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Abstract. The main function of the lungs is the exchange of gases: the absorption of oxygen
from the environment and the removal of carbon dioxide from the body. These processes are
necessary for cellular metabolism. Effective gas exchange is possible with the integration and
coordination of the functions of various organs.
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The outside air is pumped to the lung surface through which gas exchange takes place,
while the alveolar gas, "loaded" with carbon dioxide, is removed from the lungs using the same
pumping mechanism. Pulmonary circulation provides blood flow through the lungs for continuous
absorption of oxygen, its delivery to the tissues and, at the same time, for the removal of carbon
dioxide into the alveoli. The close coupling between ventilation and blood circulation is the basis
for maximum efficiency of gas exchange. Ultimately, the system gas exchange must be controlled,
regulated and continuously adapted to a wide range of metabolic changes that occur during
physical exertion. Ultimately, the system gas exchange should be monitored, regulated and
continuously adapted to a wide range of metabolic changes that occur during exercise and various
diseases. In addition to gas exchange, the lungs perform a number of metabolic functions,
including the synthesis of surfactant and other substances, as well as the metabolism of many
chemical mediators. The disorder of these functions can significantly affect the gas exchange in
the lungs. Normally, the lungs have a remarkable ability to maintain the required levels of oxygen
uptake and carbon dioxide removal under various conditions. Lung disease, however, can
selectively or totally affect the physiological processes involved in gas exchange. For example,
obstructive diseases of the airways (VP) hinder the flow of air to the alveoli and in the opposite
direction, while restrictive lung diseases disrupt the relationship between ventilation and blood
flow or create a barrier to the diffusion of gases. The function of the lungs is closely related to
their structure, and the structure is determined by function. This chapter provides an overview of
the structure of the lungs. The description of the shape of the chest and its contents precedes the
consideration of the structure of the VP and alveoli. Then the anatomical relations between the
VP, the alveoli and the small circle of blood circulation are considered. Finally, brief data on the
pulmonary lymphatic system, lung innervation and VP are given. The general shape of the chest
and its contents. The lungs are surrounded by the walls of the chest and the diaphragm from below.
The mechanical properties of the chest wall and diaphragm affect the gas exchange function of the
lungs. The movement of the lungs inside the chest cavity during inhalation and exhalation is
facilitated by the space between these two structures — the pleural cavity formed by touching
surfaces. One lines the chest from the inside — the parietal pleura, and the other covers the lungs
from the outside — the visceral pleura. The parietal and visceral pleura are separated by a thin layer
of fluid that serves as a lubricant. The mechanism of pleural fluid formation has not been
sufficiently studied. Its removal partly depends on the pulmonary lymphatic system. Changes in
pressure inside the pleural cavity cause inspiratory and expiratory air flow in the lungs in normal
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and pathological conditions. The pleural membranes surrounding each lung, extending medially,
form the mediastinum — a centrally located receptacle of large VP and vessels, including the
pulmonary arteries and veins. The main bronchi, pulmonary arteries and veins penetrate into each
lung through their gates. The point of bifurcation of the trachea into the left and right main bronchi
— the keel — lies in close proximity to the aortic arch and the division of the main trunk of the
pulmonary artery into branches supplying the left and right lungs. The diaphragmatic nerves
formed from the third, fourth and fifth cervical nerve roots innervate the diaphragm and are located
along the lateral surfaces of the trachea.

The structure of the airways. in connection with their function The airways can be
considered as a series of dichotomically branching tubes: each "parent” VP gives rise to two
"daughter" branches. There is an average of 23 in a person's lung generation of VVP. The first 16
are known as conductive VP, since they provide access to the gas flow to the lung areas where gas
exchange occurs, and in the opposite direction. These VP include bronchi, bronchioles, and
terminal bronchioles. The last seven generations consist of respiratory bronchioles, alveolar
passages and alveolar sacs. Each of these formations gives rise to alveoli. The respiratory
bronchiole of the first order and all distally located gas-exchanging VP form a pulmonary acinus.
The structure of the walls of conductive VP is significantly different from the structure of the walls
of the respiratory tract, in which the exchange of gases takes place. The walls of conductive VP
consist of three main layers: the inner mucosa; the smooth muscle layer separated from the mucosa
by a connective tissue submucosal layer; and the outer connective tissue layer containing cartilage
in the large bronchi. There are important functional connections between the structure of the VP
wall and well-known clinical disorders. The bronchial epithelium is pseudo-layered, containing
high and low basal cells, each of which is attached to the basement membrane. The bronchioles
are lined with a simple epithelium. Epithelial VP cells carry cilia on their apical surface, which are
important elements of the mucociliary system. The cilia oscillate rhythmically in the direction of
the nasopharynx, promoting a protective layer of mucus secreted by goblet cells located between
the ciliated cells of the epithelium. The mucociliary “escalator” is an important mechanism for the
purification of VP and part of the protection of the respiratory system of the body. The smooth
muscles of the VP, collected in continuous bundles inside the connective tissue submucosal layer,
extends from the main bronchi to the respiratory bronchioles. Muscle bundles also penetrate into
gas exchange zones, located in the walls at the entrance to the alveoli, bronchi, which lie near the
aortic arch and pulmonary artery The diaphragmatic nerves, not shown in the figure, descend along
both sides of the trachea and go in the caudal direction, innervating both halves of the diaphragm.
Three lobes form the right and two — the left lung, including a fragment of the upper left lobe —
lingual (tongue). Each lobe is completely or partially covered by the visceral pleura and contains
from two to five segments, the boundaries of which are shown schematically by thick lines on each
lobe. The conducting zone, covering the first 16 generations of VP up to the level of terminal
bronchioles (Z - 0-16), does not participate in gas exchange. The transient and respiratory zones
in which gas exchange occurs include respiratory bronchioles, alveolar passages, alveolar sacs and
alveoli. The structure of the gas exchange zone. The gas exchange zone should ensure effective
diffusion of oxygen and carbon dioxide through the alveolar and capillary walls. It should support
the exchange of gases throughout life and withstand the mechanical effects accompanying the
expansion and collapse of the lungs, as well as the influence of pulmonary blood flow. The location
of the vascular endothelium and the alveolar epithelium in the supporting connective tissue stroma
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seems to ideally meet these requirements. The alveolar epithelium consists of two types of cells:
flat lining (type 1) and secretory (type I1). Cells of the first type, although much smaller in number,
occupy up to 95% of the alveolar surface area. Cells of the second type produce and secrete a
surfactant consisting of proteins and phospholipids. It is distributed over the alveolar surface and
reduces the surface tension. The capillary endothelium also consists of a layer of flat lining cells
located on the endothelial basement membrane. In part of the alveoli, the basement membranes of
the epithelium and endothelium are soldered to each other, which creates an ultra-thin barrier for
gas exchange. In contrast to the close contact of neighboring epithelial cells forming an
impenetrable barrier, the connections between endothelial cells are rather weak, which allows
water and substances dissolved in it to move between the plasma and the interstitial space. The
latter is the area between the epithelial and endothelial basal membranes. Gas flow in the airways.
Airways, as a system of dichotomically branching tubes, represent a rather complicated path for
the movement of gas-to- gas exchange zones and back. Although the diameter of each child branch
is smaller than the diameter of the parent VP from which it originates, the total cross-sectional area
of each subsequent generation of VP increases due to a significant increase in the total number of
VP. The factors determining the speed and nature of the air flow in the conducting paths, including
their diameter. Since the total cross-sectional area of the VP increases in each subsequent
generation, the volumetric flow rate actually decreases. As a result, at the level of respiratory
bronchioles, gas movement occurs due to diffusion, and not convection, i.e. translational air
movement.
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