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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 
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?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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:>=B@>;ь=V9 3@C?V, 2 >A=>2=><C 70 @0EC=>: 7<5=H5==O <>2G07=>W D078 2 

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 
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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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%ь>3>4=V @5=B35=>3@0DVO, O: 4>2>;V ?@>AB89 B0 =54>@>389 <5B>4, є 
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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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2C;. '5@=V3V2Aь:0, 1C4. 18, ':@0W=0). �V41V@ <0B5@V0;C 4>A;V465==O 

74V9A=N20;8 73V4=> �>3>2>@C ?@> =0C:>2C A?V2?@0FN № 2 2V4 02 6>2B=O 2020 @. 

<V6 �C:>28=Aь:8< 45@602=8< <548G=8< C=V25@A8B5B>< (58002, <. '5@=V2FV, 
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4V03=>AB8:8» 4>1V@:C 7V 136 :><?’NB5@=>-B><>3@0DVG=8E F8D@>28E A:0=C20=ь 
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G>;>2VG>W AB0BV B0 67 45?5@A>=VDV:>20=8E B><>3@0< >AV1 6V=>G>W AB0BV.  

�>1V@ :><?’NB5@=>-B><>3@0DVG=8E F8D@>28E A:0=C20=ь ?0FVє=BV2 

2V4?>2V4=> 4> AB0BV AB0282 70 <5BC AB0B8AB8G=5 CA5@54=5==O =01@0=>3> 4;O 

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. 

�><?’NB5@=>-B><>3@0DVG=V :>=CA=>-?@><5=52V A:0=C20==O ?@>2>48;8 

70 4>?><>3>N 0?0@0BC 5:AB@0>@0;ь=>3> A:0=C20==O Vatech PaX-i3D Green CT 

(PHT-60 CFO) 7 4V0?07>=>< @>7<V@C A:0=C20==O 16 x 9 A< (I> <V=V<V7CNBь 

<>6;82>ABV ?>O28 0@B5D0:BV2, A?@8G8=5=8E @CE>< ?0FVє=B0) D>:0;ь=>W ?;O<8 

0,5 << (І�%60336) H:0;>N AV@>3> 14 �VB 7 @>7<V@>< 0,2/0,3 2>:A5;O, 
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�=0;V7 :><?’NB5@=>-B><>3@0DVG=8E F8D@>28E A:0=C20=ь ?@>2>48;8 70 
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5B0?V2 >=B>35=57C 2 ACG0A=VH8E ?5@V>4870FVOE, B> C 287=0G5==V 281>@C 
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>1ґ@C=B>20=VABN. 
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�V:>289 V :V;ь:VA=89 A:;04 >1’є:BV2 4>A;V465==O ?@54AB02;5=89 C 

B01;8FV 2.1. 

 

Т45лиця 2.1 

�V:>289 V :V;ь:VA=89 A:;04 �& >1’є:BV2 4>A;V465==O 4;O 282G5==O 

O:VA=> >4=>@V4=8E AC:C?=>AB59 – :V;ь:VA=8E ?>:07=8:V2, I> 287=0G0NBь 
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:VAB:>2>W B:0=8=8 28@>AB:>28E B0 2V=F528E 2V4@>AB:V2 =86=ь>W I5;5?8, 

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 

'>;>2V:8 �V=:8 

#5@H0 3@C?0: 
"1<565=89 45D5:B 
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1-89 ?5@V>4 
7@V;>3> 2V:C 26 15 11 

2-89 ?5@V>4 
7@V;>3> 2V:C 22 10 12 

�@C30 3@C?0: 
�V=F5289 45D5:B 
7C1=>3> @O4C 

1-89 ?5@V>4 
7@V;>3> 2V:C 16 9 7 

2-89 ?5@V>4 
7@V;>3> 2V:C 24 11 13 

&@5BO 3@C?0: 
�15@565=89 7C1=89 
@O4 – 3@C?0 
:>=B@>;N 

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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C 72’O7:C 7 B8<, I> 73V4=> ?V4?8A0=>3> �>3>2>@C ?@> =0C:>2C A?V2?@0FN V7 

&7"� «&5=B@ <548G=>W 3D 4V03=>AB8:8» (<. �ь2V2) <8 =5 BV;ь:8 >B@8<0;8 
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B5DB5>< – 4;O 2AB0=>2;5==O B>G=>ABV ?@>2545=8E 4>A;V465=ь, 287=0G5==O 

:>@5;OFV9=8E 72’O7:V2 <V6 <>@D><5B@8G=8<8 ?0@0<5B@0<8 :>@B8:0;ь=8E B0 

B@015:C;O@=8E H0@V2 :VAB:>2>W B:0=8=8 2V4@>AB:V2 B0 :CB0 !).   

2.2.1. �030;ь=V ?@8=F8?8 287=0G5==O 7>= <VAFO ?@>2545==O �&-70<V@V2. 
�70є<>?>2’O70=V <V6 A>1>N B0 70?;0=>20=V O: ІІ-9 B0 ІІІ-9 5B0?8 48709=-AE5<8 
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�&-<0B5@V0;C 70 ABC?5=5< =01CBBO ?0FVє=B0<8 45D5:BC 7C1=8E @O4V2 !) 

(ІІ-9 5B0?) B0 287=0G5==O :V;ь:VA=>-O:VA=8E ?>:07=8:V2: IV;ь=>ABV ('"%) V 

<>@D><5B@8G=8E 7=0G5=ь :VAB:>2>W B:0=8=8 2V4@>AB:V2 ?@02>W B0 ;V2>W 3V;>: 
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1C;8 @>7@>1;5=V 7030;ь=V ?@8=F8?8 287=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. 

�AV 45=A8B><5B@8G=V 287=0G5==O B0 <>@D><5B@8G=V 70<V@8 :VAB:>2>W B:0=8=8 

28@>AB:>28E B0 2V=F528E 2V4@>AB:V2 ?@02>W 9 ;V2>W 4C3 !) B0 BV;0/:CB0 !) 
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7@V7. #>OA=5==O: 1-10 – 4;O 28@>AB:>2>3> 2V4@>AB:0 !Щ (B01;. 2.2):  
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. 
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704=ь>3> :>=BC@V2 2V4@>AB:0) B0 A5@54=є 7=0G5==O IV;ь=>ABV (@8A. 2.26). 
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4>A;V465==O 70 2V:>< =0 1-89 B0 2-89 ?5@V>48 7@V;>3> 2V:C. �0;56=> 2V4 
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7C<>28;8 @>7@>1:C 48709=-AE5<8 ?@>2545==O 4>A;V465==O. �70є<>?>2’O70=V 
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!) V7 287=0G5==O< IV;ь=>ABV ('"%) :VAB:>2>W B:0=8=8; @>7@>1FV <5B>48: 
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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. 
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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 
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�V;ьHVABь 02B>@V2 @>73;O40NBь 2V=F52V 2V4@>AB:8 C :>=B5:ABV >A=>2=8E 

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 



173 

?@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 
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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 
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=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. 
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$��" �!�А&�� Щ"�" !А'�"�"-#$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 

BEB54@< B5BI EF4F9= є CV8ґDGAFO@ 8?O A4CD4JN64AAO AB6<I 9H9>F<6A<I 

@9FB8V6 CDBHV?4>F<>< F4 D4AAьBW 8V47ABEF<>< C4FB?B7VKA<I EF4AV6 >VEF>B6BW 

F>4A<A< �Щ F4 @B:GFь 5GF< 6<>BD<EF4AV O> G F9BD9F<KAV=, F4> V CD4>F<KAV= 

74?G;OI @98<J<A<, 4 F4>B: G ?45BD4FBDVOI E>D<AVA7G @BDHB?B7VKAB7B 

@4F9DV4?G.  

2.  B;DB5>4 ;474?ьA<I CD<AJ<CV6 6<;A4K9AAO 8V?OAB> CDB6989AAO К"-

;4@VDV6 V; ;4;A4K9AAO@ 6V8CB6V8A<I >648D4AFV6 ;AOFFO >V?ь>VEAB-O>VEA<I 

CB>4;A<>V6 6<DBEF>B6<I V 6VAJ96<I 6V8DBEF>V6 �Щ G ;DV?B@G 6VJV ?N8<A< ;4 

G@B6< 6FD4F< :G64?ьA<I ;G5V6, ;G@B6?Nє B5’є>F<6AV G@B6< 8?O 

6V8F6BDN64ABEFV CDB6989A<I 8BE?V8:9Aь. �FD<@4AV D9;G?ьF4F<, CDBCBAGє@B 

CD<=@4F< ;4 54;B6G BEAB6G @BDHB@9FD<KA<I ;A4K9Aь F4 MV?ьAVEFь – >V?ь>VEAB-

O>VEA<@< I4D4>F9D<EF<>4@< >VEF>B6BW F>4A<A< 6V8DBEF>V6 �Щ CD< CBLG>G V 

DB;DB5JV VA8<6V8G4?ьA<I VAAB64JV=A<I F4 @9FB8B?B7VKA<I EF4A84DFV6 ; 

@B:?<6VEFN 6<>BD<EF4AAO E9DF<HV>B64AB7B К"-4C4D4FAB7B CDB7D4@AB7B 

;459;C9K9AAO. 

3. �B84A<= G DG>BC<EV 89F4?V;B64A<= @BDHB@9FD<KA<= 4A4?V; F4 

8BE?V8:9AAO MV?ьABEFV >VEF>B6BW F>4A<A< A4=5V?ьL GD4;?<6<I ;BA 6V8DBEF>V6 

�Щ (KB?B6V>V6 V :VAB>) G 86BI C9DVB84I ;DV?B7B 6V>G ?N8<A<, CD< 6FD4FV 

:G64?ьABW 7DGC< ;G5V6, 6<EFGC4NFь BEAB6BN 8?O CB84?ьL<I A4G>B6<I 8<E>GEV= 

F4 >?VAVKABW 8<H9D9AJV4JVW MB8B 6<5BDG A4?9:A<I @4?BVA64;<6A<I @9FB8V6 

D945V?VF4JVW EFB@4FB?B7VKA<I C4JVєAFV6, BE>V?ь>< 8BEFGCAV A4G>B6V 8:9D9?4 A9 

DB;>D<64NFь 4A4?B7VKA<I 8BE?V8:9Aь, MB GA9@B:?<6?Nє WI CBDV6AOAAO. 



190 

 

4. �FD<@4AV A4G>B6V D9;G?ьF4F< MB8B @BDHB@9FD<KA<I ;A4K9Aь, 

>V?ь>VEAB-O>VEA<I CB>4;A<>V6 MV?ьABEFV >BDF<>4?ьA<I F4 FD459>G?ODA<I L4DV6 

>VEF>B6BW F>4A<A< 6<DBEF>B6<I V 6VAJ96<I 6V8DBEF>V6 �Щ KB?B6V>V6 V :VAB> 

;DV?B7B 6V>G D9>B@9A8B64AV 8B 6<>BD<EF4AAO 6 A46K4?ьAB@G CDBJ9EV >4H98D 

@BDHB?B7VKAB7B CDBHV?N, F9D4C96F<KABW = BDFBC98<KABW EFB@4FB?B7VW F4 

M9?9CAB-?<J96BW IVDGD7VW, 4 F4>B: CD< A4C<E4AAV @BAB7D4HV= F4 A46K4?ьA<I 

CBEV5A<>V6 ; J<I 8<EJ<C?VA.   

5. �CG5?V>B64AV F4 ;4I<M9AV !6V8BJF6B@ CDB D9єEFD4JVN 46FBDEь>B7B 

CD464 A4 F6VD BD<7VA4?ьAV 46FBDEь>V CG5?V>4JVW (<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=; E6V8BJF6B 6V8 

09.01.2024 № 122732 F4 “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=; E6V8BJF6B 6V8 07.03.2024 № 124477) ;4 

8BE?V8:9AAO@< >VEF>B6BW F>4A<A< 6V8DBEF>V6 �Щ ?N8<A< D9>B@9A8B64AV 8B 

CD4>F<KAB7B 6<>BD<EF4AAO 6 A4G>B6<I @BDHB?B7VKA<I 8BE?V8:9AAOI M9?9CAB-

?<J96BW 8V?OA>< O> A4BKAV >9DV6A<JF64. 

 



    191 

 

!�И!�� ВИ�� И!"А�ИХ ��� �� 

 

1. Oshurko �P, Yaremchuk NI, Oliinyk IYu, Makarchuk IS., Sukhliak VV, 

Kerimova TM, et al. Significance of variability of anatomical and topographic 

features of the mandibular canal(s) in clinical dentistry. �;V=VG=0 0=0B><VO B0 

>?5@0B82=0 EV@C@3VO. 2023;22(2):20–7. doi: 10.24061/1727-0847.22.2.2023.14 

2. Elsharkawy S, Mata A. Hierarchical Biomineralization: from Nature’s Designs to 

Synthetic Materials for Regenerative Medicine and Dentistry. Adv Healthc Mater. 

2018;7(18):e1800178. Available from: https://onlinelibrary. wiley.com/ 

doi/pdf/10.1002/adhm.201800178  

3. &>4>@>20 ��, ';ьO=>2 �", �@5CA �Є, �>@=>AB09 "�. "A>1;82>ABV 

<V:@>B25@4>ABV 7C1=>W 5<0;V C B>?>3@0DVG=> @V7=8E 7>=0E :>@>=:8 ?>ABV9=8E 

<>;O@V2 ;N48=8 B0 WE 270є<>72’O7>: V7 2=CB@VH=ь>N 1C4>2>N 5<0;V. 

І=B53@0B82=0 0=B@>?>;>3VO. 2018;1:68–71.  

4. Prodanchuk AI, Slobodian OM, Korchynska NS. Peculiarities of organometric 

parameters of the hard palate in the second and third trimester of the intrauterine 

development and newborns. Biomedical and Biosocial Anthropology. 2018;33:18-

23. doi: https://doi.org/ 10.31393/bba33-2018-3 

5. Akarsu-Guven B, Karakaya J, Ozgur F, Aksu M. Upper airway features of 

unilateral cleft lip and palate patients in differen growth stages. Angle Orthod. 

2019;89(4):575-82. doi: 10.2319/022518-155.1 

6. Dalben GDS, Garib DG, Pinto RO, Richieri-Costa A, Taveira LAA. Craniofacial 

morphology in patients with Opitz G/BBB syndrome. Cleft Palate Craniofac J. 

2019;56(10):1366-72. doi:https://doi.org/10.1177/ 1055665619857001  

7. Oshurko AP, Oliinyk IYu. Study of the qualitative characteristics of the maxilla 

bone tissue according to the quantitative content of macroelements (P, Na, Ca, Mg, 

S) in the dynamics of prenatal ontogenesis. %2VB <548F8=8 B0 1V>;>3VW.  

2019;1:171–7. doi: 10.26724/2079-8334-2019-1-67-171 

8. Oshurko AP, Oliinyk IYu, Korkuna OYa. Studying qualitative characteristics of 

https://doi.org/10.1177/%201055665619857001
https://doi.org/10.26724/2079-8334-2019-1-67-171


    192 

 

bone tissue of the human maxilla on the quantitative content of trace elements (K, 

Fe, Co, Sr, Zn) in the dynamics of prenatal ontogenesis. European Journal of 

Biomedical and Life Sciences. 2018;3:23–37. doi: https://doi.org/10.29013/ELBLS-

18-3-23-37  

9. %>3C9:> $$,  0A=0 ��,  0A=0-+0;0 "�, +5;?0=>20 І�. �=0;V7 IV;ь=>ABV V 

<V=5@0;ь=>3> A:;04C :VAB:>2>W B:0=8=8 =86=ь>W I5;5?8 IC@0 B0 

70:>=><V@=>AB59 WE ?>ABB@02<0B8G=>W 48=0<V:8. Morphologia. 2019;13(2):54–

62. doi: https://doi.org/ 10.26641/1997-9665.2019.2.54-62 

10. "HC@:> �#, ";V9=8: І., �C7=O: !�. "A>1;82>ABV B>?>3@0DVW ?@02>3> 

:0=0;C =86=ь>W I5;5?8 ;N48=8 ?@8 0B@>DVW :VAB:>2>W B:0=8=8, 7C<>2;5=>W 

2B@0B>N 7C1V2. ':@0W=Aь:89 6C@=0; <548F8=8, 1V>;>3VW B0 A?>@BC. 2021;5:102–

9. doi: 10.26693/jmbs06.05.102  

11. Ramanauskaite A, Becker K, Kassira HC, Becker J, Sader R, Schwarz F. The 

dimensions of the facial alveolar bone at tooth sites with local pathologies: A 

retrospective cone-beam CT analysis. Clin. Oral Investig. 2020;24:1555–60. 

doi:10.1007/s00784-019-03057-x 

12. �>ABN: & .  03=VB=>-@57>=0=A=0 B><>3@0DVO 2 4V03=>AB8FV <’O7>2>-

AC3;>1>2>W 48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> AC3;>10. %CG0A=0 

AB><0B>;>3VO. 2020; 1(112):108–11.  

13. "HC@:> �#, ";V9=8: І., �C7=O: !�, /:>25Fь �І. #>@V2=O;ь=89 0=0;V7 

AB@C:BC@=>W B>?>3@0DVW :0=0;C =86=ь>W I5;5?8 ?@8 0B@>DVW :VAB:>2>W B:0=8=8 

V7 70AB>AC20==O< <5B>4C :><?’NB5@=>W B><>3@0DVW. �C:>28=Aь:89 <548G=89 

2VA=8:. 2021;25(4):68–74. doi: 10.24061/2413-0737.XXV.4.100.2021.12  

14. Oshurko AP, Oliinyk IYu, Kuzniak NB. Variant anatomy of the mandibular 

canal topography. �VA=8: <>@D>;>3VW. 2022;28(2):62–8. doi: 10.31393/ 

morphology-journal-2022-28(2)-09   

15. Oshurko AP, Oliinyk IYu, Kuzniak NB, Holovatskyi AS. Comparative analysis 

of densitometric determination of bone tissue in the case of loss of the masticatory 

teeth of the mandible. �;V=VG=0 0=0B><VO B0 >?5@0B82=0 EV@C@3VO. 2022;21(1):26-

https://doi.org/10.29013/ELBLS-18-3-23-37
https://doi.org/10.29013/ELBLS-18-3-23-37
https://doi.org/10.24061/2413-0737.XXV.4.100.2021.12
https://doi.org/10.31393/morphology-journal-2022-28(2)-09
https://doi.org/10.31393/morphology-journal-2022-28(2)-09


    193 

 

32. doi: 10.24061/1727-0847.21.1.2022.05  

16. Dmytrenko MI, Smaglyuk LV, Gurzhiy OV, Liakhovska AV. Scientific 

achievements of ukrainian scientist in diagnostics of temporomandibular joint 

diseases (literature review). Wiad Lek. 2023;76(2):427–32. doi: 

10.36740/WLek202302126 

17. !>2V:>2 � , $572V=0 �., ,25Fь �І, �>@>AB0H>20  �. �70є<>72'O7>: 

48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> AC3;>10 C E2>@8E 7 3V=5:>;>3VG=8<8 

7<V=0<8 2 0=0<=57V 70 40=8<8 0=:5BC20==O. ':@0W=Aь:89 AB><0B>;>3VG=89 

0;ь<0=0E. 2020;4:53–6. doi: https://doi.org/10.31718/2409-0255.4.2020.10 

18. Kostiuk T, Koval Ye, Tyshko D, Koval M. �nalisis diagnostics and newest 

pathogenesis aspects of temporomandibular dysfunction (review). Georgical 

Medical News. 2018; 7–8 (280–281): 44–48. PMID: 30204093.  

19. !>2V:>2 � , �C=ь:>20 .%, �5@57V9  �. $57C;ьB0B8 >FV=:8 O:>ABV 68BBO 

?0FVє=BV2 2 48=0<VFV >@B>?548G=>3> ;V:C20==O ?@8 2828E0E <5=VA:V2 A:@>=52>-

=86=ь>I5;5?=>3> AC3;>10. �VA=8: ':@0W=Aь:>W <548G=>W AB><0B>;>3VG=>W 

0:045<VW �:BC0;ь=V ?@>1;5<8 ACG0A=>W <548F8=8. 2017;172(58):244–50. 

https://www.pdmu.edu.ua/storage/magazines_prob_med_num/files/B58FS6c5iHq8

7X0VWeUsiY5AN6dNtAEgyVTgbfWw.pdf  

20. �020;5H:> �#, �>H:V= "Є, $>6:> �І. $>;ь A?5FV0;ь=>W >@B>?548G=>W 

?V43>B>2:8 ?0FVє=BV2 V7 45D>@<0FVO<8 7C1=8E @O4V2 =0 D>=V @52<0B>W4=>3> 

0@B@8BC (>3;O4 ;VB5@0BC@8). �VA=8: =0C:>28E 4>A;V465=ь. 2018;2:96–9. $568< 

4>ABC?C: file:///C:/Users/User/Downloads/admin,+21.pdf. 

21. Telishevska UD, Telishevska OD. Classifications of temporomandibular 

disorders and patients' examination protocols – comparative analysis by the 

convenience of their daily use in clinical practice. Wiad Lek. 2018;71:738–45. 

22.  0:єє2 �(, ";V9=8: �.. "@B>?548G=0 @501V;VB0FVO E2>@8E V7 2@>465=8<8 

=57@>I5==O<8 25@E=ь>W 3C18 B0 ?V4=51V==O @V7=8<8 2840<8 ?@>B57=8E 

:>=AB@C:FV9 V7 28:>@8AB0==O< 2;0A=>W <5B>48:8 2V7C0;V70FVW 45D>@<0FV9 

7C1=8E @O4V2 4;O >FV=:8 WE 206:>ABV. !>28=8 AB><0B>;>3VW. 2017;3:43–50. 

https://doi.org/10.24061/1727-0847.21.1.2022.05
https://doi.org/10.31718/2409-0255.4.2020.10
https://www.pdmu.edu.ua/storage/magazines_prob_med_num/files/B58FS6c5iHq87X0VWeUsiY5AN6dNtAEgyVTgbfWw.pdf
https://www.pdmu.edu.ua/storage/magazines_prob_med_num/files/B58FS6c5iHq87X0VWeUsiY5AN6dNtAEgyVTgbfWw.pdf


    194 

 

23. �8A>:>=ь ... "FV=:0 ?5@A?5:B82=>ABV 70AB>AC20==O >AB5>V=4C:B82=8E  

<0B5@V0;V2 70 40=8<8 45=A8B><5B@VW 4;O @5:>=AB@C:FVW 45D5:BV2 :VAB:>2>W 

B:0=8=8 C 48=0<VFV 5:A?5@8<5=BC 2 ?VA;O>?5@0FV9=89 ?5@V>4. �4>1CB:8 

:;V=VG=>W V 5:A?5@8<5=B0;ь=>W <548F8=8. 2020;3(43):113–9. doi; https://doi.org/ 

10.11603/1811-2471.2020.v.i3. 11590 

24. Naros A, Peters JP, Biegner T, Weise H, Krimmel M, Reinert S. Fungus Ball of 

the Maxillary Sinus-Modern Treatment by Osteoplastic Approach and Functional 

Endoscopic Sinus Surgery. J Oral Maxillofac Surg. 2019 Mar;77(3):546–54. doi: 

10.1016/j.joms.2018.10.010. Epub 2018 Oct 24. PMID: 30448431. 

25. Pires WR, Bonardi JP, Faverani LP, Momesso GA, Muñoz XM, Silva AF, 

Panzarini SR, Bassi AP, Ponzoni D. Late mandibular fracture occurring in the 

postoperative period after third molar removal: systematic review and analysis of 

124 cases. Int J Oral Maxillofac Surg. 2017 Jan;46(1):46–53. doi: 

10.1016/j.ijom.2016.09.003. Epub 2016 Sep 28. PMID: 27688170. 

26. Uppada UK, Sinha R. Iatrogenic Mandibular Ramus Fracture Following Surgical 

Removal of Impacted Third Molar. J Maxillofac Oral Surg. 2023 Mar;22(1):46–8. 

doi: 10.1007/s12663-020-01382-3. Epub 2020 May 14. PMID: 36703650; PMCID: 

PMC9871124. 

27. Guillaumet-Claure MA, Juiz-Camps AM, Gay-Escoda C. Prevalence of 

intraoperative and postoperative iatrogenic mandibular fractures after lower third 

molar extraction: A systematic review. J Clin Exp Dent. 2022 Jan 1;14(1):e85-e94. 

doi: 10.4317/jced.58390. PMID: 35070129; PMCID: PMC8760961. 

28. Ruela WS, de Almeida VL, Lima-Rivera LM, Santos PL, Porporatti AL, de 

Freitas PHL, Paranhos LR. Does an Association Exist Between the Presence of 

Lower Third Molar and Mandibular Angle Fractures?: A Meta-Analysis. J Oral 

Maxillofac Surg. 2018 Jan;76(1):34–45. doi: 10.1016/j.joms.2017.06.008. Epub 

2017 Jun 13. PMID: 28688821.  

29. Simons RN, Gonesh MS, Tuk JG, de Lange J, Lindeboom JA. Association of 

indications for mandibular third molar coronectomy and the Pell and Gregory and 

https://doi.org/%2010.11603/1811-2471.2020.v.i3.%2011590
https://doi.org/%2010.11603/1811-2471.2020.v.i3.%2011590


    195 

 

the Winter classification systems. Oral Maxillofac Surg. 2024 Feb 9. doi: 

10.1007/s10006-024-01222-5. Epub ahead of print. PMID: 38334855. 

30. Patel PS, Shah JS, Dudhia BB, Butala PB, Jani YV, Macwan RS. Comparison 

of panoramic radiograph and cone beam computed tomography findings for 

impacted mandibular third molar root and inferior alveolar nerve canal relation. 

Indian J Dent Res. 2020 Jan-Feb;31(1):91–102. doi: 10.4103/ijdr.IJDR_540_18. 

PMID: 32246689. 

31. Peker I, Sarikir C, Alkurt MT, Zor ZF. Panoramic radiography and cone-beam 

computed tomography findings in preoperative examination of impacted mandibular 

third molars. BMC Oral Health. 2018 Jun 14;14:71. doi: 10.1186/1472-6831-14-71. 

PMID: 24928108; PMCID: PMC4060878. 

32. Peixoto LR, Gonzaga AK, Melo SL, Pontual ML, Pontual Ados A, de Melo DP. 

The effect of two enhancement tools on the assessment of the relationship between 

third molars and the inferior alveolar canal. J Craniomaxillofac Surg. 2015 

Jun;43(5):637–42. doi: 10.1016/j.jcms.2015.03.008. Epub 2015 Mar 17. PMID: 

25887428. 

33. Matzen LH, Berkhout E. Cone beam CT imaging of the mandibular third molar: 

a position paper prepared by the European Academy of DentoMaxilloFacial 

Radiology (EADMFR). Dentomaxillofac Radiol. 2019 Jul;48(5):20190039. doi: 

10.1259/dmfr.20190039. Epub 2019 Mar 5. PMID: 30810357; PMCID: 

PMC6747425. 

34. Lima DM, Estrela CRA, Bernardes CMR, Estrela LRA, Bueno MR, Estrela C. 

Spatial Position and Anatomical Characteristics Associated with Impacted Third 

Molars Using a Map-Reading Strategy on Cone-Beam Computed Tomography 

Scans: A Retrospective Analysis. Diagnostics (Basel). 2024 Jan 25;14(3):260. doi: 

10.3390/diagnostics14030260. PMID: 38337776; PMCID: PMC10855352. 

35. Lacerda-Santos JT, Granja GL, Bento PM, Araújo-Filho JCWP, Melo DP, 

Santos JA. Prevalence of second molar external root resorption caused by 

mandibular third molars: a CBCT study. Gen Dent. 2023 Jan-Feb;71(1):58–63. 



    196 

 

PMID: 36592361. 

36. Gürses G, Akçakaya A, Aktı A, Aydin O. The effect of impacted third molars 

on second molar external root resorption, a cross-sectional cone beam computed 

tomography study. Med Oral Patol Oral Cir Bucal. 2023 Nov 1;28(6):e504-e511. 

doi: 10.4317/medoral.25860. PMID: 37823291; PMCID: PMC10635620. 

37. Wang D, He X, Wang Y, Li Z, Zhu Y, Sun C, Ye J, Jiang H, Cheng J. External 

root resorption of the second molar associated with mesially and horizontally 

impacted mandibular third molar: evidence from cone beam computed tomography. 

Clin Oral Investig. 2017 May;21(4):1335–42. doi: 10.1007/s00784-016-1888-y. 

Epub 2016 Jun 18. PMID: 27316639. 

38. Poszytek D, Górski B. Relationship between the Status of Third Molars and the 

Occurrence of Dental and Periodontal Lesions in Adjacent Second Molars in the 

Polish Population: A Radiological Retrospective Observational Study. J Clin Med. 

2023 Dec 19;13(1):20. doi: 10.3390/jcm13010020. PMID: 38202026; PMCID: 

PMC10779953. 

39. Ma Y, Mu D, Li X. Risk factors for root resorption of second molars with 

impacted third molars: a meta-analysis of CBCT studies. Acta Odontol Scand. 2023 

Jan;81(1):18–28. doi: 10.1080/00016357.2022.2077982. Epub 2022 Jun 30. PMID: 

35771794. 

40. Hermann L, N>rholt SE, Wenzel A, Taneja P, Matzen LH. Does cone beam CT 

change the treatment decision for maxillary second and third molars? A prospective 

study. Dentomaxillofac Radiol. 2023 Oct;52(7):20230128. doi: 

10.1259/dmfr.20230128. Epub 2023 Sep 4. PMID: 37641963; PMCID: 

PMC10552123.  

41. Araujo GTT, Peralta-Mamani M, Silva AFMD, Rubira CMF, Honório HM, 

Rubira-Bullen IRF. Influence of cone beam computed tomography versus 

panoramic radiography on the surgical technique of third molar removal: a 

systematic review. Int J Oral Maxillofac Surg. 2019 Oct;48(10):1340–47. doi: 

10.1016/j.ijom.2019.04.003. Epub 2019 May 2. PMID: 31056237. 



    197 

 

42. Reia VCB, de Toledo Telles-Araujo G, Peralta-Mamani M, Biancardi MR, 

Rubira CMF, Rubira-Bullen IRF. Diagnostic accuracy of CBCT compared to 

panoramic radiography in predicting IAN exposure: a systematic review and meta-

analysis. Clin Oral Investig. 2021 Aug;25(8):4721–33. doi: 10.1007/s00784-021-

03942-4. Epub 2021 Jul 17. PMID: 34275000. 

43. Deppe H, Ritschl LM, Kleinschmidt J, Wagenpfeil S, Sculean A. Contiguity 

between the mandibular canal and the mandibular third molar in panoramic 

tomography compared with cone beam computed tomography: a topographic 

analysis. Quintessence Int. 2019;50(6):470–7. doi: 10.3290/j.qi.a42485. PMID: 

31086860. 

44. Moreira-Souza L, Butini Oliveira L, Gaêta-Araujo H, Almeida-Marques M, 

Asprino L, Oenning AC. Comparison of CBCT and panoramic radiography for the 

assessment of bone loss and root resorption on the second molar associated with 

third molar impaction: a systematic review. Dentomaxillofac Radiol. 2022 Mar 

1;51(3):20210217. doi: 10.1259/dmfr.20210217. Epub 2021 Sep 14. PMID: 

34520245; PMCID: PMC8925877. 

45. Nunes WJP, Vieira AL, de Abreu Guimarães LD, de Alcântara CEP, Verner FS, 

de Carvalho MF. Reliability of panoramic radiography in predicting proximity of 

third molars to the mandibular canal: A comparison using cone-beam computed 

tomography. Imaging Sci Dent. 2021 Mar;51(1):9–16. doi: 10.5624/isd.20200095. 

Epub 2021 Jan 28. PMID: 33828956; PMCID: PMC8007391. 

46. Matzen LH, Berkhout E. Cone beam CT imaging of the mandibular third molar: 

a position paper prepared by the European Academy of DentoMaxilloFacial 

Radiology (EADMFR). Dentomaxillofacial Radiology.  2019;48(5):1–5. 20190039. 

doi: https://doi.org/10.1259/dmfr.20190039 

47. Apaydın BK, Icoz D, Uzun E, Orhan K. Investigation of the relationship between 

the mandibular third molar teeth and the inferior alveolar nerve using posteroanterior 

radiographs: a pilot study. BMC Oral Health. 2024 Mar 22;24(1):371. doi: 

10.1186/s12903-024-04123-x. PMID: 38519914; PMCID: PMC10958910. 

https://doi.org/10.1259/dmfr.20190039


    198 

 

48. Mitsea A, Palikaraki G, Karamesinis K, Vastardis H, Gizani S, Sifakakis I. 

Evaluation of Lateral Incisor Resorption Caused by Impacted Maxillary Canines 

Based on CBCT: A Systematic Review and Meta-Analysis. Children (Basel). 2022 

Jul 5;9(7):1006. doi: 10.3390/children9071006. PMID: 35883990; PMCID: 

PMC9323464. 

49. Simić S, Nikolić P, Stanišić Zindović J, Jovanović R, Stošović Kalezić I, 

Djordjević A, Popov V. Root Resorptions on Adjacent Teeth Associated with 

Impacted Maxillary Canines. Diagnostics (Basel). 2022 Feb 1;12(2):380. doi: 

10.3390/diagnostics12020380. PMID: 35204471; PMCID: PMC8871100. 

50. Al-Kyssi HA, Al-Mogahed NM, Altawili ZM, Dahan FN, Almashraqi AA, 

Aldhorae K, Alhammadi MS. Predictive factors associated with adjacent teeth root 

resorption of palatally impacted canines in Arabian population: a cone-beam 

computed tomography analysis. BMC Oral Health. 2022 Jun 3;22(1):220. doi: 

10.1186/s12903-022-02249-4. PMID: 35658855; PMCID: PMC9166389. 

51. Ali IH, Al-Turaihi BA, Mohammed LK, Alam MK. Root Resorption of Teeth 

Adjacent to Untreated Impacted Maxillary Canines: A CBCT Study. Biomed Res 

Int. 2021 Apr 9;2021:6635575. doi: 10.1155/2021/6635575. PMID: 33898625; 

PMCID: PMC8052142. 

52. Da�suyu 1M, Kahraman F, Okşayan R. Three-dimensional evaluation of angular, 

linear, and resorption features of maxillary impacted canines on cone-beam 

computed tomography. Oral Radiol. 2018 Jan;34(1):66–72. doi: 10.1007/s11282-

017-0289-5. Epub 2017 May 2. PMID: 30484094. 

53. Peralta-Mamani M, Rubira CM, López-López J, Honório HM, Rubira-Bullen 

IR. CBCT vs panoramic radiography in assessment of impacted upper canine and 

root resorption of the adjacent teeth: A systematic review and meta-analysis. J Clin 

Exp Dent. 2024 Feb 1;16(2):e198-e222. doi: 10.4317/jced.61285. PMID: 38496811; 

PMCID: PMC10943682.  

54. MacDonald D, Alebrahim S, Yen E, Aleksejuniene J. Cone-beam computed 

tomographic reconstructions in the evaluation of maxillary impacted canines. 



    199 

 

Imaging Sci Dent. 2023 Jun;53(2):145-151. doi: 10.5624/isd.20220211. Epub 2023 

May 19. PMID: 37405198; PMCID: PMC10315227. 

55. �CE;52Aь:89 .І,  0A=0 ��. #@><5=52V 1V><0@:5@8 70 40=8<8 :>=CA=>-

?@><5=52>W :><?’NB5@=>W B><>3@0DVW 4;O 28O2;5==O >7=0: 0=0B><VG=>W 0A8<5B@VW 

25@E=ь>W B0 =86=ь>W I5;5? C >AV1 7@V;>3> 2V:C. %2VB <548F8=8 B0 1V>;>3VW.  

2018;4(66):167–71. doi: 10.26724/2079-8334-2018-3-65-167-171 

56. Merheb J, Vercruyssen M, Coucke W, Quirynen M. Relationship of implant 

stability and bone density derived from computerized tomography images. Clin 

Implant Dent Relat Res. 2018 Feb;20(1):50-57. doi: 10.1111/cid.12579. Epub 2017 

Dec 26. PMID: 29277972. 

57. Frumkin N, Via S, Klinger A. Evaluation of the width of the alveolar bone in 

subjects with different gingival biotypes: A prospective cohort study using cone 

beam computed tomography. Quintessence Int. 2017;48(3):209–16. doi: 

10.3290/j.qi.a37642. PMID: 28168237 

58. ,V=:0@C:-�8:>28Fь:0   , "@;>2Aь:89 �". �V4<V==>ABV ;V=V9=8E 

@>7<V@V2 <0;8E :CB=VE 7C1V2 B0 WE :>@5=V2 C ?@0:B8G=> 74>@>28E G>;>2V:V2 

':@0W=8 7 @V7=8<8 B8?0<8 >1;8GGO. %2VB <548F8=8 B0 1V>;>3VW. 2017; 2(60): 120-

123. doi: https://womab.com.ua/ua/smb-2017-02/6639 

59. Albughaylil AS, Sayed AJ, Alsoli MA, Almutairi MM, Mohsin SF, Shaikh SS, 

Alsaykhan KA, Albulayhid IA. Gingival Biotypes and its Relation to Biologic 

Width, Alveolar Bone Thickness, Dehiscence and Fenestration in Mandibular 

Anterior Region: A CBCT Analysis Study. J Pharm Bioallied Sci. 2023 Jul;15(Suppl 

1):S367-S371. doi: 10.4103/jpbs.jpbs_598_22. Epub 2023 Jul 5. PMID: 37654283; 

PMCID: PMC10466612. 

60. Xu LM, Wang MY, Liu LX, Chen X, Wang QT. A pilot study on the consistency 

of biological widths measured by periodontal probe and cone-beam CT. Zhonghua 

Kou Qiang Yi Xue Za Zhi. 2019 Apr 9;54(4):235–9. Chinese. doi: 

10.3760/cma.j.issn.1002-0098.2019.04.005. PMID: 30955294. 

61. de Freitas Silva BS, Silva JK, Silva LR, de Lima KL, Mezaiko E, Roriz VM, 

https://womab.com.ua/ua/smb-2017-02/6639


    200 

 

Evangelista K, Yamamoto-Silva FP. Accuracy of cone-beam computed tomography 

in determining gingival thickness: a systematic review and meta-analysis. Clin Oral 

Investig. 2023 May;27(5):1801–14. doi: 10.1007/s00784-023-04905-7. Epub 2023 

Feb 9. PMID: 36757462. 

62. de Lima KL, Silva LR, de Paiva Prado TB, Silva MAG, de Freitas Silva BS, 

Yamamoto-Silva FP. Influence of the technical parameters of CBCT image 

acquisition on vertical root fracture diagnosis: a systematic review and meta-

analysis. Clin Oral Investig. 2023 Feb;27(2):433–74. doi: 10.1007/s00784-022-

04797-z. Epub 2023 Jan 26. PMID: 36700991. 

63. �CE;52Aь:89 .,  0A=0 �. �>=CA=>-?@><5=520 :><?’NB5@=0 B><>3@0DVO – 

V=AB@C<5=B 4;O 282G5==O @0==VE 0=0B><>-DC=:FV>=0;ь=8E 7<V= :VAB:>2>W B:0=8=8 

25@E=ь>W B0 =86=ь>W I5;5? ;N48=8. #@0FV =0C:>2>3> B>20@8AB20 V<5=V 

,52G5=:0:  548G=V =0C:8. 2018;52(1):149–55. doi: 10.25040/ntsh2018.01.15 

64. Troiano G, Laino L, Dioguardi M, Giannatempo G, Lo Muzio L, Lo Russo L. 

Mandibular Class II Furcation Defect Treatment: Effects of the Addition of Platelet 

Concentrates to Open Flap: A Systematic Review and Meta-Analysis of 

Randomized Clinical Trials. J Periodontol. 2016 Sep;87(9):1030-8. doi: 

10.1902/jop.2016.160058. Epub 2016 May 4. PMID: 27145146. 

65. Dioguardi M, Gioia GD, Caloro GA, Capocasale G, Zhurakivska K, Troiano G, 

Russo LL, Muzio LL. The Association between Tooth Loss and Alzheimer's 

Disease: a Systematic Review with Meta-Analysis of Case Control Studies. Dent J 

(Basel). 2019 May 1;7(2):49. doi: 10.3390/dj7020049. PMID: 31052367; PMCID: 

PMC6630622. 

66. Jepsen S, Gennai S, Hirschfeld J, Kalemaj Z, Buti J, Graziani F. Regenerative 

surgical treatment of furcation defects: A systematic review and Bayesian network 

meta-analysis of randomized clinical trials. J Clin Periodontol. 2020 Jul;47 Suppl 

22:352-374. doi: 10.1111/jcpe.13238. PMID: 31860125. 

67. Kohli N, Ho S, Brown SJ, Sawadkar P, Sharma V, Snow M, García-Gareta E. 

Bone remodelling in vitro: where are we headed? – A review on the current 



    201 

 

understanding of physiological bone remodelling and inflammation and the 

strategies for testing biomaterials in vitro. Bon.  2018;110:38–46. doi: 

10.1016/j.bone.2018.01.015.  

68. Ketabi M, Deporter D, Atenafu EG. (). A Systematic Review of Outcomes 

Following Immediate Molar Implant Placement Based on Recently Published 

Studies. Clin Implant Dent Relat Res. 2016;18(6):1084–94. doi: 10.1111/ cid.12390. 

69. Liu M, Sun Y, Zhang Q. Emerging role of extracellular vesicles in bone 

remodeling. J. Dental Res. 2018;97:859–68. doi: 10.1177/0022034518764411. 

70. Bassetti MA, Bassetti RG, Bosshardt DD. The alveolar ridge splitting/expansion 

technique: a systematic review. Clin Oral Implants Res. 2016;27(3):310–24. doi: 

10.1111/clr.12537. 

71. Oshurko AP, Oliinyk IYu, Yaremchuk NI, Makarchuk IS. Morphological 

features of bone tissue in "disuse atrophy" on the example of a segment of the human 

lower jaw: clinical experience of treatment. Biomedical and biosocial anthropology. 

2021;42:5-11. doi: 10.31393/bba42-2021-01 

72. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS.  

Digital methods for morphometric examination of human lower jaw bone tissue. �: 

 0B5@V0;8 =0C:.-?@0:B. :>=D. 7 <V6=0@. CG0ABN 4> �A5A2VB=ь>3> 4=O 0=0B><VW 

�:BC0;ь=V ?8B0==O 1V><548G=8E =0C:; 2021 �>2 13; )0@:V2. )0@:V2; 2021, A. 

111-3.  

73. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS.  

Morphological peculiarities of bone tissue in "disuse atrophy" on the example of a 

segment of the human lower jaw. �:  0B5@V0;8 ?’OB>W �A5C:@. =0C:.-?@0:B. :>=D. 

7 <V6=0@. CG0ABN &5>@VO B0 ?@0:B8:0 ACG0A=>W <>@D>;>3VW; 2021 �>2 20-22; 

�=V?@>; 2021, A. 110. 

74. "HC@:> �#, ";V9=8: І., �C7=O: !�. "A>1;82>ABV B>?>3@0DVW ?@02>3> 

:0=0;C =86=ь>W I5;5?8 ;N48=8 ?@8 0B@>DVW :VAB:>2>W B:0=8=8, 7C<>2;5=>W 

2B@0B>N 7C1V2. ':@0W=Aь:89 6C@=0; <548F8=8, 1V>;>3VW B0 A?>@BC. 

2021;6(5):102–9. doi: 10.26693/jmbs06.05.102  



    202 

 

75. Oshurko AP, Oliinyk IYu, Kuzniak NB. Morphological significance of bone 

atrophy for topographic features of the left mandibular canal. %2VB <548F8=8 B0 

1V>;>3VW. 2021;4:131–5. doi: 10.26724/2079-8334-2021-4-78-131-135 

76. "HC@:> �#. #@>3@5A82=VABь 2VBG87=O=8E B0 A2VB>28E =0C:>28E 

>1ґ@C=BC20=ь C @501V;VB0FVW ?0FVє=BV2 V7 0B@>DVєN :VAB:>2>W B:0=8=8, 

CA:;04=5=>W B>?>3@0D>-0=0B><VG=>N >A>1;82VABN :0=0;C =86=ь>W I5;5?8. 

�VA=8: ?@>1;5< 1V>;>3VW V <548F8=8. 2021;4(162):55-60. doi: 10.29254/2077-

4214-2021-4-162-55-60  

77. "HC@:> �#, ";V9=8: І., �C7=O: !�, /:>25Fь �І. #>@V2=O;ь=89 0=0;V7 

AB@C:BC@=>W B>?>3@0DVW :0=0;C =86=ь>W I5;5?8 ?@8 0B@>DVW :VAB:>2>W B:0=8=8 

V7 70AB>AC20==O< <5B>4C :><?’NB5@=>W B><>3@0DVW. �C:>28=Aь:89 <548G=89 

2VA=8:. 2021;25(4):68-74. doi: 10.24061/2413-0737.XXV.4.100.2021.12  

78. "HC@:> �#, ";V9=8: І., �C7=O: !�, /@5<GC: !І,  0:0@GC: І%.   �=0G5==O 

<>@D><5B@8G=>3> 4>A;V465==O 4;O 287=0G5==O <V=;82>ABV B>?>3@0DVG=8E 

A?V22V4=>H5=ь AB@C:BC@ =86=ь>W I5;5?8 =0 ?@8:;04V A03VB0;ь=>3> 7@V7C WW :CB0. 

�;V=VG=0 B0 5:A?5@8<5=B0;ь=0 ?0B>;>3VO. 2021;20(4):58-65. doi: 10.24061/1727-

4338. XX.4.78.2021.7  

79.  0Fь:528G � .  >6;82>ABV @5=B35=>4V03=>AB8:8 B0 <C;ьB845B5:B>@=>W 

:><?'NB5@=>W B><>3@0DVW 2 4V03=>AB8FV 7<V= :VAB:>2>W B:0=8=8 AB>? ?@8 

E@>=VG=V9 0@B5@V0;ь=V9 =54>AB0B=>ABV =86=VE :V=FV2>:. �4>1CB:8 :;V=VG=>W V 

5:A?5@8<5=B0;ь=>W <548F8=8. 2017; 1: 42-6.  

80. "HC@:> �#, ";V9=8: І.. $57C;ьB0B8 3-D @5:>=AB@CN20==O C 48=0<VG=><C 

0=0;V7V 7 287=0G5==O IV;ь=>ABV :VAB:>2>W B:0=8=8 25@E=ь>W I5;5?8 C 

?@5=0B0;ь=><C >=B>35=57V ;N48=8. �VA=8: �V==8Fь:>3> =0FV>=0;ь=>3> 

<548G=>3> C=V25@A8B5BC. 2019; 23(1): 24-35. doi:10.31393/reports-vnmedical-

2019-23(1)-04 

81. $C10A ��. �8=0<V:0 7<V= <V=5@0;ь=>3> A:;04C <V:@>- B0 <0:@>5;5<5=BV2 

:VAB:>2>W B:0=8=8 A:@>=52>-=86=ь>I5;5?=8E AC3;>1V2 ?@8 FC:@>2><C 

4V015BV. �VA=8: <548G=8E V 1V>;>3VG=8E 4>A;V465=ь. 2020; 3: 99-102. 

http://dx.doi.org/10.29254/2077-4214-2021-4-162-55-60
http://dx.doi.org/10.29254/2077-4214-2021-4-162-55-60
https://doi.org/10.24061/2413-0737.XXV.4.100.2021.12
https://ojs.tdmu.edu.ua/index.php/bmbr/issue/view/658


    203 

 

doi: https://doi.org/10.11603/bmbr.2706-6290.2020.3.11358 

82. "HC@:> �#, ";V9=8: І., �@8IC: ��. #5@A?5:B828 282G5==O O:VA=8E B0 

:V;ь:VA=8E E0@0:B5@8AB8: :VAB:>2>W B:0=8=8 ?;>4V2 ;N48=8 :><1V=>20=8<8 B0 

3V1@84=8<8 <5B>40<8 4>A;V465==O. BVA=8: ?@>1;5< 1V>;>3VW V <548F8=8. 

2018;2:43–9. doi: 10.29254/2077-4214-2018-2-144-43-49  

83. "HC@:> �#, ";V9=8: І.. 'G0ABь AV@:8 (<0:@>5;5<5=B0) B0 :>10;ьBC 

(<V:@>5;5<5=B0) C ?@>F5A0E <V=5@0;V70FVW :VAB:>2>W B:0=8=8 25@E=ь>W I5;5?8 2 

48=0<VFV ?@5=0B0;ь=>3> >=B>35=57C ;N48=8. %CG0A=0 AB><0B>;>3VO. 2018;4:36–9. 

84. "HC@:> �#, ";V9=8: І.. �8=0<V:0 IV;ь=>ABV :VAB:>2>W B:0=8=8 25@E=ь>W 

I5;5?8 ;N48=8 C ?@5=0B0;ь=><C >=B>35=57V 287=0G5=0 <5B>4>< :><?’NB5@=>W 

B><>3@0DVW. BVA=8: ?@>1;5< 1V>;>3VW V <548F8=8. 2019;2(1):300–5. doi: 

10.29254/2077-4214-2019-1-2-149-300-305  

85. Lazarov A. Immediate functional loading: Results for the concept of the Strategic 

Implant. Ann Maxillofac Surg. 2019;9(1):78–88. PMCID:PMC6585197 doi: 

10.4103/ams.ams_250_18   

86. Yamada Y, Nakamura-Yamada S, Miki M, Nakajimaa Y, Babaa S. Trends in 

clinical trials on bone regeneration in dentistry-towards an innovative development 

in dental implant treatment. J. of Oral Science & Rehabilitation. 2019;5(4):8–17. 

https://www.dtscience.com/wp-content/uploads/2020/01/ 

87. Stamm T, Andriyuk E, Kleinheinz J, Jung S, Dirksen D, Middelberg C. In Vivo 

Accuracy of a New Digital Planning System in Terms of Jaw Relation, Extent of 

Surgical Movements and the Hierarchy of Stability in Orthognathic Surgery. Journal 

of Personalized Medicine. 2022 May 21;12(5):843. doi: https://doi.org/10.3390/jpm 

12050843 

88. Tondin GM, Leal MOCD, Costa ST, Grillo R, Jodas CRP, Teixeira RG. 

Evaluation of the accuracy of virtual planning in bimaxillary orthognathic surgery: 

a systematic review. Br J Oral Maxillofac Surg. 2022;60(4):412–21. doi: 

10.1016/j.bjoms.2021.09.010. Epub 2021 Sep 20. PMID: 35120785. 

89. Ma J, Wang J, Huang D, Wang Z, Hu M, Liu H, et al. Cone-beam computed 

https://doi.org/10.11603/bmbr.2706-6290.2020.3.11358
http://dx.doi.org/10.29254/2077-4214-2018-2-144-43-49
http://dx.doi.org/10.29254/2077-4214-2019-1-2-149-300-305
https://www.dtscience.com/wp-content/uploads/2020/01/
https://doi.org/10.3390/jpm%2012050843
https://doi.org/10.3390/jpm%2012050843


    204 

 

tomographic assessment of the inclination of the articular eminence in patients with 

temporomandibular disorders and chewing side preference. BMC Oral Health. 2021 

Aug 13;21(1):396. doi: 10.1186/s12903-021-01760-4. PMID: 34389008; PMCID: 

PMC8364061.  

90. Poluha RL, Cunha CO, Bonjardim LR, Conti PCR. Temporomandibular joint 

morphology does not influence the presence of arthralgia in patients with disk 

displacement with reduction: a magnetic resonance imaging-based study. Oral Surg, 

Oral Med, Oral Pathol, Oral Radiol. 2020 Febr;129(2):149–57. 

doi: 10.1016/j.oooo.2019.04.016. 

91. Vanpoecke J, Dubron K, Politis C. Condylar Fractures: An Argument for 

Conservative Treatment. Craniomaxillofac Trauma Reconstr. 2020 March; 13(1) 

:23–31. doi: https://doi.org/10.1177/1943387520902881 ; PMID:32642028. 

PMCID:PMC7311847.  

92. %<03;N: ��, �OE>2Aь:0 ��. �;5:B@><V>3@0DVO 2 AB><0B>;>3VW : <>=>3@0DVO 

#>;B020 : �AB@0O, 2020. 70 A. 

93. #02;8GC: &", +5?C@=89 .�, �>?G0: ��. �;V=VG=0 5D5:B82=VABь 

EV@C@3VG=>3> ;V:C20==O ?5@5;><V2 3>;V2:8 =86=ь>W I5;5?8 V7 28:>@8AB0==O< 

=02V30FV9=8E H01;>=V2 B0 ?0FVє=B>-A?5F8DVG=8E V<?;0=B0BV2. �VA=8: 

AB><0B>;>3VW. 2020; 37(3):41–49. doi: https://doi.org/10.35220/2078-8916-2020-

37-3-41-49   

94.  0;0=GC: ��, �@83>@>2Aь:89 ��, �CA59=>2 �!. �VAB>;>3VG=V 7<V=8 V 

:>@5;OFV9=V 70;56=>ABV <>@D>;>3VG=8E ?>:07=8:V2 C@065==O B0 @5?0@0FVW C 

:VAB:>28E C;0<:V2 ?@8 C;0<:>28E ?5@5;><0E =86=ь>W I5;5?8. 2020;113(4):63–

72. �VA=8: AB><0B>;>3VW. 2020;113(4):63–72. doi: https://doi.org/10.35220/2078-

8916-2020-38-4-63-72; http://ir.nuozu.edu.ua:8080/bitstream/lib/3783/1/4-2020.pdf  

95. "HC@:> �#, ";V9=8: І., �C7=O: !�, /@5<GC: !І,  0:0@GC: І%.  �=0G5==O 

<>@D><5B@8G=>3> 4>A;V465==O 4;O 287=0G5==O <V=;82>ABV B>?>3@0DVG=8E 

A?V22V4=>H5=ь AB@C:BC@ =86=ь>W I5;5?8 =0 ?@8:;04V A03VB0;ь=>3> 7@V7C WW :CB0. 

�;V=VG=0 B0 5:A?5@8<5=B0;ь=0 ?0B>;>3VO. 2021;20(4):58-65. doi: 10.24061/1727-

https://doi.org/10.1177/1943387520902881%20;%20PMID:32642028.%20PMCID:PMC7311847
https://doi.org/10.1177/1943387520902881%20;%20PMID:32642028.%20PMCID:PMC7311847
https://doi.org/10.35220/2078-8916-2020-37-3-41-49
https://doi.org/10.35220/2078-8916-2020-37-3-41-49
https://doi.org/10.35220/2078-8916-2020-38-4-63-72
https://doi.org/10.35220/2078-8916-2020-38-4-63-72
http://ir.nuozu.edu.ua:8080/bitstream/lib/3783/1/4-2020.pdf
https://doi.org/10.24061/1727-4338.XX.4.78.2021.7


    205 

 

4338.XX.4.78.2021.7 

96. Zhachko NI, Nespriadko-Monborgne TS, Skrypnyk IL, Zhachko MS. Improving 

dental health - is improving quality of life. Wiad Lek. 2021;74(3 cz 2):722–5. PMID: 

33843642.  

97. Dmytrenko M, Nesterenko O. Results of follow-up study of occlusion state in 

Ukrainian schoolchildren. J. of Stomatology. 2016;69(6):725–8. doi: 

10.5604/00114553.1230592  

98. $810;>2 "�, /F5=:> #І, /F5=:> "І,  >A:0;5=:> #". �><?@5AV9=>-

48A;>:0FV9=0 <'O7>2>-AC3;>1>20 48ADC=:FVO A:@>=52>-=86=ь>I5;5?=8E 

AC3;>1V2. �8D5@5=FV9=0 4V03=>AB8:0. �V:C20==O : <>=>3@0DVO #>;B020: �% І, 

2019. 111 A.  

99.  0:єє2 �(, &5;VH52Aь:0 '�, ,81V=Aь:89 �/, &5;VH52Aь:0 "�, 

�C;V=G5=:> $�. %:@>=52>-=86=ь>I5;5?=V @>7;048 : <>=>3@0DVO; �ь2V2. =0F. 

<54. C=-B V<. �0=8;0 �0;8Fь:>3>. �ь2V2 : �20@B, 2018. 402 A. 

100. Kuroedova VD, Stasiuk AA, Makarova AN, Trofimenko KL, Vyzhenko EE. 

Symmetry of elements of temporomandibular joint (TMJ). Wiad Lek. 2017;70(6 pt 

1):1079–82. PMID: 29478982. 

101. %<03;N: ��, �OE>2Aь:0 ��. "A>1;82>ABV ;V:C20==O ?0FVє=BV2 V7 

7C1>I5;5?=8<8 0=><0;VO<8, CA:;04=5=8<8 48ADC=:FVєN A:@>=52>-

=86=ь>I5;5?=>3> AC3;>10. ':@0W=Aь:89 AB><0B>;>3VG=89 0;ь<0=0E. 

2019;1:25–30. $568< 4>ABC?C: http://nbuv.gov.ua/UJRN/Usa_2019_1_7 

102. �<8B@5=:>  І, $810;>2 "�, �C=ь:>20 .%. �V:C20==O <’O7>2>W 

48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> AC3;>10 C ?0FVє=BV2 V7 >@B>4>=B8G=>N 

?0B>;>3VєN. �VA=8: ?@>1;5< 1V>;>3VW B0 <548F8=8. 2019;2(150), B. 1: 304–7. doi: 

10.29254/2077-4214-2019-2-1-150-304-307 

103. �C=ь:>20 .%, &C<0:>20 "�, !>2V:>2 � . %8<5B@8G=VABь 48=0<VG=8E 

7<V= AC3;>1>28E 48A:V2 ?@8 2=CB@VH=VE @>7;040E %!-% 70 40=8<8  $&. 

':@0W=Aь:89 AB><0B>;>3VG=89 0;ь<0=0E. 2017; 2:31–5.  

104.  0:єє2 �(, &5;VH52Aь:0 '�, &5;VH52Aь:0 "�,  8E09;528G  .. $>;ь V 

https://doi.org/10.24061/1727-4338.XX.4.78.2021.7


    206 

 

7=0G5==O A8=4@><C �>AB5=0 2 48ADC=:FV>=0;ь=8E AB0=0E A:@>=52>-

=86=ь>I5;5?=8E AC3;>1V2. 2020;3:34–9. $568< 4>ABC?C: file:///C:/Users/User/ 

Downloads/439-Article%20Text-865-2-10-20210210.pdf 

105. Volovar O, Malanchuk V, Lytovchenko N, Kostiuk T. Clinical manifestations 

of somatic pathology in patients with temporomandibular joint disorders. Journal of 

Research in Medical and Dental Science. 2017; 2 (5): 26–32. 

106. �>ABN: & . "A>1;82>ABV ?A8E>;>3VG=>3> AC?@>2>4C E2>@8E =0 <’O7>2>- 

AC3;>1>2C 48ADC=:FVN A:@>=52>-=86=ь>I5;5?=>3> AC3;>1C. �VA=8: 

�V==8Fь:>3> =0FV>=0;ь=>3> <548G=>3> C=V25@A8B5BC. 2019; 4 (23): 594–8. 

$568< 4>ABC?C: file:///C:/Users/User/Downloads/687-Article%20Text-1317-1-10-

20200503.pdf 

107. �>ABN: & . (V78:0;ь=5 >1AB565==O ?0FVє=BV2 V7 48ADC=:FVєN A:@>=52>- 

=86=ь>I5;5?=>3> AC3;>1C. ':@0W=Aь:89 6C@=0; <548F8=8, 1V>;>3VW B0 A?>@BC. 

2018; 4 (13, 3): 149–53. $568< 4>ABC?C: http://nbuv.gov.ua/UJRN/ujmbs_ 2018_ 

3_4_31 

108. �C=ь:>20 .%, &C<0:>20 "�, !>2V:>2 � . �>@5;OFV9=89 72'O7>: <V6 

4>268=>N 7C1=8E @O4V2 V B>?>3@0D>0=0B><VG=8<8 ?>:07=8:0<8 AC3;>1>2>3> 

48A:0 (<5=VA:0) C ?0FVє=BV2 V7 48ADC=:FV>=0;ь=8<8 AB0=0<8 %!-% 70 40=8<8 

 $&. ':@0W=Aь:89 AB><0B>;>3VG=89 0;ь<0=0E. 2017;3:22–5. $568< 4>ABC?C: 

file:///C:/Users/User/Downloads/15-15-PB%20(1).pdf  

109. %<03;N: ��, �OE>2Aь:0 ��, %<03;N: �І, &@>D8<5=:>  �. � �-

E0@0:B5@8AB8:0 6C20;ь=8E <'O7V2 C ?0FVє=BV2 V7 1@C:A87<><. ':@0W=Aь:89 

AB><0B>;>3VG=89 0;ь<0=0E. 2022;(1):43–9. doi: http://repository.pdmu.edu.ua/ 

handle/123456789/19347  

110. Smagliuk LV, Lyakhovska AV. Masticatory muscle activity in individuals with 

temporomandibular disorder. Acta Balneologica. 2021;3(164):179–82. doi: 

http://repository.pdmu.edu.ua/handle/123456789/19346 

111. Paul NR, Baker SR, Gibson BJ. Decision Making from the Experience of 

Orthognathic Surgery Patients: A Grounded Theory Approach. JDR Clinical & 

file:///C:/Users/User/%20Downloads/439-Article%20Text-865-2-10-20210210.pdf
file:///C:/Users/User/%20Downloads/439-Article%20Text-865-2-10-20210210.pdf
http://repository.pdmu.edu.ua/
http://repository.pdmu.edu.ua/handle/123456789/19346


    207 

 

Translational Research. 2022;7(3):256–66. doi:10.1177/23800844211014440 

112. Ehmer U, Austermann KH. Die Rolle des Kieferorthopäden für die Motivation 

zu chirurgisch-kieferorthopädischen Therapiemassnahmen. Fortschr Kieferorthop. 

1987 Aug;48(4):246–53. German. doi: 10.1007/BF02178884. PMID: 3478288. 

113. Gaber RM, Shaheen E, Falter B, Araya S, Politis C, Swennen GRJ, Jacobs R. 

A Systematic Review to Uncover a Universal Protocol for Accuracy Assessment of 

3-Dimensional Virtually Planned Orthognathic Surgery. J Oral Maxillofac Surg. 

2017 Nov;75(11):2430–40. doi: 10.1016/j.joms.2017.05.025. Epub 2017 Jun 1. 

PMID: 28646644. 

114. Alkhayer A, Piffkó J, Lippold C, Segatto E. Accuracy of virtual planning in 

orthognathic surgery: a systematic review. Head Face Med. 2020 Dec 4;16(1):34. 

doi: 10.1186/s13005-020-00250-2. PMID: 33272289; PMCID: PMC7716456. 

115. Proffit WR, Turvey TA, Phillips C. Orthognathic surgery: a hierarchy of 

stability. The International Journal of Adult Orthodontics and Orthognathic Surgery. 

1996;11(3):191–204. PMID: 9456622.  

116. Proffit WR, Turvey TA, Phillips C. The hierarchy of stability and predictability 

in orthognathic surgery with rigid fixation: an update and extension. Head Face Med 

2007;3:21. doi: https://doi.org/10.1186/1746-160X-3-21 

117. Hernández-Alfaro F, Guijarro-Martínez R. New protocol for three-dimensional 

surgical planning and CAD/CAM splint generation in orthognathic surgery: An in 

vitro and in vivo study. Int. J. Oral Maxillofac. Surg. 2013;42:1547–56. doi: 

https://doi.org/10.1016/j.ijom.2013.05.005 

118. Hsu SSP, Gateno J, Bell RB, Hirsch DL, Markiewicz MR, Teichgraeber JF, 

Zhou X, Xia JJ. Accuracy of a computer-aided surgical simulation protocol for 

orthognathic surgery: A prospective multicenter study. J. Oral Maxillofac. Surg. 

2013january;71(1):128–42. 

119. Demétrio MS, Lovisi CB, Asprino L. (). Accuracy between virtual surgical 

planning and actual outcomes in orthognathic surgery by iterative closest point 

algorithm and color maps: A retrospective cohort study. Medicina oral, patologia 

https://doi.org/10.1186/1746-160X-3-21
https://doi.org/10.1016/j.ijom.2013.05.005


    208 

 

oral y cirugia bucal, 2019;24(2), e243–e253.  

120. Ackerman JL, Proffit WR, Sarver DM, Ackerman MB, Kean MR. Pitch, roll, 

and yaw: Describing the spatial orientation of dentofacial traits. American Journal 

of Orthodontics and Dentofacial Orthopedics. 2007;131(3):305–10, doi: 

https://doi.org/10.1016/j.ajodo.2006.05.032. 

121. Dorafshar AH, Brazio PS, Mundinger GS, Mohan R, Brown EN, Rodriguez 

ED. Found in space: computer-assisted orthognathic alignment of a total face 

allograft in six degrees of freedom. J Oral Maxillofac Surg. 2014 Sep;72(9):1788–

800. doi: 10.1016/j.joms.2014.01.016. Epub 2014 Jan 31. PMID: 24656428.  

122. Kim SJ, Lee KJ, Yu HS, Jung YS, Baik HS. Three-dimensional effect of pitch, 

roll, and yaw rotations on maxillomandibular complex movement. J 

Craniomaxillofac Surg. 2015 Mar;43(2):264–73. doi: 10.1016/j.jcms.2014.11.022. 

Epub 2014 Nov 27. PMID: 25557879. 

123. Schouman T, Rouch P, Imholz B, Fasel J, Courvoisier D, Scolozzi P. Accuracy 

evaluation of CAD/CAM generated splints in orthognathic surgery: a cadaveric 

study. Head Face Med. 2015 Jul 25;11:24. doi: 10.1186/s13005-015-0082-9. PMID: 

26209339; PMCID: PMC4514936. 

124. Liczmanski K, Stamm T, Sauerland C, Blanck-Lubarsch M. Accuracy of 

intraoral scans in the mixed dentition: A prospective non-randomized comparative 

clinical trial. Head Face Medicine. 2020;16:1–7. 

125. Xia JJ, Gateno J, Teichgraeber JF, Christensen AM, Lasky RE, Lemoine JJ, 

Liebschner MAK. Accuracy of the Computer-Aided Surgical Simulation (CASS) 

System in the Treatment of Patients With Complex Craniomaxillofacial Deformity: 

A Pilot Study. Journal of Oral and Maxillofacial Surgery. 2007;65(2):248–54 doi : 

https://doi.org/10.1016/j.joms.2006.10.005. 

126. Stamm T, Böttcher D, Kleinheinz J. The University Münster model surgery 

system for orthognathic surgery – The digital update. Head Face Med. 2021;17:31. 

doi: https://doi.org/10.1186/s13005-021-00278-y 

127. Homeida L, Felemban E, Kassar W, Ameen M, Aldahlawi S. Temporomandibular 

https://doi.org/10.1016/j.ajodo.2006.05.032
https://doi.org/10.1016/j.joms.2006.10.005
https://doi.org/10.1186/s13005-021-00278-y


    209 

 

joints disorders (TMDs) prevalence and their relation to anxiety in dental students. 

F1000Res. 2022 Apr 27;11:271. doi: 10.12688/f1000research.76178.2. PMID: 

37965036; PMCID: PMC10643880. 

128. Lekaviciute R, Kriauciunas A. Relationship Between Occlusal Factors and 

Temporomandibular Disorders: A Systematic Literature Review. Cureus. 2024 Feb 

13;16(2):e54130. doi: 10.7759/cureus.54130. PMID: 38487145; PMCID: 

PMC10939299.  

129. Smaglyuk L, Liakhovska A, Kulish N. Features related to EMG-activity of 

masticatory muscles in patients with unilateral posterior crossbite: a cross-sectional 

study. Orthodontic Forum. 2021;17(2):114–21. doi:10.5114/for.2021.107531.  

130. Smaglyuk LV, Liakhovska AV. EMG-characteristic of masticatory muscles in 

patients with class II malocclusion and temporomandibular disorders. Wiad Lek. 

2019;72(5 cz 2):1043–7. PMID: 31175741. 

131. Smaglyuk L, Solovei K, Liakhovska A. Characteristics of EMG-activity of 

masticatory muscles in functional treatment of patients at retention stage. Georgian 

Med News. 2018 Jan;(274):42–7. PMID: 29461225. 

132. Smaglyuk LV, Smaglyuk VI, Liakhovska �V, Trofymenko MV. EMG-activity 

of muscles of the cranio-mandibular system during functions of the dentofaci!al 

region. World of Medicine and Biology. 2020;1(71):128–32. doi: 10.26724/2079-

8334-2020-1-71-128-132 

133. Yatsenko PI, Rybalov OV, Yatsenko OI, Novikov VM, K>rol DM, Kindiy DD, 

Kindiy VD. [Electromyographic characteristics of temporal and masticatory muscles 

in patients with compression-dislocation dysfunction of temporomandibular joints 

of different severity]. Wiad Lek. 2018;71(3 pt 2):663-670. Russian. PMID: 

29783243.  

134. !>2V:>2 � , /F5=:> #І, $810;>2 "�.  V>D0FV0;ь=0 A8<?B><0B8:0 C 

:;V=VFV :><?@5AV9=>-48A;>:0FV9=>W 48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> 

AC3;>10. ':@0W=Aь:89 AB><0B>;>3VG=89 0;ь<0=0E. 2017; 1: 32–6. $568< 

4>ABC?C: file:///C:/Users/User/Downloads/13-13-PB%20(1).pdf  



    210 

 

135. Rybalov OV, Yatsenko PI, Yatsenko OI, Khorosh MV, Korol DM, Kindiy DD, 

Kindiy VD. Hypermobility of the articular heads of the temporomandibular joint: 

pathology or variant of the norm? Wiad Lek. 2019 Oct 31;72(10):1883–9. PMID: 

31982007. 

136. Yatsenko P.I., Yatsenko O.I., Rybalov O.V. et al. Di"erential and diagnostic 

criteria for hypermobility of the articular heads of the mandible, muscle and joint 

contracture and compression-dislocation dysfunction of temporomandibular joint 

(according to the data of tmj zonography). World of medicine and biology. 2019; 

2(64): 112–4. doi: 10.26724/2079-8334-2018-2-64-112-114 

137.  Kostiuk T, Koval I, Tyshko D, Koval M. Analysis of diagnostics and newest 

pathogenesis aspects of temporomandibular dysfunction (review). Georgian Med 

News. 2018 Jul-Aug; 7–8 (280–281):44–8. PMID: 30204093. 

138. �>ABN: & . �;5:B@><V>3@0DVG=5 4>A;V465==O @>1>B8 6C20;ь=8E <’O7V2 

?@8 48ADC=:FV>=0;ь=8E @>7;040E A:@>=52>-=86=ь>I5;5?=>3> AC3;>10. 

�:BC0;ь=V ?@>1;5<8 ACG0A=>W <548F8=8: �VA=8: ':@0W=Aь:>W <548G=>W 

AB><0B>;>3VG=>W 0:045<VW. 2018;16(3):212–8. $568< 4>ABC?C: http://repository. 

pdmu.edu.ua/bitstream/123456789/12364/1/Kostiuk_Electromyographic_research

_of_chewing_muscles.pdf 

139. �>ABN: & .  03=VB=>-@57>=0=A=0 B><>3@0DVO 2 4V03=>AB8FV <’O7>2>-

AC3;>1>2>W 48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> AC3;>10. %CG0A=0 

AB><0B>;>3VO. 2020; 1 (112): 108–11. 

140. !>2V:>2 � , �>@>AB0H>20  �, �>40B:> �І, %28@840 "%, .I5=:> /". 

$>;ь <03=VB=>-@57>=0=A=>3> 4>A;V465==O 2 ;V:C20==V 48ADC=:FVW A:@>=52>-

=86=ь>I5;5?=>3> AC3;>10. ':@0W=Aь:89 AB><0B>;>3VG=89 0;ь<0=0E. 

2021;2:59–63. $568< 4>ABC?C: http://repository.pdmu.edu.ua/ handle/123456789/ 

9817438 

141. �>ABN: & , �0=N@0 "�. $0==O 4V03=>AB8:0 <’O7>2>-AC3;>1>2>W 

48ADC=:FVW A:@>=52>-=86=ь>I5;5?=>3> AC3;>1C 70 4>?><>3>N :><?’NB5@=>W 

A8AB5<8-4>40B:C. ':@0W=Aь:89 =0C:>2>-<548G=89 <>;>4V6=89 6C@=0;. 

http://repository/


    211 

 

2019;4(112):6–11. 

142. Kostiuk TM, Kaniura AA, Shinchukovskiy IA,  Tsyzh AV, Medvinska NI. 

EMG Activity of Chewing Muscles in Dysfunctional Disorders of 

Temporomandibular Joints. Neurophysiology 2020;52:43–48. 

https://doi.org/10.1007/s11062-020-09849-2  

143. %<03;N: ��, �C;VH !�, �OE>2Aь:0 ��. %B0= A:@>=52>-=86=ь>I5;5?=>3> 

AC3;>10 C ?0FVє=BV2 7 ?5@5E@5A=8< ?@8:CA>< 7V 7<VI5==O< =86=ь>W I5;5?8 70 

40=8<8 @5=B35=>;>3VG=8E <5B>4V2 4>A;V465==O. %2VB <548F8=8 B0 1V>;>3VW. 

2021;1(75):152–6.  

144. Fukino K, Tsutsumi M, Honda E, NimuraA, Iwanaga J, Akita K. Contribution of the 

complex comprising the masticatory fascia, disc, and capsule to temporomandibular 

joint stabilization: An anatomical study, Annals of Anatomy – Anatomischer 

Anzeiger. 2024; 152268, ISSN 0940-9602, doi: https://doi.org/10.1016/j.aanat.2024. 

152268; https://www.sciencedirect.com/science/article/pii/S0940960224000608 

145. �>2:0=8G �, �@0Aь %. �=0;V7 AE5< 2V:>2>W ?5@V>4870FVW ?>AB=0B0;ь=>3> 

>=B>35=57C ;N48=8. %?>@B82=0 =0C:0 ':@0W=8. 2017;6(82):9–17. http:// 

sportscience.ldufk.edu.ua/index.php/snu/article/view/652/631 

146. "HC@:> �#, ";V9=8: І., *838:0;> "�, /@5<GC: !І. #@8AB@V9 4;O 

25@B8:0;ь=>W DV:A0FVW >1'є:BV2 4>A;V465==O ?V4 G0A ?@>2545==O :><?’NB5@=>W 

B><>3@0DVW I5;5?=>-;8F52>W B0 G5@5?=>-<>7:>2>W 4V;O=>: #5@5;V: =0C:>2>W 

(=0C:>2>-B5E=VG=>W) ?@>4C:FVW, ?@87=0G5=>W 4;O 2?@>20465==O 4>AO3=5=ь 

<548G=>W =0C:8 C AD5@C >E>@>=8 74>@>2’O. 2021;7:339-41. $5єAB@. № 383/7/20. 

147. *838:0;> "�,  0:0@GC: І%, ";V9=8: І., /@5<GC: !І, "HC@:> �#. 

%?>AV1 <0@:C20==O ?@54<5B=8E A:5;5Fь 7 A5@V9=8<8 3VAB>;>3VG=8<8 7@V70<8. 

#5@5;V: =0C:>2>W (=0C:>2>-B5E=VG=>W) ?@>4C:FVW, ?@87=0G5=>W 4;O 

2?@>20465==O 4>AO3=5=ь <548G=>W =0C:8 C AD5@C >E>@>=8 74>@>2’O. 2021; 

7:341-2. $5єAB@. № 384/7/20.  

148. /@5<GC: !І,  ";V9=8: І., *838:0;> "�, "HC@:> �#,  0:0@GC: І.%. 

#@5?0@C20;ь=0 4>H:0 7 DV:A0B>@0<8. #5@5;V: =0C:>2>W (=0C:>2>-B5E=VG=>W) 

https://doi.org/10.1007/s11062-020-09849-2%20143
https://doi.org/10.1007/s11062-020-09849-2%20143
https://doi.org/10.1016/j.aanat
https://www.sciencedirect.com/science/article/pii/S0940960224000608


    212 

 

?@>4C:FVW, ?@87=0G5=>W 4;O 2?@>20465==O 4>AO3=5=ь <548G=>W =0C:8 C AD5@C 

>E>@>=8 74>@>2’O. 2021; 7:342-3. $5єAB@. № 385/7/20. 

149. /@5<GC: !І, "HC@:> �#, ";V9=8: І.. 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. %2V4>FB2> ?@> 

@5єAB@0FVN 02B>@Aь:>3> ?@020 =0 B2V@. �2B>@Aь:5 ?@02> V AC<V6=V ?@020 : 

"DVFV9=89 5;5:B@>==89 1N;5B5=ь. 2024;79:357. https://ukrpatent.org/uk/ 

articles/bulletin-copyright 

150. /@5<GC: !І, "HC@:> �#, ";V9=8: І., �5@0A8< � , %BC45=B �". 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. %2V4>FB2> ?@> @5єAB@0FVN 02B>@Aь:>3> ?@020 =0 B2V@ 2V4 07.03.2024 № 

124477. �2B>@Aь:5 ?@02> V AC<V6=V ?@020 : "DVFV9=89 5;5:B@>==89 1N;5B5=ь. 

2024;81:137-8.  

151. Yaremchuk NI. Expediency of studying the anatomical structure and CT-density 

of bone tissue of the coronoid and condyloid processes of the human mandible in 

case of tooth loss. �:  0B5@V0;8 102-W ?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; 2021 �NB 08, 10, 15;  

+5@=V2FV. +5@=V2FV; 2021, A. 43. 

152. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS. Digital 

methods for morphometric examination of human lower jaw bone tissue. �: ,8O= � , 

@540:B>@.  0B5@V0;8 =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 <V6=0@>4=>N CG0ABN 4> 

�A5A2VB=ь>3> 4=O 0=0B><VW �:BC0;ь=V ?8B0==O 1V><548G=8E =0C:; 2021 �>2 13; 

)0@:V2. )0@:V2; 2021, A. 111-3.  

153. Yaremchuk NI. The importance of the computer tomography in the studying of 

the human lower jaw bone tissue. �:  0B5@V0;8 103-W ?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; 2022 �NB 07, 

https://ukrpatent.org/uk/%20articles/bulletin-copyright
https://ukrpatent.org/uk/%20articles/bulletin-copyright


    213 

 

09, 14;  +5@=V2FV. +5@=V2FV; 2022, A. 42-3. 

154. /@5<GC: !І. "1ґ@C=BC20==O 4>ABC?=8E <0;>V=20782=8E <5B>4V2 4V03=>AB8:8 

@0==VE ?@>O2V2 7<V=8 IV;ь=>ABV :VAB:>2>W B:0=8=8 2V4@>AB:V2 =86=ь>W I5;5?8 

;N48=8. �:  0B5@V0;8 �A5C:@0W=Aь:>W =0C:>2>-?@0:B8G=>W :>=D5@5=FVW %CG0A=V 

?5@A?5:B828 @>728B:C AB><0B>;>3VW G5@57 ?@87<C 4>A;V465=ь <>;>48E 2G5=8E; 

2022 �NB 10-11; $V2=5. $V2=5; 2022, A. 137-40. 

155. Yaremchuk NI. Possibilities of using methods for diagnosing early manifestations 

of changes in bone density in the processes of the lower jaw. �:  0B5@V0;8 104-W 

?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; 2023 �NB 06, 08, 13; +5@=V2FV. +5@=V2FV; 2023, A. 42-3. 

156. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS. 

Morphological peculiarities of bone tissue in "disuse atrophy" on the example of a 

segment of the human lower jaw. �:  0B5@V0;8 ?’OB>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; 2021 �>2 20-22; �=V?@>; 2021, A. 110.  

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  

158. Yaremchuk NI. Results of morphological and densitometric diagnostics of bone 

tissue of the articular processes of the mandible. �:  0B5@V0;8 105-W ?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. У>DаWAEь><= AаG>BвB-@54<чA<= 

https://doi.org/10.36740/merkur202302103


    214 

 

@B?B4V6A<= 6GDAа?. 2023;138(2 %?5F28?):150–1 (HаIBв5 в<4аAAя).  

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. 

162. /@5<GC: !І, "HC@:> �#, ";V9=8: І.. #>@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 =86=ь>W I5;5?8 ?@8 

=01CB8E 45D5:B0E 7C1=>3> @O4C. �VA=8: AB><0B>;>3VW. 2023;125(4):55-62. doi: 

10.35220/2078-8916-2023-50-4.10  (D0E>25 2840==O). 

163. "HC@:> �#, /@5<GC: !І, ";V9=8: І..  >@D><5B@8G=0 <V=;82VABь :CB0 

=86=ь>W I5;5?8. �:  0B5@V0;8 =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 

<V6=0@>4=>N CG0ABN, ?@8A2OG5=>W 100-@VGGN 2V4 4=O =0@>465==O ?@>D5A>@:8 

�V:B>@VW �=B>=V2=8  0;VH52Aь:>W #@8:;04=V ?8B0==O ACG0A=>W <>@D>;>3VW; 

2022 �5@ 23-24; +5@=V2FV. +5@=V2FV:  54C=V25@A8B5B; 2022, A. 40-1. 

164. Dmytrenko RR, Koval OA, Andrushchak LA, Makarchuk IS, Tsyhykalo OV. 

Peculiarities of the identification of different types of tissues during 3d-

reconstruction of human microscopic structures. Neonatology, surgery and perinatal 

medicine. 2023; 4(50):125–34. doi: 10.24061/2413-4260.XIII.4.50.2023.18. 

165. Oshurko A$, Oliinyk IYu. Results of 3-D reconstruction in dynamic analysis 

for determining the bone tissue density of the maxilla in human prenatal ontogenesis. 

Reports of Vinnytsia National Medical University, 23(1), 24-35. 

https://doi.org/10.31393/reports-vnmedical-2019-23(1)-04 

http://dx.doi.org/10.24061/2413-4260.XIII.4.50.2023.18
https://doi.org/10.31393/reports-vnmedical-2019-23(1)-04


    215 

 

166. *838:0;> "�, ";V9=8: І., "HC@:> �#, �<8B@5=:> $$, #0;VA %., 

 0:0@GC: І%, /@5<GC: !І. #@5=0B0;ь=0 <>@D>;>3VO =86=ь>W I5;5?8 ;N48=8. 

�VA=8: ?@>1;5< 1V>;>3VW V <548F8=8. 2022;2(�>4):54-5. doi: 10.29254/2077-

4214-2022-2-164/addition-54-55   

167. Shakya S, Zhang X, Liu L. Key points in surgical management of mandibular 

condylar fractures. Chin J Traumatol. 2020;23(2):63–70. doi: 

10.1016/j.cjtee.2019.08.006. Epub 2019 Nov 1. PMID: 31744656; PMCID: 

PMC7156880. 

168. Shakya S, Li KD, Huang D, Liu ZQ, Zhang X, Liu L. Virtual surgical planning 

is a useful tool in the surgical management of mandibular condylar fractures. Chin J 

Traumatol. 2022; 25(3):151–5. doi:10.1016/j.cjtee.2021.12.002. Epub 2021 Dec 10. 

PMID: 35034763; PMCID: PMC9125724. 

169. Turton N, McGoldrick DM, Walker K, Martin T, Praveen P. Septic Arthritis of 

the Temporomandibular Joint with Intracranial Extension: A Case Report. J 

Maxillofac Oral Surg. 2022;21(1):120–3. doi: 10.1007/s12663-021-01637-7. Epub 

2021 Aug 27. PMID: 35400902; PMCID: PMC8934801.  

170. D>ving M, Christensen EE, Huse LP, Vengen ". A case of septic arthritis of 

the temporomandibular joint with necrotic peri-articular infection and Lemierre's 

syndrome: an unusual presentation. Oral Maxillofac Surg. 2021;25(3):411–5. doi: 

10.1007/s10006-020-00921-z. Epub 2020 Nov 5. PMID: 33151408; PMCID: 

PMC8352803. 

171. $C10A ��. �8=0<V:0 7<V= <V=5@0;ь=>3> A:;04C <V:@>- B0 <0:@>5;5<5=BV2 

:VAB:>2>W B:0=8=8 A:@>=52>-=86=ь>I5;5?=8E AC3;>1V2 ?@8 FC:@>2><C 4V015BV. 

�VA=8: <548G=8E V 1V>;>3VG=8E 4>A;V465=ь. 2020;3(5):99–102. doi: 

10.11603/bmbr.2706-6290.2020.3.11358; https://doi.org/10.11603/ bmbr.2706-

6290.2020.3.11358 

172. �@5E;VGC: ##, �>=G0@C:-)><8=  .. "FV=:0 A:;04>28E ?0B5@=0 

?5@5;><C =86=ь>W I5;5?8 70 40=8<8 @5B@>A?5:B82=8E 4>A;V465=ь V7 

http://dx.doi.org/10.29254/2077-4214-2022-2-164/addition-54-55
http://dx.doi.org/10.29254/2077-4214-2022-2-164/addition-54-55
https://doi.org/10.11603/%20bmbr.2706-6290.2020.3.11358
https://doi.org/10.11603/%20bmbr.2706-6290.2020.3.11358


    216 

 

25;8:8< >1AO3>< 281V@>:. �;V=VG=0 AB><0B>;>3VO. 2019;(1):11–8. 

doi: https://doi.org/10.11603/2311-9624.2019.1.10142 ; https://ojs.tdmu.edu.ua/ 

index.php/kl-stomat/article/view/10142 

173. #>;VIC: %%, %:810 �/, #>;VIC: �%, ,C20;>2 % , #>;VIC: OO, 

�0;VIC: AI. +0AB>B0 B0 AB@C:BC@0 ?5@5;><V2 =86=ь>W I5;5?8. �VA=8: 

AB><0B>;>3VW. 2020;113(4):53–60. doi: https://doi.org/10.35220/2078-8916-2020-

38-4-53-60 

174. Kannari L, Marttila E, Toivari M, Thorén H, Snäll J. Paediatric mandibular 

fracture-a diagnostic challenge? Int J Oral Maxillofac Surg. 2020; 49 (11) :1439–

44.  doi: https://doi.org/10.1016/j.ijom.2020.06.008; PMID:32680807 

175. %:@8?0 O�. +0AB>B0 4V03=>AB8G=8E A:@>=52>-=86=ь>I5;5?=8E @>7;04V2 C 

E2>@8E V7 ?5@5;><0<8  =86=ь>W I5;5?8  70;56=> 2V4 ;>:0;V70FVW B0 2V:C. 

2019;(1):33–9. doi: https://doi.org/10.11603/2311-9624.2019.1.10145; doi: https:// 

ojs.tdmu.edu.ua/index.php/kl-stomat/article/view/10145 

176. Ren R, Dai J, Zhi Y, Xie F. Comparison of temporomandibular joit function 

and morphology after surgical and non-surgical treatment in adult condylar head 

fractures. J Craniomaxillofac Surg. 2020;(48):323–30. doi: https://www.ncbi.nlm. 

nih.gov/pubmed/32113881 ; doi: https://doi.org/10.1016/j.jcms.2020.01.019  

177. Stähli C, Eliades T, Papageorgiou SN. Functional appliance treatment for 

mandibular fractures: A systematic review with meta-analyses. J Oral Rehabil. 

2021;(48):945–54. doi: https://doi.org/10.1111/joor.13178 ; PMID:33963591 ; 

PMCID: PMC8362118. 

178. ,C<8=Aь:89 Є�, �>?G0: ��, �C@ьO=>2 ��, �8A59:> !�, �>@>H5=:> "M. 

"FV=:0 >:;N7V9=8E A?V22V4=>H5=ь B0 6C20;ь=>W DC=:FVW C ?0FVє=BV2 V7 

?5@5;><0<8 25@E=ь>W I5;5?8 <5B>4>< :><?ʼNB5@=>W >:;N7V>3@0DVW.. �;V=VG=0 

AB><0B>;>3VO. 2021;(3):10–25. doi: https://doi.org/10.11603/2311-9624.2021.3.12460  

179. #>3@0=8G=0 )$. �V03=>AB8G=5 7=0G5==O ?@548:B>@V2 B:0=8==>W 45AB@C:FVW 

A:@>=52>-=86=ь>I5;5?=>3> AC3;>10 ?@8 B@02<0B8G=8E ?5@5;><0E AC3;>1>2>3> 

2V4@>AB:0 =86=ь>W I5;5?8. �;V=VG=0 AB><0B>;>3VO. 2021; (1) :20–7. doi: 

https://doi.org/10.11603/2311-9624.2019.1.10142
https://ojs.tdmu.edu.ua/%20index.php/kl-stomat/article/view/10142
https://ojs.tdmu.edu.ua/%20index.php/kl-stomat/article/view/10142
https://doi.org/10.35220/2078-8916-2020-38-4-53-60
https://doi.org/10.35220/2078-8916-2020-38-4-53-60
https://doi.org/10.1016/j.ijom.2020.06.008#_blank
https://doi.org/10.11603/2311-9624.2019.1.10145
https://doi.org/10.1016/j.jcms.2020.01.019
https://doi.org/10.1111/joor.13178
https://doi.org/10.11603/2311-9624.2021.3.12460


    217 

 

https://doi.org/10.11603/2311-9624.2021.1.12035 

180. Weinberg FM, Speksnijder CM, Forouzanfar T. Articular soft tissue injuries 

associated with mandibular condyle fractures and the effects on oral function. Int J 

Oral Maxillofac.Surg. 2019;48:746–58. doi: https://www.ncbi.nlm.nih.gov/pubmed/ 

30773333 ; doi: https://doi.org/10.1016/j.ijom.2019.01.025.  

181. Chen Zh, Cao C, Yang J, Mao Q, Shi B, Li J. A retrospective cephalometric 

study on the craniofacial morphology of adult patients with unoperated submucous 

cleft palate. Journal of Cranio-Maxillofacial Surgery. 2023;51(11):702–707. doi: 

https://doi.org/10.1016/j.jcms.2023.08.005  

182. El Hadidi YaN, El Dien Hany H, Taha M, Sleem H, El Kassaby M. The 

correction of asymmetry using computer planned distraction osteogenesis versus 

conventional planned extra-oral distraction osteogenesis: A randomized control 

clinical trial. Journal of Cranio-Maxillofacial Surgery. 2022;50(6):504–514. doi:  

https://doi.org/10.1016/j.jcms.2022.04.002 

183. "HC@:> �#. $57C;ьB0B8 45=A8B><5B@8G=>W >FV=:8 ?@8 0B@>DVW :VAB:>2>W 

B:0=8=8 =86=ь>W I5;5?8, 7 ;V2>W AB>@>=8. �VA=8: ?@>1;5< 1V>;>3VW V <548F8=8. 

2022;1(163):235-40. doi: https://doi.org/10.29254/2077-4214-2022-1-163-235-240  

184. Kaban LB, Posnick JC. To Save or Resect a Remodeled Condyle in Young 

Patients? Journal of Oral and Maxillofacial Surgery. 2023;81(11):1323–24.  doi: 

https://doi.org/10.1016/j.joms.2023.07.139. ISSN 0278-2391 

185. Shu K, Liu W, Zhao J, Zhang Zh, Shan B, Li X, Ma L-K. Condylar resorption 

post mandibular distraction osteogenesis in craniofacial microsomia: A retrospective 

study. Journal of Cranio-Maxillofacial Surgery. 2023;51(11):675–681. doi:  

https://doi.org/10.1016/j.jcms.2023.10.001   

186. Gaur V, Doshi AG, Gandhi S. Immediate Prosthetic Rehabilitation of Marginal 

Mandibulectomy Post Radiation Case by Single-Piece Implant – A Case Report. 

Ann Maxillofac Surg. 2020;10(2):501–6. doi: 10.4103/ams.ams_260_20. Epub 

2020 Dec 23. PMID: 33708605.  

187. McLeod NMH, Saeed NR, Gerber B. Remodelling of mandibular condylar 

https://doi.org/10.11603/2311-9624.2021.1.12035
https://www.ncbi.nlm.nih.gov/pubmed/%2030773333
https://www.ncbi.nlm.nih.gov/pubmed/%2030773333
https://doi.org/10.1016/j.ijom.2019.01.025
https://doi.org/10.1016/j.jcms.2023.08.005
https://doi.org/10.1016/j.jcms.2022.04.002
https://doi.org/10.29254/2077-4214-2022-1-163-235-240
https://doi.org/10.1016/j.joms.2023.07.139.%20ISSN%200278-2391
https://doi.org/10.1016/j.jcms.2023.10.001


    218 

 

head after fixation of fractures with ultrasound activated resorbable pins: A 

retrospective case series. Journal of Cranio-Maxillofacial Surgery. 2023;51(7–8): 

460–6. doi: https://doi.org/10.1016/j.jcms.2023.07.004 

188. Lai BR, Liao HT. The Comparison of Functional Outcomes in Patients With 

Unilateral or Bilateral Intracapsular Mandibular Condylar Fractures After Closed or 

Open Treatment: A 10-Year Retrospective Study. Ann. Plast. Surg. 2023;90 (1 

Suppl 1):S19–S25. doi: 10.1097/SAP.0000000000003346. PMID: 37075291. 

189. Abe S, Kobayashi T, Yokomizo N, Hyodo K, Kitano H, Kobayashi Y. (). 

Evaluation and Prediction of Healing Morphology After Closed Reduction for 

Unilateral Mandibular Condyle Fractures. J. Craniofac. Surg. 2023;34(3):865–9. 

doi: 10.1097/SCS.0000000000008978. PMID: 36036502.  

190. Elawadly A, Smith L, Borghi A, Nouby R, Silva AHD, Dunaway DJ, Jeelani 

NUO, Ong J, James G. 3-Dimensional Morphometric Outcomes After Endoscopic 

Strip Craniectomy for Unicoronal Synostosis. J. Craniofac. Surg. 2023;34(1):322–

31. doi: 10.1097/SCS.0000000000009010. PMID: 36184769. 

191. Kronig SAJ, Kronig ODM, Vrooman HA, Veenland JF, Van Adrichem LNA. 

Quantification of Severity of Unilateral Coronal Synostosis. Cleft Palate Craniofac 

J. 2021;58(7):832–7. doi: 10.1177/1055665620965099. Epub 2020 Oct 20. PMID: 

33078622; PMCID: PMC8209757. 

192. He Y, Lin H, Lin Q, Lu L, Li M, Li Q, Xue XuYu. Morphologic changes in 

idiopathic condylar resorption with different degrees of bone loss. Oral Surgery, 

Oral Medicine, Oral Pathology and Oral Radiology. 2019;128(3):332–40.  doi: 

https://doi.org/10.1016/ j.oooo.2019.05.013 

193. Ji YD, Resnick CM, Peacock ZS. Idiopathic condylar resorption: A systematic 

review of etiology and management. Oral Surg Oral Med Oral Pathol Oral Radiol. 

2020;130(6):632–9. doi: 10.1016/j.oooo.2020.07.008. PMID: 32807713.   

https://doi.org/10.1016/j.jcms.2023.07.004
https://doi.org/10.1097/sap.0000000000003346
https://doi.org/10.1097/scs.0000000000008978
https://doi.org/10.1097/scs.0000000000009010
https://doi.org/10.1177/1055665620965099
https://doi.org/10.1016/%20j.oooo.2019.05.013
https://doi.org/10.1016/j.oooo.2020.07.008


  219 

   

 

�"��&�� 

�од0ток � 

 

%#�%"� #$�&Ь, ' /��% "#'����"��!� "%!"�!� $��'�Ь&�&� 

��%�$&�&��: 
1. 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). 

2. 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). 

3. Oshurko �P, Yaremchuk NI, Oliinyk IYu, Makarchuk IS., Sukhliak VV, 

Kerimova TM, et al. Significance of variability of anatomical and topographic 

features of the mandibular canal(s) in clinical dentistry. К;V=VG=0 0=0B><VO B0 

>?5@0B82=0 EV@C@3VO. 2023;22(2):20-7. doi: 10.24061/1727-0847.22.2.2023.14 

(D0E>25 2840==O). 

4. /@5<GC: !І, "HC@:> �#, ";V9=8: І.. #>@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 =86=ь>W I5;5?8 ?@8 

=01CB8E 45D5:B0E 7C1=>3> @O4C. ВVA=8: AB><0B>;>3VW. 2023;125(4):55-62. doi: 

10.35220/2078-8916-2023-50-4.10  (D0E>25 2840==O). 

5. "HC@:> �#, ";V9=8: І., �C7=O: !�, /@5<GC: !І,  0:0@GC: І%.  

�=0G5==O <>@D><5B@8G=>3> 4>A;V465==O 4;O 287=0G5==O <V=;82>ABV 

B>?>3@0DVG=8E A?V22V4=>H5=ь AB@C:BC@ =86=ь>W I5;5?8 =0 ?@8:;04V 

A03VB0;ь=>3> 7@V7C WW :CB0. К;V=VG=0 B0 5:A?5@8<5=B0;ь=0 ?0B>;>3VO. 

2021;20(4):58-65. doi: 10.24061/1727-4338.XX.4.78.2021.7 (D0E>25 2840==O). 

6. Oshurko AP, Oliinyk IYu, Yaremchuk NI, Makarchuk IS. Morphological 

https://doi.org/10.36740/merkur202302103
http://dx.doi.org/10.26724/2079-8334-2023-3-85-186-191
http://dx.doi.org/10.26724/2079-8334-2023-3-85-186-191
https://doi.org/10.24061/1727-0847.22.2.2023.14
https://doi.org/10.35220/2078-8916-2023-50-4.10
https://doi.org/10.24061/1727-4338.XX.4.78.2021.7


  220 

   

 

features of bone tissue in "disuse atrophy" on the example of a segment of the human 

lower jaw: clinical experience of treatment. Biomedical and biosocial anthropology. 

2021;42:5-11. doi: 10.31393/bba42-2021-01 (@5F5=7>20=5 2840==O :@0W=8 Є%). 

 

!�'�"�� #$�&�, Щ" ��%���''.&Ь �#$"��&�. 

 �&�$����� ��%�$&�&��: 
7. Yaremchuk NI. Results of morphological and densitometric diagnostics of 

bone tissue of the articular processes of the mandible. �:  0B5@V0;8 105-W 

?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.  

8. /@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. ':@0W=Aь:89 =0C:>2>-<548G=89 

<>;>4V6=89 6C@=0;. 2023;138(2 %?5F28?):150-1 (D0E>25 2840==O). 

9. Yaremchuk NI. Possibilities of using methods for diagnosing early 

manifestations of changes in bone density in the processes of the lower jaw. �: 

 0B5@V0;8 104-W ?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; 2023 �NB 06, 08, 13; '5@=V2FV. '5@=V2FV; 2023, A. 42-3. 

10. /@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.  

11. Yaremchuk NI. The importance of the computer tomography in the 

studying of the human lower jaw bone tissue. �:  0B5@V0;8 103-W ?V4AC<:>2>W 

=0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 <V6=0@>4=>N CG0ABN ?@>D5A>@Aь:>-

https://doi.org/10.31393/bba42-2021-01


  221 

   

 

28:;040Fь:>3> ?5@A>=0;C �C:>28=Aь:>3> 45@602=>3> <548G=>3> C=V25@A8B5BC; 

2022 �NB 07, 09, 14;  '5@=V2FV. '5@=V2FV; 2022, A. 42-3.  

12. /@5<GC: !І. "1ґ@C=BC20==O 4>ABC?=8E <0;>V=20782=8E <5B>4V2 

4V03=>AB8:8 @0==VE ?@>O2V2 7<V=8 IV;ь=>ABV :VAB:>2>W B:0=8=8 2V4@>AB:V2 

=86=ь>W I5;5?8 ;N48=8. �:  0B5@V0;8 �A5C:@0W=Aь:>W =0C:>2>-?@0:B8G=>W 

:>=D5@5=FVW %CG0A=V ?5@A?5:B828 @>728B:C AB><0B>;>3VW G5@57 ?@87<C 

4>A;V465=ь <>;>48E 2G5=8E; 2022 �NB 10-11; $V2=5. $V2=5; 2022, A. 137-40.  

13. "HC@:> �#, /@5<GC: !І, ";V9=8: І..  >@D><5B@8G=0 <V=;82VABь 

:CB0 =86=ь>W I5;5?8. �:  0B5@V0;8 =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 

<V6=0@>4=>N CG0ABN, ?@8A2OG5=>W 100-@VGGN 2V4 4=O =0@>465==O ?@>D5A>@:8 

�V:B>@VW �=B>=V2=8  0;VH52Aь:>W #@8:;04=V ?8B0==O ACG0A=>W <>@D>;>3VW; 

2022 �5@ 23-24; '5@=V2FV. '5@=V2FV:  54C=V25@A8B5B; 2022, A. 40-1. 

14. Yaremchuk NI. Expediency of studying the anatomical structure and CT-

density of bone tissue of the coronoid and condyloid processes of the human 

mandible in case of tooth loss. �:  0B5@V0;8 102-W ?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; 2021 �NB 08, 10, 

15;  '5@=V2FV. '5@=V2FV; 2021, A. 43. 

15. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS. 

Digital methods for morphometric examination of human lower jaw bone tissue. �: 

(8O= � , @540:B>@.  0B5@V0;8 =0C:>2>-?@0:B8G=>W :>=D5@5=FVW 7 

<V6=0@>4=>N CG0ABN 4> �A5A2VB=ь>3> 4=O 0=0B><VW �:BC0;ь=V ?8B0==O 

1V><548G=8E =0C:; 2021 �>2 13; %0@:V2. %0@:V2; 2021, A. 111-3.  

16. Oshurko AP, Oliinyk IYu, Tsyhykalo OV, Yaremchuk NI, Makarchuk IS. 

Morphological peculiarities of bone tissue in "disuse atrophy" on the example of a 

segment of the human lower jaw. �:  0B5@V0;8 ?’OB>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; 2021 �>2 20-22; �=V?@>; 2021, A. 110.  

 



  222 

   

 

%#�%"� #$�&Ь,  /�� �"��&�"�" ���"�$���.&Ь 
!�'�"�� $��'�Ь&�&� ��%�$&�&��: 

17. &838:0;> "�, ";V9=8: І., "HC@:> �#, �<8B@5=:> $$, #0;VA %., 

 0:0@GC: І%, B0 V=. #@5=0B0;ь=0 <>@D>;>3VO =86=ь>W I5;5?8 ;N48=8. ВVA=8: 

?@>1;5< 1V>;>3VW V <548F8=8. 2022;2(�>4):54-5. doi: 10.29254/2077-4214-2022-

2-164/addition-54-55  (D0E>25 2840==O).  

18. /@5<GC: !І, "HC@:> �#, ";V9=8: І.. 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. %2V4>FB2> ?@> 

@5єAB@0FVN 02B>@Aь:>3> ?@020 =0 B2V@ 2V4 09.01.2024 № 122732. �2B>@Aь:5 ?@02> 

V AC<V6=V ?@020. 2024;79:357. https://ukrpatent.org/uk/articles/bulletin-copyright 

19. /@5<GC: !І, "HC@:> �#, ";V9=8: І., �5@0A8< � , %BC45=B �". 

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. %2V4>FB2> ?@> @5єAB@0FVN 02B>@Aь:>3> ?@020 =0 B2V@ 2V4 07.03.2024 

№ 124477. �2B>@Aь:5 ?@02> V AC<V6=V ?@020. 2024;81:237-8. 

20. "HC@:> �#, ";V9=8: І., &838:0;> "�, /@5<GC: !І. #@8AB@V9 4;O 

25@B8:0;ь=>W DV:A0FVW >1'є:BV2 4>A;V465==O ?V4 G0A ?@>2545==O :><?’NB5@=>W 

B><>3@0DVW I5;5?=>-;8F52>W B0 G5@5?=>-<>7:>2>W 4V;O=>:. $5єAB@. № 383/7/20. 

#5@5;V: =0C:>2>W (=0C:>2>-B5E=VG=>W) ?@>4C:FVW, ?@87=0G5=>W 4;O 2?@>20465==O 

4>AO3=5=ь <548G=>W =0C:8 C AD5@C >E>@>=8 74>@>2’O. 2021;7:339-41.  

21. &838:0;> "�,  0:0@GC: І%, ";V9=8: І., /@5<GC: !І, "HC@:> �#. 

%?>AV1 <0@:C20==O ?@54<5B=8E A:5;5Fь 7 A5@V9=8<8 3VAB>;>3VG=8<8 7@V70<8. 

$5єAB@. № 384/7/20. #5@5;V: =0C:>2>W (=0C:>2>-B5E=VG=>W) ?@>4C:FVW, ?@87=0G5=>W 

4;O 2?@>20465==O 4>AO3=5=ь <548G=>W =0C:8 C AD5@C >E>@>=8 74>@>2’O. 2021;7:341-2.  

22. /@5<GC: !І, ";V9=8: І., &838:0;> "�, "HC@:> �#,  0:0@GC: І.%. 

#@5?0@C20;ь=0 4>H:0 7 DV:A0B>@0<8. $5єAB@. № 385/7/20. #5@5;V: =0C:>2>W 

(=0C:>2>-B5E=VG=>W) ?@>4C:FVW, ?@87=0G5=>W 4;O 2?@>20465==O 4>AO3=5=ь 

<548G=>W =0C:8 C AD5@C >E>@>=8 74>@>2’O. 2021;7:342-3.  

http://dx.doi.org/10.29254/2077-4214-2022-2-164/addition-54-55
http://dx.doi.org/10.29254/2077-4214-2022-2-164/addition-54-55
https://ukrpatent.org/uk/articles/bulletin-copyright


  223 

   

 

�од0ток �.1 

 

���" "%&� #$" �#$"��&�. $��'�Ь&�&�� ��%�$&�&�� 

 

1. 102-0 ?V4AC<:>20 =0C:>2>-?@0:B8G=0 :>=D5@5=FVO 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 ('5@=V2FV, 08, 10, 15 ;NB>3> 2021) – CA=0 4>?>2V4ь 7 ?C1;V:0FVєN 

B57. (�>?>2V4ь: Д>FV;ь=VABь 4>A;V465=ь 0=0B><VG=>W 1C4>28 B0 К&-щV;ь=>ABV 
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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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