


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 







 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 



 

 



 





 

𝑅առ. = 𝐵𝑊 ∙ 𝑆𝐸առ.  

𝑅առ. =  𝐵𝑊i
Q
𝑖=1 ∙ 𝑆𝐸առ.i  













𝑅օգտ. = 𝐵𝑊 ∙ 𝑆𝐸օգտ.95  



 



𝐶 = ρ ∙ 𝐵𝑊 ∙ 𝑆𝐸միջ.

ρ





 



 

 









 

𝑥 𝑡 = 𝑈𝑐 cos 2𝜋𝑓𝑐𝑡 + 𝜑𝑐 

𝑈𝑐 𝑓𝑐 𝜑𝑐

 

 

 



𝑥 𝑡 = 𝑈𝑟 t  2 cos 2𝜋𝑓𝑐𝑡 − 𝑈i t  2 sin 2𝜋𝑓𝑐𝑡 

𝑥 𝑡 = 𝑈 t  2 ej2π𝑓𝑐𝑡

𝑈 t 

 2 cos 2𝜋𝑓𝑐𝑡 

𝑦r 𝑡 = x t  2 cos 2𝜋𝑓𝑐𝑡 = 𝑈𝑟 t 2 cos2 2𝜋𝑓𝑐𝑡 −

−𝑈i t 2 sin 2𝜋𝑓𝑐𝑡 cos 2𝜋𝑓𝑐𝑡 

cos2 𝐴 = 0.5(1 + cos 2𝐴 )

𝑦r 𝑡 = 𝑈𝑟 t + 𝑈𝑟 t cos 2𝜋2𝑓𝑐𝑡 − 𝑈i t 2 sin 2𝜋𝑓𝑐𝑡 cos 2𝜋𝑓𝑐𝑡 

 2 sin 2𝜋𝑓𝑐𝑡 



𝑈 t 

𝑈 t 

𝑥 𝑡 =  𝐸s  𝑠 𝑚 𝑝 𝑡 − 𝑚𝑇 

∞

𝑚=−∞

,

𝐸s 𝑠 𝑚 𝑚

𝑝 𝑡 

 

𝐸  𝑠 𝑚  2 = 1 ,

𝐸  𝑠 𝑚  2 

𝑠 𝑚 

𝑝 𝑡 

×

 𝐸s

𝑥 𝑡 
𝜏0

𝜏𝐿−1

×

𝑔0

×

𝑔𝑙−1

+ +

𝑛 𝑡 

𝑟 𝑡 



  𝑝 𝑡  2
∞

−∞

𝑑𝑡 = 1

𝑁s

𝑁s

𝑠 𝑚 

𝑆 =  Sj ∶  j = 1…  M  

log2 𝑀



 

 



𝑅𝑝 𝑚𝑇 =  𝑝 𝑡 + 𝑚𝑇 𝑝∗ 𝑡 𝑑𝑡

∞

−∞

= δ 𝑚 

δ 𝑚 

δ 𝑚 = 1 𝑚 = 0 δ 𝑚 = 0 𝑚

𝑅𝑅𝑅𝐶 𝑡 =  
sin  

πt
T  

 
πt
T  

 

 

 
cos  

βπt
T  

1 −  
2βt
T  

2

 

 ,

β



 



𝑛 𝑡 

𝐸 𝑛 𝑡  = 0, 

𝑓𝑛 𝑥 =
1

𝜋𝑁0
exp  

− x − mn 
2

𝑁0
 ,



mn 𝑁0

𝑛 𝑡 

𝑛 = 𝑛𝑟 + j𝑛𝑖

𝑛𝑟 𝑛𝑖

𝑓𝑛𝑟  𝑥 = 𝑓𝑛𝑖  𝑥 =
1

 𝜋𝑁0

exp  
− x − mr,i 

2

𝑁0
 

𝐶 = 𝐵𝑊 log2 1 + 𝑆𝑁𝑅 

𝑟 𝑡 =  𝑔𝑙𝑥 𝑡 − 𝜏𝑙 

𝐿−1

𝑙=0

+  𝑛 𝑡 ,

𝐿 𝑔𝑙 𝑙

𝜏𝑙 𝑙

𝑟 𝑡 =  𝐸s  հ 𝑡 − 𝑚𝑇 

∞

𝑚=−∞

𝑠 𝑚 + 𝑛 𝑡 ,

 𝑡 

 𝑡 =  𝑔𝑙𝑝 𝑡 − 𝜏𝑙 

𝐿−1

𝑙=0



𝑟 𝑡 

𝐾

𝑥 𝑡 =   𝐸s 𝑘 

𝐾−1

𝑘=0

 𝑠𝑘 𝑚 𝑎𝑘 ,𝑚 𝑡 − 𝑚𝑇 

∞

𝑚=−∞

,

𝐸s 𝑘 𝑘 𝑠𝑘 𝑚 

𝑚 𝑘 𝑎𝑘 ,𝑚 𝑡 

𝑚 𝑘

𝐸  𝑠𝑘 𝑚  
2 = 1 

  𝑎𝑘 ,𝑚 𝑡  
2

∞

−∞

𝑑𝑡 = 1



 

𝑎𝑘 ,𝑚 𝑡 =
1

 𝑁𝑐
 𝑐𝑘 𝑛 𝑝 𝑡 − 𝑛𝑇𝑐 

𝑁𝑐−1

𝑛=0

𝛼 𝑡 −𝑚𝑇 ,

𝑁𝑐 = 𝑁𝐶𝑃 + 𝑁𝑀𝐵 𝑁𝐶𝑃

𝑁𝑀𝐵

𝑐𝑘 𝑛 𝑘 𝑛 𝑝 𝑡 

𝛼 𝑡 

𝑠0 𝑚 

𝑎0,𝑚 𝑡 

×

 𝐸s 0 

𝑥 𝑡 

+

𝑠𝐾−1 𝑚 

𝑎𝐾−1,𝑚 𝑡 

×

 𝐸s 𝐾 − 1 



 

𝑎𝑘 ,𝑚 𝑡 =
1

 𝑁𝑐
 𝑐𝑘 𝑛 𝑝 𝑡 − 𝑛𝑇𝑐 :

𝑁𝑐−1

𝑛=0

𝑐𝑘 𝑛 

𝑐𝑘 𝑛 = exp 𝑗2𝜋𝑘𝑛/𝐾 , 𝑛 = 0,… ,𝑁𝑀𝐵 − 1  

𝑐𝑘 𝑛 

𝑐𝑘 𝑛 − 𝑙 = exp 
𝑗2𝜋𝑘 𝑛 − 𝑙 

𝐾
 = exp  −

𝑗2𝜋𝑘𝑙

𝐾
 exp  

𝑗2𝜋𝑘𝑛

𝐾
 =

=    exp −𝑗2𝜋𝑘𝑙/𝐾 𝑐𝑘 𝑛 

𝑐𝑘 𝑛 

𝑁𝑀𝐵 = 6

𝑇𝐶𝑃 𝑇𝑀𝐵

𝑁𝐶𝑃 = 2

𝑇

𝑡



𝑟 𝑡 =  𝒈𝑙𝑥 𝑡 − 𝜏𝑙 

𝐿−1

𝑙=0

+  𝒏 𝑡 ,

𝒈𝑙

𝒏 𝑡 

𝑟 𝑡 =   𝐸s 𝑘 

𝐾−1

𝑘=0

 հ𝑘 ,𝑚 𝑡 − 𝑚𝑇 

∞

𝑚=−∞

𝑠𝑘 𝑚 + 𝒏 𝑡 :

 



 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 



 



 





 

𝛼

𝛼~  
𝑑

𝑑0
 
𝑛

,

𝛼 դԲ = 𝛼 𝑑0 + 10𝑛 𝑙𝑜𝑔  
𝑑

𝑑0
 ,



𝛼 դԲ = 𝛼 𝑑0 + 10𝑛 𝑙𝑜𝑔  
𝑑

𝑑0
 +  𝑋𝜎 :



𝑃𝑏 𝑃 𝑑 >  =
1

 2𝜋
 𝑒−

𝑥2

2

∞

𝑧

𝑑𝑥,

𝑧 =
− 𝑃(𝑑)միջ

𝜎
,                                                                       



𝛼 դԲ = 20 𝑙𝑜𝑔 𝑓 + 20 𝑙𝑜𝑔 𝑑 ∶





 

 



 

  

 







 

  

 



 





  





 

 





 

 

 

 

 

 

 

 



 

 

sin 𝑥 /𝑥



 



 





 



 

 

 

 



 

 

 

 

 

 



 



 



 



𝑄 =
𝑁

𝑀
=

𝐵𝑊կապուղի

𝐵𝑊բաժանորդ

𝑄 =
𝑁

𝑀



 





 



 



 



 



𝛽 = 0.22

 

  



 

  

 



 

  

 



 

  

 



 

  

 



 



  

 



 





  

 



 

 

 

 

 

 

 

 



 



 

 

 

 

 

 



 

 

 



 

𝑠𝑘 𝑚 = 𝑅𝑒 𝑠𝑘 𝑚  + 𝑗𝐼𝑚 𝑠𝑘 𝑚  

𝑚

𝑅𝑒 𝑠𝑘 𝑚  𝐼𝑚 𝑠𝑘 𝑚  

×

𝑒𝑗  
2𝜋𝑡
𝑇

+
𝜋
2
 

+

𝑥 𝑡 

+

𝑅𝑒 𝑠0 𝑚  

𝐼𝑚 𝑠0 𝑚  
𝑝  𝑡 −

𝑇

2
 

𝑝 𝑡 

+

𝑅𝑒 𝑠1 𝑚  

𝐼𝑚 𝑠1 𝑚  
𝑝  𝑡 −

𝑇

2
 

𝑝 𝑡 

+

𝑅𝑒 𝑠K−1 𝑚  

𝐼𝑚 𝑠K−1 𝑚  
𝑝  𝑡 −

𝑇

2
 

𝑝 𝑡 

×

𝑒𝑗
 𝐾−1  

2𝜋𝑡
𝑇

+
𝜋
2
 



𝑥 𝑡 =    𝑅𝑒 𝑠𝑘 𝑚  𝑝 𝑡 − 𝑚𝑇 + 𝑗𝐼𝑚 𝑠𝑘 𝑚  𝑝  𝑡 − 𝑚𝑇 −
𝑇

2
  𝑒𝑗𝑘 𝜑𝑡

∞

𝑚=−∞

𝐾−1

𝑘=0

,

𝑝 𝑡 

𝜑𝑡 =
2𝜋𝑡

𝑇
+
𝜋

2
,

𝜑𝑡

𝑝 𝑡 =  𝑎𝑖𝜓𝑖 𝑡 

∞

𝑖=0

,

𝜓𝑖 𝑡 𝑎𝑖

𝑧𝛼 ,𝜐0 ,𝜏0
 𝑡 =

1

2
  𝑑𝑘 ,𝛼 ,𝜐0

 𝑔𝛼  𝑡 +
𝑘

𝜐0
 + 𝑔𝛼  𝑡 −

𝑘

𝜐0
  

∞

𝑘=0

 ×

× 𝑑𝑙 ,1/𝛼 ,𝜏0
cos  2𝜋𝑙

𝑡

𝜏0
 

∞

𝑙=0

,

𝜏0𝜐0 =
1

2
𝑑𝑘 ,𝛼 ,𝜐0

𝑔𝛼 𝑡 

𝑔𝛼 𝑡 =  2𝛼 
1
4 𝑒−𝜋𝛼𝑡

2
:



 

𝐻0 = 1;                                                                                              

𝐻𝑖
2 + 𝐻𝑉−𝑖

2 = 1;  𝐻𝑉𝐾−𝑖 = 𝐻𝑖 ;                       1 ≤ 𝑖 ≤ 𝑉 − 1
𝐻𝑖 = 0;                                                              𝑉 ≤ 𝑖 ≤ 𝑉𝐾 − 𝑉

 

𝑉

𝑉

 

 

 

  

 



 

 

 



 

𝐶հաղ. = 𝐶ընդ. = 2 2𝐾 + 𝐾 log2 𝐾 − 3 + 4 + 2VK 

𝐶𝑂𝑄𝐴𝑀−𝐹𝐵𝑀𝐶 = 𝐶հաղ. + 𝐶ընդ. = 4 2𝐾 + 𝐾 log2 𝐾 − 3 + 4 + 2VK 

÷

×

𝑒−𝑗 
2𝜋𝑡
𝑇

+
𝜋
2
 

𝑟 𝑡 

𝑅𝑒 𝑠 0 𝑚  

𝐼𝑚 𝑠 0 𝑚  
𝑝  𝑡 −

𝑇

2
 

𝑝 𝑡 

𝑅𝑒 𝑠 1 𝑚  

𝐼𝑚 𝑠 1 𝑚  
𝑝  𝑡 −

𝑇

2
 

𝑝 𝑡 

𝑝  𝑡 −
𝑇

2
 

𝑝 𝑡 

×

𝑒−𝑗
 𝐾−1  

2𝜋𝑡
𝑇

+
𝜋
2
 

𝑅𝑒 − 

𝐼𝑚 − 

𝑅𝑒 − 

𝐼𝑚 − 

𝑅𝑒 − 

𝐼𝑚 − 

𝑅𝑒 𝑠 K−1 𝑚  

𝐼𝑚 𝑠 K−1 𝑚  



𝐶𝑂𝐹𝐷𝑀 = 2 𝐾 log2 𝐾 − 3 + 4 

 

 



 

  

 



 

 

 



 

 

 

 

 

 

 



 

1

2𝑇

1

𝑇





 

 

 

 

 







 



 

 







 







 





 

 



 

 

 

 

 

 



 

 

 



 







 

 

 

 



 

 

 



 

 

 



 



𝐵𝑊արդ. =
1200

2048
· 0,8 · 𝑆𝑅 = 14,4 ՄՀց , 

𝑆𝑅



 



 



 

 



 



 

 

  

  



 

  



 





𝐸 0, 𝑡 = 𝑠 𝑡 𝑒𝑗𝜔𝑡 ,

𝑠 𝑡 

𝒓

 𝒓 ≪ 𝑐/𝐵



𝐸 𝒓, 𝑡 = 𝑠 𝑡 − 𝒓𝑇𝜶 𝑒𝑗𝜔 (𝑡−𝒓𝑇𝛼) ≅ 𝑠 𝑡 𝑒𝑗 (𝜔𝑡−𝒓𝑇𝑘),

 𝒌 =
𝜔

𝑐
= 2𝜋/𝜆 𝜆  𝜶 =

1

𝑐

𝑐

𝒌𝑥 =  𝒌 cos 𝜃,

𝒌𝑦 =  𝒌 sin 𝜃,

𝜃

𝒓

ℓ

𝐸 𝒓𝓵, 𝑡 = 𝑠 𝑡 𝑒 𝑗𝜔𝑡 −𝒌𝒓ℓ = 𝑠 𝑡 𝑒 𝑗𝜔𝑡 −(𝒌𝑥𝒓ℓ𝑥+𝒌𝑦𝒓ℓ𝑦 )  

𝐸 𝒓𝓵, 𝑡 = 𝑠 𝑡 𝑒 𝑗𝜔𝑡 −𝒌 (cos 𝜃𝒓ℓ𝑥+sin 𝜃𝒓ℓ𝑦 ) : 

𝑔 𝜃 

𝜃

𝑙



𝑥𝑙 𝑡 = 𝑔 𝜃 𝑒𝑗𝒌 (cos 𝜃𝒓ℓ𝑥+sin 𝜃𝒓ℓ𝑦 )𝑠 𝑡 =  𝑎𝑙 𝜃 𝑠 𝑡 : 

𝑒𝑗𝜔𝑡

𝑠 𝑡 

𝒙 𝑡 = 𝒂 𝜃 𝑠 𝑡 : 

 

L M

𝒙 𝑡 =  𝒂 𝜃𝑖 𝑠𝑖 𝑡 

𝑴

𝒊=𝟏

, 

𝜃𝑖 𝑠𝑖 𝑡 𝑖



𝑨 𝜃 =  𝒂 𝜃1 ,𝒂 𝜃2 …  𝒂 𝜃𝑀    L × M , 

𝒔 𝑡 =  𝑠1 𝑡 , 𝑠2 𝑡 …  𝑠𝑀 𝑡  
𝑇 , 

𝒙 𝑡 = 𝑨 𝜃 𝒔 𝑡 + 𝒏 𝑡 : 

𝜃

𝒘

max
𝑤

𝐸 𝒘𝐻𝒙 𝑡 𝒙𝐻 𝑡 𝒘 = max
𝑤

𝒘𝐻𝐸 𝒙 𝑡 𝒙𝐻 𝑡  𝒘

= max
𝑤

𝐸  𝑠 𝑡  2 𝒘𝐻𝒂 𝜃  2 + 𝜎2 𝒘 2  

𝒘



𝜃

𝒘𝐵𝐹 =
𝒂 𝜃 

 𝒂𝐻 𝜃 𝒂 𝜃 
: 

𝑷𝐵𝐹 𝜃 = 𝒘𝐵𝐹
𝐻𝑹 𝒘𝐵𝐹 =

𝒂𝐻 𝜃 𝑹  𝒂 𝜃 

𝒂𝐻 𝜃 𝒂 𝜃 
: 

𝑹 

𝑹 =
1

𝑁
 𝒙 𝑡 𝒙𝐻 𝑡 

𝑁

𝒊=𝟏

, 

𝑁

 



 

 

 

 

 

 



 



 



 



 



 

  

   

 

 

 
 

  

 
 

 

 
 

 

 

 
 

  

 
 

 

 
 

 

 

 

 

 
 

 
 

 

 
 

  

 
 

 
 

 

 

 

 
 

  

 

 

 

 

 









𝜆/2

𝑟 ≥
2𝐷2

𝜆
≈ 4,7մ ∶ 



𝒚 𝑡 = 𝑯𝒙 𝑡 + 𝒗, 

𝒙 𝑡 𝒚 𝑡 

𝑯

𝒗



𝑯 = 𝒚 ∙
𝒙𝐻

 𝒙 𝟐
=
𝒙 ∙ 𝒙𝐻

 𝒙 𝟐
+
𝒗 ∙ 𝒙𝐻

 𝒙 𝟐
: 



𝑨𝑭 𝜃,𝜑 = 𝑨𝑭Տարր 𝜃,𝜑 ∙ 𝑨𝑭Զանգված 𝜃,𝜑  

𝑟 𝑚𝑛 = 𝑥𝑚𝑛 𝑥 + 𝑦𝑚𝑛 𝑦 + 𝑥𝑚𝑛 𝑧  

𝑟 𝑚𝑛 = 𝑚𝑑𝑥𝑥 + 𝑛𝑑𝑦𝑦 , 

𝐴𝐹Զանգված 𝜃,𝜑 =   𝐼𝑚𝑛

8

𝑚=1

2

𝑛=1

𝑒𝑗𝑘  𝑟  ∙ 𝑟 𝑚𝑛  

=   𝐼𝑚𝑛

8

𝑚=1

2

𝑛=1

𝑒𝑗𝑘 (𝑚𝑑𝑥 sin 𝜃 cos 𝜑+𝑛𝑑𝑦 sin 𝜃 sin 𝜑), 



𝐼𝑚𝑛

𝑟 

𝑟 = sin 𝜃 cos𝜑 𝑥 + sin𝜃 sin𝜑 𝑦 + cos 𝜃 𝑧 : 

𝑷 𝜃,𝜑 = 𝑨𝑭 𝜃,𝜑 ∙ 𝑨𝑭 𝜃,𝜑 𝐻 ∙  𝑯 =

=  𝑨𝑭𝐸𝑙𝑒𝑚𝑒𝑛𝑡  𝜃,𝜑   𝐼𝑚𝑛

8

𝑚=1

2

𝑛=1

𝑒𝑗𝑘  𝑚𝑑𝑥 sin 𝜃 cos 𝜑+𝑛𝑑𝑦 sin 𝜃 sin 𝜑  

∙  𝑨𝑭𝐸𝑙𝑒𝑚𝑒𝑛𝑡  𝜃,𝜑   𝐼𝑚𝑛

8

𝑚=1

2

𝑛=1

𝑒𝑗𝑘  𝑚𝑑𝑥 sin 𝜃 cos 𝜑+𝑛𝑑𝑦 sin 𝜃 sin 𝜑  

𝐻

∙ 𝑯 ∶ 

𝜑 =  0°;  180°  𝜃 =  0°;  180°  

1°



 

54°

90°
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