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™_¶_ÆB_¶`_¶_t_{A LBaB_¶_w_{A 
 
 

  bZX_{A ·_} uAX_°æA: 

1 –ß_I_¶Z_w_K bB_¶_v ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ·C Z_yY_K_¶  

2 –bB_¶_w_{A ™_vX ´_f_l_} zZX_¶  

3 -’B_¶_fB_¶_I bB_¶_w_{A P_ÆB_K_f ·_k Z_I_l_¶  

4 –æA ZB_iG ß_s B_¢_f_k Z_I_l_¶• bB_¶_w_{A ™_O_¶_K_f J_K_y_¶ ™_{AX_{A ~B_vZ. 

 £_K_aAZX_{ ™_}`Ω_{A ©X}_{A: 5LB_kB_a  

 bZX_{A AY_¢_I ™_eB_U_{A m_OAZ_}_{A: 

- ®•_fB_M ™_M_{B_M_{A ™_f_a_{_{ ß_ÆB_¶`_¶_t_{A JB_K_y  

-  ®•_IZ_K_{A X_¢_l_}_{A-ß_OZB_U ß_ÆB_¶`_¶_s JB_K_y . 
 
 

bZX_{A ~_¶_}_e_K 
1 –•• ™_¶_ÆB¶`_¶_t_{A Z_¶XB_w_}_{A ™_¶_{•X_{A ™_{_}_O_{A ß_s B_¢_KAX_R. 

2 -ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ~•_¢_t_} . 

3 -ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ß_s D_i_U_{A  

4 –LB_IB_¶_KZ¬A JB_a_R   

5 –ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ·_k Z_¶_I_l_K_{A   

6 –’B_¶_fB_¶_I bB_¶_w_{A P_ÆB_K_f |_¶_M_}_K   

7 –_K_{A ™_{_Æ_aC   ß_KAY_{A S_¶_R_e 

8 -ß_KAY_{A S_¶_R_e_K_{A ™_I•_OC  
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   ™_¶_{•X_{A ™_{_}_O_{A ß_s B_¢_KAX_R•• ™_¶_ÆB_¶`_¶_t_{A Z_¶XB_w_}_{A: 
 

            ß_t_K_y_f |_° ,~B_k |_y_c_I ™_¶_ÆB_¶`_¶_t_{A Z__°A•_j_{A bZX__f ·__R_f• B_f__a_t_fC Z•__e_K_f_{

       |•_w_f• i_w_s ©Z__°B_j_{A ©X_°B__c_}_I         NXA•_R_{A §Y_° ™_aAZX B_f_¶_{_k J_O_¶ ~C ©Z_°B_j_{A B_f_aZX B_f_fC

   §Y___° x_¶___I_i_K •C B___¢_I ™___eB_U_{A ·___¶_fA•_w_{A QAZ_U_K___aG •C iB_I_f_K___a¬ ™_¶___}_y_{A ™_¶___RB_f_{A ·___}

NXA•_R_{A §Y_° P_KA•_fZ_¶ X_w_K_{ ™_s•Z_l_} L_fB_y ·G ·_¶_fA•_w_{A. 

    {_k J__O_¶ m_I__i_{B_I                 ´_{_k ’ºB_M__} Y_UD_f__{• ,™_¶__}_y_{A ™_¶__RB_f_{A ·__} NXA•__R_{A §Y__° ™__aAZX B_f__¶_

    ™_¶_ÆB_¶`_¶_s ©Z__°B_j :           |•_i bB_¶_v ’Ω_M_} m_¶_i_K_a_f  ,ß_}•C |_vB_f ß_s ß_ÆB_IZ_¢_y_{A ZB_¶_K_{A Z•Z_}

                 __K_{A ©X__c bB_¶__v• ,£_¶__s ZB_¶__K_{A Z•Z__} ·__}`• £__l_i_w_}• |_vB_f__{A    Ø_sB_y_}_{A bB_¶_v z_{Y_y• ZB_¶

 Z_l_a_} ß_s ’B_k•_g•_} |_vB_f_{A ·B_y AYG ’B_¶ZAZ_R £_{ ™_Æ_sB_y_}_{A ≠B_}_{A ™_{_K_y ®C Z_l_a_}_{_{ ß_ÆB_}_{A

LB_aB¶w{A ·_} z_{Y Z_¶o• Zl_a}_{A AY_° ©ZAZ_R ™OZX nB_t_KZG z_{Y_y• ,ß_ÆB_}. 

X_c• ·_}`_{A• m_i_w_}_{A• |•_i_{A ·G™_¶_ÆB_¶`_¶_s Z_¶XB_w_} Z_I_K_l_K ©ZAZ_R_{A ™_OZX• ZB_¶_K_{A ©. 
 
 C– ß_ÆB_¶`_¶_t_{A ZAX_w_}_{A : 

                   §Y_° Z_¶_p_K_I Z_¶_p_K_K ™_f_¶_l_} ™_}_¶_v ’B_}B_}_K ©XX_R_} u•Z__j ß__s Y_UD__¶ B__} |__y •__° 

u•Z_j_{A.LAX_R•_{A ™_{_}_O u_¶Z_l_K:  
 

 J–{_{ ™_¶_{•X_{A ™_{_}_O_{A  LAX_R•_)S.I: (   

                b_¶ZB_I ß_s X_w_k ®Y_{A b_¶_¶B_w_}_{A• ·A`•ø_{ Z_c_k ®XB__R_{A ~B__l_{A Z__}_Kª_}_{A Y__U_KG

   ~B__k1960          ß_{•X_{A B_°`_}Z• LAX_R•_{_{ ™_¶_{•X_{A ™_{_}_O_{A XB_}_K_kH_I ’AZAZ_v ~ )S.I (  ™_{_}_O ß_°•

 ™_K_a ~_g_K)06  (_¶_KX_R• • ™_¶_aB_aC LAX_R•™_w_K_c_} ß_¢_s LAX_R•_{A ™_¶_w_I B_}C ,·_¶_K_}_}_K_} ·. 
 

`_}Z_{A bB_¶_w_{A ©X_R• ZAX_w_}_{A 

                  ~M 

              q_yKg 

                B_MS 

                  EA 

Z_K_}_{A 

~AZ_o •_{_¶_y_{A 

™_¶_fB_M_{A 

Z_¶_}æA 

|•_i_{A 

™_{_K_y_{A 

·_}`_{A 

 ©X_cZB_¶_K_{A 
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  2 – ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ~•_¢_t_} : 
 
 C– u_¶Z_l_K : 

 ·_} Z_UE ZAX_w_} ´_{_k ZAX_w_} B_¢_¶•_K_R_¶ ß_K_{A LAZ_}_{A XX_k ·_k N_R_I_{A •_° bB_¶_w_{A

       ©X__R•_y Z_I__K_l_¶ ®Y__{A• n•_f__{A b__t_f   a_f B_}X_f_k bB_¶_w_{_{ Ω_IB_v ZAX_w_}_{A ·•__y_ XB_O_¶G m_¶_i_K_

B_}_¢_k•_}_O_} •C B_}_¢_¶•B_a_K XB_O_¶G •C £_f_} ·_¶_K_¶_}_y ·_¶_I ™_I_a_f_{A. 
 

 J– bB_¶_w_{A ’B_k•_f : 

Z_cB_I_} Z_¶_o •        Z_cB_I_} ·B_k•_f bB_¶_w_{A  

-     Z__cB_I_}_{A bB_¶__w_{A :  _w_y ©Z_cB_I_} ™_O_KB_f CZ_w_¶• bB_¶_w_{A LA•XD__I ¨Z__O_¶•  ZB_¶_K_{A ©X_c bB_¶

 |•_i_{A• ·_}`_{A• ·•_}_y_{A xZ_s•…V_{G . 

-        Z__cB_I_}_{A Z_¶__o bB_¶__w_{A :            ·_¶_I ™_vΩ_l_{A ™_sZ_l_} ·_} JB_a_R_{B_I £_¶_{_k |_e_R_f ®Y__{A •__° 

               A ™_{_K_y_{A ™_RB_a_}_{A bB_¶_w_y ,B_¢_¶_{_k Z_cB_I_}_{A bB_¶__w_{A ≠AZ__OG X__l_I Z__¶XB_w_} ©X__k ,™_¶_}_O_R_{

 ™_¶_yZ_R_{A ™_vB_i_{A , ™_kZ_a_{A ,≠B_IZ_¢_y_{A ™_¶_}_y ....V_{G 
 
 

  3 - ß_ÆB_¶`_¶_t_{A bB_¶_w_{A ß_s D_i_U_{A : 
 

         B_f_{_e_R_s LAZ_} NΩ_M ·A`_¶_}_{A ™_i_aA•_I ·_¶_l_} ~_a_O ™_{_K_y bB_¶_w_I B_f_}_v B_f_fC hZ__t_f

™_¶_{B_K_{A P_ÆB_K_f_{A ´_{_k 
- |       |•æA bB_¶_w_{A1 = 156.0r 

- | ß_fB_M_{A bB_¶_w_{A2 = 155.5r 

-  | N_{B_M_{A bB_¶_w_{A3 = 154.8r 

                    §Y_° X_RC ·C X_yª_¶ |_¶_{X ®C B_f_¶X_{ b_¶_{• LB__aB_¶_w_{A §Y__° ß__s ’B_i_¶__a_I B_sΩ_K__UG j__RΩ_f

ß_i_l_¶ ®Y_{A •_° £_fC• §Z_¶_o ·•X S_eæA •_° LB_aB_¶_w_{A ,bB_w_}_{A ZAX_w_}_{_{ ™_¶_w_¶_w_R_{A ™_}_¶_w_{A 

B¢IBI_aC ·}• bB¶_w_{A ™_¶_{}_k ≠Bf_MC ™_IyKZ_}{A ≠BiUæA ´{G mOZ¶ uΩKU¬A AY° X•_O• ß_s J_I_a_{A•. 

 * bB_¶_w_{A ©`_¢_OC ·_k ™_O_KB_f ≠B_i_UC: 

          ≠B_f_MC ~B_j_K_fH_I ZZ_y_K_K ß_°• ™_¶_}B_j_f ≠B_i_UC ´_}__a_K•    ’B_}•X ©XB_¶`_{B_I B_}G bB_¶_w_{A

           bB_¶_w_{A ™_{E ·_k P_K__f_K• ’B__}•X ·B__e_w_f_{B_I •C :     •C ©`_¢_OæA ~X_v •C ~_j_K_f_}_{A Z_¶_o P_¶ZX_K_{B_y

 bB_¶_w_{A ™_¶AX_I |_I_v B_¢_i_I_g ~X_k. . . . .V_{G. 
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 * JZ_O_}_{A f_U_c_{A ·_k ™_O_KB_f ≠B_i_UC: 

  _i_U_{A ·•__y_¶•           ®Xª_K ß_K_{A• bB_¶_w_{B_I ~•_w_¶ ®Y_{A f_U_c_{A ™_¶_l_g• J_I_a_I B_f_° D

                      ~X_k •C , b_¶_w_¶ ®Y_{A f_U_c_{A ©ZB_¢_} ~X__k •C ,©≠AZ__w_{A ≠B_f__MC Z_j_f__{A ™__¶•A` uΩ_K__UG ´__{G

JZ_O_}_{A bA•_R ™_}Ω_a. 

 * ™_ÆZB_i u•Z_j ·_k ™_O_KB_f ≠B_i_UC ) ™_sXB_e_}: ( 

  C ß__°•                ™_ÆZB_i u•Z_j_{ ™_O_¶_K_f ·B__e_w_f_{B_I ©ZB__K• ©XB_¶`__{B_I ©ZB__K NX__R_K ≠B__i_U

              TB_¶Z_{A •C ≠•_g_{A ©X_c •C ©D__O_s ©ZAZ__R_{A ™__OZX Z_¶__p_K_y ...      Z_¶_MD_K_{A ´_{G ®Xª_¶ X_v B_}_} V_{G

£_a_t_f bB_¶_w_{A ´_{_k ß_{B_K_{B_I• bB_¶_w_{A ©`_¢_OC ´_{_k.  

  O_¶ z__{Y_{•             ©`_¢_OæA i_I_g• ™_¶_ÆB_¶`_¶_t_{A LB_aB_¶_w_{A ≠AZ_OG X_f__k ’AX_¶__O §B_I__K_f¬A J__

D_i_U_{A ·_} |_¶_{_w_K_{_{ B_¢_{_g_sC ≠B_w_K_fG• |B_}_l_K_a¬A |_I_v. 
 

 ≠B_i_UæA nA•_fC: 

  B___} ZAX___w_} bB_¶___v X_f___k)x0  (   ©X___k uZ___i ·___} LAZ___} ©X___k bB_¶___w_{A B_fZZ___y AYG

_U_cC             m_¶_i_K_a_f º• B_¢_f_¶_I B_}_¶_s ’AX_O B_i_¶_a_I ’B_sΩ_K_UG ™_t_{_K_U_} ~_¶_v ´_{_k |_e_R_f B_f_fH_s fB

  ZAX___w_}_{A ~A z___{Y ´_f___l_} S___eæA ß___° ~_¶___w_{A £__KB_° ¨X___RG ·C ~`___O_{A)x0  ( ™_}_¶___v º__G b_¶___{

      x L_fB_y AYH_s ™_¶__I_¶Z_w_KT    ™_¶_w_¶_w_R_{A ™_}_¶_w_{A       ZAX_w_}_{A ß_}_a_f B_f_fH_s bB_w_}_{A ZAX_w_}_{_{ :δ x 

 = xT –  x0 x_{_i_}_{A D_i_U_{A  

   x_{_i_}_{A D_i_U_{A)δ   x : (           £_f_k Z_I_l_f ß_w_¶_w_R ®Z_I_O XX_k •_° bB_¶_w_{A ß_s  x_{_i_}_{A D_i_U_{A

 ™_aB_w_}_{A ™_}_¶_w_{A ·_¶_I xZ_t_{B_I ) ™_¶_I_¶Z_w_K_{A (x° A• ZAXw}{_{ ™_¶_w_¶_wR_{A ™}¶w{ : xT      , δx 

 =vS- x
∞

bB_¶_w_{A ©X_R•_I `_¶_}_K_¶•.  

 ß_I_a_f_{A D_i_U{A: x_{_i_}_{A D_i_U_{A ·_¶_I ™_I_a_f_{A •_° δ x ™_¶_w_¶_w_R_{A ™_}_¶_w_{A•  x T 

 ®C 
x T 

   x δ
•_°• bB_¶_w_{A ©X_R•_I `_¶_}_K_¶ º . 

LBIB_¶_KZ¬A ~X_U_K_a_f AY_¢_{• ·º•_¢_O_} x_{_i_}_{A D_i_U_{A• ™_¶_w_¶_w_R_{A ™_}_¶_w_{A ·_} Ω_y ·G 
 

 LB_IB_¶_KZ¬A: 

     x__{_i_}_{A JB_¶__KZ¬A)∆   x  (:     x_{_i_}_{A D_i_U_{A ·C B_}_I)δ   x  (  _}_¶_w_{_{ B_f_{_¢_O_{  ~•_{_l_} Z_¶_o ™

 x ™_¶_w_¶_w_R_{AT JB¶_KZ¬A £_¶_}a_f £_{ ´_{kC X_R ·_k N_RI_{_{ D_O_{_f z_{Y_{ £_a_¶_w_f ®Y_{A ZAX_w_}_{_{ 

 x_{i}_{A :∆x   
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  u_¶Z__l_K:           ·__y_}_¶ º ß__K_{A• ß__w_¶_w_R_{A D__i_U_{_{ ´__}_j_l_{A ™_}_¶__w_{A •__° x__{_i_}_{A JB_¶__KZ¬A 

R_{A ≠•_aC ß_s ºG B_°`•B_O_K’ºB_}_K_RG LºB_ 

               ∆  f δ f ≤ 

™_{_}_l_K_a_}_{A bB_¶_w_{A ©X_R• ~_aG •C `_}Z_I ’B_k•_I_K_} ’B_}•X ·•_y_¶•. 

-                    ,bB_¶_w_{A `B_¢_O LB_O_¶ZX_K ·_} ©X__RA• ™_¶__O_¶ZX_K ™_I__KZ ·__} ·•__y_¶ x__{_i_}_{A JB_¶__KZ¬A ·G 

     _K__aG X_f__k ’Ω_M__}            x__{_i_}_{A JB_¶__KZ¬A ·H__s ™_¶Z_K__}_¶_{_¶_} ©Z_i__a_} ~AX_U∆   |  =1   X_f_k• ,~_{_} 

x_{_i_}_{A JB_¶_KZ¬A ·H_s ™_¶Z_c_k ™_¶_fZ_w_I ™_¶•_f_v ~X_v ~AX_U_K_aG 

∆ |  =0.1~_{_}  
 

 B_} ZAX_w_} bB_¶_v ™_O_¶_K_f ·_k Z_¶_I_l_K_{A: 

     ™_¶_I_¶Z_w_K_{A ™_}_¶__w_{A L__fB_y AYG       ß_° B_} ZAX_w_} bB_¶_w_{ 0ق  ™_O_¶_Kf ·_k Z_I_l_f B_f_fH_s

 x ™_vΩ_l_{B_I ZAX_w_}_{A AY_° bB_¶_vT = x° ±  ∆x  

 |B_M_}:P_ÆB_K_f_{A ´_{_k B_f_{_e_R LAZ_} ©X_k ™_¶_I_c_U ™_l_i_v |•_i bB_¶_v X_f_k  ™¶{BK{A  :20 , ~_a 

20.2 , ~_a 20.1 , ~_a 19.9 , ~_a 20 bB_¶_w_{A ™_O_¶_K_f X_O•C  ~_a : 
 

 |R{A : 

 ´ia•{A ™}¶w{A :|•µ

≤∞≤∞.≤≤∞.±±π.π≤∞
.∞¥ ≤∞ ~a =

++++
=  

∆| 1=   |≠- |• =  20.2 – 20.04 = 0.16~_a . 

∆| 2   = |f- |•
 =  20.04 – 19.9 = 0.14~_a  

∆ |  = 
≤

|
±

|
≤

∆+∆
 =

2
16.014.0 +

 =0.15~_a  

 bB_¶_w_{A ™_O_¶_K_f J_K_y_f £_f_}• : | = |•∆±|  

 |                                                  ) =20.04 ± 0.15 ( ~_a 
 

 ß_I_a_f_{A JB_¶_KZ¬A : 

  x___{_i_}_{A JB_¶__KZ¬A ™_}___a_v |___eB_R •__°   )∆x  ( A• ™___aB_w_}_{A ™_}_¶__w_{A ´___{_k ß___K_{

´_i_a•_{A ™_}_¶_w_{A ’B_¶_{_}_k B_°ZB_I_K_kG ·_y_}_¶ . •_° ®C :
x

∞

 x ∆
 bB_¶_w_{A ™_vX ·_k Z_I_l_¶ •_°•. 
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 |B_M_}: 

| ™_aB_w_}_{A ™_}_¶_w_{A L_fB_y AYG 1 = 10  x_{_i_} JB_¶_KZH_I• ~_a   |
±

 ∆ = 1~_{_}  

{A ™_}_¶_w_{A•| ™aB_w_}_2 = 20   x{_i_} JB¶_KZH_I• ~∆ |
≤

 = 2~_a  

 C–·_¶_aB_¶_w_{A ·_} |_y ß_s ß_I_a_f_{A JB_¶_KZ¬A J_a_RC  

 J–                                         ? xXC ·_¶_aB_¶_w_{A ®C  
 

  |_R_{A : 

 |•æA bB_¶_w_{A ß_s ßI_af_{A JB_¶_KZ¬A: 
|

±

|
±

∆
 =  

±∞∞

±
 =0.01 = 1% 

 ßfBM{A bB_¶w_{A ß_s ßI_af{A JB¶_KZ¬A: 
|

≤

|
≤

∆
 =  

≤∞∞∞

≤
 =0.001 = 0.1%  

 •_° D_i_U_{A ’AZAX_w_} ·•_y¶ |•æA bB_¶_w_{A ß_t_s +1•C ~_{_} -1 ß_s ~_{_} 100 ~_{_}  

B_}C•° D_i_U_{A ZAX_w_}_s ß_fB_M_{A bB_¶_w_{A ß_s : 

+2 •C ~_a  –2 ß_s ~_a 2000~_a  

®C + :20 •C ~_{_} – 20 ßs ~_{_} 20000~_{_}  

®C + :0.1 •C  ~_{_} – 0.1 ß_s ~_{_} 100 ~_{_}  

xXæA •_° ß_fB_M_{A bB_¶_w_{A ·C X_O_f £_f_}•. 

          x__{_i_}_{A JB_¶__KZ¬A ·C ·__} ~_oZ__{B_I          bB_¶_w{A ·C ºG |•æA x_{_i_}{A JB_¶KZ¬A ·_} Z_I_yC ß__fB_M_{A

|•æA ·_} xXC ß_fB_M_{A. 
 

 ™_O_¶_K_f:  

 ·_¶_I• £_f_¶_I ™_I_a_f_{A ´_{_k |_I i_w_s x_{_i_}_{A JB_¶_KZ¬A ´_{_k bB_¶_w_{A ™_vX u_v•_K_K º

          MB_}_K_} LAX_R•_{A ·•__y_K ·C ´__{_k ™__aB_w_}_{A ™_}_¶__w_{A™_{_ .  ·B_y B_}_{_y ™_vX Z_M_yC bB_¶_w_{A ·•_y_¶•

’AZ_¶_p_e ß_I_a_f_{A JB_¶_KZ¬A. 
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  4 –LB_IB_¶_KZ¬A JB_a_R :  
 

           |_I x__{_i_}_{A JB_¶__KZ¬A JB__a_R ´__{G QB_K__R_f º ’B_I__{B_o ©Z__cB_I_}_{A LB__aB_¶_w_{A ß__s

           `B__¢_O_{A m_fB__e uZ__i ·__} ´__i_l_¶ )  k J__K_y_¶   `B_¢_O_{A ´_{_ (     ™_¶_O_¶ZX_K ™_I_KZ ·_} ·•_y_¶ •C

                x_¶_I_i_K ´_{G D_O_{_f B_f_fH_s ©Z_cB_I_}_{A Z_¶_o LB_aB_¶_w_{A ß_s B_}C ,`B_¢_O_{A LB__O_¶ZX_K ·__} ©X__RA•

 ß_{_¶ B_}_¶_s B_¢_e_U_{_f ,LB_IB_¶_KZ¬A JB_a_R ·_} B_f_f_y_}_K ™_¶_gB_¶Z LB_vΩ_k: 
 

 C-O_} ™_{B_R  ®Z_I_O n•_}_: 

    b ZAX_w_}_{A B_f__¶X_{ ·B__y AYG = C + J– ≠B_i_UæB_I _O , J , C ·_} |_y L_a_¶_v X_v•  _O  :δ, C δ 

 , J δ •_° b ß_s D_i_U_{A ·•_y_¶ ,_O δ J_K_y_f• b: 

 b +δ b ) = C + δ C )+ ( J + δ J (- )  _O + δ _O( 

 b+δb)= C +J–___O )+( δ C+δ  J -δ___O (⇐ δ b =δ C +δJ - δ  u_¶Z___l_K J___a_R• ___O 

 J_K_y_f x_{_i_}_{A JB¶_KZ¬A : 

∆ b =∆  C +∆ J+∆ _O 

’B_¶XB_k ’B_l_}_O ™_w_{_i_}_{A LB_IB_¶_KZ¬A m_}_O_K ®Z_I_O_{A n•_}_O_}_{A ™_{B_R ß_s 

 |B_M_}: 

 ß_° _O ,J , C ·_} |_y bB_¶_v ™_O_¶_K_f L_fB_y AYG: 

 C )=17.0± 0.1 (  J , ~a ) =8.0± 0.2 (  _O , ~a ) =9.00 ±0.13 (   ~a 

 b ZAX_w_}_{_{ ™_¶_w_¶_w_R_{A ™_}_¶_w{A X_O•C = C + J-_O  

 |_R_{A: 

b
° 

 =C
°

 + J
°
 -_O 

° 
b

° 
 =17.0 + 8.0  –9.00 = 16.0~_a  

∆ b= ∆ C +∆ J +∆_O 

∆ b =0.1 + 0.2 + 0.13 = 0.43 ~_a ≅ 0.4~_a  

 b ß_° b bB_¶_v ™_O_¶_K_f =b
°
 ±  ∆b 

 b ) =16.0 ± 0.4 ( ~_a 
 

 J– ≠AX_O_{A ™_{B_R : 

 b ·By AYG = C . ·_¶D_i_U_{B_I ’B_a_¶_v ·_¶_ÆB_¶`_¶_s ·AZX_w_} J , C N¶R    Jδ  , C δ ·•_y_¶ ,J

•° b ß_s D_i_U_{Aδ J_K_y_f• , b: 
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 b +δ b  ) = C +δ C  ) ( J +δ J  ( 

 b +δ b  = J C + Cδ J  + Jδ C  +δ C δ J  

 |B_}°H_Iδ C δJ_Kyf Z_¶XB_w_}{A ß_vB_I ~B_}C §Z_pe{ J  

 b→ δ b = JC +Cδ J +Jδ b                       C =JC 

 £_f_}•δ b =Cδ J +JδC 

 ßIaf{A Di_U_{A ·•y¶s
b

b
 

b

CJ

b

JC

CJ

CJ

C J

J C δ
=

δ
=

δ
=

δ
+

δ 

س
س δ 

أ
δأ

ب
ب δ

=+ 

 JB_¶_KZ¬A u_¶Z_l_K J_a_R• J_K_y_f x_{_i_}_{A: 

س
∆ س

=
∆

+
∆

أ
أ

ب
 :ß_Iaf{A iB_I_KZºA  ب

 

∆=





 ∆

+
∆    

  
سس

أ
أ

ب
 :x_{_i_}_{A JB_¶_KZºA  ب

 |B_M_}: ß_{B_K_{B_y P_ÆB_K_f_{A L_fB_y_s LΩ_¶_i_K_a_} ®`A•_K_} XB_l_IC L_a_¶_v : 

 b ) =2.1 ± 0.1 (  n, ~a ) =3.2 ± 0.1 (  f, ~a) =5.3 ± 0.12 ( ~a 

T £_}_O_R bB_¶_v ™_O_¶_K_f X_O•C. 

A |_R_{:T 
° 

  =b
°

 ×  n
°

  × f
°

 

          T 
°   =2.1 ×  3.2  × 5.3 = 35.6~_a 3 

 
 x_{_i_}_{A JB_¶_KZ¬ : 

∆=






 ∆
+

∆
+

∆ ح
ع

ع
ص

حص
س

    س

000
0

 

∆=





 ++ ح

1.2
1.0

2.3
1.0

3.5
1.06.35 

∆ T ≅ 3.8~_a 3 

 bB_¶_w_{A ™_O_¶_K_f J_K_y_f £_f_}• : T =T
°

+ ∆T  

 T                                                   ) =35.6 ± 3.8 ( ~_a3 
 

 _O– ™}a_w_{A ™{BR  :·By  AXG  س
ب
أ

= ·B¶ÆB¶`¶s ·AZAXw} J ,C N¶R    

 J_K_y_f   : C = X_O_f ≠AX_O{A ™_{BR |B_}l_K_aB_I• , b J: 
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أ
 δأ

ب
δ ب    

س
س δ     

س
س δ 

أ
 δأ

ب
δ ب

=+⇐=− 

ZlK_{A J_a_R• J_K_y_f B_f_fH_s x_{_i_}_{A JB_¶_KZ¬A u_¶: 

س
س   ∆

أ
∆أ

ب
ب  ∆

=+ - ßI_a_f_{A JB_¶_KZ¬A : 

 

∆=





 ∆

+
∆ سس        

أ
أ

ب
 :x_{_i_}_{A JB_¶_KZ¬A  ب

 |B_M_} : z B_¢_K_{_K_y ™_¶_fX_l_} ™_R_¶_t_e_{ ™_¶_}_O_R_{A ™_{_K_y_{A J_a_RC ) =39 ± 1 (  B_¢_}_O_R• r 

 T ) =5.0 ± 0.1 ( ~_a3  

 |R{A: 

S_y
° 

 =
ح
ك

سمغ
ο

ο==
0.5

39
8.7/3  

 x_{_i_}_{A JB_¶_KZ¬A:آح آح∆
ك
ك ∆

ح
ح ∆

=







+ ο

οο

 

آح                                    ∆7.8
39

1

5

0.1
=+ 








 

آح                                   ∆4.0/3  سمغ=

_¶_}_O_R_{A ™_{_K_y_{A ·•_y_K £_f_}• ™_R_¶_t_e_{A ·X_l_}_{ ™: Sy =Sy
°

 +  ∆Sy 

 Sy ) =7.8 ± 0.4 ( r /~_a3 

 
 X– b C ™_{B_R : 

      B_f__¶X_{ ·B__y AYG  :    b =نأ                  ´_{_k ’AXB_}_K_kB_s , ß__w_¶_w_R XX__k · , ß__ÆB_¶`_¶_s ZAX__w_}  C N_¶R 

 J_K_y_f ·C ·_y_}_¶ ≠AXO{A ™_{B_R: 

¬A ·•_y_¶ £_f_}• •_° ß_I_a_f_{A JB_¶_KZ: 

س
س  ∆

أ
أ ∆

أ 
أ ∆

أ
........نأ ∆ =+++©Z_}  

س
نس ∆

أ
أ ∆

=  

 

∆= س ن  
أ
أ ∆  :x{i}{A JB¶KZ¬A  س
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 |B_M_} : X ™_vΩ_l_{B_I i_¶a_I_{A bA•_f_{A Z•X ´_i_l_¶ =2π    ق
ج
  ل

YBO_{A nB_l_c ©X_c Q , bA•_f_{A |•_i | N_¶_R™_¶_I. 

 | ·B_y AYH_s ) =1.00 ± 0.01 (   Q ,• , ~ ) =9.8 ± 0.1 ( ~/BM2    

 bA•_f_{A AY_° Z•X J_a_RC: 

 π 02د
ح

2π 
9.8
=== ثا 12.00 قق | 

 x_{_i}_{A JB_¶_KZºA JB_a_R∆ X  : 

 X B_f_¶X_{  =2 π قق
ج
ل

 2 π π
0

0==−  
Q

|≤ |Q    
≤
±

≤
±

≤
±

≤
±    

 ß_I_a_f_A JB_¶KZºA ·•_y_¶s :
د

د 
2
1 

ل
ل 

2
1 

ج
ج 

000

∆
=

∆
+

∆ 

 x_{_i_}_{A JB_¶_KZºA • :∆ د  د 
ل 2
 ل ∆

 ج 2
ج ∆

0
00

=







+ 

  د ∆               
2
2

1
0.01 

9.8 
ثا 0.102.0 =






 +=                                           

* bA•_f_{A AY_° Z•X £f}• :     X =0  د ∆ د±      

 X                               ) =2.00 ±  0.02 ( BM 
 

 _°– ~_¶_}_l_K  : 

 f B_f_¶X_{ ·B_y AYG = B_M     قق .ق ........ ن
1

هـ
2

ل
3× N_¶_R قق ق، ، 123....... Z_¶XB_w_} 

 | , _° , · • ™_¶_ÆB_¶`_s ... ´_{_k ß_I_a_f_{A JB_¶_KZºA ·•_y_¶ x_Ia B_} J_a_R_s ,™__¶w_¶_w_R XAX_kC

 •_° f : 

ص
 ص ∆

ق
 هـ ق ∆

ق
 لق ∆

ق
ق ∆

1

1

2

2

3

3 =++   + .....ن

 •_° f ´_{_k x_{_i_}_{A JB_¶_KZºA ·•_y_¶ • : 

ن  ص  ∆
ق
ق ∆

هـ
ق
ق ∆

ل
3ق
ق ∆

 ص ......
1

1

2

23 =













+++× 
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 Q J_¶Z_w_K_{A Z_¶_KB_aX  : 

-                 ™_¶Z_c_k ~B_vZC ©X_k ´_{_k ®•_K_R_K ß_K_{A ™_¶ÆB_¶`_¶_t_{A Z_¶XBw_}_{A ·__¶_I JB__a_R_{A ≠AZ__OG X_f__k

       _l_} LB_IB__a_R_{A ·•__y_K ,™__{ºX LAY           ,D_i_U_{A |B_}_K_RG ·_} X_¶`_K• ’Ω_¶•_i ’B_K__v• xZ_p_K__a_K• ©X__w

  ß___s ß_I___a_f_{A JB_¶___KZ¬A ·•___y_¶ ·C ™_i_¶Z___c J___¶Z_w_K_{A Z_¶_KB___aX ~AX_U_K___aG ´___{G D___O_{_f z___{Y_{

              _¶XBw_}_{A £_I ´_i_l_K ®Y_{A ß_I_a_f_{A JB_¶_KZ¬A ®•B__a_¶ •C |__vC ™_¶__ÆB¢_f_{A ™_O_¶__K_f_{A  ™_¶_ÆB_¶`¶_t_{A Z

JB_a_R_{A ß_s |_UX_K ß_K_{A. 

 ’Ω_M_} B_f_¶X_{ ·B_y AYH_s: 

 f = )1.000 + 0.005 )( 1.000 + 0.002(  

 ·Hs : f= 1.000 + 0.005 + 0.002 + 0.000010 = 1.007010 

       X__R_{A B_f__{_}_°C AYH__s :0.000010          ·__} |__vC £_K__I_KZ ®Y__{A 10 –4     ß_vB_I ~B__}C §Z_p__e_{  X•XR_{A 

¨Z_UæA. ·•_y_¶ f ZAX_w_}_{A ß_s ß_I_a_f_{A JB_¶_KZ¬A ·H_s: 

ص
 ص ∆

00701.1
1010

5
5 =≅

−
− 

    ·_} |_vA •_°•
1

0.005CÀ ·_} |_v
1

0.002 

 J_K_y_f ·C m_¶_i_K_a_f £_f_} •: 

  f≈ 1.000 + 0.005 + 0.002 = 1.007. 

B_f_¶X_{ ·B_y AYH_s f  ) =1 +  n )(1 +  ƒn( ·H_s ,: 

 f≅ 1+  n +n ≠AX_O_{A |B_}_°HI , ƒn.ƒn 

 f B_f_¶X_{ ·B_y AYG• ) =1+  n ) (1 +  ƒn ) (1 +  «n( ·H_s , : 

  f≅ 1 +   n +  ƒn +         ©Z_¶_p_e Z_¶XB_w_} «n ,ƒn ,n N_¶_R , «n    X_RA•_{A ~B_}C ’AX_O)1    .(   n ·B_y AYG

 =  ƒn = «n=..... = 0ع 

 ·Hs : f ) =1 + n
°

 ) (1 + n
°

 ) ( 1 + n
°

 ) ( 1 + n
°

 ) ( 1 + n
°

...(  

 f ) =1 + n
°

( · ≅ 1 + n ·
°

 

      · _{ ™_¶w_¶_w_R ~_¶_v |_OC ·_} Z•_K_aXX_{A AY_°  ~_¶_}_l_K ·__y_}_¶ ) ·∋ T   ( ™_¶_{B_K_{A ™_{_M_}æA z_¶_{G•

¶_g•_K_{_{X_RA•_{A ~B_}C ’AX_O Z_¶_p_e n N_¶_R S_. 
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 - n (½ ≅ 1 - 1= ( ع−1ق
2
ع

 

 - 1 ≅ ن⁄n (1 - 1= ( ع−1ق·
ن
ع

  

1ق
1
ع−

 ) =1 - n ( ½- ≅ 1 + 
2
ع

 

ع−1ق·
1

 ) =1 - n ( 1⁄1 ≅ -ن + 
ن
ع

 

 

 +n(½ ≅ 1  + 1 = ( ع+1ق
2
ع

 

 + 1 ≅ ن⁄n(1  + 1= ( ع+1ق·
ن
ع

  

1ق
1
ع+

 ) =1 +  n( −2
1

 ≅1 - 
2
ع

 

ع+1ق·
1

 =( ع1(
1

 - 1 ≅ ن−+
ن
ع

 
 

( )( ) ( )( )
1

ع1َع1ع1َ ع11 1

+
+

=++≅+− −

عَ
 ع

                                 ≅ 1 +  n-ƒn  
 

 
 ™_{_M_}C : 

1 –J_a_RC  }_¶_v N_¶_R f ™_ : f =
996.0
003.1  

 |_R_{A: 

 f =
996.0
003.1  = )

1004.0
  1003.0(

−
+ ) =1 + 0.003 ) ( 1 – 0.004( -1  , 

 f ) =1 + 0.003 ) ( 1 + 0.004( , 

 f =1 + 0.003 + 0.004 = 1.007 

2 – f |_OC ·_} |Aª_a_{A b_t_f  =8.100ق 

 |_R_{A: 

 f    =( ) ( ) 1001008.0101008.02ق
1

+=+  

 f =10 ) 1  + 
2
008.0

 (  

 f =10.04. 

3 – f |_OC ·_} |Aª_a_{A b_t_f =( )
33

3ق8
.1.022

    

 |_R_{A: 

 f  =( ) 3
ق ≥≤ ±∞≤∞ +. ) = 1 + 0.02( 3/2 , 
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 f ) =1 + ×
3
2 0.02( , 

f = 1.013 

4 – f N_¶_R f ™_}_¶_v J_a_RC   =ق
002.1
001.2 

 |_R_{A: 

 f =    ( ) ( ) ( )
( ) قق

1002.0
210005.02  10005.0  1002.0 2

1
2
1

+
+

=++−  

 f =    [ ] قق 2
2

10005.01
2
002.02 100025.0001.0 =






 +







 −≅+− 

 f≅999.0  2ق 

5 –    J_a_RC 52ق J_¶Z_w_K_{BI  . 

|_R_{A    : ق قق 5249349   1
49
32

1

=+=





 +    

 =                          7 





 + 1

98
3   

 =                                7) 1 +0.03(  

 =                                7.21. 
 
    ©Z_¶_p_e_{A B_¶A•`_{A bB¶_v ß_s J_¶Z_w_K_{A 

                    {A |•X_O ´__{G m_OZ__K ·C ,J__{B_i_{A ®`__¶`_k z_f__} J__{_i_f    ·_¶I ·ZB_w_K• ™_¶_M_{_M_}_{A J_a_f_

      ·__} |__væA B_¶A•`__{A ~_¶__v10 ° ®•B_a_K• ’B_I_¶ZwK ™_¶•Ba_K_} B_¶A•`_{A §Y_° |Ω_j• J•_¶_O ·C X_O_K_s 

 ’Ω_M_} ·B_¶XAZ_{B_I B_¶A•`_{A ~_¶_v ’B_g_¶C: 

α = 3° = 0.052J_O , ·B_¶XAZ α = 0.052|_j , α = 0.052 

α = 7° = 0.122XAZ J_O , ·B_¶α = 0.122|_j , α = 0.123 

α = 8° = 0.139J_O , ·B_¶XAZ α = 0.139|_j , α = 0.140 

 |•w_f £_f}• : ©Z¶pe{A B¶A•`{A |OC ·}α ≥ 10° ,  )α ≥ 0.17·B_¶XAZ ( 
 

J_O≅ α|_j  α  α≅  ) ·B_¶XAZ(  ·H_s: 

m_¶_i_K_a_f z_{Y_y• |_OC ·_} Y_UD_f ·C ≥ α 10° 

 JOK
2
α1جب

2
α 22

≅−-1≅ α   , 
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 ß_{_¶ B_}_y ™vΩl{A §Y_° ·B_°ZI : 

( ) αجبα1جب-α1  تجبα1تجب 2222
1

=⇐==−  +α   2جبق

 : α £f} • XRA•{A ~B_}C AX_O Z_¶_p_e 2جب

 JO_K α≅1 - 
2

1
2

22 ααجب
≅−

 

 
 |BM} : J_O_K X_O•C6° 

 |_R{A: |•Rf 6 ° ·B_¶XAZ{A ´_{G : 







° ←

° ←
==

6 πراديان 
180 πراديان       

α
180

6  π
30
π ، راديان  

 J_OKα≅− 1
2
α2 

 J_O_Kα = 1 - ( )
2

30/π2
,  

 J_O_Kα = 1 - 
1800

2 π
 = 1 -           

180
1

   , )2π=10( 

 J_O_Kα = 0.995. 
 
 

  6 –’B_¶_fB¶_I bB_¶_w_{A P_ÆB_K_f |_¶_M_}_K . 
 

 ß_{B_K_{A |B_M_}_{A |Ω_U ·_} ©Z_w_t_{A §Y_° bZX_f_{: 
 

   |B_M__} :                  P_ÆB_K_f_{A ´_{_k B_f_{_e_R ’B_¶_I_¶Z_O_K ß_}•C |_vB__f ß__sZ_i ·__¶_I ~•C ·•_fB__v ™__aAZX X_f__k

 ™_¶_{B_K_{A: 
 

2.00 1.60 1.30 1.00 0.70 0.50  d)E( 
14.0 12.6 9.1 7.0 4.9 3.5 u)i_{•s( 

 u N_¶_R : d , ß_}•æA |_vB_f_{A ß_sZ_i ·_¶_I ·•_}_y_{A xZ_s :©ZAX_{A ß_s ZB_}_{A ZB¶_K{A ©X_c. 

 C–d ™_{ºX_I u LAZ_¶_p_K_{ |_M_}_}_{A ß_fB_¶I_{A i_U_{A ~_aZC . 

 J–_U_{A ·_} QZ_U_K_aG ,ß}•æA |_vBf_{A ™}•B_w_} ß_fB_¶_I_{A i 

  __O–  JB_¶_KZ¬A J__a_RC  "∆ ~  " Y_UD_I ©Z_¶_UæA ™_IZO_K_{A ·_} ’AZB_I_K_kG ∆ d =0.05• E ∆ u  =

0.2i_{•_s . 
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 C– u ß_fB_¶_I_{A i_U_{A ~_aZ_{  =B_K)d ( ™_¶_{B_K_{A LA•_i_U_{A m_I_K_f: 

- ·_¶X_}B_l_K_} ·_¶Z•_R_} ZB_K_U_f  ,B_}_¢_¢_O•_f• ™_¶Z_K_}_{_¶_}_{A ™_vZ•_{A ´_{_k 

-                   |_eA•_t_{A Z•_R_} ´_{_k Z•_R_} ´__{_k |•_R_K__}_{A• J__¶_KAZ_K_{A Z•__R_} ´__{_k m_IB_K__{A J__K_y_f 

 ·_¶_a•_v ·_¶_I B}_¢_aB_¶_v ß_KX_R•_I B_}_¢_w_sZ_f• : 

 u) i_{•_s( d , )E ( , 

- _{_{ ’B_I_aB_f_} ’B_}_{_a ZB_K_U_f ~_aZ : 

1           ~_a .... , i_{•_s1             ~_a …,E 

- ™_}Ω_l_I |•X_O_{A ·_} ’B_vΩ_i_fG ™_¶Z_K_}_¶_{_¶_}_{A ™_vZ•_{A ´_{_k iB_w_f_{A ·_¶_l_f (+) 

- ß_fB_¶I_{A i_U_{A ~_aZ_f• iB_w_f_{A §Y_° ·_¶_I |_e_f 

 
 
-I Z_}_¶ §XAXK}G ~¶_w_K_a_} ß_fB¶I{A iU_{A  £_K_{XB_l_} CX_I}_{B: 

 u =~_¶_w_K_a_}_{A |_¶_} C , dC. 

 J– ß_}•æA |_vB_f_{A ™_}•B_w_} : 

 ß_fB_¶_I_{A i_U_{A ·_} B_f_¶X_{ : u =, d C 

 ~•C ·•_fB_v J_a_R• : u = XO_f ™_w_IB_i_}_{BI , d ~ : C =, ~ 

 ~ = C   =ظل
آ

فولط
α

2.0
1 
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 ~ =1.39 × 5,  

 ~ =6.95 Ω,     ≅ 7.0 Ω 
 

 _O– x_{_i_}_{A JB_¶_KZ¬A JB_a_R ∆ ~ : 

 u B_f_¶X_{ = d ~⇐ ~   =
ش
 ف

 £_f_}•
م
م∆

ο

 =
ف

ف
ο

∆ + 
ش
ش∆

ο

 ⇐ ∆ ~  =~
° 

)
ف
ف∆

ο

+ 
ش
ش∆

ο

( , 

O_K_{A ·} ©Z_¶_UæA ™_IZ_ :~
° 

 =
ش
ف

ο

ο =  
00.2
0.14

 = 7.0 Ω 

 £_f}•∆ ~ ≅ 7.0) 
0.14
2.0

 + 
00.2
05.0

(  

        ∆ ~  =0.3 Ω   

 ~            ) =7.0 ± 0.3 ( Ω 
 
 

  7 – S_¶_R_e_K_{A ™_{_Æ_aC  ß_KAY_{A : 
 

 

1 - ß____s  ·____¶_I_}_{A J____¶_yZ_K_{A |B_}_l_K____aH_I  

 X_O_f |_IB_w_}_{A |_y_c_{A: 

 b ) =0.54 ± 0.02 ( E 

 u ) =13.5 ± 0.1 ( i_{•_s. 

 ß_}•æA |_vB_f_{A ™_}•B_w_} ™_}_¶_v X_O•C"~ "bB_¶_w_{A ™_vX• 
 
2 –              x__f B°Z_iv u_e_f ©Z__y ~O__R X__O•C  ) =5.00 ± 0.02  (     Z_I__K_l_f ,~__aπ = 3.14.  i_kC 

bB_¶_w_{A ™_O_¶_K_f. 
 

3 - ™_vΩ_l_{BI ·Z_} bA•_f Z•X ©ZB_I_k ´i_lK  : X=2π   ق
ثا
 ك

 ’B_¶_I_¶Z_O_K X_O•• : X ) =2.00 ± 0.02 ( , BM 

 z                              ) =100.0 ± 0.5 ( , r 
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 ™_f•Z}_{A L_IB_M X_O•CbB_¶_w_{A ™_O_¶_K_f ≠B_i_kG m_} BM 

4 – ~_a_O ™{_Ky L_a_¶_v "z " £}O_R•"T " P_ÆB_K_f_{A LXO•_s: 

 z =16.25 J_¶Z_w_K_I r 1%,  

 T ) =8.5 ± 0.4 ( ~_a3.  

bB_¶_w_{A ™_vX• ™_¶_}_O_R_{A ™_{_K_y_{A X_O•C. 
 
5 – | £_{•_i |_¶_i_K_a_} B_f_¶X_{  ) =20.0 ± 0.1(  £_gZ_k• ~ n ) =10.0 ± 0.1 ( ~ 

 C–i £_i_¶_R_} X_O•C . 

 J–i_a ß_s bB¶_w_{A ™_vX• i_a £_K_RB_a_} X_O•C  
 
6 – ß_{_¶ B_} P_KB_f J_¶Z_w_K_{BI X_O•C : 

 C- ( )001.03 J                   ,- 3100ق.  

 _O- 
.996.1

004.2             ,    X       - 
5.999
5.1000 

7 – X_O•C  : J_O_K )0.04 ·B_¶XAZ ( 
 

. 8 – ß_KAY_{A S_¶_R_e_K_{A ™_I•_OC : 
 

1 – ß_}•C |_vB_f ß_sZ_i ·_¶_I ~•C ·•_fB_v J_a_R B_f_¶X_{  : u = ~ £_f_}• ,d ~=
ش
ف

,  

 ·YG :~°  = 
ش
ف

ο

ο = 
.54.0

5.13
 = 25.0 Ω,  

~
 ~

ο

∆ = 

∆

d
 d

ο

 +  
u

u

ο

∆


 ( ⇐ ∆ ~  =~°



∆
d
 d

ο

 +  



 ∆
u
 u

ο

,  

∆ ~  =25  



µ¥∞
∞≤∞

.

. +  



µ±≥
±∞
.
. =  1.2 Ω   

_f ·•_yK • bB¶_w_{A ™O¶K : ~ =~° ± ∆ ~⇐ ~  ) =25.0 ± 1.2( Ω 

 bB_¶_w_{A ™_vX• :
~

~

ο

∆ = 
25

2.1
 ≅ 0.05 ®C 

~
~

ο

∆ ≅ 5 % 

2 – ©Z_y_{A ~_O_R ©ZB_I_k  : T =
3
4

  πx_f3 
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T  ·YG° = 
3
4

  x_f3 π =
3
4π

) 5(3  =523.3~_a 3 

 JB_a_R∆ T  :  ⇐  
نـق
نـق
ο

∆30 =
ح

ح
ο

∆   ∆ T =3 T  .
نقـ
نق∆

ο

,  

∆ T =3 × 523.3 × 
5
02.0

 = 6.3~_a 3 

•y_K • bB_¶w{A ™O_¶_K_f · : T=T
°

 ± ∆T⇐ T  )=523.3 ± 6.3 ( ~a3 

3 – X_O_f Z•X_{A ©ZB_I_k ·_}  : BM =
د

ك
2

2 4π
,  

BM
°

 = 
د

4 πك 
2

2

ο
ο = 

4
4 π0.1 2 = 0.1 π2 =0.985·  /~ 

ثا
  ثا ∆

ο

 = 
ك
 + ك   ∆

د
د  ∆  2

ο

 ⇐ ∆ BM  =BM°) 
ك
 + ك  ∆

د
د  ∆     2

ο

 ( , 

∆ BM  =0.985 ) 
±∞∞
∞µ    + 

2
040.  = ( 0.025· /~. 

bB¶_w{A ™O¶_K_f JK_yf £f_}• : 

 BM =BM
∞

 ± ∆ BM )=0.985 ± 0.025( ·/~ 

4 – S_y ™_¶_}OR_{A ™_{K_y_{A B_f_¶X_{  =
ح
ك

,  

 ·YG :S_y
°

 = 
ح
ك

0

0 =  
58
2516.
.

 = 1.9r /~_a3,  

آح
آح  ∆

ο

 = 
ك
ك  ∆

ο

 = 
ح
ح∆

ο

  ⇐  ∆ S_y =S_y
°
 )

ك
ك  ∆

ο

  + 
ح
ح∆

ο

 ( , 

∆ S_y =1.9) 
100
1

  + 
5.8
4.0

 (  ≅ 0.1r /~_a3,  

 S_y ·•_y_K £_f_}• ) =1.9 ± 0.1 ( r/~_a3 

 bB_¶_w_{A ™_vX :
آح
آح
ο

∆
 =   = 

20
1

 ≅ 
91
10

.

.
5 %. 

5 – C – |_¶_i_K_a_}_{A i_¶_R_}  : i ) =| + n(× 2 

 ·YG :i
°

 ) = |
°

 + n
°

 ( × 2 ) = 20.0 + 10.0( × 2 = 60.0~ . 

∆ i ) =∆ |  +∆ n  ( ×2 ) = 0.1+ 0.1 ( × 2 = 0.4, ~  
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 i £_f}• ) =60.0 ± 0.4 ( ~ 

 J– i_a |_¶_i_K_a_}_{A ™_RB_a_}  =|×, n  

 ·YG :i_a
°

 = |
°

 ×n 
°

 = 20 × 10 = 200~ 2. 

سط
سط  ∆

ο

  =    + 
ل
ل   ∆

ο

 
ع
ع
ο

 ∆⇐  i_a=سط
ل
ل ∆

ع
ع ∆

0
00









+  

 =                                   200) 
20

1.0
  +  

10
1.0 ( 

∆ ia  =3~ 2. 

 i_a £_f_}• ) =200 ± 3( ~2 . 

 bB_¶_w_{A ™_vX
سط
سط   ∆

ο

 = 
200

3
 = 1.5 % 

6 – C – ) 1.001( 3 ) = 1 + 0.001(  3 ≅ 1 + 0.003 = 1.003 

J( ) 3.1001003.02ق
1

=+=10( ) 





 +=+ 1

100
3.010  1003.0

2
1

2
1  

≅ 10) 1 + 0.0015 = ( 10 + 0.015 = 10.015 
 

996.1
004.2

=
2004.0
2004.0

ـ
+

==
( )
( )21002.0

21002.0
ـ
+

) 1+0.002 )(-1 0.002(-1 

≅ ) 1 + 0.002) ( 1 + 0.002 ( ≅ 1 + 0.002 + 0.002 = 1.004. 

 X- 
5.999
5.1000 = 

10005.0
10005.0

ـ
+ = 

1000)10005.0(
1000)10005.0(

ـ
+ 

 ) =1 + 0.0005 ) ( 1 – 0.0005( -1    

) =1 + 0.0005 ) ( 1 +  0.0005 = ( 1 + 0.0005 + 0.0005 = 1.001 

7 –J_O B_f_¶X_{ 2α + J_O_K2 α = 1 ⇐J_OK 2 α = 1 –J_O2 α 

 J_O_K α =تجب 1قα 2 −,  

0.04 ©Z_¶_pe ™_¶•A` |_IB_w_K ·B_¶XAZ φα 10° ·•y_¶ £_f_} •  : 

 J_Rα = α,  

 J_O_K α = 1ق - α2,  

 J_O_K ( ) α1α22
1

≅− 
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K  J_O_α1
2
α2

≅−,  

 J_O_K0.04·B_¶XAZ   ≅ 1 - ( )
2
04.09992.0

2

= 

8 – |•_R_f 3° ·B_¶XAZ_{A ´_{G  : 







° ←

° ←
=

3
180

60  α 
  πن راديا

 απ·B_¶XAZ  

 J_O_K ·•_y_¶( )
α  1 -

2
 ، 60

π2

≅ 

 J_O_K         ( ) α  1 -
7200

π ،               π10 
2

2 ≅= 

O_K          J_α  1 -0.0014 ، ≅ 

 J_O_K         0.9986 α≅,  

 |j        αα
60
π0523.0. ≅== 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




