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 GḦ + KḢ + LH = −GN̈ 
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 Q = ;;7 

 

 Ḧ + 2?;7Ḣ + ;7RH = −N̈ 
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 N = S;R TUVW N̈ = −STUVW
H  

 H = XTUVW Ḣ = XY;TUVW Ḧ = −X;RTUVW 

 XTUVW(−;R + 2?;;7Y + ;7R) = STUVW 
 

 
ḦN̈ = X;RS = 1;7R{(1 − QR) + 2?QY} ;R = QR(1 − QR) + 2?QY 

 

 |\(;)| = ^ḦN̈^ = QR_(1 − QR)R + (2?Q)R 
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 GḦ + KḢ + LH = −GN̈ + f̀luid 
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 (G + Gb)Ḧ + KḢ + LH = −(G − Ga)N̈ 

 ;7 = P LG + Gb 

 ? = K2(G + Gb);7 

 Q = ;;7 

 " = G − GaG + Gb 

 

 Ḧ + 2?;7Ḣ + ;7RH = −"N̈ 

 

 |\(;)| = "QR_(1 − QR)R + (2?Q)R 
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 { !} s{ !}  

 [c]{Ḧ} + [g]{H} = {0} { !}j
s p!

 { !}j[c]{ !}p̈! + { !}j[e]{ !}ṗ! + { !}j[g]{ !}p! = −{ !}j[c]{1}N̈ 

 p̈! + { !}j[e]{ !}{ !}j[c]{ !} ṗ! + { !}j[g]{ !}{ !}j[c]{ !} p! = − { !}j[c]{1}{ !}j[c]{ !} N̈ 

 c! = { !}j[c]{ !} 
 e! = { !}j[e]{ !} 
 g! = { !}j[g]{ !} 
 ;! = Pg!c! s
 ?! = e!2c!;! s
 "! = { !}j[c]{1}{ !}j[c]{ !} s

 p̈! + e!c! ṗ! + gtct p! = −"tN̈ 

;! ?!
 p̈! + 2?t;!ṗ! + ;tRp! = −"tN̈ 

s v
 Hw = p! w! s v vλy = ;t ;⁄
 |\(;)| = ^ḦwN̈ ^ = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R 
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[cb] v Y v Y  [cb] v v v  [ca] v v v
 [c]{Ḧ} + [e]{Ḣ} + [g]{H} = −[c]{1}N̈ − [cb]{Ḧ} + [ca]{1}N̈ 

 ([c] + [cb]){Ḧ} + [e]{Ḣ} + [g]{H} = −([c] − [ca]){1}N̈ { !}
 ([c] + [cb]){Ḧ} + [g]{H} = {0} 
 c! = { !}j([c] + [cb]){ !} 
 e! = { !}j[e]{ !} 
 g! = { !}j[g]{ !} 
 ;! = Pg!c! s
 ?! = e!2c!;! s
 "! = { !}j([c] − [ca]){1}{ !}j([c] + [cb]){ !} s

;! ?!
 p̈! + 2?t;!ṗ! + ;tRp! = −"tN̈ s vv λy = ;t ;⁄
 |\(;)| = ^ḦwN̈ ^ = "! w!Q!R_(1 − Q!R)R + (2?!Qt)R 



 

|\(;)|>b~ Q = VV� =1.0

Q = |\(;)|>b~
 

 Q ≈ 12? 

 

 Q ≈ "2? 

 

 $w! ≈ "! w!2?!  

"! w!
pw 0w Q sisfb�y  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
� 

  
� 

 
 � 

 
� � 

25.0=z

20.0=z

15.0=z

10.0=z

05.0=z



 

 

   

 |\(;)| = QR_(1 − QR)R + (2?Q)R |\(;)| = "QR_(1 − QR)R + (2?Q)R 

 ;7 = P LG ;7 = P LG + Gb 

 Q ≈ 12? Q ≈ "2? 

 ζ ≈ 12$ ζ ≈ "2$ 

  " = G − GaG + Gb 
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[c]{Ḧ} + [g]{H} = {0} 
 

([c] + [cb]){Ḧ} + [g]{H} = {0} 
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"! = { !}j[c]{1}{ !}j[c]{ !} "! = { !}j([c] − [ca]){1}{ !}j([c] + [cb]){ !} 
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cḦ + e,Ḣ + gH = −cḦ7
 ;R = g c⁄2?; = e,/c

Ḧ + 2?;Ḣ + ;RH = −Ḧ7
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Ḣ
5� 5� = e,Ḣ



 

H = �sin ;9 Ḣ = ;� ∙ cos ;9
� 2⁄
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: H = �sin ;9 Ḣ = ;� ∙ cos ;9 Ḧ = −;R� ∙ sin ;9

 
 

 

 

 
 

 
 

  

 5� = e,Ḣ 5� = eRḢ|Ḣ| 5� = sgn(Ḣ) ∙ §¨ 

sgn(Ḣ) = ª 1(Ḣ > 0)−1(Ḣ < 0) 

 

 

   

 

 

   

[1] 
e@A = e, e@A = 8eR�;3�  e@A = 4§¨��; 

 ?@A = e,2√cg ?@A = 4eR3�c � ?@A = 2§¨�g� 

 

   



 

c  g  e, eR  �  ; = _g/c  §  ¨  5�  Ḧ  Ḣ  H  e@A  ?@A  



 

g®
¤® = 1 2⁄ ∙ g®H,Rg¯¤̄ = 1 2⁄ ∙ g¯HRR ¤ = ¤® + ¤̄

ΔW± = 45®H,

?@A = 14� Δ¤¤ = 14� ∙ Δ¤¤® + ¤²



 

g® g¯5®



 

¤̄ = 12 g¯HRR

0 ¤® = 12 g®H,R
=

¤ = ¤® + ¤̄

(a) (b)
(c)

(d)

0
Δ¤® = 45®H,
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Δ¤¤Δ¤¤

?@A = 14� Δ¤¤

 Δ¤ Δ¤ 



 

 c¯ = c¯, + c¯R + c¯¥ 

<: ³ �, �R´, ´R
 c¯R = <cµ, 

 cµ,   

 cµ, = :³�,R ¶ �,6 ,́ + �R2´R¸ 

 < = 1 − ¹8@A³ º 9�»ℎ ¹ ³8@Aº 

 8@A  

 8@A = P2½�,�R + (�, + 2´R)(�R + 2´,)¾�  

 



 

 

 

 

 c¯¥ = ¨ ∙ cµR 

  

 cµR = :³ ∙ 2�¥¥3´¥ 

 

 

 



 

 c¿ = ¨½c¿, + c¿R¾ 

 c¿R = cµR 

 cW = cW, + cWR 

 

 cWR = <cµ, 

 

 c¯)¿ = −¨½cµR + c¿À¾ 

 

 cW)¯ = −(<cµ, + c¯À) 
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ÈÉc¯¯ 00 cÊÊË + Ìc¯¿̄ c¯Ê¿
cÊ¿̄ cÊÊ¿ ÍÎ ªÏ¯̈ÏÊ̈Ð + Ég¯¯ g¯ÊgÊ¯ gÊÊË ÑH¯HÊÒ = 0   

 Ï¯̈=ÏÓ̈ + H¯̈ ÏÊ̈=ÏÓ̈ + HÊ̈ 

Ìc¯¯ + c¯¿̄ c¯Ê¿
cÊ¿̄ cÊÊ + cÊÊ¿ Í ªH¯̈HÊ̈Ð + Ég¯¯ g¯ÊgÊ¯ gÊÊË ÑH¯HÊÒ = −ÏÓ̈ Ì c¯¯ + c¯¿̄ + c¯Ê¿

cÊÊ + cÊÊ¿ + cÊ¿̄ Í 
[M]

Ìc¯¯ + c¯¿̄ c¯Ê¿
cÊ¿̄ cÊÊ + cÊÊ¿ Í  
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