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 (§°ţŦ ķŹƙƈ ķƴţĵĪ )/(  )(  
Ü (ƃŦ ®ǃƹƠ )/(  )(  

 (© ²ţƹƸ)/ ( )(  
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ƳǉƉƼţŭĢ »Ǒŭż¦� ķƹƼ µǃƠ ƻǈ¦ °® .®ǃƌ  ƳǉƉƼţŭĢ »Ǒŭż¦ ūŧƉƼ ƿŦ �À±ţż ķƱǈƃŭƱƴ¦ °ţŦ ţŴ À¡ķƸ Ƌǀţư .ſŦţǈ  
 (§Ī ţƸ¦ ūƈ¦ ÀţƉƱǈ �ţƼţƈ° įǈ ¶ţƭƼ ¿ţƹŬ °® ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢĵ °ţŦ ķŹƙƈ ķƴţƿŧƴ °® ūƹƉƬ Â ţǀ àǃƼ âţǀ  ƅǉŬ

.ūƈ¦ ƃŭƍǉŦ °¦®°ţŦ ƷƉŴ  

    
ķƸ ūưƃŸ ūż¦ǃƽƱǈ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ¶ǃƙż ƃŦ ®ǃƹƠ ķŭƬÂ (Ü  ƳǉƉƼţŭĢ âÞƃƼ¦ ƃǉǉƥŬ Â ķƱǈƃŭƱƴ¦ À¦ſǉƸ °ţư �Ʒǉƽư

ķƱǈƃŭƱƴ¦� ķƸ ūŦţŰ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ ķƽơǈ .ūƈ¦ ƃƩƐ ƅǉƼ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ »Ǒŭż¦ ƿŵǉŭƼ °® .ūƈ¦ ƃƩƐ .ſƼţƸ  
 (©°¦®ƃŦ  ²ţƹƸ ƿƙƭƼ ƃǀ °® ķƱǈƃŭƱƴ¦ À¦ſǉƸƱƴ¦ À¦ſǉƸ Ɨż ƃŦķƸ ƿºƙƭƼ À¡ ±¦ ƿºư ūºƈ¦ ķºƱǈƃŭ  À¡ ţºŦ Â ®°ƁºĴ
Ʒǀ .ūƈ¦ ūǁŴ  
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   (Ƨƴ¦ūƈ°®ţƼ )/(  )(  
 (§ūƈ°® )/(  )(  
Ü (ūƈ°® )/(  )(  

 (© ūƈ°®ţƼ)/ ) ((  
   (Ƨƴ¦�ƃĵǈſƱǈ ƃŦ ķűƽż ƷƉŴ Â® ƋƴţƸ ƃŰ¦ °® ƻǈ¦ ƿŦ ƿŴǃŬ ÀÂſŦ  ũŭǉºƉǈƃŭƱƴ¦ âƃºƈ ¾ÂſºŴ ±¦ ķǈţºŴ ƿºĪ °® ƿºư

ķƸ ¦ſǉĢ ¿ţƽƹǀţƼ °ţŦ Á°¦ǃƹǀ �ſƽƌţŦ ƿŭƨƃĴ °¦ƃƬ ķƍƴţƸ .ſƽƽư 
  ƿºƴ®ţŧƸ ţºǁƼ¡ ƻǉºŦ ķºƱǈƃŭƱƴ¦ °ţŦ �ƋƴţƸ ƃŰ¦ °® �ſƽƌţŦ ƇƽŴ įǈ ±¦ �ķűƽż ƷƉŴ Â® ƃĴ¦ ƿư ſǉƌţŦ ƿŭƌ¦® ƿŴǃŬ

ķƹƼ ¦ ūƈ°®ţƼ (Ƨƴ¦) ũƵƹŴ ƅǉƼ ©°ǃƐ ƻǈ¦ °® .®ǃƌ.ūƈ  
§ (ţǀÂƃǉƼķƸ ®°¦Â ƃĵǈſƱǈ ƃŦ °¦®°ţŦ Ũ°¯ Â® ƿư ķƱǈƃŭƱƴ¦ â Ʒǀ �ſƽƽư .ſƼƃĵǈſƱǈ ƧƴţŽƸ ūǁŴ °® ţƸ¦ ſƽŭƉǀ ţŭƈ¦° 
Ü( ƃǀ À¦Â ſƴǃƸ įǀǑư ±¦ Ɵƹƌ ũƵơƌ ƿĪ ƧǉơƔ ķƱǈƃŭƱƴ¦ À¦ſǉƸ �®ǃƌ °Â® ƻƌÂ° »¦ƃĴÂ® ķƸ ƃŰ¦ À¡ ƃŦ âƃŬ  ſºƽư

Àǃǈ Â Ʒư �ƷŠţƬ âţŭƈ¦° ƿŦ ūŧƉƼ �ƿƵơƌ ūŧűƸ âţǀ Ƹ ƃŬķƸ »ƃŹƽ .ſƼǃƌ 
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نهایى خرداد         :  

14٠4
 

 
      q         ABCD   A  D 

   . )/ (  
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 (       CD        
 (    A  B .       

 

   (Ƨƴ¦BC )/(  
 (§Ƌǀţư ķƸ ſŦţǈ )/(  
Ü(B AV V> )/(  

    æ ( Â įĪǃư °ţŦ ƃĴ¦ūŧűƸq0 ķƱǈƃŭƱƴ¦ À¦ſǉƸ °® ÀǃƸ±¡ °ţŦ ƿŦ ¿ǃƈǃƸE


 ķƱǈƃŭƱƴ¦ âÂƃǉƼ �®ƃǉĴ °¦ƃƬF


  ūºǁŴ °®
ķƱǈƃŭƱƴ¦ À¦ſǉƸE


 ķƸ ®°¦Â À¡ ƃŦ .®ǃƌ  
(N / C) E

(N) F
Â§ÄoT§²H ·HkÃ¶ à½pHkºH

»oÃº à½pHkºH
=
=

  F FE Eq q=  =
0 0


 

âţŴ ƿŦ ƃĴ¦q0 ķƱǈƃŭƱƴ¦ À¦ſǉƸ °® ķƩƽƸ ūƸǑƠ ţŦ âƃĵǈ® °ţŦE


 âÂƃºǉƼ �®ƃǉĴ °¦ƃƬF


  À¦ſºǉƸ ūºǁŴ »Ǒºż °®
ķƱǈƃŭƱƴ¦E


 ķƸ ®°¦Â À¡ ƃŦ .®ǃƌ  
ç ( °ţư) ķƱǈƃŭƱƴ¦ À¦ſǉƸ ƃǀ °® �°¦®°ţŦ Ũ°¯ įǈ ƃŦ ®°¦Â ķƱǈƃŭƱƴ¦ âÂƃǉƼE


ƿŦţŴ įǈ °® Â (  ţºŦ ƃŦ¦ƃŦ �ƏŽƍƸ ķǈţŴ

ƿŦţŴ Àţƹǀ °® ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ ƃǉǉƥŬ ķƩƽƸ :ķƽơǈ .ūƈ¦ ķǈţŴ  
E

E

(J) W
(J) U

Â§ÄoT§²H Á»oÃº nI¨
Â§ÄoT§²H ®ÃvºITQ ÁroºH oÃÃûU

=
= Δ

  E EU WΔ = −  

ūŦţŰ âÂƃǉƼ ƃĴ¦EF


 ūż¦ǃƽƱǈ ķƱǈƃŭƱƴ¦ À¦ſǉƸ »ƃƘ ±¦E


 Á°¯ °ţŦ ƃŦ  â¦q ƿŦţŴ °® ÂƃǉƼ ƻǈ¦ °ţư �ſƽư ƃŰ¦ ķǈţŴd


  Â
ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ ƃǉǉƥŬ °¦®°ţŦ Ũ°¯ �ķƸ ūƈ® ƿŦ ƃǈ± ©°ǃƐ ƿŦ :ſƽǈ¡  

Ed FÂÄI]¾MI] » Á»oÃº ¸ÃM à¾Ä»Hp = θ
 

  E E

E

W F dcos | q | Edcos
U | q | Edcos

= θ = θ
Δ = − θ

  

• .ūƈ¦ °¦ƃƬƃŦ ķƩƽƸ Ũ°¯ â¦ƃŦ ƿĪ Â ūŧűƸ Ũ°¯ â¦ƃŦ ƿĪ ¼ǃƨ ũƙŦ¦°  
• EW ÂEUΔ ƿºŦţŴ ƿºŦ ƿƱƵŦ ſƼ°¦ſƼ ķĵŭƉŦ ūưƃŸ ƃǉƉƸ ƿŦ ƏŽƍƸ ũƙƭƼ Â® ƻǉŦ ķǈţŴd


  ƿºƙƭƼ Â® À¡ ƻǉºŦ

ƿŭƉŦ¦Â .ſƼ¦  
• ƿŦţŴ À¦ſǉƸ ūǁŴ ƃŦ ®ǃƹƠ °ţŦ ƃĴ¦ :®ǃƌ ţŴ  E Ecos U ,W=  Δ = =0 90 0 0 0  
è °® ūưƃŸ ţŦ (ķƸ Ƌǀţư ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ �ķƱǈƃŭƱƴ¦ À¦ſǉƸ ūǁŴ ƇƱƠƃŦ Â ſŦţǈ�  ūºǁŴ »Ǒºż °® ūºưƃŸ ţºŦ

ķƸ Ƌǈ¦ƅƨ¦ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ �ķƱǈƃŭƱƴ¦ À¦ſǉƸ  Ũ±¦ſƼ¦ Â ¸ǃƼ ±¦ ƳƭŭƉƸ ¸ǃƔǃƸ ƻǈ¦ .ſŦţǈ °ţŦƿºŦţŴ  Â® ƻǉºŦ Áſºƌ ţŴ
Ʒǀ .ūƈ¦ ƿƙƭƼ  �ķƱǈƃŭƱƴ¦ À¦ſǉƸ ¶ǃƙż ƃŦ ®ǃƹƠ ūǁŴ °® ūưƃŸ ţŦ ƻǉƽĪķƹƼ ƃǉǉƥŬ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ .ſƽư  

    
  B B A A B AV V ,V V ,V V′ ′= = <  
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نهایى خرداد         :  

14٠4
  
  

   (Ƨƴ¦ ūŧűƸ °ţŦ ƃŦ ®°¦Â ķƱǈƃŭƱƴ¦ âÂƃǉƼq  ūºŧűƸ °ţºŦ ķºŭƬÂ ƻǈ¦ƃŦţƽŦ .ūƈ¦ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ūǁŴ °®q  ƃǉºƉƸ °®
BC ŸķƸ ūưƃ ƿŦţŴ ƃŦ ķƱǈƃŭƱƴ¦ âÂƃǉƼ �ſƽư .ūƈ¦ ®ǃƹƠ ķǈţŴ( )θ = 90  

  E E BC EW F d cos W=  =90 0  
 ƃǉƉƸ °® (§CD :Ʒǈ°¦®  

  E E CD EW F d cos W=  >0 0  
  EW

E E EU W U>Δ = − ⎯⎯⎯→ Δ <0 0  
 ±¦ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ ƿŵǉŭƼ °®C  ţŬD ķƸ Ƌǀţư .ſŦţǈ  

 ±¦ (ÜA  ţŬB Á®ƃư ūưƃŸ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ¶ǃƙż ūǁŴ »Ǒż °® ķƸ Ƌǈ¦ƅºƨ¦ ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ ƇĢ .Ʒǈ¦ .ſºŦţǈ
B A(V V )>  
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اگر نهایى          :  

سخت شد!
 

 
         M N / C9000 2   .q1  

 N.m(k )
C

= ×
29

29 10 )/ (  

      
 

    

    
  )/( rtan r cmr r=  =  =1

2
2 2

3 2030 20 33
  

  )/( | q | q kqE k k
r ( )− −= = =

× ×
1 1 1

1 2 2 2 2
1 20 10 4 10

  

  )/( | q | k q k q kqE k
r ( )− − −

× ×
= = = =

× × × ×
2 1 1 1

2 2 2 2 2 2
2

3 3
20 3 10 3 4 10 4 10

  

  )/( E E
T TE E E E E E== + ⎯⎯⎯→ = =1 22 2 2

1 2 1 12 2  
  )/( E E N / C =  =1 19000 2 2 9000  

  )/( k q qE q C nC−
− −

×=  =  = × =
× ×

9
91 1

1 12 2
9 109000 40 10 40

4 10 4 10
  

 )(  
           :  

ķƸ Á°¯ °ţŦ ±¦ ƳƐţŸ ķƱǈƃŭƱƴ¦ À¦ſǉƸ Ʒǉǀ¦ǃż  â¦q ƿƙƭƼ °® ¦°  ũƵƐţƨ ƿŦ â¦r :Ʒǈ°Â¡ ūƈ® ƿŦ À¡ ±¦  

  | q |E k
r

= 2  

E = ķƱǈƃŭƱƴ¦ À¦ſǉƸ Ũ±¦ſƼ¦(N / C)  

k N.m / C= = ×
πε

9 2 2
0

1 9 104  ƻƴǃư ūŦţŰ  

q = ķƱǈƃŭƱƴ¦ °ţŦ ) .ūƈ¦ Á®ƃư ®ţŵǈ¦ ¦° À¦ſǉƸ ƿư â¦C(  
r =  °ţŦ ũƵƐţƨq ƿƙƭƼ ţŬ ķƸ ƿƙƭƼ À¡ °® ¦° ķƱǈƃŭƱƴ¦ À¦ſǉƸ ƿư â¦ ) .Ʒǉǀ¦ǃżm(  
• ķƱǈƃŭƱƴ¦ À¦ſǉƸ °¦®ƃŦ ūǁŴE


 Àţƹǀ Ʒǀ �ſƌ ƿŭƩĴ ÅǑŧƬ ƿư °ǃƘ  ÀǃºƸ±¡ °ţºŦ ƃºŦ ®°¦Â ķºƱǈƃŭƱƴ¦ âÂƃºǉƼ ţŦ ūǁŴ

ūŧűƸq0 ķƸ °¦ƃƬ ƿƙƭƼ À¡ °® ķƔƃƨ °ǃƘ ƿŦ ƿư ūƈ¦  ƿºŦ Â° ūºŧűƸ âţºǀ°ţŦ ±¦ �ķºƱǈƃŭƱƴ¦ À¦ſºǉƸ ūǁŴ ƇĢ .®ƃǉĴ
 âǃƈ ƿŦ Â «°ţż.ūƈ¦ ķƩƽƸ âţǀ°ţŦ  

  À¦ſǉƸ ķƱǈƃŭƱƴ¦ âţǀE1
 ÂE2

 Ʒǀ ƃºĴ¦ ƿºư ſºǉƽư ƿŴǃŬ .ſƼ®ǃƹƠ Ʒǀ ƃŦ �À¡ ƃŦ ÁÂǑƠ Â ſƽŭƉǀ Á±¦ſƼ¦q <1 0  �®ǃºŦ
À¦ſǉƸ ūǁŴ Ɨƭƨ ƿƱƵŦ ūƌ¦ſƼ ƿƵšƉƸ ķǈţǁƼ §¦ǃŴ °® âƃǉŰřŬ ķƱǈƃŭƱƴ¦ âţǀE1

 ÂE2
 ķƸ ƇƱƠƃŦ .ſƌ  
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                 .     
                    

             ) (  

      
 

      )/( AC d= κε0  

  C d d
C d / d= = = =2 1 1

1 2 1
10 5

0 6 6 3 (0 / 25)  

  )/( U CV= 21
2  

 )(  )/( U C
U C= =2 2

1 1
5
3  

         :  
  AC d= κε0  

C=  ) À±ţż ūǉƨƃƜF (®¦°ţƨ  
= κ â® ūŦţŰ įǈƃŭƱƴ¦  
= ε0 Ǎż ķƱǈƃŭƱƴ¦ ķǀ®°ƁĴ ťǈƃƔ/ F / m−× =128 85 10  

A= ƿŹƩƐ ƳŦţƭŭƸ ūŸţƉƸ ţǀ(m )2  
d= ƿŹƩƐ ķǈ¦ſŴ ũƵƐţƨ ) ţǀm(  
• À±ţż ūǉƨƃƜ â® ūŦţŰ ţŦ ūŽŬ ƿŹƩƐ ƳŦţƭŭƸ ŷƙƈ ūŸţƉƸ Â įǈƃŭƱƴ¦  Â® ũƵºƐţƨ ţŦ ķƴÂ ®°¦® ƷǉƭŭƉƸ ūŧƉƼ ţǀ

.®°¦® ÀÂ°¦Â ūŧƉƼ ƃĵǈſƱǈ ±¦ ƿŹƩƐ  

  C A d
C A d

κ
= × ×κ

2 2 2 1
1 1 1 2

  
 :  

ķƸ Þ°ţƌ âƃŬţŦ ƗƈǃŬ ķƴţż À±ţż įǈ ķŭƬÂ ºƭŭƽƸ ƃĵǈ® ũŹƩƐ ƿŦ À±ţż ũŹƩƐ įǈ ±¦ °ţŦ ÅţƹŠ¦® �®ǃƌķƸ Ƴ  Â ®ǃºƌ
»Ǒŭż¦  ţŬ ƃƩƐ ±¦ ūż¦ǃƽƱǈ °ǃƘ ƿŦ À±ţż ƃƈ Â® ƳǉƉƼţŭĢV ķƸ Ƌǈ¦ƅƨ¦ .ſŦţǈ  

ķƸ ¿ţŵƼ¦ °ţư Áſƌ ƳƭŭƽƸ °ţŦ ƻǈ¦ âÂ° âƃŬţŦ .ſǀ®  
ƿŹƩƐ ƻǉŦ âţƕƨ ķƱǈƃŭƱƴ¦ À¦ſǉƸ °® ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ ©°ǃƐ ƿŦ °ţư ƻǈ¦ ķƸ Áƃǉż¯ À±ţż âţǀ  ƿºŦ Â ®ǃºƌ

.ūƈ¦ ¿ǃƈǃƸ À±ţż âÞƃƼ¦  ķƹǉƼ ķƽơǈâÞƃƼ¦ ±¦ ķƸ »ƃƑƸ ſƴǃƸ ƿư â¦ ķƸ Áƃǉż¯ À±ţż °® �ſƽư .®ǃƌ  

  QU QV CV C·pIi = = =
221 1 1

2 2 2  
U·pIi= ) À±ţż âÞƃƼ¦J(  

C= ) À±ţż ūǉƨƃƜF (®¦°ţƨ  
Q= ) À±ţż °® Áſƌ Áƃǉż¯ ķƱǈƃŭƱƴ¦ °ţŦC(  
V= ) À±ţż ƃƈ Â® ƳǉƉƼţŭĢ »Ǒŭż¦V(  

  ƿƙŦ¦° ®°ǃƸ °® À¡ ţŦ ƿư ķǈţǀ ķƸ ūƈ® ƿŦ ¦° À±ţż âÞƃƼ¦ ţǀ Ʒǈ°Â¡�  ťºƈţƽƸ ũºƙŦ¦° §ţºŽŭƼ¦ ƿºư ūºƌ¦® ƿºŴǃŬ ſǈţŦ
Á®¦® ƿư ®°¦® ƻǈ¦ ƿŦ ķĵŭƉŦ ūǉƹư ƿĪ ¾¦śƈ âţǀ .ſƽƌţŦ ķǈţǀ  ũŹƩƐ Â® ÀţǉƸ ƳǉƉƼţŭĢ »Ǒŭż¦ ÀǃĪ ţŵƽǈ¦ °® ÅǑűƸ

 ũƙŦ¦° ±¦ �ūƈ¦ ÁſƼţƸ ūŦţŰ À±ţżU CV= 21
2 ķƸ Á®ţƩŭƈ¦ âÞƃƼ¦ ũƉǈţƭƸ â¦ƃŦ  .Ʒǉƽư    
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  :         

 
 

        .      q
q =3

1
1
9  q

q
2
3

   

.   )/ (  

      
 

    

  | q || q | | q || q | | q | rF F k k ( )| q | rr r
=  =  = =21 2 2 3 1 12

12 32 2 2 3 2312 23
9

(0 / 25)
(0 / 25)

  

  )/( r r =12 233  

  | q || q | | q || q | | q | | q |F F k k
r r ( r ) ( r )

=  =  =2 1 3 1 2 3
21 31 2 2 2 2

12 13 23 233 4
(0 / 25)

  

)    (  )/( | q | | q | q
q =  = −2 3 2

3
9

9 16 16  

      :  
 ķƱǈƃŭƱƴ¦ âÂƃǉƼ Ũ±¦ſƼ¦ƿƙƭƼ °ţŦ Â® ƻǉŦ (ķƱǉŬţŭƈÂƃŭƱƴ¦) À¡ ƻǉŦ ƷǉƭŭƉƸ Ɨż âţŭƈ¦° °® ƿư â¦ ķƸ ƃºŰ¦ ţǀ  ţºŦ ſºƽư

ƳƐţŸ À¡ ķĴ°ƅŦ §ƃƔ À¡ ƻǉŦ ũƵƐţƨ ƟŦƃƸ ţŦ Â ūƈ¦ ťƈţƽŭƸ ţǀ .®°¦® ÀÂ°¦Â ūŧƉƼ ţǀ  

  | q || q |F k
r

= 1 2
2  

F = ) ķƱǈƃŭƱƴ¦ âÂƃǉƼ Ũ±¦ſƼ¦N(  

k N.m / C= = ×
πε

9 2 2
0

1 9 104  ƻƴǃư ūŦţŰ    

/ C / N.m−= ε = × 12 2 2
0 8 85 10  Ǎż ķƱǈƃŭƱƴ¦ ķǀ®°ƁĴ ťǈƃƔ  

q1 Âq2 = ƿƙƭƼ ķƱǈƃŭƱƴ¦ âţǀ°ţŦ ) â¦C(  
  

r = ) °ţŦ Â® ƻǉŦ ũƵƐţƨm(  

 

  

• Á°¯ °ţŦ Â® ƃĴ¦ â¦q1 Âq2  ũƵƐţƨ ƿŦr ƿºƙƭƼ Ʒǉǀ¦ǃºŽŦ Â ſƼƃǉĴ °¦ƃƬ ƃĵǈſƱǈ ±¦  ţºǈ °ţºŦ Â® ƳºƐ¦Â Ɨºż âÂ° ¦° â¦
ƿƼǃĴ ƿŦ Ʒǉƽư ƻǉǉơŬ À¡ ®¦ſŭƸ¦ ¿ǃƈ °ţŦ ƿư â¦q3 À¡ °®  À¡ ƃºŦ ®°¦Â Əƴţºż âÂƃºǉƼ ķƽơǈ ſƼţƹŦ ¾®ţơŬ ūƴţŸ ƿŦ ţŴ

:ƃƝƼ ®°ǃƸ ũƙƭƼ �®ǃƌ ƃƩƐ  
æ( ƿư ķŬ°ǃƐ °®q1 Âq2 ķƸ °¦ƃƬ Â® À¡ ũƵƐţƨ ±¦ «°ţż ſƽƌţŦ ¿ţƽƹǀţƼ ƃĴ¦ Â Â® À¡ ƻǉŦ ſƽƌţŦ ¿ţƽƹǀ .®ƃǉĴ  
ç( įǈ®ƅƼ â°ţŦ ƿŦ Á°¦ǃƹǀ įĪǃư À¡ Ũ±¦ſƼ¦ ƿư ūƈ¦ ƃŬ .ūƈ¦ ƃŬ  

  | q || q | | q || q | q rF F F F k k | | ( )q rr r
− =  =  =  = 21 3 2 3 2 2

13 23 13 23 2 2 1 11 2
0  

• ¾®ţơŬ ¾ţŸ °® ƿƈ ƃǀ Â ſƼƃǉĴ °¦ƃƬ ţŭƈ¦° įǈ °® °¦®°ţŦ Ũ°¯ ƿƈ ķŭƬÂ  ±¦ įºǈ ƃºǀ ƃºŦ ®°¦Â Əƴţºż âÂƃǉƼ) ſƽƌţŦ
À¡  ¿ţƽƹǀţƼ �ƃĵǈ® ķƱǈƃŭƱƴ¦ °ţŦ Â® ţŦ ķƼţǉƸ °ţŦ Á°¦ǃƹǀ �(ſƌţŦ ƃƩƐ ţǀūƈ¦.  
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  :         

  °ţŦ ¾®ţơŬ įƹư ƿŦq2ƿƙŦ¦° � ƿƵƐţƨ ƻǉŦ â¦ âţǀr12 Âr23 ķƸ ūƈ® ƿŦ :Ʒǈ°Â¡  

    
 Ƈģƈ°ţŦ ¾®ţơŬ ũƙŦ¦°q1 ķƸ ¦° ūŧƉƼ ţŬ ƷǉƉǈǃƼq

q
2
3

 :ſǈ¡ ūƈ® ƿŦ  
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  :         

 
 

          A     B      C   

:          )/ (  
ūŧűƸ âţǁŭƼ¦  

 ƷƉŴA 
ķƹƍĢ ũĪ°ţĢ  

 ƷƉŴB  
ķƹƍǈƃŦ¦ ũĪ°ţĢ  

 ƷƉŴC 
ķƼţŭư ũĪ°ţĢ  
ķƩƽƸ âţǁŭƼ¦  

 (      A  C    
 (  B                  

    
    (B  C                   

   
 

   (Ƨƴ¦ķƍǈţŦ° )/( )    (  
 (§ Ƌǈ¦ƅƨ¦ķƸ ſŦţǈ )/( )    (  

 ƷƉŴ ±¦ (ÜC  ƿŦB )/(  )(  

   • ŦÁſºƌ Á®¦® ƋƴţƸ ƃĵǈſƱǈ ƿŦ ƿư ķƹƉŴ Â® ƗƈǃŬ ÀÂƃŭƱƴ¦ À®¦® ūƈ® ±¦ ţǈ À®°Â¡ ūƈ® ƿ  ¾ÂſºŴ ²ţºƈ¦ƃŦ ſƼ¦
ķƸ ¿ǃƵơƸ (ķƍƴţƸ ũŭǉƉǈƃŭƱƴ¦ âƃƈ) įǈƃŭƱƴ¦ǃŧǈƃŬ  ¾ÂſŴ ƻǈ¦ °® .®ǃƌƻǉǈţĢ ®¦ǃƸ ÀÂƃŭƱƴ¦ ƃŬ  .ſºƼ°¦® âƃŭƍǉŦ ķǀ¦ǃż

ÀÂƃŭƱƴ¦ ƿƍǉƌ ƿŦ ūŧƉƼ įǉŭƈǐ ÅǑűƸ .®°¦® âƃŭƍǉŦ ķǀ¦ǃż  
âƃƈ ūŧűƸ âţǁŭƼ¦  

ƿƍǉƌ  
ƷƍĢ  
ƷƍǈƃŦ¦  
įǉŭƈǐ  

âƃƈ ķƩƽƸ âţǁŭƼ¦  
:  

ƿƵǉƈÂ Ʒǀ Â À¡ ¸ǃƼ Â ƷƉŴ įǈ °® ķƱǈƃŭƱƴ¦ °ţŦ ®ǃŴÂ ƏǉŽƍŬ â¦ƃŦ À¡ ±¦ ƿư ūƈ¦ â¦  ţǈ ţƼţƈ° ƻǉƽĪ À®ǃŦ ţƼţƈ°ţƼ
ķƸ Á®ţƩŭƈ¦ ¿ţƉŴ¦ .®ǃƌ  

    

7



 

10 
 

  :         

  ũŭǉƉǈƃŭƱƴ¦ âƃƈ ƿŦ ƿŴǃŬ ţŦ Á®¦® (įǈƃŭƱƴ¦ǃŧǈƃŬ) ķƍƴţƸ ſƌÁ ƷƉŴ ķƱǈƃŭƱƴ¦ °ţŦ  âţǀA �B  ÂC  ƋƴţƸ ±¦ ƇĢ ƿºŦ
:ūƈ¦ ƃǈ± ©°ǃƐ  A B Cq , q , q> > <0 0 0  
 ƷƉŴ Â® (Ƨƴ¦A  ÂC ķƸ ¦° ƃĵǈſƱǈ Â ſƽŭƉǀ ¿ţƽƹǀţƼ âţǀ°ţŦ â¦°¦® .ſƽǈţŦ°  

 ƷƉŴ °ţŦ ÀǃĪ (§B ƿƬ°Â ƻǉŦ ũǈÂ¦± �ſƽŭƉǀ ¿ţƽƹǀ �ÜǃƱƈÂƃŭƱƴ¦ °ţŦ Â ķƸ Ƌǈ¦ƅƨ¦ ţǀ .ſŦţǈ  
ÀÂƃŭƱƴ¦ (Ü ķƸ ƳƭŭƽƸ ®°¦® ūŧűƸ °ţŦ ƿư ķƹƉŴ ƿŦ ®°¦® ķƩƽƸ °ţŦ ƿư ķƹƉŴ ±¦ ţǀ .ſƼǃƌ  



 

11 
 

اگر نهایى          :  

سخت شد!
 

 
      E ( V / m)i= × 45 10


     / g0 2  

m / s5   A             B        .
 m / s4       )       (.   ) (  

      
 

    

    
  )/( t EW W

t C AW K | q | Edcos m(v v )== Δ ⎯⎯⎯⎯→ θ = −2 21
2

(0 / 25)
  

  | q | ( / )( ) ( / )( ) | q | C nC− − × × − = × −  = × =4 3 815 10 0 2 1 0 2 10 16 25 9 10 902
(0 / 25)

  

)q <0 ¦ƃǈ±  °ţŦ ƃŦ ®°¦Â âÂƃǉƼq (.ūƈ¦ À¦ſǉƸ ūǁŴ »Ǒż °®  )/( q nC = −90  
) (  

   •  ūŦţŰ âÂƃǉƼ ƃĴ¦EF


 ūż¦ǃƽƱǈ ķƱǈƃŭƱƴ¦ À¦ſǉƸ »ƃƘ ±¦E


 Á°¯ °ţŦ ƃŦ â¦q  ƻǈ¦ °ţư �ſƽư ƃŰ¦ƿŦţŴ °® ÂƃǉƼ ķǈţŴd


 
ķƸ ūƈ® ƿŦ ƃǈ± ũƙŦ¦° ±¦  :ſǈ¡  

E EW F dcos | q | Edcos= θ = θ   
= θ âÂƃǉƼ ƻǉŦ ũǈÂ¦±EF


 ƿŦţŴ Â ķǈţŴd


  

       :  
 °ţŦ ƃŦ ®°¦Â âÂƃǉƼ ţǁƽŬ ƃĴ¦qķƸ âÞƃƼ¦ º °ţư ũǉƕƬ ƫŧƘ �ſƌţŦ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ±¦ ƳƐţŸ âÂƃǉƼ � :ūƌǃƼ À¦ǃŬ  

  E EK W UΔ = = −Δ  
  ƻǈ¦ °® ƿư ķǈÂƃǉƼ ţǁƽŬ ţŴ� ķƸ ¿ţŵƼ¦ °ţư ƻǈ¦ƃŦţºƽŦ .ūºƈ¦ ķºƱǈƃŭƱƴ¦ âÂƃºǉƼ �ſǀ®t EW W=  ƷŠţºƬ ũºƩƴśƸ .ūºƈ¦

ţŰ �ūƠƃƈ ũƙƭƼ °® ūƠƃƈ ķƭƨ¦ ũƩƴśƸ ţƸ¦ ūƈ¦ ūŦC  ũƙƭƼ °® Á°¯ âſƽŬ ũƽǉƹư ƇĢ .ūƈ¦ ƃƩƐC .ūƈ¦  
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  :         

 
 

                 .     )

(. ) (  
               

 (...............   .    
 (     ...............             .  

   (          ............... .  
     (   q  q         ...............   

   .    
 

   (Ƨƴ¦ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ )/ () (  
 (§ķƱǈƃŭƱƴ¦ À¦ſǉƸ )/ () (  
 (Ü§ƁŴ )/ () (  
 (©ķƱǈƃŭƱƴ¦ âÂƃǉƼ )/ () (  

     :  
ķƸ ®°¦Â ƃĵǈſƱǈ ƃŦ ķƱǈƃŭƱƴ¦ âţǀ°ţŦ ƿư ūƈ¦ ķǈÂƃǉƼ  ¸ǃºƼ ±¦ ÂƃºǉƼ ƻºǈ¦ �ſƽºƌţŦ ¿ţƽƹǀ ķƱǈƃŭƱƴ¦ âţǀ°ţŦ ƃĴ¦ .ſƽƽư

.ūƈ¦ ƿŦ¯ţŴ ¸ǃƼ ±¦ ſƽƌţŦ ¿ţƽƹǀţƼ ƃĴ¦ Â ƿơƨ¦®  
 ſǈţŦķƸ ƅǉƼ ķűƽż ƷƉŴ įǈ Â °¦®°ţŦ ƷƉŴ įǈ ƿư ūƌ¦® ƿŴǃŬ .ſƽƽư ®°¦Â ƋǈţŦ° âÂƃǉƼ Ʒǀ ƃŦ ſƽƼ¦ǃŬ  

• ŬǃǉƼ ¿ǃƈ ÀǃƼţƬ ƿŦ ţƽŦǃŨ°¯ Â® ƿư ķǈţǀÂƃǉƼ ÀķƸ ®°¦Â Ʒǀ ƿŦ °¦®°ţŦ  Ʒǀ �ſƽƽư Ʒǀ �Á±¦ſƼ¦  ūºǁŴ »Ǒºż °® Â ţŭºƈ¦°
Ʒǀ .ſƼƃĵǈ®  

F= 12 °¯ ƿư ķǈÂƃǉƼ Ũ±¦ſƼ¦ ¾Â¦ ŨķƸ ®°¦Â ¿Â® Ũ°¯ ƿŦ .ſƽư  F F= −12 21
   

F= 21 ķƸ ®°¦Â ¾Â¦ Ũ°¯ ƿŦ ¿Â® Ũ°¯ ƿư ķǈÂƃǉƼ Ũ±¦ſƼ¦  .ſƽư  F F=12 21  
  ūǉƹư �ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ Â ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ (Ƨƴ¦ Á®ƃƼ âţǀ .ſƽŭƉǀ â¦  

 ƻǉŸ °® ţǀ°ǃŧƼ± (§ķƸ ūŧűƸ °ţŦ â¦°¦® ±¦ÂƃĢ ƳĴ Ũ®ƃĴ âÂ° ¦° ķƩƽƸ Â ūŧűƸ âţǀ°ţŦ Â ſƼǃƌ ķƸ ţƭƴ¦ ţǀ .ſƽƽư  
ƿƍǉƌ ũƵǉƸ (Ü ķƸ ®ţŵǈ¦ ƿư ķƱǈƃŭƱƴ¦ À¦ſǉƸ ţŦ â¦ ¾ǃƱƴǃƸ �ſƽư ķƸ ÁſǉŧƙƬ ¦° ƁƤţư âţǀ  âţºǀ°ţŦ ƿºư â°ǃºƘ ſºƽư
¾ǃƱƴǃƸ ķƩƽƸ ķƸ °¦ƃƬ ūƈ¦ ūŧűƸ °ţŦ â¦°¦® ƿư ƿƵǉƸ ūƹƈ ƿŦ ƁƤţư âţǀ  Â ſƼƃǉĴ¾ǃƱƴǃƸ ūŧűƸ âţǀ°ţŦ  °® ƁƤţư âţǀ

ķƸ °¦ƃƬ ƿƵǉƸ ±¦ ƃŬ°Â® »ƃƘ Ʒư ũƵƐţƨ °® ÀǃĪ ¿ţƽƹǀţƼ âţǀ°ţŦ .ſƼƃǉĴ ķƸ °¦ƃƬ âƃŬ âǃºƬ ƋºƼ¦° ±¦ ƋǈţºŦ° �ſºƼƃǉĴ  ƃŬ
Á®ƃż Â Á®ǃŦ ķƸ ƿƵǉƸ §ƁŴ �ƁƤţư âţǀ .ſƼǃƌ  

ķƸ ®°¦Â ƃĵǈſƱǈ ƃŦ °¦®°ţŦ ƷƉŴ Â® ƿư ķƱǈƃŭƱƴ¦ âÂƃǉƼ Ũ±¦ſƼ¦ (© ¿ǃƈ ÀǃƼţƬ ƫŧƘ �ſƽƽư ŬǃǉƼǃÀ� .ūƈ¦ ÀţƉƱǈ 
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      cm40  / C / m−× μ3 22 5 10      .

     )       .( )/ (  
 

    

  )/( / C/m
A ( / ) / m

Q Q/A /
−σ= × −

= =
σ = ⎯⎯⎯⎯⎯⎯⎯→ × =

9 2
2 2

2 5 10 9
6 0 4 0 96

2 5 10 0 96
(0 / 25)

  

 )(  )/( Q / C / nC− = × =92 4 10 2 4  
   :       

 ķƱǈƃŭƱƴ¦ °ţŦ ķŹƙƈ ķƴţĵĪ ¦° ƷƉŴ įǈ ŷƙƈ °® ķƱǈƃŭƱƴ¦ °ţŦ Ʒư¦ƃŬ ƷƉŴ À¡ķƸ .ƷǉǈǃĴ  

  Q
Aσ =  

= σ °ţŦ ķŹƙƈ ķƴţĵĪ(C/ m )2  
Q= ) ŷƙƈ °® ®ǃŴǃƸ ķƱǈƃŭƱƴ¦ °ţŦC(  
A= ) ūƈ¦ Áſƌ Ɵǈ±ǃŬ À¡ âÂ° °ţŦ ƿư ķŹƙƈ ūŸţƉƸm2(  
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.         ( )/ (  

 (    .          ) (  
 

   (Ƨƴ¦»Ǒŭż¦ ƃĴ¦  ®ÂƃŦ ƃŬǐţŦ À±ţż À¡ â¦ƃŦ ƳƹŹŬ ƳŦţƬ ÞţŭƴÂ ũƽǉƍǉŦ ±¦ À±ţż ũŹƩƐ Â® ƳǉƉƼţŭĢ)/(  ±¦ â®¦ſºơŬ
ÀÂƃŭƱƴ¦ ƷŬ¦ âţǀ â® Ũ®ţƸ âţǀ ® ƻǉºŦ Áſºƌ ®ţºŵǈ¦ âǃƬ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ƗƈǃŬ �įǈƃŭƱƴ¦ Â Â Áſºƌ Áſºƽư �ƿŹƩºƐ

ţƼţƈ° ķǈţǀƃǉƉƸ â® ÀÂ°®  įǈƃŭƱƴ¦ķƸ ®ţŵǈ¦ ķƸ À±ţż ũǉƵŽŬ ťŧƈ ƿư ſƽƽư  .®ǃƌ)/ ) ((  
 (§ ķŧƙƬ)/(  §¡ ƳűƸ)/( ţǈNH3  ţǈHCl   

 ķŧƙƬƃǉƤ)/(  ƳűƸ ÀţŭƸ)/( ÀƅƽŦ ţǈ  )(  

   æâ® ƃĴ¦ (  ķŧƙƬ įǈƃŭƱƴ¦ſƽƼţƸ) ſƌţŦH O2�NH3  ÂHCl( 
¾ǃƱƴǃƸ Â® âţǀâ® ķŧƙƬ ūƹƈ ÅǑŧƬ ƿư įǈƃŭƱƴ¦ ķƸ ǐţŸ ſƽŭƌ¦® ķƹƝƽƸţƼ âƃǉĴ  °® ¦° ®ǃºż �ƋżƃºĪ ţŦ ţŬ ſƽƌǃư

Ʒǀ À±ţż ũŹƩƐ Â® ƻǉŦ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ūǁŴ .ſƽƽư Ƨǈ®°  

  

_ +

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
+

_
_
_
_
_
_
_
_
_

+
+
+
+
+
+
+
+
+

    
çâ® ƃĴ¦ ( ſƌţŦ ķŧƙƬƃǉƤ įǈƃŭƱƴ¦ (ÀƅƽŦ Â ÀţŭƸ ſƽƼţƸ)  

¾ǃƱƴǃƸ ķƸ ÁſǉŧƙƬ À¡ âţǀ ķƸ ůºƠţŦ Áſºƌ ¾ţºƹƠ¦ ķºƱǈƃŭƱƴ¦ À¦ſǉƸ ķƽơǈ ſƼǃƌ ¾ǃƱƴǃƸ ķºƼÂƃŭƱƴ¦ ƃºŦ¦ ƿºư ®ǃºƌ  âţºǀ
â® ƿŦţŴ À¦ſǉƸ ūǁŴ »Ǒż °® įǈƃŭƱƴ¦ ¾ǃƱƴǃƸ ķƩƽƸ Â ūŧűƸ âţǀ°ţŦ ƅưƃƸ ťǉŬƃŬ ƻǈ¦ ƿŦ Â ſƼǃƌ ţŴ .ſƼǃƌ ¦ſŴ Ʒǀ ±¦ ţǀ  
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                  . ) (  

 

  ƿŭƈ® À¡ ³ǃĢ°® âÂ° Â ®°¦® °¦ƃƬ ķǈţƼţƈ°ţƼ ũǈţĢ âÂ° ƿư ſǈƃǉĵŦ ƃƝƼ °® ¦° âƅƵƨ ³ǃĢ°® ţŦ ķǈţƼţƈ° »ƃƜ  ƫǈţºƠ â¦
ūƈ¦ °ţŦ ÀÂſŦ »ƃƜ ¦ſŭŦ¦ .ūƈ¦ Áſƌ ťƑƼ.  ¦° âƅƵƨ âǃĴ įǈ ®°¦Â Ƈģºƈ Â °¦®°ţºŦ ūºƈ¦ À¦ƅºǈÂ¡ ķƭǈţºƠ ŻƼ ±¦ ƿư

ķƸ »ƃƜ  (Ƨƴ¦ ƳƱƌ) Ʒǉƽư)/( ķƸ ²ţƹŬ »ƃƜ Ƨư ţŦ ¦° âǃĴ Àǃƽư¦ ķƸ ¦° âƅºƵƨ ³ǃĢ°® Ƈģƈ Â Ʒǉǀ®  ƷǈſºƽŦ
(§ ƳƱƌ) )/(À¡ . ķƸƃŦ ƋƭǈţƠ ũŭƈ® ţŦ ¦° âƅƵƨ ³ǃĢ°® ÁţĴ  (Ü ƳƱƌ) Ʒǈ°¦®)/ .( À®ƃºư «°ţż ±¦ ƇĢ âǃºĴ

 ¦° À¡ �»ƃƜ ±¦ âƅƵƨķƸ įǈ®ƅƼ ÜǃƱƈÂƃŭƱƴ¦ įǀǑư ƿŦ ķƸ ÁſǀţƍƸ .Ʒǉƽư ķƹƼ ÀţƱŬ ÜǃƱƈÂƃŭƱƴ¦ ũŦƃƭƠ ®ǃƌ  ®°ǃż
 (© ƳƱººƌ))/ .(Ʒǀ ķƸ ÁſǀţººƍƸ �Ʒǉººƽư įººǈ®ƅƼ ÜǃƱººƈÂƃŭƱƴ¦ ƿººŦ ¦° »ƃººƜ ƃººĴ¦ ƻǉººƽĪ ƿººŦƃƭƠ ƿººư ®ǃººƌ  âţǀ

ķƸ ƿƵƐţƨ Ʒǀ ±¦ ÜǃƱƈÂƃŭƱƴ¦ .ſƼƃǉĴ )    (  
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  :         

 
 

   :      )/ (  

           (        
   

              (   
      (             

 

  (Ƨƴ¦ Á®¦°ţƨ ƇƩƬ )/ ) ((  
§ (ķƸ Ƌǈ¦ƅƨ¦ .ſŦţǈ )/(  )(  

°ǃŬǑǈƃŧǉƨ® (Ü ťƵƬ ƷƝƽƸţƼ ³±ƃƴ Ɵƨ° Áţĵŭƈ® ţǈ )/(  )(  
  ķƸ ƳƹƠ Á®¦°ţƨ ƇƩƬ ſƽƼţƸ Ƌż°¯¡ ƳŦţƭƸ °® ƳǉŧƸǃŬ¦ âƅƵƨ ũƼſŦ (Ƨƴ¦  âÂ° ķƨţºƔ¦ ķºƱǈƃŭƱƴ¦ âţºǀ°ţŦ ķºƽơǈ .ſƽư

ķƸ ÀţƸ¦ °® �ūƈ¦ ƳǉŧƸǃŬ¦ Ƴż¦® ƿư ķƑŽƌ Â ƿŭƨƃĴ °¦ƃƬ ƳǉŧƸǃŬ¦ ƿƼſŦ .ſƼţƸ  
ķƸ Ƌǀţư ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ �Ʒǉƽư ūưƃŸ ķƱǈƃŭƱƴ¦ À¦ſǉƸ ¶ǃƙż ūǁŴ °® ƃĴ¦ (§ .ƇƱƠƃŦ Â ſŦţǈ  

(Ü Áţĵŭƈ® °ţư ²ţƈ¦ �ķƱǈƃŭƱƴ¦ ƳǉƉƼţŭĢ âÞƃƼ¦ Ũƃǉż¯ â¦ƃŦ À±ţż ķǈţƼ¦ǃŬ  ƧºƬǃŬ â¦ƃºŦ ƿºư ūƈ¦ ķƌ±ƃƴ Ɵƨ° âţǀ
ķƸ °ţư ƿŦ ķŧƵƬ ũƵƹŸ °ţĪ® ®¦ƃƨ¦ ķƽƙŦ ³±ƃƴ ķƸ ůƠţŦ ťƵƬ ĳƽǀţƹǀţƼ µţŧƭƼ¦ Â ¶ţƉŧƼ¦ �â°ţƹǉŦ ƻǈ¦ °® .®Â°  ®ǃƌ

âƃŬţŦ įǈ Áţĵŭƈ® ƻǈ¦ °® .®ǃƍƼ Á®ţŭƈƃƨ ƅƥƸ ƿŦ ķŭƈ°® ƿŦ Àǃż ®ÂſŸ ƳǉƉƼţŭĢ »Ǒŭż¦ ţŬ ¦° ķƼ±ţż �kVë  °¦®°ţºŦ
ķƸ ƿŹƩƐ .ſƽư įƍƩ―) ƗŦ¦° âţǀ ķƸ Á®¦® °¦ƃƬ °ţƹǉŦ ũƽǉƈ ũƉƩƬ âÂ° (ţǀ  Áƃºǉż¯ âÞƃºƼ¦ ±¦ ķºƍŽŦ À±ţºż Â ſƼǃºƌ

įƍƩư ƫǈƃƘ ±¦ ¦° ®ǃż Ũſƌ  °ţƹǉŦ ÀſŦ ƿŦ ţǀķƸ ƳƭŭƽƸ  ±¦ ūºƬǃƸ °ǃºƘ ƿŦ ťƵƬ ƿư ūƈ¦ ƻǈ¦ °ţư ƻǈ¦ ±¦ »ſǀ .ſƽư
 Â ſŭƩǉŦ °ţư.ſŭƨ¦ °ţư ƿŦ ®ǃż ķơǉŧƘ Â ƷƝƽƸ ĳƽǀ¡ ţŦ À¡ ±¦ ƇĢ  
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  :         

 
 

                    .  

 V16            (e / C)−= × 191 6 10 )/ (  

      
 

    
)    (  )/( V VR I / AI I / I= =  =  =1

1
4 16 0 80 2  

)    (  )/( q I t /n ne e / −
Δ Δ ×= =  = = × = ×

×
19 20

19
0 8 60 30 10 3 10

1 6 10
(0 / 25)

  

  

    æķƸ °ǃŧƠ ţƼţƈ° įǈ ±¦ ƿư ķƱǈƃŭƱƴ¦ °ţŦ ( ) â®ţǉƽŦ °ţŦ ±¦ ķŭƈ°® §ƃƕƸ �ſƽưe.ūƈ¦ (  
  q neΔ =  

q= Δ ) Á®ƃư°ǃŧƠ ķƱǈƃŭƱƴ¦ °ţŦC(  
n = ÀÂƃŭƱƴ¦ ®¦ſơŬ ţǀ  
e =  â®ţǉƽŦ °ţŦ= / C−× 191 6 10  
çƏƴţż °ţŦ ƃĴ¦ (qΔ ķƼţƸ± Ũ±ţŦ °®tΔ ĳƽǀ¡ Â ®°ƁĵŦ ţƼţƈ° ƟƙƭƸ įǈ ±¦q

t
Δ
Δ

 ƿºƝŹƴ ¿ţºƹŬ °®  �ſºƼţƹŦ ūºŦţŰ ţǀ
.ūƈ¦ ūŦţŰ ƅǉƼ ƳƐţŸ ÀţǈƃŴ  

I = ) ķƱǈƃŭƱƴ¦ ÀţǈƃŴA(  
q= Δ ) ķƱǈƃŭƱƴ¦ °ţŦC(  qI t

Δ= Δ
  

t= Δ ) ķƼţƸ± Ũ±ţŦs(  
 :  

 »Ǒŭż¦ ūŧƉƼ �ūŦţŰ âţƸ® °®ƿƵǉƈÂ ķżƃŦ ƳǉƉƼţŭĢ ķƸ °ǃŧƠ ®ǃż ±¦ ¦° ķƱǈƃŭƱƴ¦ ÀţǈƃŴ ƿư ţǀ  ƿư ķƼţǈƃŴ ƿŦ ſƽǀ®
À¡ ±¦ ķƸ ţǀ .ūƈ¦ ķŭŦţŰ °¦ſƭƸ �®°ƁĴ  

ƿƵǉƈÂ ƻǉƽĪ  ¦° ķǈţǀţƭƸÂķƹǀ¦ âţƼţƈ° ţǈ ūƸ ķƸ .ƷǉǈǃĴ  V R V IRI =  =  
V = ) ƳǉƉƼţŭĢ »Ǒŭż¦V(  
I = ) ķƱǈƃŭƱƴ¦ ÀţǈƃŴA(  

R = ) ķƱǈƃŭƱƴ¦ ūƸÂţƭƸΩ(  

      
  Rôi KÃ{ = 1   Rôi KÃ{ =   

  ƻǈ¦ ƿŦ ƿŴǃŬ ţŦ (Ƨƴ¦ Á®¦® °¦®ǃƹƼ Ɨż ťǉƌ ƿư »Ǒŭż¦ ţŦ ÀţǈƃŴ �ūƈ¦ ūŦţŰ Áſƌ .ūƈ¦ ťƈţƽŭƸ ƳǉƉƼţŭĢ  
ũƙŦ¦° Â® ťǉưƃŬ ±¦ (§q neΔ = Âq I tΔ = Δ ķƸ :ūƌǃƼ À¦ǃŬ  

  I tI t ne n e
ΔΔ =  = 
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  :         

 
 

          / cm1 2   R       .

        mm4      R   )/ (  
 

   )(  

  )/( L R L AR A R L A
′′ ′ρ= ρ  = × × ′ρ

(0 / 25)

  

  )/( 
d

L A dAL A L ( ) ( )L A dd

π
′′ ′=  = = = = =′ ′′π

2

2 2
2

124 94
4


(0 / 25)

  

  )/( R L A
R L A

′ ′ = × = × =′ 9 9 81  

           : 
 âţƸ® °® ƷƉŴ įǈ ķƱǈƃŭƱƴ¦ ūƸÂţƭƸ ƟºƙƭƸ ŷƙƈ ūŸţƉƸ ţŦ ķƴÂ ®°¦® ƷǉƭŭƉƸ ūŧƉƼ À¡ ƇƽŴ Â ¾ǃƘ ţŦ �ūŦţŰ

.®°¦® ƇƱƠ ũƙŦ¦° �À¡  

    
  LR A= ρ  

R = ķƱǈƃŭƱƴ¦ ūƸÂţƭƸ )Ω(  
ρ = ) ÁĭǈÂ ūƸÂţƭƸ.mΩ(  
L = ) ƷƉŴ ¾ǃƘm(  
A = ķƸ µƃƨ ūŦţŰ ƷƉŴ ®¦ſŭƸ¦ °® ƿ―) ƟƙƭƸ ŷƙƈ ūŸţƉƸ ) (®ǃƌm2(  
• Áƃǈ¦® �ÀţǈƃŴ °ǃŧƠ ƟƙƭƸ ƃĴ¦  ¸ţơƌ ƿŦ â¦r :ſƌţŦ  A r= π 2  

• ķƸ ƧƵŭŽƸ ūƴţŸ Â® ũƉǈţƭƸ â¦ƃŦ  :ūƌǃƼ À¦ǃŬ  R L A
R L A

ρ= × ×ρ
2 2 2 1
1 1 1 2

  

  §Â¯ âƅƵƨ Ʒǉƈ įǈ ķŭƬÂ  Â ÁſƌķƸ ƿŭżţƈ âƃĵǈ® Ʒǉƈ �ƅƵƨ °¦ſƭƸ Àţƹǀ ţŦ  Ʒǉºƈ ƷºŵŸ Â ƇƽºŴ �¿ƃºŴ �®ǃºƌ
ķƹƼ ƃǉǉƥŬ ķƸ µǃƠ À¡ ÁſƠţƬ ūŸţƉƸ Â ¾ǃƘ ķƴÂ ſƽư ƻǈ¦ °® .®ǃƌ à±ţƼ �¿Â® ūƴţŸ °® Ʒǉƈ ţŴ  Áſºƌ ƃŬſºƽƵŦ Â ƃŬ

.ūƈ¦ ƿŭƌ¦® ķǁŴǃŬ ƳŦţƬ Ƌǈ¦ƅƨ¦ À¡ ķƱǈƃŭƱƴ¦ ūƸÂţƭƸ ƻǈ¦ƃŦţƽŦ .ūƈ¦ 
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شبیه ساز         :  

 خرداد14٠4
 

 
    (         )     (.  )/ (  

   )  :)  ()  ((    
(                      .

       )/ (  

    
 

  (Ƨƴ¦    )/( nR ab= × = × = Ω210 54 10 5400
(0 / 25)

  

ķƸ Ƌǀţư (§  .ſŦţǈ)/ ()    (  

    ūƸÂţƭƸ ķƠǃƼ ţŭƈǃŠ°ƿīǉĢ â¦ ǉƈ ±¦ ƿư ūƈ¦ ƃǉƥŭƸÁ®ţƸ ţǈ Ʒ ţŦ â¦ ķƸ ƿŭżţƈ ®ţǈ± ÅţŭŧƉƼ ŨĭǈÂ ūƸÂţƭƸ  ķºƱǈ °® .®ǃƌ
ƿƼ¦ǃŭƈ¦ âÂ° Ʒǉƈ ƻǈ¦ �(ķƙż âţŭƈǃŠ°) ţŭƈǃŠ° ¸¦ǃƼ¦ ±¦ ƿºƹư® ±¦ Á®ţƩŭƈ¦ ţŦ Â Áſƌ ÁſǉīǉĢ ţƼţƈ°ţƼ â¦  ƿºư ÁſºƼƅƥƴ â¦

ţǁŭƼ¦ Â ®°¦® °¦ƃƬ ƿƼ¦ǃŭƈ¦ âǐţŦ °® ķƵǈ° âÂ°ķƸ ūƈ¦ ²ţƹŬ °® Ʒǉƈ ţŦ À¡ â À¦ǃŬ  °® ¦° Ʒǉºƈ ±¦ ķǀ¦ǃºŽƴ® ūƹºƉƬ
Ƹ® °¦ƃƬ ÀţǈƃŴ ƃǉƉ¦® ƃǉǉƥŬ ¦° ūƸÂţƭƸ °¦ſƭƸ ƻǈ¦ƃŦţƽŦ Â ®¦.® 

    
 ķŴÂƃż ±¦ ƿư ķƸţĵƽǀB ķƸ Á®ţƩŭƈ¦  �Ʒǉƽư °¦ſºƸ °® �®°¦® °¦ƃºƬ ÁſºƼƅƥƴ ġĪ ūƹƈ ƿư ţŭƈǃŠ° ūƸÂţƭƸ ±¦ ķŭƹƉƬ

ķƸ °¦ƃƬ  Â ƿŭƨƃĴ °¦ƃƬ °¦ſƸ °® ūƸÂţƭƸƃĢ Ʒǉƈ ±¦ âƃŭƍǉŦ ¾ǃƘ �®ÂƃŦ ūƈ¦° ūƹƈ ƿŦ ÁſƼƅƥƴ ƿĪ ƃǀ .®ƃǉĴR ¦ƅºƨ¦ Ƌǈ
ķƸ  ķŴÂƃż ±¦ ƃĴ¦ ţƸ¦ .ſŦţǈC  °® âƃǉŰřºŬ ÁſºƼƅƥƴ ūºưƃŸ Â ƿºŭƨƃĴ °¦ƃƬ °¦ſƸ °® ţŭƈǃŠ° ūƸÂţƭƸ Ƴư �Ʒǉƽư Á®ţƩŭƈ¦

.®°¦ſƼ ūƸÂţƭƸ Ũ±¦ſƼ¦  
  :  
 ¸ǃƼ ƻǈ¦ūƸÂţƭƸ  ţǀƷǉƼ ķżƃŦ �ƻŦƃư ±¦ ÅǐǃƹơƸ ƿǈǐ ţǈ Â �ţǀţƼţƈ° Á±¦ſƼ¦ °® Â âƅƵƨ à±ţƼ âţǀ °¦ſƼţŭºƈ¦ ´ţºż âţǀ® â

ķƸ ƿŭżţƈ ūƸÂţƭƸ ƻǈ¦ °¦ſƭƸ .ſƼǃƌ ķƸ Á®¦® ÀţƍƼ ķĵƼ° âſư ©°ǃƐ ƿŦ ÅţŬſƹƠ ţǀ  ţŦ ƿư ®ǃƌè  ţºǈé  ķºĵƼ° ũºƭƵŸ
À¡ âÂ° .ūƈ¦ ®ſƠ įǈ »ƃơƸ ĳƼ° ƃǀ .ūƈ¦ Áſƌ ƏŽƍƸ ţǀ  
ż â¦ƃŦƃƝƼ ®°ǃƸ ūƸÂţƭƸ ÀſƼ¦ǃ�  Ê ƵÉŬ ũƭƵŸÁƃƭƼ ţǈ ķǈǑƘ) ƇƼ¦ƃ ķºƸ °¦ƃºƬ ūºƈ¦° ūƹƈ °® ¦° (â¦ ƿºƭƵŸ Â Ʒǉǀ®  âţǀ
° ƃĵǈ® ¾Â¦ ƷƬ° ťǉŬƃŬ ƿŦ �ġĪ ūƹƈ ±¦ ¦ķƸ ¿ǃƈ Â ¿Â® Â .ƷǉƸţƼ  

  

  
a = ) ¾Â¦ ƷƬ°(Àţĵǀ®  nR ab= ×10  
b = (ÀţƱǈ) ¿Â® ƷƬ°  
n = ťǈƃƔ ţǈ ¿ǃƈ ƷƬ°  

ķƸ ÁſǉƸţƼ ƇƼ¦ƃÊƵÉŬ ƿư ¿°ţǁĪ ũƭƵŸ ķƸ ƏŽƍƸ ſƐ°® ťƉŸƃŦ ¦° ūƸÂţƭƸ ƫǉƬ® °¦ſƭƸ ±¦ »¦ƃŹƼ¦ ±ţŵƸ °¦ſƭƸ �®ǃƌ .ſƽư  
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شبیه ساز         :  

 خرداد14٠4

 
نهایى

  
  

  ƻǈ¦ ƿŦ ƿŴǃŬ ţŦ (Ƨƴ¦  ƿư»ƃƐ »¦ƃŹƼ¦ ±ţŵƸ °¦ſƭƸ ±¦ ¾¦śƈ ƻŭƸ °®  ÅǑºƹƠ ¾¦śƈ ƻǈ¦ °® ƇƼ¦ƃƵŬ ũƭƵŸ �ūƈ¦ Áſƌ ƃƝƼ
ķŦ ūƸÂţƭƸ Ũ±¦ſƼ¦ âÂ° .ūƈ¦ ƃǉŰřŬ 

ķƸ ūƈ¦° ūƹƈ ƿŦ ţŭƈǃŠ° ŨſƼƅƥƴ ƿĪ ƃǀ (§ ķƸ Ƌǈ¦ƅƨ¦ ţŭƈǃŠ° ūƸÂţƭƸ �®Â°  �ġƸǐ ±¦ â°ǃŧƠ ÀţǈƃŴ ƿŵǉŭƼ °® ſŦţǈ
°ǃƼ Â ƿŭƨţǈ Ƌǀţư ķƸ Ʒư À¡ .®ǃƌ  

  
Ƨƴ¦( ƿŦÂ° ƳƱƌ °® Áſƌ Á®¦® ÀţƍƼ ūƸÂţƭƸ °¦ſƭƸ  �ūƈ¦ Ʒǀ¦ ſƽĪ Â°)/ ) ( (  

»ƃƐ »¦ƃŹƼ¦ ±ţŵƸ °¦ſƭƸ ±¦) ūƸÂţƭƸ ķĵƼ° ſư (.®ǃƌ ƃƝƼ ) ƅŧƈ :ţǀê) Áţǉƈ �(å(  

    

(Ƨƴ¦ :ŻƈţĢ )/(× = Ω50 10 50   
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  :         

 
 

     C20   Ω40           .

   / Ω46 8 Cu( / K )−α = 10 0068 )/ (  
 

      )/( R R ( T) / ( / T)= + αΔ  = + Δ0 1 46 8 40 1 0 0068
(0 / 25)

  

  )/( / / T T C = × Δ  Δ =6 8 40 0 0068 25   
)    (  

   ķƸ Ƌǈ¦ƅƨ¦ âƅƵƨ âţƼţƈ° įǈ âţƸ® ķŭƬÂ Á°ǃŬţư ©ţƌţơŬ°¦ �ſŦţǈ ƷŬ¦ â¦ Àǃǈ Â ţºǀ ķƸ Ƌǈ¦ƅºƨ¦ ƅºǉƼ À¡ âţºǀ  °® .ſºƽŦţǈ
 ®°ǃżƃŦ ƿŵǉŭƼÀÂƃŭƱƴ¦  �ÀţºǈƃŴ °ǃºŧƠ ƃºŦ¦ƃŦ °® ţƼţºƈ° ūƸÂţƭƸ Â Áſƌ ®ţǈ± ƅǉƼ âƅƵƨ âţƼţƈ° ķƹŬ¦ ũƱŧƌ ţŦ ®¦±¡ âţǀ

ķƸ ƃŭƍǉŦ .®ǃƌ 

  R R ( T)= + αΔ0 1  
R= 0 âţƸ® °® ķƱǈƃŭƱƴ¦ ūƸÂţƭƸT0 ) (ƟŴƃƸ)Ω(  
R=  âţƸ® °® ķƱǈƃŭƱƴ¦ ūƸÂţƭƸT )Ω(  

= α ķǈţƸ® ťǈƃƔ ūƸÂţƭƸ ÁĭǈÂ( )
C
1
 ţǈ(K )−1  

T T TΔ = − 0 ) ţƸ® ƃǉǉƥŬC) ţǈ (K(  
  ) ÁĭǈÂ ūƸÂţƭƸ ķǈţƸ® ťǈƃƔ �ţǀţƼţƈ° ®°ǃƸ °®αƷǉƼ ®°ǃƸ °® ţƸ¦ ūƈ¦ ūŧűƸ �(  �ƷǉºƉǉƵǉƈ Â ƷǉƼţƸ°Þ ſƽƼţƸ ţǀţƼţƈ°

ūƸÂţƭƸ �ţƸ® Ƌǈ¦ƅƨ¦ ţŦ ķƽơǈ �ūƈ¦ ķƩƽƸ ťǈƃƔ ƻǈ¦ ƷǉƼ ķƸ Ƌǀţư ţǀţƼţƈ° .ſŦţǈ 
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  :         

 
 

                     .  

 (.       )) (  

     
ÁſǉŦţŬ °ǃƼ ƿŦ �À¡ ķƱǈƃŭƱƴ¦ ūƸÂţƭƸ ƿư ūƸÂţƭƸ ķƠǃƼ (Ƨƴ¦ .®°¦® ķĵŭƉŦ Áſƌ æ®ǃǈ® (  

ķƠǃƼ (§ķƸ ÀţƍƼ Ƌƽư¦Â ūƠƃƈ ƿŦ �ţƸ® ƃǉǉƥŬ ƿŦ ūŧƉƼ ƿư ūƸÂţƭƸ .ſǀ® ç (LED  
ƿơƙƬ (ÜķƸ °ǃŧƠ ǃƈ įǈ ±¦ ţǁƽŬ ¦° ÀţǈƃŴ ƿư °¦ſƸ °® ūƈ¦ â¦ .ſǀ®  èţƼţƈ°ƃŦ¦ (  

®ţǈ± °ǃƼ �Ʒư ķƨƃƑƸ ķƱǈƃŭƱƴ¦ À¦ǃŬ ţŦ (©âķƸ ſǉƴǃŬ.ſƽư  é (LDR  
  ê°ǃŭƉǉƸƃŬ (  
  ëƃŭƸǃǉƉƼţŭĢ (  

 

  (Ƨƴ¦ »é «ţǈ LDR )/ ) ((  
 (§»ê « ţǈ°ǃŭƉǉƸƃŬ )/ ) ((  
 (Ü»æ « ţǈ®ǃǈ® )/ ) ((  
 (©»ç « ţǈLED )/ ) ((  

   æūƸÂţƭƸ ( ) â°ǃƼ âţǀLDRÀ¡ ķƱǈƃŭƱƴ¦ ūƸÂţƭƸ ƿư ſƽŭƉǀ ūƸÂţƭƸ ķƠǃƼ :( ÁſǉŦţŬ °ǃƼ ƿŦ ţǀ À¡ ƿŦ Áſƌ  ķĵŭƉŦ ţǀ
ūƸÂţƭƸ ¸ǃƼ ƻǈ¦ ÀǃĪ .®°¦®  ţǀƷǉƼ ƇƽŴ ±¦ ƉƵǉƈ ſƽƼţƸ ķǈţǀţƼţƈ°ǉÀ¡ ūºƸÂţƭƸ ±¦ �°ǃƼ ©ſƌ Ƌǈ¦ƅƨ¦ ţŦ ſƽŭƉǀ Ʒ  ţºǀ

ķƸ ƿŭƈţư .®ǃƌ  

        
ūƸÂţƭƸ ±¦ ķƸ â°ǃƼ âţǀ ƷºƍĪ ſºƽƼţƸ ķǈţǀ°¦ſºƸ °® ƳºƐÂ Â ƟºƙƬ ſºǉƵư À¦ǃƽƠ ƿŦ À¦ǃŬ  �ţºǀƃǉĴ®±® �ķºƱǉƼÂƃŭƱƴ¦ âţǀ

¾ƃŭƽư Áſƽƽư ¹¦ƃĪ Â °ţư®ǃż âţǀ ÀţŦţǉż ķǈţƽƌÂ° âţǀ Á®ţƩŭƈ¦ ţǀ  ſºƽƼţƸ Â ƿŭºƌ¦® ķǈǐţºŦ ūºƸÂţƭƸ ķƱǈ°ţŬ °® ¦ƃǈ± ®ƃư
ķƸ ƳƹƠ ƟƙƬ ūƴţŸ °® ſǉƵư ķƸ ƳƹƠ ƳƐÂ ūƴţŸ °® ſǉƵư ſƽƼţƸ Â ƿŭƌ¦® ķƹư ūƸÂţƭƸ ƃŭƍǉŦ °ǃƼ °® ţƸ¦ ſƽƽư .ſƽƽư  

çƿơƙƬ ®ǃǈ® :ţǀ®ǃǈ® ( ķƸ °ǃŧƠ ǃƈ įǈ ±¦ ţǁƽŬ ¦° ÀţǈƃŴ �®ƃǉĴ °¦ƃƬ â°¦ſƸ °® ÁţĴƃǀ ƿư ūƈ¦ â¦  À¡ ūƸÂţƭƸ Â ſǀ®
 °®ƈ °® ţƸ¦ ūƈ¦ ƅǉĪţƼ ǃƈ ƻǈ¦ °® ÀţǈƃŴ °ǃŧƠ ƃŦ¦ƃŦǃķƸ ƳºƹƠ á°ƅŦ °ţǉƉŦ ūƸÂţƭƸ įǈ ſƽƼţƸ ƧƴţŽƸ â  ƿºŦ .ſºƽư

įǈ À¦ǃƽƠ ƿŦ ťƵƤ¦ ¦° ®ǃǈ® �Ƴǉƴ® ƻǉƹǀ ķƸ ƃºƝƼ °® ÀţǈƃŴ Ũſƽƽưǃƈ ®ţºƹƼ ţºŦ ¦° À¡ Â ſºƼƃǉĴ   âţǀ°¦ſºƸ °®
ķƸ ÀţƍƼ ķƱǈƃŭƱƴ¦ .ſƽǀ®  

è ƿŦ ūŧƉƼ ƿư ūƈ¦ ūƸÂţƭƸ ķƠǃƼ :°ǃŭƉǉƸƃŬ (ķƸ ÀţƍƼ Ƌƽư¦Â ūƠƃƈ ƿŦ �ţƸ® ©¦ƃǉǉƥŬ  ƃºǉǉƥŬ À¡ ūƸÂţƭƸ Â ſǀ®
ķƸ  °® ƅºǉƼ Â ţºǀţĢţƸ® Â ƋŬ¡ ƃƙż ĳƼ± ſƽƼţƸ ţƸ® ƿŦ ²ţƉŸ âţǀ°¦ſƸ °® ţƸ® ƃĵƉŸ À¦ǃƽƠ ƿŦ Ƴǉƴ® ƻǉƹǀ ƿŦ .ſƽư

ųƽƈţƸ® ķƸ Á®ţƩŭƈ¦ ţǀ ƌǃ.®  
é (LED ġƸǐ ţŦ ƿƉǈţƭƸ °® ®ƃƱƼ ſǉƴǃŬ â®ţǈ± ķǈţƸƃĴ âÞƃƼ¦ �ķƴǃƹơƸ ķǈţƽƌÂ° âţǀ ķƨƃºƑƸ ķºƱǈƃŭƱƴ¦ À¦ǃºŬ Â Á

ƿƝŸǑƸ ƳŦţƬ °ǃƼ ƿư ķƴţŸ °® ūƈ¦ Ʒư À¡ ķƸ ſǉƴǃŬ â¦ Ʒǀ Â ſƽư ġƸǐ ţºŦ ƿºƉǈţƭƸ °® ƻǉºƽĪ ƿŭºƌ° âţºǀ  ƃºƹƠ â¦
ķƼǐǃƘ À¡ ±¦ Ƴǉƴ® ƻǉƹǀ ƿŦ ®°¦® âƃŬ  âţǀƃĵºƍǈţƹƼ �ķŬţºƥǉƵŧŬ âţºǀǃƵŦţŬ �¾±ţºƽƸ ķǈţƽºƌÂ° �ţºǀÂ°®ǃż ¹¦ƃºĪ °® ţǀ
LED ķƸ Á®ţƩŭƈ¦ ... Â .®ǃƌ  
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               A  B    . 

)/ (  

        
       (B      A   
       (A       B   

        (  
 

   (Ƨƴ¦ ƳƱƌ)ç ()/(  
(§ ƳƱƌ )è ()/(  
(Ü ƳƱƌ )æ ()/(  )( 

        : 

    
  ſƴǃƸ âƃŬţŦ  
  a bV Ir V+ ε − =  
  b aV V Ir− = ε −  

  V Ir= ε −  

  
max

r

I r

ôi KÃ{− =
ε=

   

  ƳƱƌ ±¦ įǈ ƃǀ °® Á®¦® âţǀ ķƸ ÀţºƍƼ ¦° ſºƴǃƸ ũºưƃŹƸ âÂƃǉƼ Àţƹǀ �°¦®ǃƹƼ ¢ſŧƸ ±¦ µƃƠ Áſƌ  °® ƻǈ¦ƃŦţºƽŦ .ſºǀ®
) ƳƱƌæķƽơǈ .ūƈ¦ ÀţƉƱǈ ţǀſƴǃƸ ũưƃŹƸ âÂƃǉƼ (A Bε = ε. 

) ƳƱƌ °®ç ſƴǃƸ ƿŦ ¶ǃŦƃƸ °¦®ǃƹƼ (B ũƽǉƍǉŦ ƻǈ¦ƃŦţƽŦ .ūƈ¦ Á®ƃư ƟƙƬ ¢ſŧƸ ±¦ âƃŬ°Â® ũƵƐţƨ °® ¦° ÀţǈƃŴ °ǃŹƸ �
 ſƴǃƸ ÀţǈƃŴB .ūƈ¦ ƃŭƍǉŦ  

) ƳƱƌ °®è ſƴǃƸ °¦®ǃƹƼ ƿŦ ¶ǃŦƃƸ Ɨż ťǉƌ (A  ķƽơǈ .ūƈ¦ ƃŭƍǉŦA á°ƅŦ ķƼÂ°® ūƸÂţƭƸ .®°¦® âƃŬ  
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:     )/ (  

      
       (   

 (         
 (     A  B A B(V V )−     

 

  (Ƨƴ¦  )(  )/( I AR R r r
ε − ε −= = = =+ + + + + +

1 2
1 2 1 2

16 4 12 1
9 12 2 1 24 2

(0 / 25)

  

 (§ )(  )/( V r I V= ε − = − × =1 1 1
116 2 152

(0 / 25)
  

(Ü  )/( A BV IR Ir V− − + ε =1 1 1  

 )(  )/ (A B A BV V V V / V− × − × + =  − = −1 19 2 16 10 52 2  

        : 

  
eq

I R r r
ε − ε

=
+ +

1 2
1 2

  

I= ) °¦ſƸ ķƱǈƃŭƱƴ¦ ÀţǈƃŴA(  
= ε1 ŹƸ âÂƃǉƼƃ) ſƴǃƸ âƃŬţŦ ũưV(  
= ε2 ŹƸ âÂƃǉƼƃ»ƃƑƸ âƃŬţŦ ũư ) ÁſƽƽưV(  

eqR= ūƸÂţƭƸ ¸ǃƹŵƸ ) °¦ſƸ ķŴ°ţż âţǀΩ(  
r= 1 ) ſƴǃƸ âƃŬţŦ ķƼÂ°® ūƸÂţƭƸΩ(  
r= 2 »ƃƑƸ âƃŬţŦ ķƼÂ°® ūƸÂţƭƸ ) ÁſƽƽưΩ(  

  :       
ķƸ ¦° ¾Â¦ ũƙƭƼ ƳǉƉƼţŭĢ ¦ſŭŦ¦ À¡ .ƷǉƉǈǃƼ  »ƃºƘ ƿºŦ ķºƽǀ¯ °ǃºƘ ƿºŦ �Á¦ǃŽƴ® ūǁŴ °® Â °¦ſƸ âÂ° ƿƙƭƼ ƻǈ¦ ±¦ ÁţĴ

ķƸ ¿Â® ũƙƭƼ ¦ °ƁĴ ƻƹƔ Â ƷǈÂ°ķƸ ¦° ƳǉƉƼţŭĢ ƃǉǉƥŬ �ūƹƉƬ ƃǀ ± ƿŭºƌǃƼ ƳƐţŸ .ƷǉƈƃŦ ¿Â® ũƙƭƼ ƿŦ ţŬ ƷǉƉǈǃƼ  ţǀ
.ūƈ¦ ¿Â® ũƙƭƼ ƳǉƉƼţŭĢ ƃŦ¦ƃŦ  

   (Ƨƴ¦ °®įŬ °¦ſƸ įǈ ķƸ ƿŭºƉŦ Ʒºǀ ƃºƈ ūºƍĢ À¡ â¦ƅºŴ¦ ũºƹǀ ƿº―) ƿƭƵŸ  ũºƹǀ °® ķºƱǈƃŭƱƴ¦ ÀţºǈƃŴ �(ſƼǃºƌ
ūƹƉƬ  ÀţƍƼ ¦° ÀţǈƃŴ ƻǈ¦ �ķƼţƸ°¡ ųƽƈƃģƸ¡ Â ÀţƉƱǈ °¦ſƸ âţǀķƸ .ſǀ® 

 (§) âƃŬţŦæá°ƅŦ ũưƃŹƸ âÂƃǉƼ �°¦ſƸ ƻǈ¦ °® ( ) âƃŬţŦ ƿŦ ūŧƉƼ âƃŬçÁſƌ ƿŭƉŦ Ʒǀ ƧƴţŽƸ ūǁŴ °® Â ®°¦® (  .ſƼ¦
) âƃŬţŦ ƻǈ¦ƃŦţƽŦæ) âƃŬţŦ Â ſƴǃƸ À¦ǃƽƠ ƿŦ (ç ( »ƃƑƸ À¦ǃƽƠ ƿŦ ķƸ ƳƹƠ °¦ſƸ °® Áſƽƽư  °¦ſºƸ °® ÀţǈƃŴ ūǁŴ .ſƽƽư

ƿƼǃĴ ƿŦ  âƃŬţŦ ūŧűƸ ũƼţǈţĢ ±¦ ƿư ūƈ¦ â¦ķƸ «°ţż ſƴǃƸ .®ǃƌ  
 ũƙƭƼ ±¦ (ÜA Ʒǀ Â ķƸ ūưƃŸ ÀţǈƃŴ ţŦ ūǁŴ ƳǉƉƼţŭĢ »Ǒŭż¦ Â Ʒǉƽư ķƸ ¦° ţǀ  ũƙƭƼ ƿŦ ţŬ ƷǉƉǈǃƼB .ƷǉƈƃŦ  
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