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 !" 531.8:539.2 

 . . !"#$$%,  .&. '()*+$%,  . . ,$-.$%*  

 !"#$%&' ()*&+(),-(.' &$$,!/+0)1!,-$%&' 2+,&1!3(&4!$%&' 5(&0!"$&1!1 

/,01&02 3 45367  7,89 :&;< = 3 !2'36/  

'385; &  836/2&> ?2@63! A0: =30 =67'61&&6: 

& B384C2 

 "!/$1)0,!(. "!65,-1)1. +*!(%& 0,&7(&7 (!%+1+".3 $,54)'(.3 2)")#!1"+0 1"58+2"+-
0+/) () ()2"79!((+! $+$1+7(&! 1"58+2"+0+/) 2"& 6)/)((+# 5"+0(! ():"59!(&7. ;!65,-1)1. 
#+:51 8.1- &$2+,-6+0)(. /,7 +*!(%& $+$1+7(&7 1"58+2"+0+/) & +8+$(+0)(&7 :)")(1&"+0)((+:+ 
+8!$2!4!(&7 1+4(+$1& +2"!/!,!(&7 &$$,!/5!#.3 0!,&4&(. 

CDEF$%G$ #D(%*: /!<+"#)*&&, =%$2!"&#!(1),-(+! &$$,!/+0)(&!, $,54)'(.! 0!,&4&-
(., 0!"+71(+$1(.! 3)")%1!"&$1&%&. 

 

#$%&'( )')*$+,-./0( 123 '40&50 )')*'-&3- *267'12'+'8$ -+,--

0*)- 3&9'2:$43- '7 62'+&0 &$12-%0&3( + *267'12'+'80 &$ 2$;,3<&=> 

?*$1$> %3;&0&&'@' 435,$ ()*2'3*0,A)*+', 3)1=*$&3-, ?5)1,6$*$43- &$ 

2$;,3<&=> 20%3:$> *2$&)1'2*32'+5$ 12'865*'+, 1232'8&=0 @0'83&$-

:3<0)530 12'40))=). B0):'*2- &$ 12'@20)) + '7,$)*3 <3),0&&=> :0*'-

8'+ 2$)<0*$ &$12-%0&&'-809'2:32'+$&&'@' )')*'-&3- (B!C), &0'120-

80,0&&')*A + ;$8$&33 3)>'8&=> 8$&&=> +&0D&3> 6),'+3(, 80()*+6.-

/3> &$ *267'12'+'8, 5 *':6 %0 ;$+3)-/3> '* 5,3:$*3<0)53> 9$5*'2'+, 

&0 1';+',-0* ) &0'7>'83:'( 8')*'+02&')*A. '40&3+$*A B!C *267'-

12'+'8$ &$ 1'*0&43$,A&' '1$)&=> 6<$)*5$>.  

!,- 1',6<0&3- 8')*'+02&'( '40&53 3 12'@&';32'+$&3- *0>&3<0-

)5'@' )')*'-&3- *267'12'+'8$ 123:0&-.*)- 2$;,3<&=0 :0*'8=, + *': 

<3),0 :0*'8= *0&;':0*232'+$&3-. # <3),0 9$5*'2'+, 1201-*)*+6./3> 

D32'5':6 3)1',A;'+$&3. *0&;':0*232'+$&3- 5$5 )208)*+$ 1')*'-&&'-

@' 5'&*2',-, :'%&' &$;+$*A ),'%&')*A 5$<0)*+0&&'@' :'&*$%$ 8$*<3-

5'+ &$ 1'+02>&')*A *267'12'+'8$ + *2$))'+=> 6),'+3->, $ *$5%0 ;$/3-

*= 3> '* +';80()*+3- '526%$./0( )208=. E2'7,0:=, +';&35$./30 

123 123:0&0&33 :0*'8$ *0&;':0*232'+$&3- + 1',0+=> 6),'+3->, :'@6* 

7=*A 2$835$,A&' 20D0&= ;$ )<0* 1020&')$ 2$7'* 1' :'&*$%6 8$*<35'+ 

+ ;$+'8)530 6),'+3-. 
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# '7/0: +380 20D0&30 ?*'( ;$8$<3 +=@,-83* ),086./3: '72$;':: 

&$ '*20;'5 *267= (1$*267'5), )''*+0*)*+6./3( 5'&*2',3260:':6 *26-

7'12'+'86, + ;$+'8)53> 6),'+3-> 123+$23+$.*)- *0&;'8$*<353, )'083-

&0&&=0 5$70,0: ) 20@3)*2326./0( $11$2$*62'(. F$53: '72$;':, ?5)10-

23:0&*$,A&$- :'80,A 1208)*$+,-0* )'7'( +02*35$,A&' 6)*$&'+,0&&=( 

'*20;'5 *267= ) 123+$20&&=:3 ?,,31*3<0)53:3 8&3/$:3, 5'*'2=( &$-

@26%$0*)- +&6*20&&3: 8$+,0&30: ) 40,A. *$232'+53 8$*<35'+ + 83$1$-

;'&0, )''*+0*)*+6./0: 2$7'<0:6 8$+,0&3. + *267'12'+'80.  

E23 1')*2'0&33 :$*0:$*3<0)5'( :'80,3 :'%&' 8'16)*3*A, <*' 

&$12-%0&3- 2$+&':02&' 2$)12080,0&= 1' *',/3&0 3 8,- '12080,0&3- 

B!C :'%&' +')1',A;'+$*A)- 70;:':0&*&'( *0'230( '7','<05. F'@8$ 

809'2:$433 + 12'8',A&': (G1) 3 5',A40+': 3,3 '526%&': (G2) &$12$+-

,0&3-> ;$13)=+$.*)- ),086./3: '72$;': [1]: 

1

cp (0,5 )
;

PR

Eh

 !
" #  

cp

2

(1 0,5 )
,

PR

Eh

 !
" #  (1) 

 

@80 cpR  – 2$836) )2083&&'( 1'+02>&')*3 '7','<53, h – *',/3&$,   – 

+&6*20&&00 8$+,0&30, ! – :'86,A H&@$, I – 5'?993430&* E6$))'&$.  

J7=<&' ;$:02 809'2:$43( +086* ) 1':'/A. *20> *0&;'8$*<35'+. 

# ?*': ),6<$0 ,3&0(&$- 809'2:$43- *20*A0@' *0&;'8$*<35$ )+-;$&$ 

) 1'5$;$&3-:3 8+6> 826@3> 3;+0)*&=: )''*&'D0&30: 
2 2

3 cos * sin 2 * sin * ,zz z$ $$" # % " & % " & % "  

@80 %  6@', :0%86 ')-:3 102+'@' 3 *20*A0@' *0&;'8$*<35$. 

K),3 + 5$<0)*+0 2$)<0*&'( :'80,3 2$)):$*23+$*A 43,3&823<0-

)56. '7','<56 6:020&&'( *',/3&= ) ?,,31*3<0)53:3 52=D5$:3, &$-

@26%0&&6. +&6*20&&3: 8$+,0&30:, *' + 12081','%0&33 &02$+&':02-

&'@' 2$)12080,0&3- 809'2:$43( 1' *',/3&0 809'2:$433 &$ 1'+02>-

&')*3 43,3&82$ 3:0.* +38 [2] 

 

2

1 2

(1 2 )
;

(2 )
zz

PR

E Rh h

 !
" # " #

&
 

2

2 2

(2 )
.

(2 )

PR

E Rh h
$$

 !
" # " #

&
  (2) 

# ?*3> )''*&'D0&3->   – +&6*20&&00 8$+,0&30, h – *',/3&$, R – 

+&6*20&&3( 2$836) 43,3&82$, ! – :'86,A H&@$, !  – 5'?993430&* E6-

$))'&$. 

# 2$:5$> +=72$&&'( 2$)<0*&'( :'80,3 )8+3@'+=0 809'2:$433 

'*)6*)*+6.*, 3 0),3 *20*3( *0&;'8$*<35 2$)1','%0& 1' '*&'D0&3. 

5 826@3: 1'8 6@,': 45°, *' 
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3 45

1
( ).

2
zz $$'#

" # " & "
 

 

J12080,3: 809'2:$433 ) 6<0*': ),086./3> ;&$<0&3( &$@26;53, 

@0':0*23<0)53> 3 93;3<0)53> 1$2$:0*2'+: R)2 = 601,1 ::; h = 17,8 ::; 

  = 9,8 LE$; ! = 220 000 LE$; I 123&3:$0* ;&$<0&3- 0,24; 0,27; 0,30.  

# *$7,.1 123+080&= 2$)<0*&=0 ;&$<0&3- 809'2:$43(, 2$))<3*$&-

&=0 1' 9'2:6,$: (1) 3 (2). 

F$7,34$ 1 

M&$<0&3- 809'2:$43(  

809'2:$433 (1)(103 809'2:$433 (2) (103 !  
G1 G2 G3 G1 G2 G3 

0,24 0,4097 1,387 0,8983 0,380 1,285 0,8395 

0,27 0,3625 1,363 0,8628 0,336 1,263 0,7995 

0,30 0,3152 1,340 0.8076 0,292 1,241 0,7665 

 

C'1')*$+,0&30 ) ?5)1023:0&*': 1'5$;$,', <*' '*5,'&0&3- 2$)-

<0*&=> ;&$<0&3( '* ?5)1023:0&*$,A&=> :'@6* 8')*3@$*A 20 %, 123 

?*': ;&$<0&3-, '12080,0&&=0 1' )''*&'D0&3-: (2), 7,3%0 5 ?5)1023-

:0&*$,A&=:. J*5,'&0&30 20;6,A*$*'+ 3;:020&3( '* '%38$0:=> ;&$<0-

&3( :'%0* 7=*A '76),'+,0&' *0:, <*' 2$)<0*&=( $&$,3; 6<3*=+$0* &0 

+)0 9$5*'2=. !$%0 + 2$:5$> 12')*0(D0( :'80,3 *0'20*3<0)53( $&$,3; 

:'%&' 8'1',&3*A '40&5'( +,3-&3- 5$53>-*' &06<*0&&=> 9$5*'2'+, *$-

53> 5$5 2$;&'*',/3&&')*A, '+$,A&')*A, +$23$43- )+'()*+ 3 *.8. N)1',A-

;6- +02'-*&')*&=( 1'8>'8, :'%&' 12'),083*A, 5$5 +,3-0*, &$123:02, &$ 

;&$<0&30 809'2:$43( '*5,'&0&30 5$%8'@' 3; 1$2$:0*2'+ + '*80,A&')*3 

3,3 + 2$;&=> )'<0*$&3-> 3 +=80,3*A &$37',00 ;&$<3:=0 3; &3>. 

O680: 1',$@$*A, <*' +)0 1$2$:0*2= ;$8$<3 -+,-.*)- ),6<$(&=:3 

+0,3<3&$:3, 1'8<3&-./3:3)- &'2:$,A&':6 ;$5'&6 2$)12080,0&3-. F'-

@8$ ;&$<0&3- 809'2:$43( *$5%0 :'%&' '13)$*A &'2:$,A&=: ;$5'&':. 

N)>'8- 3; *0>&3<0)53> *207'+$&3( &$ 3;80,30 :'%&' '12080,3*A 

+02'-*&')*&=0 >$2$5*023)*353, &0'7>'83:=0 8,- 2$)<0*$ :'80,3 + +0-

2'-*&')*&'( 1')*$&'+50. 

# <$)*3 :'86,- 6126@')*3 *207'+$&3- + &'2:$*3+&'( 8'56:0&*$433 

&0 )'802%$*)-, &' :'%&' ?5)102*&' &$;&$<3*A 83$1$;'& (220 ± 15) PE$.  

# <$)*3 2$836)$ '40&5$ 83)102)33 8',%&$ 7=*A '12080,0&$ 3; 

6),'+3-, <*' 8'16)5 &$ '*5,'&0&30 2$836)$ )')*$+,-0* (592,2 ± 1,5) ::, 

<*' 8$0* +0,3<3&6 )208&05+$82$*3<&'@' '*5,'&0&3- 0,5 ::,R) #  83)-

102)3- 123 ?*': 20,25 :: .RD #  
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#0,3<3&6 83)102)33 1' *',/3&0 *267= :'%&' '12080,3*A 3)>'-

8- 3; *207'+$&3( *0>&3<0)53> 6),'+3( &$ *267= (8'16)5 &$ *',/3&6 

)*0&53 )')*$+,-0* * 0,8::, <*' )''*+0*)*+60* 83)102)33 0,4% '* )208-

&0@' ;&$<0&3-, 37' 3)>'8&$- 1';343- 8',%&$ 7=*A *$5$-: ) +02'-*&'-

)*A. 0,9975 *',/3&$ &0 8',%&$ +=>'83*A ;$ @2$&34= (17,8 ± 0,8) ::). 

J*568$ 20,267 ::,  0,0711:: .h hD) # #  

E2'+023: +02'-*&')*A 1'1$8$&3- *',/3&= + 3&*02+$, 

(17,0÷18,6) ::: 

+ ,
+ ,2

2
2

1

2

1 2

1
,

2

x

x

x mx

xx

P x h x e dx

 
 

)- - #
.) /  

@80   – +02'-*&')*A 1'1$8$&3- +0,3<3&= " + 3&*02+$, '* "1 8' "2; 

+ ,
+ ,
+ ,

2

2

17,8
18,6

2 0,267

17,0

1
17,0 18,6 0,997832

2 0,267

x

 h # dx

 
 

0- - # #
. 0 / . 

E2'+080: 2$)<0* 123 :$5)3:$,A&' 8'16)*3:': &$@26%0&33 

3 123:0: ),086./30 )208&30 ;&$<0&3- +$2A3260:=> +0,3<3&: 

Pm #  9,8 LE$; 592,2Rm $#  ::; 17,8hm #  ::; 222,0 PE$ .Em #  

C'@,$)&' *0>&3<0)53: *207'+$&3-: &$ 3;80,30 +';:'%&=( 2$;-

72') +0,3<3& ()208&05+$82$*3<&=0 '*5,'&0&3- '* )208&3> ;&$<0&3() 

*$5'(:  

R)  =0,68% '* Pm ; R)  =0,84% '* Rm ; h)  =1,5% '* hm ;  

E)  =2,27 % '* Em . 

"'?993430&* E6$))'&$ – +0,3<3&$ +$2A3260:$-, &$>'83*)- + 3&-

*02+$,0 0,24 0,301 # 2  ('1'2&=0 ;&$<0&3- 0,24; 0,27; 0,30). 

#=2$%0&3- 8,- 5':1'&0&* *0&;'2$ 809'2:$43( -+,-.*)- 96&5-

43-:3 &0)5',A53> 1020:0&&=>.  

1 2( , ,... ).nf x x x" #  

E')5',A56 +)0 ),6<$(&=0 +0,3<3&= 1'8<3&-.*)- &'2:$,A&':6 

;$5'&6 2$)12080,0&3-, *' +=2$%0&3- 8,- )208&0@' ;&$<0&3- 809'2:$-

43( 3 83)102)33 ;$13D6*)- ),086./3: '72$;':: 

2

1 2
1

1
( ... ) ;

2 i i i

n

n x x

i i

f
m f D

x
#3

#

4
# 3 3 & 0

45  

2

1

,
i i i

n

x x

i i

f
D D

x
#3

#

6 74
# 8 9

4: ;
5  

@80 i3  – )208&30 ;&$<0&3- +$2A3260:=> +0,3<33, xiD  – 83)102)33.  
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Q*'7= '12080,3*A &$37',00 ;&$<3:=0 1$2$:0*2=, 1'8)<3*$0: 

)208&30 ;&$<0&3- 3 83)102)33 8,- 2$;,3<&=> 5':73&$43( ?*3> 1$2$-

:0*2'+, + 5'*'2=> 7686* 123)6*)*+'+$*A 5$5 ),6<$(&=0, *$5 3 80*02-

:3&32'+$&&=0 +0,3<3&=. # *$7,. 2 123+080&= ;&$<0&3- :$*0:$*3<0-

)5'@' '%38$&3- 3 )208&05+$82$*3<&'@' '*5,'&0&3- 8,- 12'8',A&'( 

3 '526%&'( 809'2:$43( 8,- &05'*'2=> 5':73&$43( ),6<$(&=> +0,3-

<3& (+)0@' 7=,' 2$))<3*$&' 16 +$23$&*'+).  

F$7,34$ 2 

#02'-*&')*&=0 >$2$5*023)*353 12'8',A&'(  

3 '526%&'( 809'2:$43( 

R 1m"
510(  

2m"
510(  

1")
510(  

2")
510(  1 1/ m" ") × 

×100 % 

2 2/ m" ") × 

×100 % 

#)0 +0,3<3&= ),6<$(&=0: (1) 

0,24 

0,27 

0,30 

37,98 

33,60 

29,22 

128,5 

126,4 

124,2 

1,06958 

0,94636 

0,82292 

3,6208 

3,5595 

3,4971 

2,816 

2,817 

2,816 

2,818 

2,816 

2,816 

h – ),6<$(&$- +0,3<3&$: (2) 

0,24 

0,27 

0,30 

37,96 

33,58 

29,20 

128,5 

126,4 

124,2 

0,57706 

0,51049 

0,44396 

1,9532 

1,9199 

1,8865 

1,520 

1,520 

1,520 

0,24 

0,27 

0,30 

R – ),6<$(&$- +0,3<3&$: (3) 

0,24 

0,27 

0,30 

37,96 

33,58 

29,20 

128,5 

126,3 

124,1 

0,03253 

0,02877 

0,02502 

0,1101 

0,1082 

0,1063 

0,0857 

0,0857 

0,0857 

0,0857 

0,0857 

0,0857 

! – ),6<$(&$- +0,3<3&$: (4) 

0,24 

0,27 

0,30 

37,98 

33,60 

29,22 

128,6 

126,4 

124,2 

0,86279 

0,76322 

0,6637 

2,9201 

2,8704 

2,8206 

2,272 

2,271 

2,271 

2,271 

2,271 

2,271 

E, h – ),6<$(&=0 +0,3<3&=: (5) 

0,24 

0,27 

0,30 

37,98 

33,60 

29,22 

128,5 

126,4 

124,2 

1,03779 

0,9182 

0,79844 

3,5128 

3,454 

3,3941 

2,732 

2,733 

2,732 

2,734 

2,733 

2,733 

#)0 +0,3<3&= 80*02:3&32'+$&=: (6) 

0,24 

0,27 

0,30 

37,96 

33,58 

29,20 

128,5 

126,3 

124,1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

 
F$53: '72$;':, :'%&' '*:0*3*A, <*' ;$8$<$ + +02'-*&')*&'( 1'-

)*$&'+50 &$@,-8&' 80:'&)*23260* ;$+3)3:')*A >$2$5*023)*35 809'2-

:32'+$&&'@' )')*'-&3- '* ),6<$(&=> 93;3<0)53> +0,3<3& 3 @0':0*23-



 164 

<0)53> 1$2$:0*2'+ 1$*2675$, <*' 1';+',-0* +=80,3*A &$37',00 ;&$<3-

:=0 1$2$:0*2=.  

!$,00 12'+080: +02'-*&')*&=( 2$)<0*, 1',$@$-, <*' + 1023'8 ?5)-

1,6$*$433 1$*2675$ )208&05+$82$*3<&=0 '*5,'&0&3- )*$,3 )')*$+,-*A 

5 % '* )208&3> ;&$<0&3( 1$2$:0*2'+ (5$<0)*+' :$*023$,$ 6>68D$0*)-).  

!,- &$37',00 <6+)*+3*0,A&=> 1$2$:0*2'+ + *$7,. 3 123+080&= ;&$-

<0&3- :$*0:$*3<0)5'@' '%38$&3- 3 )208&05+$82$*3<&'@' '*5,'&0&3- 8,- 

12'8',A&'( 3 '526%&'( 809'2:$43( 123 '*5,'&0&3-> 1'2-85$ 5 %.  

F$7,34$ 3  

#02'-*&')*&=0 >$2$5*023)*353 809'2:$43( 123 '*5,'&0&3->  

1$2$:0*2'+ 5 % 

R 1m"
510(  

2m"
510(  

1")
510(  

2")
510(  1 1/ m" ") × 

×100 % 

2 2/ m" ") × 

×100 % 

#)0 +0,3<3&= ),6<$(&=0: (1) 

0,24 

0,27 

0,30 

38,04 

33,65 

29,26 

128,8 

126,6 

124,4 

3,825 

3,384 

2,942 

12,942 

12,724 

12,502 

10,05 

10,05 

10,05 

10,05 

10,05 

10,05 

h – ),6<$(&$- +0,3<3&$: (2) 

0,24 

0,27 

0,30 

37,95 

33,57 

29,19 

128,4 

126,2 

124,1 

1,926 

1,704 

1,482 

6,519 

6,408 

6,297 

5,08 

5,08 

5,07 

5,08 

5,08 

5,07 

! – ),6<$(&$- +0,3<3&$: (3) 

0,24 

0,27 

0,30 

38,06 

33,67 

29,27 

128,8 

126,6 

124,4 

1,898 

1,679 

1,460 

6,424 

6,315 

6,206 

4,99 

4,99 

4,99 

4,99 

4,99 

4,99 

E, h – ),6<$(&=0 +0,3<3&=: (4) 

0,24 

0,27 

0,30 

38,04 

33,65 

29,26 

128,8 

126,6 

124,4 

2,704 

2,392 

2,080 

9,153 

8,997 

8,841 

7,11 

7,11 

7,11 

7,11 

7,11 

7,11 

 
S&$,3; 1',6<0&&=> 20;6,A*$*'+ ():. *$7,. 2 3 3) 1'5$;$,, <*' 

),6<$(&=0 +0,3<3&= ! 3 h '5$;=+$.* &$37',00 ;&$<3:'0 +,3-&30, 1'-

)5',A56 &$,3<30 :'86,- 6126@')*3 3 *',/3&= + 5$<0)*+0 ),6<$(&=> 

+0,3<3& >$2$5*023;60*)- &$37',AD3:3 )208&05+$82$*3<&=:3 '*5,'-

&0&3-:3.  

M$8$83:)- +02'-*&')*A. *'@', <*' +0,3<3&$ 809'2:$43( &0 

8',%&$ +=(*3 ;$ '12080,-0:=0 @2$&34= < , *.0. 

0 ," # " * <  
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@80 0" – 809'2:$433, '12080,0&&=0 + 80*02:3&32'+$&&'( 1')*$&'+50, 

<– 2$;72') +';:'%&=> ;&$<0&3(, 5'*'2=( ;$+3)3* '* +38$ ;$5'&$ 2$)-

12080,0&3- 3 8'+023*0,A&'( +02'-*&')*3 2$)<0*$. K),3 ;$5'& 2$)120-

80,0&3- – &'2:$,A&=(, *' [3] 

0
1 A

"
" #

 %
, 

@80 %  – @$6))'+)53( 62'+0&A &$80%&')*3 8,- ;$8$&&'( +02'-*&')*3, 

/A m" "# )  – 5'?993430&* +$23$433 ),6<$(&'@' ;&$<0&3- 809'2:$43( 

(123 +02'-*&')*3 0,9986 % = 3). B$123:02, + ),6<$0 5'@8$ ),6<$(&=:3 
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INFLUENCE OF DISORDER OF CASUAL PARAMETERS  

OF THE PIPE ON THE LEVEL OF DEFORMATIONS  

AT CONSTANT LOADING 

In offered clause results of an estimation of influence of some casual parameters of the pipeline 
on the intense condition of the pipeline in casually chosen points are presented at a constant level load-
ing. Results can be used for an estimation of a condition of the pipeline and a substantiation of the 
guaranteed maintenance of accuracy of definition of investigated sizes. 
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