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.
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1.2. 

.  80- . 

 (  – Conference of European Posts

and Telegraphs),  26 ,

 Group Special Mobile (GSM),

.  900 

 25 . , 

,  GSM 

 Global System of Mobile Communications –

.

 GSM-900

 90- . 

.

DAMPS  IS-136, 

AMPS.  D-AMPS  IS-54 (IS – 

 Interim Standard, . ), 

, 

, ,

 AMPS. 

 IS-136  IS-54 

.  IS-136,  800 , 

 1800 .

 – JDC (Japan Digital

Cellular),  D-AMPS

. 1.1).
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 1.1 

GSM D-AMPS JDC

FDMA/TDMA FDMA/TDMA FDMA/TDMA

, 935…960
1805…1880 824…849 810…826

, 
890…915

1710…1785 869…894 940…956

, 

45
(95) 45 130

, 
25

(75) 25 16

, 
200 30 25

8 3 3

, 25 10 8,3

, 
13 8 11,2

RPE/LTP -
LPC

VSELP VSELP

, 
270,833 48 42

,

)

,
-

0,3GMSK  /4 – DQPSK /4 – DQPSK
. 

, 
9 16 13

, 0.5…35 0.5…20 0.5…20
 GSM

.  8 
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 320  2,5  5 

 20  0,8 .

 1800 , , 

 75 ,

.

 GSM , 

 1800  D-AMPS  IS-136, 

 1900  . 

 GSM  « » GSM  IS-661.

,  90- ,

.

, 

GSM-900, . 1.6.

 935…960 

,  ( )  (downlink). 

 890…915 

.  ( ) 

(uplink). , ,

 200 . , . 1.6

 200 . 

)  45 .

. 1.6.  GSM-900
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,  ( ) 

 25  124 .

 ( ) 

fi = 935,2 + 0,2(i 1), , 1  i 124.                  (1.1)

. 

fi = 890,2 + 0,2(i 1), , 1  i 124,                  (1.2)

fi = fi + 45, .

 GSM 

 (FDMA). 

, 

 (TDMA).

 GSM.

 GSM 

, . 

. 1.7.

GSM.

1.

.

 = 3  28  53  760 

= = 12533,76 .   2048 .
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. 1.7. 

2.

.

3. .  ,  

.

 51  ( . 1.7):

1  = 51 ; 1  = 26 TDMA- .

, 1  = 51·26 = 1326 TDMA- .

 26  ( . 1.7):

1  = 26 ; 1  = 51 TDMA- . 

: 1  = 26·51 = 1326 TDMA- . , 

 TDMA- . 

 = 6120 = 120 ,

1   = 5151

= 6120   = 235,385 .

2 = 2626

4. TDMA-
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 ( . 1.7).

, 

N = 26 51 2048 = 2715648 TDMA- .

 0  NFmax (Number of

Frame), .  0  2715647.  NF 

.

5.  TDMA-  8  ( )

 TN  0  7.

,  GSM

 200 

.

 – , 

, 

, 
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, 

, . 

TDMA-  ( ).

1. NB (Normal Burst) – .

2. FB (Frequency correction Burst) – 

.

3. SB (Synchronisation Burst) – .

4. DB (Dummy Burst) – .

5. AB (Access Burst) –  GSM.

. 

. 

. 1.8, 

 TDMA- , . TDMA-

13 

 SACCH ( . . 1.8). TDMA-  26

. .
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. 1.8. C

,  TDMA- =  1 26

=120 26 = 4,615 ,  ( ) 0 = 576,923

.

 NB.  NB 

. 1.8) :

1)  57 ;

2)  26 ;

3) , . , 

 (0 – , 1 – );

4)  (Trial Bits), 

.

:

–

;

–  (  4,615 ) 
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, 

;

–

,  NB.

 GP (Guard Period)

 8,25  (30,44 ) 

, 

.

 TDMA-  1-12 

1425, . 24  26.  TDMA-

, . 

 NB ,  114 

. 

1 =120 , 

 GSM 

, ,

 TDMA- .

. 1.8 

 ( ). 

= 576,923   = 3,6923 .

=156,25

 ( ) 
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156,25 8 26 = 32500 .

, 

 ( ), 

. , 

,  fi  fi ,  TDMA- ,

1, . 1.9. , 

, . 1.6, 

».  8 ,

 7/8 .

. 1.9. 

 GSM.

,  GSM 

FDMA+TDMA,  124·8 = 992. 

.

, 

, , 

. 
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 GSM  11 : 

, . 

 – Traffic Channel (TCH), 

 – Control Channel (CCH).

, 

, 

.

.

1.  TCH/F (Full rate TCH) – 

 22,8 .

2.  TCH/H (Half rate TCH) – 

 11,4 .

 (  NB) 

 TCH/F  TCH/H.

:

1. BCCH (Broadcast Control CHannels) – 

,

.

2. CCCH (Common Control CHannels) – .

3. SDCCH (Stand-alone Dedicated Control CHannels) –

, 

.

4. ACCH (Associated Control CHannels) – 

, 

. 
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.

, 

.

,  BCCH.

1. FCCH (Frequency Correction CHannel) – 

. 

.

2. SCH (Synchronisation CHannel) – , 

.

3. BCCH (Broadcast Control CHannel) – ,

.   CCCH 

:

4. PCH (Paging CHannel) –  –

, 

.  PCH 

 RACH .

5. RACH (Random Access CHannel) – ,

. 

. 

, 

 ALOHA.

6. AGCH (Access Grant CHannel) – ,

.  AGCH 
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 RACH .

:

7. SDCCH (Stand-alone Dedicated Control CHannel) –

. 

, .  TDMA-

 NB.

8. CCH (Slow Associated Control CHannel) – 

.  « » 

.

9. FACCH (Fast Associated Control CHannel) – 

,

. .

 GSM . 1.2.

        1.2. 

FCCH
SCHBCCH 

BCCH
PCH

RACHCCCH
AGCH

DCCH SDCCH
 FACCHACCH  SACCH

, 

 GSM, . 1.2.5.
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. 1.10.  GSM

 (  FACCH  SACCH)

,  51 TDMA-

,  8  ( ). 

 235,385 . 

. .

. 1.11.

 BCCH  CCCH, 

,  50-  TDMA-

. , 51- , TDMA-

.

. 1.11. 

 50 TDMA-  5  10 TDMA-

. 1.12).
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. 1.12. 

 FCCH 

,  SCH

. 

 BCCH 

AGCH  PCH.  TDMA-

 AGCH/PCH.

. 

. 

RACH  ( )  TDMA-

51- . 

,  ( . 1.11).

. 1.13.

. 1.13. 
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 TDMA- .

, .

, ,

. 

 (interleaving), 

. 

, ,

.

: , ,

.

 Mm,n,  ai  

.  Mm,n

. 

,  n

.

, 

, , 

.

. 1.14. 
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. 1.15  (5× 3) – .

. 1.15. 

. 

.

, 

, , 

.

.

1. ,

 « » .

2.

.

3. , 

.

 GSM 

. 

 20- .  456 
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 8  57 

. . 1.16.

. 1.16.  TDMA-

 GSM

 8  456, 

 8 . 

 1, 9, 17,…, 449;  –  2, 10, 18,...,

450 . 

 NB, 

 TDMA- . ,  148  NB-

.  57 ; 2 

, ; 26 

; 2  3 ,

.

 8,25 .

(Traffic CHannel).

, 

 TDMA- , .
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1.3. .

. 

, 

,  SMS-  data- .

, 

. 

, 

, , ,

, , 

 24 .

, 

, 

 ( , ,

, , .).

, 

, 

, , 

.

:

;

;

.
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 II. 

2.1. .

.  ( . W.C.Y. Lee) 

, 

 f0 = 900 .

, , 

 d , 

    (1)

 (2)

0 - ,  d0

=  1  ;  F0 - , 

.

 Fi :

 hBS,eff  - , ; v -

:  3

 v = 1,  10  - v = 2; PT - ,

, ; GT, GR - 
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.

0 

.

 (f/f0)-n  n.

 30  2

 2  30  n  2  3.

 n 

.  n

= 2  450  n = 3  450 .

.

.
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, , 

:

•  fc, 900;

•  hBSeff, 30;

•  PT, 10;

•

 GT,  6;

•  hMS,  3;

•

 GR,  0;

 F1 - F5.

 ( . Okumura) 

.  150 

1920 . 

 (L50)dB  d 

 (3)

(4)

 LS - ;

A(f,d) - 

,  hBS,eff = 200

,  hMS = 3 ; G(hBS,eff) -

 ( ), 

 200 ; G(hMS) -  (
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), , 

 3 .

 LS

.

 (4), ,

 150  2000 , 

 1  100 , 

 30  1000 .

, , .

, . 

 A(f,d), , , 

 G(hBS,eff)  G(hMS) 

 GAReA, , 

.

, .
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.

, 

.

 - 

. 

.

.  ( . Hata) 

, 

. 

. 

:

 150  1500

 hBS,eff =  30  200

 a(hMS) - , 

 1  10 .

 ( ):

.
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:

, 

.

,  1 ,  1,5

.  1,8 

2,0 .  -  DCS 1800  PCS 1900 - 

 GSM, , .

, 

 1,8  2,0 , 

PCS, 

.

 1,8

 900 , 

,  PCS 

.

 COST#231.

, 

, , 

 COST:
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•  COST231 - ;

•  COST231- .

 COST231-

 ( . Mogensen) 

 1,5  2 .

.

 COST#231-

 1,5  2 ,  30  200 , 

 1  10  1 

20 .

 - : 

 = 0  = 3.

,  COST#231-

, 

30 , 

, .

 COST#231-

 1 .

, 

.

 (

)
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 COST231- .  COST#231- -

 ( . Walfish-Ikegami),  WIM, 

, , 

. 

, 

, , , 

.

, , 

:  LS ;

 Lrts ;  Lms,

.

 WIM

 h1 , h2 – , ;

dkm – 

, ;

hr – , ;

b – , ;

w – , ;
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 - 

,

 (  0  90 ).

 (ITU) 

 IMT-2000.

:

– 800 < fc < 2000 ;

– 4 < hBS < 50 ;

– 1 < hMS < 3 ;

0,02 < d < 5 .

:

•   hr = 3·( ) + 3  (

);

•   b = 20  50

•  w = 0,5 · b.

•

 = 90

 b, w,  hr

, .

 WIM   
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 – 

.

1.         - NLOS   

  :

(5)

 L0 - ,

Lrts - 

    (roof-top-to-street diffraction loss),

Lmsd - 

(multiscreen diffraction loss).

 (5) 

.

) 

(6)

) 
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:

 (7)

 Lori – 

  ,

(8)

:  = 28,25°  Lori  =0.)

) :

 (9)

 Lbsh – , , 

  ,

(10)

ka – ,  ( )

dkm   Lmsd,

(11)

kd – , 

   Lmsd ,

(12)

 kf – ,  Lmsd  

,
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(13)

2. 

   (The Walfisch-Ikegami Line-of-Sight (WIM-LOS))

  

.

,

(14)

 (6)  (14) , 

(15)

, ,

(16)

 dm – .

 (15 - 16),  dm = 20 , 

.

 dm  6dB 

, .

, 

  

.

, 

.
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2.2.

. , 

: 

, 

. 

, 

 (

) ..

 ( . 2.1).

, 

. 

, , 

R1  R2. 

 ( 1),  ( 2) 

 ( 3).

, 

,  T  R, 

 ( . 2.1 ). 

, .

, , - , -

.
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) ) 

. 2.1. 

.

, 

.

 – 

 ( . 2.2).

.

. 2.2 ). 

 ( . 2.2  1-3 

, 

). , 

, .
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, , , 

 ( .

2.2 ).

, , ,

.

                    ) )

. 2.2.  ( )  ( ) 

 ( )

 n-

 ( . 2.3). 

, 

.
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. 2.3. 

 ( ), 

, :

,

– , ; –

; – 

;

– .

:

- , - ,

;  - 

; - ; - 
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.

, 

.

- ; - 

; - .

- 

; - , .

:

– , ; – 

; – 

.

:

- , , - 

; – .
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. 2.4. 

,

,

,

,

,

,

,

,

- ,
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- , 

,

,

, - ;

- , - 

;

, ,

, .

.

,

. 

:

-  0,4 ;

-  3 

 1 ;

-  – 1 ;

-  1 ;

-  2  14 

 1 .

, 

, 

.
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. 

), , 

= 5.

. 2.5 

 ( ).

,  – .

. 2.5. 

. 2.6. 
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. 2.7. 

.

,

 1  (

):

,

- ; - .

 ( )  COST 231:

- ; - 

 1 .

 [1] :

, , ] – ,  ( . 2.8),
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] – ; - 

 ( = );  - 

=0.

; ; - 

;

- , ; -

.

:

= 4..10  (  – 7 );

= 4..10  (  7 );

= 20 ;

= 0,6 .

, 

:

. 2.8. 

. 2.9, 2.10 
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 2  ( . 2.9)  14  ( . 2.10)

,  ( ), 

 COST ( ) 

 ( ).

. 2.9. 

 1 

 2 .

. 2.10. 

 1 

 14 .

 COST 231 

. 
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 ( . 2.8) 

 1,5  ( . 2.11).

. 2.11. 

 (

)

. 2.12 

 1,5 ,

 COST 231.

. 2.12 ,  900 – 1800 

 K,  COST 231,  8 - 14

 ( ). 

, , 

 COST231, 

, 

, .
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. 2.12. 

 14  (

 1,5 )

. . 2.13 –  2.15 

 1  1, 3  7 

 100 . 

, 

 COST 231.

. 2.13. 
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. 2.14. 

. 2.15. 

 7-

. 2.13 - 2.14 , 

,

, . 

 100 – 800  (

 5 – 10 ), 

 1500 – 2000  (

 5 – 10 ).
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2.3. 

.

 – . 

, 

.

 GSM, 

. , :

1.  COST231-

, ;

2.  (WIM).

: , -

, .

 ( ). 

 1,5 .

, 

, .

 ( )  1,5 .

 1 – 

 h 40
 GSM 1800

COST231- 
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 2 - 

, 13
 , 18

,  935-960
, -138

 , 18
, 890-915

,  -3
, 0

,  890-915
, -104

, 0
,  935-960

h

730380 .

) 9,0 .

95,0 .

1. 

, . 

, 

.

. 

:

L
GGP

=
          (2.3.1)

 – ;
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– ;

, – ;

G ,  G  – 

;

,   – 

;

L  – .

.  (2.3.1)

:

L++G+
++G++= //

 (2.3.2)

, :

PGGL    (2.3.3)

:

P

GGL

7,1381049,095,009,01895,013

:

P

GGL

7,1561389,095,0189,0095,03

 L , 

 L :

LLL                     (2.3.4)

, . 



:         . .                                                 73

:          .

, :

, 

;

 5  GSM-900 

3  GSM-1800 

), , 

 ( , ).

:

h=9*3=27 

: h=27+3=30 .

. 

:  – 

;  5 

 GSM-900  3  GSM-

1800 .  6 ,

, 

.

, 

 3 :  - 0º,  - 120º,  - 240º.

 2.16 –  2.17 – 
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0

 2.18 –  2.19 – 

, 

.  L , 

 2.18,2.19.

 2.20 – , 

64h ;
5,2

2
32L

 -  - 0º

194h ;
25,10

2
125,8L

 -  - 120º

8h ;
8

2
124L

 -  - 240º
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:

1. :

2,1365,27,138LLL
 -  - 0º

45,12825,107,138LLL
 -  - 120º

7,14687,138LLL
 -  - 240º

2. :

2,1545,27,156LLL
 -  - 0º

 L , 

,

 (WIM).

2.  COST231- .

 1,5  2 .

.  COST231-

 1,5  2 , 

 30  200 ,  1  10 

 1  20 . 

, (2.3.5)

 – : 

 = 0  = 3.

 COST231-

, 

30 , 
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, .

 COST231-

 1 . 

, 

. 

 ( ).
30bh

– 

7,1mh
– 

1. :

19000f

8,0)0lg(56,17,0)0lg(1,1)( fmhfmha

626,08,0)1900lg(56,17,17,0)1900lg(1,1)( mha

39,136626,0)30lg(83,13)1900lg(9,333,46),,0( mhbhfAA

22,35)30lg(55,69,44)( bhBB

)lg(rBAPL

B

APL

r 10

1.1.  - 0º:

987,022,35
427,1252,136

1010 B

APL

r

1.2.  - 120º:

594,022,35
39,13645,128

1010 B

APL

r
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1.3.  - 240º:

962,122,35
39,1367,146

1010 B

APL

r

2. :

17500f

8,0)0lg(56,17,0)0lg(1,1)( fmhfmha

614,08,0)1750lg(56,17,17,0)1750lg(1,1)( mha

192,135614,0)30lg(83,13)1750lg(9,333,46),,0( mhbhfAA

22,35)30lg(55,69,44)( bhBB

)lg(rBAPL

B

APL

r 10

2.1.  - 0º:

465,322,35
192,1352,154

1010 B

APL

r

 3.

 3 – 

, LP, , , 

, . - -
0 2 3 0 2 3

135,7 134,7 1,058  1,045

130,2 0,732  0,727  2,434

131,7 0,809 0.473  2,887
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3.  (WIM).

, 

, ,

. , 

, , 

,  (WIM), 

.  WIM

.

 WIM  LOS ( ) 

NLOS (non-line-of-sight, . ).  LOS,

,  WIM- :
02,0,lg20lg2664,42 kmdMHzfkmdLOSL

(2.3.6)

:

MHzfkmdfsL lg20lg2045,32
(2.3.7)

20
lg6)50lg(6lg619,10 kmd

fsLkmdfsLkmdfsLLOSL
 (2.3.8)

 dm – .

,  NLOS WIM:

hb- (40-50 );

hm-  (1-3 );

hB- ;

– ;

b-  (20-50 );

 (  b/2);

 NLOS WIM.
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0bh
:

LOSLbhmh

bMHzfkmdNLOSL

)1lg(18lg20

lg9lg10lg26lg3855,69

(2.3.9)

5,0,0 kmdbh
:

LOSLbhmh

bMHzfkmdbhbhNLOSL

lg8,0lg20

lg9lg10lg26lg)/1538(55,69

(2.3.10)
5,0,0 kmdbh

:

LOSLkmdbhmhb

MHzfkmdbhbhNLOSL

5,0/lg8,0lg20lg9lg10

lg26lg)/1538(55,69

      (2.3.11)

, .

.  WIM 

:

1. 3 ;

2. 

 2 ;

3.  5 ;

4. ,  10 ;

5. 

20 ;

6. , 

20 ;

7. . . 

3,5 ;

8. 
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7,5 , , 

, . 

, 

, 

.

, , 

. 

,  – 

.

40bh

5,1mh

6,18
5

305,175,171414h

4,216,1840Bhbhbh

24b

12

LOS:

26

lg2064.42

10

fPL

kmd

NLOS:

38

)1lg(18lg20lg9lg10lg2655.69

10
bhmhbfPL

kmd

1. :

19000f
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1.1  - 0º:

LOS:

kmd 108,1226
1900lg2064.4276,135

10

NLOS:

kmd

957,3

38
)4,211lg(18)2lg(20

)24lg(9)12lg(10)1900lg(2655,6976,135

10

1.2  - 120º:

LOS: kmd 541,226
1900lg2064.427,138

10

NLOS:

kmd

297,4

38
4,211lg18)2lg(20)24lg(9)12lg(10)1900lg(2655,697,138

10

1.3  - 240º:

LOS:

kmd 685,3026
1900lg2064.427,146

10

NLOS:

kmd

541,2

38
4,211lg18)2lg(20)24lg(9)12lg(10)1900lg(2655,697,146

10

2. :

17500f

2.1  - 0º:

kmd

261,4

38
4,211lg18)2lg(20)24lg(9)12lg(10)1750lg(2655,692,136

10
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 2.4.

 2.4 – (WIM).

, LP, , , 
, .

- - 0 2 3 0 2 3

135,7 134,7 4,23

8

5,05

6

130,2  3,02

2

7,1529

/

3,012

10,

721

1131,7  3,30

9

8,965

/

3,516

12,51

3
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 III.  

3.1. 

, 

. ,  ( )  ( )

, , , 

,

, 

. 

) , ,

, , , ,

. , 

, 

, .

, 

, 

, 

 ( ). 

.

, ,
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, 

. 

, , 

, 

.

, 

. 

, 

, 

, .

, ,

, 

. 

, 

, 

. 

, , ,

, , 

. ,

, . 

, . ,



:         . .                                                 85

:          .

, 

,

-

.

 ( ) 

: 

, , , , 

 (30  – 30 )  (30 – 300 ) 

 ( ), 2 ( 2), 

 (300  – 300 ) 

 ( ) 

,  , 

.

.

, 
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.

, H . 3.1.

 3.1. .

 30 
 300

32
I LE

r , 

24
I LH

r , 

I –  ( ),

L – 
), 

 – 
, 

 – , 

 300

 300

24
P

r ,

24
P g

r ,

P  – , 
r – , 

g – 

 – , 

 300  – 30 

, 

 1000  (  – 500 ), 

 – 25 .

 30  – 300 

:

E HE , H ,  – , ;

E H  – 

,  ( )2  ( )2

. 3.2).
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 0,03  3,0 :

1E H

E H .

 3.2. 

, 
 0,03  3,0  3  30  30  300

E , ( )2 20 000 7 000 800

H , ( )2 200 – –
 300 

– 300 

 ( ),  2 2  200 2, 

 ( , ) :

,

 – , 

1 ( ) , 

,  10 ( ) – 

 1  50.

 ( )

 30  – 300 .

 30  – 30 . 3.3.

 3.3. .

5 30 – 300 10 – 1 25 
6 0,3 – 3 1 – 0,1 15 
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7 3 – 30 100 – 10 10 
8 30 – 300 10 – 1 3 
9 300 – 3000 1 – 0,1 10 2

10 3 – 30 10 – 1 10 2

 9 – 11 

, , 

, , 

, , . 3.4.

 3.4. 

)  ( ).

, ,

,

/
2

11
0,8

15%

 0,1

0

 0,03

 12 

0,5

1,0

140

10

10 3
20%

 0,1

0

 0,04

 12 

0,5

1,0

60

10

9 10
15% 0  12 0,5 20

 12

9 17
15% 0,25

 0,05

1 15



:         . .                                                 89

:          .

9 10
20%  0,250

 0,05

1 15

9 23
15%  0,250

 0,02

1 20

9 35
15%

0
 0,250

 0,02

1 20

, 

 ( ) 

,  h

h

 ( . 3.1) 

.

 ( ).

                                                               

. 3.1. :  – ah h h  –  H;   –  

ah h h  – H.
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, ,

 r h .

, 

0  ( . 3.2).

 3.2. , 

 r h  (5, 10,15 – , 2)

 (r)  ( ), h ,

0 , , 

,

 ( ), 

, 

.

. 3.3 – 3.8 ,

.

.3.3. . 3.4. 
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 « » -9

. 3.5. 

. 3.6. 

. 3.7. -1.0 (« »)

. 3.8. -1-2-4

3.2. .

, 

, , 

, , 

.

, 

.
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: , ;

 (

)  ( )

 ( , );

.

. 

 (

, .). 

, 

)  ( , 

).

, , , ) , , . .

, , ,

.

 (d) 

,  0,5 , 

:
1 0 5

2

d r ,

,

 r – , 
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, 

1

2

r

. 
2 f ,   f  –  ,  ;  – ,

;  – .

, 

, , . . 

 ( ). 

, 

. . 3.5 

.

 ( L ) 

) :

P PE HL
E H ,

2 2 2

1 1 1
10 lg

, ,

PE , E , PH , H  – 

 ( ) 

;

 3.5. 

.

, ,

, %

» 0,8 2 – 3

» 0,3 1 – 3
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369 – 61 1 – 50  50

 –
003 0,8 – 16  50

–2;
–3;
–4

0,8 – 4,0 2

–0,8; –
20;

–3,3; –
4,4;

–6,2; –
6,5;
–10,6

0,8 – 4,0 2

–0,68 15 – 200 3,4
–0,8;
–1–66 0,8 – 20 3

1 , 2 , 1 , 2  –

;

1 , 2  – .

 d > ,  – .

 60 .

, 

, 

. 

, . 
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. 

, ), ,  – 

, . 

, 

.  20 -

22 .

, 

 ( , , ,

. .), 

, , 

; 

; 

 ( , 

),  (

, 

); 

 ( , . .) .

, 

, 

.

,

, , 

 ( )  (

) , 

, 

.
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, 

, 

.

, 

, 

, , 

.

3.3. 

.

, 

, 

, 

.

. 

. 

. :

 (

);

, 

;

.
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, 

:  (

),  ( ,

, ), 

 ( , ), 

. 

, 

. 

, 

, , , 

 ( , , , .).

.

 ( )  1 2 

.

, ,  10

3. 

,  (

, ). 

.

 - 

. 
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.

 3.6

W I, A f, , D, m R, m , 

12 350 3108 4 110-2 3 2,510-1

 3.7

, , I/

200 2,5·10 -4 1·107 7

, ,

.

, 

. , 

 W,  I  f . 

.

, 

 3.9.

. . 

 R  ( ) :

)1.3(,/,
4 3

2
A

R
rIwH m

 - ,  R/r. (R/r >10

 = l).  R 

)2.3(,/,2/ 2rRR

fc /
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 - , , , 

) 

)3.3(,/,2/377 22H

)4.3(,/TN

 N = 2 Bt· /m2;  - , .

 L 

:

)5.3(,/L

 ( .  3.7), 

 L

)6.3(,
2/2 a

LnL

)**2( f
-  , 1/ ; a - - 

 , ;  -  ,I/ ;

)7.3(,0

0 = 4  10-7  - ;  - 

.

, 

 ( )  (

) . . 3.10 

,  1, 
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 2. 

.

. 3.9 .3.10 

 -  1 

:

)8.3(,/,32
D

 D - , ;  - 

.

:  = 200 ;  = 1; :

 = 7;  = 8;  - 3;  = 7,5

)9.3(,,lg10 Ll

 GSM, 

, . 
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.

 – 

, 

, 

, ,

, .

,

. , 

, 

. , 

, 

, , 

.

, 

, 

.
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………………………………………..………………………

 I. 

1.1.

 ..............................................

1.2. ………......

1.3.  ………………………………..………………

 II. 

2.1.  …………..……...……

2.2.

 ……………………………………………….

2.3.

……………………………………….….………………

 III.  

3.1.

………………………………….………….…………..

3.2.

………………………..……………………………………..

3.3.

 ……………………………………………………..….

…………………………….………………………………..

…………………..…………..
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. , 

, ,

. 

: , 

, 

.

 (base station subsystem), 

, 

.  —  (  —

)  ( , , usb-

) 

, , 

. ,  —

.  1 

 50  ( ). 

.

 ( ), , 

.

, 

, 

 ( , ,
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, , .).

, 

, 

, , 

.

, , 

. 

, .

, « » 

, .

, 

, , 

, .

,  — 

. , , 

.

, 

, 

.
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 I. 

1.1. 

 35 . 

, 

, , 

.

, 

, ,

:

–

, , 

;

–

;

– .

 – , 

, 

. 

. . 1.1 

. 

, , 

.
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. 1.1. , .

, 

 ( ), .

.

, 

, 

.

.

.

1.2.

.1.2. 
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, 

. 

 ( ), ,

, .

 ( )  OMC (Operations and Maintenance Center),

, 

.

, . 1.2, 

 – 

:

–  MSS (Mobile Station

Subsystem);

–  BSS (Base Station Subsystem); –

 SSS (Switching Subsystem).

. 

) .

.

. 

 100%  . ,

, 

. 

.
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.

. , 

. 

: ; ; 

; .

4.

 CPU (Center Processing Unit), 

.

. 

 « », 

. ,  « » 

 « » ,

, , 

.

, ,

. 

, . , 

. 

.

5. , 

. 

, . 
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. , 

,  « » 

 16 . 

 BCCH (Broadcast Control CHannels).

, ,

, , 

.

6.

. 

 ( ) 

1, 

:  –

 –  – 1 – 1 –  – 1 ( . 1.2). 

. , , 

 « », 1 . 

1 ,

, 

.  – 

. 

, 1

, . ,

 fB
'

1  fB1 . 

 fB1 , 1

fB
'

1 . 1  fB
'

1  fB1

. 1

, 
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.

, 

. , 

D2, 

1. 

: D2 – D – 2 – 2 –  – 1 – 1 –

A –  A1. , D2

 ( ) , 

. D2 1

. 

, 

.  GSM, 

D2  RACH (Random Access

CHannel)  SDCCH

(Standalone Dedicated Control CHannel) 

. 2

 AGCH (Access Grant CHannel) D2

 SDCCH.

, 

, , , 2.

, , 

, 

, 

.

4. 

, 
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. 

. 

.

, 

, , 

 ± 2

 GSM  ± 0,2  CDMA.

 GSM 

 2 .  13 

(20 ). 

, .

,  GSM 

. 

,  TDMA- .

,   , 

, 

, 

. 

0  63   1  (3,69 ).

, 

, 

. 2

 D, .  M D3, 

, D
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 ( . 1.2). , 

D. 

(handover).  D , 

.

, 

. 

 BER (Bit Error Rate). 

 « »

,  16 .  – 

, . 

, 

. , 

, , 

.

.  « » (multiple

access) 

. 

:

-

 FDMA (Frequency Division Multiple Access);

-

 TDMA (Time Division Multiple Access);

-

 CDMA (Code Division Multiple Access);

-
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 SDMA (Space Division Multiple Access);

-

 PDMA (Polarization Division  Multiple Access);

-

 ALOHA.

, 

.

1.  ( ) 

 ( ), 

, 

. , 

 fk

). 

. 

 NMT-450. 

 NMT-450  70-

, , , 

.

 1.3.  NMT – 450

. 1.3, 
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 4,5  450 . 

180  fk = 25 . , 

 10 .

5.

 ( ) 

, . 

. ,

 64 , 

. 

, . ,

 GSM 

 13 .

6.

) 

.

, 

. 

,  + . , 

. ,  CDMA IS-

95  55-

.

7.

 ( ) 

 Iridium  Globalstar.
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 48 , 

.  550…600 

 850…900 . 

 4700 . 

 7500

.

 Globalstar. 

+  + 

Qualcomm.

:

–

–  1610…1626,5  (  L);

–  (Gateway) 

6875…7055  ( ); – 

   5091…5250  ( );

–   2483,5…2500  (  S).

 1,3 , 

 ( ) 

.  1,3  127 . 

. 

 2,4 .

7.

 ( ) 

.

, ,
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, 

.

Globalstar , 

.

8.

 ( ) , 

, 

. 

.

. , 

, 

. 

 ALOHA,

 RACH (Random Control CHannel).

.

, . 

. , 

, 

. 

.

, 
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,  OSI

(Open System Interconnection), 

 – ISO (Internation Standardization Organization). 

, . 1.4.

. 1.4. 

, . 1.4, 

, 

.

, 

. 

, 

, .

. ,

, , 

. , 

, 

, 
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.

, . , 

, . 

, 

, 

, .

 – 

 – , 

.  OSI , 

.

, 

, 

. 

.

. 

, , 

, , 

. 

.

. 1.4 , . 

, 

. , , , 

.  – ,

, 

. 
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.

. , 

, ,

, 

. 

, . 1.5.

. 1.5. 

, 

» . 

, ,

. , 

, 

. 

, 

, 

.
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1.2. 

.  80- . 

 (  – Conference of European Posts

and Telegraphs),  26 ,

 Group Special Mobile (GSM),

.  900 

 25 . , 

,  GSM 

 Global System of Mobile Communications –

.

 GSM-900

 90- . 

.

DAMPS  IS-136, 

AMPS.  D-AMPS  IS-54 (IS – 

 Interim Standard, . ), 

, 

, ,

 AMPS. 

 IS-136  IS-54 

.  IS-136,  800 , 

 1800 .

 – JDC (Japan Digital

Cellular),  D-AMPS

. 1.1).
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 1.1 

GSM D-AMPS JDC

FDMA/TDMA FDMA/TDMA FDMA/TDMA

, 935…960
1805…1880 824…849 810…826

, 
890…915

1710…1785 869…894 940…956

, 

45
(95) 45 130

, 
25

(75) 25 16

, 
200 30 25

8 3 3

, 25 10 8,3

, 
13 8 11,2

RPE/LTP -
LPC

VSELP VSELP

, 
270,833 48 42

,

)

,
-

0,3GMSK  /4 – DQPSK /4 – DQPSK
. 

, 
9 16 13

, 0.5…35 0.5…20 0.5…20
 GSM

.  8 
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 320  2,5  5 

 20  0,8 .

 1800 , , 

 75 ,

.

 GSM , 

 1800  D-AMPS  IS-136, 

 1900  . 

 GSM  « » GSM  IS-661.

,  90- ,

.

, 

GSM-900, . 1.6.

 935…960 

,  ( )  (downlink). 

 890…915 

.  ( ) 

(uplink). , ,

 200 . , . 1.6

 200 . 

)  45 .

. 1.6.  GSM-900
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,  ( ) 

 25  124 .

 ( ) 

fi = 935,2 + 0,2(i 1), , 1  i 124.                  (1.1)

. 

fi = 890,2 + 0,2(i 1), , 1  i 124,                  (1.2)

fi = fi + 45, .

 GSM 

 (FDMA). 

, 

 (TDMA).

 GSM.

 GSM 

, . 

. 1.7.

GSM.

4.

.

 = 3  28  53  760 

= = 12533,76 .   2048 .



:         . .                                                 124

:          .

. 1.7. 

5.

.

6. .  ,  

.

 51  ( . 1.7):

1  = 51 ; 1  = 26 TDMA- .

, 1  = 51·26 = 1326 TDMA- .

 26  ( . 1.7):

1  = 26 ; 1  = 51 TDMA- . 

: 1  = 26·51 = 1326 TDMA- . , 

 TDMA- . 

 = 6120 = 120 ,

1   = 5151

= 6120   = 235,385 .

2 = 2626

6. TDMA-
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,

 ( . 1.7).

, 

N = 26 51 2048 = 2715648 TDMA- .

 0  NFmax (Number of

Frame), .  0  2715647.  NF 

.

7.  TDMA-  8  ( )

 TN  0  7.

,  GSM

 200 

.

 – , 

, 

, 

.
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, 

, 

, . 

TDMA-  ( ).

6. NB (Normal Burst) – .

7. FB (Frequency correction Burst) – 

.

8. SB (Synchronisation Burst) – .

9. DB (Dummy Burst) – .

10. AB (Access Burst) –  GSM.

. 

. 

. 1.8, 

 TDMA- , . TDMA-

13 

 SACCH ( . . 1.8). TDMA-  26

. .
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. 1.8. C

,  TDMA- =  1 26

=120 26 = 4,615 ,  ( ) 0 = 576,923

.

 NB.  NB 

. 1.8) :

5)  57 ;

6)  26 ;

7) , . , 

 (0 – , 1 – );

8)  (Trial Bits), 

.

:

–

;

–  (  4,615 ) 
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, 

;

–

,  NB.

 GP (Guard Period)

 8,25  (30,44 ) 

, 

.

 TDMA-  1-12 

1425, . 24  26.  TDMA-

, . 

 NB ,  114 

. 

1 =120 , 

 GSM 

, ,

 TDMA- .

. 1.8 

 ( ). 

= 576,923   = 3,6923 .

=156,25

 ( ) 
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156,25 8 26 = 32500 .

, 

 ( ), 

. , 

,  fi  fi ,  TDMA- ,

1, . 1.9. , 

, . 1.6, 

».  8 ,

 7/8 .

. 1.9. 

 GSM.

,  GSM 

FDMA+TDMA,  124·8 = 992. 

.

, 

, , 

. 
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.

 GSM  11 : 

, . 

 – Traffic Channel (TCH), 

 – Control Channel (CCH).

, 

, 

.

.

3.  TCH/F (Full rate TCH) – 

 22,8 .

4.  TCH/H (Half rate TCH) – 

 11,4 .

 (  NB) 

 TCH/F  TCH/H.

:

5. BCCH (Broadcast Control CHannels) – 

,

.

6. CCCH (Common Control CHannels) – .

7. SDCCH (Stand-alone Dedicated Control CHannels) –

, 

.

8. ACCH (Associated Control CHannels) – 

, 

. 
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, 

.

, 

.

,  BCCH.

10. FCCH (Frequency Correction CHannel) – 

. 

.

11. SCH (Synchronisation CHannel) – , 

.

12. BCCH (Broadcast Control CHannel) – ,

.   CCCH 

:

13. PCH (Paging CHannel) –  –

, 

.  PCH 

 RACH .

14. RACH (Random Access CHannel) – ,

. 

. 

, 

 ALOHA.

15. AGCH (Access Grant CHannel) – ,

.  AGCH 
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 RACH .

:

16. SDCCH (Stand-alone Dedicated Control CHannel) –

. 

, .  TDMA-

 NB.

17. CCH (Slow Associated Control CHannel) – 

.  « » 

.

18. FACCH (Fast Associated Control CHannel) – 

,

. .

 GSM . 1.2.

        1.2. 

FCCH
SCHBCCH 

BCCH
PCH

RACHCCCH
AGCH

DCCH SDCCH
 FACCHACCH  SACCH

,

 GSM, . 1.2.5.
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. 1.10.  GSM

 (  FACCH  SACCH)

,  51 TDMA-

,  8  ( ). 

 235,385 . 

. .

. 1.11.

 BCCH  CCCH, 

,  50-  TDMA-

. , 51- , TDMA-

.

. 1.11. 

 50 TDMA-  5  10 TDMA-

. 1.12).
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. 1.12. 

 FCCH 

,  SCH

. 

 BCCH 

AGCH  PCH.  TDMA-

 AGCH/PCH.

. 

. 

RACH  ( )  TDMA-

51- . 

,  ( . 1.11).

. 1.13.

. 1.13. 
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 TDMA- .

, .

, ,

. 

 (interleaving), 

. 

, ,

.

: , ,

.

 Mm,n,  ai  

.  Mm,n

. 

,  n

.

, 

, , 

.

. 1.14. 
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. 1.15  (5× 3) – .

. 1.15. 

. 

.

, 

, , 

.

.

4. ,

 « » .

5.

.

6. , 

.

 GSM 

. 

 20- .  456 
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 8  57 

. . 1.16.

. 1.16.  TDMA-

 GSM

 8  456, 

 8 . 

 1, 9, 17,…, 449;  –  2, 10, 18,...,

450 . 

 NB, 

 TDMA- . ,  148  NB-

.  57 ; 2 

, ; 26 

; 2  3 ,

.

 8,25 .

(Traffic CHannel).

, 

 TDMA- , .
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1.3. .

. 

, 

,  SMS-  data- .

, 

. 

, 

, , ,

, , 

 24 .

, 

, 

 ( , ,

, , .).

, 

, 

, , 

.

:

;

;

.
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 II. 

2.1. .

.  ( . W.C.Y. Lee) 

, 

 f0 = 900 .

, , 

 d , 

    (1)

 (2)

0 - ,  d0

=  1  ;  F0 - , 

.

 Fi :

 hBS,eff  - , ; v -

:  3

 v = 1,  10  - v = 2; PT - ,

, ; GT, GR - 
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.

0 

.

 (f/f0)-n  n.

 30  2

 2  30  n  2  3.

 n 

.  n

= 2  450  n = 3  450 .

.

.
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, , 

:

•  fc, 900;

•  hBSeff, 30;

•  PT, 10;

•

 GT,  6;

•  hMS,  3;

•

 GR,  0;

 F1 - F5.

 ( . Okumura) 

.  150 

1920 . 

 (L50)dB  d 

 (3)

(4)

 LS - ;

A(f,d) - 

,  hBS,eff = 200

,  hMS = 3 ; G(hBS,eff) -

 ( ), 

 200 ; G(hMS) -  (
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), , 

 3 .

 LS

.

 (4), ,

 150  2000 , 

 1  100 , 

 30  1000 .

, , .

, . 

 A(f,d), , , 

 G(hBS,eff)  G(hMS) 

 GAReA, , 

.

, .
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.

, 

.

 - 

. 

.

.  ( . Hata) 

, 

. 

. 

:

 150  1500

 hBS,eff =  30  200

 a(hMS) - , 

 1  10 .

 ( ):

.
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:

, 

.

,  1 ,  1,5

.  1,8 

2,0 .  -  DCS 1800  PCS 1900 - 

 GSM, , .

, 

 1,8  2,0 , 

PCS, 

.

 1,8

 900 , 

,  PCS 

.

 COST#231.

, 

, , 

 COST:



:         . .                                                 145

:          .

•  COST231 - ;

•  COST231- .

 COST231-

 ( . Mogensen) 

 1,5  2 .

.

 COST#231-

 1,5  2 ,  30  200 , 

 1  10  1 

20 .

 - : 

 = 0  = 3.

,  COST#231-

, 

30 , 

, .

 COST#231-

 1 .

, 

.

 (

)
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 COST231- .  COST#231- -

 ( . Walfish-Ikegami),  WIM, 

, , 

. 

, 

, , , 

.

, , 

:  LS ;

 Lrts ;  Lms,

.

 WIM

 h1 , h2 – , ;

dkm – 

, ;

hr – , ;

b – , ;

w – , ;
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 - 

,

 (  0  90 ).

 (ITU) 

 IMT-2000.

:

– 800 < fc < 2000 ;

– 4 < hBS < 50 ;

– 1 < hMS < 3 ;

0,02 < d < 5 .

:

•   hr = 3·( ) + 3  (

);

•   b = 20  50

•  w = 0,5 · b.

•

 = 90

 b, w,  hr

, .

 WIM   
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 – 

.

1.         - NLOS   

  :

(5)

 L0 - ,

Lrts - 

    (roof-top-to-street diffraction loss),

Lmsd - 

(multiscreen diffraction loss).

 (5) 

.

) 

(6)

) 
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:

 (7)

 Lori – 

  ,

(8)

:  = 28,25°  Lori  =0.)

) :

 (9)

 Lbsh – , , 

  ,

(10)

ka – ,  ( )

dkm   Lmsd,

(11)

kd – , 

   Lmsd ,

(12)

 kf – ,  Lmsd  

,
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(13)

2. 

   (The Walfisch-Ikegami Line-of-Sight (WIM-LOS))

  

.

,

(14)

 (6)  (14) , 

(15)

, ,

(16)

 dm – .

 (15 - 16),  dm = 20 , 

.

 dm  6dB 

, .

, 

  

.

, 

.
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2.2.

. , 

: 

, 

. 

, 

 (

) ..

 ( . 2.1).

, 

. 

, , 

R1  R2. 

 ( 1),  ( 2) 

 ( 3).

, 

,  T  R, 

 ( . 2.1 ). 

, .

, , - , -

.
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) ) 

. 2.1. 

.

, 

.

 – 

 ( . 2.2).

.

. 2.2 ). 

 ( . 2.2  1-3 

, 

). , 

, .
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, , , 

 ( .

2.2 ).

, , ,

.

                    ) )

. 2.2.  ( )  ( ) 

 ( )

 n-

 ( . 2.3). 

, 

.
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. 2.3. 

 ( ), 

, :

,

– , ; –

; – 

;

– .

:

- , - ,

;  - 

; - ; - 
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.

, 

.

- ; - 

; - .

- 

; - , .

:

– , ; – 

; – 

.

:

- , , - 

; – .
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. 2.4. 

,

,

,

,

,

,

,

,

- ,
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- , 

,

,

, - ;

- , - 

;

, ,

, .

.

,

. 

:

-  0,4 ;

-  3 

 1 ;

-  – 1 ;

-  1 ;

-  2  14 

 1 .

, 

, 

.
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. 

), , 

= 5.

. 2.5 

 ( ).

,  – .

. 2.5. 

. 2.6. 
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. 2.7. 

.

,

 1  (

):

,

- ; - .

 ( )  COST 231:

- ; - 

 1 .

 [1] :

, , ] – ,  ( . 2.8),
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] – ; - 

 ( = );  - 

=0.

; ; - 

;

- , ; -

.

:

= 4..10  (  – 7 );

= 4..10  (  7 );

= 20 ;

= 0,6 .

, 

:

. 2.8. 

. 2.9, 2.10 
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 2  ( . 2.9)  14  ( . 2.10)

,  ( ), 

 COST ( ) 

 ( ).

. 2.9. 

 1 

 2 .

. 2.10. 

 1 

 14 .

 COST 231 

. 
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 ( . 2.8) 

 1,5  ( . 2.11).

. 2.11. 

 (

)

. 2.12 

 1,5 ,

 COST 231.

. 2.12 ,  900 – 1800 

 K,  COST 231,  8 - 14

 ( ). 

, , 

 COST231, 

, 

, .
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. 2.12. 

 14  (

 1,5 )

. . 2.13 –  2.15 

 1  1, 3  7 

 100 . 

, 

 COST 231.

. 2.13. 
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. 2.14. 

. 2.15. 

 7-

. 2.13 - 2.14 , 

,

, . 

 100 – 800  (

 5 – 10 ), 

 1500 – 2000  (

 5 – 10 ).
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2.3. 

.

 – . 

, 

.

 GSM, 

. , :

1.  COST231-

, ;

2.  (WIM).

: , -

, .

 ( ). 

 1,5 .

, 

, .

 ( )  1,5 .

 1 – 

 h 40
 GSM 1800

COST231- 
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 2 - 

, 13
 , 18

,  935-960
, -138

 , 18
, 890-915

,  -3
, 0

,  890-915
, -104

, 0
,  935-960

h

730380 .

) 9,0 .

95,0 .

1. 

, . 

, 

.

. 

:

L
GGP

=
          (2.3.1)

 – ;
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– ;

, – ;

G ,  G  – 

;

,   – 

;

L  – .

.  (2.3.1)

:

L++G+
++G++= //

 (2.3.2)

, :

PGGL    (2.3.3)

:

P

GGL

7,1381049,095,009,01895,013

:

P

GGL

7,1561389,095,0189,0095,03

 L , 

 L :

LLL                     (2.3.4)

, . 
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, :

, 

;

 5  GSM-900 

3  GSM-1800 

), , 

 ( , ).

:

h=9*3=27 

: h=27+3=30 .

. 

:  – 

;  5 

 GSM-900  3  GSM-

1800 .  6 ,

, 

.

, 

 3 :  - 0º,  - 120º,  - 240º.

 2.16 –  2.17 – 
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0

 2.18 –  2.19 – 

, 

.  L , 

 2.18,2.19.

 2.20 – , 

64h ;
5,2

2
32L

 -  - 0º

194h ;
25,10

2
125,8L

 -  - 120º

8h ;
8

2
124L

 -  - 240º
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:

1. :

2,1365,27,138LLL
 -  - 0º

45,12825,107,138LLL
 -  - 120º

7,14687,138LLL
 -  - 240º

2. :

2,1545,27,156LLL
 -  - 0º

 L , 

,

 (WIM).

2.  COST231- .

 1,5  2 .

.  COST231-

 1,5  2 , 

 30  200 ,  1  10 

 1  20 . 

, (2.3.5)

 – : 

 = 0  = 3.

 COST231-

, 

30 , 
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, .

 COST231-

 1 . 

, 

. 

 ( ).
30bh

– 

7,1mh
– 

1. :

19000f

8,0)0lg(56,17,0)0lg(1,1)( fmhfmha

626,08,0)1900lg(56,17,17,0)1900lg(1,1)( mha

39,136626,0)30lg(83,13)1900lg(9,333,46),,0( mhbhfAA

22,35)30lg(55,69,44)( bhBB

)lg(rBAPL

B

APL

r 10

1.1.  - 0º:

987,022,35
427,1252,136

1010 B

APL

r

1.2.  - 120º:

594,022,35
39,13645,128

1010 B

APL

r
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1.3.  - 240º:

962,122,35
39,1367,146

1010 B

APL

r

2. :

17500f

8,0)0lg(56,17,0)0lg(1,1)( fmhfmha

614,08,0)1750lg(56,17,17,0)1750lg(1,1)( mha

192,135614,0)30lg(83,13)1750lg(9,333,46),,0( mhbhfAA

22,35)30lg(55,69,44)( bhBB

)lg(rBAPL

B

APL

r 10

2.1.  - 0º:

465,322,35
192,1352,154

1010 B

APL

r

 3.

 3 – 

, LP, , , 

, . - -
0 2 3 0 2 3

135,7 134,7 1,058  1,045

130,2 0,732  0,727  2,434

131,7 0,809 0.473  2,887
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3.  (WIM).

, 

, ,

. , 

, , 

,  (WIM), 

.  WIM

.

 WIM  LOS ( ) 

NLOS (non-line-of-sight, . ).  LOS,

,  WIM- :
02,0,lg20lg2664,42 kmdMHzfkmdLOSL

(2.3.6)

:

MHzfkmdfsL lg20lg2045,32
(2.3.7)

20
lg6)50lg(6lg619,10 kmd

fsLkmdfsLkmdfsLLOSL
 (2.3.8)

 dm – .

,  NLOS WIM:

hb- (40-50 );

hm-  (1-3 );

hB- ;

– ;

b-  (20-50 );

 (  b/2);

 NLOS WIM.
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0bh
:

LOSLbhmh

bMHzfkmdNLOSL

)1lg(18lg20

lg9lg10lg26lg3855,69

(2.3.9)

5,0,0 kmdbh
:

LOSLbhmh

bMHzfkmdbhbhNLOSL

lg8,0lg20

lg9lg10lg26lg)/1538(55,69

(2.3.10)
5,0,0 kmdbh

:

LOSLkmdbhmhb

MHzfkmdbhbhNLOSL

5,0/lg8,0lg20lg9lg10

lg26lg)/1538(55,69

      (2.3.11)

, .

.  WIM 

:

1. 3 ;

2. 

 2 ;

3.  5 ;

4. ,  10 ;

5. 

20 ;

6. , 

20 ;

7. . . 

3,5 ;

8. 
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7,5 , , 

, . 

, 

, 

.

, , 

. 

,  – 

.

40bh

5,1mh

6,18
5

305,175,171414h

4,216,1840Bhbhbh

24b

12

LOS:

26

lg2064.42

10

fPL

kmd

NLOS:

38

)1lg(18lg20lg9lg10lg2655.69

10
bhmhbfPL

kmd

1. :

19000f
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1.1  - 0º:

LOS:

kmd 108,1226
1900lg2064.4276,135

10

NLOS:

kmd

957,3

38
)4,211lg(18)2lg(20

)24lg(9)12lg(10)1900lg(2655,6976,135

10

1.2  - 120º:

LOS: kmd 541,226
1900lg2064.427,138

10

NLOS:

kmd

297,4

38
4,211lg18)2lg(20)24lg(9)12lg(10)1900lg(2655,697,138

10

1.3  - 240º:

LOS:

kmd 685,3026
1900lg2064.427,146

10

NLOS:

kmd

541,2

38
4,211lg18)2lg(20)24lg(9)12lg(10)1900lg(2655,697,146

10

2. :

17500f

2.1  - 0º:

kmd

261,4

38
4,211lg18)2lg(20)24lg(9)12lg(10)1750lg(2655,692,136

10
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 2.4.

 2.4 – (WIM).

, LP, , , 
, .

- - 0 2 3 0 2 3

135,7 134,7 4,23

8

5,05

6

130,2  3,02

2

7,1529

/

3,012

10,

721

1131,7  3,30

9

8,965

/

3,516

12,51

3
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 III.  

3.1. 

, 

. ,  ( )  ( )

, , , 

,

, 

. 

) , ,

, , , ,

. , 

, 

, .

, 

, 

, 

 ( ). 

.

, ,
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, 

. 

, , 

, 

.

, 

. 

, 

, 

, .

, ,

, 

. 

, 

, 

. 

, , ,

, , 

. ,

, . 

, . ,
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, 

,

-

.

 ( ) 

: 

, , , , 

 (30  – 30 )  (30 – 300 ) 

 ( ), 2 ( 2), 

 (300  – 300 ) 

 ( ) 

,  , 

.

.

, 
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.

, H . 3.1.

 3.1. .

 30 
 300

32
I LE

r , 

24
I LH

r , 

I –  ( ),

L – 
), 

 – 
, 

 – , 

 300

 300

24
P

r ,

24
P g

r ,

P  – , 
r – , 

g – 

 – , 

 300  – 30 

, 

 1000  (  – 500 ), 

 – 25 .

 30  – 300 

:

E HE , H ,  – , ;

E H  – 

,  ( )2  ( )2

. 3.2).
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 0,03  3,0 :

1E H

E H .

 3.2. 

, 
 0,03  3,0  3  30  30  300

E , ( )2 20 000 7 000 800

H , ( )2 200 – –
 300 

– 300 

 ( ),  2 2  200 2, 

 ( , ) :

,

 – , 

1 ( ) , 

,  10 ( ) – 

 1  50.

 ( )

 30  – 300 .

 30  – 30 . 3.3.

 3.3. .

5 30 – 300 10 – 1 25 
6 0,3 – 3 1 – 0,1 15 
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7 3 – 30 100 – 10 10 
8 30 – 300 10 – 1 3 
9 300 – 3000 1 – 0,1 10 2

10 3 – 30 10 – 1 10 2

 9 – 11 

, , 

, , 

, , . 3.4.

 3.4. 

)  ( ).

, ,

,

/
2

11
0,8

15%

 0,1

0

 0,03

 12 

0,5

1,0

140

10

10 3
20%

 0,1

0

 0,04

 12 

0,5

1,0

60

10

9 10
15% 0  12 0,5 20

 12

9 17
15% 0,25

 0,05

1 15
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9 10
20%  0,250

 0,05

1 15

9 23
15%  0,250

 0,02

1 20

9 35
15%

0
 0,250

 0,02

1 20

, 

 ( ) 

,  h

h

 ( . 3.1) 

.

 ( ).

                                                               

. 3.1. :  – ah h h  –  H;   –  

ah h h  – H.
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, ,

 r h .

, 

0  ( . 3.2).

 3.2. , 

 r h  (5, 10,15 – , 2)

 (r)  ( ), h ,

0 , , 

,

 ( ), 

, 

.

. 3.3 – 3.8 ,

.

.3.3. . 3.4. 
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