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And the amount of air passing through 

the lungs in q t unit depends on the depth and 
speed of lung ventilation -breathing . This 2k 
index of exhalation varies in a wide range . At 
rest, an adult inhales and exhales about 500 ml 
of air . This volume of air is called respiratory 
air. After a normal inhalation, a considerable 
amount of additional air may be taken in. This 
volume is called the additional volume of 
breathing and is 2000-2500 ml. 

After taking a calm breath, 1500 ml of air 
can be exhaled again . This volume is called 
expiratory volume. The presence of additional 
volumes allows you to deepen the breath when 
necessary. The sum of inspired air, additional 
volume of inspiration and additional volume of 
exhalation constitutes the vital capacity of the 
lungs (O'S). Its volume is approximately 4000-
4500 ml. This quantity can be measured at once . 
For this, a person needs to take a deep breath 
from the atmosphere as much as possible and 

expel the air from the lungs to the end of the 
spirometer . The vital capacity of the lungs is an 
indicator of the ability of the lungs and chest to 
expand. The amount of the indicator is variable 
and depends on age, gender, body size and 
position in space, and adaptation to physical 
work. The living capacity of the lungs is greater 
than when lying down. Exercisers have a greater 
lung capacity than non-exercisers. After 
exhaling to the end, 1000-1500 ml of air 
remains in the lungs, it is called residual air. An 
adult breathes 16-20 times a minute in a calm 
state. Assuming that the volume of breath is 500 
ml, 8-10 l of air pass through the lungs during 
this time, or pulmonary ventilation is 8-10 l will 
be and depth of breathing . Breath volume per 
minute increases almost 10 times with age at 
rest . 

Age-related changes in respiratory rate, 
body mass, relative respiratory rate, respiratory 
rate, and respiratory volume . 
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Age Breath 
volume per 
minute L-min 

Body mass in 
kg 

Breath 
volume per 
minute is l-
min 

Breath 
frequency 
cycles min 

A breath 
per minute 
ml 

New born 720 3.5 206 44 16 
1 year old 2000 10.5 200 35 57 
5 years old 3900 19.6 199 25 156 
8 years old 5350 29.2 183 22 243 
12 years old 6000 39.7 151 18 333 
16 years old 7700 55.4 139 17 453 
Adults 7000 66.7 105 16 438 

 
Occurs in the first year after birth . later , 

as it grows, this process is slow, especially in the 
period from 7 to 8 years and 10 to 11 years, and 
it accelerates during puberty. 

The child grows , the living capacity of 
the lungs increases. The living capacity of the 
lungs in newborn children is 20 cm³, 80 cm³ in 
1 year, 215 cm³ in 5 years, 375 cm³ in 12 years, 
and 300-460 cm³ in an adult. 

Gas exchange depends on the 
management of acid-base balance. For example, 
when a 5-year-old child exhales, the amount of 
CO 2 in the air is 3 times less than that of an adult . 
because the oxygen utilization percentage of the 
lungs of young children is 2 times lower than 
that of an adult. Due to the neurohumoral effect 
of the respiratory centers on the low content of 
CO 2 in the exhaled air , this excitation decreases 
with age. 

Regular physical exercises allow 
expansion of lung volume, development of 
respiratory muscles, improve lung ventilation, 
and respiratory activity, in turn, has a positive 
effect on the function of the cardiovascular 
system and the function of other organs. 

living in developing cities spends about 
150,000 hours in his conscious life. When a 
person is sitting, oxygen consumption is only 
2500 cm³ per minute . It is enough to meet the 
most essential needs of the body. If a person 
constantly lives in such a state of scarcity, the 
disorder develops, causing hypodynamia or low 
mobility . 

Walking in fresh air increases O 2 

consumption by 1000 cm³ per minute, running 
by 4000 cm³. The alternation of inhalation and 
exhalation with the rhythm is provided by the 
nerve centers located in the cervical and 

thoracic sections of the spinal cord, medulla 
oblongata, and vertebral bridge. From them , 
nerve impulses go to the intercostal muscles 
and the diaphragm. The cells of the respiratory 
centers are functionally differentiated , and the 
excitation of the respiratory (inspiration) 
centers inhibits the exhalation (expiratory) 
centers. As the musculature contracts, the ribs 
rise and become somewhat horizontal, the 
diaphragm becomes dome-shaped and enters 
the thorax, which shrinks in size. Due to the 
elasticity of the lungs, they easily inflate and 
deflate and passively follow the movements of 
the chest. Nerve cells of the medulla are 
extremely sensitive to the concentration of 
oxygen and CO 2 gas in the blood. As a result of the increase in 

the concentration of CO 2 gas, an excitation occurs in its 
centers , this excitation spreads along the nerve 
fibers to the intercostal muscles and the 
diaphragm. As a result, breathing speeds up and 
deepens, the body receives the necessary 
amount of O 2 . The first breath of a newborn child 
is explained by the accumulation of CO 2 gas and 
the lack of O 2 . 

The amount of oxygen consumed by 
muscles increases dramatically during physical 
activity. In order to meet this demand, the 
external breath is accelerated and the oxygen 
transport of the blood increases. At rest, a 
person absorbs 300 ml of oxygen every minute, 
while doing physical work, this amount reaches 
400-500 ml. At the same time, the formation of 
carbon dioxide and substances of an acidic 
nature accelerates. In order to remove these and 
meet the tissue's need for oxygen, the 
respiratory and circulatory systems will have to 
increase their activity. As long as the physical 
work continues, lung ventilation will accelerate 
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according to the amount of absorbed oxygen. 
The mechanisms of adaptation of the external 
breath to the severity of the work being 
performed are quite complex. With the start of 
work, before the gas composition of the blood 
has time to change, pulmonary ventilation 
accelerates. The effect of the nervous system on 
the respiratory center changes. Afferent 
impulses coming from the motor areas of the 
cerebral cortex, aimed at controlling the work of 
the muscles, affect the respiratory center and 
increase breathing. The effect of the bark on the 
breath can be carried out by changing the 
activity of the hypothalamic centers. The 
increase in pulmonary ventilation during work 
also depends on the afferent impulse from the 
proprioceptors of the contracting muscles. 
Hyperventilation, which is observed when the 
leg muscles are passively moving, can be a proof 
of this. As work progresses, the mechanism for 
maintaining high pulmonary ventilation 
changes. In this case, the excitation of peripheral 
and central chemoreceptors begins to 
significantly affect the respiratory center, if the 
work performed is not heavy, the increase in 
lung ventilation ensures that the gas content in 
the blood is almost the same, and the acid-
alkaline balance ensures its preservation. In this 
condition, the blood circulation is also 
sufficiently accelerated. Heart rate increases 
from 70 to 150-200 beats per minute, systolic 
volume increases from 70 ml to 200 ml. As a 
result, the minute volume of blood, equal to 4-5 
l at rest, increases to 25-30 l. The blood vessels 
of the working muscles expand and the blood 
supply is greatly improved. At the same time, 
the oxygen capacity of the blood also increases, 
because blood rich in erythrocytes begins to 
move from the reserves to the veins. 

 Acceleration of oxyhemoglobin 
decomposition in tissues is also important in 
improving oxygen supply to working muscles. 
The amount of oxygen in the active muscle 
tissue decreases sharply, due to the increase in 
the amount of carbon dioxide and lactic acid, the 
environment is pushed to the acidic side, and 
the temperature of the tissue rises. All these 
changes accelerate the breakdown of 
oxyhemoglobin. Because of this, the oxygen 
absorption coefficient during physical work 

increases from 30-40 % to 50-60%. If the work 
performed is very heavy , no matter how fast the 
external breathing and blood circulation is, it 
cannot fully satisfy the body's demand for 
oxygen, resulting in oxygen deficiency. For this 
reason, after the end of the work, for a certain 
period of time, pulmonary ventilation and blood 
circulation are maintained at a high level. 
During this period, the body absorbs more 
oxygen than it needs and eliminates its 
deficiency. Excess oxygen is used to oxidize 
lactic acid accumulated in the blood during 
work. Glucose is resynthesized from part of the 
lactic acid during rest. 

are several factors that affect lung 
ventilation, but are not directly related to breath 
control , such as cold and hot temperatures. If 
the skin is strongly affected by heat and cold, the 
respiratory center is stimulated and lung 
ventilation increases. Overheating of the air 
temperature leads to hyperventilation. 
Hyperventilation is part of the body's reaction 
to maintain body temperature stability. Panting 
in hot temperatures is more pronounced in 
animals without sweat glands ( for example, a 
dog ). By breathing frequently, he achieves a lot 
of evaporation of the water in the tongue and 
saliva in the oral cavity, and in this way, heat 
loss. Even under the influence of cold air, the 
body temperature drops a little , and lung 
ventilation accelerates. This acceleration, on the 
one hand, is caused by a reflex from the skin 
receptors, and on the other hand, it depends on 
the increase in metabolism. However, if the 
body temperature drops significantly and 
hypothermia develops, breathing slows down 
due to inhibition of the respiratory center. 

and animals living in high mountains 
(alpinists, skydivers, etc.) breathe air with low 
pressure. Most Soo' people can easily climb 2-
2.5 km above sea level and have no difficulty 
breathing. As people rise to a height of 3-3.5 km 
, external breathing increases and symptoms of 
asthma begin to appear. When the altitude 
reaches 4-4.5 km, most people develop tooth 
disease. In this case, a person relaxes , turns 
pale, breathing slows down, arterial blood 
pressure decreases, dizziness, nausea and 
vomiting. When the height reaches 7 km, a 
person loses consciousness, life-threatening 
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changes in breathing and blood circulation are 
observed. All these changes are due to the 
acceleration of the gradual decrease of Ro2 in 
the inspired air and in the alveolar air during the 
ascent. For example, at an altitude of 4 km, Ro2 
is equal to 98 mm of water in atmospheric air, 
60 mm of water in alveolar air, at sea level, Ro2 
is equal to 159 mm of water in atmospheric air, 
Ro2 is equal to 100 mm of water in alveolar air. 
A decrease in Ro2 in the alveolar air makes it 
difficult to saturate the blood with oxygen, the 
amount of oxyhemoglobin in the blood 
decreases, and the tissues experience a lack of 
oxygen, that is, hypoxia. In indigenous peoples 
living in too' conditions, the mechanisms of 
adaptation to hypoxia are activated, 
erythropoiesis accelerates, the number of 
erythrocytes in the blood increases and the 
oxygen capacity increases, lung ventilation 
increases, the breakdown of oxyhemoglobin in 
the tissues accelerates, the tissue mass per unit 
the number of capillaries increases, the 
resistance of cells to hypoxia increases. This 
makes it possible to live and work actively even 
in conditions of low atmospheric pressure. 

Divers, caisson workers and others are 
forced to breathe high-pressure air or a mixture 
of artificial gases during work. when an owl goes 
under water, the pressure of the gas mixture 
given for breathing should be equal to the 
hydrostatic pressure of the surrounding water. 
If the gas pressure is low, the owl cannot 
breathe. the pressure increases by 1 
atmosphere every 10 m underwater, the 
pressure of the gas mixture necessary for the 
breathing of an owl at a depth of 100 m should 
be 10 atmospheres. Breathing air at this 
pressure greatly increases the amount of blood 
and tissue fluids and gases dissolved in the 
tissues. Due to the presence of some danger 
underwater, when the fish rises rapidly to the 
surface, the solubility of gases in the blood 
decreases and bubbles are formed as a result of 
the release of many previously dissolved gases 
at high pressure. Among the gases that make up 
atmospheric air, nitrogen is especially 
dangerous because it does not change into 
chemical compounds like oxygen and carbon 
dioxide. Clogging of the blood vessels of 
nitrogen bubbles, which have appeared in large 

quantities in the blood, leads to gas embolism. If 
an embolism develops in the vessels that supply 
blood to important centers of the brain, life is 
threatened. For the reasons mentioned above 
and several others, in the mixture of gases that 
divers breathe, nitrogen is replaced by helium 
gas. As a result, breathing becomes easier, 
because the density of helium is 7 times less 
than the density of nitrogen, due to this, the 
resistance of the respiratory tract is reduced. 
Since the solubility of helium in the blood is very 
low, the risk of embolism disappears. In 
addition, nitrogen has a narcotic effect on a 
person when it has high pressure. Helium does 
not have this feature. 

 Breathing oxygen with high pressure is 
also harmful to the body. Breathing pure oxygen 
for 10-15 hours, even at normal atmospheric 
pressure , affects the mucous membrane of the 
respiratory tract, disrupts the activity of 
surfactant in the alveoli, and causes lung 
inflammation. And oxygen at high pressure after 
1-2 hours severely disrupts the activity of the 
central nervous system (CNS), causing a person 
to become comatose. Therefore, when going 
under water, with increasing depth, it is 
necessary to reduce the partial pressure of 
oxygen in the breathing mixture to the level of 
the ground level (up to 159 mm of water ) . 

there is no significant difference from 
their populations living in the low plains , they 
have certain peculiarities in the composition of 
erythrocytes and addition of hemoglobin with 
oxygen. However, the main reason for the 
resistance of these animals to hypoxia should be 
sought in the ability of cells to assimilate oxygen 
in the blood when it is low, to reduce the level of 
the dangerous indicator Ro2. 

In the rodents' underground houses, the 
amount of oxygen decreases by 1-3% or more, 
and the concentration of SO2 can reach 2-3% , 
that is, a slight hypoxia passes along with 
hypercapnia. Among the physiological changes 
that ensure adaptation to such an environment, 
the ability to absorb oxygen, the increase in the 
buffer volume of body fluids, and the slow 
respiratory reaction to SO2 have been identified 
in animals living underground, when the 
tension of oxygen entering with breath 
decreases. 
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 Representatives of a number of species 
of mammals (mainly cetaceans, and some 
rodents - muskrats, beavers) can walk under 
water for a long time - from 15 minutes to 1 
hour, depending on their ecological 
characteristics. During diving, respiratory 
movements stop reflexively. Stopping breathing 
for such a long time is due to the increase in the 
size of the lungs and the increase in the number 
of alveoli in it, the expansion of the volume of the 
oxygen tank, the increase in the amount of 
myoglobin in the muscles, the weak reaction of 
the chemoreceptors to the accumulation of SO2 
in the blood. In addition, during swimming, 
specific hemodynamic reactions take place 
aimed at improving the supply of blood (and 
therefore oxygen) to the brain and myocardium 
. Some degree of similar reactions have been 
found in diving birds. Various particles (dust) 
and foreign substances can enter the 
respiratory tract with inhaled air . When 
inflammation develops in the upper and lower 
respiratory tract, a lot of mucous substances 
appear in the trachea and bronchi, in the nasal 
cavity. All these are expelled due to defensive 
respiratory reflexes, namely coughing and 
wheezing. When pollution and foreign 
substances affect the receptors in the lower 
respiratory tract, first a deep breath is taken, 
and then exhalation begins with a sound barrier. 
Abdominal muscles are also involved in this 
work. The air pressure in the larynx and bronchi 
increases, when the sound hole opens 
immediately, the air is pushed out through the 
oral cavity and the lower airways are cleared . 
Exposure to receptors in the nasal cavity and 
airways leads to reflexes. At the beginning of 
this reflex, a deep breath is taken and the breath 
is exhaled when the sound is silent. When the air 
pressure in the lower respiratory tract reaches 
a certain level, the sound hole opens 
immediately and the air is blown out through 
the nasal cavity . Air with a high movement 
speed pushes the active substances out of the 
nasal cavity. 

 The human respiratory system is also 
involved in the creation of speech sounds. The 
larynx plays the main role in sound production. 
When speaking and singing, the vocal folds 
tighten, the air coming out of the breath vibrates 

them, and part of the kinetic energy of the air 
flow of the sound is converted into acoustic 
energy that spreads around. By compacting and 
opening the vocal cords , stopping and restoring 
air flow is the main method of generating 
acoustic waves. The high-low or thin-thickness 
of the sound depends on the size of the laryngeal 
cavity , the tension of the vocal cords, the 
contraction of the muscles of the larynx, tongue 
and larynx. Breathing during speech changes 
depending on what and how to say. Before 
speaking a few sentences, it is known that a 
person takes a deep breath. Then, the air begins 
to be expelled mainly through the oral cavity . 
The curve of speech breath is saw-shaped . Air is 
released at a steady, steady rate for a certain 
amount of time, and then rapidly continues to 
release air. Human vocal folds can vibrate 80 to 
10,000 times per second. The respiratory tract 
acts as a resonator and forms the voice that is 
unique to each person . Voluntary breath control 
is important for speech. 
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