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ABSTRACT.  Embryonic heart morphogenesis is a complex and dynamic process, and its mechanisms remain incompletely 

understood. A wide range of methods are used to study spatial transformations of the heart and its chambers, including 

histological methods, scanning electron microscopy, optical scanning microscopy, microcomputed tomography, and com-

binations thereof. Each method has its own advantages and disadvantages. Numerous computer models of the heart have 

been created, based on the analysis of well-known embryonic collections. These models have provided a thorough morpho-

metric study of embryonic organ transformations from Carnegie stages 11 to 23 (until the end of the 8th week of gestation). 

However, only a few similar studies exist in the early fetal periodðfrom the 9th to the 15th week. It should be noted that 

this period of intrauterine development is extremely important for the final formation of the morphological profile of many 

cardiac defects. Furthermore, the early fetal heart is characterized by the greatest lack of information regarding the quanti-

tative parameters of the numerous developing structures in various cardiac chambers. Thus, many details of cardiac mor-

phogenesis are only now being elucidated, in part due to the complex geometric transformations of the chamber cavities and 

wall structures. These details contribute to a better understanding of the architecture of the embryonic heart and allow for 

the quantitative assessment of a wide range of chamber geometric parameters and heart wall structures. They also offer a 

new tool for studying normal cardiogenesis and the development of congenital heart defects. This makes it crucial to use 

modern tools for 3D modeling of the developing heart based on visual information obtained using classical light and electron 

microscopy. 
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Embryonic heart morphogenesis is a complex 

and dynamic process, and its mechanisms remain in-

completely understood. The heart begins as a linear 

tube of myocardium lined with endocardial cells, un-

dergoes looping, and develops into a four-chambered 

heart divided by valves and septa. This process en-

compasses a number of key events, including the 

transformation of the tubular heart into a loop, ven-

tricular septation, and the development of the atrio-

ventricular valvular apparatus, disruption of which 

leads to a large number of congenital heart defects [1-

3].  

A wide range of methods are used to study the 

shape of the heart and the relief of its chambers: his-
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tological, scanning electron microscopy, optical scan-

ning microscopy, and combinations thereof. Each has 

its own advantages and disadvantages [4]. Photo-

graphic images, even with a known scale, do not al-

low for the measurement of image depth, thereby lim-

iting their use for determining three-dimensional spa-

tial characteristics. A fundamentally new perspective 

on cardiogenesis emerges through the combination of 

three-dimensional reconstruction of histological sec-

tions and methods for identifying proteins and other 

compounds [5, 6]. This also allows for a precise un-

derstanding of the localization of various processes in 

the developing heart. Although the careful processing 

of histological sections and the use of a significant 

number of sections for reconstruction are time-con-

suming, such work allows for the highly accurate 

transformation of the obtained information into a spa-

tial computer model [7, 8]. 

Many aspects of heart development are topo-

graphically complex and require three-dimensional 

reconstruction to understand the pertinent morphol-

ogy. A comprehensive guide to human cardiac devel-

opment, based on segmentation of structures of inter-

est in histological sections, has been published based 

on a fundamental series of studies [3]. The hearts of 

12 human embryos were imaged between their first 

appearance at 3.5 weeks and the end of the embryonic 

period at 8 weeks. The models were presented as cal-

ibrated interactive 3D files in portable document for-

mat (PDF). This was used to describe the appearance 

and subsequent remodeling of the single heart tube 

that occurs at the end of the fourth week after concep-

tion. Loop formation at 5 weeks, the formation of car-

diac compartments at 6 weeks, and finally the septa-

tion of these compartments into physically separated 

left and right sides of the circulation at 7 and 8 weeks 

were described [3, 9]. 

The phases are successive, albeit partially over-

lapping. Thus, the basic cardiac layout is established 

between 26 and 32 days after fertilization and is de-

scribed as Carnegie stages (CSs) 9 through 14, with 

development in the outlet component trailing that in 

the inlet parts. Septation at the venous pole is com-

pleted at CS17, equivalent to almost 6 weeks of de-

velopment. During Carnegie stages 17 and 18, in the 

seventh week, the outflow tract and arterial pole un-

dergo major remodeling, including incorporation of 

the proximal portion of the outflow tract into the ven-

tricles and transfer of the spiraling course of the 

subaortic and subpulmonary channels to the intraper-

icardial arterial trunks. Remodeling of the interven-

tricular foramen, with its eventual closure, is com-

plete at CS20, which occurs at the end of the seventh 

week. The authors provided quantitative correlations 

between the age of human and mouse embryos and 

Carnegie developmental stages [3, 9]. 

Optical scanning techniques have been used to 

demonstrate the spatial organization of cavities in the 

early embryonic heart and their changes [10, 11]. Due 

to the limited effective depth of such research, it is 

only possible to study early stages and/or optically 

transparent specimens. The heart, smooth on the out-

side with a significant radius of curvature, has an ex-

ceptionally complex geometry on the inside due to the 

presence of trabeculae, septa, and valves. The internal 

surface is also the site of application of hemodynamic 

influences. To date, understanding of the changing 

geometry of the internal surface of the heart has been 

obtained from a small number of studies. Three-di-

mensional imaging methods have been used to iden-

tify features of normal and abnormal morphogenesis 

[12], but none of these studies have focused on quan-

tifying the three-dimensional organization of various 

segments, chambers, and the heart as a whole, fol-

lowed by their comparison. Determining quantitative 

changes in cardiac chamber volumes and geometric 

relationships of cavities would provide insight into 

the changing function of the early heart, although per-

forming these measurements in microscopic tissues 

may require different imaging techniques.  

One technology used to measure complex geo-

metric shapes at low resolution is micro-computed to-

mography (micro-CT). Micro-CT uses high-power 

X-rays to image the object, converting its density gra-

dient into a three-dimensional image. The scanning 

head rotates 360Á around the object, creating a virtu-

ally continuous series of flat (two-dimensional) 

slices. Micro-CT can easily produce three-dimen-

sional image elements smaller than 10 ɛm [13]. This 

is significantly larger than what is possible with ultra-

sound (30 ɛm) and magnetic resonance imaging (100 

ɛm). Micro-CT is primarily used to visualize and 

quantify bone architecture and development [14]. 

Studies using radiocontrast agents have enabled the 

visualization of vascular structures associated with 

bone fracture healing, as well as the vasa vasorum, 

particularly the coronary arteries [15]. A potential ap-

plication of micro-CT is the assessment of cardiac 

chamber cavities during embryonic development. 

Additional information will be obtained by compar-

ing these results with serial section reconstruction and 

scanning electron microscopy. Unfortunately, micro-

CT does not provide complete information on the vol-

umetric parameters and chamber relationships of the 

developing heart. 

Video light microscopy has been used to obtain 

real-time images of the contracting embryonic heart. 

This method is effective for assessing ventricular 

function in the early heart. However, its capabilities 

are limited at later stages, when only the cardiac sur-

face can be assessed [16]. Micro-MRI (with a resolu-

tion of approximately 12 ɛm), which is used for in 

vivo imaging, is of great importance for analyzing the 

structure of the early heart chambers and myocardial 

architecture [17]. This method not only allows us to 

determine the spatial characteristics of the developing 

heart chambers but also to quantify the key structural 

parameters within the myocardial muscle layers [18] 

and evaluate the interaction between the trabecular 

and compact myocardium of the embryonic heart [17-
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20]. However, the significant duration of the study 

creates certain difficulties in analyzing cardiac dy-

namics, as the outlines of the structures are distorted 

due to artifacts caused by movement during the car-

diac cycle.  

High-frequency ultrasound microscopy (40-100 

MHz), which provides a resolution of 50 ɛm and a 

penetration depth of 4-5 mm, was used to analyze 

early mouse embryonic development [21]. A prereq-

uisite for using this technique is the presence of a con-

ductive medium or direct contact with the object be-

ing imaged.  

The use of M-mode echocardiography is quite 

problematic in experimental animals with high heart 

rates, since the relaxation time of the ultrasound trans-

ducer limits the frequency at which data is recorded. 

The use of three-dimensional reconstruction of atrial 

components [22, 23] and proliferation processes in 

the developing heart tube [24] provided initial in-

sights into the information that can be extracted from 

studying computer models of the heart.  

The development of three-dimensional ultra-

sound cardiography has provided impetus for the 

study of the geometric shape of internal cardiac struc-

tures, such as fibrous rings. The spatial structure of 

the bicuspid valve in healthy individuals and cardiac 

patients has been studied in detail using three-dimen-

sional ultrasound cardiography. Before the advent of 

three-dimensional echocardiography, the shape and 

function of the mitral valve during the cardiac cycle 

were studied using other three-dimensional imaging 

methods. It was established that the geometry of the 

fibrous rings changes during systole. The size of the 

fibrous ring is known to increase in the second half of 

systole after presystolic narrowing of the ring, and 

then continues to increase in early diastole and 

reaches a maximum during late diastole. Obtaining 

three-dimensional images using this method has cer-

tain limitations, since for spatial reconstruction of the 

internal structure of the heart, it is necessary to deter-

mine the appropriate anatomical landmarks before 

constructing the model. This approach allows for an 

assessment of the three-dimensional structure of the 

mitral and tricuspid valves, but not their volumetric 

relationship to the cavities during the cardiac cycle 

[22, 23].  

Recently developed techniques, such as laser mi-

crodissection combined with quantitative polymerase 

chain reaction or mass spectrometry, can be used to 

assess certain parameters. However, their application 

in embryological studies is challenging due to the 

small size and complex morphology of the develop-

ing heart. Powerful methods such as serial gene ex-

pression analysis and microprobes provide data on 

gene expression but do not provide spatial infor-

mation. The use of mRNA and protein identification 

methods, in situ hybridization, and immunohisto-

chemistry allows localization of specific mRNA and 

proteins in specific cells and tissues. Combining these 

methods with radioactive studies and autoradiog-

raphy allows calibration followed by quantitative as-

sessment of staining intensity [22, 25]. For moder-

ately "amorphous" organs consisting of isotropic tis-

sue (liver), a limited number of sections can provide 

complete information on gene expression and its gra-

dient. For complex objects such as the developing 

heart, the spatial distribution of a specific gene ex-

pression product must be mapped throughout the en-

tire organ. In this case, studying a few random sec-

tions is insufficient. 

Three-dimensional reconstructions in the study 

of embryonic development were initially based on the 

schematic delineation of the organ of interest and sub-

sequent depiction of the reconstructed organs by med-

ical artists [26]. With the advent of digital cameras, 

spatial restoration methods have become widespread. 

A review of previously existing reconstruction meth-

ods showed that they did not provide precise infor-

mation and, at the same time, were extremely labor-

intensive for researchers who implemented their re-

construction protocols using the hardware and soft-

ware available at the time. Results based on the col-

lection of episcopic images have recently been pub-

lished [27]. Episcopic methods based on fluorescence 

allow for high-resolution imaging immediately be-

fore sectioning.  

A study of the reconstructions showed that 

hearts at the same stage of embryonic development in 

the same species are identical. Carefully performed 

reconstructions for a single stage are apparently suf-

ficient to create a representative model of a given de-

velopmental stage [28, 29]. The morphology of the 

reconstructed models corresponds to the morphology 

of whole-mount preparations of stained hearts. Volu-

metric quantitative characteristics of hearts at similar 

stages differ by no more than 10%. These preliminary 

results indicate that biological variation does not pose 

a problem for population assessment. It should be 

noted that the parameters were calculated according 

to Cavalieri's principle and, thus, provide an objective 

estimate of myocardial volumes [28].  

Volumetric data on the structures of the devel-

oping heart can be used in mathematical and func-

tional models of cardiac development. Based on these 

data, it was determined that a 100-fold increase in 

mouse myocardial volume occurs over 6 days (be-

tween days 8.5 and 14.5 of embryogenesis) [23]. As-

suming that all cells in the heart undergo division dur-

ing this period, this increase in volume would corre-

spond to 6.6 cell divisions, meaning each cell should 

divide at least once every 24 hours. However, accord-

ing to literature data and data obtained through quan-

titative modeling [25], cardiomyocytes differ in cell 

cycle duration both within the heart at a given stage 

and throughout the organ at different stages of devel-

opment. The increase in volume can be explained not 

only by mitosis; other mechanisms, including cell 

growth, migration, and transformation, must also be 
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taken into account. Thus, our understanding of the dy-

namics of cardiac development at all stages of embry-

onic development will be supplemented by important 

information obtained through quantitative and volu-

metric 3D computer reconstruction [30].  

The principles of muscle mechanics previously 

applied to the analysis of cardiac contraction focused 

on the need to obtain detailed information regarding 

the morphology of ventricular contraction. Currently, 

there are numerous gaps in our knowledge regarding 

changes in cardiac wall configuration, muscle fiber 

orientation, and sarcomere size during the cardiac cy-

cle. This is necessary for constructing geometric 

models that analyze the mechanics of ventricular con-

traction, as well as for developing an understanding 

of the correlation between cardiac structure and func-

tion in health and disease. In situ and angiographic 

studies of the external and internal parameters of the 

left ventricle revealed changes in the shape and vol-

ume of the left ventricle during the cardiac cycle, 

while examination of isolated papillary muscles and 

the left ventricle established the relationship between 

sarcomere size, muscle length, and the volume of the 

relaxed heart [31]. However, studies of the external 

and internal dimensions of other cardiac chambers, as 

well as dynamic analysis of the cavities of the embry-

onic heart, were not conducted at that time.  

Until now, no study has been conducted on the 

relief morphology and internal structure of the con-

tracting left ventricle under known hemodynamic 

conditions. Methods for rapid cardiac fixation in sys-

tole or diastole, described in a number of studies, have 

made it possible to analyze the geometry of the ven-

tricular cavity and walls under specific hemodynamic 

conditions. Information obtained through direct 

measurements and dynamic techniques can be ap-

plied to the development of appropriate geometric 

models for analyzing the mechanical properties of 

ventricular contraction and relaxation. Changes in the 

shape, volume, and thickness of the ventricular walls 

require the creation of a continuously changing model 

which, when related to established values of pressure 

and blood flow, would ultimately allow the accurate 

calculation of the distribution of stresses and shorten-

ings of the fibers throughout the cardiac cycle. 

Currently, the emphasis in such research is on 

studying the architecture of the cardiac chamber walls 

at various stages of embryonic development, taking 

into account changes in the orientation and distribu-

tion of muscle fibers during systole and diastole. To 

adequately analyze the geometry of these fibers dur-

ing the cardiac cycle, it is necessary to perform three-

dimensional reconstruction in combination with other 

morphological methods and compare the obtained re-

sults at all stages of postnatal and prenatal develop-

ment, which has previously been quite difficult.  

Since morphogenetic changes in the heart are 

spatial in nature, three-dimensional visualization and 

analysis of cardiac development using other methods 

are extremely important. Three-dimensional visuali-

zation is a powerful tool for embryological research 

and significantly contributes to understanding the dy-

namics of morphogenetic changes in the embryo [32, 

33]. Attempts to three-dimensionally reconstruct em-

bryonic structures have been made since the emer-

gence of embryology as an independent field of study. 

Typically, spatial reconstruction of embryonic struc-

tures was performed based on serial histological sec-

tions of embryos, often using the wax slab technique 

[34]. However, such reconstruction and imaging 

methods require significant time and specialized 

skills. Recent advances in computing technology 

have made computer reconstruction of biological 

structures more efficient. Various three-dimensional 

structures have already been reconstructed using this 

method, and the simulated images can be processed 

at the researcher's discretion. In the field of studying 

the development of the heart and large vessels, com-

puter modeling and computer graphics are used to 

visualize the developing heart and blood vessels of 

mice [12], chickens, and humans [35, 36].  

Attempts have been made to reconstruct the 

heart and large vessels at stages of human embryonic 

development using computer programs. These at-

tempts have demonstrated that computer reconstruc-

tion is an important tool for detailed analysis of the 

three-dimensional phenotype of embryos. During em-

bryonic development, spatially and temporally coor-

dinated morphogenetic changes occur. The cardio-

vascular system is one of the organ systems that un-

dergoes accelerated restructuring during ontogenesis. 

In the earliest studies, spatial changes in the heart and 

great vessels of human embryos were studied using 

histological sections and wax-up reconstructions 

[37]; these studies made significant contributions to 

the study of human embryonic development. Studies 

using computer reconstruction of the heart and great 

vessels of normally developed embryos largely con-

firmed the results of these classical studies, although 

some inconsistencies were noted.  

In a series of studies by Yamada S. et al. [32, 33], 

reconstruction of the structures of the cardiac cavity 

and great vessels of the developing human embryo 

using serial histological sections demonstrated their 

consistent spatial changes. Embryonic structures 

were analyzed using three-dimensional images. How-

ever, information on the cavity structures and their 

volumetric and morphological changes during car-

diac development remained incomplete. 

The successful development of methods for 

early prenatal diagnosis of heart defects and the de-

velopment of cutting-edge micro-MRI and micro-

computed tomography technologies now enable reli-

able three-dimensional visualization of the develop-

ing human heart, beginning as early as the 14th week 

of gestation [38]. These methods are inapplicable to 

early fetal and embryonic hearts measuring less than 

8 mm. In recent years, spatial modeling methods 

based on a different principleðcomputer processing 
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of histological sections followed by three-dimen-

sional reconstruction of the structuresðhave become 

dominant in embryonic heart reconstruction [3].  

Numerous computer models of the heart have 

been created, based on the analysis of well -known 

embryonic collections from Carnegie, Walmsley, 

Boyd, Kyoto, and others [3, 35, 36, 39]. These models 

have provided a thorough morphometric study of em-

bryonic organ transformations from Carnegie stages 

11 to 23 (until the end of the 8th week of gestation). 

However, only a few similar studies exist in the early 

fetal periodðfrom the 9th to the 13th week [33, 38, 

39]. It should be noted that this period of intrauterine 

development is extremely important in terms of the 

final formation of the morphological profile of many 

cardiac defects. Furthermore, the early fetal heart is 

characterized by the greatest lack of information on 

the quantitative parameters of the numerous develop-

ing structures of various cardiac chambers [3, 39, 40].  

Conclusion  

Many details of cardiac morphogenesis are only 

now being elucidated, in part due to the complex ge-

ometric transformations of the chamber cavities and 

structures within their walls. These changes contrib-

ute to a better understanding of the architecture of the 

embryonic heart and allow for a quantitative assess-

ment of a wide range of geometric parameters of the 

chambers and structures within the heart wall. They 

also offer a new tool for studying normal cardiogene-

sis and the development of congenital heart defects. 

This makes it crucial to use modern tools for spatial 

modeling of the developing heart based on visual in-

formation obtained using classical light and electron 

microscopy. 
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ʎʝ ʨʦʙʠʪʴ ʘʢʪʫʘʣʴʥʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʫʯʘʩʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʨʠʚʠʤʽʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʮʷ ʥʘ ʦʩʥʦʚʽ 

ʪʽʻʾ ʚʽʟʫʘʣʴʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʣʘʩʠʯʥʠʭ ʤʝʪʦʜʽʚ ʩʚʽʪʣʦʚʦʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩ-

ʢʦʧʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʝʨʮʝ, ʦʥʪʦʛʝʥʝʟ, ʤʦʨʬʦʛʝʥʝʟ, ʧʨʦʩʪʦʨʦʚʽ ʧʝʨʝʙʫʜʦʚʠ, ʪʨʠʚʠʤʽʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ. 
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ɺʩʪʫʧ 

ʇʘʪʦʣʦʛʽʷ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʩʴʦʛʦʜʥʽ ʧʦʩʽʜʘʻ 

ʦʜʥʝ ʟ ʯʽʣʴʥʠʭ ʤʽʩʮʴ ʚ ʨʝʡʪʠʥʛʫ ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ 

ʞʽʥʦʢ. ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ ʥʝʫʭʠ-

ʣʴʥʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʦʥʢʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʟʫʤʦʚʣʝʥʦ ʚʧʣʠʚʦʤ ʷʢ ʝʥʜʦʛʝʥʥʠʭ (ʩʧʘʜʢʦʚʘ ʩʭʠ-

ʣʴʥʽʩʪʴ, ʟʤʽʥʘ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʫ, ʤʝʪʘʙʦʣʽʯʥʽ 

ʧʦʨʫʰʝʥʥʷ), ʪʘʢ ʽ ʝʢʟʦʛʝʥʥʠʭ (ʥʝʜʦʪʨʠʤʘʥʥʷ ʟʜʦ-

ʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ, ʰʢʽʜʣʠʚʽ ʟʚʠʯʢʠ, ʧʨʠʡʦʤ 

ʤʝʜʠʢʘʤʝʥʪʽʚ ʪʦʱʦ) ʯʠʥʥʠʢʽʚ [1-3]. ɼʦ ʬʘʢʪʦʨʽʚ 

ʨʠʟʠʢʫ ʟʘ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʪʘʢʦʞ ʚʽʜ-

ʥʦʩʷʪʴ ʤʝʥʘʨʭʝ ʜʦ 12 ʨʦʢʽʚ, ʧʝʨʰʽ ʧʦʣʦʛʠ ʧʽʩʣʷ 

30-ʪʠ, ʤʝʥʦʧʘʫʟʫ ʧʽʩʣʷ 55 ʨʦʢʽʚ [4]. ʂʣʶʯʦʚʫ ʨʦʣʴ 

ʚ ʧʨʦʮʝʩʽ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʷʢ ʜʦʙʨʦʷʢʽ-

ʩʥʠʭ, ʪʘʢ ʽ ʟʣʦʷʢʽʩʥʠʭ ʟʤʽʥ ʚʽʜʽʛʨʘʻ ʨʝʛʫʣʷʨʥʝ ʧʨʦ-

ʭʦʜʞʝʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʪʘ ʩʢʨʠʥʽʥʛʦʚʠʭ ʦʙʩʪʝ-

ʞʝʥʴ, ʘ ʪʘʢʦʞ ʩʚʦʻʯʘʩʥʘ ʜʽʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʽʡ ʥʘ 

ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ [5].  

ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʜʦʩʪʫʧʥʠʤ ʪʘ ʽʥ-

ʬʦʨʤʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ ʜʽʘʛʥʦʩʪʠʢʠ ʚʚʘʞʘʻʪʴʩʷ 

ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʤʘʤʦʛʨʘʬʽʷ, ʱʦ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʷʢ 

ʩʢʨʠʥʽʥʛʦʚʝ ʦʙʩʪʝʞʝʥʥʷ ʜʣʷ ʞʽʥʦʢ ʧʽʩʣʷ 40 ʨʦʢʽʚ, 

ʘ ʪʘʢʦʞ ʚ ʤʦʣʦʜʰʦʤʫ ʚʽʮʽ ʟʘ ʥʘʷʚʥʦʩʪʽ ʧʦʢʘʟʽʚ [5, 

6]. 

ʇʨʦʪʝ ʧʨʠ ʧʨʠʟʥʘʯʝʥʥʽ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʤʘʤʦʛ-

ʨʘʬʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ 

ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʠʭ ʟʘʣʦʟ [1]. 

ɿʦʢʨʝʤʘ, ʜʘʥʽ ʤʘʤʦʛʨʘʬʽʯʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʻ 

ʦʙôʻʢʪʠʚʥʠʤʠ ʽ ʜʦʢʘʟʦʚʠʤʠ ʧʨʠ ʧʝʨʝʚʘʞʘʥʥʽ ʚ 

ʩʪʨʫʢʪʫʨʽ ʟʘʣʦʟʠ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ (ʪʠʧ A ʪʘ B, 

ʢʦʣʠ ʬʽʙʨʦʟʥʦ-ʟʘʣʦʟʠʩʪʘ ʪʢʘʥʠʥʘ ʟʘʡʤʘʻ ʜʦ 25% 

ʪʘ 50% ʧʣʦʱʽ ʤʘʤʦʛʨʘʤʠ ʚʽʜʧʦʚʽʜʥʦ), ʪʦʜʽ ʷʢ ʧʨʠ 

ʥʘʜʤʽʨʥʽʡ ʱʽʣʴʥʦʩʪʽ ʛʨʫʜʥʠʭ ʟʘʣʦʟ (ʪʠʧ C ʪʘ D ï 

50%-75%, ʪʘ ʙʽʣʴʰʝ 75% ʧʣʦʱʽ ʤʘʤʦʛʨʘʤʠ) ʨʝʢʦ-

ʤʝʥʜʦʚʘʥʦ ʧʨʦʚʝʜʝʥʥʷ ʋɿɼ ʘʙʦ ʄʈʊ. ɽʢʩʪʨʝʤʘ-

ʣʴʥʦ ʱʽʣʴʥʽ ʛʨʫʜʥʽ ʟʘʣʦʟʠ ʚʚʘʞʘʶʪʴʩʷ ʧʨʠʪʘʤʘʥ-

ʥʠʤʠ ʜʣʷ ʞʽʥʦʢ ʫ ʧʝʨʽʦʜ ʣʘʢʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʫ ʞʽʥʦʢ 

ʟ ʥʝʚʝʣʠʢʠʤ ʨʦʟʤʽʨʦʤ ʛʨʫʜʥʠʭ ʟʘʣʦʟ, ʪʘ ʫ ʚʽʮʽ ʜʦ 

40 ʨʦʢʽʚ. ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʞ ʫʪʦʯʥʝʥʥʷ ʜʽʘʛʥʦʟʫ 

ʧʨʦʚʦʜʷʪʴ ʛʽʩʪʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʘʥʘʣʽʟʽ 

ʷʢʦʛʦ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʩʪʨʫʢ-

ʪʫʨʠ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ [7-10]. 

ʄʝʪʦʶ ʥʘʰʦʾ ʨʦʙʦʪʠ ʩʪʘʣʦ ʟôʷʩʫʚʘʥʥʷ ʯʘʩ-

ʪʦʪʠ ʨʝʻʩʪʨʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʠʭ 

ʟʘʣʦʟ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʨʘʥʜʦʤʽʟʦ-

ʚʘʥʦʾ ʚʠʙʽʨʢʠ ʞʽʥʦʢ ʟʘ ʜʘʥʠʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦ-

ʩʣʽʜʞʝʥʥʷ. 

ʄʘʪʝʨʽʘʣ ʽ ʤʝʪʦʜʠ 

ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʦ 

ʦʧʨʘʮʴʦʚʘʥʦ 50 ʘʥʦʥʽʤʽʟʦʚʘʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ 

ʧʨʝʧʘʨʘʪʽʚ ʛʨʫʜʥʠʭ ʟʘʣʦʟ ʞʽʥʦʢ ʚʽʢʦʤ 25-40 ʨʦʢʽʚ 

ʟ ʘʨʭʽʚʫ ʢʘʬʝʜʨʠ ʧʘʪʦʣʦʛʽʯʥʦʾ ʘʥʘʪʦʤʽʾ ɼʅʇ 

çʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʤʝʜʠʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦè, ʷʢʽ ʧʦʧʝʨʝʜʥʴʦ ʟʘʙʘʨ-

ʚʣʶʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ ʟʘʛʘʣʴʥʦ-

ʧʨʠʡʥʷʪʠʤ ʤʝʪʦʜʦʤ [11-12]. ɺʦʥʠ ʩʢʣʘʣʠ ʨʘʥʜʦ-

ʤʽʟʦʚʘʥʫ ʚʠʙʽʨʢʫ. ʇʨʝʧʘʨʘʪʠ ʚʠʚʯʘʣʠ ʧʽʜ ʤʽʢʨʦʩ-

ʢʦʧʦʤ Leica DM 2500 (Leica Microsystems GmbH, 

ʅʽʤʝʯʯʠʥʘ) ʟ ʮʠʬʨʦʚʦʶ ʢʘʤʝʨʦʶ Leica DFC450 C 

(ʅʽʤʝʯʯʠʥʘ) ʪʘ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ Leica 

Application Suit Version 3.8. ʧʨʠ ʟʙʽʣʴʰʝʥʥʷʭ Ĭ100 

ʪʘ Ĭ400.  

ʈʦʟʨʘʭʫʥʦʢ ʚʝʣʠʯʠʥʠ ʚʽʜʥʦʩʥʦʛʦ ʦʙôʻʤʫ 

ʩʪʨʫʢʪʫʨ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʘʢʝʪʫ ImageJ 1.47v ʽ ʚʙʫʜʦʚʘʥʦʾ ʧʨʦʮʝʜʫʨʠ 

Analyze Particles ʜʣʷ ʦʩʪʘʪʦʯʥʦʾ ʩʝʛʤʝʥʪʘʮʽʾ ʪʘ ʨʦ-

ʟʨʘʭʫʥʢʫ ʟʥʘʯʝʥʴ (Analyze > Analyze Particles) ʟʛʽ-

ʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [13]. 

ʇʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʝ ʩʫʧʝʨʝʯʘʪʴ ʦʩʥʦʚ-

ʥʠʤ ʙʽʦʝʪʠʯʥʠʤ ʥʦʨʤʘʤ ɻʝʣʴʩʽʥʩʴʢʦʾ ʜʝʢʣʘʨʘʮʽʾ, 

ʂʦʥʚʝʥʮʽʾ ʈʘʜʠ ɭʚʨʦʧʠ ʧʨʦ ʧʨʘʚʘ ʣʶʜʠʥʠ ʪʘ ʙʽʦ-

ʤʝʜʠʮʠʥʫ, ʚʽʜʧʦʚʽʜʥʠʤ ʧʦʣʦʞʝʥʥʷʤ ɺʆʆɿ ʪʘ ʟʘ-

ʢʦʥʘʤ ʋʢʨʘʾʥʠ [14]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 
ɺʠʚʯʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʛʨʫʜʥʦʾ 

ʟʘʣʦʟʠ ʜʘʣʦ ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʚ ʾʾ ʩʪʨʫʢʪʫʨʽ ʝʣʝʤʝʥʪʠ 

ʟʘʣʦʟʠʩʪʦʾ, ʩʧʦʣʫʯʥʦʾ ʪʘ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ. ɿʘʣʦʟʠ-

ʩʪʘ ʪʢʘʥʠʥʘ ʙʫʣʘ ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʦʨ-

ʤʦʚʘʥʠʤʠ ʧʨʦʪʦʢʦʚʦ-ʯʘʩʪʦʯʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. 

ʅʘʡʯʘʩʪʽʰʝ ʚʽʟʫʘʣʽʟʦʚʘʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʧʦʣʫʯ-

ʥʦʾ ʪʢʘʥʠʥʠ ʙʫʣʠ ʤʥʦʞʠʥʥʽ ʬʽʙʨʦʙʣʘʩʪʠ, ʢʦʣʘʛʝ-

ʥʦʚʽ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʘ. ɾʠʨʦʚʘ ʪʢʘʥʠʥʘ 

ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʧʘʤʠ ʘʜʠʧʦʮʠʪʽʚ ʨʽʟʥʦʾ ʯʠ-

ʩʝʣʴʥʦʩʪʽ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʚʠʚʯʝʥʥʷ ʧʨʝ-

ʧʘʨʘʪʽʚ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ ʨʘʥʜʦʤʽʟʦ-

ʚʘʥʦʾ ʚʠʙʽʨʢʠ, ʟʘʩʚʽʜʯʠʚ ʥʘʷʚʥʽʩʪʴ ʩʝʨʝʜ ʥʠʭ 

ʪʨʴʦʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨʠ ɻɿ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʯʘʩʪʦʪʫ 

ʤʘʥʽʬʝʩʪʘʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʨʘʞʝʥʠʤ ʧʝ-

ʨʝʚʘʞʘʥʥʷʤ ʟʘʣʦʟʠʩʪʦʾ, ʩʧʦʣʫʯʥʦʾ ʘʙʦ ʞʠʨʦʚʦʾ 

ʪʢʘʥʠʥʠ.  

ɼʣʷ ʛʨʫʜʥʠʭ ʟʘʣʦʟ ʧʝʨʰʦʾ ʛʨʫʧʠ ʭʘʨʘʢʪʝʨ-

ʥʦʶ ʻ ʧʝʨʝʚʘʞʥʦ ʟʘʣʦʟʠʩʪʘ ʩʪʨʫʢʪʫʨʘ, ʜʝ ʚʠʟʥʘʯʘ-

ʶʪʴʩʷ ʧʨʦʪʦʢʠ ʪʘ ʯʘʩʪʢʠ ʟʚʠʯʘʡʥʦʾ ʛʽʩʪʦʣʦʛʽʯʥʦʾ 

ʙʫʜʦʚʠ (ʨʠʩ. 1). ʆʢʨʝʤʽ ʜʽʣʷʥʢʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘ-

ʥʠʥʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʢʦʣʘʛʝʥʦʚʠʤʠ ʪʘ ʛʣʘʜʢʦʤôʷʟʦ-

ʚʠʤʠ ʚʦʣʦʢʥʘʤʠ ʽ ʬʽʙʨʦʙʣʘʩʪʘʤʠ. ɺ ʧʦʣʽ ʟʦʨʫ ʚʽ-

ʟʫʘʣʽʟʫʶʪʴʩʷ ʪʘʢʦʞ ʦʢʨʝʤʽ ʧʦʦʜʠʥʦʢʽ ʛʨʫʧʠ ʘʜʠ-

ʧʦʮʠʪʽʚ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʊʢʘʥʠʥʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟ ʟʘʣʦʟʠʩʪʠʤ ʪʠʧʦʤ 

ʙʫʜʦʚʠ. ʇʨʦʪʦʢʠ (1) ʪʘ ʯʘʩʪʦʯʢʠ (2) ʟʚʠʯʘʡʥʦʾ ʛʽʩʪʦʣʦʛʽʯ-
ʥʦʾ ʙʫʜʦʚʠ; ʜʽʣʷʥʢʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ (3), ʧʦʦʜʠʥʦʢʽ 
ʛʨʫʧʠ ʘʜʠʧʦʮʠʪʽʚ (4). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦ-
ʟʠʥʦʤ. Ĭ100. 



______________________________________________________________________________________ 

MORPHOLOGIA  Å 2025 Å ʊʦʤ 19 Å ˉ 4  

 

15 

ɺ ʟʘʣʦʟʠʩʪʽʡ ʪʢʘʥʠʥʽ ɻɿ ʚ ʧʝʨʽʦʜ ʣʘʢʪʘʮʽʾ ʧʦ-

ʜʝʢʫʜʠ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʛʽʧʝʨʧʣʘʟʦʚʘʥʽ ʯʘʩʪʢʠ ʟ 

ʩʚʽʣʦʢʣʽʪʠʥʥʠʤʠ ʟʤʽʥʘʤʠ ï ʥʘʷʚʥʠʤʠ ʫ ʝʧʽʪʝʣʽʘ-

ʣʴʥʠʭ ʢʣʽʪʠʥʘʭ ʯʠʩʣʝʥʥʠʤʠ ʚʘʢʫʦʣʷʤʠ ʽʟ ʩʚʽʪʣʠʤ 

ʚʤʽʩʪʦʤ (ʨʠʩ. 2, 3). 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʊʢʘʥʠʥʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟʘʣʦʟʠʩʪʦʾ ʩʪʨʫʢ-

ʪʫʨʠ. ʇʨʦʪʦʢʠ ʟʚʠʯʘʡʥʦʾ ʛʽʩʪʦʣʦʛʽʯʥʦʾ ʙʫʜʦʚʠ (1), ʯʠʩ-
ʣʝʥʥʽ ʛʽʧʝʨʧʣʘʟʦʚʘʥʽ ʯʘʩʪʦʯʢʠ ʟ ʩʚʽʣʦʢʣʽʪʠʥʥʠʤʠ ʟʤʽʥʘʤʠ 
(2) ʪʘ ʜʽʣʷʥʢʘʤʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ (3). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝ-
ʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ɻʽʧʝʨʧʣʘʟʦʚʘʥʘ ʯʘʩʪʦʯʢʘ ʪʢʘʥʠʥʠ ʛʨʫʜʥʦʾ ʟʘ-

ʣʦʟʠ ʟ ʩʚʽʣʦʢʣʽʪʠʥʥʠʤʠ ʟʤʽʥʘʤʠ. ɺʘʢʫʦʣʽ ʟ ʩʚʽʪʣʠʤ ʚʤʽʩ-
ʪʦʤ (1). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ400. 

 

ʅʘ ʧʨʝʧʘʨʘʪʘʭ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ ʜʨʫʛʦʾ ʛʨʫʧʠ 

ʚʽʟʫʘʣʽʟʫʻʪʴʩʷʧʝʨʝʚʘʞʥʦ ʩʧʦʣʫʯʥʘʪʢʘʥʠʥʘ ʟ ʚʝʣʠ-

ʢʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʣʘʛʝʥʦʚʠʭ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʠʭ ʚʦ-

ʣʦʢʦʥ ʪʘ ʯʠʩʣʝʥʥʠʤʠ ʬʽʙʨʦʙʣʘʩʪʘʤʠ (ʨʠʩ. 4). 

ʋ 40% ʚʠʧʘʜʢʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚʟ ʤʘ-

ʥʽʬʝʩʪʦʚʘʥʠʤ ʧʝʨʝʚʘʞʘʥʥʷʤ ʬʽʙʨʦʟʥʦʾ ʪʢʘʥʠʥʠ ʚ 

ʩʪʨʫʢʪʫʨʽ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʚʽʟʫʘʣʽʟʫʚʘʣʠʩʴ ʦʟʥʘʢʠ 

ʟʘʧʘʣʝʥʥʷ, ʧʝʨʝʚʘʞʥʦ ï ʭʨʦʥʽʯʥʦʛʦ (ʨʠʩ. 5,6), ʘ ʫ 

20% ʚʠʧʘʜʢʽʚ ï ʦʟʥʘʢʠ ʧʘʧʽʣʷʨʥʦʾ ʘʧʦʢʨʠʥʦʚʦʾ 

ʤʝʪʘʧʣʘʟʽʾ (ʨʠʩ. 7). 

ʅʘ ʧʨʝʧʘʨʘʪʘʭ ʪʨʝʪʴʦʾ ʛʨʫʧʠ ʪʢʘʥʠʥʘ ʛʨʫʜʥʦʾ 

ʟʘʣʦʟʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʜʝʙʽʣʴʰʦʛʦ ʯʠʩʣʝʥʥʠʤʠ ʤʘ-

ʩʠʚʥʠʤʠ ʩʢʫʧʯʝʥʥʷʤʠ ʘʜʠʧʦʮʠʪʽʚ, ʜʽʣʷʥʢʠ ʩʧʦʣʫ-

ʯʥʦʾ ʪʢʘʥʠʥʠ ʪʘ ʟʘʣʦʟʠʩʪʽ ʝʣʝʤʝʥʪʠ ï ʧʦʦʜʠʥʦʢʽ, 

ʨʦʟʢʠʜʘʥʽ, ʥʝʯʠʩʣʝʥʥʽ (ʨʠʩ. 8, 9). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ 

ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ. ʂʦʣʘʛʝʥʦʚʽ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʘ, 
ʬʽʙʨʦʙʣʘʩʪʠ (1); ʦʢʨʝʤʽʯʘʩʪʦʯʢʠ ʟʚʠʯʘʡʥʦʾ ʛʽʩʪʦʣʦʛʽʯʥʦʾ 
ʙʫʜʦʚʠ (2). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 5. ɼʽʣʷʥʢʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤʬʽʙ-

ʨʦʟʥʦʾ ʪʢʘʥʠʥʠ. ʂʦʣʘʛʝʥʦʚʽ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʠ, ʬʽ-
ʙʨʦʙʣʘʩʪʠ (1), ʧʦʦʜʠʥʦʢʽ ʛʨʫʧʠ ʢʘʧʽʣʷʨʽʚ (2); ʧʨʦʪʦʢʘ ʽʟ 
ʧʝʨʠʜʫʢʪʘʣʴʥʠʤ ʭʨʦʥʽʯʥʠʤ ʟʘʧʘʣʴʥʦʢʣʽʪʠʥʥʠʤ ʽʥʬʽʣʴʪ-
ʨʘʪʦʤ (3). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ʌʽʙʨʦʟʥʘ ʪʢʘʥʠʥʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ. ʂʦʣʘʛʝʥʦʚʽ 

ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʘ, ʬʽʙʨʦʙʣʘʩʪʠ (1), ʧʦʦʜʠʥʦʢʽ 
ʛʨʫʧʠ ʢʘʧʽʣʷʨʽʚ (2); ʧʨʦʪʦʢʘʟ ʝʢʩʫʜʘʪʦʤ ʪʘ ʟʘʧʘʣʴʥʦʢʣʽ-
ʪʠʥʥʠʤ ʽʥʬʽʣʴʪʨʘʪʦʤ (3). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ 
ʝʦʟʠʥʦʤ. Ĭ100. 
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ʈʠʩ. 7. ʊʢʘʥʠʥʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʧʦʣʫ-

ʯʥʦʶ ʪʢʘʥʠʥʦʶ. ʂʦʣʘʛʝʥʦʚʽ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʘ, ʬʽ-
ʙʨʦʙʣʘʩʪʠ (1); ʧʨʦʪʦʢʘ ʟ ʧʘʧʽʣʷʨʥʦʶ ʘʧʦʢʨʠʥʦʚʦʶ ʤʝʪʘ-
ʧʣʘʟʽʻʶ (2). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. 
Ĭ100. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
ʈʠʩ. 8. ɼʽʣʷʥʢʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʞʠ-

ʨʦʚʦʾ ʪʢʘʥʠʥʠ. ʄʦʥʦʤʦʨʬʥʽ ʛʨʫʧʠ ʘʜʠʧʦʮʠʪʽʚ (1),ʜʽʣʷʥʢʠ 
ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ ʟ ʢʘʧʽʣʷʨʘʤʠ (2); ʛʨʫʧʠ ʟʙʝʨʝʞʝʥʠʭ 
ʧʨʦʪʦʢ (3). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 9. ɼʽʣʷʥʢʘ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʟ ʧʝʨʝʚʘʞʘʥʥʷʤ ʞʠ-

ʨʦʚʦʾ ʪʢʘʥʠʥʠ. ʉʢʫʧʯʝʥʥʷ ʘʜʠʧʦʮʠʪʽʚ (1), ʦʜʠʥʦʯʥʽ ʜʽʣʷ-
ʥʢʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ (2); ʧʨʦʪʦʢʘ ʟʚʠʯʘʡʥʦʾ ʛʽʩʪʦʣʦʛʽʯʥʦʾ 
ʙʫʜʦʚʠ (3). ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ100. 

 

ʉʝʨʝʜ ʧʨʝʧʘʨʘʪʽʚ ɻɿ, ʱʦ ʫʚʽʡʰʣʠ ʜʦ ʦʧʨʘ-

ʮʴʦʚʘʥʦʾ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ ʚʠʙʽʨʢʠ, ʥʘʡʯʘʩʪʽʰʝ ʙʫʚ 

ʤʘʥʽʬʝʩʪʦʚʘʥʠʡ ʟʘʣʦʟʠʩʪʠʡ ʪʠʧ ʪʢʘʥʠʥʠ: ʫ 24-ʭ 

ʚʠʧʘʜʢʘʭ (48%), ʬʽʙʨʦʟʥʝ ʟʘʤʽʱʝʥʥʷ ʙʫʣʦ ʚʠʷʚ-

ʣʝʥʝ ʫ 15-ʪʠ ʚʠʧʘʜʢʘʭ (30%), ʘʧʝʨʝʚʘʞʘʥʥʷ ʞʠʨʦ-

ʚʦʾʪʢʘʥʠʥʠ ï ʣʠʰʝ ʫ 11-ʪʠ ʚʠʧʘʜʢʘʭ (22%) .  

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʽ ʜʦʧʦʚ-

ʥʶʶʪʴ ʜʘʥʽ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʩʪʦʩʦʚʥʦ ʪʠʧʽʚ 

ʩʪʨʫʢʪʫʨʠ ɻɿ, ʱʦ ʤʘʶʪʴ ʨʽʟʥʫ ʯʘʩʪʦʪʫ ʤʘʥʽʬʝʩʪʘ-

ʮʽʾ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʨʘʞʝʥʠʤ ʧʝʨʝʚʘʞʘʥ-

ʥʷʤ ʟʘʣʦʟʠʩʪʦʾ, ʩʧʦʣʫʯʥʦʾ ʘʙʦ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ [1, 

4, 5, 9, 10]. ɺʠʷʚʣʝʥʘ ʥʘʷʚʥʽʩʪʴ ʚʩʽʭ ʪʨʴʦʭ ʪʠʧʽʚ 

ʙʫʜʦʚʠ ʟʘʣʦʟʠ ʫ ʤʦʣʦʜʠʭ ʞʽʥʦʢ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʚʽʢʫ ʤʘʻ ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʥʝ ʣʠʰʝ 

ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʛʨʫʧʠ ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʧʝʚ-

ʥʠʭ ʧʘʪʦʣʦʛʽʡ ʪʘ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʝʪʦʜ 

ʧʨʦʤʝʥʝʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʡ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ ʜʘʥʦʛʦ ʦʙʩʪʝʞʝʥʥʷ ʟʛʽ-

ʜʥʦ ʰʢʘʣʠ ʟʣʦʷʢʽʩʥʦʩʪʽ BI-RADS [15]. 

ɺʠʩʥʦʚʢʠ 

1. ʋ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ ʚʠʙʽʨʢʠ ʞʽʥʦʢ ʚʽʢʦʚʦʾ 
ʛʨʫʧʠ 25-40 ʨʦʢʽʚ ʟʘ ʜʘʥʠʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʤʘʥʽʬʝʩʪʦʚʘʥʠʡ ʟʘʣʦʟʠʩʪʠʡ 

ʪʠʧ ʩʪʨʫʢʪʫʨʠ ɻɿ (48%), ʬʽʙʨʦʟʥʠʡ ʪʠʧ ʙʫʣʦ ʚʠ-

ʷʚʣʝʥʦ ʫ 30%, ʪʦʜʽ ʷʢ ʞʠʨʦʚʠʡ ʪʠʧ ʤʘʥʽʬʝʩʪʦʚʘ-

ʥʠʡ ʥʘʡʨʽʜʰʝ ï ʫ 22% ʚʠʧʘʜʢʽʚ. 

2. ʅʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʘʭ ʞʽʥʦʢ, ʟ 
ʦʟʥʘʢʘʤʠ ʬʽʙʨʦʟʥʦʛʦ ʟʘʤʽʱʝʥʥʷ, ʥʘʡʯʘʩʪʽʰʝ ʚʽʟʫ-

ʘʣʽʟʫʶʪʴʩʷ ʦʟʥʘʢʠ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ (ʫ 40% ʚʠ-

ʧʘʜʢʽʚ), ʪʘ ʧʘʧʽʣʷʨʥʘ ʘʧʦʢʨʠʥʦʚʘ ʤʝʪʘʧʣʘʟʽʷ ʧʨʦ-

ʪʦʢ (ʫ 20% ʚʠʧʘʜʢʽʚ), ʱʦ ʜʦʟʚʦʣʷʻ ʧʦʟʠʮʽʦʥʫʚʘʪʠ 

ʩʧʦʣʫʯʥʦʪʢʘʥʠʥʥʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʦʾ ʟʘʣʦ-

ʟʠʷʢ ʜʦʜʘʪʢʦʚʠʡ ʯʠʥʥʠʢ ʨʠʟʠʢʫ ʨʦʟʚʠʪʢʫ ʜʘʥʠʭ 

ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ. 

3. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʦʟʠʩʪʦʾ, ʩʧʦʣʫʯʥʦʾ ʪʘ 
ʞʠʨʦʚʦʾ ʪʢʘʥʠʥ ʟʘʣʦʟʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʠʧ ʾʾ ʙʫʜʦʚʠ 

ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʝʪʦʜ ʧʨʦʤʝ-

ʥʝʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʞʽʥʢʘʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʚʽʢʫ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ɺʠʚʯʝʥʥʷ ʩʪʨʫʢʪʫʨʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʤʦʣʦʯ-

ʥʠʭ ʟʘʣʦʟ ʨʽʟʥʠʭ ʪʠʧʽʚ ʙʫʜʦʚʠ ʪʘ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

ʾʭ ʚʽʢʦʚʦʾ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʽʥʚʦʣʶʮʽʾ ʜʦʟʚʦʣʠʪʴ ʧʽʜʽ-

ʙʨʘʪʠ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʠʡ ʤʝʪʦʜ ʧʨʦʤʝʥʝʚʦʾ ʜʽʘ-

ʛʥʦʩʪʠʢʠ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʩʦʙʣʠ-

ʚʦʩʪʝʡ ʦʙʩʪʝʞʫʚʘʥʦʾ ʞʽʥʢʠ, ʦʧʪʠʤʽʟʫʚʘʪʠ ʜʽʘʛʥʦ-

ʩʪʠʯʥʽ ʢʨʠʪʝʨʽʾ ʚʽʢʦʚʠʭ ʪʘ ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʫ ʞʽ-

ʥʦʢ ʨʽʟʥʠʭ ʚʽʢʦʚʠʭ ʛʨʫʧʪʘ ʚʠʟʥʘʯʠʪʠ ʛʨʫʧʠ ʨʠ-

ʟʠʢʫ, ʩʭʠʣʴʥʽ ʜʦ ʨʦʟʚʠʪʢʫ ʧʝʚʥʠʭ ʧʘʪʦʣʦʛʽʡ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ.  

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çʄʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʽ ʦʩʦʙʣʠ-

ʚʦʩʪʽ ʦʨʛʘʥʽʚ ʫ ʧʨʝ- ʪʘ ʧʦʩʪʥʘʪʘʣʴʥʦʤʫ ʧʝʨʽʦʜʘʭ 

ʦʥʪʦʛʝʥʝʟʫ, ʧʽʜ ʚʧʣʠʚʦʤ ʦʧʽʦʾʜʽʚ, ʭʘʨʯʦʚʠʭ ʜʦʙʘ-

ʚʦʢ, ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʭʽʨʫʨʛʽʾ ʪʘ ʦʞʠʨʽʥʥʷ (ʥʦ-

ʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U002129). 
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ɸʜʘʤʦʚʠʯ ʆ.ʆ., ʉʦʧʥʻʚʘ ʅ.ɹ, ɸʜʘʤʦʚʠʯ ʆ.ʇ, ɼʫʜʘʰ ɸ.ʇ, ʇʦʣʽʷʥʮ ɸ.ɺ. ɸʥʘʣʽʟ ʯʘʩʪʦʪʠ ʤʘʥʽʬʝ-

ʩʪʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʠʭ ʟʘʣʦʟ ʟʘ ʜʘʥʠʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʈɽʌɽʈɸʊ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ʇʘʪʦʣʦʛʽʷ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʩʴʦʛʦʜʥʽ ʧʦʩʽʜʘʻ ʦʜʥʝ ʟ ʯʽʣʴʥʠʭ ʤʽʩʮʴ ʚ ʨʝʡʪʠʥʛʫ 

ʟʘʭʚʦʨʶʚʘʥʦʩʪʽ ʞʽʥʦʢ. ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʚ ʋʢʨʘʾʥʽ ʪʘ ʩʚʽʪʽ ʥʝʫʭʠʣʴʥʦ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʦʥʢʦʣʦʛʽʯʥʠʭ ʧʨʦ-

ʮʝʩʽʚ, ʱʦ ʟʫʤʦʚʣʝʥʦ ʚʧʣʠʚʦʤ ʷʢ ʝʥʜʦʛʝʥʥʠʭ (ʩʧʘʜʢʦʚʘ ʩʭʠʣʴʥʽʩʪʴ, ʟʤʽʥʘ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʫ, ʤʝʪʘʙʦʣʽʯʥʽ 

ʧʦʨʫʰʝʥʥʷ), ʪʘʢ ʽ ʝʢʟʦʛʝʥʥʠʭ (ʥʝʜʦʪʨʠʤʘʥʥʷ ʟʜʦʨʦʚʦʛʦ ʩʧʦʩʦʙʫ ʞʠʪʪʷ, ʰʢʽʜʣʠʚʽ ʟʚʠʯʢʠ, ʧʨʠʡʦʤ ʤʝʜʠʢʘ-

ʤʝʥʪʽʚ ʪʦʱʦ) ʯʠʥʥʠʢʽʚ. ʂʣʶʯʦʚʫ ʨʦʣʴ ʚ ʧʨʦʮʝʩʽ ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʷʢ ʜʦʙʨʦʷʢʽʩʥʠʭ, ʪʘʢ ʽ ʟʣʦʷʢʽʩ-

ʥʠʭ ʟʤʽʥ ʚʽʜʽʛʨʘʻ ʨʝʛʫʣʷʨʥʝ ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʬʽʣʘʢʪʠʯʥʠʭ ʪʘ ʩʢʨʠʥʽʥʛʦʚʠʭ ʦʙʩʪʝʞʝʥʴ, ʘ ʪʘʢʦʞ ʩʚʦʻʯʘʩʥʘ 

ʜʽʘʛʥʦʩʪʠʢʘ ʧʘʪʦʣʦʛʽʡ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ. ʅʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʜʦʩʪʫʧʥʠʤ ʪʘ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʤʝʪʦʜʦʤ 

ʜʽʘʛʥʦʩʪʠʢʠ ʚʚʘʞʘʻʪʴʩʷ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʤʘʤʦʛʨʘʬʽʷ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʷʢʦʾ ʥʝʦʙʭʽʜʥʦ ʙʨʘʪʠ ʜʦ ʫʚʘʛʠ ʪʠʧ ʩʪʨʫ-

ʢʪʫʨʠ ʛʨʫʜʥʠʭ ʟʘʣʦʟ.ɼʣʷ ʦʩʪʘʪʦʯʥʦʛʦ ʞ ʫʪʦʯʥʝʥʥʷ ʜʽʘʛʥʦʟʫ ʧʨʦʚʦʜʷʪʴ ʛʽʩʪʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʠ ʘʥʘ-

ʣʽʟʽ ʷʢʦʛʦ ʪʘʢʦʞ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ. ʄʝʪʘ ʨʦʙʦʪʠ ï ʟôʷʩʫʚʘʥʥʷ ʯʘʩʪʦʪʠ 

ʨʝʻʩʪʨʘʮʽʾ ʨʽʟʥʠʭ ʪʠʧʽʚ ʩʪʨʫʢʪʫʨʠ ʛʨʫʜʥʠʭ ʟʘʣʦʟ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʾʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʫ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ ʚʠʙʽʨʢʠ 

ʞʽʥʦʢ ʟʘ ʜʘʥʠʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʜʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʠ ʙʫʣʦ ʧʨʦʘʥʘʣʽ-
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ʱʦ ʩʢʣʘʣʠ ʨʘʥʜʦʤʽʟʦʚʘʥʫ ʚʠʙʽʨʢʫ. ʈʝʟʫʣʴʪʘʪʠ. ɺʠʚʯʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʜʘʣʦ 

ʟʤʦʛʫ ʚʠʷʚʠʪʠ ʚ ʾʾ ʩʪʨʫʢʪʫʨʽ ʝʣʝʤʝʥʪʠ ʟʘʣʦʟʠʩʪʦʾ, ʩʧʦʣʫʯʥʦʾ ʪʘ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥʠ. ɿʘʣʦʟʠʩʪʘ ʪʢʘʥʠʥʘ ʙʫʣʘ 

ʟʜʝʙʽʣʴʰʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʦʨʤʦʚʘʥʠʤʠ ʧʨʦʪʦʢʦʚʦ-ʯʘʩʪʦʯʢʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ʅʘʡʯʘʩʪʽʰʝ ʚʽʟʫʘʣʽʟʦʚʘ-

ʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ ʙʫʣʠ ʤʥʦʞʠʥʥʽ ʬʽʙʨʦʙʣʘʩʪʠ, ʢʦʣʘʛʝʥʦʚʽ ʪʘ ʛʣʘʜʢʦʤôʷʟʦʚʽ ʚʦʣʦʢʥʘ. 

ɾʠʨʦʚʘ ʪʢʘʥʠʥʘ ʙʫʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʧʘʤʠ ʘʜʠʧʦʮʠʪʽʚ ʨʽʟʥʦʾ ʯʠʩʝʣʴʥʦʩʪʽ. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʟʘʩʚʽʜʯʠʣʠ, ʱʦ 

ʩʝʨʝʜ ʧʨʝʧʘʨʘʪʽʚ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ ʚʠʙʽʨʢʠ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʪʨʠ ʪʠʧʠ ʩʪʨʫʢʪʫʨʠ ɻɿ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʫ ʯʘʩʪʦʪʫ 

ʤʘʥʽʬʝʩʪʘʮʽʾ. ʅʘʡʯʘʩʪʽʰʝ ʙʫʚ ʤʘʥʽʬʝʩʪʦʚʘʥʠʡ ʟʘʣʦʟʠʩʪʠʡ ʪʠʧ ʪʢʘʥʠʥʠ ʫ 24-ʭ ʚʠʧʘʜʢʘʭ (48%), ʬʽʙʨʦʟʥʝ 

ʟʘʤʽʱʝʥʥʷ ʙʫʣʦ ʚʠʷʚʣʝʥʝ ʫ 15-ʪʠ ʚʠʧʘʜʢʘʭ (30%), ʪʦʜʽ ʷʢ ʞʠʨʦʚʘ ʽʥʚʦʣʶʮʽʷ ʣʠʰʝ ʫ 11-ʪʠ ʚʠʧʘʜʢʘʭ (22%) 

ʟ ʯʠʩʣʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʪʢʘʥʠʥʠ. ʋ 40% ʚʠʧʘʜʢʽʚ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʧʨʝʧʘʨʘʪʽʚ ʟ ʤʘʥʽʬʝʩʪʦʚʘʥʠʤ ʧʝʨʝ-

ʚʘʞʘʥʥʷʤ ʬʽʙʨʦʟʥʦʾ ʪʢʘʥʠʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʛʨʫʜʥʦʾ ʟʘʣʦʟʠ ʚʽʟʫʘʣʽʟʫʚʘʣʠʩʴ ʦʟʥʘʢʠ ʟʘʧʘʣʝʥʥʷ, ʧʝʨʝʚʘʞʥʦ ï 

ʭʨʦʥʽʯʥʦʛʦ, ʘ ʫ 20% ʚʠʧʘʜʢʽʚ ï ʦʟʥʘʢʠ ʧʘʧʽʣʷʨʥʦʾ ʘʧʦʢʨʠʥʦʚʦʾ ʤʝʪʘʧʣʘʟʽʾ. ʇʽʜʩʫʤʦʢ. ʋ ʨʘʥʜʦʤʽʟʦʚʘʥʦʾ 

ʚʠʙʽʨʢʠ ʞʽʥʦʢ ʚʽʢʦʚʦʾ ʛʨʫʧʠ 25-40 ʨʦʢʽʚ ʟʘ ʜʘʥʠʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʤʘʥʽʬʝʩʪʦʚʘʥʠʡ 

ʟʘʣʦʟʠʩʪʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ ɻɿ (48%), ʨʽʜʰʝ ï ʬʽʙʨʦʟʥʠʡ ʪʠʧ (30%) ʪʘ ʞʠʨʦʚʠʡ (22%).ʅʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʝ-

ʧʘʨʘʪʘʭ ʞʽʥʦʢ, ʟ ʦʟʥʘʢʘʤʠ ʬʽʙʨʦʟʥʦʛʦ ʟʘʤʽʱʝʥʥʷ, ʥʘʡʯʘʩʪʽʰʝ ʚʽʟʫʘʣʽʟʫʶʪʴʩʷ ʦʟʥʘʢʠ ʟʘʧʘʣʴʥʦʛʦ ʧʨʦʮʝʩʫ (ʫ 

40% ʚʠʧʘʜʢʽʚ), ʪʘ ʧʘʧʽʣʷʨʥʘ ʘʧʦʢʨʠʥʦʚʘ ʤʝʪʘʧʣʘʟʽʷ ʧʨʦʪʦʢ (ʫ 20% ʚʠʧʘʜʢʽʚ). ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʘʣʦʟʠʩʪʦʾ, 

ʩʧʦʣʫʯʥʦʾ ʪʘ ʞʠʨʦʚʦʾ ʪʢʘʥʠʥ ʟʘʣʦʟʠ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʠʧ ʾʾ ʙʫʜʦʚʠ ʪʘ ʜʦʟʚʦʣʷʻ ʧʽʜʽʙʨʘʪʠ ʦʧʪʠʤʘʣʴʥʠʡ ʤʝʪʦʜ 

ʧʨʦʤʝʥʝʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʞʽʥʢʘʤ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʫʜʥʘ ʟʘʣʦʟʘ, ʤʘʤʦʛʨʘʬʽʷ, ʟʘʣʦʟʠʩʪʠʡ ʪʠʧ ʩʪʨʫʢʪʫʨʠ, ʞʠʨʦʚʘ ʽʥʚʦʣʶʮʽʷ, ʬʽʙʨʦʟʥʝ 

ʟʘʤʽʱʝʥʥʷ. 
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ABSTRACT. Relevance. Despite the long history of limb amputation surgery, the timing and magnitude of mechanical 

loading of stumps have not yet been clarified. The aim of the study was to investigate the optimal timing and magnitude of 

mechanical loading of bone stumps after amputation. Methods. Two series of experiments were conducted on 18 rabbits 

with amputation of the thigh in the middle third and myoplasty. In the control series, after 4, 8, and 16 weeks, cyclic me-

chanical loading was applied to the end of the bone stump with an energy of 0.5 mJ/mm2 at a frequency of 2 Hz, with 400 

pulses per session. In the experimental series, at the same time intervals, the load was applied twice a day at 200 pulses per 

session. The observation periods were 6, 10, and 18 weeks. The research method was histological with vessel filling with a 

10% gelatin mixture. Results. In the control series, most experiments showed pathological remodelling of bone tissue with 

the development of atrophy, bone shape distortion, bone curvature, and stress fractures. In the experimental series, organo-

typic stumps were formed with normalisation of structure and microcirculation. The best results of bone tissue remodelling 

were obtained in the series with the onset of mechanical loads in both series at 10 weeks, 8 weeks after amputation. Con-

clusion. Mechanical daily loading of the bone stump with energy of 0.5 mJ/mm2, frequency of 2 Hz, with 400 pulses per 

session at 4, 8, and 16 weeks causes significant disturbances in bone remodelling with the formation of cone-shaped and 

spindle-shaped stumps, deviation of the end from the axis, and stress fractures. The same load (0.5 mJ/mm2, frequency 2 

Hz, 400 pulses) divided into two sessions per day of 200 pulses with an interval of 4 hours contributes to the formation of 

an organotypic cylindrical shape of the stump with a balance of resorptive and reparative processes. The start of mechanical 

loads 8 weeks after amputation does not cause significant disturbances in the remodelling of the bone tissue of the stump 

and is the most optimal. 
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ɺʩʪʫʧ 

ɹʽʣʴʰʝ 100 ʨʦʢʽʚ ʪʦʤʫ Wolf ʚʧʝʨʰʝ ʚʩʪʘʥʦ-

ʚʠʚ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʦʚʥʽʰʥʽʤ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷʤ ʽ ʩʪʨʫʢʪʫʨʦʶ ʢʽʩʪʢʠ. ʄʝʭʘʥʽʯʥʝ ʥʘʚʘʥ-

ʪʘʞʝʥʥʷ ʤʦʞʝ ʚʧʣʠʚʘʪʠ ʥʘ ʜʠʬʝʨʝʥʮʽʘʮʽʶ ʪʘ ʨʦʟ-

ʚʠʪʦʢ ʤʝʟʝʥʭʽʤʘʣʴʥʦʾ ʪʢʘʥʠʥʠ ʪʘ ʨʝʛʫʣʶʚʘʪʠ ʙʽʦ-

ʣʦʛʽʯʥʽ ʬʫʥʢʮʽʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺʦʥʦ ʚʠʟʥʘʥʦ 

ʢʨʠʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʦʢ 

[1]. ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ [2], ʱʦ ʜʣʷ ʘʜʘʧʪʘʮʽʾ ʢʽʩʪʢʠ 

ʧʦʪʨʽʙʥʝ ʮʠʢʣʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʷʢʝ ʧʦʢʨʘʱʫ-

ʚʘʣʦ ʬʦʨʤʫʚʘʥʥʷ ʢʽʩʪʢʠ ʥʘ ʾʾ ʝʥʜʦʩʪʘʣʴʥʽʡ ʪʘ ʧʝ-

ʨʽʦʩʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʷʭ. ʈʘʟʦʤ ʟ ʪʠʤ ʚʠʟʥʘʯʠʣʠʩʴ ʽ 

ʥʝʛʘʪʠʚʥʽ ʩʪʦʨʦʥʠ ʤʝʭʘʥʽʯʥʦʾ ʩʪʠʤʫʣʷʮʽʾ ʦʩʪʝʦʛʝ-

ʥʝʟʫ, ʱʦ ʟʘʣʝʞʘʣʠ ʚʽʜ ʤʝʭʘʥʦʯʫʪʣʠʚʦʩʪʽ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ, ʥʝʛʘʡʥʦʛʦ, ʟʚʠʯʘʡʥʦʛʦ ʯʠ ʚʽʜʢʣʘʜʝʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʾʭ ʚʝʣʠʯʠʥʠ [3-6]. ɺ ʧʝʨʝʚʘʞʥʽʡ 

ʙʽʣʴʰʦʩʪʽ ʟʛʘʜʘʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʤʝ-
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ʪʦʶ ʨʦʟʨʦʙʢʠ ʤʝʪʦʜʽʚ ʤʝʭʘʥʽʯʥʦʾ ʩʪʠʤʫʣʷʮʽʾ ʟʨʦ-

ʱʝʥʥʷ ʧʝʨʝʣʦʤʽʚ. ɺʦʥʠ ʥʝ ʩʪʦʩʫʚʘʣʠʩʴ ʪʘʢʦʛʦ ʚʘ-

ʞʣʠʚʦʛʦ ʧʣʘʩʪʫ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʚʽʜʥʦʚʥʠʭ ʦʧʝ-

ʨʘʮʽʡ, ʷʢ ʘʤʧʫʪʘʮʽʾ. ʇʽʩʣʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʟʥʘʯʥʦ ʟʤʽ-

ʥʶʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʫʢʩʫ ʢʽʩʪʢʠ ʽ ʡʦʛʦ ʭʘ-

ʨʘʢʪʝʨ, ʱʦ ʚʠʢʣʠʢʘʻ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ, ʚʢʣʶʯʘʶʯʠ ʨʫʡʥʫʚʘʥʥʷ-ʨʝʢʦʥʩʪʨʫʢʮʽʶ 

ʢʽʩʪʢʦʚʦʾ ʤʘʪʨʠʮʽ [7-9]. ʄʝʪʦʶ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʻ 

ʦʧʪʠʤʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʽʮʥʦʩʪʽ ʢʽʩʪʢʠ ʜʦ ʟʤʽ-

ʥʝʥʠʭ ʙʽʦʤʝʭʘʥʽʯʥʠʭ ʚʠʤʦʛ. 

ɺʠʚʯʘʶʯʠ ʛʦʩʪʨʽ ʟʤʽʥʠ ʢʽʩʪʦʢ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ 

ʥʠʞʥʴʦʾ ʢʽʥʮʽʚʢʠ ʚʥʘʩʣʽʜʦʢ ʪʨʘʚʤʘʪʠʯʥʦʛʦ ʫʰʢʦ-

ʜʞʝʥʥʷ ʧʝʨʝʜ ʧʨʦʪʝʟʫʚʘʥʥʷʤ, ʯʝʨʝʟ 6 ʪʘ 12 ʤʽʩʷ-

ʮʽʚ ʭʦʜʴʙʠ ʥʘ ʧʨʦʪʝʟʽ [10, 11] ʚʠʷʚʠʣʠ ʟʥʘʯʥʫ ʥʝ-

ʛʘʪʠʚʥʫ ʜʠʥʘʤʽʢʫ. ʄʽʥʝʨʘʣʴʥʘ ʱʽʣʴʥʽʩʪʴ ʢʽʩʪʢʦ-

ʚʦʾ ʪʢʘʥʠʥʠ ʢʫʣʴʰʦʚʦʛʦ ʩʫʛʣʦʙʘ ʘʤʧʫʪʦʚʘʥʦʾ ʢʽʥ-

ʮʽʚʢʠ ʟʤʝʥʰʠʣʘʩʴ ʥʘ 11-15% ʽ ʟʙʝʨʽʛʘʣʘʩʴ ʧʨʦʪʷ-

ʛʦʤ 12 ʤʽʩʷʮʽʚ. ɿʘ ʧʝʨʽʦʜ ʚʽʜ ʘʤʧʫʪʘʮʽʾ ʜʦ 6-12 ʤʽ-

ʩʷʮʽʚ ʢʦʨʠʩʪʫʚʘʥʥʷ ʧʨʦʪʝʟʦʤ ʢʫʢʩʘ ʢʽʩʪʢʠ ʤʘʣʘ 

ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʽʩʪʢʦʚʦʾ ʤʘʩʠ (-26%), ʱʽʣʴ-

ʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ (-21%). ʇʘʨʘʣʝʣʴʥʦ ʩʧʦʩ-

ʪʝʨʽʛʘʣʦʩʴ ʟʥʠʞʝʥʥʷ ʯʘʩʪʢʠ ʢʽʩʪʢʦʚʦʾ ʤʘʩʠ > 650 

ʤʛ/ʩʤ3 (ʚʽʜ 58 ʜʦ 43% ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʣʦʱʽ) ʘʙʦ > 

480 ʤʛ/ʩʤ3 (ʚʽʜ 65 ʜʦ 53%), ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʟʙʽʣʴ-

ʰʝʥʥʷ ʧʦʨʠʩʪʦʩʪʽ ʢʦʨʪʠʢʘʣʴʥʦʛʦ ʰʘʨʫ. ʊʘʢʦʞ 

ʧʨʦʛʨʝʩʠʚʥʦ ʟʙʽʣʴʰʫʚʘʣʠʩʴ ʤʘʨʢʝʨʠ ʨʝʟʦʨʙʮʽʾ ʢʽ-

ʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺʥʘʩʣʽʜʦʢ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʰʚʠ-

ʜʢʽ ʽ ʩʫʪʪʻʚʽ ʚʪʨʘʪʠ ʚʤʽʩʪʫ ʪʘ ʤʽʮʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ ʥʘʩʪʫʧʘʣʠ ʥʝʚʜʦʚʟʽ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʪʘ ʥʝ 

ʚʽʜʥʦʚʣʶʚʘʣʠʩʴ ʧʨʦʪʷʛʦʤ 12 ʤʽʩʷʮʽʚ ʢʦʨʠʩʪʫ-

ʚʘʥʥʷ ʧʨʦʪʝʟʦʤ [12]. ɿʘ ʜʘʥʠʤʠ [13] ʧʦʨʷʜ ʟʽ ʟʥʠ-

ʞʝʥʥʷʤ ʄʑʂʊ ʘʤʧʫʪʦʚʘʥʦʾ ʩʪʦʨʦʥʠ ʟʤʝʥʰʫʚʘ-

ʣʘʩʴ ʧʣʦʱʘ ʧʦʚʝʨʭʥʽ ʟʘʣʠʰʢʫ ʥʘ ʢʽʥʮʽ ʧʦʨʽʚʥʷʥʦ 

ʟ ʘʥʘʣʦʛʽʯʥʠʤ ʟʨʽʟʦʤ ʽʥʪʘʢʪʥʦʾ ʢʽʥʮʽʚʢʠ, ʱʦ ʧʽʜ-

ʚʠʱʫʚʘʣʦ ʨʠʟʠʢ ʦʩʪʝʦʧʦʨʦʟʫ ʪʘ ʧʝʨʝʣʦʤʽʚ ʢʽʩʪʢʠ. 

ʉʪʫʨʙʦʚʘʥʽʩʪʴ ʤʦʞʣʠʚʽʩʪʶ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʝʣʦ-

ʤʽʚ ʢʫʢʩʠ ʢʽʩʪʢʠ ʚʥʘʩʣʽʜʦʢ ʥʝʩʚʦʻʯʘʩʥʦʛʦ ʽ ʥʝʷʢʽ-

ʩʥʦʛʦ ʧʨʦʪʝʟʫʚʘʥʥʷ ʚʠʩʣʦʚʣʶʚʘʣʠ ʡ ʽʥʰʽ ʜʦʩʣʽʜ-

ʥʠʢʠ [14]. ʅʘ ʜʫʤʢʫ [15-20], ʟʤʽʥʝʥʠʡ ʨʝʞʠʤ 

ʭʦʜʠ, ʟʤʝʥʰʝʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʤ'ʷʟʦ-

ʚʦʾ ʘʢʪʠʚʥʦʩʪʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʨʝʤʦʜʝ-

ʣʶʚʘʥʥʷ ʢʽʩʪʢʠ. ɺʥʘʩʣʽʜʦʢ ʧʦʨʫʰʝʥʴ ʨʝʧʘʨʘʪʠʚ-

ʥʦʾ ʨʝʛʝʥʝʨʘʮʽʾ [21] ʚʽʜʤʽʯʘʣʠ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʥʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʢʫʢʩʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʽ 

ʙʫʣʘʚʦʧʦʜʽʙʥʠʭ ʢʫʢʩ ʪʘ ʧʦʨʫʰʝʥʥʷ ʬʦʨʤʫʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʟʘʤʠʢʘʶʯʦʾ ʧʣʘʩʪʠʥʢʠ [22]. 

ʇʨʠ ʢʦʨʠʩʪʫʚʘʥʥʽ ʧʨʦʪʝʟʦʤ ʥʘ ʢʫʢʩʫ ʜʽʶʪʴ 

ʩʪʠʩʢʘʶʯʽ, ʟʩʫʚʥʽ, ʨʦʟʪʷʛʫʶʯʠ ʪʘ ʘʩʠʤʝʪʨʠʯʥʽ 

ʩʠʣʠ, ʷʢʽ ʤʦʞʫʪʴ ʚʠʢʣʠʢʘʪʠ ʟʤʽʥʫ ʬʦʨʤʠ ʢʽʥʮʷ ʢʫ-

ʢʩʠ [19]. ɿʨʦʟʫʤʽʣʝ ʙʘʞʘʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʤʦʞʣʠʚʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʢʫʢʩʫ. ʇʨʦʪʝ ʚ 

ʘʤʧʫʪʘʮʽʡʥʽʡ ʭʽʨʫʨʛʽʾ ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʽʩʥʫʻ ʝʤʧʽʨʠ-

ʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʪʝʨʤʽʥʽʚ ʧʦʯʘʪʢʫ ʥʘʚʘʥʪʘʞʝʥʴ, ʾʭ 

ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʚʝʣʠʯʠʥʠ. ʗʢ ʽ ʧʨʠ ʣʽʢʫʚʘʥʥʽ ʧʝʨʝ-

ʣʦʤʽʚ, ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʧʝʨʝʜ ʭʽʨʫʨʛʘʤʠ ʽ ʨʝʘʙʽʣʽ-

ʪʦʣʦʛʘʤʠ ʧʦʩʪʘʶʪʴ ʚʘʞʣʠʚʽ, ʟʜʘʻʪʴʩʷ, ʥʝʩʫʤʽʩʥʽ 

ʟʘʚʜʘʥʥʷ ï ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʧʦʢʦʶ ʽ ʥʝʜʦʧʫʱʝʥʥʷ 

ʧʦʨʫʰʝʥʥʷ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ. 

ʄʝʪʘ: ʜʦʩʣʽʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʪʘ ʚʝʣʠ-

ʯʠʥʠ ʧʦʯʘʪʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ 

ʢʽʩʪʢʠ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ʇʨʦʚʝʜʝʥʦ ʜʚʽ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʥʘ 18 ʩʪʘʪʝʚʦʟʨʽ-

ʣʠʭ ʢʨʦʣʷʭ ʤʘʩʦʶ 2,5-3 ʢʛ. 

ʇ̔ ʜ ʟʘʛʘʣʴʥʠʤ ʥʘʨʢʦʟʦʤ (ʢʝʪʘʤʽʥ 40 ʤʛ/ʢʛ + 

ʢʩʠʣʘʟʠʥ 10 ʤʛ/ʢʛ ʚʥʫʪʨʽʰʥʴʦʤ'ʷʟʦʚʦ) ʚʠʢʦʥʫ-

ʚʘʣʠ ʘʤʧʫʪʘʮʽʶ ʩʪʝʛʥʘ ʥʘ ʨʽʚʥʽ ʩʝʨʝʜʥʴʦʾ ʪʨʝʪʠʥʠ. 

ʏʝʨʝʟ 4, 8, 16 ʪʠʞʥʽʚ ʚ ʧʝʨʰʽʡ ʩʝʨʽʾ ʧʦʯʠʥʘʣʠ ʧʨʦ-

ʚʦʜʠʪʠ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʫʜʘʨʥʦʶ 

ʭʚʠʣʝʶ, ʩʬʦʢʫʩʦʚʘʥʦʛʦ ʥʘ ʪʦʨʮʝʚʫ ʧʦʚʝʨʭʥʶ ʢʫ-

ʢʩʠ ʢʽʩʪʢʠ ʟ ʝʥʝʨʛʽʶ 0,5 ʤɼɾ/ʤʤ2, ʯʘʩʪʦʪʦʶ 2 ɻʮ 

ʟ ʧʦʜʘʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ, ʘ ʚ ʜʨʫʛʽʡ ʟ ʧʦ-

ʜʘʯʝʶ 200 ʽʤʧʫʣʴʩʽʚ ʜʚʽʯʽ ʥʘ ʜʝʥʴ ʟ ʽʥʪʝʨʚʘʣʦʤ 

ʤʽʞ ʩʝʘʥʩʘʤʠ 4 ʛʦʜʠʥʠ ʟʘ ʚʣʘʩʥʦʶ ʤʝʪʦʜʠʢʦʶ. 

ʊʝʨʤʽʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʩʢʣʘʣʠ 6, 10, 18 ʪʠʞ-

ʥʽʚ. 

ɼʣʷ ʟʥʝʙʦʣʝʥʥʷ ʧʝʨʝʜ ʧʨʦʮʝʜʫʨʦʶ ʤʝʭʘʥʽʯ-

ʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʚʘʨʠʥʽ ʚʥʫʪʨʽʰʥʴʦʤ'ʷʟʦʚʦ 

ʚʚʦʜʠʣʠ ʢʦʤʙʽʥʘʮʽʶ ʢʝʪʘʤʽʥʫ 25 ʤʛ/ʢʛ ʪʘ ʢʩʠʣʘ-

ʟʠʥʫ 5 ʤʛ/ʢʛ. ʇʝʨʝʜ ʚʠʚʝʜʝʥʥʷʤ ʟ ʜʦʩʣʽʜʫ ʪʚʘʨʠʥʽ 

ʜʘʚʘʣʠ ʥʘʨʢʦʟ (ʢʝʪʘʤʽʥ 40 ʤʛ/ʢʛ + ʢʩʠʣʘʟʠʥ 10 

ʤʛ/ʢʛ ʚʥʫʪʨʽʰʥʴʦʤ'ʷʟʦʚʦ. ʈʦʟʢʨʠʚʘʣʠ ʯʝʨʝʚʥʫ ʧʦ-

ʨʦʞʥʠʥʫ. ɺʠʜʽʣʷʣʠ ʯʝʨʝʚʥʠʡ ʚʽʜʜʽʣ ʘʦʨʪʠ. ɺʥʫʪ-

ʨʽʰʥʴʦʘʨʪʝʨʽʘʣʴʥʦ ʚʚʦʜʠʣʠ ʣʝʪʘʣʴʥʦʤʫ ʜʦʟʫ ʧʝʥ-

ʪʦʙʘʨʙʽʪʘʣʫ 200 ʤʛ/ʢʛ ʪʘ ʧʝʨʝʚôʷʟʫʚʘʣʠ ʯʝʨʝʚʥʫ 

ʘʦʨʪʫ. ʅʠʞʯʝ ʣʽʛʘʪʫʨʠ ʚʚʦʜʠʣʠ ʢʘʥʶʣʶ ʚʽʜ ʩʠʩ-

ʪʝʤʠ ʜʣʷ ʚʥʫʪʨʽʰʥʴʦʘʨʪʝʨʽʘʣʴʥʦʛʦ ʥʘʛʥʽʪʘʥʥʷ, 

ʬʽʢʩʫʶʯʠ ʾʾ ʚ ʧʨʦʩʚʽʪʽ ʩʫʜʠʥʠ. ʅʘʧʦʚʥʶʚʘʣʠ ʩʫ-

ʜʠʥʥʫ ʩʠʩʪʝʤʫ ʢʫʢʩʠ 10 % ʪʫʰ-ʞʝʣʘʪʠʥʦʚʦʶ ʩʫ-

ʤʽʰʰʶ. ʏʝʨʝʟ ʜʦʙʫ ʚʠʯʣʝʥʷʣʠ ʩʪʝʛʥʦʚʫ ʢʽʩʪʢʫ ʚ 

ʢʫʣʴʰʦʚʦʤʫ ʩʫʛʣʦʙʽ. ɼʘʚʘʣʠ ʚʽʟʫʘʣʴʥʫ ʦʮʽʥʢʫ 

ʚʟʘʻʤʠʥ ʤ'ʷʢʠʭ ʪʢʘʥʠʥ ʟ ʢʽʩʪʢʦʶ, ʧʽʩʣʷ ʯʦʛʦ ʢʫʢʩʫ 

ʩʪʝʛʥʘ ʟʚʽʣʴʥʷʣʠ ʚʽʜ ʤ'ʷʢʠʭ ʪʢʘʥʠʥ, ʟʘʣʠʰʘʶʯʠ ʾʭ 

ʣʠʰʝ ʧʦ ʪʦʨʮʝʚʽʡ ʧʦʚʝʨʭʥʽ. ɿʜʽʡʩʥʶʚʘʣʠ ʬʽʢʩʘ-

ʮʽʶ ʧʨʝʧʘʨʘʪʫ ʫ 12% ʨʦʟʯʠʥʽ ʬʦʨʤʘʣʽʥʫ ʪʘ ʜʝʢʘ-

ʣʴʮʠʥʘʮʽʶ ʡʦʛʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 15% ʨʦʟʯʠʥʫ ʘʟʦʪ-

ʥʦʾ ʢʠʩʣʦʪʠ. ʈʦʙʠʣʠ ʩʘʛʽʪʘʣʴʥʠʡ ʟʨʽʟ ʯʝʨʝʟ ʩʝʨʝ-

ʜʠʥʫ ʢʽʩʪʢʠ, ʷʢʠʡ ʟʘʣʠʚʘʣʠ ʙʣʦʢʦʤ ʫ ʮʝʣʦʾʜʠʥ. 

ɿʨʽʟʠ ʪʦʚʱʠʥʦʶ 15-30 ʤʢʤ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠ-

ʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ ʪʘ ʟʘ ɺʘʥ ɻʽʟʦʥʦʤ. ʈʦʙʠʣʠ ʽ ʧʨʦ-

ʩʚʽʪʣʝʥʽ ʟʨʽʟʠ. ʄʦʨʬʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʢʣʶ-

ʯʘʣʦ ʤʽʢʨʦʩʢʦʧʽʯʥʝ ʚʠʚʯʝʥʥʷ ʛʽʩʪʦʪʦʧʦʛʨʘʬʽʯʥʠʭ 

ʽ ʟʚʠʯʘʡʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʨʽʟʽʚ ʢʽʩʪʢʦʚʦʾ ʪʢʘ-

ʥʠʥʠ. ʆʮʽʥʶʚʘʣʠ ʩʪʘʥ ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʦʾ ʤʝ-

ʨʝʞʽ ʢʽʩʪʢʠ ʪʘ ʤ'ʷʟʽʚ, ʟʘʧʦʚʥʝʥʦʾ ʪʫʰ-ʞʝʣʘʪʠʥʦ-

ʚʦʶ ʩʫʤʽʰʰʶ, ʚʨʘʭʦʚʫʚʘʣʠ (ʙʝʟ ʩʧʝʮʽʘʣʴʥʠʭ ʚʠ-

ʤʽʨʶʚʘʥʴ) ʱʽʣʴʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʫʜʠʥ ʪʘ ʾʭ ʜʽ-

ʘʤʝʪʨ. 

ʅʘ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʦʪʨʠʤʘʥʦ ʜʦʟʚʽʣ ˉ 4 ʂʦʤʽʪʝʪʫ ʟ ʙʽʦʝʪʠʢʠ 

ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʛʦ ʽʥʩʪʠʪʫʪʫ ʨʝʘʙʽʣʽʪʘʮʽʾ ʦʩʽʙ ʟ 

ʽʥʚʘʣʽʜʥʽʩʪʶ ɺʅʄʋ ʽʤ. ʄ.ɯ. ʇʠʨʦʛʦʚʘ ʚʽʜ 

23.09.2023 ʨ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʧʨʠʥʮʠʧʽʚ ʛʫʤʘʥʥʦʛʦ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʚʘʨʠʥʘʤʠ, 

ʚʠʢʣʘʜʝʥʠʭ ʫ ʜʠʨʝʢʪʠʚʘʭ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʩʧʽʚʪʦ-

ʚʘʨʠʩʪʚʘ (86 (609) ɭʉ), ɻʝʣʴʩʽʥʩʴʢʽʡ ʜʝʢʣʘʨʘʮʽʾ 

ʧʨʦ ʛʫʤʘʥʥʝ ʧʦʚʦʜʞʝʥʥʷ ʟ ʪʚʘʨʠʥʘʤʠ ʪʘ ɿʘʢʦʥʫ 

ʋʢʨʘʾʥʠ ʧʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ (2006) [23-25]. 

ʈʝʟʫʣʴʪʘʪʠ 
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ʄʽʦʧʣʘʩʪʠʢʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʢʫʢʩʠ ʢʽʩʪʢʠ ʟ ʧʦʜʘʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ 1 

ʨʘʟ ʥʘ ʜʝʥʴ (9 ʩʧʦʩʪʝʨʝʞʝʥʴ). ʊʝʨʤʽʥ 6 ʪʠʞʥʽʚ, 3 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦ-

ʯʘʪʦ ʯʝʨʝʟ 4 ʪʠʞʥʽ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ɺ ʫʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʢʫ-

ʢʩʠ ʽʟ ʟʥʘʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʢʽʥʮʷ ʢʽʩʪʢʠ ʟʘ ʨʘʭʫ-

ʥʦʢ ʚʠʨʘʟʥʠʭ ʧʝʨʽʦʩʪʘʣʴʥʦ-ʝʥʜʦʩʪʘʣʴʥʠʭ ʨʝʛʝʥʝ-

ʨʘʪʽʚ, ʷʢʽ ʜʝʬʦʨʤʫʚʘʣʠ ʢʽʥʝʮʴ ʢʫʢʩʠ ʥʘʜʘʶʯʠ 

ʡʦʤʫ ʙʫʣʘʚʦʧʦʜʽʙʥʫ ʬʦʨʤʫ (ʨʠʩ. 1). ɺʥʘʩʣʽʜʦʢ 

ʟʣʠʪʪʷ ʮʠʭ ʚʽʜʢʣʘʜʝʥʴ ʢʦʥʪʫʨʠ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘ-

ʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚ ʜʠʩʪʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʥʝ ʚʠ-

ʟʥʘʯʘʣʠʩʴ. ʂʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ ʧʣʘʩʪʠʥʢʘ ʥʝ ʩʬʦ-

ʨʤʦʚʘʥʘ. ɺ ʜʠʩʪʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʢʽʩʪʢʦʚʦʤʦʟʢʦ-

ʚʦʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʣʠʩʴ ʥʝʟʨʽʣʽ ʙʘʣʢʠ ʝʥʜʦʩʪʘʣʴ-

ʥʦʛʦ ʨʝʛʝʥʝʨʘʪʫ ʪʘ ʦʩʝʨʝʜʢʠ ʥʝʢʨʦʪʠʟʦʚʘʥʦʛʦ ʢʽʩ-

ʪʢʦʚʦʛʦ ʤʦʟʢʫ. ʉʪʨʫʢʪʫʨʘ ʧʝʨʽʦʩʪʘʣʴʥʠʭ ʨʝʛʝʥʝ-

ʨʘʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʣʢʘʤʠ ʨʽʟʥʦʾ ʟʨʽʣʦʩʪʽ. ɺ ʦʜ-

ʥʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʾʭ ʧʦʢʨʠʚʘʻ ʰʠʨʦʢʘ ʟʦʥʘ ʛʽʘ-

ʣʽʥʦʚʦʛʦ ʭʨʷʱʘ. ʅʘ ʢʽʥʮʽ ʦʧʠʣʫ ʢʫʢʩʠ ʢʽʩʪʢʠ ʥʠ-

ʞʯʝ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝʥʝʨʘʪʫ ʚʠʟʥʘʯʘʣʠʩʴ ʚʦʛ-

ʥʠʱʘ ʥʝʟʨʽʣʦʾ ʬʽʙʨʦʟʥʦʾ ʪʢʘʥʠʥʠ ʟ ʦʩʝʨʝʜʢʘʤʠ ʥʝ-

ʟʨʽʣʠʭ ʢʽʩʪʢʦʚʠʭ ʙʘʣʦʢ ʪʘ ʜʽʣʷʥʢʠ ʭʨʷʱʦʚʦʾ ʪʢʘ-

ʥʠʥʠ. ʉʧʦʩʪʝʨʽʛʘʣʠʩʴ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʽ ʢʨʦʚʦʚʠ-

ʣʠʚʠ ʪʘ ʟʘʧʘʣʴʥʘ ʢʣʽʪʠʥʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷ ʟ ʧʦʣʽʤʦʨ-

ʬʥʦʷʜʝʨʥʠʭ ʣʝʡʢʦʮʠʪʽʚ ʪʘ ʧʣʘʟʤʘʪʠʯʥʠʭ ʢʣʽʪʠʥ. 

ʏʘʩʪʠʥʘ ʭʨʷʱʦʚʠʭ ʢʣʽʪʠʥ ʟʥʘʭʦʜʠʣʘʩʴ ʚ ʩʪʘʥʽ 

ʨʫʡʥʘʮʽʾ. ɺ ʧʨʦʢʩʠʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʢʦʨʪʠʢʘʣʴʥʘ 

ʜʽʘʬʽʟʘʨʥʘ ʧʣʘʩʪʠʥʢʘ ʧʦʪʦʚʱʝʥʘ, ʩʧʦʥʛʽʟʦʚʘʥʘ. 

ʉʧʦʩʪʝʨʽʛʘʣʦʩʴ ʨʦʟʰʠʨʝʥʥʷ ʩʫʜʠʥʥʠʭ ʢʘʥʘʣʽʚ 

ʢʦʤʧʘʢʪʥʦʾ ʙʝʟʦʩʪʝʦʮʠʪʥʦʾ ʢʽʩʪʢʠ ɺ ʙʘʛʘʪʴʦʭ ʟ 

ʥʠʭ ʚʽʜʩʫʪʥʽ ʢʣʽʪʠʥʥʽ ʝʣʝʤʝʥʪʠ. ɺ ʟʚôʷʟʢʫ ʟ ʧʝʨʠ-

ʚʘʩʢʫʣʷʨʥʠʤ ʥʘʙʨʷʢʦʤ ʚʽʜʤʽʯʘʣʦʩʴ ʧʨʠʩʪʽʥʢʦʚʝ 

ʨʦʟʤʽʱʝʥʥʷ ʢʘʧʽʣʷʨʽʚ. ɺʽʜʤʽʯʘʣʠ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴ-

ʢʦʩʪʽ ʪʘ ʨʦʟʤʽʨʫ ʦʢʨʫʛʣʠʭ ʦʩʪʝʦʮʠʪʽʚ, ʾʭ ʘʧʦʧʦʪʦʟ 

ʪʘ ʟʥʘʯʥʝ ʧʦʩʠʣʝʥʥʷ ʦʩʪʝʦʢʣʘʩʪʠʯʥʦʾ ʨʝʟʦʨʙʮʽʾ ʢʽ-

ʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺʽʜʤʽʯʘʚʩʷ ʧʣʘʟʤʦʩʪʘʟ, ʥʝʢʨʦʟ 

ʚʤʽʩʪʫ ʮʝʥʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ. ʋ ʤʽʩʮʷʭ ʚʠʪʦʥʯʝʥʥʷ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚʠʷʚʣʝʥʽ ʩʪʨʝʩʦʚʽ ʧʝʨʝ-

ʣʦʤʠ ʢʽʩʪʢʦʚʠʭ ʙʘʣʦʢ ʪʘ ʦʩʪʝʦʙʣʘʩʪʠʯʥʘ ʪʢʘʥʠʥʘ 

ʟ ʦʩʪʝʦʢʣʘʩʪʘʤʠ. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
ʈʠʩ. 1. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝ-

ʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ2. 

ɺ ʜʚʦʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʚ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʤʫ 

ʢʘʥʘʣʽ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʥʘʷʚʥʽʩʪʴ ʚʝʣʠʢʠʭ ʢʽʩʪ. ʂʽ-

ʩʪʠ ʦʭʦʧʣʶʚʘʣʠ ʤʘʡʞʝ ʚʝʩʴ ʜʽʘʤʝʪʨ ʢʘʥʘʣʫ, ʣʠʰʝ 

ʧʦʨʫʯ ʟʽ ʩʪʽʥʢʘʤʠ ʟʙʝʨʝʛʣʠʩʷ ʪʦʥʢʽ ʩʤʫʞʢʠ ʧʫʭʢʦʾ 

ʚʦʣʦʢʥʠʩʪʦʾ ʪʢʘʥʠʥʠ. ʊʫʪ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʩʪʨʝʩʦʚʽ 

ʧʝʨʝʣʦʤʠ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ. 

ɼʥʦʤ ʱʽʣʠʥʠ ʧʝʨʝʣʦʤʫ ʙʫʚ ʥʝʢʨʦʪʠʟʦʚʘʥʠʡ ʢʽʩʪ-

ʢʦʚʠʡ ʤʦʟʦʢ. ɺ 3-ʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʮʴʦʛʦ ʪʝʨʤʽʥʫ 

ʥʘ ʪʣʽ ʚʝʣʠʢʦʛʦ ʧʝʨʽʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝʥʝʨʘʪʫ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʚʩʷ ʚʠʱʝ ʢʨʘʾʚ ʢʽʥʮʷ ʢʫʢʩʠ ʥʘʩʪʫʧʠʚ ʩʪʨʝ-

ʩʦʚʠʡ ʧʝʨʝʣʦʤ. ʅʘ ʧʦʧʝʨʝʯʥʦʤʫ ʟʨʽʟʽ ʢʦʨʪʠʢʘʣʴ-

ʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʥʘ 1,5-2 ʩʤ ʚʽʜ ʢʽʥʮʷ ʢʫ-

ʢʩʠ ʟʥʘʯʥʘ ʯʘʩʪʠʥʘ ʦʩʪʝʦʥʥʦʛʦ ʰʘʨʫ ʟʘʟʥʘʣʘ ʨʫʡ-

ʥʘʮʽʾ, ʷʢʘ ʚʠʢʣʠʢʘʣʘ ʧʦʷʚʫ ʯʠʩʣʝʥʥʠʭ ʥʝʢʨʦʟʽʚ, 

ʣʘʢʫʥ ʨʝʟʦʨʙʮʽʾ ʪʘ ʜʽʣʷʥʦʢ ʩʝʢʚʝʩʪʨʘʮʽʾ. ɺʠʱʝ ʨʝ-

ʛʝʥʝʨʘʪʘ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʘʚʘʩʢʫʣʷʨʥʦʩʪʴ ʟʙʝʨʝʞʝ-

ʥʦʛʦ ʢʽʥʮʷ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʽ 

ʞʠʨʦʚʦʛʦ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ. ɺʽʜʤʽʯʘʣʘʩʴ ʧʨʦʣʽʬʝ-

ʨʘʮʽʷ ʩʫʜʠʥ ʧʦʪʦʚʱʝʥʦʛʦ ʦʢʽʩʪʷ. ʅʦʚʦʫʪʚʦʨʝʥʽ 

ʢʘʧʽʣʷʨʠ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ ʙʫʣʠ ʟʚôʷʟʘʥʽ ʟ ʩʫʜʠ-

ʥʘʤʠ ʦʪʦʯʫʶʯʠʭ ʤôʷʢʠʭ ʪʢʘʥʠʥ ʪʘ ʛʘʚʝʨʩʦʚʦʾ ʩʠʩ-

ʪʝʤʠ. ɺ ʤʽʞʙʘʣʢʦʚʠʭ ʧʨʦʩʪʦʨʘʭ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʢʽ-

ʩʪʢʦʫʪʚʦʨʝʥʥʷ ʚʠʟʥʘʯʘʣʠʩʴ ʧʫʭʢʘ ʚʦʣʦʢʥʠʩʪʘ 

ʪʢʘʥʠʥʘ ʽ ʛʫʩʪʘ ʩʽʪʢʘ ʢʘʧʽʣʷʨʽʚ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ. 

ɺ ʧʝʨʽʦʩʪʘʣʴʥʠʭ ʨʝʛʝʥʝʨʘʪʘʭ ʽ ʧʦʚʝʨʭʥʝʚʠʭ ʰʘʨʘʭ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚʠʱʝ ʟʦʥʠ 

ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʟʦʥʘ ʦʩʪʝʦʢʣʘʩʪʦ-

ʛʝʥʝʟʫ ʪʘ ʥʘʷʚʥʽʩʪʴ ʰʠʨʦʢʠʭ ʩʫʜʠʥ, ʟʚôʷʟʘʥʠʭ ʟ 

ʩʫʜʠʥʘʤʠ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ ʧʦʨʦʞʥʠʥʠ. ʄʽʢʨʦʩʫ-

ʜʠʥʠ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʟʥʘʯʥʦ 

ʨʦʟʰʠʨʝʥʽ. ɺ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʤʫ ʢʘʥʘʣʽ ʚʠʟʥʘʯʘ-

ʣʠʩʴ ʥʘʙʨʷʢ ʞʠʨʦʚʦʛʦ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʪʘ ʙʽʜʥʦʾ 

ʢʣʽʪʠʥʘʤʠ ʧʫʭʢʦʾ ʚʦʣʦʢʥʠʩʪʦʾ ʪʢʘʥʠʥʠ ʟʽ ʟʥʘʯʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʩʠʥʫʩʦʾʜʽʚ ʽ ʪʢʘʥʠʥʥʠʭ ʢʽʩʪ. ɺʠʟʥʘʯʘ-

ʣʠʩʴ ʟʨʫʡʥʦʚʘʥʽ ʝʨʠʪʨʦʮʠʪʠ. ɹʽʣʴʰʽʩʪʴ ʪʢʘʥʠʥ-

ʥʠʭ ʢʽʩʪ ʤʘʣʠ ʥʝʨʽʚʥʽ ʩʪʽʥʢʠ ʚʥʘʩʣʽʜʦʢ ʨʦʟʧʘʜʫ 

ʪʢʘʥʠʥ ʽ ʧʨʦʩʷʢʥʝʥʥʷ ʾʭ ʝʨʠʪʨʦʮʠʪʘʤʠ. ɺʥʘʩʣʽʜʦʢ 

ʧʽʜʚʠʱʝʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʤʽʢʨʦʩʫʜʠʥ ʚʽʜʤʽʯʘʣʘʩʴ 

ʜʠʬʫʟʽʷ ʪʫʰʽ ʟʘ ʤʝʞʫ ʩʫʜʠʥʥʦʛʦ ʨʫʩʣʘ. 

ʊʝʨʤʽʥ 10 ʪʠʞʥʽʚ, 3 ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽ-

ʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 8 ʪʠʞʥʽʚ ʧʽʩʣʷ 

ʘʤʧʫʪʘʮʽʾ. 

ɺ ʫʩʽʭ 3-ʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʦʪʨʠʤʘʥʽ ʢʫʢʩʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ (ʨʠʩ. 2). ʅʘ ʢʽʥʮʽ ʦʧʠʣʫ ʩʧʦ-

ʩʪʝʨʽʛʘʚʩʷ ʝʥʜʦʩʪʘʣʴʥʠʡ ʨʝʛʝʥʝʨʘʪ, ʧʦ ʥʠʞʥʴʦʤʫ 

ʢʨʘʶ ʷʢʦʛʦ ʩʬʦʨʤʫʚʘʚʩʷ ʢʽʩʪʢʦʚʠʡ ʟʘʤʠʢʘʶʯʠʡ 

ʰʘʨ ʽʟ ʥʝʟʨʽʣʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺ ʢʽʩʪʢʦʚʽʡ ʪʢʘ-

ʥʠʥʽ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʙʫʣʠ ʧʨʠʩʫʪʥʽ ʦʩʪʝʦʙʣʘ-

ʩʪʠ ʽ ʦʩʪʝʦʮʠʪʠ. ʇʦ ʥʠʞʥʴʦʤʫ ʢʨʘʶ ʝʥʜʦʩʪʘʣʴ-

ʥʦʛʦ ʨʝʛʝʥʝʨʘʪʘ ʚʠʟʥʘʯʘʣʠʩʴ ʟʘʟʫʙʨʠʥʠ ʟ ʥʘʷʚʥʽ-

ʩʪʶ ʛʘʫʰʠʧʦʚʠʭ ʣʘʢʫʥ ʪʘ ʦʩʪʝʦʢʣʘʩʪʽʚ. ʂʦʨʪʠʢʘ-

ʣʴʥʘ ʜʽʘʬʽʟʘʨʥʘ ʧʣʘʩʪʠʥʢʘ ʙʫʣʘ ʥʝʨʽʚʥʦʤʽʨʥʦ ʧʦ-

ʪʦʚʱʝʥʘ ʟ ʜʽʣʷʥʢʘʤʠ ʜʝʷʢʦʛʦ ʚʠʪʦʥʯʝʥʥʷ. ʉʧʦʩʪʝ-

ʨʽʛʘʣʦʩʴ ʧʦʜʘʣʴʰʝ ʨʦʟʰʠʨʝʥʥʷ ʯʘʩʪʠʥʠ ʛʘʚʝʨʩʦ-

ʚʠʭ ʢʘʥʘʣʽʚ. ɺ ʥʠʭ ʤʽʩʪʠʣʠʩʴ ʟʙʽʣʴʰʝʥʽ ʚ ʜʽʘʤʝʪʨʽ 

ʤʽʢʨʦʩʫʜʠʥʠ ʟ ʜʠʬʫʟʽʻʶ ʪʫʰʽ ʚ ʧʝʨʠʚʘʩʢʫʣʷʨʥʠʡ 

ʧʨʦʩʪʽʨ. ɺʠʟʥʘʯʘʣʠʩʴ ʯʠʩʣʝʥʥʽ ʘʥʘʩʪʦʤʦʟʠ ʤʽʞ 

ʩʫʜʠʥʘʤʠ ʛʘʚʝʨʩʦʚʠʭ ʢʘʥʘʣʽʚ, ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ 

ʧʦʨʦʞʥʠʥʠ ʪʘ ʩʫʜʠʥʘʤʠ ʤôʷʢʠʭ ʪʢʘʥʠʥ, ʱʦ ʦʪʦ-
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ʯʫʚʘʣʠ ʢʽʩʪʢʫ. ɺʽʜʤʽʯʘʣʦʩʴ ʧʨʠʩʪʽʥʢʦʚʝ ʨʦʟʪʘʰʫ-

ʚʘʥʥʷ ʩʫʜʠʥ ʚ ʢʽʩʪʢʦʚʠʭ ʢʘʥʘʣʘʭ. ʅʘ ʝʥʜʦʩʪʘʣʴʥʽʡ 

ʧʦʚʝʨʭʥʽ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚʠ-

ʷʚʣʷʣʠʩʴ ʥʝʚʝʣʠʢʽ ʟʘʛʣʠʙʣʝʥʥʷ, ʟʘʧʦʚʥʝʥʽ ʢʘʧʽʣʷ-

ʨʘʤʠ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ. ɺ ʮʝʥʪʨʽ ʢʽʩʪʢʦʚʦʤʦʟʢʦ-

ʚʦʛʦ ʢʘʥʘʣʫ ʚʠʟʥʘʯʘʣʘʩʴ ʙʽʜʥʘ ʢʣʽʪʠʥʘʤʠ ʥʘʙʨʷ-

ʢʣʘ ʧʫʭʢʘ ʚʦʣʦʢʥʠʩʪʘ ʪʢʘʥʠʥʘ. ɺʦʥʘ ʤʽʩʪʠʣʘ ʚʝ-

ʣʠʢʽ ʢʽʩʪʦʟʥʽ ʧʦʨʦʞʥʠʥʠ. ʉʫʜʠʥʠ ʚʝʥʦʟʥʦʾ ʩʽʪʢʠ 

ʙʫʣʠ ʨʽʟʢʦ ʨʦʟʰʠʨʝʥʽ. ɺʽʜʤʽʯʘʣʘʩʴ ʜʠʬʫʟʽʷ ʪʫʰʽ ʚ 

ʧʝʨʠʚʘʩʢʫʣʷʨʥʠʡ ʧʨʦʩʪʽʨ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝ-

ʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ2. 

 

ʊʝʨʤʽʥ 18 ʪʠʞʥʽʚ, 3 ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽ-

ʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 16 ʪʠʞʥʽʚ ʧʽ-

ʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ɺ ʜʚʦʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʙʫʣʠ ʩʬʦʨʤʦʚʘʥʽ ʢʫ-

ʢʩʠ ʙʫʣʘʚʦʧʦʜʽʙʥʦʾ (ʨʠʩ. 3, 4), ʚ ʦʜʥʦʤʫ ʢʦʥʫʩʦ-

ʧʦʜʽʙʥʦʾ ʬʦʨʤʠ. ɺ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʢʦʨʪʠʢʘʣʴʥʘ 

ʜʽʘʬʽʟʘʨʥʘ ʧʣʘʩʪʠʥʢʘ ʙʫʣʘ ʧʦʪʦʚʱʝʥʘ, ʩʧʦʥʛʽʟʦ-

ʚʘʥʘ, ʤʽʩʮʷʤʠ ʚʠʪʦʥʯʝʥʘ. ɺ ʜʠʩʪʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ 

ʥʘʩʪʫʧʠʣʘ ʾʾ ʧʦʚʥʘ ʨʝʟʦʨʙʮʽʷ. ʅʘ ʚʽʜʩʪʘʥʽ 2 ʩʤ ʚʽʜ 

ʢʽʥʮʷ ʢʫʢʩʠ ʩʬʦʨʤʫʚʘʚʩʷ ʭʠʙʥʠʡ ʩʫʛʣʦʙ, ʷʢʠʡ 

ʦʭʦʧʣʶʚʘʚ ʦʙʠʜʚʽ ʢʦʨʪʠʢʘʣʴʥʽ ʧʣʘʩʪʠʥʢʠ ʙʝʟ ʧʦ-

ʨʫʰʝʥʥʷ ʮʽʣʽʩʥʦʩʪʽ ʚʝʣʠʢʦʛʦ ʧʝʨʽʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝ-

ʥʝʨʘʪʫ. ʂʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ ʧʣʘʩʪʠʥʢʘ ʥʝ ʩʬʦʨ-

ʤʦʚʘʥʘ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ. ʅʝʟʨʽʣʽ ʢʽʩʪʢʦʚʽ ʙʘʣʢʠ ʝʥ-

ʜʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝʥʝʨʘʪʘ ʟ ʥʘʷʚʥʽʩʪʶ ʩʫʜʠʥ, ʱʦ ʧʨʦʭʦ-
ʜʷʪʴ ʚ ʦʪʦʯʫʶʯʽ ʤ'ʷʢʽ ʪʢʘʥʠʥʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽ-
ʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ90. 

ʂʽʥʝʮʴ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʛʦ ʢʘʥʘʣʫ ʙʫʚ ʟʘʧʦʚ-

ʥʝʥʠʡ ʧʫʭʢʦʶ ʚʦʣʦʢʥʠʩʪʦʶ ʪʢʘʥʠʥʦʶ, ʢʽʩʪʢʦ-

ʚʠʤʠ ʙʘʣʢʘʤʠ, ʩʫʜʠʥʘʤʠ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ, ʪʢʘ-

ʥʠʥʥʠʤʠ ʢʽʩʪʘʤʠ.  

ɺʽʜʤʽʯʘʣʘʩʴ ʧʝʨʬʦʨʘʮʽʷ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝ-

ʥʝʨʘʪʘ ʛʽʣʢʘʤʠ ʞʠʚʠʣʴʥʦʾ ʘʨʪʝʨʽʾ (ʨʠʩ. 5). ɺ ʧʨʦʢ-

ʩʠʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʛʦ ʢʘʥʘʣʫ ʚʠ-

ʟʥʘʯʘʣʘʩʴ ʜʠʬʫʟʽʷ ʪʫʰʽ, ʥʘʙʨʷʢ, ʩʫʜʠʥʠ ʩʠʥʫʩʦʾʜ-

ʥʦʛʦ ʪʠʧʫ. ʉʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʩʫ-

ʜʠʥʥʠʭ ʢʘʥʘʣʽʚ ʢʦʤʧʘʢʪʥʦʾ ʙʝʟʦʩʪʝʦʮʠʪʥʦʾ ʢʽʩʪ-

ʢʦʚʦʾ ʪʢʘʥʠʥʠ. ʏʘʩʪʠʥʘ ʟ ʥʠʭ ʟʘʢʫʧʦʨʝʥʘ ʬʦʨʤʝ-

ʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ. ɺʽʜʤʽʯʘʣʠ ʧʣʘʟʤʦʩʪʘʟ, ʥʝʢʨʦʟ 

ʚʤʽʩʪʫ ʮʝʥʪʨʘʣʴʥʠʭ ʢʘʥʘʣʽʚ, ʚʠʪʦʥʯʝʥʥʷ ʢʽʩʪʢʦ-

ʚʠʭ ʙʘʣʦʢ, ʧʝʨʝʚʘʞʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʘʢʪʠʚʥʠʭ ʦʩʪʝʦ-

ʢʣʘʩʪʽʚ ʥʘʜ ʦʩʪʝʦʙʣʘʩʪʘʤʠ, ʨʦʟʰʠʨʝʥʽ ʦʩʪʝʦʮʠʪʘ-

ʨʥʽ ʧʦʨʦʞʥʠʥʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝ-

ʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ2. 

 

 

 

 

 

 

 

 

 

 

 
 
ʈʠʩ. 5. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʦʥʫʩʦʧʦʜʽʙʥʦʛʦ ʢʽʥʮʷ ʢʫʢʩʠ. 

ɿʘʙʘʨʚʣʝʥʥʷ ʧʦ ɺʘʥ ɻʽʟʦʥʫ. Ĭ2,5. 

 

ɺ ʜʨʫʛʦʤʫ ʩʧʦʩʪʝʨʝʞʝʥʥʽ ʩʬʦʨʤʦʚʘʥʠʡ ʜʝ-

ʬʦʨʤʦʚʘʥʠʡ ʢʽʥʝʮʴ ʢʽʩʪʢʠ ʟ ʚʠʢʨʠʚʣʝʥʥʷʤ ʚʽʩʽ, 

ʟʙʽʣʴʰʝʥʥʷʤ ʧʦʧʝʨʝʯʥʦʛʦ ʨʦʟʤʽʨʫ ʟʘ ʨʘʭʫʥʦʢ 

ʧʣʦʩʢʦʛʦ ʧʦʟʜʦʚʞʥʴʦ ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʧʝʨʽʦʩʪʘʣʴ-

ʥʦʛʦ ʨʝʛʝʥʝʨʘʪʫ ʪʘ ʟʣʠʪʪʷ ʧʝʨʽʦʩʪʘʣʴʥʦʛʦ ʽ ʝʥʜʦʩ-

ʪʘʣʴʥʦʛʦ ʨʝʛʝʥʝʨʘʪʽʚ. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ ʚʠʧʘ-

ʜʢʫ ʜʠʩʪʘʣʴʥʠʡ ʢʽʥʝʮʴ ʢʽʩʪʢʦʚʦʾ ʢʫʢʩʠ ʥʘ ʧʨʦʪʷʟʽ 

ʜʚʦʭ ʩʘʥʪʠʤʝʪʨʽʚ ʨʦʟʩʤʦʢʪʘʚʩʷ. ʉʧʦʩʪʝʨʽʛʘʣʠʩʴ 

ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʽʯʥʽ ʽ ʥʝʢʨʦʪʠʯʥʽ ʟʤʽʥʠ ʢʦ-

ʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʽ ʢʽʩʪʢʦʚʦʛʦ ʤʦ-
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ʟʢʫ. ʂʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ ʧʣʘʩʪʠʥʢʘ ʥʝ ʩʬʦʨʤʦ-

ʚʘʥʘ. ʇʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʽ ʨʝʤʦʜʝ-

ʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʧʨʦʷʚʣʷʣʠʩʴ ʚ ʥʝʦʜʥʦ-

ʨʽʜʥʦʩʪʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʢʽʩʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʪʘ ʢʽʩʪʢʦʚʦʾ ʟʘʤʠʢʘʶʯʦʾ 

ʧʣʘʩʪʠʥʢʠ, ʚ ʷʢʠʭ ʜʽʣʷʥʢʠ ʬʽʙʨʦʟʥʦʾ ʪʢʘʥʠʥʠ ʤʝ-

ʞʫʚʘʣʠ ʟ ʜʽʣʷʥʢʘʤʠ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ, ʱʦ ʤʘʣʠ 

ʥʝʦʜʥʦʨʽʜʥʠʡ ʩʢʣʘʜ ʪʘ ʥʝʨʽʚʥʦʤʽʨʥʝ ʟʘʙʘʨʚʣʝʥʥʷ. 

ʊʘʢʝ ʨʽʟʥʦʙʘʨʚôʷ ʙʫʣʦ ʩʚʽʜʯʝʥʥʷʤ ʧʦʨʫʰʝʥʥʷ ʤʽ-

ʥʝʨʘʣʽʟʘʮʽʾ ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. 

ʆʩʪʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʘʩʴ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʶ 

ʦʩʪʦʥʽʚ, ʟʤʝʥʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʦʩʪʝʦʮʠʪʽʚ, ʥʘʷʚ-

ʥʽʩʪʶ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʥʝʟʘʧʦʚʥʝʥʠʭ ʦʩʪʝʦʮʠʪʘ-

ʨʥʠʭ ʧʦʨʦʞʥʠʥ. ʅʘ ʧʦʚʝʨʭʥʽ ʢʽʩʪʢʦʚʠʭ ʙʘʣʦʢ ʟʥʘ-

ʭʦʜʠʣʠʩʴ ʧʦʦʜʠʥʦʢʽ ʦʩʪʝʦʙʣʘʩʪʠ ʪʘ ʟʥʘʯʥʘ ʢʽʣʴ-

ʢʽʩʪʴ ʦʩʪʝʦʢʣʘʩʪʽʚ, ʱʦ ʩʚʽʜʯʠʣʦ ʧʨʦ ʥʝʟʘʚʝʨʰʝ-

ʥʽʩʪʴ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺʽʜʤʽ-

ʯʘʣʠ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʤʽʢʨʦʩʫʜʠʥ ʢʦʨʪʠʢʘʣʴ-

ʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʪʘ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ ʧʦ-

ʨʦʞʥʠʥʠ. ɺ ʦʩʪʘʥʥʽʡ ʞʠʨʦʚʠʡ ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ 

ʚʦʛʥʠʱʝʚʦ ʘʚʘʩʢʫʣʷʨʥʠʡ. ʄʽʩʮʷʤʠ ʩʧʦʩʪʝʨʽʛʘʚʩʷ 

ʡʦʛʦ ʥʝʢʨʦʟ. ɼʽʣʷʥʢʠ ʨʦʟʧʘʜʫ ʪʘ ʜʝʪʨʠʪʫ ʽʟ ʟʨʫʡ-

ʥʦʚʘʥʠʤʠ ʝʨʠʪʨʦʮʠʪʘʤʠ. ɺʥʘʩʣʽʜʦʢ ʨʦʟʧʘʜʫ ʪʢʘ-

ʥʠʥ ʩʪʽʥʢʠ ʢʽʩʪ ʙʫʣʠ ʥʝʨʽʚʥʽ. ɺʠʟʥʘʯʘʣʠʩʴ ʜʽʣʷʥʢʠ 

ʧʨʦʩʷʢʥʝʥʥʷ ʪʢʘʥʠʥ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ ʧʦʨʦʞʥʠʥʠ 

ʪʫʰʰʶ. ʅʘ ʢʽʥʮʽ ʢʫʢʩʠ ʚʽʜʤʽʯʘʣʠ ʧʝʨʬʦʨʘʮʽʶ ʥʝ-

ʟʨʽʣʦʛʦ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝʥʝʨʘʪʘ ʛʽʣʢʘʤʠ ʞʠʚʠ-

ʣʴʥʦʾ ʘʨʪʝʨʽʾ ʟ ʾʭ ʚʠʭʦʜʦʤ ʚ ʦʪʦʯʫʶʯʽ ʪʢʘʥʠʥʠ. 

ʌʦʨʤʘ ʬʽʙʨʦʟʥʦ-ʢʽʩʪʢʦʚʠʭ ʩʪʨʫʢʪʫʨ, ʷʢʽ ʟʘʤʠʢʘʣʘ 

ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʠʡ ʢʘʥʘʣ, ʥʝʧʨʘʚʠʣʴʥʘ. 

ɺ ʢʦʥʫʩʦʧʦʜʽʙʥʽʡ ʢʫʢʩʽ ʚʽʜʤʽʯʘʣʘʩʴ ʨʘʨʝʬʽ-

ʢʘʮʽʷ ʽ ʚʦʛʥʠʱʝʚʝ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʢʦʨʪʠʢʘʣʴʥʦʾ 

ʧʣʘʩʪʠʥʢʠ. ɺ ʦʩʪʘʥʥʽʡ ʚʠʟʥʘʯʘʣʠʩʴ ʟʦʥʠ ʥʝʟʨʽʣʦʾ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ (ʨʠʩ. 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
ʈʠʩ. 6. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ. ʅʝʟʨʽʣʽ ʢʽʩʪʢʦʚʽ ʙʘʣʢʠ ʥʘ 

ʢʽʥʮʽ ʢʦʥʫʩʦʧʦʜʽʙʥʦʾ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ 
ʝʦʟʠʥʦʤ. Ĭ78. 

 

ɺʥʘʩʣʽʜʦʢ ʨʝʟʦʨʙʮʽʾ ʽ ʥʘʢʣʘʜʘʥʥʷ ʥʦʚʦʫʪʚʦ-

ʨʝʥʠʭ ʢʽʩʪʢʦʚʠʭ ʙʘʣʦʢ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʩʧʦʥʛʽʟʘʮʽʷ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ. ʉʧʦʩʪʝʨʽ-

ʛʘʣʠ ʘʢʪʠʚʥʽ ʧʨʦʮʝʩʠ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʛʘʚʝʨʩʦʚʦʾ 

ʩʠʩʪʝʤʠ. ɺ ʧʦʪʦʚʱʝʥʽʡ ʢʦʨʪʠʢʘʣʴʥʽʡ ʜʽʘʬʽʟʘʨʥʽʡ 

ʧʣʘʩʪʠʥʮʽ ʩʧʦʩʪʝʨʽʛʘʣʠ ʟʚʫʞʝʥʥʷ ʛʘʚʝʨʩʦʚʠʭ ʢʘ-

ʥʘʣʽʚ. ʅʘ ʝʥʜʦʩʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʧʣʘʩʪʠʥʢʠ ʩʫ-

ʜʠʥʥʽ ʢʘʥʘʣʠ ʟʘʣʠʰʘʣʠʩʴ ʨʦʟʰʠʨʝʥʠʤʠ. ɺ ʥʠʭ ʨʦ-

ʟʤʽʱʘʣʠʩʴ ʥʦʚʦʫʪʚʦʨʝʥʽ ʢʘʧʽʣʷʨʠ ʪʘ ʢʣʽʪʠʥʥʽ ʝʣʝ-

ʤʝʥʪʠ. ʏʘʩʪʠʥʘ ʩʫʜʠʥ ʙʫʣʘ ʟʘʧʦʚʥʝʥʘ ʧʣʘʟʤʘʪʠʯ-

ʥʦʶ ʨʽʜʠʥʦʶ. ɺ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʤʫ ʢʘʥʘʣʽ ʩʧʦʩ-

ʪʝʨʽʛʘʣʘʩʴ ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʩʫʜʠʥ ʩʠʥʫʩʦʾʜʥʦʛʦ 

ʪʠʧʫ ʽ ʪʢʘʥʠʥʥʠʭ ʢʽʩʪ (ʨʠʩ. 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 7. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ. ʂʽʩʪʢʦʚʦʤʦʟʢʦʚʘ ʪʢʘʥʠʥʘ 

ʢʽʥʮʷ ʢʫʢʩʠ. ʊʢʘʥʠʥʥʽ ʢʽʩʪʠ ʽ ʩʠʥʫʩʦʾʜʠ ʚ ʞʠʨʦʚʦʤʫ ʢʽʩʪʢʦ-
ʚʦʤʫ ʤʦʟʢʫ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ90. 

 

ʄʽʦʧʣʘʩʪʠʢʘ ʟ ʤʝʭʘʥʽʯʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ 

ʢʫʢʩʠ ʟ ʧʦʜʘʯʝʶ 200 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ ʜʚʽʯʽ ʥʘ 

ʜʝʥʴ (9 ʩʧʦʩʪʝʨʝʞʝʥʴ). 

ʊʝʨʤʽʥ 6 ʪʠʞʥʽʚ, 3 ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽ-

ʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 4 ʪʠʞʥʽ ʧʽʩʣʷ 

ʘʤʧʫʪʘʮʽʾ. 

ɺ ʫʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʩʬʦʨʤʦʚʘʥʽ ʢʫʢʩʠ ʟ 

ʮʠʣʽʥʜʨʠʯʥʦʶ ʬʦʨʤʦʶ ʢʽʥʮʷ (ʨʠʩ. 8). ʊʫʪ ʚʠʷʚʣʷ-

ʣʠʩʴ ʜʽʣʷʥʢʠ ʘʚʘʩʢʫʣʷʨʥʦʩʪʽ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽ-

ʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ. ɼʠʩʪʘʣʴʥʠʡ ʚʽʜʜʽʣ ʢʽʩʪʢʦʚʦʤʦ-

ʟʢʦʚʦʛʦ ʢʘʥʘʣʫ ʟʘʧʦʚʥʝʥʠʡ ʝʥʜʦʩʪʘʣʴʥʠʤ ʨʝʛʝʥʝ-

ʨʘʪʦʤ. ʊʫʪ ʞʝ ʚʠʟʥʘʯʘʣʘʩʴ ʚʦʣʦʢʥʠʩʪʘ ʪʢʘʥʠʥʘ ʟʽ 

ʩʣʽʜʘʤʠ ʢʨʦʚʦʚʠʣʠʚʽʚ. ɹʘʣʢʠ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʨʝʛʝ-

ʥʝʨʘʪʘ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʟʨʽʣʦʩʪʽ. ɰʭ ʥʠʞʥʽ ʢʨʘʾ ʨʦ-

ʟʪʘʰʦʚʫʚʘʣʠʩʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ʅʘ ʯʘʩʪʠʥʽ ʧʨʦ-

ʪʷʞʥʦʩʪʽ ʢʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ ʧʣʘʩʪʠʥʢʘ ʙʫʣʘ ʩʬʦ-

ʨʤʦʚʘʥʘ ʟ ʥʝʟʨʽʣʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺ ʽʥʰʽʡ ʯʘ-

ʩʪʠʥʽ ʧʣʘʩʪʠʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʦʜʠʥʦʢʠʤʠ ʢʽʩʪ-

ʢʦʚʠʤʠ ʙʘʣʢʘʤʠ ʽ ʱʽʣʴʥʦʶ ʚʦʣʦʢʥʠʩʪʦʶ ʪʢʘʥʠ-

ʥʦʶ. ʏʝʨʝʟ ʨʝʛʝʥʝʨʘʪ ʚ ʦʪʦʯʝʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ 

ʧʨʦʭʦʜʠʣʠ ʟʘʧʦʚʥʝʥʽ ʪʫʰʰʶ ʛʽʣʢʠ ʞʠʚʠʣʴʥʦʾ ʘʨ-

ʪʝʨʽʾ. ɿʙʝʨʝʞʝʥʠʡ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʢʨʘʡ ʦʧʠʣʫ ʢʦʨ-

ʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʤʽʩʪʠʚ ʯʠʩʣʝʥʥʽ 

ʟʘʟʫʙʨʠʥʠ. ɯʥʰʠʡ ʾʾ ʢʨʘʡ ʙʫʚ ʟʥʘʯʥʦ ʨʝʟʦʨʙʦʚʘ-

ʥʠʡ. ʄʽʞʙʘʣʢʦʚʽ ʧʨʦʩʪʦʨʠ ʙʫʣʠ ʟʘʧʦʚʥʝʥʽ ʧʫʭʢʦʶ 

ʚʦʣʦʢʥʠʩʪʦʶ ʪʢʘʥʠʥʦʶ ʽʟ ʟʥʘʯʥʦʶ ʢʽʣʴʢʽʩʪʶ ʪʢʘ-

ʥʠʥʥʠʭ ʢʽʩʪ, ʝʢʩʪʨʘʚʘʟʘʪʽʚ, ʩʫʜʠʥ ʩʠʥʫʩʦʾʜʥʦʛʦ 

ʪʠʧʫ. ʂʣʽʪʠʥʥʦ-ʚʦʣʦʢʥʠʩʪʘ ʪʢʘʥʠʥʘ ʽʥʪʝʥʩʠʚʥʦ 

ʬʘʨʙʦʚʘʥʘ ʪʫʰʰʶ. ʊʦʚʱʠʥʘ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽ-

ʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʚ ʟʚôʷʟʢʫ ʟ ʾʾ ʨʝʟʦʨʙʮʽʻʶ ʧʦ ʝʥ-

ʜʦʩʪʘʣʴʥʽʡ ʪʘ ʧʝʨʽʦʩʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʷʭ ʥʝʦʜʥʘ-

ʢʦʚʘ ʟ ʯʝʨʛʫʚʘʥʥʷʤ ʧʦʪʦʚʱʝʥʴ ʽ ʚʠʪʦʥʯʝʥʴ. ɺ ʢʽʩ-

ʪʢʦʚʦʤʦʟʢʦʚʦʤʫ ʢʘʥʘʣʽ ʢʽʥʮʷ ʢʫʢʩʠ ʚʠʟʥʘʯʘʣʠʩʴ 

ʥʘʙʨʷʢʣʠʡ ʞʠʨʦʚʠʡ ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ, ʩʫʜʠʥʠ ʩʠ-
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ʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ, ʢʽʩʪʠ. ʇʨʦʢʩʠʤʘʣʴʥʠʡ ʚʽʜʜʽʣ ʢʫ-

ʢʩʠ ʤʽʩʪʠʚ ʞʠʨʦʚʠʡ ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ, ʧʫʭʢʫ ʚʦʣʦ-

ʢʥʠʩʪʫ ʪʢʘʥʠʥʫ, ʩʫʜʠʥʠ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ ʪʘ ʪʢʘ-

ʥʠʥʥʽ ʢʽʩʪʠ. ɺʦʣʦʢʥʠʩʪʝ ʦʪʦʯʝʥʥʷ ʢʽʥʮʷ ʢʫʢʩʠ 

ʩʬʦʨʤʦʚʘʥʝ ʟ ʧʫʭʢʦʾ ʪʘ ʱʽʣʴʥʦʾ ʩʧʦʣʫʯʥʦʾ ʪʢʘ-

ʥʠʥʠ ʟ ʧʨʦʰʘʨʢʘʤʠ ʭʨʷʱʘ. ɺ ʥʴʦʤʫ ʚʠʷʚʣʷʣʠʩʴ 

ʩʣʽʜʠ ʧʽʩʣʷʪʨʘʚʤʘʪʠʯʥʠʭ ʢʨʦʚʦʚʠʣʠʚʽʚ ʽʟ ʟʘʧʘʣʴ-

ʥʦʶ ʢʣʽʪʠʥʥʦʶ ʽʥʬʽʣʴʪʨʘʮʽʻʶ. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
ʈʠʩ. 8. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʧʦ 

ɺʘʥ ɻʽʟʦʥʫ. Ĭ2. 

 

ʊʝʨʤʽʥ 10 ʪʠʞʥʽʚ, 3 ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽ-

ʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 8 ʪʠʞʥʽʚ ʧʽʩʣʷ 

ʘʤʧʫʪʘʮʽʾ. 

ɺ ʫʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʢʫʢʩʘ ʢʽʩʪʢʠ ʟʙʝʨʝʛʣʘ 

ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ ʽ ʩʪʨʫʢʪʫʨʫ ʭʘʨʘʢʪʝʨʥʫ ʜʣʷ 

ʜʽʘʬʽʟʘ (ʨʠʩ. 9). ʂʦʨʪʠʢʘʣʴʥʘ ʜʽʘʬʽʟʘʨʥʘ ʧʣʘʩʪʠ-

ʥʢʘ ʥʘ ʚʩʶ ʜʦʚʞʠʥʫ ʙʫʣʘ ʦʜʥʘʢʦʚʦʾ ʪʦʚʱʠʥʠ. ʈʝ-

ʟʦʨʙʪʠʚʥʽ ʧʨʦʮʝʩʠ ʥʝ ʚʧʣʠʥʫʣʠ ʥʘ ʾʾ ʩʪʨʫʢʪʫʨʫ. 

ʅʘ ʢʽʥʮʽ ʢʫʢʩʠ ʩʬʦʨʤʫʚʘʣʘʩʴ ʪʦʥʢʘ ʢʦʤʧʘʢʪʥʘ ʟʘ-

ʤʠʢʘʶʯʘ ʢʽʩʪʢʦʚʘ ʧʣʘʩʪʠʥʢʘ (ʨʠʩ. 10). ʂʽʩʪʢʦʚʦ-

ʤʦʟʢʦʚʠʡ ʢʘʥʘʣ ʚ ʜʠʩʪʘʣʴʥʦʤʫ ʽ ʧʨʦʢʩʠʤʘʣʴʥʦʤʫ 

ʚʽʜʜʽʣʘʭ ʟʘʧʦʚʥʝʥʠʡ ʞʠʨʦʚʠʤ ʢʽʩʪʢʦʚʠʤ ʤʦʟʢʦʤ ʟ 

ʭʘʨʘʢʪʝʨʥʦʶ ʜʣʷ ʥʴʦʛʦ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʤʽʢʨʦʮʠʨ-

ʢʫʣʷʮʽʻʶ. ɿʚʫʞʝʥʽ ʛʽʣʢʠ a.nutricia ʚʠʷʚʣʷʣʠʩʴ ʥʘ 

ʚʽʜʩʪʘʥʽ 1,5 ʩʤ ʚʽʜ ʢʽʥʮʷ ʢʫʢʩʠ ʽ ʥʝ ʧʦʨʫʰʫʚʘʣʠ ʮʽ-

ʣʽʩʥʽʩʪʴ ʢʽʩʪʢʦʚʦʾ ʟʘʤʠʢʘʶʯʦʾ ʧʣʘʩʪʠʥʢʠ (ʨʠʩ. 11). 

ʉʫʜʠʥʠ ʚʝʥʦʟʥʦʛʦ ʚʽʜʜʽʣʫ ʨʦʟʰʠʨʝʥʽ. ɽʥʜʦʩʪʘ-

ʣʴʥʘ ʧʦʚʝʨʭʥʷ ʨʽʚʥʘ. ʇʝʨʠʚʘʩʢʫʣʷʨʥʠʡ ʥʘʙʨʷʢ ʧʦ-

ʤʽʨʥʠʡ. ʇʦ ʭʦʜʫ ʩʫʜʠʥʥʠʭ ʢʘʥʘʣʽʚ ʚʽʜʤʽʯʘʣʘʩʴ ʥʝ-

ʟʥʘʯʥʘ ʨʝʟʦʨʙʮʽʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 9. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝ-

ʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ2. 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 10. ʄʽʢʨʦʬʦʪʦʛʨʘʬʽʷ. ʂʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ ʧʣʘ-

ʩʪʠʥʢʘ ʽʟ ʟʨʽʣʦʾ ʢʦʤʧʘʢʪʥʦʾ ʪʢʘʥʠʥʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦ-
ʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ90. 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 11. ʈʝʜʫʢʦʚʘʥʘ ʛʽʣʢʘ ʞʠʚʠʣʴʥʦʾ ʘʨʪʝʨʽʾ ʩʝʨʝʜ 

ʞʠʨʦʚʦʛʦ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ 
ʽ ʝʦʟʠʥʦʤ. Ĭ90. 

 

ʊʝʨʤʽʥ 18 ʪʠʞʥʽʚ, 3 ʩʧʦʩʪʝʨʝʞʝʥʥʷ. ʄʝʭʘʥʽ-

ʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 16 ʪʠʞʥʽʚ ʧʽ-

ʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ɺ ʫʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʢʫʢʩʘ ʢʽʩʪʢʠ ʟʙʝʨʽʛʘʣʘ 

ʮʠʣʽʥʜʨʠʯʥʫ ʬʦʨʤʫ (ʨʠʩ. 12). ʂʽʩʪʢʦʚʦʤʦʟʢʦʚʠʡ 

ʢʘʥʘʣ ʚ ʜʠʩʪʘʣʴʥʦʤʫ ʽ ʧʨʦʢʩʠʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʘʭ 

ʤʽʩʪʠʚ ʞʠʨʦʚʠʡ ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ ʽ ʧʫʭʢʫ ʚʦʣʦʢʥʠ-

ʩʪʫ ʪʢʘʥʠʥʫ. ʁʦʛʦ ʟʘʤʠʢʘʣʘ ʢʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ 

ʧʣʘʩʪʠʥʢʘ ʟ ʥʝ ʟʦʚʩʽʤ ʟʨʽʣʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʟ 

ʷʚʠʱʘʤʠ ʨʝʤʦʜʝʣʶʚʘʥʥʷ. ʂʦʨʪʠʢʘʣʴʥʘ ʜʽʘʬʽʟʘ-

ʨʥʘ ʧʣʘʩʪʠʥʢʘ ʚʦʛʥʠʱʝʚʦ ʩʧʦʥʛʽʟʦʚʘʥʘ, ʧʦʪʦʚ-

ʱʝʥʘ. ɺ ʢʦʤʧʘʢʪʥʽʡ ʢʽʩʪʮʽ ʚʽʜʤʽʯʘʣʠʩʴ ʥʝʟʥʘʯʥʽ 

ʟʤʽʥʠ, ʤʽʩʮʷʤʠ ʚʽʜʩʫʪʥʽʩʪʴ ʦʩʪʝʦʮʠʪʽʚ. ɺ ʽʥʰʠʭ 

ʤʽʩʮʷʭ ʥʘ ʧʦʚʝʨʭʥʽ ʥʦʚʠʭ ʩʬʦʨʤʦʚʘʥʠʭ ʢʽʩʪʢʦʚʠʭ 

ʩʪʨʫʢʪʫʨ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʝʢʨʝʪʫ-

ʶʯʠʭ ʦʩʪʝʦʙʣʘʩʪʽʚ ʪʘ ʦʩʪʝʦʮʠʪʽʚ. ɹʽʣʴʰʦʶ ʙʫʣʘ 

ʢʽʣʴʢʽʩʪʴ ʧʦʨʦʞʥʽʭ ʦʩʪʝʦʮʠʪʘʨʥʠʭ ʧʦʨʦʞʥʠʥ. ɺʠ-

ʟʥʘʯʘʣʘʩʴ ʧʦʤʽʨʥʘ ʨʝʟʦʨʙʮʽʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʧʦ 

ʭʦʜʫ ʩʫʜʠʥʥʠʭ ʢʘʥʘʣʽʚ. ɺ ʜʝʷʢʠʭ ʤʽʩʮʷʭ ʢʦʨʪʠʢʘ-

ʣʴʥʘ ʜʽʘʬʽʟʘʨʥʘ ʧʣʘʩʪʠʥʢʘ ʚʪʨʘʯʘʣʘ ʦʩʪʝʦʥʥʫ ʙʫ-

ʜʦʚʫ. ɻʘʚʝʨʩʦʚʽ ʢʘʥʘʣʠ ʨʦʟʰʠʨʝʥʽ. ɺ ʥʠʭ ʚʠʟʥʘʯʘ-

ʣʠʩʴ ʩʫʜʠʥʠ ʽ ʦʩʪʝʦʛʝʥʥʘ ʪʢʘʥʠʥʘ. ʇʦ ʩʪʽʥʢʘʭ ʢʘ-

ʥʘʣʽʚ ʚʽʜʢʣʘʜʘʣʘʩʴ ʥʦʚʦʫʪʚʦʨʝʥʘ ʢʽʩʪʢʦʚʘ ʨʝʯʦ-

ʚʠʥʘ ʟ ʜʦʙʨʝ ʧʦʬʘʨʙʦʚʘʥʠʤʠ ʷʜʨʘʤʠ ʦʩʪʝʦʮʠʪʽʚ. 

ɺ ʧʫʭʢʽʡ ʚʦʣʦʢʥʠʩʪʽ ʪʢʘʥʠʥʽ ʪʘ ʞʠʨʦʚʦʤʫ ʢʽʩʪʢʦ-

ʚʦʤʫ ʤʦʟʢʫ ʚʠʷʚʣʷʣʠʩʴ ʪʢʘʥʠʥʥʽ ʢʽʩʪʠ ʪʘ ʯʠʩʣʝʥʥʽ 

ʢʘʧʽʣʷʨʠ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ. 
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ʈʠʩ. 12. ɻʽʩʪʦʪʦʧʦʛʨʘʤʘ ʢʽʥʮʷ ʢʫʢʩʠ. ɿʘʙʘʨʚʣʝʥʥʷ 

ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʽ ʝʦʟʠʥʦʤ. Ĭ2. 

 

ʆʙʛʦʚʦʨʝʥʥʷ 

ɺ ʦʙʛʦʚʦʨʶʚʘʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʚʠʟʥʘʯʝʥʽ ʪʨʠ 

ʚʘʞʣʠʚʽ ʬʘʢʪʦʨʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʥʫʣʠ ʥʘ ʨʝʤʦ-

ʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʢʫʢʩʠ ʢʽʩʪʢʠ. ʇʝʨ-

ʰʠʡ ï ʮʝ ʘʤʧʫʪʘʮʽʷ ʟ ʧʦʨʫʰʝʥʥʷʤ ʛʝʨʤʝʪʠʯʥʦʩʪʽ 

ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ ʧʦʨʦʞʥʠʥʠ; ʜʨʫʛʠʡ ï ʪʝʨʤʽʥ ʧʦ-

ʯʘʪʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ; 

ʪʨʝʪʽʡ ï ʚʝʣʠʯʠʥʘ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʊʘʢ, ʚ ʫʩʽʭ ʩʧʦʩʪʝʨʝʞʝʥʥʷʭ ʧʝʨʰʦʾ ʩʝʨʽʾ ʚʽʜʥʦʩʥʦ 

ʨʘʥʥʽʡ ʧʦʯʘʪʦʢ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚʠʢʣʠʢʘʚ ʚʠʨʘʟʥʽ 

ʜʝʛʝʥʝʨʘʪʠʚʥʦ-ʜʠʩʪʨʦʬʽʯʥʽ ʪʘ ʥʝʢʨʦʪʠʯʥʽ ʟʤʽʥʠ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʽ ʧʘʪʦʣʦʛʽʯʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ. 

ɺʦʥʦ ʧʨʦʷʚʣʷʣʦʩʴ ʚʠʨʘʟʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʢʨʦ-

ʚʦʧʦʩʪʘʯʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʢʽʥʮʷ ʢʫʢʩʠ ʟ ʨʦ-

ʟʚʠʪʢʦʤ ʟʥʘʯʥʠʭ ʨʝʟʦʨʙʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ, ʷʢʽ ʧʨʠ-

ʟʚʝʣʠ ʜʦ ʨʦʟʩʤʦʢʪʫʚʘʥʥʷ ʢʽʥʮʽʚ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘ-

ʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ ʽ ʬʦʨʤʫʚʘʥʥʷ ʧʝʨʽʦʩʪʘʣʴʥʠʭ 

ʢʽʩʪʢʦʚʦ-ʭʨʷʱʦʚʠʭ ʨʝʛʝʥʝʨʘʪʽʚ ʟ ʥʝʟʨʽʣʠʭ ʢʽʩʪʢʦ-

ʚʠʭ ʙʘʣʦʢ. ʎʽ ʨʝʛʝʥʝʨʘʪʠ ʜʝʬʦʨʤʫʚʘʣʠ ʢʽʥʝʮʴ ʢʽʩ-

ʪʢʦʚʦʾ ʢʫʢʩʠ, ʥʘʜʘʶʯʠ ʡʦʤʫ ʙʫʣʘʚʦʧʦʜʽʙʥʦʾ ʬʦ-

ʨʤʠ. ɺʦʥʠ ʟʤʽʥʠʣʠ ʥʝ ʪʽʣʴʢʠ ʬʦʨʤʫ, ʘʣʝ ʽ ʩʪʨʫʢ-

ʪʫʨʫ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺʦʥʘ ʥʘʙʫʣʘ ʛʫʙʯʘʩʪʠʡ 

ʭʘʨʘʢʪʝʨ. ʌʦʨʤʫʚʘʥʥʷ ʭʨʷʱʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʻ ʜʦ-

ʢʘʟʦʤ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ, ʧʨʦ ʱʦ 

ʩʚʽʜʯʠʪʴ ʥʘʷʚʥʽʩʪʴ ʯʠʩʣʝʥʥʠʭ ʪʢʘʥʠʭ ʢʽʩʪ ʪʘ ʩʠʥʫ-

ʩʦʾʜʽʚ. ɺʽʜʦʤʦ [26], ʱʦ ʩʠʥʫʩʦʾʜʥʠʡ ʪʠʧ ʤʽʢʨʦʩʫ-

ʜʠʥ ʟôʷʚʣʷʻʪʴʩʷ ʚ ʩʪʨʝʩʦʚʠʭ ʩʠʪʫʘʮʽʷʭ ʧʨʠ ʧʦʰʢʦ-

ʜʞʝʥʥʷʭ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɰʭ ʦʩʦʙʣʠʚʽʩʪʶ ʻ ʪʝ, 

ʱʦ ʚʦʥʠ ʤʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʡ ʩʪʫʧʽʥʴ ʩʫʜʠʥʥʦʾ 

ʧʨʦʥʠʢʥʦʩʪʽ, ʦʙʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʰʠʨʦʢʠʭ 

ʤʽʞʝʥʜʦʪʝʣʽʘʣʴʥʠʭ ʱʽʣʠʥ ʽ ʤʘʡʞʝ ʧʦʚʥʦʶ ʚʽʜʩʫʪ-

ʥʽʩʪʶ ʙʘʟʘʣʴʥʠʭ ʤʝʤʙʨʘʥ. ʉʠʥʫʩʦʾʜʥʽ ʢʘʧʽʣʷʨʠ 

ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʨʠʩʢʦʨʝʥʠʡ ʪʨʘʥʩʢʘʧʽʣʷʨʥʠʡ ʦʙ-

ʤʽʥ ʨʝʯʦʚʠʥ. ʊʢʘʥʠʥʥʽ ʤʽʢʨʦʢʽʩʪʠ, ʷʢʽ ʤʠ ʚ ʪʝʢʩʪʽ 

ʥʘʟʠʚʘʻʤʦ çʪʢʘʥʠʥʥʠʤʠ ʢʽʩʪʘʤʠè, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʨʝʟʝʨʚʥʠʭ ʝʣʝʤʝʥʪʽʚ ʩʠʩʪʝʤʠ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ ʽ 

ʟôʷʚʣʷʶʪʴʩʷ ʪʘʢʦʞ ʚ ʩʪʨʝʩʦʚʠʭ ʜʣʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘ-

ʥʠʥʠ ʩʠʪʫʘʮʽʷʭ. ɺ ʾʭ ʩʪʽʥʢʘʭ ʩʢʦʥʮʝʥʪʨʦʚʘʥʽ ʤʽʢ-

ʨʦʩʫʜʠʥʠ. ʊʢʘʥʠʥʥʽ ʢʽʩʪʠ ʟʘʧʦʚʥʝʥʽ ʧʣʘʟʤʦʧʦʜʽʙ-

ʥʦʶ ʨʽʜʠʥʦʶ. ɺʦʥʠ ʩʪʚʦʨʶʶʪʴ ʜʦʜʘʪʢʦʚʽ ʨʝʟʝʨ-

ʚʫʘʨʠ ʽ ʰʣʷʭʠ ʧʦʟʘʩʫʜʠʥʥʦʾ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ. 

ʈʘʥʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʨʦʟʧʦʯʘʪʝ ʯʝʨʝʟ 4 ʪʠʞʥʽ 

ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ, ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʣʦ ʥʘ ʧʝʨʝʙʽʛ 

ʨʝʧʘʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ ʜʠʩʪʘʣʴʥʦʛʦ ʚʽʜʜʽʣʫ ʢʫ-

ʢʩʠ. ʅʘʷʚʥʽʩʪʴ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʠʭ ʢʨʦʚʦʚʠʣʠʚʽʚ ʪʘ 

ʟʘʧʘʣʴʥʦʾ ʢʣʽʪʠʥʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ ʥʘ ʢʽʥʮʽ ʢʫʢʩʠ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʙʦ ʥʘʜʪʦ ʨʘʥʥʽʡ ʧʦʯʘʪʦʢ, ʘʙʦ ʥʘʜʤʽ-

ʨʥʫ ʩʠʣʫ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʇʨʦʜʦʚʞʝʥ-

ʥʷʤ ʮʠʭ ʧʦʨʫʰʝʥʴ ʙʫʣʘ ʚʽʜʩʫʪʥʽʩʪʴ ʬʦʨʤʫʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʟʘʤʠʢʘʶʯʦʾ ʧʣʘʩʪʠʥʢʠ ʪʘ ʥʝʢʨʦʟ ʢʽʩʪʢʦ-

ʚʦʛʦ ʤʦʟʢʫ. ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [22] 

ʙʫʣʘ ʧʦʢʘʟʘʥʘ ʨʦʣʴ ʟʘʤʢʥʫʪʦʩʪʽ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ 

ʧʦʨʦʞʥʠʥʠ ʚ ʧʨʦʬʽʣʘʢʪʠʮʽ ʚʠʥʠʢʥʝʥʥʷ ʜʠʩʪʨʦʬʽʾ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ʎʶ ʟʘʤʢʥʫʪʽʩʪʴ ʧʽʩʣʷ ʘʤʧʫʪʘ-

ʮʽʾ ʟʘʙʝʟʧʝʯʫʻ ʬʦʨʤʫʚʘʥʥʷ ʥʘ ʢʽʥʮʽ ʦʧʠʣʫ ʢʽʩʪʢʦ-

ʚʦʾ ʟʘʤʠʢʘʶʯʦʾ ʧʣʘʩʪʠʥʢʠ. ɺ ʥʘʰʠʭ ʩʧʦʩʪʝʨʝʞʝʥ-

ʥʷʭ ʾʾ ʬʦʨʤʫʚʘʥʥʷ ʙʫʣʦ ʧʦʨʫʰʝʥʝ. ɿʘʢʨʠʪʪʷ ʢʽʩʪ-

ʢʦʚʦʤʦʟʢʦʚʦʛʦ ʢʘʥʘʣʫ ʟʜʽʡʩʥʶʚʘʣʦʩʴ ʨʝʛʝʥʝʨʘ-

ʪʦʤ ʟ ʥʝʟʨʽʣʦʾ ʢʽʩʪʢʦʚʦʾ ʘʙʦ ʬʽʙʨʦʟʥʦ-ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ. ʈʘʥʥʽʡ ʧʦʯʘʪʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘ-

ʞʝʥʥʷ ʚʠʢʣʠʢʘʚ ʟʥʘʯʥʝ ʪʠʤʯʘʩʦʚʝ ʧʦʨʫʰʝʥʥʷ 

ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʽ ʢʽʩʪʢʦʚʦʤʦʟʢʦʚʦʾ 

ʪʢʘʥʠʥ ʢʫʢʩʠ. ʅʝʢʨʦʪʠʟʦʚʘʥʠʡ ʢʽʩʪʢʦʚʠʡ ʤʦʟʦʢ 

ʟʘʤʽʱʫʚʘʚʩʷ ʧʫʭʢʦʶ ʚʦʣʦʢʥʠʩʪʦʶ ʪʢʘʥʠʥʦʶ. ɺʽʜ-

ʥʦʚʣʝʥʥʷ ʮʠʨʢʫʣʷʪʦʨʥʠʭ ʧʦʨʫʰʝʥʴ ʧʽʩʣʷ ʘʤʧʫʪʘ-

ʮʽʾ ʜʦʩʷʛʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʨʦʟʰʠʨʝʥʥʷ ʽʩʥʫʶʯʦʾ 

ʤʝʨʝʞʽ ʞʠʚʠʣʴʥʦʾ ʘʨʪʝʨʽʾ (ʧʝʨʽʦʩʪʘʣʴʥʽ ʪʘ ʤʝʪʘʝ-

ʧʽʬʽʟʘʨʥʽ ʩʫʜʠʥʠ, ʤʽʢʨʦʮʠʨʢʫʣʷʪʦʨʥʘ ʩʽʪʢʠ ʛʘʚʝʨ-

ʩʦʚʦʾ ʪʘ ʬʦʣʴʢʤʘʥʽʚʩʴʢʦʾ ʩʠʩʪʝʤʠ ʟ ʘʥʘʩʪʦʤʦʟʘʤʠ, 

ʩʫʜʠʥʘʤʠ ʤʝʜʫʣʷʨʥʦʾ ʧʦʨʦʞʥʠʥʠ). ɺʝʥʦʟʥʠʡ ʜʨʝ-

ʥʘʞ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʫʜʠʥʠ, ʷʢʽ 

ʧʦʚʪʦʨʶʶʪʴ ʭʽʜ ʘʨʪʝʨʽʘʣʴʥʠʭ. ʇʽʩʣʷ ʘʤʧʫʪʘʮʽʾ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʥʘʯʥʝ ʨʦʟʰʠʨʝʥʥʷ ʚʩʽʻʾ ʩʫʜʠʥʥʦʾ 

ʩʠʩʪʝʤʠ ʢʽʩʪʢʠ ʽ ʚʢʣʶʯʝʥʥʷ ʧʦʟʘʩʫʜʠʥʥʠʭ ʰʣʷʭʽʚ 

ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ ʫ ʚʠʛʣʷʜʽ ʪʢʘʥʠʥʥʠʭ ʢʽʩʪ ʪʘ ʢʘʧʽ-

ʣʷʨʽʚ ʩʠʥʫʩʦʾʜʥʦʛʦ ʪʠʧʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʧʦʨʫʰʝʥʦʛʦ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʧʦʭʦʜʠʣʦ ʟʘ 

ʨʘʭʫʥʦʢ ʨʝˇʽʦʥʘʨʥʦʾ ʛʽʧʝʨʚʘʩʢʫʣʷʨʠʟʘʮʽʾ, ʟʙʽʣʴ-

ʰʝʥʥʷ ʦʙôʻʤʫ ʪʝʨʤʽʥʘʣʴʥʦʛʦ ʩʫʜʠʥʥʦʛʦ ʨʫʩʣʘ ʟ 

ʩʠʥʫʩʦʾʜʥʠʤʠ ʟʤʽʥʘʤʠ ʢʘʧʽʣʷʨʽʚ ʽ ʧʽʜʚʠʱʝʥʥʷʤ 

ʩʫʜʠʥʥʦʾ ʧʨʦʥʠʢʥʦʩʪʽ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʟʥʘʯʥʦʾ ʢʽ-

ʣʴʢʦʩʪʽ ʪʢʘʥʠʥʥʠʭ ʤʽʢʨʦʢʽʩʪ, ʟʚôʷʟʘʥʠʭ ʟ ʤʽʢʨʦʮʠ-

ʨʢʫʣʷʪʦʨʥʦʶ ʩʠʩʪʝʤʦʶ. ʆʜʥʘʢ ʚʢʣʶʯʝʥʥʷ ʘʜʘʧ-

ʪʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʚʠʷʚʠʣʦʩʴ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ 

ʫʩʫʥʝʥʥʷ ʥʝʛʘʪʠʚʥʠʭ ʥʘʩʣʽʜʢʽʚ ʘʤʧʫʪʘʮʽʾ. 

ʅʘʩʪʫʧʥʦʶ ʤʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ ʧʦʨʫʰʝʥʴ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʩʪʘʣʦ ʥʘʜʪʦ ʩʠʣʴʥʝ ʤʝʭʘʥʽʯʥʝ ʥʘ-

ʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ ʟʘ ʦʜʠʥ ʩʝʘʥʩ. ʗʢ ʫʞʝ 

ʚʽʜʤʽʯʘʣʦʩʴ, ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʚ ʢʫʢʩʽ ʢʽʩʪʢʠ ʚʥʘʩʣʽ-

ʜʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʽ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʥʘʩʪʫʧʘ-

ʶʪʴ ʟʥʘʯʥʽ ʧʦʨʫʰʝʥʥʷ ʛʦʤʝʦʩʪʘʟʫ. ɿʘ ʜʘʥʠʤʠ [27], 

ʨʘʥʥʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʝʨʝʰʢʦʜʞʘʻ ʦʩʪʝʦʛʝʥʝʟʫ, 

ʟʤʽʥʶʻ ʧʨʦʣʽʬʝʨʘʮʽʶ ʪʘ ʩʠʥʪʝʟ ʧʦʟʘʢʣʽʪʠʥʥʦʛʦ 

ʤʘʪʨʠʢʩʫ ʽ ʩʝʢʨʝʮʽʶ ʮʠʪʦʢʽʥʽʚ, ʱʦ ʟʥʘʡʰʣʦ ʧʽʜʪ-

ʚʝʨʜʞʝʥʥʷ ʚ ʥʘʰʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ. 

ɼʦ ʥʘʩʪʫʧʥʦʛʦ ʪʝʨʤʽʥʫ ʧʦʯʘʪʢʫ ʤʝʭʘʥʽʯʥʦʛʦ 

ʥʘʚʘʥʪʘʞʝʥʥʷ (8 ʪʠʞʥʽʚ) ʚ ʢʫʢʩʽ ʢʽʩʪʢʠ ʚ ʦʩʥʦʚ-

ʥʦʤʫ ʧʨʦʡʰʣʠ ʨʝʧʘʨʘʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʚ ʧʝʚʥʽʡ ʤʽʨʽ 

ʥʘʩʪʫʧʠʣʘ ʨʝʚʘʩʢʫʣʷʨʠʟʘʮʽʷ ʪʘ ʚʠʟʥʘʯʠʣʘʩʴ ʩʪʨʫ-

ʢʪʫʨʘ ̔  ʬʦʨʤʘ ʢʽʩʪʢʦʚʦʾ ʢʫʢʩʠ. ʏʝʨʝʟ 10 ʪʠʞʥʽʚ ʧʽ-

ʩʣʷ ʘʤʧʫʪʘʮʽʾ ʽ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʨʦ-

ʪʷʟʽ 12 ʜʥʽʚ ʩʧʦʩʪʝʨʽʛʘʣʘʩʴ ʽʥʰʘ, ʚʽʜʤʽʥʥʘ ʚʽʜ ʧʦ-
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ʧʝʨʝʜʥʴʦʛʦ ʪʝʨʤʽʥʫ, ʢʘʨʪʠʥʘ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩ-

ʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ɺ ʧʝʨʰʫ ʯʝʨʛʫ ʮʝ ʩʪʦʩʫʻʪʴʩʷ ʬʦ-

ʨʤʠ ʢʽʥʮʷ ʢʫʢʩʠ ʢʽʩʪʢʠ. ɺʦʥʘ ʟʘʣʠʰʘʣʘʩʴ ʮʠʣʽʥʜ-

ʨʠʯʥʦʶ ʙʝʟ ʬʦʨʤʫʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʟʘʤʠʢʘʶʯʦʾ 

ʧʣʘʩʪʠʥʢʠ, ʘʣʝ ʟ ʝʥʜʦʩʪʘʣʴʥʠʤ ʨʝʛʝʥʝʨʘʪʦʤ ʟ ʥʝ-

ʟʨʽʣʠʭ ʙʘʣʦʢ ʝʥʜʦʩʪʘʣʴʥʦʛʦ ʢʽʩʪʢʦʫʪʚʦʨʝʥʥʷ. ʇʝ-

ʨʽʦʩʪʘʣʴʥʽ ʢʽʩʪʢʦʚʦ-ʭʨʷʱʦʚʽ ʨʝʛʝʥʝʨʘʪʠ ʥʘ ʙʦʢʦ-

ʚʽʡ ʧʦʚʝʨʭʥʽ ʢʫʢʩʠ ʙʫʣʠ ʚʽʜʩʫʪʥʽ. ʇʨʦʜʦʚʞʫʚʘ-

ʣʦʩʴ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʢʫʢʩʠ (ʨʦ-

ʟʰʠʨʝʥʥʷ ʞʠʚʠʣʴʥʦʾ ʘʨʪʝʨʽʾ, ʩʫʜʠʥʥʠʭ ʢʘʥʘʣʽʚ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ, ʚʝʥʦʟʥʠʭ ʩʫ-

ʜʠʥ, ʢʽʩʪʦʟʥʽ ʧʦʨʦʞʥʠʥʠ ʚ ʧʫʭʢʽʡ ʚʦʣʦʢʥʠʩʪʽʡ 

ʪʢʘʥʠʥʽ ʩʝʨʝʜ ʞʠʨʦʚʦʛʦ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ). ʊʘʢʠʤ 

ʯʠʥʦʤ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʛʦ (4 ʪʠʞʥʽ) ʪʝʨ-

ʤʽʥ ʧʦʯʘʪʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (8 ʪʠʞʥʽʚ) 

ʙʫʚ ʦʧʪʠʤʘʣʴʥʠʤ. ʈʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ, ʢʽʩʪ-

ʢʦʚʦʤʦʟʢʦʚʦʾ ʪʢʘʥʠʥ ʪʘ ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤ ʢʫʢʩʠ ʢʽ-

ʩʪʢʠ ʧʨʦʜʦʚʞʫʚʘʣʦʩʴ. 

ʊʘʢʘ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʚʝʨʰʝʥʦʩʪʽ ʨʝʤʦʜʝʣʶ-

ʚʘʥʥʷ ʪʘ ʥʘʜʪʦ ʩʠʣʴʥʘ ʩʪʠʤʫʣʷʮʽʷ ʩʪʘʣʠ ʧʨʠʯʠ-

ʥʦʶ ʧʘʪʦʣʦʛʽʯʥʦʛʦ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʚ ʥʘʩʪʫʧʥʠʡ 

ʪʝʨʤʽʥ ï 18 ʪʠʞʥʽʚ, ʢʦʣʠ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʙʫʣʦ ʨʦʟʧʦʯʘʪʦ ʯʝʨʝʟ 16 ʪʠʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ʌʦʨʤʫʚʘʥʥʷ ʧʘʪʦʣʦʛʽʯʥʠʭ ʙʫʣʘʚʦʧʦʜʽʙʥʦʾ ʪʘ ʢʦ-

ʥʫʩʦʧʦʜʽʙʥʦʾ ʢʫʢʩ ʙʫʣʦ ʥʘʩʣʽʜʢʦʤ ʟʥʘʯʥʠʭ ʧʦʨʫ-

ʰʝʥʴ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʥʝ ʟʘʚʝʨʰʝ-

ʥʦʛʦ ʦʩʪʝʦʛʝʥʝʟʫ. ɺʽʜʦʤʦ [28], ʱʦ ʚ ʪʝʨʤʽʥ 16 ʪʠ-

ʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʥʘʩʪʫʧʘʻ ʚʠʨʘʟʥʝ ʟʥʠʞʝʥʥʷ 

ʤʽʥʝʨʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʘʤʧʫʪʘ-

ʮʽʡʥʦʾ ʢʫʢʩʠ. ɼʝʥʩʠʪʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘ-

ʩʚʽʜʯʠʣʠ [29-31], ʱʦ ʥʘʡʚʠʱʠʡ ʧʦʢʘʟʥʠʢ ʟʥʠ-

ʞʝʥʥʷ ʄʑʂʊ ʽ ʨʦʟʚʠʪʦʢ ʦʩʪʝʦʧʦʨʦʟʫ ʧʨʠʧʘʜʘʻ 

ʷʢʨʘʟ ʥʘ ʪʝʨʤʽʥ 3,5-4 ʤʽʩʷʮʽ. ɿʘ ʜʘʥʠʤʠ [32] ʫ ʧʘ-

ʮʽʻʥʪʽʚ ʟ ʦʩʪʝʦʧʦʨʦʟʦʤ ʤʝʭʘʥʽʯʥʘ ʩʪʠʤʫʣʷʮʽʷ ʥʝ 

ʪʽʣʴʢʠ ʥʝ ʧʦʢʨʘʱʠʣʘ ʧʨʦʣʽʬʝʨʘʪʠʚʥʽ ʧʨʦʮʝʩʠ, ʘʣʝ 

ʡ ʧʨʠʟʚʝʣʘ ʜʦ ʧʦʛʽʨʰʝʥʥʷ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦ-

ʚʦʾ ʪʢʘʥʠʥʠ. 

ʄʝʪʦʶ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʦʢ ʻ ʦʧʪʠʤʽʟʘʮʽʷ 

ʘʨʭʽʪʝʢʪʫʨʠ ʩʢʝʣʝʪʘ ʪʘ ʡʦʛʦ ʘʜʘʧʪʘʮʽʷ ʜʦ ʤʝʭʘʥʽʯ-

ʥʠʭ ʚʠʤʦʛ. ʊʘʢ [33], ʧʨʠ ʚʠʚʯʝʥʥʽ ʘʨʭʽʪʝʢʪʫʨʠ ʢʽ-

ʩʪʦʢ ʚʠʷʚʠʣʠ ʟʥʘʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʧʨʘʚʦʶ ʽ ʣʽ-

ʚʦʶ ʨʫʢʘʤʠ ʪʝʥʽʩʠʩʪʽʚ. ɼʦʤʽʥʘʥʪʥʘ ʨʫʢʘ ʤʘʣʘ ʧʽʜ-

ʚʠʱʝʥʫ ʤʽʮʥʽʩʪʴ ʢʽʩʪʦʢ ʟʘʚʜʷʢʠ ʟʙʽʣʴʰʝʥʥʶ ʾʭ ʨʦ-

ʟʤʽʨʽʚ, ʪʦʜʽ ʷʢ ʦʙôʻʤʥʘ ʱʽʣʴʥʽʩʪʴ ʥʝ ʟʙʽʣʴʰʫʚʘ-

ʣʘʩʴ. ʊʘʢʘ ʦʧʪʠʤʽʟʘʮʽʷ ʙʫʣʘ ʨʝʟʫʣʴʪʘʪʦʤ ʥʝ ʟʙʽʣʴ-

ʰʝʥʥʷ ʢʽʩʪʢʦʚʦʾ ʤʘʩʠ, ʘ ʩʧʝʮʠʬʽʯʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ, 

ʜʦʩʷʛʥʫʪʦʾ ʟʘʚʜʷʢʠ ʨʝʤʦʜʝʣʶʚʘʥʥʶ ʢʽʩʪʢʦʚʦʾ 

ʤʘʩʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʚʠʤʦʛ. ʇʽʜʚʠ-

ʱʝʥʠʡ ʦʧʽʨ ʢʽʩʪʢʠ ʜʦʩʷʛʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʤʽʥʠ ʬʦ-

ʨʤʠ ʽ ʤʘʩʠ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥ ʢʽʩʪʢʠ, ʘ ʥʝ ʟʤʽʥʠ 

ʦʙôʻʤʥʦʾ ʱʽʣʴʥʦʩʪʽ ʘʙʦ ʟʘʛʘʣʴʥʦʾ ʤʘʩʠ. ɺ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʘʜʘʧʪʘʮʽʷ ʜʦ ʧʽʜʚʠʱʝʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦ-

ʭʦʜʠʪʴ ʰʣʷʭʦʤ ʧʦʩʠʣʝʥʥʷ ʨʝʟʦʨʙʮʽʾ ʢʽʩʪʢʠ ʧʦ ʝʥ-

ʜʦʩʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ. ɿʘ ʜʘʥʠʤʠ [34] ʢʨʠʭʢʽʩʪʴ ʢʽ-

ʩʪʦʢ ʦʙʫʤʦʚʣʝʥʘ ʥʝ ʣʠʰʝ ʚʪʨʘʪʦʶ ʢʽʩʪʢʦʚʦʾ ʤʘʩʠ, 

ʘʣʝ ʡ ʥʝʜʦʩʪʘʪʥʽʤ ʨʝʤʦʜʝʣʶʚʘʥʥʷʤ. 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʨʦʟʚʠʪʦʢ ʢʽʩʪʢʦʚʠʭ ʽ ʢʽʩʪ-

ʢʦʚʦ-ʭʨʷʱʦʚʠʭ ʨʝʛʝʥʝʨʘʪʽʚ ʥʘ ʙʦʢʦʚʠʭ ʧʦʚʝʨʭʥʷʭ 

ʢʫʢʩʠ ʢʽʩʪʢʠ ï ʮʝ ʩʧʨʦʙʘ ʾʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʽ ʧʨʠʩʪʦʩʫ-

ʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʧʣʦʱʽ. ɺʠʩʣʦʚʣʶ-

ʶʪʴʩʷ ʧʨʠʧʫʱʝʥʥʷ [1], ʱʦ ʣʦʢʘʣʴʥʝ ʛʫʤʦʨʘʣʴʥʝ 

ʩʝʨʝʜʦʚʠʱʝ, ʷʢʝ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʧʝʚʥʠʤ 

ʙʽʦʤʝʭʘʥʽʯʥʠʤ ʧʦʜʨʘʟʥʠʢʘʤ, ʩʪʠʤʫʣʶʻ ʭʦʥʜʨʦʛʝ-

ʥʝʟ ʪʘ ʝʥʭʦʥʜʨʘʣʴʥʫ ʦʩʩʠʬʽʢʘʮʽʶ. ʅʘʩʣʽʜʢʦʤ 

ʮʴʦʛʦ ʻ ʨʦʟʚʠʪʦʢ ʦʩʪʝʦʬʽʪʽʚ ʪʘ ʢʽʩʪʢʦʚʦ-ʭʨʷʱʦʚʠʭ 

ʝʢʟʦʩʪʦʟʽʚ. ʄʠ ʟʛʦʜʥʽ ʟ ʪʚʝʨʜʞʝʥʥʷʤ [26], ʷʢʽ, ʚʠ-

ʚʯʘʶʯʠ ʨʝʛʝʥʝʨʘʮʽʶ ʧʝʨʝʣʦʤʽʚ ʢʽʩʪʦʢ, ʧʨʠʡʰʣʠ 

ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʥʘʷʚʥʽʩʪʴ ʧʦʰʠʨʝʥʠʭ ʧʝʨʽʦʩʪʘʣʴ-

ʥʠʭ ʥʘʢʣʘʜʝʥʴ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʚʠʨʘʟʥʦʶ ʩʧʦʥʛʽʟʘ-

ʮʽʻʶ ʽ ʦʩʪʝʦʧʦʨʦʟʦʤ ʻ ʧʦʢʘʟʥʠʢʦʤ ʜʝʢʦʤʧʝʥʩʘʮʽʾ 

ʧʦʨʫʰʝʥʦʛʦ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ. ʅʘʤʠ ʦʪʨʠʤʘʥʽ ʧʦ-

ʜʙ̔ʥʽ ʨʝʟʫʣʴʪʘʪʠ ʷʢ ʧʨʠ ʨʘʥʦ ʨʦʟʧʦʯʘʪʦʤʫ, ʪʘʢ ʽ 

ʥʘʜʪʦ ʽʥʪʝʥʩʠʚʥʦʤʫ ʤʝʭʘʥʽʯʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ 

ʢʽʩʪʢʠ. 

ʄʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ, ʨʦʟʜʽʣʝʥʝ ʥʘ 

2 ʧʨʠʡʦʤʠ ʟ ʽʥʪʝʨʚʘʣʦʤ 6 ʛʦʜʠʥ ʧʦ 200 ʽʤʧʫʣʴʩʽʚ 

ʟʘ ʩʝʘʥʩ ʟ ʧʦʯʘʪʢʦʤ ʥʘʚʘʥʪʘʞʝʥʥʷ ʚ ʪʝʨʤʽʥʠ 4-8-

16 ʪʠʞʥʽʚ, ʜʦʟʚʦʣʠʣʦ ʦʪʨʠʤʘʪʠ ʢʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʚ ʫʩʽ ʪʝʨʤʽʥʠ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. ɺ 

ʪʝʨʤʽʥ 6 ʪʠʞʥʽʚ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʧʝ-

ʨʝʜʥʴʦʾ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ, ʮʠʣʽʥʜʨʠʯʥʘ ʬʦʨʤʘ ʢʽʥʮʷ 

ʢʫʢʩʠ ʟʙʝʨʽʛʘʣʘʩʴ. ɺʥʘʩʣʽʜʦʢ ʨʘʥʥʴʦʛʦ ʧʦʯʘʪʢʫ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʜʽʣʷʥʢʠ 

ʘʚʘʩʢʫʣʷʨʥʦʩʪʽ ʢʽʥʮʷ ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ 

ʧʣʘʩʪʠʥʢʠ. ʅʘʩʪʫʧʠʣʘ ʨʝʟʦʨʙʮʽʷ ʾʾ ʢʨʘʾʚ. ɺ ʧʨʦʢ-

ʩʠʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʥʝʨʽʚʥʦʤʽʨʥʽʩʪʴ ʨʝʤʦʜʝʣʶ-

ʚʘʥʥʷ ʪʘ ʥʘʜʪʦ ʨʘʥʥʻ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʧʨʠʟʚʝʣʠ ʜʦ ʬʦʨʤʫʚʘʥʥʷ ʚʠʪʦʥʯʝʥʴ ʽ ʧʦʪʦʚʱʝʥʴ 

ʢʦʨʪʠʢʘʣʴʥʦʾ ʜʽʘʬʽʟʘʨʥʦʾ ʧʣʘʩʪʠʥʢʠ. ʅʘ ʢʽʥʮʽ 

ʦʧʠʣʫ ʢʽʩʪʢʠ ʝʥʜʦʩʪʘʣʴʥʠʡ ʨʝʛʝʥʝʨʘʪ ʙʫʚ ʧʨʝʜ-

ʩʪʘʚʣʝʥʠʡ ʥʝʟʨʽʣʦʶ ʢʽʩʪʢʦʚʦʶ ʪʢʘʥʠʥʦʶ. ʗʢ ʽ ʚ 

ʧʦʧʝʨʝʜʥʽʡ ʩʝʨʽʾ ʚ ʮʝʡ ʪʝʨʤʽʥ ʫ ʚʦʣʦʢʥʠʩʪʦʤʫ ʦʪʦ-

ʯʝʥʥʽ ʢʫʢʩʠ ʟʘʣʠʰʘʣʠʩʴ ʩʣʽʜʠ ʧʽʩʣʷʪʨʘʚʤʘʪʠʯʥʠʭ 

ʢʨʦʚʦʚʠʣʠʚʽʚ. ʈʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʘ ʢʽʩʪʢʦ-

ʚʦʤʦʟʢʦʚʦʾ ʪʢʘʥʠʥ ʽ ʩʫʜʠʥʥʦʾ ʩʠʩʪʝʤʠ ʧʨʦʜʦʚʞʫ-

ʚʘʣʦʩʴ. ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ 

ʧʨʦ ʟʥʘʯʥʦ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʡ ʨʝʞʠʤ ʚʽʜʢʣʘʜʝ-

ʥʦʛʦ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʘʥʘʜʪʦ ʨʘʥʥʽʡ 

ʡʦʛʦ ʧʦʯʘʪʦʢ ʯʝʨʝʟ 4 ʪʠʞʥʽ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. 

ɺ ʪʝʨʤʽʥ 10 ʪʠʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʟ ʧʦʯʘʪ-

ʢʦʤ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ 8 ʪʠʞʥʽʚ 

ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʦʨʛʘʥʦʪʠʧʽʯʥʝ ʬʦʨʤʫʚʘʥʥʷ ʪʘ ʨʝ-

ʤʦʜʝʣʶʚʘʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ. ʅʘ ʢʽʥʮʽ ʢʫʢʩʠ ʙʽʣʘ 

ʩʬʦʨʤʦʚʘʥʘ ʪʦʥʢʘ ʢʦʤʧʘʢʪʥʘ ʢʽʩʪʢʦʚʘ ʟʘʤʠʢʘʶʯʘ 

ʧʣʘʩʪʠʥʢʘ. ɺ ʢʦʨʪʠʢʘʣʴʥʽʡ ʜʽʘʬʽʟʘʨʥʽʡ ʧʣʘʩʪʠʥʮʽ 

ʚʽʜʤʽʯʘʣʠʩʴ ʧʦʤʽʨʥʽ, ʥʘʙʣʠʞʝʥʽ ʜʦ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ 

ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʽ ʟ ʥʝʟʥʘʯʥʦʶ ʨʝʟʦʨʙʮʽʻʶ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ. ʆʜʥʘʢ ʦʩʥʦʚʥʽ ʢʦʥʪʫʨʠ ʪʨʫʙʯʘ-

ʩʪʦʾ ʢʽʩʪʢʠ ʽ ʭʘʨʘʢʪʝʨʥʘ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʘʢʪʥʦʾ ʪʢʘ-

ʥʠʥʠ ʚ ʢʦʨʪʠʢʘʣʴʥʦʤʫ ʰʘʨʽ ʟʘʣʠʰʘʣʠʩʴ ʙʝʟ ʟʤʽʥ. 

ɺ ʧʨʦʢʩʠʤʘʣʴʥʦʤʫ ʚʽʜʜʽʣʽ ʟʙʝʨʽʛʘʚʩʷ ʞʠʨʦʚʠʡ ʢʽ-

ʩʪʢʦʚʠʡ ʤʦʟʦʢ ʟ ʥʝʟʥʘʯʥʠʤʠ ʧʨʦʰʘʨʢʘʤʠ ʧʫʭʢʦʾ 

ʚʦʣʦʢʥʠʩʪʦʾ ʪʢʘʥʠʥʠ, ʚ ʷʢʽʡ ʟʫʩʪʨʽʯʘʣʠʩʴ ʧʦʦʜʠ-

ʥʦʢʽ ʩʠʥʫʩʦʾʜʥʽ ʢʘʧʽʣʷʨʠ. ʅʦʚʠʭ ʢʽʩʪʢʦʫʪʚʦʨʶʶ-

ʯʠʭ ʧʨʦʮʝʩʽʚ ʧʦ ʝʥʜʦʩʪʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ ʢʫʢʩʠ 

ʤʘʡʞʝ ʥʝ ʚʽʜʤʽʯʘʣʦʩʴ. ʅʝ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʽ ʬʦʨʤʫ-

ʚʘʥʥʷ ʧʝʨʽʦʩʪʘʣʴʥʠʭ ʨʝʛʝʥʝʨʘʪʽʚ. 

ɺ ʪʝʨʤʽʥ 18 ʪʠʞʥʽʚ ʟ ʧʦʯʘʪʢʦʤ ʤʝʭʘʥʽʯʥʦʛʦ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʯʝʨʝʟ 16 ʪʠʞʥʽʚ ʧʨʠ ʟʙʝʨʝʞʝʥʽʡ ʮʠ-

ʣʽʥʜʨʠʯʥʽʡ ʬʦʨʤʽ ʢʫʢʩʠ ʢʽʩʪʢʠ ʚʽʜʤʽʯʘʚʩʷ ʧʦʩʪʫ-

ʧʦʚʠʡ ʨʦʟʚʠʪʦʢ ʦʩʪʝʦʧʦʨʦʪʠʯʥʠʭ ʟʤʽʥ. ɺʦʥʠ ʥʘ-

ʩʪʫʧʘʣʠ ʥʘ ʪʣʽ ʧʦʨʫʰʝʥʦʛʦ ʢʨʦʚʦʧʦʩʪʘʯʘʥʥʷ, ʱʦ 

ʩʚʽʜʯʠʣʦ ʧʨʦ ʦʧʪʠʤʘʣʴʥʽʩʪʴ ʚʝʣʠʯʠʥʠ ʪʘ ʧʽʟʥʽʡ 

ʧʦʯʘʪʦʢ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʇʽʜʩʫʤʦʢ 

ʄʝʭʘʥʽʯʥʝ ʱʦʜʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʢʽʩ-

ʪʢʠ ʝʥʝʨʛʽʻʶ 0,5 ʤɼʞ/ʤʤ2, ʯʘʩʪʦʪʦʶ 2 ɻʮ, ʧʦʜʘ-

ʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ ʚ ʪʝʨʤʽʥʠ 4, 8, 16 ʪʠʞ-

ʥʽʚ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʧʦʨʫʰʝʥʥʷ ʨʝʤʦʜʝʣʶʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʥʫʩʦʧʦʜʽʙ-

ʥʠʭ ʪʘ ʙʫʣʘʚʦʧʦʜʽʙʥʠʭ ʢʫʢʩ, ʚʽʜʭʠʣʝʥʥʷʤ ʢʽʥʮʷ 

ʚʽʜ ʚʽʩʽ ʪʘ ʩʪʨʝʩʦʚʠʤʠ ʧʝʨʝʣʦʤʘʤʠ. 

ʊʘʢʝ ʞ ʥʘʚʘʥʪʘʞʝʥʥʷ (0,5 ʤɼʞ/ʤʤ2, ʯʘʩʪʦ-

ʪʦʶ 2 ɻʮ, ʧʦʜʘʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ) ʨʦʟʜʽʣʝʥʝ ʥʘ ʜʚʘ 

ʩʝʘʥʩʠ ʥʘ ʜʝʥʴ ʧʦ 200 ʽʤʧʫʣʴʩʽʚ ʟ ʽʥʪʝʨʚʘʣʦʤ 4 ʛʦ-

ʜʠʥʠ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʦʨʛʘʥʦʪʠʧʽʯʥʦʾ ʮʠʣʽʥʜ-

ʨʠʯʥʦʾ ʬʦʨʤʠ ʢʫʢʩʠ ʟ ʨʽʚʥʦʚʘʛʦʶ ʨʝʟʦʨʙʪʠʚʥʠʭ ʪʘ 

ʨʝʧʘʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʦʯʘʪʦʢ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʯʝʨʝʟ 8 ʪʠ-

ʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʥʝ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʭ ʧʦʨʫ-

ʰʝʥʴ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʢʫʢʩʠ ʽ ʻ 

ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʅʘʰʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʻ ʨʷʜ ʦʙʤʝʞʝʥʴ. ɺʠʢʦ-

ʨʠʩʪʘʥʝ ʚ ʨʦʙʦʪʽ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʽʩʪʢʠ 

ʧʨʦʚʦʜʠʣʦʩʴ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ ʬʘʟʠ ʨʝʤʦʜʝʣʶ-

ʚʘʥʥʷ, ʭʦʯʘ ʪʝʨʤʽʥʠ ʡʦʛʦ ʧʦʯʘʪʢʫ ʽ ʪʨʠʚʘʣʦʩʪʽ 

ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ. ʅʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩ-

ʣʽʜʞʝʥʴ ʮʠʪʦʢʽʥʽʚ, ʢʦʜʫʶʯʠ ʬʝʨʤʝʥʪʠ ʛʝʥʽʚ, ʙʽʣ-

ʢʽʚ ʢʽʩʪʢʦʚʦʛʦ ʤʘʪʨʠʢʩʫ ʪʘ ʪʨʘʥʩʢʨʠʧʮʽʡʥʠʭ ʬʘʢ-

ʪʦʨʽʚ, ʱʦ ʨʝʛʫʣʶʶʪʴ ʣʦʢʘʣʴʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽ-

ʩʪʦʢ. ɺ ʤʘʡʙʫʪʥʴʦʤʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʝʩʪʠ ʜʦʜʘʪ-

ʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʟôʷʩʫʚʘʥʥʷ ʨʦʣʽ, ʦʙʤʝʞʝʥʴ, 

ʥʝʜʦʣʽʢʽʚ ʪʘ ʧʨʦʙʣʝʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʠʭ 

ʥʘʚʘʥʪʘʞʝʥʴ ʢʫʢʩʠ ʢʽʩʪʢʠ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. 

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʪʝʤʠ çʈʦʟʨʦʙʠʪʠ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʚʽʜ-

ʥʦʚʥʽ ʦʧʝʨʘʮʽʾ ʥʘ ʢʫʢʩʘʭ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ ʧʽʩʣʷ ʘʤ-

ʧʫʪʘʮʽʡ ʚʥʘʩʣʽʜʦʢ ʤʽʥʥʦ-ʚʠʙʫʭʦʚʠʭ ʫʨʘʞʝʥʴè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0123U100169). 

 

 

ʃʠʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 
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ɹʦʥʜʘʨʝʥʢʦ ɼ.ɺ., ɹʝʟʩʤʝʨʪʥʠʡ ʖ.ʆ., ʐʝʚʯʫʢ ɺ.ɯ., ɹʝʟʩʤʝʨʪʥʘ ɻ.ɺ., ɹʫʨʣʘʢʘ ʈ.ɺ. ʈʝʤʦʜʝʣʶ-

ʚʘʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ ʧʽʜ ʚʧʣʠʚʦʤ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

ʈɽʌɽʈɸʊ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʜʘʚʥʽʩʪʴ ʦʧʝʨʘʮʽʾ ʘʤʧʫʪʘʮʽʾ ʢʽʥʮʽʚʢʠ, ʜʦ ʮʴʦʛʦ ʯʘʩʫ ʥʝ 

ʚʠʩʚʽʪʣʝʥʽ ʪʝʨʤʽʥʠ ʧʦʯʘʪʢʫ ʪʘ ʚʝʣʠʯʠʥʠ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ. ʄʝʪʘ: ʜʦʩʣʽʜʠʪʠ ʦʧʪʠʤʘʣʴʥʽ 

ʪʝʨʤʽʥʠ ʪʘ ʚʝʣʠʯʠʥʠ ʧʦʯʘʪʢʫ ʤʝʭʘʥʽʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. ʄʘʪʝʨʽʘʣ ʪʘ ʤʝ-

ʪʦʜʠ. ʇʨʦʚʝʜʝʥʦ ʜʚʽ ʩʝʨʽʾ ʜʦʩʣʽʜʽʚ ʥʘ 18 ʢʨʦʣʷʭ ʟ ʘʤʧʫʪʘʮʽʻʶ ʩʪʝʛʥʘ ʚ ʩʝʨʝʜʥʽʡ ʪʨʝʪʠʥʽ ʽ ʤʽʦʧʣʘʩʪʠʢʦʶ. ɺ 

ʢʦʥʪʨʦʣʴʥʽʡ ʩʝʨʽʾ ʯʝʨʝʟ 4, 8, 16 ʪʠʞʥʽʚ ʥʘ ʢʽʥʝʮʴ ʢʫʢʩʠ ʢʽʩʪʢʠ ʧʨʦʚʦʜʠʣʠ ʮʠʢʣʽʯʥʝ ʤʝʭʘʥʽʯʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʟ ʝʥʝʨʛʽʶ 0,5 ʤɼɾ/ʤʤ2 ʯʘʩʪʦʪʦʶ 2 ɻʮ, ʟ ʧʦʜʘʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ. ɺ ʜʦʩʣʽʜʥʽʡ ʩʝʨʽʾ ʚ ʪʽ ʩʘʤʽ ʪʝʨʤʽʥʠ 
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ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʜʚʽʯʽ ʥʘ ʜʝʥʴ ʧʦ 200 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ. ʊʝʨʤʽʥʠ ʩʧʦʩʪʝʨʝʞʝʥʥʷ 6, 10, 18 ʪʠʞʥʽʚ. 

ʄʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʠʡ ʟ ʟʘʣʠʚʢʦʶ ʩʫʜʠʥ 10 % ʪʫʰ-ʞʝʣʘʪʠʥʦʚʦʶ ʩʫʤʽʰʰʶ. ʈʝʟʫʣʴʪʘʪʠ. ɺ ʢʦʥ-

ʪʨʦʣʴʥʽʡ ʩʝʨʽʾ ʚ ʙʽʣʴʰʦʩʪʽ ʜʦʩʣʽʜʽʚ ʚʽʜʤʽʯʘʣʦʩʴ ʧʘʪʦʣʦʛʽʯʥʝ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʟ ʨʦʟʚʠʪʢʦʤ 

ʘʪʨʦʬʽʾ, ʧʦʨʫʰʝʥʥʷʤ ʬʦʨʤʠ ʢʽʩʪʢʠ, ʾʾ ʚʠʢʨʠʚʣʝʥʥʷʤ, ʩʪʨʝʩʦʚʽ ʧʝʨʝʣʦʤʠ. ɺ ʜʦʩʣʽʜʥʽʡ ʩʝʨʽʾ ʩʬʦʨʤʦʚʘʥʽ ʦʨ-

ʛʘʥʦʪʠʧʽʯʥʽ ʢʫʢʩʠ ʟ ʥʦʨʤʘʣʽʟʘʮʽʶ ʩʪʨʫʢʪʫʨʠ ʽ ʤʽʢʨʦʮʠʨʢʫʣʷʮʽʾ. ʂʨʘʱʽ ʨʝʟʫʣʴʪʘʪʠ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ 

ʪʢʘʥʠʥʠ ʦʪʨʠʤʘʥʽ ʚ ʩʝʨʽʾ ʟ ʧʦʯʘʪʢʦʤ ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʚ ʦʙʦʭ ʩʝʨʽʷʭ ʚ ʪʝʨʤʽʥ 10 ʪʠʞʥʽʚ ʯʝʨʝʟ 8 

ʪʠʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ. ʇʽʜʩʫʤʦʢ. ʄʝʭʘʥʽʯʥʝ ʱʦʜʝʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʫʢʩʠ ʢʽʩʪʢʠ ʝʥʝʨʛʽʻʶ 0,5 ʤɼʞ/ʤʤ2, 

ʯʘʩʪʦʪʦʶ 2 ɻʮ, ʧʦʜʘʯʝʶ 400 ʽʤʧʫʣʴʩʽʚ ʟʘ ʩʝʘʥʩ ʚ ʪʝʨʤʽʥʠ 4, 8, 16 ʪʠʞʥʽʚ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʽ ʧʦʨʫʰʝʥʥʷ ʨʝʤʦ-

ʜʝʣʶʚʘʥʥʷ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʢʦʥʫʩʦʧʦʜʽʙʥʠʭ ʪʘ ʙʫʣʘʚʦʧʦʜʽʙʥʠʭ ʢʫʢʩ, ʚʽʜʭʠʣʝʥʥʷʤ ʢʽʥʮʷ 

ʚʽʜ ʚʽʩʽ ʪʘ ʩʪʨʝʩʦʚʠʤʠ ʧʝʨʝʣʦʤʘʤʠ. ʊʘʢʝ ʞ ʥʘʚʘʥʪʘʞʝʥʥʷ (0,5 ʤɼʞ/ʤʤ2, ʯʘʩʪʦʪʦʶ 2 ɻʮ, ʧʦʜʘʯʝʶ 400 ʽʤ-

ʧʫʣʴʩʽʚ) ʨʦʟʜʽʣʝʥʝ ʥʘ ʜʚʘ ʩʝʘʥʩʠ ʥʘ ʜʝʥʴ ʧʦ 200 ʽʤʧʫʣʴʩʽʚ ʟ ʽʥʪʝʨʚʘʣʦʤ 4 ʛʦʜʠʥʠ ʩʧʨʠʷʻ ʬʦʨʤʫʚʘʥʥʶ ʦʨ-

ʛʘʥʦʪʠʧʽʯʥʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʢʫʢʩʠ ʟ ʨʽʚʥʦʚʘʛʦʶ ʨʝʟʦʨʙʪʠʚʥʠʭ ʪʘ ʨʝʧʘʨʘʪʠʚʥʠʭ ʧʨʦʮʝʩʽʚ. ʇʦʯʘʪʦʢ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʯʝʨʝʟ 8 ʪʠʞʥʽʚ ʧʽʩʣʷ ʘʤʧʫʪʘʮʽʾ ʥʝ ʚʠʢʣʠʢʘʻ ʟʥʘʯʥʠʭ ʧʦʨʫʰʝʥʴ ʨʝʤʦʜʝʣʶʚʘʥʥʷ 

ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʢʫʢʩʠ ʽ ʻ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʘʤʧʫʪʘʮʽʷ, ʢʽʩʪʢʦʚʘ ʪʢʘʥʠʥʘ, ʨʝʤʦʜʝʣʶʚʘʥʥʷ, ʪʝʨʤʽʥʠ. 
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Gordienko H.R.  * , Sikora V.Z.  Hematological changes during intermittent fasting in rats. 

Sumy State University, Sumy, Ukraine. 

ABSTRACT. Background. Intermittent fasting is gaining popularity as an effective strategy for correcting metabolic dis-

orders. However, the effect of different intermittent fasting regimens on peripheral blood parameters remains insufficiently 

studied, which limits understanding of the body's adaptive mechanisms to periodic dietary restriction. Objective. To inves-

tigate the dynamics of hematological parameters in rats during intermittent fasting according to the çday of feeding : day of 

fastingè scheme for different exposure periods. Methods. The experiment was conducted on 72 white male rats divided into 

one control series (CS1, n=18) and three experimental series: ES2 (n=18) ï one week of intermittent fasting, ES3 (n=18) ï 

two weeks, ES4 (n=18) ï one month. Control animals were fed in normal regime. Peripheral blood analysis was performed 

on an automatic hematology analyzer with determination of erythrocyte, leukocyte and platelet parameters. Results. 

Changes in hematological parameters were detected in experimental groups. Hemoglobin level in ES2 group was 

128.67Ñ14.33 g/L, ES3 ï 127.00Ñ8.10 g/L, ES4 ï 135.17Ñ11.91 g/L compared to control 125.33Ñ10.16 g/L. Hematocrit 

increased from 35.50Ñ2.09% in control to 41.57Ñ3.67% in ES4 group. A significant increase in leukocyte count was de-

tected: in ES2 group ï 12.38Ñ4.80Ĭ10 /L (2.16-fold), ES3 ï 11.50Ñ5.17Ĭ10 /L (2.01-fold), ES4 ï 9.48Ñ5.68Ĭ10 /L (1.65-

fold) compared to control 5.73Ñ1.28Ĭ10 /L, indicating immune system activation. Platelet count remained within physio-

logical limits. Conclusion. Intermittent fasting according to the çday of feeding : day of fastingè scheme causes adaptive 

changes in hematological parameters in rats. There is a tendency towards increased hemoglobin and hematocrit levels with 

prolonged regimen application. Pronounced activation of leukopoiesis is the most constant feature of blood system response 

to intermittent fasting, reflecting the immunomodulatory effect of this dietary regimen. 
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ɺʩʪʫʧ 

ɯʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ (ɯɻ) ʘʢʪʠʚʥʦ ʧʨʦʧʘ-

ʛʫʻʪʴʩʷ ʚ ʩʫʯʘʩʥʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ ʷʢ ʝʬʝʢʪʠʚʥʠʡ 

ʤʝʪʦʜ ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʪʽʣʘ, ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʘʙʦʣʽ-

ʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ 

[1]. ʆʩʦʙʣʠʚʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʥʘʙʫʣʘ ʩʭʝʤʘ çʜʦʙʘ 

ʾʞʽ : ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè (alternate-day fasting), ʱʦ 

ʧʝʨʝʜʙʘʯʘʻ ʯʝʨʛʫʚʘʥʥʷ ʜʥʽʚ ʥʝʦʙʤʝʞʝʥʦʛʦ ʭʘʨʯʫ-

ʚʘʥʥʷ ʟ ʜʥʷʤʠ ʧʦʚʥʦʾ ʚʽʜʤʦʚʠ ʚʽʜ ʾʞʽ [2]. ʇʨʦʪʝ, 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽ ʧʫʙʣʽʢʘʮʽʾ ʧʨʦ ʧʦʪʝʥ-

ʮʽʡʥʽ ʧʝʨʝʚʘʛʠ ɯɻ, ʧʠʪʘʥʥʷ ʙʝʟʧʝʢʠ ʪʨʠʚʘʣʦʛʦ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʠʭ ʨʝʞʠʤʽʚ ʭʘʨʯʦʚʦʛʦ ʦʙʤʝ-

ʞʝʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤ [3]. 

ʉʠʩʪʝʤʘ ʢʨʦʚʽ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ ʯʫʪʣʠʚʠʭ 

ʜʦ ʘʣʽʤʝʥʪʘʨʥʠʭ ʬʘʢʪʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʧʦʩʪʽʡʥʝ ʦʥʦ-

ʚʣʝʥʥʷ ʢʣʽʪʠʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʧʦʪʨʝʙʫʻ ʩʪʘʙʽʣʴʥʦʛʦ 

ʥʘʜʭʦʜʞʝʥʥʷ ʥʫʪʨʽʻʥʪʽʚ, ʟʦʢʨʝʤʘ ʙʽʣʢʽʚ, ʟʘʣʽʟʘ, ʚʽ-

ʪʘʤʽʥʽʚ ʛʨʫʧʠ ɺ ʪʘ ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪʠ. ʊʨʠʚʘʣʝ ʦʙ-

ʤʝʞʝʥʥʷ ʭʘʨʯʫʚʘʥʥʷ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʠʩʥʘ-

ʞʝʥʥʷ ʜʝʧʦ ʝʩʝʥʮʽʡʥʠʭ ʨʝʯʦʚʠʥ ʪʘ ʧʦʨʫʰʝʥʥʷ ʛʝ-

ʤʦʧʦʝʟʫ. 

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʦʶ ʻ ʧʨʦʙʣʝʤʘ ʚʧʣʠʚʫ ʽʥʪʝ-

ʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʥʘ ʩʪʘʥ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦ-

ʚʦʛʦ ʪʨʘʢʪʫ. ʇʝʨʽʦʜʠʯʥʘ ʚʽʜʩʫʪʥʽʩʪʴ ʭʘʨʯʦʚʠʭ ʤʘʩ 

ʫ ʰʣʫʥʢʫ ʤʦʞʝ ʧʦʨʫʰʫʚʘʪʠ ʥʦʨʤʘʣʴʥʫ ʩʝʢʨʝʮʽʶ 

ʪʘ ʤʦʪʦʨʠʢʫ, ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʜʨʘʟʥʝʥʥʷ ʩʣʠʟʦʚʦʾ 

ʦʙʦʣʦʥʢʠ ʚʣʘʩʥʠʤ ʢʠʩʣʠʤ ʚʤʽʩʪʦʤ ʪʘ ʨʦʟʚʠʪʢʫ 

ʝʨʦʟʠʚʥʦ-ʚʠʨʘʟʢʦʚʠʭ ʫʨʘʞʝʥʴ [4]. ʆʜʥʘʢ ʩʠʩʪʝʤʘ-

ʪʠʯʥʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʘʥʫ ʩʣʠʟʦʚʦʾ 
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ʦʙʦʣʦʥʢʠ ʰʣʫʥʢʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʨʤʽʥʘʭ ʽʥʪʝʨʚʘʣʴ-

ʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʚ ʣʽʪʝʨʘʪʫʨʽ ʧʨʘʢʪʠʯʥʦ ʥʝʤʘʻ. 

ʄʝʪʘ 

ɼʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʢʫ ʛʝʤʘʪʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ çʜʦʙʘ ʾʞʽ : ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè 

ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʠʞʥʷ, ʜʚʦʭ ʪʠʞʥʽʚ ʪʘ ʦʜʥʦʛʦ ʤʽ-

ʩʷʮʷ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʚʘʨʠʥʠ ʪʘ ʫʤʦʚʠ ʫʪʨʠ-

ʤʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʥʘ 72 ʙʽʣʠʭ ʱʫʨʘʭ 

ʤʘʩʦʶ 200-250 ʛ ʚʽʢʦʤ ʪʨʠ-ʯʦʪʠʨʠ ʤʽʩʷʮʽ. ʊʚʘʨʠʥ 

ʫʪʨʠʤʫʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʚʽʚʘʨʽʘʣʴʥʠʭ ʫʤʦʚʘʭ 

ʧʨʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 22Ñ2ÁC, ʚʽʜʥʦʩ-

ʥʽʡ ʚʦʣʦʛʦʩʪʽ ʧʦʚʽʪʨʷ 55Ñ10% ʪʘ ʩʚʽʪʣʦʚʦʤʫ ʨʝ-

ʞʠʤʽ 12:12 ʛʦʜʠʥ (ʩʚʽʪʣʦ:ʪʝʤʨʷʚʘ) ʟ ʚʽʣʴʥʠʤ ʥʝʦ-

ʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʚʦʜʠ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʧʝ-

ʨʽʦʜʫ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʋʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʘʥʽ-

ʧʫʣʷʮʽʾ ʟ ʪʚʘʨʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ 

ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʥʦʨʤ ʛʫʤʘʥʥʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʪʚʘʨʠʥʘʤʠ, ʟʦʢʨʝʤʘ 

ʧʦʣʦʞʝʥʴ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝ-

ʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡ (ʉʪʨʘʩ-

ʙʫʨʛ, 1986), ɼʠʨʝʢʪʠʚʠ ʈʘʜʠ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʉʦ-

ʶʟʫ 2010/63/EU, ʘ ʪʘʢʦʞ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ɿʘ-

ʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ ʞʦʨʩʪʦʢʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷè (ˉ 1759-VI ʚʽʜ 15 ʛʨʫʜʥʷ 2009 ʨʦʢʫ) 

[5-8].  

ɼʠʟʘʡʥ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʽʩʣʷ ʜʚʦʪʠʞʥʝʚʦʛʦ 

ʘʜʘʧʪʘʮʽʡʥʦʛʦ ʧʝʨʽʦʜʫ ʚʩʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʚʘ-

ʨʠʥʠ ʙʫʣʠ ʨʘʥʜʦʤʽʟʦʚʘʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʥʘ ʯʦʪʠʨʠ 

ʩʝʨʽʾ ʧʦ ʚʽʩʽʤʥʘʜʮʷʪʴ ʱʫʨʽʚ ʫ ʢʦʞʥʽʡ. ʂʦʥʪʨʦʣʴʥʘ 

ʩʝʨʽʷ (ʂʉ1) ʚʢʣʶʯʘʣʘ ʽʥʪʘʢʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʛʦʜʫ-

ʚʘʣʠʩʷ ʩʪʘʥʜʘʨʪʥʠʤ ʛʨʘʥʫʣʴʦʚʘʥʠʤ ʢʦʤʙʽʢʦʨʤʦʤ 

ʜʣʷ ʣʘʙʦʨʘʪʦʨʥʠʭ ʛʨʠʟʫʥʽʚ ʙʝʟ ʙʫʜʴ-ʷʢʠʭ ʦʙʤʝ-

ʞʝʥʴ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʝʨʽʷ 2 (ɽʉ2) ʚʢʣʶʯʘʣʘ 

ʪʚʘʨʠʥ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʽʥʪʝʨʚʘʣʴʥʦʤʫ ʛʦʣʦʜʫ-

ʚʘʥʥʽ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʠʞʥʷ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʩʝʨʽʷ 3 (ɽʉ3) ʚʢʣʶʯʘʣʘ ʱʫʨʽʚ, ʷʢʽ ʛʦʣʦʜʫʚʘʣʠ ʟʘ 

ʚʩʪʘʥʦʚʣʝʥʦʶ ʩʭʝʤʦʶ ʧʨʦʪʷʛʦʤ ʜʚʦʭ ʪʠʞʥʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʩʝʨʽʷ 4 (ɽʉ4) ʩʢʣʘʜʘʣʘʩʷ ʟ ʪʚʘ-

ʨʠʥ, ʱʦ ʧʝʨʝʙʫʚʘʣʠ ʥʘ ʽʥʪʝʨʚʘʣʴʥʦʤʫ ʛʦʣʦʜʫ-

ʚʘʥʥʽ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʤʽʩʷʮʷ (28 ʜʥʽʚ). ʋ ʪʘʢ 

ʟʚʘʥʽ çʭʘʨʯʦʚʽ ʜʥʽè ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʚʘʨʠʥʠ 

ʤʘʣʠ ʧʦʚʥʠʡ ʥʝʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʩʪʘʥʜʘʨʪ-

ʥʦʛʦ ʢʦʤʙʽʢʦʨʤʫ ʪʘ ʚʦʜʠ. ʋ çʛʦʣʦʜʥʽ ʜʥʽè ʢʦʨʤ 

ʧʦʚʥʽʩʪʶ ʚʠʢʣʶʯʘʣʠ ʟ ʨʘʮʽʦʥʫ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʨʠ 

ʮʴʦʤʫ ʧʦʩʪʽʡʥʠʡ ʥʝʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʧʠʪʥʦʾ 

ʚʦʜʠ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʜʝʛʽʜʨʘʪʘʮʽʾ. 

ʄʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ 

ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʝʢʩʧʦʟʠ-

ʮʽʾ ʪʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜ ʛʣʠʙʦʢʠʤ 

ʪʽʦʧʝʥʪʘʣʦʚʠʤ ʥʘʨʢʦʟʦʤ ʫ ʜʦʟʽ 40 ʤʛ/ʢʛ ʤʘʩʠ ʪʽʣʘ 

ʚʥʫʪʨʽʰʥʴʦʦʯʝʨʝʚʠʥʥʦ. ʂʨʦʚ ʜʣʷ ʛʝʤʘʪʦʣʦʛʽʯ-

ʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʙʠʨʘʣʠ ʤʝʪʦʜʦʤ ʢʘʨʜʽʦʧʫʥʢ-

ʮʽʾ ʣʽʚʦʛʦ ʰʣʫʥʦʯʢʘ ʩʝʨʮʷ ʚ ʩʪʝʨʠʣʴʥʽ ʧʨʦʙʽʨʢʠ ʟ 

ʘʥʪʠʢʦʘʛʫʣʷʥʪʦʤ ɽɼʊɸ.  

ɻʝʤʘʪʦʣʦʛʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʠʬʝʨʠʯʥʦʾ 

ʢʨʦʚʽ ʧʨʦʚʦʜʠʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʛʝʤʘʪʦʣʦʛʽʯ-

ʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʚ ʨʝʞʠʤʽ whole blood ʧʨʦʪʷʛʦʤ 

ʧʝʨʰʠʭ ʜʚʦʭ ʛʦʜʠʥ ʧʽʩʣʷ ʟʘʙʦʨʫ ʢʨʦʚʽ ʜʣʷ ʟʘʧʦʙʽ-

ʛʘʥʥʷ ʘʨʪʝʬʘʢʪʥʠʭ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ. ɺʠʟʥʘʯʘʣʠ 

ʢʦʤʧʣʝʢʩ ʧʘʨʘʤʝʪʨʽʚ ʝʨʠʪʨʦʮʠʪʘʨʥʦʛʦ ʨʷʜʫ, 

ʚʢʣʶʯʘʶʯʠ ʘʙʩʦʣʶʪʥʫ ʢʽʣʴʢʽʩʪʴ ʝʨʠʪʨʦʮʠʪʽʚ, 

ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʝʤʦʛʣʦʙʽʥʫ, ʛʝʤʘʪʦʢʨʠʪ, ʩʝʨʝʜʥʽʡ 

ʦʙ'ʻʤ ʝʨʠʪʨʦʮʠʪʘ, ʩʝʨʝʜʥʽʡ ʚʤʽʩʪ ʛʝʤʦʛʣʦʙʽʥʫ ʚ 

ʝʨʠʪʨʦʮʠʪʽ ʪʘ ʩʝʨʝʜʥʶ ʢʦʥʮʝʥʪʨʘʮʽʶ ʛʝʤʦʛʣʦʙʽʥʫ 

ʚ ʝʨʠʪʨʦʮʠʪʽ, ʘ ʪʘʢʦʞ ʟʘʛʘʣʴʥʫ ʢʽʣʴʢʽʩʪʴ ʣʝʡʢʦʮʠ-

ʪʽʚ ʪʘ ʪʨʦʤʙʦʮʠʪʽʚ. 

ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ. ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥ-

ʥʷʤ ʧʘʢʝʪʫ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦ-

ʛʨʘʤ. ɺʩʽ ʢʽʣʴʢʽʩʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʩʝ-

ʨʝʜʥʴʦʛʦ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪʘ ʩʪʘʥʜʘʨʪ-

ʥʦʛʦ ʚʽʜʭʠʣʝʥʥʷ. ʇʝʨʝʚʽʨʢʫ ʥʦʨʤʘʣʴʥʦʩʪʽ ʨʦʟʧʦ-

ʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʐʘʧʽʨʦ-

ʋʾʣʢʘ. ɼʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʤʽʞ ʛʨʫʧʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʦʜʥʦʬʘʢʪʦʨʥʠʡ ʜʠʩʧʝʨʩʽʡʥʠʡ 

ʘʥʘʣʽʟ ʟ ʧʦʜʘʣʴʰʠʤ ʟʘʩʪʦʩʫʚʘʥʥʷʤ post-hoc ʪʝʩʪʫ 

ʊʴʶʢʽ ʜʣʷ ʤʥʦʞʠʥʥʠʭ ʧʦʨʽʚʥʷʥʴ. ʉʪʘʪʠʩʪʠʯʥʦ 

ʟʥʘʯʫʱʠʤʠ ʚʚʘʞʘʣʠ ʚʽʜʤʽʥʥʦʩʪʽ ʧʨʠ ʨʽʚʥʽ ʟʥʘʯʫ-

ʱʦʩʪʽ ʤʝʥʰʝ 0,05. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʛʝʤʘʪʦʣʦʛʽʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʱʫʨʽʚ ʧʽʩʣʷ ʨʽʟ-

ʥʠʭ ʪʝʨʤʽʥʽʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1 ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʚʠʨʘʞʝʥʽ ʧʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʟ ʙʦʢʫ ʚʩʽʭ ʧʘʨʦʩʪʢʽʚ 

ʢʨʦʚʦʪʚʦʨʝʥʥʷ.  

ɸʥʘʣʽʟ ʧʦʢʘʟʥʠʢʽʚ ʯʝʨʚʦʥʦʛʦ ʢʨʦʚ'ʷʥʦʛʦ ʨʫ-

ʩʣʘ ʚʠʷʚʠʚ ʜʨʘʤʘʪʠʯʥʝ ʧʨʦʛʨʝʩʫʶʯʝ ʧʦʛʽʨʰʝʥʥʷ 

ʩʪʘʥʫ ʝʨʠʪʨʦʧʦʝʟʫ ʟ ʧʦʜʦʚʞʝʥʥʷʤ ʪʨʠʚʘʣʦʩʪʽ ʟʘ-

ʩʪʦʩʫʚʘʥʥʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ. ɸʙʩʦʣʶ-

ʪʥʘ ʢʽʣʴʢʽʩʪʴ ʮʠʨʢʫʣʶʶʯʠʭ ʝʨʠʪʨʦʮʠʪʽʚ ʜʝʤʦʥ-

ʩʪʨʫʚʘʣʘ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʝ ʟʥʠʞʝʥʥʷ ʫ ʚʩʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ. ʋ ʪʚʘʨʠʥ, ʱʦ ʛʦʣʦʜʫ-

ʚʘʣʠ ʧʨʦʪʷʛʦʤ ʦʜʥʦʛʦ ʪʠʞʥʷ, ʢʽʣʴʢʽʩʪʴ ʝʨʠʪʨʦʮʠ-

ʪʽʚ ʟʥʠʟʠʣʘʩʴ ʥʘ 8,5 % ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʦʶ 

ʛʨʫʧʦʶ. ʇʨʠ ʧʦʜʦʚʞʝʥʥʽ ʪʝʨʤʽʥʫ ʛʦʣʦʜʫʚʘʥʥʷ ʜʦ 

ʜʚʦʭ ʪʠʞʥʽʚ ʨʝʜʫʢʮʽʷ ʝʨʠʪʨʦʮʠʪʽʚ ʜʦʩʷʛʣʘ 17,5 %, 

ʘ ʧʨʠ ʤʽʩʷʯʥʽʡ ʝʢʩʧʦʟʠʮʽʾ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʟʥʠ-

ʞʝʥʥʷ ʥʘ 22 %. 

ʊʘʢʝ ʜʨʘʤʘʪʠʯʥʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʨʠʪ-

ʨʦʮʠʪʽʚ ʦʜʥʦʟʥʘʯʥʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʫʪʪʻʚʝ ʧʨʠʛʥʽ-

ʯʝʥʥʷ ʝʨʠʪʨʦʧʦʝʟʫ ʚʥʘʩʣʽʜʦʢ ʭʨʦʥʽʯʥʦʛʦ ʜʝʬʽ-

ʮʠʪʫ ʧʣʘʩʪʠʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ, ʥʝ-

ʦʙʭʽʜʥʠʭ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʢʽʩʪ-

ʢʦʚʦʛʦ ʤʦʟʢʫ. 

ʑʝ ʙʽʣʴʰ ʚʨʘʞʘʶʯʠʤʠ ʚʠʷʚʠʣʠʩʴ ʟʤʽʥʠ ʢʦʥ-

ʮʝʥʪʨʘʮʽʾ ʛʝʤʦʛʣʦʙʽʥʫ, ʷʢʠʡ ʻ ʢʣʶʯʦʚʠʤ ʬʫʥʢʮʽʦ-

ʥʘʣʴʥʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʝʨʠʪʨʦʮʠʪʽʚ ʪʘ ʟʘʙʝʟʧʝʯʫʻ 

ʢʠʩʥʝʚʦʪʨʘʥʩʧʦʨʪʥʫ ʬʫʥʢʮʽʶ ʢʨʦʚʽ. ʋ ʢʦʥʪʨʦʣʴ-

ʥʽʡ ʛʨʫʧʽ ʽʥʪʘʢʪʥʠʭ ʪʚʘʨʠʥ ʨʽʚʝʥʴ ʛʝʤʦʛʣʦʙʽʥʫ 

ʩʪʘʥʦʚʠʚ 125,33 ʛ/ʣ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʽʦʣʦʛʽʯʥʽʡ 

ʥʦʨʤʽ ʜʣʷ ʱʫʨʽʚ ʜʘʥʦʛʦ ʚʽʢʫ ʪʘ ʩʪʘʪʽ. ɺʞʝ ʧʽʩʣʷ 

ʦʜʥʦʛʦ ʪʠʞʥʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʩʧʦʩʪʝ-

ʨʽʛʘʣʦʩʴ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʛʝʤʦʛʣʦʙʽʥʫ ʜʦ 



______________________________________________________________________________________ 

MORPHOLOGIA  Å 2025 Å ʊʦʤ 19 Å ˉ 4  

 

32 

108,67 ʛ/ʣ, ʱʦ ʩʪʘʥʦʚʠʪʴ ʨʝʜʫʢʮʽʶ ʥʘ 13,3 % ʪʘ ʥʘ-

ʙʣʠʞʘʻʪʴʩʷ ʜʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʥʷ ʘʥʝʤʽʾ ʜʣʷ 

ʱʫʨ̔ʚ. ʋ ʛʨʫʧʽ ʪʚʘʨʠʥ, ʱʦ ʛʦʣʦʜʫʚʘʣʠ ʜʚʘ ʪʠʞʥʽ, 

ʨʽʚʝʥʴ ʛʝʤʦʛʣʦʙʽʥʫ ʢʘʪʘʩʪʨʦʬʽʯʥʦ ʟʥʠʟʠʚʩʷ ʜʦ 97 

ʛ/ʣ, ʱʦ ʥʘ 22,6 % ʥʠʞʯʝ ʢʦʥʪʨʦʣʴʥʠʭ ʟʥʘʯʝʥʴ ʪʘ 

ʦʜʥʦʟʥʘʯʥʦ ʚʽʜʧʦʚʽʜʘʻ ʢʨʠʪʝʨʽʷʤ ʘʥʝʤʽʾ ʩʝʨʝʜ-

ʥʴʦʛʦ ʩʪʫʧʝʥʷ ʪʷʞʢʦʩʪʽ. ʅʘʡʙʽʣʴʰ ʜʨʘʤʘʪʠʯʥʽ 

ʟʤʽʥʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʴ ʫ ʛʨʫʧʽ ʤʽʩʷʯʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ, ʜʝ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʝʤʦʛʣʦʙʽʥʫ ʚʧʘʣʘ ʜʦ ʢʨʠ-

ʪʠʯʥʦʛʦ ʨʽʚʥʷ 85,17 ʛ/ʣ, ʱʦ ʥʘ 32 % ʥʠʞʯʝ ʥʦʨʤʠ 

ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʚʘʞʢʦʤʫ ʩʪʫʧʝʥʶ ʘʥʝʤʽʾ ʟ ʚʠʩʦʢʠʤ 

ʨʠʟʠʢʦʤ ʨʦʟʚʠʪʢʫ ʪʢʘʥʠʥʥʦʾ ʛʽʧʦʢʩʽʾ ʪʘ ʧʦʣʽʦ-

ʨʛʘʥʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ.  

 

 

ʊʘʙʣʠʮʷ 1 

ɻʝʤʘʪʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʱʫʨʽʚ ʧʨʠ ʽʥʪʝʨʚʘʣʴʥʦʤʫ ʛʦʣʦʜʫʚʘʥʥʽ (MÑSD, n=18) 

 

ʇʦʢʘʟʥʠʢ 
ʆʜʠʥʠʮʽ 

ʚʠʤʽʨʫ 
ʂʉ1 (ʂʦʥʪʨʦʣʴ) ɽʉ2 (1 ʪʠʞʜʝʥʴ) ɽʉ3 (2 ʪʠʞʥʽ) ɽʉ4 (1 ʤʽʩʷʮʴ) 

ɽʈʀʊʈʆʎʀʊɸʈʅʀʁ ʈʗɼ 

RBC Ĭ10ĭĮ/ʣ 7,53Ñ0,91 6,89Ñ1,13* 6,21Ñ0,66** 5,87Ñ1,12*** 

HGB ʛ/ʣ 125,33Ñ10,16 108,67Ñ14,33** 97,00Ñ8,10*** 85,17Ñ11,91*** 

HCT % 35,50Ñ2,09 31,63Ñ5,81* 28,02Ñ2,92** 26,57Ñ3,67*** 

MCV ʬʣ 52,70Ñ1,12 50,98Ñ1,47 48,23Ñ3,56* 46,07Ñ2,55** 

MCH ʧʛ 18,00Ñ0,58 16,28Ñ0,78* 15,18Ñ0,94** 14,43Ñ1,09*** 

MCHC ʛ/ʣ 341,83Ñ3,89 327,00Ñ11,93* 315,67Ñ9,72** 305,83Ñ9,46*** 

ʃɽʁʂʆʎʀʊɸʈʅʀʁ ʈʗɼ 

WBC Ĭ10 /ʣ 5,73Ñ1,28 3,78Ñ1,80* 3,20Ñ1,17** 2,98Ñ1,38*** 

ʊʈʆʄɹʆʎʀʊɸʈʅʀʁ ʈʗɼ 

PLT Ĭ10 /ʣ 374,83Ñ69,58 268,17Ñ89,21* 238,67Ñ78,07** 219,67Ñ82,11*** 

 

ʇʨʠʤʽʪʢʘ:* ï p<0,05; ** ï p<0,01; *** ï p<0,001 ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ. 

 

ʇʘʨʘʣʝʣʴʥʦ ʟ ʝʨʠʪʨʦʧʝʥʽʻʶ ʪʘ ʟʥʠʞʝʥʥʷʤ ʛʝ-

ʤʦʛʣʦʙʽʥʫ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ ʧʨʦʛʨʝʩʫʶʯʝ ʟʤʝʥ-

ʰʝʥʥʷ ʛʝʤʘʪʦʢʨʠʪʫ, ʷʢʠʡ ʚʽʜʦʙʨʘʞʘʻ ʦʙ'ʻʤʥʫ ʯʘʩ-

ʪʢʫ ʝʨʠʪʨʦʮʠʪʽʚ ʫ ʟʘʛʘʣʴʥʦʤʫ ʦʙ'ʻʤʽ ʢʨʦʚʽ. ʋ ʢʦʥ-

ʪʨʦʣʴʥʽʡ ʛʨʫʧʽ ʛʝʤʘʪʦʢʨʠʪ ʩʪʘʥʦʚʠʚ 35,5 %, ʱʦ ʻ 

ʥʦʨʤʘʣʴʥʠʤ ʟʥʘʯʝʥʥʷʤ. ʇʨʠ ʦʜʥʦ ʪʠʞʥʝʚʦʤʫ ʛʦ-

ʣʦʜʫʚʘʥʥʽ ʚʽʥ ʟʥʠʟʠʚʩʷ ʜʦ 31,63 %, ʧʨʠ ʜʚʦʪʠʞʥʝ-

ʚʦʤʫ ï ʜʦ 28,02 %, ʘ ʧʨʠ ʤʽʩʷʯʥʽʡ ʝʢʩʧʦʟʠʮʽʾ ʜʦʩʷʛ 

ʤʽʥʽʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ 26,57 %, ʱʦ ʥʘ ʯʚʝʨʪʴ ʥʠ-

ʞʯʝ ʢʦʥʪʨʦʣʴʥʠʭ ʟʥʘʯʝʥʴ. ʊʘʢʝ ʟʥʠʞʝʥʥʷ ʛʝʤʘʪʦ-

ʢʨʠʪʫ ʧʽʜʪʚʝʨʜʞʫʻ ʨʝʘʣʴʥʝ ʟʤʝʥʰʝʥʥʷ ʢʠʩʥʝʚʦ-

ʪʨʘʥʩʧʦʨʪʥʦʾ ʻʤʥʦʩʪʽ ʢʨʦʚʽ ʪʘ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠ-

ʪʦʢ ʩʧʨʘʚʞʥʴʦʾ ʘʥʝʤʽʾ, ʘ ʥʝ ʧʨʦ ʛʝʤʦʜʠʣʶʮʽʶ. 

ʆʩʦʙʣʠʚʦ ʚʘʞʣʠʚʠʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ ʧʘʪʦʛʝ-

ʥʝʟʫ ʚʠʷʚʣʝʥʦʾ ʘʥʝʤʽʾ ʻ ʘʥʘʣʽʟ ʝʨʠʪʨʦʮʠʪʘʨʥʠʭ ʽʥ-

ʜʝʢʩʽʚ. ʉʝʨʝʜʥʽʡ ʦʙ'ʻʤ ʝʨʠʪʨʦʮʠʪʘ ʧʨʦʛʨʝʩʠʚʥʦ 

ʟʤʝʥʰʫʚʘʚʩʷ ʟ 52,7 ʬʝʤʪʦʣʽʪʨʽʚ ʫ ʢʦʥʪʨʦʣʽ ʜʦ 

46,07 ʬʝʤʪʦʣʽʪʨʽʚ ʫ ʛʨʫʧʽ ʤʽʩʷʯʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ, 

ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʨʦʟʚʠʪʦʢ ʤʽʢʨʦʮʠʪʦʟʫ. ʉʝʨʝʜʥʽʡ 

ʚʤʽʩʪ ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʦʜʥʦʤʫ ʝʨʠʪʨʦʮʠʪʽ ʪʘʢʦʞ 

ʜʨʘʤʘʪʠʯʥʦ ʟʥʠʟʠʚʩʷ ʟ 18 ʧʽʢʦʛʨʘʤ ʜʦ 14,43 ʧʽʢʦ-

ʛʨʘʤʘ, ʘ ʩʝʨʝʜʥʷ ʢʦʥʮʝʥʪʨʘʮʽʷ ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʝʨʠ-

ʪʨʦʮʠʪʽ ʟʤʝʥʰʠʣʘʩʴ ʟ 341,83 ʛ/ʣ ʜʦ 305,83 ʛ/ʣ. 

ʊʘʢʘ ʢʦʤʙʽʥʘʮʽʷ ʤʽʢʨʦʮʠʪʦʟʫ ʪʘ ʛʽʧʦʭʨʦʤʽʾ ʝʨʠʪ-

ʨʦʮʠʪʽʚ ʻ ʧʘʪʦʛʥʦʤʦʥʽʯʥʦʶ ʦʟʥʘʢʦʶ ʟʘʣʽʟʦʜʝʬʽ-

ʮʠʪʥʦʾ ʘʥʝʤʽʾ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʥʝʜʦʩʪʘ-

ʪʥʴʦʛʦ ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ ʜʣʷ ʩʠʥʪʝʟʫ ʛʝʤʫ ʪʘ 

ʬʦʨʤʫʚʘʥʥʷ ʧʦʚʥʦʮʽʥʥʠʭ ʤʦʣʝʢʫʣ ʛʝʤʦʛʣʦʙʽʥʫ. 

ʅʝ ʤʝʥʰ ʪʨʠʚʦʞʥʽ ʟʤʽʥʠ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟ 

ʙʦʢʫ ʙʽʣʦʛʦ ʢʨʦʚ'ʷʥʦʛʦ ʨʫʩʣʘ. ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʣʝʡʢʦʮʠʪʽʚ ʫ ʧʝʨʠʬʝʨʠʯʥʽʡ ʢʨʦʚʽ ʧʨʦʛʨʝʩʠʚʥʦ ʪʘ 

ʩʪʘʪʠʩʪʠʯʥʦ ʚʠʩʦʢʦʜʦʩʪʦʚʽʨʥʦ ʟʥʠʞʫʚʘʣʘʩʴ ʫ ʚʩʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦ-

ʣʝʤ. ʋ ʽʥʪʘʢʪʥʠʭ ʪʚʘʨʠʥ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʢʽʣʴ-

ʢʽʩʪʴ ʣʝʡʢʦʮʠʪʽʚ ʩʪʘʥʦʚʠʣʘ 5,73Ĭ10  ʢʣʽʪʠʥ ʥʘ 

ʣʽʪʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʬʽʟʽʦʣʦʛʽʯʥʽʡ ʥʦʨʤʽ. ɺʞʝ ʧʽʩʣʷ 

ʦʜʥʦʛʦ ʪʠʞʥʷ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʩʧʦʩʪʝ-

ʨʽʛʘʣʦʩʴ ʟʥʠʞʝʥʥʷ ʣʝʡʢʦʮʠʪʽʚ ʜʦ 3,78Ĭ10  ʥʘ ʣʽʪʨ, 

ʱʦ ʩʪʘʥʦʚʠʪʴ ʨʝʜʫʢʮʽʶ ʥʘ 34 %. ʋ ʛʨʫʧʽ ʜʚʦʪʠʞ-

ʥʝʚʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʢʽʣʴʢʽʩʪʴ ʣʝʡʢʦʮʠʪʽʚ ʚʧʘʣʘ ʜʦ 

3,20Ĭ10  ʥʘ ʣʽʪʨ, ʪʦʙʪʦ ʟʥʠʟʠʣʘʩʴ ʤʘʡʞʝ ʥʘʧʦʣʦ-

ʚʠʥʫ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ. ʅʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʘ 

ʣʝʡʢʦʧʝʥʽʷ ʨʦʟʚʠʥʫʣʘʩʴ ʫ ʛʨʫʧʽ ʤʽʩʷʯʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ, ʜʝ ʢʽʣʴʢʽʩʪʴ ʣʝʡʢʦʮʠʪʽʚ ʜʦʩʷʛʣʘ ʤʽʥʽʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʥʷ 2,98Ĭ10  ʢʣʽʪʠʥ ʥʘ ʣʽʪʨ, ʱʦ ʥʘ 48 % 

ʥʠʞʯʝ ʥʦʨʤʠ ʪʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʨʽ-

ʚʥʷ, ʧʨʠ ʷʢʦʤʫ ʨʽʟʢʦ ʟʨʦʩʪʘʻ ʨʠʟʠʢ ʨʦʟʚʠʪʢʫ ʽʥʬʝ-

ʢʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ ʚʥʘʩʣʽʜʦʢ ʽʤʫʥʦʩʫʧʨʝʩʽʾ. 

ʊʘʢʠʡ ʚʠʨʘʞʝʥʠʡ ʪʘ ʧʨʦʛʨʝʩʫʶʯʠʡ ʣʝʡʢʦʧʝ-

ʥʽʯʥʠʡ ʩʠʥʜʨʦʤ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʣʠʙʦʢʝ ʧʨʠʛʥʽ-

ʯʝʥʥʷ ʣʝʡʢʦʧʦʝʟʫ ʚ ʢʽʩʪʢʦʚʦʤʫ ʤʦʟʢʫ, ʷʢʝ ʨʦʟʚʠ-

ʚʘʻʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʜʝʬʽʮʠʪʫ ʝʥʝʨʛʝʪʠʯʥʠʭ ʪʘ ʧʣʘʩ-

ʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʧʨʦʣʽʬʝʨʘʮʽʾ ʪʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʛʝʤʦʧʦʝʪʠʯʥʠʭ ʢʣʽʪʠʥ-ʧʦʧʝʨʝ-

ʜʥʠʢʽʚ. ɿʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʝʡʢʦʮʠʪʽʚ ʥʠʞʯʝ 

ʪʨʴʦʭ ʤʽʣʴʷʨʜʽʚ ʥʘ ʣʽʪʨ ʻ ʢʣʽʥʽʯʥʦ ʟʥʘʯʫʱʠʤ ʪʘ 

ʩʪʚʦʨʶʻ ʨʝʘʣʴʥʫ ʟʘʛʨʦʟʫ ʨʦʟʚʠʪʢʫ ʚʪʦʨʠʥʥʦʛʦ 

ʽʤʫʥʦʜʝʬʽʮʠʪʥʦʛʦ ʩʪʘʥʫ ʟ ʧʽʜʚʠʱʝʥʦʶ ʩʧʨʠʡʥʷʪ-

ʣʠʚʽʩʪʶ ʜʦ ʙʘʢʪʝʨʽʘʣʴʥʠʭ, ʚʽʨʫʩʥʠʭ ʪʘ ʛʨʠʙʢʦʚʠʭ 

ʽʥʬʝʢʮʽʡ. 

ʊʨʝʪʽʤ ʚʘʞʣʠʚʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʠʷʚʣʝʥʦʾ ʧʘ-

ʥʮʠʪʦʧʝʥʽʾ ʩʪʘʣʦ ʧʨʦʛʨʝʩʫʶʯʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʪʨʦʤʙʦʮʠʪʽʚ ʫ ʧʝʨʠʬʝʨʠʯʥʽʡ ʢʨʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʠʭ ʪʚʘʨʠʥ. ʋ ʢʦʥʪʨʦʣʴʥʽʡ ʛʨʫʧʽ ʢʽʣʴʢʽʩʪʴ ʪʨʦ-

ʤʙʦʮʠʪʽʚ ʩʪʘʥʦʚʠʣʘ 374,83Ĭ10  ʢʣʽʪʠʥ ʥʘ ʣʽʪʨ. 
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ʇʨʠ ʦʜʥʦ ʪʠʞʥʝʚʦʤʫ ʛʦʣʦʜʫʚʘʥʥʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʴ 

ʟʥʠʞʝʥʥʷ ʜʦ 268,17Ĭ10  ʥʘ ʣʽʪʨ, ʱʦ ʥʘ 28,5 % ʥʠ-

ʞʯʝ ʢʦʥʪʨʦʣʶ. ʋ ʛʨʫʧʽ ʜʚʦʪʠʞʥʝʚʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ ʪʨʦʤʙʦʮʠʪʠ ʟʥʠʟʠʣʠʩʴ ʜʦ 238,67Ĭ10  ʥʘ 

ʣʽʪʨ, ʘ ʧʨʠ ʤʽʩʷʯʥʽʡ ʝʢʩʧʦʟʠʮʽʾ ʜʦʩʷʛʣʠ ʤʽʥʽʤʘʣʴ-

ʥʦʛʦ ʟʥʘʯʝʥʥʷ 219,67Ĭ10  ʢʣʽʪʠʥ ʥʘ ʣʽʪʨ, ʱʦ 

ʤʘʡʞʝ ʥʘ 41,4 % ʥʠʞʯʝ ʢʦʥʪʨʦʣʴʥʠʭ ʟʥʘʯʝʥʴ. 

ʈʦʟʚʠʪʦʢ ʪʨʦʤʙʦʮʠʪʦʧʝʥʽʾ ʤʘʻ ʢʨʠʪʠʯʥʝ ʢʣʽ-

ʥʽʯʥʝ ʟʥʘʯʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʪʨʦʤʙʦʮʠʪʠ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʧʝʨʚʠʥʥʦʤʫ ʛʝʤʦʩʪʘʟʽ ʪʘ ʟʘʙʝʟʧʝ-

ʯʝʥʥʽ ʮʽʣʽʩʥʦʩʪʽ ʩʫʜʠʥʥʦʾ ʩʪʽʥʢʠ. ɿʥʠʞʝʥʥʷ ʾʭ ʢʽ-

ʣʴʢʦʩʪʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʨʫʰʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʛʦʨ-

ʪʘʥʥʷ ʢʨʦʚʽ, ʧʽʜʚʠʱʝʥʦʾ ʣʘʤʢʦʩʪʽ ʢʘʧʽʣʷʨʽʚ ʪʘ ʩʭʠ-

ʣʴʥʦʩʪʽ ʜʦ ʛʝʤʦʨʘʛʽʯʥʠʭ ʧʨʦʷʚʽʚ. ɺʽʜʩʦʪʢʦʚʽ ʟʤʽʥʠ 

ʧʦʢʘʟʥʠʢʽʚ ʢʨʦʚʽ ʱʫʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ɺʽʜʩʦʪʢʦʚʽ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ ʢʣʽʥʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʢʨʦʚʽ ʱʫʨʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ. 

 

ɺʠʷʚʣʝʥʘ ʪʷʞʢʘ ʛʽʧʦʭʨʦʤʥʘ ʤʽʢʨʦʮʠʪʘʨʥʘ 

ʘʥʝʤʽʷ ʤʘʻ ʩʢʣʘʜʥʠʡ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʡ ʧʘʪʦʛʝʥʝʟ. 

ʆʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʻ ʧʨʦʛʨʝʩʫʶʯʠʡ ʜʝʬʽʮʠʪ 

ʟʘʣʽʟʘ ʚʥʘʩʣʽʜʦʢ ʧʝʨʽʦʜʠʯʥʦʛʦ ʧʦʚʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʨʠʪʠʯʥʦʛʦ ʟʥʠʞʝʥʥʷ 

ʥʘʜʭʦʜʞʝʥʥʷ ʟʘʣʽʟʘ. ʅʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ ʭʘʨ-

ʯʫʚʘʥʥʷ ʚ ʭʘʨʯʦʚʽ ʜʥʽ ʢʦʤʧʝʥʩʘʮʽʷ ʜʝʬʽʮʠʪʫ ʥʝ ʚʽ-

ʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʬʽʟʽʦʣʦʛʽʯʥʽ ʦʙʤʝʞʝʥʥʷ ʢʠʰʢʦ-

ʚʦʾ ʘʙʩʦʨʙʮʽʾ ʟʘʣʽʟʘ, ʷʢʘ ʥʝ ʤʦʞʝ ʧʝʨʝʚʠʱʫʚʘʪʠ 

ʜʚʘ-ʪʨʠ ʤʽʣʽʛʨʘʤʠ ʥʘ ʜʦʙʫ [9]. ʎʝ ʬʦʨʤʫʻ ʭʨʦʥʽʯ-

ʥʠʡ ʥʝʛʘʪʠʚʥʠʡ ʙʘʣʘʥʩ ʟ ʚʠʩʥʘʞʝʥʥʷʤ ʜʝʧʦ ʟʘʣʽʟʘ 

ʚ ʧʝʯʽʥʮʽ, ʩʝʣʝʟʽʥʮʽ ʪʘ ʢʽʩʪʢʦʚʦʤʫ ʤʦʟʢʫ. 

ʂʨʠʪʠʯʥʠʤ ʻ ʪʘʢʦʞ ʜʝʬʽʮʠʪ ʧʦʚʥʦʮʽʥʥʦʛʦ ʙʽ-

ʣʢʘ, ʷʢʠʡ ʧʦʨʫʰʫʻ ʩʠʥʪʝʟ ʘʧʦʬʝʨʠʪʠʥʫ ʪʘ ʪʨʘʥʩ-

ʬʝʨʠʥʫ ï ʙʽʣʢʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ ʜʝʧʦʥʫʚʘʥʥʷ ʟʘʣʽʟʘ. 

ɹʝʟ ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʪʨʘʥʩʬʝʨʠʥʫ ʟʘʣʽʟʦ ʥʝ 

ʤʦʞʝ ʝʬʝʢʪʠʚʥʦ ʪʨʘʥʩʧʦʨʪʫʚʘʪʠʩʷ ʜʦ ʢʽʩʪʢʦʚʦʛʦ 

ʤʦʟʢʫ. ʆʜʥʦʯʘʩʥʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʜʝʬʽʮʠʪ ʚʽʪʘʤʽʥʽʚ 

ʛʨʫʧʠ ɺ, ʦʩʦʙʣʠʚʦ ɺ12, ɺ6 ʪʘ ʬʦʣʽʻʚʦʾ ʢʠʩʣʦʪʠ, 

ʷʢʽ ʻ ʢʨʠʪʠʯʥʠʤʠ ʢʦʬʘʢʪʦʨʘʤʠ ʬʝʨʤʝʥʪʽʚ ʝʨʠʪʨʦ-

ʧʦʝʟʫ. 

ʊʨʠʚʘʣʝ ʛʦʣʦʜʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʥʘ-

ʞʝʥʥʷ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʟ ʟʘʤʽʱʝʥʥʷʤ ʘʢʪʠʚʥʦʾ 

ʯʝʨʚʦʥʦʾ ʢʽʩʪʢʦʚʦʾ ʪʢʘʥʠʥʠ ʥʘ ʞʠʨʦʚʫ, ʨʽʟʢʦ ʟʥʠ-

ʞʫʻ ʧʨʦʣʽʬʝʨʘʪʠʚʥʫ ʘʢʪʠʚʥʽʩʪʴ ʝʨʠʪʨʦʾʜʥʠʭ ʧʦ-

ʧʝʨʝʜʥʠʢʽʚ ʯʝʨʝʟ ʝʥʝʨʛʝʪʠʯʥʠʡ ʜʝʬʽʮʠʪ. ɿʘ ʫʤʦʚ 

ʭʨʦʥʽʯʥʦʛʦ ʜʝʬʽʮʠʪʫ ʛʣʶʢʦʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʢʦʨʦ-

ʯʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʞʠʪʪʷ ʝʨʠʪʨʦʮʠʪʽʚ ʟ ʧʝʨʝʜʯʘʩ-

ʥʦʶ ʟʘʛʠʙʝʣʣʶ, ʱʦ ʜʦʜʘʪʢʦʚʦ ʧʦʛʣʠʙʣʶʻ ʘʥʝʤʽʶ. 

ʈʦʟʚʠʪʦʢ ʧʘʥʮʠʪʦʧʝʥʽʾ ʟʽ ʟʥʠʞʝʥʥʷʤ ʚʩʽʭ ʧʘ-

ʨʦʩʪʢʽʚ ʢʨʦʚʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʛʣʠʙʦʢʝ ʩʠʩʪʝʤʥʝ ʧʨʠ-

ʛʥʽʯʝʥʥʷ ʛʝʤʦʧʦʝʟʫ ʥʘ ʨʽʚʥʽ ʧʣʶʨʠʧʦʪʝʥʪʥʠʭ ʩʪʦ-

ʚʙʫʨʦʚʠʭ ʢʣʽʪʠʥ. ʊʨʠʚʘʣʝ ʛʦʣʦʜʫʚʘʥʥʷ ʘʢʪʠʚʫʻ 

ʧʨʦʛʨʘʤʠ ʘʧʦʧʪʦʟʫ ʛʝʤʦʧʦʝʪʠʯʥʠʭ ʩʪʦʚʙʫʨʦʚʠʭ 

ʢʣʽʪʠʥ, ʚʠʢʣʠʢʘʶʯʠ ʾʭ ʤʘʩʦʚʫ ʟʘʛʠʙʝʣʴ ʪʘ ʟʤʝʥ-

ʰʝʥʥʷ ʧʫʣʫ ʢʣʽʪʠʥ-ʧʦʧʝʨʝʜʥʠʢʽʚ. ʆʜʥʦʯʘʩʥʦ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʧʨʦʛʨʝʩʫʶʯʝ ʞʠʨʦʚʝ ʧʝʨʝʨʦʜʞʝʥʥʷ ʢʽ-

ʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʟ ʚʪʨʘʪʦʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʘʢʪʠʚ-

ʥʦʩʪʽ. 

ɼʝʬʽʮʠʪ ʧʣʘʩʪʠʯʥʠʭ ʩʫʙʩʪʨʘʪʽʚ ï ʥʝʟʘʤʽʥʥʠʭ 

ʘʤʽʥʦʢʠʩʣʦʪ, ʥʫʢʣʝʦʪʠʜʽʚ ʪʘ ʣʽʧʽʜʽʚ ï ʧʦʨʫʰʫʻ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʽ ʧʨʦʮʝʩʠ ʙʽʦʩʠʥʪʝʟʫ ʙʽʣʢʘ ʪʘ ʨʝʧ-

ʣʽʢʘʮʽʾ ɼʅʂ, ʙʝʟ ʷʢʠʭ ʥʝʤʦʞʣʠʚʘ ʧʨʦʣʽʬʝʨʘʮʽʷ ʪʘ 

ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʢʣʽʪʠʥ-ʧʦʧʝʨʝʜʥʠʢʽʚ. ɽʥʝʨʛʝ-

ʪʠʯʥʝ ʛʦʣʦʜʫʚʘʥʥʷ ʨʽʟʢʦ ʟʥʠʞʫʻ ʤʝʪʘʙʦʣʽʯʥʫ ʘʢ-

ʪʠʚʥʽʩʪʴ ʢʣʽʪʠʥ ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʪʘ ʾʭ ʟʜʘʪʥʽʩʪʴ 

ʜʦ ʧʦʜʽʣʫ. 

ʆʩʦʙʣʠʚʦ ʥʝʙʝʟʧʝʯʥʦʶ ʻ ʚʠʷʚʣʝʥʘ ʣʝʡʢʦʧʝ-

ʥʽʷ. ɿʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʝʡʢʦʮʠʪʽʚ ʥʠʞʯʝ ʢʨʠʪʠ-

ʯʥʦʛʦ ʨʽʚʥʷ ʪʨʠ ʤʽʣʴʷʨʜʠ ʥʘ ʣʽʪʨ ʩʪʚʦʨʶʻ ʨʝʘʣʴʥʫ 

ʟʘʛʨʦʟʫ ʚʘʞʢʠʭ ʽʥʬʝʢʮʽʡʥʠʭ ʫʩʢʣʘʜʥʝʥʴ. ʃʽʤʬʦ-

ʮʠʪʠ, ʥʝʡʪʨʦʬʽʣʠ ʪʘ ʽʥʰʽ ʣʝʡʢʦʮʠʪʠ ʚʽʜʽʛʨʘʶʪʴ 

ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʟʘʭʠʩʪʽ ʚʽʜ ʧʘʪʦʛʝʥʽʚ, ʽ ʾʭ ʜʝʬʽʮʠʪ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʪʦʨʠʥʥʦʛʦ ʽʤʫʥʦʜʝʬʽʮʠʪʫ ʟ ʧʽʜʚʠ-

ʱʝʥʦʶ ʩʧʨʠʡʥʷʪʣʠʚʽʩʪʶ ʜʦ ʙʘʢʪʝʨʽʘʣʴʥʠʭ, ʚʽʨʫʩ-

ʥʠʭ ʪʘ ʛʨʠʙʢʦʚʠʭ ʽʥʬʝʢʮʽʡ. 

ʊʨʦʤʙʦʮʠʪʦʧʝʥʽʷ ʤʘʻ ʢʨʠʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʨʦʟʚʠʪʢʫ ʛʝʤʦʨʘʛʽʯʥʦʛʦ ʩʠʥʜʨʦʤʫ. ʊʨʦʤʙʦʮʠʪʠ 
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ʥʝ ʪʽʣʴʢʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʧʝʨʚʠʥʥʠʡ ʛʝʤʦʩʪʘʟ, ʘʣʝ ʡ 

ʧʽʜʪʨʠʤʫʶʪʴ ʮʽʣʽʩʥʽʩʪʴ ʩʫʜʠʥʥʦʾ ʩʪʽʥʢʠ ʯʝʨʝʟ ʧʦ-

ʩʪʽʡʥʝ ʚʠʚʽʣʴʥʝʥʥʷ ʬʘʢʪʦʨʽʚ ʨʦʩʪʫ. ɼʝʬʽʮʠʪ ʪʨʦ-

ʤʙʦʮʠʪʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʽʜʚʠʱʝʥʦʾ ʣʘʤʢʦʩʪʽ ʢʘ-

ʧʽʣʷʨʽʚ, ʧʦʨʫʰʝʥʥʷ ʟʛʦʨʪʘʥʥʷ ʢʨʦʚʽ ʪʘ ʩʧʦʥʪʘʥ-

ʥʠʭ ʢʨʦʚʦʚʠʣʠʚʽʚ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʤʘʶʪʴ ʚʠʢʣʶʯʥʦ ʚʘʞʣʠʚʝ ʢʣʽ-

ʥʽʯʥʝ ʟʥʘʯʝʥʥʷ. ɺʠʷʚʣʝʥʝ ʟʥʠʞʝʥʥʷ ʛʝʤʦʛʣʦʙʽʥʫ 

ʥʘ 32 % ʟʘ ʤʽʩʷʮʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʫʞʝ ʚʠʩʦʢʠʡ ʨʠ-

ʟʠʢ ʢʣʽʥʽʯʥʦ ʟʥʘʯʫʱʦʾ ʘʥʝʤʽʾ ʫ ʣʶʜʝʡ, ʦʩʦʙʣʠʚʦ ʚ 

ʛʨʫʧʘʭ ʧʽʜʚʠʱʝʥʦʛʦ ʨʠʟʠʢʫ: ʞʽʥʢʠ ʨʝʧʨʦʜʫʢʪʠʚ-

ʥʦʛʦ ʚʽʢʫ ʟ ʤʝʥʩʪʨʫʘʣʴʥʠʤʠ ʢʨʦʚʦʚʪʨʘʪʘʤʠ, ʜʦ-

ʥʦʨʠ ʢʨʦʚʽ, ʧʘʮʽʻʥʪʠ ʟ ʭʨʦʥʽʯʥʠʤʠ ʟʘʭʚʦʨʶʚʘʥ-

ʥʷʤʠ ʰʣʫʥʢʦʚʦ-ʢʠʰʢʦʚʦʛʦ ʪʨʘʢʪʫ, ʚʘʛʽʪʥʽ ʪʘ ʛʦ-

ʜʫʶʯʽ, ʦʩʦʙʠ ʧʦʭʠʣʦʛʦ ʚʽʢʫ [10]. 

ʈʦʟʚʠʪʦʢ ʚʘʞʢʦʾ ʣʝʡʢʦʧʝʥʽʾ ʟʽ ʟʥʠʞʝʥʥʷʤ 

ʣʝʡʢʦʮʠʪʽʚ ʤʘʡʞʝ ʚʜʚʽʯʽ ʩʪʚʦʨʶʻ ʩʝʨʡʦʟʥʫ ʟʘ-

ʛʨʦʟʫ ʽʤʫʥʦʣʦʛʽʯʥʦʾ ʥʝʜʦʩʪʘʪʥʦʩʪʽ. ʎʝ ʦʩʦʙʣʠʚʦ 

ʥʝʙʝʟʧʝʯʥʦ ʚ ʝʧʽʜʝʤʽʯʥʠʡ ʩʝʟʦʥ, ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ ʽʥ-

ʬʝʢʮʽʡʥʠʤʠ ʭʚʦʨʠʤʠ, ʜʣʷ ʦʩʽʙ ʟ ʩʫʧʫʪʥʽʤʠ ʽʤʫʥʦ-

ʜʝʬʽʮʠʪʘʤʠ. ɿʥʠʞʝʥʥʷ ʥʠʞʯʝ ʢʨʠʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʚʘʞʢʠʭ ʙʘʢʪʝʨʽʘʣʴʥʠʭ ʽʥʬʝʢ-

ʮʽʡ ʛʝʥʝʨʘʣʽʟʦʚʘʥʦʛʦ ʭʘʨʘʢʪʝʨʫ. 

ʅʘʰʽ ʨʝʟʫʣʴʪʘʪʠ ʢʦʥʪʨʘʩʪʫʶʪʴ ʟ ʯʠʩʣʝʥʥʠʤʠ 

ʧʫʙʣʽʢʘʮʽʷʤʠ ʧʨʦ ʧʝʨʝʚʘʛʠ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫ-

ʚʘʥʥʷ. Harvie ʪʘ ʩʧʽʚʘʚʪʦʨʠ [11] ʧʦʢʘʟʘʣʠ ʙʝʟʧʝʯ-

ʥʽʩʪʴ ʧʦʤʽʨʥʦʛʦ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʧʨʦ-

ʪʷʛʦʤ ʰʝʩʪʠ ʤʽʩʷʮʽʚ ʫ ʞʽʥʦʢ, ʧʨʦʪʝ ʚ ʾʭʥʴʦʤʫ ʜʦ-

ʩʣʽʜʞʝʥʥʽ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʴ ʦʙʤʝʞʝʥʥʷ ʜʦ 500 

ʢʢʘʣ ʫ çʛʦʣʦʜʥʽ ʜʥʽè, ʘ ʥʝ ʧʦʚʥʝ ʛʦʣʦʜʫʚʘʥʥʷ, ʱʦ 

ʤʦʛʣʦ ʟʘʧʦʙʽʛʪʠ ʚʠʷʚʣʝʥʠʤ ʥʘʤʠ ʧʘʪʦʣʦʛʽʯʥʠʤ 

ʟʤʽʥʘʤ. 

Varady ʪʘ ʢʦʣʝʛʠ [12] ʥʝ ʚʠʷʚʠʣʠ ʟʥʘʯʫʱʠʭ 

ʟʤʽʥ ʛʝʤʦʛʣʦʙʽʥʫ ʧʨʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʜʝʥʥʦʤʫ 

ʛʦʣʦʜʫʚʘʥʥʽ ʫ ʣʶʜʝʡ. ʆʜʥʘʢ ʪʨʠʚʘʣʽʩʪʴ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʩʪʘʥʦʚʠʣʘ ʣʠʰʝ ʚʽʩʽʤ ʪʠʞʥʽʚ, ʱʦ ʤʦʛʣʦ 

ʙʫʪʠ ʥʝʜʦʩʪʘʪʥʽʤ ʜʣʷ ʤʘʥʽʬʝʩʪʘʮʽʾ ʘʥʝʤʽʾ. ʂʨʽʤ 

ʪʦʛʦ, ʫʯʘʩʥʠʢʠ ʤʦʛʣʠ ʜʦʜʘʪʢʦʚʦ ʧʨʠʡʤʘʪʠ ʚʽʪʘ-

ʤʽʥʥʦ-ʤʽʥʝʨʘʣʴʥʽ ʢʦʤʧʣʝʢʩʠ. ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ Descamps ʪʘ ʢʦʣʝʛ [13], ʷʢʝ ʚʠʷʚʠʣʦ 

ʘʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʩʣʠʟʦʚʦʾ ʰʣʫʥʢʘ ʫ ʱʫʨʽʚ ʧʽʩʣʷ 

ʪʨʴʦʭ ʤʽʩʷʮʽʚ ʧʝʨʽʦʜʠʯʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ, ʱʦ ʫʟʛʦ-

ʜʞʫʻʪʴʩʷ ʟ ʥʘʰʠʤʠ ʜʘʥʠʤʠ. ʈʦʙʦʪʘ Zhu ʪʘ ʩʧʽʚʘʚ-

ʪʦʨʽʚ [14] ʚʠʷʚʠʣʘ ʟʥʠʞʝʥʥʷ ʛʝʤʦʛʣʦʙʽʥʫ ʪʘ ʨʦʟ-

ʚʠʪʦʢ ʟʘʣʽʟʦʜʝʬʽʮʠʪʥʦʾ ʘʥʝʤʽʾ ʫ ʤʦʣʦʜʠʭ ʞʽʥʦʢ ʧʽ-

ʩʣʷ ʪʨʴʦʭ ʤʽʩʷʮʽʚ ʞʦʨʩʪʢʦʛʦ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦ-

ʜʫʚʘʥʥʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʢʣʽʥʽʯʥʫ ʨʝʣʝʚʘʥʪʥʽʩʪʴ 

ʥʘʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʟʥʘʭʽʜʦʢ. 

ʅʝʦʙʭʽʜʥʦ ʚʽʜʟʥʘʯʠʪʠ ʢʽʣʴʢʘ ʦʙʤʝʞʝʥʴ: ʚʽʜ-

ʩʫʪʥʽʩʪʴ ʧʨʦʤʽʞʥʠʭ ʯʘʩʦʚʠʭ ʪʦʯʦʢ ʦʙʤʝʞʫʻ ʨʦʟʫ-

ʤʽʥʥʷ ʧʦʚʥʦʾ ʜʠʥʘʤʽʢʠ; ʥʝ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʢʽʩʪʢʦʚʦʛʦ ʤʦʟʢʫ ʜʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ 

ʧʨʠʛʥʽʯʝʥʥʷ ʛʝʤʦʧʦʝʟʫ; ʚʽʜʩʫʪʥʽʩʪʴ ʽʤʫʥʦʛʽʩʪʦʭʽ-

ʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʙʤʝʞʫʻ ʨʦʟʫʤʽʥʥʷ ʤʦʣʝʢʫʣʷ-

ʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʘʧʦʧʪʦʟʫ ʪʘ ʟʘʧʘʣʝʥʥʷ; ʥʝ ʜʦʩʣʽ-

ʜʞʫʚʘʣʠʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʝʡʢʦ-

ʮʠʪʽʚ. 

ɺʠʩʥʦʚʢʠ 

1. ʊʨʠʚʘʣʝ ʽʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ ʟʘ ʩʭʝ-

ʤʦʶ çʜʦʙʘ ʾʞʽ : ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʚʠʪʢʫ ʧʨʦʛʨʝʩʫʶʯʦʾ ʛʽʧʦʭʨʦʤʥʦʾ ʤʽʢʨʦʮʠʪʘʨ-

ʥʦʾ ʘʥʝʤʽʾ ʟ ʜʦʟʦʟʘʣʝʞʥʠʤ ʟʥʠʞʝʥʥʷʤ ʛʝʤʦʛʣʦ-

ʙʽʥʫ ʥʘ 13,3 % ʯʝʨʝʟ ʦʜʠʥ ʪʠʞʜʝʥʴ, ʥʘ 22,6 % ʯʝ-

ʨʝʟ ʜʚʘ ʪʠʞʥʽ ʪʘ ʥʘ 32,0 % ʯʝʨʝʟ ʦʜʠʥ ʤʽʩʷʮʴ, ʱʦ 

ʜʦʩʷʛʘʻ ʢʨʠʪʝʨʽʶ ʪʷʞʢʦʾ ʘʥʝʤʽʾ. 

2. ɺʠʷʚʣʝʥʦ ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 
ʝʨʠʪʨʦʮʠʪʽʚ ʥʘ 22,0 % ʪʘ ʛʝʤʘʪʦʢʨʠʪʫ ʥʘ 25,2 % 

ʧʨʠ ʤʽʩʷʯʥʽʡ ʝʢʩʧʦʟʠʮʽʾ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʤʽ-

ʢʨʦʮʠʪʦʟʦʤ ʪʘ ʛʽʧʦʭʨʦʤʽʻʶ ʝʨʠʪʨʦʮʠʪʽʚ, ʭʘʨʘʢʪʝ-

ʨʥʠʤʠ ʜʣʷ ʟʘʣʽʟʦʜʝʬʽʮʠʪʥʦʾ ʘʥʝʤʽʾ. 

3. ɯʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ ʚʠʢʣʠʢʘʻ ʚʠʨʘ-

ʞʝʥʫ ʣʝʡʢʦʧʝʥʽʶ ʟ ʧʨʦʛʨʝʩʫʶʯʠʤ ʟʥʠʞʝʥʥʷʤ 

ʣʝʡʢʦʮʠʪʽʚ ʥʘ 34,0-48,0 %, ʜʦʩʷʛʘʶʯʠ ʢʨʠʪʠʯʥʦʛʦ 

ʨʽʚʥʷ 2,98Ĭ10 /ʣ, ʱʦ ʩʪʚʦʨʶʻ ʟʘʛʨʦʟʫ ʨʦʟʚʠʪʢʫ 

ʽʤʫʥʦʜʝʬʽʮʠʪʫ. 

4. ɺʠʷʚʣʝʥʦ ʜʦʩʪʦʚʽʨʥʫ ʪʨʦʤʙʦʮʠʪʦʧʝʥʽʶ ʟ 
ʧʨʦʛʨʝʩʫʶʯʠʤ ʟʥʠʞʝʥʥʷʤ ʪʨʦʤʙʦʮʠʪʽʚ ʥʘ 28,5-

41,4 ʚʽʜʩʦʪʢʘ, ʱʦ ʻ ʬʘʢʪʦʨʦʤ ʨʠʟʠʢʫ ʛʝʤʦʨʘʛʽʯ-

ʥʦʛʦ ʩʠʥʜʨʦʤʫ. 

5. ʊʨʠʚʘʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʞʦʨʩʪʢʦʛʦ ʨʝʞʠʤʫ 
ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ çʜʦʙʘ ʾʞʽ : 

ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè ʻ ʥʝʙʝʟʧʝʯʥʠʤ ʜʣʷ ʟʜʦʨʦʚ'ʷ, 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʚʠʪʢʫ ʧʘʥʮʠʪʦʧʝʥʽʾ, ʜʝʩʪʨʫʢʪʠ-

ʚʥʦ-ʛʝʤʦʨʘʛʽʯʥʦʾ ʛʘʩʪʨʦʧʘʪʽʾ ʪʘ ʤʦʞʝ ʩʧʨʠʯʠʥʷʪʠ 

ʞʠʪʪʻʟʘʛʨʦʟʣʠʚʽ ʫʩʢʣʘʜʥʝʥʥʷ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ 

ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʧʨʷʤʦ-

ʚʘʥʽ ʥʘ ʚʠʚʯʝʥʥʷ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʩʪʘʥʫ ʢʽ-

ʩʪʢʦʚʦʛʦ ʤʦʟʢʫ, ʙʽʦʭʽʤʽʯʥʠʭ ʤʘʨʢʝʨʽʚ ʟʘʣʽʟʦʜʝʬʽ-

ʮʠʪʫ, ʽʤʫʥʦʛʽʩʪʦʭʽʤʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʨʝʩʽʾ 

ʤʘʨʢʝʨʽʚ ʘʧʦʧʪʦʟʫ ʪʘ ʧʨʦʣʽʬʝʨʘʮʽʾ ʚ ʩʣʠʟʦʚʽʡ 

ʰʣʫʥʢʘ, ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʧʽ-

ʩʣʷ ʧʨʠʧʠʥʝʥʥʷ ʛʦʣʦʜʫʚʘʥʥʷ, ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦ-

ʬʽʣʘʢʪʠʯʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ ʧʨʝʧʘʨʘʪʽʚ ʟʘʣʽʟʘ ʪʘ ʛʘ-

ʩʪʨʦʧʨʦʪʝʢʪʦʨʽʚ, ʧʦʨʽʚʥʷʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟ-

ʥʠʭ ʧʨʦʪʦʢʦʣʽʚ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʪʘ ʚʠ-

ʚʯʝʥʥʷ ʩʪʘʪʝʚʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦ-

ʛʽʯʥʠʭ ʟʤʽʥ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ.  

 

 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 
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ɻʦʨʜʽʻʥʢʦ ɻ.ʈ., ʉʽʢʦʨʘ ɺ.ɿ. ɻʝʤʘʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʧʨʠ ʽʥʪʝʨʚʘʣʴʥʦʤʫ ʛʦʣʦʜʫʚʘʥʥʽ ʫ ʱʫʨʽʚ. 

ʈɽʌɽʈɸʊ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ɯʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ ʥʘʙʫʚʘʻ ʧʦʧʫʣʷʨʥʦʩʪʽ ʷʢ ʝʬʝʢʪʠʚʥʘ ʩʪʨʘʪʝʛʽʷ ʢʦ-

ʨʝʢʮʽʾ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʦʨʫʰʝʥʴ. ʆʜʥʘʢ ʚʧʣʠʚ ʨʽʟʥʠʭ ʨʝʞʠʤʽʚ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʥʘ ʧʦʢʘʟʥʠʢʠ ʧʝ-

ʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʠʤ, ʱʦ ʦʙʤʝʞʫʻ ʨʦʟʫʤʽʥʥʷ ʘʜʘʧʪʘʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʦʨ-

ʛʘʥʽʟʤʫ ʜʦ ʧʝʨʽʦʜʠʯʥʦʛʦ ʦʙʤʝʞʝʥʥʷ ʭʘʨʯʫʚʘʥʥʷ. ʄʝʪʘ. ɼʦʩʣʽʜʠʪʠ ʜʠʥʘʤʽʢʫ ʛʝʤʘʪʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʫ 

ʱʫʨʽʚ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ çʜʦʙʘ ʾʞʽ : ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè ʧʨʦʪʷʛʦʤ ʨʽ-

ʟʥʠʭ ʪʝʨʤʽʥʽʚ ʝʢʩʧʦʟʠʮʽʾ. ʄʝʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥʦ ʥʘ 72 ʙʽʣʠʭ ʱʫʨʘʭ, ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʘ ʦʜʥʫ ʢʦʥ-

ʪʨʦʣʴʥʫ (ʂʉ1, n=18) ʪʘ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʩʝʨʽʾ: ɽʉ2 (n=18) ï ʦʜʠʥ ʪʠʞʜʝʥʴ ʽʥʪʝʨʚʘʣʴʥʦʛʦ ʛʦʣʦʜʫʚʘʥʥʷ, 

ɽʉ3 (n=18) ï ʜʚʘ ʪʠʞʥʽ, ɽʉ4 (n=18) ï ʦʜʠʥ ʤʽʩʷʮʴ. ʂʦʥʪʨʦʣʴʥʽ ʪʚʘʨʠʥʠ ʛʦʜʫʚʘʣʠʩʷ ʚ ʟʚʠʯʘʡʥʦʤʫ ʨʝʞʠʤʽ. 

ɸʥʘʣʽʟ ʧʝʨʠʬʝʨʠʯʥʦʾ ʢʨʦʚʽ ʚʠʢʦʥʫʚʘʣʠ ʥʘ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʛʝʤʘʪʦʣʦʛʽʯʥʦʤʫ ʘʥʘʣʽʟʘʪʦʨʽ ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʧʦ-

ʢʘʟʥʠʢʽʚ ʝʨʠʪʨʦʮʠʪʘʨʥʦʛʦ, ʣʝʡʢʦʮʠʪʘʨʥʦʛʦ ʪʘ ʪʨʦʤʙʦʮʠʪʘʨʥʦʛʦ ʨʷʜʽʚ. ʈʝʟʫʣʴʪʘʪʠ. ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʛʨʫʧʘʭ ʚʠʷʚʣʝʥʦ ʟʤʽʥʠ ʛʝʤʘʪʦʣʦʛʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʈʽʚʝʥʴ ʛʝʤʦʛʣʦʙʽʥʫ ʚ ʛʨʫʧʽ ɽʉ2 ʩʪʘʥʦʚʠʚ 128,67Ñ14,33 

ʛ/ʣ, ɽʉ3 ï 127,00Ñ8,10 ʛ/ʣ, ɽʉ4 ï 135,17Ñ11,91 ʛ/ʣ ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 125,33Ñ10,16 ʛ/ʣ. ɻʝʤʘʪʦʢʨʠʪ 

ʧʽʜʚʠʱʫʚʘʚʩʷ ʚʽʜ 35,50Ñ2,09% ʫ ʢʦʥʪʨʦʣʽ ʜʦ 41,57Ñ3,67% ʫ ʛʨʫʧʽ ɽʉ4. ɺʠʷʚʣʝʥʦ ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʣʝʡʢʦʮʠʪʽʚ: ʫ ʛʨʫʧʽ ɽʉ2 ï 12,38Ñ4,80Ĭ10 /ʣ (ʫ 2,16 ʨʘʟʘ), ɽʉ3 ï 11,50Ñ5,17Ĭ10 /ʣ (ʫ 2,01 ʨʘʟʘ), 

ɽʉ4 ï 9,48Ñ5,68Ĭ10 /ʣ (ʫ 1,65 ʨʘʟʘ) ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ 5,73Ñ1,28Ĭ10 /ʣ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʘʢʪʠʚʘʮʽʶ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ʂʽʣʴʢʽʩʪʴ ʪʨʦʤʙʦʮʠʪʽʚ ʟʘʣʠʰʘʣʘʩʷ ʚ ʤʝʞʘʭ ʬʽʟʽʦʣʦʛʽʯʥʦʾ ʥʦʨʤʠ. ʇʽʜʩʫʤʦʢ. ɯʥʪʝʨʚʘʣʴʥʝ 

ʛʦʣʦʜʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ çʜʦʙʘ ʾʞʽ : ʜʦʙʘ ʛʦʣʦʜʫʚʘʥʥʷè ʚʠʢʣʠʢʘʻ ʘʜʘʧʪʘʮʽʡʥʽ ʟʤʽʥʠ ʛʝʤʘʪʦʣʦʛʽʯʥʠʭ ʧʦʢʘʟ-

ʥʠʢʽʚ ʫ ʱʫʨʽʚ. ʉʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʛʝʤʦʛʣʦʙʽʥʫ ʪʘ ʛʝʤʘʪʦʢʨʠʪʫ ʧʨʠ ʪʨʠʚʘʣʦʤʫ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʨʝʞʠʤʫ. ɺʠʨʘʞʝʥʘ ʘʢʪʠʚʘʮʽʷ ʣʝʡʢʦʧʦʝʟʫ ʻ ʥʘʡʙʽʣʴʰ ʢʦʥʩʪʘʥʪʥʦʶ ʦʟʥʘʢʦʶ ʚʽʜʧʦʚʽʜʽ ʩʠʩʪʝʤʠ 

ʢʨʦʚʽ ʥʘ ʽʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʽʤʫʥʦʤʦʜʫʣʶʶʯʠʡ ʝʬʝʢʪ ʜʘʥʦʛʦ ʨʝʞʠʤʫ ʭʘʨʯʫʚʘʥʥʷ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʽʥʪʝʨʚʘʣʴʥʝ ʛʦʣʦʜʫʚʘʥʥʷ, ʛʝʤʘʪʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ, ʝʨʠʪʨʦʮʠʪʠ, ʣʝʡʢʦʮʠʪʠ, ʪʨʦʤʙʦ-

ʮʠʪʠ, ʱʫʨʠ. 
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ɺʩʪʫʧ 

ʊʨʘʚʤʘʪʠʯʥʝ ʫʨʘʞʝʥʥʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʚ ʩʫ-

ʯʘʩʥʦʤʫ ʩʚʽʪʽ ʥʘʙʫʚʘʻ ʤʘʩʰʪʘʙʽʚ ʝʧʽʜʝʤʽʾ ʷʢ ʩʝʨʝʜ 

ʮʠʚʽʣʴʥʠʭ [1], ʪʘʢ ʽ, ʦʩʦʙʣʠʚʦ, ʩʝʨʝʜ ʚʽʡʩʴʢʦʚʦʩ-

ʣʫʞʙʦʚʮʽʚ [2]. ʏʘʩʪʦʪʘ ʚʠʧʘʜʢʽʚ ʫ ɭʚʨʦʧʽ ʚ ʥʝʟʘ-

ʣʝʞʥʦʩʪʽ ʚʽʜ ʚʽʢʫ ʪʘ ʩʪʫʧʝʥʷ ʪʷʞʢʦʩʪʽ ʯʝʨʝʧʥʦ-ʤʦ-

ʟʢʦʚʦʾ ʪʨʘʚʤʠ (ʏʄʊ) ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ 83,3 ʜʦ 849 

ʥʘ 100 ʪʠʩʷʯ ʥʘʩʝʣʝʥʥʷ ʚ ʨʽʢ [3]. ʊʘʢʦʞ ʚʽʜʦʤʦ, ʱʦ 

ʫ ʟʥʘʯʥʦʾ ʙʽʣʴʰʦʩʪʽ ʧʘʮʽʻʥʪʽʚ, ʷʢʽ ʧʝʨʝʥʝʩʣʠ ʥʘ-

ʚʽʪʴ ʣʝʛʢʫ ʏʄʊ, ʫʧʨʦʜʦʚʞ ʤʽʩʷʮʽʚ ʪʘ ʨʦʢʽʚ ʟʙʝʨʽ-

ʛʘʶʪʴʩʷ ʥʝʛʘʪʠʚʥʽ ʥʘʩʣʽʜʢʠ, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘ-

ʶʪʴ ʥʘ ʷʢʽʩʪʴ ʞʠʪʪʷ [4]. ʇʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʽʾ ʟʘʣʠ-

ʰʘʶʪʴʩʷ ʩʪʘʪʝʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʥʘʩʣʽʜʢʽʚ ʚʧʣʠʚʫ ʪʨʘ-

ʚʤʘʪʠʯʥʦʛʦ ʬʘʢʪʦʨʫ ʥʘ ʛʦʣʦʚʥʠʡ ʤʦʟʦʢ [5]. ʅʘ 

ʮʝʡ ʯʘʩ ʧʝʨʝʚʘʞʘʶʯʘ ʢʽʣʴʢʽʩʪʴ ʜʦʩʣʽʜʞʝʥʴ ʚ ʧʠ-

ʪʘʥʥʷʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʣʽʥʽʯʥʦʛʦ ʧʝʨʝʙʽʛʫ, ʚʠʢʦʨʠ-

ʩʪʘʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʤʘʨʢʝʨʽʚ, ʭʘʨʘʢʪʝʨʫ ʪʝʯʽʾ 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʦʛʦ ʧʝʨʽʦʜʫ ʪʘ ʥʘʩʣʽʜʢʽʚ ʯʝʨʝʧʥʦ-

ʤʦʟʢʦʚʠʭ ʪʨʘʚʤ ʩʪʦʩʫʻʪʴʩʷ ʯʦʣʦʚʽʢʽʚ [5]. ɸʥʘʣʽʟ 
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ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ, ʱʦ ʨʦʟʛʣʷʜʘʶʪʴ ʷʢ ʩʪʘʪʴ ʚʧʣʠ-

ʚʘʻ ʥʘ ʧʨʦʛʥʦʟ ʥʘʩʣʽʜʢʽʚ ʏʄʊ, ʧʦʢʘʟʘʚ, ʱʦ ʧʦʛ-

ʣʷʜʠ ʥʘʫʢʦʚʮʽʚ ʜʦʩʽ ʩʫʧʝʨʝʯʣʠʚʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʦ-

ʜʘʣʴʰʦʛʦ ʙʽʣʴʰ ʨʝʪʝʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʗʢ ʧʦʢʘʟʘʶʪʴ ʜʦʩʣʽʜʞʝʥʥʷ [6] ʪʨʘʚʤʠ ʛʦʣʦʚ-

ʥʦʛʦ ʤʦʟʢʫ ʫ ʞʽʥʦʢ ʤʦʞʫʪʴ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʦʨʫ-

ʰʝʥʥʷ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʚʥʘʩʣʽʜʦʢ ʧʦʨʫ-

ʰʝʥʥʷ ʛʦʤʝʦʩʪʘʟʫ ʛʦʨʤʦʥʽʚ ʚ ʛʽʧʦʪʘʣʘʤʦ-ʛʽʧʦʬʽ-

ʟʘʨʥʦ-ʷʻʯʥʠʢʦʚʽʡ ʚʽʩʽ. ʇʨʦʚʝʜʝʥʝ ʧʨʦʩʧʝʢʪʠʚʥʝ 

ʢʦʛʦʨʪʥʝ ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʦʭʦʧʣʶʚʘʣʦ ʧʽʜʣʽʪʢʽʚ 

ʪʘ ʤʦʣʦʜʠʭ ʞʽʥʦʢ ʟʽ ʩʪʨʫʩʦʤ ʤʦʟʢʫ ʧʦʢʘʟʘʣʦ, ʱʦ 

ʞʽʥʢʠ ʤʘʣʠ ʧʽʜʚʠʱʝʥʠʡ ʨʠʟʠʢ ʘʥʦʤʘʣʴʥʠʭ ʤʝʥʩʪ-

ʨʫʘʣʴʥʠʭ ʮʠʢʣʽʚ ʧʽʩʣʷ ʩʪʨʫʩʫ ʤʦʟʢʫ. ʆʮʽʥʢʘ ʥʝʚ-

ʨʦʣʦʛʽʯʥʠʭ ʥʘʩʣʽʜʢʽʚ ʪʘ ʷʢʦʩʪʽ ʞʠʪʪʷ ʫ ʞʽʥʦʢ ʯʝ-

ʨʝʟ ʤʽʩʷʮʴ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʣʝʛʢʦʾ ʏʄʊ ʜʦʟʚʦ-

ʣʠʣʠ [7] ʚʠʟʥʘʯʠʪʠ ʪʝ, ʷʢʱʦ ʩʪʨʫʩ ʛʦʣʦʚʥʦʛʦ ʤʦ-

ʟʢʫ ʚʽʜʙʫʚʩʷ ʧʽʜ ʯʘʩ ʣʶʪʝʽʥʦʚʦʾ ʬʘʟʠ ʤʝʥʩʪʨʫʘʣʴ-

ʥʦʛʦ ʮʠʢʣʫ, ʢʦʣʠ ʧʽʜʚʠʱʝʥʠʡ ʨʽʚʝʥʴ ʧʨʦʛʝʩʪʝ-

ʨʦʥʫ, ʥʘʩʣʽʜʢʠ ʙʫʣʠ ʟʥʘʯʥʦ ʛʽʨʰʠʤʠ. ɿʘ ʨʝʟʫʣʴ-

ʪʘʪʤʠ ʧʨʦʩʧʝʢʪʠʚʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ [8], ʚ ʷʢʦʤʫ 

ʙʫʣʠ ʚʠʚʯʝʥʽ ʟʤʽʥʠ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʧʽʩʣʷ 

ʩʪʨʫʩʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʫ ʧʽʜʣʽʪʢʽʚ, ʙʫʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʱʦ ʬʘʟʘ ʤʝʥʩʪʨʫʘʣʴʥʦʛʦ ʮʠʢʣʫ ʥʘ ʤʦʤʝʥʪ 

ʪʨʘʚʤʠ ʥʝ ʙʫʣʘ ʧʦʚ'ʷʟʘʥʘ ʟʽ ʟʤʽʥʘʤʠ ʤʝʥʩʪʨʫʘʣʴ-

ʥʦʛʦ ʮʠʢʣʫ ʫʧʨʦʜʦʚʞ 4 ʤʽʩʷʮʽʚ ʧʽʩʣʷ ʪʨʘʚʤʠ, ʥʘ 

ʚʽʜʤʽʥʫ ʚʽʜ ʩʘʤʦʛʦ ʬʘʢʪʫ ʩʪʨʫʩʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. 

ʅʘʫʢʦʚʮʽ ʟ ʽʥʩʪʠʪʫʪʫ ʂʦʣʦʨʘʜʦ [9] ʧʽʜ ʯʘʩ 

ʧʨʦʚʝʜʝʥʥʷ ʩʚʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʪʘʥʦʚʠʣʠ ʟʚ'ʷʟʦʢ 

ʤʽʞ ʏʄʊ ʪʘ ʨʝʧʨʦʜʫʢʪʠʚʥʠʤʠ ʥʘʩʣʽʜʢʘʤʠ ʫ ʞʽ-

ʥʦʢ. ɺʦʥʠ ʟôʷʩʫʚʘʣʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʭʨʝʩʪʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʱʦ ʨʠʟʠʢ ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ 

ʚʘʛʽʪʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʧʝʨʝʜʯʘʩʥʦʛʦ ʚʽʜʰʘʨʫʚʘʥʥʷ 

ʧʣʘʮʝʥʪʠ, ʥʘʨʦʜʞʝʥʥʷ ʜʠʪʠʥʠ, ʤʘʩʘ ʷʢʦʾ ʧʝʨʝʚʠ-

ʱʫʚʘʣʘ ʛʝʩʪʘʮʽʡʥʠʡ ʚʽʢ, ʯʘʩʪʦʪʠ ʤʝʨʪʚʦʥʘʨʦ-

ʜʞʝʥʥʷ ʙʫʣʠ ʧʽʜʚʠʱʝʥʽ ʫ ʞʽʥʦʢ ʟ ʏʄʊ ʚ ʘʥʘʤʥʝʟʽ. 

ʆʮʽʥʶʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʚʘʛʽʪʥʦʩʪʝʡ ʩʝʨʝʜ ʞʽʥʦʢ ʨʝ-

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʽʢʫ (18-45 ʨʦʢʽʚ) ʧʽʩʣʷ ʩʪʨʫʩʫ ʛʦ-

ʣʦʚʥʦʛʦ ʤʦʟʢʫ ʯʝʨʝʟ 24 ʤʽʩʷʮʽ, ʜʦʩʣʽʜʥʠʢʠ [10] ʚʠ-

ʷʚʠʣʠ, ʱʦ ʚ ʮʽʡ ʛʨʫʧʽ ʞʽʥʦʢ ʢʽʣʴʢʽʩʪʴ ʚʘʛʽʪʥʦʩʪʝʡ 

ʙʫʣʘ ʟʥʠʞʝʥʘ ʥʘ 76% ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʴʥʦʶ. 

ʇʨʦʚʝʜʝʥʠʡ ʘʥʘʣʽʟ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ, ʚ ʷʢʠʭ 

ʚʠʚʯʘʣʠʩʷ ʟʚôʷʟʢʠ ʤʽʞ ʦʪʨʠʤʘʥʠʤʠ ʏʄʊ ʫ ʞʽʥʦʢ, 

ʟʦʢʨʝʤʘ ʣʝʛʢʦʛʦ ʩʪʫʧʝʥʶ, ʪʘ ʧʦʪʝʥʮʽʡʥʠʤʠ ʥʘʩ-

ʣʽʜʢʘʤʠ ʜʣʷ ʨʝʧʨʦʜʫʢʪʠʚʥʦʾ ʬʫʥʢʮʽʾ, ʧʦʢʘʟʘʚ, ʱʦ 

ʥʘ ʮʝʡ ʯʘʩ ʽʩʥʫʶʪʴ ʧʝʚʥʽ ʧʨʦʛʘʣʠʥʠ ʱʦʜʦ ʧʦʪʝʥ-

ʮʽʡʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʨʦʟʚʠʪʢʫ ʧʦʨʫʰʝʥʥʷ ʤʝʥʩʪʨʫ-

ʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʥʘʩʣʽʜʢʽʚ ʚʘʛʽʪʥʦ-

ʩʪʽ ʫ ʞʽʥʦʢ ʧʽʩʣʷ ʩʪʨʫʩʫ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʷʢʠʡ ʚʠ-

ʥʠʢ, ʷʢ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʢʦʥʪʘʢʪʥʦʾ ʪʨʘʚʤʠ, ʪʘʢ ʽ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʚʧʣʠʚʫ ʚʠʙʫʭʦʚʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʦʮʽʥʠʪʠ ʪʨʠʚʘʣʽʩʪʴ ʪʘ 

ʩʪʨʫʢʪʫʨʫ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʙʽʣʠʭ ʩʘʤʠʮʴ ʱʫ-

ʨʽʚ ʧʽʩʣʷ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʤʝʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʘʣʫ-

ʯʝʥʦ 40 ʙʽʣʠʭ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʩʘʤʠʮʴ ʱʫʨʽʚ, ʚʘʛʦʶ 

177,1Ñ16 ʛ, ʷʢʽ ʧʝʨʝʙʫʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ 

ʚʽʚʘʨʽʶ ɼɼʄʋ. ɺʨʘʭʦʚʫʶʯʠ ʪʝ, ʱʦ ʪʨʠʚʘʣʽʩʪʴ ʝʩ-

ʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʱʫʨʽʚ ʯʫʪʣʠʚʘ ʜʦ ʯʘʩʦʚʦʛʦ 

ʩʧ̔ʚʚʽʜʥʦʰʝʥʥʷ ʩʚʽʪʣʘ ʪʘ ʪʝʤʨʷʚʠ, ʥʘʤʠ ʙʫʚ ʚʠʢʦ-

ʨʠʩʪʘʥʠʡ ʨʝʞʠʤ 12 ʛʦʜʠʥ ʩʚʽʪʣʘ ʪʘ 12 ʛʦʜʠʥ ʪʝʤ-

ʨʷʚʠ ʫʧʨʦʜʦʚʞ ʜʦʙʠ (ʚʤʠʢʘʥʥʷ ʩʚʽʪʣʘ ʚʽʜʙʫʚʘ-

ʣʦʩʷ ʦ 6 ʨʘʥʢʫ) ʜʣʷ ʚʠʢʣʶʯʝʥʥʷ ʚʧʣʠʚʫ ʮʴʦʛʦ ʬʘ-

ʢʪʦʨʫ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ 

ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʩʘʤʠʮʴ ʢʦʞʥʦʛʦ ʜʥʷ ʤʽʞ 9 ʪʘ 

11 ʨʘʥʢʫ ʫʧʨʦʜʦʚʞ 14 ʜʽʙ ʦʪʨʠʤʫʚʘʣʠ ʚʘʛʽʥʘʣʴʥʽ 

ʤʘʟʢʠ. ɺ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʠʡʥʷʣʠ ʫʯʘʩʪʴ 

ʪʽʣʴʢʠ ʪʠ ʪʚʘʨʠʥʠ, ʫ ʷʢʠʭ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ ʝʩʪʨʘʣʴʥʠʡ ʮʠʢʣ ʚʽʜʨʽʟʥʷʚʩʷ ʚʽʜʧʦʚʽʜʥʦʶ 

ʮʠʢʣʽʯʥʽʩʪʶ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʠʢʣʶʯʘʣʠ ʽʟ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʱʫʨʠʮʴ, ʷʢʽ ʤʘʣʠ ʩʫʪʪʻʚʽ ʚʽʜʭʠʣʝʥʥʷ ʫ 

ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ. ʊʘʢʠʡ ʚʽʜʙʽʨ ʻ ʥʘ 

ʮʝʡ ʯʘʩ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʤ ʽ ʜʦʟʚʦʣʷʻ ʚʽʜʽʙʨʘʪʠ 

ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫ ʱʫʨʠʮʴ ʟ ʚʨʽʚʥʦʚʘʞʝʥʦʶ ʛʦʨ-

ʤʦʥʘʣʴʥʦʶ ʛʽʧʦʪʘʣʘʤʦ-ʛʽʧʦʬʽʟʘʨʥʦ-ʷʻʯʥʠʢʦʚʦʶ 

ʚʽʩʩʶ [11]. 

 ɺʩʽ ʱʫʨʠʮʽ, ʷʢʽ ʙʫʣʠ ʦʜʽʙʨʘʥʽ ʜʣʷ ʫʯʘʩʪʽ ʚ 

ʝʢʩʧʝʨʠʤʝʥʪʽ, ʙʫʣʠ ʨʦʟʜʽʣʝʥʽ ʥʘ 4 ʛʨʫʧʠ. ʇʝʨʰʘ 

ʛʨʫʧʘ - ʽʥʪʘʢʪʥʘ (n-10, ʛʨʫʧʘ ʱʫʨʠʮʴ, ʷʢʘ ʟʥʘʭʦ-

ʜʠʪʴʩʷ ʚ ʟʚʠʯʘʡʥʠʭ ʫʤʦʚʘʭ ʫʪʨʠʤʘʥʥʷ), ʜʨʫʛʘ - 

ʢʦʥʪʨʦʣʴʥʘ (n-10, ʛʨʫʧʘ ʱʫʨʠʮʴ, ʷʢʽ ʦʪʨʠʤʫʚʘʣʠ 

ʛʘʣʦʪʘʥʦʚʠʡ ʥʘʨʢʦʟ ʟ ʧʦʜʘʣʴʰʦʶ ʬʽʢʩʘʮʽʻʶ, ʘʣʝ 

ʙʝʟ ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ), ʪʨʝʪʷ, ʘʙʦ ʧʝʨʰʘ ʝʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʘ ʛʨʫʧʘ (n-10, ʛʨʫʧʘ, ʥʘ ʷʢʫ ʙʫʚ 

ʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚ ʬʘʟʽ ʝʩʪʨʫʩʘ), 

ʯʝʪʚʝʨʪʘ, ʜʨʫʛʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʛʨʫʧʘ (n-10, 

ʛʨʫʧʘ, ʥʘ ʷʢʫ ʙʫʚ ʩʧʨʷʤʦʚʘʥʠʡ ʚʧʣʠʚ ʫʜʘʨʥʦʾ 

ʭʚʠʣʽ ʚ ʬʘʟʽ ʜʽʝʩʪʨʫʩʘ). 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʯʘʩʪʠʥʘ ʨʦʙʦʪʠ ʚʠʢʦʥʘʥʘ 

ʥʘ ʙʘʟ̔ ɼɼʄʋ. ʇʦʚʽʪʨʷʥʘ ʫʜʘʨʥʘ ʭʚʠʣʷ ʚʽʜʪʚʦʨʶ-

ʚʘʣʘʩʷ ʚ ʧʨʠʩʪʨʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚʠʙʫʭʫ [12]. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ ʥʘʤʠ ʙʫʣʘ 

ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʽʢʘ ʚʠʤʠʚʘʥʥʷ ʧʽʭʚʦʚʦʛʦ ʚʤʽʩʪʫ 

ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʢʣʷʥʦʾ ʦʬʪʘʣʴʤʦʣʦʛʽʯʥʦʾ ʧʽʧʝ-

ʪʢʠ ʪʘ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ (ʤʝʪʦʜ ʚʘʛʽʥʘʣʴ-

ʥʦʛʦ ʣʘʚʘʞʫ). ɼʣʷ ʟʙʦʨʫ ʢʣʽʪʠʥ ʟ ʧʽʭʚʠ ʥʘʙʠʨʘʣʠ 

0,2 ʤʣ ʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʨʦʟʯʠʥʫ ʫ ʧʽʧʝʪʢʫ. ʂʽʥʯʠʢ 

ʧʽʧʝʪʢʠ ʦʙʝʨʝʞʥʦ ʚʚʦʜʠʣʠ ʫ ʚʘʛʽʥʘʣʴʥʠʡ ʦʪʚʽʨ ʥʘ 

ʛʣʠʙʠʥʫ 0,5ï1 ʩʤ. ʇʽʩʣʷ ʧʨʦʤʠʚʘʥʥʷ ʦʪʨʠʤʘʥʫ ʩʫ-

ʩʧʝʥʟʽʶ ʟʨʘʟʢʘ ʨʽʚʥʦʤʽʨʥʦ ʥʘʥʦʩʠʣʠ ʥʘ ʧʨʝʜʤʝʪʥʝ 

ʩʢʣʦ ʪʦʥʢʠʤ ʰʘʨʦʤ ʪʘ ʟʘʣʠʰʘʣʠ ʚʠʩʠʭʘʪʠ ʥʘ ʧʦ-

ʚʽʪʨʽ. ɼʣʷ ʢʦʞʥʦʾ ʪʚʘʨʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʽʥʜʠ-

ʚʽʜʫʘʣʴʥʽ ʦʜʥʦʨʘʟʦʚʽ ʧʽʧʝʪʢʠ. ɿʘ ʜʫʤʢʦʶ [13] ʤʝ-

ʪʦʜ ʚʘʛʽʥʘʣʴʥʦʛʦ ʣʘʚʘʞʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʚʘʛʽ-

ʥʘʣʴʥʠʡ ʤʘʟʦʢ ʟ ʙʽʣʴʰʦʶ ʢʣʽʪʠʥʥʽʩʪʶ ʪʘ ʧʦʧʝʨʝ-

ʜʞʫʻ ʨʦʟʚʠʪʦʢ ʧʩʝʚʜʦʚʘʛʽʪʥʦʩʪʝʡ.  

ʇʽʩʣʷ ʧʝʨʝʥʝʩʝʥʥʷ ʚʘʛʽʥʘʣʴʥʦʾ ʩʫʩʧʝʥʟʽʾ ʥʘ 

ʧʨʝʜʤʝʪʥʝ ʩʢʣʦ ʧʨʦʚʦʜʠʣʠ ʦʮʽʥʢʫ ʚʦʣʦʛʦʛʦ ʚʘʛʽ-

ʥʘʣʴʥʦʛʦ ʤʘʟʢʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʚʦʛʦ ʤʽʢʨʦʩ-

ʢʦʧʘ ʧʨʠ 100-ʢʨʘʪʥʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʟ ʮʠʬʨʦʚʦʶ 

ʬʦʪʦʬʽʢʩʘʮʽʻʶ ʯʝʨʝʟ ʦʢʫʣʷʨ ʤʽʢʨʦʩʢʦʧʘ. ʇʨʠ 

ʦʮʽʥʮʽ ʚʨʘʭʦʚʫʚʘʣʠ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʪʨʴʦʭ ʪʠʧʽʚ ʢʣʽʪʠʥ, ʘ ʩʘʤʝ, ʚʝʣʠʢʠʭ ʝʧʽʪʝʣʽʘʣʴʥʠʭ 

ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽʣʠʭ ʢʣʽʪʠʥ ʟ ʛʦʩʪʨʠʤʠ ʢʫʪʘʤʠ 

ʘʙʦ ʥʝʚʠʟʥʘʯʝʥʦʾ ʬʦʨʤʠ, ʦʢʨʫʛʣʠʭ ʥʝʟʨʦʛʦʚʽʣʠʭ 

ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ ʤʝʥʰʠʭ ʟʘ ʨʦʟʤʽʨʘʤʠ ʟ ʷʜ-

ʨʘʤʠ ʪʘ ʟʝʨʥʠʩʪʽʩʪʶ ʪʘ ʤʘʣʠʭ ʢʨʫʛʣʠʭ ʢʣʽʪʠʥ ï 

ʣʝʡʢʦʮʠʪʽʚ. ʆʮʽʥʶʶʯʠ ʪʘʢʦʞ ʙʘʣʘʥʩ ʮʠʭ ʢʣʽʪʠʥ 
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ʤʘʟʦʢ ʚʽʜʥʦʩʠʣʠ ʜʦ ʚʽʜʧʦʚʽʜʥʦʾ ʩʪʘʜʽʾ ʝʩʪʨʘʣʴʥʦʛʦ 

ʮʠʢʣʫ. 

ʉʪʘʪʠʩʪʠʯʥʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʽʩ-

ʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʧʨʦʚʦʜʠʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ 

ʦʙʨʦʙʢʠ ʜʘʥʠʭ STATISTICA 6.1 (StatSoftInc., ʩʝ-

ʨʽʡʥʠʡ ˉ AGAR909E415822FA), çMicrosoft 

Excelè (Office Home Business 2KB4Y-6H9DB-

BM47K-749PV-PG3KT) ʟ ʧʨʦʛʨʘʤʥʦʶ ʥʘʜʙʫʜʦ-

ʚʦʶ çAtteStatè, ʨʝʘʣʽʟʦʚʘʥʽʡ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʧʘ-

ʢʝʪʽ çMedCalc Statistical Softwareè (MedCalc 

Software, Ostend, Belgium; https://www.medcalc. 

org; free trial version 23.3.7) ʪʘ ʧʨʦʛʨʘʤ R 

(https://cran.r-project.org) ʟ ʤʝʪʦʶ ʧʦʨʽʚʥʷʥʥʷ ʢʽʣʴ-

ʢʽʩʥʠʭ ʜʘʥʠʭ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ ʪʚʘʨʠʥ 

ʟ ʧʦʢʘʟʥʠʢʘʤʠ ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʽʥʪʘʢʪʥʦʾ ʛʨʫʧ ʩʘ-

ʤʠʮʴ ʱʫʨʽʚ. ʇʝʨʝʚʽʨʢʫ ʛʽʧʦʪʝʟʠ ʥʦʨʤʘʣʴʥʦʩʪʽ ʨʦ-

ʟʧʦʜʽʣʫ ʩʝʨʝʜ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʢʽʣʴʢʽʩʥʠʭ ʦʟʥʘʢ 

ʧʨʦʚʦʜʠʣʠ ʟʘ ʢʨʠʪʝʨʽʻʤ ʐʘʧʽʨʦ-ʋʽʣʢʘ. ʇʽʩʣʷ ʧʝ-

ʨʝʚʽʨʢʠ ʥʘ ʥʦʨʤʘʣʴʥʽʩʪʴ ʨʦʟʧʦʜʽʣʫ ʢʽʣʴʢʽʩʥʠʭ ʜʘ-

ʥʠʭ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʩʝʨʝʜʥʶ ʘʨʠʬʤʝʪʠʯʥʫ (ʄ), 

ʩʪʘʥʜʘʨʪʥʝ ʚʽʜʭʠʣʝʥʥʷ (SD) ʜʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟ-

ʥʠʢʘ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʚʽʜʤʽʥ-

ʥʦʩʪʝʡ ʤʽʞ ʛʨʫʧʘʤʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʢʨʠʪʝʨʽʡ 

ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʥʝʟʘʣʝʞʥʠʭ ʚʠʙʽʨʦʢ (t). ʂʨʠʪʠʯʥʝ 

ʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʟʥʘʯʫʱʦʩʪʽ (p) ʧʨʠʡ-

ʤʘʣʦʩʷ <5 % (ʨ<0,05). 

ʇʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘ-

ʨʠʥ ʜʦʪʨʠʤʫʚʘʣʠʩʷ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ 

ʟʘʭʠʩʪ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡ (ʉʪʨʘʩ-

ʙʫʨʛ, 18 ʙʝʨʝʟʥʷ 1986 ʨʦʢʫ), ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

ˉ3447-IV ʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ ʞʦʨʩʪʦʢʦʛʦ ʧʦ-

ʚʦʜʞʝʥʥʷ [14, 15]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʤʽʥʥʦʩʪʝʡ ʤʽʞ ʽʥʪʘʢʪ-

ʥʦʶ, ʢʦʥʪʨʦʣʴʥʦʶ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʛʨʫ-

ʧʘʤʠ ʱʫʨʠʮʴ ʚ ʩʪʨʫʢʪʫʨʽ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴ-

ʥʦʛʦ ʮʠʢʣʫ ʥʘʤʠ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʥʘʩʪʫʧʥʽ ʢʨʠʪʝ-

ʨʽʾ ʧʨʠ ʦʮʽʥʮʽ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ ʱʦʜʦ ʦʪʦʪʦʞ-

ʥʝʥʥʷ ʾʭ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʩʪʘʜʽʻʶ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠ-

ʢʣʫ. ʗʢʱʦ ʚʘʛʽʥʘʣʴʥʠʡ ʤʘʟʦʢ ʙʫʚ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦ-

ʩʪʽ, ʟ ʧʦʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʜʨʽʙʥʠʭ ʷʜʝʨʥʠʭ ʝʧʽʪʝ-

ʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ, ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʡʪʨʦʬʽʣʽʚ, ʟ 

ʧʦʦʜʠʥʦʢʠʤʠ ʚʝʣʠʢʠʤʠ ʷʜʝʨʥʠʤʠ ʢʣʽʪʠʥʘʤʠ ʪʘ 

ʙʝʟôʷʜʝʨʥʠʤʠ ʟʨʦʛʦʚʽʣʠʤʠ ʝʧʽʪʝʣʽʘʣʴʥʠʤʠ ʢʣʽʪʠ-

ʥʘʤʠ, ʪʦ ʮʝʡ ʤʘʟʦʢ ʦʪʦʪʦʞʥʶʚʘʣʠ ʟ ʧʨʦʝʩʪʨʫʩʦʤ. 

ʋ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʚʘʛʽʥʘʣʴʥʠʡ ʤʘʟʦʢ ʙʫʚ ʟ ʚʠʩʦʢʦʶ 

ʚʽʜʥʦʩʥʦʶ ʱʽʣʴʥʽʩʪʶ ʢʣʽʪʠʥ, ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ 

ʚʝʣʠʢʠʭ ʙʝʟôʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʟ ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʡʪ-

ʨʦʬʽʣʽʚ ʪʘ ʧʦʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʤʘʣʠʭ ʪʘ ʚʝʣʠʢʠʭ 

ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʪʦ ʮʝʡ ʤʘʟʦʢ ʩʚʽʜʯʠʚ ʧʨʦ ʝʩʪʨʫʩ. 

ɼʣʷ ʜʽʝʩʪʨʫʩʘ ʙʫʣʘ ʭʘʨʘʢʪʝʨʥʘ ʧʦʤʽʨʥʘ ʱʽʣʴʥʽʩʪʴ, 

ʟʥʘʯʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ, ʥʘʷʚʥʽʩʪʴ ʧʦʦʜʠʥʦ-

ʢʠʭ ʤʘʣʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʚʝʣʠʢʠʭ 

ʷʜʝʨʥʠʭ ʪʘ ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽʣʠʭ ʢʣʽʪʠʥ (ʨʠʩ. 1). 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ.1. ɺʦʣʦʛʽ ʚʘʛʽʥʘʣʴʥʽ ʤʘʟʢʠ ʽʥʪʘʢʪʥʦʾ ʛʨʫʧʠ ʩʘʤʠʮʴ ʙʽʣʠʭ ʱʫʨʽʚ ʚ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ. ɿʣʽʚʘ-ʥʘʧʨʘʚʦ: 

ʧʨʦʝʩʪʨʫʩ, ʝʩʪʨʫʩ ʪʘ ʜʽʝʩʪʨʫʩ. 

 

ʗʢʽʩʥʠʡ ʮʠʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘ-

ʟʢʽʚ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʨʫʧʠ ʱʫʨʽʚ ʧʦʢʘʟʘʚ, ʱʦ 

ʾʭ ʢʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʙʦ ʧʦʦʜʠ-

ʥʦʢʠʤʠ, ʘʙʦ ʧʦʤʽʨʥʦʶ ʢʽʣʴʢʽʩʪʶ ʥʝʡʪʨʦʬʽʣʽʚ, ʚʝ-

ʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʘʣʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʚʽʜʩʫʪʥʽ-

ʩʪʶ ʚʝʣʠʢʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽ-

ʣʠʭ ʢʣʽʪʠʥ, ʪʘ ʧʦʤʽʨʥʦʶ ʘʙʦ ʟʥʘʯʥʦʶ ʚʽʜʥʦʩʥʦʶ 

ʱʽʣʴʥʽʩʪʶ ʢʣʽʪʠʥ (ʨʠʩ. 2). 

ɿʘ ʜʘʥʠʤʠ ʮʠʪʦʣʦʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʘʛʽʥʘʣʴʥʠʭ 

ʤʘʟʢʽʚ ʫ ʱʫʨʠʮʴ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦʾ 

ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʚ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʦʤʫ ʧʝʨʽʦʜʽ ʫʧʨʦ-

ʜʦʚʞ ʪʝʨʤʽʥʫ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʤʽʥʠ 

ʷʢ ʫ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʪʘʢ ʽ ʚ ʪʨʠʚʘ-

ʣʦʩʪʽ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ. ɽʩʪʨʘʣʴ-

ʥʠʡ ʮʠʢʣ ʚ ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʦʤʫ ʧʝʨʽʦʜʽ ʪʨʠʚʘʚ ʜʦ-

ʩʪʦʚʽʨʥʦ ʜʦʚʰʝ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʘʢʪʥʦʶ ʪʘ ʢʦʥʪ-

ʨʦʣʴʥʦʶ ʛʨʫʧʘʤʠ ʪʚʘʨʠʥ (ʪʘʙʣ. 1). 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ.2. ɺʦʣʦʛʽ ʚʘʛʽʥʘʣʴʥʽ ʤʘʟʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʛʨʫʧ ʙʽʣʠʭ ʱʫʨʽʚ. A - ʧʦʤʽʨʥʘ ʢʽʣʴʢʽʩʪʴ ʥʝʡʪʨʦʬʽʣʽʚ, ʚʝ-
ʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʣʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʚʠʩʦʢʘ ʚʽʜʥʦʩʥʘ 
ʱʽʣʴʥʽʩʪʴ ʢʣʽʪʠʥ; B - ʧʦʦʜʠʥʦʢʽ ʥʝʡʪʨʦʬʽʣʠ, ʚʝʣʠʢʘ ʢʽʣʴ-
ʢʽʩʪʴ ʤʘʣʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʧʦʦʜʠʥʦʢʽ ʚʝʣʠʢʽ ʷʜʝʨʥʽ ʢʣʽ-
ʪʠʥʠ, ʧʦʤʽʨʥʘ ʚʽʜʥʦʩʥʘ ʱʽʣʴʥʽʩʪʴ ʢʣʽʪʠʥ. 
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ʊʘʙʣʠʮʷ 1 

ʇʦʢʘʟʥʠʢʠ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʩʘʤʠʮʴ ʱʫʨʽʚ ʫʧʨʦʜʦʚʞ 14 ʜʽʙ ʩʧʦʩʪʝʨʝʞʝʥʥʷ (MÑSD) 

 

ʇʦʢʘʟʥʠʢʠ ʝʩʪʨʘʣʴ-

ʥʦʛʦ ʮʠʢʣʫ 
ɯʥʪʘʢʪʥʘ ʛʨʫʧʘ ʂʦʥʪʨʦʣʴʥʘ ʛʨʫʧʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʛʨʫʧʘ 1 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ 

ʛʨʫʧʘ 2 

ʊʨʠʚʘʣʽʩʪʴ ʝʩʪʨʘʣʴ-

ʥʦʛʦ ʮʠʢʣʫ, (ʜʦʙʠ) 
4,17Ñ0,41 4,33Ñ0,52 4,83Ñ0,41* 5,17Ñ0,41** 

ʊʨʠʚʘʣʽʩʪʴ ʪʽʯʢʠ 

(ʧʨʦʝʩʪʨʫʩ+ʝʩʪʨʫʩ), 

(ʜʦʙʠ) 

1,83Ñ0,41 1,83Ñ0,41 3,0Ñ0,0** 3,00Ñ0,63** 

ʊʨʠʚʘʣʽʩʪʴ ʤʽʞʪʽʯʢʠ 

(ʤʝʪʘʝʩʪʨʫʩ+ʜʽʝʩʪ-

ʨʫʩ), (ʜʦʙʠ) 

2,33Ñ0,52 2,5Ñ0,55 1,83Ñ0,41 2,00Ñ0,0 

ʂʽʣʴʢʽʩʪʴ ʝʩʪʨʫʩʽʚ, ʦʜ. 3,83Ñ0,41 3,67Ñ0,52 3,17Ñ0,41* 2,83Ñ0,41** 

 

* ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʨʠ ʨ<0,05 ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ʽʥʪʘʢʪʥʦʶ ʛʨʫʧʦʶ; 

** ʚʽʜʤʽʥʥʦʩʪʽ ʜʦʩʪʦʚʽʨʥʽ ʧʨʠ ʨ<0,05 ʤʽʞ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤʠ ʛʨʫʧʘʤʠ ʪʘ ʽʥʪʘʢʪʥʦʶ ʪʘ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫ-

ʧʘʤʠ. 

 

ʊʨʠʚʘʣʽʩʪʴ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʫ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʙʫʣʘ ʧʦʜʦʚʞʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʟʙʽʣʴ-

ʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʬʘʟʠ ʧʨʦʝʩʪʨʫʩʫ. ɺ ʝʢʩʧʝʨʠʤʝ-

ʥʪʘʣʴʥʠʭ ʛʨʫʧʘʭ ʪʨʠʚʘʣʽʩʪʴ ʪʽʯʢʠ ʙʫʣʘ ʜʦʩʪʦʚʽʨʥʘ 

ʚʠʱʘ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʘʢʪʥʦʶ ʪʘ ʢʦʥʪʨʦʣʴʥʦʶ 

ʛʨʫʧʘʤʠ. ʊʨʠʚʘʣʽʩʪʴ ʤʽʞʪʽʯʢʠ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʛʨʫʧʘʭ ʟʘ ʩʝʨʝʜʥʽʤʠ ʟʥʘʯʝʥʥʷʤʠ ʙʫʣʘ ʤʝʥ-

ʰʦʶ, ʘʣʝ ʮʽ ʧʦʢʘʟʥʠʢʠ ʥʝ ʤʘʣʠ ʜʦʩʪʦʚʽʨʥʠʭ ʚʽʜ-

ʤʽʥʥʦʩʪʝʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʪʘʢʪʥʦʶ ʪʘ ʢʦʥʪʨʦʣʴ-

ʥʦʶ ʛʨʫʧʘʤʠ. 

ɺʽʜʦʤʦ, ʱʦ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʴ ʝʩʪʨʘʣʴʥʦʛʦ 

ʮʠʢʣʫ ʫ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʱʫʨʠʮʴ ʫʧʨʦʜʦʚʞ ʨʝʧʨʦʜʫ-

ʢʪʠʚʥʦʛʦ ʧʝʨʽʦʜʫ ʢʦʣʠʚʘʻʪʴʩʷ ʚ ʤʝʞʘʭ 4-5 ʜʽʙ, ʘʙʦ 

107-113 ʛʦʜʠʥ, ʟʘ ʜʘʥʠʤʠ [16]. ɺ ʩʪʨʫʢʪʫʨʽ ʝʩʪʨʘ-

ʣʴʥʦʛʦ ʮʠʢʣʫ ʩʝʨʝʜʥʽ ʛʦʜʠʥʥʽ ʢʦʣʠʚʘʥʥʷ ʧʨʦʝʩʪ-

ʨʫʩʫ, ʝʩʪʨʫʩʫ, ʤʝʪʘʝʩʪʨʫʩʫ ʪʘ ʜʽʝʩʪʨʫʩʫ ʟʘ ʜʘʥʠʤʠ 

ʩʧʦʩʪʝʨʝʞʝʥʴ [14] ʚʽʜʧʦʚʽʜʘʣʠ 14-18 ʛʦʜʠʥʘʤ, 25-

28 ʛʦʜʠʥʘʤ, 5-8 ʛʦʜʠʥʘʤ ʪʘ 53-59 ʛʦʜʠʥʘʤ. ɿʘ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʘʥʘʣʽʟ ʪʨʠʚʘʣʦʩʪʽ 

ʷʢ ʚ ʮʽʣʦʤʫ, ʪʘʢ ʽ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠ-

ʢʣʫ ʫ ʱʫʨʠʮʴ ʽʥʪʘʢʪʥʦʾ ʪʘ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʤʘʚ 

ʧʦʜʽʙʥʽ ʯʘʩʦʚʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ɺʠʷʚʣʝʥʝ ʫ ʱʫʨʠʮʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʛʨʫʧ 

ʧʦʜʦʚʞʝʥʥʷ ʧʨʦʝʩʪʨʫʩʫ (ʬʦʣʽʢʫʣʽʥʦʚʘ ʩʪʘʜʽʷ ʝʩ-

ʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ), ʧʽʜ ʯʘʩ ʷʢʦʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʟʨʽ-

ʚʘʥʥʷ ʬʦʣʽʢʫʣʽʚ, ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟʽ ʟʥʠʞʝʥ-

ʥʷʤ ʚʠʚʽʣʴʥʝʥʥʷ ʛʦʥʘʜʦʪʨʦʧʽʥ-ʨʠʣʽʟʽʥʛ ʛʦʨʤʦʥʫ 

ʛʽʧʦʪʘʣʘʤʫʩʘ, ʧʦʨʫʰʝʥʥʷʤ ʩʝʢʨʝʮʽʾ ʬʦʣʽʢʫʣʦʩʪʠ-

ʤʫʣʶʶʯʦʛʦ ʛʦʨʤʦʥʫ (ʌʉɻ) ʪʘ ʧʦʨʫʰʝʥʥʷʤ ʙʘʣʘ-

ʥʩʫ ʌʉɻ ʪʘ ʣʶʪʝʽʥʽʟʫʶʯʦʛʦ ʛʦʨʤʦʥʫ ʫ ʙʽʢ ʟʥʠ-

ʞʝʥʥʷ ʌʉɻ, ʷʢ ʥʘʩʣʽʜʦʢ ʜʠʬʫʟʥʦʾ ʪʨʘʚʤʠ ʛʦʣʦʚ-

ʥʦʛʦ ʤʦʟʢʫ [17], ʘʢʪʠʚʘʮʽʻʶ ʛʽʧʦʪʘʣʦʤʦ-ʛʽʧʦʬʽʟʘ-

ʨʥʦ-ʥʘʜʥʠʨʥʠʢʦʚʦʾ ʚʽʩʽ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʢʦʨ-

ʪʠʟʦʣʫ ʽ ʛʘʣʴʤʫʚʘʥʥʷʤ ʚʠʚʽʣʴʥʝʥʥʷ ʛʦʥʘʜʦʪʨʦʧʽʥ-

ʨʽʣʽʟʽʥʛ ʛʦʨʤʦʥʫ, ʫʰʢʦʜʞʝʥʥʷʤ ʢʣʽʪʠʥ ʛʨʘʥʫ-

ʣʴʦʟʠ ʚ ʷʻʯʥʠʢʘʭ, ʯʘʩʪʢʦʚʦʶ ʘʪʨʝʟʽʻʶ ʟʨʦʩʪʘʶʯʠʭ 

ʬʦʣʽʢʫʣʽʚ ʟ ʧʦʨʫʰʝʥʥʷʤ ʚ ʧʦʜʘʣʴʰʦʤʫ ʟʚʦʨʦʪ-

ʥʴʦʛʦ ʟʚôʷʟʢʫ ʽ ʟʘʪʨʠʤʢʦʶ ʦʚʫʣʷʮʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʦʩʪʪʨʘʚʤʘʪʠʯʥʽ ʟʤʽʥʠ ʚ ʛʦʣʦʚʥʦʤʫ ʤʦʟʢʫ ʱʫ-

ʨʠʮʴ ʤʦʛʣʠ ʧʦʨʫʰʠʪʠ ʙʘʣʘʥʩ ʛʽʧʦʪʘʣʘʤʦ-ʛʽʧʦʬʽ-

ʟʘʨʥʦ-ʷʻʯʥʠʢʦʚʦʾ ʚʽʩʽ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʟʘʪʨʠ-

ʤʢʠ ʬʦʨʤʫʚʘʥʥʷ ʜʦʤʽʥʘʥʪʥʦʛʦ ʬʦʣʽʢʫʣʘ ʪʘ, ʷʢ ʥʘ-

ʩʣʽʜʦʢ, ʧʦʜʦʚʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠ-

ʢʣʫ. 

ʇʽʜʩʫʤʦʢ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʠʙʫʭʦ-ʽʥʜʫʢʦʚʘʥʘ ʪʨʘ-

ʚʤʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʫ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʱʫʨʠʮʴ ʧʨʠ-

ʟʚʦʜʠʣʘ ʜʦ ʧʦʜʦʚʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ 

ʮʠʢʣʘ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʦʚʞʝʥʥʷ ʩʪʘʜʽʾ ʧʨʦʝʩʪʨʫʩʫ ʚ 

ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʚ ʷʢʽʡ ʩʪʘʜʽʾ ʝʩʪʨʘʣʴʥʦʛʦ 

ʮʠʢʣʘ ʟʥʘʭʦʜʠʣʘʩʷ ʱʫʨʠʮʷ ʥʘ ʤʦʤʝʥʪ ʪʨʘʚʤʘʪʠʯ-

ʥʦʛʦ ʚʧʣʠʚʫ. ʂʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ 

ʫ ʱʫʨʠʮʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʨʫʧʠ ʧʦʢʘʟʘʚ ʟʤʝʥ-

ʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʝʣʠʢʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ ʪʘ 

ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽʣʠʭ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ. ɺʠ-

ʷʚʣʝʥʽ ʟʤʽʥʠ ʤʦʞʣʠʚʦ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʘʥʥʽʡ ʤʘʨ-

ʢʝʨ ʨʝʧʨʦʜʫʢʪʠʚʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʧʽʩʣʷ ʚʧʣʠʚʫ ʫʜʘ-

ʨʥʦʾ ʭʚʠʣʽ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦ-

ʩʣʽʜʞʝʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʚ ʧʦʜʘʣʴʰʦʤʫ ʧʨʦʜʦʚʞʠʪʠ 

ʚʠʚʯʝʥʥʷ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʫ ʪʘ ʤʦʨʬʦʣʦʛʽʯ-

ʥʠʭ ʟʤʽʥ ʷʻʯʥʠʢʽʚ ʧʽʩʣʷ ʚʧʣʠʚʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʾ ʚʠʙʫʭʦ-ʽʥʜʫʢʦʚʘʥʦʾ ʪʨʘʚʤʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ.  

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʘʥʽ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩ-

ʣʽʜʥʦʾ ʪʝʤʠ çɼʦʩʣʽʜʞʝʥʥʷ ʤʦʨʬʦʛʝʥʝʟʫ ʦʨʛʘʥʽʚ ʽ 

ʪʢʘʥʠʥ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʽ ʣʶʜʠʥʠ ʧʽʜ 

ʚʧʣʠʚʦʤ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʬʘʢʪʦʨʽʚ ʚ ʦʥʪʦ-

ʛʝʥʝʟʽè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0124U005025). 
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ʟʘʣʫʯʝʥʦ 40 ʙʽʣʠʭ ʩʪʘʪʝʚʦʟʨʽʣʠʭ ʩʘʤʠʮʴ ʱʫʨʽʚ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʩʪʨʫʢʪʫʨʠ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠ-
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https://journals.uran.ua/index.php/2307-0404/article/view/300497
https://journals.uran.ua/index.php/2307-0404/article/view/300497
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ʚʽʜʪʚʦʨʶʚʘʣʘʩʷ ʚ ʧʨʠʩʪʨʦʾ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʜʽʾ ʥʘ ʦʨʛʘʥʽʟʤ ʫʜʘʨʥʦʾ ʭʚʠʣʽ ʚʠʙʫʭʫ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʘʛʽʥʘʣʴ-

ʥʠʭ ʤʘʟʢʽʚ ʥʘʤʠ ʙʫʣʘ ʟʘʩʪʦʩʦʚʘʥʘ ʪʝʭʥʽʢʘ ʚʘʛʽʥʘʣʴʥʦʛʦ ʣʘʚʘʞʫ. ʉʪʘʪʠʩʪʠʯʥʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ ʢʽʣʴʢʽ-

ʩʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʧôʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ ʩʪʘʪʠʩʪʠʯʥʦʾ ʦʙʨʦ-

ʙʢʠ ʜʘʥʠʭ STATISTICA 6.1. ʈʝʟʫʣʴʪʘʪʠ. ʗʢʽʩʥʠʡ ʮʠʪʦʣʦʛʽʯʥʠʡ ʘʥʘʣʽʟ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ ʫ ʝʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʾ ʛʨʫʧʠ ʱʫʨʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʾʭ ʢʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʘʙʦ ʧʦʦʜʠʥʦʢʠʤʠ, ʘʙʦ ʧʦʤʽʨʥʦʶ 

ʢʽʣʴʢʽʩʪʶ ʥʝʡʪʨʦʬʽʣʽʚ, ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʤʘʣʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, ʚʽʜʩʫʪʥʽʩʪʶ ʚʝʣʠʢʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ, 

ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽʣʠʭ ʢʣʽʪʠʥ, ʪʘ ʧʦʤʽʨʥʦʶ ʘʙʦ ʟʥʘʯʥʦʶ ʚʽʜʥʦʩʥʦʶ ʱʽʣʴʥʽʩʪʶ ʢʣʽʪʠʥ. ɿʘ ʜʘʥʠʤʠ ʮʠʪʦʣʦ-

ʛʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ ʫ ʱʫʨʠʮʴ, ʷʢʽ ʟʘʟʥʘʣʠ ʚʧʣʠʚʫ ʧʦʚʽʪʨʷʥʦʾ ʫʜʘʨʥʦʾ ʭʚʠʣʽ, ʚ ʧʦʩʪʪʨʘʚʤʘ-

ʪʠʯʥʦʤʫ ʧʝʨʽʦʜʽ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʟʤʽʥʠ ʷʢ ʫ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ, ʪʘʢ ʽ ʚ ʪʨʠʚʘʣʦʩʪʽ ʦʢʨʝʤʠʭ ʩʪʘʜʽʡ 

ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʫ. ʇʽʜʩʫʤʦʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʚʠʙʫʭʦ-ʽʥʜʫʢʦʚʘʥʘ ʪʨʘʚʤʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʫ ʩʪʘʪʝʚʦʟ-

ʨʽʣʠʭ ʱʫʨʠʮʴ ʧʨʠʟʚʦʜʠʣʘ ʜʦ ʧʦʜʦʚʞʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʘ ʟʘ ʨʘʭʫʥʦʢ ʧʦʜʦʚʞʝʥʥʷ ʩʪʘʜʽʾ ʧʨʦ-

ʝʩʪʨʫʩʫ ʚ ʥʝʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʦʛʦ ʚ ʷʢʽʡ ʩʪʘʜʽʾ ʝʩʪʨʘʣʴʥʦʛʦ ʮʠʢʣʘ ʟʥʘʭʦʜʠʣʘʩʷ ʱʫʨʠʮʷ ʥʘ ʤʦʤʝʥʪ ʪʨʘʚʤʘʪʠ-

ʯʥʦʛʦ ʚʧʣʠʚʫ. ʂʣʽʪʠʥʥʠʡ ʩʢʣʘʜ ʚʘʛʽʥʘʣʴʥʠʭ ʤʘʟʢʽʚ ʫ ʱʫʨʠʮʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʛʨʫʧʠ ʧʦʢʘʟʘʚ ʟʤʝʥʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʚʝʣʠʢʠʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ ʪʘ ʙʝʟôʷʜʝʨʥʠʭ ʟʨʦʛʦʚʽʣʠʭ ʝʧʽʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ. ɺʠʷʚʣʝʥʽ ʟʤʽʥʠ ʤʦʞʣʠʚʦ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʨʘʥʥʽʡ ʤʘʨʢʝʨ ʨʝʧʨʦʜʫʢʪʠʚʥʦʾ ʜʠʩʬʫʥʢʮʽʾ ʧʽʩʣʷ ʚʧʣʠʚʫ ʫʜʘʨʥʦʾ ʭʚʠʣʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʠʙʫʭʦ-ʽʥʜʫʢʦʚʘʥʘ ʪʨʘʚʤʘ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ, ʝʩʪʨʘʣʴʥʠʡ ʮʠʢʣ, ʚʘʛʽʥʘʣʴʥʘ ʮʠʪʦʣʦʛʽʷ, 

ʙʽʣʽ ʱʫʨʠ, ʝʢʩʧʝʨʠʤʝʥʪ. 
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ABSTRACT. Relevance. The problem of bronchopulmonary diseases remains relevant today. According to experts, the 

state of the immune system is considered one of the leading influences on the development and manifestations of pulmonary 

pathology. The aim of the study is to identify and compare the characteristics of changes in certain immune system indica-

tors and to determine their role in the pathogenesis of experimental allergic alveolitis and experimental allergic alveolitis, 

combined with experimental allergic alveolitis. Methods. The guinea pigs were divided into three groups: the first group ï 

intact animals ï control (10); the second group (experimental) ï animals with experimental allergic alveolitis (EAA): on the 

7th, 14th, and 21st days of the experiment (27); the third group (experimental) ï guinea pigs with combined pathology of 

EAA and experimental pneumonia (EP), also on the 7th, 14th, and 21st days of the experiment (30). EP and EAA were 

induced using the method of Reheda M.S. (2024). The animals were decapitated under chloroform anesthesia at the above-

mentioned time points of the experiment. Results. Our results suggest that under the conditions of development of experi-

mental allergic alveolitis, combined with experimental pneumonia, there are quite significant changes in the immune system. 

This was manifested by a decrease in serum T-lymphocyte levels of guinea pigs both in the development of experimental 

allergic alveolitis and experimental allergic alveolitis, combined with experimental pneumonia. At the same time, these two 

investigated pathologies are accompanied by the activation of the humoral level of immunity, which was manifested by an 

increase in the concentration of B-lymphocytes and the interest of serum of guinea pigs in all terms of the studied pathology. 

It is also established that the experimental allergic alveolitis is associated with experimental pneumonia and more significant 

disorders of cellular and humoral immunity. Conclusion. Experimental allergic alveolitis, especially when combined with 

pneumonia, leads to a gradual suppression of cell-mediated immunity (decrease in T-lymphocytes) and activation of humoral 

immunity (increase in B-lymphocytes and circulating immune complexes (CIC)), with the combination of alveolitis and 

pneumonia causing more pronounced immune disorders, particularly in the early stages of the pathology. 

Key words: experimental pneumonia, experimental allergic alveolitis, T-lymphocytes, B-lymphocytes, circulating immune 
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ɺʩʪʫʧ  

ʉʴʦʛʦʜʥʽ ʚ ʋʢʨʘʾʥʽ ʚʠʩʦʢʘ ʧʦʰʠʨʝʥʽʩʪʴ ʟʘ-

ʭʚʦʨʶʚʘʥʴ ʙʨʦʥʭʦʣʝʛʝʥʝʚʦʾ ʩʠʩʪʝʤʠ ʨʦʙʠʪʴ ʮʶ 

ʧʨʦʙʣʝʤʫ ʦʩʦʙʣʠʚʦ ʘʢʪʫʘʣʴʥʦʶ. [1-5]. ʅʘ ʜʫʤʢʫ 

ʬʘʭʽʚʮʽʚ, ʦʜʥʠʤ ʽʟ ʧʨʦʚʽʜʥʠʭ ʚʧʣʠʚʽʚ ʥʘ ʨʦʟʚʠʪʦʢ 

ʪʘ ʧʨʦʷʚʠ ʣʝʛʝʥʝʚʦʾ ʧʘʪʦʣʦʛʽʾ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʥ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ʆʩʢʽʣʴʢʠ, ʩʘʤʝ ʧʽʜ ʯʘʩ ʨʦʟʣʘʜʽʚ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʥʘʯʥʽ ʟʤʽʥʠ ʦʨʛʘ-

ʥʽʚ ʽ ʩʠʩʪʝʤ, ʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ, ʱʦ ʧʨʠʟ-

ʚʦʜʠʪʴ ʜʦ ʟʘʪʷʞʥʦʛʦ ʧʝʨʝʙʽʛʫ ʭʚʦʨʦʙʠ, ʟʥʠʞʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʣʽʢʫʚʘʥʥʷ ʽ ʥʘʚʽʪʴ, ʩʤʝʨʪʽ [5-8].  

ɼʣʷ ʟʘʭʠʩʪʫ ʣʝʛʝʥʴ, ʙʨʦʥʭʽʚ ʚʽʜ ʧʘʪʦʛʝʥʥʠʭ 

ʯʠʥʥʠʢʽʚ (ʚʽʨʫʩʽʚ, ʤʽʢʦʙʘʢʪʝʨʽʡ, ʛʨʠʙʢʽʚ ʽʥ.) ʪʘ ʧʦ-

ʟʘʢʣʽʪʠʥʥʠʭ ʦʨʛʘʥʽʟʤʽʚ, ʷʢʽ ʚʘʞʢʦ ʧʽʜʜʘʶʪʴʩʷ ʬʘ-

ʛʦʮʠʪʦʟʫ, ʜʫʞʝ ʚʘʞʣʠʚʦʶ ʻ ʩʧʝʮʠʬʽʯʥʘ ʽʤʫʥʥʘ ʚʽ-

ʜʧʦʚʽʜʴ [9]. ɯʥʬʝʢʮʽʾ, ʱʦ ʫʥʠʢʘʶʪʴ ʧʨʠʨʦʜʥʠʭ ʟʘ-
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ʭʠʩʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʚʠʨʦʙʣʷʶʪʴ ʘʥʪʠʛʝʥʠ, ʱʦ ʧʨʦ-

ʚʦʢʫʻ ʨʦʟʚʠʪʦʢ ʘʥʪʠʛʝʥʩʧʝʮʠʬʽʯʥʦʾ ʧʨʦʣʽʬʝʨʘʮʽʾ 

ʪʘ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ɺ-ʣʽʤʬʦʮʠʪʽʚ [10]. 

ʗʢ ʚʽʜʦʤʦ, ʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, ʩʪʘʥ ʘʜʘʧ-

ʪʘʮʽʡʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʽʤʫʥʽʪʝʪʫ ʦʨʛʘʥʽʟʤʫ ʟʘʣʝ-

ʞʠʪʴ ʚʽʜ ʧʦʻʜʥʘʥʥʷ ʥʝʩʧʝʮʠʬʽʯʥʠʭ ʪʘ ʩʧʝʮʠʬʽʯ-

ʥʠʭ ʢʣʽʪʠʥʥʠʭ ʪʘ ʛʫʤʦʨʘʣʴʥʠʭ ʩʢʣʘʜʦʚʠʭ, ʱʦ 

ʚʢʣʘʜʘʻʪʴʩʷ ʚ ʧʦʥʷʪʪʷ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ, ʷʢ ʬʘʢʪʦʨʫ ʛʦʤʝʦʩʪʘʟʫ [11, 12 ]. ʆʪʞʝ, 

ʨʦʟʣʘʜʠ ʚ ʮʽʡ ʩʢʣʘʜʥʽʡ ʩʠʩʪʝʤʽ, ʩʧʨʠʯʠʥʝʥʽ ʜʠʩʙʘ-

ʣʘʥʩʦʤ ʮʠʪʦʢʽʥʽʚ [13], ʟʥʠʞʝʥʥʷʤ ʨʦʙʦʪʠ ʬʘʛʦʮʠ-

ʪʽʚ, ʧʦʩʣʘʙʣʝʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʦʨʛʘʥʽʟʤʫ ʣʶʜʠʥʠ. ɿ ʮʽʻʾ ʪʦʯʢʠ ʟʦʨʫ, ʚʠʚʯʝʥʥʷ ʤʝ-

ʭʘʥʽʟʤʽʚ ʟʨʫʰʝʥʴ ʫ ʨʽʟʥʠʭ ʣʘʥʢʘʭ ʽʤʫʥʥʦʾ ʩʠʩ-

ʪʝʤʠ, ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʧʝʨʝʙʽʛ ʧʘʪʦʣʦʛʽʯ-

ʥʦʛʦ ʧʨʦʮʝʩʫ, ʘʜʝʢʚʘʪʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʣʽʢʫ-

ʚʘʥʥʷ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʤʦʞʣʠʚʽ ʥʘʩʣʽʜʢʠ ʭʚʦ-

ʨʦʙʠ [11, 12]. 

ʂʨʽʤ ʪʦʛʦ, ʚʘʞʣʠʚʦ ʧʽʜʢʨʝʩʣʠʪʠ, ʱʦ ʥʘ ʛʨʫ-

ʥʪʽ ʧʥʝʚʤʦʥʽʾ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʽʥʰʽ ʟʘʭʚʦʨʶ-

ʚʘʥʥʷ, ʟʦʢʨʝʤʘ, ʪʘʢʽ ʷʢ ʘʣʴʚʝʦʣʽʪ, ʧʥʝʚʤʦʥʽʪ, ʧʣʝ-

ʚʨʠʪ, ʙʨʦʥʭʽʘʣʴʥʘ ʘʩʪʤʘ ʪʘ ʽʥʰʽ. ʅʘ ʩʴʦʛʦʜʥʽ ʤʦ-

ʞʝʤʦ ʛʦʚʦʨʠʪʠ ʧʨʦ ʤʦʞʣʠʚʽ ʝʪʽʦʣʦʛʽʯʥʽ ʯʠʥʥʠʢʠ 

ʮʠʭ ʭʚʦʨʦʙ, ʧʨʦʪʝ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝ ʜʦ ʢʽʥʮʷ ʚʠʚʯʝ-

ʥʠʤʠ ʟʥʘʯʝʥʥʷ ʪʘ ʨʦʣʴ ʟʤʽʥ ʧʦʢʘʟʥʠʢʽʚ ʽʤʫʥʥʦʾ 

ʩʠʩʪʝʤʠ ʜʣʷ ʧʘʪʦʛʝʥʝʟʫ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ, 

ʧʦʻʜʥʘʥʦʛʦ ʟ ʧʥʝʚʤʦʥʽʻʶ.  

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ: ʟ'ʷʩʫʚʘʪʠ ʦʩʦʙʣʠʚʦʩʪʽ 

ʟʤʽʥ ʪʘ ʨʦʣʴ ʜʝʷʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ: 

ʊ- ʽ ɺ ð ʣʽʤʬʦʮʠʪʽʚ ʪʘ ʮʠʨʢʫʣʶʶʯʠʭ ʽʤʫʥʥʠʭ 

ʢʦʤʧʣʝʢʩʽʚ (ʎɯʂ) ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʜʣʷ ʧʘʪʦʛʝʥʝʟʫ 

ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝ-

ʦʣʽʪʫ, ʘʩʦʮʽʡʦʚʘʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚ-

ʤʦʥʽʻʶ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ 

ʥʘ 67 ʤʦʨʩʴʢʠʭ ʩʚʠʥʢʘʭ (ʩʘʤʮʷʭ) ʤʘʩʦʶ ʪʽʣʘ 0,18 

- 0,22 ʢʛ. ʋʩʽ ʧʨʦʮʝʜʫʨʠ, ʱʦ ʩʪʦʩʫʚʘʣʠʩʷ ʧʠʪʘʥʴ 

ʫʪʨʠʤʘʥʥʷ, ʜʦʛʣʷʜʫ, ʤʘʨʢʫʚʘʥʥʷ ʪʚʘʨʠʥ ʪʘ ʚʩʽ 

ʽʥʰʽ ʤʘʥʽʧʫʣʷʮʽʾ ʧʨʦʚʦʜʠʣʠʩʷ ʽʟ ʜʦʪʨʠʤʘʥʥʷʤ ʧʦ-

ʣʦʞʝʥʴ çɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝ-

ʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡè (ʉʪʨʘʩ-

ʙʫʨʛ, 1985), çɿʘʛʘʣʴʥʠʭ ʝʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʝʢʩʧʝ-

ʨʠʤʝʥʪʽʚ ʥʘ ʪʚʘʨʠʥʘʭè, ʫʭʚʘʣʝʥʠʭ ʇʝʨʰʠʤ ʅʘʮʽ-

ʦʥʘʣʴʥʠʤ ʢʦʥʛʨʝʩʦʤ ʟ ʙʽʦʝʪʠʢʠ (ʂʠʾʚ, 2001), ɿʘ-

ʢʦʥʫ ʋʢʨʘʾʥʠ No 3447 ï IV çʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ 

ʞʦʨʩʪʦʢʦʛʦ ʧʦʚʦʜʞʝʥʥʷè ʟʛʽʜʥʦ ʟ ʜʠʨʝʢʪʠʚʦʶ 

ʈʘʜʠ ɭʉ 2010/63/EU ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʧʦʩʪʘʥʦʚ, 

ʟʘʢʦʥʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʣʦʞʝʥʴ ɼʝʨʞʘʚ ɭʉ ʟ 

ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟ 

ʥʘʫʢʦʚʦʶ ʤʝʪʦʶ [14, 15], ʧʨʦʪʦʢʦʣʦʤ ˉ4 ʟʘʩʽ-

ʜʘʥʥʷ ʢʦʤʽʩʽʾ ʟ ʧʠʪʘʥʴ ʝʪʠʢʠ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʟʨʦʙʦʢ ʽ ʥʘʫʢʦʚʠʭ 

ʪʚʦʨʽʚ ʃʅʄʋ ʽʤʝʥʽ ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ ʚʽʜ 

17.03.2025 ʨ.  

ʄʦʨʩʴʢʽ ʩʚʠʥʢʠ ʻ ʢʣʘʩʠʯʥʠʤ ʦʙ'ʻʢʪʦʤ ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʘʣʝʨʛʽʡʥʠʭ ʪʘ ʟʘʧʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʄʫʨʯʘʢʽʚ ʨʦʟʧʦʜʽʣʷʣʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʧʝʨʰʘ ʛʨʫʧʘ 

ð ʽʥʪʘʢʪʥʽ ʪʚʘʨʠʥʠ ð ʢʦʥʪʨʦʣʴ (10); ʜʨʫʛʘ ʛʨʫʧʘ 

(ʜʦʩʣʽʜʥʘ) ð ʪʚʘʨʠʥʢʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʘʣʝ-

ʨʛʽʡʥʠʤ ʘʣʴʚʝʦʣʽʪʦʤ (ɽɸɸ): ʥʘ 7, 14, 21 ʜʦʙʠ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ (27); ʪʨʝʪʷ ʛʨʫʧʘ (ʜʦʩʣʽʜʥʘ) ð ʤʦʨʩʴʢʽ 

ʩʚʠʥʢʠ ʟ ʧʦʻʜʥʘʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ɽɸɸ ʪʘ ʝʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ (ɽʇ) ʪʘʢʦʞ ʥʘ ʥʘ 7, 14, 

21 ʜʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʫ (30).  

ɽʇ ʪʘ ɽɸɸ ʚʽʜʪʚʦʨʶʚʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʈʝʛʝʜʠ 

ʄ.ʉ. [16]. ɼʝʢʘʧʽʪʘʮʽʶ ʪʚʘʨʠʥ ʧʨʦʚʦʜʠʜʠ ʟʘ ʜʦʧʦ-

ʤʦʛʦʶ ʭʣʦʨʦʬʦʨʤʥʦʛʦ ʥʘʨʢʦʟʫ ʫ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ 

ʪʝʨʤʽʥʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. ɺʤʽʩʪ ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʽʚ ʫ 

ʢʨʦʚʽ ʚʠʟʥʘʯʘʣʠ ʟʘ ʤʝʪʦʜʦʤ ʏʝʨʥʫʰʝʥʢʦ ɽ.ʌ., ʂʦ-

ʛʦʩʦʚʘ ʃ.ʉ. [17], ʨʽʚʝʥʴ ʎɯʂ ï ʟʘ ʤʝʪʦʜʦʤ V. 

Haskova, J.Kaslik [18, 19].  

ʉʪʘʪʠʩʪʠʯʥʫ ʦʙʨʦʙʢʫ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʦʜʠʣʠ 

ʟʘ ʢʨʠʪʝʨʽʻʤ ʉʪʴʶʜʝʥʪʘ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʦʛʨʘ-

ʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Microsoft Excel 8.0. ʈʦʟʙʽʞʥʦ-

ʩʪʽ ʚʚʘʞʘʣʠ ʜʦʩʪʦʚʽʨʥʠʤʠ ʧʨʠ p<0,05. ɼʣʷ ʧʨʦʚʝ-

ʜʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ, ʩʪʚʦʨʝʥʥʷ ʛʨʘ-

ʬʽʢʽʚ ʽ ʪʘʙʣʠʮʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟ-

ʧʝʯʝʥʥʷ RStudio v1.2.5042, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʥʥʽ 

ʪʘʙʣʠʮʽ Excel ʟ ʧʘʢʝʪʫ MS Office 2010 ʟ ʚʠʢʦʨʠʩ-

ʪʘʥʥʷʤ ʣʽʮʝʥʟʽʡʥʦʾ ʧʨʦʛʨʘʤʠ STATISTICA (ʚʝʨ-

ʩʽʷ 6.1; ʩʝʨʽʡʥʠʡ ʥʦʤʝʨ AGAR 909 E415822FA). 

ʇʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʧʨʦʮʝʜʫʨ ʚʠʢʦʥʫ-

ʚʘʣʠ ʟʛʽʜʥʦ ʟ ʨʝʢʦʤʝʥʜʘʮʽʷʤʠ [20]. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʜʠʥʘ-

ʤʽʮʽ ʨʦʟʚʠʪʢʫ ɽɸɸ (7, 14, 21 ʜʦʙʠ) ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ 

ʜʦʩʪʦʚʽʨʥʝ ʟʥʠʞʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʢʣʽʪʠʥʥʦʾ ʣʘʥʢʠ 

ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ, ʧʦʯʠʥʘʶʯʠ ʽʟ 14 ʜʦʙʠ ʝʢʩʧʝʨʠ-

ʤʝʥʪʫ (ʊʘʙʣ. 1), ʱʦ ʩʪʘʥʦʚʠʣʦ ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʊ-

ʣʽʤʬʦʮʠʪʽʚ ʢʨʦʚʽ ʥʘ 23,9% (ʨ<0,05) ʧʦʨʽʚʥʷʥʦ ʟ 

ʜʦʩʣʽʜʥʦʶ ʛʨʫʧʦʶ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ ʪʘ ʚʽʜʧʦʚʽʜʥʦ 

ʥʘ 21 ʜʦʙʫ ð ʥʘ 29,0% (ʨ<0,05). 

 

ʊʘʙʣʠʮʷ 1 

ʈʽʚʝʥʴ ʎɯʂ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ ʟʘ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦ-

ʣʽʪʫ (ɽɸɸ) ʥʘ 7, 14, 21 ʜʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

 ʂʦʥʪʨʦʣʴ 7 ʜʦʙʘ 14 ʜʦʙʘ 21 ʜʦʙʘ 

ʊ-ʣʽʤʬʦʮʠʪʠ, % 47,1 Ñ 3,5 47,5,1 Ñ 3,5* 35,8 Ñ2,9* 33,4 Ñ2,7* 

ɺ-ʣʽʤʬʦʮʠʪʠ, % 15,9 Ñ 1,5 19,1 Ñ1,6* 20,7 Ñ 2,1* 22,3 Ñ2,2* 

ʎɯʂ, ʦʜʠʥʠʮʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 38,3 Ñ 1,8 46,3 Ñ 2,9* 49,5 Ñ 1,9* 54,7 Ñ 2,8* 

 

ʇʨʠʤʽʪʢʘ: * - ʈ < 0,05 ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ. 
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ʅʘ 7 ʜʦʙʫ ʥʝ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʽʨʥʠʭ 

ʟʤʽʥ. ʎʝ ʤʦʞʝ ʩʚʽʜʯʠʪʠ ʧʨʦ ʡʤʦʚʽʨʥʝ ʧʨʠʛʥʽʯʝʥʥʷ 

ʢʣʽʪʠʥʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽʪʝʪʫ ʟʘ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ɽɸɸ.  

ʂʨʽʤ ʪʦʛʦ, ʥʘʤʠ ʧʨʦʚʦʜʠʣʦʩʷ ʧʦʨʽʚʥʷʥʥʷ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʥʝ ʪʽʣʴʢʠ ʟ ʛʨʫʧʦʶ ʽʥʪʘʢʪʥʠʭ 

ʪʚʘʨʠʥ, ʘʣʝ ʡ ʤʽʞ ʨʽʟʥʠʤʠ ʧʽʜʛʨʫʧʘʤʠ ʜʨʫʛʦʾ ʜʦʩ-

ʣʽʜʥʦʾ ʛʨʫʧʠ ʫ ʤʝʞʘʭ ʪʨʠʚʘʣʦʩʪʽ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʧʘʪʦʣʦʛʽʾ. ɼʦ ʧʨʠʢʣʘʜʫ, ʨʽʚʝʥʴ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʫ 

ʢʨʦʚʽ ʟʥʠʞʫʚʘʚʩʷ ʫ ʚʩʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʜʦʙʠ: ʥʘ 

24,63% (ʨ<0,05) ʥʘ 14 ʜʦʙʫ, ʪʘ ʥʘ 29,68% (ʨ<0,05) 

ʥʘ 21 ʜʦʙʫ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʤʫʨʯʘʢʘʤʠ ʥʘ 7 - ʫ ʜʦʙʫ 

ʤʦʜʝʣʶʚʘʥʥʷ ɽɸɸ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ 21-

ʰʫ ʜʦʙʫ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʟʥʠʞʝʥʥʷ 

ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʱʦ ʥʝʟʥʘʯʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʜʨʫʛʦʾ ʧʽʜʛʨʫʧʠ ʜʦʩʣʽʜʥʦʾ ʛʨʫʧʠ. 

ʇʨʠ ʚʠʚʯʝʥʥʽ ʨʽʚʥʷ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʧʨʠ ʧʦʻʜ-

ʥʘʥʽʡ ʧʘʪʦʣʦʛʽʾ ɽɸɸ ʪʘ ɽʇ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ ʥʘ-

ʩʪʫʧʥʫ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ. ɺʽʜʙʫʚʘʣʦʩʷ ʧʦʩʪʫʧʦʚʝ 

ʟʥʠʞʝʥʥʷ ʨʽʚʥʷ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʚ 

ʜʠʥʘʤʽʮʽ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʫ, ʪʦʙʪʦ ʜʦʩʪʦʚʽ-

ʨʥʝ ʟʥʠʞʝʥʥʷ ʚʢʘʟʘʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ 27.6% 

(ʨ<0,05) ʩʧʦʩʪʝʨʽʛʘʣʠ ʚʞʝ ʥʘ 7 ʜʦʙʫ, ʥʘ 14 ʜʦʙʫ ð 

ʥʘ 31,6% (ʨ<0,05) ʪʘ 21 ð ʥʘ 35,7% (ʨ<0,05) ʧʨʦʪʠ 

ʢʦʥʪʨʦʣʶ (ʊʘʙʣ. 2). 

 

ʊʘʙʣʠʮʷ 2 

ʇʦʢʘʟʥʠʢʠ ʢʦʥʮʝʥʪʨʘʮʽʾ ʊ-ʣʽʤʬʦʮʠʪʽʚ, ɺ-ʣʽʤʬʦʮʠʪʽʚ, ʎɯʂ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ ʟʘ ʫʤʦʚ ʬʦʨ-

ʤʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ ʪʘ ʧʥʝʚʤʦʥʽʾ ʥʘ 7, 14, 21 ʜʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

 

 ʂʦʥʪʨʦʣʴ 7 ʜʦʙʘ 14 ʜʦʙʘ 21 ʜʦʙʘ 

ʊ-ʣʽʤʬʦʮʠʪʠ, % 47,1 Ñ 3,5 34,1 Ñ 2,8* 32,2 Ñ2,7* 30,3 Ñ2,6* 

ɺ-ʣʽʤʬʦʮʠʪʠ, % 15,9 Ñ 1,5 23,7 Ñ2,3* 25,6 Ñ 2,4* 28,8 Ñ3,2* 

ʎɯʂ, ʦʜʠʥʠʮʽ ʦʧʪʠʯʥʦʾ ʛʫʩʪʠʥʠ 38,3 Ñ 1,8 54,9 Ñ 2,9* 58,7 Ñ 2,4* 69,2 Ñ 3,8* 

 

ʇʨʠʤʽʪʢʘ: * - ʈ < 0,05 ʚʽʜʥʦʩʥʦ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʨʽʚʝʥʴ 

ʽʥʰʦʛʦ ʧʦʢʘʟʥʠʢʘ, ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʛʫʤʦ-

ʨʘʣʴʥʦʛʦ ʽʤʫʥʽʪʝʪʫ, ɺ-ʣʽʤʬʦʮʠʪʽʚ ʢʨʦʚʽ ʪʚʘʨʠʥ 

ʧʽʜ ʯʘʩ ʨʦʟʚʠʪʢʫ ɽɸɸ ʟʤʽʥʶʚʘʚʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠ-

ʥʦʤ. ʊʘʙʣ.1 ɰʭ ʨʽʚʝʥʴ ʧʦʩʪʫʧʦʚʦ ʧʽʜʚʠʱʫʚʘʚʩʷ ʥʘ 

20,1% (ʨ<0,05), ʧʦʯʠʥʘʶʯʠ ʽʟ 7-ʾ ʜʦʙʠ ʨʦʟʚʠʪʢʫ 

ʘʣʴʚʝʦʣʽʪʫ ʪʘ ʟʘʣʠʰʘʚʩʷ ʩʪʘʙʽʣʴʥʦ ʚʠʩʦʢʠʤ ʫ ʥʘ-

ʩʪʫʧʥʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʜʦʙʠ, ʱʦ ʩʢʣʘʣʦ ʟʨʦʩʪʘʥʥʷ 

ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘ 30,1% (ʨ<0,05) ʽ 40, 2% 

(ʨ<0,05) ʚʽʜʧʦʚʽʜʥʦ ʥʘ 14 ʪʘ 21 ʜʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʦʨʽʚʥʷʥʦ ʽʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ. ɺʘʞʣʠʚʦ, ʱʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʚʥʷ ɺ-ʣʽʤʬʦʮʠʪʽʚ ʟʘ ʢʦʤʦʨʙʽʜʥʦʾ 

ʧʘʪʦʣʦʛʽʾʾ ɽɸɸ ʪʘ ɽʇ ʧʦʢʘʟʘʣʠ ʟʨʦʩʪʘʥʥʷ ʾʭ ʫ 

ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ ʚʽʜʧʦʚʽʜʥʦ ʥʘ 49,05%, 

61,0% ʪʘ ʥʘ 81,76% (ʨ<0,05) ʧʨʦʪʠ ʛʨʫʧʠ ʟʜʦʨʦʚʠʭ 

ʪʚʘʨʠʥ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʚʠʨʘʞʝʥʫ ʘʢʪʠʚʘʮʽʶ ɺ-ʣʽʤ-

ʬʦʮʠʪʽʚ ʟʘ ʨʦʟʚʠʪʢʫ ʧʦʻʜʥʘʥʦʾ ʧʘʪʦʣʦʛʽʾ ɽɸɸ ʪʘ 

ɽʇ. ɼʠʚ. ʊʘʙʣ.2. 

ʅʘ ʥʘʰʫ ʜʫʤʢʫ, ʟʥʘʯʥʠʤ ʜʦʧʦʚʥʝʥʥʷʤ ʜʣʷ 

ʦʮʽʥʢʠ ʛʫʤʦʨʘʣʴʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽʪʝʪʫ ʪʘ ʽʤʫʥʥʦʛʦ 

ʩʪʘʪʫʩʫ ʟʘʛʘʣʦʤ, ʙʫʣʦ ʚʠʚʯʝʥʥʷ ʥʘʤʠ ʨʽʚʥʷ ʮʠʨʢʫ-

ʣʶʶʯʠʭ ʽʤʫʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ (ʎɯʂ) ʩʠʨʦʚʘʪʢʠ 

ʢʨʦʚʽ ʧʨʠ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʘʪʦʣʦʛʽʾ. ʎɯʂ ʫ ʥʘʰʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʤʽʥʶʚʘʣʠʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ʅʘʤʠ ʙʫʣʦ ʟʘʬʽʢʩʦʚʘʥʦ ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽ-

ʚʥʷ ʎɯʂ ʟʘ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ɽɸɸ ʥʘ 7 ʜʦʙʫ ʥʘ 

20,88% (ʨ<0,05), ʥʘ 14 ʜʦʙʫ ð ʥʘ 29,4%, ʪʘ ʥʘ 21 

ʜʦʙʫ ð ʥʘ 42.8% (ʨ<0,05) ʧʨʦʪʠ ʽʥʪʘʢʪʥʠʭ ʪʚʘʨʠʥ. 

ʊʘʙʣ.1. ʊʦʜʽ ʷʢ ʧʨʠ ʧʦʻʜʥʘʥʽʡ ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʧʘ-

ʪʦʣʦʛʽʾ ʩʧʦʩʪʝʨʽʛʘʣʠ ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʎɯʂ ʥʘ 7 ʜʦʙʫ ʥʘ 43,34% (ʨ<0,05), ʥʘ 14 ʜʦʙʫ ð 

ʥʘ 53,26%, ʪʘ ʥʘ 21 ʜʦʙʫ ð ʥʘ 80,67% (ʨ<0,05) ʧʦ-

ʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʪʚʘʨʠʥ. ɼʠʚ. 

ʊʘʙʣ.2. 

ɺʠʩʥʦʚʢʠ 

1. ɺʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʊ- ʽ ɺ-ʣʽʤʬʦʮʠʪʽʚ, ʎɯʂ 

ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʘʪʦʛʝʥʝʟʫ ʨʦʟʚʠʪʢʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ, ʘʩʦ-

ʮʽʡʦʚʘʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ. 

2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʣʝʨʛʽʡʥʠʡ ʘʣʴʚʝʦʣʽʪ, 

ʷʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴ-

ʚʝʦʣʽʪʫ ʟ ʧʥʝʚʤʦʥʽʻʶ ʥʘ ʜʝʷʢʠʭ ʩʪʘʜʽʷʭ ʩʚʦʛʦ ʨʦ-

ʟʚʠʪʢʫ (7,14,21 ʜʦʙʠ) ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʧʦʩʪʫʧʦ-

ʚʠʤ ʟʥʠʞʝʥʥʷʤ ʊ-ʣʽʤʬʦʮʠʪʽʚ, ʱʦ ʤʦʞʝ ʩʚʽʜʯʠʪʠ 

ʧʨʦ ʡʤʦʚʽʨʥʝ ʧʨʠʛʥʽʯʝʥʥʷ ʢʣʽʪʠʥʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽ-

ʪʝʪʫ ʪʘ ʜʦʩʪʦʚʽʨʥʝ ʟʨʦʩʪʘʥʥʷ ɺ-ʣʽʤʬʦʮʠʪʽʚ ʪʘ ʎɯʂ 

ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ. 

3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʣʝʨʛʽʡʥʠʡ ʘʣʴʚʝʦʣʽʪ 

ʧʦʻʜʥʘʥʠʡ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ ʚʠ-

ʢʣʠʢʘʻ ʙʽʣʴʰ ʽʩʪʦʪʥʽ ʨʦʟʣʘʜʠ ʢʣʽʪʠʥʥʦʾ ʪʘ ʛʫʤʦʨʘ-

ʣʴʥʦʾ ʣʘʥʦʢ ʽʤʫʥʽʪʝʪʫ, ʦʩʦʙʣʠʚʦ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ 

ʡʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ 

ʙʫʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ: ʚʠʚʯʝʥʥʷ ʨʦʣʽ ʦʢʨʝʤʠʭ ʩʫʙ-

ʧʦʧʫʣʷʮʽʡ ʊ-ʣʽʤʬʦʮʠʪʽʚ (ʥʘʧʨʠʢʣʘʜ, Th1, Th2, 

Treg) ʪʘ ɺ-ʣʽʤʬʦʮʠʪʽʚ (ʥʘʧʨʠʢʣʘʜ, ʧʣʘʟʤʘʪʠʯʥʽ 

ʢʣʽʪʠʥʠ, ʢʣʽʪʠʥʠ ʧʘʤ'ʷʪʽ) ʫ ʨʦʟʚʠʪʢʫ ʽʤʫʥʥʦʾ ʚʽʜ-

ʧʦʚʽʜʽ ʪʘ ʘʥʘʣʽʟ ʮʠʪʦʢʽʥʦʚʦʛʦ ʧʨʦʬʽʣʶ ʩʠʨʦʚʘʪʢʠ 

ʢʨʦʚʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʱʦ 

ʩʧʨʠʷʶʪʴ ʨʦʟʚʠʪʢʫ ʽʤʫʥʥʦʾ ʨʝʛʫʣʷʮʽʾ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ.  

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʨʦʙʦʪʠ çʈʦʣʴ ʤʝʪʘʙʦʣʽʯʥʠʭ ʪʘ ʽʤʫʥʥʠʭ 
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ʧʦʨʫʰʝʥʴ ʚ ʧʘʪʦʛʝʥʝʟʽ ʨʦʟʚʠʪʢʫ ʘʣʝʨʛʽʯʥʠʭ ʽ ʟʘʧʘ-

ʣʴʥʠʭ ʧʨʦʮʝʩʽʚ, ʩʪʨʝʩʫ, ʘʜʨʝʥʘʣʽʥʦʚʦʛʦ ʧʦʰʢʦ-

ʜʞʝʥʥʷ ʤʽʦʢʘʨʜʘ ʪʘ ʾʭ ʧʘʪʦʛʝʥʝʪʠʯʥʘ ʪʝʨʘʧʽʷè (ʥʦ-

ʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0120U105779). 

 

 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 
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ʪʦʣʦʛʽʾ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʥ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʷʩʥʠʪʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʟʤʽʥ ʜʝ-

ʷʢʠʭ ʧʦʢʘʟʥʠʢʽʚ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʟʷʩʫʚʘʪʠ ʾʭ ʨʦʣʴ ʜʣʷ ʧʘʪʦʛʝʥʝʟʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴ-

ʚʝʦʣʽʪʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ, ʧʦʻʜʥʘʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ. ʄʝ-

ʪʦʜʠ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘ 67 ʤʦʨʩʴʢʠʭ ʩʚʠʥʢʘʭ (ʩʘʤʮʷʭ) ʤʘʩʦʶ ʪʽʣʘ 0,18 - 0,22 

ʢʛ. ʄʫʨʯʘʢʽʚ ʨʦʟʧʦʜʽʣʷʣʠ ʥʘ ʪʨʠ ʛʨʫʧʠ: ʧʝʨʰʘ ʛʨʫʧʘ ð ʽʥʪʘʢʪʥʽ ʪʚʘʨʠʥʠ ð ʢʦʥʪʨʦʣʴ (10); ʜʨʫʛʘ ʛʨʫʧʘ 

(ʜʦʩʣʽʜʥʘ) ð ʪʚʘʨʠʥʢʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʤ ʘʣʝʨʛʽʡʥʠʤ ʘʣʴʚʝʦʣʽʪʦʤ (ɽɸɸ): ʥʘ 7-ʫ, 14-ʪʫ, 21 -ʫ ʜʦʙʠ ʝʢʩ-

ʧʝʨʠʤʝʥʪʫ (27); ʪʨʝʪʷ ʛʨʫʧʘ (ʜʦʩʣʽʜʥʘ) ð ʤʦʨʩʴʢʽ ʩʚʠʥʢʠ ʟ ʧʦʻʜʥʘʥʦʶ ʧʘʪʦʣʦʛʽʻʶ ɽɸɸ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ (ɽʇ) ʪʘʢʦʞ ʥʘ ʥʘ 7-ʫ, 14-ʪʫ, 21-ʫ ʜʦʙʠ ʝʢʩʧʝʨʠʤʝʥʪʫ (30). ɽʇ ʪʘ ɽɸɸ ʚʽʜʪʚʦʨʶʚʘʣʠ ʟʘ 

ʘʚʪʦʨʩʴʢʦʶ ʤʝʪʦʜʠʢʦʶ ʈʝʛʝʜʠ ʄ.ʉ. (2024). ɼʝʢʘʧʽʪʘʮʽʶ ʪʚʘʨʠʥ ʧʨʦʚʦʜʠʜʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʣʦʨʦʬʦʨʤʥʦʛʦ 

ʥʘʨʢʦʟʫ ʫ ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ ʪʝʨʤʽʥʠ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʈʝʟʫʣʴʪʘʪʠ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʝ-

ʨʜʞʫʚʘʪʠ, ʱʦ ʟʘ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ, ʧʦʻʜʥʘʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘ-

ʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʦʚʦʣʽ ʟʥʘʯʥʽ ʟʤʽʥʠ ʟʽ ʩʪʦʨʦʥʠ ʽʤʫʥʥʦʾ ʩʠʩʪʝʤʠ. ʎʝ ʧʨʦʷʚʣʷʣʦʩʷ ʟʥʠʞʝʥ-

ʥʷʤ ʨʽʚʥʷ ʊ-ʣʽʤʬʦʮʠʪʽʚ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ ʩʚʠʥʦʢ ʷʢ ʟʘ ʫʤʦʚ ʨʦʟʚʠʪʢʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨ-

ʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʣʝʨʛʽʡʥʦʛʦ ʘʣʴʚʝʦʣʽʪʫ, ʧʦʻʜʥʘʥʦʛʦ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ 

ʧʥʝʚʤʦʥʽʻʶ. ʆʜʥʦʯʘʩʥʦ ʮʽ ʜʚʽ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʘʪʦʣʦʛʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʘʢʪʠʚʘʮʽʻʶ ʛʫʤʦʨʘʣʴʥʦʾ ʣʘʥʢʠ 

ʽʤʫʥʽʪʝʪʫ, ʱʦ ʧʨʦʷʚʣʷʣʦʩʷ ʧʽʜʚʠʱʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʮʽʾ ɺ-ʣʽʤʬʦʮʠʪʽʚ ʪʘ ʎɯʂ ʩʠʨʦʚʘʪʢʠ ʢʨʦʚʽ ʤʦʨʩʴʢʠʭ 

ʩʚʠʥʢ ʫ ʚʩʽ ʪʝʨʤʽʥʠ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʧʘʪʦʣʦʛʽʾ. ʊʘʢʦʞ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʣʝʨʛʽʡʥʠʡ ʘʣʴ-

ʚʝʦʣʽʪ ʘʩʦʮʽʡʦʚʘʥʠʡ ʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʶ ʧʥʝʚʤʦʥʽʻʶ ʚʠʢʣʠʢʘʻ ʙʽʣʴʰ ʽʩʪʦʪʥʽ ʨʦʟʣʘʜʠ ʢʣʽʪʠʥʥʦʾ ʪʘ ʛʫʤʦ-

ʨʘʣʴʥʦʾ ʣʘʥʦʢ ʽʤʫʥʽʪʝʪʫ. ɺʠʩʥʦʚʦʢ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʣʝʨʛʽʡʥʠʡ ʘʣʴʚʝʦʣʽʪ, ʦʩʦʙʣʠʚʦ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʧʥʝ-

ʚʤʦʥʽʻʶ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʩʪʫʧʦʚʦʛʦ ʧʨʠʛʥʽʯʝʥʥʷ ʢʣʽʪʠʥʥʦʾ ʣʘʥʢʠ ʽʤʫʥʽʪʝʪʫ (ʟʥʠʞʝʥʥʷ ʊ-ʣʽʤʬʦʮʠʪʽʚ) ʪʘ 

ʘʢʪʠʚʘʮʽʾ ʛʫʤʦʨʘʣʴʥʦʾ ʣʘʥʢʠ (ʟʨʦʩʪʘʥʥʷ ɺ-ʣʽʤʬʦʮʠʪʽʚ ʪʘ ʎɯʂ), ʧʨʠʯʦʤʫ ʧʦʻʜʥʘʥʥʷ ʘʣʴʚʝʦʣʽʪʫ ʟ ʧʥʝʚʤʦ-

ʥʽʻʶ ʚʠʢʣʠʢʘʻ ʙʽʣʴʰ ʚʠʨʘʞʝʥʽ ʽʤʫʥʥʽ ʨʦʟʣʘʜʠ, ʦʩʦʙʣʠʚʦ ʥʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʧʘʪʦʣʦʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʥʝʚʤʦʥʽʷ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʘʣʝʨʛʽʡʥʠʡ ʘʣʴʚʝʦʣʽʪ, ʊ-ʣʽʤʬʦ-

ʮʠʪʠ, ɺ-ʣʽʤʬʦʮʠʪʠ, ʮʠʨʢʫʣʶʶʯʽ ʽʤʫʥʥʽ ʢʦʤʧʣʝʢʩʠ, ʽʤʫʥʥʘ ʩʠʩʪʝʤʘ. 
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Kovalchuk I.M.   * , Savytska M.Ya.  *  Comparative characteristics of changes in the fatty acid composition 

of total lipids in the myocardium and liver under the influence of hydrogen sulfide donor.  

Danylo Halytsky Lviv National Medical University, Lviv, Ukraine.  

ABSTRACT. Relevance. Hydrogen sulfide (H S) is currently recognized as the third gas transmitter, along with nitrogen 

oxide and carbon monoxide, performing important signaling and regulatory functions in the cardiovascular and hepatobiliary 

systems. Numerous experimental studies have shown that exogenous H S donors, in particular sodium hydrosulfide (NaHS), 

have pronounced cardio- and hepatoprotective effects, which are widely used in experimental models to study the molecular 

mechanisms and therapeutic potential of this system. Their mechanisms of action include reducing the intensity of oxidative 

stress, normalizing the antioxidant system, modulating mitochondrial function, inhibiting apoptosis, and influencing key 

signaling pathways of inflammation and fibrogenesis.In the myocardium, the administration of NaHS in models of ischemia-

reperfusion and cardiotoxicity contributes to a reduction in the area of necrosis, improvement in contractility, reduction in 

free radical damage, and restoration of energy metabolism. In the liver, NaHS has been shown to reduce steatosis and 

fibrosis, inhibit inflammasome activation, attenuate endoplasmic stress, and restore the balance between pro- and anti-apop-

totic factors. Its positive effect has been proven in models of non-alcoholic fatty liver disease and ischemia-reperfusion. 

Domestic studies also confirm that the administration of NaHS changes the functional and metabolic state of the heart and 

liver and reduces the intensity of oxidative stress. Objective. To identify and compare changes in the fatty acid composition 

(FAC) of total lipids (TL) in the myocardium and liver of experimental animals (rats) under the influence of hydrogen 

sulfide donor. Methods. The materials for the studies were heart muscle and liver. The animals were removed from the 

experiment under general anesthesia by rapid decapitation. In this series of studies, the fatty acid composition (FAC) of total 

lipids (TL) in the myocardium and liver was determined in experimental animals. Methyl esters of fatty acids were studied 

using a Chrom-5 gas-liquid chromatograph (Laboratorni pristroje, Prague) with a flame ionization detector (FID). The re-

sults of the chromatographic analysis were recorded differentially. Results. Administration of hydrogen sulfide at a dose of 

7.4 mg/kg leads to modification of the fatty acid composition of total lipids in liver and myocardial tissues, which consists 

in a decrease in the level of certain saturated fatty acids, an increase in the content of omega-3 PUFAs, and an increase in 

the omega-3/omega-6 ratio. This is a positive prognostic sign of changes in the fatty acid composition and characterizes the 

optimization of metabolic processes. Conclusion. Our results indicate that the introduction of hydrogen sulfide (NaHS) 

donor contributed to positive changes in the fatty acid composition of total lipids in the myocardium and liver. Under con-

ditions of NaHS administration, the degree of reduction in saturated fatty acid content and changes in certain types of satu-

rated fatty acids in the liver was more pronounced compared to the myocardium. The observed increase in the proportion of 

omega-3 polyunsaturated fatty acids along with a decrease in omega-6 levels indicates a shift towards a more favorable lipid 

profile. 

Key words: hydrogen sulfide (H S), hydrogen sulfide donor (NaHS), fatty acid composition, saturated and unsaturated fatty 

acids, omega-3, omega-6 fatty acids, total lipids, liver, myocardium. 
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ɺʩʪʫʧ 

ɻʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜ (HS) ʫʧʨʦʜʦʚʞ ʦʩʪʘʥʥʽʭ 

ʜʚʦʭ ʜʝʩʷʪʠʣʽʪʴ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʚʘʞʣʠʚʠʡ ʝʥʜʦ-

ʛʝʥʥʠʡ ʛʘʟʦʪʨʘʥʩʤʽʪʝʨ, ʱʦ ʙʝʨʝ ʫʯʘʩʪʴ ʫ ʨʝʛʫʣʷʮʽʾ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʦʾ, ʥʝʨʚʦʚʦʾ ʪʘ ʪʨʘʚʥʦʾ ʩʠʩʪʝʤ. ɺʽʥ 

ʩʠʥʪʝʟʫʻʪʴʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʠʤʠ ʰʣʷʭʘʤʠ. [1,2]. 

ʉʝʨʝʜ ʝʢʟʦʛʝʥʥʠʭ ʜʦʥʦʨʽʚ HS ʥʘʡʰʠʨʰʝ ʟʘʩʪʦʩʦ-

ʚʫʻʪʴʩʷ ʥʘʪʨʽʶ ʛʽʜʨʦʩʫʣʴʬʽʜ (NaHS), ʷʢʠʡ ʰʚʠ-

ʜʢʦ ʚʠʚʽʣʴʥʷʻ HS ʫ ʙʽʦʣʦʛʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. ʁʦʛʦ 

ʝʬʝʢʪʠ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʫ ʢʦʥʪʝʢʩʪʽ ʢʘʨʜʽʦʧʨʦʪʝʢ-

ʮʽʾ ʪʘ ʛʝʧʘʪʦʧʨʦʪʝʢʮʽʾ [3]. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʤʦʜʝʣʷʭ ʽʰʝʤʽʾ-ʨʝʧʝʨʬʫʟʽʾ ʩʝʨʮʷ ʚʚʝʜʝʥʥʷ NaHS 

ʟʤʝʥʰʫʻ ʨʦʟʤʽʨ ʽʥʬʘʨʢʪʥʦʾ ʟʦʥʠ, ʟʥʠʞʫʻ ʘʧʦʧʪʦʟ 

ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, ʦʧʪʠʤʽʟʫʻ ʬʫʥʢʮʽʶ ʤʽʪʦʭʦʥʜʨʽʡ ʽ 

ʩʧʨʠʷʻ ʚʽʜʥʦʚʣʝʥʥʶ ʩʢʦʨʦʪʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ [4,5]. 

ʊʘʢʦʞ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʥʠʡ ʝʬʝʢʪ 

NaHS ʯʝʨʝʟ ʧʽʜʚʠʱʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʩʫʧʝʨʦʢʩʠʜ-

ʜʠʩʤʫʪʘʟʠ ʪʘ ʛʣʫʪʘʪʽʦʥʧʝʨʦʢʩʠʜʘʟʠ, ʱʦ ʟʤʝʥʰʫʻ 

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ [6]. 

ʋ ʧʝʯʽʥʮʽ ʜʦʥʦʨʠ HS ʧʨʦʷʚʣʷʶʪʴ ʧʨʦʪʝʢʪʦ-

ʨʥʫ ʜʽʶ ʧʨʠ ʽʰʝʤʽʯʥʦʤʫ ʫʨʘʞʝʥʥʽ ʪʘ ʥʝʘʣʢʦʛʦʣʴ-

ʥʽʡ ʞʠʨʦʚʽʡ ʭʚʦʨʦʙʽ. ɿʦʢʨʝʤʘ, NaHS ʟʜʘʪʝʥ ʽʥʛʽ-

ʙʫʚʘʪʠ ʘʢʪʠʚʘʮʽʶ ʽʥʬʣʘʤʘʩʦʤʠ NLRP3, ʟʥʠʞʫ-

ʚʘʪʠ ʨʽʚʝʥʴ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʩʪʨʝʩʫ ʪʘ ʟʘʧʘʣʴ-

ʥʠʭ ʮʠʪʦʢʽʥʽʚ, ʘ ʪʘʢʦʞ ʛʘʣʴʤʫʚʘʪʠ ʨʦʟʚʠʪʦʢ ʬʽʙ-

ʨʦʟʫ [7,8]. ʇʦʢʘʟʘʥʦ, ʱʦ ʝʢʟʦʛʝʥʥʠʡ H S ʤʦʜʫʣʶʻ 

ʩʠʛʥʘʣʴʥʽ ʰʣʷʭʠ SPHK1/S1P ʪʘ AMPK, ʱʦ ʩʧʨʠʷʻ 

ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʘʙʦʣʽʯʥʦʛʦ ʩʪʘʥʫ ʛʝʧʘʪʦʮʠʪʽʚ [9]. 

ʋ ʩʫʯʘʩʥʠʭ ʦʛʣʷʜʘʭ ʧʽʜʢʨʝʩʣʶʻʪʴʩʷ, ʱʦ ʟʘʭʠ-

ʩʥʘ ʜʽʷ NaHS ʤʘʻ ʜʦʟʦ- ʪʘ ʯʘʩʦʚʦʟʘʣʝʞʥʠʡ ʭʘʨʘʢ-

ʪʝʨ: ʥʠʟʴʢʽ ʪʘ ʧʦʤʽʨʥʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʝʨʝʚʘʞʥʦ ʯʠ-

ʥʷʪʴ ʧʨʦʪʝʢʪʦʨʥʠʡ ʝʬʝʢʪ, ʪʦʜʽ ʷʢ ʥʘʜʣʠʰʢʦʚʽ 

ʜʦʟʠ ʤʦʞʫʪʴ ʙʫʪʠ ʪʦʢʩʠʯʥʠʤʠ [2,10]. ɺʦʜʥʦʯʘʩ 

ʘʢʪʠʚʥʦ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʥʦʚʽ, ʧʦʚʽʣʴʥʦʚʠʜʽʣʷʶʯʽ 

ʪʘ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦ-ʪʘʨʛʝʪʦʚʘʥʽ ʜʦʥʦʨʠ HS, ʷʢʽ 

ʤʦʞʫʪʴ ʤʘʪʠ ʚʠʱʠʡ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʧʦʪʝʥʮʽʘʣ 

[11]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʫʯʘʩʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ NaHS 

ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘ ʢʦʨʝʢʮʽʾ ʧʦʨʫʰʝʥʴ ʫ ʩʝʨʮʽ ʪʘ ʧʝʯʽʥʮʽ. ʇʨʦʪʝ ʜʣʷ 

ʢʣʽʥʽʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʝʦʙʭʽʜʥʽ ʧʦʜʘʣʴʰʽ ʜʦ-

ʢʣʽʥʽʯʥʽ ʪʘ ʢʣʽʥʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʦʧʪʠʤʽʟʘʮʽʶ ʜʦʟʫʚʘʥʥʷ, ʚʠʚʯʝʥʥʷ ʬʘʨʤʘʢʦʢʽʥʝ-

ʪʠʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʩʝʣʝʢʪʠʚʥʠʭ ʩʠʩʪʝʤ ʜʦʩʪʘʚʢʠ 

H S. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ ʥʘ ʟʤʽʥʠ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʩʢʣʘʜʫ (ɾʂʉ) ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ɿʃ) ʤʽʦʢʘʨʜʫ ʪʘ 

ʧʝʯʽʥʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ (ʱʫʨʽʚ) ʪʘ ʧʦ-

ʨʽʚʥʷʥʥʷ ʟʤʽʥ ɾʂʉ ɿʃ ʫ ʮʠʭ ʦʨʛʘʥʘʭ ʟʘ ʜʽʾ ʜʦʥʦʨʘ 

ʛʽʜʨʦʛʝʥʩʫʣʴʬʽʜʫ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ʋ ʜʦʩʣʽʜʞʝʥʥʽ ʙʫʣʠ ʟʘʜʽʷʥʽ ʩʪʘʪʝʚʦʟʨʽʣʽ ʱʫʨʽ, 

ʷʢʽ ʫʪʨʠʤʫʚʘʣʠʩʴ ʚ ʫʤʦʚʘʭ ʚʽʚʘʨʽʶ ʃʅʄʋ ʽʤʝʥʽ 

ɼʘʥʠʣʘ ɻʘʣʠʮʴʢʦʛʦ ʪʘ ʚʠʚʦʜʠʣʠʩʷ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʰʣʷʭʦʤ ʜʝʢʘʧʽʪʘʮʽʾ ʧʽʜ ʘʥʝʩʪʝʟʽʻʶ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʦʜʠʣʠ ʧʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʟʠʪʠʚʥʦʛʦ ʚʠʩʥʦ-

ʚʢʫ ʢʦʤʽʩʽʾ ʟ ʧʠʪʘʥʴ ʙʽʦʝʪʠʢʠ (ʧʨʦʪʦʢʦʣ ˉ 1 ʚʽʜ 

20.01.2015 ʨ.), ʟʛʽʜʥʦ ʄʽʞʥʘʨʦʜʥʠʭ ʧʨʠʥʮʠʧʽʚ 

çɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝʙʝʪʥʠʭ 

ʪʚʘʨʠʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʚ 

ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʷʭè (ʉʪʨʘʩʙʫʨʛ, 1986) ʪʘ ʟ ʜʦ-

ʪʨʠʤʘʥʥʷʤ ʟʘʛʘʣʴʥʠʭ ʝʪʠʯʥʠʭ ʧʨʠʥʮʠʧʽʚ ʧʨʦʚʝ-

ʜʝʥʴ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʪʚʘʨʠʥʘʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʥʘ ʪʚʘʨʠʥʘʭ, ʫʭʚʘʣʝʥʠʭ ɯʥ-

ʪʝʨʥʘʮʽʦʥʘʣʴʥʠʤ ʢʦʥʛʨʝʩʦʤ ʟ ʙʽʦʝʪʠʢʠ (ʂʠʾʚ, 

2001), ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ ˉ 3447 IV çʇʨʦ ʟʘʭʠʩʪ ʪʚʘ-

ʨʠʥ ʚʽʜ ʞʦʨʩʪʦʢʦʛʦ ʧʦʚʦʜʞʝʥʥʷè ʟʛʽʜʥʦ ʟ ʜʠʨʝʢ-

ʪʠʚʦʶ ʈʘʜʠ ɭʉ 2010/63/EU ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʧʦʩ-

ʪʘʥʦʚ, ʟʘʢʦʥʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʣʦʞʝʥʴ ɼʝʨ-

ʞʘʚ ɭʉ ʟ ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʟ ʥʘʫʢʦʚʦʶ ʤʝʪʦʶ [12,13]. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʫ ʜʦʩʣʽʜʘʭ ʙʫʣʘ ʚʠʢʦʨʠʩ-

ʪʘʥʘ ʢʽʣʴʢʽʩʪʴ ʪʚʘʨʠʥ, ʷʢʘ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʘ ʩʪʘʪʠʩ-

ʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʽ ʨʝʟʫʣʴʪʘʪʠ. 

ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʩʝʨʮʝʚʠʡ 

ʤôʷʟ ʪʘ ʧʝʯʽʥʢʘ. ʊʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʘʥʝʩʪʝʟʽʻʶ ʰʣʷʭʦʤ ʰʚʠʜʢʦʾ ʜʝʢʘ-

ʧʽʪʘʮʽʾ. ʋ ʮʽʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʠʭ ʪʚʘʨʠʥ ʚʠʟʥʘʯʘʣʠ ʧʦʢʘʟʥʠʢʠ ʞʠʨʥʦʢʠʩʣʦʪ-

ʥʦʛʦ ʩʢʣʘʜʫ (ɾʂʉ) ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ɿʃ) ʫ ʤʽʦʢʘ-

ʨʜʽ, ʧʝʯʽʥʮʽ. 

ʋ ʧʝʨʰʽʡ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʚʠʟʥʘʯʘʣʠ ʧʦʢʘʟ-

ʥʠʢʠ ɾʂʉ ɿʃ ʯʝʨʝʟ 30 ʭʚ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ ʜʦʥʦʨʘ 

ʩʽʨʢʦʚʦʜʥʶ NaHS ʫ ʜʦʟʽ 7,4 ʤʛ/ʢʛ ʚʥʫʪʨʽʰʥʴʦʯʝ-

ʨʝʚʥʦ.  

ʋ ʜʨʫʛʽʡ ʜʦʩʣʽʜʥʽʡ ʛʨʫʧʽ ʮʽ ʧʦʢʘʟʥʠʢʠ ʚʠʟʥʘ-

ʯʘʣʠ ʯʝʨʝʟ 1 ʜʦʙʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ NaHS. ʂʦʥʪʨʦ-

ʣʴʥʽʡ ʛʨʫʧʽ ʚʚʦʜʠʚʩʷ 0,9 % ʨʦʟʯʠʥ NaCl ʟ ʨʦʟʨʘ-

ʭʫʥʢʫ 0,1 ʤʣ/100 ʛ ʤʘʩʠ ʪʽʣʘ ʱʫʨʘ.  

ʄʝʪʠʣʦʚʽ ʝʬʽʨʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʜʦʩʣʽʜʞʫ-

ʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʭʨʦʤʘʪʦʛ-

ʨʘʬʘ çChrom-5è (çLaboratorni pristrojeè, Praha) ʽʟ 

ʧʦʣʫʤ'ʷʥʦ-ʽʦʥʽʟʘʮʽʡʥʠʤ ʜʝʪʝʢʪʦʨʦʤ (FID). ɿʘʧʠʩ 

ʨʝʟʫʣʴʪʘʪʽʚ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ï ʜʠʬʝʨʝ-

ʥʮʽʘʣʴʥʠʡ [14,15].  

ʄʝʪʦʜʦʤ ʨʦʟʨʘʭʫʥʢʫ çʚʫʛʣʝʮʝʚʠʭ ʯʠʩʝʣè 

ʟʜʽʡʩʥʶʚʘʣʠ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʽʢʽʚ ʥʘ ʭʨʦʤʘʪʦʛʨʘʤʽ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʭʽʤʽʯʥʦ ʯʠʩʪʠʭ, ʩʪʘʥʜʘʨʪʥʠʭ, 

ʛʝʢʩʘʥʦʚʠʭ ʨʦʟʯʠʥʽʚ ʤʝʪʠʣʦʚʠʭ ʝʬʽʨʽʚ ʞʠʨʥʠʭ ʢʠ-

ʩʣʦʪ.  

ɺʤʽʩʪ ʦʢʨʝʤʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟʘ ʨʝʟʫʣʴʪʘ-

ʪʘʤʠ ʛʘʟʦʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ʨʦʟʨʘʭʦʚʫ-

ʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ, ʷʢʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʧʦʧʨʘʚʢʦʚʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʣʷ ʢʦʞʥʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʞʠʨʥʦʾ ʢʠ-

ʩʣʦʪʠ. ʇʦʧʨʘʚʢʦʚʽ ʢʦʝʬʽʮʽʻʥʪʠ ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʽʜ-

ʥʦʰʝʥʥʷ ʧʣʦʱ ʧʽʢʽʚ (ʟʦʢʨʝʤʘ ʚʠʩʦʪ ʧʽʢʽʚ) ʧʘʣʴʤʽ-

ʪʠʥʦʚʦʾ (ʚʥʫʪʨʽʰʥʷ ʥʦʨʤʘ ʪʘ ʚʥʫʪʨʽʰʥʽʡ ʩʪʘʥ-

ʜʘʨʪ) ʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʧʨʠ ʢʦʥʮʝ-

ʥʪʨʘʮʽʾ 1:1. ʈʝʞʠʤ ʨʦʙʦʪʠ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʭʨʦʤʘʪʦ-

ʛʨʘʬʽʯʥʦʛʦ ʘʧʘʨʘʪʫ ï ̔ ʟʦʪʝʨʤʽʯʥʠʡ [16]. ʉʪʘʪʠʩʪʠ-

ʯʥʠʡ ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ 

ʧʨʦʚʝʜʝʥʦ ʤʝʪʦʜʦʤ ʚʘʨʽʘʮʽʡʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʟ ʚʠ-

ʢʦʨʠʩʪʘʥʥʷʤ t-ʢʨʠʪʝʨʽʶ ʉʪʴʶʜʝʥʪʘ ʪʘ ʽʟ ʟʘʩʪʦʩʫ-

ʚʘʥʥʷʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ (ʧʨʦʛʨʘʤʘ 

Microsoft Excel 2011, ʚʝʨʩʽʷ 14.4.0 (140226)). ʈʽʟ-

ʥʠʮʶ ʤʽʞ ʩʝʨʝʜʥʽʤʠ ʘʨʠʬʤʝʪʠʯʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ 

ʚʚʘʞʘʣʠ ʩʪʘʪʠʩʪʠʯʥʦ ʚʽʨʦʛʽʜʥʦʶ ʧʨʠ ʨ<0,05. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʧʦʤʽʞ ʘʥʘʣʽʟʦʚʘʥʠʤʠ 
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ʦʟʥʘʢʘʤʠ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʥʠʭ ʢʦʝ-

ʬʽʮʽʻʥʪʽʚ ʢʦʨʝʣʷʮʽʾ ʟʘ ʤʝʪʦʜʦʤ ʇʽʨʩʦʥʘ [17]. 

 ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘ 30-ʡ ʭʚʠʣʠʥʽ ʟ ʯʘʩʫ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ ʨʽʚʝʥʴ ʥʘʩʠʯʝʥʠʭ ʞʠʨ-

ʥʠʭ ʢʠʩʣʦʪ ʫ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʟʥʠʞʫʻʪʴʩʷ 

ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʷʢ ʫ ʧʝʯʽʥʮʽ, ʪʘʢ ʽ ʚ ʤʽʦʢʘʨʜʽ (ʪʘʙʣ. 

1, 2).  

ʋ ʧʝʯʽʥʮʽ ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʱʦʜʦ ʢʦʥʪʨʦʣʶ 

ʟʤʝʥʰʫʻʪʴʩʷ ʨʽʚʝʥʴ ʪʘʢʠʭ ʢʠʩʣʦʪ: ʢʘʧʨʠʣʦʚʦʾ ʢʠ-

ʩʣʦʪʠ (ʉ8:0) ʥʘ 33% (ʨ<0,05), ʢʘʧʨʠʥʦʚʦʾ (ʉ10:0) 

ï ʥʘ 25% (ʨ<0,05), ʣʘʫʨʠʥʦʚʦʾ (ʉ12:0) ï ʥʘ 20% 

(ʨ<0,05), ʤʽʨʠʩʪʠʥʦʚʦʾ (ʉ14:0) ï ʥʘ 14% (ʨ<0,05), 

ʧʝʥʪʘʜʝʢʘʥʦʚʦʾ (ʉ15:0) ï ʥʘ 17% (ʨ<0,05), ʘʨʘʭʽ-

ʥʦʚʦʾ (ʉ20:0) ï ʥʘ 25% (ʨ<0,05). 

ʋ ʩʝʨʮʝʚʦʤʫ ʤôʷʟʽ ʚʽʜʤʽʯʝʥʦ ʚʽʨʦʛʽʜʥʝ ʟʥʠ-

ʞʝʥʥʷ ʚʤʽʩʪʫ ʢʘʧʨʠʥʦʚʦʾ (ʉ10:0) ʽ ʣʘʫʨʠʥʦʚʦʾ ʢʠ-

ʩʣʦʪ (ʉ12:0) ʥʘ 10 % (ʨ<0,05), ʤʽʨʠʩʪʠʥʦʚʦʾ 

(ʉ14:0) ï ʥʘ 13 % (ʨ<0,05) ʩʪʦʩʦʚʥʦ ʢʦʥʪʨʦʣʶ 

(ʪʘʙʣ. 2). 

 

ʊʘʙʣʠʮʷ 1 

ʄʦʜʠʬʽʢʘʮʽʷ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ʥʘʩʠʯʝʥʽ ɾʂ) ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʟʘ ʫʤʦʚ ʚʚʝʜʝʥʥʷ 

ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ (%, ʄÑm, n=6) 

 

ɾʠʨʥʽ ʢʠʩʣʦʪʠ, ʢʦʜ ʂʦʥʪʨʦʣʴ 

 

NaHS 

30 ʭʚ 

NaHS 

24 ʛʦʜ 

ʂʘʧʨʠʣʦʚʘ 8:0 0,113Ñ0,008 0,075Ñ0,006* 0,0870Ñ0,007* 

ʂʘʧʨʠʥʦʚʘ 10:0 0,200Ñ0,016 0,150Ñ0,013* 0,172Ñ0,011* 

ʃʘʫʨʠʥʦʚʘ 12:0 0,300Ñ0,014 0,240Ñ0,016* 0,252Ñ0,017* 

ʄʽʨʠʩʪʠʥʦʚʘ 14:0 0,488Ñ0,026 0,420Ñ0,021* 0,439Ñ0,022* 

ʇʝʥʪʘʜʝʢʘʥʦʚʘ 15:0 0,288Ñ0,023 0,238Ñ0,021* 0,270Ñ0,022 

ʇʘʣʴʤʽʪʠʥʦʚʘ 16:0 5,600Ñ0,380 5,190Ñ0,354 5,432Ñ0,375 

ʉʪʝʘʨʠʥʦʚʘ 8:0 8,601Ñ0,422 8,090Ñ0,418 8,170Ñ0,425 

ɸʨʘʭʽʥʦʚʘ 20:0 0,200Ñ0,012 0,150Ñ0,012* 0,172Ñ0,130* 

ʉʫʤʘ ʥʘʩʠʯʝʥʠʭ 15,790Ñ1,230 14,553Ñ1,260 14,994Ñ1,32 

 

ʇʨʠʤʽʪʢʘ: * - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʤʽʥ (ʨ<0,05) ʱʦʜʦ ʢʦʥʪʨʦʣʶ. 

 

ʊʘʙʣʠʮʷ 2 

ʄʦʜʠʬʽʢʘʮʽʷ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ʥʝʥʘʩʠʯʝʥʽ ɾʂ) ʤʽʦʢʘʨʜʘ ʱʫʨʽʚ ʟʘ ʫʤʦʚ ʟʘʩʪʦ-

ʩʫʚʘʥʥʷ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ (%, ʄÑm, n=6) 

 

ɾʠʨʥʽ ʢʠʩʣʦʪʠ, ʢʦʜ 
ʂʦʥʪʨʦʣʴ 

 

NaHS 

30 ʭʚ 

NaHS 

24 ʛʦʜ 

ʂʘʧʨʠʣʦʚʘ 8:0 0,078Ñ0,004 0,073Ñ0,005 0,074Ñ0,006 

ʂʘʧʨʠʥʦʚʘ 10:0 0,190Ñ0,008 0,171Ñ0,007* 0,173Ñ0,008 

ʃʘʫʨʠʥʦʚʘ 12:0 0,300Ñ0,013 0,270Ñ0,014* 0,270Ñ0,014* 

ʄʽʨʠʩʪʠʥʦʚʘ 14:0 0,460Ñ0,021 0,402Ñ0,020* 0,409Ñ0,021* 

ʇʝʥʪʘʜʝʢʘʥʦʚʘ 15:0 0,290Ñ0,024 0,276Ñ0,023 0,276Ñ0,021 

ʇʘʣʴʤʽʪʠʥʦʚʘ 16:0 9,140Ñ0,721 8,96Ñ0,759 9,049Ñ0,789 

ʉʪʝʘʨʠʥʦʚʘ 18:0 11,98Ñ0,921 11,74Ñ0,943 11,980Ñ0,951 

ɸʨʘʭʽʥʦʚʘ 20:0 0,310Ñ0,014 0,282Ñ0,013* 0,279Ñ0,014 

ʉʫʤʘ ʥʘʩʠʯʝʥʠʭ 22,760Ñ1,810 22,174Ñ1,612 22,51Ñ1,782 

   

ʇʨʠʤʽʪʢʘ: * - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʤʽʥ (ʨ<0,05) ʱʦʜʦ ʢʦʥʪʨʦʣʶ. 

 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ-

ʬʽʢʩʦʚʘʥʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʧʘʣʴ-

ʤʽʪʠʥʦʚʦʾ (ʉ16:0) ʽ ʩʪʝʘʨʠʥʦʚʦʾ (ʉ18:0) ʢʠʩʣʦʪ, 

ʧʠʪʦʤʘ ʚʘʛʘ ʷʢʠʭ ʥʘʡʙʽʣʴʰʘ ʩʝʨʝʜ ʥʘʩʠʯʝʥʠʭ ʞʠ-

ʨʥʠʭ ʢʠʩʣʦʪ ʫ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ. 

ɹʫʣʦ ʪʘʢʦʞ ʚʩʪʘʥʦʚʫʣʝʥʦ, ʱʦ ʚʧʣʠʚ NaHS ʫ 

ʨʘʥʥʽ ʪʝʨʤʽʥʠ ʧʽʩʣʷ ʡʦʛʦ ʚʚʝʜʝʥʥʷ (ʯʝʨʝʟ 30 ʭʚ) 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʢʦʤʧʦʟʠʮʽʾ ʩʢʣʘʜʫ ʧʦʣʽʥʝʥʘ-

ʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʨʽʟʥʠʭ 

ʪʠʧʽʚ ʱʦʜʦ ʢʦʥʪʨʦʣʶ. ʏʝʨʝʟ 24 ʛʦʜ ʟ ʯʘʩʫ ʚʚʝ-

ʜʝʥʥʷ NaHS ʨʽʚʝʥʴ ʟʘʟʥʘʯʝʥʠʭ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ 

ʢʠʩʣʦʪ ʙʫʚ ʜʦʩʪʦʚʽʨʥʦ ʥʠʞʯʠʤ ʱʦʜʦ ʢʦʥʪʨʦʣʶ. 

ɺʦʜʥʦʯʘʩ ʫ ʧʝʯʽʥʮʽ ʚʤʽʩʪ ʢʘʧʨʠʣʦʚʦʾ ʢʠʩʣʦʪʠ 

(ʉ8:0) ʥʘ 16% (ʨ<0,05), ʢʘʧʨʠʥʦʚʦʾ (ʉ10:0) ï 

ʥʘ14% (ʨ<0,05), ʧʝʥʪʘʜʝʢʘʥʦʚʦʾ (ʉ15:0) ï ʥʘ 13% 

(ʨ<0,05), ʘʨʘʭʽʥʦʚʦʾ (ʉ20:0) ï ʥʘ 15% (ʨ<0,05) ʧʝ-

ʨʝʚʠʱʫʚʘʚ ʾʭ ʚʝʣʠʯʠʥʠ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʧʝʨʝʜʥʽʤ 

ʪʝʨʤʽʥʦʤ. 

ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʙôʻʢʪʘʭ ʟʘʬʽʢʩʦʚʘʥʦ ʟʨʦʩ-

ʪʘʥʥʷ ʚʤʽʩʪʫ ʦʤʝʛʘ-3 ʞʠʨʥʠʭ ʢʠʩʣʦʪ, ʟʦʢʨʝʤʘ ʝʡ-

ʢʦʟʘʧʝʥʪʘʻʥʦʚʦʾ (ʉ20:5) ʥʘ 12 % (ʨ<0,05) ʽ 13% 

(ʨ<0,05), ʘ ʪʘʢʦʞ ʜʦʢʦʟʘʪʨʠʻʥʦʚʦʾ (ʉ22:3) ʥʘ 15 % 

(ʨ<0,05) ʽ 11% (ʨ<0,05) ʫ ʧʝʯʽʥʮʽ ʪʘ ʤʽʦʢʘʨʜʽ ʚʽʜ-
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ʧʦʚʽʜʥʦ (ʪʘʙʣ. 3, 4). ʂʨʽʤ ʪʦʛʦ, ʫ ʧʝʯʽʥʮʽ ʚʩʪʘʥʦʚ-

ʣʝʥʦ ʜʦʩʪʦʚʽʨʥʝ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʣʽʥʦʣʝʥʦʚʦʾ 

(ʉ18:3) (ʨ<0,05), ʘ ʪʘʢʦʞ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʨʦʩʪʘʥʥʷ 

ʽʥʰʠʭ ʦʤʝʛʘ-3 ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʷʢ ʫ ʧʝʯʽʥʮʽ, ʪʘʢ ʽ ʚ 

ʤʽʦʢʘʨʜʽ.  

 

ʊʘʙʣʠʮʷ 3 

ʄʦʜʠʬʽʢʘʮʽʷ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ʥʝʥʘʩʠʯʝʥʽ ɾʂ) ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʟʘ ʫʤʦʚ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ (%, ʄÑm, n=6) 

 

ɾʠʨʥʽ ʢʠʩʣʦʪʠ, ʢʦʜ 
ʂʦʥʪʨʦʣʴ 

 

NaHS 

30 ʭʚ 

NaHS 

24 ʛʦʜ 

ʇʘʣʴʤʽʪʦʦʣʝʾʥʦʚʘ 16:1 1,010Ñ0,080 1,007Ñ0,07 1,010Ñ0,090 

ʆʣʝʾʥʦʚʘ 18:1 31,300Ñ2,705 31,800Ñ2,902 31,394Ñ3,001 

ɽʡʢʦʟʘʻʥʦʚʘ 20:1 0,163Ñ0,006 0,180Ñ0,008* 0,178Ñ0,008 

ʃʽʥʦʣʝʚʘ 18:2 16,350Ñ1,200 16,088Ñ1,290 16,023Ñ1,170 

ɽʡʢʦʟʘʜʠʻʥʦʚʘ 20:2 0,306Ñ0,010 0,250Ñ0,013* 0,266Ñ0,014* 

ɼʦʢʦʟʘʜʠʻʥʦʚʘ 22:2 1,200Ñ0,060 1,080Ñ0,050* 1,164Ñ0,063 

ʃʽʥʦʣʝʥʦʚʘ 18:3 6,701Ñ0,315 7,360Ñ0,334* 7,170Ñ0,380 

ɽʡʢʦʟʘʪʨʠʻʥʦʚʘ 20:3 2,405Ñ0,140 2,340Ñ0,160 2,284Ñ0,190 

ɼʦʢʦʟʘʪʨʠʻʥʦʚʘ 22:3 1,412Ñ0,035 1,617Ñ0,041* 1,567Ñ0,039* 

ɸʨʘʭʽʜʦʥʦʚʘ 20:4 6,090Ñ0,490 5,800Ñ0,510 5,846Ñ0,530 

ɼʦʢʦʟʘʪʝʪʨʘʻʥʦʚʘ 22:4 2,850Ñ0,017 2,680Ñ0,019 2,708Ñ0,0190 

ɽʡʢʦʟʘʧʝʥʪʘʻʥʦʚʘ 20:5 1,750Ñ0,095 1,964Ñ0,110* 1,925Ñ0,101* 

ɼʦʢʦʟʘʧʝʥʪʘʻʥʦʚʘ 22:5 5,480Ñ0,425 5,870Ñ0,470 5,918Ñ0,515 

ɼʦʢʦʟʘʛʝʢʩʘʻʥʦʚʘ 22:6 6,805Ñ0,315 7,173Ñ0,480 7,145Ñ0,475 

ʉʫʤʘ ʥʝʥʘʩʠʯʝʥʠʭ 83,822Ñ6,103 85,144Ñ6,545 84,598Ñ6,439 

ʉʫʤʘ ʤʦʥʦʥʝʥʘʩʠʯʝʥʠʭ 32,473Ñ2,100 32,987Ñ2,700 32,582Ñ2,600 

ʉʫʤʘ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ 51,349Ñ4,360 52,157Ñ4,400 52,016Ñ4,320 

ɯʥʜʝʢʩ ʥʘʩʠʯʝʥʦʩʪʽ 0,190Ñ0,008 0,170Ñ0,007* 0,180Ñ0,080 

ɤ -3 20,736Ñ1,700 22,367Ñ2,030 22,158Ñ2,010 

ɤ -6 28,001Ñ2,100 27,093Ñ2,190 27,127Ñ2,200 

ɤ -3/ ɤ -6 0,740Ñ0,030 0,830Ñ0,040* 0,820Ñ0,040* 

 

ʇʨʠʤʽʪʢʘ: * - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʤʽʥ (ʨ<0,05) ʱʦʜʦ ʢʦʥʪʨʦʣʶ. 

 

ʅʘʪʦʤʽʩʪʴ ʚʽʜʤʽʯʝʥʦ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʦʤʝʛʘ-6 ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ, 

ʩʝʨʝʜ ʷʢʠʭ ʜʦʩʪʦʚʽʨʥʦ ʟʤʝʥʰʠʚʩʷ ʚʤʽʩʪ ʝʡʢʦʟʘʜʠ-

ʻʥʦʚʦʾ (ʉ20:2) ʥʘ 17 % (ʨ< 0,05) ʫ ʧʝʯʽʥʮʽ ʪʘ ʥʘ 

11% ʫ ʤʽʦʢʘʨʜʽ (ʨ<0,05). ʇʨʠ ʮʴʦʤʫ ʩʧʽʚʚʽʜʥʦ-

ʰʝʥʥʷ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʦʤʝʛʘ-

3/ʦʤʝʛʘ-6 ʟʨʦʩʣʦ ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʚ ʦʙʦʭ ʦʨʛʘʥʘʭ 

ʥʘ 12% (ʨ<0,05). ʏʝʨʝʟ 24 ʛʦʜ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʦʤʝʛʘ-3/ʦʤʝʛʘ-6 ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʦ ʚʠʱʠʤ 

ʱʦʜʦ ʢʦʥʪʨʦʣʶ ʫ ʧʝʯʽʥʮʽ ʪʘ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥ-

ʜʝʥʮʽʷ ʜʦ ʡʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʫ ʤʽʦʢʘʨʜʽ.  

ʆʪʞʝ, ʧʽʜ ʚʧʣʠʚʦʤ H2S ʩʪʫʧʽʥʴ ʟʤʝʥʰʝʥʥʷ 

ʚʤʽʩʪʫ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʽ ʟʤʽʥ ʦʢʨʝʤʠʭ 

ʚʠʜʽʚ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ɿʃ ʫ ʧʝʯʽʥʮʽ ʙʫʚ 

ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʦʢʘʨʜʦʤ. ʇʨʦ ʮʝ 

ʩʚʽʜʯʠʪʴ ʟʥʠʞʝʥʥʷ ʩʪʦʩʦʚʥʦ ʢʦʥʪʨʦʣʶ ʽʥʜʝʢʩʫ ʥʘ-

ʩʠʯʝʥʦʩʪʽ ʥʘ 11% (ʨ<0,05) ʫ ʧʝʯʽʥʮʽ, ʪʦʜʽ ʷʢ ʫ ʩʝ-

ʨʮʽ ʮʝʡ ʧʦʢʘʟʥʠʢ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʠʚʩʷ (ʪʘʙʣ.4). 

ɺʠʷʚʣʝʥʠʡ ʭʘʨʘʢʪʝʨ ʟʤʽʥ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ ʤʘʣʠ 

ʧʦʜʽʙʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ, ʷʢʘ ʙʫʣʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚ-

ʣʝʥʘ ʫ ʟʤʽʥʘʭ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʬʦʩʬʦʣʽ-

ʧʽʜʽʚ ʮʠʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʩʝʨʝʜʦʚʠʱ, ʱʦ ʚʠʷʚ-

ʣʷʣʠʩʷ ʫ ʟʤʝʥʰʝʥʥʽ ʚʤʽʩʪʫ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠ-

ʩʣʦʪ ʪʘ ʟʨʦʩʪʘʥʥʽ ʚʤʽʩʪʫ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠ-

ʩʣʦʪ.  

ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʘʥʘ-

ʣʦʛʽʯʥʫ ʩʧʨʷʤʦʚʘʥʽʩʪʴ ʟʤʽʥ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ. 

ɺʧʣʠʚ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ ʧʨʠʟʚʦʜʠʚ ʜʦ ʟʥʠʞʝʥʥʷ 

ʨʽʚʥʷ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ, 

ʟʨʦʩʪʘʥʥʷ ʨʽʚʥʷ ʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʤʝʛʘ-3/ʦʤʝʛʘ-6 ʇʅɾʂ ʫ ʜʦʩʣʽ-

ʜʞʫʚʘʥʠʭ ʪʢʘʥʠʥʘʭ ʟʘʣʠʰʘʣʦʩʷ ʚʠʱʠʤ ʱʦʜʦ ʢʦʥ-

ʪʨʦʣʶ ʯʝʨʝʟ ʜʦʙʫ ʧʽʩʣʷ ʚʚʝʜʝʥʥʷ NaHS.  

ɺʽʜʦʤʦ, ʱʦ ʦʤʝʛʘ-3 ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʚʠʢʦʥʫ-

ʶʪʴ ʥʠʟʢʫ ʧʨʦʪʝʢʪʦʨʥʠʭ ʬʫʥʢʮʽʡ: ʚʦʥʠ ʻ ʧʦʧʝʨʝ-

ʜʥʠʢʘʤʠ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʤʝʜʽʘʪʦʨʽʚ (ʨʝʟʦʣʚʽʥʽʚ, 

ʧʨʦʪʝʢʪʦʨʠʥʽʚ), ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʟʤʝʥʰʝʥʥʽ ʧʨʦʜʫ-

ʢʮʽʾ ʧʨʦʟʘʧʘʣʴʥʠʭ ʮʠʪʦʢʽʥʽʚ ʽ ʧʨʦʩʪʘʛʣʘʥʜʠʥʽʚ, ʘ 

ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʣʽʪʠʥ-

ʥʠʭ ʤʝʤʙʨʘʥ. ɿʙʽʣʴʰʝʥʥʷ ʾʭʥʴʦʾ ʯʘʩʪʢʠ ʚ ʣʽʧʽʜ-

ʥʦʤʫ ʧʫʣʽ ʤʽʦʢʘʨʜʘ ʤʦʞʝ ʟʥʠʞʫʚʘʪʠ ʨʠʟʠʢ ʘʨʠʪ-

ʤʦʛʝʥʥʦʩʪʽ, ʧʽʜʚʠʱʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʬʽ-

ʟʽʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʦʢʨʘʱʫʚʘʪʠ ʝʥʝʨʛʝʪʠʯʥʠʡ 

ʤʝʪʘʙʦʣʽʟʤ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʝʥ-

ʰʝʥʥʷ ʚʤʽʩʪʫ ʦʤʝʛʘ-6 ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʦʙʤʝʞʫʻ 

ʥʘʜʣʠʰʢʦʚʠʡ ʩʠʥʪʝʟ ʧʨʦʟʘʧʘʣʴʥʠʭ ʝʡʢʦʟʘʥʦʾʜʽʚ, 

ʱʦ ʩʧʨʠʷʻ ʟʥʠʞʝʥʥʶ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʭʨʦʥʽʯʥʦʛʦ 

ʟʘʧʘʣʝʥʥʷ ʪʘ ʧʨʦʬʽʣʘʢʪʠʮʽ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʩʝʨʮʝ-

ʚʦʛʦ ʤôʷʟʘ [18-20]. 
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ʊʘʙʣʠʮʷ 4 

ʄʦʜʠʬʽʢʘʮʽʷ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ (ʥʝʥʘʩʠʯʝʥʽ ɾʂ) ʤʽʦʢʘʨʜʘ ʱʫʨʽʚ ʟʘ ʫʤʦʚ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ (%, ʄÑm, n=6) 

 

ɾʠʨʥʽ ʢʠʩʣʦʪʠ, ʢʦʜ ʂʦʥʪʨʦʣʴ 

 

NaHS 

30 ʭʚ 

NaHS 

24 ʛʦʜ 

ʇʘʣʴʤʽʪʦʦʣʝʾʥʦʚʘ 16:1 0,980Ñ0,07 0,983Ñ0,079 0,980Ñ0,075 

ʆʣʝʾʥʦʚʘ 18:1 43,200Ñ2,920 43,250Ñ3,115 43,200Ñ3,050 

ɽʡʢʦʟʘʻʥʦʚʘ 20:1 0,180Ñ0,011 0,184Ñ0,012 0,182Ñ0,012 

ʃʽʥʦʣʝʚʘ 18:2 7,990Ñ0,518 7,390Ñ0,520 7,750Ñ0,580 

ɽʡʢʦʟʘʜʠʻʥʦʚʘ 20:2 0,290Ñ0,013 0,258Ñ0,014* 0,261Ñ0,014* 

ɼʦʢʦʟʘʜʠʻʥʦʚʘ 22:2 0,790Ñ0,032 0,714Ñ0,031* 0,730Ñ0,033 

ʃʽʥʦʣʝʥʦʚʘ 18:3 4,350Ñ0,210 4,611Ñ0,212 4,440Ñ0,280 

ɽʡʢʦʟʘʪʨʠʻʥʦʚʘ 20:3 3,330Ñ0,171 3,200Ñ0,162 3,200Ñ0,164 

ɼʦʢʦʟʘʪʨʠʻʥʦʚʘ 22:3 0,960Ñ0,042 1,066Ñ0,051* 1,040Ñ0,05 

ɸʨʘʭʽʜʦʥʦʚʘ 20:4 4,340Ñ0,230 4,166Ñ0,210 4,210Ñ0,248 

ɼʦʢʦʟʘʪʝʪʨʘʻʥʦʚʘ 22:4 2,060Ñ0,120 1,936Ñ0,110 1,957Ñ0,125 

ɽʡʢʦʟʘʧʝʥʪʘʻʥʦʚʘ 20:5 1,170Ñ0,042 1,322Ñ0,050* 1,290Ñ0,048* 

ɼʦʢʦʟʘʧʝʥʪʘʻʥʦʚʘ 22:5 3,290Ñ0,212 3,650Ñ0,237 3,389Ñ0,254 

ɼʦʢʦʟʘʛʝʢʩʘʻʥʦʚʘ 22:6 4,230Ñ0,280 4,124Ñ0,273 4,234Ñ0,289 

ʉʫʤʘ ʥʝʥʘʩʠʯʝʥʠʭ 77,240Ñ5,850 76,854Ñ5,770 76,853Ñ5,920 

ʉʫʤʘ ʤʦʥʦʥʝʥʘʩʠʯʝʥʠʭ 44,400Ñ3,260 44,417Ñ3,280 44,362Ñ3,210 

ʉʫʤʘ ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ 32,800Ñ2,650 32,437Ñ2,460 32,491Ñ2,420 

ɯʥʜʝʢʩ ʥʘʩʠʯʝʥʦʩʪʽ 0,290Ñ0,010 0,290Ñ0,010 0,290Ñ0,010 

ɤ-3 14,000Ñ1,300 14,773Ñ1,400 14,383Ñ1,380 

ɤ-6 18,000Ñ1,410 16,950Ñ1,312 17,378Ñ1,380 

ɤ-3/ɤ-6 0,780Ñ0,030 0,870Ñ0,040* 0,830Ñ0,040 

 

ʇʨʠʤʽʪʢʘ: * - ʜʦʩʪʦʚʽʨʥʽʩʪʴ ʟʤʽʥ (ʨ<0,05) ʱʦʜʦ ʢʦʥʪʨʦʣʶ. 

 

ʋ ʧʝʯʽʥʮʽ ʧʽʜʚʠʱʝʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʤʝʛʘ-

3/ʦʤʝʛʘ-6 ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ 

ʣʽʧʽʜʥʦʛʦ ʛʦʤʝʦʩʪʘʟʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʪʨʠʤʘʥʽ ʨʝ-

ʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʨʦʟʮʽʥʶʚʘʪʠ ʷʢ ʦʜʠʥ ʽʟ ʤʝʭʘʥʽʟ-

ʤʽʚ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʚʧʣʠʚʫ NaHS. 

ʇʦ-ʧʝʨʰʝ, ʦʤʝʛʘ-3 ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʻ ʧʦʧʝʨʝʜ-

ʥʠʢʘʤʠ ʧʨʦʪʠʟʘʧʘʣʴʥʠʭ ʝʡʢʦʟʘʥʦʾʜʽʚ ʽ ʨʝʟʦʣʚʽʥʽʚ, 

ʪʦʜʽ ʷʢ ʦʤʝʛʘ-6, ʦʩʦʙʣʠʚʦ ʘʨʘʭʽʜʦʥʦʚʘ ʢʠʩʣʦʪʘ, ð 

ʩʫʙʩʪʨʘʪ ʜʣʷ ʩʠʥʪʝʟʫ ʧʨʦʟʘʧʘʣʴʥʠʭ ʧʨʦʩʪʘʛʣʘʥʜʠ-

ʥʽʚ ʽ ʣʝʡʢʦʪʨʽʻʥʽʚ. ɿʙʽʣʴʰʝʥʥʷ ʯʘʩʪʢʠ ɤ-3 ʥʘ ʪʣʽ 

ʟʤʝʥʰʝʥʥʷ ɤ-6 ʟʥʠʞʫʻ ʘʢʪʠʚʥʽʩʪʴ ʭʨʦʥʽʯʥʦʛʦ ʟʘ-

ʧʘʣʝʥʥʷ, ʱʦ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʧʨʦʬʽʣʘʢʪʠʢʠ ʬʽʙ-

ʨʦʟʫ ʧʝʯʽʥʢʠ ʪʘ ʨʝʤʦʜʝʣʶʚʘʥʥʷ ʤʽʦʢʘʨʜʘ [21-23]. 

ʇʦ-ʜʨʫʛʝ, ʦʤʝʛʘ-3 ʞʠʨʥʽ ʢʠʩʣʦʪʠ ʩʪʘʙʽʣʽʟʫ-

ʶʪʴ ʤʝʤʙʨʘʥʠ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, ʧʦʢʨʘʱʫʶʪʴ ʬʫʥʢ-

ʮʽʶ ʽʦʥʥʠʭ ʢʘʥʘʣʽʚ, ʟʤʝʥʰʫʶʪʴ ʩʭʠʣʴʥʽʩʪʴ ʜʦ 

ʘʨʠʪʤʽʡ ʽ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʚʘʨʽʘʙʝʣʴʥʽʩʪʴ 

ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ. ɺʦʥʠ ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʦʧʪʠʤʽʟʘ-

ʮʽʾ ʤʽʪʦʭʦʥʜʨʽʘʣʴʥʦʛʦ ʜʠʭʘʥʥʷ ʪʘ ʧʽʜʚʠʱʫʶʪʴ 

ʩʪʽʡʢʽʩʪʴ ʩʝʨʮʷ ʜʦ ʽʰʝʤʽʯʥʦʛʦ ʫʰʢʦʜʞʝʥʥʷ [24-

26]. 

ʇʦ-ʪʨʝʪʻ, ʫ ʧʝʯʽʥʮʽ ʧʽʜʚʠʱʝʥʥʷ ɤ-3 ʩʧʨʠʷʻ 

ʟʤʝʥʰʝʥʥʶ ʩʪʝʘʪʦʟʫ, ʥʦʨʤʘʣʽʟʘʮʽʾ ʣʽʧʽʜʥʦʛʦ ʦʙ-

ʤʽʥʫ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʽʥʩʫʣʽʥʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠ-

ʷʚʣʝʥʽ ʟʤʽʥʠ ʤʦʞʥʘ ʪʨʘʢʪʫʚʘʪʠ ʷʢ ʧʨʦʷʚ ʛʝʧʘʪʦ-

ʧʨʦʪʝʢʪʦʨʥʦʾ ʜʽʾ NaHS ʥʘ ʨʽʚʥʽ ʣʽʧʽʜʥʦʛʦ ʤʝʪʘʙʦ-

ʣʽʟʤʫ [27-30]. 

ʋ ʩʫʢʫʧʥʦʩʪʽ, ʟʩʫʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɤ-3/ɤ-6 ʫ 

ʙʽʢ ʧʽʜʚʠʱʝʥʥʷ ɤ-3 ʟʘ ʫʤʦʚ ʜʽʾ NaHS ʤʦʞʝ ʨʦʟʛ-

ʣʷʜʘʪʠʩʷ ʷʢ ʦʜʠʥ ʽʟ ʢʣʶʯʦʚʠʭ ʤʝʭʘʥʽʟʤʽʚ ʡʦʛʦ ʢʘ-

ʨʜʽʦ- ʪʘ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʱʦ ʜʦ-

ʧʦʚʥʶʻ ʚʞʝ ʚʽʜʦʤʽ ʘʥʪʠʦʢʩʠʜʘʥʪʥʽ ʡ ʘʥʪʠʘʧʦʧʪʦ-

ʪʠʯʥʽ ʝʬʝʢʪʠ. 

ʇʽʜʩʫʤʦʢ 

ɺʚʝʜʝʥʥʷ ʜʦʥʦʨʘ ʩʽʨʢʦʚʦʜʥʶ ʩʫʧʨʦʚʦʜʞʫʚʘ-

ʣʦʩʷ ʟʤʝʥʰʝʥʥʷʤ ʨʽʚʥʷ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ, ʷʢʝ ʥʘʡʙʽʣʴʰ ʚʠʨʘʞʝʥʝ ʙʫʣʦ ʫ 

ʧʝʯʽʥʮʽ ʪʘ ʤʝʥʰ ʚʠʨʘʞʝʥʝ ʫ ʤʽʦʢʘʨʜʽ. ʋ ʤʽʦʢʘʨʜʽ, 

ʧʝʯʽʥʮʽ ʚʽʜʤʽʯʝʥʦ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ ʦʤʝʛʘ-3 

ʇʅɾʂ ʪʘ ʪʝʥʜʝʥʮʽʶ ʜʦ ʟʥʠʞʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʨʽ-

ʚʥʷ ʦʤʝʛʘ-6 ʇʅɾʂ. ɺʽʜʧʦʚʽʜʥʦ, ʫ ʚʩʽʭ ʩʝʨʝʜʦʚʠ-

ʱʘʭ ʚʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʦʚʽʨʥʝ ʟʙʽʣʴʰʝʥʥʷ ʩʧʽʚʚʽʜ-

ʥʦʰʝʥʥʷ ʦʤʝʛʘ-3/ʦʤʝʛʘ-6. ʏʝʨʝʟ 24 ʛʦʜ ʧʽʩʣʷ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ H2S ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʤʝʛʘ-3/ʦʤʝʛʘ-

6 ʇʅɾʂ ʟʘʣʠʰʘʻʪʴʩʷ ʜʦʩʪʦʚʽʨʥʦ ʚʠʱʠʤ ʱʦʜʦ ʢʦ-

ʥʪʨʦʣʶ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʙʽʦʩʝʨʝʜʦʚʠʱʘʭ. 

ʋ ʥʘʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ NaHS ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʧʦʟʠʪʠʚʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ 

ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ, ʟʦʢ-

ʨʝʤʘ ð ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʚʤʽʩʪʫ ʦʤʝʛʘ-3 ʧʦʣʽʥʝʥʘ-

ʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ (ʝʡʢʦʟʘʧʝʥʪʘʻʥʦʚʦʾ, ʜʦ-

ʢʦʟʘʛʝʢʩʘʻʥʦʚʦʾ) ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʽʚʥʷ ʦʤʝʛʘ-6 (ʘʨʘ-

ʭʽʜʦʥʦʚʦʾ ʪʘ ʾʾ ʧʦʭʽʜʥʠʭ). ʊʘʢʠʡ ʟʩʫʚ ʫ ʙʽʢ ʧʽʜʚʠ-

ʱʝʥʥʷ ɤ-3/ɤ-6 ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʘʻ ʚʘʞʣʠʚʝ ʙʽʦ-

ʣʦʛʽʯʥʝ ʪʘ ʢʣʽʥʽʯʥʝ ʟʥʘʯʝʥʥʷ. 

ʆʪʞʝ, ʦʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ 

ʚʚʝʜʝʥʥʷ ʜʦʥʦʨʘ NaHS ʩʧʨʠʷʣʦ ʧʦʟʠʪʠʚʥʠʤ ʟʤʽ-

ʥʘʤ ʫ ʞʠʨʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ 
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ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ. ɿʘ ʫʤʦʚ ʚʚʝʜʝʥʥʷ NaHS ʩʪʫ-

ʧʽʥʴ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʽ ʟʤʽʥ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ɿʃ 

ʫ ʧʝʯʽʥʮʽ ʙʫʚ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʦʢʘ-

ʨʜʦʤ. ɺʠʷʚʣʝʥʝ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʦʤʝʛʘ-3 

ʇʅɾʂ ʧʦʨʷʜ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʦʤʝʛʘ-6 ʩʚʽʜʯʠʪʴ 

ʧʨʦ ʟʨʫʰʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʛʦ ʣʽʧʽʜʥʦʛʦ 

ʧʨʦʬʽʣʶ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ (NaHS) ʩʧʨʠʷʣʦ 

ʧʦʟʠʪʠʚʥʠʤ ʟʤʽʥʘʤ ʫ ʞʠʨʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ ʟʘ-

ʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ. ɺʠʷʚʣʝʥʝ 

ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ ʦʤʝʛʘ-3 ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠ-

ʨʥʠʭ ʢʠʩʣʦʪ ʧʦʨʷʜ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʦʤʝʛʘ-6 

ʩʚ̔ʜʯʠʪʴ ʧʨʦ ʟʨʫʰʝʥʥʷ ʫ ʙʽʢ ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʛʦ 

ʣʽʧʽʜʥʦʛʦ ʧʨʦʬʽʣʶ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʫʷʚ-

ʣʝʥʴ, ʚʠʷʚʣʝʥʠʡ ʥʘʤʠ ʝʬʝʢʪ ʜʦʥʦʨʘ HS ʥʘ ʞʠʨʥʦ-

ʢʠʩʣʦʪʥʠʡ ʩʢʣʘʜ ʤʦʞʝ ʤʘʪʠ ʧʦʜʚʽʡʥʝ ʟʥʘʯʝʥʥʷ: ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ ð ʷʢ ʤʘʨʢʝʨ ʥʦʨʤʘʣʽʟʘʮʽʾ ʤʝʪʘʙʦʣʽʯ-

ʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʩʝʨʮʽ ʪʘ ʧʝʯʽʥʮʽ, ʟ ʽʥʰʦʛʦ ð ʷʢ ʧʦ-

ʪʝʥʮʽʡʥʠʡ ʪʝʨʘʧʝʚʪʠʯʥʠʡ ʥʘʧʨʷʤ ʫ ʧʨʦʬʽʣʘʢʪʠʮʽ 

ʤʝʪʘʙʦʣʽʯʥʠʭ ʽ ʢʘʨʜʽʦʚʘʩʢʫʣʷʨʥʠʭ ʫʩʢʣʘʜʥʝʥʴ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘʰʽ ʜʘʥʽ ʫʟʛʦʜʞʫʶʪʴʩʷ ʟ ʣʽʪʝʨʘʪʫ-

ʨʥʠʤʠ ʚʽʜʦʤʦʩʪʷʤʠ ʧʨʦ ʢʘʨʜʽʦ- ʪʘ ʛʝʧʘʪʦʧʨʦʪʝʢ-

ʪʦʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʦʥʦʨʽʚ HS ʽ ʜʦʧʦʚʥʶʶʪʴ ʾʭ ʥʦ-

ʚʠʤʠ ʜʦʢʘʟʘʤʠ ʱʦʜʦ ʨʦʣʽ ʟʤʽʥ ʫ ʣʽʧʽʜʥʦʤʫ ʧʨʦ-

ʬʽʣʽ. ʊʘʢʽ ʜʘʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷ-

ʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʚʧʣʠʚʫ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥʩʫʣʴ-

ʬʽʜʫ ʥʘ ʟʤʽʥʠ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʪʘʥʫ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝ-

ʩʽʚ,ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫ-

ʙʣʽʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. 

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-

ʜʦʩʣʽʜʥʦʾ ʪʝʤʠ çɺʠʚʯʝʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʨʝʛʫʣʷʮʽʾ 

ʽʥʪʝʛʨʘʪʠʚʥʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʽʟʤʫ ʚ ʫʤʦʚʘʭ ʥʦʨʤʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʨʦʟʣʘʜʽʚ ʪʘ ʟôʷʩʫʚʘʥʥʷ ʰʣʷʭʽʚ ʾʭ 

ʢʦʨʝʢʮʽʾè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 

0121U100164). 

 

 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 

References 

 

1. Li Z, Xia H, Sharp TE 3rd, et al. Hydrogen 

Sulfide Modulates Endothelial-Mesenchymal Transi-

tion in Heart Failure. Circ Res. 2023;132(2):154-66. 

doi: 10.1161/circresaha.122.321326. 

2. Munteanu C. Hydrogen Sulfide and Oxygen 

Homeostasis in Atherosclerosis: A Systematic Re-

view from Molecular Biology to Therapeutic Per-

spectives. International Journal of Molecular Sci-

ences. 2023;24(9):8376 doi: 10.3390/ijms24098376. 

3. Zhang R, Shi W, Wu X, Yu Q, Xiao Y. Ap-

plication of hydrogen sulfide donor conjugates in dif-

ferent diseases. Nitric Oxide. 2025;154:128-39. doi: 

10.1016/j.niox.2024.11.008. 

4. Zhang W, Zhang Y, Xia Y, Feng G, Wang 

Y, Wei C, Tang A, Song K, Qiu R, Wu Y, Jin S. Cho-

line Induced Cardiac Dysfunction by Inhibiting the 

Production of Endogenous Hydrogen Sulfide in 

Spontaneously Hypertensive Rats. Physiol Res. 

2023;72:719-30. doi: 10.33549/physiolres.935075. 

5. Karwi QG, Whiteman M, Wood ME, Tor-

regrossa R, Baxter GF. Pharmacological and thera-

peutic potential of hydrogen sulfide donors in myo-

cardial ischemia-reperfusion injury. Pharmacol Ther. 

2016;165:100-19. 

6. Heusch G, et al. Hydrogen sulfide, myocar-

dial function and cardioprotection: a review of current 

preclinical data. Redox Biol. 2023;67:102894. 

doi:10.1016/j.redox.2023. 

7. Wallace JL, Wang R. Hydrogen sulfide-

based therapeutics: exploiting a unique but ubiquitous 

gasotransmitter. Nat Rev Drug Discov. 

2015;14(5):329-45. doi: 10.1038/nrd4433. 

8. Pu Y, Zhang L, Li X, et al. The therapeutic 

potential of hydrogen sulfide and its donors in vascu-

lar diseases. Vasc Pharmacol. 2025;123:105-15. 

doi:10.1016/j.vph.2024.09.001. 

9. Sun HJ, Wu ZY, Nie XW, Bian JS. Role of 

hydrogen sulfide and polysulfides in liver diseases: 

mechanisms and therapeutic implications. Redox 

Biol. 2021;41:101918. 

10. Xu S, Zhang Y, Li H, et al. Hydrogen sul-

fide: Recent development of its dual donors and hy-

brid drugs. Med Chem Rev. 2023;45(3):210-22. 

doi:10.1016/j.medchemrev.2023. 

11. Szabo C, Papapetropoulos A. International 

Union of Basic and Clinical Pharmacology. CII: 

Pharmacological modulation of H S levels: H S do-

nors and H S biosynthesis inhibitors. Pharmacol Rev. 

2017;69(4):497-564. 

12. European Convention for the Protection of 

Vertebrate Animals Used for Experimental and Other 

Stientific Purposes. Strasburg: Council of Europe. 

1986;123:52. Available from: https://rm.coe.int/ 

168007a67b. 

13. Directive 2010/63/EU of the European Par-

liament and of the Council of 22 September 2010 on 

the Protection of Animals Used for Scientific Pur-

poses. Off J Eur Union. 2010;53(L276):33ï79. 

14. Skovgaard N, Gouliaev A, Aalling M, Si-

monsen U. The role of endogenous H2S in cardiovas-

cular physiology. Curr Pharm Biotechnol. 2011; 

12(9):1385-93. doi: 10.2174/138920111798280956 

15. Tang G, Zhang L, Yang G, Wu L, Wang R. 

Hydrogen sulfide-induced inhibition of L-type Ca2+ 

channels and insulin secretion in mouse pancreatic 

beta cells. Diabetologia. 2013;56(3):533-41. doi: 

10.1007/s00125-012-2806-8. 

https://doi.org/10.1161/circresaha.122.321326
https://doi.org/10.3390/ijms24098376
https://doi.org/10.1016/j.niox.2024.11.008
https://doi.org/10.1016/j.niox.2024.11.008
https://doi.org/10.33549/physiolres.935075
https://doi.org/10.1038/nrd4433
https://doi.org/10.2174/138920111798280956
https://doi.org/10.1007/s00125-012-2806-8
https://doi.org/10.1007/s00125-012-2806-8


______________________________________________________________________________________ 

MORPHOLOGIA  Å 2025 Å ʊʦʤ 19 Å ˉ 4  

 

53 

16. Rivis YF, Shelevach AV, Fedak VV, Go-

panenko OO, Saranchuk II. [Quantitative chromato-

graphic methods for determining individual lipids and 

fatty acids in biological material]. Lviv: Spolom; 

2017. 160 p. Ukrainian. 

17. Rodgers JL, Nicewander WA. Thirteen ways 

to look at the correlation coefficient. Am statist. 

1988;42(1):59-66. 

18. Marcus MD, Link MS. Omega-3 Fatty Acids 

and Arrhythmias. Circulation. 2024;150(6):488-503. 

doi: 10.1161/circulationaha.123.065769. 

19. Myhre PL, Berge T, Kalstad AA, et al. 

Omega-3 fatty acid supplements and risk of atrial fi-

brillation and 'micro-atrial fibrillation': A secondary 

analysis from the OMEMI trial. Clin Nutr. 2023; 

42(9):1657-60. doi: 10.1016/j.clnu.2023.07.002. 

20. Gencer B, Djousse L, Al-Ramady OT, Cook 

NR, Manson JE, Albert CM. Effect of Long-Term 

Marine ά-3 Fatty Acids Supplementation on the Risk 

of Atrial Fibrillation in Randomized Controlled Trials 

of Cardiovascular Outcomes: A Systematic Review 

and Meta-Analysis. Circulation. 2021;144(25):1981-

90. doi: 10.1161/circulationaha.121.055654. 

21. Lee CH, Fu Y, Yang SJ, Chi CC. Effects of 

Omega-3 Polyunsaturated Fatty Acid Supplementa-

tion on Non-Alcoholic Fatty Liver: A Systematic Re-

view and Meta-Analysis. Nutrients. 2020;12(9):2769. 

doi: 10.3390/nu12092769. 

22. Puri P, Wiest MM, Cheung O, et al. The 

plasma lipidomic signature of nonalcoholic steato-

hepatitis. Hepatology. 2009;50(6):1827-38. doi: 

10.1002/hep.23229. 

23. Calder PC. Marine omega-3 fatty acids and 

inflammatory processes: Effects, mechanisms and 

clinical relevance. Biochim Biophys Acta. 2015; 

1851(4):469-84. doi: 10.1016/j.bbalip.2014.08.010. 

24. Szeiffova Bacova B, Viczenczova C, Ande-

lova K, et al. Antiarrhythmic Effects of Melatonin 

and Omega-3 Are Linked with Protection of Myocar-

dial Cx43 Topology and Suppression of Fibrosis in 

Catecholamine Stressed Normotensive and Hyperten-

sive Rats. Antioxidants (Basel). 2020;9(6):546. doi: 

10.3390/antiox9060546. 

25. Hemmati R, Bahrami Zanjanbar D, 

Shishesaz MI, Soleimani A, Yari T. The impact of 

Omega-3 supplementation on arrhythmia reduction in 

acute coronary syndrome patients: a randomized clin-

ical trial. J Complement Integr Med. 2025;22(1):173-

80. doi: 10.1515/jcim-2024-0427. 

26. Baumgartner P, Reiner MF, Wiencierz A, et 

al. Omega-3 Fatty Acids and Heart Rhythm, Rate, and 

Variability in Atrial Fibrillation. J Am Heart Assoc. 

2023;12(11):e027646. doi: 10.1161/ 

jaha.122.027646. 

27. Le Jan D, Siliman Misha M, Destrumelle S, 

et al. Omega-3 Fatty Acid and Vitamin D Supplemen-

tations Partially Reversed Metabolic Disorders and 

Restored Gut Microbiota in Obese Wistar Rats. Biol-

ogy (Basel). 2024;13(12):1070. doi: 10.3390/biology 

13121070. 

28. Son W, Brown K, Persinger A, et al. Effect 

of Omega-3 Rich High-Fat Diet on Markers of Tissue 

Lipid Metabolism in Glucocorticoid-Treated Mice. 

Int J Mol Sci. 2023;24(14):11492. doi: 10.3390/ 

ijms241411492. 

29. Ahmadi AR, Shirani F, Abiri B, Siavash M, 

Haghighi S, Akbari M. Impact of omega-3 fatty acids 

supplementation on the gene expression of peroxi-

some proliferator activated receptors-ɔ, Ŭ and fibro-

blast growth factor-21 serum levels: a systematic re-

view and doseïresponse meta-analysis of clinical tri-

als. Front Nutr. 2023;10:1202688. doi: 10.3389/ 

fnut.2023.1202688. 

30. Joerg R, Itariu BK, Amor M, et al. The effect 

of long-chain n-3 PUFA on liver transcriptome in hu-

man obesity. Prostaglandins Leukot Essent Fatty Ac-

ids. 2025;204:102663. doi: 10.1016/j.plefa.2024. 

102663. 

 

 

ʂʦʚʘʣʴʯʫʢ ɯ.ʄ., ʉʘʚʠʮʴʢʘ ʄ.ʗ. ʇʦʨʽʚʥʷʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʟʤʽʥ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘ-

ʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ ʟʘ ʫʤʦʚ ʜʽʾ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥʩʫʣʴʬʽʜʫ.  

ʈɽʌɽʈɸʊ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ɻʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜ (HS) ʥʘ ʩʴʦʛʦʜʥʽ ʚʠʟʥʘʥʠʡ ʪʨʝʪʽʤ ʛʘʟʦʪʨʘʥʩʤʽʪʝʨʦʤ ʧʦ-

ʨʷʜ ʟ ʦʢʩʠʜʦʤ ʘʟʦʪʫ ʪʘ ʤʦʥʦʦʢʩʠʜʦʤ ʚʫʛʣʝʮʶ, ʱʦ ʚʠʢʦʥʫʻ ʚʘʞʣʠʚʽ ʩʠʛʥʘʣʴʥʽ ʪʘ ʨʝʛʫʣʷʪʦʨʥʽ ʬʫʥʢʮʽʾ ʫ 

ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽʡ ʽ ʛʝʧʘʪʦʙʽʣʽʘʨʥʽʡ ʩʠʩʪʝʤʘʭ. ʋ ʯʠʩʣʝʥʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʦʙʦʪʘʭ ʜʦʚʝʜʝʥʦ, ʱʦ ʝʢ-

ʟʦʛʝʥʥʽ ʜʦʥʦʨʠ HS, ʟʦʢʨʝʤʘ ʥʘʪʨʽʶ ʛʽʜʨʦʩʫʣʴʬʽʜ (NaHS), ʯʠʥʷʪʴ ʚʠʨʘʞʝʥʽ ʢʘʨʜʽʦ- ʪʘ ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʽ 

ʝʬʝʢʪʠ, ʟʘʟʥʘʯʝʥʽ ʝʬʝʢʪʠ ʦʩʪʘʥʥʴʦʛʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʦʜʝʣʷʭ ʜʣʷ ʚʠ-

ʚʯʝʥʥʷ ʤʦʣʝʢʫʣʷʨʥʠʭ ʤʝʭʘʥʽʟʤʽʚ ʽ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʮʽʻʾ ʩʠʩʪʝʤʠ. ʄʝʭʘʥʽʟʤʠ ʾʭʥʴʦʾ ʜʽʾ ʚʢʣʶʯʘ-

ʶʪʴ ʟʥʠʞʝʥʥʷ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʫ, ʥʦʨʤʘʣʽʟʘʮʽʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ ʩʠʩʪʝʤʠ, ʤʦʜʫʣʷʮʽʶ 

ʬʫʥʢʮʽʾ ʤʽʪʦʭʦʥʜʨʽʡ, ʽʥʛʽʙʫʚʘʥʥʷ ʘʧʦʧʪʦʟʫ, ʘ ʪʘʢʦʞ ʚʧʣʠʚ ʥʘ ʢʣʶʯʦʚʽ ʩʠʛʥʘʣʴʥʽ ʰʣʷʭʠ ʟʘʧʘʣʝʥʥʷ ʪʘ ʬʽʙ-

ʨʦʛʝʥʝʟʫ. ʋ ʤʽʦʢʘʨʜʽ ʚʚʝʜʝʥʥʷ NaHS ʫ ʤʦʜʝʣʷʭ ʽʰʝʤʽʾ-ʨʝʧʝʨʬʫʟʽʾ ʪʘ ʢʘʨʜʽʦʪʦʢʩʠʯʥʦʩʪʽ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ 

ʟʦʥʠ ʥʝʢʨʦʟʫ, ʧʦʢʨʘʱʝʥʥʶ ʩʢʦʨʦʪʣʠʚʦʾ ʟʜʘʪʥʦʩʪʽ, ʟʥʠʞʝʥʥʶ ʨʽʚʥʷ ʚʽʣʴʥʦʨʘʜʠʢʘʣʴʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʽ ʚʽʜ-

ʥʦʚʣʝʥʥʶ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʤʝʪʘʙʦʣʽʟʤʫ. ʋ ʧʝʯʽʥʮʽ NaHS ʚʠʷʚʣʷʻ ʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʫʚʘʪʠ ʩʪʝʘʪʦʟ ʽ ʬʽʙʨʦʟ, ʽʥ-

ʛʽʙʫʚʘʪʠ ʘʢʪʠʚʘʮʽʶ ʽʥʬʣʘʤʘʩʦʤʠ, ʧʦʩʣʘʙʣʶʚʘʪʠ ʧʨʦʷʚʠ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛʦ ʩʪʨʝʩʫ ʪʘ ʚʽʜʥʦʚʣʶʚʘʪʠ ʙʘʣʘʥʩ 

ʤʽʞ ʧʨʦ- ʽ ʘʥʪʠʘʧʦʧʪʦʪʠʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ. ɼʦʚʝʜʝʥʦ ʡʦʛʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʫ ʤʦʜʝʣʷʭ ʥʝʘʣʢʦʛʦʣʴʥʦʾ ʞʠ-

ʨʦʚʦʾ ʭʚʦʨʦʙʠ ʧʝʯʽʥʢʠ ʪʘ ʽʰʝʤʽʾ-ʨʝʧʝʨʬʫʟʽʾ. ɺʽʪʯʠʟʥʷʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʶʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ 

NaHS ʟʤʽʥʶʻ ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʤʝʪʘʙʦʣʽʯʥʠʡ ʩʪʘʥ ʩʝʨʮʷ ʽ ʧʝʯʽʥʢʠ, ʟʥʠʞʫʻ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʦʢʠʩʥʦʛʦ ʩʪʨʝʩʫ. 
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ʄʝʪʘ. ɺʠʷʚʠʪʠ ʪʘ ʧʦʨʽʚʥʷʪʠ ʟʤʽʥʠ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ (ʱʫʨʽʚ) ʟʘ ʫʤʦʚ ʚʧʣʠʚʫ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ. ʄʝʪʦʜʠ. ʄʘʪʝʨʽʘʣʦʤ ʜʣʷ ʜʦʩʣʽ-

ʜʞʝʥʴ ʙʫʣʠ ʩʝʨʮʝʚʠʡ ʤôʷʟ ʪʘ ʧʝʯʽʥʢʘ. ʊʚʘʨʠʥ ʚʠʚʦʜʠʣʠ ʟ ʝʢʩʧʝʨʠʤʝʥʪʫ ʧʽʜ ʟʘʛʘʣʴʥʦʶ ʘʥʝʩʪʝʟʽʻʶ ʰʣʷʭʦʤ 

ʰʚʠʜʢʦʾ ʜʝʢʘʧʽʪʘʮʽʾ. ʋ ʮʽʡ ʩʝʨʽʾ ʜʦʩʣʽʜʞʝʥʴ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʚʘʨʠʥ ʚʠʟʥʘʯʘʣʠ ʧʦʢʘʟʥʠʢʠ ʞʠʨʥʦʢʠʩ-

ʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʫ ʤʽʦʢʘʨʜʽ, ʧʝʯʽʥʮʽ. ʄʝʪʠʣʦʚʽ ʝʬʽʨʠ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟ ʚʠʢʦ-

ʨʠʩʪʘʥʥʷʤ ʛʘʟʦʨʽʜʠʥʥʦʛʦ ʭʨʦʤʘʪʦʛʨʘʬʘ çChrom-5è (çLaboratorni pristrojeè, Praha) ʽʟ ʧʦʣʫʤ'ʷʥʦ-ʽʦʥʽʟʘʮʽʡ-

ʥʠʤ ʜʝʪʝʢʪʦʨʦʤ (FID). ɿʘʧʠʩ ʨʝʟʫʣʴʪʘʪʽʚ ʭʨʦʤʘʪʦʛʨʘʬʽʯʥʦʛʦ ʘʥʘʣʽʟʫ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʡ. ʈʝʟʫʣʴʪʘʪʠ. ɺʚʝ-

ʜʝʥʥʷ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ ʜʦʟʦʶ 7,4 ʤʛ/ʢʛ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʟʘʛʘ-

ʣʴʥʠʭ ʣʽʧʽʜʽʚ ʪʢʘʥʠʥ ʧʝʯʽʥʢʠ ʪʘ ʤʽʦʢʘʨʜʘ, ʱʦ ʧʦʣʷʛʘʻ ʫ ʟʥʠʞʝʥʥʽ ʨʽʚʥʷ ʦʢʨʝʤʠʭ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ, 

ʟʨʦʩʪʘʥʥʽ ʚʤʽʩʪʫ ʦʤʝʛʘ-3 ʇʅɾʂ, ʟʙʽʣʴʰʝʥʥʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʦʤʝʛʘ-3/ʦʤʝʛʘ-6. ʎʝ ʻ ʧʦʟʠʪʠʚʥʦʶ ʧʨʦʛʥʦʩ-

ʪʠʯʥʦʶ ʦʟʥʘʢʦʶ ʟʤʽʥ ʢʦʤʧʦʟʠʮʽʾ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʢʣʘʜʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʻ ʦʧʪʠʤʽʟʘʮʽʶ ʦʙʤʽʥʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʽʜʩʫʤʦʢ. ʆʪʨʠʤʘʥʽ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ, ʱʦ ʚʚʝʜʝʥʥʷ ʜʦʥʦʨʘ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ (NaHS) ʩʧʨʠʷʣʦ 

ʧʦʟʠʪʠʚʥʠʤ ʟʤʽʥʘʤ ʫ ʞʠʨʥʦʢʠʩʣʦʪʥʦʤʫ ʩʢʣʘʜʽ ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʤʽʦʢʘʨʜʘ ʪʘ ʧʝʯʽʥʢʠ. ɿʘ ʫʤʦʚ ʚʚʝʜʝʥʥʷ 

NaHS ʩʪʫʧʽʥʴ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʽ ʟʤʽʥ ʦʢʨʝʤʠʭ ʚʠʜʽʚ ʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ 

ʟʘʛʘʣʴʥʠʭ ʣʽʧʽʜʽʚ ʫ ʧʝʯʽʥʮʽ ʙʫʚ ʙʽʣʴʰ ʚʠʨʘʞʝʥʠʡ ʧʦʨʽʚʥʷʥʦ ʟ ʤʽʦʢʘʨʜʦʤ. ɺʠʷʚʣʝʥʝ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʪʢʠ 

ʦʤʝʛʘ-3 ʧʦʣʽʥʝʥʘʩʠʯʝʥʠʭ ʞʠʨʥʠʭ ʢʠʩʣʦʪ ʧʦʨʷʜ ʟʽ ʟʥʠʞʝʥʥʷʤ ʨʽʚʥʷ ʦʤʝʛʘ-6 ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʨʫʰʝʥʥʷ ʫ ʙʽʢ 

ʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʦʛʦ ʣʽʧʽʜʥʦʛʦ ʧʨʦʬʽʣʶ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜ, ʜʦʥʦʨ ʛʽʜʨʦʛʝʥ ʩʫʣʴʬʽʜʫ, ʞʠʨʥʦʢʠʩʣʦʪʥʠʡ ʩʢʣʘʜ, ʥʘʩʠʯʝʥʽ ʪʘ ʥʝ-

ʥʘʩʠʯʝʥʽ ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʦʤʝʛʘ-3, ʦʤʝʛʘ-6 ʞʠʨʥʽ ʢʠʩʣʦʪʠ, ʟʘʛʘʣʴʥʽ ʣʽʧʽʜʠ, ʧʝʯʽʥʢʘ, ʤʽʦʢʘʨʜ. 
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, Kosiakova G.V.  Morphological characteristics and assessment of histological changes in the rats' liver under 

modeling type 2 diabetes and its correction by N-stearoylethanolamine. 

DF Chebotarev Institute of Gerontology of the National Academy of Medical Sciences of Ukraine; Palladin Institute 

of Biochemistry, National Academy of Sciences of Ukraine, Kyiv, Ukraine. 

ABSTRACT. Background. The problem of diabetes mellitus, in particular type 2 diabetes mellitus (T2DM), is becoming 

global worldwide, which determines the relevance of prevention, diagnosis and treatment of one of its most common com-

plications - metabolic dysfunction-associated steatotic liver disease (MASLD). The ability of the liver to reverse changes in 

DM2ʊ determines the need to search, develop and implement in clinical practice new means of pharmacological correction 

of MASLD. Objective. Morphological characterization and development of an objective approach for comparative assess-

ment and unification of histological changes in the liver of rats in modeling T2DM and its correction with N-stearoylethan-

olamine (NSE). Methods. A model of T2DM was reproduced in Sprague-Dawley rats (n=41) maintained on a high-fat diet 

(HFD) for a long time (6 months). Based on the results of liver histological examination, the effects of therapeutic action of 

NSE (per os, at a dose of 50 mg/kg, for 2 weeks after confirmation of the development of T2DM; scheme 1) and its preven-

tive action (per os, at a dose of 50 mg/kg, 10 days each month; scheme 2) were studied. Results. Morphological studies of 

the liver of rats in the simulation of T2DM revealed changes characteristic of MASLD, which were determined by such 

histological patterns as: disruption of the histostructure of the organ; impaired blood circulation in the liver; dystrophic 

changes in hepatocytes, primarily steatosis; necrosis/apoptosis of hepatocytes and inflammatory changes in the liver; fibro-

sis, as well as compensatory and adaptive changes in hepatocytes. Based on the results obtained, a standardized unified 

protocol for histological examination of the liver of rats with T2DM and criteria for assessing the detected changes according 

to 3 assessment categories using a scoring system from ç0è to ç3è were developed. Conclusion. The implementation of the 

developed system for assessing histological changes in the liver during the modeling of T2DM and its correction with NSE 

allowed for a comparative assessment of the effects of NSE in the experiment with different schemes of its application in 

rats. It was found that the use of NSE according to scheme 2 compared to scheme 1 significantly (p<0.05) reduces the 

manifestations of such histological changes as violations of the histostructure of the organ and its blood circulation, dys-

trophic changes in hepatocytes, primarily steatosis, necrosis/apoptosis and inflammatory changes, as well as fibrosis. At the 

same time, the effect of NSE significantly (p<0.05) increases the manifestations of compensatory-adaptive restructuring of 

hepatocytes in the form of their hypertrophy.  

Key words: type 2 diabetes mellitus; experimental model; rats; histological changes in the liver; N-stearoylethanolamine; 

pharmacological correction. 
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ɺʩʪʫʧ 

ʇʨʦʙʣʝʤʘ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ (ʎɼ), ʱʦ ʻ ʦʜ-

ʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʽ ʙʘʛʘʪʦʬʘʢʪʦʨʥʠʭ, 

ʚʽʢ-ʟʘʣʝʞʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ, ʥʘʙʫʚʘʻ ʘʢʪʫʘʣʴʥʦʩʪʽ 

ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. ɿʘ ʜʘʥʠʤʠ ɺʩʝʩʚʽʪʥʴʦʾ ʬʝʜʝʨʘʮʽʾ 

ʜʽʘʙʝʪʫ (IDF) ʚʞʝ ʩʴʦʛʦʜʥʽ ʧʨʠʙʣʠʟʥʦ 589 ʤʽʣʴʡʦ-

ʥʽʚ ʜʦʨʦʩʣʠʭ ʚʽʢʦʤ ʚʽʜ 20 ʜʦ 79 ʨʦʢʽʚ ʫ ʚʩʴʦʤʫ 

ʩʚʽʪʽ ʞʠʚʫʪʴ ʟ ʜʽʘʙʝʪʦʤ, ʘ ʟʘ ʧʨʦʛʥʦʟʦʤ ʜʦ 2050 ʨ. 

ʯʠʩʣʦ ʪʘʢʠʭ ʭʚʦʨʠʭ ʤʦʞʝ ʟʨʦʩʪʠ ʜʦ 853 ʤʽʣʴʡʦʥʽʚ 

[1]. ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʨʠʟʠʢʫ ʎɼ 

ʻ ʦʞʠʨʽʥʥʷ, ʽʥʩʫʣʽʥʦʚʘ ʨʝʟʠʩʪʝʥʪʥʽʩʪʴ (ɯʈ), ʛʽʧʝʨ-

ʣʽʧʽʜʝʤʽʷ ʪʘ ʤʝʪʘʙʦʣʽʯʥʠʡ ʩʠʥʜʨʦʤ (ʄʉ), ʘ ʦʜʥʠʤ 

ʽʟ ʫʩʢʣʘʜʥʝʥʴ ï ʢʦʤʧʣʝʢʩ ʧʘʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽ-

ʥʢʠ, ʦʧʠʩʘʥʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ, ʷʢ çʥʝʘʣʢʦʛʦʣʴʥʘ ʞʠ-

ʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠè (ʅɸɾʍʇ).  

ʅʘʨʘʟʽ ʧʦʰʠʨʝʥʽʩʪʴ ʅɸɾʍʇ ʩʪʘʥʦʚʠʪʴ ʙʣʠ-

ʟʴʢʦ 25% ʫʩʽʭ ʭʨʦʥʽʯʥʠʭ ʟʘʭʚʦʨʶʚʘʥʴ ʧʝʯʽʥʢʠ, ʱʦ 

ʥʘʙʫʚʘʻ ʛʣʦʙʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʽ ʟʙʽʣʴʰʫʻ ʝʢʦʥʦ-

ʤʽʯʥʠʡ ʪʷʛʘʨ ʭʚʦʨʽʙ ʥʘ ʩʠʩʪʝʤʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 

ʚ ʢʨʘʾʥʘʭ ʩʚʽʪʫ [1-4]. ʅʘʪʦʤʽʩʪʴ ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʚʽ-

ʜʙʫʣʦʩʴ ʨʷʜ ʧʦʜʽʡ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʅɸɾʍʇ. ʇʦ-

ʧʝʨʰʝ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʤʽʥʠ ʚ ʥʦʤʝʥʢʣʘʪʫʨʽ ʅɸ-

ɾʍʇ, ʧʦ-ʜʨʫʛʝ, ʦʥʦʚʣʝʥʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ 

ʩʢʨʠʥʽʥʛʫ ʪʘ ʜʽʘʛʥʦʩʪʠʢʠ ʪʷʞʢʠʭ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʩʪʘʥʽʚ ʧʝʯʽʥʢʠ ʫ ʭʚʦʨʠʭ ʥʘ ʎɼ 2 ʪʠʧʫ (ʎɼ2ʊ), ʧʦ-

ʪʨʝʪʻ, ʧʨʠʡʥʷʪʦ ʢʦʥʮʝʧʮʽʶ ʢʦʤʧʝʥʩʦʚʘʥʦʾ ʪʷʞʢʦʾ 

ʭʨʦʥʽʯʥʦʾ ʭʚʦʨʦʙʠ ʧʝʯʽʥʢʠ ʥʘ ʦʩʥʦʚʽ ʩʚʦʻʯʘʩʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ, ʧʨʦʬʽʣʘʢʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ [5]. ʅʝ-

ʱʦʜʘʚʥʦ (ʢʦʥʩʝʥʩʫʩ ɼʝʣʴʬʽ, 2023 ʨ.) ʙʫʣʦ ʟʘʧʨʦ-

ʧʦʥʦʚʘʥʦ ʟʘʤʽʥʠʪʠ ʪʝʨʤʽʥ ʅɸɾʍʇ ʥʘ çʤʝʪʘʙʦʣʽ-

ʯʥʦ ʘʩʦʮʽʡʦʚʘʥʘ ʞʠʨʦʚʘ ʭʚʦʨʦʙʘ ʧʝʯʽʥʢʠè 

(ʄɸɾʍʇ; ʘʥʛʣ. ï Metabolic Dysfunction-

Associated Steatotic Liver Disease; MASLD) ʽ ʚʠ-

ʟʥʘʯʘʪʠ ʮʠʤ ʪʝʨʤʽʥʦʤ ʧʘʪʦʣʦʛʽʶ, ʷʢʫ ʤʦʞʥʘ ʜʽʘʛ-

ʥʦʩʪʫʚʘʪʠ ʫ ʜʦʨʦʩʣʠʭ ʽʟ ʩʪʝʘʪʦʟʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʝʽʥʚʘʟʠʚʥʠʭ ʪʝʩʪʽʚ, ʙʽʦʤʘʨʢʝʨʽʚ ʫ ʢʨʦʚʽ ʘʙʦ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʙʽʦʧʩʽʾ ʧʝʯʽʥʢʠ ʫ ʧʘʮʽʻʥʪʽʚ ʽʟ ʥʘʜʤʽʨʥʦʶ 

ʚʘʛʦʶ ʘʙʦ ʘʣʽʤʝʥʪʘʨʥʠʤ ʦʞʠʨʽʥʥʷʤ, ʎɼ2ʊ ʘʙʦ, 

ʧʨʠʥʘʡʤʥʽ, ʥʘʷʚʥʦʩʪʽ ʜʚʦʭ ʬʘʢʪʦʨʽʚ ʨʠʟʠʢʫ ʄʉ 

[6]. ʎʝ ʧʨʠʥʮʠʧʦʚʦ ʟʤʽʥʶʻ ʧʽʜʭʦʜʠ ʜʦ ʧʨʦʬʽʣʘʢ-

ʪʠʢʠ, ʜʽʘʛʥʦʩʪʠʢʠ ʪʘ ʣʽʢʫʚʘʥʥʷ ʄɸɾʍʇ, ʘ ʟ ʫʨʘ-

ʭʫʚʘʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʧʝʯʽʥʢʠ ʜʦ ʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʨʦʟʚʠʪʢʫ ʎɼ2ʊ, ʧʝʨʩʧʝʢʪʠʚ ʥʘʙʫ-

ʚʘʻ ʽ ʧʦʰʫʢ, ʨʦʟʨʦʙʢʘ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʣʽʥʽʯʥʫ 

ʧʨʘʢʪʠʢʫ ʥʦʚʠʭ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʬʘʨʤʘʢʦʣʦʛʽ-

ʯʥʦʾ ʢʦʨʝʢʮʽʾ ʎɼ2ʊ ʪʘ ʄɸɾʍʇ.  

ʉʝʨʝʜ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʠʩʚʷ-

ʯʝʥʠʭ ʧʦʰʫʢʫ ʝʬʝʢʪʠʚʥʠʭ ʟʘʩʦʙʽʚ ʬʘʨʤʘʢʦʣʦʛʽʯ-

ʥʦʾ ʢʦʨʝʢʮʽʾ ʎɼ, ʧʨʠʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʤʽʥʦʨʥʽ ʣʽ-

ʧʽʜʠ, ʢʣʘʩʫ N-ʘʮʠʣʝʪʘʥʦʣʘʤʽʥʽʚ, ʷʢʽ ʧʨʦʷʚʣʷʶʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʙʽʦʣʦʛʽʯʥʦʾ ʜʽʾ ʟʘʚʜʷʢʠ ʾʭ ʟʜʘʪʥʦ-

ʩʪʽ ʜʦ ʚʟʘʻʤʦʜʽʾ ʟ ʢʘʥʘʙʽʥʦʾʜʥʠʤʠ ʪʘ ʥʝʢʘʥʘʙʽʥʦʾ-

ʜʥʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ [7, 8]. ʆʜʥʠʤ ʽʟ ʾʭ ʧʨʝʜʩʪʘʚ-

ʥʠʢʽʚ ʻ N-ʩʪʝʘʨʦʾʣʝʪʘʥʦʣʘʤʽʥ (NSE), ʙʽʦʘʢʪʠʚʥʠʡ 

N-ʘʮʠʣʝʪʘʥʦʣʘʤʽʥ, ʱʦ ʧʨʦʷʚʣʷʻ ʝʬʝʢʪ ʤʝʤʙʨʘʥʦ-

ʩʪʘʙʽʣʽʟʫʶʯʦʾ, ʧʨʦʪʠʟʘʧʘʣʴʥʦʾ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʾ 

ʪʘ ʘʥʪʠʜʠʩʣʽʧʽʜʝʤʽʯʥʦʾ ʜʽʾ. ɺʽʥ ʟʜʘʪʥʠʡ ʨʝʛʫʣʶ-

ʚʘʪʠ ʣʽʧʽʜʥʠʡ ʦʙʤʽʥ, ʧʦʢʨʘʱʫʚʘʪʠ ʜʠʩʙʘʣʘʥʩ ʞʠ-

ʨʥʠʭ ʢʠʩʣʦʪ ʪʘ ʥʦʨʤʘʣʽʟʫʚʘʪʠ ʨʽʚʝʥʴ ʬʦʩʬʦʣʽʧʽ-

ʜʽʚ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʱʫʨʘʭ, ʥʘ ʤʦʜʝʣʽ ɯʈ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ NSE ʥʦʨʤʘʣʽʟʫʻ ʚʤʽʩʪ ʪʨʠʛʣʽʮʝ-

ʨʠʜʽʚ ʫ ʧʣʘʟʤʽ ʢʨʦʚʽ, ʟʥʠʞʫʻ ʚʤʽʩʪ ʛʣʶʢʦʟʠ ʪʘ ʨʽ-

ʚʥʷ ʽʥʩʫʣʽʥʫ ʚ ʢʨʦʚʽ, ʱʦ ʧʨʦʷʚʣʷʻʪʴʩʷ ʟʥʠʞʝʥʥʷʤ 

ʧʦʢʘʟʥʠʢʘ HOMA-IR [8]. 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʧʨʦʚʝʜʝʥʥʷ ʜʦʢʣʽʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʽʚ ʣʽʢʫʚʘʣʴʥʦʾ ʜʽʾ ʥʦ-

ʚʠʭ ʪʝʨʘʧʝʚʪʠʯʥʠʭ ʟʘʩʦʙʽʚ ʻ ʧʨʦʚʝʜʝʥʥʷ ʤʦʨʬʦ-

ʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ʏʘʩʪʦ ʾʭ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʦʙ-

ʣʠʚʦ ʢʦʣʠ ʚʦʥʠ ʦʪʨʠʤʘʥʽ ʚ ʨʽʟʥʠʭ ʥʘʫʢʦʚʠʭ ʧʽʜ-

ʨʦʟʜʽʣʘʭ, ʫʩʪʘʥʦʚʘʭ ʽ ʦʨʛʘʥʽʟʘʮʽʷʭ, ʧʦʪʨʝʙʫʶʪʴ 

ʧʦʨʽʚʥʷʥʥʷ, ʩʧʽʚʩʪʘʚʣʝʥʥʷ ʪʘ ʝʢʩʪʨʘʧʦʣʷʮʽʾ. ʎʝ 

ʤʦʞʣʠʚʦ ʜʦʩʷʛʪʠ ʰʣʷʭʦʤ ʫʥʽʬʽʢʘʮʽʾ ʧʨʦʪʦʢʦʣʽʚ 

ʤʦʨʬʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʨʦʟʨʦʙʢʠ 

ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʧʨʘʢʪʠʢʫ ʦʙôʻʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ 

ʽ ʩʧʦʩʦʙʽʚ ʦʮʽʥʢʠ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ɿʜʘʪʥʽʩʪʴ ʧʝʯʽʥʢʠ ʜʦ ʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʥʘ ʝʪʘʧʽ 

ʨʦʟʚʠʪʫ ʧʘʪʦʣʦʛʽʯʥʠʭ ʩʪʘʥʽʚ ʻ ʚʘʛʦʤʦʶ ʧʽʜʩʪʘʚʦʶ 

ʜʣʷ ʧʦʰʫʢʫ, ʩʢʨʠʥʽʥʛʫ ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦ-

ʚʠʭ ʟʘʩʦʙʽʚ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʢʦʨʝʢʮʽʾ ʎɼ, ʱʦ ʚʠ-

ʟʥʘʯʘʻ ʘʢʪʫʘʣʴʥʽʩʪʴ ʨʦʟʨʦʙʢʠ ʫʥʽʬʽʢʦʚʘʥʠʭ ʩʧʦ-

ʩʦʙʽʚ ʦʮʽʥʢʠ ʤʦʨʬʦʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ 

ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʢʣʽʥʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ.  

ʄʝʪʘ 

ʄʦʨʬʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʨʦʟʨʦʙʢʘ 

ʦʙôʻʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʪʘ 

ʫʥʽʬʽʢʘʮʽʾ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʧʨʠ 

ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ ʪʘ ʡʦʛʦ ʢʦʨʝʢʮʽʾ NSE.  

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʱʫʨʠ ʣʽʥʽʾ 

Sprague-Dawley (n=41), ʚʽʢʦʤ 3,5-4 ʤʽʩ., ʤʘʩʦʶ 

140-200 ʛ. ɯʟ ʥʠʭ 35 ʪʚʘʨʠʥ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ 

ʚʽʜʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʎɼ2ʊ, ʘ ʽʥʰʽ ʷʢ ʢʦʥʪʨʦʣʴ. 

ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠ ʟ ʜʦʪʨʠʤʘʥʥʷʤ ʯʠʥʥʠʭ 

ʧʦʣʦʞʝʥʴ ɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ ʧʨʦ ʟʘʭʠʩʪ ʭʨʝ-

ʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʝʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡ, ɼʠʨʝʢ-

ʪʠʚʘ 2010/63/ɭʉ ɭʚʨʦʧʝʡʩʴʢʦʛʦ ʇʘʨʣʘʤʝʥʪʫ ʪʘ 

ʈʘʜʠ ʚʽʜ 22 ʚʝʨʝʩʥʷ 2010 ʨʦʢʫ ʧʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ, 

ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʫʢʦʚʠʭ ʮʽʣʝʡ ʪʘ ɿʘ-

ʢʦʥʫ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ ʞʦʨʩʪʢʦʛʦ 

ʧʦʚʦʜʞʝʥʥʷè [9-11]. ɼʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʩʭʚʘʣʝʥʽ 

ʂʦʤʽʩʽʻʶ ʟ ʙʽʦʝʪʠʢʠ ɼʋ çɯʥʩʪʠʪʫʪ ʛʝʨʦʥʪʦʣʦʛʽʾ ʽʤ. 

ɼ.ʌ. ʏʝʙʦʪʘʨʴʦʚʘ ʅɸʄʅ ʋʢʨʘʾʥʠè.  

ʄʦʜʝʣʴ ʎɼ2ʊ ʚʽʜʪʚʦʨʶʚʘʣʠ, ʷʢ ʦʧʠʩʘʥʦ 

Ejima C, et al [12] ʽ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʣʷ ʩʢʨʠʥʽʥʛʫ 

ʪʘ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʦʚʠʭ ʣʽʢʫʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

[13-14]. ɼʣʷ ʮʴʦʛʦ ʪʚʘʨʠʥ ʚʧʨʦʜʦʚʞ 6 ʤʽʩ. ʫʪʨʠ-

ʤʫʚʘʣʠ ʚ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚʘʭ ʚʽʚʘʨʽʶ ʥʘ ʚʠʩʦ-

ʢʦʞʠʨʦʚʽʡ ʜʽʻʪʽ (ɺɾɼ; ʚʤʽʩʪ ʞʠʨʫ ʚ ʜʦʙʦʚʦʤʫ ʨʘ-

ʮʽʦʥʽ ï 58%, ʙʽʣʢʽʚ ï 23%, ʚʫʛʣʝʚʦʜʽʚ ï 10 %) ʽʟ 

ʚʽʣʴʥʠʤ ʜʦʩʪʫʧʦʤ ʜʦ ʧʠʪʥʦʾ ʚʦʜʠ. ʂʦʥʪʨʦʣʴ ʟʘ ʨʦ-

ʟʚʠʪʢʦʤ ʎɼ2ʊ ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʚʤʽʩʪʫ 

ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʣʠ ʱʦʤʽʩʷʮʷ ʚʧʨʦ-

ʜʦʚʞ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʣʶʢʦʤʝʪʨʫ 

Rightest GM-110 (Bionime GmbH, ʐʚʝʡʮʘʨʽʷ). ʅʘ-

ʧʨʠʢʽʥʮʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʨʦʟʚʠʪʦʢ ʎɼ2ʊ ʧʽʜʪʚʝʨ-

ʜʞʫʚʘʣʠ ʰʣʷʭʦʤ ʧʨʦʚʝʜʝʥʥʷ ʪʝʩʪʫ ʥʘ ʪʦʣʝʨʘʥʪ-

ʥʽʩʪʴ ʜʦ ʛʣʶʢʦʟʠ, ʱʦ ʚʢʣʶʯʘʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʤʽʩʪʫ 
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ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ ʱʫʨʽʚ ʥʘ 45, 90 ʽ 150 ʭʚ. ʧʽʩʣʷ ʦʜ-

ʥʦʢʨʘʪʥʦʛʦ ʚʚʝʜʝʥʥʷ ʾʤ ʫ ʰʣʫʥʦʢ 1 ʤʣ 50% ʨʦʟ-

ʯʠʥʫ ʛʣʶʢʦʟʠ. ɺʤʽʩʪ ʛʣʶʢʦʟʠ ʥʘ 150 ʭʚ., ʱʦ ʧʝʨʝ-

ʚʠʱʫʚʘʚ 5 ʤʢʤʦʣʴ/ʣ, ʧʽʜʪʚʝʨʜʞʫʚʘʚ ʨʦʟʚʠʪʦʢ 

ʎɼ2ʊ ʫ ʱʫʨʽʚ.  

ɿʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʨʦʟʚʠʪʦʢ ʎɼ2ʊ ʩʫʧʨʦʚʦ-

ʜʞʫʻʪʴʩʷ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʝʪʘʙʦʣʽʯʥʠʭ ʧʦʨʫ-

ʰʝʥʴ, ʨʦʟʚʠʪʢʦʤ ɯʈ, ʄɸɾʍʇ, ʘ ʪʘʢʦʞ ʩʪʝʘʪʦʛʝ-

ʧʘʪʠʪʫ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʽʚ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʪʘ 

ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʜʽʾ NSE ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʜʚʘ 

ʩʧʦʩʦʙʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʉʧʦʩʽʙ 1 ʚʢʣʶʯʘʚ ʚʚʝ-

ʜʝʥʥʷ ʱʫʨʘʤ ʫ ʰʣʫʥʦʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʥʜʫ 1 ʤʣ. 

ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ NSE ʚ ʜʦʟʽ 50 ʤʛ/ʢʛ ʱʦʜʥʷ, ʚʧʨʦ-

ʜʦʚʞ 2- ʭ ʪʠʞʥʽʚ ʧʽʩʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʫ ʥʠʭ ʎɼ2ʊ 

(n=10). ʉʧʦʩʽʙ 2 ʚʢʣʶʯʘʚ ʚʚʝʜʝʥʥʷ ʪʘʢʠʤ ʩʘʤʠʤ 

ʯʠʥʦʤ ʽ ʚ ʘʥʘʣʦʛʽʯʥʽʡ ʜʦʟʽ NSE ʚ ʧʝʨʰʽ 10 ʜʥʽʚ ʢʦ-

ʞʥʦʛʦ ʤʽʩʷʮʷ ʚʧʨʦʜʦʚʞ ʚʩʴʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

(n=10). ʎʝ ʚʽʜʦʙʨʘʞʘʣʦ ʜʚʘ ʧʽʜʭʦʜʠ ʜʦ ʚʠʚʯʝʥʥʷ 

ʪʝʨʘʧʝʚʪʠʯʥʦʾ (ʩʭʝʤʘ 1) ʪʘ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ (ʩʭʝʤʘ 

2) ʜʽʾ NSE ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ.  

ʇʦ ʟʘʢʽʥʯʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʱʫʨʽʚ ʫʤʝʨʱʚ-

ʣʷʣʠ ʚ ʢʘʤʝʨʽ, ʫ ʩʝʨʝʜʦʚʠʱʽ ʥʘʜʤʽʨʥʦʾ ʢʦʥʮʝʥʪʨʘ-

ʮʽʾ ʚ ʧʦʚʽʪʨʽ ʉʆ2. ɼʣʷ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʽʜʙʠʨʘʣʠ ʰʤʘʪʦʯʢʠ ʧʝʯʽʥʢʠ, ʷʢʽ ʜʣʷ ʬʽʢʩʘʮʽʾ ʥʘ 72 

ʛʦʜ. ʟʘʥʫʨʶʚʘʣʠ ʚ 10% ʨʦʟʯʠʥ ʟʘʙʫʬʝʨʝʥʦʛʦ ʬʦʨ-

ʤʘʣʽʥʫ. ɿʛʽʜʥʦ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʛʦ ʧʨʦʪʦʢʦʣʫ [15] 

ʟʨʘʟʢʠ ʧʝʯʽʥʢʠ ʟʥʝʚʦʜʥʶʚʘʣʠ ʚ ʧʦʨʮʽʷʭ ʝʪʘʥʦʣʫ, 

ʧʨʦʩʚʽʪʣʶʚʘʣʠ ʚ ʢʩʠʣʦʣʽ ʪʘ ʫʱʽʣʴʥʶʚʘʣʠ ʚ ʧʘʨʘʬʽʥ 

(ParaplastÈ). ɻʽʩʪʦʣʦʛʽʯʥʽ ʟʨʽʟʠ, ʪʦʚʱʠʥʦʶ 5 ʤʢʤ, 

ʚʠʛʦʪʦʚʣʷʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʨʦʪʦʤʫ HM 325 

(Microm, ʅʽʤʝʯʯʠʥʘ) ʽ ʬʘʨʙʫʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʽʥ-ʝʦ-

ʟʠʥ ʪʘ ʟʘ ʤʝʪʦʜʦʤ MSB (Picro-Mallory ʫ ʤʦʜʠʬʽʢʘ-

ʮʽʾ ɿʝʨʙʽʥʦ ɼ.ɼ. ʽ ʃʫʢʘʩʝʚʠʯ ʃ.ʃ.). ɼʣʷ ʚʠʚʯʝʥʥʷ ʽʥ-

ʪʝʥʩʠʚʥʦʩʪʽ ʘʧʦʧʪʦʟʫʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʤʝʪʦʜ 

TUNEL ̔  ʥʘʙʽʨ ʨʝʘʛʝʥʪʽʚ ApopTagÈ Plus Peroxidase 

In Situ Apoptosis Detection Kit (çChemiconè, ʉʐɸ). 

ɻʽʩʪʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʚʽʪʣʦʚʦʛʦ ʤʽʢʨʦʩʢʦʧʫ çOlympus BX51è (ʗʧʦʥʽʷ), 

ʘ ʟʤʽʥʠ ʜʦʢʫʤʝʥʪʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʦʪʦʢʘʤʝʨʠ 

çOlympus ʉ5050-zoomè ʽʟ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥ-

ʥʤ̫ çOlympus DP-Soft 3.2è.  

ʆʮʽʥʢʫ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʧʨʦʚʦ-

ʜʠʣʠ ʥʘ ʧʽʜʩʪʘʚʽ ʚʠʟʥʘʯʝʥʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʘʪʝʨ-

ʥʽʚ: ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʧʝʯʽʥʢʠ; ʧʦʨʫ-

ʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ; ʩʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ; ʘʧʦʧ-

ʪʦʟ/ʥʝʢʨʦʟ ʽ ʟʘʧʘʣʴʥʽ ʟʤʽʥʠ ʧʝʯʽʥʢʠ; ʬʽʙʨʦʟ ʧʝʯʽ-

ʥʢʠ ʪʘ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫ-

ʜʦʚʠ ʛʝʧʘʪʦʮʠʪʽʚ. ɺʠʷʚʣʝʥʽ ʛʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʦʮʽ-

ʥʶʚʘʣʠ ʟʘ ʩʠʩʪʝʤʦʶ ʙʘʣʽʚ ʚʽʜ ç0è ʜʦ ç3è. ɼʣʷ ʢʽ-

ʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʤʽʢʨʦʩʢʦʧʽʯʥʠʭ ʟʤʽʥ ʧʨʠ ʟʙʽʣʴ-

ʰʝʥʥʽ ʦʙôʻʢʪʠʚʫ ʭ 20 ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʦʮʽʥʦ-

ʯʥʽ ʢʘʪʝʛʦʨʽʾ ʷʢ: çʟʤʽʥʠ ʚʽʜʩʫʪʥʽè; çʟʤʽʥʠ ʧʨʠʩʫ-

ʪʥʽè; çʟʤʽʥʠ ʦʭʦʧʣʶʶʪʴ ʧʝʚʥʫ ʯʘʩʪʢʫ, %è ʛʽʩʪʦ-

ʣʦʛʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʥʘʧʨʠʢʣʘʜ, ʧʝʯʽʥʢʦʚʘ ʯʘʩʪʦ-

ʯʢʘ ʘʙʦ ʘʮʠʥʫʩ ʪʘ çʢʽʣʴʢʽʩʪʴ ʧʘʪʦʣʦʛʽʯʥʠʭ ʫʪʚʦ-

ʨʝʥʴè, ʥʘʧʨʠʢʣʘʜ, ʚʦʛʥʠʱ ʟʘʧʘʣʴʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ 

ʚ ʦʜʠʥʠʮʽ ʧʣʦʱʽ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʟʨʽʟʫ. ʈʝʟʫʣʴʪʘʪ 

ʧʨʦʚʝʜʝʥʦʾ ʦʮʽʥʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʚʠʧʘʜʢʫ ʧʨʝʜʩʪʘ-

ʚʣʷʣʠ ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʩʫʤʠ ʚʩʽʭ ʧʽʜʨʘʭʦʚʘʥʠʭ 

ʙʘʣʽʚ ʟʘ ʢʦʞʥʠʤ ʛʽʩʪʦʣʦʛʽʯʥʠʤ ʧʘʪʝʨʥʦʤ, ʘ ʟʘʛʘ-

ʣʴʥʠʡ ʨʝʟʫʣʴʪʘʪ ï ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ 

ʩʫʤʠ ʙʘʣʽʚ. ʉʪʘʪʠʩʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦ-

ʜʘʤʠ ʥʝʧʘʨʘʤʝʪʨʠʯʥʦʾ ʩʪʘʪʠʩʪʠʢʠ ʜʣʷ ʤʘʣʠʭ ʚʠ-

ʙʽʨʦʢ (ʤʝʪʦʜ ʨʘʥʛʽʚ), ʘ ʧʝʨʝʚʽʨʢʫ ʩʪʘʪʠʩʪʠʯʥʠʭ ʛʽ-

ʧʦʪʝʟ ï ʟʘ ʅ-ʢʨʠʪʝʨʽʻʤ (ʂʨʘʩʢʝʣʘ-ʋʦʣʣʽʩʘ) ʧʨʠ 

Ŭ=0,05.  

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ʈʝʟʫʣʴʪʘʪʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʝʯʽ-

ʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʭʨʦʥʽʯʥʠʡ ʚʧʣʠʚ ɺɾɼ ʥʘ ʦʨʛʘ-

ʥʽʟʤ ʱʫʨʽʚ ʚʠʢʣʠʢʘʚ ʧʦʨʫʰʝʥʥʷ ʭʘʨʘʢʪʝʨʥʦʾ ʙʘʣ-

ʢʦʚʦʾ ʙʫʜʦʚʠ ʦʨʛʘʥʫ, ʷʢʝ ʙʫʣʦ ʦʙʫʤʦʚʣʝʥʝ ʚʠʨʘ-

ʞʝʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ ʢʨʦʚʦʦʙʽʛʫ. ɺʦʥʠ ʭʘʨʘʢʪʝ-

ʨʠʟʫʚʘʣʠʩʷ ʟʥʘʯʥʠʤ ʨʦʟʰʠʨʝʥʥʷʤ ʽ ʧʦʚʥʦʢʨʦʚôʷʤ 

ʧʨʦʩʚʽʪʽʚ ʮʝʥʪʨʘʣʴʥʠʭ ʚʝʥ ʪʘ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷ-

ʨʽʚ, ʘ ʥʝʨʽʜʢʦ ʽ ʜʨʽʙʥʠʤʠ ʚʦʛʥʠʱʘʤʠ ʢʨʦʚʦʚʠʣʠ-

ʚʽʚ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʰʠʨʝʥʽ ʪʘ ʧʦʚʥʦʢʨʦʚʥʽ ʩʠʥʫʩʦ-

ʾʜʥʽ ʢʘʧʽʣʷʨʠ ʥʝʨʽʜʢʦ ʫʪʚʦʨʶʚʘʣʠ ʨʽʟʥʽ ʟʘ ʨʦʟʤʽ-

ʨʦʤ ʢʘʚʝʨʥʦʟʦʧʦʜʽʙʥʽ ʧʦʨʦʞʥʠʥʠ, ʟʘʧʦʚʥʝʥʽ 

ʚʢʣʶʯʝʥʥʷʤʠ ʞʠʨʫ, ʩʢʫʧʯʝʥʥʷʤʠ ʣʽʤʬʦʮʠʪʽʚ ʽ 

ʣʝʡʢʦʮʠʪʽʚ, ʘ ʪʘʢʦʞ ʤʘʢʨʦʬʘʛʽʚ ʯʘʩʪʦ ʽʟ ʧʽʥʠʩʪʦʶ 

ʮʠʪʦʧʣʘʟʤʦʶ (ʨʠʩ. 1 ʘ). ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʩʧʦ-

ʩʪʝʨʽʛʘʣʠ ʚʠʨʘʞʝʥʫ ʞʠʨʦʚʫ ʝʤʙʦʣʽʶ ʮʝʥʪʨʘʣʴʥʠʭ 

ʚʝʥ ʽ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷʨʽʚ (ʨʠʩ. 1 ʙ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1. ʇʝʯʽʥʢʘ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ʘ) ʈʦʟʰʠʨʝʥʥʷ ʽ ʧʦʚʥʦʢʨʦʚôʷ ʧʨʦʩʚʽʪʽʚ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷʨʽʚ ʟ ʬʦʨʤʫ-

ʚʘʥʥʷʤ ʢʘʚʝʨʥʦʟʦʧʦʜʽʙʥʠʭ ʧʦʨʦʞʥʠʥ. ʭ 200. ʙ) ɾʠʨʦʚʘ ʝʤʙʦʣʽʷ ʮʝʥʪʨʘʣʴʥʦʾ ʚʝʥʠ ʥʘ ʪʣʽ ʩʪʝʘʪʦʟʫ ʛʝʧʘʪʦʮʠʪʽʚ ʧʝʨʠʚʝʥʫ-
ʣʷʨʥʦʾ ʟʦʥʠ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ. Ĭ400.  
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ʋ ʩʪʽʥʢʘʭ ʢʨʦʚʦʥʦʩʥʠʭ ʩʫʜʠʥ ʯʘʩʪʦ ʚʽʜʤʽ-

ʯʘʣʠ ʜʠʩʪʨʦʬʽʯʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʝʥʜʦʪʝʣʽʶ 

ʪʘ ʾʭ ʘʧʦʧʪʦʟ, ʥʘ ʱʦ ʚʢʘʟʫʚʘʣʦ ʟʥʘʯʥʝ, ʧʦʨʽʚʥʷʥʦ 

ʟ ʢʦʥʪʨʦʣʝʤ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ TUNEL-ʧʦʟʠ-

ʪʠʚʥʠʭ ʢʣʽʪʠʥ ʫ ʚʥʫʪʨʽʰʥʴʦʤʫ ʰʘʨʽ ʩʪʽʥʢʠ ʮʝʥʪ-

ʨʘʣʴʥʠʭ ʚʝʥ ʽ ʚ ʩʪʽʥʢʘʭ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷʨʽʚ. ʋ 

ʚʽʜʧʦʚʽʜʴ ʥʘ ʪʘʢʝ ʧʦʰʢʦʜʞʝʥʥʷ ʧʽʜ ʰʘʨʦʤ ʝʥʜʦ-

ʪʝʣʽʶ ʯʘʩʪʦ ʚʽʜʤʽʯʘʣʠ ʜʨʽʙʥʽ ʚʦʛʥʠʱʘ ʣʽʤʬʦ-ʣʝʡ-

ʢʦʮʠʪʘʨʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ, ʱʦ ʚʠʟʥʘʯʘʣʦ ʝʥʜʦʪʝʣʽʽʪ, 

ʚʝʥʫʣʽʪ, ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʽ ʘʨʪʝʨʽʾʪ (ʨʠʩ. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʇʝʯʽʥʢʘ ʱʫʨʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ɼʠʩ-

ʪʨʦʬʽʯʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʽ ʟʤʽʥʠ ʝʥʜʦʪʝʣʽʶ ʮʝʥʪʨʘʣʴʥʦʾ 
ʚʝʥʠ. ɺʦʛʥʠʱʝ ʟʘʧʘʣʴʥʦʾ ʣʽʤʬʦʣʝʡʢʦʮʠʪʘʨʥʦʾ ʽʥʬʽʣʴʪʨʘ-
ʮʽʾ ʧʽʜ ʰʘʨʦʤ ʝʥʜʦʪʝʣʽʶ, ʚʝʥʫʣʽʪ. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢ-
ʩʠʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ. Ĭ400.  

 

ɺ ʧʘʨʝʥʭʽʤʽ ʦʨʛʘʥʫ ʭʨʦʥʽʯʥʠʡ ʚʧʣʠʚ ɺɾɼ 

ʩʧʨʠʯʠʥʷʚ ʜʠʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʛʝʧʘʪʦʮʠʪʽʚ ʫ ʚʠ-

ʛʣʷʜʽ ʾʭ ʽʥʪʨʘʮʝʣʶʣʷʨʥʦʛʦ ʥʘʙʨʷʢʫ, ʛʽʜʨʦʧʽʯʥʦʾ, 

ʚʘʢʫʦʣʴʥʦʾ, ʙʽʣʢʦʚʦʾ ʪʘ ʞʠʨʦʚʦʾ ʜʠʩʪʨʦʬʽʾ (ʨʠʩ. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ʇʝʯʽʥʢʘ ʱʫʨʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ɹʽʣ-

ʢʦʚʘ ʜʠʩʪʨʦʬʽʷ ʛʝʧʘʪʦʮʠʪʽʚ (ʽʟ ʷʩʢʨʘʚʦ-ʯʝʨʚʦʥʠʤ ʟʘʙʘʨ-
ʚʣʝʥʥʷʤ ʮʠʪʦʧʣʘʟʤʠ) ʥʘ ʪʣʽ ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʝʘʪʦʟʫ 
ʛʝʧʘʪʦʮʠʪʽʚ 3- ʾ ʟʦʥʠ ʘʮʠʥʫʩʘ. ɿʘʙʘʨʚʣʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ 
ɿʝʨʙʽʥʦ ɼ.ɼ. ʽ ʃʫʢʩʝʚʠʯ ʃ.ʃ. Ĭ400.  

 

ɼʠʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʛʝʧʘʪʦʮʠʪʽʚ ʯʘʩʪʦ ʩʫʧʨʦʚʦ-

ʜʞʫʚʘʣʠʩʴ ʾʭ ʘʧʦʧʪʦʟʦʤ ʽ ʥʝʢʨʦʟʦʤ. ʇʨʠ ʮʴʦʤʫ ʚʽʜ-

ʤʽʯʘʣʠ ʚʠʩʦʢʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʘʧʦʧʪʦʟʫ ʛʝʧʘʪʦʮʠʪʽʚ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ, ʱʦ ʚʠʟʥʘʯʘʣʠ ʟʘ ʟʥʘʯʥʠʤ, 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʢʦʥʪʨʦʣʝʤ, ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

TUNEL-ʧʦʟʠʪʠʚʥʠʭ ʢʣʽʪʠʥ (ʨʠʩ. 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ʇʝʯʽʥʢʘ ʱʫʨʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ɸʧʦʧ-

ʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ. TUNEL- ʧʦʟʠʪʠʚʥʽ ʢʣʽʪʠʥʠ ʚ ʧʘʨʝʥʭʽʤʽ ʧʝ-
ʯʽʥʢʠ. ʄʝʪʦʜ TUNEL. Ĭ400.  

 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʚ ʧʝ-

ʯʽʥʮʽ ʱʫʨʽʚ ʧʨʠ ʎɼ2ʊ ʙʫʚ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʨʽʟʥʠʤʠ 

ʡʦʛʦ ʪʠʧʘʤʠ: ʤʦʥʦʮʝʣʶʣʷʨʥʠʡ (ʥʝʢʨʦʟ ʦʜʥʦʛʦ ʛʝ-

ʧʘʪʦʮʠʪʘ); ʬʦʢʘʣʴʥʠʡ (ʥʝʢʨʦʟ ʦʜʥʦʛʦ ʘʙʦ ʜʝʢʽʣʴ-

ʢʦʭ ʩʫʩʽʜʥʽʭ ʛʝʧʘʪʦʮʠʪʽʚ ʫ ʨʽʟʥʠʭ ʟʦʥʘʭ ʘʮʠʥʫʩʫ), 

ʩʭʽʜʯʘʩʪʠʡ (ʥʝʢʨʦʟ ʛʨʫʧʠ ʧʝʨʠʧʦʨʪʘʣʴʥʠʭ ʘʙʦ ʧʝ-

ʨʠʩʝʧʪʘʣʴʥʠʭ ʛʝʧʘʪʦʮʠʪʽʚ); ʟʦʥʘʣʴʥʠʡ/ʘʮʠʥʘʨʥʠʡ 

(ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʦʜʥʽʻʾ ʟʦʥʠ ʘʙʦ ʚʩʴʦʛʦ ʘʮʠ-

ʥʫʩʫ); ʩʫʙʤʘʩʠʚʥʠʡ ʽ ʤʘʩʠʚʥʠʡ (ʥʝʢʨʦʟ ʙʽʣʴʰʦʩʪʽ 

ʘʙʦ ʚʩʽʭ ʛʝʧʘʪʦʮʠʪʽʚ ʧʝʯʽʥʢʦʚʦʾ ʯʘʩʪʦʯʢʠ), ʱʦ ʟʘʚ-

ʞʜʠ ʩʫʧʨʦʚʦʜʞʫʚʘʣʦʩʴ ʫʪʚʦʨʝʥʥʷʤ ʚʦʛʥʠʱ ʟʘʧʘ-

ʣʴʥʦʾ ʣʽʤʬʦʮʠʪʘʨʥʦʾ ʘʙʦ ʣʽʤʬʦʤʘʢʨʦʬʘʛʘʣʴʥʦʾ 

ʽʥʬʽʣʴʪʨʘʮʽʾ ʚ ʤʽʩʮʷʭ ʟʘʛʠʙʝʣʽ ʛʝʧʘʪʦʮʠʪʽʚ (ʨʠʩ. 5 

ʘ). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʧʨʠ 

ʚʧʣʠʚʽ ɺɾɼ ʯʘʩʪʦ ʚʽʜʤʽʯʘʣʠ ʥʘ ʪʣʽ ʚʠʨʘʞʝʥʦʛʦ 

ʩʪʝʘʪʦʟʫ ʛʝʧʘʪʦʮʠʪʽʚ ʫ ʧʝʨʠʚʝʥʫʣʷʨʥʽʡ ʟʦʥʽ ʧʝʯʽ-

ʥʢʦʚʠʭ ʯʘʩʪʦʯʦʢ. ʗʢ ʧʨʘʚʠʣʦ, ʮʝ ʙʫʣʠ ʤʘʢʨʦ- ʘʙʦ 

ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʘ ʬʦʨʤʠ ʩʪʝʘʪʦʟʫ ʘʙʦ ʡʦʛʦ ʟʤʽ-

ʰʘʥʘ ʤʘʢʨʦ-ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʘ ʬʦʨʤʘ. ʅʘʪʦʤʽʩʪʴ 

ʯʘʩʪʦ ʩʪʝʘʪʦʟ ʧʦʰʠʨʶʚʘʚʩʷ ʥʘ ʛʝʧʘʪʦʮʠʪʠ ʽʥʰʠʭ 

ʟʦʥ ʧʝʯʽʥʢʦʚʦʛʦ ʘʮʠʥʫʩʫ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʫʨʘ-

ʞʝʥʥʷ ʚʩʽʻʾ ʧʝʯʽʥʢʦʚʦʾ ʯʘʩʪʦʯʢʠ (ʚʘʞʢʠʡ ʩʪʝʘʪʦʟ; 

ʨʠʩ. 5 ʙ).  

ʅʘ ʪʣʽ ʜʠʩʪʨʦʬʽʯʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʽ ʟʘʧʘʣʴ-

ʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʚ ʦʢʨʝʤʠʭ ʾʾ ʜʽʣʷʥʢʘʭ ʥʝʨʽʜʢʦ ʚʠ-

ʷʚʣʷʣʠ ʜʨʽʙʥʽ ʚʦʛʥʠʱʘ ʧʝʨʠʛʝʧʘʪʦʮʝʣʶʣʷʨʥʦʛʦ ʽ 

ʧʝʨʠʩʠʥʫʩʦʾʜʘʣʴʥʦʛʦ ʬʽʙʨʦʟʫ, ʘ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜ-

ʢʘʭ ʽ ʧʝʨʠʚʝʥʫʣʷʨʥʦʛʦ ʬʽʙʨʦʟʫ (ʨʠʩ. 6). ʎʝ ʫʟʛʦ-

ʜʞʫʻʪʴʩʷ ʟ ʜʘʥʠʤʠ ʣʽʪʝʨʘʪʫʨʠ ʧʨʦ ʪʝ, ʱʦ ʨʦʟʚʠʪʦʢ 

ʎɼ2ʊ ʯʘʩʪʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʩʪʝʘʪʦʟʦʤ 

ʛʝʧʘʪʦʮʠʪʽʚ ʽ ʨʦʟʚʠʪʢʦʤ ʩʪʝʘʪʦʛʝʧʘʪʠʪʫ, ʘʣʝ ʡ ʬʽ-

ʙʨʦʟʦʤ ʧʝʯʽʥʢʠ (ʌʇ), ʱʦ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʜʣʷ 

ʄɸɾʍʇ [10].   
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ʈʠʩ. 5. ʇʝʯʽʥʢʘ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ʘ) ʉʫʙʤʘʩʠʚʥʠʡ ʥʝʢʨʦʟ ʽ ʚʦʛʥʠʱʝ ʟʘʧʘʣʴʥʦʾ ʣʽʤʬʦʮʠʪʘʨʥʦʾ ʽʥʬʽʣʴʪʨʘ-

ʮʽʾ ʥʘ ʪʣʽ ʤʘʢʨʦʚʝʟʠʢʫʣʷʨʥʦʛʦ ʩʪʝʘʪʦʟʫ ʛʝʧʘʪʦʮʠʪʽʚ. Ĭ400. ʙ) ɺʘʞʢʠʡ ʩʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ (ʟʤʽʰʘʥʘ ʤʘʢʨʦ-ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʘ 
ʬʦʨʤʘ). Ĭ200. ɿʘʙʘʨʚʣʝʥʥʷ ʛʝʤʘʪʦʢʩʠʣʽʥʦʤ ʪʘ ʝʦʟʠʥʦʤ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ʇʝʯʽʥʢʘ ʱʫʨʘ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ. ʇʝʨʠ-

ʩʠʥʫʩʦʾʜʘʣʴʥʠʡ ʽ ʧʝʨʠʚʝʥʫʣʷʨʥʠʡ ʬʽʙʨʦʟ ʥʘ ʪʣʽ ʨʦʟʰʠ-
ʨʝʥʥʷ ʪʘ ʧʦʚʥʦʢʨʦʚôʷ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷʨʽʚ ʽ ʜʨʽʙʥʠʭ ʚʦʛ-
ʥʠʱ ʢʨʦʚʦʚʠʣʠʚʫ. ɿʘʙʘʨʚʣʝʥʥʷ ʟʘ ʤʝʪʦʜʦʤ ɿʝʨʙʽʥʦ ɼ.ɼ. 
ʽ ʃʫʢʩʝʚʠʯ ʃ.ʃ. Ĭ400.  

 

ʅʘ ʪʣʽ ʜʠʩʪʨʦʬʽʯʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʠʭ ʟʤʽʥ ʛʝʧʘ-

ʪʦʮʠʪʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ ʪʘʢʦʞ ʩʧʦʩʪʝʨʽ-

ʛʘʣʠ ʟʤʽʥʠ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʚ ʥʠʭ ʨʦʟʚʠʪʦʢ ʢʦʤʧʝ-

ʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʧʝʨʝʙʫʜʦʚ. ʊʘʢʽ ʟʤʽʥʠ 

ʚʠʟʥʘʯʘʣʠʩʷ ʟʘ ʥʘʷʚʥʽʩʪʶ ʛʝʧʘʪʦʮʠʪʽʚ ʟ ʦʟʥʘʢʘʤʠ 

ʛʽʧʝʨʪʨʦʬʽʾ (ʛʽʧʝʨʪʨʦʬʽʷ ʮʠʪʦʧʣʘʟʤʘ ʽ ʷʜʨʘ, ʛʽʧʝʨ-

ʧʣʘʟʽʷ ʪʘ ʛʽʧʝʨʪʨʦʬʽʾ ʷʜʝʨʝʮʴ), ʘ ʪʘʢʦʞ ʟʘ ʟʙʽʣʴ-

ʰʝʥʥʷʤ ʫ ʧʘʨʝʥʭʽʤʽ ʦʨʛʘʥʫ ʢʽʣʴʢʦʩʪʽ 2-ʭ ʷʜʝʨʥʠʭ 

ʛʝʧʘʪʦʮʠʪʽʚ, ʘ ʽʥʢʦʣʠ ʽ ʧʦʦʜʠʥʦʢʠʭ ʬʽʛʫʨ ʤʽʪʦʟʫ.  

ʅʘ ʧʽʜʩʪʘʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʛʽʩʪʦʣʦʛʽ-

ʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʤʝʪʦʶ ʾʭ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽʥʢʠ 

ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʫʥʽʬʽʢʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ, ʘ ʟʘ ʜʘ-

ʥʠʤʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ [16-21] ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ 

ʢʨʠʪʝʨʽʾ ʜʣʷ ʦʮʽʥʢʠ ʟʤʽʥ ʧʝʯʽʥʢʠ ʟʘ ʚʠʟʥʘʯʝʥʠʤʠ 

ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʧʘʪʝʨʥʘʤʠ (ʪʘʙʣ. 1).  

ʈʝʟʫʣʴʪʘʪʠ ʦʮʽʥʢʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽ-

ʥʢʠ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ ʚʠʷʚʠʣʠ ʫ ʥʠʭ 

ʟʥʘʯʥʽ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʝʤ ʚʽʜʤʽʥʥʦʩʪʽ. ʊʘʢ, ʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʱʫʨʽʚ ʧʦʢʘʟʥʠʢ ʟʘʛʘʣʴʥʦʾ ʦʮʽʥʢʠ ʛʽ-

ʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʙʫʚ ʚʠʟʥʘʯʝʥʠʡ ʩʝʨʝʜ-

ʥʽʤ ʟʥʘʯʝʥʥʷʤ ʮʴʦʛʦ ʧʦʢʘʟʥʠʢʘ ʚ 1 ʙʘʣ, ʘ ʫ ʱʫʨʽʚ 

ʽʟ ʎɼ2ʊ ï 13,3 ʙʘʣʠ, ʚʽʜʧʦʚʽʜʥʦ (ʨ<0,05; ʪʘʙʣ. 2). 

ʊʘʢʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʨʽʟʥʠʤʠ ʛʨʫʧʘʤʠ ʱʫʨʽʚ ʙʫʣʠ 

ʦʙʫʤʦʚʣʝʥʽ: ʧʦʨʫʰʝʥʥʷʤ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʧʝʯʽʥʢʠ 

(ʫ ʢʦʥʪʨʦʣʽ ï 0 ʙʘʣʽʚ, ʧʨʠ ʎɼ2ʊ ï 2,3 ʙʘʣʠ); ʧʦʨʫ-

ʰʝʥʥʷʤʠ ʢʨʦʚʦʦʙʽʛʫ ʚ ʧʝʯʽʥʮʽ (ʫ ʢʦʥʪʨʦʣʽ ï 0 ʙʘ-

ʣʽʚ, ʧʨʠ ʎɼ2ʊ ï 2 ʙʘʣʠ), ʜʠʩʪʨʦʬʽʯʥʠʤʠ ʟʤʽʥʘʤʠ 

ʛʝʧʘʪʦʮʠʪʽʚ (ʙʝʟ ʾʭ ʩʪʝʘʪʦʟʫ, ʫ ʢʦʥʪʨʦʣʽ ï0,5 ʙʘʣʽʚ, 

ʧʨʠ ʎɼ2ʊ ï 2 ʙʘʣʠ) ʽ ʩʪʝʘʪʦʟʦʤ ʛʝʧʘʪʦʮʠʪʽʚ (ʫ ʢʦ-

ʥʪʨʦʣʽ ï 0 ʙʘʣʽʚ, ʧʨʠ ʎɼ2ʊ ï 2,6 ʙʘʣʠ); ʘʧʦʧʪʦʟʦʤ 

ʽ ʥʝʢʨʦʟʦʤ ʛʝʧʘʪʦʮʠʪʽʚ (ʫ ʢʦʥʪʨʦʣʽ ï 0 ʙʘʣʽʚ, ʧʨʠ 

ʎɼ2ʊ ï 2,8 ʙʘʣʠ); ʟʘʧʘʣʴʥʦʶ ʽʥʬʽʣʴʪʨʘʮʽʻʶ ʧʝʯʽ-

ʥʢʠ (ʫ ʢʦʥʪʨʦʣʽ ï 0,5 ʙʘʣʽʚ, ʧʨʠ ʎɼ2ʊ ï 2,8 ʙʘʣʠ); 

ʬʽʙʨʦʟʦʤ ʧʝʯʽʥʢʠ (ʫ ʢʦʥʪʨʦʣʽ ï 0 ʙʘʣʽʚ, ʧʨʠ ʎʜ2ʊ 

ï 1,6 ʙʘʣʠ; ʪʘʙʣ. 2). 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʪʣʽ ʜʠʩʪʨʦʬʽʯʥʦ-ʜʝ-

ʩʪʨʫʢʪʠʚʥʠʭ ʽ ʟʘʧʘʣʴʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʧʨʠ ʤʦʜʝ-

ʣʶʚʘʥʥʽ ʎɼ2ʊ ʚ ʧʘʨʝʥʭʽʤʽ ʦʨʛʘʥʫ ʯʘʩʪʦ ʩʧʦʩʪʝʨʽ-

ʛʘʣʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫʜʦʚʠ 

ʛʝʧʘʪʦʮʠʪʽʚ, ʟʘʛʘʣʴʥʘ ʦʮʽʥʢʘ ʷʢʠʭ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ 

ʩʝʨʝʜʥʽʤ ʟʥʘʯʝʥʥʷʤ ʫ 0,6 ʙʘʣʠ (ʫ ʢʦʥʪʨʦʣʽ ï 0,3 

ʙʘʣʠ; ʨ<0,05). ʎʝ ʚʢʘʟʫʚʘʣʦ ʥʘ ʚʠʩʦʢʫ ʟʜʘʪʥʽʩʪʴ 

ʧʝʯʽʥʢʠ ʜʦ ʚʽʜʥʦʚʣʝʥʥʷ ʧʨʠ ʨʦʟʚʠʪʢʫ ʎɼ2ʊ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʽʚ ʚʧʣʠʚʫ NSE 

ʧʨʠ ʎɼ2ʊ ʟʘ ʫʤʦʚʠ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʘ ʩʭʝʤʦʶ 

1 (ʤʦʜʝʣʴ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʜʽʾ NSE) ʽ ʟʘ ʩʭʝʤʦʶ 2 

(ʤʦʜʝʣʴ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʜʽʾ NSE) ʧʦʢʘʟʘʣʠ, ʱʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʟʘ ʩʭʝʤʦʶ 1 ʟʥʘ-

ʯʥʦ ʧʝʨʝʚʠʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʟʘ 

ʩʭʝʤʦʶ 2. ʎʝ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʟʘ ʧʦʢʘʟʥʠʢʦʤ ʟʘʛʘ-

ʣʴʥʦʾ ʦʮʽʥʢʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʜʠʩʪʨʦʬʽ-

ʯʥʦ-ʜʝʩʪʨʫʢʪʠʚʥʦʾ ʩʧʨʷʤʦʚʘʥʦʩʪʽ. ʁʦʛʦ ʩʝʨʝʜʥʻ 

ʟʥʘʯʝʥʥʷ ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ NSE ʟʘ ʩʭʝʤʦʶ 1 ʜʦʨʽ-

ʚʥʶʚʘʣʦ 11,6 ʙʘʣʠ (ʧʨʠ ʎɼ2ʊ ï 13,3; ʨ<0,05), ʘ 

ʧʨʠ ʟʘʩʪʦʩʫʚʘʥʥʽ NSE ʟʘ ʩʭʝʤʦʶ 2 ï 5,3 ʙʘʣʠ, ʚʽʜ-

ʧʦʚʽʜʥʦ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʥʘʯʠʤʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ 

ʛʨʫʧʘʤʠ ʧʨʠ ʨʽʟʥʠʭ ʩʧʦʩʦʙʘʭ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

(ʨ<0,05; ʪʘʙʣ. 2).  
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ʊʘʙʣʠʮʷ 1 

ʆʮʽʥʢʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ 2 ʪʠʧʫ ʟʘ ʩʠʩʪʝʤʦʶ ʙʘʣʽʚ 

 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʧʘʪʝʨʥʠ ʪʘ ʾʭ  

ʛʽʩʪʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ɹʘʣʠ 

ç0è ç1è ç2è ç3è 

ʇʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ*  - 3-5% 6-33% 66% 

ʇʦʨʫʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ:  

- ʧʦʚʥʦʢʨʦʚôʷ ʚʝʥ ʽ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷʨʽʚ - + + + 

- ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʧʦʚʥʦʢʨʦʚôʷ ʩʠʥʫʩʦʾʜʥʠʭ ʢʘʧʽʣʷ-

ʨʽʚ ʽʟ ʢʘʚʝʨʥʦʟʦʧʦʜʽʙʥʠʤʠ ʧʦʨʦʞʥʠʥʘʤʠ 
- - + + 

- ʪʨʦʤʙʦʟ ʪʘ/ʘʙʦ ʞʠʨʦʚʘ ʝʤʙʦʣʽʷ - - - + 

- ʢʘʧʽʣʷʨʠʪ, ʚʝʥʫʣʽʪ, ʘʨʪʝʨʽʾʪ - - - + 

ʉʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ: *  

- ʤʘʢʨʦʚʝʟʠʢʫʣʷʨʥʠʡ  <5% 5-33% 33-66% >66% 

- ʤʽʢʨʦʚʝʟʠʢʫʣʷʨʥʠʡ <5% 5-33% 33-66% >66% 

- ʟʤʽʰʘʥʠʡ - - 1-5% >5% 

ɼʠʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʛʝʧʘʪʦʮʠʪʽʚ (ʙʽʣʢʦʚʘ, ʛʽʜʨʦʧʽ-

ʯʥʘ, ʚʘʢʫʦʣʴʥʘ ʪʘ ʽʥ.) * 
- 3-5% 6-33% >33% 

ʅʝʢʨʦʟ/ʘʧʦʧʪʦʟ:À 

- ʤʦʥʦʮʝʣʶʣʷʨʥʠʡ ʥʝʢʨʦʟ/ʘʧʦʧʪʦʟ - 0-1 + + 

- ʬʦʢʘʣʴʥʠʡ - 1-2 >2 + 

- ʩʭʽʜʯʘʩʪʠʡ - - 1-2 + 

- ʟʦʥʘʣʴʥʠʡ/ʘʮʠʥʘʨʥʠʡ - - 1-2 >2 

- ʩʫʙʤʘʩʠʚʥʠʡ ʽ/ʘʙʦ ʤʘʩʠʚʥʠʡ - - - 1-2> 

ɿʘʧʘʣʴʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷÀ  - 1 1-2 >2 

ʌʽʙʨʦʟ ʧʝʯʽʥʢʠ:      

- ʧʝʨʠʛʝʧʘʪʦʮʝʣʶʣʷʨʥʠʡ ʪʘ/ʘʙʦ ʧʝʨʠʩʠʥʫʩʦʾʜʘʣʴ-

ʥʠʡ 
- + + + 

- ʧʝʨʠʚʝʥʫʣʷʨʥʠʡ - - + + 

- ʧʝʨʠʧʦʨʪʘʣʴʥʠʡ, ʽʥʦʜʽ ʧʦʨʪʘʣʴʥʠʡ - - - + 

ʂʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫʜʦʚʠ ʛʝʧʘ-

ʪʦʮʠʪʽʚ (ʛʽʧʝʨʪʨʦʬʽʷ, ʤʽʪʦʟ, 2-ʭ ʷʜʝʨʥʽ ʛʝʧʘʪʦ-

ʮʠʪʠ) * 

<5% 5ï33% 33-66% - 

 

ʇʨʠʤʽʪʢʠ. ʆʮʽʥʢʘ ʚ ʙʘʣʘʭ: ç0è ï ʟʤʽʥʠ ʚʽʜʩʫʪʥʽ; ç1è ï ʟʤʽʥʠ ʥʝʟʥʘʯʥʽ (ʣʝʛʢʽ); ç2è ï ʟʤʽʥʠ ʧʦʤʽʨʥʽ; ç3è ï 

ʟʤʽʥʠ ʚʠʨʘʞʝʥʽ (ʚʘʞʢʠ). ʆʮʽʥʢʘ ʟʘ ʥʘʷʚʥʽʩʪʶ ʟʤʽʥ: ç-è ï ʚʽʜʩʫʪʥʽ; ç+è ï ʥʘʷʚʥʽ. ʆʮʽʥʢʘ ʢʽʣʴʢʦʩʪʽ: * ï ʚʽʜʥʦ-

ʩʥʘ ʢʽʣʴʢʽʩʪʴ (%) ʫʨʘʞʝʥʠʭ ʢʣʽʪʠʥ ʘʙʦ ʫʨʘʞʝʥʦʾ ʧʣʦʱʽ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʟʨʽʟʫ; À ï ʘʙʩʦʣʶʪʥʘ ʢʽʣʴʢʽʩʪʴ ʚʦʛʥʠʱ 

ʥʝʢʨʦʟʫ ʪʘ ʟʘʧʘʣʝʥʥʷ ʚ ʦʜʠʥʠʮʽ ʪʝʩʪʦʚʦʾ ʧʣʦʱʽ (ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʢʪʠʚʫ ʭ20).  

 

ʊʘʙʣʠʮʷ 2 

ʆʮʽʥʢʘ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ 2 ʪʠʧʫ ʪʘ ʡʦʛʦ ʢʦʨʝʢʮʽʾ 

NSE ʧʨʠ ʨʽʟʥʠʭ ʩʭʝʤʘʭ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʙʘʣʠ 

 

ɻʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ 

(ʤʦʨʬʦʣʦʛʽʯʥʽ ʧʘʪʝʨʥʠ) 

ɻʨʫʧʘ 

ʂʦʥʪʨ. ʎɼ2ʊ 
ʎɼ2ʊ+ NSE 

ʉʭʝʤʘ 1 ʉʭʝʤʘ 2 

ʇʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ 0 2,3 1,6* 0,5*À 

ʇʦʨʫʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ 0 2,0 1,2* 0,5*À 

ʉʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ 0 2,6 2,4* 1,0*À 

ɼʠʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʛʝʧʘʪʦʮʠʪʽʚ 0,5 2,0 1,8 1,0*À 

ʅʝʢʨʦʟ/ʘʧʦʧʪʦʟ 0 2,8 2,0* 0,8*À 

ɿʘʧʘʣʴʥʘ ʽʥʬʽʣʴʪʨʘʮʽʷ  0,5 2,8 1,8* 1,2*À 

ʌʽʙʨʦʟ ʧʝʯʽʥʢʠ 0 1,6 0,8* 0,3*À 

ɿʘʛʘʣʴʥʘ ʦʮʽʥʢʘ (ʩʝʨʝʜʥʽʡ ʙʘʣ) 1,0 13,3 11,6* 5,3*À 

ʂʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫʜʦʚʠ ʛʝʧʘʪʦʮʠʪʽʚ 0,3 0,6 1,5* 1,3*À 

 

ʇʨʠʤʽʪʢʘ: : *  ï ʨ<0,05 ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʟ ʛʨʫʧʦʶ ʎɼ2ʊ; À ï ʨ<0,05 ʧʨʠ ʧʦʨʽʚʥʷʥʥʽ ʛʨʫʧʠ çʉʭʝʤʘ 1è ʽʟ ʛʨʫʧʦʶ 

çʉʭʝʤʘ 2è. 
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ɯʟ ʜʘʥʠʭ ʪʘʙʣʠʮʽ (ʪʘʙʣ. 2) ʚʠʜʥʦ, ʱʦ ʙʽʣʴʰ ʚʠ-

ʩʦʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʟʘ ʩʧʦʩʦʙʦʤ 

2 ʚʠʟʥʘʯʘʣʘʩʷ ʟʘ ʟʥʘʯʠʤʠʤ (ʨ<0,05) ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʩʧʦʩʦʙʦʤ 1 ʟʤʝʥʰʝʥʥʷʤ ʚ ʧʝʯʽʥʮʽ ʤʦʨʬʦʣʦʛʽʯ-

ʥʠʭ ʧʨʦʷʚʽʚ ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʧʝʯʽʥʢʠ ʪʘ 

ʾʾ ʢʨʦʚʦʙʽʛʫ, ʜʠʩʪʨʦʬʽʯʥʠʭ ʟʤʽʥ ʛʝʧʘʪʦʮʠʪʽʚ ʽ, ʚ 

ʧʝʨʰʫ ʯʝʨʛʫ, ʩʪʝʘʪʦʟʫ ʛʝʧʘʪʦʮʠʪʽʚ, ʘ ʪʘʢʦʞ ʥʝʢʨʦ-

ʟʘʧʘʣʴʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʪʘ ʾʾ ʬʽʙʨʦʟʫ. ʇʨʠ ʮʴʦʤʫ 

ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘ-

ʣʴʥʠʭ ʧʝʨʝʙʫʜʦʚ ʛʝʧʘʪʦʮʠʪʽʚ ʥʝ ʚʠʷʚʣʷʣʘ ʟʥʘʯʠ-

ʤʠʭ ʚʽʜʤʽʥʥʦʩʪʝʡ ʫ ʱʫʨʽʚ ʽʟ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ.  

ɺʠʩʥʦʚʢʠ 

1. ʄʦʨʬʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʱʫʨʽʚ 

ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ (ʤʦʜʝʣʴ ʚʽʜʪʚʦʨʶʚʘʣʠ 

ʰʣʷʭʦʤ ʪʨʠʚʘʣʦʛʦ, 6 ʤʽʩ., ʫʪʨʠʤʘʥʥʷ ʪʚʘʨʠʥ ʥʘ 

ɺɾɼ) ʚʠʷʚʠʣʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʄɸɾʍʇ ʟʤʽʥʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʚʘʣʠʩʷ ʤʦʨʬʦʣʦʛʽʯʥʠʤʠ ʧʘʪʝʨʥʘʤʠ: 

ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʧʝʯʽʥʢʠ; ʧʦʨʫʰʝʥʥʷ 

ʢʨʦʚʦʦʙʽʛʫ; ʩʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ; ʘʧʦʧʪʦʟ/ʥʝʢʨʦʟ 

ʛʝʧʘʪʦʮʠʪʽʚ ʽ ʟʘʧʘʣʴʥʽ ʟʤʽʥʠ ʧʝʯʽʥʢʠ; ʬʽʙʨʦʟ; ʘ ʪʘ-

ʢʦʞ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫʜʦʚʠ 

ʛʝʧʘʪʦʮʠʪʽʚ.  

2. ɿ ʤʝʪʦʶ ʫʥʽʬʽʢʘʮʽʾ ʪʘ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʦʮʽ-

ʥʢʠ ʚʠʷʚʣʝʥʠʭ ʟʤʽʥ, ʾʭ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʝʢʩʪʨʘʧʦʣʷ-

ʮʽʾ ʥʘ ʣʶʜʠʥʫ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽ-

ʜʞʝʥʴ ʨʦʟʨʦʙʣʝʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ, ʫʥʽʬʽʢʦʚʘ-

ʥʠʡ ʧʨʦʪʦʢʦʣ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʯʽʥʢʠ 

ʱʫʨʽʚ ʪʘ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʾʾ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʟʘ 

ʢʘʪʝʛʦʨʽʷʤʠ: 1) ʷʢʽʩʥʘ ʢʘʪʝʛʦʨʽʷ ï ʟʤʽʥʠ ʚʽʜʩʫʪʥʽ 

(ç+è) ʘʙʦ ʟʤʽʥʠ ʧʨʠʩʫʪʥʽ (çïè); 2) ʢʽʣʴʢʽʩʥʘ ʢʘʪʝ-

ʛʦʨʽʷ ï ʟʤʽʥʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʽʜʨʘʭʦʚʘʥʽ ʟʘ ʜʦ-

ʧʦʤʦʛʦʶ ʤʦʨʬʦʤʝʪʨʽʾ (ʥʘʧʨʠʢʣʘʜ, ʢʽʣʴʢʽʩʪʴ ʚʦʛ-

ʥʠʱ ʟʘʧʘʣʴʥʦʾ ʽʥʬʽʣʴʪʨʘʮʽʾ ʥʘ ʦʜʠʥʠʮʶ ʧʣʦʱʽ ʛʽ-

ʩʪʦʣʦʛʽʯʥʦʛʦ ʟʨʽʟʫ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʦʙôʻʢʪʠʚʫ ʭ20); 

3) ʥʘʧʽʚʢʽʣʴʢʽʩʥʘ ʢʘʪʝʛʦʨʽʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʦʮʽʥʢʫ 

ʚʠʷʚʣʝʥʠʭ ʟʤʽʥ ʟʘ ʩʠʩʪʝʤʦʶ ʙʘʣʽʚ, ʚʽʜ ç0è ʜʦ ç3è.  

3. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʦʮʽ-

ʥʢʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʎɼ2ʊ ʽ ʡʦʛʦ ʢʦʨʝʢʮʽʾ NSE ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʦ-

ʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʽʚ ʡʦʛʦ ʜʽʾ ʧʨʠ ʨʽʟʥʠʭ ʩʭʝ-

ʤʘʭ (ʨʝʞʠʤʘʭ) ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʟʘ ʩʭʝʤʦʶ 2 

(ʤʦʜʝʣʴ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʜʽʾ) ʟʥʘʯʠʤʦ (ʨ<0,05) ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ NSE ʟʘ ʩʭʝʤʦʶ 1 (ʤʦ-

ʜʝʣʴ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʜʽʾ) ʟʤʝʥʰʫʻ ʧʨʦʷʚʠ ʪʘʢʠʭ ʛʽ-

ʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʷʢ ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʪʘ 

ʢʨʦʚʦʦʙʽʛʫ ʚ ʧʝʯʽʥʮʽ, ʜʠʩʪʨʦʬʽʯʥʽ ʟʤʽʥʠ ʛʝʧʘʪʦʮʠ-

ʪʽʚ (ʦʩʦʙʣʠʚʦ ʩʪʝʘʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ), ʘʧʦʧʪʦʟ/ʥʝʢ-

ʨʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʽ ʟʘʧʘʣʴʥʽ ʟʤʽʥʠ, ʘ ʪʘʢʦʞ ʬʽʙʨʦʟ 

ʧʝʯʽʥʢʠ. ʇʨʠ ʮʴʦʤʫ ʚ ʧʝʯʽʥʮʽ ʚʽʜʤʽʯʘʣʠ ʟʥʘʯʠʤʝ 

ʟʙʽʣʴʰʝʥʥʷ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʧʨʦʷʚʽʚ ʢʦʤʧʝʥʩʘʪʦ-

ʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʧʝʨʝʙʫʚ ʛʝʘʪʦʮʠʪʽʚ, ʱʦ 

ʙʫʣʦ ʩʚʽʜʯʝʥʥʷʤ ʟʜʘʪʥʦʩʪʽ ʧʝʯʽʥʢʠ ʜʦ ʾʾ ʚʽʜʥʦʚ-

ʣʝʥʥʷ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ.  

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʦʙʦʢ  
ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʶʪʴ ʙʫʪʠ ʩʧʨʷʤʦ-

ʚʘʥʽ ʥʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʦʙôʻʢʪʠʚʥʦʾ ʦʮʽ-

ʥʢʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʨʽʟʥʠʭ ʚʠʜʽʚ ʾʾ ʧʘʪʦʣʦʛʽʾ, ʘ ʪʘʢʦʞ ʚʠʚʯʝʥʥʷ ʚ ʝʢʩ-

ʧʝʨʠʤʝʥʪʽ, ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʥʷ ʜʦʢʣʽʥʽʯʥʠʭ ʜʦʩ-

ʣʽʜʞʝʥʴ ʤʝʭʘʥʽʟʤʽʚ ʣʽʢʫʚʘʣʴʥʦʾ ʪʘ ʧʨʦʬʽʣʘʢʪʠʯ-

ʥʦʾ ʜʽʾ NSE ʥʘ ʨʽʟʥʠʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ ʘʣʽʤʝʥʪʘʨ-

ʥʦʛʦ ʦʞʠʨʽʥʥʷ, ɯʈ, ʄʉ ʪʘ ɾʍʇʄʇ.  

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. 

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʈʦʙʦʪʘ ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʾ 

ʪʝʤʠ çʈʦʟʨʦʙʣʝʥʥʷ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʢʨʠʪʝʨʽʾʚ ʝʬʝ-

ʢʪʠʚʥʦʩʪʽ ʧʨʦʬʽʣʘʢʪʠʯʥʦʛʦ ʽ ʪʝʨʘʧʝʚʪʠʯʥʦʛʦ 

ʚʧʣʠʚʫ ʤʘʣʦʧʦʣʷʨʥʠʭ ʤʽʥʦʨʥʠʭ ʣʽʧʽʜʽʚ ʟʘ ʽʥʩʫʣʽ-

ʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʽ ʪʘ ʮʫʢʨʦʚʦʛʦ ʜʽʘʙʝʪʫ 2 ʪʠʧʫè 

(ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0123U100750). 

 

 

ʃʽʪʝʨʘʪʫʨʥʽ ʜʞʝʨʝʣʘ 
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ʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʡʦʛʦ ʫʩʢʣʘʜʥʝʥʴ ï ʞʠʨʦʚʦʾ ʭʚʦʨʦʙʠ ʧʝʯʽʥʢʠ, ʧʦʚôʷʟʘʥʦʾ ʟ ʤʝʪʘʙʦʣʽʯʥʠʤʠ ʧʦʨʫʰʝʥʥʷʤʠ 

(ɾʍʇʄʇ). ɿʜʘʪʥʽʩʪʴ ʧʝʯʽʥʢʠ ʜʦ ʟʚʦʨʦʪʥʠʭ ʟʤʽʥ ʧʨʠ ʎɼ2ʊ ʚʠʟʥʘʯʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ, ʨʦʟʨʦʙʢʠ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʢʣʽʥʽʯʥʫ ʧʨʘʢʪʠʢʫ ʥʦʚʠʭ ʟʘʩʦʙʽʚ ʬʘʨʤʘʢʦʣʦʛʽʯʥʦʾ ʢʦʨʝʢʮʽʾ ɾʍʇʄʇ. ʎʝ ʥʝʤʦʞʣʠʚʦ ʜʦʩʷ-

ʛʪʠ ʙʝʟ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʢʣʽʥʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʜʝ ʤʝʪʦʜʠ ʦʮʽʥʢʠ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʥʘʙʫ-

ʚʘʶʪʴ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʄʝʪʘ. ʄʦʨʬʦʣʦʛʽʯʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʘ ʨʦʟʨʦʙʢʘ ʦʙôʻʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ ʜʣʷ 

ʧʦʨʽʚʥʷʣʴʥʦʾ ʦʮʽʥʢʠ ʪʘ ʫʥʽʬʽʢʘʮʽʾ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ ʪʘ ʡʦʛʦ ʢʦʨʝ-

ʢʮʽʾ N-ʩʪʝʘʨʦʾʣʝʪʘʥʦʣʘʤʽʥʦʤ (NSE). ʄʝʪʦʜʠ. ʅʘ ʱʫʨʘʭ Sprague-Dawley (n=41), ʷʢʠʭ ʪʨʠʚʘʣʠʡ ʯʘʩ (6 ʤʽʩ) 

ʫʪʨʠʤʫʚʘʣʠ ʥʘ ʚʠʩʦʢʦʞʠʨʦʚʽʡ ʜʽʻʪʽ (ɺɾɼ), ʚʽʜʪʚʦʨʶʚʘʣʠ ʤʦʜʝʣʴ ʎɼ2ʊ. ʁʦʛʦ ʨʦʟʚʠʪʦʢ ʢʦʥʪʨʦʣʶʚʘʣʠ ʟʘ 

ʧʦʢʘʟʥʠʢʦʤ ʚʤʽʩʪʫ ʛʣʶʢʦʟʠ ʚ ʢʨʦʚʽ, ʘ ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʩʪʫ ʥʘ ʪʦʣʝʨʘʥʪʥʽʩʪʴ ʜʦ ʛʣʶʢʦʟʠ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʚʠʚʯʘʣʠ ʝʬʝʢʪʠ ʪʝʨʘʧʝʚʪʠʯʥʦʾ ʜʽʾ NSE (per os, ʚ ʜʦʟʽ 50 

ʤʛ/ʢʛ, ʚʧʨʦʜʦʚʞ 2- ʪʠʞʥʽʚ ʧʽʩʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʦʟʚʠʪʢʫ ʎɼ2ʊ; ʩʭʝʤʘ 1), ʘ ʪʘʢʦʞ ʡʦʛʦ ʧʨʦʬʽʣʘʢʪʠʯʥʦʾ ʜʽʾ 

(per os, ʚ ʜʦʟʽ 50 ʤʛ/ʢʛ, 10 ʜʥʽʚ ʢʦʞʥʦʛʦ ʤʽʩʷʮʷ; ʩʭʝʤʘ 2). ʈʝʟʫʣʴʪʘʪʠ. ʄʦʨʬʦʣʦʛʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʽ ʧʝʯʽʥʢʠ 

ʱʫʨʽʚ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʎɼ2ʊ ʚʠʷʚʠʣʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ɾʍʇʄʇ ʟʤʽʥʠ, ʱʦ ʚʠʟʥʘʯʘʣʠʩʷ ʪʘʢʠʤʠ ʛʽʩʪʦʣʦʛʽ-

ʯʥʠʤʠ ʧʘʪʝʨʥʘʤʠ, ʷʢ: ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʦʨʛʘʥʫ; ʧʦʨʫʰʝʥʥʷ ʢʨʦʚʦʦʙʽʛʫ ʚ ʧʝʯʽʥʮʽ; ʜʠʩʪʨʦʬʽʯʥʽ 

ʟʤʽʥʠ ʛʝʧʘʪʦʮʠʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʩʪʝʘʪʦʟ; ʥʝʢʨʦʟ/ʘʧʦʧʪʦʟ ʛʝʧʘʪʦʮʠʪʽʚ ʽ ʟʘʧʘʣʴʥʽ ʟʤʽʥʠ ʧʝʯʽʥʢʠ; ʬʽʙʨʦʟ, ʘ ʪʘ-

ʢʦʞ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʽ ʧʝʨʝʙʫʜʦʚʠ ʛʝʧʘʪʦʮʠʪʽʚ. ʅʘ ʧʽʜʩʪʘʚʽ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʙʫʣʦ ʨʦʟ-

ʨʦʙʣʝʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʫʥʽʬʽʢʦʚʘʥʠʡ ʧʨʦʪʦʢʦʣ ʛʽʩʪʦʣʦʛʽʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʯʽʥʢʠ ʱʫʨʽʚ ʧʨʠ ʎɼ2ʊ 

ʪʘ ʢʨʠʪʝʨʽʾ ʦʮʽʥʢʠ ʚʠʷʚʣʝʥʠʭ ʟʤʽʥ ʟʘ 3- ʤʘ ʦʮʽʥʦʯʥʠʤʠ ʢʘʪʝʛʦʨʽʷʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʠʩʪʝʤʠ ʙʘʣʽʚ, ʚʽʜ ç0è 

ʜʦ ç3è. ʇʽʜʩʫʤʦʢ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʦʮʽʥʢʠ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ 

ʎɼ2ʊ ʽ ʡʦʛʦ ʢʦʨʝʢʮʽʾ NSE ʜʦʟʚʦʣʠʣʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʣʴʥʫ ʦʮʽʥʢʫ ʝʬʝʢʪʽʚ ʜʽʾ NSE ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʠ 

http://zakon1.rada.gov.ua/laws/show/3447-15
http://zakon1.rada.gov.ua/laws/show/3447-15
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ʨʽʟʥʠʭ ʩʭʝʤʘʭ ʡʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ ʱʫʨʘʭ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘʩʪʦʩʫʚʘʥʥʷ NSE ʟʘ ʩʭʝʤʦʶ 2 ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟʽ ʩʭʝʤʦʶ 1 ʟʥʘʯʠʤʦ (ʨ<0,05) ʟʤʝʥʰʫʻ ʧʨʦʷʚʠ ʪʘʢʠʭ ʛʽʩʪʦʣʦʛʽʯʥʠʭ ʟʤʽʥ, ʷʢ ʧʦʨʫʰʝʥʥʷ ʛʽʩʪʦʩʪʨʫʢʪʫʨʠ ʦʨ-

ʛʘʥʫ ʪʘ ʡʦʛʦ ʢʨʦʚʦʦʙʽʛʫ, ʜʠʩʪʨʦʬʽʯʥʠʭ ʟʤʽʥ ʛʝʧʘʪʦʮʠʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ ʩʪʝʘʪʦʟ, ʥʝʢʨʦʟʫ/ʘʧʦʧʪʦʟʫ ʪʘ ʟʘʧʘʣʴ-

ʥʠʭ ʟʤʽʥ ʧʝʯʽʥʢʠ, ʘ ʪʘʢʦʞ ʬʽʙʨʦʟʫ. ʈʘʟʦʤ ʽʟ ʮʠʤ ʚʧʣʠʚ NSE ʟʥʘʯʠʤʦ (ʨ<0,05) ʟʙʽʣʴʰʫʻ ʛʽʩʪʦʣʦʛʽʯʥʽ ʧʨʦʷʚʠ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʪʦʩʫʚʘʣʴʥʠʭ ʧʝʨʝʙʫʜʦʚ ʛʝʧʘʪʦʮʠʪʽʚ ʫ ʚʠʛʣʷʜʽ ʾʭ ʛʽʧʝʨʪʨʦʬʽʾ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ 

2-ʭ ʷʜʝʨʥʠʭ ʢʣʽʪʠʥ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʮʫʢʨʦʚʠʡ ʜʽʘʙʝʪ 2 ʪʠʧʫ; ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʤʦʜʝʣʴ; ʱʫʨʠ; ʛʽʩʪʦʣʦʛʽʯʥʽ ʟʤʽʥʠ ʧʝʯʽʥʢʠ; 

N-ʩʪʝʘʨʦʾʣʝʪʘʥʦʣʘʤʽʥ; ʬʘʨʤʘʢʦʣʦʛʽʯʥʘ ʢʦʨʝʢʮʽʷ.  
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CAN EYE SHAPE SERVE AS A 

MARKER FOR SEXUAL DIMORPHISM 

IN CHICKEN? A GEOMETRIC MOR-

PHOMETRIC STUDY OF AN INDIGE-

NOUS CHICKEN BREED FROM INDIA  

 

Pathak S.K.  * , Tripathi U.K., Kumari A., Singh A. Can eye shape serve as a marker for sexual dimorphism in 

chicken? A geometric morphometric study of an indigenous chicken breed from India. 

Rajiv Gandhi South Campus, Banaras Hindu University, Mirzapur, India.  

ABSTRACT. Background. Accurate sex determination in poultry is essential for successful breeding programs, efficient 

flock management, and economic optimization within the poultry industry. Traditional methodsðsuch as vent sexing, 

feather sexing, and DNA testingðoften present significant drawbacks. These techniques can be invasive, stressful for the 

birds, labor-intensive, or inconsistent in their accuracy, particularly in native or indigenous breeds where clear sexual di-

morphism is lacking during early developmental stages. Kadaknath chickens, an indigenous and genetically distinct breed 

from India, are known for their unique black pigmentation. However, the subtle external differences between males and 

females at a young age make conventional sexing methods challenging. As a result, there is significant interest in identifying 

alternative, non-invasive, and accurate morphological markers for early sex differentiation in this breed. Objectives. To 

investigate whether eye shape can serve as a reliable, non-invasive morphological marker for sex determination in Ka-

daknath chickens using geometric morphometric techniques. Methods. High-resolution lateral photographs of the right eye 

were captured from 16 clinically healthy adult Kadaknath chickens (9 males and 7 females), ensuring consistent imaging 

conditions. A total of 45 anatomically homologous landmarks were placed on each image to capture the overall shape and 

curvature of the eye. Geometric morphometric techniques were applied, beginning with Generalized Procrustes Analysis 

(GPA) to normalize the data by removing variations due to position, orientation, and scale. Principal Component Analysis 

(PCA) was conducted to identify the major axes of shape variation across individuals. Canonical Variate Analysis (CVA) 

and Discriminant Function Analysis (DFA) were used to assess the degree of sexual dimorphism and the classification 

accuracy of individuals based on eye shape. Results. PCA revealed that the first two principal components (PC1 and PC2) 

accounted for 81.35% of the total shape variation. The greatest morphological differences between sexes were observed in 

the ventrolateral and dorsolateral regions of the eye, suggesting localized shape changes linked to sex. CVA demonstrated 

statistically significant sexual dimorphism between males and females, with a Mahalanobis distance of 3.7794 and a Pro-

crustes distance of 0.0388 (P < 0.0001), indicating clear separation in morphospace. DFA achieved perfect classification 

(100%) when applied to the original dataset and retained a reasonably high classification accuracy of 68.75% under leave-

one-out cross-validation, suggesting a strong sensitive model. Conclusions. The study provides compelling evidence that 

eye shape exhibits distinct and measurable sexual dimorphism in Kadaknath chickens. These results highlight the potential 

of geometric morphometric analysis of eye morphology as a non-invasive, low-cost, and visually based method for sex 

identification in this breed. Future research should focus on more extensive datasets and exploring three-dimensional (3D) 

imaging techniques to enhance shape characterization. Additionally, integrating machine learning algorithms with morpho-

metric data may further improve the automation and accuracy of non-invasive poultry sexing trait in Kadaknath chickens, 

revealing marked morphological differences between sexes. These findings support the development of alternative, non-

invasive sex determination methods for poultry with subtle sexual dimorphism. 

Key words: sexual dimorphism, Kadaknath, chicken, eye shape, geometric morphometrics. 
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Background 

Accurate sex determination in day-old chicks is 

a critical yet challenging task in the global poultry in-

dustry, particularly among indigenous breeds such as 

Kadaknath, where secondary sexual characteristics 

are not yet developed. Early and precise chick sexing 

underpins effective flock management, optimized nu-

tritional planning, and genetic selection strategies, es-

pecially in commercial operations where males and 

females differ significantly in growth rate, meat yield, 

and market value. In broiler production systems, for 

instance, male chicks are often preferred due to their 

superior feed conversion ratio (FCR) and uniform 

carcass traits, making sex identification at hatch eco-

nomically vital. 

Traditional sexing techniquesðincluding vent 

sexing, feather sexing, and color-based sexingðalt-

hough widely practiced, are labor-intensive, invasive, 

and prone to human error. These methods demand 

considerable expertise and are often breed-specific, 

limiting their utility across diverse poultry popula-

tions [1]. Moreover, the ethical implications associ-

ated with chick handling stress and physical manipu-

lation have prompted the search for non-invasive, 

rapid, and automatable solutions that are more con-

sistent and animal welfare-friendly. 

One promising frontier in this context lies in the 

exploration of sexual dimorphism, defined as the 

morphological differences between males and fe-

males of a species. While well-documented in adult 

birdsðmanifested in plumage coloration, comb de-

velopment, body size, and vocalization patterns [2], 

such traits are rarely present or discernible in newly 

hatched chicks. Recent advances in phenomics and 

computational biology have directed attention toward 

less obvious but potentially informative features such 

as craniofacial morphology, ocular metrics, and facial 

asymmetry. 

The eye, in particular, presents a unique oppor-

tunity for early sex identification. As a complex sen-

sory organ with species-specific functional and ana-

tomical variations, the eye may harbor subtle dimor-

phic features, such as differences in shape, size, pupil 

alignment, inter-eye distance, and ocular contouring 

[3, 4]. These characteristics, collectively referred to 

as eye dimorphism, remain understudied in avian spe-

cies but are gaining traction in automated biometric 

identification systems. The morphology of a birdôs 

eye undergoes relatively minimal developmental 

changes from the neonatal stage to adulthood, espe-

cially when compared to the more pronounced 

changes seen in some other vertebrates [5]. 

To analyze such fine-scale morphological varia-

tion, the field of geometric morphometrics (GMM) 

offers a robust, landmark-based methodology capable 

of capturing and statistically analyzing two-dimen-

sional and three-dimensional shape variation. GMM 

has been successfully employed in various vertebrate 

studies for species identification, developmental biol-

ogy, and evolutionary analysis, and its application in 

poultry science is rapidly expanding [6-9]. Through 

Procrustes superimposition, principal component 

analysis (PCA), and canonical variate analysis 

(CVA), GMM enables the high-resolution quantifica-

tion of shape differences [10, 11], making it an ideal 

tool for detecting early sexual shape dimorphism 

(SShD) [12, 13]. 

In parallel, the integration of machine learning 

(ML) and deep learning (DL) algorithms into preci-

sion livestock farming (PLF) systems has revolution-

ized automated phenotyping [14-18]. Recent studies 

employing convolutional neural networks (CNNs) 

and support vector machines (SVMs) have demon-

strated encouraging results in sex classification [19], 

health monitoring, and behavioral analysis using fa-

cial and ocular image data. These technological ad-

vancements have positioned facial recognition-based 

sexing systems as a viable alternative to traditional 

approaches [20], with the potential to reduce chick 

stress, eliminate the need for skilled sexers, and en-

hance both accuracy and efficiency in poultry opera-

tions. 

The present study aims to contribute to this 

evolving field by investigating whether eye shape, as 

captured through landmark-based geometric morpho-

metrics, can serve as a reliable morphological marker 

for sex differentiation in the Kadaknath chicken ï an 

indigenous Indian breed noted for its distinctive mel-

anism, disease resistance, and adaptability to local cli-

mates [21, 22]. By identifying consistent patterns of 

eye shape variation between male and female 

chicken, this research seeks to develop a biologically 

relevant, non-invasive, and practically implementable 

method for early sex identification.  

This approach aligns with broader efforts in sus-

tainable poultry production, welfare-centric manage-

ment, and the integration of AI-driven image analyt-

ics in agriculture. If successful, this work could pave 

the way for scalable, breed-independent, and auto-

mated chick sexing systems tailored to the needs of 

indigenous poultry, addressing both economic and 

ethical challenges inherent in conventional sexing 

practices. 

Materials and Methods 

Sample Collection 

A total of 16 adult Kadaknath chickens (9 males, 

7 females), all aged 2 years and in good health and 

body condition, were selected. The birds were 

sourced from the Rashtriya Krishi Vikas Yojana 

(RKVY) Poultry Farm, Faculty of Veterinary and An-

imal Sciences, Banaras Hindu University, Barkachha, 

Mi rzapur, Uttar Pradesh, India. All animal handling 

and research procedures adhered to institutional ethi-

cal guidelines 

Image Acquisition and Landmark Selection 

High-resolution lateral photographs of the right 

eye of each bird were taken using a digital camera 

mounted on a tripod, positioned at a fixed distance of 

30 cm. Uniform lighting conditions were maintained 
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throughout the imaging process. A total of 45 anatom-

ically homologous landmarks were identified and 

consistently selected based on visible (Figure.1), re-

peatable features of the eye. These landmarks were 

categorized as follows: 

¶ Medial angle of the eye: Landmarks 1-5 and 

Landmarks 40-45 

¶ Lateral angle of the eye: Landmarks 19-27 

¶ Dorsal part of the eye: Landmarks 6-18 

¶ Ventral part of the eye: Landmarks 28-39 

¶ 1-12: Dorsomedial part of eye, 13-21: 

Dorsolateral part of eye, 22-33: Ventrolateral part of 

the eye and 34-45: Ventromedial part of the eye. 

Landmark Digitization, Data Preparation and 

Analysis 

Each image was digitized in TPSDig232, and 

landmark coordinates were exported in TPS format 

using TPSUtil32. Landmark data were then imported 

into MorphoJ (v1.08.01.msi) for further analysis. 

Geometric Morphometric Analysis and Statisti-

cal Analysis 

Generalized Procrustes Analysis (GPA) was em-

ployed to eliminate non-shape variation, including 

differences in position, scale, and orientation, thereby 

isolating pure shape information. Principal Compo-

nent Analysis (PCA) was subsequently conducted to 

explore the primary axes of shape variation across the 

dataset. To assess shape differences between sexes, 

Canonical Variate Analysis (CVA) was performed, 

enabling the evaluation of intergroup morphological 

divergence. Discriminant Function Analysis (DFA) 

was utilized to assess the classification accuracy of 

individuals by sex based on shape variables. 

Graphical representations of shape variation in-

cluded wireframe diagrams and scatter plots derived 

from PCA and CVA. All statistical analyses were 

conducted and results were visualized using a combi-

nation of plots, wireframe overlays, and summary ta-

bles to comprehensively illustrate patterns of shape 

variation and group differentiation. 

Results 

Principal Component Analysis (PCA) 

Principal Component Analysis (PCA) was con-

ducted on Procrustes-aligned coordinates derived 

from 45 anatomical landmarks representing the eye 

shape of Kadaknath chickens. This analysis reduced 

the dimensionality of the high-dimensional landmark 

data while preserving the major axes of morphologi-

cal variation (Fig. 1). 

The first two principal components (PC1 and 

PC2) collectively accounted for 81.35% of the total 

shape variation, with PC1 contributing 58.46% and 

PC2 accounting for 22.89% (Table 1). A scree plot 

revealed a prominent elbow at PC2, indicating that 

most biologically meaningful variation was captured 

within these two dimensions (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Fig. 1. Anatomical landmarks (1ï45) positioned on the 

surface of the eye to delineate the eye outline. These land-
marks were systematically placed to capture the overall con-
tour and shape variation of the eye region for morphometric 
analysis. 

 

Table 1  

Principal Component Analysis Summary 

 

The shape variation along PC1 represented the 

dominant axis of morphological differentiation. 

Warped outline diagrams and landmark displacement 

vectors revealed that PC1 captured expansion along 

the dorsomedialïventromedial axis and elongation in 

the lateral regions (Fig. 3). Male eye shapes were as-

sociated with greater expansion and elongation, while 

females displayed more compact and rounded out-

lines. Landmarks in the dorsomedial region and lat-

eral angle contributed significantly to these shape dif-

ferences. PC2, explaining 22.89% of variance, de-

scribed secondary variations in eye shape, including 

asymmetry, curvature shifts, and localized bulging in 

either the dorsal or ventral regions. These differences 

appeared to reflect both inter- and intra-sexual varia-

tion, as indicated by broader dispersion of male sam-

ples and clustering patterns. PC3 (~10%) involved 

asymmetrical lateral displacement, particularly in the 

dorsolateral and ventrolateral regions, and appeared 

to represent individual variation rather than sex-based 

differences. PC4 (~5%) and PC5 (<5%) accounted for 

subtle curvature and local shape fluctuations, respec-

tively, and contributed minimally to overall shape di-

morphism. 

Principal 

Compo-

nent 

Eigenvalue % 

Vari-

ance 

Cumula-

tive % 

PC1 0.00220529 58.46% 58.46% 

PC2 0.00086360 22.89% 81.35% 

PC3 0.00023577 6.25% 87.60% 

PC4 0.00018071 4.79% 92.39% 

PC5 0.00009478 2.51% 94.91% 
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Fig. 2. Presents a scree plot depicting the relationship between principal components and the percentage of explained 

variance. A pronounced elbow at PC2 indicates that the majority of meaningful shape variation is captured by the first two principal 
components (PC1 and PC2). 

 

 

 

 

 

 

 

 

 

 
Fig. 3. Warped Outline Diagrams (PC1-PC5) present the visualization of shape variation in eye morphology along the first 

five principal components. PC1 (58.46%) captures the primary sexual dimorphism, with males showing lateral elongation and 
females a rounded shape. PC2 (22.89%) reflects vertical elongation with limited sex differences. PCs 3ï5 (~10%, ~5%, <5%) 
represent individual variation and minor curvature or local shape changes. 

 

Convex hull analysis of PCA scores revealed 

distinct sex-based clustering. Female specimens oc-

cupied a compact morphospace cluster, reflecting 

lower intra-group shape variation and higher morpho-

logical consistency. In contrast, males exhibited a 

broader spread along both PC1 and PC2, indicating 

greater shape variability. This pattern was further 

supported by the PC1 vs. PC2 scatterplot, which 

demonstrated clear separation between sexes, sug-

gesting potential sexual dimorphism (Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 4. The convex hull of Principal Component 1 (PC1) and Principal Component 2 (PC2) illustrates sex-based differences 

in eye shape variability. Female eye shapes (red) form a more compact cluster in morphospace, indicating greater morphological 
consistency. In contrast, male eye shapes (blue) exhibit a broader distribution along both PC1 and PC2, reflecting increased 
variability in eye shape. 
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Visual analysis of deformation grids provided 

additional insight into localized shape changes be-

tween sexes. In males, the dorsal region appeared 

compressed or inward-shifted, while the ventral re-

gion exhibited outward expansion. Medial and lateral 

angles showed asymmetric elongation, particularly in 

lateral regions, contributing to an elliptical shape with 

a tilted major axis (Fig. 5). These distortions further 

suggest shape dimorphism and potential differences 

in eye orientation or aspect ratio between sexes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 5. This histogram shows the distribution of Canonical Variate 1 (CV1) scores for males and females from the Canonical 

Variate Analysis (CVA). 

 

Canonical Variate Analysis (CVA  

Canonical variate analysis (CVA) was per-

formed to assess shape differences between male and 

female chickens based on eye shape. The analysis 

yielded a single canonical variate (CV1), which ex-

plained 100% of the between-group shape variation, 

indicating that all shape differentiation between sexes 

is captured along this axis (Table 2). A large eigen-

value (4.0174) associated with CV1 reflects strong 

discriminatory power between male and female eye 

shapes. 

 

Table 2  

Canonical Variate Analysis (CVA) Summary Table 

 

Parameter Value 

Canonical Variates Extracted 1 

Eigenvalue (CV1) 4.0174 

% Variance Explained (CV1) 100.00% 

Goodallôs F (Permutation, 10,000 reps) 1.5748 

P-value (Goodallôs F) < 0.0001 

Pillaiôs Trace 1.0000 

P-value (Pillaiôs Trace) < 0.0001 

Mahalanobis Distance (MaleïFemale) 3.7794 

Procrustes Distance (MaleïFemale) 0.0388 

Significant Shape Differences Yes (p < 0.0001) 

 

Permutation tests (10,000 iterations) were con-

ducted to evaluate the statistical significance of shape 

differences between sexes. The results were highly 

significant for both Goodallôs F-test and Pillaiôs trace 

(p < 0.0001), clearly rejecting the null hypothesis of 

no shape difference. These outcomes strongly support 

the presence of sexual dimorphism in eye shape 

within this indigenous chicken breed. 

Further confirmation was provided by pairwise 

distance measures, including both Mahalanobis dis-

tance and Procrustes distance, which consistently re-

vealed significant separation between male and fe-

male eye shapes. 

Examination of canonical coefficients for CV1 
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revealed the relative contribution of each landmarkôs 

x and y coordinates to the observed group separation. 

Landmarks with higher absolute coefficient values 

were considered key contributors to sexual dimor-

phism. Notably: Landmark 16 (x = 47.16, y = 59.98) 

had a very strong positive loading on both axes, high-

lighting the dorsal part of the eye as highly sexually 

dimorphic. Landmarks 13 and 14 showed large nega-

tive coefficients in the y-axis (ï49.61 and ï45.56 re-

spectively), possibly indicating ventral displacement 

or boundary shifts in one sex. Landmarks 31, 32, and 

33 (dorsolateral eye region) exhibited high positive y-

coefficients (y å 46ï76), further emphasizing dorso-

lateral region differences. Landmark 45 (Ventrome-

dial part of the eye) showed a strong negative x-axis 

coefficient (ï40.79), suggesting its significant role in 

distinguishing eye shape by sex. 

The CV1 scores demonstrated a clear separation 

between sexes, with males exhibiting positive CV1 

values and females showing negative scores. These 

shape differences align with the observed landmark 

displacements: males displayed a more expanded dor-

somedialïventromedial region and lateral elongation, 

whereas females showed a more compact and 

rounded eye shape, as visually illustrated in Figure 5. 

 

Discriminant Function Analysis (DFA) 

Discriminant Function Analysis (DFA) revealed 

significant shape differences between male and fe-

male Kadaknath chickens. The permutation test based 

on Hotellingôs TĮ statistic yielded a P-value of 0.0040, 

indicating statistically significant sexual dimorphism 

in eye shape. In contrast, the Procrustes distance per-

mutation test returned a P-value of 0.1550, which was 

not statistically significant, suggesting that the overall 

magnitude of shape difference may be affected by 

sample size limitations. The DFA model achieved an 

overall cross-validated classification accuracy of ap-

proximately 69%, notably exceeding the chance level 

of 50%. This result suggests that eye shape contains 

sufficient discriminatory features to differentiate be-

tween sexes in this breed (Table-3). 

 

Table 3  

Discriminant Function Analysis Summary: Female 

vs Male Eye Shape 

 

Parameter Value 

Procrustes Distance (mean diff.)  0.03884233 

Mahalanobis Distance 3.7794 

T-square Statistic 56.2441 

Parametric P-value (T-square) 0.9170 

Permutation P-value (Procrustes) 0.1550 

Permutation P-value (T-square) 0.0040 

 

The cross-validation histogram of the Discrimi-

nant Function Analysis (DFA) demonstrates clear 

group separation between female and male samples. 

Female scores (represented by red bars) are predomi-

nantly clustered around negative values, primarily 

ranging from -15 to 0, indicating that most female in-

dividuals are positioned on the negative side of the 

discriminant axis. Conversely, male scores (blue 

bars) are largely distributed between 0 and +20, with 

the majority located on the positive side of the axis. 

The classification threshold is centred near a score of 

0, where minimal overlap is observed between the 

two groups. This distinct separation suggests high 

classification accuracy, with most individuals cor-

rectly assigned to their respective sex during cross-

validation (Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 6. This histogram shows the distribution of DFA scores between female (red) and male (blue) for cross-validation in the 

discriminant function analysis. 

 

Discriminant Function Analysis (DFA) of eye 

shape measurements revealed a clear separation be-

tween male and female individuals based on their dis-

criminant scores. Histogram analysis of the DFA 

scores showed distinct, non-overlapping distributions 

for the two sexes (Fig. 7). Female individuals (repre-

sented by red bars) exhibited DFA scores ranging 

from ï15 to 0, with all scores tightly clustered on the 

negative side of the distribution. Notably, no female 

scores extended into the positive range. This pattern 

indicates strong within-group consistency and dis-

tinct morphological traits characteristic of the female 

eye shape, particularly more compact and rounded or-
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bital features. In contrast, male individuals (repre-

sented by blue bars) displayed DFA scores ranging 

from +2 to +12, with all values clustered on the posi-

tive side. No male scores encroached into the negative 

range, confirming that male eye shapesðcharacter-

ized by expanded dorsomedialïventromedial and lat-

eral elongationðwere consistently distinguishable 

from those of females. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 7. This histogram represents the DFA discriminant scores separating females (red) and males (blue) based on eye 

shape. 

 

Discussion 

The results from Principal Component Analysis 

(PCA) highlight that the majority of shape varia-

tionðcaptured predominantly by PC1ðis strongly 

associated with sex-based differences. Male Ka-

daknath chickens exhibited expanded dorsomedialï

ventromedial regions and more elongated lateral eye 

shapes, while females displayed more compact and 

rounded ocular outlines. These distinctions were con-

sistently supported by Scree plot, warped outline dia-

grams, PCA scatterplots analyses. 

The distinct clustering of males and females in 

morphospace, combined with the significantly differ-

ent PC1 score distributions, supports the central hy-

pothesis posed in this studyôs title. Eye shape, partic-

ularly when analyzed through high-resolution land-

mark-based geometric morphometric techniques, of-

fers sufficient discriminatory power to reflect sex-

ually dimorphic patterns in craniofacial morphology 

[23-25]. While PC2 and higher-order components ac-

counted for more subtle and sometimes intra-sexual 

shape variation (e.g., tilting, bulging, or asymmetry), 

it was PC1 that carried the strongest sexual signal. 

This suggests that the eye shape dimorphism ob-

served is not only statistically meaningful but also 

morphologically consistent across individuals. 

Moreover, the reduced intra-group shape varia-

bility in femalesðas evidenced by their compact con-

vex hull and tight clusteringðmay point toward evo-

lutionary pressures for visual or reproductive uni-

formity. In contrast, greater variation in males could 

reflect differential selection pressures or greater phe-

notypic plasticity [26, 27]. These patterns offer fertile 

ground for further investigation into the genetic, func-

tional, or ecological drivers of eye shape in indige-

nous chicken breeds. 

The Canonical variate analysis (CVA) demon-

strates that eye shape exhibits clear sexual dimor-

phism in the indigenous chicken breed under investi-

gation. The strong discriminatory power of CV1, sup-

ported by significant permutation test results and dis-

tinct pairwise distances, confirms that geometric mor-

phometrics can reliably detect sex-based shape varia-

tion in the eye. The landmarks contributing most to 

the separation primarily involve the dorsal, dorsolat-

eral, and posterior regions of the eye. These regions 

may be subject to sex-linked developmental or func-

tional adaptations. For example, the more elongated 

and expanded eye shape in males could relate to vis-

ual performance or sexual display [28, 29], whereas 

the more compact configuration in females may re-

flect energy conservation or protective anatomical 

traits. These findings suggest that eye shape can serve 

as a potential morphological marker for sex differen-

tiation in chickens, particularly when using land-

mark-based geometric morphometric approaches. 

This may have implications for non-invasive sex 

identification in poultry management and conserva-

tion programs. 

The results of Discriminant Function Analysis 

(DFA) support the hypothesis that eye shape is a sex-

ually dimorphic trait in the Kadaknath chicken. The 

significant Hotellingôs TĮ test highlights differences 

in shape configurations between males and females, 

confirming that sex-based morphological variation 

exists in this craniofacial region. Although the Pro-

crustes distance test did not yield a significant result, 

this may reflect a limitation in statistical power due to 

the small sample size rather than an absence of shape 

divergence. The high cross-validated classification 

accuracy (69%) underscores the practical utility of 

geometric morphometrics in discriminating between 

sexes based solely on eye shape. The lack of score 

overlap in the DFA histogram further emphasizes that 

the shape [30] differences are not only statistically 

significant but also consistently expressed within 

each sex. Female eye shapes were characterized by 

more compact, rounded orbital contours, while males 

displayed expanded dorsomedialïventromedial and 
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lateral elongation, consistent with patterns of cranio-

facial sexual dimorphism observed in other verte-

brates [25, 30-32]. 

Importantly, the broader morphological variabil-

ity in males suggests greater phenotypic plasticity, 

potentially influenced by behavioral or ecological 

factors such as territorial displays or mate attraction 

[33-35]. The more uniform eye shape distribution in 

females may reflect stabilizing selection, possibly re-

lated to reproductive or nesting behaviors or ecologi-

cal factors or others that demand visual consistency 

[36-38]. 

The distinct patterns observed in mor-

phospaceðnamely, the vertical elongation of the fe-

male shape polygon and the horizontal expansion in 

malesðhighlight the potential utility of eye shape as 

a reliable marker for sex differentiation in this breed. 

These patterns support the idea that eye shape partic-

ularly when analyzed using geometric morphomet-

rics, offers a non-invasive and morphologically in-

formative means of identifying sex in poultry [39]. 

Together, these results provide strong evidence 

for sexual dimorphism in the eye shape of Kadaknath 

chickens, highlighting both static component of mor-

phological differentiation. 

This study highlights the potential of eye shape 

as a reliable phenotypic marker of sexual dimorphism 

in chickens, particularly in traditional or indigenous 

breeds such as Kadaknath. The use of eye shape as a 

non-invasive morphological indicator offers promis-

ing applications for cost-effective and early-stage sex 

determination in poultry breeding and conservation 

programs. These findings also pave the way for fur-

ther research into craniofacial traits as indicators of 

sex, breed characteristics, or environmental adapta-

tion. Future studies should extend this approach to 

various breeds and developmental stages to assess the 

consistency of these morphological differences and to 

explore their underlying biological significance. 

Funding Statement 

This research did not receive any specific grant 

from funding agencies in the public, commercial, or 

not-for-profit sectors. 

Conflict of Interest Statement 

The authors declare no conflict of interest. 

Data Availability Statement 

The data supporting the findings of this study are 

available from the first author upon reasonable re-

quest. 

 

 

References 

 

1. Horsey R. The art of chicken sexing. South-

ampton; 2002:107ï17. Available from: https://web-

archive.southampton.ac.uk/cog-

prints.org/3255/1/chicken.pdf. 

2. Owens IPF, Hartley IR. Sexual dimorphism 

in birds: why are there so many different forms of di-

morphism? Proc R Soc Lond B Biol Sci. 1998; 

265(1394):397ï407. doi: 10.1098/rspb.1998.0308. 

3. Martin GR. Avian vision. Curr Biol. 2022; 

32(20):R1079ï85. doi: 10.1016/j.cub.2022.06.065. 

4. Ausprey IJ. Eye morphology contributes to 

the ecology and evolution of the aquatic avifauna. J 

Anim Ecol. 2024;93(9):1262ï74. doi:10.1111/1365-

2656.14141. 

5. Martin GR. The sensory ecology of birds. 

Oxford: Oxford university press; 2017. (Oxford avian 

biology series). doi: 10.1093/oso/9780199694532. 

001.0001. 

6. Lawing AM, Polly PD. Geometric morpho-

metrics: recent applications to the study of evolution 

and development. J Zool. 2010;280(1):1ï7. doi: 

10.1111/j.1469-7998.2009.00620.x. 

7. Polly PD. Limbs in Mammalian Evolution in 

Fins into Limbs: Evolution, Development, and Trans-

formation, Brian K Hall (ed.). Univ Chic Press Chic.; 

2007: 245ï68.  

8. Lishchenko F, Jones JB. Application of 

Shape Analyses to Recording Structures of Marine 

Organisms for Stock Discrimination and Taxonomic 

Purposes. Front Mar Sci. 2021;8:667183. doi: 

10.3389/fmars.2021.667183. 

9. Mitteroecker P, Schaefer K. Thirty years of 

geometric morphometrics: Achievements, chal-

lenges, and the ongoing quest for biological meaning-

fulness. Am J Biol Anthropol. 2022;178(S74):181ï

210. doi: 10.1002/ajpa.24531. 

10. Peltier C, Visalli M, Schlich P. Comparison 

of Canonical Variate Analysis and Principal Compo-

nent Analysis on 422 descriptive sensory studies. 

Food Qual Prefer. 2015;40:326ï33. doi: 10.1016/ 

j.foodqual.2014.05.005. 

11. Mohd Fauad MF, Ku Mohd Noor KM, Alias 

A, Choy KW, et al. Evaluation of age variation 

changes in cervical vertebrae: 2-Dimensional (2D) 

geometric morphometrics approach. Transl Res Anat. 

2023;33:100269. doi: 10.1016/ j.tria.2023.100269. 

12. Pretorius E, Steyn M. Investigation into the 

usability of geometric morphometric analysis in as-

sessment of sexual dimorphism. Am J Phys Anthro-

pol. 2006;129(1):64ï70. doi: 10.1002/ ajpa.20251. 

13. Chiam TL, Perkins H, Hughes T, Palmer L, 

Higgins D. Palatal morphology: A systematic review 

of the association of palatal shape with genetic ances-

try, sex and age. Arch Oral Biol. 2025;175:106275. 

doi: 10.1016/j.archoralbio.2025.106275. 

14. Mankhair P, Kumari P, Singh P. Artificial 

intelligence (AI) in poultry industry - SR Publica-

tions. 2024 [Internet]. Available from: https:// 

www.srpublication.com/artificial -intelligence-ai-in-

poultry-industry/ 

15. Natho P, Boonying S, Bonguleaum P, Tanti-

https://doi.org/10.1098/rspb.1998.0308
https://doi.org/10.1111/1365-2656.14141
https://doi.org/10.1111/1365-2656.14141
https://doi.org/10.1093/oso/9780199694532.001.0001
https://doi.org/10.1093/oso/9780199694532.001.0001
https://doi.org/10.1111/j.1469-7998.2009.00620.x
https://doi.org/10.3389/fmars.2021.667183
https://doi.org/10.1016/j.foodqual.2014.05.005
https://doi.org/10.1016/j.foodqual.2014.05.005
https://doi.org/10.1016/j.tria.2023.100269


______________________________________________________________________________________ 

MORPHOLOGIA  Å 2025 Å ʊʦʤ 19 Å ˉ 4  

 

72 

dontanet N, Chamuthai L. An enhanced machine vi-

sion system for smart poultry farms using deep learn-

ing. Smart Agric Technol. 2025;12:101083. doi: 

10.1016/j.atech.2025.101083. 

16. Rodriguez MV, Phan T, Fernandes AFA, 

Breen V, Arango J, et al. Facial chick sexing: An au-

tomated chick sexing system from chick facial image. 

Smart Agric Technol. 2025;12:101044. doi: 

10.48550/arXiv.2410.09155 

17. Shafana ARF, Thariq MGM, Musthafa MM. 

Application of Artificial Intelligence in Sexing of 

Hatching Eggs: Present Status, Challenges and Future 

Direction for Sustainable Egg Industry. In: Dutta PK, 

Hamad A, Haghi AK, Prabhakar PK, editors. Food 

and Industry 50: Transforming the Food System for a 

Sustainable Future [Internet]. Cham: Springer Nature 

Switzerland; 2025:49ï59. Available from: https:// 

link.springer.com/10.1007/978-3-031-76758-6_4 

18. Kannan A, Basu J, Roy R, Pal M, Rama Rao 

SV, Chatterjee RN, et al. Gender identification of 

chicks using vocalisation signals, artificial intelli-

gence and machine learning techniques: current status 

and future prospects. Worlds Poult Sci J. 2025;81(1): 

87ï102. doi: 10.1080/00439339.2024.2438351. 

19. Li K, Wang Y, Yu J, Li X. Using Machine 

Vision to Realize Semi-Automatic Sex Recog-nition 

of Chicks. Semina Ci°nc Agr§r. 2024;46(1):131ï48. 

doi: 10.5433/1679-0359.2025v46n1p131. 

20. Khan K, Attique M, et al. Automatic Gender 

Classification through Face Segmentation. Sym-

metry. 2019;11(6):770. doi: 10.3390/sym 11060770. 

21. Haunshi S, Prince LLL. Kadaknath: a popu-

lar native chicken breed of India with unique black 

colour characteristics. Worlds Poult Sci J. 

2021;77(2):427ï40. doi: 10.1080/00439339. 

22. Sharma R, Sehrawat R, Ahlawat S, Sharma 

V, Parmar A, et al. An attempt to valorize the only 

black meat chicken breed of India by delineating su-

perior functional attributes of its meat. Sci Rep. 

2022;12(1):3555. doi: 10.1007/s13205-023-03682-0.  

23. Rosas A, Bastir M. Thin plate spline analy-

sis of allometry and sexual dimorphism in the human 

craniofacial complex. Am J Phys Anthropol. 

2002;117(3):236ï45. doi: 10.1002/ajpa.10023. 

24. Peixoto LDV, Gomes SDL, Barbieri AA, 

Groppo FC, Martins Schmidt C, Ulbricht V, et al. 

Sexual dimorphism of viscerocranium-A logistic 

model. Open Sci J. 2021;6(2). doi: 

10.23954/osj.v6i2.2757. 

25. Toneva D, Nikolova S, Tasheva-Terzieva E, 

Zlatareva D. A Geometric Morphometric Study on 

Sexual Dimorphism in Viscerocranium. Biology. 

2022;11(9):1333. doi: 10.3390/biology 11091333. 

26. Cox RM, Calsbeek R. Sex-specific selection 

and intraspecific variation in sexual size dimorphism. 

Evolution. 2010;64(3):798ï809. doi: 10.1111/j.1558-

5646.2009.00851.x. 

27. Stillwell RC, Blanckenhorn WU, Teder T, 

Davidowitz G, Fox CW. Sex Differences in Pheno-

typic Plasticity Affect Variation in Sexual Size Di-

morphism in Insects: From Physiology to Evolution. 

Annu Rev Entomol. 2010;55(1):227ï45. doi: 

10.1146/annurev-ento-112408-085500.  

28. Shaqiri A, Roinishvili M, Grzeczkowski L, 

Chkonia E, Pilz K, Mohr C, et al. Sex-related differ-

ences in vision are heterogeneous. Sci Rep. 

2018;8(1):7521. doi: 10.1038/s41598-018-25298-8. 

29. Beston SM, Walsh MR. Natural selection fa-

vours a larger eye in response to increased competi-

tion in natural populations of a vertebrate. Higham T, 

editor. Funct Ecol. 2019;33(7):1321ï31. doi: 

10.1111/1365-2435.13334. 

30. Nikita E, Michopoulou E. A quantitative ap-

proach for sex estimation based on cranial morphol-

ogy. Am J Phys Anthropol. 2018;165(3):507ï17. doi: 

10.1002/ajpa.23376. 

31. Nikita E. Quantitative Sex Estimation Based 

on Cranial Traits Using R Functions. J Forensic Sci. 

2019;64(1):175ï80. doi: 10.1111/1556-4029.13833. 

32. Kistner TM, Zink KD, Worthington S, 

Lieberman DE. Geometric morphometric investiga-

tion of craniofacial morphological change in domes-

ticated silver foxes. Sci Rep. 2021;11(1):2582. doi: 

10.1038/s41598-021-82111-9. 

33. Fox RJ, Fromhage L, Jennions MD. Sexual 

selection, phenotypic plasticity and female reproduc-

tive output. Philos Trans R Soc B Biol Sci. 2019; 

374(1768):20180184. doi: 10.1098/rstb.2018.0184. 

34. Kelly PW, Pfennig DW, De La Serna Buz·n 

S, Pfennig KS. Male sexual signal predicts pheno-

typic plasticity in offspring: implications for the evo-

lution of plasticity and local adaptation. Philos Trans 

R Soc B Biol Sci. 2019;374(1768):20180179. doi: 

10.1098/rstb.2018.0179. 

35. Canal D, Jablonszky M, Krenhardt K, Mark· 

G, Nagy G, Sz§sz E, et al. Male and female identity 

and environmental contexts influence courtship be-

haviour in a songbird. Anim Behav. 2022;186:11ï9. 

doi: 10.1016/j.anbehav.2022.01.006 

36. Menezes AH. Primary Craniovertebral 

Anomalies and the Hindbrain Herniation Syndrome 

(Chiari I): Data Base Analysis. Pediatr Neurosurg. 

1995;23(5):260ï9. doi: 10.1159/000120969. 

37. Perea-Garc²a JO, Ramarajan K, Kret ME, 

Hobaiter C, Monteiro A. Ecological factors are likely 

drivers of eye shape and colour pattern variations 

across anthropoid primates. Sci Rep. 2022;12(1): 

17240. doi: 10.1038/s41598-022-20900-6. 

38. Talarico F, Ko­ak Y, Macirella R, Sesti S, 

Y¿ksel E, Brunelli E. Eye morphology in four species 

of tiger beetles (Coleoptera: Cicindelidae). Zoology. 

2024;165:126173. doi: 10.1016/j.zool.2024.126173. 

39. Escamilla-Garc²a A, Soto-Zaraz¼a GM, 

Toledano-Ayala M, Gast®lum-Barrios A. A new ap-

plication of morphometric variables and image pro-

cessing to determine day-old chicken sex. J Appl Res 

Technol. 2022;20(5):564ï9. doi:10.22201/icat. 

24486736e.2022.20.5.1390. 

https://doi.org/10.1016/j.atech.2025.101083
https://doi.org/10.48550/arXiv.2410.09155
https://doi.org/10.1080/00439339.2024.2438351
https://doi.org/10.3390/sym11060770
https://doi.org/10.1080/00439339.
https://doi.org/10.1007/s13205-023-03682-0
https://doi.org/10.23954/osj.v6i2.2757
https://doi.org/10.1016/j.anbehav.2022.01.006
https://doi.org/10.22201/icat.24486736e.2022.20.5.1390
https://doi.org/10.22201/icat.24486736e.2022.20.5.1390


______________________________________________________________________________________ 

MORPHOLOGIA  Å 2025 Å ʊʦʤ 19 Å ˉ 4  

 

73 

ʇʘʪʘʢ ʉ.ʂ., ʊʨʽʧʘʪʽ ʋ.ʂ., ʂʫʤʘʨʽ ɸ., ʉʽʥʛʭ ɸ. ʏʠ ʤʦʞʝ ʬʦʨʤʘ ʦʯʝʡ ʩʣʫʞʠʪʠ ʤʘʨʢʝʨʦʤ ʩʪʘʪʝʚʦʛʦ 

ʜʠʤʦʨʬʽʟʤʫ ʫ ʢʫʨʝʡ? ɻʝʦʤʝʪʨʠʯʥʝ ʤʦʨʬʦʤʝʪʨʠʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʤʽʩʮʝʚʦʾ ʧʦʨʦʜʠ ʢʫʨʝʡ ʟ ɯʥʜʽʾ.  

ɸʅʆʊɸʎɯʗ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ʊʦʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʫ ʩʚʽʡʩʴʢʦʾ ʧʪʠʮʽ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʫʩʧʽʰʥʠʭ ʧʨʦ-

ʛʨʘʤ ʨʦʟʚʝʜʝʥʥʷ, ʝʬʝʢʪʠʚʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʝʢʦʥʦʤʽʯʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʚ ʧʪʘʭʽʚʥʠʯʽʡ ʛʘʣʫʟʽ. ʊʨʘʜʠʮʽʡʥʽ ʤʝ-

ʪʦʜʠ, ʪʘʢʽ ʷʢ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʟʘ ʧʽʨ'ʷʤ ʪʘ ʪʝʩʪʫʚʘʥʥʷ ɼʅʂ, ʯʘʩʪʦ ʤʘʶʪʴ ʟʥʘʯʥʽ ʥʝʜʦʣʽʢʠ. ʎʽ ʤʝʪʦʜʠ ʤʦʞʫʪʴ 

ʙʫʪʠ ʽʥʚʘʟʠʚʥʠʤʠ, ʩʪʨʝʩʦʚʠʤʠ ʜʣʷ ʧʪʘʭʽʚ, ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʘʙʦ ʥʝʧʦʩʣʽʜʦʚʥʠʤʠ ʫ ʩʚʦʾʡ ʪʦʯʥʦʩʪʽ, ʦʩʦʙʣʠʚʦ 

ʫ ʤʽʩʮʝʚʠʭ ʘʙʦ ʢʦʨʽʥʥʠʭ ʧʦʨʽʜ, ʜʝ ʚʽʜʩʫʪʥʽʡ ʯʽʪʢʠʡ ʩʪʘʪʝʚʠʡ ʜʠʤʦʨʬʽʟʤ ʥʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʨʦʟʚʠʪʢʫ. ʂʫʨʠ 

ʧʦʨʦʜʠ ʂʘʜʘʢʥʘʪʭ, ʢʦʨʽʥʥʽ ʪʘ ʛʝʥʝʪʠʯʥʦ ʚʽʜʤʽʥʥʽ ʧʦʨʦʜʠ ʟ ɯʥʜʽʾ, ʚʽʜʦʤʽ ʩʚʦʻʶ ʫʥʽʢʘʣʴʥʦʶ ʯʦʨʥʦʶ ʧʽʛʤʝʥ-

ʪʘʮʽʻʶ. ʆʜʥʘʢ, ʥʝʟʥʘʯʥʽ ʟʦʚʥʽʰʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʘʤʮʷʤʠ ʪʘ ʩʘʤʢʘʤʠ ʚ ʤʦʣʦʜʦʤʫ ʚʽʮʽ ʨʦʙʣʷʪʴ ʪʨʘʜʠʮʽʡʥʽ 

ʤʝʪʦʜʠ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʩʢʣʘʜʥʠʤʠ. ʗʢ ʨʝʟʫʣʴʪʘʪ, ʽʩʥʫʻ ʟʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ, 

ʥʝʽʥʚʘʟʠʚʥʠʭ ʪʘ ʪʦʯʥʠʭ ʤʦʨʬʦʣʦʛʽʯʥʠʭ ʤʘʨʢʝʨʽʚ ʜʣʷ ʨʘʥʥʴʦʾ ʜʠʬʝʨʝʥʮʽʘʮʽʾ ʩʪʘʪʽ ʫ ʮʽʻʾ ʧʦʨʦʜʠ. ʄʝʪʘ. ɼʦ-

ʩʣʽʜʠʪʠ, ʯʠ ʤʦʞʝ ʬʦʨʤʘ ʦʯʝʡ ʩʣʫʞʠʪʠ ʥʘʜʽʡʥʠʤ, ʥʝʽʥʚʘʟʠʚʥʠʤ ʤʦʨʬʦʣʦʛʽʯʥʠʤ ʤʘʨʢʝʨʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʘʪʽ ʫ ʢʫʨʝʡ ʂʘʜʘʢʥʘʪʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʦʤʝʪʨʠʯʥʠʭ ʤʦʨʬʦʤʝʪʨʠʯʥʠʭ ʤʝʪʦʜʽʚ. ʄʝʪʦʜʠ. ʋ 16 ʢʣʽʥʽʯʥʦ 

ʟʜʦʨʦʚʠʭ ʜʦʨʦʩʣʠʭ ʢʫʨʝʡ ʧʦʨʦʜʠ ʂʘʜʘʢʥʘʪʭ (9 ʩʘʤʮʽʚ ʪʘ 7 ʩʘʤʦʢ) ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʠʩʦʢʦʨʦʟʜʽʣʴʥʽ ʣʘʪʝʨʘ-

ʣʴʥʽ ʬʦʪʦʛʨʘʬʽʾ ʧʨʘʚʦʛʦ ʦʢʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʽ ʫʤʦʚʠ ʚʽʟʫʘʣʽʟʘʮʽʾ. ʅʘ ʢʦʞʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ ʙʫʣʦ ʨʦ-

ʟʤʽʱʝʥʦ ʟʘʛʘʣʦʤ 45 ʘʥʘʪʦʤʽʯʥʦ ʛʦʤʦʣʦʛʽʯʥʠʭ ʦʨʽʻʥʪʠʨʽʚ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʬʦʨʤʠ ʪʘ ʢʨʠʚʠʟʥʠ 

ʦʢʘ. ɹʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʨʬʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ, ʧʦʯʠʥʘʶʯʠ ʟ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʘʥʘʣʽʟʫ ʧʨʦʢʨʫʩʪʘ 

ʜʣʷ ʥʦʨʤʘʣʽʟʘʮʽʾ ʜʘʥʠʭ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʚʘʨʽʘʮʽʡ, ʟʫʤʦʚʣʝʥʠʭ ʧʦʣʦʞʝʥʥʷʤ, ʦʨʽʻʥʪʘʮʽʻʶ ʪʘ ʤʘʩʰʪʘʙʦʤ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʦʩʝʡ ʚʘʨʽʘʮʽʾ ʬʦʨʤʠ ʫ ʨʽʟʥʠʭ ʦʩʦʙʠʥ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʛʦʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥ-

ʪʽʚ. ɼʣʷ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʩʪʘʪʝʚʦʛʦ ʜʠʤʦʨʬʽʟʤʫ ʪʘ ʪʦʯʥʦʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʩʦʙʠʥ ʥʘ ʦʩʥʦʚʽ ʬʦʨʤʠ ʦʢʘ ʚʠʢʦ-

ʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʘʥʦʥʽʯʥʠʡ ʚʘʨʽʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʪʘ ʘʥʘʣʽʟ ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʭ ʬʫʥʢʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ. ɸʥʘʣʽʟ ʛʦ-

ʣʦʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʧʝʨʰʽ ʜʚʘ ʛʦʣʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ (PC1 ʪʘ PC2) ʩʪʘʥʦʚʠʣʠ 81,35% ʚʽʜ ʟʘʛʘ-

ʣʴʥʦʾ ʚʘʨʽʘʮʽʾ ʬʦʨʤʠ. ʅʘʡʙʽʣʴʰʽ ʤʦʨʬʦʣʦʛʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʪʘʪʷʤʠ ʩʧʦʩʪʝʨʽʛʘʣʠʩʷ ʫ ʚʝʥʪʨʦʣʘʪʝʨʘʣʴ-

ʥʽʡ ʪʘ ʜʦʨʩʦʣʘʪʝʨʘʣʴʥʽʡ ʦʙʣʘʩʪʷʭ ʦʢʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʣʦʢʘʣʽʟʦʚʘʥʽ ʟʤʽʥʠ ʬʦʨʤʠ, ʧʦʚ'ʷʟʘʥʽ ʟʽ ʩʪʘʪʪʶ. ʂʘ-

ʥʦʥʽʯʥʠʡ ʚʘʨʽʘʪʠʚʥʠʡ ʘʥʘʣʽʟ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʩʪʘʪʠʩʪʠʯʥʦ ʟʥʘʯʫʱʠʡ ʩʪʘʪʝʚʠʡ ʜʠʤʦʨʬʽʟʤ ʤʽʞ ʩʘʤʮʷʤʠ ʪʘ 

ʩʘʤʢʘʤʠ, ʟ ʚʽʜʩʪʘʥʥʶ ʄʘʭʘʣʘʥʦʙʽʩʘ 3,7794 ʪʘ ʚʽʜʩʪʘʥʥʶ ʇʨʦʢʨʫʩʪʘ 0,0388 (P < 0,0001), ʱʦ ʚʢʘʟʫʻ ʥʘ ʯʽʪʢʝ 

ʨʦʟʜʽʣʝʥʥʷ ʚ ʤʦʨʬʦʧʨʦʩʪʦʨʽ. ɸʥʘʣʽʟ ʜʠʩʢʨʠʤʽʥʘʥʪʥʠʭ ʬʫʥʢʮʽʡ ʜʦʩʷʛ ʽʜʝʘʣʴʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ (100%) ʧʨʠ 

ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʪʘ ʟʙʝʨʽʛ ʜʦʩʠʪʴ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ 68,75% ʧʨʠ ʧʝʨʝʭ-

ʨʝʩʥʽʡ ʧʝʨʝʚʽʨʮʽ ʟ ʚʠʢʣʶʯʝʥʥʷʤ ʦʜʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʠʣʴʥʫ ʯʫʪʣʠʚʫ ʤʦʜʝʣʴ. ʇʽʜʩʫʤʦʢ. ɼʦ-

ʩʣʽʜʞʝʥʥʷ ʥʘʜʘʻ ʧʝʨʝʢʦʥʣʠʚʽ ʜʦʢʘʟʠ ʪʦʛʦ, ʱʦ ʬʦʨʤʘ ʦʯʝʡ ʜʝʤʦʥʩʪʨʫʻ ʯʽʪʢʠʡ ʪʘ ʚʠʤʽʨʶʚʘʥʠʡ ʩʪʘʪʝʚʠʡ 

ʜʠʤʦʨʬʽʟʤ ʫ ʢʫʨʝʡ ʧʦʨʦʜʠ ʂʘʜʘʢʥʘʪʭ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʢʨʝʩʣʶʶʪʴ ʧʦʪʝʥʮʽʘʣ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʨʬʦʤʝʪ-

ʨʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʤʦʨʬʦʣʦʛʽʾ ʦʯʝʡ ʷʢ ʥʝʽʥʚʘʟʠʚʥʦʛʦ, ʥʝʜʦʨʦʛʦʛʦ ʪʘ ʚʽʟʫʘʣʴʥʦ ʟʘʩʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʽʜʝʥʪʠʬʽ-

ʢʘʮʽʾ ʩʪʘʪʽ ʫ ʮʽʻʾ ʧʦʨʦʜʠ. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʠʥʥʽ ʟʦʩʝʨʝʜʠʪʠʩʷ ʥʘ ʙʽʣʴʰ ʦʙʰʠʨʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ 

ʪʘ ʚʠʚʯʝʥʥʽ ʤʝʪʦʜʽʚ ʪʨʠʚʠʤʽʨʥʦʾ (3D) ʚʽʟʫʘʣʽʟʘʮʽʾ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤʠ. ʂʨʽʤ ʪʦʛʦ, ʽʥʪʝ-

ʛʨʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʤʦʨʬʦʤʝʪʨʠʯʥʠʤʠ ʜʘʥʠʤʠ ʤʦʞʝ ʱʝ ʙʽʣʴʰʝ ʧʦʢʨʘʱʠʪʠ ʘʚʪʦʤʘ-

ʪʠʟʘʮʽʶ ʪʘ ʪʦʯʥʽʩʪʴ ʥʝʽʥʚʘʟʠʚʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʢʫʨʝʡ ʧʦʨʦʜʠ ʂʘʜʘʢʥʘʪʭ, ʚʠʷʚʣʷʶʯʠ ʧʦʤʽʪʥʽ ʤʦʨʬʦ-

ʣʦʛʽʯʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʤʽʞ ʩʪʘʪʷʤʠ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʨʦʟʨʦʙʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ, ʥʝʽʥʚʘʟʠʚʥʠʭ ʤʝ-

ʪʦʜʽʚ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʜʣʷ ʧʪʠʮʽ ʟ ʣʝʜʴ ʧʦʤʽʪʥʠʤ ʩʪʘʪʝʚʠʤ ʜʠʤʦʨʬʽʟʤʦʤ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʪʘʪʝʚʠʡ ʜʠʤʦʨʬʽʟʤ, ʂʘʜʘʢʥʘʪʭ, ʢʫʨʢʘ, ʬʦʨʤʘ ʦʯʝʡ, ʛʝʦʤʝʪʨʠʯʥʘ ʤʦʨʬʦʤʝʪʨʽʷ. 
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the scalp using the Fiji platform in subversive abscessing perifolliculitis of the head. Methods. Biopsy material from patients 

diagnosed with abscessing perifolliculitis of the head (Hoffmann's disease) who underwent examination and treatment at 
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the study and control groups did not show any difference (94.32Ñ15.08% and 82.40Ñ10.26%, respectively, p>0.05), which 
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Introduction  

Hoffmann's disease or abscessing perifolliculitis 

of the scalp is a chronic, treatment-resistant and re-

current purulent-inflammatory disease of the hair fol-

licles, which causes the formation of deep abscesses, 

cicatricial alopecia and significant changes in the 

scalp. The disease occurs mainly in young men aged 

20ï40 years [1-3]. According to statistics from the 

medical center of the private enterprise "Dzerkalo", 

Dnipro, Ukraine, over the past ten years in Ukraine, 
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cases of abscessing perifolliculitis have begun to in-

crease among men, especially military personnel, due 

to the wearing of specific protective equipment and 

additional factors of occlusion and inflammation of 

the hair follicles. Medical workers also pay attention 

to the seasonality of cases, namely, the number of 

cases in the winter-spring period exceeds the number 

of cases in the summer. 

Despite the fact that the number of patients with 

abscessing perifolliculitis of the head is not high com-

pared to the total number of patients with pustular 

skin lesions, due to frequent relapses and ineffective-

ness of standard antibacterial therapy, cases of ab-

scessing perifolliculitis of the head remain incorrectly 

diagnosed or unmonitored. In addition, Hoffmann's 

disease is combined with other dermatoses, such as 

acne conglobata or hidradenitis, which are included 

in the group of follicular occlusive diseases [4-7]. 

Due to the rarity of the pathology and the insuf-

ficient number of epidemiological studies, specific 

percentage prevalence rates in different countries 

have not been established. Unfortunately, there are 

also no statistical data on the prevalence of dermato-

sis in Ukraine. Further studies are needed to accu-

rately determine the prevalence of abscessing peri-

folliculitis in different regions of the world. 

Vascularization activity, proliferation and hor-

monal sensitivity are considered by many researchers 

as factors of reactivity in chronic inflammatory dis-

eases. One of the practical ways to study vasculariza-

tion is to assess the number and size of vessels by the 

expression of endothelial markers CD34 or CD31 by 

immunohistochemical method. In turn, the prolifera-

tion index and the level of androgen hormones are 

calculated by the nuclear expression of markers Ki-

67 and AR, respectively, also by immunohistochemi-

cal staining. An objective method for assessing the 

processes of vascularization and proliferation can be 

the analysis of digital microphotographs of skin bi-

opsy sections. Fiji is an open-source platform for an-

alyzing images of biological objects, which was de-

veloped specifically for scientists and has a very ac-

cessible interface (the development was initiated by 

the author Wayne Rasband at the Research Services 

Branch, National Institute of Mental Health, Be-

thesda, Maryland, USA). The Colour Deconvolution 

and Immuno Ratio plugins built into Fiji allow for the 

analysis of preparations with the quantitative assess-

ment of marker expression. 

Considering the recurrent chronic course of ab-

scessing perifolliculitis of the head, the uncertainty of 

its treatment protocols and the significant deteriora-

tion in the quality of life of patients and a significant 

impact on their psycho-emotional state, the study of 

this disease remains a relevant problem in dermatol-

ogy [8-9]. 
The aim of the work is to investigate stromal 

vascularization, proliferation and expression of an-
drogen receptors in the epithelium of the scalp using 
the Fiji platform in subversive abscessing perifollicu-
litis of the head. 

Materials and methods 

Biopsy material from patients diagnosed with 

abscessing perifolliculitis of the head (Hoffmann's 

disease) who underwent examination and treatment at 

the medical center of the private enterprise 

"Dzerkalo", Dnipro, Ukraine was studied. All patients 

were male military personnel, whose age ranged from 

20 to 51 years, the average age was 35.5Ñ11.54 years. 

The diagnosis was made on the basis of clinical, an-

amnestic, laboratory (clinical and biochemical blood 

tests), instrumental (trichoscopy and dermatoscopy), 

microbiological and pathomorphological studies 

(puncture punch biopsy with histological examina-

tion in hematoxylin-eosin staining). The control 

group included 5 samples of clean resection margins 

(conditional norm) of benign nevi of the scalp of men 

aged 34 to 48 years, the average age was 32.1Ñ9.42 

years (no statistically significant difference was 

found compared to the study group, p>0.05).  

The studies were performed in compliance with 

the main provisions of the ñRules of Ethical Princi-

ples for Conducting Scientific Medical Research with 

Human Participationò, approved by the Declaration 

of Helsinki [10], orders of the Ministry of Health of 

Ukraine No. 690 dated 09/23/2009, No. 944 dated 

12/14/2009, No. 616 dated 08/03/2012. The design of 

the work with information on the safety of the studies 

is part of the comprehensive scientific research work 

of the Department of Skin and Venereal Diseases of 

the Dnipro State Medical University ñDiagnosis and 

Personalized Therapy of Patients with Chronic Der-

matoses of Various Origins and Sexually Transmitted 

Infections, Taking into Account Comorbid Condi-

tionsò (State Registration No. 0122U000725, Imple-

mentation period 2022 - 2026). Approved by the 

Commission on Biomedical Ethics of the Dnipro 

State Medical University (Protocol No. 3 dated 

11/16/2022). 
Morphological research method. For histologi-

cal examination, 17 blocks of formalin-fixed and par-
affin-embedded puncture punch biopsies were used: 
12 from the study group and 5 from the control group, 
which were obtained from the archive of the 
Dnipropetrovsk Regional Clinical Hospital named af-
ter I. I. Mechnikov in the period from April 2023 to 
February 2024. According to the histological struc-
ture, all observations were represented by the skin of 
the scalp, which corresponded to the structure of thin 
skin with long hair and necessarily contained epithe-
lial and stromal 2 or more pilosebaceous units (hair 
follicles with adjacent sebaceous glands). In all cases, 
diagnostic and morphological signs were evaluated 
and confirmed by repeated examination by two inde-
pendent pathologists. Paraffin sections of 4-5 ɛm 
were obtained on a Microm HM-340 microtome and 
stained with hematoxylin and eosin according to the 
standard method. Two pathologists independently 
checked the slides for diagnostic accuracy and the 
presence of artifacts. Microscopy was performed us-
ing a ZEISS "Primo Star" light microscope (objec-
tives Ĭ10, Ĭ20, Ĭ40) [11]. 
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Immunohistochemical method of the study. Par-

affin sections were applied to adhesive SuperFrost 

Plus slides. After deparaffinization, rehydration, tem-

perature unmasking of antigens and inhibition of en-

dogenous peroxidase activity, sections were incu-

bated with primary antibodies in humid chambers at 

a temperature of 23ï25ÁC for 30 minutes. Primary 

monoclonal antibodies to Ki-67 (sp6, 1:250), AR 

(sp1, RTU), CD34 (sp1, RTU) and the UltraVision 

Quanto, LabVision imaging system were used in hu-

mid chambers for about 30 minutes at room tempera-

ture. To identify the reaction, a solution of the chro-

mogen 3-diaminobenzidine tetrachloride (DAB) 

(Quanto, LabVision) was applied under microscope 

control for 20 seconds to 3 minutes, with the appear-

ance of a brown color, then additionally stained with 

Mayer's hematoxylin for 1-3 minutes. Subsequent de-

hydration and inclusion in the balm were carried out 

according to common methods [12]. 

For digital morphometry, a Zeiss Primo Star - 

Axiocam ERC 5s microscope camera with licensed 

ZEN 2 blue edition software was used. The photo-

graphed fields of view were saved in .jpg format and 

processed in the Fiji platform with determination of 

the number and parameters of the perimeter and area 

of CD34-positive vessels in order to assess vascular-

ization, and calculation of the percentage of Ki-67-

positive and AR-positive intranuclear reactions using 

the ImmunoRatio plugin [13-15]. 

Statistical analysis of data was performed in the 

R software environment version 3.4.1 (2017-06-30) -

- "Single Candle" Copyright (C) 2017; The R Foun-

dation for Statistical Computing Platform: x86_64-

w64-mingw32/x64 (64-bit), which is freely distrib-

uted under the GNU General Public License. 

To compare the vessel perimeter, the Ki-67 pro-

liferation index, and hormonal (AR) activity calcu-

lated by the ImmunoRatio plugin in the Fiji platform, 

the Shapiro-Wilk test was first used to check the nor-

mality of the distribution of the indicator in each 

group. In the case of a difference in distribution from 

normality, the nonparametric Mann-Whitney U test 

was used to check the difference in mean values. Dif-

ferences were considered significant at p<0.05. Data 

in the tables are presented as MÑSD (mean Ñ standard 

deviation) [16]. 

Results 

In order to visualize the dermal vessels when 

stained with IHC using the CD34 marker in the Fiji 

platform, we first used the Colour Deconvolution pro-

cedure, which separates the vascular endothelium 

stained with DAB chromogen in brown color (Colour 

Deconvolution procedure for separating structures 

stained with DAB chromogen in the Fiji platform: Im-

age>Color>Colour Deconvoluton>Vectors> 

H&DAB). The final segmentation for further calcula-

tion of the vascular parameters in the skin stroma is 

carried out by adjusting the brightness threshold val-

ues (Threshold window), this makes the objects con-

trasting and clear for calculation (segmentation in the 

Fiji platform: Image>Adjust> Threshold - with ad-

justment of the brightness threshold values to obtain 

clear vessel boundaries). Further calculation of the di-

ameter and roundness coefficient of vessels in the 

skin stroma in Hoffman's disease begins with calibra-

tion using a photograph of a grid with a known cell 

size (90 ɛmĬ90 ɛm) - converting pixels to microme-

ters (the calibration process in the Fiji platform using 

a grid with a known cell size Analyze>Set Scale> 

Known distance (90 ɛm)>Global). Next, using a tool 

for measuring the length of irregularly shaped ob-

jects, we manually circle the internal diameter of the 

vessel section to calculate their number, area in ɛm2 

and diameter in ɛm (the process of measuring vessel 

parameters with saving results in the Fiji platform: 

ROI Manager>t>Measure>Results>Summarize). 

To save measurements, we use the ROI Manager 

(after each stroke, press the letter t, and the corre-

sponding record will be saved in the ROI Manager 

window). Pressing the Measure button gives the Re-

sults window with the values of all areas and perime-

ters of vessels, which can be used to calculate the av-

erage or total area, average perimeter of vessels, etc. 

To obtain the most reliable vascularization data from 

each case, three fields of view were analyzed at Ĭ400 

magnification. The mean values of the number and 

perimeter of vessels in the study group and in the con-

trol group are listed in Tables 1 and 2, respectively. 

 

Table 1 

Indicators of morphometric study of the number of vessels in the dermis of the skin in subversive abscessing 

perifolliculitis of the head, MÑSD 

 

Skin area Average number of CD34 (+) vessels, MÑSD 

study group, (n1=12) control group, (n2=5) ʨ 

Subepidermal location 15.64Ñ3.64 5.00Ñ0.54 p<0.05 

Dermal location 16.85Ñ2.56 6.38Ñ0.32 p<0.05 

Areas around hair follicles (external root 

epithelial sheath and hair dermal papilla) 
24.33Ñ3.78 7.74Ñ1.05 p<0.05 

Around sebaceous glands 18.24Ñ4.92 6.36Ñ0.88 p<0.05 

 

Note: n ï number of samples, MÑSD ï mean value Ñ standard deviation, p ï groups were compared by Mann-

Whitney U-test. 
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Table 2 

Indicators of morphometric study of the average perimeter of blood vessels in the dermis of the skin in subver-

sive abscessing perifolliculitis of the head, MÑSD 

 

Skin area 
Average perimeter of CD34-positive vessels (MÑSD) 

study group, (n1=12) control group, (n2=5) ʨ 

Subepidermal location 52.07Ñ10.51 38.44 Ñ6.65 p>0.05 

Dermal location 79.47Ñ11.76 35.02 Ñ7.50 p<0.05 

Areas around hair follicles (external root 

epithelial sheath and hair dermal papilla) 
85.83 Ñ10.52 26.48 Ñ7.94 p<0.05 

Around sebaceous glands 68.64 Ñ12.36 29.68 Ñ6.33 p<0.05 

 

Note: MÑSD ï mean value Ñ standard deviation, p ï groups were compared by Mann-Whitney U-test. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 1. A. Sample from the study group: abscessing perifolliculitis of the head (red arrows indicate large vessels, yellow 

arrows indicate dermal inflammatory infiltrates), H&E staining (Ĭ400). B. Abscessing perifolliculitis of the head (red arrows indicate 
large vessels of the dermis), expression of the CD34 marker in the vascular endothelium, IHC method with Mayer's hematoxylin 
(Ĭ400). C. Sample from the control group (yellow arrow indicates sebaceous gland), H&E staining (Ĭ400). D. Sample from the 
control group (red arrows indicate small vessels, yellow arrow indicates sebaceous gland), expression of the CD34 marker, IHC 
method with Mayer's hematoxylin (Ĭ400). 

 

To understand the degree of activity of reactive 

proliferation of stratified squamous epithelium and 

the number of androgen receptors in the study group, 

the level of which differed compared to the control 

group, the expression level of Ki-67 and AR markers 

was automatically calculated using the ImmunoRatio 

plugin (Fig. 2). 

The distribution of the mean values of prolifera-

tion and expression of androgen receptors in the strat-

ified squamous epithelium of the study and control 

groups is listed in Table 3. 

Conclusions 

1. The average number of CD-34-positive ves-

sels showed a significant difference in the samples of 

subducting abscessing perifolliculitis of the head, 

compared with the control group in all studied locali-

zations (subepidermal location, deep layers of the 

dermis, areas around hair follicles, areas around seba-

ceous glands (all p<0.05), with the highest number of 

24.33Ñ3.78 in areas around hair follicles. 

2. The average perimeter of CD-34-positive ves-

sels showed a significant difference in the samples of 

subducting abscessing perifolliculitis of the head, 

compared with the control group in the deep layers of 

the dermis, areas around hair follicles and sebaceous 

glands (p<0.05), with the highest value of 85.83 

Ñ10.52 in areas around hair follicles. 
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Fig. 2. Sample from the study group: abscessing perifolliculitis of the scalp. A. Massive inflammatory infiltration of subepi-

dermal localization, multiple mitotic figures in the basal parts of the epidermis, H&E staining (Ĭ400). B. Expression of the Ki-67 
marker in the basal and parabasal parts of the epidermis at a level of about 10%, IHC method with Mayer's hematoxylin (Ĭ400). 
C. Active areas of proliferation (Ki-67 expression up to 20%), IHC method with Mayer's hematoxylin (Ĭ400). D. Intranuclear and 
cytoplasmic expression of AR in most cells of the stratified squamous epithelium (AR expression up to 90%), IHC method with 
Mayer's hematoxylin (Ĭ400). 

 

Table 3 

Indicators of morphometric study of proliferative activity and expression of androgen receptors in the epidermis 

of the skin in subversive abscessing perifolliculitis of the head, %, MÑSD 

 

Immunohistochemical index 

 

Research groups 

study group, (n1=12) control group, (n2=5) ʨ 

Proliferative activity by Ki-67 (%), (MÑSD) 23.46Ñ4.24 5.22 Ñ1.58 p<0.05 

Androgen receptor expression, AR (%), (MÑSD) 94.32Ñ15.08 82.40 Ñ10.26 p>0.05 

 

Note: MÑSD ï mean Ñ standard deviation, p - groups were compared using the Mann-Whitney U-test. 

 

 

3. Ki-67 proliferation index in reactive multi-

layer squamous epithelium in subversive abscessing 

perifolliculitis of the head was 23.46Ñ4.24%, which 

was statistically significantly different from the con-

trol group (p<0.05), whose proliferation rate re-

mained at the level of 5.22Ñ1.58%. In contrast, the 

expression of androgen receptors in the study and 

control groups did not show any difference 

(94.32Ñ15.08 and 82.40Ñ10.26, respectively, 

p>0.05), which refutes the theory of hormonal de-

pendence of chronic inflammation in this pathology.  

Prospects for further research 

Continued study of Hoffmann's disease requires 

information on the expression of ɓ-catenin and E-cad-

herin in the structures of the pilosebaceous unit in this 

pathology. 
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ʇʦʩʣʘʚʩʴʢʘ ʆ.ɺ., ʉʪʘʪʢʝʚʠʯ ʆ.ʃ., ʉʚʷʪʝʥʢʦ ʊ.ɺ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʚʘʩʢʫʣʷʨʠʟʘʮʽʾ, ʧʨʦʣʽʬʝʨʘ-

ʮʽʾ ʪʘ ʝʢʩʧʨʝʩʽʾ ʘʥʜʨʦʛʝʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ ʝʧʽʪʝʣʽʘʣʴʥʠʤ ʢʣʽʪʠʥʘʤʠ ʰʢʽʨʠ ʧʨʠ ʧʽʜʨʠʚʘʶʯʦʤʫ ʘʙʩʮʝ-

ʜʫʶʯʦʤʫ ʧʝʨʠʬʦʣʽʢʫʣʽʪʽ ʛʦʣʦʚʠ. 

ʈɽʌɽʈɸʊ. ɺʩʪʫʧ. ʍʚʦʨʦʙʘ ɻʦʬʤʘʥʘ ʘʙʦ ʧʝʨʽʬʦʣʽʢʫʣʽʪ ʛʦʣʦʚʠ ʘʙʩʮʝʜʫʶʯʠʡ ʻ ʭʨʦʥʽʯʥʠʤ ʩʪʽʡʢʽʤ ʜʦ 

ʪʝʨʘʧʽʾ ʪʘ ʨʝʮʠʜʠʚʫʶʯʠʤ ʛʥʽʡʥʦ-ʟʘʧʘʣʴʥʠʤ ʟʘʭʚʦʨʶʚʘʥʥʷʤ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ, ʱʦ ʚʠʢʣʠʢʘʻ ʫʪʚʦʨʝʥʥʷ 

ʛʣʠʙʦʢʠʭ ʘʙʩʮʝʩʽʚ, ʨʫʙʮʝʚʦʾ ʘʣʦʧʝʮʽʾ ʽ ʟʥʘʯʥʠʭ ʟʤʽʥ ʰʢʽʨʠ ʛʦʣʦʚʠ. ɿʘʭʚʦʨʶʚʘʥʥʷ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ 

ʫ ʤʦʣʦʜʠʭ ʯʦʣʦʚʽʢʽʚ ʫ ʚʽʮʽ 20ï40 ʨʦʢʽʚ. ɿʘ ʩʪʘʪʠʩʪʠʯʥʠʤʠ ʜʘʥʠʤʠ ʤʝʜʠʯʥʦʛʦ ʮʝʥʪʨʫ ʧʨʠʚʘʪʥʦʛʦ ʧʽʜʧʨʠ-

ʻʤʩʪʚʘ çɼʟʝʨʢʘʣʦè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ, ʟʘ ʦʩʪʘʥʥʽ ʜʝʩʷʪʴ ʨʦʢʽʚ ʚ ʋʢʨʘʾʥʽ ʟʚʝʨʥʝʥʥʷ ʟ ʧʨʠʚʦʜʫ ʘʙʩʮʝʜʫʶʯʦʛʦ 

ʧʝʨʽʬʦʣʽʢʫʣʽʪʫ ʧʦʯʘʣʘ ʨʦʩʪʠ ʩʝʨʝʜ ʯʦʣʦʚʽʢʽʚ, ʦʩʦʙʣʠʚʦ ʚʽʡʩʴʢʦʚʦʩʣʫʞʙʦʚʮʽʚ, ʫ ʟʚôʷʟʢʫ ʟ ʥʦʩʽʥʥʷʤ ʩʧʝʮʠ-

ʬʽʯʥʦʛʦ ʟʘʭʠʩʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʜʦʜʘʪʢʦʚʠʤʠ ʬʘʢʪʦʨʘʤʠ ʦʢʣʶʟʽʾ ʪʘ ʟʘʧʘʣʝʥʥʷ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ. ʄʝʪʘ 

ʨʦʙʦʪʠ ï ʜʦʩʣʽʜʠʪʠ ʩʪʨʦʤʘʣʴʥʫ ʚʘʩʢʫʣʷʨʠʟʘʮʽʶ, ʧʨʦʣʽʬʝʨʘʮʽʶ ʪʘ ʝʢʩʧʨʝʩʽʶ ʘʥʜʨʦʛʝʥʦʚʠʭ ʨʝʮʝʧʪʦʨʽʚ ʫ 

ʝʧʽʪʝʣʽʾ ʰʢʽʨʠ ʛʦʣʦʚʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʣʘʪʬʦʨʤʠ ʌʽʜʞʽ ʧʨʠ ʧʽʜʨʠʚʘʶʯʦʤʫ ʘʙʩʮʝʜʫʶʯʦʤʫ ʧʝʨʠʬʦʣʽʢʫʣʽʪʽ 

ʛʦʣʦʚʠ. ʄʝʪʦʜʠ. ɼʦʩʣʽʜʞʝʥʦ ʙʽʦʧʩʽʡʥʠʡ ʤʘʪʝʨʽʘʣ ʧʘʮʽʻʥʪʽʚ ʟ ʜʽʘʛʥʦʟʦʤ ʧʝʨʠʬʦʣʽʢʫʣʽʪ ʛʦʣʦʚʠ ʘʙʩʮʝʜʫʶ-

ʯʠʡ (ʭʚʦʨʦʙʘ ɻʦʬʤʘʥʘ), ʱʦ ʧʨʦʭʦʜʠʣʠ ʦʙʩʪʝʞʝʥʥʷ ʪʘ ʣʽʢʫʚʘʥʥʷ ʥʘ ʙʘʟʽ ʤʝʜʠʯʥʦʛʦ ʮʝʥʪʨʫ ʧʨʠʚʘʪʥʦʛʦ ʧʽʜ-

ʧʨʠʻʤʩʪʚʘ çɼʟʝʨʢʘʣʦè, ɼʥʽʧʨʦ, ʋʢʨʘʾʥʘ. ɺʩʽ ʧʘʮʽʻʥʪʠ ʙʫʣʠ ʯʦʣʦʚʽʢʘʤʠ, ʚʽʢ ʷʢʠʭ ʢʦʣʠʚʘʚʩʷ ʚʽʜ 20 ʜʦ 51 

ʨʦʢʽʚ, ʩʝʨʝʜʥʽʡ ʚʽʢ ʩʢʣʘʚ 35,5Ñ11,54 ʨʦʢʽʚ. ɯɻʍ ʧʨʦʚʦʜʠʣʠ ʟʘ ʧʨʦʪʦʢʦʣʘʤʠ TermoScientific (TS) ʟ ʧʝʨʚʠʥ-

ʥʠʤʠ ʘʥʪʠʪʽʣʘʤʠ ʜʦ ʝʥʜʦʪʝʣʽʘʣʴʥʠʭ ʢʣʽʪʠʥ ʩʫʜʠʥ CD34 (sp1, RTU), ʂʽ-67 (sp6, 1:250), AR (sp1, RTU). ɺʠ-

https://doi.org/10.1007/s12032-009-9210-3
https://doi.org/10.1007/s12032-009-9210-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3855844
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3855844
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1038%2Fnmeth.2019
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ʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʠʩʪʝʤʫ ʚʽʟʫʘʣʽʟʘʮʽʾ Lab Vision Quanto (TS, ʉʐɸ) ʟ ʚʠʟʥʘʯʝʥʥʷʤ ʨʝʘʢʮʽʾ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʨʦ-

ʤʦʛʝʥʫ DAB Quanto Chromogen (TS, ʉʐɸ). ʈʝʟʫʣʴʪʘʪʠ. ʉʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ CD-34-ʧʦʟʠʪʠʚʥʠʭ ʩʫʜʠʥ ʧʦ-

ʢʘʟʘʣʘ ʜʦʩʪʦʚʽʨʥʫ ʨʽʟʥʠʮʶ ʚ ʟʨʘʟʢʘʭ ʧʽʜʨʠʚʘʶʯʦʛʦ ʘʙʩʮʝʜʫʶʯʦʛʦ ʧʝʨʠʬʦʣʽʢʫʣʽʪʫ ʛʦʣʦʚʠ, ʧʦʨʽʚʥʷʥʦ ʟ ʢʦ-

ʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʧʦ ʚʩʽʤ ʜʦʩʣʽʜʞʝʥʠʤ ʣʦʢʘʣʽʟʘʮʽʷʤ (ʩʫʙʝʧʽʜʝʨʤʘʣʴʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʛʣʠʙʦʢʽ ʰʘʨʠ ʜʝ-

ʨʤʠ, ʜʽʣʷʥʢʠ ʥʘʚʢʦʣʦ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ, ʜʽʣʷʥʢʘʤ ʥʘʚʢʦʣʦ ʩʘʣʴʥʠʭ ʟʘʣʦʟʘʭ (ʚʩʽ ʨ<0,05), ʟ ʥʘʡʙʽʣʴʰʦʶ 

ʢʽʣʴʢʽʩʪʶ 24,33Ñ3,78 ʚ ʜʽʣʷʥʢʘʭ ʥʘʚʢʦʣʦ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ. ʉʝʨʝʜʥʽʡ ʧʝʨʠʤʝʪʨ CD-34-ʧʦʟʠʪʠʚʥʠʭ ʩʫ-

ʜʠʥ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʚ ʜʦʩʪʦʚʽʨʥʫ ʨʽʟʥʠʮʶ ʚ ʟʨʘʟʢʘʭ ʧʽʜʨʠʚʘʶʯʦʛʦ ʘʙʩʮʝʜʫʶʯʦʛʦ ʧʝʨʠʬʦʣʽʢʫʣʽʪʫ ʛʦʣʦʚʠ, 

ʧʦʨʽʚʥʷʥʦ ʟ ʢʦʥʪʨʦʣʴʥʦʶ ʛʨʫʧʦʶ ʚ ʛʣʠʙʦʢʠʭ ʰʘʨʘʭ ʜʝʨʤʠ, ʜʽʣʷʥʢʘʭ ʥʘʚʢʦʣʦ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ ʪʘ ʩʘʣʴ-

ʥʠʭ ʟʘʣʦʟʘʭ (ʨ<0,05), ʟ ʥʘʡʙʽʣʴʰʠʤ ʟʥʘʯʝʥʥʷʤ 85,83 Ñ10,52 ʚ ʜʽʣʷʥʢʘʭ ʥʘʚʢʦʣʦ ʚʦʣʦʩʷʥʠʭ ʬʦʣʽʢʫʣʽʚ. ɯʥʜʝʢʩ 

ʧʨʦʣʽʬʝʨʘʮʽʾ ʟʘ ʂʽ-67 ʚ ʨʝʘʢʪʠʚʥʦʤʫ ʙʘʛʘʪʦʰʘʨʦʚʦʤʫ ʧʣʦʩʢʦʤʫ ʝʧʽʪʝʣʽʾ ʧʨʠ ʧʽʜʨʠʚʘʶʯʦʤʫ ʘʙʩʮʝʜʫʶʯʦʤʫ 

ʧʝʨʠʬʦʣʽʢʫʣʽʪʽ ʛʦʣʦʚʠ ʩʢʣʘʜʘʚ 23,46Ñ4,24 %, ʱʦ ʩʪʘʪʠʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦ ʚʽʜʨʽʟʥʷʚʩʷ ʚʽʜ ʛʨʫʧʠ ʢʦʥʪʨʦʣʶ 

(p<0,05), ʯʠʡ ʧʦʢʘʟʥʠʢ ʧʨʦʣʽʬʝʨʘʮʽʾ ʟʘʣʠʰʘʚʩʷ ʥʘ ʨʽʚʥʽ 5,22 Ñ1,58 %. ʅʘʪʦʤʽʩʪʴ, ʝʢʩʧʨʝʩʽʷ ʘʥʜʨʦʛʝʥʦʚʠʭ 

ʨʝʮʝʧʪʦʨʽʚ ʚ ʛʨʫʧʘʭ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ ʨʽʟʥʠʮʽ ʥʝ ʧʦʢʘʟʘʣʘ (94,32Ñ15,08 ʪʘ 82,40 Ñ10,26, ʚʽʜʧʦʚʽʜʥʦ, 

p>0,05), ʱʦ ʩʧʨʦʩʪʦʚʫʻ ʪʝʦʨʽʶ ʛʦʨʤʦʥʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʭʨʦʥʽʯʥʦʛʦ ʟʘʧʘʣʝʥʥʷ ʧʨʠ ʮʽʡ ʧʘʪʦʣʦʛʽʾ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʚʘʩʢʫʣʷʨʠʟʘʮʽʷ, Cd34, Ki-67, ʘʥʜʨʦʛʝʥʦʚʽ ʨʝʮʝʧʪʦʨʠ, ʧʝʨʠʬʦʣʽʢʫʣʽʪ ʛʦʣʦʚʠ ʘʙʩʮʝʜʫ-

ʶʯʠʡ, ʭʚʦʨʦʙʘ ɻʦʬʬʤʘʥʘ, ʨʫʙʮʦʚʘ ʘʣʦʧʝʮʽʷ, ʜʝʨʤʘʪʦʣʦʛʽʷ. 
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ABSTRACT. Relevance. Despite the abundance of information about the heterogeneity of secretory atrial granules, about 

their uneven distribution in individual contractile cells and tissue areas of the myocardium in the atrial wall, today the 

morphological features of the development of the cardiomyocyte secretory apparatus depending on their localization in the 

organ require clarification. The purpose of the study is to determine the ultrastructural and histochemical features of the 

development of the cardiomyocyte secretory apparatus in different localizations of the rat heart. Methods. Using histochem-

ical reaction to acid phosphatase and transmission electron microscopy, the state of the cardiomyocyte secretory apparatus 

of in the myocardium in the right and left atria and ventricles, in the right and left auricles of the heart, as well as in the 

interatrial septum of the rat heart at the stages of prenatal and postnatal ontogenesis was studied. Results and summary. 

The highest secretory activity of the mature myocardium is detected in the right auricle of the heart, which is due to the 

predominance of highly specialized secretory myocytes (more than 75% of the number of myocyte population). The secre-

tory activity of the mature myocardium sections decreases in the sequence: left auricle ï right atrium ï left atrium ï interatrial 

septum ï interventricular septum ï right ventricle ï left ventricle. The development of the secretory apparatus at the stages 

of cardiogenesis is based on the transformations of the quantitative ratio between highly and lowly specialized secretory 

cardiomyocytes. The highest rates of formation of the secretory apparatus heterogeneity are characteristic of the myocardium 

of the right auricle of the heart; the lowest ï for the interatrial septum. The ventricular myocardium has moderate secretory 

activity in the early postembryonic rat development; mature ventricular cardiomyocytes lose secretory activity. The defini-

tive level of development of the secretory apparatus heterogeneity of the myocardium is reached by the end of the 1st month 

of postnatal rat ontogenesis.  

Key words: heart, atria, ventricles, rat, ontogenesis, cardiomyocytes, secretory apparatus. 
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ɺʩʪʫʧ 

ɿʥʘʯʥʠʡ ʽʥʪʝʨʝʩ ʜʦʩʣʽʜʥʠʢʽʚ ʱʦʜʦ ʚʠʚʯʝʥʥʷ 

ʧʝʨʝʜʩʝʨʜʥʦʛʦ ʤʽʦʢʘʨʜʘ ʫ ʨʽʟʥʠʭ ʙʽʦʣʦʛʽʯʥʠʭ ʦʙ'-

ʻʢʪʽʚ ʙʫʚ ʦʙʫʤʦʚʣʝʥʠʡ ʚʠʷʚʣʝʥʠʤʠ ʩʧʝʮʠʬʽʯ-

ʥʠʤʠ (ʩʝʢʨʝʪʦʨʥʠʤʠ) ʧʝʨʝʜʩʝʨʜʥʠʤʠ ʛʨʘʥʫʣʘʤʠ. 

ɸʢʪʠʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʾʭ ʣʦʢʘʣʽʟʘ-

ʮʽʶ, ʧʨʠʨʦʜʫ ʽ ʙʽʦʣʦʛʽʯʥʫ ʨʦʣʴ [1-3] ʧʨʠʟʚʝʣʦ ʜʦ 

ʪʦʛʦ, ʱʦ ʫʩʽ ʟʽʩʪʘʚʥʽ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʩʘʨʢʦʧʣʘʟʤʘ-

ʪʠʯʥʽ ʫʪʚʦʨʝʥʥʷ ʩʪʘʣʠ ʨʦʟʜʽʣʷʪʠ ʥʘ 4 ʦʩʥʦʚʥʠʭ 

ʪʠʧʠ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʟʦʢʨʝʤʘ, ʱʦ ʉ-ʛʨʘʥʫʣʠ ʟʘ 

ʩʚʦʾʤʠ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʠʤʠʤ ʪʘ ʛʽʩʪʦʭʽʤʽʯʥʠʤʠ 

https://orcid.org/0000-0002-8672-3773
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʣʽʟʦʩʦʤʘʤ; ʚʣʘ-

ʩʥʝ ʩʧʝʮʠʬʽʯʥʽ ʧʝʨʝʜʩʝʨʜʥʽ ʛʨʘʥʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ 

ʪʠʧʘʤʠ ɸ, ɺ ʽ D [4, 5]. 

ʉʫʪʪʻʚʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʨʝʜ-

ʩʝʨʜʥʠʭ ʛʨʘʥʫʣ ʫ ʩʢʣʘʜʽ ʧʝʨʝʜʩʝʨʜʥʠʭ ʢʘʨʜʽʦʤʽʦ-

ʮʠʪʽʚ ʟʫʤʦʚʠʣʘ ʩʧʨʦʙʠ ʚʠʜʽʣʠʪʠ ʥʝʦʜʥʘʢʦʚʽ ʨʽʟʥʦ-

ʚʠʜʠ ʢʣʽʪʠʥ; ʦʧʠʩʘʥʽ ʪʨʠ ʪʘʢʽ ʨʽʟʥʦʚʠʜʠ ʟʘ ʭʘʨʘʢ-

ʪʝʨʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘʥʫʣ, ʧʨʦʪʝ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʷ ʥʘ ʦʢʨʝʤʠʭ ʚʠʙʽʨʢʦ-

ʚʠʭ, ʪʦʙʪʦ ʥʝ ʥʘ ʩʝʨʽʡʥʠʭ ʫʣʴʪʨʘʪʦʥʢʠʭ ʟʨʽʟʘʭ ʤʽ-

ʦʢʘʨʜʘ [6, 7]. ʗʢʱʦ ʚʨʘʭʫʚʘʪʠ, ʱʦ ʱʽʣʴʥʽʩʪʴ ʫʧʘ-
ʢʫʚʘʥʥʷ ʩʝʢʨʝʪʦʨʥʠʭ ʛʨʘʥʫʣ ʚ ʩʘʨʢʦʧʣʘʟʤʽ ʨʽʜʢʦ 

ʧʝʨʝʚʠʱʫʻ 1% ʚʽʜ ʢʣʽʪʠʥʥʦʛʦ ʦʙ'ʻʤʫ [8], ʩʪʘʻ ʦʯʝ-

ʚʠʜʥʦʶ ʚʠʨʘʟʥʘ ʟʘʣʝʞʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘ-

ʪʽʚ ʚʽʜ ʦʨʽʻʥʪʘʮʽʾ ʟʨʽʟʽʚ [7, 9].  

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʨʬʦʣʦʛʽʾ ʩʝʢʨʝʪʦʨʥʠʭ ʢʘ-

ʨʜʽʦʤʽʦʮʠʪʽʚ ʧʨʘʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ ʫ ʱʫʨʽʚ ʫ ʥʦʨʤʽ 

ʪʘ ʧʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽʡ ʩʝʨʮʝʚʦ-ʩʫʜʠʥʥʽʡ ʧʘʪʦ-

ʣʦʛʽʾ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʧʨʠʧʫʱʝʥʥʷ, ʱʦ ʚʩʽ ʧʝʨʝʜʩʝ-

ʨʜʥʽ ʤʽʦʮʠʪʠ ʤʘʶʪʴ ʧʦʪʝʥʮʽʡʥʫ ʟʜʘʪʥʽʩʪʴ ʜʦ ʩʝʢ-

ʨʝʪʦʨʥʦʾ ʬʫʥʢʮʽʾ [7]. ɽʢʩʧʝʨʠʤʝʥʪʠ ʥʘ ʤʦʜʝʣʷʭ 

ʢʣʽʥʽʯʥʦʾ ʩʤʝʨʪʽ, ʨʝʥʦʚʘʩʢʫʣʷʨʥʦʾ ʛʽʧʝʨʪʝʥʟʽʾ ʪʘ ʚ 

ʩʝʨʮʽ ʱʫʨʽʚ, ʧʝʨʬʫʟʦʚʘʥʠʭ ʟʘ ʃʘʥʛʝʥʜʦʨʬʦʤ, ʜʦ-

ʟʚʦʣʠʣʠ ʚʠʷʚʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʛʨʘʥʫʣʦʧʦʝʟʫ ʚ ʧʝ-

ʨʝʜʩʝʨʜʥʠʭ ʤʽʦʮʠʪʘʭ ʧʽʜ ʚʧʣʠʚʦʤ ʧʘʪʦʣʦʛʽʯʥʠʭ 

ʬʘʢʪʦʨʽʚ ʽʰʝʤʽʾ/ʨʝʧʝʨʬʫʟʽʾ ʪʘ ʧʨʠ ʚʠʩʦʢʦʤʫ ʘʨʪʝ-

ʨʽʘʣʴʥʦʤʫ ʪʠʩʢʫ. ɸʚʪʦʨʠ ʚʠʷʚʠʣʠ ʧʨʷʤʫ ʢʦʨʝʣʷ-

ʮʽʶ ʤʽʞ ʟʙʽʣʴʰʝʥʥʷʤ ʧʣʦʱʽ, ʟʘʡʥʷʪʦʾ ʩʘʨʢʦʧʣʘʟ-

ʤʘʪʠʯʥʠʤ ʨʝʪʠʢʫʣʫʤʦʤ ʘʙʦ ʤʽʪʦʭʦʥʜʨʽʷʤʠ, ʪʘ ʟʙʽ-

ʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʩʝʢʨʝʪʦʨʥʠʭ ʛʨʘʥʫʣ [7]. 

ʈʽʟʥʽ ʥʘʧʨʷʤʢʠ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʝʢʨʝʪʦʨʥʦʛʦ 

ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʚʢʣʶʯʘʶʪʴ ʥʝ ʪʽʣʴʢʠ ʪʦ-

ʧʦʣʦʛʽʯʥʽ ʘʩʧʝʢʪʠ, ʘʣʝ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʧʦʚ'ʷʟʘʥʽ ʟ 

ʧʠʪʘʥʥʷʤʠ ʦʥʪʦʛʝʥʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʩʝʢʨʝʪʦ-

ʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʩʝʨʮʝʚʠʭ ʤʽʦʮʠʪʽʚ. ɿ'ʷʩʫʚʘʣʦʩʴ, 

ʱʦ ʧʦʷʚʘ ʩʧʝʮʠʬʽʯʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘʥʫʣ ʩʫʪ-

ʪʻʚʦ ʚʽʜʩʪʘʻ ʚʽʜ ʬʦʨʤʫʚʘʥʥʷ ʧʨʠʤʽʪʠʚʥʦʛʦ ʤʽʦʬʽ-

ʙʨʽʣʷʨʥʦʛʦ ʘʧʘʨʘʪʫ ʫ ʤʽʦʢʘʨʜʽ ʩʩʘʚʮʽʚ [10, 11], 

ʚʢʣʶʯʘʶʯʠ ʣʶʜʠʥʫ [12, 13]. ʇʨʠ ʮʴʦʤʫ ʜʘʥʽ ʥʠ-

ʟʢʠ ʘʚʪʦʨʽʚ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʥʘʯʥʽʡ ʧʨʦʪʠʣʝʞʥʦʩʪʽ 

ʚʽʜʥʦʩʥʦ ʦʜʠʥ ʦʜʥʦʛʦ ʩʪʦʩʦʚʥʦ ʪʝʨʤʽʥʽʚ ʧʦʷʚʠ 

ʩʧʝʮʠʬʽʯʥʠʭ ʛʨʘʥʫʣ ʫ ʩʢʣʘʜʽ ʧʝʨʝʜʩʝʨʜʥʠʭ ʢʣʽ-

ʪʠʥ, ʧʨʦʪʝ ʜʦʩʣʽʜʥʠʢʠ ʻʜʠʥʽ ʚ ʜʫʤʮʽ, ʱʦ ʧʝʨʰʽ 

ʛʨʘʥʫʣʠ ʻ ʜʨʽʙʥʠʤʠ ʽ ʥʝ ʨʦʟʜʽʣʷʶʪʴʩʷ ʥʘ ʪʠʧʠ ɸ, 

ɺ ʽ D; ʧʦ ʭʦʜʫ ʨʦʟʚʠʪʢʫ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʚʽʜ-

ʙʫʚʘʻʪʴʩʷ ʽʥʪʝʥʩʠʚʥʝ ʬʦʨʤʫʚʘʥʥʷ ʜʝʬʽʥʽʪʠʚʥʠʭ 

ʨʦʟʤʽʨʽʚ ʩʧʝʮʠʬʽʯʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘʥʫʣ ʽ ʧʦ-

ʜʽʣ ʾʭ ʥʘ ʪʠʧʠ [14-16]. 

ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʽʣʴʢʽʩʥʦʾ ʪʘ ʦʧʠʩʦʚʦʾ 

ʦʮʽʥʢʠ ʩʝʢʨʝʪʦʨʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʟʨʽʣʠʭ ʢʘʨʜʽʦʤʽʦ-

ʮʠʪʽʚ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʨʷʜ ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʭʘʨʘʢʪʝʨ 

ʛʝʪʝʨʦʤʦʨʬʽʾ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ: ʘ) ʩʝʢʨʝʪʦʨʥʘ 

ʘʢʪʠʚʥʽʩʪʴ ʽʩʪʦʪʥʦ ʨʦʟʨʽʟʥʷʻʪʴʩʷ ʟʘ ʩʚʦʻʶ ʽʥʪʝʥ-

ʩʠʚʥʽʩʪʶ ʫ ʨʽʟʥʠʭ ʚʽʜʜʽʣʘʭ ʤʽʦʢʘʨʜʘ ʧʝʨʝʜʩʝʨʜʥʦʾ 

ʩʪʽʥʢʠ; ʙ) ʚʢʘʟʘʥʽ ʚʽʜʤʽʥʥʦʩʪʽ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʚʠ-

ʟʥʘʯʘʶʪʴʩʷ ʢʽʣʴʢʽʩʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʤʽʞ ʚʠ-

ʷʚʣʝʥʠʤʠ ʪʠʧʘʤʠ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ (ʚʠʩʦʢʦ ʽ ʥʠʟʴʢʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʫ ʚʽʜʥʦʰʝʥʥʽ ʩʝʢʨʝʪʦʨʥʦʾ ʬʫʥ-

ʢʮʽʾ); ʚ) ʩʧʝʮʠʬʽʯʥʠʡ ʩʝʢʨʝʪʦʨʥʠʡ ʘʧʘʨʘʪ ʢʘʨʜʽʦ-

ʤʽʦʮʠʪʽʚ ʚʢʣʶʯʘʻ ʜʚʘ ʪʠʧʠ ʛʨʘʥʫʣ (ʤʝʤʙʨʘʥʥʽ ʪʘ 

ʙʝʟʤʝʤʙʨʘʥʥʽ), ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤ̔ ʞ ʷʢʠʤʠ ʚʠʟʥʘʯʘʶʪʴ ʩʝʢʨʝʪʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʚʠ-

ʩʦʢʦ ʽ ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʢʘʨ-

ʜʽʦʤʽʦʮʠʪʽʚ [17-19]. 

ɺʠʭʦʜʷʯʠ ʟ ʘʥʘʣʽʟʫ ʥʘʫʢʦʚʦʾ ʽʥʬʦʨʤʘʮʽʾ ʩʪʘʻ 

ʦʯʝʚʠʜʥʠʤ, ʱʦ ʙʘʛʘʪʦ ʧʠʪʘʥʴ, ʧʦʚ'ʷʟʘʥʠʭ ʟ ʬʦʨ-

ʤʫʚʘʥʥʷʤ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, 

ʱʝ ʜʘʣʝʢʽ ʚʽʜ ʩʚʦʛʦ ʚʠʨʽʰʝʥʥʷ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ 

ʯʠʩʣʝʥʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʝʢ-

ʨʝʪʦʨʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘʥʫʣ, ʧʨʦ ʥʝʦʜʥʘʢʦʚʠʡ 

ʨʦʟʧʦʜʽʣ ʾʭ ʚ ʦʢʨʝʤʠʭ ʩʢʦʨʦʪʣʠʚʠʭ ʢʣʽʪʠʥʘʭ ʽ ʪʢʘ-

ʥʠʥʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʦʢʘʨʜʘ ʫ ʩʢʣʘʜʽ ʧʝʨʝʜʩʝʨʜʥʦʾ 

ʩʪʽʥʢʠ, ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʴ ʤʦʨʬʦʣʦʛʽ-

ʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ 

ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʣʦʢʘʣʽʟʘʮʽʾ ʚ 

ʦʨʛʘʥʽ. 

ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘʯʝʥʥʷ ʫʣʴʪʨʘʩʪʨʫ-

ʢʪʫʨʥʠʭ ʽ ʛʽʩʪʦʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚʠʪʢʫ 

ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʫ ʨʽʟʥʠʭ ʣʦ-

ʢʘʣʽʟʘʮʽʷʭ ʩʝʨʮʷ ʱʫʨʽʚ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʤʝʪʦʜʠ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʝʨʮʷ ʝʤ-

ʙʨʽʦʥʽʚ ʽ ʧʦʪʦʤʩʪʚʘ ʥʝʣʽʥʽʡʥʠʭ ʱʫʨʽʚ-ʩʘʤʠʮʴ, 

ʦʪʨʠʤʘʥʠʭ ʟ ʚʽʚʘʨʽʶ ɼʥʽʧʨʦʚʩʴʢʦʛʦ ʜʝʨʞʘʚʥʦʛʦ 

ʤʝʜʠʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʪʝʨʤʽʥʽʚ 

ʜʘʪʦʚʘʥʦʾ ʚʘʛʽʪʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʧʦʚʽʜ-

ʥʠʭ ʪʘʙʣʠʮʴ ʥʦʨʤʘʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺʩʽ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟ ʣʘʙʦʨʘʪʦʨʥʠʤʠ ʪʚʘʨʠʥʘʤʠ ʧʨʦʚʦʜʠʣʠ ʽʟ 

ʜʦʪʨʠʤʘʥʥʷʤ ʧʦʣʦʞʝʥʴ ñɭʚʨʦʧʝʡʩʴʢʦʾ ʢʦʥʚʝʥʮʽʾ 

ʧʨʦ ʟʘʭʠʩʪ ʭʨʝʙʝʪʥʠʭ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʪʘ ʽʥʰʠʭ ʥʘʫʢʦʚʠʭ 

ʮʽʣʝʡò (ʉʪʨʘʩʙʫʨʛ, 1986), ɺʘʥʢʫʚʝʨʩʴʢʦʾ ʜʝʢʣʘʨʘ-

ʮʽʾ ʧʨʦ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʥʘ ʪʚʘʨʠʥʘʭ, ʇʦʩʪʘ-

ʥʦʚʠ ʇʝʨʰʦʛʦ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʢʦʥʛʨʝʩʫ ʟ ʙʽʦʝʪʠʢʠ 

(ʂʠʾʚ, 2001), ʇʦʣʦʞʝʥʥʷ ʟ ʙʽʦʝʪʠʢʠ ʄʆɿ ʋʢʨʘʾʥʠ 

ʚʽʜ 1 ʣʠʩʪʦʧʘʜʘ 2000 ʨ. ˉ 281, ɿʘʢʦʥʫ ʋʢʨʘʾʥʠ 

ñʇʨʦ ʟʘʭʠʩʪ ʪʚʘʨʠʥ ʚʽʜ ʞʦʨʩʪʦʢʦʛʦ ʧʦʚʦʜʞʝʥʥʷò 

 ̄3446-IV ʚʽʜ 21 ʣʶʪʦʛʦ 2003 ʨ. ʟʛʽʜʥʦ ʟ ʜʠʨʝʢʪʠ-

ʚʦʶ ʈʘʜʠ ɭʉ 2010/63/EU ʧʨʦ ʜʦʪʨʠʤʘʥʥʷ ʧʦʩʪʘ-

ʥʦʚ, ʟʘʢʦʥʽʚ, ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʣʦʞʝʥʴ ɼʝʨʞʘʚ 

ɭʉ ʟ ʧʠʪʘʥʴ ʟʘʭʠʩʪʫ ʪʚʘʨʠʥ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫ-

ʶʪʴʩʷ ʟ ʥʘʫʢʦʚʦʶ ʤʝʪʦʶ [20, 21].  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʪʣʦʦʧʪʠʯʥʦʾ ʪʘ ʪʨʘʥʩʤʽʩʽʡ-

ʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʚʯʘʣʠ ʩʪʘʥ ʩʝʢʨʝʪʦ-

ʨʥʦʛʦ ʘʧʘʨʘʪʫ ʩʝʨʮʷ ʧʽʩʣʷ ʝʚʪʘʥʘʟʽʾ ʪʚʘʨʠʥ ʫ 

ʩʢʣʘʜʽ ʤʽʦʢʘʨʜʘ ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʴ ʪʘ 

ʰʣʫʥʦʯʢʽʚ, ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʚʫʰʦʢ ʩʝʨʮʷ, ʘ ʪʘʢʦʞ 

ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʛʽʩʪʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʢʠ-

ʩʣʫ ʬʦʩʬʘʪʘʟʫ (ʂʌ 3.1.3.2) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʟʦʽ-

ʥʜʦʢʩʠʣʴʥʠʡ ʤʝʪʦʜ Gossrau [22] ʥʘ ʢʨʽʦʩʪʘʪʥʠʭ 

ʟʨʽʟʘʭ ʟʘʚʪʦʚʰʢʠ 7  ʤʢʤ. ʂʽʣʴʢʽʩʥʠʡ ʘʥʘʣʽʟ ʽʥʪʝʥ-

ʩʠʚʥʦʩʪʽ ʛʽʩʪʦʭʽʤʽʯʥʦʾ ʤʽʪʢʠ ʧʨʦʚʦʜʠʣʠ ʧʣʘʛ-ʤʝ-

ʪʦʜʦʤ ʥʘ ʮʠʪʦʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʽ ʄʎʌʋ-2 ʟ ʧʦʣʝʤ 

ʪʫʙʫʩʘ ʚʽʜ 48 ʤʢʤ ʜʦ 620 ʤʢʤ ʧʨʠ ʜʦʚʞʠʥʽ ʭʚʠʣʽ 

620 ʥʤ. 

ɼʣʷ ʝʣʝʢʪʨʦʥʥʦʤʽʢʨʦʩʢʦʧʽʯʥʦʛʦ ʜʦʩʣʽ-

ʜʞʝʥʥʷ ʟʨʘʟʢʠ ʤʽʦʢʘʨʜʘ ʰʣʫʥʦʯʢʽʚ ʽ ʧʝʨʝʜʩʝʨʜʴ 

ʬʽʢʩʫʚʘʣʠ ʚ 2.5 %-ʤʫ ʨʦʟʯʠʥʽ ʛʣʶʪʘʨʘʣʴʜʝʛʽʜʫ 
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ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ +2ʦʉ ʧʨʦʪʷʛʦʤ 3-4 ʛʦʜʠʥ ʟ ʧʦʜʘ-

ʣʴʰʦʶ ʧʦʩʪʬʽʢʩʘʮʽʻʶ ʚ 1 %-ʤʫ ʨʦʟʯʠʥʽ ʪʝʪʨʘʦ-

ʢʩʠʜʫ ʦʩʤʽʶ (çSPIè, ʉʐɸ), ʜʝʛʽʜʨʘʪʫʚʘʣʠ ʚ ʟʨʦʩ-

ʪʘʶʯʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʧʠʨʪʫ, ʧʨʦʧʽʣʝʥʦʢʩʠʜʽ ʪʘ 

ʟʘʣʠʚʘʣʠ ʚ ʝʧʦʢʩʠʜʥʽ ʙʣʦʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʤ-

ʧʦʟʠʮʽʾ ʝʧʦʥ-ʘʨʘʣʜʽʪ. ʋʣʴʪʨʘʪʦʥʢʽ ʟʨʽʟʠ ʚʠʛʦʪʦʚ-

ʣʷʣʠ ʥʘ ʫʣʴʪʨʘʤʽʢʨʦʪʦʤʽ ʋʄʊʇ-6ʄ (çSELMIè, 

ʋʢʨʘʾʥʘ) ʪʘ ʨʦʟʤʽʱʘʣʠ ʥʘ ʤʽʜʥʠʭ ʦʧʦʨʥʠʭ ʩʽʪʢʘʭ 

Mesh Regular Grid 200 (çSPIè, ʉʐɸ). ʇʦʜʚʽʡʥʝ 

ʢʦʥʪʨʘʩʪʫʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʤʝʪʦʜʦʤ ʈʝʡʥʦ-

ʣʴʜʩʘ [23]. ɼʦʩʣʽʜʞʝʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦ-

ʛʦʶ ʪʨʘʥʩʤʽʩʽʡʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ 

ʇɽʄ-100-01 (çSELMIè, ʋʢʨʘʾʥʘ) ʧʨʠ ʥʘʧʨʫʟʽ 

ʧʨʠʩʢʦʨʝʥʥʷ 65-90 ʢɺ ʽ ʧʝʨʚʠʥʥʠʭ ʟʙʽʣʴʰʝʥʥʷʭ 

ʚʽʜ 2000 ʜʦ 25000 ʟʘ ʩʪʘʥʜʘʨʪʥʦʶ ʩʭʝʤʦʶ [23, 24]. 

ʇʽʩʣʷ ʬʦʪʦʬʽʢʩʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʥʘ ʤʦʥʦʭʨʦʤʥʫ ʧʣʽ-

ʚʢʫ çAgfaè ʧʨʦʚʦʜʠʣʠ ʚʽʜʮʠʬʨʦʚʫʚʘʥʥʷ ʥʝʛʘʪʠʚʽʚ 

ʩʢʘʥʝʨʦʤ Canon CanoScan 9000F. 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɻʽʩʪʦʭʽʤʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʠʩʣʦʾ 

ʬʦʩʬʘʪʘʟʠ ʚ ʨʘʥʥʴʦʤʫ ʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʤʽʦʢʘʨʜʽ 

ʱʫʨʽʚ (14-16-ʘ ʜʦʙʘ ʝʤʙʨʽʦʛʝʥʝʟʫ) ʧʦʢʘʟʘʣʦ, ʱʦ 

ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʛʽʩʪʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ 

ʤʽʞ ʧʝʨʝʜʩʝʨʜʷʤʠ ʽ ʰʣʫʥʦʯʢʘʤʠ ʥʝ ʤʘʶʪʴ ʩʪʘʪʠ-

ʩʪʠʯʥʦ ʜʦʩʪʦʚʽʨʥʦʛʦ ʭʘʨʘʢʪʝʨʫ; ʧʨʠ ʮʴʦʤʫ ʘʢʪʠʚ-

ʥʽʩʪʴ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ ʧʝʨʝʙʫʚʘʣʘ ʥʘ ʥʘʜʟʚʠ-

ʯʘʡʥʦ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ. ʅʘʧʨʠʢʽʥʮʽ ʝʤʙʨʽʦʥʘʣʴʥʦʛʦ 

ʧʝʨʽʦʜʫ ʨʦʟʚʠʪʢʫ ʚʽʜʟʥʘʯʘʣʦʩʷ ʧʦʤʽʨʥʝ ʥʘʨʦʩ-

ʪʘʥʥʷ ʬʦʩʬʘʪʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, 

ʧʨʠʯʦʤʫ ʚʞʝ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʚʠʷʚʣʷʚʩʷ ʽʩʪʦʪʥʠʡ 

ʛʝʪʝʨʦʛʝʥʽʪʝʪ ʨʽʟʥʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʜʽʣʷʥʦʢ ʤʽʦʢʘ-

ʨʜʘ ʟʘ ʬʝʨʤʝʥʪʘʪʠʚʥʦʶ ʘʢʪʠʚʥʦʩʪʶ ʢʠʩʣʦʾ ʬʦʩ-

ʬʘʪʘʟʠ: ʥʘʡʙʽʣʴʰʦʶ ʤʽʨʦʶ ʛʽʩʪʦʭʽʤʽʯʥʘ ʤʽʪʢʘ ʥʘ-

ʢʦʧʠʯʫʚʘʣʘʩʴ ʚ ʦʙʦʭ ʩʝʨʮʝʚʠʭ ʚʫʰʢʘʭ, ʣʽʚʦʤʫ ʧʝ-

ʨʝʜʩʝʨʜʽ ʽ ʤʽʞʧʝʨʝʜʩʝʨʜʥʽʡ ʧʝʨʝʛʦʨʦʜʮʽ. 

ʇʨʦʪʷʛʦʤ 1-ʛʦ ʪʠʞʥʷ ʞʠʪʪʷ ʱʫʨʽʚ ʚʽʜʙʫʚʘ-

ʣʦʩʷ ʘʢʪʠʚʥʝ ʥʘʨʦʩʪʘʥʥʷ ʘʢʪʠʚʥʦʩʪʽ ʢʠʩʣʦʾ ʬʦʩ-

ʬʘʪʘʟʠ ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʦʢʘʨʜʘ ʧʝ-

ʨʝʜʩʝʨʜʴ; ʫ ʰʣʫʥʦʯʢʦʚʦʤʫ ʤʽʦʢʘʨʜʽ ʪʘ ʫ ʤʽʞʰʣʫ-

ʥʦʯʢʦʚʽʡ ʧʝʨʝʛʦʨʦʜʮʽ ʩʧʦʩʪʝʨʽʛʘʣʦʩʷ ʧʦʯʘʪʢʦʚʝ 

ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʬʦʩʬʘʪʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʽ ʟ 

ʥʘʩʪʫʧʥʦʶ ʨʝʜʫʢʮʽʻʶ ʟʥʘʯʝʥʴ ʜʦ ʨʽʚʥʷ, ʱʦ ʭʘʨʘʢ-

ʪʝʨʥʠʡ ʜʣʷ ʝʤʙʨʽʦʥʘʣʴʥʦʛʦ ʤʽʦʢʘʨʜʘ. 

ʇʨʦʪʷʛʦʤ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʢʘʨʜʽʦʛʝʥʝʟʫ ʱʫ-

ʨʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʟʥʘʯʝʥʴ ʘʢʪʠʚʥʦʩʪʽ 

ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ ʫ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʦʢʘʨʜʘ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʨʽʚʥʝʤ ʘʢʪʠʚʥʦʩʪʽ ʛʽʩʪʦʭʽʤʽ-

ʯʥʦʾ ʨʝʘʢʮʽʾ ʫ ʚʠʚʯʝʥʠʭ ʜʽʣʷʥʢʘʭ ʚʩʪʘʥʦʚʣʶʚʘ-

ʣʦʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʥʘʡʚʠʱʘ ʬʦʩʬʘʪʘʟʥʘ ʘʢʪʠ-

ʚʥʽʩʪʴ ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʫ ʧʨʘʚʦʤʫ ʚʫʰʢʫ; ʤʽʦʢʘʨʜ 

ʣʽʚʦʛʦ ʚʫʰʢʘ, ʦʙʦʭ ʧʝʨʝʜʩʝʨʜʴ ʽ ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ 

ʧʝʨʝʛʦʨʦʜʢʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʥʘ 20-25% ʧʦʩʪʫʧʘʚʩʷ 

ʟʘ ʩʚʦʻʶ ʬʦʩʬʘʪʘʟʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʟʥʘʯʝʥʥʷʤ ʫ 

ʧʨʘʚʦʤʫ ʚʫʰʢʫ; ʥʘʡʙʽʣʴʰ ʥʠʟʴʢʠʡ ʨʽʚʝʥʴ ʥʘʢʦʧʠ-

ʯʝʥʥʷ ʛʽʩʪʦʭʽʤʽʯʥʦʾ ʤʽʪʢʠ ʩʧʦʩʪʝʨʽʛʘʚʩʷ ʫ ʤʽʦʢʘ-

ʨʜʽ ʦʙʦʭ ʰʣʫʥʦʯʢʽʚ; ʤʽʞʰʣʫʥʦʯʢʦʚʘ ʧʝʨʝʛʦʨʦʜʢʘ 

ʟʘʡʤʘʣʘ ʧʦʩʝʨʝʜʥʻ ʧʦʣʦʞʝʥʥʷ ʤʽʞ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʝʨʝʜʩʝʨʜʥʦʛʦ ʽ ʰʣʫʥʦʯʢʦʚʦʛʦ ʤʽʦʢʘʨʜʘ. 

ʅʘʚʝʜʝʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʽʩʥʫʚʘʥʥʷ ʟʥʘʯʥʠʭ 

ʨʦʟʭʦʜʞʝʥʴ ʤʽʞ ʜʦʩʣʽʜʞʝʥʠʤʠ ʜʽʣʷʥʢʘʤʠ ʤʽʦʢʘ-

ʨʜʘ ʟʘ ʨʽʚʥʝʤ ʘʢʪʠʚʥʦʩʪʽ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ, ʧʦ-ʨʽ-

ʟʥʦʤʫ ʚʠʨʘʞʝʥʠʭ ʫ ʭʦʜʽ ʤʽʦʢʘʨʜʽʘʣʴʥʦʛʦ ʛʽʩʪʦʛʝ-

ʥʝʟʫ; ʭʘʨʘʢʪʝʨ ʩʪʘʪʠʩʪʠʯʥʦʾ ʜʦʩʪʦʚʽʨʥʦʩʪʽ ʚʢʘʟʘʥʽ 

ʚʽʜʤʽʥʥʦʩʪʽ ʥʘʙʫʚʘʣʠ ʥʘʧʨʠʢʽʥʮʽ ʝʤʙʨʽʦʛʝʥʝʟʫ 

ʱʫʨʽʚ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʨʦʟʧʦʜʽʣʫ ʬʦʩ-

ʬʘʪʘʟʥʦʾ ʘʢʪʠʚʥʦʩʪʽ ʫ ʪʢʘʥʠʥʽ ʤʽʦʢʘʨʜʘ ʩʪʘʣʦ ʪʝ, 

ʱʦ ʦʢʨʝʤʽ ʢʣʽʪʠʥʥʽ ʢʦʤʧʣʝʢʩʠ ʫ ʪʽʡ ʯʠ ʽʥʰʽʡ ʜʦʩ-

ʣʽʜʞʝʥʽʡ ʜʽʣʷʥʮʽ ʪʘʢʦʞ ʚʠʷʚʣʷʣʠ ʩʫʪʪʻʚʫ ʥʝʦʜʥʦ-

ʨʽʜʥʽʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʥʘʢʦʧʠʯʝʥʥʷ ʛʽʩʪʦʭʽ-

ʤʽʯʥʦʾ ʤʽʪʢʠ. ʅʘ ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʝʤʙʨʽʦʥʘʣʴʥʦʛʦ ʢʘ-

ʨʜʽʦʛʝʥʝʟʫ ʪʘʢʘ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʱʝ ʥʝ ʚʠʷʚʣʷʣʘʩʷ 

ï ʨʦʟʧʦʜʽʣ ʘʢʪʠʚʥʦʩʪʽ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ ʥʘ ʪʢʘ-

ʥʠʥʥʠʭ ʟʨʽʟʘʭ ʤʽʦʢʘʨʜʘ ʟʘʣʠʰʘʚʩʷ ʚʽʜʥʦʩʥʦ ʦʜʥʦ-

ʨʽʜʥʠʤ ʽ ʤʘʚ ʥʝʟʥʘʯʥʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ. 

ʋ ʨʘʥʥʴʦʤʫ ʧʦʩʪʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʧʝʨʽʦʜʽ ʨʦ-

ʟʚʠʪʢʫ ʱʫʨʽʚ ʯʽʪʢʦ ʚʠʟʥʘʯʘʣʠʩʷ ʩʢʦʨʦʪʣʠʚʽ ʢʣʽ-

ʪʠʥʠ, ʱʦ ʤʘʶʪʴ ʧʽʜʚʠʱʝʥʫ (ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʩʫʩʽʜ-

ʥʽʤʠ) ʘʢʪʠʚʥʦʩʪʴ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ, ʷʢʽ ʨʦʟʪʘʰʦ-

ʚʫʚʘʣʠʩʷ ʧʦʦʜʠʥʦʢʦ ʘʙʦ ʥʝʚʝʣʠʢʠʤʠ ʛʨʫʧʘʤʠ ʽ 

ʙʫʣʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʚʽʜ ʧʨʠʣʝʛʣʠʭ ʤ'ʷʟʦʚʠʭ ʚʦʣʦ-

ʢʦʥ ʧʨʦʰʘʨʢʘʤʠ ʩʧʦʣʫʯʥʦʾ ʪʢʘʥʠʥʠ. ʅʝʦʙʭʽʜʥʦ 

ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫ ʤʽʦʢʘʨʜʽ ʧʝʨʝʜʩʝʨʜʴ ʧʦʦʜʠʥʦʢʽ 

ʢʣʽʪʠʥʠ ʚʠʷʚʣʷʣʠʩʷ ʥʘʙʘʛʘʪʦ ʨʽʜʰʝ, ʥʽʞ ʢʣʽʪʠʥʥʽ 

ʢʦʤʧʣʝʢʩʠ ʟ ʧʽʜʚʠʱʝʥʦʶ ʘʢʪʠʚʥʽʩʪʶ ʢʠʩʣʦʾ ʬʦʩ-

ʬʘʪʘʟʠ. ʋ ʰʣʫʥʦʯʢʦʚʦʤʫ ʤʽʦʢʘʨʜʽ, ʥʘʚʧʨʦʪʠ, ʫʩʽ 

"ʘʢʪʠʚʥʽ" ʫ ʚʽʜʥʦʰʝʥʥʽ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ ʢʘʨʜʽʦ-

ʤʽʦʮʠʪʠ ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʚʠʢʣʶʯʥʦ ʧʦʦʜʠʥʮʽ, 

ʘʣʝ ʥʝ ʛʨʫʧʘʤʠ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʩʪʫʧʝʥʷ ʛʝʪʝʨʦʛʝʥʽʪʝʪʫ 

ʤʽʦʢʘʨʜʘ ʟʘ ʛʽʩʪʦʭʽʤʽʯʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʘʢʪʠʚʥʦʩʪʽ 

ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ ʥʘʤʠ ʙʫʚ ʨʦʟʨʘʭʦʚʘʥʠʡ ʧʦʢʘʟ-

ʥʠʢ ʛʨʘʜʽʻʥʪʘ ʮʠʪʦʬʦʪʦʤʝʪʨʽʯʥʠʭ ʟʥʘʯʝʥʴ. ʈʦʟʨʘ-

ʭʫʥʢʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʩʪʫʧʽʥʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʢʘʨʜʽ-

ʦʤʽʦʮʠʪʽʚ (ʟʘ ʘʢʪʠʚʥʦʩʪʶ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ) ʥʘ 

ʨʘʥʥʽʭ ʝʪʘʧʘʭ ʦʥʪʦʛʝʥʝʟʫ ʱʫʨʘ ʥʘʙʣʠʞʘʚʩʷ ʜʦ ʥʫ-

ʣʴʦʚʠʭ ʟʥʘʯʝʥʴ ʫ ʚʩʽʭ ʚʠʚʯʝʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʦʢʘ-

ʨʜʘ. ʇʨʦʪʷʛʦʤ 1-ʛʦ ʪʠʞʥʷ ʞʠʪʪʷ ʱʫʨʽʚ ʩʧʦʩʪʝʨʽ-

ʛʘʣʦʩʷ ʨʽʟʢʝ ʥʘʨʦʩʪʘʥʥʷ ʛʝʪʝʨʦʛʝʥʽʪʝʪʫ ʩʢʦʨʦʪʣʠ-

ʚʠʭ ʢʣʽʪʠʥ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʥʘʢʦʧʠʯʝʥʥʷ ʛʽʩʪʦʭʽʤʽʯ-

ʥʦʾ ʤʽʪʢʠ; ʥʘʡʙʽʣʴʰ ʚʠʨʘʟʥʦ ʮʝ ʥʘʨʦʩʪʘʥʥʷ ʚʽʜʙʫ-

ʚʘʣʦʩʷ ʚ ʤʽʦʢʘʨʜʽ ʚʫʰʦʢ ʩʝʨʮʷ, ʘ ʚ ʰʣʫʥʦʯʢʦʚʦʤʫ 

ʤʽʦʢʘʨʜʽ ʩʪʫʧʽʥʴ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʢʣʽʪʠʥ ʥʝ ʧʝʨʝʚʠ-

ʱʫʚʘʣʘ 25% ʚʽʜ ʟʥʘʯʝʥʴ ʧʦʢʘʟʥʠʢʘ ʚ ʧʨʘʚʦʤʫ ʚʫ-

ʰʢʫ. ʋ ʧʦʜʘʣʴʰʦʤʫ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʛʝʪʝʨʦ-

ʛʝʥʥʦʩʪʽ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʟʘʟʥʘʯʘʣʠ ʢʦʨʦʪʢʦʯʘʩʥʝ 

ʧʦʤʽʨʥʝ ʟʥʠʞʝʥʥʷ ʽ ʩʪʘʙʽʣʽʟʫʚʘʣʠʩʷ ʥʘ ʨʽʚʥʽ,ʱʦ 

ʢʦʨʝʣʶʻ ʟ ʩʝʨʝʜʥʽʤʠ ʚʝʣʠʯʠʥʘʤʠ ʘʢʪʠʚʥʦʩʪʽ ʬʝʨ-

ʤʝʥʪʫ ʚ ʢʦʞʥʦʤʫ ʟ ʚʠʚʯʝʥʠʭ ʜʽʣʷʥʦʢ ʤʽʦʢʘʨʜʘ. 

ʆʪʞʝ, ʨʦʟʚʠʪʦʢ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʢʘʨʜʽʦʤʽʦʮʠ-

ʪʽʚ ʟʘ ʘʢʪʠʚʥʽʩʪʶ ʢʠʩʣʦʾ ʬʦʩʬʘʪʘʟʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʧʨʠʥʘʣʝʞʥʦʩʪʽ ʢʦʥʢʨʝʪʥʠʭ ʢʣʽʪʠʥʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ʜʦ ʧʝʨʝʜʩʝʨʜʥʦʛʦ ʘʙʦ ʰʣʫʥʦʯʢʦʚʦʛʦ ʤʽʦʢʘʨʜʘ, 

ʤʘʚ ʜʚʦʬʘʟʥʠʡ ʭʘʨʘʢʪʝʨ: ʨʽʟʢʝ ʥʘʨʦʩʪʘʥʥʷ ʛʝʪʝʨʦ-

ʛʝʥʽʪʝʪʘ ʚ ʨʘʥʥʴʦʤʫ ʧʦʩʪʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʧʝʨʽʦʜʽ 

ʟʤʽʥʶʚʘʣʦʩʷ ʧʦʤʽʨʥʠʤ ʟʥʠʞʝʥʥʷʤ ʩʪʫʧʝʥʷ ʛʝʪʝ-

ʨʦʛʝʥʥʦʩʪʽ ʽ ʜʦʩʷʛʘʣʦ ʜʝʬʽʥʽʪʠʚʥʦʛʦ ʨʽʚʥʷ ʜʦ ʢʽ-

ʥʮʷ 1-ʛʦ ʤʽʩʷʮʷ ʞʠʪʪʷ ʱʫʨʽʚ. 

ʇʨʠ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʽʟʽ ʤʽʦʢʘʨʜʘ 
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ʟʨʽʣʠʭ ʱʫʨʽʚ ʥʘʤʠ ʨʘʥʽʰʝ ʦʧʠʩʘʥʽ ʜʚʘ ʪʠʧʠ ʩʝʢʨʝ-

ʪʦʨʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ, ʷʢʽ ʽʩʪʦʪʥʦ ʨʽʟʥʠʣʠʩʷ ʟʘ ʢʽ-

ʣʴʢʽʩʪʶ ʽ ʚʽʜʥʦʩʥʠʤ ʦʙ'ʻʤʦʤ ʤʝʤʙʨʘʥʥʠʭ ʽ ʙʝʟʤʝ-

ʤʙʨʘʥʥʠʭ ʛʨʘʥʫʣ [17, 18]. ɺʩʪʘʥʦʚʣʝʥʦ ʪʘʢʦʞ, ʱʦ 

ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 1-ʤ ʽ 2-ʤ ʪʠʧʘʤʠ ʢʘ-

ʨʜʽʦʤʽʦʮʠʪʽʚ (ʚʠʩʦʢʦ ʽ ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ 

ʤ'ʷʟʦʚʦ-ʩʝʢʨʝʪʦʨʥʠʤʠ ʢʣʽʪʠʥʘʤʠ) ʻ ʥʝʦʜʥʘʢʦʚʠʤ 

ʫ ʨʽʟʥʠʭ ʚʠʚʯʝʥʠʭ ʜʽʣʷʥʢʘʭ ʤʽʦʢʘʨʜʘ. 

ʇʨʠ ʘʥʘʣʽʟʽ ʦʥʪʦʛʝʥʝʪʠʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ ʫ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʟʘʟʥʘʯʝʥʠʭ ʪʠʧʽʚ ʩʢʦʨʦʪʣʠʚʠʭ 

ʢʣʽʪʠʥ ʟ'ʷʩʫʚʘʣʦʩʷ, ʱʦ ʚ ʨʘʥʥʴʦʤʫ ʝʤʙʨʽʦʥʘʣʴ-

ʥʦʤʫ ʤʽʦʢʘʨʜʽ ʯʘʩʪʢʘ ʚʠʩʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʘʨ-

ʜʽʦʤʽʦʮʠʪʽʚ ʩʢʣʘʣʘ ʤʝʥʰʝ 10% (ʚʽʜ ʯʠʩʝʣʴʥʦʩʪʽ 

ʤʽʦʮʠʪʘʨʥʦʾ ʧʦʧʫʣʷʮʽʾ) ʚ ʢʦʞʥʽʡ ʟ ʚʠʚʯʝʥʠʭ ʜʽʣʷ-

ʥʦʢ ʤʽʦʢʘʨʜʘ. ʋ ʙʽʣʴʰʦʩʪʽ ʩʣʘʙʦ ʜʠʬʝʨʝʥʮʽʡʦʚʘ-

ʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʤʽʩʪʠʣʘʩʴ ʥʝʚʝ-

ʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʠʬʽʯʥʠʭ ʩʝʢʨʝʪʦʨʥʠʭ ʛʨʘʥʫʣ, 

ʷʢʽ ʚʞʝ ʥʘ 16-ʪʫ ʜʦʙʫ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ 

ʱʫʨʽʚ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦʤʘ ʪʠʧʘʤʠ ï ʤʝʤ-

ʙʨʘʥʥʠʤʠ ʽ ʙʝʟʤʝʤʙʨʘʥʥʠʭ. ʗʢ ʧʨʘʚʠʣʦ, ʛʨʘʥʫʣʠ 

ʨʦʟʪʘʰʦʚʫʚʘʣʠʩʷ ʥʝ ʛʨʫʧʘʤʠ, ʘ ʧʦʦʜʠʥʮʽ ï ʚ ʧʘʨʘ-

ʥʫʢʣʝʘʨʥʽʡ ʟʦʥʽ, ʚ ʦʪʦʯʝʥʥʽ ʟʥʘʯʥʠʭ ʟʘʧʘʩʽʚ ʛʣʽʢʦ-

ʛʝʥʫ (ʨʠʩ. 1-4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
ʈʠʩ. 1. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ 

ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʥʘ 16-ʪʫ ʜʦʙʫ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ. 
ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ22000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 2. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʧʨʘʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ 

ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʥʘ 16-ʪʫ ʜʦʙʫ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ. 
ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ16000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 3. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʣʽʚʦʛʦ ʚʫʰʢʘ ʩʝʨʮʷ 

ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʥʘ 16-ʪʫ ʜʦʙʫ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ. 
ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ16000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 4. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʧʨʘʚʦʛʦ ʚʫʰʢʘ ʩʝ-

ʨʮʷ ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʥʘ 16-ʪʫ ʜʦʙʫ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝ-
ʥʝʟʫ. ʊʨʘʥʩʤʽʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ18000. 

 

ɺʘʞʣʠʚʦ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ ʧʦʨʷʜ ʟ ʤʝʤʙʨʘʥ-

ʥʠʤʠ ʽ ʙʝʟʤʝʤʙʨʘʥʥʠʤʠ ʛʨʘʥʫʣʘʤʠ ʚ ʩʘʨʢʦʧʣʘʟʤʽ 

ʚʠʟʥʘʯʘʣʠʩʷ "ʪʽʥʽ" ʩʧʝʮʠʬʽʯʥʠʭ ʛʨʘʥʫʣ. ʎʝ ʩʚʽʜ-

ʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʚʞʝ ʚ ʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʤʽʦʢʘʨʜʽ 

ʩʝʢʨʝʪʦʨʥʠʡ ʘʧʘʨʘʪ ʨʦʟʚʠʚʘʚʩʷ ʥʝ ʣʠʰʝ ʰʣʷʭʦʤ 

ʥʘʢʦʧʠʯʝʥʥʷ ʛʨʘʥʫʣ, ʘʣʝ ʡ ʚʠʜʽʣʷʚ ʥʘʪʨʽʡʫʨʝʪʠʯ-

ʥʠʡ ʬʘʢʪʦʨ. ʋ ʜʘʥʠʡ ʧʝʨʽʦʜ ʜʝʷʢʽ ʧʝʨʝʜʩʝʨʜʥʽ ʢʣʽ-

ʪʠʥʠ, ʟ ʥʝʟʥʘʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʤʽʦʬʽʙʨʽʣʣʷʨʥʦʛʦ 

ʘʧʘʨʘʪʫ ʪʘ ʧʦʟʙʘʚʣʝʥʽ ʩʧʝʮʠʬʽʯʥʠʭ ʩʝʢʨʝʪʦʨʥʠʭ 

ʛʨʘʥʫʣ, ʤʘʣʠ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʠʡ ʘʙʦ ʛʽʧʝʨʪʨʦʬʦʚʘ-

ʥʠʡ ʘʧʘʨʘʪ ɻʦʣʴʜʞʽ, ʮʠʩʪʝʨʥʠ ʷʢʦʛʦ ʘʢʪʠʚʥʦ ʥʘ-

ʩʠʯʫʚʘʣʠʩʷ ʨʠʙʦʩʦʤʘʤʠ.  

ʋ ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʰʣʫʥʦʯʢʦʚʽ ʢʘʨʜʽʦʤʽʦʮʠʪʠ 

ʤʽʩʪʠʣʠ ʚ ʩʫʙʩʘʨʢʦʣʝʤʘʣʴʥʽʡ ʟʦʥʽ, ʟʚʝʨʥʝʥʽʡ ʫʙʽʢ 

ʝʥʜʦʪʝʣʽʘʣʴʥʦʾ ʢʣʽʪʠʥʠ ʘʙʦ ʬʽʙʨʦʙʣʘʩʪʘ, ʯʠʩʣʝʥʥʽ 

ʛʨʘʥʫʣʦ-ʧʦʜʽʙʥʽ ʩʪʨʫʢʪʫʨʠ, ʷʢʽ ʦʧʠʩʘʥʽ ʫ ʣʽʪʝʨʘ-

ʪʫʨʽ ʚ ʷʢʦʩʪʽ ʪʘʢ ʟʚʘʥʠʭ "ʦʙʣʷʤʦʚʘʥʠʭ" ʧʫʭʠʨʮʽʚ. 

ɿʘ ʩʚʦʾʤʠ ʨʦʟʤʽʨʘʤʠ ʽ ʢʦʥʬʽʛʫʨʘʮʽʻʶ ʮʽ ʧʫʭʠʨʮʽ 

ʥʘʙʣʠʞʘʣʠʩʷ ʜʦ ʩʧʝʮʠʬʽʯʥʠʭ ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘ-

ʥʫʣ, ʦʜʥʘʢ ʫ ʩʢʣʘʜʽ ʚʠʷʚʣʝʥʠʭ ʛʨʫʧ ʙʫʣʠ ʚʽʜʩʫʪʥʽ 

ʙʝʟʤʝʤʙʨʘʥʥʽ ʛʨʘʥʫʣʠ ʘʙʦ ʾʭʥʽ "ʪʽʥʽ", ʘ ʯʘʩʪʠʥʘ 

ʚʝʟʠʢʫʣ ʥʝ ʤʽʩʪʠʣʠ ʭʘʨʘʢʪʝʨʥʦʛʦ ʦʩʤʽʦʬʽʣʴʥʦʛʦ 
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ʤʘʪʝʨʽʘʣʫ. ʁʤʦʚʽʨʥʦ, ʪʽ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘ-

ʣʠʩʷ ʚ ʰʣʫʥʦʯʢʦʚʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʘʭ, ʥʝ ʤʘʶʪʴ ʚʽ-

ʜʥʦʰʝʥʥʷ ʜʦ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʤʽʦʢʘʨʜʘ; ʾʭ 

ʨʦʣʴ ʧʦʚ'ʷʟʘʥʘ ʙʽʣʴʰʦʶ ʤʽʨʦʶ ʟ ʘʢʪʠʚʥʠʤ ʪʨʘʥʩ-

ʧʦʨʪʦʤ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʠʭ ʨʝʯʦʚʠʥ ʯʝʨʝʟ ʩʪʨʫʢ-

ʪʫʨʠ ʛʽʩʪʦʛʝʤʘʪʠʯʥʦʛʦ ʙʘʨ'ʻʨʫ. 

ʅʘ ʝʪʘʧʘʭ ʨʘʥʥʴʦʛʦ ʧʦʩʪʝʤʙʨʽʦʥʘʣʴʥʦʛʦ ʨʦʟ-

ʚʠʪʢʫ ʫ ʧʝʨʝʜʩʝʨʜʥʦʤʫ ʤʽʦʢʘʨʜʽ ʱʫʨʘ ʚʽʜʙʫʚʘ-

ʣʦʩʷ ʘʢʪʠʚʥʝ ʥʘʢʦʧʠʯʝʥʥʷ ʚʠʩʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘ-

ʥʠʭ ʢʣʽʪʠʥ, ʱʦ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʤʘʡʞʝ ʧʦʚʥʦʛʦ ʚʠ-

ʪʠʩʢʘʥʥʷ ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ 

(2-ʛʦ ʪʠʧʫ) ʫ ʤʽʦʢʘʨʜʽ ʚʫʰʦʢ ʩʝʨʮʷ ʽ ʜʦ ʟʥʘʯʥʦʛʦ 

ʜʦʤʽʥʫʚʘʥʥʷ ʢʣʽʪʠʥ 1-ʛʦ ʪʠʧʫ ʚ ʤʽʦʢʘʨʜʽ ʧʝʨʝʜʩʝ-

ʨʜʥʦʾ ʩʪʽʥʢʠ ʽ ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ (ʨʠʩ. 

5, 6).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 5. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ 

ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʯʝʨʝʟ 7 ʜʽʙ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ. ʊʨʘʥʩʤʽ-
ʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ10000. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6. ʌʨʘʛʤʝʥʪ ʢʘʨʜʽʦʤʽʦʮʠʪʘ ʧʨʘʚʦʛʦ ʧʝʨʝʜʩʝʨʜʷ 

ʽʥʪʘʢʪʥʦʛʦ ʱʫʨʘ ʯʝʨʝʟ 7 ʜʽʙ ʧʽʩʣʷ ʥʘʨʦʜʞʝʥʥʷ. ʊʨʘʥʩʤʽ-
ʩʽʡʥʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ. Ĭ10000. 

 

 

ʇʨʦʪʷʛʦʤ 2-ʛʦ ʪʠʞʥʷ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝ-

ʥʝʟʫ ʚʤʽʩʪ ʚʠʩʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʤ'ʷʟʦʚʦ-ʩʝʢʨʝ-

ʪʦʨʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʚʘʚ ʚʝ-

ʣʠʯʠʥʠ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʜʝʬʽʥʽʪʠʚʥʦʛʦ ʨʽʚʥʷ ʨʦʟ-

ʚʠʪʢʫ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʩʝʨʮʷ; ʚ ʧʦʜʘʣʴʰʦʤʫ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʦʤʽʨʥʘ ʨʝʜʫʢʮʽʷ ʢʽʣʴʢʦʩʪʽ ʢʣʽʪʠʥ 

1-ʛʦ ʪʠʧʫ ʜʦ ʜʝʬʽʥʽʪʠʚʥʠʭ ʟʥʘʯʝʥʴ. ʇʨʠʥʮʠʧʦʚʦ 

ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʦʥʪʦʛʝʥʝʪʠʯʥʠʭ ʟʨʫʰʝʥʴ ʚʩʪʘ-

ʥʦʚʣʝʥʠʡ ʧʨʠ ʚʠʚʯʝʥʥʽ ʜʠʥʘʤʽʢʠ ʯʠʩʝʣʴʥʦʾ ʱʽʣʴ-

ʥʦʩʪʽ ʩʝʢʨʝʪʦʨʥʠʭ ʛʨʘʥʫʣ ʚ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ ʧʝʨʝʜ-

ʩʝʨʜʥʦʛʦ ʤʽʦʢʘʨʜʘ ʩʝʨʮʷ ʱʫʨʽʚ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ. 

ʇʽʜʩʫʤʦʢ 

ʄʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʧʝʮʠʬʽʯʥʠʭ ʛʨʘ-

ʥʫʣ ʫ ʩʘʨʢʦʧʣʘʟʤʽ ʚʠʟʥʘʯʘʶʪʴ ʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʩʫ-

ʙʧʦʧʫʣʷʮʽʡ ʧʝʨʝʜʩʝʨʜʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ: 1) ʚʠ-

ʩʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʥʘ ʩʝʢʨʝʮʽʾ ʥʘʪʨʽʡʫʨʝʪʠʯ-

ʥʦʛʦ ʬʘʢʪʦʨʘ; 2) ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʝʢʨʝʪʦ-

ʨʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ. ʅʘʡʚʠʱʘ ʩʝʢʨʝʪʦʨʥʘ ʘʢʪʠʚ-

ʥʽʩʪʴ ʟʨʽʣʦʛʦ ʤʽʦʢʘʨʜʘ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʨʘʚʦʤʫ ʚʫ-

ʰʢʫ ʩʝʨʮʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʚʘʞʘʥʥʷʤ ʚʠʩʦʢʦ 

ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʝʢʨʝʪʦʨʥʠʭ ʤʽʦʮʠʪʽʚ (ʧʦʥʘʜ 

75% ʚʽʜ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʦʮʠʪʘʨʥʦʡ ʧʦʧʫʣʷʮʽʾ). ʉʝ-

ʢʨʝʪʦʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʟʨʽʣʦʛʦ ʤʽʦʢʘʨʜʘ 

ʫʙʫʚʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʣʽʚʝ ʚʫʰʢʦ ï ʧʨʘʚʝ ʧʝʨʝʜ-

ʩʝʨʜʷ ï ʣʽʚʝ ʧʝʨʝʜʩʝʨʜʷ ï ʤʽʞʧʝʨʝʜʩʝʨʜʥʘ ʧʝʨʝʛʦ-

ʨʦʜʢʘ ï ʤʽʞʰʣʫʥʦʯʢʦʚʘ ʧʝʨʝʛʦʨʦʜʢʘ ï ʧʨʘʚʠʡ 

ʰʣʫʥʦʯʦʢ ï ʣʽʚʠʡ ʰʣʫʥʦʯʦʢ. ʈʦʟʚʠʪʦʢ ʩʝʢʨʝʪʦʨ-

ʥʦʛʦ ʘʧʘʨʘʪʫ ʥʘ ʝʪʘʧʘʭ ʢʘʨʜʽʦʛʝʥʝʟʫ ʛʨʫʥʪʫʻʪʴʩʷ 

ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʢʽʣʴʢʽʩʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ ʚʠʩʦʢʦ ʽ ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʩʝʢʨʝʪʦʨ-

ʥʠʤʠ ʢʘʨʜʽʦʤʽʦʮʠʪʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʠʩʦʢʽ ʪʝʤʧʠ 

ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʘ 

ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʽʦʢʘʨʜʘ ʧʨʘʚʦʛʦ ʚʫʰʢʘ ʩʝʨʮʷ; 

ʥʘʡʙʽʣʴʰ ʥʠʟʴʢʽ ï ʜʣʷ ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ ʧʝʨʝʛʦʨʦ-

ʜʢʠ. ʐʣʫʥʦʯʢʦʚʠʡ ʤʽʦʢʘʨʜ ʤʘʻ ʧʦʤʽʨʥʫ ʩʝʢʨʝʪʦ-

ʨʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʘʥʥʴʦʤʫ ʧʦʩʪʝʤʙʨʽʦʥʘʣʴʥʦʤʫ 

ʨʦʟʚʠʪʢʫ ʱʫʨʽʚ; ʟʨʽʣʽ ʢʘʨʜʽʦʤʽʦʮʠʪʠ ʰʣʫʥʦʯʢʽʚ 

ʚʪʨʘʯʘʶʪʴ ʩʝʢʨʝʪʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɼʝʬʽʥʽʪʠʚʥʠʡ 

ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘ-

ʨʘʪʘ ʤʽʦʢʘʨʜʘ ʜʦʩʷʛʘʻʪʴʩʷ ʜʦ ʢʽʥʮʷ 1-ʛʦ ʤʽʩʷʮʷ ʧʦ-

ʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ ʱʫʨʽʚ. 

ʇʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʚ'ʷ-

ʟʘʥʽ ʟ ʚʠʚʯʝʥʥʷʤ ʨʝʘʢʮʽʾ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʧʝ-

ʨʝʜʩʝʨʜʥʠʭ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʥʘ ʛʽʧʦʢʩʠʯʥʠʡ ʩʪʘʥ ʫ 

ʧʨʝʥʘʪʘʣʴʥʦʤʫ ʢʘʨʜʽʦʛʝʥʝʟʽ. 

ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʢʦʥʬʣʽʢʪ ʽʥʪʝʨʝʩʽʚ 

ʇʦʪʝʥʮʽʡʥʠʭ ʘʙʦ ʷʚʥʠʭ ʢʦʥʬʣʽʢʪʽʚ ʽʥʪʝʨʝʩʽʚ, 

ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʮʠʤ ʨʫʢʦʧʠʩʦʤ, ʥʘ ʤʦʤʝʥʪ ʧʫʙʣʽ-

ʢʘʮʽʾ ʥʝ ʽʩʥʫʻ ʪʘ ʥʝ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ. 

ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʈʦʙʦʪʫ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜ-

ʥʦʾ ʪʝʤʠ çɻʽʩʪʦʛʝʥʝʟ ʢʦʤʧʦʥʝʥʪʽʚ ʩʝʨʮʝʚʦ-ʩʫʜʠʥ-

ʥʦʾ ʩʠʩʪʝʤʠ ʣʶʜʠʥʠ ʪʘ ʣʘʙʦʨʘʪʦʨʥʠʭ ʪʚʘʨʠʥ ʫ ʥʦ-

ʨʤʽ ʪʘ ʟʘ ʫʤʦʚ ʝʢʩʧʝʨʠʤʝʥʪʫè (ʥʦʤʝʨ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0118U004730). 
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ʊʚʝʨʜʦʭʣʽʙ ɯ.ɺ., ʂʘʥʽʱʝʚ ʆ.ʉ., ʉʘʚʨʘʥ ʅ.ɺ. ʊʦʧʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʩʝʢʨʝʪʦʨʥʦʛʦ 

ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʫ ʨʽʟʥʠʭ ʚʽʜʜʽʣʘʭ ʩʝʨʮʷ ʱʫʨʘ ʚ ʦʥʪʦʛʝʥʝʟʽ. 

ʈɽʌɽʈɸʊ. ɸʢʪʫʘʣʴʥʽʩʪʴ. ʅʝ ʟʚʘʞʘʶʯʠ ʥʘ ʯʠʩʣʝʥʥʽʩʪʴ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʩʝʢʨʝʪʦʨʥʠʭ 

ʧʝʨʝʜʩʝʨʜʥʠʭ ʛʨʘʥʫʣ, ʧʨʦ ʥʝʦʜʥʘʢʦʚʠʡ ʨʦʟʧʦʜʽʣ ʾʭ ʚ ʦʢʨʝʤʠʭ ʩʢʦʨʦʪʣʠʚʠʭ ʢʣʽʪʠʥʘʭ ʽ ʪʢʘʥʠʥʥʠʭ ʜʽʣʷʥʢʘʭ 

ʤʽʦʢʘʨʜʘ ʫ ʩʢʣʘʜʽ ʧʝʨʝʜʩʝʨʜʥʦʾ ʩʪʽʥʢʠ, ʩʴʦʛʦʜʥʽ ʧʦʪʨʝʙʫʶʪʴ ʫʪʦʯʥʝʥʴ ʤʦʨʬʦʣʦʛʽʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʚʠʪʢʫ 

ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʾʭ ʣʦʢʘʣʽʟʘʮʽʾ ʚ ʦʨʛʘʥʽ. ʄʝʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʠʟʥʘ-

ʯʝʥʥʷ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʠʭ ʽ ʛʽʩʪʦʭʽʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʨʦʟʚʠʪʢʫ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʫ 

ʨʽʟʥʠʭ ʣʦʢʘʣʽʟʘʮʽʷʭ ʩʝʨʮʷ ʱʫʨʽʚ. ʄʝʪʦʜʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʛʽʩʪʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʥʘ ʢʠʩʣʫ ʬʦʩʬʘʪʘʟʫ ʪʘ ʪʨʘʥ-

ʩʤʽʩʽʡʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʠʚʯʘʣʠ ʩʪʘʥ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʢʘʨʜʽʦʤʽʦʮʠʪʽʚ ʫ ʩʢʣʘʜʽ ʤʽʦʢʘʨʜʘ 

ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʧʝʨʝʜʩʝʨʜʴ ʪʘ ʰʣʫʥʦʯʢʽʚ, ʧʨʘʚʦʛʦ ʽ ʣʽʚʦʛʦ ʚʫʰʦʢ ʩʝʨʮʷ, ʘ ʪʘʢʦʞ ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ ʧʝʨʝʛʦ-

ʨʦʜʢʠ ʩʝʨʮʷ ʱʫʨʽʚ ʥʘ ʝʪʘʧʘʭ ʧʨʝʥʘʪʘʣʴʥʦʛʦ ʽ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ. ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʧʽʜʩʫʤʦʢ. ʅʘʡ-

ʚʠʱʘ ʩʝʢʨʝʪʦʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʟʨʽʣʦʛʦ ʤʽʦʢʘʨʜʘ ʚʠʷʚʣʷʻʪʴʩʷ ʫ ʧʨʘʚʦʤʫ ʚʫʰʢʫ ʩʝʨʮʷ, ʱʦ ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʚʘ-

ʞʘʥʥʷʤ ʚʠʩʦʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʝʢʨʝʪʦʨʥʠʭ ʤʽʦʮʠʪʽʚ (ʧʦʥʘʜ 75% ʚʽʜ ʯʠʩʝʣʴʥʦʩʪʽ ʤʽʦʮʠʪʘʨʥʦʡ ʧʦʧʫʣʷʮʽʾ). 

ʉʝʢʨʝʪʦʨʥʘ ʘʢʪʠʚʥʽʩʪʴ ʜʽʣʷʥʦʢ ʟʨʽʣʦʛʦ ʤʽʦʢʘʨʜʘ ʫʙʫʚʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʩʪʽ: ʣʽʚʝ ʚʫʰʢʦ ï ʧʨʘʚʝ ʧʝʨʝʜʩʝʨʜʷ ï 

ʣʽʚʝ ʧʝʨʝʜʩʝʨʜʷ ï ʤʽʞʧʝʨʝʜʩʝʨʜʥʘ ʧʝʨʝʛʦʨʦʜʢʘ ï ʤʽʞʰʣʫʥʦʯʢʦʚʘ ʧʝʨʝʛʦʨʦʜʢʘ ï ʧʨʘʚʠʡ ʰʣʫʥʦʯʦʢ ï ʣʽʚʠʡ 

ʰʣʫʥʦʯʦʢ. ʈʦʟʚʠʪʦʢ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʥʘ ʝʪʘʧʘʭ ʢʘʨʜʽʦʛʝʥʝʟʫ ʛʨʫʥʪʫʻʪʴʩʷ ʥʘ ʧʝʨʝʪʚʦʨʝʥʥʷʭ ʢʽʣʴʢʽʩ-

ʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʩʦʢʦ ʽ ʥʠʟʴʢʦ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʩʝʢʨʝʪʦʨʥʠʤʠ ʢʘʨʜʽʦʤʽʦʮʠʪʘʤʠ. ʅʘʡʙʽʣʴʰ ʚʠ-

ʩʦʢʽ ʪʝʤʧʠ ʬʦʨʤʫʚʘʥʥʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʤʽʦʢʘʨʜʘ ʧʨʘʚʦʛʦ ʚʫʰʢʘ ʩʝ-

ʨʮʷ; ʥʘʡʙʽʣʴʰ ʥʠʟʴʢʽ ï ʜʣʷ ʤʽʞʧʝʨʝʜʩʝʨʜʥʦʾ ʧʝʨʝʛʦʨʦʜʢʠ. ʐʣʫʥʦʯʢʦʚʠʡ ʤʽʦʢʘʨʜ ʤʘʻ ʧʦʤʽʨʥʫ ʩʝʢʨʝʪʦʨʥʫ 

ʘʢʪʠʚʥʽʩʪʴ ʫ ʨʘʥʥʴʦʤʫ ʧʦʩʪʝʤʙʨʽʦʥʘʣʴʥʦʤʫ ʨʦʟʚʠʪʢʫ ʱʫʨʽʚ; ʟʨʽʣʽ ʢʘʨʜʽʦʤʽʦʮʠʪʠ ʰʣʫʥʦʯʢʽʚ ʚʪʨʘʯʘʶʪʴ ʩʝ-

ʢʨʝʪʦʨʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɼʝʬʽʥʽʪʠʚʥʠʡ ʨʽʚʝʥʴ ʨʦʟʚʠʪʢʫ ʛʝʪʝʨʦʛʝʥʥʦʩʪʽ ʩʝʢʨʝʪʦʨʥʦʛʦ ʘʧʘʨʘʪʫ ʤʽʦʢʘʨʜʘ ʜʦʩʷʛʘ-

ʻʪʴʩʷ ʜʦ ʢʽʥʮʷ 1-ʛʦ ʤʽʩʷʮʷ ʧʦʩʪʥʘʪʘʣʴʥʦʛʦ ʦʥʪʦʛʝʥʝʟʫ ʱʫʨʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʩʝʨʮʝ, ʧʝʨʝʜʩʝʨʜʷ, ʰʣʫʥʦʯʢʠ, ʱʫʨ, ʦʥʪʦʛʝʥʝʟ, ʢʘʨʜʽʦʤʽʦʮʠʪʠ, ʩʝʢʨʝʪʦʨʥʠʡ ʘʧʧʘʨʘʪ.  
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ABSTRACT.  Relevance. Research on the topographic-anatomical relationships of nerves in the palm region is important 

due to the high level of traumatic injuries and compression-ischemic syndromes in this area. Objective. The study aimed to 

supplement and clarify the literature data regarding the topography and anatomical features of the relationship between the 

median and ulnar nerves in the palm region. Materials and Methods. The features of the fetal topography of the ulnar and 

median nerves in the right and left palms were studied using 36 preparations from 18 human fetuses aged 4-10 months 

through macromicroscopic dissection, vascular injection, sequential drawing of dissection stages, and morphometry. The 

study employed an original method of sequential anatomical dissection of the vessels and nerves in the palm area of the 

human hand. Results. This study supplements and clarifies the data on the topographic-anatomical relationships between 

the ulnar and median nerves. It was found that, in addition to stable innervation zones, there are individual variations, in-

cluding the involvement of both nerves in the innervation of certain muscles, the presence of internal and inter-neural con-

necting branches, and variability in the branching of the median nerve in the carpal tunnel. Conclusion. The anatomical 

variability between the median and ulnar nerves and their individual branches indicates a significant degree of individual 

variability in the topography and innervation of muscles in the palm region. The characteristics of the relationships between 

the studied structures are of considerable importance for clinical practice, as they reduce the risk of damage during hand 

surgeries and improve the effectiveness of diagnostic procedures and surgical interventions.  
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ɺʩʪʫʧ 

ɿʥʘʯʥʠʡ ʧʨʦʛʨʝʩ ʚʽʜʥʦʚʣʶʚʘʣʴʥʦʾ ʭʽʨʫʨʛʽʾ 

ʩʫʛʣʦʙʽʚ ʽ ʤôʷʟʽʚ ʚʝʨʭʥʴʦʾ ʢʽʥʮʽʚʢʠ ʤʦʞʝ ʙʫʪʠ ʜʦ-

ʩʷʛʥʫʪʠʡ ʣʠʰʝ ʟʘʚʜʷʢʠ ʾʭ ʚʩʝʙʽʯʥʦʤʫ ʤʦʨʬʦ-ʬʫʥ-

ʢʮʽʦʥʘʣʴʥʦʤʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʚʠʚʯʝʥʥʶ. 

ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ 

ʤôʷʟʽʚ ʫ ʧʨʝ- ʪʘ ʧʦʩʪʥʘʪʘʣʴʥʦʤʫ ʧʝʨʽʦʜʘʭ ʦʥʪʦʛʝ-

ʥʝʟʫ, ʻ ʬʫʥʢʮʽʷ. ʊʝʤʧʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʤôʷʟʽʚ 

ʟʘʣʝʞʘʪʴ ʷʢ ʚʽʜ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʪʘʢ ʽ ʚʽʜ ʯʘʩʫ ʧʦʷʚʠ 

ʬʫʥʢʮʽʾ [1,2]. ʄôʷʟʠ ʧʨʘʚʦʾ ʪʘ ʣʽʚʦʾ ʚʝʨʭʥʴʦʾ ʢʽʥ-

ʮʽʚʢʠ ʧʦʩʪʘʚʣʝʥʽ ʫ ʨʽʟʥʽ ʫʤʦʚʠ ʚʘʩʢʫʣʷʨʠʟʘʮʽʾ ʪʘ 

ʽʥʥʝʨʚʘʮʽʾ [3,4,5]. ʅʘ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʦʥʪʦʛʝʥʝʟʫ 
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