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ANNOTATION 

Gritsenko A. S. Morphological changes in rats' spleen under 

hyperhomocysteinemia depend on age. – Qualifying scientific work as a manuscript. 

Dissertation for the Doctor of Philosophy degree in knowledge 22 "Health 

care" in the speciality 222 "Medicine". – National Pirogov Memorial Medical 

University, Vinnytsya, 2025. 

The thesis presents a theoretical generalisation and a new solution to the 

current scientific problem of establishing changes in the structure of the spleen of 
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rats of different ages, which deepens against the background of chronic 

hyperhomocysteinemia. 

The dissertation research was carried out according to the scientific research 

plans of National Pirogov Memorial Medical University, Vinnytsya. It is a fragment 

of research works of the Department of Biological and General Chemistry: "The 

influence of exogenous and endogenous factors on the metabolism of hydrogen 

sulfide and associated metabolic processes in normal and pathological conditions" 

(state registration number 0113U006461), "The role of exogenous and endogenous 

sulfur-containing compounds in the mechanisms of damage to internal organs and 

cytoprotection in various pathological conditions" (state registration number 

0119U001142). 

The experiment was carried out on 64 white outbred male rats (permanent 

weight – 61-335 g) obtained from the vivarium of National Pirogov Memorial 

Medical University, Vinnytsya. During the study, the experimental animals were 

divided into a control group and an experiment group. Each group was divided into 

subgroups depending on age, namely, young rats aged 1-2 months, adult rats aged 

6-8 months, and old rats aged 24-26 months. 

Chronic stable hyperhomocysteinemia was modelled by administering D,L-

thiolactone homocysteine hydrochloride (Acros Organics, Italy) to animals of the 

experimental group at a dose of 200 mg/kg body weight intragastrically (IV) on 1 % 

starch gel solution (1 ml/100 g rat weight) once a day for eight weeks. Rats of the 

IV control group were injected with a 1 % starch gel solution (1 ml/100 g of rat 

weight) once a day for eight weeks. 

For histological examination, pieces of the spleen were taken from pre-

weighed animals of all groups and studied using light and electron microscopy 

methods. Spleen homogenates and blood samples from experimental rats were used 

for biochemical and laboratory studies. 

Light microscopy of the spleen of intact young rats showed no signs of 

swelling or inflammation, and the capsule had a flat, smooth surface. T cells form 

the darkest areas of the white pulp due to predominantly small lymphocytes forming 
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periarterial sheaths around the central arteries. Among the periarterial sheaths, there 

are a small number of apoptotic bodies. Follicles contain germinal centres, 

macrophages, and apoptotic B-cells. The marginal zone is formed by different types 

of macrophages and marginal zone B cells. The red pulp comprises a three-

dimensional network of splenic cords and venous sinuses. Blood cells, including red 

blood cells and granulocytes, are in the spaces between the strands. Lymphocytes 

and hematopoietic cells are also associated with splenic cords. Immature forms of 

blood cells are observed. In the cytoplasm of macrophages in the red and sometimes 

also in the white pulp, hemosiderin deposits are noted. 

Mature intact rats showed no signs of pathology in the stroma or parenchyma 

of the spleen. The standard location and structure of collagen fibres are observed; 

large blood vessels retain a regular shape, and endotheliocytes and smooth myocytes 

of their walls do not undergo morphological changes. The main elements of the 

white pulp are: periarterial vaginas, germinal centres, and marginal zones of lymph 

nodules generally have no abnormalities. T cells surround the central arteries evenly 

distributed in dense groups of regular shape. Single macrophages are found between 

T lymphocytes. B-cells of lymph nodes are characterised by normal density and 

number. The marginal zone of white pulp nodules is narrow and relatively well-

defined. Red pulp differs from young animals in the absence of megakaryocytes and 

other early forms of hematopoiesis. Lipofuscin inclusions in histiocytes are 

practically absent. 

When assessing the condition of the spleen of old intact rats, changes are 

noted in the parenchymal and the stromal components. There is an overgrowth of a 

delicate stroma; the white and red pulp have macrophages with brown lipofuscin 

inclusions. There is an increase in the total area of the white pulp compared to the 

red pulp, which occurs mainly in the T-lymphocyte zone and is reflected by an 

increase in the stromal zone of T-cells; usually, a clear boundary between T and B 

lymphocytes becomes less pronounced. There is a loss of macrophages in the 

marginal zone, which is accompanied by the accumulation of fibroblasts, fuzziness 

and disorganisation of the marginal zone itself, due to which the transition between 
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white and red pulp is largely blurred. Some T-lymphocytes undergo apoptosis; 

among others, the proportion of the delicate stroma – fibroblasts and reticulocytes – 

increases. There is a lower number of plasma cells among the cells of the lymph 

nodes and the marginal zone. The bulk of B cells have a high nuclear-cytoplasmic 

ratio and a hyperchromatic nucleus. Macrophages, granulocytes and lymphocytes 

are located between the erythrocytes of the red pulp, and the network of reticular 

cells and fibroblasts of connective tissue also grows. 

Histological examination of the spleen of young rats under 

hyperhomocysteinemia conditions revealed a significant increase in B-cell 

proliferation in response to lipopolysaccharide. B lymphocytes and plasma cells 

increase; numerous proliferating B lymphoblasts accompanied by macrophages are 

present. There is an expansion of the red pulp's venous sinuses and megakaryocytes 

among the erythrocytes. The presence in macrophages of both white and red pulp 

includes not only dark brown inclusions of hemosiderin but also lipofuscin. There is 

an infiltration of lymphocytes into the red pulp; the penetration of white blood cells 

into the red pulp is accompanied by expansion and "erosion" of the marginal zones 

of the lymph nodes.  

In mature animals with hyperhomocysteinemia, more pronounced structural 

changes in the organ were detected compared to young animals: the density and 

organisation of the fibres of the dense connective tissue of the capsule and trabeculae 

are disturbed; The nuclei of the fibroblasts within the capsule have slight swelling. 

Vacuolisation is also observed in the subcapsular zone of the splenic pulp. Epithelial 

lining cells also show signs of vacuolisation. B cells of lymph nodules and marginal 

zones show signs of proliferation: germinal centres are present, and mature plasma 

cells are present within the white and red pulp. In the red pulp, macrophages with 

lipofuscin inclusions, among other blood cells, are noted. 

The negative effect of simulated hyperhomocysteinemia on spleen 

morphology was most pronounced in older animals. Thickening of the capsule is 

noted; Not all dense connective tissue fibroblasts have normal morphology. The 

delicate stroma, particularly reticulocytes, is characterised by indistinct borders, 
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perinuclear oedema, and an unevenly coloured, somewhat granular cytoplasm. Light 

vacuolated zones are present around the walls of the central arteries. Subsequent 

uptake of apoptotic bodies by macrophages increases the number of these cells in 

the periarterial sheath. There is an increase in the number and area of light germinal 

centers and the appearance of plasma cells inside the nodules and their marginal 

zones. The presence of single germinal centers is noted, the immediate consequence 

of which is the formation of plasma cells in the lymph nodes. Marginal zones lose 

their clarity, so the transition between white and red pulp is not pronounced. Many 

macrophages are noted among the red-formed elements of blood. The increase in the 

number of macrophages containing lipofuscin inclusions in their cytoplasm is also 

worth mentioning. 

The morphometric part of the study fully confirms these data. There was no 

significant difference in the ratio between white and red spleen pulp for any age 

group. Nevertheless, there was an increase in the proportion of white pulp for 

animals exposed to chronic hyperhomocysteinemia, quite noticeable for some age 

categories. In mature animals, the sharpest, in comparison with other age categories, 

the proliferation of white pulp in response to the action of chronic 

hyperhomocysteinemia is noted. When comparing the experimental groups of all 

age categories with the control groups, a statistically significant decrease in the 

number of macrophages with lipofuscin inclusions is revealed. The increase in the 

total area of white pulp is characteristic of all experimental groups compared to the 

control groups but is not statistically significant. At the same time, mature animals 

have the most pronounced increase in the proportion of lymph nodes relative to the 

red pulp. In contrast to the proportion of white pulp, the number of macrophages 

with lipofuscin inclusions in the red pulp is statistically significantly higher 

according to the Mann-Whitney test for all three experimental groups relative to the 

control groups. 

In an electron microscopic examination of the spleen of intact young rats, the 

white pulp is represented by lymphoid nodules, in the centre of which germinal 

centres were marked. The cell population of the parenchyma included lymphocytes, 
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macrophages, lymphoblasts, plasmocytes, and reticular cells. In the germinal centres 

of lymphoid nodules, mitosis figures were characteristic. Red blood cells, platelets, 

macrophages and lymphocytes represent the red pulp. Sinusoidal capillaries of the 

spleen They were moderately full-blooded; erythrocytes were found in the lumens. 

The endothelial cells of the capillary walls had an elongated shape. 

During the ultrastructural study of the spleen of intact mature rats, reticular 

cells, lymphocytes, macrophages, plasma cells, and dendritic cells were found in the 

white pulp of the organ. As in the group of young animals, the figures of mitoses 

were characteristic in the germinal centers. Macrophages and monocytes surrounded 

small, light-coloured lymphocytes. In the red pulp, erythrocytes, platelets, a few 

lymphocytes, monocytes, and macrophages were observed. The latter had processes, 

and their lipofuscin granules were detected in the cytoplasm. There are erythrocytes 

and platelets in the lumens of the spleen's sinusoidal capillaries. The endothelial cells 

of the sinusoid walls had an elongated shape. 

In intact old rats, lymphoid nodules with germinal centers were present in the 

white pulp of the spleen. In the latter, in contrast to young and mature rats,  the 

number of cells with mitosis figures was significantly reduced. Small light and 

medium lymphocytes, plasma cells, and macrophages were detected. In the red pulp 

of the spleen, erythrocytes, platelets, lymphocytes, and macrophages were noted. 

The latter contained fragments of phagocytosed erythrocytes, platelets, and 

numerous lipofuscin granules. Enlightenment sinusoidal capillaries were not dilated; 

the form elements of blood were concentrated in them. 

In experimental hyperhomocysteinemia in young rats, noticeable electron 

microscopic signs of damage to the spleen parenchyma are observed. The 

development of both destructive and compensatory-adaptive changes was revealed. 

The sinusoidal capillaries of the organ are dilated, containing a significant number 

of erythrocytes. The endotheliocytes of the capillaries had an elongated shape and 

jagged edges. Both the white and red pulp of the spleen changed. The characteristic 

features in the white pulp were a relative decrease in mature T lymphocytes and an 

increase in B-lymphocytes, plasma cells, lymphoblasts, and macrophages. 
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Numerous lymphoblasts are present in the germinal centers of lymphoid nodules. 

These cells were subject to morphological changes, which manifested in their 

destruction and pycnosis of nuclei. The red pulp was characterised by erythrocytes, 

platelets, neutrophils, eosinophilic granulocytes, and a significant number of T- and 

B-lymphocytes and macrophages. In the latter, granules of lipofuscin and 

hemosiderin, vacuoles were found. Neutrophilic granulocytes had numerous 

granules and a small number of organelles. 

In mature rats under hyperhomocysteinemia conditions, the sinusoidal 

capillaries' lumens are dilated. Accumulations of formed blood elements were found 

in them. Red blood cells and platelets in the lumens of the spleen's blood vessels 

were often in the stage of degradation. As in young rats, the white pulp suffered a 

more significant impact of hyperhomocysteinemia than the red one. A distinctive 

feature was the significant death of T lymphocytes by apoptosis. In germinal centres, 

lymphoid nodules were noted for the proliferation of B-lymphocytes, the 

predominance of mature plasma cells. The number of macrophages increased 

significantly, and their functional activity increased. Despite their significant 

numbers, macrophages often undergo dystrophic changes. In the white pulp of the 

spleen, an increase in the number of lymphoblasts and light and dark lymphocytes 

was detected. Erythrocytes, platelets, granulocytes, and mainly neutrophils were 

noted in the red pulp. Macrophages were characterised by hyperchromic, 

eccentrically placed nuclei. In the cytoplasm of these cells, both secondary 

lysosomes and residual bodies with a large amount of detritus were noted. Fragments 

of phagocytosed material, including red blood cells and platelets, were found. 

Lipofuscin inclusions have been observed. 

In experimental hyperhomocysteinemia in the spleen of old rats, changes 

occurred in all structural components. In the spleen's stroma, connective tissue 

components, particularly reticular cells, were noted. They had an elongated shape 

and hyperchromic nuclei; perinuclear oedema was observed. In the white pulp of the 

spleen, under these conditions, as in previous groups of experimental animals, areas 

of death of T-lymphocytes were determined, especially pronounced in the 
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periarterial lymphoid sheath. The lymphocytes that underwent apoptosis had dark, 

bizarre-shaped pycnotic nuclei. Plasma cells, in turn,  increased quantitatively due 

to increased proliferation of B-lymphocytes. Plasma cells varied considerably since 

those with a preserved morphological structure and signs of pronounced 

submicroscopic shifts in organisation were observed. Sinusoidal vessels were 

dilated, and erythrocytes, leukocytes, and platelets were found in them. Numerous 

platelets and their fragments were observed in the red pulp; erythrocytes underwent 

hemolysis. Granular leukocytes, mainly neutrophils, and many macrophages were 

also noted. Large phagosomes, remnants of destructively altered erythrocytes, 

granulocytes and platelets were found in their cytoplasm. In addition, they had 

accumulations of hemosiderin and lipofuscin granules. 

During the biochemical study of the blood and homogenates of the spleen of 

rats of different ages under conditions of hyperhomocysteinemia, it was found that 

this process causes a violation of the proteolytic balance in the spleen, as evidenced 

by an increase in overall proteolytic activity. The most pronounced changes are 

observed in the group of old animals, accompanied by a significant increase in the 

level of serine proteases in the spleen of rats. The increase in the level of serine 

proteases occurred against the background of an increase in total protein level. No 

elevation of pro- and anti-inflammatory cytokines in the spleen was found. 

Moreover, hyperhomocysteinemia caused a significant decrease in the levels of IL-

1b, IL-8, IL-6, IFN-´, IL-4 and IL-10 in adults and old rats. 

Thus, studies of the spleen at different levels of structural organisation in all 

age groups of intact experimental animals showed that the state of their spleen 

represents the typical morphology of stromal and parenchymal elements. It was 

found that in the stromal and parenchymal components of the spleen of old animals, 

age-related changes are manifested in the form of an increase in the proportion of 

the delicate stroma in the white and red pulp, a decrease in the density of T-cells in 

the periarterial vagina and the reactivity of B-cells in the remaining zones of the 

lymph nodule and marginal zones. There is also a blurred boundary between white 

and red pulp and an overgrowth of white pulp relative to red. 
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Studies of the structural organisation of the spleen of different age groups in 

simulated hyperhomocysteinemia have shown that the general morphological 

manifestations of the pathological effect of chronic hyperhomocysteinemia on the 

spleen of rats include disorganisation of its stromal element, the appearance of 

lumens in the periarterial vagina due to the death of T-lymphocytes by apoptosis, an 

increase in the number of germinal centres of B-cells and infiltration of mature 

plasma cells into the red pulp and an increase in the number of inclusions lipofuscin 

in splenic macrophages. 

Against the background of hyperhomocysteinemia in the liver of rats of all 

age groups, total proteolytic activity increases due primarily to the activation of 

serine proteases, metal-dependent enzymes, and enzymes belonging to cysteine and 

aspartic proteases. Proteolytic imbalance is not associated with increased matrix 

metalloproteases but may be due to increased serine protease biosynthesis. An 

additional factor leading to increased activity of metal-dependent enzymes is the 

imbalance between MMP-1 and TIMP-1. 

Keywords: spleen, rats, homocysteine, H2S/hydrogen sulfide, 

hyperhomocysteinemia, cystathionine beta-synthase, mitochondria, endothelial 

dysfunction, age-related changes, proteolysis, inflammation. 
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=0 35-50 % V 70 % 2V4?>2V4=>. �=H0 D>@<0 45D5:BC 28:;8:0є 70<V=C 3;CB0<0BC 

=0 0;0=V= 2 %-:V=F52><C @53C;SB>@=><C 4><5=V  &�($ B0 AC?@>2>46CєBPAS 
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?><V@=>R 3V?5@3><>F8AB5W=5<VєR.  CB0FVW *�% E0@0:B5@87CRBPAS 7=0G=8< 

7@>AB0==S< :>=F5=B@0FVW 3><>F8AB5W=C ?;07<8 :@>2V, 2 >:@5<8E 28?04:0E =0 

80 % B0 ?>S2>R 3><>F8AB5W=C@VW, S2;Sє A>1>R <VA5=A-<CB0FVW B0 45;5FVW 0;5;59. 

�V4><>R B0:>6 є <CB0FVS 35=C �2756G, I> :>4Cє  %, S:0 AC?@>2>46CєBPAS 

7=865==S< 0:B82=>ABV D5@<5=BC B0 3V?5@3><>F8AB5W=5<VєR A5@54=P>3> 

ABC?5=S 206:>ABV [25, 51, 65, 115, 119, 142, 152]. 

�:A?5@8<5=B0;P=V 4>A;V465==S =0 B20@8=0E 40;8 7<>3C 2AB0=>28B8 

>A=>2=V ?@8G8=8 B>:A8G=>ABV 3><>F8AB5W=C =0 >@30=V7<. !0 AP>3>4=VH=V9 45=P 

=0C:>2FV 284V;SRBP >A=>2=V 7 =8E, 0 A0<5: 0:B820FVS 3><>F8AB5W=>< 

>:A840B82=>3> AB@5AC B0 AB@5AC 5=4>?;07<0B8G=>W AVB:8, ?>@CH5==S 5:A?@5AVW 

35=V2, 3><>F8AB5W=C20==S 1V;:V2, AB8<C;SFVS ?@>4C:FVW <54V0B>@V2 70?0;5==S B0 

DV1@>7C [53, 83, 84, 122, 125, 169]. 

$>;P 3><>F8AB5W=C 2 ?0B>35=57V 1030BP>E 70E2>@R20=P =8=V 0:B82=> 

282G0єBPAS. !0@07V ?52=0 :V;P:VABP @>1VB ?@8A2SG5=0 282G5==R 9>3> 

?>H:>46CRG>W 4VW =0 5=4>B5;V9 AC48==>W ABV=:8 V CG0ABV 2 @>728B:C CA:;04=5=P 

A5@F52>-AC48==8E B0 F5@51@>20A:C;S@=8E 70E2>@R20=P [124, 135, 165, 186, 

198]. �AB0=>2;5=>, I> C G>;>2V:V2 7 @V2=5< 3><>F8AB5W=C, S:89 ?5@528ICє 

25@E=R <56C =>@<8 =0 12 %, @878: V=D0@:BC <V>:0@40 71V;PHCєBPAS 2 3 @078. 

�@>AB0==S 9>3> 2<VABC 2 :@>2V =0 :>6=V 5 <:<>;P/; 28I5 =>@<8 ?@872>48BP 4> 

?V428I5==S 9<>2V@=>ABV ?>S28 :>@>=0@=>W ?0B>;>3VW C G>;>2V:V2 =0 60 %, C 

6V=>: =0 80 % B0 F5@51@>20A:C;S@=8E ?0B>;>3V9 =0 50 % S: C G>;>2V:V2, B0: V C 

6V=>:. &><C 3V?5@3><>F8AB5W=5<VR 22060RBP =570;56=8< D0:B>@>< @878:C 

?>@CH5=P :>@>=0@=>3> B0 <>7:>2>3> :@>2>>1V3C [41, 42, 66, 81, 82, 98]. 

$5B5;P=89 0=0;V7 =0C:>2>W ;VB5@0BC@8 ?>:0702, I> 3><>F8AB5W= 

A?@8G8=Sє CH:>465==S 5=4>B5;V0;P=8E :;VB8= B0 @>728B>: B@><1>7V2. 

&@><1>35==0 4VS <>65 1CB8 ?>2’S70=0 7 ?@83=VG5==S< A8=B57C ?@>AB0F8:;V=C, 

0:B820FVєR V D0:B>@0 73>@B0==S :@>2V, A?>2V;P=5==S< 0:B820FVW ?@>B5W=C %, 

1;>:04>R 72’S7C20==S B:0=8==>3> 0:B820B>@0 ?;07<V=>35=C 5=4>B5;V0;P=8<8 

:;VB8=0<8. �@V< B>3>, 3V?5@3><>F8AB5W=5<VS 0A>FV9>20=0 7 3V?5@03@530FVєR 

B@><1>F8BV2 [176, 188]. �AB0=>2;5=0 @>;P 3><>F8AB5W=C 2 7=865=V A8=B57C 
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5=4>B5;Vє< @5;0:ACRG>3> D0:B>@C – NO, AB8<C;SFVW ?@>4C:FVW ?5@>:A8=VB@8BC, 

I> 7C<>2;Rє 703815;P 5?VB5;V0;P=8E :;VB8= AC48==>W ABV=:8 [94, 99, 100, 132, 

152, 176, 192, 193, 196, 209]. �>A;V465==S >AB0==VE @>:V2 45<>=AB@CRBP B0:>6, 

I> ?@8 >:8A;5==V 3><>F8AB5W=C 35=5@CRBPAS �(�, S:V A?@8G8=SRBP @>728B>: 

>:A840B82=>3> AB@5AC [101, 118, 120, 138, 174, 177, 180, 199, 202]. %;V4 

707=0G8B8, I> 2 ABV=FV AC48= 2V= AB8<C;Rє >:8A;5==S ;V?V4V2, 2 @57C;PB0BV G>3> 

28=8:0RBP A?@8SB;82V C<>28 4;S 0B5@>35=57C [1, 26, 27, 29, 67, 87, 175, 184]. 

�=0G=0 :V;P:VABP @>1VB, ?@8A2SG5=0 282G5==R 270є<>72’S7:V2 <V6 @V2=5< 

3><>F8AB5W=C B0 @>728B:>< @V7=8E ?0B>;>3VG=8E AB0=V2, 28:>=0=0 

A?V2@>1VB=8:0<8 :0D54@8 1V>;>3VG=>W B0 7030;P=>W EV<VW �V==8FP:>3> 

=0FV>=0;P=>3> <548G=>3> C=V25@A8B5BC V<.  . �. #8@>3>20 [3, 4, 5, 23, 24, 25, 

26, 27, 28, 29, 32, 33, 39, 43, 45, 46, 47, 52, 53, 54, 55, 56, 59, 60, 61]. 

&V>;0:B>= 3><>F8AB5W=C 0:B82Cє 03@530FVR B@><1>F8BV2, V=4C:>20=C 

�DP, :>;035=>< B0 04@5=0;V=><. �2B>@:0 707=0G0є, I> 3V?5@3><>F8AB5W=5<VS 

=530B82=> 2?;820є =0 =C:;5>B84=89 >1<V=, ?@872>48BP 4> 7<V= 0:B82=>ABV 

B@><1>F8B0@=8E, ?5GV=:>28E B0 F8@:C;RRG8E D5@<5=BV2 >1<V=C 045=V;>28E 

=C:;5>B84V2 2=0A;V4>: ?>@CH5==S 5:A?@5AVW 2V4?>2V4=8E 35=V2 B0 WE 

?>ABB@0=A;SFV9=C <>48DV:0FVR. �5=5@CRG8 �(�, 2V= V=0:B82Cє 5=78<8 

=C:;5>B84=>3> >1<V=C. � :V=F52><C @0EC=:C ?>@CH5==S <5B01>;V7<C 

045=V;>28E =C:;5>B84V2 AB2>@RRBP C<>28 4;S 3V?5@@50:B82=>ABV B@><1>F8BV2 

[23]. 

�AB0=>2;5=89 2?;82 E@>=VG=>W 3V?5@3><>F8AB5W=5<VW =0 <5B01>;V7< 

AV@:>2<VA=8E 0<V=>:8A;>B 2 =8@:0E 70 C<>2 3V?>- B0 3V?5@B8@5>7C. 

�:A?5@8<5=B0;P=5 4>A;V465==S 45<>=AB@Cє, I> 3V?5@3><>F8AB5W=5<VS 

A?@8G8=Sє ?>@CH5==S DC=:FV>=C20==S 2 =8@:0E D5@<5=BV2 F8:;C 

@5<5B8;C20==S 3><>F8AB5W=C 2=0A;V4>: 7=865==S 0:B82=>ABV S-

045=>78;<5BV>=V=A8=B5B078 (S-� %) B0 �� &, 0 B0:>6 :0B01>;V7<C F8AB5W=C. 

�=4C:>20=89 2 IC@V2 3V?>B8@5>7 28:;8:0є ?@83=VG5==S ?@>F5AV2 

@5<5B8;C20==S B0 45AC;PDC20==S. #@8 FP><C A?>AB5@V30єBPAS 0:B82=5 

7@>AB0==S @V2=V2 3><>F8AB5W=C B0 7<5=H5==S 2<VABC 3V4@>35= AC;PDV4C [46, 47].  
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#@8 206:V9 3V?5@3><>F8AB5W=5<VW =0 B;V 45DVF8BC 3V4@>35= AC;PDV4C 2 

A5=A><>B>@=8E 4V;S=:0E :>@8 25;8:8E ?V2:C;P 28S2;SRBPAS 0B@>DVG=V B0 

45AB@C:B82=V 7<V=8 =59@>F8BV2, 20:C>;S@=0 48AB@>DVS 0AB@>F8BV2, ?>@CH5==S 

AB@C:BC@8 =59@>?V;R. %?>AB5@V30RBPAS 7=0G=V 7<V=8 2 AC48=0E 

<V:@>F8@:C;SB>@=>3> @CA;0 A5=A><>B>@=>W 4V;S=:8, ?>@CH5==S FV;VA=>ABV 

ABV=:8 :0?V;S@V2, =5:@>7 5=4>B5;V0;P=>3> 28AB5;5==S, ?@8ABV=:>2V B@><18, 

?>2=>:@V2’S AC48= [59]. 

!0S2=0 45AB@C:FVW 5=4>B5;VR, 3V?5@?;07VW 3;04:8E <V>78BV2 C A5@54=V9 

>1>;>=FV 0>@B8. �>A;V465=> 20:C>;S@=C 48AB@>DVR A0@:>?;07<8, 2B@0BC 

?>A<C3>20=>ABV <V>DV1@8;, 7=0G=V 4V;S=:8 =5:@>7C B0 ;59:>F8B0@=C 

V=DV;PB@0FVR <V>:0@4C [3, 27]. 

&@820;V :;V=VG=V 4>A;V465==S 2AB0=>28;8, I> 3V?5@3><>F8AB5W=5<VS 

0A>FVRєBPAS 7V 7=865==S< D@0:FVW 28:84C =0 18 % B0 ?>3V@H5==S< 5=4>B5;V9-

70;56=>W 207>48;SB0FVW =0 42 %. �><>F8AB5W= 28ABC?0є ?@548:B>@>< 

:0;PF8=>20=8E B0 CA:;04=5=8E 0B5@>A:;5@>B8G=8E 1;SH>:, 7C<>2;Rє 

@5<>45;R20==S AC48=, 3V?5@B>DVR B0 ?@83=VG5==S A8AB>;VG=>W DC=:FVW 

<V>:0@40 [32, 33, 92, 93]. 

�0 C<>2 BV>;0:B>=>2>W 3V?5@3><>F8AB5W=5<VW ?V428ICєBPAS 0:B82=VABP 

?@>F5AV2 ?5@>:A840FVW ;V?V4V2 B0 >:8A=>W <>48DV:0FVW 1V;:V2 2 <V>:0@4V. 

�V4<VG0єBPAS 7@>AB0==S <0;>=>2>3> 4V0;P453V4C B0 :0@1>=V;P=8E 3@C? 1V;:V2. 

&0:>6 3V?5@3><>F8AB5W=5<VS 7C<>2;Rє @>728B>: F8B>;V7C :0@4V><V>F8BV2, 

?V428I5==S 2 :@>2V @V2=V2 �%& B0 �(�. �2B>@>< 4>2545=0 AB0BP-

A?5F8DVG=VABP 707=0G5=8E 7<V=. ' G>;>2V:V2 =530B82=89 2?;82 28@065=89 

1V;PH5, I> ?>2’S70=> 7 ?V428I5=>R 1070;P=>R ?@>4C:FVєR 2 =8E �(� B0 

28A>:>R 0:B82=VABR ?@>F5AV2 ?5@>:A840FVW [39]. 

�0=V =0C:>2>W ;VB5@0BC@8 A2V4G0BP, I> 3><>F8AB5W= 740B5= A?@8G8=SB8 

@>728B>: =50;:>3>;P=>W 68@>2>W E2>@>18 ?5GV=:8. �@V< B>3>, =0 D>=V 

FC:@>2>3> 4V015BC 2-3> B8?C B0 ?V428I5=>3> @V2=S 3><>F8AB5W=C 28=8:0RBP 

C<>28 4;S C@065==S B:0=8=8 ?5GV=:8. �2B>@8 707=0G0RBP, I> B@820;89 

?@89>< FC:@>7=86CRG8E 70A>1V2 AB0є ?@8G8=>R 3V?5@3><>F8AB5W=5<VW, 
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2=0A;V4>: =54>AB0B=>ABV 2VB0<V=V2 �12 B0 �9. !0A;V4:>< FP>3> є ?>@CH5==S 

?@>F5AC @5<5B8;C20==S 3><>F8AB5W=C V 2V4?>2V4=> I5 1V;PH>3> 7@>AB0==S 9>3> 

2 >@30=V7<V [50, 51]. 

&0:8< G8=><, 3V?5@3><>F8AB5W=5<VS G8=8BP =530B82=89 2?;82 =0 

>@30=V7<, 7C<>2;RRG8 C@065==S 2AVE >@30=V2 B0 A8AB5< V ?@872>48BP 4> 

?>@CH5==S 3><5>AB07C 2=0A;V4>: =5<>6;82>ABV ?V4B@8<0==S<8 =8<8 DC=:FV9 

=0 =0;56=><C @V2=V. !0C:>20 A?V;P=>B0 0:B82=> 709<0єBPAS 282G5==S< @>;V 

3><>F8AB5W=C 2 ?0B>35=57V G8A;5==8E 70E2>@R20=P. #@>B5, 4> AP>3>4=VH=P>3> 

G0AC C 2VBG87=S=V9 ;VB5@0BC@V =0S2=V ;8H5 =57=0G=V 40=V 7 ?@82>4C 2?;82C 9>3> 

=0 AB@C:BC@C B0 DC=:FVW >@30=V2 V<C==>3> 70E8ABC, 707=0G5=V =86G5. 

�V<D>F8B8 5:A?@5ACRBP =0 A2>W9 ?>25@E=V NMDA-@5F5?B>@8, 740B=V 

270є<>4VSB8 7 3><>F8AB5W=><. #V4 9>3> 2?;82>< 2 :;VB8=0E 71V;PHCєBPAS 

:V;P:VABP �(�, 2<VAB %02+ B0 �&(. �@V< B>3>, 3V?5@3><>F8AB5W=5<VS AB8<C;Rє 

?@>4C:FVR ;V<D>F8B0<8 IFN-´ V TNF-α, 704VRRG8 ?@>B5W=:V=07C, !��(!-

>:A8407C V NO-A8=B07C. !0A;V4:>< B0:>3> 2?;82C є 703815;P ;V<D>F8BV2 H;SE>< 

0?>?B>7C. �2B>@8 707=0G0RBP, I> 2 :@>2>=>A=><C @CA;V ?>ABV9=0 AB8<C;SFVS 

:;VB8= V<C==>W A8AB5<8 70 40=8E C<>2 ?@872>48BP 4> WW 28A=065==S [34]. 

�3V4=> 40=8E V=H8E 02B>@V2, 3><>F8AB5W= 270є<>4Vє 7 V=>B@>?=8<8 

@5F5?B>@0<8 3;CB0<0BC, I> 0:B82CRBPAS NMDA. �:B820FVS F8E @5F5?B>@V2 

?@872>48BP 4> ?>A8;5==S 2E>4C V>=V2 %02+ 2A5@548=C :;VB8=8 V 7@>AB0==S @V2=S 

�(�, 0:B820FVW ?@>F5AV2 ?5@5:8A=>3> >:8A;5==S ;V?V4V2 V 0?>?B>7C ;V<D>F8BV2. 

%;V4 707=0G8B8, I> 1;>:040 NMDA-@5F5?B>@V2 &-:;VB8= 3><>F8AB5W=>< 

?@83=VGCє A8=B57 <$!� V ?>A8;5==S A5:@5FVW INF-´, TNF-α, IL-10. "4=>:@0B=5 

22545==S 9>3> AC?@>2>46CєBPAS 28@065=8< 7=865==S< G8A;0 &-;V<D>F8BV2 V WE 

AC1?>?C;SFV9 [136]. !0 4C<:C 02B>@V2 F5 >1C<>2;5=> ?V428I5==S< 5:A?@5AVW 

<>;5:C; 04357VW S: 4> 5=4>B5;V>F8BV2, B0: V 4> ;V<D>F8BV2, I> 70157?5GCє 04357VR 

;V<D>F8BV2 4> AC48==>W ABV=:8 V B8< A0<8<, A:>@>G5==S ?C;C F8@:C;RRG8E 

;V<D>F8BV2. !5 28:;RG5=>, I> G0AB8=0 WE 5;V<V=Cє 2=0A;V4>: 0:B820FVW NMDA-

@5F5?B>@V2 7 =0ABC?=8< @>728B:>< 0?>?B>7C. "4=0: 70 C<>2 E@>=VG=>W 

3V?5@3><>F8AB5W=5<VW C B20@8= =02?0:8 1C;> 70@5єAB@>20=> 7@>AB0==S 
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G8A5;P=>ABV &-;V<D>F8BV2 70 @0EC=>: &-F8B>B>:A8G=8E. #@8 22545==V 

3><>F8AB5W=C 1 @07 =0 4>1C ?@>BS3>< B86=S C B20@8=, >G5284=>, 0:B82CRBPAS 

<5E0=V7<8 040?B0FVW, I> 4>72>;SRBP V=0:B82C20B8 0<V=>BV>; S: :A5=>1V>B8:. 

�8A>:V 4>78 3><>F8AB5W=C ?>H:>46CRBP B:0=8==V AB@C:BC@8 A5;57V=:8, I> 

AC?@>2>46CєBPAS @>728B:>< 0CB>V<C==8E @50:FV9, A2V4G5==S< G>3> є @V7:5 

7@>AB0==S :>=F5=B@0FVW 2AVE F8B>:V=V2 V >A>1;82> IL-17� [62]. 

#@8 2?;82V 3><>F8AB5W=C =0 ;V<D>F8B8 2 ?0FVє=BV2 7 �)% 28S2;5=>, I> 2 

:C;PBC@V :;VB8= ?5@8D5@8G=>W :@>2V ?@8 9>3> 7@>AB0==V 0:B82C20;8AP Fas-

@5F5?B>@8 &-E5;?5@V2 B0 WE ;V30=48 %D178. $0==V< <0@:5@>< 0?>?B>7C 1C;0 

5:A?@5AVS �$" 2.7. � ?>40;PH><C =0 <5<1@0=V :;VB8= 7’S2;S;8AP =530B82=> 

70@S465=V D>AD>;V?V48 2 >A=>2=><C D>AD0B848;A5@8=. #@8 FP><C 

:>=F5=B@0FVS �Al-2, I> 2 =>@<V 70E8I0є :;VB8=8 2V4 0?>?B>7C 7<5=HC20;0AP, 

?@872>4SG8 4> WE 703815;V [1, 2, 3, 4]. 

!0 <>45;V D>;0B-V=4C:>20=>W 3V?5@3><>F8AB5W=5<VW 28S2;5=0 

=5AB01V;P=VABP 35=><=>W �!� A5;57V=:8 IC@V2, I> 28@060єBPAS 7=865==S< 

?>:07=8:V2 5;0AB>2’S7:>ABV V <>;5:C;S@=>W <0A8, 0 B0:>6 ?V428I5==S< WW 

4>ABC?=>ABV 3V4@>;V7C �!�-07>R � B0 @5AB@8:B07>R EcoRI [33]. 

�V4><>, I> 3><>F8AB5W= 740B5= 70;CG0B8AP 2 ?@>F5A8 <5B01>;V7<C 

<VB>E>=4@V9 :;VB8=, ?V428ICRG8 ?@>4C:FVWR �(� V @V25=P V>=V2 %02+, I> 

?@872>48BP 4> @>7;04V2 B:0=8==>3> 48E0==S V 7@>AB0==S ?>B5=FV0;C <5<1@0= 

>@30=5;. �0;CG0RG8AP 4> <VB>E>=4@V0;P=>3> <5B01>;V7<C &-;V<D>F8BV2, 

7C<>2;Rє WE ?5@5?@>3@0<C20==S. �07=0G5=V 7<V=8 2 &-:;VB8=0E 70?CA:0RBP 

<5E0=V7<8 @>728B:C AB@5AC 5=4>?;07<0B8G=>3> @5B8:C;C<0, I> 2 A5;57V=FV 

?@>S2;SєBPAS ?V428I5==S< WE <0@:5@V2 – p-elF2α, p-PERK, IRE-1α, XBP-1 [90, 

141]. 

�06:0 3V?5@3><>F8AB5W=5<VS AB0є ?@8G8=>R 70?0;P=>W 48D5@5=FV0FVW 

<>=>F8BV2 2 G5@2>=><C :VAB:>2><C <>7:C, 7C<>2;Rє 7@>AB0==S 2 ?;07<V :@>2V 

@V2=V2 TNF-α, IL-6, ?@>4C:FVR AC?5@>:A84 0=V>=C, IFN-´. �2B>@ 707=0G0є, I> 

0=0;>3VG=V ?@>F5A8 70 40=8E C<>2 A?>AB5@V30RBPAS V 2 ?5@28==8E A?;5=>F8B0E 

IC@V2, 0 ?@8G8=>R є 0:B820FVS 3><>F8AB5W=>< >:A840B82=>3> AB@5AC [205]. 
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#V428I5=89 @V25=P 3><>F8AB5W=C A?@8G8=Sє 0?>?B>7 AB>21C@>28E :;VB8= 

G5@2>=>3> :VAB:>2>3> <>7:C H;SE>< 0:B820FVW JNK1 (N-B5@<V=0;P=0 :V=070 

AV<59AB20 <V>35=-0:B82>20=8E ?@>B5W=:V=07) [77]. 

� ;VB5@0BC@V є B0:>6 7304:8 ?@> B5, I> 3><>F8AB5W= 7=0G=> ?>A8;Rє 

?@>;VD5@0FVR �-;V<D>F8BV2 2 A5;57V=FV. #@8G8=C 40=>3> S28I0 4>A;V4=8:8 

?>2’S7CRBP 7 0:B820FVєR ?@>B5W=:V=078 % B0 S45@=>3> D0:B>@C :0??0 � (NF-KB) 

[207].  

�8E>4SG8 7 28I5 707=0G5=8E 40=8E, 3><>F8AB5W= 740B5= ?>@CHC20B8 

DC=:FV>=C20==S >:@5<8E ;0=>: V<C==>W A8AB5<8 H;SE>< 703815;V :;VB8= 01> WE 

=04<V@=>W 3V?5@AB8<C;SFVW, I> 2 A2>R G5@3C, ?@872>48BP 4> 28A=065==S A8AB5<8 

2 FV;><C. #@>B5, V 4> AP>3>4=V 2V4ACB=V 40=V I>4> 7<V= AB@C:BC@8 >@30=V2 

:@>2>B2>@5==S B0 V<C==>3> 70E8ABC, 3>;>2=8< G8=>< A5;57V=:8, 70 C<>2 

3V?5@3><>F8AB5W=5<VW. &><C 282G5==S >A>1;82>AB59 <>@D>;>3VG=8E 7<V= 

A5;57V=:8 =0 A2VB;>>?B8G=><C B0 C;PB@0AB@C:BC@=><C @V2=SE ?@8 ?V428I5=><C 

@V2=V 3><>F8AB5W=C є 0:BC0;P=8< 70240==S<. 
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$"���� 2 
�����Ь!�  �&"���� � "%!"�!�  �&"�� �"%�����!Ь 

 

 

2.1. �030;P=0 <5B>48:0 B0 >1’є:B8 4>A;V465==S 

 

 

�>A;V48 =0 5:A?5@8<5=B0;P=8E IC@0E ?@>2545=V 7 4>B@8<0==S< 

<V6=0@>4=8E @5:><5=40FV9 ?@> 28:>=0==S <548:>-1V>;>3VG=8E 4>A;V465=P 7 

28:>@8AB0==S< B20@8= 2V4?>2V4=> 4> «�030;P=8E ?@8=F8?V2 @>1>B8 =0 

B20@8=0E», 70B25@465=8<8 I !0FV>=0;P=8< :>=3@5A>< 7 1V>5B8:8 (�8W2, 

':@0W=0, 2001) V ?>3>465=5 7 ?>;>65==S<8 «Є2@>?59AP:>W :>=25=FVW V7 70E8ABC 

E@515B=8E B20@8=, S:V 28:>@8AB>2CRBPAS 2 5:A?5@8<5=B0;P=8E B0 V=H8E 

=0C:>28E FV;SE» (%B@0A1C@3, (@0=FVS, 1986) [20]. �><VB5B>< 7 1V>5B8:8 

�V==8FP:>3> =0FV>=0;P=>3> <548G=>3> C=V25@A8B5BC V<.  . �. #8@>3>20 

70B25@465=>, I> @>1>B0 28:>=0=0 V7 4>B@8<0==S< 5B8G=8E ?@8=F8?V2 

(?@>B>:>; № 8 2V4 17.10.2019 @. V ?@>B>:>; № 4 2V4 18.05.2023 @.). 

�:A?5@8<5=B ?@>2545=> =0 64 1V;8E 157?>@>4=8E IC@0E-A0<FSE 

(?5@<0=5=B=0 2030 – 61-335 3), I> >B@8<0=V 7 2V20@VR �V==8FP:>3> 

=0FV>=0;P=>3> <548G=>3> C=V25@A8B5BC V<.  . �. #8@>3>20. �01>@0B>@=V IC@8 

7=0E>48;8AP 2 728G09=8E C<>20E 2V20@VR 7 12-3>48==8< @568<>< 45=P/=VG, 

2>4C V 710;0=A>20=89 3@0=C;P>20=89 :>@< >B@8<C20;8 ad libitum 2V4?>2V4=> 4> 

2AB0=>2;5=8E =>@<. +5@57 707=0G5=V C<>20<8 4>A;V465==S ?@><V6:8 G0AC 

B20@8= 282>48;8 7 5:A?5@8<5=BC, 7=5682;RRG8 <5B>4>< 45:0?VB0FVW B0 

28:>@8AB0==S< BV>?5=B0;>2>3> =0@:>7C (BV>?5=B0; =0B@VR 100 <3/:3 2/>G). 

#@>F54C@8, I> ?5@5410G5=V 5:A?5@8<5=B>< 28:>=C20;8 2 ?@><V6:0E G0AC 7 900 

4> 1000. �030;P=89 AB0= IC@V2, :V;P:VABP A?>68B>3> :>@<C B0 2>48 >FV=R20;8 

I>45==>. �>=B@>;P=5 7206C20==S IC@V2 ?@>2>48;8 :>6=V 7 4V1. 

#@>BS3>< 4>A;V465==S 5:A?5@8<5=B0;P=8E B20@8= @>7?>4V;S;8 =0 3@C?C 

:>=B@>;R B0 3@C?C 4>A;V4C (@8A. 2.1). �>6=0 7 =8E ?>4V;S;0AP =0 ?V43@C?8 2 
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70;56=>ABV 2V4 2V:C, 0 A0<5 – <>;>4V IC@8 2V:>< 1-2 <VASFV, 4>@>A;V IC@8 – 6-8 

<VASFV2, AB0@V IC@8 – 24-26 <VASFV2. )@>=VG=C ABV9:C ��F <>45;R20;8 H;SE>< 

22545==S D,L-BV>;0:B>= 3><>F8AB5W=C 3V4@>E;>@84C (Acros Organics, �B0;VS) 

B20@8=0< 4>A;V4=>W 3@C?8 2 4>7V 200 <3/:3 <0A8 BV;0 2=CB@VH=P>H;C=:>2> 

(2/H;) =0 1 % @>7G8=V :@>E<0;P=>3> 35;R (1 <; /100 3 <0A8 IC@0) 1 @07 =0 4>1C 

?@>BS3>< 8 B86=V2. �0=V =0C:>2>W ;VB5@0BC@8 A2V4G0BP, I> 2/H; 22545==S B0:>W 

4>78 BV>;0:B>=C 3><>F8AB5W=C 70157?5GCє 7@>AB0==S @V2=S 9>3> 2 :@>2V IC@V2 

1V;PH5, =V6 C 2 @078 B0 =5 A?@8G8=Sє 703815;V WE 70 C<>2 B@820;>3> 22545==S. 

-C@0< 3@C?8 :>=B@>;R 2/H 22>48;8 1 % @>7G8= :@>E<0;P=>3> 35;R (1 <; 

/100 3 <0A8 IC@0) 1 @07 =0 4>1C C?@>4>26 8 B86=V2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$8A. 2.1. �030;P=89 48709= 4>A;V465==S 7 @>7?>4V;>< B20@8= =0 3@C?8. 
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2.2.  5B>48 4>A;V465==S 

 

 

2.2.1. �01>@0B>@=V B0 1V>EV<VG=V. 

$94>F<6< V B5?48A4AAO. #V4 G0A 4>A;V465==S =0<8 28:>@8AB>2C20;8AP 

B0:V @50:B828: BV>10@1VBC@>20 :8A;>B0, 2,4-48=VB@>D5=V;3V4@078=, :25@F8B8=, 

B@8E;>@>FB>20 :8A;>B0, D5@>BV>FV0=0B 0<>=VR, :075W=, NaOH, 0,05   (pH=7,4) 

D>AD0B=89 1CD5@, 5B8;5=4V0<V=B5B@0>FB>20 :8A;>B0 (��&�), 

D5=V;<5B8;AC;PD>=V;DB>@84 (PMSF). 

�@V< B>3>, 4>40B:>2> 28:>@8AB0=> =0ABC?=V @50:B828: 0,05 M T@8A-HCl 

1CD5@ (@!=7,4), Tween-20, ACE5 <>;>:>, �@54D>@4 @>7G8=, !2"2; ?5@28==V 

0=B8BV;0 4;S <0B@8G=8E <5B0;>?@>B5W=07; ?>;V:;>=0;P=V 0=B8-:@>;SGV 0=B8BV;0 

:>=PR3>20=V 7 ?5@>:A8407>R E@>=C, AC1AB@0B 4;S ?5@>:A84078 E@>=C >-

D5=V;5=4V0<V= (OPD) 28@>1=8FB20 DV@<8 «Sigma», %,�. 

�> ?5@5;V:C >1;04=0==S 2E>48;8: =01V@ «Homocysteine EIA» (Axis-

Shield, �=3;VS), 02B><0B8G=89 0=0;V70B>@ STAT FAX 303 / PLUS, 

A?5:B@>D>B><5B@ %(-26, V<C=>D5@<5=B=89 =01V@ «Rat TGF beta 1 Platinum 

ELISA» (eBioscience, �2AB@VS), =01V@ %$�-�(�-��%& (�5:B>@-�5AB, $(), 

0?0@0B 4;S ?@5?0@0B82=>3> 25@B8:0;P=>3> 48A:-5;5:B>@>D>@57C (BioRad, 

%,�), F5=B@8DC30 % -6  «ELMI»; F5=B@8DC30 Allegra 64R «Beckman 

Coulter»; <V:@>?;0=H5B=89 @V45@ 28@>1=8FB20 DV@<8 «BioTec» %,�; 

A?5:B@>D>B><5B@ «Smart Spec Plus» 28@>1=8FB20 DV@<8 «BioRad», %,�; 

02B><0B8G=V ?V?5B:8 B0 4>70B>@8 «Humapette»; <03=VB=V <VH0;:8, ?V?5B:8 

02B><0B8G=V, B5@<>AB0B8 V B.4. є ?@>4C:FVєR DV@<, I> ?@0FRRBP 73V4=> 

AB0=40@BC ISO 9001; ?;0AB8:>289 ;01>@0B>@=89 ?>AC4 (?;0=H5B8 4;S 

V<C=>D5@<5=B=>3> 0=0;V7C; ?;0=H5B8 7 =5A>@1CRG>R ?>25@E=5R; 

5??5=4>@D8, ?@>1V@:8 B0 V=H5 >B@8<0=> 2V4 DV@<8 Sente-Lab; A:;S=89 

;01>@0B>@=89 ?>AC4 (:>;18, AB0:0=8, ?@>1V@:8, F8;V=4@8 B0 V=H5) DV@<8 

Simax. 
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�V>EV<VG=V 4>A;V465==S ?@>2>48;8AP =0 107V :0D54@8 1V>;>3VG=>W B0 

7030;P=>W EV<VW V =0C:>2>-4>A;V4=>W :;V=V:>-4V03=>AB8G=>W ;01>@0B>@VW 

�V==8FP:>3> =0FV>=0;P=>3> <548G=>3> C=V25@A8B5BC V<.  . �. #8@>3>20 

(A2V4>FB2> № 04915  "� ':@0W=8 ?@> 0B5AB0FVR), 0 B0:>6 :0D54@8 1V>EV<VW 

!!* «�=AB8BCB 1V>;>3VW B0 <548F8=8» �!' V<5=V &0@0A0 ,52G5=:0.  

 9FB8<>4 ;45BDG V CD<7BFG64AAO ;D4;>V6 @4F9DV4?G 8?O 8BE?V8:9AAO. 

�@>2 C IC@V2 7018@0;8 ?@8 ?@>2545==V 45:0?VB0FVW, 40;V WW F5=B@8DC3C20;8 ?@8 

1500 g 20 E2 V B5<?5@0BC@8 18-22 >%, 2V418@0;8 0;V:2>B8 A8@>20B:8 :@>2V 2 

?@>1V@:8 �@pendorf B0 4> <><5=BC 28:>=0==S 2;0A=5 4>A;V465=P 715@V30;8 ?@8 

B5<?5@0BC@V -20 >%. 

%5;57V=:C 2840;S;8, ?5@DC7C20;8 E>;>4=8< 1,15 % @>7G8=>< :0;VR 

E;>@84C, 3><>35=V7C20;8 2 A:;S=><C 3><>35=V70B>@V 7 B5D;>=>28< ?5AB8:>< 2 

A5@54>28IV 1,15 % :0;VR E;>@84C (A?V22V4=>H5==S 1:3) ?@8 3000 >1/E2. 

?@>BS3>< 5 E2. �><>35=0B8 F5=B@8DC3C20;8 30 E2. ?@8 600 g, 2V418@0;8 

0;V:2>B8 ?>ABS45@=>3> AC?5@=0B0=BC 2 ?@>1V@:8 �@pendorf B0 715@V30;8 ?@8 

B5<?5@0BC@V -20 >%. 

$V6AV 7B@BJ<EF9WAG 6 E<DB64FJV >DB6V 4>A;V46C20;8 70 4>?><>3>R 

=01>@C «Homocysteine EIA» (Axis-Shield, �=3;VS), 28:>@8AB>2CRG8 

>@83V=0;P=V V=AB@C:FVW DV@<8-28@>1=8:0. #@8=F8? <5B>48:8 ?>;S30є 2 

=0ABC?=><C: 72’S70=89 7 1V;:0<8 ?;07<8 3><>F8AB5W= 2V4=>2;RєBPAS 4> 

2V;P=>3> 3><>F8AB5W=C, S:89 73>4>< ?5@5B2>@RєBPAS 2 SAH. �<VAB SAH 2 

7@07:0E 287=0G02AS <5B>4>< �(�. � ;C=:8 ?;0=H5BV2, =0 ABV=:0E S:8E 

04A>@1>20=V 0=B8BV;0 4> SAH, 4>4020;8 ?> 25 <:; AB0=40@B=8E @>7G8=V2 (7 

2V4><8<8 :>=F5=B@0FVS<8 SAH), :>=B@>;P=8E ?@>1 B0 ?@>1 A8@>20B:8 :@>2V, 

200 <:; <>=>:;>=0;P=8E 0=B8-SAH-0=B8BV;. �=:C1C20;8 30 E2. ?@8 18-25 >%. 

�C=:8 2V4<820;8 2V4 =04;8H:C =572’S70=8E @5035=BV2, 2=>A8;8 2 =8E 100 <:; 

D5@<5=BC B0 V=:C1C20;8 I5 20 E2. ?@8 18-25 >% 4;S CB2>@5==S =0 B25@4V9 D07V 

:><?;5:AC �&-��-�&-5=78<. #>BV< ;C=:8 7=>2 2V4<820;8 2V4 =04;8H:C 

=572’S70=8E @5035=BV2 V 2=>A8;8 100 <:; AC1AB@0B=>3> @>7G8=C, S:89 @503Cє 7V 

72’S70=8< =0 B25@4V9 D07V 5=78<>< 7 CB2>@5==S< 7010@2;5=>W @5G>28=8, 
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V=:C1C20;8 10 E2. ?@8 18-25 >%. $50:FVR 7C?8=S;8 100 <:; AB>?-@>7G8=C V 

D>B><5B@C20;8 ?@8 450 =< (48D5@5=FV9=89 DV;PB@ 630 =<) =0 02B><0B8G=><C 

0=0;V70B>@V STAT FAX 303/PLUS. +CB;82VABP =01>@C A:;040є <1,0 <:<>;P/;, 

:>5DVFVє=B 20@V0FVW <10 %. 

$5:><5=4>20=0 V=AB@C:FVєR V=B5@?@5B0FVS 4V0?07>=C @V2=V2 3><>F8AB5W=C 

B0:0: =87P:89 @V25=P – 5,6-8,4 <:<>;P/;, A5@54=V9 – 10,0-15,0 <:<>;P/;, 

28A>:89 – 20,0-30,0 <:<>;P/;. 

�@VEF @4?BAB6B7B 8V4?ь897V8G ( ��) 287=0G0;8 70 @50:FVєR 7 

BV>10@1VBC@>2>R :8A;>B>R. #@8 =03@V20==V 2 :8A;><C A5@54>28IV  �� 

CB2>@Rє 7 BV>10@1VBC@>2>R :8A;>B>R 7010@2;5=89 :><?;5:A G5@2>=>3> 

:>;P>@C 7 <0:A8<C<>< A2V;>?>3;8=0==S ?@8 535 =<. �;S @>7@0EC=:V2 

28:>@8AB>2C20;8 <>;S@=89 :>5DVFVє=B 5:AB8=FVW – 1,56×105 A<–1  –1. 

$V6AV >4D5BAV?ьA<I 7DGC CDBF9WAV6 287=0G0;8 70 @50:FVєR 7 2,4-

48=VB@>D5=V;3V4@078=>< [9 #@8 >:8A=5==V ?@>B5W=V2 2 0;VD0B8G=8E 

0<V=>:8A;>B0E CB2>@RRBPAS :0@1>=V;P=V 3@C?8, 0 2>=8 70 C<>2 270є<>4VW 7 2,4-

48=VB@>D5=V;3V4@078=>< D>@<CRBP D5=V;3V4@07>=8 7 ?52=8< A?5:B@>< 

?>3;8=0==S =0 4>268=V E28;V 490 =<. �> 0,1 <; 3><>35=0BC A5;57V=:8 4>4020;8 

0,5 <; 0,5 M HCl, 0,2 <; 0,2 % @>7G8=C 2,4-48=VB@>D5=V;3V4@078=C C 0,8 M HCl. 

%C<VH V=:C1C20;8 10 E2. ?@8 20 >%, >A046C20;8 ?@>B5W=8 0,3 <; 10 % @>7G8=C 

CCl3COOH, F5=B@8DC3C20;8 10 E2. ?@8 3000 >1/E2. "A04 420 @078 ?@><820;8 

1,0 <; 5 % @>7G8=C CCl3COOH, F5=B@8DC3C20;8 10 E2. ?@8 3000 >1/E2. �> 

>A04C ?@>B5W=V2 4>4020;8 1 <; 0,9 % @>7G8=C NaCl V 1 <; 5 % @>7G8=C NaOH. 

�=:C1C20;8 20 E2. ?@8 20-22 >%. (>B><5B@VR ?@>2>48;8 =0 4>268=V E28;V 

490 =<. 

�>F<6AVEFь %"� >FV=R20;8 70 ABC?5=5< V=3V1C20==S >:8A=5==S 

:25@F5B8=C. 

$V6AV @B?9>G? E9D98AьBW @4E< ( % ) 2 A8@>20BFV :@>2V B0 3><>35=0B0E 

A5;57V=:8 5:A?5@8<5=B0;P=8E B20@8= 287=0G0;8 70 <5B>4>< �VDH8FP $. �. �> 

0,2 <; ?;07<8 :@>2V (3><>35=0BC) 4>4020;8 1,8 <; 10 % @>7G8=C 

B@8E;>@>FB>2>W :8A;>B8, F5=B@8DC3C20;8 ?@8 3000 >1/E2. 30 E2., 2V44V;S;8 
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AC?5@=0B0=B. �> 0,5 <; AC?5@=0B0=BC 4>4020;8 48AB8;P>20=C 2>4C C 

A?V22V4=>H5==V 1:10, 287=0G0;8 >?B8G=C IV;P=VABP =0 4>268=V E28;V 254 =< 

(:0B01>;VG=89 ?C;  % 1) B0 280 =< (0=01>;VG=89 ?C;  % 2) =0 

A?5:B@>D>B><5B@V %(-26. $57C;PB0B8 4>A;V465=P =040RBPAS 2 C<>2=8E 

>48=8FSE, S:V 2V4?>2V40RBP ?>:07=8:0< >?B8G=>W IV;P=>ABV. 

�@VEF ;474?ьA<I HBEHB?VCV8V6 2 3><>35=0B0E A5;57V=:8 4>A;V46C20;8 

5:AB@0:FV9=>-D>B><5B@8G=8< <5B>4>< 70 CB2>@5==S< 3V4@>D>1=>3> 

:><?;5:AC 7 D5@>BV>FV0=0B>< 0<>=VR [56]. 

$V6AV &GFβ 287=0G0;8 <5B>4>< �(� 7 28:>@8AB0==S< =01>@C «Rat TGF 

beta 1 Platinum ELISA» (eBioscience, �2AB@VS), :>@8ABCRG8AP V=AB@C:FVєR 

DV@<8-28@>1=8:0. �@07:8 A8@>20B:8 :@>2V 4> �(� 4>A;V465==S 3>BC20;8 B0:8< 

G8=><: 4> 20 <:; A8@>20B:8 :@>2V 4>4020;8 920 <:; 1CD5@=>3> @>7G8=C (PBS, 

1 % Tween 20, 10 % BSA), 30 <:; 1   HCl, ?5@5<VHC20;8, V=:C1C20;8 60 E2. 

?@8 :V<=0B=V9 B5<?5@0BC@V, =59B@0;V7C20;8 4>40RG8 30 <:; 1 M NaOH B0 

?5@5<VHC20;8. 

� ;C=:8 ?;0=H5BV2, =0 ABV=:0E S:8E 04A>@1>20=V 0=B8BV;0 4> &GF³, 

4>4020;8 ?> 80 <:; 1CD5@=>3> @>7G8=C, 20 <:; AB0=40@B=8E @>7G8=V2 (7 

2V4><8<8 :>=F5=B@0FVS<8 &GF³ – 0; 31,3; 62,5; 125; 250; 500; 1000; 

2000 ?3/<;), :>=B@>;P=8E ?@>1 B0 ?@>1 A8@>20B:8 :@>2V, 35@<5B87C20;8 

0435782=>R ?;V2:>R, V=:C1C20;8 2 3>4. ?@8 18-25 >% =0 H59:5@V. �C=:8 

2V4<820;8 2V4 =04;8H:C =572’S70=8E @5035=BV2, 2=>A8;8 2 =8E 100 <:; 

:>=’R30BC 0=B8BV; 4> &GF³ 7 1V>B8=><, 35@<5B87C20;8 0435782=>R ?;V2:>R, 

V=:C1C20;8 1 3>4. ?@8 18-25 >%. �0;V ;C=:8 7=>2 2V4<820;8 2V4 =04;8H:C 

=572’S70=8E @5035=BV2 V 4>4020;8 100 <:; 5=78<=>3> :>=’R30BC (AB@5?B02V48=-

?5@>:A84070 E@V=0), 35@<5B87C20;8 0435782=>R ?;V2:>R, V=:C1C20;8 30 E2. ?@8 

18-25 >%. �C=:8 2V4<820;8 2V4 =04;8H:C @5035=BV2, 2=>A8;8 100 <:; 

E@><>35=C – B5B@0<5B8;15=7848=C (& �-AC1AB@0BC), V=:C1C20;8 30 E2. ?@8 18-

25 >% 2 B5<=><C ?@8<VI5==V, @50:FVR 7C?8=S;8 100 <:; AB>?-@>7G8=C, 0 

D>B><5B@VR ?@>2>48;8 ?@8 4>268=V E28;V 450 =< (48D5@5=FV9=89 DV;PB@ 

630 =<) =0 02B><0B8G=><C 0=0;V70B>@V STAT FAX 303/PLUS. �>5DVFVє=B 
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20@V0FVW A:;040є <10 %, 0=0;VB8G=0 GCB;82VABP <5B>4C – 7,8 ?3/<; &GF³. #@8 

>1G8A;5==V @57C;PB0BV2 =0<8 2@0E>2C202AS D0:B>@ @>72545==S ?@>1. 

%-D94>F<6A<= 5V?B> (%$�) 2 A8@>20BFV :@>2V 287=0G0;8 <5B>4>< �(�. 

+CB;82VABP =01>@C A:;040є f0,05 <3/;, 0 :>5DVFVє=B 20@V0FVW <10 %. 

�>A;V465==S ?@>2>48;>AP =0 02B><0B8G=><C 0=0;V70B>@V STAT FAX 303/PLUS 

?@8 4>268=V E28;V 450 =< (48D5@5=FV9=89 DV;PB@ 630 =<). 

�<6K9AAO ;474?ьABW CDBF9B?VF<KABW 4>F<6ABEFV. �030;P=C 0:B82=VABP 

?@>B5W=07 C 3><>35=50B0E A5;57V=:8 0=0;V7C20;8 <5B>4>< 287=0G5==S 

:075W=>;VB8G=>W 0:B82=>ABV 2 <>48DV:0FVW. 500 <:; 3><>35=0BC B:0=8= 

4>2>48;8 0,05   (pH 7,4) D>AD0B=8< 1CD5@>< 4> >1’є<C 1 <;. #5@5<VHC20;8 

B0 4>4020;8 1 <; 4 % :075W=C. #>BV< V=:C1C20;8 ?@>BS3>< 30 E2. C B5@<>AB0BV 

?@8 +37 0%. $50:FVR 7C?8=S;8 4>4020==S< 3 <; 15 % &)" 7 ?>A;V4CRG8< 

F5=B@8DC3C20==S< ?@8 2000 >1/E2. 30 E2. !04>A04>2C @V48=C 2V418@0;8 B0 

287=0G0;8 5:AB8=FVR ?@8 4>268=V E28;V 280 =<. �>=B@>;P=89 7@07>: 

A:;0402AS 7 AC<VHV :075W=C, 2V4?>2V4=>3> D>AD0B=>3> 1CD5@0 V &)" C 

>4=0:>28E A?V22V4=>H5==SE. �075W=>;VB8G=V >48=8FV >1G8A;RRBPAS 70 

D>@<C;>R: 

 

�.>/1<3.1V;:0 = Δ�280 × �/A,                                     (2.1) 

 

45 Δ� – E E>;>AB>W ?@>18 - E 4>A;V46C20=>W ?@>18; � – 1,3; � – :V;P:VABP 

1V;:0 2 ?@>1V (<3).  

% V=3V1C20==S 287=0G0є<> 70 D>@<C;>R: 

 

[1 - (�2 / �1)] × 100 %,                                         (2.2) 

 

45 �2 – 7=0G5==S >?B8G=>W IV;P=>ABV ?@>18 70 ?@8ACB=>ABV V=3V1VB>@0; �1 

– 7=0G5==S >?B8G=>W IV;P=>ABV ?@>18 157 V=3V1VB>@0. 

�;S ?@83>BC20==S 4 % :075W=C ?V43>B>2;5=89 @50:B82 <0A>R 4 3 

@>7G8=S;8 2 80 <; 0,05   D>AD0B=>3> 1CD5@0 @! 7,4 V 1,6 <; 1   Na"!. %C<VH 
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70;8H0;8 ?@8 :V<=0B=V9 B5<?5@0BC@V =0 40 E2. 4;S =01CE0==S. �0;V :8?'SB8;8 

15 E28;8= =0 2>4S=V9 10=V. #VA;S >E>;>46C20;8, @! @>7G8=C :075W=C 4>2>48;8 

4> 7,4 1   Na"! B0 4>2>48;8 >1’є< 4> 100 <; D>AD0B=8< 1CD5@><. 

�<;A4K9AAO DV6AV6 MMP G 7B@B79A4F4I E9?9;VA>< щGDV6. �>A;V465==S 

2<VABC   $ C 3><>35=0B0E A5;57V=:8 ?@>2>48;8 70 4>?><>3>R <5B>4C �(� C 

96-;C=:>28E <V:@>?;0=H5B0E V7 ?>3;8=0RG>R 740B=VABR 73V4=> AB0=40@B=>W 

<5B>48:8 4;S @>7G8==8E 1V;:V2 [48]. �=B835= @>72>48;8 70 4>?><>3>R 0,05   

&@8A-!%l-1CD5@V, @! 7,4 4> :>=F5=B@0FVW 1 <:3/<; B0 V=:C1C20;8 2 ;C=:0E 

?;0=H5BV2 ?@8 B5<?5@0BC@V 4 º% C?@>4>26 =>GV. #VA;S V=:C10FVW, 4;S 2840;5==S 

0=B835=C, I> =5 72’S702AS, ;C=:8 ?@><820;8 1CD5@>< 4;S V<<>1V;V70FVW. 

�;>:C20==S =5A?5F8DVG=8E <VAFP 72’S7C20==S ?@>2>48;8 <5B>4>< V=:C10FVW 7 

5 % @>7G8=>< 7=568@5=>3> <>;>:0 ?@>BS3>< >4=VєW 3>48=8 ?@8 37 º%. #VA;S 

V=:C10FVW ;C=:8 2V4<820;8 @>1>G8< 1CD5@>< 7 2<VAB>< 0,1 % Tween-20 B0 

V=:C1C20;8 7 @>7G8=>< ?5@28==8E 0=B8BV; 4;S <0B@8G=8E <5B0;>?@>B5W=07, 

@>72545==S S:8E 1C;> 1:3000 2?@>4>26 >4=VєW 3>48=8 ?@8 37 º%. #>BV< 

?@>2>48;8 2V4<82:C @>1>G8< 1CD5@>< 7 0,1 % 2<VAB>< Tween-20 B0 V=:C1C20;8 

7 2B>@8==8<8 0=B8BV;0<8, :>=’R3>20=8<8 7 ?5@>:A8407>R E@>=C (@>72545==S 

1:3000) >4=C 3>48=C ?@8 37 º%. #VA;S 70:V=G5==S V=:C10FVW ;C=:8 I5 @07 

2V4<820;8 1CD5@>< 7 2<VAB>< 0,1 % Tween-20 B0 V=:C1C20;8 7 AC1AB@0B>< >-

D5=V;5=480<V=C (OPD), :>=F5=B@0FVєR 0,4 <3/<; @>72545=><C C 0,05   

D>AD0B=>-F8B@0B=><C 1CD5@V 7 4>4020==S< 30 % !2"2 4;S 2V7C0;V70FVW 

72’S7C20==S 2B>@8==8E 0=B8BV;. #5@>:A8407=C @50:FVR 7C?8=S;8 H;SE>< 

4>4020==S 100 <:; 1   H2SO4 G5@57 10 E2. "?B8G=5 ?>3;8=0==S 28<V@R20;8 

=0 4>268=V E28;V 492 =< 70 4>?><>3>R <V:@>?;0=H5B=>3> A?5:B@>D>B><5B@0. 

�BE?V8:9AAO >V?ь>VEAB7B 6@VEFG 5V?>4. �V;P:VABP 1V;:0 287=0G0;8 

<5B>4>< Bradford [75]. "AB0==V9 ?>;S30є 2 740B=>ABV 10@2=8:0 �C<0AV 

4V0<0=B>2>-A8=P>3> G-250 7<V=R20B8 7010@2;5==S ?@8 72’S7C20==V 7 1V;:><, 

?@8 FP><C <0:A8<C< ?>3;8=0==S 7<VICєBPAS 2V4?>2V4=> 7 465 4> 595 =<. �0 

40=8E C<>2 :>=F5=B@0FVS 10@2=8:0, I> 72’S70;0AP 7 1V;:>< ?@S<>?@>?>@FV9=0 

:V;P:>ABV 1V;:C 2 ?@>1V. 
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�;S 287=0G5==S :>=F5=B@0FVW 1V;:0 4> ?@>18 4>4020;8 30 % @>7G8= 

NaOH, 48AB8;P>20=C 2>4C B0 @>1>G89 @>7G8= @50:B82C �@54D>@4. �;S 

?@83>BC20==S @>1>G>3> @>7G8=C 7<VHC20;8 AB>:>289 @>7G8= @50:B82C, 95 % 

5B0=>; V 88 % >@B>D>AD>@=C :8A;>BC C A?V22V4=>H5==V 2:1:2 B0 4>2>48;8 

2>4>R 4> >1’є<C 100 <;. �> A:;04C AB>:>2>3> @>7G8=C 2E>48;8 10 <; 95 % 

5B0=>;C, 20 <; 88 % >@B>D>AD>@=>W :8A;>B8 B0 35 <3 :C<0AV 4V0<0=B>2>3> 

A8=P>3>. �=B5=A82=VABP 7010@2;5==S, S:5 CB2>@R20;>AP G5@57 2-5 E2., 

28<V@R20;8 A?5:B@>D>B><5B@8G=> =0 4>268=V E28;V 595 =< ?@>B8 :>=B@>;R, 

S:89 70<VABP ?@>18 <VAB82 48AB8;P>20=C 2>4C. �>=F5=B@0FVR 1V;:0 C 

4>A;V46C20=><C 7@07:C 287=0G0;8 70 :0;V1@C20;P=8< 3@0DV:>< V 28@060;8 C 

<3/<;. 

#D<7BFG64AAO CDB5 8?O 9?9>FDBHBD9;G. �;S >B@8<0==S S:VA=>W 

V=D>@<0B82=>W :0@B8=8 C ?>;V0:@8;0<V4=><C 35;V (#���) 28:>@8AB>2CRBP 

<5B>4 :>=F5=B@C20==S 7@07:V2 70 4>?><>3>R &)". �;S FP>3> 7@07:8 2 

<V:@>?@>1V@:0E 7<VHCRBP 7 55 % &)" C A?V22V4=>H5==V 1:1 V 70;8H0RBP =0 

10 E2. #VA;S F5=B@8DC3C20==S ?@>BS3>< 5 E2. ?@8 10 000 g 7;820RBP 

=04>A04>2C @V48=C V 4>40RBP 0,5 <; 0F5B>=C =0 ?@>1C B0 7=>2C F5=B@8DC3CRBP. 

#@>F54C@C 7 0F5B>=>< ?>2B>@RRBP 2-3 @078, ?VA;S FP>3> 7@07:8 70;8H0RBP =0 

=VG 4;S 28?0@>2C20==S 70;8H:V2 0F5B>=C. 

#VA;S 28?0@>2C20==S 7@07:8 @>7G8=SRBP C 1CD5@V 4;S 5;5:B@>D>@57C, I> 

<VAB8BP 0,01   B@8A-HCl 1CD5@, @! 6,8, 2 % 4>45F8;AC;PD0B =0B@VR, 10 % 

A0E0@>7C B0 0,01 % 1@><D5=>;>2>3> A8=P>3>, C A?V22V4=>H5==V 1:1. �;S 48A:-

5;5:B@>D>@57C 7@07:8 ?@>3@V20;8 ?@>BS3>< 2 E2., 2 A2>R G5@3C ?@>18 4;S 

5=78<-5;5:B@>D>@57C =03@V20==R =5 ?V44020;8. 

�<E>-9?9>FDBHBD9; 6 CB?V4>D<?4@V8AB@G 79?V ;4 CD<EGFABEFV 

8B89J<?EG?ьH4FG A4FDVN. �;S >B@8<0==S 5;5:B@>D>@53@0<8 ?@>2>48;8 48A:-

5;5:B@>D>@57 70 <5B>4>< �5<<;V. �0<5@0 4;S 25@B8:0;P=>3> 5;5:B@>D>@57C є 

?;0AB8:>28< @575@2C0@>< 7 0=>4=8<8 B0 :0B>4=8<8 1CD5@=8<8 2V4AV:0<8, 2 

S:8E <VABSBPAS 2V4?>2V4=V 5;5:B@>48 (Bio-Rad laboratories inc., 2015). �;S 

4>A;V465==S 3>BC20;8 ?;0AB8=8 35;R B>2I8=>R 1 <<, 70AB>A>2C20;8 12 % 
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#��� 2 S:>ABV 35;R 4;S @>74V;5==S <0:@><>;5:C;, 0 B0:>6 28:>@8AB>2C20;8 

4 % #��� 2 S:>ABV 35;R 4;S :>=F5=B@0FVW 4>A;V46C20=8E 7@07:V2. �;S 

?@>2545==S 5;5:B8G=>3> AB@C<C G5@57 5;5:B@>48 2 :0<5@V 4;S D>@57C 3>BC20;8 

5;5:B@>4=89 1CD5@, S:89 <VAB82 Tris, 3;VF8= B0 4>45F8;AC;PD0B=0B@VR (�%!). 

�5;P 4;S @>74V;5==S <0:@><>;5:C; (12 % #���) 4>4020;8 <V6 42><0 

70DV:A>20=8<8 2 ?>;>65==V A:5;PFS<8, S:V 1C;8 70:@V?;5=V 1>@B0<8 2=87C V ?> 

1>:0<. #VA;S 2=5A5==S 35;R >GV:C20;8 1 3>4 4> ?>2=>W ?>;V<5@870FVW 

>AB0==P>3>. �@07:8, S:V <VABSBP 1V;:8 ?><VI0;8 C ;C=:8, AD>@<>20=V 2 #��� 

4;S :>=F5=B@0FVW, :>B@89 2=>A8;8 =04 35;5< 4;S @>74V;5==S, 2 S:><C 265 

2V41C;0AP ?>;V<5@870FVS. �;5:B@>48 :0<5@8 4;S 25@B8:0;P=>3> 5;5:B@>D>@57C 

(<0B5@V0; – ?;0B8=0) ?V4:;RG0;8 4> 3=V740 465@5;0 682;5==S PowerPac Basic 

Power Supply (Bio-Rad). #@8 ?@>2545==V 4>A;V4C 70AB>A>2C20;8 A8;C AB@C<C 

19 <� 2 G0A ?@>E>465==S 1V;:>2>3> 2<VABC 7@07:V2 G5@57 35;P 4;S :>=F5=B@0FVW. 

� D07V ?@>E>465==S 1V;:>2>3> 2<VABC 7@07:V2 G5@57 35;P 4;S @>74V;5==S – 

70AB>A>2C20;8 A8;C AB@C<C 38 <� (Bio-Rad laboratories inc., 2015). 

#VA;S 7025@H5==S 707=0G5=8E ?@>F5AV2, >B@8<0=89 35;P 7010@2;R20;8 

@>7G8=>< �C<0AV G-250 (0,125 %), I> <VAB8BP 96 % 5B0=>;, V7>?@>?0=>;, 0 

B0:>6 :>=F5=B@>20=C >FB>2C :8A;>BC. �0;V ?;0AB8=C 35;R ?@><820;8 2 8 % 

@>7G8=V >FB>2>W :8A;>B8 ?@>BS3>< 3>48=8. �0 4>?><>3>R :0<5@8 CANON 

IXUS 185 D>B>3@0DC20;8 2 F8D@>2><C D>@<0BV. �>A;V465=V 7@07:8 

0=0;V7C20;8, 28:>@8AB>2CRG8 ?@>3@0<=5 70157?5G5==S 2V4 ;01>@0B>@VW 

TotalLab – CLIQS Gel Image Analysis Software. 

�A4?V; HD4>JVV C9CF<8AB7B CG?G @9FB8B@ IDB@4FB7D4HVW, щB CB8V?Oє ;4 

DB;@VD4@<. �;S @>74V;5==S D@0:FVW ?5?B84=>3> ?C;C 28:>@8AB>2C20;8 

E@><0B>3@0DVR, I> @>7?>4V;Sє 70 @>7<V@><. �;V:2>B8 >1'є<>< 2 1 <; =0=>A8;8 

=0 :>;>=:C 7 A5D045:A>< � 15 2 0,05   &@VA-HCl 1CD5@V, @! 7,4, 7 4>4020==S< 

130 <  NaCl. %B01V;P=0 H284:VABP =0=5A5==S A:;040;0 0,5 <;/E2. �;S 

:0;V1@C20==S :>;>=:8 28:>@8AB>2C20;8 AB0=40@B=V <0@:5@=V @5G>28=8 7 

2V4><>R <>;5:C;S@=>R <0A>R. 
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2.2.2. �VAB>;>3VG=V. 

�;S A2VB;>>?B8G=>3> 4>A;V465==S 2V418@0;8 H<0B>G:8 A5;57V=:8 C 

702G0A=> 72065=8E B20@8= 2AVE 3@C?. �V4V1@0=V 7@07:8 DV:AC20;8 2 10 % @>7G8=V 

D>@<0;V=C, ?@8 FP><C B@820;VABP 40=>3> ?@>F5AC =5 ?5@528IC20;0 1 – 2 4>18. 

�07=0G5=89 DV:A0B>@ ?>?5@546Cє ?@>F5A8 0CB>@>7I5?;5==S B0 AB01V;V7Cє 

:;VB8=8 V B:0=8=8 4;S WE ?>40;PH>W >1@>1:8, B0 28:>@8AB0==S 2 ?@>F54C@0E 

7010@2;5==S. !0ABC?=8< 5B0?>< 1C;> ?@>2545==S 453V4@0B0FVW 7@07:V2 2 

A?8@B0E 7@>AB0RG>W :>=F5=B@0FVW B0 70;82:0 2 ?0@0DV=>2V 1;>:8. � 3>B>28E 

1;>:V2 283>B>2;S;8 7@V78 B>2I8=>R 4-5 <:<, S:V 7010@2;R20;8 

35<0B>:A8;V=>< V 5>78=><. �VAB>;>3VG=V ?@5?0@0B8 282G0;8 70 4>?><>3>R 

A2VB;>2>3> <V:@>A:>?0 SEO S%AN B0 D>B>4>:C<5=BC20;8 70 4>?><>3>R 

2V45>:0<5@8 Vision CCD Camera 7 A8AB5<>R 282>4C 7>1@065==S 7 

3VAB>;>3VG=8E ?@5?0@0BV2. 

 

2.2.3. �VAB>EV<VG=V. 

�;S 282G5==S 48=0<V:8 :><?5=A0B>@=>-?@8AB>AC20;P=8E ?@>F5AV2 

A5;57V=:8 ?@8 3V?5@3><>F8AB5W=5<VW >A>1;8289 V=B5@5A ?@54AB02;Sє 

4>A;V465==S :;RG>2>3> D5@<5=BC F8:;C B@8:0@1>=>28E :8A;>B – 

AC:F8=0B453V4@>35=078. �VAB>EV<VG=> 28S2;S;8 F59 <VB>E>=4@V0;P=89 D5@<5=B 

70 <5B>4>< !0E;0A0. *V 4>A;V465==S 74V9A=R20;8 =0 7@V70E, 283>B>2;5=8E 2 

<V:@>B><-:@V>AB0BV 7 =5DV:A>20=>W B:0=8=8 B0 28:>@8AB0==S< =VB@>-A8=P>3> 

B5B@07>;R. "A04 C 283;S4V 3@0=C; 48D>@<070=C A8=P>3> :>;P>@C A2V4G82 ?@> 

=0S2=VABP V ;>:0;V70FVR 5=78<0. 

�;S 282G5==S >A>1;82>AB59 =0:>?8G5==S 3;V:>35=C 2 :;VB8=0E A5;57V=:8 

7@V78 7010@2;R20;8 70 4>?><>3>R @50:B82C ,8DD0, ?VA;S ?>?5@54=P>W 

>1@>1:8 9>4=>R :8A;>B>R (PAS-@50:FVS) 2 <>48DV:0FVW ,01040H0. 

 

2.2.4. �;5:B@>==>-<V:@>A:>?VG=V. 

�;S ?@>2545==S AC1<V:@>A:>?VG=8E 4>A;V465=P A5;57V=:8 

5:A?5@8<5=B0;P=8E IC@V2 7018@0;8 7@07:8 >@30=C @>7<V@>< 1 << B0 DV:AC20;8 
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2 1 % @>7G8=V G>B8@P>E>:8AC >A<VR 70 �>;DV;P4><. �0;V ?@>2>48;8 

7=52>4=5==S C A?8@B0E 7@>AB0RG>W :>=F5=B@0FVW (70 %, 80 %, 90 %, 100 %) B0 

0F5B>=V. "B@8<0=C AC<VH 70;820;8 2 5?>=-0@0;48B, 2V4?>2V4=> 4> AB0=40@B=8E 

<5B>48:. � 1;>:V2 283>B>2;S;8 =0?V2B>=:V 7@V78, S:V 7010@2;R20;8 

B>;CW48=>28< A8=V< V 70 )0SB. #VA;S ?>?5@54=P>W >@Vє=B0FVW =0 =0?V2B>=:8E 

7@V70E =0 C;PB@0B><0E LKB III (,25FVS) B0 Reihart (�2AB@VS) 283>B>2;S;8 

C;PB@0B>=:V 7@V78, S:V :>=B@0ABC20;8 2 % @>7G8=>< C@0=V;0F5B0BC B0 F8B@0B>< 

A28=FR. #@5?0@0B8 4>A;V46C20;8 B0 D>B>3@0DC20;8 ?V4 5;5:B@>==8< 

<V:@>A:>?>< #� -125� ?@8 71V;PH5==SE 2 4–10 B8ASG @07. 

 

2.2.4. %B0B8AB8G=>3> 0=0;V7C. 

%B0B8AB8G=C >1@>1:C >B@8<0=8E @57C;PB0BV2 4>A;V465=P ?@>2>48;8, 

28:>@8AB>2CRG8 :><?’RB5@=V ?@>3@0<8 Origin 7.0, TotalLab 2.01 B0 Microsoft 

ExAel. "FV=R20;8 A5@54=V 7=0G5==S ?>:07=8:V2 B0 WE ?>E81:C. �>AB>2V@=8<8 

22060;8 2V4<V==>ABV ?@8 @<0,05.  
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$"���� 3 
��")� �+!� � �!� %�����!�� Щ'$�� $��!"�" ���' �� ' "� 

��#�$�" "*�%&��!� �� 
 

 

�V?5@3><>F8AB5W=5<VS – ?0B>;>3VG=89 AB0=, 4;S S:>3> E0@0:B5@=89 

?V428I5=89 @V25=P 3><>F8AB5W=C 2 :@>2V. "A=>2=>R ?@8G8=>R @>728B:C 

70E2>@R20==S є 35=5B8G=> >1C<>2;5=V 45D5:B8 =0 @V2=V D5@<5=BV2 B0 

:>D0:B>@V2, I> 70;CG5=V C <5B01>;V7< 3><>F8AB5W=C. ":@V< 35=5B8G=> 

45B5@<V=>20=8E 45D5:BV2, 3V?5@3><>F8AB5W=5<VS <>65 1CB8 A?@8G8=5=0 

=52V4?>2V4=VABR <V6 4VєB>R B0 ?>B@510<8 >@30=V7<C, 7>:@5<0 45DVF8B>< 

?52=8E 2VB0<V=V2, =530B82=8< 2?;82>< A?>A>1C 68BBS, H:V4;828<8 728G:0<8, 

0 B0:>6 1CB8 =0A;V4:>< 70AB>AC20==S 45S:8E ;V:0@AP:8E 70A>1V2. !0 AP>3>4=V 

=0:>?8G5=89 7=0G=89 <0A82 40=8E, I> 2:07Cє =0 VA=C20==S ?>78B82=>W 

:>@5;SFVW <V6 ?V428I5=8< @V2=5< 3><>F8AB5W=C 2 ?;07<V :@>2V ?0FVє=BV2 B0 

@878:>< @>728B:C A5@F52>-AC48==8E, =59@>4535=5@0B82=8E 70E2>@R20=P B0 

7;>S:VA=8E =>2>CB2>@5=P [113]. �@>AB0==S @V2=S 3><>F8AB5W=C B0:>6 

A?>AB5@V30єBPAS ?@8 AB0@V==V >@30=V7<C – @V25=P 3><>F8AB5W=C 2 :@>2V 

AB0B8AB8G=> 71V;PHCєBPAS :>6=V 45ASBP @>:V2 ?>G8=0RG8 7 60 @>:V2. �5@CG8 4> 

C2038 @57C;PB0B8 @>1VB =87:8 02B>@V2 [117, 131], 0 B0:>6 =0H8E 2;0A=8E 

4>A;V465=P [156, 158], <>6=0 7@>18B8 28A=>2>: I>4> :><?;5:A=>3> 2?;82C 

?V428I5=8E @V2=V2 3><>F8AB5W=C, S:89 @50;V7CєBPAS =0 @V2=V 1030BP>E >@30=V2 

B0 A8AB5<. !572060RG8 =0 7=0G=C :V;P:VABP ?C1;V:0FV9 7 ?@>1;5<0B8:8 

?0B>35=57C 3V?5@3><>F8AB5W=5<VW, B>G=V <5E0=V7<8, 70 4>?><>3>R S:8E 

2V41C20єBPAS @50;V70FVS =530B82=8E 5D5:BV2 =04;8H:C 3><>F8AB5W=C, 

70;8H0RBPAS 4> :V=FS =5 7’SA>20=8<8. Є ?52=V D@03<5=B0@=V 40=V I>4> 2?;82C 

3><>F8AB5W=C =0 >:@5<V >@30=8 G8 A8AB5<8, ?@>B5 2>=8 ?>B@51CRBP 

C7030;P=5==S B0 4>?>2=5==S, I> 0:BC0;V7Cє ?@>2545==S 4>40B:>28E 

4>A;V465=P 4;S 7'SAC20==S ?0B>DV7V>;>3VW 3V?5@3><>F8AB5W=5<VW. �57AC<=V2=>, 

?@>B5>;V7 є >4=8< 7 DC=40<5=B0;P=8E ?@>F5AV2, I> ;560BP 2 >A=>2V 1030BP>E 
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68BBє28E DC=:FV9, 0 2V4B0:, 9>3> ?>@CH5==S, I> <>6CBP 28@060B8AS 2 

=04<V@=V9 0:B820FVW 01>, =02?0:8, C ?@83=VG5==V 0:B82=>ABV ?@>B5>;VB8G=8E 

D5@<5=BV2, є >4=8< V7 ?CA:>28E <5E0=V7<V2 @>728B:C @V7=8E ?0B>;>3V9. 

"A:V;P:8 A5;57V=:0 є >@30=>< V<C==>W A8AB5<8, I> 15@5 CG0ABP C 

0:B820FVW B0 :>=B@>;V V<C==8E @50:FV9, 4>FV;P=8< є 4>A;V465==S, A?@S<>20=V 

=0 7’SAC20==S DC=:FV>=0;P=>3> AB0=C A5;57V=:8 70 3V?5@3><>F8AB5W=5<VW. 

#>4V1=V 4>A;V465==S є =5>1EV4=8<8 7 >3;S4C =0 B>9 D0:B, I> C 1030BP>E 

28?04:0E ?0B>;>3VW, 0A>FV9>20=V V7 =0:>?8G5==S< 3><>F8AB5W=C, 

AC?@>2>46CRBPAS ?>@CH5==S< C DC=:FV>=C20==V V<C==>W A8AB5<8. � V=H>3> 

1>:C, V=B5=A82=0 ?@>;VD5@0FVS V<C=>:><?5B5=B=8E :;VB8= є >4=VєR 7 

<>6;828E ?@8G8= 7@>AB0==S @V2=S 3><>F8AB5W=C. �3V4=> 4>A;V465=P 

Schroecksnadel et al. [165] V<C==0 2V4?>2V4P Th1-B8?C A?@8Sє @>728B:C 

3V?5@3><>F8AB5W=5<VW V <>65 1CB8 >A=>2=>R 45B5@<V=0=B>R ?@>3@5AC20==S 

70E2>@R20==S. Qin Zhang et al. [155] ?>:070;8, I> 0:B82=V D>@<8 :8A=R, S:V 

CB2>@RRBPAS 2 @57C;PB0BV A0<>>:8A;5==S 3><>F8AB5W=C, 15@CBP CG0ABP 2 

V=4C:FVW ?@>;VD5@0FVW �-;V<D>F8BV2. 

"B65, 70240==S< FP>3> 5B0?C @>1>B8 1C;> 4>A;V48B8 0:B82=VABP @V7=8E 

?@>B507 – A5@8=>28E, <5B0;>70;56=8E, F8AB5W=>28E B0 0A?0@03V=>28E – C 

A5;57V=FV IC@V2 7 5:A?5@8<5=B0;P=>R 3V?5@3><>F8AB5W=5<VєR. &0:>6 1C;> 

4>A;V465=> 2<VAB <0B@8:A=8E <5B0;>?@>B5W=07, A5@8=>28E ?@>B507 B0 

F8B>:V=V2. �3V4=> 7 >B@8<0=8<8 =0<8 @57C;PB0B0<8, 3V?5@3><>F8AB5W=5<VS 

A?@8G8=Sє ?>@CH5==S ?@>B5>;VB8G=>3> 10;0=AC 2 A5;57V=FV, ?@> I> 

=0A0<?5@54 A2V4G8BP 7@>AB0==S 7030;P=>W ?@>B5>;VB8G=>W 0:B82=>ABV (B01;. 

3.1). &0:, 0:B82=VABP 1C;0 28I>R 2 1,54, 1,37 B0 1,76 @078 C A5;57V=FV IC@V2 3@C? 

№ 1, № 2 B0 № 3 ?>@V2=S=> 7V 7=0G5==S<8 C 2V4?>2V4=8E :>=B@>;P=8E 3@C?0E. 

/: 10G8<>, =091V;PH 28@065=V 7<V=8 A?>AB5@V30;8AS C 3@C?V AB0@8E B20@8=. 

�0@B> 2V4<VB8B8, I> C A5;57V=FV IC@V2 :>=B@>;P=>W 3@C?8 4;S 3@C?8 № 3 

7=0G5==S 7030;P=>W ?@>B5>;VB8G=>W 0:B82=>ABV 1C;> =86G5, =V6 C :>=B@>;V 4;S 

3@C? № 1 B0 № 2 (482. B01;. 3.1). *5 <>65 1CB8 ?>2'S70=> 7 2V:>28<8 7<V=0<8 
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:;VB8==>3> <5B01>;V7<C, 0 A0<5 7 DV7V>;>3VG=8< 7=865==S< V=B5=A82=>ABV 

?@>B5>;V7C 7 2V:><. 

&45?<JO 3.1 

$>7?>4V; ?@>B5>;VB8G=>W 0:B82=>ABV C A5;57V=FV щC@V2 7 
3V?5@3><>F8AB5W=5<VєN (M±m, n=10) 

#>:07=8:8 

�@C?0 #1 �@C?0 #2 �@C?0 #3 

�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

C<.>4/3 B:0=8=8 

�030;P=0 
?@>B5>;VB8G=0 
0:B82=VABP 

6,13± 

0,30 

9,45± 

0,47* 

8,14± 

0,40 

11,17± 

0,55† 
4,01± 

0,20 

7,07± 

0,34‡ 

 5B0;>70;56=V 
D5@<5=B8 

4,91± 

0,23 

6,30± 

0,30* 

5,48± 

0,27 

7,06± 

0,35† 
2,99± 

0,13 

4,73 

±0,21‡ 
%5@8=>2V 
?@>B5078 

1,14± 

0,05 

2,41± 

0,12* 

2,25± 

0,11 

3,18± 

0,15† 
0,88± 

0,04 

2,19± 

0,11‡ 
*8AB5W=>2V B0 
0A?0@B8;P=V 
?@>B5078 

0,08± 

0,004 

0,74± 

0,03* 

0,41± 

0,02 

0,93± 

0,04† 
0,14± 

0,007 

0,15± 

0,007 

#@8<VB:8: * – p<0.05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #1; 

† – p<0,05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #2; ‡ – p<0,05 

@V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #3. 

 

�;S B>3>, I>1 7'SAC20B8 2=5A>: ?@>B507 7 @V7=>R 1C4>2>R :0B0;VB8G=>3> 

F5=B@C C ?>@CH5==SE ?@>B5>;VB8G=>3> 10;0=AC, 1C;> 287=0G5=> ?@>B5>;VB8G=C 

0:B82=VABP 70 ?@8ACB=>ABV 2 V=:C10FV9=><C A5@54>28IV 45S:8E V=3V1VB>@V2 

?@>B507, 7>:@5<0, ��&� B0 # %(, S:V є V=3V1VB>@0<8 <5B0;>70;56=8E B0 

A5@8=>28E ?@>B507 2V4?>2V4=>. �C;> 28S2;5=>, I> 0:B82=VABP <5B0;>70;56=8E 

D5@<5=BV2 C A5;57V=FV IC@V2 1-W B0 2-W 3@C? 7@>AB0;0 2 1,28 @078, 0 2 A5;57V=FV 

IC@V2 3-W 3@C?8 – C 1,58 @078. #V428I5==S 0:B82=>ABV A5@8=>28E ?@>B507, 1V;PH 

28@065=5, =V6 C 28?04:C <5B0;>70;56=8E D5@<5=BV2, 1C;> 28S2;5=> C A5;57V=FV 

B20@8= 2AVE 5:A?5@8<5=B0;P=8E 3@C?. &0:, C IC@V2 3@C?8 № 1 0:B82=VABP 
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A5@8=>28E ?@>B507 7@>A;0 C 2,1 @078; C IC@V2 3@C?8 № 2 – C 1,4 @078, 0 C IC@V2 

3@C?8 № 3 – C 2,4 @078. �87=0G5==S 0:B82=>ABV, >?>A5@54:>20=>W F8AB5W=>28<8 

B0/01> 0A?0@03V=>28<8 ?@>B5070<8, 28S28;> 4>AB>2V@=5 7@>AB0==S FP>3> 

?>:07=8:0 C A5;57V=FV B20@8= 3@C?8 № 1 – 0:B82=VABP C 9,2 @078 ?5@528IC20;0 

7=0G5==S C A5;57V=FV B20@8= :>=B@>;P=>W 3@C?8. ' B>9 65 G0A 0:B82=VABP, 

>?>A5@54:>20=0 F8AB5W=>28<8 B0/01> 0A?0@03V=>28<8 ?@>B5070<8, 70;8H0;0AP  

=0 @V2=V 2V4?>2V4=>3> :>=B@>;R 2 A5;57V=FV IC@V2 3@C?8 № 3 (482. B01;. 3.1). 

�;S 7'SAC20==S <>6;828E ?@8G8= ?V428I5==S 0:B82=>ABV ?@>B507 C 

IC@V2 7 3V?5@3><>F8AB5W=5<VєR =040;V 287=0G0;8 2<VAB <5B0;>70;56=8E 

D5@<5=BV2, 0 A0<5 <0B@8:A=8E <5B0;>?@>B507 B0 A5@8=>28E ?@>B507. !0HV 

@57C;PB0B8 (B01;. 3.2) ?>:070;8, I> 3V?5@3><>F8AB5W=5<VS AC?@>2>46CєBPAS 

7=0G=8< 7@>AB0==S< @V2=S A5@8=>28E ?@>B507 C A5;57V=FV IC@V2. 

&45?<JO 3.2 

�<VAB 7030;ь=>3> 1V;:0, <0B@8:A=8E <5B0;>?@>B507, B:0=8==>3> 
V=3V1VB>@C <0B@8:A=8E ?@>B507 B0 2<VAB A5@8=>28E ?@>B507 C A5;57V=FV 

щC@V2 7 3V?5@3><>F8AB5W=5<VєN (M±m, n=10) 

#>:07=8:8 

�@C?0 #1 �@C?0 #2 �@C?0 #3 
�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

�030;P=89 1V;>: 
<3/3 B:0=8=8 

23,13± 

3,57 

44,72± 

11,37* 

18,83± 

2,41 

38,60± 

11,85† 
19,75± 

6,93 

33,65± 

7,29‡ 

%5@8=>2V 
?@>B5078 

<3/3 B:0=8=8 

0,28± 

0,02 

0,47± 

0,12* 

0,11± 

0,04 

0,37± 

0,12† 
0,34± 

0,01 

0,68± 

0,09‡ 
 0B@8:A=V 
<5B0;>?@>B5078 

C<.>4/3 B:0=8=8 

MMP-1 
0,20± 

0,01 

0,24± 

0,02 

0,24± 

0,01 

0,29± 

0,01 

0,26± 

0,01 

0,34± 

0,01‡ 

MMP-2 
0,35± 

0,03 

0,35± 

0,02 

0,43± 

0,03 

0,33± 

0,01† 
0,39± 

0,01 

0,31± 

0,02‡ 

MMP-3 
0,20± 

0,03 

0,22± 

0,04 

0,30± 

0,06 

0,23± 

0,02† 
0,29± 

0,01 

0,21± 

0,01‡ 
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#@>4>265==S B01;. 3.2. 

MMP-10 
0,28± 

0,04 

0,27± 

0,03 

0,41± 

0,04 

0,27± 

0,01† 
0,42± 

0,03 

0,19± 

0,02‡ 

MMP-8 
0,25± 

0,01 

0,20± 

0,02 

0,28± 

0,01 

0,22± 

0,01† 
0,31± 

0,01 

0,21± 

0,02‡ 

TIMP-1 
0,33± 

0,02 

0,34± 

0,04 

0,49± 

0,04 

0,37± 

0,01† 
0,51± 

0,02 

0,38± 

0,01‡ 
#@8<VB:8: * – p<0.05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #1; 

† – p<0,05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #2; ‡ – p<0,05 

@V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #3. 

 

!091V;PH 28@065=V 7<V=8 1C;> 28S2;5=> C IC@V2 3@C?8 № 2 – @V25=P 

A5@8=>28E ?@>B507 A:;0402 0,37±0,12 <3/3 B:0=8=8 C ?>@V2=S==V 7 

0,11±0,04 <3/3 B:0=8=8 C A5;57V=FV B20@8= :>=B@>;P=>W 3@C?8. �@>AB0==S @V2=S 

A5@8=>28E ?@>B507 2V41C20;>AS =0 B;V ?V428I5==S @V2=S 7030;P=>3> 1V;:0 – 

@V25=P 7030;P=>3> 1V;:0 7@>AB02 C 1,9, 2,1 B0 1,7 @078 C A5;57V=FV IC@V2 1-W, 2-W 

B0 3-W 3@C? 2V4?>2V4=>. !02?0:8, @V2=V   #-2, -3, -8 B0 -10, 0 B0:>6 &� #-1 

1C;8 7=0G=> 7=865=V 2 A5;57V=FV IC@V2 3@C? № 2 B0 № 3 (482. B01;. 3.2). ' B>9 

65 G0A, @V2=V   $-2, -3, -10 B0 TIPM-1 7=0E>48;8AS 2 <560E :>=B@>;P=8E 

25;8G8= C A5;57V=FV IC@V2 3@C?8 № 1 (482. B01;. 3.2). %;V4 707=0G8B8, I> 2 

A5;57V=FV IC@V2 2AVE 5:A?5@8<5=B0;P=8E 3@C? 1C;> 28S2;5=> ?V428I5==S @V2=S 

;8H5   #-1 – C 1,2 @078 C IC@V2 3@C? № 1 B0 № 2 B0 2 1,3 @078 – C IC@V2 3@C?8 

№ 3 (482. B01;. 3.2). 

�;S B>3> I>1 7’SAC20B8, G8 ?@872>48BP 3V?5@3><>F8AB5W=5<VS 4> 

@>728B:C 70?0;P=>3> ?@>F5AC C A5;57V=FV 1C;> ?@>0=0;V7>20=> F8B>:V=>289 

?@>DV;P >@30=C. !0<8 =5 1C;> 28S2;5=> ?V428I5==S @V2=S ?@>- B0 

?@>B870?0;P=8E F8B>:V=V2 C A5;57V=FV IC@V2 V7 3V?5@3><>F8AB5W=5<VєR. �V;PH 

B>3>, 3V?5@3><>F8AB5W=5<VS 28:;8:0;0 4>AB>2V@=5 7=865==S @V2=V2 ��-1b, ��-8, 

��-6, �(!-´, ��-4 B0 ��-10 C IC@V2 3@C? № 2 B0 № 3 (B01;. 3.3). $V25=P CAVE 

4>A;V46C20=8E F8B>:V=V2 (:@V< �(!-´) C A5;57V=FV IC@V2 3@C?8 № 1 =5 

2V4@V7=S2AS 2V4 7=0G5=P :>=B@>;R (482. B01;. 3.3). 
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&45?<JO 3.3 

�<VAB F8B>:V=V2 C A5;57V=FV щC@V2 7 3V?5@3><>F8AB5W=5<VєN (M±m, n=10) 

#>:07=8:8 

�@C?0 #1 �@C?0 #2 �@C?0 #3 
�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

�>=B-
@>;P 

�><>F8A-
B5W= 

C<.>4/3 B:0=8=8 

TNF-α 
0,26± 

0,02 

0,26± 

0,02 

0,27± 

0,02 

0,26± 

0,01 

0,28± 

0,02 

0,29± 

0,02 

IL-1b 
0,19± 

0,02 

0,19± 

0,01 

0,28± 

0,01 

0,20± 

0,01† 
0,23± 

0,02 

0,16± 

0,01‡ 

IL-8 
0,28± 

0,02 

0,27± 

0,03 

0,37± 

0,01 

0,31± 

0,01† 
0,33± 

0,01 

0,24± 

0,02‡ 

IL-6 
0,24± 

0,03 

0,24± 

0,02 

0,33± 

0,01 

0,25± 

0,01† 
0,35± 

0,02 

0,21± 

0,02‡ 

IFN-´ 
0,19± 

0,02 

0,13± 

0,01* 

0,21± 

0,01 

0,15± 

0,02† 
0,24± 

0,01 

0,17± 

0,01‡ 

IL-4 
0,28± 

0,02 

0,28± 

0,03 

0,36± 

0,05 

0,31± 

0,02† 
0,32± 

0,02 

0,25± 

0,01‡ 

IL-10 
0,30± 

0,01 

0,29± 

0,03 

0,47± 

0,01 

0,37± 

0,03† 
0,41± 

0,01 

0,32± 

0,01‡ 
#@8<VB:8: * – p<0.05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #1; 

† – p<0,05 @V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #2; ‡ – p<0,05 

@V7=8FS 4>AB>2V@=0 ?>@V2=S=> 7 :>=B@>;5< 4;S 3@C?8 #3. 

 

!0 AP>3>4=V GVB:V <5E0=V7<8, I> ;560BP 2 >A=>2V ?>A8;5==S ?@>B5>;V7C 

70 =0:>?8G5==S 3><>F8AB5W=C, 4>AB5<5==> =5 7’SA>20=V, ?@>B5 7 >3;S4C =0 

H8@>:89 A?5:B@ ?@>B507, 0:B820FVS S:8E <0є <VAF5 ?@8 3V?5@3><>F8AB5W=5<VW, 

=5 28:;RG5=8< є 70;CG5==S 45:V;P:>E 270є<> ?V4A8;RRG8E <5E0=V7<V2. #5@H 

70 2A5, 7@>AB0==S 0:B82=>ABV ?@>B5>;VB8G=8E D5@<5=BV2 2 A5;57V=FV IC@V2 7 

3V?5@3><>F8AB5W=5<VєR <>65 1CB8 =0A;V4:>< ?>A8;5==S A8=B57C =>28E 

<>;5:C; D5@<5=BV2, I> G0AB:>2> ?V4B25@46CєBPAS 4>AB>2V@=8< 71V;PH5==S< 

2<VABC 1V;:0 2 A5;57V=FV IC@V2 CAVE 5:A?5@8<5=B0;P=8E 3@C?. ' FV;><C, C 

;VB5@0BC@V 7 ?@>1;5<0B8:8 ?0B>35=5B8G=8E >A=>2 @>728B:C ?>@CH5=P 70 
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3V?5@3><>F8AB5W=5<VєR є =87:0 ?C1;V:0FV9 [188], 45 2AB0=>2;5=>, I> 5:A?@5AVS 

45S:8E 35=V2 7<V=RєBPAS C ?0FVє=BV2 7 F8< 70E2>@R20==S<, 01> C >AV1 7 

?V428I5=8< @V2=5< 3><>F8AB5W=C. �?;82 3><>F8AB5W=C =0 @V25=P 5:A?@5AVW 
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2V4<V==VABP 2V4 :>=B@>;P=>W 3@C?8 40=>W 2V:>2>W :0B53>@VW 4>AB>2V@=0 ?@8 

@f0,05; ** – 2V4<V==VABP 2V4  :>=B@>;P=>W 3@C?8 <>;>48E B20@8= 4>AB>2V@=0 ?@8 

@f0,05. 
 

/:I> C IC@V2 2V:>< 6-8 <VASFV2 2 3@C?V, I> =5 707=020;0 2?;82C E@>=VG=> 

?V428I5=8E @V2=V2 3><>F8AB5W=C, 2 A5@54=P><C 2 ?>;V 7>@C ?@8 71V;PH5==V 

×1000 A?>AB5@V30єBPAS 11,55 :;VB8= 7 2:;RG5==S<8 ?V3<5=BC ;V?>DCAF8=C 

(?5@H89 :20@B5;P 10,75; B@5BV9 :20@B5;P 12), B> 4;S 5:A?5@8<5=B0;P=>W 3@C?8 

:V;P:VABP :;VB8= 2 A5@54=P><C A:;040є 17,3 (?5@H89 :20@B5;P 16; B@5BV9 

:20@B5;P 18,25). �;S FVєW 3@C?8, S: V 4;S <>;>48E B20@8=, =0S2=5 AB0B8AB8G=> 

4>AB>2V@=5 7@>AB0==S G0AB:8 <0:@>D03V2 7 2:;RG5==S<8 ;V?>DCAF8=C, I> 

?>:07Cє 1>@>BP1C F8E :;VB8= 7 =0A;V4:0<8 ?V428I5==S @V2=S @50:B82=8E D>@< 

:8A=R 2 B:0=8=0E FP>3> V<C==>3> >@30=0. #@8 FP><C 20@B> 725@=CB8 C203C, I> 

2 >1>E 3@C?0E AB0=40@B=5 2V4E8;5==S =5 є 7=0G=8<, 0 >B65, =0 2AVE 7@V70E 

КVлькVEть клVт8= 7 6клNGе==O<8 
лVпоDуEF8=у у полV 7оDу у 7DV74E 

Eеле7V=к8 
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G>B8@P>E B20@8= 7 >1@0=>W 3@C?8 :V;P:VABP <0:@>D03V2 7@>AB0є A?V2@>7<V@=> 

(B01;. 5.1). 

&45?<JO 5.1 

#>:07=8:8 :V;ь:>ABV <0:@>D03V2 7 2:;NG5==O<8 ;V?>DCAF8=C C 
:>=B@>;ь=8E V 5:A?5@8<5=B0;ь=8E 3@C?0E B@ь>E 2V:>28E :0B53>@V9 

#>;5 
7>@C 

 >;>4V �>@>A;V %B0@V 

�>=B@>;P �:A?5@8<5=B �>=B@>;P �:A?5@8<5=B �>=B@>;P �:A?5@8<5=B 

1 9 12 10 16 27 35 

2 8 14 12 14 38 52 

3 6 16 14 18 36 46 

4 11 12 10 15 36 45 

5 10 13 11 20 44 47 

6 6 15 10 17 40 38 

7 9 15 10 18 31 40 

8 10 14 11 19 39 47 

9 6 16 12 16 38 45 

10 8 15 11 20 38 48 

11 9 14 11 18 40 41 

12 7 16 12 17 44 43 

13 8 15 14 19 37 39 

14 9 17 12 14 31 41 

15 10 18 11 17 35 43 

16 6 15 11 18 29 36 

17 9 16 10 19 39 42 

18 7 13 14 16 41 39 

19 10 15 13 17 39 45 

20 7 16 12 18 41 46 
 

#@8 AB0B8AB8G=><C 4>A;V465==V F8D@>28E 7>1@065=P G5@2>=>W ?C;P?8 

A5;57V=:8 AB0@8E B20@8= 7 :>=B@>;P=>W 3@C?8 2 A5@54=P><C 2 ?>;V 7>@C ?@8 

71V;PH5==V ×1000 A?>AB5@V30єBPAS 37,15 :;VB8= 7 2:;RG5==S<8 ?V3<5=BC 

;V?>DCAF8=C (?5@H89 :20@B5;P 35,75; B@5BV9 :20@B5;P 40), 2 B>9 G0A, S: 4;S 

5:A?5@8<5=B0;P=>W 3@C?8, I> 707=0;0 E@>=VG=>3> 2?;82C ?V428I5=8E 
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:>=F5=B@0FV9 3><>F8AB5W=C, :V;P:VABP :;VB8= 2 A5@54=P><C A:;040є 42,9 

(?5@H89 :20@B5;P 39,75; B@5BV9 :20@B5;P 46). �0@B> 2V47=0G8B8 7030;P=5 

?V428I5==S :V;P:>ABV 2V4:;045=P ;V?>DCAF8=C 2 A5;57V=FV B20@8= 7 

:>=B@>;P=>W 3@C?8, I> =5 707=020;8 =530B82=>3> 7>2=VH=P>3> 2?;82C. *5 

?>2’S70=>, 2 ?5@HC G5@3C, 7 B8<, I> 2 AB0@VRG><C >@30=V7<V ;V?>DCAF8= 

2V4:;040єBPAS 70 ?@8@>4=8E C<>2 2 A8;C 70?>2V;P=5==S <5B01>;VG=8E ?@>F5AV2 

2 :;VB8=0E, S: =5282545=V =03@><0465==S ?@>4C:BV2, I> <0;8 2 282>48B8AP 

2=0A;V4>: ?@>F5AV2 5:A:@5FVW. � =02VBP ?@8 B0:8E ?V428I5=8E :>=F5=B@0FVSE 

FP>3> ?V3<5=BC 2 A5;57V=FV B20@8= 7 :>=B@>;P=>W 3@C?8 (4>AB>2V@=> 1V;PH5, =V6 

C <>;>48E B20@8= 3@C?8 :>=B@>;R), WE :V;P:VABP C 7@V70E A5;57V=:8 B20@8=, I> 

707=0;8 E@>=VG=>3> 2?;82C ?V428I5=8E @V2=V2 3><>F8AB5W=C, є 4>AB>2V@=> 

1V;PH>R (482. @8A. 5.3). �3V4=> 7 F8<8 40=8<8, <>65<> 3>2>@8B8 ?@> 4>40B:>2V 

?@8G8=8 =0:>?8G5==S ;V?>DCAF8=C C <0:@>D030E A5;57V=:8 B20@8= 7 40=>W 

3@C?8 – C AB0@><C 2VFV, S: V C 28?04:C <>;>4H8E B20@8=, <0:@>D038 2ABC?0RBP 

2 1>@>BP1C 7 >:8A=8< AB@5A><, A?@8G8=5=8< 3V?5@3><>F8AB5W=5<VєR. 

�030;><, 70 @57C;PB0B0<8 >1@>1:8 48A:@5B=8E B0 157?5@5@2=8E 40=8E 

?V4@0EC=:V2 B0 28<V@R20=P C A5;57V=FV B20@8= @V7=8E 2V:>28E :0B53>@V9 7 

:>=B@>;P=8E B0 5:A?5@8<5=B0;P=8E 3@C?, 20@B> 2V4<VB8B8, I> 7@>AB0==S 

7030;P=>W ?;>IV 1V;>W ?C;P?8 ?@8B0<0==5 2AV< 5:A?5@8<5=B0;P=8< 3@C?0< C 

?>@V2=S==V 7 3@C?0<8 :>=B@>;R, ?@>B5 =5 є AB0B8AB8G=> 4>AB>2V@=8<. #@8 

FP><C =091V;PH SA:@02> 28@065=8< 7@>AB0==S G0AB:8 ;V<D0B8G=8E 2C7;8:V2 

2V4=>A=> G5@2>=>W ?C;P?8 є A0<5 C 4>@>A;8E/7@V;8E B20@8=, I> A2V4G8BP ?@> 

=09V=B5=A82=VHV ?@>F5A8 ?@>;VD5@0FVW ;V<D>F8BV2 A0<5 C FV9 2V:>2V9 :0B53>@VW. 

!0 2V4<V=C 2V4 G0AB:8 1V;>W ?C;P?8, :V;P:VABP <0:@>D03V2 7 2:;RG5==S<8 

;V?>DCAF8=C є AB0B8AB8G=> 4>AB>2V@=> 1V;PH>R 70 :@8B5@Vє<  0==0-'VB=V 4;S 

2AVE B@P>E 5:A?5@8<5=B0;P=8E 3@C? 2V4=>A=> 3@C? :>=B@>;R, I> 3>2>@8BP ?@> 

@50:FVR =0 E@>=VG=C 3V?5@3><>F8AB5W=5<VR =5 ;8H5 ;V<D>F8BV2, 0 V <0:@>D03V2 

B0 ?@> 2?;82 3><>F8AB5W=C C =04<V@=8E :V;P:>ABSE =0 <5B01>;VG=V ?@>F5A8 2 

:;VB8=0E. 
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$"���� 6 
'�Ь&$� ��$"%�"#�+!� �'�"�� %&$'�&'$!�) 

�" #"!�!&�� %�����!�� Щ'$�� $��!�) ���"��) �$'# �� 

' "� ��%#�$� �!&��Ь!"� ��#�$�" "*�%&��!� �� 
 

 

6.1. %C1<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 V=B0:B=8E IC@V2 @V7=>3> 2V:C 

 

 

6.1.1. ';PB@0AB@C:BC@=0 1C4>20 A5;57V=:8 <>;>48E IC@V2 :>=B@>;P=>W 

3@C?8. 

� <>;>48E IC@V2 :>=B@>;P=>W 3@C?8 AB@C:BC@=0 >@30=V70FVS A5;57V=:8 

2V4?>2V40;0 2V:>28< <560< =>@<8. �V;0 ?C;P?0 ?@54AB02;5=0 ;V<D>W4=8<8 

2C7;8:0<8, 2 F5=B@V S:8E 2V4<VG0;8 35@<V=0B82=V F5=B@8. �;VB8==0 ?>?C;SFVS 

?0@5=EV<8 2:;RG0;0 ;V<D>F8B8, <0:@>D038, ;V<D>1;0AB8, ?;07<>F8B8. 

�8@V7=S;8 B0:>6 @5B8:C;S@=V :;VB8=8. �V<D>F8B8 1V;>W ?C;P?8 A5;57V=:8 

IC@V2 <0;8 3V?5@E@><=V S4@0, :0@V>;5<0 WE 1C;0 ACFV;P=>R, ?5@520602 

35B5@>E@><0B8=. /4@0 @>7<VIC20;8AP 2 F5=B@V :;VB8=, 709<0;8 WE >A=>2=89 

>1’є<. � F8B>?;07<V 2V4<VG0;8 @81>A><8, <VB>E>=4@VW, :0=0;PFV 3@0=C;S@=>W 

5=4>?;07<0B8G=>W AVB:8 (@8A. 6.2). #;07<>F8B8 ;V<D>W4=8E 2C7;8:V2 A5;57V=:8 

E0@0:B5@87C20;8AP ?5@52060==S< 35B5@>E@><0B8=C 2 S4@0E, I> @>7<VIC202AS 

?V4 =C:;5>;5<>R. �CE@><0B8= <02 48DC7=5 @>7<VI5==S 2 :0@V>?;07<V. � 

?;07<0B8G=8E :;VB8=0E 28S2;S;8 ?5@5206=> >4=5 S45@F5. %?>AB5@V30;8 4>1@5 

@>728=5=C 3@0=C;S@=C 5=4>?;07<0B8G=C AVB:C B0 @81>A><8 2 F8B>?;07<V 

?;07<>F8BV2. �0@B> 707=0G8B8, I> 2 35@<V=0B82=8E F5=B@0E ;V<D>W4=8E 

2C7;8:V2 E0@0:B5@=8<8 1C;8 DV3C@8 <VB>7C (@8A. 6.1). 

+5@2>=0 ?C;P?0 A5;57V=:8 IC@V2 :>=B@>;P=>W 3@C?8 1C;0 ?@54AB02;5=0 

5@8B@>F8B0<8, B@><1>F8B0<8, <0:@>D030<8 B0 ;V<D>F8B0<8.  0:@>D038 <0;8 

25;8:V @>7<V@8. /4@0 WE @>7<VIC20;8AP 2 F5=B@V :;VB8= 01> 7<VIC20;8AP 4> 

?>;RAV2. �5B5@>E@><0B8= C 283;S4V 3@C4>G>: ;>:0;V7C202AS 157?>A5@54=P> ?V4 
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:0@V>;5<>R. "AB0==S D>@<C20;0 V=203V=0FVW. *8B>?;07<0 <0:@>D03V2 <VAB8;0 

G8A5;P=V ;V7>A><8 B0 D03>A><8, D>@<C20;0 2V4@>AB:8 (@8A. 6.3). 
 

 

$8A. 6.1. �;5:B@>=>3@0<0 A5;57V=:8 <>;>4>3> IC@0 :>=B@>;P=>W 3@C?8. /4@> 

?;07<>F8B0 (1), F8B>?;07<0 ?;07<>F8B0 (2), :0=0;PFV 3@0=C;S@=>W 

5=4>?;07<0B8G=>W AVB:8. �1V;PH5==S ×9000. 
 

 

$8A. 6.2. %C1<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 V=B0:B=>3> IC@0. /4@> 

;V<D>F8B0 (1), F8B>?;07<0 ;V<D>F8B0 (2), B@><1>F8B8 (3). �1V;PH5==S ×9000. 
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$8A. 6.3. �;5:B@>=>3@0<0 A5;57V=:8 <>;>4>3> V=B0:B=>3> IC@0. #5@8F8B (1), 

F8B>?;07<0 5=4>B5;V>F8B0 (2), 5@8B@>F8B (3), <0;89 A2VB;89 ;V<D>F8B (4). 

�1V;PH5==S ×9000. 
 

%8=CA>W4=V :0?V;S@8 A5;57V=:8 1C;8 ?><V@=> ?>2=>:@>2=8<8. � 

?@>A2VB0E WE 28S2;S;8 5@8B@>F8B8. �=4>B5;V0;P=V :;VB8=8 ABV=>: :0?V;S@V2 

<0;8 284>265=C D>@<C. /4@0 WE 25@5B5=>?>4V1=V 7 28@065=8<8 S45@=8<8 

?>@0<8. �@C4:8 35B5@>E@><0B8=C ;>:0;V7C20;8AP ?V4 =C:;5>;5<>R. �V4<VG0;8 

=0S2=VABP 1-2 S45@5FP. � F8B>?;07<V 5=4>B5;V>F8BV2 A?>AB5@V30;8 G8A5;P=V 

20:C>;V, =57=0G=C :V;P:VABP >@30=5; (482. @8A. 6.3). 

 

6.1.2. %C1<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 7@V;8E IC@V2 3@C?8 

:>=B@>;R. 

�>@>A;V IC@8 :>=B@>;P=>W 3@C?8 <0;8 7030;P=V 70:>=><V@=>ABV 

C;PB@0AB@C:BC@8 A5;57V=:8. � 1V;V9 ?C;P?V >@30=C 28S2;5=> @5B8:C;S@=V 

:;VB8=8, ;V<D>F8B8, <0:@>D038, ?;07<>F8B8, 45=4@8B=V :;VB8=8. %5@54 

;V<D>F8BV2 28@V7=S;8 <0;V (A2VB;V B0 B5<=V) V A5@54=V. /: V 2 3@C?V <>;>48E 

B20@8=, 2 35@<V=0B82=8E F5=B@0E E0@0:B5@=8<8 1C;8 DV3C@8 <VB>7V2.  0;V 

A2VB;V ;V<D>F8B8 ?5@51C20;8 2 >B>G5==V <0:@>D03V2 B0 <>=>F8BV2. �0@V>;5<0 



112 

;V<D>F8BV2 <0;0 28@065=V ?>@8. � WE S4@0E ?5@520602 35B5@>E@><0B8=, 0 

5CE@><0B8= @>7<VIC202AS ?5@5206=> 2 F5=B@0;P=V9 G0AB8=V S4@0. *8B>?;07<0 

;V<D>F8BV2 <0;0 283;S4 2C7P:>W A<C6:8, 2 =V9 A?>AB5@V30;8 =5G8A5;P=V 

>@30=5;8 (@8A. 6.4). 
 

 

$8A. 6.4. �;5:B@>=>3@0<0 A5;57V=:8 7@V;>3> V=B0:B=>3> IC@0. /4@> 

;V<D>F8B0 (1), F8B>?;07<0 ;V<D>F8B0 (2), S4@> A5@54=P>3> ;V<D>F8B0 (3), 

F8B>?;07<0 A5@54=P>3> ;V<D>F8B0 (4), <>=>F8B (5). �1V;PH5==S ×9000. 

 

 0:@>D038 1V;>W ?C;P?8 A5;57V=:8 7@V;8E IC@V2 E0@0:B5@87C20;8AP 

3V?5@E@><=8<8 S4@0<8, 35B5@>E@><0B8= @>7<VIC202AS C 283;S4V >1V4:0 ?V4 

=C:;5>;5<>R. �CE@><0B8= F8E :;VB8= 709<02 F5=B@0;P=5 ?>;>65==S 2 S4@V. � 

F8B>?;07<V <0:@>D03V2 1C;8 =0S2=V ;V7>A><8, D03>A><8, 20:C>;V, <VB>E>=4@VW, 

:><?;5:A �>;P46V (@8A. 6.5). #>45:C48 2V4<VG0;8 A5@54=V ;V<D>F8B8, I> <0;8 

>:@C3;C D>@<C. /4@0 WE @>7<VIC20;8AP 5:AF5=B@8G=>, ?5@520602 5CE@><0B8=, 

0 35B5@>E@><0B8= C 283;S4V 3@C4>G>: ;>:0;V7C202AS 157?>A5@54=P> ?V4 

:0@V>;5<>R. *8B>?;07<0 A5@54=VE ;V<D>F8BV2 <VAB8;0 4>1@5 @>728=5=C 

3@0=C;S@=C 5=4>?;07<0B8G=C AVB:C, <VB>E>=4@VW, ;V7>A><8, @81>A><8 (482. @8A. 
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6.4).  >=>F8B8 1V;>W ?C;P?8 A5;57V=:8 707=0G5=>W 3@C?8 5:A?5@8<5=B0;P=8E 

B20@8= 2V4@V7=S;8AP 1>1>?>4V1=8<8 G8 ?V4:>2>?>4V1=8<8 3V?5@E@><=8<8 

S4@0<8. � F8B>?;07<V <>=>F8BV2 28S2;S;8 ;V7>A><8, <VB>E>=4@VW, ?><V@=> 

@>728=5=C 3@0=C;S@=C 5=4>?;07<0B8G=C AVB:C. #;07<>F8B8 2 7@V;8E IC@V2 

:>=B@>;P=>W 3@C?8 <0;8 5:AF5=B@8G=> @>7<VI5=V >:@C3;V S4@0. 

�5B5@>E@><0B8= 2 =8E <02 283;S4 A?8FP :>;5A0, 5CE@><0B8= 709<02 

F5=B@0;P=5 ?>;>65==S 2 S4@V. *8B>?;07<0 ?;07<0B8G=8E :;VB8= 2V4@V7=S;0AP 

4>1@5 @>728=5=>R 3@0=C;S@=>R 5=4>?;07<0B8G=>R AVB:>R, F8AB5@=0<8 

:><?;5:AC �>;P46V (482. @8A. 6.4). 
 

 

$8A. 6.5. ';PB@0AB@C:BC@=0 1C4>20 A5;57V=:8 7@V;>3> IC@0 :>=B@>;P=>W 

3@C?8. /4@> <0:@>D030 (1), F8B>?;07<0 <0:@>D030 (2), ;V7>A><8 (3), D@03<5=B 

;V<D>F8B0 (4). �1V;PH5==S ×9000. 
 

� G5@2>=V9 ?C;P?V A5;57V=:8 7@V;8E B20@8= 3@C?8 :>=B@>;R A?>AB5@V30;8 

5@8B@>F8B8, B@><1>F8B8, =5G8A5;P=V ;V<D>F8B8, <>=>F8B8, <0:@>D038. 

"AB0==V <0;8 2V4@>AB:8, 0 2 F8B>?;07<V WE 28S2;S;8 3@0=C;8 ;V?>DCAF8=C. � 

?@>A2VB0E A8=CA>W4=8E :0?V;S@V2 A5;57V=:8 =0S2=V 5@8B@>F8B8, B@><1>F8B8. 

�=4>B5;V0;P=V :;VB8=8 ABV=>: A8=CA>W4V2 <0;8 284>265=C D>@<C. /4@0 WE 
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>20;P=V, 3V?5@E@><=V, 7 ?5@52060==S< 35B5@>E@><0B8=C. � 7>=V >@30=5; 

5=4>B5;V>F8BV2 28S2;5=> :><?;5:A �>;P46V, :0=0;PFV 3@0=C;S@=>W 

5=4>?;07<0B8G=>W AVB:8, <VB>E>=4@VW, 20:C>;V (@8A. 6.6). 
 

 

$8A. 6.6. �;5:B@>=>3@0<0 A5;57V=:8 7@V;>3> V=B0:B=>3> IC@0. �@8B@>F8B (1), 

B@><1>F8B (2), S4@> 5=4>B5;V>F8B0 (3), D@03<5=B ;V<D>F8B0 (4), D@03<5=B 

<0:@>D030 (5). �1V;PH5==S ×9000. 

 

6.1.3. �;5:B@>==>-<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 AB0@8E V=B0:B=8E 

IC@V2. 

� A5;57V=FV AB0@8E IC@V2 ?@8 5;5:B@>==>-<V:@>A:>?VG=><C 4>A;V465==V 

28S2;5=>, I> >@30= ?@54AB02;5=89 1V;>R B0 G5@2>=>R ?C;P?>R. � 1V;V9 ?C;P?V 

A5;57V=:8 1C;8 =0S2=V ;V<D>W4=V 2C7;8:8 7 35@<V=0B82=8<8 F5=B@0<8. � 

>AB0==VE, =0 2V4<V=C 2V4 <>;>48E B0 7@V;8E IC@V2, 7=0G=> 7<5=HC20;0AP 

:V;P:VABP :;VB8= 7 DV3C@0<8 <VB>7V2. �8S2;S;8 <0;V A2VB;V, A5@54=V ;V<D>F8B8, 

?;07<>F8B8, <0:@>D038.  0;V A2VB;V ;V<D>F8B8 <0;8 >:@C3;C D>@<C. 

"A=>2=89 >1’є< F8E :;VB8= 709<0;> S4@>. /4@0 <0;8E ;V<D>F8BV2 

E0@0:B5@87C20;8AP ?5@52060==S< :>=45=A>20=>3> E@><0B8=C, 5CE@><0B8= 
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;>:0;V7C202AS 2 F5=B@V S4@0, 2V4<VG0;8 ?5@5206=> >4=5 S45@F5. � F8B>?;07<V 

40=8E :;VB8= >@30=5;8 <0;8 ?0@0=C:;50@=5 @>7B0HC20==S. %?>AB5@V30;8 

=0S2=VABP @81>A><, <VB>E>=4@V9, 3@0=C;S@=>W 5=4>?;07<0B8G=>W AVB:8, ;V7>A><. 

 0:@>D038 1V;>W ?C;P?8 A5;57V=:8 1C;8 25;8:V 70 @>7<V@0<8, 2>;>4V;8 

2V4@>AB:0<8. /4@0 <0:@>D03V2 7<VIC20;8AP 4> ?>;RAV2 :;VB8=. 

�5B5@>E@><0B8= C 283;S4V >1V4:0 @>7<VIC202AS ?V4 S45@=>R >1>;>=:>R, 0 

5CE@><0B8= <02 F5=B@0;P=5 ?>;>65==S. � F8B>?;07<V <0:@>D03V2 1C;8 

G8A5;P=V ;V7>A><8, D03>A><8 (@8A. 6.7).  
 

 

$8A. 6.7. %C1<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 AB0@>3> IC@0 3@C?8 

:>=B@>;R. /4@> <0:@>D030 (1), F8B>?;07<0 <0:@>D030 (2). �1V;PH5==S ×9000. 
 

&0:>6 28S2;S;8 :0=0;PFV 3@0=C;S@=>W 5=4>?;07<0B8G=>W AVB:8, :><?;5:A 

�>;P46V B0 <VB>E>=4@VW. #;07<0B8G=V :;VB8=8 <0;8 B8?>2C >@30=V70FVR. /4@0 

WE 3V?5@E@><=V, 35B5@>E@><0B8= 709<02 1V;PHC G0AB8=C S4@0 C 283;S4V 

3@C4>G>:. *8B>?;07<0 2V4@V7=S;0AP 7=0G=8< @>728B:>< :0=0;PFV2 3@0=C;S@=>W 

5=4>?;07<0B8G=>W AVB:8, F8AB5@= :><?;5:AC �>;P46V, @81>A><, <VB>E>=4@V9 

(@8A. 6.8). 
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$8A. 6.8. �;5:B@>=>3@0<0 A5;57V=:8 AB0@>3> V=B0:B=>3> IC@0. *8B>?;07<0 

?;07<>F8B0 (1), S4@> ?;07<>F8B0 (2). �1V;PH5==S ×9000. 
 

� G5@2>=V9 ?C;P?V A5;57V=:8 2V4<VG0;8 5@8B@>F8B8, B@><1>F8B8, 

;V<D>F8B8, <0:@>D038. "AB0==V <VAB8;8 D@03<5=B8 D03>F8B>20=8E 

5@8B@>F8BV2, B@><1>F8BV2, G8A5;P=V 3@0=C;8 ;V?>DCAF8=C. #@>A2VB8 

A8=CA>W4=8E :0?V;S@V2 1C;8 =5 @>7H8@5=V, 2 =8E 7>A5@546C20;8AP D>@<5=V 

5;5<5=B8 :@>2V (@8A. 6.9). 

�=4>B5;V0;P=V :;VB8=8 ABV=>: :0?V;S@V2 <0;8 284>265=C D>@<C. /4@0 WE 

1C;8 >20;P=8<8. �5B5@>E@><0B8= C D>@<V A<C6:8 ;>:0;V7C202AS ?V4 

:0@V>;5<>R. � 7>=V >@30=5; 2V4<VG0;8 :0=0;PFV 3@0=C;S@=>W 5=4>?;07<0B8G=>W 

AVB:8, <VB>E>=4@VW, F8AB5@=8 :><?;5:AC �>;P46V, 20:C>;V. �070;P=0 <5<1@0=0 

B0 5=4>BV;V0;P=5 28AB5;5==S A8=CA>W4V2 E0@0:B5@87C20;8AP =0S2=VABR D5=5AB@ 

(@8A. 6.10). 
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$8A. 6.9. �;5:B@>==>-<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 AB0@>3> IC@0 

:>=B@>;P=>W 3@C?8. �V<D>F8B (1), 5@8B@>F8B8 (2), B@><1>F8B8 (3). �1V;PH5==S 

×9000. 
 

 

$8A. 6.10. �;5:B@>=>3@0<0 A5;57V=:8 AB0@>3> IC@0 :>=B@>;P=>W 3@C?8. /4@> 

5=4>B5;V>F8B0 (1), F8B>?;07<0 5=4>B5;V>F8B0 (2), 5@8B@>F8B (3), B@><1>F8B (4). 

�1V;PH5==S ×9000. 
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6.2. %C1<V:@>A:>?VG=V 7<V=8 A5;57V=:8 IC@V2 @V7=>3> 2V:C ?@8 

3V?5@3><>F8AB5W=5<VW 

 

 

6.2.1. ';PB@0AB@C:BC@=V 7<V=8 A5;57V=:8 <>;>48E IC@V2 70 C<>2 

3V?5@3><>F8AB5W=5<VW. 

' <>;>48E IC@V2 22545==S 3><>F8AB5W=C ?@>BS3>< 60 4=V2 ?@872>48;> 

4> ?>S28 ?><VB=8E 5;5:B@>==>-<V:@>A:>?VG=8E >7=0: C@065==S ?0@5=EV<8 

A5;57V=:8. �8S2;5=> @>728B>: S: 45AB@C:B82=8E, B0: V :><?5=A0B>@=>-

?@8AB>AC20;P=8E 7<V=. %8=CA>W4=V :0?V;S@8 >@30=C 1C;8 @>7H8@5=V, <VAB8;8 

7=0G=C :V;P:VABP 5@8B@>F8BV2. �=4>B5;V>F8B8 :0?V;S@V2 <0;8 284>265=C 

D>@<C, =5@V2=V :@0W. /4@0 WE 1C;8 ?5@5206=> >20;P=8<8, 3V?5@E@><=8<8. 

*8B>?;07<0 :;VB8= <VAB8;0 >@30=5;8 V 2:;RG5==S. �0@V>;5<0 

E0@0:B5@87C20;0AP ;>:0;P=8< @>7H8@5==S< ?5@8=C:;50@=>3> ?@>AB>@C. 

�5B5@>E@><0B8= C 283;S4V IV;P=8E A:C?G5=P ;>:0;V7C202AS 157?>A5@54=P> ?V4 

S45@=>R >1>;>=:>R. 

� <>;>48E IC@V2 4>A;V4=>W 3@C?8 7<V= 707=020;8 S: 1V;0, B0: V G5@2>=0 

?C;P?0 A5;57V=:8. )0@0:B5@=8<8 >A>1;82>ABS<8 2 1V;V9 ?C;P?V 1C;8 2V4=>A=5 

7=865==S G8A5;P=>ABV 7@V;8E &-;V<D>F8BV2, >4=0: ?V428I5==S �-;V<D>F8BV2, 

?;07<>F8BV2, ;V<D>1;0ABV2 B0 <0:@>D03V2. � 35@<V=0B82=8E F5=B@0E 

;V<D>W4=8E 2C7;8:V2 =0S2=V G8A5;P=V ;V<D>1;0AB8. �>=8 <0;8 25;8:V S4@0 

>:@C3;>W 01> =5?@028;P=>W D>@<8, 2 S:8E ?5@520602 5CE@><0B8=, 0 

35B5@>E@><0B8= @>7<VIC202AS C 283;S4V 3@C4>G>: ?V4 =C:;5>;5<>R. #>@8 

:0@V>;5<8 2 F8E :;VB8=0E 1C;8 @>7H8@5=8<8. *8B>?;07<0 ;V<D>1;0ABV2 

<VAB8;0 25;8:V G8A5;P=V <VB>E>=4@VW, I> ?@8 5;5:B@>==>-<V:@>A:>?VG=><C 

4>A;V465==V 28S2;S;8AP ?5@5206=> 2 ?0@0=C:;50@=8E 4V;S=:0E. �>=8 1C;8 

71V;PH5=V 2 @>7<V@0E, >:@C3;V, =01@S:;V, :@8AB8 WE ?@>A2VB;5=V. &0:>6 

2V4<VG0;8 =0S2=VABP 2V;P=8E @81>A>< (@8A. 6.11). 
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$8A. 6.11. �;5:B@>=>3@0<0 A5;57V=:8 <>;>4>3> IC@0 7 

3V?5@3><>F8AB5W=5<VєR.  0:@>D03 (1), ?;07<>F8B (2). �1V;PH5==S ×9000. 
 

#;07<>F8B8 A?>AB5@V30;8 =0 ?5@8D5@VW 35@<V=0B82=8E F5=B@V2 

;V<D>W4=8E 2C7;8:V2 A5;57V=:8. �0@B> 2V4<VB8B8, I> 707=0G5=V :;VB8=8 

?V4;S30;8 <>@D>;>3VG=8< 7<V=0<, S:V ?@>S2;S;8AP C 283;S4V WE 45AB@C:FVW, 

?V:=>7C S45@. /4@0 ?;07<>F8BV2 1C;8 7451V;PH>3> >:@C3;8<8 01> >20;P=8<8, 

@>7<VIC20;8AP 5:AF5=B@8G=>, <VAB8;8 :>=45=A>20=89 E@><0B8=. *8B>?;07<0 

?;07<0B8G=8E :;VB8= <>;>48E B20@8= 4>A;V4=>W 3@C?8 E0@0:B5@87C20;0AP 

=0S2=VABR @>7H8@5=8E :0=0;PFV2 3@0=C;S@=>W 5=4>?;07<0B8G=>W AVB:8, 

@81>A><.  VB>E>=4@VW 1C;8 71V;PH5=8<8 2 @>7<V@0E, <0;V =01@S:;V, 0 ?>45:C48 

45AB@C:BC@>20=V :@8AB8, ?@>A2VB;5=89 <0B@8:A (482. @8A. 6.11). #;07<0B8G=V 

:;VB8=8 ?5@51C20;8 2 >B>G5==V <0:@>D03V2. "AB0==V <0;8 @V7=C D>@<C – 2V4 

>:@C3;>W 4> 284>265=>W (>20;P=>W). /4@0 <0:@>D03V2 <VAB8;8 S: 35B5@>-, B0: V 

5CE@><0B8=. � F8B>?;07<V WE A?>AB5@V30;8 G8A5;P=V ;V7>A><8, D03>A><8, I> 

A2V4G8;> ?@> 28A>:C 0:B82=VABP F8E :;VB8=. �8S2;S;8 =57=0G=C :V;P:VABP 

<VB>E>=4@V9. � 707=0G5=V9 3@C?V 5:A?5@8<5=B0;P=8E IC@V2 2V4<VG0;8 B0:>6 

?@>;VD5@0FVR ;V<D>1;0ABV2, :;VB8=8 7 DV3C@0<8 <VB>7C, 0, >B65, 0:B82=V 

?@>F5A8 ?>4V;C ;V<D>F8BV2 (@8A. 6.12). 
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$8A. 6.12. �;5:B@>==>-<V:@>A:>?VG=V 7<V=8 A5;57V=:8 <>;>4>3> IC@0 ?@8 

3V?5@3><>F8AB5W=5<VW. /4@> ;V<D>F8B0 (1), F8B>?;07<0 ;V<D>F8B0 (2), 

5@8B@>F8B (3). �1V;PH5==S ×9000. 

 

+5@2>=0 ?C;P?0 A5;57V=:8 <>;>48E IC@V2, S:8< 22>48;8 3><>F8AB5W=, 

E0@0:B5@87C20;0AP =0S2=VABR 5@8B@>F8BV2, B@><1>F8BV2, =59B@>DV;P=8E B0 

5>78=>DV;P=8E 3@0=C;>F8BV2, 0 B0:>6 7=0G=>W G8A5;P=>ABV &- V �-;V<D>F8BV2, 

<0:@>D03V2.  0:@>D038 2 F8B>?;07<V <0;8 ?5@5206=> ;V7>A><8 B0 D03>A><8, 

?5@51C20;8 2 0:B82=><C AB0=V. � =8E 28S2;S;8 3@0=C;8 ;V?>DCAF8=C B0 

35<>A845@8=C, 20:C>;V. !59B@>DV;P=V 3@0=C;>F8B8 <0;8 G8A5;P=V 3@0=C;8, 

=57=0G=C :V;P:VABP >@30=5;. �>78=>DV;8 1C;8 ?>>48=>:8<8, WE =0S2=VABP <>65 

1CB8 A2V4G5==S< <V3@0FVW :;VB8= C 2V4?>2V4P =0 0:B820FVR V<C==>3> 70E8ABC 

>@30=V7<C 70 C<>2 E@>=VG=>3> 2?;82C 3V?5@3><>F8AB5W=5<VW B0 CG0ABV C 

D>@<C20==V @50:B82=>ABV >@30=C. *8B>?;07<0 WE 1C;0 1030B0 =0 A?5F8DVG=C 

75@=8ABVABP, S:0 2V4@V7=S;0AP 1V;PH8<8 @>7<V@0<8 C ?>@V2=S==V 7 

=59B@>DV;0<8 (@8A. 6.13, 6.14). 
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$8A. 6.13. %C1<V:@>A:>?VG=V 7<V=8 G5@2>=>W ?C;P?8 A5;57V=:8 <>;>4>3> 

IC@0 ?@8 3V?5@3><>F8AB5W=5<VW. &@><1>F8B (1), <0;89 A2VB;89 ;V<D>F8B (2), 

?;07<>F8B (3), 5@8B@>F8B (4). �1V;PH5==S ×9000. 
 

 

$8A. 6.14. ';PB@0AB@C:BC@=V 7<V=8 G5@2>=>W ?C;P?8 A5;57V=:8 <>;>4>3> 

IC@0 70 C<>2 3V?5@3><>F8AB5W=5<VW. &@><1>F8B (1), <0:@>D03 (2), 5>78=>DV; 

(3), 5@8B@>F8B (4), ;V<D>F8B (5). �1V;PH5==S ×9000. 
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6.2.2. %C1<V:@>A:>?VG=0 >@30=V70FVS A5;57V=:8 7@V;8E IC@V2 ?@8 

3V?5@3><>F8AB5W=5<VW. 

 >45;R20==S ABV9:>W 3V?5@3><>F8AB5W=5<VW C 4>@>A;8E IC@V2 

?@872>48;> 4> ?>S28 1V;PH 28@065=8E 7@CH5=P C;PB@0AB@C:BC@8 A5;57V=:8 

B20@8=. #@>A2VB8 A8=CA>W4=8E :0?V;S@V2 1C;8 @>7H8@5=8<8. � =8E 28S2;S;8 

A:C?G5==S D>@<5=8E 5;5<5=BV2 :@>2V, 0 A0<5 5@8B@>F8BV2, B@><1>F8BV2, 

3@0=C;>F8BV2. �=4>B5;V0;P=V :;VB8=8 ABV=>: AC48= <0;8 3V?5@E@><=V S4@0, 

35B5@>E@><0B8= C 283;S4V IV;P=>3> >1V4:0 @>7<VIC202AS ?V4 :0@V>;5<>R, 0 2 

F5=B@V 2V4<VG0;8 A2VB;V 4V;S=:8 5CE@><0B8=C. #>45:C48 :>=BC@8 S45@=>W 

>1>;>=:8 5=4>B5;V>F8BV2 1C;8 =5GVB:8<8, 7;53:0 @>7<8B8<8. /4@0 

@>7<VIC20;8AP ?5@5206=> 5:AF5=B@8G=>, <0;8 >:@C3;C D>@<C. � F8B>?;07<V 

5=4>B5;V0;P=8E :;VB8= 28S2;S;8 <VB>E>=4@VW, @81>A><8 B0 G8A5;P=V 20:C>;V. 

�@8B@>F8B8 B0 B@><1>F8B8 2 ?@>A2VB0E :@>2>=>A=8E AC48= A5;57V=:8 G0AB> 

?5@51C20;8 =0 AB04VW 453@040FVW. 

�;5:B@>==>-<V:@>A:>?VG=V 4>A;V465==S A5;57V=:8 7@V;8E B20@8= 

28S2;S;8, I> 1V;0 ?C;P?0, S: V 2 <>;>48E IC@V2, 707=020;0 1V;PH>3> 2;82C 

3V?5@3><>F8AB5W=5<VW, =V6 G5@2>=0. �V4<V==>R >7=0:>R 1C;0 7=0G=0 703815;P 

&-;V<D>F8BV2 H;SE>< 0?>?B>7C. �V;PHVABP ;V<D>F8BV2 <0;8 >:@C3;C D>@<C. 

/4@> WE @>7<VIC20;>AP 2 F5=B@V, 2 45S:8E :;VB8=0E S4@0 1C;8 7<>@I5=V. 

�0@V>;5<0 E0@0:B5@87C20;0AP ?>@CH5==S< FV;VA=>ABV, ?><VB=V WW G8A5;P=V 

V=203V=0FVW, E@><0B8= 1C2 28@065=> :>=45=A>20=8<. *8B>?;07<0 >B>GC20;0 

S4@> ;V<D>F8BV2 C 283;S4V >1V4:0, <VAB8;0 25;8:V =01@S:;V <VB>E>=4@VW, C S:8E 

A?>AB5@V30;8 45AB@C:FVR :@8AB. �0=0;PFV 3@0=C;S@=>W 5=4>?;07<0B8G=>W AVB:8 

B0:>6 1C;8 =01@S:;8<8, @>7H8@5=8<8 (@8A. 6.18). � 35@<V=0B82=8E F5=B@0E 

;V<D>W4=8E 2C7;8:V2 2V4<VG0;8 ?@>;VD5@0FVR �-;V<D>F8BV2, ?5@52060==S 

7@V;8E ?;07<>F8BV2. "AB0==V ?V4;S30;8 C;PB@0AB@C:BC@=8< ?5@51C4>20<. � 

1V;PH>ABV ?;07<0B8G=8E :;VB8= S4@> 1C;> 1>1>?>4V1=8<, S45@=V ?>@8 

@>7H8@R20;8AP. �5B5@>E@><0B8= D>@<C202 3@C4>G:8 B0 A:C?G5==S, S:V 

@>7<VIC20;8AP ?V4 =C:;5>;5<>R. � 4V;S=FV A2VB;8E 42>@8:V2 ?;07<0B8G=8E 

:;VB8= A?>AB5@V30;8 =01@S:;V <VB>E>=4@VW 7V 7@C9=>20=8<8 :@8AB0<8 B0 
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@>7H8@5=V :0=0;PFV 3@0=C;S@=>W 5=4>?;07<0B8G=>W AVB:8. !5>1EV4=> 

707=0G8B8, I> 2 40=V9 ?V44>A;V4=V9 3@C?V B20@8= 7=0G=> 7@>AB0;0 :V;P:VABP 

<0:@>D03V2, ?V428IC20;0AP WE DC=:FV>=0;P=0 0:B82=VABP (@8A. 6.15). !5 

482;SG8AP =0 7=0G=C G8A5;P=VABP, <0:@>D038 G0AB> ?V44020;8AP 48AB@>DVG=8< 

7<V=0<. /4@0 WE 1C;8 ?V:=>B8G=8<8, <0;8 703;81;5==S :0@V>;5<8, >AB0==S 

;>:0;P=> 2B@0G0;0 >7=0:8 FV;VA=>ABV. �5B5@>E@><0B8= @>7<VIC202AS 

<0@3V=0;P=> C 283;S4V 3@C4>G>:. *8B>?;07<0 <0:@>D03V2 1C;0 ?5@5?>2=5=0 

G8A5;P=8<8 ;V7>A><0<8, D03>A><0<8, 2:;RG5==S<8. �V4<VG0;8 D@03<5=B8 

5@8B@>F8BV2, B@><1>F8BV2, 3@0=C;8 ;V?>DCAF8=C, A:C?G5==S D5@8B8=C. 

 VB>E>=4@VW 71V;PHC20;8AP 2 @>7<V@0E, 1C;8 ?@>A2VB;5=8<8, 2 =8E ;54P 

?><VB=> <>6=0 1C;> 2V448D5@5=FVR20B8 :@8AB8. � 1V;V9 ?C;P?V A5;57V=:8 

4>@>A;8E IC@V2 28S2;S;8 ?V428I5==S G8A5;P=>ABV ;V<D>1;0ABV2, A2VB;8E V 

B5<=8E ;V<D>F8BV2, I> A2V4G8;> ?@> 0:B82=C V<C==C 2V4?>2V4P A5;57V=:8 =0 

7@>AB0==S :>=F5=B@0FVW 3><>F8AB5W=C 2 ?;07<V :@>2V (@8A. 6.16). 
 

 

$8A. 6.15. �;5:B@>==>-<V:@>A:>?VG=V 7<V=8 A5;57V=:8 4>@>A;>3> IC@0 ?@8 

3V?5@3><>F8AB5W=5<VW. *8B>?;07<0 <0:@>D030 (1), S4@> <0:@>D030 (2), 

?;07<>F8B (3), ;V<D>F8B (4), B@><1>F8B (5). �1V;PH5==S ×9000. 
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$8A. 6.16. %C1<V:@>A:>?VG=V 7<V=8 A5;57V=:8 4>@>A;>3> IC@0 70 C<>2 

3V?5@3><>F8AB5W=5<VW. /4@> <0:@>D030 (1), F8B>?;07<0 <0:@>D030 (2). 
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