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ABSTRACT 

Yaremchuk N.I. Anatomical age dependence of the bone tissue of the 

mandibular processes in case of tooth loss in males and females. – Qualifying 

scientific work on the rights of the manuscript. 

Dissertation for the degree of Doctor of Philosophy PhD, speciality 222 

<Medicine= (14.03.01 – Normal Anatomy). – Bukovinian State Medical University 

of the Ministry of Health of Ukraine, Chernivtsi, 2024. 
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Bukovinian State Medical University of the Ministry of Health of Ukraine, 

Chernivtsi, 2024. 

The dissertation research is devoted to the study of the peculiarities of the 

morphology of the age dependence of the cortical and trabecular layers of bone 

tissue of the condylar and coronal processes of the mandible (LJ), taking into account 

their anatomical variability in the loss of masticatory teeth in males and females in 

adulthood of postnatal ontogeny.  

 To establish the nature and sequence of morphological age-related changes 

and anatomical transformations of the mandibular processes, the study was based on 

the examination of 136 computed tomographic (CT) digital records of examinations 

of the temporomandibular joints (69 depersonalised CT records of male and 67 

depersonalised CT scans of female patients), which provided adequate information 

about the condition of the LJ, its condylar and coronoid processes on the right and 

left sides and met the aim of this study. The selection of CT digital scans of patients 

according to gender was aimed at statistical averaging of the material collected for 

the study. 

The following methods were used in the study: clinical selection; radiological 

(CT examination of patients); morphometric (CT software); densitometric (CT 

software); production of 3D reconstruction models (CT software); mathematical 

modelling and statistical processing.  

The age characteristics of the study objects were determined by the method of 

statistical selection with the distribution of the study material by age into two periods 

(1-2) of mature age of postnatal human ontogeny (1st period of mature age - men 

22-35 years old, women 21-35 years old; 2nd period - men 36-60 years old, women 

36-55 years old).  These periods of adulthood were chosen due to their significance 

(increased frequency) of this age of patients in the loss of the masticatory group of 

teeth. Depending on the pathoetiological factor, the selected material was distributed 

according to the degree of acquisition of a dentition defect of the LJ by patients into 

three groups, namely: the first group - limited dentition defect, the second group is 
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an existing terminal defect, the third group is individuals with preserved dentition, 

the control group. 

An age-related assessment of the dynamics of morphological restructuring of 

the bone tissue of the condylar processes of the mandible was performed. The loss 

of masticatory teeth to the LJ by individuals of both sexes in both periods of 

postnatal ontogeny, causing the pathology of limited (included) defects of the 

dentition, leads to atrophy, first of all, of the trabecular layer of bone tissue of the 

condylar processes in the 1st period of adulthood and an increase in its density in the 

2nd period of adulthood in case of terminal dentition defects. Taken together, this 

provides an understanding of the objectivity of mandibular bone tissue restructuring 

depending on tooth loss as a vector patho-etiological factor.  

Morphometric values of the most vulnerable areas of the neck and base (A-

Pn/q, A-Pb/q) of the condylar processes of the lower jaw with limited (included) 

dentition defects indicate the reconstruction of their bone tissue, in particular, in the 

1-st period of adulthood of postnatal human ontogenesis and they are characterized 

by a decrease with a significant predominance on the left side.  

Changes in bone density of the condylar processes of the LJ depend not only 

on the loss of the masticatory teeth but also on the functionality of the muscular 

system, particularly the masticatory muscles, and adaptation processes aimed at 

preparing and forming the oral lump. With a change in the vector of muscle strength, 

there is a morphological restructuring of the height of the processes, namely, the 

distance from their base to the neck, in the negative direction due to the loss of 

occlusal ratios.  

A change in the vertical dimension of occlusion due to a limited (included) 

loss of masticatory teeth stipulates quick adaptation to new conditions of reducing 

pressure on the joints, causing an interrelated process of bone atrophy of both the 

cellular part and the trabecular layer of the condylar mandibular processes.  

In the study of the age-related assessment of the dynamics of morphological 

restructuring of the bone tissue of the coronal processes of the LJ in the 1st and 2nd 
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periods of mature age of postnatal ontogeny in males and females depending on the 

loss of the masticatory group of teeth, it was found that the cervical region of the 

coronal processes on the right side is subject to the greatest morphometric variability 

of bone tissue with a moderate decrease in morphometric values on the left side, 

with limited (included) dentition defects. In case of terminal dentition defects, the 

morphometric values of the coronal processes decrease both on the right side - from 

7.288 ± 1.690 mm to 7.008 ± 1.148 mm, and on the left side – from 7.488 ± 1.137 

mm to 6.427 ± 0.760 mm in comparison between the first and second periods of 

adulthood of postnatal ontogeny. Morphometric values in the area of the base of the 

coronoid processes increase in acquired terminal dentition defects. The 

densitometric variability of the bone tissue of the coronoid processes of the LJ does 

not have a stable growth or decline.  

A comparative analysis of the density of the cortical layer of the bone tissue 

of the processes and the angle of the LJ in acquired dentition defects was performed. 

In people with limited dentition defects, densitometric parameters increase 

proportionally and decrease significantly in the case of terminal dentition defects on 

the right and left sides, which is explained by a violation of the distribution of 

occlusal pressure, primarily, and the loss of the occlusal relationship of the dentition. 

The effect of synergistic masticatory muscle dysfunction leads to a new trajectory 

of adaptive movements and position of the articular heads of the mandibular 

processes.  

In turn, this pathological chain is renewed by stage-specific etiological factors 

and processes of structural restructuring, forming a new morphological form of both 

the coronal processes and the angle of the LJ. Our findings are confirmed by the 

obtained values of 2313 ± 806.2 CGU (control group) and a significant decrease (↓) 

to 2107 ± 440.9 CGU in the group with terminal dentition defects on the right side, 

as well as (↓) from 2227 ± 667.4 CGU to 2151 ± 319.1 CGU, indicating the activity 

of bone remodelling processes. 

In case of limited dentition defects, the density of bone tissue forming the 
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central, cross-linking cortical plate of the heads of the condylar and coronal 

processes of the LJ in the 1st period of adulthood of postnatal ontogeny increases on 

the right side and decreases on the left side. In case of terminal dentition defects, the 

densitometric parameters of the cortical bone tissue on the right side decrease and 

increase on the left side of the LJ. In the 2nd period of adulthood of postnatal human 

ontogeny, the bone density of the cortical layer of the condylar processes has an 

increasing (↑) trend in the case of terminal dentition defects up to 1184.1 ± 330.2 

CGU/cm2 both on the right side of the LJ and on the left side – from 926.4 ± 179.5 

CGU/cm2 (↑) to 1064 ± 153.7 CGU/cm2. The coronal processes of the LJ are 

characterised by asynchronous values of bone density of the cortical layer. The 

regularity of the cortical bone density of the angle bone tissue, which is considered 

to be conditionally 8stable9 as the main structural morphological barrier (membrane), 

is synchronous with the change in the density of the mandibular processes and is 

subject to densitometric variation depending on the time, strength of action and 

spread of patho-etiological factors. 

In this work, we have detailed individual values that reveal the behaviour 

(restructuring) of bone tissue caused by the loss of individual masticatory teeth or 

their groups and have significant informational value in planning and performing 

reconstructive surgery in dentistry and maxillofacial surgery, in particular, 

osteosynthesis, etc. 

The scientific novelty of the results. For the first time, the peculiarities of the 

morphology of the age dependence of the cortical and trabecular layers of bone 

tissue of the condylar and coronal processes of the LJ were comprehensively studied, 

taking into account their anatomical variability in the loss of masticatory teeth in 

males and females in adulthood of postnatal ontogeny, with the development of 

individual innovative and methodological standards for the general principles of 

determining the sites of CT measurements with the indication of the corresponding 

quadrants for the acquisition of quantitative and qualitative indicators and using the 

optional completeness of the software installed in the CT scanners, which 
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determines (if necessary) the reproducibility of the study results. 

According to the results of the CT examination of patients of both sexes in the 

dynamics of the 1st and 2nd periods of mature age of postnatal ontogeny using the 

Ez3D-I Vatech software, the patterns of age-related changes in the density of the 

cortical and trabecular layers of bone tissue of the condylar and coronal processes 

of the LJ both without tooth loss (anatomical and physiological norm, control 

group), and due to anatomical dependence on the loss of masticatory teeth in case of 

limited and terminal dentition defects.   

For the first time, based on the analysis of CT studies of the TMJ areas of 

patients, individual and age-related anatomical variability was revealed and 

morphometric characteristics of the morphological components of the bone tissue of 

the condylar and coronal processes of the human LJ were established, depending on 

tooth loss in both sexes of mature age of postnatal ontogeny.   

Based on the materials of CT examinations using specialised/certified CT 

hardware programs, the age dynamics of the cortical bone density and the angle of 

the human LJ in mature adults of both sexes with tooth loss were compared for the 

first time, and the data obtained were mathematically processed and statistically 

analysed. 

In the analytical summary of the CT study, the significance of the 

multifactorial patho-etiological impact of tooth loss (in particular, the time of its 

manifestation and spread to the LJ) on the anatomical structures (coronal and 

condylar processes) of the LJ as the basis of the human masticatory system was 

determined for the first time. 

The work is a fundamental study on the detailed morphometric analysis and 

study of bone density of the most vulnerable areas of the mandibular processes (in 

men and women) in two periods of human maturity, with the loss of the masticatory 

group of teeth, which will be the basis for further scientific discussions and clinical 

differentiation in the selection of appropriate minimally invasive methods of 

rehabilitation of dental patients. 
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Practical significance of the results. In clinical dentistry, the results of the 

study of the age-related assessment of the dynamics of morphological restructuring 

of the bone tissue of the mandibular processes in the 1st and 2nd periods of mature 

age of postnatal ontogeny, depending on the loss of the masticatory group of teeth 

in both sexes, are the basis for the development of new effective methods of 

prevention and early diagnosis of pathological conditions of the mandibular bone 

tissue and can be used in both theoretical and practical fields of medicine, as well as 

in laboratories for screening morphological material.  

The development of general principles for determining the sites of CT 

measurements with the indication of the corresponding quadrants for measuring 

quantitative and qualitative indicators of the condylar and coronal processes of the 

LJ in the mature age of postnatal ontogeny in humans with loss of masticatory teeth 

provides objective conditions for the reproducibility of the studies. We propose to 

take the obtained results as a basis for morphometric values and density as 

quantitative and qualitative characteristics of bone tissue of the mandibular 

processes in the search and development of individual innovative and 

methodological standards with the possibility of using certified CT hardware 

software. 

The detailed morphometric analysis and study of bone density of the most 

vulnerable areas of the mandibular processes (in men and women) in two periods of 

human maturity, with the loss of the masticatory group of teeth, presented in the 

manuscript, serve as the basis for further scientific discussions and clinical 

differentiation in the selection of appropriate minimally invasive methods of 

rehabilitation of dental patients. 

The obtained scientific results on morphometric values, quantitative and 

qualitative indicators of the density of cortical and trabecular layers of bone tissue 

of the condylar and coronal processes of the LJ in men and women of the mature 

age of postnatal ontogeny are recommended for use in the educational process of the 

departments of the morphological profile, therapeutic and orthopedic dentistry, and 
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maxillofacial surgery, as well as in writing monographs and textbooks on these 

disciplines.   

The original author's publications [149, 150] on the study of bone tissue of the 

condylar and coronal processes of the human LJ, published and protected by the 

Certificate of Copyright Registration, are recommended for practical use in scientific 

morphological studies of the maxillofacial area as visual guides. 

Key words: mandible, condylar and coronal processes, anatomical 

variability, topography, atrophy of bone tissue, morphometry, computed 

tomography, bone density, 3D modeling, augmentation, osteosynthesis, man.  
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1C;> 7=0G=> 28I8< (69,4 %) C ?0FVє=BV2 G>;>2VG>W AB0BV (@ = 0,002; :@8B5@V9 χ2 

#V@A>=0). І<>2V@=VABь B>3>, I> @57>@1FVO :>@5=V2 2?;8=5 =0 4@C389 25;8:89 

:CB=V9 7C1, 1C;0 2 1,71 @078 28I>N, :>;8 B@5BV9 25;8:89 :CB=V9 7C1 <02 
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?>;>65==O 1C 70 #5;;>< V �@53>@V (95 % 4>2V@G89 V=B5@20; [�І], 1,27-2,31) V 2 

1,64 @078 28I5, :>;8 B@5BV9 25;8:89 :CB=V9 7C1 <02 <57V>0=3C;O@=5 ?>;>65==O 

70 �V=B5@>< (95 % �І, 1,38-1,95). %?>AB5@V302AO AB0B8AB8G=> 7=0GCI89 72’O7>: 

<V6 @>7B0HC20==O< B0 BO6:VABN @57>@1FVW :>@5=V2 4@C3>3> 25;8:>3> :CB=ь>3> 

7C10; H89=0 B@5B8=0 =091V;ьH5 ?>AB@0640;0 2V4 ;53:>W @57>@1FVW :>@5=V2, 0 

A5@54=O B@5B8=0 =091V;ьH5 ?>AB@0640;0 2V4 206:>W @57>@1FVW :>@5=V2. 

#>H8@5==O @57>@1FVW :>@5=V2 4@C38E 25;8:8E :CB=VE 7C1V2 !-, A?@8G8=5=>W 

@5B5=>20=8<8 B@5BV<8 25;8:8<8 :CB=V<8 7C10<8, 28A>:5, >A>1;82> C ?0FVє=BV2 

G>;>2VG>W AB0BV. �V4?>2V4=> 7 @57C;ьB0B0<8 :>=CA=>-?@><5=528E �&-A:0=C20=ь 

B@5BV 25;8:V :CB=V 7C18 !- 2 ?>;>65==V 1C 70 #5;;>< V �@53>@V 01> 2 

<57V>0=3C;O@=><C ?>;>65==V �V=B5@0 ?@>45<>=AB@C20;8 1V;ьH89 ?>B5=FV0; 

4;O 28=8:=5==O @57>@1FVW :>@5=V2 ACAV4=ь>3> 4@C3>3> 25;8:>3> :CB=ь>3> 7C10 

[35–37]. 

 �:BC0;ь=8< є @04V>;>3VG=5 @5B@>A?5:B82=5 >1A5@20FV9=5 4>A;V465==O 

270є<>72’O7:C <V6 AB0=>< B@5BVE 25;8:8E :CB=VE 7C1V2 B0 28=8:=5==O< C@065=ь 

7C1V2 B0 ?0@>4>=BC =0 ACAV4=VE 4@C38E 25;8:8E :CB=VE 7C10E C ?>;ьAь:>W 

?>?C;OFVW, O:5 @>7:@8B> C ?C1;V:0FVW D. Poszytek, B. Górski [38]. �>4=>G0A, 

D0:B>@8 @878:C @57>@1FVW :>@5=V2 4@C38E 25;8:8E :CB=VE 7C1V2 @5B8=>20=8<8 

B@5BV<8 25;8:8<8 :CB=V<8 7C10<8 70 :>=CA=>-?@><5=528<8 �& >?8A0=> 2 

<5B00=0;V7V 4>A;V465=ь Y. Ma, D. Mu, X. Li [39].    

L. Hermann, S.E. Norholt, A. Wenzel, P. Taneja, L.H. Matzen [40] ?@>25;8 

?@>A?5:B82=5 4>A;V465==O 7 >FV=:>N B>3>, G8 7<V=Nє V=D>@<0FVO, >B@8<0=0 70 

:>=CA=>-?@><5=528< �&-4>A;V465==O< ?;0= ;V:C20==O 4@C38E V B@5BVE 

25;8:8E :CB=VE 7C1V2 !-, 0 B0:>6 7 <5B>N 282G5==O :;V=VG=8E B0 

@5=B35=>;>3VG=8E ?0@0<5B@V2, O:V <>6CBь 2?;8=CB8 =0 @VH5==O I>4> WE 

;V:C20==O. ' ?@>A?5:B82=5 4>A;V465==O 1C;> 2:;NG5=> 260 B@5BVE 25;8:8E 

:CB=VE 7C1V2 I5;5?8 7 =0:;040==O< =0 4@C389 25;8:89 :CB=V9 7C1 =0 

?0=>@0<=8E 7>1@065==OE (170 ?0FVє=BV2; A5@54=V9 2V: 28 @>:V2, 4V0?07>= 16–63 

@>:8). #5@H>G5@3>289 ?;0= ;V:C20==O A?8@02AO =0 :;V=VG=V 40=V B0 ?0=>@0<=V 
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7>1@065==OE. #VA;O ?@>2545==O :>=CA=>-?@><5=52>W �& 1C2 ?@89=OB89 

>AB0B>G=89 ?;0= ;V:C20==O. �;0A=5, A0<5 ;V:C20==O ?@>2>48;>Aь =0 ?V4AB02V 

>AB0B>G=>3> ?;0=C ;V:C20==O. �0 4>?><>3>N ;>3VAB8G=>3> @53@5AV9=>3> 0=0;V7C 

>FV=N202AO 2?;82 :;V=VG=8E V @5=B35=>;>3VG=8E ?0@0<5B@V2 =0 7<V=C ?;0=C 

;V:C20==O, 2840;5==O B@5Bь>3> 25;8:>3> :CB=ь>3> 7C10 ?>@V2=O=> 7 2V4ACB=VABN 

;V:C20==O B0 2840;5==O 4@C3>3> – ?>@V2=O=> 7 B@5BV< 25;8:8< :CB=V< 7C1><. 

#;0= ;V:C20==O 7<V=82AO C 82 28?04:0E (32 %). ' 16 28?04:0E (6 %) <02 <VAF5 

?5@5EV4 2V4 2840;5==O B@5Bь>3> 25;8:>3> :CB=ь>3> 7C10 4> 2840;5==O 4@C3>3> 

25;8:>3> :CB=ь>3> 7C10. $53@5AV9=89 0=0;V7 ?>:0702, I> 206:0 @57>@1FVO 

4@C3>3> 25;8:>3> :CB=ь>3> 7C10 7=0G=>N <V@>N 1C;0 ?>2’O70=0 7V 7<V=>N ?;0=C 

;V:C20==O. $VH5==O ?@> 2840;5==O B@5Bь>3> 25;8:>3> :CB=ь>3> 7C10 1C;> 

?@89=OB> C 180 28?04:0E, V @53@5AV9=89 0=0;V7 ?>:0702, I> <57V>0=3C;OFVO 

B@5Bь>3> 25;8:>3> :CB=ь>3> 7C10, 2B@0B0 :@09>2>W :VAB:>2>W <0A8, ?>25@E=520 

@57>@1FVO B0 2V: ?0FVє=BV2 1C;8 7=0G=>N <V@>N ?>2’O70=V 7 2840;5==O< 

B@5Bь>3> 25;8:>3> :CB=ь>3> 7C10 ?>@V2=O=> 7 2V4ACB=VABN ;V:C20==O. ' 28?04:C 

2840;5==O 4@C38E 25;8:8E :CB=VE 7C1V2 @53@5AV9=89 0=0;V7 ?>:0702, I> 206:0 

@57>@1FVO :VAB:>2>W B:0=8=8 I5;5? 1C;0 7=0G=>N <V@>N ?>2’O70=0 7 

2840;5==O< 4@C3>3> 25;8:>3> :CB=ь>3> 7C10 70<VABь B@5Bь>3> 25;8:>3> 

:CB=ь>3> 7C10. ' ?V4AC<:C 4>A;V4=8:8 [40] 4V9H;8 28A=>2:C, I> B0:89 

?0@0<5B@, O: @57>@1FVO, >FV=N20=0 70 :>=CA=>-?@><5=52>N �&, <>65 7<V=8B8 

@VH5==O ?@> ;V:C20==O, O:5 ?@872545 4> 2840;5==O 4@C3>3> B0/01> B@5Bь>3> 

25;8:>3> :CB=ь>3> 7C10.   

�2B>@8 G.T.T. Araujo, M. Peralta-Mamani, A.F.M.D. Silva, et al. [41] C 

A8AB5<=><C =0C:>2><C >3;O4V 707=0G0NBь, I> ?0=>@0<=0 @5=B35=>3@0DVO є 

AB0=40@B=8< <5B>4>< 2V7C0;V70FVW 4;O ?5@54>?5@0FV9=>W >FV=:8 ?5@54 

2840;5==O< B@5Bь>3> =86=ь>3> 25;8:>3> :CB=ь>3> 7C10. "4=0: EV@C@38-

AB><0B>;>38 28:>@8AB>2CNBь :>=CA=>-?@><5=52C �& 2 O:>ABV 4>40B:>2>3> 

V=AB@C<5=BC 4;O >FV=:8 45B0;ь=8E ?5@54>?5@0FV9=8E 40=8E, >A:V;ь:8 2>=0 

70157?5GCє 7>1@065==O ?>?5@5G=>3> ?5@5@V7C !- V =040є, ?>@V2=O=> 7 
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?0=>@0<=>N @5=B35=>3@0DVєN, 4>40B:>2C V=D>@<0FVN 4;O ?5@54>?5@0FV9=>W 

>FV=:8 EV@C@3VG=>3> ?V4E>4C I>4> 2840;5==O =86=VE B@5BVE 25;8:8E :CB=VE 7C1V2.  

�3V4=> 28A=>2:V2 4>A;V4=8:V2 [41, 42] B@828<V@=0 2V7C0;V70FVO ?@8 

?@>2545==V :>=CA=>-?@><5=52>W �& ?5@5206=> =5 7<V=Nє EV@C@3VG=>3> ?V4E>4C 

?>@V2=O=> 7 ?0=>@0<=>N @5=B35=>3@0DVєN; >4=0: 2>=0 22060єBьAO :>@8A=8< 

<5B>4>< 2V7C0;V70FVW, I> 4>72>;Oє 2AB0=>28B8 270є<>72’O7>: <V6 =86=V<8 

B@5BV<8 25;8:8<8 :CB=V<8 7C10<8 V :0=0;>< !- [41–45]. 

�>4=>G0A, 4>2>;V FV:028< є D0:B ?C1;V:0FVW L.H. Matzen, E. Berkhout [46], 

45 02B>@8 2:07CNBь =0 2V4ACB=VABь 4>:07V2 28:>@8AB0==O :>=CA=>-?@><5=528E 

�& 4;O ;V:C20==O B@5BVE 25;8:8E :CB=VE 7C1V2 !- C ?>AV1=8:C 7 @04V0FV9=>3> 

70E8ABC (@VH5==O № 172 Є2@>?59Aь:>W :><VAVW), I> 7<CA8;> Є2@>?59Aь:C 

0:045<VN 45=B>-I5;5?=>-;8F52>W @04V>;>3VW (EADMFR) CE20;8B8 @VH5==O 

>=>28B8 @5:><5=40FVW :5@V2=8FB20. �C;> 74V9A=5=> ?>HC: ;VB5@0BC@8 7 

=0ABC?=8E ?8B0=ь: 1) G8 7<V=Nє :>=CA=>-?@><5=520 �& ;V:C20==O ?0FVє=B0?; 2) 

G8 7<5=HCє :>=CA=>-?@><5=520 �& :V;ь:VABь ?VA;O>?5@0FV9=8E A5=A>@=8E 

?>@CH5=ь =86=ь>3> :><V@:>2>3> =5@20?; 3) G8 <>65 :>=CA=>-?@><5=520 �& 

?5@5410G8B8 @878: ?VA;O>?5@0FV9=>3> A5=A>@=>3> ?>@CH5==O =86=ь>3> 

:><V@:>2>3> =5@20?  

!>2V B0 ACG0A=V @5:><5=40FVW, 70A=>20=V =0 D0:B8G=8E 40=8E, 

AB25@46CNBь, I> :>=CA=>-?@><5=520 �&-2V7C0;V70FVO B@5BVE 25;8:8E :CB=VE 

7C1V2 !- =5 ?>28==0 70AB>A>2C20B8AO O: @CB8==89 <5B>4 ?5@54 2840;5==O< 

B@5BVE 25;8:8E :CB=VE 7C1V2 !- V, >B65, :>=CA=>-?@><5=520 �&-2V7C0;V70FVO 

?>28==0 70AB>A>2C20B8AO ;8H5 2 B><C 28?04:C, O:I> C EV@C@30 є 4C65 

A?5F8DVG=5 70240==O, :;V=VG=5 ?8B0==O I>4> V=482V4C0;ь=>3> 28?04:C 

?0FVє=B0, =0 O:5 =5<>6;82> 2V4?>2VAB8 70 4>?><>3>N B@048FV9=>W (?0=>@0<=>W 

B0 2=CB@VH=ь>@>B>2>W) 2V7C0;V70FVW [46].  

�:BC0;ь=VABь 28:>@8AB0==O :>=CA=>-?@><5=528E �&-4>A;V465=ь C 

AB><0B>;>3VW ?@54AB02;5=0 4>1V@:>N =5I>402=VE ?C1;V:0FV9 [47–52], I> 40NBь 

>FV=:C 2 ?>AB=0B0;ь=><C ?5@V>4V >=B>35=57C (281V@:0: G>;>2V:8 V 6V=:8) 2?;82C 
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@5B5=>20=8E V:>; =0 @57>@1FVN :>@5=V2 ACAV4=VE 7C1V2. 

&0:, C :><?;5:A=V9 @>1>BV B.K. Apaydın, D. Icoz, E. Uzun, K. Orhan [47] 

2:07CNBь, I> =091V;ьH G0AB8< @>7<VI5==O< @5B5=>20=8E V:>; 1C;> ?V4=51V==5 

– 56,99 % (95 % 4>2V@G89 V=B5@20; [�І]: 2V4 47,032 % 4> 66,673 %); 0?V:0;ь=0 

B@5B8=0 1C;0 =091V;ьH ?>H8@5=>N 4;O @57>@1FVW :>@5=O – 56,87 % (95 % �І, 

2V4 38,880 % 4> 73,628 %). І=B5=A82=VABь @57>@1FVW :>@5=O 1C;0 =57=0G=>N C 

43,2 % (95 % �І, 2V4 35,229 % 4> 51,352 %), E>G0 30,9 % @57>@1FV9 :>@5=O 1C;8 

BO6:8<8 (95 % �І, 19,007 % 4> 44,261 %). �&-4>A;V465==O<8 2AB0=>2;5=>, I> 

A?>2V;ь=5=5 ?@>@V7C20==O 01> ;V:C20==O @5B8=>20=8E V:>; <>65 ?@8725AB8 4> 

@57>@1FVW ACAV4=VE 1>:>28E B0 F5=B@0;ь=8E @V7FV2. 'AV @V2=V :>@5=V2 B0 ?>25@E=V 

7C1V2, ?>2’O70=V 7 @5B5=>20=8<8 V:;0<8 !-, <>6CBь ?V44020B8AO @57>@1FVW 

@V7=>3> ABC?5=O BO6:>ABV. �>4=>G0A 4>FV;ь=> 707=0G8B8, I> E>G 4>A;V465==O V 

<0;8 @V7=V @>7<V@8 281V@>:, >A=>2=>N <5B>4>;>3VG=>N ?@>1;5<>N 2 =8E 1C;0 

2V4ACB=VABь :>=B@>;ь=>W 3@C?8 B0 ?>40;ьH>3> A?>AB5@565==O  C 3@C?0E 

4>A;V465==O. 

� >3;O4V 7 <5B00=0;V7>< A. Mitsea, G. Palikaraki, K. Karamesinis, et al. [48] 

40=> >FV=:C @57>@1FVW 1VG=8E @V7FV2, 28:;8:0=>W @5B5=>20=8<8 V:;0<8 25@E=ь>W 

I5;5?8, =0 >A=>2V :>=CA=>-?@><5=528E �&->1AB565=ь ?0FVє=BV2. �030;ь=0 

:V;ь:VABь CG0A=8:V2, 2:;NG5=8E 4> >3;O4C, A:;0;0 540 >AV1 (176 G>;>2V:V2 B0 364 

6V=:8). �:07CєBьAO, I> @57>@1FVN :>@5=V2 1VG=8E @V7FV2 25@E=ь>W I5;5?8 

A?>AB5@V30;8 G0AB> (50 %). #@8 Fь><C, @57>@1FVN :>@5=V2 ;53:>3> ABC?5=O 

7CAB@VG0;8 G0ABVH5 (62 %), 0 WW ;>:0;V70FVO G0ABVH5 2Aь>3> 28O2;O;0Aь C 

A5@54=V9 (52 %) B0 25@EV2:>2V9 (42 %) B@5B8=V :>@5=O. /: 28A=>2>: 707=0G5=0 

=5>1EV4=VABь ?@>2545==O ?>40;ьH8E :>=CA=>-?@><5=528E �&-4>A;V465=ь C 

1V;ьH >4=>@V4=8E 3@C?0E ?0FVє=BV2. 

H.A. Al-Kyssi, N.M. Al-Mogahed, Z.M. Altawili, et al. [50] ?@>25;8 0=0;V7 

:>=CA=>-?@><5=528E �& 7 287=0G5==O< ?@>3=>AB8G=8E D0:B>@V2, ?>2’O70=8E 7 

@57>@1FVєN :>@5=V2 ACAV4=VE 7C1V2 ?@8 @5B8=>20=8E V:;0E ?V4=51V==>W 

;>:0;V70FVW 2 0@01Aь:V9 ?>?C;OFVW B0 4V9H;8 28A=>2:C, I> C 42>E B@5B8= 
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28?04:V2 A?>AB5@565=ь @5B5=>20=8E 25@E=VE V:>; 1C;0 28O2;5=0 B0 G8 V=H0 

D>@<0 @57>@1FVW :>@5=O. 

�0A;C3>2Cє C2038 4>A;V465==O 1.M. Da�suyu, F. Kahraman, R. Okşayan 

[52], I> ?@8A2OG5=5 B@828<V@=V9 >FV=FV :CB>28E, ;V=V9=8E B0 @57>@1FV9=8E 

>A>1;82>AB59 @5B5=>20=8E V:>; 25@E=ь>W I5;5?8 70 40=8<8 :>=CA=>-

?@><5=52>3> �&->1AB565==O ?0FVє=BV2.  

%;V4 ?V4:@5A;8B8 7=0G8<VABь ?@>2545=>3> 02B>@0<8 4>A;V465==O, 

>A:V;ь:8 2 =ь><C 28:>@8AB0=> <>6;82>ABV H8@>:>3> A?5:B@C �&-0?0@0B=>3> 

?@>3@0<=>3> 70157?5G5==O.  

/: 4>AB0B=ь> ?@>3@5A82=V I>4> >FV=:8 28:>@8AB0==O <5B>4C �& C 

AB><0B>;>3VW 7 <5B>N 4V03=>AB8:8 ?0B>;>3VW :VAB:>2>W B:0=8=8 I5;5? V 7C1V2 B0 

4;O >FV=:8 ?@8:;04=>3> 7=0G5==O @>73;O40є<> @>1>B8 [53, 54].  

�>:@5<0, C ?C1;V:0FVW M. Peralta-Mamani, C.M. Rubira, J. López-López, et 

al. [53] >?8A0=> ?>@V2=O==O @57C;ьB0BV2 70AB>AC20==O :>=CA=>-?@><5=528E �&-

>1AB565=ь ?0FVє=BV2 V7 ?0=>@0<=>N @5=B35=>3@0DVєN 2 >FV=FV ?>;>65==O 

@5B5=>20=8E 25@E=VE V:>; B0 @57>@1FVW :>@5=V2 ACAV4=VE 7C1V2. �2B>@8 4V9H;8 

28A=>2:C, I> :>=CA=>-?@><5=520 �& ?>:070;0 AB0B8AB8G=> 7=0GCIV 

2V4<V==>ABV ?>@V2=O=> 7 ?0=>@0<=>N @5=B35=>3@0DVєN 2 >FV=FV ?>;>65==O 

@5B5=>20=8E 25@E=VE V:>; B0 @57>@1FVW :>@5=V2 ACAV4=VE 7C1V2. �>=CA=>-

?@><5=520 �& =040;0 :;V=VG=> 7=0G8<C V=D>@<0FVN, O:0 <>65 A?@8OB8 

4V03=>AB8FV B0 ?;0=C20==N ;V:C20==O @5B5=>20=8E 25@E=VE V:>;, :>;8 

?0=>@0<=>W @5=B35=>3@0DVW 1C;> =54>AB0B=ь>. 

D. MacDonald, S. Alebrahim, E. Yen, J. Aleksejuniene [54] =03>;>HCNBь, 

I> 4> 70AB>AC20==O :>=CA=>-?@><5=52>W �& >@B>4>=B8G=0 :><?5B5=B=VABь 

2:;NG0;0 @5=B35=>;>3VG=C V=B5@?@5B0FVN. �>4=>G0A 707=0G5=>, I> @5B5=>20=V 

V:;0 25@E=ь>W I5;5?8 G5@57 WE @>7<VI5==O B0 A:;04=C ?@8;53;C 0=0B><VN 

CA:;04=NNBь V=B5@?@5B0FVN, >A>1;82> I>4> @57>@1FVW :>@5=O. )>G0 ?>?5@5G=V 

@5:>=AB@C:FVW :>=CA=>-?@><5=52>W �& @5B5=>20=8E V:>; 25@E=ь>W I5;5?8 

4>72>;8;8 >B@8<0B8 1V;ьH GVB:5 CO2;5==O ?@> 4V03=>AB8:C B0 ?;0=C20==O 
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;V:C20==O, FV==VABь >4=>G0A=>3> 28:>@8AB0==O 42>E @V7=8E ?>?5@5G=8E 01> 

1030B>?;>I8==8E @5:>=AB@C:FV9 =01>@V2 40=8E :>=CA=>-?@><5=528E �& – 

>@B>3>=0;ь=8E B0 283=CB8E / ?0=>@0<=8E 1030B>?;>I8==8E @5:>=AB@C:FV9 – 

4>AV =5 @>73;O40;0AO. �2B>@8 AB25@46CNBь, I> >3;O4 O: >@B>3>=0;ь=8E, B0: V 

283=CB8E / ?0=>@0<=8E 1030B>?;>I8==8E �&-@5:>=AB@C:FV9 1C2 =5>1EV4=89 

4;O >FV=:8 =0O2=>ABV 01> 2V4ACB=>ABV @57>@1FVW :>@5=V2 C 7C10E, ?@8;53;8E 4> 

@5B8=>20=>3> V:;0 25@E=ь>W I5;5?8, 0 B0:>6 1030Bь>E V=H8E >A>1;82>AB59. 

 

1.2. #V4IB48 G 4B1BDV CDB@5A528I 1VB@0D>5DV2 >BAGEAB-CDB@5A52BW 
>B@CNF5DABW FB@B3D0HVW 7 4BE?V465AAO 25DIAьBW F0 A86AьBW щ5?5C BEV1 

DV7AB3B 2V>G 
%CG0A=89 <5B>4 :>=CA=>-?@><5=52>W �& H8@>:> 28:>@8AB>2CєBьAO 2 

<548G=V9 ?@0:B8FV 4;O AB2>@5==O 3D-7>1@065=ь B0 287=0G5==O :V;ь:VA=>-

O:VA=8E ?>:07=8:V2 :VAB:>2>W B:0=8=8 AB@C:BC@ G5@5?=>-;8F52>W 4V;O=:8 C 

?>AB=0B0;ь=><C ?5@V>4V >=B>35=57C ;N48=8. #@>B5, O: AB25@46CNBь 

�CE;52Aь:89 .І,  0A=0 ��. [55], 70;8H0єBьAO 2V4:@8B8< ?8B0==O I>4> 

70AB>AC20==O 9>3> ?@><5=528E 1V><0@:5@V2 4;O AB2>@5==N ?5@A>=0;V7>20=>W 

B0:B8:8 4V03=>AB8:8 B0 ;V:C20==O.   

$O4 02B>@V2 [56–58] C A2>WE ?C1;V:0FVOE :>=AB0BCNBь, I> �&-

4>A;V465==O 0=0B><VG=8E >A>1;82>AB59 1C4>28 !- є 206;828<, >A:V;ь:8  

4>72>;Oє 2AB0=>28B8 @0==V ?@>O28 V=482V4C0;ь=8E (2:;NG=> 7V AB0B528<8 B0 

2V:>28<8) 7<V= AB@C:BC@=>-DC=:FV>=0;ь=>W ?5@51C4>28 :VAB:>2>W B:0=8=8, I> 

7C<>2;5=> WW 0:B82=VABN 2 <5B01>;V7<V 2FV;><C V, 2 B><C G8A;V, >A>1;82VABN 

1V><5E0=V:8 7C1>I5;5?=>W 4V;O=:8 B0 O2;Oє, 2>4=>G0A, <548G=C ?@>1;5<C. 

A.S. Albughaylil, A.J. Sayed, M.A. Alsoli, et al. [59] C :>=CA=>-

?@><5=52><C �&-4>A;V465==V 282G0;8 1V>B8?8 OA5= B0 WE 72’O7>: 7 1V>;>3VG=>N 

H8@8=>N, B>2I8=>N :><V@:>2>W G0AB8=8 :VAB:8, @>71V6=VABN B0 D5=5AB@0FVєN 

2 ?5@54=V9 4V;O=FV !-. �>A;V465==O 1C;> A?@O<>20=5 =0 ?>@V2=O==O 1V>B8?C 

«B>2AB8E» B0 «B>=:8E» OA5= C ?5@54=V9 4V;O=FV !- 7 B>G:8 7>@C 1V>;>3VG=>W 
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H8@8=8, B>2I8=8 :VAB:8, ?>H8@5=>ABV 9 @>7?>4V;C @>71V6=>ABV B0 D5=5AB@0FVW 

C =86=VE ?5@54=VE 7C10E. %B0B8AB8G=>W @V7=8FV <V6 3@C?0<8 =5 A?>AB5@V30;>AO; 

?@>B5, 70 4>A;V465=8<8 ?0@0<5B@0<8 ?0@>4>=BC, «B>2AB89» 1V>B8? ?>:0702 

:@0IV @57C;ьB0B8, =V6 «B>=:89» 1V>B8?. 

L.M. Xu, M.Y. Wang, L.X. Liu, et al. [60] ?V;>B=8< 4>A;V465==O< 

?>@V2=O;8 C73>465=VABь 1V>;>3VG=>W H8@8=8 OA5=, 28<V@O=>W 70 4>?><>3>N 

:>=CA=>-?@><5=52>W �& B0 ?0@>4>=B0;ь=>3> 7>=40 C ?0FVє=BV2 V7 42><0 @V7=8<8 

1V>B8?0<8 OA5=. �2B>@0<8 2AB0=>2;5=>, I> 1V>;>3VG=0 H8@8=0, 28<V@O=0 70 

4>?><>3>N :>=CA=>-?@><5=52>W �&, 2V4?>2V40є B0:V9, I> 28<V@NєBьAO 70 

4>?><>3>N ?0@>4>=B0;ь=8E 7>=4V2. �V>;>3VG=0 H8@8=0 B0 3;818=0 1>@>75= 

«B>=:8E» B0 «B>2AB8E» 1V>B8?V2 OA5= @V7=V. 

' @>1>BV B.S. de Freitas Silva, J.K. Silva, L.R. Silva, et al. [61] ?@>2545=> 

>FV=:C B>G=>ABV :>=CA=>-?@><5=52>W �& 4;O 287=0G5==O B>2I8=8 OA5=. ' 

?V4AC<:C ?@>2545=>3> 4>A;V465==O 707=0G5=>, I> :>=CA=>-?@><5=520 �& є 

B>G=8< <5B>4>< 287=0G5==O B>2I8=8 OA5==>W B:0=8=8, O:89 <>6=0 ?>@V2=OB8 

7 5B0;>==8< AB0=40@B>< (B@0=A3V=3V20;ь=5 7>=4C20==O). �;V=VG=0 7=0GCIVABь 

:>=CA=>-?@><5=52>W �& ?>;O30є C B><C, I> WW <>6=0 @>73;O40B8 4;O 

28<V@N20==O B>2I8=8 OA5=, :>;8 B0:>6 =5>1EV4=> 28<V@OB8 B>2I8=C :VAB:8, V 

B8< A0<8< A?@8OB8 >FV=FV 1V>B8?C OA5= 157 48A:><D>@BC B0 0=5AB57VW, 

=5>1EV4=8E ?@8 B@0=A3V=3V20;ь=><C 7>=4C20==V. *59 ?@>B>:>; 1C;> 

70@5єAB@>20=> C 107V 40=8E PROSPERO ( V6=0@>4=89 ?5@A?5:B82=89 @5єAB@ 

A8AB5<0B8G=8E >3;O4V2) ?V4 @5єAB@0FV9=8< =><5@>< CRD42022326970.  

/:VA=> =>289 0A?5:B C 4>1>@V ?@><5=528E 1V><0@:5@V2 :>=CA=>-

?@><5=52>W �& >?8A0=> 2 4>A;V465==OE 7 <5B00=0;V7>< K.L. de Lima, L.R. Silva, 

T.B. de Paiva Prado, et al. [62], O:V 282G0;8 2?;82 B5E=VG=8E ?0@0<5B@V2 

>45@60==O :>=CA=>-?@><5=528E �&-7>1@065=ь =0 4V03=>AB8:C 25@B8:0;ь=>3> 

?5@5;><C :>@5=O 7C10. #@>2545=> >FV=:C 2?;82C ?0@0<5B@V2 >B@8<0==O 

7>1@065==O (2>:A5;ь, ?>;5 7>@C, :�?, <�) =0 B>G=VABь :>=CA=>-?@><5=52>W �& 

4;O 28O2;5==O 25@B8:0;ь=>3> ?5@5;><C :>@5=O 7C10. �2B>@8 AB25@46CNBь, I> 
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FO V=D>@<0FVO <0є 28@VH0;ь=5 7=0G5==O 4;O ?V4B@8<:8 ;V:0@O ?@8 ?@87=0G5==V 

:>=CA=>-?@><5=52>3> �&->1AB565==O ?0FVє=B0 C 28?04:0E :;V=VG=>W ?V4>7@8 

=0 25@B8:0;ь=89 ?5@5;>< :>@5=O 7C10 B0 A?@8Oє ?5@A>=0;V70FVW ?@87=0G5==O 

�&, B8< A0<8< 70157?5GCNG8 1V;ьHC B>G=VABь 4V03=>AB8:8 25@B8:0;ь=8E 

?5@5;><V2 :>@5=V2. 

.. �CE;52Aь:89, �.  0A=0 [63] 28A;>28;8 4C<:C, I> :>=CA=>-?@><5=520 

�& є B>G=8< V B>=:8< V=AB@C<5=B>< C 282G5==V @0==VE 0=0B><VG=8E V 

DC=:FV>=0;ь=8E 7<V= :VAB:>2>W B:0=8=8 O: 25@E=ь>W I5;5?8, B0: V !- ;N48=8. ' 

A2>є<C ?@>D5AV9=><C @>728B:C O: =0C:>2FV, B0: V ?@>3@5A82=V :;V=VF8AB8 

?@03=CBь >2>;>4VB8 B0 70AB>A>2C20B8 4>ABC?=V C=V25@A0;ь=V <5B>48:8 [64–68], 

O:V, 2>4=>G0A, є 0:BC0;ь=8<8 4;O @50;ь=>3> G0AC @>728B:C =0C:8 9 B5E=V:8 [69, 

70] B0 2?@>20465==O =0 WE >A=>2V ?>78B82=8E @57C;ьB0BV2 C ?@0:B8G=C <548F8=C.  

�07>2>N 4;O =87:8 ?C1;V:0FV9 7 ?8B0==O 0B@>DVW :VAB:>2>W B:0=8=8 !- 

<2V4 1574VO;ь=>ABV= AB0;0 @>1>B0 A.P. Oshurko, I.Y.u Oliinyk, N.I. Yaremchuk, 

I.S. Makarchuk [71], ?@8A2OG5=0 282G5==N <>@D>;>3VG=8E >A>1;82>AB59 

:VAB:>2>W B:0=8=8 70 F8E C<>2 =0 ?@8:;04V A53<5=BC !- ;N48=8 (=0 >A=>2V 

:;V=VG=>3> 4>A2V4C ;V:C20==O).  

' ?>2V4><;5==OE A.P. Oshurko, I.Yu. Oliinyk, O.V. Tsyhykalo, et al. [72, 

73] C203C 0:F5=B>20=> =0 F8D@>28E <5B>40E <>@D><5B@8G=>3> 4>A;V465==O 

:VAB:>2>W B:0=8=8 !- ;N48=8 B0 WE=ь><C 7=0G5==V 4;O 282G5==O <>@D>;>3VG=8E 

>A>1;82>AB59 :VAB:>2>W B:0=8=8 ?@8 <0B@>DVW 2V4 1574VO;ь=>ABV=. "1ґ@C=B>2CєBьAO 

?5@A?5:B82=VABь 70AB>AC20==O F8D@>28E <5B>48: <>@D><5B@8G=>3> 0=0;V7C 

:VAB:>2>W B:0=8=8 !- ;N48=8 2 ACG0A=8E :;V=VG=8E B0 =0C:>28E 

4>A;V465==OE. #V4:@5A;5=>, I> F8D@>2V <5B>48:8  ?0@0:;V=VG=>3>, 7>:@5<0, 

@5=B35=-0=0B><VG=>3> �&-4>A;V465==O, I> є 7=0G=> H8@HV, =V6 728G09=>W 

:;V=VG=>W @5=B35=>;>3VW, 70157?5GCNBь 4>ABC?=VABь V <>6;82VABь >B@8<0==O 

H284:>3> @57C;ьB0BC 4>A;V465==O 48=0<VG=>W A8AB5<8 :VAB:>2>W B:0=8=8 9 

7C<>2;5=V ?5@51V3>< B>3> G8 V=H>3> <5B01>;VG=>3> ?@>F5AC B0 2?;820<8 

G8==8:0 O: 2=CB@VH=ь>3>, B0: V 7>2=VH=ь>3> A5@54>28I0, 28:;8:0NG8 WW 



  51 

 

?0B>DV7V>;>3VG=V B0 ?0B><>@D>;>3VG=V 2V4E8;5==O 2V4 =>@<8, 2 B><C G8A;V, V7 

2@0EC20==O< AB@C:BC@=8E B>?>3@0DVG=8E >A>1;82>AB59 ;V2>3> 9 ?@02>3> 

:0=0;V2 B0 :VAB:>2>W B:0=8=8 :CB0 !- [74–78], %!-%, 28@>AB:>28E V 2V=F528E 

2V4@>AB:V2 !-.   

�0=5 >1AB565==O ?@>2>48BьAO 3;81H5 V 45B0;ь=VH5, =V6 ?@8 28:>=0==V 

A5@VW 7=V<:V2 G8 728G=>3> ?@>3@0<=>3> 3D-<>45;N20==O C @V7=8E ?@>5:FVOE 01> 

?;>I8=0E, 28:>@8AB>2CNG8 I5 H8@H89 0@A5=0; 0?0@0BV2 B0 ?@8AB@>W2 [79, 80].  

�2B>@8 [79, 80], 70AB>A>2CNG8 F8D@>289 D>@<0B C B@ь>E ?;>I8=0E: 

D@>=B0;ь=V9, A03VB0;ь=V9, 0:A8;O@=V9 >B@8<0;8 2V7C0;ь=5 =0;56=5 @>7C<V==O 

C65 ?V4 G0A 0=0;V7C �&-7>1@065=ь. �8:>@8AB>2CNG8 V=AB@C<5=B8 25@B8:0;ь=>W 

B0 3>@87>=B0;ь=>W >?FV9=8E  ?0=5;59,  ?@>25;8  <0@:C20==O <>@D>;>3VG=8E 

AB@C:BC@, =0O2=8E  2:;NG5=ь, 7 287=0G5==O< WE @>7<V@V2, O:  C BV;V :VAB:>2>W 

B:0=8=8, B0: V 70 WW <560<8. �>4=>G0A, 2V4B2>@8;8 3D-@5:>=AB@C:FV9=C <>45;ь 

@5=B35=>;>3VG=>3>, E@OI>2>3> B0 :VAB:>2>3> 2V4>1@065==O, C65 =0 ?5@H89 

45=ь :;V=VG=>3> 0=0;V7C [80]. �8A>:0 :>=:C@5=B=VABь ?@>3@0<=8E 70157?5G5=ь 

4>40;0 02B>@0< 2?52=5=>ABV B0 CB25@465==O C  WE 4>A:>=0;>ABV, =040;0 ?>HB>2E 

4> DC=40<5=B0;ь=8E V B>G=8E 2?@>20465=ь, ?>A;C3C20;0 >?>@>N 4;O 

?@>2545==O =>28E =0C:>28E 4>A;V465=ь. *8D@>2V <5B>48:8 <>@D><5B@8G=>3> 

0=0;V7C є ?@V>@8B5B=8<8 C 4>ABC?=>ABV, 5:>=><VG=V9 >1ґ@C=B>20=>ABV B0 

5@3>=><VG=>ABV WE 70AB>AC20==O ?V4 G0A ?@>2545==O :;V=VG=8E G8 =0C:>28E 

4>A;V465=ь. 

�& =040є 7<>3C 2AB0=>28B8 >A>1;82>ABV B>?>3@0DVW AB@C:BC@ !-, 

70157?5GCє >B@8<0==O V=D>@<0FVW I>4> 1C4>28 7>2=VH=VE B0 2=CB@VH=VE 

:>@B8:0;ь=8E ?;0AB8=>: :VAB:>2>W B:0=8=8 2V4@>AB:V2 B0 28<V@OB8 WE=V 

45=A8B><5B@8G=V ?0@0<5B@8, I> 2:07C20B8<CBь =0 O:VA=V E0@0:B5@8AB8:8 I>4> 

B8?C IV;ь=>ABV :VAB:>2>W B:0=8=8 C >AV1 @V7=>W AB0BV B0 2 WW 48=0<VFV 2V4?>2V4=> 

4> 2V:C ?0FVє=B0.  

,8@>:> 70AB>A>2C20=V <5B>48 ?>;C<5=52>3> 0B><=>-5<VAV9=>3> B0 

0B><=>-01A>@1FV9=>3> 0=0;V7C @>7:@820NBь <>6;82>ABV ACG0A=8< 
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4>A;V4=8:0< C 282G5==V >A>1;82>ABV AB@C:BC@8 B0 O:>ABV :VAB>: I5;5?=>-

;8F52>W 4V;O=:8, H;OE>< 4>A;V465==O 2<VABC <0:@>- B0 <V:@>5;5<5=BV2 [81–

83]. $57C;ьB0B8 ?@>2545=8E 4>A;V465=ь 4>2>;V G0AB> 2V4V3@0NBь 203><C @>;ь C 

>1@0==V 4Vє28E <5B>4V2 ?@>DV;0:B8:8 9 ;V:C20==O B0 A;C3CNBь ;8H5 =525;8:>N 

G0AB:>N C 2?@>20465==V <5B>4V2 @501V;VB0FVW AB><0B>;>3VG=8E E2>@8E. 

�><?’NB5@=>-B><>3@0DVG=89 45=A8B><5B@8G=89 0=0;V7 [84] :VAB:>2>W 

B:0=8=8 !- 287=0G0є ?@V>@8B5B=VABь 2 >1@0==V =>28E <5B>48: 157?>A5@54=ь>W 

V<?;0=B0FVW 7 =5309=8< =020=B065==O< [85], O: @57C;ьB0B ?>HC:C 

0;ьB5@=0B828 VA=CNG8< B0 ґ0@0=BCє ?@>3=>AB8G=VABь @57C;ьB0BC I>4> 

DV7V>;>3VG=8E B5@<V=V2 >AB5>35=57C G8 =0?@02;5=>W @535=5@0FVW :VAB:>2>W 

B:0=8=8 B0 V=H8< @5:>=AB@C:B82=8< >?5@0B82=8< 2B@CG0==O< [86]. 

 

1.3. %>DBA52B-A86AьBщ5?5CAV DB7?048 O> >B@C?5>EA0 CDB1?5@A0 

C0FB?B3VO 70 GK0EFV 2V4DBEF>V2 A86AьBW щ5?5C8 

!091V;ьH G0AB8<8 725@=5==O<8 4> ;V:0@O-AB><0B>;>30 7 ?@8G8= 1>;N 2 

I5;5?=>-;8F52V9 4V;O=FV, O:V 709<0NBь 4@C35 <VAF5 ?VA;O 45=B0;ь=>3> 1>;N, є 

@>7;048 C %!-%. �3V4=> 0=0;V7C 5?V45<V>;>3VG=8E 4>A;V465=ь ?>H8@5=VABь 

?0B>;>3VW %!-% 20@VNє 2 <560E 40-60 % 2V4 7030;ь=>W ?>?C;OFVW ;N48=8. 

#@>B5, :V;ь:VABь ?0FVє=BV2, O:V >B@8<CNBь A:;04=5, 2C7ь:>A?5FV0;V7>20=5 

;V:C20==O =0@0E>2CєBьAO ;8H5 2 <560E 10-15 %. *5 2:07Cє =0 45DVF8B 

B5>@5B8G=>3> 107>2>3> @>7C<V==O 5BV>;>3VW, 4V03=>AB8:8 FVєW =>7>;>3VW 

;V:0@O<8-AB><0B>;>30<8 I5 =0 @0==VE 5B0?0E 45AB@C:B82=8E 7<V=, O:V 

2V4>1@060NBьAO C 7<V=V IV;ь=>ABV :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 

!-, C ?5@HC G5@3C. �465, 70ABV9=V 45AB@C:B82=>-70?0;ь=V ?@>F5A8 ?@872>4OBь 

4> DV1@>7=>3> G8 :VAB:>2>3> 7@>I5==O AC3;>1>28E ?>25@E>=ь, I> 7C<>2;Nє 

G0AB:>25 01> ?>2=5 7=8:=5==O AC3;>1>2>W IV;8=8 9 2545 4> >1<565==O C 

2V4:@820==V @>B0 B0 ?>B@51Cє A:;04=8E @5:>=AB@C:B82=8E >?5@0FV9 [87, 88]. 

$>728B>: @5=B35=>4V03=>AB8G=8E <5B>4V2 B0 F8D@>2>3> 0=0;V7C A?@8O2 

70157?5G5==N <0;>V=20782=>3> 4V03=>AB8G=>3> ?@>F5AC =02VBь ?@8 =57=0G=8E 
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?@>O20E ?0B>;>3VG=>3> C@065==O :><?>=5=BV2 A:;04=>3> :><?;5:AC %!-% [89, 

90]. �8:>@8AB>2CNG8 28I5 707=0G5=V <>6;82>ABV =0<8 ?@84V;5=> C203C 

<>@D>;>3VG=V9 ?5@51C4>2V :VAB:>2>W B:0=8=8, ?5@H>G5@3>2> – WW :>@B8:0;ь=8E 

B0 B@015:C;O@=8E H0@V2, 70;56=> 2V4 2B@0B8 25;8:8E :CB=VE (6C20;ь=8E) 7C1V2 

[71] ?@8 2:;NG5=8E G8 :V=F528E 45D5:B0E 7C1=8E @O4V2 !-. 

"=>2;5==O C =0C:>2V9 ;VB5@0BC@V =0O2=8E @57C;ьB0BV2 4>A;V465==O 

2V=F528E 2V4@>AB:V2 !- ;N48=8 є =57=0G=8<8 B0 C A2>W9 1V;ьH>ABV 

70;8H0NBьAO 70 <560<8 =0C:>28E 48A:CAV9. �>@>B:V 6 WE <>@D>;>3VG=V >?8A8 

G0AB> B56 7CAB@VG0NBьAO ;8H5 ?V4 G0A 4>A;V465==O %!-% [91], 01> 6  704=ь>W 

3@C?8 6C20;ь=8E <’O7V2 [92]. І7 @>728B:>< @5:>=AB@C:B82=>W EV@C@3VW [93], O: 

?@O<> >?>A5@54:>20=>W 28<>38 4VNG>3> 2>є==>3> AB0=C 2 =0HV9 :@0W=V, 7@>A;8 

70?8B8 I>4> @>7C<V==O 0=0B><VG=>W <V=;82>ABV =5 ;8H5 <0:@>1C4>28 %!-%, 

0 9 AB@C:BC@8 :VAB:>2>W B:0=8=8 !- [15, 94], O:0 70;568Bь 2V4 2?;82C G8==8:V2 

I> 70157?5GCNBь WW <V=5@0;V70FVN [95]. 

!0< 2V4><V VAB>@8G=V >?8A8 :;V=VG=8E 28?04:V2 02B>@0<8 Pancoast V 

Kronlein (1936), O:V >?8AC20;8 EV@C@3VG=V 4>ABC?8 4> :@8;>?V4=51V==>W O<:8 7 

@5:><5=40FVO<8 ?@>2545==O >AB5>B><VW 2V=F528E 2V4@>AB:V2 B0 WE 24>A:>=0;5==O  

02B>@0<8 ((5B8A>2  .�., 1954;  0;0=GC: �.". B0 A?V202B., 2001), I> є 

0:BC0;ь=8<8 9 4>=8=V. #@>B5, 70157?5G5==O ?>40;ьH>W DC=:FVW 2V=F528E 

2V4@>AB:V2 !- B0:8 ?>B@51Cє 45B0;V70FVW I>4> IV;ь=>ABV :VAB:>2>W B:0=8=8, C 
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V=D>@<0FVN ?@> 270є<>72'O7>: <V6 :;0A0<8 =5?@028;ь=>3> ?@8:CAC, 

1@C:A87<><, 2B@0B>N 7C1V2 B0 A:@>=52>-=86=ь>I5;5?=8<8 @>7;040<8, I>, 

A2>єN G5@3>N, A?>=C:0є <548G=8E ?@0FV2=8:V2 ?@84V;OB8 ?@V>@8B5B=C C203C 

>FV=FV >:;N7VW ?0FVє=BV2 B0 AB0=C %!-%. 

#>@CH5==O DC=:FVW %!-% B0 6C20;ь=8E <’O7V2 A?>AB5@V30NBьAO B0:>6 

C ?0FVє=BV2 V7 ?>2=>N 7C1>I5;5?=>N A8AB5<>N, I> 7C<>2;5=> 0=><0;VO<8 B0 

45D>@<0FVO<8 7C1=8E @O4V2, O:V ?@872>4OBь 4> ?>@CH5==O <’O7>2>3> 10;0=AC 

B0 >:;N7V9=>-0@B8:C;OFV9=>W @V2=>2038, ?@>AB>@>2>W >@Vє=B0FVW !- 2V4=>A=> 

25@E=ь>W [99–101]. 

�;5:B@><V>3@0DVO є >4=8< V7 ?@>2V4=8E <5B>4V2 DC=:FV>=0;ь=>3> 

4>A;V465==O =5@2>2>-<’O7>2>3> 0?0@0BC, I> 4>72>;Oє >?B8<V7C20B8 

4V03=>AB8G=89 0;3>@8B<, 0 B0:>6 48D5@5=FV9=C 4V03=>AB8:C B0 48=0<VG=5 

A?>AB5@565==O E2>@8E V7 70E2>@N20==O<8 %!-%. �;5:B@><V>3@0DVG=5 

4>A;V465==O <>65 1CB8 28:>@8AB0=5 =5 BV;ь:8 7 <5B>N ?5@28==>W 4V03=>AB8:8, 

0 9 4;O O:VA=>W 48D5@5=FV0;ь=>W 4V03=>AB8:8 @V7=8E D>@< ?0B>;>3VW %!-%, I> 

A?@8OB8<5 @>7@>1FV =091V;ьH @0FV>=0;ь=>3> ?;0=C ;V:C20==O B0 ?V428I5==N 

O:>ABV <548G=>W 4>?><>38 [129].   

#>:070=>, I> <5B>4 DC=:FV>=0;ь=>W 4V03=>AB8:8 28O282AO 4>A8Bь 

V=D>@<0B82=8< ?@8 >FV=FV AB0=C 6C20;ь=8E <’O7V2 C ?0FVє=BV2 V7 

70E2>@N20==O<8 %!-%, >A:V;ь:8 4>72>;Oє 28O28B8 7<V=8 ?>:07=8:V2 =0 

@V7=8E @V2=OE ?>@CH5=ь [130, 131]. 

�0 @57C;ьB0B0<8 5;5:B@><V>3@0DVW (� �) 6C20;ь=8E <’O7V2, C E2>@8E 7 

48ADC=:FVєN %!-% ACBBє2>W B@0=AD>@<0FVW 707=0є 6C20;ь=89 F8:;, O:89 

287=0G0єBьAO 0:B82=VABN F5=B@0;ь=>3> =59@>==>3> 35=5@0B>@0 6C20==O C 

AB>21C@V <>7:C. &@820;VABь Fь>3> F8:;C 70 =0O2=>ABV ?0B>;>3VW %!-%, C 
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35=5@>20=V9 F8:;VG=V9 0:B82=>ABV. *5 є ?V4B25@465==O< VA=CNG>W 7=0G=>W 

<>4C;OFVW 0:B82=>ABV <5E0=V7<V2 F5=B@0;ь=>3> :>=B@>;N 6C20;ь=>W 4VW 
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=>F8F5?B82=8<8 2?;820<8 7 ?5@8D5@VW [132–136]. 

�3V4=> @57C;ьB0BV2 4>A;V465=ь &. . �>ABN: [137, 138] 5;5:B@><V>3@0DVG=5 
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 0965 C 2AVE E2>@8E 7 <’O7>2>-AC3;>1>2>N 48ADC=:FVєN %!-% (4> 95,3 %) 

?@>O2;ONBьAO ?>@CH5==O :@>2>>1V3C 70 CG0ABV AC48= H8W B0 3>;>28 2=0A;V4>: 
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?@>3@0<C «PR» [137]. "AB0==O 40є 7<>3C >1’є:B82=> >FV=8B8 48=0<V:C 
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4V03=>AB8G=8E B0 @501V;VB0FV9=8E 70E>4V2 C E2>@8E V7 <’O7>2>-AC3;>1>2>N 

48ADC=:FVєN %!-%. �2B>@>< [138] @>7@>1;5=> ?@8AB@V9 V 2V4?>2V4=> 4> 
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48ADC=:FVєN, O:V 4>72>;8;8 V=AB@C<5=B0;ь=> ?@>2>48B8 @5єAB@0FVN ?@8 
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'�� <>65 1CB8 :>@8A=>N 0;ьB5@=0B82>N [137]  C 28?04:0E 2=CB@VH=ь>W 

E2>@>18 %!-% V C 28?04:0E, :>;8 C ?0FVє=B0 є ?@>B8?>:070==O 4>  $&, B0:V 

O: :;0CAB@>D>1VO 01> =0O2=VABь :0@4V>AB8<C;OB>@0. �0=89 <5B>4 4>A;V465==O 

45<>=AB@Cє 28A>:C GCB;82VABь V B>G=VABь 4V03=>AB8:8 @>7B0HC20==O AC3;>1>2>3> 

48A:0 C AB0=V A?>:>N ?0FVє=B0 (4;O 287=0G5==O 0=0B><VG=>3> ?>;>65==O 01> 

28O2;5==O 7<VI5==O 48A:0). � V=H>3> 1>:C, F59 <5B>4 =5 40є 4>AB0B=ь> 

V=D>@<0FVW 4;O 0=0;V7C 7<VI5=ь AC3;>1>28E 48A:V2 C ?0FVє=BV2 V7 2V4:@8B8< 

@>B>< B0 0=0;V7C <>@D>;>3VG=8E 7<V= 48A:0 G8 AC3;>1>2>W 3>;>2:8 

28@>AB:>2>3> 2V4@>AB:0 !- [137]. 

І=H89 =5V=20782=89 V ?@>AB89 C 28:>@8AB0==V <5B>4 0CA:C;ьB0FVW %!-% 

70 4>?><>3>N 5;5:B@>==>3> AB5B>A:>?0 28:>@8AB>2CєBьAO 4;O 28O2;5==O 

=0O2=>ABV HC<>28E O28I (:@5?VB0FVW, :;0F0==O, 72C:8 B5@BO AC3;>1>28E 

?>25@E>=ь).  5B>N 4>A;V465==O 1C;> >FV=8B8 <5B>4 0CA:C;ьB0FVW %!-% 70 

4>?><>3>N 5;5:B@>==>3> AB5B>A:>?0 O: 5B0?C :><?;5:A=>W 4V03=>AB8:8 

2=CB@VH=VE C@065=ь %!-% C ?>@V2=O==V 7 V=H8<8 <5B>40<8, B0:8<8 O: 

:;V=VG=V <5B>48 >1AB565==O (15AV40, >3;O4, ?0;ь?0FVO), 0=0;V7 4V03=>AB8G=8E 

<>45;59 C 0@B8:C;OB>@, @5=B35=>;>3VG=5 4>A;V465==O, 5;5:B@>=59@><V>3@0DVO. 

�C4V>4V03=>AB8:C ?@>2>4OBь 70 4>?><>3>N 5;5:B@>==>3> AB5B>A:>?0 Littmann 

(3M ESPE), ?VA;O G>3> D>=>3@0<8 0=0;V7CNBь 70 4>?><>3>N :><?’NB5@=>W 

?@>3@0<8 70 >A=>2=8<8 E0@0:B5@8AB8:0<8 72C:V2 [98, 99, 134]. 

 5B>4 0:AV>3@0DVW <>6=0 28:>@8AB>2C20B8 4;O >B@8<0==O B>G=8E 

3@0DVG=8E 40=8E ?@> B@0є:B>@VN @CEC 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 ?@8 

@CE0E !-. �0=89 <5B>4 4>A;V465==O 28:>@8AB>2CNBь 4;O DC=:FV>=0;ь=>W 

4V03=>AB8:8 AC3;>10 B0 70 ?>B@518 =0;0HBC20==O 0@B8:C;OB>@V2 2V4?>2V4=> 4> 

V=482V4C0;ь=8E ?0@0<5B@V2 ?0FVє=B0. &0:5 V=482V4C0;ь=5 =0;0HBC20==O 

0@B8:C;OB>@0 ?>7102;Oє 2V4 =5>1EV4=>ABV 28:>@8AB0==O 4>40B:>28E <5B>4V2 

@5єAB@0FVW ?>;>65==O !- B0 4>72>;Oє 4>AO3B8 <0:A8<0;ь=>W >:;N7V9=>W 

B>G=>ABV [99]. 
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A?>2=0 B0 >1’є:B82=> <>6=0 28O28B8 BV G8 V=HV ?0B>;>3VG=V ?@>O28 :VAB:>28E 

AB@C:BC@ AC3;>10, 0;5, O: ?@028;>, =0 ?V7=VE AB04VOE 70E2>@N20==O [98, 99]. 

%!-% 4>A;V46CNBь =0 >3;O4>28E @5=B35=>3@0<0E G5@5?0, B>G:>28E 

@5=B35=>3@0<0E AC3;>10 2 1VG=V9 ?@>5:FVW B0 B>G:>28E @5=B35=>3@0<0E 

A:@>=52>W :VAB:8 2 1VG=8E ?@>5:FVOE. 

#@028;ь=VABь A?V22V4=>H5=ь 0=0B><VG=8E AB@C:BC@ %!-% 2AB0=>2;NNBь 

H;OE>< ?>@V2=O==O @5=B35=>3@0DVW C 1>:>2V9 ?@>5:FVW V7 70:@8B8< @>B>< 

?0FVє=B0 [132]. 

�. . !>2V:>2 V7 A?V202B. [17, 108] =0 >A=>2V 2V4><8E @5=B35=><>@D><5B@8G=8E 

?>:07=8:V2 !- 70?@>?>=C20;8 ?@>B>:>; @5=B35=><>@D><5B@8G=8E 

28<V@N20=ь %!-% =0 >A=>2V ?0@=8E @5=B35=>3@0< AC3;>10 70 <5B>48:>N 

#0@<0. #VA;O 2V7C0;ь=>W >FV=:8 B0 ?>?5@54=ь>W 4V03=>AB8:8 2AV @5=B35=>3@0<8 

1C;8 >F8D@>20=V 70 4>?><>3>N A:0=5@0. "FV=:C @5=B35=V2Aь:>W IV;ь=>ABV 

?@>2>48;8 =0 @5=B35=V2Aь:><C 2V7V>3@0DV 70 4>?><>3>N 45=A8B><5B@8G=>W 

DC=:FVW. 

�@B@>3@0DVO 01> 0@B@>B><>3@0DVO 28:>@8AB>2CєBьAO 4;O 2V7C0;V70FVW 
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IV;8=8. *5 =5 7=V<0є ?@>1;5<8 >B@8<0==O 1V;ьH GVB:>3> 7>1@065==O AB@C:BC@ 
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>B@8<0B8 7>1@065==O %!-% B0 B:0=8= 2V4@>AB:V2 !- C B@ь>E 270є<=> 
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287=0G8B8 O:VABь :VAB:>2>W B:0=8=8 2 @V7=8E A53<5=B0E I5;5? C 283;O4V 

F8D@>28E ?>:07=8:V2 [99, 145]. 
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4V03=>AB8:8, I> 4>72>;Oє >B@8<C20B8 7>1@065==O =02:>;>AC3;>1>28E B:0=8= 
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�>1V@ :><?’NB5@=>-B><>3@0DVG=8E F8D@>28E A:0=C20=ь ?0FVє=BV2 
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4>A;V465==O <0B5@V0;C. !01@0=89 4;O 4>A;V465==O <0B5@V0; >4=>G0A=> 

<VAB8Bь F8D@>2V 70?8A8 �&->1AB565=ь ?0FVє=BV2 O: V7 7030;ь=>W 0@EV2=>W 

:;V=VG=>W 1078 &5=B@C, B0: V :><?’NB5@=>-B><>3@0DVG=V F8D@>2V 70?8A8 

?>B>G=8E >1AB565=ь ?0FVє=BV2. 
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70 4>?><>3>N 0?0@0BC 5:AB@0>@0;ь=>3> A:0=C20==O Vatech PaX-i3D Green CT 
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Т45лиця 2.1 
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!0720 3@C?8 / 2V:>289 ?5@V>4 
'8A;> 
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@565=ь 

'>;>2V:8 �V=:8 
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2-89 ?5@V>4 
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1-89 ?5@V>4 
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2-89 ?5@V>4 
7@V;>3> 2V:C 24 11 13 

&@5BO 3@C?0: 
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1-89 ?5@V>4 
7@V;>3> 2V:C 26 13 13 

2-89 ?5@V>4 
7@V;>3> 2V:C 22 11 11 

�030;ь=5 G8A;> 
4>A;V46C20=8E 
>1’є:BV2 

1-89 ?5@V>4 
7@V;>3> 2V:C 68 37 31 

2-89 ?5@V>4 
7@V;>3> 2V:C 68 32 36 
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(ІІ-9 5B0?) B0 287=0G5==O :V;ь:VA=>-O:VA=8E ?>:07=8:V2: IV;ь=>ABV ('"%) V 
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1 – 7>=0 AC3;>1>2>-O<:>2>3> :204@0=B0 AC3;>1>2>W 3>;>2:8 28@>AB:>2>3> 

2V4@>AB:0 (%-/3\:); 

2-3-4 – ?@>5:FVO A5@548==>W ;V=VW AC3;>1>2>W 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 

!), 45 : 

2 – ?5@54=ь>-704=V9 :204@0=B AC3;>1>2>W 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 (#-�3\:); 
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3 – A5@548==>-1VG=89 :204@0=B AC3;>1>2>W 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 

(%-�3\:); 

4 – 704=ь>-1VG=89 :204@0=B AC3;>1>2>W 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 (�-�3\:); 

5-6-7 – ?@>5:FVO C<>2=>W ;V=VW H89:8 28@>AB:>2>3> 2V4@>AB:0 !), 45 : 

5 – 704=ь>-1VG=89 :204@0=B H89:8 28@>AB:>2>3> 2V4@>AB:0 (�-�H\:); 

6 – A5@548==>-H89:>289 :204@0=B 28@>AB:>2>3> 2V4@>AB:0 (%-H\:); 

7 – ?5@54=ь>-704=V9 :204@0=B H89:8 28@>AB:>2>3> 2V4@>AB:0 (#-�H\:); 

8-9-10 – ?@>5:FVO C<>2=>W ;V=VW >A=>28 28@>AB:>2>3> 2V4@>AB:0 !), 45 : 

8 – ?5@54=ь>-704=V9 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 (#-�>\:); 

9 – A5@548==>-28@V7:>289 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 (%-�>\:); 

10 – 704=ь>-1VG=89 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 (�-�>\:); 

11 – 7>=0 :204@0=B0 BV;0/:CB0 !), 3@C?0 A?V2AB02;5==O / :>=B@>;N (3\:). 

 #>OA=5==O: 1.1-4.1 – 4;O 2V=F52>3> 2V4@>AB:0 !Щ (B01;. 2.3): 

1.1 – 7>=0 25@E=ь>3> :204@0=B0 3>;>2:8 (A:@>=52>3> 3@51=O) 2V=F52>3> 2V4@>AB:0; 

2.1 – ?@>5:FVO C<>2=>W ;V=VW <V6 25@E=ь>N B0 A5@54=ь>N B@5B8=0<8 28A>B8 

2V=F52>3> 2V4@>AB:0 (A:@>=5289 3@51V=ь); 

3.1 – ?@>5:FVO C<>2=>W ;V=VW <V6 A5@54=ь>N B0 =86=ь>N B@5B8=0<8 28A>B8 

2V=F52>3> 2V4@>AB:0 (C<>2=0 H89:0 2V4@>AB:0); 

4.1 – ?@>5:FVO C<>2=>W ;V=VW >A=>28 2V=F52>3> 2V4@>AB:0. 

 �;O <>@D><5B@8G=>3> 4>A;V465==O B0 287=0G5==O IV;ь=>ABV :VAB:>2>W 

B:0=8=8 =0<8 >1@0=> :204@0=B8 2V=F528E 2V4@>AB:V2 !), O:V ?5@H>G5@3>2> 

?V44020;8AO ?@>F5A0< @5<>45;N20==O G8 ?0B>;>3VG=8< 7<V=0<, 7>:@5<0:  

 4;O 1.1 V 2.1 – �-�3\: – 25@E=V9 :204@0=B 3>;>2:8 (A:@>=52>3> 3@51=O) 

2V=F52>3> 2V4@>AB:0 (A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>3> H0@C 

:VAB:>2>W B:0=8=8); 

 4;O 3.1 – %H\: : �-�H\: – ?5@54=ь>-704=V9 :204@0=B C<>2=>W H89:8 

2V=F52>3> 2V4@>AB:0 !) (%H\: – A5@54=V9 ?>:07=8: IV;ь=>ABV :VAB:>2>W 

B:0=8=8; �-�H\: – 2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 :>@B8:0;ь=>3> 

H0@C :VAB:>2>W B:0=8=8 2V=F52>3> 2V4@>AB:0); 
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 4;O 4.1 – %-�>\: : �-�>\: – ?5@54=ь>-704=V9 :204@0=B >A=>28 2V=F52>3> 

2V4@>AB:0 !) (%-�>/: – A5@54=V9 ?>:07=8: IV;ь=>ABV :VAB:>2>W B:0=8=8; �-

�>/: – 2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 :>@B8:0;ь=>3> H0@C :VAB:>2>W 

B:0=8=8 2V=F52>3> 2V4@>AB:0); 

 3\: – :204@0=B :CB0 !), O: 3@C?0 A?V2AB02;5==O.  

 

Т45лиця 2.2 

&8?8 B0 :V;ь:VABь 70<V@V2 ?>:07=8:V2 28@>AB:>28E 2V4@>AB:V2 !) 

(73V4=> ?>OA=5==O 4> @8A. 2.2 4;O 28@>AB:>2>3> 2V4@>AB:0)  

!><5@ 
?>:07-
=8:0 

#5@5;V: 
C<>2=8E 
A:>@>G5=ь 
=0728 

?>:07=8:0 

�V;ь:VABь – B8?8 70<V@V2 

1. %-/3/: 

2 70<V@8 – A5@54=V 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 ( ) + A5@54=є 7=0G5==O IV;ь=>ABV 3C1G0AB>W 

:VAB:8 (AC1:>@B8:0;ь=>) (SD) 

2. #-�3/: 

2 70<V@8 – H8@8=0/4>268=0 B@015:C;O@=>W A:;04>2>W 

:VAB:8 <V6 2=CB@VH=V<8 :>=BC@0<8 :>@B8:0;ь=8E 

?;0AB8=>: ( ) + A5@54=V9 ?>:07=8: IV;ь=>ABV 

B@015:C;O@=>W :VAB:8 (SD) 

3. %-�3/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 

4. �-�3/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 
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Пр>4>665==я т45лиці 2.2 

5. �-�H/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 

6. #-�H/: 

2 70<V@8 – H8@8=0/4>268=0 B@015:C;O@=>W :VAB:8 <V6 

2=CB@VH=V<8 :>=BC@0<8 :>@B8:0;ь=8E ?;0AB8=>: ( )  

+ A5@54=V9 ?>:07=8: IV;ь=>ABV B@015:C;O@=>W :VAB:8 

(SD) 

7. %H/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 

8. %-�>/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 

9. #-�>/: 

2 70<V@8 – H8@8=0/4>268=0 B@015:C;O@=>W :VAB:8 <V6 

2=CB@VH=V<8 :>=BC@0<8 :>@B8:0;ь=8E ?;0AB8=>: ( ) + 

A5@54=V9 ?>:07=8: IV;ь=>ABV B@015:C;O@=>W :VAB:8 (SD) 

10. �- �>/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 

11. 3/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>W 

?;0AB8=:8 :CB0 I5;5?8 
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Т45лиця 2.3 

&8?8 B0 :V;ь:VABь 70<V@V2 ?>:07=8:V2 2V=F528E 2V4@>AB:V2 !) 

(73V4=> ?>OA=5==O 4> @8A. 2.2 4;O 2V=F52>3> 2V4@>AB:0)  

!><5@ 
?>:07-
=8:0 

#5@5;V: 
C<>2=8E 
A:>@>G5=ь 
=0728 

?>:07=8:0 

�V;ь:VABь – B8?8 70<V@V2 

1.1. �-�3/: 
1 70<V@ – A5@54=є 7=0G5==O IV;ь=>ABV 

:>@B8:0;ь=>W ?;0AB8=:8 

2.1. %-�3/� : �-�3/: 

2 70<V@8 – 2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 

2V4@>AB:C (  – C<>2=> 2V4AB0=ь <V6 2-8< V 4-8< 

AE5<0B8G=8<8 ?>7=0G5==O<8 @8A. 2.2) + A5@54=V9 

?>:07=8: IV;ь=>ABV :VAB:8 (SD – C<>2=> 

2V4?>2V40є AE5<0B8G=><C ?>7=0G5==N «3» @8A. 2.2)  

3.1. %H/�  : �-�H/� 

2 70<V@8 – 2V4AB0=ь <V6 7>2=VH=8:8 :>=BC@0<8 

2V4@>AB:C (  – C<>2=> 2V4AB0=ь <V6 5-8< V 7-8< 

AE5<0B8G=8<8 ?>7=0G5==O<8 @8A. 2.2)  + A5@54=V9 

?>:07=8: IV;ь=>ABV :VAB:8 (SD – C<>2=> 

2V4?>2V40є AE5<0B8G=><C ?>7=0G5==N «6» @8A. 2.2) 

4.1. %-�>/� : �- �>/: 

2 70<V@8 – 2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 

2V4@>AB:C (  – C<>2=> 2V4AB0=ь <V6 8-8< V 10-8< 

AE5<0B8G=8<8 ?>7=0G5==O<8 @8A. 2.2) + A5@54=V9 

?>:07=8: IV;ь=>ABV :VAB:8 (SD – C<>2=> 

2V4?>2V40є AE5<0B8G=><C ?>7=0G5==N «9» @8A. 2.2) 
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2.2.2.  5B>48:0 4>A;V465==O 28@>AB:>28E 2V4@>AB:V2 =86=ь>W 
I5;5?8 ;N48=8 B0 �&-=0;0HBC20==O. 1. �8AB02;5==O B>2I8=8 7@V7C 4;O 

2AVE ?;>I8= 4>A;V465==O, A:;040є 1 <<. 2. � 0:AV0;ь=><C 2V:=V, :>@>=0;ь=0 

2VAь (6>2B0 ;V=VO) 28AB02;OєBьAO ?0@0;5;ь=> / ?> E>4C ?>?5@5G=>W >AV 3>;>2:8 

28@>AB:>2>3> 2V4@>AB:0 (@8A. 2.3). 

 

$8A. 2.3. 

3. ' A03VB0;ь=><C 2V:=V :>@>=0;ь=0 2VAь (6>2B0 ;V=VO) 28AB02;OєBьAO 274>26 

25@B8:0;ь=>W 2VAV 28@>AB:>2>3> 2V4@>AB:0 (@8A. 2.4). 

 

$8A. 2.4. 
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4. ' :>@>=0;ь=><C 2V:=V, >@0=6520 ;V=VO (A03VB0;ь=0 2VAь), 28AB02;OєBьAO  

274>26 25@B8:0;ь=>W 2VAV 28@>AB:>2>3> 2V4@>AB:0, 2V4F5=B@>2CєBьAO ?> F5=B@C 

28@>AB:>2>3> 2V4@>AB:0 (@8A. 2.5). 

 

$8A. 2.5. 

5. #VA;O =0;0HBC20==O 2AVE 2VA59 2 A03VB0;ь=><C 2V:=V, 3>;>2:0 71V;ьHCєBьAO 

<0:A8<0;ь=> 4;O 7@CG=>ABV 2V7C0;V70FVW B0 ?@>2545==O >1G8A;5=ь / 70<V@V2 (@8A. 

2.6). 

 

$8A. 2.6. 
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�0<V@8 (?@>2>4OBьAO 2 A03VB0;ь=><C 2V:=V / ?;>I8=V; 2:07CєBьAO A5@54=є 

7=0G5==O IV;ь=>ABV :>@B8:0;ь=>3> H0@C, ?>:07=8: Average, C :>6=V9 B>GFV 

70<V@C): 1. %-/3/: – ?@>2545==O 42>E 70<V@V2 C A5@54=V9 G0AB8=V 25@E=ь>3> :>=BC@C 

3>;>2:8: a) C <560E :>@B8:0;ь=>W ?;0AB8=:8, =0 WW B>2I8=C (@8A. 2.7);  

 

 $8A. 2.7. 

1) C <560E 3C1G0AB>W :VAB:8, AC1:>@B8:0;ь=> (4>268=>N ;V=VW 70<V@C 4> 1 <<) 

– @8A. 2.8. 

 

$8A. 2.8. 
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�;O =0;0HBC20==O @V2=O 70<V@C B>G>: 2, 3, 4: C :>@>=0;ь=V9 ?;>I8=V, 
75;5=0 ;V=VO >?CA:0єBьAO =0 @V25=ь ?>;NAV2 3>;>2:8 AC3;>10; C A03VB0;ь=V9 

?;>I8=V, 75;5=0 ;V=VO 28AB02;OєBьAO 4>B8G=> <V6 42><0 B>G:0<8: 25@EV2:>N 

28@>AB:>2>3> 2V4@>AB:0 !) B0 <V6 :0<’O=8AB>-10@010==>N IV;8=>N A:@>=52>W 

:VAB:8 – B>G:8 2, 3, 4 1C4CBь ?> E>4C 75;5=>W ;V=VW (2:070=> =0 @8A. 2.9). 

 

$8A. 2.9. 

2. %-�3\: – A5@548==>-1VG=89 :204@0=B AC3;>1>2>W 3>;>2:8 !), 7V AB>@>=8 

AC3;>1>2>3> 3>@18:0 A:@>=52>W :VAB:8, >48= 28<V@: :>@B8:0;ь=0 ?;0AB8=:0 =0 

B>2I8=C :>@B8:0;ь=>W ?;0AB8=:8 (@8A. 2.10). 

 

$8A. 2.10. 
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3. #-�3\: – ?5@54=ь>-704=V9 :204@0=B AC3;>1>2>W 3>;>2:8 !): ?@>2>48BьAO 420 

70<V@8 (H8@8=8/4>268=8 B@015:C;O@=>W :VAB:8 <V6 2=CB@VH=V<8 :>=BC@0<8 

:>@B8:0;ь=8E ?;0AB8=>: B0 A5@54=V9 ?>:07=8: IV;ь=>ABV B@015:C;O@=>W 

:VAB:8) – @8A. 2.11. 

 

$8A. 2.11. 

4. �-�3\: – 704=ь>-1VG=89 :204@0=B AC3;>1>2>W 3>;>2:8 2V4@>AB:0 !) – 

:>@B8:0;ь=0 ?;0AB8=:0 (@8A. 2.12). 

 

$8A. 2.12. 
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�V;O=:0 H89:>2>3> 2V44V;C (70<V@8 5, 6, 7). !0;0HBC20==O @V2=O 
28<V@C 2 A03VB0;ь=V9 ?;>I8=V. ' :>@>=0;ь=><C 2V:=V, >?CA:0є<> 75;5=C ;V=VN 

4> @V2=O H89:8 !); C A03VB0;ь=><C 2V:=V, 75;5=0 ;V=VO >?CAB8BьAO A8=E@>==>, 

V 1C45 2:07C20B8 ?@>5:FVN H89:>2>3> 2V44V;C 2 A03VB0;ь=><C 2V:=V – ?> WW E>4C 

V ?@>2>4OBьAO 70<V@8 5, 6, 7 (@8A. 2.13).  

 

$8A. 2.13. 

�0<V@8: 

5. �-�H\: – 704=ь>-1VG=89 :204@0=B H89:8 2V4@>AB:0 !) – :>@B8:0;ь=0 

?;0AB8=:0 (@8A. 2.14). 

 

$8A. 2.14. 
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6. #-�H\: – ?5@54=ь>-704=V9 :204@0=B H89:8 2V4@>AB:0 !) (2 ?>:07=8:8 

3C1G0AB>W :VAB:8 – 4>268=0 B0 A5@54=є 7=0G5==O IV;ь=>ABV) – @8A. 2.15. 

 

$8A. 2.15. 

7. %H\: – A5@548==89 H89:>289 :204@0=B >A=>28 2V4@>AB:0 !) (1 ?>:07=8: 

IV;ь=VABь :>@B8:0;ь=>W ?;0AB8=:8) – @8A. 2.16. 

 

$8A. 2.16. 
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  !0;0HBC20==O 4;O ?@>2545==O 70<V@V2 8, 9, 10. ' :>@>=0;ь=V9 

?;>I8=V >@0=6520 ;V=VO (A03VB0;ь=0 ?;>I8=0), @>7<VICєBьAO 274>26 

25@B8:0;ь=>W >AV 3V;:8 !); 2 0:AV0;ь=><C 2V:=V, >@0=6520 ;V=VO (A03VB0;ь=0 

?;>I8=0) ?@>2>48BьAO ?> 2V=F52><C B0 28@>AB:>2><C 2V4@>AB:C, 2 WE 

F5=B@0;ь=8E / A5@54=VE G0AB8=0E; C A03VB0;ь=><C 2V:=V 75;5=0 ;V=VO 

?>78FV>=CєBьAO =0 1-2 << 28I5 28@V7:8 !) / 3V;:8 (@8A. 2.17). 

 

$8A. 2.17. 

�8<V@8 8, 9, 10 ?@>2>4OBьAO ?> E>4C 75;5=>W ;V=VW / >AV 2 A03VB0;ь=><C 2V:=V 

(@8A. 2.18). 

 

$8A. 2.18. 
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8. %-�>\: – A5@548==>-28@V7:>289 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 

!): >48= 70<V@ – :>@B8:0;ь=0 ?;0AB8=:0 (@8A. 2.19). 

 

$8A. 2.19. 

9. #-�>\: – ?5@54=ь>-704=V9 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 !) 

(2 28<V@8 3C1G0AB>W :VAB:8: 4>268=0, A5@54=O IV;ь=VABь) – @8A. 2.20. 

 

$8A. 2.20. 
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10. �-�>\: – 704=ь>-1VG=89 :204@0=B >A=>28 28@>AB:>2>3> 2V4@>AB:0 !), 

1 70<V@ – :>@B8:0;ь=0 ?;0AB8=:0 (@8A. 2.21). 

 

$8A. 2.21. 

11. �/: - 3@C?0 :>=B@>;N, :204@0=B :CB0 =86=ь>W I5;5?8.  

  !0;0HBC20==O 4;O 28<V@C:  

  � 0:AV0;ь=><C 2V:=V >@0=6520 ;V=VO (A03VB0;ь=0 ?;>I8=0) 

28AB02;OєBьAO ?> ?>74>26=V9 >AV :CB0 !); C :>@>=0;ь=><C 2V:=V 

>@0=6520 ;V=VO 28AB02;OєBьAO ?> ?>74>26=V9 >AV B0 F5=B@C 3V;:8 I5;5?8; 

C A03VB0;ь=><C 2V:=V – ?> 48AB0;ь=><C :>=BC@C 3V;:8 I5;5?8 B0 

1070;ь=><C :@0N !); ?@>2>4OBьAO ?0@0;5;ь=V ;V=VW, I> AE>4OBьAO 2 

4V;O=FV :CB0 !), >?CA:0єBьAO 1VA5:B@8A0 >B@8<0=>3> :CB0; 28<V@8 

IV;ь=>ABV :>@B8:0;ь=>W ?;0AB8=:8 :CB0 ?@>2>4OBьAO , <54V0;ь=VH5 / 

48AB0;ь=VH5 ;V=VW 1VA5:B@8A8, 4>268=>N 4> 4 <<.   

  �0<V@8 ?@>2>4OBьAO 2 A03VB0;ь=><C 2V:=V / ?;>I8=V @8A. 2.22). 
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$8A. 2.22. 

 

�0<V@8 ?@>2>4OBьAO ;8H5 IV;ь=>ABV :>@B8:0;ь=>W ?;0AB8=:8 :CB0 (@8A. 2.23). 

 

$8A. 2.23. 
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 2.2.3.  5B>48:0 4>A;V465==O 2V=F528E 2V4@>AB:V2 =86=ь>W 
I5;5?8 ;N48=8 B0 �&-=0;0HBC20==O.  ' A03VB0;ь=V9 ?;>I8=V / 2V:=V 

7=0E>48BьAO 2V=F5289 2V4@>AB>:, C Fь><C 6 2V:=V, 6>2B0 ;V=VO 28AB02;OєBьAO 

274>26 2VAV 2V4@>AB:0; C :>@>=0;ь=><C 2V:=V, >@0=6520 ;V=VO (A03VB0;ь=0 

?;>I8=0), =0;0HB>2CєBьAO ?> ?>74>26=V9 >AV 2V4@>AB:0 B0 2V4F5=B@>2CєBьAO 

?> F5=B@0;ь=V9 G0AB8=V 2V4@>AB:0; 2 0:AV0;ь=><C 2V:=V, >@0=6520 ;V=VO 

(A03VB0;ь=0 ?;>I8=0) =0;0HB>2CєBьAO ?> ?>74>26=V9 >AV 2V4@>AB:0 (@8A. 

2.24). 

 

$8A. 2.24. 

 

�0<V@8 1.1. – ?@>2>4OBьAO 2 A03VB0;ь=><C 2V:=V. 

1.1.  �-�3\: – 25@E=V9 :204@0=B 3>;>2:8 (A:@>=52>3> 3@51=O) 2V=F52>3> 

2V4@>AB:0 !).  

#@>2>48BьAO 2 A5@548==V9 B>GFV 25@H8=8 2V4@>AB:C; 1 28<V@ (@8A. 2.25). 
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$8A. 2.25. 

�0<V@8 2.1. – ?@>2>4OBьAO =0 2 << 1070;ь=VH5 (=86G5) 25@EV2:8 2V4@>AB:0. 
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  96 

 

 
 

$8A. 2.28. 

 

2.2.4.  5B>4 AB0B8AB8G=>3> 0=0;V7C. �;O 2AB0=>2;5==O B>G=>ABV 
?@>2545=8E 4>A;V465=ь, 287=0G5==O :>@5;OFV9=8E 72’O7:V2 <V6 
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IV;ь=VABь :VAB:>2>W B:0=8=8 2 C<>2=8E >48=8FOE AV@>ABV ('"%) 28@>AB:>28E 

2V4@>AB:V2 !Щ, 7C<>2;5=>W G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 

3@C?8 7C1V2).  

�>1V@ <0B5@V0;C 4>A;V465==O 74V9A=N20;8 2V4?>2V4=> 4> �>3>2>@C ?@> 

=0C:>2C A?V2?@0FN № 2 2V4 02 6>2B=O 2020 @>:C <V6 �C:>28=Aь:8< 45@602=8< 

<548G=8< C=V25@A8B5B>< B0 &5=B@>< <548G=>W 3D-4V03=>AB8:8. &0:0 4>ABC?=VABь 

F8D@>28E <5B>48: <>@D>;>3VG=>3> 4>A;V465==O, 7>:@5<0, <5B>4C 45=A8B><5B-

@8G=>3> 0=0;V7C 70 4>?><>3>N 5:AB@0>@0;ь=>3> A:0=C20==O Vatech PaX-i3D 

Green CT (PHT-60 CFO) 7 =04GCB;828< 45B5:B>@>< 28?@><V=N20==O, DC=:FVO<8: 

>@B>?0=B><>3@0DVW, B><>3@0DVW, B5;5@5=B35=>3@0DVW, 4>A;V465==O %!Щ% 



  101 

 

&45?<Jя 3.1 

�@C?C20==O 40=8E ?@8 282G5==V O:VA=> >4=>@V4=8E AC:C?=>AB59 – :V;ь:VA=8E 

?>:07=8:V2, I> 287=0G0NBь <>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь :VAB:>2>W B:0=8=8 

2 C<>2=8E >48=8FOE AV@>ABV ('"%) 28@>AB:>28E 2V4@>AB:V2 !Щ, 7C<>2;5=>W 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 136 

!0720 3@C?8 / 2V:>289 ?5@V>4 

'8A;> 

A?>AB5-

@565=ь 

�иDBEF>BвV вV4DBEF>и 
Aи6AьBW щ5?5Cи 

� – ?@020 

AB>@>=0 

� – ;V20 

AB>@>=0 

#5@H0 3@C?0: 

"1<565=89 45D5:B 

7C1=>3> @O4C 

I 7@V;89 2V: 26 13 13 

II 7@V;89 2V: 22 11 11 

�@C30 3@C?0: 

�V=F5289 45D5:B 

7C1=>3> @O4C 

I 7@V;89 2V: 16 8 8 

II 7@V;89 2V: 24 12 12 

&@5BO 3@C?0: 

З15@565=89 7C1=89 

@O4 – 3@C?0 

:>=B@>;N 

I 7@V;89 2V: 26 13 13 

II 7@V;89 2V: 22 11 11 

З030;ь=5 G8A;> 

4>A;V46C20=8E 

>1’є:BV2 

I 7@V;89 2V: 68 34 34 

II 7@V;89 2V: 68 34 34 



  102 

 

(2V4:@8B89 / 70:@8B89 @>B) B0 4>40B:>2>3> <>4C;O MAR, 4;O 7=865==O 

:V;ь:>ABV 0@B5D0:BV2 2V4 =0:;040=ь B0 2:;NG5=ь, V7 ?@>3@0<=8< 70157?5G5==O< 

Ez3D-i (5.1), =040;> <>6;82VABь (482. @8AC=>: 2.2) ?@>25AB8 H284:89, 

45B0;V7>20=89 0=0;V7 AB@C:BC@8 :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 

?@02>W B0 ;V2>W 3V;>: !Щ, 7>:@5<0, WW IV;ь=>ABV <0;>V=20782=8< B0 

5@3>=><VG=8< H;OE><.  

�;O 287=0G5==O IV;ь=>ABV :VAB:>2>W B:0=8=8 =0<8 >1@0=> :204@0=B8, O:V 

?5@H>G5@3>2> ?V44020;8AO ?0B>;>3VG=8< 7<V=0< (@8A. 3.1), 7>:@5<0: 

 %-/3\: – AC3;>1>2>-O<:>289 :204@0=B AC3;>1>2>W 3>;>2:8 2V4@>AB:0 !Щ; 

 #-ЗH\: – ?5@54=ь>-704=V9 :204@0=B H89:8 2V4@>AB:0 !Щ; 

 #-З>\: – ?5@54=ь>-704=V9 :204@0=B >A=>28 2V4@>AB:0 !Щ; 

 3\: – :204@0=B :CB0 !Щ, 3@C?0 A?V2AB02;5==O.  

 

$8A. 3.1. �>A;V465==O 0=0B><VG=8E 4V;O=>: 28@>AB:>2>3> 2V4@>AB:0 2 

A03VB0;ь=><C 7@V7V, I> 2V4?>2V40NBь :204@0=B0<:  

1 – %-/3\:;  

2 – #-ЗH\:;  

3 – #-З>\:;  

4 – 3\:.                                              
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�;O 48=0<VG=>W >FV=:8 IV;ь=>ABV :VAB:>2>W B:0=8=8 =0<8 287=0G0;8AO 

«4V;O=:8», O:V ?5@H>G5@3>2> ?V44020;8AO 2?;82C 5BV>?0B>35=5B8G=8E 

G8==8:V2 =0 7<V=C 45=A8B><5B@8G=8E 7=0G5=ь O: C 1V: 7@>AB0==O, B0: V AB>@>=C 

WE 7=865==O (@8A. 3.2).    

&0:8<8 4>A;V46C20=8<8 :204@0=B0<8 є 25@H8=0 :>@B8:0;ь=>3> H0@C 

( \:>@B) AC3;>1>2>W 3>;>2:8 AC3;>1>2>-O<:>2>W ?>25@E=V (%-/3\:) B0, 

2V4?>2V4=>, B@015:C;O@=0 (3C1G0AB0) :VAB:0 (SD\3C1), 70<V@8 O:>W ?@>2>48;8 

AC1:>@B8:0;ь=> =0 4>268=C >4=>3> <V;V<5B@0 ?0@0;5;ь=> >AV. 

 

$8A. 3.2. %B0=40@B87>20=5 <5B>4>;>3VG=5 4>A;V465==O IV;ь=>ABV :VAB:>2>W 

B:0=8=8 ('"%) 28@>AB:>28E 2V4@>AB:V2 !Щ.   

 

#5@54=ь>-704=V9 :204@0=B H89:8 2V4@>AB:0 !Щ (#-ЗH\:) – =040є CO2C 

?@> ?5@51C4>2C :VAB:>2>W B:0=8=8 107CNG8Aь =0 3C1G0ABV9 <0B@8FV. &><C,  

?>1C4>20=89 0;3>@8B< >E>?;Nє <>@D><5B@8G=V 4>A;V465==O ( \<D) V7 

?@>2545==O 70<V@V2 <V6 :>@B8:0;ь=8<8 H0@0<8 B0 287=0G5==O< IV;ь=>ABV 

3C1G0AB>3> H0@C (SD\3C1) 7 =0ABC?=8< 70=5A5==O< A5@54=VE 25;8G8= C B01;8FV 
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4;O  AB0B8AB8G=>W >1@>1:8 B0 0=0;V7C (B01;. 3.2 – 3.5). &0:>3> 6 0;3>@8B<C 

4>B@8<C20;8AO C 4>A;V465==V ?5@54=ь>-704=ь>3> :204@0=B0 >A=>28 

2V4@>AB:0 !Щ (#-З>\: ). #@89=OB> 22060B8, I> :CB !Щ <0є AB0;5 7=0G5==O 

I>4> 9>3> <>@D>;>3VG=>W ?5@51C4>28. �;O A?V2AB02;5==O B0 1V;ьH H8@H>W 

>1’є:B82=>ABV, <8 287=0G0;8 IV;ь=VABь :>@B8:0;ь=>3> H0@C =0 :@0N :CB0 

!Щ (3\:, 482. @8A. 3.1), ?> 4>268=V ;V=VW G>B8@ь>E <V;V<5B@V2, C ?;>I8=V 

A03VB0;ь=>3> 7@V7C. 

&45?<Jя 3.2 

$57C;ьB0B8 :V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

IV;ь=VABь ('"%) V <>@D><5B@8G=V 7=0G5==O :VAB:>2>W B:0=8=8 ?@02>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ C >AV1 1-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

 n 13 13 8    

%-/3\: 

 \:>@B 
1149 

± 398,1 

1225 

± 312,8 

1095 

± 158,7 
0,412 0,828 0,169 

SD\3C1 
668,7 

± 227,4 

590,6 

± 244,5 

737,8 

± 319,8 
0,457 0,515 0,169 

#-ЗH\: 

SD/3C1 
849,6 

± 260,1 

708,2 

± 302,0 

616,8 

± 235,6 
0,209 0,083 0,347 

 \<D 
4,438 

± 1,274 

4,438 

± 1,570 

4,850 

± 1,174 
0,878 0,328 0,717 
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*#@8<VB:8: 

p1 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C; 

p2 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C; 

p3 – #>@V2=O==O: "1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 

7C1=>3> @O4C. 

&45?<Jя 3.3  

$57C;ьB0B8 :V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

IV;ь=VABь ('"%) V <>@D><5B@8G=V 7=0G5==O :VAB:>2>W B:0=8=8 ;V2>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ C >AV1 1-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89  

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

 n 13 13 8    

ПDB4B665AAя F45?<JV 3.2 

#-З>\: 

SD/3C1 
882,1 

± 195,3 

910,4 

± 329,3 

658,7 

± 160,5 
0.457 0.017 0.021 

 \<D 
4,992 

± 0,867 

4,515 

± 1,852 

4,913 

± 1,374 
0.191 0.664 0.492 

3\: :>@B. 
2313 

± 806,2 

2490 

± 615,8 

2107 

± 440,9 
0.305 0.942 0.278 
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ПDB4B665AAя F45?<JV 3.3 

%-/3\: 

 \:>@B 
1062 

± 337,8 

1047 

± 288,6 

1139 

± 164,9 
0,939 0,515 0,664 

SD\3C1 
621,6 

± 229,5 

582,5 

± 265,5 

526,3 

± 272,0 
0,739 0,366 0,664 

#-ЗH\: 

SD\3C1 
720,3 

± 354,2 

659,4 

± 314,9 

526,7 

± 143,7 
0,858 0,247 0,278 

 \<D 
4,500 

± 0,936 

4,346 

± 1,133 

4,813 

± 1,093 
0,473 0,294 0,385 

#-З>\: 

SD\3C1 
888,0 

± 406,4 

775,6 

± 385,8 

709,0 

± 154,9 
0,489 0,515 1,000 

 \<D 
4,723 

± 1,182 

4,692 

± 1,614 

4,838 

± 1,038 
0,818 0,971 0,690 

3\: :>@B. 
2227 

± 667,4 

2348 

± 523,6 

2151 

± 319,1 
0,293 0,800 0,311 

*#@8<VB:8: 

p1 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C; 

p2 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C; 

p3 – #>@V2=O==O: "1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 

7C1=>3> @O4C. 
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&45?<Jя 3.4  

$57C;ьB0B8 :V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

IV;ь=VABь ('"%) V <>@D><5B@8G=V 7=0G5==O :VAB:>2>W B:0=8=8 ?@02>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ C >AV1 2-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,   

n= 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89  

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

 n 11 11 12    

%-/3\: 

 \:>@B 
1148 

± 185,7 

1032 

± 271,3 

1184,1 

± 330,2 
0,251 0,580 0,243 

SD\3C1 
650,1 

± 214,0 

546,6 

± 238,0 

692,2 

± 204,5 
0,309 0,623 0,157 

#-ЗH\: 

SD\3C1 
787,0 

± 285,1 

669,8 

± 231,3 

746,8 

± 186,8 
0,309 0,689 0,356 

 \<D 
4,345 

± 1,667 

4,273 

± 1,003 

4,417 

± 1.129 
0,922 0,854 0,854 

#-З>\: 

SD\3C1 
810,4 

± 299,5 

739,9 

± 321,7 

694,8 

± 198,2 
0,251 0,132 0,806 

 \<D 
4,982 

± 2,180 

4,673 

± 0,957 

4,883 

± 1,564 
0,948 0,975 0,782 

3\: :>@B. 
2122 

± 562,3 

1926 

± 230,8 

2028 

± 349,0 
0,491 0,902 0,296 

*#@8<VB:8: 

p1 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 
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45D5:B>< 7C1=>3> @O4C; 

p2 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C; 

p3 – #>@V2=O==O: "1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 

7C1=>3> @O4C. 

 

 

&45?<Jя 3.5 

$57C;ьB0B8 :V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

IV;ь=VABь ('"%) V <>@D><5B@8G=V 7=0G5==O :VAB:>2>W B:0=8=8 ;V2>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ C >AV1 2-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,   

n= 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

 n 11 11 12    

%-/3\: 

 \:>@B 
988,8 

± 255,5 

926,4 

± 179,5 

1064 

± 153,7 
0,341 0,580 0,091 

SD\3C1 
558,2 

± 281,2 

461,2 

± 128,1 

619 

± 257,2 
0,094 0,902 0,085 

#-ЗH/: 

SD\3C1 
609,0 

± 325,5 

501,4 

± 119,8 

673,8 

± 218,7 
0,844 0,356 0,043 

 \<D 
4,482 

± 1,492 

4,764 

± 1,177 

4,358 

± 1,355 
0,512 0,782 0,460 
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ПDB4B665AAя F45?<JV 3.5 

#-З>\: 

SD\3C1 
748,4 

± 385,1 

542,9 

± 178,8 

691,4 

± 260,8 
0,168 0,758 0,140 

 \<D 
4,855 

± 1,569 

5,236 

± 1,510 

5,067 

± 1,624 
0,325 0,806 0,926 

3\: :>@B. 
2061 

± 311,9 

1873 

± 252,0 

2133 

± 334,3 
0,123 0,623 0,027 

*#@8<VB:8: 

p1 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C; 

p2 – #>@V2=O==O: �@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C; 

p3 – #>@V2=O==O: "1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 

7C1=>3> @O4C. 

 

 

�=0;V7 ?>40=8E  @57C;ьB0BV2 C B01;8FOE 3.1 – 3.5, 157C<>2=>, 

2:07Cє =0 E0@0:B5@ 7<V=8 IV;ь=>ABV :VAB:>2>W B:0=8=8 2V4 2B@0B8 

6C20;ь=>W 3@C?8 7C1V2  2 CAVE 4>A;V46C20=8E 3@C?0E C ?>AB=0B0;ь=><C 

>=B>35=57V.  

#@>B5, 206;82> 1@0B8 4> C2038 =01CBV ?0B>;>3VG=V ?@>O28, 

7>:@5<0, D5=><5= #>?>20-�>4>=0, O:89 2?;820є =5 ;8H5 =0 6C20;ь=C 

DC=:FVN, 0 =>A8Bь 48ADC=:FV>=0;ь=89 A8AB5<=89 E0@0:B5@, 

7<V=NNG8 IV;ь=VABь :VAB:>2>W B:0=8=8 :><V@:>2>3> 2V4@>AB:0 

25@E=ь>W  I5;5?8, :><V@:>2>W G0AB8=8 B0 BV;0 !Щ 9 2V4?>2V4=>  

2?;820є =0 <V=5@0;V70FVN 2V4@>AB:V2 !Щ, C B><C G8A;V, 3;81>:8E WE 

H0@V2 (@8A. 3.3). 
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$8A. 3.3. �5=A8B><5B@8G=89 0=0;V7 B@015:C;O@=>3> H0@C :VAB:>2>W B:0=8=8 

?@02>3> 28@>AB:>2>3> 2V4@>AB:0 !Щ 7 ?@>O2>< D5=><5=0 #>?>20-�>4>=0 

(A53<5=B0@=5 7<VI5==O 6C20;ь=>W 3@C?8 7C1V2 G5@57 2B@0BC >:;N7V9=8E 

:>=B0:BV2). 

   

#>40=89 :;V=VG=89 28?04>:, O:89  E0@0:B5@87CєBьAO  =87ь:>N IV;ь=VABN  

70 A5@54=V< 7=0G5==O< 318 '"% :VAB:>2>W B:0=8=8 B@015:C;O@=>3> H0@C 

28@>AB:>2>3> 2V4@>AB:0 B0 7=0G=8< @>7<0E>< 45=A8B><5B@8G=>W H:0;8, 2:07Cє 

=0 0:B82=VABь @>728B:C ?0B>;>3VG=>3> ?@>F5AC 9 ?>B@51Cє H284:>3> ?@89=OBBO 

@VH5==O I>4> 20@V0=BV2 :;V=VG=>W @501V;VB0FVW ?0FVє=BV2. 

&><C, <5=HC 9 ?@V>@8B5B=C @>;ь ?@84V;5=> <>@D><5B@8G=><C 

4>A;V465==N B@015:C;O@=>3> H0@C :VAB:>2>W B:0=8=8 B0:, O: 2B@0B0 6C20;ь=>W 

3@C?8 7C1V2 ?@872>48Bь 4> «3;81>:>W» 0B@>DVW B0 =040є @>7C<V==O >1’є:B82=>ABV 

?5@51C4>28 :VAB:>2>W B:0=8=8 70;56=> 2V4 2B@0B8 7C1V2, O: 25:B>@=>3> 

5BV>?0B>35=5B8G=>3> G8==8:0 (@8A. 3.4, @8A. 3.5).  
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$8A. 3.4. 3D-@5:>=AB@C:FV9=0 B:0=8==0 <>45;ь ?@02>W I5;5?=>-;8F52>W 

4V;O=:8 ;N48=8. �:B82=VABь ?@>F5AV2 @5<>45;N20==O :VAB:>2>W 

B:0=8=8 :>@B8:0;ь=>3> (1) B0 B@015:C;O@=>3> (2) H0@V2 28@>AB:>2>3> 

2V4@>AB:0 !Щ. 

 

 >@D><5B@8G=V 7=0G5==O =091V;ьH 2@07;828E 4V;O=>: H89:8 B0 

>A=>28 (#-ЗH\:, #-З>\: ) 28@>AB:>28E 2V4@>AB:V2 !Щ ?@8 >1<565=8E  

45D5:B0E 7C1=8E @O4V2,  2:07CNBь =0 ?5@51C4>2C WE :VAB:>2>W B:0=8=8, 

7>:@5<0, C 1-<C ?5@V>4V 7@V;>3> 2V:C ;N48=8 E0@0:B5@87CNBьAO 7=865==O< 

V7 7=0G=8< ?5@52060==O< 74V20. ЗV 7<V=>N 25:B>@C <’O7>2>W A8;8, 

2V41C20єBьAO <>@D>;>3VG=0 ?5@51C4>20 28A>B8 2V4@>AB:V2, 0 A0<5 – 

2V4AB0=V 2V4 WE >A=>28 4> H89:8, C 2V4’є<=C AB>@>=C G5@57 2B@0BC 

>:;N7V9=8E A?V22V4=>H5=ь. З<V=0 28A>B8 ?@8:CAC, 7C<>2;5=0 >1<565=>N 

2B@0B>N 6C20;ь=8E 7C1V2, 7<CHCє H284:> 040?BC20B8AO 4> =>28E C<>2 

7=865==O B8A:C =0 AC3;>18, 28:;8:0NG8 270є<>?>2’O70=89 ?@>F5A 0B@>DVW 
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:VAB:>2>W B:0=8=8 O: :><V@:>2>W G0AB8=8, B0: V B@015:C;O@=>3> H0@C 

2V4@>AB:V2 !Щ. 

 

$8A. 3.5. 3D-@5:>=AB@C:FV9=0 B:0=8==0 <>45;ь ;V2>W I5;5?=>-;8F52>W 

4V;O=:8 ;N48=8. �:B82=VABь ?@>F5AV2 @5<>45;N20==O :VAB:>2>W 

B:0=8=8 :>@B8:0;ь=>3> (1) B0 B@015:C;O@=>3> (2) H0@V2 28@>AB:>2>3> 

2V4@>AB:0 !Щ. 

 

!01CBBO 7C<>2;5=8E <>@D><5B@8G=8E E0@0:B5@8AB8: 7<V=NNBь A:5;5B>-

B>?VG=89 >:;N7V9=89 :CB 28@>AB:>28E 2V4@>AB:V2 !Щ V7 <>6;828< 

:>;820==O< 2V4 15⁰ 4> 53⁰ - 55⁰ (@8A. 3.6).   

#@8 :V=F528E 45D5:B0E 7C1=8E @O4V2 =86=ь>W I5;5?8 6C20;ь=89 B8A: 

CB2>@NєBьAO A5@548==>, 28AC20NG8 I5;5?8 4> ?5@54C, 4;O ?>4@V1=5==O W6V. 

&0:89 @>7?>4V; B8A:C =0 28@>AB:>2V 2V4@>AB:8, C A2>N G5@3C, 7C<>2;Nє 7<V=C 

:CB0 !Щ, O: :><?5=A0FV9=89 AC?@>B82 ?0B><>@D>;>3VG=8< ?@>F5A0< V7 
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7=0G=8< 71V;ьH5==O< WE <>@D><5B@8G=8E 7=0G5=ь C #-ЗH\:, #-З>\: 

4>A;V46C20=8E :204@0=B0E. 

 

 

$8A. 3.6. 3D-@5:>=AB@C:FV9=0 <>45;ь A:5;5B>-B>?>3@0DVG=>3> ?>;>65==O 

28@>AB:>28E 2V4@>AB:V2 ?@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C =86=ь>W 

I5;5?8.  

 

ЩV;ь=VABь :VAB:>2>W B:0=8=8 70157?5GCєBьAO A8=E@>==8<8 

?0B><>@D>;>3VG=8<8, :><?5=A0FV9=8<8 ?@>F5A0<8, 0;5 V7 20@V0FVєN 7=0G5=ь 

A?@020 B0 7=865==O< – 7;V20 2 >1>E 2V:>28E ?5@V>40E ?>AB=0B0;ь=>3> 

>=B>35=57C ;N48=8 (@8A. 3.7).  

#@825@B0є C203C 7@>AB0NG0 IV;ь=VABь :VAB:>2>W B:0=8=8 

:>@B8:0;ь=>3> H0@C %-/3\: 4>A;V46C20=>3> :204@0=B0 ?@02>W AB>@>=8, ?@8 

>1<565=8E 45D5:B0E 7C1=>3> @O4C B0 7=865==O WW 7=0G5=ь ?@8 :V=F528E 

45D5:B0E 7C1=>3> @O4C. %8=E@>==VABь 7=865==O IV;ь=>ABV :VAB:>2>W B:0=8=8 
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=0 ;V2V9 AB>@>=V %-/3\:, E0@0:B5@87CєBьAO @V7:8< 7=865==O< ?@8 >1<565=8E 

45D5:B0E 7C1=8E @O4V2 C ;N459 1-3> ?5@V>4C 7@V;>3> 2V:C B0 =0@>AB0==O< WW ?@8 

:V=F528E 45D5:B0E 7C1=8E @O4V2 C >AV1 2-3> ?5@V>4C 7@V;>3> 2V:C O: 7;V20, B0: V 

A?@020. 

 

$8A. 3.7. 3D-@5:>=AB@C:FV9=0 <>45;ь 28@>AB:>28E 2V4@>AB:V2 !Щ. 

$5=B35=>;>3VG=5 ?>78FV>=C20==O «70:@8B89 @>B» :  

� – ?@0289 28@>AB:>289 2V4@>AB>: !Щ =>@<0;ь=>W <>@D>;>3VG=>W AB@C:BC@8 

9>3> :>@B8:0;ь=>3> H0@C;  

� – ;V289 28@>AB:>289 2V4@>AB>: !Щ V7 ?@>O2>< 28@065=8E 45AB@C:B82=8E 

7<V= 9>3> :>@B8:0;ь=>3> H0@C.  

  

#@>B5, 7<V=0 IV;ь=>ABV B@015:C;O@=>3> H0@C 28@>AB:>28E 2V4@>AB:V2 

1C45 70;560B8, ?5@H>G5@3>2>, 2V4 G0AC =01CBBO 45D5:BV2 7C1=>3> @O4C B0 

9>3> ;>:0;V70FVW, 4VW :><?5=A0FV9=>W >:;N7V9=>W A8;8, 0 B0:>6 

<5B01>;VG=8E B@0=AD>@<0FV9 >@30=V7<C (@8A. 3.8).   
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$8A. 3.8. 3D-@5:>=AB@C:FV9=0 <>45;ь ?@02>3> 28@>AB:>2>3> 2V4@>AB:0 !Щ 

B0 45=A8B><5B@8G=89 0=0;V7 9>3> B@015:C;O@=>3> H0@C, ?@8 =01CB><C 

45D5:BV 7C1=>3> @O4C =0 ?@>B8;56=V9 (;V2V9) AB>@>=V. 

 

%?>AB5@V30єBьAO 7=865==O 45=A8B><5B@8G=8E 7=0G5=ь =0 >4=>9<5==V9 

AB>@>=V, I> =01C20є C ?>40=><C :;V=VG=><C 28?04:C  <V=V<0;ь=>3> 

2V4’є<=>3> 7=0G5==O< (-78 '"%) IV;ь=>ABV B@015:C;O@=>3> H0@C (@8A. 3.9, 

@8A. 3.10), ?V4B25@46Cє B5<0B8G=C 70;56=VABь 2V4 2B@0B8 «>:;N7V9=>3> 

:;NG0», B>1B>, ?5@H8E 25;8:8E :>@V==8E 7C1V2 25@E=VE G8 =86=ь>W I5;5?, 

O:V 715@V30NBь =5 ;8H5 >:;N7V9=89 10;0=A, 0 9 5:A:C@AV9=C B@0є:B>@VN 

28@>AB:>28E 2V4@>AB:V2. 
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$8A. 3.9. 3D-@5:>=AB@C:FV9=0 <>45;ь ;V2>3> 28@>AB:>2>3> 2V4@>AB:0 !Щ 

B0 45=A8B><5B@8G=89 0=0;V7 9>3> B@015:C;O@=>3> H0@C, ?@8 =01CB><C 

45D5:BV 7C1=>3> @O4C. 

 

%?V2AB02;5==O @57C;ьB0BV2 AB0;>W IV;ь=>ABV 4>A;V46C20=>3> 

:204@0=B0 :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 :CB0 !Щ (3\:) C 

;N459 1-3> ?5@V>4C 7@V;>3> 2V:C ?V4B25@46CєBьAO C<>2=>N 

70:>=><V@=VABN 7@>AB0==O-7=865==O, 0 C >AV1 2-3> ?5@V>4C 7@V;>3> 

2V:C, =02?0:8, 7=865==O-7@>AB0==O WW IV;ь=>ABV =0 ;V2V9 B0 ?@02V9 

AB>@>=0E !Щ. 
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$8A. 3.10. 3D-@5:>=AB@C:FV9=0 <>45;ь 28@>AB:>28E 2V4@>AB:0 !Щ:  

1 – =>@<0;ь=0 0@EVB5:B>=V:0 >AB5>==>W AB@C:BC@8 B@015:C;O@=>3> H0@C 

?@02>3> 28@>AB:>2>3> 2V4@>AB:0;   

2 – @>7;048 0@EVB5:B>=V:8 7 =87ь:>N IV;ь=VABь (A?CAB>H5==O) B@015:C;O@=>3> 

H0@C :VAB:>2>W B:0=8=8 ;V2>3> 28@>AB:>2>3> 2V4@>AB:0,  ?@8 =01CB><C 

>1<565=><C 45D5:BV 7C1=>3> @O4C. 

 

 C;ьB8D0:B>@=0 5BV>?0B>35=5B8G=0 70;56=VABь =5 =040є <>6;82>ABV 

2AB0=>28B8 4>AB>2V@=VABь 2V4<V==>AB59 <V6 3@C?0<8 ?>@V2=O==O @1, @2, 

@3 (482. *#@8<VB:0 ?V4 B01;8FO<8 3.2 – 3.5) V7 AB0;8< 28@07>< @ ˂ 0,5 

G5@57 B5, I> 7<V=0 IV;ь=VABV :VAB:>2>W B:0=8=8 70;568Bь 2V4 A><0B8G=>3> 

AB0=C >@30=V7<C, 9>3> :>D5@<5=B=>W A?@><>6=>ABV, 3>@<>=0;ь=>3> 

@53C;N20==O 9 G0AC ?@>O2C 5BV>;>3VG=8E D0:B>@V2, ?@> I> >?8ACєBьAO 28I5.  
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#V4 G0A 45=A8B><5B@8G=>3> 0=0;V7C, 20@B> ?@84V;OB8 C203C =0 <VAFO 

?@8:@V?;5==O B0 =0 25:B>@ A8;8 4VW 6C20;ь=8E <’O7V2 (@8A. 3.11, @8A. 3.12), 

O:V 2V4V3@0NBь 206;82C ?>A;V4>2=C @>;ь C :0A:04V =572>@>B=8E ?0B>;>3VG=8E 

7<V=, 7 D>@<C20==O< WE <>@D><5B@8G=8E E0@0:B5@8AB8: I5 =0 @0==VE 5B0?0E  

?>AB=0B0;ь=>3> >=B>35=57C, 7>:@5<0, ?V4 G0A 7<V==>3> B0 D>@<C20==O 

?>ABV9=>3> ?@8:CAC. 

 

$8A. 3.11. $5=B35=>;>3VG=5 7>1@065==O C 3D-@5:>=AB@C:FV9=V9 <>45;V ?@02>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ (@5=B35=>;>3VG=5 ?>78FV>=C20==O «70:@8B89 @>B», 

1VG=0 ?@>5:FVO):  

1 – 7>=8 28A>:>W IV;ь=>ABV :VAB:>2>W B:0=8=8, C <VAFOE ?@8:@V?;5==O 

6C20;ь=8E <’O7V2;  

2 – 7>=8 =87ь:>W IV;ь=>ABV :VAB:>2>W B:0=8=8, C <VAFOE ?5@51V3C 0:B82=8E 

?@>F5AV2 @5<>45;N20==O.  
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$8A. 3.12. $5=B35=>;>3VG=5 7>1@065==O C 3D-@5:>=AB@C:FV9=V9 <>45;V ;V2>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ (@5=B35=>;>3VG=5 ?>78FV>=C20==O «70:@8B89 @>B», 

1VG=0 ?@>5:FVO):  

1 – 7>=8 28A>:>W IV;ь=>ABV :VAB:>2>W B:0=8=8, C <VAFOE ?@8:@V?;5==O 

6C20;ь=8E <’O7V2; 

2 – 7>=8 =87ь:>W IV;ь=>ABV :VAB:>2>W B:0=8=8, C <VAFOE ?5@51V3C 0:B82=8E 

?@>F5AV2 @5<>45;N20==O. 

 

�465, D>@<C20==O ?@8:CAC є 270є<>?>2’O70=8<8 <>@D>-DV7V>;>3VG=8<8 

=>@<0;ь=8<8 ?@>F5A0<8, I> 715@V30NBь FV;VA=VABь B0 DC=:FV>=0;ь=89 AB0= 

7C1=8E @O4V2, 2V4?>2V4=>, DC=:FV>=0;ь=C ?>2=>BC 7C1>-I5;5?=>W A8AB5<8, 

=040NG8 ?@V>@8B5B=>W @>;V 2V4@>AB:0< !Щ.  
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' 40=V9 @>1>BV ?@>2545=0 45B0;V70FVO >:@5<8E 7=0G5=ь, O:V @>7:@820NBь 

?>254V=:C (?5@51C4>2C) :VAB:>2>W B:0=8=8, 7C<>2;5=>W 2B@0B>N >:@5<8E 

6C20;ь=8E 7C1V2 G8 WE 3@C? V <0NBь 7=0:>2C V=D>@<0B82=VABь ?V4 G0A 

?;0=C20==O B0 ?@>2545==O @5:>=AB@C:B82=8E >?5@0B82=8E CB@CG0=ь, 7>:@5<0, 

>AB5>A8=B57C B>I>. 

 

�V4EG@B>. 
З<V=0 28A>B8 ?@8:CAC, 7C<>2;5=0 >1<565=>N 2B@0B>N 6C20;ь=8E 7C1V2, 

=01C20є 20@V0B82=8E <>@D><5B@8G=8E >7=0:, 28:;8:0NG8 270є<>?>2’O70=89 

?@>F5A 0B@>DVW :VAB:>2>W B:0=8=8 O: :><V@:>2>W G0AB8=8, B0: V B@015:C;O@=>3> 

H0@C 28@>AB:>28E 2V4@>AB:V2 !Щ. З0 B0:8E C<>2 7@>AB0є IV;ь=VABь :VAB:>2>W 

B:0=8=8 :>@B8:0;ь=>3> H0@C AC3;>1>2>-O<:>2>3> :204@0=B0 (%-/3\:) 

AC3;>1>2>W 3>;>2:8 ?@02>3> 28@>AB:>2>3> 2V4@>AB:0 !Щ, ?@8 >1<565=8E 

(2:;NG5=8E) 45D5:B0E 7C1=>3> @O4C B0 7=865==O WW 7=0G5=ь ?@8 :V=F528E 

45D5:B0E. #>:07=8:8 45=A8B><5B@VW :VAB:>2>W B:0=8=8 %-/3\: ;V2>W AB>@>=8 

E0@0:B5@87CєBьAO @V7:8< 7=865==O< ?@8 >1<565=8E 45D5:B0E 7C1=8E @O4V2 C 

>AV1 1-3> ?5@V>4C 7@V;>3> 2V:C B0 =0@>AB0==O< ?@8 :V=F528E 45D5:B0E C 2-<C 

?5@V>4V O: ;V2>W, B0: V ?@02>W 3V;>: !Щ.  

&0:8< G8=><, ?@>2545=5 4>A;V465==O 2V:>2>W >FV=:8 48=0<V:8 

<>@D>;>3VG=>W ?5@51C4>28 :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 !Щ C 

1-<C V 2-<C ?5@V>40E 7@V;>3> 2V:C C >AV1 G>;>2VG>W B0 6V=>G>W AB0BV 70;56=> 2V4 

2B@0B8 6C20;ь=>W 3@C?8 7C1V2 4>72>;Oє 4V9B8 =0ABC?=8E 28A=>2:V2:  

  1. �B@0B0 6C20;ь=8E 7C1V2 =0 !Щ >A>10<8 >1>E AB0B59 C 1-<C V 2-<C 

?5@V>40E 7@V;>3> 2V:C, 7C<>2;NNG8 ?0B>;>3VN >1<565=8E (2:;NG5=8E) 

45D5:BV2 7C1=>3> @O4C, ?@872>48Bь 4> 0B@>DVW, C ?5@HC G5@3C, B@015:C;O@=>3> 

H0@C :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 C 1-<C ?5@V>4V 7@V;>3> 2V:C B0 

7@>AB0==O 9>3> IV;ь=>ABV C 2-<C ?5@V>4V 7@V;>3> 2V:C ?@8 :V=F528E 45D5:B0E 

7C1=>3> @O4C. %C:C?=> F5 =040є @>7C<V==O >1’є:B82=>ABV ?5@51C4>28 :VAB:>2>W 
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B:0=8=8 !Щ 70;56=> 2V4 2B@0B8 7C1V2, O: 25:B>@=>3> 5BV>?0B>35=5B8G=>3> 

G8==8:0.   

2.  >@D><5B@8G=V 7=0G5==O =091V;ьH 2@07;828E 4V;O=>: H89:8 B0 

>A=>28 (#-ЗH\:, #-З>\:) 28@>AB:>28E 2V4@>AB:V2 !Щ ?@8 >1<565=8E 

(2:;NG5=8E) 45D5:B0E 7C1=8E @O4V2,  2:07CNBь =0 ?5@51C4>2C WE :VAB:>2>W 

B:0=8=8, 7>:@5<0, C 1-<C ?5@V>4V 7@V;>3> 2V:C E0@0:B5@87CNBьAO 7=865==O< V7 

7=0G=8< ?5@52060==O< =0 ;V2V9 AB>@>=V.    

3. З<V=0 IV;ь=>ABV :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 !Щ 

70;568Bь =5 ;8H5 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2, 0 9 2V4 DC=:FV>=0;ь=>ABV 

<’O7>2>W A8AB5<8, 7>:@5<0, 6C20;ь=8E <’O7V2, B0 040?B0FV9=8E ?@>F5AV2, 

A?@O<>20=8E =0 ?V43>B>2:C B0 D>@<C20==O E0@G>2>W 3@C4>G:8.  

4. ЗV 7<V=>N 25:B>@C <’O7>2>W A8;8, 2V41C20єBьAO <>@D>;>3VG=0 ?5@51C4>20 

28A>B8 2V4@>AB:V2, 0 A0<5 – 2V4AB0=V 2V4 WE >A=>28 4> H89:8, C 2V4’є<=C AB>@>=C 

G5@57 2B@0BC >:;N7V9=8E A?V22V4=>H5=ь.   

5. З<V=0 28A>B8 ?@8:CAC, 7C<>2;5=0 >1<565=>N (2:;NG5=>N) 2B@0B>N 

6C20;ь=8E 7C1V2, 7<CHCє H284:> 040?BC20B8AO 4> =>28E C<>2 7=865==O B8A:C 

=0 AC3;>18, 28:;8:0NG8 270є<>?>2’O70=89 ?@>F5A 0B@>DVW :VAB:>2>W B:0=8=8 

O: :><V@:>2>W G0AB8=8, B0: V B@015:C;O@=>3> H0@C 28@>AB:>28E 2V4@>AB:V2 !Щ. 

   6.  ЩV;ь=VABь :VAB:>2>W B:0=8=8 :>@B8:0;ь=>3> H0@C :CB0 !Щ, O:C 

?@89=OB> 22060B8 C<>2=> «AB0;>N», ?V440єBьAO 45=A8B><5B@8G=V9 20@V0FVW 

70;56=> 2V4 G0AC, A8;8 4VW B0 ?>H8@5==O 5BV>?0B>35=5B8G=8E G8==8:V2. 

 

 0B5@V0;8 @>74V;C 28A2VB;5=V C =0C:>28E ?C1;V:0FVOE : 

[157] Yaremchuk NI, Oshurko AP, Oliinyk IYu. Age assessment of the dynamics of 

morphological rearrangement of bone tissue of the articular processes of the 

human lower jaw depending on the loss of the masticatory teeth. Pol Merkur 

Lekarski. 2023;51(2):120–7. doi: 10.36740/merkur202302103 (Scopus, Q4). 

[158] Yaremchuk NI. Results of morphological and densitometric diagnostics of 

bone tissue of the articular processes of the mandible. �:  0B5@V0;8 105-W 

https://doi.org/10.36740/merkur202302103
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?V4AC<:>2>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 <V6=0@>4=>N CG0ABN 

?@>D5A>@Aь:>-28:;040Fь:>3> ?5@A>=0;C �C:>28=Aь:>3> 45@602=>3> 

<548G=>3> C=V25@A8B5BC, ?@8A2OG5=>W 80-@VGGN �� '; 2024 �NB 05, 07, 12; 

'5@=V2FV. '5@=V2FV; 2024, A. 42–3.   

[159] /@5<GC: !І, ";V9=8: І.. �V:>20 >FV=:0 48=0<V:8 <>@D>;>3VG=>W 

?5@51C4>28 :VAB:>2>W B:0=8=8 28@>AB:>28E 2V4@>AB:V2 =86=ь>W I5;5?8 

;N48=8 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2. '>D4WAEь><= A4G>B6B-

@54<KA<= @B?B4V6A<= 6GDA4?. 2023;138(2 %?5F28?):150–1 (H4IB65 

6<44AAя). 
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$"���� 4 

 

 "$(" �&$�+!�� � ��!%�&" �&$�+!�� �!����� 

��%&�"�"� &��!�!� ��!*���) ���$"%&��� !��!Ь"� 

Щ���#� �Ю��!� �����!" ��� �&$�&� �'���Ь!"�  

�$'#� �'��� 

 

"=>2;5==O =0O2=8E @57C;ьB0BV2 4>A;V465==O 2V=F528E 2V4@>AB:V2 !Щ 

;N48=8 є =54>AB0B=V<8 B0 C A2>W9 1V;ьH>ABV 70;8H0NBьAO 70 <560<8 =0C:>28E 

48A:CAV9.  

%0<5 B><C 70 >A=>2C <5B8 40=>3> D@03<5=BC 48A5@B0FV9=>3> 

4>A;V465==O ?>:;045=> ?@>2545==O 0=0;V7C 48=0<VG=>W <V=;82>ABV :VAB:>2>W 

B:0=8=8 2V=F528E 2V4@>AB:V2 !Щ, 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2 C 

1-<C B0 2-<C 2V:>28E ?5@V>40E 7@V;>3> 2V:C, ?V4B25@46CNG8 V=B5@?@5B0FVєN 

>B@8<0=8E <>@D><5B@8G=8E B0 45=A8B><5B@8G=8E 7=0G5=ь.   

' 4>A;V465==V ?@84V;5=> C203C 282G5==N <>@D>;>3VG=>W <V=;82>ABV 

<0:@>- B0 <V:@>AB@C:BC@8 :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !Щ ;N48=8 

=0 4V;O=:0E, O:V ?5@H>G5@3>2> 707=0NBь 2?;82C 5BV>?0B>35=5B8G=8E G8==8:V2 

2=CB@VH=ь>3>  B0 7>2=VH=ь>3> A5@54>28I, 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 

7C1V2 C 4>A;V46C20=8E 2V:>28E ?5@V>40E ?>AB=0B0;ь=>3> >=B>35=57C.  

$>7?>4V; <0B5@V0;C 4>A;V465==O 70 2V:>< 74V9A=8;8 <5B>4>< 

AB0B8AB8G=>3> 2V41>@C (1-9 ?5@V>4 7@V;>3> 2V:C – G>;>2V:8 22-35 @>:V2, 6V=:8 

21-35 @>:V2; 2-9 ?5@V>4 – G>;>2V:8 36-60 @>:V2, 6V=:8 36-55 @>:V2).  

"1’є:B8 4>A;V465==O @>74V;5=> 70 ABC?5=5< =01CBBO ?0FVє=B0<8 45D5:BC 

7C1=8E @O4V2 !Щ =0 B@8 3@C?8, 0 A0<5: ?5@H0 3@C?0 – >1<565=89 45D5:B 

7C1=>3> @O4C,  4@C30 – =0O2=89 :V=F5289 45D5:B, B@5BO 3@C?0 – >A>18 7V 

715@565=8< 7C1=8< @O4><, 3@C?0 :>=B@>;N (B01;. 4.1).  

#@>25AB8 H284:89, 45B0;V7>20=89 0=0;V7 AB@C:BC@8 :VAB:>2>W B:0=8=8 

?@02>3> V ;V2>3> 2V=F528E 2V4@>AB:V2 !Щ, 7>:@5<0, WW IV;ь=>ABV, 
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<0;>V=20782=8< B0 5@3>=><VG=8< H;OE>< =040;0 4>ABC?=VABь F8D@>28E 

<5B>48: <>@D>;>3VG=>3> 4>A;V465==O, 0 A0<5, <5B>4 45=A8B><5B@8G=>3> 

0=0;V7C. 

Т45лиця 4.1

�@C?C20==O 40=8E ?@8 282G5==V O:VA=> >4=>@V4=8E AC:C?=>AB59 – :V;ь:VA=8E 

?>:07=8:V2, I> 287=0G0NBь <>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь :VAB:>2>W 

B:0=8=8 2 C<>2=8E >48=8FOE AV@>ABV ('"%) 2V=F528E 2V4@>AB:V2 !Щ, 7C<>2;5=>W 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 136

!0720 3@C?8 / 2V:>289 ?5@V>4

Ч8A;> 

A?>AB5-

@565=ь

�V=F52V 2V4@>AB:8 

=86=ь>W I5;5?8

� – ?@0289 � – ;V289

#5@H0 3@C?0:

"1<565=89 45D5:B 

7C1=>3> @O4C

I 7@V;89 2V: 26 13 13

II 7@V;89 2V: 22 11 11

�@C30 3@C?0:

�V=F5289 45D5:B 

7C1=>3> @O4C

I 7@V;89 2V: 16 8 8

II 7@V;89 2V: 24 12 12

&@5BO 3@C?0:

З15@565=89 7C1=89 

@O4 – 3@C?0 

:>=B@>;N

I 7@V;89 2V: 26 13 13

II 7@V;89 2V: 22 11 11

З030;ь=5 G8A;>

4>A;V46C20=8E 

>1’є:BV2

I 7@V;89 2V: 68 34 34

II 7@V;89 2V: 68 34 34
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 �;O <>@D><5B@8G=>3> 4>A;V465==O B0 287=0G5==O IV;ь=>ABV :VAB:>2>W 

B:0=8=8 =0<8 >1@0=> :204@0=B8, O:V ?5@H>G5@3>2> ?V44020;8AO ?@>F5A0< 

@5<>45;N20==O G8 ?0B>;>3VG=8< 7<V=0< (@8A. 4.1), 7>:@5<0:

 �-�3\:1 – 25@E=V9 :204@0=B 3>;>2:8 (A:@>=52>3> 3@51=O) 2V=F52>3> 2V4@>AB:0 

!Щ (A5@54=є 7=0G5==O IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8);

 %H\� : З-�H\:3 – ?5@54=ь>-704=V9 :204@0=B H89:8 2V=F52>3> 2V4@>AB:0 

!Щ (%H\: – A5@54=V9 ?>:07=8: IV;ь=>ABV :VAB:>2>W B:0=8=8; З-�H\:3 – 

2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 :>@B8:0;ь=>3> H0@C :VAB:>2>W 

B:0=8=8 2V=F52>3> 2V4@>AB:0);

 %-�>\: : З-�>\: – ?5@54=ь>-704=V9 :204@0=B >A=>28 2V4@>AB:0 !Щ (%-�>/: 

– A5@54=V9 ?>:07=8: IV;ь=>ABV :VAB:>2>W B:0=8=8; З-�>/: – 2V4AB0=ь <V6 

7>2=VH=V<8 :>=BC@0<8 :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 2V=F52>3> 

2V4@>AB:0);

 3\: – :204@0=B :CB0 !Щ, 3@C?0 A?V2AB02;5==O (:>=B@>;N).  

 

$8A. 4.1.  0@:C20==O 4>A;V46C20=8E 0=0B><VG=8E 4V;O=>: 2V=F52>3> 2V4@>AB:0, 

I> 2V4?>2V40NBь :204@0=B0< (� – ?@020 AB>@>=0; � – ;V20 AB>@>=0):  

1 – �-�3\:1;  

2 – %H\� : З-�H\:3;  

3 – %-�>\: : З- �>\:;  

4 – 3\:.  
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 >@D><5B@8G=V 7=0G5==O =091V;ьH C@07;82>W <>@D>;>3VG=>W AB@C:BC@8 – 

?@8H89:>2>W 4V;O=:8 2V=F528E 2V4@>AB:V2, O:V ?@54AB02;5=V  =0<8 C B01;8FOE 

4.1–4.5 (<0@:C20==O – З-�H\:3) ?@825@B0NBь C203C 28@065=>N <V=;82VABN, 

?@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C 7 ?@02>W AB>@>=8 2 ?>@V2=O==V <V6 1-8< 

B0 2-8< ?5@V>40<8 7@V;>3> 2V:C ;N48=8, C AB>@>=C WE 7=865==O 7 11,8 ± 1,487 << 

4>  6,309 ± 1,240 << (@8A. 4.2). 

 

$8A. 4.2. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ ?@8 =01CB8E >1<565=8E 45D5:B0E 

7C1=>3> @O4C.  >@D><5B@8G=5 4>A;V465==O ?@8H89:>2>W 4V;O=:8 (1) ?@02>3> 

2V=F52>3> 2V4@>AB:0. 

 

%?>AB5@V30єBьAO ?><V@=0 B5=45=FVO I>4> 7=865==O <>@D><5B@8G=8E 

?0@0<5B@V2 ;V2>3> 2V=F52>3> 2V4@>AB:0 7 6,792 ± 1,011 4> 6,709 ± 1,409 << 

(@8A. 4.3).  

#@8 :V=F528E 45D5:B0E 7C1=>3> @O4C, B0:>6, 7=86CNBьAO <>@D><5B@8G=V 

7=0G5==O, O: =0 ?@02V9 AB>@>=V 7 7,288 ± 1,690 << 4> 7,008 ± 1,148 <<, B0: V =0 
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;V2V9 AB>@>=V 7 7,488 ± 1,137 << 4> 6,427 ± 0,760 << <V6 ?5@H8< B0 4@C38< 

?5@V>40<8 7@V;>3> 2V:C. 

$8A. 4.3. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ ?@8 =01CB8E >1<565=8E 45D5:B0E 

7C1=>3> @O4C.  >@D><5B@8G=5 4>A;V465==O ?@8H89:>2>W 4V;O=:8 (1) ;V2>3> 

2V=F52>3> 2V4@>AB:0. 

&0:0 6 48=0<V:0 <>@D><5B@8G=>W 2V:>2>W <V=;82>ABV 2V47=0G0єBьAO =0 

4>A;V46C20=V9 4V;O=FV >A=>28 2V=F528E 2V4@>AB:V2 (<0@:C20==O C B01;8FOE 

– З-�>\:4). #@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C <>@D><5B@8G=V 

7=0G5==O, >B@8<0=V ?V4 G0A 4>A;V465==O 4V;O=:8 >A=>28 2V=F528E 2V4@>AB:V2, 

A?@O<>2CNBьAO  C AB>@>=C 7@>AB0==O, V7 =57=0G=8< ?@>B8;56=8< 2V4E8;5==O< 

C ?@02><C 2V=F52><C 2V4@>AB:C 2 1-<C ?5@V>4V 7@V;>3> 2V:C (@8A. 4.4).   
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$8A. 4.4. �><?’NB5@=>-B><>3@0DVG=5 ?0=>@0<=5 7>1@065==O !Щ ?@8 =01CB8E 

>1<565=8E 45D5:B0E 7C1=8E @O4V2:  

1 – @5=B35=>;>3VG=5 (>?FV9=5) 2D 7>1@065==O ?@02>3> 2V=F52>3> 2V4@>AB:0;  

2 – @5=B35=>;>3VG=5 (>?FV9=5) 2D 7>1@065==O  ;V2>3> 2V=F52>3> 2V4@>AB:0. 

 

' A2>W9 :;V=VG=V9 1V;ьH>ABV @501V;VB0FVO ?0FVє=BV2 ?>;O30;0 1 C 

?>2=>FV==><C (92-100 %) 2V4=>2;5==V 6C20;ь=>W DC=:FVW, H;OE>< >:;N7V9=>3> 

A?V2AB02;5==O :><?5=A>20=8E 7C1=8E @O4V2 <5B>40<8 45=B0;ь=>W V<?;0=B0FVW.  

#@>B5, 0B@>DVO :><V@:>2>W G0AB8=8 V =02VBь BV;0 !Щ >1<56Cє 45=B0;ь=C 

?@>?>78FVW B0, 2V4?>2V4=>, ?>2=>BC 7C1=8E @O4V2. &><C, >4>=B>;>38 7<CH5=V 

2@0E>2C20B8 :;V=VG=89 AB0= ?0FVє=B0, 01> 6 =02?0:8 – >1<56C20B8AO ?@>AB8<8 

<5B>40<8 @501V;VB0FVW, O:V 7=86CNBь DC=:FV>=0;ь=C 5D5:B82=VABь 7 

?>40;ьH>N 2B@0B>N >:;N7V9=>W 28A>B8. 

&0:89 ?0B>;>3VG=89 <5E0=V7< 7<CHCє 2V=F52V 2V4@>AB:8 !Щ >B@8<C20B8 

=5710;0=A>20=5 >:;N7V9=5 =020=B065==O B0 ?V44020B8AO <>@D>;>3VG=V9 

?5@51C4>2V 70 25:B>@>< 4VW 6C20;ь=8E <’O7V2. %B>@>=8 :CBV2 2V=F528E 

2V4@>AB:V2 7<VICNBьAO 4> WE >A=>28, =01C20NG8 7=>2C =>28E <>@D>-

45=A8B><5B@8G=8E E0@0:B5@8AB8: (@8A. 4.5 – 4.6).  
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$8A. 4.5. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ ?@8 G0AB:>2V9 @501V;VB0FVW 

7C1=8E @O4V2 <5B>40<8 1V:>@B8:0;ь=>W V<?;0=B0FVW.  #@020 1VG=0 

?@>5:FVO. 

 

�0=V ?@>F5A8 @5<>45;N20==O :VAB:>2>W B:0=8=8, C ?5@HC G5@3C 

2V4>1@060NBьAO =0 :>@B8:0;ь=><C H0@V 2V=F528E 2V4@>AB:V2 !Щ, O: 

DC=40<5=B0;ь=><C, 10@’є@=><C <>@D>;>3VG=><C CB2>@5==V 7V 7<V=>N 

IV;ь=>ABV B0 20@V0FVєN =0 WE @V7=8E 4V;O=:0E, I> =0<8 V=B5@?@5BCєBьAO, O: 

4>A;V46C20=V :204@0=B8 :;V=VG=>3> :>=B@>;N. 
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$8A. 4.6. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ ?@8 G0AB:>2V9 (=5A8<5B@8G=V9) 

@501V;VB0FVW 7C1=8E @O4V2 <5B>40<8 1V:>@B8:0;ь=>W V<?;0=B0FVW.  �V20 

1VG=0 ?@>5:FVO.  

 

�5=A8B><5B@8G=0 <V=;82VABь :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !Щ 

;N48=8 =5<0є ABV9:>W 48=0<V:8 C AB>@>=C 7@>AB0==O 0=V 2 >:@5<8E 3@C?0E V 

2V:>28E ?5@V>40E, G8 =02?0:8, C ?>@V2=O==V <V6 4>A;V46C20=8<8 3@C?0<8 2 

>1>E 2V:>28E ?5@V>40E.  

�465, >A=>2=8< 465@5;>< <V=5@0;ь=>3> =0A8G5==O 70;8H0єBьAO 

<03VAB@0;ь=5 B@0=AB@015:C;O@=5 682;5==O, O:5 <>@D>;>3VG=> 70<8:0єBьAO 
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<VF=8< :>@B8:0;ь=8< 7H820==O<. &><C, IV;ь=VABь :VAB:>28E H0@V2 2V=F528E 

2V4@>AB:V2 !Щ E0@0:B5@87CєBьAO 3VAB>-0=0B><VG=>N 20@V0=B=VABN =5 ;8H5 70 

<>@D><5B@8G=8<8, 0 9 70 45=A8B><5B@8G=8<8 7=0G5==O<8 <V6 AB>@>=0<8, 

=02VBь 2 >4=VєW 9 BVєW 6 ;N48=8 (@8A. 4.7). Ч8< :@0I0 >@30=V70FVO AC48==>W 

A8AB5<8, B8< 0:B82=VH5 ?@>BV:0NBь <5B01>;VG=V ?@>F5A8 C 2=CB@VH=ь>:VAB:>28E 

H0@0E 2V=F528E 2V4@>AB:V2 !Щ, 71030GCNG8 WE <0:@>- B0 <V:@>5;5<5=B=8< 

10;0=A><, ABV9:8< 4> ?>ABV9=8E ?@>F5AV2 @5<>45;N20==O.    

 

$8A. 4.7. 3D-@5:>=AB@C:FV9=0 <>45;ь I5;5?=>-G5@5?=>3> :VABO:0 ;N48=8, 7@V7 

2 0:A8;O@=V9 ?;>I8=V:  

1 – <03VAB@0;ь=0 B@0=AB@015:C;O@=0 A8AB5<0 682;5==O 2V4@>AB:V2 !Щ 7 ?@02>W 

AB>@>=8;  

2 – <03VAB@0;ь=0 B@0=AB@015:C;O@=0 A8AB5<0 682;5==O 2V4@>AB:V2 !Щ 7 ;V2>W 

AB>@>=8. 



132 

Т45лиця 4.2

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь   

<>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь ('"%) :VAB:>2>W B:0=8=8 ?@02>3> 

2V=F52>3> 2V4@>AB:0 !Щ C ;N459 1-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=8E 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,   

n = 34

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

n 13 13 8

�-�3\:1
SD 

(:>@B.)

1645  

± 531,7

1759 

± 438,1

1525 

± 272,0
0,131 0,772 0,219

%H\: : 

З-�H\:3

SD
1738 

± 344,4

1776 

± 476,7

1686 

± 246,4
0,858 0,772 0,772

M
7,692  

± 1,376

11,8  

± 1,487

7,288 

± 1,690
0,701 0,405 0,515

%-�>\: : 

З-�>\:4

SD
1783  

± 316,5

1779 

± 512,6

1481 

± 602,4
0,898 0,311 0,515

M
13,22  

± 2,618

12,01 

± 2,090

11,98 

± 1,069
0,293 0,426 0,971

3/:
SD 

(:>@B.)

2313 

± 806,2

2490  

± 615,8

2108 

± 440,9
0,305 0,942 0,278

*#@8<VB:8:

SD (:>@B.) – 45=A8B><5B@8G=V 7=0G5==O;

  – <>@D><5B@8G=V 7=0G5==O;
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p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 45D5:B>< 

7C1=>3> @O4C;

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C;

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 7C1=>3> 

@O4C. 

Т45лиця 4.3

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь   

<>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь ('"%) :VAB:>2>W B:0=8=8 ;V2>3> 

2V=F52>3> 2V4@>AB:0 !Щ C ;N459 1-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=8E 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2, 

  n = 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

n 13 13 8

�-�3\:1 SD 

(:>@B.)
1806 

± 440,9

1706 

± 423,6

1748 

± 415,9
0,626 1,000 0,664

%H\: : 
З-�H\:3

SD
1874  

± 452,9

1947 

± 371,5

1934 

± 232,1
0,522 0,469 0,885

M
7,815  

± 1,532

6,792 

± 1,011

7,488 

± 1,137
0,096 0,800 0,158

%-�>\: : 
З-�>\:4 SD

1793  

± 378,8

1895 

± 353,9

1801 

± 213,6
0,626 0,247 0,942
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Пр>4>665==я т45лиці 4.3 

M
13,52 

± 2,249

11.64 

± 2,058

11,91 

± 1,776
0,073 0,129 0,971

3/: SD 

(:>@B.)
2227 

± 667,5

2348 

± 523,6

2152 

± 319,2
0,293 0,800 0,311

*#@8<VB:8:

SD (:>@B.) – 45=A8B><5B@8G=V 7=0G5==O;

  – <>@D><5B@8G=V 7=0G5==O;

p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C;

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C;

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 7C1=>3> 

@O4C. 

Т45лиця 4.4 

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь   

<>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь ('"%) :VAB:>2>W B:0=8=8 ?@02>3> 

2V=F52>3> 2V4@>AB:0 !Щ C ;N459 2-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=8E 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,   

n = 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

n 11 11 12
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Пр>4>665==я т45лиці 4.4 

�-�3\:1 SD 

(:>@B.)
1500  

± 386,4

1749 

± 224,8

1656  

± 282,6
0,212 0,325 0,580

%H\: : 
З-�H\:3

SD
1724 

± 353,9

1716 

±303,4

1680 

± 230,9
0,870 0,623 1,000

M
7,509 

± 1,486

6,309 

± 1,240

7.008 

±  1,148
0,049 0,325 0,243

%-�>\: : 
З-�>\:4

SD
1629 

± 313,3

1676 

± 328,9

1619 

± 242,5
0,718 0,878 0,712

M
13,07 

± 3,143

10,90 

± 2,361

11.78 

± 2,024
0,108 0,296 0,406

3/: SD 

(:>@B.)
2122 

± 562,3

1926 

± 230,9

2028 

± 349,0
0,491 0,902 0,296

*#@8<VB:8:

SD (:>@B.) – 45=A8B><5B@8G=V 7=0G5==O;

  – <>@D><5B@8G=V 7=0G5==O;

p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C;

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 

45D5:B>< 7C1=>3> @O4C;

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 7C1=>3> 

@O4C.

 

!02545=89 C B01;8FOE 4.1 – 4.5 :V;ь:VA=89, AB0B8AB8G=> >?@0Fь>20=89 

>1AO3 287=0G5=ь, V7 45B0;V70FVєN ;>:0;V7>20=8E 4V;O=>: 2V=F528E 2V4@>AB:V2 

!Щ, 7 =0:;040==O< =0 =8E 4>A;V46C20=8E :204@0=BV2, @53;0<5=BCNBь <>6;82V 

?@>O28 <>@D><5B@8G=8E B0 45=A8B><5B@8G=8E 7<V=  =5 ;8H5 2V4 A><0B8G=>3> 

2?;82C >@30=V7<C, 0 9 DC=:FV>=0;ь=>3>. 
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Т45лиця 4.5 

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь   

<>@D><5B@8G=V 7=0G5==O B0 IV;ь=VABь ('"%) :VAB:>2>W B:0=8=8 ;V2>3> 

2V=F52>3> 2V4@>AB:0 !Щ C ;N459 2-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=8E 

G0AB:>2>N / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,   

n = 34 

 0@-

:C20=- 

=O 

З>=8 

4>A;V-

465=-

=O 

�@C?0 

:>=B@>;N 

(715@565-

=89 

7C1=89 

@O4) 

  ± σ 

"1<565-

=89 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

�V=F5289 

45D5:B 

7C1=>3> 

@O4C 

  ± σ 

*p1 *p2 *p3 

n 11 11 12

�-�3\:1 SD 

(:>@B.)
1625 

± 290,4

1570 

± 407,7

1795 

± 291,9
0,870 0,094 0,189

%H\: : 
З-�H\:3

SD
1839 

± 349,3

1661 

± 324,8

1859 

± 362,8
0,123 0,870 0,168

M
6,991 

± 1,143

6,709 

± 1,409

6,427 

± 0,760
0,577 0,376 0,622

%-�>\: : 
З-�>\:4

SD
1635 

± 261,5

1524 

± 310,9

1776 

± 390,8
0,341 0,356 0,157

M
12,43 

± 1,936

11,22 

± 1,741

11,33 

± 1,632
0,179 0,196 0,735

3/: SD 

(:>@B.)
2061 

± 311,9

1873 

± 251,9

2133 

± 334,3
0,123 0,623 0,027

*#@8<VB:8:

SD (:>@B.) – 45=A8B><5B@8G=V 7=0G5==O;
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  – <>@D><5B@8G=V 7=0G5==O;

p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 >1<565=8< 

45D5:B>< 7C1=>3> @O4C;

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) 7 :V=F528< 45D5:B>< 

7C1=>3> @O4C;

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C 7 :V=F528< 45D5:B>< 7C1=>3> @O4C. 

 

�5@CG8 70 >A=>2C >B@8<0=V @57C;ьB0B8, <>6=0 AB25@46C20B8, I> =0 

IV;ь=VABь :VAB:>2>W B:0=8=8 2V4@>AB:V2 !Щ, C B><C G8A;V 9 28@>AB:>28E, 

<0NBь 2?;82 <C;ьB8D0:B>@=V 5BV>?0B>35=5B8G=V G8==8:8, 7>:@5<0, 7<V=0 

DC=:FV>=0;ь=>3> AB0=C 6C20;ь=8E <’O7V2 B0 0B@>DVO :VAB:>2>W B:0=8=8 !Щ, 

7C<>2;5=0 2B@0B>N 6C20;ь=>W 3@C?8 7C1V2 G8 =01CBBO 040?B82=>W <>@D>;>3VG=>W 

D>@<8 7 =0O2=VABN 2838=V2 B0 5:7>AB>7=>3> @>7@>AB0==O (@8A. 4.8). 

 

$8A. 4.8. 3D-@5:>=AB@C:FV9=0 <>45;ь 2V4@>AB:V2 B0 :CB0 !Щ. З<V=0 <>@D>;>3VG=>W 

D>@<8 2V4@>AB:V2 B0 :CBV2 (�, �) !Щ, O: DC=:FV>=0;ь=89 <5E0=V7< 040?B0FVW:  

1 – ?@020 AB>@>=0; 2 – ;V20 AB>@>=0; 3 – 7<V=0 @5;ьєDC B0 28:@82;5==O 2V=F528E 

2V4@>AB:V2. 
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#@>B5, C 3@C?V A?V2AB02;5==O, =091V;ьH AB0;8E <>@D>;>3VG=8E AB@C:BC@ – 

?@02>3> V ;V2>3> :CBV2 !Щ, 45=A8B><5B@8G=0 >FV=:0 ?V4:@5A;Nє 28I5 

707=0G5=89 2?;82 =0 48=0<V:C 7<V=8 IV;ь=>ABV ('"%) :VAB:>2>W B:0=8=8 C 

AB>@>=C 7=865==O. #@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C 2 1-<C ?5@V>4V 

7@V;>3> 2V:C =0 ?@02V9 AB>@>=V AB0=>28Bь 2490 ± 615,8 '"% B0 AB@V<:> 

7=86CєBьAO 4> 2108 ± 440,9 '"% ?@8 :V=F528E 45D5:B0E 7C1=>3> @O4C. &0:0 6 

48=0<V:0 E0@0:B5@87Cє IV;ь=VABь :VAB:>2>W B:0=8=8 ;V2>3> :CB0 !Щ V A:;040є 

C ;N459 7 >1<565=8<8 45D5:B0<8 7C1=>3> @O4C 2348 ± 523,6 '"%, 

7=86CNG8Aь 4>  2152 ± 319,2 '"% ?@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> 

@O4C.

�5=A8B><5B@8G=89 0=0;V7 ?@54AB02;Oє 72>@>B=C 48=0<V:C IV;ь=>ABV 

:VAB:>2>W B:0=8=8 C 2-<C ?5@V>4V 7@V;>3> 2V:C ;N48=8, 7@>AB0NG8 7 1926 ± 230,9 

'"% ?@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C 4> 2028 ± 349,0 '"% ?@8 :V=F528E 

45D5:B0E 7C1=>3> @O4C =0 ?@02V9 AB>@>=V B0 7 1873 ± 251,9 '"% ?@8 

>1<565=8E 45D5:B0E 7C1=>3> @O4C 4> 2133 ± 334,3 '"% ?@8 :V=F528E 

45D5:B0E 7C1=>3> @O4C ;V2>3> :CB0 I5;5?8. 

$>7<0E <V63@C?>2>W 4>AB>2V@=>ABV, B>1B> 2V4<V==>AB59 <V6 3@C?0<8 

?>@V2=O==O @1, @2, @3 (482. *#@8<VB:0 ?V4 B01;8FO<8 4.2 – 4.5) C A?V22V4=>H5==V 

4> AB0;>3> 28@07C @ ˂ 0,5, 2:07Cє =0 D>@<C20==O 70;56=>ABV <>@D><5B@8G=8E 

7=0G5=ь B0 IV;ь=>ABV :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !Щ 2V4 

?>;VD0:B>@=>3> 5BV>?0B>35=5B8G=>3> 2?;82C, 7>:@5<0, G0AC 9>3> ?@>O2C B0 

?>H8@5==O =0 =86=N I5;5?C, O: >A=>2C A:;04>2>W 6C20;ь=>W A8AB5<8 

;N48=8. 

 

#ідсумок 

$57C;ьB0B8 �& F8D@>28E A:0=C20=ь V=B5@?@5BC20;8 70 4>?><>3>N 

:><?’NB5@=>W B5E=V:8 Hewlett-Packard Z4 G4 Workstation 7 F5=B@0;ь=8< 

?@>F5A>@>< Intel Xeon W-2104, 7 3@0DVG=8< ?@>F5A>@>< Nvidia GeForce GTX 

1660, >?5@0B82=>N ?0<’OBBN >1’є<>< 32 ��, V7 ?@>3@0<=8< 70157?5G5==O< 
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Windows 10 Pro for Workstations (25@AVO 1903, :>4 ?@>4C:BC 00391-70000-

00000-��381). !0<8 ?@>2545=> 45B0;V7>20=C <>@D><5B@8G=C >FV=:C B0 

4>A;V465=> IV;ь=VABь :VAB:>2>W B:0=8=8 =091V;ьH C@07;828E 7>= 2V=F528E 

2V4@>AB:V2 !Щ ;N48=8 2 >1>E ?5@V>40E 7@V;>3> 2V:C, ?@8 2B@0BV 6C20;ь=>W 

3@C?8 7C1V2, O:0 AB0=5 >A=>2>N 4;O ?>40;ьH8E =0C:>28E 48A:CAV9 B0 :;V=VG=>W 

48D5@5=FV0FVW I>4> 281>@C =0;56=8E <0;>V=20782=8E <5B>4V2 @501V;VB0FVW 

AB><0B>;>3VG=8E ?0FVє=BV2. ' @57C;ьB0B0E 4>A;V465==O ?>40NBьAO :V;ь:VA=V 

<>@D><5B@8G=V 7=0G5==O 2 >AV1, 7 >1<565=8<8 B0 :V=F528<8 45D5:B0<8 7C1=8E 

@O4V2 V7 ;V2>W B0 ?@02>W AB>@V= !Щ, I> >B@8<0=V =0 4V;O=:0E 2V=F528E 2V4@>AB:V2, 

O:V ?V440NBьAO ?5@H>G5@3>2><C <C;ьB8D0:B>@=><C 5BV>?0B>35=5B8G=><C 

2?;82C, <0NBь 2V4’є<=5 A?@O<C20==O  C ?>@V2=O==V <V6 1-8< B0 2-8< 2V:>28<8 

?5@V>40<8. #@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C <>@D><5B@8G=V 

7=0G5==O  =0 4V;O=FV 4>A;V46C20=>3> :204@0=BC >A=>28 2V=F528E 2V4@>AB:V2 

!Щ 7@>AB0NBь B0 є A8=E@>==8<8 V7 3@C?>N A?V2AB02;5==O – :204@0=B :CB0 !Щ. 

#@>B5, 45=A8B><5B@8G=0 <V=;82VABь :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 

!Щ ;N48=8 =5<0є ABV9:>W 48=0<V:8 C AB>@>=C 7@>AB0==O G8 7=865==O. 

"B65, ?@>2545=5 4>A;V465==O 2V:>2>W >FV=:8 48=0<V:8 <>@D>;>3VG=>W 

?5@51C4>28 :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !Щ C 1-<C V 2-<C ?5@V>40E 

7@V;>3> 2V:C ;N48=8 2 >AV1 G>;>2VG>W B0 6V=>G>W AB0BV 70;56=> 2V4 2B@0B8 

6C20;ь=>W 3@C?8 7C1V2 4>72>;Oє 4V9B8 =0ABC?=8E 28A=>2:V2: 

1. !091V;ьHV9 <>@D><5B@8G=V9 <V=;82>ABV :VAB:>2>W B:0=8=8 ?V440єBьAO 

?@8H89:>20 4V;O=:0 ?@02>3> 2V=F52>3> 2V4@>AB:0 B0 7 ?><V@=8< 7=865==O< 

<>@D><5B@8G=8E 7=0G5=ь ;V2>3> 2V=F52>3> 2V4@>AB:0, ?@8 >1<565=8E 

(2:;NG5=8E) 45D5:B0E 7C1=>3> @O4C.

2. #@8 :V=F528E 45D5:B0E 7C1=>3> @O4C 7=86CNBьAO <>@D><5B@8G=V 

7=0G5==O O: ?@02>3> 2V=F52>3> 2V4@>AB:0 !Щ – 7 7,288 ± 1,690 << 4> 7,008 

± 1,148 <<, B0: V ;V2>3> 2V=F52>3> 2V4@>AB:0 – 7 7,488 ± 1,137 << 4> 6,427 ± 

0,760 << C ?>@V2=O==V <V6 1-8< B0 2-8< ?5@V>40<8 7@V;>3> 2V:C ;N48=8.

3.  >@D><5B@8G=V 7=0G5==O C 4V;O=FV >A=>28 2V=F528E 2V4@>AB:V2 !Щ  
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7@>AB0NBь ?@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C.

4. �5=A8B><5B@8G=0 <V=;82VABь :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 

!Щ ;N48=8 =5<0є ABV9:>W 48=0<V:8 C 7@>AB0==V G8 7=865==V.

#5@A?5:B82C ?>40;ьH8E 4>A;V465=ь =0 >A=>2V >45@60=8E @57C;ьB0BV2 

210G0є<> C 282G5==V 270є<>?>2’O70=8E <5E0=V7<V2 2?;82C 6C20;ь=8E <’O7V2, 

7>:@5<0, A:@>=528E <’O7V2 B0 2B@0B8 >:;N7V9=8E A?V22V4=>H5=ь =0 <>@D>-

3VAB>;>3VG=C <V=;82VABь 2V=F528E 2V4@>AB:V2 !Щ. 

 

 0B5@V0;8 @>74V;C 28A2VB;5=V C =0C:>28E ?C1;V:0FVOE : 

[160] Yaremchuk NI, Oshurko AP, Oliinyk IYu, Herasym LM, Student VO. 

Morpho-densitometric analysis of the dynamic variability of bone tissue of the 

coronoid processes of the human mandible, depending on the loss of the 

masticatory group of teeth. %2VB <548F8=8 B0 1V>;>3VW. 2023;3:186-91. doi: 

10.26724/2079-8334-2023-3-85-186-191 (Web of Science Core Collection, Q4). 

[161] /@5<GC: !І. %?>AB5@565==O 48=0<VG=>W <V=;82>ABV :VAB:>2>W B:0=8=8 

2V=F528E 2V4@>AB:V2 =86=ь>W I5;5?8 ;N48=8 70;56=> 2V4 2B@0B8 6C20;ь=>W 

3@C?8 7C1V2. �:  0B5@V0;8 %ь><>W �A5C:@0W=Aь:>W =0C:>2>-?@0:B8G=>W 

:>=D5@5=FVW 7 <V6=0@>4=>N CG0ABN &5>@VO B0 ?@0:B8:0 ACG0A=>W 

<>@D>;>3VW; 2023 �8AB 1-3; �=V?@>. �=V?@>; 2023, A. 138-41. 
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$"���� 5 

  

#"$��!/�Ь!�� �!���� -��Ь!"%&� �"$&����Ь!"�" ,�$' 

��%&�"�"� &��!�!� ���$"%&��� &� �'&� !��!Ь"� -���#� 
#$� !��'&�) ��(��&�) �'�!"�" $/�' 

 

�8:>=CNG8 40=89 D@03<5=B 4>A;V465==O I>4> ?>@V2=O;ь=>3> 0=0;V7C 

IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 28@>AB:>2>3> 9 2V=F52>3> 

2V4@>AB:V2 B0 :CB0 !Щ ?@8 =01CB8E 45D5:B0E 7C1=>3> @O4C <8, ?5@H 70 2A5, 

AB028;8 70 <5BC 28>:@5<8B8 CA5@54=5=V WE ?0@0<5B@8 2V4?>2V4=> 4> 2V:>28E 

?5@V>4V2 V 4>A;V46C20=8E 3@C?. 

#VA;O 45B0;ь=>3> 0=0;V7C =0<8 >1@0=> 136 (AB> B@84FOBь HVABь) 

:><?’NB5@=>-B><>3@0DVG=8E :>=CA=8E (9 X 16) A:0=C20=ь ;8F52>3> 2V44V;C 

;N48=8, O:V >B@8<0=> 70 4>?><>3>N :><?’NB5@=>W B5E=V:8 Hewlett-Packard Z4 

G4 Workstation 7 F5=B@0;ь=8< ?@>F5A>@>< Intel Xeon W-2104, 7 3@0DVG=8< 

?@>F5A>@>< Nvidia GeForce GTX 1660, >?5@0B82=>N ?0<’OBBN >1’є<>< 32 ��, 

7 ?@>3@0<=8< 70157?5G5==O< Windows 10 Pro for Workstations (25@AVO 1903, :>4 

?@>4C:BC 00391-70000-00000-��381), >B@8<0=8E 2V4?>2V4=> 4> C:;045=>3> 

�>3>2>@C ?@> =0C:>2C A?V2?@0FN № 2 2V4 02.10.2020 @. <V6 �C:>28=Aь:8< 

45@602=8< <548G=8< C=V25@A8B5B>< (58002, <. '5@=V2FV &50B@0;ь=0 ?;>I0, 2, 

':@0W=0) B0 &5=B@>< <548G=>W 3D 4V03=>AB8:8 (79010, �ь2V2Aь:0 >1;., <. �ь2V2, 

2C;. '5@=V3V2Aь:0, 1C4. 18, ':@0W=0). 

!01@0=89 <0B5@V0;, O: >1’є:B 4>A;V465==O, 2V4?>2V402 42>< ?5@V>40< 

7@V;>3> 2V:C ;N48=8 (1-9 ?5@V>4 7@V;>3> 2V:C – G>;>2V:8 22-35 @>:V2, 6V=:8 21-

35 @>:V2; 2-9 ?5@V>4 – G>;>2V:8 36-60 @>:V2, 6V=:8 36-55 @>:V2) B0 2V4=5A5=89 

4> B@ь>E 3@C?, 70;56=> 2V4 ?>H8@5==O 45D5:BC 7C1=8E @O4V2 C 1VG=8E 4V;O=:0E 

!Щ, 0 A0<5: ?5@H0 3@C?0 – >1<565=89 45D5:B 7C1=>3> @O4C, 4@C30 – =0O2=89 

:V=F5289 45D5:B, B@5BO 3@C?0 – >A>18 7V 715@565=8< 7C1=8< @O4><, O: 3@C?0 

:>=B@>;N. 
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�>6=0 DC=:FV>=0;ь=0 >48=8FO 7C1>-I5;5?=>W A8AB5<8, є 

2?;82>28< G8==8:>< =0 48=0<V:C IV;ь=>ABV :VAB:>2>W AB@C:BC@8 

2V4@>AB:V2 !Щ 70 C<>2 =>@<8 V ?0B>;>3VW. !091V;ьH ?@V>@8B5B=8<8 

70;8H0NBьAO 2B@0B8 6C20;ь=>W 3@C?8 7C1V2, O:V є DC=:FV>=0;ь=> -

AB01V;V7CNG8<8 V=48:0B>@0<8 >:;N7V9=8E A?V22V4=>H5=ь ?@8:CAC B0 9, 

2;0A=5, 715@V30NBь ?@>AB>@>25 ?>;>65==O !Щ 2V4=>A=> >A=>28 G5@5?0, 

01> 6 =02?0:8 – 7=865==O 28A>B8 ?@8:CAC B0 @>728B>: 45AB@C:B82=>-

70?0;ь=8E ?@>F5AV2 %!Щ% (@8A. 5.1).  

 

$8A. 5.1. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ 7 :V=F528< 45D5:B>< 7C1=>3> 

@O4C (?@020 1VG=0 ?@>5:FVO). %@>=VG=89 0@B@>7>-0@B@8B ?@02>3> %!Щ% 

(1). 
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 #@>3@5A82=VABь 48=0<VG=8E 7<V= 70;568Bь 2V4 G0AC =01CB>3> 45D5:BC, 

9>3> ?@>BO6=>ABV B0 ?>H8@5==O =0 >1842V AB>@>=8, G8 ?>є4=0==O 7 

D@>=B0;ь=8<8 :204@0=B0<8 !Щ (B01;. 5.1, B01;. 5.2). 

 

Т45?иця 5.1 

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

45=A8B><5B@8G=V 7=0G5==O ('"%) :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 

2V4@>AB:V2 V :CB0 !Щ 7 ?@02>W B0 ;V2>W AB>@V= C >AV1 1-3> ?5@V>4C 7@V;>3> 2V:C, 

7C<>2;5=8E G0AB:>2>N  / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 68  

 >@- 

D>;>- 

3іG=0 

AB@C:- 

BC@0 

%B>- 
@>=8 

щ5;5- 

?8 

�@C?0 
:>=B-

@>;N 
(715@5-

65=89 

7C1=89 
@O4) 

  ± σ 

"1<5-

65=89 
45D5:B 

7C1=>-

3> @O4C 
  ± σ 

�і=F5- 

289 
45D5:B 

7C1=>3> 

@O4C 
  ± σ 

�Aі 
3@C?8 

@07>< 

  ± σ 

*p1 *p2 *p3 

n *# / � 26 26 16 68 

�8@>AB-
:>289 
2і4@>A-
B>: 

# 
1149 

± 398,1 

1225 

± 312,8 

1095 

± 158,7 

1165 

± 318,2 
0,412 0,828 0,169 

� 
1062 

± 337,8 

1047 

± 288,6 

1139 

± 164,9 

1074 

± 280,9 
0,939 0,515 0,664 

�і=F5-
289 
2і4@>A-
B>: 

# 
1645 

± 531,7 

1759 

± 438,1 

1525 

± 272,0 

1660 

± 443,5 
0,131 0,772 0,219 

� 
1806 

± 440,9 

1706 

± 423,6 

1748 

± 415,9 

1754 

± 417,9 
0,626 1,000 0,664 

�CB  
!- 

# 
2313 

± 806,2 

2490 

± 615,8 

2107 

± 440,9 

2332 

± 661,6 
0,305 0,942 0,278 

� 
2227 

± 667,4 

2348 

± 523,6 

2151 

± 319,1 

2255 

± 538,1 
0,293 0,800 0,311 
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*При@іт>4 : 

p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) B0 "1<565=89 45D5:B 

7C1=>3> @O4C; 

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) B0 �V=F5289 45D5:B 

7C1=>3> @O4C; 

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C B0 �V=F5289 45D5:B 7C1=>3> 

@O4C; 

# – ?@020 AB>@>=0 !Щ; 

� – ;V20 AB>@>=0 !Щ. 

 

#@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C IV;ь=VABь :VAB:>2>W B:0=8=8, O:0 

D>@<Cє F5=B@0;ь=C 7H820NGC :>@B8:0;ь=C ?;0AB8=C 3>;>2>: 28@>AB:>2>3> B0 

2V=F52>3> 2V4@>AB:V2 !Щ, C 1-<C 2V:>2><C ?5@V>4V ?>AB=0B0;ь=>3> >=B>35=57C, 

7@>AB0є 7 ?@02>W AB>@>=8 B0 7=86CєBьAO 7 ;V2>W AB>@>=8 C ?>@V2=O==V V7 3@C?>N 

:>=B@>;N. 

#@>B8;56=8<8 7=0G5==O<8 E0@0:B5@87CNBьAO >A>18 ?@8 @0==V9 2B@0BV 

6C20;ь=>W 3@C?8 7C1V2, B>1B>, =01CBBO< :V=F528E 45D5:BV2 7C1=>3> @O4C, I> 

?@872>48Bь 4> 7=865==O 45=A8B><5B@8G=8E ?0@0<5B@V2 :VAB:>2>W B:0=8=8 

:>@B8:0;ь=>3> H0@C 28@>AB:>28E 2V4@>AB:V2 =0 ?@02V9 AB>@>=V B0 7@>AB0==O WE 

=0 ;V2V9 AB>@>=V !Щ.  

&0:0 6 B5=45=FVO 7 ?><V@=>N 2V4<V==VABN 715@V30єBьAO V C 2V=F528E 

2V4@>AB:0E !Щ (@8A. 5.2, @8A. 5.3).  

%>G V 28A>:0 <V=5@0;ь=0 =0A8G5=VABь :VAB:>2>W B:0=8=8 !Щ, ?@>B5,  2>=0 

=5 <>65 CB@8<C20B8 :>=B@>;ь =04 10;0=A>< <V=5@0;V70FVW B:0=8= 7C1V2 B0 

28:>=C20B8 @5?0@0B82=C WE DC=:FVN.  

&0:>6, 2G0A=5 :;V=VG=5 2V4=>2;5==O ;8H5 0=0B><VG=>W D>@<8 7C1V2, 

=5 70;8H0є =04V9=>3> ?@>3=>7C I>4> ?@8?8=5==O >4>=B>;>3VG=>W 

OB@>35==>ABV =0 :VAB:>2C B:0=8=C 28@>AB:>2>3> B0 2V=F52>3> 2V4@>AB:V2 

!Щ. 
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$8A. 5.2. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ (?0=>@0<=5 7>1@065==O). 

�5=A8B><5B@8G=89 0=0;V7 IV;ь=>ABV :>@B8:0;ь=>3> H0@C 3>;V2:8 ?@02>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ.  

 

$8A. 5.3. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ (?0=>@0<=5 7>1@065==O). 

�5=A8B><5B@8G=89 0=0;V7 IV;ь=>ABV :>@B8:0;ь=>3> H0@C 3>;V2:8 ;V2>3> 

28@>AB:>2>3> 2V4@>AB:0 !Щ. 
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&><C, @>7’є4=0==O :>=B0:B=>3> G8 >:;N7V9=>3> ?C=:BC, ?@872>48Bь 

4> 7<V=8 25:B>@=>3> @>7?>4V;C ;>:0;V70FVW B8A:C, C B><C G8A;V, =0 

:204@0=B8 2V4@>AB:V2 !Щ B0 @>728B:C A:@>=52>-=86=ь>I5;5?=8E 

@>7;04V2. 

$>7C<VNG8, I> :VAB:>20 B:0=8=0 2A5 6 B0:8 є 45?>=CNG>N A8AB5<>N 

<V:@>- B0 <0:@>5;5<5=BV2, O:0 70157?5GCє :><?5=A0FV9=C ?>B@51C 

>@30=V7<C, =0<8, 4;O =0;56=>3> >1ґ@C=BC20==O, 4>A;V465=> «AB0;C» 

<>@D>;>3VG=C AB@C:BC@C – :CB !Щ, O:89 <0є =0928IC IV;ь=VABь V 

A:;040є 2313 ± 806,2 '"% (?@0289) B0 2227 ± 667,4 '"% – (;V289) (@8A. 

5.4).  

 

$8A. 5.4. 3D-@5:>=AB@C:FV9=0 <>45;ь !Щ (283;O4 7=87C):  

1 – ?@0289 :CB !Щ;  

2 – ;V289 :CB !Щ. 
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�0:>=><V@=VABь ?5@51C4>28 IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W 

B:0=8=8 :CB0 !Щ, O: >A=>2=>3> AB@C:BC@=>3> <>@D>;>3VG=>3> 10@’є@C 

(<5<1@0=8), є A8=E@>==>N 7V 7<V=>N IV;ь=>ABV 2V4@>AB:V2 !Щ. � >AV1, V7 

>1<565=8<8 45D5:B0<8 7C1=>3> @O4C, ?@>?>@FV9=> 7@>AB0NBь 

45=A8B><5B@8G=V ?0@0<5B@8 B0 ACBBє2> 7=86CNBьAO – ?@8 :V=F528E 45D5:B0E 

7C1=8E @O4V2 V7 ?@02>W B0 ;V2>W AB>@V=, I> >1ґ@C=B>2CєBьAO ?>@CH5==O< 

@>7?>4V;C >:;N7V9=>3> B8A:C, C ?5@HC G5@3C, B0 2B@0B>N >:;N7V9=>3> 

A?V22V4=>H5==O 7C1=8E @O4V2.  

�?;82 A8=5@3VG=>3> @>7;04C @>1>B8 6C20;ь=8E <’O7V2, ?@872>48Bь 4> 

=01CBBO =>2>W B@0є:B>@VW 040?B0FV9=8E @CEV2 V ?>;>65==O AC3;>1>28E 3>;V2>: 

2V4@>AB:V2 !Щ.  

' A2>N G5@3C, 40=89 ?0B>;>3VG=89 ;0=FN3 ?>=>2;NєBьAO 5B0?=8<8 

5BV>;>3VG=8<8 G8==8:0<8 B0 ?@>F5A0<8 AB@C:BC@=>W ?5@51C4>28, CB2>@NNG8 

=>2C <>@D>;>3VG=C D>@<C O: 2V=F528E 2V4@>AB:V2, B0: V :CB0 !Щ.  

!0HV 4>2545==O ?V4B25@46CNBьAO >B@8<0=8<8 7=0G5==O<8 2313 ± 806,2 

'"% – 3@C?0 :>=B@>;N B0 ACBBє28< 7=865==O< (↓) 4> 2107 ± 440,9 '"% – C 

3@C?V 7 :V=F528<8 45D5:B0<8 7C1=8E @O4V2 =0 ?@02V9 AB>@>=V, 0 B0:>6 (↓) 7 

2227 ± 667,4 '"% 4> 2151 ± 319,1 '"%, I> 2:07Cє =0 0:B82=VABь ?5@51V3C 

@5<>45;NNG8E ?@>F5AV2 :VAB:>2>W B:0=8=8. 

�@C389 2V:>289 ?5@V>4 7@V;>3> 2V:C ?>AB=0B0;ь=>3> >=B>35=57C ;N48=8 

(B01;. 5.2) E0@0:B5@87CєBьAO 7=865==O< 45=A8B><5B@8G=8E 7=0G5=ь C >AV1 V7 

>1<565=8<8 45D5:B0<8 7C1=8E @O4V2 B0 WE ?V428I5==O 2 >AV1 V7 :V=F528<8 

45D5:B0<8 7C1=8E @O4V2, O: =0A;V4>: ?@>3@5AC20==O «0B@>DVW 2V4 

1574VO;ь=>ABV». 
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Т45?иця 5.2 

$57C;ьB0B8 *:V;ь:VA=>-O:VA=8E ?>:07=8:V2, I> 287=0G0NBь  

45=A8B><5B@8G=V 7=0G5==O ('"%) :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 

2V4@>AB:V2 V :CB0 !Щ 7 ?@02>W B0 ;V2>W AB>@V= C >AV1 2-3> ?5@V>4C 7@V;>3> 2V:C, 

7C<>2;5=8E G0AB:>2>N  / ?>2=>N 2B@0B>N 1VG=>W / 6C20;ь=>W 3@C?8 7C1V2,  

n= 68  

*При@іт>4 : 

 >@- 

D>;>- 

3іG=0 

AB@C:- 

BC@0 

%B>- 

@>=8 
щ5;5- 

?8 

�@C?0 
:>=B-

@>;N 

(715@5-
65=89 

7C1=89 
@O4) 

  ± σ 

"1<5-

65=89 

45D5:B 
7C1=>-

3> @O4C 
  ± σ 

�і=F5- 

289 

45D5:B 
7C1=>3> 

@O4C 
  ± σ 

�Aі 

3@C?8 
@07>< 

  ± σ 
*p1 *p2 *p3 

n *# / � 26 26 16 68 

�8@>AB-
:>289 
2і4@>A-
B>: 

# 

1148 

± 185,7 

1032 

±271,3 

1184,1 

±330,2 

1123 

±270,9 
0,251 0,580 0,243 

� 

988,8 

± 255,5 

926,4 

±179,5 

1064 

±153,7 

995,0 

±201,8 
0,341 0,580 0,091 

�і=F5-
289 
2і4@>A-
B>: 

# 

1500 

±386,4 

1749 

±224,8 

1656 

±282,6 

1635 

±312,6 
0,212 0,325 0,580 

� 

1625 

±290,4 

1570 

±407,7 

1795 

±291,9 

1663 

±338.2 
0,870 0,094 0,189 

�CB  
!- 

# 

2122 

±562,3 

1926 

±230,8 

2028 

±349,0 

2025 

±398,7 
0.491 0,902 0,296 

� 

2061 

±311,9 

1873 

±252,0 

2133 

±334.3 

2026 

±313,5 
0,123 0,623 0,027 
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p1 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) B0 >1<565=89 45D5:B 

7C1=>3> @O4C; 

p2 – ?>@V2=O==O: 3@C?0 :>=B@>;N (715@565=89 7C1=89 @O4) B0 :V=F5289 45D5:B 

7C1=>3> @O4C; 

p3 – ?>@V2=O==O: >1<565=89 45D5:B 7C1=>3> @O4C B0 :V=F5289 45D5:B 7C1=>3> 

@O4C; 

# – ?@020 AB>@>=0 !Щ; 

� – ;V20 AB>@>=0 !Щ. 

 

�B@0B0 7C10, O: >@30=C, ?@872>48Bь 4> ?5@51C4>28 :0=0;ь=> -

B@015:C;O@=>W A8AB5<8 2=CB@VH=ь>3> (B@015:C;O@=>3>) H0@C 

:VAB:>2>W B:0=8=8  !Щ  ?@8 :V=F528E 45D5:B0E 7C1=8E @O4V2 C >AV1 

2-3> ?5@V>4C 7@V;>3> 2V:C, 7=86Cє =5 ;8H5 <>@D><5B@8G=V 7=0G5==O 

!Щ, 0 9 CA:;04=Nє ?>40;ьHC A8AB5<=C @501V;VB0FVN B0:8E ?0FVє=BV2  

(@8A. 5.5). 

 

$8A. 5.5. $5=B35=>;>3VG=89 0=0;V7 >?B8G=>W IV;ь=>ABV :VAB:>2>W B:0=8=8 !Щ 

=0 AB04VW 0:B82=8E ?@>F5AV2 WW @5<>45;N20==O, ?@8 42>AB>@>==VE =01CB8E 

:V=F528E 45D5:B0E 7C1=>3> @O4C. 

 

 �465, :>@B8:0;ь=V H0@8 3>;V2>: 28@>AB:>2>3> B0 2V=F52>3> 2V4@>AB:V2 
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!Щ <>6CBь 7<V=N20B8 A2>N D>@<C, O: =0A;V4>: AB2>@5=8E 040?B0FV9=8E C<>2 

B0 @>72820B8 :><?5=A0FV9=V <>@D>;>3VG=V CB2>@5==O (2:;NG5==O) B0:V, O: 

5:7>AB>78 B0 5=>AB>78, I> 70157?5GC20;8 1 WE DC=:FV>=0;ь=C 4VO;ь=VABь. #@>B5, 

G8< B@820;VH0 4VO DC=:FV>=0;ь=8E @>7;04V2, B8< 1V;ьH 28@065=V 7<V=8 2 3VAB>-

<>@D>;>3VG=><C 0A?5:BV 2V4@>AB:V2 !Щ, C FV;><C (@8A. 5.6).  

 

$8A. 5.6. "?B8G=5 4>A;V465==O <>@D>;>3VG=>W 0@EVB5:B>=V:8 :VAB:>2>W B:0=8=8 

AB@C:BC@ !Щ 7 ?@02>W AB>@>=8:   

1 – 457>@30=V70FVO B@015:C;O@=>3> H0@C :VAB:>2>W B:0=8=8 28@>AB:>2>3> 

2V4@>AB:0 !Щ;  

2 – 28@065=0 IV;ь=VABь :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 :CB0 B0 

2V=F52>3> 2V4@>AB:0 !Щ. 
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&0:0 20@V015;ь=VABь ?V4B25@46CєBьAO ?V4 G0A 45=A8B><5B@8G=>3> 

4>A;V465==O 28@>AB:>2>3> 2V4@>AB:0 !Щ, I> A:;040є 1032 ± 271,3 '"% ?@8 

>1<565=8E 45D5:B0E ("�) 7C1=8E @O4V2 B0 <0є 7@>AB0NGC (↑) B5=45=FVN ?@8 

:V=F528E 45D5:B0E (��) 4> 1184,1 ± 330,2 '"% O: =0 ?@02V9 AB>@>=V !Щ, B0: V 

=0 ;V2V9 AB>@>=V !Щ – 7 926,4 ± 179,5 '"% (↑) 4> 1064 ± 153,7 '"%. 

�A8=E@>==V 7=0G5==O IV;ь=>ABV :VAB:>2>W B:0=8=8 :>@B8:0;ь=>3> H0@C 

?@02>3> 2V=F52>3> 2V4@>AB:0 !Щ ?@8 "� = 1749 ± 224,8 '"% B0 WE=є 7=865==O 

(↓) 4> 1656 ± 282,6 '"% ?@8 ��, 2:07CNBь =0 ?5@52060==O >4=>AB>@>==ь>3>, 

=0 =0HC 4C<:C, ?@>B8;56=>3> =01CB>3> 45D5:BC 7C1=>3> @O4C, I> 70;8H0єBьAO 

?>40;ьH8< ?@54<5B>< 4;O =0C:>28E 48A:CAV9. '<>2=0 70:>=><V@=VABь 

715@V30єBьAO =0 ;V2V9 AB>@>=V ?@8 "� = 1570 ± 407,7 '"% B0 7=0G=> (↑) 4> 1795 

± 291,9 '"% ?@8 �� 7C1=8E @O4V2.  

ЩV;ь=VABь :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 4>A;V46C20=>3> 

:204@0=B0 :CB0 !Щ є 7=0G=> =86G>N C 2-<C ?5@V>4V 7@V;>3> 2V:C ;N48=8 V 

AB0=>28Bь 1926 ± 230,8 '"% ?@>B8 2490 ± 615,8 '"% C 1-<C ?5@V>4V 7@V;>3> 

2V:C 7 ?@02>W AB>@>=8, ?@8 "� 7C1=8E @O4V2 B0 1873 ± 252,0 '"% ?@>B8 2348 ± 

523,6 '"% 7 ;V2>W AB>@>=8.  

#>ABV9=89 0:B82=89 ?5@51V3 7C<>2;5=8E @5<>45;NNG8E ?@>F5AV2, G8 

=>@<0;ь=8E <5B01>;VG=8E ?5@5B2>@5=ь, ?V4B25@46CєBьAO C ?@>2545=V9 

=0<8 45=A8B><5B@8G=V9 >FV=FV >B@8<0=8E 7=0G5=ь C >AV1 V7 �� 7C1=8E 

@O4V2, O:V A:;0;8 2107 ± 440,9 '"% C >AV1 1-3> ?5@V>4C 7@V;>3> 2V:C ;N48=8 

7V 7=865==O< WE 4> 2028 ± 349,0 '"% C ?0FVє=BV2 2-3> ?5@V>4C 7@V;>3> 2V:C 

=0 ?@02V9 AB>@>=V B0 7 2151 ± 319,1 '"% (↓) 4> 2133 ± 334,3 '"% =0 ;V2V9 

AB>@>=V !Щ. 

'7030;ь=82H8 @57C;ьB0B8 IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W 

B:0=8=8 4>A;V46C20=8E 3@C?, <0є<> CA5@54=5=V 7=0G5==O, O:V AB0NBь 

:@8B5@Vє< C 48D5@5=FV9=V9 4V03=>AB8FV B0 ?@8 281>@V <5B>4V2 @501V;VB0FVW 

?0FVє=BV2 V @>7@>1:8 ?@>DV;0:B8G=8E 70E>4V2 I>4> 70?>1V30==O @>728B:C 

?0B>;>3VG=8E ?@>F5AV2 (@8A. 5.7 – 5.8). 
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$8A. 5.7. 'A5@54=5=V @57C;ьB0B8 CAVE 4>A;V46C20=8E 3@C? :V;ь:VA=>-O:VA=8E 

?>:07=8:V2, I> 287=0G0NBь 45=A8B><5B@8G=V 7=0G5==O ('"%) :>@B8:0;ь=>3> 

H0@C :VAB:>2>W B:0=8=8 2V4@>AB:V2 V :CB0 !Щ 7 ?@02>W B0 ;V2>W AB>@V=, C >AV1 

1-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V G0AB:>2>N/?>2=>N 2B@0B>N 

1VG=>W/6C20;ь=>W 3@C?8 7C1V2, n= 34. 

 

#@020 AB>@>=0

�V20 AB>@>=0

%C3;>1>289 2V4@>AB>:
�V=F5289 2V4@>AB>:

�CB I5;5?8

1-89 ?5@і>4 7@і;>3> 2і:C ;N48=8  
(2Aі 3@C?8 @07><)

#@020 AB>@>=0 �V20 AB>@>=0
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$8A. 5.8. 'A5@54=5=V @57C;ьB0B8 CAVE 4>A;V46C20=8E 3@C? :V;ь:VA=>-O:VA=8E 

?>:07=8:V2, I> 287=0G0NBь 45=A8B><5B@8G=V 7=0G5==O ('"%) :>@B8:0;ь=>3> 

H0@C :VAB:>2>W B:0=8=8 2V4@>AB:V2 V :CB0 !Щ 7 ?@02>W B0 ;V2>W AB>@V=, C >AV1 

2-3> ?5@V>4C 7@V;>3> 2V:C, 7C<>2;5=V G0AB:>2>N/?>2=>N 2B@0B>N 

1VG=>W/6C20;ь=>W 3@C?8 7C1V2, n= 34. 

 

#@020 AB>@>=0

�V20 AB>@>=0
0

500

1000

1500

2000

2500

%C3;>1>289 2V4@>AB>:
�V=F5289 2V4@>AB>:

�CB I5;5?8

2-89 ?5@і>4 7@і;>3> 2і:C ;N48=8 
(2Aі 3@C?8 @07><)

#@020 AB>@>=0 �V20 AB>@>=0
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"B65, 4>A;V46C20=89 :204@0=B 3>;>2:8 28@>AB:>2>3> 2V4@>AB:0 !Щ, 

O:89 є FV;ь>28< V ?@V>@8B5B=8< >1’є:B><, I> ?5@H>G5@3>2> ?V440єBьAO 2?;82C 

5BV>?0B>35=5B8G=8E G8==8:V2, A:;040є =0 ?@02V9 AB>@>=V C >AV1 ?5@H>3> 

?5@V>4C 7@V;>3> 2V:C   = 1165 '"%, 45 σ = ± 318,2 B0   = 1074 '"%, 45 σ = 

± 280,9 =0 ;V2V9 AB>@>=V. ' ?0FVє=BV2 2-3> ?5@V>4C 7@V;>3> 2V:C   = 1123 '"%, 

45 σ = ± 270,9 7 ?@02>W AB>@>=8 B0   = 995,0 '"% 45 σ ± 201,8 – 7 ;V2>W 

AB>@>=8, 70 C<>2 2B@0B8 >:@5<8E G8 6C20;ь=>W 3@C?8 7C1V2. 

 

#V4AC<>: 

%ь>3>4=VH=V 70?8B8 :;V=VG=>W AB><0B>;>3VW 2A5 G0ABVH5 AB0;8 

?>B@51C20B8 B>G=>3> =0C:>2>3> ?@>3=>7C 4;O ?;0=C20==O A:;04=8E 

>?5@0B82=8E CB@CG0=ь, WE :>@5:FVW C ?V7=VE ?5@V>40E ?>AB=0B0;ь=>3> 

>=B>35=57C, 7>:@5<0, ?@8 2B@0BV 6C20;ь=>W 3@C?8 7C1V2, 01> 6 WE >:;N7V9=8E 

A?V22V4=>H5=ь. �465, G8< A:;04=VHV :;V=VG=V ?@>B>:>;8, O:V A?@O<>20=V =0 

:VAB:>2C B:0=8=C !Щ B8< 28IV @878:8 =5:>=B@>;ь>20=8E ?@>F5AV2 WW 

@5<>45;N20==O =5 ;8H5 C 4V;O=FV >?5@0B82=8E CB@CG0=ь, 0 9 =0 AC<V6=8E 

DC=:FV>=0;ь=8E AB@C:BC@0E. 

"7=09><;5==O 7 =0C:>28<8 ?C1;V:0FVO<8 B0 2;0A=0 0?@>10FVO 

@57C;ьB0BV2 <0;>V=20782=8E <5B>4V2 @5=B35=>;>3VG=>3> 4>A;V465==O, 

A?>=C:0;8 4> ?@>2545==O ?>@V2=O;ь=>3> 0=0;V7C 7<V=8 48=0<V:8 IV;ь=>ABV 

:VAB:>2>W B:0=8=8 28@>AB:>2>3> B0 2V=F52>3> 2V4@>AB:V2 !Щ V7 =091V;ьH 

AB0;>N, 28A>:><V=5@0;V7>20=>N, =0 ?5@H89 ?>3;O4, =57<V==>N 

<>@D>;>3VG=>N AB@C:BC@>N – :CB>< !Щ. &0:89 0=0;V7 >B@8<0=8E ?0@0<5B@V2 

IV;ь=>ABV :VAB:>2>W B:0=8=8 <>65 AB0B8 V=D>@<0B82=8< :;NG5< 4;O 
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4>A;V465=ь, 7>:@5<0, ?@8 >?8AV ?5@5;><V2 !) [172–174] G8 =01CB8E %!)$, O: 

=0A;V4>: WE CA:;04=5==O [175, 176].  

І7 >?@8;N4=5=8E @57C;ьB0BV2 4>A;V465=ь, ?@>2545=8E O.�. %:@8?0 [175], 
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2V4><>, I> ?5@5;><8 !) @V7=>W ;>:0;V70FVW A?@8ONBь 28=8:=5==N @>7;04V2 

%!)%, G0AB>B0 28=8:=5==O O:8E A:;040;0 67,68 %, 7V 100 % ?>H8@5=VABN ?@8 

?5@5;><0E ?@8H89:>2>W 4V;O=:8 V 2V=F52>3> 2V4@>AB:0 !). 

%0<5 B><C O: >A=>2C <5B8 40=>3> D@03<5=BC =0H>3> 4>A;V465==O 

?>:;045=> ?@>2545==O 0=0;V7C 48=0<VG=>W <V=;82>ABV :VAB:>2>W B:0=8=8 

2V=F528E 2V4@>AB:V2 !), 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2 C 1-<C B0 

2-<C 2V:>28E ?5@V>40E 7@V;>3> 2V:C ?>AB=0B0;ь=>3> >=B>35=57C, ?V4B25@46CNG8 

V=B5@?@5B0FVєN >B@8<0=8E <>@D><5B@8G=8E B0 45=A8B><5B@8G=8E 7=0G5=ь.  

' 4>A;V465==V ?@84V;5=> C203C 282G5==N <>@D>;>3VG=>W <V=;82>ABV <0:@>- B0 

<V:@>AB@C:BC@8 :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !) ;N48=8 =0 

4V;O=:0E, O:V ?5@H>G5@3>2> 707=0NBь 2?;82C 5BV>?0B>35=5B8G=8E 2=CB@VH=VE 

B0 7>2=VH=VE G8==8:V2, 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2 C 

4>A;V46C20=8E 2V:>28E ?5@V>40E ?>AB=0B0;ь=>3> >=B>35=57C.  

/: V C ?>?5@54=ь><C 28?04:C 4>A;V465==O >A>1;82>AB59 :VAB:>2>W 

B:0=8=8 28@>AB:>2>3> 2V4@>AB:0 !), 4;O <>@D><5B@8G=>3> 4>A;V465==O 7 

287=0G5==O< IV;ь=>ABV :VAB:>2>W B:0=8=8 B0 ?@>2545==O< <>@D><5B@8G=8E 

70<V@V2 =0<8 >1@0=> :204@0=B8, O:V ?5@H>G5@3>2> ?V44020;8AO ?@>F5A0< 

@5<>45;N20==O G8 ?0B>;>3VG=8< 7<V=0<, 7>:@5<0: �-�3\:1 – 25@E=V9 :204@0=B 

3>;>2:8 (A:@>=52>3> 3@51=O) 2V=F52>3> 2V4@>AB:0 !) (A5@54=є 7=0G5==O IV;ь=>ABV 

:>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8); %H\� : З-�H\:3 – ?5@54=ь>-704=V9 

:204@0=B H89:8 2V=F52>3> 2V4@>AB:0 !) (%H\: – A5@54=V9 ?>:07=8: 

IV;ь=>ABV :VAB:>2>W B:0=8=8; З-�H\:3 – 2V4AB0=ь <V6 7>2=VH=V<8 :>=BC@0<8 

:>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 2V=F52>3> 2V4@>AB:0 !)); %-�>\: : З-�>\: 

– ?5@54=ь>-704=V9 :204@0=B >A=>28 2V4@>AB:0 !) (%-�>/: – A5@54=V9 

?>:07=8: IV;ь=>ABV :VAB:>2>W B:0=8=8; З-�>/: – 2V4AB0=ь <V6 7>2=VH=V<8 

:>=BC@0<8 :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 2V=F52>3> 2V4@>AB:0 !)); 

3\: – :204@0=B :CB0 !), 3@C?0 A?V2AB02;5==O (:>=B@>;N).  

'?5@H5 2AB0=>2;5=>, I> <>@D><5B@8G=V 7=0G5==O =091V;ьH C@07;82>W 

<>@D>;>3VG=>W AB@C:BC@8 – ?@8H89:>2>W 4V;O=:8 2V=F528E 2V4@>AB:V2, O:V 
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?@825@B0NBь C203C 28@065=>N <V=;82VABN, ?@8 >1<565=8E 45D5:B0E 7C1=>3> 

@O4C 7 ?@02>W AB>@>=8 2 ?>@V2=O==V <V6 1-8< B0 2-8< ?5@V>40<8 7@V;>3> 2V:C 

;N48=8, C AB>@>=C WE 7=865==O 7 11,8 ± 1,487 << 4>  6,309 ± 1,240 <<. 

#><V@=0 B5=45=FVO I>4> 7=865==O A?>AB5@V30єBьAO =0 ;V2V9 AB>@>=V !) 7 6,792 

± 1,011 4> 6,709 ± 1,409 <<. 

#@8 :V=F528E 45D5:B0E 7C1=>3> @O4C, B0:>6, 7=86CNBьAO O: =0 ?@02V9 

AB>@>=V 7 7,288 ± 1,690 << 4> 7,008 ± 1,148 <<, B0: V =0 ;V2V9 AB>@>=V !) 7 7,488 ± 

1,137 << 4> 6,427 ± 0,760 << <V6 ?5@H8< B0 4@C38< ?5@V>40<8 7@V;>3> 2V:C. 

&0:0 6 48=0<V:0 <>@D><5B@8G=>W 2V:>2>W <V=;82>ABV 2V47=0G0єBьAO  =0 

4>A;V46C20=V9 4V;O=FV >A=>28 2V=F528E 2V4@>AB:V2 !) (<0@:C20==O C 

B01;8FOE – З-�>\:4). #@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C 

<>@D><5B@8G=V 7=0G5==O, >B@8<0=V ?V4 G0A 4>A;V465==O 4V;O=:8 >A=>28 

2V=F528E 2V4@>AB:V2, A?@O<>2CNBьAO  C AB>@>=C 7@>AB0==O, V7 =57=0G=8< 

?@>B8;56=8< 2V4E8;5==O< C 1-<C ?5@V>4V 7@V;>3> 2V:C V7 ?@02>W AB>@>=8 !).   

' A2>W9 :;V=VG=V9 1V;ьH>ABV @501V;VB0FVO B0:8E ?0FVє=BV2 ?>;O30;0 1 C 

?>2=>FV==><C (92-100 %) 2V4=>2;5==V 6C20;ь=>W DC=:FVW, H;OE>< >:;N7V9=>3> 

A?V2AB02;5==O :><?5=A>20=8E 7C1=8E @O4V2 <5B>40<8 45=B0;ь=>W V<?;0=B0FVW. 

#@>B5, 0B@>DVO :><V@:>2>W G0AB8=8 V =02VBь BV;0 !) >1<56Cє 45=B0;ь=C 

?@>?>78FVW B0, 2V4?>2V4=>, ?>2=>BC 7C1=8E @O4V2. &><C, >4>=B>;>38 7<CH5=V 

2@0E>2C20B8 :;V=VG=89 AB0= ?0FVє=B0, 01> 6 =02?0:8 – >1<56C20B8AO ?@>AB8<8 

<5B>40<8 @501V;VB0FVW, O:V 7=86CNBь DC=:FV>=0;ь=C 5D5:B82=VABь 7  ?>40;ьH>N 

2B@0B>N >:;N7V9=>W 28A>B8. &0:89 ?0B>;>3VG=89 <5E0=V7< 7<CHCє 2V=F52V 

2V4@>AB:8 !) >B@8<C20B8 =5710;0=A>20=5 >:;N7V9=5 =020=B065==O B0 

?V44020B8AO <>@D>;>3VG=V9 ?5@51C4>2V 70 25:B>@>< 4VW 6C20;ь=8E <’O7V2. 

%B>@>=8 :CBV2 2V=F528E 2V4@>AB:V2 !) 7<VICNBьAO 4> WE >A=>28, =01C20NG8 

7=>2C =>28E <>@D>-45=A8B><5B@8G=8E E0@0:B5@8AB8:. �0=V ?@>F5A8 

@5<>45;N20==O :VAB:>2>W B:0=8=8, C ?5@HC G5@3C 2V4>1@060NBьAO =0 

:>@B8:0;ь=><C H0@V 2V=F528E 2V4@>AB:V2, O: DC=40<5=B0;ь=><C, 10@’є@=><C 

<>@D>;>3VG=><C CB2>@5==V 7V 7<V=>N IV;ь=>ABV B0 20@V0FVєN =0 WE @V7=8E 



174 

4V;O=:0E, I> =0<8 V=B5@?@5BCєBьAO, O: 4>A;V46C20=V :204@0=B8 :;V=VG=>3> 

:>=B@>;N. 

'?5@H5 2AB0=>2;5=>, I> 45=A8B><5B@8G=0 <V=;82VABь :VAB:>2>W B:0=8=8 

2V=F528E 2V4@>AB:V2 !) ;N48=8 =5<0є ABV9:>W 48=0<V:8 C AB>@>=C 7@>AB0==O 

0=V 2 >:@5<8E 3@C?0E V 2V:>28E ?5@V>40E, G8 =02?0:8, C ?>@V2=O==V <V6 

4>A;V46C20=8<8 3@C?0<8 2 >1>E 2V:>28E ?5@V>40E.  

�465, >A=>2=8< 465@5;>< <V=5@0;ь=>3> =0A8G5==O 70;8H0єBьAO 

<03VAB@0;ь=5 B@0=AB@015:C;O@=5 682;5==O, O:5 <>@D>;>3VG=> 70<8:0єBьAO 

<VF=8< :>@B8:0;ь=8< 7H820==O<. &><C, IV;ь=VABь :VAB:>28E H0@V2 2V=F528E 

2V4@>AB:V2 !) E0@0:B5@87CєBьAO 3VAB>-0=0B><VG=>N 20@V0=B=VABN =5 ;8H5 70 

<>@D><5B@8G=8<8, 0 9 70 45=A8B><5B@8G=8<8 7=0G5==O<8 <V6 AB>@>=0<8, 

=02VBь 2 >4=VєW 9 BVєW 6 ;N48=8. '8< :@0I0 >@30=V70FVO AC48==>W A8AB5<8, B8< 

0:B82=VH5 ?@>BV:0NBь <5B01>;VG=V ?@>F5A8 C 2=CB@VH=ь>:VAB:>28E H0@0E 

2V=F528E 2V4@>AB:V2, 71030GCNG8 WE <0:@>- B0 <V:@>5;5<5=B=8< 10;0=A><, 

ABV9:8< 4> ?>ABV9=8E ?@>F5AV2 @5<>45;N20==O.    

#@>2545=8< 4>A;V465==O< 2AB0=>2;5=>, I> ?>40=89 :V;ь:VA=89, 

AB0B8AB8G=> >?@0Fь>20=89 >1AO3 287=0G5=ь, V7 45B0;V70FVєN ;>:0;V7>20=8E 

4V;O=>: 2V=F528E 2V4@>AB:V2 !), 7 =0:;040==O< =0 =8E 4>A;V46C20=8E 

:204@0=BV2, @53;0<5=BCNBь <>6;82V ?@>O28 <>@D><5B@8G=8E B0 

45=A8B><5B@8G=8E 7<V=  =5 ;8H5 2V4 A><0B8G=>3> 2?;82C >@30=V7<C, 0 9 

DC=:FV>=0;ь=>3>. �5@CG8 70 >A=>2C =0O2=V 4>2545==O, <>6=0 AB25@46C20B8, 

I> =0 IV;ь=VABь :VAB:>2>W B:0=8=8 2V4@>AB:V2 !), C B><C G8A;V 9 28@>AB:>28E, 

<0NBь 2?;82 <C;ьB8D0:B>@=V ?0B>5BV>;>3VG=V G8==8:8, 7>:@5<0, 7<V=0 DC=:FV>-

=0;ь=>3> AB0=C 4VW 6C20;ь=8E <’O7V2 B0 0B@>DVO :VAB:>2>W B:0=8=8 !), 

7C<>2;5=0 2B@0B>N 6C20;ь=>W 3@C?8 7C1V2 G8 =01CBBO 040?B82=>W <>@D>;>3VG=>W 

D>@<8 7 =0O2=VABN 2838=V2 B0 5:7>AB>7=>3> @>7@>AB0==O.  

#@>B5, C 3@C?V A?V2AB02;5==O, =091V;ьH AB0;8E <>@D>;>3VG=8E AB@C:BC@ 

– :CBV2 !), 45=A8B><5B@8G=0 >FV=:0  ?V4:@5A;Nє 28I5 707=0G5=89 2?;82  =0  

48=0<V:C 7<V=8 IV;ь=>ABV ('"%) :VAB:>2>W B:0=8=8 C AB>@>=C 7=865==O. #@8 
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>1<565=8E 45D5:B0E 7C1=>3> @O4C 2 ?5@H><C 7@V;><C 2V:>2><C ?5@V>4V 

;N48=8 A?@020 AB0=>28Bь  2490 ± 615,8 '"% B0 AB@V<:> 7=86CєBьAO 4> 2108 ± 

440,9 '"% ?@8 :V=F528E 45D5:B0E 7C1=>3> @O4C. &0:0 6 48=0<V:0 E0@0:B5@87Cє 

IV;ь=VABь :VAB:>2>W B:0=8=8 ;V2>3> :CB0 !) V A:;040є C ;N459 7 >1<565=8<8 

45D5:B0<8 7C1=>3> @O4C 2348 ± 523,6 '"%, 7=86CNG8Aь 4> 2152 ± 319,2 '"% 

?@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C.

�5=A8B><5B@8G=89 0=0;V7 ?@54AB02;Oє 72>@>B=C 48=0<V:C IV;ь=>ABV 

:VAB:>2>W B:0=8=8 C 2-<C 7@V;><C 2V:>2><C ?5@V>4V ;N48=8 7@>AB0NG8 7 1926 ± 

230,9 '"% ?@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C 4> 2028 ± 349,0 '"% ?@8 

:V=F528E 45D5:B0E 7C1=>3> @O4C =0 ?@02V9 AB>@>=V B0 7 1873 ± 251,9 '"% ?@8 

>1<565=8E 45D5:B0E 7C1=>3> @O4C 4> 2133 ± 334,3 '"% ?@8 :V=F528E 

45D5:B0E 7C1=>3> @O4C =0 ;V2V9 AB>@>=V :CB0 !). $>7<0E <V63@C?>2>W 

4>AB>2V@=>ABV, B>1B> 2V4<V==>AB59 <V6 3@C?0<8 ?>@V2=O==O @1, @2, @3 (482. 

*#@8<VB:0 ?V4 B01;8FO<8 4.2 – 4.5) C A?V22V4=>H5==V 4> AB0;>3> 28@07C @ ˂ 0,5, 

2:07Cє =0 D>@<C20==O 70;56=>ABV <>@D><5B@8G=8E 7=0G5=ь B0 IV;ь=>ABV 

:VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 2V4 ?>;VD0:B>@=>3> 5BV>?0B>35=5B8G=>3> 

2?;82C, 7>:@5<0, G0AC 9>3> ?@>O2C B0 ?>H8@5==O =0 !), O: >A=>2C A:;04>2>W 

6C20;ь=>W A8AB5<8 ;N48=8. 

%>G5<> ?V4:@5A;8B8, I> 465@5;0 4>ABC?=>W =0C:>2>W ;VB5@0BC@8 

70;8H0NBь ?>70 C203>N 282G5==O 2V=F528E 2V4@>AB:V2 ?V4 G0A 4>A;V465=ь 

@57C;ьB0BV2 DC=:FV>=0;ь=>3> 0?0@0B=>3> ;V:C20==O ?5@5;><V2 !) I5 C 

48BOG><C 2VFV [177], I> =040;V ?@872>48Bь 4> >@B>4>=B8G=>W ?0B>;>3VW, 

?0B>;>3VG=>W AB5@B>ABV 7C1V2 [178] G8 4> WE 2B@0B8 7 @>728B:>< :0A:04C 

?0B>;>3VG=8E ?@>F5AV2 :VAB:>2>W B:0=8=8 – C 4>@>A;><C 2VFV [15], ?>:;040NG8 

7=>2C =0C:>2V 7>A5@5465==O ;8H5 =0 4>A;V465==OE :><?;5:AC %!)% [179] G8 

?>H:>465==O <’O:8E B:0=8= ?>2’O70=8E 7 ?5@5;><0<8 9>3> 28@>AB:>28E 

2V4@>AB:V2 [180]. �465, 4;O ?@>2545==O >AB5>A8=B57C 7 28:>@8AB0==O< 

B8B0=>28E ?;0AB8=, 4>2>;V G0AB> 28:>@8AB>2CNBьAO 7>=8 :@V?;5==O 2 >A=>2V 

2V430;C65==O 2V4@>AB:V2, =0 0=0B><VG=V9 (:;V=VG=V9) H89FV >1>E 2V4@>AB:V2 
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!). &0:>6 ?>B@V1=V <>@D>-, 45=A8B><5B@8G=V @>7C<V==O 0@EVB5:B>=V:8 

2V=F528E 2V4@>AB:V2 !) 4;O =0;56=>3> @>7?>4V;C A8;8 2=CB@VH=ь>@>B>2>W 

0?0@0B=>W 4VW, ?V4 G0A >4>=B>;>3VG=>3> ;V:C20==O, =5 ;8H5 =0 6C20;ь=V <’O78, 0 

9, C ?5@HC G5@3C, =0 <VAFO WE I5;5?=>3> ?@8:@V?;5==O, I> 7C<>2;Nє 

=0?@02;5=C V 1060=C <>@D>;>3VG=C ?5@51C4>2C. � V=H><C 28?04:C, :CB 

@>73>@B0==O B0 =0E8;C 2V=F528E 2V4@>AB:V2 !) 7<V=8BьAO, O: =0A;V4>: 4VW 

5BV>?0B>35=5B8G=>3> G8==8:0, 7>:@5<0, G5@57 2B@0BC 6C20;ь=8E 7C1V2 V 1C45 

?@>4>26C20B8 D>@<C20B8AO 70;56=> 2V4 =01CB>3> <5E0=V7<C 4VW 6C20;ь=8E 

<’O7V2. �0=89 <5E0=V7< 2?;820B8<5 =0 <>@D><5B@8G=V 7=0G5==O B0 7<V=C 

<V=5@0;V70FVW :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !), 7C<>2;NNG8 ?>ABV9=C 

040?B82=C ?5@51C4>2C 4> =>28E DC=:FV>=0;ь=8E C<>2 >@30=V7<C [95, 157]. 

"B65, ?@>2545=5 4>A;V465==O 2V:>2>W >FV=:8 48=0<V:8 <>@D>;>3VG=>W 

?5@51C4>28 :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !) C 1-<C V 2-<C ?5@V>40E 

7@V;>3> 2V:C ;N48=8 2 >AV1 G>;>2VG>W B0 6V=>G>W AB0BV 70;56=> 2V4 2B@0B8 

6C20;ь=>W 3@C?8 7C1V2 4>72>;Oє 4V9B8 =0ABC?=8E 28A=>2:V2: 1) =091V;ьHV9 

<>@D><5B@8G=V9 <V=;82>ABV :VAB:>2>W B:0=8=8 ?V440єBьAO ?@8H89:>20 4V;O=:0 

2V=F528E 2V4@>AB:V2 V7 ?@02>W AB>@>=8 B0 7 ?><V@=8< 7=865==O< 

<>@D><5B@8G=8E 7=0G5=ь =0 ;V2V9 AB>@>=V !), ?@8 >1<565=8E (2:;NG5=8E) 

45D5:B0E 7C1=>3> @O4C; 2) ?@8 :V=F528E 45D5:B0E 7C1=>3> @O4C 7=86CNBьAO 

<>@D><5B@8G=V 7=0G5==O 2V=F528E 2V4@>AB:V2 O: =0 ?@02V9 AB>@>=V – 7 7,288 

± 1,690 << 4> 7,008 ± 1,148 <<, B0: V =0 ;V2V9 AB>@>=V – 7 7,488 ± 1,137 << 4> 

6,427 ± 0,760 << C ?>@V2=O==V <V6 ?5@H8< B0 4@C38< ?5@V>40<8 7@V;>3> 2V:C 

;N48=8; 3) <>@D><5B@8G=V 7=0G5==O C 4V;O=FV >A=>28 2V=F528E 2V4@>AB:V2 !) 

7@>AB0NBь ?@8 =01CB8E :V=F528E 45D5:B0E 7C1=>3> @O4C; 4) 45=A8B><5B@8G=0 

<V=;82VABь :VAB:>2>W B:0=8=8 2V=F528E 2V4@>AB:V2 !) ;N48=8 =5 <0є ABV9:>W 

48=0<V:8 C 7@>AB0==V G8 7=865==V. #5@A?5:B82C ?>40;ьH8E 4>A;V465=ь =0 

>A=>2V >45@60=8E @57C;ьB0BV2 210G0є<> C 282G5==V 270є<>?>2’O70=8E 

<5E0=V7<V2 2?;82C 6C20;ь=8E <’O7V2, 7>:@5<0, A:@>=528E <’O7V2 B0 2B@0B8 

>:;N7V9=8E A?V22V4=>H5=ь =0 <>@D>;>3VG=C <V=;82VABь 2V=F528E 2V4@>AB:V2 !). 
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!02545=89 45B0;V7>20=89 <>@D><5B@8G=89 0=0;V7 B0 4>A;V465=> 

IV;ь=VABь :VAB:>2>W B:0=8=8 =091V;ьH C@07;828E 7>= 2V=F528E 2V4@>AB:V2 !) 

;N48=8 2 >1>E ?5@V>40E 7@V;>3> 2V:C ;N48=8, ?@8 2B@0BV 6C20;ь=>W 3@C?8 

7C1V2, O:89 AB0=5 >A=>2>N 4;O ?>40;ьH8E =0C:>28E 48A:CAV9 B0 :;V=VG=>W 

48D5@5=FV0FVW I>4> 281>@C =0;56=8E <0;>V=20782=8E <5B>4V2 @501V;VB0FVW 

AB><0B>;>3VG=8E ?0FVє=BV2.

�>6=0 DC=:FV>=0;ь=0 >48=8FO 7C1>-I5;5?=>W A8AB5<8, є 2?;82>28< 

G8==8:>< =0 48=0<V:C IV;ь=>ABV :VAB:>2>W AB@C:BC@8 2V4@>AB:V2 !) C 

=>@<0;ь=><C G8 ?0B>;>3VG=><C 10;0=AV. !091V;ьH ?@V>@8B5B=8<8 

70;8H0NBьAO 2B@0B8 6C20;ь=>W 3@C?8 7C1V2, O:V є DC=:FV>=0;ь=>-

AB01V;V7CNG8<8 V=48:0B>@0<8 >:;N7V9=8E A?V22V4=>H5=ь ?@8:CAC B0 9, 2;0A=5, 

715@V30NBь ?@>AB>@>25 ?>;>65==O !) 2V4=>A=> >A=>28 G5@5?0. 

#@>3@5A82=VABь 48=0<VG=8E 7<V= 70;568Bь 2V4 G0AC =01CB>3> 45D5:BC, 9>3> 

?@>BO6=>ABV B0 ?>H8@5==O =0 >1842V AB>@>=8, G8 ?>є4=0==O 7 D@>=B0;ь=8<8 

:204@0=B0<8 !). 

�;O 4>AO3=5==O <5B8 V 28@VH5==O 2AVE 70240=ь 4>A;V465==O ?@>2545=> 

?>@V2=O;ь=89 0=0;V7 IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 

2V4@>AB:V2 B0 :CB0 !) ?@8 =01CB8E 45D5:B0E 7C1=>3> @O4C.  

"?@0FN20==O =0C:>2>W ;VB5@0BC@8 7 Fь>3> ?8B0==O ?5@5:>=0;> =0A C 

28A=>2:C, I> 70?8B8 :;V=VG=>W AB><0B>;>3VW 2A5 G0ABVH5 AB0;8 ?>B@51C20B8 

B>G=>3> =0C:>2>3> ?@>3=>7C 4;O ?;0=C20==O A:;04=8E >?5@0B82=8E CB@CG0=ь 

[181], WE :>@5:FVW C ?V7=VE ?5@V>40E ?>AB=0B0;ь=>3> >=B>35=57C, 7>:@5<0, ?@8 

2B@0BV 6C20;ь=>W 3@C?8 7C1V2, 01> 6 WE >:;N7V9=8E A?V22V4=>H5=ь. ":@5<V 

02B>@8 [182] AB25@46CNBь, I> G8< A:;04=VHV :;V=VG=V ?@>B>:>;8, O:V 

A?@O<>20=V =0 :VAB:>2C B:0=8=C !), B8< 28IV @878:8 =5:>=B@>;ь>20=8E 

?@>F5AV2 WW @5<>45;N20==O =5 ;8H5 C 4V;O=FV >?5@0B82=8E CB@CG0=ь, 0 9 =0 

AC<V6=8E DC=:FV>=0;ь=8E AB@C:BC@0E. 

�?@>1>20=V, A?V;ь=> V7 A?V202B>@0<8, @57C;ьB0B8 <0;>V=20782=8E <5B>4V2 

@5=B35=>;>3VG=>3> 4>A;V465==O [95, 183] A?>=C:0;8 4> ?@>2545==O ?>@V2=O;ь=>3> 
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0=0;V7C 7<V=8 48=0<V:8 IV;ь=>ABV :VAB:>2>W B:0=8=8 28@>AB:>2>3> B0 2V=F52>3> 

2V4@>AB:V2 !) V7 =091V;ьH AB0;>N, 28A>:> <V=5@0;V7>20=>N, =0 ?5@H89 

?>3;O4, =57<V==>N <>@D>;>3VG=>N AB@C:BC@>N – :CB>< !). &0:89 0=0;V7 

>B@8<0=8E ?0@0<5B@V2 IV;ь=>ABV :VAB:>2>W B:0=8=8 є V=D>@<0B82=8< :;NG5< 4;O 

?;0=C20==O :VAB:>2>-AC3;>1>28E @5:>=AB@C:FV9 [184], 4;O CAC=5==O =0A;V4:V2 

?VA;O?CE;8==8E G8 =01CB8E ?0B>;>3V9 A:@>=52>-=86=ь>I5;5?=>3> :><?;5:AC. 

!5 <5=H 206;82>N ?@>1;5<0B8:>N 70;8H0NBьAO =0A;V4:8 @57>@1FV9=8E 

?@>F5AV2, ?VA;O ?@>2545=>3> 48AB@0:FV9=>3> >AB5>35=57C ?@8 0=><0;VW 2V4@>AB:V2 

!) [185]. &><C, =0;56=5 @>7C<V==O WE AB@C:BC@=>W 1C4>28 B0 <V=5@0;ь=>3> 

=0A8G5==O A?@8Oє 4>AO3=5==N 28A>:>5D5:B82=8E, ABV9:8E :;V=VG=8E 

@57C;ьB0BV2 B0 =0;56=>W @>7@>1:8 ?@>DV;0:B8G=8E 70E>4V2 =0 25Aь 

@501V;VB0FV9=89 ?5@V>4 V =02VBь 68BBO.  

'8<0;> 02B>@V2 =02>4OBь >@83V=0;ь=V 4>A;V465==O, O: ?@8:;04 

@501V;VB0FVW ?0FVє=BV2 V7 2B@0B>N =5 ;8H5 6C20;ь=>W 3@C?8 7C1V2, 0 9 :VAB:>2>W 

>A=>28 G5@57 >=:>;>3VG=V ?@>F5A8 B0 WE =0A;V4:8, ?@>B5, 15@56=> 2V4=>AOBьAO 

I>4> 715@565==O =5 ;8H5 WW 0=0B><VG=>W B@>DV:8, 0 9 ?@>?@V>@5F5?FVW 

I5;5?=>W A8AB5<8 [1, 186]. 

�8:>=CNG8 40=89 D@03<5=B 4>A;V465==O I>4> ?>@V2=O;ь=>3> 0=0;V7C 

IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 28@>AB:>2>3> 9 2V=F52>3> 

2V4@>AB:V2 B0 :CB0 !) ?@8 =01CB8E 45D5:B0E 7C1=>3> @O4C <8, ?5@H 70 2A5, 

AB028;8 70 <5BC 28>:@5<8B8 CA5@54=5=V WE ?0@0<5B@8 2V4?>2V4=> 4> 2V:>28E 

?5@V>4V2 V 4>A;V46C20=8E 3@C?. 

!01@0=89 4;O 4>A;V465==O <0B5@V0;, O: V ?@8 =01>@V <0B5@V0;C ?@8 

282G5==V 28@>AB:>28E V 2V=F528E 2V4@>AB:V2 !), 2V4?>2V402 42>< ?5@V>40< 

7@V;>3> 2V:C ?>AB=0B0;ь=>3> >=B>35=57C ;N48=8 B0 1C2 2V4=5A5=89 4> B@ь>E 

3@C? (2:;NG=> 7 3@C?>N :>=B@>;N), 70;56=> 2V4 ?>H8@5==O 45D5:BC 7C1=8E 

@O4V2 C 1VG=8E 4V;O=:0E !). 

#V4 G0A ?@>2545==O 4>A;V465==O =0<8 2AB0=>2;5=>, I> ?@8 >1<565=8E 

45D5:B0E 7C1=>3> @O4C IV;ь=VABь :VAB:>2>W B:0=8=8, O:0 D>@<Cє F5=B@0;ь=C 
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7H820NGC :>@B8:0;ь=C ?;0AB8=C 3>;>2>: 28@>AB:>2>3> B0 2V=F52>3> 

2V4@>AB:V2 !), C 1-<C 2V:>2><C ?5@V>4V ?>AB=0B0;ь=>3> >=B>35=57C, 7@>AB0є 7 

?@02>W AB>@>=8 B0 7=86CєBьAO 7 ;V2>W AB>@>=8 ?>@V2=O=> V7 3@C?>N :>=B@>;N. 

#@>B8;56=8<8 7=0G5==O<8 E0@0:B5@87CNBьAO >A>18 ?@8 @0==V9 2B@0BV 

6C20;ь=>W 3@C?8 7C1V2, B>1B>, =01CBBO< :V=F528E 45D5:BV2 7C1=>3> @O4C, I> 

?@872>48Bь 4> 7=865==O 45=A8B><5B@8G=8E ?0@0<5B@V2 :VAB:>2>W B:0=8=8 

:>@B8:0;ь=>3> H0@C 28@>AB:>28E 2V4@>AB:V2 =0 ?@02V9 AB>@>=V B0 7@>AB0==O WE 

=0 ;V2V9 AB>@>=V !). &0:0 6 B5=45=FVO 7 ?><V@=>N 2V4<V==VABN 715@V30єBьAO V 

C 2V=F528E 2V4@>AB:0E !).   

%>G V 28A>:0 <V=5@0;ь=0 =0A8G5=VABь :VAB:>2>W B:0=8=8 I5;5?, ?@>B5,  

2>=0 =5 <>65 CB@8<C20B8 :>=B@>;ь =04 10;0=A>< <V=5@0;V70FVW B:0=8= 7C1V2 B0 

28:>=C20B8 @5?0@0B82=C WE DC=:FVN. �>4=>G0A, 2G0A=5 :;V=VG=5 2V4=>2;5==O 

;8H5 0=0B><VG=>W D>@<8 7C1V2, =5 70;8H0є =04V9=>3> ?@>3=>7C I>4> 

?@8?8=5==O >4>=B>;>3VG=>W OB@>35==>ABV =0 :VAB:>2C B:0=8=C 28@>AB:>2>3> B0 

2V=F52>3> 2V4@>AB:V2 !). &><C, @>7’є4=0==O :>=B0:B=>3> G8 >:;N7V9=>3> 

?C=:BC, ?@872>48Bь 4> 7<V=8 25:B>@=>3> @>7?>4V;C ;>:0;V70FVW B8A:C, C B><C 

G8A;V, =0 :204@0=B8 2V4@>AB:V2 !) B0 @>728B:C %!)$. $>7C<VNG8, I> 

:VAB:>20 B:0=8=0 2A5 6 B0:8 є 45?>=CNG>N A8AB5<>N <V:@>- B0 

<0:@>5;5<5=BV2, O:0 70157?5GCє :><?5=A0FV9=C ?>B@51C >@30=V7<C, =0<8, 

4;O =0;56=>3> >1ґ@C=BC20==O, 4>A;V465=> «AB0;C» <>@D>;>3VG=C 

AB@C:BC@C – :CB !), O:89 <0є =0928IC IV;ь=VABь V A:;040є 2313 ± 806,2 

'"% V7 ?@02>W AB>@>=8 B0 2227 ± 667,4 '"% – V7 ;V2>W AB>@>=8 !).  

'?5@H5 2AB0=>2;5=>, I> 70:>=><V@=VABь ?5@51C4>28 IV;ь=>ABV 

:>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 :CB0 !), O: >A=>2=>3> 

<>@D>;>3VG=>3> 10@’є@C (<5<1@0=8), є A8=E@>==>N 7V 7<V=>N IV;ь=>ABV 

2V4@>AB:V2 !). � >AV1, V7 >1<565=8<8 45D5:B0<8 7C1=>3> @O4C, ?@>?>@FV9=> 

7@>AB0NBь 45=A8B><5B@8G=V ?0@0<5B@8 B0 ACBBє2> 7=86CNBьAO – ?@8 :V=F528E 

45D5:B0E 7C1=8E @O4V2 V7 ?@02>W B0 ;V2>W AB>@V=, I> >1ґ@C=B>2CєBьAO 

?>@CH5==O< @>7?>4V;C >:;N7V9=>3> B8A:C, C ?5@HC G5@3C, B0 2B@0B>N 
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>:;N7V9=>3> A?V22V4=>H5==O 7C1=8E @O4V2. �?;82 A8=5@3VG=>3> @>7;04C 

@>1>B8 6C20;ь=8E <’O7V2, ?@872>48Bь 4> =01CBBO =>2>W B@0є:B>@VW 

040?B0FV9=8E @CEV2 V ?>;>65==O AC3;>1>28E 3>;>2>: 2V4@>AB:V2 !).  

' A2>N G5@3C, 40=89 ?0B>;>3VG=89 ;0=FN3 ?>=>2;NєBьAO 5B0?=8<8 

5BV>;>3VG=8<8 G8==8:0<8 B0 ?@>F5A0<8 AB@C:BC@=>W ?5@51C4>28, CB2>@NNG8 

=>2C <>@D>;>3VG=C D>@<C O: 2V=F528E 2V4@>AB:V2, B0: V :CB0 !).  

!0HV @57C;ьB0B8 ?V4B25@46CNBьAO >B@8<0=8<8 7=0G5==O<8 2313 ± 806,2 

'"% – 3@C?0 :>=B@>;N B0 ACBBє28< 7=865==O< (↓) 4> 2107 ± 440,9 '"% – C 

3@C?V 7 :V=F528<8 45D5:B0<8 7C1=8E @O4V2 =0 ?@02V9 AB>@>=V, 0 B0:>6 (↓) 7 

2227 ± 667,4 '"% 4> 2151 ± 319,1 '"%, I> 2:07Cє =0 0:B82=VABь ?5@51V3C 

@5<>45;NNG8E ?@>F5AV2 :VAB:>2>W B:0=8=8. 

�@C389 2V:>289 ?5@V>4 7@V;>3> 2V:C ;N48=8 E0@0:B5@87CєBьAO 7=865==O< 

45=A8B><5B@8G=8E 7=0G5=ь C >AV1 V7 >1<565=8<8 45D5:B0<8 7C1=8E @O4V2 B0 WE 

?V428I5==O 2 >AV1 V7 :V=F528<8 45D5:B0<8 7C1=8E @O4V2, O: =0A;V4>: 

?@>3@5AC20==O «0B@>DVW 2V4 1574VO;ь=>ABV». �B@0B0 7C10, O: >@30=C, 

?@872>48Bь 4> ?5@51C4>28 :0=0;ь=>-B@015:C;O@=>W A8AB5<8 2=CB@VH=ь>3> 

(B@015:C;O@=>3>) H0@C :VAB:>2>W B:0=8=8 ?@8 :V=F528E 45D5:B0E 7C1=8E 

@O4V2 C >AV1 2-3> ?5@V>4C 7@V;>3> 2V:C ;N48=8, 7=86Cє =5 ;8H5 

<>@D><5B@8G=V 7=0G5==O I5;5?8, 0 9 CA:;04=Nє ?>40;ьHC A8AB5<=C 

@501V;VB0FVN B0:8E ?0FVє=BV2. �465, :>@B8:0;ь=V H0@8 3>;>2>: 28@>AB:>2>3> 

B0 2V=F52>3> 2V4@>AB:V2 !) <>6CBь 7<V=N20B8 A2>N D>@<C, O: =0A;V4>: 

AB2>@5=8E 040?B0FV9=8E C<>2 B0 @>72820B8 :><?5=A0FV9=V <>@D>;>3VG=V 

CB2>@5==O (2:;NG5==O) B0:V, O: 5:7>AB>78 B0 5=>AB>78, I> 70157?5GC20;8 1 WE 

DC=:FV>=0;ь=C 4VO;ь=VABь. #@>B5, G8< B@820;VH0 4VO DC=:FV>=0;ь=8E @>7;04V2, 

B8< 1V;ьH 28@065=V 7<V=8 2 3VAB>;>3VG=><C 0A?5:BV 2V4@>AB:V2 !) C FV;><C.  

&0:0 20@V015;ь=VABь ?V4B25@46CєBьAO ?V4 G0A 45=A8B><5B@8G=>3> 4>A;V465==O 

28@>AB:>2>3> 2V4@>AB:0 !), I> A:;040є 1032 ± 271,3 '"% ?@8 >1<565=8E 

45D5:B0E ("�) 7C1=8E @O4V2 B0 <0є 7@>AB0NGC (↑) B5=45=FVN ?@8 :V=F528E 

45D5:B0E (��) 4> 1184,1 ± 330,2 '"% O: =0 ?@02V9 AB>@>=V !), B0: V =0 ;V2V9 – 
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7 926,4 ± 179,5 '"% (↑) 4> 1064 ± 153,7 '"%. 

�A8=E@>==V 7=0G5==O IV;ь=>ABV :VAB:>2>W B:0=8=8 :>@B8:0;ь=>3> H0@C 

2V=F52>3> 2V4@>AB:0 ?@02>W AB>@>=8 ?@8 "� = 1749 ± 224,8 '"% B0 WE=є 

7=865==O (↓) 4> 1656 ± 282,6 '"% ?@8 ��, 2:07CNBь =0 ?5@52060==O 

>4=>AB>@>==ь>3>, =0 =0HC 4C<:C, ?@>B8;56=>3> =01CB>3> 45D5:BC 7C1=>3> 

@O4C, I> 70;8H0єBьAO ?>40;ьH8< ?@54<5B>< 4;O =0C:>28E 48A:CAV9. '<>2=0 

70:>=><V@=VABь 715@V30єBьAO =0 ;V2V9 AB>@>=V ?@8 "� = 1570 ± 407,7 '"% B0 

7=0G=> (↑) 4> 1795 ± 291,9 '"% ?@8 �� 7C1=8E @O4V2. 

)V;ь=VABь :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 4>A;V46C20=>3> 

:204@0=B0 :CB0 !) є 7=0G=> =86G>N C 2-<C ?5@V>4V 7@V;>3> 2V:C ;N48=8 V 

AB0=>28Bь 1926 ± 230,8 '"% ?@>B8 2490 ± 615,8 '"% C 1-<C ?5@V>4V 7@V;>3> 

2V:C 7 ?@02>W AB>@>=8, ?@8 "� 7C1=8E @O4V2 B0 1873 ± 252,0 '"% ?@>B8 2348 ± 

523,6 '"% 7 ;V2>W AB>@>=8. #>ABV9=89 0:B82=89 ?5@51V3 7C<>2;5=8E 

@5<>45;NNG8E ?@>F5AV2, G8 =>@<0;ь=8E <5B01>;VG=8E ?5@5B2>@5=ь, 

?V4B25@46CєBьAO C ?@>2545=V9 =0<8 45=A8B><5B@8G=V9 >FV=FV >B@8<0=8E 7=0G5=ь 

C >AV1 V7 �� 7C1=8E @O4V2, O:V A:;0;8 2107 ± 440,9 '"% C >AV1 1-3> ?5@V>4C 

7@V;>3> 2V:C ;N48=8 7V 7=865==O< WE 4> 2028 ± 349,0 '"% C ?0FVє=BV2 2-3> 

?5@V>4C 7@V;>3> 2V:C =0 ?@02V9 AB>@>=V B0 7 2151 ± 319,1 '"% (↓) 4> 2133 ± 

334,3 '"% =0 ;V2V9 AB>@>=V !). 

'7030;ь=82H8 @57C;ьB0B8 IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W 

B:0=8=8 !) 4>A;V46C20=8E 3@C?, <0є<> CA5@54=5=V 7=0G5==O, O:V AB0NBь 

:@8B5@Vє< C 48D5@5=FV9=V9 4V03=>AB8FV B0 ?@8 281>@V <5B>4V2 @501V;VB0FVW 

?0FVє=BV2 V @>7@>1:8 ?@>DV;0:B8G=8E 70E>4V2 I>4> 70?>1V30==O @>728B:C 

?0B>;>3VG=8E ?@>F5AV2. 

'?5@H5 2AB0=>2;5=>, I> 4>A;V46C20=89 :204@0=B 3>;>2:8 28@>AB:>2>3> 

2V4@>AB:0 !), O:89 є ?@V>@8B5B=8< >1’є:B><, I> ?5@H>G5@3>2> ?V440єBьAO 

2?;82C 5BV>?0B>35=5B8G=8E G8==8:V2, A:;040є =0 ?@02V9 AB>@>=V C >AV1 1-3> 

?5@V>4C 7@V;>3> 2V:C   = 1165 '"%, 45 σ = ± 318,2 B0   = 1074 '"%, 45 σ = 

± 280,9 =0 ;V2V9 AB>@>=V. ' ?0FVє=BV2 2-3> ?5@V>4C 7@V;>3> 2V:C   = 1123 '"%, 
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45 σ = ± 270,9 7 ?@02>W AB>@>=8 B0   = 995,0 '"% 45 σ ± 201,8 – 7 ;V2>W 

AB>@>=8, 70 C<>2 2B@0B8 >:@5<8E G8 6C20;ь=>W 3@C?8 7C1V2. 

#@>2545=89 45B0;V7>20=89 0=0;V7 IV;ь=>ABV :VAB:>2>W B:0=8=8 :>@B8:0;ь=8E 

H0@V2, O: ?@54<5B 4>A;V465==O, 2V4@V7=OєBьAO A2>єN =0C:>2>N =>287=>N B0 9 

25:B>@>< ACG0A=8E 4>A;V465=ь A:@>=52>-=86=ь>I5;5?=>3> :><?;5:AC 2V4 

=0O2=8E 4>A;V4=8Fь:8E @>1VB [187–189]. 

З0AB>AC20==O <0;>V=20782=8E @5=B35=>;>3VG=8E <5B>4V2 �& 4;O 

4>A;V465==O I5;5?=>-;8F528E, G5@5?=>-<>7:>28E 4V;O=>:, 4>72>;Oє H284:> 

V=B5@?@5BC20B8 @57C;ьB0B8 70 4>?><>3>N >=>2;5=8E, >?FV9=> 71030G5=8E 

?@>3@0<=8E 70157?5G5=ь, I> =5 ?>ABC?0NBьAO ACG0A=8< 0;ьB5@=0B820< [190], 0;5 

B0:>6 ?>B@51CNBь ?@>2545==O :V;ь:VA=>W <>@D>;>3VG=>W >FV=:8 [191]. 

' =0C:>28E 465@5;0E =02545=> 02B>@0<8 >1ґ@C=B>20=0 B0 =0?>2=5=0 

<>@D><5B@8G=>N 45B0;V70FVєN V=D>@<0FVO, O:0 <0;0 70 <5BC 4>A;V465==O 

@>7<V@V2, D>@<8 B0 :CBV2 AC3;>1>2>W ?>25@E=V 2V4@>AB:V2 !), I> 

45<>=AB@CNBь WE V4V>?0B8G=C @57>@1FVN (ICR) 7 @V7=8< ABC?5=5< 2B@0B8 

:VAB:>2>W B:0=8=8 B0 ?>40==O 4>40B:>2>W V=D>@<0FVW 4;O ?>:@0I5==O 

4V03=>AB8:8 ICR [192], ?@>B5, 45=A8B><5B@8G=89 0=0;V7, O:89 =0402 18 

>1’є:B82=C >FV=:C – =5 ?@>2>482AO. !02VBь A8AB5<=V <5B0-0=0;V78 Y.D. Ji, 

C.M. Resnick, Z.S. Peacock [193] 2:07CNBь =0 45DVF8B =0O2=8E 4>A;V4=8Fь:8E 

@>1VB, O:V 1 287=0G0;8 IV;ь=VABь :VAB:>2>W B:0=8=8 :>@B8:0;ь=>3> H0@C 

2V4@>AB:V2 !) 70;56=> 2V4 2B@0B8 6C20;ь=>W 3@C?8 7C1V2. 

' ?V4AC<:C, ?@>2545=5 4>A;V465==O I>4> ?>@V2=O;ь=>3> 0=0;V7C 

IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 28@>AB:>28E V 2V=F528E 

2V4@>AB:V2 !) B0 :CB0 !) ?@8 =01CB8E >1<565=8E B0 :V=F528E 45D5:B0E 

7C1=>3> @O4C 2 >AV1 G>;>2VG>W B0 6V=>G>W AB0BV, O:V �&->1AB565=V C 2V:>28E 

:0B53>@VOE 1-3> V 2-3> ?5@V>4V2 7@V;>3> 2V:C ;N48=8 4>72>;Oє 4V9B8 =0ABC?=8E 

28A=>2:V2: 1) ?@8 >1<565=8E 45D5:B0E 7C1=>3> @O4C IV;ь=VABь :VAB:>2>W 

B:0=8=8, O:0 D>@<Cє F5=B@0;ь=C, 7H820NGC :>@B8:0;ь=C ?;0AB8=C 3>;>2>: 

28@>AB:>2>3> B0 2V=F52>3> 2V4@>AB:V2 !), C 1-<C ?5@V>4V 7@V;>3> 2V:C 
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;N48=8, 7@>AB0є =0 ?@02V9 B0 7=86CєBьAO =0 ;V2V9 AB>@>=0E. #@8 :V=F528E 

45D5:B0E 7C1=8E @O4V2 7=86CNBьAO 45=A8B><5B@8G=V ?0@0<5B@8 :VAB:>2>W 

B:0=8=8 :>@B8:0;ь=>3> H0@C =0 ?@02V9 AB>@>=V B0 7@>AB0NBь =0 ;V2V9 AB>@>=V 

!); 2) C 2-<C ?5@V>4V 7@V;>3> 2V:C ;N48=8 IV;ь=VABь :VAB:>2>W B:0=8=8 

:>@B8:0;ь=>3> H0@C 28@>AB:>28E 2V4@>AB:V2 <0є 7@>AB0NGC (↑) B5=45=FVN ?@8 

:V=F528E 45D5:B0E 7C1=8E @O4V2 4> 1184,1 ± 330,2 '"% O: =0 ?@02V9 AB>@>=V 

!), B0: V =0 ;V2V9 – 7 926,4 ± 179,5 '"% (↑) 4> 1064 ± 153,7 '"%. 

�A8=E@>==VABN 7=0G5=ь IV;ь=>ABV :VAB:>2>W B:0=8=8 :>@B8:0;ь=>3> H0@C 

E0@0:B5@87CNBьAO 2V=F52V 2V4@>AB:8 !); 3) 70:>=><V@=VABь ?5@51C4>28 

IV;ь=>ABV :>@B8:0;ь=>3> H0@C :VAB:>2>W B:0=8=8 :CB0 !), O: >A=>2=>3> 

<>@D>;>3VG=>3> 10@’є@C (<5<1@0=8), є A8=E@>==>N 7V 7<V=>N IV;ь=>ABV 

2V4@>AB:V2 !). !0 =0H ?>3;O4, ?5@A?5:B82=8< 4;O ?>40;ьH8E =0C:>28E 

4>A;V465=ь є 282G5==O <5E0=V7<V2 ?0B>;>3VG=>3> G8 040?B0FV9=>3> 2?;82C =0 

AC3;>1>2V 48A:8 %!)%, ?@8 2B@0BV >:@5<8E G8 6C20;ь=>W 3@C?8 7C1V2, C 1-<C B0 

2-<C ?5@V>40E 7@V;>3> 2V:C ;N48=8.  

 

&0:8< G8=><, 7VAB0282H8 >B@8<0=V C 4>A;V465==V @57C;ьB0B8 7 

>?C1;V:>20=8<8 40=8<8 =0C:>2>W ;VB5@0BC@8 B0 C7030;ь=NNG8 :@8B8G=89 

@>73;O4 <0B5@V0;V2 ?@>2545=>3> =0C:>2>3> 4>A;V465==O, A;V4 ?V4:@5A;8B8, I> 

?>HC: V @>7@>1:0 V=482V4C0;ь=8E V==>20FV9=8E B0 <5B>4>;>3VG=8E AB0=40@BV2 

7 <>6;82VABN 28:>@8AB0==O A5@B8DV:>20=>3> �&-0?0@0B=>3> ?@>3@0<=>3> 

70157?5G5==O, @>7@>1:0 7030;ь=8E ?@8=F8?V2 287=0G5==O 4V;O=>: ?@>2545==O 

�&-70<V@V2 V7 707=0G5==O< 2V4?>2V4=8E :204@0=BV2 7=OBBO :V;ь:VA=>-O:VA=8E 

?>:07=8:V2 A?@8O;8 4>AO3=5==N <5B8 B0 28:>=0==N ?>AB02;5=8E 70240=ь 

4>A;V465==O 28@>AB:>28E V 2V=F528E 2V4@>AB:V2 !) G>;>2V:V2 V 6V=>: 7@V;>3> 

2V:C, AB2>@8;8 >1’є:B82=V C<>28 4;O 2V4B2>@N20=>ABV, 70 ?>B@518, @57C;ьB0BV2 

?@>2545=8E =0<8 4>A;V465=ь. "B@8<0=V =0<8 @57C;ьB0B8, ?@>?>=Cє<> 

?@89<0B8 70 107>2C >A=>2C <>@D><5B@8G=8E 7=0G5=ь B0 IV;ь=VABь – :V;ь:VA=>-

O:VA=8<8 E0@0:B5@8AB8:0<8 :VAB:>2>W B:0=8=8 2V4@>AB:V2 !) B0:, O: 4>ABC?=V 



184 

=0< 465@5;0 =5 @>7:@820NBь 0=0;>3VG=8E 4>A;V465=ь, I> C=5<>6;82;Nє WE 

?>@V2=O==O. 

!0<8 ?>40=89 45B0;V7>20=89 <>@D><5B@8G=89 0=0;V7 B0 4>A;V465=> 

IV;ь=VABь :VAB:>2>W B:0=8=8 =091V;ьH C@07;828E 7>= 2V4@>AB:V2 !) (G>;>2V:V2 

V 6V=>:) C 42>E ?5@V>40E 7@V;>3> 2V:C ;N48=8, ?@8 2B@0BV 6C20;ь=>W 3@C?8 7C1V2, 

O:89 AB0=5 >A=>2>N 4;O ?>40;ьH8E =0C:>28E 48A:CAV9 B0 :;V=VG=>W 

48D5@5=FV0FVW I>4> 281>@C =0;56=8E <0;>V=20782=8E <5B>4V2 @501V;VB0FVW 

AB><0B>;>3VG=8E ?0FVє=BV2.
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ВИС��ВКИ 

 

' 8<E9DF4JVW A46989AB F9BD9F<KA9 G;474?ьA9AAO V AB69 6<DVL9AAO 

4>FG4?ьAB7B A4G>B6B7B ;4684AAO MB8B >B@C?9>EAB7B 6<6K9AAO BEB5?<6BEF9= 

@BDHB?B7VW 6V>B6BW ;4?9:ABEFV >BDF<>4?ьA<I F4 FD459>G?ODA<I L4DV6 >VEF>B6BW 

F>4A<A< 6V8DBEF>V6 A<:AьBW M9?9C< ; GD4IG64AAO@ WI 4A4FB@VKABW @VA?<6BEFV 

CD< 6FD4FV :G64?ьA<I ;G5V6 BEB54@< KB?B6VKBW F4 :VABKBW EF4FV G ;DV?B@G 6VJV.  

1. %CV6EF46?9AAO D9;G?ьF4FV6 EF4?BW MV?ьABEFV >VEF>B6BW F>4A<A< 

6<DBEF>B6<I F4 6VAJ96<I 6V8DBEF>V6 V; 8BE?V8:G64A<@ >648D4AFB@ (7\>) 

>BDF<>4?ьAB7B L4DG >GF4 A<:AьBW M9?9C<, O> 4A4FB@B-HV;VB?B7VKA4 ABD@4 

(7DGC4 >BAFDB?N), G 1-@G C9DVB8V ;DV?B7B 6V>G ?N8<A< CV8F69D8:GєFьEO 

G@B6ABN ;4>BAB@VDAVEFN ;DBEF4AAO-;A<:9AAO, 4 G 2-@G C9DVB8V ;DV?B7B 6V>G 

?N8<A<, A46C4><, ;A<:9AAO-;DBEF4AAO MV?ьABEFV A4 ?V6V= F4 CD46V= EFBDBA4I 

A<:AьBW M9?9C< 59; 6<O6?9AAO BEB5?<6BEF9=/6V8@VAABEF9= ;4 EF4F96BN B;A4>BN.  

2. ВFD4F4 :G64?ьA<I ;G5V6 A4 A<:AVI M9?9C4I BEB54@< B5BI EF4F9= G 1-@G 

V 2-@G C9DVB84I ;DV?B7B 6V>G CBEFA4F4?ьAB7B BAFB79A9;G ?N8<A<, ;G@B6?NNK< 

C4FB?B7VN B5@9:9A<I (6>?NK9A<I) 89H9>FV6 ;G5AB7B DO8G, CD<;6B8<Fь 8B 

4FDBHVW, G C9DLG K9D7G, FD459>G?ODAB7B L4DG >VEF>B6BW F>4A<A< 6<DBEF>B6<I 

6V8DBEF>V6 A<:AьBW M9?9C< G 1-@G C9DVB8V ;DV?B7B 6V>G ?N8<A< F4 ;DBEF4AAO 

=B7B MV?ьABEFV G 2-@G C9DVB8V ;DV?B7B 6V>G CD< >VAJ96<I 89H9>F4I ;G5AB7B DO8G. 

%G>GCAB J9 A484є DB;G@VAAO B5’є>F<6ABEFV C9D95G8B6< >VEF>B6BW F>4A<A< A<:AьBW 

M9?9C< ;4?9:AB 6V8 6FD4F< ;G5V6, O> 69>FBDAB7B 9FVBC4FB79A9F<KAB7B K<AA<>4.   

3. Д9AE<FB@9FD<KA4 @VA?<6VEFь >VEF>B6BW F>4A<A< 6VAJ96<I 6V8DBEF>V6 

A<:AьBW M9?9C< ?N8<A< A9@4є EFV=>BW 8<A4@V>< G EFBDBAG ;DBEF4AAO K< 

;A<:9AAO 4AV 6 B>D9@<I 7DGC4I V 6V>B6<I C9DVB84I, K< A46C4><, G CBDV6AOAAV 

@V: 8BE?V8:G64A<@< 7DGC4@< 6 B5BI 6V>B6<I C9DVB84I.  

4. З@VA4 MV?ьABEFV >VEF>B6BW F>4A<A< 6<DBEF>B6<I F4 6VAJ96<I 6V8DBEF>V6 

A<:AьBW M9?9C< ;4?9:<Fь A9 ?<L9 6V8 6FD4F< :G64?ьABW 7DGC< ;G5V6, 4 = 6V8 

4FDBHVW >VEF>B6BW F>4A<A< M9?9C<, ;@VA HGA>JVBA4?ьAB7B EF4AG 8VW :G64?ьA<I 
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@’O;V6 K< A45GFFO 484CF<6ABW @BDHB?B7VKABW HBD@< ; A4O6AVEFN 6<7<AV6 F4 

9>;BEFB;A<I DB;DBEF4Aь. �G?ьF<H4>FBDA4 C4FB9FVB?B7VKA4 ;4?9:AVEFь A9 A484є 

@B:?<6BEFV 6EF4AB6<F< 8BEFB6VDAVEFь 6V8@VAABEF9= @V: 7DGC4@< CBDV6AOAAO 

D1, D2, D3 V; EF4?<@ 6<D4;B@ D ˂ 0,5 K9D9; F9, MB ;@VA4 MV?ьABEFV >VEF>B6BW 

F>4A<A< ;4?9:<Fь M9 = 6V8 EB@4F<KAB7B EF4AG BD74AV;@G, =B7B >BH9D@9AFABW 

ECDB@B:ABEFV, 7BD@BA4?ьAB7B D97G?N64AAO = K4EG CDBO6G 9FVB?B7VKA<I H4>FBDV6. 

5. ' 7DGCV ECV6EF46?9AAO, A4=5V?ьL EF4?<I @BDHB?B7VKA<I EFDG>FGD – 

>GF4 A<:AьBW M9?9C< V; ?V6BW F4 CD46BW EFBDVA, 89AE<FB@9FD<KA4 BJVA>4  

CV8>D9E?Nє 8<A4@V>G ;@VA< MV?ьABEFV ('�%) >VEF>B6BW F>4A<A< ;4?9:AB 6V8 

A4O6A<I B5@9:9A<I (6>?NK9A<I) K< >VAJ96<I 89H9>FV6 ;G5AB7B DO8G. �D< 

B5@9:9A<I 89H9>F4I ;G5AB7B DO8G 6 1-@G C9DVB8V ;DV?B7B 6V>G A4 CD46V= EFBDBAV 

MV?ьAVEFь >VEF>B6BW F>4A<A< EF4AB6<Fь  2490 ± 615,8 '�% F4 EFDV@>B 

;A<:GєFьEO 8B 2108 ± 440,9 '�% CD< >VAJ96<I 89H9>F4I ;G5AB7B DO8G. &4>4 : 

8<A4@V>4 I4D4>F9D<;Gє MV?ьAVEFь >VEF>B6BW F>4A<A< >GF4 M9?9C< V; ?V6BW 

EFBDBA< V EF4AB6<Fь G ?N89= ; B5@9:9A<@< 89H9>F4@< ;G5AB7B DO8G 2348 ± 523,6 

'�%, ;A<:GNK<Eь 8B  2152 ± 319,2 '�% CD< A45GF<I >VAJ96<I 89H9>F4I 

;G5AB7B DO8G. ВB8ABK4E, 89AE<FB@9FD<KA<= 4A4?V; CD98EF46?Oє ;6BDBFAG 

8<A4@V>G MV?ьABEFV >VEF>B6BW F>4A<A< G 2-@G C9DVB8V ;DV?B7B 6V>G, ;DBEF4NK< ; 

1926 ± 230,9 '�% CD< B5@9:9A<I 89H9>F4I ;G5AB7B DO8G 8B 2028±349,0 '�% 

CD< >VAJ96<I 89H9>F4I ;G5AB7B DO8G A4 CD46V= EFBDBAV F4 ; 1873 ± 251,9 '�% 

CD< B5@9:9A<I 89H9>F4I ;G5AB7B DO8G 8B 2133 ± 334,3 '�% CD< >VAJ96<I 

89H9>F4I ;G5AB7B DO8G A4 ?V6V= EFBDBAV >GF4 M9?9C<.  

6. �BDHB@9FD<KAV ;A4K9AAO A4=5V?ьL 6D4;?<6<I 8V?OAB> L<=>< F4 BEAB6< 

(�-ЗL\>, �-ЗB\>) 6<DBEF>B6<I 6V8DBEF>V6 CD< B5@9:9A<I (6>?NK9A<I) 89H9>F4I 

;G5A<I DO8V6,  6>4;GNFь A4 C9D95G8B6G WI >VEF>B6BW F>4A<A<, ;B>D9@4, G 1-@G C9DVB8V 

;DV?B7B 6V>G ?N8<A< I4D4>F9D<;GNFьEO ;A<:9AAO@ V; ;A4KA<@ C9D964:4AAO@ ;?V64.  

7. �4=5V?ьL GD4;?<6<@ @BDHB?B7VKA<@ HD47@9AFB@ 6VAJ96<I 6V8DBEF>V6 

є CD<L<=>B64 8V?OA>4, O>4 CV884єFьEO A4=5V?ьLV= @BDHB@9FD<KAV= @VA?<6BEFV 

>VEF>B6BW F>4A<A< V; CD46BW EFBDBA< 6 CBDV6AOAAV @V: 1-<@ F4 2-<@ C9DVB84@< 
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;DV?B7B 6V>G, CD< B5@9:9A<I (6>?NK9A<I) 89H9>F4I ;G5AB7B DO8G, G EFBDBAG WI 

;A<:9AAO ; 11,8±1,487 @@ 8B 6,309±1,240 @@. �B@VDA4 F9A89AJVO MB8B 

;A<:9AAO @BDHB@9FD<KA<I ;A4K9Aь >VEF>B6BW F>4A<A< ECBEF9DV74єFьEO A4 ?V6V= 

EFBDBAV ; 6,792 ± 1,011 @@ 8B 6,709 ± 1,409 @@. �D< >VAJ96<I 89H9>F4I ;G5AB7B 

DO8G ;A<:GNFьEO @BDHB@9FD<KAV ;A4K9AAO 6VAJ96<I 6V8DBEF>V6 O> A4 CD46V= 

EFBDBAV – ; 7,288 ± 1,690 @@ 8B 7,008 ± 1,148 @@, F4> V A4 ?V6V= EFBDBAV – ; 7,488 

± 1,137 @@ 8B 6,427 ± 0,760 @@ G CBDV6AOAAV @V: 1-<@ F4 2-<@ C9DVB84@< ;DV?B7B 

6V>G ?N8<A<.  

�BDHB@9FD<KAV ;A4K9AAO G 8V?OAJV BEAB6< 6VAJ96<I 6V8DBEF>V6 A<:AьBW 

M9?9C<  ;DBEF4NFь CD< A45GF<I >VAJ96<I 89H9>F4I ;G5AB7B DO8G, V; A9;A4KA<@ 

CDBF<?9:A<@ 6V8I<?9AAO@ G 1-@G C9DVB8V ;DV?B7B 6V>G V; CD46BW EFBDBA<. &4><= 

C4FB?B7VKA<= @9I4AV;@ ;@GLGє 6VAJ96V 6V8DBEF>< BFD<@G64F< A9;54?4AEB64A9 

B>?N;V=A9 A464AF4:9AAO F4 CV88464F<EO @BDHB?B7VKAV= C9D95G8B6V ;4 

69>FBDB@ 8VW :G64?ьA<I @’O;V6.  

8. ЩV?ьAVEFь >BDF<>4?ьAB7B L4DG >VEF>B6BW F>4A<A< >GF4 A<:AьBW 

M9?9C<, O>G CD<=AOFB 664:4F< G@B6AB «EF4?BN», CV884єFьEO 89AE<FB@9FD<KAV= 

64DV4JVW ;4?9:AB 6V8 K4EG, E<?< 8VW F4 CBL<D9AAO C4FB9FVB?B7VKA<I K<AA<>V6, є 

E<AIDBAABN ;V ;@VABN MV?ьABEFV 6V8DBEF>V6 M9?9C<. �D< B5@9:9A<I 89H9>F4I 

;G5AB7B DO8G MV?ьAVEFь >VEF>B6BW F>4A<A<, O>4 HBD@Gє J9AFD4?ьAG, ;L<64NKG 

>BDF<>4?ьAG C?4EF<AG 7B?V6B> 6V8DBEF>V6 A<:AьBW M9?9C<, G 1-@G C9DVB8V 

;DV?B7B 6V>G ?N8<A<, ;DBEF4є ECD464 F4 ;A<:GєFьEO ;?V64. �D< >VAJ96<I 

89H9>F4I ;G5A<I DO8V6 89AE<FB@9FD<KAV C4D4@9FD< >VEF>B6BW F>4A<A< 

>BDF<>4?ьAB7B L4DG ;A<:GNFьEO A4 CD46V= EFBDBAV F4 ;DBEF4NFь A4 ?V6V= 

EFBDBAV A<:AьBW M9?9C<. ' 2-@G C9DVB8V ;DV?B7B 6V>G ?N8<A< MV?ьAVEFь 

>VEF>B6BW F>4A<A< >BDF<>4?ьAB7B L4DG 6<DBEF>B6<I 6V8DBEF>V6 @4є ;DBEF4NKG 

(↑) F9A89AJVN CD< >VAJ96<I 89H9>F4I ;G5A<I DO8V6 8B 1184,1 ± 330,2 '�% O> 

A4 CD46V= EFBDBAV �Щ, F4> V A4 ?V6V= – ; 926,4 ± 179,5 '�% (↑) 8B 1064 ± 153,7 

'�%. ВVAJ96V 6V8DBEF>< A<:AьBW M9?9C< I4D4>F9D<;GNFьEO 4E<AIDBAAVEFN 

;A4K9Aь MV?ьABEFV >VEF>B6BW F>4A<A< >BDF<>4?ьAB7B L4DG. 
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9. �5@9:9A4 6FD4F4 :G64?ьA<I ;G5V6 ;G@B6?Nє ;@VAG 6<EBF< CD<>GEG, 

;@GLGє L6<8>B 484CFG64F<EO 8B AB6<I G@B6 ;A<:9AAO F<E>G A4 EG7?B5<, 

6<>?<>4NK< 6;4є@BCB6’O;4A<= CDBJ9E 4FDBHVW >VEF>B6BW F>4A<A< O> >B@VD>B6BW 

K4EF<A<, F4> V FD459>G?ODAB7B L4DG 6<DBEF>B6<I 6V8DBEF>V6 A<:AьBW M9?9C<. 

�D< >VAJ96<I 89H9>F4I ;G5A<I DO8V6 A<:AьBW M9?9C< :G64?ьA<= F<E> 

GF6BDNєFьEO E9D98<AAB, 6<EG64NK< M9?9C< 8BC9D98G, 8?O CB8DV5A9AAO W:V. 

&4><= DB;CB8V? F<E>G A4 6<DBEF>B6V 6V8DBEF>< ;G@B6?Nє ;@VAG >GF4 A<:AьBW 

M9?9C<, O> >B@C9AE4JV=A<= EGCDBF<6 C4FB@BDHB?B7VKA<@ CDBJ9E4@ V; 

;A4KA<@ ;5V?ьL9AAO@ WI @BDHB@9FD<KA<I ;A4K9Aь G �-ЗL\>, �-ЗB\> 

8BE?V8:G64A<I >648D4AF4I. 

 ЗV ;@VABN 69>FBDG @’O;B6BW E<?<, 6V85G64єFьEO @BDHB?B7VKA4 C9D95G8B64 

6<EBF< 6<DBEF>B6<I 6V8DBEF>V6 A<:AьBW M9?9C<, 4 E4@9 – 6V8EF4AV 6V8 WI BEAB6< 

8B L<=><, V; ;@9AL9AAO@ K9D9; 6FD4FG B>?N;V=A<I ECV66V8ABL9Aь. �45GFFO 

;G@B6?9A<I @BDHB@9FD<KA<I I4D4>F9D<EF<>, ;@VANNFь E>9?9FBCVKA<= 

B>?N;V=A<= >GF 6<DBEF>B6<I 6V8DBEF>V6 A<:AьBW M9?9C< V; @B:?<6<@ 

DB;@4IB@ 6V8 15⁰ 8B 53⁰ - 55⁰. 

   

 



189 

 

$��" �!�А&�� Щ"�" !А'�"�"-#$А�&�'!"�" 

���"$�%&А!!Я "��$�А!�% $��'�Ь&А&�� 

 

1. # >?VAVKAV= EFB@4FB?B7VW D9;G?ьF4F< 8BE?V8:9AAO 6V>B6BW BJVA>< 

8<A4@V>< @BDHB?B7VKABW C9D95G8B6< >VEF>B6BW F>4A<A< 6V8DBEF>V6 �Щ G 1-@G 

V 2-@G C9DVB84I ;DV?B7B 6V>G ?N8<A< ;4?9:AB 6V8 6FD4F< :G64?ьABW 7DGC< ;G5V6 
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2?@>20465==O V==>20FV9=8E B5E=>;>3V9 C ?@0:B8G=C AB><0B>;>3VN» ($V2=5-
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28 B@02=O 2021 @>:C –  09AB5@-:;0A : /@5<GC: !.І. (>?V=V> ;V45@ :><?0=VW �&І, 

;V:0@ EV@C@3, AB><0B>;>3): &5E=>;>3VW "ENDORET". 

29 B@02=O 2021 @>:C – �5:FVO : /@5<GC: !.І. (>?V=V> ;V45@ :><?0=VW �&І, ;V:0@ 

EV@C@3, AB><0B>;>3) : А=0B><>-DV7V>;>3VG=V 2;0AB82>ABV V<?;0=BV2 CORE BTI 

B0 70AB>AC20==O WE 2 1>:>28E 4V;O=:0E =86=ь>W щ5;5?8 7 <5B>N <>@D>-

DV7V>;>3VG=>W AB01V;V70FVW A:@>=52>-=86=ь>щ5;5?=8E AC3;>1V2. 

3. !0C:>2>-?@0:B8G=0 :>=D5@5=FVO 4> �A5A2VB=ь>3> 4=O 0=0B><VW «�:BC0;ь=V 
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<>@D><5B@8G=>3> 4>A;V465==O :VAB:>2>W B:0=8=8 =86=ь>W щ5;5?8 ;N48=8. / 
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:>@5A?>=45=B0 !� ! ':@0W=8, 4.<54.=., ?@>D5A>@0 .. �. '09:>2Aь:>3> (�8W2 

8-9 G5@2=O 2023) – ?C1;V:0FVO B57 2 =><5@V D0E>2>3> =0C:>2>3> 6C@=0;C 7 

<0B5@V0;0<8 :>=D5@5=FVW. (':@0W=Aь:89 =0C:>2>-<548G=89 <>;>4V6=89 

6C@=0;. %?5FV0;ь=89 28?CA:. 2023; 2(138):150–151. �?C1;.: /@5<GC: �І, 

�;V9=8: І.. ВV:>20 >FV=:0 48=0<V:8 <>@D>;>3VG=>W ?5@51C4>28 :VAB:>2>W 
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