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The article analyses structural and morphological changes of endometrium related to ovary cycle and condition of genital
function of cows. It has been determined that during estrus, we find high functional activity, activation of physiological secretion pro-
cesses, intensification of protein lipid metabolism. Endometrium of proesrirus shows activation of regenerative processes accompanied
with development of connective endometrium matrix. Such condition characterized by accumulation glycosaminglycans and increase
the reactive activity of acid proteinglycans of deep phase of fibrous matrix proteins.

Endometrium of cows during metestrus is charachterized by simultaneous dystrophic degenerative changes caused by hor-

mone-dependent cell desquamation, and cell proliferation initiation.

In postmorbid condition endometrium shows differentiation of stroma cells, vessel territories and uterine glands, reduction of
proliferation processes, depression of regenerative ability and neoangenogenesis.
Keywords: cows, structural and morphological endometrium changes, postmorbid endometrium.
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Introduction

Today, scientists studying the point of infertility, first of all
study the processes in preimplant endometrium, because of its
important role in nidation and gestation (Sidel'nikova, 2002).
Basic changes in endometrium happen during the period of de-
cidual transformations, among them angiogenesis and transfor-
mation of extracellular matrix of functional layer take an important
place.

Structural and morphological changes in endometrium of
cows dynamically transform during every stage of rut and are
controlled by inner and outer irritator factors coming to CNS, de-
termining production of gonadal hormones. Numerous molecular
factors have the role of receptor and ligands together, they influ-
ence biochemical processes which provide implantation of cop-
ula. Pathological and morphological disorders caused by trophic
and metabolic disorders of endometrium make it impossible to
give adequate trophic aid to implanting copula or to developing
chorium (Nikitina et al., 2007, Radzinskij et al., 2010).

However, in order to have reliable data on the mentioned
point, we have to discover the consistent pattern of local regula-
tory interaction between structural components in endometrium
during the rut stage, that is why studying of functions and struc-
ture of endometrium is important in finding the schemes and
methods of genital function correction (Demidova et al., 2006, Ni-
kitina et al., 2007).

Endometrium is a complex, multi-component structure,
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having basal and functional layers with epithelium and matrix,
stroma and glands (Brsikyan, 1990, Kostishin, 1999).

The surface of endometrium is divided into three different
morphofunctional areas: caruncular, intercaruncular and gland
with open uterine gland ducts. Caruncular area has a distinct
complex of decidual tissue (with ability to bacteriolysis, inactiva-
tion of their toxins, synthesis of carbohydrates, lipids, proteins,
prolactins and prostaglandines). In intercaruncular area, epithe-
lium has terminable deterioration; while gland area has resistant-
intensive secrete epithelium and the endometrium stroma does
not change significantly.

Literature Review. Special bodies in endometrium -
caruncles are the aniages of placenta. In blood they have a
form of flatten mushroom, during gestation, embryo part (coty-
ledon) covers caruncle, rooting by its projections into the
crypts. Epithelium covering crypts of caruncle is monolayer,
cubic, having giant cells. Connecting tissue of caruncle has a
great number of reticuloendothelia system cells and well de-
veloped capillary net. From the second month of gestation on
the surface of caruncles appear the crypts divided by the con-
necting tissue septum. Septum stroma has wide capillary. Sep-
tum walls are covered with cubic epithelium, containing mono-
and bi- nuclear giant cells. At the back of septum appear blood
vessels covered by stroma tissues (Vlasov, 2000, Saenko,
2001).

According to the researches of Vlasov (2000), covering

Cepis «BeTtepuHapHa MeguuuHay, Bunyck 3 (46), 2019



epithelium of endometrium undergoes lysis in contact places with
the tissues of embryo that is why separate points of epithelium,
having a form of waves, appear on the surface of endometrium.

Changes in structural components of endometrium during
the stage of rut, create supportive environment for copula implan-
tation. Basal layer does not have significant changes during the
period of estrous cycle. However the functional layer -is a dy-
namic structure having dynamic structural and functional
changes under the influence of gonadal hormones.

Stroma cells appear as quaggy spindle fiber and form the
important cellular populations that provide aid to endometrium ho-
meostasis. This cellular population, through specific secretion,
takes part in growth regulation, reproduction and specific func-
tioning of gland epithelium. Arteries have the spiral form and at-
tain the surface of epithelium during the rut stage (Boltovskaya,
2002).

Uterine glands appear as circular tubes with epithelial
cells overhanging in lumens. Gland epithelium is cylindrical, one
layered, with big bright cells having the form bladder on basal
membrane of glands. In case of their absence, we can determine
uterine gland epithelium atrophy. Structural and functional
changes in uterine gland cells happen during succeeding stages
and phenomena of estrous cycle. On the beginning of the rut
stage, sex steroids together with cells proliferation, stimulate the
development of secretory apparatus of uterine glands and recep-
tor synthesis to estrogens and progesterone. These changes stip-
ulate the beginning of secretory stage (Boltovskaya, 2002, llyina
etal., 2006).

Gland epithelium proceeds through structural and func-
tional changes during different phenomena and stages of estrous
cycle. While rutting uterine glands cells actively reproduce and
grow. During the period of heat and ovulation glycogen from basal
area of a gland moves to apicalis. Duration of this period is des-
ignated by the time needed for growing of the dominant follicle in
ovary. In slowdown stage, few hours after ovulation, secretory
transformation of endometrium is in appearance of basal vacu-
oles (accumulation of glycogen) in uterine glands cells. The se-
cretion of uterine glands, containing glycodelin protein, is an im-
munosuppressive agent and protects chorion and embryo from
immune response of the mother's body (llyina et al., 2006,
Misajlov et al., 2006).

It is known, that functional conditions of epithelial cells in
uterine glands and cell elements of endometrium stroma under
the conditions of estrous cycle have heterogeneous characteris-
tics. Scientists consider that heterogeneous condition helps the
cell adaptation in changeable conditions of mother’s organism by
actuation of additional structures (Gunin et al., 1998,
Boltovskaya, 2002, Misajlov et al., 2006).

Stage of secretion, due to increased level of progester-
one, is characterized by presence in endometrium winding spiral
arteries having the maximum length and developing swelling of
stroma cells. Swelling appears due to increase in vascular pen-
etration and changes in macromolecular structure of the main
matter (its transformation from sol into gel). Vessels hug the uter-
ine gland, it regulates the condition of gland epithelium in direct
way - through hormones taken from the blood. Fibroblast like
cells of stroma influence indirectly influence the uterine gland
through the synthetic activity products. Unlike the proliferation
stage, where the processes of anaerobic glycolysis are dominant,
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on the stage of secretion dominate the processes of aerobic gly-
colysis. The stage of secretion is characterized by the processes
of synthesis in epithelium cells of glands and discharge of com-
plex secretion containing mainly glycogen and glycosamingli-
cans. Glycogen is accumulated in stroma cell cytoplasm and gly-
cosaminglicans take part in formation of tissues. Carbohydrates
synthesis has its maximum during the early stage of secretion
and protein synthesis on the beginning of the mid stage (llyina et
al., 2006, Misajlov et al., 2006).

If the implantation occurred, predecidual cell begin to
form around the spiral arteriolas of functional layer. This process
is accompanied by formation of compact and spongy layers. On
surface of functional layer, the lacunar distension of capillars are
found and as a result of fiber structures melting appear areas of
division of stroma cells in epithelium of the glands. In gland epi-
thelium, intercellular space and macrophagocyte appear baso-
philic granules (apoptic bodies), appearing as a result of natural
genetically determined dying of cells causing the desquamation
of functional layer of endometrium. As the scientists found, only
the compact and small part of spongy layer. The largest part of
spongy layer cells remains and takes part in endometrium regen-
eration. Together with rejection of functional layer starts its prolif-
eration. (Gunin and Sharov, 1998, Petitti, 2003).

Acording to scientific literature endometrium regeneration
starts during the stage of balancing, because of the low level of
sex hormones. Such conditions of female body cause interaction
of local grow factors with endometrium cells receptors. Mitosis in
cells of gland epithelium are characteristic for endometrium in the
early stage of proliferation. During this stag epithelial cells are
poorly differentiated, whereas the stroma cells, especially fibro-
blast like, start collagen production, elastin, proteoglicans and
glycoproteins. Collagen and elastin are not only the skeleton for
cells they also have informational role during morphogenesis.
Proteoglycans and glycoproteins have trophic function, determin-
ing cell reproduction, including epithelial cells. Lymphocytes com-
ing from vessels into the endometrium stroma, determine inter
tissue regulation for proliferation of different tissues, and proba-
bly, can take part in regulation of mitotic activity and differentiation
of gland epithelium. Due to mitotic activity of gland component,
appears uterine gland winding, especially intense during the late
stage of proliferation. Proliferation phase happens with the high
rates of nucleic acids and protein metabolism (Misajlov et al.,
2006).

At the beginning of slowdown stage, with decreasing of
the estrogen and progesterone rates, endometrium undergoes
the regressive changes. Nucleus cells of gland epithelium in com-
pact layers have picnosis, stroma coiled arteries — stasis and hy-
poxia, natural cells-killers appear from numerous lymphocytes.
Cells of stroma and epithelium produce relaxant helping in de-
stroying of argyrophilic fibers of stroma (Gunin and Sharov, 1998,
Petitti, 2003).

Due to a liquid loss, endometrium hydropy and crinkling
of functional layer stroma is found. Glands become even more
rugose, being closer to each other, gland secretion stops. Endo-
metrium arteriolas are spread, their winding becomes excessive
with low blood circulation, with thrombosis and stasis as a result.
Before desquamation of functional layer, vascular distension
changes into a spasm, it happens because of different protein
decay products and other bioactive substances influence and de-
creasing rates of progesterone.
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Epithelium of endometrium (during the slowdown stage)
is flat, wrinkled or ribbed. Secretory and cells appear on the sur-
face of epithelium during rutting. Despite the similar cell structure,
cycle changes of surface epithelium in endometrium are less
prominent than in uterine glands epithelium (Leung, 2004).

So endometrium contains numerous immunocompetent
cells, certain amount of which provides optimal conditions for ni-
dation. Endometrium regeneration in post morbid period if com-
pared with morphotype under the conditions of physiologic ovary
cycle is retarded and depends on numerous factors - difficulty of
the disease, time and effectiveness of treatment, complications
etc (Bhutani, 2004).

Different morph-functional changes of post morbid endo-
metrium, cause disorders in adequate receptor's answer of
stroma cells to hormonal influence, determining the disorders in
adequate proliferation and secretory transformation. The struc-
ture of endometrium corresponding to rutting period has a diag-
nostic importance, because if found during the ovulation or slow-
down stage shows hormonal disorders.

The researches of post morbid endometrium fibers found
disorders in structural transformation and inadequacy in secre-
tory transformation of endometrium structural components, but
the detailed research of recovery processes and functional con-
dition of endometrium able to implantation is needed (Korneeva
etal., 2005, Ozturk et al., 2010).

The aims of the research was the definition and substan-
tiation for structural and morphological changes of endometrium
depending on stages of ovary cycle and conditions of genital
function of cattle pedigree stock on study farms in time of visible
ovary cycle.

Materials and methods. Material for the research was
endometrium fragments taken from the upper third part of uterine
horn of cattle on study farms of VAT “Mikhaylivka”, Lebedin re-
gion, Sumy oblast, FE “Vitaliya”, Buryn region, Sumy oblast, LTD
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“Lan” and LTD “Vladna”, Sumy region, Sumy oblast. Endome-
trium samples were taken from slaughtered animals 3-10 years,
on the 1stday of ovary cycle (estrus), on 7-8t day of ovary cycle,
and also samples taken from apparently healthy animals, which
had endometritis or placenta retention. Fiber materials were pre-
served in 10% formalin solution. Then they were processed in
water, drained and lightened in spirit xylene solution, put into a
celloidine blocks then a series of histologic sections of 10 mkm
on sliding microtome have been done. For observing microscopy,
histic preparation were colored by hematoxylin staining, for stud-
ying of connective tissue structure by picro-fuchsin (Selivanov,
2003, Goral's'ij et al., 2011).
Research results and discussion.

The Histological examination of endometrium has shown
that in during estrus a strict differentiation of functional layer on
compact and spongy was present. Endometrium arterioles are on
maximum spread level, filled with blood, form gloms, their walls
are edematic, (pic.1,5).

In endometrium tissues mitotic activity of is present, num-
ber of stroma cells increases, they are decidual like (future cells
of mother’s part of placenta) and substantial edema is found. Nu-
merous uterine glands, due to increased secretory activity of
cells, have the form of bunches. Uterine has has extension of
uterine glands cavity filled with secretion having high concentra-
tion of carbohydrate protein combinations, (pic.2-4). Epithelial
cells of uterine glands, have irregular cubik forms, polynuclear,
with unbalanced basal vacuolization, probably because of the gly-
cogen accumulation, (pic.4).

Coloring of endometrium with picro-fuchsin, during estrus
(pic.2,3,5.), shows that stroma is filled with protein-carbohydrate
combinations, that, according to data proves high functional ac-
tivity of tissue, and activation of secretory physiological pro-
cesses. (Tomitova, 2011).

i »

" B d

£ ?

e -
sﬁ' “"“

.

11

Cepist «BeTepuHapHa MeauLmHay, Bunyck 3 (46), 2019



12

e, ‘h‘ Sl v “
S E A
Pic. 2 - Compact and spongy layers of endometrium (crypt - numerous uterine glands),
estrus (colored with picro-fuchsin, 20x40).
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Pic. 3 - Arteriolar edema of endometrium compact layer, estrus, (colored

with picro-fuchsin 15x10).
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Pic. 4- Uterine gland of compact layer, estrus, (colored W|th picro-fuchsin 32x40).
1- round grain like cells (glycogen accumulations). 2- uterine glands cavity filled with secretion

Pic. 5 - Surface eplthellum compact and spongy layers of endometrium
(septum — a great number of blood vessels and uterine glands among them),
(colored with picro-fuchsin 10x10).

The histological examination of endometrium has shown | uterine glands together with low number of stroma cells, but the
that in during proestrus (17-18 day of ovary cycle), shows a strict | surface layer, on the contrary, contains individual unformed
visual differentiation of functional layer on compact and spongy. glands in the layer of stroma cells. Uterine glands do not contain

Surface epithelium is flat, rugate or wave shaped and | secretion, they are rugate, appear close to each other. There are
contains a great number of uterine glands in stroma cells layer, | visible dissection areas of stroma cells and gland epithelium,

(pic.6,7,8). (pic.7,9).
Deep layer of endometrium contains a great number of Endometrium arterioles are on maximum spread level.
BicHuk CymcbKoro HaLioHanbLHOro arpapHoro yHiBepcuTeTy 13
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There are changes in vessel territories, with intravascular stasis
charecteristics and perivascular edema with opening of paravasal
fibrillose binding elements, luminal occlusion appearing due to in-
timal hyperplasia. In some vessels thrombotic masses and their
obliterations has been found, together with formation of paravasal
fuchsinophil connective tissue fibers, indicating the distress of
vessel territories and development of connective tissue endome-
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Pic. 6- ndometrium surface epfthelium and functional layer, proestrus (colored by hematoxyli, 0x10).

trium matrix remodulation through their replacement by new de-
veloped fibrous elements.

Endometrium coloring with picro-fuchsin during the pre-
dicted proestrus (17-18 day of ovary cycle) shows far less (com-
paring with estrus) concentration of protein-carbohydrate com-
plexes in spongy area of functional layer (pic.7-9), that means, on
our opinion, activation of regenerative process.

\ A . F ¥

1. High cylindrical epithelium is mostly flat;
2. Uterine gland without secretion of a very rugete form.

Pic. 7 - Endometrium surface epithelium and fnctional layer (future crypt),

;« ', »

proesterus (17-18 day of ovary cycle). (colored with picro-fuchsin, 10x10).
1.-High cylindrical epithelium is slightly wavy; 2.-Uterine glands with areas of stroma cells and gland epithelium division.
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Pic. 8 - Endomefrilﬁl surface epithelium and functional layer (future crypt), ‘
proesterus (17-18 day of ovary cycle). (colored with picro-fuchsin, 12x10)
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, 28x10)

1. areas of stroma cells and gland epithelium division
2, strongly folded uterine glands

The histological examination of endometrium has shown
that in during metoestrus (7-8 day of ovary cycle) shows absence
of strict differentiation of functional layer on compact and spongy.
Surface epithelium is flat or wavy, in areas of caruncle partially
desquamated (pic 10.). Endometrium deep layer had a small
number of unformed uterine glands, individually present in stroma
cells; whereas the surface layer was close to be without glands
(pic.10,11,12).
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Dystrophic degradation of endometrium functional layer
has been registered, they were shown by destruction of compact
and spongy layers with strong thinning and dissolution of strict
zoning. It, on our opinion, caused by hormone dependant cell
desquamation of endometrium compact and spongy layers.

During meteoestrus, we have found, massive apoptic
death, accompanied with karyopyknosis, karyorhexis and hyper-
chromatosis of cytoplasm. It is probably caused by development

Cepist «BeTepuHapHa MeauLmHay, Bunyck 3 (46), 2019

15



of hypoxic surface areas of functional layer, caused by vessel ter-
ritories distress. Together with stroma cells apoptosis, we ob-
served spindle cells with mitotic division, it proved that together
with apoptosis were present the processes of proliferation,
(pic.13).

Histochemichal analysis of endometrium during metoes-
trus (7-8 day of ovary cycle), shows tht deep functional layer dur-
ing the period of living body development, there is no red-pink
coloring specific for estrus (pink and yellow colors are dominant),

ot Bt
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proving the intensive loss of surface glicosaminglycans and high
reactivity of acid proteoglicans in deep phase of collagen,
whereas accumulation of protein-carbohydrate complexes in
spongy layer is still present. Changes in proteoglycan matrix of
connective tissue are found in surface areas of functional layer,
they have a tendency to increase the number of cells with rich red
coloring of comparatively deep layer (pic.14), it is probably con-
nected with simultaneous dystrophic degenerative processes and
regenerative processes into the stage of yellow body.

Pic.10 — Endometrium compact and spongy layers, metroes.ilrus (7-8 day of ovary cycle) (colored by hemat&xylin, 10x10).
1. areas of stroma cells and gland epithelium division
2. Endometrium arteriolas are spread, excessively wound

Puc. 11 - Endometrium compact and spongy layers in border a

LR
- -

A
runcula area, metroestrus

(7-8 day of ovary cycle) (colored by hematoxylin, 2x10).
1. Fragment of unformed uterine gland of deep layer; 2. Endometrium surface epithelium is slight wavy.
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Pic. 12 - Endometrium compact and spongy layers of caruncula, metroestrus (7-8 day of ovary cycle) (colored by hematoxylin, 1x10).
1. areas of desquamated surface epithelium;2. unformed uterine gland of deep layer;

i

Pic. 13 - Blood vessels of endometriym spongy layer (sept, metoestrus (7-8 dy of ovary cycle) (colored by hematoxylin,10x10).
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Pic. 14 Endometrium ompact layer, etrestrus (7-8 day of ovary cycle) (colored with picro-fuchsin, 31x10).
1-Accumulation of protein-carbohydrate complexes is still present in spongy area of functional layer.

The histological examination of postmorbid endometrium
shows differentiation of stroms cells, vessels and uterine glands.
There is no visible differentiation of functional layer on compact
and spongy, allocation of uterine glands in stroma is chaotic and
irregular. Focality and multi colors are present in morphological
picture of functional layer, it has glands of different development
stage and areas of stroma inappropriate for any stage of ovary
cycle (pic.15-19). There are individual, having signs of dystrophy
and pseudostratification cells of surface epithelium, desqua-
mated, their nucleus are partly destroyed (pic. 16).

In most casese uterine glands had different shapes, with
atrophic epithelium covering, strongly twisted with numerous
brunches, being so close to each other, sometimes pushing out
the stroma (pic.16,18). Gland epithelium is explanate, low, pris-
matic. Cell nucleus are prolate and e[tanded with signs of poly-
morphism. Scientists consider that anaplastic cells of gland epi-
thelium lose the ability for adequate answer on hormonal stimu-
lation (Tomitova, 2011).

As it is known, condition of spiral arteries is the most im-
portant factor for significant characteristics determining adequacy
of gestagenic effect. Studing the spiral arteries of postmorbid ep-
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ithelium was found a distopography and disorganization of terri-
tory vessels, thickening of walls caused by intimal hyperplasia,
prevascular fibrosis. The stasis and obliteration is present, in ves-
sels old thrombotic masses are present (puc.16, 17). On our opin-
ion, postmorbid endometrium is formed because of the discord in
hierarchy central mechanisms of feedback, causing slowdown
and dissonance in circulating sex hormones influence. Histo-
chemichal analysis of postmorbid endometrium showed preva-
lence of yellow colors in functional layer. It proves the intensive
loss of surface glicosaminglicans and high reactive activity of acid
proteoglicans of deep stage fibrous proteins matrix (pic.16-18).
According to scientific data, endometrium cells in physiological
condition characterized by fuchsinophily being colored with picro-
fuchsin, because of reactive activity of basic proteins, absorbing
picric acid from picro-fuchsin mixture coloring them in yellow. Sur-
face micro phase of postmorbid endometrium cells, loses acid
proteins which bind basic fuchsin, that is why they are colored in
yellow (Selivanov, 2003).

On our opinion condition of posmorbid endometrium is a
result of compensatory adaptive reaction of tissue reaction, as an
answer to apoptosis disorders and changes in irritability of recep-
tors to sex hormones.
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Pic. 16 - Blood vessels i'n endometrium spdngy postorbid condition (coldred by hematoxylin, 1x10).
1. Stasis and post thrombotic masses in vessels; 2. Surface epithelium cells.
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Pic. ‘19 - Endometrium compact layer and spongy layers, postmorbid (colored with picro-fuchsin, 01 x04).

1. Intimal hyperplasia; 2. Stasis and obliteration; 3. Old intravascular (organized) thrombotic masses with loss of glicosaminglycan phase
and which reactive activity of acid glicosaminglycans.

Conclusions.

1. During estrus high functional activity, activation of
physiological secretory processes and intensification of protein i-
pid metabolism, with accumulation of protein carbohydrate mix-
tures in matrix, is present.

2. In endometrium during the predicted proestrus, we can
find an activation of regeneration processes, together with the be-
ginning of remodulation of connective tissue matrix endometrium.
Such condition accompanied with accumulation of surface

glicosaminglycans and increase of reactive activity of acid prote-
oglycans of deep phase of fibrous matrix proteins.

3. Endometrium of cows during metestrus is charachterized
by simultaneous dystrophic degenerative changes caused by hor-
mone dependant cell desquamation, and cell proliferation initiation.

4. In postmorbid condition endometrium shows differenti-
ation of stroma cells, vessel territories and uterine glands, reduc-
tion of proliferation processes, depression of regenerative ability
and neoangenogenesis.
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CmpyxkmypHo-MopgbostoziyHi 3miHu eHOomempito 8i0HOCHO cmadii cmamego20 YuksTy ma cmaHy cmameegoi hyHKU i Kopie

Y cmammi npoaHanizogaHo cmpykmypHO-MopgonoeidHi 3miHu eHdomempito 8idHOCHO cmadili cmamego20 YUKy ma cmaHy
cmamegoi (hyHKuii Kopie.

3adavero Hawux docridxeHb byo 8U3Ha4YeHHS ma 062pyHmMysaHHs CMPYKMYpPHO-MOPGHOII02iYHUX 3MiH eHOoMempito 3arne-
XHO 8i0 cmadili cmameso20 YUKy ma cmaHy cmamesoi (hyHKUil Mamo4Ho20 nozorig’a kopie docnidHux eocnodapcms nid yac npo-
S8y HUMU CMamegoi YUKiYHOCMI.

Mamepianom 0ns 0ocnidxeHb bynu ppacmeHmu eHOOMemPIto 8epXHLOTI MPEMUHU pogige Mamku Kopig. 3pasku mKaHUH eH-
domempito idbupanu y eumyweHo 3abumux meapuH gikom 3-10 pokis, Ha 0 deHb cmameso20 Yukity (ecmpyc), 7-8 deHb cmamesozo
Yuxkny (po3ksim xoemoeo mina), 17-18 deHb cmamegozo yukily (nepedbadysaHa miyka), a makox, y KiHIYHO 300po8UX MBAPUH, W0
nepexgopinu Ha eHdomempum ma 3ampumKy nocnidy. [ns o2nadoeoi mikpockonii thapbysaHHs 2icmosnoeidHuX npenapamig nposo-
Ounu 2eMamoKCUniH-e03UHOM, a 07 BUBYEHHS CMPYKMYPU CNOMYYHOI MKaHUHU - NIKPOGYKCUHOBOK CyMilwito 3a BaH-i30HoM.

BcmaroeneHo, wo nid yac ecmpycy peecmpyembscs 8UCOKa (OyHKUIOHaIbHa akmugHicmb, akmusauyis ¢hisionoaidHux cexkpe-
MOPHUX npoyecie ma iHmeHcucbikauis 6inkoeo-ninidHozo 0bmity knimuH COMK, wo cynposodxyemscs AenoHy8aHHAM y MampuKCi
6inkoso-gyanegodHux cnosyk. B COMK nid yac nepedbayysaHo20 npoecmpycy cnocmepieaemsCsl akmusauisi pe2eHepamugHUX npo-
yecie, siKi CynpogodxyrombCs nNoYamkoM po3sumky pemodynsyii cnomy4HOmKaHUHHO20 Mampukcy eHdomempito. Takuli cmaH npo-
ABMIIEMbCS HAKONUYEHHSIM NOBEPXHEBUX 2/1iko3amiHoariKaHie ma 30inbWeHHAM peakyiliHoi 30amHocmi KUCauX npomeoanikaHig enu-
6okoi cpasu ¢ibpunsipHux binkie Mampukcy.

Endomempiti kopig nid yac Memecmpycy xapakmepu3yembcsi NOEAHaHHSIM 00HOYacHUX Aucmpogbiko-0e2eHepamueHUX 3MiH,
noe’s3aHuxX 3 20PMOHO3AIEXHOI0 KITIMUHHOK deckeamauiero, ma iHiyjauiero KnimuHHoi nponighepauiei. 3a nocmmopbidHo20 cmaHy
COMK, cnocmepizaembcsi po30uchepeHyiro8aHHs KimuH cmpomu, CyOUHHX mepumopill ma Mamkosux 3a03, 3HUKEHHS npouecis
nponighepauii, npusHiYeHHaM pe2eHepamueHoi 30amHocmi ma HeoaHzio2eHesy.

Mepcnekmusoo nodanbwux AocniOxeHb e HeOBXIOHICMb 3’ACY8aHHS MeXaHiaMy PO3BUMKY MOPHODYHKUIOHANBHUX 3MiH
nocmmopbidHoi COMK 3a HennidHocmi Kopie ma onpayrogaHHi Ha Uill 0CHogi 0brpyHmogaHux memodig Kopekuii.

Knroyoei cnoea. koposu, cmpykmypHo-mMopeghonoziyHi 3miHu eHdomempito, nocmmopbioHa COMK.
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