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ABSTRACT 

 

Pronyaev V.V. «Features of morphogenesis and topography of the male 

perineum in the prenatal period of ontogenesis» 3 A Qualifying Scientific Work in 

Manuscript Form. 

Dissertation for the degree of Doctor of Philosophy in the field of 

knowledge 22 "Health Care" in the specialty 222 "Medicine". 3 Bukovinian State 

Medical University of the Ministry of Health of Ukraine,  Chernivtsi, 2025. 

Bukovinian State Medical University, Ministry of Health of Ukraine, 

Chernivtsi, 2025. 

The dissertation work considers and resolves topical issues regarding the 

clarification of the terms and sources of the laying of structures and organs of the 

anal and urogenital triangles of the male perineum, the spatiotemporal dynamics of 

syntopic changes in its structures are clarified. The peculiarities of the 

morphogenesis of the urogenital septum in the early period of prenatal 

development, the formation and topographic and anatomical features of the fascia 

and interfascial cellular spaces of the male perineum are determined. The main 

regularities of age-related and individual anatomical variability of the structures of 

the male perineum in the dynamics of the fetal period of human development are 

determined. 

In order to determine the morphogenetic features and spatiotemporal 

dynamics of topographic and anatomical changes in the structures of the male 

perineum during the prenatal period of ontogenesis, specimens of 30 embryos, 30 

pre-fetuses and 30 human fetuses were studied. A complex of morphological 

research methods was applied, which included anthropometry, macro- and 

microscopy, 3D reconstruction, morphometry, and statistical analysis. 

For the first time, the peculiarities of age-related and individual anatomical 

variability of the shape and structure of the tissues of the perineum of human male 

fetuses have been clarified. Using classical and modern methods of morphological 

research, in particular three-dimensional reconstruction, new, previously unknown 
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or contradictory data have been obtained regarding the features of early 

morphogenesis and age-related dynamics of topographic and anatomical 

transformations of structures and organs of the male perineum region, which will 

allow creating a scientific basis for the development of new morphogenetically and 

anatomically based surgical techniques and approaches for the treatment of both 

congenital and acquired defects of the human genitourinary and digestive systems. 

The main sources, terms and sequence of the occurrence of the structures 

and organs of the anal and urogenital triangles of the male perineum have been 

clarified. The spatio-temporal dynamics of syntopic changes in the structures of the 

male perineum have been clarified. The question of the peculiarities of the 

formation of the urogenital septum during the embryonic period of human 

development has been resolved. The fascial structures and spaces of the male 

perineum have been studied in detail. The main age-related and individual 

morphogenetic patterns of the structures of the male perineum have been 

determined depending on the relative morphometric indicators in human fetuses. 

The source of development of male perineal structures is condensed 

mesenchyme located on both sides of the cloaca, from which the urorectal septum 

begins to form during the 4th week of prenatal development. The cloaca, which 

arises from the fusion of the ventral part of the hindgut and the caudal part of the 

allantois, undergoes changes in shape and size during this period due to its 

expansion and elongation during the flexion and subsequent extension of the 

embryo’s caudal part. By the end of this developmental period, the division of the 

cloaca into the ventral urogenital and dorsal anal sinuses begins, as a result of 

disproportionate proliferation of mesenchyme ventral and dorsal to the cloaca, and 

the syntopic influence of the coelomic cavity from the proximal direction. 

The first signs of differentiation of the primordia of the urogenital and 

digestive systems in the caudal part of the embryo are observed during the 5th 

week of prenatal development, during which the cloacal membrane differentiates 

into two main regions: the anterior urogenital plate and the posterior proper cloacal 

membrane. During the 7th week of development, the urorectal septum descends to 
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the level of the cloacal membrane. At the beginning of the 8th week, the central 

part of the proper cloacal membrane ruptures, and the urogenital plate, due to 

proliferation of the ventrally located mesenchyme, elongates and shifts cranially 

into the region of the genital tubercle. 

Critical periods in the development of male perineal structures at the stages 

of histogenesis and organogenesis are the 5th week 3 when the urorectal septum, 

the primordia of external genitalia, and the superficial muscles form 3 and the end 

of the 8th week 3 when the deep muscles of the perineum begin to form. 

At the beginning of the fetal period (8th week of prenatal ontogenesis), the 

primordia of the main structures of the penis (glans, spongy and cavernous bodies) 

are observed. Their main source of development is the fibrovascular tissue of the 

penile primordium, which is an elongation of the cloacal elevation. The 

mesenchyme located dorsally to it and around the fibrovascular regions is the 

source of the primordia of the superficial and deep muscles of the urogenital region 

of the perineum (bulbospongiosus, ischiocavernosus, internal and external urethral 

sphincters). During this same period, the primordium of the external anal sphincter 

appears in the form of mesenchymal condensations located dorsally and laterally to 

the urogenital sinus. The urogenital plate undergoes degeneration, followed by 

elongation of the urogenital sinus opening due to the growth of the ventrally 

located mesenchyme. 

By the end of the 5th month of intrauterine development, the external fascia 

of the perineum (superficial investing fascia) is clearly observed, which is a 

continuation of the fascia of the anterior abdominal wall. It surrounds the 

superficial muscles of the urogenital triangle and transforms into the deep fascia of 

the penis by the end of the fetal period of ontogenesis. Beneath it lie the superficial 

muscles: the superficial transverse perineal muscle, bulbospongiosus, and 

ischiocavernosus. During this stage of prenatal development, the superficial 

perineal space is located between the external fascia of the perineum (below) and 

the perineal membrane (above), containing the superficial transverse, bulbo-

spongiosus, and ischiocavernosus muscles, parts of the erectile bodies, and the 
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pudendal vessels and nerves. Below it lies the deep perineal space, with the 

perineal membrane (the inferior fascia of the urogenital diaphragm) as its floor. 

This membrane stretches between the pubic rami, is pierced by the urethra, and 

serves as the attachment site for the superficial muscles and erectile structures. Its 

anterior margin forms the transverse perineal ligament, and the posterior margin 

attaches to the perineal body. It contains the deep transverse perineal muscle and 

the external urethral sphincter. It has been established that the superior fascia of the 

urogenital diaphragm is not a separate structure but results from the fusion of the 

prostatic capsule and the inferior fascia of the pelvic diaphragm. 

From the 6th month of intrauterine development, a discrete structure of the 

levator ani muscle is observed, with the identification of puborectalis, pubo-

coccygeus, and iliococcygeus muscles. From the 8th month of prenatal develop-

ment, their differentiation becomes more distinct, and connections with the 

external anal sphincter and the pelvic fascia are observed. The superficial and deep 

muscles, fascial structures, and spaces of the male perineum acquire the main 

features of their definitive form and structure. 

Statistical analysis of the main distances between the structures of the male 

perineum, which can characterize the harmony of its development, revealed that in 

the 6th and 9th months of prenatal ontogenesis, there is an accelerated growth of 

morphometric indicators, whereas during the 5th and 8th months, their growth 

slows down. During the 5th month of prenatal development, the longitudinal 

parameters of the perineal region slow down significantly, while the transverse 

dimensions grow more intensively. In the 8th month, the morphometric parameters 

of the anal triangle of the perineum grow more intensively. These periods of 

uneven growth should be considered critical in terms of the likely occurrence of 

anatomical variants and congenital malformations of perineal structures and 

organs. 

Anatomical variability of the male perineal region was found in the structure 

of the urogenital diaphragm: the superficial transverse perineal muscle was absent 
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in 13.3% of fetuses, which may indicate a delay in its formation during the 4th 

month of intrauterine development. 

In human male fetuses, the growth of the main morphometric parameters of 

the external anal sphincter occurs unevenly. In the 4th month of prenatal 

ontogenesis, its length is 4.9±0.6 mm, width 3 1.7±0.5 mm, and thickness 3 

0.8±0.3 mm. By the 10th month of intrauterine development, the muscle bundle 

length reaches 19.7±2.8 mm (increases by 4 times), width 3 5.2±0.6 mm (increases 

by 3 times), and thickness 3 3.4±0.5 mm (increases by 4.25 times). 

Morphometric analysis of the ischioanal fossa in human male fetuses aged 

from 4 to 10 months of intrauterine development revealed a gradual increase in its 

anteroposterior dimension by 3.25 times (from 1.2±0.3 cm to 3.9±0.3 cm), 

transverse dimension by 2.7 times (from 0.6±0.2 cm to 1.6±0.5 cm), and depth by 

2.2 times (from 0.5±0.2 cm to 1.1±0.2 cm). The area of the base of the fossa 

increases 8-fold (from 0.565 cm² to 4.899 cm²), and the volume increases 19.8 

times (from 0.094 cm³ to 1.792 cm³), which is due to the rapid proliferation of 

adipocytes in the loose connective tissue of the ischioanal fossa starting from the 

7th month of intrauterine development 3 at this stage, fat lobules with a size of 

1.2±0.3 mm are observed. 

Key words: anatomy, morphogenesis, morphometry, perineum, sacral nerve 

plexus, rectum, muscles of the perineum and pelvis, fascia of the perineum and 

pelvis, fetus, human.  
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(>B> <0:@>?@5?0@0BC. �1. E6: 

1 3 2V4EV4=8:; 2 3 ?V4H:V@=0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 

2V4EV4=8:0; 3 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 

4 3 3;81>:0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 5 3 ?@O<0 

:8H:0; 6 3 <’O7-?V4V9<0G 2V4EV4=8:0; 7 3 F81C;8==>-3C1G0AB89 <’O7; 8 3 ACE>-

68;:>289 F5=B@ ?@><568=8. 

 

�> :V=FO 16-3> B86=O �'$ ?CG:8 AV4=8G>-?5G5@8AB>3> <’O70 =01C20NBь 

>AB0B>G=>W ?>A<C3>20=>W AB@C:BC@8, 71V;ьHCNBьAO C :V;ь:>ABV B0 >1'є<V. !0 

2V4<V=C 2V4 V=H8E <’O7V2 ?@><568=8, 2>;>:=0 O:8E ?5@5?;VB0NBьAO <V6 

A>1>N, AV4=8G>-?5G5@8AB89 <’O7 70;8H0єBьAO є48=8< <’O7>28< CB2>@5==O<, 

I> @>7B0H>2CєBьAO 2V4>:@5<;5=> 2V4 V=H8E <’O7>28E AB@C:BC@ FVєW 4V;O=:8 

(@8A. 5.5).  

#>G8=0NG8 7 16-3> B86=O �'$, >A=>2=V <’O78 4V;O=:8 G>;>2VG>W 

?@><568=8 ?5@51C20NBь =0 AB04VW 4>7@V20==O B0 =01;860NBьAO 4> A2>WE 

45DV=VB82=8E D>@<. !0 ?>?5@5G=8E 7@V70E ?;>4V2 13-14-3> B86=V2 �'$ 

28O2;5=> A:C?G5==O <’O7>2>-2>;>:=8AB>W B:0=8=8, O:0 A:;040єBьAO 7 

45:V;ь:>E <’O7>28E 5;5<5=BV2 B0 O2;Oє A>1>N 70G0B>: ?@><568==>3> BV;0, O:5 

709<0є F5=B@0;ь=5 ?>;>65==O <V6 70G0B:>28<8 5;5<5=B0<8 A5G>2>-AB0B52>W 

A8AB5<8, O:V @>7B0H>20=V 25=B@0;ь=> B0 70G0B:>28<8 5;5<5=B0<8 ?@O<>:8H-

:>2>-2V4EV4=8:>2>3> A53<5=B0, O:V @>7B0H>20=V 4>@70;ь=>. 
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$8A. 5.5. #>25@E=520 G0AB8=0 ?@><568=8 ?;>40 145,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E7: 

1 3 AV4=8G>-?5G5@8AB89 <’O7; 2 3 F81C;8==>-3C1G0AB89 <’O7; 3 3 2V4-

EV4=8:; 4 3 ?@><568==5 BV;>. 

 

�AB0=>2;5=>, I> =0?@8:V=FV 16-3> B86=O �'$ <’O7>2V ?CG:8 ?5@54=ь>W 

G0AB8=8 ?>274>26=ь>3> <’O7>2>3> H0@C ?@O<>W :8H:8 28?8=0NBьAO C 

?5@54=ь><C B0 :0C40;ь=><C =0?@O<:C, 2V4?>2V4=>, ?>?5@54C ?@O<>W :8H:8, 

D>@<CNG8 ?@8 Fь><C >:@5<89 :;0AB5@ 3;04:8E <V>F8BV2. �V4<VG0єBьAO 

?>ABC?>25 71V;ьH5==O :V;ь:>ABV 28?8=0=ь, O:V @>7B0H>2CNBьAO 7 1>:V2 2V4 

?>G0B:>2>3> 28?8=0==O. !0 D@>=B0;ь=8E B0 A03VB0;ь=8E 7@V70E 284=>, I> 

:@0=V0;ь=VH5 B0 :0C40;ь=VH5, 40=0 4V;O=:0 >B>G5=0 2>;>:=0<8, O:V є ?>EV4-

=8<8 B0:8E AB@C:BC@: :@0=V0;ь=VH5 3 2>;>:=0<8 ;>1:>2>-?@O<>:8H:>2>3> 

<’O70, :0C40;ь=>; 2>;>:=0<8 3;81>:>3> ?>?5@5G=>3> <’O70 ?@><568=8 B0 

?>25@E=52> 3 ?@8A5@54=ь> @>7B0H>20=8<8 <’O7>28<8 2>;>:=0<8 ?0@=8E 

F81C;8==>-3C1G0AB8E <’O7V2 B0 ?>25@E=52>N G0AB8=>N 7>2=VH=ь>3> <’O70-

70<8:0G0 2V4EV4=8:0 (@8A. 5.6). 

&0:8< G8=><, C ?5@V>4 7 13-3> 4> 16-3> B86=V2 �'$ 2V41C20єBьAO 

70:;04:0 B0 ?>ABC?>20 48D5@5=FV0FVO <’O7>28E 5;5<5=BV2 ?@><568==>3> BV;0, 

I> 287=0G0є 9>3> <>@D>35=5B8G=C 270є<>4VN 7 =02:>;8H=V<8 AB@C:BC@0<8 

B0 70157?5GCє ?>40;ьH5 DC=:FV>=0;ь=5 AB0=>2;5==O FVєW 0=0B><VG=>W 7>=8. 
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$8A. 5.6. %03VB0;ь=89 7@V7 B07>2>W 4V;O=:8 ?;>40 200, 0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E6: 

1 3 ?@O<0 :8H:0; 2 3 2V4EV4=8:; 3 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> 

<’O70-70<8:0G0 2V4EV4=8:0; 4 3 3;81>:0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 

2V4EV4=8:0; 5 3 F81C;8==>-3C1G0AB89 <’O7; 6 3 3;81>:89 ?>?5@5G=89 <’O7 

?@><568=8. 

 

 ’O7>2V 2>;>:=0, O:V @>7B0H>2CNBьAO 3;81H5 ?>25@E=52VH8E <’O7V2 

?@><568=8 B0 709<0NBь ?>?5@5G=5 ?>;>65==O O2;ONBь A>1>N 70G0B:8 

3;81>:>3> ?>?5@5G=>3> <’O70 ?@><568=8. +0AB8=8 2>;>:>=, O:V @>7B0H>20=V 

?>704C B0 ?@8A5@54=ь>, ?@>BO3>< 14-16-3> B86=V2 �'$ ?5@5?;VB0NBьAO V7 

<’O7>2>-2>;>:=8AB8<8 5;5<5=B0<8 70G0B:0 BV;0 ?@><568=8 B0 ?5@54=V<8 

G0AB8=0<8 2>;>:>= 3;81>:>W G0AB8=8 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0 

(@8A. 5.7).  

' F5=B@0;ь=V9 G0AB8=V B0 :@0=V0;ь=VH5 4V;O=:8 @>7<VI5==O ?>?5@5G=8E 

2>;>:>=, A?>AB5@V30NBьAO :>;>2V 2>;>:=0, O:V >B>GCNBь ?5@5B8=G0ABC G0AB8=C 

A5GV2=8:0, V O:V є 70G0B:0<8 7>2=VH=ь>3> <’O70-70<8:0G0 A5GV2=8:0. !0?@8-

:V=FV 4-3> <VAOFO �'$ 2>=8 2?>@O4:>2CNBьAO, :>=45=ACNBьAO B0 =01C20NBь 

?>A<C3>20=>ABV, 2?;VB0NBьAO 7 1>:V2 4> ?5@54=VE G0AB8= =86=VE 3V;>: 

;>1:>28E :VAB>:. ' 5-6-<VAOG=8E ?;>4V2 ?V4 G0A ?@5?0@C20==O 7>2=VH=ь>W 

4V;O=:8 G>;>2VG>W ?@><568=8 1C;> 28O2;5=> IV;8=>?>4V1=89 ?@>ABV@, O:89 

0=0B><VG=> >1<56CєBьAO 7=87C ?V4H:V@=>N 68@>2>N :;VB:>28=>N, 0 725@EC 3 

7>2=VH=ь>N D0AFVєN ?@><568=8 (@8A. 5.8). 
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$8A 5.7. %03VB0;ь=89 7@V7 G>;>2VG>3> B070 ?;>40 151,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E3: 

1 3 2V4EV4=8:; 2 3 ?@O<0 :8H:0; 3 3 ?V4H:V@=0 G0AB8=0 7>2=VH=ь>3> 

<’O70-70<8:0G0 2V4EV4=8:0; 4 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-

70<8:0G0 2V4EV4=8:0; 5 3 3;81>:0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 

2V4EV4=8:0; 6 3 F81C;8==>-3C1G0AB89 <’O7; 7 3 ?@><568==5 BV;>; 8 3 3;81>:89 

?>?5@5G=89 <’O7 ?@><568=8.  

 

 

$8A 5.8. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 228,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E3: 

1 3 ;8AB>: 7>2=VH=ь>W D0AFVW ?@><568=8; 2 3 2V4EV4=8:; 3 3 ?@><5-

68==5 BV;> (?V4 7>2=VH=ь>N D0AFVєN ?@><568=8); 4 3 ?V4H:V@=0 68@>20 

:;VB:>28=0 4V;O=:8 ?@><568=8; 5 3 F81C;8=>-3C1G0AB89 <’O7 (?V4 7>2=VH-

=ь>N D0AFVєN ?@><568=8); 6 3 AV4=8G>-?5G5@8AB89 <’O7 (?V4 7>2=VH=ь>N 

D0AFVєN ?@><568=8). 
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*O AB@C:BC@0 <0є 72’O7>: V7 =86=V<8 2V44V;0<8 G5@52=>W ABV=:8, 

?>4>26CNG8Aь C ?>4V1=89 IV;8=>?>4V1=89 ?@>ABV@, I> @>7B0H>20=89 

?>?5@54C 2V4 BV;0 ?@><568=8 B0 7 1>:V2 2V4 :0;8B:8. 

!0 A03VB0;ь=8E 7@V70E 284=>, I> 157?>A5@54=ь> ?V4 ?V4H:V@=>N 

68@>2>N :;VB:>28=>N 7=0E>48BьAO 7>2=VH=O D0AFVO ?@><568=8, O:C B0:>6 

=07820NBь ?>25@E=52>N >13>@B0;ь=>N D0AFVєN. �>=0 28:>=Cє 206;82C 

DC=:FVN, >B>GCNG8 ?>25@E=52V <’O7>2V CB2>@5==O A5G>2>-AB0B52>3> 

B@8:CB=8:0 B0 D>@<CNG8 157?5@5@2=89 0=0B><VG=89 ?5@5EV4 2V4 ?>25@E=52>W 

D0AFVW 682>B0. #@>BO3>< 5-6 <VAOFV2 �'$ 7>2=VH=O D0AFVO ?@><568=8 

B@0=AD>@<CєBьAO C 3;81>:C D0AFVN AB0B52>3> G;5=0, I> 70157?5GCє 

AB@C:BC@=C є4=VABь D0AFV0;ь=8E CB2>@5=ь C FV9 4V;O=FV (@8A. 5.9). 

 

 

$8A. 5.9. %03VB0;ь=89 7@V7 B07>2>W 4V;O=:8 ?;>40 250,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E4: 

1 3 7>2=VH=O D0AFVO ?@><568=8; 2 3 3;81>:0 D0AFVO AB0B52>3> G;5=0; 

3 3 F81C;8==>-3C1G0AB89 <’O7; 4 3 3;81>:89 ?>?5@5G=89 <’O7 ?@><568=8; 5 3 

2V4EV4=8:; 6 3 ;>1:>289 A8<DV7; 7 3 ?@O<0 :8H:0; 8 3 ?5@5B8=G0AB89 2V44V; 

A5GV2=8:0.  

 

#@>BO3>< 5-6-3> <VAOFV2 �'$ =0 3;81H><C @V2=V, 157?>A5@54=ь> ?V4 

D0AFV0;ь=8< H0@><, @>7B0H>20=V AD>@<>20=V B@8 ?0@=V ?>25@E=52V <’O78 

?@><568=8: ?>25@E=5289 ?>?5@5G=89 <’O7 ?@><568=8, F81C;8==>-3C1G0AB89 

<’O7 B0 AV4=8G>-?5G5@8AB89 <’O7 (@8A. 5.10).  
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$8A. 5.10. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 220,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E1,5: 

1 3 F81C;8==>-3C1G0AB89 <’O7; 2 3 AV4=8G>-?5G5@8AB89 <’O7; 3 3 ?@><5-

68==5 BV;>; 4 3 ?>25@E=5289 ?>?5@5G=89 <’O7 ?@><568=8. 

 

�;O 2V4AB565==O @>7B0HC20==O ?>25@E=52>3> ?>?5@5G=>3> <’O70 ?@>-

<568=8 <8 >@Vє=BC20;8AO =0 F5=B@0;ь=C 4V;O=:C <V6 A5G>2>-AB0B528< B0 

?@O<>:8H:>2>-2V4EV4=8:>28<8 G0AB8=0<8 ?@><568=8. ' @57C;ьB0BV 4>A;V4-

65==O 1C;8 28O2;5=V ?0@=V ?>25@E=52V ?>?5@5G=V <’O78, O:V 2 1V;ьH>ABV 

28?04:V2 ?@54AB02;O;8 A>1>N 2C7ь:V <’O7>2V ?CG:8, I> <0;8 ?>G0B>: 1V;O 

AV4=8G8E 3>@1V2. *V ?CG:8 ?@>E>48;8 ?>?5@5G=> ?V4 @V7:8< :CB><, 2V4 

AV4=8G8E 3>@1V2 C ?5@54=ь>-?@8A5@54=ь><C =0?@O<:C V 7;820;8AO 2 B:0=8=8 

?@><568==>3> BV;0. #>25@E=52V ?>?5@5G=V <’O78 ?@><568=8 =5 1C;> 

28O2;5=> C 4 ?;>4V2 (13,3%), 7 O:8E 2 ?;>48 1C;8 2V:>< 4 <VA. �'$. #@8 

?@5?0@C20==V ?;>4V2 @0==ь>3> ?5@V>4C �'$ 2C7ь:V, ?CG:>?>4V1=V ?>25@E=52V 

?>?5@5G=V <’O78 G0AB> є <0;>?><VB=8<8, >A>1;82> :>;8 G5@57 FV ?CG:8 

?@>E>4OBь A>@><VB=V =5@28 B0 AC48=8. 

#V4 ?>25@E=52>N >13>@B0;ь=>N D0AFVєN, A?5@54C 2V4 AV4=8G8E 3>@1V2, 

=0<8 1C;> 70DV:A>20=> ?>G0B:8 AD>@<>20=8E ?0@=8E AV4=8G>-?5G5@8AB8E 

<’O7V2. *V <’O78 ?>G8=0NBьAO ?5@54 AV4=8G8<8 3>@10<8 B0 @CE0NBьAO ?> 

3V;:0E AV4=8G8E V ;>1:>28E :VAB>:. �>=8 GVB:> >:@5A;5=V B0 ?@8ACB=V 2 CAVE 

?;>40E 157 28:;NG5==O. �0;V 2>=8 >E>?;NNBь =V6:8 ?5G5@8AB>3> BV;0 B0 

2?;VB0NBьAO 2 1V;:>2V >1>;>=:8 F8E BV;. 



103 

 

*81C;8==>-3C1G0ABV <’O78 @>7B0H>2CNBьAO ?>?5@54C BV;0 ?@><568=8, 

?>:@820NBь F81C;8=C AB0B52>3> G;5=0 (3C1G0AB5 BV;>). �04=V 2>;>:=0 <’O7V2 

?>G8=0NBьAO 2V4 BV;0 ?@><568=8 B0 ?5@5B8=:8 ?@><568=8. � 4V;O=FV H20 

?@><568=8, =0 A5@548==V9 ;V=VW 2>=8 7’є4=0=V <V6 A>1>N. %5@54=V 2>;>:=0 

>E>?;NNBь F81C;8=C AB0B52>3> G;5=0. #5@54=V 2>;>:=0 ?5B;5?>4V1=> 

>E>?;NNBь 3C1G0AB5 BV;> B0 ?@>E>4OBь C =0?@O<:C 4> ?5G5@8AB8E BV;, 

?5@5?;VB0NG8Aь V7 2>;>:=0<8 AV4=8G>-?5G5@8AB8E <’O7V2 B0 2?;VB0NG8Aь C 

?5G5@8ABV BV;0 ?>?5@54C AV4=8G>-?5G5@8AB8E <’O7V2 (@8A. 5.11). 

 

 

$8A. 5.11. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 184,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E1: 

1 3 F81C;8==>-3C1G0AB89 <’O7; 2 3 AV4=8G>-?5G5@8ABV <’O78; 3 3 ?@>-

<568==5 BV;>; 4 3 ?>25@E=5289 ?>?5@5G=89 <’O7; 5 3 2V4EV4=8:. 

 

#@8 2V4AVG5==V ?>25@E=528E D0AFV0;ь=8E AB@C:BC@ =0<8 2V47=0G5=> 

?>25@E=5289 ?@>ABV@ ?@><568=8, O:89 >B>G5=89 7=87C 3 7>2=VH=ь>N D0AFVєN 

?@><568=8 (?>25@E=52>N >13>@B0;ь=>N D0AFVєN), O:0 CB2>@Nє 4=> 40=>3> 

?@>AB>@C; 725@EC 3 ?5@5B8=:>N ?@><568=8, O:0 CB2>@Nє 40E 40=>3> 

?@>AB>@C. �>2=VH=O D0AFVO ?@><568=8 ?5@5?;VB0єBьAO 4>@70;ь=VH5 V7 D0AFV-

0;ь=8< ;8AB><, O:89 2:@820є 3;81H5 7>2=VH=V9 <’O7-70<8:0G A5GV2=8:0, 

3;81>:89 ?>?5@5G=89 <’O7 ?@><568=8 B0 ?>25@E=52VH5 V7 <’O7>2>-2>;>:-

=8AB>N B:0=8=>N ?@><568==>3> BV;0. #>25@E=5289 ?@>ABV@ ?@><568=8 

2:;NG0є 2 A515 ?>25@E=52C >13>@B0;ь=C D0AFVN, B@8 ?0@8 ?>25@E=528E 
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<’O7V2, G0AB8=8 3C1G0AB>3> B0 ?5G5@8AB8E BV; AB0B52>3> G;5=0, A>@><VB=V 

AC48=8 B0 =5@28. 

#V4 ?>25@E=528<8 <’O70<8 ?@><568=8 B0 5@5:B8;ь=8<8 5;5<5=B0<8 

AB0B52>3> G;5=0 =0O2=89 3;81>:89 ?@>ABV@ ?@><568=8. �;81H5 ?@8ACB=O 

B@0?5FVє?>4V1=>W D>@<8, CIV;ь=5=0 7704C, A?>;CG=>B:0=8==0 ?;0AB8=:0, O:0 

?@>ABO30єBьAO <V6 3V;:0<8 ;>1:>28E :VAB>:. �0=0 AB@C:BC@0 =0<8 2V47=0G5=0, 

O: ?5@5B8=:0 ?@><568=8 (AB0@0 =0720: =86=O D0AFVO A5G>2>-AB0B52>W 4V0D-

@03<8). �>=0 ?>:@820є 77>2=V 3;81>:89 2V44V; A5G>2>-AB0B52>3> B@8:CB=8:0 

?@><568=8 B0 CB2>@Nє 4=> 3;81>:>3> ?@>AB>@C ?@><568=8. ":@V< 2;0A=8E 

?>G0B:V2, O:8<8 є 3V;:8 ;>1:>28E :VAB>:, 40=0 ?5@5B8=:0 ?5@5?;VB0єBьAO 

4>@70;ь=> V7 7>2=VH=ь>N D0AFVєN ?@><568=8 B0 ?>25@E=52> 7 5;5<5=B0<8 

BV;0 ?@><568=8 B0 ?@>=87CєBьAO A5GV2=8:><. !0<8 2V47=0G5=>, I> A0<5 4> 

?5@5B8=:8 ?@><568=8 G0AB:>2> :@V?;OBьAO 5@5:B8;ь=V 5;5<5=B8 AB0B52>3> 

G;5=0 B0 ?>25@E=52V <’O78 ?@><568=8 (F81C;8==>-3C1G0AB89 <’O7) (@8A 5.12).  

 

 

$8A. 5.12. �;81>:89 ?@>ABV@ G>;>2VG>W ?@><568=8 ?;>40 188,0 << &��. 

(>B> <0:@>?@5?0@0BC. �1. E1,2: 

1 3 ;>1:>289 A8<DV7; 2 3 =86=V 3V;:8 ;>1:>28E :VAB>:; 3 3 A5GV2=8:; 

4 3 ?5@5B8=:0 ?@><568=8 (2V4AVG5=0); 5 3 7>2=VH=V9 <’O7-70<8:0G A5GV2=8:0; 

6 3 3;81>:89 ?>?5@5G=89 <’O7 ?@><568=8; 7 3 ?>?5@5G=0 72’O7:0 ?@><568=8. 
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#5@54=V9 :@09 ?5@5B8=:8 ?@><568=8 7;820єBьAO V7 3;81H5 @>7B0-

H>20=8<8 A?>;CG=>B:0=8==8<8 5;5<5=B0<8 B0 CB2>@Nє CIV;ь=5==O =0 

?5@54=ь><C :@0N ?5@5B8=:8, ?>704C 2V4 ;>1:>2>3> A8<DV7C 3 ?>?5@5G=C 

72’O7:C ?@><568=8. &0:5 A0<5 CIV;ь=5==O 2V47=0G0єBьAO V 2 4V;O=FV 704=ь>3> 

:@0N ?5@5B8=:8, O:5 :@V?8BьAO 4> BV;0 ?@><568=8. #@8 2V4AVG5==V ?5@5B8=:8 

:;>0:8 (=86=ь>W D0AFVW A5G>2>-AB0B52>W 4V0D@03<8) 2V4:@820єBьAO 2<VAB 

3;81>:>3> ?@>AB>@C ?@><568=8, O:89 2:;NG0є 2 A515 7>2=VH=V9 <’O7-70<8:0G 

A5GV2=8:0 B0 3;81>:89 ?>?5@5G=89 <’O7 ?@><568=8. �;81>:89 ?>?5@5G=89 

<’O7 ?@><568=8 є 2C7ь:8<, AB@VG:>?>4V1=>W D>@<8 <’O7><, O:89 A:;040єBьAO 

7 45:V;ь:>E ?CG:V2 <’O7>28E 2>;>:>=. #>G8=0єBьAO 2V= 2V4 704=VE G0AB8= 

=86=VE 3V;>: ;>1:>28E :VAB>: B0 2V4 3V;>: AV4=8G8E :VAB>:.  0є ?>?5@5G=89 

EV4, 2?;VB0єBьAO C BV;> ?@><568=8. �>40B:>2>, =0 A03VB0;ь=8E 7@V70E =0<8 

287=0G5=>, I> 3;81>:89 ?>?5@5G=89 <’O7 2V440є 2>;>:=0 C 7>2=VH=V9 <’O7-

70<8:0G A5GV2=8:0 B0 C 3;81>:89 H0@ 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0 

(@8A. 5.13).  

 

$8A. 5.13. %03VB0;ь=89 7@V7 =86=ь>W G0AB8=8 BC;C10 ?;>40 G>;>2VG>W 

AB0BV 170,0 << &��. (>B> <0:@>?@5?0@0BC. �1. E3: 

1 3 2>;>:=0 3;81>:>3> ?>?5@5G=>3> <’O70 ?@><568=8; 2 3 3;81>:0 

G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 3 3 ?>25@E=520 G0AB8=0 

7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 4 3 ?5@5B8=G0AB89 2V44V; A5GV2=8:0; 

5 3 2V4EV4=8:; 6 3 ?@O<0 :8H:0; 7 3 =86=O 3V;:0 ;>1:>2>W :VAB:8; 8 3 25@E=O 

3V;:0 ;>1:>2>W :VAB:8; 9 3 A5G>289 <VEC@; 10 3 F81C;8==>-3C1G0AB89 <’O7. 
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 >@D><5B@8G=V ?>:07=8:8 2V4AB0=59 <V6 >A=>2=8<8 B>?>3@0D>0=0B>-

<VG=8<8 >@Vє=B8@0<8 ?@><568=8 ?;>4V2 6-7 <VA �'$ =02545=V C B01;8FV 5.2. 

 

&45?<JO 5.2 

 >@D><5B@8G=V ?>:07=8:8 2V4AB0=59 <V6 >A=>2=8<8 B>?>3@0D>-

0=0B><VG=8<8 >@Vє=B8@0<8 ?@><568=8 C ?;>4V2 6-7 <VA 2=CB@VH=ь>CB@>1=>3> 

@>728B:C 

�8AB0=FVW 6 <VA (<<) 7 <VA (<<) 
�0;8B:0-2V4EV4=8:>289 :0=0; 10,4±2,97 17,7±1,79 

"A=>20 AB0B52>3> G;5=0-2V4EV4=8: 18,20±2,77 26,6±2,3 

*5=B@ ?@><568==>3> BV;0-F81C;8=>-3C1G0AB89 
<’O7 9,90±2,92 15,92±1,68 

*5=B@ ?@><568==>3> BV;0-AV4=8G>-?5G5@8AB89 
<’O7 13,00±2,47 20,6±3,36 

�C?@8:-F5=B@ ?@><568==>3> BV;0 15,8±3,56 22,0±3,08 

�C?@8:-F81C;8=>-3C1G0AB89 <’O7 22,40±3,91 30,70±2,44 

*5=B@ ?@><568==>3> BV;0-2V4EV4=8: 5,60±1,14 11,4±2,07 

*81C;8==>-3C1G0AB89 <’O7-2V4EV4=8: 14,60±3,13 23,80±3,11 

�V4AB0=ь <V6 AV4=8G8<8 3>@10<8 13,8±2,49 23,40±2,70 

%V4=8G89 3>@1-F81C;8==>-3C1G0AB89 13,2±3,55 20,90±1,95 

%V4=8G89 3>@1-2V4EV4=8: 7,40±2,19 13,90±1,24 

%V4=8G89 3>@1-:C?@8: 14,50±1,87 18,60±2,3 

�V4AB0=ь <V6 F5=B@0<8 AV4=8G>-2V4EV4=8:>28E 
O<>: 10,8±1,48 16,60±1,67 

�>1:>289 A8<DV7-:C?@8: 21,5±1,58 31,20±2,17 

 

�>2=VH=V9 <’O7-70<8:0G A5GV2=8:0 @>7B0H>2CєBьAO ?>?5@54C 2V4 3;81>-

:>3> ?>?5@5G=>3> <’O70 ?@><568=8 B0 :>;>?>4V1=> >E>?;Nє ?5@5B8=G0ABC 

G0AB8=C A5GV2=8:0. �8O2;5=V 4>40B:>2V <’O7>2V 2>;>:=0, O:V 2V4E>4OBь 2V4 

<VAFO ?>G0B:C 3;81>:>3> ?>?5@5G=>3> <’O70 B0 2?;VB0NBьAO C :>;>?>4V1=V 

2>;>:=0 7>2=VH=ь>3> <’O70 70<8:0G0 A5GV2=8:0. "AB0==V9, 2 A2>N G5@3C, 

>E>?;Nє ?5@5B8=G0AB89 2V44V; A5GV2=8:0, ?V4V9<0NG8Aь 4> ?5@54<VEC@>2>W 

70;>78. 

"4=8< V7 =09206;82VH8E ?8B0=ь, O:5 ?>AB0є ?5@54 =0C:>2FO<8 ?V4 G0A 

>3;O4C 3;81>:>3> 2V44V;C ?@><568=8 є B5, G8 VA=Cє 25@E=O D0AFVO A5G>2>-
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AB0B52>W 4V0D@03<8, O:0 2:@820є 25@E=N G0AB8=C 3;81>:>3> ?>?5@5G=>3> 

<’O70 ?@><568=8,  O: >:@5<0 48A:@5B=0 D0AFV0;ь=0 AB@C:BC@0, G8 2>=0 28=8-

:0є >?>A5@54:>20=> 70 @0EC=>: 7;8BBO A?>;CG=>B:0=8==8E ;8AB:V2 ACAV4=VE 

AB@C:BC@.  

&0:, =0 A03VB0;ь=8E 7@V70E B070 7-8-<VAOG=8E ?;>4V2 28O2;5=>, I> 

25@E=O D0AFVO A5G>2>-AB0B52>W 4V0D@03<8 =5 є 48A:@5B=>N D0AFV0;ь=>N >48-

=8F5N, ?@>B5, G0AB:>2> AB2>@5=0 70 @0EC=>: G0AB8=8 A?>;CG=>B:0=8==8E 

2>;>:>= :0?AC;8 ?5@54<VEC@>2>W 70;>78 B0 є ?@>4>265==O< =86=ь>W D0AFVW 

B07>2>W 4V0D@03<8, O:0 7=87C ?>:@820є <’O7-?V4V9<0G 2V4EV4=8:0 (@8A. 5.14). 

 

 

$8A. 5.14. %03VB0;ь=89 7@V7 =86=ь>W G0AB8=8 BC;C10 ?;>40 312,0 << 

&��. (>B> <0?@>?@5?0@0BC. �1. E3,5: 

1 3 ?@O<0 :8H:0; 2 3 2V4EV4=8:; 3 3 3;81>:89 ?>?5@5G=89 <’O7 

?@><568=8; 4 3 ?5@54<VEC@>20 70;>70; 5 3 2>;>:=0 :0?AC;8 ?5@54<VEC@>2>W 

70;>78; 6 3 ?5@5B8=G0AB89 2V44V; A5GV2=8:0; 7 3 A5G>289 <VEC@; 8 3 ;>1:>289 

A8<DV7. 

 

' 4V;O=FV 2V4EV4=8:>2>3> B@8:CB=8:0 <8 2V47=0G8;8, I> H:V@0 =0 1,0-

2,0 << 2V4 :@0N >B2>@C 2V4EV4=8:0 IV;ь=> 7@>I5=0 V7 3;81H8<8 AB@C:BC@0<8 

3 4V;O=:>N ?V4H:V@=>W G0AB8=8 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0. 

#5@54=O ?>25@E=520 G0AB8=0 <’O70 2?;VB0єBьAO C BV;> ?@><568=8 (@8A. 5.15). 
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$8A. 5.15. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 272,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E1,5: 

1 3 2V4EV4=8:; 2 3 ?V4H:V@=0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4-

EV4=8:0; 3 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0; 4 3?@><568==5 

BV;>; 5 3 F81C;8==>-3C1G0AB89 <’O7; 6 3 AV4=8G>-?5G5@8AB89 <’O7. 

 

#>704C, <V6 4V;O=:>N 2V4EV4=8:0 B0 25@EV2:>N :C?@8:0, B0: A0<> 

2V47=0G0єBьAO IV;ь=5 7@>I5==O H:V@8 7 3;81H8<8 AB@C:BC@0<8 3 2V4EV4=8-

:>2>-:C?@8:>20 72’O7:0. #V4 40=>N 72’O7:>N ?@8ACB=V9 ?@>ABV@, O:89 70?>2-

=5=89 68@>2>N :;VB:>28=>N B0 O:89 2V4<56>2Cє 72’O7:C 2V4 <’O70-?V4V9<0G0 

2V4EV4=8:0. %0<5 C FN 72’O7:C, 4>704C, ?5@5E>4OBь 704=V 2>;>:=0 7>2=VH=ь>3> 

<’O70-70<8:0G0 2V4EV4=8:0 (@8A. 5.16).  

!0 A03VB0;ь=8E 7@V70E: 2V4ACB=V GVB:V ;V=VW 45<0@:0FVW <V6 ?>25@E=52>W B0 

3;81>:>N G0AB8=0<8 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0. �84=>, I> 

7=0G=0 :V;ь:VABь 2>;>:>=, 7 ?>25@E=52>W G0AB8=8 ?5@5?;VB0єBьAO V7 ACAV4=V<8 

<’O7>28<8 2>;>:=0<8 3;81H>W G0AB8=8. %;V4 707=0G8B8, I> G0AB8=0 <’O7>28E 

2>;>:>= 3;81>:>3> 2V44V;C 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0 ?@>4>2-

6C20;8Aь C 2>;>:=0 <’O70-?V4V9<0G0 2V4EV4=8:0, B0 C 7>2=VH=V9 ?>274>26=V9 

H0@ <’O7>2>W >1>;>=:8 ?@O<>W :8H:8 (@8A. 5.17).  
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$8A. 5.16. �>2=VH=O ?>25@E=O G>;>2VG>W ?@><568=8 ?;>40 165,0 << 

&��. (>B> <0:@>?@5?0@0BC. �1. E3: 

1 3 2V4EV4=8:; 2 3 ?V4H:V@=0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 

2V4EV4=8:0; 3 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 

4 3 2V4EV4=8:>2>-:C?@8:>20 72’O7:0; 5 3 AV4=8G>-2V4EV4=8:>20 O<:0; 6 3 :@09 

25;8:>3> AV4=8G=>3> <’O70; 7 3 ?@><568==5 BV;>; 8 3 AV4=8G>-?5G5@8AB89 

<’O7; 9 3 F81C;8==>-3C1G0AB89 <’O7; 10 3 ?>25@E=520 D0AFVO AB0B52>3> G;5=0. 

 

 

$8A. 5.17. %03VB0;ь=89 7@V7 =86=ь>W G0AB8=8 BC;C10 ?;>40 G>;>2VG>W 

AB0BV 320,0 << &��. (>B> <0:@>?@5?0@0BC. �1. E2: 

1 3 ?V4H:V@=0 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 2 3 ?>-

25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 3 3 3;81>:0 G0A-

B8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 4 3 2>;>:=0 <’O7>2>W >1>;>=:8 

?@O<>W :8H:8; 5 3 2>;>:=0 <’O70-?V4V9<0G0 2V4EV4=8:0; 6 3 2V4EV4=8:. 
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�V AB>@>=8 ?>@>6=8=8 B070, 28O2;5=> <’O7>2V 2>;>:=0, ;>1:>2>-:C?-

@8:>2>3> <’O70, O:89 ?>G8=0єBьAO 2V4 =86=ь>W G0AB8=8 ;>1:>2>3> A8<DV7C. 

�0=V 2>;>:=0 >E>?;NNBь ?@O<C :8H:C B0 7’є4=NNBьAO 7 :C?@8:>2>N 

:VAB:>N. #@8A5@54=ь> 2V4 Fь>3> <’O70, @>7B0H>2CєBьAO ;>1:>2>-?@O<>:8H-

:>289 <’O7, ?@>B5 GVB:8E ;V=V9 45<0@:0FV9 =5 1C;> 28O2;5=>. �V;ьH ;0B5-

@0;ь=VH5 2V4 ;>1:>2>-:C?@8:>2>3> <’O70 @>7B0H>2CєBьAO :;C1>2>-:C?@8-

:>289 <’O7. �V= є H8@>:8<, B@8:CB=>W D>@<8, B>=:8< B0 ?;0A:8<.  0є A2V9 

?>G0B>: 2V4 70BC;ь=>W D0AFVW. �7>2=V, ?5@54 2V4AVG5==O< D0AFV0;ь=8E 

AB@C:BC@, ?>G0B>: :;C1>2>-:C?@8:>2>3> <’O70 <0є 283;O4 IV;ь=>W 1V;>W ;V=VVW 

3 F5 ACE>68;:>20 4C30 70BC;ь=>W D0AFVW. !0<8 =5 1C;8 28O2;5=V 6>4=V 

45<0@:0FV9=V ;V=VVW <V6 :;C1>2>-:C?@8:>28< B0 ;>1:>2>-:C?@8:>28< <’O70<8. 

"18420 <’O78 <0;8 283;O4 ACFV;ь=>W AB@C:BC@8 (@8A. 5.18). 

 

 

$8A. 5.18.  0:@>?@5?0@0B <’O70-?V4V9<0G0 2V4EV4=8:0 6-<VAOG=>3> ?;>40 

(205,0 << &��). (>B> <0:@>?@5?0@0BC. �1. E2:  

1 3 ;>1:>289 A8<DV7; 2 3 A5GV2=8:; 3 3 2V4EV4=8:; 4 3 ;>1:>2>-

?@O<>:8H:>289 <’O7; 5 3 ;>1:>2>-:C?@8:>289 <’O7; 6 3 :;C1>2>-:C?@8:>289 

<’O7; 7 3 ACE>68;:>20 4C30 <’O70-?V4V9<0G0 2V4EV4=8:0; 8 3 2=CB@VH=V9 

70BC;ь=89 <’O7; 9 3 :C?@8:; 10 3 :C?@8:>289 <’O7. 

  

#>704C 2V4 :;C1>2>-:C?@8:>2>3> <’O70 A?>AB5@V30єBьAO IV;8=>?>4V1=89 

?@>ABV@, O:89 70?>2=5=89 ?CE:>N A?>;CG=>N B:0=8=>N, B0 O:89 2V44V;Oє 
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40=89 <’O7 2V4 :C?@8:>2>3> <’O70.  ’O7>2V 2>;>:=0 >AB0==ь>3> 94CBь 

?0@0;5;ь=> 2>;>:=0< :;C1>2>-:C?@8:>2>3> <’O70, B0 2?;VB0NBьAO C 1VG=V 

G0AB8=8 :@86>2>W :VAB:8, 2 4V;O=FV 42>E =86=VE :@86>28E E@51FV2.  

� 4V;O=FV 2V4EV4=8:>2>3> B@8:CB=8:0 G>;>2VG>W ?@><568=8, 7 1>:V2 2V4 

A5@548==>3> H20 ?@><568=8 B0 2V4EV4=8:0 @>7B0H>2CNBьAO ?V@0<V4>?>4V1=>W 

D>@<8 4V;O=:8 3 AV4=8G>-2V4EV4=8:>2V O<:8, >A=>28 O:8E >15@=5=V 4> 

7>2=VH=ь>W ?>25@E=V, 0 25@EV2:8 23;81 4> @V2=O @>7B0HC20==O 2=CB@VH=ь>3> 

70BC;ь=>3> <’O70 B0 <’O70-?V4V9<0G0 2V4EV4=8:0 (@8A. 5.19). 

 

$8A. 5.19. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 220,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E2,5: 

1 3 A5@548==89 H>2 ?@><568=8; 2 3 2V4EV4=8:; 3 3 AV4=8G>-2V4EV4=8:>2V 

O<:8; 4 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 5 3 

2V4EV4=8:>2>-:C?@8:>20 72’O7:0; 6 3 25@EV2:0 :C?@8:0; 7 3 :@0W 25;8:8E 

AV4=8G=8E <’O7V2. 

 

�>=8 70?>2=5=V 7=0G=>N :V;ь:VABN 68@>2>W :;VB:>28=8, C ?>@V2=O==V 7 

V=H8<8 G0AB8=0<8 4V;O=:8 ?@><568=8. &0:, 7V AB>@>=8 7>2=VH=ь>W ?>25@E=V, 

704=V< :@0є< >A=>2 O<>: 28ABC?0є =86=V9 :@09 25;8:>3> AV4=8G>3> <’O70. � 

?@8A5@54=ь>W AB>@>=8 3 2V4EV4=8:><, 7>2=VH=V< <’O7><-70<8:0G5< 2V4EV4-

=8:0. �>?5@54C, ?@>ABV@ O<>: ?@>4>26CєBьAO C ?@>ABV@ 4V;O=:8 3;81>:>3> 

2V44V;C A5G>2>-AB0B52>3> B@8:CB=8:0. �704C, ?@>ABV@ >1842>E O<>: є 

>1’є4=0=8< ?V4 2V4EV4=8:>2>-:C?@8:>2>N 72’O7:>N. &0:>6, VA=Cє ?>4>265==O 
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?@>AB>@C 40=8E O<>: C 704=ь>1VG=><C =0?@O<:C, @>7B0H>2CNG8Aь ?V4 

:@86>2>-3>@1>28<8 72’O7:0<8 (@8A. 5.20). 

 

 

$8A. 5.20. �>2=VH=O ?>25@E=O 4V;O=:8 ?@><568=8 ?;>40 255,0 << &��. 

(>B> <0:@>?@5?0@0BC. �1. E3: 

1 3 2V4EV4=8:; 2 3 ?>25@E=520 G0AB8=0 7>2=VH=ь>3> <’O70-70<8:0G0 

2V4EV4=8:0; 3 3 2V4EV4=8:>2>-:C?@8:>20 72’O7:0; 4 3 A5@548==89 H>2 ?@>-

<568=8; 5 3 AV4=8G>-2V4EV4=8:>2V O<:8; 6 3 :@0W 25;8:8E AV4=8G=8E <’O7V2; 

7 3 ?@>ABV@ ?V4 2V4EV4=8:>2>-:C?@8:>2>N 72’O7:>N. 

 

�04;O 28O2;5==O >A>1;82>AB59 AB0=>2;5==O AB@C:BC@ AV4=8G>-2V4EV4-

=8:>2>W O<:8, =0<8 1C;> 283>B>2;5=> <0:@>?@5?0@0B8 4V;O=:8 G>;>2VG>W 

?@><568=8 ?;>4V2 2V:>< 2V4 4-3> ?> 9-9 <VAOFь �'$. �AB0=>2;5=>, I> C 4-

<VAOG=8E ?;>4V2 (80,0-90,0 << &��) 68@>20 B:0=8=0 2 4V;O=:0E AV4=8G>-

2V4EV4=8:>28E O<:0E D0:B8G=> =5 287=0G0;0Aь. !0 40=><C 5B0?V @>728B:C 

?@>ABV@, I> @>7B0H>2CєBьAO <V6 ?>G0B:>< <’O70-?V4V9<0G0 2V4EV4=8:0 B0 

2=CB@VH=V< 70BC;ь=8< <’O7><, 70?>2=5=89 =57=0G=>N :V;ь:VABN ?CE:>W 

A?>;CG=>W B:0=8=8.  

' 5-<VAOG=8E ?;>4V2 C <560E O<:8 ?>G8=0NBь 2V7C0;V7C20B8Aь >:@5<V 

A:C?G5==O 68@>28E :;VB8= <V6 2>;>:=0<8 ?CE:>W A?>;CG=>W B:0=8=8, I> 

A2V4G8Bь ?@> ?>G0B>: D>@<C20==O ?5@28==8E 68@>28E G0AB>G>:. *V A:C?-

G5==O 048?>F8BV2 A?>G0B:C <0NBь 4@V1=>75@=8ABC 1C4>2C V @>7B0H>2CNBьAO 

=5IV;ь=>. 
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' 8-<VAOG=8E ?;>4V2 68@>2V G0AB>G:8 2 <560E AV4=8G>-2V4EV4=8:>2>W 

O<:8 ?><VB=> 71V;ьHCNBьAO 2 @>7<V@0E, AB0NBь 1V;ьH IV;ь=VH8<8, ?>@V2=O=> 

7 ?>4V1=8<8 CB2>@5==O<8 ?V4H:V@=>W :;VB:>28=8. �>=8 @>7<56>20=V A?>;CG-

=>B:0=8==8<8 ?5@53>@>4:0<8, I> D>@<CNBь A53<5=B>20=C AB@C:BC@C O<:8. 

' 9-<VAOG=8E ?;>4V2 68@>20 B:0=8=0 =01C20є GVB:> 28@065=>W 

B@8:CB=>W D>@<8 =0 3>@87>=B0;ь=8E 7@V70E. �8@>2V G0AB>G:8 <0NBь IV;ь=5 

@>7B0HC20==O, 0 <V6 =8<8 A?>AB5@V30NBьAO A?>;CG=>B:0=8==V ?;0AB8=:8 

@V7=>W B>2I8=8: ?>25@E=52V 1V;ьH 28@065=V, B>4V O: 3;81HV 3 B>=HV B0 <5=H 

IV;ь=V. ' <VAFV 2E>4C 2 AV4=8G>-2V4EV4=8:>2C O<:C 68@>20 B:0=8=0 

?>ABC?>2> ?5@5E>48Bь C ?V4H:V@=C, 157 GVB:> 287=0G5=8E <56. (0AFVO, I> 

2:@820є 2=CB@VH=V9 70BC;ь=89 <’O7, 2V47=0G0єBьAO 7=0G=>N IV;ь=VABN, >4=0: 

C 4V;O=FV WW ?5@5E>4C =0 <’O7-?V4V9<0G 2V4EV4=8:0 A?>AB5@V30єBьAO ?52=5 

AB>=H5==O. ' 7>=V 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0 D0AFVO CB2>@Nє 

B>=:C ?;0AB8=:C, I> ?@8;O30є 4> <’O7>28E 2>;>:>=. 

"B65, D>@<C20==O AV4=8G>-2V4EV4=8:>2>W O<:8 C ?;>4V2 ;N48=8 

G>;>2VG>W AB0BV 2V41C20єBьAO C BVA=><C 270є<>72’O7:C 7 @>728B:>< 68@>2>W 

B:0=8=8 ?@><568=8. �<V=8 C :V;ь:VA=8E B0 O:VA=8E E0@0:B5@8AB8:0E 68@>2>W 

>A=>28 O<:8 <>6CBь 1CB8 206;828< <0@:5@>< ABC?5=O 7@V;>ABV 0=0B><VG=8E 

AB@C:BC@ FVєW 4V;O=:8 C ?@5=0B0;ь=><C ?5@V>4V. 

#@8 ?@5?0@C20==V 4V;O=:8 G>;>2VG>W ?@><568=8 ?;>4V2 4-5 <VAOFV2 

�'$ V 40;V, 265 ?@8ACB=V AD>@<>20=V >A=>2=V AC48==V B0 25=>7=V AB@C:BC@8, 

O:V :@>2>?>AB0G0NBь B0 V==5@2CNBь 40=C 0=0B><VG=C 4V;O=:C. �>=8 I5 =5 

=01C20NBь 45DV=VB82=>W D>@<8, ?@>B5 ?@8ACB=O GVB:0 >@30=V70FVO B0 B>?>-

3@0DVG=V >A>1;82>ABV >A=>2=8E 3V;>: AC48==>-=5@2>28E AB@C:BC@ ?@><568=8. 

&0:, =0<8 287=0G5=>, I> >A=>2=8< 465@5;>< :@>2>?>AB0G0==O ?@><568=8 є 

2=CB@VH=O A>@><VB=0 0@B5@VO, O:0 2V4?>2V4=> є 3V;:>N 2=CB@VH=ь>W :;C1>2>W 

0@B5@VW. �W @>730;C65==O :@>2>?>AB0G0NBь H:V@C B0 <’O78 4V;O=:8 ?@><568=8. 

�5=>7=89 2V4BV: 2V41C20єBьAO ?> 3V;:0< 2=CB@VH=ь>W A>@><VB=>W 25=8. 

�==5@20FVO 2V41C20єBьAO 70 @0EC=>: 30;C65=ь A>@><VB=>3> =5@20. &0:, 40=0 

B@V040 28E>48Bь =0 4V;O=:C ?@><568=8 G5@57 <0;89 AV4=8G89 >B2V@, ?V4 :@0є< 
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25;8:>3> AV4=8G=>3> <’O70 B0 2E>48Bь C AV4=8G>-2V4EV4=8:>2C O<:C, 2A5@548=V 

DV1@>7=>3> A>@><VB=>3> :0=0;0. %>@><VB=0 0@B5@VO C 40=><C :0=0;V 709<0є 

<54V0;ь=5 ?>;>65==O ?> 2V4=>H5==N 4> A>@><VB=>3> =5@20 B0 2V440є 3V;:8 4> 

4V;O=:8 H:V@8 ?@><568=8 B0 WW <’O7V2. "4=VєN V7 3V;>: A>@><VB=>W 0@B5@VW є 

=86=O ?@O<>:8H:>20 0@B5@VO, O:0 2V4E>48Bь 2V4 >A=>2=>3> AB>21C@C >4@07C 7 

4V;O=:8 28E>4C A>@><VB=>W 0@B5@VW =0 ?>25@E=N ?@><568=8. �0;C65==O 

=86=ь>W ?@O<>:8H:>2>W 0@B5@VW ?V4E>4OBь 4> 4V;O=:8 2V4EV4=8:0, H:V@8 

2V4EV4=8:>2>W 4V;O=:8, B0 :@>2>?>AB0G0NBь 7>2=VH=V9 <’O7-70<8:0G 

2V4EV4=8:0 (CAV 9>3> H0@8)B0 =86=V G0AB8=8 <’O70-?V4V9<0G0 2V4EV4=8:0, O:V 

?5@5?;VB0NBьAO 7 3;81>:8< H0@>< 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0; 

V=>4V ?><VB=V 30;C65==O, O:V ?@>ABO30NBьAO 25=B@0;ь=> B0 G0AB:>2> :@>2>-

?>AB0G0NBь ?>25@E=5289 ?>?5@5G=89 <’O7 ?@><568=8. "A=>2=89 AB>21C@ 

2=CB@VH=ь>W A>@><VB=>W 0@B5@VW ?@>E>48Bь 274>26 AV4=8G>3> 3>@10 B0 

25=B@0;ь=VH5 =ь>3> 2V440є ?@><568==C 3V;:C, O:0 2 A2>N G5@3C, ?@>E>48Bь 

274>26 3V;>: AV4=8G8E :VAB>: B0 =86=VE 3V;>: ;>1:>28E :VAB>: (@8A 5.21). 

 

 

$8A. 5.21. #@5?0@0B 3;81>:>W 4V;O=:8 ?@><568=8 ?;>40, 245,0 <<. &��. 

(>B> <0:@>?@5?0@0BC. �1. E4: 

 1 3 2=CB@VH=V A>@><VB=V 0@B5@VW; 2 3 0@B5@VO ?@><568=8; 3 3 =86=V 3V;:8 

;>1:>28E :VAB>:; 4 3 2V4EV4=8:; 5 3 AV4=8G>-2V4EV4=8:>2V O<:8; 6 3 3;81>:89 

?>?5@5G=89 <’O7 ?@><568=8; 7 3 A5GV2=8:; 8 3 3;81>:89 2V44V; ?@><568=-

=>3> BV;0.  
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"A=>2=89 AB>21C@ 2=CB@VH=ь>W A>@><VB=>W 0@B5@VW 40є 30;C65==O, O:V 

:@>2>?>AB0G0NBь >A=>2=V ?>25@E=52V <’O78 ?@><568=8. "4@07C 7 <><5=BC 

2V430;C65==O, 2V4 0@B5@VW ?@><568=8 C ?>?5@5G=><C =0?@O<:C B0 <54V0;ь=>, 

@>7B0H>2CNG8Aь =0 ?>25@E=OE ?>25@E=52>3> ?>?5@5G=>3> <’O70 ?@><568=8, 

2V4E>48Bь ?>?5@5G=0 0@B5@VO ?@><568=8, O:0 2V4?>2V4=> :@>2>?>AB0G0є 

?>25@E=5289 ?>?5@5G=89 <’O7 ?@><568=8 B0 ?@><568==5 BV;>. #>?5@54C, 

0@B5@VO ?@><568=8 40є 30;C65==O, O:V :@>2>?>AB0G0NBь ?0@=V AV4=8G>-

?5G5@8ABV <’O78, ?5@54=N G0AB8=C F81C;8==>-3C1G0AB>3> <’O70. �V=F528<8 

3V;:0<8 є 704=V 0@B5@VW <>H>=:8, O:V :@>2>?>AB0G0NBь 704=N G0AB8=C 

<>H>=:8 (@8A 5.22). 

 

 

$8A. 5.22. �V;O=:0 G>;>2VG>W ?@><568=8 ?;>40 162,0 << &��. (>B> 

<0:@>?@5?0@0BC. �1. E3: 

1 3 3V;:8 0@B5@VW ?@><568=8 4> ?>25@E=528E B:0=8= B0 AV4=8G>-

?5G5@8AB8E <’O7V2; 2,3 3 3V;:8 0@B5@VW ?@><568=8 4> F81C;8==>-3C1G0AB>3> 

<’O70; 4 3 F81C;8==>-3C1G0AB89 <’O7 ?V4 7>2=VH=ь>N D0AFVєN ?@><568=8; 

6 3 2V4EV4=8:; 7 3 AV4=8G>-?5G5@8ABV <’O78 ?V4 7>2=VH=ь>N D0AFVєN ?@><5-

68=8; 8 3 ;8AB>: 7>2=VH=ь>W D0AFVW ?@><568=8. 

  

#VA;O B>3>, O: 2=CB@VH=O A>@><VB=0 0@B5@VO 2V440є 0@B5@VN ?@><568=8, 

?5@H0 ?@>=87Cє C ?@8A5@54=ь><C =0?@O<:C V 3;81H5 42V D0AFV0;ь=V AB@C:-

BC@8: 7>2=VH=N D0AFVN ?@><568=8 B0 ?5@5B8=:C ?@><568=8 V @>7B0H>-
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2CєBьAO C 3;81>:><C ?@>AB>@V ?@><568=8, =0 =86=V9 ?>25@E=V 3;81>:>3> 

?>?5@5G=>3> <’O70 ?@><568=8 B0 :@>2>?>AB0G0є 2V4?>2V4=> >AB0==V9. � FV9 

4V;O=FV, >4@07C 2 <VAFV 2E>4C, 2V4 2=CB@VH=ь>W A>@><VB=>W 0@B5@VW 2V4E>4OBь C 

?@8A5@54=ь><C =0?@O<:C B0 =0?5@54 0@B5@VW F81C;8=8 AB0B52>3> G;5=0, O:V 

:@>2>?>AB0G0NBь 3C1G0AB5 BV;> AB0B52>3> G;5=0 B0 G0AB:>2> F81C;8==>-

3C1G0AB89 <’O7. �>?5@54C 30;C7OBьAO 3V;:8, O:V B0:>6 ?@>=87CNBь F81C;8=C 

AB0B52>3> G;5=0 3 A5GV2=8:>2V 0@B5@VW, B0 :@>2>?>AB0G0NBь G0AB:>2> 

F81C;8==>-3C1G0AB89 <’O7 B0 A5GV2=8:. #>?5@54C >AB0==VE ?@8ACB=V 420 

30;C65==O: ?5@H5 1VG=5 30;C65==O 3 3;81>:0 0@B5@VO AB0B52>3> G;5=0 

?@>=87Cє C ?@8A5@54=ь>-1VG=><C =0?@O<:C 7A5@548=8 4>@70;ь=V G0AB8=8 

AV4=8G>-?5G5@8AB8E <’O7V2, B0 94CBь 3;81H5, 2A5@548=V ?5G5@8AB8E BV;, O:V FV 

<’O78 >B>GCNBь, B0, 2V4?>2V4=> WE :@>2>?>AB0G0NBь; ?@8A5@54=є 30;C65==O 

945 ?> =86=V9 ?>25@E=V 3;81>:>3> ?>?5@5G=>3> <’O70 ?@><568=8, =04  

AV4=8G>-?5G5@8AB8<8 <’O70<8, ?@>=87Cє ?>?5@5G=C 72’O7:C ?@><568=8 B0 

28E>48Bь =0 A?8=:C AB0B52>3> G;5=0, :@>2>?>AB0G0є D0AFV0;ь=V AB@C:BC@8, 

H:V@C B0 3>;>2:C AB0B52>3> G;5=0.  

"A=>2=8< =5@2>28< AB>21C@><, O:89 70157?5GCє V==5@20FVN 4V;O=:8 

?@><568=8 є A>@><VB=89 =5@2, O:89 ?@>E>48Bь 2 >4=>9<5==><C DV1@>7=><C 

:0=0;V 7 2=CB@VH=V<8 A>@><VB=8<8 AC48=0<8. "4@07C =0 <VAFV 28E>4C C 

4V;O=:C ?@><568=8, 2V4 =ь>3> C ?@8A5@54=ь><C =0?@O<:C 2V4E>4OBь 

30;C65==O C 283;O4V 4-5 =5@2>28E AB@C:BC@. �04=V =5@2>2V 2>;>:=0 ?V4E>4OBь 

4> 4V;O=:8 2V4EV4=8:>2>-:C?@8:>2>W 72’O7:8 B0 4> 704=VE 2V44V;V2 ?>25@E=528E 

B0 ?V4H:V@=8E G0AB8= 7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0. %5@54=V B0 

?5@54=V 2>;>:=0 ?V4E>4OBь B0:>6 4> 4V;O=>: >AB0==ь>3> <’O70 B0 2V4EV4=8:0, 

V==5@2CNG8 H:V@C 40=>W 4V;O=:8, 4>40B:>2> ?@8ACB=V 30;C65==O, O:V 

2V4E>4OBь 3;81H5 4> <’O7>28E 2>;>:>= <’O70-?V4V9<0G0 2V4EV4=8:0. 

%>@><VB=89 =5@2 945 40;V, 71>:C 2V4 2=CB@VH=VE A>@><VB=8E AC48=, B0 

?>?5@54C AV4=8G8E 3>@1V2 2V440є 42V 3V;:8, >A=>2=89 AB>21C@ ?@>=87Cє 

7>2=VH=N D0AFVN ?@><568=8 B0 ?5@5B8=:C ?@><568=8 B0 O2;Oє A>1>N 

A?8=:>289 =5@2 AB0B52>3> G;5=0. #@8A5@54=V 30;C65==O O2;ONBь A>1>N 
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=5@28 ?@><568=8 B0 94CBь C ?>?5@5G=><C =0?@O<:C B0 V==5@2CNBь H:V@C 

4V;O=:8 ?@><568==>3> BV;0, H20 ?@><568=8, ?5@54=V 2V44V;8 7>2=VH=ь>3> 

<’O70-70<8:0G0 2V4EV4=8:0, B0, G0AB:>2> ?>25@E=5289 ?>?5@5G=89 <’O7 

?@><568=8. �V4 =5@2V2 ?@><568=8 2 ?5@54=ь><C =0?@O<:C B0 ?@8A5@54=ь> 

2V4E>4OBь ?>25@E=52V B0 3;81>:V 3V;:8, O:V ?@>=87CNBь 7>2=VH=N D0AFVN 

?@><568=8 B0 ?5@5B8=:C ?@><568=8. #>25@E=52V 3V;:8 B0 G0AB:>2> 3;81>:V 

3V;:8 V==5@2CNBь ?>25@E=52V <’O78 B0 H:V@C ?@><568=8. �;81>:89 

?>?5@5G=89 <’O7 ?@><568=8 V==5@2CєBьAO 2V430;C65==O<8 2V4 A?8=:>2>W 

0@B5@VW AB0B52>3> G;5=0 B0 30;C65==O<8 3;81>:8E 3V;>: =5@2V2 ?@><568=8.  

 ’O7-?V4V9<0G 2V4EV4=8:0 B0 :C?@8:>289 <’O7 V==5@2CNBьAO G0AB:>2> 

3V;:0<8 A>@><VB=>3> =5@20 B0 3V;:0<8 =5@2V2 S3-S4. �>1:>2>-:C?@8:>289 B0 

;>1:>2>-?@O<>:8H:>289 <’O78 V==5@2CNBьAO 3V;:0<8 A>@><VB=>3> =5@20. 

�;C1>2>-:C?@8:>289 3 30;C65==O<8 =5@2V2 S3-S4. �@>2>?>AB0G0==O <’O70-

?V4V9<0G0 2V4EV4=8:0 B0 :C?@8:>2>3> <’O70 - A:;04=5. &0:, G0AB:>2> :;C1>2>-

:C?@8:>289 B0 ;>1:>2>-:C?@8:>289 <’O78 :@>2>?>AB0G0NBьAO 30;C65==O<8 

=86=ь>W <VEC@>2>W 0@B5@VW. /:0 945 C ?@8A5@54=ь><C =0?@O<:C B0 2=87 2V4 

2=CB@VH=ь>W :;C1>2>W 0@B5@VW. �04=V G0AB8=8 40=8E <’O7V2 G0AB:>2> :@>2>?>A-

B0G0NBьAO 30;C65==O<8 A5@54=ь>W ?@O<>:8H:>2>W 0@B5@VW, O:0 є 3V;:>N 

2=CB@VH=ь>W :;C1>2>W 0@B5@VW B0 =86=ь>N ?@O<>:8H:>2>N 0@B5@VєN, O:0 є 

3V;:>N 2=CB@VH=ь>W A>@><VB=>W 0@B5@VW.  >@D><5B@8G=V ?>:07=8:8 2V4AB0=59 

<V6 >A=>2=8<8 B>?>3@0D>0=0B><VG=8<8 >@Vє=B8@0<8 ?@><568=8 C ?;>4V2 8-

10 <VAOFV2 �'$ =02545=V C B01;8FV 5.3.  

�>A;V465==O @>728B:C <’O7V2 B07>2>3> 4=0 C ?;>4V2 4-10 <VAOFV2 �'$ 

28O28;> 206;82V B>?>3@0D>-0=0B><VG=V >A>1;82>ABV WE D>@<C20==O. 

 ’O7-?V4V9<0G 2V4EV4=8:0 <0є BVA=89 0=0B><VG=89 72’O7>: V7 2=CB@VH=V< 

70BC;ь=8< <’O7><, I> 287=0G0є WE=N 270є<>4VN C D>@<C20==V B07>2>W 

4V0D@03<8. �>3> @>728B>: ?>G8=0єBьAO 7 >:@5<8E <’O7>28E 2>;>:>=, O:V 

?>ABC?>2> 7;820NBьAO C GVB:> 2V4<56>20=C <’O7>2C AB@C:BC@C, I> =040;V 

=01C20є ;V9:>?>4V1=>W D>@<8. 
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&45?<JO 5.3 

 >@D><5B@8G=V ?>:07=8:8 2V4AB0=59 <V6 >A=>2=8<8 

B>?>3@0D>0=0B><VG=8<8 >@Vє=B8@0<8 ?@><568=8 C 8-10-<VAOG=8E ?;>4V2  

�8AB0=FVW 8 <VA 9 <VA 10 <VA 
�0;8B:0-2V4EV4=8:>289 :0=0; 20,00±3,16 26,70±1,30 33,80±1,92 

"A=>20 AB0B52>3> G;5=0-2V4EV4=8: 30,20±6,72 33,20±3,27 39,50±1,80 

*5=B@ ?@><568==>3> BV;0-
F81C;8=>-3C1G0AB89 <’O7 20,80±3,70 28,20±1,92 34,60±2,30 

*5=B@ ?@><568==>3> BV;0-AV4=8G>-
?5G5@8AB89 <’O7 27,20±4,15 33,80±1,30 37,40±0,65 

�C?@8:-F5=B@ ?@><568==>3> BV;0 25,30±1,92 27,60±5,41 41,80±1,68 

�C?@8:-F81C;8=>-3C1G0AB89 <’O7 35,00±2,45 39,10±1,67 46,90±2,30 

*5=B@ ?@><568==>3> BV;0-
2V4EV4=8: 11,80±1,79 15,40±1,14 22,80±2,28 

*81C;8==>-3C1G0AB89 <’O7-
2V4EV4=8: 29,90±4,04 36,20±8,84 57,10±1,88 

�V4AB0=ь <V6 AV4=8G8<8 3>@10<8 23,80±6,18 23,80±4,60 40,60±2,30 

%V4=8G89 3>@1-F81C;8==>-
3C1G0AB89 

25,90±3,01 28,40±6,95 36,80±1,64 

%V4=8G89 3>@1-2V4EV4=8: 17,0±2,35 16,40±2,30 28,00±1,87 

%V4=8G89 3>@1-:C?@8: 25,0±3,32 28,10±4,48 30,20±1,92 

�V4AB0=ь <V6 F5=B@0<8 AV4=8G>-
2V4EV4=8:>28E O<>: 19,40±3,78 17,40±0,55 24,60±1,67 

�>1:>289 A8<DV7-:C?@8: 34,40±2,41 32,80±2,95 49,20±3,63 

 

�=CB@VH=V9 70BC;ь=89 <’O7 28:>=Cє @>;ь 206;82>3> >@Vє=B8@0 ?@8 

D>@<C20==V B07>2>3> 4=0. �>3> 2>;>:=0 IV;ь=> >E>?;NNBь 70BC;ь=89 >B2V@, 

AB2>@NNG8 <VF=89 0=0B><VG=89 :0@:0A, 4> O:>3> ?@8;O30NBь V=HV <’O7>2V 

AB@C:BC@8. 

�>1:>2>-?@O<>:8H:>289 <’O7 A?>G0B:C ?@54AB02;5=89 >:@5<8<8 <’O-

7>28<8 ?CG:0<8, O:V 73>4>< >1’є4=CNBьAO ?>704C ?@O<>W :8H:8, D>@<CNG8 

70G0B:>2V 5;5<5=B8 ;>1:>2>-?@O<>:8H:>2>W ?5B;V. �>3> @>728B>: ?@>E>48Bь 

C BVA=><C 72’O7:C 7 D>@<C20==O< B07>2>W D0AFVW. �>1:>2>-:C?@8:>289 <’O7 =0 

@0==VE 5B0?0E 709<0є ?@><V6=5 ?>;>65==O <V6 V=H8<8 AB@C:BC@0<8 B07>2>3> 

4=0. ' ?@>F5AV @>728B:C 2V= ?>ABC?>2> ?>4>26CєBьAO, CB2>@NNG8 IV;ь=89 

72’O7>: V7 :C?@8:><, I> 70157?5GCє ?V4B@8<:C >@30=V2 <0;>3> B070. 
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�C?@8:>289 <’O7 C65 =0 ?>G0B:C ?’OB>3> <VAOFO �'$ 4>1@5 2V4<56>-

20=89 2V4 =02:>;8H=VE B:0=8=. �V= <0є GVB:89 72’O7>: V7 :@86>2>->ABь>2>N 

72’O7:>N, I> 70157?5GCє AB01V;ь=VABь B07>2>3> 4=0 B0 270є<>4VN 7 V=H8<8 

<’O70<8 FVєW 4V;O=:8. 

�>2=VH=V9 <’O7-70<8:0G 2V4EV4=8:0 C F59 ?5@V>4 265 <0є AD>@<>20=C 

AB@C:BC@C, O:0 2:;NG0є B@8 >A=>2=V H0@8 3 ?V4H:V@=89, ?>25@E=5289 B0 3;8-

1>:89. �>3> ?CG:8 IV;ь=> >E>?;NNBь 2V4EV4=8:>289 :0=0;, I> є 206;828< 

4;O @53C;OFVW DC=:FVW 45D5:0FVW. ' ?@>F5AV ?@5=0B0;ь=>3> @>728B:C =0 ?@5?0-

@0B0E ?;>4V2 ;N48=8 G>;>2VG>W AB0BV A?>AB5@V30єBьAO ?>ABC?>25 7@>AB0==O 

7>2=VH=ь>3> <’O70-70<8:0G0 2V4EV4=8:0, I> 2V4>1@060єBьAO C 48=0<VFV 7<V= 

9>3> >A=>2=8E <>@D><5B@8G=8E ?0@0<5B@V2 3 4>268=8 <’O7>28E ?CG:V2, 

H8@8=8 B0 B>2I8=8 <’O70. �2545=V 40=V ?@54AB02;5=V 2 B01;8FV 5.4. 

 

&45?<JO 5.4 

 >@D><5B@8G=V ?0@0<5B@8 <’O70-70<8:0G0 2V4EV4=8:0 C ?;>4V2 ;N48=8 

G>;>2VG>W AB0BV, M±m (<<) 

�V:, <VAOFь �'$ �>268=0  ,8@8=0  &>2I8=0  

4 4,9±0,6 1,7±0,5 0,8±0,3 

5 6,5±0,5 2,5±0,5 1,25±0,25 

6 9,0±1,0 3,0±0,5 1,75±0,25 

7 12,5±1,5 3,5±0,5 1,75±0,255 

8 16,5±1,5 4,5±0,5 2,75±0,25 

9 20,5±1,5 5,5±0,5 3,25±0,25 

10 19,7±2,8 5,2±0,6 3,4±0,5 

 

�;O 287=0G5==O <>@D>35=5B8G=8E >A>1;82>AB59 D>@<C20==O AV4=8G>-

2V4EV4=8:>2>W 4V;O=:8 =0<8 ?@>2545=> 28<V@8 WW ?5@54=ь>-704=ь>3> B0 

?>?5@5G=>3> @>7<V@V2, 0 B0:>6 28A>B8 C ?;>4V2 ;N48=8 G>;>2VG>W AB0BV.  
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�;O >1G8A;5==O ?;>IV AV4=8G>-2V4EV4=8:>2>W 4V;O=:8 28:>@8AB>2C20;8 

D>@<C;C 287=0G5==O ?;>IV 5;V?A0 (1). � = � ∙ ÿ2 ∙ Ā2 = �ÿĀ4                                                                                          (1) 

�;O >1G8A;5==O >1’є<C AV4=8G>-2V4EV4=8:>2>W O<:8 28:>@8AB>2C20;8 

D>@<C;C 4;O 287=0G5==O >1’є<C ?V@0<V48 7 5;V?B8G=>N >A=>2>N (2). � = 13 ∙ � ∙ ℎ = 13 ∙ (�ÿĀ4 ) ∙ ℎ = �ÿĀℎ12                                                               (2) 

!0 >A=>2V F8E 40=8E 1C;0 @>7@0E>20=0 >@Vє=B>2=0 ?;>I0 >A=>28 O<:8, 

O:C C<>2=> 22060;8 5;V?A>?>4V1=>N, 0 B0:>6 >1’є<, I> =01;865=> 

2V4?>2V40є ?V@0<V40;ь=V9 D>@<V O<:8 (B01. 5.5). 

 

&45?<JO 5.5  

�8=0<V:0 @>7<V@V2 AV4=8G>-2V4EV4=8:>2>W O<:8 C ?;>4V2 ;N48=8 G>;>2VG>W 

AB0BV 

�V:, 
<VAOFь 
�'$ 

#5@54=ь>-704=V9 
@>7<V@, A< 

(M±m) 

#>?5@5G=89 
@>7<V@, A< 

(M±m) 

�;818=0, 
A< (M±m) 

#;>I0 
>A=>28, 
A<² 

"1’є< 
O<:8, 
A<³ 

4 1,2±0,3 0,6±0,2 0,5±0,2 0,565 0,094 

5 1,65±0,3 0,77±0,23 0,6±0,2 0,998 0,199 

6 2,10±0,3 0,93±0,27 0,7±0,2 1,532 0,358 

7 2,55±0,3 1,10±0,30 0,8±0,2 2,203 0,588 

8 3,00±0,3 1,27±0,33 0,9±0,2 2,993 0,898 

9 3,45±0,3 1,43±0,37 1,0±0,2 3,870 1,290 

10 3,9±0,3 1,6±0,5 1,1±0,2 4,899 1,792 

 

�AB0=>2;5=>, I> 2AV B@8 ?@>AB>@>2V ?0@0<5B@8 O<:8 3 ?5@54=ь>-704=V9, 

?>?5@5G=89 B0 25@B8:0;ь=89 @>7<V@8 3 7@>AB0NBь C ?;>4>2><C ?5@V>4V 

@>728B:C, ?@8G><C 71V;ьH5==O 2V41C20єBьAO <0965 ;V=V9=>. 

#@><568==5 BV;> =0 ?>?5@5G=8E 7@V70E 283;O40є O: :><?0:B=5 

A:C?G5==O <’O7>2>-2>;>:=8AB>W B:0=8=8, I> >1’є4=Cє :V;ь:0 <’O7>28E 

AB@C:BC@ B07>2>3> 4=0. �>3> @>728B>: 70157?5GCє 4>40B:>2C <VF=VABь 

?@><568==>W 4V;O=:8. %V4=8G>-?5G5@8AB89 <’O7 4> A5@548=8 5-3> <VAOFO �'$ 
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>AB0B>G=> =01C20є ?>A<C3>20=>W AB@C:BC@8. �V= 715@V30є 2V4>:@5<;5=5 

?>;>65==O 2V4 V=H8E <’O7V2 ?@><568=8, 2V4V3@0NG8 206;82C @>;ь C @53C;OFVW 

25=>7=>3> :@>2>>1V3C AB0B528E >@30=V2. 

�030;><, 4> :V=FO ?’OB>3> <VAOFO �'$ >A=>2=V <’O78 4V;O=:8 G>;>2VG>W 

?@><568=8 =01C20NBь A2>WE >AB0B>G=8E 0=0B><VG=8E D>@<, 0 WE=V 270є<>-

72’O7:8 AB0NBь 1V;ьH 28@065=8<8, I> 70157?5GCє ?>ABC?>25 24>A:>=0;5==O 

DC=:FV>=0;ь=>W >@30=V70FVW B07>2>3> 4=0. 

 

 0B5@V0;8 @>74V;C 28:;045=V B0 >?@8;N4=5=V 2 ?C1;V:0FVOE [161-165, 

181]. 
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$"���� 6 
�!���� &� '�����Ь!�!!/ $��'�Ь&�&�� �"%�����!!/ 

 

�’OAC20==O B5@<V=V2 V 465@5; 70:;04:8 AB@C:BC@ B0 >@30=V2 2V4EV4-

=8:>2>W B0 A5G>2>-AB0B52>W 4V;O=>: G>;>2VG>W ?@><568=8, 2AB0=>2;5==O 

>A>1;82>AB59 ?@>AB>@>2>-G0A>28E A8=B>?VG=8E 7<V= WW AB@C:BC@ 4>A;V465=> 

=0 90 ?@5?0@0B0E, O:V 70 2V:>28< A:;04>< >E>?;NNBь ?@0:B8G=> 25Aь 

?@5=0B0;ь=89 ?5@V>4 @>728B:C ;N48=8 3 2V4 5<1@V>=0;ь=>3> 4> ?5@V>4C 

=>2>=0@>465=>ABV, I> 2V4@V7=Oє =0H5 4>A;V465==O 2V4 2V4><8E, 2 O:8E 02B>@8 

7>A5@546C20;8Aь =0 ?52=><C G0A>2><C 2V4@V7:C @>728B:C AB@C:BC@ ?@><5-

68=8 [41, 42, 47, 53]. "4=0:, 206;82> <0B8 FV;VA=C CO2C ?@> >A>1;82>ABV 

<>@D>35=57C 4V;O=>: V >@30=>:><?;5:AV2 ;N48=8 2 H8@>:><C G0A>2><C 

4V0?07>=V, I> =040є 7<>3C ?@>A;V4:C20B8 70 48=0<V:>N <>@D><5B@8G=8E 7<V= 

?5@V>48 ?@8A:>@5=>3> G8 C?>2V;ь=5=>3> 7@>AB0==O >:@5<8E AB@C:BC@=8E 

:><?>=5=BV2 ?@><568=8.  

' =0HV9 @>1>BV 70AB>A>20=> :><?;5:A <5B>4V2 <>@D>;>3VG=>3> 4>A;V4-

65==O, O:89 2:;NG02 O: :;0A8G=V <5B>48:8 (<V:@>-, <0:@>A>?VN), B0: V 

ACG0A=V 3 B@828<V@=5 @5:>=AB@CN20==O. #5@5203>N >AB0==ь>3> є AB2>@5==O 

3D-<>45;59 <V:@>A:>?VG=8E AB@C:BC@ 70 WE A5@V9=8<8 7@V70<8, I> 2V4?>2V40є 

B5E=>;>3VW ACG0A=8E <5B>4V2 <548G=>W 4V03=>AB8G=>W 2V7C0;V70FVW [152, 153, 

166 ]. &@828<V@=V <>45;V AB@C:BC@ ?@><568=8 4>72>;ONBь 282G0B8 WE 2 1C4ь-

O:V9 ?@>5:FVW >@30=8 2 WE BVA=V9 A8=B>?VW, 0 B0:>6 ?@>2>48B8 <>@D><5B@VN 3 

28<V@N20B8 2V4AB0=V, >1’є<8, ?;>IV, :CB8 B>I> [167, 6]. 

#@>F5A8 28=8:=5==O 465@5; 70G0B:V2 >@30=V2 B0 AB@C:BC@ ;N4Aь:>3> 

BV;0, G0A V ?>A;V4>2=VABь WE ?>O28 702648 FV:028;8 2G5=8E <>@D>;>3V2. !0 Aь>-

3>4=V =5 VA=Cє C73>465=8E ?>3;O4V2 =0 G0A>2C 48=0<V:C ?>O28 70:;04>: <’O7V2 

[1, 40, 48], AB@C:BC@=8E B@0=AD>@<0FV9 5<1@V>=0;ь=8E B:0=8= B0 ?@>2V7>@=8E 

AB@C:BC@, O:V ?5@54CNBь <>@D>35=57C >@03=V2 ?@><568=8 [41, 47].  

�8G5@?=V 2V4><>ABV I>4> >A>1;82>AB59 O:VA=8E V :V;ь:VA=8E <>@D>;>-

3VG=8E ?5@5B2>@5=ь >@30=V2 V AB@C:BC@ ?@><568=8 4>72>;OBь 2G5=8< ?@0:-



123 

 

B8G=>W ;0=:8 >E>@>=8 74>@>2’O (?5@8=0B>;>3VO, 48BOG0 EV@C@3VO, C@>;>3VO) 

C4>A:>=0;8B8 <5B>48:8 B;C<0G5==O 40=8E @0==ь>W 4V03=>AB8:8, 0 B0:>6 

@>7@>18B8 =>2V <5B>48:8 B0 B5E=>;>3VW >?5@0B82=>W :>@5:FVW 2@>465=8E 204 

>@30=V2 B@02=>W, A5G>-AB0B52>W, >?>@=>-@CE>2>W A8AB5<, 0A>FV9>20=8E 7 

4V;O=:>N ?@><568=8. 

&0:, 70 =0H8<8 40=8<8, ?5@H>N AB@C:BC@=>N >48=8F5N, I> O2;Oє 

A>1>N 70:;04:C ?@><568=8 є :;>0:0, I> CB2>@NєBьAO 70 @0EC=>: 7;8BBO 

25=B@0;ь=>W G0AB8=8 704=ь>W :8H:8 V7 :0C40;ь=>N G0AB8=>N 0;0=B>WA0. �0=V 

?@>F5A8 B0 AB@C:BC@8 A?>AB5@V30NBьAO C ?@5?0@0BV2 70@>4:V2 =0 ?>G0B:C 4-3> 

B86=O �'$, I> =5 AC?5@5G0Bь ?>3;O40< V=H8E 4>A;V4=8:V2 5<1@V>35=57C 

?@><568=8 [168, 169, 40, 41, 47, 48]. %5G>2>-?@O<>:8H:>20 ?5@53>@>4:0 є I5 

>4=VєN AB@C:BC@>N, O:0 O2;Oє A>1>N 70:;04:C ?@><568=8 B0 28=8:0є 

?@>BO3>< 4->3> B86=O �'$. !0<8 28O2;5=>, I> AB0=>2;5==O A5G>2>-

?@O<>:8H:>2>W ?5@53>@>4:8 28=8:0є 70 @0EC=>: @>7@>AB0==O ?5@8:;>0:0;ь-

=>W <575=EV<8 @07>< V7 >4=>G0A=8<, ?>A;V4>2=8< 738=0==O< B0 @>738=0==O< 

25@B8:0;ь=>W >AV 5<1@V>=0. �>40B:>2>, ?@8ACB=O AB@C:BC@0, I> O2;Oє A>1>N 

F5;><VG=89 BO6, I> ?@>ABO30єBьAO C ?@>:A8<0;ь=C G0AB8=C A5G>2>-

?@O<>:8H:>2>W ?5@53>@>4:8 B0 4>40B:>2> 2?;820є =0 WW AB0=>2;5==O B0 

?>40;ьH89 ?>4V; :;>0:8 =0 42V ?07CE8. �A=Cє 157;VG 4>A;V465=ь <>@D>;>3V2, 

O:V =0<030;8Aь >?8A0B8 ?@>F5A8 AB0=>2;5==O 40=>W AB@C:BC@8. !0 Aь>3>4=V, 

2G5=V ?>4V;8;8Aь =0 42V :>3>@B8: ?5@HV 22060;8, I> ?@>2V4=8< D0:B>@>< C 

AB0=>2;5==V A5G>2>-?@O<>:8H:>2>W ?5@53>@>4:8 1C;> @>7@>AB0==O ?5@8:;>0-

:0;ь=>W <575=EV<8 B0 =5 1@0;8 4> C2038 7<V=8 ?>274>26=ь>W >AV 5<1@V>=0. 

�=HV @>73;O40;8 A5G>2>-?@O<>:8H:>2C ?5@53>@>4:C, O: >:@5<C 48A:@5B=C 

<575=EV<0;ь=C AB@C:BC@C. #@>B5 1V;ьHVABь 2G5=8E C A2>WE 4>A;V465==OE =5 

2:07C20;8 =0 @>;ь F5;><VG=>3> BO60, O:89 2B8A:02AO C ?@>:A8<0;ь=C G0AB8=C 

A5G>2>-?@O<>:8H:>2>W ?5@53>@>4:8 [47, 48, 170].  

!0HV A?>AB5@565==O 2:07CNBь, I> ?@>BO3>< 5-3> B86=O �'$ A5G>2>-

?@O<>:8H:>20 ?5@53>@>4:0 ?>4V;Oє :;>0:C =0 25=B@0;ь=C A5G>2>-AB0B52C 

?07CEC B0 4>@70;ь=C 2V4EV4=8:>2>-?@O<>:8H:>2C, O:V O2;ONBь A>1>N 70G0B:8 
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A5G>2>-AB0B52>W B0 2V4EV4=8:>2>-?@O<>:8H:>2>W 4V;O=:8 ?@><568=8. �8I5-

=02545=V A?>AB5@565==O =5 ;8H5 =5 AC?5@5G0Bь @0=VH5 >?C1;V:>20=8< 40=8< 

4>A;V4=8:V2, O:V 282G0;8 <>@D>35=57 G>;>2VG>W ?@><568=8, 0;5 9 ?V4B25@4-

6CNBь >A=>2=V ?>;>65==O I>4> ?>A;V4>2=>ABV B0 ?@>AB>@>2>W >@30=V70FVW B0 

48D5@5=FV0FVW :;>0:8 2 @0==ь><C ?@5=0B0;ь=><C ?5@V>4V [40, 41, 47, 48, 169, 

170]. 

' 5<1@V=V2 5-3> B86=O �'$ =0 25=B@0;ь=V9 ABV=FV 4V;O=:8 :;>0:8 =0<8 

28O2;5=5 CIV;ь=5==O, I> O2;Oє A>1>N ?5@5B8=:C :;>0:8. �838=0==O 

:0C40;ь=>W G0AB8=8 BV;0 5<1@V>=0, @>7@>AB0==O <575=EV<8, 71V;ьH5==O :;>0:8 

2 >1’є<V ?@872>4OBь 4> @>7BO3=5==O B0 284>265==O ?5@5B8=:8 :;>0:8. ' B>9 

A0<89 G0A, O: A5G>2>-?@O<>:8H:>20 ?5@53>@>4:0 ?@>ABO30єBьAO C 48AB0;ь-

=><C =0?@O<:C 4> ?5@5B8=:8 :;>0:8, >AB0==O 707=0є 48D5@5=FV0FVW B0 

?>4V;OєBьAO =0 42V G0AB8=8: 25=B@0;ь=VH5 @>7B0H>20=C IV;ь=C A5GV2=8:>2C 

?;0AB8=:C B0 4>@70;ь=VH5 @>7B0H>20=C B>=:C 2;0A=C ?5@5B8=:C :;>0:8, I> 

707=0є @>7@82C 265 ?@>BO3>< 5-3> B86=O �'$.  

�0=V 5B0?8 O:VA=8E ?5@5B2>@5=ь 1C4>28 70G0B:V2 AB@C:BC@ ?@><568=8 є 

=04728G09=> 206;828<8, 0465 ?>@CH5==O WE AB0=>2;5==O ?@872>48Bь 4> 

28=8:=5==O C@>465=8E 204 @>728B:C, O: A5G>2>-AB0B528E, B0: V 0=>@5:-

B0;ь=8E. &><C 5-9 B8645=ь �'$ A;V4 22060B8 :@8B8G=8< ?5@V>4>< @>728B:C 

;N48=8, 7>:@5<0 ?>@CH5==O D>@<C20==O A5G>2>-?@O<>:8H:>2>W ?5@53>@>4-

:8 ?@872>48Bь 4> BO6:>3> ?>@CH5==O 3 ?5@A8ABCNG>W :;>0:8, I> E0@0:B5-

@87CєBьAO A?V;ь=>N ?>@>6=8=>N C O:C 2V4:@820NBьAO A5G>2>-AB0B520 B0 

B@02=0 A8AB5<8 V7 @>7@82>< ?5@5B8=:8 :;>0:8, I> =5 ?V4;O3;0 ?>40;ьHV9 

48D5@5=FV0FVW [42, 45, 55, 56, 139, 140]. 

#@O<>:8H:>2>-A5GV2=8:>2V G8 ?@O<>:8H:>2>-<VEC@>2V =>@8FV 28=8-

:0NBь 70 @0EC=>: ?>@CH5==O AB@C:BC@=>W >@30=V70FVW A5G>2>-?@O<>:8H:>2>W 

?5@53>@>4:8 B0 E0@0:B5@87CNBьAO =0O2=VABN ?0B>;>3VG=8E A?>;CG5=ь <V6 

?@O<>N :8H:>N B0 A5GV2=8:><, G8 A5G>28< <VEC@>< [171, 172]. 

#>@CH5==O CB2>@5==O 01> 2V4ACB=VABь @>7@82C 2;0A=>W ?5@5B8=:8 

:;>0:8 ?@>BO3>< @0==ь>3> 5<1@V>=0;ь=>3> ?5@V>4C ?@872>48Bь 4> 28=8:-
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=5==O B0:>W 2@>465=>W 2048, O: 0B@57VO 2V4EV4=8:0, O:0 :;V=VG=> E0@0:B5-

@87CєBьAO 2V4ACB=VABN 0=0;ь=>3> >B2>@C, G8 9>3> 70<VI5==O< @C1F52>N 

B:0=8=>N. �> B>3> 6, 2V4ACB=VABь @5:0=0;V70FVW G8 @>7@82C 2;0A=>W ?5@5B8=:8 

:;>0:8 ?@872>48Bь 4> 28=8:=5==O B0:8E 2@>465=8E 204, O: @5:B0;ь=89 

AB5=>7, I> @0E0:B5@87CєBьAO 7=0G=8< 72C65==O< 2V4EV4=8:0 [141, 173]. 

#@>BO3>< 4-5-3> B86=V2 �'$ A?>AB5@V30єBьAO V=B5=A82=0 ?@>;VD5@0FVO 

<575=EV<8 3;81H5 ?5@5B8=:8 :;>0:8, >A>1;82> WW 25=B@0;ь=>W G0AB8=8 3 

A5GV2=8:>2>W ?;0AB8=:8. /: =0A;V4>:, CB2>@NєBьAO 4>1@5 ?><VB=5 ?V428I5==O 

=0 WW ?>25@E=V 3 AB0B5289 3>@1>:. "AB0==V9 O2;Oє A>1>N 70:;04:C 7>2=VH=VE 

AB0B528E >@30=V2 V, G0AB:>2>, ?>25@E=528E <’O7V2 ?@><568=8. #>@CH5==O 

?@>;VD5@0FVW B0 ?>40;ьH>W 48D5@5=FV0FVW B:0=8=8 AB0B52>3> 3>@1:0 ?@872>-

4OBь 4> 28=8:=5==O 2@>465=8E 204 7>2=VH=VE AB0B528E >@30=V2: 3V?>- B0 

5?VA?04V9, <V:@>?5=VA0 (70 @0EC=>: 3V?>?;0AB8G=8E 7<V= C AB0B52><C 3>@1:C), 

V=B5@A5:AC0;ь=8E AB0=V2 (?@8 2V4ACB=>ABV AB0B52>W 48D5@5=FV0FVW AB0B52>3> 

3>@1:0) [56, 61, 174, 175, 184]. 

�3V4=> =0H8E A?>AB5@565=ь 70 @>7B0HC20==O< B0 <V3@0FVєN <VAFь 

2:;8=5==O <57>=5D@0;ь=8E ?@>B>: C 4V;O=:C :;>0:8, <8 4V9H;8 28A=>2:V2 

I>4> =5@V2=><V@=>ABV @>7@>AB0==O B0 @>7?>4V;C <575=EV<8 =02:>;> 4V;O=:8 

:;>0:8. &0:, :@0=V0;ь=0 <V3@0FVO B>G>: 2E>4C <57>=5D@0;ь=8E ?@>B>: 
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<>@D><5B@8G=8E ?0@0<5B@V2. �=0;V7 =570;56=8E 281V@>: <>@D><5B@8G=8E 

?0@0<5B@V2 I> 2V4?>2V40NBь :>6=><C 7 A5<8 <VAOFV2 ?;>4>2>3> ?5@V>4C 

2:07CNBь =0 B5 I> 70 U-:@8B5@Vє<  0=0-'WB=V AB0B8AB8G=> 7=0GCI8E 

2V4<V==>AB59 <V6 ?>:07=8:0<8 C ?5@V>48 7 G5B25@B>3> ?> H>AB89 <VAOFV �'$ 

B0 7 Aь><>3> ?> 2>Aь<89 3 2V4ACB=V. � B>9 65 G0A AB0B8AB8G=> 7=0GCIV 
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�=0;V7CNG8 48=0<V:C 7<V= <>@D><5B@8G=8E ?>:07=8:V2 2V4AB0=V <V6 

F81C;8==>-3C1G0AB8< <’O7>< B0 2V4EV4=8:>< 2?@>4>26 ?;>4>2>3> ?5@V>4C 

=0<8 28O2;5=> B@8 ?5@V>48 ?@8A:>@5=>3> WE 71V;ьH5==O B0 420 ?5@V>48 

C?>2V;ь=5=>3> (@8A. 6.10). � ?5@V>40E <V6 G5B25@B8< B0 ?’OB8< <VAOFO<8, 

H>AB8< B0 Aь><8< <VAOFO<8 B0 2>Aь<8< B0 45AOB8< <VAOFO<8 A?>AB5@V-

30NBьAO ?5@V>48 ?@8A:>@5=>3> 71V;ьH5==O <>@D><5B@8G=8E ?0@0<5B@V2. � 

?5@V>48 7 ?’OB>3> ?> H>AB89 <VAOFV B0 7 Aь><>3> ?> 2>Aь<89 <VAOFV 

A?>AB5@V30NBьAO ?5@V>48 C?>2V;ь=5=>3> 7@>AB0==O ?>:07=8:V2. 
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?>:07=8:0<8 G5B25@B>3> B0 ?’OB>3> <VAOFV2, H>AB>3> B0 Aь><>3> <VAOFV2 V 

452’OB>3> B0 45AOB>3> <VAOFV2. � B0:><C @07V <8 ?@>?>=Cє<> 22060B8 

2V4?>2V4=V ?5@V>48 3 ?5@V>40<8 ?@8A:>@5=>3> 71V;ьH5==O <>@D><5B@8G=8E 

?0@0<5B@V2. !5 28O2;5=> AB0B8AB8G=> 7=0GCI8E 2V4<V==>AB59 2 ?5@V>48 7 

?’OB>3> ?> H>AB89 <VAOFV B0 7 Aь><>3> ?> 452’OB89. �0=V ?5@V>48 <>6=0 

22060B8 ?5@V>40<8 C?>2V;ь=5=>3> 71V;ьH5==O <>@D><5B@8G=8E ?0@0<5B@V2 

(@8A. 6.11). 
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B0 7 452’OB>3> ?> 45AOB89 <VAOFV. �V4?>2V4=> <V6 =570;56=8<8 281V@:0<8 

<>@D><5B@8G=8E ?0@0<5B@V2 70 U-:@8B5@Vє<  0=0-'WB=V C 40=V ?5@V>48 

2V47=0G0;8Aь AB0B8AB8G=> 7=0GCIV 2V4<V==>ABV (@8A. 6.13). 
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<>@D><5B@8G=8E ?0@0<5B@V2, I> =0;560Bь ?5@V>40< <V6 ?’OB8< V H>AB8< B0 

2>Aь<8< V 45AOB8< <VAOFV2 =5 28O2;5=>. �V4?>2V4=> 2:070=V ?5@V>48 
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B8G=> 7=0GCIV 2V4<V==>ABV 70 U-:@8B5@Vє<  0=0-'WB=V <V6 =570;56=8<8 

4 <іE 5 <іE 6 <іE 7 <іE 8 <іE 9 <іE 10 <іE

<
<

ВідEт4=ь <і6 Eід=8ч8< 7оD5о< т4 
6еDEі6коN купD8к4



146 

 

281V@:0<8 28O2;ONBьAO C 0=0;>3VG=V ?5@V>48 ?@8A:>@5=>3> @>728B:C V =5 

28O2;ONBьAO 2 ?5@V>4 C?>2V;ь=5=>3> @>728B:C (@8A. 6.15). 
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I8E 2V4<V==>AB59 70 U-:@8B5@Vє<  0=0-'WB=V <V6 =570;56=8<8 281V@:0<8, 
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A8<DV70 B0 25@EV2:>N :C?@8:0; h. �V4AB0=ь <V6 AV4=8G=8<8 3>@10<8; i. 

�V4AB0=ь <V6 AV4=8G=8< 3>@1>< B0 25@EV2:>N :C?@8:0; j. �V4AB0=ь <V6 
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