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P l a s t i k  d e f o r m a t s i y a  n a z a r i y a s i d a n  k u c h l a n i s h  v a  d e f o r m a t -  
s i y a  k i c h i k  b o ‘lg a n d a  f o y d a l a n i s h  j u d a  h a m  q o ‘l k e l a d i .  B u  
j i h a t  s t e i j e n l a r ,  p l a s t i n k a l a r  v a  q o b i q l a m i n g  c h e k s i z  k i c h i k  eg il-  
i s h i d a  m u v o z a n a t  h o l a t i n i n g  ik k i l a n ib  ( b i f u r k a t s iy a )  u s tu v o r -  
l i g i n i  y o ‘q o t i s h d a  m a v ju d  b o ‘la d i .

U s h b u  o ‘q u v  q o 'l l a n m a  k i c h ik  e l a s t i k  p l a s t i k  d e f o r m a t s iy a  
n a z a r i y a s i  a s o s i d a  k o n s t r u k s i y a l a r  u s t u v o r l i k  m a s a l a l a r n i  
y e c k i i s h  m u a m m o l a r i g a  b a g ‘i s h l a n g a n .
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2  b o b .  P L A S T I K L I K  N A Z A R I Y A S I  A S O S I Y  

Q O N U N L A R I

2 . 1 .  P l a s t i k l i k  s h a r t i

B iz g a  m a ’l u m k i ,  u m u m l a s h g a z n  G u k  « q o n u n i  b i r o ‘q l i  k u c h -  
l a n g a n l ik  h o l a t i d a g i  G i * k  q o n u n  i a s o s i d a  k e l t i r i b  c l i i q a r i l a d i .  
S h u n in g  u c h u n  h a m  u r t L u m l a s h g a n  G u k  q o n u n i  y u k l a n i s h n i n g  
f a q a t  b o s h la n g ‘i c h  d a v r i d a  p la s t ik :  d e f o r m a t s i y a  h o s i l  b o ‘l g a n d a  
h a q q o n i y  b o ‘l a d i .

Y u k la n i s h n in g  b o s h l a n g ‘i c h  d a v r i d a  u m u m l a s h g a n  G u k  
q o n u n i  h a q q o n i y  b o i g a n i  u c h u n ,  p l a s t i k  d e f o r m a t s i y a n i n g  
p a y d o  b o 'l i s h i  f a q a t  k u c h l a n i s h  b i l a n  a n i q l a n a d i .  Y u q o r i d a  
a y t i lg a n la r g a  a s o s a n  p l a s t i k l i k  s h a r t i n i  k u c h l a n i s h  t e n z o r  k o m -  
p o n e n t l a r i n i n g  b i r o r  f u n k s i y a s i  I c o ‘r i n i s h i d a  y o z i s h  m u m k i n .  
D e m a k ,  o ‘z - o ‘z i d a n  k o ‘r i n i b  t u r i b d i k i ,  i z o t r o p  m a t e r i a l l a r  
u c h u n  p la s t ik  d e f o r m a t s i y a n i n g  h o s i l  Tx>‘l i s h i  k o o r d i n a t a l a r  
s i s t e m a s in in g  t a n l a n i s h i g a  b o g cli«q e m a s .  S h u n i n g  u c h u n  h a m  
p la s t ik l ik  s h a r t i n i  t e n z o r  k u c h l a n i s h l a r  F u n k s iy a s i  k o cr i n i s h i d a  
y o z i s h  m u m k in .

A h ( D '\ h ( D .V A D M  = 0 . ( 2 .1 .1 )

K o 'p g in a  t a j r i b a l a r n i n g  k o ‘r s a t i s h i c h a ,  b a r c h a  t o m o n l a r i  b i ­
l a n  s iq i lg a n  y o k i  c h o ‘z i l g a n  m a t e r i a l  e l a s t i k  d e f o r m a t s i y a l a n i b ,  
p la s t ik  d e f o r m a t s i y a  h o s L l  b o ‘l m a y d i .  S h u n i n g  u c h u n  h a m  p la s ­
t i k l i k  s h a r t i  d e v i a t o r  k u e h l a n i s h n i n g  i k k i n c h i  v a  u c h i n c h i  in -  
v a r i a n t i  f u n k s iy a s i  k o ‘r i n i s h i d a  i f o d a l a a a d i .

Л М А , Ш А , ) ]  =  0 . ( 2 .1 .2 )

K o o r d i n a t a  c r , , c r , , o~3 s i s t e m a s i d a  j i s m n i n g  b i r o r t a  n u q t a -  

s i n i n g  k u c h l a n g a n l i k  h o  l a t i n i  v e k t o r  k o o n p o n e n t l a r i  x a r a k t e r -  
l a y d i .

T e n g la m a s i

cr, +СГ-, +cr, =0, (2.1.3)
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m u v o z a n a t  h o l a t i  ( 1 .2 - c h i z m a d a )  k o ‘r s a t i lg a n .  K ic h ik  m iq -  
d o r d a g i  F < P kr s iq u v c h i  k u c h  b i l a n  s iq i lg a n  s t e i j e n  t o ‘g ‘r i  c h iz -  
iq l i  h o l a t i n i  s a q l a y d i .  A g a r  s t e i j e n n i n g  y u q o r ig i  u c h i n i  b i r o z  
e g ib ,  q o ‘ y ib  y u b o r s a k ,  u n d a  s t e i j e n  v e r t ik a l  h o l a t ig a  n i s b a t a n  
t e b r a n m a  h a r a k a t  q i l ib ,  d a s t l a b k i  m u v o z a n a t  h o l a t i g a  q a y ta d i .  
S t e i j e n n i n g  b u n d a y  m u v o z a n a t  h o l a t i  u s t u v o r  b o ‘la d i .  B u n d a  
t e b r a n i s h t l a r  c h a s t o t a s i  s iq u v c h i  k u c h n i n g  m iq d o r ig a  q a r a b  h a r  
x il  b o ‘l a d i .

Y u k n i  n g  o r t i s h i  b i l a n  t e b r a n i s h l a r  c h a s t o t a s i  k a m a y ib  b o r a -  
d i .  A g a r  s i q u v c h i  k u c h  b i r o r t a  P = P kr k r i t ik  k u c h  m i q d o r i g a  
y e t s a ,  k i c h i k  t e b r a n i s h l a r  c h a s t o t a s i  n o lg a  t e n g  b o ‘la d i .  B u n d a  
s t e i j e n g a  q a n d a y  k ic h ik  e g i l i s h  b e r i s h d a n  q a t ’iy  n a z a r ,  u  b e -  
f a r q  m u v o z a n a t  h o l a t d a  b o ‘la d i .

A g a r  s t e r j e n g a  t a ’s i r  e t u v c h i  s iq u v c h i  k u c h  P > P kr k r i t i k  
m i q d o r i d a n  o r t s a ,  s t e i j e n n in g  v e r t ik a l  h o la t i  o ld in g id e k  m u v o -  
z a n a t d a  b o ‘l a d i ,  l e k in  b u  m u v o z a n a t  u s tu v o r  b o ‘ lm a y d i .  J u d a  
k i c h ik  b c t i y o r i y  t u r t k i d a n  s t e i j e n  e g i la d i  v a  d a s t la b k i  v e r t ik a l  
h o l a t i g a  q a y t ib  k e lm a y d i .  D a s t l a b k i  m u v o z a n a t  s h a k l i  u s tu v o r  
b o ‘l m a g a n  h o l a t i g a  t o ‘g ‘r i  k e lu v c h i  y u k  k r i t ik  y u k  d e b  a ta la d i .
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1.2-chizma. Steijenning m uvozanat holatlari.

D e m a k ,  s t e i j e n n i n g  t o ‘g cr i  v a  e g r i  c h iz iq l i  m u v o z a n a t  h o l a ­
t i  u s t u v o  r  b o ‘l g a n  v a q tg a  t o ‘g ‘r i  k e lu v c h i  s iq u v c h i  k u c h g a  k r i ­
t i k  k u c h  d e b  a t a l a d i .



S t e r j e n g a  k r i t i k  y u le  b i l a n  t e jn g  v a  u n d a n  o r t i q r o q  y u k  
q o ‘y ilsa , u  b o ‘y l a m a  e g i l a d i .

K r it ik  s o h a d a  s t e i j e n n i n g  e g i l g a n  m u v o z a n - a t i  u s t u v o r  b o i a d i .  
K r i t i k  n u q t a d a  m u v o z a n a t  s h a l c l i  i k k i l a n g a n  ( b i f u r k a t s i y a )  
b o ‘l ib , b u  s h a k l l a r  o r a s i d a g i  u s t u v o r l i k n i n g  a l m a s h i s h i  b i l a n  
x a r a k t e r l a n a d i .

S t e r j e n d a n  k i c h i k  t u r t k i  o l i b  t a s h l a n g a n d a n  k e y i n ,  u  
b o ‘y la m a  k u c h  t a ’s i r i d a  e g i lg a n  h o l a t d a  q o L a d i .

B o ‘y la m a  e g i l i s h  x a v f l i  b o ‘l ib ,  s i q u v c h i  k u c h n i n g  s a l g i n a  
o r t i s h i ,  s a lq i l i k n in g  k o ‘p a y i b  k e t i s h i g a ,  h a t t o  y e m i r i l i s h i g a  h a m  
o l ib  k e la d i .  S a l q i l i k  b i l  a n  y u k  o r a s i d a g i  m u n o s a b a t  n o c h i z i q  
b o ‘la d i .  S a l q i l i k n i n g  t e z  o r t i s h i ,  e g i l i s h d a n  h o s i l  b o ‘l g a n  k u c h -  
l a n i s h n in g  t e z  o ‘s i s h i g s  o l i b  k e l a d i .  U  o ‘z  n a v b a t i d a „  s t e r j e n  
d e f o r m a t s i y a s i n i n g  t e z l - a s h i s h ig a  v a  y e m i r i l i s h i g a  o l ib  k e l a d i .

K r i t ik  k u c h  t a ’s i r id a  m u v o z a n a t  u s tu v o r l i g in i  y o ‘q o t i s h  n a -  
f a q a t  s iq i lg a n  s t e i j e n l a r g a  t a a l l u q l i ,  b a lk i  h o z i r g i  z a m o n  t e x n ik a -  
s id a  k e n g  k o ‘l a m d a  q o ‘ l l a n i l a y o t g a n  p l a s t i n k a l a r ,  q o b i q l a r  v a  
b o s h q a  tu r d a g i  y u p q a  d e v o r l i  k o n s t r u k s i y a  e l e m e n t l a r L g a  h a m  
x o s d ir .

K o n s t r u k s iy a  e l e m e n t l a r i n i n g  u s tu v o r L ig in i  y o ‘ q o t i s h i ,  
u n i n g  y e m i r i l i s h ig a  o l i b  k e l a d i .

S h u n in g  u c h u n  h a m .  k r i t i k  k u c h n i  a n i q l a s h ,  l o y i h  a l a s h d a  
a m a l i y  a h a m i y a t g a  e g a  b o ‘l g a n  m u h i m  m a s a l a l a r d a n  b i r i d i r .  
Q u r i l i s h ,  m a s h i n a s o z l i k  k o n s t r u k s i y a l a r i  v a  u c h u v c h i  a p p a r a t -  
l a r  u s tu v o r l i k  m a s a l a s i  l i o z i r g i  z a m o n  d o l z a  r b  m u a m . m o l a r i -  
d a n  b i r id i r .

1 .2 .  M a s a l a l a r n i  y e c h i s h  u s u l l a r i

E la s t ik  s t e i j e n l a r  s i s t e  m a s i ,  p l a s t i n k a l a r  v a  q o b i q l a r  u s t u v o r ­
l ig in i  y o ‘q o t i s h d a g i  k r i t i k  k u c h n i  a n i q l a s h n i n g  t u r l i  x i l  
u s u l l a r i  m a v j u d d i r .

S h u la r d a n  b i r i  X V I I I  a s m i n g  o ‘r t  a l a r i d a  k e n g  ta r q a lg a  n  E y le r  
m e t o d i  b o ‘ l i b ,  u n i n g  m o h i y a t i  q u y i d a g i d a n  i b o  r a t d i r .



k u c h  s t e r j e n n i n g  o x i r g i  u c h i g a  q o ‘y i lg a n  b o ‘l ib ,  s t e r j e n n i n g  
q iy s h a .y i s h id a  o ‘z i n i n g  y o ‘n a l i s h i n i  u z L u k s iz  o ‘z g a r t i r i b  b o r i b ,  
h a r  d o i m  s t e r j e n  o ‘q i  b o ‘y i c h a  y o ‘n a l g a n  b o ‘l a d i .  U s tu v o r l i -  
k n i  y o ‘q o t i s h  v a q t i d a  a s o s a n  s i s t e m a n i n g  S ta t ik  m u v o z a n a t i -  
d a  k r i t i k  k u c h  m i q d o r i n i  e r g a s h u v c h i  y u k  u c h u n  o l d i n g i  
k o ‘r s a 1 i l g a n  u s u l l a r  b i l a n  a n i q l a s h  m u m k i n  e m a s .  S h u  k r i t e r -  
i y a l ä r  n u q t a i  n a z a r i d a n  u c h i d a  s i q u v c h i  e r g a s h u v c h i  k u c h  
b i l a n  y u k l a n g a n  s t e r j e n ,  k u c h n i n g  h a r  q a n d a y  m i q d o r i d a  
u s t u v o r l i k n i  y o ‘q o t m a y d i .

E r g a s h u v c h i  k u c h  b i l a n  y u k la n g a n  s t e i j e n  u s tu v o r l i k  m a s a -  
l a s i  d i n a m i k  k r i t e r i y a  n u q t a i  n a z a r i d a n  q a r a g a n d a ,  a n i q  k r i t ik  
k u c h  r n i q d o r i g a  k e l t i r a d i .

1 . 3 .  S i q i l g a n  s t e r j e n l a r ,  p l a s t i n k a l a r  v a  q o b iq la r n in g  
e l a s t i k l i k  c h e g a r a s i d a n  k e y in g i  u s tu v o r l i g i

1 8 8 3 - y i l i  E n g e s s e r  t o m o n i d a n  p r o p o r s i o n a l l i k  c h e g a r a s i d a n  
k e y i n  s t e i j e n l a r n i n g  u s tu v o r l ik  m a s a la s i  s t e i j e n  u s tu v o r l i g in i  
y o ‘q o t i s h  v a q t i d a  b o ‘y l a m a  t o l a l a r n i n g  y u k l a n i s h i  v a  y u k -  
s i z l a n i s h  u r i n m a  m o d u l  b o ‘y ic h a  r o ‘y  b e r a d i ,  d e b  f a r a z  q i l in a -  
d i .  B u n d a y  f a r a z  b o ‘y ic h a  h i s o b la n g a n  y u k  u r i n m a  m o d u l  n o m i  
b i l a n  y u r i t i l a d i .  K e y in c h a l ik  E n g e s s e r  (1 8 9 5 )  v a  K a r m a n  ( 1 9 0 4 )  
s h u  m a s a l a n i  b o s h q a c h a  t a l q i n  q i l ib ,  y a ’n i  y u k s iz - la n is h  c h iz iq l i  
q o n u n  a s o s i d a  r o ‘y  b e r a d i  d e b  y e c h g a n  v a  k e l t i r i l g a n  m o d u l  
t u s h u n c h a s i n i  k i r i t g a n .  B u  u s u l  b i l a n  h i s o b l a b  t o p i l g a n  y u k  
k e l t i r i l g a n  m o d u l  y u k  d e b  a t a ld i .  E n g e s s e m i n g  u r i n m a  m o d u l  
n a z a r i ^ a s i  b u  d a v i g a  k e l ib  x a to  d e b  h i s o b l a n d i .  L e k in  n a z a r iy a  
b i l a n  t a j r i b a  o r a s i d a g i  f a r q  y a n g i  n a z a r iy a  f o y d a s ig a  e m a s ,  b a lk i  
t a j r i b a l a r  n a t i j a s i  s i s t e m a t ik  r a v i s h d a  k e l t i r i l g a n  m o d u l  n a z a r i -  
y a s ig a  n i s b a t a n  k r i t i k  k u c h n i n g  k i c h i k  m i q d o r i n i  b e r i s h i n i  
t a s d i q l a b ,  u r i n m a  m o d u l  n a z a r iy a s i  b i l a n  j u d a  y a q i n  k e l i s h in i  
k o ‘r s a t a d i .

E l a s t i k l i k  c h e g a r a s i d a n  k e y in  u s tu v o r l i k  n a z a r i y a s i n i n g  k e -
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y in g i  r iv o j la n is h i  S h e n l i  i s h l a r i d a  o ‘z  a k s in i  t o p d i .  S h e n l i n i n g  
b u  i s h la r id a  p u x t a l i k  b i l a n  q o ‘y i l g a n  t a j r i b a l a r  n a t i j a s i d a  s i q i l -  
g a n  s t e r j e n n in g  e g i l i s h i  u r i n m a  m o d u l  y u k id a  b o s h l a n i s h i n i  
a n i q l a d i .  B u n i  y a  n g i  p o s t u l a t a  s i f a t i d a  q a b u l  q l l i b ,  m u a l L i f  
s t e r j e n n i  k r i t i k  h o l a t i d a n  I c e y in  o ‘z i n i  t u t i s h i n i  n a z a r i y  a n a l i z  
q i l ib ,  k e l t i r i l g a n  m o d u l  y n k i  a s i m p t o t a  e k a n l i g i n i  k o ‘r s a t a d i  
v a  u n g a  s a l q i l i k n i n g  c h e k s i z  k a t t a  m i q d o r i d a  e r i s h i s h  m u m -  
k in l ig in i  a n iq la d i .  I C e l t i r i l g a n  b u  a n a l i z  k r i t i k  k u c h  t o ‘g ‘r i s i d a g i  
h a r  ik k a la  u r i n m a  m o d u l  v a  k e l t i r i l . g a n  m o d u l  t u s h u n c h a l a r i n i  
o ‘z  ic h ig a  o l a d i ,  l e k i n  u s t u v o r l i k n i  y o ‘q o t i s h  v a q t i d a  m a t e r i -  
a ln in g  y n k s i z l a n i s l i  q o n u n J  t o ‘g ‘r i s i d a g i  s a v o l ,  b u  i l m i y  i s h  
c h o p  q i l i n g a n d a n  k e y i n  h a  m  o c h i q l i g i c h a  q o ld i .

P la s t in k a la r n in g  u s tu v o r ld k  n a z a r i y a s i  1 8 9 1-y ilga  b o r i b  t a q a l a -  
d i ,  q a r a m a - q a r s h i  t o m o n l a r i  t e k i s  t a q s i m l a n g a n  s i q u v c h i  k u c h  
t a ’s i r id a  b o ‘l g a n ,  l c o n t u r i  b o ‘y ich a_  s h a r n i r l i  t a y a n g a n  e l a s t í k  
t o ‘g ‘r i  b u r c h a k l i  p l a s t i n k a  m a s a l a s i n i  B r a y a n  t a d q j q  q i l i b ,  n a -  
t i j a l a r in i  c h o p  q i l d i .  B u n d a . ,  u  e n e r g e t i k  u s u l n i  b i r i n c h i  b o ‘l i b  
q o 'l l a d i .  E la s t ik  p L a s t i n k a l a r  u s t u v o r l i k  n a z a r iy a s i  r i v o j l a n i s t i i  
S .P .T i m o s h e n k o ,  H e y s n e r  ^va b o s h c q a  o l i m l a r  i s h l a r i d a  d a v o m  
e t t i r i l d i .  Bu y o ‘n a L is h  b o 'y i c h a  S . P .  T i m o s h e n k o  a n i q  m a s a -  
l a l a r n i  q a r a b ,  q a t o r  e n e r g e t d k  m e t o d n i n g  b i r  k o ‘r in .is h i  b o ‘lg a _ n  
o ‘z in in g  y a n g i m e t o d i n i  t a l d i f  q i l d i .

1 9 2 4 -y ili F .  B l e y k  t o m o n i d a n  e l a s t i k  p l a s t i n k a  u s t u v o r l i k  
n a z a r iy a s in i  e l a s t ik :  b o i m a g a n  s o h a g a  q o ‘l l a s h  u c h u n  b i r i n c h i  
u r i n i s h  b o ‘ld i .  U  b i r  y o ‘n a l i s h  b o ‘ y i c h a  s i q i l g a n  p l a s t i n k a a i ,  
e g i l i s h  v a  b u r a l i s h d a  b i k r l i g i  h a r  x i l  b o ' l g a n  a n i z o t r o p  p l a s t i n ­
k a  s i f a t i d a  q a r a s h n i  t a k J i f  q i l d i .  P l a s t i n k a n i n g  s i q i l i s h  
y o 'n a l i s h i d a g i  p l a s t i k  d  e f o r m a  t s i y a  u n i n g  k o ‘ n d a l a n . g  
y o ‘ n a l i s h i d a g i  e l a s t i k  x u s u s i y a t i g a  t a ’s i r  k o ‘r s a t m a y d i  d & b  
h i s o b la n a d i .

E la s t ik l ik  c h e g a r a s i d a n  I c e y in  p l a s t i n k a  u s t u v o r l i g i n i n g  a n L q  
t a d q i q o t i  b i r i n c h i  b o ‘l ib  1 8 8 8 - y i l i  P  . B e y la r d  t o m o n i d a n  a m a r ­
g a  o s h i r i ld i .  U  p l a s t i n k a  « q a v a r g a n d a  t o ' l i q  p l a s t i k  h o l a t d a
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b o ‘l a d i  d e b  h i s o b la b ,  p l a s t i k  d e f o r m a t s i y a  n a z a r i y a l a r i n i n g  
b i r i d a n  f o y d a l a n d i .

iV n iq  q o ‘y i l g a n  u s tu v o r l lk  m a s a l a l a r i n i  y e c h i s h d a g i  m a ’l u m  
m a t e m a t i k  q i y i n c h i l i k l a r  A . A . I l y u s h i n n i ,  m a s a l a l a m i  t a q r i b i y  
y e c l i i s h  m c t o d i n i  i s h l a b  c h i q i s h g a  u n d a d i .  B u n d a  i c h k i  
z o ‘rdqishlarrL i v a r ia t s iy a s i  p l a s t i n k a  b o ‘y i c h a  n o ig a  t e n g  d e b  
f a r a z  q i l i n a d i .  B u  f a r a z  tu f a y l i  p l a s t i k  y u k l a n i s h  v a  y u k s iz la -  
n i s h .  s o h a s i n i  b o ‘l i s h  c h e g e r a s i  d o i m i y  m i q d o r d a  b o ‘l a d i  v a  
m a s  a l a n i  y e c h i s h  s e z i la r l i  d a r a j a d a  s o d d a l a s h a d i .  B u  u s u l n i n g  
a n iq |l i g i  a m a J i y  m a q s a d l a r  u c h u n  t o ‘la  y e t a r l i d i r .

I c h k i  k u c h n i n g  v a r ia ts iy a s in i  e ’t ib o r g a  o l ib ,  p la s t in k a  u s tu v o r -  
l ik  n n a s a l a s i n i  t a q r ib iy  y e c h is h n in g  b o s h q a  v a r ia n t i  L . A . T o lo k o n -  
n i k o v  t o m o n i d a n  t a k l i f  e t i lg a n .  U  e n e r g e t i k  n u q ta i  n a z a r i d a n  
k e l i b  c h i q i b ,  p o t e n s i a l  i f o d a s in i  y u k s iz la n i s h  z o n a s i  b o ‘l g a n  so -  
h a d a  p l a s t i n k a  o ‘r t a  te k is l ig in in g  q a v a r i s h in i  t o ‘l iq  b o ‘l m a g a n  
d e f o r m a t s i y a  g a  n i s b a t a n  k v a d r a t  s h a k l id a  a p p r o k s im a ts iy a  q il-  
d i .  I k k i  y o ‘n a l i s h  b o ‘y ic h a  s iq i lg a n , k o n t u r i  b o ‘y ic h a  s h a m i r l i  
t a y a n g a n  p l a s t i n k a  u s tu v o r l ik  m a s a la s in i  m is o l  s i f a t id a  y e c h -  
g a n .

O s t u v o r l i k  n a z a r iy a s id a  k u c h l a n i s h  v a r i a t s iy a s i  y u k l a n i s h  
v a  y u k s i z l a n i s h  p la s t ik l ik  z o n a s i n i  b o ‘l i s h  c h e g a r a s id a  u z i l a d i .  
B u  p l a s t i n k a  v a  q o b iq l a r n in g  q a v a r i s h i d a  t u r l i  n u q t a l a m i n g  
y u k E a n i s h i  m u r a k k a b  b o ‘l i s h i  b i l a n  t u s h u n t i r i l a d i .  X o n d e l m a n  
v a  P r a g e r  o q u v c h a n l i k  n a z a r i y a s i d a n  f o y d a l a n i l g a n d a  b u  
s a k r a s h n i n g  y o ‘q o l i s h in i  k o ‘r s a td i .  S h u n i  a y t ib  o ‘t i s h  l o z i m k i ,  
t a j r i f b a  n a t i ja _ la r i  o q u v c h a n l ik  n a z a r iy a s i  b o ‘y ic h a  o l i n g a n  k r i-  
t i k  k u c h g a  m s b a t a n  p la s t ik  d e f o r m a t s i y a  n a z a r iy a s i  b o ‘y i c h a  
o l i n g a n  k r i t i l c  k u c h ig a  m o s  k e la d i .

U s t u v o r l i k  n a z a r iy a s id a g i  v a r i a t s iy a n in g  u z i l i s h i  k ic h ik  e la s t ik  
p l a s t i k  n a z a r i y a  a s o s id a  b a r h a m  t o p a d i .

Y u p q a  q o b i q l a r n i n g  u s tu v o r l ig in i  t a d q i q o t  q i l i s h  q a t t iq  j i s m l a r  
m e j c a n i k a s i n  i n g  m u a m m o l a r i d a n  b i r i d i r .

Q o b i q l a r  u s t u v o r l i g i n i  y o ‘q o t i s h i n i n g  r o ‘y  b e r i s h in i  b i r i n c h i
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b o ‘lib  t a j r i b a d a  F e y e r b e r g ,  L ill  s i r t q i  b o s i m  o s t i d a  v a  M a l l o k o  
b o ‘y la m a  s iq i s h d a  o ‘r g a n d l .  B i r i n c h i  b o ' l i b  n a z a r i y  i s h l a r  G r a s -  
g o f ,  B re ss  v a  B r a y n l a r  t o m o n i d a i *  b a j a r i l d l .  B u  m u a m m o n i n g  
in te n s iv  r i v o j l a n i s h i  y i g i r m a n c h i  a s m i n g  b o s h l a r i g a  t o ‘g ‘ r l  
k e la d i .

Q o b iq  u s t u v o r l i l c  m a s a  l a s i n i n g  c h i z i q l i  q o ‘y i l i s h d a  E y l e r -  
n in g  s ta t ik  k r i t e r i y a s i  a s o s i d a  L o r e n s ,  S .  P .  T i m o s h e n k o ,  
S to e u l l - la r  t o m o n i d a n  b i r d n c h i  f u n d a m e n t a l  n a t i j a l a r  o l i n d i .  
B u  k r i te - r iy a g a  a s o s a n  s i s t e m a n i n g  k r i t i k  y u k i n i ,  d a s t l a b k i  m u -  
v o z a n a t  s h a k l i d a n  t a s h q a r d  m u m k i n  b o ‘l g a n  u n g a  y o n m a - y o n .  
c h e k s iz  y a q i n  b o ‘l g a n  s t a t i k  m u v o z a n a t  s h a k l i n i n g  e n g  k i c h i k :  
y u k i  s i f a t id a  a n i q l a n a d i .

B u i s h l a r d a  o l i n g a n  k r i t i k  y u k z n in g  y u q o r i g i  m i q d o r i n i ,  b i ­
r i n c h i  o l i n g a n  t a j r i b a  n a t i j a l a r i  t a s d i q l a m a d i .  K r i t i k  y u k  t a j r i b -  
a la r id a  k u z a t i l i s h i c h a  k la s s L k  m i q d o r d a n  s e z i l a r l i  d a r a j a d a  k ic h ik :  
b o ‘lad i. T a d q iq o tn iz n g  k e y i n g i  b a r e  h a  r i v o j l a n i s h i  b u  t a  f o v u t n i n g  
s a b a b l a r i n i  a n i q l a  s h g a  q a r a t i l g a n .  R i v o j l a n i s h  e s a  h a r  x i l  
y o ‘n a l is h  b o ‘y i c h a  o l i b  b o r i l d i .

1934-yil D o n n e l l i  g e o m e t r i k  c h i z i q l i  b o ‘l m a g a n  n a z a r i y a - n i n g ,  
c h iz iq l i  b o ‘l m a g a n  h a d l a r d n i  h i s o b g a  o l i s h  m u h i m  e k a n l i g i g a  
e ’t i b o m i  q a r a t d i .  I B u n in g  a s o s i  ^ l a r g e r r a  i s h id a  o fcz  o ‘r n i n i  
to p g a n , h o l b u k i b u  n a z a r i y a n i n g  g ‘o y a s i ,  N a v e ,  S . P . T i m o - s h e n k o  
v a  B i t s io n in g  o l d i n g i  i s h l a x i d a  m u h o k a m a  q i l i n g a n  e < ii.

K e y in c h a l ik  K a r m a n  v a  S z y a n ,  M a r g e r r a  t e n g la  m a s i  a s o ­
s id a ,  k r i t ik  h o l a t d a n  k e y i n  y u k n i n g  o r t i s h i  b i l a n  d e f o r m a t s i y a  
k a m a y is h in i  k o ‘r s a t a d i .  P l a s t i n k a  v a  s t e i j e n l a r  u c h u n .  o ‘x s h a s t a  
m a s a la la m in g  y e c h i m i d a n  o l i n g a n  m a ’l u m  f a k t g a  q a r a  m a - q a r s h d  
b o ‘lg a n  b u n d a y  n a t i j a  h e c l i  h a m  k u t i l m a g a n  e d i .  B u  y e r d a  d e -  
f o r m a ts iy a n in g  o ‘s l s h i  b i l a jn  y u k  u z l u k s i z  o r t i b  b o r a d i .

K o 'r i l a y o tg a n  p l a s t i k  d e f o r m a t s - iy a  n a z a r i y a s i  s t e i j e n l a r ,  p l a s -  
t i n k a l a r  v a  q o b i q l a  r n i n g  o  d d i y  y u k l a n i s h  h o l i g a  t o ‘g  * ri k e l a d i .  
U m u m iy  y u k la n i s h  h o l i  u c 3 i u n  m u - r a k k a b r o  q  b o ‘lg a n  o q u v c h a n -  
l ik  n a z a r iy a s i  q o i l a n i l a d i .
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S O ‘ Z B O S H I

U s h b u  o ‘q u  v  q o ‘l l a : n m a d a  s i q i l g a n  s t e i j e n l a r ,  p l a s t i n k a l a r  
v a  q o b i q l a r n i n g  e l a s t i k l i k  c h e g a r a s i d a n  k e y in  u s t u v o r l i k  n a z a ­
r iy a s i  m u a m m o l a r i  y o r i t i l g a n .

S iq i lg a n  s t e r j e n  b i r i m c h i  t u r  u s t u v o r l i g i n i  e l a s t i k l i k  c h e s g a -  
r a s i d a n  k e y in  y o ‘q o t i s h i d a  p a s t k i  c h e g a r a s i ,  s t e r j e n n i  c h e k s i z  
k i c h i k  e g i lg a n  m u v o z a n a t  h o l a t d a  t u t i b  t u r u v c h i  k r i t i k  k u c h -  
l a n i s h  m i q d o r i  b i l a n  a n i q l a n i s h i  k o 'r s a t i l g a n .  S i q i l g a n  s t r e j  e n -  
n i n g  e la s t ik l ik  c h e g a r a s i d a n  k e y i n  c h e k s i z  k i c h i k  e g i l i s h i d a  
k e s u v c h i  m o d u l  u n i n g  b o ‘y l a m a  t o l a l a r i n i n g  y u k l a n i s h ,  s h u -  
n in g d e k ,  y u k s L z la n i s h  q i s m l a r i n i n g  c h e k s i z  k i c h i k  u c h a s t k a -  
s i d a  m a t e r i a l  s iq i l i s tm  d i a g r a m m a s i n i n g  k r i t i k  n u q t a s i g a  
o ‘tk a z L lg a n  u r i n m a  b o ‘y i c h a  s i l j i s h i  h a m d a  k e s u v c h i  m o d u l -  
n i n g  y u k l a n i s h  q i s m i d a  k a m a y i s h i ,  y u k s i z l a n i s h  q i s m i d a  e s a  
o r t i s h i  k o ‘r s a t i l g a n .  S h _ u n d a y  q i l i b ,  b i f u r k a t s iy a  v a q t i d a g i  Ic r i-  
t i k  n u q ta  m u h i m  n u q t a  e m a s l i g i  t a s d i q l a n a d i .

B u  n a t i j a  e L a s t ik l ik  c h e g a r a s i d a n  k e y in  s i q i l g a n  s t e i j e n l a r  
u s t u v o i l i k  n a z a r i y a s i d a  f u n d a m e n t a l  a h a m i y a t g a  e g a .  B u  
m u h i m  x u lo s a  a s o s i d a  m u a l l i f  p l a s t i k  d e f o r m a t s  iy a  n a z a r i y a s i  
d o i r a s id a  s i q i l g a n  s t e i j e n  u c h u n  u s t u v o r l i k  t e n g l a m a s i n i  y e c h i s h -  
n i  v a  b u  y o n d a s h u v i n i  s i q i l g a n  d o i r a v i y ,  t o ‘g ‘r i  b u r c h a k l i  p l a s -  
t i n k a l a i ,  s i l i n d - r ik  v a  s f e r i k  q o b i q l a r  u c h u n  u m u m l a s h t b r d i .  
Q u r i l i s h d a  i s h l a t i l a d i g a n  p o ‘l a t  u c h u n  e l a s t ik l ik  c h e g a r a s i d a n  
k e y in  B e r l in  D a l e m s k  1 a b o r a t o r i y a s i d a  t a j r i b a d a n  o ‘t g a n ,  k l a s -  
s ik  n a t i j a l a r i n i  t a s d iq lo ^ v c h i ,  s i q i l i s h  d i a g r a m m a s i n i n g  a n a l d t i k  
i f o d a s i  t e n g l a m a s i  t a k l i f  e t i l g a n .

U c h J a r i  h a r  x i l  m a h i k a m l a n g a n  s iq i l g a n  s t e i j e n l a r ,  k o n . t u r  
b o ‘y ic h a  t e k i s  t  a r a l g a n  y u k  t a ’s i r i d a  s iq i l g a n  d o i r a v i y  v a  t o ‘g ‘r i  
b u r c h a k l i  p l a s t i n k a l a r ,  b o ‘y l a m a  y o ‘n a l i s h  b o ‘y i c h a  s i q i l g a n  
y o p i q s i l i n d r i k  q o b i q l a r  v a  p a n e l ,  t a s h q i  b o s i m  t a ’ s i r i d a  b o ‘l g a n  
y o p i q s i l i n d r i k  v a  s f e r ik  q o b i q l a r  u s t u v o r l i k  m a s a l a l a r i n i n g  f u n ­
d a m e n t a l  y e c h i m l a r i  o l i n g a n .

M u a l l i f ,  q o ‘I y o z m a  b i l a n  t a n i s h i b ,  q i m m a t l i  m a s l a h a t l a r i n i



b o ‘l g a n  t e k i s l l i k  k o o r d i n a t a  b o s h i d a n  v a  b o s h  o 'q l a r g a  b i r  
xiJ b u r c  h a k  o s tL d a  o ‘ta d i .

S h u t > h a s i z ,  b  u  t e k i s l i k d a  y o t u v c h i  h a r  q a n d a y  v e k t o r  b i r o r  
b i r  k u c h l a n g a n L i k  h o l a t i n i n g  d e v i a t o r  k u c h l a n i s h i n i  x a r a k te r -  
l a y d i .  S  h u n i n g  u c h u n  h a m  ( 2 .1 .3 )  t e k i s l ik n i  d e v i a t o r  t e k is l ig i  

d e b  a t a y m i z .  T e g i s h l i c h a  er,, a : , <r, o 'q l a r n i n g  d e v i a t o r  te k is -  

l i k d a g i  p r o e k s i ^ a l a r i n i  I 1, 2 1 v a  3 1 b i l a n  b e lg i l a y m iz .

( 2 . 1 . 2 )  t e n g l a m a g a  o ‘r t a c h a  n o r m a l  k u c h l a n i s h  a 0 k i r m a -  

g a n l ig i  u c h u n  k o o r d i n a t a l a r  o-,, a 2. o . s i s t e m a s id a  ( 2 .1 .2 )  te n g -  

l a m a  o ‘ q i  d e v i a t o r  te k is l ig ig a  p e r p e n d i k u l y a r  b o M g a n  s i l i n d m i  
t a s v i r l a ^ d i .  D e m a k ,  b u  s i l i n d r n i n g  d e v i a t o r  t e k i s l ig id a g i  i z in i  
q a r a s h  k i f o y a d L r .  B u  e g r i  c h i z i q  S ( 2 . 1 - c h iz m a )  q u y id a g i  x u -  
s u s i y a t l a r g a  e g a  b o ‘l i s h i  l o z im :

1) a n c h a  k a t t a  k u c h l a n i s h d a  p l a s t i k  d e f o r r a a t s i y a  h o s i l  
b o ‘l g a n i  u c h u n  , e g r i  c h i z iq  k o o r d i n a t a  b o s h i d a n  o ‘t m a y d i ;

2 )  k o o r d i n a t a  b o s h id a n  c h iq u v c h i  n u r  e g r i  c h i z iq  b i l a n  f a q a t  
b i r  m a r t a  k e s i s h i s h i  L o z im  ( a k s  h o l d a ,  p l a s t i k l i k  s h a r t i n i  
q a n o a t L a n t i r u v c h i  ik k i ta  o ‘x s h a s h  k u c h l a n g a n l i k  h o l a t i  m a v ju d  
b o U a d i ,  b u  e s a  m u m k i n  e m a s ) ;

3 )  e g r i  c h iz ic [  1 2 1 3 1 k o o r d in a t a  o 'q l a r ig a  s im m e t r ik  b o ‘lis h i  
s h a r t ,  c x h u n k i  p  la s t ik l ik  s h a r t i g a  b o s h  k u c h l a n i s h l a r  s i m m e t r i k  
k i r i s h i  s h a r t ;

2.1-chiz.ma. Plastiklik egri chizig‘i-
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4 )  e g r i c l i i z i q  l 1 , 2 ' 3 ' o ‘ q la r ig a  p e r p e n d i k u l y a r  b o ‘l g a n  
t o ‘g ‘ri c h i z iq l a r g a  n i s b a t a n  s i m m e t r i k  b o ‘l i s h i  s h a r t ,  c h u n k i  
c h o ‘z il is h  v a  s iq i l i s lh d a  m a t e  r i a l n i n g  m e x a n i k  x o s s a l a r i n i  f c i r  
x il d e b  f a r a z  q i l i n i b  , B a u s h e n g e r  e f f e k t i  e ’t i b o r g a  o l i n m a y c ñ i .

Y u q o r id a  a y t i l g a n l a r d a n  k o ‘r i n a d i k i ,  e g r i  c h i z i q  ( 2 .1 .  c h J z -  
m a d a )  k o ‘r s a t i l g a n i < l e k  12 t a  b i r  x i l  y o y l a r d a n  i b o r a t  b o ‘la c d i .

2 .2 .  M a k s i m a l  iL r ín m a  k u c h l a n i s h n i n g  d o im iy l ik  s h a r t i .  

T r e s k —S e n — V e n a n  s h a r t i

B i r in c h i  b o ‘l i b  1 8 6 8 - y i l i  F r a n s u z  m u x a n d i s i  T r e s k  b o s L m  
o s t id a  m e t a l l a r n i n g  t e s h i k d a n  o q i b  o ‘t i s h i  t a j r i b a s i n i  o ‘t k a z d i .  
B u  ta j r ib a  n a t i j a s i d a  o q u v c h a n l i k  h o l a t i d a  m u h i t n i n g  b a r c l i a  
n u q ta l a r id a  m a k s im _ a l  u r i n m a  k u c h l a n i s h  b i r  x i l  b o ‘l ib ,  q a i* a -  
l a y o tg a n  m a t e r i a l  u c h u n  o ‘z g a r m a s  v a  s o f  s i l j i s h d a  m a t e r i a l -  
n in g  o q u v c h a n l i k  c h e g a r a s i g a  t e n g  e k a n l i g i n i  a n i q l a d i .

S e n  -  V e n a n  t o m o n i d a n  b u  s h a r t n i n g  m a t e m a t i k  i f o d a s i  
t e k i s  m a s a la  u c h u n  t a q d i m  e L ild i .  M . L e v i  e s a  b u  s h a r t n i  p l a s -  
t ik l ik  n a z a r i y a s i n i n g  f a z o v iy  m a s a l a l a r i  u c h u n  u m u m l a s h t i r c i i .

F a z o v iy  k u c h l a n g a n l i k  h o L a t i  u c h u n  b u  s h a r t  q u y i d a g i c t i a  
i f o d a la n a d i :

2|rl| = |f7 ,-cr2|=cr7.;

2|r2| = [cr,—cx3| =<Trz (2 .2 . 1)

2lr 3 |= l° :j “ <ri \ = < r r-

A g a r  cxl > cr2 > ct 3 b o ‘ls a ,  y u q o r i d a g i  b o g ‘l a n i s h l a r d a n  f a q a t  

b i t t a s i  q o la d i .

2 k m « | = h  - 3  1 = 0 -7 "  P  2 . 2 )

S e n  — V e n a n  — L e v i n i n g  b u  s h a r t i  m a t e r i a l l a r  q a . w i l i . g i  
k u r s id a  e n g  k a t t a  u r m m a  k u c W a n i s h  m .u s t a h k a m l i k  n a z a r iy a _ s i  
n o m i  b i la n  a t a l a d i .  U m u m a n  o l g a n d a  r i
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e m a s ,  c h u n k i  m u s t a h k a m l i k  v a  p la s t ik l ik  t u s h u n c h a l a r i  m u t -  
l o q  b o s h q a - b o s h q a  t u s h u n c h a l a r d i r .  P l a s t i k  h o l a t n i n g  h o s i l  
b o ‘l i s h i  m a t e r i a l  m u s t a h k a m l i g i n i n g  b a t o m o m  tu g a d i  d e g a n i  
e m a s .

T r e s k  — S e n  — V e n a n  s h a r t i d a n  c h o ‘z i l i s h d a g i  o q u v c h a n l i k  

c h e g a r a s i  c r r  v a  s o f  s i l j i s h d a g i  o q u v c h a n l i k  c h e g a r a s i  r 7 o r a -  

s i d a  q u y i d a g i  b o g ‘ l a n i s h  m a v j u d l i g i  k e l i b  c h i q a d i  

( c r , = r ,  <t2 = 0 ;  ct, = - t , r max= r ) .

<r¡ = 2 t  r . ( 2 .2 .3 )

Y u q o r ic L a g i  ( 2 .2 .1 )  s h a r t ,  k o o r d i n a t a l a r  < r,, a 2. c r3 s i s t e m a -  

s i d a  o ‘q i  d e v i a t o r  te k is l ig ig a  p e r p e n d i k u l y a r  b o ‘lg a n  o l t i  q i r r a -  
1L p r i z m a n d  i f o d a l a y d i  ( 2 .2  — c h i z m a ) .

2.2-chJzm a. Koord'mata er,, er,. (7 , sistemasida o ‘qi deviator 
telcisligiga perpendikulyar bo'lgan o lti burchakli prizma.

P r i z m a ^ n i n g  d e v i a t o r  t e k is l ig i  b i l a n  k e s i s h i s h id a n ,  ^ 2 / 3 er,

r a d i u s l i  a y l a n a g a  ic h k i  c h iz i lg a n  o l t i  b u r c h a k  h o s i l  b o ‘l a d i  (2 .3 -  
c h i z m a ) .

18



TresÀ—Sen— Vejian

2.3-chiyna. Koordinata es-,, cr_,, cr} sistemasida deviator tekisligida olti
burchak va aylana.

T r e s l  — S e n  —  V e n a n  p l a s t i k l d k  s h a r t i n i n g  k a m c h i l i g i  s h u j i -  
d a n  ib o r a tk i ,  p l a s t i k  d e f o r m a t s i y a n i n g  h o s i l  b o ‘l i s h i d a ,  o r a l i q  

b o s h  k u c h l a n i s h  cr2 n i  n g  t a ’s i r i  e ’t i b o r g a  o l i n m a y d i .

2 . 3 .  IT r in m a  k u c h l a n i s h  i n t e n s i v l i g i n i n g  d o i m i y l i k  s h a r t i  

M i z e s  —  G u f c e r  s h a r t i

T r e s k  — S e n  — V e  n a n r i i n g  p l a s t i l c l i k  n a z a r i y a s i d a n  f o y -  
d a la n ib ,  u c h  o ‘l c h a m l i  m a s a l a l a r m i  h a l  q i l i s h d a  b a ’z i  b i r  m a t e i n -  
a t i k  q iy in c h i l ik la  r  t u g ‘ü a d i .  B u  q | i y i n c h . i l i k l a r n i  b a r t a r a f  q i l i s h

u c h u n  M iz e s  cr, , cr,, cr3 k o  o r d i n a t a l a r  s i s t e m a s i d a g i  o l t i  b u j -  

c h a k l i  p r i z m a n i  d o i r a v i y  s i l i n d r  b i l a n  a l m a s h t i r i s h n i  t a k l i f  
q i l d i  ( 2 .4 - c h iz m a _ ) .  B u  s i l i n d r  t e n g l a m a s i

(cr,-a, )2 + (cr, —cr, Y  +  (cr, —a, )2 =2a ] . (2.3. L )
B u  m a t e r i a l l a r  q a r s h i l i g i  k u r s i d a  e r L e r g e t ik  m u s t a h k a m l i l c  

n a z a r iy a s i  n o m i  b i l a n  y o i r i t i l a d i .  S i l i n d m i n g  d e v i a t o r  t e k i s l i g i  
b i l a n  k e s i s h g a n  l c e s im i ,  o l t i  b u r e  h a k k a  t a s h q i  c h i z i l g a n  a y l a -  
n a n i  b e r a d i  ( 2 . 3 - c h i z m a ) .

B u  p la s t ik l ik  s h a r t i  M i z e s ^ a c h a  d e f o r m a t s i y a n i n g  p o t e n s i a l  
e n e r g iy a s in i  e ’t i b o r g a  o l i b ,  O u b c r  t o m o n i d a n  t a k l i f  q i l i n g a n
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e d i .  S  h o m i n g ,  u c h u n  h a m  u  M iz e s  -  G u b e r  p la s t ik l ik  s h a r t i  
de= b  y u - r i t i l a d d .

M i z .e s  — G u b e r  s h a r t in in g  c h a p  t o m o n i  k u c h l a n i s h l a r  in te n -  
s i v l i g i m i  i f o d a l a s h i n i  e ’t i b o ig a  o l ib ,  q u y id a g in i  h o s i l  q i la m iz .

c , = < j t , ( 2 .3 .2 )

y  a ’n i  k u c l h l a n i s h  m te n s iv l ig i  m a t e r i a l n i n g  c h o ‘z i l i s h id a g i  
o c q u v c l i a n l i k  c h e g a r a s ig a  y e tg a n d a  p l a s t i k  d e f o r m a t s iy a  h o s i l  
b o ‘l a d  i.

M i z e s  — G u b e r  s h a r t i  T r e s k —S e n —V e n a n  s h a r t i g a  q a r a -  
g a n d a  u m u m i y  b o ‘l ib ,  u n i  f a z o v iy  k u c h l a n g a n l i k  h o l a t i  u c h u n  
h - a m  q o ‘l l a s 4 i  m u m k i n .

2.4-chizma. K oord in a ta  cr,,  c r3 s is tem a sid a  o ‘q i 

deviator tekislig iga p e rp e n d ik u ly a r  b o 4 g a n  silin dr.

M liz e s  m a k s i m a l  u r i n m a  k u c h l a n i s h n i n g  d o im iy l ik  s h a r t i n i  
a n i q = ( 2 .3 .  1) s h a r t n i  e s a  t a q r i b i y  d e b  h i s o b la d i .  L e k in  k o ‘p  
s o n l i  t a j r i b a l a r  M iz e s  ( 2 .3 .1 )  s h a r t i  m a k s i m a l  u r i n m a  k u c h la -  
n i s h m i n g  c L o im iy l ik  s h a r t ig a  q a r a g a n d a  p o l i k i i s t a l  m a t e r i a l l a r  
u c h u n  t o ‘g ‘r i  k e l i s h i n i  t a s d iq l a y d i .

S o f  s i l j i s h  h o l i d a  M iz e s  — G u b e r  s h a r t i  q u y id a g ic h a  b o ‘la d i :
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г ,  = %  *  0 , 5 7 7 e r , . ( 2 . 3 . 3 )
\ о

T a j r ib a l a m in g  k o ‘r s a t i s h i c h a ,  p l& s t ik  d e f o r m a t s i y a  s o f  s i l j i s h -  

|T ™J =  (0 ,5 6 .. .0 .60) er, b - o ‘l g a n d a  h o s i l  b o ‘ l a d i .  D e * t i a k ,  

b u n d a n  h a m  k o ‘r i n a d i l c i ,  m a  k s im a l  u r i n m a  k u c h l a n i s h  d o i m i y -  

l ik  0 .5er7 s h a r t i g a  k » ‘r a ,  u r i n m a  k u c l i l a n i s h l a r  i n t e n s i v l i g i  

d o i m i y l i l  s h a r t i  t a j r i b a  n a t y a l a r i g a  y a q i n d i r .

2 .4 .  K ic b ik  e l a s t i l c  p l a s t i k  d e f o r m a t s i y a  n a z a r i y a s i

K ic h ib  e l a s t i k  p l a s t i l c  n a z  a r i y a s i  i z o t r o p  m a t e r i a l l a r  u c h _ u n  
q u y id a g i  i i c h t a  q o n u n  a s o s i d a  q u r i l g a n .

1. B i r i i c h i  q o n u n  — t i a j m  o ‘z g a r i s h  q o n u n i .  J i s m n i n g  h a j m i y  
d e f o r m a t s iy a s i  e l a s t i k  f c o ‘l i b ,  o ' r t a c h a  n o r m a l  k u c h l a n i s h i g a  
t o ‘g ‘ri p r o p o r s i o n a l d i r .

стУГ = Г 0  = 3 K e  w . ( 2 .4  Л )

H a jm iy  d e f o r m a t s i y a  b i la z n  n o r m a l  k u c h l a n i s h l a r  q u y i d a g i  
b o g ‘la n i s M a r  o r q a J i  i f o d a l a n a d i :

< x +  er, +  er .
— - •  ( 2 - 4 . 2 )

H a jm iy  e l a s t ik l i  к  m o - d u l i  JC  q u y i< la g i  f o r m u l a d a n  a n i q l a n a -
d i .

x = w k r y  <2 4 - з>

b u  y e r d a  E  — e l a s t i k l i k  m o d u l i ;  j .i  — P u a s s o n  k o e f f i t s i e n _ t i .
2 . I k k in c h i  q o n u n  — s h a k l  o ' z g a r i s h  q o n u n i .  D e v i a t o r  k u c h -  

l a n i s h  d e v i a t o r  d e f o r m a  t s i y a g a  t o ‘g c r i  p r o p o r s i o n a l d i r .

Я  = '/ ! > ,•  ( 2 . 4 . 4 )

b u  t e n g l ik  s k a l y a r  k o ^ r i n i s l n d a  q u y i d a g i c h a  y o z l l a d i :
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-  & yn =  ^ ( f v  -  £ , ? ): r ,, =  r / x> / 2 :

*.,• - <=ryp = v ( e y - ) :  r,_. =  W>~J2\ ( 2 .4 .5 )

C r : - <= r y l > =  ^ ( S ,  - S ' j . » ) ;  r ,v =  W  -V / 2  •

!B u  y r  — p  a r a m e t r n i  k u c h l a n i s h  v a  d e f o r m a t s iy a  in te s iv l ig i  
o r q a l i  i f ö d a l a y m i z

0 , =  t -er ,)2 +(ct , - c . ) '  + (p . - a ,.) + ö(t + t  + x 2)  =
V2

№ [(s - s . ) 2 +(s, - s )  -+ (s. - e v): +^(y2 +y2 +/.;) 1 3
>/2 >/2

I
" V T

( 2 .4 .6 )
h u n d  a n

2  <7,
/̂  =  ^ — • ( 2 .4 .7 )

3 . U c h i n c l i i  q o n u n  — K u c h l a n i s h  i n t e n s iv l ig i  d e f o r m a ts iy a  
i n t e n s i v l i g i  f u n k s i y a s i  b o ‘l ib ,  k u c h l a n g a n l i k  h o l a t i  tu r l a r ig a  
b o g ‘l iq  b o ' l m a y d i .

a , = *${.£,)■ , ( 2 .4 .8 )
K ic h _ ik  e l a s t i k  p l a s t ik  d e f o r m a t s iy a  n a z a r iy a s i  m u n o s a b a t -  

l a r i  f a q a t  o d d i y  y u k l a n i s h d a  t o ‘g ‘r i  b o ‘l a d i  L e k in  o d d iy  k u c h -  
l a n i s h g a  y a q j n  b o ‘lg a n  m u r a k k a b  y u k la n i s h d a  h a m  b u  n a z a -  
r i y a  t a j r i b a  o a t i j a l a r i g a  y a q in  b o ‘lg a n  n a t i j a l a r n i  b e r a d i .

2 . 5 .  P l a s t i k  o q u v c h a n l ik  n a z a r i y a s i
P l a s t i k  o q j j v c h a n l i k  n a z a r iy a s id a  p la s t ik  d e f o r m a t s iy a l a r  o r t-  

t i n n a s i  b i l a n  k u c h la n i s h l a r  o r a s id a g i  b o g ‘la n i s h n i  i s b o ts iz  q a b u l  
q i l a m i z .

P l a s t i k  d e i o r m a t s i y a  in te n s iv l ig i  o r t t i r m a s i ,  i f o d a s i  h a m  x u d d i  
d e f o r r r t a t s i y a  i n te n s iv l ig i  k a b i  i f o d a la n a d i .
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= '¿L]¡¡ [ f c r  -  + 4 & . г - ‘* К:гУ + ( Ж :г -  í/£ ]*- ]  [ Ю  + , :,) + ('V ,- )' ]

(2.5.1)
S h u n i  a y t i b  o ‘t i s h  l o z i m k i ,  p l a s t i k  d e f o r m a t s i y a  o r t i r m a s i  

in te n s rv l ig i  d s ,p p l a s t i k  d e f o r m a t s i y a  i n t e n s iv l i g i  o r t t i r m a s i  .g a

d s ¡p t e n g  e m a s .
I z o t r o p  m a t e r i a l l  a r  u c l i u n  p l a s t i k  o q i s h  n a z a r i y a s i  q u y i d a g i  

g ip o te z a la r g a  a s o s l a n a d i .
1. H a jm iy  d e f o r m a t s i y a  o ‘r t a c  h a  n o r m a l  k u c h l a n i s h g a  t o ‘g  ‘r i  

p r o p o r s io n a l .  B u  c h L e k la n _ ish  e l a s t i k  d e f o r m a t s i y a s i d a  h a m  i s h -  
l a t i l g a n  e d i .

1 1 ^
= J ¿ a >v У ° к 5  d £ yn = (2 -5 .  2 )

2 .  D e f o r m a t s i y a  o r t t i r m a s i ,  e l a s t i k  d s X). d s Yi, d e =) , 

d y dy  v ;j, d y v a  p l a s t i k  d e t f o r m a t s i y a l a r  d e xp, d e vp, d ¿

x¡p, d y ^ p, d y ^ p  o r t t i r m a l a r i  y á g ‘i n d i s i g a  t e n g .
d£.x = d s Xb + d e xp ; dy xy =  d y  xy, + d y  xrp ; 
d e y = d e y)+ d e rp - d y  K = d y ^ 3 + d y v:p; 

d e : = d e z i - h d e :p; d y  _x = d y zx) + d y ap. ( 2 . 5 . 3 )

B u n d a n  b i r i n c h i  c h e k l  a n i s h  a s o s i d a  q u y i d a g i  t e n g l i k  k e l  ib  
c h iq a d i .

d e ypp = 0. - ( 2 . 5 . 4 )
3 . P la s t ik  d e f o r m a t s i y a -  o r t t i r m a s i  d e v i a t o r  k a m p o n e n t l a r i ,  

k u c h la n i s h  d e v i a t o r  k o m p o n e n t l a r i g a  t o 6g ‘r i p r o p o r s i o n a l
D jSf = d X D a . ( 2 . 5 . 5 )
B u  i fo d a  s k a l y a r  k o ‘r i r i . i s h d a  < q u y i4 a g ic h a  y o z i l a d i .



( 2 . 5 . 6 )

d X  p a r a m e t r  i f o d a s in i  k ic h ik  e la s t ik  p l a s t i k  d e f o r m a t s iy a  
n a z  a r i y a s i  m a v z u s i d a  y/ p a r a m é t r a i  a n iq l a s h d a  q i l i n g a n  m u -  
l o h o z a l a r d a n  f o y d a l a n ib ,  q u y id a g in i  h o s i l  q i la m iz .

4 .  K u c h l a n i s h  in te n s iv l ig i ,  p l a s t ik  d e f o r m a t s iy a  o r t t i r m a s i  
i n t e n s i v l ñ g i  i n t e g r a l i  f u n k s iy a s i  b o ‘l ib ,  k u c h l a n g a n l i k  h o l a t i  
t u r i g a  b o g ‘l iq  b o ‘lm a y d i .

I M a t e r i a l n i n g  c h o ‘z i l i s h  d i a g r a m m a s i  b o ‘y ic h a  ф  f u n k s iy a -  
n i  a n i q l a s h n i  k o ‘r ib  c h iq a m iz .  B ir  o ‘q  b o ‘y i c h a  c h o 'z i l i s h d a

d e ^ p = d s vp= —d s :p/ 2  = - d e p/ 2  b o ‘l a d i  ( c h u n k i  d s x p = d s vp

v a  d e xp -+ d s yp -+ de:p =  0 ) .
I D e m a k ,  k u c h l a n i s h  in te n s iv l ig i  v a  p l a s t ik  d e f o r m a t s iy a  o r t ­

t i r m a s i  L n te n s iv l i g i  q u y id a g ic h a  b o ‘la d i :

S h u n - d a y  q i l i b ,  b i r  o 'q  b o 'y i c h a  c h iz i lg a n  t o ‘r t i n c h i  c h e k -  
l a n i s h  q ^ u y id a g i  k o ‘r in i s h d a  b o ‘la r  e k a n :
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( 2 .5 .8 )

<<-crv = a  = 0  ;<x. =cr;

a, = ex; dstp =dep. 
B u n d  a n  k e l i b  c h iq a d ik i

( 2 .5 .9 )



B u  b o g 'l a n i s  h n i n g  g r a f i g i j i i  c h o ‘z i l i s h  d i a g r a i n m a s i  ( 2 . 5 -  
c h iz m a ,  1 e g r i  c  h i z i q )  a s ö s i d a  q u r i s h  q i y i n c h i l i k  t u g ‘d i r m a y d i .  
B u n in g  u c h u n  d i a g n a m m a n i n g  b a r e  h a  m i q t a l a r i d a g i  e l a s t i k  
d e f o r m a t s iy a  m _ i q d o r i n i  t o p a m i z  v a  b u  n u q t a l a r n i  c h a p  t o -
m o n g a  ¡ m a s o f a g a  s u r i s h  l o z i m .  S h u  u s u l  b i la n  q u r i l g a n  2  

e g r i  c h iz iq  ( 2 . 5 - c h i z m a )  f u n k s i y a s i  g r a f i g i  b o i a d i .

( 2 . 5 . 1 0 )

2.5z-chiznra. Yuklauish va yuksizlanishda 
deformatsiyalanish diagrammasi.

P la s t ik  o q u v c h a n l i k  n a z a r i y a s i  t e n g l a m a l a r i  d - i f f e r e n s L a l  
k o ‘r in i s h d a  b o ‘lL b , k i c h i k  e la _ s tik  p l a s t i k  d e f o r m a t s i y a  n a z ia -  
r iy a s i  t e n g l a m a l a . r ig a  n i s b a t a n  a n c h a  m u r a k k a b d i r .

O d d iy  y u k l a n L s h d a  b u  ik k i  n a z a r i y a  b i r  x il n a t i j a  b e r i s h i  n i  
t a j r ib a la r d a  i s b o t l a n g a  n .  M u r a k k a b  y u k l a n i s h  h o l a t i d a ,  p l a s ­
t ik  o q u v c h a n l ik  n _ a z a r iy a s id a  o l i n g a n  n a t i j a l a r  b i l a n  t a j r i b a  y o  “ li 
b i l a n  o l in g a n  m a ’l u m o t l a r  j u d a  y a x s h i  m o s  k e l a d i . S h u n i n g
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u c h u n  h a m  m u r a k k a b  y u k l a n i s h  h o l a t i d a g i  m a s a l a l a r n i  
y e c h is h < ia  bim  n a z a r i y a  k e n g  q o ‘ l la n i l a d i .

S a v o l  v a  t o p s h M q l a r
1. P la s tik lik :  k r ite riya si q anday ifoda lanadi?
2. T re sk -S e zi-V e n a n  p la stik lik  sh a rti m o h iy a ti n im adan  iborat?
3 .M ilze s  — G u b e rp la stik lik  sh a rti m o h iy a ti n im adan  ib o ra t?
4 .K ic h ik  e J a stik  p la s tik  deform atsiya  nazariyasi b irin c h i qonuni- 

n i  a y tib  b e r in g .
5 .K ic h ik  e J a stik  p la s tik  deform atsiya  nazariyasi ik k in c h i qonuni- 

n i  a y tib  b e r in g .
6 .K ic h ik  e J a stik  p la s tik  deform atsiya  nazariyasi u c h in c h i qonuni- 

n i  aytib* berirrg.
7. O ^ju vch  a n lik  nazariyasi b irin ch i q o n u n in i a y tib  bering.
8. O ^ ju v c h  a n lik  nazariyasi ik k in c h i q o n u n in i a y tib  bering.
9. O ^ju vch -a n lik  nazariyasi u c h in c h i q o n u n in i a y tib  bering
10. (D q u vc 'h a n lik  nazariyasi to ‘r tin c h i q o n u n in i a y tib  bering.
11. (D d d iy  yu k la n ish d a  qaysi nazariyadan foyda lan ish  m u m k in ?
12. cD quvcrhanlik nazariyasidan qachon  foyda lan ish  m u m k in ?



3  b o b .  S I Q I L G A N  S T E R J E N L A R N I N G  

E L A S T I K  C H E G A R A D A N  K E Y I N G I  

X J S T U V O R L I G I

3 . 1 .  E la s t ik  c h e g a r a d a n  k e y i n  s iq i l g a n  s t e i j e n l a r  u s t u T o r l i k  
m a s a l a l a r i m i n g  q o ‘y i l i s h i

E la s t ik l ik  c h e g a r a s i d a n  k e y i n  s iq i l g a n  s t e i j e n  m a t e r i a l i n i n g  
s iq i l is h  d i a g r a m m a s i  b i r o r t a  e g r i  c h i z i q  b i l a n  b e r i l g a n  “b o i s i n  
( 3 .1 - c h iz m a ) .

S iq il ish  d i a g r a n n m a s i d a g  i  b i r o r t a ,  M  n u q t a n i n g  h .o l a t i n i  
a n iq lo v c h i  or b u r c h a k  t a n g e n s i  k e s u v c h i  m o d u l n i  i f o d  a l a y d i .

tcja =  »// =  —  . ( 3 . 1 . 1 )
£

P o ‘la t  u c h u n  s i q i l i s h  d i a g r a m m a n i n g  O A  b o s h l a . n g ‘i c h  
u c h a s t-k a s i  t o ‘g ‘r i  c h L z iq  b o ‘l i b ,  u n i n g  q i y a l ig in i  E =  2 , 1  106k g /  
s m 2 e la s t ik l ik  m o d u l i  a n i q l a y d i .

3.1-chizma. Materialning s iq ilis h  
diagrammasi.

T a j r i b a l a m i n g  t a s d i q l a s h i c h a ,  s iq i l g a n  s t e r j e n n i n g  y u k s i z l a -  
n i s h i ,  s iq i l is h  d i a g r a m m a s i n i n g  M  n u q t a s i d a  k u c h l a n i s h  er

v a  d e f a r m a t s iy a  £  o r a s i d a g i  m u n o s a b a t  O A  — b o s h l a n g ‘i c h  
o g ‘m a  t o ‘g ‘r i  c h i z i g ‘i g a  t a x m i n a n  p a r a l e l l  b o ' l g a n  M V  o g ‘m a  
t o ‘g ‘r i  c h iz iq  b o ‘y ic l* a  r o ‘y  b e r m a y d i .

H a q i q a t d a n  h a m ,  s iq i l i s h  d i a g r a m m a s i n i n g  e g r i  c h i z i q l i  
u c h a s tk a s id a g i  M  n u q t a s i d a n  o ‘n g d a  j o y l a s h g a n  M V  o g ‘m a  
t o ‘g ‘r i  c h iz ig ‘ig a  o ‘t i s h  s i l l i q  < ie b  f a r a z  q i l i s h  t a b i i y ,  s l i u n i n g
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u c h u n  h a m  M  n u q t a  m u h i r n  e m a s  d e b  q a r a y m iz .  B u n d a y  
o “t i s h  M  n u q t a d a n  c h a p d a  j o y l a s h g a n  c h e k s i z  k i c h ik  u c h a s t -  
k a d a  b i r o r t a  M S  s i l l iq  e g r i  c h i z i q  b o ‘y i c h a  r o ‘y  b e r a d i  (3 .2 -  
d h i z m a ) .

S h u n d a ~ y  q i l i b ,  M S  e g r i  c h i z i q  v a  cr - s  s iq i l is h  d i a g r a m m a -  
SL u m u m r y  u r i n n i a g a  e g a  b o ‘ls in .

S i q i l i s h  d i a g r a m m a n i n g  e g r i  c h i z i q l i  u c h a s t k a s id a  i k k i t a  
n u q t a  o l a m i z .  B u  n u q t a l a m i n g  b i r in c h is i  e g r i  c h iz iq n in g  c h e k s iz  
k i c h i k  y u k i a n i s h  q i s m id a ,  i k k in c h is i  e s a  c h e k s iz - k ic h ik  y u k -  
s L z la n is h  q i s m i d a  y o t s i n  ( 3 .3 - c h i z m a ) .

B u  n u q t a l a r d a g i  <//, v a  t// , k e s u v c h i  m o d u l l a r n i  t o p a m i z .
i//x k e s u v c h i  m o d u l  0 1  q iy a  c h i z i q  b i l a n  g o r i z a n t a l  c h i z i q  

o j a s i d a  b u _ r c h a k  t a n g e n s i n i  i f o d a la y d i .

3.2-chizma. Materialning 
siqilish diagrammasi.

y r  i = /<712, =
1 +

Дсг,

г + A s .

S

<7 fl  , t Ae, f  Ae, V ( A e , V
e \  а  J e I £ J I £ J

B u  i f o d a d a g i  c h e k s iz  k i c h ik  m i q d o r l ä m i n g  y u q o r i  t a r t i b l i  
h _ a d la r i  b i r g a  n i s b a t a n  j u d a  k i c h i k  b o ‘l g a n i  u c h u n  u l a r n i  
e  ’t i b o r g a  o l m a y m i z .

l + ^ L T i Д г,1
/er

— —

JL e . £ V

Дсг. A s , л 
1 h--------- 1------------ 1

3 .3  c h i z m a d a n  k o ‘r in a d ik i :
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Дсг, =ús£¡tgaa = EkAer (3 .L 2 )

B u  y e rd a  Ek u  r i n m a  m o d u l .

(3.1.1) f o r m u l a n i  e ’t i b o r ^ a  o l ib ,  W\ k e s u v c h i  m o d u l  i f o d a -  
s in i  q u y id a g ic h a  y o z a m i z .

1 — ( 3 . 1 . 3 )

X u d d i s h u  k a b i  ц/2 k e s a v c h i  m o d u l n i  a n i q l a y m i z .

’  U,(</, = Iq a , =

y o k i
a

v .  =  -
s

1-
As, .... }

1 A<r2

\

cr

£"

A cr ,  A f ,  
----- — +  — -

3.3-chizma_ Material sfojilish 
diagjammasinilng M  nuqtasidagi 1-1 

ujinmasi.
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( 3 . 1 . 1 )  f o r m u l a n i  e ’t i b o r g a  o l i b  q u y i d a g i n i  h o s i l  q i l a m i z .

\fj1 =  y /  1 -f
Ae, (, E,

£
( 3 .1 .4 )

V

( 3 ,1 .3 )  v a  ( 3 .1 .4 ) f o r m u l a l a r d a n  k o 'r i n a d ik i ,  k e s u v c h i  m o d u l
c ~ h e k s iz  k i c h i k  y u k la n i s h  u c h a s t k a s id a  ( n u q t a d a n  o ‘n g d a  )
M o  n u q t a s i g a  te g is h l i  b o M g a n  y  k e s u v c h i  m o d u lg a  n i s b a t a n  

k a m a y ä d i ,  c h e k s i z  k ic h ik  y u k s iz l a n is h  u c h a s t k a s id a  ( M 0 n u q ­
t a d a n  c h a p d a )  e s a  o r ta d i .

T o ‘g ‘r i  o ' q l i  s t e i j e n n i n g  m a r k a z iy  s iq i l i s h id a  cr-s s iq i l is h
d d a g r a m m a s i d a g i  M 0 n u q t a n i  k r i t ik  n u q t a  d e b  h i s o b l a y m iz ,  
y a ’n i  s t e i j e n n i n g  t o ‘g ‘r i  c h iz iq l i  h o l a t i ,  i k k i l a n g a n  h o l a t g a  ( b i-  
f u r k a t s i y a )  o ‘t a d i .  B o s h q a c h a  q i l ib  a y tg a n d a ,  b u  n u q t a d a  k u c h -  
l a n i s h  b i l a n  d e f ö r m a t s iy a  s h u n d a y  c h e g a r a g a  y e ta d ik i ,  u n d a  s te r -  
je rn  o ‘z  u s t u v o r l i g i n i  b i r i n c h i  t u r  b o ‘y i c h a  y o ‘q o t a d i ,  u n i n g  
t o ‘g ‘r i c h i z i q l i  m u v o z a n a t  h o la t i  e g r i  c h iz iq l i  m u v o z a n a t  h o la tg a  
o * t i s h i  m u m k i n .

S t e i j e n  ik T d la n g a n  m u v o z a n a t  h o la t id a  d e b  h i s o b la y m iz ,  u n d a  
s t- e i je n  c h e k s i z  k ic h ik  e g il ish  h o la t id a  b oM adi. S te i je n  o ‘q i  c h e k s iz
A . /  e g r i l ik  b i l a n  q iy s h a y a d i .

S t e i j e n n i z n g  k o ‘n d a la n g  k e s im i  m a r k a z iy  v e r t i k a l  z  o ‘q q a  
n i s b a t a n  s i m m e t r i k  b o ‘ls in  ( 3 .4 - c h i z m a ) .

T e k i s  k e s i m  y u z a s i  g i p o t e z a s i n i  e ’t ib o r g a  o l ib ,  e g i l i s h  n a -  
t i j a s i d a  h o s i l  b o ‘lg a n  b o ‘y l a m a  d e f o r m a t s iy a n i n g  o ‘z g a r i s h  
q o n u n i n i  i k k i  u c h b u r c h a k  k o ‘r in i s h id a  o l a m iz ,  s iq i lg a n  s o h a d a  
d e f o r m a t s i y a n i  m u s b a t  d e b  q a b u l  q i la m iz .  A n iq l ik  k i r i t i s h  u c h u n  
s t e i j e n  q a v a - r iq l ig i  p a s tg a  b o ‘l s in ,  u n d a  c h e k s i z  k i c h i k  e g r i l ik  
d e f ö r m a t s i y a  b i la n  c h e k s i z  k ic h ik  s a lq i l ik  f u n k s iy a s i  &w  
o r a s i d a g i  b o g ' l a n i s h  q u y id a g i c h a  i f o d a l a n a d i .

( 3 . 1 . 5 )
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( 3 .1 .3 )  v a  ( 3 . 1 . 4 )  f o r m u l a l a r d a g i  b o ‘y l a m a  d e f o r m a t s i y a l a r  
Ast v a  As2 o ‘r n i g a  A% z î l i  q o ‘y ib ,  k e s u v c h i  m o d u l n i  u m u -  
la s h g a n  b i t ta  f o r m u l a  k o ‘r i n ï s h i d a  i f o d a l a y m iz .

3.4-chizma. Stegen 
ko'ndalang kesimi.

3.5-cIhizma. Urinma va kesuv­
chi modullami aniqlash uchun.

( 3 . 1 . 0

B u  y e r d a  <//0 k r l t i k  M0 n u q t a d a g i  k e s u v c h i  m o d u l ,  e0 s h u  
n u q t a d a g i  d e f o r m a t s i y a  ( 3 . 5 - c h i z m a ) ,  u n d a

( 3 .1 .5 )  f o r m u l a g a  a s o s a n  e g r i l ik  d e f o r m a t s i y a  A x  m u s l> a t  
m i q d o r  e k a n l i g i  k o ‘ r i n i b  t u r i b d i ,  u n d a  k e s u v c h i  m o d  u l  
k o 'n d a la r ig  k e s i m n i n g  s i q i l g a n  q i s m i d a  z k o o r d i n a t a n i n g  o r -
t i s h i  b i l a n  k a m a y a d i  ( A% z m i q d o r  s i q i l g a n  q i s m i d a  m a n f i y ) ,
c h o ‘z i lg a n  q i s m i ,  y a ’n i  y u l c s i z la n g a n .  n u q t a l a r i d a ,  A x z m i< i -  
d o r  m u s b a t  b o ‘l ib ,  u n d a  k e s u v c h i  m o d u l  o r t a d i .

C h e k s i z - k i c h i k  e g i l g a n  h o l a t g a  o ‘ t g a n ,  s iq i lg a n  s t e r j e n n i i  g  
t o ‘la  d e f o r m a t s iy a s ï  s  v a  to - ‘la  k u c h l a n i s h i  о  q u y i d a g i  f o r m u l a  
o r q a l i  i f o d a la n a d i .

<r
( 3 . 1 . 7 )

£
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£  =  € 0 — ( 3 . 1 . 8 )

сг = ц/е = (//(гг0 -  Д/z). ( 3 .1 .9 )
b u n d a  s i q i l i s h  d e f o r m a t s iy a  m u s b a t  d e b  h i s o b l a n a d i .
B u  ( 3 .1 .É>), ( 3 .1 .8 )  v a  ( 3 .1 .9 )  b o g ‘l a n i s h l a r  e la s t ik l ik  c h e -  

g a r a s i d a n  k e y i n  s iq i lg a n  s t e i j e n n in g  u s tu v o r l ik  m a s a la l a r in i  t a d -  
q i q  q i l i s h d a  a s o s iy  h i s o b l a n a d i .

B i z g a  m a ’l u m k i ,  e la s t ik l ik  c h e g a r a s id a n  k e y in  s iq i lg a n  s t e r -  
j e n m in g  c h e k s i z  k ic h ik  e g i l i s h id a ,  u n i n g  h a r  b i r  k e s im ig a  t a ’s i r
e tU T c h i  t a s t i q i  e g u v c h i  h o l a t  A M 0 , t a s h q i  b o ‘y la m a  s iq u v c h i  
k u c h  P  h a m d a  ic h k i  e g u v c h i  h o l a t  д м  v a  ic h k i  b o ‘y la m a  k u c h  
N  t a ’s i r i d a  b o ‘la d i .  B u  s a n a b  o ‘t i lg a n  k u c h  f a k to r la r i  m u v o -  

z a n a t d a  b o e l a d i  v a  q u y id a g i  f o r m u la l a r d a n  a n iq l a n a d i .

^ 3 .1 .8 )  f o r m u l a d a n  d e f o r m a t s iy a  m iq d o r in i  (3 .2 .2 )  v a  ( 3 .2 .3 )
f o r m u l a l a r g a  q o ‘y ib  b o ‘y la m a  k u c h  N  v a  e g u v c h i  h o l a t  A M  
i f o d a l a r i n i  < iu y id a g ic h a  y o z a m iz :

3 .2  U s tu v o r l i k  t e n g l a m a s i

A M 0 = P A w . (3 .2 .1 )

( 3 .2 .2 )

( 3 .2 .3 )

N — SqI  i 2 •

A M  =  £ 0 I 2 - A x l y  

B u  y e r d a

/ ,  =  / ,  =  ji¡/zdA\  / ,  =  j y / z 2dA.

( 3 .2 .4 )

( 3 .2 .5 )

( 3 .2 .6 )
A

32



/ ,  — s t e i j e n n i n g  c h o ‘z i l i s h d a g i  s  iq i l i s h  b ik i r l i g in i  i f o d a l a y -

I

I 2 — a r a l a s h  l i k i r l i k  h i s o b l a n a d d ;
/ 3 -  s t e r j e r u n i n g  e g i l i s h d a g i  b i k i r l i g i n i  x a p a k t e r l a y  d i .
12 ; J3 f u n k s  i y a l a r i  p l a s t i k l i k  n a z a r i y a s i g a  A . A . I l y u s h i n  

t o m o n i d a n  k i r i t i l g a n .
C h i z i q l i - e l a s t i k  m a t e r i a l  u c h u n  k e s u v c h i  m o d u l  k o ‘n d a la _ n g  

k e s im  b a la n d l ig i  b o ‘y i c h a  d o i m i y  b o c l a d i  v a  e la s t ik l ik  m o d u l i  E  
g a  te n g d ir .  L in d a .  c h i z i q l i  e l a s t i k  m a t e r i a l  u c h u n  ( 3 .2 .6 )  i f o -  
d a d a g i  b ik ir l ik  q i t y i d a g i  m i q d o m i  q a b u l  q i l a d i .

I , = E A :  I 2 =  0; / 3 = £ / , . .

B u  y e rd a  /,, s t e i j e n  k o ‘n c L a la n g  k e = s im in in g  in e r s iy a  h o l a t i .
S te r j e n n in g  q a x a l a y o t g a n  c h e k s i z  k i c h i k  e g i l i s h i d a ,  ( 3 .2 .  6 ) 

in te g r a l  i c h id a g i  y/ f u n k s i y a ,  ( 3 . 1 . 6 )  f o r m u l a d a n  a n iq l a n a c d i .  
3 .6  — c h iz m a d a  b u  f u n k s i y a n i n g  s t e i j e n  k o ‘n d a l a n g  k e s i m i  
b a la n d l ig i  b o ‘y i c h .a  o ‘z g a r i s l i i  g r a f ig i  k e l t i r i l g a n .  G r a f i k  A V S - D  
t ra p e ts iy a .n i  i f o d a l a y d i .

T r a p e t s iy a n in g  y o n  t o m o m l a r i

VS =  y  0 1 +
A / /? ,

1 - (h  <  0);

AD - 1 +
A //3,

1 - ^ -  
W

Y

K o 'r i l a 'y o tg a n  k o ‘n d a l a n g  l c e s im d a  c h e k s i z  k ic h ik  e g r i l ik  d e -  
f o rm a ts iy a  Ax  o ‘z g a r m a s  b o M a d i  v a  m  u s b a t  m i q d o r  d e b  h is» .' '! ; i -  
n a d i .

( 3 .1 .6 )  f o r m u la  b i l a n  i fo d  a l a n u v c t i i ,  y/ f u n k s i y a n i  ( 3 . 2 . 6 )  
i f o d a g a  q o  y ib ,  / ,  -  / ,  ; / ,  b i l d r l i k l a r m i  a n iq l a y m i z .
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B u  ifo d a n in _ g  o ‘n g  t o m o n i d a g i  in te g r a l  k o ‘n d a l a n g  k e s im n -  
in g  m a r k a z iy  y  o ‘q i  b i la n  u s t m a - u s t  t u s h u v c h i  n e y t r a l  o ‘q q a  
n i s b a t a n  s t a t i k .  h o l a t n i  i f o d a la y d i ,  s h u n in g  u c h u n  h a m  b ú  i n ­
t e g r a l  n o lg a  t e n g  v a  / ,  u c h u n  q u y id a g i  f o r m u la n i  h o s i l  q i la m iz .

B u  i f o d a n i n g  o ‘n g  t o m o n i d a g i  b i r i n c h i  i n te g r a l  m a r k a z iy  
o ‘q q a  n i s b a t a n  s t a t i k  h o l a t  b o ‘lg a n i  u c h u n  n o lg a  t e n g ,  ik k in c h i
i n t e g r a l  k o ‘n d - a l a n g  k e s im n in g  in e r s iy a  h o l a t i  / ,  n i  i f o d a la y d i .  

U n d a  / ,  f o z r m u la s in i  q u y id a g i  k o 'r i n i s h d a  y o z a m iz :

C h e k s i z  k i c  h i k  e g r i l ik  d e f o r m a ts iy a  Д /  > 0 . b o ‘lg a n i  u c h u n ,  
/ ,  b i k i r l i k  m u s b a t  m iq d o r  b o ‘la d i .

B u  i f o d a n i n g  o ‘n g  t o m o n i d a g i  b i r i n c h i  i n t e g r a l  k e s im  
y u z ia s in in g  I y in e r s iy a  h o l a t i n i  i f o d a la y d i ,  i k k in c h i  in te g r a l  
k o ‘ n d a l a n g  k e s i m n i n g  y a n g i  g e o m e t r i k  x a r a k t e r i s t i k a s i n i  i f o ­
d a l a y d i  v a  u n i  5  b i la n  b e lg ila y m iz . B u  m iq d o r  k o ‘r in is h  b o 'y ic h a  
y  m a r k a z i y  o c q q a  n i s b a t a n  s ta t ik  h o l a t  k a b i  n o lg a  t e n g  b o ‘la d i .

S h u n d a y  q i l i b ,  â \

Л  =  W o A - (3 .2 .7 )

; d A  = y /0 J ic/A  + -  E t  ) J j 2 dA.
л J

( 3 .2 .8 )
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( 3 .2 .6 ) ,  ( 3 . 2 . 8)  v a  ( 3 . 2 . 9 )  b i k i r l i k  i f o d a l a r i n i  ( 3 .2 .4 )  v a
( 3 .2 .5 )  f o r m u la g a  q o ‘y ib  s t e r j e n n  in g  ix t iy o r iy  k o ‘n d a l a n g  l c e -  
s im id a g i  b o ‘y l a m a  k u c h  n  f o r m u l a s i n i  h o s i l  q i l a m i z .

h  = =  r j y  + —  (v'ü -  £ k )s • (3 .2 .9 )

Д У ^
Л1 =  £0[ i — Д ^ I 2 = £йц/§/4. л (ç/ /0 — E k ) / ^ .

C h e k s iz ;  k i c h i k  A% e g i i l i k k a  n i s b a t a n ,  A /  2 m i q d o r  y u q o r i  
ta r t ib l i  k ic h ik  m iq d  o r  b o ‘l g a n i  u c h u n  e ’t ib o r g a  o l m a y m i z .  U n d a

N  = £ 9i//0 A  = cr0Æ = P0. ( 3 . 2 . 1 0 )
N a t i j a d a ,  Ь о ‘у 1 а т п а  k u c x h  jy  s t e i j e n n i n g  ix t iy o r iy  k o ‘n d a l a n g

k e s m id a ,  s i q u v c h i  k u c h  PQ b i l a n  m u v o z a n a t d a  b o ‘l ib ,  q a r a -
la y o tg a n  m u v o z a n a t  h o l a t d a  k r i t ik  m i q d o r n i  q a b u l  q i l a d i .

(3 .2 .5 )  f o r m u l a d a n  f o y c d a la n ib  c h e k s i z  k i c h ik  e g u v c h i  h o l a t  
i f o d a s in i  A M  y o z a -m iz :

A M  =  s .x  / , - s 0I 2 =  A x + — C^o - £ k )s

— (Vo -  E k )  / , .  = [A x 4 'o l y  ('/'n -  E k )S -  A x (v /0 -  E k ) / , .
&c\ &n

( 3 . 2 . 1 3 )
B u  i f o d a d a  o ‘r t a d a g i  h a c d n i  t a s h l a b  y u b o r i s h  m u m k i n ,  u n d a
A M  =  А /  E k 1 y . ( 3 . 2 . 1 2 )
C h e k s iz  k i c h i k  ic lh k i  e g u v c h i  h o l a t  д а /  s i r tq i  e g u v c h i  h o l a t  

b i la n  m u v o z a n a t d a  b o ‘l a d L
A n iq l ik  k i r i t i s h  u c h u n  e l - a s t ik l ik  с  h e g a r a s i d a n  k e y in  s iq i lg a :n  

s t e i j e n  s h a r n i r l i  t a y a n g a n  b o ‘l s in  d e b  h i s o b l a y m i z  ( 3 . 7 - c h i z -  
m a ) .  S te i je n  u s tu v o r l  ig in i  ( b - i f u r k a t s iy a  h o l a t i d a )  y o ‘q o t i s h  v a q t  -  
id a  c h e k s iz  k i c h i k  s a J q i l i k  f u n k s ï y a s i  h o s i l  b o ‘l a d i .
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-3.6-chizm a. Steijenning  
Jco'ndalang kesim  baland-

3 .7-chizma. M arkaziy siqilgan 
sham irii tayangan steijen.

ligi b o ‘y ic h a  kesuvchi 
m odu ljiing  o'zgarish 

gja fig i.

M i q d o r i  k r i t i k  k u c h  q iy m a t ig a  y e tg a n  s iq u v c h i  P0 k u c h ,
s t e x i j e n n i n g  i x t iy o r iy  *  k e s im id a g i  e g u v c h i  h o l a t n i  P0 Aw  b e -  
r a d i .  ( 3 .2 - 1 0 )  f o r m u la g a  a s o s a n  u s tu v o r l ik  t e n g l a m a s i n i  q u y i d -  
a g 5 c h a  i f o d a l a y m i z :

B u  t e n g l a m a n i  k e l t i r ib  c h iq a r i s h d a ,  e la s t ik l ik  c h e g e r a s id a n  
k e y i n ,  s i q i l g a n  s t e r j e n n i n g  u s t u v o r l i g i n i  y o ‘q o t i s h d a ,  
k o ‘n d a la _ n g  k e s i m  t o l a l a r i d a  ( 3 .1 .6 )  i f o d a d a n  a n i q l a n u v c h i  
k e s u v c h i  m o d u l  q iy m a t i  o ‘z g a ru v c h a n l ik  s h a r t i  e ’t ib o r g a  o l in g a n .  
A g a r  c k i z i q l i  e l a s t i k  m a t e r i a l d a g i  k a b i ,  k e s u v c h i  m o d u l  
q L y m a t i n i  o ‘z g a r m a s  k a t t a l i k  d e b  f a r a z  q i l s a k ,  u n d a  I 2 b ik i r l ik  
n o l g a  t e n g  b o ‘l a d i  va ( 3 .2 .1 1) t e n g la m a  q u y id a g ic h a  i f o d a la n a d i :  

AM =  I ,  =  b x V o  Л-»

v a  u s tü v o r l ik  te n g la m a s i ,  ( 3 .2 .13)ga  o 'x s h a s h  te n g la m a g a  o ‘ta d i .

(3 .2 .1 3 )



( 3 .2 .1 4 )  t e n _ g la m a .d a g i  y/u  k e s u v c h i  m o d u l  m i q d o r i  E k

u r in m a  m o d u l  m i q d o r i d a n  a n c h a  k a t t a ,  s h u n i n g  u c h u n  H a m
b u  t e n g l a m a d a n  a n i q l a n g a n  P0 k r i t i k  k u c h  m i q d o r i ,  u s h b u
q o ‘l l a n m a d a  ( 3 .2 . 1 3 )  t e n g l a m a d a n  a n i q l a n g a n  t e g i s h l i  k r i t i k  
k u c h d a n  k a tta  b o ‘la d i .

E la stik lik  c h e g a r a s i d a n  k e y in  s iq i l g a n  s te i je n la r d a  k r it ik  k u c h n i  
a n iq la s h  u c h u n  E  e l a s t i k l i k  m o d u l d n i  ( E y l e r  u s tu v o r l i k  t e n g -  
l a m a s ig a  k i r u v c h i )  E k u r i n r o a  m o d u l  b i l a n  a l m a s h t i r i s h  l o -  
z im l ig in i  F . E n g e s s e r  1 8 8 9  yMli k o ‘ r s a t g a n  e d i .  L e k i n  t a n i q l i  
o l im la r  T . K a r m a n ,  S t o u e v e l l  v a  b o s h q a  o l i m l a r  t o m o n i d a n  
q i l in g a n  t a n q i d i y  m u l o h a z a l a r , E n g & s s e r  t a k l i f i n in g  t o ‘g ‘r i l i g i g a  
i s h o n c h n i  y o 'q o t a d i .

B u  t a n q i d iy  m u l o b a z a n i n g  m o h d y a t i ,  e l a s t i k l i k  c h e g a r a s i ­
d a n  k e y in  s t e i j e n  u s t u v o r l i g i n i  y o ‘q o t i s h d a ,  y u k s i z l a n i s h  s o -  
h a s id a  u r in m a  m o d u l : n i  e m a s  , b a lk i  o d d i y  e l a s t i k l i k  m o d u . l i n i  
k i r i t i s h  l o z i m l i g in i  k o ‘ r s a t a d i ,  c h u n l d  y u k s i z l a n i s h  M V  o g c m a  
t o ‘g ‘r i  c h iz ig ‘i b o ‘y i c h a  ( 3 . 1 - c h i z m a ) ,  y a ’n i  c h i z i q l i  e l a s t i k  
j i s m d a g i  k u c h l a n i s h  v a  d e f o T m a t s i y a  o r a s i d a g i  b o g ‘l a n i s .h n i  
k o ‘r s a tu v c h i  O A ,  o g ‘m a  t o ‘g ‘r i  c h i z i g ‘ig a  p a r a l l e l  r a v i s h d a  r o ‘y  
b e r a d i .

S h u n d a y  q i l i b ,  E n g e s s e r n i  n g  u r i n m a  m o d u l  n a z a r i y a s i g a  
q a r a t i l g a n  e ’t i r o z l a r  n a t i j a s i  s î i u n i  k o ‘r s a t d i k i ,  e l a s t i k l i k  c  h e -  
g a r a s id a n  k e y in  s t e i j e n l a r  u s t u v o r l i g i  m a t e r i a l i  u c h u n  i k k i -  
m o d u l l i  m o d e l  k i r i t i s h i  lo z im lL g i  q a y d  e t i l d i .  I k k i t a  m o d u l  n i n g  
m a v ju d l ig in i  F . S .  Y a s i n s k i y  l i a m  e ’t i b o r g a  o l i s h  k e r a k l i g i n i  
k o 'r s a t ib  o ‘td i .

O l im la r  t o m o n i d a r a  q i l i n g a n  t a n _ q id iy  m u l o h a z a l a m i  E n ­
g e s s e r  t a n  o ld i  v a  e l a s t i k l i k  c h e g a r a s i d a n  k e y in  s iq i lg a n  ^ e r -  
j e n l a r  u s tu v o r l ik  n a z a r i ^ a s i d a  T . K a r m a n n i n g  ik k im o d u l l i  ; ’ ' i 
t o ‘g ‘ri d e b  h i s o b l a n d i .

L e k in  1 9 4 7 - y i l i  F .K . .S h e n l i  k o n s e = p s iy a s i  c h o p  e t i l d i ,  n g a  
a s o s a n  e l a s t i k l i k  c h e g a r a s i d a n  k e y i n  s i q i l g a n  s t e r j c i m l a r
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L L s tu v o rli  g in i  y o ‘q o t i s h  v a q t id a ,  d o i m i y  y u k l a n i s h  j a r a y o n id a  
v  a  u n i n  g  c h e k s i z  k ic h ik  e g i l i s h id a ,  s t e r j e n  t o ‘l iq  y u k s iz l a n ib  
u l g u r m a ^ d i .  S h u n i n g  u c h u n  b u  s h a r t d a  k o ‘n d a la n g  k e s im d a  
f a q a t  b i t t a  u r i n m a  m o d u l  E k b o ‘l a d i  d e b  h i s o b l a s h  m u m k i n .  
F . R . S h e m l i  k o n s e p s i y a s i  m u a m m o n i ,  F .E n g e s s e r n i n g  d a s t -  
l a b k i  t a k l  if ig a  k e l t i r a d i .  L e k in  y u k s iz la n is h  m u a m m o s i  o c h iq l ig -  
i c h a  q o l a d i .

S h u n d a y  q iL ib , e la s t ik l ik  c h e g a r a s id a n  k e y in  s iq i lg a n  s t e r -  
j e n l a r  u s t u v o r l i k  s o h a s i d a  T . K a r m a n ,  R . S t o u e v e l l ,  
F .S .Y a s i m s k i y  k a b i  s a lo h iy a tl i  o l im la r ,  h a t t o k i  S .P .  T im o s h e n k o  
h a m  c r - e  s i q i l i s h  d i a g r a m m a s i n i n g  k r i t i k  n u q t a s i  M 0 
u s t u v o r l i l m i  y o cq o t is h d a  m u h im  n u q t a  d e b  h i s o b la y d i  v a  M n - 1  
u r i n m a  J 4 0 - 2  u r in m a g a  s i l l iq  o ‘t m a s d a n  s in a d i ,  y a ’n i s t e r j e n  
m a t e r i a l s  q a v a r i s h n i n g  b o s h l a n i s h id a n  o ‘z in i  i k k im o d u l l i  k a b i  
t ^ i t a d i  d ç b  q a r a y d i  ( 3 .8 - c h i z m a ) .

A .A . I l y u s h i n n i n g  k i c h ik  e l a s t i k - p l a s t i k  d e f o r m a t s i y a l a r  
r a a z a r i y a s i  a s o s i d a ,  M 0 n u q t a d a  u r i n m a n i n g  s in is h i  m u m k i n  
e m a s l i n g i n i  n a z a r i y  i s b o t la y m iz .

3 . 3 .  I M a t e r i a l  ik k im o d u ll i  s x e in a g a  b o ‘y s in u v c h i  s iq i l g a n  
s t e i j e n n i n g  e la s t ik l ik  c h e g a r a s id a n  k e y in  u s tu v o r l ig in i

yo‘qotishi
C h e k s i z  k i c h i k  e g ilg a n  s t e r j e n n i n g  ( b i f u r k a t s iy a  h o l a t i d a )  

y u k s i z l a m i s h i  M 0 - 2  t o ‘g ‘ri c h i z i g 'i  b o ‘y i c h a ,  c r - e  s iq i l i s h  
d i a g r a m m a n i n g  O A b o s h l a n g 'i c h  t o ‘g ‘ri c h i z i g ‘ig a  p a r a le l l  r a -  
v i s h d a  r o ‘y  b e r a d i  d e b  h i s o b l a y m iz ,  u n d a  I  - I  u r i n m a n i n g  
o n i y  s i n i s h i  r o ‘y  b e r a d i  (3 .8  c h i z m a ) .

U s t u v o r l i k  m a s a l a s in in g  b u n d a y  q o ‘y i l i s h id a  u n in g  m a te r i a l i  
i k k i m o d u l l i  d e b  h i s o b l a n a d i ,  y u k l a n i s h  q i s m i d a  u n in g  m o d u l i  
_£/; u r i n m a  m o d u l ,  y u k s iz la n is h  q i s m id a  e s a  Y u n g  m o d u l i  e  

b o M ib ,  £  >  E k b o ‘la d i.
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K e s u v c h i  (//, m o d u l  y u k l a n i s h i  q i s m id a  o ld in g i  p a r a g r a f l a r d a g i  
k a b i  ( 3 .1 .6 )  f o r m x i l a d a n  a n i q l - a n a d i ,  y u k s i z l a n i s h  q i s i m d a g i  
k e s u v c h i  i// ,  m o d u l n i  a n i q l a s h  u c h u n  f o r m i i l a d a g i  e  n n o d u l -  
n i E k b i l a n  a l m a s h t i r i s h  l o z i m  .

V i  =  V» 1 + _

T o
C 3 .3 .1 )

M 0 k r i t ik  n u q t a  d a g i  l c e s u v c h  i m o d u l  =  / g a 0 d a n  e l a s t i k -
l ik  m o d u l i  E  k a t t a  b o ‘l g a n i  u c h u n  y /2 k e s u v c h i  m o d u l  y/ 0 

m o d u ld a n  k i c h i k  b o ‘l a d i  v a  d e r n a k  i k k i m o d u l l i  m a t e r i a l  k e ­
s u v c h i  m o d u l i  y u k s i z l a n i s h  q i s m i d a  h a m  y u k l a n i s h  q i s m i d a g i  
k a b i  k a m a y a d i  ( 3 . 9 -  c h i z m a ) .

3.8-chizma. Siqilgan 
steijen ikkimodulli mate­

rial'i diagrammasi-

_3.9-chizma. K esuvchi m oduD ar 
grafigining o ‘zgarishi.

Y u q o r id a ,  M 0 - l  t o ‘g  ‘ ri c h i z i q n i n g  M 0 -  2  h o l a t i g a  s i l l iq

o ‘t i s h i d a ,  y u k s i z l a n i s h  q i s m i d a  k e s u v c h i  m o d u l  V'o m o ­
d u l d a n  k a tta  e k a n l i g i  k o ‘ r s a t i lg a _ n  e d i  ( 3 . 6 - c h i z m a ) .

( 3 .1 . 6 )  v a  ( 3 .3 .  1 ) f o T m u l a l a r d a n  a n i q l a n u v c h i  V \  v a
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y /2 k e s u v c l i i  m o d u l l l a r n i  a n iq l a s h d a  c h e k s i z  k i c h i k  e g i l is h

K e y i n g i  a m a l l a m i  b a ja r i s h  u c h u n  y /2 i f o d a s in i  q o ‘y id a g i  
k o ‘r i m i s h d a  y o z ib  o l i s h  m a q s a d g a  m u v o f ïq d i r .

B u  y e r d a  E' = E -  Ek.

/ ,  ; / 2 ; / 3 b ik i r l i k  i f o d a la r in i  a n iq la y m iz .  K o ‘r i I a y o tg a n  h o -  
la td a -  ik k ir rk o d u l li  m a te r i a l  k o ‘n d a la n g  k e s im  n e y tr a l  o ‘q i m a r k a -  
z iy  y t o ‘q  b i l a n  u s tm a - u s t  t u s h m a y d i ,  u n d a  i//, v a  y /2 k e s u v c h i  
m o d  u l l a r  t u r l i  x il  b o g ‘l a n i s h la r d a n  a n iq l a n a d i  ( 3 .9 - c h i z m a ) .

B ik i r l ik l  a r  i f o d a la r in i  s o h a la r  b o ‘y ic h a  a lo h id a  y o z is h g a  t o ‘g ‘ri 
k e l a d i .

B -u  i f o d a n i n g  o ‘n g  t o m o n i d a g i  b i r i n c h i  i n té g r a l  k o ‘n d a la n g  
k e s i m n i n g  m a r k a z iy  o ‘q i  b i l a n  u s tm a - u s t  t u s h m a y d ig a n  n e y t ­
r a l  o ‘q q a  i n i s b a t a n  s ta t ik  h o l a t i  n o lg a  t e n g  b o ‘l ib ,  u n i  S b i la n  
i f o d ^ la y r r L iz .

I l c k i n c h i  i n t e g r a l  e s a  k o ‘n d a la n g  k e s im  i k k in c h i  p a s tk i  q i s -  
m i n  in g  n e s y te r a l  o ‘q q a  n i s b a ta n  s ta t ik  h o la t in i  i f o d a la y d i  v a  u n i  
S2 b i l a n  b e l g i l a y m i z  ( 3 .9 - c h i z m a ) .

dx

(3 .3 .2 )

y o k i
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S2 = Jz 'd A .
( 3 . 3 . 3 >

/ .  b i k i r l i k  f o r m u l a s !  q u y i d a g i  k o ‘ r i n i s h d a  i f o d a l a n a d i .

/ ,  = щ Л  + ^  (V o  -  E k )S  ~ ^ E ' S 2..
£ 0 ^ 0

/ ,  b ik i r l ik  j f o d a s i n i  c q u y id a g i  k o ‘r i n i s h d a  y o z a m i z .

( 3 .3 .4 )

L  = \ v z dA^/ >„  f I : d A  + i//„ f I + — : f l - — )
, I  £<i l </л, JJ ,i!L £« к v»)_

y o k i

; J A  — —  £ ’ fz 2dA. 
£, J

— ) :  dA - ^ - E  * \ z ’-dA=4/  J z d A  + ̂ -  (</'.. -  E M z 'd A  - ^ - E '  Í. 
i, V'.JJ í„ ,J  , J

r;e/,4.

B u  i f o d a n i n g  o ‘n g  t o m o  n i d a g i  b i r i n c h i  i n t e g r a l ,  y u q o r i d a  
a y t i lg a n id e k ,  k o ‘ n d a l a n g  k e  s i m n i n g  n e y t r a l  o ‘q q a  n  i s b a t a n  S  
s ta t ik  h o l a t i n i  i f o d a l a y d i ;  i k lk in c h i  i n t e g r a l  k o ‘n d a l a : n g  k e s i m -
n in g  n e y tr a l  o ‘q q a  n isb a _ ta n  ¥ v in e r s iy a  h o l a t i n i  i f o d a l a y d i ;  u c h -  
i n c h i  i n t e g r a l  k o “ n d a l a  n g  k e s i m n i n g  p a s tk i  ( i k k i n c h i )  q i s m i -  
n in g  i n e i s iy a  h o l a t i n i  i f o d a l a y d i  v a  u n i  Æ, b i la n  b e l g i l a y m i z .

B 2 =  ^z~dA.
A\

I 2 b ik i r l ik  u c h u n  q u y i d a g i  f o r m u l a n i  o l a m i z .

I г = ^  +  —  (v'« -  E k ) ¥ v -  ^  E ' B 2.

/3 b ik i r l i k  u c h u n  q u y i d a g  i i f o d a n i  y o z a m i z .

/ .  = Ji// : dA =<//„ J I + — — — j z : dA + 1//,, J 

= 1//. jr-cM+ — (i/Л, -  £ j f z ' d . 4 - = ^ - E . '  Jr!dA.
.1 I M

( 3 .3 .5 )

( 3 .3 .6 )

r ; d A -  —  E '  fz  'dA-- 
E-.. ,J

B u  f o r m u la n i n g  o ‘n g  L o m o  n d a g i  b i r i n c h i  in te g r a l  k o ‘n d a l a n g
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k e s i m n i n g  n e u r a l  o ‘q q a  n i s b a ta n  I v in e r s iy a  h o l a t in i  i f o d a la y -
d i ; .  ik k im ic h i v a  u c h i n c h i  in te g r a l la r  k o ‘n d a la n g  k e s im n in g  y a n g i  
g e o m e t r i k  x a r a k t e r i s t i k l a r i n i  i f o d a la y d i ,  u  te k is  k e s im n in g  ? 
o ‘q i g a  n i s b a t a n  o l in g a n  in e r s iy a  h o la t ig a  q a ra g a n d a  a n c h a  y u q o r i  
t a i t i b l i  b o ‘l a d i .

K o ‘E i d a l a n g  k e s im n in g  y a n g i  g e o m e t r i k  x a r a k t e r s t ik a la r in i  
q u y i d a g i c h a  b e lg i l a y r n i z :

C =  f z :' d € .  C2 = j z :'d A .
.-I-,

( 3 .3 .7 )

I 3 t> ik i r l ik  f o r m u l a s i n i  q u y id a g ic h a  y o z a m iz :

' 3 =  V 'o A  ■+-— ( ^ 0 - ^ ) C - — E ’C2. ( 3 . 3 .8 )

C h & k s iz - l c i c h i k  i c h k i  e g u v c h i  h o l a t in i  a n iq la s h  u c h u n  (3 .2 .5 )  
a s o s i y  t e n g l a  m a s i n i  q u y id a g ic h a  i f o d a la y m iz :

A M  = - A % I 3 +  £ 0f : — —A / v j y  +  —  (y'o -  Ek ] C -  —  EkC2

y,0S + - ± { v o - E k)[y — ± E ' B 2 

y o k  i

A M  =  - A  rJ E t I }. + e ^ S  -  ^ - [ ( < / / 0 - E t ) C -  E 'C t ] -  AXE 'B 2.
£ 0

( 3 .3 .9 )
K o ^ n d a l a  n g  k e s im n in g  n e y t r a l  o ‘q q a  n i s b a t a n  S S ta tik  h o l a t i  

k a t t a  “b o i g a n i  u c h u n  h a m  ( 3 .3 .9 )  f o r m u la n i n g  o ‘n g  t o m o n i -
d -a g i  c 0(f/0S  h a d  h a m  k a t t a  b o ‘la d i .  U n d a  ( 3 .3 .9 )  t e n g l a m a n i n g
m a v j u d  b o ‘I i s h i  m u m k i n  e m a s ,  d e m a k  b u  t e n g l a m a n i n g  q o l -  
g . a n  h _ a d la r i  c h e k s i z  k ic h ik d i r .  S h u n i n g  u c h u n  h a m  5  S ta tik  
h o l a t n i  c h e lk s i z  k i c h ik  d e b  h i s o b l a s h  lo z im ,  y a ’n i  k e s im n in g
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n e y tr a l  у  o ‘q i m a  r k a z iy  _y, o ‘q  b i l a n  u s t m a - u s t  t u s h a d i  ( 3 . 9 -  
c h iz m a ) .

D e m a k ,  s i q i l i s h  d i a g r a  m m a s i d a g i  ( 3 .8 - c h i z i n a )  M0 n u q t a  
m u h im  n u q ta  e m a s  v a  y _  j  u r in m a  y u k la n is h  1 q i s m i d a  v a  y u k -  
s iz la n is h  II  q i s m i d a  h a m  u m u m i y  f c o ‘l ib  q o l a d i  ( 3 . 9 - c h i z m a ) .  
B u n d a y h o l a t  m a t e r i a l  f a q ia t  b i t t a  £ k m o d u l l i  d e b  q a r a l g a n d a  
b o ‘ l is h i  m u m k in .

B u  x n lo s a g a ,  b o ly l a m a  k u c h  №  i f o d a s i  ( 3 .2 . 4 ) n i  i k k i m o -  
d u l l i  m a te r i a l  s h a r t i g a  q a r a b  h a m  l c o ‘r is h  m u m k i n .

( 3 .3 .4 )  v a  ( 3 . 3 . ^ )  b ik i r l l ik  i f o d a s i n i  ( 3 .2 .4 )  i f o d a g a  q o c y ib  
q u y id a g in i  h o s i l  q i l a m i z .

B u  i f o d a n in g  o ‘ n g  t o m o n i d a g i  b i r i n c h i  h a d  s 0i//0A = crc A
s i r tq i  P  s iq u v c h i  k u c h g a  t e n g  v a  u  b  i l a n  m u v o z a n a t d a  b o ‘la < l i ,  
o x irg i h a d i  b o s h q a  l i a d l a rg a  n i s b a t a n  c h e k s iz  k i c h i k  m i q d o r n i n g  
y u q o r i  t a i t i b l i s i  b o ‘3 g a n i  u c  h u n  u n i  t a s h l a b  y u b o r i s h  m u m k i n ,

N = во/, -  Axh. =  4'o-A + —  (^o -  Ek )S -  E 'S 2
s t

- A x  ¥ o S ^ ^ { y , 0 - E k ) l y - ^ E k B 2 .
v r  0  к r  v  

*0 *0

y o k i

/V =  e%VoA ~ ^ { E kS  +  E ' S 2 ) - ^ [ ( v / 0 -  Ek К  -  E ' B 2 J ( 3 . 3 . j 0 )

o ‘r ta  h a d *  +  E  $2  ) m u v o z a n a t  s h a r t ig a  a s o s a n  n o lg a  te  n g

b o 'l i s h i  k e ra k .
B u  s h a r t  b a j a r i l i s h i  m u m k i n ,  a g a r
5 = 0; E' = E -  Ek =  0. ( 3 o . l  1)
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b o ‘l g a n d a .

B - ir in c h i  s h a r t  k o ‘n d a la n g  k e s im n in g  n e y t r a l  y  o ‘q i m a r k a -  
z iy  t ,  o ‘q  b i l a n  u s t m a - u s t  t u s h g a n d a  b a ja r i l a d i .  I k k in e h i  s h a r t ,  
s t e r j e n n i n g  c h e k s i z  k i c h i k  e g i l i s h i d a ,  b i f u r k a t s i y a n i n g  
b o s h l a n g ‘i c h  b o s q ie h id a g i  m u v o z a n a t  h o l a t i n i n g  y u k s iz l a n i -
s h i - < la  k o ‘n d a l a n g  k e s im d a  f a q a t  E k u r i n m a  m o d u l  b o M g a n d a  
b a ja - r i la d i .

3 . 4 .  E l a s t i l d i k  c h e g a r a s id a n  k e y in  s iq i lg a n  s t e i j e n d a g i  k r i t i k  
■ o ic h l a n is h l a r  v a  k r i t ik  d e f o r m a t s iy a l a r

S t e i j e n  c -h e k s iz  k ic h ik  e g i lg a n d a  k r i t ik  k u c h  P0 m iq d o r in i
a n i q l a s h d a  ( 3 .2 .1 3 )  u s tu v o r l ik  t e n g l a m a s i  a s o s iy  h i s o b l a n a d i .

B u  t e n g l a m a  k o ‘r in i s h  b o 'y i c h a  E y le r n in g  u s tu v o r l ik  t e n g l a -  
m a s i g a  t o ‘l i g ‘i c h a  m o s  k e la d i .

B u  t e n g l  a m a n i  i n te g r a l la s h  m a t e r i a l l a r  q a r s h i l ig i  k u r s id a n  
j u d a  y a x s h i  m a ’lu m .  S te i je n  u c h la r in in g  m u s t a h k a m la n i s h in in g  
a s o s i y  t u r l a r i n i  e ’t ib o r g a  o l ib ,  k r i t ik  k u c h  m iq d o r i  q u y id a g i  
u n r u m i y  f o r m u l a  b i l a n  i f o d a la n a d i .

x 2e J v

' » ' W  ( 3 A 1 >

E y l e r  f o r r n u l a s i d a  u r in m a  m o d u l  E k o ‘m i d a  d o im iy  b o ‘lg a n
k a t l a l i k  E  e la s t ik l ik  m o d u l i  t u r a d i .  S iq u v c h i  k u c h n i n g  P0

o ‘z _ g a rish i b i l a n  o ‘z g a r u v c h i  E k u r i n m a  m o d u l  q u y id a g i  f o r -  
m u d a d a n  a n i q l a n a d i :

e ,  = ^ k ) .  ( 3 4 2 )
a s

f c u  y e r d a  $>(£:) e la s t ik l ik  c h e g a r a s id a n  k e y in  s t e i j e n n i n g  s i -
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q i l i s h id a  er k u c h l a n i s h  b i la n  e  d e F o r m a ts iy ^ a  o r a s id a g i  m u n o -  
s a b a tn i  i f o d a l o v c h i  fu n T < siy acd ir .

c r = o ( e )  - ( 3 .4 .3 )
(3 .4 .3 )  f u n k s i y a  m a t e r i a l  r a a m u n - a s in i  s i q i s h d a  h o s i l  q i l i n g a n  

c r-£  d i a g r a m m a  x a r a k t e r i  o r q a l i  t o ‘l iq  a n i q l a n a d i .
( 3 .4 .1 )  f o r m u l a n i n g  o ‘n .g  v a  c h a p  t o m o n i l a r i n i  s t e r j e n  

k o ‘n d a la n g  k e s i m  y u z a s i  A S a  b o ‘l ib ,  k r i t ik  k u c h l a n i s h  i f o d a -  
s in i  h o s il  q i l a m i z r

n 1 Ek
a o = “ f T ~ -  ( 3 .4 .4 )

B u  y e r d a  A b i l a n  s t e i j e  n n i n g  e g i l u v c h a n l i g i  b e l g i l a n g a n  
b o ‘l ib ,  ii q u y i d a g i  m a ’l u m  t > o ‘l g a n  b o g ‘l a n i s h d a n  a n i q l a n a d i .

f t i

L
>...  (3 .4 .5)

b u  y e r d a  n  — m a h k a m l a m i s h  s h a r t l a r i g a b o g ‘l iq  b o ‘L g a n  k o -  
e f f i ts ie n t ;  / min — k o ‘n d a  l a n g  k e s i m n i n g  m i n i m a l  i n e r s i y a  h o l a t i  
r a d iu s i  h i s o b l a n a d i .

K r i t ik  k u c h  P0 m iq d  o r i n i  v a  k r i t i k  k u c h l a n i s h n i  a 0 ( 3 .4 .1 ) ,
( 3 .4 .3 )  va ( 3 .4 .4 )  f o r m u l a l a r  a s o s i  d a  a n i q l a s h  q u y i d a g i  t e n g -  
l a m a d a n  d e f o r m a t s iy a i m i  a n i q l a s h g a  o l ib  k e l a d i .

<D(g)_  n l

~  ^  ( 3 .4 .6 )
de

B iz g a  m a ’l u m l c i ,  c h i z i q l i  e l a s t i k  j i s m l a r d a ,  k r i t i k  d e  f o r m a t -  
s iy a  b a r c h a  m a t e r i a l l a r  * i c h u n  d o i m i y  v a  u  q u y i d a g i g a  t e n g :

2

* *  =  f r -  ( 3 -4 .7 )

E la s t ik l ik  c h e g a r a s ic L a n  k e y i n  s i q i l g a n  s t e i j e n  u s t u v o r l i g i n i
45



y o ‘q o t i s h d - a  k r i t ik  d e fo r m a ts iy a  (3 .4 .6 )  n o c h iz iq  a lg e b r a ik  t e n g -  
l a m a l a r d a a i  a n iq l a n a d i .

K r i t i k  d e f o r m a t s i y a  b i l a n  s t e r j e n  e g i lu v c h a n l ig i  o r a s id a g i  
b o g ‘3 a n ish _  g r a f ig in i  y a s a s h  u c h u n  ( 3 .4 .6 )  f o r m u la d a n  o l in g a n  
q u y i d a g i  m u n o s a b a t d a n  f o y d a l a n is h  q u la y l ik  t u g 'd i r a d i .

2 d<&

l ' - J — â !L  ( 3 .4 .8 )
<D (£)

( 3 . 4 . 8 )  f o r m u l a d a n  s t e r j e n  x  e g i l u v c h a n l i g in i  a n i q l a s h  
u c h u n  £0 I k r i t ik  d e f o r m a t s iy a  m iq d o r in i  b e r i s h  m a q s a d g a  r a u -  
v o f iq |d i r .

3 .5 .  P o ‘l a t  s t e r j e n n in g  c h iz iq l i  p u x t a l a n i s h id a  k r i t i k  
d e f o r m a t s iy a  v a  k r i t i k  k u c h la n i s h la r

E L a s t ik ld k  c h e g a r a s id a n  k e y in  m a t e r i a l i  c h iz iq l i  p u x t a l a -  
n i s h g a  b o c y s in u v c h i  p o : la t  s t e i j e n n i n g  u s tu v o r l ik  m a s a l a s in i  
k o ‘ri~b c h i q a m i z .  f

P o ‘l a t  s t e i j e n  u c h u n  s iq i l is h  d i a g r a m m a s i n i n g  b o s h la n i s h  
q i s m  i, c h o 'z i l i s h  d ia g r a m m a s i  b i l a n  d e y a r l i  m o s  k e la d i ,  k e -  
y i n c h a l i k  d e f o r m a t s i y a n i n g  o ‘s ish i b i la n ,  c h o ‘z i l is h  d i a g r a m ­
m a s i  b i r o z  y u q o r i d a j o y l a s h a d i .

Q a r a l a y o t g a n  m a s a l a n i  q iy in l a s h t i r i b  y u b o r m a s l ik  m a q s a -  
d i d a „  c h o ‘z i l i s h  d ia g r a m m a s i  b i la n  s iq i l is h  d i a g r a m m a s i  m u s -  
t a h k a m l i k  c h e g a r s ig a c h a  t o i i q  m o s  k e ls in  d e b  q a b u l  q i la m iz .

P o ‘l a t d a n  y a s a lg a n  n a m u n a n i n g  c h o 'z i l i s h d a g i  t a x m in iy  d i ­
a g r a m m a s i  3 .1 0 - c h i z m a d a  u z iq l i  c h i z i q b i l a n  k o ‘r s a t i lg a n  [4 1 ].

D i a g r i m m a n i n g  A V  u c h a s tk a s in i  c h iz iq l i  p u x t a l a n i s h  d i a g -  
r a m m a s i  b > ila n , y a ’ni q iy a  t o ‘g ‘ri c h iz iq  b i l a n  a lm a s h t i r i s a k ,  
p u x t a l a n i s h  m o d u l i  v o k i u r in m a  m o d u l  q iy m a ti  q u y id a g ig a  te n g  
b o ' l a d i .

46



E* -  tgß  -  — 14201 k g / s m 2

A V c h iz ig ‘i s iq i l is h  d i a g r a m m a s i n i n g A v a V n u q t a l a r d a p a s t k i  
v a  y u q o r ig i  q i s m l a r i  l ) i l a n  t u t a s h i s h  i d a  s in a d i ,  s h u n i n g  u c h u n  
b u  n u q t a l a r n i n g  s il l i  q  t u t a s h i s h i n i  t a ’m i n l o v c h i  a y la n a  y o y i  
c h iz iq la r in i  q u r a m i z .

3 .  I O - c h iz m a .  Q u r i f i s h  
p o 'la ti m a ter ia lin in g  c h o 'z f l is h  
— siq ilish  d ia g ra m m a si.

er =0,001
-r-

8 j =0.170
- _ i

3. J l - c h iz m a .  O U c h a m siz  k o o r d i -  
n a t l a t r  s i s t e m a s i d a  s t e r j e m n i n g  
c h o 'z z lis h  — s iq ilish  d ia g r a m m a s i.

S h u  m a q s a d d a  <j v e r t i k a l  o ‘q n i  (p = a / < j r b i r l i k s i z  o ‘q  b i l a n  
a lm a s h t i r a m iz ,  b u n d a  o q u v c h a n l i k  c h e g a r a s i  ( 3 . 1 1 - c h i z m a )  
er, b o ‘la d i .

3 .12-ch izrn a . Q iy a  to  ‘g  ‘H  c h iz iq — 
ning s illiq  o  ‘tish g ra fig i.
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3 .1 2 - c h i - z m a d a  O A o g ‘m a t o ‘g ‘ri c h iz iq n in g  A V  o g ‘m a  t o ‘g 'r i  
c h i z i q q a  1 - 2  a y l a n a  y o y i b i la n  silLiq o ‘t i s h i  k o ‘r s a t i lg a n .

¿coy k ó o r d i n a t a  s i s te m a s id a  jo y la s h g a n  a y la n a  t e n g la m a s i .
j c 2 + / - r 2 = 0 .  ( 3 .5 .1 )

A y l a n a d a  j o y l a s h g a n  1 v a  2  n u q t a l a r  or, v a  or, b u r c h a k l a r  
b ila _ n  x a r a k t e r l a n a d i ,  b u  n u q t a l a r  u r in m a s i  t a n g e n s l a r in i  q u y -  
i d a g i c h a  a n i q l a b  o la m iz .

t g a ,  = Æ , =  —  = =  1000;
' € ;  0 ,001

(or, = 98,94°)

с- <P üj,-<P r  1,143¿ga-, = £ , = —-------- = --------= 6,7633;
- *Я/1- * г 0.169

(or2 = 8 1 , 6 ° )

T ^ u q ta L a r  k o o r d i n a t a l a r i
/•£, 1000л

V* + £,: Vl + I ООО2
=  - 0 .9 9 9 9 9 9 9 5 /- ;

У, = Г — = 0.99999995 IO"3/'. (3 .5 .2 )
VI + - £ f  VI + I ООО2

x ,  = ----- = -  6 ’7633r =  -0,989925/-;
■VI+ ^2 Vl + 6 ,76332

i d ^ = 0M 6 2 1 r- <3-5-3) 
л ,  .y k o o r d i n a t a l a r  s i s t e m a s id a n  k o o r d i n a t a l a r  s i s t e -  

m _ a s ig a  o  ‘t a m iz .
X =  х, +  (гг -  ^  ; (x, < 0 )  (x < O),

V =  >••, + ( ^ - ç > r ) ( 3 .5 .4 )
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(3 .5 .4 )  b o g ‘l a n i s h n i  e ’t i b o r g a  o l i b ,  ( 3 .5 .1 )  a y l a n a  t e n g l a -  
m a s in i  q u y íd a g i  k_o‘r i n i s h d a  y o z a m . i z .

9 2" A<Pr ~y>)<P + £ 2~  2(sr — x{)e +
+ (p].-2(pr)\ + e ; - 2e ,x ,  =C . (3 .5 .5)
B u  t e n g l a m a d a n  cp d a n  e  b o ‘y i ^ h a  o l in g a n  b i r i n c h i  h o s i l a ,  

1 -2  y o y d a g í  u r i n m a n i n g  q i y a l i k  b u  r c h á g i n i  b e r a d i  ( 3 . 1 2 - c h k -  
m a ) .

ckf _ C - ( s , - - . T . )

dz 9 ~(¡pr -  jy,)
(3 .5 .6 )  f o r m u l a n i  ( 3 .5 .4 )  i f o d a ^ a  q o ‘y ib ,  q u y i d a g i n i  h o s i l  

q i la m iz .
dcp x dy

( 3 ' 5 7 )

(3 .5 .2 )  i f o d a n i  n g  m . i q d o r i d a n  l c o ‘r i n a d i k i ,  1 - 2  y o y d a  y o -  
t u v c h i  1 n u q t a n i n g  k o o r d i n a t a l a r i  « q u y id a g ig a  t e n g  b o ‘l a d i .

y { =  O . 3 . 5 . 8 )

1 - 2  y o y n i  q u r i s h  u c  h u n  a l l a n a  r a d iu s i  r  m í q d o r i n i  q a b u l  
q i l i s h  lo 2Í m  ( 3 .1 2  - c h i z  m a ) .  R a d i u s  r  =  - e r = 0,001  d e b  q a b u l  
q i la m iz ,  u n d a  (3 . 5 .5 )  v a  ( 3 . 5 . 6 )  t e  n g l a m a l a r  s o d d a l a s h a < i i  v a  
q u y id a g i  k o ‘ r in i s h  g a  e g a  b o i a d i  (<p j  = 1 ).

q r  - I t p - h s 2 - 4 - e r e +  3e¡ + 1 =  0. ( 3 . 5 . 9 )

da> s  -  2e ,  x
~j~ = - - - - - - - - p  = — ‘  (3 .1 5 .1 0 )de < p - \  y  v '
c= < y. ;(p v e r t i l c a l  o ‘cqc o ‘ t i b ,  1 - 2  y o y  u c h u n  ( 3 .5 .1 0 )  f o r ­

m u la d a  n q u y i d a g i n i  h o  q i l a m i z :
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cda _ s -  2 s T
ar = — a r.

x
( 3 . 5 . 1 1 )

c d s  CP -  1

b u n - d a
( 3 .5 .1 2 )

1 -2  y o y  ti r a i g a n ,  1 -3  u c h a s t k a n in g  u z u n l ig in i  a n iq l a y m iz  
• ( 3 . 1 2 - c h i z m a ) .

x 2 — a-, =  -0 .98925c- ,-  +  c T =  0 . 0 ] 0 8 £ A.

( 3 . 5 . 3 )  v a  ( 3 .5 .8 )  i f o d a la r g a  a s o s a n  y o y n in g  b a la n d l ig in i  
t o p a m i z .

y  2 — v, =  0 ,1 4 6 3 c , .

3 . 1 3 - c h i z m a d a  k e l t i r i lg a n id e k  1 -2  y o y n i  5 ta  t e n g  u c h a s tk a g a  
" b o 'l a n n i z .  3  .1 j a d v a l d a  1, 4 , 5 , 6 , 7 , 2  n u q ta l a r d a g i  u r u n m a  
q i y a l i k  b u r c h a g i  t a n g e n s i  k e l t i r i lg a n .

3 .1  j a d v a l n i n g  o x irg i  u s tu n d a  3.11 - c h i z m a d a  k e lt ir i lg a n  cr -  c  
c h i z i q l i  p u x L ta la n is h d a  tu ta s h t i r i s h  y o y n in g  u r in m a  m o d u l  m iq -  
■dori k e l t i r i l  g a n .

B u  m iq d  o r l a r  q u y id a g i  f o r m u la  a s o s id a  a n iq l a n g a n .
d a  „  d a
-------=  A,. = -------£T,.
d e  d s

3 . 1 3 - c h i z m a d a  k e l t i r i lg a n  1 -2  t u t a s h t i r i s h  y o y i b a la n d l ig i  
c r - e  d i a g r a m m a s i g a  q o l l a s h d a  2 1 0 0  m a r t a  o r t t i r i l g a n  b o ‘l is h i  
l o z i m ,  y a ’n  i 0 .1 4 6 3 -0 ,0 0 1 -  2 1 0 0  = 3 ,07  k g / s m 2g a  t e n g  b o ‘la d i  v a  
3 .1 3 - c h i z r r L a d a g i  g o r iz o n ta l  m a s s h t a b  o 'z g a r m a s d a n  q o la d i .

A V  q iy a  t o ‘g ‘ri c h iz iq n i  V  n u q ta d a g i  g o r i z o n t a l  u r in m a  b i la n  
t u t a s h  t i r u v c h i  y o y n i  q u r a m i z ,  b u  3 .1 4 - c h i z m a d a  k c ^ r s a t i lg a n
r = s r r a d im is li  a y l a n a d a  j o y l a s h g a n  2 , 3 , 4 ,  5 , 6 , V  y o y d ir .
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3 . 1  j a d v a l

N nuqta -  -'V M r* /  £ ,

1 0,9999995 0 ,9999995-■  0 3 10 0 0 2100000
4 0 ,99784 0 ,0 6 5 6 9 15,1901 31 899
5 0,99568 0 ,0 9 2 8 5 10 ,7235 22519
6 0,993 52 0 ,1 1 3 6 6 8 ,7 4 1 2 18 357
7 0,991 35 0 ,1 3 3 1 7 7 ,5 5 7 8 15871

2 0,989 25 0 ,1 4 6 2 7 6 ,7 6 3 2 14201

3.2  ja d v a ld a  2 , З э  4 ,  5 ,  6 , V  n u q t a l a r d a g i  u r u n m a  q iy a _ lik  
b u i c h a k la r  t a n g e n s i  k e l t i  r i lg a n  .

3 .2  j a d v a l n in g  o x d r g i  a s t u n i d a  h a q i  q iy  ( 3 . 1 0 - c h i z m a )  s i q i -  
lish  d i a g r a m m a n i n g  V  n  u q t a s i n i  t u t a s h t i r u v c h i  y o y  u r i n r n a  
m o d u l  m iq d o r i  k e l t i r i l g a n  .

3 .2  j a d v a l
N nuqta A ,
1 0 ,9 8 9 2 5 0 ,1 4 6 2 7 6 ,7632 14201
4 0,791-4 0 ,6 1 1 3 1 ,2946 2719
5 0 ,5 9 3 6 0 ,8 0 4 8 0 ,7375 1549
6 0 ,3 9 5 7 0 ,9 1 8 4 0 ,6 4 3 0 8 905
7 0 ,1 9 7 9 0 ,9 8 0 2 0 ,2 0 1 8 424

2 0 1 0 0

M a te r ia l i  c h i z i q l i  p u x t  a l a n i s h g a  b o ‘y s in u v c h i  s t e r j e n n i r i g  
e g i lu v c h a n l ig i  v a  k r i t  ik  d e : f o r m a . t s i y a n i  b o g M o v c h i  ( 3 .4 .8 )  f o r ­
m u la  e la s t ik l ik  c h e g - a r a s i d a n  k e y i n  k i i t i k  k u c h l a n i s h  o r q a l i  
q u y id a g ic h a  y o z i l a d i .



B u n d a  k u c h l a n i s h  <т b i l a n  d e f o r m a t s i y a  e  o r a s i d a g i  
b o g ‘l  a n i s h  3 .1 0  - c h i z m a g a  m u v o f iq  q u y id a g i c h a  i f o d a la n a d i .

cr = Ф ( е )  = c r r + ( s - £T )tgß.  ( 3 .5 .1 4 )

c r - e  s i q i l i s h  d i a g r a m m a s in in g  ( 3 .1 0 - c h i z m a )  A V  c h iz iq l i  
p u x t a l a n d s h  u c h a s t k a s id a  ( 3 .4 .8 )  v a  ( 3 .5 .1 3 )  f o r m u la l a r  y o r -  
d a m i d a  l c r i t ik  d e f o r m a t s iy a  m iq d o r in i  a n iq la y m iz .  B u  u c h a s tk a d a  
u r i n m a  m o d u l  d o im iy  v a  t gß=  14201 k g / s m 2 g a  te n g .

S i q i l i s h  d i a g r a m m a s i d a g i  «с =  3 ,001  v a  s  = 0 . 0 0 1 1  d e f o r m a t  - 
s i y a l a r  о  r a s i d a  o ‘t is h  y o y i m a v ju d ,  u  b o ‘y la b  д  e g i lu v c h a n l ik  
9 9 ,  3 0  d a n  ( 3 -  1 0 - c h i z m a d a g i  O A  t o ‘g ‘r i c h iz i q l i  e la s t ik l ik  
u c h i a s t k a s i n i n g  o x ir ig a  t o ‘g ‘ri k e la d i )  8 ,1 7  g a c h a  o ‘z g a r a d i  ( c h i ­
z i q l i  p u x i t a l a n i s h  u c h a s tk a s in in g  b o s h la n is h  n u q ta s i  A  n u q t a d a n  
£  =  0 , 0 0 1 1  m a s o f a d a  j o y la s h g a n  n u q ta s ig a  t o ‘g ‘ ri k e la d i ) .

S i q i l i s h  d i a g r a m m a s i n i n g  e  =  0.169 v a  *c =  0 ,l 70  d e f o r m a t - 
s i y a l a r  o r a s i d a  o ‘t is h  y o y i b o ‘lib , p u x t a l a n i s h  u c h a s tk a s id a g i
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A V  t o ‘g ‘ri c h i z i q n i  V  n u q t a d a g i  g o r i  z o n t a l  u r i n m a  b i l a n  t u -  
t a s h t i r a d i .

3.3 va 3 .4  j a d v a l l a r d a  e g i l u v c h a n l i l c  m iq d o r i  v a  u n g a  t o ‘g ‘ri 
k e lu v c h i  k r i t ik  k u c h l a n i s h  va  k r i t i k  d e f o r m a t s i y a  t u t a s h t i r i s h  y o y i  
b o ‘y ic h a  k e l t i r i lg a n .

3 .3 . j a d v a l

Ç a E k Л  1 ¡ n l Л

0,00100 2100 210 0 Ю00 1 000 9 9 ,3 5
0,001022 2100,1 3 1 8 9 5 1 5 ,1 9 0 1 2 ,2 4
0 ,0 0 1 0 4 3 2100,2 2 2 5 1 9 1 0 ,7 2 3 1 0 ,2 9
0 ,001065 2100,2 1 8 3 5 7 8 ,741 9 ,2 9
0 ,0 0 1 0 8 6 2 1 0 0 ,3 1 5 8 7 1 7 ,5 5 8 8 ,6 4
0 ,01108 2 1 0 0 ,3 1 4201 6 ,7 6 3 8 ,1 7

3 .4 . j a d  va l

tr4
¡1 E ‘

X 2 ! я 2 A

0 ,1 6 9 0 4 4 8 6 I 14201 3, 166 5 ,5 9
0 ,1 6 9 2 0 4 4 8 9 1 2 7 1 9 0 , 6 0 6 2 ,4 5
0 ,1 6 9 4 0 4 4 9 1 1549 0, 34 5 1 ,85
0 ,1 6 9 5 9 4 4 9 4 905 0 ,2 0 1 1,41
0 ,1 6 9 7 9 4 4 9 7 4 2 4 0 ,C 9 4 0 ,9 7
0 ,1 7 0 4 5 0 0 0 0 0

B u  h is o b la r  c l i i z iq l i  p u x t a l a n i s h  q o n i i n i g a  a s o s l a n g a n  e r - e r  
s iq i l is h  d i a g r a m m a s i  h a q ic j iy  d i a g r a m m a  e m a s l ig i  k o ‘ r s a ta d i .

H a q iq iy  d i a g r a m m a g a  y a q in  ~ b o ‘ l g a n  d i a g r a m m a  o ‘z i n i n g  
o ‘z g a r i s h  s o h a s i d a  b i t t a  t e n g l a m a  b i l a n  i f o d a l a n i b ,  q u y i d a g i  
t a l a b la r n i  q a n o a t l a n t i r i s h  i l o z im :
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1. V u q o r i g i  V  n u q t a d a  < 3 .1 0 - c h iz m a )  k u c h la n i s h d a n  d e f o r -  
m a t s i^ a  b o ‘y i c h a  o l in g a n  b ir in c h i  h o s ila  d e r / d e  n o lg a  te n g  boM ishi 
s h a r t ;

2 . P l a s t i k  d e f o r m a t s iy a  h o s i l  b o ‘l i s h in in g  b o s h la n is h i  A  n u q ­
t a d a ,  cr k u c h l a n i s h  f u n k s iy a s i  a  = a , m iq d o r n i  q a b u l  q i l ib ,
b i r i n c  h i h o s i l a s i  e s a  d erid e  =  E  e la s t ik  m o d u l i g a  t e n g  b o M ish i 
s h a r t .

B u  s h a r t l a r n i  q a n o a t l a n t i r u v c h i  с г = Ф ( с )  t e n g l a m a n i  b o s h i
0 , ,  d ñ a g r a m m a n i n g  y u q o r ig i  V  n u q t a s i g a  t o ‘g ‘ri k e lu v c h i  .Y , 
у  k o o r d i n a t a  s i s t e m a s ig a j o y la s h t i r a m iz  ( 3 .1 5 - c h i z m a ) .

л* o ‘q i  e  b o ‘y ic h a ,  у  o ‘q i cr b o ‘y ic h a  y o ‘n a lg a n  b o ‘lib , л- 

v a  y  o ‘q l a r i n i n g  y o ‘n a lis h i  t e s k a r id i r .

В -ir  k o o r d i n a t a  s i s t e m a d a n  ik k in c h i  k o o r d in a t a  s i s t e m a g a  
o ‘t i s h  q u y i d a g i  k o ‘r in i s h d a  y o z i la d i :
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AO, e g ri c h i z i q n J  <j - e  d i a g r a m m  a s i  d e b  q a b u l  q i l a m i  z  v a  
.y , v k o o r d in a t a  s i s t e m a s i d a  d a r a j a l i  f u n k s i y a  b i la n  i f o d a l a y m i z .

y  =  C ’. v " . ( 3 . 5 . 1 6 )

B u  f u n k s iy a n in g  b i r i n c h i  h o s i l a s i
dv .

• J - = Ek = n (  V ' - 1 .  ( 3 .5  .1 7 )
Cl.V
(3 .5 .1 7 )  f u n k s iy a  ^ u q o r i d a g i  t a i a b l a r n i n g  b i r i n c h i s in i  q a n o a t -  

l a n t i r a d i .  0 ‘zg a  r m a s  c  v a  n k a t t  a l ik la z r  i k k in c h i  t a l a b g a  a s o s a i  
q u y id a g i  b o g ‘la  n i s h l a r d a n  a n i q l a n a d i .

^ ( a - u ) =  /7Ca-;;-' =  e . ( 3 . 5 . 1
dx

3.15- chiyna. QurJIish p o  ‘lati 
cho ‘zilish-sigilish 

diagrcimmcisi.

B u  y e rd a  a-„ —  s i q i l i s h  d a a g r a m m a s i  d a g i  A  n u q t a r i i n u  g c u r i -
z o n ta l  k o o r d i n a t a s i  b o ‘l ib ,  x 0 = c~Hp- e r t e n g d i i .

( 3 .5 .1 8 )  i f o d a d a n  q u y i d a g i n i  h io s i l  q i l a m i z .



п - с * 0 _  =  „ 2 ±  =  Ф ( Хо)
х„  Х п с/х

bundan
е Н г ~ £ 1 гп  =  — -—- ----- Ь .

<*щ _ с г '
( 3 . 5 . 1 6 ) ,  ( 3 .5 . 1 8 )  i f o d a l a r  a s o s id a ,  o 'z g a r u v c h i  д- k o o r d i -  

n a t a m in g  f u  n k s iy a s i  b o 'l g a n  y  n in g  b i r in c h i  h o s i l a s in i  to p a m iz .

v<x) = y, 1
O

d y  С У  y  
----- ( x )  = nC x = n ------- = r¡ — .
doc x Л-

(3 .5 .1 9 )

(3 .5 .2 0 )

( 3 . 5 . 1 5 )  o ‘t i s h  f o r m u l a s i g a  a s o s a n  d a  = - d y i d e  = - d x  
b o ‘l g a n i  u c h u n

<f a  cdv _  y
-------= =  — =  E k =  n —.
cdx cdx x

(3 .5 .2 1 )

f o r m u l a n i  h o s i l  q i la m iz .
S l i u n d a ^ y  q i l i b ,  e la s t fk l ik  c h e g a r a s id a n  k e y in  q a r a l a y o tg a n  

a - £  s iq i l  i s h  d i a g r a m i n a s i n i n g  ix t iy o r iy  n u q ta s id a g i  u r in m a  
m o d u l  m i q d o r i n i  ( 3 .5 . 2 1) f o r m u la d a n  a n iq la y m iz .

B u  d i a g r a m m a  ifo d a s i  ( 3 .5 .1 5 )  v a  ( 3 .5 .1 6 )  f o r m u la l a r g a  
m u v ^ o f iq  q u y i d a g i  k o ‘r in i s h d a  y o z i la d i .

c r  = a H¡1 - c \ s Rp- e \ \  ( 3 .5 .2 2 )
R u  y e r d a .  /? d a r a j a  k o ‘r s a tk ic h  v a  с  o ‘z g a r m a s l a r n i  ( 3 .5 .1 8 )  

b o g c l a n i s h d a n  a n iq la s h  m u m k i n ,  ( 3 .5 .1 9 )  v a  ( 3 .5 .2 0 )  h i s o b -  
l a s h  f o r m u l a l a r i g a  с  o 'z g a r m a s  k i r m a y d i .

E l a s t i k l i k  c h e g a r a s i d a n  k e y in  s iq i lg a n  s t e r j e n n i n g  x  e g i lu v -
c h a m l ig i ,  u r i n m a  m o d u l  £ .  v a  k r i t ik  a  k u c h la n i s h g a  b o g ‘l iq  
b o ‘l a d i  v a  ( 3 .5 .1 3 )  i fo d a  a s o s id a  q u y id a g i  f o r m u la d a n  a n i q l a -  
n a d  j .
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3 .1 6 - c h i z m a d a  e l a s t i k l i l c  c h e g a r a s i d a n  k e y in  s iq i lg a n  s t e r -  
j e n n i n g  k r i t i k  k u c h  l a n i s b i  b i l a n  e g i l i t v c h a n l i g i  o r a s i d a g i  
b o g M a n ish  g r a f ig i  ( 3 . 5 . 1 9 )  Г o r m u l a  a s o s id a  t u z i l g a n .

À =  л ^ Е к /<т  ( 3 . 5 . 2 3 )

3 . 16 -ch izm a . Q urilis'h  p o  ‘la r ti u c h u ji  k r itik  k u c h la n ish n in g  e g ilu v c h a n lr k k a
b o g 'lic r lik  g r a f ig i .

Bu g r a f ik n in g  A V  q i s m i  В  e r l i n d a  D a l e m s k i y  l a b a r o t o r i y a -  
s id a  o l in g a n  t a j r i b a  n a t i j a l a r i d i r .

C h iz io l i  e l a s t i k  m a s a l a d a g  i k r i t i k  k u c h l a n i s h  o kp b i l a i i  я
e g ilu v c h a n l ig i  E y l e r  e g r i  c h i z i g ‘i b ila _ n  a  -  Л c h i z i q  o r =  2 100 

k g / s m 2 s a th id a  s i l l  iq  t u t  a s h a d ï .
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3 . 1 6 - c b i z m a d a n  ( 3 .5 .1 9 )  f o r m u la  a s o s id a  q u r i lg a n  <ykr b i ­
la n  x  o r a s i d a g i  b o g M a n is h n i  i f o d a lo v c h i  g r a f ik ,  e k s p e r e m e n t  
n a t i j a l a r i c L a n  o l i n g a n  A V  g ra f ik d a  j u d a  y a q in  e k a n lig i  k o ‘r in a d i .

S h u n i n g  u c l i u n  h a m ,  t a k l i f  e t i l g a n  ( 3 .5 .1 6 )  -  ( 3 .5 .2 3 )  
b o g ^ la n is h  la r  e la s t ik l ik  c h e g a ra s id a n  k e y in  s iq ilg a n  s te i je n n in g  s i-  
q i l i s h  d ia g T a m m a s in i  to 'l ig ‘ic h a  ta sv irla y d i d e b  h iso b la s h  m u m k in .

3 . 1 6 - c h i z m a d a  u z u q  c h iz iq  b i la n  c h iz i lg a n  d i a g r a m m a  e la s -  
t i k l  i k  c h e g a r a s i d a n  k e y in  m a t e r i a l i  c h i z i q l i  p u x t a l a n i s h g a  
b o ‘^ s i n u v - c h i  s iq i lg a n  s te i je n  k r i t ik  k u c h la n i s h  b i la n  e g i lu v c h a n -  
lig i o r a s i d a g i  b o g M a n is h  g ra f ig i  k e l t i r i lg a n .

S t e i j e n n i n g  e g i lu v c h a n l ig i  u z u q  c h iz iq q a  a s o s a n  a ,  = 2 1 0 0  

k g /  s m 2 b o M g a n íd a  x  -  100 d a n  я  = 8 g a c h a  k a m a y a d i .  K u c h la n ­
is h  a , > 2 1 0 0  b o M g a n id a  s t e i j e n  e g i lu v c h a n l ig i  8 d a n  n o lg a c h a  
k a m a y a d  i.

D e m a k ,  m a t e r i a l i  c h i z i q l i  p u x t a l a n i s h  d i a g r a m m a s i g a  
b o ‘ y s in g a  n s te r je n  e la s tik lik  c h e g a ra s id a n  k e y in  b o 'y la m a  eg ilish g a  
y o m o n  q a r s h i l i k  k o l rsa ta d i. S te i je n  ju d a  q isq a  b o ‘lish i lo z im .

3 . 6 .  T u r l i  c h e g a r a  s h a r t l a r i d a  s t e i j e n  e g i lu v c h a n l ig i  v a  
k u c h la n i s h  o r a s id a g i  b o g ‘l a n i s h l a r

E l a s t i l d i k  c h e g a r a s i d a n  k e y in  s iq i lg a n  s t e i j e n n i n g  u s tu v o r l ik  
m u a m m o s i  s h a r n i r l i  m a h k a m la n g a n  s t e r j e n  u c h u n  y u q o r id a  
q a T a lg a n  e d i .  B o s h q a  c h e g a r a  s h a r t la r id a  h is o b la s h  f o rm u la la r ig a  
o ‘t i s h ,  s t e r j e n n i n g  c h iz iq l i  e la s t ik  u s tu v o r l ik  m a s a la s id a g id e k  
a m a l g a  o s h i r i l a d i .  K e l t i r i lg a n  u z u n l i k t u s h u n c h a s i  k i r i t i la d i .

-  r > .  ( 3 .6 .1 )

B u  v e T d a  / /  u z u n lik n i  k e ltir ish  k o e ffits ien ti b o ‘lib , b i r  u ch i b ila n  
q i s t i r i b  m a h k a m la n g a n  s te i je n la r  u c h u n  jli= 2 :  ikki u c h i q istirib  
m - a h k a m l a n g a r  s te i je n la r  u c h u n  / /  =  0.5: b ir  u c h i sh a rn ir li ,  ik k in ch i
u c h i  q i s t i r i b  m a h k a m la n g a n  s te i je n la r  u c h u n  / /=  0 .7  b o la d i .
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B o s h q a  с l ie g a  ra  s h a r t l a r i  u c h u n  o l d i n g i  p a r a g r a f l a r d a  k e  1-  
t i r i lg a n  n a t i j a l a r d a n  f o y d a l a n i b ,  k r i t i k  k u c l i l a n i s h l a r  m iq d o  r -  
la r ig a  t o ‘g ‘ ri k e lu v c  h i e g i l u v c h a n l i g i n i  t o p a m iz .  B u n i n g  u c h u n  
te g is h l i  e g i l u v c h a n l i k  m iq d o r r in i  k e l t i r i I g a n  u z u n l ik  k o e f f i t s i e n -  
ti / /  g a  b o ‘l is h  l o z i m .

3 .5  ja d v a ld a  s te r je  n  u c h l a r in i n g  tu r l i  k \\ c h e g a r a  s h a r t la r i  u c h u n  
k r it ik  k u c h la n i s h  b i l a n  h a q i q i y  e g i l u v c h a n l i k  o r a s id a g i  m u n o s a -  
b a tn i  o ‘r n a tu v c h i  k r i t i k  k u c l i l a n i s h  s o n  m iq d o r i  k e l t i r i l g a n .

3 . 5 - j a d v a l

/1

cr

inоII / г  =  0 ,7 j i =  1 / / = 2

1600 2 2 7 ,6 159 ,3 113,8 56,9
1800 2 1 4 ,6 ISO,2 107,3 53,7
2100 198,8 13 9,2 9 9 ,4 49 ,7
2301 181,8 12 7,3 9 0 ,9 45 ,5
2486 167 ,4 11 7 ,2 S 3 ,7 4 1 ,9
2654 155,2 10 8,6 Г7,6 38,8
2810 144,4 10 1,1 T 2 ,2 36,1
2951 134,8 99 ,4 6-7,4 33,7
3082 126,4 88 ,5 6 3 ,2 31,6
3200 118,6 8 3 ,0 5 9,3 29,7
3310 111,S 78-.3 5 5,9 27 ,9
3411 105,4- 7 3 ,8 5 2,7 26 ,4
3502 99 6 9 ,3 4-9,5 24,8
4089 59,2 4 1 , 4 2*9,6 14,8
4330 37,2 2 6 ,0 I S ,6 9,3
4430 23,6 1 6 ,5 1 1,8 5,9
4476 13,8 9,7 6 ,9 3,5
4489 9,4 6,6 4 ,7 2,4
4495 6,4 4,5 3 ,2 1,6
4498 4,0 2,8 2 ,0 1,0

4499,3 2,4 1,7 1,2 0,6
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S a v o l  v a  t o p s h i r i q l a r

2 .Sterje*i cheksiz kichik egilganda to'la deformatsiya va. kuchla- 
rmish ifodal&rini yozing hamda tushintirib bering.

3. Kesuvchi modul ifodasini yozing.
4.Sterjeji ko ‘ndalang kesimining qanday bikirlik turlarini bilasiz- 
5.Siqilg*in sterjen ustuvorlik tenglamasini yozing. 
ö.Sterje nning ikkimodulli material sxemasi bo'yicha ustuvorligini 

yo  ‘qotishne tushuntirib bering.
I.Sterjejn ustuvorligini yo ‘qotishda kesuvchi modul qanday o ‘zgaradi? 
8.Sterjen ustuvorligi ikkimodulli material sxemasi bo‘yicha

o  ‘zgarishida kesuvchi modul qanday o ‘zgaradi.
9. St er je" nning siqitish diagrammasidagi M0 nuqta, y a ’ni yuklanish 

qismidan yuksizlanish qismiga o ‘tishdagi nuqta muhim nuqta emas- 
rigini tushuntirib bering.

10. Elastiklik chegarasidan keyin sterjen egiluvchanligi qanday 
aniqlanadJ?

II.SiqiJish diagrammasi ifodasini yozing.

1. Kesuvchi modul nima ?
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4  b o b .  S J I Q I I X ï A I N  D O  I  R A V I  Y  

P I A S T I N K A I Æ R N I N G  E L A S T I K L I K  

C H E G A R A S I D A N  K E Y I I N G I  U S T U V O R L I G I

4 .1 .  S iq i lg a n  d o i r a v i y  p l a s ~ t i n k a l a r d a  e l a s t i k l i k  c h e g a r a s i d a n  
k e y in  h o s i l  b o ‘l g æ n  k u c h l a n i s h l a r  T a  d e f o r m a t s i y a l a r

Q u tu b  r , 6  k o o r d i n a t a l a  t  s i s t e m a s i g a  d o i r a v iy  p l a s t in k a  o ‘r t a  
te k is l ig in i  j o y l a s h t i r a m i z  ( 4  .1 - c h L z m a ) .

r  r a d iu s li  p l a s t i n k a  k o n t u r i  b o ‘y i c h a  t e k i s  t a q s i m l a n g a n
ta s h q i  y u k  P  t a ’ s i r i d a  s i q i l g a n  b o ‘ l s in .

K o o r d i n a t a l a r  r ,  6  b o ‘l g a n  n u q t a  a t r o f id a  r a d i a l  v a  t e n -  
g e n s i a l  y u z a l a T d a  f a q a t  s i q u v - c h i  n o r m a l  k u c h l a n i s h l a r  
o r = crt ) =P  h o s i l  b o ‘l i b ,  r e r t i k a l ,  z  o ' q i g a  n o r m a l  b o ‘l g a n  
k u c h la n is h  n o l g a  t e n g  a .  =  0 b o ‘L a d i.

B o 'y la m a  s r; e e ; e .  d e f o r m a t s i y a l a T n i n g  h a m m a s i  n o l d a n  
f a r q l i  b o M ad i. '

P la s t in k a  t e k i s  t a r a L g a n  y u k  b i l a n  s i q i l g a n d a  k u c h l a n i s h  v a  
d e fo r m a ts iy a  e l a s t i k l i k  c h e g a r a s i d a n  k e y i n  h o s i l  b o ‘ l s in ,  h a m d a  
p la s t in k a  m a t e r i a l i n i  e L a s t ik L ik  c h e g a r a s i d a n  k e y in  s i q i l m a s  d e b  
q a r a y m iz .  D e m a k ,  P u a s s o n  k o e f ï i t -  
s ie n t i  0 ,5  ga  t e n g .

P l a s t i n k a  s i q i l i s h  d a v r i c ï a  t e l c i s  
k u c h l a n g a n l i k  h o l a t i d à * f c > o ‘ l a d - i ,  
k u c h l a n i s h  b i l a n  - d e f o r i M i a t s i y a  
o r a s i d a g i  m u n o s a b a t  q u y i d a g i
k o ‘r in i s h d a  i f o d a l a n a d i  [3 8 ] _

4 . 1 -c h ïzm a . R a d ia l  s iq i lg a j i  
d o J r a v iy  p la s tin k a .

61



a (> ~ -  ~  l// {£fi ~ £o )- ( 4 . 1 . 1 )

t> u  y e r d a  cr0 = a ,  + c r e +  a .
; e 0 =

£  r +  £  ̂  H- £  _

3 j
c r . c ,  d i a g r a m m a d a  k e s u v c h i  m o d u l  q u y id a g i  b o g M a n is h  

b i l a n  i f o d a l a n a d i .

¥  = ( 4 .1 .2 )

B u  y e r d a  c r , ,  s î -  t e g i s h l ic h a  k u c h la n is h  v a  d e f o r m a t s iy a  in -  
t e n s i v l i g i  b o ‘l i b ,  q u y id a g i  f o r m u la l a r d a n  a n iq l a n a d i .

V ï
= — - v » ) 1 + ( ° re - ° : Ÿ  + K -  - v ,  ) 1 ;

S, =  —  Vifi’r -  V + f a  -  )2 +  f a  -  f -  )2 • ( 4 .1 .3 )
:>

P l a s t i n k a  m a t e r i a l  s iq i lm a s  d e b  q a r a y m iz ,  u n d a  h a jm iy  d e -  
f o n n a t s i y a  e r + £ e + s .  = Oga. t e n g b o ‘la d i .  S h u n in g  u c h u n  h a m

= 0  s h a r t  b a ja r i l g a n d a  ( 4 .1 .1 )  f o r m u l a d a n ,  k u c h l a n i s h  b i -  
l a :n  d e f o r m a t s i y a  o r a s id a g i  m u n o s a b a t n i  q u y id a g i c h a  y o z a m iz .

/4
Cr = ~ ¥

J  v

4 f
^

•3 V

1

-  y

( 4 .1 .4 )

cr,. v a  cr„ k u c h la n i s h la r  o ‘z a r o  t e n g  b o ‘lg a n lig i  u c h u n  (4 .1 .4 )
f o r m u l  a d a n  s r =  £•„ t e n g  e k a n l ig i  k e l ib  c h iq a d i .  

M a t e r i a l n i n g  s iq i lm a s l ik  s h a r t i d a n

62



2 £■,.+£•. =0 ; = - 2 c , . .
< 4.1 .3) f o r m u l a g a  t c g i s h l i c  h a  k u c h l a n i s h  v a  d e  f o r m a ts iy a .  i f o -  

d a la r in i  q o ‘y ib ,  q u y i c l a g i l a r n i  h o s d l  q i la m iz :

B iz g a  m a ’l u m k i ,  e la s t ik l ik _  c h e g a r a s i d a n  k e y in  m a r k a z i y  s i -  
q i lg a n  s te r je n  a — e  d i a g r a m m a s i  c ^ - c ,  d i a g r a m m a  b i l a n  u s t -  
m a - u s t  t u s h a d i .

B u  d i a g r a m m a r i i  u s h  b u  k i t o b n i n g  u c h in c h i  b o b i d a  f o y d a la  n i l -  
g a n  d a ra ja li  f u n k s  iy a  ( 3 . 5 . 2 2 )  k o ‘r i n i s h d a  q a b u l  q i l a m i z .

(3 .5 .2 2 )  f o r m u l  a n i ,  с  o ‘z g a r m a  s  k o e f f i t s i e n t  q a t n a s h m  a y -  
d ig a n  b o s h q a  k o ‘r l n i s h g a  k e lt i  r a m iz _

K u c h la n is h  i n t e m s i v l i g i d a n  d e f o r m a t s i y a  in te n s iv l ig i  b o ‘y i c h a  
o l in g a n  h o s i la  d<yl/J d e l . s iq i l is lh  d i a g  r a m m a d a g i  u r i n m a  m o d u l  
m iq d o r in i  i f o d a l a y d i .

S iq i lg a n  d o i r a v i ; y  p l a s t i n k a  u s t u v o r l i g i n i  e l a s t i k l i k  c n e g a -  
r a s id a n  k e y in  o ‘r g a n i s h d a  ( 4 .1 . 7 )  u r i n m a  m o d u l  m iq d o r i  n i l i í n -  
a h a m iy a tg a e g a  b o ‘l a d i .

( 4 .1 .5 )
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4 . 2 . .  D o i r a v i y  p l a s t in k a n in g  c h e k s iz  k ic h ik  e g i l i s h id a  
« l a s t i k H ik  c h e g a r a s i d a n  k e y in  h o s il  b o ‘l g a n  k u c h la n i s h l a r  v a

d e f o r m a t s iy a l a r
E la s tz ik l ik  c h e g a r a s id a n  k e y in  a r a d iu s l i  d o i r a v iy  p l a s t in k a n -  

im g  c h e k s i z  k i c h i k  s im m e t r ik  e g ilish in i k o 'r a m iz .  B u n d a  p la s t in k a ­
n i n g  c h e k s i z  k i c h i k  d e f o r m a t s iy a s i ,  k u c h l a n i s h l a r i ,  h o l a t l a r i  
v a a y l a n i s h  b u r c h a k l a r i  b i t t a  r k o o r d in a t a g a  b o g ‘l iq  b o ‘la d i .

R a d i a l  va_ t a n g e n s ia l  y o ‘n a l i s h la r  b o ‘y i c h a  e g r i l ik  d e f o r m a t -  
s i y a l a r l  b o s l i  d e f o r m a t s iy a l a r  b o ‘l ib ,  u l a r  q u y id a g i  f o r m u la -  
d a n  a r * iq l a r » a d i .

d/S.0 d : Aw . A 9 1 dAw
b X r  = “ ? -  =  - - 7 ^ - ;  b Z e  = —  = — - T -  ( 4 .2 .1 )a r  dr' r r dr
B u  ^ e r d a .  А в  b i l a n  o ‘r t a t e k i s l i k  n u q t a s i n in g  c h e k s i z  k ic h ik

a y l a n i s h  b u r c h a g i ,  Дм; b i la n  e sa  p a s tg a  y o ‘n a lg a n  c h e k s iz  k ic h ik  
s a l q i l i k  b e l g i l a n g a n .

P l a s t i n k a n i n g  2  s i m m e t r i y a o 'q i  p a s tg a  y o ‘n a lg a n  d e b  h i s o b -  
l a y m i z ,  p l a s t i n k a n i n g  che"ksiz  k ic h ik  e g i l is h id a  q a v a r iq l ig i  p a s tg a  
q a r a b  r o ‘y  Ъ е г а п ,  u n d a  y u q o r ig i  t o la l a r i  s iq i l ib ,  p a s tk i  t o la la r i  
e s a  c h o ‘z i l a d i .

T e k i s  k e s i m  c h e k la n i s h in i  e ’t ib o r g a  o l ib ,  p l a s t in k a n in g  c h e k ­
s iz  k i c h i k  - e g i l is h id a n  q a l in l ig i  b o ‘y ic h a  h o s i l  b o ‘lg a n  n is b iy  
b o ‘y l a m a  d e f o r m a t s i y a l a r  i f o d a l a r in i  q u y i d a g i c h a  y o z a m iz .

A s t =A jc rJz\ b s e = b x f z. (4 .2 .2 )

P l a s t i n k a d a  ( 4 .2 .2 )  d e f o r m a t s iy a l a r d a n  t a s h q a r i ,  v e r t ik a l  z  

o ‘q i  b  o ‘v i c l i a  A s .  n isb iy  b o ‘y la m a  d e fo rm a ts iy a  h a m  h o s il  b o ‘lad i.
E l a s t i k l ñ k  c h e g a r a s id a n  k e y in  p la s t in k a  m a te r i a l i  s iq i lm a s  d e b  

h i s o b - l a y m  iz  v a  n a t i j a d a  h a jm iy  d e f o r m a ts iy a  n o lg a  te n g :
Д е 0 =  /S s r +  A s g +  A s .  = 0; ( 4 .2 .3 )

A s .  =  — (Asr -¡-As0). ( 4 .2 .4 )

K c n t u r i  b o ‘y i c h a  te k is  t a r a lg a n  k u c h l a r  s iq i lg a n  p l a s t in k a
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te k is  k u c h la n g a n l ik  h o l a t i d a  b o ‘l a d i .  N a t i j a d a  f a q a t  i k k i t a  A a r I
А(тё k u c h l a n i s h l a r  n o l d a n  f a r q l i  boiib , p l a s t i n k a  te k i s l ig ig a .
n o r m a l  b o M g a n  k u c h l a n  ish  e s a  a .  =  0 b o  ‘ l a d i .

E la s t ik l ik  c h e g a r a s i d a  n  k e y in  k u c h l a n i s l i l a r  b i l a n  d e f o r m a t  -  
s iy a l a r  o r a s i d a g i  m u n o s a b a t  q  u y i d a g i  f o r m u l a l a r d a n  a n i q -  
l a n a d i  [33]

A a r -  Acr0 =  \ y / Ç _ e r - £ - 0 >.

A g a r  а -,=  Ф (гг,) m u n o s a b a t  i n a ’l u m  b o ‘l s a ,  у/ f u n k s i y a
( 4 .1 .6 )  f o r m u l a d a n  a n i q J a n a d i .

( 4 .2 .6 )  n i  ( 4 .2 . 5 )  f o rm m ila g a  q o ‘y ib  q u y i d a g i  s i s t e im a n i  h o s i l  
q i la m iz .

2 A o r -  Д <re  =  2 y /& .£ r \

2Acrf) -  Acrr =2t//&£e. ( 4 .2 .7 )
B u n d a n  d e f o r m a t s i y a  o r q a l i  i f o d a l a n g a n  k u c h l a n i s h  f o r m u -  

la s i  k e l ib  c h i q a d i .
(4 .2 .2 )  f o r m u la g a  a s o s a n  c h e k s L z  k i c h ik  b o ‘y la m a  A s r v a  A e0

d e f o r m a t s iy a l a r n i  e g r i l i k  < i e f o r m a t s i y a l a r i  A x r v a  A jc e o r q a l i  
i f o d a la s h  m u m k i n .

Unda ( 4 .2 .7 )  f o r m u l a

( 4 .2 .5 )

B u  y e rd a
A a r +  A<Je +  A c t

А ег + A s e + A s . ( 4 .2 .6 )
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( 4 . 2 . 8 )

k o ‘: r i n i s h g a  e g a  b o ‘lad i.
S i q j l g a n  p l a s t i n k a  u s t i r v o r l ig in i  y o ‘q o t i s h i  tu f a y l i  c h e k s i z  

k i c h i l c  e g i l g a n  b o ‘ ls in  d e b  h i s o b l a y m iz .  P l a s t in k a  o ‘r ta  te k is l ig i  
q a v a r i q l i g i  p a s tg a  q a r a b  h o s i l  b o ' l s i n  d e b  f a r a z  q i la m iz ,  u n d a  
p l a s t i n k a n i x i g  y u q o r ig i  to la la r i  y u k la n is h  h o l a t id a ,  p a s tk i  t o la l a r i  
e s a  y u k s i z l a n i s h  h o l a t i d a  b o ‘la d i .

B i f u r k a L s i y a n i n g  b o s h la n i s h d a g i  k e s u v c h i  m o d u ln i  y /Q b i ­
l a n  b e l g i l a y m i z  v a  u  c r - e  d ia g r a m m a s id a g i  M 0 n u q ta g a  t o ‘g ‘ri 
k e la d - i  ( 4 .2 :  -  c h i z m a ) .

D l a g r a  m m a n i n g  M 0 - M ] u c h a s t k a s i d a  y u k l a n i s h ,

M 0 — M 2 u c h a s t k a s i d a  e sa  y u k s iz l a n is h  r o ‘y  b e r g a n d a ,  y u k l a n ­
is h  q i s i m d a  ц/  k e s u v c h i  m o d u l  y /0 m o d u lg a  n i s b a ta n  k a m a y a -  
d i ,  y u k s i z l  a n i s h  q i s i m d a  e sa  u  o r t a d i .

4 .12  — c h i z m a d a  y u k la n i s h  v a  y u k s iz l a n i s h  s x e m a s i  r a d ia l  
k e s i r u  u c h i u n  k o ‘ r s a t i lg a n  b o 'l i b ,  4 . 3 -  c h i z m a d a  e s a  t a n g e n s i a l  
k e s i m  u c h u n  k o ‘r s a t i lg a n .

^(,^лсо+ лй)7

4 .2 -c h J z m a . R a d ia l  kesim in ln g  
y M k la n is h  v a  y u k s iz la n ish d a g i  

s iq r l i s h  d ia g ra m m a si.

4 .3 -c h izm a . R a d ia l k e s im in in g  
y u k la n ish  va  y u k s iz la n ish d a g i  

siq ilish  d iagram m asi.
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B u n d a n  k e y in  s i q i l i s h d a n  h o s i l  b o ‘lg a n  d e f o r m a t s iy a  v a  T a ic h -  
l a n i s h n i  m u s b a t  d e b  I h i s o b l a y m i z .

R a d ia l  v a  t a n g e n s l a l  k o “ n d a l a n g  k e s i m l a r d a g i  ц/  k e s u v c h i
m o d u l  Л/, -  M ,  u c h _ a s t f c a d a  q u y i d a g i  f o r m u l a l a r d a n  a n i q l a -  
n a d i .

Wo = Vo l +
2>€~n

A .
( 4 . 2 . 9 )

S iq i lg a n  p l a s t i n k a n i n g  c h e k s i z  k i c h i k  e g i l i s h i n i  e ’t i b o r g a  
o l s a k ,  u n in g  q a l i n l i g i  t > o ‘y l » b  r a d i a l  v a  t a n g e n s i a l  y o ‘n a l i s h l a r i  
b o ‘y ic h a  h o s i l  b o ‘l g a n  b o V l a m a  d e f o r m a t s i y a l a r  q u y i d a ^ i c h a  
i f o d a l a n a d i .

£ r„ = * { e r + 0 ¿ s e ) ~ { b X r  + 0 '5Д ^  h
j  3

4 4
ей — — (гг., + 0,5e,. ) -----(Ara  + 0,5 A r , )z.«. 3 v »  3 ( 4 . 2 . 10 )

d~Aw . A6  dAw 
b u  y e rd a  A%,. = ------—r -  d  A ^ ö =  —  = - - - - - —  e g r i l ik  d e f o r ­c e - -  r ra r

m a ts iy a la r  m u s b a t  d e l ?  h i s o b l a n a d L
(4 .2 .1 0 )  i f o d a g a  a s o s a h ,  k u c h l a n i s h l a r n i  q u y i d a g i c h a  i f o -  

d a la s h  m u m k i n .

= Vr

= V e

j ( e ,  +0,5ee ) -  j ( ^ , .  +0,5Axe)z 

^{ee + 0,5*г, ) - j ( ^ ö + 0,5Azr)z ( 4 .2 .1 1 )

B o ‘y la m a  k u c h l a r  v a  e g u v c h i  h o L a t l a r  i f o d a l a r i n i  y o z a m i z :
N,. = JardA = fv/r£,. dA;
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N e = \<TedA = \ч / в£в dA.  ( 4 .2 .1 2 )
A  .4

M r = ^ a rz dA  =  §i//r£,.zdA;
A A —

M e =  \<y0zd A  =  J’y/ee e zdA.  ( 4 .2 .1 3 )
A A

( 4 . 1 2 )  v a  ( 4 .2 .1 3 )  f o r m u la l a r g a  ( 4 .2 .1 1 )  i f o d a n i  q o ‘y ib ,  
z o ‘r iq i s ! h l a r in i  q u y id a g i c h a  i fo d a la y m iz :

К  =  т ( * г  +  ~ ^ ( A Z r  + 0 .5 Д Z e ) l2 r  ;
3 j

N e = * ( * 0  + 0 -5er )li0 ~ т ( Д^  + ^ 5AXrV:e-  ( 4 .2 .1 4 )
J) J

ш г- =  ~  ( a e r +  0 .5Sg )J 2r -  *  (A X r  +  0 ,5 A x 9 )J 3r ;
J J

_  4 (g* +  ° -5g r)A ^ 4 ( a ^  + 0 . 5 л ^ ) 7 ;<, ( 4 2  15)
3 3

( 4 .2  .1 4 )  v a  ( 4 .2 .1 5 )  f o r m u la l a r d a g i  / , ;  / ,  ; 7 3 k o ‘n d a l a n g  
l c e s i m n i n g  r a d i a l  v a  t a n g e n s i a l  y o ‘n a l i s h l a r  b o ‘y ic h a  b ik i r l ik la r  
q i u y i d a g i  b o g ' l a n i s h d a n  a n iq l a n a d i .

h rI г =  =^0 +  ~  Â l r  +  -V o -  E k ] f z d A '’
А А J  S 0 A

=y„ jzdA + 1  .  E ,]¡z2dA-,
A A J  ^  0 A

h r  =  JVr-z- 2dA =y/0 j z 2dA + ^ A lr  + 0 M l f f \ yo -  £ , ] j V c ¿ 4 .

( 4 . 2 . 1 6 )
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( 4  2 .1 6 )  f o r m u l a d a  k ® ‘n d a l a n g  k e s im  b o ‘y i c h a  u c h  t u r d a g i  
in te g r a l  m a v ju d .

S iq i lg a n  s t e i j e n m i n g  c h e k s i z  k l c h i k  c g i l i s h i d a  n e y t r a l  o ‘ q  
k o 'n d a la n g  k e s i m n - i n g  m  a r k a z i iy  o c q i  b i la  n  u s t m a - u s t  t u s h u s h i  
u c h in c h i  b o b d a  k o * r s a t i l g a n  e d i .

E la s t ik l ik  c h e g a  r a s i d a n  k e y i n  s i q i l g a n  d o i r a v i y  p l a s t i n k a . -  
l a m in g  c h e k s i z  k i c t i i k  e g i l i s h i d a  h a m  u c h i r i c h i  b o b d a  k e l t i r i lg a x i  
b a r c h a  m u l o h a z a l a  r n i  q o ' l l a s h »  m u  m k in .

S h u n in g  u c h u n  h a m  { 4 .2 .1  6 ) f o r m u l a d a g i  b i r i n c h i  t u r  i n -

n i s b a ta n  s ta t ik  h o l a t n i  ifo < la la y « d i,  d « m a k  u  n o lg a  t e n g ,  ik k in c h i i

r a k te r i s t ik a  b o ‘ l ib ,  u  h a m  s t a t i k  h o L a t  k a b i  n o l g a  t e n g .
B u  m u l o h a z a l a m i  e ’t i t » o r g a  o l s a k ,  b i k i r l i k  i f o d a l a r i  q u y i d a g i  

k o 'r in i s h id a  b o 'l a d i .
l \ r  =

Bo‘ylama k u c h  rNr v a  c h e k s i z  I c i c h ik  r a d i a l  e g u v c h i  h o l a t  
A M r i f o d a l a r ig a  ( 4 . 2 . 1 7 )  f o r m u l a n l  q o ‘y a - m iz .

p l a s t i n k a  k o ‘n d a l a n g  k e s im _ i m a r k a z i y  o ‘q i  y g a

t u r  in te g r a l  k o 'n c L a l a n g  k e s a m n i n g  / ,  i n e r s i y a  h o l a t i n i

i f o d a la y d i ,  u c h i n c l r i  t u r  i n t e g r a l  \ z  ^  y a n g i  g e o m e t r i k  x a -

( 4 .2 .1 7 )

N r = ^ ( e r -hO,5ea)y//0A
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A M ,.  =  * { е ж + 0 , 5 ^ )

e r =  е в \ £Гц, =  2 s r e k a n lig in i e ’t ib o r g a o l ib  v a  N r b o ‘y la m a  k u c h  
i f o d a s i d a g i  i l k k i n c h i  h a d  j u d a  k ic h ik  b o l g a n i  u c h u n  u n i  t a s h l a b  
y u b o r a m i z ,  u n d a

X u d d i  s h ~ u n in g d e k ,  t a n g e n s i a l  y o ‘n a l i s h  b o 'y i c h a  b o ‘y l a m a  
k u c h  N e v a  c h e k s i z  k ic h ik  t a n g e n s i a l  h o l a t  AM e i f o d a l a r in i  
h a m  t o p i s h  m u m k i n

B o c y l a m a  N r v a  t a n g e n s ia l  N e k u c h l a r  p l a s t in k a n i  s iq u v c h i  
t a s h q L  P  k u c h d a n  h o s i l  b o ‘la d i .  C h e k s i z  k i c h ik  e g i l i s h d a  e s a  
a k s i n c h a  h o s i l  b o ‘lm a y d i .

B i r  b i r l ik  u z u n J ik g a  t o ‘geri k e lu v c h i  in e r s iy a  h o la t i  =  h 3/ \ 2 ,

b o ‘l g a n i  u c  h u n ,  c h e k s iz  k i c h i k  e g u v c h i  h o l a t l a r  q u y i d a g i c h a  
L f o d a l  a n a d i  :

N r =  + 0 , 5 ^ V o  A; 

А ^ , = “ ( Д * , + 0 , 5 , Г , ) £ , / , ( 4 .2 .1 8 )

( 4 .2 .1 9 )

Ъ М ,  =  - - ^ - ( д л  + 0 .5 х Л

b M ,  =  - № - ( A z ,  +  0 S Z r \= ( 4 .2 .2 0 )
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B u  f o r m u l a l a r d a  E..  o r c q a l i  u r i n m a  m o d u l  b e l g i l a n g a n  y o k i
cr¡ - £ i d i a g r a m m a d . a g i  £ 4 . 2 - 4 . 3 - c h i z m a l a r )  M  n u q t a d a n
o ‘tk a z i lg a n  u r i n m a  b u r c h a k  t a n g e n s i n i  i f o d a l a b ,  ( 4 .1 .7 )  a n i q -  
l a n d i .

4 .3 .  S i q i l g a n  d o i r a v d iy  p l a s t i n k a l a m i n g  e l a s t i k l i k  
c h e g a r a s i d a . i l  k e y i n  u s t u v o r l i k  t e n g l a m a s i

E la s t ik l ik  c h e g a r a s - i d a n  k e y in  s i q i l g a n  d o i r a v i y  p l a s t i n l c a  
u s tu v o r l ik  t e n g l a m a s i n i  h o s i l  q i l i s h  u c h u n  p l a s t i n l c a d a n  a j r a t i b  
o l i n g a n  b i r o r ta  c h e k s i z  k i c h i k  e l e m e n t n i n g  m u v o z a n a t i n i  t e l c -  
s h i r i b  k o ‘r a m iz  ( 4 - 4  c h i z m  a ) .

E l e m e n tn in g  r  o ‘q q sl n i s b a t a n  m u v o z a n a t  t e n g l a m a s i n i  y o -  
z a m iz

B u  f o r m u la d a g i  c h e l c s i z  k i c h i k  h a d l a r n i  t a s h l a b  y u b o r a m i z .  
U n d a
rdcr + ardr -  eredr = Ю,

o

4.4-chivna. Plastinka dejor- 
matsiyalangan element iga 
q&yilgan zo'riqishlar.

(CTr-*-dar) (r+dr)hd ( Qr+dQr) (r+dr) n ar

(<jr 4  d<Jr X/' +  d r ) h d O  — crrh s d 6  -  2 <7eh d r  =  0.

( 4 . 3 . 1 )

71



в  о ‘ q q a  n i s b a t a n  h o L a tla r  t e n l a m a s m i  y o z a m iz :
d ß

(M,. +  d M r X/- +  d r ] d e  -  M r r d O  +  Q rr d ß d r  -  2 M e d r  —  =  0,

( 4 .3 .2 )
dr r r

z  v e T t ik a l  о  ‘q q a  n i s b a ta n  b a r c h a  k u c h la m i  p r o e k s iy a la b  q u y -  
i d a g i n i  h o s i l  q i l a m i z  (4 .5 - c h i z m a ) :

4 .5 —ch izm a . K o'n da lan g  г о 1 r iq ish la m i an iq la sh  uchurt.

Q l  nr +  crr h l n r d  =  0 ;

Q  =  - c r rh& .  ( 4 .3 .3 )
( 4 . 3 . 3 )  i f o d a n i  e ’t ib o r g a  o l s a k  ( 4 .3 .2 )  t e n g l a m a  q u y id a g i  

k o ‘r i n i s h g a  e g a  b o ‘lad i.

— + — crrh0 = 0. (4 .3.4)
a j r  r  r

А в  b u r c h a k  f iin k s iy as ig a  n is b a ta n  c h e k s iz  k ic h ik  e g u v c h i  h o la t  
i f o d a s i n i ,  ( 4 . 1 . 1 )  t e n g l a m a g a  a s o s a n  q u y id a g i c h a  y o z a m iz :



b u y e r d a  D0 = Ekh y / 9 .  ( 4 .3 . 6 )
(4 .3 .5 )  f o r m u l a d a r t  f o y d a l a n i b  q u / i d a g i n i  h o s i l  q i l a m i z .

r dA9 А9Л
A M .  -  A M H =  —  D0

u 2 °V dr

d m ,

dr
- = - A d 2A9 +}_ Ы лв А в

( 4 .3 .7  )dr2 2 V rdr

(4 .3 .7 )  f o r n m l a n i  e ’t i b o r g a  o l i b ,  ( 4 .3 . 4 )  i f o d a g a  Mr , Me  

v a  2  la m i t e g i s h l  i c h a  £SMr , A  Mg , la r g a  a l m a s h t i r i b

a +
rd r

+ crhAO  =  0. ( 4 .3 .8 3

t e n g l a m a n i  h o s i l  q i l a m i z .
(4 .3 .8 )  t e n g l a m i a ,  |> l a s t i n k a  u s t u v o r l i k  t e n g l a m a s i  b o M a d i^  

c h u n k i  a r n i  ta _ s h q i  s i q u v c J i i  k u c h  i n t e n s i v l i g i  P  b i l a n  a l -  
m a s h t i r i s h  m u m k i n .  U n d a  ( 4 . 3 . 8 )  t e n g l a m a n i  q u y i d a g i  
k o 'r in i s h d a  y o z a m i z .

A
d 2AG dA 9 

+
A d

d r
+ P / i A 0  = 0 . ( 4 .3 .9 >

B u  t e n g l a m a d a .  i z l a y o t g a n  f u n k s i y a  a . 9  a y la n i s h  b u r c h a g i d i r .
( 4 .3 .9 )  t e n g l a m a n i  q u y i d a g i  k o ‘r i n i s h d a  y o z is h  m u m k i n .



Y a n g i  o ' z g a r u v c h i n i  k i r i t a m i z

Ph

U n d a  (4 .3  _ 1 0 ) t e n g la m a  in d e k s  n = l  b o ‘lg a n  B e s s e l  t e n g l a -  
n n a s ig a  o ‘t a d i_

u 2 ± _ M + u d & 0  +  i 2 _ 1y e = Q  ( 4 . 3 . 1 2 )
d i r  d u  v ’

B u  t e n g l a m a n i n g  u m u m i y  y e c h im i
A 9 = C J l( u ) + C2Yt (u)  ( 4 .3 .1 3 )
B u  y e r d a  / , ( « ) — b i r  in d e k s l i  B esse l f u n k s iy a s in in g  b i r i n c h i

t a i r i ,  Yx { u ) ~  b i r  in d e k s l i  B e s s e l  f u n k s iy a s in in g  i k k in c h i  tu r i .
D o i r a v i y  p l a s t i n k a n i n g  o ‘q q a  n i s b a ta n  s im m e t r i k  q a v a r i s h id a  

u n i n g  m a r k a z i d a  (/- =  0) a y la n i s h  b u i c h a g i  n o lg a  t e n g ,  l e k in  
C u =  0 )  b o ' l g a n d a  Yi (0) f u n k s iy a  c h e k s iz l ik k a  a y la n a d i ,  s h u n in g  
u c h u n  h a m  ( 4 .3 .1 3 )  y e c h im d a g i  C 2 =  0  b o ‘l is h i  lo z im .  D e -  
r n a k ,  d o i r a v i y  p l a s t i n k a  u c h u n  k r i t ik  k u c h l a n i s h  q u y id a g i  
m u n o s - a b a t d a n  a n iq l a n a d i .

A9 =  C , / ,< w )  (4 .3 .1 4 )
E l a s t i k l i k  c h e g a r a s i d a n  k e y in  s iq i ig a n  d o i r a v iy  p l a s t in k a -  

L a m i n g  ik k i t  a  x u s u s iy  h o l in i  k o ‘r ib  c h iq a m iz .
1 .P L a s t i n lc a  k o n t u r i  b o ‘y i c h a  q is t i r ib  m a h k a m la n g a n ;
2 .P k a s t i n l c a  k o n t u r i  b o ‘y i c h a  s h a m i r l i  t a y a n g a n .

4 . 4 .  Q i s t i r f b ,  m a h k a m la n g a n  s iq i ig a n  d o i r a v iy  p l a s t in k a d a g i
k r i t i k  k u c h la n i s h

Q i s t i r i b  m a h k a m l a n g a n  d o i r a v iy  p la s t in k a n i r f g  c h e g a r a  s h a r t i  
~bo‘y i c l i a  u n L n g  k o n tu r id a  a y la n is h  b u rc h a g i  9  n o lg a  te n g  b o ‘lish i 
s h a r t .
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P l a s t i n k a n i n g  r a d i u s i  n i  «  b i l a n  b e lg i l a s a k ,  u n d a ,  m u s t a q i l  
it o cz g a r u v c h i  p l a s t i n k a  n i n g  k o n t u r i d a  ( 4 - 3 .1 1 )  i f o d a g a  a s o s a n
u0 = a J P h / D 0 b o ‘I a d i .  Q i s t i r i b  m a h k a m l a n g a n  k o n t u r d a  e h e  -  

g a r a  s h a r t i  ( 4 .3 .1 4 )  i f o d a g a  a s o s a n  q u y i d a g i c h a  y o z i l  a d i :

Ph
u

'  D 0 = . °  ( 4 .4 .1 3

B e sse l  I.  f u n k s i y a s i  n o l g a  te  n g  b o ‘l i s h i d a n  j a d v a l  y o r d a m -

id a  Uq = a ^ P h f D 0 a r g u m e n t n i n g  m i n i m a l  q i y m a t i n i  a n iq l a s h i  
m u m k i n  va u

f t h  -> 0-5-»
a J j r = J ’8 3 2  ( 4 .4 .2 >V u 0

t e n g  b o ‘la d i  [ 1 0 ]_

( 4 .3 .6 )  i f o d a n i  e ’t i b o r g a  o l i b  J c r i t ik  k u c h n i  a n i q l a y m i z  

p^ ( 2 ( 4 4 3 )

( 4 .4 .3 )  i f o d a n i  ( 4 . 1 . 7 )  b o g ' l a n i s h g a  q o ‘ y ib ,  c r - s  s iq i l i s h
i

d i a g r a m m a s i n i n g  k r i  t i k  n u q t a s i  M 0 g a  t e g i s h l i  u r i n m a  m o d u l
E k m iq d o r in i  a n i q l a . s h  u c h u n  q u y i d a g i  t e n g l a m a n i  H o s i l  q i -  
l a m iz  ( 4 .2 - c h i z r n a ) .

crHr 1 ,63 E k
Ek ( 4 .4 .4 )

N a m u n a n in g  o - s -  s i q i l i s h  d i a g r a m m a s i d a g i  e  d e / o r m a t -  
s iy a  o ‘q i  b i la n  e, — d e f o r n m a t s i y a  i n t e n s iv l ig i  m o s  k e l a d i .
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H -4 -4 )  foT m ulan i quyidagi k o ‘rinishda yozam iz.

X

1_,63 пае1 ( 4 . 4 . 5 )

B u  ^ r e r d a  x  =  s Hp - s t ( 3 . 1 5 -c h .iz m a ) .
( 4 .4 - .5 )  f o r m u l a d a n  p l a s t in k a n in g  n is b iy  q a l i n l i g in i  x a r a k -  

t e r l o v c h i ,  o c 2 = { h / a f  k a t t a l i k n i  a n iq la y m iz .

( 3 .5 . 1 9 )  v a  ( 3 .5 .2 1 )  f o r m u la l a r d a n  f o y d a la n ib ,  u r in m a  m o d u l  
E k n i  f a q a t  d e f o r m a t s iy a  in te n s iv l ig i  e, =  2 z r o r q a l i  i f o d a l a s h  

m u m k i n .

B u .  i f o d a n i  ( 4 .4 .6 )  f o r m u la g a  q o ‘y ib , q u y id a g in i  h o s i l  q i -  
l a m iz ;

B u  f o r m u l a g a  q u r i l i s h  p o ' l a t i  u c h u n  o ‘z g a r m a s l a r n i n g  
<jRn = 4 5 0 0  k g / s m 2 ; y 0 = 2 4 0 0  k g / s m 2 ; jr0 =  0 ,169 s o n  q iy -  
m a t l a r i n i  < p ‘y a m i z .

V*0/

(4 .4 .7 )

( 4 . 4 . 8 )
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4 .1 - j a d v a l d a  I k u c h l  a n i s h  i n t e n s iv l i g i  b i l a n  p l a s t i n k a  e g i l u v -  
c h a n l ig i  o r a s i d a g i  m u n o s o b a t  q i s t i r i b ,  m a h k a m l a n g a n  p l a s ­
t in k a  u c h u n  k e l t i r i lg a r a .

4 . 6 - c h i z m a d a  p l a s t i n k a  a  r a d i u s i n i n g  h q a l i n l i g i g a  n i s b a t i  
b i la n  s iq u v ^ Ja i P  k g /s m 2 b o - s i m » i« g  e ^ z g a r i s h  g r a f i g i  k e l t i r i l g a n .

4 . 7 - c t i i z r a a d a  p l a 's T i n k a  a  r a d i u s i n i n g -  h q & l m l i g i g a  f t i â b a f T

b i la n  b o 'y l a m a  e r d e f o  r m a t s i y a n i n g  o ‘z g a r î s h  g r a f ig i  k e l -  
t i r i lg a n .

B u  g r a f i k la r  j r u p q a  d o i r a v i y  p l a s t i n k a  e g i l i s h  n a z a r i y a s i d a n  
f o y d a l a n is h  m u m k i n  b o ‘lg :a n  u / h =  5  c h e g a r a v i y  q iy m a t ig a _ c h a  
c h iz ilg a n

4 . 1 - j a d v a l .

II to X C W - v ) ' < j , = P t f 2 a / h

0 ,0010 0 ,1690 i 2100 0,000613 40,4
0.0011 0,1689 1 ,0915 2301 0,000733 36,9
0.0012 0.1688 1 ,1914- 2486 0.000864 3 4 .0
0,0013 0,1687 1 ,3005 2654 0,001 007 31,5
0,0014 0.1686 1 ,4 .1 9 7 2 8 1 0 0.001 192 29.3
0.0015 0.1685 1 .5498 2951 - 0.001 332 27.4
0,0016 0,1684 1 . 6 9 2 0 3082 0,001 5 |8 25,7
0,0017 0,1683 1 ,8474 3 2 0 0 0,001 720 24,1
0.0018 0.1682 2 .0171 3 3 1 0 0.001 «941 22,7
0,0019 0,1681 2 ,2025 3411 0.002 J 83 21,4
0 .0020 0 .1 6 3 0 2_4051 3502 0.00244b 20.2
0 0030 0 ,1 6 7 0 5 _ 8150 4089 0 006R  61 12.1
0 ,0040 0 ,1 6 6 0 K l  34 4 3 3 0 0 ,011756 7,56

0 ,0050 0,1650 3-4,589 4476 0,04365 4,79



4.2-jadval.

II Ю X { x j x y < T , = P 1
a ~ a j h

0 , 0 0 1 0 0 0 ,1 6 9 0 1 2100

c-~>

ONОо
л л и

0 .0011 0,L 689 1,0915 •- 2301 ТТ,0022Ш” 20,9
0 ,0 0 1 2 0 ,1 6 8 8 1,1914 2486 0,002696 19,3
0 ,0 0 1 3 0 ,1 6 8 7 1,3005 2654 0,003142 17,8
0 ,0 0 1 4 0 .1 6 8 6 1,4.197 2810 0,003625 16,6
0 ,0 0 1 5 0 ,1 6 8 5 1,5498 2951 0,004156 15,5
0, 0016 0, Л684 1.6920 3082 0.004736 14,5
0, 0017 0 ,1 6 8 3 1,8474 3 200 0.005366 13,7
0, 0018 0, 1682 2,0171 3310 0,006056 12,9
0 ,0 0 1 9 0, 1681 2,2025 3411 0,006811 12 , 1

0 ,0 0 2 0 0, 1630 2,4051 3502 0.007632 11,4
0 ,0 0 3 0 0 ,1 6 7 0 5,8150 4089 0,02141 6 , 8

0 , 0 0 4 0 0 ,1 6 6 0 14,134 4330 0,05479 4,3
0 ,0050- 0 ,1 6 5 0 34,589 4476 0,1362 2,7

4 .6 —ch izm  a . Q istir ib  m a h k a m k n g a n  p la s tin k a  ra d iu sin in g  qalin lig iga  n is-  
t r a t id a m  k r iti lk  k u ch lardsh n in g  o ‘zgarish  grcfig i.
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4. 7-chizm a. Q is t ir ib  m a h k z a m ln r r g a  n p r a s t in k a  ra d iu s in in g  q a lf j i l ig ig a  n is-  
bû tidan  kritik  d e fo r m ¿ its iy a n lM g  о ‘z g a r ' i s h  g ra fig i.

4 .5 .  S h a m i r l i  —  t a y a n g a m  s i « j i l g a n  d o i r a T i y  p l a s t i n k a d a g i
k r i t i l c  l e u  c h t a n i s h

S h a r n i r l i  t a y a r L g a n ,  d o i r a w i ^  p i  a s t i n k a n i n g  s im m & tr ik  e g i -  
l i s h id a  e g u v c h i  h o  l a t  u n i  n g  I < o n f : u r L d a  n o lg a  t e n g  b o ‘l i s h i  s h a r t .  
S h u n i n g  u c h u n  h a m  ( 4 . 3 . 5 )  i t f o e i a g a  a s o s a n  c h e g a r a  s h a r t i  q u -  
y id a g ic h a  i f o d a l a n a d i .

й А в ( а )  9 ( a )
- - - - - — + - ^ =  0 . f-  5 .1 )

dr 2  a
( 4 .3 .1 4 )  f o r m u L a g a  a s o s a n  b u  s h a r t n i  b i r i n c h i  t u x  sse l 

fu n k s iy a s i  o r q a l i  j r o z a m i z

¿ / , ( » o )  | / ,  ( » o ) ^ 0

du 2г/0

b u  y e rd a  u(t = a ^ j P h / I > 0 .
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B e s s e l  f u n k s i y a s i  n a z a r iy a s id a n  b iz g a  m a ’l u m k i ,  d l j d u .  

h o s i l a n i  70 v a  7, f u n k s iy a la r  o r q a l i  i f o d a la s h  m u m k in .

{ 4 . 5  .3 )  i f o d a n i  e ’t ib o r g a  o l ib  ( 4 .5 .2 )  c h e g a r a  s h a r t n i  q u y i -  
d  a g i  k o ‘r i n i s l i g a  k e l t i r a m iz !

( 4 . 5 . 4 )  t r a n s s e n d e n t  t e n g l a m a n i  q a n o a t l a n t i r u v c h i  u0 a r -
g u m e n t n i n g  q i y m a t i d a  70 v a  7, Fu n k s iy a la r ,  B e sse l f u n k s iy a la r i  
j a c S v a l i d a n  f o y d a l a n i b ,  t a n l a b  o  in a d i .

A r g u m e r r t n i  r /0= 2 ,1 7  d e b  q -  a l  q i ls a k ,  B e s s e l f u n k s iy a s i

j - a c l v a l i d a n  /« , (2,17) = 0,1271: 7,(2. 7) =  0,560 e k a n l ig in i to p a m iz .
B u  q i y m a t l a r n i  (4 .5 .4 )  te n g l :  n a g a  q o ‘y a m iz  2 ,1 7 x 0 ,1 2 7 1

—  0 , 5 x 0 , 5 6 0  =  0 , 2 7 6 - 0 ,2 8 0 = - 0 , ( J 0 4 .
S h ^ i n d a y  q i l i b ,  a r g u m e n tn i n ?  t a q r ib iy  u 0= 2 ,1 7  q i y m a t i n i

c j a b u L  q i la r r » iz  v a  a s o s iy  b o g 'l a n L h n i  h o s i l  q i la m iz .

B u n d a n _  ( 4 .3 .6 )  f o r r n u la n i  e ’t ib o r g a  o l ib ,  k r i t ik  k u c h l a -  
n i s h n i  a n i c f l a y m i z .

( 4 - .5 .6 )  L f o d a n i  (4 .1 .7 )  b o g ‘l a n i s h g a  q o ‘ y ib ,  u r in m a  m o d u l  
E k , k r i t ik  d e f o r m a t s i y a  s tr  va  p l a s t in k a  n i s b iy  q a l in l ig i  h / a  

o r a s i d a g i  m u n o s a b a t n i  t o p  m iz .

l,o-^o(wo) 0 ,5 / \  (w0) — 0 . ( 4 .5 .4 )

( 4 .5 .5 )

( 4 .5 .6 )
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E k =

( 4 . 5 . 7 )  f o r m u l a n i  q u y i d a _ g i  k o ‘ r i n i s h g a  k e l t i r a m i z .

1+
0 .5 2 3 n a ~ ( 4 . 5 . 8 )

(3 .5 .1 9 )  v a  ( 3 .5 .2 0 )  f b r m u  l a l a r  .a s o s id a  u r i n m a  m o d u l n i  k r i t ik  
k o o r d in a ta  m i q d o r i  - r  b i l a n  i f o d a l a s h  m u m k i n .

E ‘ - 4 - ) "x V x 0 /

( 4 .5 .9 )  f o r m u l a d a n

o r  = 1

0 ,523«
n a nr

< 4 .5 .9 )

( 4 . 5 . 1 0 )

B u  i fo d a g a  ( 4 .5 . 8 )  d a n  ETk m i - q d o r i n i  q o ‘ y a m iz .

a '  =
0.523«

°~ltp K T . ,
.  y o . X J

( 4 - .5 .1 1 )

B u  ifo d a g a  c j = 4 5 0 0  k g / s m 2 ; y Q =  2 4 0 0  lc g /s m 2 ; x 0 =  0 ,1 6 9
s o n  q iy m a t l a r n i  q o ‘y i b ,  p l a s t i n k a x i i n g  n i s b iy  q a l in l ig i  h / a  b i ­
l a n  k r i t ik  k o o r d i n a t a  _v m i q d o r i  o r a s i d a g i  b o g ' l a n i s h n i  i f o -  
d a lo v c h i  t e n g l a m a n i  h o s i l  q i  l a m i z .



B u  ( 4 . 5 . 1 2 )  t e n g l a m a ,  q i s t i r i b  m a h k a m l a n g a n  p l a s t i n k a  
( 4 .4 - .8) t e n g l a m a s i d a n  o  n g  t o m o n d a g i  k o e f f ï t s i e n t la r i  b i la n  
f a r q i  q i l a d i .

( 4 . 4 . 8 )  t e n g l a m a n i n g  o ‘n g  t o m o n i n i  a ]  v a  (4 .5 .L 2 )  t e n g l a -
m a * i i n g  o ‘n g  t o m o n i  a ;  b i l a n  b e lg i la b ,  u l a r n i  b o ‘l ib  q u y i -  
d a g j n i  h o s i l  q iL a m iz

a ,

a ,

77.339
= 0,566.

1 2 4 1 , 0 3 6

D e m a _ k ,  e l a s t i k l i k  c h e g a r a s id a n  k e y in  k r i t ik  k u c h n in g  b i r d a n  
b i r  q i y m a t i d a  s h a m i r l i  m a h k a m la n g a n  p la s t in k a  q a l in l ig ig a  n i s -  
b a L a n  q i s t i r i b  m a h k a m la n g a n  p l a s t in k a  q a l in l ig i  0 ,5 6 6  m a r t a  
k i c - h ik  b o ‘l a r  e k a n .

4 5  00 

4 0 0 0

3 0 0 0  

2 300

I 000

Ç I I I r
Kefarilt!aninpd\il bo vicha

U«'inina modul bo'vicha.

10 \5 20 25

4 . 8 - c h i z n t a .  S h a m i r l i  
m a h k a m la n g a n  p la s tin k a  r a -  
d iu sin in g  qa lin lig iga  bo 'lgan  
n isb a tid a n  k r itik  k u ch la n ish -  
nirtg o 'zgarish  grafig i.

4 .8  -  v a  4 . 9  -  c h iz m a la r d a  t e g is h l ic h a  p la s t in k a  a  r a d iu s in in g  
b  q a li r fc lig ig a  n i s b a t i  b i l a n  k r i t ik  k u c h la n i s h  v a  d e f o r m a t s iy a -  
n _ in g  o  ‘z g a r i s h  g ra f ïg i  k e l t i r i lg a n .
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0 ‘tk a z i lg a n  t a d q i q o t l a r ,  u r i n m a  m o d u l  n a z a r iy a s i  k e l t i r i l g a n  
m o d u li n a z a r iy a s ig a  c j a r a g a n d a  t a j r i b a  n a t i j a l a r i g a  a n c h a  y a q i n  
e k a n l ig in i  t a s d i q l a y d i .

4 .9 -ch iu n a . S h a n t ir -  
li m ah kam lan gan  p la s -  
tinka  radiusin ing q a lin -  
ligiga bo  ‘Igan n is b a tid a n  
k r itik  d e fo rm a ts iy a n in g  
о ‘zgarijh  grafigi.

S a v o l  v a  t o p s h i r d q l a r
1.Doiraviy plastinkœlar unhurt ustuvorlik muvozanat tenglamasini 

yozing.
2.Doiraviy plastinkcclar uchun ustuvorlik muvozanat tenglamasini 

Bessel tenglamasi ko ‘rimishi&a yozzing.
3.Sharnirli mahkam langa n pla^stinka chegara sharti qanday yozi- 

ladi?
4. Qistirib mahkaml^ingan plasJinka chegara shartini yozing.
5.Sharnirli mahkam langœn pierstinka E tc h u n  kritik k u c h  ifodasini 

yozing.
6. Qistirib mahkamdangazi plajstinka uchun kritik tuch ifodasini 

yozing.
7. Shamirli mahkanelangæn plajstinka lechun urinma modul ifodasr- 

ini yozing.
8. Qistirib makkamCangan pla&tinka и chun urinma modul ifoda - 

sini yozing.
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5  b o b .  S I Q I L G A N  T O ‘G ‘R I  B U R C H A K L I  P L A S -  

T I N K A I A R N I N G  E L A S T I K L I K  

C H E G A R A S I D A N  K E Y I N G I  U S T U V O R L I G I

5 . 1 .  E la stik J ik  chegarasidan  keyin  bir o ‘q b o ‘yicha tek is
siq ilgan  p o lo sa

Q a lir m lig i  h  va  o M c h a m la r i  a . b b o ‘lg a n ,  *  o ‘q i b o ‘y i c h a
t e k i s  t a q s i m l a g a n  P  k u c h la n i s h  b i l a n  s iq i lg a n  t o ‘g ‘ri b u r -  
c h a k l i  p l a s t i n k a n i  q a r a y m iz  ( 5 .1 - c h i z m a ) .

5 .1-chizma. Bir yo ‘nalish bo ‘yicha siqilgan plastinka

P l a s t i n k a d a  n o r m a l  k u c h la n i s h l a r
<JX = P ;  c rv = 0 :  <t. = 0 ,  ( 5 .1 .1 )
b o ‘lm b, u r i n m a  k u c h la n i s h  e s a  h o s i l  b o M m a y d i.
E la s - t ik l ik  c h e g a r a s id a n  k e y in ,  p l a s t i n k a  m a t e r i a ln i n g  s iq i l -

m _ a s lik  s h a r t i g a  a s o s a n  d e f o r m a t s iy a l a r ,  b o ‘y la m a  d e -

f o r m a t s i y a  erv o r q a l i  q u y id a g i  b o g ‘l a n i s h  b i l a n  i f o d a l a n a d i .

1
£ . .=  £ . = ----- £ r» _ 2 ( 5 .1 .2 )

S i q u v c h i  k u c h la n i s h  b i l a n  b o ‘y l a m a  q i s q a r i s h  d e f o r m a t -  
s i~ y a s ir* i m u s b a t  d e b  h i s o b l a y m i z  v a  u l a r  q u y id a g i  i f o l a  b i l a n  
b o g ' l a m g a n .
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CT v — {//£ . . (5 .1 .3 )

(5.1.1) va (5.1.2) ifodalardan foydalanib, kuchlanish va 
deformatsiya intensivligini umumiy formulalardan aniqlaymiz:

B u  f o r m u la l a r d a .  n a r r i u n a n i m g  s iq il  ish  d i a g r a m m a s i  e r - г  
b i l a n  er, -  Б, d i a g i a m m a  m o s  k e l i s h i  n i  k o ‘r s a t a m i z .

B u  d i a g r a m m a n i  ( 3 .5 .  19) i f o d a g a  t o ‘g ‘ ri k e l u v c h i ,  ( 3 . 5 . 1 6 )  
d a r a ja l i  f u r k s i y a  k o e r i n i s h i d a  q a b u l  q i l a m i z .

B u  e s a  s iq u v c h i  n o r m a l  k u c h l a n i s h  c r t =  P  b i l a n  b o ‘y l a m a  
d e f o r m a t s iy a  с  o r a s i d a  _gi m u  n o s a b a t n i  q u y i d a g i c h a  y o z i s h  
i m k o n in i  b e r a d i :

P la s t in k a  s i q u v c h i  k u c l h l a n i s h n i n g  b i r o r  b i r  cr0 =  P{) q i y m a -  
t i d a  u s tu v o r l ig in i  y o ‘q o t i s h i  m u m k i n ,  u n d a  ( 5 .1 .5 )  f o r m u l a  
m u v o z a n a t i n i n g  o ‘z ^ a r i s h  h o l a t  i v a q t i g a  ( b i f u r k a t s iy a  v a q t i g a )  
t o ‘g ‘ri k e lu v c h i  s i q u v c h i  k u c h l a n i  s h  b i l a n  d e f o r m a t s iy a  o r a s i d a g i  
m u n o s o b a t n i  k o ‘ r s a t a d i .  B o s h q a c h a  q i l i b  a y t g a n d a ,  ( 5 . 1 . 5 )  
f o r m u la  s iq i lg a n  t o ‘g c ri b u r c h a k l i  p l a s t i n k a  u s tu v o r l ig in in g  p a s t k i  
c h e g a r a s in i  b e r a d i .  / V m m o  s i q i l g a n  p la s t  i n k a n i n g  c h e k s i z  k ic h i lc
e g i l i s h id a  n o m a ’lurrm  a u =  Pu m î q d o r n i  t e g i s h l i  c h e g a r a  s h a r t -  
l a r i n i e ’t ib o r g a  o l ib ,  a n i q l a n a d i .

( 5 .1 .4 - )

( 5 .1 .5 }
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5 .2 .  T o ‘g c ri burchakli p lastinkaning e lastik lik  chegarasidan  
k eyin  ch ek siz  kichik eg ilish i

S i q i l g a n  p l a s t i n k a n i n g  t e k is  m u v o z a n a t  h o l a t i  ik k i l a n i s h  
v a q t i d a  ( b i : f u r k a ts iy a  h o l a t i d a )  e g ilg a n  h o l a t d a  b o ‘la d i ,  c h e k s iz  
k i c h i l c  e g n v c h i  k u c h l a n i s h l a r  v a  d e f o r m a t s i y a l a r d a n  u n i n g  
m u v o z a n a t i n i  k o ‘rib  c h iq a m iz .

F a _ ra z  q d l a m i z ,  p la s t in k a  s ir t  te k is lig i  p a s tg a  q a r a b  q a v a r iq
b o M s in ,  c h  e k s iz  k i c h i k  s u lq i l ik  f u n k s iy a s in i  Д и (х , v) b h a n  b e l -

g i l a y m i z ,  i * n d a  e g i l is h d a g i  ik k ita  e g r i l ik  Д^гл - Д ^ ,  d e f o r m a t s iy -

a la r i  v a  b u  r a l i s h  Д / лт d e f o r m a ts iy a s i  q u y id a g i  f o r m u la l a r d a n  
a n iq l  a n a d i  : ( v e r t ik a l  z  o ‘q i p a s tg a  y o ‘ n a lg a n )

T e k i s  l c e s i m  y u z a s i  g i p o t e z a s i g a  a s o s a n  b o ‘y l a m a  d e f o r ­
m a t s  iy a  v a  s i l j i s h  d e f o r m a t s iy a l a r i ,  p l a s t in k a  q a l in l ig i  b o ‘y ic h a  
z k o o r d i n a t a g a  p r o p o r s i o n a l  r a v i s h d a  t a q s i m l a n a d i .

Д-ел. = A*, =AXv̂
АГ„ = A , „ ,  <5 '2 '2 >

К  i c h i k  e l a s t i k - p l a s t i k  d e f o r m a t s i y a  n a z a r i y a s i d a  
Дсгл-  Д е т ,; Д t „ .k u c h l a n i s h l a r  b i la n  ( 5 .2 .2 )  d e f o r m a t s iy a  o r a -  
s i d a  q u y i d a g i  b o g ‘l a n i s h l a r  m a v ju d :

Д crx -  A-cr„ = , -  &eQ ):

(5.2.1)

= -If/Ay,, :
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Acr0 =
&CFV + A ( T , + A<7_

¥ = — ■
£.

A e r + Ae,  + Ae.

(5.2 .3)

P la s t in k a  m a t e r i a l i  s iq il  m a s ,  y a ’n i =  0 d e b  h i s o b l a y m i z ,
u n d a n  t a s h q a r i  n o r  m a l  k u c h l a n i s h  Ac t  . h a m  n o lg a  t e n g  b o ‘l a d i .  
S h u n i n g  u c h u n  h a  m  (5 .2 .  3 )  b o g ' l a n i s h d a n  q u y i d a g i l a r n i  h o s i l  
q i la m iz :

A c , = ~ r A e ,  -+ — A e x. 7

( 5 . 2 . 4 )

( 5 .2 .4 )  f o r m u la _ g a  a s o s a n  e g r i l i k  d e f o r m a t s i y a l a r i  o r q  a l i  
k u c h l a n i s h l a r  q u y i < i a g i c h a  i f o d a l a n a d i :

A ct, = - i tr  A x v -+ 
j  V

( 5 - 2 . 5 )

A t a - = -<uAx , , z - ( 5 . 2 . 6 )

T o ‘g ‘ri b u r c h a k l i  p l a s t in  k a n i n g  c h e k s i z  k ic h ik  eg il i s h i ,  u n i  n g  
m u v o z a n a t  h o l a t i n i n g  i k t c i l a n i s h i  ( l> i f u r k a t s iy a )  t u f a y l i  r o ‘y  
b e r s in  d e b  f a r a z  q i l a m i z .  U  n d a  p L a s t i n k a  te k is  m u v o r a n a t  h o l a t -  
d a n  e g ilg a n  m u v o z i a n a t  h o l a t g a  o ‘t a d  i. B i f u r k a t s i y a  b o s h l a n i -
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shiga to ‘g ‘ r ï  keluvchi kesuvchi m oduln i y/{> bilan belgilaym iz,

b u  r n o d u l  ст- s  d i a g r a m m a s id a g i  M 0 n u q t a g a  t o ‘g ‘ ri k e la d i  
( 5 . 2 ,  5 .3 ,  5 - 4 - c h i z m a l a r ) .

S i q i l i s h  c ï a g r a m m a s i n in g  M 0 b i f u r k a ts iy a  n u q ta s id a g i  u r in -  
m a  l i o l a t i  b  i l a n  a n iq l a n u v c h i ,  c h e k s iz  k i c h ik  e g i l i s h d a g i  k u c h -  
l a n i s h  v a  d e f o r m a t s i y a  c h iz iq l i  m u n o s a b a t  o r q a l i  b o g ‘l a n g a n .  

U c h i n c l b i  b o b d a  k e l t i r i lg a n  m u lo h a z a l a r g a  t a y a n ib ,  ( 3 .1 .6 )
f o r m u l a g a  a s o s a n , M l -  A i\ u c h a s tk a g a  te g is h l i  M 0 n u q t a  u r -  
i n m  a  c h i z i g ‘ ig a  t e g i s h l i ,  k e s u v c h i  m o d u l  у/ i f o d a s in i  t o p a m iz .  
( 5 .2  .5 )  v a  { 5 . 2 .6 )  f o r m u la la r g a  m u v o f iq  u c h  t u r d a g i  k u c h l a -  
n ish k  v a  d e f o r m a t s i y a  h o s il  b o ' l a d i .  S h u n i n g  u c h u n  h a m  ¡// k e ­
s u v c h i  m o c l u l n i n g  u c h ta  f o r m u la s i  m a v ju d :

a

G

£ „ -(^ +0.5  ̂ ).- •i , + 0.5_\  ̂,
5.2—chiznici.Urirjina va kesuvchi modul/ami 

an iq lash diagra w nut si.
5.3-ciriznia. Unirtiia va kesuvchi modullurni 

an iqlash ciiagramnutsi.



к

5. 4-chiznru.L'riniJUi xa kcsm *dit moduHarm 
с т i if la&Ji diâ ramriiast.

=УЛ, 1 + -
1 (¿Ur., )

( 5 . 2 . 8 )-V'o J
B u  f o r m u l a d a n  k o ‘ r i n a d i k i ,  p l a s t i n k a  k o ‘ i i d a l a n g  k e s i m i  

q a l in l ig in in g  y u q o r i_ g i q i s m i d a  i//0 m i q d o r i g a  n i s b a t a n  k e s u v c h i  
m o d u l  <// k a m a y a d i  ( z  > 0 ). B u n d a  e g i l i s h  v a  b u r a l i s h d a g i  e g r i l i k  
d e f o r m a t s iy a l a r i  m u s b a t  h i s o b l a n a d i .

B u  d e f o r m a t s i y a l a r n i m g  f o r m u l a l a r i n i  y o z a m i z :

P la s tin k a g a  -v o ‘q i b o ‘y ï c h a  s i q u v c h i  t a s h q i  P  k u c h la n i s h  t a =s ir  
e ta d i  ( 5 . 1 - c h i z m a ) ,  s h u m i n g  u c h u n  ( 5 .2 .9 )  e g i l i s h d a n  h o s i l  
b o ‘lg a n  b o ‘y l a m a  d e f o r r a a t s i y a g a  s iq i l i s h  d e f o r m a t s i y a s i
q o ‘sh ilg a n , q o l g a n  d e f o r m a i t s i y a  la r  o ld i.g a  m a n f iy  is l io ra  q o ‘y ü g a n ,  
c h u n k i ,  p la s t i r ik a  q a l i  n l ig im in g  y u q o r ig i  (z  <  0 ) q i s m id a  m u s b a t  
d e b  q a b u l  q i l i n g a n  s i q u v c h i  k u c h l a n i s h  t a ’s i r  e t a d i .

(5.2.9)

А*,- = - т ( Л^.. +O M x  x)z. ( 5 .2 .  10 )

( 5 .2 . 1 1 )
J



0 + 0 M 2 ,  )z

K u c  hlan5shlar ifoda la rin i yozamiz.

A crv =  у  

A ct, =  y / y

A rn  = ^

r+0,5Ддгх)

4 ( ^ , >

(5.2.12)

B o c y l a m a  z o ‘r i q i s h l a r  jV v , z W v v a  u r in m a  z o 'r i q i s h  q u y id a -  
g i  f o r m u l a l a r d a n  a n i q l a n a d i .

2 «
N x = = £„ h V -  T (A^v + 0-5Д^, ) /,, ;

А Л У = | a <j, dz =  -  — [a z x + 0.5Á¿X )/,, ;
_Wi J

2 /'

A.S' = Ï A r ,vdz -  - 7 (A /v, )/;v, •

E g u v c h i  Д А /Л. , Д М , v a  b u r o v c h i  A H  h o l a t l a r  e s a

ir~
^ I

А.%/д. = fer..zdz - £ít I,.. -  -  (л,/ ( + 0.5А / . )Л - •
_~Л ’ 3 *

Д-l/, = jAcr,;í/r = -^ ( a¿, -ь О.ЗДяг.К ,:
J

ЛЛ = fnr.,.-c/z= -  Í (лг )/ ...

(5 .2 .1 4 )

b o g 'l a n i s h l a r d a n  a n i q l a n a d i .
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A .A . I l y u s h t n  t a k l i t f  q i lg a rm id e k , ( 5 .2 .1 3  ) v a  ( 5 .2 . 1 4 )  f o r m u -  
la la rg a  q u y i d a g i  b e l g i l a s h l a r n  i k i r i t a m i z  [ 1 5 ] .

1 2 2 
= W ß z .  ( 5 .2 .  1 5 ) Д ,  =  /,,. =  ]</srzc/z-

A  - -  --■> ~
h

= j V ,- - * -

-h2 (5.2.16)
h h 
2 2

73.» = = J i//y z 2ck;

v. -  J ^ v , 2 2- ^ .  ( 5 . 2 . 1 7 )

7) v a  ( 5 . 2 . 8 )  k e s u v c h i  m o d u l  i f o d a l a r i n i  ( 5 . 2 . 1 5 )  — 
f o r m u l a l a r g a  q o ‘y ib ,  q u y id  a g i l a r n  i h o s i l  q i l a m iz :

'(Л G , = ^0^_r’

U - - a 5 A -r  £ , ) / .  ( 5 . 2 . 1 8 )

+ 0 .5 A 2 v)

)

{ ч 'о ~ Е л )1х\
( 5 . 2 . 1 9 )

(v"o -  £<, >Л
(5 .2 .20 )



( 5 .2 .  15) — (  5 .2 .1 7 )  i f o d a l a r n i  o c h g a n im iz d a  q u y id a g i  t o ‘r t  
x i l  i n t e g r a l  h o s  il b o ‘la d i:

P la s t  ï n k a n i r a g  c h e k s iz  k ic h ik  e g i l is h id a  n e y t r a l  q a t l a m i  o ‘r ta  
t e k i s l i k  b i l a n  u s t m a - u s t  tu s h s in  d e b  h i s o b la y m iz .  B u n in g  is -  
b o t i n i  u c h i n c h i  b o b d a  e la s t ik l ik  c h e g a r a s id a n  k e y in  s iq i lg a n  
s t e i j e n  w s t u v o r l i g i n i  k o ‘r ib  c h iq q a n i m i z d a  k e l t i r g a n  e d ik .

S h u n i n g  u c t i u n  h a m  ( 5 .2 .2 1 )  i n t e g r a t i n g  p a s tk i  v a  y u q o r i -  
g i  c h e g a r a s i  p k a s t i n k a  q a l in l ig i  a b s o ly u t  m iq d o r n in g  y a r im ig a  
t e n g  d e  b  q a b u l  q i l in a d i  v a  u n d a

/3 =  /7’/ 12 -o ‘z g a r m a s  q iy m a t ,  e n i  /, =  1 b o ‘lg a n  p l a s t in k a  
k o ‘n d a  la n g  k e= sim  in e r s iy a  h o l a t i n i  / л =  / ,  i fo d a la y d i .

Г ;

(5 .2 .2 2 )

N,  = c 0J//0/7

J

( 5 .2 .2 3 )
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C h e k s i z - k ï c h i k d e f o r m a t s i y a l l a r g a  n i s b a t a n ,  ( 5 .2 .2 3 )  f o r m u -  
l a d a g i  e g i l i s h  d e f o  r m a t s i y a l a r i  v a  b u r a l i s h  d e f o r m a t s i y a s i  
k v a d r a t la r i ,  y u q o r i  t a r t i b l i  k i c h i k  m i q d o r l a r  b o ‘l g a n i  u c h u n  
u l a r  q a t n a s h g a n  h a d l a r n i  e ’t i b o r g a  o l m a y m i z ,  u n d a

B o ‘y la m a  N x k u c h  t a s l i q i  s i  q u v c h i  Ph  k u c h  b i l a n  m u v o -  
z a n a t d a  b o ‘l i b ,  q o l g .a n  k u c h l a r  n o l g a  a y l a n a d i .

(5 .2 .2 4 )  f o r m u l a l - a r  g r u p p a s i - d a g i  A\ 4 X i f o d a g a  e ’t i b o r  b e -  
r is h  lo z im . 0 ‘x s h a s l i  h a d l  a r  i x c h a m l a n g a n d a n  k e y i n  b u  i f o -  
d a d a n  k e s u v c h i  m o d u l  y 'o 'q o l  a d i  v a  k r i t i k  M 0 n u q t a g a  t o ‘g ‘ri
k e lu \ c h i  E k u r i n m a  m o d u l  q o l a d i  ( 5 .2 - c h i z m a ) .  U n d a  ( 5 .2 .2 4 )  
f o r m u la  q u y i d a g i  k o ‘ r i n i s h d a  b o e la d i .

B u  f o r m u l a l a r d a n .  k o ‘r i n a d i l c i ,  x  o ‘<qi y o ‘n a l i s h i  b o ‘y i c h a  
e l a s t i k l i k c h e g a r a s id a n  k e y in  t o ‘g ‘:ri b u r c h a k l i  p l a s t in k a  u s tu v o r l i -  
g in i  y o ‘q o ta d i ,  b u  y o c n a l i s h d a  p l e s t i n k a a  in g  e g i l is h d  a g i  b ik ir l ig i
k a m a y ib  EkJ v g a  t e n g  b o ‘l a d i .  y  o ‘q i b o ^ i c h a  e g i l i s h d a g i  b i k i r -

=y/0s 0 h  = h a  =  Ph; N v = 0; S =  0. ( 5 .2 .2 5 )

( 5 .2 .2 6 )j

ДH =  riy /0/ ,  .



l ik  b i l a n  f c u r a l i s h d a g i  b ik r l ik la r  t e n g l a s h a d i ,  le k in  y/0I , > E kI v 

b o  ‘l a d i

5 .3 .  S h a r n ir l i  tayangan  p lastinka ustuvorlik  ten g lam asi. 
K ritik  kuchlanishlar va deform atsiyalar

K o o r d i n a t a  ^  o ‘q i b o ‘y ic h a  Ph  s iq u v c h i  te k is  t a r a lg a n  k u c h -  
d a n  e g i l g a n  p l a s t i n k a  e l e m e n t i  m u v o z a n a t  t e n g l a m a l a r i ,  q u -  
y i d a g i  b i l t a  t e n g l a m a g a  k e l t i r i la d i .

d 2h X t x ^ à 2à H  â l m s
—  + 2 ------- + ---- - - —  = - P h — -

З х S x d y  ff y ' o x
(5 .3 .1 )

B u n g a  ( 5 .2 . 2 6 )  i f o d a n i  q o ‘y ib  v a  ( 5 .2 .1 )  i f o d a n i  e t i b o r g a  
o l i b ,  u s t u v o r l i k  t e n g la m a s in i  h o s i l  q i la m iz :

V 2 V ~vv — 1 E k d A w d>2
■ +

w

f fx4 l â x 2â \ 2

P h â 2w  

D . f f x 2 ’ ( 5 .3 .2 )

b u  y e r d a (5 .3 .3 )

K o n t u r i  b o ‘y ic h a  s h a r n i r l i  m a h k a m la n g a n  e g i lg a n  p l a s t i n -  
l c a n i n g  u s tu v o r l i g i n i  q a r a y m iz .  B u  h o ld a  ( 5 .3 .2 )  t e n g l a m a n i n g  
y e c h i r r u n i  i k k i  q a t o r  k o ‘ r in i s h d a  q a b u l  q i la m iz .

y )  =  X Z C .. sin o/;,= 0 // = 0 a V
C h i z i q l i  -  e la s t ik  m a s a la d a g i  k a b i ,  (* ) c h e k s i z  ik k i  q a t o r -  

e i i n g  b r i t a  h a d i d a n  b o s h q a  b a r c h a  h a d la r i  n o lg a  t e n g  b o ‘lg a n d a ,  
s i q u v c k i i  k u c h  Ph  m in i m a l  q iy m a tg a  e r i s h a d i .

C.„ . т я  jr . п л у
sin-------sin------

a b
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(* ) ifo d a  s o d d a l a s h a d i  v a  q u y i d a g i  k o ‘r i n i s h d a  i f o d a l a n a d i .
j v . m n - x  . n T z y

w{x ,y )  = C ...s i n --------- s in —
a b

(* * ) i f o d a n i  ( 5 . 3 . 2 )  q o ‘y a m i z .

Phrrr
a 2D n

=  7T~

f •> ■> z'1)1 ‘ /7"
X  + AT

1 -
V a

( 5 .3 .4 )

b u n d a n  P /7 k r i t i k  i n i q d o r i n i  a n iq l  a y m iz .

ra  = £ V A ,
2 2 V/77 A7 I

>  v j  '
i - s .

wr n?~ n~ 
c r  [ a  2 2b~ ( 5 . 3 . 5 )

m b~ y  V y ^ o ) a ' \ a ' 2 b ' ) ' '

A g a r  (5 .3 .5 )  f o r m u l a d a  «  = i  b o ‘L sa , s iq u v c h i  k u c h  m i n i ­
m a l m iq d o r g a  e g a  b o ‘l a d i

y /0J \  2b ( 5 . 3 . 6 )
\  ̂ / v 'r 0 ^ v ✓

B u  f o r m u la g a  a s o s a  n  s i q i l i s h  y o ‘n  a l i s h i  b o ‘y i c h a  p l a s t i n  k a  
q a v a r g a n d a  b i r  n e c h a  y a r i m  t o M q i n l a r  ( m  = 1 ,2 ,3 , . . .)  p e r -  
p e n d ik u ly a r  y o 'n a l i s h  b o ‘y i c l i a  e s a  F a q a t  b i t t a  y a r i m  t o ‘l< i in  
( n  = l )  h o s il  b o ‘ la d i .

/77 =  1 b o ' l g a n  h o l a t n i  q a r a y m i z ,  u n d a  ( 5 .3 .6 )  f o r m u l a . n i  
q u y id a g ic h a  y o z a m i z

Ph = 7t'
i Dn b_ a_ 

a  b

f  • E  ^
1 - - - - - k-

y/0)
I

, 2 H‘ Ó2 .

y o k i  (5 .3 .3 )  a s o s i d a

P =  7T2 & Vo
9Ir

A
^ 0

1 a

.2  + 62

2 \

( 5 .3 .  7 )

(5 .3 .5 )

k o ‘ r in is h d a  i f o d a l a y m i z .
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K v a d r a t  p l a s t i n k a  a = b u c h u n  ( 5 .3 .8 )  u s tu v o r l ik  t e n g l a m a  
q u y i d a g i c h a  b o ‘ la d i:

P  = 4 ^ r 2
9 b 2

1 -
8

L .
Wo

( 5 .3 .9 )

K r i t ik :  k u c h l a n i s h  P , c h iz iq l i  b o M m a g a n  < r - s , d i a g r a m m a
b i l a n  b o g ‘l iq l ig i  u c h u n  h a m ,  b u  (5 .3 .8 )  t e n g l a m a  P  k u c h la -  
n f s h g a  n _ i s b a ta n  n o c h iz iq d i r .

P l a s t i n k a  m a te r i a l i n i  q u r il is h  p o ‘la t i  d e b  h i s o b la y m iz  v a  3 .1 5 -
c l i i z m a d a  k o ‘r s a t i l g a n  cri - s i d i a g r a m m a n i  q a b u l  q i la m iz .

B u  d i a g r a m m a g a  a s o s a n  ( 5 .3 .9 )  f o r m u la g a  k i ru v c h i  k e s u v -  
c l i i  m o d u l  y/0 v a  u r in m a  m o d u l  E k q u y id a g i  f o r m u la l a r d a n  
a  n i q l a n a d i .

(5 .3 .1 0 )

b u  y e r d a  y  =  er,., - P ;  x  = £Hp -  £,.

K e r a k l i  g r a f i k l a r n i  q u r i s h  q u l a y  b o M is h i  u c h u n  ( 5 .3 .9 )  
u s t u v o r l i k  t e n g l a m a s i n i  q u y id a g i  k o ‘r in i s h d a  i fo d a la y m iz :

h 1 9£
1 - 2

8 W o
( 5 .3 .1 1 )

A g a r  a/b =  2 .  b o ‘lsa , ( 5 .3 .8 )  u s tu v o r l ik  t e n g la m a s i :

b l

h~

2 5 7i'

3 6 £

o

25 Wo
(5 .3 .1 2 )

A g a r  a/b  =  3 . b o ‘ls a ,  ( 5 .3 .8 )  u s tu v o r l ik  t e n g la m a s i :

b l

br

100;r
8 1fr

1 - -
2 0 0

E  ^ 
1 ----- i-

Wo
(5.3.13)
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( 5 .3 .9 )  — ( 5 .3 .1 1 3  f o r m ix l a l a r d - a n  f o y d a l a n ib ,  p l a s t i n l c a n i  
s iq u v c h i  k u c h la n i s l i  P  b i l a n  n i s b i y  q a l in l ig i  b /h  o r a s i d a g i
b o g ‘l a n i s h la r n i  i f o d a J o v c h i  g r a f i k l a r n i  a /b  =  1.2.3 n i s b a t l a  r d a  
q u r is h  r n u m k in .

B u n d a p l a s t i n k a n i n g  x  o ‘c j i n in g  < ja v a r is h i  b i t t a  y a r i m  t o ‘l q i n  
( m = l )  b o ‘y i c h a  h o s d l  b o ‘l a d i .

5 . 5 - c l i i z m a d a  k r i t  ik  P  k u c h l a n i s h n i n g  p l a s t i n k a  n i s b iy  q a -
l in l ig i  b/h  o r a s i d a g i  b o g ‘l a n i s h l a r n i  k o ‘r s a tu v c h i  g r a f i k l a r  l c e l -  
t i r i lg a n .  U z u q l i  c h i z i q  b i l a n  c h i z i q l i - e l a s t i k  m a s a l a  g r a f g i  t a s -  
v i r la n g a n .

n -1
p

4500
Ю À

Г - - - - - 1 fи b1 ■*
\ V 1 - 

V, \
4000 \ \ \ \ \ \

\ «Лу ' \ V
3 000 \ 4;4 a
2000 ft /h 1 \ 4 ^

\ ' s
1000 a f t _ ' - --- - .

0 50 100 150

5 . 5 - c h i z m a .  K r i t i k  k u c h l a n i s h n i n g  n i sb i y  
c f o l i n l i k t a  n i sba t -an  о ‘z^gari sh grafigi .

5 .6 - c h i z m a d a  k r i t i k  d e f o r m a t s i y a  in te n s iv l ig i  b i l a n  n i s b i y  
q a l i n l i k  o r a s id a g i  b o g  ‘ l a n i s h l a r n i  k o ‘r s a t u v c h i  g r a . f ik la r  k e l -  
t i r i lg a n .

P la s t in k a  u s tu v o r l i k  t e n g l a m a s i n i  f c o s h q a  p a r a m e t r l a r  u c h u n  
tu z a m iz .  S h u  m a q s a d d a  ( 5 . 3 . 3 )  i f o d a n i  e ’t ib o r g a  o l i b  ( 5 . 3 . 6 )  
te n g la m -  îi q u y i d a g i  k o ‘r i n i s h d a  y o z ia m iz :



0,0005

0.0004
0,0003
0.0002
0,0001

О

-*t

\
a/ir

Ч

50 100 150
5. 6-chizm a. Deformatsiya intensivligining nisbiy  

qalinlikka m sbatan  о ‘zgarish  grafigi.

b¡_ _  л-V 0 (  

h 2. 9 P  V
b a

777 ----I-------
a mb

b 2m 2
— —̂ h 0,5 /

1 -
'Ь т  а л 

—  + —  
a mb

l - * L
. Vo, ( 5 .3 .1 4 )

B u  t e  n g l a m a d a g i  y a r im  t o ‘l q in l a r  s o n i  m v a  a ¡b ,  n i s b a tn i  
« ‘z g a r t i r i b ,  q u y id a g i  h o l a t l a r  u c h u n  u s tu v o r l ik  t e n g l a m a l a r i n i  
Ih o s i l  q iL a m iz :

1. a /b  =  1 ; m = 2 ,

h 2

25л-2
■Vi i - i i

2536 P

2. a jb  = 2 ;  m = 2,

i - Ä
V oJ

b 2 _  4 л  

h 2 ~  9 P
1 - 1  1 - ^

8V W

( 5 .3 .1 5 )

(5.3.16)

3. a/b = 2 ; m = 3,
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h~ _  I69;r" 

h- ~ 9 3 6 P
V i

9 9

1 6 9

4. ajb = 3 ;  m = 2 .

b~ _  1 69j7T~ 

V  ~ 9.36 P
V<,

3 4

1 6 9

'/V

l - £
W

5. a¡b =  3 ; n i - Z ,

b- 4n

9 P ■V'o i - 2
8 ' b ' J

6. « /6  =  3 ; /#7 =  4 ,

¿r 625tt

r  16 ,81/> V'o
8 ,4 1

6 2 5
3 - E l .

V j

(5.3.17)

( 5 .3 .1 8 )

( 5 .3 .1 9 )

( 5 .3 .2 0 )

5 .4 . Ikki y o ‘n a l ís h  b o V ic h a  s iq ilg a n  t o c g ‘ri b u rch a k li  
plastinkalarn ing e la s t ik lik . chegararsidan  k c y in g i ustm vorlik

te z n g la m a s i
K o o r d in a t  x  v a  y  o ‘q l a r i  y o ‘n a l i s h i  b o ‘y i c h a  s i q i l g a n  t o ‘g ‘r i  

b u r c h a k l i  p la s t in k a  b i r  j in s l i  k u c h l a n g a n l i k  h o l a t i d a  b o ‘l a d i  ( 5 .7 -  
c h iz m a )  va q u y i d a g i  k u c h l a n i s h l a r  b i l a n  a n i q l a n a d i :

^  _  D • ^  _ D  — C\.  ̂ _  C\o  = P  ; cr =  P  : cr = 0: t = 0 .v .r ’ V V ’ Z ’ XV ( 5 .4 .1 )

s x; e y ; e : b o ‘y l a m a  d e f o r m a t s i y a  l a r  n o l d a n  f a r q l i  b o ‘l ib ,
b u n d a  v e r t ik a l  z  o c q  b o ‘y i c h a  h o s  il b o ‘l g a n  d e f o r m a t s i y a ,  
m a te r i a ln in g  s i q i l m a s l i k  s h a r t i d a n  f o * y d a l a n tb ,  a n i q l a n a d i :

+ f  . = 0; e . =  - ( f + -e x ).
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B o ‘y l a n x a  d e f o r m a t s iy a  s x, e x l a r b i l a n  k u c h la n i s h l a r  o r a s id a  
q u y i d a g i  f i s i k  m u n o s a b a t  m a v ju d :

r,  - ^ o  = T ^ (^ .r  J

r v -  ^0 = ^ A £ y ~ e o l
(5 .4 .2 )

b u  y e r d a
cr,. +cr , .+cr .  £ r +£,.■*-£.

& o = —---- -------;ff0 = - ^ ---- - (5.4.3)
C 5 .4 .1 )  i f o d a n i  e ’t ib o r g a  o l ib ,  ( 5 .4 .2 )  s i s t e m a d a n  d e f o r -  

m a - t s i y a l a r  u c h u n  q u y id a g i  f o r m u la l a r n i  h o s i l  q i la m iz :

e * = —  -  ° . 5 ^ v )  £ r = —  (^v  -  °>5cr, ) ( 5 .4 .4 )y/ '

O

-Py

P > P X

Pv

y a

5 .7 -ch i zm a .  I kk i  y o ‘na l i s h  
bo ' y icha  s iq i l g a n  p la s t inka .

crx , o~y k u c h l a n i s h l a r  b e r i l g a n i  u c h u n  k e s u v c h i  m o d u l
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_ CT;
'/y -  £ m iq d o r in  i a n i q l a s h  m u m k i n .  S t i u  m a q s a d d a  k u c h l a -  

n i s h  in te n s iv l ig in i  a n iq l a y 'm i / . .

er, -  e r , ) 2 +(cr, - e r . )  (rr. - c r t )2 =

H ---------- r r —  —  <5A5)= -C T ^ , .  + er“  = y j p x~ -  P J ’ -f .

K u c h l a n i s h  i n t e n s i v l i g i  m a ’l u m  b o ‘l .g a n d a ,  c 7 ,-¿ :, q a b u l

q i l in g a n  d ia g r a m m  a  asosic i <t er, =  ) m u n o s a b a t n i  a n i q l o v c h i

s, d e fo r m a ts iy a  in te n s iv !  ie in i t o p a m i z .  B u n d a n  s,  d e f o r m a t s iy a .

i n t e n s i v l i g i n i  v a  u n d a .  k e y in  < 5 .4 . 4 )  f o r m u l a d a n  e x, e x

b o ‘y la m a  d e f o r m a t s i y  . ¿ r n i  a n i q l a s h g a  i m k o n i y a t  b e r u v c h i
k e s u v c h i  m o d u ln i  y/ = , ) /e , t o p a m i z .

( 5 .4 .5 )  k u c h l a n i s h  i n te n  s iv l ig i  i f o d a s i n i  q u y id a g i  k o ‘r in i s h g a  
k e l t i r a m iz

/-------------------- P
c r ^ P ^ l - a  + a * ;  <* = - £ - . '  (5 .4 .6 )

x

D e f o r m a ts iy a  s, i n t e n s i v l i g i  f t ; e , ; e . =  - ( e , + e v) b o ‘y l a m a  
d e f o r m a t s iy a l a r  b i t a n  q u y i d a g i  b o g M a n i s h d a  b o M a d i:

e , = ^ ^ , - £ l )2 ~ e : ): + ( e : - s x)2 = ^ ^ e 2 + s  2 + e xs v .

( 5 .4 .7 )
A g a r  p l a s t in k a  k o n t u r  b o 'y i c h a  t e k i s  t a r a l g a n  b i r  x i l  b o s i m  

t a ’s ir id a  s iq i lg a n  b o ‘3 s a ,  u n d a  Px = P v = P  \ sl s x= s y b o ‘la d i .  B u
h o l  u c h u n  ( 5 .4 .6 )  v a  ( 5 . 4 . 7 )  f o r m u l a l a r  s o d d a l a s h i b ,  q u y i ­
d a g i  k o ‘r in is h g a  k e l a d i .

cr ,= P :  s, = 2 s ,  ( 5 .4 .8 )
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( 5 . 4 . 2 )  f o r m u l a  a s o s id a ,  d e f o r m a t s iy a  o r q a l i  i f o d a la n g a n  c r v 
v a  crv k u c h l a m i s h l a r  q u y id a g i  f o r m u la l a r d a n  a n iq l a n a d i .

<r.r =  j 4 ' ( € * + 0 & Л

4 ( n V ( 5 .4 .9 )

K e s u v c h i  m o d u l n i n g  y/ = y/0 b i r o r  b i r  m iq d o r id a  p l a s t i n -  
k a n i n g  m u v o z a n a t i  U d d la n g a n  h o l a td a ,  y a ’n i p l a s t in k a  s iq u v c h i  
k u c h l a r  t a ’s i r ü d a  y a n g i  c h e k s iz  k ic h ik  e g i lg a n  h o l a t d a  b o ' l s i n  
d e b  h i s o b l a y m i z .

d i a g r a m r r i a n i n g  M 0 k r i t ik  n u q ta s i  ( 5 .2  , 5 .3 ,  5 .4 -  
c h i z m a l a r )  a t r o f i d a g i  <// k e s u v c h i  m o d u l  ( 5 .2 .7 )  v a  ( 5 .2 .8 )  
f o r m u l a l a r d a m  a n iq l a n a d i .

( 5 . 2 . 5 )  v a  < 5 .4 .9 )  b o g ‘l a n i s h la r g a  m u v o f iq  x  o ‘q i b o ‘y i c h a  
h o s i l  b o ‘lg a n  ~ b o ‘y la m a  d e f o r m a ts iy a

T ( < r  +  °>5 & , ) ~ { AX ,  +  0,5Ддг,. )z g a  t e n g  b o ‘la d i .

X u - d d i  s h u z n in g d e k  y  o ‘qi b o ‘y ic h a  d e f o r m a t s iy a

T (/»• + ) ~ { à Z y  +  O M X x  Уj  3
( 5 .  2 .6 )  i f o  d a g a  a s o s a n  s il j is h  d e f o r m a t s iy a s i
1 ^
7  z  g a .  t e n g  b o ‘la d i .

cr л . , < 7 v a  А г л r k u c h la n is h la m i  q u y id a g i  k o ‘r in is h d a  y o z a m iz :

1 0 2



С, = '/Л

°V  ='// ,

j ( f f v + » . 5 é-, ) - у ( д ^  + 0 , 5 Д * , )- 

j ( f f + ®,5ff т ) -  у(Ддг,. + 0,5Д^Л )z

Ат,у = - V  Ху “ ДГ  Л, г - (5 .4 .10)

C h e k s iz  k i c h i k  e g i l g a n  h o l a t i d a g i  p l a s t i n k a d a  h o s i l  b o ‘l .g a n  
z o ‘r iq i s h  k u c h l a r

4 & X ,  + 0 .5 & x X ,;
J J
4 /  _  4,

Af, = - ( e , -ь 0,5e > , ,  —  ( * X, + 0,5 A X> : ,.j 3

A S — U x . ^

(5 .4 .  1 1 )

( 5 . 4 . 1 2 )

b o g ‘l a n i s h l a r d a n  a n i q l a n a d i .
B u  y e rd a  I i x ; I l y z, / 2 t ; ; / 2дг ( 5 .2 . 1 8 ) - ( 5 . 2 . 2 0 )  f o i m u -

l a l a r d a n  a n i q l a n u v c t i i  b i k i r l i k l a r .  B u  f o r m u l a l a r n i  ( 5 .4 .1 1 )  v a
( 5 .4 .1 2 )  b o g M a n is h la  r g a  q o ‘y ib  q u y i d a g i  i f o d a l a m i  h o s i l  q i -  
la m iz :

N

\  , 4 (ДХ1 r + 0’5Дх ,.)
r h o h  -  -----------------------

3 8 0

4 Г .AC Л , 4(ax , +0,5Дхг)2 , = т(е, + 0,5e J % h  -  т ----=--------------

N r = j ( s v + 0,5e e*
i - —  Р » ;  

Wo J

1 - —  ¿ V  
Vo J

( 5 . 4 . 1 3 )

M  =  —
( ^ , y f  

12 e n Vo
• A - (5 .4 .14 )
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D o = ^ V o I y ■ ( 5 .4 .1 5 )

4{ex + 0 ,5 e r )t//0 =3PX, 4{ey + 0 ,5ех )ц/0 = 3 P y L arn i e ’t i b o r g a
o l i b ,  ( 5 . 4 . 1 3 )  v a  ( 5 . 4 . 1 4 )  f o r m u la la r d a g i  i k k in c h i  t a r t ib l i  k ic h ik  
k o ‘p a y t u v c h i s i  b o ‘lg a n  h a d l a r n i  e ’t i b o r g a  o l m a y m i z ,  u n d a  
z c » ‘r iq i s h i  k u c h l a r i :

N x = hPx ; N y = hPy ; 5  =  0 . ( 5 .4 .1 6 )
C h e k s i z  k i c h i k  e g u v c h i  h o l a t l a r  v a  b u r o v c h i  h o l a t  i f o d a la r in i  

y o z a m i z .

Bu ye rd a  quyidagi belgilash kiritilgan

AM  

A M

, = l í ^ f ^ - l ( A Z , + 0 .5 ü Z > „ :

< 5 A 1 7 )

A H „  = - - A I x y I :j r . ( 5 .4 .1 8 )

B u  b o g ‘l a n i s h l a r d a g i  b ik i r l i k la r  Л л; А . ^ з o ‘r n i ga
( 5 .2 . 1 8 " ) - ( 5 .2 . 2 0 )  f o r m u la l a r d a n  u l a r n i n g  q i y m a t l a r i n i  q o ‘y ib  
q u y i d a g i l a r n i  h o s il  q i la m iz :

ДЛ/,- = * ( fv -+ 0,5e,  ^ I ; + 0 ^ A z ' ) (v, o + _ 1  (д/л + 0,5 Д /, Л :

Д М .- = т ( £ г + Q-5gv)т  - — - - —A- (y/0 + Ek)/, - U a z , + о ,5 Д /,.V o 4 ;

b H -  =  - T b X „ V ¿ , .  

yok_i
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ДА/. = - b Z ,  +

A M , = - \ A j C ,  + A *,
2 у

1 -

I -

4 ( e ,  + 0,5.*,.)

4(-f, . + 0 ,5 e J

i - Ä .
, </o

W

A,

A„

( 5 . 4 . 1 9 )

( 5 .4 .1 9 )  te  n g l a m a  n i  s a l q i l i k  f u n k s i y a s i g a  w (x,jy) n i s b a t a n b i r  
j in s l i  t e n g l a m a g a  k e l l i r i s h  m u m k i n .  S h u  m a q s a d d a  m u v o z a n a t  
t e n g l a m a d a n  f o y d a l  a n a m i z ,  u n d a  e l e m e n t g a  t a ’s i r  e t u v - c h i
v e r t ik a l  P t ; Pv s i q u v c h i  k u c h l a n i s h l a r n i n g  z  o ' q i d a g i  
p r o e k s iy a s i  s i f a t i d a  o l i n g a n  [9 ]

â 2 A M  „ d l A H  â 2M T v 
— + 2 --------- +-

n2 n 2 \^  с  IV  ̂ a  w  
P  --------+  P  ---------' n 2 V П ■>o x  a y ~

h- ( 5 . 4 . 2 0 )
â x '  ô x ô y  d y~

( 5 .4 .1 9 )  t e n g l a m a _ g a  a s o s a n  ( 5 . 4 . 2 0 )  i f o d a n i  q u y i d a g i c h a  
y o z a m iz

4 £x. + 0.5s.r :A/x ^:Д/, r :à / i r=?:A*v г  2Д*0----+-------- — H------ —+----- T̂-+--------
â x '  l a x '  t ? y ~  H o y  I c ^ x c y

à 'AX, [ 1 г :ДГу 
C \l 2 rv:

4 í, + 0̂ 5¿:v 
3 ¿i,

I - -
4r ,t

B u  f o m u l a g a  e g r i l i  Tc d e f o r m a t s i y a l a r i n i n g  s a lq i l i k  f u n k s i y a s i
â 2 w A d 2w _ â 2\v

o r q a l i  i f o d a l a r in i  = — ^ - i r : A*> = — A ^ v_, = - 2 -
3  x~~ d y 1 à x à y

• q o ‘y ib , e l a s t i k l i k  c h e g a r a s i d a r  k e y i n  ik k i  y o ‘n a l i s h  b o ‘y ï c h a  
s iq i lg a n  t o ‘g ‘ri b u r c h a k l i  p l a s t i n k a  u s t u v o r l i k  t e n g l a m a s i n i ,  y a ’n i  
q u y id a g in i  h o s i l  q i l a m i z :

1

h

4- 1

4  £  v 4- 0 ,5 ^ ,

r x  2  r x  r~ \v 3 € () V-'o
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[3 4w

1

*T

4  £•,. + 0 ,5£r
1 h '

2  d x 2d y 2 _ 3 e 0
1

V

1 1 p  £ h v-
' ¿?.r2 •' J y 2

(5 .4 .22)

A g a r  p l a s t i n k a  k o n t u r  b o ‘y i c h a  Px = Py = P  b i r  x i l  t e k i s

t a .q s im la - n g a n  k u c h l a n i s h  b i l a n  s iq i l s a ,  u n d a  e x =  s 0 = 2 s x 

b o ‘l ib ,  ( 5 . 4 . 2 2 )  t e n g l a m a  q u y id a g i  k o ‘r in i s h g a  k e la d i

V 2V S v -
d * w  d x\v 3 4w  

d x A d x 2d y 2 d y A W

hP  •,
(5 .4 .2 3 )

( 5 . 4 . 2 3 )  t e n g l a m a n i  s o d d a r o q  k o ‘r in i s h d a  y o z a m iz :

d  4 tv

d x 2c i y :

3 4w
■ +

d 4\v
d y 4 VoS x *  3 x 2 3 y 2 

q u y ic J a g i  b o g ' l a n i s h l a m i  e ’t ib o r g a  o l ib

4 ( A c \  P* P'61' n c  \ P' £‘-{ £ x -+ 0,5f j =  —  = — ; ~ [sv + 0,5s-J = - — ; 
j  i// cr, j  cr,

E k hP  7 
— = ------- V-w. ( 5 .4 .2 4 )

I------------ - Y n
cr, =  Px^ l - a  + « " ;  a  = — ; e0 =

( 5 . 4 . 2 3 )  t e n g l a m a n i  b o s h q a c h a  k o ‘r in i s h g a  k e l t i r i s h  m u m -  
k i n .  B u- b o g i a n i s h l a m i  ( 5 ,4 .2 2 )  t e n g l a m a g a  q o ‘y ib ,  u s tu v o r l i k  
t e n g l a m a s i n i n g  b o s h q a c h a  k o ‘r in i s h in i  h o s i l  q i la m iz .

( -.4
C 11' C IV

v r x 4 2d*:zr y
+ a! | r 4H- , 

O'4 JJI

-D, d x '
■+ -x

d v 1

'J l -a  + a "

( 5 .4 .2 5 )

A g a r  a  =  1 b o ‘l s a b u  i fo d a  ( 5 .4 .2 3 )  t e n g la m a g a ;  a  =  0 b o ‘ls a ,
( 5 .3 .2 )  u s t u v o r l i k  t e n g l a m a s ig a  o ‘t a d i .
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5 .5 .  E lastik lik  c h e g a r a sJ d a n  k e y in  ikki y o ‘n a lish  b o ‘y ich  а  
siq ilgan  sh a rn ir li ta y a n g a n  t o ‘g ‘r i  burchakli p la s tin k a d a g i  

kritik  k u c h la n is h  va d e fo rm a ts iy a la r

Y u q o r id a  k e l t i r i l g a n  ( 5 .- 4 .2 5 )  u s t u v o r l i k  t e n g l a m a s i g a  x  v a  
у  k o o r d i n a t a l a r  b o * y i c h a  -и- s a lq i l ik  f u n k s i y a s i n i n g j u f t  h o s L la -  
la r i  k i rg a n l ig i  u c h u n  s a l q i l i k  f u n k s i y a s i n i  s i n u s l a r  k o 'p a y t r r L a s i  
s h a k l id a  q a b u l  q i l a m i z .

. П 2 Л Х  . Л уvi’( x . ^ ) =  C„„ s i n ------ s in —— . ( 5 . 5 . 1 )
a  h

B u  f u n k s iy a  t o m o n l a r i  o ‘l c h a m la . r i  a  v a  /, b o ‘lg a n  t o ‘g ‘ ri 
b u r c h a k l i  p l a s t i n k a n i n g  y  o ‘q i  b o ‘y ic !h a  b i t t a  y a r im  t o ‘lq in  v a  *  
o ‘ qi b o ‘y i c h a  m  t » ‘lq in  h ao s il q i l i b , u s t u v o r l i g i n i  y o ‘q o t i s h i  
h o l ig a  t o ‘g ‘r i  k e la d i .

B u n d a n  t a s h q a r i ,  ( 5 . 5 . 0  s a lq i l ik  f u n k s iy a s i  c h e g a r a  s h a r t -  
l a r in i ,  y a ’n i p l a s t i n k a .  k o n t u r i  b o ‘y i c h a  s a lq i l ik  v a  e g u v c h i  h o l a t -  
l a r n in g  n o lg a  t e n g  b o ‘l is h  s h a r t i n i  q a n o a t l a n t i r a d i .

( 5 .5 .1 )  s a lq i l ik  f u i* k s iy a s i :n i  ( 5 .4 .2 5  )  i f o d a g a  q o 'y i b ,  s h a m iz r l i  
t a y a n g a n  p l a s t in k a  u c h u n  u s t u v o r l i k  t e n g l a m a s i n i  h o s i l  q i l a m i z .

,(  , b*
/77" —  +

V Ü
+ \ + n r 2 er)

-  a

( 5 . 5 . 2 )

A g a r  p l a s t in k a  ik k i y o ‘n a l t s h  b o ‘y i c t i a  b i r - b i r i g a  t e n g  b o ‘lg a -n  
p  y u k  b i la n  s iq i l s a ,  u n d a  oc =  1 b o ' l a d i  v a  ( 5 .5 .2 )  t e n g l a m a  

q u y id a g i  k o 'r i n i s h g a  k e l a d i :



( 5 . 5 . 2 )  v a  ( 5 .5 .3 )  t e n g l a m a la r  a s o s id a  p l a s t i n k a  g e o m e t r i k  
p a r a n n e t r i  b f h  i f o d a s in i  a n iq l a s h  q iy in  e m a s .

M a s a l a n  ( 5 .5 .2 )  t e n g l a m a :

b~ _я "///,,
~hT~

(i-
v„

J11~ nrtA 4 +1 +

9Л (nre : + -ha:

( 5 . 5 . 3 )  t e n g l a m a ;

b2 _  ttV o mlt Z + (p?AtA + m2t 2 + 1) Ek 
h2 9 P {¡п2Г + a )  i//0

1r i ' - a)J 1 - a +a: \ ( 5 .5 .4 )

( 5 .5 .5 )9 P 

r  = b/a.

P l a s t i n k a  u s tu v o r l ig in i  i f o d a lo v c h i  k e ra k l i  g r a f ik la m i  q u - r i s h  
u c h iL n  ( 5 . 5 . 4 )  v a  ( 5 .5 .5 )  b o g 'l a n i s h l a r d a n  f o y d a l a n a m i z .  

I k J c i  y o ‘ - n a l i s h  b o ‘y i c h a  b i r  x il k u c h l a r  b i l a n  s i q i l g a n
Px =  Pr = P  p l a s t i n k a n i  q a r a y m iz .

( 5  .5 .5 )  t e n g l a m a n i  t u r l i  h o l a t l a r  u c h u n  t u z a m iz :
1 ) K v a d r a t  p l a s t in k a  a =  b, t  =  1 b o ‘lg a n  h o l .  B u n d a  p la s t in k a  

X o ‘ q i  y o ‘n  a l i s h id a  b i t t a  y a r im  t o ‘lq in  m -  \ b o ‘y ic h a  u s tu v o r -  
l ig i n  i y o ‘q » t a d i .

( 5 . 5 . 5 )  t e n g l a m a  q u y id a g i  k o ‘r in i s h d a  b o ‘l a d i .

k l .
h 2 18 P

Ek ) _ 2 л - ц / 01 +  3-=*- =
V o ) 9 P (5 .5 .6 )

2 3  K v a d r a t  p l a s t i n k a  x  o ‘q i y o ‘n a l i s h d a i k k i t a  y a r im  t o ‘lq in  
(m  =  2 )  h o s i l  q i l ib  q a v a r a d i .

( 5 . 5 . 5 )  t e n g l a m a  q u y id a g i  k o ‘r in i s h d a  b o ‘la d i .

h 2

7 г - у / 0

<45 P
4 +  2 Æ 5 ^ V o

9 P
i - î i

25 ( 5 .5 .7 )

i )  P l a s t i n k a n i n g  x  o ‘q i y o ‘n a l i s h id a g i  o ‘l c h a m i  y  o ‘q i
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b c y y ic h a  o M c h a m id a  n  ik k i m a r t a  k -a t ta  / =  h /a  =  1 /2  b o ‘l g a n  h o i .
B u n d a  p l a s t i n k a  x  o ‘q i y o ‘ n a l i s h i  d a  b i t t a  y a r i m  t o ‘ l q in  (m = 1) 
h o s i l  q i l ib  q a v a r a d i .

(5 .5 .5 )  t e n g l a m a n i  q u y i d a g i c h a  i f o d a l a y m i z

h2

т гу /й

4 5  P 4  f/ / (1.

5 тг2у /с

56 P
i - i l

25
A
V ' J

< 5 .5 .8 )

4 )  P l a s t i n k a n i n g  o ‘l c h a m i  b o ' l c h a m i d a n  ik k i  m a r t a  k a t t a  
1 = b/ci = 1 /2  b o ‘lg a n  I i o l .  B i t n d a  p l a s t i n k a  x  o ‘q i  b o ‘y i c h a  ik k i ta
y a r im  t o ‘lq in  (m = 2 >  h o s i l  q i l ib  q ^ a v a ra d i .

(5 .5 .5 )  t e n g l a m a d a n  q u y i d a g i n  i o l a m i z

_  K' V o ( .
h2 18P K  * yr J

2 ? r - y / Q

9 P 1 - * L
V o ^

( 5 .5 .9 )

(5 .5 .9 )  t e n g l a m a  b d r in c h i  h o i  u c h u n  t e g i s h l i  b o ‘lg a n  ( 5 . 5 . 6 )  
t e n g la m a g a  t o ‘ g ‘ri k e E a d i .  B u  h a r  i lc k i  h o l d a  h a m  m t - p a r a m e t r  
1 g a  t e n g l ig i d a n  k e l i f c  c h i q a d i .  B u n d a y  m o s  k e l i s h  c h i z i q l i -  
e la s t ik  m a s a l a d a  h a m  m a v j u d  h a r  t i r  y a r i m  t o ‘l q in l i  q a v a r i s h  
b i r i n c h i  h o l a t d a g i  k a b i  k v a d  r a t  p l a s t i n k a g a  t e g i s h l i  b o ‘l a d i .

5 )  a = 2b; m  =  3 ; m t = 3 / 2 , b o ‘lg a n  h o l a t .  B u n d a

b _  

h '

л ' у /  0
9,52 P

3 6  + 1 3 3  E k

4^0

\Ъ п 2у /ь

3 6  P
1 -

13:
169 Vo

( 5 . 5 . 1 0 )

6 )  o  = 36; m  = l; m i  = 1 /3 , b o ‘l g a n  h o l a t d a  ( 5 .5 . 5 )  t e n g ­
l a m a g a  mt m i q d o r n i  c q o ‘y ib ,  q u y i d a g i n i  o l a m i z

п -y/  c
h2 9,90P

(5.5.11)

9 + 91
JE I k

'S*) 81P
1 -

91
100

E  ^к

V o '
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7 ) a  =  36; m  =  2; mt  =  2 / 3, b o ‘lg a n  h o l a t d a  u s tu v o r l ik  t e n g -  
l a m a s i  q u y i d a g i c h a  b o ‘la d i.

b 2 _  n V „  
h 2 1 3 ,8 1P

36 + 133^- 13;rV0
81?

1 -
133
169

l - * L (5 .5 .1 2 )

8 )  ¿7 =  36; m  = 3 ;  m / =  l, b o ‘lg a n  h o l .  B u n d a  ( 5 .5 .5 )  t e n g l a -  
m a d a n  q n y i d a g i n i  to p a m iz .

h 2
^ V o

1 8 P
1 + 3 ^  = 2,r ^

9 P ( 5 .5 .1 3 )

(5 .5 .1  3 )  t e n g l a m a  1 v a  4  h o l a td a g i  ( 5 .5 .6 )  v a  ( 5 .5 .9 )  t e n g -  
l a _ m a la r g a  t o ‘g ‘r i  k e la d i.

Y u q o T id a  a y t i lg a n i d e k ,  1 ,4 ,8  h o l a td a g i  b u n d a y  m o s l ik n i ,  
y a r i m  t o ‘lq in  b o £y ic h a  q a v a r is h i  s iq i lg a n  k v a d r a t  p l a s t in k a  y a -  
r L m  t o ‘l q i n l a r i g a  m o s  k e la d i .

9 )  a  = 3 6 ;  w  = 4; mt = 4 / 3 ,  b o ‘lg a n  h o l a t d a
( 5 . 5 . 5 )  t e n g l a m a n i  q u y id a g ic h a  y o z a m iz ;

h 2
7T-I/ /Q

25.81P
144 +

481

V'o
25^ V o

81P
481
625 V'o

( 5 .5 .1 4 )

B u  t o ‘q q i z t a  ( 5 .5 .6 )  — ( 5 .5 .1 4 )  t e n g l a m a l a r  k o n t u r i  b o ‘y la b  
j>h t e k i s  t a r a t g a n  ik k i y o ‘n a l i s h  b o ‘y i c h a  b ir  x il k u c h  b i l a n  

s - iq i lg a rk  t o ‘g ‘r i  b u r c h a k l i  p l a s t in k a g a  te g is h l id i r .
A g a r  p l a s t i n k a n i  x  v a  y  k o o r d i n a t a l a r  b o ‘y ic h a  s iq u v c h i  

k u c h l a r  m i q d o r i  h a r  xil b o ‘lsa , u n d a  p l a s t in k a n in g  q a v a r i s h i -  
d a g i  h o l a t l a r  u c h u r i  ( 5 .5 .4 )  u m u m i y  u s tu v o r l ik  t e n g l a m a s in i  
k o ‘r ib  c h i q i s h .  lo z im .

B u  t e n g l a m a n i  q u y id a g ic h a  y o z a m iz .
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B u  ifo d a  s h u n i s i  b i l a n  x a r a k t e r l i k i ,  k a t t a  q a v s d a n  t a s h q a r i g a

m a s a la g a  t e g i s h l i  b o ‘ l ib ,  c h i z i q l i  e  l a s t i k  y e c h i m ,  ( 5 . 5 . 1 5 )  
u m u m i y b o ‘l g a n  y c c li  im n ik i  e k a n l i g i n i  k o ‘r s a t a d i .  H a q i q a t d a n
h a m  c h iz iq l i  m a s a l ; !  u c h u n  E"k =  ц/0 =  E  b o ‘l ib ,  u n d a  ( 5 . 5 . 1 5 )  
t e n g la m a  q u y id a g i  k o ' r in is h g a  o ‘t a d i .

P u a s s o n  k o e f f i t s i e n t i  q i y m a t i n i  0 , 5  t e n g  d e b  q a b u l  q i l s a lc ,  
b u  te n g la m a  G u k  q o n u n i  c h e g a r a s i d a  p l a s t i n k a  u s tu v o r l ik  t e n g -  
l a m a s in i  i f o d a l a y d i .

a  =  Prf P x =  0,5 s h a r t  u c h u n  s i q i l g a n  p l a s t i n k a n i n g  y u q o r i d a
k e l t i r i lg a n  t o ‘q q i z t a  u s t u v o r l i k  t e n g l a m a s i n i  t u z a m i z .

( 5 .5 .1 5 )  b o g ‘l a n i s h < l a n  m o s  r a v i s h d a  q u y i d a g i l a r n i  h o s i ]  
q i la m iz .

1) I = bju  = 1 ; m — 1; m t  = 1 ,

c h iq a r g a n  r  +- or) k o ‘p a y t u v c h i  c h i z i q l i  e l a s t i k

(5 .5 .16)

(5.5.17)

2 ) / = b /a  = 1; m  = 2~ m t  =  2,

/>’ З О т У .Г I 3 J 3 Í ,  с , 4
/г 81P 2 5  I y r j (5.5.18)

il l



3) t = b¡a = 0,5; /77=1; mt = 0,5,

b l

h 2
25 л-2(//0

4.27 P
1 -

з-Уз
25

1 - Ь .

4) t = b¡a =  0,5 ; m =  2; mt = l.

h2
8 л - V o

27 P
1 -

o
1 -

5) g = b/a =  0,5; /77 = 3;

6^

t i2

169 л-2^/0
11,36P

1 -
232л/3
3.169 ' / V

га/ = 3/2.

V

6) t = b/a =  1/3; «7 = 1; int = \/3,

b l

h 2
2007r2i/rfí

81,11F
1 -

193л/3
3,200

7) t = b/a =  1/3; »7 = 2; w /= 2/3,

/г2

169,2л-3у/0
81,17 P

1 -
167л/з f £ Á. X 

1----- -
W3,169

8) t = b/a = 1/3 ; m = 3; ijit = 1,

6^

/72

9 )

b 2

8л-2(//0
2 1 P

-» Г-> JVJ
8

A
y V

/ = b ja  = 1/3 ; /77 = 4; mt = 4/3,

2,625;r2y/0
/г2 81,4 IP

1 -
809^3
3,625 'Ao

1 1 2



a  = Pv/ P x = 0 ,2 5  s h a r t  u c h u r i  ( 5 .5 .1 5 )  t e n g l a r m ia  a s o s id £
( 5 .5 .1 7 ) - ( 5 .5 .2 5 )  f o rm u la _ la r  k o ‘ r i n i s h id a g i  q u y i d a g i  t e n g l a m a -  
l a m i  h o s il  q i l a m i z :

1) t = b /a  =  1 ; m  =  1; m t =  1,

b 2 _  16л~У 0 15 (

h2 45P [_ 8л/Тз V

2) t = b /a  = 1; m =  2 ;  m t =  2 ,

b2 _ 1ОО;г2у/0 
"F" 9,17?

1 -

3 ) ! = b /a  = 1/2 ;

¿ 2 _  25tt2i//0 

12P

4) l = b /a  =  1/2 

b 1 _  16 л-2^ 0

F

5)

- ^ 6 - -  V13 V

/«  = 1;

J

m/ = 1/2,

5>/Гз
L -

ff-2 = 2 ; m t  =  1,

45 P

t = b /a  = 1 /2

¿r 1 69k 2i//0 

360P

6) t = b / œ =  1 /3 

_ 400^2»//0

8vl3

г
1 -

nr  = 3; mt =  3/2,

Y

1 6 9 V Î 3 <//,, jj

l -

/и = 1; 

43

m t  = 1/3,

13,8 IP

7) / = b /a  = 1/3 ;

40Vl3 

m — 2:

Г о

mt = 2 / 3.

( 5 .5 .2 6

( 5 .5 . 2 '

( 5 .5 .2

(5 .

(¿ 30)

(5.5.31)
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b 2 676л-2 ц г0 235 i , Е к
—  =  ------------------------ T _ _ U _  I --------- I ----------- _
А2 25,8I P  169л/Гз I V/0J (5.5.32)

8) t =  b/ а  — 1/3 ; /и = 3; = 1,

.-> - _ -> Г /  _ \

( 5 .5 .3 3 )

9 )  t  =  b/ся  =-1/3  ; /77 =  4 ;  m í =  4 /3

Ь2 _  625л-2у 0 ] 293 í  £ t 'j

/г2 9,731*  125VÏ3V ( 5 .5 .3 4 )

(5  .5 .1 7 ) —( 5 . 5 . 2 5 )  t e n g l a m a l a r  g u r u h i  а  = Ру/ Р х = \ /2  р а -  
r a m e t r g a  v a  ( 5 . 5 . 2 6 ) —( 5 . 5 . 3 4 )  t e n g l a m a l a r  g u r u h i  e s a  
or =  P V¡PX =  1 /4 ,  p a r a m e t r g a  m o s  b o ‘l ib ,  er, -  s , d i a g r a m m a n in g  
b i r o r  b i r  M 0 n u q ta s id a g i  b/h  e g i lu v c h a n l ik  b i l a n  b o g ‘la y d i .
D i a g r a m m a d  a  o l in g a n  h a r  b i r  M 0 n u q t a g a  p L a s tin k a  b /h  e g i-  
l u v c l h a n l i k n i n g  o ‘z  m iq d o r i  m o s  k e la d i .

T a n l a n g a r k  b u n d a y  n u q ta  u c h u n  k e s u v e h i  m o d u l  yj0 = / s ,

m iq < lo r i  v a  u r i n m a  m o d u l  E k = dcrl / d £ l m iq d o r l a r in i  a n i q -  
l a y m i z .

V u q o r i d a  k e l t i r i lg a n  t e n g l a m a l a m i n g  o ‘n g  t o m o n i d a g i  k a s r
m a x r a j i d a g i  }yuk  p a r a m e t r i  Px k u c h la n i s h  in te n s iv l ig i  a ,  o r q a l i
f o r m u l a  ( 5 .Ф .6 )  b i l a n  i f o d a l a n a d i .

S h u n i n g  u c h u n  h a m  ( 5 .5 .1 7 ) - ( 5 .5 .3 4 )  u s tu v o r l ik  t e n g l a m a -
l a r i n i n g  o ‘n g  t o m o n i d a g i  ц/0i/ P y i f o d a n i  q u y id a g i  f o r m u l a  b i ­
l a n  a l m a s h t i r a m i z .

_ <J, W l - a  + cr _ л/ l -oc v a 2
£ e,
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Shunday qiiib, er, -  c t siqilish diagrammasining i;xtiyoriy 
Л/,, nuqtasi uchtin, yuqorida keltirilgan tenglamalarni ng o‘ng
t o m o n i  m a ’l u m  s o n  b o  ‘ l ib ,  p l a s t i n k a  b /h  e g i l u v c h a n l i g i  a n i q -  
l a n a d i .

U c h i n c h i  b o b e d a  k o ‘r s a t i l g a n i d e k ,  B e r l in d a  D a le m s k  l a b o r a -  
t o r i y a s i d a  k l a s s i k  t a j r i b a l a r  n a t i j a s i d a  o l i n g a n  e k s p e r e m e n t a l  
d i a g r a m m a ,  ( 3 .5 _  1 6 ) f o r m u l a  b i l . a n  a n i q l a n u v c h i  d i a g r a m m a g a  
ju d a  m o s  k e l a d i .  S h u n i n g  u c h u n  h a m  s h a m i r l i - t a y a n g a n  t o ‘g ‘r i  
b u r c h a k l i  s i q i l g a n  p l a s t i n k a  u c l i u n  o l i n g a n  b a r c h a  im a t i ja la r  
h a q q o n iy d i r .

5 .8  va 5 .2 1 -  c h i z m a l a n d a  a  -  Py . /Px p a r a m e t r l a m in g  t u r l i  m iq -
d o r la r i  u c h u n  e l a s t i k l i k  c h e g a r a s i d a n  k e y in  s iq i l g a n  s h a m i r l i -  
t a y a n g a n  t o ‘g ‘r i  b u r c h a k l i  p l a s t i n k a l a r n i n g  i k k i l a n i s h  h o l a t i d a  
( b i f u r k a t s iy a )  p l a s t i n k a  b /h  e g i l u v c h a n l i g i  b i l a n  k u c l i l a n i s h
in te n s iv l ig i  cr( , s h u n i n g d e k  d e f o  r m a t s i y a  i n t e n s iv l i g i  o r a s i -  
d a g i  g r a f i ld a r  k e l t i r i l g a n .

5 .2 2  v a  5 . 2 3 - c H i z m a l a r d a  x u d d i  s h u n d a y  g r a f i k l a r  m a t e  r i a l  i 
c h iz iq l i  p u x t a l a n  i s h  d i a g r a m m a s i g a  b o ‘y s i n u v c h i  p o c l a t d a n  
y a s a lg a n  k ’v a d r a t  p l a s t i n k a  b /h  u c h u n  b e r i l g a n .

K e l t i r i l g a n  n a t i j a l a r d a n  k o ‘r in . a d i k i ,  e g i l u v c h a n l i g i  b / h  > 2 0  
b o ‘lg a n  m a t e r i a l !  c h i z i c j l i  p u x t a l a n u v c h i  k v a d r a t  p l a s t i n k a  
cr, =  2100  kg/sm2 o q u v c h  a n l i k  c h e g a r a s i d a n  k a m  f a r q  q i l u v c h i  
s iq u v c h i  k u c h l a í i á s h d a  u s t u v o r l i g i n i  y o ‘q o t a d i .  B u n d a y  m a t e r i -  
a l d a n  y a s a l g a n  p l a s t i n k a  e g i l u v c h a n l i g i  b /h  < 2 0 d a n  k i c h i k  
b o ‘lg a n d a  q a v a r i s î t g a  q a r s h i l i k  k o ' i s a t a  b o s h la y d i .

S iq u v c h i  k u c h l a n i s h  3 0 0 0  k g / ' s m 2 a t r o f i d a  v a  u n d a n .  k a t t a
b o ‘lg a n d a ,  u s t u v o r l i k n i  y o ‘q o t i s h  b /h  < 5  e g i l u v c h a n l i k l c a  m o s  
k e la d i ;  b u n d a y  e g i  l u v c h a  n l i k d a  y u p q a  p l a s t i n k a  n a z a r i y a s i  o ‘z
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n o h r y a t i n i  y o 'q o t a d i .  U n d a  p la s t in k a  u s tu v o r l ik  m a s a la s i  q a l in  
p la s t i  n k a  n a iz a r iy a s i  a s o s id a  q a r a s h  lo z im .

CT,

4500  
400 0

3000

2100

1000

0 20 40 ' 60 80 b/h

5 .8-chizma. a/b = \,m = \ m iqdorlarda kuchlamsh  
intensivligi bilan, nisbiy qalinlik  

orasidagi bog 'lanish grafigi.

a = 0: 
a = 0.25; 
a = 0,:; 
a = I

К

5 .1 v a  5 .2 - j a d .v a l l a r d a  m a t e r i a l i  c h i z i q l i  p u x t a l a n i s h g a  
b o ‘y s i n u v c - h i  k v a d r a t  p l a s t in k a  u c h u n  a  =  0 ea a  =  1 q iy m a t -  
l a r d a  t e g i s t i l i c h a  n i s b iy  q a l in l ik  h is o b i  k e l t i r i lg a n .

0,010
0,008
0,006
0,004
0,002
0,001

. i-U
a= 0; "  

■ =  0,25: “  

' =  0.5: 

'= 1

\ \ a.
a
a

i'и — i 
Ii

a—-
b/h

0 20 40 60 80 

5.9-chizma. a/b  = !, m= 1 m iq d o r la rd a  ku ch lan ish  

in ten siv lig i b ilan , n isb iy  q a lin lik  
o ra s id a g i b o g  I air is h g ra fig i.
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3000
2100

1000

4500
4000

Ei

s к
' пж = 2

а  = 0: 
а  = 0,25: 
а  = 0.5: 
а  = I

о 20 40 6 0  80 Л/Л

5.10-chizma. ae/b=I; r u - 2  m íqdorlarda  kiu mis h 
intemtvlig i bilan, n isb iy  qalirilck orasidagi bei. Iuni s h 

&rafigi.

5 .11-chizma. a/b = l: m = 2 miqdorFarda deformalsiya 
intensivligi bilan-, nisbiy qalinlik 

orasidagi bog Danish grafigi.

1E 7



О,

4500
4000

b/h  

b¡h
5 .1 2 -ch izm a . a/b = 2: m = 1 m iqdor laráa  kuchlanish  

intensiv!igi bilan , n isb iy  qalinlik  
orasidagi b o g  'lanish grq/igi.

0 20 40 60 80 b! h
5 . 1 3-ch izm ci. a/b  = 2: m = 1 in iq d o r la rd a  d e fo rm a ts iy a  

in fen siv lig i b ila n , n isb iy  q a lin lik  
o ra s id a g i b o g  la n ish  g ra fig i.

1 U



CT,

3000

2100

1000

4500
4000

а  = 0:

4. C t  -
c z  -

= 0.25: 
= 0.5:V

N
>4 V car =jr \

\ N

/// = 3

äf-V
a r 4 t ..

0
~b/h

20 40 6Ю 80
5 . 14-cJnizma. n / h  = 2 : n j  = 3 m i q t i o r l a r d a  ku ch la n ish  

intens-iv ligi b  ilan, n i s b i y  q a l in l ik  
ora .^ idag i t r o g  ' lan ish  g r a j ig i .

e,

0,01
0,008
0.006
0.D04
0,002
0,001

b /h
0 .20 4 0  60 80 

5 . 15-ch izm a. ¿,/i, = 2: w  = 3 m ic jd o r la j -d a  deform  ¿it- 

.s iya  i nt e~ ns i v l i g i  bilan, n isb iy  qa lin lik  
o ra j i id a g i  E>og 'lanJsh g rc tf ig i

1 19



4500
4000

0 20 40 60 SO 
5 .16-chizma. ajb = 3; m=l miqdorlarda 

kuchlanish intensivligi bilan nisbiy qcihnlik 
orasidagi bog'lanish grafiklari.

0,01
0,008
0.006
0,004
0.002
0.001

\
o = 0;
» = 0.25; 
a = 0,5:
/v — 1

\
\ \ \ V
\

\ N
N s

ni =1
1 1

MN. ^3>
\hl b/h

0 20 40 60 80 
5 .1 7- chizma. a/h = 3; /// = 1 miqdorlarda deformatsiya intensivligi 

bilan, nisbiy qalinlik orasidagi bog lanish graßgi

ct.
4500
4000

3000

2100

1000

\ <7=0:
\ \ V <i  =0.25
VyV \

\ <7 = 0.5;
\ \ \ * = l

\ V\ \

in1 — mt

Y\ V A'
c1 = 3 h~

-b/h
0 20 40 60 80 

5. IS-HUJMü. <///>=3 ; m = 2 miqdorlarda deformatsiya intensivligi
bilan nisbiy qalinlik orasidagi bog'lanish grafiklari
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E . 

0.01 
0 .0 0 8  
0 .0 0 6  
0 ,0 0 4  
0.002 
0.00 I

iS
S S

l \

//1=2-
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m w - b/h

5.1 9-hu3mü. afh  = 3: m = 2 m Jqdorlarcfa defor*natsrya intensivligi tilan , 
nisSiy Cgfalinlik orasidagr bog 'lamish g ra ß k la ri

Gi
45 0 O  
400®

3 0 0 0

2100

1000

s

— m = 41---

~u = 3h~ 
_l_1_L

T ~ n
- a = 0;
"ff = 0.2^5:
- a  = 0.5;
- a  = 1

J)/h
0 20 40 6 0  80 

5 .2 0 -c h izm a . ^ /b  = 3; m = 4  m iq d o r la r d a  A u c h r a n is h  in te  ns iv l ig i  b i ¡an, 

n is t r iy  q a l i r r l ik  o ra s ia d a g i b o ^ 'la n iZ s h  g ra ß k la r i.

bjJi0 20 40* 60 80 
5.21 -chizrrra. üJh  = 3 , m =  4 miqdo^larda cdeform atsiya intensivligi
m hi/an. nisJ)iv qaHsilik orasrdagi bc^g larwish graßklari
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О 20 40 60 80 
5.22-chiznw. Materiali chirr q/ipuxtalanishga bo гsiniivclu 

fa-aclrat p/asrinku uchvn <r, Iff Ian. niswy qalinlik 
orasfdagi bog 'lavish grafigi (a =■». a = i)

5.23—chizjtia. Materia!i chiz.qli piLxialnnisJigcr bo ysinnvcJn krcidrat 
plastr nka iiclum £ bilan nisbiy qafinhk. orasdagi bog'/anish grafigi 

(a = 0. a = 1 ).

a / b i  Px = cr; Pv = 0; Л = 4.386; B =  0,375
5.1-jadval

1 -

Ek l v
Aje

1 - 5 ( 1 -  

-  £,/<//)
b / h

i 0 ,0 0 1 0 2 . 1 0 0 2 , lx l0 6 2,1x10s 0 4386 1 66

0,0011 £ 1 0 2 14201 1,91 xl 0 6 0,993 3987 0,628 50

0 , 0 1 0 0 Z 2 2 S 14201 222800 0,956 439 0,642 17

0 , 0 2 0 0 2 3 7 0 14201 118500 0,880 219 0,670 12

0 . 0 4 0 0 2 6 5 4 14201 66350 0,796 110 0,702 9
0 , 0 6 0 0 2 9 3 8 14201 48967 0.7LO 73 0,734 7

0 , 0 8 0 0 3 2 2 2 14201 40275 0,649 55 0,758 6,5

0 , 1 0 0 0 3 5 0 ^ 14201 14201 0,595 44 0 ,177 5

0 ,1 2 0 379  0 14201 31583 0 ,5 5 0 37 0,794 5



5.2-jadval

1 -

£* h r
A j c

l - £ ( l -
b / h

0,0010 2100 i 0 -2193 1 47
0,0011 2102 0 ,0 0 7 0,993 1994 0,255 23
0,0100 2228 0 ,0638 0,956 2 1 9 0,283 8
0,0200 2370 0 ,1198 0,880 110 0,340 6
0,0400 2654 0 ,2140 0 ,796 5 5 0,403 4,7
0,0600 2938 0 ,2900 0 ,7 1 0 3 7 0,468 4,2
0,0800 3222 0 .3526 C ,647 2 7 0,515 3,7
0,100 3506 0 ,4 0 5 0 0 ,5 9 5 2 2 0,554 3,4

0,120 3790 0 ,4 4 9 6 0 ,5 5 0 1 8 0,588 3,3

S a v o l  ^ a  t o  p s h i r i q l a r
L T o ‘g ‘riburchakzliplasstinka la r  u ch u n  kesu vch i modul i/odasi qanday  

yoziladi?
2.Elastiklik cheg&rasitdan k e y  in t o  ‘g ‘ri burchakli plastm kalar uchun 

io ‘riqish kuchlari ifoda larin i yo zin g -
3.Sharnirli tayangan p la s tin k a la s  uchun differensial tenglamasini 

yozing.
4. Qarama-qarshr tom oni bo “'yichcr siqilgasi plastinkada kritik kuchni 

aniqlash formulasini yozing.
5. Qarama-qarsfhi tom oni ¿)o ‘y iah a  siqelgan kvadrat plastinkada 

kritik kuchni aniqlash fo rm u la sin i yozing.
6. Qarama-qarsh i ikku tomomi bo "“yich a  sJqilgan plastm kalar uchun 

ustuvcrlik tenglamayini yozing.
7. Qarama-qarshr tom oni bo “y ich a  siqilgawi plastinkada kritik kuchni 

aniqlash formulasi q ¿indary  y o z ï ladi?
8. Qarama-qarsfai tom oni & o ‘yic~ha siqelgan plastinkada kerakli

b o ‘lgan geometrik pceram etr b/Pi forrmulasin i yozing.



6  Ъ о Ь . S I L I N D R I K  V A  S F E R I K  
Q O B I Q L A R N I N G  E L A S T I K L I K  

C H E C A R A S I D A N  K E Y I N G I  U S T U Y O R L I G I

6 .1 .  Q -o b iq la m in g  birinchi tur usturorligin i y o ‘qotishdagi 
kucblanisb va d efon n atsiya lar

Q o b i q m i  m i i v o z a n a t  h o l a td a  d e b  h is o b la b , q a lin lig i  o ‘z g a rm a s  
b o ‘l g a n  a y l a r i i s h  q o b iq  s i r t in i  b o s h  k o o r d i n a t a  c h iz iq la r ig a  x , 
y  l c e l t i r i b  q o ^ a m i z .  F a ra z  q i la m iz ,  o 's u v c h i  ta s h q i  k u c h  t a ’s ir id a  
b o ‘ l g a n  q o b i q ,  m a h a l l i y  u s tu v o r l ig in i  y o ‘q o t s i n .  B o s h  e g r i  
c h L z i q l a r i  b o <y i c h a  k o ‘p  s o n l i  k ic h ik  t o ‘l q in l a r  h o s i l  b o M ish i 
b i l a n  x a T a k t e r l a n i b ,  b u  t o ‘l q in l a r  c h e k s i z  k ic h ik  e g i l i s h n in g  
b o s h l a n i  s h i d a ,  y a ’n i  b i fu r k a ts iy a  v a q t id a  m u v o z a n a t  h o l a t id a  
h o s i l  b o ‘ l a d i .

X r i t i l c  h o L a t g a c h a  q o b iq  o ‘r t a  s i r t id a  m o m e n s i z  s , ,  s v, y

d e f o r m a t s i y a l a r  b o ‘l ib ,  b i f u r k a t s i y a  v a q t i d a  c h e k s i z  k ic h ik
q o * s h i m - c h a  e g i l i s h  z%x , z ^ r v a  b u r a l i s h  z j rv d e f f o r m a t s iy a -
l a r i  h o s i  1 b o c la d i .  B u n d a  z  - k o o r d in a t a  o ‘q i p a s tg a  y o ‘n a lg a n  
b o ^ l i b ,  q o b i q  s i r t i  b i la n  u s t m a - u s t  tu s h a d i .

C h iz L q l i  —  e la s t ik  m a s a l a d a  q o b iq  m a t e r i a l i  s iq i lm a s  d e b  
h i s o b l a b ,  P u a s s o n  k o e f f i t s i e n t in i  0 ,5  g a  t e n g  d e b  q a b u l  q i -  
la r n iz .

Q o b i « q n i n g  c h e k s iz  k ic h ik  e g i l i s h id a  k o ‘n d a l a n g  k e s im n in g  
k o o r d i r L a t a  b o s h i d a n  z  m a s o f a d a g i  n u q t a  a t r o f id a g i  k u c h la -  
n i s h l a r



( 6 . 1 . 0
J

f o r m u l a l a r d a n  a n i q l a n a d i .
B u  f o r m ú l a l a r n i  t u z i s h d . a ,  s i q u v c h i  k u c h l a n i s h l a r  m u s b a t  

d e b  q a b u l  q i l i n g a n ,  q o b i q  e l e m e n t i  j » a s tg a  q a r a b  q a v a r g a n i
u c h u n ,  Z x-  X ,  ~ X*v  f u n k s iy a la _ r  m u s b a t  b o ‘la d i .

( 6 . 1 . 1 )  f o r m u l a d  a n  k » ‘ r i n a d i k i ,  b i f u r k a t s i y a  v a q t i d a  
k o ‘n d a la n g  k e s i m n i n g  y u q o  r i  q i s m i d a  y u k l a n i s h  (z < 0 ) ,  p a s t -  
k i q i s m id a  e s a  ( z  >  0) y u k s l z l a n i s T i  r o ‘y  b e r a d i ,  b u n d a  y u k l a ­
n i s h  h a m d a  y u k s i z l a n i s h  q i s m l a r i d  a  k u c  h l a n i s h  d e f o r m a t s i y a g a  
p r o p o r c io n a l  b o ‘ l i b  q o l a d i .  P r o p o r s i o n a l l i k  k o e f f i t s i e n t i  e l a s t i k  
m o d u l  b o ‘la d i .

Y u q o r id a  k o ‘r s a t i l g a n i d e k ,  e l a s t i l d i k  c h e g a r a s i d a n  lcey in  q o b i q  
e le m e n t in in g  c h e k s i z  k i c h i l c  e g i l i s h i d a  y u k la n i s h  v a  y u k s i z l a ­
n is h  M 0 b i fu r k a ts iy a  h  o l a t i d a  n u q t  a g a  u r i n m a  b o ‘y i c h a  r o ‘y  b e ­
r a d i .  ( 5 .2 ,  5 .3 ,  5 . 4 - c h . i z m a l a r ) .

K ic h ik  e la s t ik  p l a s t i l c  d e f o r m a t s i y a  n a z a r i y a s i g a  a s o s a n  ( 6 .1 .  1>
i f o d a d a g i  d o im iy ' E  e l a s t i k l i k  m o d u l i ,  k e s u v c h i  m o d u l  ( 5 .2 .7 >  
v a  ( 5 .2 .8 )  i f o d a l a r i  b i l a n  a l m a s h t i  r i l a d i .

U n d a  k u c h la n i s h la _ r  ( 6 . 1_ 1) f o r m u l a H a r i n i  q u y i d a g i c h a  y o -  
z a m iz

0-, = («, -  zb, V ' , ; <J, = ( a , . - Z Ó .V . I  r =("„
(6 -1 .2 >

b u  y e rd a  q u y i d a g i  b e l g i l a s h l a r  k i r i t i l g a n

(6.1.3)



2

J

(6 .1 .4)

Г ,  =  Го

Tv = Го

Г , ,  =  Го

1 +
z b r

1 +
zb.

l A
. W

1 - ^
, Го

1 + -
z b r. í

1 - Ь .
Го

( 6 .1 .5 )

(6 .1  . :5 )  f u n k s i y a  ( 6 .1 .1 )  f o r m u la d a g i  e  e la s t ik  m o d u l i n i  o ‘z i  
b  i l a n  a l m a s h t i r a d i .  B u n d a  E k - e la s tik lik  c h e g a r a s id a n  k e y in  a i - e t

s l q i l i s h  d i a g r a m m a s m i n g  M 0 n u q t a s id a g i  u r i n m a  m o d u l ,  £„- 

s l i u  n u - q t a d a g i  d e f o r m a t s iy a  in te n s iv l ig i ,  i//0 — b ifu r fc a ts iy a  
у  a q t i d a jg i  M 0 n u q t a g a  te g is h l i  k e s u v c h i  m o d u l  h i s o b l a n a d i .

6 .2 .  B ifu rk a tsiy a  vaqtida qobiq kesim larid agi b o ‘y lam a  
iu c h la r , eguvchi va burovchi h o la tlar

Q o b i q n i n g  q a l in l ig in i  h b i l a n  b e lg i la b ,  ( 6 .1 .2 )  f o r m u la n i
e  ’t i b o r g a  o l i b  b o ‘y la m a  M x . N v k u c h la r ,  u r i n m a  S  k u c h ,  e g u v -

o-hi  h o L a t l a r  M x , M y v a  b u r o v c h i  #  h o l a t  u c h u n  q u y id a g i  
i t f o d a l a r i n i  y o z a m iz :
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К  = f e  А  = а у \ r ydz -  Ыу \y/yzdz. ^ 2 .1 )
h _h 

~ 2 2

S =  \т d z =  а ху \ i f / ^ . d z - b _ n \ y „ z d z .  (6  2 2 )

Í *
2 2

M x = I oxzdz = ax î//xzd^-bx fi//xz2d ;̂
_h _ h П
~2 ~ 2 2
!l —
2 2  2

My = I oyzdz = ay j i / / vz d z - b v f i / /yz2dz.

—>

¿ i  i 
H  =  JV zdz =  a xy I i r  xyz d z  — bxy Jy /  xyz 2d& .

( 6 .2 .3 )

( 6 .2 .4 )

Q o b iq  k o ‘n d a l a n g  k e s i m  f c i k i r l i g i  t u s h u n c h a l a r i n i  k i r i t a m i z .  
C h o ‘z il is h  y o k i  s iq  i l i s h d a g i  b i l c i r l i k l a r :



A.,
b

=  \ v A 2- = V b \d z + — {yjQ -  Ek ) \zdz = {u 0h;

fr h
2

! U =  i v t y d z  = ц /0h; 7|TV = f y / ri.dz = y /Qh. (6  2 5)
_J\_ _h V ■ • /

2 2

A r a l a s  Ъ  b i k i r l i k l a r
H h h

12x =  ~jt//xzdz. =  y 0 j z d z  (i//0 -  Ek ) 2j z 2 dz  = (y/0 -  E k )  
h h *0 h  ̂ 0

b ,h '  / \ b,h~  , 4 
h y  =  у ^ г ( ^ о  -  Е к\ 1 гху = - ^ r i v о -  ЕЛ  (6 .2 .6 )

E g i l i s h  v a  b u r a l i s h d a g i  b ik ir l ik la r :
h

b>L„  г  \ Ь  ,A v = \y s xz 2d z .  = ip0 j z 2dz  + (y/0 -  Ek ) J z 3dz =
h °0 Л

_2 2

( 6 .2 .7 )-V 12 1 2

S h u n i  a y t i b  o ‘t is h  lo z im k i ,  c h iz iq l i  e l a s t ik  m a s a l a l a r d a  a r a -  
l a s h  b i k i r l i k  ( 6 .2 .6 )  b o 'lm a y d i ,  c h u n k i  b u n g a  t e g is h l i  in te g r a l  
n o l g a  t e m g  b o ‘l a d i .

Q o b i q  k o ‘n d a l a n g  k e s im i  b ik ir l ig i  u c h u n  o l in g a n  ( 6 .2 .5 )  — 
( £ . 2 . 7 )  i f o d a l a r ,  b o ‘y l a m a  k u c h l a r ,  u r i n m a  k u c h ,  e g u v c h i  
h o l a t l a r  v a  b u r o v c h i  h o l a t  u c h u n  n a t i ja v iy  f o r m u la l a r i n i  o l -  
i s l i g a  i m  k o n  b e r a d i .
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<6.2.8)

* < + - z y )  m i q d o r  v a  u n im g  k v a d a  r t i  c h e k s i z  k i c h i k

b o 'l g a n i  u c h u n ,  (6 .2 .  8 )  f o r r n u l a n i n g  i k k i n c h i  h a d in i  t a s h l a b  
y u b o r is h  m u m k i n .

N a t i j a d a  b o ‘y la m a  v a  u r im m a  k u c h l a r  u c h u n  q u y id a _ g i i f o -  
d a la ig a  ega b o ‘l a m iz :

B u  f o r m u la l a r d a g i  s x , e v < jo b iq  o ‘ r t a  s i r t i n i n g  b o ‘y l a m a  d e -
f o rm a ts iy a s i  b o ‘l s a ,  y  e s a  s t i u  s i r t n i n g  s i l j i s h  d e f o r m a t s i y a s i .  
B u  d e f o r m a ts iy a l  a r  q o f c i q n i n ^  m o m e  n s iz  h o l a t i g a  t o ‘g ‘r i  k e l a -  
d i .

E n d i  e g u v c h i  v a  b i * r o v c h i  h o l a t l a r  i f o d a l a r i n i  a n i q l a y m i z .  
B iz  e g ilg a n  q o b i q  e l e m e n t i  q a v a r i q l i g i  s a lq i l ik :  ^  o ‘q i  b o <y i c h a  
p a s tg a  y o ‘n a lg a n  b o ‘ls  i n  d e l>  f a r a z  q j l a m i z .  ( 6 .2 . 3 )  v a  ( 6 . 2 . 4 )  
f o r m u la l a m i n g  c h a p  v~a o ‘n g  q i s m l a i i  b i r  x il  i s h o r a l i  b o ‘l i s h i  
u c h u n  b u  f o r m u l a l a m ï  t e s k a r i  i s h o ra _ g a  a l m a s h t i r i s h  l o z i m .

( 6 - 2 . 9 )

Vo J

(6 .2.10)
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H = V^ph3
12

1
1 lj£

i ' - - ï

1 o* ч n ! _
( 6 .2 .1 1 )

( 6 . 2 . L O ) h a m d a  ( 6 .2 .1 1 )  f o r m u l a l a r  b i l a n  h i s o b l a n u v c h i  
e g u v c h i  л^а b u r o v c h i  h o l a t la r  c h e k s iz  k ic h ik  q iy m a t  b o ‘lib , u la rg a
c h e k s i z  I t i c h i k  e g r il ik  d e f o r m a ts iy a la r  x ,  , x v- x_n. b i l a n  (6 .1 .4 )  

f o r m u l a l l a r d a n  a n iq l a n u v c h i  bx, b v, b n. k o ‘p a y tu v c h i l a r  k i r a d i .

6 . 3 .  Q o b iq  elem en tin ing  m uvozanat ten g lam asi

Q o b i q  e l e m e n t i n i  x  , У , z  k o o r d i n a t a l a r  s is te m a s ig a  
j o y l a s h t i r a m i z  ( 6 .1 - c h i z m a ) .

Q o b i c j n i  d a s t l a b k i  m o m e n s i z  h o l a t i d a  d e b  q a r a y m iz .  Q o b iq  
o c r t a  s i r t i  q i r r a s i g a  t a ’s i r  e tu v c h i  s iq u v c h i  k u c h l a r  N t , N 2 v a  
u i i n m a  k u c h  S  q o ‘y i lg a n  b o ‘ls in .  B u  z o ‘r iq i s h  k u c h l a r d a n
t a s h q a r L  c h e k s i z  k ic h ik  e g u v c h i  h o l a t l a r  M , , M 2 v a  c h e k s iz  
k i c h i k  b u r o v c h i  h o l a t  н  t a ’s i r  e ts in .  B u  k u c h l a r  v a  h o l a t l a r  
q o b i q n i n g  b i f u r k a t s iy a  h o l a t i  v a q t id a  c h e k s iz  k ic h ik  e g i l i s h id a n  
h o s i l  b c » ‘la d i .

K u c h i l a r n i n g  x  va  y  o ‘q l a r d a g i  p r o e k s iy a la r i  y ig ‘in d is in i  
y o z a m i z .

N xdy - N,
Û N , , 

+ ------ -dx
â x

dv + Sdx - 1 5  + dy 
1 d y

\
dx = 0 ;

N 2 + — ^dy
d y

\  /  
dx + Sdy - S + — dx

d x
N 2dx -

b u l a r d a n  q u y i d a g i l a r n i  h o s i l  k i la m iz

dy = 0,

130



â N  i â S  л
----- L + —  = 0 ;

â x  â y

â r t ,  ¿3S  ^  
------ -- + ------= Ю.

&  V сЭх (6.3.1)

о M-dx
Hdx

(л ,1+^ * ) А

{с- ' +г̂ У -  

b +fSr*)A (^ т ^ 4 *г
6. /  -cfa izm a  OoFbiqning *> ría  sá r tig a  ta  'sir 

etuvcrhi zo  ‘ri^fish /a/-.

x  va y  k o o r d i n a t a  o ‘q l a r i g a  n i s b a t a n  o l i n g a n  h o l a t l  a r n i n g  
a lg e b r a ik  y ig ‘i a d i s i r « i  y o z a m i z :

M .d x - \  N. +  dx  I  d v  +  Hdx -
rJf }

H  + dry  I dx +  Q sc k d v  = 0; 
â y  1

M л dy. - 1 M 2 + C ^ f 2 dy- \dx + HcTy - H  -
c H cdx \dy + 0 2i£xdy = 0.

b u n d a n  q u y id a g i l  a m i  t o  p a m i z .
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ë > M t з н
=  ô , ;

д М ,  â H
"*---- ö—  — 0 2  • (6.3.2)¿?x ' â y  â x

R a r c h a  k u c h l a m i n g  p a s tg a  y o ‘n a lg a n  z  o ‘q id a g i  p r o e k s iy a -  
l a r i  y ig ‘in c L is in i  a n iq la y m iz .

B i r i n c h i  n a v b a t d a  N¡ k u c h n in g  z  o ‘q id a g i  p r o e k s iy a s in i  q a -  
rnyrm iz .

6  . 2 - c h i z . m a d a  q o b iq  e le m e n t in in g  x  o ‘q i  b o ‘y ic h a  y o ‘n a lg a n  
t o m o n i  k o  ‘r s a t i l g a n ,  b u  t o m o n  N t k u c h  b i l a n  s iq i lg a n .

E l e m e n l n i n g  c h a p  q i r g 'o g 'ig a  t a ’s i r  e tu v c h i  N td y ,  k u c h  z  
o ‘q ï g a  p r o e k s i y a  b e r m a y d i ,  e l e m e n t n i n g  o ‘n g  q i r g ‘o g ‘ig a  t a ’s i r

e t u v c h i 1 dy  k u c h  ^ o ‘q ig a  «  b u r c h a k  o s t id a  t a ’s i r

1 v
é ta b l i .  B u  b u r c h a k  ik k i q i s m d a n  ib o r a t :  b i r i n c h i  q is m i  ^  -  л д 

d e f o r m a t s - i y a g a c h a  x  o ‘q i  b o ‘y i c h a  e l e m e n t  e g r i l ig id a n  h o s i l

b o c la d i ;  i k k i n c h i  q ism i
â_w_ 

d x 2 u s tu v o r l ik n i  y o ‘q o t i s h d a  c h e k s iz

k i c h i k  e g L l is h  n a t i j a s i d a  p a y d o  b o M g a n  q o ‘s h im c h a  e g r i l ik d a n  
h o s i l  b o ‘l a d i .

S h u n i o g  u c h u n  h a m  6 .2 - c h i z m a d a  k o ‘ r s a t i lg a n  a  b u r c h a k

a  — K x + ~ ^ x 2 g a t e n g .  U n d a  /V, k u c h n in g  z  o ‘q id a g ip r o e k s iy a s i  

q i k ^ i d a g i c h a  b o ‘la d i.
' xi \  f  32 'И ЛЛ7 si лл>

dxdy .â N , , 1
dy

r >О w
dx= - N t { r  ^ ”'1-+----- - d x + 7 K x + — г

â x  ) Л
V l  â x ' )
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X u d d i  s h u n i n g d e k ,  /V ,  k u  c h  p r o e k s i y a s i n i  h a m  q u y id a .g -  
i c h a  to p a m iz .

- N 2\ K l +
d ' w

W .
d x d y .

B u la r d a n  t a s h q a r i ,  b u x a l i s h  d e f o r m a t s i y a s i d a n  h o s i l  b o ‘l g a n  
u r in m a  k u c h  p r o e k s i y a s i  q o ‘s h i l a d i .

- 2  S - ^ - d x d y .  
d x d y

S h u n i n g d e k ,  k o ‘n d a l  a n g  k u c h l a r  p r o e k s i y a l a r i  y i g ‘i n d i s i  

dxdy  n i  e ’tiT x > rg a  o l ib ,  q  u y i d a g i n i  t o p a m i z :' £ â . + ^
d x  d y  ,

d Q x ( d Q 2 

d x  d y
K  +

d 2w л 

d x 2
- N i А Г ..+

NО W

H f d x d y

(6.3. 3)

B u  t e n g l a m a d a g i  k o ‘m d a l a « ig  k u c h l a m i  ( 6 .3 .2 )  i f o d a  y o r -  
d a m i d a  a l m a s h t i r i b ,  ( 6 . 3 . 3 )  t e n g l a m a n i  q u y i d a g i  k o ‘r i n i s h d a  
y o z a m iz .

âx~ ( x r y  <7 y~
K +

л 2 N Г  w
*>cx~

K  +
с  у d x d y

<6.3.4)
E g u v c h i  v a  b u r o v c h i  h o l a t  l a m i  w{x,y)  s a l q i l i k  f u n k s i y a s i  

o r q a l i  i f o d a l a y m iz .
( 6 .1 .4 )  f o r m u l a g a  k i r u v c h i  e g i l i s h d a g i  e g r i l i k  'v a

b u r a l i s h d a g i  x xr e g r i l ik  d e f o r m a t s i y a l a r i n i  ( 6 . 1 - c h i z m a )  q * i -  
y id a g i  m u n o s a b a t l a r d a n  a n iq l  a y m i z .
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6 .2-chizm a. Bo ylainct kuchlarni ciniqlash. 
i

cix

6.3-chiznja . Qobiq elementining deformaîsiyalanmagan va deformatsiyalan-
gan ko ‘rinishi

d~ \v
- X* = —

г  w
y  —/и ЛТ

â 2w
( 6 .3 .5 )

¿M’ o x a y

( 6 .2 .  1) v a  ( 6 .2 . 1 1 )  f o r m u la l a r n i  q u y id a g i  s h a k ld a  i f o d a la s h
r r b u m k im .

Л/. = - D r

A f ,  =  -£>„

1 E \

^0 Va

с/, f 
-^-1 1 £  '

l У'., j.

^ :VI’ 1 ¿P2H‘
¿?.y " 2 ¿V

¿>2\r 1
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B u  b o g ‘ l a n i s h l a r  a s o s i d a  (6 .3  .4 )  t e n g l a m a d a g i  b i r i n c h i  u c h  
h a d  i fo d a s ín i  q u y ^ id a g ic h a  y o z a m i z .

d - M ,
-r-4 -2 ■ +

о  X d x c * y  d y
¿- = - D i)V 1V ~ \ v +  D 0

y / a )

«r r S г a , - + 2 a u + a y ¿>A
+ ■ +

VI’

2 En & x  2d v 2
( 6 .3 .8 )

(6 .3 .8 )  í f o d a n d  e ’t i b o r g a  o l it>  ( 6 . 3 . 4 )  t e n g l a m a n i  q u y i d a g i  
k o ‘r in i s h d a  i f o d a l a y m iz :

A.V'W -/)„ E. Y a. r 4ir л, г 4и’ a y + 2r/v_, + а̂  гЛг I х- i . -  •’ )
I----- ------- ГТ + +----- Г“Г ^ ----- ----------- . > . : ГьЛ1 + T 3 '  'l V7,. JU'o 'T , r.v г V J V rY J

+AÜ A', -f
r  ~w
r y

C  " Yl̂
+ 2 S ---------= 0. ( 6 .3 .9 )

6 .4 .  D e fo r m a ts iy a n in g  u z lu k sL zlik  ten g la m a si

K ritik  h o l a t g a c h a  q o b i q a i n g  o ‘r t a  s ir ti  d e f o r m a t s iy a la r i  e x, s x , у  
c h e k s i z k i c h i k  e g i l i s h n i n g  h o s i l  b o M i s h i d a  ( b i f u r k a t s iy a  h o l a t i -  
d a )  s a lq i l ik  f u n k s  iy a s i  n t - c .y )  b i  l a n  b o g M a n g a n  b o ‘l i s h i  s h a r t .

B izga m a ’lu m lc i  p l a s t in l c a n in g  t e k i s  e g i l i s h i d a  u n  in g  o ‘r t a  s i r t i  
d e f o r m a ts iy a s i  q u v i d a g i  f o r m u l a  b i l a n  i f o d a l a n a d i .

fin \ ( à \v  Л â~v 1 f  сЗ иЛ du âv  â \г â \v
e,  = — + --------- ; s y = --------- + — ------- ; = —  + -----ь ----------- .

fix 2 { â x  J â y  2 \ t â y )  ô y  â x  d x â y

( 6 .4 - ,1 )
Q o b i q l a r n i n g  e g i l i s h i d a .  e s a  ( 6 . 4 . 1 )  t e n g l a m a r i i n g  b i r i n c h i



i k k i ta s ig a  e g r i l i k  defoTmatsiyasini sa lq ilik  f im k s iy a s i  w ( x , y )  o rq a l i  
i f o d a l o v c h i  q o ‘s h i m c h a  h a d l a r  q o ‘s h i la d i .

0 ‘l c h a m i  dx  b o I g a n  e l e m e n t  e g i l is h in i  q a r a y m iz  ( 6 .3 - c h i z -  
m a ) .

E l e m e n t  m a r k a z g a  q a ra b  M>(x,y) k a tta lik k a  k o 'c h g a n d a  x  o ‘q i 
b o ‘y i c h a  d e f o r m a t s i y a l a n a d i

(/2V -  w)d(p - Rxd(p w= --- - - =  - K ; w .
Rx d<p R x

X u d d i  s h u n i n g d e k  y  o ‘q i  b o ‘y i c h a  d e f o r m a t s iy a  
£y = - ~ K vw. b o ‘la d i .
( 6 . 4 . 1 >  f o r m u l a l a r n i  q o b iq  e l e m e n t i  u c h u n  u m u m l a s h t i r i b ,  

< ju y i d a g i c h a  y o z a m iz :
,2

¿Pu 1 f
2

d \  1 f
£ .  = ---------h -- -  K vw.■ S v = ------+ _

& X 2 l ^ r J d y  A

dxv

d y .

— K vw\

(9mi d v  d w  &\v 
y  =  ——  +  ——  +  -* * * - ( 6 .4 .2 )a  v o x  o x  a y  ’

B u  i f o d a l a r d a n  u v a  v k o 'c h i s h l a m i  y o 'q o t i b ,  d e f o r m a t s i -  
y a n in g  u z l u k s i z l i k  t e n g l a m a s in i  h o s i l  q i la m iz :

d 2s x d 2£y d 2y  
d y - dx~ d x d y d  x d  y

d 2w  d 2w d 2w d 2w 
■ K v ——;--- K  ,

d x 2 d  y 2 x d y 2 ' d x 2

( 6 .4 .3 )
e x, s t„ y  d e f o r m a t s iy a l a r  crx , o  , r  k u c h l a n i s h l a r  o r q a l i  

q u y i d a g . i c h a  i f o d a la n a d i :

Vo
a r —  <r 9 .<■ ^  = -----r ‘2 ) i//0

(6.4.4)
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B izga m a ’lu m  b o M g a n  b o g ‘l a n i s h l a r y o r d a m i d a  <!>(■*% v) k u d h -  
la n is h  f u n k s iy a s in i  k i r i t a m i z .

d  2<P d 20> c ? 20
a * ~ d y 2 ' CJ> ~ d x 2 ’ T ~ ~  d>xdy  ’ ( 6 . 4 . 5 )
( 6 .4 .3 )  t e n g l a m a n i n g  c h a p  t o m o n i d a g i  u c h  h a d n i  q u y i -  

d a g i k o ‘r i n i s h g a  k e l t i r a m i z :

d ' E  d ~ £  -¿)2V 1 -> ->
- r - f  + - j - r - - z - r =  —  V 2V 20 .  ( 6 . 4 . 6 )
d y  d x  c p x d y  y/0

B u  f o r m u la n i  e ’t i b o r g a  o l i b ,  (6 .4 .  3 )  d e f o r m a t s i y a n i n g  u z l u k -  
s iz l ik  t e n g l a m a s i  q u y i d a g i c h a  i f o d a l  a n a d i :

J _ V 2V 20  =  M ^ V -  — ■- - K  - - K  —
tf/0 \ d x d y )  d x 1 d y -  x d y -  y d x 2 '

( 6 .4 .7 )

6 .5 .  Q o b iq la .r  u stu v o r lik  ten g lam asi

K u c h l a n i s h  f i i n k s iy a s i  < > ( x ,y )  o r q a l i  a n i q l a n u v c h i  b o ‘y l a m a  
k u c h la r  N ri , N 2 , s i q u v c h l  b o M g a n i u c h u n ,  m a n f i y  i s h o r a  b i l a n  
o l in a d i .

, , d  2<S> , J 2®N. = h e r T = - h ------ —; = h c r , = - h ----- — jr = - / i ---------.
1 x Py1 - y dx2 dxdy

( 6 . 5 . 1 )
(6 .5 .1 )  i f o d a n i  < 6 .3 .9 )  t e n g l a m a g a  q o ‘y a m i z .

h h
£ t Y a ,  c 4w o> ax + 2a „ + a r c*w  ^

r’-v*' ..
^ -  + cr. ^r^- + 2r—fA" Cy' Cy
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( 6 .5 . 2 )  m u v o z a n a t  t e n g la m a s i  b i l a n  ( 6 .4 .7 )  d e f o r m a t s iy a -  
n i n g  u z l u k s i z l i k  t e n g la m a s in i  b i t t a  u m u m i y  u s tu v o r l ik  te n g la -  
m a s i g a  k e l t i r i s h  m a q s a d id a ,  ( 6 .5 .2 ) i f o d a g a  v : v 2 o p e r a t o r  b i ­
l a n  t a ’s i r  e t a m i z .

v :v : ¿̂/v r 4Vl* r  !lt t/v+ 2öy1 + £/, ¿̂ 4ir

{  'Л. J + - ?,.4v'rd (  TO  ̂Л 2 c n r x 2 c y 2 /

+ <tvV -V -  £ -4 -  + o-vV 27 ‘ - ^ -  + 2 rV :V- K V - V - -  /J, V“V _ ——г = 0.
c.x~ ■’ r v  Л'П' ' n" ‘ r.v

( 6 .5 .3 )
( 6 .5 .  3 )  i f o d a n i n g  o x i rg i  ik k i h a d i n i  q u y i d a g i c h a  y o z is h  

■ n u m k iT i:

о . ¿?2Ф ■> - г 2Ф
к у - ч -  -— - - K y¥ - V-  -— -

r v~ rx~
- K t - ^ У - У :ф -  /Г. V:V2Ф :

âv~ CX~
2 -i 2 \

С  с  
JC. ---- r-+^„ —

c y - cx~
V ’V -Ф.

( 6 .5 .4 )
( 6 .4 _ 7 )  f o r m u l a n i n g  o ‘ n g  t o m o n i d p g i  c h e k s iz  k ic h ik  h a d -  

l a r n i  e  ’t i b o r g a  o l m a s d a n ,  v :V :<£> i f o d a n i ( 6 .5 .4 )  f o r m u la g a  
q o ‘y ib ,  q u y i d a g i n i  h o s i l  q i la m iz .

к  4 к.  —
Г V

V2V2<t> = ^ Ll K ; l— ^ -  + 2 K xK  +л >■> 4 X '  ̂ 2  ̂ 2 »->4r v  n x  ov ex

( 6 .5 .5 )
B u n  d a y  a l m a s h t i r i s h l a r d a n  k e y in  ( 6 .5 .3 )  t e n g l a m a  e la s t ik l ik  

c h e g a r - a s id a n  k e y in  y a ss i q o b iq n in g  u m u m i y  u s tu v o r l ik  t e n g -  
l a m a s im i  i f o d a l a y d i .



+ Vo К ]  -—у  + 2 Л  К
с у

. . w ’ V '\
0.

( Л 7  1 ГХ (6 .5 .6 )

A g a r  b u  t e n g l a m a n i  Е  = у/„ =  E k d e l>  o l s a k ,  u n d a  b u  t e n g l a -
m a  c h iz iq l i  e l a s t ik  q o b iq  u s t u v o r l i k  t e n g l a m a s i g a  o ‘t a d i  ( P u a s -  
s o n  k o e f i i t s ie n t i  0  ,5  b o ‘l g a n d a ) .

A i
h

+ E

C ? ~ \ Y ¿?2wV'V"V“V"vr+ er V"V- ----— + су V"V‘ ------ + 2rV'V"----
âx~ ‘ câv~ d x

f о 4 o-l -n *4
л - , 4  ■' l n  ’ т . ' .Э 4

r v  ¿7.V ¿7.V ,V
= 0.

д х д у

( 6 .5 .7 D

6 .6 . B o‘y la m a  s iq ilg a n  yopi q s il in d r ik  qobiqda o ‘qqa  
sim m etrik  t o ‘lq in  h osil b o ‘lish i* lag i u stu vorlik

0 ‘q b o ‘y i c h a s i c |u v c h i t e k i s t a r a l g a n  P x k u c h  t a ’s i r id a  b o ‘l g a n  
s i l i n d r ik  q o b iq n i  q  a r a y m  iz  ( 6 .4 - c h iz m c » . ) .

Л

6.4-cFtizma. S o  ‘ylama siqilgan qobiq.
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U s t u v o r l i k n i  y o ‘q o t i s h d a  t o ‘ lq in l a r n i n g  h o s i l  b o ‘l is h i  o ‘q q a

s d m m e t r i  к  b o ‘l s i n  d e b  h i s o b l a y m iz ,  u n d a  = 0 ; K V =  — e k a n -
К

l ï g i n i  e ’t i b o r g a .  o l i b ,  u m u m i v  t e n g l a m a  ( 6 .5 .6 )  n i q u y id a g i  
к о ‘r in i s h  g a  k e l t i r a m i z :

D 0d \ v

hdx* V
1 - S .

V'o.

, 'V od'w  | p  d ^ w  = 0
heQd:x R 2dx*  r ¿ V 6 .6 .1 )

K r i t ik ,  h o l a t g a c h a ,  u n g a  t o ‘g ‘ri k e lu v c h i  A /0 n u q t a d a  s iq u v c h i  
k u c h d a n  q u y i d a g i  d e f o r m a t s iy a l a r  h o s i l  b o ‘l a d i

1 I \ 1e x \ e = - - e x- e := - [ e x+ e y ) = - - e x.

U n d a  M 0 n u q t a d a  d e f o r m a t s iy a  in te n s iv l ig i  q u y id a g i c h a  
I> o ‘l a d i .

=■ +{£ - £ *Y =2Т ~ Л £ * = £ <-3 V 2

a x; a  v; a xx l c a t t a l i k l a r  ( 6 .1 .3 )  f o r m u la  a s o s id a  q u y id a g i  q iy -  
m a t l a m i  q a b u l  q i la d i :

£ - ^ - \  =  £^ a , = a , - = ° -

U n c L a  ( 6 .( > .1 )  u s tu v o r l ik  t e n g l a m a s i  q u y id a g i  k o ‘r in i s h d a  
b o ‘l a d i .

Do £ k d  svt' _ у / ,  d  4м' + p  d  S i’ = 0
(6 .6 .2 )

h lj/ 0 d x s  R 2 d x A ' d x °

S a l q i l i k  P u n k s i y a s i  w ( .\- )n i q u y i d a g i  q a t o r  k o ‘ r i n i s h d a  
i z l a y m  iz :

1X171X
w(x ) = Y ,  Л ,  sin-

e
(6.6.3)
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B u  q a to r  s i l i n d r  q i r g ‘o q L a r id a g i  c h e g a r a  s h a .r t l a r i n i  q a n o a t -  
l a n t i r a d i .

(6 .6 .3 )  i f o d a n i  ( 6 . 6 . 2 )  i e n g l a m a g a  q o ‘y ib ,  k r i t ik  k u c h l a -  
n i s h n i  a n iq l o v c h i  i f o d a n i  h o s i l  q i l e m i z

_ D0 E k f  m n

h w n v f. ■Pk r = — —  I —  I + '//0 '
J R '  ( 6 . 6 . 4 )

K r i t ik  k u c h n i n g  m i  n im a _ l  m i q d o r i n i  a n i q l a s l i  u c h u n  (6 .  6 .4 )  

2 = (  m * ) 2fu n k s iy a n i  ^  ( J p a r a m e t r  b o 'y i c h a  m i n i m a l l a s h t i r a m i z .
(6 .6 .4 )  f u n k s i y a n i  q i u y i d a g i c h a  i i o d a l a b  o l a m i z

_£o_£k_-, Vo_J_ 
kp h y/0 R 1 A ' ( 6 . 6 . 5 )

dPkp j d A  h o s i l a n i  n o l g a  t e n g l a y m i z

_  Dp E k __Vo '  __ q
d k  h Vo R2 ^

B u n d a n

7 T - I  —  • L f o d a  h o s i l  b o ‘la d i .  ( 6 . 6 . 6 )

(6 .6 .6 )  i f o d a n i  (6 .6 .  5 )  f o T m u la g a .  q o ‘y ib  k r i t i k  k u c h l a n i s h n -  
in g  m in im a l  m iq d o r in _ i  t o p - a m iz .

Pkp ~  ^ V o  ^  ■ ( 6 . 6 . 7 )

A g a r  E = t//0 =  Ek t e n g  d e b  o l s a k ,  u n d a  ( 6 .6 .7 )  i f o d a  c h i z i q l i  
e la s t ik  m a s a la  u c h u n  m a ’lu T n  b o ‘l g a n  f o r m u l  'g ,a o ‘t a d i .



4 6 . 6 0 )  k r i t i k  k u c h la n i s h n i  k r i t ik  d e f o r m a t s iy a  o r q a l i  i f o d a -
la b -  Pkp =  ( 6 .6 .8 )

4 6 . 6 . 1 )  f o r m u l a n i n g ,  g ra f ik L a rn i q u x ish  u c h u n  q u la y  b o ‘lg a n  
s h a k l g a  k e l t i r a r n i z

* _ 2 _ L  n r r ~
h ' 3 s tr ( 6 .6 .9 )

O l i n g a n  n a t i j a l a m i  q u r i l i s h  p o ‘l a t i d a n  y a s a lg a n  y o p iq  s i -  
l in < l r i k  c p b i q  u c h u n  q o ‘l la y m iz .  S iq i l is h  d i a g r a m m a s i  a l - e l

3 . L 5 -  c h i z m a d a  k e l t i r i lg a n .
6 . 5 - c h i z m a d a  e la s t ik l ik  c h e g a r a s id a n  k e y in  q o b iq n in g  n is b iy  

q a l i n l i g d  R / h  b i l a n ,  k r i t ik  d e f o r m a t s iy a  o r a s id a g i  b o g 'l a n i s h  
g r a f i g i ,  l i z l i k l i  c h i z i q  s h u b o g ‘la n i s h la r  v a  c h iz iq l i - e l a s t ik  m a s a la  
u c l i u n  k e l t i r i l g a n .

P r o p - o r s io n a l l i k  c h e g a r a s ig a  t o ‘g ‘ri k e lu v c h i  e kp k r i t ik  d e f o r ­
m a t s i y a  n i  0 , 1 0 0  g a  t e n g  d e b  q a b u l  q i la m iz .  6 .5 -  c h iz m a d a  (6 .6 .9 )  
f o r m u l a  a s o s i d a  h i s o b la s h la r  n a ti ja s id a  q u r i lg a n  g ra f ik  k e lt ir i lg a n .

U s tL E v o r l ig in i  y o ‘q o t is h ig a  t o ‘g ‘r i k e lu v c h i  b o  ‘ y  l a m a  y a r im  
t o c lq in l  a r  s o n i  m  ( 6 .6 .6 )  f o r m u la d a n  a n iq l a n a d i .

100 200 300 400 500 600 700 800 900

6 .5 -c h izm a .O ‘q q a  simmetrik to  Iq in  h o sil 
bo  Uganda b i t i k  d e fo rm a ts iy a n in g  q o b iq  n isb iy  

q a lin lig ig a  b o g  'liq lik  g ra fig i.
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m = — ^ j R / h ~ \ J i / ' j E ' k - ( 6 .6 .1 0 )
n K

F a r a z  q i l a y l i k ,  s i l i n d r  e kp = 0 , 0 0 2  k r i t i k  d e f o r m a t s i y a d a  
u s tu v o r l ig in i  y o ‘q o t s i n .  H i s o b l a r  b o ‘y ic h a  b u  k r i t ik  d e f o r m a t s i —

ß
y a g a  j E j t / r „ =  0 .5 0 1 . — =  3  67  t o ‘g ‘r i  k e l a d i .

f
B u n d a n  t a s h q a r i  — =  10 b o ‘1 s i n  d e b  h i s o b l a b ,  ( 6 . 6 . 1 0 )

K
f o r m u la d a n  y a r i m t a  to M q d n la r  s o o i n i  a n i q l a y m i z

ff7 =  L Z i i . 1 0 . 12 ,92 - 1,41 = 1 0 0 .  
n

A g a r  c i() =  0 ,0 0 2  k r i t ik  d  e f o r m a t s i y a d a  m a s a l a  c h iz i^ q li e l a s t i l c

b o ‘ls a , u n d a  ( 6 .6 .  10) f o r T n u la g a  E  = i//0 =  Ek v a  i J ^ 0/ E k = 1 
q o ‘y a m i z v a  y a r im  t o ‘l q i a l a r  s o n i  k a m a y i b

1 732
m  =  JL—— -10  12, 9 2  1 =  7 1  

n
g a  te n g b o M a d i .

6 .7 .  B o cy la m a  s iq i lg a m  y o p iq  s i l i n d r i k  q o b iq n in g  ik k i
y o ‘nalish b o ‘y ic h a  y a r im  t o ‘lq ii» larin i h is o b g a  o lg a n d a g i

u s t u v o r l i g i
B o 'y la m a  y o ‘n a l i  s h  b o ‘y i c h a  s i q i l g a n  s i l i n d r i k  q o b iq  u s t u v o r -  

lig in i y o 'q o t i s h d a  b o ^  y la m a  v 'a  a y la n a  t o ‘l q i n l a r  h o s il  b o ‘l s i n .  K r i t ik  
h o la tg a c h a  q o b i q d a  f a q a t  b  i t t a  s i q u v c h i  k u c h l a n i s h  b o  “ l a d i .

<* * =  ö- ,  = 0 ;  t vv =  0 .

0 ‘tg a n  p a r a g r a f d a  k o ‘r s a t i l g a n i d e k ,  u c h t a  d e f o r m a t s i y a  h o s i l  
b o 'l a d i .
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s x , £ y = ~  ^ := - ( e x + e y ) = ~ e x.

6 . 6  p a r a g r a f d a  k o 'r s a t i l g a n i d e k  d e f o r m a t s iy a  in te n s iv l ig i
e  = s r 0= e x v a  ( 6 .1 .3 )  i f o d a  ax =  e x =  s 0: a v = axv = 0 b o ‘la d i .

K o ‘r i l a y o t g a n  s i l i n d r ik  q o b i q n in g  a s o s iy  u s tu v o r l ik  t e n g l a -  
m a s i  ( 6 .5 .6 )  q u y i d a g i c h a  i f o d a l a n a d i :

1 - ^ V 2V 2

R 2 d x A
+ p v 2v-

d x 2

d  vr 

= 0 . ( 6 .7 .1 )

___ d 2 ( d 2w  t 1 d 2\v^
( 6 . 7 . 1 )  t e  n g l a m a n in g  i k k in c h i  h a d id a g i  +  J

k a t t a l i k n i  q m iy id a g ic h a  i f o d a la b  o la m iz :

d 2w  d 2w
• + = V 2V 2w -

w
( 6 .7 .2 )d x 2 2 d y 2)  2 d x 2d y 1 d y A

( 6 . 7 . 2 )  i f o d a n i  (6 .7 .1 )  t e n g l a m a g a  q o ‘y ib ,  u s tu v o r l i k  t e n g -  
l a m a s i n i  s o < l d a  k o ‘r in i s h d a  i f o d a la b  o la m iz :

^ - ^ i- V 2V 72V 2V 2nv+ —
hi / /  o h

«y0
J t 2 d x 4

+ P V2V2

. J L
Vo

c?2w

~äxT

V 2V 2

= 0 .

3 d 4w

2 d x 2d y

( 6 .7 .3 )

S a l q i l i k  f u n k s iy a s in i  w ( x , y ) q u y id a g i  t r i g o n o m e t r i k  q a t o r  
k o ' i i n i s h i d a  iz la y m iz :

. m n x  . n y
sin -sin- 

t  R
(6 .7 .4 )
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b u  y e rd a  m — s il i n d r  o ‘ q i  b o  ‘ y la b  y a r i m t a  t o ‘l q i n l a r  s o n i ;  
n ~  a y la n i s h  y o ‘ n a l i s h i  b o ‘y i c h a  t o ‘l q i n l a r  s o n i .
( 6 .7 .4 )  s a lq i l ik  f u n k s i y a s i  q i r . g ‘o g ‘i b o ‘y i c h a  s h a r n i r l i  m a h -  

k a m la n g a n  s i l i n d r  c h e g a r a  s h a r t i n i  q a n o a t l a n t i r a d i .
( 6 .7 .4 )  q a t o r n i  C 6 -7 .3 )  t e n g l a m a g a  q o ‘y ib ,  q u y i d a g i  a l g e -  

b r a ik  t e n g l a m a n i  h o s i l  q i l a m i z .

h i//„ 

n
+ ~r 2

f  ■* 
f i r  7 T ~  /7"

— + F
n ' [  3 m r n 2

h

m ' n '
V

R-
y/n m**n4 „ | m ' n '  n' I m 'n '

4 - ^ 4 ----- :--------P A ---- r— + ■
e  R 2 f-

= 0.

B u n d a n  q u y id a g i  i f o d a  l i o s i l  b o ‘l a d i .
( 6 .7 .5 )

f  *> *> m '7r"
n i n 1 ' R 2 ( 7 0 2 \/77 “ /7

~~42~  + ~R2

■ +

m ~ 7r

Dn
Vo

2 (
n2 2 2 R m 7t

3 n i 27r2 n~2 \

2 f 2 i?2

B u n d a n  k r i t i k  k u c h  i f o d a s i n i  a n i q l a y m i z

b u  y e r d a

2/?r Z rwm ~ n
----- 7---- 1----- 7
2 ^  J?2

2 A

( 6 .7 .6 )

( 6 .7 .7 )

/> , /1 =
m  7t *

/  ■> 2 ■> \~ 
/7"

v f:2 + ~R2
( 6 .7 .8 )

/>, f u n k s iy a  m i n i m a l  b o ‘ l g a n d  a g i ,  2  p a r a m e t r  m i q d o r i n i  
i z la y m iz ,
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¿ A  = A » E k 1
c? A h if/ o 

bundan
R- A2

=  0;

A =  — IISo
R h \ £ k

Px funksi^aning minimal miqdori

( 6 .7 .9 )

(i>E) . = Ek 3V *  /  inin
_________ + l £ L =
/2 y/̂  Rh^E^ R2 3

-> D ^  tVo  + ^ r r V ^ * ^ / o = 0 •
J i i  J i t  ; a

(6_7.6) asosiy formulani quyidagicha ifodalab olamiz

(6.7.10)

2/? 3 D n
= 1 - —  1B J/( 2/7 I y/0 J

1 +
3 m!r (6.7.11)

(6 .7.8) v a  (6.7.9) ifodalar asosida bo‘ylama yarim to‘lqinlar 
soni m b ilan aylana yo'rialishi bo‘yicha to ‘lqinlar soni n ni 
bog‘Iovchi tenglam ani hosil qilamiz

e
2 2 

lrw  7t

^ m 27r7 n l
C ~ i r ~ + T .

= J _  K  = 2 
Rh V E.

B~undan quyidagini topamiz:

(6.7.12)

rr
~R2

m rr
V I -

mn
(6.7.13)

— ekanligini e ’tiborga olib

n
— =  A c x ( \  — a ) .
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n 2 f 2 A a ( l - o r )  1 - a
= — j 5 = ------ - (6 .7 .15)m я  R A a  a

(6.7.14) va (6.7.15) b o g ‘lanishlarni C6.7.12) ustuvorlik ten g -  
lamasiga qo‘yib «quyidagiga ega boMamiz:

2 h
A  = — j E k4/ о 1 _ I

4 1 E t.
(2 + <z)(l -  a) (6.7.1ft)

(6.7.16) tenglamaga bilan J>x = y/srx bogManishda bo‘lgan

bo‘ylama deformatsiya f  vni kiritib, (6-7.16) tenglamani q u y-  
idagicha yozamiz:

3 R
2h

£. = \ - - { 2  + a X \ - a ) j E k J y / 0 + + ^ { 2  + a \ l - a ) j ^ E j y / 0 .

(6 .7 .17)
Yangi belgilash kiritamiz 

ß  = ^(2  + a ) ( l  -  a ) ,  

unda (6.7.1) tenglam ani quyidagi shaklda yozamiz:

buyerda <5 = j E k /y/ 0 .

(6 .7 .15)

(6 .7 .19)

(6 .7 .20)

3 R
f  = — £ x funksiyani s  bo‘yic ha m inimallashtiramiz

I n

£ £ = . - , - 4 - 0 .
d ô  Ö -

bundan
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(6 ,7 .19) iiödani (6.7.21) formulaga qo‘yib ./ = — Çkp mi-In
nim al miqdcmni topamiz (bo‘ylama deformatsiyaning mini­

mal <jiymati_ni e kp bilan belgilaymiz).

= 2 j ß ( l - p y  (6.7,22)

(6 .7.21) ifodadan quyidagilami topamiz
c 2

ß = -------- .  (6.7.23)
l + S -  v '

l - A  =  T T T IT '  <6 -7 24>IH -d
((5.7.19) formula quyidagi ko'rinishni qabul qiladi.

3-/? ^ 0 0
2/7 ^ l + £ 2 1 + ^  “ <//„ + £*' (6.7.25)

Vo
Matijada elastiklik chegarasidan keyin yopiq silindrik qobiqlar 

ustu vorligini tadqiqot qilish uchun ikkita fundamental tengla- 
malarga ega_ bo‘lamiz.

r = 1 _ L ^ K

h  J  V  V'o +

3Æ *

I—. 4 V o E k h

P- = l^ V ^ T t T  ( 6 ' 7 ' 2 7 )

y^gar (6.7.27) formulaga = Ek = E qo‘ysak, chiziqli elastik



masala uchun m a ’lum b o ‘lga:n kriti k kuch formulasini hosil 
qilamiz

2 /? 
Pk, = — E — ,

1 3 R
(6.7.28)

6.6-chizmada uchta egri ch iz iq  tasvirlangan. Bu egri ch d- 
ziqlar elastiklik chegarasidan keyin kritik deformatsiya s Ap 

bilan nisbiy qalixiligi R fh  ora sidagi bog‘lanishni ifodalaydi.

Uzlikli egri chizicq qobiq materiali ch iziqli elastik e kp > 0.0010
bo‘lganda ifodalaydi.

Bo‘ylama yarim to‘lqi nlar so n i m ni topish uchun (6.7 .15) 
formula orqali m  soni bilan Tx>g‘liq  bo'lgan a  parametrni 
aniqlaymiz. (6.7. 19) kva-drat tenglannani a  nisbatan yechib, 
quyidagini hosil qilamiz:

1
a =  — 

2
9-7(5
l + <52

- 1 (6.7.29)

(6.7.13) va (6_7.14) ftormul alarda n foydalanib, bo‘ylam a  
yarim to‘lqinlar sonin i ajiiqlaym iz:

a/3 f. [R 1
m = ------- „

2n R V h J~S
9 -  10 -  

‘ H - à ' 2
- 1 (6 .7 .30)

(6.7.14) bog‘la.nishdan (6 .7 .30 ) form ulani e ’tiborga o lib  
qobiq aylanasi bo ‘yicha toMqinllar son in i topamiz

n -  •S  l~R
hô

(  19 - 7 5 2
- 1  II 3 - ,

*9 - 7  S 2
1 + <5 J V 1+ S-

Chiziqli-elastik masalada ô =  1 bo‘lad iva  m voici

14«9

(6 .7 .31)

sonlar-



V I | ; 1
1
1 1 i !

V V Kelliiriluan nlodll1 boMcha

\\
--- ^

; 1
\ \

\ ; [
\

Lrinnla niodul bovicha
N5 X ! 1

I

11 A
| ;

ICM1 200 ?iX) 4(H) 5*MI ft,HI 70(1 h

6.6—chizma. Ikki yo ‘nalish bo yicha to 'Iqinlarning hosil 
bo 'lishida kritfk deformatsiyaning qobiq nisbiy 

qalinl/giga bog ‘liqlik grafigi.

rung har biri nolga teng bo‘ladi, bu holda to ‘Iqinlarning hosil 
b o ‘lish i m asalasi yechilmasdan qoladi.

6 .8 -  Siqilgan silindrik panel ustuvorligi

Oldi ngi paragrafda olingan natijalarni siqilgan silindrik pa- 
n.ellar ustuvorl ik masalasi uchun umumlashtirish mumkin.

Siqilgan panel bo‘ylamayo‘nalish bo‘yicha ? uzunlik va ay- 
lan a  yo'nalish i bo‘yicha eni b bo‘lsin deb qaraymiz (6.7-chiz- 
rcia).

Panelning lcuchlanganlik holati 

°'x =  px> cry = Q', . = 0 .

Deform atsi^alar E r;

e y= ~ \ £ ^ £ :=-{£ *+C y ) = “ ^ . v ; 7,y = 0.

Deform atsiya intensivligi o ‘tganparagrafdagidek e = e x= s 0



6.7-chizma. Л о У lama siqilgan sidindrik pasiel. 

bo'lib, (6.1.3) fïinksiyalar quyid-agicha b o ‘ladi

Ustuvorlik ttn g lam asi esa, siqilgan yopiq qobiq tengLa- 
masidek, (6 .1.Ур formulasi bilan aniqlanadi.

Qobiqning boc ylama q irg‘og‘in i shamirli tayangam deb qabul 
qilamiz. Ustuvorlikni yo'qotishdagi salqilik funksiyasi w(jr,.y) ni 
quyidagi qator k o ‘rinishi da olamáz

Bu qatoming ¿n va n i ndekslariga to‘g*ri keluvchii, bitta h a -  
dini (6.7.3) tenglamaga <jo‘yib, siquvchi kritik kuchni an iq -  
lash uchun quyidagi alge braik tenglam ani hosil qil amiz.

т л х  . )тлу
(6 .8 . 1)

/// n

4 4 (  1 ■* 7 7  2 1vi/ /, ni к  m  - n ~  n  - я * m  я ’
+ — ( 6 .8 .2 )

Bundan Px ni aniqlaymiz.

b 2 J п г л 2
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Dn
1 - ^

Vo.
! L —

b2 nr

f   ̂ 2 2 2 ■> \  J /77 7Г п 7Г
2 f2 +' b2 /

B u tenglamani quyidagi kô‘rinishda yozamiz

_P„ = P, H -^ -l 1 - ^— h h  I

2 nlnl t
è 2m 2 

Л =

-» 2  2 2 2 \  J/77 7Г /7 7Г

1 F _ + _ èr _ J '

*) -) 
т~я~

т~7г~ п~я 
■—  +

б 2

( 6 .8 .3 )

(6.8.4)

(6.8.5)

^6.8.5)/unksiyani д parametr bo‘yicha minimal qiymatini 
anLqlab (6. 7.9) ko‘rinishdagi munosabatni topamiz.

^6.8.5) f^rmulaga (6.7.9) ifodani qo‘yamiz
2  h

(6 .8 .6)

Unda (6 .8.4) tenglama quyidagi ko‘rinishga ega bo‘ladi.

2  h (6.8,7)1----- £- — —
2 h y Y o )  b-

(6.8.5) va (6.7.10) asosida m va /7 sonlari orasidagi 
bo_g‘lanishmi aniqlaymiz:

О - / -  Л2 /7  /
1 -I--------;--- -

3 m b j

I 2
2 2 m л

Í  ’ ’ ■> 2 Л ШП~7Т~ П~7Г +
V í 2 b2

j

T h M E

Bu tenglamadan quyidagini topamiz

п2я 2 т я
л/Т -

т я

a  paramétrai quyidagicha kiritamiz
т я

= c r j ï

(6 .8 .8 )

(6.8.9)

(6.8.10)
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U n d a  ( 6 . 8 . 9 )  t e n g l a m a d a n  q u y i d a g i  i f o d a n i  t o p a m i z

Bundan tashqari, С6.8.10У va (6 .8 .1 1 ) formulalardan f o y -  
dalanib quyidagini topam iz

(6.8.11) va (6 .8 .1 2 ) ifodalarni ( i .8 .7 )  ustuvorlik te n g la -  
masiga qo‘yib quyidagj form ulani an iqlaymiz

Bu formula siqilgan yopiq silindrilc qobiqqa tegishli bo‘lgan  
(6.7.16) ustuvorlik tenglamasi bilan t o ‘liq mos keladi. Siqilgan  
silindrik qobiq uchun olingan. (6 .7 .26) va (6.7.27) fundam en­
tal tenglamalar silindrik panel uchun ham o ‘rinli boMadi.

Shuningdek 6.7- chJzm ada ko‘rsatilgan grafik ham o ‘rñnli 
bo‘lib, (6.8.13) ga kiruvchi a  parame^tr (6.7.29) bog'lanishdan  
aniqlanadi. (6.8.10) asosida b o ‘ylam a to‘lqinlar sonini an.iq- 
laymiz.

Panel eni t> b o ‘yich.a yarirm toMqinlar sonini <6.8.11) fo r ­
mula asosida an iqlaym iz.

~ r - =  À a { \ - a ) =  J j -J ( / /C)/ E k a { \ - a ) . (6 .8  .11 )

(6.8. 14)

1 53



п= л/зл
2/7

9 - 7 S -  
' \ + S 2

j  —.
9 - 7  S 2

l + S 2
( 6 .8 .1 5 )

Silindrik panel ustuvorligi bo‘yicha olingan natijalar panel 
b eni ni aniqlovchi в  burchakning katta qiymatlarida o ‘rinli 
bo‘ladi. Ustuvorlik nazariyasida chiziqli-elastik silindrik panel

Qb
burchagi в  , panel eni ¿ va panel qalinligi /, orasida — -1 2

h
tengsizlik o ‘matilgan.

Elastiklik chegarasidan keyin silindrik panel ustuvorligida bu 
tengsizlik saqlanadi deb hisoblaymiz.

6 .9 . Sirtqi bosim ta’siridagi yopiq silindrik 
qobiq ustuvorligi

Uzunligi z va aylana radiusi r bo'lgan yopiq silindrik qobiq 
sirti aylananing markaziga radial yo‘nalgan tekis taralgan q 
bosirm ta’sirida bo‘lsin (6.8-chizma).

Kritik holatgacha qobiq momensiz bo‘lganda, q bosim ra­
dial kuchlanishni hosil qiladi [43]

Qolgan boshqa kuchlanishlar nolga teng.
B u, crv kuchlanishdan bo‘ylama deformatsiyalar hosil 

bo‘la-di.

£.■*=-\ ey ; * . - = - ( * ,+  *,■) = “ * y■

D eform atsiya intensivligi old ingi paragrafdagi kabi
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e = e x= £ 0 b o ‘la d i .

(6.1.3) funksiyalar esa  quyidagiga tcn g  bo‘ ladi.

ax = 7  j
£ = s. ax =  a „  = 0.

Qobiq bifurkatsiyadagt muvozanat holatida (6.9.6) ust uvorlik 
tenglamasi quyidagi ko‘rinishga ega bo‘ ladi.

6.8-chizma. Tashcji bosim ta 'sirida 
bo ‘Iga л  silindrik, qobiq.

^ - v 2v 2v 2v V - ^ -  
h h Vo Il _ ^ L | y ^ V 2

( ^4 o  vi*

^ 7
1 d 4w
2 д х 2d y 1 d ÿ

C6.9.2)

Tenglamaning ikkinch i hadid agi qav-s ichid-agi ifodarii qu- 
yidagicha yozamiz.

' d 4\v 1 d*w  
к д у А 2 д х 2д у  /

unda (6.9.2) ustuvorlik tenglamasini boshqa ko‘rinishda yo- 
zish mumkin

hVo h
EkI
4 ' J

V 2V 2
3¿?4 vr

2 d x - d y -
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SalqiHik funksiyasini sinus bo‘yicha ikki qator ko‘rinishida 
qabul q ilam iz.

w ( ^ j ) = E I c ».»sin
m n x  . n n y  

sin- (6.9.4)I R
(6 .9 .4 ) ifoda silindrik qobiq qirg‘og‘i bilan sharnirli tayan- 

ga n  che gara shartlarini qanoatlantiradi.
(6 .9 .3 ) ustuvorlik tenglamasiga (6.9.4) qatomi m va n in- 

deksli hadlarini qo'yib, quyidagi algebrik tenglamaga keltiramiz.

D„ Et f  тгя~ ir  

h W,* { f2 ^  R2.

, Vo p
R 2 C*

Ï 3
/ - 1 1ПГ7Г’

, A , V',. J t 1\

-> \  2m~ 71 ' n~ I n
e + f J l 2 ^

c-

(6.9.5)

Adabiyotlarda [9] ko‘rsatilishicha, sirtqi kuch bilan siqilgan 
silindr l>o‘ylama yo‘nalish bo‘yicha bitta yarimta to‘lqin hosil 
qilib, iLstuvorligini yo‘qotishi, tajribalarda aniqlangan, (6.9.5) 
tenglarmaga m  = i ni qo‘yib, quyidagicha yozamiz:

.A, ^

h Vo v + ^ - l  + - Т Ч 1 - — 1 1 ^ + ^A
Vo

n
h 1

jt~
~F

7Г
2R- f:

+ ц ^ - - Р г ^ ; = o
R- I I f R‘ ) R-

(6 .9 .6 )

(6.9 .6) tenglamadan Py aniqlab izlanayotgan kattalikni 
quyida_gi ifoda orqali yozamiz:



А,
1 — El

W o ) f 2 n 2

( - л ¡ Sn j  n !
+ 1 ~ F ) ( 6 . 9 . 7 )

(6.9.7) tenglam adan keyinchalilc foydalanish qulay boMishi 
uchun uni quyidagicha ko‘rinishga keltiramiz:

7Г4 /74

л = />, + - / г
R- 7Г ' 1Г~ n

R 2

f, ЕЛтг2 R2( 3  n2 7Г2)

bu yerda h t//0 R~ Я

R2( jr 2 n
f.2 R 2

(6 .9 .8>

(6.9.9)

(6.9.10)

P{ qiymatning m inim al bo‘lisl» shartidan para_metr Я
miqdorini aniqlaymíz:

_______

(6.9.11) ifodani (*э.9.9) form ulaga qo‘y i t ,

(6.9.11)

(6 .9 .1 2 )

hosil qilamiz.
(6.9.7) tenglam aga kiruvchi ikkinchi funksiyani quyidagi­

cha ifodalaymiz.

л-
z?4

Ä- Л  " /7 '

7 r  + F

л-4 R 4
У' О А74 I 4
/?2 Я

- 1

< 6 . 9 . 1 3 )



( 6 . 9 . 1 0 )  i f o d a d a n  a n i q l a y m i z

e- R я -

(6 .9 .14) ifodadan

R* л 4 f  n*J~A n

( 6 .9 .1 4 )

4 „4i n R

7T*RA 
n4t

^  R 4 R 2

miqdorni aniqlaymiz

Л  Л  . - R Г 7  ,—-  = — / 1 - 2  — л/Я +1. 
n n' n

(6.9.15)

(6.9.1.5) ni (6.9.13) ifodaga qo‘yib, quyidagini hosil qi- 
lam iz.

К л -  2 - 4 1
p  _  У7 о n '________ n _  I ^ __________

2 л 2 я  ä 2 U 2 ил/ l J '

2Ä (6.9.16)

(6.9.1 6) funksiyani n bo‘yicha minimallashtiramiz.

âP , Y o
R 2

^ R '  .  R 1-2  — + 2-
n n2 л/я.

= 0; -  — + - ^ =  =  0; 
n л/Яô n  

bundan

и = R %/X. hosil bo‘ladi. (6.9.17)

P2 funksiyaning minimal qiymati quyidagiga teng bo‘ladi.

л ) ~  3 * ^  <6'9 '
18)

(6 .9 .7 ) asosiy tenglamaning oxirgi, ya’ni uchinchi hadini 
quyidagjcha ifodalaymiz:



(6.9.19) formuJadan ,-v: ni yo‘qotib, (6.9.17) formulaga 
asosan

Rh
n- ~ R2 Л ~ Л ~ /  W() ■ ( 6 . 9 . 2 0 )

hosil  q i lam iz .

(6 .9 .20)  i f o d a n i  e ’t i b o r g a  o l ib ,  T^n i q u y id a g i  k o ‘r i n i s h g a  
ke lt iram iz .

P, =
2 n2 j 27t R Iw

6 f 2 IS
t W o - F  k) 1 +

2 тт- h  R2 Et
(6 .9 .21)9 R  t  y t//9

(6 .9 .8) k r it ik  k u c h l a n i s h  " fo rm u la s !  q u y id a g i  k o ‘r i n i s h g a  e g a  
b o ‘ladi.

o a n n n 1 А гр-----  7c~R~ Fi~ ¡ í  2л' R2 h [Ë7V ~ = Л + К + -̂. = ----+ --------------- ;----- — (v̂ „ -  Et 1 I + --------;---- I—  .' ' 1 * 3 / ? V ‘ 6£ R  9 С- Я \ у / п j

( 6 . 9 . 2 2 )

(6.9.1) formuladan foydalanib, siitq i qkp bosim ning kritik 
miqdori ifodasini a niqlaymLz

<?A, 1 /"¡r----- h= - 4 EkWo - r r  +R 1
7t2R2 h 3
6 f 2 R 3

2 л- У? h E.
9 R )  p о j

(6 .9 .23)
Agar E = Ek = <//,, bo‘lsa, b u  muralckab formula soddalashib  

chiziqli-elastik masala uchun quyidagi ko‘rinishga ega bc»‘ladi.

=  j f -  ( S . 9 . 2 4 )

Silindrik qobiqlarning ustuvorlik masalalari b o ‘yicha b u  for­
mula adabiyotlarda berilmagan, lekin [9] monografiyada q kp
sirtqi bosim
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k o ‘rinishda berilgan.
B n yerda ¿ 1  — Puasson koeffitsienti hisoblanadi.
A^ar (6 .9 .25) formulaga /¿ = 0,5ni qo‘ysak va (6.9.17) for-

muladan foydlalanib, chiziqli-elastik masala uchun « =

ekanligini e ’t iborga olsak, unda (6.9.25) ifoda (6.9.24) tengla- 
ma bilan to‘liq  mos keladi.

6 .10. Tekis siqilgan sferik qobiqlar ustuvorligi

R^adiusi R qalinligi /7 boMgan yupqa sferik qobiq, sirti bo'yicha 
tekis-taralgan q kuchta’siridabo‘lsin. Unda sferaning devorlarida 
siqu'vchi kuclilanish hosil bo'ladi:

Я R
= (6 .10 .1 )

Sierik qobiqdan, uzunligi /  va eni ъ bo‘lgan biror sferik 
panel ajratib olamiz.

Panelning: kritik holatigacha bo‘lgan kuchlanganlik quyida- 
gich_a:

o r v = a  v — a  -, С- = 0.

P aneln ing bo‘ylama deformatsiyalari: 

г , =  s  v= e  £ _.= -(«■,+  e y ) = - 2 e ,.

KLuchlanish intensivligi:

CT, =  ^ V ( c r ' _ i r ->)2 + (°V - < 7 --): + (cr---< T .v)2 = 2y j 2 0 j = v -  

D eform atsiya intensivligi:



£ ,= ^ y l ( £ . - £ r)2 + ( £ , - ^ : ) 2 = ^ V 1 8 e 2  = 2 s -3 V J

Kesuvchi m odel kritik hoi atda, bitfurkatsiya oldida:

o ^ = o _ = 2y/n£
£,

V 2

= X V2e

(6.1.3) funksiya quyidagin i qabul -qiladi:
4 ,

J

Sferikpane 1 egriliklari K x = K V= \ / R  bo‘ladi.
Sferik panel (6 .9 .c h iz m a 3  siq uvch i kuclilan ish  t a ’sirida 

mahalliy ustuvorligini yo‘qotsdn va un in g  sirtida qarama-qarshi 
ikki yo‘nalishlar b o ‘y ich a  k icbik  to ‘lq i nlar h o sil bo‘lish i m um - 
kin.

Ustuvorlikning asosiy tenglamasi sferik qobiq uchun quyi- 
dagi ko‘rinishga ega b o ‘ladi

^ V 2V2V2V !w -  
h

Do

/ ̂
11 j v 2v 2f ¿?4 w ¿34w n *4 \o  wI

h I V o,
j.

 ̂lPx 4 d x  2d y 2 ¿ y * ,

+ - ^ - V 2V 2vt' + c r V 2V 2V 2 vv = 0 .
R-

Bu tenglamada

& u' d  vi- d  »i'
+ .—T +

¿?x4 d r d y 1 d y 4 

olib, ustuvorlik tenglarnasini

= V2y 2w -
d w

qx 2 Qyi eka_nligini e ’ tiborga

V2V2V 2V 2w + Q -  
h y/„ Ji c3x~ d y 1

+ -^J-V2V2u’+ crV2V 2V72vi' = 0. 
R1
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6.9-chizma. S i с/in-chi kuchlanishlar 
ta 's ir idag i sferik panel.

( 6 .1 0 .2 )
l ( o ‘r in i s h d a  y o z a m iz .
Sferik panel bifurkatsiya holatida mahalliy ustuvorligini cheksiz 

kic hik to ‘lqinlar hosil qilib yo‘qotsin deb hisoblaymiz. Bu 
to ‘lqinlar sinuslar qonunga asosan hosil bo‘lsin.

VI’I
........  <- b

(6.10.3) qatoming m va n indeksli hadlanni (6.10.2) ifodaga
qo ‘yib,

£ a ËJL
r* ** •> *>  ̂ '\ 

/77~7Г ~ П~7Г ~ i

h

/
i E Л к

f •> " m~7t~ n~7l "i
2 4 2 2ti m n

h Yo í '  b'- J
i

Vo; e - C- b2

Yo_
R 2

( 2 2 2 2 Vm  71 n 71 
+ -

e2 b2
-  a

í  2 1 V'm~7t fl~ 7Г
+ — T— = 0

í 2 (6.10.4)
/

tenglam ani hosil qilamiz.
Bundan quyidagi ifoda kelib chiqadi:

<7 =
Do Ek
h Yo

f 1 2 2 2 Л 
m  71 n  7Г

~ 1 Т~ + ~ЬГ
1 - ^

W

4 2 2
ti m  n

■) -i 1 ■} \ n’TT'
r - b2

f:2b 2
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B u  i fo d a n i  q u y i d a g i  k o ‘r i n i s h d a  y o z a m i z :

° - p‘ + T
] - •

V'o

4 2 2r t  m n
f 1 1 2 7 т' я  ‘ n я  - i , 

+ — — \f'b-
\ f-

2 h
Buyerda (P ,)min =  —  boMadi.

J A
( 6 . 1 0 .7 )

( 6 . 1 0 « )

(6.10.5) u s tu v o r l ik  t e n g l a m a s i n i  q u y i d a g i  k o ‘r in í s h d a  i f o d a -  
laym iz:

2/7
& '  л / ^ 7  А •>

bv yerda

( 6 .1 0 .S )

i ~ £ .
W

Tz m~n~

l2b 2 Л 27 Wo

я  Am 2n 2

a  parametmi quyidagi form ula asosida kiritamiz.
( 6 .1 0 .9 3

, 7 '

unda
п2я 2 
~b~

r \  21т л  i
Л - ------

1
"4 = Л4\  -  a ) .

( 6 . 1 0 .1 0 )

(6 .1 0 .1 1 )

(6 .10 .10) i f o d a n i  (6. 10.9) f o r m u l a g a  q o ‘y a m iz



P2 f u n k s i y a t s i y a n i n g  a  b o ' y i c h a  m i n i m u m i n i  t o p ib ,

¿ P 2
d a

1
Ek -

= 0

tengjamani hosil qilamiz va undan a  = 0,5 ni aniqlaymiz. 
U nda P2 funksiyaning minimal qiymati

pi =  ^ V £V// c
v £ ,

h

H bo‘ladi. (6.10.13)

(6.10.9) formulaga (6.10.13)ni qo‘ysak, kritik kuchlanish 
crkp ifodasini quyidagi formula orqali yozish mumkin:

i + №
8 1 E,. (6.10.14)

(6. 10.1) formuladan foydalanib sferik qobiqninj kritik 
bosim ini aniqlaymiz.

i + I
8

yyo

v £ ,
- l (6.1Ü15)

Agar bu formulaga yr0 = Ek = E va Puasson koeffitsientinirg
0,5 qiym atini qo‘ysak, u bizga m a’lum bo‘lgan chiziqli-elastik 
masaJa fomiulasini beradi.

S a v o l  v a  t o p s h i r iq l a r

1. Qobiqlar uchun kesuvchi modul ifodalarini yozing.
2. Qobiqlar ustuvorlik tenglamasini yozing.

Qobiqlar uzluksizlik tenglamasi ifodasini yozing.

164



4. Qobiqlar umumiy ustuvorliJc tenglarruisini yozing.
5. Bo ‘ylama siqilgan silindrik qobiq ustuvorlik tenglamasi qanday 

yoziladi?
6. Bo‘ylama siqilgan silindrik ¿jobiq ustie vorlik kritik kuch ifodasini 

yozing.
1. Bo ‘ylama siqilgan silindrik qobiq yarim to ‘Iqinlari sonini anfq- 

lovchi formulani yozing.
8. Bo‘ylama siqilgan yopiq siTindrik qobiq ikki yo'nalish bo‘yic/ia 

yarim to'lqinlar hosil qrlib ustuvorlik yo'qotishda kritilc kuch ifoda­
sini yozing.

9. Bo ‘ylama siqilgan yopiq silindrik qobiq ikki yo ‘nalish bo ‘yicfta 
yarim to'lqinlar hosil qilib, ustuvorfik yo'qotishda yarim to ‘Iqinlar sonfni 
aniqlovchi formulani yozing.

10. Silindrik panel ucFtun kritik kuch ifodasi qanday ?
71.Sirtqi bosim ta ’siriedagi silindrik qobiq uchun kritik kuch ifoda*s- 

ini yozing.
12. Tekis siqilgan sferfk qobiq urchun kritik kuch ifodasini yozing.
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