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ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʥʠʩʢʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ 
Åʇʨʝʛʣʝʜ ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʘʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ ʫ ʪʝʭʥʠʮʠ ʤʠʢʨʦʪʨʘʢʘʩʪʠʭ ʚʦʜʦʚʘ. 

Åʈʘʟʤʦʪʨʝʥʝ ʩʫ ʦʧʰʪʝ ʦʩʦʙʠʥʝ ʬʠʣʪʘʨʘ, ʘ ʠʟʣʦʞʝʥ ʿʝ 

ʜʝʪʘˀʘʥ ʧʦʩʪʫʧʘʢ ʨʝʘʣʠʟʘʮʠʿʝ.  

Åɸʢʮʝʥʘʪ ʿʝ ʩʪʘʚˀʝʥ ʥʘ ʜʚʘ ʦʩʥʦʚʥʘ ʢʦʨʘʢʘ ʧʨʠ 

ʨʝʘʣʠʟʘʮʠʿʠ:  

ïʇʨʚʠ ʿʝ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʧʨʦʪʦʪʠʧʘ ʬʠʣʪʨʘ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ 

ʩʧʝʮʠʬʠʢʘʮʠʿʝ. ʅʘ ʦʩʥʦʚʫ ʧʨʦʪʦʪʠʧʘ ʤʦʞʝ ʩʝ ʨʝʘʣʠʟʦʚʘʪʠ LC-ʰʝʤʘ 

ʩʘ ʠʜʝʘʣʥʠʤ ʝʣʝʤʝʥʪʠʤʘ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʟʘ 

ʩʧʝʮʠʬʠʮʠʨʘʥʫ ʦʪʧʦʨʥʦʩʪ ʛʝʥʝʨʘʪʦʨʘ  ʠ ʛʨʘʥʠʯʥʫ ʢʨʫʞʥʫ 

ʫʯʝʩʪʘʥʦʩʪ. 

ïɼʨʫʛʠ ʢʦʨʘʢ ʿʝ ʨʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʘʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ ʛʜʝ ʩʝ ʩʚʘʢʠ ʢʦʥʮʝʥʪʨʠʩʘʥʠ ʝʣʝʤʝʥʪ 

ʘʧʨʦʢʩʠʤʠʨʘ ʦʜʩʝʯʢʦʤ ʠʣʠ ʦʛʨʘʥʢʦʤ ʚʦʜʘ.  



ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ (1) 

Åʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ ʩʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʟʦʚʝ 

stepped-impedance ʠʣʠ high-Z-low-Z ʨʝʘʣʠʟʘʮʠʿʘ. 

Åʂʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ ʩʝʢʮʠʿʘ ʟʘʚʠʩʝ ʦʜ 

ʪʝʭʥʠʢʝ ʫ ʢʦʿʦʿ ʩʝ ʨʝʘʣʠʟʫʿʝ ʬʠʣʪʘʨ.  

Åʅʘ ʧʨʠʤʝʨ, ʟʘ ʤʠʢʨʦʪʨʘʢʘʩʪʫ ʪʝʭʥʠʢʫ ʿʝ ʤʘʣʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ ʨʝʜʘ ʥʝʢʦʣʠʢʦ ɋ, ʘ 

ʚʝʣʠʢʘ ʨʝʜʘ 150 ɋ.  

0Z 0Z

1Cº

2Lº
3Cº nCº

1C 3C nC

2L

0Z 0Z



ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ (2) 
Åʅʝʢʠ ʘʫʪʦʨʠ ʩʘʚʝʪʫʿʫ ʜʘ ʟʘ ʤʠʢʨʦʪʨʘʢʘʩʪʫ ʪʝʭʥʠʢʫ  

Zc,min  ʙʫʜʝ ʦʢʦ  20 ɋ,  ʘ Zc,max ʦʢʦ 100 ɋ .  

Åɽʢʩʪʨʝʤʥʝ ʚʨʝʜʥʦʩʪʠ  ʩʝ ʧʨʝʩʣʠʢʘʚʘʿʫ ʫ ʝʢʩʪʨʝʤʥʝ ʰʠʨʠʥʝ 

ʤʠʢʨʦʪʨʘʢʘʩʪʠʭ ʚʦʜʦʚʘ.  

Åɺʝʣʠʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ ʩʝ ʨʝʘʣʠʟʫʿʝ ʫʩʢʠʤ 

ʚʦʜʦʤ, ʘ ʤʘʣʘ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʠʤʧʝʜʘʥʩʘ ʰʠʨʦʢʠʤ ʚʦʜʦʤ.  

Åʅʘʿʫʞʠ ʚʦʜ ʿʝ ʫ ʩʪʘʥʜʘʨʜʥʦʿ ʨʝʘʣʠʟʘʮʠʿʠ ʰʠʨʦʢ ʦʢʦ 0,2 mm.  

Åʅʘʿʰʠʨʠ ʚʦʜ ʿʝ ʦʜʨʝʹʝʥ ʪʨʘʥʩʚʝʨʟʘʣʥʦʤ ʨʝʟʦʥʘʥʮʠʿʦʤ, 

ʦʜʥʦʩʥʦ ʫʩʣʦʚʦʤ ʜʘ ʩʝ ʩʝʢʮʠʿʘ ʚʦʜʘ ʥʝ ʧʨʝʪʚʦʨʠ ʫ ʨʝʟʦʥʘʪʦʨ 

ʫ ʢʦʤʝ ʩʝ ʩʪʦʿʝ˂ʠ ʪʘʣʘʩ ʫʩʧʦʩʪʘʚˀʘ ʫ ʪʨʘʥʩʚʝʨʟʘʣʥʦʤ ʧʨʘʚʮʫ. 
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ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ (3) 
Åʌʠʣʪʨʠ ʩʘ ʦʚʦʤ ʨʝʘʣʠʟʘʮʠʿʦʤ ʩʝ ʧʨʠʤʝˁʫʿʫ ʢʘʜʘ ʥʠʿʝ 

ʧʦʪʨʝʙʥʘ ʚʝʣʠʢʘ ʩʝʣʝʢʪʠʚʥʦʩʪ, ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʠʟʘ ʤʝʰʘʯʘ.  

Åɸʤʧʣʠʪʫʜʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʤʘ ʧʘʨʘʟʠʪʥʝ ʧʨʦʧʫʩʥʝ 

ʦʧʩʝʛʝ ʟʙʦʛ ʧʝʨʠʦʜʠʯʥʝ ʟʘʚʠʩʥʦʩʪʠ ʤʘʪʠʮʝ  [ABCD]Ū ʦʜ 

ʫʯʝʩʪʘʥʦʩʪʠ. 

Åʇʦʩʤʘʪʨʘʿʤʦ LC-ʰʝʤʫ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ ʢʦʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʨʝʜʥʠʭ ʢʘʣʝʤʦʚʘ ʠ 

ʧʘʨʘʣʝʣʥʠʭ ʢʦʥʜʝʥʟʘʪʦʨʘ.  

Åʉʚʘʢʠ ʨʝʜʥʠ ʢʘʣʝʤ ʤʦʞʝ ʩʝ ʟʘʤʝʥʠʪʠ ʝʣʝʢʪʨʠʯʥʦ ʢʨʘʪʢʦʤ 

ʩʝʢʮʠʿʦʤ ʚʝʣʠʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ, ʘ ʩʚʘʢʠ 

ʧʘʨʘʣʝʣʥʠ ʢʦʥʜʝʥʟʘʪʦʨ ʝʣʝʢʪʨʠʯʥʦ ʢʨʘʪʢʦʤ ʩʝʢʮʠʿʦʤ ʤʘʣʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ.  

Åʅʝʢʘ ʩʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠʤʧʝʜʘʥʩʝ ʩʝʢʮʠʿʘ ʢʦʿʝ ʨʝʘʣʠʟʫʿʫ 

ʢʘʣʝʤʦʚʝ Zc,max, ʘ ʦʥʠʭ ʢʦʿʝ ʨʝʘʣʠʟʫʿʫ ʢʦʥʜʝʥʟʘʪʦʨʝ Zc,min. 



0 0 c,max proto p,proto g g,proto c,max( )L Z L R R ZQ = w = W

0 0 c,min proto p,proto g,proto c,min gC Z C R Z RQ = w = W

0 g (2 )d=Q l p

0 p p2 Fw =W = p

ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ (4) 
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1Cº

2Lº
3Cº nCº

1C 3C nC
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0Z 0Z

Åʇʦʢʘʟʫʿʝ ʩʝ ʜʘ ʩʝ ʝʣʝʢʪʨʠʯʥʘ ʜʫʞʠʥʘ ʩʝʢʮʠʿʝ ʢʦʿʘ 

ʨʝʘʣʠʟʫʿʝ ʢʘʣʝʤ ʨʘʯʫʥʘ ʢʘʦ  

 

    ʘ ʦʥʝ ʢʦʿʘ ʨʝʘʣʠʟʫʿʝ ʢʦʥʜʝʥʟʘʪʦʨ ʢʘʦ  

 

Åɼʫʞʠʥʘ ʩʝʢʮʠʿʘ ʩʝ ʨʘʯʫʥʘ ʢʘʦ  

Åʆʙʠʯʥʦ ʩʝ ʫʟʠʤʘ ʜʘ ʿʝ ʢʨʫʞʥʘ ʫʯʝʩʪʘʥʦʩʪ ɤ0  ʿ ʝʜʥʘʢʘ 

ʛʨʘʥʠʯʥʦʿ ʢʨʫʞʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ ʬʠʣʪʨʘ  

Åʊʘʣʘʩʥʘ ʜʫʞʠʥʘ ʥʘ ʚʦʜʫ ʨʘʯʫʥʘ ʩʝ ʥʘ ʢʨʫʞʥʦʿ 

ʫʯʝʩʪʘʥʦʩʪʠ ɤ0 

 



Stepped-impedance ʨʝʘʣʠʟʘʮʠʿʘ 



Stepped-impedance ʨʝʘʣʠʟʘʮʠʿʘ 

ʠ ʘʤʧʣʠʪʫʜʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Åʊʨʝʙʘ ʫʦʯʠʪʠ ʜʘ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥʘ ʥʘ 

ʛʨʘʥʠʮʠ ʧʨʦʧʫʩʥʦʛ ʦʧʩʝʛʘ, ʢʘʦ ʥʠ ʫ ʥʝʧʨʦʧʫʩʥʦʤ 

ʦʧʩʝʛʫ.  

Åʊʘʢʦʹʝ, ʩʝʣʝʢʪʠʚʥʦʩʪ ʿʝ ʤʘˁʘ ʫ ʦʜʥʦʩʫ ʥʘ ʰʝʤʫ ʩʘ 

ʢʦʥʮʝʥʪʨʠʩʘʥʠʤ ʝʣʝʤʝʥʪʠʤʘ.  
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Stepped-impedance ʨʝʘʣʠʟʘʮʠʿʘ 

ʠ ʘʤʧʣʠʪʫʜʩʢʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ 

Åʂʘʢʦ ʩʧʝʮʠʬʠʢʘʮʠʿʘ ʥʠʿʝ ʟʘʜʦʚʦˀʝʥʘ ʤʦʞʝ 

ʩʝ ʧʨʦʙʘʪʠ ʩʘ ʧʦʚʝ˂ʘˁʝʤ ʨʝʜʘ 

ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʠʣʠ ʜʠʨʝʢʪʥʦ ʠʟ ʜʦʙʠʿʝʥʝ 

ʰʝʤʝ ʠʟʚʦʜʠʪʠ ʨʝʘʣʠʟʘʮʠʿʫ.  

Åʇʨʚʦ ˂ʝʤʦ ʧʦʢʫʰʘʪʠ ʜʘ ʥʘʧʨʘʚʠʤʦ 

ʨʝʘʣʠʟʘʮʠʿʫ ʠʟ ʧʨʦʨʘʯʫʥʘʪʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʜʫʞʠʥʘ, ʧʘ ˂ʝʤʦ ʦʥʜʘ ʦʧʪʠʤʠʟʠʨʘʪʠ 

ʘʤʧʣʠʪʫʜʩʢʠ ʦʜʟʠʚ. 

 



Stepped-impedance ʨʝʘʣʠʟʘʮʠʿʘ 

ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ 

0Z 0Z

2,504 0,111 2,5042,504 0,111

3,234 9,705 9,70510,47 3,234

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-30

-25

-20

-15

-10

-5

0

f [GHz]

 

 

S
11

 [dB] LC

S
21

 [dB] LC

S
11

 [dB] Stepped Impedance

S
21

 [dB] Stepped Impedance

S
11

 [dB] Microstrip

S
21

 [dB] Microstrip



Stepped-impedance ʦʧʪʠʤʘʣʥʘ 

ʨʝʘʣʠʟʘʮʠʿʘ ʠ ʠʟʛʣʝʜ ʧʨʦʚʦʜʥʠʢʘ ʥʘ  

ʰʪʘʤʧʘʥʦʿ ʧʣʦʯʠʮʠ (layout) 
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ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʨʝʘʣʠʟʦʚʘʥ ʢʘʩʢʘʜʦʤ ʦʜʩʝʯʘʢʘ ʚʦʜʦʚʘ ʠ 

ʦʪʚʦʨʝʥʠʭ ʦʛʨʘʥʘʢʘ 

Åʋ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʥʫ ʨʝʘʣʠʟʘʮʠʿʫ 

ʬʠʣʪʨʘ ʢʘʩʢʘʜʦʤ ʩʝʢʮʠʿʘ ʚʦʜʦʚʘ, ʤʦʛʫ˂ 

ʿʝ ʘʣʪʝʨʥʘʪʠʚʥʠ ʥʘʯʠʥ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ 

ʜʘ ʧʘʨʘʣʝʣʥʠ ʢʦʥʜʝʥʟʘʪʦʨ ʧʨʝʜʩʪʘʚʠʤʦ 

ʧʦʤʦ˂ʫ ʦʪʚʦʨʝʥʦʛ ʦʛʨʘʥʢʘ ʚʦʜʘ, ʧʦʜ 

ʫʩʣʦʚʦʤ ʜʘ ʿʝ ˁʝʛʦʚʘ ʬʠʟʠʯʢʘ ʜʫʞʠʥʘ 

ʤʘˁʘ ʦʜ ʯʝʪʚʨʪʠʥʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ.  



ʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʢʘʩʢʘʜʦʤ ʦʜʩʝʯʘʢʘ 

ʠ ʦʪʚʦʨʝʥʠʭ ʦʛʨʘʥʘʢʘ ʚʦʜʦʚʘ (1) 
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ʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʢʘʩʢʘʜʦʤ ʦʜʩʝʯʘʢʘ 

ʠ ʦʪʚʦʨʝʥʠʭ ʦʛʨʘʥʘʢʘ ʚʦʜʦʚʘ (2) 



ʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʢʘʩʢʘʜʦʤ ʦʜʩʝʯʘʢʘ ʠ ʦʪʚʦʨʝʥʠʭ ʦʛʨʘʥʘʢʘ ʚʦʜʦʚʘ (3) 
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-57,13 dB @ 2 GHz

ʈʝʘʣʠʟʘʮʠʿʘ ʬʠʣʪʨʘ ʢʘʩʢʘʜʦʤ ʦʜʩʝʯʘʢʘ ʠ ʦʪʚʦʨʝʥʠʭ ʦʛʨʘʥʘʢʘ ʚʦʜʦʚʘ (4) 



ʂʚʘʟʠ-ʢʦʥʮʝʥʪʨʠʩʘʥʠ ʬʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ 

ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʢʦʥʘʯʥʠʤ ʥʫʣʘʤʘ 

 
Åʇʨʦʿʝʢʪʦʚʘˁʝ ʬʠʣʪʨʘ ʧʨʦʧʫʩʥʠʢʘ ʥʠʩʢʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʝʣʠʧʪʠʯʢʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʠ 

ʨʝʘʣʠʟʘʮʠʿʘ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ.  

Åʋ ʮʠˀʫ ʨʝʘʣʠʟʘʮʠʿʝ ʬʠʣʪʨʘ, ʧʦʣʘʟʠ ʩʝ ʦʜ 

ʝʣʝʢʪʨʠʯʥʝ ʰʝʤʝ ʧʨʦʪʦʪʠʧʘ ʬʠʣʪʨʘ ʩʘ ʝʣʠʧʪʠʯʢʦʤ 

ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ.  

Åʋʦʯʘʚʘʿʫ ʩʝ ʨʝʜʥʠ LC ʨʝʟʦʥʘʪʦʨʠ, ʥʘ ʝʣʝʢʪʨʠʯʥʦʿ 

ʰʝʤʠ, ʢʦʿʠ ʥʘ ʨʝʟʦʥʘʥʪʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ ʜʘʿʫ ʥʫʣʝ 

ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʝ.  

Åʅʫʣʝ ʫ ʪʨʘʥʩʬʝʨ ʬʫʥʢʮʠʿʠ ʦʤʦʛʫ˂ʠ˂ʝ ʧʦʩʪʠʟʘˁʝ 

ʚʝ˂ʝ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʬʠʣʪʨʘ. 



ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʩʘ ʝʣʠʧʪʠʯʢʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ 
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ʌʠʣʪʘʨ ʧʨʦʧʫʩʥʠʢ ʥʠʩʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ ʝʣʠʧʪʠʯʢʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ 



ʐʝʤʘ ʬʠʣʪʨʘ ʩʘ ʝʣʠʧʪʠʯʢʦʤ 

ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ  
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ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʚʠʩʦʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 
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ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʚʠʩʦʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ï ʧʨʦʿʝʢʪʦʚʘˁʝ (1) 



ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʚʠʩʦʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ï ʧʨʦʿʝʢʪʦʚʘˁʝ (2) 
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ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʚʠʩʦʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ (1) 
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ɱʝʜʠʥʠʮa: mm

ʌʠʣʪʨʠ ʧʨʦʧʫʩʥʠʮʠ ʚʠʩʦʢʠʭ ʫʯʝʩʪʘʥʦʩʪʠ 

ʫ ʤʠʢʨʦʪʨʘʢʘʩʪʦʿ ʪʝʭʥʠʮʠ (2) 



ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

Åʇʦʩʪʦʿʝ ʜʚʝ ʦʩʥʦʚʥʝ ʨʝʘʣʠʟʘʮʠʿʝ ʬʠʣʪʨʘ ʩʘ ʫʩʢʠʤ ʥʝʧʨʦʧʫʩʥʠʤ 

ʦʧʩʝʛʦʤ.  

Åʇʨʚʘ ʨʝʘʣʠʟʘʮʠʿʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʛʣʘʚʥʦʛ ʚʦʜʘ ʩʘ ʢʦʿʠʤ ʩʫ ʩʧʨʝʛʥʫʪʠ 

ʧʦʣʫʪʘʣʘʩʥʠ ʨʝʟʦʥʘʪʦʨʠ, ʘ ʩʧʨʝʛʘ ʿʝ ʝʣʝʢʪʨʠʯʥʘ.  

Åɼʨʫʛʘ ʨʝʘʣʠʟʘʮʠʿʘ ʿʝ ʦʩʪʚʘʨʝʥʘ ʤʘʛʥʝʪʩʢʦʤ ʩʧʨʝʛʦʤ ʠʟʤʝʹʫ ʛʣʘʚʥʦʛ 

ʚʦʜʘ ʠ ʧʦʣʫʪʘʣʘʩʥʠʭ ʨʝʟʦʥʘʪʦʨʘ ʩʘʚʠʿʝʥʠʭ ʫ ʦʙʣʠʢʫ ʫʢʦʩʥʠʮʘ.  
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Åʋ ʦʙʘ ʩʣʫʯʘʿʘ ʨʝʟʦʥʘʪʦʨʠ ʩʫ 

ʧʦʩʪʘʚˀʝʥʠ ʥʘ ʨʘʩʪʦʿʘˁʫ 

ʿʝʜʥʘʢʦʤ ʯʝʪʚʨʪʠʥʠ ʪʘʣʘʩʥʝ 

ʜʫʞʠʥʝ ʥʘ ʮʝʥʪʨʘʣʥʦʿ ʫʯʝʩʪʘʥʦʩʪʠ 

ʬʠʣʪʨʘ.  

Åʄʦʛʫ˂ʝ ʿʝ ʧʦʣʫʪʘʣʘʩʥʝ 

ʨʝʟʦʥʘʪʦʨʝ, ʫ ʦʙʝ ʨʝʘʣʠʟʘʮʠʿʝ, 

ʟʘʤʝʥʠʪʠ ʩʘ ʯʝʪʚʨʪʪʘʣʘʩʥʠʤ.  

 

ʉʢʠʮʘ ʛʦʨˁʝ ʩʪʨʘʥʝ ʰʪʘʤʧʘʥʝ ʧʣʦʯʠʮʝ ʬʠʣʪʨʘ ʩʘ ʫʩʢʠʤ ʥʝʧʨʦʧʫʩʥʠʤ 

ʦʧʩʝʛʦʤ.  ʇʦʣʫʪʘʣʘʩʥʠ ʨʝʟʦʥʘʪʦʨʠ ʩʫ ʩʧʨʝʛʥʫʪʠ ʩʘ ʮʝʥʪʨʘʣʥʠʤ ʚʦʜʦʤ:  

(ʘ) ʝʣʝʢʪʨʠʯʥʦʤ ʩʧʨʝʛʦʤ,  (ʙ) ʤʘʛʥʝʪʩʢʦʤ ʩʧʨʝʛʦʤ. 



ɽʢʚʠʚʘʣʝʥʪʥʝ ʰʝʤʝ ʬʠʣʪʘʨʘ 

Åʈʝʜʥʠ LC-ʨʝʟʦʥʘʪʦʨʠ ʧʘʨʘʣʝʣʥʦ ʧʦʩʪʘʚˀʝʥʠ (ʘ) 

Åʇʘʨʘʣʝʣʥʠ LC-ʨʝʟʦʥʘʪʦʨʠ ʨʝʜʥʦ ʧʦʩʪʘʚˀʝʥʠʤ ʫ ʤʨʝʞʠ (ʙ)  
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ʌʠʣʪʘʨ ʥʝʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 
- ʜʝʬʠʥʠʩʘˁʝ ʮʝʥʪʨʘʣʥʝ ʫʯʝʩʪʘʥʦʩʪʠ ʠ ʛʨʘʥʠʯʥʠʭ 

ʫʯʝʩʪʘʥʦʩʪʠ ʬʠʣʪʨʘ ʩʘ:  

 
ïʏʝʙʠʰʝʚˀʝʚʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ (ʘ) 

ïɹʘʪʝʨʚʦʨʪʦʚʦʤ ʘʧʨʦʢʩʠʤʘʮʠʿʦʤ (ʙ)  
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ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ  

- ʧʨʦʿʝʢʪʦʚʘˁʝ (1) 
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ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ - ʧʨʦʿʝʢʪʦʚʘˁʝ (2) 



 

ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

- ʧʨʦʿʝʢʪʦʚʘˁʝ (3): ʨʝʜʥʠ LC-ʨʝʟʦʥʘʪʦʨ 



ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

- ʧʨʦʿʝʢʪʦʚʘˁʝ (4): ʨʝʜʥʠ LC-ʨʝʟʦʥʘʪʦʨ 



ʌʠʣʪʨʠ ʥʝʧʨʦʧʫʩʥʠʮʠ ʦʧʩʝʛʘ ʫʯʝʩʪʘʥʦʩʪʠ 

- ʧʨʦʿʝʢʪʦʚʘˁʝ (5): ʧʘʨʘʣʝʣʥʠ LC-ʨʝʟʦʥʘʪʦʨ 



ʌʠʣʪʘʨ ʥʝʧʨʦʧʫʩʥʠʢ ʦʧʩʝʛʘ  

ʫʯʝʩʪʘʥʦʩʪʠ ʩʘ L-ʨʝʟʦʥʘʪʦʨʠʤʘ (1) 


