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QRS :چكيده TUVWXYZ[\ ] ^_ àQRS ba cd`efg d̀ bhij ]k ^_`eid l mnkolXpn bq Tg S̀ rs`t _k ^_ à ufvwx Z[\ Xuuyz{n m[mg | g̀} rvl bfYX~ _lX� mqXez ] m�u�hz mv_Xq k_Rg T\ q̀ .q̀ oT\ b� l_l m�u�hz �Tg bu[z �VlX\ rV �̀_ ] ^�Xd l ^ �̀q Zjl bq bSRzoT\ �V]Tz Z[\ Xuuyz ] bqX� mdlXhq XVk �̀g |kRpd �`hs ] mn ~̀ rvl .bhijz cd`efg bhij bq �aXg ^ ǹXuz Zu�hz bu�\ m\]_ q̀ cd`efg d̀ ^ ǹ�V��V`S q̀ c�v ] ZVT� q m[uz f̀vl �k �̀g ^]Xud |kXab� p̀ftl ] �_] Z[\ Xuuyz {pV�a g̀ �_`eid l }l Zj`t m[ug ÙVk ^ ǹ_ q̀ ^ S̀bhij m[ud`[g �lR� bq bSRz q̀ m�f�u�~�ux ǹmg mUuq 
kR\ .�V g̀}W �`ed l ] mtlX� q̀ZglR� �}� ^ ǹ �uu�zoTUUaX� b�v`hg ^lXq ba r�Xv Xu�d ^lmg ^_]X� bq QRS ] �u�g T\ q̀q̀ cd`efg d̀ �`hij ^XV�x QRS oXeUx bq bSRz] �u�hz ^_ à q̀ mqXez Z[\ Xuuyz |l�ug mqR� �f��d bq`�z ] oTVkX~ b�V �̀g m�u�hz _lT�g rvl oT\ oTn`�g.  

  

¤£¢¡ واژه  ¥¦: QRSZ[\ �^_ ànk{n Xu§ ^ ǹ bhij �oXeiUg klRg �mcUS.  

  

١̈©ª«¬ª
 ifvl_k ­Rp�g b® Ȳ`�l ^�Xd l }l ok`QRS 

^_ ®̀}l T�q ^_`eid l ḡ �̄ q̀ � ù�p� � p̀z lb® z̄ �̀RU°g r� v̀ ZtlXg |kXa {a] Td g̀ } ùd 
]k Xn bq 

Z±\ _ ®̀] n̄kQRS 
^_ ®̀Td_lk،

_ ®̀ b� l_l o�u�d l X�`t q̀ ba rvl okRq �XfUa Xu�d mz ùqXez ] �qlRv b�twgm~Tua]X² m�u�hz ] mqXez ]۱[bu�\ �bsRs Z[\ Xuuyz ^}`v_k ǹ � ù�p�QRS 
^_ ®̀� q̀ ³Xd q̀ ^_`eid l [2]،TUVlXY mYX�g QXq ³l_Rv ] ^_ à
 

^_`eid l ^_ à ]۳[m[ug ÙVk ^_l�~_ q̀ Zu�hz � 

]۴ [rvl bfYX~ Z[\.  _k
Qwzقرن Xu�lÚug} _k ^k V̀} _ ù�q ^ ǹQRS 

^_ ®̀
�bZp ب rvl oTgW .Q]_o} z̀ ^ ǹ^lb� l_lrvl oT\q̀ ba |W }l ok ìfvl� ǹ
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Ê·¸ËÌÍÎ¼Ï ÀÐ Ï ¸ ÑÒ Ë ÓÓÔÏÕ ÌÀÖ¿Â ½¾¿ ÀÁÆ×
/٢/

ÆÈÉ
٤ØÙ¸ ÚÛÜÙ¿ µ¾ÀÝ¼ Þ¾ßàÁ ¹Ð. 

  ÍáâÂÌÂÀ»ÜÐ ãÜ»ä¿À¾ ÂÀáÙ¸ ÓÚÛåæ¼ ¸Â 
çÜ¼ÀèÅ ،éÍ̧¾ ¸ Øêë· Ë ì¶í ÚÀÎæ¼ ¸Â، 

ir.ac.iust@Bisadi  ÂÀáÙ ¸ ÓØîÀÜÃ ãÜ»ïÅðñ ÍáâÂÚÛåæ¼ ¸ÂòÙÛëÝÅ Ë òëóÚÀÎæ¼ ¸Â Óô¿ÛÅ ØÜÐÍÁ éÍ̧ÝÁ  éðÜõ ÚÀÎæ¼ ¸Â ÓçÜ¼ ÀèÅ ÚÛèæ¼ ¸Â ÂÀáÙ¸ ÓÚö¾Ë¿Â Ê÷øÃ ¸ßÐ ¸ ÍáâÂ  ÍáùÂ¿ ÀÜæ¼ ¸Â ÓµëÜú À¼ µû¶»Å ã»äÚÛåæ¼ ¸ÂòÙÛëÝÅ Ë òëóÚÀÎæ¼ ¸Â ÓØÜÐÍÁ éÍ̧ÝÁ ô¿ÛÅ  

  

q̀ mft k_lRg Xüal _k TU\ q̀ bf\lk ý]þ bq } ùd b[dW |]Tq � �̀ÿ�}l Xz� q̀ m�u� ruiuaQRS 
^_ ®̀Z°fg X�VT[V bq �mq]þmg TdR\. Q]_ �Vlbq ǹQRS 

^_ ®̀�RvRg Tg`S } Ỳ _kUf�n|W }l ba �TU b�pSmg �|lRzQRS 
^_ ®̀kXv )Cold Welding(، RSQ ^_ ®̀

 ma [̀ÿjl )Friction Welding(، QRS 
^_ ®̀

 
�udRvlXfs W 

)Ultrasonic Welding(، QRS 
^_ ®̀^þRid )Diffusion Welding( ]QRS 

^_ ®̀^_`eid l )Explosive Welding(Xq � d̀ l_k
.   Q]_ �Vl _kq ǹbd ý]þ � �̀�ÿ� b�[UV l X� �̀�m�p �lX�uuyz �TdR�\ {a m[V�_Rs f̀g|W _k ^Xzq ǹbkRS]م ـm T�VW.r�V�g }l Q]_ {��g QRS  

^_ ®̀ba r�UVl ^_`eid lQRS  
^_ ®̀{�n X�u§ �l���YcU�S ] cg bq �RuUugRs W �k�RY bq {ud f̀uz TUd g̀…q babQ]_ �́uv]^ ǹrsR��v b�q Q]_ ��V l �̀q l_ r�vl �[pg Xu§ mn ~̀ ] Z[�g X�Vkmg klk �`ed l |lRz.  �_kQRS  

^_ ®̀}l ^_ ù�q ��zXg Z�`�g bq ^_`eid lklR�g b��pS |W �̀q ba ^��Y �ÿv Xq oXeiUg klRg Xu��z �oXeiUg�TU�v`pz _k �̀n r�hz � �̀q r�X�v _k �l���Y _ f̀Y_X�� l] bqX��…
k_lk m�f��q . �\Rx��\Rx r�U�j _k m��jl ^ ǹTUVWXY }l m[V ^_`eid l mnk- rvl �l��Y mnk.  TusRz_`�Y rhz |}`�g _k ok ìfvl ^lXq �aXg �`hij،|}`�g ] mV ùpu\ �udbsRs bhijǹ )tube plates(�T�g _k] mz_lXt ^ ǹ �`ed lmg kXu~. Rg �Vlk_l 

kXq_ ®̀_lk �V Ùj _k ^k V̀}Tdba `edW }l 
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b}lب |}`�g _k mV �̀Uz bq {ud f̀uz V̀ k�RY }l ok ìfvl � ǜg |lRU�m[ud`[g �lR� ] rg] �̀g �`hs bq |]X�g bUV�n ]d bYXjmp T\ q̀ ، fuz }l m�\Rx l�s^]_ Xq {ud`�`hijq ^k�RYb�́uv]QRS 
^_ ®̀
 oklk _lX� ^_`eid lmg mdl]lXY _ ù�q kXq_ à |}`�g r�`v _k ba kR\ k_lk [5,6,7].  Z[\

 mnk^ ǹ]Xud q̀ b�V �̀g _k m[ug ÙVk ^ ǹ]Xud }l ok ìfvl q̀m�SRz Zq �̀ ^ V̀ l�g m[uz f̀vlk_lk. 
^k`°f�l bYXj،�`ed l | [̀g l o`�fvk ba mz ù�p�TUf�ud |W �`ed l bq _k �̀ �]lTfg ^ ǹ)q̀ m� Ùhd l mv]_ �uvTU�g �vRz Xfg ok}l]k Xÿ�(،��R°hg V̀ bdRpd r�`v ] {a klT�z q̀... TUf�n V̀ l�g �Vl b�pS }l .mg |lRzm~	V]TUVWXY ^ ǹ Z[\^_`eid l mnkl_XV} _lX� bq bfvkkRpd ^TUq
  �

- 
� q̀ �dXa ³Xd  

٢- mdW ^_l�~_ q̀ 

٣- Z[\ Xuuyz�_�q m[ufvwx _k ���f�g TUVWXY �u�k Zu�hz 
�RY bsR�g bv Xn �lRz ^Xu~X�d mg�Vl ] T\ q̀^Xgl_lR\k _ ù�qmg T\ q̀.  �u��hgZ[\ Xuuyz�ufv�l ^ ǹ
`�§ �VXv-R[�V] 
�ufvwx ] �} d̀ 

�`ÿ�d l wg à_lX� b�twg k_Rg l_ XV�x oklkTd l.��§l �| �̀�hg ��� q̀ آنmV ǹ ba bs`�g 
_}l l b�s`ÿg k_Rg ^X�d o ~̀TVk _lX� mg bf�`v _]Tg ^ ǹ
`�§ bq �Rÿ�g l_ kR� bSRz TUnkTd l . Z[\

 mnk�_] kl}WoTu�ux � ù�p� ǹrvl ^l .bq �_] mV �̀d Z[\ k_lk m�f�q ^kT�fg ^ ǹXuyfg
   �uz f̀vl]_Tun � ìz_l)oXeiUg ok g̀ z̀ ýW �ÿv b�j Ỳ_k XV} � ǹ_`eid l آب(،�fvl b�j ỲoXeiUg ok g̀ _lT�g ] �Rd ��X� _lX، o_lRVk }l �R\ �Rg � [̀�d l^ ǹZ±\ |��gn̄k،ok g̀ Z[\ oXeiUg،
] �vl] �uhg �Rd ....] ۸

]
۹[. 

_k mqXez _ à �V ��Y {n �R°�� ù�p� md g̀}QRS 
^_ ®̀]Z[\

 mnko ~̀TVk q̀ kRSRg m�[v]X[ugmg T\ q̀ [10] .
Zu�hz b� l_l q̀ _ à �Vl �`ed l [̀g�u�hz m[ud^TVTS mg rvl bs �̀g �Vl �Tn ba T\ q̀.  

  

۲¨����� ����ux ^lXq oT\ b� l_l m�VX�z Q]_] Z[\ Xuuyz mUuq m�f�u�~ r�v _ à cd`efg d̀ �`hij،}l Zj`t m[ug ÙVk ^ ǹ_ q̀ X� l rhz Z[\ XV}�XY ]k q̀ _`eid lmg kXu~.  �s l
bhij _ f̀Y_ Rd �̀ �q z̀ �dXa ��Uz q̀ bÿq l_ _k ǹmd lRz | mg T\ q̀.  


بm°��g m�[\ �q z̀ }l {� �̀ klTfg l _k bhij Z[\ Xuuyzmg ruu��z TV p̀d.  

  � ۲!" #$ %&'( )*+, ي.'-(
/ %
¦0ي جنس1 bhij ǹba Td_lk ��f�g �V Ùj _k mdl]lXY ^Xq_ à m�US ]k ^Zu�hz |T\ ok`v ^lXq ǹ�V bq ZVT�z XV} Q]_ bq mvTU�g ^

TUd g̀ ] oT\ ��pn cUS�s `°gmvTU�g_lX� ok ìfvl k_Rg X�Vk mg kXu~.Xuuyz }l ok ìfvl q̀ �aXg ^ ǹXuz Xu�d lTfq l q̀ �ÿ�g �ÿv bhij ]k m�p� mfiv r��d،
Z[\ b�v`hg �k �̀g �ÿv۱

] Zj`t oT\ cUS �V ��pn bhijmg Zu�hz c�v kR\ ǹ] b� l_l b�RqXg �q l]_mg kkX~.  ��juت خمشی
2

) f̄iv خمشی (}l �_]bÿq l_
 
)1(12 2

3

ν−
= EH

D bqḡ rvk آVT ]۱۱.[ lV_lT�g � o}lTd l bq
21

1

ν−
 Vok k]Tt Ū� z ¯�p� f̄iv }l Tj_kuر بuتر� rvl .H rg`��bhijمی  - T\ q̀.  

ν |RvWRx �VX� V̀ r��d،
cVRdXV} }l bhij ]k�u[iz ^lXq۱ 

]
 3

 oT\ ok ìfvl،  

D′bq bV x̀ bhij m�p� mfiv r��dbhijoTdXx
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Zb�j Ỳ_ z̀m��a rp�� _k _ z̀ �VXz_]k }l müU�.  

eDfiv�k �̀g m�p� m
  
)

�
(  

)1( 2
1

ν−
= e

e

IE
D  

R′] oT\ ZVT�z m�jl bhij �k �̀g bhij � �̀\ R bus]l � �̀\ bhij ]k
RDR ′=′  

  

  

  

شكل
�!4156$ %&'(# 789: #$ 6;< 789: =5 >$¥?@

  �ql]_ǹ_] f̀�~d ]ug bf\Rd bhij �R� Ttl] �lXq ǹ]Xی 
] TdR\ |W A �̀z_lbq �Uz �q l]_ q̀ 

þ Z[\VkRq TUnlR� Z
 .H 

] Z® rg`�� �pS XqlXq rg`��]k � ǹ g ��f�g cUSm T\ q̀.  

)٢(  
333

12
,

12
,

12

H

ZM

H

ZM

H

ZM xy
xy

y
y

x
x === τσσ  

Z
_lT�g^XuyfgXn b�j Ỳ ba rvl |`�d müU� _ z̀ }l l_ _ z̀ mg Tnk.  

xyyx τσσ ,, 
] m\Xq �Uz �Uz ǹ�g _k � g̀Xd ^�`°f �V�z_ à.  

                                                                 
1 Flexural Rigidity 
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xM ،yM،xyM 
_k �R� Ttl] _k m��ux ] m�p� ^ ǹ_] f̀�~ �V�z_ à �`°f�g.  |`pnba_R�b�twgمی �kR\ �Uz ǹ�_] rg`�� bq ǹ�̄f�q Td_lk bq ba_R�Ug �̀_Vت آن ǹ ] ��z �T�uر _k ǖU� �ÿv Zhg

T�q رuuتغ _k 
kVX� rvl oT\ �`ed l .

_k ba rvl ��l] lVrs`t � Ù�g q �k �̀g Z[\ �aXg b[�q okR�d �_] rg`�� �v]bkRS] oTgW o}lTd l � Ù�g~uTnlR� �X 
kRq 

]
 b�j Ỳ

 z rg`�� klTfg l _k ba bhijmg T\ q̀}l آن
`S تعuuḡ �kR\.  

  

لي�۲��#)۲
�¥-.6 %	
ي

$ %&'( ��¢%6�41اي�( ¥
�¢1$�6گاه _k
 

] buSRz 
] �`°zl mv_Xq 

Z[\bhij ^XV�x ǹ}l cd`efg d̀ ^ bq`�zkRSRgmYbhij �uq g̀ ǹǹXuz ] ok ìfvl 
m\]_ q̀ ] oT\ Xuz Zu�hz bu�\ ǹ�aXg ^،bhij �V bq ZVT�z cd`efg d̀ bhij ] cd`efg �k �̀g bqX� _ q̀ ZVT�z q̀�aXg _k m[uz f̀vl _ q̀ �V bq ^l }� �ql]_ bhijq �p� �boTVkX~ �lX�fvl ^�Xd l Q]_ ^Xu~_ à rvl.  }l ok ìfvl q̀ TUq r�x ��s �̀ �s �̀، �ux ǹ]

 �s �̀ TUq]_،bu[zo ~̀ mtlX� _lkXu~]
_bب  àrvl oT\ bfYX~)

Z[\
٢(.  

  

  
  

�¢1$��6�¢%!۲شكل 4¥�
  X~l �XSbhij�]l) oTdXx( 1m

]
 bhij �XS�]k)Ù�g( 2m T\ q̀ ،�®Xg bhij �XS   

)٣(  21 mmm +=  _lk raXt o}lTd l � �̀q Zjl bq bSRz q̀V{[12,13,14]
  
)٤(  

m

I
v =0  

)
�
(  

m

I
mvEk 22

1 2
2
0 ==  

v0 
s ]l r�XvubqX� b، mbhij �XS، Ek 

¯��US ��Xd l}l Zj`t bqX� Ibhij bq.  �XY�]l
Y]Xxu`S Zeqlk bhij {� �̀ klTfg l _k �̄ `VoXX� l _k �l �~ Tt z̀ �k]_] bqX�us]l �̄f�ub)�~u�̄f�¯��a (ok ìfvl q̀ þ bÿq l_ }lVq Zbrvk آVT [14]
  
)٦(  ])(1[ 2

0 R

r
ww −=  

w �̄ `eq`S) 
_k �̄ `eq`S {� �̀ klTfg l�_] ��f�g A �̀df̄�] ḡ �̄Y l bhij T\ q̀(،0w �aXg �̄ `eq`S bhij. 

r b°f�g�̄ �̀\yfgXubhij ��f�g A �̀d، Rbhij � �̀\ .  

|`pnZ[\ _k ba _R��mg rvl oT\ oklk |`�d 
_lT�g r�V q̀ �u�� bhij cUS }l ^Xf�uqتر بb^R� ��Y ^ S̀تر بbz̀ k]_ _ à beufd |`pnkR\ Zj`t.  q̀ bsk �̀g}l ok ìfvl)۶( 

] m� �̀\ 
 Ùhd l mv p̀g )mÿuhg (
]k
 rp�� b�v`hg bd ~̀ lTS oT\ ��pn �_]mg kR\.  

  

( ) ( ) ( )

( ) ( ) ( )











′
=

′
==

∂
∂−=

′
=

′
=

∂
∂−==

∂
∂−=

2
0

2
0

22
0

1

2
0

2
0

2

2

22
0

2

2

1

22
,

21

22
,

2

RD

w

R

w

R

w

r

w

r

RD

w

R

w

w

w

R

w

r

w
rr

θθ κκ

κκ

  

)٧(  

2
4

2
0

2

2

2

2
1

)(
2

1

r
R

w

r

w

z

z
r

w

m

b

rrbmr

=








∂
∂=

==

+
∂
∂=+=

ε

κεε

κεεε

θθθ 

θκκ ,r
r�S _k bhij 
 Ùhd l  ǹ  یmv`pg )m�ÿuhg( 

] m� �̀�\ ]
 cVRdXV} ǹ^

۱ 
]
 

3
 ���g] oTdXx bhij oTUUa Ù�gمی TU\ q̀.  f�]m�Xj Zq �̀ bhij _k �̄ `eq`S baḡ |kXa X�d T\ q̀

mrbb εεεθ ,,bqترتu�̄ �̀\ �̄ `�§ �dXa �-�̄ �̀\ ¯�p� �dXa ]
 hg ¯�p� �dXauطی می TU\ q̀. z 

¯�X� b°f�g  )
klTfg l _k {� \mTم) ̀� q̀.  Y�]k �X
 g �lXqf̄�v �dXa |kXa _R�U )f̄�v_ à (�bhij �Uz bÿq l_ـ

Z[\ �q`ÿg �dXa ۳|Rd �̀ �q z̀md lRzز Vر mg T\ q̀
  
)٨(  nn

u
u εσ

ε
εσσ

o
== )(  

  

  
شكل

�!�9� �6$�+� ��1¤
  

n
uε

σσ υ=
o

 V] rvl rq �̀ �
uu σε , 

] �Uz �dXa �̀dVm��am mg \ q̀UT. 
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�"�ok ìfvl q̀}l ]k �RY �XYǹ_] f̀�~^

�m خمش �̀\m (M  r)
] hguطm)( θM bq �R� Ttl] _kþ Q]_Vb�v`hg Z mg \kR ]۱۱[، 

[14].  
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] bfYX~ _lX� |W ^]_ rusRdRV �vRz oT\ k`eVl b�j Ỳ
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]
 ٢ 

�V]Tz rvl oT\.  

  �¢���
  �
- �V g̀}W bu�® ^lXq mf� ìt X�v V̀ �Y`hg bhij 
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kRpd b�V �̀g mqXez ] m�u�hz rs`t ]k
. rp�� Q]_ q̀ oTdXx bhij r�Xv 
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 -۳o}lTd l] oT\ ^Xu~ 

_k QRS ^lXq oTdXx bhij } ùdk_Rg r�Xv beufd �`°zl ] ^_ ®̀ok]Thg _k cg ] �RuUugRsW Züg �Xd ��Y ]k �v ÙgmY ^�uq g̀ ��	
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��	kRq TnlR� bud �̀ Xq Xfg .oT\ r�� m[ud`[g �lR� X~l bÿq l_ _k l_ 
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min )(
ρ

σ u
PV =  mg b� l_l l_ r�Xv Z�l Tt ba q̀ mqR� � �̀ÿd l beufd �{unk _lX� TUa �k_lk mqXez XVk �̀g  

Vpmin

Z�lTt�}`eg r�Xv uσ ] mV �̀d m��a �`[hfvlρ
�XS �R°�gmgT\ q̀ .  mg b�v`hg cUS ]k Xn ^lXq bÿql_ �Vl ba rvl Xaþ bq �}� 

kkX~ �q r�Xv ]�_Rn bÿql_ }l ok ìfvl q̀ |W ^]_ }l ] ý`�fd l XzXu§ �l��Y ^lXq _`�Y Z�lTt �RudR~ {nbÿql_ }l cUS
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ρρ
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  mg b�v`hg 

kkX~ )o}lTd lǹXfg]�ux Xu�d m�V`v] q̀ _`�Y m�p� ^Xu~ | [̀glXV�x mg T\ q̀.(b®  

Vsf

r�XvoTdXx bhij _k �Rj  

fρ
oTdXx bhij ms �̀²
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Vsf

mzRj rg] �̀g  

PV
oTdXx bhij r�Xv   

sbV
Ù�g bhij _k �Rj r�Xv  mgT\ q̀.  Zq �̀ bf[d^�Xd l �u[iz �T� rp�� �Vl _k bSRzQRS 
^_ ®̀] Z[\

 mnk mg T\ q̀،q̀ X~l_k�f\lk X�d] �RY �s`ÿg 
�uu�z {u� p̀d mv_Xq m�p� b�US }l r�Xv،
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