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Pe3rome. Hagpac onuw tiyniapu wuiiuy KAGAMUHUHE SULTUSIAHUWU OPSAHUSMHUHE XYJcaupa, myKuma 6d

UMMYHUMEM 0apaj)caiapuod namomopgonocux sxcapaén ounan bupea kenaou. Snauenanuul sHcapaéHunu ypeaunuuied
Kapamuiean maoKukomiapoad MmMyKUMALAPHUHE WUKACMIAHUWY NAMO2eHe3U MACALANapuHy uwnab quxuw, 1o3aza
Kenuwu MyMKUH OYiean acopamiaphu bauiopam KUiuwl 6a YiapHu OA0UHU OUUL MAMOUUILAPY 84 YCYINAPUHU UULLAO
YuKUW 342 0013ap6 xucodranaou. Annuenanuu peakyusiapuru amanea owmupaouean acocuii musum Kon musumu 0yiuo,
VHUHZ 3apapiu 0cuma mavcupued x#easobu xucobnanaou. by xumosn @ynxyusiapu 6uian aon 1etikoyumiapHu uumnab
YUKAPUWHU KYRAUMUPUWL OPKAIY MAHAHUHE MYO0paacunu pazoamiaHmupul OpKaiu sSUUIUIAHUHURE OTOUHU OTUUL 64
0aBONAWHUHE MAKCA02a MYBOQDUKIUSUHU AHUKAATIOU.
Kanum cyznap: acenmux siiiuenanuw, cmpykmypasuti pemooyisiyust, Inuoepmoud oudpepenyuayus.

Abstract. Inflammation of the mucous membrane of the respiratory tract is accompanied by a pathomorphological
process at the cellular, tissue and immune levels of the body. In studies aimed at studying the inflammatory process, the
most relevant is the development of issues of the pathogenesis of tissue damage, forecasting possible complications and
developing principles and methods for preventing them. The main system implementing inflammatory reactions is the
blood system, its response to the action of a damaging agent. This determines the feasibility of preventing and treating
inflammation by stimulating the body's defenses through increased production of active leukocytes with protective func-

tions.
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Introduction. Inflammation of the mucous mem-
brane of the respiratory tract is accompanied by a
pathomorphological process at the cellular, tissue and im-
mune levels of the body. In studies aimed at studying the
inflammatory process, the most relevant is the develop-
ment of issues of the pathogenesis of tissue damage, pre-
diction of possible complications and development of prin-
ciples and methods for their prevention.

In modern medicine, the assessment of the role of
acute inflammation in human organs in protective and
adaptive processes is still relevant. The mechanisms and
factors that ensure the chronicity of inflammation and the
loss of its protective and adaptive significance have not
been sufficiently studied. An important role in the occur-
rence and maintenance of the inflammatory process in the
bronchial tree is given to various cellular and molecular
factors [4, 8, 12]. According to C. Boxall, S.T. Holgate

(2012), TGF-pB1 has a pronounced local immunoregulatory,
regenerative effect. Under the influence of cold air, protec-
tive and adaptive processes in the respiratory organs at the
cellular and subcellular level are launched in humans. The
effect of low temperatures leads to the activation of free-
radical processes with an increase in lipid peroxidation
reactions, destruction of the membrane apparatus of cells,
and inhibition of regenerative processes. Treatment of pa-
tients with inflammatory diseases of the respiratory tract is
a multi-stage, often lengthy process that requires signifi-
cant labor and material costs, the use of specialized equip-
ment. The practical significance of the study results is ex-
plained by the possibility of using the findings and recom-
mendations when applying diagnostic and therapeutic
measures to patients with inflammation of the respiratory
tract in medical institutions of various levels, creating the
possibility of developing new drugs aimed at treating in-
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flammatory diseases of the respiratory organs of the upper
respiratory tract and experimentally assessing their effec-
tiveness in an improved experimental model of aseptic
inflammation, the ability to study the sequence of changes
in the dynamics of tissue structures of the respiratory tract,
disruption of the protective properties of various areas of
its mucous membrane and the role of inflammatory cyto-
kines by this method. When studying the processes of dif-
ferentiation in the cells of the epithelial layer of the res-
piratory tract of adult white rats, we can observe the transi-
tion of basal cells into transitional cells, and at the next
stages of differentiation, the transition to ciliated, goblet
and "brush” cells. Mature ciliated cells do not divide. Since
the processes in the small-caliber bronchial epithelium are
highly functionally specialized, there is a percentage of
cells with high functional specialization that support phys-
iological regeneration processes in them [2,3]. The degree
of damage to the respiratory tract epithelium and the level
of cell proliferation that develops accordingly are deter-
mined by the damaging volume and duration of action of a
particular pathological factor. Due to the relatively low
level of proliferative activity of some cells of the epithelial
layer of the respiratory system, they are called a slowly
renewing tissue system in many literatures. An example of
this is the proliferation of Clara cells, because their regen-
eration in the trachea of white mice requires about one and
a half days. But often, when the integrity of the epithelial
layer of the trachea and bronchioles is violated, cells that
are not damaged by the impact are activated and begin to
actively divide. It is for this reason that Clara cells are con-
sidered stem cells of the mucous epithelium. The peculiari-
ty of secretory cells of the epithelium is that they do not
lose the ability to produce mucous -secretory substances
during mitosis due to epidermoid differentiation. The pro-
cess of epidermoid differentiation in the epithelium of the
trachea and bronchi is considered a normal state and is a
general reaction of the body to any damage (thermal and
mechanical, cold ) [4,5,6]. Thus, the study of the
morphofunctional features of the structural components of
the airways, which are a barrier between the internal envi-
ronment of the body and external factors, will allow us to
come closer to understanding the pathogenetic mechanisms
of inflammation, chronization of the inflammatory process.
Studies of these mechanisms, especially in the proliferative
stage of inflammation of the upper respiratory tract will
allow us to develop approaches that effectively control the
development of possible complications associated with the
ascent of the infectious agent and obstruction of the air-
ways.

The aim of the study is to establish the characteris-
tics of the development of the proliferative stage of aseptic
inflammation of the upper respiratory tract under experi-
mental conditions, the regenerative potential of the epithe-
lium of the tracheal mucosa, and the mechanisms of chro-
nicity of the inflammatory reaction.

Materials and methods. The first control group
consisted of 6 intact animals, which were kept in a vivari-
um close to clinical conditions, observing sanitary rules at
normal laboratory temperature during the entire experi-
ment. The second control group consisted of 24 sham-
operated animals, in which, under general anesthesia, the
neck area was opened by a midline incision up to the ante-

rior wall of the trachea and, after revision, the wound was
tightly sutured layer by layer. The experimental group con-
sisted of 30 animals, in which the model of aseptic in-
flammation of the trachea was reproduced according to the
method developed by us [1]. Under intravenous anesthesia
( xylazine at a dose of 0.2 ml/kg), the animal was fixed on
a special operating table with its back down. The anterior
surface of the animal's neck was treated with a disinfectant
solution. The fur in the surgical field was cleaned and
treated with iodine. A midline skin incision approximately
3.0 cm long was made in the area of the upper third of the
neck. The wound was opened by sharp and blunt means,
while the anterior wall of the trachea was exposed to the
wound surface. A plastic irrigation plate measuring 0.5 x
0.5 cm was applied to the anterior wall of the trachea. The
tracheal wall was irrigated with ethyl chloride solution
through the opening (false operation using 0.9% sodium
chloride solution) until white frost appeared. After the frost
disappeared, the tracheal wall acquired a pronounced pal-
lor caused by ischemia of this section of the tracheal wall.
The postoperative wound was tightly sutured layer by lay-
er. The wound was treated with an antiseptic.

Results. Morphometric analysis of the structural
organization of the tracheal wall during its aseptic inflam-
mation showed the presence of significant remodulation in
comparison with both intact and sham-operated animals
depending on the terms of the experiment. The changes
primarily concerned the structural components of the mu-
cous membrane. Thus, in the animal of the experimental
group on the 5th day after reproducing the aseptic inflam-
mation model, the specific volume of ciliated cells of the
tracheal mucosa was 9.8+2.22%, which is 37.9% lower
than the values of the intact and control groups of animals.
The volume of the integumentary epithelium increased by
13.1% and amounted to 40.5+2.78% and is 14.1% higher
than the values of the control group of animals. By this
time of the study, the specific volume of basal epithelial
cells increased significantly to 21.2+1.65%, which is al-
most twice as high as the corresponding values of both
intact and sham-operated groups of animals (Table 1).
Morphometric analysis of the structural components of the
submucosal layer of the tracheal wall of experimental ani-
mals by this time did not reveal any significant changes.
Only a slight decrease in the specific volume of glandular
cells and functioning microvessels was established (Table
2).

In the experimental group animals, on the 7th day
after the reproduction of the aseptic inflammation model,
the specific volume of ciliated cells of the tracheal mucosa
was 9.7+1.13%, which is 38.6% lower than the values of
the intact and 32.6% lower than the values of the control
group of animals. Also, by this time, the specific volume of
goblet cells of the tracheal mucosa decreased and was
6.6+0.26%, which is 39.4% lower than the values of the
intact and 34.6% lower than the values of the control group
of animals. The increase in the volume of the integumen-
tary epithelium by this time was insignificant and was
36.442.79%. By this time, the specific volume of basal
epithelial cells significantly increased - 20.1+2.08%, which
is almost twice as high as the corresponding values of both
the intact and control groups of animals. (Table 1).
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Table 1. Comparative morphological indices of structural components of the mucous membrane of the tracheal wall of
rabbits in the dynamics of aseptic inflammation, in %.

V p.e. Vre V bk V bze
I/op Experience I/op Experience I/op Experience I/op Experience
Day5 | 35.5:3.04 | 4095278 | s gi90p | 982225 05119 | 95s101 | 9.2+1.43 | 212EL6S
* * *
Day7 | 34.442.79 | 36.442.09 13.;1;: OT=LIZ® 10 10,65 | 0002677 | g9y 65 | 2014208
* E 3] %
O 13430176 | 3154267 | 1412004 | PO h072042 | 2N Fosios | 2017
Intact 35.8+1.72 15.8+1.09 10,9 +1,14 9.1+0.85

Notes: Vpe - covering epithelium of the mucous membrane of the trachea; Vre - ciliated epithelium; V6x - goblet

cells; V633 - basal epithelial cells.

* - results are reliable in relation to the indicators of intact rabbits (p<0.05)
**- the results are reliable in relation to the indicators of sham-operated rabbits (p<0.05)

Table 2. Comparative morphological indices of structural components of the submucosal layer of the tracheal wall of rab-

bits in the dynamics of aseptic inflammation, in %.

V sp Vf V with V st
I/op Experience I/op Experience I/op Experience I/op Experience
Day5 | 64.5£2.75 | 59.5+2.47 7.7+£0.61 7.2+0.41%* 15.3£2.34 | 10.5+1.96%* | 41.4+3.48 42.44+2.39
)
Day7 | 65.6:4.18 | 63.6+4.71 | 9.9:0.67 | 09F0.33% | 1T1£256 | 0.5 10w | 4544360 | 4694331
Dljy 635_ 87; 68.5+3.54 | 1042098 | O3ELI4" | 50101 | BIELIT 4y 11 g6 | D37 393
Intact 64.24+2.62 9.3+0.81 12.54+0.93 42.4+1.74

Notes: Vsp - connective tissue of the tracheal mucosa; Vi - glands; Vco - microvessels; Vera - stromal elements.
* - results are reliable in relation to the indicators of intact rabbits (p<0.05)
**_ the results are reliable in relation to the indicators of sham-operated rabbits (p<0.05)

When studying the structural components of the
submucosal layer of the tracheal wall of experimental ani-
mals by this time, a decrease in the specific volume of
glandular cells was found - 6.9 + 0.53%, which is signifi-
cantly lower than the corresponding values of intact ani-
mals - by 25.8% and sham-operated animals - by 30.3%.
For this period, the highest difference between the exam-
ined groups was expressed in the specific volume of func-
tioning microvessels. Thus, their specific volume was
equal to 9.8 + 2.12%, which was lower than the corre-
sponding values of intact animals by 21.6%. In the group
of sham-operated animals, this indicator was equal to 17.1
+ 2.56%, which was 42.7% higher than the values of the
experimental animals by this time of the study. Other stud-
ied parameters did not differ significantly from the values
of intact animals (Table 2).

On the 14th day after reproduction of the aseptic in-
flammation model in the experimental group animals, the
specific volume of ciliated cells of the tracheal mucosa was
7.9£0.57%, which was 50% lower than the values of the
intact animals . Also, in this group, the proportion of secre-
tory active goblet cells significantly decreased to
3.54+0.19%, which is 67.3% lower than the values of the
intact animals. In the group of sham-operated animals, the
specific volume of ciliated and goblet cells of the mucosa
did not differ significantly from the values of the intact
animals. By this time of the study, the specific volume of
basal epithelial cells significantly increased - 20.1+1.75%,
which is almost twice as high as the corresponding values
of the intact and sham-operated animals. Remodulation of
the structural components of the submucosal layer of the
tracheal wall of the experimental animals reached its max-
imum values by this time. Thus, on the 14th day of the

experiments, compared to the intact group of animals, the
volume of stromal elements of the tracheal wall in the ex-
perimental group of animals increased by 26.6% and
amounted to 53.7+3.93%. Also, a noticeable decrease in
the specific volume of submucous glandular cells and
functioning microvessels was revealed . The specific vol-
ume of submucous glandular cells was 32.2% less than the
corresponding values of intact animals and was equal to
6.3£1.14%. The specific volume of functioning
microvessels was 32.0% less than the corresponding values
of intact animals and was 8.5+1.28%. Thus, aseptic in-
flammation under the action of ethyl chloride, which caus-
es cold necrosis, leads to a significant redistribution of the
cellular composition, namely, remodeling of the structural
components of the mucous and submucous layers of the
tracheal wall. The proportion of goblet cells and ciliated
epithelium, submucous glandular cells and functioning
microvessels decreases. At the same time, the proportion
of basal epithelial cells and stromal elements increases. All
this leads to a significant decrease in the protective capa-
bilities of the tracheal mucosa, its submucosal layer. Gob-
let cells in the tracheal wall accumulate mucinogenic gran-
ules, which, when combined with water, form mucin, the
main part of saliva. As a result, these cells acquire the
shape of a goblet. Then the goblet cells secrete the mucin
accumulated in the tracheal cavity, as a result of which the
cell returns to its previous state and becomes prismatic,
and the cycle is repeated. Mucin secreted from the goblet
cells into the tracheal cavity performs moisturizing and
protective functions. These data allow us to come closer to
understanding the complex pathogenetic mechanisms of
pathology progression, the impact on which would allow
us to effectively control the proliferative stage of the in-
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flammatory process, which was characterized by uncon-
trolled activation of the transforming growth factor, the
development of fibrosis. Moreover, fibrosis developed not
only in the lesion, but also in the perifocal areas. Finding
ways to inhibit excessive activation of stromal element
proliferation could possibly prevent a decrease in the pro-
tective properties of the respiratory tract mucosa and, as a
consequence, the chronicity of the process. In general, the
above-described changes characterize the progression of
processes of characteristic reorganization of the morpho-
logical structure of the trachea with a significant decrease
in the protective capabilities of the tracheal mucosa and its
submucosal layer. The morphological picture of the tra-
cheal wall on the 5th day after modeling the inflammation
is characterized by some compaction of the epithelial lin-
ing with partial atrophy of the ciliated epithelium. The
submucosal layer is somewhat expanded due to interstitial
edema, loosening of collagen fibers. Venous hyperemia of
microvessels is revealed. Individual vessels are obstructed
by aggregates of formed elements, mainly aggregates of
erythrocytes.

M‘ -

Fig. 1. Tracheal mucosa of an intact rabbit.

Pseudomederatose epithelial lining (3), clearly defined cili-

ated layer. Submucosa is organized, blood vessel walls (2)
are without edema. Mucoceliary cells (1) are normal.
Hematoxylin and eosin staining. Magnification: 10x100

On the 7th day of aseptic inflammation, the com-
paction of the epithelial lining and atrophy of the ciliated
epithelium became more pronounced. Collagen fibers took
the form of fibrous-collagen strands. Inflammatory hyper-
emia became predominantly venous, individual vessels
were obstructed by aggregates of formed elements. Edema
of the submucosal layer was pronounced. The 14th day of
aseptic inflammation was characterized by an almost com-
plete absence of ciliated epithelium, organization of fi-
brous-collagen fibers of the submucosal layer. The walls of
blood vessels were thickened due to edema. Hypo- and
atrophy of glandular structures were noted.

Thus, damaged bronchial epithelial cells initiate ac-
tivation of the epithelial- mesenchymal trophic unit of the
stroma. Activation of stromal elements is considered a key
mechanism of airway wall remodeling . The number of
mesenchymal stromal cells increased proportionally to the
thickening and compaction of the reticular collagen layer.
Such structural remodeling of the tracheal wall with dis-
proportionate growth of connective tissue elements dis-
rupts the trophism of all layers of the tracheal wall, primar-
ily the mucous membrane.

, / Yo MRS

Fig. 2. Mucous membrane of the rabbit trachea on the 5th
day of aseptic inflammation. Thickening of the epithelial
lining (2) with partial atrophy of the ciliated epithelium.

The submucosal layer is thickened by collagen (1), some-

what expanded by interstitial edema (3). Venous hyperemia
of microvessels. Individual vessels are obstructed by aggre-

gates (4). Van Gieson staining . Magnification: 10x100

Fig. 4. Mucous membrane of the trachea of a rabbit

day of aseptic inflammation. 1-Condensation of the epithe-
lial lining, atrophy of the ciliated epithelium. 2-Edema and
loosening of the stromal elements . 3-Condensation of col-
lagen fibers and formation of collagen strands in the
subepithelial zone. 4-Venous hyperemia of microvessels

on the 14th day of aseptic inflammation.
Compaction of the epithelial lining, ciliated epithelium is
practically not determined (1). Fibrous-collagen fibers of
the submucous layer are tightly organized (2). Hypo- and
atrophy of subepithelial glandular structures (3). Van
Gieson staining . Magnification: 10x100
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Discussion. Our studies have shown that the study
of the quantitative ratios of epithelial components and the
level of regenerative activity of the multi-row ciliated epi-
thelium in the tracheal wall made it possible to determine a
number of their specific characteristics at different times
after aseptic injury. The number of ciliated cells, glandular
and goblet cells decreased on the 14th day of the experi-
ment compared to the indicators in the early stages after
aseptic injury in animals of the experimental group. An
increase in cellular density in the epithelial tissue can cause
the death of some of its cells. On the 7th and 14th days of
our experiment, thickened bundles of collagen fibers and
lymphoid infiltration zones were detected in the mucous
membrane of the tracheal wall of animals of the experi-
mental group. According to the results of many studies,
intracellular regeneration plays a key role in the restoration
of the ciliated epithelium itself. The reaction of warm-
blooded animals to the cold factor is a broad subject of
modern research and is widely studied in connection with
their negative impact on the respiratory system.
Hyperreactivity of the respiratory tract develops due to
disruption of the integrity of the epithelium of the mucous
membrane of the respiratory tract. In the tissues, under the
influence of cold air flow, accumulation of biologically
active substances is observed. At the same time, in the mu-
cous membrane of the bronchi, as the pathological process
increases from the 5th to the 14th day, areas of its desqua-
mation, depletion of goblet cells, destruction of cell cilia
are revealed. It is known that one of the morphological
manifestations of inflammation of the airways is mucous
membrane edema. It has been established that in the bron-
chial epithelium, intercellular gaps expand, especially be-
tween basal cells. Intercellular spaces are filled with a ho-
mogeneous substance of low electron density. Morphomet-
ric analysis of the structural organization of the tracheal
wall during its aseptic inflammation showed the presence
of significant remodulation both in comparison with intact
and sham-operated animals, depending on the timing of the
experiment. The changes primarily concerned the structur-
al components of the mucous membrane. Thus, in the ex-
perimental group of animals, the decrease in the volume of
ciliated cells was 37.9%, compared with the results of in-
tact animals on the 5th day of the experiment, and the de-
crease compared with the group of sham-operated animals
was almost 38%. Compared with the results of intact ani-
mals on the 7th day of the experiment, the decrease in the
volume of ciliated cells in the experimental group of ani-
mals was 38.6%, the decrease compared with the group of
sham-operated animals was 32.6%. The highest decrease in
the volume of ciliated cells was 50% compared with the
indicators of intact animals, the decrease compared with
the group of sham-operated animals was 44%, respective-
ly, on the 14th day of the experiments. Also, the proportion
of goblet cells in animals of the experimental group de-
creased, compared with the results of intact animals on the
5th day of the experiment, the decrease in the volume of
goblet cells in animals of the experimental group was
12.8%, the decrease compared with the group of sham-
operated animals was 9.5%. In the experimental group of
animals, the volume of goblet cells decreased by 39.4%
compared to the results of intact animals on the 7th day of
the experiment, and the decrease compared to the group of
sham-operated animals was 34.6%. The proportion of gob-
let cells in the experimental group of animals decreased

especially on the 14th day of the experiments. By this time,
their volume decreased by 67.8% compared to the same
indicator of intact animals, and the decrease compared to
the group of sham-operated animals was almost 67.3%.
The volume of basal epithelial cells at all studied times
was more than 2 times higher than the values of both intact
and sham-operated animals. For example, in the experi-
mental group of animals, the volume of basal epithelial
cells was 21.2%, and in intact animals on the 5th day of the
experiment, the volume of basal epithelial cells was 9.2%,
in sham-operated animals, the volume of basal epithelial
cells was 9.1%. In general, the above-described changes
characterize the progression of the processes of character-
istic reorganization of the morphological structure of the
trachea with a significant decrease in the protective capa-
bilities of the tracheal mucosa and its submucosal layer.
During morphometry of the elements of the submucosal
layer, pronounced shifts in the experimental group of ani-
mals were noted in the volume of submucosal glands,
microvessels and stromal elements. Thus, in the animal
experimental group, the volume of glands was significantly
lower than the intact values by 22.6%, compared with
similar indicators of intact animals on the 5th day of the
experiment, and the decrease compared with the group of
sham-operated animals was almost insignificant. Com-
pared with similar indicators of intact animals on the 7th
day of the experiment, the decrease in the volume of
glands in animals of the experimental group was 25.8%,
the decrease compared with the group of sham-operated
animals was 30.3%. The highest decrease in the volume of
glands was 32.2% compared to the intact animals, the de-
crease compared to the group of sham-operated animals
was 39.4%, respectively, on the 14th day of the experi-
ments. In the experimental group of animals, the volume of
microvessels also significantly decreased. Compared with
similar indicators of intact animals on the 5th day of the
experiment, the decrease in the volume of microvessels in
animals of the experimental group was 16%, the decrease
compared to the group of sham-operated animals was
31.4%. On the 7th day of the experiment, the decrease in
the volume of microvessels in animals of the experimental
group was 21.6%, compared with similar indicators of in-
tact animals, the decrease compared to the group of sham-
operated animals was 42.7%.

The most pronounced decrease in the volume of
microvessels was noted on the 14th day of the experi-
ments, when the relative volume of microvessels was equal
to 8.5+1.28%, which was 32% lower than the values of
intact animals, the decrease compared to the group of
sham-operated animals was 42.7%. The volume of stromal
elements increased significantly, primarily due to basal
epithelial cells and collagens of the proper connective tis-
sue plate of the tracheal mucosa. Thus, on the 14th day of
the experiments, compared with the intact group of ani-
mals, the volume of stromal elements of the tracheal wall
in the experimental group of animals increased by 26.6%
and amounted to 53.7%. In general, the above-described
changes characterize the progression of the processes of
characteristic restructuring of the morphological structure
of the trachea with a significant decrease in the protective
capabilities of the tracheal mucosa and its submucosal lay-
er [4].

Conclusion. A method for modeling acute
inflammation of the upper respiratory tract has been
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developed and implemented in practice. The essence of the
method consists of the effect on the anterior wall of the
trachea with ethyl chloride through a plate with a hole of
constant size (5x10 mm) until white frost appears.
Remodulation of the tracheal wall components during
aseptic inflammation is characterized by a decrease in the
adaptive and protective activity of the epithelium, a
decrease in the number of secretory-active cells of the
mucous membrane, an increase in connective tissue
elements in the form of collagen fibers in the submucosal
layer.

Disproportionate proliferation of connective tissue
elements and reduction of microvessels causes structural
reorganization of the tracheal wall and disrupts the
trophism of all its layers, primarily the mucous membrane.
This reduces the ability to re-epithelialize , weakens the
extracellular matrix and increases the predisposition to
chronicity of many respiratory pathologies.
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CTPYKTYPHAA PEMOJY/IALIHA U
MOP®OMETPHYECKHH AHATH3 JJIEMEHTOB
CTEHKH TPAXEHU IIPH EE ACELITHYECKOM
BOCHTAJIEHHH

Camuesa I''Y., Cobuposa III.F., Baxpanosa M.ILI.

Pe3tome. Bocnanenue causucmoii 060104Ku pecnu-
PAamopHO20 Mpaxma Conpo8oHcOAemcs RAMoMop@honocu-
uecKuM npoyeccom Ha KIemouyHOM, MKAHEBOM U UMMYH-
HOM YPOBHAX opeanusma. B uccne0oeanusx, HanpasieHHvlx
Ha usyyeHue 60CNAIUMENbHO20 npoyecca Haubonee akmy-
ANbHLIM  AGIAEMCA  pa3spabomKa 60NPOCO8 NAmMozeHesd
nopaicenusi MKanetl, NPoSHO3UPOBAHUE BOIMOICHBIX OC-
JIOJICHEHU U pa3pabomKa NPUHYUNo8 u Memooos ux npe-
oynpexcoenuss. OCHOBHOU CUCMEMO, peanuzyuel 60c-
nanumenbHvie peaKyul, s6IAemcs CUCeMAa KPosuU, ee om-
6em Ha Oelicmsue nospexncoarowezo azenma. Imum u on-
peoensaemcs yenecooopasHoCns NPOPUIAKMUKY U TeYeHUs]
60CHANEHUS. NYMEM CIUMYIAYUU 3AUWUMHBIX CUL OPSAHU3-
Ma nymem yCUneHHOU NPOOYKYUU AKMUBHBLX JTEUKOYUMOE C
3AUUMHBIMU QYHKYUAMU.

Knwowueevie cnoga: acenmuueckoe 6ocnanenue,
CMPYKIMYPHAS peMOOYIAYUS, INUOEPMOUOHAS Ouepen-
Yuposxa.
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