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J
. K L M N O P , M Q R S T M N U  

 

V Q O W X N N O Q U S  T M W O U Y  S  O W Z M Q U [  R T S \ X N X N S ]  ̂ X W X N O _ N O -\ M Q U S _ N Y `  a X L O T \ M b S O N N Y `  c P O P  \ O Q U O P Y `  Q O O T d e X N S f  
 
J

 T M W O U X  T M Q Q \ M U T S P M g U Q ]  T M h Z S _ N Y X  M Q R X i U Y  R T S \ X N X N S ]  P  \ O Q U O P Y `  Q O O T d e X N S ] `  ^ X W X N O _ N O -\ M Q U S _ N Y `  a X L O T \ M b S O N N Y `  c P O P , O R S Q M N Y  O Q N O P N Y X  Q d ^ X Q U P d g ^ S X  R T O -
W Z X \ Y  S  R d U S  S `  T X c X N S ] . j T S P X a X N Y  O R Y U  R T S \ X N X N S ] , a O Q U O S N Q U P M  S  N X a O Q U M U i S  a M N N O k O  U S R M  a X L O T \ M b S O N N Y `  c P O P , M  U M i e X  O _ X T _ X N M  O W Z M Q U [  S `  R T S \ X N X N S ]  N M  Q O -
P T X \ X N N O \  l U M R X  T M h P S U S ]  \ O Q U O Q U T O X N S ] . 

 

m X W X N O _ N O -\ M Q U S _ N Y X  a X L O T \ M b S O N N Y X  c P Y  (
m n G o

) – O a N S  S h  Q M \ Y `  R T O Q U Y `  
S  a O Q U d R N Y `  i O N Q U T d i U S P N Y `  T X c X N S f  a X L O T \ M b S O N N Y `  c P O P  (

G o
) a Z ]  \ O Q U O P  Q  \ M -

Z Y \ S  U X \ R X T M U d T N Y \ S  R X T X \ X ^ X N S ] \ S  R T O Z X U N Y `  Q U T O X N S f , N M ` O a ] ^ S \ S Q ]  P  R T X a X Z M `  
5 – 40 \ \  [3, 6, 7] (P  O U a X Z [ N Y `  Q Z d _ M ] `  a O  50 \ \  [1, 4]). p S R S _ N M ]  Q O P T X \ X N N M ]  i O N Q U -

T d i b S ]  
G o

 l U O k O  U S R M  R T S P X a X N M  N M  T S Q . 1.  
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 � S Q . 1. 
H O N Q U T d i b S ]  ̂ X W X N O _ N O -\ M Q U S _ N O k O  a X L O T \ M b S O N N O k O  c P M  

 
j O  Q T M P N X N S g  Q  a T d k S \ S  i O N Q U T d i b S ] \ S  c P O P , 

m n G o
 O W Z M a M g U  \ N O e X Q U P O \  

R T X S \ d ^ X Q U P , O Q N O P N Y X  S h  i O U O T Y `  Q Z X a d g ^ S X  [2]: 
1. R T O Q U O U M  i O N Q U T d i b S S  

G o
; 

2. R T O Q U O U M  T X \ O N U M  S  h M \ X N Y  
G o

; 
3. P Y Q O i M ]  R T O S h P O a S U X Z [ N O Q U [  R T S  d Q U T O f Q U P X  

G o
; 

4. P O a O N X R T O N S b M X \ O Q U [ ; 
5. N S h i M ]  c d \ O P M ]  l \ S Q Q S ] ; 
6. T O P N O Q U [  R O P X T ` N O Q U S ; 
7. i O l L L S b S X N U  Q b X R Z X N S ]  R O P X T ` N O Q U S  

G o
 Q  c S N O f  W Z S h i S f  i  Q O O U P X U Q U P d g -^ X \ d  i O l L L S b S X N U d  a Z ]  a O T O e N O f  O a X e a Y ; 

8. R O a P S e N O Q U [  P O  P Q X `  N M R T M P Z X N S ] ` ; 
9. R T O Q U O U M  S h k O U O P Z X N S ]  Q O Q U M P Z ] g ^ S `  \ M U X T S M Z O P  S  d Q U T O f Q U P M  

G o
; 

10. Q M \ O P O Q Q U M N O P Z X N S X  ^ X W X N O _ N O -\ M Q U S _ N O f  \ M Q Q Y  R T S  N X k Z d W O i S `  R O P T X e a X -
N S ] ` ; 

11. l L L X i U S P N O Q U [  R T S \ X N X N S ] ; 
12. O U N O Q S U X Z [ N O  N S h i M ]  Q U O S \ O Q U [ . J R X T P Y X  R T S \ X N X N N Y X  P  K P T O R X , 

m n G o
 P  R O Q Z X a N S X  k O a Y  a O Q U M U O _ N O  c S T O i O  

R T S \ X N ] g U Q ]  S  P  
� O Q Q S S . � h k O U O P Z X N S X \  S  d Q U M N O P i O f  

m n G o
 h M N S \ M g U Q ]  S  O T k M N S -

h M b S S , Q R X b S M Z S h S T d g ^ S X Q ]  N M  P Y R d Q i X  
G o

 T M h Z S _ N Y `  i O N Q U T d i b S f , S  N X W O Z [ c S X  
L S T \ Y , R T O S h P O a ] ^ S X , P  O Q N O P N O \ , P ] e d ^ S X  a Z ]  a O T O e N O k O  Q U T O S U X Z [ Q U P M , M Q L M Z [ U O -
W X U O N Y , M  R O \ S \ O  l U O k O , i M i  Q O R d U Q U P d g ^ d g  R T O a d i b S g , X ^ X  S  Q \ X Q S  a Z ]  h M R O Z N X N S ]  m n G o

. 
H

 Q Z O P d , a M N N M ]  U X N a X N b S ]  ` M T M i U X T N M  S  a Z ]  h M T d W X e N Y `  Q U T M N . � Z O e S P c X X Q ]  
\ N X N S X  O  R T X a X Z [ N O f  R T O Q U O U X  i O N Q U T d i b S S  S  U X ` N O Z O k S S  d Q U T O f Q U P M  

m n G o
 R T S P X Z O  

i  U O \ d , _ U O  P  a M N N O X  P T X \ ]  P  N M c X f  Q U T M N X  P  d Q Z O P S ] `  O U Q d U Q U P S ]  N O T \ M U S P N Y `  a O i d -
\ X N U O P , T X k Z M \ X N U S T d g ^ S `  U X ` N O Z O k S g  R T O X i U S T O P M N S ] , R T O S h P O a Q U P M  Q O Q U M P Z ] g ^ S `  
\ M U X T S M Z O P  S  d Q U T O f Q U P M  

m n G o
, Q M \ S  

G o
 l U O k O  U S R M  d Q U T M S P M g U Q ]  N M  P Q X  W O Z [ c X \  

_ S Q Z X  \ O Q U O P Y `  Q O O T d e X N S f , P Q Z X a Q U P S X  _ X k O  O T S X N U S T O P M U [ Q ]  Q T X a S  \ N O k O O W T M h S ]  m n G o
, P Y R d Q i M X \ Y `  Q R X b S M Z S h S T O P M N N Y \ S  S  N X Q R X b S M Z S h S T O P M N N Y \ S  O T k M N S h M b S ] -

\ S , Q U M N O P S U Q ]  P Q X  U T d a N X X . �  Q O P Q X \  N X P O h \ O e N O  – O b X N S U [  R O U T X W S U X Z [ Q i S X  Q P O f Q U P M  m n G o
 S  P Y T M W O U M U [  O W ^ S f  R O a ` O a  i  S `  R T O X i U S T O P M N S g . � S U d M b S ]  Q  N X T M b S O N M Z [ -

N Y \  S  N X O W O Q N O P M N N Y \  R T O X i U S T O P M N S X \  S  R T S \ X N X N S X \  
m n G o

, N M R T S \ X T , P  � o I
 

[5, 6], d e X  R T S P X Z M  i  O Q O h N M N S g  h M T d W X e N Y \ S  Q R X b S M Z S Q U M \ S  U O k O , _ U O  P  P O R T O Q M ` , Q P ] -
h M N N Y `  Q  

m n G o
 P Q X  Q Z O e N X X , _ X \  i M e X U Q ]  N M  R X T P Y f  P h k Z ] a . 

� X h d Z [ U M U O \  ] P S Z M Q [  
S N S b S M b S ]  Q R X b S M Z [ N O f  N M d _ N O -S Q Q Z X a O P M U X Z [ Q i O f  R T O k T M \ \ Y , R T S h P M N N O f  O W X Q R X _ S U [  
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R O N S \ M N S X  S N e X N X T M \ S  Q R X b S L S i S  T M W O U Y  
m n G o

 P  \ O Q U O P Y `  Q O O T d e X N S ] `  S  T M h T M -
W O U i M  T d i O P O a Q U P  R O  R T O X i U S T O P M N S g  

m n G o
 [5]. 

J
 N M Q U O ] ^ X X  P T X \ ]  d Q U M N O P Z X N O , 

_ U O , N X Q \ O U T ]  N M  N X O Q R O T S \ Y X  R T X S \ d ^ X Q U P M , 
m n G o

 N X  Q P O W O a N Y  O U  U X ` N S _ X Q i O k O  
O W Q Z d e S P M N S ]  S  N X i O U O T Y `  a T d k S `  R T O W Z X \ . 

H
 N X a O Q U M U i M \  l U O k O  U S R M  

G o
 O U N O Q ] U Q ]  

[2]: 
1. Q i Z O N N O Q U [  i  O W T M h O P M N S g  i O Z X f N O Q U S , O Q O W X N N O  R T S  R O P Y c X N N Y `  U X \ R X T M U d -

T M `  O i T d e M g ^ X k O  P O h a d ` M , _ U O  R T S P O a S U  i  R O ] P Z X N S g  N X T O P N O Q U X f  \ O Q U O P O k O  R O Z O U N M ; 
2. Q i Z O N N O Q U [  i  U T X ^ S N O O W T M h O P M N S g  R T S  R O N S e X N N Y `  U X \ R X T M U d T M ` , _ U O  P Z X _ X U  

h M  Q O W O f  N M T d c X N S X  P O a O N X R T O N S b M X \ O Q U S  
G o

; 
3. R O Z h d _ X Q U [  R O a  N M k T d h i O f , O Q O W X N N O  R T S  R O P Y c X N N Y `  U X \ R X T M U d T M `  O i T d -

e M g ^ X f  Q T X a Y  S  P Y N O Q  h M R O Z N S U X Z ]  
G o

 S h  c U T M W Y  c P M  i O Z X Q M \ S  R T O ` O a ] ^ X k O  U T M N Q -
R O T U M , O Q O W X N N O  R T S  d Q i O T X N S S  S Z S  U O T \ O e X N S S  X k O  P  T M f O N X  

m n G o
; 

4. N X d a O P Z X U P O T S U X Z [ N M ]  T M W O U M  
m n G o

 N M  R T O Z X U N Y `  Q U T O X N S ] ` , T M W O U M g ^ S `  
N M  i T d _ X N S X , T X h d Z [ U M U O \  i O U O T O k O  ] P Z ] X U Q ]  R O ] P Z X N S X  N X T M P N O \ X T N Y `  R O  a Z S N X  

G o
 a X L O T \ M b S f ; 

5. N X d a O P Z X U P O T S U X Z [ N M ]  T M W O U M  
m n G o

 P  i O Q Y `  R T O Z X U N Y `  Q U T O X N S ] `  S  O k T M -
N S _ X N S ]  N M  P X Z S _ S N d  d k Z M  i O Q S N Y ; 

6. O k T M N S _ X N S ]  N M  \ M i Q S \ M Z [ N Y f  R T O a O Z [ N Y f  d i Z O N  \ O Q U M  P  T M f O N X  T M Q R O Z O e X -
N S ]  

G o
; 

7. h M P S Q S \ O Q U [  L S h S i O -\ X ` M N S _ X Q i S `  ` M T M i U X T S Q U S i  ^ X W X N O _ N O -\ M Q U S _ N O f  
(

m n
) Q \ X Q S  O U  U X \ R X T M U d T Y  O i T d e M g ^ X f  Q T X a Y ; 
8. h M P S Q S \ O Q U [  U X ` N S _ X Q i S `  S  l i Q R Z d M U M b S O N N Y `  ` M T M i U X T S Q U S i  

m n G o
 O U  k X O -

\ X U T S _ X Q i S `  T M h \ X T O P  c U T M W Y , i O Z S _ X Q U P M  d Z O e X N N O f  
m n

 Q \ X Q S , R T M P S Z [ N O Q U S  X X  Q O -
Q U M P M , Q O W Z g a X N S ]  U X ` N O Z O k S S  d i Z M a i S ; 

p M i S \  O W T M h O \ , 
m n G o

 P T ] a  Z S  \ O e N O  Q _ S U M U [  d N S P X T Q M Z [ N Y \  T X c X N S X \  a Z ]  G o
 \ O Q U O P  P  d i M h M N N O \  a S M R M h O N X  R X T X \ X ^ X N S f . 

V W Z M Q U [  R T S \ X N X N S ]  
G o

 Q  ^ X W X N O _ -
N O -\ M Q U S _ N Y \  h M R O Z N X N S X \  P  N M Q U O ] ^ X X  P T X \ ]  O k T M N S _ S P M X U Q ]  Q Z X a d g ^ S \ S  Q Z d _ M ] \ S  
[2]: 

1. S Q R O Z [ h O P M N S X  P  i M _ X Q U P X  
G o

 N M  R O Q U O ] N N O f  O Q N O P X  N M  e X Z X h O W X U O N N Y `  S  Q U M -
Z X e X Z X h O W X U O N N Y `  R T ] \ Y `  P  R Z M N X  \ O Q U M `  Q  R T O a O Z [ N Y \ S  R X T X \ X ^ X N S ] \ S  U O T b O P  R T O -
Z X U N Y `  Q U T O X N S f  a O  50 \ \  (O R U S \ M Z [ N O  5…40 \ \ ), P X T U S i M Z [ N Y \ S  – a O  3 \ \ , Q  R T X -a X Z [ N Y \ S  R T O a O Z [ N Y \ S  d i Z O N M \ S  P  T M f O N X  T M Q R O Z O e X N S ]  

m n G o
 a O  40 R T O \ S Z Z X  S  

d k Z O \  i O Q S N Y  P  R Z M N X  a O  45˚, T M P N O \ X T N Y \ S  R O  c S T S N X  Q X _ X N S ]  R T O Z X U N O k O  Q U T O X N S ]  
P X T U S i M Z [ N Y \ S  S  k O T S h O N U M Z [ N Y \ S  R X T X \ X ^ X N S ] \ S  (O U Q d U Q U P S X  i T d _ X N S ]  R T O Z X U N Y `  
Q U T O X N S f  S  S h k S W M  P  R Z M N X ) R T S  d Q Z O P S S  T M Q R O Z O e X N S ]  

m n G o
 P N X  d _ M Q U i O P  T M h k O N M -

U O T \ O e X N S ]  U T M N Q R O T U M  S  R X T X Z O \ M  R T O L S Z ]  \ O Q U M  (T M h Z S _ N Y `  d i Z O N O P  Q \ X e N Y `  R T O -
Z X U N Y `  Q U T O X N S f ); 

2. S Q R O Z [ h O P M N S X  P  i M _ X Q U P X  P T X \ X N N Y `  
G o

. 
p M i e X  \ O e N O  P Y a X Z S U [  T ] a  O k T M N S _ X N S f , i O U O T Y X  N M i Z M a Y P M g U Q ]  N M  

m n G o
 X ^ X  

P  R T O b X Q Q X  R T O X i U S T O P M N S ]  S  Q P ] h M N Y  Q  Q d ^ X Q U P d g ^ S \ S  P  N M Q U O ] ^ X X  P T X \ ]  U T d a N O Q U ] -
\ S  T M Q _ X U M  R O a O W N O k O  T O a M  i O N Q U T d i b S f , R T O X i U S T O P M N S ]  

m n
 Q \ X Q X f  S  R O a W O T M  \ M U X -

T S M Z O P  a Z ]  N S ` . j O l U O \ d , h M i Z M a Y P M ]  P  i O N Q U T d i b S g  \ O Q U O P O k O  Q O O T d e X N S ]  
m n G o

, S  
U X \  W O Z X X , R T O X i U S T d ]  Q M \ d  i O N Q U T d i b S g  U M i O k O  

G o
, N X O W ` O a S \ O  S \ X U [  P  P S a d  N X i O -

U O T Y X  Q d ^ X Q U P X N N Y X  O Q O W X N N O Q U S  S `  T M W O U Y , R T S P X a X N N Y X  N S e X . J O -R X T P Y ` , 
m n

 \ M U X T S M Z  c P M  a O Z e X N  W Y U [  a O Q U M U O _ N O  R O a M U Z S P Y \ , _ U O W Y  P O Q -
R T S N S \ M U [  R X T X \ X ^ X N S ]  \ O Q U M  P Q Z X a Q U P S X  i O Z X W M N S f  U X \ R X T M U d T Y , O Q U M P M U [ Q ]  P O a O N X -
R T O N S b M X \ Y \  S  O W X Q R X _ S P M U [  R Z M P N Y f  R X T X ` O a  U T M N Q R O T U M  Q  O a N O k O  R T O Z X U N O k O  Q U T O X -
N S ]  N M  a T d k O X . � U O  k O P O T S U  O  N X O W ` O a S \ O Q U S  R T O X i U S T O P M N S ]  

m n
 Q \ X Q X f  Q  e X Q U i O -

Q U [ g , i M i  \ O e N O  W O Z X X  W Z S h i O f  i  e X Q U i O Q U S  R T S Z X e M ^ X f  a O T O e N O f  O a X e a Y  S  O W Z M -a M g ^ S `  ` O T O c X f  M a k X h S X f , i M i  i  \ M U X T S M Z M \  a O T O e N O f  O a X e a Y , U M i  S  i  \ M U X T S M Z d  
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R Z S U Y  R T O X h e X f  _ M Q U S , Q R O Q O W N Y X  a X L O T \ S T O P M U [ Q ]  R T S  N S h i S `  U X \ R X T M U d T M `  S  W Y U [  
d Q U O f _ S P Y \ S  i  U T X ^ S N O O W T M h O P M N S g , O Q O W X N N O  R T S  N S h i S `  U X \ R X T M U d T M ` .  � X h d Z [ U M U Y  S Q Q Z X a O P M N S f  [5] R O i M h Y P M g U , _ U O  R O i M  a M e X  R T S  Q M \ O f  N S h i O f  T M W O -
_ X f  U X \ R X T M U d T X  (O i O Z O  -40 �̊ ) R O i M h M U X Z S  e X Q U i O Q U S  

m n
 \ M U X T S M Z M  

G o
 S  a O T O e N O f  

O a X e a Y  (h M  l U S  R O i M h M U X Z S  P h ] U Y  \ O a d Z S  d R T d k O Q U S , O R T X a X Z X N N Y X  a Z ]  \ M U X T S M Z M  
G o

 S  a O T O e N O f  O a X e a Y  i M i  a Z ]  Q R Z O c N O k O  \ M U X T S M Z M ) O U Z S _ M g U Q ]  R T S \ X T N O  P  a P M  T M h M , 
\ X N [ c X X  h N M _ X N S X  Q O O U P X U Q U P d X U  \ M U X T S M Z d  

m n G o
. � U O  i M Q M X U Q ]  R O i M h M U X Z X f  M a k X h S S  – Q b X R Z X N S ]  \ M U X T S M Z M  

m n G o
 Q  a O T O e N O f  

O a X e a O f  S  R Z S U O f  R T O X h e X f  _ M Q U S  R O  O Q N O P N Y \  i O N U M i U N Y \  R O P X T ` N O Q U ] \ , U O  h a X Q [  
Q Z X a d X U  T M h Z S _ M U [  Q b X R Z X N S X  R T S  N O T \ M Z [ N O \  S  i M Q M U X Z [ N O \  R T S Z O e X N S S  N M k T d h i S  (R O  
O U N O c X N S g  i  T M Q Q \ M U T S P M X \ O f  R O P X T ` N O Q U S  i O N U M i U M  Q \ X Q S  h M R O Z N X N S ]  S  i O N Q U T d i b S f  
R T O Z X U N Y `  Q U T O X N S f  S  a O T O e N O f  O a X e a Y ). j T S  N X a O Q U M U O _ N O \  N O T \ M Z [ N O \  Q b X R Z X N S S  
O W T M h d g U Q ]  U T X ^ S N Y  P a O Z [  

m n G o
 R O  R Z O Q i O Q U S  i O N U M i U M  

m n G o
 S  a O T O e N O f  O a X e -a Y , R T S  N X a O Q U M U O _ N O \  i M Q M U X Z [ N O \  – O U T Y P  

m n
 \ M Q Q Y  R O  O Q N O P M N S g  

G o
 O U  R Z S U Y  

R T O X h e X f  _ M Q U S . 
H M i  R T M P S Z O , R T S  Z g W O f  U X \ R X T M U d T X , R T X a X Z  R T O _ N O Q U S  N M  T M Q U ] e X N S X  m n

 \ M U X T S M Z M  O i M h Y P M X U Q ]  P Y c X  h N M _ X N S f  N O T \ M Z [ N O k O  i M Q M U X Z [ N O k O  Q b X R Z X N S f , S  
T M h T Y P  R O  i O N U M i U N Y \  R O P X T ` N O Q U ] \  W d a X U  R T O S Q ` O a S U [  R T S  N M R T ] e X N S ] `  \ X N [ c X  N M -
R T ] e X N S ]  U X i d _ X Q U S  

m n
 \ M U X T S M Z M  [5], X ^ X  N M  Q U M a S S  R Z M Q U S _ X Q i S `  a X L O T \ M b S f . n M U X T S M Z  

G o
 a O Z e X N  Q O ` T M N ] U [  Q R O Q O W N O Q U [  a X L O T \ S T O P M U [ Q ]  N M  N X O W ` O a S \ d g  

P X Z S _ S N d  P O  P Q X \  a S M R M h O N X  T M W O _ S `  U X \ R X T M U d T  a Z ]  a M N N O f  \ X Q U N O Q U S , R O l U O \ d  Q Z X a d -
X U  d _ S U Y P M U [  h M P S Q S \ O Q U [  ` M T M i U X T S Q U S i  \ M U X T S M Z M  

G o
 O U  U X \ R X T M U d T Y  O i T d e M g ^ X f  

Q T X a Y , i O U O T M ]  S \ X X U  Q Z X a d g ^ S f  ̀ M T M i U X T . 
J

 a S M R M h O N X  O U  \ M i Q S \ M Z [ N O f  T M W O _ X f  U X \ -
R X T M U d T Y  a O  U X \ R X T M U d T Y  Q U X i Z O P M N S ]  \ M U X T S M Z M  

m n G o
, R T S  i O U O T O f  R T O S Q ` O a S U  

R T M i U S _ X Q i S  R O Z N O X  S Q _ X h N O P X N S X  R Z M Q U S _ X Q i S `  a X L O T \ M b S f , \ M U X T S M Z  P X a X U  Q X W ]  i M i  
P ] h i O d R T d k S f  Q  W O Z [ c S \ S  a X L O T \ M b S ] \ S  N M  R T X a X Z X  U X i d _ X Q U S . j T S  R X T X ` O a X  _ X T X h  
U X \ R X T M U d T d  Q U X i Z O P M N S ]  S  a M Z [ N X f c X \  Q N S e X N S S  U X \ R X T M U d T Y  \ M U X T S M Z  Q U M N O P S U Q ]  
Z O \ i S \  Q  N X W O Z [ c O f  R Z O ^ M a i O f  U X i d _ X Q U S  S  Q R O Q O W X N  P O Q R T S N S \ M U [  N X W O Z [ c O X  O U N O -
Q S U X Z [ N O X  d a Z S N X N S X  a O  T M h T Y P M . 

J
 h M P S Q S \ O Q U S  O U  U X \ R X T M U d T Y , 

m n
 \ M U X T S M Z  R O i M -

h Y P M X U  0,5…7-i T M U N O X  d a Z S N X N S X  N M  R T X a X Z X  U X i d _ X Q U S  (0,5 – R T S  U X \ R X T M U d T M `  N S e X  
U X \ R X T M U d T Y  Q U X i Z O P M N S ] , 7 – R T S  \ M i Q S \ M Z [ N Y `  T M W O _ S `  U X \ R X T M U d T M ` ). 

V U N O Q S U X Z [ -
N Y X  R Z M Q U S _ X Q i S X  a X L O T \ M b S S  U M i e X  h M P S Q ] U  O U  U X \ R X T M U d T Y  S  N S e X  U X \ R X T M U d T Y  
Q U X i Z O P M N S ]  Q O Q U M P Z ] g U  O i O Z O  0,1…0,3%, U O k a M  i M i  P Y c X  l U O f  U X \ R X T M U d T Y  d P X Z S _ S -
P M g U Q ]  a O  1…3% S  W O Z X X  [5]. � d N i b S X f  U X \ R X T M U d T Y  ] P Z ] g U Q ]  S  a T d k S X  L S h S i O -\ X ` M N S _ X Q i S X  R O i M h M U X Z S  

m n
 

Q \ X Q X f . p M i  Q  R M a X N S X \  U X \ R X T M U d T Y  \ O a d Z [  d R T d k O Q U S  S  N M R T ] e X N S ]   U X i d _ X Q U S  d P X -
Z S _ S P M g U Q ]  R O  i T S P O f , W Z S h i O f  i  l i Q R O N X N U X , Q O O U P X U Q U P X N N O  U M i  e X  Q N S e M g U Q ]  O U N O -
Q S U X Z [ N Y X  R Z M Q U S _ X Q i S X  a X L O T \ M b S S . j O i M h M U X Z S  Q b X R Z X N S ]  R O  O Q N O P N Y \  i O N U M i U N Y \  
R O P X T ` N O Q U ] \  T M Q U d U  Q  R O N S e X N S X \  U X \ R X T M U d T Y  P R Z O U [  a O  U X \ R X T M U d T Y  Q U X i Z O P M N S ] , M  
h M U X \  N M W Z g a M X U Q ]  S `  Q N S e X N S X  [5]. 

� Z X a d X U  O W T M U S U [  P N S \ M N S X  N M  ` M T M i U X T  a X L O T \ S T O P M N S ]  P ] h i O d R T d k O f  
m n

 \ M Q -
Q Y  h M R O Z N X N S ]  R T S  T M W O U X  P  i O N Q U T d i b S S  

G o
. 

V W X Q R X _ S U [  T M P N O \ X T N O X  T M Q R T X a X Z X N S X  a X L O T \ M b S f  R O  P Q X f  c S T S N X  
G o

 O W X Q R X _ S U [  N X Z [ h ]  P  Q S Z d  T M h Z S _ N Y `  R T S _ S N , N M R T S -
\ X T , N X O a N O T O a N O Q U S  \ M U X T S M Z M , i O N Q U T d i U S P N O k O  S Q R O Z N X N S ]  

G o
. j O l U O \ d , R T S  U X \ -

R X T M U d T N O \  R X T X \ X ^ X N S S  \ O Q U M , Q e M U S X  \ M U X T S M Z M  P  U X Z X  
G o

 R T M i U S _ X Q i S  R T O S Q ` O a S U  
U O Z [ i O  P  T M f O N X  Q X _ X N S ] , R T O ` O a ] ^ X k O  _ X T X h  O a N d  S h  Q U O T O N  \ X U M Z Z S _ X Q i O f  R X T X i T Y -
P M g ^ X f  R Z M Q U S N Y  (T S Q . 1, Q X _ X N S ]  I S Z S  II). � M U X \ , l U O  R X T X \ X ^ X N S X , Z O i M Z S h O P M N N O X  N M  
N X W O Z [ c O f  a Z S N X , R X T X T M Q R T X a X Z ] X U Q ]  N M  W � Z [ c d g  a Z S N d , \ M i Q S \ M Z [ N O X  h N M _ X N S X  i O -
U O T O f  h M P S Q S U  O U  \ O a d Z ]  d R T d k O Q U S  S  \ O e X U  W Y U [  O k T M N S _ X N O  i O N Q U T d i U S P N O , N M R T S -
\ X T , _ X T X Q _ d T  \ M Z O f  c S T S N O f  

G o
. � h  R T S P X a X N N O k O  P Y c X  P S a N O , _ U O  O Q N O P N M ]  h M a M _ M  

T M Q _ X U M  
m n G o

 Q P O a S U Q ]  i  R T O X i U S T O P M N S g  
m n

 Q \ X Q S  S  k M W M T S U N Y `  T M h \ X T O P  
G o

, 
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i O U O T Y X  R T S  Z g W O f  U X \ R X T M U d T X  P N d U T S  T M W O _ X k O  a S M R M h O N M  U X \ R X T M U d T  O W X Q R X _ M U  R X -
T X T M Q R T X a X Z X N S X  a X L O T \ M b S f  N M  a O Q U M U O _ N d g  a Z S N d , N M R T ] e X N S ]  N M  i O U O T O f  N X  R T X P Y -
Q ] U  a O R d Q U S \ Y `  a Z ]  a M N N O k O  \ M U X T S M Z M  

m n G o
. p M i e X  N X O W ` O a S \ O  R T O P X T S U [  Q b X R Z X -

N S ]  R O  i O N U M i U N Y \  R O P X T ` N O Q U ] \ , _ U O W Y  k M T M N U S T O P M U [  O U Q d U Q U P S X  Q i P O h N Y `  U T X ^ S N , 
P X a d ^ S `  i  L d N i b S O N M Z [ N O \ d  P Y ` O a d  S h  Q U T O ]  c P M  (R O ] P Z X N S g  R T O U X _ X i ). H T O \ X  U O k O , O a N S \  S h  P M e N X f c S `  P O R T O Q O P , O U  T X c X N S ]  i O U O T O k O  h M P S Q S U  R T S \ X -
N S \ O Q U [  U O k O  S Z S  S N O k O  

m n G o
 N M  U X T T S U O T S S  

� O Q Q S S , ] P Z ] X U Q ]  P O R T O Q  O R T X a X Z X N S ]  
\ S N S \ M Z [ N O f  a O R d Q U S \ O f  a Z ]  a M N N O k O  

m n G o
 T M W O _ X f  U X \ R X T M U d T Y . 

H
 R T S \ X T d , P Q X  m n G o

, P Y R O Z N ] X \ Y X  S h P X Q U N Y \ S  R T O S h P O a S U X Z ] \ S  a Z ]  
J X Z S i O W T S U M N S S , S \ X g U  

N S e N S f  U X \ R X T M U d T N Y f  R T X a X Z  N X  N S e X  -30 �̊ , _ U O  a Z ]  
� O Q Q S S  ] P N O  N X a O Q U M U O _ N O . j T S  

S Q R Y U M N S ] `  
m n

 Q \ X Q X f  U T X `  O Q N O P N Y `  M \ X T S i M N Q i S `  R T O S h P O a S U X Z X f  R T X a X Z [ N M ]  U X \ -
R X T M U d T M , R T S  i O U O T O f  P N d U T X N N S X  N M R T ] e X N S ]  d e X  R T S P O a ] U  i  T M Q U T X Q i S P M N S g  O W T M h -
b M , Z S c [  d  O a N O k O  S h  N S `  a O Q U S k Z M  -43 �̊ , d  O Q U M Z [ N Y `  – O Q U M Z M Q [  N M  d T O P N X  -26…27 �̊  
[5]. j O l U O \ d  R T ] \ O X  S Q R O Z [ h O P M N S X  h M T d W X e N Y `  

m n G o
 S  

m n
 \ M U X T S M Z O P  P  T O Q Q S f -

Q i S `  \ O Q U M `  N X R T S X \ Z X \ O , R O Q i O Z [ i d , S Q i Z g _ M ]  g e N Y X  T X k S O N Y , a Z ]  l U O k O  N X O W ` O a S \  m n G o
 Q  \ S N S \ M Z [ N O f  T M W O _ X f  U X \ R X T M U d T O f  -40 �̊  S  \ X N X X . j O -P S a S \ O \ d , X a S N Q U -

P X N N Y \  T X c X N S X \  P  a M N N O f  O W Z M Q U S  ] P Z ] X U Q ]  T M h T M W O U i M  O U X _ X Q U P X N N Y `  
m n

 Q \ X Q X f , 
O U P X _ M g ^ S `  d i M h M N N Y \  U T X W O P M N S ] \ . 

� M i O N X b , S Q R Y U M N S X  N M  O W T M h O P M N S X  i O Z X f N O Q U S , R T O P X a X N N O X , i M i  a Z ]  O W T M h b O P  a O T O e N O f  O a X e a Y  [5], R O i M h M Z O , _ U O  R T X a X Z [ N Y X  k Z d W S N Y  i O Z X S  N M  
m n G o

 O W T M h d g U Q ]  
R T S  i O Z S _ X Q U P X  b S i Z O P  S Q R Y U M N S ]  P  a P M  T M h M  \ X N [ c X \ , _ X \  \ S N S \ M Z [ N O X  h N M _ X N S X  a Z ]  a O T O e N O f  O a X e a Y . p M i S \  O W T M h O \ , i O Z X ]  O W ] h M U X Z [ N O  a O Z e N M  O W T M h O P Y P M U [ Q ]  N M  \ M U X -
T S M Z X  

G o
 S  L d N i b S O N M Z [ N Y f  Q T O i  Q Z d e W Y  

m n G o
 R O  l U O \ d  R O i M h M U X Z g  a O Z e X N  W Y U [  

\ X N [ c X , _ X \  Q T O i  Q Z d e W Y  a O T O e N O f  O a X e a Y . 
F _ S U Y P M ]  d i M h M N N Y X  R T O W Z X \ Y , N X i O U O -

T Y X  h M T d W X e N Y X  Q R X b S M Z S Q U Y  T X i O \ X N a d g U  
m n G o

 i  R T S \ X N X N S g  P  i M _ X Q U P X  P T X \ X N -
N Y `  

G o
 [3] S  Q  N X i O U O T Y \  T S Q i O \  – a Z ]  R O Q U O ] N N O k O  R T S \ X N X N S ] . 

� X i O U O T Y X  R T O S h P O -a S U X Z S  
m n G o

 P  N M Q U O ] ^ X X  P T X \ ]  h M ] P Z ] g U  O  R O Z N O \  T X c X N S S  R T O W Z X \ Y  i O Z X f N O Q U S , 
N O  N S i M i O k O  l i Q R X T S \ X N U M Z [ N O k O  R O a U P X T e a X N S ]  Q P O S `  Q Z O P  N X  R T S P O a ] U . 

� ] a  O U X _ X Q U -
P X N N Y `  R T O S h P O a S U X Z X f  U M i e X  k O P O T ] U  O  Q T O i X  Q Z d e W Y  

m n G o
, S Q _ S Q Z ] X \ O \  8-10 k O -a M \ S , O a N M i O  R O a U P X T e a X N S ]  l U S `  b S L T  M P U O T d  R O i M  N M f U S  N X  d a M Z O Q [ . 

G O Q U O P X T N O  e X  
S h P X Q U N O , _ U O  N M  O W � X i U M `  \ O Q U O P O k O  R X T X ` O a M  _ X T X h  T . 

J O Z k d  d  Q . j T S Q U M N N O X  W Y Z O  d Q U -
T O X N O  N X Q i O Z [ i O  

m n G o
, i O U O T Y X  W X h  i M i S ` -Z S W O  h M \ X _ M N S f  T M W O U M g U  d e X  W O Z X X  5 Z X U , 

N X  R T O ] P Z ] ]  R T S h N M i O P  i O Z X f N O Q U S , T M P N O  i M i  S  a T d k S `  ` M T M i U X T N Y `  N X a O Q U M U i O P  
G o

 
U M i O k O  U S R M  [2]. 

 

� R S Q O i  Z S U X T M U d T Y . 
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Article contains from various aspects of application in bridges of asphaltic plug expan-
sion joints. The main existing problems and ways of their decision are described. Experience 
of application, merits and demerits of this type of expansion joints is given, and also the field 
of their application at the present stage is outlined. 


