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K I R I S H

U s h b u  « S a n o a t  q u r ilm a la r in in g  e le k t r o m e x a n ik  t iz -  
im la r i»  k ito b i  m u a lli f i  T o 'lq in  J o ‘r a y e v ic h  O r t iq o v , A b u  
R a y h o n  B e r u n iy  n o m li  T o s h k e n t  D a v la t  te x n ik a  u n iv e r -  
s ite t in in g  E n e r g e t ik a  fa k u lte ti q o s h id a g i « E le k tr  y u r itm a  
v a  sa n o a t  q u r ilm a la r in i a v to m a tla sh t ir ish »  k a fe d r a s id a  q a -  
riyb  3 0  y il  ta la b a la r g a  —  m a zk u r  k u rsga  o id  m a x s u s  f a n -  
la rd a n  m a ’ru za , ta jr ib a  v a  a m a liy o t  ish la r in i o lib  b o r ib , 
k a tta  ta jr ib a  t o ‘p la g a n . M a z k u r  « U m u m s a n o a t  q u r ilm a la ­
rin in g  e le k tr o m e x a n ik a v iy  tiz im la r i»  k ito b i 0 ‘z b e k is to n  R e s -  
p u b lik a s i O liy  va  o ‘rta m a x s u s  t a ’l im  v a z ir lig i  to m o n id a n  
ta s d iq la n g a n  « E le k tr o te x n ik a , e le k tr o m e x a n ik a  v a  e le k tr o -  
te x n o lo g iy a »  y o ‘n a lish i u c h u n  o ‘q u v  rejasiga k iru v ch i « E le k tr  
y u r itm a  a so s la r i» , « A n d o z a v iy  s a n o a t  m e x a n iz m la r in i  e l e ­
k tr y u r itm a si»  k u r s la r in in g  a s o s iy  b o ‘lim ig a  k ir u v c h i d o l -  
za rb  v a  m u r a k k a b  m e x a n iz m la r  (y u k  k o ‘ta r ish  k ra n la r i, 
p assa jir  ta s h u v c h i k o ‘ta r g ic h la r  v a  e k sk a v a to r la r )  d in a m ik  
h o la t la r in i a n a lit ik  i fo d a s in i b e r ish d a  v a  u la r n in g  is h  r e -  
j im in i  ta h lil  q ilis h d a  s h u  y o 'n a l is h  ta la b a la r i u c h u n  o ‘q u v  
q o ‘lla n m a s i s ifa t id a  fo y d a la n is h g a  im k o n  b er a d i.

M u a llif  e le k tr o m e x a n ik  tiz im d a  m avju d  b o ‘lgan  m urakkab  
ja r a y o n la m i o ‘z b e k  t ilid a  a n iq  b a y o n  e tib , ta h li l  q ila  b ilish  
im k o n iy a t ig a  e g a  b o ‘lg a n , o ‘q u v  q o ‘lla n m a  ta la b a la r  u c h u n  
ravon  t il , u s lu b iy  to m o n id a n  q u la y  b a y o n  e t ilg a n .

B u  k ito b  m u s ta q il  V a t a n im iz  s h a r o fa t i  b i la n  y o z i lg a n  
m a z k u r  s o h a d a  o ‘z b e k  t i l id a g i  b ir in c h i  k ito b  b o ‘lg a n lig i  
u c h u n , u n i o ‘z b e k  t i l id a  o ‘q u v c h i  ta la b a g a  m a x s u s  fa n la r -  
n i o ‘r g a n ish d a  d a s tu r i a m a l b o ‘l is h ig a  im o n im  k o m ild ir .
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U M U M  Q  O  ‘ L L A N I L A D  IG  A N  Y U K  
K O ‘T A R U V C H I  M E X A N I Z M L A R N I N G  
E L E K T R O M E X A N I K A V I Y  T I Z I M L A R I

I  B  O  ‘ L I M

1 . U m u m iy  h o la t

H o z ir g i  z a m o n d a  e le k tr o m e x a n ik a v iy  t iz im la r  ta h li l i  
y o ‘n a I ish id a  o lib  b o r ila y o tg a n  i lm iy  ta d q iq o t la r  s a n o a t  k o r -  
x o n a la r id a  q o ‘lla n ila d ig a n  u m u m  m e x a n iz m la r n in g  e le k tr  
y u r itm a la r in i c h u q u r  o ‘r g a n ish g a  v a  s in t e z  q i lis h g a  im k o n  
b e r a d i. B u  e s a  t iz im n in g  e la s t ik  q ism la r id a  e n g  k a tta  y u k -  
la n is h n i ,  h a m d a  q ism la r  to r a k a t in in g  b e r ilg a n  tr a y e k to r iy -  
a ia r id a n  o g ' is h m i a n iq la sh g a , t iz im n in g  d in a m ik  h o la t id a  
y u r itm a n in g  p a r am etr lar i t a ’s ir in i ta h li l  q ilish g a  v a  t iz im la r  
te b r a n is h in i k a m a y tir ish  y o ‘lla r in i k o ‘rsa tish g a  im k o n  b e ­
rad i. K r a n la r  v a  liftla r  e le k tr  y u r itm a la r in in g  o ‘tk in c h i  ja r a -  
y o n la r ig a  y u k la s h  q u r ilm a s i v a  m u v o z a n a t  h o s il  q ila d ig a n  
y u k n in g  p o ‘la t a r q o n la r in in g  q a ttiq lig i;  e k sk a v a to r  m e x a n i-  
z m la r id a  v a l la r n in g  q a t t iq l ig i ,  q a n o t in in g  e l a s t i k l i l i g i ,  
c h o ‘m ic h  v a  ilg a k la rn in g  te b r a n is h ig a  k a tta  t a ’s ir  q ila d i.  
U z lu k s iz  ish la y d ig a n  tr a n sp o rt m a sh in a la r in in g  is h la s h  ta r t-  
ib ig a  h a r a k a tla n a y o tg a n  y u k la r , le n ta la r  v a  te r n ir  a r q o n  
q u r ilm a la r in in g  te b r a n is h i a n c h a  t a ’sir  q ila d i.

M a ’lu m k i, e r k in lik  d a r a ja s ig a  e g a  b o 'lg a n  e la s t ik  e le k ­
tr o m e x a n ik a v iy  t iz im n i ifo d a la y d ig a n  t e n g la m a n i  k e ltir ib  
c h iq a r is h  u c h u n  D a la m b e r  p r in s ip id a n  fo y d a la n i la d i .  B u  
d in a m ik a  m a sa la s in i s ta tik  m a s a la  s ifa tid a  k o ‘r is h g a  im k o n  
b e r a d i. B u n d a  te n g la m a la r  s o n i e r k in lik  darajasi s o n ig a  te n g  
b o ‘la d i.

O d a td a  e le k tr o m e x a n ik a v iy  t iz im la r n i  s i n t e z  q i l is h d a  
o ‘tk in c h i  ja r a y o n  re jim id a  t iz im n in g  h o la t ig a  k a tta r o q  t a ’sir  
e t u v c h i ,  a y la n a d ig a n  v a  i lg a r i la n m a  h a r a k a t la n u v c h i  e l e -  
m e n t la r n in g  o g ‘ir lik la r i e ’t ib o r g a  o lin a d i .
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K r a n  m e x a n iz m la r in in g  e le k tr  d v ig a te ln in g  v a lig a  k e l -  
t ir ilg a n  in e r s iy a  m o m e n t la r i  e le k tr o m e x a n ik a v iy  t iz im n in g  
k o n s tr u k s iy a s ig a  h a m d a  u n in g  o g ‘irlik  n isb a tla r ig a  b o g ‘liq  
b o ‘la d i.

K o ‘p c h i l i k  k r a n la r d a  h a r a k a t la n u v c h i  v a  b u r u v c h i  
m e x a n iz m la r n in g  k e lt ir i lg a n  in e r s iy a  m o m e n t la r i  e le k tr  
d v ig a t e ln in g  in e r s iy a  m o m e n t id a n  b ir  n e c h a  m a r ta  k a tta  
b o ' la d i;  y u k  k o ‘ta r u v c h i m e x a n iz m la r d a  e s a  y u k n in g  k e l ­
t ir i lg a n  in e r s iy a  m o m e n t i  e le k tr  d v ig a te ln in g  r o to r  in e r s i ­
y a  m o m e n t id a n  a n c h a  k ic h ik  b o ‘la d i.

E le k tr o m e x a n ik a v iy  t iz im n in g  d in a m ik a s i  s h u  m e x a ­
n iz m la r d a  m a v ju d  b o ‘lg a n  e la s t ik  m e x a n ik  a lo q a la r g a  
k o ‘p r o q  b o g ‘liq d ir . M e x a n iz m la r n in g  o ‘z g a r is h ig a  y a x s h i  
m o y il l ig i  i s h c h i  o r g a n n i y u r itm a  b ila n  b o g ‘lo v c h i  a r q o n -  
la r n in g  k o n s tm k t iv  m a q sa d la rd a  v a lla r  u z u n lig in in g  o s h i -  
r ilish ig a  b o g ‘liq d ir .

A m a liy  h isob lash la rd a  q u y id ag ila r  e ’tiborga  o lin a d i:  y u k n i  
y u q o r ig a  k o ‘taru v ch i m e x a n iz m la r d a  m u fta li d v ig a te lla m in g  
in e r s iy a  m o m e n t i  v a  y u k n in g  in e r s iy a  m o m e n t i;  h a r a k a t­
la n u v c h i m e x a n iz m la r d a  —  m u fta li  e lek tr  d v ig a te ln in g  in e r ­
s iy a  m o m e n t i  va  kran y o k i y u k n in g  a y la n u v c h i q ism la r in in g  
in ers iy a  m o m e n tla r i. M e x a n iz m la r n in g  q a ttiq lig in i e ’tib o rg a  
o lis h d a  e la stik lilig i k a ttaroq  b o ‘lg a n  b o ‘g ‘in la m in g :  y u k n in g  
y u q o r ig a  k o ‘taru v ch i m e x a n iz m la r d a  —  a r q o n la m in g  q a t-  
t iq lig i;  h a r a k a tla n u v c h i m e x a n iz m la r  u c h u n  k r a n la m in g  
tr a n s e m iss iy a  va llariga  e ’tib o r  b er ila d i.

U m u m  q o ‘lla n ila d ig a n  q u r ilm a la rd a  m e x a n iz m la r  t iz im -  
lari sh a r tli ra v ish d a  p a st  c h a s t o t a l i  v a  y u q o r i c h a s t o t a l i  
m e x a n iz m la r g a  b o ‘lin a d i. Y u q o r i c h a s to ta li  m e x a n iz m la r d a  
x u su s iy  te b r a n ish i y u r itm a n in g  ish g a  tu sh ir ish  y o k i  t o r m o z -  
la n ish  v a q t id a n  b ir  n e c h a  m a rta  k ic h ik  y a r im  d a v r g a  eg a  
b o ‘lg a n  t iz im la r  k irad i. T iz im n in g  b u  g u r u h i u c h u n  x u ­
s u s iy  teb r a n ish la r i c h a s to ta s i  q u y id a g ig a  t e n g  d e b  o lin a d i:
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P a st  c h a s t o t a l i  t iz im la r g a  t e b r a n is h in in g  y a r im  d av ri 
y u r itm a n in g  t o ‘la  a y la n ib  k e t ish i y o k i t o r m o z la n is h i  v a q tig a  
y a q in la s h a d ig a n  t iz im la r  k ira d i.

A g a r  y u r it m a  m e x a n iz m  a n c h a g in a  q a t t iq l ik k a  e g a  
b o ‘lsa , u n in g -a s o s iy  m a s s a s i  t e b r a n is h in in g  c h a s to ta s i k a tta  
q iy m a tg a  e g a  b o ‘la d i , d e m a k , b ir in c h i  te b r a n is h n in g  b ir in -  
c h i  t o ' lq in  a m p l it u d a s i  v a q t n in g  j u d a  k ic h ik  u lu s h id a  
o 'z in in g  e n g  k a tta  q iy m a t ig a  e r is h a d ik i, b u n d a  e le k tr o d v i-  
g a te l  m o m e n t i  i s h g a  t u s h ir is h  v a q t ig a , n is b a t a n  s e k in  
o 'z g a ra d i v a  o ‘z  q iy m a tin i d ey a r li sa q la b  q o la d i. B u  h o ld a  
y u q o r i c h a s to ta li  t iz im la rd a  ta x m in a n  M d =  c o n s t  d e b  o lis h  
m u m k in . T o r m o z la s h d a  to r m o z  h o s i l  q ila d ig a n  m o m e n t  
h a m  n is b a ta n  s e k in  o 'z g a r a d i.

E la s t ik  b o ‘g ‘in  t o m o n id a n  q a b u l q i l in a d ig a n  m a k s i-  
m a l e la s t ik  m o m e n t  (A fe maks) n in g  h i s o b la s h  m o m e n t i  
(M x)g a  n is b a t i  b i la n  a n iq la n a d ig a n  k a tta lik k a  t iz im n in g  
d in a m ik lik  k o e f f i t s iy e n t i  d e y ila d i:

Y u r itm a  p a ra m e tr la r in in g  m e x a n iz m la r n in g  d in a m ik a s i-  
g a  t a ’sir in i a n iq la sh  u c h u n , m e x a n iz m la r  tu r li d a r a ja d a  y u k -  
la n g a n  s h a r o itd a  o ‘tk in c h i  r e jim la r in i va  b o s h q a r is h  s x e -  
m a s in in g  is h la s h  x u su s iy a t la r in i k o 'r ib  c h iq a m iz .  Q u y id a  
k e lt ir ilg a n  x u lo s a la r  t iz im d a  s o ‘n u v c h i  t e b r a n is h n in g , t e b -  
r a n ish  c h a s to ta s i  v a  a m p litu d a s in i k a m a y t ir u v c h i  fa k to r -  
la r n i e ’tib o r g a  o lm a g a n  h o ld a  c h iq a r ila d i. S o ‘n u v c h i  t e b -  
r a n ish g a  t a ’sir  e tu v c h i  fak torlarga: h a v o  q a r s h i l ig i ,  y u r it ­
m a n in g  s o ‘n d ir u v c h i (d e m p fe r )  t a ’sir i v a  b o s h q a la r  k irad i.

2 .  M c =  0  b o ‘Ig a n d a  k r a n n in g  y u q o r i c h a s t o t a l i  
e le k tr o m e x a n ik a v iy  o ‘tk in c h i  r e j im la r i

K ra n  ilg a g id a  y u k  b o ‘lm a g a n  h o ld a  k o ‘ta r is h  m e x a n iz -  
m i y u r itm a s in in g  o 'tk in c h i  ja r a y o n la r in i k o ‘r ib  c h iq is h d a  
y u k n i u s h la b  tu r u v c h i  m o s la m a  ( i lg a k ) n in g  o g ' ir l ig in i



с м

( /7 Г Я 7 П  ( ~ 7

l-rasm .

e ’t ib o rg a  o lm a y ,  М с =  0  d eb  h is o b la s h  m u m k in . B u  h o ld a  
t iz im  h a r a k a t in in g  d if fe r e n s ia l t e n g la m a s in i  q u y id a g ic h a  
y o z a m iz  ( l - r a s m ) :

b u  y e r d a  / ,  v a  J2 —  t iz im n in g  h a r a k a tg a  k e la d ig a n  v a  
h a r a k a tg a  k e lt ir i la d ig a n  m a s s a s in in g  in e r s iy a  m o m e n t i ;  С  
e la s t ik  b o ‘g ‘in n in g  k e lt ir ilg a n  q a tt iq lig i;  ф , v a  ф2 —  m a s -  
s a la r n in g  b u r c h a k  k o o r d in a ta la r i;  M d —  e le k tr  d v ig a te ln i  
ish g a  tu s h ir is h  v a  t o r m o z la s h  d a v r id a  h o s i l  b o ‘la d ig a n  k e l­
tir ilg a n  m o m e n t .

(1 )  t e n g la m a n i J2 g a  (2 )  te n g la m a n i J { g a  k o ‘p a y tira m iz :

B u  t e n g la m a n i  h o s i la s i  y u q o r i  b o !lg a n  k o e f f i t s iy e n tg a  
b o ‘lib  v a  ф =  -  ф2 a lm a s h t ir is h  b a ja r ib , q u y id a g i t e n g ­
la m a n i o la m iz :

T e n g la m a n in g  u m u m iy  y e c h im in i  q u y id a g ic h a  y o z a m iz :

J XP 2%  +  (ф , +  Ф2) С =  M d, 

J2p 2 %  +  (Ф, +  Ф2) c  =  0 ,

(1 )
(2 )

J J 2P 2 cpj + (<p, + ф 2)/2C =  M / 2,

J / 2p \  +  (Ф, +  % ) J 2C  =  o .

(2 )  t e n g la m a n i  (1 )  t e n g la m a d a n  a y ir a m iz :

J lJ2( p 2 (f>l - p 2 (p2 +  (J x + J 2) C { ф ,- ф2)=  M / 2.
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b u  y e r d a : ф ( /)  —  te n g la m a n in g  x u s u s iy  y e c h im i .
A g a r  M 4 =  c o n s t , í  =  0  v a  d q / d t  =  0  b o ' l s a ,  y u q o r id a -  

g i t e n g la m a d a n  q u y id a g in i  o la m iz :

ф =  А  Sin +  В  c o s  ^ ± Ь > Г  + ф (0 ,

V x + J i ) C  m _  M d  

J\J2 J\

b u n d a n  x u s u s iy  y e c h im

ф (/)  =  MdJl
C (A +J2) ’

t e n g la m a n in g  u m u m iy  y e c h im i q u y id a g i k o 'r in is h n i  o la d i:

cp =  A  s in  v t  +  В  c o s v t  +

V =  ' —  e le k tr o m e x a n ik a v iy  t i z im n in g  x u s u s iy

b u  y e r d a  C(J¡+J2)

_  CJj+^2

te b r a n is h la r  c h a s to ta s i .
Y u q o r id a  k e lt ir i lg a n  b o s h la n g ‘i c h  s h a r t la r d a n  f o y -  

d a la n ib  v a  ф =  0  d e b , q u y id a g in i  y o z a m iz :

y o k i

u  h o ld a

0  =  0  +  В + м у г

C ( / , + / 2)  

M dJ2
C(Ji+J2) ’

4> = c ^ ) ( 1 - c o s w ) -

= Q d e b  b e lg i la b , e la s t ik  z v e n o  d e f o r m a t s iy a -  
s in in g  i f o d a s in i  o la m iz :

Ф =  ^ ^ ( 1  -  c o s v t ) .



E la s t ik  z v e n o n in g  m a k s im a l d e fo r m a ts iy a s i:
о. =  2 М ^  =

Vmaks С(/,+/2) С

v a  e la s t ik  z v e n o  q a b u l q ila d ig a n  m a k s im a l m o m e n t :

Л /е..т ак5 =  Ф т ак5 С =  М Л  ( 3 )

T iz im n in g  q a t t iq l ig i  n a t ija s id a  y u z a g a  k e lg a n  m o m e n t  
o ‘z g a r is h in in g  eg r i c h iz iq la r i  2  va  3 -r a s m la r d a  k e lt ir i lg a n .  
U n d a  M el = X {i) b o g ' la n is h i  u c h u n  v a q t  m a s s h ta b i  t 
v a q tg a  n is b a ta n  b ir  n e c h a  m a rta  k a tta la s h t ir ilg a n .
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3 . M c* 0  b o ‘Ig a n d a  v a  e le k tr o d v ig a te ln i  d a s t la b k i  
p o g ‘o n a d a  is h g a  tu s h ir is h d a  k r a n n in g  y u q o r i c h a s t o t a l i  

e le k tr o m e x a n ik a v iy  t iz im id a  o ‘tk in c h i r e j im la r

F .lek tr d v ig a t e ln in e  v a l id a  n o lg a  t e n g  b o ‘lm a g a n  s ta t ik  
m o m e n t  M c* 0 m a v ju d  b o ‘lg a n d a , t iz im  h a r a k a t in in g  d i f -  
f e r e n s ia l  t e n g la m a s i  ( 4 - r a s m )  q u y id a g ic h a  y o z i la d i:

J xP 2(Vx +  { q - ( ç J C = M d, ( 4 )

/ 2JP 2(p2 ^ ( c p , - c p 2) C  =  - M c) (5 )

b u  y e r d a  M c —  y u k n in g  s ta t ik  m o m e n t i .
( 4 )  t e n g la m a n i  J2 g a , (5 )  t e n g la m a n i  / ,  g a  k o ‘p a y t ir ib  

(4 )  t e n g la m a d a n  (5 )  t e n g la m a n i  a y ir ib  q u y id a g i t e n g la m ­
a n i o la m iz :

J,J2( P \  -  P % )  +  ( / ,  +  J2) C ( cp,-(p2) =  M / 2 +  M J X

E la s t ik  z v e n o n in g  d e fo r m a ts iy a s in i  cp =  cp, -  cp2 b ila n  
b e lg i la b  v a  h o s i la s i  y u q o r i b o ‘lg a n  k o e f ï i t s iy e n t g a  b o ‘lib ,  
q u y id a g ig a  e g a  b o ‘la m iz :

p \p + cp = M ih . +  . (6 ) 
J\J2 J r i  •'1*2

4-rasm .
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( 6 )  i fo d a d a g i  M d o ‘r n ig a  M d =  M c +  M djn n i q o ‘y ib  v a  
t e n g la m a n in g  o ‘n g  t o m o n in i  o 'z g a r t ir ib  q a y ta  y o z a m iz :

( M J 2)C _  (Mc+Mäin)J2 MCJ,

J\J2 J\J2 J ¿ 7

y o k i
m _  M d i J 2

v  / , / 2 v  / , / ,  / , / 2 

B u  t e n g la m a n in g  u m u m iy  y e c h im i  q u y id a g ic h a  y o z i -  
lad i:

cp =  A  s in  —  t  +  B  c o s  / — ['-t— ■ t  +  cp(0 .
V -V2 V

=  c o n s t ,  /“ =  0  v a  d ^ / d t  =  0  b o ‘ lg a n d a  y u q o r id a g i  
t e n g la m a n in g  x u s u s iy  y e c h im i  q u y id a g id a n  ib o r a td ir :

t , j  C ( / [ + / 2) _  (J\+J2)MC Mäin
1 2 7 7 —  ^ ------- 7 7 ----- ~ 7 ~

y o k i
(0 _  4- ^din J 2 _  . ^din*^2
^  n  T r ' i  r  . r  \  Z"1C  / ,  C ( y , + / 2) C  C ( / , + / 2 ) 

v a  b u  h o ld a  h a m
cp =  ^ s i n W  +  i ? c o s W +  .

C («/ j +7 2 / ^

I n te g r a lla s h  d o im iy la r i  A v a B  n in g  q iy m a t la r i  b o s h -  
la n g ‘ic h  sh a r t la r g a  m o s  h o ld a  a n iq la n a d i .

H o z ir g i  z a m o n  k u c h li  v a  m a g n it l i  k o n tr o l le r la r n in g  
s x e m a la r id a  ta x m in a n  h is o b la n g a n  S ta tik  m o m e n t g a  ( 5 -  
r a sm g a  q a r a n g )  m o s  k e la d ig a n  q a r s h il ik n i  i s h g a  tu s h ir is h ,  
y a ’n i d a stla b k i p o g ‘o n a s i  k o 'z d a  tu t ila d i. B u  p o g ‘o n a  u la n -  
g a n d a  e le k tr  d v ig a te ln in g  v a li  (h a r a k a t la n t ir u v c h i  m a ssa  
/ , )  d e fo r m a ts iy a  v a  k in e m a t ik  z a n j ir  e le m e n t la r i  o r a liq  
b o ‘s h liq la r i  m a v ju d  b o ‘lg a n lig i  s a b a b li,  m a ’lu m  b u r c h a k -  
k a  b u r i la d i .  Q a r s h i l ik n in g  k e y in g i  p o g ‘o n a s ig a  o ‘t is h  
m a ’lu m  v a q td a n  s o ‘n g  b a ja rilad i. B u  d a s t la b k i p o g ‘o n a n in g

l i



u l a n i s h i d a  y u z a g a  k e l g a n  t i z i m n i n g  t e b r a n i s h l a r i n i  
s o ‘n is h ig a  o l ib  k e la d i  v a  b u n d a  q a r s h ii ik n in g  ik k in c h i  
p o g ‘o n a s ig a  o ' t i s h id a ,  t i z im n in g  e la s t ik  z v e n o s in in g  d e -  
fo r m a ts iy a s i  ta x m in a n  cp =  M J C ,  d e fo r m a ts iy a n in g  t e z l i -  
g i d q / d t  =  0  d e b  h is o b la s h  m u m k in .

E le k t r  d v i g a t e l n i n g  t o ‘la  a y la n ib  k e t i s h i  ik k in c h i  
p o g ‘o n a  q a r s h i l ig in i  c h iq a r ib  ta s h la n g a n d a  b o s h la n a d i ,  
b u n d a  ik k a la  t iz im d a  h a r a k a t b o s h la n a d i.

B u  sh a r tla r  u c h u n  t  =  0  b o 'lg a n d a  (p =  M J C ,  dcp/dt  =  0  
b o ' la d i  v a  q u y id a g in i  o la m iz :

n _  (Md-Mc)J2 
C ( / , + / 2) •

/ ,
E la s t ik  z v e n o  j ~ + T  = ^ b o ‘lg a n d a  d e fo r m a ts iy a s in in g  

te n g la m a s i:
(Md-Mc)g .. Mc<p =  - c -(l-C O S  t) + ~ - .

E la s t ik  z v e n o g a  t a ’s ir  e t u v c h i  m o m e n t :

M tX =  (pC  =  ( M d -  M Q) q(  1 =  c o sv t )  +  M c.

M o m e n t n in g  m a k s im a l q iy m a ti:
- K ) 1  +  K  <7 >

( 7 )  t e n g la m a n i  q u y id a g ic h a  y o z a m iz :
M _ 2(Md-Mc)J2 j .  _ 2
-““ el.maks ( / + / 2) c o rtJ  2 +  , “ c> ( o )

b u  y e r d a  z o.n= { M d -  M J { J X +  / 2) —  te z la n is h n in g  o ‘r ta c h a  
q iy m a t i .

( 3 )  v a  ( 8 )  i fo d a la r n in g  ta q q o s la n is h i,  t e z la n is h  s  n in g  
k a m a y is h in i  k o ‘rsa ta d i v a  b u n in g  n a t ija s id a  M elmaks q iy ­
m a t i  h a m  k a m a y a d i ,  b ir  v a q td a  s ta t ik  m o m e n t  M c n in g  
b o ‘l i s h i  e la s t ik  z v e n o d a  h o s i l  b o ‘la d ig a n  m o m e n t  q iy m a t i
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m a ’lu m  m iq d o r g a  o s h is h ig a  o lib  k e la d i. B u n d a  M ,  maks n in g  
o ‘z g a r is h ig a  h a r a k a tg a  k e lt ir i la d ig a n  m a s s a  J2 n in g  in e r s i -  
y a  m o m e n t i  e n g  k a tta  t a ’s ir  k o 'r s a ta d i. B u  in e r s iy a  m o -  
m e n t in i  o s h is h i  o ‘r ta c h a  t e z la n is h n in g  k a m a y is h id a n  k a t -  
ta r o q  b o ‘la d i.

4 .  M V  0  v a  y u r itm a n i d a s t la b k i p o g ‘o n a s iz  is h g a  
tu s h ir is h d a  k r a n n in g  y u q o r i c h a s t o t a l i  

e le k tr o m e x a n ik a v iy  t iz im id a g i o ‘tk in c h i  r e j im la r

E le k t r  d v i g a t e l i n i  p o g ‘o n a  q a r s h i l i g i s i z  i s h g a  t u -  
s h ir i lg a n d a , u  m a n b a g a  u la n g a n d a  y e t a k lo v c h i  m a s s a  / , ,  
h a r a k a tg a  k e la d i .  K in e m a t ik  z a n jir  e le m e n t la r in in g  d e -  
fo r m a ts iy a s i  y u k la m a n in g  s ta t ik  M c g a  m o s  b o ‘lg a n  q iy -  
m a tg a  e r is h g a n d a , y e ta k la n u v c h i  m a s s a  h a r a k a tg a  k e la d i .  
M a s s a  h a r a k a t in in g  b o s h la n is h i  p a y t id a  k e lt ir i lg a n  t i z im -  
n in g  e la s t ik  z v e n o s in in g  d e fo r m a ts iy a s i  M J C g a  t e n g ,  d e -  
fo r m a ts iy a n in g  te z l ig i  m u sb a td ir .

Y e t a k la n u v c h i  m a s s a n in g  h a r a k a ti b o s h la n m a s d a n  o l -  
d in  t iz im  h o la t in i  i f o d a lo v c h i  d if fe r e n s ia l  t e n g la m a  u s h b u  
k o 'r in is h d a  y o z i la d i:

t  =  0  b o ‘lg a n d a , M d =  c o n s t  b o ‘lg a n  h o l  u c h u n  Pcp, =  0  
v a  t e n g la m a n in g  u m u m iy  y e c h im i:

î =  0  b o ' lg a n d a  b o s h la n g ‘ic h  sh a r tla r: cp =  0 ,  Pcp =  0 . 
U n d a :

+  û p ,  =  M d,

(px =  A,  s in

va

13



Y e t a k l o v c h i  m a s s a n i n g  t e z l ig i :

B ir in c h i e la s t ik  k u c h la r i m o -
m e n t i ta s h q i q a rsh ilik la r  m o m e n t ig a  te n g  b o ia d i :  (p ,C  =  M c 
y o k i

b u  y e r d a  /, —  t iz im i  h a r a k a ti b ir in c h i  b o s q ic h in in g  v a q t i ,  
( 1 0 )  d an :

tx v a q t n in g  h o s i la  t e n g la m a s in i  ( 9 )  g a  q o ‘y ib ,  to p a m iz :

Y e t a k lo v c h i  m a ssa  / 2 h a r a k a ti b o s h la n is h i  b i la n  h a r a -  
k a tn in g  ik k in c h i  b o s q ic h i  b o s h la n a d i .  H a r a k a t  t e n g la m a -  
s i v a  u la r n in g  u m u m iy  y e c h im la r i  is h g a  tu s h u r is h n in g  o l -  
d in g i  b o s q ic h ig a  o ‘x sh a sh d ir . B o s q ic h n in g  b o s h id a  t  =  0  
d e b  o l ib ,  q u y id a g ila r g a  e g a  b o ' la m iz :

( 1 0 )

U ^ a r c c o s M d - M c

M v

( 1 1 )  i f o d a n i  o 'z g a r t ir ib  q u y id a g in i  o la m iz :i o ‘z g a r tir ib

y o k i



T e n g la m a  u c h u n  in teg r a lla sh  d o im iy la r in in g  y a n g i q iy -  
m a tla r i:

cp =  A s i n v t  + B c o s v t  + ^ d+Mc^ 2- +  ^ , ( 1 2 )  

J = ± = lMc(2Mä-Mc)J2
C V (J i+J2) ’

B _ (2Md-Mc)J2 
C + ( / , + / 2) '

I n te g r a lla s h  d o im iy la r in i  ( 1 0 )  i fo d a g a  q o £y ib , u s h b u n i  
o la m iz :

cp = ^ y j M c( 2 M d -  M c)q s i n v t  -  CQSV( +

(Md-Mc)q Mc 
C C '

E la s t ik  z v e n o n in g  q a b u l q i l is h  m o m e n t i :

M A = ^ M c{ 2 M d - M e)q  s in  W  -  

~ ( M d -  M c) q c o s v t  + ( M d -  M c)q  +  M c.

M o m e n t n in g  m a k s im a l q iy m a ti:

■^el.maks ~  —

J q [ M c( 2 M d -  M c) + ( M d -  M cf q q ] + M ,  ( 1 3 )

T e n g la m a n in g  ta h li l i  sh u n i k o ‘r s a ta d ik i, e le k tr  y u r it -  
m a n in g  t e z la n is h i  v a  Statik  y u k la n is h n in g  o s h is h id a n  h a m -  
d a  i ld iz  o s t id a g i  i fo d a n i  h is o b g a  o lg a n d a ,  m a k s im a l e la s -  
t ik  m o m e n t  maks q iy m a t i  k e sk in  o ‘z g a r a r  e k a n .
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5 .  M c =  0  b oM g an d a  k r a n n in g  p a s t  c h a s t o t a l i  
e le k t r o m e x a n ik a v iy  t iz im in in g  o ‘tk in c h i  ja r a y o n la r i

P ast c h a s to ta li  tiz im la rga  arav ach a  y o k i krann i harakatga  
k eltiru vch i m e x a n iz m la m i h a m d a  k o 'p c h ilik  k ra n la m in g  a y -  
Iantiruvch i m e x a n iz m la r in i k iritish  m u m k iri. P ast C hastotali 
t iz im la m i k o ‘rib c h iq ish d a  t iz im n in g  teb ra n ish  davri yu r it-  
m a n in g  ish ga  tush irish  y ok i to r m o zla sh  vaqti b ilan  o ‘lch am lid ir .

E le k tr  d v ig a t e ln i  is h g a  tu s h ir is h  v a q t id a  u n in g  m o -  
m e n t in i  o 'z g a r m a s  d e b  b o ' lm a y d i ,  b u r c h a k  t e z l ig in in g  
o ‘z g a r is h i b i la n  e le k tr  d v ig a te l  m o m e n t in in g  o ‘z g a r is h in i  
h a m  h is o b g a  o l i s h  k era k .

E le k tr o d v ig a te ln i ish g a  tu sh ir ish  v a q tid a  u n in g  m o m e n t i  
m a k sim a l q iy m a td a n  (M maks), q a y ta  u la sh  m o m e n t i  M u g a c h a  
o ‘zg a r a d i ( 5 - r a s m ) ,  t e z l ik  e sa  u z lu k s iz  o s h ib  b o r a d i.

T e z l ik  o ‘s ib  b o r is h in in g  d a s t la b k i p a y t id a  h a r a k a tg a  
k e lt ir u v c h i m o m e n t  q a r sh il ik n in g  b ir in c h i  ( I )  p o g 'o n a s id a :

E la s t ik  a lo q a la r n i  h is o b g a  o l ib ,  t iz im n in g  h a r a k a t la -  
n is h  t e n g la m a s i  q u y id a g i k o 'r in is h g a  e g a  b o 'la d i:

c o , 

Ü)

0
M m a k s

5-rasm .
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T e n g la m a n i  o p e r a to r  k o £r in ish id a  y o z a m iz :

J , P \ P ,  +  ( < p , - < P 2 ) C  =  (1 -  ±  4 a ) ,

/ 2P 2cp2 - ( ( p 1-c p 2) C  =  0 .  ( 1 5 )

( 1 4 )  t e n g la m a d a n  cp2 n i ,  ( 1 5 )  t e n g la m a d a n  e s a  cp, n i  
y o ‘q o t a m iz ,  b u n in g  u c h u n  (1 5 )  d ag i cp, n i  b o s h q a la r i  o rq a li  
i f o d a la y m iz :

J2P \ p2 -  cp, C  +  (p2 C  =  0 ,  

b u n d a n  cp, =  cp2 +  P 2 cp2 .
_______________ L ---- ———---  - ——_ ... - - ___-

B u n in g  b ir in c h i  h o s i la s i:

/ , ^ + ^ - ^  = 0.

Pep, = P c p 2 +  £ p 3cp2 ,

ik k in c h i  h o s i la s i:
p 2cp1 = p 2(p2 + £ p 4(p2 .

cp, n in g  q iy m a t in i  v a  h o s i la la r i  q iy m a t in i  ( 1 4 )  t e n g -  
la m a g a  q o ‘y a m iz , u n d a

J l { P2f 2 + ĉ />4<Pj )  +  <fcC +  J '‘ P 2 'h  =

I fo d a n i  o c h a m iz :

/ , P 2cp2 +  4 ^  P 4cp2 +  ^ 2^ 2cp2 +  ^<P2 +
C iyn

, ^ m a k s ^  p 3 m _

Y u q o r i  ta r t ib li  h o s i la d a g i  k o e f f i t s iy e n tg a  b o ‘l ib ,  q u y i-  
d a g in i  o la m iz :
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X u d d i s h u n d a y  o 'z g a r t ir is h la r n i  (p, u c h u n  h a m  b a ja -  
r a m iz , b u n d a :

P \ x +  M b * .  p \p, +  (¿ i± ÿ )£  p 2 (pi +
Ù)0J l J \ J 2

+ Z j f  p *  -  î r 3^  <17>( O q J i J i

E la s t ik  z v e n o  d e fo r m a ts iy a s in i  o ‘z g a r is h  x a r a k te r in i  
a n iq la s h  u c h u n  cpx — q>2 =  cp b i la n  a lm a s h t ir a m iz , b u n in g  
u c h u n  ( 1 7 )  t e n g la m a d a n  ( 1 6 )  te n g la m a n i  a y ir a m iz :

P \ p  +  mj *p .  p \ p  +  ( ¿ i ± ÿ £  p i y 2 +  M i f f .  pcp =  0 .
CüqJ i  J  2 ^ J XJ 2

B u  t e n g la m a n in g  y e c h i l i s h i  x a r a k te r is t ik  t e n g la m a  i l -  
d iz in i  a n iq la s h  b i la n  b o g ‘liq d ir:

x 4 +  Mm̂  x 3 +  ( / i + ^ ) C x 2 +  K n ^ C  x  =  o ,
CÜqJ i  J \ '* 2  i y 0 * 'l * '2

b u la r d a n  b ir i x 0 =  0
Q u y id a g ic h a  b e lg i la s h la r  k ir ita m iz :

( / i  + / 2)C  Af^,aks _
2 r23 i , / 2 9o»o/,

<2.

3 c o 0 J i

M U  (2 y , - / 2)C 
9ft>o/i5 2 / , / j

=  6 .

H a q iq iy  t iz im la r  u c h u n  b1 +  a 3 >  0  g a  e g a m iz ,  u  h o ld a



J  =  - ^ - Í W - i  +  V * ! + a >  - H - b  +  J b ’ + a ’ ] ’ 0 9 )

r  = % [ f ¡ ^ ¡ F 7 7 + f b 7 W 7 7 ] -  <2° )

B u  h o ld a  t e n g la m a n in g  y e c h im i  q u y id a g i k o 'r in is h g a  
e g a  b o ‘la d i:

cp =  A +  B e '  +  C e^'sinW  +  D & 'cosv t .  ( 2 1 )

Ik k a la  m a ssa  h a r a k a tin in g  b o s h la n is h i  p a y t id a  d a s t la b -  
ki sh ar tlar  q u y id a g ic h a  b o 'la d i:  t  =  0 d a  ф =  0  v a  d q / d t  =  0 . 
B u  s h a r t la m i (1 4 )  v a  (1 5 )  te n g la m a la r g a  q o ‘y ib , q u y id a g in i  
o la m iz :

_  М т Л J

b u  y e rd a :

Р 2Ф =

Z  v a  X fo r m u la la r ig a  k ir a d ig a n  k a tta lik la r n in g  h a q iq iy  
q iy m a t la r i  m a n f iy  ish o r a g a  e g a  b o ' la d i .  t  v a q tn in g  k a t ta -  
la s h u v i b i la n  (2 1 ) d a  A  d a n  ta s h q a r i h a m m a  h a r fla r i n o lg a  
in t i la d i.  B u n d a n  k e lib  c h iq a d ik i ,  t -*°o b o ‘lg a n d a  A  =  0  
b o ‘la d i.

B u  h o ld a :
A1 __ ^ m a k s(£ —■*)

J M i z - x f + V 2 ] ’

J) — ^maks П — ^maks
Ö - ^ 7 T , ---- ^777757 ’ U ~ -----J{V [ ( z - x Y + V ¿] J y V íz - x Y + V 2}

v a  e la s t ik  d e fo r m a ts iy a n in g  te n g la m a s i  q u y id a g i k o ‘r in ish g a  
e g a  b o ‘la d i:

<P =
M ,maks

/,[(z-x)2+K2]
í ^ - ^ s i n W - c o s v n

V

E la s t ik  z v e n o  q a b u l q i la d ig a n  m o m e n t :

■M innVçCM el =  ф С  =
J M z - x Ÿ + V 2]

e xl +  e
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M tX e la s t ik  m o m e n t n in g  m a k s im a l q iy m a t i  t e b r a n is h -  
n in g  b ir in c h i  y a r im  d a v r id a  m a v ju d  b o ‘la d i. M el maks n in g  
m a v ju d lik  sh a r t i  q u y id a g i h a d n in g  b ir in c h i  m a k s im a l  q iy ­
m a ti b i la n  a n iq la n a d i:

s in  v t  -  c o s  v i  •
V

H o s i la s in i  n o lg a  t e n g la s h t ir ib , q u y id a g in i  o la m iz :

d _

dt

y o k i

г - х s in  v i  -  c o s  v t =  ( z  - x ) c o s v t  +  s i n v i  =  0  

( z  -  x)  +  v tg v t  =  0 .
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^maks =  ÿ  a rC tg  —  .

F u n k s iy a n in g  m a k s im u m i (p lu s  is h o r a li)  q u y id a g ic h a :

M ei maks n in g  e k s tre m a l q iy m a tig a  rn o s  k e la d ig a n  v a q t:

+  y y ] ( z - x ) 2 + v 2 

M o m e n t n in g  m a k s im a l q iy m a ti:

^тякс^
W z - x y + v * ]

e X t m > y s + e Z t m a

E le k tr o d v ig a te ln i  ish g a  tu s h ir is h d a  e la s t ik  z v e n o n in g  
q a t t iq l ig in i  v a  p a s t  c h a s to ta li  t iz im d a  t e b r a n is h n in g  s u s t -  
la n is h in i  e ’t ib o r g a  o ig a n  h o ld a  Л / =  0  u c h u n  e le k t r o d v i-  
g a te l  m o m e n t i  v a  e la s t ik  z v e n o  m o m e n t in in g  t e z l ik  v a  
v a q tg a  b o g ' l iq  b o ‘lg a n  g ra fik la r i 6 - r a s m d a  k e lt ir i lg a n .

6 .  M c Ф 0  k r a n n in g  p a s t  c h a s t o t a l i  e le k tr o m e x a n ik a v iy  
t iz im in in g  o ‘tk in c h i r e j im i

E le k t r o d v ig a t e l  m o m e n t i  t e z l ik  fu n k s iy a s i  b o £y ic h a  
o 'z g a r g a n d a

K N
h a r a k a t te n g la m a s i  q u y id a g i k o ‘r in is h g a  e g a  b o ‘la d i  ( 6 - a  
r a sm g a  q a r a n g ):

/ , Р 2Ф, + ( ф ,  - ф 2)С  =  M maks( l - i - i > , ) .  ( 2 2 )

U s h b u  / 2Р 2ф 2+ ( ф ,  -  ф2) С =  M c ( 2 3 )

t e n g la m a d a n  ф, n i  to p a m iz :

<Pi = Ф г  + ÿ /,2 (P2
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U n in g  h o s i la s in i  a n iq la y m iz :

P %  =  ф2 +  ^ 3ф2>

Р 2Ф 1= Р 2Ф2 + ^ Р 4Ф2.

T o p i lg a n la r n i  ( 2 2 )  t e n g la m a g a  q o 'y a m iz :
/ ,  ( Р 2Ф, +  à .  p * ф1 + )  +  ф2С  +  h .  C P 2ф2 +  М с -  ф2С  -

-•^maks +  ^maks ^ Ф 2 + ^maks 4  ^ Ф 2 =  0 • 

O lin g a n  i f o d a n i  o 'z g a r t ir ib , q u y id a g ic h a  y o z a m iz :

^  ̂  + ^  r  P + ( /‘ + /2)р2<Рг +

+  % ^ / > < р 2 + Л / с - М ш Д , = 0 .
ш о

T e n g la m a n i  y u q o r i h o s i la n in g  k o e ff it s iy e n t ig a  b o £la m iz :  
p \ 2 +  p \  +  Щ й Е  P \ 2 +

CÛqJ  I 1 2

+  ^maksC Р ф  _  (^ m aks-^ c)C  
( O q J \ J 2  ^ 2

Ф ^ с п и п  h a m  x u d d i s h u n d a y  o 'z g a r t ir is h la r  q i l ib  q u y i-  
d a g in i  o la m iz :

P \ x +  M a fL  p 3ф , +  Р 2ф[ +
V 2

i -^mafeC P(n — (-^maks ~ )̂ ~ 
fflb/,/2 / , / 2

Ф2 -  Ф, =  Ф a lm a s h t ir is h  b a ja r ib , h a d la m i a y ir ib , q u y i-  
d a g in i  o la m iz :

р 4ф + p3(p +  ( / ,  + / , )  с  p 2 y  + Д Ц ц С  Рф =  Q
ojqJ  j  J 1 j  2 (D q*/ i* ' 2

M c =  0  b o ‘lg a n  h o lg a  m o s  k e lg a n  t e n g la m a  o l in d i .  B u  
t e n g la m a n in g  y e c h im i  q u y id a g i k o ‘r in is h d a  b o ‘la d i:



Ф =  А  +  Be*1 +  Cezl s in  Vt +  D e *  e o s  Vt, ( 2 4 )

b u  y e r d a  x ,  z  v a  F i a r  b iz g a  m a ’lu m  b o ‘lg a n  ( 1 8 ) ,  ( 1 9 ) ,  
(2 0 )  i fo d a la r  o r q a li  to p ila d i .

D a s t la b k i  is h g a  tu sh ir ish  p o g ‘o n a  q a r s h il ig i  m a v ju d  
b o ' l s a ,  b o s h la n g ‘ic h  sh a r tla r  q u y id a g ic h a  b o ‘la d i: t =  0  
b o ' lg a n d a  Ф =  M J C ,  Р ф  =  0 . B u  s h a r tn i o ld in g i  ( 2 2 ) ,  
(2 3 )  te n g la m a la r g a  q o ‘y ib , t  =  0 b o ' lg a n d a  q u y id a g ig a  e g a  
b o ‘la m iz :

D2,A — -^maks ^ сP  Vi -  P  (p 2 =
J ,

b u n d a n :
A - M c В = ^maks

2 1 >
J M z - x y + V *  ]

SJ _  (-^maks K ) ( Z  x) _ Л r= — ^^roaks ^ с) 
JxV[{z~x)2+V2] ’ ~ J ^ z - x Ÿ + V 2]'

Y u q o r id a  o lin g a n  k o e ff it s iy e n t la r n in g  q iy m a tla r in i e la s -  
t ik  d e fo r m a ts iy a  ( 2 4 )  u c h u n  o l in g a n  ifo d a g a  q o ‘y ib ,  q u y i -  
d a g in i  o la m iz :

Ф  _  (-^maks e x t + e z i (  Z ~ x

J,[(z-x)2+V2]

E la s t ik  z v e n o n in g  m o m e n t i:

s in  W - c o s  v t +
К

c  '

м е cp С  — ^ maks_y^c)C
/ , l ( z - x ) 2+V2] 

M o m e n t n in g  m a k s im a l q iy m a ti:

e xt+ e v \ —̂ s i n v t - c o s v t  | + M C.

ex,+ e a ( z - x ) + v +  M C,ДÆ _  (^maks ~ M C)C
el.maks J x [ { z _ x )  7 + ÿ i ]

b u  y e rd a : / м =  у  a r c tg  .

D a s t la b k i  is h g a  tu s h ir is h  p o g ‘o n a  q a r s h il ig i  m a v ju d  
b o ‘lm a s a , t iz im  h a r a k a t in in g  t e z la n is h i  ik k i b o s q ic h g a  
b o ‘l in a d i:  y e t a k lo v c h i  m a s s a  h a r a k a t in in g  b o s h id a n  S ta tik
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m o m e n t g a  m o s  b o ‘lg a n  e la s t ik  z v e n o n in g  d e fo r m a ts iy a -  
s ig a c h a  h a m d a  t iz im  h a r a k a t in in g  b o s h la n is h id a n  d in a m ik  
m o m e n t n in g  t a ’s ir i t a m o m  b o ‘lg u n c h a .

B ir in c h i  b o s q ic h d a  y e t a k lo v c h i  m a s s a  h a r a k a t in in g  
t e n g la m a s i  q u y id a g ic h a  y o z i l i s h i  m u m k in :

J XP \  +  (p,C =  M maks( l - i - P < P j ) .  ( 2 5 )

( 2 5 )  t e n g la m a n in g  u m u m iy  y e c h im i:
(p, =  A e yt s in  q t  +  B eyl c o s  q t  +  , ( 2 6 )

b u  y e r d a : --------------
V  =  ^ m a k s  • _  I ^  _  ^ m a f a

y  2 o j q J , ’ q  p ,  4 ^ ‘

B u  h o l  u c h u n  b o s h la n g 'ic h  sh a r tla r  q u y id a g ic h a  b o ‘lad i: 
t  =  0  b o ‘lg a n d a  <p, =  0 , Pcp, =  0 . S h a r t la r n i ( 2 6 )  t e n g la ­
m a n in g  u m u m iy  y e c h im ig a  q o ‘y a m iz ,  u n d a

cp, =  e yt s in  q t  +  ( l  -  e yt c o s  q t ) . ( 2 7 )

cp, =  M J  C  t e n g lig ig a  e r is h g a n d a , ik k in c h i b o s q ic h n in g  
ta ’s ir i b o s h la n a d i.  (p, n in g  q iy m a t in i  q o 'y ib ,  q u y id a g in i  
o la m iz :

=  e y,° ( c o s  q t0 -  -  s in  q t0 )  ;
M  maks \ Q )

b u  y erd a : t0 —  g r a fik  u s u ld a  y o k i  ta n la s h  y o ‘li  b i la n  a n i -  
q la n a d ig a n  ik k in c h i  b o s q ic h n in g  b o s h la n is h  v a q t i .

I k k in c h i  b o s q ic h  b o s h la n is h id a  e la s t ik  z v e n o  d e f o r -  
m a t s iy a s in in g  t e z l ig in i  to p a m iz .  B u n in g  u c h u n  ( 2 7 )  i f o -  
d a n in g  h o s i la s in i  o lib ,  y e ta k la n u v c h i  m a ssa  J2 h a r a k a ti­
n in g  b o s h la n g ‘ic h  v a q tid a  y e t a k lo v c h i  m a ssa  / ,  h a r a k a ti  
t e z l ig in i  a n iq la y m iz :

a  =  (P(pj )f0 =  ^ - a- ^  - q- ~ e y‘ s in  qt0.
C <7
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B o s q ic h n in g  b o s h la n is h id a g i  ik k in c h i  h o s i la s i:  

e  =  ( P 2cp,)/0 =  + q 2) e y,° ( c o s  q t0 +  ^ s i n  q t0 J .

T e n g la m a n in g  u m u m iy  y e c h im i  q u y id a g ic h a  b o ‘la d i:  
cp =  A  +  Be*' +  C e°  s in v t  +  D e z' c o s v t .  ( 2 8 )

V a q t h is o b in i  ik k in c h i b o s q ic h n in g  b o s h la n is h id a n  o l in -  
g a n d a  b o s h la n g ‘ic h  shartlar: / = 0  b o ‘lg a n d a  (p =  M J C ,  
Pep =  cd; P \ p =  s.

t  -» oo d a  cp =  M J C  v a  A  =  M J C ,  B  =  -  cP n i  e ’t ib o r g a  
o lib , b o s h la n g ' ic h  s h a r t la m i ( 2 8 )  t e n g la m a g a  q o ‘y ib , e la s t ik  
z v e n o  d e fo r m a ts iy a s i  u c h u n  q u y id a g i ifo d a g a  e g a  b o ‘la m iz :  

_ _ _ _ _ _ _

w(x2- z 2+v2)+ e (z -x )  a  { f K  
V [ { x _ z ) 2  +  V 2 \  e  S l n V i +  C  •

E la s t ik  z v e n o g a  t a ’s ir  q i lu v c h i  m o m e n t :

M " =  * C  =  - e “ c o s , " l  +

V [(x-z)2+V2 J 

E la s t ik  m o m e n t n in g  m a k s im a l  q iy m a t i

M.el.maks Cx - z Y + v
(e  -  2 coz)ext maks +  e *  maks x

4
v z(£-2a> z f  +[ca(x - z  +v2)+e(z~x)

z * + V l
+  M r

b u n d a  M el maks m o m e n t g a  m o s  k e lu v c h i  v a q t  q u y id a g ic h a  
a n iq la n a d i:

/  -  1 , r. t n  {(e-2coz)z-[co(x2- z 2+v2)+e(z-x)]}V 
maks V ( e -2 coz)V2 +[a>(x2- z 2 +v2)+e(z-x)]z '
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Mi
Mel maksl

^el та ks2

0

7-rasm.

M o m e n t n in g  m a k s im a l q iy m a t in i a n iq la sh  u c h u n  tr ig o -  
n o m e tr ik  fu n k s iy a  a r c tg  n in g  o ld in g i  ik k ita  m u s b a t  q iy -  
m a t in in g  k a tta s id a n  fo y d a la n ila d i .

7 -r a s m d a  e le k tr o d v ig a te l  m o m e n t i  o ‘z g a r is h in in g  ik ­
k ita  h o la t i:

1. M =  c o n s t ;

z v e n o  m o m e n t i  o 'z g a r is h i  k o ‘r sa t ilg a n .

7 . K r a n  m e x a n iz m la r in in g  e le k tr o m e x a n ik a v iy  t iz im la r i -  
d a  o ‘tk in c h i  r e j im la r n i ta h li l  q ilish

K r a n  m e x a n iz m la r in in g  e le k tr o m e x a n ik a v iy  t i z im la r i -  
n in g  tu r li  i s h  r e j im la r id a  e la s t ik  z v e n o la r i  q a b u l q i la d ig a n  
d e fo r m a ts iy a  v a  m o m e n t la r  u c h u n  y u q o r id a  o l in g a n  m u -  
n o sa b a tla r  o ‘tk in c h i  re jim la rd a  t iz im  q a y  a h v o ld a  b o ‘lish ig a  
t iz im  p a r a m e tr la r i t a ’s ir in i a n iq la s h g a  im k o n  b e r a d i.

E le k tr o m e x a n ik a v iy  t iz im n in g  x u s u s iy  te b r a n is h  c h a s -  
t o ta s i  e la s t ik  z v e n o n in g  q a t t iq l ig i  С  p a s a y is h i v a  k e lt ir u v -  
c h i  J2 v a  k e lt ir i lu v c h i  m a ssa la r i  / ,  n in g  in e r s iy a  m o m e n t -  
la r in in g  k a tta la s h u v i b i la n  k a m a y a d i.

T iz im n in g  k e lt ir i lg a n  q a t t iq l ig i  v a  e le k t r o d v ig a t e ln in g  
in e r s iy a  m o m e n t in in g  k a tta la sh u v i b ila n  e la s t ik  z v e n o  d e -  
fo r m a ts iy a s i  k a m a y a d i. E le k tr o d v ig a te ln in g  d in a m ik  m o -

2 - M =  u c h u n e la s t ik
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m e n t in i  v a  k e l is h i lu v c h i  m a ssa  / 2 n in g  in e r s iy a  m o m e n t i -  
n i o r t is h i  b ila n  e la s t ik  z v e n o n in g  d e fo r m a ts iy a s i  k a t ta -  
la s h a d i.

E le k tr o d v ig a te ln in g  ro to r i za n jir ig a  q o 's h im c h a  q a r s h i-  
l ik n in g  k ir it ilish i t iz im  te b r a n is h in in g  c h a s to ta s in i v a  e la s t ik  
z v e n o  d e fo r m a ts iy a s i  q iy m a t in i  p a sa y tir a d i.

D a s t la b k i  ish g a  tu s h ir is h  p o g 'o n a s i  m a v ju d  b o ‘ls a ,  
k u c h li  u z a t is h  e le m e n t la r in in g  y u k la n is h i  4 0  %  g a  k a m a -  
y a d i.

D in a m ik a v iy  y u k la r  y u k la n ish  h o s i l  q ilg a n  s ta t ik  m o -  
m e n tn i  a n c h a g in a  k a m a y tira d i. T iz im n in g  y e ta k la n u v c h i  
m a s s a s in in g  in e r s iy a  m o m e n t i  J2 n in g  k a tta la sh u v i t iz im  
te z la n is h in in g  k a m a y ish ig a  o lib  k e lad i. M e x a n iz m n in g  e le k tr  
y u r itm a s in i  ish g a  tu sh ir ish  u c h u n  h is o b la n g a n  d a stla b k i  
q a r sh ilik  p o g 'o n a s i  b o ‘lg a n  v a  d a stla b k i q a r sh ilik  p o g ‘o n a s i  
b o 'lm a g a n  h o lla r d a , d in a m ik  k o e f f it s iy e n t la r n in g  c h e g a -  
ra v iy  o 'z g a r is h  q iy m a tla r i q u y id a g i ja d v a ld a  k e lt ir ilg a n .

K ran
m e x a n iz m la r i

D in a m ik  k o e f f it s iy e n tn in g  o 'z g a r ish  
c h e g a r a s i

Ishga tush irishda  
dastlabki qarshilik  

p og 'o n a si b o r

Ishga tush irishda  
dastlabki qarshilik  

p o g ‘o n a si y o ‘q
K o'tarish  (u n iu m  q o ‘llan ila -  
digan  kranlar u ch u n )  
A ravachan i harakatlantirish

1 ,0 5 1 ,2 5

2 ,1 5 3 ,0
K ranni harakatlantirish 2 ,3 5 3 ,3 5
K ranni aylantirish 2 ,8 4 ,2 5
K ran o ‘q i u zu n lig in in g  
o'zgarishi 1,1 2 ,0

Y u m s h o q  m e x a n ik a v iy  x a r a k te r is t ik a  (d a s t la b k i is h g a  
tu s h ir is h  p o g ‘o n a s i )  m a v ju d  b o ' lg a n  e le k tr  y u r itm a la r d a  
fo y d a la n u v c h i  d in a m ik  k o e ff it s iy e n t la r n in g  q iy m a t i  y e ta r li  
d a r a ja d a  k a m a y a d i.
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8 .  K r a n la r n i g o r iz o n ta l  y o ‘n a lis h d a  h a r a k a t la n t ir u v c h i  
m e x a n iz m la r n i  i s h g a  tu s h ir is h  v a  t o ‘x ta t i s h d a  

y u k la r n in g  t e b r a n is h i

K o ‘p r ik s im o n  k ra n , e c h k is im o n  y o k i p o r ta i y u k la g ic h -  
la m in g  a r a v a c h a s i y o k i k r a n n in g  o ‘z i  h a r a k a tla n a y o tg a n d a  
y u k n in g  g o r iz o n ta l  h a r a k a tla n ish  h o la t in i  k o ‘rib c h iq a m iz .  
Q u r ilm a n in g  u m u m la s h g a n  s x e m a s in i  ik k i m a ssa li d eb  q a -  
ra sh  m u m k in , b ir in c h is in i  t o ‘g ‘ri c h iz iq  b o ‘y ic h a  h a r a k a t-  
la n a d ig a n , ik k in c h is in i  e s a  b ir in c h is i  b ila n  c h o ‘z i lm a y d ig a n  
ip  o r q a li  b o g ‘la n g a n  v a  te b r a n m a  h a ra k a t q ila d ig a n  ik k ita  
m a s s a  k o 'r in is h id a  ta sv ir la sh  m u m k in  (8 -r a s m ) .

m Q, m v  m 2 la r  b i la n  m o s  h o ld a  k r a n n in g  s ilj is h  m e x a -  
n iz m in in g  y u r itm a s i v a  y u k n in g  k e lt ir ilg a n  m a ssa la r in i i f o -  
d a la y m iz ;  L  —  y u k n in g  k o 'ta r i lg a n  h o la t id a  to r tu v c h i  a r -  
q o n n in g  u z u n lig i;  S  — y u k  te b r a n is h in in g  a m p litu d a s i;  S0
— q o ‘z g ‘a lm a s  k o o r d in a ta  b o s h id a n  /v a q td a  a r a v a c h a  y o k i  
k r a n g a c h a  b o ' lg a n  m a s o fa ;  t  — v a q t;  g  — o g ‘ir lik  k u c h la r i  
t e z la n is h i .

K r a n  y o k i  a r a v a c h a n in g  t e z l ig i  o s h ib  b o r g a n id a  y u k  
h a r a k a t la n is h in in g  d if fe r e n s ia l  t e n g la m a s i  q u y id a g i  k o 'r i -  
n is h g a  eg a d ir :

f(t)

m2p2S0

( m n +  m , ) p 2 S 0

S

8-rasm.
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y o k i

m 2( P 2S - P 2S 0) +  ^ S  =  0 .  ( 2 9 )

K r a n  y o k i  a r a v a c h a n in g  h a r a k a t la n is h  te n g la m a s i:

(M o +  m ^ S o + ^ - S  =  / ( / ) .  ( 3 0 )

( 2 9 )  d a n  Sn b o ‘y ic h a  ik k in c h i  ta r t ib li  h o s i la  o la m iz :

m 2P 2S ~ m 2 P 2S Q + ^ f - S  =  0

'0

P 2S  = P 2S  +  ^ .

O lin g a n  ifo d a n i  ( 3 0 )  t e n g la m a g a  q o ‘y a m iz :
(m 0 + m l ) P 2S 0 +  j r ( m 0 + m l + m2) S  = f ( t ) .  ( 3 1 )

B u  i f o d a n i  q u y id a g i  k o ‘r in ish d a  y o z a m iz :

p 2 s 0 + ül ( 3 2 )
« 0 + ^ 1  m 0  +  m ,

T e n g la m a n in g  u m u m iy  y e c h im i  q u y id a g ic h a  y o z i la d i:

S  =  A  s in  k ( l  +  _ ^ _ V  +  £  c o s  J l (  1 +  — ^ — V  +  / W

y o k i
iS1 =  /4 s in  v , /  +  B  c o s  v , i  +  / ( / ) ,

bu yerda: v' -  i / i F ^ )  •

T a q r ib a n  / ( r )  =  Fdjn d e b  q a b u l q i l ib ,  ( 3 1 )  t e n g la m a ­
n in g  x u s u s iy  y e c h im in i  y o z a m iz :

/ ( r )  =  F * ° L

(m 0 + m l + m 2)g

T e n g la m a n in g  u m u m iy  y e c h im i  t o ‘la  s h a k ld a  q u y id a ­
g ic h a  b o 'la d i:
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S  =  A  s in  Wj + B  c o s  v /j  + (m0+m,+m2)g ‘

B o s h la n g ‘ic h  sh artlar: t =  0  b o ' lg a n d a  S = 0 ,  P S  =  0 ,  
i l  h o ld a

>1 =  0; B  =  - F < i m L

( m 0 + m i + m 2)g

T e n g la m a  u m u m iy  y e c h im in in g  s o 'n g g i k o 'r in is h i  q u y i-  
d a g ic h a :

(m 0 +/wI + /n2) g
1 -  c o s J l ( l + _ * * _ )

\ ) L \  m o + m j
( 3 3 )

6 , =  X ^) b o g ‘la n is h n i  g r a f ik  k o ‘r in ish d a  9 - r a s m d a  c h i -  
z i lg a n d e k  k o 'r s a t is h  m u m k in . U n g a  k o ‘ra k ra n  y o k i  a r a -  
v a c h a n in g  t e z l ig i  o ‘s ib  b o r g a n d a  y o k i  u la r  t o r m o z la n g a n -  
d a  y u k  t e b r a n a d i,  u n in g  o ‘r ta c h a  a m p litu d a s i:

S  . =  —°‘r (m o + n ti+ ^ g

v a  t e b r a n is h  c h a s to ta s i:

Vl = Il (l+ -*-).\ L \  mo+mj- ( 3 4 )

Y u k n in g  m a k s im a l te b r a n is h  a m p litu d a s i:

J maks
2 FdinL

( m Q + m l + m 1 ) g

( 3 4 )  d a n  k o ‘r in ib  tu r ib d ik i, y u k n in g  t e b r a n is h  c h a s ­
to ta s i  y u k n in g  o s i l i s h  u z u n lig i  L ,  y u k n in g  a r a v a c h a  v a

9 - r a s m .
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k r a n n in g  k e lt ir ilg a n  m a s s a s i  q iy m a tig a  b o g ‘liq d ir . Y u k -  
n in g  o s i l i s h  u z u n lig i  L  k a m a y s a , te b r a n is h  c h a s t o t a s i  o r -  
ta d i v a  a m a liy  h is o b la s h la r d a  e n g  o g ‘ ir m e h n a t  s h a r o it ig a  
m o s  k e la d ig a n  e n g  k ic h ik  q iy m a t i e ’tib o r g a  o l in a d i .

M a k s im a l  a m p litu d a  S msks g a  m o s  k e la d ig a n  v a q t:

Y u k n in g  te b r a n is h in i  k a m a y tir ish  y o ‘lla r in i a n iq la s h  
u c h u n  ( 3 3 )  t e n g la m a d a n  h o s i la  o la m iz :

v ,f  =  2 л n,  b u  y e r d a  n  —  h a r  q a n d a y  b u tu n  s o n .
A g ar 5 - 0  va  P S  = 0  b o ‘lga n  p a y td a  k u c h n in g  t a ’siri 

to 'x ta sa , b u  kran y o k i arav ach a n in g  te z lig in i o ‘s is h in i y o k i  
to r m o z la n ish n i ta m o m  b o 'lg a n ig a  m o s  k elad i. U n d a  y u k n in g  
teb ra n ish i t o ‘xtayd i. B u n d a n  sh u  k elib  ch iq a d ik i, ish g a  tu -  
sh ir ish  v a  to r m o z la sh  v a q tin i q u y id ag ig a  te n g  d e b  o l i s h  zarur:

Ish ga  tu sh ir ish  va  to r m o z la sh  v aq tin i e le k tr o d v ig a te ln in g  
ish g a  tu sh ir ish  va  to r m o z la s h  m o m e n tla r in in g  q iy m a tla r in i  
o ‘zgartirib  rostlash  m u m k in . B u n d a  b iz g a  m a ’lu m  b o ‘lg a n

te n g l ik d a n  f o y d a la n a m iz .

9 .  Y u k n in g  t e b r a n is h  t a ’s ir i  v a  b o ‘g ‘in la r n in g  e la s t ik l ik  
x u s u s iy a t in i  h is o b g a  o ig a n  h o ld a  k o ‘c h m a  

m e x a n iz m la r n i i s h g a  tu s h ir is h  v a  t o ‘x t a t i s h

K o ‘c h m a  m e x a n iz m la r n i  ish g a  tu s h ir i lg a n d a  k r a n  e l e -  
m e n t la r in in g  v a  y u k n in g  h a r a k a t la n is h  s x e m a s i  1 0 - r a s m -  
d a  k e lt ir i lg a n .

t  - a  g
maks \ ] l  щ + т х + т г  ■Ï

2жп$
g  . r r i Q + m j  

L  /Kq + m ¡  + m 2  '
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1 0 - r a s m .

1 0 -ra sm d a g i e le m e n t la m i q u y id a g ic h a  b e lg ila y m iz . m l —  
e le k tr o d v ig a te l  v a  m u fta n in g  a y la n u v c h i q is m la r in in g  k e l-  
tir ilg a n  m a ssa si; mQ —  k ran  v a  a r a v a c h a n in g  k e lt ir ilg a n  m a s -  
sa s i;  m 2 —  k o ‘c h ir i la d ig a n  y u k n in g  m a ssa s i;  —  m , m a s -  
s a n in g  k o o r d in a ti;  S 0 — m 0 m a s s a n in g  k o o r d in a t i;  S  — 
y u k n in g  v er tik a l h o la t id a n  o g ‘ish  m a so fa s i;  С  —  k o 'c h m a  
m e x a n iz m  v a lla r in in g  k e lt ir ilg a n  q a tt iq lig i;  t[ —  i s h g a  tu -  
s h ir is h  y o k i t o ‘x ta t is h  v a q ti;  Fst —  k ra n  y o k i  a r a v a c h a n in g  
h a r a k a tla n ish ig a  q a r sh i q a r sh ilik  k u c lii;  Fdm —  k e lt ir ilg a n  
t e z la tu v c h i  k u c h ; L  — y u k n in g  y u q o r id a  tu r g a n  h o la t id a  
to r tu v c h i  tr o s n in g  u z u n lig i;  g  —  o g 'ir l ik  k u c h  t e z la n is h i .

m x m a ssa  h a r a k a t in in g  d if fe r e n s ia l  t e n g la m a s i  q u y i ­
d a g ic h a  y o z i la d i:

m 1P 2S l +  ( S l - S 0) C = F sl +  FÉdin*
( 3 5 )

m 0 m a s s a g a  t a ’s ir  e t u v c h i  F0 ta s h q i  k u c h  S  =  f i t )  v a q t  
b ir lig i  q o n u n iy a t i  b o 'y ic h a  o 'z g a r u v c h i ,  u n in g  h a r a k a t ­
la n i s h i g a  q a r s h i l ik  k o ‘r s a t u v c h i  q a r s h i l ik d a n  v a  y u k  
o g 'ir l ig in in g  g o r iz o n ta l  ta s h k il  e tu v c h is i  FQ =  S m ^ g/L  n in g  
y ig ‘in d is id a n  ib o ra td ir :
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F0 = - F , - a f v ( t ) .

m Q m a s s a  h a r a k a t in in g  d if fe r e n s ia l  t e n g la m a s i  q u y id a -  
g i  k o ‘r in is h g a  e g a  b o ‘lad i:

m 0P 2S 0 + (S l -  S 0) C  = - F a  -  ^ ф ( / )  . ( 3 6 )

( 3 5 )  i f o d a n i  mQ g a , ( 3 6 )  i f o d a n i  m x g a  k o ‘p a y t ir ib  v a  
( 3 3 )  i f o d a d a n  S  =  f ( t )  n i  q iy m a t in i  q o ‘y ib  q u y id a g in i  
o la m iz :

B ir in c h i  t e n g la m a n i b o s h q a  t e n g la m a  h a d la r id a n  a y ir ib  
v a  y u q o r i h o s i la n in g  k o e ff it s iy e n t la r id a n  q u tilib , q u y id a g in i  
o la m iz :

=  F t i m p + m j )  +  +  „  _  c Q S v  f ,

m0ml щ т х щт^щ+т^+п^) 1 '

T e n g la m a n in g  o ‘n g  t o m o n i s i z  u m u m iy  y e c h im i  q u y i -  
d a g i k o ‘r in is h g a  e g a  b o 'la d i:

( 5 1, -  5 0) =  A  s in  v 2t  +  В  c o s  v 2t,

b u  y e r d a :

T e n g la m a n in g  x u s u s iy  y e c h im in i  q u y id a g i  k o ‘r in is h d a  
o la m iz :

m0m lP 2S l +  /и ,(iSj -  S 0)C  =  -F ^ m x -  - x
X/

( P ! i ,  -  P 2S 0)  +  - (iSi -  5 0)  =  ( 3 7 )

C ( m Q + /W ,)

m 0 m 1

(»S, - 5 0) =  C  +  D  c o s v {t,
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-  S 0)  n i  ( 3 7 )  i f o d a g a  q o ' y i b ,  q u y i d a g ig a  e g a  
b o ‘la m iz

v\ [mi ¿v?m 0(m o + m ,)/ C  ’

F d , n m 2 g

c =
D  =  -

Lv\mü(mü\m s)(v\~v\) '

(3 7 )  t e n g la m a n in g  t o ‘liq  y e c h im in i  q u y id a g i k o ‘r in ish d a  
y o z a m iz :

( £ ,  - 5 ”0) =  A s i n v j t  +  B c o s v 2t  +  ^ diA ^ g— - xZ,Vf/no(/no+/Wi)

- r ~ r - T c 0 S '/ l i  
v 22 v 22 - v ,

, Fdin , f Sl
v |w ,  C  •

A g a r  e le k t r o d v ig a t e ln i  is h g a  t u s h ir g u n c h a  d a s t la b k i  
q arsh ilik  p o g ‘o n a s i  m a vju d  b o ‘lsa , u n in g  v a lig a  q iy m a ti sta tik  
m o m e n tg a  d e y a r li y a q in  b o ‘lg a n  q a n d a y d ir  m o m e n t  h o s i l  
b o ‘la d i. B u  h o ld a  m e x a n iz m  e le m e n t la r i  z o 'r iq q a n  h o la td a  
b o ‘la d i va  e le m e n t la r n in g  d e fo r m a ts iy a la n is h  t e z l ig i  n o lg a  
t e n g , d e b  h is o b la s h  m u m k in . U n d a  t = 0  b o ‘lg a n d a

S t - S ^ F J C ;  P S - P S 0 =  0 .

( 3 7 )  t e n g la m a g a  b o s h la n g ‘ic h  sh a r t la r n i q o 'y ib ,  q u y i-  
d a g in i  o la m iz :

Fa>„ f  j ____________ w^g________'
mx Lrr^im^+m^ivl-v])

A  =  0 , B  =  - ~ 4 n
v 2

E la s t ik  z v e n o n in g  d e fo r m a ts iy a s i  u c h u n  q u y id a g ig a  e g a  
b o i a m i z :

( i ,  -  S„)  =  - f e _ ( l  -  c o s  V ) +
v 2 mi L m n { m (l+ m l ) ( v 2 - v l )

O ’Q U V  Z A L I
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x í - l - c o s v 7t  -  X c o s v , n +  
\V2 VÍ 1 I

Fóm™jg +  Fa
Lmoímo+m,) (v^-vj) c

M e x a n iz m n in g  e la s t ik  z v e n o s i  q a b u l q i lu v c h i  k u c h :

U n d a  t e n g la m a n in g  s o ‘n g g i k o ‘r in is h in i q u y id a g ic h a  
y o z a m iz

F ^ m l g C

v 2 m \

^elast =  (1 _  COSV2 í )  +  ----- „ “ “ i XLmoimo+miXvl-v2̂

x ( \ c O S V 2t  -  Д - C O S V . / W --------- Fdinm 2g C
vv2 vi I Lmoímo+mO^-vf) +

K o ‘c h m a  m e x a n iz m n i  is h g a  tu s h ir g a n d a  F  =  f ( t )  n in g  
o ‘z g a r is h  e g r i c h iz iq la r i  1 1 -r a s m d a  k e lt ir i lg a n .

Y ig 'in d i  k u c h  F, v , v a  v 2 c h a sto ta li te b r a n u v ch i t iz im n in g  
b ir -b ir in in g  u stig a  tu sh ish in in g  n a tija si b o ‘lib , u la r  b ir -b ir ig a  
n isb a ta n  m u s ta q ild ir  v a  k u c h la m in g  m a k s im u m  q iy m a t la r i  
is ta g a n  q iy m a tla r d a  t o ‘g ‘ri k e lis h i m u m k in .

U  h o ld a
f  -  F¿inC 2Fdinrri2gC r

makS +  L n h ( m 0 + m t ) ( v W i )  +

y o k i  v , v a  v 2 la r n in g  o ‘r n ig a  u la r n in g  q iy m a t la r in i  q o ‘y ib  
v a  b e r ilg a n  i f o d a n i  o 'z g a r t ir ib  q u y id a g in i  o la m iz :  

p  _  2 F d ¡ n ( m 0 + m , )  p  

maks m 0 + m l + m 2  st ■
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O lin g a n  i f o d a n i  ta h li l  q ilib  c h iq a m iz .
K o ‘p c h i l i k  m a ’ l u m  b o ‘ l g a n  k o n s t r u k s i y a l a r d a  

m 0 +  m 2/ m 0 +  m l +  m 2 k a t ta l ik n in g  n isb a t i  0 ,8 . . . 0 ,9  c h e -  
g ara sid ad ir . K r a n  e le k tr o d v ig a te lla r in in g  d in a m ik  m o m e n t -  
lar i M-.^-ird a n . l o . 2 M _ iii g a c h a  o ‘z e a r a d i .  s h u n in g u c h u n  
Fdin =  Fst. . .2F&l d e b  q a b u l q i l is h  m u m k in . U n d a

F  ~  4 F  +  F  ~  5 F1 maks J st f

Y u k n in g  e n g  y u q o r i k o ‘ta r ilg a n  h o la t id a g i  te b r a n is h  
c h a s to ta s i  0 ,2 . . .0 ,3  G s  c h e g a r a s ig a  t o ‘g ‘ri k e la d ik im , u n in g  
te b r a n is h  d a v r i T  =  3 ..5  s  g a  te n g d ir . Y u k n in g  te b r a n is h  
a m p litu d a s in i  k a m a y t ir is h n in g  e n g  k o ‘p  ta r q a lg a n  u s u lla r i  
y u r itm a n in g  o 'r ta c h a  t e z la n is h in i ,  y a ’n i d in a m ik  m o m e n t  
M djn n i c h e g a r a la s h d ir :

A  _  ^din
m 0 + m l

B u n d a  y u r itm a n in g  o ‘t k in c h i  j a r a y o n in in g  o ‘t i s h  v a q -  
t i c h o ‘z i la d i ,  y a ’n i  2 , 0 — 5 ,0  s  g a c h a  k a t ta la s h a d i. B u  e s a  
k o ‘p  h o l la r d a  m e x a n iz m n in g  i s h  u n u m d o r l ig in i  k a m a y t i -  
ra d i. Fd.m( M din) d in a m ik  k u c h  ( d in a m ik  m o m e n t ) n i  v a q t  
b o 'y ic h a  m a ’lu m  b ir  q o n u n  a s o s id a  o ‘z g a r tir ib  s h a k l la n -  
t ir is h  y o ‘l i  b i la n ,  t e b r a n is h  a m p lit u d a s in i  y a n a d a  k a m a y -  
t ir is h  m u m k in .
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L I F T L A R N I N G  K L E K T R O M  E X  A N  I K A V IY  
T I Z I M L A R I

I I  B O ‘ L I M

L ift la r n i h a r a k a tg a  k e lt ir u v c h i e le k tr  y u r itm a n i  is h g a  
tu s h ir is h  ja r a y o n in i  ta d q iq  q ilis h d a  q u y id a g ila r  o ‘ r in li d e b  
fa r a z  q i la m iz :

1. L ift  o ‘r n a tilg a n  a s o s n i  m u t la q o  q a tt iq  d e b  o la m iz ,  
c h u n k i  m e x a n iz m la r  t e m ir  b e t o n  t o ‘s in la r d a  m o n t a j  q i l i -  
n a d i. U la r n in g  q a t t iq l ig i  p o ‘la t  a r q o n  q a t t iq l ig id a n  b ir  
n e c h a  m a r ta  k a tta d ir .

2 . E le k tr  y u r itm a  te z la n is h in in g  o s h ib  b o r is h i b ir  n e c h a  
s e k u n d d a  b o ‘lg a n lig i  s a b a b li,  p o ' la t  a r q o n n in g  u z u n lig i  
s h u  v a q t  d a v o m id a  o 'z g a r m a s  b o ‘lib  q o lg a n l ig i  u c h u n ,  
p o i a t  a r q o n n in g  q a t t iq l ig in i  o 'z g a r m a s  d e b  o la m iz .

3 . E le k tr  y u r itm a , k a b in a  v a  y u k k a  q a r a m a -q a r s h i  
(p o s a n g i)  y u k  m a ssa la r ig a  n isb a ta n  p o ‘la t  a r q o n n in g  m a s -  
s a s i  k ic h ik  b o ‘lg a n lig i  u c h u n  u n i h is o b g a  o lm a y m iz ,  p a s -  
sa jir  v a  y u k  t a s h u v c h i  lif t la r d a  a r q o n  m a s s a s in i  h is o b g a  
o lin m a y d i .

4 . P o ‘la t  a r q o n  o ‘tu v c h i  b o s h  b lo k la r d a  a r q o n  s ir p a n -  
m a y d i d e b  h is o b la y m iz .

5 . Y u k la r n in g  m a s s a s in i  m u t la q  q a tt iq  d e b  o la m iz .  B u  
e s a  y u k  ta s h u v c h i  lif t la r d a  q a tt iq  y u k la r  t a s h i l i s h ig a  t o ‘g ‘ ri 
k e la d i . O d a m la r n i y u q o r ig a  k o 'ta r is h d a  y u k n in g  t e b r a n i-  
s h i s o d ir  b o ‘la d ik im , b u  m e x a n iz m n in g  d in a m ik  y u k la n i -  
s h in i  y u m s h a ta d i .

L if tn i u c h t a  er k in  d a r a ja li t iz im  s ifa t id a  q a r a sh  m u m -  
k in  (1 2 - r a s m ) .

R a s m d a  e le m e n t la r  q u y id a g ic h a  b e lg i la n g a n :
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12-rasm.

J x —  r o to r n in g  in e r s iy a  m o m e n t i ;  M  — e le k tr o d v ig a te ln i  
is h g a  tu s h u r u v c h i  m o m e n t ;  J2 —  k a b in a  v a  y u k n in g  in e r ­
s iy a  m o m e n t i ;  M 2 —  k a b in a  v a  y u k n in g  h o s i l  q i la d ig a n  
m o m e n t i ;  / 3 —  q a r a m a -q a r s h i  ( p o s a n g i)  y u k  h o s i l  q i la d i ­
g a n  m o m e n t ;  C 12 v a  C 13 k a b in a , p o ‘la t  a r q o n n in g  v a  q a r a ­
m a -q a r s h i  ( p o s a n g i)  y u k n in g  q a tt iq lig i;  cp,, cp2, cp3 —  m a s -  
s a l a r n i n g  b u r c h a k  k o o r d i n a t a l a r i .

Y u k la n g a n  h o la td a  b o ‘lg a n  t iz im n in g  t e z l ig i  o s h ib  b o r i-  
s h i  u c h u n  h a r a k a t  t e n g la m a s i  q u y id a g i k o ‘r in is h g a  eg a :

/ ^ c p i  +(<pj -cp2)C 12 - ((p3 -cp!)C13 =  M ,

J 2P 2îp2 -(cpj -cp2)C 12 =  M 2,

J l p2%  —  ( < P 3  - < P l ) C 3 2  = M 1-
( 3 8 )

N o m a ’lu m la r n i q a y ta  q o ‘y is h  y o ‘li  b ila n  c h iq a r ib  ta s h -  
la b , d i f f e r e n s ia l  t e n g la m a la r n in g  b it ta  o ‘z g a r u v c h i l i  v a  
u n in g  h o s i la la r i  t iz im ig a  k e lt ir is h  m u m k in :  

p % ,  + J,J3
P 4 ft) +  ^ l + ^ 2 + ^ 3 ) ^ n Q 3  p 2  _
1 TÏ ' 1 1 1  t /

J 1J 2 J 3

( / l  + / 3)Cl3
3

_  ( M + M 2 - M 3 ) C n C n

J  XJ 2 J 3

b u  y er d a : /  =  1 , 2 ,  3 .
( 3 9 )  t e n g la m a n i  ik k i m a r ta  in te g r a l la b , q u y id a g in i  

o la m iz :

P \  +
JJ-1J 3

p2 (Ji+J2+J3)CnCn
1 r T  j  H7
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_  ( M + M 2- M z)Cl2Cn 2 TTf , V ( 4 0 )
2J¡J2J]

(4 0 )  te n g la m a n in g  u m u m iy  y e c h im i q u y id a g i k o ‘r in ish g a  
ega:

cp, =  A i  s in  v yt  +  B i  c o s  v {t  +  Ci  s in  v 2t  + D i  c o s  v 2t  +
+  N i t 2 +  K i t  +  Li,

b u  y e r d a :

. .  _  l (A + A )C a  ( / , + / 3)C,3 4.
V |2 ‘ V " Л  2 V ,  '

(J¡ +J2)C¡2 (*Л + -/з)С |з  
2  J¡/2 2 / ] / 3

2

U
( / ¡ +J2+J 3 )С12С ,з

/,У 2/ 3

Ф,, ф2, ф3 la r  u c h u n  m o s  h o ld a  (4 0 )  t e n g la m a n in g  x u s u s iy  
y e c h im in i  v a  in te g r a lla sh  d o im iy la r i A, B, C, D  la r n i o lis h  
m u m k in . L if tn in g  e le k tr  y u r itm a si u c h u n  t =  0  b o ' lg a n d a ,  
b o s h la n g 'ic h  shartlar: ф 1 =  0 ,/х р , =  0 ,  ф2 =  M 2/ C n , p q 2 =  0 , 
Ф3 =  M J С 13, /кр3 =  0 .

( 3 8 )  t e n g la m a  t iz im id a n  t  =  0 b o ‘lg a n d a  q u y id a g ila r n i  
o la m iz :

p 2 ^  = M + M 2- \ i ,  ' р 3ф1 =  0; p 4 q i= <Mt Мг̂ ф С п - С а )
J\ J¡

Р 6Ф! =  0 , Р 2Ф2 =  0 , Р 3ф2 =  0 , Р 4ф 2 =  W + M ¡ - M 3ycl2
J\J2

Р 5ф2 =  О, Р 2ф3 =  0 , Р 3ф3 =  О,

Р 4Фз =  р 5ф з =  о
J j/j

B o s h la n g ‘ic h  v a  o l in g a n  s h a r t la r n i  q o ‘y ib ,  x u s u s iy  
y e c h im in i  to p a m iz :

Ф, =  B,  c o s v ,<  +  D¡ c o s v 2(  + ,
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n . n  „ (M+M2- M 3)t2 , rV2 =  B 2 c o s  v , t  +  D 2 c o s  v 2;  +  +  ¿ 2,

D > n  .  (M + M7-M , ) t 2 , T.fc =  5 ,  c o s  v ,r  +  Z>, c o s  v y  +  +  4 .

E la s t ik  z v e n o  q a b u l q i la d ig a n  m o m e n t la r :  

M n  =  (< P l “  <P2)  C 12’ M 13 =  C<Pi -  <P3)  C 13• 

E la s t ik  z v e n o la r d a g i  m o m e n t la r :

=  ( * + y 2- ^ c „  rr e l l + Q 1± C n _ V2 U COSV2/_

_  J_  /£ 2  +  g n l g n  _  v 2 \  c o s  +
V , \ J 2 J \  /  J 1+ J 2+ J 2

_ ( M + M 2- M 3)Cl3------- -  ~~I--- n---- C .3  ^ C | 2 + C | 3 ___ 2 - c o s v ^ -

_  / ^ 3  +  g l 2 ± g n  _ v 2 \  c o s  v t \  +  ( M + M 2 - M ; ) J 2  +  M  4 2 )

*2 W 3 J\ ) J J1+J2+J3

O lin g a n  ( 4 1 )  v a  ( 4 2 )  i fo d a la r n i  u m u m la s h t ir i lg a n  h o l -  
d a  q u y id a g ic h a  y o z is h  m u m k in :

M x2 =  a x( b xc o s v 2t  -  c ,c o s  v xt) +  d } +  /2;
M x3 =  a 2(b 2c o s  v 2t  -  c 2c o s v , 0  +  d 2 +  l2.

E r k in lik  d a r a ja s i u c h t a  b o ' lg a n  t iz im  u c h u n  e la s t ik  
z v e n o n in g  b it ta s in in g  y u k  o ‘z g a r is h in in g  e g r i c h iz iq la r i  
1 3 -r a s m d a  k e lt ir i lg a n .

E g r i c h iz iq la r d a n  e n g  k a tta  y u k  k e t m a - k e t  k e la y o tg a n  
te b r a n is h  t o ‘lq in in in g  b ir id a  v u ju d g a  k e la d i. C h u n k i  k o -  
s in u s  - 1  d a n  + 1  g a c h a  o ‘z g a r a d i, u n d a  y u k n in g  e n g  k a t ­
ta  q iy m a t la r id a  u la r n in g  a y ir m a s in i  a n iq la s h  m u m k in .

M x2 m o m e n t n i n g  e n g  y o m o n  s h a r o i t i :  c o s v xt  =  
=  c o s v  / =  - 1  b o 'I g a n d a d ir , b u n d a  m a k s im a l y u k :
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м

1 3 - r a s m .

c o s  Vjt =  c o s  v 2t  =  1 b o ' lg a n d a ,  M n m o m e n t  q u y id a -  
g ig a  t e n g  b o ‘la d i:

B u  m o m e n t  q iy m a t la r id a n  b ir i m a k s im a ld ir .  
M a ’lu m k i, q a r a m a -q a r s h i y u k  (p o s a n g i)  v a  k a b in a n in g  

b ir -b ir ig a  n is b a ta n  o g ‘ir lig i q u y id a g i t e n g la m a d a n  a n iq la -  
n a d i:

b u  y erd a :
G  —  q a r a m a -q a r s h i  (p o s a n g i )  y u k n in g  m a ss a s i;
(jÇ  —  k a b in a n in g  m a ss a s i;  G:yuk —  y u k n in g  m a s s a s i .
( 4 5 )  t e n g la m a d a n  lif t  u c h u n  e le k t r o d v ig a t e ln in g  o p t i ­

m a l q u w a t i  a n iq la n a d i  v a  s h u  sa b a b li ( 4 3 )  v a  ( 4 4 )  t e n g -  
la m a la r d a g i e le k tr o d v ig a te l  v a  y u k n in g  h o s i l  q i lg a n  m o -  
m e n t i  h a m d a  e le k t r o d v ig a t e ln in g  in e r s iy a  m o m e n t i  k a b i-  
n a  v a  q a r a m a -q a r s h i (p o s a n g i)  y u k la r n in g  m o m e n t la r i  k e n g  
c h e g a r a d a  o 'z g a r a d i .

( 4 4 )

G  =  G. +  0 ,5  G  t
pos к ’ yuk

( 4 5 )
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E le k tr o d v ig a te ln i  is h g a  tu s h ir is h  m o m e n t i  M dv t e z la -  
n is h n in g  ru x sa t e t i lg a n  q iy m a t i  b i la n  ( a  <  2 m / c 2)  c h e k la -  
n a d i ,  a g a r  b u  q iy m a td a n  k a m a y t ir i ls a , l i f tn in g  is h  u n u m -  
d o r lig i  k a m a y a d i. S h u n in g  u c h u n  a m a liy o td a  t i z im n in g  
e la s t ik  m o m e n t  q iy m a t in i  k a m a y t ir ib  b o ‘lm a y d i.

Y u k  k o ‘ta r is h  q o b il iy a t i  5 0 0 0  N  b o ‘lg a n  l if t la r d a  d i -  
n a m ik  k o e f f i t s iy e n t  K dm k a b in a  n o m in a l  y u k  b i la n  y u k -  
la n g a n d a  K din =  1 ,4  g a , q a r a m a -q a r s h i  ( p o s a n g i)  y u k n in g  
p o ‘la t  a r q o n la r in in g  d in a m ik  k o e ff it s iy e n t  K &m =  16  g a  te n g  
b o ‘la d i.
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E K S K A V A T O R L A R N I N G  
E L E K T R O M E X A N I K A V I Y  T I Z I M L A R I

I I I  B O ‘ L I M

1 0 .  M e x a n iz m la r n in g  e la s t ik  t iz im la r in i  
h is o b la s h  s x e m a la r in i  s o d d a la s h t ir is h

K o 'p c h i l ik  u m u m s a n o a t  m e x a n iz m la r i  a n c h a g in a  m u -  
r a k k a b  k in e m a t ik  s x e m a g a  e g a , z v e n o la r n in g  e la s t ik l ig i  
e ’t ib o r g a  o l in g a n d a ,  b u  s x e m a la r  y u q o r i  d a r a ja li  m a t e -  
m a t ik  t e n g la m a la r  b i la n  i f o d a la n a d i .  E r k in lik  d a r a ja s i  
u c h t a  v a  u n d a n  o r t iq  b o ‘lg a n  t iz im la r n i  ta h l i l  q i l i s h d a ,  
k e t m a - k e t  y a q in la s h is h  u s u l in i  q o ‘l la b ,  ju d a  k a tta  h i s o b ­
la s h  i s h la r in i  b a ja r ish  o r q a li  u la r n in g  a s o s iy  p a r a m e tr la r i  
a n iq la n a d i .  I n e r s iy a  m o m e n t la r i  v a  m e x a n iz m n in g  q a t -  
t iq l ig i  m u n o s a b a t la r in i  e ’t ib o r g a  o l i b ,  o d a t d a  k o ‘p  z v e -  
n o l i ,  t i z im n i  b it t a  y o k i  ik k ita  e r k in l ik  d a r a ja s ig a  e g a  
b o ‘lg a n  e la s t ik  t iz im  b ila n  a lm a s h t ir is h g a  h a r a k a t q ila d ila r .  
E k s k a v a t o m in g  a y la n t ir u v c h i  m e x a n iz m i  m is o l id a  e la s ­
t ik  t i z im n i  h i s o b la s h  s x e m a s in i  s o d d a la s h t ir i s h  y o ' l la r in i  
k o ‘rib  c h iq a m iz .

E k s k a v a to m in g  b u r u v c h i m e x a n iz m i  v a  i s h c h i  u s k u -  
n a la r in in g  e la s t ik  t iz im la r in i  h is o b la s h  s x e m a s in i  e r k in l ik  
d ara jas i b e s h ta  b o i g a n  h is o b la s h  s x e m a s i  k o 'r in is h id a  ta s -  
v ir la s h  m u m k in  ( 1 4 - a  r a sm ).

R a s m d a  a s o s iy  (b a z a v iy )  k a tta lik la r  s ifa t id a  e n g  k e y in g i  
v a ln in g  q a t t iq l ig i  C3 =  1 va  b u r a d ig a n  p la t fo r m a n in g  in e r ­
s iy a  m o m e n t i  / 4 =  1 g a  te n g  d e b  o l in g a n .  B u  k a tta lik la r  
n is b iy  b ir lik d a  ifo d a la n g a n .

C h o ‘m ic h  v a  u n in g  ic h id a g i  tu p r o q n in g  in e r s iy a  m o ­
m e n t i  J5 n in g  o 'z g a r is h  c h e g a r a s i v a  s x e m a d a  k o 'r s a t i lg a n  
i s h c h i  u s k u n a la m in g  q a tt iq lig i  C4 c h o ‘m ic h  v a  u n in g  i c h i ­
d a g i tu p r o q n i q a n c h a lik  u z o q q a  u z a t i s h  m u m k in l ig i  c h e -  
g a r a s in i k o ‘r sa ta d i.
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14-rasm.

U s k u n a la r n in g  e le m e n t la r i  a lo h id a  q a t t iq l ik  d a r a ja s in i  
v a  in e r s iy a  m o m e n t la r in i  ta q q o s la b  k o ‘r ish , h is o b la s h  s x -  
e m a s in i  s o d d a la s h t ir i s h  m u m k in  e k a n l ig in i  k o ‘r sa ta d i.

A g a r d a  b u r u v c h í  m e x a n iz m d a  te b r a n is h n in g  y u q o r i  
c h a s t o t a s in i  e ’t ib o r g a  o l in m a s a  (v 2 =  I I ,  v l =  2 , 8 ) ,  e r k in -  
l ik  d ara jas i b e s h ta  b o i g a n  h is o b la s h  t iz im in i  e r k in lik  d a r a -  
ja s i  u c h t a  b o ‘lg a n  t iz im g a  k e lt ir is h  m u m k in  ( 1 4 - 6  r a sm ).

H is o b la s h  s x e m a s in i  y a n a d a  so d d a la sh tir ish  u c h u n  p la t -  
fo r m a n i  b u r is h  m e x a n iz m i  v a l la r in in g  q a t t iq l ig i  v a  in e r s i ­
y a  m o m e n t la r in i  s o l is h t ir ib  o lib  b o r is h  m u m k in .

t íu r u v c h i  m e x a n iz m  v a lla r in in g  y ig ' in d i  q a t t iq l ig i  e n g  
k e y in g i  v a ln in g  q a t t iq l ig in in g  10  % d a n  o s h m a y d i ,  b u r u v -  
c h i  p la t fo r m a n in g  in e r s iy a  m o m e n t i  e s a , m e x a n iz m n in g  
h a m m a  a y la n u v c h i  m a s s a la r in in g  in e r s iy a  m o m e n t la r i -  
d a n  o ‘r ta c h a  10  m a r ta  k a tta d ir . B u  h o ld a  e r k in l ik  d a ra jas i 
ik k ig a  t e n g  b o ‘lg a n  a lo h id a  s x e m a la r d a n  ( 1 4 - d ,  e  r a sm )  
d in a m ik  y u k la r n i  h is o b la s h  m u m k in .

1 0 .. .2 0  % e le k tr o d v ig a te l  m o m e n t in i  ta s h k i l  e t u v c h i  
M c s ta t ik  m o m e n t n i  h is o b g a  o lm a s d a n  b u r u v c h i  m e x a ­
n iz m  e la s t ik  t i z im in i  h is o b la s h  u s lu b iy a t in i  y a n a d a  s o d ­
d a la s h t ir is h  m u m k in  ( 1 4 - / r a sm ).



Y u q o r id a  k e lt ir i lg a n  e k s k a v a to r n in g  b u r u v c h i  m e x a -  
n i z m i n i n g  s o d d a la s h t ir i lg a n  h i s o b la s h  s x e m a s id a n  f o y -  
d a la n ib ,  m a ’lu m  c h e k lo v la r n i  h is o b g a  o ig a n  h o ld a  I v a  
I I  b o ' l im la r d a  k o ‘r s a t i lg a n  fo r m u la la r d a n  f o y d a la n ib ,  
e k s k a v a t o r n in g  e le k t r o m e x a n ik a v iy  t i z im in i  t a h l i l  q i -  
l i s h  m u m k in .

U m u m  is h la t i la d ig a n  k r a n la r n in g  e le k tr o m e x a n ik a v iy  
t iz im la r in i  ta h li l  q i l i s h d a  o l in g a n  x u lo s a la r d a n  b u  y e r d a  
h a m  f o y d a la n is h  m u m k in .

1 1 . E k s k a v a to r la r n in g  b o ‘y su n u v c h i r o s t la n u v c h a n  
t iz im la r d a  s o z la s h n in g  tu r la r in i ta n la s h

lm t  k r  f  2 b  t r  o' pi LM 1 LM ¡

1 5 - r a s m .

H o z ir g i  z a m o n  e k s k a v a to r la r in in g  a s o s iy  m e x a n iz m -  
la r in in g  e le k tr  y u r itm a la r in i b o s h q a r is h  u c h u n  u n in g  e le k -  
t r o d v ig a te l in i  t ir is to r li o ‘z g a r tk ic h  o r q a li t a ’m in la s h d a  1 5 -  
r a sm d a  k o ‘r sa t ilg a n  tu z i lm a d a n  fo y d a la n ila d i .

T u z i lm a  ik k i k o n t u r l i ,  d v ig a t e ln in g  y a k o r  t o k i  v a  
o ‘zg a r tk ich n in g  k u c h la n ish i b o 'y ic h a  b o 'y su n u v c h i ro stla n u v ­
c h a n  t iz im d a n  ib ora td ir . T u z ilm a  q u y id a g i e le m e n t la r d a n  
ta sh k il to p g a n : e le k tr o d v ig a te l M,  o ‘zg a r tk ic h  VG, to k  ro st-  
la g ic h i AA,  c h e k la s h  z v e n o s i  A A \ ,  k u c h la n is h  r o s tla g ic h i A V
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T o k  r o s t la g ic h i  s i fa t id a  /  t ip id a g i  in te g r a lla s h  r o s t la -  
g ic h d a n  fo y d a la n i la d i ,  u n in g  in te g r a lla s h  d o im iy s i  Tj g a  
te n g d ir . U  h o ld a  e le k tr o d v ig a te ln in g  y a k o r  z a n jir in in g  v a q t  
d o im iy s i  T a k o m p e n s a t s iy a la n m a y d i.  Y a k o r  z a n jir id a g i  
t o k n i  c h e k la s h  z v e n o s in in g  A A l  k ir is h  q is m ig a  ( u n in g  
x a r a k te r is t ik a s i  s h u n d a y k i ,  c h iq is h  q iy m a t i  c h e k la n g a n ,  
o ' t k i n c h i  j a r a y o n d a  m a k s im a l  t e z l a n i s h n i  c h e k la s h n i  
t a ’m in la y d i)  k u c h la n is h  r o s t la g ic h in in g  c h iq is h id a g i  s ig -  
n a l l n v a  e le k t r o d v ig a t e ln in g  q o ‘s h im c h a  q u tb i  L V 1 v a  
k o m p e n s a ts iy a  c h u lg ‘a m i L M 2  d a n  o l in a y o tg a n  y a k o r  to k i  
b o 'y ic h a  m a n f iy  te sk a r i a lo q a la r  q o ‘s h i la d i .  UTA =  -^ .A*/ya.

E le k tr  y u r itm a n i ish g a  tu sh ir ish  p a y tid a  ta y a n c h  to k i-  
d a n  k a m r o q  q iy m a tg a c h a  to k  o ‘s ib  b o r g a n d a , c h e k la s h  z v e ­
n o s in in g  k ir ish  q is m ig a  k a tta  s ig n a l b e r ila d i v a  n a tija d a  
k u c h a y tir g ic h  A A 1 t o ‘y in g a n  z o n a d a  is h la y d i, s h u  sa b a b li  
o ‘z g a r tg ic h n in g  e le k tr  y u r itu v c h i k u c h i t o £g ‘ri c h iz iq  q o n u n i  
b o ‘y ic h a  t e z la n is h  ru x sa t e t i lg a n  c h e g a r a g a c h a  o 'z g a r a d i,  
b u  e sa  y u r itm a n in g  m e x a n ik  q is m in in g  s i l ta n is h in i  c h e g a -  
ra la sh g a  im k o n  b e r a d i.

Y u r itm a  t o k  c h e k la s h  z o n a s id a  is h la b  tu r g a n  v a q t id a  
k u c h la n is h  r o s t la g ic h i  A V  t o ‘y in g a n  z o n a d a  is h la y d i  v a  
k u c h la n is h  r o s t la g ic h in in g  c h iq is h id a n  c h e k la s h  z v e n o s i ­
n in g  k ir is h ig a  o ‘z g a r m a s  s ig n a l =  c o n s t  b e r a d i,  b u -  
n in g  n a t i j a s id a  e l e k t r o d v i g a t e l n in g  y a k o r  z a n j i r id a n  
o ‘ta y o tg a n  t o k n in g  q iy m a t i  r u x sa t e t i lg a n  to k  q iy m a t ig a  
te n g d ir . U  h o ld a  o ‘z g a r tg ic h n in g  k ir is h id a g i k u c h la n is h  
e le k t r o d v ig a t e ln in g  r u x sa t  e t i lg a n  t e z la n is h ig a  n is b a ta n  
p r o p o r s io n a l  o ‘zg a r a d i:

=  C T - , e ^ ,

b u  y e r d a  £mxet —  e le k tr o d v ig a te ln in g  r u x sa t  e t i lg a n  t e z -  
la n is h i .

A g a r d a  e le k tr o d v ig a te ln in g  y a k o r  z a n jir id a n  o 'ta y o tg a n  
t o k  k a m a y s a , k o ‘p a y a d i v a  c h e k la s h  z v e n o s i
x a r a k te r is t ik a n in g  t o ‘y in m a g a n  q is m ig a  o 't a d i .
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S x e m a d a  o ‘z g a r tk ic h n in g  F G  k u c h la n is h  b o ‘y ic h a  Uko 
te sk a r i a lo q a d a n  fo y d a la n ila d i . P r o p o r s io n a l  k u c h la n is h  
r o s t la g ic h in in g  k ir ish  q is m id a  to p s h ir iq  k u c h la n is h  d a r a -  
ja s i  ( e le k tr o d v ig a te l  t e z l ig i)  U  v a  k u c h la n is h  b o 'y ic h a  
te s k a r i  a lo q a  Vu a lg e b r a ik  b ir -b ir ig a  q o ‘s h i la d i .  E le k tr  
y u r it m a n in g  m e x a n ik  x a r a k te r is t ik a s in in g  i s h c h i  u c h a s t -  
k a s in in g  q a t t iq l ig in i  t a ’m in la s h  u c h u n  k u c h la n is h n i  r o s t -  
la s h d a  k u c h la n is h  r o s t la g ic h in in g  A V  k ir ish  q is m id a  to k  
b o ‘y ic h a  m u s b a t  te sk a r i a lo q a  s ig n a li  b e r i la d i . / mt to k  
b o 'y ic h a  m u s b a t  te sk a r i a lo q a  k u c h la n is h  r o s t la g ic h in in g  
4̂ K  k ir ish  q is m ig a  k o e f f i t s iy e n t i  Kmt =  1 /A ^  b o ‘lg a n  q iy -  

m a t b e r i la d i .
B u  y e r d a  ATkr —  k u c h la n is h  r o s t la g ic h in in g  u z a tm a  k o ­

e f f i t s iy e n t i .  B u  c h iq is h  k u c h la n is h i  Ia k u c h la n is h  r o s t la -  
g ic h i  x a r a k te r is t ik a s in in g  t o £g ‘ri c h iz iq l i  q is m id a  i s h la s h i -  
n i t a ’m in la y d i ,  u n in g  ta s h k il  e tu v c h ila r i  b o i i b ,  h a r  b ir  
d a q iq a d a  t o k  b o ‘y ic h a  m a n f iy  te sk a r i a lo q a  / ta n in g  s o n  
q iy m a t ig a  te n g d ir , b u  s ig n a l  to k n i  c h e k la s h  A A 1 z v e n o -  
n in g  k ir is h  q is m ig a  t a ’s ir  q i la d i .  S h u n d a y  q i l ib ,  b u  y o ‘l 
b ila n  s o z la s h d a  to k  b o ‘y ic h a  m u s b a t  te s k a r i a lo q a  ic h k i  
t o k  k o n tu r in in g  t a ’s ir in i  k o m p e n s a t s iy a  q i la d i ,  n a t ija d a  
e le k tr  y u r itm a n in g  m e x a n ik  x a r a k te r is t ik a s in i y u m s h a t a -  
d i v a  y a k o r n i to k  b o ‘y ic h a  o c h iq  t iz im  d e b  q a r a sh  m u m -  
k in . E k sk a v a to r la r d a  q o ' l la n i la d ig a n  e le k tr  y u r itm a n in g  
m e x a n ik  x a r a k te r is t ik a s in in g  is h c h i  z o n a s in in g  q a t t iq l ig in i  
y a k o r  t o k in in g  m u s b a t  te sk a r i a lo q a  k o e f f i t s iy e n t in i  t a n -  
la s h  o r q a li  a m a lg a  o s h ir ila d i.

T o k  b o 'y ic h a  m a n f iy  te sk a r i a lo q a  t a ’s ir in i k o m p e n -  
s a ts iy a la s h  e le k tr o d v ig a te ln in g  y a k o r  z a n jir ig a  b e r i la y o t -  
g a n  k u c h la n is h n i o ‘z g a r m a s lig in i va  e le k tr  y u r itm a  m e x a n ik  
x a r a k te r is t ik a s in in g  t a la b d a g i  q a t t iq l ig in i  t a ’m in la y d i .  
K e t m a - k e t  k o r r e k s iy a li t iz im la r d a  m a v ju d  b o ' lg a n  e le k tr  
y u r it m a n in g  s ta t ik  x a r a k te r is t ik a s in in g  q a t t iq l ig i  b i la n  
o 't k in c h i  ja r a y o n n in g  s ifa t i  o r a s id a g i a lo q a n i  tu z a ta d i .

K u c h la n is h  r o s t la g ic h i  A  V to k n i  c h e g a r a la s h  z o n a s id a  
is h la g a n d a  t o 'y in g a n  r e j im d a  b o ‘la d i v a  u n in g  c h iq is h id a
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V  =  V  . =  c o n s t  d o im iy  k u c h la n is h  b o ‘la d i . N a t i -
top top.maks J , .,

ja d a  t o k  b o ‘y ic h a  m u s b a t  a lo q a  o ‘z  t a ’s ir in i  y o  q o ta d i  v a  
t iz im  b ir  k o n tu r l i  r o s t la n u v c h a n  t i z im  s ifa t id a  is h la y d i .

S tr u k tu r a n in g  a s o s iy  k a m c h ilig i  in te g r a l r o s t la g ic h n in g  
y a k o r  z a n jir in in g  e le k tr o m a g n it  v a q t  d o im iy s i  n i k o m -  
p e n s a ts iy a  q i la  o lm a s lig i ,  b u  k o m p e n s a t s iy a  q i lin m a y d ig a n  
v a q t d o im iy s i  7  =  7 ’ +  Tyi n in g  o s h ib  k e t is h ig a  o lib  k e la d i, 
n a tija d a  k e t m a - k e t  k o r r e k s iy a n in g  b o ‘l is h ig a  q a r a m a s d a n , 
e le k tr  y u r itm a n in g  t e z k o r l ig i  k a m a y a d i. B u n d a n  ta s h q a r i, 
e le k tr o d v ig a te l  t e z l ig in in g  o ‘z g a r is h  t e m p i  k a tta  b o ‘lg a n d a  
(b u  e s a  e k s k a v a to r  e le k tr  y u r itm a s ig a  ta a l lu q l i )  ic h k i  e l e ­
k tr y u r itu v c h i k u c h n in g  ta ’sir i b o ' l is h ig a  q a r a m a sd a n , y u r it ­
m a n in g  s ta t ik  x a r a k te r is t ik a s i b i la n  d in a m ik  x a r a k te r is t i-  
k a s in in g  o ‘r ta s id a  k a tta  ta fo v u t  m a v ju d d ir , b u  h o i  a y n iq s a  
o ‘ta  y u k la n is h d a , ish g a  tu s h ir is h  v a  t o r m o z la s h  r e j im la r i-  
d a  o ‘z  t a ’s ir in i  k o ‘r sa ta d i. B u  h o ld a  to k n i  r o s t la s h n in g  
d in a m ik  x a t o s i  A /  30%  v a  u n d a n  o r t iq d ir . B u  k a m c h i l ik -  
n i y o ‘q o t i s h  u c h u n  to k  b o ‘y ic h a  m a n f iy  a lo q a  s ig n a lig a  
r o s t la n a y o tg a n  q iy m a tn in g  h o s i la s ig a  m u t a n o s ib  b o ' lg a n  
ta s h k il  e t u v c h i  k ir it ila d i. B u  k e t m a - k e t  v a  p a r a lle l  k o r -  
r e k s iy a n i q o ‘l la s h g a  e k v iv a le n td ir . L e k in  s tr u k tu ra  p a r a -  
m e tr la r in i ta n la s h g a  v a  k e t m a - k e t  k o r r e k s iy a la s h  u s u lig a  
x o s  b o ' lg a n  y o ‘ln i  q o ‘l la s h n i  q u la y la s h t ir is h g a  im k o n  b e -  
rad i. S x e m a d a  r o s t la g ic h la r  s ifa tid a  y u q o r i c h a s to ta li  s h o v -  
q in la r g a  s e z g ir  b o ‘lm a g a n  m a g n it l i  k u c h a y t ir g ic h la r d a n  
f o y d a la n i la d i .

E k s k a v a to r  e le k tr  y u r itm a s in i  s o z la s h d a  e le k tr  y u r it ­
m a n in g  b e r i lg a n  d in a m ik  k o 'r s a tk ic h la r in i  o l i s h  u c h u n  
q isq a  tu t a s h is h  r e j im id a  ( e le k t r o d v ig a t e ln in g  q o ‘z g ‘a t is h  
z a n jir i m a n b a d a n  u z i lg a n  h o ld a )  t o k  k o n tu r i  v a  s a lt  i s h -  
la s h  r e j im id a  (y a k o r  z a n jir i u z u q  b o ‘lg a n d a )  k u c h la n is h  
k o n tu r i  s o z la n a d i .  B u  r e jim la r d a  y u r itm a la r  e n g  q u la y  
( o p t im a l)  s o z la n g a n d a  m e x a n iz m  is h la g a n d a  e le k tr  y u r it ­
m a n in g  d in a m ik a s i q u la y  (o p t im a l)  b o ‘lis h ig a  y a q in la s h u v i  
t a ’m in la n a d i .  K o 'r i la y o tg a n  t iz im n in g  q isq a  tu ta s h is h  r e -  
j im i  e le k t r o d v ig a t e ln in g  e le k tr  y u r itu v c h i  b o ‘y ic h a  ic h k i
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Kta(T,P+V

1 6 - r a s m .

a lo q a s i  y o ‘q  b o ‘lg a n  t iz im n in g  is h la s h  s h a r o it ig a  m o s  k e -  
la d i. S a lt  i s h la s h  r e jim i b o ‘y ic h a  k u c h la n is h  k o n t u r in i  
s o z la s h  t e z l ik  b o 'y ic h a  te sk a r i a lo q a  o 'r n ig a  k u c h la n is h  
b o ‘y ic h a  te s k a r i  a lo q a d a n  fo y d a la n is h g a  h a m d a  d v ig a t e l -  
n in g  y a k o r  to k i  b o ‘y ic h a  m u s b a t  a lo q a n i  k o m p e n s a t s iy a -  
la s h n i q o ' l la s h g a  a s o s la n g a n . S h u  sa b a b li  k u c h la n is h  k o n -  
tu ri i s h la g a n d a  to k  b o ‘y ic h a  te sk a r i a lo q a  o c h iq  h o ld a  
b o ' la d i ,  d e b  h is o b la s h  m u m k in .

Q isq a  tu ta s h is h  re jim id a  q u la y la sh tir ilg a n  to k  k o n tu r i-  
n in g  s t r u k tu r a  s x e m a s i  1 6 - r a s m d a  k e l t i r i l g a n .  T o k n i  
r ya +  To. =  T  b o ‘lg a n  sh a r o itd a  t o k n i  r o s t la sh  o b y e k t in i  
u z a tis h  fu n k s iy a s in i q u y id a g i k o 'r in is h g a  k e lt ir ish  m u m -  
k in :

u/ ( p\ _  KibKQ. /  R^I, ^  K2bKa. /  Rsil.
T } (T ^P + lH T '.P + l)  C fyP+l) ’

( 4 6 )

b u  y e r d a : 7 '  —  k o m p e n s a t s iy a  q i l in m a y d ig a n  v a q t  d o i -  
m iy s i;

K 2b — c h e g a r a la s h  z v e n o s in in g  u z a t is h  k o e f f i t s iy e n t i ;
K 0. —  o ‘z g a r tg ic h n in g  u z a t is h  k o e f f i t s iy e n t i ;
R yaZ —  e le k tr o d v ig a te ln in g  y a k o r  z a n jir id a g i  q a r s h i l ik -  

la m in g  y ig ‘in d is i;
To. —  o ‘z g a r tg ic h n in g  v a q t  d o im iy s i .
Z a n jir i o c h iq  b o ‘lg a n  to k  k o n t u r in in g  u z a t is h  fu n k s i-  

y a s i q u y id a g i  k o 'r in is h g a  e g a  b o ‘l is h i  lo z im :

W rochiq+ikT (P) = 1/AT,OT
TorPiT^P+i) ’ ( 4 7 )
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b u  y erd a: TOJ —  to k  k o n tu r in in g  in te g r a lla s h  d o im iy s i .
Tok r o s t la g ic h n in g  u z a t is h  fu n k s iy a s i  ( 4 6 ) ,  ( 4 7 )  i f o -  

d a la r n i b ir g a lik d a  y e c h im i  b i la n  a n iq la n a d i:

^ T P (P) - K a t (P)  • W  = K - J » ,
A 2bA o‘A OTyOTr  i i r

b u  y erd a : K QJ —  to k  b o ‘y ic h a  te sk a r i a lo q a n in g  u z a t is h  
k o e f f i t s iy e n t i ;

t , =  «  i J V
B u n d a y  s h a r o itd a  b e r k  to k  k o n tu r in in g  u z a t is h  fu n k ­

s iy a s i  q u y id a g ic h a  ifo d a la n a d i:
& ( P )  = ________ l / f o i _________  ( 4 8 )

TotT'̂ p  +(Tor +Tt)P+\  ’ ^

b u  y erd a : TT —  t o k  b o 'y ic h a  e la s t ik  a lo q a n in g  d o im iy s i .
( 4 8 )  i fo d a d a n  m a ’lu m k i ,  t o k n i  r o s t la s h  k o n tu r ig a  t o k -  

n in g  h o s i la s ig a  m u ta n o s ib  b o ' lg a n  s ig n a ln i  k ir i t i l i s h i  v a q t  
d o im iy la r i  v a  ja r a y o n  x a r a k te r i o r a la r id a g i m u n o s a b a t -  
la r n in g  q a tt iq  b o g ‘la n is h la r in i  b u z ib , s o z la s h  im k o n iy a t i -  
n i k e n g a y t ir a d i.

M a ’lu m k i , k e t m a - k e t  k o r r e k s iy a  e le k tr  y u r it m a n in g  
d in a m ik  k o ‘r s a tk ic h la r in i  o l i s h n i  t a ’m in la y d i .  B u  k o ‘r- 
s a tk ic h la r  k o n tu r n in g  « T =  Tm /  T  m u n o s a b a t la r in i  t a n -  
la s h  y o ‘li  b i la n  a n iq la n a d i .  S o z la s h  u c h u n  t e x n ik  ( m o -  
d u ll i )  o p t im a l  v a q t  d o im iy la r i  a  =  1 . . .4  o r a s id a  b o £la d i.  
T o k  k o n tu r in in g  te z k o r l ig i  v a q t  d o im iy s i  a  b i la n  k o m -  
p e n s a ts iy a  q i l in m a y d ig a n  v a q t  d o im iy s i  T  d a r a ja n i m u -  
n o s a b a t la r i  b i la n  a n iq la n a d i .

( 4 8 )  x a r a k te r is t ik  t e n g la m a n in g  ild iz la r i  q u y id a g ic h a  
a n iq la n a d i:

f  r -----------------------------------\

p  ~   ̂■*1,2 _
7 q t

( r 0T+r T ) / r ;  [ (T o r+ T ^ / T fl  T0J 
2  - y  4  "

A p e r io d ik  j a r a y o n n in g  c h e g a r a v iy  h o la t id a  ( d is k r im i-  
n a n t  n o lg a  te n g ) :
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Кк,(ТкР+1)

'k l

' ь  K 0 . E 0 .

(T«P+1)

17-rasm.

T j  — Tß (2^Jocj — c c j ) . ( 4 9 )

( 4 9 )  ifo d a d a  TT v a  T '  v a q t d o im iy la r in in g  is ta lg a n  n is -  
b a t id a  x a r a k te r is t ik  t e n g la m a n in g  m o s  d is k r im in a n t in i  
t a ’m in lo v c h i  e la s t ik  ta s h k il e tu v c h is in i  ta n la b , c h u lg ‘a m la r  
p a r a m e tr in i o ‘zg a r tir ib , o ‘tk in c h i  ja r a y o n n in g  b e r i lg a n  s i -

to r m o z la s h d a g i  o ‘tk in c h i  ja r a y o n la r d a  to k  Д / n i  r o s t la sh d a  
y o i  q o ‘y ila d ig a n  e n g  k ic h ik  x a t o n i  o l i s h  u c h u n  lo z im  
b oM gan  a T n in g  o p t im a l q iy m a t in i  ta n la s h g a  im k o n  b e r a d i.

O lin g a n  to k  r o s t la g ic h in in g  u z a t is h  fu n k s iy a s i v a  k u c h -  
la n is h  r o s t la s h  k o n tu r in i  sa it  is h la s h  r e j im id a g i s tr u k tu r a  
s x e m a s i  1 7 -r a s m d a  k e lt ir i lg a n :

O c h iq  k u c h la n is h  r o s t la g ic h  k o n tu r in in g  u z a t is h  fu n k ­
s iy a s i  q u y id a g i k o ‘r in is h g a  e g a :

b u  y er d a : T  — k ic h ik  o ‘z g a r m a s  v a q t  d o im iy s i .  B u  v a q t  
d o im iy s i  o ‘z g a r tg ic h n in g  v a q t  d o im iy s ig a  t e n g  Г" =  T .

K u c h la n is h n i  r o s t la s h  o b y e k t i  k o n tu r i u c h u n  u z a t is h  
f u n k s iy a s in i  q u y id a g ic h a  y o z i s h  m u m k in :

fa t in i  o lis h B u  ish g a  tu sh ir is h  v a

( 5 0 )

^ o k r ( ^ )  =  W J P T i r ;  p +  1 ).

K u c h la n is h  r o s t la g ic h in in g  u z a t is h  fu n k s iy a s i:

^ k r ( ^ )  = ( 5 1 )
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1 8 - r a s m .

( 5 0 )  v a  ( 5 1 )  fo r m u la la r d a n  k u c h la n is h  b o ‘y ic h a  b e rk  
k o n tu r n in g  u z a t is h  fu n k s iy a s i

cb ( P )  = _ _ _ _ _ _ KKT________
H T k t T ' P 2 + ( T k t + T k ) P + \

k o ‘r in is h d a  e k a n l ig i  k e lib  c h ik a d i.
K u c h la n is h  k o n tu r in i s o z la s h  to k  k o n tu r in i s o z la s h  k ab i 

b o ‘l ib , u  TKT T ’ v a  TK v a q t  d o im iy la r in in g  n isb a t la r in i  
ta n la s h  y o ‘li  b i la n  o lib  b o r ila d i. a K v a  TK q iy m a tla r i to k  
k o n tu r i u c h u n  k eltir ib  c h iq a r ilg a n  fo r m u la la r  b o ‘y ic h a  a n iq -  
la n a d i  [2 ] .

G e n e r a t o r n in g  q o ‘z g ‘a t is h  c h u lg 'a m  z a n jir i, t ir is to r li  
o 'z g a r t g ic h  b ila n  ta 'm in la n g a n  v a  o r a iiq  k u c h a y t ir g ic h l i  
g e n e r a t o r - d v ig a t e l  t i z im in in g  e le k tr  y u r it m a s in i  b o s h -  
q a r ish d a  e k sk a v a to r  s tru k tu r a s in in g  o p t im a l s tru k tu r a s i 1 8 -  
r a sm d a  k e lt ir i lg a n .

S tr u k tu r a  q u y id a g i e le m e n t la r d a n  ta s h k il  to p g a n :  e le k -  
tr o d v ig a te l  M v  M 2 g e n e r a to r  G , q o ‘z g ‘a tg ic h  VG  t o k n i  
c h e k la s h  z v e n o s i  ( to k  r o s t la g ic h i)  AA,  k u c h la n is h  r o s t la -  
g ic h i  ,4 K d a n  ib o r a td ir . T o k  r o s t la g ic h in in g  k ir ish  q is m ig a  
t o p s h ir iq  s ig n a l  U  v a  y a k o r  z a n j ir id a n  o l i n g a n  t o k  
b o 'y ic h a  te sk a r i a lo q a  s ig n a lla r i y ig ' in d is i  b e r ila d i. T o k  
r o s t la g ic h i y a k o r  z a n jir i to k in i  c h e g a r a lo v c h i  z v e n o  s ifa t i-
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d a  is h la y d i  v a  o ‘tk in c h i  ja r a y o n d a  m a k s im a l t e z la n is h n i  
c h e g a r a la y d i. M e x a n ik  x a r a k te r is t ik a n in g  is h c h i  q is m in in g  
q a tt iq lig in i o sh ir ish  u c h u n  k u c h la n is h  r o s t la g ic h in in g  k i-  
rish  q is m ig a  to k  b o ‘y ic h a  m u sb a t  te sk a r i a lo q a  UMT b e r i la -  
d i. S x e m a d a  g e n e r a to r n in g  k u c h la n is h i UK1 b o 'y ic h a  m a n -  
fiy  tesk ari a lo q a d a n  fo y d a la n ila d i. B u  sig n a l k u c h la n is h  ro st-  
la g ic h n in g  k irish  q ism id a  va  tir isto r  u y g ‘o tg ic h  VG, g e n e r a to r
G, to k  r o s t la g ic h  AA  n i q u r sh a b  o lg a n  g e n e r a to r  k u c h la n i ­
sh i b o ‘y ic h a  m u sb a t tesk ari a lo q a  b ila n  a lg eb ra ik  q o 's h i la d i .

Z a n j ir n in g  k u c h la n is h  b o ‘y ic h a  m u s b a t  te sk a r i a lo q a  
b ila n  q u r sh a lg a n  va  to k  r o s t la g ic h i  AA  t ir is to r li  o ‘z g a r tg ic h  
VG  v a  g e n e r a to r  G  d a n  ib o r a t  b o ' lg a n  ic h k i  q is m in in g  

u z a t is h  fu n k s iy a s i  1 9 -r a s m d a  k e lt ir i lg a n d e k  b o ‘la d i:

(TtrP +1)(7'tq / >+1)(7'k P+1) - K j r KTq Kg K

b u  y erd a :
A 'tr , K t q , K t v a  K  —  t o k  r o s t l a g i c h i ,  t i r i s t o r l i  

q o ‘z g ‘a tg ic h ,  g e n e r a to r  v a  k u c h la n is h  b o ‘y ic h a  m u s b a t  
te sk a r i a lo q a n in g  u z a t is h  k o e ff it s iy e n t la r i;

TTr, Tt q , Tk — t o k  r o s t la g ic h i ,  t ir is to r li  q o ‘z g ‘a tg ic h  
v a  g e n e r a to r n in g  u y g ‘o t is h  z a n j ir in in g  v a q t  d o im iy la r i .

K u c h la n is h  b o ‘y ic h a  te s k a r i  a lo q a n in g  k r it ik  k o e f -  
f i t s iy e n t in i  o l is h  u c h u n  q u y id a g i  t e n g l ik n i  s a q la s h  lo z im :

KrnK-rnK,T r A T q A g

K  =  K kk  =  y  i  -K  ,
A T RTr A t q ^ g

K

19-rasm .
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TJK/ T K~  0  v a  TJR/ T K~  0  d e b , ( 5 2 )  d a n  q u y id a g in i  
o la m iz :

T Í /  /  p \  _  ^ T R  ̂ T Q  К  G
t r . t q .g v  ) Utg(P) TkP(TvP + 1)

b u  y e r d a :  7  =  TrR — 7^  —  t e k  r o s t la g ic h i  v a  t ir i s t o i l i  
q o ‘z g ‘a tg ic h n in g  y ig ‘in d i  v a q t  d o im iy s i .

Tm >  2 Гуа b o ‘lg a n d a  e le k tr o d v ig a te ln in g  e lek tr  y u r itu v ch i  
k u c h i b o ‘y ic h a  ich k i tesk ari a lo q a n in g  d in a m ik  ja ra y o n la r g a  
t a ’siri r o s t la g ic h n in g  b erk  t iz im id a  u n c h a  a h a m iy a tg a  eg a  
e m a s , d e y is h  m u m k in , b u  e sa  u n i e ’tib o rg a  o lm a s lik k a  im -  
k o n  b era d i. B u  h o ld a  to k n i r o stla sh  k o n tu r in in g  o c h iq  z a n -  
j ir in in g  u z a tis h  fu n k siy a s i q u y id a g i k o ‘r in ish g a  eg a  b o ‘ladi:

11/ / p \  _  ^TR Kq 1 /  ^ Vav
^  ) ~ тк(тир+1Кт„р+1) *

b u  y erd a :
Æyar —  e le k tr o d v ig a te l  y a k o r  z a n jir in in g  q a r sh ilik la r  

y ig ‘in d is i .
Гуа v a  T0. — v a q t  d o im iy la r in i  k ic h ik  k o m p e n s a ts iy a  

q ilib  b o ‘lm a y d ig a n  v a q t d o im iy la r i d e b  q a ra sh  m u m k in ,  
y a ’n i T ’ =  To. +  Tya, u  h o ld a  to k  r o s t la sh  k o n tu r in in g  b e -  
v o s ita  z a n jir n in g  u z a t is h  fu n k s iy a s i q u y id a g ic h a  y o z ila d i:

W  ( P) =  ^TR^TQ-^G 1 _  1 /  Kqj
кт Гк (ГДР+1) 7ЬтР (Г /,Р +1) ’

b u  y erd a :
ТГ _  ^K^yi
j ot -

А'ТР ̂TQ KG Kqj

B u  sh aro itd a  o b y ek tn in g  u za tish  fu n k siyasi q u la y la sh g a n  
sh ak lga  ega  b o ‘lad i va  h isob lash d a n  a so s iy  m aq sad  to k  b o 'y ic h a  
tesk ari a lo q a n in g  q u la y  k o e ff its iy e n tin i an iq lash d ir .

^K^yaZ
0T KjpKjqKq Kqj
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Ta (T'm R + 1)

Kol(T,R+1)

T o k  b o ‘y ic h a  te sk a r i a lo q a  
s ig n a li  g e n e r a to r  v a  e le k tr o d v i-  
g a te ln in g  q o 's h im c h a  q u tb laridan  
o lin a d i  —  b u  o ‘z id a  ta sh k il e tu v -  
c h i to k  b o 'y ic h a  y u m s h o q  te sk a ­
ri a lo q a s ig a  ega: K QJ(TJR +  l ) ,  bu  
y e r d a  TT —  tesk a r i a lo q a  o l in a -  
d ig a n  b o s h  z a n jir  b o ‘la g in in g  v a q t d o im iy s i .

B u  h o i  u c h u n  r o s t la sh  k o n tu r in in g  s tr u k tu r a  s x e m a s i  
2 0 -r a s m d a  k e lt ir i lg a n .

Y o p iq  r o s t la s h  k o n tu r in in g  u z a t is h  fu n k s iy a s i  q u y id a -  
g i k o ‘r in is h g a  e g a  b o 'la d i:

2 0 - r a s m .

1/K(OT

0 J P )  =
i +- 1 /AT,OT

t0Tp (t; p +i)
K ot(TtP +1)

_  _________________1/^O T _________________

tott; p 2+(tot+tt )p +i ■

X a r a k te r is t ik  p o l in o m  k o e f f i t s iy e n t la r in i  ta n la s h  n a t i-  
ja s id a  to k n i  r o s t la sh  k o n tu r in in g  o ‘t k in c h i  ja r a y o n d a  b e r il-  
g a n  s ifa t in i  o l is h  m u m k in .

K u c h la n is h n i  r o s t la sh  k o n tu r i o ‘z  ta r k ib id a  r o s t la s h  
z v e n o la r id a n  b ir i s i fa t id a  q u la y la s h t ir i lg a n  to k  k o n tu r ig a  
e g a d ir . K u c h la n is h  b o 'y ic h a  te sk a r i a lo q a s i  m a v ju d  
b o ‘lg a n  e le k tr  y u r itm a n in g  s tru k tu ra  s x e m a s i  2 1 -r a s m d a  
k e lt ir i lg a n .

R y a

TJ*

21-rasm.
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Т о к  k o n t u r in in g  u z a t is h  fu n k s iy a s in i  ik k in c h i  ta r tib li  
ta s h k il  e t u v c h is in i  h a m d a  t o k  b o ‘y ic h a  te s k a r i a lo q a  z a n -  
j ir in in g  v a q t  d o im iy s in i  e ’t ib o r g a  o lm a y  s o d d a la s h t ir a m iz .  
U  h o ld a  t o k n i  r o s t la s h  b e r k  k o n tu r in in g  u z a t is h  fu n k s i-  
y a s i q u y id a g i  k o 'r in is h g a  e g a  b o ‘lad i:

ф  (  p \  =  1  /  К о т  _  1 / - ^ o t  _  1 / ^ O T

tV '  tott; p 2h t oj+tt)p +i totp + i mopjT^p+i ’

b u  y erd a : K OT —  to k  b o ‘y ic h a  te sk a r i a lo q a n in g  u z a t is h  
k o e f f i t s i y e n t i ;  Гот — t o k  k o n t u r in in g  v a q t  d o im iy s i ;  
m opT =  Тот/ Т ;  T  — t o k  k o n tu r in in g  k o m p e n s a ts iy a  q i l in -  
m a y d ig a n  k ic h ik  v a q t  d o im iy s i .

Y u q o r id a  q a b u l q i l in g a n  s o d d a la s h t ir is h la r n i  e ’t ib o r g a  
o lin g a n  h o ld a  e le k tr  y u r itm a n in g  s tru k tu ra  s x e m a s i  2 2 -  
r a sm d a  k e lt ir i lg a n . K u c h la n is h  r o s t la g ic h i  q u y id a g i u z a ­
t is h  fu n k s iy a  b i la n  t a ’r if la n a d i:

K R

(TKRP+l) '

b u  y erd a : TKR —  k u c h la n is h  r o s t ls d ic h in in g  v a q t  d o im iy ­
s i. B u  v a q t  d o im iy s in i  k o m p e n s a ts iy a  q i lin m a y d ig a n  k u c h ­
l a n i s h  k o n t u r i g a  k i r g i z a m iz :
Ж КК( Р ) = * КК g a  t e n g l ig in i  o la m iz .

K R *
U n d a

u.
ki(P)

Wkr(p) u l  ( & \ \ 1/Kj ‘уз Я/в2 1 ü)

T*P(T¿P+1) V С9Ф

u,ml

K J T t P + 1 )

Km

22-rasm.
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K u ch la n ish n i rostlash  ob yek tin in g  u za tish  funksiyasi: 

nr/ t  D\ — V-^OT

bu yerda:
T"— k u ch la n ish  k onturin ing  k ich ik  k o m p en sa tsiy a  q i-  

lin m a y d ig a n  vaq t d o im iysi;
TM — e lek tro d v ig a te ln in g  e le k tr o m e x a n ik a v iy  vaq t  

d o im iy si.
K uch lan ish , tok  rostlagichi va elektrodvigateln i o ‘z ich i-  

ga o la d ig a n  k u ch lan ish n i rostlash  k on tu ri b e v o s ita  zan ji-  
rin ing u za tish  fu nksiyasi q u y id ag ich a  yoz ila d i:

W  /  p \  _  ^ K R ’V  ^OT^yaX _  1 / K Kr
^  kkv-* / TMP ( T 'P + 1) ^ /* (7 ^ + 1 )  ’ 

bu yerda k u ch la n ish  k on tu rin in g  vaqt d o im iy si:

^KT ~ ^M^OT/^KT^KR^yaZ»

K KT — k u ch la n ish  b o ‘y ich a  teskari a lo q a n in g  u za tish  
k o e ifits iy en ti.

K u ch la n ish n i rostlash  berk k o n tu r in in g  u za tish  fu n k ­
siyasi:

i/*KT
<f> ( P )  — ^k tP(TuP + l)  _  1/ ATKT
H ; 1+11ZZkr Z r

7’KTP(7;/’+i)

, t k j p ( t; p + i ) { / K kt 

t k t p ( t; p + \ ) + i m ' T ; p ( T ; p + i ) + i

bu yerda:
, tkt

m  = - f i r

V aqt d o im iy la r in in g  op tim al n isb atlarin i ta n la b , rost­
lash  t iz im in in g  b erilgan  sifat k o ‘rsatk ich larin i o lish  m u m -  
kin.
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12. Katta quwatli ekskavatorning boshqarish 
tizimida sozlashni tanlash

Э К Г — 12,5  (23-rasm ) m arkali ekskavatorning buruvchi 
m exan izm i elektr yuritm asining generator-dvigatel (G -D )  
tiz im id a  g en era to rn in g  q o ‘z g ‘atish  ch u lg ‘a m in i b osh q ar­
ish  tiristorli o 'zg a rtg ich  VG orqali bajariladi.

Т о к  AA v a  k u ch la n ish  A V rostlagich lari b o ‘ysu n u v ch i  
ro stla n u v ch a n  sx em a  aso sid a  u lan gan .

G en erator  G n in g  e lek trom exanik  xususiyati 24 -rasm d a  
k o ‘rsatilgan , in ersio n  zv e n o n in g  u zatish  fu n k siyasi kabi 
b ayon  q ilin ad i.

T o k  rostlash  k o n tu rin in g  ta ’sirin i ta ’m in la sh  u c h u n  
sx em a d a  k ritik  p aram etri (L2VG) c h u lg 'a m  g en e r a to r  
k u ch la n ish ig a  teskari b o ‘lgan  m u sb at a lo q a d a n  fo y d a la -  
n ilad i. M u sb at teskari a loq a  b ilan  qurshalgan  zan jirn in g  
ich k i q ism in in g  u za tish  fu nksiyasi quyidagi k o ‘r in ishda  
b o ‘ladi:

ц/ ( p \ — eo(P) _____________ ^ to‘ • Kq____________
T0‘ G UtopT0 . (P )  (Тто.Р + \)(Тк Р + 1 ) - К то.К с К т К А ’
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bu yerda: A^0,, KG, Â .oika — tiristorli o ‘zgartgichning, g e n e ­
rator va tir istorli o ‘zg a rtg ich n in g  k u ch la n ish  b o ‘y ic h a  
teskari a lo q a  ch u lg 'a m in in g  u zatish  k oeffitsiyen tlari; TJO„ 
TK — tiristorli o 'zgartg ichn ing  va generatorning q o ‘z g ‘atish  
c h u lg ‘a m in in g  vaqt d o im iy lari.

K u c h la n ish  b o ‘y ich a  teskari a lo q a n in g  kritik  k o e f-  
fits iy en ti =  1 /K jq' - K q va T7Q./TK~  0 deb qarasak, 
q u y id a g in i o lam iz:

K jo' ■ K c
UjofT o' (.P ) TKP(TJ0.P+l)

(5 3 )

(5 3 )  ifod ad an  kritik o ‘z - o ‘z id an  q o ‘z g ‘atish li g e n e r a ­
torn in g  u za tish  funksiyasi in tegral zv en o n in g  u za tish  fu n k -  
siy asiga  m o s  kelish i k o ‘rinadi:

u m {P) TKP ■

T o r m o z la n g a n  rejim d a (a>g =  0 )  e le k tr o d v ig a te ln in g  
e lek tr  yu rituvch i k u ch i b o ‘y ich a  teskari m an fiy  a lo q a  ish -  
la m a y d i va  k u ch lan ish  rostlag ich i A V to ‘y in ish  z o n a s id a  
b o ‘ladi. U n in g  chiqishidagi signal d o im iy  b o ‘ladi. B u  rejim -
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da faqat tok b o ‘yicha m anfiy teskari aloqa ishlaydi va o ‘tkinchi 
rejimda tokn ing  egri c h iz ig ‘ini aniqlaydi. T ok n in g  rostlash  
konturiga AA tok rostlagichi, tiristorli o ‘zgartgich VG, g en e-  
ratom ing yakor zanjiri va  teskari aloqa kiradi.

O c h iq  to k  k o n tu r in in g  u za tish  fu n k siy a s i q u y id ag i 
k o 'r in ish ga  ega:

K -гц K rn. Kn K rWT (P ) = VTR n TO' ^G Д ТА2
(T TK P + 1) (T T 0- P + l )  TGP  ' Я ^ ( Т улР + ] ) •

Гуа, TJO‘ , TJR o ‘zgarm as vaqtlar k ich ik  o ‘zgarm as vaqt 
d o im iy sig a  k iradi, y a ’ni

Тц = Pya +  Ty0. + TJR «  % ,

u n d a
Ц / ( P \  -  K j ^K jq-Kq K j^

i ) '  <54)

T exn ik  o p tim u m , tok  rostlag ich i k o n tu r in in g  so z la sh  
kriteriysi b o £ladi. B u n d a  o c h iq  k o n tu m in g  u z a tish  fu n k ­
siyasi q u yid agi shartn i q on iq tir ish i lozim :

= 2г; р (г; р +1) • (55)

(5 4 ) va  (5 5 ) ifod alard an  m a ’lu m k i, k o n tu rn i tex n ik  
o p tim u m  b o ‘y ich a  so z la sh  u ch u n  quyidagi shart bajarili- 
sh i lozim :

Y  — Ryaï?К Aja2 -
k t r k t o .k c 2 t ;  ’

b u n d an  teskari a loq a  zanjiri koeffitsiyen ti K [M an iq lan ad i.
Bunday sharoitda tok konturining tezkorligini va  o ‘tkinchi 

jarayon xarakterini aniqlovchi, tokni rostlash berk konturining  
uzatish  funksiyasi quyidagi ko'rinishda bo'ladi:

ф  (P ) =/ OT1'" D2
TA2

2TfP2 + 2T'ßP+\
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A V ro stla g ich i to 'y m m a g a n  rejim da ish lagan d a  m u s-  
bat va m a n fiy  teskari aloqalar ta ’sir in i k o m p en sa tsiy a la sh  
lo z im , bu q u y id ag i shartda bajariladi:

^TA2 = ^ tai ‘ A kr ,

^TAI = Ata2 /  Ak r .
X arak teristik an in g  ish ch i q ism id a , e lek tro d v ig a te ln in g  

yakor tok i kesk in  u zilish  to k id a n  k ich ik  b o 'lg a n d a  tok  
b o 'y ic h a  tesk ari a loqalarn ing ta ’siri k o m p en sa tsiy a la n g a n  
deb h isob lash  m um kin  va faqat k u ch lan ish  b o ‘y ich a  teskari 
a loq a  t a ’s ir in i e ’tiborga o lish  m u m k in .

K u ch la n ish n in g  och iq  k on tu ri u za tish  funksiyasi

U /  ( P ) -  VK.Ka (P )  - ^KR K tr Kt o . K c -ÁfKK
HV Ukr(P) (Тш Р+1)(Тш Р+1)(Тт0.Р+1)Тк Р ’

qu yid ag i sharoitda:

Тц =  T1K + TTK + TT 0 .

U  h o ld a  (5 6 ) ifod an i quyidagi k o ‘r in ish d a  y o za m iz ;

W (P) — икы(Р) _ A'kR T̂R ^TO-^G^KK 
H V k r ( P )  ( T ’P + l ) T RP  •

T ex n ik  o p tim u m  kriteriysiga k o ‘ra k u ch lan ish  b o 'y ic h a  
teskari a lo q a  k oeffitsiyen tin i q u y id a g ich a  an iq lanad i:

V  - _______ Zk________
^  2TßK K R KT R K ro .-K G

K u ch la n ish n i rostlash  berk k o n tu r in in g  u za tish  fu n k ­
siyasi:

Ф (P) = _ V ^ ka_H IT“ d2 , "IT”2T'¿P¿+2T;P+\

(5 8 ) form u la  konturni tex n ik  o p tim u m g a  so z la sh g a  lo -  
y iq lig in i k o ‘rsatadi.
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