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1. ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʩʠʛʥʘʣʘʭ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʛʘʫʩʩʦʚʩʢʦʡ  

ʤʠʥʠʤʘʣʥɹʦʡ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ 

 

ʏʘʩʪʦʪʥʘʷ ʤʘʥʠʧʫʣʷʮʠʷ ʥʘʟʳʚʘʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʡ, ʝʩʣʠ ʩʜʚʠʛ ʯʘʩʪʦʪ Fʩʜʚ 

ʨʘʚʝʥ ʯʘʩʪʦʪʝ ʤʘʥʠʧʫʣʷʮʠʠ FM 

ʩʜʚ MF F . 

ɼʦʩʪʦʠʥʩʪʚʦʤ ʩʠʛʥʘʣʘ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ (ʄʏʄ, MSK ï 

Minimum Shift Keying) ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʡ ʩʧʝʢʪʨ, ʧʦʟʚʦʣʷʶʱʠʡ 

ʨʘʟʤʝʩʪʠʪʴ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʙʦʣʴhʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʦʚ ʩ 

ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ. 

 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ  ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʰʠʨʠʥʳ 

ʛʣʘʚʥʦʛʦ ʣʝʧʝʩʪʢʘ ʩʧʝʢʪʨʘ ʠ ʫʨʦʚʥʷ ʙʦʢʦʚʳʭ ʣʝʧʝʩʪʢʦʚ ʚ ʤʦʜʫʣʷʪʦʨ ʩʠʛʥʘʣʘ 

ʄʏʄ ʚʢʣʶʯʘʶʪ ʧʨʝʜʤʦʜʫʣʷʮʠʦʥʥʳʡ ʛʘʫʩʩʦʚʩʢʠʡ ʌʅʏ, ʪ.ʝ. ʌʅʏ, ɸʏʍ 

ʢʦʪʦʨʦʛʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ 
2

ʛʨ

f ln 2
K(f ) exp

f 2
, 

ʛʜʝ fʛʨ ï ʛʨʘʥʠʯʥʘʷ ʯʘʩʪʦʪʘ ʌʅʏ ʧʨʠ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ 

3ʜɹ. 

ʉʠʛʥʘʣ ʄʏʄ, ʬʦʨʤʠʨʫʝʤʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʢʦʛʦ ʬʠʣʴʪʨʘ ʥʘʟʳʚʘʶʪ 

ʩʠʛʥʘʣʦʤ ʛʘʫʩʩʦʚʩʢʦʡ ʄʏʄ ʠʣʠ GMSK (Gaussian Minimum Shift Keying). 

ʄʦʜʫʣʷʮʠʷ GMSK  ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʘʥʜʘʨʪʘʭ  GSM ʠ DECT. 

ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʛʘʫʩʩʦʚʩʢʦʛʦ ʌʅʏ ʧʨʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ 3 ʜɹ, ʨʘʚʥʫʶ ʝʛʦ ʛʨʘʥʠʯʥʦʡ ʯʘʩʪʦʪʝ fʛʨ, ʦʙʦʟʥʘʯʘʶʪ ʩʠʤʚʦʣʦʤ 

B (Band ï ʧʦʣʦʩʘ) ʠ ʠʩʧʦʣʴʟʫʶʪ ʧʘʨʘʤʝʪʨ BT, ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʌʅʏ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ʩʠʛʥʘʣʘ T.  

ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʨʝʜʝʣʷʝʪ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ GMSK. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʩʧʝʢʪʨʳ ʜʠʩʢʨʝʪʥʳʭ ʩʠʛʥʘʣʦʚ GMSK  ʧʨʠ  ʪʨʝʭ 

ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ BT. ʇʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʘ ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʯʘʩʪʦʪʘ ï 

ʦʪʥʦʰʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪʳ ʢ ʯʘʩʪʦʪʝ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʉʨʝʜʥʷʷ 

ʯʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʨʘʚʥʘ ʯʝʪʚʝʨʪʠ ʯʘʩʪʦʪʳ ʜʠʩʢʨʝʪʠʟʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʚʫʭ ʚʳʨʘʞʝʥʥʳʭ ʤʘʢʩʠʤʫʤʦʚ ʩʧʝʢʪʨʦʚ 

ʯʘʩʪʦʪʥʦ-ʤʘʥʠʧʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ ʧʦʟʠʪʠʚʘ ʠ ʥʝʛʘʪʠʚʘ.  
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ʈʠʩʫʥʦʢ 1 ï ʉʧʝʢʪʨʳ ʩʠʛʥʘʣʦʚ GMSK ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ  

ʧʘʨʘʤʝʪʨʘ BT 

 

 

ʇʘʨʘʤʝʪʨ BT=0.3 ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʘʥʜʘʨʪʝ GSM, ʘ ʧʘʨʘʤʝʪʨ BT=0.5 ï ʚ 

ʩʪʘʥʜʘʨʪʝ DECT. 

ʇʨʠ ʩʜʚʠʛʝ ʯʘʩʪʦʪ, ʨʘʚʥʦʤ ʯʘʩʪʦʪʝ ʤʘʥʠʧʫʣʷʮʠʠ FM, ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ ʨʘʚʥʘ 

M
m

F v 1
f

2 4 4T
, 

ʛʜʝ v ï ʩʢʦʨʦʩʪʴ ʤʘʥʠʧʫʣʷʮʠʠ, T ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ. 

ʀʥʜʝʢʩ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ  ʵʪʠʭ ʩʠʛʥʘʣʦʚ  ʨʘʚʝʥ   

 

m

M

f
0.5.

F
 

 

2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ  

    ʠ ʛʘʫʩʩʦʚʩʢʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʥʦʡ ʤʘʥʠʧʫʣʷʮʠʠ 

 

2.1.ʂʚʘʜʨʘʪʫʨʥʳʡ ʩʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ MSK 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʥʘʣʦʛʦʚʳʡ ʏʄ ʩʠʛʥʘʣ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

y(t) cos (t)dt , 

ʛʜʝ 0 m N(t) x (t) - ʤʛʥʦʚʝʥʥʘʷ ʯʘʩʪʦʪʘ, 0 02 f ,  m m2 f ,
2T

,  
0f -

ʯʘʩʪʦʪʘ ʥʝʩʫɦ ʝʡ, N1 x (t) 1 - ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʠʨʫʶɦ ʠʡ ʩʠʛʥʘʣ. 

ɺ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʘʤʧʣʠʪʫʜʘ ʏʄ ʩʠʛʥʘʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʝʜʠʥʠʮʝ, 

ʯʪʦ ʥʝ ʚʣʠʷʝʪ ʥʘ ʦʙʱʥʦʩʪʴ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʚʦʜʦʚ. 
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ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʤʛʥʦʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʧʦʜ ʟʥʘʢ ʠʥʪʝʛʨʘʣʘ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ 
x (t) x (t)

N Ny t cos t dt cos t cos dt
0 02T 2T

x (t)Nsin t sin dt C (t)C(t) S (t)S(t)
0 0 02T

, 

ʛʜʝ C (t) cos( t)
0 0

,  S (t) sin( t)
0 0

,  

      x (t)N dt
2T

C(t) cos ,       x (t)N dt
2T

S(t) sin  

ʆʙʦʟʥʘʯʠʤ  
x (t)N dt.

2T
(t)  

ʋʯʠʪʳʚʘʷ ʧʝʨʠʦʜʠʯʥʦʩʪʴ ʬʫʥʢʮʠʡ ʢʦʩʠʥʫʩʘ ʠ ʩʠʥʫʩʘ, ʜʦʩʪʘʪʦʯʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʤʛʥʦʚʝʥʥʦʡ ʬʘʟʳ ʩʠʛʥʘʣʘ ʚ  ʠʥʪʝʨʚʘʣʝ ʦʪ  ʜʦ .  

ʇʦʵʪʦʤʫ ʦʧʨʝʜʝʣʠʤ ʘʨʛʫʤʝʥʪ ʢʦʩʠʥʫʩʘ ʠ ʩʠʥʫʩʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
(t) ʧʨʠ (t) ,

(t) (t) 2 ʧʨʠ (t) ,

(t) 2 ʧʨʠ (t) .

 

ʊʦʛʜʘ  C(t) cos( (t)), S(t) sin( (t)). 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ MSK 

ʢʚʘʜʨʘʪʫʨʥʳʤ ʤʝʪʦʜʦʤ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʠʥʪʝʛʨʘʪʦʨ ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ, ʫʤʥʦʞʝʥʥʦʛʦ ʥʘ 0.5 T, ʜʚʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  cos (t)  ʠ sin (t) , ʢʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʥʝʩʫʱʝʡ, 

ʚʳʨʘʙʘʪʚrʘʁɦ ʠʡ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 0cos t  ʠ 0sin t , ʠ 

ʧʦʚʳʰʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ. 

ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʛʥʘʣʘ GMSK  ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʩʠʛʥʘʣʘ MSK 

ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʛʘʫʩʩʦʚʩʢʦʛʦ ʌʅʏ, ʢʦʪʦʨʳʡ ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʧʫʥʢʪʠʨʦʤ. 

 
 

XN(t) Y(t) 

S(t) 

ʉ(t) 

-1 
S0(t) 

ʂʉɻ 

cos(ű(t)) 

sin(ű(t)) 

C0(t) 

ű(t) 

0.5 ˊ / T 

 
ɻʘʫʩʩʦʚʩʢʠʡ 

ʌʅʏ 

 
ʈʠʩʫʥʦʢ 2 ï ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʛʥʘʣʦʚ MSK ʠ GMSK  

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥʳ ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ  ʬʦʨʤʠʨʦʚʘʥʠʷ  

ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ MSK, ʘ ʥʘ ʨʠʩʫʥʢʝ 4 ï 

ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʠ  ʩʠʛʥʘʣʘ 

ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʚʤʝʩʪʝ ʩ ʤʦʜʫʣʠʨʫʶʱʠʤ ʩʠʛʥʘʣʦʤ.  ʀʟ ʨʠʩʫʥʢʘ 
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ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʦʜʫʣʠʨʫʶʱʠʤ ʜʠʩʢʨʝʪʥʳʤ ʩʠʛʥʘʣʦʤ, ʟʘʜʝʨʞʘʥʥʳʤ ʥʘ ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ t0. 

 
 

XN(t) 

ű(t) 

C(t) 

S(t) 

1 
 

0 
 

-1 

 

 ́

 
 

0 
 
 

-  ́

 
 

1 
 

0 
 

-1 

 
 

1 
 

0 
 

-1 

 

t 

 

 

 

 

 

t 

 

 

 

 

 

 

t 

 

 

 

 

 

t 

 

 
ʈʠʩʫʥʦʢ 3 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ 

ʢʚʘʜʨʘʪʫʨʥʳʭ ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ MSK 

 

 

1

0

1

C0
t

t

C0(t) 

 

   
1

0

1

S0
t

t  

S0(t) 
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1

0

1

y n

xn nv
0.5

n  
t 

Y(t) 

XN(t-t0) 

 
ʈʠʩʫʥʦʢ 4 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʚʘʜʨʘʪʫʨʥʳʭ 

                   ʢʦʤʧʦʥʝʥʪ ʩʠʛʥʘʣʘ ʠ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

 

 

2.2. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ MSK ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

 ʧʝʨʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 

ʅʘ ʨʠʩʫʥʢʝ 5 ʧʨʠʚʝʜʝʥ ʫʢʨʫʧʥʝʥʥʳʡ ʘʣʛʦʨʠʪʤ  ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ MSK  

ʧʫʪʝʤ ʧʝʨʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʥʘ 

ʨʠʩʫʥʢʝ 6 ï ʚʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ ʬʦʨʤʠʨʦʚʘʪʝʣʷ. 
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XN(t) 

 

 

 

Xp(t) 

 

 

 

X1(t) 

S1(t) 

 

 

X2(t) 

 

 

 

X2(t-T) 

C1(t) 

 

 

 

C(t) 

 

 

 

 

S(t) 

 

 

 

 

t 

 

 

 

t 

 

 

 

t 

 

 

 

t 

 

 

 

t 

 

 

 

t 

 

 

 

 

 

t 

 
ʈʠʩʫʥʦʢ 6 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ MSK  ʩ  

                    ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʝʨʝʢʦʜʠʨʦʚʘʥʠʷ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ  

                          ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

 

ʅʦʨʤʠʨʦʚʘʥʥʳʡ ʤʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ XN(t) ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʧʦʩʪʫʧʘʝʪ ʥʘ ʚʭʦʜ ʧʝʨʝʢʦʜʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 

(t) sign(X (t) X (t T)) ʧʨʠ X ( T) 1
p N p p

X . 

ɺʭʦʜʷʱʘʷ ʚ ʧʦʩʣʝʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʬʫʥʢʮʠʷ  sign(x) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʣʝʜʫʶɦ ʠʤ ʦʙʨʘʟʦʤ: 
1 ʧʨʠ x 0,

sign(x) 0 ʧʨʠ x 0,

1 ʧʨʠ x 0.

 

ʇʝʨʝʢʦʜʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʜʠʙʠʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʯʝʪʥʳʡ ʠ 

ʥʝʯʝʪʥʳʡ ʙʠʪ. ʅʘ ʨʠʩʫʥʢʝ 6 ʥʝʯʝʪʥʳʝ ʙʠʪʳ  1,3,5é ʟʘʰʪʨʠʭʦʚʘʥʳ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʨʘʟʙʠʚʘʝʪ ʚʭʦʜʥʦʡ 

ʧʝʨʝʢʦʜʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ Xp(t) ʥʘ ʜʚʝ ʚʳʭʦʜʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʥɹʦʩʪʠ X1(t) ʠ 

X2(t). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ X1(t) ʦʙʨʘʟʫʝʪʩʷ ʠʟ ʥʝʯʝʪʥʳʭ ʙʠʪʦʚ, ʘ 
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ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ X2(t) ʠʟ ʯʝʪʥʳʭ ʙʠʪʦʚ ʧʝʨʝʢʦʜʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ ʥʘ ʚʳʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʜʚʘ ʨʘʟʘ 

ʙʦʣʴʰʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. ɺʳʭʦʜʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʧʘʟʜʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ T. ʂʨʦʤʝ ʪʦʛʦ ʣʠʥʠʷ 

ʟʘʜʝʨʞʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʜʝʨʞʢʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ X2(t) ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ T. 

ɺ ʩʦʩʪʘʚ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʚʭʦʜʠʪ ʢʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʳʡ ʛʝʥʝʨʘʪʦʨ ʂʉɻ1, 

ʢʦʪʦʨʳʡ ʬʦʨʤʠʨʫʝʪ ʜʚʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ C1(t) ʠ S1(t) c ʯʘʩʪʦʪʦʡ, 

ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʯʘʩʪʦʪʳ ʤʘʥʠʧʫʣʷʮʠʠ (ʩ ʧʝʨʠʦʜʦʤ 4T). ʕʪʠ ʢʦʤʧʦʥʝʥʪʳ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ ʧʫʥʢʪʠʨʦʤ.  

ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ MSK ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: 

2 1

1 1

C(t) X (t T) C (t),

S(t) X (t) S (t).
 

ʇʦʣʫʯʝʥʥʳʝ ʫʢʘʟʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʚʘʜʨʘʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 3 ʠ ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʘʪʦʨʘ ʠ ʜʚʫʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ.  

ɼʘʣʴʥʝʡʰʝʝ  ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʘ  ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʯʘʩʪʦʪʳ ʪʘʢ ʞʝ, ʢʘʢ ʚ ʧʨʝʜʜrʫʱʝʤ ʩʧʦʩʦʙʝ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʠʛʥʘʣʘ GMSK  ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʢʣʶʯʘʶʪʩʷ ʜʚʘ 

ʛʘʫʩʩʦʚʩʢʠʭ ʌʅʏ. 

 

3. ɼʝʤʦʜʫʣʷʪʦʨʳ ʩʠʛʥʘʣʦʚ MSK ʠ GMSK 

 

3.1. ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʜʝʤʦʜʫʣʷʪʦʨ    

          

ʌʫʥʢʮʠʦʥʚʣʴʥʘʷ ʩʭʝʤʘ  ʜʝʤʦʜʫʣʷʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7 

 

ɹʣʦʢ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

2 

3 4 

ɸʚʪʦʢʦʨʨʝʣʷʮ

ʜʝʪʝʢʪʦʨ 

 

ʀʥʪʝʛʨʘʪʦʨ 

1 
ʌʦʨʤʠʨʦʚʘʪʝʣʴ 

ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʩʳʣʦʢ 

 
ʈʠʩʫʥʦʢ 7 ï ʌʫʥʢʮʠʦʥʘʣʥɹʘʷ ʩʭʝʤʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ 

ʩʠʛʥʘʣʦʚ MSK ʠ GMSK 

 

ɼʝʤʦʜʫʣʷʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʙʣʦʢʘ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ, ʠʥʪʝʛʨʘʪʦʨʘ ʠ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʩʳʣʦʢ. 

ʉʭʝʤʘ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 8. ɼʝʪʝʢʪʦʨ 

ʩʦʩʪʦʠʪ ʠʟ 90-ʛʨʘʜʫʩʥʦʛʦ ʬʘʟʦʨʘʩʱʝʧʠʪʝʣʷ (ʌʈ), ʜʚʫʭ ʣʠʥʠʡ ʟʘʜʝʨʞʢʠ, ʢʘʞʜʘʷ 
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ʠʟ ʢʦʪʦʨʳʭ ʟʘʜʝʨʞʠʚʘʝʪ ʩʠʛʥʘʣ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ T, ʜʚʫʭ 

ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ ʠ ʚʳʯʠʪʘʪʝʣʷ.  

 
 

us(t) 

uc(t) 

Ud(t) 

-1 

ʌʈ 

/2 

 

T 

 

 

T 

  

ʈʠʩʫʥʦʢ 8 ï ɸʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 

 

ʇʫʩʪʴ ʥʘ ʚʳʭʦʜʘʭ ʌʈ ʜʝʡʩʪʚʫʶʪ ʩʠʛʥʘʣʳ  

c 0 0u (t) cos t (t) , s 0 0u (t) sin t (t) , ʛʜʝ  
t

N
0

x (t)
(t) dt.

2T
 

ʊʦʛʜʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʦʣʫʯʠʤ 

d s c c s

0 0 0

u (t) u (t)u (t T) u (t)u (t T)

sin( T (t) (t T)).
 

ɼʣʷ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʜʝʪʝʢʪʦʨʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ ʜʣʠʪʝʣʥɹʦʩʪʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ʫʢʣʘʜʳʚʘʣʦʩʴ ʮʝʣʦʝ ʯʠʩʣʦ ʧʦʣʫʧʝʨʠʦʜʦʚ ʥʝʩʫʱʝʡ, ʪ.ʝ. 

ʚrʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ  2 f0 T = L, ʛʜʝ L ï ʮʝʣʦʝ ʯʠʩʣʦ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʨʘʚʝʥ 
L

d 0 0u (t) ( 1) sin( (t) (t T)). 

ʅʘ ʨʠʩʫʥʢʝ 9  ʧʦʢʘʟʘʥʳ ʚʨʝʤʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʧʝʨʝʜʘʚʘʝʤʦʛʦ 

ʥʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ  xN(t), ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ 

ʤʦʜʫʣʷʮʠʠ ʬʘʟʘ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʜʝʤʦʜʫʣʷʪʦʨʘ  ű0(t), ʬʘʟʘ ʩʠʛʥʘʣʘ, 

ʟʘʜʝʨʞʘʥʥʦʛʦ ʥʘ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʩʳʣʢʠ ű0(t-T), ʨʘʟʥʦʩʪʴ ʬʘʟ ű0(t) 

- ű0(t-T) ʠ ʩʠʥʫʩ ʵʪʦʡ ʨʘʟʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ. 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʜʘʥʥʦʤʫ ʩʠʛʥʘʣʫ, ʦʜʥʘʢʦ ʧʦ ʬʦʨʤʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʧʦʤʝʭ. 

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠʝʤʘ ʧʦʩʣʝ ʜʝʪʝʢʪʦʨʘ 

ʚʢʣʶʯʘʝʪʩʷ ʠʥʪʝʛʨʘʪʦʨ. 

ɼʣʷ ʨʘʙʦʪʳ ʠʥʪʝʛʨʘʪʦʨʘ ʠ ʩʣʝʜʫʶʱʝʛʦ ʟʘ ʥʠʤ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʧʦʩrʣʦʢ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ. ɼʣʷ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ ʩ ʧʝʨʠʦʜʦʤ, 

ʨʘʚʥʳʤ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ. ʕʪʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʙʣʦʢʦʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ.  

ɺ ʤʦʤʝʥʪ ʧʨʠʭʦʜʘ ʠʤʧʫʣʴʩʘ ʠʥʪʝʛʨʘʪʦʨ ʦʙʥʫʣʷʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ  ʧʨʦʮʝʩʩ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ɽʩʣʠ ʚ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʠʥʪʝʛʨʘʪʦʨʘ ʜʝʡʩʪʚʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʩʠʛʥʘʣ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ 

ʧʦʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʡ ʦʩʪʘʸʪʩʷ 
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ʥʝʠʟʤʝʥʥʳʤ ʜʦ ʧʨʠʭʦʜʘ ʩʣʝʜʫʶɦ ʝʛʦ ʢʦʨʦʪʢʦʛʦ ʠʤʧʫʣʴʩʘ. ɽʩʣʠ ʚ ʢʦʥʮʝ 

ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʘ ʚʳʭʦʜʝ ʠʥʪʝʛʨʘʪʦʨʘ ʜʝʡʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʩʠʛʥʘʣ, ʪʦ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʧʦʷʚʣʷʝʪʩʷ  ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʜʦ ʧʨʠʭʦʜʘ ʦʯʝʨʝʜʥʦʛʦ ʢʦʨʦʪʢʦʛʦ 

ʠʤʧʫʣʴʩʘ. 

ʀʟ ʚʨʝʤʝʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʝʪʝʢʪʦʨʘ ʩʦ ʩʜʚʠʛʦʤ 

ʚʦ ʚʨʝʤʝʥʠ  ʧʦʚʪʦʨʷʝʪ  ʧʝʨʝʜʘʥʥʳʡ ʩʠʛʥʘʣ, ʥʦ ʧʝʨʚʘʷ ʧʦʩʳʣʢʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʦʧʘʜʘʝʪ. 
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ʈʠʩʫʥʦʢ  9 ï ɺʨʝʤʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʠʛʥʘʣʦʚ 

                               ʚ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʤ ʜʝʤʦʜʫʣʷʪʦʨʝ 

3.2. ʂʦʛʝʨʝʥʪʥʳʡ ʜʝʤʦʜʫʣʷʪʦʨ 

ʅʘ ʨʠʩʫʥʢʝ 10 ʧʨʠʚʝʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʭʝʤʘ ʢʦʛʝʨʝʥʪʥʦʛʦ ʜʝʤʦʜʫʣʷʪʦʨʘ 

ʩʠʛʥʘʣʦʚ MSK ʠ GMSK. ɺ ʩʦʩʪʘʚ ʜʝʤʦʜʫʣʷʪʦʨʘ ʚʭʦʜʠʪ ʧʦʥʠʞʘʶʱʠʡ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʯʘʩʪʦʪʳ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʜʝʡʩʪʚʫʶʪ ʜʚʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ X0c(t) ʠ X0s(t). 

ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʩʦʜʝʨʞʠʪ ʫʧʨʘʚʣʷʝʤʳʡ ʢʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʳʡ ʛʝʥʝʨʘʪʦʨ 

ʥʝʩʫʱʝʡ, ʜʚʘ ʧʝʨʝʤʥʦʞʠʪʝʣʷ ʠ ʜʚʘ ʌʅʏ. ɼʚʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʋʂʉɻ 

ʩʠʥʭʨʦʥʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ.  
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ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʢʚʘʜʨʘʪʫʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ ʧʦʩʪʫʧʘʶʪ ʥʘ ʚʭʦʜʳ 

ʜʚʫʭ ʧʝʨʝʤʥʦʞʠʪʝʣʝʡ, ʥʘ ʜʨʫʛʠʝ ʚʭʦʜʳ ʢʦʪʦʨʳʭ ʧʦʩʪʫʧʘʶʪ ʜʚʝ ʢʚʘʜʨʘʪʫʨʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ ʦʪ ʫʧʨʘʚʣʷʝʤʦʛʦ ʢʦʩʠʥʫʩʥʦ-ʩʠʥʫʩʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʢʦʣʝʙʘʥʠʡ ʩ 

ʯʘʩʪʦʪʦʡ FM /2 (ʋʂʉɻ1).ʅʘ ʚʳʭʦʜʘʭ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʜʝʡʩʪʚʫʶʪ ʜʚʘ ʧʦʪʦʢʘ  

ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʣrʦʢ Yc(t) ʠ Ys(t) ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2T.  

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ Ys(t)  ʟʘʜʝʨʞʠʚʘʝʪʩʷ ʥʘ ʚʨʝʤʷ T.  

ʅʘ ʚʭʦʜʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʜʝʡʩʪʚʫʶʪ ʜʚʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ  ʚʳʭʦʜʥʳʤ 

ʩʠʛʥʘʣʘʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʬʦʨʤʠʨʦʚʘʪʝʣʷ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʬʦʨʤʠʨʫʝʪ ʠʟ ʥʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ X0(t) ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ T, ʢʦʪʦʨʘʷ 

ʧʦʚʪʦʨʷʝʪ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʬʦʨʤʠʨʦʚʘʪʝʣʷ. 

ɹʣʦʢ ʩʨʘʚʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʝʡ ʬʦʨʤʠʨʫʝʪ ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ 

ʟʥʘʢʦʚ ʪʝʢʫʱʝʡ ʧʦʩʳʣʢʠ ʠ ʧʨʝʜʳʜʫʱʝʡ. ʇʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʢʘʭ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʩʳʣʢʘ ʧʦʟʠʪʠʚʘ, ʘ ʧʨʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ - ʧʦʩʳʣʢʘ ʥʝʛʘʪʠʚʘ. 

ʌʦʨʤʠʨʦʚʘʪʝʣʴ ʩʠʥʭʨʦʩʠʛʥʘʣʦʚ ʚʳʨʘʙʘʪʳʚʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʢʦʨʦʪʢʠʭ 

ʠʤʧʫʣʴʩʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ Ig(t) ʠ ʚ ʠʭ ʩʝʨʝʜʠʥʘʭ  Istr(t), 

ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʬʦʨʤʠʨʦʚʘʪʝʣʝʡ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ, 

ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ 

ʧʦʣʷʨʥʦʩʪʝʡ. 

ʅʘ ʨʠʩʫʥʢʘʭ 11-13  ʧʦʢʘʟʘʥʳ ʩʠʛʥʘʣʳ  ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʟʣʦʚ ʢʦʩʠʥʫʩʥʦʡ 

ʚʝʪʚʠ, ʥʘʯʠʥʘʷ ʩ ʚʳʭʦʜʘ ʧʦʥʠʞʘʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘʩʪʦʪʳ ʠ ʢʦʥʯʘʷ 

ʬʦʨʤʠʨʦʚʘʪʝʣʝʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʧʦʩʳʣʦʢ.  

ɸʥʘʣʦʛʠʯʥʳʝ ʩʠʛʥʘʣʳ ʩʠʥʫʩʥʦʡ ʚʝʪʚʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 14-16. 

ʈʠʩʫʥʦʢ 17 ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʘʙʦʪʫ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʙʣʦʢʘ ʩʨʘʚʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʝʡ.  

ɺ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʧʘʨʳ ʦʯʝʨʝʜʥʳʭ ʧʦʩʳʣʦʢ ʥʘ ʚʭʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 2T ʦʥ ʥʘʯʠʥʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘ ʚʳʭʦʜʝ ʧʦʩʳʣʢʠ ʩʠʥʫʩʥʦʡ 

ʚʝʪʚʠ  ʠ ʟʘʧʦʤʠʥʘʝʪ ʟʥʘʢ ʧʦʩʳʣʢʠ ʢʦʩʠʥʫʩʥʦʡ ʚʝʪʚʠ. ʇʦ ʠʩʪʝʯʝʥʠʠ ʠʥʪʝʨʚʘʣʘ 

ʚʨʝʤʝʥʠ T ʥʘ ʚʳʭʦʜ ʚʳʜʘʝʪʩʷ ʧʦʩʳʣʢʘ ʢʦʩʠʥʫʩʥʦʡ ʚʝʪʚʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ T. 

ɿʘʪʝʤ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷʝʪʩʷ. 
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ɹʣʦʢ ʩʨʘʚʥʝʥʠʷ ʧʦʣʷʨʥʦʩʪʝʡ ʚʳʨʘʙʘʪʳʚʘʝʪ ʥʘ ʚʳʭʦʜʝ ʵʣʝʤʝʥʪʘʨʥʫʶ 

ʧʦʩʣrʢʫ, ʟʥʘʢ ʢʦʪʦʨʦʡ ʨʘʚʝʥ ʟʥʘʢʫ ʧʨʦʠʟʚʝʜʝʥʠʷ ʪʝʢʫʱʝʡ ʧʦʩʳʣʢʠ ʥʘ 

ʧʨʝʜʳʜʫʱʫʶ. 

1

0

1

X0c t( )

Cg t( ) 0.5

t   
 

ʈʠʩʫʥʦʢ 11 ï ʂʦʩʠʥʫʩʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ  ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʠ 

                            ʢʦʩʠʥʫʩʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʛʝʥʝʨʠʨʫʝʤʳʭ  

                            ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʭʦʜʘʭ ʧʝʨʝʤʥʦʞʠʪʝʣʷ           

 

1

0

1

X0c t( ) Cg t( )

t   
ʈʠʩʫʥʦʢ 12 -  ʉʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ  

                        ʧʦʩʳʣʦʢ  ʢʦʩʠʥʫʩʥʦʡ ʚʝʪʚʠ 

       
1

0

1

Yc t( )

t   
ʈʠʩʫʥʦʢ 13 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

                       ʧʦʩʳʣʦʢ ʢʦʩʠʥʫʩʥʦʡ ʚʝʪʚʠ 

                    
1

0

1

X0s t( )

Sg t( ) 0.5

t   
ʈʠʩʫʥʦʢ 14 ï ʉʠʥʫʩʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ  ʢʦʤʧʦʥʝʥʪʘ ʩʠʛʥʘʣʘ ʠ 

                            ʩʠʥʫʩʥʘʷ ʥʠʟʢʦʯʘʩʪʦʪʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʛʝʥʝʨʠʨʫʝʤʳʭ  



 

14 

 

                            ʢʦʣʝʙʘʥʠʡ ʥʘ ʚʭʦʜʘʭ ʧʝʨʝʤʥʦʞʠʪʝʣʷ 

1

0

1

X0s t( ) Sg t( )

t   
ʈʠʩʫʥʦʢ 15 -  ʉʠʛʥʘʣ ʥʘ ʚʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ  

                        ʧʦʩʳʣʦʢ  ʩʠʥʫʩʥʦʡ ʚʝʪʚʠ 

 

1

0

1

Y0s t( ) 0.5

Ys t( )

t   
ʈʠʩʫʥʦʢ 16 ï ʉʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʬʦʨʤʠʨʦʚʘʪʝʣʷ ʵʣʝʤʝʥʪʘʨʥʳʭ 

                       ʧʦʩʳʣʦʢ ʩʠʥʫʩʥʦʡ ʚʝʪʚʠ ʠ ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ ʣʠʥʠʠ 

                       ʟʘʜʝʨʞʢʠ 

 

 



 

15 

 

8

6

4

2

0

2

4

Ys t( ) 3

Yc t( )

X0 t( ) 3

X t( ) 6

Ig t( ) 3

Ig t( )

I t( ) 0.5 3

3

0

3

6

t   
ʈʠʩʫʥʦʢ 17 ï ʉʠʛʥʘʣʳ ʥʘ ʚʭʦʜʘʭ Ys(t), Yc(t)  ʠ ʚʳʭʦʜʝ X0(t) 

                                 ʧʘʨʘʣʣʝʣʴʥʦ- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ  

ʠ ʥʘ ʚʳʭʦʜʝ ʜʝʤʦʜʫʣʷʪʦʨʘ X(t) 
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