger and L. Binet almost
a century ago. Since then, vast experimental material has been accumulated and
it has been specified what kind of fats, fatty acids and fat-like substances oxidise
in the lungs.

In his last works written already in his native language, German, being
professor of Vienna University, he called this phenomenon with a direct word
Fettverbrennung (German, “fat burning”) [Trincher, 1991, 25]. Indeed, it is
the lungs through which all the circulating blood passes within a short time
that are the best candidate for the role of a heater which sustains the ther-
mal homeostasis. In the heat the lungs will allow the blood to cool and in
the cold, on the contrary, heat it. A significant advantage of the lungs as the
main heat producing organ is that in the alveole there is no physical or chem-
ical prohibition on the exceeding of the maximum permissible temperature
of intracellular oxidation (not more than 42°C, the temperature of protein

A low content of oxygen

Blood loss in the inhaled air Cold

Hypoxia

Intrapulmonary fat oxidation

Heat production in the lungs to maintain the homoiothermy

Fig. 4. Conditions triggering intrapulmonary thermogenesis [Trincher, 1991, 25]
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folding), first of all, due to efficient heat transfer via the pulmonary circuit. By
the way, the phenomenon of “walking on fire” is explained in the same way:
undisturbed circulation in the foot transfers the heat of the coals without
allowing any thermal injuries.

The blood heated in the lungs, like a warmed-up liquid transfer medium,
is delivered to the “core” of the body for its immediate heating, preventing
the premature cooling of the extremities of a warm-blooded animal. This is
the way the hemodynamic thermal regulation of a warm-blooded animal is
implemented. In addition, the power capacity of thermogenesis in the lungs
should be much higher than the one of contractile and non-contractile ther-
mogenesis.

What about gTum-mo?

Now we can get back to the mysterious practice of Tibetan yogi. This very
non-respiratory lung function allows us to breathe in frosty weather, as freezing
air heats along with blood due to intrapulmonary lipid oxidation which pro-
duces heat, carbon dioxide and water which is let out in the cold in the form of
familiar clouds of “vapour”.

However, the most significant of K.S. Trincher’s scientific result does not
involve the theoretically and experimentally proven fact of nonenzymatic lipid
oxidation in the lungs, but the discovery of the conditions causing this process.
Having found out a rise in temperature in the lungs of the experimental ani-
mals alongside acute blood loss, K.S. Trincher enumerates and finds experi-
mental support of the other conditions triggering intrapulmonary thermogen-
esis (Fig. 4).

The major purpose of science is to discover this kind of mechanisms.
Phenomena which are in no way connected with each other turn out to have
a linking pattern unknown before. In this case, it can be described in one
word—hypoxemia, reduction of oxygen supply in blood. It triggers thermo-
genesis in the lungs not only in the cold, when the hypoxemic signal results
from a peripheral vascular spasm, but also during physical activity when the
muscles which actively consume oxygen from the blood, rapidly cause the
same hypoxemic signal triggering the process of heat production in the lungs.
That is why having warmed up to the point of sweat we take off the clothes
in the cold so that it was more convenient to chop wood. Just in case, we will
repeat it one more time: muscular (contractile) thermogenesis, which was
considered responsible for the increased production of heat during intensive
exercising, sends off all the produced heat to warm up the cold air around the
body but not to the inner “core” of the body. As for the thermogenesis caused
by functional hypoxia, it heats us under any conditions—both in the cold and,
all the more so, in the heat.
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Reconstruction

Our own research has enabled us to reconstruct the technology of gTum-mo
and to carry out experiments of the method under different conditions (air cool-
ing, waterfalls, still cold water) [Minvaleev, 2014].

That was the exact approach that in his days enabled famous researcher of
yoga practices Mircea Eliade to unite different ways of initiation of “inner fat”
(shamanic fat, Vedic Tapas, Kundalini yoga and Tibetan gTum-mo) in a logical
evolution of successive adoption: “..gTum-mo is a yoga-tantric exercise well-
known in the ascetic tradition of India. We have already mentioned the burning
fever arising with the Kundalini awakening. The texts say that psychological
heat appears by means of breath holding and transformation of sexual ener-
gy...” [Eliade, 1958, 331]. It is worth pointing out that this conclusion of Mir-
cea Eliade was not only based on comparative analogies but also on his own
experience of mastering a number of yoga practices, including pranayamas, in
ashrams of Rishikesh, Northern India.

The same conclusion was drawn by G.N. Mouzroukov who published de-
tailed instructions on glTum-mo practice after studying in one of Tibetan mon-
asteries in Amdo district of Tibet [Mouzroukov, 2013]. In our opinion, it was
Mouzroukov’s own experience that gave grounds for labeling the practice of
Kundalini awakening as “predecessor of gTum-mo”, which enabled us as well to
use the famous yoga technologies to reconstruct glum-mo techniques outside
of tantric religious concepts.

Hypoxic stimulus of intrapulmonary thermogenesis, according to [Trinch-
er, 1960; Trincher, 1991], turned out to be quite an adequate explanation of the
heating (tapas) effect of breath holding (pranayama) and propulsive movement
of the anterior abdominal wall (Agnisara/Nauli), which are also found among
the exercises during the practice of gTum-mo [David-Néel, 1929].

In the practice of so-called Kundalini awakening (Fig. 5) the successive
triple Bandha (Mula—Uddiyana—Jalandhara) was used in various variants.
Sometimes all Bandhas were performed together, sometimes each Bandha was
practised separately in combination with asanas and/ or pra-
nayama (Maha Bandha, Bhujangasana, Mahamudra, Ma-
havedtha). All these techniques were presented in detail in
the corresponding literature [The Yoga Upanishads, 1938];
using it, we restored them relying on the published methodo-
logy by Gleb Mouzroukov [Mouzroukov, 2013], a number of
published texts on gTum-mo practice [Teaching of Tibetan
Yoga, 1963; Thubten Yeshe, 1998].

Fig. 5. Outline of visualised channels when practicing
Kundalini awakening
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Methodology of urgent increase of heat production
based on adapted yoga practice of internal heat “gTum-mo”
(authors: A. 1. Ivanov, R. S. Minvaleev, and V. 1. Timofeev)

Conditions of use

A secluded place to minimise distractions. A cold ambience is advisable to
provide feedback of the effective mastering of the practice and for excessive heat
removal (overheat protection). For instance:

1) sitting in the cold at subzero temperatures (in a park, on a balcony);

2) sitting in cold water with the head above the water (it could be an ice
bath);

3) sitting in a waterfall with the head not under the falling water.

Sequence of actions and visualisations whose aim is to provide the regular
muscular tension (ideomotion):

Fig. 6. Preparatory exercises Trul khor at the upper reaches of the Beas River
(Northern India). Performed by V.1. Timofeev
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Warm-up exercises (can be done in outdoor apparel):

1.

w

Take a Patanjali asana, i.e. a comfortable and steady sitting position
(Lotus, Halflotus, cross-legged; if necessary, sit on something soft to
provide lumbar lordosis and to avoid distraction).

Do exercises: Trul khor (sipping lion, pulling bow (Fig. 6), twisting,
stretching upwards, self-massage of the torso to the limbs and other “Ti-
betan fitness”, for instance, by G.N. Mouzroukov [Mouzroukov, 2013]).
Straightening of the spine by setting the hands against the thighs and
bringing the shoulder blades together simultaneously.

Blowing each nostril in succession pinching the other one.

Agnisara (Nauli).

Filling like a Vase—a breathing technique: slow and quiet inhales and
exhales monitoring the air flow in the nostrils (cool when inhale, warm
when exhale), with the emphasis on abdominal breathing (puft the low-
er abdomen when inhale, gather it in when exhale). It is performed until
getting the feeling of tranquilisation, muscle relaxation and the ability
for keeping a steady focus.

Main practice

1.

2.

Obligatory nose blowing via each nostril in succession (see the warm-up
exercises) to clear the airways.

Do the asana. Imagine (visualise) a straight tube inside your body (Su-
shumna/ Avadhuta)—the ideomotor technique to keep the back straight
(sit as stiff as a poker). The tube is open through the top of the head.
Inhale and, while gathering in the lower abdomen, do Agnisara (Nauli)
until the feeling of warmth in the chest or back behind the sternum (the
start of extreme heat production).

Cup the hands together placing the right hand over the left one four
fingers below the belly button joining the thumb cushions together over
the cupped hands. Press without any tension the joined thumbs below
the belly button (the ideomotor indication of the area of starting up heat
production—see below).

Exhale three times slowly and tranquilly, each of the inhales should be
longer than the previous one, until alveolar air is disposed of, then inhale
in three stages making each intake of breath longer than the previous one.
Inhale slowly and deeply keeping your back straight and bringing the
shoulder blades together, and keep Jalandhara Bandha so that you could
see the joined thumbs.

When inhaling, visualise two streams of air through the left and right
nostrils separately and direct the both visualised air streams (“winds”)



11.

12.

13.

14.
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on the right and left of the central visualised tube (Sushumna/Avad-
huta) downwards (four fingers below the belly button where the cupped
hands are—ideomotor obstacle to dropping the “wind” down).
Enhance the obstacle to dropping the “wind” (visualised air flow)
downwards by doing easy Mula Bandha (the strain should be the same
as to regularly prevent the emission of the amassed gases in the intes-
tine—the same “winds” from the intestine).

Lower the diaphragm puffing the abdomen slightly (Filling like a Vase).
Visualise a balloon in the lower abdomen with an ejecting tube upwards
(Sushumna/ Avadhuta). The tube is closed off by keeping Jalandhara
Bandha (“sealed up vase”, i.e. Kumbhaka).

Squeeze the “balloon” from the bottom on the right and left by tighten-
ing the crotch upwards (in fact, intensify Mula Bandha).

Imagine bending of the left and right flows of the visualised “wind” fol-
lowing the muscle tightening of the crotch (Mula Bandha), as if joining
the both flows into the central visualised tube on the right and left below
keeping in your mind the contact of the thumbs above the cupped hands
and the abdomen area slightly lower the belly button (see para. 4) (Fig. 7).
Exhale slowly, visualising the out-breath through the central tube, as if
releasing the air out of the visualised balloon in the lower abdomen by
squeezing it from below (Mula Bandha) and from above with the dia-
phragm.

Observe how a fire ball appears in the abdomen and starts heating the
whole body, which can sometimes be felt already after the practice (the

Fig. 7. gTum-mo practice at the upper reaches of the Beas River (Northern India).

Performed by R.S. Minvaleev
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feeling of heat should arise by itself without any images of fire, a burn-
ing coal and so on).

15. For some time stay in the sitting position and enjoy the released heat.
Then repeat the practice from para. 5 to 13, but add Agnisara if neces-
sary (para. 3).

16. The termination of the practice should be done gradually. For instance,
walk out of the water and in the open air, continue the practice of the
heating breathing for some time to keep the thermal balance.

Safety measures
1. The practice should be set about with relative physical health.
2. Terminate the practice in case of cold shivering.
Conclusions

1. The physiological component of glum-mo practice comes down to
methods of increase of heat production which is verified by cold tests.

2. Two technologies have been reconstructed which derivate from the fa-
mous Hatha Yoga: 1) Agnisara/Nauli, 2) the sequence of muscle locks
(Bandhas) for the so-called Kundalini awakening.

3. The visualisations come down to ideomotor instructions to provide the
right (for gfTum-mo yoga) tonic and dynamic straining of the corres-
ponding set of muscles and (or) respiratory movements.
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TUBETCKAS IOTA TYMMO:
OU3NKA, PUINOJAOTUA N TEXHOJAOT'A
X01040yCTONYNBOCTHU

Tuberckas fiora TyMMO, offHa 13 6a30BbIxX nnpakTuK lllectn tor Hapomsr, ¢ on-
HOJI CTOPOHBI, OTHOCUTCS K OfJHOI M3 CaAMbIX 3aKPBITBIX IICUXOTEXHMK TUOET-
CKOTO0 OyfAM3Ma, a C APYroil CTOPOHBI — SIB/ISIETCS] CBOEOOPA3HOI «BU3UTHOI
KapTOYKOI» THOEeTCKOro TanTpusMa. CHOCOOHOCTDb afIeTOB TYMMO J/IUTENb-
HOe BpeMs IPOTUBOCTOSTH XOJIOAY 6e3 IPpU3HAKOB XO/IO0BOI0 CTpecca BCeria
IpKB/IeKaaa BHUMaHMe CTOPOHHUX Habmopareneit [[Jasun-Heanp, 2003, 275;
Onuape, 2012]). MsBectHas kaptuna H.K. Pepuxa «Ha Bepumnax», rie uso-
Opa>keH OOHa>KEHHBIIl JIOTMH, CUAALINIL B [I03€ JIOTOCA CPERN 3aCHEKEHHBIX
TOPHBIX BepIINH, BEPOSATHO, TaKXKe Obl/Ia 3apyCcOBaHa C HaTyPHI.

B pamkax Tpaguuuy Tu6eTcKoro 6yanu3Ma IMOBBILIEHNE XOMIOROYCTONIN-
BOCTY IIPY BBIIOJTHEHUM ITPAKTHUKY TYMMO IIPENOJHOCUTCSI, C O HOJ CTOPOHBI,
KaK H0004YHbII 9¢(PeKT TAHTPUUECKUX IIPAKTUK, a C PYTOI CTOPOHBI — ILIN-
POKO UCIIONB3YeTCs KaK KpUTepuit ycrenrHoit peanusanuu [Tyoren Ee, 2010;
Myspyxkos, 2010].

C mosunuit ecTecTBO3HaHMSA U3 BCEX LIECTM COCTaBIAMMX iior Hapormbr
MMEHHO 710Ta TYMMO MOXXeT OBITh PacCMOTpeHa KakK Bepuduuypyemoe spie-
HUe, MOCKOJbKY MeXaHM3MBl TeIUIOBBbIJie/IeHNA TeIVIOKPOBHOTO OpraHu3Ma
He TpeOyIOT IpuBIeYeHN A MeTapU3NIeCKUX IpelCcTaB/IeHNIT, KOMMY HaIlOTHe-
HBI Ipoure peHoMeHbl TibeTcKoro 6yaansma. Hanpumep, B ogHolt u3 lectn
yior Hapormel MbI BcTpedaeM HacTapneHus Yxe [JoHkansl — Benukoro pedop-
Maropa TubeTckoro OynmusMa, ocHOBarTens ceKTol [enyr, «Broporo Bynmbi»
U T.II. — O IIepeHOce CO3HaHUA (1X06a) B TPYI «Oe3 THOMHUKOB» C HOC/IeYIO-
MM ero OXuBJIeHVeM. boree Toro, nogpo6bHO pacmucaHa npegBapuTeIbHAS
ampobalus Ha «OXXUBJIEHUN» TPYIa KOPOBBI MJIU IPYTOTO KPYITHOTO >KMBOT-
Horo [LJonkama, 2010, 79]. Takoro pona penuruo3Hble HACTABIEHNS He MMe-
I0T BPa3yMUTE/NIbHOTO IIpeiMeTa B paMKaX eCTeCTBEHHOHAYYHO HapajiurMbl
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U B JIy4YIeM C/Iydae BBI3bIBAIOT MCKJIIOYNTENIBHO STHOTpaduyecKkmii MHTEpec
[Bacunbes, 2010, 28]. B mpoTHBONOIOXHOCTb 3TOMY YCHENIHAs peannsalus
JIOTM TYMMO IIPOBEpPsETCS BIIO/IHE BBIIIOMHUMBIMU (PU3NYECKMMM UCTIBITAHM-
AMMY Ha XonopoycToiunBocTb [Jabua-Heans, 2003, 275], KOTOpble ZOCTYITHBI
U IJIs1 BOCIIPOM3BENEHNs B aBTOIKCIIEPUMEHTE, U AJIs1 0ObEKTUBHOIO M3yde-
Hus [Benson, 1982; Munsanees, 2008; Munsanees, 2012; Munsanees, 2014].
VHpIMU clIOBaMu, LieIb JAHHOM paboTbl — HAJITV peajbHYI0 COCTABIIAIOLIYIO
MPaKTUKU TYMMO, KOTOPYI0 MOJKHO U HY>KHO BBIJIE/IUTh B PAMKaX €CTeCTBEH-
HOHAyYHOJ IIapaJUrMBbl, OTCeKas PeIUTMO3HO-PUTYa/IbHYI0O KOMIIOHEHTY KaK
U3TUIITHIOK.

Takum 06pa3om, BOZHIKAET MEPBBII BOIPOC — O MEXaHM3MaX TAKOTO Pofia
MOBBIILIEHNs XOJIOLOYCTOYMBOCTY, 4YTO BJOXHOBUIO pAJ, MCCIefloBaTeNeil
Ha M3y4eHMe TMOeTCKMX MOHAXOB, IPAKTUKYOIMX TYMMO, B pajloHaX UX He-
TIOCPEeICTBEHHOTO IIPOXKMBAHMA.

OO6beKTUBHBIC NCCACA0BAHNS

B 1981 r. no npuranieHnto [lanaii-naMbl accounpoBanHblii mpodeccop lap-
Bapickoro yumusepcurera Iepbept Bercon ¢ kommeramu npubeiBaer B [Ixa-
pamcany (CeBepHast VIHAMA), Tfie ONTyYaeT BO3MOXXHOCTDb M3YYNUTD TpexX Oy.-
AUIICKUX MOHAXOB HEIIOCPEACTBEHHO B MECTAX UX IIOCTOSIHHOTO IIPOXXMBAHS
[Benson, 1982]. DxcrepuMeHTBI ObLIM IIpOBefeHbl B deBpane 1981 1., u ansa
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3TOTO BpeMeHM 9TO ObLIM JOCTATOYHO CYpO-
Bbl€ YCTIOBUSI HO, CY/As IO ONyOIMKOBAaHHBIM
pesyibTaTaM, MOHAaxXM OTKAa3aluch IIOABEp-
rath ce6s COOCTBEHHO XOMOJOBBIM MCIIBITAHM-
AM. A IMEHHO — TeMIlepaTypa HOMeIeHNus,
rfle TPOBOAWINCH MCCIENOBAHMS, HA BCEM
HIPOTSDKEHNN IKCIEPVMEHTOB He OIYCKajach
HIDKe CTaHIapTHOTO KOM(OPTHOrO [uamaso-
Ha (ot 16 no 20°C), uTo crmenyeT 13 BCeX Tpex
TEMIIEPATYPHBIX IPaduKOB, MPeNCTaBIEeHHBIX

® ® B pabore (Hanbonee HATIATHO Ha puc. 1).
B BbIBOfIaX COOBIIIAETCA TOMBKO O TOM, YTO
Puc. 2. Vsorepmbt «HCTIBITyeMble TPOJIeMOHCTPUPOBAY CIOCO6-

O6HLKEHHOrO YeNoBeKa HOCTb yBeNMYNMBATh TEMIEPATYPy Ia/IbLEB
B yCJIOBUAX XO/104a

(a) v xapsi (6) PYK 1 HOT Hua 8,3 °C>"> [Benson, 1982, 235]. ITo-

[Tepman, 2011, 482] CKOJIDKY HaliICHHBIVI Pe3y/IbTaT BIOJIHE YKJIa-

IBIBAJICS B KOHIEMIINIO caMoTo beHcoHa 0 Tak

Ha3bIBAEMOM DPETaKCAllIOHHOM OTBETE, KOTO-

PBIl OH OMNCBIBaeT KaK «(pu31MoIornyeckoe COCTOsIHME, IIPOTUBOIOIOKHOE

cTpeccy» [Benson, 1975], To 1 IipeTeH3MIil K MOHaXaM Y aBTOPOB CTaTh, [10-BU-

OVIMOMY, HE€ BO3HMK/IO. MOXXHO IpPEeAIONOXUTD, YTO aMEPUKAHCKNE yIEHbIE

He HacTayBasy, a TMOETCKMEe MOHAXY PEIIM/IN, YTO TaK OHO U JO/DKHO OBIIO
OBITH.

CoO6CTBEHHO, 10 KyCOYHO-IMHEeHOI IpadMuecKoil MHTepIpeTaluy TeM-
HepaTypHBIX OTBEfIEHMIT OT HaJIblieB PYK ¥ HOT MCIIBITYeMbIX MOHAaX0B (IIOTpa-
TUBIIMX, 110 UX YCTHBIM 3asBIE€HUAM, JJO IIECTH JIeT HA U3yYeHMe PAKTUKU
TYMMO) MOXXHO 3aK/II04UTh, 4TO [epbepT BercoH ¢ Komneramu 3apyuKcupoBa-
JIV XOPOLIO M3BECTHBIE Pe3y/IbTaThl OTOTPEeBaHS epUPepn y UCIBITYEMBIX,
HIpUIIefLINX C MOPO3a B TEIUTYI0O KOMHATY (CM. puc. 2).

VupIMM cmoBaMy, BOIIPOC 06 06BeKTUBHOI IIPOBEpPKe Ha COOCTBEHHO XO-
TIOOYCTOMYMBOCTD B HaHHOM MCCIIEZOBAHUY Ja’ke He ObLI mocTasjeH. Bos-
HYKIIAs BMCKYCCHs, ONYOMMKOBAaHHAs yxKe B Mione 1982 I. B TOM Ke XypHa-
ne Nature [Pasachoff et al., 1982, 402], ocraBnia OTKPBITBIMU PSIfi BOIPOCOB,
un B 2001 r. BeHcoH mobmicsa BoigeneHus or PoHpa ceMbu [MHHECC CyMMBI
B 1,25 MJIH IO/L. /14 U3Yy4YEeHUA «HEOOBIKHOBEHHBIX CIIOCOOHOCTEN TUOETCKUX
MOHaXOB cOrpeBaTbcsA Ha MOpo3e 6e3 orHA U ofexpl». [locTynusiuye cpep-
CTBa Jja/i BO3MOXKHOCTb IIPMBE3TY TPEX MOHAXOB, BIaJleIOIMX TYMMO, B IIO-
MecTbe I'MHHEeccoB B HopMaHuy 111 HEOCpeICTBEHHOTO M3y4eHU A UX CIIO-
COOHOCTM HPOTUBOCTOSTH X0710AY. IIponsorno ato B uioe 2001 r. Ha mecte
BBIACHMIIOCH, YTO «MacTepa TyMMO» He TOTOBbI Cpa3y IPOJEeMOHCTPUPOBATDH
CBOM 4y/ieCHbIe BO3MO>KHOCTH U UM NTOTpebyeTcsa MUHUMYM «100 gHeit s fo-
CTVDKEHMSI TIOJTHOJ MeRUTATUBHON CIOCOOHOCTM». Bee 9T0 BpeMst OHUM >XMIK
B moMmecTbe ['MHHeccOoB BMecTe ¢ Komaupoit [epbepra BeHcona, moka opnn
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U3 MOHAXOB He IOMY4YM/I KaKyI0-TO IJIa3HYIO
MHQEKINIO ¥ He BBIMIET M3 COCTaBa JVICIBI-
Tyembix. Hakownen, B Hosi6pe 2001 r. yueHsble
IpOBeNy HeOOXOXVMBbIe MCIBITAHMS XONOZTO-
ycroitunsocTy (puc. 3). Hackonbko MO>KHO HO-
HATD U3 JaHHOTO (OTOMOKYMEHTA ¥ KPaTKOTO
cooburenus B razete [apBapickoro yHuBepcu-
tera [Cromie, 2002], «y4eHble IOy YM/IN LIeH-
Hble flaHHble». OHaKO, 110 TMYHOMY IIpU3Ha-

Puc. 3. smepenns
Huto beHcoHa, «<kOMHaTa He Obl/Ia JOCTAaTOYHO (UBMONOTIYeCKIX TTOKa3aTerelt

XOJIOJIHOIL, YTOGBI MPOBECTU IKCIIEPUMEHTHI y 6ymIuitckoro MoHaxa
IOTDKHBIM 06pa3om». VIHbIMU CTIOBaMM, Yepes B Hopmaupuu, @panuys.

20 71eT y4YeHBDIit MOBTOPUII TOT XK€ MOAXO, 9TO Bo Bpemst mepuranyu Teno
MOHaxa HPOI/I?:BOHI/IT JOCTAaTOYHO

u B ['mMananckux uccmegqoBanusax 1981 r. TeIia 1A TOTO, YTo6H

Yro sxe panbue? Lurupyem rasery lap- BBICYILINUTD XOTOJHBIE, MOKpPbIE
BapﬂCKOFO yHI/IBepCI/ITeTa: «EI‘O KOMaHga HpOCTbIHI/I, IIOMEIIIEHHbIEC HA €TI0
CHOBA B 3Ty TPAAYLIYIO 3UIMY IIOIPOOYeT Ipo- TTeYN B XONOJHOM KOMHATe
BECTU MCCIEOBAHMA C IIECTHbI0O MOHaXamy., LPOMO 7H00esHo npedocmaseno
OHM HaYHYT IPAKTUKY B KOHIIE IeTa U OYIyT TepGepmon Bencorom

yT Ip y I YRy
TOTOBBI K UCIBITAaHMSM B CaMYI0 XOJIOLHYIO
9acThb 3MMBI». Ha 9TOM focTynHBIe HaM cBefieHM 0 20-/IeTHUX NCCTIeTOBAHNAX
HpaKTUKM TYMMO I'pymnmoit mpogeccopa beHcoHa 3aKaHUMBAIOTCA.

Bropoe omy6nmukoBaHHOe MccrefoBaHue Ob1o BhionHeHo Mapueit Ko-
JKEBHMKOBOJT C KOJIZIETaMI B OT/[Ja/IeCHHOM MOHAcThIpe pajioHa Ampo Tubert-
CKOro HaropbA. OFHaKo, COT/IACHO ONMCAHNIO YCTIOBUI 9KCIIepUMeHTa, Mapuio
Ko>xeBHUKOBY ¢ KOJ/IIeraMu BooOIe He JOIYCTU/IN B KOMHATY, I7i¢ IPOBOAM-
NUCh UCIBITAHUS, YTO B LieJIOM obeclieHMBaeT ONyOIMKOBaHHbIE pe3y/bTa-
THI, COOOLIaBIINE 06 OJHOKPAaTHOM MOBBILIEHUY TEMIIEPATYPbI Tea ¥ OFHOTO
u3 ucnbiTyeMbIx fo 38 °C [Kozhevnikov, 2013].

X01040yCTORYNBOCTD KaK OHA €CTh

ITepBBIit BOIIPOC, OTBET HA KOTOPBIII TaK 1 He Obl1 HaiineH beHconom u Koxxes-
HIKOBOI1, BIIOJIHE OY€BUJIEH: a [l€ OHA, 3Ta IIPEC/IOBYTasl XONO0YCTOMYMBOCTb
TUOETCKMX MOHax0B? J ecnu Takye MOHaxXM CYILIeCTBYIOT, TO HaCKOIBKO X
CIIOCOOHOCTY NPOTUBOCTOATD XOJIOAY IIPEBOCXOAAT BO3MOXXHOCTY PSAOBOTO
eBPOIIEIICKOTO YeT0BeKa, KOTOPBIIT He IIPaKTUKYeT OYAAUIICKYI0 METUTALIIO?
V3BecTHO, 4TO NpefenbHYI0 XONOM0YCTONYNBOCTD M3ydanu B 1942-1943 rr.
3C3COBCKME Bpaul Iof, pyKoBoficTBOM 3urMyH/ja Pamepa B koH11arepe Jlaxay.
B wactHOCTH, IpefMeTOM MCCIeOBaHMIl OblTa ¥ aKTyaabHas IJIs HAIVICTOB
TeMa XOJIOJOYCTOMYMBOCTU /NIl PasHBIX HallMOHajbHOCTell [BaproH, 1957,
276]. HackolmpKO MOXXHO IIOHATH M3 JOCTYIHBIX HaM MaTepuaaoB 00 3TUX
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MCCIeOBAHNUAX, OCYX/IeHHBIX Ha HiopHOeprckom mpoliecce B 4uciIe Ipounx
npectynennit CC, HauGONbIIYIO YCTOMYNBOCTD K XOTIOAY IPOSIBUIN VIMEHHO
CTTaBsIHCKMEe BOEHHOIIIEHHbIE. MOXeT ObITb, elile U 10 9TON HMpUUMHE IKCIIe-
PUIMEHTBHI 110 IIpeJie/IbHO X0T0J0YCTOMYMBOCTH (yKe He MIPeCTyIIHbIe) HaIl/IN
npogomxenrte B CCCP. K coxkanennio, 60nplas 4acte 9TuUX paboT Bce elie
3aceKpeyeHa, HO Jja)ke MIMOJIETHOE O3HaKOMJ/IEHNE C HEKOTOPbIMM 3 HUX 3a-
CTaBJIsIeT 03a0BITh O YyAecax TMOETCKMX peclia.

B 1978 1. B cOBETCKOM Hay4YHO-IIOIYJIAPHOM >XXypHaje «XUMUs U KU3Hb»
(Ne 1) mosBIsAeTCA CTAaThA KaHAMATA MEULIMHCKUX HayK Anekces IOppeBnua
KarkoBa «[omog npotus xonoga?», e aBTOp — OAVH U3 IIMOHEepOB (usno-
JIOTM4eCKOTO MOAXOfa K M3YUYeHMIO IOTY — IIPUBOJUT 0030p MCCIIeOBaHMUI
pasnInyHbIX (PEHOMEHOB XOJIOfOYCTOMYMBOCTH, YIIOMWHAS M MPAKTUKY TYM-
mo [Kartkos, 1978, 56]. [Tosguee Anekceit KatkoB mpoBen Ha [oOpOBO/IbIIaX
U Ha caMoM cebe Takye MCCIeHOBaHMA HNOJOOHBIX SBIEHMUIL, Ilepef; KOTOPHI-
MU OJIEKHYT ¥ IOABUTM TUOETCKUX JIOTOB, U BCE YyHeca MOPO3OCTOMKOCTH
u3 Knuru pexoppos I'mHHecca.

Paboras Ha BoeHHBIX 1 KocMudecKyto mporpammy CCCP, He3afo/ro o cBo-
eit Tparmdeckoii rubemu Ha Inpopyce A.I0. Karkos BeinonHun B VHcTUTYTE
MeIuKo-6uonornyeckux npotmem (MockBa) HOTpsACAIOLINME SKCIICPYMEHTBI
C y4acTueM HOOPOBO/IbLEB. YAUBUTEIbHbIE JTIOAY — «KPOJIVKU», KaK OHM ce0s
HasbIBa/IM, @ PaKTUYECKM — CYIepPMEHBI COBETCKOII SII0XY, TOTOBBIE IIOABEP-
THYTb ceOs VICIIBITAHUAM pajyl MOOOMBITCTBA, — CMOIIM BBIJIEPXKATh B KJIM-
MaTH4ecKoll bapoKaMepe He TO YTOObI Ipefie/IbHbIe, a 3aIlpefie/IbHble YCIOBUA.
MHorne y4acTHUKM TeX UCTIBITAaHUI 3[[paBCTBYIOT U IOHbIHe. OMH U3 HUX —
Bbopuc KopiryHnos (pog. 1935), M3BeCTHBII Cpeiyi IIOKOPUTENel TOPHBIX BePLINH
KaK ye/loBeK-TeTeH/ja COBETCKOTO a/lblMHM3Ma. IIpefocTaBuM ke eMy C/I0BO:
«MHOro0 6BII0 UCCIIEROBAHNIT /I BBISB/ICHNS Pe3ePBOB Ye/I0BEYECKOr0 Opra-
Hu3Ma. Pacckaxky 06 OfHOM U3 9KCIIEPUMEHTOB, KOTOPBIil IIPOBOAMUIICS B TORY
B 1977 unu 1978-M, TOUHO He TIOMHIO. I OBII B TOJ KOMaHJIe U3 IIECTY WUCIIbI-
TyeMbIX... 3ajjaya — IPOBEPUTb OPraHM3M 4ell0BeKa Ha BBIKMBAEMOCTb IpU
KpajlHe HU3KOII TeMIepaType u 6onbluoit BeicoTe. Hac momerany B 6apokame-
py (BbIcoTa 7500 M) npy Temmeparype —60°C, ronbIMy, Ha OfyH 4ac... Termo
ofieTas IeBYIIKa-Bpad CUfie/la C HaMy, PUKCUpOBaIa HaIlM JaHHbIe. MBI, ro-
7Ible, CUeNM B CAMOJIETHBIX Kpecnax, 1 mpu —60°C Bce BOIOCH Ha Tejle, KaKoil
OBl I/IVHBI OHY HYM OBLIY, BCTAaBalM AbIOOM — MOHATHO, YTO IIPY 3TOM Y IIO-
BEPXHOCTH Tesla 00Pa30BbIBAJICS IIPOMEXXYTOUHBIIT C/I0 ¢ 6071ee BBICOKOI TeM-
neparypoit. Torma Bpay, koTopas 3a HaMM Habofiana, IpefIoKMIa: B KaMe-
pe BKJII0YaTb BEHTU/IATOP [Ba METPa AMaMeTPOM Kakjble 10 MUHYT 114 TOTO,
94TOOBI CAYBATh 3TOT IPOMEXYTOUHBII coit. Hago ckasaTp, 4TO BOT TOrAa HAM
IPUILIOCh OYeHb TSHKKO IIpU —60°C U Ipy BEHTU/IATOPE B TeUYEHNE Yaca...»

ITO MHTEPBbIO MOABUIOCH HA OJHOM U3 CaliTOB, IOCBALIEHHBIX CTOPUN
poccmiickoro anpnuumsma [Jlametuna, 2006]. Mbl mepernedaTany ero mo4YTU
IIOJIHOCTDIO, IIOCKOJIbKY BCE YMC/IOBblE Pe3y/IbTaThl 3TUX YHUKAIbHBIX JKCIIE-
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PUMEHTOB NOCTaNnNCh BOEHHBIM U BpAN N B 6mKaiiiee Bpe€Ms CTaHYT OT-
KpPbITBIMMU. Tem He MeHee HIYKE MbI IIpUBOAMM HallIN HPI/I6TII/ISI/IT€}II)HI)I€ TEIII0-
(bmsmqecxme PpacdeTshl, ICXOAA 3 YIIOMAHYTbBIX YCTIOBI/II‘/'I ITUX IKCIIEPMMEHTOB.

Kak mbl ocThiBacm?

OueBnpIHO, YTO BCe Tena (KMBbIE MM HEXXVBBIE, JOCTUITINE TAHTPUIECKOI pe-
a/IM3alyy MV IPOCTO HaXOAAILIMECS Ha MOPO3e) JO/DKHBI IOJUMHATHCA U3-
BECTHBIM 3aKOHaM QU3VKU TeIlIoNepefadl, a eC/Ii pedb MeT O )KMBHIX Te/lax,
TO ellje ¥ M3BEeCTHBIM 3aKOHaM (PU3MOIOrMM TepMOperyIanyn. Temmoornada
00Ha)XEHHOTO Tela B COCTOSHUYM OTHOCUTENILHOTO IIOKOSI CBOGUTCSA K TEIIO-
HpOBeNeHN0 (KOHBEKIVM), VICHIAPEHNIO 4epe3 HMOTOOTHAEe/IeHNE U TEIJIOBOMY
usnydenuto. IIoTooTneneHne Ha MOpo3e, KaK IIpaBUIO, IIPYOCTaHABIMBACTCS
[baproH, 1957, 58], 1 Torga nmorepu Teria OyAyT OMMCBIBATbCA CYMMOII TEIIO-
OTZauy C IOBEPXHOCTHU TeJIa 3a CYET KOHBEKIVM U M3TydeHuA. VIHbBIMK cr1o-
BaMJl, OPraHU3M OCTBIBaeT, HarpeBasi BO3YX 3a CYeT pa3HOCTM TeMIIEpaTypbl
MeX/ly HUM U TeJIOM, a TaKXKe M3/ydas TeIUI0O B MHPPAKPaCHOM Jiuala3oHe.
DopMyIIBI [/Is1 KOMUYeCTBEHHON OLIEHKY 3THX IIPOLECCOB XOPOIIO M3BECTHB
[baproH, 1957, 46; Tepman, 2011, 456].

A VIMeHHO: OTepM TeIl/Ia 3a CUEeT IIPOBEMICHNS OIVCHIBACT 3aKOH OXJIaXK-
nenus HproroHa (1) — CKOPOCTb OX/TaXKIeHUs TeJla IPAMO IIPOIOPLMOHAIbHA
IUIOIA IV TIOBEPXHOCTY 3TOTO Te/Ia ¥ pasHMIle TeMIIepaTyp MOBEPXHOCTH Tefla
U OKPY>KaoIleil Cpefbl:

H=C-S(T-T), o)

rge H — ckopocTb TemnooTgaydn B Kkaj/ vac,

T — temneparypa tena (37 °C umm 273 + 37 = 310 K — rpagycos KenbBuHa),

T, — Temmeparypa okpy>xamoueit cpensl (273 - 60 = 213 K),

S — mIomapb MOBEPXHOCTH Tena (JIs1 CpeHeCTaTUCTUYECKOT0 B3POCTIOrO
ee IpUHUMAIOT 3a 1,8 M?),

C — xoadduimeHT TemnooTnauM ([iA Tema UelnoBeKa 9TO IIPUMEPHO
4Bt/Mm?*-K). TennooTnaya KOHBeKIIVell B TAKUX YCIOBUAX COCTaBUT IIpUOIN-
sutenbHo 700 BT, manu 600 kkan/4gac.

Termnonorepy u3ny4eHneM BBIYUCTIOTCA 10 3akony Credana — Bosmbil-
MaHa (2):

P=0-e-S-(T*-T)", )

rge P — TenoTa, TepseMas 4el0BeKOM IOCPeICTBOM U3Ty4eHNs IIPK B3a-
MMOZENICTBIN C OKPY>KaIOlLleil Cpefo,
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T, — cpenHeB3BellleHHas TeMIlepaTypa KOXXM, KOTOPYIO IpMMeM Ha HIVDK-
HeM Topore MepeHoCUMOCTH YenoBekoM B 20°C,

0 — nocrosinHas Credana — bonpumana, paBras 5,7- 1078 Br/m?K?,

€ — IOIIPAaBOYHBIN KOIPPULMEHT [/Is1 KOXI 6eloro demoBeKa, paBHBII
npubnusurensHo 0,55. Torga Tenoorfada 06HaXKEHHOTO YeTOBeKa U3y eH -
eM B TedeHue yaca npu —60°C coctaBut npumepso 300 Bt, mmm 250 kxan/4.

Htoro cymmapHble TenIonoTepy 0OHa>KeHHOTO YelloBeKa B paccMaTpuBae-
MBIX YCTIOBUAX COCTaBAT 0Koj1o 1000 B, man 860 kkan/ 4.

B 6onpuinHCTBe yueOHUKOB (PM3MOTIOTUM B 9TOM pasfere yIOMIHAIOT ellje
TeIIONIOTepU Ha HaTrpeBaHUe BABIXaeMOro Bo3fgyxa. OfHaKO TOYHBIN pacyeT
KOJIYeCTBa TelljIa, HeOOXORMMOTO JJIs 9TOTO, JaeT IOPa3sUTe/IbHO Masible Be-
nmuunnbl. Tak, g Harpesa 0,5 1 Bo3ayxa (cpemunit o6beM Boxa), ot —60°C
mo +35°C morpebyercs Bcero 0,015 kkas. 3a yac 4el0BeK BJOXHET IPUMEPHO
500 11, saTpaTus 15 kkanm — 1,5 % oT cymMMapHOJi TennooTxadu B 860 Kkan/ 4.
IIpyymuHa 3TOro — 4YpesBbIYAIHO MajasA yhedbHas TeIJIOEMKOCTb BO3JyXa:
Bcero 0,241 xxan/kr- K.

Kaxk mbI rpeemca?

IMopcunTaHHbIe TEIJIOIOTEPU JOJDKHBI OBITH CKOMIICHCHPOBAHBI TEILIO-
IpOAYKLMell, MHAaYe Halllil FepoM IIPOCTO He BBDKMIM Obl. CornacHo oOie-
HNPUHATHIM IPECTaBAEHNUAM, TEIJIO IPOU3BOAAT BCE K/IETKYM OPraHU3Ma, I10-
CKOJTIbKY B HMX MJYT OKMCIAUTENbHbIE Mpolecchl. CUMTaeTCA TaKXe, YTO A
HOJiep>KaHNU A IIOCTOSHHON TeMIIepaTyphl JOIOTHUTEIbHOE TEIIO BBIPabaThl-
BaeTCA:

1) CcoKpallleHMAMY CKETEeTHBIX MBIIII, KaK MPOVU3BOIBHBIMM, TaK U He-
NIPOU3BOIbHBIMI, TO €CTh XOJIOJOBOI POXXbI0; COKPAaTUTENbHBIN TEp-
MoreHe3 mopoxjaet npubnusurensHo 800 Br;

2) 3acdYeT yCWIeHMS BHYTPEHHUX TEIUIOBBbIJeTIEHIII, He CBA3aHHBIX C CO-
KpallleHMAMM MBIIIIL; HECOKPATUTENbHBIN TEPMOT€HE3 JJaeT IIpUMep-
HO 400 Br.

Torma cymMa COKpaTUTENbHOTO ¥ HECOKPATUTEIbHOTO TepMOTreHe3a COCTaBUT
1200 Br (mpumepHo 1000 xkan/4) [Fanger, 1970], 4To HeHaMHOTO ITPEBOCXO-
OUT TEeIJIOOTAAaYy OpraHu3Ma npu Temmneparype —60 °C B TeueHMe OJHOTO Yaca.

VHbIMU cioBaMu, TPy IPUOIVKEHHBIX BBIYMCIEHUSIX BCe CXONUTCS C TOY-
HOCTBIO [0 NpPUHATHIX jonymeHuit. IlomrydaeTcs, 4To HMKAKOTO 4Yy#a TU-
OeTckye MOHaX¥ He IeMOHCTPUPYIOT U afalTUPOBAHHBIN K XO/NOAY YelOBeK
6e3 BCAKON MHOTOJIETHE OyAAMIICKON MEeZUTALMM MOXET BBIJIEP>KaTh STOT
Ha IIePBbII B3IJIsA[] yOUIICTBEHHDI XOMO,.
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[Touemy oboa0uka HE MOKET COrpeTh AAPO

B 1850 rogy npodeccop bepnmuuckoro yuusepcureta Pygonsd Knaysuyc gpop-
MY/IMpyeT OfuH U3 QyHAaMeHTaTbHbIX 3aKOHOB IIPUPOABL: «Terora He MOXXeT
cama o607t IepexoAnTh OT HoJIee XOMOZHOTO Tefa K 6omee TemiomMy» [Bropoe
Havyano tepmoguHamuky, 2007, 133]. Srot IIOCTYJIaT, M3BECTHBIN KaK BTOpOe
HayaJl0 TePMOAMHAMUKY B M3HAYa/NbHON popmynupoBke Knaysmyca, urxo-
pupyeTcsa B OONBUIMHCTBE PaboOT IO TEPMOPEryIALMM TEITIOKPOBHOTO Opra-
HM3Ma. Jlefio B TOM, 4TO IOBBILIEHHAA TeMIIepaTypa y TeIJIOKPOBHBIX KMBOT-
HBIX IIOCTOAHHA TOJIBKO B «Afipe» Tena. VIMEHHO MO3TOMY TaKMX >XMBOTHBIX
NpaBUJIbHEE HA3bIBATh TOMOMOTEPMHBIMU — C IIOCTOAHHOJ TeMIIEpPaTypPOIl.
A A7po 3T0 OKpY)XeHO 0007104KOI1 TeprdepryecknX TKaHell, TeMIepaTypa Ko-
TOPBIX ABJIsAETC O0JIee HU3KON U B OOJIbILIelT CTEeIIeHN 3aBUCUT OT OKPYKalolieil
Ccpefbl — MHBIMM CIOBaMM, Ha MOPO3€ OCTBIBAET, KaK M y XOJIOLHOKPOBHBIX
(IOMKM/IOTepPMHBIX — C HEIIOCTOSHHOI TeMIlepaTypoii) >kuBoTHbIX. Ha puc. 2
NIPUBENEHBI M30TEPMBI, IOKa3bIBAKOIIVE€ COOTHOLIEHNE TOMOMOTEPMHOTIO AL pa
Tejla CO CpefHeB3BellleHHOII TeMIeparypoit 37 °C 1 ero IoiKuaoTepMHoi 060-
JIOYKU, TeMIIEpaTypa KOTOPOJ MEHAETCA B 3aBUCHMOCTY OT BHEIIHEN TeMIIe-
paTypaL

JIerko BUAIETD, YTO B YCTIOBUAX XO/IOf1a ITPAKTUYECKY BCA CKEIETHAA MYCKY-
JIaTypa HaXOUTCS B 06/1aCTH C IIOHVM>KEHHOJ TeMIIepaTypoli, TaK 4TO, COIIACHO
BTOPOMY Hadany TEPMOSUHAMUKM, TEIIONepefada MOXeT ObITh HalpaBieHa
TOJIBKO OT A pa Te/la HapYXKY, K MBIIILIAM, U Jjajie€ OT MBI — K CIeYIOIEMY
«XONIOAVIbHUKY», TO €CTh BO BHEIIHIOIO Cpefy. VI3 3TOro ciefyer, 4To, CKOIbKO
OBl TeIl/Ia Yt IIPOM3BOAV/IM MBIIIIIbI, COTPETb BHYTPEHHME OPraHbl OHY CMOTYT
NVIIDb IPY HATMYUU TETJIOU30MALMOHHON HAPY>KHO IIPOCTIONKU. ITO MOTYT
ObITH MeX, IIEPCTh WIM TeIIasi OfeX/a 3 TeX JKe MIEPCTU MM MeXa, CO37a-
IOIIJE CJIOV BO3ZyXa BOKPYT Tejla M BO3Bpallalollyie TEN/I0 B opraHusM. Jlna
00Ha)KEHHOTO Ye/IoBeKa BCe TeIl/IO, IIPOM3BOAMMOE CKEETHBIMMU MBbIIIIIAMI,
OyZeT YXORUTH Ha 060rpeB OKPYKAIOLIell Cpefibl, HO He «sifpa» Tefa.

VtaK, COKpaTUTENbHbII TepMOTeHe3 B MBILIIIAX MOXKET ObITh CKOIBKO-HMU-
6yab 9 pexTHBEH TONBKO IPY HATIMYNY TEIIOU3OTIALIUNL.

lomoiioTrepMus — 310 HE TOABKO TEILIOKPOBHOCTD

CaMoe MHTepeCHOe, YTO BIIEPBBIE CIIOCOOHOCTD M30MMPOBAHHBIX MBIIIL] IPO-
U3BOJUTD TeIUIO Obla 3apMKCHMpPOBaHa Ha HOPTHSXKHOI MBILIIIE JIATYIIKUA —
TUIIMYHOI'O XO/JIOFHOKPOBHOIO >XMBOTHOIO, ¥ [IO CUX IOp KO/IMYeCTBEHHbIE
COOTHOIIEHMSI MEXJY COCTABIAKLIMMU TEIUIONPOAYKLUMUM U3BECTHBI TONb-
KO I MBIIIL] 3¢eMHOBOAHBIX [XackuH, 1975, 73]. VI XoTA HesCHO, HaCKOJIb-
KO OHU NPUJIOKUMBI K TEIJIOKPOBHBIM >XMBOTHBIM, B OOJIBIIMHCTBE paboT
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10 pU3MONOINM TePMOPETYIALUN IOFPa3yMeBaeTCsl YHUBEPCANTBHOCTD 9TUX
otHoIIeHNi1. COOTBETCTBEHHO, IOC/IE TOTO Kak B 1949 r. aHIImitcknit ¢pusmo-
nor Apunbansy Busuen Xunn (ygocroeHusit B 1922 r. HobeneBckoit mpeMun
«3a OTKPBITHUS B 00/IaCTy TeIIO0Opa30BaHMsI B MBIIIIIe») HAILET, YTO TEIIO-
HPOAYKIMA OfMHOYHOTO COKPAIleHN A TOPTHAXKHOI MBIIIIIBI Xa0bl COCTABIA-
eT 3 mxan/r [Hill, 1949], uMeHHO 5Ta BenMuNHA B HAyYHOI IMTepaType CTala
¢urypnpoBaTh Kak sHepreTnyeckas KOHCTAaHTa OJVHOYHOI'O MBIIIEYHOIO CO-
KpallleH! s, CBOJICTBEHHAs BCEM OCTa/lIbHBIM >KMBOTHBIM, BK/II0Yas 4elOBeKa
[benpomn, 1970, 177].

OpHako CIIOCOOHOCTD MBIIIL] 3¢eMHOBOJHBIX paccerBaTh SHEPIUIO B BUJE
TeIl/Ia He fleflaeT UX TeIJIOKPOBHBIMY XXMBOTHBIMY. DONBIIMHCTBO NeTalomuX
HAaCeKOMBIX TaKKe CIIOCOOHBI POM3BOAUTH JOCTATOYHOE KOJMYECTBO TeIlia
3a CYeT COKpallleHMI1 JleTaTeJIbHBIX MbIHIL. K mpuMepy, iMeb BeCHOI IepBbIM
OTIpaBiseTcss Ha cOOp HeKTapa, IOCKONbKY OINYIIeH)e Ha Tejle MO3BOJIAET
€My COXpaHATb BbIpabaTblBaeMoe JieTaTe/IbHbBIMI MbIIIIIAMHU TeIlIo. A 6ab04-
Ka BaHecca, B3MaxmBasA KpbUIbAMMY, JJa)ke B NPOXJIafHyIo norogy, npu 10°C,
32 HECKOJIBKO MMHYT yMYyZipsieTcs corpeTbea 1o 35°C, a BO BpeMsA MOJIETa ee
Temneparypa gocturaer 37 °C, KaK y TeloKpoBHbIX. Ho HacekoMble Hecio-
COOHBI O PXKUBATD IOCTOSHHYIO TEMIIEPaTypy Tejla, YTO M Ha3bIBAETCSA IO-
MOJOTEPMUEIL.

CyTb rOMOMIOTEPMUY COCTOUT HE B TOM, YTO MBILII[bI TEI/IOKPOBHBIX JKU-
BOTHBIX IIPOM3BOAAT OOJbIIIE TEI/Ia, YeM MBILIIBI JIATYLIKY, & B IIPUHI[AIIN-
albHO MHOJI CXeMe pearnpoBaH s Ha USMEHEHM A TeMIIepaTyphl OKpy>Kaloliei
cpenbl. Y XOJTOZHOKPOBHBIX )XMBOTHBIX IIpYM IOHVM>KEHUM BHeEIIHeN TeMIle-
paTypsl OOMeH BellleCTB NafaeT, M aKTUBHOCTb XXMBOTHOTO YMEHbIIAeTCs
BIUIOTD IO TIOJTHOTO aHab1o3a. CoBceM MHas peaKlys Y TeIIOKPOBHBIX JXXKI-
BOTHBIX ¥ YeJIOBeKa: IIPM IOBBIIICHUN TeMIIEPaTypbl Cpefibl OOMEH BelljeCcTB
y HUX RO/DKEH CHIDKAThCS, a IPY IOHVDKEHUU TeMIepaTypsl — HAo00poT,
YBEeNMYMBATBCA [/1s1 BBIPAOOTKY OOJIbILIero Konu4yecTsa Tera. Bompoc Tonb-
KO B MCTOYHNKE 9TOTO [OIIOTHMUTEIBHOTO TeIlIa, KOTOPbIl B OONBLUIMHCTBE
paboT 10 GU3MOMIOrUM TePMOPETYIALMY IPUHATO CBSI3bIBATH C MBILIEYHBIM
TepMOTe€He30M, KaK COKPaTUTe/NIbHBIM, TaK ¥ HeCOKpaTUTeIbHBIM [/IBaHOB,
1965, 118]. Kak MbI y>ke BBIACHUIN, 3TO HIPOTUBOPEYUT BTOPOMY Havany Tep-
MOIMHaMMKU B IIepBOHa4yanbHOI Gopmynnposke P. Knaysuyca. MplleqHas
M COefMHUTENbHOTKAHHAs 000/I0UYKY NPUHIUNINATBHO He MOTYT COTpeBaTh
ARPO M B Ay4YlIeM CAy4Yae KCIONHAIT poib TelnousonATopa. Ind sToro
U NPeJyCMOTPEHBI COCY[OJBUIaTe/IbHbIE peaKLMM XOJIO[0BON afalTaluu,
pe3Ko cHIDKawlne nepudepuitHoe KpoBocHabKeHNe, YTO B CAMOM Jiefle 3Ha-
YYTENbHO CHIDKAeT TemnooTnady. Ho fma o6Ha>keHHOTO 4YeloBeKa, BBICTaB-
JIEHHOTO Ha MOPO3 C IIPOHMU3BIBAIOLIVM BETPOM, T0/Iasi 0007104Ka — sIBHO IIJIO-
XOIi Tennon3onATop. VIMeHHO 03TOMY M3BECTHbIE KaHaZICKII€e UCCIelOBATENN
XOJIOZ0yCTONYMBOCTH, AnaH bapToH 1 OTTO S1X0/IM, aBTOPbI KIIaCCUYECKOTO
TpyJa IoJ Ha3BaHMeM «e/loBeK B YCTIOBUAX XO0/I0fla», HA3bIBAIOT TeMIlepaTy-
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Py oKpy>Katomiest cpenbl Bcero B +2°C abCOMIOTHO CMepTENbHOI [i1s1 0OHa-
JKEHHOTO0 yenioBeka [baprown, 1957].

Ecnu Kakoi-To MCTOYHMK U MOXKET COTPETh «S[PO» Tela YelnoBeKa, TO OH
IO/KEH HaXOGUThCS IMyOOKO BHYTPM Tela. B KadecTBe BOSMOYXHBIX OPraHOB
BHYTpeHHel! TeIIONPORYKIMI YaCTO Ha3bIBAIOT IIe4eHb, KIIIEYHNK U Oy bt
xup. OfHaKo fake rpyOble pacyeTsl JOKA3bIBAIOT: UX HEJOCTATOYHO /IS ITO-
KPBITIS TEIJIONOTEPb 0OHA)KEHHOTO YeloBeKa B YCTIOBMSIX IIPOHU3BIBAIOLIETO
XOJI0fa.

Tak mano 6yporo :xupa

3a nocnennme 50 €T NOABUIOCH MHOTO COOOIIEHNIT O Ype3BbIYaTHO BBICOKOIL
TEepMOPETyIATOPHOI aKTUBHOCTM Oypoit >kxupoBoii TkaHu. OHa IpefCTaBIA-
eT co6oil pazbpocaHHbIe II0 OPraHN3MY CKOIUICHM S KM POBBIX KJIETOK Oyporo
IBeTa. B 3aMeTHBIX KommdecTBax OypBbIil KUP BCTPEYAETCSA TONBKO Y MJIEKO-
HUTAOLIVX U, B OTIMYME OT OOBIYHOTO 0€I0To >KMpa, KOTOPBIA OKMUCIAETCA
B IIeYEHU, OKVIC/IET CBOYM COCTaBHbIC YacTU (KMPHBIE KUCTOTHI ¥ IIULEPVH)
B COOCTBEHHOI KJIeTKe, IpUYeM IPaKTUYeCKM BCS SHEPIUs OKUCTICHUS UJET
Ha oOpa3oBaHue Telia. Bypelil BeT OH MMeeT M3-3a OOMINA MUTOXOH/PUIL,
B KOTOPBIX ¥ IPOMCXOUT MHTEHCUBHOE OKJCICHVE XUPOB. VIMEHHO OYpbIit
JKMP IO3BOJIAET XXMBOTHBIM IIJIABATh B XOJIOAHBIX MOPSAX WV BBLX/BATh B yC-
NOBMSX 3UMHell cristuku. KpoMme Toro, 6onbline ckoIIeHns 6yporo >xmpa cia-
CalOT [IeTEHbIIEN MIEKONMTAMIMX OT IEPEOXTaXKAEHNA BCIEICTBIE PE3KOI
CMEHbI TEMIIEpAaTyp HpY POXAEHUU. ITOT K€ MEXAHU3M HeJpOKaTelTbHOTO
TepMoreHe3a B Oypoll XMPOBOJ TKaHY HalieH ¥ Y 4e/IOBEYeCKUX HOBOPOXK-
meHHbIX. K coxxaneHmIo, y B3pOCIOro 4eoBeka OTHOCUTENbHAA Macca 6ypoit
KMPOBOII TKaHM COCTaB/IAeT efBa u 1 % oT Maccel Tena [Cypess, 2009], u Tou-
HBIIl pacyeT MaKCHMMaIbHO BO3MOXKHOTO BK/Iafia TeII00Opa3oBaHus B 6ypoM
XJpe HOoKasbIBaeT, YTO AuPy3us Telna OT HETO CMOXKET IOBBICUTD TeMIIe-
parypy Bcero Tena muuib Ha 0,05°C (mpy ycrmoBUM Ipefie/IbHO JOMYCTUMOIN
BHYTPUK/IeTOYHON TeMneparypbl B 42°C). OueBugHO, AnA 4YenoBeKka OYpbIi
XKUP Heb3sd pacCMaTpuBaTh Kak 3((eKTUBHBII ICTOYHMK Tellla IpK 3allnTe
ot xonopa [MBa"os, 2007, 68].

JI711 TIOMTHOTBI M30XKEHUA pacCMOTPUM U II€Y€Hb, KOTOPOII TaKKe IIPUIIN-
CBIBAIOT 3HAUMTENbHBIN BK/IAJ B TeIUIONpOAyKUMio. OTHAKO ee OTHOCUTENb-
Has MaccoBasd IOl HEHaMHOTO IIPEeBOCXOAUT KONMMYECTBO Oyporo X1pa B op-
raHMu3Me 4e/loBeKa: CpefiHAA Macca IedeHM B 1,5 Kr cocrasnser efBa mu 2 %
OT MacChl CPeJHECTaTUCTUYECKOTO YeoBeKa BecoM B 70 KI. VI xoTa TeMnepa-
Typa B Ile4eHU JieficTBUTENbHO Ha 2-3°C 6osblile, HO 9TUM U OTPaHUYMBAeT-
Cs1 TENJIOBOJ HAIIOp, HeOOXOAVIMBIN /I HarpeBaHUA «Axpa» Tena. CIUIIKOM
MaJia pasHMIla TeMIIepaTyp BHYTPU U BHe [TeYeHH, ¥ CIMIIKOM Masia 0O'beMHas
CKOPOCTb KPOBOTOKA Uepe3 Hee. To 5ke MOXXHO CKa3aTb ¥ O TeIUIONPONYKLINN
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B KumeyHuke. [IpubamusuTenpHble pacdeTs! JOKA3bIBAIOT, YTO TEIIOBBIAENE-
HS1 B OHOU TOTIBKO GPIOLIHOI [OTOCTY SBHO HELOCTATOYHO /IS IORAEpIKa-
HUsI TOMoitoTepMun, ocoberno mpu —60 °C.

Tepmorenes B aerknx?

B 1960 r. B usparenncrBe Axasemuy Hayk CCCP Bbinia moHorpagusa co-
BETCKOTo 01mo¢um3nka aBCTPUIICKOTO INPOUCXOXJIEHMS, CTapllero Hay4HO-
ro corpypHuka Mucruryra 6mopusuku AH CCCP Kapna Curnsmynpgosnya
Tpunuepa oy BecbMa 3aMBIC/IOBATBIM Ha IEpPBBIN B3I/IAL 3aroloBKOM «Tem-
noobpasoBarenbHasas (QYHKUMA UM IETOYHOCTh peaklMM JIETOYHON TKaHM»
[Tpunuep, 1960]. Onacenus aBTopa, AABILIETO CBOEIl KHNUTIe HECKOTIBKO 3aBya-
NMMpOBaHHOE Ha3BaHMe, ObIIN He OeCIIOYBeHHBI. XOPOIIO M3BeCTHA POJIb JbIXa-
TEJIbHBIX ITyTell U JIETKUX B OX/TAXKAEHNUN IIePErPeToro COOCTBEHHBIM TEI/IOM
TOMOJIOTEpMHOTO OpraHy3Ma. bivkaimii mpuMep: cobaka B )Kapy 4acTo Hbl-
IIUT, BBICYHYB A3BIK, YTO U CIIAcCaeT OT IeperpeBa ofieToe B IIyOy KUBOTHOE,
JUILIEHHOE NOTOBBIX JKenne3. Ho BOT y4acTue 1erkux B TEIIONPOAYKIUY — SAB-
nenye, daxtudecku orkpbiToe K.C. TpuHuepoM, — HOKa OCTaeTcst XOpOILIO
000CHOBAHHOIT, HO OKOHYATEIbHO He [JOKa3aHHO TUIIOTE30I.

Hccnenys cynbOy XUpoB, HOCTYNMBUINX B OPraHU3M TeIVIOKPOBHBIX JXI-
BoTHBIX, K.C. TpuHuep ocTaHaBIMBaeTCs Ha JaBHO M3BECTHOM (QakxTe: Ipu
IPOXOXKAEHUM KPOBU 4epes JIeTKMe, TO eCTb B MaJlOM Kpyre KpoBooOpalle-
HI, U3 Hee U3BEKAIOTCA KUPbL. DTO OTKpbITHE cfienany nodTu 100 et Ha-
3aj ppaniysckue pusmonoru Poxe u Bune. C Tex mop 6bUT HAKOIIEH OTPOM-
HBIIl 9KCIIEPMMEHTAIBHBII MaTepuasl U ObIJIO YTOYHEHO, KaK1ie MMEHHO SXMPBHI,
JKMPHBIE KUCTIOTHI ¥ )KMPOOOPa3HbIe BelleCTBA OKUCIAIOTCSA B JIETKUX.

B mocnepHux cBoux paborax, y)xe Ha pOLHOM HeMELKOM s3bIKe, OyAy4n
npodeccopom BeHCKOro yHMBepCUTETa, OH HAa3bIBal 9TO sABIEHME IPAMBIM
cnoBoM Fettverbrennung — «cxxuranue >xupa» [Trincher, 1991]. I B camom
7ie7ie, MIMEHHO JIETKE, Yepe3 KOTOPbIE 33 KOPOTKOE BpeM A IIPOXOAUT BCA Macca
UMPKYAUPYIOLIeil KpOBYU, — HaM/Iy4YLINii IPETEHEHT Ha POJIb IIOJOrPeBaTeN,
oA Aep>KMBAIOILETO TEMIIEPATyPHBI TOMEOCTA3NC. B ycmoBuAX >xapel 1erkue
OYRYT OX/IaX[aTh KPOBb, a B YCIOBMSIX XO/IOAA, HA0OOPOT, corpesars ee. Cy-
LIeCTBEHHOE MPEUMYLIECTBO JIETKUX KaK IJTABHOTO OpTaHa TEIIONPOAYKLUM
COCTOMNT ellle ¥ B TOM, YTO B JIETOYHOM ITy3bIpbKe (BHYTPU a/IbBeOJIbl) HeT (u-
3MKO-XMMMYECKMX OIPAaHMYEHMII Ha IIPEBbILIEHME INPENENbHO JOIYCTUMON
TeMIlepaTypbl BHYTPUK/IETOYHBIX OKycIeHnit (He 6omee 42 °C — TeMIepaTypbl
cBEépThIBaHMA Oenka), Ipexxpe Bcero Omarogaps appekTBHOMY OTBOAY TellIa
II0 MaJIOMY Kpyry kpoBoobpameHus. Kcraru, aHanmormaueiM 06pasom o6bsic-
HsAeTCcs (PEeHOMEH «XOXKZAEHUA 110 YITIAM»: HeHapylIeHHbII KPOBOTOK B CTOIIE
OTBOJMUT TEIJIO OT pacKa/IeHHBIX YIJIeli, He JONyCKasl TEIIOBOTO IOBPEXXKJeH N
TKaHell.
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Tor;[a HarpeTas B JIETKMX KpOBb, KaK HOI[OI‘peTbIﬁI SKUTKNI TEIIZIOHOCUTENb,
II0JA€TCA B <<060H0‘{Ky» Tena I €€ HEMEJIEHHOTO pa30rpeBa, IMpEenATCTBYA
IIpEeXAEBPEMEHHOMY II€PEOXTAKAEHIIO KOHEYHOCTeN TEIIJIOKPOBHOT'O J)KMBOT-
HOro. HPYI‘I/IMI/I C/I0BaMM, TaK pe€an3yeTcsa reMoANHaMNIeCKasa TEpMOPETYIIA-
¥ TEIJIOKPOBHOTO OpraHn3Ma. HPI/I 9TOM MOIIHOCTDb TEPMOI€HE3a B JIETKMX
JOJI>KHaA OBITH 3HAYMTENHHO BbINIE, 9YEM Y COKPAaTUTE/IbHOTO I HECOKPATUTENb-
HOI'O TéEpMOreHe3a.

A kak ke TyMMO?

BoT Tenepb MBI MOXXEM BEpHYTbCS K TAVHCTBEHHOI IIPaKTUKe TMOETCKUX i10-
rnHOB. VIMeHHO 3Ta HepecnmpaTopHas (HefbIxaTe/bHas) QYHKIMA JTETKUX
U I03BOJIACT HaM CBOOOIHO [IBILIATH Ha TIOTOM MOPO3€, IIOCKOIbKY XOTOHBII
BO3/IyX COTPeBaeTCsA OFHOBPEMEHHO C KPOBBIO 3 CYeT BHYTPMIETOYHOTO OKJIC-
TIEHU A )XUPOB, IIPY KOTOPOM BbIJIENATCA TEILIO, YITIEKMUCIbIN Ta3 U BOJA, KO-
TOPYIO MBI I BUIMM Ha XOJIOfie B BUJIe IIPUBBIYHBIX KITYOOB «I1apar.

Bropouewm, Hanb6osee CylecTBeHHBIN 13 HayYHbIX pesynbraTos K. C. Tpun-
gepa COCTOUT He B TOM, YTO OH TEOPETUYECKM ¥ SKCIEPUMEHTANbHO JJOKa3as
¢akT HeepMEHTATMBHOIO OKMCIEHUSA XXVPOB B JIETKUX, HO B HaXOXXICHUM
YCTIOBUIL, BBI3BIBAIONIVX 3TOT IHpouecc. O6HApYXUB IPK OCTPOI KPOBOIIO-
Tepe y HMONONBITHBIX )XMBOTHBIX IOBBIIIEHNE TeMIepaTypbl BHYTPH JIETKUX,
K. C. Tpundep nepedncnsger Bce IpodMe yCIOBUA — U HAXOJAUT UM 3KCIIEPU-
MeHTa/IbHble MOATBEP)KAEeHNA, — IpM KOTOPBIX 3aIyCKAaeTCs BHYTPUJIErOd-
HBIIT TepMoreHes (puc. 4).

YMeHbLueHne cooepxaHud
Kncnopoada BO BObIXxaeMOM

BO3Jyxe
KpoBonoTteps Ay Xonopg

CocTosiHMe rmnokcum

BHyTpunero4yHoe oKUCreHme XMpoB

TennonpoayKkuusi B nerkux Ans nogaepkaHns TennoKpoBHOCTH

Puc. 4. Cxema nerousoro repmoretesa 1o K. C. Tpunuepy [Trincher, 1991, 25]
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B ycTaHOB/IEHMM TAKOTO POfia 3aKOHOMEPHOCTEN M 3aK/II0YAETCs ITTaBHAA
3aflaya HayKM. SIB/eHNA, Ha TepBbIil B3I/IAJ, HUKAK He CBA3aHHBIE IPYT C [Ipy-
TOM, OKa3bIBaIOTCH OObeflMHEHHBIMM B OZHON HOBOII, Jloce/le HeM3BECTHOI
3aKOHOMEPHOCTHM, B JJAHHOM C/Iy4ae OINJChIBA€MOJl BCETO OJHUM CIIOBOM —
eunoxkcemus, IOHVDKEHHOE COofiep>KaHMe KMUCIopofa B KpoBu. OHO 3allycKaeT
TE€PMOT€He3 B JIETKMX He TONIbKO Ha XO0JIOfie, KOrfla TMIIOKCEMUYECKUI CUTHA
HOPOX/IaeTCAA CIIasMOM IepudepudecKnx COCyHOB, HO U BO BpeMs ¢usude-
CKOJl pabOTBhI, KOTJja MBILIIIBI, aKTMBHO IIOTPeO/IAIONINEe KUCTOPOJ, U3 KPOBI,
OBICTPO CO3JAI0T BCE TOT )K€ I'MIIOKCEMUYECKUII CUTHAI, 3allyCKAIOLINIi Ipo-
1LlecC TeIJIONPOAYKL MM B IerKKX. BoT moyemy, pasorpersle 10 IOTa, MBI CKU-
IBIBaeM OeXZly Ha MOpo3e, YTOObI yyjo0Hee 6bI10 KOMOTh ApoBa. Ha Beaxuii
CIy4ail IOBTOPUM ellje pa3: MbIIIEeYHbIiT (COKpaTUTe/IbHBII) TepMOTeHe3, KOTO-
PBIIl CYMTAJICSI OTBETCTBEHHBIM 32 IIOBBILIEHHYIO TEIUIONPOLYKLNIO BO BpeMs
VHTEHCUBHOI (p13MUeCcKOll Harpy3Ky, OTIPaBIIsieT BCe BbIpabaTbiBaeMoe Tell-
710 Ha 000TpeB OKPY>KaI0Iero MOPO3HOTO BO3/iyXa, HO HUKAK He BHYTPEHHETO
«sAppa» Tena. A BOT BBI3BaHHBIN pabodell TMIIOKCHell TepPMOTeHe3 B JIETKVX pa-
30rpeBaeT Hac B IIOOBIX YC/IOBUAX — M Ha XONIOAE, V1 TeM boJiee B XKapy.

Pexkoncrpykuus

Hamu cobcTBeHHBIE MCCIEOBaHMS MO3BOMUIN PEKOHCTPYMPOBATH TEXHO-
JIOTMIO TYMMO M IIPOBECTY VICIIBITAHUSI METO/ja B PAa3/IMYHBIX YCIOBUAX (BO3-
IYIIHOE OXJIaXX/IeHMe, BOJIOTIA/Ibl, CTOsI4asi XOMogHas1 Bofa) [MunBanees, 2008;
Munsanees, 2012; Munsanees, 2014; Minvaleev, 2014].

ViMeHHO Tako¥i NMOAXOJ, TTO3BONNI B CBOE BpeMs M3BECTHOMY MCCIIE[iOBa-
TEJII0 JIOTMYEeCKNX MPaKTUK Mupue Innazse 06befUHUTD pa3nuyHbIe CIOCO-
OBl MHUIIMALIMM «BHYTPEHHETO >Kapa» (aMaHCKWIL JKap, BeAMYeCKUII Tamac,
KYHJAJIVHA B Jiore U TMOETCKOe TYMMO) B 3aKOHOMEPHOJ! 3BOJIOLIMY IIOCTIe-
TOBaTeTbHOTO 3aMMCTBOBAHMA: «...TYMMO SABIAETCA MOTO-TAHTPUYECKUM
yIpa>KHEHMEM, XOPOLIO M3BECTHBIM B acKeTudeckoi Tpaauuum Vingum. Mbl
y>Ke YIIOMMHAaIM CUJIBHBIN ap, BOSHMKAIOWINIT IIpU MPOOYXeHNN KyHJa-
nvHu. TeKCcThl CO06IAIOT, YTO IICUXMYECKOe TEIIO 00pa3yeTcs: MOCPefCTBOM
3aJepXKKM [BIXaHUsA UM IPeoOpasoBaHMA CeKCyanbHON 3Hepruu...» [dnma-
me, 2012, 317]. CnepyeT OTMETUTb, YTO 3TOT BBIBOA Mupum Dnmane oCHOBaH
He TO/IbKO Ha CPaBHUTE/IbHBIX aHAJOTUAX, HO ¥ Ha JIMYHOM OIIbITE OCBOEHU S
psAfa orMYecKUX MpaKTUK, BK/IIoYas IpaHasMBbl, B aipaMax Pumukema B Ce-
BepHoIt VHANN.

K ananmornmuHomy BbiBopy nputuen u I'me6 Huxomaesny Myspykos, omy6-
JIMKOBABIINIT MOAPOOHBIE HACTAB/IEHM 110 IIPAaKTUKe TYMMO IT0C/Ie 00y4YeHu s
B OJJHOM M3 MOHAcThIpell TubeTckoro paitona Ampo [Myspykos, 2010, 24].
ITo HauleMy MHEHWI0, MMEHHO JIMYHBI OIIbIT [71e6a MyspyKoBa Jja/l OCHOBaHMe
0003HaYNTD NPAKTUKY HOfbeMa KYHIAAIMHY «KaK IIPapOAUTENbHALLY TYMMOY,



Puc. 5. Cxema BU3yanusupyeMbIX KaHaJIOB IIPY BbIIIOTHEHUA
oibeMa KyH/Ia/IMHI

YTO IIO3BOIMJIO M HaM VICIIONb30BAaTh M3BECTHBIE JOTMYe-
CKJe TeXHOJIOTMM i1 PEKOHCTPYKIINY TeXHUKM TYMMO BHe
TaHTPUIECKUX PETUTMO3HBIX IIPefICTaBIeHNUIA.

I'mnoxcuveckuit CTUMYJT BHYTPUJIETOYHOT'O TepMOTIeHe-
3a o [Tpunuep, 1960; Trincher 1991, 25] oka3asncs BonHe
aJleKBaTHBIM OOBsICHEHMEM pasorpeBamplnero (ramac) ad-
(bexTa 3ayiepkeK AbIxaHuA (IpaHasiMa) M HPOMYIbCUBHBIX
ABVDKEHUI IepefHell CTEHKM >KMBOTa (arHucapa/Haymn),
KOTOpbIe 11 HAll/IM CBOE MECTO Cpefy HaO/MofjaeMbIX YIPa>KHEHNIT BO BpeMs
npakTuky rymmo [[asup-Heasns, 2003, 286].

B mpakTuke Tak HasbIBaeMOro nodvema KyHodnunu (puc. 5) IpUMeHs-
Nach MOC/Iefi0BaTeNbHas TPoJiHas OaHpxa (Myna — yAmMsAHA — JpKajlaHfgXa-
pa) B pasHBIX BapuaHTax. JIHOrga Bce GaHIXM BHINOTHSIUCH BMECTe, MIHOTAA
Kakiasg O6aH[Xa B OT/IIBHOCTY B COYETAHNMMU C acaHAaMU U/ VIU IIpaHasIMON
(Maxabanpxa, 6XyI)KaHracaHa, MaxaMyZpa, MaxaBeTxa). Bce aTu TexHuYeckue
HIpUeMbl HOLPOOHO U3/IOXKEHBI B COOTBETCTBYIOLIEH auTeparype [YmaHuma-
IbI JIOTM U TaHTPBL, 1999, 136], 10 KOTOPOIL MBI ee ¥ BOCIPOU3BEIY, OIMpa-
ACh Ha ony0nuKoBaHHYI0 I7ie6oM MyspykoBbIM MeTOAUKY [My3pykos, 2010]
U psJi TEKCTOB IO NpakTuke TyMMo [[lonkama, 2010; Mynus, 1998; Ty6ren
Eiue, 2010].

MeTtoanka 3KCTPEHHOTO MOBBITICHIUS TEILOMPOAYKITHIT
Ha OCHOBE a/IalITMPOBAHHON MTPAKTUKM HOTH BHYTPEHHETO
Temna «rymmo» (asropsl Misanos A. W., Munsazees P. C.,
Tumodeen B. 1.)

Yeaosnsa npnvenenns

YenuHeHHOe MeCTO J/1 MMHUMM3ALMUY OTB/IedeHNA BHUMaHKA. JKenaTenen
BHELTHUIT XOMOf, As obecnedeHus oOpaTHOI CBs3K 3P PEeKTHUBHOIO OCBOE-
HYS IPAaKTUKYU U A/ OTBOZA M3OBITOYHOTO TellIa (3aliTa OT Ieperpesa),
HalpuMep:

1) cups Ha MOpO3e IpK OTPULIATENbHBIX TeMIlepaTypax (B mapke, Ha 6aj-
KOHE);

2) cups B XOJIO[{HOIL BOJle, OCTABUB TOJIOBY HaJ| BOZOM (MOXKHO U B BaHHOI
CO JIBJIOM);

3) cups IIOf BOROMAOM, He OJCTAB/IASA FOJIOBY 1107 [Ia/JAIOLIYI0 BOJY.
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ITocnemoBaTenbHOCTD AEMICTBUIL M BU3yaAIM3aLMIL, [Iellb KOTOPBIX — obecrie-
YeHMe IIPaBU/IbHBIX MBILIIEYHBIX HAIPSDKEHU (MIeOMOTOpPUKA):

IMopgroToBUTENbHBIE YIIpa)kKHEHNU A (MOXKHO BBIIIONHATD B OfieXK e /1A IIpef-
BapUTE/IbHOTO pa30rpeBa):

1. Ilpunumaem acaHy B cMbicie IlaTaHpkanu, TO eCTb Kak YJOOHBII
M YCTOMYMBDIN Cef («10TOCY, «IIOJIYJIOTOC», TIO-TYPeLKy; Ipyu He0b-
XOAMMOCTY IOfK/IafiblBaeM 4TO-HMOY[b MATKOE IIOf, Cefasyine [
obecrnieyeHNs MOSACHNYHOTO JIOPA03a M JIIA MUHMMM3ALUU OTBIeYe-
HUSA BHUMaHUS).

2. BblnmonHseM ynpaXHeHUs MPYHKOP («TOTATMBaHYE TbBa», KHATATYBA-
Hue nyka» (puc. 6), CKpyuuBaHue, BBITATUBAHNE BBEPX, CAMOMACCaX
OT TY/IOBUILA K KOHEYHOCTSM M IIPOUMII «THOETCKMIT PUTHEC»; CM., Ha-
npumep, o I. H. Myspykosy [Myspykos, 2010, 85]).

3. BoimpsMIIeHMe CIIMHBI € YIIOPOM TBUILHOJN CTOPOHBI TafloHel B beppa
C OHOBPEMEHHDBIM CBEJJeHMEM JIONATOK.

4. BpIcMapKMBaHMe ITOC/IENOBATENBHO Yepe3 KaXKyI0 HO3APIO € 3aKMMa-
HIEM JJPYTOIL.

Puc. 6. IIpensapurenbHble yIpa>KHEHNs TPYHKOP B BEPXOBbAX peku buac
(Cesepnas VMupus). Beinonuser B. V. Tumodees



u

ArHucapa (Haymm).

6. «JIpIXaHUe Basbl»: MeJIeHHbIE I CIIOKOHbIE BJOXY U BBITOXU C OTCIIE-
JKMBaHMEM ITOTOKOBBIX OLIYIEHNT B HO3APsX (Hab/ofeHye Ipoxa-
Ibl Ha BJJOXE, TEIIO HA BBIJOXE), C AKI[EHTOM Ha OPIONIHOM [[bIXaHUN
(Ha BHOXe BBHIMAYMBAEM HU3 KMBOTA, HA BBIIOXE BTATUBAaeM). Bbimo-
HSETCST O TIOSIBTIEHMST YCIIOKOeHVIsI, O0IIell MBILIeYHON pe/laKcarm
U CIIOCOOHOCTH YCTOMYMBO YAEP>KMBATh BHIMAHIE.

OcHoBHAA MPAKTHKA

1. O6s3arenbHOE BBICMapKMBaHNUe IOCIEHOBATENIbHO 4Yepe3 KaXKAYIo
HO37IpI0 (CM. IIpefiBapyUTeIbHbIE YIPaXKHEHNA) JJIs OYNIIEHNS JIbIXa-
TE€/IbHBIX Iy TEIA.

2. TlpuHumaeM acaHy. MBICTIeHHO IIpeficTaB/IsAeM (BU3YanUsupyeM) BHY-
TPU TeNla IpAMYI0 TPyOKy (CylrymMHa/aBajxyTa) — HUJeOMOTOPHBII
opueM [ IOAJep>KaHNsA IPsAMOIl CIMHBL (CUAETH, CJIOBHO «apIINH
IpornoTun»). CBepxy TpyOka OTKpBITa Yepe3 MaKyLIKY.

3. BoigbIxaeM BO3[yX U, BTATUBAs KUBOT, BBIIIOJIHAEM arHucapy (Haysn)
JI0 OLIYIeHNUs TeIlIa B 067IaCTY TPY/Y VLU CIIMHBI HAIIPOTUB TPYAVIHBI
(3aIyCK 9KCTPEHHOIT TEIIONPOAYKIINMN).

4. CkapplBaeM PYKM B BUJe YallM, IOJOKMB IajIbLibl KUCTYU IIPaBO
PYKM Ha IaJIbLIbl IEBOJA, Ha YeThIpe Ma/Iblja HUXKe IYIIKa, COeAVHUB IO~
LYLIKY GOJBIINX MaJ/IblieB HAJl CIOKEHHBIMY TafoHaMu. [IpykuMaeM

Puc. 7. IIpakTuka TyMMO B BepxoBbsaXx pekn brac (CeBepnas VMumus).
Bomonnset P.C. MunBanees
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10.

11.

12.

13.

14.

6e3 HaIpsKeHMA COeITHEeHHbIe 60/IbIINE Ma/IbLIbI K 00/IaCTH MOJ, Iy II-
KOM (M/IeOMOTOPHOE YKa3aHMe Ha 00/1acTb Pa3KUTaHUA BHYTPEHHETO
TeIl/Ia — CM. HIKE).

BripbixaeM TpeMs MeIJIEHHBIMM M CIIOKOMTHBIMM BBIJOXaMM, Ka>K/bIi
U3 KOTOPBIX [JIMHHee IpefbIAYIIero, N0 yAaleHNs aabBeosPHOTO
BO371yXa, IIOTOM BJjbIXaeM B TP IpyeMa TaK, YTOOBI Ka>KAbIii OCTeNy-
IO NI BEOX OBUI J/IMHHEe IIPefbIyIIeTo.

BrpixaeM MenjieHHO U IIy6OKO, COXpaHAsA CIMHY IPAMOI, COeNVHNB
JTIOTIATKI, ¥ YAep)KIBaeM I>KalaH/Xxapa-6aHaXy Tak, YTOObI BULETh Me-
CTO COelMHEeHN A OOMBIINX MaJIbIIEB PYK.

ITIpu BEOXe MBICTIEHHO IpeACTAB/IsAeM [Ba IOTOKA BO3AyXa yepes Ipa-
BYIO I JIEBYI0 HO3[pPJ OTHEIBbHO U HAIpaBiseM oba BU3yalTU3UpPO-
BaHHBIX ITOTOKA BO34yXa («BeTpa») CIpaBa M C/eBa OT LieHTPATbHONI
BU3ya/lIM3UPOBAHHON TPYOKM (CYLIYMHBI/aBafiXyTy) BHU3 (O ypOB-
HsA NPUMEPHO Ha 4YeThbIpe MaJIblia HUKe IYIIKa, I7ie TaJOHM CIOXKEHBI
B Yally, — WIEOMOTOPHOE HpEIATCTBUE IJIA BBINANEHMS «BeTpa»
BHIS3).

YcunusaeM Iperpajy AnA INPeNOTBPAallleHUs BBINAICHUs «BETpPa»
(BM3ya/mM3MpOBAaHHOrO IIOTOKA BO3/lyXa) BHMU3, BBIIONHUB JIETKYIO
Myna-6aHAXY (CTelleHb HAIPsKEHMs, TOCTATOYHAsA I IPUBBIYHOIO
IpefOTBpalleHN s OTBeJeHI CKOIMMBIINXCS Fa30B — TEX e «BETPOB»
13 KUIIEYHUKA).

OmnyckaeM puadparMy BHM3, ClIeTKa BBINATUB SKMBOT («IbIXaHMUE
Ba3bI»).

MBIC/IEHHO IpefcTaBisgeM BO3AYLIHBIM IIAPUK BHU3Y XXUBOTA C BbI-
BOJHOJ TpyOKoil BBepx (cyluyMHa/aBaaxyra). TpyOka IepeKpbiTa
HofiiepKaHMeM JKalaHaxapa-6anaxu («3amedaTaHHas Basa», TO €CTh
KyMOXaKa).

CraBnyBaeM «BO3[YIIHBIN IIAPUK» CHU3Y CIIpaBa M C/IeBa, MOATSTH-
Bas IPOMEXHOCTD BBepX (QaKTHuecKy ycuamBaeM Myna-6aHaxy).
MEBICTIEeHHO TIpeficTaB/IsAeM HOATrMbOaHMe IPABOTO U JIEBOTO IOTOKOB
BU3Ya/NTM3UPOBAHHOIO «BeTpa» BCJIEN 3a MBIIIEYHBIM IOATATMBAHU-
€M TIPOMEXXHOCTHU (Myna-6aHXoi1), Kak 6bI BBOAA 00a IIOTOKA B IIeH-
TPATbHYIO BU3Ya/IN3MPOBAHHYIO TPYOKY CIIpaBa U C/ieBa CHU3Y C MBIC-
JIEHHOJ1 OIIOPOJI Ha KOHTaKT C 06/1aCThI0 YyTh HIKe IYIKa OOMbIINX
IaJIblieB HaJ JIATOHAMY, CTIOKeHHBIMU B yamny (11. 4) (cM. puc. 5).
MepyieHHO BBIfIBIXaeM, IPEACTABIAA BBIZOX Yepe3 LIeHTPaIbHYI0 TPYO-
Ky, KaK OBl CTpaB/IMBas BO3AYX M3 BU3ya/IM3MPOBAHHOTO IIApVKa BHU3Y
JKUBOTAa, 00KMMaHMeM CHU3y (Myna-6aHfxa) ¥ cBepXy Auadparmoit.
HabmromaeM, Kak B )KMBOTe pasropaeTcs OTHEHHBIN IIap, COrpeBalo-
Uil BCe TeNO, YTO MHOTZAA OIIYIIAeTCA Y>Ke MOoCle MpaKTUKM (omy-
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I[eHNe JKapa JO/KHO BO3HUKHYTh caMo, 6e3 IIpefCTaBIeHMit 00 OTHe,
TIIEIOI[eM YTOJIbKe 1 IIPOY.).

15. HexoTopoe BpeMA CUAMM U HACTaXKHAAEMCs BBIJIETAOIIMMCS TEIJIOM.
Jlanee moBTOpsieM [eiicTBUA € . 5 HO 1. 13, HO IIpU HEOOXOAUMOCTH
nobaBisgeM aruucapy (i 3).

16. IlpexpaleHne MpaKTUKY BBINONHAEM IOCIElOBATeIbHO — HAIpU-
Mep, BBIXOIVIM M3 BOJIbI ¥ HA BO3JIyX€ HEKOTOPO€E BpeM s IIPOJo/IKaeM
NPaKTUKY COTPeBAIOLIET0 AbIXaHUA [ MOAJEpP>KaHUA TEMIOBOIO
6amaHca.

Texnmka 6esonmacnocTn

1. K mpakrTuke npucTymnarb Ha OHe OTHOCUTENBHOTO PU3NUECKOTO 3710-
pOBbBAL.
2. B cmydae noABieHnA XONO0BO POXY IPAKTUKY HPEKPATUTD.

BoiBojbl

1. ®usmonormyeckas COCTABAKIAA MPAKTUKU TYMMO CBOAUTCS K Me-
TOMIaM HOBBIIIEHNA TEIUVIONPOAYKINHN, KOTOPas U MPOBEPAETCA XONO-
IOBBIMU VCIIBITAHUSMIA.

2. PexkoHcTpyupoBaHBI [Bé TE€XHOJOTMM, ABIAKOLMECS TPOU3BOSHBIMUI
OT M3BECTHBIX MIPAKTUK XaTXa-itoru: 1) arHucapa/Haynu, 2) IOCIeRo-
BaTe/IbHOCTh MBIIIEYHbBIX 3aMKOB (6aHX) [/11 TAK Ha3bIBAEMOTO IO 'b-
eMa KYHJJaJVHIL

3. Busyanmsanum CBORATCA K MAGOMOTOPHBIM yKasaHMAM [ obecre-
YeHUA NMPaBIWIBHOTO (B CMBIC/IE JIOTM TYMMO) TOHMYECKOTO VIIM [IN-
HaMMYeCKOTO HaIIPSKEHUsI COOTBETCTBYOIIMX I'PYIII MBI 1 (M1M)
IObIXaTeIbHBIX IBU>KEHUIL.

baaroaapHoctnb

ABTOpBI BBIPaXKaloT ITTyOOKYI0 671ar0lapHOCTb FeHepaTbHOMY AUPEKTOPY KI-
HOCTYRMM uctopudeckoro ¢puiabma «Papaon» Vpune Bragumuposne Apxu-
IIOBOJ, OPraHM3aTOPY M BIOXHOBUTENI0 MEXJYHAPOJHBIX Hay4HO-MCCIENO-
BaTe/IbCKNX dKCIeauumit B ['mManan u Ha OnbOpyc B paMKax ee aBTOPCKOTO
npoeKTa «B Mmouckax yrpayeHHbIX 3HaHUI»©, HAIIPaB/IEHHOTO Ha IOANEPIKKY
OTe4eCTBEHHOM HayKI.
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